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EXECUTIVE SUMMARY
 
INTRODUCTION 

The Agricultural Development Systems-Egypt Project (ADS) has been an
undertaking directed towards improving the performance of the agricultural sector in Egypt.
To accomplish this it has focussed on (1)research and training as a means of introducing
and developing new technologies relevant to Egypt's needs, and (2) on improving the 
research capacity of the Ministry of Agriculture and universities. 

Two areas in the agricultural sector that were identified as needing improvement were
agricultural economics and horticulture. The ADS project has addressed these as its prime 
concern.
 

In agricultural economics, the project has provided assistance in upgrading the Egyptian
capacity for conducting policy-relevant research and has generated research results which,
if adopted as policy, could increase the efficiency of the sector. In the horticulture subsector,
ADS has contributed to improved research capability, has introduced and developed new 
technology to enhance yield and quality of important crops, and has introduced improved 
germplasm for important crops. 

The Project was funded by USAID ($14.6 million) and the Government of Egypt (LE
3.3 million), and implemented through a 5-year Host Country Contract between Egypt's
Ministry of Agriculture and the University of California, with the Davis campus (UCD) as 
the lead institution. 

The entire project was a collaborative venture between Egyptian and American scientists
and administrators. Policy throughout was determined by a Joint Policy and Planning Board 
comprising Egyptian and US members; component projects were approved by joint technical 
committees; and each research project was under the joint direction of American and Egyptian
team leaders heading teams of Egyptian and American scientists. Project administration 
was similarly organized. 

Collaborative arrangements led to the involvement of over 650 Egyptian researchers 
ani investigators and the participation of more than 130 US scientists and economists. 
Almost 200 Egyptians came to the US for advanced training and professional development,

and more than 50 seminars and workshops were conducted in Egypt to discuss and disseminate
 
new findings.
 

THE HORTICULTURE SUB-PROJECT 
Given the importance of horticultural crops in Egypt in both acreage and value, the

Ministry of Agriculture and the University of California placed major emphasis on the ADS 
Horticulture Sub-Project. 

The short-term goal of the Horticultural Sub-Project has been to enable the Egyptian
farmer to produce in quantities and at prices that meet the increasing domestic demand, and 
of a quality that is competitive in export markets of Middle Eastern and European countries.
Achieving this objective without diversion of arable land from staple food production required:

" Improvements in the yield and the quality as well as extending the harvest season to 
capture the benefit of Egypt's comparative climatic advantage;

* Improvements in postharvest handling and storage of fruit and vegetables in both the 
domestic and export markets to reduce heavy damage and deterioration. 

The longer-term goal of the Sub-Project has been to strengthen the capability of the 
Egyptian agricultural research community so that it can meet the nation's ongoing needs 
more effectively. This objective has been pursued through the development of collaborative
research activities between American universities and Egyptian research institutions. Working
closely with US counterparts, Egyptian scientists have improved their capacity to plan, 
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undertake, and extend research and technology in horticulture. In this way, a sustained 
improvement in horticultural research can be expected beyond the life of the praject. 

Another important goal of the Sub-Project has been to promote a strong and effective 
extension program. The potential contribution can be fully realized only if the expertise of 
Egyptian and UCD and other US university scientists and extension workers is effectively 
utilized at the farn level and at the government and private industry policy and decision
making levels. 

All horticulture projects have recorded major accomplishments. Projects that have been 
in existence longest achieved the most dramatic results. Ingeneral, progress on annual crops 
has been more rapid than the work on tree crops which, because of the slow maturation 
and long life cycle, is inherently slower, and experimental results take longer to emerge 
and to evaluate. 

The main thrust of research has been to identify and overcome critical constraints that 
limit crop yield and quality. Introduction, selection, and breeding of superior varieties which 
are adapted to Egyptian conditions have been major factors in achieving this, along with 
research to improve cultural techniques such as propagation, water management, fertilizing, 
and pest control. In addition to informal training through collaborative research, the Sub-
Project has provided training in the United States for selected Egyptian postdoctoral scientists. 
These 6-16 month visits provided longer-term experience in a rapidly advancing field of 
research not well represented in Egypt. Short courses, symposia. and workshops have been 
regular features of Sub-Project activities and provided an opportunity to update or train 
Egyptian scientists who are not participating in the overseas postdoctoral program. 

When field trials were completed and the value of new techniques established, training 
in the new methods was given to government extension agents. the key channel for transmission 
of new technology to growers. The Sub-Project has also been active in exploring the most 
effective ways of conveying new information to target groups, in addition to extension 
through meetings and workshops, instruction manuals lor growers have been prepared and 
media broadcasts have been organized to reach the widest audience. 

There can be little doult that the achievements of the Horticulture Sub-Project will be 
seen as a crucial step in modernizing Egyptian horticulture. The introduction of new gernplasm 
and new techniques, along with more highly trained scientists, provide the technological 
basis for a quantum jump in horticultural production. 

Synopses of component projects follow. 
A Central Horticulture Research Laboratory was established at the California Research 

Center on the campus of Cairo University. A building was modified and fully equipped 
with modern instruments and staff trained to operate the facility. It is now operational for 
postharvest research and chemical analysis of plant-related material. 

A Horticultural Research Library was also established at the California Research 
Center. It contains a comprehensive set of up-to-date journals and books totaling some 
25,000 volumes, as well as audiovisual equipment. It is the only such library in Egypt. 

The Tomato Improvement Project has succeeded in increasing tomato yields three
fold through introduction of new cultivars and cultural practices. Five of the 22 new supeiior 
quality high yielding disease resistant cultivars have been grown commercially on 40,000 
feddans in 1983. It is believed that the new technology will increase the annual value of 
the tomnato crop by 161 million LE. 

Breeding work has been initiated to incorporate resistance to tomato yellow leaf curl 
virus, salt tolerance and nematode resistance. Fertilizer and pest control studies have resulted 
in new recommendations for growers. Extension work, including demonstration plots and 
insecticide spraying by helicopter, has resulted in adoption of new technology in several 
governorates. 

The Garlic Improvement Project was initiated to select and develop improved strains 
of ga,hc, prevent and control several production and postharvest diseases, and increase 
yields through improved cultural practices, seed handling and use of virus-free seed. Some 
of the objectives have already been achieved and yields have been increased through improved 
cultural practices. Yields in Egypt have been 4.7 tons per feddan. The project has produced 
average yields of 10 tons/feddan utilizing new information obtained inhigher plant densities, 
planting dates, fertilization and pest management. Tissue culture work on producing virus
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free propagules is still in progress. Extension activities have been initiated that include 
demonstration plots totaling 1500 feddans. 

The objectivs of the Cucurbit Project were to improve cultivated cucurbit species
(watermelons, cucumbers, sweet melons and squash) by breeding higher yielding and disease 
resistant cultivars, to develop the sources of genetic variation to provide material for further 
cucurbit cultivar improvement, and to develop cultural practices that would improve the 
yields and quality of cultivated cucurbit species. 

The major achievement of the project has been to introduce and to breed cultivars with 
resistance to fungal and viral diseases, the principal constraint to increased productivity.
New improved cultivars with disease resistance have been evaluated and are being introduced 
into Egyptian agriculture. Also two local melon varieties 'Edfina' and 'Ananas' have been 
improved and released. 

Increased yields have also been obtained by using higher plant densities, improved
fertilizer and irrigation practices, and chemical control of disease and insects. 

The Citrus Project was designed to improve the production of citrus by introducing 
new high yielding cultivars, by improving citrus rootstock and by the identification and 
correction of limiting factors causing low yields. Citrus research is inherently long-term
since it takes several years before the trees start production. Activities commenced in this 
project will need to be continued for several years if the research investment is zo pay off. 

The identification of high-yielding, true-to-type citrus trees incommercial and government
orchards is essentially complete, and hundreds of trees have been propagated with buds of 
these selections. Seeds of identified rootstock and budwood of several citrus culivars have 
been brought from Florida and California. The buds were grafted on orange seedlings and 
placed in a foundation budwood orchard. 

Factors responsible for low citrus productivity in Egypt have been identified aild sug
gestions for improved cultural practices disseminated in an extension balletin. 

The Deciduous Fruits Project concentrated on the introduction of improved cult'vars 
of primarily stone and pome fruits and screening of rootstocks for increased tolera'ice to 
waterlogging and salinity. Biological and chemical control of the Ze:ze:', borer. attacking 
pear and apple, was pursued jointly with the Olive Project. 

The project has introduced one hundred and thirteen deciduous fruit cultivars from 
California, Florida, Texas. South Africa, and Israel with low and moderate chilling require
ments. These include apples, apricots, figs, peaches, plums, pears, prunes, nectarines and 
nuts. At least six of these in peaches, three in nectarines, and three in apples have already 
proven to be successful under local conditions. Sixteen superior apricot and six peach trees 
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As part of a commitment to increasing agricultural production. m.ior 
eflorts are being made to reclaim areas of desei for agriculture. Sprinkler 
irrigation i,:shown above at one such project near Ismailia. Several 
horticultural crops have been evaluated for their adaptation to growilig
under these conditions. Photo: Johit Rntree 
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of different maturity dates have been selected from local seedling trees for use in propagating 
a superior line. 

New methods of vegetative propagation have been introduced and adopted. Chemical 
means of breaking the dormancy of certain apple cultivars have been successful. A program 
has been initiated for screening and selecting seedlings of apricot, peach and almond for 
tolerance to salinity and waterlogged soils. 

The Mango Project has mounted multidisciplinary research on eradicating the problem 
of mango inflorescence malformation, a disease which severely limits production. While 
the project has not been able to identify the causal factor of inflorescence malformation, 
success has been achieved in developing orchard management techniques which minimize 
the effects of the malady and reduce yield losses. New techniques have been established 
for mango propagation having the advantage of a shorter time for grafting mango trees, 
vigorous root systems, and a high percentage of successful grafts. 

"Ine aims of the Aromatic and Medicinal Plants Project were to improve production 
and product quality of important aromatic and medicinal plants in Egypt and to study 
methods to diversify production, thus expanding export markets and/or replacing imported 
materials. Four plants new to Egyptian agriculture (oregano, tarragon, savory, and hyssop) 
have been introduced. The cultural methods of geranium and marjoram have been improved 
giving higher yields and better quality. Two new strains of marjoram have been selected 
for high seed and leaf yields from a breeding population of irradiated seeds. Strains have 
been selected from a breeding population of chamomile and calendula for high yield and 
quality of active principle and pigment. 

The Nursery Industry Project was designed to exploit the increasing potential for 
export of potted plants by introducing modern techniques of propagation, cultivation and 
postharvest handling of potted and nursery plants. New techniques of propagation of nursery 
plants have been introduced including installation of three mist propagation systems. Several 
growing media have been formulated and successfully tested using locally available materials. 
Improved practices for fertilizer use and increasing seed germination have been developed 
based on the project team's experimental work. 

A large expansion of the cut-flower industry in Egypt could develop into a major export 
earner. To achieve this, substantial modifications would be required of the present local 
practices in the production and handling of the major cut-flower crops (roses, gladiolus, 
tuberose and strelitzia). 

The Cut Flowers Project has introduced the most suitable technology to improve the 
local cultural practices, the quality, the timing and productivity of these crops, and to 
identify and eliminate the losses in handling of the local cut-flowers for export. Virus-free 
rose rootstocks were introduced from UC Davis and techniques for year-round rose production 
under plastic were established. Improved selection and production of strelitzia for export 
was achieved and the flowering of tuberose manipulated to coincide with export demands. 
The causes of loss in rose and gladiolus cut flowers were identified and recommendations 
made to minimize these. 

The New Ornamental Crops Project was designed to identify minor cut-flower crops 
which might be developed as export items and to introduce crops identified by California 
researchers as likely to do well under Egyptian conditions. Special attention was paid to 
the range of microclimates available in Egypt, particularly the tropical environment of Upper 
Egypt. 

The project initially concentrated On chrysanthemum culture, introducing new varieties, 
improved propagation techniques and methods for extending the flowering season. Cultivars 
of freesia, stocks, chamaedorea, among others, have been introduced and evaluated. 

The Olive Project aimed to establish and evaluate fruiting and rootstock olive cultivars 
with potential for production of pickling and oil in Egypt and to survey sites designated for 
established plantings which will increase annual production. Fourteen new cultivars have 
been brought in from California for evaluation. Mist benches have been imported for improving 
the rooting ability of cuttings and a grafting technique introduced for propagation of cultivars 
which root with difficulty. Fruit thinning, weed control and fertilization experiments have 
been initiated. Olive seedlings grown at Nubaria were individually studied to select new 
germplasm. Seed collected from the high yielding trees has been planted for further selection. 
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The improved cultural practices that have emerged from the project's experimental
work have been embodied in two extension bulletins available to growers.

The Grape Improvement Project focussed on initiating the research upon which an 
expanded grape industry with an improved quality product can be based. Cuttings of 39 
new virus-free cultivars were introduced from California (23 table grapes, 6 wine grapes
and 10 rootstocks) and planted in six governorates. During the evaluation of the local 
varieties, 8 cultivars of superior quality were identified. Thirty-two new clones from 'Roumi 
Ahmar' anid one from 'Fayourai' have been selected for propagation. 

The quality and productivity of existing vineyards has been investigated and new 
techniques tested and recommended to growers. These include thinning, girdling, treatment 
with growth regulators, pricing and fertilization. The new information is contained in three 
extension bulletins. 

The Date Palm Project objectives have been to improve the existing traditional production 
and apply modem techniques to the new date palm growing areas as well as to improve the 
fruit quantity and quality through pest management and postharvest handling, processing, 
packaging, and storage. Egypt is the leading country in total date production. Much of the 
crop is lost either through inadequate cultural practices, ineffective insect or disease control, 
or poor handling techniques. 

Because of the late commencement of the project (1982), the work that has been~done 
to date is considered as preliminary to establishing the basis for further work. Eight date 
palm cultivars were introduced from California and others from Saudi Arabia in 1982 and 
1983. Evaluation of date varieties that were introduced 25 years ago from Saudi Arabia, 
Iraq and Tunisia has been completed and selections of several female date palms, superior 
to existing cultivars, have been made. Preliminary data have been obtained from field 
experiments on propagation fertilization, pollination, leaf/bunch ratio, fruit thinning and 
insect control. This data can now be used as a basis for further work. 

The main work of the Banana Project has centered on introducing new cultivars and 
comparing the performance of these with that of local cultivars. Fertilizer and spacing
studies have also been initiated using the new cultivars. The present supply of domestically
produced bananas is not sufficient to supply the local market and imports are increasing.
There are however good prospects that with the introduction of better cultivars and improved
cuitural practices Egypt can supply its domestic markets and once again export bananas. 

The aim of the Vegetable Seed Production Project was to produce vegetable seeds 
of high quality from superior cultivars, free from seed-borne diseases and with reliable 
germination characteristics. In its brief duration, the project has succeeded in multiplying
seed from superior selections of six tomato, one watermelon and two sweet melon cultivars. 
Seed from other crops is being multiplied under rigorous conditions and recommendations 
have been made for establishing a seed certification program. A seed testing laboratory has 
been established and five postdoctorals trained in seed technology and production. 

The Tissue Culture Project has introduced to Egypt state-of-the-art cell and tissue 
culture methods for use in propagating certain crops to give virus-free plants. To achieve 
this goal, the project has established excellent tissue culture facilities in the Central Laboratory
and has trained Egyptian scientists and technical assistants tc operate the facility. Five 
trainees have completed training in various tissue culture research laboratories in California 
and Texas and are involved in the research which has been initiated on tissue culture for 
garlic, potatoes and strawberrics. 

The Postharvest Losses Project looked at the present fruit and vegetable distribution 
system in order to: identify future studies to improve product handling; to examine selected 
fruits and vegetables at key points in the distribution process from farm to market to 
determine the extent of damage and disease, and to measure the weight loss and maturity 
at each point; to study protective packaging and refrigerated or humidified storage practices: 
to examine the impact of simple modifications in the current handling systems of some 
commodities on reduction of losses (changes in container, picking stage, quality storing,
ripening methods, etc.); and to extend information about proper harvesting and postharvest 
handling methods using various extension practices. 

The project has demonstrated that the average postharvest loss is 20% in fruits and 
30% in vegetables. This means an annual loss of about 2.5 million tons which costs more 
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than LE 500 million. A reduction in these losses by 1%, which is estimated to be the 
minimum achieved as a result of this project, will result in savings to Egypt of 5 million 
LE per annum. 

A survey of methods used in picking, handling, packing and marketing of perishables 
of some 13 different fruit and vegetables in Egypt has been completed and the main problems 
causing the high losses identified. Modifications and improvements for methods of picking, 
handling, packing, shipping, storing and marketing of fruits and vegetables have been 
suggested. New models of containers have been designed and their advantages to producers 
and wholesalers demonstrated. An up-to-date postharvest laboratory at the Central Laboratory, 
Cairo University, Giza has been established. It is equipped with 10 modern cold storage 
rooms, a demonstraticn packing line, and all the equipment needed for applied postharvest 
research. 

The project has organized and carried out a very large extension program in various 
producng and marketing districts throughout Egypt. In 1983, the extension activities increased 
to more than 75% of the entire program. 

THE ECONOMICS SUB-PROJECT 

The ADS Economics Sub-Project was designed to engage in a wide range of educational 
and research activities to improve the ability of the Egyptian Ministry of Agriculture (MOA) 
to plan, implement, and evaluate programs to promote the development of the agricultural 
sector in Egypt. The immediate short-term contribution of the Sub-Project has been to 
engage about 270 members of the Egyptian agricultural economics community In policy
relevant research to offer technical and policy guidance to the MOA policy makers. Col
laborative research activities combining the efforts of Egyptian, University of California, 
and other US agricultural economists were created as the principal vehicle through which 
ADS has contributed to ( I) the professional development of Egyptian agricultural economists, 
and (2) the research and decision-making capabilities of the MOA. This on-the-job research 
training has been supplemented by seminars, guest lectures, workshops, symposia, exchange 
visits by both US university and Egyptian researchers on projects, short- and long-term 
training programs at the University of California, short courses of instruction in Egypt, and 
other educationally related activities. 

During its life (1980-83), the Economics Sub-Project spent approximately $3.5 million 
(US $ equivalent). It sponsored 23 research activities, engaging 128 Egyptian PhD agricultural 
economists and 145 junior Egyptian personnel in collaborative research with 46 university 
agricultural economists (UC and other US institutions). Their research activities produced 
more than 180 working papers. There were 70 short-term training visits by Egyptian researchers 
to UCD. The Sub-Project sponsored more than 40 seminars and guest lectures. 10 major 
Economic Policy Workshops, six mini-workshops and training sessions, three special 10
week "English for Economists " courses, and a weekly class in computer training in Egypt. 

The Economics Sub-Project was given a mandate to study six major policy areas 
designated for priority research: 

1. Price Policy 
2. Agricultural Marketing and Distribution 
3. Human Capital and Social Institutions 
4. Food Security Policy 
5. Allocation of Development Resources 
6. Land and Water Resource Use 

Several projects on each of these themes were established and their achievements are outlined 
below. 

The research program expenditures over the contract period amounted to $2,460,244 
(US $ equivalent) or about 70% of the total Sub-Project expenditures. Each of the 23 
research activities had an average life of two years, four months and an average annual 
budget of less than $46,000 (US $ equivalent). 

The Food Subsidies Project has analyzed the L iciency and equity effects of existing 
price and distribution policies for some major subsidized and rationed food commodities. 
Its conclusions were that welfare goals were in some measure achieved by subsidies on 
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Transport of vegetables from grower to urban markets is a stage of the 
postharvcst handling chain at which significant loss of quality occurs. 
Traditional transport, as above, exacerbates losses by poor product pack
aging and exposure. Photo Eric Gust(dvion 

certain foods, but at a high efficiency cost. Distribution of these foods was more egalitarian
than non-subsidized foods in urban and rural areas, though uneven administration means 
that rural consumers do not get the benefits that urban consumers do. Since rural families 
average lower incomes, the weakness of the subsidy policy in rural is perverse inareas 
accomplishing the welfare goal of the policy. Furthermore, the existing policy creates 
undesirable consumption patterns for subsidized foodstuffs such as encouraging their use 

'in livestock and poultry feeding. Enforcement of agricultural laws, delivery quotas and 
compulsory land allotments are tied heavily to existing price and distribution policies, and 
they are costly to administer. Increasing producer prices could alleviate the need for this 
and would be conducive to more efficient resource allocation. 

The Food Security Project has explored the costs and the macroeconomic. microe
conomic and distribution effects of alternative agricultural price policies on the achievement 
of food security in Egypt. Findings suggest that removal of government interventions would 
stimulate mainly rice and cotton production and would benefit more small than large farmers. 
Forced deliveries on rice were found to be irrelevant for mobilizing a marketed surplus from 
producers and the macro effect of reduced food subsidies would be to enhance investment 
and growth. 

In situations in which greater risk can be tolerated, Egyptian policymakers should 
stimulate the production of cotton, tomatoes, onions. oranges, and berseem. Only if' they 
are very risk adverse should they favor increasing, instead, the production of maize, rice, 
sugarcane, wheat, and livestock. 

The Food Consumption in Rural Areas Project sought to identify the most cost
effective agricultural and consumption-intervention programs for the improvement of the 
nutritional status of the rural poor. Following the development of a model of the rural 
household as an economic decision-making unit, alternative government policies such as 
credit programs, nutrition intervention programs, and price policies were appraised according 
to their cost-effectiveness. 

Major findings were that the rural credit program results in lower prices, higher incomes. 
and better nutrition but also in more household members being underemployed when combined 
with mechanization. The price support program results in higher prices. higher incomes,
better nutrition, and less underemployment. The input subsidy program results in lower 
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prices and higher incomes but more underemployment of household members when combined 
with mechanization. The wheat flour subsidy results in lower prices, better nutrition, and 
less underemployment. 

An increase in income will increase consumption of nonfood more rapidly than food 
commodities. It will, however, also increase the consumption of food and especially animal 
protein. 

The Demand for Mechanization Project has studied the demand for mechanical 
technology under alternative assumptions about the structure of prices and markets and has 
examined the interaction between the farming system, cropping patterns and employment 
patterns, and task-specific mechanization. 

The results indicate that the contribution mechanization would make in incteasing the 
yield of draft animals released from labor has been considerably overstated. In addition, 
tractor ploughing has not had a major impact on crop yields other than cotton, and cannot 
be used therefore as a reason to justify mechanization of this task. The linear programming 
farm model developed by the research team demonstrates the direct and indirect effects of 
commodity price policies, input subsidies and institutional constraints on the demand for 
mechanical equipment. 

The objective of the Livestock Project has been to provide information that would 
assist in the formulation of a comprehensive strategy for livestock development. Project 
findings stress the key role of the traditional farm in livestock production and Egypt's 
comparative advantage in producing poultry and milk, but not red meat. Current feed 
subsidy policies hinder the development of potential improvements in livestock feeding an, 
tend to support farms with lower productivity. 

The Cotton Markets Project has assessed the economic efficiency and price respon
siveness of domestic cotton production, the economic efficiency of domestic spinning, and 
price behavior of the international cotton lint market. The results of these studies were 
utilized to examine the efficacy of Egyptian government interventions in the cotton market 
and to formulate alternative policies which take advantage of the current situation in world 
cotton markets and improve resource allocations and incomes in the agricultural sector. 

The Farm Efficiency Project has focussed on the individual farmer's production 
process, the technical substitution possibilities among inputs, constraints such as scarcity 
of land, capital and seed varieties, as well as on limitations in the institutions supporting 
and creating human capital such as farmer education. This study has been a first step in an 
effort to generate policy recommendations regarding prices, subsidies, education, and in
frastructure development. One of the policy-related conclusions of the project is that a 
government policy of subsidizing tractors would not be effective in alleviating the "labor 
shortage" problem in rice production, for example, where the labor intensive operations 
are transplanting, weeding and harvesting. The need is for new technology for these tasks. 
The project also related labor use to fertilizer inputs and concluded that farmers would 
benefit from a legal private market in fertilizers. Increased product prices to farmers is 
regarded as the key to solving the labor problem in the face of increased costs of production 
inputs. 

The Agricultural Cooperatives Improvement Project conducted a survey designed 
to reassess the role of cooperatives in agricultural development so as to make policy rec
ommendations for improving their structure, conduct and performance. Preliminary findings 
indicate that the functioning of the cooperatives would improve if objectives and methods 
of operation were reorganized to represent better the members' interests, and if specialized 
marketing cooperatives were allowed more control over marketing decisions. 

The Lakes Development Project investigated alternatives for the optimal development 
of the northern Nile Delta lakes. Research and survey results show that the lakes' fisheries 
are considerably more productive than the historical data suggest and that improved fishery 
management practices could further elevate yields. The high value of the fisheries that will 
be lost if the lakes are drained and the relatively poor or mixed cropping resulting from the 
reclaimed agricultural areas argue against significant further reductions in the lake area. 

Because the most productive fishing areas and the lake bed, which is the most productive 
of agricultural crops when converted to land, are one and the same, the social costs of 
sacrificing the fisheries for agricultural production are significantly greater than the private 
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costs and call into question the economic value of permitting continued private reclamation 
effo:.ts. Improved fisheries management is required however to stabilize lake margins and 
to improve fish yield. 

The Poultry Economics Project aimed at the identification of constraints to the expansion 
of poultry production, providing a sound economic basis on which a well-formulated poultry 
development policy may arise and initiating the establishment of a poultry data collection 
and market reporting system. A specific focus of the project, which complements information 
provided by earlier studies, has been in the areas of rural flock production, the commercial 
private sector market, and native hatchery production. Three major surveys on these topics 
have been successfully completed. Due to the extensive nature of the surveys, analysis of 
the data and interpretation of findings is still incomplete. 

The Postharvest Efficiency Project addressed the growing concern of improving the 
pe!rformance of the marketing system and introducing more efficient marketing facilities to 
reduce postharvest losses. 

Losses at each of the stages in the postharvest handling chain of potatoes, tomatoes 
and grapes have been investigated in depth. The economics of loss reduction have been 
assessed and, where economically feasible, reconmenda!iorjs for technical improvements 
have been made. In many cases however the low prices paid to producers are disincentives 
to loss reduction. 

The aim of the Citrus Marketing Project has been to contribute to the achievement 
of the Egyptian policy goal of increased citrus production by providing improved information 
on the structure and performance of the industry and the economic effects of governmental 
interventions. 

Surveys of growers, wholesalers and orchard merchants were completed and a simulation 
model constructed and used to generate important new considerations for policy formulation. 
These include the findings that: output response to a change in production cost is somewhat 
inelastic with the effect lagging at least six years; under rigorous price ceiling enforcement, 
a long-run partial equilibrium may be established in which demand exceeds supply at the 
ceiling price; and variations in export quantities will have little long-run effect on grower 
prices (assuming no constraints on the availability of land for citrus production and that 
conflicts with other goals such as lower domestic consumer prices can be resolved). 

The Economic Efficiency of Farms Project examined relative efficiencies of Egyptian 
farms under different environmental and economic conditions. The identification of factors 
that affect farm efficiency is beneficial to both farmers and policy makers and knowledge 
of the workings of the rural labor markets is essential for planning socially optimal price, 
employment, and mechanization policies. 

An extensive survey of a sample of farms of varying sizes in the rice and vegetable 
zones has been completed. Analysis of the data has been initiated using computer algorithms 
modified for this purpose. Further work is required to reap the benefits from the surveys 
and research already completed. 

The Rural Labor Supply Project has analyzed the incidence and character of "labor 
shortages" in Egyptian agriculture, the structure and functioning of rural labor markets, the 
relationship between agricultural policies and changes in rural labor markets, and the impacts 
of current trends on Egyptian agriculture in the 1980's. 

The principle findings conclude that there is no "general labor shortage" in Egyptian 
agricultuie. Instead, there are seasonal shortages of hired adult male workers resulting from 
migration overseas or to urban areas and spreading education. An increased demand for 
crop labor cannot explain the increase in real farm wages. Supply-side forces furnish the 
explanation; small farm holders are quite unlikely to hire themselves out to other farmers. 
Instead, they rent additional land, crop very intensively, and devote their labor time to 
livestock production. Current pricing policies have contributed to the labor shortage complaint 
of farmers in two ways: low and inflexible crop prices have caught farmers in a squeeze 
between rising wages and relatively stagnant prices, and the protected livestock market 
induces small farmers to devote most of their time to animals rather than to the hired labor 
market. 

The Land and Water Allocation Project revealed some of the effects on the agricultural 
sector of shifting from a government administered price system toward a free market price 
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Domesticated animals are used for a variety of jobs in Egypt. Here a 
camel isbeing used for brick transportation. Photo: Michael Reid 

system. A main thrust of the study was to reveal the input-derived demands for agricultural 
resources, land and water in particular. A recursive linear programming model was developed 
for use as a vehicle to investigate land and water allocation as well as to identify how 
cropping patterns would be affected by a price change for the four major crops (cotton, 
wheat, rice and sugarcane). Suggestions have been made on how such regional intertemporal 
models of the Egyptian agricultural sector can contribute to the planning process and analysis 
of policy questions. 

The Vegetable Export Marketing Project sought to assess Egypt's potential for 
supplying fresh and processed tomatoes and other vegetables to the EEC and Near East 
markets during the winter months. The project has shown the economic feasibility of entering 
EEC markets and specifies a number of the key prerequisites for reaching and maintaining 
adequate product quality. 

The introduction of biogas technology could save a large portion of crop residues 
currently being used for fuel and divert them for animal feed. The MOA has already 
introduced 34 biogas units to examine the feasibility of this technology and the Biogas 
Evaluation Project sought to evaluate the feasibility of introducing biogas technology into 
rural Egypt on a large scale by a study of these units and by analyzing crop residues and 
energy use patterns. The project has generated a wealth of data but the full analysis and 
interpretations were incomplete at the time of project termination. 

The goal of the Agricultural and Food Policy Project has been to provide an integrating 
conceptual framework for looking at short- and long-term aggregate policy issues affecting 
development in the agricultural sector. The study focussed on eight main issues: land and 
water resources, agricultural production inputs, agricultural production, agriculzural production 
services, lod prices and subsidies, food consumption and distribution, foreign trade, and 
national investments. In each policy area tile context of decision-making was explored. The 
roles and procedures of each ministry or organization inmaking decisions were investigated. 
This project dealt with virtually the whole area of policy formation in Egyptian agriculture 
and the entire range of policy research carried out uinder ADS. It acted therefore as a kind 
of policy analysis clearinghouse for all ADS policy research. 

Several general policy recommendations stand out among tie conclusions of the project. 
First, there is a great need for increased coordination among decis;ion-making bodies in 
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order to reduce conflicting policy thrusts within the government. Second, policy implementation 
could be improved by increased decentralization of implementation responsibilities. Third, 
agricultural sector development policies need to take greater cognizance of the role of 
markets and private sector incentives in achieving national policy goals. 

These general policy recommendations are supplemented by scores of particular policy 
recommendations on specific issues regarding subsidies, iertilizer policy, export policies, 
land and water resource development, investment policy, and so forth. The findings of this 
activity represent in large part a synthesis of all the ADS economics policy research. 

The Commodity Systems Analyis Project, focussing on wheat and potatoes, has 
developeC a perspective for evaluating the dynamics of the production-marketing systems
of selected commodities. It is intended to provide greater understanding of the forces within 
each system that :timulate coordination, adaptation, efficiency. and other changes in per
formance of those who produce, process, and market the commodity. 

The Rural Development and Consumption Project compared increased rural incomes 
with increased availability of mass market goods as indicators of economic development. 
This study focusses on the extent to which an array of nonfood items, including domestically
produced consumer goods, is available in rural areas at reasonable prices. Estimates of 
expenditure elasticities between high and low income groups for a broad array of expenditure
categories and items has been completed tor two villages previously chosen on the basis of 
their representativeness for national policy purposes. 

The Price Policy and Trade Project has studied the effect of price policies on Egypt's 
exports, imports, and trade balance. Using a few major crops as examples (rice, wheat, 
cotton), the influence of price distortions on the volume and value of exports and imports 
has been examined and using plausible elasticity coefficients, the influence on trade isshown 
to be very substantial. The conclusion is drawn that Egypt would benefit substantially from 
a removal of price distortions because the value of output would rise and the trade balance 
would improve. 

The Integrated Village Studies Project produced an extensive review of recent village
studies work done in Egypt. prepared an annotated bibliography of research in this area, 
and initiated the modeling of rural behavior and village decision-making using a simulation 
muodel. The goal of the project was to examine the interaction of current Egyptian rural 
institutions with sectoral development in order to design a model for policy analysis based 
on the structure of rural institutions. 

INDEPENDENT PROJECTS 

Several research projects which did not fit into the major categories of Horticulture or 
Economic:, were implemented. 0f particular promise were those concerned with food tech
nology. 

The White Soft Chee,,' Project sought to introduce new technology to improve quality 
and quantity of Domiati cheese. The team has suceeded in devising methods for expanding 
the production and lowering the cost of Domiati cheese using skim milk powder and locally
produced vegetable oils as extenders. New mechanized procedures were developed to improve 
sanitary conditions, reduce manufacturing costs and speed tip production. A method for 
recovery ot edible protein from whey was developed which offers a route for production 
of low cost, nutritious cheese-like products. The basic process for preparing a new cultured 
dairy product (similar to buttermilk) has been developed and now awaits pilot-scale and 
consumer testing. 

The Tomato Processing Project has provided the equipment and has trained MOA 
stall in concepts and methods for producing good quality tomato juice and paste. The new 
high yielding varieties of tomato have been evaluated and the groundwork laid for making 
choices of raw material on tile basis of variety, growing location and season. and for 
providing a domestic product that can match the quality of iiported tomato products. 

The Improved Honeybee Project has laid the l'oundation for tile sustained development 
of a modern beekeeping system. A bee genetics and breeding program has been established 
complete with laboratory equipment and tile instruments needed for artilicial insemination. 
Personnel have been trained in modern beekeeping methods and in breeding theory and 
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techniques. Most of the new breeding hives with improved stock are in place and plans for 
future activities have been established involving not only research, but also extension and 
the participation of beekeepers. 

The Sheep Reproduction Project explored the feasibility of using easily measured 
temperature changes to detect estrus and pregnancy in sheep. The value of this lies in the 
economic advantages to farmers who can then supplement the rations of pregnant ewes to 
insure high lamb survival or to offer the ewe for mating again if earlier matings were 
unsuccessful. Experiments are continuing under field conditions prior to demonstration and 
extension of results. 

The Small Fower Unit Projects attempted to develop a solar power unit suitable for 
low-lift irrigation for small holders. Since the intention was to produce such units locally, 
the design specified construction and maintenance using local facilities. A prototype Stirling 
cycle engine was constructed to run on solar energy collected by large locally fabricated 
metal parabolic reflectors. The efficiency of the engines, constructed in a simple manner, 
was however found to be too low to warrant continued work so the project investigated 
alternatives which also relied on a solar energy source. 

ADS sponsored several feasibility studies intended as the basis for further development 
as separate projects. One of these on Agricultural Statistics has since been jointly implemented 
by the Egyptian University of Agriculture and USDA, and funded by USAID. A second 
feasibility study and planning proposal for a National Agricultural Research Library was 
also completed. 
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FOREWORD
 

This document represents the final report to the United States Agency for 
International Development and the Ministry of Agriculture of the Arab Republic of Egypt 
from the University of California at Davis which operated under contract AID/E-263-0041 
ADS. 

The purpose of the contract was "...to establish a collaborative relationship between 
the Arab Republic of Egypt and the University through which they may discuss, identify, 
agree upon, and implement activities which are intended to enhance and strengthen the 
ability of Egyptian institutions to analyze, plan, organize, implement, and evaluate the 
development of the Egyptian agricultural sector and which generally are intended to improve 
the ability of the agricultural sector to meet Egypt's agricultural needs." 

In addition, it was intended that "... the collaborative relationship formed for, and 
the activities undertaken in, this Project will benefit the University by providing to its 
faculty, staff, and students research opportunities to increase their knowledge and improve 
their skills in agriculture and related disciplines by providing an experience in assisting 
foreign nations to develop their agricultural sectors." 

The University approached its task with three objectives in mind: 

" to concentrate on what the University of' California does best, namely teaching, 
research and institution building: 

* to perform with the excellence that characterizes UCD by commiting the best of its 
core faculty at both the administrative and technical level- and 

" to plan a long-term commitment that is essential if research and institution building 
programs are to succeed. 

Given that the purposes for which this contract was established were ambitious and in 
the beginning took considerable time to put in place and also that, at the end, notice to 
terminate by the fifth year required cessation of the burgeoning technical program ahead of 
schedule, many activities did not achieve their full potential. The reader may judge whether 
the accomplishments justified the expense, for it is clear that some of the individual projects 
themselves are already in a position to return annually to the economy of Egypt the entire 
project costs several times over. It is certain that the rapport resulting from this project 
between Egyptian and US scientists will last for years to come, and it is likely that the 
achievements will remain in both US and Egyptian institutions because this contract was 
fulfilled. However, the full potential benefit will never be realized because the University's 
long-term perspective was abruptly curtailed. 

The accomplishments recorded here are those of Egyptian and US scientists working 
together. All should be given equal credit for the hard work, patience, and understanding 
that was required to conduct research and institution building under extremely stressing 
administrative arrangements. The juxtaposition of three large bureaucracies like the University, 
USAID, and the Ministry, proved to be a most unfertile milieu for scholarly research. loo 
often the technical work became a sideshow to administrative process and protocols which 
became an end in themselves rather than servants to the primary goals. Nevertheless, the 
University feels it has benefited by provision of' the research opportunities to increase its 
knowledge and skills. It also feels that it has indeed assisted Egypt to develop its agricultural 
sectors to meet the food security of its people. 

This volume, which records the results of so much effort and dedication by Egyptian and 
US scientists, is presented with a sense of pride in the accomplishments and the hope of 
lasting benefits. 

DAVID W. ROBINSOr 

Associate Dean, Internalional Programs 
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EDITOR'S FOREWORD
 

The report that follows is a summary of the research and training accom
plishments of the ADS-Egypt Project. No attempt is made to evaluate the project nor to 
report comprehensively on other key aspects of the project, such as its history, its design 
or its administration and management. 

The summary reports which are presented in this volume on the 46 individual projects 
which comprise ADS, have been based largely on the terminal reports submitted to the 
project directors. These reports were themselves a team effort, embodying the contributions 
of both Egyptian and American investigators. In view of their team authorship, and the 
numerous subsequent inputs and editorial modifications, individual authors are not cited. 
Instead, a listing of professional participants by project is provided in the Appendix. 

In reporting ADS achievements, no individual mention is made of the numerous proposals 
that were investigated for their potential as ADS projects but not selected for funding, nor 
of those projects for which funding was approved but which, for institutiona' reasons, never 
progressed to the research phase. 

This report was made possible through the efforts of many people, whose contributions 
are gratefully acknowledged. In addition to their efforts in preparing final reports of their 
projects, team leaders have also contributed to making improvements to the edited version 
of accomplishment reports. 

Appreciation is also expressed to those who generously loaned personai photographs 
from which we selected those for inclusion in this publication. 

Dr. Harold Carter, Dr. Lawrence Rappaport, Dr. John Rowntree and Dr. David Robinson, 
each provided advice and comment that proved invaluable in compiling the report. Their 
continuous support is deeply appreciated. 

Special thanks are due to staff of the ADS Project office in Davis: to Ruth Shea and 
Lindy Watts for clarifying a thousand details on project administrative matters and for 
preparing the appendices; to Judy Erwin and Marci Pieratt for undertaking the typing; to 
Nancy Cole for her assistance in proofing the manuscript; and to Abdi Zehedani for helping 
collect project reports. 

Susan Chaffee, International Programs Office (UCD), brought her critical eye to bear 
on the production editing problems of the reports and managed the final document through 
its many production hurdles. Her tireless efforts are sincerely appreciated. 

Falloucas on the River Nile at Asswan. Photo:Michawl Reid 

xviii 



"2O-DIRECTORS' FOREWORD
 
BACKGROUND
 

In 1977, the Egyptian government entered into an agreement with the gov
ernment of the United States accepting a grant for improving Egyptian agricultural systems.
This was followed in 1978 by a contract between the Ministry of Agriculture (MOA),
Egypt, and the United States Agency for International Development (USAID) for the purpose
of establishing a collaborative relationship between the MOA and the University of California, 
Davis (UCD), through which the two parties could discuss, identify, agree upon and implement
activities intended to strengthen the ability of Egyptian institutions and to promote devLlopment 
of the agricultural sector to meet the food security needs of Egypt. 

The work of the project was to be carried out through rese~irch, training, feasibility
studies, institutional development, policy advice and implemerntation of selected development 
activities in agriculture. 

To accomplish the purpose and goals of the project, a Joint Planning and Policy Board 
(JPPB) was established in 1978 consisting of high level scientists from Egypt and UCD to 
provide policy guidance, establish priorities and approve major categories of activity.
Administration of the project was to be carried out by two Co-Directors, one representing 
the MOA and the other UCD. Technical advisory committees were established for each of 
the major fields of activity: Horticulture, Economics, and Food Science. Each of these areas 
of emphasis included a number of individual activities that focussed on priority problems 
as agreed upon by the technical committees and implemented in accordance with the directions 
of the JPPB. 

ACHIEVEMENTS 
Inspite of the relatively long gestation period and administrative and financial constraints, 

41 research projects in the Horticulture and Economics Sub-Projects. as well as two projects
in Food Science and four independent projects in other arcas have been implemented. Four 
feasibility studies have been completed, one of which, directed at improving agricultural
statistics, has been separately funded by USAID and jointly implemented by the MOA and 
United States Department of Agriculture (USDA). Another feasibility study dealt with the 
establishment of a National Agricultural Research Library which also may lead to a separately 
funded project. 

The concrete research results already obtained will continue to contribute to increased 
agricultural productivity in Egypt for many years to cone. The details of these successes 
are described in the subsections of this report. Some of these successes are astounding.
such as the huge increases in tomato yields, and the successful introduction of awide variety
of horticultural cultivars. Other successes are less obvious, and will take many years for 
their benefits to be felt. Many of these research findings still have to be tested for economic 
feasibility and then, if cost-effective, disseminated among farniters through an effective 
extension program. 

Many of the findings of the Economics Sub-Project will also require considerable 
gestation time as they get translated into government policy changes and decision-making 
patterns on the part of farmer.;. That Egypt can do far better. domestically, in agricultural
production is clear, and significant impact i:; already evident in the steps taken by government 
to close the huge gaps between internal and external prices of many commodities. Controls 
of prices of horticultural commodities should be eliminated and grain prices should move 
in the direction of a similar rationalization. In addition, the food subsidy program should 
be reassessed. 

Egypt's agricultural trading system still remains badly hampered by price controls that 
bear little relationship to economic reality, and it will take years for the lessons derived 
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from ADS economic research to work their way through to an effective pricing policy 
pattern and to the resultant improvements in cropping patterns with ;nproved tkchnology. 
Fortunately, the effort undertaken during the ADS years will not come to a comple'e stop 
at the conclusion of the project in 1983. Egypt has a large corps of well-trained agricultural 
economists, ,aost of whom have now had the experience of coliaborating with UCD economists 
or advancing their studies as doctoral and postdoctoral -;cho'ars. 

The ADS project has ;tressed the importance of education and training ;)s elements in 
improving the capabilities of the MOA and other research institutions to evaluate and 
implement agricultural development programs. The project has made great efforts to create 
an atmosphere of scholarly pursuit and lively debate of the issues as well as to raise technical 
and economic awareness through group discussions, wokshops, short- and long-term training 
at UCD and attendance at international meetings. 

The role of ADS as a pioneer of the collaborative research and devlopment project 
mode should not go without mention. Experience with ADS, in both its strengths and 
weaknesses, lead to 12 other collaborative USAID projects in the field of agriculture. In 
addition, ADS was the first project in which a large number of Egyptian PhDs, junior 
economists and technicians from the MOA. universities, and research institutes worked 
together as research teams on selected priority problems. Egyptian team leaders also had 
their counterparts from UCD and other US scientists working together. Collaborative research 
activities combined the efforts of Egyptian and UC scientists and were the principal vehicle 
through which ADS has contributed to the professional development in the field of Egyptian 
agriculture. This on-the-job research training has been supplemented by workshops, guest 
lectures, exchange visits by both Egyptians and UC researchers, short- and long-tern training 
programs, formal training for PhD degrees and other educationally related activities. A total 
of 652 PhD Egyptian researchers, junior technicians, and economists of Egypt's younger 
second generation incollaborative research with 130 US scientists (including 52 UC professors) 
have been utilized by ADS. The project also sponsored more than 50 seminars, guest 
lectures, and workshops and produced more than 350 working papers. 

CONSTRAINTS 

ADS has been very successful in spite of a number of constraints including a long 
start-up period, administrative and financial obstacles and lingering uncertainty about the 
future of the project. 

The first two years of the contract was a period of getting the project infrastructure 
established, heuristic research, and the development of a modus operandi. No research 
activities were fornally approved until June 1980 when the bee genetics project was approved, 
followed in July of that year by approval of activities in tomatoes, citrus fruits, deciduous 
fruits, mangoes, and post harvest handling of horticultural crops. Approval of the first 
economics activities (agricultural labor, land and water pricing) followed shortly thereafter. 
Despite this late formalization of research activities, much was accomplished during those 
first 22 months. That was a time during which the administrative organization was being 
established, the JPPB and the technical committees formed, sub-projects being approved, 
with sub-project Co-Directors and associate directors appointed. Moreover, pre'iminary 
research work had to precede formal approval of individual activities by seven or eight 
months in many cases. Visits to Egypt were arranged and undertaken in those first years 
by a large number of UCD scientists and economists to meet Egyptian counterparts and to 
establish a meeting of minds preparatory to the development of the design of activities and 
the formation of research teams. 

The division of project administrative responsibility between two Co-Directors using 
different regulations governing funds and employment was a drawback and was not conducive 
to smooth running operations. According to contract rules, the spending of USAID funds 
is the sole responsibility of UCD's Co-Director. while the Egyptian Co-Director has the 
responsibility of spending from the Egyptian special fund. The result was that the project 
has had two accounts, each subject to different spending regulations. The system of appointing 
administrative employee; and the determination of their incentives also differed depending 
on whether UCD or the MOA was the employer. The resulting inevitable discrimination 
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among equal project administrative officers and employees was often detrimental to harmonious 
working relationships. 

Uncertainty about the project's future proved to be a major constraint especially during
its last 12 months. The momentum of research programs was severely reduced early in 
1983 when it became clear that UCD would not be involved in the project beyond fiscal 
year 1982-83, and the slowdown was exacerbated by the long delays and uncertainties 
associated with USAID's unfulfilled commitment to augment the project budget for 1982
83. This delay led to the premature cancellation of training programs and workshops, and 
the interruption or discontinuation of research activities with much left to be done. 

SUMMING UP 
lb sum up, we regard ADS as having contributed in a most significant way to agricultural 

progress in Egypt. Much more could have been achieved if a more effective job of removing
the project's constraints had been clone both early and late in the contract period, and if a 
well-planned extension of the UCD-MOA affiliation could have been worked out as had 
been envisaged in early 1982 by the JPPB. It is our sincere hope that the bulk of the work 
initiated under ADS can be effectively continued with the anticipated USAID financing
provided directly to the Arab Republic of Egypt (ARE) through the so-called "sectoral 
approach." 

The Co-Directors wish to extend their personal thanks to all who have contributed to 
the ADS success. Their numbers run into the hundreds and include the three Ministers of 
Agriculture and Food Security. H.E. Dr. Ibrahim Shoukry, i-I.E. Dr. Mohamed Mahmoud 
Dawood, and H.E. Dr. YoussefWally: the Chairman and Vice Chairman of the Joint Policy 
and Planning Board, Dr. Abd EI-Samie and Dr. Elmer Learn: all of the members of the 
JPPB; the seveial Chairmen of the Technical Committees, Dr. Karnal Stino, Dr. Ahmed 
Goueli and Dr. Mahmoud Abd EI-Akher: the Co-Directors of the Sub-Projects, Dr. Mohamed 
Mahdy EI-Azzouni, Dr. Ahmed Goueli. Dr. Lawrence Rappaport. and Dr. H.O. Carter: 
the Associate Directors, Dr. William Sims, Dr. John Rowntree. and Dr. Talaat Shetata: 
and, by no means least, our predecessors Dr. Hassan EI-Tobgy as the First Chairman of the 
Board and Dr. Mohamed Kamel Hindy, Dr. Claron Hesse, Dr. Pierre Loiscaux. and Dr. 
Frank Child as Co-Directors. Dr. Child also served the project as Coordinator in Davis until 
January 1983 when he was succeeded by Associate Dean David Robinson. 

Beyond these leaders explicitly named, there remains a long list of participants most 
of whose names appear in the body of this report. Also of vital importance were the many 
administrative and clerical assistants whose efforts are fully appreciated. 

DR.YEHIIA MOIIIF.LDIN DR. BRUCI: GI.ASSBURNI-R 
Co-Direcror Co-Director 
MinistrY ojAgriculture, Egypt University of Calilbrnia. Davis 
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BACKGROUND
 

Dramatic improvements in public health in developing countries over the 
last half century have led to rapidly expanding populations, usually without corresponding 
growth in food production. Traditional agriculture with its low productivity has not been 
able to meet the demands of an enlarged population. Food is often imported to cover 
shortfalls in domestic production and in many countries the balance between famine and 
getting-by is precarious. The slow growth of industrial production in most developing 
countries is insufficient to provide foreign exchange earnings to purchase food adequacy, 
let alone food security. 

For several decades the U.S. has responded to acute food shortages around the globe 
by supplying surplus food. The capability to meet emergency needs however is no solution 
to a continuing problem. A long-term solution must be sought in assisting these countries 
to develop the capability for supplying their own food needs, thus relieving the fear of food 
shortages and famine, and breaking the unending cycle of poverty and deprivat;on. 

The U.S. government, along with international agencies and the governments of other 
industrialized countries, has supported efforts to establish the foundations for sustained 
economic growth. These development assistance programs have included: assistance for 
building roads and railways, factories and electricity generation and distribution facilities: 
primary and secondary education, and technical skills training, health care systems and 
family planning; rural development and small scale industry. In recent years the emphasis 
has shifted towards development of the rural sector, which in most developing regions is 
the largest single resource and employer of the majority of the population and the sector in 
which there has been least investment. 

Familiarity with the poverty and dismal conditions experienced by such a large portion 
of the world's people leaves little room for doubt that helping people feed themselves is a 
humanitarian imperative in which the U.S. is properly involved. But the value of insuring 
food adequacy goes beyond the well-being of the individual, for it is a vital ingredient of 
economic and political stability and is an important component of U.S. foreign pr y. 

The United States Agency for International Development (USAID), respons to the 
Secretary of State, is the agency charged with administering international deve ,pment 
assistance funds of the United States government. To do this, the Agency has relied heavily 
on the cooperation of U.S. universities and faculty in providing expert knowledge on a 
wide variety of subjects, usually on a short-term consulting basis. A larger role for U.S. 
land-grant universities in international development was provided for in the International 
Deve!opment and Food Assistance Act (1975) which recognized the value of the universities 
in technical assistance projects helping in particular with food production. 

During the last decade the United States has played an increasingly important role in 
trying to stabilize the politically volatile Middle East and to secure a lasting peace in the 
region. Egypt, the most populous country of the Arab world, has been a focus of this 
endeavor since the re-establishment of U.S.-Egypt relations in 1973. An important outgrowth 
of this was the offer through USAID of economic assistance to Egypt with the issues of 
food security and agricultural development given a high priority on the agenda. 

The USAID Mission in Cairo. lacking readily available internal resources capable of 
providing the assistance needed for major improvements in Egyptian agriculture, looked to 
a U.S. Land Grant university to provide the lead role in organizing these. Clear advantages 
were seen in selecting a university located in a state whose agriculture covers the crops and 
situations which are important to Egypt, and one, therefore, with experience in the technology 
of semi-arid irrigated agriculture. 

The University of California, with the Davis campus as the lead institution, w. s invited 
to collaborate with the Egyptian Ministry of Agriculture in a project designed to improve 
productivity of Egyptian agriculture and at the same time to enhance the research and 



development capability of the Ministry. The project was intended to provide fairly immediate 
productivity increases through technology transfer and short-term applied research in addition 
to conferring the ability to sustain the momentum for further improvements. 

In January 1979, a five year contract was signed between the Egyptian government
and the University of California to implement the Agricultural Development Systems, Egypt
Project (the ADS Project). Funds for the Prolect were provided by a grant of 14.6 million 
dollars from USAID. 

In recognition of the wide variety of problems that would need to be addressed in 
upgrading Egyptian agriculture, the project had a number of unconventional features. In 
paricular, the ADS Project was not directed toward a particular problem set, but toward 
providing resources and a structure for a partnership between a U.S. university and the 
Government of Egypt to create problem-solving research capacity. 

EGYPTIAN AGRICULTURE AND THE ADS PROJECT 
An outstanding feavure of agricultural production in Egypt is that it takes place on only

3%4 of the nation's land. The remaining 97/e is arid desert. The six million acres of the 
nation's farmland, the Nile Valley. is a strip 600 miles long and tip to 10 miles wide,
broadening out into the fertile Delta region lying between Cairo and the coast. 

Farming in Egypt has always relied on the annual flooding of the Nile and from water 
diverted from the river. The completion of the Aswan High Dam in 1965. however, created 
a year-round plentiful supply of water and farming shifted from dependence on flood waters 
to perennial irrigation. The combination of favorable climate with an abundant water supply 
now permits year-round cropping, effectively doubling Egypt's arable land area. Even so. 
the nation is not self-sufficient in basic foodstuffs. In part. the reason for this lies in increasing
demands from the rapidly expanding population (approximately 2.5%4 per annum). Added 
to this is the diversion of arable land from production of food for domestic consumption to 
growing export crops needed to earn foreign exchange plus land use for urbanization. Failure 
to meet its basic food requirements has led to increasing food imports. paid for partly by
high value export crops; however, large increases in the value of agricultural output are 
needed if the country is to meet its requirements in this way. Accordingly, the Egyptian 
government and international agencies have focussed on devising new or alternative cropping
patterns using improved technology that would boost net output from the fixed land area 
while at the same time meeting critical national goals. These goals are to increase foreign
exchange earnings, to produce nore iabor intensive crops thereby providing employment, 
to reduce food imports and to provide a more adequate supply of' feed for the nation's 
livestock herds. 

Surveys of the Egyptian agricultural sector, carried out prior to the ADS Project,
identified a number of broad subject areas which would need attention if constraints on
 
agricultural development and productivity were 
to be lifted. Two such priority areas were 
economics and horticulture. 

Yields of horticultural crops in Egypt fall dramatically short of those now obtained in 
more technically advanced countries. Egypt has failed to capitalize on its high production
potential of these crops largely because of outdated technology and high rates of spoilage
after harvest. An infusion of new technology and a professional community able to apply
and develop it further will do much to realize this potential with benefits not only for 
domestic consumption, but also in capturing a share of the European and Middle Eastern 
markets with these high value commodities. 

Economic aspects of the Egyptian agricultural system merit priority research because 
of the enormous influence of government policies. such as prices, subsidies, planting quotas.
and resource allocations, on agricultural production and cropping patterns. A more complete
understanding by policy makers on the ranifications of policies and how effectively they
achieve their intended purpose can be crucial to achieving such goals as improved patterns
of resource allocation, production. distribution. equity. and foreign earnings. 

In view of the potential for rapid pay-off in these two areas, horticulture and economics,
the ADS Project has devoted most of" its initial efforts to these topics. each of which has 
been designated for admiinis.rative purposes as a senli-autonom(,u:, "sub-project." 
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The California Research Center. sit, atetd on the campus of Cairo Uni
versity. houses tile Centli Research Laboratory. a research library, aid 
tle Project's adminhistrative oflices. I'hpto: ,I+hui Shvhu1i1 

Each sub-project comprised a number of related but independent research projects
which were identified by the Sub-Pro.ject Technical Advisory Committees as technically 
feasible and with a high pay-off value. The Econoiics Sub-Project supported 22 research 
projects and the Horticulture Sub-Project supported 17. 

Other research projects were supported which did not fit into the sulb-project 1(Mold.
These included several research efforts in disciplinary areas other than economics Ind 
horticulture, as well as conducting Icasibility studies for use ininitiating additional projects 
which could later be implemented independently of the ADS Project. 

All research pursued inthe Project was strictly "applied- research and closely geared 
to yielding tangible benetits. Research in each project was conducted jointly by a team 
composed of Egyptian and American scientists. The Egyptian part icipants. numbering over 
600. werc drawn from MOA. universities, and research institutions. In addition. over 130 
American professionals were engaged in the Project. The bulk of these were UCI) faculty 
nieiiibers. but a number were drawn fron other UC campusesL iincluding Berkeley and 
Riverside), the 12iiiversities of Florida. Arizona, and North Carolina: Stanford aind Cornell 
Universities. and the US)A. The vast bulk of research and development trials took place 
in Egypt with US participants regularly travelling to Egypt for visits rangingigfrom several 
weeks to months. 

The outcome of these efforts was twvo- fold: research results to accelerate agricultural 
development inEgypt. arid tile improvernent of tile capability of professional personnel in 
Egypt to conduct applied research which cai meet needs of the agricuItural sector. It should 
be emphasized. however, that the objectives of mllny projects were inherently long-term 
and that while tile ADS Project nay have succeeded iininitiating a research process along 
promising lines, tile fruits of this eflort Will, ill Most cases, depend on tie continuing efftrts 
made by our Egyptian colleagues. 

The vehicle used by the Project for strengthening the capabilities of the Egyptian 
agricultural research coniriiun ity was research collaboration. A large portion of the Egyptian 
professional body was involved inthe ADS Project. working alongside American counterpart 
scientists, using tip-to-date techniques and equipment, and participating in a wide variety 
of seminars, workshops. and training exercises, as well as overseas visits and extended 
training programs. 
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Berseem clover is Egypt's most important and nutritious forage crop, 
usually grown in the winter season and fed to livestock on a cut-and
carry basis. The picture shows a common scene: a load of freshly cut 
berseem being carried by donkey to feed the cattle or buffalo on the 
family farm. I'hI(4.: IEric (;u.'von 

An important new achievement stemming from the collaborative mode of the ADS 
Project was bringing together scientists and technicians from the Egyptian Ministry of 
Agriculture, the Egyptian universities and research institutions to work jointly on solving 
a specific problem. The success of the Project in providing a model for helping overcome 
the highly fragmented and inefficient character of Egyptian agricultural research can be 
seen in the new initiatives taken recently by the Ministry of Agriculture which seeks to 
institutionalize collaborative research between Egyptian institutions and the Ministry. 

The Project has also served as a valuable catalyst in encouraging Egyptian research 
scientists to be involved with extension work. This link between research and extension is 
vital if the development of new technology and procedures is to be directed towards solving 
the problems that matter to the farmer. 
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THE HORTICULTURE SUB-PROJECT
 
Lawrence Rappaport, Co-Director, (UC) 

M. M. EI-Azzouni, Co-Director, (Egypt) 

INITIAL OBJECTIVES AND EXPECTATIONS 

The Horticulture Sub-Project was conceived "to enable Egyptian horticultural 
enterprises to supply an ample quantity of nutritious fruits and vegetables for increasing 
domestic demand, and of a quality to further penetrate the export markets of Europe, Arab 
countries, and Southeast Asia." The objectives identified by the Egyptian/American team 
which formulated the Horticulture Sub-Project included the following: 

" To instill a greater capacity within the Egyptian research community to improve 
research and extension performance through the development of cooperative research 
activities between the University of California and Egyptian research institutions; 

* To increase productivity of vegetable and fruit crops on a per-area basis; 
* To identify optimum crops and locations to maximize production of horticultural 

crops; 
"To improve the postharvest handling, storage, and transportation of fruit and vegetables 

in both domestic and export markets; 
"To encourage disciplinary research in areas basic to horticulture in Egypt. 
Institutional constraints included the limitations of research facilities, need for maintenance 

of equipment and more current library research, the lack of any linkage between research 
and extension functions, the need for enhanced cooperation between institutions working 
on related problems, and the need to extend research results by way of extension activities, 
especially demonstration classes. 

Several constraints on individual performances were also identified. These included 
the need to update selected Egyptian scientists, the lack of financial incentives to encourage 
scientists to work full time on research, the need to improve the selection of graduate 
students and to foster their activity and the lack of adequate facilities, particularly the lack 
of transport, to extend results of research to the alpropriate farm sector by both extension 
and research personnel. 

Several proposals were made to overco:ne these constraints. To provide adequate 
facilities, a strong central laboratory would be developed to house postharvest research and 
facilities including controlled temperature rooms and associated equipment. It would also 
house special analytical instruments for use by all researchers and would have accompanying 
field plots and greenhouses to provide research capabilities of the widest applications. The 
purpose of ihis laboratory would be to "minimize duplication and allow for multiple use 
of equipment, as well as to provide for maintenance and instruction on equipment usage." 
The central laboratory would bring researchers of like interests together to work on projects 
of mutual interest and to aid coordination of the activities of the Horticulture Sub-Project. 
A library would be developed to overcome the shortage of up-to-date infonnation in horticulture 
and related sciences. In Alexandria and other areas, the establishment of limited satell'te 
laboratories was envisaged. Research activities supported by the Horticulture Sub-Project 
would address major biological constraints affecting horticultural crops. 

Institutional constraints would be addressed. Equipment and facility maintenance ca
pabilities would be developed. A funded extension activity as a component of the research 
program would be important in overcoming the lack of linkages in research and extension. 
Participation of the Egyptian Horticulture Technical Committee in the evaluation of project 
proposals would help provide coordination of research among and between institutions. 

Incentive payments would be made to compensate participants for time spent on Hor
ticulture Sub-Project research and related activities. Training or updating at the postdoctoral 
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level would be specifically for personnel associated with approved activities. It was anticipated
that both UC and Egyptian Principal Investigators and counterparts would involve graduate
students as technicians in research activities, including thesis research. Opportunites would 
be developed for researchers to report the results at meetings with extension personnel, 
growers, and other interested groups. 

Based on the report of a review team, specific research objectives were also established 
for the Horticulture Sub-Project with crop priorities as follows: tomatoes, onions and garlic, 
cucurbits. oranges and other citrus, mangoes, stone fruits, pome fruits and grapes. Particular 
emphasis would be placed on introducing modern cultivars and production methods for the 
production of high market value crops. Germplasm would be introduced over the life of 
the project to provide the raw materials for breeding and selection of cultivars adapted to 
Egyptian production areas. Specific priorities would be developed following site visitations 
and wide consultation with Egyptian horticulturists. Priority research areas for vegetable 
crops were identified: variety improvement and testing, including breeding for selected 
cultivars; establishment and maintenance of breeders and foundation seed sources (all vegetables 
except garlic): investigation of physiological disorders and limitations to yield, with special 
emphasis on cultural practices and disease and pest control. 

Priorities for fruit production included improvement of production management; intro
duction and testing of superior cultivars, studies of inflorescence malformation in mangoes,
rootstock studies to help overcome such problems as salinity, flooding problems, and en
croachment by disease and insect pests: physiological studies, including identification of 
causes of low yields and necessary corrective measures, including disease and pest control; 
cultivar and species identification for all fruit crops. including rootstocks, as well as evaluation 
of cultivar and rootstock adaptability, particularly in calcareous soils: rest and dormancy 
studies. 

Postharvest priorities were also identified, including the primary causes of deterioration 
of commodities and their relative importance in crop lo!,.ies: improved harvesting, handling,
and transportation techniques. Special emphasis would be placed on harvest maturity, tem
perature management. moisture loss, ethylene effects, modified atmospheres and control of 
postharvest diseases. 

The initial proposal envisioned as many as 50 research projects in the Horticulture 
Sub-Project within the five-year contract life. Projects would be determined by consensus 
agreement between the Egyptian and American Horticulture Technical Committees (HTC)
and the Joint Policy and Planning Board would approve the funding criteria. 

At the ternination of ADS the impact of the Horticulture Sub-Project would be evaluated. 
The necessity for extended research, especially for perennial crops, was foreseen. One well
equipped central facility for laboratory and field research in priority areas and with priority 
crops would be in place as well as one or more satellite research facilities. 

It was envisaged there would be 40 or more Egyptian scientists actively engaged in 
research related to production of priority horticultural crops in cooperation with U.S. coun
terparts. Their research findings would be disseminated among Egyptian institutional stafts 
through seminars, field days, and other types of meetings, including extension of new 
information to appropriate farm sectors. 

The results of the research would be reported, both in Arabic and English in suitable 
publications, including extension magazines. Egyptian postdoctorals will have been updated
and their competencies broadened in techniques and disciplines pertinent to horticultural 
research. They will also have been exposed to research philosophy requiring justification,
concise planning, orderly pursuit of objectives, peer review, and timely reporting.

A central theme of the initial proposal was that the research projects would be implemented
through the provision of grants for one year to "be given preferentially to younger Egyptian 
scientists, whose productive life is yet before them.' Funding for research projects and 
other types of projects would be in subcontracts or grants with the institution of the Principal 
Investigator (Egyptian or American). Research proposals would be invited froMn all Egyptian
institutions and be presented in a structured format typical of grant proposals commonly 
made in the United States. 

Functioning of the Egyptian and UC Horticulture Technical Committees would require 
a high level of interaction and an exchange of information would keep scientists on both 
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sides current on research developments in both countries. Critical annual review would 
result in decisions about whether to continue a project.

The original expectations of the ADS were optimistic, both biologically and institutionally.
While acknowledging that it would be difficult to increase yields by more than 50% (a 
common estimate at the time the proposal was written), it was anticipated that a 20% gain
in the economic value of marketable fruits and vegetables could be realized through the 
introduction and selection of better adapted and higher yielding cultivars bearing more 
uniform and more attractive fruit, optimization of planting density, increasing fruit set and 
retarding fruit drop, and by the development of improved cultural practices. The reduction 
in postharvest losses would have a marked impact on availability and improved quality of 
fresh fruits and vegetables. 

ACCOMPLISHMENTS 
An evaluation of a project must take into consideration the goals and priorities that 

were set (summarized above), an analysis of the perceptions upon which they were based, 
and the success in attaining them. Detailed summaries of research achievements of each 
project under the Horticulture Sub-Project appear in subsequent chapters. Itmay be readily
concluded that the objective of providing increased quantities of nutritious fruits and vegetables
for the Egyptian public and increased potential for export has been realized with the progress
made in a number of projects. Those which showed significant progress in technology
transfer and which could be termed "mature" at the end of five years include the Tomato, 
Garlic, Central Laboratory and Library projects. Those on which significant progress was 
made and which could be terminated in the next two to live years include Mango. Deciduous 
Fruits, Grape, Postharvest Physiology, Olive, Cut Flowers for Export, Ornamental Crops,
Aromatic and Medicinal Plants. Vegetable Seeds, Tissue Culture, and Cucurbits. Progress 
was slowest in the Citrus. Banana. Date Palm, and Egyptian Nursery projects. Even those 
which proceeded most slowly were marked by certain achievements and it is notable, in 
retrospect, that so much was done considering the two-year time lag before the first project 
was initiated. It is worth examining brielly the factors that contributed to success and those 
which contributed to delayed progress. 

RESEARCH ACTIVITIES 
A primary objective of the Sub-Project was to introduce new germplasm which would 

be tested for adaptability to Egyptian growing conditions. The importance of this priority 

Blindfolded domestic animals are used in shifts to turn sakias for water 
delivery. Photo: AlhhiIl Reid 
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was recognized and samples of seeds, rootstocks, budwood, plants and other propagules 
were sent to Egypt for evaluation by research and extension. Without question, the success 
of the Tomato project owes a great deal to the introduction of some 200 tomato cultivars 
and advanced breeding lines from all over the world. and the selection and speedy adoption 
of a number of them in Egyptian agriculture. A large number of other vegetable, fruit and 
flower propagules (seed, rootstock, budwood) were tested following introduction from the 
U.S. and other countries. In this respect, the cooperation achieved was excellent and, 
assuming that the introduced materials are maintained in the future, they hold great promise 
for markedly increasing Egyptian horticultural yields. 

The importance of these inroductions was underlined by improvements in productivity 
which in the past had been limited by an array of pest disease problems. Introduction of 
new cucumber cultivars resistant to gummy stem blight, powdery and downy mildew, and 
other diseases should have a profound effect on cucumber production in Egypt. Similarly, 
the introduction of di:'ease-free olive, deciduous and citrus rootstock and scion materials 
will provide an expanded gerrnplasm store for Egyptian horticulturists to assess and utilize 
in the production of those crops. 

A major factor which slowed the transfer of rootstock and budwood was the necessity 
of obtaining a phytosanitary certificate to permit the materials to enter Egypt. The difficulties 
encountered in meeting the requirements, and the loss of materials as a consequence, point 
to the need in future projects to accelerate the process of plant introduction. 

Advanced methods of propagation were also introduced and .,hould have a long-term 
impact on Egyptian agriculture. The Olive, Grape, Mango, and Deciduous Fruit projects, 
for example. each tested and adopted new grafting methods which will undoubtedly facilitate 
the production of materials for the orchards and groves of the future. The Vegetable Seed 
project has developed a modern seed testing laboratory and has trained personnel in the 
evaluation of seed for quality and uniformity of germination; a seed certification program 
has been proposed and steps initiated toward its development. The severe problems of 
viruses in many crops in Egypt. as well as the need for finding methods to propagate 
desirable date paln cuitivars, led to the development of the Tissue Culture project. The 
need for improving propagation techniques of date cultivars which produce insufficient 
numbers of axillary "off shoots". as well as to develop expertise in alternate methods of 
plant propagation and crop improvement were important in the decision to initiate this 
project. In addition to designing and assembling an excellent tissue culture laboratory, a 
major technology transfer has been made by way of postdoctoral training in the U.S. 
Collectively, these approaches have great potential for improving productivity of Egyptian 
horticultural crops in the coming years. 

Egyptian agriculture is beset with a number of very serious farm management problems, 
some resulting strictly from economic considerations. some historical, and many from the 
construction of the High Dam and the desire to expand agriculture into undeveloped areas. 
The issue centers on the availability, regulation and utilization of water which affects virtually 
every crop of interest in the Horticulture Sub-Project. The primary problem is the high 
water table in many parts of Egypt and the common practice of irrigating excessively with 
the Nile River water which, while rationed, is nevertheless provided free of charge. The 
use of excess water and high water tables may be the most important limiting factors in 
horticultural production in Egypt. 

The dual role of the Postharvest Project in identifying the reasons for economic losses 
of horticultural crops following harvest as well as training scientists in a previously undervalued 
discipline rank as major achievements. Egyptian farmers produce good yields of many 
crops, and the introduction of high yielding. pest resistant cultivars brings promise of ever 
higher productivity. However. once the crops are harvested there is an apparent loss of 
interest and the normal process of deterioration is accelerated manyfold by a combination 
of poor harvest and packaging procedures. disregard for temperature control, excessive 
physical damage during handling, and poor conditions of transport and marketing facilities. 
in both the wholesale and retail markets. The study of factors contributing to postharvest 
losses allowed sensitization and training of postharvest physiologists in the field and laboratory 
in Egypt. as well as in short courses held in Cairo and Davis. The conservative estimate of 
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10% savings in fruit crops and 15% in vegetable crops by proper handling is ample indication 
of the need for continued investigatik.i, particularly of methods to control postharvest losses. 

INSTITUTIONAL CONSTRAINTS 
A major objective of the ADS Proiect was "Institution Building." In the Horticulture 

Sub-Project, this was interpreted as training of postdoctorals and visitors in the U.S. and 
other countries, training of Egyptian scientists by collaboration with American counterparts
visiting Egypt, development of the Central Laboratory and the Central Library, and analyses
and critiques of proposals and reports at Joint HTC meetings and with project leaders and 
colleagues in the U.S. and Egypt. 

It is often said that perceptions are more important than reality. This was certainly true 
of certain aspects of tile Horticulture Sub-Project. A major feature of the original proposal 
was the submission of grant proposals by Egyptian scientists for review and approval by
the UC HTC as a means of channeling funds to junior scientists. However, the structure of 
Egyptian agricultural research funding is unlike the competitive U.S. system. Egyptian
agricultural scientists are unaccustomcd to writing grant proposals and for American scientists 
to review their counterparts' efforts in the manner proposed was wasteful of time and 
credibility on both sides. Training in grant writing became an objective of the Sub-Project
but was irrelevant in light of the Egyptian funding structure which is organized to supply
research funds to "seniors." "Juniors" have little say in the decision-making process and 
are, by custom, not generally assertive in promoting their ideas. Thus, the original plan of 
submitting individual grants for funding was stillborn-unrealistic both in conception and 
execution. 

Nevertheless, in a position paper, the UC HTC as part of its concept of institution 
building, advocated allocation of a portion of the funds from an anticipated second five
year grant toward this purpose. The intent was to create an important change in the Egyptian
funding mechanisms to support individual research and also to maintain the ongoing funding
for team research and extension activities. A mechanism to write and review grants was 
proposed. In the opinion of the American HTC, this was institution building at its best. 
This proposal was not viewed as practicable by JPPB members and in any case the failure 
to fund a new live-year program rendered the issue moot. 

The ability of Egypt to mount 1high level modern horticultural research program was 
seen to depend upon its providing adequate salaries to recent graduates and continuously
active scientists. The purpose of paying incentives to locate and employ qualified active 
scientists was to supplement their salaries so they would be able to work full time for ADS. 
In fact, in so far as the Horticulture Sub-Project was concerned, the incentives were utilized 
to augment sialaries of numerous scientists. Instead of the anticipated "40 or more" Egyptian
scientists actively engaged in research in approximately 50 projects. 374 Egyptian scientists 
were employed in 17 projects. Concern was expressed by American colleagues regarding
the large number of participants in each project, the unwieldy administrative structure which 
would militate against etfective group interaction, the limitations to the efficiency of the 
American counterparts in dealing with so many people and. most of all, the initiation and 
continuation of unnecessary research fields within each project against the advice of the 
American collaborators. 

The problems of differences in perceptions of how research should be done led to 
disagreement about principles. Clear cut decisions about size and scope of the activities 
and mutual education about Egyptian and UC priorities might have moderated these differences. 
In the fina! analysis, those members of projects who had the opportunity to observe or 
participate in the give-and-take so important in research undoubtedly gained from the ex
perience. 

The decision to develop integrated research projects was a good one because itencouraged
interdisciplinary interaction among participants. Limiting much of the actual work to technology
transfer was advantageous because itencouraged focusing on obvious needs such as importation
of gerniplasm and methodology. and it provided basic training in experimental design and 
statistics. Emphasis on the need for proper controls, designing analyzable experiments, and 
appropriate interpretation of the results led to a marked improvement in the experimental
approach by many of the teams. As a result, the nature of the questions raised during 



planning phases and the process of analysis of the experimental i'esults will no doubt have 
a long-term benefit for Egyptian horticulturalists. The two day work sessions of the Decidious 
Fruit and Postharvest projects involving all members of the team were exemplary in identifying 
priorities and in executing the research objectives. 

TRAINING 
A major objective of the Project was raising the level of knowledge and expertise of 

Egyptian horticultural scientists regarding current ideas and use of equipment. A significant 
achievement was training of Egyptian scientists in American laboratories by way of short 
courses, visits, and long-term training in specialized programs. There were 91 Egyptian 
visitors to the U.S. for long- and short-term periods, and 24 workshops were held in Egypt. 
Egyptians were encouraged to attend international scientific meetings, and a total of 41 
participated in such meetings. 

The nature of the laboratory and field work led the UC HTC to the conclusion that 
effective training could be achieved only by long-term exposure, preferably of one year or 
more. A position paper outlined the advantages of this approach for training scientists. At 
the same time, short-term (2-3 week) visits by senior scientists were encouraged because 
they permited these scientists to understand first hand the research being done in various 
American horticultural departments and to give them a better appreciation of what the 
postdoctoral trainee would be doing. Except for instances in which a limited technology 
was being taught, intermediate visits of 2-3 months were not encouraged by UC. An 
example was the excellent training afforded members of the Seed Project by the Cal Crops 
Improvement Association and the Vegetable Crops Department at Davis and by the Department 
of Agronomy at Oregon State University. The trainees' goals were to gain information about 
the American seed industry and, particularly, to learn how to operate a seed testing laboratory. 
Such a laboratory was established in Egypt by the Vegetable Seed Project. The results of 
long-term training were truly exceptional in terms of the knowledge gained and actual 
performance of many of the visitors. 

THE CENTRAL LABORATORY 
The development of a Central Laboratory facility was an objective of the original 

project proposal as well as one satellite laboratory at Sabahia near Alexandria. The intention 
was that the Central Laboratory would serve both to train scientists in new technologies 
and to provide horticultural research facilities, including a postharvest laboratory, analytical 
laboratories, and a tissue culture laboratory, assorted greenhouses and other structures, 
including propagation benches. Following training in the Central Laboratory, it was expected 
scientists would develop satellite laboratories at other locations. 

The problems of developing a new laboratory in Egypt, including ordering supplies 
and equipment long distance, the design, construction of fume hoods and walls and other 
modifications, as well as installation of basic services such as gas, electricity, and water 
resulted in rather slow development of the laboratory. Nevertheless, considering the constraints, 
the fact that the laboratory was completed and fully operational and that training was initiated 
was an important achievement. Whether it will serve the purpose originally planned for it 
remains to be seen. The laboratory was originally designed to fill a gap in Egyptian horticultural 
research, namely postharvest physiology investigations. The development of a Tissue Culture 
project with an appropriate laboratory at the Central Laboratory followed. Subsequently, 
there was a broadening of its mission to include other kinds of investigations, especially 
those relating to processed food quality and safety. 

In a position paper stating its views on the future disposition of the Laboratory, the 
UC HTC emphasized the view that there are several laboratories in Cairo which have broad 
purposes with respect to agricultural research, but there is no other laboratory devoted to 
postharvest biology and technology of horticultural crops and tissues and cell culture research 
and training. In the opinion of the UC HTC, the Central Laboratory now has these facilities 
and to dilute its purpose by broadening its missions extensively would be unnecessarily 
redundant and inefficient. 

There is a real need for continued staff training in the Central Laboratory and the 
development of a cadre of excellent scientists who would be assigned to the Laboratory in 
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appropriate disciplines Training should extend to laboratories at the MOA which also should 
be supplied with basic modern equipment. Thus, the Laboratory could be the premier
institution for postharvest physiology and tissue culture and would provide the intellectual 
resources and training to extend information to other laboratories in Cairo and, eventually, 
elsewhere in the country. It would also be responsible for development of improved satellite 
laboratories at MOA stations distant from Cairo. 

EXTENSION 
The importance of an extension component implemented by the Horticulture Sub-

Project was apparent from the onset. The existing Horticulture Extension Service was not 
perceived as effective in dealing with transfer of information to growers and shippers and 
extension in the UC model of agricultural development is an important arm of the research 
function. In this model, extension workers con~duct applied research and work jointly with 
faculty to extend the information gained through their investigations. 

Significant progress in this direction was registered by project researchers taking re
sponsibility for transferring information to their clientele. Workshops, lectures, large-scale
demonstration plots, pamphlets, newsletters, bus trips throughout the country with provincial 
horticultural extension agents accompanying American and Egyptian team leaders, and 
individual advice to growers and shippers were among the variety of extension approaches 
taken by most of the teams. The rapid dissemination of new tomato cultivars was in part 
due to the extension activity of the researchers involved. 

RELATION TO OTHER COMPONENTS 
In the drive to initiate new projects and to pursue the research, there was a perhaps

unavoidable failure to integrate horticultural research with that of the Economics Sub-
Project. In addition, there was a premise that until the Horticulture projects had provided 
a data base for economic projections little could be gained from joint research planning.
This may have indeed been the case. Assuredly, in certain of the projects, postharvest
physiology for example. economic analysis can likely be done better now that much data 
have been collected. In addition, there is a prejudice, especially on the part of applied
scientists, and associated administration at all levels in the U.S. and Egypt, that little good 
can come from economic analysis. Despite this, it would be a valuable exercise to engage 
in joint research planning with members of the Economics Sub-Project prior to initiating 
new research. Perhaps the scientific questions asked and approaches taken would be different. 

DISCIPLINES BASIC TO HORTICULTURE 
Horticultural research requires the input of a range of scientific disciplines, integrated 

so as to address and solve practical problems. No single discipline has the breadth to cover 
the full range of crop needs. It is for this reason that all the Horticulture projects were 
conceived and executed as multidisciplinary endeavors, involving specialists in such areas 
as soils, water, nutrition, physiology, pathology, entomology, nematology and so forth. To 
achieve this approach meant that scientists from several institutions worked together on a 
common problem. This was an important departure from the research mode commonly
followed in Egypt, and could be important in providing a mo,'l for future applied research. 

The UC HTC was of the opinion that training of.Egyptian scientists in disciplines basic 
to horticulture needs to be accentuated as a way of improving horticultural research. In a 
position paper the UC HTC outlined the need to provide additional training to scientists in 
disciplines associated with horticulture. Any future project should place increased emphasis 
on this objective. These disciplinary scientists could be used more effectively by providing
advice to more than one project. They could act as cross-commodity consultants and, 
moveover, could provide additional training for Egyptian scientists associated with the 
project. 

PLANNING FOR THE FUTURE 
The UC HTC devoted considerable time to planning for a future five-year program. 

Because of the unstable climate during the last year of the project, little was done to begin 
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to implement plans that could lead to continuation or termination of particular projects. 
AID's prolonged vacillation in providing a proposed $1.6 million augmentation to the ADS 
Egypt Project resulted in a disruption in planning and organization, not to mention morale 
on the part of both Americans and Egyptians. Thus, there was no orderly transition from 
UC as the executing agency to the MOA. The result will inevitably be a hardship on the 
Egyptian scientists as they work without the benefit of the infrastructure assembled by the 
ADS Egypt Project. 

Most of the American scientists engaged in the Sub-Project expressed the opinion that 
they had personally gained much from the experience, although the nature of the work
mainly technology transfer-was not conducive to publication in refereed journals. Thus 
the rewards came from the satisfaction gained from personal association and the feeling of 
participating in developing new and significant projects. Future projects with similar objectives 
to ADS could do well to analyze the nature of this participation as a means of enhancing 
quality and performance. 

A traditional rural market in the Delta region-one of the many local 
institutions of importance to iniproving the perfornance of the agricultural 
sector. Photo: Eric Gustaqfso, 
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THE CENTRAL LABORATORY
 

Early in the development of the ADS Horticulture Sub-
Project in Egypt a major deficiency identified by several 
team leaders was the absence of a fully equipped and up
to-date laboratory needed to support critical components
of modern horticultural research. Several univcrsity or 
Ministry laboratories possessed some of the needed 
equipment, but none had fully equipped facilities that 
were functional in all of the most important techniques.
It was agreed that a major step toward improving insti-
tutional capacity for this type of research in the future 
could be effected through the development, at one location, 
of a well equipped, functioning research laboratory. 

Establishing an Egyptian technical staff able to run the 
laboratory was seen as an integral part of the project, as 
was provision of advanced training for scientists in the 
design of experiments involving the new equipnent. 

ACCOMPLISHMENTS 
The major accomplishment of' this project has indeed 

been the development of a well-equipped research bo-
ratory. A large building on the University of Cairo, Giza 
campus was completely renovated and sub-units of' the 
laboratory were developed as follows: 

• Plant propagation laboratory 
* Postharvest physiology laboratory 

" Tissue culture laboratory 

" Laboratory support facilities: 


-Analytical chemistry laboratory 
-Histology laboratory 
-Photographic laboratory 

Development of these facilities and training has been 
a joint venture between Egyptian scientists and the Facility 
for Advanced Instrumentation at tile University of Cali-
fomia, Davis. The stafl of the Central Research Laboratory 
was headed by a Director residing in Cairo and Co-Director 
in Davis. The technical staff consisted of two research 
assistants, four laboratory technicians, and six laboratory 
helpers. The critical equipment to be installed was decided 
upon early in the program's development so that purchase.
installation, and operation of tie equipment could be ac-
complished in time for its use in ADS research projects, 
the major vehicle for training Egyptian counterpart staff 
in its use. It is presently capable of supplying the horti-
cultural research and training needs for Egyptian horti-
cultural scientists and is expected to become a major center 
for advanced technology in this field in the Middle East. 

SCOPE AND USE OF CENTRAL 
LABORA'ORY UNITS 
Plant Propagation Laboratory 

The facilities consist of three large temperature controlled 
greenhouses provided with equipment for studies on plant 

responses to salinity, and temperature regulated water bath 
equipment for studies on deciduous fruit. 

Postharvest Physiology Laboratories 
This facility consists of seven temperature controlled 

environmental chambers for research on postharvest
physiology of horticultural crops, with an eighth chamber 
serving as a growth chamber. Principal uses are the study
of quality control in fruits and vegetables. A demonstration 
packaging line was installed for research and training on 
the optimum methods of food packaging for transport and 
storage of soft fruits and vegetables. 
Tissue Culture Laboratory 

The Tissue Culture Project undertook the task of de
veloping these facilities. This has involved remodelling
of rooms, purchase and installation of equipment, and 
pursuing an intensive training program for scientists and 
technical assistants. The Tissue Culture Laboratory is nown operation and live trainees have spent one year each in 
tissue culture research laboratories in Califrniatand Texas 
and are now back in Egypt. 

Analytical Chemistry Laboratory 
This unit provides facilities for organic and inorganic

analysis of' plant material. It is equipped with UV and 
visible spectrophotometers, a selective electrode instrument 
for inorganic analysis, an atomic absorption spectrometer 
fbr elemental analysis, and other standard equipment for 
extraction and fractionation of plant tissues such as cen
trifuges, rotary evaporators, ovens, pH meters, and bal
ances. 

Facilities for biochemical, enzymological and plant 
growth regulator studie; consist of an infra-red spectro
photometer. a very sophisticated UV and visible double
beam scanning spectrophotometer provided with kinetic 
temperature controller and a terminal computer, a high
speed refrigerated centrifuge. a fraction collector, and a 
freeze drier. 

Equipment for chemical separation includes two gas
chrotratography (GC) units for the analysis of gases, one 
programmed for the analysis of CO2., N,, and 0,, and the 
other for the analysis of' hydrocarbon gases, ethylene,
methane, and acetylene. Two other more sophisticated 
GC units are also available. One of' these units is used 
with regular packed columns for the analysis of a wide 
variety of compounds. and the oIIer is used for fused 

silica capillary columns, a technique introduced in Egypt 
for nae first time, and enabling picograms t I x 10 ' 2 ) of 
compounds to be analyzed. A high performance liquidchromatography unit with a UV detector is also available 

and i; intended principally for analytical studies on plant
growth regulators and pesticides. 
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Project greenhouses and the mist propagation house (left foreground) as 
seen from the California Research Center on the Cairo University 
campus. Phot. lidhilt Sheha 

Investigating the storage characteristics of fruit in one of' the constant 
temperature rooms of the Project's Postharvest l-ahoratory located in 
the Centrai Research Laboratorv. "'luuio:h:htat Shehaa 
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A gas-Ikllquid clIroin at og raphV uniit. paIl of the Central laboratory's an
alytic;l lab. is seen herc being used to provilc analytical information to 
one of the ADS hortictultrfe projects. Ph, w: Nadir Ita.%lw 

Histology Laboratory 

Instrumentation for microscopy, microtomy, idspec-
imen preparation are provided for iinthis Iaboratory.
Photo Laboratory 

This laboratoiy provides for tiledeveloping and printiig 
of film and paper as well as for draftinii g and photocopy 
procedures. Two 35mm automatic cameras anI(l two Po-
laroid instant cameras are available. 

Provision ;!' Research Facilities for ADS Projects 
The Central Laboratory has provided continuous as-

sistance to scientists ConLdttctile their research in the 
greenhouses and the postharvest facility as well as to re-
searchers working in the other laboratory in its. The as-
sistance given was hiot only illoperating tile instruments 
and conducting thLe analysis but also in establishii g the 
nmethodology required for their research programs. Tihe 
following are some specific examples. 

* 	Estimatioii of gases (CO, and ethyleie) producedLy 
fruit stored in jars or directly from tile fruits (Post-
harvest Physiology Project). 

" Analysis of planit growthi regulators in mal formed and 
niorl-1 mangoL t i an-hlgo Project . 

* Plaiit 	 anino acd and vitalinpignllltS. sugars, Ils, 
amialyses (Tmlato. ('uIcurbi's. and PIostliarvest Phys-
iology Projects). 

" Analysis of pesticide residues on fru its (Postharvest 
Physiology Project). 

* 	Esti inmati o oof atropiie aid otler alkaloids in plIant 
extracts (Aromatic and Medicinal Plants Project). 

" Analysis of sugars by GLC tFood Science Projects). 

Training and Workshops 
In addition to oigoing. on-the-job training, six formal 

training courses and workshops on chemical separation
and analysis of plant tissue and ,ther biological systems 

were held in the Central Lahoratory during the period 
from Jnuary, 1982-April. 1983. The courses and work
shois. given by the Laboratory Director and specialists 
from UCI). included tilefollowing topics: flractionationl 
of fresh ti!;sues for tile analysis of pigmeilts and fats.phenols. orIganic acids, sugars., and plnt hormlones: column 
chrolatography: advanced techniques in paipei ciIIroma
tography: thinIlyer chroliatograiphy: gnis chrinmao.r.liphy" 
and high lCesure liquid chromatography. 

Plans for tilefultue of the Central Laboratory after 
lermination of the ADS Project have been discussed h 
tile Joint lHorticultureJoint Policy andLPlanning loards. tile 
lichnical Committee. the Central Laboratory Committee. 
and the Committee for the Loin-Term l)evelopment of 
the AIS Central Laboratory. 

The advice aid recoinmeidation of these committees. 
ie 	 umian inOuS in recommending 

that tileCentral La.iboratory facilities slould relalin intact an ()imi i t ev h ' earch iid tia ini in eedIs of'11d continue to serV the IVi 	 e
 
I-gyptian horticulture and related sciences. 

It was furit her ieco1in iendedh that the la orito rv not 
become another general Agricultural Research Iiistiute. 
but rather that it should remain priiiIarily devoted to post
harvest plsiioL\' and tissue ciIt Ctreand allied ho0rtic tilttIal 
sciences since facilities for research inlthese subjcCts are 
not wvell represented at any other iinst itution in Egypt. 
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THE HORTICULTURE LIBRARY
 

A horticulture library has been established at the ADS Central Research 

Laboratory in Cairo. While its immediate use was to serve the needs of the seventeen ADS 

horticultural research projects, its long-tern1 purpose was to provide Egyptian horticulturalists 

with an up-to-date collection of material'at a single location. It is a library that can serve 

the needs of MOA and research institute researchers, university faculty, and graduate and 

undergraduate students. 
Subscriptions to 99 journals covering horticulture and related sciences were made and 

current issues were air-mailed to insure timely availability to researchers. Also back issues 

(to 1968) of selected journals were purchased. About 25,000 books and publications dealing 

with horticulture, plant physiology, genetics, plant pathology, entomology, nematology, 

food science and technology, agricultural economics, agricultural engineering, and other 

sciences were sent to the library from the U.S. In addition, about 1500 books and publications 
were obtained locally in Egypt. 

Audio-visual materials, which are now available in the Horticulture Library, include 

16mam color movies, lilm strips, and slide sets covering many aspects of horticulture and 

related sciences. Necessary audio-visual equipment was also provided. This component and 

the up-to-date nature of the serials and book collections make this library the most useful 

in Egypt for researchers and students involved in horticultural and associated sciences. It 

is hoped that this library can be maintained and expanded in the future to assure its continued 
benelit. 

* V 

The Horticulture Library also contains an extensive 
stock of audio-visual materials for use in training stu-

The Project's Horticulture Library, located in the California Research dents and scientists in new techniques. 
Center. has been stocked with up-to-date journals and books, and Photo: Nadir Hashem 

provides at a single location the most comprehensive collection of 
its type in Egypt. Photo: Nadir Hashem 
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IMPROVED TOMATO PRODUCTION
 

Introduced over acentury ago, the tomato isnow the most 
important vegetable crop grown in Egypt. The area cur-
rently under tomato cultivation is 340,000 feddans with 
a production of approximately 2.3 million tons annually 
and a value of 161 million Egyptian pounds (LE). The 
average yield of tomatoes in Egypt is 7 tons per feddan 
which is rather low compared with that of' the USA and 
Europe. Yields in California, for example, average 27 
tons per acre. The low yields of tomatoes in Egypt are 
primarily a result of lack of' improved, high yielding va-
rieties, ineffective disease control and poor water man-
agenent. Alternate flooding and drying results in stressing 
plants by depriving roots of oxygen and then of water. 

The Tomato Project has initiated an integrated program 
for increasing yields and inproving the quality of tomatoes 
in Egypt through research on the introduction and eval-
uation of tomato cultivars. breeding, physiology, cultural 
practices, plastic culture, and pest control (disease. insect, 
and weed) in addition to training and extension of the 
research findings to tomiato growers, industry and gov-
eminent employees. Research and extension have been 
conducted by a team of 30 investigators from several 
universities, Ministry of Agriculture research institutes 
and field experiment stations located ihroughout Egypt. 

ACCOMPLISHMENTS 

CULTIVAR EVALUATION 

A breeding program has been initiated, aimed at im
introduction and breeding. Emiphasis has been on imiprovingproving tomnato yield and quality in Egypt through cultivar 

fruit quality, resistance to serious diseases (caused by
viruses, fungi, nematodes and parasitic flowering plants), 
and tolerance to adverse soil (salinity) and weather (high 
and low temperature) conditions. 

Two hundred and seventy-two tomato breeding lines 
and cultivars of both processing and fresh market types 
were evaluated in up to 54 observational or replicated 
trials per cultivar. These trials were conducted over three 
years (1980, 1981. and 1982). with up to three plantings 
per year (summer, fall and winter). Cultivars were planted
in II locations (Assiut, Dokki, Nubaria, Fayoum, Giza, 
Ismailia, Kaha, Kanater. Khattara. Menia. and Sabahia),
using 3 planting systems (single plants 30 cms apart, single
plants 10 cms apart and clumps of' 3 plants 3 cms apart. 

The following 22 cultivars were found to be outstanding 
in performance and widely adapted and thus have been 
recommended for use in Egyptian agriculture: processing 
true-breeding cultivars of the blocky, firi fruited type 'E 
6203', 'E 9209', 'NCX 3032'. 'Peelnech'. 'Peto 86', 
'Peto 95', 'Peto 96', 'Peto 98', 'UC 82', 'UCX 97-3'. 
'UCX 99M-3', 'UC 204' and 'UCX 211-58': processing 

true-breeding cultivars of the elongated type 'Castlong';
processing hybrid cultivars of the blocky, firm fruited 
type 'Castlex 1017' and 'GS 30'; dual purpose true-breed
ing cultivars of the 'VF 145' type 'Castlemor Improved'
and 'VF 145B-7879': fresh market, nematode resistant 
true-breeding cultivars 'VFN 8' and 'VFN Bush', and 
fresh market nematode resistant hybrids 'Royal Flush' 
and 'Valley Pride.' Additionally. the fresh market cultivar 
'Pakmor B' was recommended for use in Menia and Nu
baria and preliminary recommendation was given to the 
processing true-breeding cultivar 'Castlerock' and to Al
exandria University fresh nmarket nenatode resistant hybrids 
'Alex 61' and 'Alex 62.' 

BREEDING PROGRAM 
Breeding work was conducted at both the ADS green

house facilities at the College of Agriculture. Cairo Uni
versity and Vegetable Research Division, Agriculture Re
search Center. Giza and experimental fields of the 
Agricultural Research Centerat Kaha Vegetable Research 
Station and Barrage Horticultural Research Station, Ka
lubiah. 

Breeding for Tomato Yellow Leaf Curl Virus 
(TYLCV) Resistance 

One hundred and nineteen tomato cultivars and breeding 
lines and 26 accessions of 4 wild Lvcopersicon species
were evaluated for TYLCV resistance during 1980. Plants 

IN- [ 
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The Tomnito hnproveement Project has successfully introduced 
and evaluated new cultivars for growing in Egypt. Breeding 
tomatoes adapted to Egyptian conditions, especially for tol
erance to hcat and salinity, is an ongoing program. A new 
heat tolerant cultivar is illustrated. 'h,,: ,Vadir Hashen 
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were subjected to artificial inoculation with the virus I-
2 weeks prior to transplanting and were left for further 
natural infections in the field. Scions from symptomless 
plants of the wild species were grafted onto healthy L. 
esculentum plants 6. 9 or 12 weeks after transplanting. 

All tested commercial tomato cultivars and breeding 
lines were highly susceptible. All tested accessions of L. 
cheesnanii, L. hirsuittm, f. glabratun, L. eruvianum 
and L. perutvianuo., f. hunijfistu were highly resistant. 
None of the tested plants exhibited TYLCV symptoms or 
carried the virus. Accessions of L. pimpinellofulitnl varied 
in their reaction: LA 373 exhibited the least TYLCV 
symptoms: LA 12 1, LA 1579. and LA 1690 were segre-
gating, and all tested plants of LA 411. LA 1256, LA 
1370. LA 1583 and LA 1634 exhibited severe symptoms. 
Grafting experiments indicated the presence of TYLCV 
in all symptomless plants of L. pinipinellifrlium. (Hassan 
et al., 1982a). 

L. cheesmanii ssp. minor LA 1401. L. hirsittiiun LA 
386 and L. peruvianitn cv sel. I.N.R.A. remained free 
ofTYLCV even after exposure to natural vector inoculation 
for nearly an entire year. These accessions were used as 
sources of resistance in the breeding program. 

Resistance to vector transmissioncin L. peruvinun cv 
sel. I.N.R.A. was broken when inoculations were made 
at high temperature (mostly over 42' C during daytime). 
Plants of this accession were susceptible to graft inocu-
lations but they were symptomless. (Mazyad et al.. 1982a). 

Genetics and heritability of tolerance to TYLCV were 
studied in the interspecific crosses L. escudentun cvs E6203'. "Per 86'. "UC 82' and 'VF 145-13-7879' x L. 
6203', Tetfu86'.LA 2 andLAF37 Pa13.7879l F. Vp him nLA 12 1 and L A 373 . Parental. F ,. F pinell~lfilu 

F, and backcross plants were artificially inoculated with 
TYLCV prior to transplanting and later evaluated for tol-
erance under field conditions. Tolerance appeared quail-
titative. The F, populations were skewed towards sensitivity 
and only 3-4/ of the F. plants were tolerant. Narrow 
sense heritabilitv (NSIH1) was estimated at 9.52 and 0.27 
for tolerance derived. respectively, from L./ipuillufiw 
LA 121 and LA 373. The percentage ol'the genetic variance 
that isadditive was calculated as 61 c/ and 44%A respectively, 
in both accessions. [he environmental variance was greatest 
in slightly tolerant genotypes, least in sensitive genotypes 
and intermediate in tolerant genotypes (Hassan et al.. 
1983a. 

Genetics of iesistance to TYLCV was studied in the 
interspecific crosses L. esculentimu cv 'UC 82' x L. chees-
imaniissp. minw LA 1401 and L. e.cuientun cv ' VF 145-

B-7879" x L. hirsutmi x LA 386. Reaction of parents. 
F, and F, plants and hackcrosses of resistant F. plants to 
'UC 82' indicated that resistance derived from L. chees-
manii is controlled by at least 3 recessive genes. NSH 
was 0.44. Reaction of parental. F,. F adid backcross plants 
indicated that resistance derived from L. hirsutm isdon-
inant and controlled by more than one gene (Hassan et 
al.. 1983b. 

TYLCV tolerance and resistance fuMnd in (ie wild Lv-
opc'rsicon accessions are currently being simultaneously 

transferred to some of the reconmmended tomato cultivars. 

Up to June 1983, two backcresses were made in the transfer 
to tolerance derived from L. iimpiinelifo.'liwn LA 121 and 
LA 373 and resistance derived from L. cheesmanii ssp. 
minor LA 1401, and one backcros was made in the transfer 
of' resistance derived from L. hirsutu LA 386. In all 
cases, F, progeny testing was employed to assure the right 
selection of tolerant or re!;istant F. plants which were used 
in backcrossing. 

Dr. H. Laterrot (Stati-:)n D'Amelioration des Plantes 
Maraicheres. Montjavet, France) undertook an investi
gation of resistance derived from L. peruvianumn by crossing 
accession cv sel. I.N.R.A. with tomato cultivar 'Mortel
glan.' F, plants and selected F, progenies were evaluated 
for TYLCV resistance in Egypt. Resistant F, progenies 
are currently being backcrossed to L. escilentinn. These 
experiments have established that resistance is to the insect 
vector and not to virus multiplication. 

A study on TYLCV tolerance was conducted during 
the 1980 summer planting. It involved comparing yield 
of 46 tomato cultivars and breeding lines artificially in
oculated with TYLCV with uninoculated controls. Infection 
was 10014 in the artificially inoculated field, while natural 
infestation was 1.9%4 in the control field. Artificial in
oculation significantly reduced yield but cultivars differed 
significantly in yield reduction even under conditions of 
l004 TYLCV iniection. Also, the cultivar x disease con
dition (healthy or artificially inoculated) interaction was 
significant and indicated wide variations among cultivars 
in TYLCV tolerance.

The highest yielding cultivars Linder conditions of' 
ThC ighes rs 'VF 1ftia underTYLCV infection w.,ere 'Ca,;tlex 1017'. *VF 145-B-7879', 

'Castlex 499' and 'Castlemor Improved.' Their yielda g d lr r 0 3 t 4 7.a r v n t o g l h i 
ranged from 10.3 to 14.7 T/acre even though all their 
plans were infected with the virus (Hassan eta/., 1983c). 
Screening for Resistance to Tobacco Mosaic Virus 
(TMNV), Root Knot Nematodes (RKN) and Fusarium 

Viii 
Two experiments were conducted during 1980 to screen 

37 tomato cultivars and breeding lines fOr resistance to a 
previously-identified local strain of F',,iV. Plants were 
artificially inoculated. rMV symptoms and local lesion 
assays were used in assessing the level of resistance. Gen
otypes which carried gene(s) for '[FV resistance reacted 
as follows: a) "VFNT' (a University oflCalif'ornia. Davis 
fresh market breeding line) was the best true-breeding 
source of resistance: b) hybrids 'Lucy' TM', 'Poliset', 'X
233" and 'F.A.. Acc. No. 50.467' were also highly 
resistant: c) cultivars 'Ohio-WR' and 'Trial No. 51' were 
syinptomless hosts: and d) cultivar 'Tropic' was highly 
susceptible. Cultivars 'Floramerica" and 'Florida MH-l' 
(which carried gene(s) for tolerance) were highly suscep
tible. Among susceptible cultivars which did not carry 
any maJor TMV-resistance gene(s) were: a) cultivar 'Chico 
IIl" which showed very slight miosaic sy'iptoms. but its 
virus titer was very' high: b) cultivar ' Pusa Ruby' which 
showed severe mosaic symptoms. but its virus titer was 
low; and c) the remainin cultivars which were susceptible. 
No association appeared between TMV symptoms and 
virus titer (Hassan et al.. I980a). 
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In astudy to screen varieties for resistance to root knot 
nematode (RKN) conducted in 1980, 45 tomato cultivars 
and breeding lines were evaluated for resistance to Me-
liodogyne incognita and Al. javanica. Forty genotypes 
were known to carry the Mi gene for RKN resistance; the 
others were susceptible controls. Most entries were 
screened under field and greenhouse conditions in 6 ex-
periments. Practically every genotype carrying the Mi 
gene was found resistant to local biotypes of RKN. Re-
sistance to M. incognita implied resistance to M. javanica 
and vice versa (Desouki, et al., 1982; Hassan et al., 
1980b). 

No extensive tests were conducted to screen for resistance 
to Fusarium wilt. Instead, an attempt was made to deter-
mine the prevalence in Giza of F o.svsporun f. lycoewrsici 
race I. Ten tomato cultivars were evaluated for resistance 
to a Fusaritn isolate obtained from a commercial field 
inGiza Govemorate. The test was repeated using 2 different 
inoculation methods. Results indicated that the isolate 
used belonged to race 1.Only cultivars without the I gene
('Earliana 498', 'La Plata', 'Moneymaker' and 'Rutgers') 
were found susceptible, while cultivars which carried the 
gene for resistance to race I ('Cal Ace VF', 'E 6203' and 
'UC 82') or genes for resistance to races I and 2 ('Flor-
adade', 'Peto 81' and 'Walter') were found resistant (Has-
san et al., 1982b). 

Breeding for RKN Resistance
breeding p began in 1 to introduce RKNpiogam 982nelliftIiwnt. 

resistance into some of the promising processing and fresh 
marke, cultivars, 'Peto 86', 'UC 82', 'VF 145-B-7879', 
'Castlerock' and 'Pakmor B.' Cultivar 'Pearson VFN' 
was used as a source of RKN resistance. BC, seeds are
currently being produced. 

Breeding for Salt Tolerance 
Two experiments were conducted in plots in 1980. In 

the first of these, plants from 21 tomato cultivars and 
breeding lines were irrigated for 2 months with either tap 
water or with 4000 ppm of NaCI in tap water. The relative 
response of plant dry weight to the two irTigation treatments 
was considered the criterion for salt tolerance. All cultivars 
evaluated were found to be sensitive to NaCl. However 
asignificant cultivar x irrigation treatmen, interaction in
dicated wide variation in NaCI sensitivity. The least sen-
sitive were cultivars 'E 6203', 'Moneymaker' and 'VF 
145-.B-7879.' 

In the second experiment 5 tomato cultivars and L. 
cheesmanii ssp. minor LA 1401 were exposed to varying
salt concentrations. The number of surviving plants per
experimental unit was considered the criterion for salt 
tolerance. Plants were in'igated for 2 months with 0, 40(X),
8000, or 12,000 ppm of NaCI in nutrient solution. All 
genotypes tested were found to be sensitive to NaCl. The 
most sensitive was L. cheesmanii, and the least was cultivr 
'Edkawy' (a local selection of cultivar 'Marmande'). In-
creasing NaCI concentration significantly decreased the 
number of surviving plants per experimental unit and re-
duced vegetative growth of all genotypes evaluated (Hassan
and Desouki, 1982). 

In subsequent tests, evaluation for salt tolerance was 
conducted as follows: transplants of the evaluated popu
lations were set in sand in 20 cm clay pots at the rate of 
3 transplants/pot. For 3 weeks plants were watered daily
with nutrient solution only. Subsequently, plants were 
irrigated daily with nutrient solution in 75% watersea 
except during Mondays and Fridays when they were ir
rigated with tap water only. This practice was found nec
essary to wash down the surface-acc, mulated salt which,
inpreliminary tests, caused girdling and eventually killed 
the selected plants. The salt treatment continued for 1.5
2 months until all control plants were dead. 

This evaluation procedure enabled the selection of the 
most tolerant genotypes. Various evaluated genetic pop
ulations were distinctively different inthe cumulative per
centage of dead plants with time. The genetic populations
evaluateu using this procedure were tomato cultivar 'Peto 
86', F,of the interspecific cross 'Peto 86' x L. cheesmanii 
ssp. minor LA 1401, backcrows of the F, (used as male 
parent) to 'Peto 86', F., F, an I F., BC plants. Currently,
seeds of the second backcross to 'Peto 86' are being pro
duced. 

Screening for Broomrape Tolerance 
A test was conducted during the 1982-83 winter planting 

to screen for broom rape (Orobanche ranosa) tolerance. 

The test included 27 commercial tomato cultivars covering
a broad geneti:2 background, 10 accessions of L. pimpi4 of L. pertutvianumt. 5 of L. h ' irttn, 3 of 
L. hirsutun f. glabratuin, and I of L. esculentuin var. 
cersirn. T lanting as Ina si e i n . 
ceras brme. Transplanting was i a site heavily infcted 

itatonastv
infestation wits 100% in all tomlato cultivars and wildaccessions except in cultivars 'Marmande VF', 'Peto 98', 

'Pritchard* and 'Tropic' in which I plant of each escaped 
infection. Seed was saved from 4 plants for progeny testing. 
In addition, L hirstttin LA 386 and L. hirsttun f. gla
brattun LA 1252 were highly tolerant to broonlrape in
fection and distinctively diflerent from the other genotypes
evaluated. 
Breeding for Fruit Set Ability in High 
and LoiwTemperatures 

Several breeding lines, hybrids and true-breeding cul
tivars were evaluated for fruit set ability under high and 
low temperature conditions during 1980-82. Seed sowing 
was scheduled so that plants flowered during January and 
February for the cold tolerance test and during July for 
the heat tolerance test. 

The best performing cold-tolerant genotypes with regard 
to percent fruit set and yield were Univer;ity of California, 
Davis processing breeding lines 78-W-29, S78-365-3 
and S78-296-2 and cultivars 'Floradade', 'FM 52009' 
mid 'VFN 8.' On the other hand, the most heat-tolerant 
genotypes were 'Chico Ill', 'Peto 81'. 'Peto 86', 'Punjab
Chhuhara'. 'UC 82' and 'VF 145-B-7879.' 

Another approach in breeding for cold tolerance was 
through breeding for parthenocarpy using the partheno
carpic line 'Severianin'. (Seeds were kindly provided by 

19
 



Miss J. Philouze, Station D'Amelioration Des Plantes 
Maraicheres, Montjavet, France.) This line sets parthen-
ocarpic. non-puffy fruits in cold weather, but its fruits are 
very soft and poor in color, 

Genetic studies on heat and cold tolerance and par- 
thenocarpy are being conducted. Genotypes varying in 
heat and cold tolerance and parthenocarpy are also being 
examined for differences in endogenous auxins in flower 
ovaries. 

PHYSIOLOGICAL STUDIES 

Adverse Weather Conditions 

Fruit-set under cold weath. conditions. The purpose 
of this work was to protect tomato plants against frost 
damage and to produce tomato fruits economically during
April and early May when serious shortages occur in the 

markets. The experiments were conducted during the winter 
seasons of 1980-1983 at the Kanater experiment station, 
and involved varying the dates of transplanting, use of 
physical protection devices (plastic windbreaks, plastic 
tunnels and bamboo windbreaks), and use of chemicals 
for fruit-setting (4-CPA, citrimide, Cycocel and gibberellic 
acid). During the same years a series of experiments was 
perfonLed using chemical and physical means to overcome 
low temperature damage in tomatoes grown at Fayoum. 
Chemicals used were Vapor Gard, citrimidt and Cycocel. 
Different polythene structures were compared with the 
Egyptian f'armer's normal practice of using bamboo wind-
breaks. 


Data on both early and total yields and fruit puffiness 
were recorded. The transplanting date had a significant 
effect on early yield with the October 23 planting preferred 
over that of November 23. The clear plastic windbreak 
was superior to the other physical methods of cold pro-
tection for the plants. The 4-CPA + Cycocel and Vapor 
Gard treatment had a significant effect on early yield. 
giving 7.0 and 14.0 tons/feddan respectively, compared 
with 1.6 tons/feddan for the control. File percentage of' 
puffy fruit was 12(/( for the control and 16(/( for the chem- 
ical treatments. Productivity at this level could easily fill 
the gap in seasonal fluctuations and minimize tileshortage 
in tomatoes occurring in April and early May. 

Fruit-setunder high temperatureconditions. The aim 
of this experiment was to study the effect of plant growth 
regulators on fruit-set under hot weather conditions. The 
experiment was carried out in pots with the 'VF 145' 
cultivar at tile Giza station. The chemicals used were 
kinetin, gibberellic acid and naphthaleneacetic acid. Various 
rates and combinations were used. The most promising 
chemical for increasinc yields under these conditions waskinetin.Two
kinetin. 

Seedling Production 

Transplant growing media. Under tle Egyptian i'ning
conditions thle method cotmonly employed f'or production 

of transplants produces unhealthy and non-uniform seed

lings. In a series of experiments perf'orned between 1980-
82 designed to relieve this problem tileeffects of different 
soil mixes enriched with macro and micro nutrients were 

tested. An experiment consisting of II treatments with 
different soil mixes was conducted, using growing media 
compounded from local materials such as rice hulls, sugar 
cane pith and soil and animal manure. Modifications and 
additional mixes were tested to derive the most suitable 
medium in relation to economic and productivity consid
erations. Best results were obtained from mixes based on 
peat moss followed by sand and rice hull bases. 

Use ofanti-transpirants to overcome transplant shock. 
Transplant shock, a common problem during summer 
planting, can be alleviated by reducing transpiration. The 

effects of different concentrations and methods of appli
cation of VaporGard were compared with the common 
Egyptian practice. El Tariw'eef Records were taken for 
seedling performance and subsequent growth and yield 
at two locations, the main station at Giza, and at Fayoum.T[he cultivar was 'Peto 86'. Survival rate of transplants 
ilet r was i e d ove r ateontr l 

with treatment was increased over the control. 

Fertilization 
I,1980, fertilizer studies were conducted at three dif

ferent locations representing different types of soil (Ismailia, 
Nubaria, and Giza). The effect of different macro and 
micro elements on the yield and quality of fruits and nu
tritional status of the 'Ace' and *VA 145' varieties was 
evaluated. In 1981, additional treatnmts were made during 
the summer and winter seasons at the Kaha and Khattara 
sites to determine tilemost suitable fertilizer regime for 
tomato plants. For the cultivar 'Peto 86', growing in clay
loan soil, the highest economic yield was obtained using 
45 kg N + 20 kg PO,+ 25 kg KO per feddan. In the 
sandy soil the best results were obtained using 90 kg N 
+ 40 kg P,O, + 25 kg K.O pet' feddan. The newly 
introduced cultivars thus require lower levels of' fertilizer 
than those presently used. 

Plant Density Studies 
Two experiments were in tile ofconducted summers 

1980 and 1981 to study the effect of plant density and 
nutritional levels on yield. Plant densities used were I, 
2. or 3 plats per hill 30 cms apart compared with single 
plants 10 cms apart. In addition, three nutritional levels 
were tested at each plant density. In the summer of 1983 
three cultivars were included to test the effect of four 
different plant densities at five locations on the yield and 
quality of fruit. Spacings of single plants 10 cms apart in 
the row and those of 3 plants per hill 30 cms apart con
sistently gave the highest yields. These population densities 
are greater than those in current use. 
Control of Tomato Yellow Leaf Curl (TYLCV) 

experiments were Conducted at tile Giza station in 
1981 and 1982 on chemical means to overcome the det

rimental effect of TYLCV. The chemicals were gibberellic 
acid. cytokinin. Fully Fertile, and super-phosphate. The 
results were unsuccessful and further work was discon
tiinued. 

Irrigation 
Several experiments were conducted at El Azhar Uni

versity to evaluate different drip irrigation systems in 
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"loniat( tradnsplaints of the nevwh,iintroduced C di lonia vairieties arec rowvn 
inlpla|stic Lreenhouses uinder control led conditions be.,lore hei ng released 
to growers. Ninelmillion transplhnts w.,ere raised in Spring 1982 for this 
purpose. 

comparison with the normal practice of basin irri cation 
for tomlato production. Yields w,,ere cenerallyv increased 
with drip irrigation un I efforts have been mlad: to desi cn 
and mlanu facture drip irrigation systems locally. 
CU LTLURI- UNI)ER PLASTIC 

In 1982. two ex penrmeents were carried out to evalunate 
28 tomato tuti vars and newly released materials for 
greenhouse production. The seeds were sown in January
iinplastic trays IilIled with rnodi lied peat moss. Seedl ines 
w.+ere transplanted a month later in+plastic creen~houses 
16 × 6(0 ,.3.2 in). and fruits harvested between M\ay' 

and mid-July. The top perotrm ing cuIt ivars,. based on 
qluality and yield. ss,'ere "l)obio'. "t:1 "Fireball'.97T'l V. 
"Tnc *4931I77" and "Carmel lo' 

In thle 1982-83 season. 36 toinatom cultivars were planted. 
ang then most promising cultivars selected in]tile 1982.
The seeds were sown in+September in plastic tray's and 
transplanted in (lie plastic house in mid-October. Harvest 
started in late l)ecember 1982 and continued until mid-
April 1983. The most promising cultivars with regard to 
yield and quality w\ere "Vernon' "Donibo'. "Marcanto'. 
'Special" and '1417179". 

PATHqOLOGICAL STUIIES 
Tomato Wilt Disease 

EFlforts were made to characterize the causal fungus of 
the tomato wilIt disease iniEgypt. Isolaies w'.ere obtained 
from the most important ,rowinrg areas (Giza. Kaha. Ka-
lubia. Sharkia. Menia. Qumia. Ismailia aiid E-lk Tahrirj 

I'huiu: illiam,,.,tm 

and purilied using thle single spore technique. P'athogenicity 
tests of all isolates weie carried out againlst four toiiato) 
culti vars: "ic' 82" (resistant to /"usunui (.)A'VS/Wril f. 
Sp . lveupersihi race I I. "Peto 8"I(resistant *to race 2). 
"Walter"(resistant to both races I and 2) and "Moiieyiaker' 
or "Super Sioux" (cultivars susceptible to both races). 
Results indicated that the \ iniulent fornn of thle fun,,us was 
/'. f.Sp. /yvulwr.iui race I.(.wm'fn 

]'athogenic Soil Fungi 
!oi l-boriie flng i,I'\'i/ium d' vu/., isu'itn .'o+,J inn, l~L. 

hmi,, IIl[iwiU lj~ l anii. 'i'rtqiulnt.suliili. .1It('lliii .S' 
n)I/c'Sii arid I-t'/iiiho~qiuriiim sp. which are responsible 
for tomato dampin.g off and collar iot disease, were isolated 
and pueried usin.e th single spore or h~yphal tip technique. 
Clhemical lProtectioni against lDiseases 

Trials were carried out in+the greenhouse. the nurseries 
o h ~al eerhsain n l h ilso oa
 
stations during 1982 to determine the alost appropriate 
chemical means of controlling major tomato diseases. 
A\trial was carried out to control wire stem disease 

caused bI Rhizutmtia .o/hni. IFoiur days after inoculation. 
treated "VF 145" tomato seeds \erc planted in+the infected 
soil and kept tinder greenhouse condit ioins at 30"(C. The 
most effective seed dlisinifectants in+c mtrol liing dlamping
ofl caused by 1 ..ul,htni were "lcto a Mancozeb. V;itavax,: 
Captan and Vitav'axTh iru ii. 

"'chlmiiquies to comntr, pre-andl-p st emergence dampiing
off of seedlIi rgs causcd 1w\soil bixne lunig i wer-e exam ined 
at thle nursery of the Kah~a local station. The restilts w~ere 
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clear that the chemicals Campogram, Terrachlor Super- The seasonal abundance of tomato whitefly Bemisia 
X, Vitavax/Thirum, Campogram/Captan, Benlate and tabaci (Genn.) and aphids (Aphis gossypii) was studied 
Vitavax/Captan were the most promising disinfectants in during 1981 to determine the effect of weather conditions 
the control of Rhizoctonia solani Fusarium solani and 
Alternaria solani, the causal fungi of wire stern root rot 
and collar rot diseases, respectively. 

At Ismailia Governorate, systemic and non-systemic 
fungicides were evaluated for the control of tomato foliage 
and fruit diseases, such as early blight and nail head spot. 
The data showed that Bravo 500,Bayer 3016 and Trimiltox 
Forte were excellent protectants against early blight (Al-
ternariasolani) and nail head spot (Alternariatomato),
but failed to control powdery mildew. 

ENTOMOLOGICAL STUDIES 

Potato Tubermoth 

Insecticides were evaluated for the control of the potato 
tubermoth, Phithorimaeaopercullela (Zeller) which infests 
tomatoes in summer planting. The first experiment was 
conducted in Menia in April 1982 on the cultivar 'Peto 
86' and the second experiment was carried out in Kaliubia 
on the cutivar 'Marmand VF'. The insecticides most ef-
fective in controlling the moth were found to be Tombel 
(thiomethon + dithiomethon), Hostathion (triaxophos) 
and Ravyon (carbaryl). 

Sevin (85% at a rate of 2 kg/feddan) was the most 
effective insecticide followed by Lannate (90%) and Nudrin 
(90%) causing a reduction in the percentage of larvae 
infesting the summer planting. 

Cotton Leafworm 

The cotton leafworm, Spodeptera littoralisattacks many 
field crops and vegetables, including tomatoes. The extent 
of damage caused by larvae of this insect expressed as 
percentage reduction in yield of the crop was estimated 
in relation to the average number of larvae per plant. 

White Fly 

Several experiments over the past three years examined 
the toxic effect of pesticides on whitefly, Bemisia Tabaci 
(Genn.) infesting tomato in the fall plantation. Spraying 
at consecutive seven-day intervals with certain insecticides 
has been shown to be effective in controlling the whitefly 
on tomatoes. Reviewing the data, it can be concludedthat 
Tamaron 60% at 800 cc/feddan, Gusathion 20% at 1.5 
liter/feddan. Acetellic 50%1 + Diamethoate 40% at I liter 
+ 300 cc/feddan and Nudrin Birlane (240/270) at 1.5 
liter/feddan were the most effective insecticides against 
the adult whitelly, larvae, and pupae. Pyrethroids also 
hold promise for the control of the whitelly. with best 
results achieved by combination of CCN 52 and Dimethoate 
at the rate of 400 cc and 300 cc/feddan. respectively, 

The varying susceptibility of 21 tomato varieties to 
infestation by the whitefly. Benmisia tabaciwas examined 
using abundance of the egg population on leaves as a 
measure of susceptibility. 'UCX 211-58' had the fewest 
eggs but was favored most by pupae of this fly. 'Rossol 
VFN'was the least attractive for pupae. 

on the populations. Eggs. larval instars and pupae of whi
tefly were not present on plants during March, but pro
duction began to increase during April. The initial infes
tation with Aphis gossypii in the summer planting was 
relatively high in April. The aphid population increased 
rather rapidly until it disappeared during the first week of 
May. 
Bollworm 

Effect of host plants on some biological aspects of the 
bollworm. Heliothis armigera Hb. was examined by
feeding groups of larvae of bollworms, Heliothis armigera, 

on three host plants throughout their lives. The shortest 
larval and pupal periods were obtained on tomato fruits 
and leaves, while the longest larval and pupal periods 
were recorded on beans. On the same diet, the resulting 
females showed the longest preoviposition period and laid 
the lowest number of eggs. Females produced from larvae 
fed on tomato fruits gave the highest number of eggs. 

Various insecticide treatments were evaluated for control 
of the American bollworm, Heliothis armnigera Hb. in
festing tomato in the fall planting. Sumicidin (20)5 and 
Cvbolt ( 10%/) were found to be the most effective and the 
recommended chemicals, Lannate and Tamaron gave only 
a moderate reduction in larvae. These results proved the 
superiority of synthetic pyrethroids in controlling the 
American bollworm in tomato fields. 

WEED CONTROL TRIALS 

Since 1980 several experiments were carried out to 
evaluate different herbicides and weed control methods 
in tomato fields. The results showed that integrating a 
herbicide application with a single hand hoeing operation 
was significantly superior to any single herbicide treatment 
for annual weed control. The herbicides found to be ef
fective were Enide (6 kg/feddan). Devrinol (2 kg'feddan), 
Treflan (I liter/feddan) and Sencore (500 gifeddan). 

EXTENSION 
The extension component was added officially to the 

Tomato Project inJanuary 1982, although several extension 
meetings had already been held in 1981 with growers in 
Fayoum Governorate. The extension program was to su
pervise the transfer of the recommended new cultivars 
and cultural practices to the growers. Growers were sup
plied with seeds of the new cultivars on the condition that 
half of their plantings contain the newly selected varieties 
and the other half the traditional one!; in order to compare 
results under similar conditions. Some growers were aiso 
supplied with transplants of the new cultivars. This work 
was done in cooperation with local or governorate spe
cialists. Extension meetings and lectures were held for 
growers and extension agents in the different governorates. 
During 1982 the new cultivars 'Peto 86'. 'E 6203', 'UC 
82', 'UC 97-3'. and 'VF 145-B-7879' were grown in 
about 4.500 feddans in 16 governorates. Yields recorded 
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by growers ranged from 20-45 tons/feddan as compared
with 8-10 tons/feddan of the traditional cultivar. 

About 2.5 million tomato seedlings of the selected cul-
tivars were produced under plastic tunnels and distributed 

to farmers during 1982 and 1983 early summer plantings.
Twelve greenhouses, each 168 in2 , were built in Fayoum, 
Menofia, Kalubia, Dakahlia and Giza Governorates, and 
sown with the cultivar 'UC 97-3'. 

Aerial spraying of insecticides was used for the first 
time in Egypt ir 1981 to control the tomato whitelly.
Aerial spraying by helicopter with the insecticide Tamaron 
(60%) raised tomato yields from 7-8 tons to 20-30 tons/
feddan over an area of 5,000 feddans in Fayoum. 

Based on the reconiiendations of the Tornato Project,the Egyptian Agricultural Organization imported 10,000 

kgs of seeds of tile new cultivars in 1983 and additional 
amounts have been imported by the private sector. It is 
anticipated that during 1983 40,000 feddans will have 
been planted to tile new cultivars. A scarcity of hard 
currency for purchase of seed is tile factor liniting even 
larger expansion of plantings. 

The new cultivars have been acceptable to both fresh 
Market consumers and processors. Compared with the 
price of the traditional ones, growers obtained 30 to 50 
LE higher in price/ton for the new cultivars. 

An extension leaflet was prepared in Arabic giving all 
the cultural practices recommendations for growing the 
five new cultivars, 'Peto 86', 'UC 97-3, 'E 6203', 'UC 
82' and 'VF 145-B-7879' from seed bed to harvesting. 
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IMPROVING OLIVE CULTIVATION IN EGYPT
 

The Egyptian government has recently embarked on an 
ambitious scheme to increase the current 20,000 acres of 
olive trees by the addition of 250,000 trees annually for 
the next five years, mainly in the areas of Sinai and the 
coast northwest of Alexan-dria. The most serious obstacle 
to this has been the lack of modem high-speed propagation 
methods. Overcoming this problem has been a high priority 
of the Olive Project, but if Egypt's plans to develop a 
large scale olive industry are to be realized, olive quality 
and yields must also be improved. Therefore, in addition 
to work on propagation methods, research has also been 
directed at identifying improved olive cultivars and the 
planting locations and cultural practices that are needed 
to best exploit their genetic potential. 

ACCOMPLISHMENTS 

PROPAGATION 

Research on propagation techniques for rapid production 
of new stock was given early priority so that problems of 
rooting cuttings and slow grafting could be overcome.All ommrcil oiveproucincontres n te wrldMariutAll com mercial olive producing countries in the worldfetl 
produce olive nursery trees by rapidly rooting cuttings in 
mist propagation beds. This technique was unknown in 
Egypt. where the ancient, slow. and cumbersome approach
grafting method was used. This has now been replaced 
by the introduction of mist propagation technology by the 
ADS Project enabling Egypt to produce massive numbers 
of olive nursery trees. 

All component parts for three mist units, two experi-
mental and one large commercial unit, were shipped to 
Cairo. One experime ital unit has been assembled at the 
Central Lab at Cairo Lniversity and has been in operation 
since May, 1981. Subs.quently. parts for adding hot water 
bottom heat have been shipped. along with flats in which 
to root the cuttings. perlite and vermiculite rooting media. 
and plastic containers in which to pot and transport rooted 
cuttings. Nine consecutive experiments have been run 
with this equipment and. as a result. the optimum time 
for taking cuttings. the best type of cuttings to take, the 
variability among cultivars in rooting ability, and the best 
rooting medium to use has been determined so that high 
rooting percentages can now be routinely obtained. With 
this knowledge and the mist equipment provided. Egypt 
can now produce olive trees for their new plantings. 

To replace the slow. cumbersome approach-grafting 
method used in Egypt. trials were conducted with side-
tongue, side-veneer. and cleft-grafting to work fruiting 
cultivars onto seedlings. The side veneer method has given 
consistently' igh 'takes." often 10014. This fast and easy 
method can now replace approach-grafting and can be 
used as a supplement to mist propagated trees. This grafting 

24 

study has now been completed and a grower's leaflet can 
be published. 

Establishing and Evaluating Cultivars 
Olive cultivars grown inEgypt have limitations and are 

not the best possible choice for future plantings. Therefore, 
an extensive program has been set up at the King Mariut 
Research Station to evaluate the productivity and quality 
of new and existing olive cultivars over a two year period. 
Particular attributes sought were: heavy, regular bearing
strong, vigorous tree growth; resistance to insects and 
diseases; and good fruit quality-large size, good proc
essing characteristics, high oil content, and good flavor. 
This has involved: 

a. 	 Extensive mapping of the collection by recording
blooming dates, amount of bloom, percent perfect 

flowers, fruit setting, yield, fruit size and quality 
characteristic of cultivars in the collection for two 
growing seasons. 

b. 	Standardization of cultural practices at the King 

olive cultivar collection including irrigation,
z io ,a d p u ng 

fertilization, and pruning. 
Enlargement of Cultivar Collections 

A major effort has been made to enlarge the olive cultivar 
collections at King Mariut and at Giza research stations 
by importing nursery trees from the University of Cali
fornia, Davis. Typically these have included: 

* Verticillium-resistantrootstocks: 'Oblonga', 'Swan 
Hill' (fruitless ornamental olive). 
* Table olive cuitivars-originally from Peru ('Po

como', 'Mostazal', 'Criolla', 'Thrombolia'); Greece 
('Chalkdiki'. 'Calamata', 'Conservolia'); and Spain 
('Manzanillo'). 

S,Smdlfuited oil cultivars: ('Gaidonila', 'Strogglia', 
'Arbequina'). 

The possibility of developing new cultivars from in
digenous stock already adapted to the Egyptian environment 
has also been explored. In October, 1981, fruit samples 
were collected from trees of those cultivars, principally 
at King Mariut. that were bearing heavily, showing that 
they are capable of good production in the Egyptian low
chilling climate. The seeds from these plants were ger
minated and the resultant seedings will provide material 
for long-term cultivar selection experiments. 

Seedling olive trees planted in 1976 at Nobaria have 
been evaluated for vegetative growth. flowering behavior, 
fruit set. yield, and fruit quality to determine if any of' 
these are suitable for further propagation and testing as a 
potential commercial cultivar. 



Rapid hich-percentage rooting of cuttinrigs 'rom selected olive trees is 
made pos.ible by misting techniques. Cuttings in the mist bed at the 
Project's Central Research Laboratory in Cairo are kept under constant 
mist for several iiionths until rooted and ready to transfer to regular
nurseries. PIIo It"t.: d.ko,
Hartmann 

Study of Olive Production Sites 

Studies have been con 'cted at new sites, and at present 
sites where olive expansion is proposed, to develop ia-
provement strategies for maxilum production. For olives, 
soil drainage characteristics must be good. At proposed 
new sites, factors such as drainage, salinity. hardpan. and 
mineral availability were examined. At existiig plantations, 
such as at te Gianaclis far, soil proile dtermiatis 
w\'ere made usingw a backhoe to excavate trenches 6 feetC-
deep in 5 or 6 spots. Layers of restriction (hardpan. etc.)
w\'ere determined and opened with a sub-soiler. 1recluentlv. 
a high water table or a hardpan was encountered, both +f1 
which have a serious effect on tree growth and can account 
for tile Moribund condition of sore plantings. Leaf analyses 
of olive trees at Oianaclis and cight other olive growin
locations were conducted Ito'determine levels of N. P.Ca. B and Na. and to deterniine the fertiler needs ofEgyptian olive groves. 

IMPROVEMENT OF OLIVE CULTURAL METHODS 
Drip Irrigation 

The popularity of drip irrigation worldwide attests to 
time value of this method. particularly incomserving water 
and avoiding waterlogging problems. "oattenipt to develop 
drip irrigation as a viable iethod for olives in Egypt and 
to give their horticulturists experience in its use. a drip 
irrigation plot for olives was established in 1983 in tile 
Sinai where a comparison couldibe llade with traditional 
methods. Knowledge of' the most eflicient irrigation 

methods is needed in view of plans for extensive new 
olive plantings in the Sinai area by the Ministry of Ag
riculture. At the Conclu.Sion of the ADS proJect. no data 
had vet been collected with the drip irrigation plot. 
Olive Mineral Nutrition 

To deterne the fertilizer needs for olives oii Egyptian
sls, aesrie the inera stas f oiees was 

the mineral Stts of olive trees was
 
made l leaf analysis in the~A rab. Kill, Nlariut. 1-:1FVytmm olive districts of fur,- El. Sin:i. N obaria. and G iza.
A. 
No deficiencies were found except for nitrocen and, more 
rarely. possibly boroi. This now provides tile basis for 
forniulfat ion of new fertiI izer practices based on increased 
nitrogei applicatiois. addirg borax if necessary, ard de
eting potassiun aid phosphorus. wicl are rot needed

but are consistently included in the traditional fertilizer 
recomilelidatiotis.
 

A new fertilizer plot was established in anuamV. 1983.to compare the effects of previOUis l-gyptian fertilizer rec
oin1end.iidations (NPK) with nitrogen-only afplicatiois at 
different levels. This plot was established to confirii results 
of leaf analvs is experimnlts that P and K applications are 
not needed. 

Pruning and [raining l)enonstratior Plots 
TO bri-ng Voung Olive trees into bcarin- rapfiidly and then 

to maintain consistent maxi moun yields. proper pruning 
is necessary. Much information is known about tilecorrect 
Methods of pruring Olives flroni trials conducted illother 
parts of' tileworld. chiely, California. To transfer this 
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information to Egypt several demonstration pruning plots 
were established. 

Young, non-bearing trees. Starting with young 3 
year-old trees at Gianaclis Farm, different training sys
tems were established in May, 1982, and will continue 
for 10 years. Using 30 trees per treatment, the principal 
training procedures were: 
" Trees allowed to grow as a bush with no pruning, the 

conventional method used in many parts of Egypt; 
" Trunks with 3 to 5 primary scaffold branches estab

lished by removing suckers and excess watersprouts. 
Further top pruning will consist only of very minor 
thinning-out of interior crowding branches. 

Throughout the duration of these pruning and training 
experiments, records will be kept of age at onset of 
bearing, size of tree annually by measuring height and 
width of top growth, yield per tree, and fruit size. 

Bearing trees. Plots were established with bearing 
trees to compare the effects of different degrees of 
pruning severity and of training trees in a manner suitable 
for mechanical harvesting. Records to be obtained in
clude tree yield per year, average fruit size, and amount 
of vegetative growth per year. 

Chemical Fruit Thinning Plots 

Olives are notorious for their alternate bearing behavior, 
This consists of a heavy crop of fruits one year which so 
exhausts the nutrients in the trees that often they do not 
even produce flowers the following year. The fruits in the 
heavy "on" year compete with each other so that often 
they do not reach a useable size at harvest or do not 
develop an oil content in useful amounts. The best treatment 
for alternate bearing is the removal of excess numbers of 
fruits in the "on" year, using chemical thinning techniques. 
To help determine the best procedures under Egyptian 
conditions, two plots were established at Fayoum using 
'Chemlali' trees in the "on" year. In each plot, 10 trees 
were sprayed with naphthaleneacetic acid at 150 ppm 
when the fruits were 3 to 5 nn in cross diameter. 

Records subsequently taken included number of fruit 
per meter of fruiting shoots, percent of total fruit drop, 
yield per tree, number of fruits per kg, fruit weight, and 
fruit and seed size. 

Promising first year results will be followed up so that 
Egyptian agriculturists can become familiar with the critical 
timing and concentration levels of spray needed for success. 

Zeuzera Borer Control 

The Zeuzera stem borer, unknown in California, has 
been a devastating problem on olive trees in Egypt, par-
ticularly in the Fayoum district. Traditional control has 
been to find their burrows in the branches and then kill 
them by inserting a wire into the burrow. This, of course, 
is an impractical method for control in large commercial 
orchards. Previous studies by nematologists had shown 
that certain parasitic nematodes would kill this borer. 
Control plots for Zeuzera stem borer on olives were set 
up by Dr. R. Rice (UCD), Dr. M. Sherif and Dr. S. Sherif 
(Cairo University) to establish procedures and evaluate 

The Zeuzera Borer is a serious insect pest that causes severe 

damage to deciduous fruit trees and olives in Egypt. The 
massive holes bored through branches as seen in this example 
soon result in loss of limbs and ultimately of the entire tree. 
The Olive and Deciduous Fruit Projects have jointly researched 
this problem and have achieved promising results using par
asitic nematodes. Photo: Peter Catlin 

the effectiveness of chemicals and the use of parasitic 
nematode species. This work is in cooperation with the 
Deciduous Fruit Project since this borer is also found in 
deciduous fruit trees. 
Herbicide Weed Control 

Plots have been established to familiarize the Egyptian 
agriculturists with the several pre- and post-emergence 
herbicides available and to instruct them on the proper 
timing for their use in olive orchards. 

To help disseminate some of the new techniques and 
cultural practices which have been developed by this proj
ect, and to give growers and extension agents a background 
in the botany and physiology of the olive tree, a bulletin 
in Arabic entitled "Olive Production" has been prepared 
for distribution. It is based on UC leaflet 2474, "Olive 
Production in California" (Hartmann, Opitz and Beutel), 
but revised for Egyptian conditions by incorporation of 
the project's research findings in Egypt. 
FUTURE PLANS 

Studies with tree fruit crops must necessarily be con
tinued for several years inorder to obtain significant results. 
All the plots established in the Olive Project should be 
carried on as now set up for at least five years. This is 
self-evident in the case of cultivar selection, but is also 
critical in other work if long-term confidence in findings 
and recommendations is to be established. For each ex
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perirnental activity, detailed recommendations were de-
veloped to provide for the precise needs of each experi-
mental activity over the next 5-W0 years. 

In addition to work already started, an experimental 
pruning plot should be established with bearing olive trees, 
to determine the amount, timing, and types of pruning 
needed to give best yields. A detailed experimental work 
plan for this has been piepared with recommendations to 
record yields over a 10 year period, 

As improved cultural practices become more clearly 
identified, a series of short publications for growers should 
be printed and distributed on such topics as mist propagation 
of olives, side veneer grafting, herbicidal weed control, 
spray thinring of olives, nitrogen fertilization, pruning 
young and mature olive trees, Zeuttera borer control, and 
cultivar studies. These publications, periodically updated, 
will be imortant nGt only for growers, but in training of 
extension agents. 
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INTRODUCTION AND IMPROVEMENT
 
OF DECIDUOUS FRUITS
 

The Egyptian climate offers potential for the early harvest 
of tree fruits of good quality, appropriate for export to 
European and neighboring markets. The varieties of most 
stone and pome fruits now cultivated in Egypt have winter 
chilling requirements that are not met by the Egyptian 
climate, resulting in poor productivity and quality. In many 
areas this if; aggravated by adverse soil conditions, prin-
cipally waterlogging arid salinity. A prime objective of 
this project has been to initiate development of cultivars 
of almonds, apricots, apples, peaches, nectarines, and 
pears which have low chilling requirements and extended 
harvest season, are tolerant to suboptimal soil conditions, 
and ye!d high quality fruit. Incidental benefit to California 
agriculture was expected to accrue from the screening and 
selection of Egyptian varieties for tolerance towards wa-
terlogging and salinity, since California fruit tree stocks 
are regarded as sensitive to these conditions. Following 
an initial survey of the status of existing deciduous fruit 
varieties ir Egyptian orchards, the project proceeded with 
the introduction and testing of new germplasm of several 
species, selection of potential clones of Egyptian apricot 
and peach, selection of lines of deciduous fruit rootstocks 
that showed unusual salt tolerance, assessment of rootstock 
response to walerlogging, and extensive training of Ministry 
and university scientists both in the US and Egypt in 
modern cultural practices. 

At the outset the project surveyed deciduous fruit culti-
vars which had previously been introduced into Egypt 
and assessed their status. Such introductions have been 
made at various times since the early 1900's by the Ministry 
of Agriculture (MOA), various universities, and FAO 
projects. These cultivars were described, recorded and 
evaluated with regard to extent of planting, success, and 
potential value to Egyptian horticulture. Additional cul-
tivars introdtced by individual growers were not assessed 
because of constraints on exchange of information within 
the private sector. 

The survey included cultivars of almonds, apples, apri-
cots, figs, peaches, pears, pecans. persimmons, plums 
and quince. Many cultivars had been imported without 
regard to chilling requirements and adaptability to warm 
winter temperatures. In other cases, such as the Mariut 
region and north Tahrir, te.,t plantings had been made in 
soils and with cultural practices which were inappropriate. 
Cultivars recommended for potential success had not been 
widely disseminated. Results of the survey are recorded 
in the 1980 Annual Report. 

The major and continuing effort of the Deciduous Fruit 
Project was to introduce into Egypt deciduous fruit cultivars 

with potential for success in an environment typified by 
warm winter temperatures (300 hrs. or less at temperatures 
under 7.2'C, cumulative). The vast majority of commercial 
deciduous fruit cultivars worldwide would have shown 
abnormal flowering and vegetative growth under such 
conditions. Therefore, a list of desirable cultivars with 
low to moderate reported chilling requirements (500 hrs. 
or less) was developed. Initial emphasis was on almonds, 
apricots, apples, pears, peaches, nectarines, and plums 
from California. Later, additional items of these species 
were requested from Texas, Florida, Fiance, and South 
Africa: a few rootstocks were also included. 

A major obstacle to successful importation of deciduous 
cultivars became immediately evident in the discrepancy 
between Egyptian quarantine requirements and the ability 
of U.S. certification agencies to satisfy these criteria. Virus
free certification is very rarely available in the U.S. and 
not at all from commercial nurseries marketing deciduous 
fruit trees. No trees would have been imported without a 
waiver which served in lieu of an import pennit and allowed 
issue of phytosanitary permits. 

Other obstacles to import were the general disinterest 
of U.S. commercial nurseries in selling small numbers of 
trees, refusal by nurseries to export plants themselves, 
the need to negotiate phytosanitary certificates individually, 
bureaucratic requirements by U.S. and Egyptian agencies 
and unfamiliarity of shipping companies with the critical
need to rapidly transfer highly perishable materials. 
Nevertheless, a procedure was worked out whereby trees 
could be shipped within an elapsed transit time out of 
cold storage of 3-4 days from Davis to Cairo. 

The numbers of individual cultivars and rootstocks of 
the different deciduous fruit species introduced into Egypt 
in 1980-1982 are given in Table I. The identities of all 
introductions are listed in the Project Annual Reports for 
1980, 1981 and 1982. 

Importations in 1980 were as dormant nursery trees 
from California. Exceptions were oriental pear cultivar 
budwood for nursery propagation and seed for peach 
rootstocks. Nursery trees consisted of ten plants of each 
cultivar. 

In 1981, nursery trees and budwood of additional cul
tivars were imported. Especially valuable was budwood 
from Texas and Florida, some of which was from advanced 
breeding lines. In addition, two hundred trees of 'Anna' 
apple, together with appropriate pollenizers were obtained 
from Israel. 'Anna' has a low chilling requirement although 
supplemental chemical treatment is necessary in some 
years for success. 

In 1982. except for figs, all cultivar introductions were 
as budwood and originated in Southern France or South 
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Africa. Especially noteworthy was inclusion among ma-
terials from South Africa of the low chilling mutant of 
Bartlett pear. Large numbers of a peach and an apple
rootstock were obtained from Spain. 

Only a few introductions from the U.S. were attempted
in 1982. Unavailability of patented cultivars, commercial 
unavailability of others requested, and California and 
Egyptian certification requirements contri')uted to this. 
Delays in clearing customs and quarantine in Cairo of 
walnut and pecan rootstocks and fig trees in 1982 resulted 
in low survival of these plants. The requirement for virus-
free certification was being enforced and one year in quar-
antine was required in the absence of certification. More-
over, there did not appear to be a mechanism for rapid
transfer of plants from Cairo airport to quarantine facilities. 
which were often inadequate and overtaxed. No attempts 
therefore were made to introduce further materials in 1983. 

Imported trees were planted in the introduction and 
evaluation plot at EI-Kanater experiment station. With 

Table 1. Number of Individual Cultivars or Rootstocks 

Introduced into Egypt 1980-1982 

1980 1981 1982 

Cultivars 
almond 2 3 3 

apple 8 4 

apricot - 3 8 

fig - - 3 

nectarine 2 7 -

peach 4 28 3 

pear 7 2 i 

plui 5 - 10 

prune  - 2 

Totals 28 47 30 
Rootstocks 

apple 

peach 
2 

3 
-
2 

I 
1 

pear I 2 -

pecan 
pistachio 

-
I 

-
-

I 
-

plum I I -

walnut - - I 

Totals 8 5 4 
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very few exceptions survival was high. Where loss occurred 
it was related to stress during premature sprouting in transit 
from California to Egypt. Although international shipment
of trees is considerably more difficult than of budwood, 
this process allowed adaptability evaluations one or two 
years earlier than could be achieved with budwood. 

Imported rootstocks as well as those of local origin 
were planted in a nursery near tile introduction plant and 
cultivars received as budwood were propagated on these 
stocks. In general, success of propagation was less than 
expected and vegetative development slow. Early problems 
with bud failure of selected native apricots were overcome 
by use of whip, bark, and side bone grafting. As a result, 
propagation was 90% successful in 1982. 

Because imported trees received chilling in California, 
assessment of the primary features of adaptability was 
delayed until after one winter in Egypt. Parameters mea
sured were shoot and trunk increment, vegetative and 
floral bud phenology, fruit development and maturity 
characteristics, and abscission of leaves in autumn. 
Table 2. Introduced Cultivars which Appear Adaptable 

and Successful in the Egyptian Climate 

Apple Peach Nectarine 

Anna 
Ein Shamer 

Earli Grande' 

Early Amber 

Armking 

Panamint 
Dorsett Golden Nectar Sunred 

Rio Grande 

Springcrest 

Tejon 
p1983 results only. 

It has not yet been possible to determine quantitatively 
the degree of adaptability of imported material to warmwinter temperatures except with cultivars which are highly 
sensitive. At present, a floweri period of two weeks or 
less and growth in the spring of 50% or more of the 
vegetative buds on one-year-old shoots appear to be the 
best indicators of acceptable response to Egyptian winters. 
Vegetative vigor is not necessarily a reliable parameter
for this response. Conclusions about adaptability to date 
have been largely based upon generally satisfactory vegetative growth and upon fruiting perfornmance. Maturation 
of additional cultivars of the various species is needed to 
fully assess adaptability. The adaptable 'Anna' apple is
compared with the non-adaptable 'Granny Smith' in Plate 
I. Fruiting of a number of cultivars of apple, peach and
nectarine began in the year following planting. Thus. two 

and part of a third year's evaluations have been made on 
trees introduced in 1980. Cultivars of these species which 
appear to be adaptable and of potential value to Egyptian 
horticulture are listed in Table 2. Fruit size is generallysmall but quality was judged to be good. Nectarines are 
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Plate I. Traditional apple varieties require a cool dormant season for normal foliage and 
fruit growth. The Egyptian climate fails to meet this need, resulting in the poor condition 
of the 'Granny Smith' apple tree (left) grown in tIle ADS experimental plots. The other 
apple tree, of the same age and in the same location, is a newly introduced 'Anna' variety 
with low-chilling requirements and hence exhibits normal growth (May 19,1982). 

Photo: Peter Cattlin 

a new fruit in Egypt which has been accepted with en- Figure I. 
thusiasm. 'Early Amber' peach which appears successful Time of Maturation of Introduced, Adaptable Peaches 
in Egypt has been distributed to some 60 selected growers and Nectarines Compared to 'Mit Ghamr'. 
and researchers for further evaluation. 'Earli Grande' peach May June Jaby 
was included because it produced very large fruit by corn- 15 30 15 30 15 30 
parison with other cultivars in its first year of' production, 
1983. For all cultivars, it is necessary to thin young fruits X Early Amber 
to realize improved fruit size. However, peaches with a 
low chilling requirement are unusually early maturing, X Springcrest 
and small fruit size is associated with this characteristic. 

The introduced cultivars will greatly broaden the decid- Peaches X Tejon 
uous fruit harvest season and market availability. Maturity 
times for peach and nectarine cultivars are compared to X Rio Grande 
that of the Egyptian peach. 'Mit Ghamr' in Figure I . 
Indications are that 'Earli Grande' peach matures about X Mit Ghanr 
15 days before 'Early Amber'. Early peach production in 
May and early June overlaps the harvest period of Egyptian X Nectar 
apricots. Nectarines X Armking 

The introduced apple cultivars mature in early to mid-
July. These extend the harvest season of apples in Egypt X Sunred 
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beyond late May for 'Baladi' and mid to late June for 
'Bircher'. 

A large number of 1981 and 1982 introductions of var-
ious species have yet to flower. It is reasonable to expect
that some of these will further extend the harvest season 
as well as improve the quality of deciduous fruits in Egypt.
In a few cases suitable pollinizing cultivars may not be 
present. 

Maintenance of successful introductions is necessary 
to provide a continuing source of disease-free, t,'ue-to-
type germplasm (budwood) for propagation of trees. Dis-
semination of cultivars beyond provision of asmall number 
of trees to selected private and public sector growers for 
further evaluation was not considered appropriate for this 
ADS project, since it is more properly the responsibility 
of the MOA. For regular operations however, in which 
there isno research component, only budwood should be 
provided from the source planting for dissemination, 

Cultivars adversely affected by insufficien, winter 
chilling provide an opportunity for research on the nature 
of this phenomenon and its manipulation. Encouraging 
results were obtained in 1983 with chemical modification 
with apple. 

IMPROVED CULTURAL PRACTICES 
on changes in concepts and improvement in

Advisingeon as a contsn p roughotcultural management was a continuing process throughout 

the project. Major recommendations centered on fruitthinning, soil applications of nitrogen fertilizer, proper 

pruning practice, weed control and irrigation according 
to tree water use. 

An adaptation of a "nodal cutting" technique for rapid
propagation was developed using 'Mit Ghamr' peach.
This method employs one-year-old stem segments with a 
single node, obtained in spring when leaves start to expand
but before shoot extension occurs. With IBA treatment 
and horizontal planting under intermit'ent mist, 80% of 

the segments formed extensive roct systems after 8 weeks. 
This technique allows rapid multiplication of large numbers 
of plants using 50-75% less plant material than with con
ventional rooting methods. Use of nodal cuttings with 
other species is now being investigated. It would be es
pecially valuable if rootstocks which are currently prop
agated by cuttings, could be multiplied using this technique. 

Other physiological studies involved attempts to chem
ically thin peaches and to determine the effects of an 
antitranspirant on fruit size of nec:arines. Thinning was 
achieved but not at acceptable levels, an observation par
alleling results in California. Nevertheless, similarities in 
climate between the Nile Delta and the southeastern U.S., 
where some success wiih a new material, CGA 15281, 
has been reported, warranted experimentation in Egypt.
Even though early research results in Egypt were not pos
idve, an important benefit has been adeveloping awareness 
of the need for fruit thinning. 

The antitranspirant VaporGard was tested as a means 
of reducing water loss from leaves and making more 
moisture available to fuit. The effects of concentration 
and timing were investigated with 'Panamint' and 'Arm
king' nectarines. Three applications of VaporGard at 2.5% 
at 10 day intervals were given during the final stage of
fruit enlargement, before maturity. Fruit size and weight
of 'Armking' were increased (16% and 29% respectively)
but soluble solids were reduced from 9.8 to 9.0%. Differences were significant at the 5%level. It will he nec

under optimal soil moisture conditions.essary to establish whether the same results are obtainable 

SELECTION OF EGYPTIAN APRICOTS 
AND PEACHES 

Most apricots and many peaches in Egypt show wide 
variability. A program was begun in 1980 to select in
dividual trees from within these populations which possess
superior vegetative and fruiting characteristics, as well as 
diverse dates of maturity. From over 21,000 seedling 

w a. 

Plate 2. Fruit of one Egyptian apricot selection (bottom) and those available 
from a local market (top). Photo: Peter Cadin 
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apricot trees, 15 were selected, using a weighted index 
rating system developed by the team. Six selections of 
peaches were made from over 10,000 trees examined, 
Two or three years' evaluation of the same orchards gave 
consistent results with selected trees consistently out-per-
fornuing others. Plate 2 shows fruit of one apricot selection 
compared to those available front a local market. The 
selected trees, propagated at EI-Kanater for comparison 
under common conditions, have not reached the fruiting 
stage. Seed of several of the Egyptian apricot selections 
have been imported into the U.S. for plant breeders in 
California and Florida. This has importance as germplasm 
with very low chilling requirements and as a new flavor 
resource. 

A similar selection program was undertaken with apple 
trees in Egypt but the program was stopped atter the second 
year when it was apparent that the higher performance of 
selected trees proved to be due to environmental factors 
and not germplasm. 

Establishment of experimental subplots at various loca-
tions in Egypt was frequently discussed. These could only 
be justified where important environmental differences 
existed at a proposed location and/or when results other 
than those attainable at EI-Kanater would be likely. Two 
small plantings were started: one at Fayoum for apricots, 
and another at the Ministry's station at Nubaria. Fayoum 
is the major region of apricot production. Nubaria re-
portedly possesses a subtle climatic difference (which needs 
to be quantified and confirmed) which allows better apple 
and pear production than some nearby areas. A planting 
of introduced apple cultivars on two rootstocks was estab-
lished in 1982. Potential disadvantages are a calcareous 
soil, a high water table, and distance from Cairo which 
makes maintenance and research logistically diflicult. There 
is potential, however, for study of responses of pear root-
stocks to chlorosis on calcareous soils. Seed of pear species 
thought to be tolerant to such soils are being introduced 
for testing in Nubjaria. 
SALINITY 

Among the several soil environmental conditions which 
can limit successful production or even survival of decid-
uous fruit bearing species are waterlogging and/or salinity, 
This is especially the case in Egypt where tree roots are 
frequently exposed to high water tables, questionable ir-
rigation practices, and/or saline water. Because plant re-

sponse is dependent on duration of exposure to unfavorable 
conditions, and with salt, its concentration, any increased 
root tolerance would lessen adverse effects. 

Evaluation of Egyptian rootstock materials is particularly 
important since these have likely been exposed to water
logging and/or salinity at frequent intervals for a number 
of years. As a result, individual rootstocks or seed sources 
may have been selected naturally for superior character
istics. Responses of cultivars to salinity are largely due 
to rootstock influences. 

A program to screen Egyptian rootstock materials for 
increased tolerance to salinity was initiated. A regime for 
treatment of large numbers of plants was developed for 
routine greenhouse screening with emphasis placed on 
apricot because of its prominence in saline soils in the 
Fayoum region. With apricot, a wide range of seedling 
variability in response to salt treatments was found, and 
survival curves similar in shape to those for response to 
waterlogging (Fig. 2) were obtained. Plants appeared to 
be affected by both osmotic and specific ion effects. In
dividual plants with superior tolerance were selected for 
potential use as clonal rootstocks and for genetic improve
ment. 

Orchard trees frorn saline soils produced seedlings dif
fering in tolerance, and several trees were identified which 
produced seed with considerably greater tolerance than 
others. The response to saline treatment of seedlings from 
four parent trees is shown in Table 3. Seedlings from 
individual trees differed in the time taken to, develop 
symptoms and to reach 80 and 507( survival levels. All 
FZ- I- I and FZ- 1-2 seedlings had succumbed by 51 days 
whereas A-4-1 and FS-4-1 plants were at about the 20% 
level when the experiment was terminated after 75 days. 
The same relationship among the four phenotypes was 
obtained in another trial. Responses of seedlings from 27 
other seed parents were within the limits of those shown 
inTable 3. Seeds of the more tolerant types were provided 
to US plant breeders. 

Seedlings with superior tolerance to salinity are of con
siderable value as rootstocks for use with superior fruiting 
cultivars. Use of rootstocks for apricot is a developing 
concept in Egypt where production is predominantly from 
seedling trees. 

Work on screening Egyptian peach and bitter almond 
was initiated but there is a need for additional replication 
and statistical verification of results. 

Table 3. Effect of 3 Applications of 2.5% VaporGard at 
10 Day Intervals in May on Fruit Characteristics and 
Leaf Water Content of Armking Nectarine at Harvest 

on June 6, 1982 

Fruit Leaves 

Fresh wt. (g)Diameter (cm) Soluble Water ( %) 
Treatment Solids (%) 

2.5% VaporGard 87.3 5.0 9.0 13.6 

Control 68.0 4.3 9.8 6.9 
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Figure 2. Survival curves for seedlings of Priuns species waterlogged 

at root temperatures of 23°C. 
WATERLOGGING apricot cultivars were considerably more tolerant than 

Excessive soil moisture is a serious problem which peach. 
arises from flooding, high water tables, or excessive irri- Though neither guava nor pomegrante was priority spe
gation. In recent years this problem has been exacerbated cies within the project, their sensitivity to waterlogging
by the ready availability of irnexpensive irrigation water was tested. If their reportcd tolerance could be established 
from the Aswan Dam. Decline or loss of trees can often under Egyptian conditions they might become the tree 
be attributed to waterlogged soils, crop of choice in badly waterlogged areas. The response

Little objective information was available about relative of guava seedlings to waterlogging was tested in several responses to waterlogging of either Egyptian or California experiments and found to be highly tolerant, surviving by
deciduous fruit tree rootstocks. Thus, comparative eval- production of adventitious adaptive roots. 
uations among numerous types was conducted at both Studies on rootstock tolerance that were pursued inGiza and Davis. Experimental looding of 2-9 month old Californiaplntflood0rig o 2 	 were limited to Priuscultivars and establishingen mo d differences among types rather than selecting superiorplants, using 20 or more in each trial, was performed individuals. No difference was found among seedlings ofusing controlled root temperatures under greenhouse con- the following peaches: 'Lovell', 'Nemaguard', '115-95'
ditions. Examples of survival curves obtained for seedlings (now 'Nemared') and 'Halford.' A limited number of
of Prius species are shown in Figure 2. A range of 'Mit Ghamr' peach seedlings from Egypt responded simseedling variation within each population is typical. Seed- ilarly. although insufficient numbers were available to
lings without symptoms when about 80c of the plants draw firm conclusions. Comparisons of peach. almond,
showed damage were selected as baving increased tolerance and apricot are described above with wort: conducted atto waterlogging. After verification of responses, such plants Giza. Rooted cuttings of 'Marianna 2624' and 'Myrobalan
will be clonally propagated as rootstocks and will be a 29C' plums were compared with the former being slightly
germplasm resource for plant improvement, more sensitive. werePlums considerably more tolerant

Replication of waterlogging treatments with each type than peaches and more sensitive than pears. With seedling
allowed assessment of relative tolerance among rootstock populations. a 2 to 3-fold difference in time of survival
materials. Work at both Giza and Davis confirmed the from the least to the most tolerant of each type was corn
extreme sensitivity of 'Baladi' apricot, the somewhat mon, depending on the root temperature employed. (Figure
greater tolerance of 'Mission' almond and 'Royal' apricot, 2). Expectations were that clonal materials would have aand still greater tolerance of 'Lovell' peach. Nevertheless. much narrower range. However in all cases, survival curves
all are considered very sensitive to waterlogging in com- for clonal materials (cuttings) were similar to those for
parison to other species. The slight difference between seedlings.
'Mission' almond and 'Royal' apricot was also 'ound in Examination of treated plum root systems revealed
other trials. Treatments at root temperatures below 23°C. considerable differences among plants in size and proused in routine screening, would likely establish this dif- portions of lateral nd fibrous roots. Such horticultural
ference. and morphological differences among root systems mayWork at Giza also compared 'Nemaguard'. 'Lovell' account for differences in whole plant responses of clonal
and 'Mit Gharar' peach seedlings; significant differences material. These results also stimulated investigations of
between the vak'ieties were not established. One experiment root responses in advance of' the appearance of symptoms
compared seedlings of 'Hamawy' and 'Baladi' apricots in shoots. With sensitive species, root tips turn brownwith 'Mit Ghamr' peach. Seed of both apricots was from within 72 hours of waterlogging and shoot growth is intrees subjected to high water tables. Surprisingly, both hibited within 24 hours. Except for cessation of shoot 
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growth, symptom developme.it on leaves occurs consid-
erably later, depending on speces. Contribution to damne 
by a greater proportion of root systems than root tips aid/ 
or differences in rate of transmission of effects to the shont 
may be important. A weak capacity to form adaptive ad-
ventitious roots is likely involved, 

In both California and Egypt, variable and often less 
than satisfactory levels of seed germination slowed prog-
ress. To avoid this problem in the future greater care is 
needed in collection of fruit from which seed are extracted. 
Needed also is more precise information about germination 
requirements of various sorts of seed. In Egypt, the need 
for coordinated effort in generating experimental plants 
by researchers concerned with both waterlogging and sal-
inity has been recommended. 

Some recommendations regarding choice of rootstocks 
can be made where excess soil moisture may be a problem 
in Egypt. Any of the California peach rootstocks would 
be superior to apricot or almond for cultivars of peach, 
apricot, almond, or nectarine. The status of 'Mit Ghamr' 
seedlings needs further clarification. Plum stocks of Cal-
ifornia origin, though quite tolerant, are not recommended 
for peach or-nectarine because of graft union incompati-
bility, but could be useful for apricot and some almond 
cultivars. 

ZEUZERA BORER 

Early visits to Egypt revealed catastrophic damage to 
tree stems and trunks of apple, pear, and olive trees by 
the leopard moth borer, Zeu:erapyrina. Because a similar 
borer in California was being controlled by a parasitic 
nematode, Dr. Richard Rice. an entomologist, was invited 
to visit Egypt to assess the potential for this means of 

A multi-disciplinary effort wasas launchedlunced n erlyUniv.contol.A mltidiscpliaryeffrt in earlyontrol. 
1982 involving entomologists, nematologists, and horti- 
culturists of the Deciduous Fruit and Olive Projects. Initial 
investigations of insect ecology and chemical a.-I biological 

control indicate considerable potential for improved and 
less costly control of Zeuzera borers. Further work will 
be required before these techniques can be made reliable 
for use by growers. 

Within the relatively brief span of the project, significant 
transfers of germplasm and technology to Egypt have 
been achieved. Similarly, liaison between Ministry and 
university personnel and development of the concept of 
the researcher's responsibility in extension have been es
tablished. Developing the experience and capability of 
professional pomology resources in Egypt is of great im
portance for the future of the deciduous fruit industry, but 
the process is necessarily a slow one and it is unfortunate 
that the ADS program must end with only the first steps 
taken toward this type of institution building. 
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IMPROVEMENT OF CITRUS CROPS
 

Citrus is Egypt's most important horticultural export crop. 
With improved production and postharvest practices it 
could become even more competitive because of the ex-
cellent intrinsic quality of the fruit and the highly favorable 
environmental conditions for citrus production. 

However, in recent years the production of citrus has 
declined despite the favorable climatic conditions of the 
country. Management practices have not kept pace with 
the problems, principally the high water table that has 
resulted from the construction of the Aswan High Dam. 
rhe Citrus Project, begun in 1980, was introduced to 
assess the reasons for low yield in established orchards, 
to make recommendations to rectify the problems, and to 
enlarge the germplasm resource base for both scion and 
stock material, 

ACCOMPLISHMENTS 

SCION CULTIVAR IMPROVEMENT 

Two approaches were taken to improve scion cultivars: 
(I) improvement of genetic material, and (2) development 
of budwood sources free of virus diseases and stubborn 
disease, the latter caused by the mycoplasma Sprioplasma 
citri. 

Improvement of genetic material was undertaken in 
two phases: first. the introduction of improved genetic 
material from Florida and California where budwood im-provenent programs have existed for 2 to 3 decades, and 

second, the selection and testing of apparently superior 
strains from Egyptian orchards. 

Improved Genetic Material 
The procedure for introduction involved identifying 

desirable materials for import, propagating and placing 
them under observation in Egyptian quarantine facilities, 
testing them in the field and ultimately releasing them to 
citrus nurserymen and growers. Budwood from Florida 
and California was also obtained through the Ramses Cor-
poration. a joint Egyptian-U.S. venture that had recently 
imported large quantities of the best cultivars and estab-
lished abudwood source planting for its own use. It should 
be noted that the finest scion cultivar budwood and rootstock 
seed in the world were given to Egyptian scientists by 
U.S. budwood registration and seed validation programs. 
This plant material took decades to test and to free from 
viruses at th. cost of millions of dollars and untold scientilic 
hours of work. This budwood has now been propagated 
on sour orange and placed in quarantine, 

The testing plan called for propagating the introduced 
material on sour orange rootstock, placing four trees of 
each selection at several experiment stations representing 
distinct climate and/or soil situations, and evaluating yield 

and quality data for several years. Actually, the introduced 
material is to be increased and released as soon as possible 
because its potential was already proven in the U.S. and 
evaluation was therefore limited to yield and quality re
sponses under Egyptian conditions. 

Selection of Superior Egyptian Materials 
The procedures for selecting superior material from 

Egyptian sources were more involved. First, teams of 
scientists searched for superior selections of the various 
cultivars throughout Egypt. Hundreds of candidate trees 
were identified, labeled, and maps of their locations con
structed. Data on yields and fruit quality were obtained 
on individual trees. in addition to such factors as total 
soluble solids (an estimate of sugar). total titratable acid, 
juice content, peel thickness, color and shape. On the 
basis of such data, 82 selections of 'Navel'. 'Mandarin', 
limes, grapefruit, and lemon were selected for propagation,
placed in test plantings and virus-free material was produced 
from them. 
Production of Virus-Free Material 

The procedure for preparation of virus-free superior 
genetic material from the U.S. for introduction is complex 
and requires sophisticated techniques, equipment and ma
terials, some of which were not available in Egypt. These 
include plants highly susceptible to virus which are usedto identify viruses that might be causing symptoms. as 

well as special equipment and serum for the LLISA test 
for tristeza virus. Shoot-tin grafting and heat therapy fa
cilities were also needed to produce virus-free material. 
Training progress in these areas is recorded in the report 
of the Tissue Culture project. 

A search for trees on tristeza-tolerant rootstocks was 
highly successful and located a significant number of ma
ture. fruiting trees of 'Valencia* orange on 'Troyer' citrange 
rootstock. Based on results in California. the latter is 
currently the strongest candidate as areplacement for sour 
orange. These trees are perfonning superbly. One planting 
of about 100 trees on 'Troyer' was located. In addition. 
there were a number of heavily fruiting. large 'Troyer' 
citrange trees that can serve as an immediate seed source. 
These observations, plus those of rootstock trials in Nile 
River soils in the Sudan and in soils of the Awash River 
Valley in Ethiopia. (all similar soils particularly with respect 
to p1) indicate 'Troyer' citrange rootstock can be used in 
an emergency, should tristeza suddenly become aserious 
problem as it has in numerous other countries. 
Establishment Ofa Foundation Planting 

Plans have been made for planting and propagation of 
U.S. introductions and Egyptian selections, all virus and 
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stubborn disease free, to be used as a ,;ource otbudwood. 
This planting can be used to furnish superior genetic ma
terial to nurserymen and growers and thereby gradually 
improve the yield, quality and tree longevity of Egyptian 
citrus. 

ROOTSTOCK IMPROVEMENT 

Virtually all citrus in Egypt, except for Egyptian (Mex
ican) limes and a few baladi (local) oranges and mandarins 
grown from seed, are budded on sour orange rootstock. 
This rootstock has performed exceptionally well in Egypt 
for many years. It is particularly noted for the high quality ., 
of fruit it induces in the scion cultivar budded on it and 
resultant reasonably high yields. It is highly resistant to
phytophthora foot and root rot and is adaptable to heavy- . _ 

Delta soils. Its primary weakness is its susceptibility to , " 
tristeza virus. Tristeza exists in Egypt in isolated trees but .- ' 1 ., 
there is no evidence it is being spread by insects. However, A A 

it is important to enlarge the germplasm base so that other 
rootstocks aire available should there be an outbreak of a 
new race of tristeza. 

A further weakness of the sour orange rootstock is that,* 
it is not well adapted to either coarse sandy soils, such as 
are found in the desert areas now being developed, or in 

"
saline soils, which are also present in Egypt. An important 
objective of this research has been therefore to identify -. ,. 
rootstocks at least equal to sour orange inadaptability, Developing new rootstocks on which superior fruiting vaand quality, but tolerant of or unaffected by the ricties can be grafted has been an important part of the Citrus 
tristeza virus, and to adverse soil conditions. Project. A field nursery planting of citrus rootstock seedlings 

Along with these primary objectives were secondary at Gaifara is shown hzere with sorghum plantings used as 
Ones of studying the root systems and general characteristics windbreaks. Photo: Roert S,,ost 

of the various rootstock species, evaluating the effects of 
mvcorrhiza and establishing seed plantings of rootstock 
species. DETERMINING CAUSES OF LOW YIELDS 

Seed of a wide range of rootstock species were brought OF NAVEL ORANGES 
to Egypt by R. Soost in 1981 and by A. Krezdorn in 1982 This comprehensive research effort became active sooner 
and 1983. These were planted in nursery seedbeds by the than cultivar and rootstock research because it utilized 
Egyptian rootstock team under Dr. EI-Barkouky's existing commercial trees. Many Navel orange orchards 
leadership. in Egypt produce very low yields: some are virtually fruit-

Rootstock trials began in which all trees were planted less. Why this was so was the subject of an extensive 
in randomized block statistical design with 2-tree plots survey conducted by Dr. EI-Gazzar and his staff at Alex
and from 4 to I0replications, depending on space available. andria. The plan of this research involved paired orchards

h n ied urcoiroledow-While the trials have been established, the rootstocks have at six lan 12hig
not et een uddd -t six locations. 12 high and 12 low-yielding under conlwth vrusreeinatria.not y'et been budded with virus-free material. 

parable soil and climatic conditions. Notations were madeRoo tstocks have been p lanted and will be evaluated o n ol t e q ai y a d con the quality and conditionn i i nofo 'eeachc orchardr h r andn off a 
their abilitv to grow on different soil types: the sandy I 
desert soils and the heavier, more fertile. Delta and river large number of variables such as leaf mineral element 
valley soils. All except sour orange are tristeza-tolerant. itent depth to water table. prevalence of diseases, andi 
Two as yet unnamed grapefruit x triifliate hybrid selections insects that are known to affect flowering and fruit yield. 
from Florida. that have performed exceptionally well there, The design of the experiments allowed statistical corre
were to be included in all trials. They appear to have a lations showing relationships (but not necessarily cause 
wide range of soil adaptability and ire tolerant of all root- and effect) between yield and tie variables measured. 
stock-related viruses: they are equal to sour orange in The first phase of this work was successful: certain 
quality and superior in yields. factors were statistically related to low yield, however. 

Citrus macrophvlh, a rootstock that has proven ex- some relationships appeared spturious. On the former, low 
ceptionally good for Egyptian (Mexican) limes in Mexico fruit set. low potassium, excessive phosphorous and ex
was also included in rootstock trials lor limes, even though cessive water appeared to be sufficiently related to low 
it is damaged by tristeza. because these limes are dlamaged yield to draw conclusions with confidence. Results of 
by tristeza regardles., of rootstock. analyses of other elements-iron, zinc. manganese. boron, 
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sodium and nitrogen-were too inconsistent to warrant 
further research. 

Soil and water studies were pursued accord.ling to tile 
formlat provided by USi)A Ilandbook No. 18. )etailed 
int'torniation was taken in 40 soil proliles a1d incluided 
physical and chemical characteristics ofthe soil. soil lori-
zon. water table and several characteristics of each of 161 
augur holes in sites with different types of drainage. 

There was a fiair co)TeklatiOnr ttween drainage. irrigation 
practice and orchard performance. I owever. nich more 
work needs to be done and in partictular there is a need 
fIr completion of the statistical work iil wliclh yield and 
qualit ' parameters will be related to soil and water 
conditions. 

Maej(r inisects were Surveyed in tile orcLards un.der stUdy. 
California red scale, Florida wax scale, Australian fluted 
scale 1nd tile cit IlIS Illeaily bug were all p iellentin l-gypti, 
orchards. Particularly the first two are "over r'epresented" 
iil Egyptian groves. 'hi' ,.,unts made at 45 day intervals 
revealed a rapid incrCase ill both after iiiid-May. 

Furigi ol trees in all orchards were also surveyed. The 
st prevaleiit di sease-causirig frig i were: Altern'a blackrot tA/h' IIutu 'iSl's Ellis & ierce). brown rot gunlmnrsis

atd 'oot rot disease catiElised by Ihlon ./ot amdguniosis caused by I'ilh.diu 1uaulc".h.1. However. despite
heir CtIrusebyreputaio )rI naia sidi sHoeer. desites,their iotoous reputatlin Ir' causing disease ill citrus. 

thi' obser,'ationis of these ftiiigi in orchards during tie 
,:otirse of the SUlrVey.s did not reveal a close correlationwith yieldon 

SLir'prisillgIy li citrLIS neiiia tode inlf'cstatious were not 
statistically correhated with low yield, even thiunih darage 
done by this pest is recognized ill other regions. Strchche 
results are to be expected ili a project inVh'ivig inlltificto!r 
correlation data arid where th1e nulbCr o' paired orciards 
is limited. Moreovcr. qtaitifyinri the incidence of neria-
tides cariiiOt be done with precisiOri. 

A similar conclusion may be drawni for surveys of othier 
patliogens since precise iieasu'eriierits are diflicult to make 
arid correlation tlel'efore difficult to estahlish. 

Tie weed studies. Isefi l ill firo\vidiri a conprehiensi ,'e 
catalog of' \\eeds. LIo not necessarily iroivile insight into 
the relationsliips ietween inrid ividual weeds and orchard 
perl'orniance. 

The research developed a wealth 0if ha seliile LIat that 
will le vaItalile iin determining ILttLi r'e Iesea r'ci directiinS, 
)espile tile occasional difficulties of inliterlretatiil. this 

research accomiplished its ptnrpose 01isearclir out tile 
Oluist promlising areas for investigation aild the.e 'le Ctlr-
reritly under study. 

Also of' consider'able imiipl'tanice was the close rela-
ionship tihar developed lietween the research teall aninia 

the growers. an mindispenisable feature of any sticcessll 
Iong-lerni applied agricultural research. 

FUTIURE STUI)IES 
The researchIi enridea vors hegtiin ir this project are ini-

hierently long-terni. It takes, ltr example. three vears to 
produce a ii i ursery tre 'rim se&d and lItur to five nore 

years to obtain first yields. T110 Success, therefore, of 
scion cultivar and rootstock improvement research which 
has been underway Ior less than three years. IIILISt Ibe 
measured in terms of progress rather than (in the basis of, 
final iesu lts. Critical to this is the provisiin that tile proiject 
has made. in tile fobrnli of trailing, to enable lone-term 
high quality research to continue beyonId tile COnclusion 
)1 the ADS contract. In addition to continuing thle lines 
of' citrus research that have already been initiated. there 
are several other Iigh priority areas IfOr research identified 
by the teani. 

The crowding of trees, aIId tile COiiseqtienit reduction 
ill yield and difliculty of mnllagement and harvesting, is 
developing into the iiost limiting pridtrclioii problem in 
Egypt. It is a prohlen facing all citrLS gr ,,Vilg areas. 
'he small citrus holdings in l-gypt preclude widespread 

II use of the lare mechanical prtning equipnienut Used iin 
tile U.S. to prevent crowding of trees. Egypt needs to 
investigate tIle use of hand-held power pruniing tools and 
proper pruiiiig techniques, i.e.. season :ind frequency of 
pruning, distance hetween trees andIleighit of' trees that 
will maintain iilaxinl ii nl productiin alt tlie spacings that
exist. This is now tie highest priority research for existing
orchards. 

Psorosis virus is reported in all existing budded sweet
t~i'are trees. Use of1psorosis-free bud\'Wood can eliminatethis disease 'ronm new plantings but not from old ones. 
Psorosis causes i'eliced yields due to bank scaling lesions 

large br'anches and trunks but generiraly riot tiiitil treesare 12 to 15 years old. A degree of success has been 
obtained iii the U.S. in redCiir danlage by scrapirg lesiOnI 
and pai:itin tieni with 'irims cheiicaI cun ipiurids. These 
iiiethods shoSr investigated ah i witi the rse of 

rowth reulatoIr apllications to tile wOunds. 
"l'r'stea is still only a threat but it has tile potential of 

killing every tree grown on sour ornlc in Egypt if a 
viru lent strainIdeVehlopS and aphid vcors becoie adequiate. 
It has killed millions of trees in other areas and the threat 
Cannot Ile disr'ega 'dCd . Trees killed by tristeza can lie 
relplaced by those on tolerant rootstocks. but this would 
lie extreniely costly. 

A massivye SLI'\e\ would le tisefulI. utilizingu file El.ISA 
test. to deterii rine the nuber of trees inifected. Tl'lhere is 
r'eason to believe that tristeza iiglht lie present iii only a 
limited itniher of trees arnd not 5ll eadinrig. ()rice deler'ilined 
yiva stirvev. those cntaiiinu tristeza. wlich was appaIrent 

introduced with infecled bId)vwood. cOlhl Ile reiioVed ifli 
StiLr' 0allile could cOllitirliie to Ile Used. if des ired. M,st 
ilfportantly. file threat of loss ol"millions of' eximing trees 
would lie lar'gely eliminated. The simplicity of the EILISA 
test makes stici a stlIrVeV POssilie. 

Excess ie irigatiii is also a ir pIiible which ciiIl 
lie largely corrected with research Iinll-fr Itiaton currellV 
in hand. .11lirs. an intensive rPesearcli-deirst'atoi hil
grarl coriducied joirilly lby research and extension staff is
needed. 

The technolgy of' citrtns llolCtio ill desert areas is 
largeyIV Unkniown and an experinient station located il tile 
deserl to investigate pfobleris related to desCrt citrts lin1
dtuctiin and t de\ehop an approipriate tecIi hnolgy is needed. 
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MANGO PRODUCTION AND DISEASE CONTROL
 

The mango has long been cultivated in Egypt and mango 
orchards occupy 25,400 feddans, ranking third in area 
after oranges and grapes. Productivity is reduced signif-
icantly by inflorescence malformation, adisease which is 
characterized by thickened, twisted and misshapen pan-
icles, preventing fruiting and affecting fruit growth. Most 
diseased flowers lack functioning sexual organs and do 
not set fruit. Instead of b2ing shed, the non-productive 
inflorescence tissue dies but remains on the tree for many 
months. The malady may also affect the vegetative shoot 
which forms a crown of small leaves with greatly shortened 
internodes. The vegetative symptoms are called "bunchy 
top." The cause of the malady is unknown despite research 
over a number of years in Egypt, Pakistan and India. The 
purpose of the ADS Mango project, initiated in 1980, 
was to seek ways to alleviate the effects of the disease, 
and ifpossible eradicate it. The problem was approached 
in two ways. One sought to identify the causal agent of 
the diseasc as a first step in developing control measures. 
The other approach, pursued simultaneously, was to explore 
the prospects for minimizing the effects of the disease by 
quarantine and eradication practices combined with im-
proved cultural methods such as pruning, fertilizing, and 
pesticide treatments. 

ACCOMPLISHMENTS 

HORTICULTURAL, STUDIES 

Survey of the Extent of the Mango 
Malf)rmation Disorder 

For the purpose of this survey, Egypt was divided into 
three districts and, in each, mango orchards were classified 
according to their management practices: excellent, inter-
mediate or poorly managed. A survey, begun on May I, 
1980, was continued through 1982 to determine the per-
centage of malformation found in representative orchards 
in each of these categories. Ten adult trees of the 'Pirie, 
cultivar were selected and the number of malformed inflo-
rescences was recorded in relation to the total number of 
panicles (inflorescences). At the same time local 'Baladi' 
seedling trees which were apparently symptomless were 
marked and placed under observation for three years, during 
which time orchards which weic rated as having had ex-
cellent nmanagcment ranged from 0.5 to 61h/ malfonnation, 
orchards rated as intermediate ranged from 24 to 33/h 
malformation and in orchards considered poorly managed 
the nmalformation incidence ranged from 59 to 63%. In 
upper Egypt little mallornation was found in any orchard, 
Those which received excellent care had virtually no mal-
formation while those which had intermediate or poor 
care exhibited up to 8,h malformation. In the Nile delta, 
where the disease is most serious, the effect ol'good man-

agement in reducing expression of disease symptoms was 
also clear. The incidence of malformation in excellent, 
intermediate care and low maintenance orchards ranged 
from l-331,, 16-56% and 30 80%, respectively. Thus, 
management practices, including fertilization, irrigation, 
pruning, pest control and sanitation combined to influence 
the expression of disease. 

Some of the trees which were selected as being visibly 
free of disease proved to have excellent fruit quality char
acteristics. including high soluble solids and total acidity. 
Such trees will be used as mother plants for a source of 
buiwood. 

Results of this survey clearly showed that providing 
mango trees optimal conditions for growth, as well as 
freedom from pests and diseases, resulted in a major in
crease in yield, even though some of the inflorescences 
showed malformation. The significance of this work was 
that recommendations could be made to growers on meth
ods to maximize production, even in the presence of the 
disease. This information became a component of an ir

portant extension program directed toward mango growers. 
Top Working Susceptible Tree Wood From 
Resistant Trees 

In order to renew infected orchards and to assess the 
potential role of grafting healthy shoots (bud sticks) onto 
susceptible trees, a study of top working and side veneer 
grafting was undertaken. The practice involves grafting 
onto branches of the susceptible adult 'Taymour' trees 
bud sticks obtained from the same variety grown in El-
Fayoum where trees do not show symptoms of the disease.The grafting experinm-nts were done at EI-Hlaram, Ahou
Rawashand E-aer Somes were co 
Rawash and E-Kanater.Some of the trees were covered
 
with a mesh screen to limit insects.
 

In addition to top working and side veneer grafting a 
cleft graft method was adapted to overcome the drawbacks 
of the traditional grafting method used for mango prop
agation. Seeds were planted in a bed and, after germination, 
were transferred to a nursery in rows spaced 60 ,160 
cms apart. When seedlings had attained a suitable size, 
they were selected for grafting. The base of the cuttings 
taken from apical shoots of disease free trees was cut to 
a V shape and inserted into a corresponding V made in 
the stock of' the selected seedling tree. A polyethylene 
strip was tied around the graft which was then covered 
by a polyethylene bag. After about 10-15 days the graft 
union was effected. Six months later the grafted tree was 
dug up with a ball of soil left around the root system, and 
transplanted to an orchard. The success rate of this method 
was high: about 85%. of the trees survived and no abnor
mality or malformation was observed. 
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Disease-free Propagation 
With the aim of establishing new orchards which were 

true to type and free of disease, "nucellar" trees were 
grown from symptomless mother plants and propagated,
Advantage was taken of the characteristic of certain mango
varieties to produce naturally asexual polyenbryonic
seedlings (nucellar seedlings) from cultivars which were 
Judged to be free of disease symptoms. Normal seedlings
arising as aresult of normal sexual fertilization were elim-
inated because they are typically variable. One hundred 
nucellar seedlings obtained from eight cultivars were 
planted in Giza. At present these trees are approximately
three years old and appear healthy. By propagating trees 
in this manner it might be possible to develop orchards 
free of disease, although eventually they could becomeinfected. 

NUTRITIONAL STUDIES 
Extensive nutritional studies were undertaken to examine 

the effects of levels of nitrogen and potassium on disease 
expression of several cultivars of mango over aperiod of 
three years. Results of these studies indicate that fertilization 
with different levels of nitrogen and potassium did not 
affect expression of the disease. Treatments altered reither 
the extent of the abnormality nor yield. In short, nitrogen
and potassium treatments were not correlated with disease 
expression. 

Microelement treatments were made on 25-year-old 
'Taymour' tcee, to determine the effect on the incidence 
of the malformation disease. Iron. copper, zinc and man-
ganese were applied in foliar sprays as chelates or as 
sulphates, separately, or in pairs, in all combinations, 
Iron and copper were applied at I00 ppm and zinc and 
manganese were applied at 50 ppm. Panicle length and 
branching increased significantly in response to the mi-
cronutrients, whether sprayed separately or together.
probably indicating a low nutritional status in the trees at 
the outset. There was also a marked reduction in the per-
centage of diseased inliorescences. The untreated controls 
had 58/( infected inllorescences, whereas all those treated 
with anutrient applied singly or in combination, had less 
than 151 ,except in the case of' zinc and manganese treat-
merits. when 31 cl were infected. Thus. tile addition of'viritually any micronutrients proved to he beneficial with 
regard to vegetative and reproductive development: even 
the inicronutrients applied individually markedly reduced 
expression of the disease. 

Soil-Water Relationship 

Relationships between irrigation and fertilization with 
N. P and K on malformation and yield were investigated, 
A study was carried out with 'Hindy' aid 'Besinnara' 
trees at Anshas Orchard and the El-Kanater Experiment
Station on, respectively, sandy and loamy soils. the two 
dominant types on which mangos are grown. Three levels 
of water were applied per feddan, 325. 550 and 750rn'. 
Nitrogen was applied as calcium nitrate eCtluivalent to I. 
2. 3, and 4 kg/tree and in all possible combinations with 
potassium sulfate (0.25, 0.5 and I kg/tree). All trees re-

ceived 1.25 kg superphosphate. The orchard was split 
with three irrigation regimes, and fertilizer treatments were 
completely randomized within each plot. Ten single tree 
replications were used for each treatment. Moisture levels 
at 15. 50 and 90 ,-m were determined with tensiometers 
and gravimei, '.'aly. 

The results of this research were clear-cut. The two 
highest levels of irrigation tended to reduce yield; ILvels
of moisture lower than 325m1 feddan should now be tested 
to complete this experiment. Not surprisingly, all the 
combinations of N and K were superior to tile untreated 
control, but there was little benefit from any combination 
with respect to yield of marketable fruit. Assuming these 
were typical orchards, apossible conclusion is that mango
orchards are over-irrigated and over-fertilized or that mango 
trees do not require even the lowest levels of N and K 
tested in this experiment. 

Growth Regulators 
Some of the symptoms of the malformation disease

stunting of the vegetative g ulowthfor example-are rein
iniscent of applied growth regulator effects. Therefore, 
CCC. an inhibitor of biosynthesis of the hormone gib
berellin. and gibberellin A,(GA,, 100 ppm). kinetin (25
ppm) and naphthaleneacetic acid (NAA, 50 ppmi) were 
sprayed, separately and together on "'Paymour' and '*lirie' 
trees in an effort to alleviate symptoms of' the disease. 
The experiments were conducted at the Abou Rawash 
farm in Giza using four single tree replications. There 
were thirty-five panicles per treatment and panicle length
averaged 5 cm: each treatment was represented on each 
tree. The applications were made 3 times at iniervals of 
10 to 15 days. The control (water sprayed) 'Taymour' 
trees averaged 68(/ deformed inflorescences and 'Pirie' 
607(".Sprays olGA, alone markedly reduced disease ex
pression. 'Tavmnour' and 'Pirie' trees showed, respectively.
15 and 12V malformed panicles. Mixtures of GA, and 
NAA also reduced malformation, and a mixture of GA, 
and kinetin were somewhat less effective (28% for '"ay
mour': 29c for 'Pirie'). 

Interestingly, the GA, treated inlorescences did not 

increase fruit yield over the control in "'hymour', althoughcobinations ofGA,and NAA. and GA,. NAA and kime
tin s - it yield of 'Pimie', 

. inificantly increased fruit yiel. Fru 
on the other hand. was markedly increased by GA, alone 
or in combination with one or both of the other growth
regulators. Perhaps these increases resulted in part from 
an increase in the ratio ofl'fmale to male Ilowers on the 
growth regulator treated plants. For example. the control 
"Tay'mour" trees had a female:nale ratio of 16. whereas 
flemale:male ratios for GA, and GA, + NAA treatments 
were. respectively. 45 and 64. Results with "Pirie' were 
comparable. The implication of this work is that whether 
or not they play adirect role in disease expression. growth
r'egulators markedly alter the balance of female to male 
flowers. and thereby. the ability of inf'ected trees to produce 
trui t. 
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PATHOLOGICAL STUDIES 
Fungi and Malformatitn 

Fungi are possible causal agents of the malformation 
disease. To ascertain the occurrence and infectivity of' 
fungi in this disease, soil and root samples were collected 
troml budded trees of different cultivars growing in several 
localities. Since fujsuritv spp. are thought to be associated 
with the mango maltorniation disease. special attention 
was paid to this genus. Samples otfunopened buds, in l
formed inflorescences and abnormal vegetative growth 
were similaly! collected. 

Tissue samples taken from mango buds and inllorcs
cences contained several known fungi with FURs'urium spe
cies the most prevalent. Trees grown in FI-Fayoum. where 
the disease is absent, were free fron ftoliar 1I'tsuritII 5Pp. 
Both vegetative and reproductive structures bore the s ie. 
ftungi. 

To determine the role of Fustritun spl. in disease Cx
pression. 10-15-year old 'IIindy' trees growing at the 
Horticultural Institute at Giza were inoculated with spore 
suspensions of I0 I"usariutm species and isolates throun 
wounds, or it was applied to apical buds. A total ol 522 
inoculated buds were treated and covered with polyethylene 
baLs for 4X hours. 

Subsequently many inoculted buds were dehydrated 
and died or developed abnormal inllorescences reminiscent 

of the mall'onnation disease. Other buds developed nornial 
inllorescences. but gave rise to vegetative shoots at the apex fthe inliorescence. In such buds normal vecetative 
growthe insllrb Smes n -. 


eSuIle! after death Of the inflorescence. Some 
inoculated buds dcvchlopcd mixed reproductive and veg-etattive inflotrescences . F.u.\\'s'lwrtunt was nilole effective 
thanihoteseces. F m mynpor.-.effectiveinduing these 

plcation of thi ees rca th setusritn,spp. particuh',y 
1I,mmoi/oruwth, were effective in inducing some of the 

symptoms of mango malformation. These results parallel 
reports froi other institutions, but are in conl ict with
results f'roml the projectis work at Alexainia. 

As in Cairo, the Alexandria team made large numlbers 
fpnin 


F solates o Injection f' spores ofithsI pecies int o)e
I'I Injection of svpses of these species into onet 
branch of two-branclhed, apparently healthy, trees failed 
to produce symptoms of the disease on either branch. 
Extensive malformation ona both control and injected
brtches indicated there wails latent infection. This is always 

-tthe
a serious prohlem inStudies inalfornmtion disease,
e t'mna 

I tree gThe 
failed to exhibit symptoms. Antibiotics as well as Iungicidal 
injections made the prcvious year also failed to prevent 
expression of syiptoiis i new vegetative aid repro-
ductive growth, 

It is evident that conclusions fiavoriing IUsuritm spp. 

Healthy trees grown in soil infested ih t tins likewise 

as a cautsal agent are equivcal. Nevertheless. the extent 
of the work in Fgypt and positive repo~rts from elsewhere 

{' .Ill 
in the world, IasWell as fironi Cairo. require that studies 
of the role of FUsuriwn spp. be continued. 

Mlycoplasma and MNallfomation 
The possibility that mycoplasina. a vi roid-like particle. 

is responsible for initiation of the niango nalforniation 

Malftornation of the nmango inlloresccnce as seen here is a 
serious problem that prevents troi and shoot devclopmenlt. 
Projcct researchers developed measures to control the disease 
and protect this valuable crop. I'hutb: luw,,t RaplupiI 

syndrome was investigated in Egypt as well as by Dr. 
George Nyland, )epartment of Plant Pathology at UCD,
and by his associate. Dr. A. Kis;hta. Mycoplasma are 
s iv to high temperature. tetracyclines, and aresensitive\L hg tmeaue to ttayln; n r 

gralt-tranismissible. These factors were investigated by 
exposing affected plants or plant parts to hot water treat
ment. injection with terramycin grafting vl"diseasediand 


plants onto unaffected trees. T'ansmnission of the disease 
could be indicated with the electron microscope by the 
presence of mycoplasmoa in the cells of thin-sectioned 

phloein from the stock plants. 
none of these studies was mycoplasma ever detected. 

Using a pressuire injection system, the antibiotic tetracycline
sietni. 

'as injected into the vascular systen oh infected trees 
with the objetive of overcoming the effects ol'a presump
tive mycop!asna infection. Experiments were carried on 
with injections made at different times of the year. different 
dosages. and dillCrent numbers oh injections in individual 
trees.
 

group at Alexandria University under l)r. Abou 
DIahab had previously injected trees using the Schwartz 
method Which had been used successfully in South Africa 
with trees alfected by citrus greening. a disease caused 
by a rncOplpasma. The techlique was efl'fective in inducing 

e o the mango foliage, indicating that phytotoxic 
amounts terram'cin had been transported in the tree. 

noiie of, the Studies was mlycop lasmla seemi nor- was 
checa the sudes in allatne s 
chemical thrapy sCCssful illalleviating disease synip
toins. While it caniot be concluded absolutely from these 
studies that mycoplasina is not involved, there is general 
agreement that such iiivolvemnent is unlikely. This was a 
very imnportant study because relorts of the occurrence 
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of mycoplasina in the vascular system have been made 

ENTOMOLOGICAL STUDIES 

There is conflicting evidence concerning the role of 
mites as vectors transmitting the presumptive causal or-
ganism. That I"utsarium spp. might be involved and that 
mites could act as vectors for the fungus was the subject
of several studies. Initially a survey of insects which inhabit 
diseased trees was made in three localities, EI-Fayoum, 
a malformation-free region, and EI-Sharkia and Qalubia 
Governorates, where mango malformation is known to 
(ccur. The possibility that mites are vectors of the organism 
responsible for the malformation disease was investigated 
by studying the kinds and population density of mites 
present in buds of live mango varieties with special attention 
to the mite Eriophes mnngu/'erae. 

Experiments were also conducted using chemicals to 
control mites and other insects and fungi thought to be 
associated with inflorescence malformation, and to deter-
mine the influence of treatment on disease incidence. Sixty 
'Kubania' mango trees at Anshar were sprayed biweekly 
for nine weeks with an acaricide (Novan, at 150 ml/L of 
water), an insecticide (Cybolt, at a concentration of 0.051h) 
and fungicides (Vitavax-100, Daconil 2787 or Benlate). 
Half'the trees were pruned. Buds were examined for pres-
ence of Eriophvid mites and P"tisariun. Ftusarill spp. 
were found in mango bud tissue as well as internally in 
the surface-sterilized mites. An association was established 
between the number of mites present and the prevalence 
of Fusariutn. The effects of pesticides on populations of 
mites and Fuscrium spp. were variable, although most 
treatments reduced both. The pesticide treatments only 
slightly reduced the percentage of malformed infloresc-
ences. On the other hand, all pesticide treatments resulted 
in an increase in the number of fruits per tree, as compared
with the controls (Table I). The effects of pruning were 
erratic. Thus, it appears that the favorable results of the 
pesticide treatments were a consequence of effects other 
than on the population of' mites and, possib!y, the presence 
of F'tsarium spp. Conceivably, other organisms deleterious 
to mango, were eradicated or reduced by the chemical 
treatments. 

This work lends support to tile growing understanding 
that treatments which contribute to the general well being 
of the trees will result in significant increases in yield of' 
mango fruits, irrespective of some infection. 

EXTENSION 

Although a cause for mango malformation has not been 
identified, various cultural practices have been shown to 

Table I. Effect of Pruning and Treatnent* 

Ntumber of Fruits/tree
 
Treatment 
 Pruned Not Pruned 

Acaricide 108 231
 
Insecticide 217 97
 

Fungicide 170 175
 
A+I+F 120 301
 

Control 86 43
 
-Wit__________________________________an__________50____
 
IWithll~t.No'an.Viavax.an. Daconil and Benlate .
tan.! fungicides t(2(1g/ Il<lIo,separatey 
and in combination on number ol healthy mango fruits harvested per tree. 

acaricide (155hnl/l(at([. Cyholt. an insecticide i511 nly 

contribute markedly to fruit yield in spite of persisting 
infection. Such practices are now being disseminated to 
growers. Television programs were broadcast in July 1982 
and April 1983 to explain to growers the necessity for 
developing excellent cultural practices, and the need for 
selecting symptomless plants as stock for developing new 
orchards. Meetings with growers and Extension Service 
personnel were held in southern govemorates in November 
1981 and 1982, to describe the mango cultural program 
and to distribute published extension materials. There was 
also a demonstration held at EI-Kanater in May 1982 for 
growers and Extension Service personnel. A workshop 
was held April 24-28, 1983, attended by Egyptian and 
international visitors. Twenty-six papers were presented. 
The attendees made field trips to several governorates to 
observe experiments, demonstration plots and nucellar 
mother plantations. 
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FRUIT AND VEGETABLE POSTHARVEST LOSSES
 

Improvement in crop yields loses much of its economic 
significance if heavy losses are sustained between harvest 
and consumer. In Egypt, postharvest losses of fruit and 
vegetables due to disease, damage, and senescence may 
be as high as one-third of the harvest. In the absence of 
specific research it has remained unclear where the greatest 
losses occur in the postharvest handling chain, and hence 
possible corrective measures have been speculative. The 
goal of this project has been to identify key points of 
postharvest loss of major fruits and vegetables, and to 
recommend modifications in harvesting and postharvest 
handling systems which would minimize losses. 

ACCOMPLISHMENTS 
Research was initiated in 1980 with a survey of the 

magnitude and causes of harvest and postharvest losses 
occurring in selected fruits and vegetables in Egypt. Tle 
following commodities were included in this survey: citrus 
fruits ('Navel', 'Valencia'. and 'Baladi' oranges, grapefruit, 
lime, and mandarin), grapes, banana, pear. mango, tomato, 
onion, garlic, potato and cucumber. In 1981 , dates andstone fruits were also included in the survey,

For each crop, 20 samples (25 kg) were taken at intervals 
during the production season from 4 to6ields int2 r 3

durig tlesesonfrorrodutio 4 o 
r 

6fiels i 2 r 3 
governorates. All samples were sorted initially, then held f'or a simulated transit and marketing period, and evaluated 
for qualitative and quantitative losses. An average overall 
orqualitativeanquantitative losses.of about avesandonver-qu a n t i t a t i ve los s o f a b o u t 19 %in frui t s and 29 1h, i n ve g e 

tables was estimated. This translates to an annual loss of 
about 2.5 million tons, valued at more than 500 millionLE. 

In most commodities surveyed, the largest percentage 
loss was due to mechanical defects (bruises, abrasions, 
cuts, punctures, etc.), which predisposed the product to 
accelerated water loss and attack by various pathogens. 
The main factors responsible as causes of loss or as ob-
stacles to minimizing loss are listed below. 

Prehar'est: The relatively high percentage of' physio-
logical, pathological and insect injuries in some com-
modities resulting from poor cultural practices. 

Mechanical: Picking soft-ripe or immature fruits which 
arc more susceptible to impact bruising and surface injuries. 
respectively; 

Using methods of harvesting which result in excessive 
mechanical damage to the commodity: 

Using shipping containers, mainly palm-rib crates, which 
cause additional injuries to the commodity: 

U.,ing tra isportation, especially animals and animal-
drawn carts, moving on unpaved and unleveled country 
roads. 

Environmental: Long exposure of fruits and vegetables 
to direct sunlight which accelerates shrivelling and wilting, 
and reduces their keeping quality; 

Absence of any cooling practices and inadequate storage 
and marketing facilities. 

lnstitutional: A very limited and inactive cooperative 
marketing system making it possible for a few wholesalers 
to control the market; 

Government price controls of most major commodities 
do not provide incentives for producers and handlers to 
grade their crops by quality and improve their practices 
to maintain quality after harvest; 

Unavailability of tools and supplies needed for prper 
harvesting and postharvest handling procedures. 

On the basis of the initial survey and identification of 

the main causes of losses, various modifications in theharvesting and postharvest handling system for each corn
modity were devised and tested during 1981 and 1982. 
A small group of team members carried out the required 
research on each crop. The results of these tests are sum
marized below. 

Citrus Fruits: To avoid damage during harvest, the 
best 
b picking method for citrus fruits invlves using clippers,bags and aluminuni ladders, and packaging fruit in small 
lined palm-rib crates or plastic boxes. The current practice
of pulling fruits and shaking trees, then packing the fruitsinto large pahn-rib crates damages the fruit. 
i large palm-ri es damaes t fruit.eA survey of postharvest losses due to diseases occurring 
in export orange samples was carried out during the 1980,
1981, and 1982 seasons. This included a survey of thei c d n e o ' t a n f l e i i l t n i ai i n a d 1 i i a i l 
incidence ofr strains of IPeniillin itaicuni and P. digitatln 
which areresistant to Topsin and thiabendazolTBZ.inaddition to their resistance to lBcnlate most P. ita/ictun 
isolates were more resistant to TBZ than those ofP. dig
italuam; both however were sensitive to Imazalil or proch
loraz. Thus, successful control of'postharvest diseases of' 
oranges should involve use of fungicides other than TBZ 
alone. Preliminary results indicate that the use of Iazalil 
when applied in combination with wax gave consistently 
better co'itrol than TBZ alone. 

A survey of the occurrence of strains of'P italicum and 
P.digitatum which are resistant to biphenyl or sodium-o
phenylphenatc (SOPP) was carried out in 1983. In corn
bination, SOPP and TBZ did not show an effect greater 
than that of TBZ alone on the in vitro growth of TBZ
resistant and sensitive isolates of P. digitatuni and P. it
alictum. 

Preharvest fungicide applications with linazalil or TBZ 
checked the dominant rots on 'Valencia' oranges during 
storage. Inazalil was the most effective fungicide either 
as protective or curative when applied as a postharvest 
fungicide for controlling Penicillitun and Alternaria rots. 
In vitro studies indicated the effectivcncss of Inmazalil as 
well as CGA 64251 against the most serious pathogens 
attacking citrus fruits. The fungicidal treatment prior to 
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Price control does not provide an incentive to producers to grade their 
products by quality. Shown here is an example of1a box of tonatoes 
with large variation in maturity, size and quality. i'hi,. Ad,, Kader 

The method of' harkesting oranges was idcnfliel as.,a iia i1 causec "I' 
excessive mechanical injuries. Separatilon o fruits' by tree slhalineI"o,, 
pulling and th1nwking them to the ground as shown here Inust be replaceI 
by carefully clipping or slnappiilg fruits and placing them in picking 
bags. Ihl, .Advh
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waxing was more effective than wax treatments containing 
fungicides. Preharvest Benlate application exhibited 
marked decay control on 'Navel' oranges during storage. 
Benlate or Imazalil as postharvest dip treatments were 
more effective in controlling decay on 'Valencia' oranges 
than CGA 64250 and CGA 64251. Htowever, dip treatment 
in CGA 64251 controlled decay on limes for up to 2 
months in storage. 

Avoiding delays between harvest, delivery to the pack-
inghouse and treatment at the packing house is important 
to reduction of losses. For example, leaving loaded trucks 
for 1-2 days exposed to direct sun while waiting outside 
packinghouses was found to increase the severity of o'ange 
fruit defects including decay. The long delay in shipping 
which sometimes extends to 10-15 days at the ports, also 
increases decay percentage and reduces quality. The export 
monopoly of citrus fruits by EI-Waddy Company eliminates 
competition and reduces chances for improvements in the 
currently used postharvest practices. 

Grapes:Use of quick-release sulfur dioxide generating 
pads was effective in reducing decay in stored 'Banati' 
grapes at OTC. In vitro tests on the effectiveness of quick-
release "grape-guard" in suppressing rot pathogens of 
grapes (Botrvtis Cinerea Pers) revealed that this fungus 
grew only after 12 weeks' incubation at 0 C. The use of 
SO-generating pads and a polyethylene lining inside the 
container of 'Rumi Red' grapes resulted in better keeping 
quality when grapes were left at room temperature. Pre-
liminary studies show that placing 12-1 pad on tilebottom 
and another on tiletop gave the best results. In addition, 
the corrugated fiberboard boxes and lined palm-rib con-
tainers were the most suitable for packing and storing 
grapes, followed by plastic boxes. 

Preharvest Sumisclex applications on grapes appeared 
promising in reducing postharvest rots incited by either 
Rhiz pus sp. or Aspergillus niger. 

Bananas: In most cases, bananas in Egypt are neither 
picked at optimum maturity nor ripened at optimum tem-
peratures or relative humidity in ripening rooms. Care 
has to be given to picking and handling bunches i'ally 


improvements in reducing mechanical damage are to be 
achieved. Mechanical injuries were reduced by handling 
bananas after cutting into "hands" under the plant, then 
packing them inboxes. Bruises and pedicel damages were 
higher on bananas cut into hands after transport as full 
bunches to the accumulation center. 

Ten fungal diseases were found on tested banana fruits 
but G. ,nusIrIn was the most dominant, followed by 
Fitsarimn Sp., then B. thobramae. Chlorox proved to be 
the best surface disinfectant, followed by Benlate, deter-
gent. wax, then water washing: Chlorox isalso safer and 
more economical. 

'rhe "ethygen'" system (ethylene-generating solution) 
was used for the first time inEgypt for enhancing banana 
ripening and proved to be more effective and safer than 
tiletraditional method of using acetylene. Small differences 
were noticed in the quality of local bananas ripened with 
acetylene or ethylene, but when imported bananas were 
used. ethylene resulted in more unif'orm ripening. This 

difference in response may be due to the proper maturity 
of imported bananas and immaturity of local bananas. 

Pears: Proper postharvest ripening of pears with appr
priate color change was found to require a period of cold 
storage before holding at ambient temperature. Storage 
at 7T for two weeks. for example. produced fruit with 
good color and firmness. Ingeneral the higher the storage 
temperature, between 0 and I 2C. the shorter the storage 
period required for ripening. Packaging during cool storage 
was found to be important. Paper lining, shredded paper 
and wrappings of individual fruits in the palm-rib crates 
restricted air circulation, and therefore the cooling efli
ciency. Accordingly, it took a relatively long time to reach 
the desired internal fruit temperature which resulted in 
appreciable fruit softening. Bruises were also higher in 
fruits packed inpalm-rib crates than in plastic boxes. 

Packing pears in plastic boxes, which provide better 
aeration, and storage in a temperature-controlled room at 
0 to 2C minimized scald development which can be a 
serious problem with currently used practices. 

Ethylene was more effective than acetylene treatment 
in stimulating ripening and yellow color of 'Le Conie' 
pears. and again the "'ethygen" system ca be recom
mended ior isthis purpose because it eflicient and sae.
 

e 
Mangoes:Reduction of mechanical injury during picking 

isespecially important and picking with hook and bag on 
a long pole is recommended, since it resulted in significant 
reduction of postharvest decay. 

Treatment with a surface coating ("Prolong") increased 
the acceptable fruit storage period at 10°C by 3 weeks 
and resulted in superior firmness, color and appearance 
of mango fruits. 

Preharvest Thiabendazole application reduced decay 
by about 50% for the main pathogen, i.e., Bot*vodiplodia 
Sp.; a major reduction of Aspergilhuts rot resulted from 
treatment with Benlate or Rovral. Excellent postharvest 
decay control was achieved using Imazalil as adip treatment 
on freshly harvested mangoes. Hot water treatment at 
50C to 55C for 15 minutes resulted in considerable de
crease in decay due to Bot*vodtlilodia palmaruim and As
pergillis niger. Postharvest fungicidal wax treatment in
dicated the effectiveness of Inmazalil at 1.00)0 ppm against 
both tested pathogens. The 'Misk' cultivar was found to 
be generally more susceptible to Botrodiplodiarot than 
'Tymour.' 

Stone Fruits:Harvesting by picking gently by trained 
workers using plastic buckets and ladders, reduced the 
mechanical injuries in apricots, plums and peaches by 
about 40%,. Small, divided fiberboard containers proved 
to be the best in reducing weight loss and decay of stone 
fruits during marketing. 

Inspected samples of apricot, plum and peach collected 
from orchards and markets indicated that the most dominant 
pathogen causing decay losse: was Rhizoms Sp. No ob
vious postharvest decay reduction on peaches was obtained 
by preharvest applications of Botran, Rovral or Thiaben
dazole. Hot water treatment at 45T.for 5minutes reduced 
decay on peaches by 50( during subsequent handling. 
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Dates: Harvesting by shaking bunches to remove in-
dividual fruits increased defects more than cutting the 
whole bunch into short stalks with a few fruits on each 
stalk. The percentage of cuts, decay and weight loss was 
higher in fruits packed into palm crates than in those 
transported in plastic boxes, but there were more shrivelled 
fruits in the plastic boxes. 

The most dominant pathogens responsible for postharvest 
los.ies in date fruits were bacteria, followed by Alternaria 
and Clado.s7orum rots. Dates packed in 2 kg cartons (as 
a consumer package) showed the least decay at the end 
of 4 weeks storage at O°C. 

Tomatoes: Fruits picked at the mature-green aid light-
pink fruit stages were best for export and donestic mar-

keting, respectively. Picking immature fruits which leads 
to surface mechanical injuries, shrivelling and decay, poor 
development of flavor and marketability, must be avoided. 

Overfilling of paln crates has been responsible for a 
high percentage of mechanical injuries and consequent 
decay. Lining the palm crate with corrugated cardboard 
considerably minimized the percentage of injured fruits, 
even in over-tilled crates. Use of plastic boxes for shipping 
reduced the severity of mechanical damage. 

Many of the new cultivars grown in open air and plastic 
greenhouses were evaluated for their ripening behavior 
and keeping quality. Fruits of the 'UC 82' cultivar which 
have thick pericarp, few locules, and firm skin, were very
firm when ripe, and maintained their firmness even after 
storage at ambient conditions for 2 weeks. 

Palm rib crates such as this are common coniaiiners Ir harvest and 
marketing. Extensive damage to fruits throughIi overlilling and trom the 
sharp edges of ribs is a maj or cause of loss. hie Postharvest Project hasT 
helped develop an inexpensive remedy using local ly produced cardboard 
liners for the crates (Iwer photo). I'lut.:Adel KAder 
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Postharvest disease problems of tomato can be reduced 
by use of chlorine in the washing water and application 
of one of the following fungicides: Teco, Bravo or Botran 
at the recommended concentrations. 

Potatoes:Experimental postharvest handling of potatoes 
in returnable plastic boxes (25 kg capacity) resulted in 
the lowest mechanical damage and decay, compared with 
the commonly used jute bags and paln crates. 

Sugar cane pith was tested as a filler for well-cured 
and stored 'alpha' potatoes in jute bags at ambient tem-
perature and in cold storage. While potatoes stored inpith 
showed lower weight and total losses compared to the 
control without filler, losses due to decay and percentage 
of sprouted tubers were higher. The use of sugar cane 
pith as a filler is not recommended. 

A method of storing 'seed' potatoes without refrigeration 
was investigated. In the usual methods, white, long (4-
7 cm) and weak sprouts developed during storage. When 
diffuse light was used, short1/2-1 cm)sturdy green sprouts 
formed. It is recommended therefore that unrefrigerated 
seed potatoes be stored under diffuse lighting conditions. 

The jute sack, with perforated black p olyeeniine,
is recommeded wfor peoraofte bwcpolyethylene liner,

is recommended for export of the winter immature potato 

(new potato) in place of polypropylene bags. The 18 kg 
fiberboard box (Egypack Co.) wa , widely used for export 
of mature potatoes to Arab countries during the period 
between March and May, 1983; its continued use is 
recommended. 

The survey of postharvest losses of potato tubers showed 
that large losses occurred in exported new potato samples 
of the 'King Edward' cultivar, indicating that field in-
spection and packing facilities were not performing their 
essential inspection and sorting functions. In consequence, 
heavy losses in exported Egyptian new potatoes occurred 
upon arrival in the United Kingdom during the 1980 season. 
Such losses were significantly reduced during the 1981 
season due to the organized program of inspecting potato 
fields and potatoes at collecting centers and to the careful 
sorting at packinghouses. 

Onions: Studies showed that curing onion plants in the 
held greatly enhanced bulb quality and decreased total 
losses when stored for up to six months under ambient 
conditions. A pre-storage curing period of 15 days with 
tops attached is highly recommended for decreasing sub-
sequent weight loss and decay during marketing and storage 
of onion bulbs. 

Packing onions in jute sacks and palm crates lined with 
Kraft paper resulted in lower weight loss than packing in 
all types of wide mesh bags. Perforated polyethylene bags
resulted in increased decay compared with other packaging 
methods. 

Daconil and Botran, dusted on the onions at harvest, 
effectively controlled decay of onion bulbs caused by 
Botr*wisa/li (neck rot) and Asperg'iliuv niger. Also, lliio-
bendazole and Revoral, at a rate of 4 g/kg, applied as 
dust on freshly harvested, cured or non-cured onion bulbs 
greatly reduced the incidence of onion rots during a live 
month period of storage. 

Garlic: Maturity tests confirmed that garlic in most 
production areas in Egypt is harvested at too immature a 
stage, resulting in poor keeping quality of the bulbs. Man
datory minimum maturity standards are required so that 
garlic can be maintained in marketable condition for a 
longer period. 

In storage, 'Baladi' garlic showed a lower loss per
centage, fewer empty cloves, but a higher incidence of 
loose bulbs than 'Chinese' garlic. Loose bulbs represented 
the major losses in retail and wholesale markets of Alex
andria, while mechanical and pathological losses repre
sented the highest damage in the fields and Cairo pack
inghouses. Penicilliun spp., Aspergillusspp. and Fusariun 
spp. were the most common fungi invading garlic cloves, 
with 'Baladi' garlic bulbs more susceptible than 'Chinese.' 

Physiological age greatly affected weight loss and total 
defects in dry garlic with tops: the more mature the bulbs 
the less the total weight loss. For a given physiological 
age, weight loss and total defects were higher in large 
cloves, followed by medium and small cloves. Waxing 
cloves decreased total waste. Consumer packaging of garlic 
reduced postharvest losses. Packing garlic cloves in per
forated Kraft paper bags gave the best results in reducingwih osaddtroainfloe yproae 
weight loss and deterioration followed by perforated 
polyethylene bags, and small plastic mesh bags. 

Ctcumbers: The major factor responsible for unmar
ketable fruits was mechanical injuries, followed by insect 
injury and pathological defects. The early samples in both 
summer and autumn seasons exhibited the least amount 
of postharvest defects. Postharvest losses were generally 
lower in the summer than in the autumn. Numerous path
ogens attack cucumber fruits in the field and during mar
keting and storage including Phvthium Sp., Choanephora 
Sp., FusaritanSp., SclerotiniaSp., AlternariaSp., Rhi
zolus Sp., Asliergillus Sp., Penicillium Sp., Cladosporiun 
Sp., and Mucor Sp. 

Fruits dipped in 0.05% copper sulphate solution or 4% 
Borax solution showed relatively lower decay loss than 
control fruits. 

Gentle picking, the use of plastic buckets, careful handling and packing in perforated plastic boxes (25 kg. ca
pacity) minimized the percentage of mechanical and path
ological defects and maintaiiied firmness and other quality 
attributes. While the eating qunlity of 2-day old fruit is 
better than that of 4-day old fruit, the 2-day old fruits 
(picked 2 days after anthesis) weie more susceptible to 
mechanical injury. Sorting out diseased and damaged 
cucumber fruits before packing was found to minimize 
the risk of spreading infection. 

Percentage of sound fruits was higher in plastic boxes 
than injute sacks and palm crates. The life of postharvest 
cucumbers can be increased by storage at 12.5C. 

The key role played by shipping containers in protecting 
fruit and vegetables from losses due to mechanical injuries 
was common to all commodities examined by the Post
harvest Project. The major contribution to injuries and 
losses stemming from the use of unlined palm-rib crates 
and the overfilling of containers was large enough to warrant 
in effort to modify this traditional inexpensive container. 
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A simple adaptation developed by the project was to line 'UBLICAT'ONS 

the crate with corrugated fiberboard to protect the coin- Abdel-Sattar. M.A.. A.A. Alwa and M.T.Kaheel. (1982) tIlcc of Curing 
modity from its sharp edges. This effective modification Practices and Some Fungicidal Treatments oilControlling Onion Rots 
iseconomical since its costs are not more than one piaster during Storage. Zagazig University. Faculty of Agriculture Research 
per kg. In addition, new corrugated fiberboard or plastic Bulletin #392. 
boxes and consumer packages were designed and produced Abdel-Sattar, M.A.. N.T. Kabcel and A.A. At'.sa. (1983) Eifect of Sonie 
in cooperation with local companies. These were used Factors on the Keeping Quality of Garlic iuthls anid ('loves during
successfully for packing fruits and vegetables, whether Sorave. Filth Conference of Micmohiology, Cairo, gtypt. May 1983.veetaleswheherPart V.t'lanrl Itlilogv) 

for the domestic market or for export. Plastic containers ariV . NIail-Paher NI.


packng ruit 	 . Riper #9i). 

H--G~oorani. M.A.. ll.M. EI-Ka,,heir. M+T. Kabeel and A. Shocib), (19t83)
and lined palm-rib crates were comparable in protecting Occurrence of Thiabcndaiole Resistance Strains of I',nicilliuin italiium 
the cotmmodity during postharvest handling, in E-gypt. I'hm w 	 67:618- 020,Iliw.ii
EXTENSION ACTIVITIES 	 til-Ciorani. M.A.. I.M. FI-Kaslicir. N.T. Kabeel and A. Shocib. (19831 

Resistance to ienwimidazlc Fun icides of I'eniillim itiinm and 

The project conducted 13 postharvest training courses P'digittuni Isolated fron 	 Difleretit Packinglious,,and Orchards in 
rcN%)for agricultural extension workers in different districts, to I'gypt. Plant I)iia.se. (ill 

--(iiiramri. M.A.. M.K. H'l-Kaz/a/. Ni.T Kabeel and I.M.EI-Kasheir.help show what practical measures could be adopted to (1982) The Nature and E-xtent of l'oqharsest Losses of I'itaties in 
reduce postharvest losses. Egypt. J. Agrii. Res. Tanta t:riv. 8:43 52. 

carried HIl-(;iorani.A considerable extension program was out by M.A.. M.K. Il-Ka//a/, M.T. Kabcel and I II. H-Kashcir. 
the team members in the several production areas and The Nature and Extent (if l'osrharvcst L.iisses, l'itatocs in Egypt. 
marketing centers to make direct contacts and establish The Fourth ('ongress of tieligyptiair 'hhmpliolovical SocielV. Al
good working relationships with the producers, shippers, cxaltldria. Noceiiiher 3) l)eccmiher 1. 1982. p.30. (Abstract) 
wholesalers and retailers. These direct and personal contacts v-OraSi.. . a i i V,,,.. Z.o I-Iisls,,v. R.oKhrail nd l -iss .1()2igwere very effective in infortning those involved in fruit 
and vegetable handling of'the correct methods for harvest- ' rity. ity t Agriculture Research Billctiii #403. 

Il-'Tlibsh,Z.M Id NI.A. Ifaraka. (19831 Response of Corn Roots anding, handling and marketing. Most of the demonstration Bealn Seedliig ti Ailprilli%lloi'r. Ihoir i diiloh, /ir'cohrorne and 
research was done in cooperation with handlers and this AIt'rnmi ilr Mcta olitc,. IntcnialloralNIycloxiri C'oilerrclle. Cairo. 
approach proved to be the tnost effective method of exten- Fgypt. (it press 
sion. These detnonstrations emphasized proper harvesting 1I'-'Tlihy. Z.M.. K.M.Maiisiiir iiid NI A. Baraka. (1982 C(icmi.ical (ontrol 

and packing methods, sorting into various quality grades. ft'Valciicia' Ris I )uring Stiorage. Ain SiamsOrange I-mil Univcrsits. 
elimination of serious defects, and simple temperature FactylN of Apriculture Reseach tIillctin # 18l00. 
managetment procedures. Il-Tlbshv. Z.M.. K.M. Maiaiiur aind Y.N. kIak. (19811 The Nature aiid 

ll l l,har,,cN, Lim,,-,e, (irape,,.k~ ftIxl Va'zllilovi,,.a] ill I'rc',h Zaga/ivUniveritv. FaCiill l'atfic Re,,ctrch sIn 1983 when the extension activities were expanded 	 e IuussC Chll;l#320. 

to cover new 	 than .K..M.areas and increased to represent more ZI.'Mb.shy. Nlaiior. M.A.Karrah ai .I.M. litaiii. (I8)8 
75% of' the total team effort, we demonstrated successful l)cay Control ifl "Na'.cl Orange FruitS b%I'stharsCsi Applicatiiti 
modifications inlpackaging, cold storage and ripening of Cerlain Fungicldes. Za.a,'ig Inirsit,,.I.actlt,,of Agliculture Re
procedures in addition to the improved methods of picking, searh B3ulletiii #2)9. 
handling, transporting, and marketing. IFahii,. and NI T I'i 193)The Natireialiia A., Zciab II-'luih ssa.y 

Many successful industry meetings were held in different and IfIistlharesl Losses 'Nascl" Orange ill Egpt. AiiiIxtcnt Io 

governorates and districts, sponsored by governors and Stans tiisrsit\. lacult' it Agriulture Resarch itilleii. fit piess) 
Ishak. YV..S. t t.lhnu andTI.tissass if (Crommon1-(r1b. . I19X2t Effectproducers, aiid ickii leTi ds.o, 

extension workers to discuss the postharvest problems auiucae. AiiShuairul'shalu erssil . actilts .,AoculturclReeartiBulletin 
and suggest suitable solutions for them. These meetings, # 1910. 
held in the governoratcs of'6iza. Ismalia, Minia, Beni- Ishak. Y.. K.M. Marnusur. ZNI1'1lhhhi, andIT I-l'ssass.s. )19NlP 
Suef. Behaira, North Sinai, Port-Said, Kalubia. Fayoum. t'ostharvcst lses of (;allfruit il Ig'. ins Shairi I ni.erit,,. 
Kafr-EI Sheikh, and Alexandria, have resulted in an in- Faculty of Agricultule ResearchI fltllctin # 1542. 
creased awareness of the tnagnitude of postharvest losses Ishak. Y..K. Niansour. Z.t;l-ti'. aiid \i. chi'.lx 11)83, tiiip,%eiiien 

attended by growers, wholesalers and local . Vcris s C lip-pcking ietrus Nediamii(al 

and means for alleviating the problem. (I Cliruit (iintaier, ir iucal ,iarktl I t i.', . J Ipres. 

The entire matter of postharvest handling is clearly of' Manmur. KAI.. . Islhak ad Saiiia -I-(rabs i1981) iillucince of Clipper 
such economic significance in Egypt both in avoiding Vers.us ItaJ]rcsig iheQiufuli 'Ruumii Redli it 'Bl;ti' aindt 
losses and in providing quality comlt(tdities for export. G rape". Aiii Sliai, (aitult'I nicrsit,,. ii) ALriculture RescuaiLh ltiilletiii 

that national policy makers have been involved. We par- (l,,po:ii 
ticipated in developing a national plan for reducing the %laisiiur. K.N 1. NtM.lI-'lush,,. Y I l and 1Iil, 1981; l)efeo
losses in Egyptian vegetables and fruits between 1983 iuliiatlln (it I'otluarscq losses Ill :-.1piau "Rurr "Red (r;lics A1 

,
luCsrsts. 	 Resart I ulletinand 1990. We were able, through consistent efforts in SliS I' F.ault it J,\uiulur # 1522 

communicating with plY)icy makers, to aflcot Solle positive .laii'iiiir K.. 1 I:l-'hukhis. K ! Nelsiii ii BA ihi illS) 
changes in the price conttol regulations for fresh ,l; fl So I I %uut',,l . aru( ufruits Ct al" geireralor ll -

Ntf, u.KN ., . Z N I - i ndI: 1 ITI'HNv,hii'. I li,. I ih S uel Iand ve g e tables. Th e se in clude d re la ting price to two qu a lity 

grades in sotme commodities and removing t)thers frol I)cctl, io,"Batin' (irapes l:gspt Zag i/lt 'lll..lcult'. ii1 

the list of crops which are subject to price comntro. AgriculturcReearch ithllICtir #298 
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EXTENSION PUBLICATIONS (IN ARABIC) Kabeel. M.T. (1982) Better Shipping Cnttainers for Strawberries. ADS/ 
Egypt Postharvest Activity Extension Lealet #2.

Hussein. A.M. and M.A. Kamara. (1983 Harvesting. Handing, and Rip- Kabel, M.T. 11982) Plastic Box Properties lor Packing Fruits and Vegetables. 
cning Bananas. (in press) ADS/Egypt Postharvest Activity Extension Leaflet #1. 

Hussein, A.M. and M.A. Kaniara. (1983) Harvesting. Handling, and Storing Mansour. K. and Z. EI-Tobshy. (1983) Harvesting and Handling Table 
Pears. (in press) Grapes. (in press) 
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IMPROVEMENT OF GARLIC PRODUCTION
 

Garlic: (Allium sativun) has been one of the more important 
crops in Egypt since the early history of the country. It 
continues to be a main crop, with annual production of 
100.000 to 200,000 metric tons, is extensively used for 
home consumption and has tlw potential of generating 
export revenue for Egypt. 

The fertile F)ils, line climate, and good growers in 
Egypt provide potential for excellent yield of high quality 
garlic. However, production, harvest, storage, handling 
and marketing problems are often responsible for shortages 
of garlic even for home consumption. This project has 
been directed towards relief' of the most important con-
straints in Egypt to garlic yield. quality and storage, and 
accordingly emphasizes research, training a-:, extension 
activities on the following topics: I ) cultivar selection; 2) 
cultural problems; 3) diseases: 4) insects, 5) nutrition; 6)
physiological problems: and 7) weed control. 

ACCOMPLISHMENTS 

CULTIVAR SELECTION 

The three most important locally available cultivars 
were included in test plantings in three garlic production 
areas. Inorder to avoid the risks of introducing new diseases 
or insects to Egypt garlic clones from other parts of theworld were not introduced and tested, except for virus-

free tissue cultured material from Davis. Unfortunately
the two California cultivars tissue Cultured and sent to 

Egypt for tests were found to require longer days than 
occur in Egypt for good bulbing: therefore, they produced 
very poor bulbs and are unsuitable for growing in the 

'Chinese' (imported in 1962), 'American' (imported in 
1966) and 'Baladi' or 'Egyptian' (the local cultivar) were 
sent to Davis for inclusion in a tissue culture program.
One additional early type garlic clone was collected in 
the USA and sent to Davis for tissue culturing. The intent 
was to provide disease (primarily viruslfree garlic cultivars 
for further tests and to establish a satisfactory procedure 
for introducing garlic cultivars from other countries, par-
ticularly from latitudes similar to those of Egypt. 

The 1980-82 tests determined that 'Chinese' was more 
productive in Shalakan and Zagazig and that 'Egyptian' 
produced higher yields at Sids. The tests of tissue cultured 
(virus free) 'California Early' and 'Late' cultivars showed 
the importance of selecting those adapted to Egyptian 
latitudes for testing in Egypt. The tests also demonstrated 
that the 'American' and 'Egyptian' cultivars emerged faster 
and had higher percentage stands and that the 'Chinese' 
cultivar produced higher fresh and dry weights of' whole 
plants. As soon as virus free (tissue cultured) material of 
these three cultivars is available, the virus free foundation 

stocks should be increased under virus free conditions 
and tested in comparison with virus infested (standard) 
stock to determine and demonstrate the benefits of elim
inating virus. Ift the expected improvements in yield and 
quality are demonstrated, a program to eliminate virus 
from Egyptian gar~ic industry will be justifiable. 

Table 1.Differences in Yield Response of Three 
Common Egyptian Cultivars 

Fresh Weight Dry Weight / Dry 
Weight 

Cuhivar Leaves Bulbs Leaves Bulb 

Egyptian 13.5 6.1 3.3 1.12 22.5 
American 16.7 7.1 3.7 1.18 20.3
Chinese 25.8 10.4 5.7 2.13 21.8L.S.D.05 3.3 1.9 1.4 0.57 

CULTURAL PRACTICES 
Planting date and plant spacing tests determined that 

earlier plantings provided time for the development of 
large enough plants to produce goc-d size bulbs. It was 
concluded that optim,m planting dates for high yields 
were September I to 15 at Shalakan, September 15 to 
October I at Sids. and September 15 to October 15 at 
Zagazig. Planting at ar appropriate date resulted in yield 
increases of up to 82%, compared to later planting dates 
(Table 2). Significant yield increases were obtained at the 

5 cm compared to 15 cm spacing. Depending on location 
of production, closer spacing gave from 30 to 80%, higher 
yields than the wider spacing. 

Table 2. Effect of Planting Date on Average Yield of
 
Three Garlic Cultivars
 

Wiht 

Leaves Bulbs Leaves Bulbs 

Sept. 16 27.4 11.3 5.8 2.0 
Oct. I 15.4 6.5 3.7 1.2 
Oct. 15 13.3 5.8 3.2 1.3 
L.S.D. 5.- 1.6 0.73 0.4 

DISEASES 
Although white rot and other diseases are considered 

to be a potential threat to Egyptian garlic production, it 
was decided to stress work on virus rather than to spread 
resources and staff too thin. Elimination of virus in garlic 
has been reported to result in 20 to 30'1( yield increases 
in France and in large yield increases in California tests. 
All garlic cultivars tested have 1c, n found to be infested 
with virus and no alternate hosts hav been found. Thus 
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resources and staff too thin. Elimination of virus in garlic 
has been reported to result in 20 to 30%7c yield increases 
in France and in large yield increases in California tests. 
All garlic cultivars tested have been found to be infested 
with virus and no alternate hosts have been found. Thus 
elimination of virus via tissue culture from foundation 
stock offers the most promise in combatting this problem. 

Research on tissue culture ofgarlic was initiated at Ain 
andShamUnidestructive c slipte, 

plant regeneration from garlic shoot tips. The object wasto obtain prolilferation of shoots, roots .11d then plants
thtoudbtaiproli dation ortad te palsfe shoots 
that could be used as foundation stock for virus free garlic 
production n Egypt. [this work wars enhanced with the 
aid of the Tissue Culture Project. Screen cages to exclude 
vectors were provided and Egyptian scientists were in-
structed in procedures to increase virus free material so 
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In addition to problems in garlic production arising f'rom 
disease or cultural practices. yield and quality in Egypt are 
also commonly depressed by harvesting before maturity, 
Curing the mature bulbs in the field significantly incr ses 
postharvest qual ity. Phu,: ,.,a.,, 


that the resulting foundation stock would be kept virus 
free. 
INSECTS 

The most important source of insect damage in the 
Egyptian garlic industry is the mite which represents a 
serious problem in storage and in production fields. A 
survey of mites was initiated to discover which species 
are the most prevalent and harmful in Egypt. The mostmites were found to be Eriopyes 

r i velvli s were and t r hus iu.e invaru e 
Rhioglphtus echinlm~~ts and Tetran*vchtns aralbicus. The 
research program demonstrated that the mite problem can 
be reduced by soaking garlic cloves in ,-olutions of Akar, 
Neoran or Formalin for 1.3, 6 and 24 hours one day 
before planting, or by field treatment of the growing plants. 
Both treatments resulted in a delay of mite infestation 
until the third month after planting, thus reducing the 
malformation caused by mites. Elimination of the mite 
problem in production fields will also contribute to elim
mating the mite problemn in storage. This work was suc
cessful in initiating programs to control mites and should 
contribute significantly to improving the Egyptian garlic
industry. 

NEMATODES 

A survey of nematode populations revealed the presence
of Ditvlenchus dipsaci, a common parasite of great eco
nomic importance in temperate zones. However, the ne
matode was not found to attack garlic in Egypt, nor did 
Meloidogyne spp. and Rotvlenchus renfbrmis. These ne
matodes do not appear to be a threat to Egyptian garlic 
productici at present. 

PHYSIOLOGICAL STUDIES 
common practice in Egypt, especially when there is 

shortage of garic. is to harvest some of the garlic leaves 
from young (:nmature) garlic plants for home consump
tion. The Garlic Project tests determined that yield and 
quality of garlic bulbs may be influenced by removal of
leaves from immature garlic plants. Removal of four leaves 

per plant in the first hall of the growing season did not 
reduce bulb yield significantly in any of the three cultivars; 
nor did removal of up to 4 leaves per plant of 'Egyptian' 

'American' cultivars later (163 days after planting) 
reduce final bulb weight. However maintenance of at least 

if the leaves, including the top lea,. during the active 
girowing season was found to be essential for good bulb 

Some garlic cultivar- ifplanted early. are slow to ger
minate and may produce poor stands. Previous reports 
from California indicated that low temperature treatment 
of seed stock before planting hastened germination and 
e.".7
gave more uniform establishment of stands. Accordingly, 
tests were run to assess the effect of temperature on ger
mination of garlic of the three con1lmlon cultivars. Storage 
of bulbs at low temperature (5' C)before planting decreased 
plant growth but hastened maturity, as compared with the 
controls (bulbs held at room temperature until planted). 
BLulb size and yields were decreased by the lower tern
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perature treatments and increased bulblet formation. In- TISSUE CULTURE 
duction of bulblets could be of value as a technique for 
rapid increase of virus free foundation seed stock. Lower 
yields resulting from cold treatment would, in most years, 
be more than offset by higher prices paid for early maturity
of part of the Egyptian garlic crop. Experiments to de-
termine the effect of population density on yield of garlic 
were carried out by planting garlic cloves at 5, 10 and 15 
cm distances within the row and at 2 row spacing. In the 
preliminary experiments distance between or within rows 
did not affect yield. This study will need to be repeated 
with a more complete experimental design to give con-
fidence in this finding. 

NUTRITION 

Garlic is considered to be a relatively shallow rooted 
crop. In California it generally responds favorably to fer-
tilizer application, particularly nitrogen. The project's 
fertilizer tests demonstrated that the greatest response on 
some parameters measured was from application of nitrogen 
fertilizer; a favorable response was also demonstrated from 
additions of phosphorus in the Shalakan and Sids tests. 
In particular, dry weight of leaves was increased in the 
Shalakan test by high N. Further tests are needed to de-
termine the optimum N:P,0, ratio for the various production 
areas in Egypt. 
WEED CONTROL 

Weeds are a major problem in the cultivation of row 
crops like garlic. Most weeding is done by hand, but it 
was apparent that selective herbicidal treatments could 
supplement hand weeding. Thus a series of tests was in-
itiated to assess the effects of herbicide during prod-:ion 
of garlic. Fall, winter and spring weeds were controlled 
by specialized herbicidal treatments though it must be 
recognized that hand weeding is an essential part of any
practical weed control program in Egyptian garlic pro-
duction. Some chemical weed control treatments and so-
larization (mulchii g with transparent plastic 4-6 weeks 
before planting) plus combinations of chemical, solarizationand hand weeding were found to be effective incontrollingweeds. vMaksoud. 

The high cost of labor makes chemical and, possibly,
solarization treatments practical, particularly for larger 
operations. Hand weeding will likely continue as the pri-
nary method for controlling weeds and is the most practical 
nethod for small farmers. 

The highest yields in the weed control tests were obtained 
I. 
011 four hand weedings, followed by three hand weed-

ings, followed by solarization for 6 weeks. These treatments 
are not commercially feasible, but were useful in helping 
scientists assess the effects of excellent weed control on 
yield of garlic. Effective weed control with consequent 
increased garlic yields was obtained from EPTC plus Pen-
oxalin and0 EPTC and Terbutryn mixtures (1.0 kg peroT 

feddan), followed by light hand weeding (hoeing) as 
needed. A number of other compounds tested were not 
effective. 

The three garlic cultivars, 'Ame-ican', 'Chines ' and 
'Egyptian', were used in an attempt to proliferate virus
free plants from tileshoot tips of garlic. Meristematic tips 
from each cultivar were cultured on MS medium supple
mer.ted with I rg/liter 2,4-D, I mg/liter 2iP and 0.5 mg/ 
liter NAA. The developed explants were recultured on 
MS medium after three weeks. 

The developed callus was transferred to MS medium 
supplemented with I mag/liter 2iP and I mag/liter IAA. 
Numerous small roots were formed. The percentage of 
callus that formed roots was 46%, 0% and 16% for the 
'American', 'Chinese' and 'Egyptian' cultivars, respec

tively. Shoot differentiation was not achieved with that 
concentration except in the 'American' cultivar, where itamounted to only 7%. 

The results of six combined concentrations of cytokinin 
and auxin indicated that the best combination for differ
entiation of shoots and roots of the 'American' cultivar 
was I mg/liter 2iP without auxin. On the other hand, with 
the 'Egyptian' cultivar, I mag/liter IAA with or without 
0.5 mg/liter 2iP promoted shoot and root development. 
None of these mixtures was suitable for encouraging dif
ferentiation of the 'Chinese' cultivar. 

EXTENSION ACTIVITIES
 
Numerous meetings attended by farmers, extension
 

workers, students and governmental representatives have
 
been held in villages and at college farms to extend in
formation on improved practices and varieties of garlic.
 
A number of demonstration plots totalling over a thousand
 
acres in several governorates have been established by
 
the Ministry of Agriculture in collaboration with the project
 
staff. Demonstration of new spacings between plants has,
 
for example, already resulted inadoption by many growers.
 

PL'BIICATIONS 
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IMPROVEMENT OF CUCURBIT PRODUCTION
 

Cultivated cucurbit species, watermelon (Citrullius 
lanatus), sweetmelon (Cucuinis mielo), cucumber (Cuewnis 
sativus), and squash (Cucurbita pep), are major vegetables 
in Egypt for local consumption. They are grown on ap-
proximately 200,000 acres, representing 20% of the total 
vegetable acreage. The total production of' cucurbits 
amounts to about 2 million tons and their value is estimated 
to be 86 million Egyptian pounds. 

Besides their domestic importance, cucurbi!s have con-
siderable export potential. Watermelon is clearly a leading 
export vegetable. In 1978, 20 thousand tons were exported 
with a value of 10 million dollars. There is a potential 
market in Europe for sweetmelon in the spring and fall; 
however the local Egyptian cultivars cannot compete ef-
fectively because of poor quality, lack of uniformity, and 
poor postharvest condition. 

Low productivity, chiefly a result of disease, is also a 
problem of cucurbit production in Egypt. Fusariumn wilt 
caused by a soil-borne fungus is one of the most important 
diseases of watermelon and sweetmelon, and neither crop 
rotation nor chemicals offer adequate control. The best 
results are obtained by growing the crops on disease-free 
soil or by plantinL! wilt-resistant cultivars. 

A prevalent leaf and stem disease of sweetmelons, cue-
umbers and squash is powdery mildew. It can be controlled 
by fungicides. but in Egypt and other countries where 
machinery for effective application is frequently unavail-
able, control by the use of resistant varieties is much more 
satisfactory. An additional disease which can be especially 
serious on the fall crop of cucumbers is downy mildew 
caused by Pseudloperomwspora cubensis for which resist-
ance is again the best means of control, 

Several virus diseases attack all four cucurbits and fre-
quently cause the most severe crop losses. The development 
or identification of resistant cultivars seems to ofler the 
only satisfactory control. 

Recently, gummy stem blight (M*cosplhaerella citrul-
lina) has becomev a serious disease in watermelon and 
sweetinelon. Resistant genes have been identified but they 
need to be transferred to adapted varieties. Physiological 
disoiders, such as blossom end rot of watermelons, also 
need investigation, 

In view of the several factors limiting cucurbit produc-
tion, the project undertook work with the following ob-
jectives: 

1. To improve cultivated cucurbit species (waternielon, 
melon, cucumber, and squash) by breeding cultivars 
with better quality, disease and insect resistance, market 
acceptability, and greater yield potential: 
2. to develop basic genetics and sources of genetic 
variation to provide material for further cucurbit cultivar 
improvement; 

3. to investigate diseases of cucurbit species and control
 
them by disease resistant breeding and other means;
 
4. to develop cultural practices to improve the quality
 
and yield of cultivated cucurbit species.
 
The research program was carried out at six locations:
 

three in the Nile Delta in the vicinity of Cairo (El Dokki 
- Cairo Experiment Station, El Giza - College of Agriculture 
Farm, and Barrage Experiment Station) and three at more 
distant locations (on various research and commercial farms 
near Ismailia. at the Sids Experiment Station approximately 
150 km south of Cairo, and at the Noba Seed Company 
Farm in Nubaria). 

Experiments with cucumbers and squash were conducted 
three times in the fall season of 1980, 1981, and 1982 
and three times in the summer season of 198 I, 1982, and 
1983. Experiments with melons and watermelons were 
conducted in the three summer seasons. 

ACCOMPLISHMENTS 
VARIETY EVALUATION AND IMPROVEMENT 

Cucumber 
Cucumbers in Egypt are almost entirely of the 'Beit 

Alpha' variety-light green, smooth, and intermediate in 
length, similar to those grown throughout the Middle Eas: 
but unlike those commonly grown in the US and in Europe. 
Numerous observational and replicated trials showed 
clearly the importance of using 'Beit Alpha MR,' rather 
than regular 'Beit Alpha,' which is currently being grown 
in Egypt. The mosaic resistant strains are available from 
several European and American seed sources and should 
be adopted immediately. These trials also showed very 
clearly the need for resistance to powdery and downy 
mildews. as well as to cucumber mosaic virus. The only 
variety with this combination of resistance cirrently 
available commercially appears to be 'Medina Hybrid' 
from Peto, but others are likely to be available in the near 
future from other US and European seed companies. 

Since .he mildew and mosaic resistant 'Bclt Alpha' 
cucumbers likely to be available commercially in the near 
future are proprietary hybrids, it is important that open 
pollinated 'Beit Alpha' with this combination of resistance 
be bred as quickly as possible so that seed production can 
be accomplished in Egypt. Accordingly. a backcross pro
gram to incorporate mildew resistance into mosaic resistant 
'Beit Alpha* was initiated and is now about half complete. 

'Beit Alpha' hybrid:; from both European and American 
seed companies on the average outyield the 'Beit Alpha 
MR' but results are somewhat inconsistent. The high pro
portion of female flowers on the hybrids contribute to 
their earliness and yield advantage, but when mildews are 
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serious, it appears more important to have mildew re-
sistance than to use a hybrid without it. 

Downy mildew occurs in Egypt and isdifficult to control 
with fungicides, even on varieties with good resistance 
such as 'Medina' and 'Poinsett.' The variety 'Yomaki,' 
a source of resistance to powdery and downy mildew, is 
being used for breeding a "PMR Beit Alpha' and an effort 
is being made by the project's research team to select the 
highest PMR level as well as checking the level of downy 
mildew resistance whenever possible. Viruses other than 
cucumber mosaic virus (CMV) are obviously present on 
cucumbers in Egypt. but their effect on 'Beit Alpha MR' 
and other CMV-resistant varieties appears to be signifi-
cantly less severe than on CMV-susceptible varieties, 
Sources of high resistance have been found recently for 
Watermelon Viruses I and 2 (WMVI and WMV 2) and 
for Zucchini Yellow Mosaic Virus (ZYMV). These varieties 
are being increased to provide seed for future plantings 
which will be used to determine the relative importance 
of the different viruses and for making appropriate crosses 
to transfer resistance to 'Beit Alpha.' 

Squash 
Numerous replicated trials of summer squash varieties 

have been conducted but no commercial variety performed
better than the local 'Eskandarani,' a light green squash
with a Zucchini-like shape. The local variety lacks uni-
fornity, and to remedy this, inbreeding with selection has 
been carried on for several years. However. none of the 
selected lines has shown any clear advantage so far. 

Most experimental plantings of squash and a majority
of commercial fields observed have a high incidence of 
virus disease which drastically reduces yields. It is not 
uncommon to see entire fields producing no markettble 
squash. In view of the devastating effect of virus disease 
on 'Eskandarani' squash, breeding for resistance should 
have the highest priority and any other work on summer 
," ash is unlikely to be advantageous until virus-resistant 
va ieties are available. Of the several viruses found in 
squash in Egypt three are prevalent: ZYMV, WMVi. and 
CMV. The relative importance of these has not been es-
tablished and is probably different in plantings made at 
different seasons of the year. At present. gernplasm derived 
from interspecific crosses made at Conleil University offers 
the best hope of virus resistance. Mildew resistance is 
also present in this material, the importance o, which is 
secomd only to virus resistance. It is most urgent that 
every effort be made to breed squash of the 'Eskandarani' 
type with resistance to the three most important viruses 
plus powdery mildew. 

Watermelon 

'Giza I watermelon bred for !"usariunm resistance by
the MOA has been grok\ n on over 90c of the watermelon 
acreage in Egypt. An important accomplishment of this 
project has been the selection of 'Giza 2 1' from 'Giza I.' 
which had deteriorated in fruit quality and resistance to 
fusarium wilt. 'Giza 21' seems lilely to replace the original 
'Giza I' as soon as adequate seed has been multiplied. 

The main improvements needed over 'Giza 21' are re
sistance to virus diseases and to gummy stem blight. Since 
almost nothing has been done elsewhere to breed for re
sistance to these two diseases, no introduced variety seems 
likely to be much better that 'Giza !' or 'Giza 21.' 'Congo' 
is the one variety which has appeared to show somewhat 
better growth in trials where virus disease is serious. 
However, 'Congo' had oblong fruit, which makes it subject 
to blossom end rot. As a stopgap measure, it is suggested 
that the single gene which changes fruit from oblong to 
round be incorporated into 'Congo.' This change is almost 
certain to overcome the blossom end rot problem and 
permit growers to take advantage of the superior growth
of 'Congo.' which has been observed in growers' fields 
as well as in variety trials. 

Eighty-two cultivars, mostly introduced from US seed 
companies, have been evaluated in observational trials at 
live locations for two years. Some have been advanced 
to replicated trials. Inconsideration of their yield, quality, 
and disease tolerance, tife following varieties were rec
ommended for commercial trial plantings: round cultivars 
- 'Giza 21,' 'Dixilee.' 'Crimson Sweet.' and 'Sugar Baby,'
oblong cultivars - 'Congo.' 'Peacock WR60,' 'Charleston 
Gray 133,' and 'Sweet Princess.' 

Since so little has been done to incorporate disease 
resistance in watermelon other than to fusarium wilt, a 
long-term improvement program is needed starting with 
the identification of virus resistance. A few leads on re
sistance were obtained in screening plant introductions 
for WMV I and WMV2 resistance, as carried out by Dr. 
Saana Awni at Cornell in the fall of 1982. The variety
'Egun' from Nigeria. identified by R.E. Webb of the USDA 
as a source of WMV I rsistance, and some wild citron 
from Egypt. plus a few other introductions, seem to offer 
some hope. However. intensive work over a period of 
years will be needed to further identify and utilize good 
sources of resistance. Resistance of gummy stem blight 
has been reported and its inheritance studied but apparently
it has not been incorporated into any usable variety. This, 
like the virus resistance, will require a breeding program 
over a period of years. 

Melon 
Essentially all melons produced in Egypt are local va

rieties including 'Edlina," 'Ananas,' 'Ismaillawi.' and 
'Koos Assal." A program of selection and inbreeding has 
been in progress for several years to improve the quality
in these varieties. Improved varieties obtained in this way 
were evaluated by the project in 1981-1983 along with 
numerous varieties introduced from the USA and Europe. 
'Edlina Improved' and 'Ananas Eldokki" ranked highest
on the basis of yielding ability, disease resistance, and 
quality. These are under propagation for distribution to 
growers. Next in rank were the imported varieties 'Edisto 
47.' 'Imperial 45.' 'Charentais," 'King Henry. 'Topmark.' 
'Orlinable.' and 'Hales Best Jumbo* along with the local 
variety 'Kahera 6.' 

'Chilton' and 'Gulfcoast.' bred in the US for gummy 
s:em blight resistance, have commercial possibilities be
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cause of good appearance and quality as well as a tendency 
to escape virus infection. They are also being crossed 
with local varieties. 

Although gummy stem blight and fusarium wilt are 
considered to be the most serious diseases of melon ir 
Egypt, virus diseases have caused much more damage in 
the plantings made by this project in the past two years. 
ZYMV is probably the most threatening to melons in 
Egypt. A source of resistance to this virus has been located 
by French and American virus specialists and will be sent 
to Egypt as soon as seed becomes available so that crosses 
may be made with locally adapted varieties. 

CMV and WMV I are almost certainly of great impor
tance on melons as well as cucumbers and watermelons. 
Sources of resistance are known and should be incorporated 
into adapted varieties as quickly as possible. Two plant 
introductions used as parents because of resistance to 
gummy stem blight appear to be resistant to virus disease 
in Egypt, although which virus they are resistant to is not 
known at present. Crosses made for gummy stem blight 
purposes should be evaluated for virus resistance also. 

Genes are known for resistance to nearly all the serious
diseases of melons in Egypt. A strong effort continuing 

t 

for a number of years will be needed to incorporate known 
resistance into adapted melons. To date only one generation 
per year has been grown, namely in the period when 
commercial melons are grown from March to July. The 
time required to develop disease resistant varieties could 
be reduced greatly by growing a fall crop to get a second 
generation per year and take advantage of the conditions 
especially favorable for disease development, 
CHEMICAL CONTROL OF DISEASE 

addition tits hasis on bd resistanceIn adiinto isemphai obreeding eisac to 

viral and fungal diseases, the project has also extensively 
investigated chemical control of fungus diseases. Several 
fungicides can now be recommended to growers for use 
until resistant varieties become available. Bayleton and 
Rubigan have been found effective in the control of pow-
dery mildew and Ridomil or Bravo for downy mildew. 
Ridomil should probably be used with either Bravo, Maneb, 
Mancozeb or copper to prevent development of resistant 
strains of fungi as has happened in other parts of the 
world. 

CUUURAL PRACTICES 
Plastic Tunnels and Greenhouses for Early 
Production 

Growing cucurbits under low plastic tunnels or in small 
plastic greenhouses not only protects them from low tern-
peratures, but also seems to reduce the incidence of diseae. 
All four cucurbit species produced much earlier crops 
when grown this way. The economic feasibility of using 
tunnels has not been clearly established, and participation 
of economists in further work is highly desirable. 

Plant Density and Fertilizer Levels 
At nearly all locations and in each planting season from 

flal 1980 to summer 1982, factorial experiments with 

NO 
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Though the primary focus of the Cucurbit Project has been 
on disease control through introduction of new cultivars, 
improved growing practices have also been developed. The
 
mre grwing prct have seend ld the 
use of plastic tunnels to protect young seedlings and thereby
extend tile Rappaportgrowing season is shown here. 

varying levels of nitrogen fertilizer (0-80 Kg N/feddan) 
and traditional vs. twice the traditional plant densities 
were conducted. Almost no significant fertilizer x density 
interactions were found and seldom was there a significant 
fertilizer response in the Nile Delta. Modest and significant 
yield increases were found for the higher densities in several 
of the experiments. As might be expected a greater response 
to fertilizer was found on the lighter textured, less fertilesoils near Ismalia and in Nubaria. 

It has not yet been established how these experimental 
results relate to onitions in farmers' fields. From the 

trefte t experimns ther'fsdsussonabu 
reoatie froexperimental f erial 
relocating them from experimental fields to commercial
 
farms. This change was made inthe summer of 1983 but
 
results are not yet available. In one such experiment, 
however, the same problem previously encountered on 
several experimental fields was apparent, namely more 
variation in growth within a plot than between plots with 
different treatments. In some cases, as much as a 2- or 
3-fold difference in size of plant might be seen on one 
side of the plot as compared to the other, even though the 
plot was supposedly treated unifornly. Such heterogeneity 
suggests that some environmental or cultural factor was 
of greater importance than those being varied in the ex
periment. Possible reasons for this uncontrolled variability 
include the residual effects from different crops or treat
ments applied to crops grown previously, or non-uniform 
irrigation or drainage.
 
irrigationr aeas provide forObservations such these may a basis 
different cultural experiments in the future, but it seems 
that most further work along these lines should be deferred 
until diseases are less of a limitation on yields. 
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IMPROVED GRAPE PRODUCTION
 

Grapes rank as the second most important fruit crop in 
Egypt; 60,000 feddans are devoted to this commodity.
Most fruit is marketed fresh in bulk by small pushcart
vendors or shopkeepers in the villages and principal cities,
but the selling price is regulated by government decree,
which reduces the incentive to produce a high quality
product. No export trade has developed and production
of wine, grape juice and raisins is small. In spite of this, 
the grapevine offers great potential for commercial eXbcausploiatin inEgytofits erylowchilingre-
ploitation in Egypt because of its very low chilling re-quirement, a relatively high tolerance of saline soils, po-
tentially high yield and quality under desert conditions, 
relative freedom from destructive diseases and pests, and 
diversity of processing outlets such as table fruit, raisins, 
fresh juice, wine and vinegar. 

To capitalize on this opportunity. both the quality andquantity of grapes produced in Egypt need improvement.
The objectives of the Grape Project were to assist with
Th improvement by: (I) introducing productive, virus-such 
free table cultivars for local consumption and exports: (2)
evaluating local cultivars; (3) introducing rootstock tolerant 
to nem atodes, salinity, calcareous soils, and unfavorableenvironmental conditions; (4) attempting to produce two 
enironentar. cThe 

crops per 'ear. 

and work began in February of 1981. It should be kept


andi Feruayorkbegn of198. I shuldbe ept 
in mind that aperiod of three years is involved in growing 
the vine cutting to the fruiting stage and a full crop can 
be expected only in the fifth or sixth year. Thus, almost 
all the 	experimental work is still in progress. 

ACCOMPLISHMENTS 
CULTIVARS AND ROOTSTOCKS 

Although Egypt is recognized for its ancient heritage
of viticulture, anational survey undertaken by the project
in 1980 disclosed a glaring deficiency of'commercial vari-
eties. Two cultivars. 'Banati' ('Thompson Seedless') and 
'Roumi Ahmar' account for 80% of the grape acreage.
The marketing season for fresh table grapes is. therefore, 
very short. 'Banati' is available July-August and 'Red 
Roumi,' a late grape with seeds, from August-October.

The existence of indigenous cultivars of local importance
such as 'Fayoumi', ied to asearch of more isolated oases,
from which several previously undescribed strains were 
collected. Five local varieties were identified as a result 
ofa survey of local grapes in different parts of the country.
Two of these, 'White Baladi' and 'Black Baladi.' were 
shown to have excellent qualities. These may have direct 
value as new cultivars and are of great interest because 
of their survival for long periods without the benefit of 
cultural attention such as disease control or pruning. Thus. 
they have genes of interest to breeders worldwide. 

Improved Cultivars and Rootstocks 
To diversify the variety base, 23 table grapes, six wine 

grapes, and iO rootstocks were introduced in February,
1981. 	 These were all certified and ordered from the Foun
dation Plant Materials Service of the University of Cali
fornia. They were propagated and grown in pots in the 
greenhouse quarantine facility at Sabahia, Alexandria. 

Vines in Egypt are generally planted on their own roots 
since phylloxera has not been athreat. However, nematodes 
have caused damage and the vinjfera roots are not as welladapted to wet clay soils or saline desert soils as are 
certain rootstocks derived from native American species.
Thus, rootstock studies must have high priority to overcome 
the stresses engendered by unfavorable soil conditions. 

New and promising rootstocks introduced in 1982 will 
permit vineyard expansion on soils thought unfavorable,emtvnyr xaso nsistogtufvrbe 
especially those of high salt content and with high watertables. It has been observed repeatedly in the heavy claysoils of the Delta region that the variety 'Red Roumi' is 
much better adapted, more durable, vigorous, and pro
ductive than 'Thompson Seedless.' We have suggested

th 	 a otso n s uchW e a reas.usingusing 	'Roumi' as a rootstock in such problem areas. 
discovery of severe infestation of root knot nematode(Meloidogvne) on young 'Thompson Seedless' vineyards

in the Fayoum district called for the introduction in 1982 
of new nematode resistant rootstocks for sandy, soil, namely 

ony,n Fredm'ant Ck. Thse aeu 
'Harmony,' Freedom,' and 'Salt Creek.' These are cur
rently being propagated. 

In the spring of 1982 the plants were transplanted to 
trial blocks in the principal grape growing regions. Modem 
trellis 	systems were installed and the bilateral cordon 
training system employed. These plots will bear their firstcrop in the 1984 season and will be used for evaluating 
the best cultural methods to improve fruit yield and quality.
Each plot is under the supervision of atrained horticulturist 
who will also serve as an extension agent to disseminate 
the results to farmers by vineyard demonstrations. These 
regional plots can now serve as a source of propagation
materidi for far iers to promote vineyard expansion.

With the introduction of rootstocks, two 'Sprinks' model 
grafting machines made in Napa, California. were im
ported. In May. 1982. three Egyptian postdoctoral team 
members studied and observed the commercial production
of grafted grapevines in California. and these methods 
can now be follmked in Egypt.

In September. 1981. thirty-two individual vines were 
selected for good yield and fruit quality. Cuttings were 
taken from each vine and are being propagated and their 
perf'omiance compared. An outstanding vine of 'Fayoumi'
has also been selected for increase. This experiment isof 
value in demonstrating the methods and advantages of 
clonal selection. The cuttings of each clone were planted 
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in the nursery at Gianaclis and the rootings established in fertilizer application and avoidance of problem soils. Field 
vineyard trials ii,March, 1983. fertilizer trials in Minya vineyards are being pursued with 

The main variety collection, consisting of 31 of the petiole analyses. Thus far, no response to even heavy 
most promising varieties, is now established in a new applications of' N,P or K on these heavy clay soils has 
vineyard at EI-Kanater. It includes older varieties as well been evident. Generally negative results obtained from 
as the indigenous cultivars recently discovered and collected fertilizer applications should lead to reduction in use of 
from outlying oases. fertilizer and resultant savings to growers. 

Mineral Nutrition Use of cattle manure and pigeon dung without prior 
composting is a source of noxious weeds in many vine-

Although some of the desert soils are highly calcareous, yards. 
extensive soil sampling of present vineyard areas has not 
led to concern about iron deficiency, especially with the Irrigation 
use of vinif'ra on its own roots. In establishing new vine- The irrigation season for vineyards extends from Feb

yard sites, it would be desirable to test the soils for active ruary to the end of September, with peak usages in May
lime before extensive plantings are contemplated. It is and June. Annual use isestimated at 2940 m/acre compared 
recommended that different rootstocks be tried to alleviate to 4200 for deciduous fruit and 5880 for dates. The con
some difficult soil problems. sumptive use of water by grapevines is among the lowest 

In many of the sandier desert soils, such as at Ismailia, of all crops. 
Tahrir and Nubaria, zinc and magnesium deficiency In the Minya district, late irrigation is applied by some 
symptoms have been observed, but they were not in the growers in September and October to delay the harvest 
critical range. Applications of these elements over a two- of 'Red Roumi,' in order to obtain a more favorable market 
year period have not produced increases in growth or price. This also keeps the vine actively growing much 
yield. Use of excess manure as fertilizer in local areas later than normal. 
may bring about deficiencies of minor elements. The traditional small vineyards of a few acres in extent 

A recent summary of the mineral status of' vineyards were usually a part of a more generalized farm in which 
in the principal grape regions by using petiole analysis diverse crops are grown on the heavy clay soil close te 
has been published by Ms. Hoda Habeeb. The results the Nile or tributary canals. After the construction of the 
fortify field observations that fertilizers are used exces- Aswan High Dam, water became available the year round 
sively. especially nitrogen, sometimes in the toxic range. and free for the asking, eventually fed by gravity flow 
Toxic salt levels were also verified in some areas. For the through a maze of open lield ditches. Raising the water 
first time. this work provides a guide to growers on prudent above the feeder canals alongside the farm required only 

-1 ,

,ft . ' -

A vineyard planted on new lands near Gianaclis Farm, shows vines 
moribund several years after planting, a result of overwatering and in
adequate drainage. This problem is increasingly common and has been 
a theme of research on improved cultural practices. 

Photo: Eric Gust56~on
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a few feet of lift accomplished by animal powered water does soil erosion become a problem, but the organic matter
wheels or by manually operated pipes with the Archimedes decreases. Lack of root residues or channels restricts in
screw. These are now being replaced with small portable 
centrifugal pumps. 

In several of the larger desert reclamation projects, 
large volumes of water are available by gravity flow from 
the main canals. The basins are very large and exces-
sive quantities of water are applied to the sandy soils. 
These lands are not even rough-leveled, so water appli-
cation is very uneven, some areas receiving too little water 
and others becoming waterlogged at lower elevations where 
no drainage was provided. Transport of water in the vine-
yards was usually in unlined ditches, and seepage raised 
water tables above the root zone. Thus, vineyard rows 
alongside irrigation ditches were the first to show decline, 
following asphyxiation and death of the root system. 

This problem is widespread, and as new land reclamation 
projects continue to be spawned, there is increasing concern 
about the quality and supply of irrigation water. Drip 
irrigation is considered a promising and economical 
method. Two experimental plantings have been made by 
ADS scientists, the first at Anchas, comparing drip vs 
sprinkler, and a second plot of five acres at Gianaclis, 
comparing the usual flood irrigation vs drip with subplots 
having winter cover crops vs clean cultivation. Future 
results will determine the effectiveness of drip irrigation 
for vineyard production. 

A single furrow used for irrigation alongside rows of 
young vines was adopted in establishing trial vineyards 
and gave excellent results at both EI-Kanater and Seds. 
Much less water was needed and weed growth was confined 
to furrows. Tractor cultivation between the rows was 
managed easily. This is setting a pattern for private growers. 
At the Castour vineyard the grower converted one acre 
of mature vines to drip irrigation in 1982. using summer 
application of four liters per day over a four-hour period. 
Trellan weed control and plots with mulch are also part 
of his experiment. The grower is now so interested he is 
enrolled in the University to pursue graduate work in drip 
irrigation, 
Cover Cropping 

The traditional forage crop used as fodder for farm 
animals is berseem clover (Trybhlium alevandr'inion)which 
is cut by hand (scythe) dtring the cool season. Its value 
as a soil amendment is ,,ent1Aly recognized in crop rotation 
and in soil reclamation. Vineyards established in large 
' iocks of ten acres or more on newly reclaimed desert 
soils have been kept clean-cultivated as far as possible to 
avoid the expense of hand-hoeing weeds. Winter rains 
are not sufficient to support a cover crop and the bare 
sands are eroded by the large heads of water used in 
summer irrigation as well as by prevailing winds. Even 
where water is available for winter cover crops. the practice 
has been considered undesirable for vineyards, the belief 
persisting that water used during the dormant period would 
cause vine growth to begin prematurely. This idea was 
disproved in the winter of 1982 by growing and cutting 
a cover crop of berseem at Gianaclis vineyards. Not only 

filtration of water. If winter cover crops are used, some 
land leveling is necessary. However. sprinkler irrigation 
might be possible. 

On very sandy soils, other leguminous cover crops were 
suggested for trial such as subterranean clover, peanuts, 
etc. These may be very beneficial in ameliorating thin 
soils before the conversion of raw land to vineyards as 
well as supplying a supplementary production of fodder. 

Growth Regulators 
Growth regulators play an important role in commercial 

grape production in thinning and crop regulation, promoting 
berry set, increasing the berry size of seedless varieties, 
altering the time of harvest, and promoting coloration of 
the fruit. Since appearance is the only guide available to 
consumers to judge quality, table grape growers use a 
wide variety of treatments to improve acceptance. 

Field experiments by ADS scientists have demonstrated 
the efticacy of proper flower cluster and berry thinning, 
girdling, and gibberellin GA, application to greatly improve 
the fruit quality. Three replications of four vines each 
were treated as indicated in Table I. 

The data of Table I indicated iat GA,treatments and/ 
or girdling increased cluster weight of 'Thompson Seedless' 
grapes, and cluster thinning had no significant effect. 
Cluster weight was favored by a combination of girdling 
and GA,applied a! least once. Other combinations had 
no additional significant effects. Berry size increased by 
all treatments with the exception of cluster thinning. Berry 
weight %\is increased by girdling plus GA, treatments: 
cluster thinning did not improve size when performed in 
association with girdling and hormone treatment. 

Berries treated with GA,adhered more strongly to the 
rachis (cluster stem) than did those without this treatment. 
This is an important indication for storage, since berries 
would not 'shatter" as readily. 

Quality factors such as total soluble solids and acid 
content were unaffected by the treatments but acidity was 
higher compared with tic control. The high total soluble 
solids/acidity ratio iiidicated that the clusters treated twice 
with GA, were delayed in maturity. Commercial application 
of these findings in the same vineyards in 1982 were 
highly successful. 

A uniformly red-colored berr- is interpreted by the 
consumer as a sign of good maturity and quality in the 
'Rounmi Ahmar' cultivar. Grown most intensively in the 
Minya district, it is also widely sUattered in other areas. 
Failure ofthe fruit to color properly reduces market value. 
Ethephon sprays were applied at Gianaclis in 1982 at 
concentrations of 0. 75. 150. 300. or 500 ppm when 10
15ch of the berries had begun to turn color. Treatment 
resulted in increased coloration, especially at the highest 
concentration. Berry adherence was, however, reduced 
by the treatment as was firmness, factors which would 
force earlier marketing and limit storability. Follow-up 
experiments in other districts are needed to determine the 
best timing and concentration. 
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Table 1: Effect of girdling, cluster thinning and GA3 on some mechanical and chemical 
characteristics of 'Thompson Seedless' grapes 

Chster 
Treatment 	 lWt. 

(kg) 

i. 	Girdling 0.685 

2. 	 Cluster thinning 0.350 

3. 	GA3 10+40 ppm 0.680 

4. 	 Girdling + cluster thinning 0.537 

5. 	Girdling + GA 3 10+40 ppm 0.734 

6. 	 Girdling + cluster thinning + GA. 0.620 
40 ppm 

7. 	Cluster thinning + GA 3 40 ppm 0.548 

8. 	Cluster thinning + GA3 10+40 0.597 
ppm 

9. 	Girdling + cluster thinning + GA, 0.709 
10 + 40 ppm 

10. 	 Control 0.441 

L.S.D. (y)5% 	 0.188 

Market preference for seedless grapes has increased 
since the introduction of 'Thompson Seedless.' Using a 
series of gibberellin treatments, the Japanese succeeded 
in aborting both pollen and ovule development in the 
'Delaware,' obtaining seedless fruit of greater market value, 
Several Egyptian team members applied similar treatments 
with the 'Muscat Hamburg' cultivar, but failed to achieve 
seedlessness. 

Growth regulator experiments have been valuable in 
training technicians and researchers because many rep-
lications -,e possible, vine development is observed during 
the whole growth cycle, and results are forthcoming in a 
short period of time and are usually highly significant, if 
not spectacular. Such experiments in the field have fur-
nished t.aining in plot design, sampling methods, and 
statistical treatment of the dta. 

Weed Control 

Because of the basin and flooding irrigation methods 
weed seeds are distributed over the entire soil surface. 
With as many as six to eight irrigations in the shallow 
clay soils, removal of weeds by hand-hoeing is onerous 
and expensive. Because of open irrigation ditches and the 
basin ridges mechanical cultivation is often not possible. 
Older vineyards are closely planted and weed control may 
be neglected after mid-summer when the vines interlace, 

The most prevalent weeds are Bermuda grass and nut 
grass (Cyperus spp.). In 1981, we recommended a trial 
with Roundup (Ranger) for weed control in 24-year-old 
blocks of'Roumi Ahmar' at the Gianaclis vineyards. This 
was very effective but retreatment appears necessary to 

100 berries Powver of berry T.S.S. T.S.S./ 
1,V. adherence Acid 
(g) (kg) Ratio 

220.8 0.81 21.0 38.88 

173.3 0.55 21.9 34.8 

253.3 0.75 19.1 34.1 

272.5 0.61 21.8 38.2 

303.3 0.94 20.5 36.0 

241.3 0.86 20.5 35.3 

268.3 0.75 20.8 37.0 

233.3 0.68 20.3 34.4 

265.0 0.89 19.9 34.3 

169.2 0.51 19.6 39.2 

41.26 0.284 N.S. 

eradicate 'halpha,' a tough-leaved rhizomatous perennial 
that infests older vineyards with poor drainage. 

Because of the high cost of eradicating perennial weeds, 
it was recommended that badly infested vineyards should 
be cleared and after fallowing and deep plowing to eradicate 
weeds, they be replanted with new vines. 

DISEASE AND PESTS 
Nematodes 

An extensive survey of nematode populations and asso
ciations with vineyards was conducted in 16 localities in 
ciatontes w cn dn 16 ocaitie n 
eight governorates. Eleven major plant parasitic nema
todes were identified; population densities and frequencies 
of occurrence varied greatly and are undoubtedly influenced 
by soil and climate. This survey has pointed the way to
analysis of the nematode/plant associations that are most 
destructive in Egypt and to consideration of controlling 
nematodes or making the difficult decision to eliminate 
infected, u.,productive vineyards. Root knot nematode 
was found to be pre,,alent in the sandy soils of Fayoum. 
Resistant rootstocks are recommended for such areas. 
Viruses 

A survey of viruses in vineyards revealed at least four 
main symptomologies; these were characteristic of "fan 
leaf," "mosaic," "leaf roll" and "vein binding." However, 
the survey also revealed that by comparison wih other 
regions of the world, the grape regions of Egypt are rel
atively free of virus diseases. This most likely is a result 
of the infrequency of introduction of foreign varieties, the 
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long period of propagation by cuttings, and the absence 
of propagation by grafting. Rootstocks derived from native 
American species and their hybrids are often symptomless 
carriers of some virus diseases. However, when adiseased 
variety is imported, usually all plants are diseased, as 
happened in anonproductive wine variety observed in the 
Gianaclis vineyard. Destruction of such plantings was 
recommended, followed by crop rotation for five years 
before replanting. 

Other Diseases 

Fusariun and Rhizoctonia are prevalent as fungi re-
sponsible for root rot in several areas of Egypt. Severe 
symptoms of Eu.pa disease have been found in old Roumi 
vineyards near M-iriut. This is the first report of this disease 
in Egypt. 

The absence of some cosmopolitan grape diseases, such 
as phylloxera, and pests is notable, and reinforces the 
view that the restriction on import of rooted vines shouldcontinue and be strictly enforced. It must be remembered 
that resistant vines are only tolerant and do support phyl-
Ioxera on their roots. 

Podera ddowny mil sas bdilapidated
Powdery and downy mildews are both prevalent in Egypt 

in the major cultivars. Powdery mildew may be the worst 
fungus overall and the latter approaches epidemic pro-
portions in Lower Egypt, affecting the lower leaves but 
not the fruit. 

Birds 

Depredation by birds at harvest time isextensive, either 
resulting in the whole berries being devoured or pecks in 
the later-ripening 'Red Roumi' resulting in heavy losses 
by mold infecting the injured fruit. In some areas in Minya. 
where vineyards are near grain storage areas, over half 
the harvest is lost. One grower has reported success iin 
warding off birds by tying strips of colored plastic tape 
-Y"wide three or four feet above every fifth vine row. 
After securing one end. the tape is then twisted and forms 
a loose spiral that gyrates continuously, even with slight 
air movement. This unique approach is inexpensive (tape 
costs $2.50 per acre) and its efficacy should be verified 
by controlled experiments, 

Insects 

Only two insects are troublesome on grapes and are 
found in all grape areas in Egypt. These are the solitary 
carpenter worm, iarojw paradoa and the wasp beetle 
Chlorophorusvarius (Coleoptera). Both are destructive 
by boring galleries into the woody cylinder, interrupting 
water transport of the trunk and arms, but never girdling 

potassium deficiency. The vines make very weak growth 
but may be productive nevertheless, though having smaller 
clusters and berries. Unfavorable soil aeration and suffo
cation of roots are suspected. On the same sites, 'Roumi 
Ahmer' shows the same symptoms to aminor degree and 
is tolerant. We have suggested that the 'Red Roumi' might 
be utilized as a rootstock for 'Thompson Seedless' on 
difficult soils. 

The second disorder is yellow leaf blotch, which first 

appears on single arms of the vine. The leaf yellowing 
pattern does not resemble any form of yellow mosaic 
virus known to us. This disease is causing concern as the 
vine dies after several years and spreads from focal spots 
in the vineyards. This malady needs immediate investi
gation. 

WINE PRODUCTION 
Recently, efforts have been made to import and utilize
 
Recntlyert ma de to i an utilemnodern winery machinery at Gianaclis. Six Vaslin roller 

presses and aportable screw press were installed in 1982;
but it is foolish to put new wine in old bottles. Old and 

cement fermentation tanks, transfer pumpsand hoses were in a poor state of repair, and buildings 

a fls r beyo nd b in The la ocd 
storage facilities for sabilizing and aging wine was evident. 
Constructing and equipping an entirely new winery from
the ground up is long overdue. Stainless steel tanks with 
temperature controls are needed for fermentation and 
storage of white wines. 

The present choice of wine varieties needs upgrading 
to include those expressly produced for hot climates, such 
as those recently patented by the University of California. 
Arrangements are being made to license these varieties 
for Egyptian use. These include 'Symphony' for white 
wine and 'Carmine.' 'Centurion.' and 'Carnelian' for red 
wine. 

As might be expected, tl-e quality of the vine is very 
poor. much of' it below the legal limits required in most 
countries. The problems stei from the use of old equip
ment. lack of proper grape varieties, poor condition and 
handling of the fruit, and long delays in processing. 

There are three principal table wines produced-red,
white, and rose. The best red wine issold under the label 
"Omar Khayam'' and the white as "Queen Nefertiti.' A 
small quantity of sweet wines and brandy are produced. 
A white pasteurized grape juice has been fairly successful. 

Wine production is a virtual government monopoly. 
Therefore it is a very profitable enterprise despite delay 
in modernization of plant and methods, since it isprotected 

the vine. Occasional outbreaks of red spider mites (7j'- from competition by high tariffs on imported wines. In
tian'vchus and allied species) need to be identified and 
controlled. 

Two vine disorders are newly recognized but tile causal 
agents have not been discovered. The first isyellow nminia-
ture leaf, affecting whole vineyards of 'Thompson Seed-
less' on heavy clay soils that have ahigh water table. The 
leaves are much reduced in size, are cupped and have 
irregular margins, with marginal coloration much like 

creasing tolerance for the moderate use of wine isevident 
in the populace and the increasing tourist demand guar
antees amuch greater outlet when higher quality and more 
widespread distribution is achieved. Entry of the private 
sector by government license in production of wine and 
other grape products would be a great stimulus. Trained 
enolo-ists and technicians must be available to plan. equip. 
and manage new wineries. 
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FUTURE RESEARCH 

Correlation of the various climatic zones with vine per-
formance is needed in particular, and the effect of tern-
perature on time of fruit maturity, and quality and sus-
ceptibility to pests and diseases should be investigated. 
Weather recording instruments should be installed in present 
or potential zones of grape culture. For example, itshould 
be possible to identify the best zone to produce sun-dried 
,natural' raisins. 

Introduction and testing of new and promising varieties 
should continue. Trial blocks in the various climatic and 
soil types should be increased in number and size. Col-
lection and study of indigenous varieties may provide 
important gene resources for breeding improved types. 

Once sufficient information becomes available on the 
merits of varieties, a breeding project should be initiated 
to produce new varieties tailored to the Egyptian needs 
for domestic and exportuse.

ddexport u.variu.s 
Improved and modern machinery to process tile fruit 

into raisins, fresh juice. wine, and vinegar is needed to 
improve product quality. More intensive investigation of 

the diseases and pests present in the grape growing areas 
is necessary. Extensive loss of crop due to bird damage 
needs immediate attention and remedies. 

Greenhouse and vineyard studies on the relation of soil 
iypes 'o root development should be made. Comparisons 
on old delta clay and desert soils and varying moisture 
and salinity regimes are needed. The reaction of different 
rootstocks should be studied as part of this experiment. 

Tests of new and promising growth regulators to improve 
fruit quality and yield should be continued. The postharcst 
treatment of the grape crop needs to be improved to mini
mize losses and maintain quality, and modernization of 
the grape processing industry is essential if products are 
to meet international quality standards. 

PUBLICATIONS 

EI-Sherif. Samir. 11983 Grapevine Bo~rcrs. the Solitary Carpenter Worm 
(Pa'otaparadota (Lepidoptera) and the Wasp Beetle (Chloroporus

Mull. (Coleoptera). Unpublished M.S.Thesis, Econonmic En
tomology. Cairo University. 

Habeeb. Hoda. (1992) Nutrient Levels in Egyptian Vineyards. Research 

Institute of Horticultural Crops. Ministry of Agriculture, Giza. 
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IMPROVED TECHNIQUES FOR THE 
EGYPTIAN NURSERY INDUSTRY 

The nursery industry in Egypt, while not large, supplies 
a keen demand for a range of ornamental plants, and has 
considerable export potential, not only for the sale of 
plant materials to other Arab countries, a trade that is 
already established, but also for the provision of plants 
to Europe. There are many obstacles however to attaining 
this goal. not least of which is the outdated nursery tech-
nology which leads to poor productivity and products of 
often dubious quality. For example, propagation of cuttings 
is usually conducted out-of-doors, in the soil, with flood 
irrigation in basins and results in high losses and cuttings 
that are non-uniform in size. Where nursery crops are 
container-grown, unamended Delta soils are used for the 
growing medium. This soil is very poorly drained when 
used in containers and results in erratic growth and loss 
of plants. Moreover such plants, with native soils, are 
unsuited for export because of weight and phytosanitary 
regulations. Since there has been little research aimed at 
solving problems of this nature in the nursery industry, a 
research program was initiated aimed at improving growing
methods for plants in containers and upgrading the quality 
of nursery stock so as to be acceptable in the export market 
as well as supplying improved quality plants for domestic 
consumption. 

One of the highest priorities was to furnish the research 
facilities with minimum equipment for a research program, 
vi:. mist propagation systems and fabric covered shade 
houses. Concurrently with developing these facilities. re-
search was begun in several areas: growing media for 
container production, plant propagation, and plant nutrition. 

ACCOMPLISHMENTS 

RESEARCH FACILITIES 
Mist systems, designed and assembled at Davis. were 

shipped to Egypt. Inexpensive shade houses were designed 
to be built, in part with materials available in Egypt. Sites 
were selected at Cairo fQubba Botanical Garden). Kom 
Ombo (north of Aswan), and Alexandria (Sabahia). Houses 
were constructed. mist systems installed, and completed 
facilities made ready for use. 

GROWING MEDIA 
Composting expernents were conducted at all three 

selected research locations in Egypt to seek possible sub-
stitutes for sphagnum peat moss which is used to a limited 
extent in Egypt as a soil amendment and which must bc 
imported from Europe at considerable expense. Sawdust 
from milling operations was tested at all locations: the 
use of sugar cane waste (bagasse) was explored at Kom 

Ombo; compost from water hyacinth (Eileornia crassipes 
(Mart.) Solms-Laub) was tested at Cairo, Alexandria and 
Davis. Results from composting were variable, especially 
with water hyacinth. Chemical analyses at Davis of samples 
of water hyacinth from Egypt indicated a wide range of 
carbon/nitrogen (C/N) ratios which may have accounted, 
at least in part, for the variability of these results. C/N 
ratios ranged from 12.3 for samples from Bahe El Bagar 
to 27.0 from the River Nile near Cairo. compared with a 
ratio of about 30 for ideal composting. The sawdust com
post appeared to be fairly good but subsequent pot tests 
with begonia indicated a nitrogen deficiency. Analysis of 
the compost material before composting and mixing with 
proper proportion of water hyacinth and sawdust should 
give better and more uniform composts. Work needs to 
be continued with composting but prospects of obtaining 
dometic supplies of organic matter to substitute for all or 
part of the imported peat moss are good. 

Sand is an important component of artificial growing 
media but the particle size distribution of the sand must 
be such that good drainage is obtained. Common builders' 
sand in the Cairo area has a fairly uniform percentage of 
coarse, medium, and fine particles out an excessive silt 
and clay fraction. Three sands were located by Dr. Abou 
Dahab. Co-team leader, with much better particle size 
distribution. The best had 62% coarse, 18% medium, and 
14% fine sand. Two had a majority of sand in the medium 
grade. one with 72% medium. 4.4% coarse and 21 7( fine 
sands, and the other with 61/ medium. 8% coarse and 
27c fine sand. All were satisfactory inthe silt/clay fraction. 
Air filled porosity and water content at field capacity needs 
to be determined on such sands to further estimate their 
suitability for container mixes. This research needs to be 
continued to find suitable sands in other areas of Egypt. 

Imported perlite as a component in growing and prop
agation media iscostly. and in view of the small, dispersed 
nature of the nursery industry in Egypt, distribution to 
growers may be difficult and expensive. Tests were begun 
on two possible substitutes, crushed brick wastes which 
are in plentiful supply, and crushed clay pottery. Samples 
of each were screened to various sizes and tested for bulk 
density, total porosity. water-holding capacity and air
filled porosity after drainage. Both materials appear to 
have promise as substitutes for perlite. For example. 
crushed brick passing a 5-mesh screen and held on a I0
mesh screen had a total porosity of 61/(, air-filled porosity 
of 40% and water holding capacity of 21 /. Material held 
on an 18 mesh screen had the same air-filled porosity of 
36%/ and a water holding capacity of 25%. Parameters 
for brick were similar. A preliminary test, involving rooting 
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chrysanthemum cuttings in these materials, indicated that 
they would be suitable substitutes for perlite. Chrvsan-
thenmm niorifoliwn cuttings were rooted in three particle 
sizes of crushed brick waste and crushed clay pot waste. 
This was a trial with a limited number of plants but it 
indicated that with the selection of the proper particle 
size, either should he suitable for use in propagation and 
growing media. Materials screened through a 5-mesh screen 
and sizes retained on a 10-. 18-. and 35-mesh screen were 
compared by rooting cuttings in the mist system at the 
Central Laboratory. The 5- 10 mesh size of both materials 
resulted in 12.5%1c unrooted cuttings, and light, medium, 
and heavy rooting totaling 87.5%4. Plants rooted slightlN 
better in the 10-mesh crushed brick. Plants in 18-mesh 
brick had 50% rooting with light roots, 12.5% with medium 
roots. and 37.5c with heavy root systems. All the cuttings 
in the 18-mesh clay pot material had heavy root systems. 
Rooting in the 35-mesh brick improved to 25% with me-
dium roots and 75% with heavy roots and decreased slightly 
inthe clay pot materials. Differences between the effects 
of these materials may have been due to differences in air 
filled porosity and water holding capacity, 

Seedlings of Begoiia x seimpeiJforens-cultorum were 
grown in various combinations of sand, composted sawdust 
and peat. Plants were not fertilized. The best growth was 
in I(W% peat followed by the peat-sawdust compost mixes. 
Poorest growth was in the sand-sawdust compost niixes 
and pure sand. Color of plants grown in sand appeared 
normal but those grown with sand-sawdust compost were 
light green to vello% suggesting nitrogen deficienc. Fer-
tilization with 10:20:10 fertilizer at the end of the exper-
iment resulted in improved leaf color. These results may 
be an indication that the composting process was not con-
plete, 

PLANT PROPAGATION 
Seeds 

Propagation trials were conducted on several tree species 
which are of potential importance in Egypt. and which 
do not propagate easily: Cassia.fistua.an important or-
namental tree in Egypt and possible source of medicinals:
Boinhax ciba L. (Svn.: Bombax malabaricimiDC.). (red 

cotton tree). Khala senegalensis €l)esr.) A. Juss. (African 
mahogany, and Tectona grandis L.F. (teak) which are 
potential timber crops for the Lake Nasser area. 

Germination of Cassiai~ru/aseeds islifticult because 

of the hard seed coat. Trials were conducted at Aswan 
(Kom Ombo) and Cairo (Quhbat using various seed treat-
ments. germination media and comparing greenhouse vs. 
outdoor conditions. Germination of seed soaked for one-
half hour in concentrated sulfuric acid and sown inthree 
media. Jilffy 7 (peat) pots. sand. and sand-peat. in inid-
Mav outdoors at Koin Onmbo was 71 .Germination in 
Jiffy 7 pots was 87(1. Seeds similarly treated and sown 
in July had onlyi 18%germination. Treatments of a hot 
water soak at 70C for one-half and I hour. concentrated 
sulfuric acid for one-half and I hour. scarification, and 
scarification and gibberellic acid (GA)treatments were 
compared to a control of 3 days soak in tap water. Seeds 

were sown out-of-doors and in the greenhouse. Media 
were sand. sand/sawdust compost. and sand/peat. The 
best germination (Cairo. September 15 sowing) was with 
the one-half hour treatment with sulfuric acid. germinated 
in the greenhouse. Mean germination for all media was 
89c with germination in sand or sand/peat of 93%. Ex
cellent germination was also obtained with scratching and 
scratching and soaking in GA and with sand medium. 
Overall germination in tie greenhouse was 35% compared 
to 131/ out-of-doors. Results on germination studies of 
Bombax ceiba. B. mnalabaricun, Khav'a sengalensis, and 
Tectona grandishave not yet been summarized. 

Cuttings 

The effects of hormone treatment (indolebutyric acid 
(IBA) and indoleacetic acid (IAA) at 500 and 1,000 ppm), 
applied as a 5-second dip. type of cutting (single vs. split 
node), rooting media (sand/peat vs. sand), and season 
(February 5. April 15. and June 15, 1981 ) on the rooting 
of Dracuicacuttings were studied at Cairo. 

There was little or no rooting in February. This was 
attributed to the fact that all media were watered exces
sively, on a time schedule rather than "as needed. " There 
were small differences between hormone treatments and 
the controls in the April rooting experiments. Rootings 
with IBA averaged 4114. and IAA 26% control at 36(/. 
Cuttings stuck in June rooted 26% for control. 15% for 
IBA. and 19% for IAA. Rooting of single nodes was 45% 
in April and 24% in June compared to 29% and 14% for 
the split node cuttings. Rooting in sand/clay in April was 
46% vs. 29 and 30(,% for sand/peat and sand respectively 
and in June. 23% vs. 7 and 164 for the sand/peat and 
sand respectively. Overall rooting in April was 36% com
pared to 26% in June. 

The best individual treatments for April and June were 
with single node cuttings. In April these were in the sand/ 
clay medium with 72(4 rooting with 1.000 ppm IBA and 
tie control, and 67/( rooting with 1.000 ppm IAA. In 
June 4414 rooting occurred with 500 ppm IAA in sand/ 
clay and for the control insand/peat. and 39%h rooting 
with 1.000 ppm IBA in the sand/clay medium.

Single (whole) node cuttings were distinctly superior 

to split-node cuttings. This may have been due to differ
ences infood reserves or to invasion of pathogens into 
tiheadditional exposed wounds of the split-node cuttings.
The reasons for the superiority of the sand/clay medium 

are not clear, since this medium was not as well drained 
as the other two media. Although rooting was good in 
individual hormone treatments, these never exceeded the 
best rootisg control treatments. Rooting inlApril was su
perior to rooting inJune. The overall results suggest that 
environmental conditions are the critical factor in the 
rooting2e of Dracuena under conditions at Cairo. 

An identical experiment on the rooting of Dielf/nhachia 
Inaculatagave very similar results except for differences 
in response to media. Rooting in February was nil. Rooting 
in April was 42, compared to 341h in June. Single node 
cuttings rooted substantially better than split-nodes: 46 
and 41'4 vs. 32 and I8(/ for April and June respectively. 
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Rooting response to media was variable. In April rooting Monstera deliciosun (Syn: Philodendron pertusum) 
was about equal in the sand/peat and sand, 46 and 47% cuttings were treated with a commercial chemical, Hor
and lowest in sand/clay, 32%. In June rooting was best 
in sand/peat, 41% and poorest in both sand, 31% and 
sand/clay, 32%. In June rooting was best in sand/peat, 
41% and poorest in both sand, 31% and sand/clay, 29%. 
There were little differences between honone and control 
treatments in April with 44 to 45% rooting except for the 
1,0(X) ppm IBA treatment with 31% rooting. In June 1,0(X) 
ppm IAA was best at 44% rooting followed by 1,000 
ppm IBA at 38%, 500 ppm IAA at 34c/. 500 ppm IBA 
at 28% and the control at 26%. The best treatments in 
April were 1.000 ppm IAA in sand/peat and 1,090 ppm 
IBA in sand and the control in sand/peat at 61 c/c. In June 
four treatments, 500 ppm IAA in sand peat. 1.000 ppm 
IBA in sand/clay and 1.000 ppm in sand rooted equally 
well (67%). These were folowed by four treatments that 
rooted at 61 c: 1.000 ppm IAA and IBA, 500 ppm IBA. 
and the control, all in sand/peat medium. These results 
also suggest that environmental control may be the limiting 
factor of rooting this species in Cairo. 

Rooting of Codiaewn variegation was investigated at 
Alexandria (Sabahia) in the spring of 1982. Cuttings 20 
cm long were taken in March, April. and May, dipped 
for 24 hours in IBA solutions of 10 to 100 ppm anJ planted 
in 1:1 peat/sand medium and kept under a polyethylene 
tunnel in a lathhouse. No cuttings formed roots without 
IBA treatments. The highest rooting percentage (all dates. 
89%). mean number of roots ( 11.3) and mean total length 
of roots (5.5 cm) were obtained by treating the cuttings 
with 20 ppm IBA. At this concentration, rooting was 93, 
75. and 100(/ for March. April. and May respectively, 
Excellent rooting was also obtained at 40 ppm in April, 
and 10 and 40 ppm in May. 

Tip cuttings, 20 cm long with 5 leaves, were taken of 
Ficus elastica 'Decora" in April. May, June and July at 
Sabahia Experiment Station. The basal 2 cm of each cutting 
was dipped for 5 seconds in IBA solution at concentrations 
of 1,000 to 8,000 ppm. Cuttings were placed in a 1:1 mix 
of peat and sand and placed under a polyethylene tunnel 
in a lath house. The highest percentage of rooting was 
with 8.000 ppm IBA in April, though rootings of 9 0(c( or 
more were also obtained at concentrations of 2.000. 4.0(X. 
and 6,000 ppm. Rooting was poor on all other dates with 
a maximum rooting of 25% at 8.000 ppm in May. Max-
imum rooting of tI e controls occurred in April and was 
47.5%. 

modin, at 1,000, 3,000, and 8,000 ppm in April and May 
1982. This product is prepared as a powder and the ends 
of the cuttings are dipped in it. The cuttings were planted 
in a 1:1 mix of peat and sand and placed under a poly
ethylene tunnel. April cuttings had 97%, rooting witl the 
1 000 ppm treatment, but this was not significantly better 
than the control. Rooting was 94% with 3,000 and 85% 
with 8,000 ppm Hormodin. Rooting in May was reducedi 
somewhat, averaging 71% for all treatments. There were 
no significant differences in the number of roots, or total 
length of roots among treatments. 

Additional cutting propagation was begun at Kom Ombo 
using AcalyVpha sp., copperleaf and Bougainvillea. These 
experiments compare the effects of hormone treatments, 
media and season of taking cuttings and are being conducted 
in the new mist propagation facilities. Results were not 
available at the time of project termination. 
CULTURAL PRACTICES. MEDIA 
AND NUTRITION 

Research was undertaken to study the nutritional needs 
of a nu.nbei of ornamental plants grown in containers. 
Some of these experiments were still in progress in the 
spring of 1983 and final data are unavailable. 

Nutrition experiments still in progress include the effects 
of N. P, and K on the growth of Monstera deliciosa and 
Ficuselastica "Decora" at Sabahia. of the effects of foliar 
fertilization on Pelargoniun hortorum using Osmocote, 
a slow-release fertilizer, on Vinca rosea at Cairo and of 
various fertilizer sources on Hydrangea Inacrol)hylla at 
Sabahia. 

PLANT INTRODUCTION 
Twenty-three different varieties ofturfgrasses are being 

grown at each location. Cairo (Qubba Palace). Alexandria 
(Montazah). and Kom Ombo. The aim is to select varieties 
which will remain green all year for gardens and play
grounds. Seeds were imported from Holland and the United 
States. Seed of Lattrus nobilis. Grecian laurel, were ima
ported from the United States and are being grown at 
Cairo. This plant is native in the Eastern Mediterranean 
but has not been grown or has been little used in Egypt. 
It has value as an inuoor plant for the European export 
market, as an ornamnental in Egypt and countries with 
similar climates, and as a plant for the spice industry since 
it provides the bay leaves of commerce. 
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CUT FLOWERS FOR EXPORT
 

Though Egypt has for some years been exporting cut 
flowers for sale in European markets, the volume of trade 
falls well short of potential. Because of its warm medi-
terranean climate, Egyp; has a significant advantage over 
competitors for increasing the volume of its export sales 
and the range of flowers offered. With the use of green-
houses and shadehouses the season for many of these 
flower crops can be extended to year-round, while main-
taining high quality. 

Current constraints to realizing this potential with e.:
isting flower crop, include both production and postharvest 
components. Maju. production improvements that would 
be neLed include weed control, pruning practices of roses, 
production of propagules for gladiolus and iris, and proper 
pretreatment of gladiolus and iris propagules before plant-
ing. Inexpensive but durable protective enclosures need 
to be constructed if flowering seasons are tc be extended. 
High quality is essential for the European export market. 
The specific causes of decreased quality after harvest need 
to be identified and optimum postharvest techniques need 
to be implemented. 

The aim of this project, which began in February, 1981, 
was to introduce the most suitable modern technology to 
improve local cultural practices, production and quality 
of the harvested crops. 

ACCOMPLISHMENTS 

ROSES 
Rose production in Egypt takes place almost entirely 

in the open field. The plants are widely spaced (60 × 80 
cms) with a density of about 8000 plants/feddan, and the 
cultivars 'Baccara', 'Queen Elizabeth', 'Mercedes', 'Visa' 
and 'Chrysler Imperial' predominate. The estimated yearly 
export is about 2 million roses with a value of over half 
a million Egyptian pounds (LE). 

Local production is characterized by either low yield 
in the winter season or by low quality in spring and summer. 
To increase the yield and improve quality in winter and 
spring during the main export season and to extend the 
period of export into early summer, experiments were 
designed to demonstrate year-round production of roses 
under plastic. The practice modifies climatic stresses and 
protects the plants from dust, avoiding the necessity for 
rinsing, with its attendant risks of spreading disease. Pro-
duction under plastic is also known to increase growth, 
resulting in taller rose plants with increased flower yields. 

Inexpensive locally produced materials were used for 
construction of these enclosures. Four experimental plastic 
houses were installed, three at the College of Agriculture, 

Ain Shams University and one at the College of Agricul
ture, University of Alexandria. Different materials were 
tested in the construction of the three houses at Ain Shams 
University. The costs of construction, supports, fasteners, 
ventilators, plastic and miscellaneous materials were 
carefully monitored so that they could be used as a basis 
for extension in the future. The total cost per feddan was 
between LE 3,300 and 4,000, depending on type of con
struction. 

Comparison Between Rose Plants Grown Under 
Plastic an6 in the Open Field 

One-year-old 'Mercedes' rose plants were planted in 
the soil on June 20, 1982. Six plots were planted in a 
plastic house (7.2 x 18 m) and six in the open. Each 
plot contained ?0 plants in two rows at a distance of 20 
cm between plants and 40 cm between rows. 

The initial results showed that production of roses was 
favored by growing in plastic houses. On March 31, 1983, 
the plants in the plastic house were taller than those in 
the field (99.9 cm vs 70.9 cm). Between February 5 and 
April 16, 1983. 120 2owers were harvested from the six 
plots under plastic, whereas only 61 flowers were harvested 
from the same number of plants in comparable plots in 
the field. 

At the Alexandria site, growth and flowering of potted 
'Mercedes' roses were compared in the plastic house and 
outdoors with comparable results to those obtained in 
Cairo. 

Effect of Fertilizer Levels on the Growth and 
Flowering of 'Mercedes' Roses Grown Under Plastic 

One-year-old field budded 'Mercedes' roses were planted 
in the soil in a plastic house at Ain Shams University on 
February 16, 1982. Each plot contained 20 plants in two 
rows spaced 20 cm between plants and 40 cm between 
rows. There were three fertilizer treatments, each repeated 
four times: (I) 225 kg of ammonium nitrate, 150 kg of 
calcium superphosphate and 50 kg of potassium sulphate 
per feddan: (2) twice the amount of treatment I; and (3) 
three times the amount of treatment I .The fertilizers were 
addeOI as three side dressings starting June 24, until Sep
tember 7, 1982. The plants were pruned to 70 cm on 
October 7, 1982. Fertilizer applications were resumed 
between November and January and March and May, 
1983. Fertilizer levels did not significantly affect height 
of plants grown under plastic and stem heights ranged 
between 92.3 and 95.8 cm. irrespective of treatment. At 
that time, plant heights and weights were affected more 
by the plastic cover than by nutrient levels. The data for 
flowers harvested by November 30, 1982, 54 days after 
pruning. indicated that the higher the nutrient level, the 
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larger the number of flowers produced (5.8, 7.4 and 8.4 growth and production in locally produced clay pots and
for the lc'.., medium and high levels, respectively). These different sizes of plastic containers. The containers used
experiments are continuing and results will be analyzed were standard 30 cm clay pots or small and large plastic
on completion. pots, which each held, iespectively. 8.9 kg, 17.7 kg and 

44.3 kg of loamy soil. An additional treatment with plantsMihading Potted Rose Plants to Improve Stemgrwinaslbewsicud.
Quality 

High light intensities are known to produce plants with 
shorter, thicker stems. Therefore, an experiment was run 
at Ain Shams to determine the optimal level of radiant 
energy to produce longer stems. On February 20, 1982, 
I-year-old field-budded 'Mercedes' roses were trans-
planted. I plant per pot. to 30 cm clay pots containing a 
loamy soil as growing medium. Each plant was pruned 
to three shoots before transplanting. 

On May 19, 1982 the potted plants were placed under 
four conditions for comparison. Two were placed under 
wooden frames (260 x 200 cm, and 175 cm high) covered 
with cheese cloth which provided 74% light to the plants 
(Treatment !, or plastic sheets which allowed 60% light 
to penetrate (T, eatment 2). Other plants were placed in a
plastic house which allowed 75% light to penetrate (Treat-
ment 3). The control plants (Treatment 4) were not covered, 
Each treatment plot consisted of 7 or 9 plants. and the 
treatment. were repli "ated four times. 

As expected. shading resulted in taller plants than when 
plants were grown in full sun. The average heights per
plant on September 6. 1982 were 78.4. 70.8. 69.5 and 
61.3 cm for the plants grown under cheese cloth, plastic
sheets, in the plastic house and in full sun, respectively, 
The height of stems on plants grown in the plastic house 
was thus 30% greater than those grown under full sun. 
The stems were also significantly taller on these plants
compared with those grown under cheese cloth or plastic
sheets. The fresh \%eights of the vegetative growth removed 
by pruning plants to a level of 50 cm on October 10. 1982 
were 158.4. 133.8. 146.6 and 124.0 gin. The mean num-
bers of flowers harvested from October 26. 1982 until 
February 19. 1983. per plant under four light conditions 
were 6.50. 4.28. 4.84 and 4.93. respectively, 

Effect of Deshooting on the Flowering and Growth 
of Rose Plants Under Plastic 

In another experiment begun December 1981 with three-
year-old rose plants on a private farm. the deshooting of 
plants was tested as a means of controlling the timing of 
the flower development. The results showed that deshooting 
for 4 to 6 weeks delayed the time of flowering for the 
same time. However. deshooting did not clearly affect 
the number of bottom breaks and flower yield as expected.
This experiment will be repeated under more controlled 
conditions at Ain Shams University. 

Comparison between Plastic and Clay Containers 
for Roses 

Clay poJts are most frequently used for plant production.
but there is growing interest in plastic containers because 
they are less subject to breakage. The purpose cf the 
following experiment was to compare the effects on rose 

grown in a soil bed was included.One-year old 'Mercedes' roses Awere planted in containers 

on February 20. 1982 in a plastic house. Five to nine 
plants were used per treatment plot and treatments were 
replicated four times. On October 14, 1982, the plants 
were pruned to a height of 50 cm. Between November 1, 
1982 and February 19. 1983 the mean number of flowers 
cut per plant was 3.4, 5.2. 7.8 and 7.8 for the plants 
grown in 30 cm clay pots. small plastic containers, large
plastic containers and in the soil, respectively. The initial 
results indicated that the larger the pot, the greater the 
vegetative growth and the greater the production of high 
quality flowers. 
Introduction of Several Virus-indexed Rose 
Rootstocks 

As part of the plant improvement program, four virus
indexed rose rootstocks were brought from the University 
of California. Davis: Posamanetti, Rosa multiflora, Rosa 
odorata, and Rosa indica. They were planted at the Ain 
Shams site together with the local r- )tstock, Rosa canina 
and were pruned on February 20. 1982. Since there were 
only 2 to 8 plants of each rootstock, budding has been 
delayed until sufficient plants can be increased to permit
experimentaticn. The nursery now contains 253 plants of 
Rosa odor:ta, 110 of Rosa 'anina, 69 of Rosa multiflora, 
31 plants of Rosa maneti and 240 plants of Rosa indica. 

Handling of Cut Flowers 
The rates of development and senescence of cut flowers 

are known to be greatly affected by temperature and water 
stress. Desiccation of cut flowers, especially roses, causes 
the -'bent neck" disorder which renders the rose unmar
ketable. In addition, the quality of water has dramatic 
effects on the vase-life of cut flowers. Since local practices 
in haiidling cut flowers do not usually take into consideration these important factors, losses due to handling 
were assessed. Pie major causes of loss in this postharvest
study were identified as: 

a. the effect of field heat on the freshly cut flowers; 
b. the methods of transportation: 
c. storage and transit temperatures; 
d. the use of tap water. 
The following experiments were designed to determine 

the benefits of holding flowers at low temperatures im
mediately after harvest and during transportation. packing
and in storage. The effects of water quality. "pulsing" 

with sucrose, and addition of preservatives to the vases 
were a!so studied. 

"Mercedes" roses were harvested at a farm 25 km north 
of Cairo. and transported to Ain Shams University. Suitable 
boxes made of plastic foami t5 cm in thickness) were used 
to transport the roses from the field to the laboratory.
Plastic bags with ice cubes or ice packs were placed in 
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the boxes to keep the transportation temperature at 8-
10'C. There were five to ten cut flowers per treatment, 
and treatments were replicated four times. Each cut flover 
was placed in an individual vase with a narrow mouth. 
The effect of temperature during transportation and handling 
were compared at 8-10'C and at room temprature. 

The vase-life of the roses significantly increased the 
longer the flowers were kept at 8-10°C after cutting and 
during transportation. Exposing the cut flowers to ambient 
temperature during transportation for any length of time 
drastically shortened the vase-life of roses from 13 to 8 
days. 

A second experiment confirmed the results of the pre-
vious one and showed, furthermore, that when the flowers 
were stored for 48 hours at 4-6°C after transportation at 
8-10'C their vase-life was increased even more. Adding 
3%sucrose to the vase before storage at either temperature 
led to extended storage life. 

The effect of temperature and water stress on longevity 
and quality were also tested. Exposing die flowers to the 
normal May temperature during the one-hour transit period 
resulted in only 10%l(of the flowers exhibiting bent neck 
if they were held in distilled water. The mean percentage 
of bent neck increased to 62.5 if the flowers were left dry 
for 6 hours before placing in water. Storage in cold tap 
water resulted in 50c of flowers with bent neck. Thus 
distilled water, free of nicroorganisms and salts, was 
shown to be very valuable for prolonged storage and 
transportation of roses. 

In a final experiment, the effects of suct,.e, fungicides 
and low pH were compared. The resuits showed that 2% 
sucrose and 250 ppm 8-HQC eliminated the occurrence 
of bent neck in cut flowers, but 25% of the flowers held 
in sucrose alone or in 300 ppm citric acid had bent neck. 

GLADIOLUS 
Production 

Gladiolus isconsidered one of the most important cut 
flowers for export from Egypt. It isplanted on more than 
500 feddans and about 5 million spikes are exported each 
year. Flowering size gladiolus corms are usually imported 
yearly from Holland. but as a result of unfavorable storage 
and shipping conditions. the corms perform poorly and 

therfprcntaelowein isofen eryIt\\' Iporin
their percentage of flowering! isoften v-ery low. lImporting 
small corms ismore appropriate as they are less sensitive 
to handling and are cheaper. Thle\, are .planted onl arrivalftegonde eas. d iand, after one growing season. produce flowering size 
corms 1/ or . If' the rest period of these flowering 
size corms could be broken by chemicals or cold storage 
they could be planted in October or November and. con-
ceival.experiments 
during the export season. Indeed. it is likely that small 
corniel: can be produced locally. With such a program. 
coi; 1,led with optimal cultural conditions, strict pest control 
measures and proper storage conditions, it ispossible that 
Egypt could become self sufficient in cornm production. 

Handling of Cut Flowers 
Besides the losses due to field heat and high temperature 

during transportation and storage it isknown that gladioli 

curve upward at the tip when they are packed in ahorizontal 
position. The importance of water temperature, position 
of packing and additives to the water in the vase were 
assessed in a series of sirilated transit experiments. 

Inone experiment, performed at Ain Shams University 
in March 1981, 'Eurovision' gladioli were stored either 
dry or in water for 24 or 48 hours in the horizontal or 
vertical position. Plastic boxes 55 x 55 x 110 cm tall 
made of 5 cm thick styrofoam were used to transport the 
gladiolus spikes in the vertical position. Boxes were iced 
to remove field heat. 

When the spikes were held in the horizontal position, 
the upper portion started to bend after four hours. The 
angle of bending was 23' after 24 hours and 610 after 48 
hours. In contrast, spikes kept in the upright position did 
not bend. Storage of the spikes for 24 hours with their 
bases in water resulted in longer vase-life than after a24
hour dry storage period. 

Two experiments were carried out at Ain Shams Uni
versity to test the effect of low temperature storage and 
addition of sucrose to the vase water. The first, was begun 
March 16, and the second on May 25, 1981. 'Eurovision' 
gladiolus spikes were harvested when their basal florets 
started to show color. The results showed that those cut 
on March 16 had longer vase lives than those harvested 
in May. Regardless of harvest date, low temperature during 
transportation and storage oi .he cut flowers resulted in 
1.?nger vase-life than storage at ambient temperature. Cold 
storage treatment up to 8 days delayed the opening of the 
florets and kept them at a stage suitable for export. Pulsing 
the flowers by adding 20% sucrose solution to the vases 
for 24 hours before the cold storage period prolonged the 
vase-life of gladiolus flowers. Thus. addition of sucrose 
to the shipping container and holding at low temperature 

could be used as a means of extending the life of cut 
flowers during the transit period. 

BIRD-OF-PARADISE 
Bird-of-Paradise (Strelitzia reginae) is a cut flower 

known all over the world for its unusual form and ex
traordinary keeping quality. The plants grow very well in 
Egypt in the open field. The estimated export in 1981 was 
about 100,000 inflorescences, and the area planted with 
this species can easily be expanded for export purposes. 

th pcie an paded for eo proses. 
Since the practice of hland pollination for seed production
of bird-of-paradise started in Egypt 30 years ago therehas been no further improvement program in production 
or shipping technologies. Many variations in plant type 
occur in the local population. The following survey and 

p p y 
were undertaken with the aim of improving 

Vegetative and Flowering Characteristics 

A survey was initiated ir April 1981 to characterize 
the vegetative and flowering characteristic of 30 three
year old plants at Alexandria and in September 1981. on 
57 plants at Ain Shams. The purpose was to characterize 
groups or strains by recording the length and width of the 
blades of mature leaves. the length of the petioles. the 
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length of the flowering spike, spike Jiameter and the life ready for transfer to Egypt for development under Egyptian 
of the inflorescence on the plant. conditions. The purpose of this study was to germinate 

Three groups of plants (short, medium, and tall) were and grow a sample of seeds from a high-yielding UC 
identified. The lengths of the leaf petioles among the three Davis population of Gerberajamesonii in order to deter
types were different but those of the leaf blades were mine suitable conditions and growing media, and to select 
abot the same. The number of inflorescences per plant plants of commercial value. The seeds were sown on 
harvested during the 1981-1982 season averaged 7.5 per 
plant with a maximum of 15 per plant. Additional tests 
of production and, particularly, quality of the flowers will 
be made. 

Ten plants from the medium sized group at Ain Shams 
were used to follow the rate of vegetative growth (number 
of leaves and "fans") which was recorded monthly. While 
there was agradual increase in leaf production with time, 
two periods of rapid leaf production activity were identified: 
April to June and August to October. Almost the same 
pattern of growth occurred 'vith the division (fan) for-
mation. 

There are plans for two experiments in 1983 to study 
the nutrition and water requirements of newly divided 
bird-of-paradise plants. 

The mature seeds of bird-of-paradise are known for 
their slow germination. An experiment was designed to 
find the most effective conditions for faster and more 
reliable germination. Freshly harvested local seeds (col-
lected in May, 1982 after hand pollination at Ain Shams 
University), and stored seeds from California were used. 
Four growing media were tested: sand and silt ( 1:1 ). sand, 
silt aiid peat moss (1:1:1 ), sand, silt and manure (0:1:1), 
and peat moss alone. The containers were either clay pots 
(25 cms) or plastic propagation flats (35 x 50 cms). Prior 
to planting, the seeds were immersed in hot water (60'C) 
for 30 minutes. 10% sulphuric acid for 10 minutes, or 
gibberellic acid (500 ppm) for 48 hours. The planting 
dates were July 10, August I,September 5and November 
4, 1982. The treatments were replicated three times with 
each plot consisting of 10 seeds. The seeded pots and 
flats were placed in a lath house. 

The results showed clearly that freshly harvested seeds 
were more viable than stored ones. Up to 90% of the 
former germinated whereas no more than 50% of stored 
seeds germinated. 

Treating the freshly harvested seeds with sulphuric acid 
for 10 minutes and planting in a mixture of silt, sand and 
peat moss in clay pots resulted in the most rapid and 
highest germination percentage (90%): a treatment of 75 
days in gibberellic acid treatment resulted in 80% ger-
muination in the same period. In contrast, in the second 
planting (August I ) these perentages were as low as 
13.33 and 16.7 after 125 days from seeding. These results 
are consistent with the established information that aging 
of seeds results in loss of viability, which is hastened by 
storage at high temperature and high humidity. 
GERBERA 

Gerbera is a potentially valuable local and export crop 
in Egypt. A relatively new crop in the U.S., it is now 

September 15, 1981 in 1)Petri dishes, 2) sand, 3) sand 
and peat moss (1: 1), and 4) sand and silt (1: 1). The ger
mination percentage of gerbera seeds in sand was higher 
than in aav of tile other media. Fifteen plants were selected 
and were transplanted to soil on August 22, 1982, and 
are growing under plastic. Vegetative and flowering data 
are being recorded for each plant and those judged to be 
of commercial value will be selected for propagation and 
large scale testing. 

TUBEROSE
 
Tuberose (Polianthes tuberosa) plants grow and multiply 

readily in Egypt, normally producing flowers in the sum
mer. The estimated export for 1981 was 100,000 spikes. 
Delaying flowering to match amore lucrative export season 
would be of great advantage. Preliminary experiments 
were undertaken at Alexandria University to alter flowering 
time, including tests with growth retardants (Embark and 
maleic hydrazide), alteration of the fertilizer regime, 
comparison of corn size, pinching and light treatments. 
The results are promising, but require confirmation. 

FUTURE WORK 
The aim of this project has been to introduce the most 

suitable modern technology for the improvement of local 
cultural practice, quality, timing and productivity of the 
major cut flower crops for export. 

Trials and experiments to achieve the anticipated goals 
are long-term endeavors and need more time, especially 
with such plants as roses, bird-of-paradise and gladiolus. 

Roses: The rose plants grown under plastic are now 
less than one and half years old, and will reach their peak 
of production at 3 to 5years of age. Experiments concerning 
pruning and nutrition should continue for at least 2 to 3 
years. Testing of the new rootstocks must continue more 
than 3years and studies of plant spacing and media com
position started in 1983 need to be continued. 

Gladiolus: Two more years of experimentation are 
needed for the program to produce flowering size gladiolus 
corms locally: this includes seeking optimal cultural prac
tices and achieving weed and pest control. 

Handlingof cutflowers for export: While the losses 
in handling the rose and gladiolus cut flowers were iden
tified and the means for the elimination were recommended, 
another season of trials is needed to assess losses of all 
commodities during the export season. 

Bird-of-Paradise: Identification and multiplication of 
high yielding superior cultivars require at least two more 
years. The survey which began two years ago has indicated 
the great potential of the bird-of-paradise flowers for export. 
Work over several more seasons is needed to confirm the 
results of the preliminary experiments on seed treatments, 
media, containers and seed germination. 
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Tuberose: In preliminary experiments, delaying the 
normal summer flowering season of tuberose to a time 
when higher export prices can be obtained in the fall was 
achieved by delaying the planting date, preplanting cold 
storage. and by ,ro,. th retardants and pinching. Since 
these experiments were with potted plants, at least two 
seasons of field tests are needed with the best of these 
treatments to achieve improvement of flower quality for 
export purposes. 

Gerbera: Two more seasons are needed to assess the 
quality of selected gerbera plants with special reference 
to commercial value and high yield under Egyptian con
ditions. Tests on multiplication of flowers by tissue culture 
of the selected cultivars have been planned for the next 
two seasons. 
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NEW ORNAMENTAL PLANTS
 

A main objective of this project was to introduce and test 
new species ofornamental plants that could be propagated 
and grown commercially in Egypt. The ultimate purpose 
was to improve cut flower production suited to development 
of a significant export trade, not only with current clients, 
ti- Arabic countries and the Eastern block, but also with 
the highly demanding European market. Towards this end, 
a number of species not previously planted extensively in 
Egypt were introduced and studied experimentally in sev-
eral locations in order to establish the most appropriate 
cultural practices under Egyptian environmental conditions. 

ACCOMPLISHMENTS 

CHRYSANTHEMUM PRODUCTION 
Chrvsantheiuianmoriftiumit is a species that is easily 

propagated and for which the time of flowering can be 
easily manipulated by selecting appropriate temperature 
conditions, adjusting the duration of light exposure, and 
varying the time and location of planting. Thus. conceiv-
ably. chyrsanthemums could be grown commercially over 
an extended period of time for use in Egypt and for export 
trade. 

In an initial experiment, rooted cuttings of 24 cultivars 
of chrysanthemum were brought from the United States 
in July, 1981 and planted at weekly intervals at the Sabahia 
station at Alexandria and at Giza. Cairo. Experiments 
were designed to determine when chrysanthemums would 
flower naturally under the environmental conditions of 
Alexandria and Cairo. Subsequent experiments would 
concern the effects of artificially extending day length. 
However, because of the limitations of electricity in rural 
areas it seemed most feasible to grow chrysanthemums 
under natural conditions. In the first studies, plants were 
grown in pots in a mixture of half sand and half' peatmoss, 

which was known to be a good medium for chrysanthe-
taums. While these plants received a standard commercial 
fertilizer treatment, an experiment was conducted to de- 
ternine the optimum level of nitrogen required for pro- dtineheoptmuof levelaVerdrvquiredsfno1982. 
duction of' anlVerdova' chrsanthemums. 

Plants flowered in October. November and December 
and the quality Was judged to be good f'or most of thle
cultivars. 'Flamenco.' 'Forty Niner' and 'Deep Telstar' 
cultivars proved to be especially adapted for early flowering 
whereas 'Ice Cap.' 'Ice Flo' and 'Elegance' were judged 
to have potential for late production. The latter flowered 
17 days later in Alexandria than in Cairo. Table I shows 
differences in time to flowering of 24 cultivars tested in 
Cairo and Alexandria. 

The same cultivars were studied in the 1982 season but 
four others that are popular in Holland and Europe were 
included in the tests. They were selected for testing fol-

lowing a valuable visit to European markets by the project 
co-team leaders. The trip to Holland was fruitful in re
vealing the preferences of the European market and how 
flowers are graded and packaged to sell at auction, the 
only commercial outlet. The four Dutch cultivars, 'Horim,' 
'Refour,' 'Spider,' and 'Westland' were found to be suitable 
for the Egyptian climate and initial growings were suc
cessful. The plants were again grown from imported rooted 
cuttings planted in July, 1982. 

The second year's investigation on flowering time cor
roborated the results obtained in 1981. The time of flow
ering was about the same for all cultivars as in the 1981 
season. The most uniform, highly productive, and highest 
quality cultivars. 'Flamenco,' 'Forty Niner,' 'Corsair' and 
'Beauregard.' were selected during the 1982 growing sea
son and experiments were conducted in :.,,il beds at Cairo 
University. The plants were fertilized and water was sup
plied by furrow irrigation. The height of most of the cul
tivars was found to be adequate for commercial use. Plants 
at Sabahia were very tall and of good quality because 
temperatures are lower there than in Cairo. The quality 
of flowers produced in Cairo was adequate. 

The value of supplemental lighting to regul :c the time 
of flowering is well established in the '"eratuae. As part 
of the technology transfer it was dL,, 2_d to introduce 
artificial lighting procedures to evaluate the use of sup
plemental lighting for extending the growing season for 
export crops. In principle, by shortening or lengthening 
the duration of the exposure to ligh' 'owering in ceitain 
plant species is either inb'ited or promoted. Chrysan
themum. a 'short day pla.,t,' will remain vegetative if 
exposed to an extended photoperiod as might be provided 
by fluorescent light: in contrast, if the daylength is short
ened by covering the plants with black cloth to eliminate
external iht flowering maybe accelerated. 

In 1981, some plants grown in Cairo received supple
mental lighting. Flowering was delayed for about Six weeks 

n a d 
so that they were harvested in February and March ofHowever. the quality of' flowers was inferior because 
the lighting was accidentally interrupted by roaming an
imals. There was an indication, however, that lighting to 
deaflwrnWodwrkthuhuterivsgtos
delay flowering would work, though further investigations 
would be necessary. In 1982, a large number of plants 
(50,000) of the four Dutch cultivars was purchased for 
testing in Egypt by Abdul Bari. a commercial grower. 
These plants were provided with additional lighting in the 
Delta region in order to delay flowering amid thereby pennit 
desirable elongation. Unlortunately. there was a power 
failure and most of the plants flowered on short stems: 
nevertheless some of them were saleable and many of the 
flowers were shipped to the USSR as a trial to study 
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Table 1. Number of Days from Planting to Flowering (Full Bloom) of
 
Chrysanthemum Cultivars Grown at Two Locations (1981)
 

Cultivar 

Northern Lights 

Yellow Divinity 

Yellow Galaxy 

Deep Telestar 

Ice Cap 

Illini Goldray 

Flamenco 

Caravelle 

Forty Niner 

Divinity 

Beauregard Supreme 

Iceflo 

Goldflo 

Christmas Star 

Golden Elegance 

Elegance 

Tan Vedova 


Gold Cap 


Corsair 


Galaxy 


Peter John (Pink) 


Peter John (Bronze) 


Peter john (White) 


Peter John (Yellow) 


consumer acceptance. All flowers that arrived 

Cairo 
1 Aug. 1981 

133 

121 

131 

101 

143 

103 

86 

107 

98 

109 

96 

130 

131 

143 

150 

150 

-


143 

10 


i30 


103 

107 

103 

102 

in good 
condition were sold. 

To assess the effects of temperature on the flowering 
of the Dutch cultivars, trials were conducted at Cairo 
University and at Sabahia, near Alexandria. Temperatures 
at the latter location are considerably lower than in Cairo, 
and though flowering occuired from one to three weeks 
later than in Cairo as a consequence, the quality of the 
flowers was superior. Thus a spread in the dates of flowering 
can be obtained, not only by growing appropriate cultivars, 
but also by selecting warm and cool locations for pro-
duction. Perhaps the early crops should be grown near 
Alexandria and the mid-winter crops should be grown 
near Cairo. Only further experimentation will provide the 
answer. 

- Planting Dates -
Cairo Alexandria 

8 Aug. 1981 6 Aug. 1981 

128 132 

101 115 

123 119 

93 101 

143 135 

99 11I 

80 88 

97 112 

93 94 

101 108 

99 103 

122 133 

123 129 

135 135 

150 167 

150 167 

115 112 

143 140 

123 128 

123 119 

- -

- -

- 112 

- 112 

Up-to-date techrlology for growing chrysanthemums 
has now been transferred to Egypt. Production of high 
quality flkwers at times to match the market demand has 
been demonstrated. Extension of information to commercial 
growers is now possible with training of advisors being 
planned by Dr. Abou Dahab and his staff. A pamphlet in 
Arabic on chrysanthemum production based on ADS ex
periments has been prepared and widely distributed. 
PRODUCTION OF OTHER SPECIES 

Several other species of ornamental plants were tested 
at a number of locations in Egypt to assess their potential 
for commercial production. 

Chrysanthemnunfrutescens:The 'Marguerite' daisy is 
a plant in which flowering is promoted by long days which 
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not be available for 3 or 4 more years. The fronds are 
harvested only after plants are about 6 years old when 
they are grown under ideal conditions. 

Matthiola inicana (Stocks) were sown in August and 
September of 1981 and 1982 and furrows irrigated. They 

. were sown densely to increase the number of doubles 
(increased number of petals on each Ilower) which are 

-0,,more vigorous than singles and also to reduce the weight 
of the stems. Plants flowered in January and February
with excellent quality. Those plants which were densely 

, ,. planted had thin stems adequate for shipping. The heavier 
stemmed plants could be sold locally.

" .. lMolucella laevis (Bells of Ireland) seeds were sown in 
the field in August, 1982 at Cairo University for winter

S-lowering. Plants flowered January through March and 
".>thequality was excellent. Thus they may be suitable for 
- export. but they would have to be treated with glycerine 

to preserve them. The stems should be disbudded and 
then placed in a mixture of' I part glycerine to 2 parts 
water for at least 24 hours. Flowers cai, be sold locally
without the glycerine treatment. 

Antirrhinum majts (Snapdragon) seedlings were 
transplanted in September 1982 in rows fr turrow in'igation 
at Cairo University. The plants flowered in the winter 
(January and February). Quality as indicated by height
and uniformity of flowering spikes observed in February 
was excellent. These are ol' commercial quality suitable 
for the local market, but for export they would have to 
be treated with silver thiosulfate to delay abscission (flower 
drop). In addition. they would have to be shipped in an 
upright position to prevent spike curvature. 

Freesia ivbrida (Freesias) was grown to determineThe New Ornamental Crops Project has concentrated on potential yield and productivity of llowers and of corms.
dlevelping high quality clrsanthemums for export markets. Corms were planted several times during August and Sep-
New cultivars are shown undergoing trials ill one of the tember to observe time of flowering in the spring. These 
projects shade houses. I'hw,: Na,lirthm experiments were conducted by )r. M. Monsour at Al 

Azhar University. Those grown in partial shade had longer
could be provided by supplemental lighting. Plants were stems and better quality than1 those grown full sun.ill 
grown in soil beds and flood in'icated. Incandescent lamps A screen house of 10 x 20 meters was planned in the 
were placed over some plants but not over tie controls. U.S. and was erected by the Egyptian collaborators in 
The lighted plants flowered about a m11on1th earlier and the summer of' 1982. These houses at Cairo University.
produced about 3011/ more flowers than the unlighted plants. Quba Palace and Ain Shams University are to grow flowers

Chamaedorea elegans: ThoughIi growing wild on tie and nursery crops,that cannot witlistanId full sun in summer. 
Caribbean coast of Mexico. transport costs to the market The shade houses were also fitted with intermittent mist
in Europe are much higher than for plants grown in Egypt. henches to enable propagation by cuttings of* species to 
This stt,! ,was to determine if C(/MIWdORW'a could be be grown in the future. 
grown for cut f'oliage for export to tile European market, 
('hmau'dorva 'ea'gtns,C. constricla (. cr.ump'ns, and IL'IlI.ICATIONS 
C. sci it-ii tested at Komwere Onibo. Snmall transplalnts .\bottuI)ah. A.M. 1I1982) Natural Season ('Ih\ rathile mu in Cu ure Under 
of (Iuanwcdorea eh'gans were planted Under two liiht IHigvflian ('nmtittion.
intensities provided by 13onibax and KIiava trees. The ,\htt I)alth. A.M. and A.M. Kofiramiek. 19831 Naural Season IPoipolt
former is deciduous and liight under IEgyptian Cotditions.di flu ses thIioughIi readily in (hyrsantiemlunt Cultivars ii iVo .o'aliO1n 
the winter. whereas tileKhaya tree is evergreen and allows K MIrIiehltlltttssl'ranek.nitnm itlu'Jne195Ii te Srayv ShtaptN. Ale.ting e hf I'ont*iCItn ('hry-Natural SeaIMutt Ihmin .Ial Ito'itn lh'unless light to penetrate. Two levels of nitrocen were applied125:17172. 

g.t 

ii each treatment. I0granis and 20 grais of' N/s Moltntour. I. M. Abou I) 1931 )cl IofI . NI/ and A. ahlI I N)I 1t rettii'l anming 
quarteri.This plant grows slowly and results will probably I)ates on (Otth. I. menitg atd Cormtorltllit llof Freesias. 
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AROMATIC AND MEDICINAL 
PLANT PRODUCTION 

Production and export of aromatic and medicinal plants 
is a traditional industry in Egypt with foreign exchange 
e::rnings in the order of $30 million annually. Increased 
yields of these crops can make Egypt less reliant on imports 
of medicinal plants and offer good prospects ofexpanding 
exports of aromatic products. This project has aimed at 
improving the productivity and quality of existing aromaticcrops as well as exploring the teasibility for introduction 
of new crops. 

ACCOMPLISHMENTS 


SURVEY OF THE EGYPTIAN AROMATIC AND 
MEDICINAL PLANT INDUSTRY 

Throughout the period of the activity, the UC collaborator 
spent substantial time assessing the significance of the 

numerous problems facing Egyptian herb and spice pro-

ducers. This was difficult because of the fragmented nature 
of the industry, the scattered distribution of international 
literature, and the unavailability of reliable data on pro-
duction and prices, 

Oil Crops 

The major probielin are those associated with rose ge-
ranium production. While the local scientists considered 
that the substantial reduction in acreage (Fig. I) and pro-
duction since 1979 was disease related, it was subsequently 
revealed that a more important factor was the world price 
for geranium til. which had been depressed by major 
quantities reaching the international market from China. 
Nevertheless, it appeared likely that there were several 
horticultural factors reducing the productivity of this crop. 
and hence its profitability. 

Other problems considered important in the production 
and marketing of oil crops included the high cost of labor 
for harvesting crops such as jasmine. rose and violet flow-

ers. and the need for substantial organic chemistry expertise 
in developing a separatory and synthetic capability using 
Egyptian raw materials. 

Culinary Herbs 
Egypt is an important world supplier of dried culinary 

herbs and oleorantTabldshows the orts inaryUersan oleoresins, "Fablui hste imports into the 
nUSA of certain culinary herbs, the proportion originatinginEgypt, the prices for the Egyptian herb and the average 

price paid in that year. The table makes several important 
points. There is a large market for certain culinary herbs 

in the US, and while Egypt is a major supplier of some 
of them, others which could be readily grown in Egypt 

such as oregano, thyme (574 tonnes imported in 1977), 

rosemary (238 tonnes) and sage (1393 tonnes) are not 

imported from Egypt in significant quantity. 

Prices for Egyptian products generally tend to be low, 
usually considerably less than the average world price. 
Poor quality in the finished product is the root cause of 
these low prices and as a result Egypt shares a small 
portion of the world market in herbs. Quality is a critical 
factor for purveyors of herbs and spices; they set strict 

standards for unifornity. essential oil content, and absence 
of adulterants and contaminating material. Several industry 
sources commented on the high incidence of foreign ma
terials (other plant parts, insects, fecal matter) in Egyptian 
herbs and the variability in their quality (dry matter content, 
size, color, oil content, oil quality'). 

Clearly, research on the culinary herbs should emphasize 
means of improving the uniformity and quality of Egyptian 
herbs and introduction of important commercial herbs. 
Improving postharvest procedures, introduction of new 
species such as oregano and tarragon, as well as improved 
cultivars of the present major culinary herbs, therefore, 
were chosen for primary research. 

Table I. Imports of certain culinary I erbs into the U.S.A. 

Herb (Year) Total Iniports Front Egypt Egypt Price Average Price 
(Tnnes) (Thanes) ($1kg) ($/kg) 

Mint (76) 34 7 1.04 4.03 

Marjoram (77) 408 236 1.28 1.27 

Bay Ivs (77) 369 10 .58 1.28 

Basil (77) 376 120 .89 1.12 

Oregano (77) 2580 0 - - - 1.42 
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Medicinal Plants Research results seldom reach publication and are often 
Although there has always been a steady production in 

Egypt of medicinal plants such as Datuni and Digitalis. 
there did not appear to be any justification for tile wide-
spread optimism among Egyptian scientists that this imlight 
be a growth area for horticulture. Dr. Marilyn Burbage, 
head of the Tropical Products Institute's (London) group 
studying the production and marketing of such plants, 
noted that a number of factors would be major obstacles 
in the development of a major industry based on medicinal 
plants: the total market for these materials is rather limited 
so that potential returns for a new medicinal plant would 
be small relative to major food and even aronmatic horti-
cultural crops, the users of existing medicinal plants already
have established sources of supply (sonic ofthemn Egyptian) 


and would be unlikely to change to a new supplier because 
of the likelihood of the need for changed extraction and 
purification procedures: and the development of new drugs 
(as distinct fron the identification of plants with medicinal 
components) requires considerable resources and is an 
activity well outside the scope of the ADS project. 

Herbal Tea 

One potentially important growth area among the ar-omatic and medicinal plant crops is thle increased use of 

herbal teas in Western countries. Egypt is an important 
supplier of chamomile (Matricariachamomile), largely 
to West Germany, where the Egyptian product f'etches a
high price because itisharvested by hand and contains 

little contaminating stem and leaf material. A major prob-
lem with this crop (for the researcher as well as the industi') 
is the enormous labor cost for hand harvest. Among other 
potential materials for herbal teas is the Kakadi or Roselle, 
whose brilliant red sepals are collected and dried to make a 	re resh ng old
r h tdrnk ,because 
a refreshing cold or hot drink. 

Pigment Plants 

Egypti: workers n the area of aromtic and medicinal 
plants frequently expressed the opinion that the trend away 
from artificial materials in processed foodstuffs would 
generate a substantial demand for natural pigments. They 
felt that there was a najor need for examination of a range 
of cultivars of' plants such as T'rgc'tcs which might be a 
potential conmercial source of carotene for use as a f2.coloring. 

EVALUATION OF RESEARCH CAPACITY 

The well-established trade in culinary herbs, aromatic 
oils and medicinal plants in Egypt issupported by a research 
base in the universities and Ministry of' Agriculture Hor-
ticulture Stations where horticulturists usually specialize 
in the broad group of' floricultural, nursery. medical and 
aromatic plants. Visits to mjior university departments 
and research stations revealed them to be staffed. for the 
most part, by dedicated and enthusiastic researchers han-
pered by inadequate training and lack of esential facilities. 
Communication among the different research groups ap-
peared to be poor, and particularly so between members 
of the Ministry of Agriculture and staff at universities. 

available only in the form of theses at the universities.
 
There seemed to be little evidence of feedback from
 

industry to tile
researchers (or extension of research findings 
to the industry), a particularly difficult problen because 
of the substantial involvement of private enterprise in the 
essential oil industry. It was also apparent that in many 
cases the more senior researchers frequently lacked direct 
contact with the experiments in progress. In general, the 
scientists in this activity were rather isolated from the 
small group of scientists in other countries working on 
these crops. 

The research being carried out at the various stations 
and universities was devoted largely to studying the effects 
of various fertilizers (macro and/or micronutrients) or of 
different growth regulators (especially gibberellins and
 
cytokinins) on growth, yield, oil quality, and other pa
rameters of the crop Under study. Rarely were the major 
problems stumarized above directly addressed, and fre
quently the research studies were being conducted oil crops 
of minor importance, oil problems of rather local signif
icance or of little economic importance.

Experimental designs were often flawed, most notably 
by the use of' experimental plots so small that the variance
of the replicate data was too high to allow coparison ofdfeettetet.Ti ainewsuulyagaae 
different treatnients. This variance was usually aggravated
 
by incomplete stands of plants in the individual replicate 
plots. Frequently it appeared likely that treatment effects 
would be masked by over-riding horticultural factors 
(weeds,over-irrigation, variable soil quality, etc.). Inmany
 
cases the experiments made use of multif'actorial designs 
te xperent) wi eired argnubrsio er

the experilent) which required large u mabers ofexper
ibeental Plots and thus forced the use of saller plotsof'restricted land availability.

Analytical facilities were usually limited and even the 

Dokki laboratory of tileMinistry of Agriculture, dedicated 
to analysis of' volatile oils fron aromatic plants, lackedthe facilities prerequisite to reproducible results. 

These findings set the agenda for the proect, which 
Was 

I. To assemble a team of researchers from the different 
locations and organizations involved in research on 
aromatic and medicinal plants: 
Todatic an iial tu
 

-. lb attempt to summarize previous studies on aromatic
and medicinal plants in Egypt: 

3. 	To refurbish the laboratory facilities at the Dokki 
and EI-Kanater stations of the Ministry of Agriculture;

4. t facilitate communication between Egyptian and 
other scientists working with aromatic and medicinal 
plantswand 

5. To carry out some experiments designed not only 
to address tie most pressing research needs of tile 
industry but also to provide a pattern for tile design 
of future horticultural experiments with these crops. 

The Research 'eam and te Experimental Locations 
The team for this project was initially structured to 

include participants from the Ministry, the universities 
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and from the major private aromatics enterprise in Egypt, 
Kato Aromatic. As the project progressed, the Principal 
Investigator from Kato withdrew and scientists were ap-
pointed from the National Research Center to replace his 
analytical expertise. Other important personnel changes 
during the short duration of the project included replacement 
of the Principal Investigator (when he accepted an ap-
pointment in Saudi Arabia) and of a senior investigator 
in Assiut (who accepted an appointment in Libya). Project 
experiments were carried out at the Dokki, EI-Kanater, 
and Seds research stations of the Ministry of Agriculture 
and at Assiut University. This enabled a sampling of the 
imiportant productionfBaladiareas for herb and spice crops in 
Egypt and brought together representatives of the major 
research groups in the country. 
Refurbishing and Equipping the Analytical 

Laboratories at EI-Kanater and Dokki 

Because analysis of essential oil content and quality is 

an important part of experiments on aromatic and medicinal 
crops. it was necessary that the laboratories at EI-Kanater 
and Dokki be provided with at least the minimum facilities 
and equipment required for routine analyses. The necessary 
equipment was purchased and installed after the laboratorieshad been cleaned, repainted and provided with electrical 
outlets and workbenches, 

INTRODUCTION, EVALUATION AND SELECTION 
OF NEW PLANT MATERIALS 
New Introductions 

As discussed above, several important culinary herbs 
which could be produced in Egypt are almost unknown 
there. As part of the project, seeds of oreganum and summer 
savory were introduced (together with seeds of a range 
of less important herb and spice crops). These materials 
grew well in experimental plantings and there was much 
interest expressed by farmers who attended field days at 
which the plantings were shown. A seed-propagated line 
of tarragon proved also to be of considerable interest. It 
was unfortunate that the early termination of the project 
prevented introduction of the preferred French tarragon, 
which is propagable only by cuttings and which was to 
have been introduced from material grown at Davis. 

Introduction of Improved Varieties of 
Fxisting Crops 

'Ihe herbs and spices grown by the Egyptian farmers 
arc usually sown from seed collected from the farmers' 
previous crops, although sometimes provided from crops 
grown by other farmers. There is no program of seed 
certification, testing or selection of improved cultivars, 
so that the herbs and spices grown are designated 'Baladi' 
or 'local.' 

Seed lines of some of the important seed-propagated 
culinary herbs and spices were obtained from a variety 
of sources by the principal collaborator and compared 
with the 'Baladi' cultivars at El-Kanater and Seds stations. 
Typical results from these experiments are .ihown in Table 
2 for two important umbelliferous seed crops, coriander 
and fennel, 

Table 2. Yield and flowering date of Coriander
 
and Fennel grown from seed obtained
 

from various sources
 

Herb Source Location Seed Yiel Flowering
(gplant) date 

Coriander Russia Seds 277 1/3 

Roumania Seds 98 2/14 
Sudan Seds 320 12/20 

U.S.A. Seds 299 12/27 
Kanater 69 2/15 

Fennel U.S.A. (1) Kanater 48 2/I 1 
U.S.A. (I1) Kanater 78 4/23 

Britain (1) Kanater 70 4/14 

Britain (1) Kanater 38 4/10 
Baladi Kanatcr 39 2/l1 
Baladi___ nater _39_ 2/11 

The important conclusion from these experiments was 
that there is enormous potential for increasing yield of some of the important Egyptian herb and spice crops by 
introducing gernplasm from other countries. Experimental 
introductions of some of the economically important ar
omatic crops now need to be initiated using larger plot 
sizes, more seed sources, and more rest locations. 

Selection of Improved Lines from Local Germplasm 

In the course of an experiment examining the effect of 
cutting fresh herb on the ultimate seed yield from marjoram, 
it was noted that there was substantial variation in the 
habit, morphology, flowering date and vigor of the indi
vidual plants in the experimental plots. This variation 
indicated that the seed source (the Seds research station's 
own plantings) was highly heterozygous. Plants from 
American seed in an introduction experiment at the same 
station were uniform. Apart from the immediate experi
mental implication of the need for vegetatively propagated 
material or a more uniform seed source, this variation 
offered a good opportunity for selection of improved va
rieties from within the Egyptian populations. Accordingly, 
nine plants varying dramatically in phenotype were selected 
for vegetative propagation so that replicate plants could 
be studied to determine whether the variation observed 
was truly genetic. This experiment has not yet been com
pleted. 
PRODUCTION PROBLEMS WITH ROSE 
PRDUMS 
GERANIUM 

The dramatic fall in area planted to the rose geranium 
in Egypt over the past few years (Fig. 1)is almost certainly 
the result of an equally precipitous fall in the world price. 
However, the widespread occurrence of a vascular wilt 
disease and poor establishment of new plantations may 
have also contributed to the decline by reducing productivity 
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so that lowered geranium oil prices made the crop une

conomic. 

Disease 

In preliminary examinations of mature plantations, it 
was clear that some wih disease was present. Material 
from infected plants was submitted to the Commonwealth 
Mycological Institute, London, who reported, "We isolated 
Verticillium dahiae consistently from this material, so it 
seems pretty certain that the disease affecting the geraniums 
is verticillium wilt. We could not isolate Fsarinim or any 
pathogenic bacteria." Because V. dahliae persists in the 
soil as microsclerotia, infected areas should not be replanted 
unless sterilized. In addition, it is probable that rapid 
spread of the disease would result from propagation of 
plants with diseased cuttings. Suggested procedures to 
overcome the disease include: 

I. Provision of certified disease-free planting stock for 
development of mother blocks from which production 
cuttings could be taken; 

2. Assay of microsclerotia in soil before planting new 
blocks: and, 

3. Use of solar ste.-ilization prior to planting (V.dahliae) 
has been shown to be rapidly killed by high soil temper-
atures: and, 

4. Use of new specific fungicides to combat infection. 
Experiments presently in progress are designed to test 
some of these suggestions. 

Establishment 

In visits to newly planted areas of geranium, it became 
apparent tiat poor field stands were at least partly due to 
the use of poor cuttings and adverse rooting conditions. 
Preliminary experiments at the EI-Kanater station showed 
that relatively short (15 cm) cuttings rooted more readily
than longer ones. The results of an experiment designed 
to test the effect of the type of cutting and of the climate 
on establishment of geranium plants are shown in Table 
3. Clearly terminal cuttings are preferable to those taken 
further down the stein (which are perhaps more woody). 
This difference is particularly noticeable in the experiment 
at Assiut or at EI-Kanater in April. presumably reflecting 
the effect of warmer weather. The relatively poor success 
of the EI-Kanater plantings may reflect the presence of' 
Verticillitim at this location, 

In experiments designed to explore the feasibility of 
providing better planting stock for geranium farmers, cut-
tings are being rooted in mist at the Horticulture Department 
of Cairo University prior to planting in the field. The 
results of this experiment are not yet available, 
EFFECTS OF WEED CONTROL IN 
AROMATIC PLANTS. 


The mild climate and fertile soils of Egypt encourage 
the growth of a wide range of annual and perennial weeds 
in horticultural crops. and weed control is an important 
labor cost in the production of aromatic and medicinal 
plants. Chemical controls are available for many types of 
weeds but they are expensive compared with weed control 

2 1508e 

W 
a I000 

C 5808 
ta
 

,
 
60 71 73 75 77 79 81 

YEAR 

Figure I. 	Changes in plantings of Rose Geranium in Egypt 
over the period from 1970 to 1981. The 1981 
figure is a verbal estimate, other data from MOA. 

establishment (% survival) of plants of geranium 
(Pelargoniun graveolens) 

Cutting Planted at 
Febrtucr 

Plated In 
March April 

Terminal Kanater 60 30 38 
Median Kanater 57 30 27 

Basal Kanater 48 30 16 

Terminal Assiut 89 76 78 
Median Assiut 35 51 42 

by cultivation. A series of experiments was conducted to 
examine the effect of weeds and of different frequencies 
of cultivation on the production of some of the important 
herb crops. The effect of different cultivation frequencies 
on the yield of chamomile is shown in Table 4. 

Yield of flowers (fresh or dried) was significantly in
creased if the plants were cuh iated to remove weeds. At 
the Seds station, cultivation increased yield ofclamomile 
by 40%. A similar effect of cultivation was observed in 
a subsequent experiment with coriander (Table 5). In this
experiment the effect of the herbicide glyphosate and solar 

sterilization (by spreading clear plastic tarpaulins over 
experimental plots prior to planting) were compared with 
hand weeding. Although the yield was higher in the gly
phosate-treated plots than in the controls, this treatment 
was less productive than hand weeding presumably because 
it is effective against a rather narrow spectrum of weeds. 
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Table 4. Effect of cultivation on yield of Matricaria 

chamomile 

Location Kanater Seds 

fresh wt. dry wt. fresh wt. dry wt. 
TREATMENT of of of of 

flowers flowers flowers flowers 
(kg/plot) (kg/plot) (kg/plot) (kg/plot) 

Unweeded control 9.2 1.8 5.1 1.0 

Weeded every 4 wks 10.6 2.1 6.8 1.4 

Weeded every 2 wks 10.7 2. I 6.6 1.3 
Weeded daily 10.0 2.1I 6.8 1.5 

Solar sterilization has proved very effective in weed control 
in California and the yield of coriander was highest in 
plots that were treated in this way. 

A conservative 30% reduction in yield of coriander 
through failure to control weeds would result in a loss to 
the grower in excess of LE 90 per feddan. Three cultivations 
would cost only LE 60 for the same area, indicating the 
benefit to be obtained from proper cultivation. These po-
tential losses also give a guide to the amount which might 
economically be spent on new methods of weed control 
without reducing the farmer's profit. Experiments are 
presently in progress to test the use of a range of herbicides 
in the production of Egyptian herbs. 

Table 5. Effect of various weed control measures on 

seed yield of Coriander at Kanater. 

Treatnnt Seed yield 

Control 233 

Manual weeding every 2 wks 333 

Manual weeding every month 369 

Glyphosate pretreatment 276 

Solar sterilization 372 

EFFECTS OF IRRIGATION FREQUENCY 

The ready availability of water for agriculture in Egypt 
has permitted frequent irrigation of all crops. In many 
cases it seemed possible that irrigation was more frequent 
than might be desirable, decreasing root growth through 
frequent anaerobiosis and undesirably altering soil struc
ture. The effect of water management on yield and quality 
of aromatic plants was examined initially in experiments 
in which plants were first established in the experimenta! 
plots and then watered at different intervals. To avoid 
diffusion of water between the plots, it was necessary to 
set large boundaries between them. Inan experiment with 
marjoram at Assiut (Fig. 2), yield of fresh or dried herb 
was closely correlated with the frequency of irrigation. 
In contrast, seed yield in coriander plantings at EI-Kanater 
was highest if the plants were irrigated at two-week intervals 
(Fig. 3). Obviously, simple timing is a rather crude method 
fur detenmining optimum irrigation practices which should 

Irrigation trials to improve the quality and yield of culinary herbs are 
part of the research program of the Aromatic and Medicinal Plants Project. 
The experimental plan can be seen on the board inone of the experimental 
plots. Photo: Michael Reid 
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Figure 2. 	Effect of irrigation interval on the yield of mar-
joram. 

vary according to the stage of crop development and en-
vironmental inluences. These experiments need to be 
repeated using tensiometers to indicate soil moisture conditions. but these preliminary results do indicate the po-

tential for optimizing yield by proper management of water. 

EFFECT OF FERTILIZER APPLICATIONS 
Among the more traditional research projects for Egyp-

tian graduate students in horticulture is the examination 
of the eftcts of fertilizer applications on crop yield and 
quality. This type of experiment has frequently been con-
ducted with aromatic and medicinal plants, but little in-
formation of substance has been extended to the producers 
of these crops. The problem is usually the result of the 
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Figure 3. 	Effect of irrigation interval on the yield of mar- 
joram. 

experimental design. Students are taught to carry out mul
tifactorial experiments which greatly increase the number 
of replicates (and hence the labor) required to carry out 

trial. A frequent subject for discussion between the 
Egyptian scientists and the UC collaborator was the need 

simplified experimental design to answer a singlequestion. 

planning an experiment to be carried out on chamomile 
at Assiut, the team used the simpler approach of a split
plot design (to examine the usefulness of a base dressing 
of superphosphate during ground preparation) on which 
was superimposed applications of a complete fertilzer (5
10-5) at three different rates. The base dressing (a common 
and recommended practice for the farmers) had no sig
nificant effect onl yield, but even the lcwest complete 
fertilizer application increased yield by 30% (Fig. 4). The 
simpler experimental design now leaves us in a position 
to determine which of the nutrients at one fertilizer level 
was limiting production. 

In this project, as in others in the Horticulture Sub-
Project, one of the most important activities has been the 
interaction between visiting scientists and the Egyptian 
team. A great deal was accomplished during discussionof industry problems, potential new crops and the like. 

In many ways the experiments started with this project
led to new areas which will require vigorous prsecutionand adequate funding. Perhaps the most important would 
be dequope f a pram for iseae tcntondbe development of a program for -disease control and im
proved propagation of geranium. In addition, much work 
needs to be done to establish proper horticultural practices 
for the new crops that have been introduced. A most 
important project, frequently discussed with the team but 
not yet implemented, is to improve the quality of the dried 
herbs exported from Egypt by improving postharvest pro
cedures. This would probably require a change in ihe way 
in which the herbs are dried, possibly with the use of 
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Figure 4. 	 Effect of different applications of a complete
 
fertilizer on yield of chamomile at Assiut.
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portable solar-powered driers. The programs started in it will be vital to engage the services of scientists expe
irrigation management, weed control and plant nutrition rienced in the disciplines on which horticulture draws, 
can profitably be continued by Egyptian scientists to provide particularly pathologists, physiologists and engineers. 
the information necessary to the farmers. Inall these areas, 
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CLONAL PROPAGATION OF PLANTS
 
BY TISSUE CULTURE 

Large-scale production of high quality, disease-free seed 
and plants is fundamental to crop improvement and to 
major advances in Egyptian food production. For certain 
species this may best be achieved by using tissue culture 
techniques. 

The ADS Project has focused attention, for the first 
time in Egypt, on the possible uses of tissue culture tech-
nology for improving production of certain vegetable crops. 
To do this it has been necessary to design, build, and 
equip a tissue culture laboratory in the Central Laboratory 
and to train scientists in the various tissue culture pro-
cedures. The laboratory is intended to provide the facilities 
and expertise required for training of scientists and tech-
nicians in Egypt and to develop a research program aimed, 
in the short run, at clonal propagation of disease-free 
plants and, in the long run, the genetic improvement of 
horticultural crops. 

ACCOMPLISHMENTS 

DEVELOPMENT OF FACILITIES 

Plans for remodeling a laboratory in the Central Lab-
complex fr t culture wereoratory cmlxfrtissue Cutr eedeveloped through 

the collaborative efforts of A. Bondok, L. Rappaport. 
and W. Hackett (Co-Team Leaders). A. Menini (UCD 
Physical Plant), J. Pangborn (UCD Director of the Facility 
for Advanced Instrumentation). and S. Tewfik (Director 
of the Central Laboratory). The design provides for air 
conditioning, limiting dust contamination, controlled 
temperature, and space for specialized equipment, 

Tissue culture requires an array of equipment and fa-
cilities which can be operated under very clean conditions 
so that cultures may be kept sterile and not be lost to 
contaminating microorganisms. The task of acquiring the 
necessary equipment and remodeling a laboratory began 
in June, 1980, and was not completed until January, 1983, 
when the laboratory became fully operational. 

DEVELOPMENT OF RESEARCH OBJECTIVES 
AND PLANS 

Crop orientation priorities for clonal propagation of 

crop plants from disease-free materials were devei( ped 
in collaboration with the Egyptian Horticultural Technical 
Committee (HTC). A short-term research objective was 
to adapt techniques so as to propagate disease-free crop 
plants on a large scale ready for commercial planting. 
Where possible, scientists were encouraged to work on a 
crop of immediate importance in Egypt. It was deemed 
more important, however, to proyide a laboratory situation 
where ideas could be fostered and modern techniques 

learned by trainees. In addition to these immediate practical 
goals, project leaders recognized the need to teach tech
nologies of future use in Egyptian agriculture. These in
cluded the application of cell suspension cultures for pro
moting somaclonal variation, protoplast culture for 
obtaining single cell descent colonies of cells, as well as 
single cells for protoplast fusion, and aspects of genetic 
transformation of cells which, in the future, will be im
portant in introducing useful "agricultural genes" into 
crop plants. Somnaclonal variation is a heritable genetic 
or cytoplasmic change expressed in some plants regenerated 
from tissue cultures. Such variation may be exploited as 
a means of finding desirable traits, e.g., resistance to 
disease and tolerance to salinity. 

Protoplasts are cells from which the walls are removed 
by exposure to cell wall degrading enzymes, they may be 
obtained from any part of a plant. Given appropriate cultural 
conditions, protoplasts of some species may begin to form 
cell walls, then divide and form callus. Given the right 
nutritional and hornonal conditions, plants may regenerate
from callus. These plants. because they originate from a 

single cell, will likely be genetically identical. Protoplasts
also have the propensity to fuse and there is optimismthtnwknso Ilnsmx'b bandb sn el 
that new kinds of plants may be obtained by using cells
 
of the same or closely related species which are not sexually 
compatible. 

Based on these priorities. project leaders developed 
general plans for research in Egypt and the United States. 
'he following paragraphs describe research progress along 
these lines. 

Citrus
 

This program. initiated in Cairo. concerned the elimi
nation of viruses and establishment of virus-tree bud lines 
using tissue culture techniques. Methods of inducing ini
tiation and development of citrus embryos from nuclear 
tissue were investigated as well as methods o1multiplying 
disease-free material by tissue cultures of virus-free shoot 
tips. 

Micrografting
 

It is important to eliminate such virus diseases as tristeza. 
psorosis. and exocortis from citrus varieties. On the one 
1a,11d, while tissue culture and vegetative propagation pro
cedures are useful, the resulting plants are in the juvenile 
state and it takes years before they become valuable pro
ducers. On the other, plants obtained by shoot-tip micro
grafting appear to bypass thejuvenile state. MicrograftingT 
can be used to transfer virus-free shoot tips onto a virus
free citrus seedling stock. Working with l)r. l)avid Burger. 
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Dr. Edriss tested 'Troyer' and 'Carrizo' citrange (Pom'irus 
trifiliata (L.) Rat. X Citrus sinensis (L.) Osbeck) and 
'Sacaton' citrumelo (P trifiliata (L.) Rat. x C. paradisi 
Macf.) as rootstock cultivars. Sterile seedlings were grown 
under constant temperature conditions and after two weeks 
they were removed from the germination medium, de
capitated leaving 2-4 cm of the epicotyl, and the root 
shortened to 2-4 cm: cotyledons and axillary buds were 
also removed. Shoot tips of Mexican' lime (C. aurantifidia 
Swing.). 'Valencia' orange (C. sim'nsis (L.) Osbeck). 
and *Star Ruby' grapefruit (C. paradiM Macf.) composed 
of the apical meristem and three leaf primordia were isolated 
from actively growing branches on field or glasshouse 
grown plants. These were transferred to the top cut surface 
of the decapitated epicotyl in contact with the vascular 
cambium, or the shoot tip was set on the cortex surface 
in tle inverted-T incision. The grafted rootstocks were 
placed on U-shaped paper bridges supported in test tubt, 
containing a sterile liquid Murashige and Skoog (M & o) 
basal medium plus additions. The culture tubes x,:re capped 
and sealed to insuire high hulidity and sterilty. Growth 
regulator treatments were used to promote development 
of the graft union. 

It isevident in Table I that greatest success was obtained 
by inicrografting 'Mexican' liic, 'Valencia' orange. and 
'Star Ruby," grapefruit on 'Carrizo' citrange. and grafting 
'Mexican' lime and 'Valencia' orange to 'Sacaton' citru-
tuelo. However, the 'Star Ruby' X 'Sacaton' citrumnelo 
graft was less successful as were all grafts where 'Trover' 
citrange was used as the rootstock. 

Table 1. Percent Successful Grafts among Three Scions 
on Three Rootstocks 

Rootstock 
Mexican 

Lime 

Scion 
Valencia 
Orange 

Star Ruby 
Grapefruit 

Troyer citrange 24.4b 17.7b 23.3b 

Carrizo citrane 
Sacaton citrumielo 

63.8a 
64.4a 

50.0Oa 
44.4a 

28.3a 
28.2b 

Mean separatim within colnln, by l)uncan's Neo\ Multiple Range rest. 
p =0l.05. The letters next to numerals indicates similarrespiiiseste r statistically 
dillerent resplil,,. 

Grafting of 'Star Ruby' was enhanced by using the inverted-
T incision on the rootstock epicotyl. Grafting was accom-
plished more effectively when scions were treated with 
2.4-I) at It) g/I or kinetin at I tg/I used individually, 
but not together. 

Dr. Edriss also developed a clonal propagation system 
for 'Trover' citrange Poncirus trfidliata (L.) x Citrus 
sinc'nsis (L. ) Osbeck). a potential rootstock in citrus pro-
duction. FO establish tissue cultures, isolated epicotyl. 
root neristem. and root segment tissues were established 
in continuous culture to study regeneration potential. An 
M & S medium containing NAA (10 mag/I) and BAP (0. I
10 rg/I) was used throughout. With 10 tug BAP/I and I 

Plate I. Callus forniation (lef)t, an M & S medium containing 
10 mg NAA/I and I mng BAP/I, and shoot formation 
(right) directly on an M&S medium containing I 
imgNAA/I and 10 iug HAP/I from root meristemsofa Trower' citrange. 

tig NAA/I. regeneration occurred directly without callus 
formation on root segments: regeneration also occurred 
from stem segments. Shoot differentiation from stein callus 
occurred with combinations of BAP and NAA (0.25. .01 
ing/l. respectively) while rooting of regenerated shoots 
occurred when 2.0 mg NAA/I was supplied. Thus, it was 
possible with 'Troyer' citrange to achieve plant regeneration 
in high yield by varying concentrations of two growth 
regulators. Plate I shows callus formation and shoot for
mation obtained from root ineristems of"Troyer' citrange.
It is estimated that seven weeks after explanting epicotyl 
segments. plantlets from culture would be ready for trans
planting to soll. 
Anther Culture 

A desirable objective in plant breeding is to obtain 
haploid plants which can be used for speeding up genetic
improvement of horticultural crops. Pollen grains (con
tained within anthers) have only half the number of chro
mosomes of a fertilized embryo. It has been shown that 
the vegetative nucleus iti pollen grains can sonetinles be 
caused to divide and. ultilnately, to produce callus from 
which plants can be regenerated. Because only one set of 
chromosomes is present. it is Much easier to sort out 
useful genes in a breeding prograin using haploids. It has 
been a particularly successful method with tobacco, rice. 
Datura, wIheal. and several other species. Success has 
also been achieved with Citrus aurantitm, and Edriss and 
Burger attempted to obtain sitnilar results with Citrus 
piralisiMacf.. 'Rubv Red.' 

Immature flower buds were collected from individual 
grapefruit trees, sterilized in 70/( ethanol and washed in 
de-ionized water. Four flower bud size stages (I to 4) 
were established and anthers were excised at each flower 
bud stage and placed in petri dishes supplied with M & 
S and Nitsch & Nitsch medium, supplemented with various 
concentrations of sucrose and horniones. 
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Callus torniation occurred on anthers from 'stage 2' 
buds more so than in buds of any other stage, and the M 
& S medium proved to be superior with these buds. Callus 
forniation was greatest when the anthers were incubated 
in darkness, when concentration of sucrose wis 51/( and 
0.5 tug kinetin and 5 rug NAA(nrug/I) were included. There 
was insufficient time to determine whether the callus was 
haploid or to obtain plantlets. However, the experience 
of developing the anther culture system will be of great 
value in pursuing this technique further in Egypt. 

Reviewing the progress made in a brief period both in 
Cairo and the U.S.. it is evident thai tissue culture pro-
cedures for citrus will have great importance in both 
countries. 

Date Palm 

A major problem with date palins is that iany of the 
high yielding, high quality cultivars and seedlings are 
difficult to propagate. Propagation is nornally achieved 
by excising side shoots from the tree. rooting them, and 
growing seedlings from them. However. they are either 
produced in limiited numbers or. because of poor propa-
gation technique or other reasons, ire not sufficient to 
provide stock for new, modern orchards in Fgypt. There-
fore. a specific objective of the '['issue Culture Project 
was to develop procedures for producing large nulmfers 
of date paliis invilru. Previous research by Tisserat and 
Murashige had shown that plantlets may he ohtained from 
lateral buds and shoot tips of date paln via callus formation 
and that this process induced adventitious enil"ryos. The 
objective of studies by Egyptian scientists was to verify 
that these methods are suitable for Egyptian cultivars. 
Moreover, efforts are being made to multiply shoots fronii 
shoot tip cultures inthe absence of callus formation. 'I his 
would circumvet potential problems 0if iut:ltions and 
other genetic aberratiotis that inight resut t fron use if 
callus. Once regeneration was achieved )ita regular basis. 
methods of successfully transferring plantlets propagated 
in tissue culture to free-living greenhouse and field con-
ditions would be investigated. 

Culturing Sterile Date Palm Seedlings 

An immediate problen in tissue culture of date palin 
is obtaining sterile plant material so as to avoid contain-
ination probleris inthe tissue culture flask. The first step 
was to develop methods to surface sterilize the seeds f'romi 
which shoots could be obtained. Inra comparison of 
chemical treatments. )r. Sabour foulnd that incubatio In 
10 g/l iodine dissolved in 95'/ ethanol for 15 minutes was 
sufticierit to elirninrate surface contaminates without visible 
damage to the gerrinatirig eribryos. Germination could 
be improved (40 ti 601/ vs. 10 to 40/(' success) by iri-
riersing seeds in 2.63'4 <,odiuni hypochlorite or It g/l 
iodine. followed by iriiersion of the isolated embryos 
in the disinfectant prior to plating on cultire medium 
(Table 2). 

Vacuutii infiltration of the solutions markedly enhanced 
the activity of the compounds in reducing contamination 
and promoting germination. 

Table 2. Influence of' sodium hypochlorite and various 
iodine, and alcohol treatments on the sterility and ger
mination of date paln seeds cultured on modified Mo
rashige and Skoog media containing 0.8% agar alter 32 
(lays. Seeds were vacuum infiltrated by immersing them 
in the test solutions and pumping out the air from the 
chamber for 15 minutes. Seeds were surface sterilized 
for 15 minutes for all treatments. 

Als('unaminjaion (;ermination 

2.63(/ NaO('I 40 50 

5 HOI I 60 40 

t). I'r I +-95 14 111I I 30) 60 

0.5(A I + 95(/( ElTOII 0 100 
104 I 1 95/( ETOI 0 100 

In an effort to remove contaminating phenols from the 
Inediun,. activated charcoals were tested in comparison 
with granular charcoals: the lorrier were slightly riore 
effective in adsorbing phenols. The growth of sterile seed
lings derived from decontanuinated seeds was not affected 
by the addition of 5 to 15 ig/l benzyladenine and 0.5 
ng/I NAA to the nediun, indicating that the seedling 
endospermi provides sufficient nutrition for growth oin the 
ruediul.i. 

Cloning Date Palms in Tissue Culture 
l)ate palni shoot tips were cultired on M & S mediuni 

containing up to 1.0 ing/I naphithaleneacelic acid tNAA, 
0-15.0 ng/I benzyladenine and n-(2-isopentyl) adenine, 
(2iP,)to enhance shoot growth and proliferation. )r. (abr 
fou nd that the optinial explant fo()r propagation consisted 
of*tie apical ieristein region arid 3-6 adjacent leaf pri
nordia. Shoot developient was improved by initially 
establishing explants on an agar rlediuinl for two weeks, 
and then traisferring therli to liquid nmedi urn, or from tips 
cultured on agar inediuni only throughout the culture pas
sage. After eight weeks in culture, 3nun-hug tips usually 
produced three to live green visible leaves, elongated to 
aboLt 3 cm inlength (Plate 2a). 

Since relatively few axillary bIds were produced from 
the apical ineristerl region, attention was directed toward 
producing plants froi callus. The best callus production 
was achieved 1 culturing date palhn shoot tips on basal 
nutrient inedia supplemented with 100 2,4-). 3 Ing/trg/I 
I 2i P. (0.31( charcoal and t).814 Phytagar. Inclusion of 
higher percentages of charcoal into tileiiediulii caused 
propirtionately wire shoot developient than callus pro
duction. 

In an evaluation of a irrniiber oIfpalhn species and cul
tivars for callus lOrriation, six produced erubryogenic 
callus aflter Iitr miontihs of serial subculturing. Transfer 
of callus to nutrient niediurii devoid ml hormones resulted 
in portions of the callus initialing many asexual eriibryos 
and adveititiOus roots. 
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It is clear that the methodologies developed were ap-
plicable to other species of date palms. Thus, the initial 
objectives of culturing date paln tissue culture and ob-
tamining plantlets were obtained. In time, such plantlets 
would be grown out in containers and eventually trans-
planted to the field to test their viability, growth, and 
developmental behavior. This work, therefore, sets the 
stage for ftuire investigations of the practical application 
of tissue culture for establishing date palm orchards in 
Egypt and elsewhere, 

Date Palm an Carrot Protoplasts 
Arecent development which is having a marked impact 

on thinking in plant genetics is tle ability to isolate pro-
toplasts from tissues and regenerate plants from them. In 
a comparative study, Gabr and '1isserat made an important 
first step in the process. Callus cultures of Ervthea edulis 
L. and Duus carota L., and shoot tip and leaf explants 
of' Phoeni.i dactylIfi'ra L. (Guadaloupe fan palm) were 
used. 

In order to prepare protoplasts from carrot, emnbryogenic 
callus was initiated fromn petiol. segments cultured on a 
modified N4 & S medium containing 0. I mg/l 2,4-). The 
callus from Guadaloupe fan palm was obtained in a similar 

manner but with a different medium and hormonal con-
stituents. Protoplasts were prepared by treating the callus 
with a wall-degrading enzyme Mixture and incubating for 

4 h2Theho 2Cllurs ation. eder1h ris wahoitoeriod t It) 
ft-candle illumination. Celllar debris as iltered offfour 
through a stainless steel mesh, and protoplasts were isolated 
froi the debris by centrifuging. washing. and then plating 
on agar. To culture protoplasts, M& S salts, 3§1 sucrose, 
I%D-mannitol. 0.4 ng/I thiamine HC I. 100 mg/I i-in-

sitod,0.67 sg/ wereplaA 0.a1g/I 0tiliz. arioulight 
and ().69 sea plaque agar were utilized. Various Ilit
regimes. enzyme ini xltires, and agitation of the medium 

were tested to promote irelease f iprotoplasts and regen-
eration of cell walls and subsequent cell division. 

The source of the protoplasts was very important: the 
leaf pri mordia adjacent to the apical meristem tip produced 
the most viable protoplasts. Protoplasts remained intact 
and viable in the original enzyme mixture tip to 2 1 days. 
After 24 hours of incubation, spontaneous fusion Of prO-
toplasts was observed. resulting in the formation of nu-
inerous giant protoplasts which were not capable of cell 
wall regeneraion and which burst shortly after or during 
transfer to agar mediutm. AfIter plating on agar medium. 
nonnal" protoplasts friom both carrot and fan palm initiated 

cell walls within 10 days and produced mult icellII lar col-
onies within 2-3 weeks which could be seen without the 
aid of a microscope. 

This research has shown that both with various palins 
and carrots, it was possible to train the Egyptian scientists 
to isolate protoplasis and to promote cell wall regeneration, 
cell division and ultimately callus developnent. There 
was insufficient time to achieve plait regeneration from 
the callus. but this is a reasonable objective of future 
work. 
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Viability of Cryogenically Treated Date Palim Pollen 
Date palm pollen is often stored at low temperature 

(about 00C) from one season to the next to insure that 
adequate pollen is available for pollinating the subsequent 
crop. Because date palm pistillate receptivity lasts for 
only about 20 days and male and female inflorescences 
may van' considerably in their time of opening, pollination 
with cold-stored pollen is a common practice. However, 
pollen maintains viability at conventional low temperature 
only temporarily. Previous work by USDA scientists Tis
serat, Ulrich, and Finkle indicated that pollen could be 
maintained indefinitely when stored at ultra-low temper
atures in liquid nitrogen ( - 96°C) with successful sub
sequent germination. The study by Tisserat. Gabr, and 
Sabour shows that cryogenically treated pollen could be 
utilized in the field in normal fertilization practice. 

Date palm pollen was collected in Indio. California, 
and stored at - 20'C until pollination tests were conducted. 
Ten to fifty Ing of [ollen were wrapped and exposed to 
liquid nitrogen in a thermos for about I hour. Thawing 
of the pollen was achieved by removing each of the pack
ages with forceps and allowing them to comne to room 
temperattre. Thawed pollen was immediately transferred 
to cotton balls to hand pollinate previously unopened 

spathes on &inlorescences)10-year old 'Deglet Noor trees: 
the spathes were then bagged to prevent cross pollination. 
[he pollination Was performed on February 12, 198 I 

fruit bunches were thinned and treated according tocommercial procedures. They were harvested October 21. 
weeks weighed. and the seeds re

move. Anievlo of te geinatio and th stas 
ofvthesensevaiuatiwasomadheeightimonths later. The resus 
of these sedlings wasladeLeightn onths later. The results 

uitilizing (lae palm pollen which had been exposed to 
liquid nitrogen on yield and subsequent seed gernination
are presented in Table 3. It is evident that the fruit weight/ 
bunch is not significantly altered and that seed germination
'nl o 
and growth of the seedling shoots are not negatively affected
by the treatment. Thus. long-term storage of date palm 
pollen is possible and could be used as a way of providing 
viable pollen for long periods of til,_" 

A starch ,gel electrophoresis analysis was done to de
terinine whether the genotypes of' germinating seedlings 
could be ascribed to the two parents that were crossed. 
Initial results indicated that the presumed crosses actually 
were made. 

Strawberry 
The aii of tissue culture of strawberry is pri marily to 

produce virus-free plants on a large scale for commercial 
production. This is a standard procedure in the U.S. and 
could be useful in Egypt. Initial steps have been taken in 
Egypt fbr developmnent of an appropriate program . The 
first step is the process of selection of healthy parent clones. 
Plants of' live cultivars were subjected to heat therapy: 
then ineristemns (a few milli meters of the stem tip) Were 
excised and cultured asceptically. The shoot tips elongate 
at a faster rate than the virus can move upward in the 
plant. so it is possible to cultivate viris-free tissue fronl 
the apical meristems. 



Table 3. Influence of Low Temperature Treatment of Date Palm
 
Pollen on Fruit Yield and Seedling Growth.
 

Parentsand Fruit Weight! Seed Seedling Shoot 
Progeny (a) Bunch Germination Length (b) 

(Kg) ((.n) 

Deglet Noor x 3.511 78.0 19.8+/-0.5 
Deglet Noor 

LI0 BC5 (-LN) 

Deglet Noor x 3.669 60.0 18.5+/-0.9 
Deglet Noor 

LIO BC5 (+LN) 

Deglet Noor x 6.847 77.1 16.5+/-0.7 
Halawy L14 BC3 (-LN) 

Deglet Noor x 5.255 88.7 18.5+/-0.9 
Halawy L14 BC3 (+LN) 

Deglet Noor x 8.544 86.6 16.6+/-2.1 
Thoory L42 BC (-LN) 

Deglet Noor x 10.350 57.5 15.3+/-1.4 
Thoory L42 (+ LN) 

(a) Specimen pollen s tples untreated represented by -LN; specimen pollen samples 
frozen to - 96C represented by + LN. In some cases. - LN progeny were lost due 
to cultural handling. 

(b) Average lengths and their standard errors were calculated. 

Procedures for transfer of regenerated plantlets from mercially feasible and, therefore, worth achieving. Pro
tissue culture to the free-living condition in the greenhouse cedures are similar to those for strawberry: heat therapy,
and field will be developed. Indexing plants to assure they meristem culture, plantlet proliferation and transfer of 
are virus-free will be accomplished using indicator plants plants to soil. Mass production of disease-free plants will 
and serological tests. require growing the tissue cultured plants in an area free 

Preliminary studies in Egypt have shown some success of insect vectors or in a screen house which will prevent
in inducing callus formation and plantlet regeneration on invasion by insect vectors. Initial steps have been taken 
a M& S medium containing appropriate hormonal levels, in the Tissue Culture Laboratory to develop necessary 

technology for production of virus-free stock. Meristen
Garlic tips of the cultivars 'Mirton Pearl," 'Atlantic,' *Keswick' 

Methods are available in California for obtaining disease- and 'Nipogen' were excised and cultured on M & S basal 
free garlic plants using heat therapy and meristem culture. medium containing 0. I tug/I gibberellin A. This was a 
The major limitation to propagating disease-free garlic preliminary study to familiarize workers with tissue culture 
for commercial purposes is the low level of plant mutilti- techniques. In addition, cultures of nine other cultivars 
plication from shoot tips in tissue culture. Attempts are were obtained from the International Potato Center (CIP)
being made to induce adventitious bud formation on shoot for investigation of possible new sources of potato germ
tips. cloves and basal plate tissue of' Egyptian cultivars plas . 
as well as to establish shoot tip-derived suspension cultures Mango
with high embryogenic capacity. These approaches could Studies were initiated in Egypt to obtain virus-free tissue 
permit rapid propagation of plants. and. possibly yield material from tissue cultures. Mango, in common with a 
genetically variable material for plant improvement. This number of' other species. produces dark colored phenolic
is important because commercial garlic does not flower compounds in tissue culture which interfere with growth
and breeding, therefore, is not possible. of the plant materials. Efforts to reduce development of 
Potato phenolics by altering media constituents were unsuccessful. 

Because diseases are extensive andi there is nlo pt~tt) lo produce disease-free mango plants by tissue culturemethods initially will require overcoming this problem. 
virus-indexing program in Egypt. virus-free potato 'seed' 
(small tubers) is brought from Holland for planting in Celery
Egypt, an expensive procedure. The production of virus- While celery is not an important crop in Egypt as it is 
free stock in Egypt is scientifically and probably coin- in California. it is very adaptable for tissue culture research 
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Plate 3. a) A ppe ara-,nc p otopl,,ists atl'tc re nizy Su.SpCInSiOlo1'cele r-y mai-tic lihydrolysi.so fc ell 
cultur1e. h) l)ividlin il'rOtOlasts after 6days. €')lI-otolast division afltcx"12 day~s. 

as well as training. Significant progress has been made D~r. Tahla .cotrihUtedto this research 1bymodifying the 
in L. Rappaport's laboratory onl tissue and cell suspension Sullidad M & S nleCdiLlll with respect t conlcentration. 
cltue of celry with tile aini of produ~cing( C1011al m aterial. nuLtr'ienltand h10rm1101al additions. Ill a C01111a'ison Of dif
indulcing genetic variation 111d ill tilizing tissueC CUlture ferent levels of M & S inorganic satils(0.1 X. 0.5 X. and 
procedures for selecting plants tolerant to FustiriumOXV- 1.0 X). inedia containin(T 0.1 X M & S Sailtspr1ovedI t 
sV)p-11r1.f,Sp. (11W ,Wh ich C auILthe I'luSa W ilt d is be file Mo st fa \'0 to pro mo1te c alls(IC hqI)II lt.s es i u.m1 eas e, 1'a11lC u1 %'e 

Research already u ndrCIway had ShO\\11that Iprotopla ts Nitrogen so ur1cewaS all imlpugnranIlt LdCtellinant 0lCIIluS 
could he obtained From celery callLIs and (lie prxtoplasts growth. Inia test ofiituo-ern sources. NM & S Mlediulm WaS 
COUIld divide. IDr. Faiza A . "lla. working.jointly w ith iDr. prepared w ith the itr-Ollhlin .e)nuSC~nStittenls:
 

man],Il, 
CUtlltring protolplasts so that cell wall synthesis. lpotoplast (ii) M & S nidlltlJnlinus a.vllnitium nitrate and po-
G . PuLll develop~ed sulitable m edia and Conditions l'or (i) N4 & S niedium~l IillS 111111101141111 itnatIC: 

l 
divii~ll calIlus deCvCel plant regeneratio n Co tld nitrate: *ammlll~ i11taSSiLnlle t a.n1d taS "iLl~ll l iu mIl StnCCillate 
be obtained with regztlarity. Plate 3 shlows'.appearance: of1 added (8.25 iliNM 111110nlnill1 .Succinateand 25 nmM 
dividing protop1asts. KC I) 
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Plate 4. 	a) Callus development from celery. b) Plant regeneration. Protoplasts were prepared 
in November, 1982 and plants were regenerated in June. 1983, about 1.5 months 
after transfer to regeneration medium. 

(iii) M & S medium minus any inorganic nitrogen source. 
To test the effect of hormonal additions, M & S medium 
was prepared with six different combinations of 2.4-1). 
NAA, kinetin and coconut milk. The medium containing 
0.5 mg/I 2,4-) and 0. I mg/I kinetin gave the best callus 
growth from protoplasts (lable 4). NAA was not effective 
in inducing callus development. 

The inicroenvironment for promoting rapid protoplast 
division and callus growth was next investigated. The 
number of protoplasts required to maximize growth was 
tested by plating them at different densities in petri dishes 
(5 / 102, I / 101'. I / 10. 5 / 10' and I / 10' protoplasts 
per ml). A density of I / 10' protoplasts/ml gave the best 
plating efficiency. 

T he plating method w as also studied. Protoplasts were 
either transferred to the surfacecof nobil agar or suspended 
in sea plaque agarose on top of previously patcd nutrient 
medium gelled vith nobil agar. The latter method of culture 
proved to be most suitable, 

Illumination often influences behavior of cell cultures. 
Plated protoplasts were exposed to I) darkness fir six 
weeks plus dim light for two weeks and 16 hours bright 

Table 4. Effect of Coconut Milk, Kinetin (kn) and 
Auxins on Callus Production from Celery Protoplasts 
(P.Calli). Medium Contained ). 1 M & S Salts Minus 

NIt 4NO,. 

Hormonl addilions (rg/I) # I. calli/ 

0.5 2.4-1) 
0.5 2.4-1) 
0.5 2.4-1) 
0.1 NAA 
0.5 NAA 
1.0 NAA 
2.t) NAA 

ish* 
+ 0. 1 k n 	 6 
+ 0ml/l coconut milk 3 
+ 2fhml/l coconut milk 2 
± 0. 1kn 0 
+ 0.1 kn 	 0 
+ 0. I kn 

4- 0. I kn t)
 

- of mo pon dish iepli__ _ _ _ _
 
"AvcI,, c ,f t O Ptr dish reIlict.
 
fluorescent light for the duration of the experiment, and
 
2) 16 hours of fluorescent light. It was observed that the
 
plating efficiency was promoted if pr toplasts were in
cubatcd Under condition I.
 

Callus formed from protoplasts was transferred to rc
generationmuedium with gradual reductions in the osniolfic 
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Plate 5. Tissue culture of a) P"rus b'ulahwlia, b) P. callcvana and C) P. 'olnmnis cv 
'Winter Nell is.'Note the high level of proliferation of shoots of P. (al le'vana 
and the limited growth of P. b('fIulac'/ia. 

concentration from 0.3 M to 0.058 M sucrose. After axillary bud development between species. There were 
transfer to regeneration medium, shoots and roots differ- 1.8. 7.3, and 51.6 shoots, rcspectivcly, per original explant 
entiated and plantlet formation was observed after 1.5 for P hetulact.fia. 'Winter Nellis' and P. calh'vana.Ihus, 
months or longer, depending upon the Original cell line depending on species, it was possible to propagate sig
(Plate 4). Plant regeneration occurred after eight months niificant nu inbers of pear shoots intissue cuIture. 
from the start of these studies. Once shoot proliferation had heen induced, itwas nec-

Thus, Dr.Taha engaged in a resrcarch problem which essary to promote root formation on the regenerated shoots. 
has great significance for cell culture work and. potentially, The rued ium used to promote rooting consisted of M & 
for genetic engineering of crop plants. S salts and vitamins. 311( sucrose, and either indolebutvric 
ear 	 acid (IBA) or naphthaleneacCtic acid (NAA) at 0. 1,I or 

IOR)". Rootone-F. a cormimercial formulation which con
Mico'r'pagwati o 'c'eristenT ip/s. Lateral buds. shoot tains IBA and NAA. applied at 0.5 and 1.0 g/l either 

tips and meristem tips originated from stickers of'Pv,'s.V alone or in addition to 162 iig/l ih)oroglLici[nol, were also 
buluaidia. P. Calh'rana, and P. cununun1tis cu ltivar tested. Rooting experiments are conti liiinc. 
'Winter Nellis' trees were collectcd inthe fall from an Regecm'ra il o/Plns.'om Calh.ys Tissiu. Stem see
orchard at UCI). Explants were sterilized, isolated and mcits, leaf' petioles. or lateral bud-tips wcrc excised from 
cultured on M & S medn ium supplemented with various steri iized suckers of' P. hbe'u/aclia and 'Winter Nellis' 
growth regulators. P. Ca/lleran'atI shoot tips grew more pear. Explants were citIured on NI & S salts and vitamins 
rapidly than those of 'Winter Nellis' and P. Iwiul(telia plus (per liter) 10(1 m.c mvoinositol. I.0irg 2.4-1). 1.0 
in tissue ci ture. When pear shoots were transferred to rug BA,4(1 gsLIciose. 10.,8g agar: p-f was adjusted to 5.8. 
fresh medium, a number of new shoots was priduced on Results indicated that allpear organs tested showCed different 
each mother shool. Distinct differences were observed in propeisities to initiate call us in Vitro. Stem segments of' 
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Plate 6. Organogenesis from P. commutis cv 'Winter Nellis' leaf blade callus tissue. 

P. betulaefolia and lateral buds of 'Winter Nellis' produced 
the most callus. After several months in culture, only 
'Winter Nellis' leaf blades tended to form shoot-like 
structures. The differentiating tissues were transferred to 
fresh medium either alone or with some associated callus. 
Initial responses indicate that embryogenesis and organ-
ogenesis are occurring (Plate 6). This work by Dr. Taha 
and Dr. Carole Meredith indicates that propagation by 
tissue culture of pear rootstock materials is feasible and 
could be adapted for commercial production in Egypt. 

Onion 

Dr. Khairat Dawood, a plant pathologist from Mansour 
University, attempted to develop tissue culture methods 
useful for selecting plants resistant to disease. Initially, 
he worked with lettuce, which is being studied in Dr. 
Michelmore's laboratory, to learn tissue culture technology. 
Once lie had done so. he directed his attention to studies 
of onion white rot, caused by Sclerotinum cepivorfin, a 
disease of importance both in the U.S. and Egypt. His 
plan in studying the white rot problem had two components: 
to develop an appropriate cell genetic system and to char-
acterize apresumptive toxin produced by tilefungus which 
could be used to select mutant cell lines resistant to the 
toxin. Having found that M & S mlediumi supplemented 
with appropriate hormones would foster Callus formation, 

lie transferred callus to a liquid nedium) and was able to 
obtain proliferation of cells. Using the cell culture systen. 
the occurrence of a putative fttngal toxin which could 
induce syniptons of the disease was explored. Extracts 
of the fungal culture filtrate were shown to cause toxic 
effects onl onion seedlings and onion cells. This first step 

indicated that the fungus produces agents which are as-
sociated with toxic synptons onl the plant and in plant 
cell cultures. Much work on purification of a presumptive 

toxin remains to be done, both chemically and biologically, 
to assure its tole indisease expression. With the proposed 
toxin, Dr. Dawood plans to select onion cell lines resistant 
to the toxin by adding the active compound to cells in 
suspension culture and regenerating plants from surviving 
cells. Such plants might be resistant to the onion white 
rot disease. While this is a long-ternn program, Dr. Dawood 
developed the basic concepts and methodologies necessary 
to undertake a cell genetic approach to finding white rot 
resistant onion plants. 
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VEGETABLE SEED PRODUCTION
 
AND CERTIFICATION 

Since its initiation in October 1981, the goal of the project 
has been to assist in expanding the production of high 
quality vegetable seeds in Egypt, primarily to meet do-
mestic needs but also to take advantage of possible export 
opportunities. The main thrust of the project has been a 
provide training opportunities in seed production and 
technology and to put in place the basic technology required 
to multiply superior cultivars by methods which maintain 
disease resistance and genetic purity through an independent 
certification and seed testing system. 

A comprehensive plan of work was developed at the 
outset which could leao to the local production of certified 
seeds of various vegetable crops. The first steps have been 
taken in accomplishing the several objectives of the plan 
of work, including purification of stock seed, production
of seed under seed certification guidelines, establishment 
of seed quality standards, establishment of a seed testing 
laboratory and activation of training programs. The project 
concentrated its initial technical effort on the improvement 
and production of tomato and cucurbit seeds. 

ACCOMPLISHMENTS 

TOMATO SEED IMPROVEMENT 
AND PRODUCTION 

The objective was to produce high quality disease-free 
.eed of six tomato cultivars ('VF 145', 'UC 82', 'Peto 
86', 'E 6203', 'Ace' and 'Super Marmand') which had 
been judged superior in productivity and quality to other 
commercial cultivars. Within a planting of each cultivar 
the best plants were selected and their seed increased 
through Foundation, Registered, and Certified generations 
to provide sufficient seed to meet the requirements of 
tomato growers for these cultivars. 

Details of the work undertaken in seed production being 
carried out -it Nuba Seed Fann, Kaha Farm and Alexandria 
Farm follow, 

Nuba Seed Farm 

Nursery productionof seedlings: the soil in a plastic 
greenhouse was plowed three times while superphosphate 
was added at a rate of 5 mg for each I00 square meters. 
The soil was treated with Tenic as a nematocide. ridged 
at 50 cm spacings, and a peat moss layer 5 cm thick added 
to the surface of the soil to improve seed germination. 
Seeds of cultivars 'E 6203", 'Peto 86'. 'VF 145', and 
'UC 82' were treated with Vitavax-Captan (112 gin/kilo) 
and sown on January 17, 1982. After full germination, 
seedlings were sprayed with Taniaron (I .25 ci/100 liter) 
and Dithane M 45 ().2511), alternately, every five days 
for the control of white fly, aphids, and fungus diseases. 

Field production of plants: the soil was plowed three 
times after the addition of 30 m of stable manure per 
feddan, and ridges one meter wide were set up and both 
sides smoothed. Seedlings were transplanted 30 cm apart 
in the presence of water on the north side of the ridges. 
Transplanting was carried out between March 14-17, 1982, 
for the three cultivars *VF 145', 'Peto 86' and 'E 6203', 
while the cultivar UC S2' was transplanted on March 23, 
1982. 

Seedlings were irrigated at relatively long intervals after 
transplanting to facilitate deeper penetration of the roots. 
Plants were irrigated as needed and hoed several times to 
control the weeds. Ammonium sulphate, urea and super
phosphate were used at rates of 215, 164, and 412 kg/ 
feddan, respectively. These amounts were divided into 
six equal portions and applied at 10-day intervals starting 
two weeks after transplanting. A leaf fOliar spray (Fully 
Fertile 3/1000) was applied twice, on April 8 and May 
5, 1982. 

Pest control was achieved using three sprays with Dithane 

at 0.25c% on April 10. May 15 and 25. 1982 and a single 
spray with Coprozan at 0.35%, on May 20. 1982. Two 
sprays of Tamaron at 0.0021h were applied on April 4 
and 25. 1982 to control white fly and aphids. 

Selection of elite plants: during the sixth and seventh 
weeks after transplanting. 100 plants from each cultivar 
were selected for their superior vegetative and flowering 
characteristics as well as their apparent freedom from 
diseases. Close observations of these plants continued 
during the growing and fruiting periods, and plants showing 
any inferior characteristics were eliminated. The remainder 
of the plants were divided into three quality categories 
according to their total yield, general vegetation, and 
freedom from disease. Fruits from the best category of' 
the original l0)0 selected plants were harvested and their 
seeds separately extracted to be used as elite seed for 
subsequent steps in the seed improvement program. The 
remaining plants were harvested for'Foundation seed. 

Production of Foundationseed: isolation distances of 
20 meters between the adjacent cultivars were provided 
and corn plants were grown around the rea of chCil cultivar 
as an additional barrier. No tonlato or other plants of the 
Solanaceae family were grown on the area in the past 
three years. Roguing and inspection were carried out on 
May 19 and 26. and June 8. 1982, when off-type plants 
were removed and counted. 

After close inspection of the growing fields of the various 
cultivars and continuous exclusion of any off-types, tie 
mature fruits were harvested and transferred to the Nuba 
seed line for tomato seed extraction. To avoid any coil
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Table I. Area and Total Seed Yield from the Four Tomato
 
Cultivars at Nuba Seed Farm in 1982
 

Total 
Frit: 

Area Yield 
Variety M: (tori) 

E 6230 2296 12.138 

Peto 86 2114 10.070 

VF 145 2800 6.886 

UC 82 2800 8.156 

tamination or mechanical mixing of cultivars, fruits of 
each cultivar were extracted on separate days. The seeds 
were fermented for 24 hours without adding any acid or 
water and then washed and dried on wire trays in the 
shade. 

The total weight of the harvested fruits and seed yield 
of each of the four cultivars grown at Nuba Seed Farm 
are shown in Table 1. 

Operations at Kaha and Alexandria farms where the 
cultivars 'Ace' and 'Super Marnand' were grown respec-
tively, were similar to those employed at Nuba Farm, with 
modifications as appropriate for local conditions. 

SWEETMELON SEED IMPROVEMENT 
AND PRODUCTION 

One feddan of 'Kahera 6' and two feddans of 'Shahd 
Edfina" sweetmelons were grown at Nuba Seed Farm in 
1982 under conditions suitable for selection and production 
of improved seed for Foundation purposes. 
'Kahera' 6 Cultivar 

Culturalpractices: the soil was plowed twice and ridged 
after adding organic fert ilizers at the rate of'3( m'/feddan. 
Seeds were soaked for -ight hours in water to which 1%, 
Vitavax-Captan was ac'ded and then wrapped in a wet 
cloth and kept in a wan i place for 16 hours to start ger-
ruination. Seeds were p anted on March 23, 1982 with 
75 cm between hills. Absent hills were replanted after 
two weeks using transpants of similar age. The plants 
were thinned twice, fit.t when the plants had two true 
leaves leaving two plants per hill and second, one week 
later. leaving only ore plant per hill. 

The plants were sprayed at the age of 50 days with 
Fully Fertile (3/1000) ani fertilizers added in five appli-
cations (kg/feddan) as follows: 

a-30 kg ammonium sulphate + 30 kg superphosphate 
+ 15 kg potassium sulphate. 53 days mni sowing; 

b--30 kg urea + 60 kg superphosphate. 58 days from 
sowing: 

c-30 kg urea + 60 kg superphosphate + 30 kg po- 
tassiom sulphate. 70 days from sowing: 

d-45 	kg urea + 90 kg superphosphate + 45 kg po-
tassium sulphate. 77 days and 83 days from sowing. 

Average Average 
Seed Fruit Seed 
Yield Yield Yield 
(kg) ton//fed. kg/ton Fruit 

36.300 22.20 2.99 

23.100 20.07 2.29 

25.450 10.33 3.69 

29.900 14.27 3.66 

Plants were sprayed with Dithane M 45 on May 2 and 
19, and with Benlate on May 2, for protection against 
spotting diseases and gummy stem blight. Plants were 
also sprayed with 2/1000 Tamaron, for protection ,gainst 
aphids and white fly, on April 13, 23, and 25. 

Selection of superiorplants: one hundred plants, se
lected for their strong vegetative growth, freedom from 
disease, and early flowering, were selfed on May 12. At 
the last stage of fruit maturity, wilting and complete death 
of about 20c4 of the plants due to infection by nematode 
and Ftsarittm was observed. Reselection for plants tolerant 
to diseases, especially nematodes, in addition to plant 
vigor and excellent fruit characteristics was carried out. 
The growing plants were grouped into three main cate
gories, as follows: 

The first category: strong vegetative growth plus rel
atively high tolerance to nematode; 

The second category: strong vegetative growth, but 
with less tolerance to nema
todes; 

The third category: moderate vegetative growth and 
susceptible to nematode and vi
ruses. 

The plants of the last group were discarded. The first 
and second categories contained 10 fruits. Nineteen fruits 
having a total soluble solids (TSS) value of 13 or more 
were selected, and their seeds were separately extracted 
to be used in the continuing improvement program in 
successive growing seasons. 

'Shahd Edfina' Cultivar 

Cultural practices: two feddans, within an area of 12 
feddans planted with seeds of the same cultivar and from
the same source, were plowed twice after adding 20 m' 
of stable manure. Ridges 4 meters long and 2 meters wide 

were raised after the addition of superphosphate at 100 
kg per feddan in the bottom of the ridges. The soil was 
then flooded with water. Pre-genninated seeds treated with 
Vitavax-Captan were sown on March 23, 1982. Replanting 
took place on April 7, 1982. 

Chemical fertilizers were added at the following rates: 
100 kg ammonium sulphate + 50 kg superphosphate per 
feddan on April 21: 50 kg urea per feddan on May 12: 
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50 kg potassium sulphate per feddan on May 25. Foliar 
spraying with Fully Fertile was also carried out on May 
8 and with Eral on June 7. 

To prevent spotting diseases, mildew, gummy stem 
blight, aphids and white fly, plants were sprayed with: 
Bayleton + Tainaron on April 19: Nemalode + Tamaron 
on April 28: Dithane + Tamaron on May 8, Rubigan on 
May 29: Bayleton + Dithane on June 19: Dithane oil 
June 19. Plants were sprayed with Videt on June 22 to 
control nematodes. 

The isolation distance from the other sweetmelon cul-
tivars was not less than 3 kin nor had the field been planted 
with any cucurbits for three years. Inspection and roguing 
were carried out three times and off-types destroyed. 

Plants selected on the basis of good vegetation. having 
the characteristics of the cuItivar. freedom from disease. 
earliness of female flowcrs and their ratio, were sel fed. 
Fifty selfed fruits were produced fromithese selected plants. 

Seed extraclion: after rejection of plants infected with 
nematodes in their later stage of growth. fru it data was 
recorded and seeds of each fruit were separately extracted. 

Oil he asi of hetru 00dImt sape(11L~s totyp).
On the basis of fruit shape (must be true to type). good
vegetation , freedom from disease, and resistance to lie-

iatodes. 1040 fruits were selected and di%ided into two 
categories. The first contained 380 large excellent frii its 
and produced 3.5 kg of seeds. wii'e the second category 
contained 700 relatively good fruits and produced 8 kg 
of seeds. These seeds are to be used is Fhtmundationlmaterial 
for subsequent work. 

WATI-RMELON SEEl) IMPROVEMENI' 
ANI) PROI)UCTION 

Original seeds of 16 selected strains of'Giza I" cultivar 
were supplied by tie Vegetable Research l)epartment. 
Ministry of Agriculture. 

Cultural practices: the soil at an experimental lield 
located at Nuba Seed Farm was plowed twice after tile 
addition of manure at tile rate of 3t) i' per feddan . Ridges 
4.5 in and 2.5 Il wide weie raised and irrigated after 
smoothing their sides. Pre-Cerninuated seeds wei owII 
at I -meter spaciniigs with teii ridges lscd Ior cth straiin. 
Replanting of absent hills with seedlings, gn'wn il pots 
was canied Out after two weeks. Plants were thinned twice: 
the first after tlie development of two true leaves. when 
two plants were left in each hill. and tile second I( days 
later, leaving onl one plant per hill. 

Cultivation Was practiced four tines to remove weeds 
and to add soil to tile side of tile ridges. until tie plants 
came to be in tile middle. Irrigation was somewhat delayed 
in the early stage of plant growth to let tie roots grow 
deeply in tile soil. then it was practiced whenever it was 
needed. Similar fertilization and pesticide treatments were 
used as for sweCtniehloI. 

Selection, se/fing and harmvesting: one hundred fort-
one plants were selected oii May 15 on tie basis of cood 
vegetation. freedonl frolll disease, and earliness of (Inpen iniig 
tie first female flower. Strains I. 6. 9. 12. 13. 14. and 
16 were generally characterized by good vegetation. while 
strains 3. 4. 8. aiid I I showed generally veak vegetation. 
Selfir. was carried out ill all selected plants. 

Selection was also carried out later anong plants not 
subjected to selling because some of the selfed plants 
wilted as a result of infection with nematodes. At harvest
ing, the plants were divided into three groups according 
to their vegetation and tolerance to nematodes . lusarium 
and virus diseases. 

I. The first group included the plants having good veg
elation and relatively high tolerance to both Fusaium 
and nematode. and without any virus syniptoms: 

2. 	 File second group included plants with good vegeta
tion but less tolerance to lI(murimi and nematode, 
and also without any virus symptoms: 

3. 	T[ie third group contained plants with weak vegetative 
characteristics and susceptible to infection with ne
niatodes. ltisariumn and virus. 

Two hundred and seven Ifruits were harvested from the 
plants of the first and second groups and SUblected to 
testing. Fourteeni fruits were finally selected from plants 
v ith good or moderate vecetation and tolerance to nematode 
and Fu.tsrit-i, that were true to type. with SS values 
hge tan 9. wth good tase an Withrin thckes 
higher that] 9. with good taste, and With rind thickness 
of not more than 1.5 cm. Seed separately extracted troni 

.these fruits w\ill he used to continune thle improvenient
tw U roiu seasons 
program in the successive growing Seasons. 

CA'DAG- SED IMPROVEMENT 
AND PRODUCTION 

Cabbage Seed was added to the program for the fall 
1982-83 season. The local CUltivar "3aladi' was planted 

at Nuba Seed Farm. Appropriate procedures were followed 
for nursery preparation and seed sowing. shading. soil 
preparation and transplanting. replanting. feirtilization. pest 
control. selection, field preparattion for stem cultivation. 
and roguing and inspection. Fotur hundred and twenty
eight heads w\crc selected, and their stems and roots w%,ere 
planted to produce registered seeds. From these plants. 
20 plants withl tie best characteristics were considered as 
elite plants. 

Dlurin tie winter 1982-83 season, one ICldan fl1Little 
Marvel" was sown at Kalla Fr"111. aIlnd two I'Cddans each 
of 'Little NIarvel" and 'lerlec!ion' -weresown at Nuba 
Seed Farm. Alppropriate prodtictin aid r )gLiIng procedtres 
\ere fIohowed. l'otur hun.drel superhi plants were selected 
flrom1each cultivar uLrine the ero\ Jiii season, and this 
iiuiher was further reducffed by roguing of, inferior plants. 
l)ry plants were har\ested in hulk and spread on canvas 
for diving. The harvn'\ested seeds w\ill be the IFoundaltion 
generation and used for further multillicatini. 
LETTUCE SFI) INIPR(VlEN' 

AND PRODLC'I()N 
Seedlins of' 'Dark (ireen' cUltivar were t1Iransplanted 

at KaIia in a allia.i 01, Ifeddan. amnd"laladi" \' as phamlletI 
on one leddan at the Faculty ) Agriculture Farm at AI
exandria. Appropriate proodtctio prmc 'dures were oIl
lowed. After roguning. a total o 2(1 pilats , "'l)ark (;reei' 
and 18 plants of1 'Biladi" were finall ,ele,_ ed. 'he seed 
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of each plant will be harvested and sown separately to 
continue the improvement program ':he following season. 
After inspection of the two fields grown with the two 
cultivars and roguing of off-type plants, the seeds of the 
remaining plants will be harvested as basic seed. 

SEED CERTIFICATION PROGRAM 

A seed certification program was initiated so that seed 
of superior cultivars may be grown ,nddistributed in such 
a manner as to maintain their genetic identity and purity. 
Vegetable seed crops included are tomato, watermelon, 
sweetmelon, cabbage, pea and lettuce. Detailed standards 
were established for land requirements, field history, iso-
lation distances, diseases cultivar purity, seed gennination 
and mechanical purity for each crop. 

During the first year's production of tomato, watermel,,n 
and sweetmelon seed, fields were inspected and rogued 

of plants and fruits that were diseased or off-type. Efforts 
have been made to establish a certification authority that 
is separate from production and to give it the legal authority 
to reject unsatisfactory products and issue certification 
certificates. 

A seed testing facility is an essential part of the seed 
certification program. For this purpose, two rooms in the 
former vegetable crops building on the Cairo University 
campus at Dokki were remodeled to house the new seed 
testing laboratory. Equipment was ordered for the labo
ratory with sampling, purity, germination and moisture 
testing equipment. One room is used for entering the di
viding samples and purity testing and the other for ger
rination testing. 

The project's training of six Egyptian scientists in ite 
U.S. in all aspects of vegetable seed production will play 
a vital role in the future in maintaining rnomentum estab
lished by this project. 
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IMPROVED DATE PALM PRODUCTION
 

The economic importance of date palms illEgypt and in 
other Middle Lastern c.ountries cannot be overemphasized. 
To desert dwellers, date palm is considered a main source 
of food and shelter besides being the major, if not the 

Egypt isreported to have about 7 million late panis 
growing in dilterent governorates with I total production 
of about 420,000 metric tons. 

However in recent years a decline in production has 
been reported and an estimated 50,(000 tons of dates are 
imported annually, mostly froin Sudan. The Aswan High 
Dam reservoir eliminated approximately one million palms 
and large areas are reported to be going out of production 
because of poor drainage and increased salinity. 

The key to solving current problems in production lies 
in developing extension and research services which modify 
available modern techniques in date culture to conditions 
in the several date growing regions of lEgypt. When applied 
to existing plantings, these techniques should result in 
incieased production and quality of dates. 
The Date Palm Project was started in March, 1982 at 

seven locations in Egypt. In view of the long term nature 
of this crop, little conclusive data call be presented after 
little over one year of investigation. On the other hand. 
vigorous efforts were made to probe the most serious 
problems inorder to establish priorities for future work. 
hr this respect, excellent progress has been made. and 
propagation, pollination, fruit thinning and fertilization 
were identified as areas for priority research. 

ACCOMP1,ISHMENTS 
PROPAGATION 


The date palii does not grow true to type from seed. 
It is propagated asexually by offshoots, which are essen-
tiallv branches developed from vegetative. auxililary buds 
usually developing from the base of the parent tree. In 
Egypt. the survival of offshoots after transplanting is fre 
quently poor because of small size. poor cutting techniques 
;.nd erratic irrigation. Many small ofish,ots are discarded 
during the cutting of commercial-size shoots. Experimental 
propagation of commercial-size date pal inoffshoots was 
undertaken to analyze the requircmcnts for high survival 
rate in the nursery and field. Trials were made at -I-
Kanater. Kom Onibo. and Abo-El Rish. usiing various 
soil mixes and oflshoots frorn several sources. At 6 months. 
survival of' "Bint Aislia' and 'Samany' offshoots 6 to 20 
kg or more in weight was essentially IOt4%, irrespective 
of the soil composition of the nursery beds. New growth 
occurred in a higher percentage of' offshoots over 13 kg 
in weight than insmaller ones. 

At Korn Ombo and Abo-EI Rish. about two-thirds of 
the 'Sakkatoy' offshoots 8 kg and heavier survived at the 

'lhe iimportance of the (late palm in Egypt s ov'rall cconomy 
lies not only in the value of its fruit, but also in tree by-PONproducts which iare used to lmanufacturC baskets. mats and 
ropes. This IlIustration shows the removal of leaves fromn 
the trecto nmanufiacture baskets. Enthusiastic use of this 
practice severely reduces fruit yield. The Date Project has 
made recommendations on the optimm ratio of leaves to 
fruit bunches . I'hot:Lm rn,'e Rappaport 

end of 6 months. Offshoots takei froi irrigated ad non
irried alms mfr nontekc ed and 

irrigated palis were compared at Abo-El Rish. The ion
irrigated offshoots had a survi.al rate of about 5 coni
pared with about 35( for in'igated otshoots. In the nursery 
all offshoots received uni form irrigation. Further offshoot 
propagation trials were begunii in September. 1982. 

Small off'shoots of '13int Aisha date palhin weighing 
from less than I kg to i kg were propagated at El-Kanater. 
Abo-EI Rish. and Zagazigl . The treatments included ap
plication of various concentrations of indolebutyric acid 
(IBA). a presoak in water and fun gicidal treatments. The 
data at 6 months were imiconcl us iye altlhough most treat
ments showed promise of good survi\ al of snall offshoots. 
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The main determining factor in all of these initial studies 
was offshoot size: The larger tbe offshoot. the greater the 
chance of survival and subequent growth. 
POLLINATION 


Under natural conditions the date palm relies on wind-
pollination to convey pollen from the male to the female 
flowers, which are borne on separate trees. The unreliability 
of wind pollination led long ago to widespread use of 
hand pollination of the date to insure a good set of fruit. 
This practice is still followed in Egyptian date orchards 
which are not yet adapted to mechanical pollination 
equipment. 

The pollination requirements of several date varieties 
were examined at EI-Kanater, Kom Ombo, Fayoum, and 
Pelbeas. The amount of pollen needed to insure good fruit 
set was studied using a rough measure of pollen quality, 
Pieces of fresh male flower strands, 15 cm long, were 
used at rates from 2 to 18 strands per female inflorescence; 
different males were used in each test. The available data 
indicate that at least 6 to 8 strands of good male flowers 
should be used for each female inflorescence to obtain 
optimal fruit set of dates. Table I shows data for the 
cultivar 'Amri', which is similar to the response of'Aglani'. 

The best time of pollination varied from 0 to 6 days 
after femnale flowers (spathes) opened. An interval of only 
0 to 3 days was the optimal period for pollination of all 
varieties studied-'Zagloul'. 'Sakkoty'. 'Amnri', 'Aglani'. 
and 'Seewy'. However, 'Zagloul' and 'Seewy' gave goodfruit Set evenl when pollinated between 3 to 6 days after 
spathe opening. 


sathespenig. pleaves 
Two tests with pollen of different seedling males coil-

firmed the fact that males differ. sometimes widely, in 
their capacity to fertilize female flowers. identification 
and Lis of higher potency male plants in different areas 
could result in increased yields. Physical and chemical 
evaluation of the fruit from the several pollination exper-
iments showed almost no significant differences in fruit 
quality that arise from modifications in pollination. 

FRUIT THINNING 

A date inliorescence may carry from a few up to 8,000 
flowers. To obtain uniform sized fruit and to reduce alternate 
bearing of palms. the inflorescences (bunches) are thinned 
to carry 1.000 to 1.500 fruit at harvest, depending upon 

cultivar, with due allowance being made for some fruit 
shattering during the season. Such bunch thinning is prac
ticed in the United States and Israel, but in most date 
growing countries the only thinning is removal of whole
bunches at the end of the pollination season. This may 
reduce alternate bearing behavior but it does not have 
much influence in ensuring uniform fruit size. 

Thinning experiments were made at EI-Kanater, Fay
oun, Pelbeas, and Kom Ombo. Those trials involved, at 
various periods after pollination, complete removol of 
part of the strands of a female inflorescence (bunch), 
shortening of all strands in a bunch, or removal of whole 
bunches. The preliminary results on the different cultivars
'Zagloul', 'Seewy', 'Sakkoty', 'Amri' and 'Aglani'
indicate that though removal of about 25% of the strands 
at 6 weeks after pollination gives good fruit set and yield 
in a few of the cutivars, most did not respond to thinning. 
Statistical analysis indicated that thinning had little effect 
on the physical and chemical properties of the fruit. Clearly 
there is need for additional studies in this area. 
LEAF PRUNING 
The palm frond isa Valuable commodity inEgypt. It 

is used for covering houses and the midrib isused r 
making palm rib crates for packaging and transport of 
many commodities. Because of their value in commerce, 
the leaves are harvested, often without regard for the fact 
that photosynthate produced by leaves is necessary for 
tree grovth and fruit production. If optimal yields of' fruit 
re to be obtained. it is necessary to determine under 

Egyptian environmental conditions the minimum ratio of 
to fruit. This information would provide growers 

with an index of the number of leaves that may be removed 
for other purposes without endangering the tree or crop 
yield. 

Experiments on leaf bunch ratios were performed at 
EI-Kanater to determine the number of leaves required 
for proper growth and development of each of several 
cultivars-'Halawy'. 'Sayer'. 'Zahidi', and 'Zagloul'. 

A leaf bunch ratio of 8:1 gave the best yields for 'Hal
awy', 'Sayer', and 'Zahidi', a ratio of 10:1 was best for 
'Zagloul' (Table 2). Thus yields were related to cultivar 
and greater attention to cultivar responses will have to be 
paid in the future. 

One of the additional conclusions of this study was that 
the leaf bunch ratio is an important index that should be 

Table I. Effect of Number of Male Strands per Female Spathe on Percentage of Fruit Set and 
Yield of 'Amri' 

No.of imah strands/ Fruit set Bunch 
femah,.spathe (7 weight 

(kg) 

2 strands 10.80 2.77 

4 strands 12.75 3.67 

6 strands 14.80 3.28 

8 strands 18.07 3.42 
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Dates in 1982 

Fruit 
weight 
(gin) 

17.47 

Fruit 
length 
(un) 

4.40 

Frit' I 
diameter 

(cm) 

1.92 

Flsh wt. 

92.50 

17.42 4.76 1.83 93.05 

17.71 4.70 1.85 91.47 

17.36 4.69 1.94 93.49 



Table 2. Effect of Leaf/bunch Ratio on Yield and Average Bunch Weight of Some
 
Date Cultivars Grown in EI-Kanater, 1982
 

Yield (kg) 
Cultivars Leaf/bunch 6:1 8:1 10:1 

ratio: 

Zagloul 124.40 109.00 132.80 

Halawi 112.20 132.20 88.20 

Sayir 74.40 90.20 71.40 

Zahidi 63.50 74.40 74.60 

used in other kinds of studies related to development and 
yield. For example, alteration of nutrition or water status 
of plants may shift the index significantly. Clearly, one 
future goal should be to study the relationship between 
the leaf bunch ratio and cultural factors that affect yield 
in a predictable manner. 

FERTILIZATION 

Elaborate fertilization studies at Fayoum on Seewy' 
palmisand at Pelbeas on 'El Hayany' palms were undertaken 
to assess the relationship between nitrogen and potassium
and various parameters ofdate pahin growth. fruit set ndyield. These were started in February ofw 1982 ind it is 

yied.sartdhes weei Feruay o 192 ad i is 
premature to reach definitive conclusions on the effects 
of nutrition on date palm plant growth ndrdevelopment, 
Te experimental design included 144 nitrogen treatments 
and 72 potassium treatments: phosphate was broadcast at 
the level of 2 kg per tree. There were two sources of 
nitrogen, amionit nitrate and urea, three levels of each 
fertilizer, one to three fertilizer applications throughout 
the year and two methods of application-broadcast, or 
in holes bored at the base of the trees. Data were taken 
on the number of leaves produced, average leaf length, 
percent fruit set and percent retained, total yield, average 
fruit weight, fruit dimensions, and pulp/seed ratio at two 
stages of development. In addition, total soluble solids, 
acidity and tannin content were measured inthe fruit. 

In these initial studies, there was no indication that 
nitrogen levels at the amounts supplied favored fruit set 
and development, although vegetative growth was en-
hanced significantly in 'Seewy" date plains, especially in 
plots in which fertilizer was broadcast. The increase in 
vegetative growth at tile expense of reproductive devel-
opment suggests that nitrogen levels were too high in 
these experiments. An interesting effect appeared to be 
prolongation of the period of leaf* growth and functionwhich has implications for extending plhotosynthetic ca-

pacity of leaves and, thereby. the potential for increased 
yields. III to nitrogen. potassiu was sIolwmi tocontrast \Ii 
markedly affect fruit set as well as the average weight per 
bunch and the average yield per tree: average fruit weight 
and percent flesh 'veight were greatest in the experinients 
receiving potassiuti. 

L.S.D. at 
511( 

6:1 
Bunch wt. (kg) 

8:1 10:1 L.S.D. at 
5% 

12.12 13.51 14.26 14.47 0.53 

3.00 14.03 .3.22 14.70 0.268 

N.S. 10.63 11.28 10.20 0.882 

2.35 10.46 10.63 10.66 N.S. 

Such experiments require several repetitions over time 
to assess long term effects of fertilizer treatments. Only 
after rigorous statistical evaluation can final conclusions 
be reached regarding the optimal levels of nitrogen and 
potassium needed to produce maximum yield. Another 
consideration is that trees in this experiment were rather 
severely leaf pruned: the leaf*bunch ratio of 4:1 is con
siderably lower than the optimal ratio of 6:1 determined 
in other experiments. Therefore. future experiments should 
assess the relationship between optimal leaf* bunch ratio 

fertilizer and other cutural treatments.Additional fertilizer experiments were carried out With 
'EI-Hayany' dates in sandy soils in El Pelbeas Province. 
Sharkia governorate in a somewhat simpler experiment 

. g
designed to assess the effects of aminonitli nitrate appliedat three different levels at three times of application, March. 
May and July. The total applied in different treatments 
did not exceed 1000, 1500 or 2000 grais of nitrogen per 
tree. Potassium was supplied at levels of' 500 or 1000 
grams per tree with either two or three applications made 
in March, May and July. [le May application was omitted 
from three of the treatments. In these experiments, po
tassiunI c to have significant effects on yield.seemed no 
nlnlber of bunches per tree or average bunch weight.

Again, because of the very brief period of observation 
it is difficult to draw conclusions. It is important that 
extensive experiments in fertilization be continued for at 
least three years to determine optimal levels of nutrition 
for highest crop yields and quaIlity. 

INTRODUCTION OF NEW CUUIVARS 
Whi!e there are millions of seedling trees in Egypt. 

some of which produce high yields of quality fruit. a
nijor concern is that overall they are not capable ofcoi

peting in prldodIctivity or quality with certain established 
cultivars which are not currently available in Egypt. A 
miajor objective of the Date Palm Project was to introducehigh quality culti Vars which have been tested and .leused 

ill a iUinber of date producing countries. These could 
serve as the gerniplasm base for a modern, hygienic, date 
handling and packaging industry. 

Eight female varieties w\'ere introduced from California 
ini August. 1982 and were established at tile Sabahaya 
quaratine station. The culti vars are 'Barhee. 'Dayri', 
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Dates rank second in importance among tree crops in 

Egypt. In some districts the\, are the primary crop. a staple
f'OOdtluIt, and provide seasonal employment Opportunities. 

The problem of falling productivitv in recent years has been 
addressed by tileDate Palm Project. New clt ural practices 
have been developed and improved cultivars imported. 
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"Deglet Noor', "Halavy', 'Khadrawy'. "Khalasa', 'Med-
jool'. and 'Zahidi'. all of which are high quality cultivars 
of commercial importance. 

Attention ,.as also paid to native germplasmn resources. 
The project team identified and described 12 cultivars 
introduced about 25 years ago to the Mallawv station. 
Seven seedling female palms in various districts were also 
identified and described for future study. 

ENTOMOLOGICAL INVESTIGATIONS 

The entomological work consisted of intensified insect 
surveys in the principal date palm districts. Field surveys 
and studies in fruit handling facilities were included. This
supplements work that had been underway at various 

Egyptian institutions, 
In the orchards at El-Kanater and Pelbeas. good insect 

control was demonstrated with two applications of' Mal-
athion or Ditnethoate. 

RECOMMENDATIONS TO EGYPTIAN GROWERS 
1.Date palm offshoots trimmed for commercial prop

agation should weigh a mininum of about 10 kg. Offshoots 
can be established well in the sandy to silty foar common 
in Egypt. providing that good care is provided. A fungicidal 
treatment of the cut base of the offshoot should be used 

help prevent butt rot. 
2.Pollination should be done within 0 to 3 days after 

female inflorescences open in the 'Armi'. "Aglani'. and 
'Sakkoty' cultivars. A period of up to 6 days after flower 
opening is maximum for 'Zagloul' and 'Seewy'. 

3. Exact quantities of pollen required are not known 
for optimal fertilization since this varies with the male 
parent and the freshness of pollen. Use of 8 or more 15
cm strands of male flowers should be adequate for each 
female 	bunch. 

4. A minimum leaf bunch ratio of 6:1. and preferably 
8:1. is 	 recommended. Pruning of bunches to eliminate 
between 	1/iand A of the f1,male flowers on each bunch 

provide a satisfactory crop of good-sized fruit 

depending on variety. 
5. Use 	of at least I kg nitrogen/tree/year improves treegrowth. fruit set. and yield. Potassium and phosphorus 

requirements of the (late palm have not yet been determined. 
6. Control of injurious insects is essential to good yields. 

high quality, and a proper storage environment, and suitable 
pesticides have been recommended. 

Aside 	 from research results an additional important 
achievement has been the development for the first time 
of a coordinated research team approach to improvement 
of date palm culture in Egypt. The adaptation of current 
modern technology to culture and fruit handling could 
make Egypt self-sufficient in (late production and could 
lead to a significant export industry. 

Research accomplishments have been limited because 
less than one year has elapsed since initiation of this long
term project. Nevertheless. the Egyptian team has made 
remarkable progress in coordinating research efforts and 
utilizing the facilities at hand. Work has begun under 
difficult conditions incltudiing lack of suitable young or
chards. use of old. tall trees for experimental work. lack 
of equipment. and often limited field experience of rese..,:h 
personnel. Complete data on short-term experiments are 
not yet 	available and lonu-termn experiments need three 

to five years fOr completion. However. enough has been 
accomplished for the data already available to serve as 
guidelines for new work and improvements in present 
cultural methods. 

96
 



IMPROVEMENT OF BANANA PRODUCTION
 

Bananas are a locally produced fruit which is nutritious, 
affordable, hut seasonal. In the past bananas have been a 
good cash crop for the farmer, but in recent years, the 
production has declined drastically and imported bananas 
are commonly found on the local market. The Banana 
Project was established in 1982 to initiate the research 
and extension necessary to reverse this trend by general 
throughimprovements in production. This was to be achievedtranster of information on up-to-date culItivation 
tehn erom ef' comerialn onest nan poducing
and by introduction and testig of new banana culItivars. 

The cultivation of bananas isunique in that apermanently 

established plantation of a perennial plant is grown with 
annual regeneration of the production unit. Vegetative 
growth is renewed yearly and trui it are developed on the 
new growth. In contrast to the situation in the baniaa 
growing areas of Central America. the effect of chilling 
in Egypt (low. but above freezing temperatures) and sub- 
sequent destruction of' plants during the winter period, 
has resulted in cultivation of the plants on an annual basis 
with growth renewing in the spring and the crops living 
harvested the following winter. Through illustrated sere-
inars and informal discussions, the methods of conunercial 
banana production in the highly productive banana growing 

zones ot the world have been compared to the production 
practices in Egypt. Many of the improved methods of 
production could be lirectly transferred to Egyptian con
ditions lollowing only limited field testing in Egypt. 

ACCOMPLISHMENTS 
INTRODUCTION OF BANANA CULTIVARS 

The four banana culItivars used to produce the majority 
of the fresh fruit lor the world market. 'Williams" (Israel),
'Valery' (Honduras). 'Grand Nain' (Honduras) and Poyo'
(Somalia) were introduced into Egypt from the indicatedcountries. The MOA obtained 'Williams' in May 1982and tPovo 1983 and Grand Nain"in March Valery' 
wer Tomin Marth co-t 'ealedeinFeray 1983were obtained by the co-teani leader in February 1983. 

Banana plants are reproduced by vegetative propagation 
from cormS. )ue to the danger of introduction of viral. 
bacterial or fungal diseases or nematode and insect pests 
from abroad, the plants were placed i. quarantine for one 
year. The cultivars 'Valery'. 'Grand Nain' and Poyo" 
came from areas where isease. nematode and insect 
problems exist that are not prevalent in Egypt. Of particular 
concern was P'tsariuttwilt, Panama disease, Pstldolonlas 
bacterial wilt, moko, the nematode Radolpholus similis. 
the banana root borer. and several fruit damaging thrips. 

New cult ivars introduceil by the Banana Project are seen here undergoing 
field evaluation under varying conditions of fertilizer and irrigatiol. 

9/1,l1:N1Vmhr I111%ho 
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The cultivar 'Williams' was certified by the Ministry 
of Agriculture in Israel prior to release in the Middle East. 
Therefore, this cultivar was obtained in large numbers 
and planted directly in quarantine field nurseries in Egypt. 
These plants were judged to be clean and subsequent field 
testing was begun during the 1983 gi owing season. 

FIELD TESTING OF CULTIVARS 

During the 1983 growing season field tests were estab-
lished to compare Williams' with te ciltiVars currently 
grown in Egypt. Upon establishment ofha banana plantation, 
the first, or ratoon crop, only gives marginal yield and 
experimental data are generally not used to draw conclu-
sions. The best data are obtained from the third generation 
and three years of data are used as a basis for decisions 
regarding cultural practices and choice of cultivar. 

With the introduction of 'Williams', ciarantine field 
nurseries were established at Kena, Aswan. Kalubia. 
Monfia and Gharbia to provide initial information on the 
adaptability of this cultivar to the banana growing zones 
of Egypt. Trials were established at the EI-Kanater Ag-
ricultural Experiment Station where greater control of 
cultural practices could be assured. 

Two major experiments were planned to compare the 
relative performance of cultivars and the effects of planting 
density on performance. In the cultivar test, the tall 'Wil-
liams' and 'Maghrabi" cultivars were planted on 2.5 by 
2.5 meter square plantings and the short 'Basray' and 

'Hindi' at 2.0 by 2.0 meter square plantings. Data will 
be taken on plant growth, flowering date. yield and quality 
of the fruit; yield data should be taken for at least live 
years. 

Proper population and spacing are two of the primary 
production concerns in most of the banana growing regions 
of the world. Because much of the research on bananas 
is done by commercial companies. results are not published 
and guidelines are therefore not readily available. Due to 
the varying climatic conditions between banana zones, 
optimal plant populations Will vary for the same cultivar. 
Therefore, a field planting program was designed in an 
hexagonal orientation to test the response of 'Williams' 
banana at. different planting distances. The plants were 
spaced on equilateral triangles at distances of 2.25, 2.50, 
2.75 and 3.00 meters. l)ata will be taken on plant growth. 
flowering date, total yields and quality of the fruit to 
determine the best spacing to maximize yields in Egypt. 

Two additional observation plots were planned to coim
pare nitrogen levels at 200, 25). 300. and 350 grams per 
plant per yea, and potassium at 0. 250. 500 and 750 grams 
of potassium oxide per plant per year. Potassium in par
ticular appears to be limiting banana production and ex
tensive research on this element is needed. A graduate 
student's research has already indicated a positive response 
to the application of potassium sulfi'te on local cultivars 
grown at the EI-Kanater Experiment Station. 
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Egypt's rapidly expanding population, and the desire for a higher standard 
of living continue to make demands for increased domestic agricultural production. The 
scarcity of good farnland however has forced planners to concentrate their eflbrts on providing 
plentiful year-round water, so that crop production can take advantage of' the favorable 
climate. The keystone of this was the Aswan Hligh Dam completed in 1970, making irTigation 
water plentiful and inexpensive to farmers. Improvements in the drainage system. however, 
did not keep up with the development of the irrigation network. The result has been water 
logging, increased salinization, and decreased yields. Besides this serious land deterioration 
problem many economic problems persist that limit the growth of the agricultural sector. 

There is general agreement that the government has adopted a number of policies and 
practices, such as price controls, taxes and subsidies on imports. compulsory planting rules, 
and so forth, that have caused divergences between "free market" prices and the actual 
prices farmers receive for commodities and prices consumers pay. The 'price distortions' 
influence the amount of production, consumption, the techniques of production. the distribution 
of income, the volume of exports and imports, tax revenues, saving and investment, and 
virtually every aspect of economic activity, besides having a crucial effect on the development 
of the agricultural sector. 

The ADS Economics Sub-Prolect was designed to engage in a wide range of research 
and training activities to improve the ability of the Egyptian Ministry of Agriculture (MOA) 
to plan, implement, and evaluate programs promoting the development of the agricultural 
sector in Egypt. The immediate short-run contribution of the Sub-11roject has been to engage 
about 270 members of the Egyptian agricultural economics community in policy-relevant 
research and to offer technical and policy guidalnce to the MOA policymakers. Collaborative 
research activities combining the efforts of Egyptian, University of California. and other 
U.S. agricultural economists were created as the principal vehicle through which ADS has 
contributed to (I) the professional development of Egyptian agricuIt ural economists, and 
(2) the research and decision-making capabilities of the MOA . This on-the-job research 
training has been supplemented by seminars, guest lectures. workshops. symposia. exchange 
visits by both U.S. university and Egyptian researchers on activities, short- ald long-term 
training prograns at the University of California. sholt-courses of instruction in Egypt. and 
other educationally related activities. 

Dol ing its life (1980-83). the Economics Suh-)rojcCt spent approximately S3.5 million 
(U.S. $ equivalent) sponsoring 23 research project". engaging 238 Egyptian Phi) agricultural 
economists and 145 junior Egypt ian personnel ill col lahorati\c research with 46 university 
agricultural economists (UCand othcr U.S. institutions). Their research activities pr'Oduccd 
more than 183 working papers. There were 70 short-term training visits by Egyptian researchers 
to the University of California. and more than 40 seminars and guest lectures. I1major 
Economic Policy Workshops. six mini-workshops and training sessions, three special 10
week "English for Economists'' courses, and a weekly class in computer training inEgypt. 
all sponsored by the Sub-Project. 

Starting inmid 1980, the Economics Sub-cProject f cussCd Ol soliciting, reviewing. 
developing. and implementing research proposals. Substantial effots were devoted to de
veloping collaborative research teams composed of University of Calilornia persIincl 'and 
the MOA, as well as Egyptian university researchers. During the sccnd and thild y'ears of 
the project, emphasis was directed toward developing the educational program. prolmoting 
short- and long-term training, and disseminating research findings and fostering policy 
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discussion through workshops and seminars. During the last six months of the project the 
administration devoted itself to carefully monitoring the activities, encouraging the orderly 
closing and completion of ongoing research work. On conclusion of the project on August 
31, 1983, it was apparent that the Economics Sub-Project had made a substantial contribution 
to achieving its objectives of promoting policy-relevant research to aid MOA decision 
making, supporting the professional development of the Egyptian agricultural decision 
making, supporting the professional development of the Egyptian agricultural economics 
community, and developing the institutional capacity of the MOA for carrying out the 
policy-relevant research necessary for developing the agricultural sector in Egypt. 

ACCOMPLISHMENTS 
The ADS Economics Sub-Project was given a mandate to study six major policy areas 

of priority research: 
I. Price Policy 
2. Agricultural Marketing and Distribution 
3. Human Capital and Social Institutions 
4. Food Security Policy 
5. Allocation of Development Resources 
6. Land and Water Resource Use 

Research proposals were solicited from and submitted by both Egyptian and American 
university economists (predominantly UC) and were reviewed by the Joint Egyptian-Califomia 
Economics Technical Committee. Guided by the advice of tile technical committee, the 
Sub-Project administration implemented 23 research projects focussed in one or more of 
the areas of priority research. 

The research findings and policy recommendations of each project are presented later 
in this report. Below is a general overview of the research program according to the six 
major policy areas of priority research. Many recommendations are unanimous; others are 
conflicting. Some merely pose the problem; solutions await further research. The attempt 
in these few pages will be to identify common threads and highlight important findings. 
The key to revitalizing the agricultural sector seems to be in redesigning the system of 
incentives and institutions. 

PRICE POLICY 

For many years the Egyptian government has imposed a high degree of control on 
agricultural prices. Since the initiation of the Open Door Policy in 1974, the Egyptian 
government has been moving towards a more open. market-oriented economy. There are 
numerous examples of low government-set producer prices acting as disincentives to increased 
domestic production and low government-set consumer prices encouraging increased con
sumption. These price policies encourage imports, adversely affecting the balance of payments, 
and discourage the development of the agricultural sector. Many of these price intervention 
policies of the Egyptian government led to resource misallocation, reduction of national 
income, and maldistribution of income, conflicting with the goal of achieving social justice. 
Numerous ADS research activities were focussed on contributing to the rationalization of 
these pricing policies to promote economic efficiency, social equity, and the development 
of the agricultural sector. 

The price policy area was given the greatest attention by the Economics Sub-Project. 
Three projects which Focussed primarily and directly on the price policy questions were the 
Food Subsidies. Food Security, and Price Policy and Trade projects. 

Substantial contributions to the price policy area were also made by the following 
projects: Land and Water Allocation, Mechanization, Cotton Markets, Livestock, Farm 
Efficiency, and Policy Analysis. 

Various studies showed that when farm-gate prices of some commodities are controlled 
at low levels, farmers transfer resources to production of those commodities which are 
relatively more profitable. Hence, Egyptian farmers curtailed production of cotton and 
grains and expanded production of those commodities with free market prices: fruits, veg
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etables, and livestock products. But this resulting product mix was not what the government 
intended. Rather, more cereals and cotton were needed, so a system of allotments and 
quotas was imposed and subsidized inputs offered, which slowed the shift to alternative 
crops. Evasion of compulsory acreage and deliveries was common because the benefits of' 
violation exceeded the cost of'penalties, even when paid. 

Because of' the existing and ever-worsening food crisis, the government "expects" 
farmers to devote production to major staples for human consumption but price signals are 
not encouraging them to do so. Favorable (free) livestock project prices for example, induce 
farmers to grow feed and fodder, especially berseem. 

While it may be possible for a centrally-planned agricultural system to impose area 
controls successfully to optimize national food security, the problem with Egypt's attempt 
is that price policies contradict the allotment-compulsory delivery system. The result is 
massive evasion of controls. Further research is needed to weigh tile cost and benefits of 
having rules and regulations that are so widely violated. 

For several commodities, e.g., rice and beans, farmers can sell quantities grown beyond 
quotas on the free (black) market and thus at least partially mitigate their losses. Apparently, 
the existing system benefits larger farmers relative to small ones because they have more 
to sell on the residual market. Also, the existence of this surplus supply beyond quotas of 
certain commodities makes their f'orced deliveries totally irrelevant to the national food 
security goal. Where quota prices rose to or near world price levels, farmers would be given 
economically efficient signals and would respond accordingly. On the other hand, if the 
domestic open market price for a commodity is greater than its international price, then 
import restrictions should be removed and imports increased. 

A conclusion of one study was: To encourage tile switch from berseem to grain. 
administered grain prices should be raised and supplies of low-cost feed from other sources 
provided. Another study suggested a price support system similar to that in the United 
States. Surely, subsidizing wheat imports has discouraged local production. Indirectly. 
maize production is affected whenever cheap wheat is used for feed. 

Another group of analysts found that substantial improvements in agricultural productivity 
would be associated with regional specialization. The current price and area controls. e.g.. 
for rice, seriously undermine Egypt's potential for regional specialization. 

Existing institutional arrangements, government interventions, and controls are all 
responses to a situation in the past, frequently a crisis. Actions, which when taken had an 
urgency, were continued and became ingrained into the economic-political structure-so 
ingrained that it becomes risky to remove them even when they are no longer meaningfuI
,e.g.. compulsory deliveries on commodities produced in surplus. 'File result is that. rather 
than an integrated comprehensive agricultural policy, a crisis-oriented, piecemeal. commodity
by-commodity approach is in use. 

Various ministries with different ob*jectives often operate at crOss-puloses. For example. 
the Ministry of Supply imports yellow maize and distributes a large part of it at subsidized 
prices to the Ministry of Industry which makes feed mixes according to formula provided 
by the Ministry of Agriculture. Cottonseed used in the mix is obtained from gins operated 
by the Ministry of Economy. A consistent call from the many project papers is for a more 
integrated approach to policy and its operation in the food system. 

The recurrent theme is for a coordinated drive to reorganize the entire food chain 
towards a more open-market economy in which government interventions in price-making 
and subsidization are curtailed. A sudden switch to a free market economy is unlikely 
however and probably not advisable. Instead a more gradual progress in this direction seems 
desirable and, again, on a conmmlity-by-commodity basis. Given the complex array of 
interdependencies among commodities and between micro- and macro-levels. repercussions 
of these changes will be felt throughout the system. Trhe end result is diflicUlt to predict. A 
better understanding of all the interconnections iscalled for in order to determine the actual 
effect of a proposed policy change. 

The ratio of Egypt's agricultural exports to agricultural imports was once above three. 
It was greater than one until 1974: it has now fal len to unprecedented low levels. The 
domestic agricultural pricing system has been divorced f'rom international prices measured 
either by the official exchange rate, which overvalues goods traded, or by the true internalional 
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rate. The insulation of the agricultural sector from international market influences has 
resulted in its repression. When Egypt "opened" to a greater participation in the international 
marketplace, nonagricultural sectors were stimulated, but agriculture was left behind. In 
fact, belief that nonagricultural sectors have more potential for continued development 
became a self-fulfilling prophecy as measures biased against agriculture were applied. One 
study on intersectoral transfers confirmed the substantial outflow from agriculture to other 
sectors of the economy. 

The recommendation of several analysts was to loosen the constraints holding back 
the agricultural sector so farm exports can play a stronger role in the economy. As a start, 
one linear programming study suggested an optimum trade pattern among several commodities 
that would reduce the current agricultural trade deficit by about one-fifth. The effects of the 
international market on Egypt's production strategies need careful attention. For example, 
to expand areas in wheat may actually work contrary to food security goals by taking away 
land from crops that could earn foreign exchange. 

Egyptian government agricultural price policies are indeed changing. Price decontrol 
is underway for all horticultural and most field crops. ADS research and policy workshops 
on these issues have contributed to these changes in governmental involvement and policy 
revision. 

AGRICULTURAL MARKETING AND DISTRIBUTION 
Handling, storing, transporting, processing, and marketing agricultural output are rec

ognized as potentially serious constraints on the development of the agricultural sector. 
Prior to the establishment of the ADS Economics Sub-Project, there had been little agricultural 
marketing research in Egypt, there had been poor coordination among researchers, little 
building on past research, and a serious lack of marketing data available to researchers and 
policymakers. The Sub-Project research activities focussed on both domestic and export 
marketing constraints on Egypt's agricultural development. Inthe area of marketing research 
the Sub-Project made the strongest efforts to integrate the economics and the horticulture 
research studies within ADS. 

Five research projects contributed directly to the priority area of agricultural marketing 
and distribution research: Marketing Potential (for Egyptian horticultural exports). Post 
Harvest Efficiency. Citrus Marketing. Commodity Systems Analysis. and Price Policy and 
Trade. In addition, the following projects made partial contributions to the marketing area: 
Livestock. Cotton Marketing, Cooperative Improvement. Poultry, and Policy Analysis. 

It is widely believed that Egypt has a suitable climate to produce horticultural crops 
for export, especially fresh tomatoes and cut flowers to Western Europe. Several studies 
tested elasticities in potential receiving countries and determined that quantities added from 
Egypt would not have a depressing effect on prices. Export marketing, however, should be 
a definite strategy involving producing fbr the international market, not just shipping whenever 
production exceeds local requirements. Not only should Western European markets be 
considered, where Spain's entry into EEC may pose too much of a competitive threat. but 
also Middle Eastern and Eastern markets should be expanded to include a wider variety of 
products than flowers which Egypt currently ships to Russia and the Middle East. 

If'the export market is to be revived. many changes besides production reorientation 
will be needed. Consolidated decision making. rather than the current multiple-agency 
involvenent. was recommended. The ADS Economics workshop on export promotion 
suggested that a high council for agticultural exports be established, special committees on 
each principal exportable product he formed, and an agent be located in each foreign 
marketing center to act as a liaison between these special committees and importers. 

Bottlenecks in the many services between the farm and the international consumer 
need to be discovered and alleviated. For example. the complex dcumentation required 
for flower exportation needs to be simplilicd. Positive action must be taken to improve 
handling, storage, and shipping facilities and to reduce postharvest losses. 

Not only is it necessary to improve facilities fbr exporting comnodities and for handling 
Imports-more cold storage. for example-but the infrasructure lor marketing all commodities 
in Egypt needs further development. Agricultural marketing research has received insufficient 
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attention with a higher priority being placed on endeavors to increase production. Modifications 
in the handling-processing system, however, should be in a direction appropriate to the 
economy-that is, too capital-intensive a development may be wrong for what is basically 
a labor-surplus nation. 

The Cooperative Improvement Project identified the lack of cooperative involvement 
in marketing of agricultural products. The marketing procedures are cumbersome and slow, 
and the members feel generally that the marketing arrangements through the cooperatives 
are unsatisfactory. The current marketing centers are not located for the convenience of the 
farmers.
 

Reorganization of the cooperatives' objectives and methods of operation so as to better 
represent the members' interests would undoubtedly improve the functioning of the cooperative 
system. In partiLular, the role of cooperatives in marketing could make a more valuable 
cont.'ibution to the development of the agricultural sector in Egypt and to assuring adequate 
incomes for cooperative farmers if specializeA marketing cooperatives were allowed more 
decentralized control over marketing and %'-'reable to respond to the desires of the farmer 
members more directly than in the present sysem. 

HUMAN CAPITAL AND SOCIAL INSTITUTIONS 
Research efforts in this area of priority research have fdcussed on specific human and 

institutional features of the Egyptian agricultural economy. Problems studied include those 
of agricultural labor supply and demand, on-farm and off-farm employment opportunities, 
the impact of the choice of technology and mechanization on labor, productivity, and rural 
wef'are, village decision making, the evaluadon of*cooperatives in the agricultural sector. 
studies of the efficiency of the Egyptian farm and farming system, and studies of energy 
use and alternative energy sources available in Egypt. 

Major contributions to this ;rea of research were made by live projects: Rural Labor 
Supply, Farm Efficiency, Cooperative Improvement, Economic Efliciency, and Integrated 
Village Studies. Additional research in the area of human capital and social institutions was 
done by projects on Post Harvest Efficiency, Biogas Evaluation, Policy Analysis. .nd Rural 
Development and Consumption. 

Over the last few years there has been a definite rise in the real wages of hired farm 
workers, an occurrence which is often taken as justification for capital-for-labor substitution. 
One study investigating whether increased wages resulted from the demand side. such as a 
change in cropping patterns, concluded that it was a supply-side phenomenon. Survey data 
lent support to the hypothesis that wage increases stemmed from migration-induced supply 
changes. Egypt's prime age males have been leaving by thousands to work in other Arab 
countries short of labor. Partly be-ause of the inherent selectivity of the migration process. 
in which the strongest. brightest, and best venture out. labor shortages have been created 
in the agricultural labor supply for specific key tasks. Thus. emigration seems to be the 
source of the current "labor shortage" complaint in Egypt. 

The government's response has been to encourage and subsidize mechanization. Studies 
suggest it may be a mistake, however, to install irreversible capital-for-labor changes in a 
situation in which overseas employment of Egyptian labor may diminish. The construction 
boom in other countries may end. Egypt's political relations with receiving countries may 
deteriorate further, and increasing numbers of Asian workers have recently been arriving 
in the Middle East. 

Further. there are Many uncertainties about nechanization. Appraisal reports of mech
anization-funding agencies tend to make sweeping assumptions about social benefits. There 
is little or no evidence that mechanized farms have higher yields than not mechanized ones, 
though mechanization may help to curb deteriorating yields. Care must be exercised in 
reading latent signals given by resource scarcity in a country where most of the links are 
regulated. Subsidies on energy and equipment and "taxes" on some crops have severely 
distorted inducement signals. Existing agricultural labor shortages are rather specific and 
seasonal so that mechanization eflbrts might better be directed to alleviate particular problems 
rather than as an overall general strategy.

A study of landless farmworkers found that their main jobs were to apply fertilizer, 

hoe, harvest, and do various postharvest operations: major lobs of threshing and land 
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preparation have already been mechanized. Further mechanization might entail a high social 
cost if jobs are removed from these "poorest of the poor," particularly if and when emigrants 
return.
 

Other studies, however, urged readiness to expand mechanization of certain tasks if 
the labor shortage persists. An integrated effort among agricultural engineers, plant scienl:Sts, 
farmers, the MOA and the universities would be needed to mechanize production of' non
traditional crops. Again, care should be taken that the mechanization effort is appropriate 
to the situation at hand. 

Tractor numbers in Egypt are now about 38,000. but parts and service facilities are 
scarce. Progress toward standardization of equipment is important. Not enough attention 
has been paid to technical training for operating and maintaining machinery. Recently, 
however, an agricultural extension effort has been made in this direction. A successful 
mechanization strategy must proceed hand in hand with efforts to upgrade the rural infras
tructure.
 

Research isstill needed to evaluate the multifaceted aspects of mechanization. particularly 
its social impacts. "'The truth is." one researcher wrote. "we don't know whether mechanized 
or nonmechanized farms have higher yields or whether there actually is a labor shortage 
and. ifthere is. how long it will last. It is disturbing that vital policy decisions with long
term consequences are made in such a knowledge vacuum.'" 

FOOD SECURITY POLICY 
Egypt is confronted by the task of providing increasing amounts of food for a rapidly 

growing population with a relatively densely populated and fixed land base. ADS Economics 
Sub-Project research efforts regarding food security, just as government policies themselves. 
were not limited to problems of improving production. but also dealt with pricing policies. 
food processing, transportation, and other post harvest and marketing problems as well as 
nutrition, income distribution and foreign trade relationships. 

The Food Subsidies. Food Security. Food Consumption. Livestock. Poultry. and Com
modity Systems Analy ;is research projects focussed principally on food security policy 
issues. The Post Harvest Efficiency. Citrus Marketing. Economic Efficiency. and Policy 
Analysis projects also contributed to policy-relevant research in this central area of policy 
formation. 

Although the average per capita consumption of calories and protein in Egypt is adequate. 
and even excessive for sonie part-, of the population, malnutrition is prevalent because of 
maldistribution of food. The problem is most severe in rural Egypt among the poor. Mal
nutrition, originating in this way. is perpe2tuated by a vicious circle. When people are poor, 
their level of'nutrition is low: por nutrition in turn lowers produrctivity. reduces income. 
and exacerbates the poverty at the root of the problem. Some government programs are 
attempting to break into this cycle. 

Proposed measures to alleviate the malnutrition-due-to-m1aldistribution problem include: 
crash programs directed at nutritionally vulnerable groups, for example those who seek to 
increase legumes in the diet relative to cereals: nutritional education: enrichment of commonly 
consumed foods by addition of critically short nutrients. 

Although the most popular suggestion f'rom a survey among fellahin was to establish 
more retail cooperatives amply supplied with reasonably priced food. the imain problem 
does not seem to be availability of lood but being able to affbrd to buy what is available. 
An obvious suggestion, then. is to increase rural incomes. But low rural incomes themselves 
rely largely on outcome of current government crop pricing programs. 

Income elasticity studies showed greater responsiveness in rural than in urban areas
that is. where rural incomes increase, people would buy more food. But other studies showed 
that, given the existing price structure in which prices of hasic crops are controlled, but 
those of animal products are unregulated. tellahin vii i consume more vegetable protein 
with a rise in income, but continue to sell animal products to others. On the other hand. a 
strongly recommended way to increase the protein intake of rural ho0useholds was to encourage 
them to raise livestock and poultry. Extending credit to farmers for livestock purchases was 
suggested. 
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Meanwhile, the government has made a serious attempt to alleviate malnutrition by
extending food subsidies. Although Gini coefficient studies have shown that subsidized or 
rationed commodities are more equally distributed by income class than those not subsidized 
or rationed, distribution of the former is much less effective in rural areas. Since rural 
people are, on average, poorer than urban people, food subsidies may have an unintended 
perverse effect on income distribution. 

Population growth and rising per capita nonagriculturai income over the last 15 years 
have led to a rapid increase in the demand for food. With the stagnation of domestic 
agricultural production, the food gap between demand and supply has widened at an alarming 
rate. Ever-increasing impolts fill the gap and all food prices would escalate but for government
food subsidies. Devaluations of' the Egyptian pound have made food imports more costly. 
calling for expanded subsidies. 

The government's goal has been to guarantee a minimum level of food availability for 
all Egyptians. One analyst showed that removal of the subsidy oi wheat would result in a 
large nutritional sacrifice by' the poor. However serious problems and unintended effects 
have ensued from food subsidies. There has been a very high growth rate in the consumption
of subsidized items, and vastly increased dependence on imports. Uncertainties of' supplies
have led to irregular buying habits, costly queues. and a black market in several commodities. 

Another serious problem is waste, and diversion of subsidized food from human con
sunption. The most frcquently Lli:ed example is bread, which is so cheap it is allegedly
sometimes used as livestock feed in the country. One survey in three cities showed that 
while some low-income households use bread to fccd poultry. others without poultry and 
higher income families, simply throw away their extra bread. When a subsidy puts a 
commodity's price near zero and when there is an ample supply, then the rational consumer 
will not "invest- in waste :'voidance. Given that much or even most of Egypt's wheat is 
imported, the broad situation succinctly illustrates the distortions that can result from gov
ernment intervention. 

Some alternative solutions to the malnutrition problem were mentioned in the previous
section. The U.S. tood stamp system was studied by project members as a possible alternative 
to food subsidies. Stamps could be better directed at target groups. Single prices would 
exist for each commodity rather than the current subsidized and black maiket rates. People 
would be given more freedom of choice and greater satisfaction while meeting their nutritional 
needs. 

The main problem with food subsidies seems to be that the government, in order to 
provide cheap food mainly to urban poor. has put controls on farmgate prices received for 
some crops and prescribed compulsory dclivcries and/or allotments. The result is severe 
distortions in the allocation of resources. 

All research shows that the achievement of food security must be approIrchcd il several 
ways. On the one hand. changing the cropping pattern to minimize risk of agricul tural sector 
foreign trade deficits can make a substantial contribution. But. also. investments inl post
harvest handling and processing are necessary to complement production policies. 

ALLOCATION OF DEVELOPMENT RESOURC'S 

Agriculture is still the largest sector in the Egyptian economy, contributing about a 
quarter of the gross domestic product and employing almost two-lithils of' the total labor 
force. In the past de,':ade, however, the agricultural sector has received onlv 7-121/ ol' total 
public investment. In %ddition. the discriminator\ pricing policies oriented to benefitine 
urban consumers and other sectors of the economy at the expense Of the ag'ricultural sector 
are drawing resources out of lgriculture. Taxes or implicit ttxcs paid by agricuItRme cxcccd 
the subsidies received by agriculture. implying a Inet capital ot ftlo\ frol aericulItmie to 
other sectors of the economy. Decisions concerning the allocation of developlnnt resources. 
both between the agricultural and other sectors of the econovmv amid arlllgn altrlative 
investment prograris within the agricultural sector allect i the long-rurn deveopnienlt of' 
the agricultural sector in Egypt have been the concern of sevcral research activities. 

The Mechanization. Irrigation EvaltUationl. Lakes l)evelopmnent. and Biogas Evaluation 
projects made subsiantial contributions to determining the optimal allocation oldevelopment 
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resources. Additional study of these important issues was accomplished by the Rural Labor 
Supply, Livestock, Cotton. Citrus and Policy Analysis research projects. 

Agricultural intensification, generally directed at Egypt's traditional farmers, aims at 
achieving a more favorable output-to-input ratio with respect to each input, but particularly 
in Egypt's case, to land. In the attempt to extract more output from limited resources there 
is a temptation to shortcut the process and adopt ready-made capital-intensive technology 
imported from developed countries. More appropriate for Egypt, however, would be a 
small-scale industry which manufactures small, relatively inexpensive but improved farm 
inputs, as well as equipment for marketing and processing. 

One way the government has tried to help farmers to intensify production is to provide 
input subsidies. In spite of costly subsidization of fertilizer and pesticide prices, the gap 
between what is needed and what is available is increasing rapidly. Farmers tend to defeat 
governmental plans, for example, by putting subsidized inputs intended for cotton on other 
crops. One study showed that allowing free trade in fertilizer could reduce its (black market) 
price and then fertilizer use might expand by some 40-50%. 

Input subsidies of capital equipment may have caused another serious distortion: under
utilization of inexpensive abundant labor. Here, however, is room for serious debate as 
some in Egypt believe there is actually a "labor shortage". 

Several commodities are of such importance to the development of the Egyptian ag
ricultural sector that special research effort, including a number of papers, workshops and 
conferences, was directed to these several more specialized areas: cotton, citrus, livestock, 
and poultry. 

Cotton has been an important crop in Egypt since the early 1800s. Although Egypt's 
cotton represents only a small portion of the world's total, Egypt has been a principal 
supplier of extra-long staple (ELS) cotton and historically has enjoyed some degree of 
monopoly power, receiving premium prices for ELS. Also, cottonseed provides about 90% 
of Egypt's edible oil, and cottonseed cake is an important livestock feed. 

Lately, however, premiums for ELS have fallen sharply. Cotton exports are way down 
and stocks are accumulating rapidly. It seems that as the world's blending technology has 
improved fewer end uses require ELS. Meanwhile, the domestic cotton spinning industry 
has been fraught with problems: machinery is obsolete- there has been underinvestment in 
replacement or new equipment: high-cost ELS has been used to weave coarse and medium 
yarns. Efficiency would call for either import of ,;horter staple cotton or improvement of 
yarn quality, but equipment obsolescence precludes the latter. Researchers on the cotton 
project had some difference of opinion about how to improve the situation. Some felt that 
despite government production and pricing policies that have implicitly taxed cotton farmers 
very heavily, Egypt may still have a comparative advantage in cotton were farmgate prices 
raised to give farmers proper incentives. The question of whether or not there still exists a 
specialty market for ELS needs to be clearly answered. If not. then Egypt should switch 
completely from ELS to higher-yielding long varieties. Since Egypt cannot even supply its 
own textile industry adequately, some higher yielding varieties should be gown even if 
there still is a market for ELS. 

Experiments with short staple, short season cotton should continue, since these varieties 
are land :.,aving in that they mature much earlier than other varieties as well as saving on 
other inputs. Also, high yields would better cover labor and other fixed costs of production. 

Demand for oranges for both domestic use and export exceeds supply, encouraging 
further development of varieties with better yields. A special effort is being made with 
'Navels* and 'Valencias'. Policymakers must however be made aware of the long time lag 
involved in the supply response of a perennial crop. Even with no exports, the expanding 
population means greatly increased demand for oranges, but rigorous price ceilings have 
reduced grower incentives, thus thwarting increased supplies. Farmers should be provided 
with better outlook information, better price incentives. andassistance in improving their 
productivity. Of course, a reduction in the population growth rate would greatly reduce the 
severity of the adjustment problem. 

Increasing population and increasing per capita incomes have greatly increased the 
demand for livestock andpoultr iproducts.Demand exceeds domestic supplies with imports 
filling the gap, raising prices beyond the reach of many. Meanwhile, there is a serious 
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deficiency in animal protein, particularly among the young and rural poor. In response to 
the situation, the government has intervened on many fronts. 

Analysts of the Economics Sub-Project, after studying the situation, have made several 
recommendations. First, tihe dominant role of the traditional small crop-livestock farm in 
Egypt should be recognized by policymakers. Eighty-two percent of Egypt's milk comes 
from these farms, mostly from water buffalo. Small farms manage to sell from one-fourth 
to one-half of their milk production and have been shown to be more efficient, lower-cost 
producers than commercial dairies. 

Given the agricultural pricing system, it is not surprising to find traditional farmers 
decreasing area in cotton and wheat and increasing area in feed and fodder. There are also 
other reasons for keeping livestock and processing livestock products on small farms. 
Livestock activities absorb much of the surplus family labor (mainly women), increase 
family incomes, and provide vital human food nutrients. Inspite of the efficiency of Egypt's 
traditional farms, the productivity of the nation's dairy herd is low by international standards. 
This is largely a consequence of lack of improved genetic stock, shortage of summer 
fodders, lack of access to veterinary services and medicines, and the continued use of milk 
animals for power. Opinions vary on the seriousness of this last point. One estimate was 
that if milk animals were no longer worked, Egypt could end imports of milk products; 
another study felt that estimates of the opportunity cost of lost milk production were too 
high. At any rate, researchers felt that with sufficient attention to the above four points, 
Egypt might realistically regain a comparative advantage in milk production. 

As the rural population continues to grow. intensive livestock production on small 
famis will continue to increase, unless tihe government allows crop prices to rise to international 
levels, thus greatly changing farmers' incentive structure. Also, it remains to be seen 
whether Egypt's traditional farmers will keep their formerly dual purpose animals in tie 
face of mechanization. 

A second recommendation is that the production of milk. as a relatively inexpensive 
source of animal protein, should be emphasized over meat. While some meat comes from 
traditional farms, it is more typical for farm animals to be acquired by cattle feeders who 
finish and market the animals. Egypt's credit policy has been weighted in favor of short
term loans for these cattle feeding operations even though Egypt has a greater comparative 
advantage in milk production. 

The government subsidizes frozen boneless meat imports. but supplies are not sufficient 
to meet demand at such low prices: rationing is by queues. Those who can afford it buy 
better quality domestic meat at quadruple the subsidized prices of imports. Red meat prices 
have escalated, particularly since 1980, and domestic meat production isincreasingly dependent 
on feed imports. The :hird recommendation is that the processing and allocating system for 
livestock feed concentrates is badly in need of reorganization. The current system is for the 
Ministry of Supply to import yellow maize and distribute it at subsidized prices-first, to 
public companies who make feed mixes: second, directly to commercial feedlots and dairies: 
and finally, to village cooperatives which make about one-fourth of tie total a'ailable to 
farmers. Once prepared by the public company, feed concentrate is distributed at greatly 
subsidized prices by a quota system with first priority going to state farms and certain 
specialized producers, second to commercial feedlots and dairies, and last to small farmers. 
ADS researchers pointed out that those small farmers with the lowest priority have 90/ of 
Egypt's herd and receive only 35% of the feed concentrate. A shift in the emphasis of the 
feed concentrate distribution policy is called for so that milk production in Egypt's traditional 
farms is encouraged. 

Under government subsidization, the number of units producing broih'r po1t1* has 
increased greatly. It is thought that the policy may be keeping inefficient producers in the 
industry, and that without the subsidy there would be many fewer units with much larger 
flocks. One estimate found that net farm income of broiler producers was tell times the 
average Egyptian income and that 80(7 of broiler income was represented by subsidy. 

Production of white meat is more efficient than that of red meat with meat f'loml1 poultry 
costing about one-half the price of domestic beef. White meat production is oi an icrcasing 
trend and there is a possibility of Egypt's becoming self-sufficient in poultry. Tle official 
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An issue addresscd by scveral ADS economics projects iswhat constitutes 
optimal use of resources, and what policy options are open to the gov
ernment to encourage such use. It is not surprising that questions in uses 
ot' land and water continue to be of primary importance in Egypt. A fish 
farmer isseen here measuring the depth of his pond. Using land in this 
way often yields higher returns than the alternative of cropping. 

Photo:Eric Gustal.%on 

strategy is to encourage consumers to substitute white for red meat. but there may be a 
limit to substitution willingness. 

LAND AND WATER RESOURCE USE 
On account of' the extremely limited and constrained land base and the complete 

dependence on Nile water for irrigation, policies concerning the allocation of land and water 
resources in Egypt deserve special treatment. 

Three projects were concerned directly with land and water resource use questions:
Land and Water Allocation. Irrigation Evaluation, and Lakes Development. In addition, 
the Policy Analysis activity attempted to treat land and water allocation problems in an 
integrated policy framework. 

The principal policy decision confronting the Egyptian MOA with respect to Lakes 
Manzala, Burulus. Edku and Maryut is to determine the relative desirability of developing 
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these northern Delta lakes as fishery resources rather than reclaiming the land for agricultural 
production. The northern lakes fisheries are considerably more productive than the historical 
data suggests, and improved fishery management practices could f'urther elevate yields. The 
high value of the fisheries that will be lost if the lakes are drained and the relatively poor 
or mixed results of the reclaimed agricultural areas are pursuasive arguments against significant 
further reductions in the lake area. 

The most productive parts of the fisheries appear to yield net revenues per feddan 
comparable to those of agricultural production on neighboring farms, despite the current 
inadequate fisheries management practices. The public reclamation of the lakes has had 
mixed success due to the poor soils, high salinity, and inadequate irrigation supplies in the 
areas. Because the most productive fishing areas coincide with the lake bed most productive 
of agricultural crops when converted to land, the social costs of sacrificing the fisheries for 
agricultural production are significantly greater than the private costs and call into question 
the economic value of permitting continued private reclamation efforts. 

Another research team constructed a regional and intertemporal computer model of 
land and water use by the agricultural economic sector. The resulting model was run under 
alternative export price scenarios. The effect of increasing crop export prices on land and 
water scarcity values was analyzed in addition to examining the efficiency of regional water 
and land allocations. Policy analysis of the diversion of water for Sinai desert irrigation and 
the regional allocation of crop security constraints was also perf'ormed by the model. The 
main accomplishment of this project is to have an ongoing regional intertemporal model of 
the Egyptian agricultural sector that is capable of analyzing f'uture policy questions if kept 
updated. 

A more detailed summary of the research findings and policy recommendations of the 
whole body of' research carried out under the Sub-Project is presented later in this report. 

EDUCATIONAL AND TRAINING ACCOMPLISHMENTS 
Since the primary goal of the ADS Economics Sub-Project has been to promote the 

professional development of the Egyptian agricultural economics community in order to 
improve the capabiities of' the Ministry of' Agriculture for evaluating and implementing 
agricultural sector development programs, it is difficult to separate training activities f'rom 
the research activities. However, every effort has been made to create an atmosphere of 
scholarly pursuit, lively debate of*the issues, and economic and technical awareness in our 
promotion of' seminars, guest lectures, short-courses, workshops, short-term and long-term 
training at the University of California. visits to international meetings. and so forth. 

EDUCATION AND TRAINING 
The Sub-Project has sponsored three doctoral students at the University of California. 

Their studies were incomplete at the termination of the ADS contract, hence they will 
complete their doctorates under direct USAID sponsorship. 

Ten post-doctoral researchers sponsored by the Economics Sub-Project, each spent 
one year at the University of Calif'ornia focussing on upgrading their professional skills by 
taking course in contemporary resear:hi methodologies and techniques and engaging in 
supervised research projects. 

Short-term training visits by Egyptian counterparts to the Un: ersity of California have 
been a major component of' the Sub-Project's training and educational program. 

There were a total of 70 Egyptian short-term training visits to work with their UC 
counterparts. Numerous planned short-term training visits were cancelled in 1982-83 due 
to the severely constraii.ed budget of the Sub-Project. Included in these were visits by seven 
Egyptian colleagues to attend professional international economics meetings. 

A most valuable educational activity sponsored.by the Sub-Project has been tile special 
"English for Economists" courses taught by a l'aculty member f'rom the American University 
in Cairo. With approximately 70 Egyptian colleagues pamrticipating. "English for Economists" 
was taught each year of the pro ject using course materials adapted from actual ADS Economics 
Working Papers that had been developed by research team members. 

During 1982-83, a weekly training seminar on the ADS Apple computer was held for 
Egyptian colleagues. The project acquired software for statistical. linear programming, 
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Training has been a major componenlt in all ADS projects. The Economics 
Sub-Project purchased an Apple compuLer and has trained MOA and 
university cconomists ill its use. PIhuoio,: Nadijr IaA,11m 

graphic. tabular. and financial analyses. along with word processing software. for use by 
the researchers. The weekly seminar provided "hands-on" computer experience for more 
than 25 Egyptian participants during the year. 

WORKSHOPS AND SEMINARS 
An integral part of the educational program designed to promote policy discussion was 

the dissemination of research activity findings. To accomplish this objective, the Sub-Project 
held tell Economics Policy Workshops in Egypt with international participation (Appendix ). 

The Minister of Agriculture addressed all but one of these Economics Policy Workshops 
and each was attended by more than I00 participants. Workshop papers and proceedings 
were widely distributed ill Egypt. Issues discussed in these workshops included agricultural 
mechanization, agricultural marketing. migration and mechanization. tilepromotion of hor
ticultural exports. agricultural policy, the future of cotton, mechanizatio)n issues. livestock 
economics, food price policy and subsidies, and labor Migration in Egyptian agriculture. 

SEMINARS AND MINI-WORKSHOPS 
Throughout tile project A)S researchers were encouraged to presenlt their work in 

seminars and lectures to establish a. regular forum for the preseiltations ol findings and 
discussion f'analytical and policy issues. More than 4() seminars and lectures were presented 
by UC and Egyptian participants bet\veen January. 1981. and May. 1983. In addition the 
Sub-Project sponsored six one-day mini-workshops or training sessions. ('(Wering horliculture 
post harvest problems. Citrus marketing. sLrv'ey techniqulies. research proposal preparation. 
the applications of' micro-computers, and consumlllption 'and nutrition in rural Egypt. Average 
Egyptian participation in these mini-workshops and training sessions was more than 70 
ec)llOllist.
 

AGRICULTRAL ECONOMICS LIBRARY 

Modest elIorts have becn made to build ip tilequality o1 tihe agricultural ecoinonlics 
library and rel'ence ml.aterials available in Egypt. tile wereMost of materials purchased 
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specifically contributing to the agricultural economics research being done in the Sub-
Project. 

ECONOMICS WORKING PAPERS 
ADS participants have been encouraged to produce and disseminate their research 

findings in the Economics Working Paper Series. At this writing the series has 183 papers. 
Complete sets of the 183 working papers have been deposited in about 20 Egyptian libraries. 
with additional sets deposited with USAID and other international agencies in Egypt. More 
than 13.000 copies of ADS Economics Working Papers have been distributed to individuals 
and institutions in Egypt. Since termination of the project over 40 additional research papers 
have been prepared and all are being distributed by the authors. 

FUTURE DIRECTIONS 
Valuable long-tern policy-relevant research for the Ministry of Agriculture and significant 

professional development of the Egyptian agricultural economics community have been 
accomplished by the ADS Economics Sub-Project in its three years of operation. Future 
research and training programs must build on this strong beginning. 

The strengths of the ADS Economics Sub-Project have been many. First, the Sub-
Project has been the only institution that has consistently supported the long-term research 
needs of the MOA. Second. the Sub-Protect has promoted the professional development of 
the Egyptian agricultural economists, both within the MOA and in the Egyptian universities. 
Third. the Economics Sub-P1roject has emphasized the institutional development within the 
MOA by enlisting virtually all MOA economists to participate in collaborative training and 
research activities and providing an organization for focussing on long-term research needs 
c!' the Ministry. 

Many ol the research activities sponsored by :conomics :;ub-Project have unanalvIzed 
data and research work in progress that will require additional nonths. if not years. to 
complete. In addition, most of these activities have unfinished research agcndas. A continuing 
program of agi cultural economics research on the problems of the development of the 
agricultural sector in -gypt is required. Such a continu ing program can usefully build on 
the ADS experiences. Long-term research, professional development f'or economists. and 
MOA institutional development are the broad objectives still needing to be served. A flexible 
and adaptable format and fornIIa is required to meet the Ministry's needs in the light of 
contemporary policy questions and the progress made by the ADS Economics Sub-Project. 
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THE IMPACT OF PRICING ON LAND 
AND WATER ALLOCATION 

Development and administration of natural resources in 
Egypt are the responsibility of the government through 
the Ministry of Agriculture. If agriculture is to continue 
as the stabilizing sector of the economy, the question of 
sub-optimal resource allocation needs to be examined, 
The misallocation of' scarce land and water resources due 
to conflicting objectives have led to serious econonic 
problems. 

Focussing on land and water allocation, along with 
cropping patterns, this project has used computer modeling 
to reveal some (f the effects on the agricultural sector of 
shifting from a government-administered price system to-
ward a free market. 

ACCOMPLISHMENTS 

CHOICE OF MODEL 

A programming model wats selected as the most suitable 
instrument f exploring becausegr resource allocations 
the spatial nature of production and its implications for 
interregional specialization. Programming models are 
normative, and it is usually the case that models of agri-
culture purport to change regional production patterns. In 
the agricultural decision making process. a recursive ele-
mient is inherent because decisions for a particular period 
are illfuenced in prt by previous ones. Also, decisions 
are continuously being anended due to updated infor-
illation, a feature which could be easily incorporated in 
a recursive program (R!)) \which was chosen by the proiect 
in preference to a simpler linear program. [urtierm we. 
in an RI) the parameters of a nmlti-period model can le 
adjusted in response to the previous solutions. That feature 
is particularly useful for accommiodating technological
change ill the models. Pr bohably the foremost advanut age 
of RI) over LI) is dile to inclusion ii tile factors affecting 
farmers' decisions of some nonpecuniary elements. i13' 
relying oii the measurement of previous reaction to con-
ditions siniilar in principle, but not necessarily ini nag-
iiitude, one can specify the range within which lithe response 
is likely to happen. This is the spirit of Rh as represented 
by the flexibility restraints. 

ilie research team succeeded in constructing a recursive 
linear progranming model as the vehicle for investigating 
land and water allocation. Ill addition tie mo1del was applied 
tor estimating the potential gains that would le likely to 
accrue fron a higher degree of reCgional Crop s)tlciali/ati(u1. 
The effects of' aliernafive pricing policies for the floir 
inain controlled crops was alsto examined using the mlodel. 

'[le yield entries were obtained from Ministry of Agri-
culture estimates of average yields and may contain a 

sampling error or departure from "time" yields. Water 
coefficients were generated by aggregating several sources 
reporting water, wages and water requirements. This data, 
reported per crop, per person, or per area, was processed 
into a per feddan basis. 

The regional recursive linear programming model rnea
sures several parameters both at the national and regional 
levels. These are agricultural net revenue, crop production, 
demand for inputs, and resource valuations. The formu
lation of the model makes it possible to assess the two 
main goals of the exercise. First, net revenue is maximized 
subject to water supply by region, land productivity by 
governorate, the availability of purchased and nonpur
chased inputs, crop rotations, regional governmental and 
public policy, behavioral constraints, and the current 
technology. The second obljective was to gauge the sytem's 
reaction to several proposed changes over time. s h as 
price and nonprice intervention, regional specialization, 
resource policies, and deteriorating land quality because 
of rising water tables.

The model passed through several stages of building 
and testing before it arrived at its current form. The first 
stage in model building was the design of the structure in 
such a way that future augmentation would be possible. 
The overall system was to be put together to achieve the 
end objective of creating an experimental vehicle which 
would aid iii analyzing the agricultural sector, and then 
investigating the effccts of' any postulated changes. The 
model provides estimates of the values of resources, the 
cost of some policy actions. and identifies resource and 
input use under Current conditions. 

The basic model uses the Day flexibility coefficients 
on crop acreages on a regional basis. Within the three 
regions, crops are allocated to governoratcs according to 
their coniparati yc advantage. The hItis serve as tile 
effective limits on the optimization procc ss and thus ensure 
that \we are "close- to reality. 

It nakinig any comparisons betwcen tile model results 
and ihe actual cropping pattern. the model will give sonie 
indication () coiparative ad'antage in cilops ai ong gov
ernorates through the dual values on the bounds and crop 
activity rows. Although the nodel does in principle rcflect 
tie influence of adininistered prices and productioi plans 
and targets, it %kill iot necessarily reflect every aspect of 
public policy at governorate level. 

()ne should also note that allocations not only reflect 
margins of' net returns, but also the iatferm of resource 
use and marginal irodutlivity differences. So an estimate 
(1 productive efficiency vi.x a i.%iational requirentis 
can lie obtAined for input use. The salient inputs are land, 
water, lahior, fertilizer. animal poe, and machinery. 
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' the Nile are 
\.,[letL. f1hM iand hence atkey to)provision of year alrlnd irrlgation. 

13arrra,, cross (ne of the principal mcans of' r,:glatirln 

Plo/...hdln Rmi no.,c 

T'able I Value Added Estimaes in E,gyptian Pounds (he most recent year I()be analyzed and as such is important 
(Nominal prices) 	 to our discLssions: (5) as far as model validation is con

cerned, these tk.o "iearsshould he sutlficienl: and (61 it 
1ear )rirmil Iie Srt111OWs us to determine the various characteristics of' tile 
1974 569.47.87(0 NA 	 1975 solItion (such as al locational inefficiencies), and 

then hv StLI(Ivinc 1979 %%e sh ihuld deterini ne the pattern1975 585.4(04.35(0 1.204.509.879.98 	 of change. 

1976 619.62).23l 1.195.245.297.67 Runningc the PIrice Systel consistCd f chianging. the 
prices of the forI' IaJOIr Cr'ops: COtton1. .VlC;lt. rice. dnd

1977 705.843.4(1 I.539.4 12.085.38 slcar cllI. 
'[able 2 'loWhss the internalional and local prices f'or1978 745.97(~o I .969 X.S51.48 	 these c'Ops. ocetlier \, ilh the taN implied y tihe pric" 

1979 I 167.3 82. 600 2.315.007.399.36 	 differcnlial,. The ,ahie sh,o.s that the tax has heen de
clinin. but ahdetailed ook \s ill ,io%% that a large part of 
the dcClinC is due o tile drop) in intCrnatiolal prices. and 

The P'rice SSIeII ,\\a, rill rei"ve lote ile \Cr" I tthle pit-"ll farmeLr is 'till liaccd with tile problem Of 
1975-71). using prices which are higher lhall the altual insuflicient ilcelliCs. In tile face of that realil\. the nlmargin 
prices fnl tile period. '[ablC I list, tie jccti\C IIllctitOri ret'Vtll hoth prices \ia, llaised (i.e.. reduce the irlputed 
vales, tr the seqelncce o1 P'rice m(odel,. and for the Ilisk - t\ b\ half "l 3 cives the ness prices and te piletac
tlorical (1hlceforllh referred to w, (ricirralh Cqulisalrcil. chimlulice r prices.meistinulie licles are alcreane,' salues added resultirg trourl '[he Ilet relniri CtJrliates listed iu Table I are ill nominal 
crop+pilurllti) ii current g.ptiaii poundls (l. inflation,aInd include the ellects ofl \,arios ictlotrs Suchpisce 	 'Sthe effect of tie optirli/ationi ploccs. and the 

pric effect oll tile \aliol, Illodel parinl ter.", 'O he able
lie 1)75 and 1979\a ae tre oul nies to be discused to separale thee effect,,. %\Crll IlaC.ic of1Illrodels 

ill detail flr .e mlal reaso s: (I ) ltl artelie pelill aMid catlled )rs . t',lll s,Inch is identical to Price . sternl 
c loing \ eals ()I Ili e queClt - (ilr ll os fit.m res.,ults scept atllitI uise;s lilt l l laicct,ill lire objCcti Cfllnctioll. 
fo tilrl her l". . ill he plritCl 'Id.b t1 ot1ll s llnp(ill (s lloillp, the obiuclte fiunctin Ia;Io illet ilt,111 r 	 li Itl 
the ' rrrre (detail:(121 P975 'ilst- IIrs t"l. ',Io OL Ire \C efulrii" ftr all thrice s, sterns (rlillal Or historical. I)av
errOr build is iclnle'dl: f3) 179)7 1, tile last \t'a. so0 it S\,eIl. arid PriT S\'t'elll. u,in i97) ae rage crop price,
shurld rclillhlt ilt.e tect airsicc ;00nrl;ierr , i o Wete Iof l'd ill fde the effect of illffNtull \,tllotl lheir he 
tIhe effect of sllt-ct",,. i'ptirni/itius: !.lb 197') is,,()o left , Irh fsi.Wt.e other IfactorS, 'lr tlifrerrce htssee'II 
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Table 2. International and Local Prices for Major Crops 1975-1979 

Crop 1975 1976 1977 1978 1979 

Cotton 

International 
Local Price 
Tax Percent 

Price 84 
28 

200 

70 
34 

106 

96 
36 

166.6 

73 
37 
97.3 

73 
47 
55.3 

Rice 

International Price 
Local Price 
Tax Percent 

259 
40 
547 

154 
50 

208 

107 
57 
87.72 

143 
65 
120 

135 
67 
101.5 

Wheat 

International Price 
Local Price 
Tax Percent 

28.2 
6.9 

300 

17.5 
6.5 

170 

14 
7.0 

100 

15.1 
8.9 

70 

12.1 
8.9 
36 

Sugar Cane 

International Price 
Local Price 
Tax Pe! mt 

22.07 
7.53 

194 

16.4 
8.4 

96 

11.17 
8.03 

40 

11.6 
9.0 

28 

10.0 
10.0 
0 

Notes: 
1. International prices are adjusted fortransportation processing. etc. 
2. All prices are in Egyptian pounds per unit of net product (i.e.. sugar cane prices are for the sugar equivalent) based on the appropriate conversion factors. 
3. The tax figure is the difference betwcen both price,, represented as a percentage of local prices. 
Source: Computed from MOA and FAO statistcs. 

the Day and Original Systems represents the effects of Table 3. New Prices Used in Policy Years 
optimization within the flexibility constraints, and the dif
ference between the Price and Day Systems represents 
the effect of higher prices. The aggregate crops net returns Cotton 
have been recalculated using the 1979 national average Price 56 52 66 55 60 
price for each crop, and the newV values are presented in Change percent 100 33 83 49 28 
Table 4. 

Comparison of the totals in the table reveals that the Rice 
Day System's aggregate net returns in real terms for 1975 Price 113 102 82 104 101 
was only an improvement of' 0.02,4 over the Original Change percent 183 105 44 60 51 
figure. compared with 12.82(h when measured in current 
prices. For 1979, the l)ay System's estimate in current Wheat 
prices was 43.461/ higher than the Original estimate. Price 14 12 10.5 12 10.5 
whereas when evaluated inreal terms. the difference be- Change percent 103 85 58 35 18 
came 13.931/. The difference is not all due to deflation 
or the actual effect of optilniatition. btt is also due to the Sug,'ar Cane 
fact that for every crop the weight used is an average for Price 14.8 12.4 9.6 10.3 10.0 
that crop. whereas inthe model the net return valuations Change percent 97 48 20 14 0 
are computed for each crop/govcrnorate combination and 
thus have a wiler variance. Nevertheless. we can still say .I itiargins %scre ialei except (or rice and Mibat in 197.5 Mihre the 
that these resi ltSshow aggregate tefrmls rcstructuring price t,bacd on 33'; ofthe diterence p1hIs the oldprice.M that ilt nci 
the production process within the flexibility conlstraints 2. 'hcsc prices are ontl acragc, horlite %%holecouulrN but lietactuill price 
did not show large efficiency gains it real terns. The ,scnario ligure, ,ar,hetms.cen gocrtioratcN. 

inputed costs of1sotIe of the constraints 'ill be examined 
later. I Itwever. ifwe view the situation fr(m a dynamic ineasured inreal terms, compared to a striking 105.614 
context (over several years), we find that the agricutlttral using current prices, which even when adjusted for the 
system will take a lew \'ars to adjust. For example. the effect Of optitnization (t) give Is the effect of higher prices) 
improvetetnt due to highter prices ill 1975 is m arginal yields differences of0.871/ and 92.7814, respectively. Or 
(().91/, comparing the Price System to Original) when inother words, on the strface the pictIre looks rosy with 
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Ta~le 4. Adjusted Net 	Returns, Using 1979 NR Figures 
LE x 104 

CROP 1975 	 1979
 
Original Day Price Original Day Price 

Cotton 	 24040 23455 24868 21353 16351 15993 
Rice 6032 5260 6850 5970 5191 7263
 
Wheat 1562 1341 1366 1552 1051 1054
 
Peanuts 467 540 451 455 586 891 
Lentils 155 155 131 59 59 42 
Beans 	 1616 1823 1318 1642 1896 1175
 
Barley 	 130 93 93 139 106 74 
Garlic 662 842 834 721 639 1290
 
Sugar Cane 3905 4121 4121 4435 3718 4115
 
Flax 231 161 161 290 181 177
 
Sesame 	 274 249 236 312 213 232 
S. Sorghum 	 1383 1601 1528 1162 1459 1488 
N. Sorghum 	 52 66 66 33 78 60 
Maize 	 4950 6429 5337 5197 5582 3692
 
W. Onions 	 1938 366 289 168 387 318
 
S.Potatoes 	 1898 2820 2863 2973 7663 10615
 
N. Potatoes 	 1999 2108 2109 2691 4206 4206 
W. Tomatoes 3133 3361 3361 3840 5610 10642
 
S. Tomatoes 	 985 1148 933 1087 1799 1676 
N. Tomatoes 3314 3271 3271 2461 6247 6247 
W. Vegetables 2820 3259 3131 3801 10917 20413
 
S.Vegetables 3122 4145 4145 3940 8791 9862
 
N. Vegetables 2884 3086 3086 2875 4700 4700 
Long Berseem 25995 20213 20213 25995 27464 19498 
Short Berseem 1461 '422 1422 1461 1212 1274 
Fruits 6155 5967 5967 7331 6861 6688 
Oranges 3130 2985 2967 3743 3386 3341 
Melons 11099 12462 13462 11784 13947 33801 
S. Onions 	 117 247 247 201 637 257 

Total 	 113777 114010 116307 117684 134087 171102 

Notes: N = Nili. W = Winter. S = Summer 

adoubling of' agricultural returns by changing some prices, first year. which rises to 30% at tile end of the fifth year.
but in real terms the initial benefits are substantially lower More dramatic gains in reallocation of production may 
than some other unconstrained studies have estimated. result if interregional shifts in key crops ispermitted. This 
One should only expect a real shift in returns to the tune substantial institutional shift is not examined in this set 
of 1(-1 3 1,/ in response to higher prices in the first year of results. 
of change. At the end of several years. when the prices So far. only total figures have been discussed, but ex
have been brought closer to the equilibrium values, we amination of the net returns when disaggregated by crop 
can expect the real change to be about 30/ (compared to will show what the effects would be in a more detailed 
95. 67rZ ). Again. the price effect alone is31 c/ and 52.21 c fashion. These effects could be broken down further into 
(real and current, respectively). The situation could be acreage effects (i.e., tile change in area and production) 
summed up as follows: if a reorganization is made such and price effects (the effects of higher prices in an ac
that we can allocate production within regions to achieve counting sense). First. we can look at the price effect 
a more efficient pattern and also to reorganize such that before and after dellation by the 1979 weights. We already 
the more optimal crops are emphasized, then we can expect examined the dellated net returns in Table 4, and the 

,an improvemnent in aggregate net returns of about 0.02% undelhated results are presented in Table 5. 
in the first year. but over time the change becomes 14% These results are instructive, since for example one 
at the end of the fifth year of pursuing such a policy. could easily be misled into thinking (indeed as several 
Additionally, if we use higher prices for the four major analysts have done) that by doubling tile cotton price, its 
crops, we can expect an increase of about 0 .9 c/4in the aggregate net return would rise from 82,509.187 LE 
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(Original 1975 net revenue INRI) to 238,546,690 LE (Price
1975 NR): but if we reevaluate these figures using the 
1979 NR as weights, the change isonly from 240.407,270 
LE to 248.688.530 LE, that is, a change of only 3.4% 
compared to a nominal increase of 189. I %. For rice, 
the nominal increase is from 39.383,857 LE to 
236,845,585.9 LE. while in real terms it is only from 
60,322,242 LE to 68,501,174 LE in response to a price
change of' 183%A. Doubling the price of wheat still doesn't 
seem to make any difference since the adjusted net revenue 
(NR) actually drops from the original adjusted 15,626,180 
LE to 13,699,653 LE, while in nominal terms the Original 
is 45,415,009 LE and the Price 1975 NR is 130,591,360 
LE. Also, doubling the price of sugar cane caused the 
real NR to change from 39,059.000 LE to 41,219,011 
LE, whereas the nominal change was from 34,598.299 
LE to 92,724,178 LE. 

For 1979. the effects of the Price change at the end of 
the five year phasing-in is also affected by the fact that 
the original NR valuations include the effects of several 

'Fable 5. Price System Net Returns 
(LE X 104) 

Crop Code Crop 1975 1979 

I Cotton 23854 21083 
2 Rice 23684 13177 
3 Wheat 13059 602 
4 Peanuts 215 871 
5 Lentils 500 172 
6 Beans 1593 1446 
7 Barley 396 204 
8 Garlic 257 1465 
9 Sugar Cane 9272 3228 

10 Flax 226 338 
II Sesame 161 370 
12 S. Sorghum 1292 412 
13 N. Sorghum 58 14 
14 Maize 3942 3114 
16 W. Onions 527 893 
1717 S.S. PotatoesPotatoes 24552455 13841I631 
18 N. Potatoes 313 166 
20 S. Tomatoes 3076 8354 

21 N. Tomatoes 2902 9701 
22 
23 

W. Vegetables 
S. Vegetables 

1618 
3089 

24530 
15305 

24 N. Vegetables 1355 5644 
25 Long Berseem 6037 19498 
26 Short Berseen 078 3352 
30 Fruits 4934 1(0179 
31 Orangcs 2437 5514 
32 Melons 7238 49(000The 

35 S. Onions 263 236 
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actual price increases. Thus, for the four major crops 
under investigation, their Price 1979 prices are the last 
stage innarrowing the gap between local and international 
prices, while for Original 1979. this isalso true, although 
to a lesser extent, since Original 1975 does not include 
any higher prices while in 1979 the actual prices were 
higher in real terms. 

For cotton in 1979 we find that at first glance the net 
returns of the Price model are 210,837.290 LE which is 
approximately equal to the Original 213,533,430 LE, while 
aft- dellation the Price estimate becomes 159,938,650 
LE. Rice also drops from the 131.770.498 LE estimated 
by Price 1979 to the adjusted figure of 72,637,346 LE 
while the Original estimate is59,702,574 LE. The Original
figure for wheat is 15.529,135 LE. which when compared 
to the adjusted ligure of 6,026,659.5 LE in nominal terms 
isareduction to 10,549,753 LE. Sugar cane also dropped 
from the Original 41.154.875 LE. Note, however, that 
the totals for 1979 showed an increase in both nominal 
and real terms fnro I. 176.842,600 LE to 2,315,067,000 
LE and 1,711,022,900 LE. respectively, which is largely
the effect of the acreage increase in the crops with Unalteredprices, such as peanuts, garlic, summer tomatoes, nii 
tomatoes, winter vegetables, summer vegetables, nili 

vegetables, melons, and summer onions. For 1975. in 
addition to the real increase in net revenue brought about 
by increasing the prices of the major crops (except cotton 
which marginally dropped). the following crops also in
creased: lentils, barley, Ilax, nii sorghumn, winter onions, 
sunner potatoes, wi nter tomatoes, sumler tonlatoes, or
anges, and summer onions. The changes in these crops 
for 1975-79 are not due to the cross price effect since 
when no price changes are made (as in the Day models), 
the list of crops for which net returns have actrally increased 
is mainly due to the effect of optimization. Thus, for 
1975, the list is: peanuts, lentils, beans, garlic, sesame. 
summer sorghum, nili sorghum, maize, nili potatoes, 
winter vegetables, summer vegetables, nili v getables, 
and melons. For 1979. the price effect is attributed to: 
lentils, beans, winter onions, maize, lone! berseem. melons, 
and Summer onions. 

Many other policy results were obtained from the model,but brevity demands excluding their discussion from this 
final report. The additional results concern the allocation 
efficiency of current land and water allocations, the impact
of' water diversion to irrigate the Sinai desert and the 
improvement of regional crop security constraints. The 

empirical results are published in the working papers cited
in this report. 
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RURAL LABOR SUPPLY 

Egypt is traditionally considered a textbook example of 
alabo. surplus economy. Egyptian agriculture must provide 
food for a rapidly growing and increasingly affluent pop-
ulation. Historically, agriculture has also provided more 
than one-third of total employment, responding flexibly 
to changing macroeconomic conditions by releasing labor 
neconomic upswings and absorbing it during downturns. 

The Rural Labor Supply Project has investigated the 
structure and function of rural labor markets. and in par-
ticular the relationship between agricultural policies and 
changes in rural labor markets, and the impacts of' their 
current trends on Egyptian agriculture in the 1980s. 

During the 1970s. the demand for food in Egypt in-
creased much faster than the supply because of rapid pop-
ulation growth (2.514 annually), rapid GNP growth (8c/ 
per year), and because agricultural policies subsidized the 
consumption of several staples but failed to encourage 
their production. The Egyptian government wants to reduce 
the food gap that widened in the 1970s because imported 
food, which accounts for 43 io 51(/(of the total consumption 
of nine basic commodities such as wheat, corn, and sugar, 
soaks up scarce foreign exchange and increases economic 
uncertainty as the cost and availability of food supplies 
on internati ,nal markets fluctuate. However, tile govern-
ment wants to close the food gap without either upsetting 
urban consumers by abruptly reducing or eliminating food 
subsidies, or disrupting traditional agriculture so much 
that rural emigration is increased still further. Many believe 
that a "labor shortage" constrains Egypt's attempts to 
close this food gap. The policy response has been to ira-
plement subsidies to encourage the mechanization of ag-
riculture by 1990. 

The raison d'etre of the Rural Labor Supply Project 
was to investigate thu nature and extent of labor shortages 
in Egyptian agriculture in order to evaluate the mecha-
nization subsidy policy. In tileinitial phase of the project 
background research and a survey of farmers and farm-
workers were used to generate information on tile nature 
of seasonal labor demands and seasonal labor supplies in 
Egyptian agriculture. The second phase of the project 
investigated the impacts on the rural labor market of i-
gration from agriculture to urban areas and abroad. 

THE FARM LABOR MARKET 

Egyptian agriculture consists of several million farms 
that average two feddans each and employ a total of 4.2 
million workers. 36( of the workforce. Since 1961. av-
erage farm size has been declining because the Agrarian 
Reform law limited ownership to 50 feddans per person 
and Muslim inheritance laws normally lead to a division 
of land between an owner's children at death. About two-
thirds of the cultivated area in IEgypt is in farms smaller 
than live feddans. and the average size of the largest class 
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of farms is only 17.5 feddans. In addition to owned farm 
land, at least one-third of all farm land is rented, usually 
for cash. 

Most small farmers grow several crops and produce 
livestock. Under normal crop rotation schemes, a Delta 
farmer would grow cotton, wheat, maize, and berseem 
(normally two crops per year) as well as raise livestock 
and poultry. During the 1970s, livestock production in
creased more than twice as fast as crop output, reflecting 
the incentives .rovided by controlled crop prices and un
controlled livestock prices. Even small farmers hire some 
labor, not to tend livestock but for use primarily during
the labor-intensive phases of crop proluction. Traditionally, 
landless workers (454 of the farm [ opulation in the early 
1970s. and perhaps 251h today) have provided the corps 
of prime-aged male workers who did most of tileheavy 
hand-work done by hired workers. 

The demand for hired farnworkers in Egyptian agri
culture isseasonal, peaking during tileMay-June harvest 
of ield crops and again in October for the cotton harvest. 
l)aily wages vary by month. by task, by sex. and by age, 
but seem to average about LE 2-3 for male workers during 
the May-June peak and dip as low as LE I for women 
and children during the off-season. Since women do a 
considerable portion of all crop labor (perhaps one-third) 
the average daily farm wage is considerably lower than 
the peak daily wage paid to prime-aged males. 

In the 1976s. Egyptian farmers h2gan to complain in
creasingly of labor shortages. Their complaints had two 
themes: prime-aged male workers were more difficult to 
find, and those workers who were available demanded 
higher wages. more perquisites. and shorter hours. In 
order to evaluate tile complaints.validity of the farmers' 
we first investigated measures of the changing size of the 
labor force and changes in wage levels. From this we 
were able to assess the magnitude of' labor shortages and 
whether tile\, were traceable to changes in the demand for 
labor, the supply of labor, or both. 
The size and wage measures used to evaluate the farm 

labor market are not completely reliable. In particular. 
labor force data severely underestimate women's partic
ipation in tile It appears to be true thatfarm work force. 
tile work force did decline in size. but the majorfarm
decline appears to have Occurred among prime-aged. 

landless workers. The substantial increase in real wages 
in the 1970s was most pronounced (luring those months 
when farners needed male workers to complete traditional 
male tasks such as land preparvtion and heavy hand-har
vesting. Since wage costs have risen while government 
price policies or imports held down the prices received 
by farmers, tilewage cost share of production for most 
major crops has increased. accentuating the profit squeeze 
in Egyptian agriculture. 



DEMAND OR SUPPLY? Further, literate workers who remain in agriculture demand 
Rising real wages could be traceable to an increased and receive a higher wage. 

demand for hired workers or a decreased supply of such Increasingly profitanle alternative activities have also 
workers or both. On the demand side, farmers planted reduced the supply of labor offered by small farmers who 
more labor-intensive commodities and increased their were formerly important participants in the hired labor 
cropping intensities in the 1970s, but such changes were market. This is much less common now: in our sample 
more than offset by the mechanization of plowing, land- there was a less than 10% chance that a farm holder had 
leveling, and other changes in production methods. Sim- hired himself out for farm labor as a secondary occupation. 
ilarly, increased farm frag.mentation could increase the Numerous on-farm activities provide alternatives to these 
demand for labo, because survey evidence from Sharqiyya farmers becoming hired labor. First, small farmers can 
indicates that small famers use more hired labor per fcddan and do enter the land-rental market. They farm land that 
than do large fanners. However, this phenomenon appears they have rented very intensively; their cropping intensities 
to vary by region, and is not common in G; a or Minufiyya were well above those of larger farmers, using more hired 
Governorates, for example. Our overall ,onclusion is that labor, more machine hours, and more of other inputs. In 
there have not been substantial increases in the demand addition, small farmers now devote much of their time to 
for hired farmworkers that would explain the sharp rise livestock production (Table I). This is true for men as 
in real farm wages after 1973 throughout the agricultural well as for women and children. The rapid growth in 
sector. The change in wages was discontinuous, while urban incomes, the subsidization of staple foods, and the 
demand changed slowly and evenly. protected livestock market have created a growing internal 

If demand-side factors cannot explain rapidly rising market for livestock products. Small farmers have sought 
real wages in agriculture, the explanation must lie on the to supply this demand. Thus, agricultural price policies, 
supply side, where causes for the discontinuous rise are which raised Egyptian livestock prices some 50 to 100% 
easy to spot. The most obvious cause of the discontinuity above international prices, contribute to labor shortages 
in the supply of rural workers was the availability of jobs by encouraging small land owners to devote their time to 
abroad after 1973. The construction boom in the Arab oil livestock production instead of doing wage work. 
exporting countries is responsible for the current employ- The farm labor changes wrought by emigration and 
ment of one to two million unskilled and semi-skilled price policies are magnified by the poor operation and 
Egyptians, and this external demand for Egyptian labor segmentation of many rural labor markets in which some 
has pulled workers directly from agriculture, and has further jobs are reserved for men, some for women, and some 
reduced rural labor supplies by creating vacancies in the for children. Such imperfect substitutability among types 
urban jobs abandoned by Egyptians who go abroad. of labor aggravates "labor shortages" and helps to explain 

Emigration is a plausible explanation for the discontin- why adult male wages rise above trend during the May
uous wage rise, but other policies and trends also con- June peak but not during the September-October peak. 
tributed to the reduced pool of farmworkers in the I970s. Women and children do much of the cotton harvesting in 
The spread of educational opportunities to rural areas and September and October. Their availability holds down 
the government policy of guaranteeing jobs to graduates adult male harvesting wages, but women and children do 
encouraged young people to obtain an education instead much less land preparation or wheat harvesting, both of 
of committing themselves to do agricultural work. Although which are typically done in May and June. 
survey data show that illiteracy remains widespread in Poor wage and job information, when combined with 
rural Egypt. this is much less true for young men than this segmentation, assures that some jobs and workers are 
for either women or older men. However, many hired not matched simply [ecause attitudes and information 
workers, especially part-timers, are young and often stu- impede the normal functioning of the farm labor market. 
dents. The evidence suggests that spreading education is Our survey found evidence that rural labor markets do 
reducing the pool of full-time, hired agricultural workers. not clear during the off season. We asked unemployed 

Table 1.Crop, Livestock Labor for Farm Family, by Farm Size Class 

Crop Livestock Total Per Cent Per Cekt 
Hours Hours Crop Livestock 

All Farms 231,406 148,647 380,053 61 39 

0- 1 Feddan 15,160 31,794 46.954 32 68 

1-3 Feddan 64.784 51.273 116,062 56 44 

3-5 Feddan 33,776 24.393 58.169 58 42 

5-10 Feddan 29,797 23,593 53,390 56 44 

10 + Feddan 87,885 17,594 105.479 83 17 
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and underemployed rural workers what their reservation 
wages were, and we asked farmers what wage they paid 
for specific tasks. We learned that the mean reservation 
wage of workers was less than the wage that farmers 
reported paying, indicating that workers are available at 
going wages but unable to be matched with employers, 
Further research on precise causes of this poor labor market 
perfonliance and on the appropriate policy responses would 
be very useful. It appears that the Egyptian government 
can no longer rely on traditional private arrangements to 
match farmworkers and farm jobs, that it must begin to 
actively expedite the matching of farm jobs and farm-
workers, perhaps by establishing clearing houses for farni 
jobs in each village. 

The net effect of' these changes is a farm labor supply 
that exhibits a very low elasticity with respect to rising 
wages: a I / increase in wages does not bring forth a I %/ 
increase in the supply of farmworkers. Therefore. the 
impact on the wage rate of the reduction in the pool of 
hired farmworkers dle to migration, spreading education, 
and profitable on-farm activities, is magnified. In sum, 
our survey evidence points to supply rather than demand 
factors to explain the alleged labor shortages in Egyptian 
agriculture. 

The supply factors noted above best explain the dis
continuous rise in real wages after 1973-74. The single 
most important explanation for the labor shortage appears 
to be the emigration of prime-aged landless workers from 
agriculture. But the pool of workers willing to do wage 
labor on a daily or seasonal basis is also reduced by the 
combined effect of a number of' other factors: the indirect 
effects of price policies on labor supply: spreading education 
and government job guarantees that encourage people to 
pursue an education rather than do farm work: and labor 
market segmentation in the face of very poor labor market 
information. However. the resulting "labor shortages" 
are task and season specific, indicating that the optimal 
mechanization response should be targeted to overcome 
these limited labor bottlenecks. The evidence indicates 
that Egypt is paying a very high price in foreign exchange 
and possible irreversible changes in agricultural production 
methods because it has adopted a broad shotgun Ieclia
nization policy in order to overcome selective labor bot
tlenecks. This conclusion is reinforced by the fact that 
crop-price policies and massive food imports 1old down 
fani-gate prices, thus exacerbating farmers' problems and 
complaints. These problems will not be solved by indis
criminate mechanization. 

Table 2. Distribution of Labor Time by Operation and Category of' Worker. 

Hired Labor f"nilv Labor 
Operation (4 Male-time c Female-ti me Child-time 1/( Male-time Female-time 4 Child-timet 

Plowing 4.7 0 0 2.8 .3 .8 

Scrape. Ridge 1.I .I 1.8 .4 1.4 

Scraping 1.0 . I 1.3 .6 .7 

Planting 6.2 16.5 3.8 6.0 8.2 4.3 

Irrigation 11.7 - .3 37.3 19.2 33.4 

Fertilizer 7.1 5.5 3.9 I.i 15.1 13.8 
Applica. 

Hoeing 20.1 .1 1.1 5.5 1.5 .7 

Harvesting 21.7 55.8 28.4 10.6 23.4 17.5 

Threshing 4.0 1.1 .2 2.1 2.9 2.1 

Separating 4.3 1.3 - 2.1 2.1 1.1 

Maize Sep. .2 4.9 - .8 4.9 1.9 

Manual Pest 5.9 - 56.0 3.6 6.1 7.0 
Control 

Transport 5.7 5.3 .8 7.1 9.8 4. I 

"Other" 10.4 9.3 5.4 7.9 11.0 11.4 

Percent of 32.0 15.0 53.( 63.0 15.0 19.0 
Total Time 
for Each 
Category 
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EMIGRATION 

Egypt has traditionally supplied skilled teachers and 
civil servants to tile oil exporting Gulf nations and to 
Libya. Manpower statistics are not completely reliable, 
but it appears that in the early 1970s at least 500,000 
skilled Egyptian workers and their families were living
and working abroad. After the four-fold increase in oil 
prices in 1973-74. the OPEC nations embraced massive 
development strategies that required the rapid construction 
of basic infrastructure, housing, and a variety of manu-
facturing and service facilities. Given their small indigenous 
populations, the aversion to manual work by many citizens 
and the reluctance to employ local women, the OPEC 
nations decided to import massive numbers of alien work-
ers. Egypt contributed at least 2 million unskilled and 
semi-skilled workers, especially in construction, where 
it is estimated that about half of all Egyptian construction 
workers emigrated in order to earn wages that are about 
10 times higher than those prevailing at home. 

Construction wages within Egypt have traditionally been 
at least double those for hired farmworkers. As urban 
construction workers went abroad, landless rural workers 
were pulled into the cities to replace them. When the 
demand for construction workers abroad was especially 
strong in the late 1970s. rural workers could go almost 
directly from agriculture to a foreign construction job. 
Thus, emigration directly and indirectly reduced the 
availability of able bodied male workers willing to do 
farm worl on a daily or seasonal basis, 

The Egyptian economy benefits from remittances of $2 
to S3 billion annually from Egyptians who work abroad, 
as well as the return of a more skilled work force. Egyptian 
manpower planners, aware of these benefits, talk of ex-
porting even more unskilled and semi-skilled workers 
during the 1980s. In this strategy. the continued emigration 
of Egyptian workers dovetails nicely with the complete 
mechanization of Egyptian agriculture. 

However, our research indicates that Egypt may not be 
able to achieve its manpower export goals. As major con-
struction projects abroad are completed, and as the pref-
erence for Asian workers grows. areverse migration back 
to Egypt appears likely. If Egypt has already mechanized 
its agriculture, it may face the major tasks of satisfying
workers who are accustomed to hih ,.vagcs; abroad. 

Egypt's agricultural sector has historically been the 
-shock absorber" of the nation's labor market, releasing 
workers during booms and reabsorbing them during.eco-
nomnic downturns. 'This feature isbeing permanently altered 
by mechanization. Complete mechanization, as envisioned 
by national plans. would end it completely. Given a pop-
ulation growth rate of more than 2.59/ per year. tie burdens 
of employment creation for other sectors may well be 
extremely heavy in the years ahead. 

Even as Egyptian workers remain abroad, our research 
indicates that Egypt is not reaping maximum advantage 
from its laissez-faireemigration policy. First, remittances 
are not used to create permanent jobs that have high mul-
tipliers within Egypt. Instead of investing innew factories 
or making agricultural improvements. remittances are more 

likely to fuel land speculation, to be spent on housing or 
imported consumer durables, or to purchase taxis or trucks 
and increase urban congestion. In addition to tile ineflicient 
use of remittances, the emigration of skilled construction 
workers has lowered overall productivity in the domestic 
'osrion industry bycetn ao hrae n aocons.ruction creating labor shortages and labor 

bottlenecks, especially for skilled workers. Employers 
are reluctant to train new workers because they fear that 
they will soon depart for jobs abroad. In addition to re
mittance and labor shortage problems, it is sometimes 
difficult to reintegrate returning workers and to prevent 
recruitment abuses. 

Emigration clearly opens a window of opportunity for 
the Egyptian economy. The pressure of domestic unem
ployment is lessened and a new source of foreign exchange 
can provide the means to finance economic development. 
However, experiences abroad ani in Egypt demonstrate 
that job-creating development does not follow automatically 
as a result of selective emigration. Egypt will have to 
develop an integrated agriculture, labor, and migration
policy if it is to maximize the benefits of foreign job 
opportunities. 
CONCLUSIONS 

This project has investigated one aspect of Egypt's ag
ricultural economy: how well does the rural labor market 
match farmworkers and farm jobs'? We found that the 
matching process is imperfect, and that labor market im
perfections may be sending false signals to Egyptian policy 
makers who then devote too much of Egypt's scarce re
sources to eliminating the need for farmworkers in agri
culture. 

In particular we showed that there are no general labor 
shortages in Egyptian agriculture. Instead, farmers' com
plaints about labor shortages must be interpreted as a 
response to the increased difficulty of finding prime-aged 
male workers who are available and willing to do farm 
work for wages on a daily or seasonal basis. However, 
we found that farmers have already mechanized many of' 
the tasks for which such workers are required, so that 
further subsidized mechanization would begin to eliminate 
the jobs of women and children, who still do a substantial 
amount of Egypt's farm work and who do not participate
in the emigration of male workers that lies at the source 
of the labor shortage complaints. In short, we believe that 
Egypt has specific labor shortages, and that the optimal 
mechanization policy is one that targets mechanization 
subsidies to overcome these specific labor bottlenecks. 
The Rural Labor Supply Project also documented the ex
istence of numerous labor market imperfections that prevent 
farmworkers from being matched efficiently with vacant 
farnm jobs. We believe that the Egyptian government couid 
remove some of these imperfections by establishing a 
network of job information centers that would serve as a 
clearing house for rural employers and workers. Such a 
low cost information strategy could help to overcome 
many of the current labor shortage complaints. 

One of the most important contributions of this project 
was i:s documentation of the indirect effects of governnient 
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policies on the rural labor supply. For example, government 
efforts to assure educational opportunities appear to be 
sound, but the government policy of guaranteeing jobs tograduaes unnecessarily subtracts workers from the farm 

labor pool and adds them to an already bloated Egyptian 
bureaucracy. Similarly, massive food imports and a policy 
of subsidizing staple food supplies by requiring farmers 
to grow certain acreages of such commodities for delivery 
to the government at less than world market price, squeeze 
farmers' profits and encourage small farmers to devote 


their time to livestock, which fetches above world market 
prices, instead of doing wage labor for other farmers. 
Egypt will have to be more sensitive to the indirect effects 
of current policies if'it is to avoid such unintended con-
sequences of policies meant to promote other goals. 

Four policy recommendations follow from our analysis: 
"Egypt needs a more focussed, task-specific, less sub-

sidized mechanization effort. There is no need for a 
general mechanization subsidy: 

* current crop and livestock price policies should be 
modified to change farmers' incentives: 

* better farm labor market information systems should 

supply: 
* Egypt should use tax and subsidy policies to steer 

remittances into productive investment. 
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PRICE POLICY AND TRADE
 

Egypt has adopted a number of policies and practices,such as price controls, taxes and subsidies on inputs, and 

compulsory planting rules, that have caused divergences 
between "free market" prices and the actual prices con-
sumers pay. These "price distortions" influence the 
amounts of production and consumption. the techniques 
of production, distribution of income, volume of exports 
and imports. tax revenues, saving and investment, and 
virtually every aspect of economic activity. 

This project has studied the effect of price policies on 
Egypt's exports, imports, and the trade balance and has 
evaluated the efects of' these price policies and of any 
distortions which may affect output. growth rates, increased 
exports and reduced imports. 

A principal objective has been to provide a clear, 
straightforward exposition of the economic analysis un
derlying policy recommendations. The technical analysis 
of price distortions has long been worked out in the eco
nomics literature, both in general and for the case of 
particular countries. What seemed to be needed was a 
clear exposition of Egyptian circumstances-an explanation 
that would be in a form accessible to policy-makers. 

One paper produced by the project, "The Basic Eco
nomics of Egyptian Agricultural Price Policies," is es-
sentially a statement of' the economic efficiency gains 
flowing from the use of market prices to guide the allocation 
of resources. It is an application of the principle of' coin-
parative advantage. One of its conclusions is that the total 
value of agricultural output in Egypt (at world prices) 
could be substantially increased by removing price di-
vergences in both outputs and inputs of the agricultural 
sector. 


A second paper. "Treating lierseem as a Traded Good 
in the Calculation of Social Re urns." is an extension of' 
an earlier study by the Ministry of' Economics in which 
the profitability of the major agricultrual products had 
been calculated at international prices for comparison with 
the calculalions made at the distorted domestic prices. 
However. lor some crops such as berseem the domestic 
price was used because there is no world market price 
quoted for btrseem. The authors attempted to supply a 
proxy international price for berseem by converting its 
nutrient values into an equivalent in major animal Ioods 
such as maize and cotton-seed meal. Prices of the latter 
products were substituted for the f'arm price of berseem. 
Although the price adjustment was substantial for the year 
chosen. the change did ,timuch affect the rank order of 
social profitability of' tie major agricultural crops. 

A third paper. "Egyptian Agricultural Price Policies 

and the Balance of Payments.' has three main purposes:
(I) to describe the dramatic changes that have occurredin Egypt's balance of' trade and payments during recent 
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years. (2)to consider the role of agricultural price policies 
in causing those changes and thus determining the present 
balance of trade, and (3) to consider the effect of' changes 
in agricultural prices on the balance of'trade and payments. 

It is shown that the balance of trade has changed greatly 
from its traditional structure in recent years. Merchandise 
imports now exceed merchandise exports. and agricultural 
exports--once the mainstay of Egypt's external balance
now account f')r only a small f'raction of total current 
account transactions. 

Using a few major crops as examples (rice, wheat, 
cotton). the influence of' price distortions on the volume 
and value of exports and imports was examined. It was 
shown that. using plausible elasticity coefficients, the in
fluence on trade is very substantial. 

The final conclusion was that Egypt would benefit sub
stantially from a removal of' price distortions: The value 
of output would rise: the trade balance would improve. 
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FOOD SECURfY AND AGRICULTURAL PRICE
 
POLICY 

Agricultural price policy is a key economic and political 
issue in Egypt today. Manipulation of agricultural prices 
affects the whole price system including the level of' real 
wages, profits, and rents. In turn, it affects the personal 
distribution of income, the structure of consumption, and 
the nutrition of the population. The conflict between in-
suring the welfare of poor consumers through cheap food 
policies and agricultural production incentives is one of 
the most difficult dilemmas to resolve. Other conflicts 
include the trade-off between food self-sufficiency and 
foreign exchange earnings, and between food subsidies 
and non-inflationary public budgets. 

The objective of this project has been to assess the 
microeconomic, macroeconomic, and income distribution 
effects of' alternative agricultural price policies on the 
achievement of food security for Egypt. It has aimed at 
determining the cost of' food self-s "ficiency, the degrees 
of risk in achieving food security objectives implied by 
alternative policies, and the economic trade-oti's among 
alternative policies. 

ACCOMPLISHMENTS 

STRUCTURAL CHANGE AND INCOME 
DISTRIBUTION IN 
RURAL EGYPT, 1976-1982 

The issue of farmers' responses to policy and rural 
income distribution has been addressed using two ap-
proaches. First, a statistical approach was used which 
analyzed the situation in 1976 and compared it to the 
situation of the same farmers in 1982. This took advantage 
of the 1976 Farm Management Survey and represented 
the first large-scale and systematic use of this source of 
information. In addition, a resample was taken in 1982 
of a subset of' the farmers which was used for purposes 
of comparison. Second, the information gathered was used 
for the fomiulation of models to simulate farmers' responses 
to the policy environment under the different scenarios of 
1976 and 1982. The two approaches together make for a 
better understanding of the dynamics of change in the 
Egyptian countryside over the last decade. 

The results of the analysis of the situation in 1976 can 
be summarized in se, eral points. First, :he distribution 
of income in rural Egypt in 1976 resembled that of land. 
one of the most unequal in the world. Second, the unequal 
distribution of income fortunately does not have negative 
impact on productivity: yearly intensity of land use is not 
less on larger farmns than ;i smaller ones and yields of 
particular crops are independent of' farm size. Third. the 
cropping pattern does not vary significantly across farn 

sizes. With yields, intensity, and cropping patterns fairly 
constant across farm sizes, the per-feddan productivity 
was not found to be statistically different across farm 
sizes. However, sharecropping relations do affect pro
ductivity negatively but not overwhelmingly so. Thus, 
the issues of productivity and income distribution or eco
nomic equity are somewhat more disassociable in rural 
Egypt than in the rural sectors of other less-developed
countries. Fourth, marketing and utilization patterns do 
not differ significantly across farm sizes. This, together 
with the idea that farni size is not a deterninant of cropping 
patterns, suggests that larger farmers are not as likely 
illegally to escape the negative government interventions 
as has been argued by some proponents of decreased gov
eminent intervention. It is probable however that they 
feel the negative effects less than small farmers because 
their larger marketed surplus allows them to take greater 
advantage of the free market. This is not to say that in
tervention should be encouraged. But arguments against 
it have to be based on facts other than its supposed back
firing due to the large farmers' tendencies to avoid the 
controls. The most important factor influencing productivity 
was regionality. In the absence of detailed information 
on soil (Juality and other environmental factors, it is difficult 
to say whether these regional dilferences are institutionally 
or ecologically detennined. Itwould be a worthwhile future 
task to determine whether these diflerences are institutional, 
and to te extent they are, a duplication of the effective 
institution in the areas currently lacking them would be 
a clear policy recommendation 

When compared to tile 1976 data, the data gathered in 
1982 from a subset of the original farmers show an ii
provement in income distribution. The income of the 
smaller 401/ of the farmners in the sample increased by 
about 150f while that of the larger farmers increased by 
approximately 2(01/. With an increase in prices during the 
same period of roughly 8(0-100% . small farmers are seen 
to KJ.Keeping up with inflation while the larger ones fall 
behind. This increase in income for the smaller farmers 
is due to four factors. First. the amount of land controlled 
by the smaller farmers in the sample has increased. Even 
if this is neglected as a peculiarity of our sample. the 
second factor-an increase in productivity-cannot be 
denied. Yields have increased in all crops due to better 
seeds, increased use of fertilizers. and other factors, 'lhe 
most important impact, however, comes from the labor 
market. Wages for off-farm work have increased by about 
20(/(). If one considers that smaller farmers tend to derive 
about 3(Y to 40(/ of their income from the labor market. 
that this proportion has been increasing, an that larger 
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farms tend to be net users of hired labor, it is clear that the larger. Fifth, farmers' responses, especially those of 
the labor market has worked highly in favor of the smaller small farmers, are affected by risk. Even though it may
farms in Egypt over the last decade or so. This has largely seem that Egypt is as close as one could come to an 
compensated for the negative impacts of government pol- agriculturally riskless country. the simulations showed 
icies. that farmers do in fact take risk into account in their 

The simulation of farmers' responses to policy changes 
is based on a 1976 and 1982 risk-sensitive linear pro
gramming household model for small and large farms. 
This allows the identification of bottlenecks peculiar to 
different economic groups so that economic policies can 
be designed with specific groups in mind and their relevance 
and internal consistency can be assured. Through the 
model, circumstances of subsistence requirements, pro-
duction-consumption interdependencies, differential 
technology, duality of input and output markets, seasonal 
price variations, and risk, as well as the various government 
interventions, have been investigated in detail. The first 
set of data used was the 1976 Farm Management Survey, 
East Delta subset. The second was the 1982 Updating 
Survey for two villages in the same zone. Family Budget 
Survey data were used to support data on household con-
sumptic.o. Risk was incorporated into the model using an 
absoiute deviation approach by simply incorporating the 
total negative gross margin deviation (calculated for a 10 
year period at the governorate level) of the cropping plan 
as a constraint and running parametric tests. 

The various simulations revealed some important fea-
tures of farmers' responses to government policies. First, 
removal of government interventions at the most general 
levels tends to favor the cultivation of cotton and rice but 
more so the latter. It also tends to favor the smaller farmers 
because, since the larger farmers have greater total mar-
keted surpluses, they do not feel the burden olf the gov-
eminent procurements as much as the smaller farmers. 
Second, the livestock subsector is of tremendous inipor-
tance in influencing the farmers' cropping decisions. Se-
curing sufficient livestock feed seems to play a key role 
in determining cropping patterns and, indirectly, con-
sumption patterns. The areas planted to wheat, maize, 
and berseem, all of which contribute to fodder supplies, 
are the most sensitive. Third, improvement in labor market 
conditions results in increases in income above and beyond 
that derived from the sale of labor itself', as the income 
from these labor sales helps the farmer solve critical cash-
flow problems. As larger farmers had little surplus labor 
for the labor market to begin with, increasing absorption 
capacity of the non-farm sector has helped, and could 
help further, to reduce the degree of income inequality 
among farmers. Increases in wage rates would evidently 
have the same effect. Fourth, the pattern of' household 
consumption changes as a result of' alterations in the 
houselold cash-flow situation which, in turn, is alffcted 
by government credit policy. An improvement in govern-
ment credit policy seems to have more of an impact on 
consumption than on cropping patterns: f'armers can use 
government credit to sul titut for the sale of some products 
in order to finance the production of others. The decreased 
need to sell products results in an increase inconsumption. 
This effect is more marked for the small farmers than for 

decision making. 

AGRICULTURAL SUPPLY RESPONSE 
Growth rates of the Egyptian agricultural sector have 

been falling in the past two decades. Inthe 1970s. especially 
when the rest of the economy was growing at high rates, 
per capita agricultural production declined, leading to a 
great deal of policy concern. The need for a comprehensive 
assessment of the effects of alternative policies on the 
growth of' the agricultural sector has been felt for quite a 
while. This task has been the main aim of this project. 

Past studies of the role of agricultural policies in the 
perfonnance of the sector have focused on supply responses 
of individual crops. Usually, the supply responses to prices 
have been significant, and the conclusion has been drawn 
that prices of crops should be raised in order to enhance 
total agricultural production. Unfortunately, this result is 
based upon inappropriate models and suffers from the 
fallacy of composition. The main problem with these 
studies isthat crop-by-crop estimations do not capture the 
full cross-effects of the expansion of individual crops, 
and hence, leads to inconsistencies when aggregated. 

In order to quantify the overall effects of government 
policies upon the growth of the agricultural sector, the 
research undertaken inthis project has used a model based 
on the systemwide approach to the theory of' the multi
product firm developed by Laitinen and Theil (1978). 
This model has enabled us to assess the impacts of technical 
change and of' particular price policies on the aggregate 
agricultural production. 

Such a project, however, is quite data intensive. For
tunately, most of our data requirements were available 
through the Egyptian Ministry of Agriculture. The data 
set obtained f'rom this source contains infoniation on areas, 
yield, prices, costs of production of 22 crops, and their 
by-products for the 25 governorates of Egypt, extending, 
with somfe missing values, from 1955 to 1979. 

Based on a preliminary organization of the data, a rel
atively large model was specified which related the log
changes in outputs to the log-changes in product prices 
properly discounted for input prices. The cropping ratio 
(i.e., the ratio of' total cropped area over total physical 
area) was taken as proxy for technical change in the ag
ricultural sector and was also included in the model. In 
Egypt. increases in the cropping ratio have been, to a 
large extent, the results of further availability of water 
and improveinents in irrigation and drainage systems. Thus, 
this ratio was assuled to be exogenous for tie production 
decisions of' individual farmers. 

Since the available data did not allow the estimation 
of a system with 22 products, the crops in each governorate 
were classilied into seven groups. The first five ma ior 
crops of each governorate were classified separately, while 
the rest of the crops were aggregated into two composite 
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categories. Also, since the number of observations for 
each governorate was small, 14 governorates which had 
more complete data and could be paired were chosen for 
tile estimations. These governorates cover the maiority 
of agricultural land in Egypt. The criteria for choice of 
pairs were proximity and similarity of agronomic conditions 
and of agricultural production structures. These seven 
pairs are: Prcheira/Kafr el-Sheikh, Daqahliya/Domyatta. 
Gharbiya/Sharqiya, Minufiya/Qalyubiya, Beni Suef/ 
Minya. Asyut/Sohag, and Qena/Aswan. The model spec-
ified for each pair i:, on theslightly different depending 

cropping pattern of the two governorates. 


The first and most important result was that tile
aggregate 
supply response to a proportional increase in all agricultural 
product prices is quite low: inany of the regions considered, 
tile increase in the aggregate agricultural production is 
likely to be less than 2.5% if all output prices are raised 
by 10% . This low supply response shows that the sluggish 
growth of Egypt's agricultural sector cannot be explained 
by the hy aggregate level of its product prices. This 
result also reflects the importance of the natural constraints 
that the sector faces-the first and foremost being the 
limitation on the physical area of arable land. 

The second result depicts the importance of activities 
which relax binding constraints agricultural pro-tile on 
duction. It was found that increases in the cropping ratio 
were quite significant in explaining the growth of tile 
aggregate output in the regions, with an elasticity of about 
0.07. However, if increases in the cropping ratio are in-
terpreted as increased aailability of land, then the "'mar-
gi nal productivity' of land is less than one. This result 
implies that additional utilization of land has diminishing 
returns. i.e.. there are fixed factors which have not bt.n 
extended simnultaneously with the land utilization rate. 
Identificaltionl and development of these flactors may haveimortlnt implication s ordevelopentfthesefactors.nliehaveimportant implications for factor productivities in the ag-
ricult ural sector and for the total output. 

The third result shows that technical changes which 
lead to increases intilecropping ratio do iiot have the 
same effect on all crops: improvements in the irrigation 
and drainage systems have favored sumnmcr crops and 
have beeii detrimental to cottori and sugarcane. The winter 
crops have also benefited from this technical change to 
some extent because they precede the su imer crops on 
land. Thus, the expansion (.tberscem. which in the past 
has been explained by its profitability, inay also have 
occurred because more land has been made available ii 
winter as the cotton area shrunk in favor of maize, rice. 
sorghu1, 111nd crops. This effect isprobably
Other su eCr 

as important as relative price changes in explaining the 
reluctance of' Egypti an farmers to plant cotton. 

The fourth result concerns relative price changes. Given 
tilepresent system of rotations and controls, an increase 
inthe relative price of any traditional food crop. i.e., 
wheat, rice, and maize, is likely to enhance the aggregate 
agricultural output as well as the production of the crop 
itself. In %.her words, such a price rise increases the 
"weighted" output of the traditional crop more than it 
reduces that of the others. Cash crops. such as potatoes, 
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tomatoes, and berseem, on the other hand, do the opposite 
by draining resources out of the production of other crops 
while contributing little to tileaggregate volume of output. 
This assymmetry is probably the consequence of the fre
quent controls and constraints which affect the allocation 
of the fixed factors in favor of the traditional crops while 
holding their prices low. Removal of these constraints or 
adJustment of relative prices in favor of traditional crops 
should have favorable effects on agricultural production. 

Finally, our results show that despite regional similar
ities, differences among them became important when tile 
effects of policies on particular crops are being considered. 
The relationship between wheat and maize provides an 
example. In Lower Egypt. maize usually follows wheat 
in tile three-year rotation system since planting time of 
rice conflicts with the harvesting time of wheat in early 
summer. Thus. increases in the area of wheat lead to 
greater maize production. However, tileopposite happens 
in Middle and Upper Egypt where in the summer sorghum 
is grown instead of rice. In these regions, wheat is usually 
fbllowed by sorghum, thus competing with maize for land. 
In any case. such effects are most noticeable among Lower, 
Middle. and Upper Egypt regions. 
PRICF INTERVENTIONS AND AGRICULTURAL 
PERFORMANCE 

Agricultural production and the distribution of food ill 
Egypt have been subject to extensive governmental in
terventions. Since 197 I. the country has moved toward 
an increasingly open frce-narket economy and nianv con
trols and subsidies have been relaxed. Yet. popular pres
sUres for the perpetuation of these interventions (such as 
the 1977 food riots) and a piecemeal approach to poll
cyaking, have resulted ina highly complex and eter
oyeneous policy package. At t e I iLomplucer level some 
oeeu oiypcae ttepoue eesmphysical variables are controlled (land quotas, forced de
liveries of products, an1d input allotmerits) while others 
are free (uncontrolled crops and inputs): soIe prices are 
set by decree while others are market determined. Con
sumers also face a dual economic system with many coin
nodities subsidized, while others are sold on partially or 

totally free markets. The results have been numlterous in
consistencies in the policy package leading to Lin intended 
cosequences: a rapidly growing gap between coisuniption 
and production, rapid lv increasing food imports, and an 
escalating pulblic butdget and foreign-exchange costs for 
food and agriculture. Yet quantitatively. if riot always 
qualitatively. malnutrition among Egyptians has been vnir
tually elii.natet ilSpite of' very low income levels ina 
large part of the population. The challenges for Egypt are 
to stimulate production. to reduce the food gap. and to 
improve food security while preserving the nutritional 
benefits of intervention policies. 

We identilied some of tileinconsistencies in the current 
policy package by studying the rmo'emtents and distortions 
in live key prices. namely, the prices of food grains, meat 
and animal products, aninial feed. inmchinery. and the 
level Of agricultural wages.liTe results show that partial 
an1d uneven arei anld price controls aLng farmlt activities 
reduced the prolitability otcrops relative to that of livestock. 



The rrsults have been (I) a shift in land use fomn production 
of staple food toward that of animal feed: (2) a shift in 
livestock use from draft animals toward production of 
meat and milk: (3) rapid mechanization to substitute for 
animal power: and (4) yet miniial-but potentially ex-
tensive-displaccnment of labor by machinery. The con-
clusion is that a new integrated policy package needs to 
be devised to eliminate these imbalances by explicitly 
taking into account tile trade-oils identilied in this study. 

The price policy for rice was studied in detail since 
rice is an important commodity still characterized by ex-
tensive governmental intervention. In the period 1978-
1982. forced deliveries captured nearly 5(1 of production 
at a price less than half the world market price. The con-
sumers' subsidized price was only 22'/ of the world market 
price, and the residual free-market price was 62(/ of the 
world market price. The key questions here are what would 
happen to price levels, to farm i ncoines, to consumer 
welfare, and to the cost of governmlental food subsidies 
if forced deliveries for domestic consumption were re-
Iolerd. We assuLed that the government would continue 
to procure 15(4 o! the total output for export (the 1976-
77 level) but that the rest Would be freely bought and sold 
on tile domestic market. 1Based on 1976-77 Farm Man-
agement Survey dati, the conclusion of the present study
is that the system of forced deliveries with residual free-
market sales can. in Iact. benefit farmers under some 
comhinations of fre,-market price. subsidized consumer 
price, and forced dclivery price. Thiis Is due to tile fact 
that the residual free-market price is pushed above t1e 
equlilibrium free-market price without procureinent (except 
for export). Under some price combi nations, tie gross 
revenue fron the combination of forced deliveries and 
residual free-imarket sales is greater than the gross revenue 
from free-market sales without procuireimment. In these cases, 
ho\ever, time scheme of price control is regressive ts larger 
farmers. With a greater share ofltptut sold oil the residulial 
fice marke' than that o1 simall fairmers, derive benefits 
from high residual free-market prices \\hile small Iarllers 
do0 not hiavc enough marketable surpls lfter forccd de-
liveries to do so. Particularlv \whenl tile residual free-market 
price is either too high (llore hall threel times tie subsidized 
consuumptioni price) or too low (less thai1 twice that price), 
flarmers are burt and would fare belier under i fully free 
domestic price alternativl alfter prOctremtet for export, 

FOrCeL deliveries of k\Iheat were elititinated ill 1970. 
but they still exist om rice and natty other coimlodities 
for tile sake of "food security' of urban and landless rur-al 
pOlptlati is. We anlvied tie impact that reimioval of forced 
deliverics orn ice \\otld have o] latI inICoi1e and marketed 
srpls. ilerellts sUgest that nlmainmitetmance o' foIced 
dehlicries is not inIpOrtatIt tlot' ood securitV. Reitmoval Of 
forced rice deli\erics durin the 1979- 1981 period \%ould 
eilher ihcreas, tic surphs by 2', . if foicedte mukeed 
deliVerics are sCl as a shair'e Of ottl)Il, or decrease it bv 
less thal 3'; if set a,, t h1ttp sumIlax. In either case. time 
effect )t imaikeled surplus is so small lhat tie schene is 
irrelevant lot extracting food front farimers' control. 'This 
isbecause farmers' incoimies. Iron sources otiher thaim rice 

quotas, dwarf the positive income effect of forced rice 
deliveries on the marketed surplus. 

Forced deliveries serve mainly as an income redistri
bution mechanism whereby tile cost of sabsidizing rice 
consumption is shifted to farmers. If forced deliveries for 
domestic consu mption are removed. farm income will 
increase by about 101h. The tax on producers relative to 
the world market price will still be large but reduced by 
17(/. Part of tile cost of subsidizing rice to consumers is 
now shifed from producers to the government. With forced 
deliveries. 80'/ of the consumer subsidy was paid by 
producers and tile remaining 20(h by government. Without 
forced deliveries for domestic use. farmers still pay 66%, 
of the subsidy and government, tie remaining 34(/(. Here, 
too, we conclude that the Egyptian government can still 
Manage tile rice subsidy program at a limited cost if rice 
export revenues can be preserved. Egyptian rice farmers 
Would be modest beneficiaries of this liberalization process 
Without substantial detrimental effects on any other seg
ments of Egyptian society. 

AGRICULTURAL POLICY AND 
MACROECONOMIC LINKAGES 

Research on this topic is still in progress and we are 
reporting here the preliminary results of work on con
struction of a social accouting matix (SAM) for Egypt 
which einphasizes the agricultural sector and policy sil
ulation if] a comptable general eqtuilibriul model. 

The preliminary model for which results are reported 
here has 306 equations. All the left-handed variables in 
time imIodel are taken as endogenous (total of 246) and this 
leaves us with 6( more degrees of freedom. InI factor 
markets, we fixed wage rates and capital and land en
dowmnents so that labor demand. return to capital. and 
land rents can be determined endogenously (total of 60 
variables). Wage rates are fixed nominally to take into 
account time fact that the public sector (which dominates 
in indlustrV) does not index labor rentals in time short run. 
The \waCe rate in both closures Of the model is chosen as 
tile nuitmeraire. Capital is fixed sectoralfy because capacity 
does not respond to change in demand in the 'short run. 
I.and endom\ Iments are fixed as the total amount of arable 
land. In Iwo sectors ill which government controls are 
strictly enlforced (cottont and staple fOod), Iland is also 
fixed sectorally. In the two Other agricultural sectors, there 
are substitution possibilities lot land aimong those two 
sectors. 

The effects of ipoicy chanesCn tIe macroeconomy 
are dependent on the tVpe of chsure chosen and (o the 
valute of tie paramneters of tile model. Depending on how 

otmestic and loreign co tsr.illas are bindting, the policy 
goals of grom thand equity may or nay not coillict. C'wris 
pairili. there will tot be a conflict if labor is not a binding 
comisraitit 

If the supply)1f labor is 'lilm'ic. the problem of origin 
ilIld iallount Of s\'illgs IIS imt iO t iuimpact on the 

iuiComIeim ltiplier'. A,\m' polic\' redistr11111 iimg iicoIe to
wards the government o1, increasing the loreign delicit 
w\ill lo\er tlie multiplier. ('(oiemlioulal fiscal pdicies have 
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a positive impact on the economy as long as the foreign 
deficit is not of concern. The government may want to 
target subsidies and other instruments toward certain sectors 
to obtain more expansionary results. Even food price in-
creases may not hurt the urban population since the ad-
ditional income earned by tilerural income groups and 
their effective demand will increase total real income, 
Increasing the price of cotton is even more beneficial to 
farmers, and there are second-round effects flor the urban 
groups which do not lose much in terms of real purchasing 
power. By contrast, crop failures are detrimental to every-
body, although tile urban population loses less since food 
can be imported at fixed prices. As long as there can be 
unlimited borrowing, there is no problem. 

If on the other hand labor supply is inelastic, an in-
creasingly likely situation if' migration keeps on tightening 
rural labor markets, the macro picture looks very different. 
Policies redistributing income towards the government or 
increasing the foreign deficit will increase the level of 
investment. Reduced subsidies, for instance, increase 
government savings and foster investment if there is full 
employment. Agricultural price increases shif the distri-
button of personal income toward rural groups, reduce 
savings, and thus result in comtr.ction. Moreover, such 
price increases reduce imports (or increase exports) by
increasing domestic production. If' foreign reserves are 
unlimited. investment might be a b,.tter use of resources 
for the country rather than using theni for tileproduction 
of food at an increasing marginal cost. Inthis case, even 
crop failures can be a blessing for growth since the gov-
ermnent borrows abroad to pay f'or food imports which it 
sells domestically capturing tie price differential! Tihe 
govrnien t thus captures the income that the ruiral Iop-
tilation has foregone because of crop faili'e and can spend 
it on investment projects. The urban population in this 
case Would be better off as a result of' increased demand. 
while food is provided by imports at unchanged prices. 
EGYPTIAN FOOD SI'CURITY 

Food security has been an important policy concern r 
Egypt although it has never been clearly delined. This 
has given rise to diverse interpretations and rec,,alriieni-
datilons. The aims of this project have been to deline food 
security and to Specify appropriate production, reallocation 
and trade policies to achieve it. 

The research approach of this project has, for the first 
lite. consitlered explicitly the risks that Eg ptiari agri-
culture faces both Lomiesticaly,' ill teris of yearly yield 
variations, and intlie world market in terms o lluttat ions 
in commodity prices. Both of' these factors affect tine ag-
ricultral balance of tradc and. hence, the aegregae national 
balace of payments. 

Food security was delined as the ability of Egypt to 
consistently satisfy uloimnestic food reulUiui'enrs either 
tirough donnestic pradtIl'tioln or tiMe. This ability, in tni. 
was siecified ill terins of' a criterion that involved tie 
expected value of agricultural loreign exchange earnings 
and Ihe variance of' these ir()te'ts. while assuming Ihal 
doriestic food retlLireniments are always satislied. This cri-

terion can be justified both theoretically by invoking the 
theory of international trade under uncertainty, as well as 
empirically, since it guarantees food supplies at minimum 
international opportunity cost and risk. 

The basic premise of this research has been that con
sumption and production policies at the national level 
could be looked at separately. While food security per se 
involves first a national decision and commitment about 
food consumption levels, the consistent satisfaction of 
these goals necessarily involves separate decisions about 
the Egyptian production structure. This is a fa,:t that has 
been altogether neglected in discussions of food security 
both at international as well as national levels. However, 
in the medium and long run. it is the ability of Egypt to 
produce the right commodities in the proper amounts that 
will ensure adequate income to satisfy domestic con
sumption requirements and also minimize exposure to 
international risks. 

The research has designed and implemented a fairly 
large model of' the Egyptian agricultural sector. The ob
jective that was maximized considered the expected value 
as well as the variance of' the agricultural foreign exchange 
earnings Linder the assumption of lixed, and always assured, 
availabilities of domestic food commodities. The model 
included three regions. Lower. Middle. and Upper Egypt,
and separate physical and technological constraints for 
each region. The products considered included all the 
major cultivated crops and livesto :k, which was inclded 
both as a producer of meat and of traction power. as well 
as a consumer of domestic and imported f'eedcrops and 
crop residues. The constraints pertained to (I) nmonthly 
land and labor use for each ptI-dtlct and region. (2) water 
availability. (3) protein, starch. and rotighage requirements 
f'Orlivestock. (4)traction po\er from tractors and animals, 
(5)rotational land-use constraints for vegetables, and (6) 
sugar processing capacity limitations. 

()ne ofele hasuic ieslts obtained was a frontier (namely. 
a set of elficient or best points) of cxpecretd value and 
standard deviation of agricultural foreign exchange earnings 

under different asstnptioris about aversion to risk of' 
E'gyptian policyiakers. It was sll'' I that the current 
agricultural production structure coul be represented by 
a point considerably interior and. hence. very ineflicient 
coripared to the efficient f'rontier. This result still holds 
even if'a tlifterent frontier is Conistrtictedlthat assUinies that 
tihe current governimerit area controls are indeed effective 
in placing a lower bound on cultivated land. The inevitable 
conclusion is that there is considerable room f'or changing 
tlie prod uction strncturc alld thIIIs imprwing both the foreign
exchange earnings as \%ell as diminishing their fluctatiomns. 

The second basic set of results perlains to the coinipiition 
of crops that should be grown to achieve food security. 
Tle restlts of tile policy experinents are quite startling. 
If itis assumned that l'Vyptian policynakers can accept 
Ihlctiations ant instability ill the forcign exchange earnings, 
then the nodel results show that Egypt should concentrate 
its, agricuiltural irodultion o a hew relatively remunerative 
cash crops like cotton. tolatoes, olions. oranges, arid 
berseein. Incidentally. very similar results have been 
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reached by a World Bank report (Cuddihy, 1980) that did 
not consider risk at all, as well as by other researchers 
that investigated Egypt's comparative advantage under 
conditions of certainty. 

If however, Egyptian policynakers are assumed to be 
very adverse to international instability, then the model 
results are quite different. Under these conditions, it is 
shown that Egypt should deernphasize the production of 
the cash crops mentioned above and concentrate its pro-
duction on more basic food commodities, namelv,1 

maize, 
rice, sugarcane, wheat, and livestock. This result is very 
robust under a large number of sensitivity experiments in 
which many of the model's parameters and constraints 
were varied widely. It is alsa consistent with the view of 
several Egyptian policymakers. The best solution depends 
on the particular preferences and attitudes toward risk of 
Egyptian po1 icymakers. but thle results have clearly illus-
trated the alternative choices. 

A third major result of the research is that self-sufficiency 
ill basic grains for Egypt is technically and physically 
infeasible in the near future even if new technology im-
proves the yields of crops considerably. Any pretension 
to this goal Should therefore be abandoned amd replaced

y goras il e 
y one more feasible. 
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FOOD CONSUMPTION IN RURAL EGYPT
 

One of the criteria by which the success of the government's
food security policy must be judged is the adequacy of 
consumption among the people. While this implies eval-
uation of food policies by estimating their direct effects 
on nutrition through increasing the quantity or quality of' 
food consumption, their indirect effects through changing 
the levels of farm production and incomen must alsu be 
taken into account. The mutual interdependence between 
these direct and indirect effects needs to be incorporated 
into any framework which seeks to evaluate policy. For 
example. programs which increase the quantity or quality 
of the labor supply may increase farm production. Prograns 
which increase farn production such as credit opportunities, 
input subsidies and price policies ior the crops which 
farniers produce. have a bearing on incone and, therefore, 
on nutrition. There is thus both a need to study the inter-
acting effects of the government's agricultural policies on 
consumption patterns within the rural household, and to 
develop a means of predicting likcly consequences of 
policy shifts. Inorder to explore the effects otgovernment 
policy on the nutrition of the rural population, this project 
developed a predictive model based on consumption pat-
terns of rural households. The project was conceived as 
a three-stage process. First, existing data on dietary habits 
and beliefs, nutritional status. food intake, consumption 
of commodities other than food, crop production, other 
production activities, asset holdings and other demographic
and socioeconomic characteristics of' Egyptian landholding 
pca.Iant households, were gathered and analyzed. TO 
complement this data. to expand it where necessary and 
to provide more recent infornation. two surveys. the Farm 
Household Survey and the Case Studies. were conducted. 
Second. a theoretical model of the poor fe'l/hin household 
as an ec()noimiiic decision unit was specified, then validated 
by comparing its empirical solutions with observed patterns.
TVhird, the model was used to generate solutions which 
reflected the consequences of hypothetical changes in pol-
icy. 

ACCOMPLISHMENTS 

THI iFARM HOUSEHOLI) SURVEY 
The 56 villages for which data were available from the 

1977 Egyptian Firm Management Survey were classilied 
into live agronomic zones. Brielly. the first zone contained 
villages located in the north l)elta governoratcs ( 14 vil-
lages). This is the rice zone with approximately 27(/ of 
the cropped and 501/ of' the total cultivated area devoted 
to rice. Villages located in the middle )elta governorates 
(14 villages) are in the second zone. characterized by 
adherence to traditional crops which vary in relative imi-
portance from year to year, with no single extensive crop. 

The third zone included the villages located in the southern 
part of the delta and the northern part of Middle Egypt
(I I villages around Greater Cairo). This zone is charac
terized by the relatively high percentage of land devoted 
to fruits (13/) and vegetables (50%). The fourth zone 
included the villages located in Middle Egypt (7villages), 
also characterized by traditional crops. The fifth zone in
cluded villages located in Upper Egypt (10 villages), where 
about 231h of the total landholdings are devoted to sugar 
cane. 

For purposes of this study a survey was conducted on 
ten villages randomly selected as a representative sample 
from the live zones. The number of villages selected in 
each zone depended on the number oflandholders holding 
live or fewer feddans in the zones. Four villages were 
selected from zone I . two from zone 2. two from zone 
3. one trom zone 4. and one from zone 5. The sample 
may be characterized as a multistage random sample of 
rural Egyptian households. Observations were randomly 
selected to be representative of'the different size classes 
of landholders but special emphasis was placed on those 
holding less than five feddans. The number of observations 
for each of the villages was proportional to the number 
of landholders holding live feddans of land or less in the 
zone. 

The major part of the data used in the analyses to be 
described in this report was gathered from the ten rep
resentative rural Egyptian villages in the period from April 
I. 1981. through March 31. 1982. Two hundred forty
nine landholders' households, or approximately 25 
households chosen at random from each village, were 
interviewed repeatedly with a minimlum of six visits paid 
to each household. 

Specifically,. data were collected from the household 
on the following matters: 

* 	demographic characteristics of household members 
and family structure: 

. size of landholdings and type of tenure: 
9 cropping structure: 
-	 farmers' options concerning cropping structure, in

stitutional constraints, policies, and programs:
* plant production (quantity and value) and its allocation 

for home consumption (lumai and animal). market 
sales (obligatory delivery and free market): 

• input costs (fquantity and \'aluct)f on- and off-farm 
costs of plant production: 

* 	animal production and work: 
* 	SOurces and costs of animal feed (quantity and value) 

during different seasons: 
• farm household assets, incltding average price of 

land. 
•annual family budget including off-farm income: 
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" risk and uncertainty in farming operations: 

" family labor balance sheet (on- and off-farm labor): 

* loans and credit, inputs (in cash and in kind) and 

technical assistance; 
* daily consumption of different food items: 
" monthly consumption of the main food commodities 

(purchased and home-produced): 
" farmers' opinions on how to increase their production 

and income, and how to improve their nutritional 
level (open-end questions). 

Interviewers asked what was eaten in the past 24 hours 
when gathering data on food consumption. One month 
for which food consumption data was gathered was August, 
one was October, so as to reflect seasonal variation in 
food patterns. A proportionate number of households was 
interviewed on each day of the week and each week of 
the month so that diflerent daily or weekly food patterns 
would not bias the observations. 

Additional information needed to complete and check 
information f'rom a farm household questionnaire was 
collected at the village level. Directors of the cooperative 
societies, the village bank, members of the village council, 
and agricultural supervisors were interviewed to collect 

the data concerning: 
SVillage inf'rastructure and basic iformation about the 

village-,attradhvillage: 

" landholding structure and land tenure system on the 
village level; 

" cropping structure and land allotment rules for the 
agricultural years 1980-81 and 1981-82: 

* average price of agricultural land and its rental value 
versus official and free market values:prices of different inputs received from the formal 
aind informal sectors: 

" f'arin gate prices for the principal crops grown in the 
village available from di ff'erent marketing channels: 

* input deliveries supplied by the cooperatives and other 
suppliers:

* resale of inputs and subsidized cominodities:" credit facilities. their costs, terms, and sufficiency
" food prices (subsidized, rationed, and free market

prices), 

Data were gathered by enUnerators from the Egyptian 
Ministry of Agriculture working under the direction of 
Dr. Mohamed A. EI-Shennawy. the Egyptian 'earn Leader 
for the entire project. The sample was designed by Dr. 
Afaf Abdel Aziz Mohamed. 

Additional data used in the analyses came f'rom an in-
tensive survey of 54 households ill two Egyptian villages 
conducted in 1982. Data in the latter survey were gathered 
on virtually every aspect of the household's activities, 
Specific questions dealt with the health status of household 
members. births and deaths and reasons for deaths of 
children in the household. an1d social factors aff'ecting 
food consumption and food habits. I)r. Marzouk Abdel 
Rahim Arct' and I)l. Isis Nawar planned and conducted 
the latter survey, 

TIE MOI)EL 

household in order to maintain family life (Benito and 
Lane. 1983). The purpose was to depict the economic 
activities of the farm household in Egypt and the rela
tionship between these economic activities and nutrition. 
Since the farm household makes interdependent decisions 
concerning production and consumption, and since con
sumptioni depends on household assets and the income 
generated by on-f'arm and oft-farm activities of all house
hold members, the model specilied: the allocation of land, 
household members' labor, animal power, and mechanical 
equipment among income-generating and consumnption 
activities: the househol's allocation of the farm's produce 
to home-const ption and the market: the household's 
allocatito of labor to on-arm and off-farm activities the 
net cash fiow available for purchases of commodities other 
than food and credit payments. and the energy and protein 
consumption of household members. 

The household was assumed to have a lexigraphic utility 
function. reflecting the household's behavior in acting in 
accordance with its priorities, first meeting requirements 
for energy and protein before consuming additional food 
or other commodities. The farm was assumed to have a 
Leontief-type production function. A linear programming 

algorithm was used in the numerical solution of the model. 
The model was validated using data from Manshaat ElGaalatyiavilginhenrhrNieDt.A 
mal. a typical village in the northern Nile Delta. A 

comparative static analysis involving parametric pro
gramming was used in order to estimate: the labor surplus 
response to wage rates: the labor surplus response to 
mechanization: the relationship of household income to 
consumption, energy intake, protein intake and relative 
prices of food: and the demand response to changes in 
the prices of' cereals, beans, lentils, and poultry. 

The major findings that have emerged f'rom our work, 
and which are reported here are based on solutions gen
crated both by the model and empirical analyses. 
MECHANIZATION AND WAGE RATES 

A positive relationship was found to exist between sur
plus labor supplied to the market and wage rates. Although 
wage rates are higher during the summer season, it is 
more profitable for the family to supply labor during the 
winter season due to the high opportunity cost of' family 
labor on the farrn during summer. Only for very high 
wage rates will the family prefer to ;ell part of its labor 
during the summer season. Figure I shows changes in 
cropping patterns as a consequence of' changes in wage 
rates. 

Access to mechanization was simulated by change in 
the rent for mechanical power using Values from zero to 
2.50 LE. As one would expect. if' new activities within 
the household are not available. mechanization increases 
the supply of surplus faiily labor. At the same time the 
use of animal power on the farm decreases. 

The likely impact of nechanization on cropping patterns 
is most interesting. Ceter'is paribus. higher rates of' inech
anization will likely illduce increases ill food crops at the expense of cash crops. Indeed, for low mechanization 

A model was constructed which specified production loads. wheat is not a prolitable crop and berseem tends 
and consumption activities Undertaken by a peasant to be substituted for it. 
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Figure I 
Cropping patterns as a Function of Wage Rates. 
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fPRICE AND INCOME ELASTICITIES 
Price and income elsticities for groups of foods, energy 

and protein were generated by the model. Those for grains, 
i.e.. wheat and rice. are 0.08 and 0.39. respectively in 
the )elta. The demand for grains is relatively inelastic 
with respect to price. Beans. lentils, and poultry have 
higher price and income elasticities (Table I ). Income 
elasticities are higher for commodities other than food 
and higher for protein than for energy (Table 2). Conse-
quently. an increase in income will increase consunption
of nonfood commodities more rapidly than food (the in-
come elasticity of nonfood is I .4).Under the price structure 
pievailino in 198 1-82 there is very little incentive to change 
the composition of thet typical diet insofar as protein was 
concerned. Household members will probably continue 
to consume vegetable proteins rather than animal proteins. 

SOURCES OF FOOD SUPPLY AND FOOt) 
CONSUMPTION PATTERNS 

Findings indicated that food rationing is the major factor 
which offsets variability in consumption levels allong 
dilfferent income classes or landholding classes. Accord-
ingly. vegetable oils. tea, and sugar. all subject to food 
rationing, were characterized by the highest degree of 
similarity and quantity coSumLed among all the sample 
observations. Other foods of ininor importance in food 
rationintg such as broad beans and lentils. show ithigher 
degree of variability. Food consumption patterns and habits 

differ from one region to another in rural Egypt and are 
mainly associated with availability which in turn is largely 
determined by production patterns. Prices and income are 
not predominant determinants of consumption levels in 
rural areas. However. the relative importance of con
sumption of food produced on producers' farms has no
ticeably diminished in the last few years. This is particularly 
evident in the case of products subject to price subsidies, 
such itswheat, since producers can benefit from the sub
sidized price in purchasing their needs and thus devote 
large portions of their produce to the feeding of animals. 
Nevertheless, in spite of regional variations in consumption
levels. farm-produced foods are responsible, along with 
food rationing, for establishing more equitable consumption 
patterns among landholders with different farm sizes. 

On the other hand, even though farmers producing an

imal products have a high propensity to sell most of their 
production and keep little for their own consumption, 
they constitute the majority of animal product consumers. 
ZONAL VARIATION OF FOOD CONSUMPTION 

The per capita share of consumnption, as indicated earlier,
isstrongly connected with cropping patterns. Thus in the 

first zone (the rice zone) rice consumption was almost 
four times that of the next highest share for the other 
zones. A similar trend was evident with other food crops.
The vegetable zone. which is also a high income zone 
consisting of villages in tie neighborhood of cities, was 

characterized by a relatively high level of consumption 
for vegetables, fruits and animal products. Consumption
in Upper Egypt (fourth and fifth zones) also reflected 

cropping patterns. Maize consumption was almost nil, 

and rice and potato consumption were somewhat less than 
aquarter and one-third. respectively, of the levels prevailing
in the Delta zone. 

Differences between zones in consumption ot processed 
or rationed goods such as sugar and vegetable oils were 
insignificant. There is some tendency amlong farmers to 
purchase their wheat flour needs from the market, taking 
advantage of price subsidies. while selling their total pro
duction of wheat at higher prices. 
SEASONAL VARATION OFFOO) 

SCONSUARPION 
Although the time lapse between the visits carried out 

inJuly-AUgust and those inOctober-November was rather 
srt Auus andatin OcterNeber wasoatshort, some variation was detected either due to seasonaldifferences or to the irregularity ofconsumption ofsome 

dites rt is anrexle of sone 
SUdptio level varies seasonall. The iooiii hisstnpiolve vris eaonll.- h mijor item in this 
category of' consumption during the first period was wa
termelon which was in large quantities. but was out of 
season in the following period. 

Cereals. as necessary foods. and rationed items, such 
as si 'ear. shokvcd the most stability in consumption level 
from season to season. Tomato consumption was very 
stable in all seaso~is. Such a finding may be explained by 
the fact that tomatoes are grown year-rouniid and they are 
used in many recipes as well as being eaten fresh. 

The differentiation of seasonal or daily co1stnption 
patterns apparently increased with size of landholdings 
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Table 1.Price and Income Elasticities for a 3-Feddan Landholding Household in 
the Northern Nile Delta 

Beans 'ind Household 
Grains Lentils Poultry, Income 

Grains - .08 - .02 .02 .39 

Beans and Lentils - .01 - .28 .04 .42 

Poultry - .02 - .03 - .25 1.05 
Source: 	 Parametric Estimation from Farm Household Survey Data. ARE Ministry of Agriculture. University of 

California. Davis, 1981-1982. 

Table 2. Income Elasticities for Food, Energy, and Protein for a 3-Feddan 
Landholding Household in the Northern Nile Delta for 1981-1982 

Grains (wheat flour 
and rice) 

Beans and Lentils 

Poultry 

Other Foods 

Other 
Commodities 

Energy 

Protein 

Household 
Income 

Intercept Coefficient Elasticit) R2 

993 .37 .39 .99 

65 .03 .42 .93 

-9 .02 1.05 .70 

366 .08 .28 .99 

-144 .87 1.14 .99 

4,798 1.44 .34 .99 

14,898 7.02 .45 .99 

Source: Parametric Estimation from Farm Household Survey Data. ARE Ministry of 
Agriculture, University of California, Davis, 1981-1982. 

which may be regarded as a proxy for income and wealth. 
Greater variety in food consumption is to be expected and 
ischaracteristic of households with higher economic status. 

CONSUMPTION LEVELS RELATED TO 
SIZE OF LANDHOLDINGS 

The bulk of the daily diet consisted of cereals, consumed 
at reasonably high levels. Legumes and animal products 
were consumed in only tminor amounts. Similar levels (i' 
consutliption of cereals were found ationg the different 
landholding classes, as might be expected with a necessity 
food. Fruit consumption, observed dilling the first visit,
varied only slightly with size of landholdings. That might 
be due to consumption of watermelons, the summer sea-
son's major item. which are usually consumed in large 
quantities by different income classes inEgypt. and are 
relatively cheap when inseason. 

Differences in consumption levels between holders of 
less than one feddan and holders of larger parcels were 
clearly observed. Per capita consumption of milk and red 
meat were in the range of 10-16 grains/day and 10-14 
grams/day respectively for holders of less than one feddan. 
and in tIe range of 40-60 ,rams/da and 30-80 grams/ 

day for holders of large parcels. Wheat and maize showed 
a substitutable relationship, as did red and white meat. 
SEASONAL VARIATIONS IN WAGE RATE. 

LABOR USE AND FOOl) PRODUCTION 
[he reservation wage rate. which is the rate below 

which tile supply of labor to the outside market is zero,
ismuch higher for summer labor than for winter. At 1976
77 prices the summer reservation rate was about LE 2.50 
per day. and the winter reservation rate about LE 0.30 
per day. 

These changes in wage rates affect the cropping pattern 
of small landholders. For example. under the present
technological conditions, farm gate prices, and credit ra
tioning. there is an inverse relationship between wage 
rates and production of berseem and rice: the relationship 
with the production of wheat is a direct one. In contrast 
cotton production is rot related to changes in wage rates, 
because of institutional constraints. 

The pattern of hLnd and labor use. as well as the crop 
pattern prevailing in the Delta rice zone among small 
holders less than three feddains with an average of 1.5 
feddatIs) are largely explained by response to output and 
input prices Linder resource constraint and land allotment 
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restrictions. As might be expected, allocations of family keeping food consumption levels relatively equal. Since 
labor between on-the-farm and off-farm activities respond the demand for wheat and wheat lour is relatively inelastic 
to changes in rural wage rates and vary seasonally, and bread is a major component of the diet, the removal 

of this subsidy would probably have serious repercussions.
ANIMAL PROTEIN CONSUMPTION When prices increase, particularly for animal products, 

The influence of various factors on the animal protein 
consumption of households was analyzed with the ratio 
of animal protein to total protein consumption as the de-
pendent variable. This ratio is a good measure of the 
nutritional well-being of household members and is gen-
erally lower than desired in Egypt. 

It was found that family size, age of head of household, 
area of residence, the number of feddans managed, and 
the number of cows and buffalo in the village, all had 
significant effects on the proportion of animal protein con-
sumed. Large families cannot aflord to make animal protein 
as important a part of their diet as can smaller families 
with the same levels of income. Villages around Cairo 
are relatively more prosperous than those in other parts 
of the country and hence have a higher animal protein 
ratio. Older household heads tend to preside over families 
with higher ratios reflecting their generally more secure 
economic position relative to younger families. Land area 
managed is positively correlated with greater command 
over resources (full income, including home-produced 
commodities) and therefore with animal protein con-
sumption. Variation in total food consumption levels, 
however, is not consistent with variation in landholdings 
since many with smaller landholdings have off-farm income 
which brings their total incomes above those with larger 
landholdings. Raising levels of animal protein consumption 
requires raising incomes, increasing the stock of cows 
and buffalo so that more small landholders have them. 
and changing Egyptian food habits. Where there are cows 
and buffalo, more milk is drunk. Providing credit to lower-
income landholders to pernit them to buy cattle and buffalo 
and making animal feed more readily available at lower 
prices should, along with nutrition education, help increase 
the proportion of animal protein in diets. 

Our research has led us to the following conclusions 
which we state as hypotheses that require corroboration 
by expanded surveys. We hypothesize that. in general, 
the Egyptian farm household tries to maximize income 
and concomitant utility in relation to output possibilities
available inputs, available time and resources, bureaucraticfrustrations, and wage rates for their own and hired labor.
Off-farm income is important for the rural Egyptianhind-

holding household, often more important than farm income, 
Based on our survey, provision of adequate calories was 
not a problem. and only in a few cases was consumption 
of animal protein unacceptably low. We reiterate however 
that nutrition problems are group specific: the group most 
at risk is young children recently weaned. It should be 
noted we did not survey tile rural landless nor did we 
have information on the intra-farnily distribution of food. 
and it is possible that at-risk categories might show up 
here on closer examination. 

Food rationing, food subsidies, and the governmentfood distribution system are effective in rural areas in 

an increased proportion of these products is marketed, 
and there is a danger that nutrition levels may decline as 
a result. Farm households prefer cash to their own home
grown or-produced food in order to buy commodities other 
than food. When more crops can be marketed on tie open 
market, farmers prefer cash crops to food crops, again 
posing a threat to adequate nutrition. The traditional 
Egyptian diet in rural areas has deficiencies which have 
not generally been remedied despite rising incomes. 

If accepted, our conclusions would lead to a policy of 
continuation of the present subsidies on bread and wheat 
flour, beans and lentils, and, perhaps, cooking oil, for 
the time being, but with a phasing out of' rationing and 
subsidies on any other food products. In addition there 
should be a separate policy focused on nutrition education 
and public health. These changes would need to be co
ordinated with other policy cb.;riges if detrimental side 
effects are to be avoided. In particular, the phasing out 
of wheat flour and bread subsidies, and the rationing and 
subsidies on beans, lentils, and cooking oil would lead 
to economic hardship and inequity in the absence of' an 
incomes policy and an improved private marketing system. 
Two other ADS projects. tile Marketing Project and the 
Prices and Subsidy project will also have outputs that 
affect thinking on these issues. 

We have only initiated tli work that has to be done if 
the costs and benefits of the present food policy in the 
rural areas of Egypt are to be assessed. An analytical 
model has been established and can now be adapted to 
meet the needs of a variety of investigations, such as the 
consumption patterns and nutritional status of rural landless 
households. Our original plans were to identify the. most 
effective agricultural and nutrition intervention programs 
for the improvement of' the nutritional status of' the rural 
poor. Though nutritional deficiencies have been identified. 
we have not yet completed the analyses required to ac
complish our objective fully. But. more importantly, we 
find nutritional status is more a problen among the landless 
than among landholders, and survey material on this group 
is needed. More information about food security and nu
trition programs and how 1hey affect those most at risk
also should be gathered in order to provide the government 
with a more complete picture upon which to base policy.
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EXPORT MARKETING POTENTIAL
 
FOR VEGETABLES 

With a limited area of land for cultivati( n, it is imperative 
to 	Egypt's economic well-being that maximum use be 
maide of this resource. One potential approacn to capital-
izing on the comparative advantage of its warm winter 
climate and geographical location, is production and export
of fruit, vegetables and flowers to Europe and other Near 
Eastern countries. Foreign exchange earnings from these 
high value crops applied, for example, to purchase of 
imported staple foods, are likely to result in Inet gain
for Egypt over and above the value ofl food c-rops that 
could otherwise have been grow,, Before this can be 
accomplished however research is needed to determine 
which vegetables or flowers can be exported profitably
with prospects of long term markets, and what is required 
to exploit the op.)rtunity. This project has been designed 
to 	provide the framework for formulation of policy on 
this issue. 

The possibility may also exist fhr processing certain 
vegetables for dom'estic use or export to Near East coun-
tries. Wore processing economically feasible it would 
contribute to the reduction of fluctuations in supplies aid 
market prices, reduce waste, and help meet nutritiuIal 
needs. This study has determined the economic feasibility

of' uchprocssighe arkt poental.However,gvenof such processing given the market potential, 

ACCOMPLISHMENTS 
Initially work centered on ,he production and export

feasibility of fresh tomatoes. Domestic supply and demand 
for fresh and processed tomatoes were included in the 
scope of research because domestic factors aflect potential 
export supplies. Possible export markets considered in 
this study were the European Economic Community (tEEC) 
and Near East countries. Un~derlying demand and supply
forces were investigated in an attempt to deline the struc-
tural f'onn of the mnulti-country trading network, a necessary 
step in constructing an economic model with which to 
evaluate the effects of factoral changes. 

Studies were conducted on market channels and demand 
for tomatoes in the Netherlands. Gerany. France add 
the U.K. Analysis of the data fronm those EEC markets 
as well as data obtained on the supply of tomaloes from 
competing countries (Spain. Morocco. and the Canary
Islands) showed that: 

" the demand for fresh winter tomatoes is price elastic 
and large expansion in Egyptian exports would notinalts 
significantly affect market prices in West Germany. 
France and the U.K.: 

" ompetitive supplies of tomatoes from the Canary 
Islands and Morocco will likely not expand further 
due to climatic factors and higher returns available 
from competitive products such as cut flowers: 

•Spain will expand tomato supplies upon becoming a 
member of the EEC, but the increase in supplies will 
go mainly to France, leaving Egypt with good markets 
in West Germany and the U.K. 

An EEC trade model was constructed using the demand 
functions for West Germany, France and the U.K., and 
the supply functions for Spain. Morocco, and the Canary
Islands. A reactive programming routine was used to in
vestigate the effects of changes in economic factors on 
equilibrium prices and the network of' !rade flows. The 
various scenarios investigated were related to Spain's entry 
into the EEC and the effects on supplies from Spain.

Research on vegetable markets in Near East countries 
indicated that competition from other Mediterranean 
countries for Near East markets is increasing due to (a) 
transport cost advantages compared to Egypt, (b)national
 
policics in other countries (such as Jordan, Greece, and
 
Lebanon) to promote exports to Near East markets, and
 
(c) better developed export facilities in other Mediterranean 
supplying 	countries,
 

Also, Near East countries themselves are vigorously
 
promoting domestic production sonetincs at high cost.
 
poting ometi podto n ontics ahgcttomiato exports to Arabian Countries have beenaffected by tl,. war in Lebanon. Further research indicated 
that large nulti-national trucking firns located principally
in Lebanon experienced difficulty in moving produce from 
Turkey. Lebanon and Iran to Gulf States, sO. in order to 
increase the use of their trucks, they developed relationships 
with Egyptian exporters. While a few of them went into 
partnership with Egyptian exporters, most merely accom
plished the transportation function. The produce is picked 
LP 	usually at Cairo airport (since quality inspection is
 

accomplished there). in 18 -22 ton refrigerated trucks. 
Trucks are driven to Suez. loaded onto ships, travel to 
the Gulf of Aqaba, are unloaded there, and are driven to 
the various Gulf States. The trip costs about S175 per ton 
and takes some three days in transit, compared to $270
$360 per ton by plane. Such transportation arrangements 
appear to make Egyptian tomato exports to Gulf States 
feasible. but several problems remain, including:

insufficient supplies of tomatoes cause delays in ac

cumulating loads and often delay shipments: 
t ie producc is ieterogenous in quality, being assembledillSmall lots froml individual farmIlers:

from nivia frmer 
contracts with fanners at fixed prices cause the exporter 
to bear substantial risks of' loss from price fluctuations: 

. special packaging is required for truck shipment, is 
costly and not always available: 

* ships are sometimes unavailable or are not of the type 
to allow use of refrigeration equipment while oil board: 
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* regulations in sonC countries restrict free routing of 
supplies. 

A comprehensive analysis of domestic supply and de-
mand relationships was conducted to furnish data and 
understanding complementary to research on overseas 
markets. This entailed a survey of retail and wholesale 
handlers in Cairo. conducted at regular intervals during 
1982. Data on prices, margins and Iacilities were obtained 
and analyzed. About 100 retailers ill10 areas of Cairo 
were interviewed twice monthly between Decemher 1981 
and May 1982. Areas of differing income levels and ell-
vironient were selected On a.ludgmental basis. Average 
quantities handled daily for the 100 retailers were 190 
kgs. of tomatoes. Average purchase at wholesale price 
plus transport to the retail establishment was 9.9 LE per 
100 kgs. Most retailers obtain their produce at Rod El-
Faraq market, the remainder being purchased at secondary 
city markets. Transport to retail establishments is accom-
plished at secondary city markets. Transport to retail es-
tablishments is accomplished by donkey-cart (21 IX). pick-
up trucks of 1-112 tons (691/ )and larger trucks ( I I(/). 

Data oii acreage. yields and prices for summer. Nili 
and winter tomatoes, by governorates, were obtained and 
supply functions were estimated. 

A study of tomato processing facilities in Egypt was 
initiated to determine cost, and profit margins for toaliato 
paste and juice. Although demand fIotomato paste ill 
Egypt is expanding rapidly, it was determined that imports 
cost only about half the cost of processing inEgypt, and 
output prices are fixed at about half the cost of production. 
Consequently, it is diflicult to recommend expansion of 
processing facilities. 

A survey of vegetable retailers and marketing margins 
in Cairo indicates that the farmers' share of the retail price 
of tomatoes is only 44.31/ on the average, tilewholesale 
margin is 8.21h and the retail margin is47.514. The average 
volunine handled daily by retailers isonly 180 kilos. The 
high retail margin is due partly to small scale and partly 
to the fact that a high proportion of the tomatoes Iniust be 
sold at discounted prices due to deteCrioration of quality 
caused by poor handling. I)omestic prices are subjete to 
large price fluctuations inreltively short time periods. 
The marketing system suflers from lack of facilities and 
inefficient handling procedures. There is considerable re-
shipping from the Cairo wholesale market back to consumer 
markets in pmoducing areas, and excessive loading and 
unloading. 

Research at Rod El:-Faraq and IEl Nozha wholesale mar-
kets on seasonal variation inprices and qimant ities of to-
niatoes and the size distribution of handlers (Rod II-Faraq 
market oil I was accomplished. These data were used to 
estimate wholesale demand functions and irdicated near-
competitive pricing behavior with price elasticities of'de-
mand ,mround -0.9. )emand expands somewhat illApril 
and declines s1niewliat in.1lv.Reduced supplies inApril 
cause the price to rise significantly. Prices respond closely 
to variations inmarket supplies, and prices seem to be 
well aligned geographically, judging fromi average monthly 
price data. 

Insummary. these studies on the characteristics of pro
ducers and exporters of tomatoes in Egypt revealed several
 
niaijor constraints oii export potential:
 
• lack of infrastructure such as packing plants, refrig

eration. and transportation, causes quality loss. ex
cessive marketing costs and erratic export supplies

0 exporters are small, lack facilities and practice freLquent 
entry and exit from tle industry, creating an unstable 
environment lor exporting. Government regulations 
on exports also reduce incentives for investment in 
facilities: 
a new variety of tonato durable enough for ocean 
travel is desirable, since it is not economical to ship 
by air. 

Research oil cut flower export potential centered on 
identifying tie demands in EFC countries. West Germany 
is the largest importer, with over 26,00 toils of carnations, 
12,0(10 tons of roses and 6.000 tois of chrysanthemms 
during the November to May period. The Netherlands is 
the principal supplier, but Kenya. Columlia. Israel, Italy, 
and Spain also supply substantial quantities. Glass-house 
production in Germany provides about 101h of the total 
flower market supply. 

The flower market is a worldwide network of'supplying 
and consling countries connected by air shipments. De
mands by individual countries for individual flowers are 
price elastic. An OLS regression analysis of West Ger
many's monthly data indicated price elasticities - 2.2, 
- 2.3, and - 2.7 lor carnations, roses and chrysanthe
munis. Egypt's greatest potential incut flower exports is 
probably ill
cut chrysanthemums. 

A survey of Cut flower producers and exporters in Egypt 
indicated that the export of cut flowers is a very small 
industry composed of approximately tellprivate producers 
and El Nil Company. Currently gladiolus is the principal 
flower exported (69(h of total exports) and is growing ill 
importance relative to other flowers, but only 414 tons of 
gladioli were exported in I . S I. Lebanon and Russia are 
the biggest customers. and Lebanon re-exports iiuch of 
the imported Egyptian flowers. Very snall quantities of 
flowers are exported to Western Europe. primarily to the 
Alsmeer auction. Roses are the second most important 
flower exported (299q of total exports) and tuber roses 
are third (9(/( of total exports). 

The varieties of gladioli grown inEgypt ire primarily 
white varieties, a color not pre ferred in Western Europe: 
they sell better inthe domestic market. The differeice in 
preferences for color and type between Western Europe 
and Egyptian consumers makes itdiflicu ltto establish 
cooMdination of productioii for both markets. 

Flowers are shipped by air to the various markets. Cost 
of airfare fior flowers in 1982 was 33 piasters per kilo to 
France. 38 to Holland, and 35 to West Germany. The 
cartons required for shipment cost 3.)5 L- per carton. 
The export of cut flowers operiates under certain re

strictions imposed by a Co1mmdity hoard, made up of' 
representatives fro0m various Ministries. as well as some 
producers. The Board sets miiiinnilni export prices lor 
each type of flower (including miimiiiium prices for each 
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grade or quality in the case of gladioli and roses). The 
minimum nrices are set at the beginning of the season 
and remain unchanged throughout. The Board may also 
allocate export targets to different markets and to different 
exporters, although the very small size of the industry
makes this role meaningless. Such allocation only plays 
a meaningful role if there are excess supplies. The Board 
also issues licenses to export, and once a license is issued 
it is only good for 24 hours. Hence, if an exporter intends 
to develop a continuous supply of shipments he must 
continually be obtaining new licenses, 

It makes very little economic sense to place restrictions 
or regulations on an infant industry-particularly one re-
quiring heavy capital investment and facing considerable 
risk of price variation. High risk activities must carry 
correspondingly high profit potential if capital is to be 
attracted for investment. The government should remove 
all restrictions which affect the flexibility and profit potential
for the producers and exporters. 

POLICY IMPLICATIONS 
General Recommendations 

If Egypt is to develop a viable export industry for to 
matoes and cut flowers substantial changes must be made 
in the present marketing system. This includes new physical 
facilities (such as packing plants and refrigeration facilities) 
as well as marketing institutions, 

It would be advisable to develop markets in Arabian 
countries first, and Western European markets second, 
when marketing facilities are better developed. 

Restrictions and constraints on the export industry im-
posed by the government must be eliminated or at least 
relaxed. This includes the practice of fixing minimum 
export prices at the beginning of the season, and the required 
remittance of foreign currency to the Central Bank. Such 
constraints reduce the flexibility for producers and exporters 
to pursue normal business operations and retard the devel-
opment of the industry. Export of horticultural products
is risky and requires large capital investment. Such in-
dustries normally can develop only if given suflicient flex-
ibility and substantial profit incentive. Commission houses 
in importing countries are reluctant to accept shipments 
at guaranteed prices, no matter how low the minimum 
price may be, particularly when quality variations in ship-
ments are substantial. Although such restrictions may have 
the intent of aiding the export of horticultural products. 
they actually have the opposite effect. 

Public companies such as El Nil and Wadi could play 
a more useful role in stimulating exports by a vigorous 
program of vertical integration with farmers, the selective 
construction of adequate handling facilities, and vigorous
development of contracts in overseas markets. Government 
constraints, which are the same as for private companies,
should also be relaxed. 

can be reduced. Transport by refrigerated truck combined 
with container-type ships is probably the most feasible 
method at present, and has, in fact, recently been used 
by international trucking firms operating out of Lebanon. 
A similar system should be developed in Egypt for move
ment of produce to Arabian countries. Packing plants and 
pre-cooling facilitlLs are a necessary part of the "cold 
chain" and should be developed. 

Export of tomatoes to Western European markets would 
require the same type of facilities but cut flowers can be 
air-freighted. 

Packing plants are even more necessary for exports of 
tomatoes because the high quality and uniformity require
ments of EEC markets cannot be satisfied without machine 
sizing and quality cannot be maintained without pre-cooling 
prior to shipment. 

Processingof Tomatoes in Egypt 
Tomato paste is currently available for import from 

Italy, Spain, Portugal and Greece for substantially less 
than the cost of processing in Egypt. Also the output from
processing plants in Egypt is priced at substantially less 
than the cost of processing. Although it may be desirable 
from a food strategy point of view for Egypt to process 
some tomatoes it is doubtful that such processing capacity
should be expanded at present. Since processing machinery
and packaging materials must be largely imported, the 
costs to the Egyptian economy for expanding capacity 
would be significant, and probably not warranted until 
import supplies begin to diminish. The present inefliciency 
in domestic marketing channels for tomatoes and other 
vegetables indicates the desirability of' experimenting with 
alternative marketing channels. Due to lack of market 
alternatives and price information in producing areas, 
farmers often ship to Cairo only to find the commodities 
re-shipped back to consuming markets in producing areas. 
An experimental program of constructing auction markets 
(possibly accompanied by packing plants and refrigeration
facilities) in selected producing areas appears warranted. 
Wholesalers would be present at these markets and the 
first stage of assembly could be accomplished there, with 
the result that movement to markets would occur in larger 
lots at less cost and with reduced spoilage. The possibility 
of building one or two additional wholesale markets in 
principal cities should be studied its a method of reducing
congestion and increa.;ing competition at the central market 
level. The markets would be located so as to minimize 
transport difficulties for arriving produce. 

Cut Flower Exports 
Preliminary findings from research on cut flower markets 

indicate that chrysanthemum!; and gladioli have the greatest
potential for large volume shipments to EEC markets. 
Competition from other countries is less severe for cut 

Specific Recommendations chrysanthemums in the winter season because present 
Developnent of Export Markets supplies from West Germany and Htolland rely on highcost glass-house production. The development of chry-

Markets for tomatoes, other vegetables and cut flowers santhemum production in Egypt could possibly result in
in Arabian countries can be developed if"transport costs a sizeable industry. Competition in carnations is severe 
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from Columbia, Kenya, Spain and Israel, and roses are 
supplied from Canary Islands, Israel. Spain and other 
countries. Export of cut flowers to Arabian countries seems 
feasible, since flower consumption in those countries is 
increasing and quality standards are not so exacting as in 
the EEC. Live plants and foliage are rapidly expanding 
markets and should be investigated further. 
The Need for Further Research 

The research conducted under this project has identified 
several topics which need additional study. These are: 

(I) 	to determine an eflicient structure of local packing 
houses for assembling, packing, grading, and 
cooling tomatoes for export and domestic use. 
The study should identify the number, scale and 
location of packing plants in producing areas; 

(2) to determine efficient alternative marketing 
channels for fresh vegetables, such as the location 
and facilities needed for auction markets in pro-
ducing areas. These would provide alternative 
markets for producers, and would avoid conges-
tion and cyclical over-supplies on tile Cairo 
wholesale market, would improve market in-
formation to producers and wholesalers, and 
would alleviate the problem of re-shipment of 
vegetables from Cairo back to consuming markets 
in producing areas. A feasibiliy study for better 
situated wholesale markets in C airo and Alex-Isa 
andria is also desirable; 

(3) to examine the feasibility of exporting other veg-
etables to Western Europe and Near East markets; 

(4) 	 to explore the feasibility of exporting to Near 
East markets given the changes which have oc
curred due to the war in Lebanon. The present 
study has provided a framework for pursuing 
this but limitations on time and resources pre
cluded a complete analysis; 

(5) to investigate the feasibility of exporting winter 
tomatoes to Eastern European countries-prin
cipally Russia; 

(6) to assess the feasibility of exporting live plants 
and foliage. These are expanding markets in 
Western Europe and seem to be more profitable 
than cut flowers. 
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FARM MECHANIZATION AND PUBLIC POLICY
 

The Egyptian government's policy of* agricultural mech-
anization and the demand for farm machinery stem partly 
from the rising real wages in rural areas and partly from 
labor shortages. However, several other factors may be 
influencing the demand for machinery. For example, the 
uncontrolled price of livestock products or fuel subsidies 
may have more to do with the demand for tractors than 
increased wages. Social f'actors may be as important as 
economic factors in influencing the tightness of' labor 
markets. If indeed genuine labor-related bottlenecks exist 
which hamper improved yields and higher valued cropping 
patterns, then failure to take advantage of modern me-
chanical technology under these circumstances would make 
itdiflicult for the agricultural sector to continue to maintain 
its contribution to the Egyptian economy. 

In fact, however, little is known about tie interaction 
of' economic policies, l'arm size, credit availability, and 
acreage requirements on the demand for machines. The 
most appropriate government policies re:garding support
f'or mechanizing agriculture cannot he determined until 
much more inf'ormation is avai!"ble concerning the social 
and economic impacts of' task-specific mechanization. 

The specific objectives of this project have, therefore, 
been: to study the derived demand for mechanical tech-
nology under alternative assumptions about the structure 
of prices and markets; to examine the interaction between 
the farming system, cropping and employment patterns, 
and task-specific mechanization: to examine the impact 
of price distortior- of land, fuel, livestock and other f'actors 
on the type and rate of mechanization: and to analyze the 
impacts of ownership patterns and factors affecting the 
emergenceif hire-markets on the demand or mechani-
zation in Egyptian agriculture. 

Pursuing these objectives has required an analysis of' 
both the demand and supply of mechanical technology. 
The methodology used to pursue these objectives was 
necessarily eclectic: on the demand side, both econometric 
and programming techniques were used, and on the supply 
side. resource constraints dictated that the results have 
been simple tabulations of the surveys carried out amongthe relevant respondents. 

ACCOMPLISHMENTS 

DEMAND CONSIIDERATIONS 


In looking at the determinants of the demand for mech-
anization, several elements can be distinguished. There 
is. f'or example, the question of an appropriate measure 
of the opportunity costs of animals when these are used 
both for power and for livestock products. Obviously the 
greater the trade-off' between tlhe two. the greater the 
benefits that would accrue From the introduction of me-

chanical technology. Quantitative measures of the impact 
of' using animals for both work and milk are difficult to 
obtain, but Dye, ( 1981 ) has provided estimates based on 
cross-sectionai data collected at Zagazig University. Al
though not without problems, the resulting analysis strongly 
suggests that previous assumptions about the effects of 
work on animal products output have been significantly 
overstated. 

A second econometric study of the determinants of the 
demand for mechanization was undertaken with data drawn 
from the 1977 Farm Management Survey carried out by 
the Ministry of Agriculture ()yer & Imam, 1981). In the 
case of yields, an analysis of* covariance was used in 
which a Cobb-Douglas production f'unction with dummy 
variables for each type of mechanization was fitted to 
cross-sectional data. The generalized form of the model 
can be written as: 

Y = a + bP + cl + dN + eM = li = gF = hS 

where all variables are logarithmic except the dummy 
variables and: 

Y yield in ardebs per feddan 
P = dummy variable for type of plowing 
I = dummy variable for type of irrigation 
N = chemical fertilizer in kg/N 
M = organic fertilizer 
H = hired labor in man days 
F family labor in days 
S = size of the field in feddans 

As T[able I indicates, the results of the estimates were 
not terribly good with generally low R2"s and insignificant 
coefficients. However, in several cases. there appear tobe higher yields associated with mechanization (maize in 
Upper ypt adcto i U erhan Low e p 
These findings are buttressed by informal interviews with 
farmers who singled out these two crops as being the 

prepared.
 
The quantitative work did not supp(Irt

regarding the effect of mechanization on timeliness of 
preared. various hypotheses 

planting and cropping intensities. However, the study noted 

that the data constraints were such that the resulting partial
analysis may have missed some ol the more important 
contributions of' mechanization to improvements in the 
overall farming system. 

The mna jor part of the work on tile ofdeterminants 
demand was devoted to a linear programming model of 
farming systems in the Central Delta. The general for
mulation of the model followed familiar lines but it was 
characterized by a high degree of disaggregation. As noted 
above, most (f mechanization debate has focused ontile 
the issue of timeliness of'operations and consequently, 
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Table I. Covariance Analysis on Yield, Upper Egypt 

Intercept 

6.34* 

Plowing Tcchnolgy 
Animal Mech. None 

-0.01 -0.20 0 

Irriga,>cn T'chn,,h'iy 
Animal Mech. Gravitv 

0.34* 0 -

Nitrten 
FertilizerManure 

0.09 

Hired 
Labor 

0. 

Family 
Labor 

-0.01 

Field 
Size 

0.08 

No. 
Ohs. 

72 

R: 

0.24 

Wheat (13.34) 
6.15 * 

(0.141 
'9.42 

(1.39, 
0.47 0 

t4. Xf) 

-0.38 0 

- (o."()() 

0. 10 -0.09 

(0.17) 

-0.13 

(0.16) 

0.38" 

(1.48) 

0.12 18 0.75 

(6.921 

3.71 

(1.6(A) 

0-03 

(1.551 

1.05 0 

(1.23) 

0.32 ( 

-

-

(0.701 

0.40 

(0.73) (I(16) 

0.19 

(3.67) 

-0.02 

(1.051 

0.20 35 0.50 

Maize (1.93) 
4.68' 

(009) 
-1.01" 

(2.X)) 
0 

(1.56) 
1.04' 0 

-

-

(1.39) 

0.0 0.15 

(1.) 

(1.15 

(0.19) 

0.32* 

(1.88) 

0.43' 10 0.97 

(2.921 

6.37* 

(2.741 

0 -0.15 0 

(3.91) 

-0.03 0 

-

0.06 

(10.(41 

(1.16 

(1.12) (0.511 

-0.12 

(3.42) 

-0.04 

(4.43) 

-0.01 46 0.05 

Sorghum (".6)) 

11.46 
(0.01) 

-(1.51 
(10.281 

-2.21 0 

(0.151 

-0.02 0 

(0.14) 

(1.58 

10.91) 

-0.15 0(.0-

((.1)8) 

-0.72 

(0.37) 

-0.65 

(0.40) 

0.47 13 0.31 

Sugar-

(1.121 

2.23* 

(0.271 

0 

(0.361 

0 

1(1.01) 

(.07 0 

(0.21) 

01.19* 

0.131 

119 

(1(0.1 ) (0.44) 

0.13* 

(0.48) 

0.08* 

(0.29 

-0.02 38 0.59 

cane (6.041 

3.79* 

(0,03S 

0.07 150 0 

0.,381 

(.58' 01 

(2.461 

0.15 

(!.51 ) 

0.42* 

(2.()m 

-0.08 

(2.32) 

0.08 

(0.521 

0.13 21 0.87 

Cotton (5.11) (0.59) 
* - signilicant at 5c level 

(2.421 (3.29) (10.581 (3.71) (1.371 (1.43) (1.66) 

Note - number in parentheses is T-statistic 



limits on resource availability have been broken down 
into semi-monthly constraints for eight of the most critical 
agricultural months. Each resource, e.g., land, water, 
labor, etc., was actually composed of 20 resource con-
straints representing the crop year. These detailed time 
periods in turn allowed a more realistic modeling of the 
crop activities--each crop had planting dates at semi-
monthly intervals over the relevant season. 

The model was disaggregated to include a variety of 
technological choices. Separate activities were developed 
to represent the purchase and operations of indivisible 
durable capital investments-buffalo, cattle, sakias (water 
wheels), pumps, tractors, threshers and norags. Such a 
formulation permits modeling experiments that embody 
different assumptions about the presence or absence of 
hire service markets. 

Maximize: 
Z, = cC, - uU, - pP, - IL, - meM, -

b,B - eE - dD + a,,A, 
where: 

Z, = value of objective function j 
C, = area in feddans of crop i 
c, = net revenue per feddan from crop i 
U, = hours (or days) utilization of lumpy input i 
u,, = variable cost of utilizing lumpy input i 
P, = units of lumpy input i purchased by the farni 
p,= annualized fixed cost of lumpy input i 
L,= person-days of type i hired casual labor 
1= daily wage rate of type i hired casual labor 
M,= persons of type i hired permanent labor 
in,, annual wage rate of type i hired permanent 

labor 
B = tons of broadbean sold 

b, = price per ton of broadbean 
E = tons of feed concentrate purchased 
e, = price per ton of feed concentrate 
D = liters of diesel fuel purchased 
di = price per liter of diesel fuel 
A, = units of livestock activity i 
a,, = net revenue of livestock activity i 

The results of maximizing the net revenue of crop and 
livestock enterprises subjected to constraints on land, labor, 
capital, water, etc., encompass a number of policy issues. 

Economic vs. Financial Returns 
The solution was evaluated at both economic and finap 

cial prices. As might be expected, there were substantia 
diflerences in the value ofthe obective function. However,

J
when financial prices without government acreage constraints determined the optimal solution, it was substantially 

different than the allocations of revenues that has been 
historically observed. This finding suggests that while 
there may have been significant leakage in the government's 
efforts to control crop acreage, the procurement programs 
have had some effect on acreage planted. To this extent, 
benefits from proposed price reforms that rely on changes 
in the cropping pattern between financial and economic 
prices may be overstated. 

Choices of Technology 
Table 2 compares the choice of mechanical technology 

under financial and economic prices. As expected, the 
financial solution showed a greater dependence on me
chanical inputs than the economic solution. The results 
were immediately evident from the role of livestock in the 
two solutions. In the economic solution, cattle continued 
to be important because oftheirability to supply both dairy 

Table 2. A comparison of the choice of mechanical technologies expressed as f'arm capital in which 
net revenues are maximized for a three feddan farni (assuming all technologies to be available) 

Quantity 

Tractor 0.0153 

Thresher 0.0153 

Winnower 0.0216 

Pump 0.1819 

Cattle Cow 0.0892 

Buftalo Cow 1.8764 

Sakia 0(1.0696 

Norag 0.0 

Other Livestock 

Total 

F~inancialSolution 
Capital 
LE 

37 

3 

3 

52 

16 

459 

I0 

322 

906 

Stock 
1( Quaititv 

4.2 0.0117 

0.4 0.0117 

0.4 0.0189 

5.8 0.0976 

1.9 0.7061 

50.7 0.2668 

1.2 0.2463 

0 .) (0.0756 

35.6 

100.(0 
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Economic"Soltion 
Capital Stock 
LE 

28 6.8 

2 0.6 

2 0.7 

28 6.6 

134 31.6 

65 15.4 

36 8.7 

1 (.3 

124 29.4 

425 1001.0 
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products and the power for the sakia and the norag. In 
the financial solution, livestock continued to be important, 
but animals were represented almost entirely by milk buf-
falo. 

Estimation of the Rates of Return 

The five types of technology that were considered were 
I) a 65-horsepower tractor used for tillage only, (2) the 

tractor used for tillage and harrowing. (3) the tractor used 
for tillage, harrowing and ridging. (4) a tractor-powered 
drum thresher with a handpowered winnowing machine, 
and (5) a 7-horsepower diesel pump set. The inodel was 
run with apd without the technology to calculate the rate 
of return. I-or tie tractor, rates of return were calculated 
for its use in tillage, harrowing and ridging separately, 
Each rate of return is for that operation alone, without 
including the benefits for the other tractor operations. 

Three different rates of return were calculated for each 
type of technology. The two of policy significance are 
tile financial and economic rate of return under second-
best assumptions, i.e., financial prices in the objective 
f'unction. This formulation reselbles most closely what 
is normally done in benefit-cost analysis. The third rate 
,11return, to be used as a conparison, is the economic 
rate of' return in the first-best world when international 
prices are used in the objective function. 

The three rates of return for each technology calculated 
for four farm sizes are presented in Table 3. The importance 
of'exainining the differences in farni sizes lies in the effect 
of' different resource endowments on technology choice. 
At the extrenes, the one feddan f'arni can meet its labor 
deniands almost entirely with fanily labor, and the ten 
feddan farm cannot hire suflicient labor to fullfill demands, 
driving shadow prices for labor above the narket price. 

A comparison of' tile results ill Table 3 shows how the 
tractor-tillage is both financially and economically prof-
itable. with rates of return above 1(h, but that tractor-
harrowing and-ridging have high financial rates of return 
with mut,ch lower economic rates of return. The similarity 
in all three rates of' return for tractor-tillage is particularly 
striking. It is obvious that both tile farner and econonly 
are beneliting from tile mechanization of tractor-tillage. 
with second-best econom ic rates of return varying from 
37 to 322( . depending oii the degree of labor shortage. 

The second-best economic rates of return for tractor-
harrowing are negative infinity for all but tie live feddan 
farm. despite tile fact that linancial rates of return are all 
above 2Y/. The case for tractor-ridgiig is similar wth 
second-best economic rates of return all being minus infinity 
while the financial rates of' return are above 15(h. 

Table 3 also illustrates that the conbination thesher 
and winnower is a highly profitable eclhnology; linancial 
rates of' return are above 75(/ for all f'arni sizes. The 
sensitivity of this technology to tile w\'age rate is evident 
f'roni the second-best econonic rates of return Ihat are 
negative flor the one feddan l'alln but increase to 767(h 
on tile tell feddan farl. This is because tile dual values 
of mnan labor during the wheat fhreshing season for tie 
nion-thresher solution are zero for tile 011C feddaii f'arm 

and LE 18.4 per day for the ten feddan farm, which is 
virtually the highest opportunity cost of' labor in any of 
the many solutions. It is also more than ten times the 
normal wage rate. 

The importance of farm size rellects the f'act that mech
anization of threshing and winnowing induces large labor 
savings. Furthermore, these labor savings are realized at 
the nost labor-constraining periods in the year, late May
and early June. All three measures of rate of return increase 
dramatically as the size of farn increases. 

Rates of return for mobile punps in Table 3 pointedly 
demionstrate the difference between punps and tile thresher 
technology investigated in the last section. The rates of 
return for punps were little affected by farm size. The 
introduction of punps saves only marginally on labor use, 
and in addition, these labor savings are spread across the 
entire cropping cycle with no concentration in tie critical 
labor-short periods. 

The second-best rate of return is always negative for 
the mobile punp which reflects the fact that the pumlp 
consumes heavily subsidized diesel fuel. Therefore, be
cause of no significant labor savings, the econonic rate 
of return is very low despite the high financial rates of 
return. 

Tile broad conclusion that emerges from tie foregoing 
denand analysis is that in Egyptian agriculture, indirect 
effects, i.e., effects other than the imnmediate results of' 
changes in relative factor prices, play an important role 
in explaining tile demand for mechanical technology in 
Egypt. Of' particular significance in the Egyptian case is 
the demonstration that a number of' apparently unrelated 
policies, such as f'uel subsidies, livestock concentrate 
subsidies, cotton and rice taxes, all tend to work in the 
sane direction, nanely tile substitution of' machine for 
aninal power. 
SUPPLY CONSII)ERATIONS 

Phase 11of' the Mechanization Prolect f'ocused primarily 
on learing about conditions on the supply side, specifically 
on thle Supply of' machinery services palm and Khalil, 
1983). Time and resources did not pernit a quantitative 
analysis of the econonics of' providing machines to Egyp
tian agriculture 

Hire Service Arranmgements 
Tractor hiring services were found to be widespread. 

In all initial farm managelent survey in Sharkia Gover
norate. 90(/( of' the land preparation was done with ma
chiines. Ill soutthern Egypt. the perceitage may be soiewhat 
less. but tile ovf'rdll use of tractors for plowing has increased 
substantially. 

Most of tile ef'ective hire service activities are being 
carried oUt by private individuals. Cooperatives have been 
hampered not only by tile lack of' machines. but by tile 
lack of repair and maintenance facilities. Because tie 
niachincs are of ten 'down" when they are needed, they 
are not relied upon to provide niachine services. This ill 
turn leads 1t uniderutilization and an inability of' tie co
operative to recover the capital cost of tile niachine, even 
though it has been purchased at subsidized prices. 
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Table 3. Rates of Return for Mechanical Technology 

Financial Economic 
Farm Size Rate of Return Rate of Return 
(Feddans) 

1 

3 

5 

10 


1 

3 

5 

10 

1 

3 

5 

10 

I 

3 

5 

10 

1 

3 

5 

10 

Second-Best Second-Best 

TRACTOR-TILLAGE ONLY 

101.7 37.7 

91.8 47.1 

120.3 128.9 

377.1 322.0 

TRACTOR-HARROWING ONLY 

23.0 

89.9 

306.2 

66.7 

TRACTOR-RIDGING 

15.4 

72.0 

214.0 

16.2 

THRESHER 

76.7 

124.0 

244.8 

1089.4 

* 

* 

18.8 

* 

ONLY 

* 

* 

* 

* 

AND WINNOWER 

-6.5 

8.0 

440.3 

767.4 

DIESEL MOBILE PUMP 

39.0 * 

38.6 * 

50.5 -12.4 

66.5 * 


Economic 
Rate of Return
 

First-Best
 

111.1 

147.1 

109.6 

327.0
 

* 

-28.6 

8.8 

19.5 

* 

* 

-22.6 

- 10.3 

141.6 

186.7 

276.6 

1080.5 

- 28.4 

-7.8 

-1.0 

15.8 
*The internal rate of return is minus intinity because the cash low contains all negative 

entries. 

Based on afarm management survey, farmers who have 
purchased tractors think that the prices of machines are 
too high. Even though credit and fuel are subsidized and 
tractors have been made available at favorable exchange 
rates, apparently the taxes on agricultural crops are suf-
ficient to raise questions in farmers' minds about the de-
sirability of purchasing tractors. 

With respect to the cooperative sector, machine services 
are offered at a lower cost. Cooperatives rent tractors for 
land preparation and provide the services of sprayers, 
threshers and mobile pumps, all at subsidized prices. 
However, the driver and technicians who work with this 
equipment are government employees and hence not to-

tivated to use the equipment intensively. Thus, when it 
comes time to replace the machines, the hire service fees 
have not been sufficient to buy new tractors. 
Repairs and Maintenance 

The availability of spare parts and the prices charged 
make maintenance and servicing aproblem. Repair shops 
are to be found in most of the medium and larger towns 
in Egypt but not in the villages. Distributors in Cairo are 
at least several hours by bus from these small shops and 
hence private repair facilities must sometimes wait several 
days before someone can go to the city to pick up the 
necessary parts. (In a few cases where tractors have been 
purchased under barter arrangements, there are literally 
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no spare parts available and tractors iay go unrepaired 
for months. ) 

High prices in spare parts are also tile result of hoarding 
by distributors and dealers. Because tileflow of parts is 
uneven, anyone who can stockpile may. in times of acute 
scarcity. dictate the prices. Fhe response of local industry 
has been to manufacture some of thtcritical spares. How-
ever, variable qluality on finely machined parts and corn-
petition from large construction jobs renders local tnan-
ufacturers an unreliable source of spares. 

Service and maintenance are also particularly difficult 
for cooperatives since every decision must be referred to~Mat 
a higher administrative authority. The result is that tractors 
are [requently broken down during critical periods. 

Mobile Pumps 


Substantial numbers of low-lift pumps are coming into 
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PRICE POLICY AND FOOD SUBSIDIES
 

Egypt is faced with serious food problems since demands 
on production of food commodities cannot keep up with 
demands due to the high population growth rate and a 
rising standard of living. If the discrepancy between pop
ulation growth and growth of agricultural output continuesEgypt rnust increase food imports each year just to maintain 
Ep capit icrasmpion. Iirtis ayehat tis mitain 

per capita consumption. Indications are that this sitiation 
is unlikely to be sell correcting unless there are radical 
changes in the policies that price and allocate agricultural 
products. For over two decades the government has in-
tervened inthe pricing and distribution of basic foodstuffs 

in order to achieve welfare objectives. These policies, in 
the form of heavy subsidies on several food commodities 
and fuel, are a significant burden on the government budget. 

The existing subsidy policy has become highly contro-
versial. Defenders believe it is anti-inflationary and con-
tributues to raising the standard of living of' Egyptian 
consumers, that it protects Egyptian consumers against 
price and income fluctuations that may occur if domestic 
prices were left free to follow world price movements, 
and that it is an important means to redistribute real income 
from high to low income consumers. 

Opponents of the policy argue that government inter-
vention in the form of subsidies creates relative price 
distortions and prevents efficient resource allocation. The 
increasing subsidy payments create budget deficits which 
may be inflationary, and the importance of the policy as 
an income distribution vehicle is exaggerated since the 
subsidy goes to rich as well as poor consumers. 
The major objective of the study was to analyze and 

evaluate the efficiency and equity effects of existing price 
and distribution policies for some major subsidized and 
rationed food commodities. The study was divided into 
three main research tasks which sought to examine the 
impact of the existing pricing and distribution policies of 
major subsidized food items. These tasks were: 

I. 	to analyze the effects of subsidy policy on the welfare 
of producers and consumers: 

2. 	 s determine the effect of existing policies on con-
sumption and distribution: 

3. 	to examine the economics of law enforcement as 
related to food polic). 

The principal inquiry concentrated on prototypes rep-
resenting three groups of commodities: a) subsidized and 
strictly rationed commodities (e.g., sugar. food oil, tea, 
and rice): b)subsidized and semi-rationed commodities 
(e.g.. beans, lentils. frozen meat. poultry. and flour): and 
c) subsidized.and unrationed commodities (e.g., bread). 

ACCOMPLISHMENTS
 
A WELFARE ANALYSIS OF PRICE POLICIES FOR
 
WHEAT, RICE AND BROAD BEANS
 

Wheat and wheat lout are both heavily subsidized bythe Egyptian Government in order to keep bread prices 
low. Based on 1979 figures, we have estimated subsidiesfor consumers of native bread made with flour, milled at 

per ton was 35.1 Egyptian pounds (LE), while for imported 
wheat, itwas 48.7 LE.The estimated subsidy for wheat
 

converted into flour in Egypt was approximately 112 million
LE in 1980-81. Inaddition, the subsidy on imported flour 
captured by consumers of' wheat products was estimated 
at 129 million LE. The total subsidy of approximately 
241 million LE is. however, considerably les; than that 
calculated by the Ministry of Supply of approximately 
555 million LE. Three reasons appear to explain much 
of the difference. 

I. The Ministry of Supply believes a much larger 
quantity of wheat was used to produce native bread 
than does the Ministry of Agriculture. We utilized data 
from the Ministry of Agriculture. 
2. The Ministry of Supply apparently used the CIF 
commercial import prices for both imported wheat and 
imported flour, whereas our study used the average 
prices on imports which include quantities imported 
under various concessionary programs. 
3. 	 In the case of the flour subsidy, the Ministry of 
Supply used the price of'67.8 LE per ton for flour going 
to 	consumers, whereas we use a more representative 
price of 76 LE per ton that users of flour pay. 
The price and subsidy policy misallocates resources in 

two ways: (I) subsidizing wheat consumption by offering 
wheat and wheat products to consumers at prices below 
the cost to the economy of acquiring these supplies (de
niand-side welfare losses) and (2) paying producers of 
wheat lower prices than the cost of importing wheat (supply
side welfare losses). In Table I the demand-side welfare 
costs are shown at various assumed price elasticities of 
demand and the supply-side costs at various assumedelasticities of supply. If the upper end of the ranges of' 
elasticities of demand and supply are assumed to be valid 

the total welfare costs are about 237 million LE, or about 
5.4 LE per capita annually that could have been captured
in increased living standards. 

Rice is extremely important in the Egyptian diet and 
this study has explored patterns of rural and urban rice 
consumption, shown how producers' prices are established 
and analyzed the price and rationing policy for rice. both 
for its welfare implications and its effect on economic 
efficiency. Because a free market for rice exists in the 
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Table I. Welfare Costs of Wheat and Wheat Products at Various 
Ammended Price Elasticities 

Assumed Price Demand-Side Assumed Price Supply-Side Total Social 
Elasticities Welfire Loss Elasticities Wefire Loss Welfire Cost 
0/ Demand (million LE) of Slpyly (million LE) (million LE1 

-0.50 177.740 0.66 59.456 237.196 

-0.50 177.740 0.50 41.344 219.084 

-0.35 133.153 0.25 18.344 151.497 

-0.10 A'. 749 0.10 6.873 48.622 

rural areas, it was necessary to divide the economy into than for wheat. The reason is probably the free market 
rural and urban areas for purposes of analysis. for rice that exists in rural areas. Here both producers and 

The total cost of procuring, milling, and distributing consumers trade in rice at prices that do not depart sig
rice was estimated for three different levels of rice quality nificantly from world market levels. This free market 
for 1981-82. These figures are 153.97 LE, 159.85 LE, greatly mitigates the welfare losses 
and 162.51 LE per ton, respectively. Consum., pay 50 Broadbeaiis are both heavily subsidized and rationed 
LE per ton for low quality rationed rice, 140 LE per ton in Egypt. Additional quantities are also sometimes available 
for high quality rice when it is available, and 400-500 on the ration book and are referred to as "semi-rationed." 
LE per ton of high quality rice that is sold to larger res- This commodity is also imported in large quantities and 
taurants and hotels. Estimates of the welfare loss associated the farm price on quota deliveries is held far below world 
with price and subsidy policies for rice are given in Table market levels. This study has focussed on estimating the 
2. If elasticities are at the high end of the ranges, welfare subsidy received by consumers, as calculated in the Min
losses annually are only about 7 million LE, much less istry of Supply, and has analyzed the social welfare cost 

Table 2. Welfare Losses for Rice at Various Assumed 
Price Elasticities 

Supply-Side Losses 

Assumed Price Welfaire Loss 
Elasticity of Supply LE 

0.10 	 370.000 

0.25 	 944.000 

0.44 	 1.667.000 

0.50 	 1.900,000 

0.75 	 2,913.000 

Demand-Side Losses 

Total Rural 
Assumed Price Wefaire Loss and Urban L,:;s 

Elasticity of Demand LE LE 

urban 268,000 
-0. 12 rural 625.000 893.000 

urban 677.000 
-0.31 rural 1,577,000 2,254.000 

urban 1,042,000 
-0.59 rural 2,9)3,000 3,945.000 

$350
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of the pricing and trade policies (Table 3). In 1980-81 
demand-side welfare losses were 3.82 million LE and 
supply-side losses were only 0. 111 million LE at elasticities 
that appear most valid. As with rice, these are not large
losses and are as small as they are because of free markets 
in beans. These losses could be reduced further if quota
prices to producers were raised to world market levels 
and if import restrictions were eliminated, 

DISTRIBUTION OF CONSUMPTION IN THE 
URBAN AND RURAL AREAS IN EGYPT 

The Family Budget Surveys in both 1964-65 and 1974-
75 indicated that per capita expenditures by households 
were substantially higher for urban than for rural areas. 
Per capita food expenditures were also higher for urban 
than for rural areas in absolute terms, but as a percent of 
total expenditures they were higher for rural than for urban 
areas. In both areas real per capita total cxpenditures and 
real per capita food expenditures increased from 1964-
65 to 1974-75. 

A study undertaken by this project has examined the 
effect of family size (economies of scale) on per capita 
food expenditure. Statistically significant differences were 
found in expenditure elasticities: (1)between urban and 
rural households and (2) between families of different 
sizes. A major finding of the study was that average per
capita expenditures decrease as family size increases, 

The increase in real per capita total expenditures and 
the consumption quantities of a given commodity were
use' -,criteria of whether a commodity was a superior 

" rior good. Wheat, corn, rice, whole beans, fresh 
o.ultry, fish, milk, white cheese, butter, oil, sugar, 

co,.'e an'd tea were superior goods in both areas. Sorghum, 
grar.alated beans, granulated lentils and local cheese were 

Table 3. Welfare Costs of Broad Beans for VariousAssumed Elasticities of Supply and Demand 

Supply-Side Welfare Loss 

Elasticit\' Assureed Free Market Pri'e 
o/Supply to Farmers 

500 400 235 

.25 LE 2,364,000 697.(00 476,000 

.50 4.432.000 1.309.000 952,000 

.75 6,402,000) 1.891,000 1,462.000 
Deiand-Side Welfare Lo.ss 


Elasticit" 

of Denand 


-. 10 LE !,87 1,000 

-. 22 3,447,000 

-. 50 10.244.000 
- .75 16.449,500 
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inferior in urban areas, whereas only sorghum was inferior 
in rural areas. 

The distribution of per capita total expenditures and 
per capita food expenditures was measured as GINI coef
ficients. Both distributions were more i,-aequal in urban 
than in rural areas. GINI coefficients were also utilized 
to reveal the concentration consumption of individual 
commodities measured in physical rather than in value 
units.Commodities which were subsidied and rationed (sugar,
tea, vegetable oil, and rice) have low GINI coefficients, 

meaning that the distribution of consumption tended to 
relative equality, as was the case also with those com
modities which were subsidized but not rationed (wheat 
flour, bread). Commodities which were subsidized and 
sometimes rationed (beans, lentils, beef) had GINI coef
ficients that tended to be low in urban areas but much 
higher in rural areas. The major unsubsidized and unra
tioned food items surveyed tended to have high coefficients 
i,l
both urban and rural areas (especially fresh beef, poultry, 
eggs, milk, coffee and cheese). 

The conclusion seems to be clear that the subsidy and 
rationing policies are associated with commodities that 
are more equally distributed in consumption than those 
commodities that are not rition.,d and are not subsidized. 
There is also evidence that the subsidized commodities 
are more readily available in urban than in rural areas and 
thus the policy discriminates against rural consumers. 

UTILIZATION PATTERN OF PRIMARY
 
SUBSIDIZED FOOD COMMODITIES INEGYPT
 

This study attempted to quantify empirically some un
intended consequences of the food subsidy policy that 
until now have been largely anecdotal and somewhat 
speculative. These unintended uses included utilization 
as livestock feed of a number of foods intended for humanconsumption. Economic inenticiency or waste results fromthis practice, however, bzcause the costs 1o the nation of 

supplying these foods are generally higher than the costs
of supplying equivalent animal foods. The specific quan
tities that were diverted from human consumption in the 
sampled areas are not known, and the remaining task 

should be to actually measure these inefficiency costs. 
Included with animal feeding in the survey thewas 

term "waste." As a concept, it is somewhat difficult to 
deal with in an economic framework. Most would agree 
that it has something to do with the difference between 
qu'ntities acquired for consumption (by either humans 
and/or animals kept for income or recreation) and quantitiesactually consuumed by them. This difference will be greatly 
affected by the investment of time and real resources in 
handling, transporting, storing, refrigerating, and otherwise 
managing stocks of commodities. There will be a relevantmargin for all these activities where an economically ra
tional person will invest limited time and real resources 
to the point where marginal benefits equal the marginal
opportunity costs of the resources. The price of the corn
modity is highly relevant to the choices of these margins.
I.ieprice has been reduced through subsidy to the point 



where it is nearly zero and amounts are not constrained 
by rationing or supply unavailability, then there are no 
incentives to invest in avoiding waste. It will be less costly 
to simply buy more of the commodity than to invest in 
conservation. Much of what is called "unintended" use 
or "waste" results from rational decisions of utility-max-
imizing choosers as they react to relative prices and resource 
constraints facing them. It is also clear that this phenomenon 
is an important component of increased price per capita 
consumption of subsidized commodities. 

The percentage diversions of subsidized foodstuffs to 
unintended uses in the sampled areas were: 

Wheat 7.18% 
Flour 5.10% 
Balady Bread 6.10% 
Fino Bread 3.06% 
Rice 7.20% 
Beans 24.42% 
Sugar no measured unintended use 

It is imporant to understand clearly the true opportunity 
costs of unintended use for the economy as a whole. 
Significant quantities of wheat, flour, and beans are im
ported, and commercial imports cost the Egyptian economy 
the world price converted to Egyptian pounds at the parallel 
exchange rate. Thus, if unintended uses of wheat, flour, 
bread, and beans coi ;d be reduced, the saving to the 
economy must be evaluated 'n terms of saved foreign 
exchange. 

As the government of Egypt wrestles with the question 
of how much to subsidize these commodities, it must take 
into account the costs of these unintended uses. Much 
attention has been given to the allocative effects of subsidy 
on the consumption side: the increase in per capita con-
sumption, the increasing dependence on imports. and the 
implications for food security. Added to this list of legit-
imate concerns is the fact. demonstrated by this study. 
that not all benefits claimed for the subsidy policy in terms 
of human nutrition are valid Significant allocative losses 
are also occurring because of rational diversions of sub-
sidized foodstuff's to animals and waste, 

This study also contributes to our understanding of the 
equity of the present subsidy. rationing, and distribution 
system. We have attempted to identify precisely the ac-
quisition sources of subsidized commodities for high and 
low income classes in the rural and urban areas sampled. 
Even at highly subsidized prices, it appears that consumers 
of' beans are not getting their monthly allotment of one 
kilogram under the rationing system. There appear to be 
n( .;imilar problems with rice and sugar. 

This analysis also reveals that there is a great disparity 
between urban and rural areas in the availability of' sub-
sidized commodities from the government retail cooperative 
shops. Apparently. rural citizens do not have access to 
these stores to the same extent as urban citizens. Instead. 
the, must rely more on free markets in rural areas where 
prices are considerably higher. This is a 'highly perverse 
income distribution policy since on average rural people 
are substantially poorer than urban people. If the primary 
justification of' a subsidy policy is to redistribute income 

from rich to poor, or even to support poor people with 
cheap food, then failure to implement fully the policy in 
rural areas where the poorest pcople live seems to defeat 
the objective of the policy. 

Free markets are playing an indispensable iole, con
tributing both efficiency and equity benefits. The reasons 
are obvious: traders can improve their satisfaction by ex
changing their endowments of commodities at mutually 
beneficial terms. Since a more efficient allocation of re
sources occurs as all traders make themselves better off, 
free markets should be encouraged in every possible way. 

A free market is not an equitable substitute for a subsidy 
policy, however. Subsidized commodities, if they are to 
exist at all, should be made available to all equally or at 
least where they are most needed. After initial allocaticn, 
a "white" market where endowments can be freely ex
changed could improve efficiency since consumers have 
highly diverse preferences and income and wealth con
straints. 

THE ECONOMICS OF ENFORCING 
AGRICULTURAL LAWS IN EGYPT 

The current agricultural and food price policy in Egypt 
has distinct pervasive characteristics. Retail prices of major 
food commodities are kept low for equity reasons. The 
government tends to assure availability of major agricultural 
commodities either for domestic markets or for export 
earnings. In order to assure supplies that the government 
deemis to be "needed." a land rotation is forced on the 
Egyptian farmers, and most of the major food and export 
caps are marketed through the cooperative marketing 
system under government control. To maximize export 
earnings and to reduce the burden of subsidies on the 
government budget, the government tends to keep farm 
prices for these commodities below world levels and to 
require farmers to deliver quotas on some crops. Policy 
instruments such as these are implemented through laws 
and ministerial rules. 

Enforcing agricultural laws is a crucial prerequisite for 
policy implementation designed to change the behavior 
of' economic agents to a more socially preferred type. 
Optimal private behav ior may differ, however. from optimal 
social behavior of the individual. Laws and administrative 
rules are invoked to reduce the perceived discrepancy 
between optimal private and optimal social behavior, and 
punishment for violators of these laws. in the form of 
lines or imprisonment, is the shadow price of the social 
importance of the law. The cost of obeying the law is 
different for each economic agent and will depend upon 
age. family size. farm size, dependence on off-farm mar
kets. income and wealth, diversification, risk preference, 
market infoniation. etc. This study examined the farmer's 
choice pertaining to obeying or violating major agricultural 
laws and rules. Mandatory quota delivery and obligatory 
land allotments were chosen as examples of the rules and 
regulations that can be violated, making the violator liable 
to punishment. 

The farmer's choice between two discrete alternatives, 
namely to violate or obey the law. was examined. A sample 
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of 81 	 farmers for rice and 79 farmers for cotton were 
intei viewed. The sample included 36 farmers violating 
the mandatory rice quota delivery regulation and 34 farmers 
violating ti-e mandatory cotton area allotment regulation. 
Violators of the rice quota delivery rule tend to have less 
total landholding, less owned land, a lower number of 
land pieces, fewer cattle, and consume less ice than non-
violators. Farmers violating the rice quota delivery reg-
ulation tend to be those located near the village markets. 
They have more information regarding free market prices.
Also, 	 violators of area cotton allotment tend to be the 
poorest among sampled cotton producers. They have less 
owned land and fewer cattle than nonviolators. Sampled 
cotton area violators also tend to be located nearer to thevillan ge arke lat lhhe onvi s rsof 
village markets than the nonviolators. 

Maximum likelihood estimates were obtained for the 
probit and logit models specified in this study to examine 
factors affecting the farmers' decision to violate these 
laws. Model estimates indicated that the probability of 
violating the rice quota delivery would increase by about 
12-13% for a one kilometer increase in the distance to 
the market. Also, this probability would increase by about 
1%for each 10% increase in the percentage of required 
rice area from total landholdings. Increasing the number 
of land pieces would tend to decrease the probability to 
violate the mandatory rice quota delivery regulations by 
about 12-13%. 

The probability of violating mandatory cotton area al-
lotments tends to increase by only I%for a one feddan 
increase in landholdings and tends to decrease by about 
18-20% for a one kilometer increase in the distance to 
market. Increasing expected government prices would tend 
to decrease the probability of violating mandatory cottonarea allotments by about 10-20%. 

areaalloment byabou10-0%.for 
Apparently, violation of the law and concomitant pay-

ment of fines is very pervasive and would seem to justify 
further analytical work that attempts to measure the socialbenefits and costs of having rules and regulations that are 
so widely violated, 

FOOD CONSUMPTION AND DISTRIBUTION: 
AN OVERVIEW 

A review of several ADS working papers on food con-
sumption and distribution in Egypt established several 
significant points. Basc'I on expenditure elasticity esti-
mates, all but a very few yoods were classified as superior, 
sorghum being one notable exception. A policy to lower 
consumer prices of certain of these superior goods by 
means of subsidies is one way of increasing consumers' 
incomes and thereby increase their nutrition levels, 

The GINI coefficient analysis established rather clearly 
that those commodities which are subsidized and/or rationed 
are more equitably distributed across income classes, par-
ticularly in urban areas. For these commodities, the goal 
of an equitable distribution seems to be close to being
accomplished. 

The question is. however, at what cost to the economy? 
Is it even possible that everyone in Egypt, including the 
urban poor, whom the policies tend to favor, would be 

better off without the subsidies? Although certain benefits 
clearly have been achieved in nutrition, the costs should 
be fully assessed in order to determine if society may in 
fact be worse off than it would be without these policies. 
The redistribution of income from the wealthy to the poor 
by means of well-intended government intervention may 
result in the poor actually being worse off. How can this 
be so'? 

I. 	Subsidies have rapidly increased the consumption 

resofrcuaresources o motes.supply ofnsersethesegoing into the f chosen 
commodities less than if these resources had been 
used to produce a preferred commodity, their standard 

areferedcolivingproducis thereby lowered. 
2. 	The government's favoring consumers over producers 

has led to producer disincentives, lower domestic 
production, and a greatly increased dependence on 
imports. So long as domestic production costs are 
below import prices he nation's scarce resources 

are being squandered in choosing importation to 
meet demand.
 
quences, including waste of the subsidized com
modity because it is so cheap.
 
mo ugh it is so e.
 

4 	 Although food policy may be intended to benefit 
the poor, in fact, rich and poor alike, particitlarly 
in urban areas, participate in the programs. 

5. 	Enforcement of any system of quotas, rationing. 
and price fixing is costly for the government to 
maintain. Resources going into such enforcement 
might have been used inothe ways making everyone 
better of.6. 	 Subsidies of basic foods have created excess demand 

these itemns leading to chronic shortages, consumer
ftees eading tcnic shotaes cosumer 
queues, hoarding incentives, and other costly phe
nomena.7. 	Meanwhile, as other sectors of the Egyptian economy 
are growing, agriculture is stagnating. This imbalancecreated by artificial and capricious policy, reduces 
the efficiency in the entire economy. 

It is one matter to discuss these various dangers of the 
system, but it is quite another to provide quantitative mea
sures of the magnitude of the welfare loss to society. 
Much needs to be done in this area. Only a few studies 
have attempted to provide quantitative estimates of the 
loss associated with subsidy programs for wheat, rice, 
and broadbeans. 3etter data and better estimates of the 
price elasticities of supply and demand for the particular 
commodities are needed to estimate more accurate measures 
of the welfare losses involved. It would then be possible 
to make even more definitive statements about whether 
the policy favoring equity is "worth it" in terms of effi
ciency losses to the economy. 
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THE ECONOMICS OF EGYPTLA N
 
LIVESTOCK PRODUCTION
 

Livestock production currently accounts for about one 
third of Egypt's total agricultural output when the value 
of animal power and manure are included. Animal products 
provide some 10% of the energy and 15% of the protein 
in Egyptian diets. Pushed by increases in population, as 
well as in consumer income, per capita and total con-
sumption of red and white meats and milk expanded dra-
matically during the past decade. Increased demand caused 
prices for livestock products to rise during the 1970's an 
average 12-14% per year compared with I1% increases 
which were registered for cror prices. Expansion of pro-
duction did not match increases in consumption and, as 
a result, imports rose sharply. During the decade, the 
country's level of self-sufficiency declined for all three 
of the major livestock product groups. 

Although Egypt did make gains in per capita con-
sumption of livestock products during the 1970's, at 17.2 
kg of meat and 51.4 kg of milk per capita, intake is still 
low by international standards. While the average Egyptian 
diet may be adequate in terms of energy availability, protein 
intakes are low and distribution within the population is 
uneven. Animal protein intake is very low among the 
rural population, particularly the poor and the young. 

ECONOMIC CONDITIONS 
The livestock sector has enjoyed substantial econonic 

protection in recent years in the form of high prices for 
livestock products and subsidized inputs. Prevailing do-
nestic prices for livestock products are higher than world 


prices. In 198 1, for example. the cost of delivering imported 
meat to retail was LE 1.45 per kilogram whereas the retail 
cost of locally produced beef was more than LE 2.50 
(Soliman, 1982). At the same time, it cost the Egypt Mi!k 
Company about 15 piastres per kg to reconstitute uii,k 
from imported powder, while the wholesale price of do-
mestically produced milk was almost double that amount. 

The second aspect of protection derives from subsidies 
on feed and other livestock inputs. According to analysis 
based on a survey of 32 broiler farms conduci-d in1981, 
for example. subsidies averaged LE 12,653 per iarm which 
accounted for almost 8017( of their profits. Similarly, im-
plicit and explicit subsidies on the feed mix processed by 
public sector companies for feeding cattle amounted to 
just over LE 100 per ton in 1980 (Soliman & Ibrahim, 
1983a). 

Economic analyses indicate that Egypt has a comparative 
advantage in producing milk and poultry (Soliman. El-
Zaher & Fitch. 1983), but not in red meat production 
(Soliman. 1982). Given certain technical improvements 
to increase productivity, it seems quite possible for Egypt 
to become self-sufficient in milk and poultry. Improved 

productivity could also alter the prospects for red meat 
production. 

LIVESTOCK IN THE EGYPTIAN FARMING 
SYSTEM 

In Egypt, livestock production is closely integrated with 
crop production. It is estimated that about 90% of the 
animals are held in the traditional farming sector where 
they rely not only on berseem clover but also on substantial 
amounts of crop residues and by-products, particuarly 
wheat and rice straws. Livestock inturn, provide significant 
inputs to crop production in the fonn of power and manure. 
Farm surveys show that animal work accounts for 27% 
of the total value of livestock output ana manure for 13%. 

Small farms are much more intensive in their livestock 
production than large farms. The 1976 Farm Management 
Survey showed that 65% of all animal units are held on 
farms of three feddans and less, and that smaller farms 
are more efficient at raising livestock than larger farms. 
Farms of three feddans and less were found to have net 
returns of LE 190 per animal unit, compared to LE I Il 
for 3-5 fcddan farms and LE 35 for 5-10 feddan farms 
(Soliman, Fitch & EI-Aziz, 1982). 

Utilization of family labor, which is relatively abundant 
on small fanns, hclps to explain why small farms specialize 
in livestock. Surveys show that, on average, farms devote 
some 44% of their labor to livestock production, but that 
on farms of one feddan and smaller 73% of labor is for 
livestock. Women play a predominant role, particularly 
inmilking and milk processing. On farns of three fedd.ns 
and smaller, women provide more than 40% of the live
stock-related labor, and more than 70% of the milk is 
processed into products such as cheese, butter and ghee. 

Milk 

The surveys show that milk and milk products acccunt 
for 35% of the value of the livestock products at the farm 
level. Thus, the primary role of large animals in the Egyp
tian farming system is for milk production. The water 
buffalo is the main milk animal, yieldir g an estimated 
65% of all milk produced. 

It is estimated that 82% of the milk protluced in Egyp 
comes from the traditional farm sector. Sev.!nteen percent 
comes from commercial buffalo herds located on the per
ipheries of urban areas. These units, known as "flying 
herds," are composed of animals which are bought from 
farms in more remote areas: there is usually no system 
for breeding or replacement of cows from within the flying 
heids and the cows iare normally sold for slaughter after 
one lactation. There are a few large scale state farm and 
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Cattle on SnaI lllolicgs are providers of milk. meat, and power fO 
plhowing and irrigation. lethered he close to the homestead. illey aie 
f'ed their raltion of bersCeCi. cut dIa\'Il'1roni neairby Iiehlds. 

currentlyi 

joint 'enture .lairy herds in :g.'pt. but these C.'urnelltlv 
account oiily for IOut I / of the inilk produced. 

CoilparatiVye aLdx'aii tage ii milk product ionl lies inla in!' 
in the buffaloes held 1V tladitional f'amS. Givcn the 1200 
kg per lactltion wlliich these an1ilals produce tavcae 
from tarm surveys), inilk can be pIOdiccd at a cost 'hich 
is about equal to the 15 piastre cost of imported milk. 
The relatively low cost Of proL'duciilg milk il triaditiOiill 
fI'rms appears to derive not onIy from Iow lIbor costs and 
aIccess to certain tamounts of, inexpensive feeds and crop 
residues. but also frloli tile \alue o tile .joint prdiicts 
(work and mnure) which are derived froll animals il 

.hus.ii lronl the Egptiaf dair bulfalo 
canl e increased, this type (f' milk production conuld he 
very attractive for tile gtian econlolmly. The economics 
of producing, milk from -native cattle are least attractive 
of, all, however. due to extreinlelN' low yiells abLtt 75) 
kg per lactation). It is possible that these vields could he 
increased by crossing with exotic breeds. 

Although tile bUffaloes in comml1ercial dair' herds were 
found to have higher milk yields ( I565 kgia\el',e per 
lactation) than Illfaloes oin traditional farnis. the\, were 
found to produce higher cost milk tllan bulffaIloes on the 
tralditional Tarm. both[his wIs attributed to ligller feed 
costs and less eflicieiit feed use. Nor were tile ecOlnomics 

of' larger scale dairy cattle herds Iund to he impressive. 
In a surAvey of a large herd of Friesiais. it waIS reported 
that the cows averaged 4. I1t) kg per lactation. The eco-
niiiic e\'aluLtio shll ed tIatItlabo a10 in'estment costs 
were quite high. however, with tile resu lt tht this illilk 

is more expensive to piodLIce tllin milk from the Ibul'ffalo 
on the trlditiolal farm. 

Althbough milk produced by traditional fart ns does appear 
to ie less expensive than milk from larger herds, the 
problenls aIssociated withlmarketinlg andl'Occssiii such 
milk cannot be denied. Surve, data showed thlt even the 
smallest fIarmers market aIsignificant portion of the lilk 
which tle\' produce atlbeit much of it il tile form of white 
cellese. butter and gllec. While tile processing of this milk 
inl the household provides a pImOdictiC otltI for Vailble 
fIamily labor. it presents severe sallitation problems. lili
provenlents ae required i illage level technologv and 
fcilities for marketing and lussine milk. 

Red Nlea 
Egypt sVstem of red meat prodUCtiou depends On the 
itn fatmle etfr alt of, its animals.~~~~traditiona'l 'tlmnld Sector for a~lmlost alefita~ll sanil 

For this rcain. meat productiti is realty a bv-proluct of 
tlhc traditionlal sector dairy iidiistr\. Severa'Il htuldred 
tlloisand head of calves are slucllte'ed directV for v'eaVl 
each vear. most o them before weanine. with little or no0 

(Fitch & Soil manr. 1It11. Larleer fIarls feed out 
som)le antimals to heavier wei.!ht. Md there are nunie'otLS 
feedlots which speciali/e in f ttenin.,g animals. lypicallk. 
these lots are not verV larue aiid Ieed nt) more than I) to
5(0 animals at a time. 

The linding that Egypt does nlot haMe aIcoml~partive 
adVaItac,e ill red meat prodiictioii is based ulon ana11,lVsis 
of costs 01' feeding nlot only domnestic animhls but also 
implort'edIfeeder animaIIls. Indications were that there is 
eveii less .dvalltage tit lilishiing the imported live antials 

153
 



tlian the domestics (Soliman, 1982). These findings imply 
that, given the costs and feeding response which are cur-
rently attained, it would be Lheaper for Egypt to import 
more red meats than to continue to produce so much 
locally. 

Tile current program for importing live feeder aninials 
for finishing in Egypt is perplexing in view of the half 
million or so young buffalo calves which are slaughtered 
each year before they reach weaning age. Farmers find it 
more attractive to sell these animals than to maintain them 
on the rich, high valued buffalo milk. To take advantage 
of this type of animal would require making milk replacer 
available at the village level and training farmers in its 
use. The economics of such a system require careful eval-
uation. This should be investigated as an alternative to 
importing either meat or feeder animals. 

Current daily rates of' gain are only about 0.8 kg per 
animal in typical Egyptian teedlots, compared to I to 1.4 
kg in countries with successf'ul feeding industries. Fur-
thermore, dry matter conversion ratios appear to be too 
high in Egypt. Recent experimental feeding trials have 
improved feed response somewhat, but not sufficiently to 
warrant too much optimism. 

Poultry 

Poultry production is more concentrated in larger scale 
production units than either milk production or beef feeding.Currently more than half of the broilers produced inEgypt 


come from modern, confined units, and almost half' of' 
the chicks produced each year come f'rom modern hatch-
cries (Soliman & Ibrahim. 1983b). 

Poultry, like milk, provides a relatively inexpensive 
source of animal protein. Analysis of' producer Surveys
shows, however, that Egypt's comparative advantage inshows howver.and 

,hk now.sector rests upon large scale production. Until 
the system of subsidizing poultry f'eed and production 
credit has made it attractive for smaller scale producers 
to operate, but these smaller finns tend to be economically 
inef'ficient and would not be profitable, given their current 
technical performance. if' they were required to pay the 
full international costs for inputs, 

Again. however, there are opportunities for technical 
improvement. Surveys of 32 broiler production tunits dis-
closed average feed conversion ratios of more than 2.5 
kg per kg of liiveweight gain whereas international standards 
would be closer to 2 kg per kg of gain. Furthermore. 
mortality rates in excess of 6%/ were reported. which is 
at least 50 4%higher than that attained in countries with 
highly developed broiler industries, 

POLICIES AND PROGRAMS AFFECTING 
LIVESTOCK PRODUCTION 

In an eflort to deal with livestock production problems 
and run-away prices, the government has leveloped a 
number of programs and policies. These include the pro-
cessing of f'eedstuffs. importation of'f'cedstuffs, subsidies 
on fceds and credit. production and processing of' livestock 
products in public sector companies. imuortation of live-
stock products f'or sale at subsidized prices, maintenance 

of a livestock insurance program, controls on meat prices, 
conduct of research, and provision of' limited amounts of' 
free veterinary and technical services (Soliman, Habib 
and EI-Azim, 1983). 
Feed Production
 

Government companies were organized to process 
livestock feeds in the early 1960's. The initial objective 
of this program was more complete utilization of cottonseed 
cake produced by public sector ginning mills. This was 
combined with molasses, bran, and other locally available 
by-products to form a balanced ration. Eventually, gov
ernment mills produced not only a variety of feed!; for 
beef and dairy animals but also various poultry feeds. 
Public sector production of concentrates for large animals 
grew at an average annual rate of 13% between 1960 and 
1980, amnounting to production of' more than a million 
tons by 1980 (Soliman & EI-Azim, 1983). 

Total national production of poultry feed mixes reached 
544,000 tons by 1981 and 75c of this was produced by 
public sector companies. In 1977 the private sector share 
of poultry feed production was less than 5%, but this 
increased to 25% in 1981. Private sector production is 
heavily concentrated in broiler feeds, while public sector
companies produce most layer feeds. Feeds produced by 

the private sector do not benefit firon subsidized inputs
to the same extent that public sector f'eed production does.Production and availability of' feedstul's was augmented, 

starting in1974. when the government bgan to import
 
yellow maize. This was utilized as a mix ingredient for 
both livestock and poultry f'eeds, as well as for direct 
distribution of both livestock and human consumption. 
By 1980. imports of' yellow maize reached 1.3 million 
tons. of which more than two-thirds was used as poultrylivestock f'eed (Soliman & lbrahim. I1983a). 

Feed Subsidies 
Feed concentrates and yellow maize are both distributed 

at subsidized prices by the government. Inthe case of' the 
concentrates, much of the subsidy is an implicit one since 
the government mills are supplied with low price cottonseed 
cake and other by-product ingredients by other government 
companies. Maize which isimported tworld prices is 
supplied to the ei mills and to a limited number of 
direct feed users) at subsidized prices. In 198 1.the supply 
price was LE 65 per ton. compared to an import cost of 
over LE 100 per ton when calculated at the f'ree market 
exchange rate. 

In 1980. the government was selling its livestock f'eed 
mix at LE 38 per ton whereas the mix had a value of' LE 

139 per ton if the ingredients were valued at their world 
trade prices. This implies implicit and explicit subsidies 
of LE 101 per ton. Assigning values on the same basis,
the total subsidy for the government mix rose f'rom LE 
13 million in 1970 to LE 127 million in 1980 (Soliman 
& EI-Azimn. 1983). 

Feed )istribution Policy 
Through quotas and other allocation procedures, the 

livestock feeds produced by government mills are allocated 
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heavily in favor of larger farns and meat production. The 
proportion that went to feedlots increased from 35% in 
1977 to 73% in 1980. The average feed subsidy for a 
dairy cow in a large joint venture dairy herd was estimated 
at LE 304 in 198 1, compared to LE 18 in subsidy for the 
concentrate fed to a traditional dairy buffalo farm in the 
same year (Soliman & EI-Azim. 1983). 

Credit 

Credit for livestock and other food-security related ac-
tivities is currently provided at an annual rate of interest 
of 6%, compared to a market rate of interest of about 
14%. More than 90% of the livestock credit is for short-
term loans, and of this about 95% is fnr beef feeding. 

Thus, in credit as well as in feedstufts and related sub-
sidies, the distribution is heavily in favor of large farms 
and meat production. Since the studies reviewed here tend 
to indicate that meat production is relatively inefficient in 
Egypt and that smaller farms are more efficient producers 
than large farms, it would appear that these resources are 
being allocated to the least efficient types of production. 

Meat Price Controls 
The government has attempted to impose price controls 

for some livestock products, particularly red meats. The 
controls are applied to retail outlets, to wholesalc carcass 
prices and to fed live animals, but not to feeder calves, 
Thus, when the government attempted to enforce the con-
trols in 1980, a feedlot operator would have operated at 
a loss by selling his fed animal at the controlled price if 
he had purchased the calf at the free market price (Soliman. 
1982). Under these circumstances, it is difficult to enforce 
the price control. Another factor which complicates en-
forcement of price ceilings stated on a per kilogram basis 
is that most livestock sales yards in Egypt do not have 
scales. 

Imports 

The Ministry of Supply imports meats and dairy products 
to bridge the gap between consumption and production 
and most of the imported commodities are delivered to 
the market at subsidized prices. Studies show that it is 
possible to import good quality meats at a cost well below 
prevailing domestic prices without any subsidy. However. 
there are some obstacles to this 

Since the government sells th -ueats which it imports 
at subsidized prices, increased imports weigh heavily on 
the budget and this causes the Ministry of Finance to limit 
the funds which are made available for imports. Curently. 
meat is sold at 68 piastres per kg through the cooperative 
stores, compared to in imported cost which is more than 
double that amount, and compared to the prevailing free 
market price which is almost five times that amunllt (So-
liman. 1983). 

There are no explicit laws which prohibit private imports. 
but only about 15' of the meat which Egypt imports 
comes through private channels and this is mainly for the 
hotel and tourist sector. There is a Jimitation oi the margins 
which private traders may earn and this seems to inhibit 

private trade. Furthermore, private importers are required 
to procure the major part of' their foreign exchange at the 
free market rate which increases their cost of operation. 

Limited cold storage facilities probably hinder both 
public sector and private imports. Studies of the economic 
feasibility of expanding cold storage are required (Soliman, 
Habib & EI-Azim, 1983). 

Public Sector Production 

Various public sector companies have been established 
over the past two decades to produce meat, milk, and 
poultry. Currently, these companies account for about 
25% of broiler production. Cattle and buffaloes held in 
government herds are estimated to constitute no more 
than 2 to 3% of the national herd. Typically, products 
from these public companies are sold through the gov
erinent's system of cooperative stores at lower prices 
than prevail on the free market. Currently, the differential 
in prices is small for poultry but substantial for red meats. 

While dairy herds belonging to state farms and other 
public organizations account for less than Ic of milk 
production, the government-owned Egypt Milk Company
is a major processor of milk and milk products for sale 
in urban areas. It has nine processing plants located 
throughout the country. Currently about half of the com
pany's output is based on reconstituted imported powdered 
milk, much of which is received on concessional terms 
from the EEC. The Milk Company has difficulty in pro
curing sufficient quantities of locally produced milk because 
it cannot afford to pay a competitive price. It is required 
to sell the products which it makes at lower prices than 
domestic products which are available on the market. For 
example, a litre of milk produced by the Milk Company 
sells for 20 piastres at retail, compared to two to three 
times that much for locally produced milk. 

TECHNICAL CONSTRAINTS AND 
OPPORTUNITIES 

While there are obvious constraints to improved livestock 
production, there are also numerous opportunities for im
provenient, particularly in feed production. feeding re
sponse, genetic base, and !,,iproved technical services. 

The problem with shortage of' reen fodder inthe summer 
months has long been recognized. Current experiments 
with elephant grass and various forage sorghums are en
couraging but as yet incomplete. Not only must the fea
sibility of producing these fodder.s on a wider scale be 
tested. but they must also be compared in terms of response 
in feeding trials under realistic farm conditions. Finally. 
the acceptability of the new crops to farmers must he 
examined along with economic cost-benefits and inipacts 
on the cropping pattern (Sol iman & Fitch. 1983). 
Enhancement of By-Products and Wastes 

There are a wide range of opportunities for increased 
utilization of crop by-products and wastes. One new sys
teii. which entails treating straw with anhydrous aniinorlia. 
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Traditional resource use: Persian water wheels (sakia) operated by cattle 
are seen irrigating fieils by raising water fron the network of delivery 
canals. The use of' cattle for this purpose has been an issue addressed in 
several of the ADS econonics projects. 1h1to: IHarr. jurev 

iscurrently being tested by the Animal Research Institute 
through the FAO-supported Beef' Project at Nobaria. 
Though still uiuer development, the feeding trials fr this 
process, which improves digestibility and nutrient avail-
ability, are encouraging and appear to be economically 
feasible in some circumstances. 

Another system for by-product utilization isalready in 
commercial use by a feed processing plant in Zagazig. 
Sharkia Governorate. This plant has a new. highly auto-
mated process which grinds rice husks to which molasses 
and urea are added. The selling price for this new feed is 
LE 92 per ton. 
Feed Subsidies: An Obstacle 


Fee. subsidies are afactor which is frequently cited as 
an obstacle to developing new feedstuffs. For example. 
Under the current system the general purpose concentrate 
livestock feed produced by the government is sold at an 
official price of LE 38 per ton whereas the equivalent cost 
price in world trade is LE 138 per ton in 1980. Tiuse 
there was an implicit subsidy of LE 100 per ton. The 
problem which this presents to expanding f'eed production 
isthat it is risky fbr entrepreneurs to invest in non-traditional 
f'ed processing facilities with per ton costs higher than 
LE 38. Cattle feeders would naturally continue to attempt 
to secure the government feed at LE 38 and Would oIly' 
use the newer. more expensive feeds itsa last resort. 
Thus. the potential investor always faces an uncertain 
market for his new feed. and this serves to discourage 
investment, 

Distribution and Quota System 
With an artilicially low price on the concentrate feed. 

there is always more f'eed demanded by feeders than is 

available. This means that the government must utilize a 
priority distribution and quota system. Not only does this 
system result in a very active black market, it also produces 
a seemingly irrational distribution pattern. For example. 
although Egypt's traditional farms which produce the cot
tonseed (the major ingredient of the government concen
trate) hold more than 90/ of the country's animals. they 
received only 161/(of concentrates which were distributed 
in 1980. This system not ouly seems unfair, it is irrational 
in the sense that it denies resources to the most efficient 
producers. 

Another problem with the current feed distribution sys
tern is that the availabilitv iserratic and unreliable. Even 
those quotas which are due farmers are often not fully 
available and frequently do not arrive on time. This can 
be particularly damaging in the case of milk production 
\\,here the interruption of balanced feeding can cause the 
premature termination of a lactation. Discontinuities of, 
feed supply in broiler production can be equally damaging. 

Genetic Improvement 
Egypt's dairy animals. in particular. could benefit from 

genetic improvenlent. There are currently a number of 
improved gene pools available in the country. There are 
experimental herds of foreign milk animals and of* locally 
improved dairy bufl';des on several of the MOA's ex
perinlent stations as well as on universit\ f'arins. There 
are also herds of good quality on state farms, joint ventures 
and large privately owned dairy farms. The problem is 
that. as yet. no viable system has been devised to upgrade
the traditional farming herd with genetic stock drawn from
these various pools. The existing system for artificial in
semination is fraught with technical problems such as 
poor processing. unreliable refrigeration, and uncertain 
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delivery. To date, artificial insemination must be considered 
a failure. Many farmers who were interviewed had not 
even heard of the artificinl insemination program, and 
those who had heard of it or had used it did not feel that
the s:,stemn, as it stands, is workable. 

Technical Support and Services 
The problem with artificial insemination (Al) is but one 

aspect of a broader problem. Egypt has, at best, a very 
weak system of veterinary services, medicines, technical 
information and training available to support livestock 
production at the village level. Although there are some 
4,000 farm villages, there are only 200 specialized livestock 
service units to ;erve these. This number would appear 
to be woefully inadequate to meet Egypt's livestock pro-
duction needs. 

Surveys were conducted asking farmers their views on 
livestock production programs, problems and needs. With 
respect to technical support, most farmers claimed that 
the long distance to the nearest veterinary services unit 
was a problem, yet many did claim to have benefitted 
from these services. Half of those interviewed claimed 
that there was no nearby unit for artificial insemination, 
and it was clear from their comments that they did not 
have enough exposure to AI to judge its effectiveness 
well. There is still a strong preference to use bulls for 
breeding purposes (Soliman & Zaki, 1982a,b). 

Less than half of' the livestock producers claimed to 
have benefitted from the government livestock insurance 
program. Although technically the rules have been changed 
to permit small herd owners to get insurance, few farmers 
with fewer than five cattle said that they were able to 
obtain the insurance. Larger farms were found to benefit 
more from the insurance program, from the concentrate 
feed distribution program and from the credit program. 
Perhaps for these reasons, larger farmers more than small 
farmers are found to engage in livestock fattening. 

Most farmers interviewed were in agreement on the 
need for more concentrate feeds, and relatively few were 
in favor of increasing the area they devote to berseem 
production. Although there was very little awareness of 
possibilities for improved summer forages, this option 
was of' more interest in the development of marketing 
facilities for their livestock products, whereas larger faniers 
did not think this to be important. 

It is a basic fact that Egypt's livestock herd is widely 
scattered among a large rmnber of small farms, with one 
or two buffaloes or cows per farm being the norm. In 
developing a technical support system which will ade-
quately serve a large number oi villages and a large number 
of farmers with small herd sizes. Egypt is not likely to 
lind viable examples among the relatively advanced western 
countries. India, on the other hand, is a country with herd 
size and distribution circumstances similar to those of' 
Egypt. India has developed a system of specialized village 
milk production and processing cooperatives which may
be of interest to Egypt. It is worth noting that the Indian 
system has managed to incorporate technical support 
services, including artificial insemination, which seem to 
work. 

Impacts of Mechanization 
The current strategy of agricultural development assumes 

that spreading mechanization will liberate livestock from 
farm work, which in turn will either increase milk and 
meat production or will permit a reduction in the number 
of farn animals. Livestock surveys indicate, however, 
that about 80% of animal work is for transportation, which 
current modes of mechanization seem unlikely to affect 
greatly. While there was no evidence that animal work 
used to operate sakias (water pump) reduces milk pro
duction, animal draft power used for plowing was found 
to have a significant negative impact. Thus, it is mainly
further mechanization to liberate animals from the plow 
which is likely to have a favorable impact on livestock 
production in the form of increased milk output (Soliman, 
1983). 
Statistical Data Base
 

Statistical knowledge of Egypt's livestock situation has 
been limited. Estimates of herd size have been based upon 
trend projections from surveys taken in 1968 and 1970. 
Slaughter statistics have been incomplete because they 
cover only those animals slaughtered in government su
pervised slaughter houses. This situation hopefully will 
change with the up-to-date information which will be 
available from the 1982 Census of Agriculture and with 
current statistics to come from the MOA's Data Collection 
and Analysis Project. 

In the past, given the lack of a good data base, it has 
not been possible to monitor or predict livestock production 
accurately. In particular, there has been no system of fol
lowing or predicting the effects of livestock population 
cycles on meat production, and decisions to import meat 
and livestock products have operated independently of' 
the production situation. Without doubt this factor con
tributed to the meat crisis in the summer of 1980 when 
prices rose unexpectedly and the government decided to 
implement a temporary ban on the slaughter of livestock 
so as to insure adequate supplies for the Courban Bairam 
Feast. 

It is possible with available econometric procedures, 
operating from an improved statistical data base, to monitor 
and predict livestock production with fair accuracy. The 
MOA would do well to implement some form of econo
metric modelling of' livestock herd growth and meat and 
milk production on a continuing basis, not only to permit 
better import planning but also to help generate a better 
understanding of the forces which drive Egypt's dynamic 
livestock economy. 

Prior to this project, relatively little economic infor
mation existed about livestock production in Egypt, nor 
had there been any extensive review or analysis of the 
various government programs and policies which affect 
the sector. In particular, there was no current farm level 
inforniation on production costs or on f'anners' perceptions 
of production problems. Most analyses of livestock pro
duction problems relied upon aggregated secondary data. 

Given this situation, it is tempting to say that the major 
accomplishment of this project was in the collection and 
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assembly of economic data about livestock production. 
In fact. substantial amounts of data were collected and 
made available in ADS-Egypt Working Papers and other 
publications. Not only was the livestock data from the 
1977 Farm Management Survey-hitherto collected but 
not used-sorted out and organized into a report which 
provided v,detailed description of livestock production in 
the traditions of the Egyptian farming sector (see Soliman. 
Fitch & El-Aziz. 1982) but a number of purposive surveys 
were conducted to focus on particular issues related to 
heef feeding, milk production. aind broiler production. To 
avoid relying upon old cliches and possible misconceptions,
farners were asked to state their opinions and cite problems 
with livestock production and related government policies, 

However. the project accomp!lished much more than 
just collecting data. The data were analysed with respect 
to economic efficiency and comparative advantage, as 
well as from the perspective of government policy. Par-
ticular attention was paid to feed subsidies and credit. 

FUTURE RESEARCH PLANS 

To date. the research has indicated that production of 
milk and dairy products hold particular economic promise. 
It is therefore suggested that research in this area be con-
tinued. 

While cost of production data strongly suggest that 
milk produced 1 y trziditional farm buffaloes is Egypt's
least expensive domestic milk source and that milk pro-
duced by modern Friesiao herds is relatively expensive,
these conclusions were bacd on a limited sample. Fur-
thermore, cost information 'n cross-bred cows was not 
available. Recently, data has been obtained on soife other 
Friesian and traditional herds, but some limited additional 
field work will be needed to secure cost and productivity 
infornation on cross-bred animals. All of this information 
needs to be analyzed and combined to present a more 
robust statistical picture and to offer cost comparisons of 
the different systems and animals available for milk pro-
duction. 

More inf'ormation is needed on the disposition of milk 
once it is produced. Data collected in the 1981 livestock 
survey needs to be examined to determine how the pro-
portion of milk which is processed in the farm household 
changes. not only with farm, herd. and family size, but 
also with differing access to market outlet facilities. Access 
to state-owned vs. privat, milk purchasing (collection) 
facilities will need to be analyzed for its impact on the 
decision to process on farm or sell liquid milk. 

''hie decision of whether to consume products in the 
farm household vs. selling off-farni is also an issue that 
needs to be examinined. For this. the marketable surplus 
of milk and milk products could be analyzed with respect 
to various factors such as farni size. herd size. and access 
to different marketing opportunities. The marketing agents 
and channels for liquid milk and various hoen processed 
dairy products could then be compared for different villages
and regions. Based on survey data ill conjunction with 

national surrogate statistics on nmilk processing, current 
patterns of processing and consumption can be established. 

More research is needed to learn why milk yields vary.
The relationship of milk yields to quantity and timing of 
availability of concentrates and summer forages, as well 
as to organizational and management factors, warrants 
further investigation. Based on measurement of response 
from available survey data, the impacts of alternate feed 
policies and distribution options also merit examination. 

RECOMMENDATIONS 
Based on the studies presented and the discussion at 

the workshop. it is possible to distill a number of policy 
recommendations. 

(I ) Egypt needs a more clearly defined strategy for 
livestock production. Such a strategy would recognize the 
dominant role which the small, traditional farmer plays 
in livestock production, and it would expand and improve 
the technical services which are meant to improve his 
productivity. Foremost among these would be improved 
artificial insemination services, veterinary services, fied

icines, and feed inputs organized to reach the village level. 
Improved availability of feeds during the sunner months 
is also essential. 

(2) A second element of the livestock strategy would 
be to place more emphasis on milk production. Milk is a 
low cost source of animal protein that is needed in rural 
areas. Improved, more hygienic village-level processing 
technology for handling milk. separating cream, churning 
butter, and making cheese is needed, as are improved 
marketing facilities. 

(3) The Government should reconsider and reorganize 
its system for processing and allocation of feed concen
trates. The distribution of these feeds at low. subsidized 
prices discourages the development of new domestic feed 
sources, while the current allocation and quota system 
tends to favor less efficient producers. 

(4) While Egypt appears to have a comparative ad
vantage in broiler production, this industry is currently 
propped up by heavy subsidies. This may have been jus
tilled in order to get this industry started, but now that it 
has begun to take off consideration should be given to 
establishing a timetable for phasing out the subsidies. In 
tie absence of this. inefficiency will be protected. It is 
possible that smaller scale producers would be forced out 
of business if tile subsidies were eliminated. However, 
there are technical inefficiencies in the industry which can 
be reduced or eliminated if producers are given the eco
nomic incentive to do so. Reduction of inefficiency could 
permit even smaller scale producers to survive. 
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COTTON MARKETS AND GOVERNMENT POLICY
 

Choices made by Egyptian planners for production and 
marketing of the country's cotton crop involve some of 
the most critical and complex decisions in the Egyptian 
economy. Indeed, cotton policy can only be seen as an 
interaction of multiple objectives and constraints. First, 
cotton occupies about 20% of cultivated land and cotton 
prices thus represent a major determinant of agricultural 
sector income. Second, cotton pricing decisions are ir-
portant to the government treasury. Despite increased 
earnings from the Suez Canal and oil, lint cotton exports 
account for 20-25%/ of foreign exchange earnings. Since 
producer prices have remained less than half of export 
prices, cotton contributes to government revenues. Finally, 
cotton policies are of key concern to the industrial sector 
and urban consumers. The expansion of the domestic 
spinning industry has comprised a major component of 
industrial growth during the past two decades and the 
objective of low consumer textile prices has depended 
largely on the prices of cotton lint. 

This project has assessed the economic efficiency and 
price responsiveness of domestic production. the economic 
efficiency of domestic spinning, and the price behavior 
of the international cotion lint market. The results of these 
studies were utilized to examine the efficacy of Egyptian 
government interventions in the cotton market. Three areas 
were of particular interest: produce price policy and acreage 
restriction. consumer price policy and allocations of cotton 
to domestic spinning mills, and price-fixing policies for 
cotton lint exports. 

In addition to determination of the efficiency costs and 
benefits of particular p ;icies, this project attempted to 
explain how the various objectives and policies for pro-
duction, processing and export interact. Only if these in-
teractions are understood can agricultural planners develop 
a range of' options and analyze the prospects for change. 
The importance of this can hardly be overemphasized 
since cotton revenues more than cover the cost of all 
subsidies to agriculture, 

ACCOMPLISHMENTS 

SUPPLY 

Social and private profitability analyses were perforned 
using the domestic resource cost method on twenty cotton 
production technologies. The analyses varied principally 
in location, irrigation techniques (draft animal vs. diesel 
pump). land preparation (draft animal vs. tractor) and 
staple length of cotton output. Most of the principal con-
clusions can be illustrated by the eleven technology types 
described in Table I. These variants were chosen to isolate 
the effects on private and social revenues of the principal 
technological changes occurring in Egyptian agriculture, 

i.e., the rapid displacement of animal power, the effects 
of regional variations in labor and land costs and water 
requirements, and the effects of tradeoffs between staple 
length and yield. 

Recent increases in labor demands from other Middle 
Eastern countries and in the demand for rural education 
have resulted in rising wage rates for both adult and child 
labor, and labor has become a key resource constraint. 
The data in Table I illustrate the limited impact of the 
new technologies on labor input requirements. All the 
techniques are highly labor-intensive, reflecting the 
prominence of labor requirements for the tasks of pest 
control (collection ot egg masses), harvesting and packing. 
Input substitution among the techniques occurs between 
different types of capital inputs (machinery for animals) 
and types of tradable inputs (fuel for feed). Studies of 
capital-labor substitution await the introduction of nmech
anized harvesting and further increases in the use of 
chemical and biological forms of pest control. 

Yields vary inversely with respect to staple length. al
though regional variations in the yield of each staple length 
appear more significant than variations across staple 
lengths. This result is not surprising given the use of a 
single variety under a wide range of envionmental con
ditions. Solar radiation an, temperature are the most ima
portant differences in this regard, reflected by the substantial 
differences in water requirements between Lower. Middle 
and Upper Egypt. Yields are generally lowest in Middle 
Egypt, where 'Giza 75" is the dominant long-staple variety. 
Lower Egypt grows the same variety but with 50% higher 
yields. In Upper Egypt. 'Dendera' is the dominant long 
staple and yields are comparable to those of 'Giza 75' in 
Lower Egypt. Yields for the short staple variety are the 
most uncertain. Experiment station trials are difficult to 
assess. Yields have shown significant variation from year 
to year and experiment trials have changed cultural prac
tices, length of growing season and staple length in a 
simultaneous rather than a stepwise fashion. 'he yields 

chosen for this study are comparable to American yields 
and are probably conservative estimates. 

Summaries of the results of the study of costs and returns 
associated with different production systems are presented 
in Table 2. Each production system includes costs of gin
ning and transportation to Alexandria. the point of' ex
portation. The results for private prolitability suggest below
market returns to domestic factors in two ofthe three draft 
power technologies (lines I and 4), and in medium-long 
staple production (line 9). These numbers underestimate 
farmn-level returns, as all post-farm costs are absorbed by 
the government at no charge to spinning mills. Neverthe
less. all of these technologies offer lower returns than 
mechanized technologies and longer staple lengths, and 
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Table I. Description of Alternative Technologies of 
Cotton Production, 1980-81. 

Labor Input Length Yield Alternative 
Preparation Irrigation Requirement Input (Days/ of (Cantars! Crop! 

Governorate Technique Technique (W) Mandays Bovda's Feddan) Outpt Feddan) Rotation 

I. EI-Daqualiya Draft Draft 5220 51 96 34 EL.S 6.04 berscem
rice 

2. " Tractor Pump 53 90 7 ELS 6.34 

3. Tractor Pump 57 105 7 LS 8.21 

4. Menoulia Draft Draft 5220 57 III 36 LS 8.02 Berseem-
Rice 

5. " Tractor Pump 60 106 10 LS 8.42 

6. Beni-Suef Tractor Pump 7550 64 103 7 SS 8.00 Broad 
(Acala) Beans-

Soybeans 

7. Tractor Pump 6040 58 83 5 LS 5.50 " 

8. EI-Minya Tractor Pump 6040 43 83 5 LS 5.50 Broad 
Beans-

Soybeans 

9 Tractor Pump " 57 92 5 MLS 6.56 " 

10. Sohag Draft Draft 7350 53 113 39 LS 7.73 Broad 
Beans-
Maize 

II. " Tractor Pump 55 104 4 LS 8.12 

Table 2. Private and Social Costs and Returns to Cotton Production and Ginning, 1980-81 (LE/mt lint) 

Private Social 

Tradable Domestic Tradable Domestic 
Technology Revenue Inputs Factors Profit Revenue Inluts Factors Profit 

I. EI-Daq. (D-D-ELS) 1012 286 815 -88 2162 345 1249 568 

2. (T-P-ELS) 1012 265 742 5 2162 376 1139 646 

3. (T-P-LS) 978 211 636 130 1996 300 942 754 

4. Menoulia (D-D-LS) 978 288 798 - 109 1996 345 1136 514 

5. " (T-P-LS) 978 237 706 34 1996 338 1004 654 

6. Beni-Sucf (T-P-SS) 609 230 512 - 133 1303 338 620 344 

7. " (T-P-LS) 978 291 648 38 1996 428 802 765 

8. EI-Minya (T-P-LSI 978 284 650 44 1996 427 954 615 

9. " (T-P-MLS) 709 286 579 - 156 1914 408 834 672 

10. Sohag (D-D-LS) 978 274 656 48 1996 310 917 768 

II. (T-P-LS) 978 272 611 94 1996 357 840 798 
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thus 	the results are consistent with observed patterns of 
change in production technologies and staple length. The 
presence of positive private profitabilities reflects the effect 
of increases in producer prices in 1979 and 1980 and 
correspond with a marked reduction in farmer attempts 
to avoid the acreage allocations dictated by the central 
and lucal governments, 

The social costs and returns to each technique are pre-
sented in the last four columns of Table 2. The difference 
between private and social costs and returns reflects the 
impact of market imperfec: ons and government-induced 
distortions. The most prominent distortion is in the ou.put 
category, as domestic lint prices are held to less than half 
of their world-market values. Interestingly. the degree of 
protection varies somewhat across staple lengths. Nominal 
protection coefficients on output are 0.47, 0.49. 0.37. 
0.47 for ELS, LS. MLS and SS. respectively, indicating 
that MLS is particularly heavily taxed. The negative private 
profitability of the MLS s' in results principally from 
this tax. 

Tradable input costs are somewhat subsidized, as seeds, 
fuel, fertilizer and pesticides are provided at prices below 
world market levels. Domestic factor costs are about 501 
lower than their opportunity costs. This difference reflects 
the availability of subsidized credit and restriction, on 
land rental rates. Market interest rates ranged from 691/(. 
depending on the type of loan. while the opportunity cost 
of capital is estimated at I I . On average, capital costs 
were about 30)1 below their opportunity costs. Land rental 
rates are restricted by law and further distorted by the 
maintenance of low prices for alternative crops relative 
to their world-market levels. The opportunity cost Of land 
is based on the returns to alternative crop rotations (die-
scribed in Table I ) rather than the return to specific crop.
This procedure was necessary because o the long growing 

season for cotton and consequent overlaps with the alter-
native crop calendars. Rental rates represented only one-
fifth to one-half of their opportunity costs, 

Labor costs account for about one-half of the social 
Cost Of' dOllleStiC factors anld are eVen1 Mlore pronminent in 

the private cost calculations. M arket wages are assumed 
representative of the social opportunity cost of labor. Off-
fall demand from other Middle Eastern countries appears 
to play a significant role in the labor market in most areas. 
In addition, regional wae rate data for adults suWest:;Z 	 C * ,that the labor market is spatially well integrated. Wage 
rates appear to vary inversely with respect to the distance 
from Cairo. reflecting increased competition ((q'[he 	 wage rates for aitoso for labor. 

The Wa2C o hildreni Show variations of'10(/1-at~~cS 
whichgaregs nt(from 45 to 90 piaSrSerthe 1980)tha inWhich Ire su~bstanltially gre1-ater than tile Variation ill adult 
wages. This result probably reflects differeinces in local 
labor supply conditions, as children are not generally able 

Iga
The social piolitabilities of' all systems are positive. 

Domestic resource cost ratios vary Oetween ft.5 and 0.7. 
and are generally in agreement with the lindings of ieNvious 
studies. Regional differences are not pronou1nced. Tractor-
puimp technologies are superior to draft animal icchnol-

ogies, reflecting the technological superiority of mecha
nized capital equipment to animal capital. Long-staple 
cotton offers higher prolitabilities than other staple lengths, 
and Egyptian planners have efficiently cxploited relative 
comparative advantages among staple lengths as MLS 
and ELS acreages have been decreasing in favor of LS 
plantings. 

The ' rge net social profitabilities indicate the sacrifices 
of national income that would result from further reductions 
in cotton acreage in favor of import substitutes, such as 
wheat. The introduction of short-staple cottons may be a 
way to minimize the income losses from such a substitution 
policy. Although profitabilities appear lower for shorter 
staples on a weight basis, the American cottons have a 
growing season which is nearly two months shorter than 
the longer staple lengths (nine versus seven months). If 
a winter wheat crop can be grown in a live month period, 
six:'-staple cotton-wheat rotations may be technically 
feasible. Furthermore, the yields for short-staple cotton 
are conservatively estimated. A 50% premium for short
staple yields relative to long-staple yields is common in 
U.S. cotton production systems, and similar achievements 
in Egypt would cause social profitabilities per unit area 
to be equal across staple ,cngths. In this case, substitui on 
could occur with zero opportunity costs. These resutlt:s 
point to the need for further agronomic research to define 
the technological potential of the short staples. 

Cotton represents a source of foreign exchange and 
government revenues, and the ability of the government 
to tax cotton production is con,rained both by domestic 
production costs and by world prices for lint. Estimates 
of acreage responses at the governorate level demonstraited 
the ability of Egyptian producers to substitute among rops 
in spite of acreage allocation decisions by the governments.
A more subtle response of producers to output price changes 

involved adjustments in yields. The correlation between 
producer price increases and record cotton yields during 
the 1979-81 period suggests these responses are substantial. 
The responsiveness of yields is statistically coniirmed in 

alerltearlier data for the 1964-79 period. Estimates of yield 
response for the different staple lengths which range from 
0. I to 0.6. are based on estimates of profitability. Since 
1 increase in cotton price will increase profitability bymore than I 'A. these measures understate the yield elasticity

torest t metnut cnes 
with respect to Output price changes.

These supply' estimates suggest that. for most region;and staple lengths9 total output is elastic with respec to 
changes in domestic cotton Therefore, 
planners Could increase totnfprices. Th anEgyptianpmescudices thlrnso 	 revenueotal foreign exchange 
throug', increases in domestic cotton prices. Since output 
increases proportionally more than domestic price, ag
gregate returns to the government from subsequent export
sales Would more than offset the domestic price increase.
This 	calculation p that incieased exports do not 

force down export prices, a conclusion supported by the
market inteiraion analysis described below. 

" 
I)EMAND 

While planners may not be f'ully aware of the potential 
foreign exchange gains from changes in domestic price 
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policy, the presence of a domestic spinning industry is of in Table 3. Finns demonstrate large differences operating
particular importance in understanding tile current con- efliciencics. Five of the firms had negative private prof
striints on cotton policy. Figure I documents the trends itability in 1981 and thus required operating subsidies 
in exports and spinning mill consumption during the 1960- fioin the government. Since capital equipment is allocated
80 period. Cotton's importance in total export revenues to public sector firms without charge, at least some of 
has declined steadily in the last two decades as earnings this subsidy was an implicit rather than explicit transfer. 
from tie Suez ('anal. ipetroleum exports and emigrant Cotton represents the main input costs, accounting for
remittances have increased. Export volumes of cotton de- 43/ to 691/ of total costs. The shares are particularly
dined in absolute tern isas well. By 1980, export volumies low for the three most unprofitable firms (lines 6, 8 and 
were only 44(/ of their 1960 levels. This trend reflects 9) and suggest that inelliciencies may be concentrated in 
thC growth o! the spinning and w2aving sector during tie the use of non-cotton inputs. For the other two firms, the 
1960s and 70s, as spindle and loom muimbers nearly dou- cost share of cotton issubstantially higher, reflecting general
bled. Cotton and yarn processing represent the largest inefficiencies in the utilization of all inputs.
industrial employer, engaging about 30%q of the industrial Comparison of*private and social cost data indicate the 
sector labor force (300.000 employees). Although total magnitude of*consumer subsidies for outputs and the con
cotton production increased in ab1solute terms over the straints on firm profitability which would arise from in
1960-80 period (from 320 to -l00 thousand metric tons). creases in cotton lint prices to world market levels. Nominal 
spinning mill consumption increased more rapidly. By protection coefficients on total firm output vary from 0.60 
the end of the period. inills accounted for moic than 6)c to 0.84. The variation is caused by inter-firm differences 
of total utilization, in the composition of outputs. Coarser yarns for the pro-

The explanation of current cotton producer price policies duction of popular cloth are the most heavily subsidized,
thus depends primarily on the role cotton prices play in while liner yarns are sold at prices closer to f.o.b. levels. 
determining domestic spinning costs and textile prices. Cotton input subsidies amount to about 50% of f.o.b. 
Since 1973, mills have been required to purchase cotton values. In all firms, attempts to raise cotton input prices
at farm-level prices thus giving the spinning sector an to mills would require major increases in output prices.
interest in the formulation of'agricultural prices. This con- In six of the nine firms. output prices would have to 
cern is further increased by constraints on the prices for increase beyond world market levels in order to sustain 
yarns and fabrics which are held \xell below world market positive private profitability.
levels in order to subsidize domestic consumers. In sum. the data of Table 3 show that changes in gov,-

To assess the importance of cotton prices to the spinning ernmen, policies toward agriculture must first address the 
industry, private and social costs and returns wvere estimated plausibility of increased textile prices to consumers or
for ten of the largest spinning mnil;s. These mills account else make provisions for increases in direct subsidies from 
for about two-thirds of total spinning capacity. Results of the treasury to yarn and textile manufacturers. Current 
the cost-benefit analyses for nine of the firms are provided policy represents a way of maintaining low prices to final 
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Table 3. Private and Social Costs and Returns for Spinning Mills, 1981 (million LE) 

Private Social 

Firm Intermediate hiputs Domestic Itermediate Inputs Domestic 
Number Revenues Collon Olher Factor%. Profil Re,enues Collol Other Factlors Projit 

L. 16.94 10.27 0.68 4.05 1.94 " ,.09 20.47 0.92 4.05 0.65 

2.1 10.54 5.06 0.4, 2.85 2.14 14.81 9.61 1.40 2.85 0.95 

3.1 8.15 6.70 (0.46 2.54 - 1.61 13.68 12.70 0.68 2.54 -2.24 

13.80 9.62 0.85 4.08 -0.75 20.72 18.26 1.33 4.08 -2.96 

5. 46.33 20.71 2.88 11.55 11.19 59.13 40.41 3.11 11.55 4.06 

6. 19.93 10.70 1.48 12.74 -4.99 32.07 20.32 2.27 12.74 -3.26 

7./ 25.24 13.02 0.92 7.34 3.96 29.96 24.41 1.77 7.34 -3.56 

8./ 17.72 11.20 1.84 6.35 -1.67 

9. 37.05 22.26 2.3(0 14.60 -2.11 

Notes: Calculations bascd on daia for six months. 

consumers without imposing a direct burden on the gov-
ernment treasury. As with most other domestically-pro-
duced agricultural products. producers provide a substantial 
share of the subsidy to final consumers, 

Finally. subsidies will be needed even if spinning mi;s 
are able to produce yarns equal to current qualities from 
shorter staple cottons. World prices for 'Ac,la' cottons 
are about 65% of Egyptian long staple cottons and sub-
stitution of 'Acala' for long staple would eliminate the 
cotton subsidy requirement for only one of the firms. Yarn 
quality represents an important caveat to this type of sub-
stitution, however. Egyptian mill equipment is older than 
that of most textile producers, and Egyptian spinners pro-
duce relatively coarse yarns for a given staple length of' 


cotton input. Barring major changes in technical efficiency, 
attemps to spin yarns from shorter staple lengths will 
result in increased costs due to slower spinning and higher 
yarn breakage rates. Thus, the substitution of shorter staple 
lengths will not necessarily reduce the magnitude of sub-
sidization required by spinning mills. 

Cotton lint exports represent the alternative to domestic 
utilization. While export "olumes have declined over the 
past decade (frot 300 to 120 thousand metric tons), Egypt 
still accounts for about half the world exports of extra-
long staple cotton. During most of the post-war era, plan-
ners have associated these large market shares with market 
power and pursued an independent pricing policy. Prices 
are established by the six government-owned export coin-
panies based on annual visits to the principal export markets 
and judgments about world textile market conditions. 
Payments are usually made in convertible currencies: barter 
trade with the centrally-planned economies was deem-
phasized after the early 1970"s. Once established (usually 
in November), export prices are never lowered. Rather, 
prices increase by 1c/( -2t each month to reflect storage 
costs and to induce early placement of orders. 

26 24 21.24 2.73 6.35 -4.08 

52.',2 41.87 3.83 14.60 -7.68 

The reliance on price-setting policies rather than auctions 
or other rnarket-clearing practices presumes that the market 
demands for Egyptian cotton are largely independent of 
the market demands for other st;-)le lengths. In this case, 
changes in the supply of ELS can be expected to influence 
prices and the elasticit' of international market demand 
becomes an important parameter in the determination of 
optimal production pattern,. A number of developments 
over the last two decades, however, suggest changes in 
the economic relationships between the markets for different
 
the enmic relationshps betwenthetak fifernt 
staple lengths. The emergence of synthetic fibers and ad
vances in spiVin, technologies indicate that the ELS 
market may not be independent ef the markets for other 

staple lengths. Inthis circustance, the demand curve
 
for ELS cotton can be considered infinitely elastic. De
creases in ELS production, for example, will not result 
in higher prices for ELS varieties but instead will cause 
increased use of' shorter staple fibers or s;ynthetics in the 
manufacture of yarns traditionally dependent on ELS va
rieties. 

The linkage between markets for different qualities was 
examined. The pattern of relationships among staple lengths 
suggests a transitive sequence of adjustment rather than 
a pattern in which the prices of all staple lengths adjust 
simultaneously. Within the year, short staple prices are 
linked to medium prices, medium staple prices are linked 
to long staple prices, and long staple prices are linked to 
extra-long. But the adjustments between short and extra
long and medium and extra-long prices appear less coin
plete. Only three of the six short-extra long and nine of 
eighteen medium-extra long coefficients are significantly 
ditl'erent from zero. Complete adjustment of prices among 
these categories may require more than one year. 

An hedonic price analysis, which examines the price 
of cotton in terms of its quality characteristics, was used 
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Cotton has long been Icrop of major importance to the Egyptial economy. 
Cor'ect .,a key to providingi oeCrnnlcnt pricing of the v'rious grades 
appropriate signals to growers and to prompt sales thru avoidin stockpiling 
as seen here. Se\'eral ADS economics projects have investigated policy 
options oilpricing of Cottol. I'h',w: .ohn Rwntree 

to test for the stability of discounts and premiums for 
staple length over tinme (Monke & Petzel. 1981). 

The first implication of these results is that, in the long 
run, the world market for cotton can be considered a 
single market with respect to staple length. Few end uses 
exist for which ELS fiber is uniquely required and the 
marginal elasticity of substitution across qualities appear 
sulfliciently hlge to present long-run changes in the relative 
prices of different staple lengths. The pattern for price 
adjustments within the market may involve a time lag 
however, with the initial impetus for price changes de-
termined by changes in the demand for particular end 
products. Increases in demand for medium staple prxlucts 
Will eventually effect ELS demand and prices as ilanu-
facturers are forced to buy increasingly longer staple cotton 
with which to make their products. Initial increases in 
ELS demands Will Ultilately affect mediuil staple prices 
ina similar manner. The rate at which changes in denland 
occur Will he influenced by mill-level variations in nitro-
agerial ability. vintage of capital stock, and costs of al-
ternatives ill the production process. 

Tile specifications of a global denland supply Model 
provide insight into the long-run prospects for the cotton 
market and for prediction of the price effects of expanded 
Fgyptian production. Empirical lodels of international 
co1llnlodity ta:Ide usually view internationlal markets as 
colponents of total productioin and cOisLnlptiOil. Output 
and consuilpt itn within eacll country are asStlld Itlbe 
determined by international prices with excess denlanls 
or supplies being imported or exported. However. such 
approaches ignore the presence of quantitative controls 
oil trade and are therefore inappropriate for tileanalysis 
of* trade in many priilary products. Cotton is an especially 
good case inpoint as cotton productioi is dominated by 

less-developed countries (LDC's) and centrally planned 
economies (CPE's) whereas exports are largely determined 
by the decisions of state trading monopolies. With quail
titative restrictions on trade, domestic prices bear no nec
essary relationship to international prices. the result being 
that movements in world prices are not particularly useful 
in explaining global consumer and producer behavior. 

A second complication arises from cotton's role as an 
intermeliate input. Spinning mills are the principal con
sLIlers o1 cotton, although small alounts are Utilized by 
other industries such as pharmaceuticals. The production 
of yarns involves a number of forxvard decisions such aS 
the determination of fabric colors and pattenls. varn counts. 
and fiber blends. These decisions are usually made in 
consultation with apparel and household lnishing 
wholesalers and manufacturers, and orders are usually 
taken for the delivery of fabricated goods in a ftuture period. 
Cotton consunllptiol decisions by spinning mills are thus 
Made ill advance of actual purchases so that. as with 
production. expected prices again dCternline econoilic 
behavior. The model assumes: that tle deilland for cotton 
inworld price-responsive countries is a fuinction of the 
expected own-price. tIle expected price o1 substitutes. 
income, and trends in tastes and technology; that current 
production depends upon the expected own-price and the 
prices of substitutes: and that the expected price by the 
stockholder is a functionl of past prices. The Model divides 
tile cotton market into price responsive and non-price re
sponsive countries which implies that the price-responsive 
countries Wvill adjust intile short-run to the actions O¢" 
price-exogeilOus countries through adjustments ill inven
tories, and inthe long-run Via ad justm~ents in levels Of 
production and consunption. The output of the model 
indicates that: 

165 



" total world supply is inelastic with respect to world Table 4. Estimates of Demand Functions for 
price changes even in the long run- Egyptian ELS Cotton 

* own-price elasticity is -0.27 (avalue similar to 
that found in other studies) but in the long run, Equation 1 
consumption appears to be price-elastic, with a In Q, = -1.24 In P, + 1.5 In Y, + 0.83 In S, 
point of estimate of - 1.69; (5.1) (7.0) (7.7)

" and, that current prices are dependent on inventory 
adjustments in the price-responsive countries. The R-= .722 SE = 0.19683 DW = 2.102 
estimated elasticity (calculated at the point of means) 
is -0.54. based on an average stock change of Equation 2 

P,
1.98 million tilt. InQ, = 3.25 - 1.24 In- ' 0.44 1nQ,_
Insum. the international market analyses suggest that (3.6) (3.'7) (2.5) 

substantial expansion of Egyptian cotton exports is not 
R2likely to cause significant declines in export prices. Egypt's = .565 SE = 0.24599 DW = 1.885 

share of the total world market for cotton is only 4%and 
the long-run elasticity of demand of - 1.7 implies that a Q 1000's of bales of ELS exports to market economiesreturn to export levels of the early 1970's would be readily 1= real dollar fob price of gypian ELS exportsy . = real dollar income in importing countries 
absorbed by tile price responsive countries in the inter- S, real dollar price of polyester fibers 
national market. In additon, income elasticities of 0.5 and L = real dollar U.S. farm price of IP/,," middling cotton 
population growth imply that the demand curve will con- (tstatistics are reported in parentheses) 
tinue to demofstrate significant outward shifts. and long
run price levels appear likely to remain at their level of in consuming countries was total OECD real gross domestic 
the 1970-80 period. Thus, decisions by planners to reverse product in dollars. Prices of competing fibers included 
the trends of increased domestic utilization and reductions the dollar price per pound of polyester fiber delivered to 
in cotton acreage will increase foreign exchange earnings US mills and the US farm price in dollars of middling
of the econonmy at a constant rate. 11/t," cotton fiber. All prices were deflated by the OECD 

Intile short-run. however, Egyptian planners may have gross domestic product implicit price deflator to obtain 
some latitude for price manipulation of the Egyptian LS real dollar prices. Income and polyester price data were 
and ELS varieties: however, effective use of this needs for the calendar year while export volume, export price, 
to be linked to price forecasts. Accordingly. tile and US I Yi," price data were for the crop year beginningfinal 
component in the demand analysis was the selection of a August I of the comparable calendar year and extending
methodology for forecasting cotton prices. A pricing model t July 31 of the following calendar year. As a result. 
was developed consistent with the demand characteristics income and polyester price data refer to a period which 
already identified, as well as with supply considerations lags seven months behind export volume and cotton price
and with the dynamics of speculative markets. Cotton data. 
market transactions are often made with a view towards The equations reported in Table 4 have quite diff'erent 
resale at a later date or, in what atnounts to the same implications for the price responsiveness of export demand. 
thing, stocks of cotton are withheld from the market in Equation I . with lowest standard error, implies that exports
anticipation of' higher future prices. As a result of these are totally unresponsive to export prices within the crop 
speculative transactions, today's price is in large part de- year. The results indicate that export demand responds to 
termined by what tomorrow's price is expected to be. To prices in the preceding year. The point estimate of the 
capture these speculative effects, the cotton pricing equation elasticity of' demand ;o lagged prices is 1.24. Equation 2 
reflects tile influence of stocks of raw cotton on hand and reveals asimilar point estimate of the elasticity of demand 
the effccts of' future demand and production costs. This but to current rather than lagged prices. Export demand 
equation forecasts future demand by using other foiccasts also depends heavily on lagged export demand, which 
of world income, price of substitutes, and world cotton implies an additional distributed lag response to price
production. These forecasts permit us to predict cotton changes over time. With a lagged export coefficient of 
prices one year into the future. about 0.44. the elasticity of export demand after one year 

Table 4 summarizes tile results of econotnetric estimates increases to 2.21. 
of the demand for Egyptian ELS exports. 'File dependent These estimates can be used to identify the reduction 
variable was the number of bales of Egyptian ELS exports in ELS export prices needed to avoid ELS stock accu
to all market economies. Exports to the CPEs were excluded mulation during the 1977-78, 1978-79. and 1979-80 crop 
on the assumptio~n that their demands were likely to be years. These required price reductions are then compared
less price responsive and/or based on bilateral tride agree- to the net social cost of growing ELS cotton to determine 
ments whose terms are not necessarily reflective of hard whether production of cotton in those years exceeded the 
currency export prices. socially profitable level. Columns I and 2of Table 5show 

Variables used to explain Egyptian ELS exports are: actual LS and ELS export prices. Columns 3 and 4 identify
income in consuming countries. Egyptian export prices, the world prices which make the domestic resource cost 
and prices of cnipeting fibers. The proxy used for income (DRC) eqmid to one inthe least efficient producing regions. 
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Table 5. Comparison of ELS Export Prices Required to Eliminate Stock
 
Accumulation to Actual FOB Export Price and World Price which
 

Makes DRC = I (LE/MK)
 

Actual FOB Export World Price fin Required % Change in ELS 
Year Price Lagged which DRC = I Exports to Market Econonies 

(I)ELS (2) (3) ELS (4) (5) 
LS 

77/78 67.09 54.24 45.11 

78/79 51.51 43.99 45.11 

79/80 95.13 84.23 80.62 

% Change in Export Price 
Required to Control 
Stock Accumulation 

In Year of After One 
Year Accuanulation Year 

(6) (7) 

77/78 -3 
Not 

78/79 Possible -8 

79/80 -59 

77/78 -3 -2 

78/79 -8 -5 

79/80 -59 -40 

Column 5 indicates the percentage change in exports to 
market economies required to avoid accumulation of ELS 
stocks. These percentages assume that only exports to 
market-oriented economies will change in response to 
export price changes. If. for example. Eastern European 
export volume also responds to price changes, the "re-
quired" price changes reported in Columns 6 and 7 are 
overstated. 

With Equation 1.price reductions affect demand with 
a one year lag. Insuch a case. policymakers would either 
have to anticipate potential ;tock accumulations one year 
in advance a;.d make price adjustments at that time or. 
alternatively. adjust prices in the year in which stock ac-
cumulations occur and then hold in inventory the excess 
amount for one year until price adjustments have time to 
eliminate the stock accumulations. Columns 6 and 7 for 
Equation I indicate the reduction in f.o.b. ELS export 
prices would have offset stock accumulation after one 
year. Only in 1979-80 would price reduction have resulted 
in a price below that which makes ELS cotton production 
socially profitable. Equation 2 demonstrates results which 
are similar qualitatively, although the larger demand elas-
ticity suggests less drastic price cuts. 

LS 

41.91 3.81 

41.94 9.84 

74.98 73.24 

FOB Export Prices 
Required to Control
 
Stock Accumulation
 

In Year qf After One 
Accmhtlation Year 

(8) (9) 
Equation 1 

65.03 
Not 

Possible 43.66 

39.00 

Equation 2 

65.06 66.42 

47.44 50.49 

39.15 63.42 

For several reasons, these re :ults are likely to overstate 
the size of the price changes ,:quired to eliminate stock 
accumulation. First, only the demand from miarket econ
omies isconsidered. wh' exports to nonmarket economies 
represent about 50% of total Egyptian ELS exports. Second, 
the price elasticities come from a sample which reflects 
dependence upon a relatively unchanging set of customers 
for the bulk of sales. One should not be surprised to find 
that unusually large changes in Egyptian prices will evoke 
larger and faster demand responses than those measured 
here as occasional buyers will be attracted to the market. 
Third. this approach considers a very short time horizon. 
The optimal solution to an inventory problem usually in
cludes adjustment over more than one (or even two) pe
riods. Finally. the stock levels reflect the cumulative effect 
of errors in setting market-clearing prices. By 1980. stocks 
had grown substantially larger than export sales and thus 
unprecedented price cutting would be required to get tra
ditional customers to absorb the increase. 
CONCLUSION 

The performance of the cotton economy in Egypt has 
been largely determined by government policy. Eflicient 
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resource allocation has not been a principal objective in 
the determination of production patterns as interest in 
foreign exchange revenues, urban industrialization pro-
grams and low consumer prices for textiles have dictated 
low prices for cotton producers. While consideration of 
nonagricultural interests is necessary to delineate the ob-
jectives of cotton policy, the reliance on lint prices as the 
primary instrument with which to achieve objectives can 
only be understood by consideration of the self-interest 
of government. From the perspective of the government 
treasury, increases in domestic producer prices have two 
unfavorable effects. First, increases in prices reduce the 
profitability of export sales. Second, increases in lint prices 
force increases in consumer textile prices unless govern-
ment increases direct subsidies to the spinning industry. 
Given the constraints on government revenues and the 
substantial costs of other commodity subsidy programs, 
attempts to change price policies require major shifts in 
the objectives of policy as well as the financial capacity 
to pursue these objectives. At the same time, however, 
planners have not been able to ignore entirely output prices 
at the farm level. Even with the use of forced area allo-
cations, supply response appears to be prce-elastic as 
farmers vary yields and ignore mandatory area controls 
to some extent. Thus policymakers are required to offer 
positive private profitability at the farm level. 


The dominance of nonefficiency objectives in the for-
mulation of cotton policy suggests that agricultural planners 
have little room for independent manipulation of prices 
and maximization of agricultural sector incomes. Income 
gains which result exclusively from agricultural policy 
are likely to be limited to improvements in varieties, such 
as short staple cottons, and the development of more ef'-
ficient production technologies which can profitably sub-
stitule capital for labor. Mechanized harvesting technit,,s 
ire probably the more itnportant in this regard. Evzn i, 
these cases, however, decisions by planners on foreign 
exchange allocations for equipment purchases and the 
response ofthe spinning industry to shorter staple lengthsther piing inustry hoter sntae egltha 
may remain critical constraints to change in the agricultural 
sector. 


The piecemeal approach to cotton policy and the resulting 
constraints on domestic price policy miss significant po-
tential gains to tile Egyptian economy. Dotnestic supply 
and international market demands both appear price-elastic, 
and increases in producer prices and expansion of exports 
would increase both aggregate f'oreign exchange earnings 
and net tax revenues for the government. These revenues 
could then be used to provide direct subsidies to textile 
consumers and at least partially replace the indirect textile 
subsidies provided by cotton producers. Economic policyhas largely ignored these potential changes. as particular
interest groups do not see beneits fronil change, and central 

planners ignore the transfers which could compensate 
particular groups. The changes described above are si-
multaneous but, if' implemented without central coordi-

nation, compensation of potential losers will not take place.
 
Like many other agricultural commodities, significant
 
changes in cotton policy remain dependent o,changes in
 
objectives and policies in other sectors of the economy.
 

PUBLICATIONS 

EI-Adawy. Mahutoud. (1982) Cotton Production Techniques inEgypt. ADS-

Egypt Working Paper # 103.
 

Heckerman. Donald G. (1982) Forecasting Prices for aWidely-Traded
 
Staple Length. Al)S-Egypt Working Paper #103.
 

Heckerman. Donald G. (1981) Towards aModel for Forecasting Cotton
 
Prices. ADS-Egypt Working Paper #52.
 

Heckernian. Donald G., H.A. Khedr and H.A. KchirEI-Din. (1982) Stock
Accumuldation. Export Demand. and Appropriate Export Prices for 
Egyptian Long Staple Cotton. ADS-Egypt Working Paper #112. 

Khcdr. H.A. (1982) Choice of Technique Under Price Distortion: Case
 
Example of a Jeopardized Agricultural Sector. Al)S-Egypt Working
 
Paper #73.
 

Klhedr. H.A. (1982) Export Prntotion v.Import Substitution: Impact of 
the Trade Strategy on Econolniic t)evc1opment. ADS-Egypt Working
Paper #7 1. 

Khedr. H.A.. et al. (1982) Economic Efficiency of Cotton Production. 
AlDS-Egypt Working Paper # 105. 

Khedr. H.A., ctal. (1982) Economic Indicators of Etliciency of the Egyptian 
Spinning Industry. ADS-Egypt Working Paper #1104. 

Khedr. H.A. and Todd Pcizel. (1982) Agricultural Trmde Policy in Contet
porary Egypt. ADS-Egypt Working Paper #91. 

Khedr, H.A. and H.A. Kheir-EI-Din. (1982) Impact of Location on CottonYields and Prolitability. ADS-Egypt Working Paper #93. 
Khedr. H.A.. H.A. Kheir-EI-Din and Todd Petzel. (1982) Cotton Supply 

Response: A Case of a Distorted Market. ADS-Egypt Working Paper 

#94. 
Kheir-EI-Din. H.A.. H.A. Khedr and M.H. EI-Adawy. (1981) Agricultural 

Intensification: Concept. Prospects, and Rationale: The Case of Cotton. 
ADS-Egypt Working Paper #7. 

Monl:e. Eric. (1981 a)TIte Calculation of )otnestic Resource Cost and NetSocial Protitability. At)S-Egypt Working Paper #28. 
Monkc. Eric. (1981b1 Inpttt Substitution and Shadow Price Estimation in 

Distorted Ecotomics. ADS-Egypt Working Paper #37. 
Monke. Eric. (1983) International Market Demand for Cottoi: A Survey 

of the Literature. ADS-Egypt Working Paper #32. 
Monke. Eric and Todd Petzel. (1981) lItegration of International Market 

for Cotton. Al)S-Working Paper #43.
Monke. Eric A. and Todd E.Petzcl. "Market Integration: An Application 

to International Trade itt Cottott." Amnerica Journal of'Agric'ultro' 

Ecowtnoics. (in press). 
Monke. Eric A. and Todd I. Petzel. "rhe Role of Staple Length in the 

Intenational Conon Market.' Agricultural Experiment Station Teh'ticai 
Bulb'in Series. University of Arizona. (in press). 

Mottke. Eric and Lcster D. "l~tilor. f1982) Goverment Policy and Inter
national Trade itt Cotton. ADS-Egypt Working Paper # 113. 

Monke. Eric A. and Lester D. Taylor. "A Trade-Constraitied Model olfthe
International Cotton Market." (II( Statistics.Review of I-tconomic.s 
(in press). 

Toraych. Moharncd. (19(,-1Importance and Repercussion:s of Cultivating 
theAmerican Short Staple. Short Duration Cotton on the Egyptian 
Economy. ADS--gypt Working Paper #81.

roraveh. Mohated. (1982) Importance. )evelopnents. and Problems of 
thie Cotton Spinning Industry inEgypt. ADS--gypt Working Paper#1 I(. 

Sunary and Proceedings of tie Sixth Fconotnic:, Policy Workshop on 
the Ftture of Cotton itt tle Egyptian lEconomy. (1982) ADS-Egypt 

Working Paper #114. 

168
 



THE EFFICIENCY OF THE EGYPTIAN FARM
 

The Farm Efficiency Project undertook to measure the 
structure of farm-level Egyptian agricultural technology 
and to evaluate the effects of agricultural policy on farm-
level resource allocation and productivity. Recognizing 
that joint production is an important characteristic of 
Egyptian production technology, a major goal of tile project 
was to assemble data and develop a multiproduct econo-
metric production model for policy analysis. 

ACCOMPLISHMENTS 

SURVEY OF AGRICULTURAL POLICY AND 
AGGREGATE DATA FOR MAJOR FIELD CROPS, 
1960-1980 

A major goal of the research activity was to evaluate 
the effects that agricultural policy has had on productivity 
and resource allocation. An important first step towards 
that goal was to survey the major policies which affected 
agricultural production. In addition, it was necessaryv to 
survey the available aggregate data to learn about major 
trends in productivity, input use, and prices. For this pLir-
pose. policy surveys and data were assembled for major 
outputs by governorates as well as for all Egypt. Additional 
detailed data were available for fertilizers, pesticides and 
seeds. Detailed data on production, consumption. iilpOt1il! 
and exports of these inputs were collected. Price, yield 
and area data were assembled for major products. Detailed 
data were assembled and policies analyzed for rice. whc:t. 
maize and cotton. 

Analysis of Rice Technology, Farmer Rationality, 
and Agricultural Policy 

Research in Phase I of the activity investigated the 
structure of Egyptian rice technology in the important 
East Delta region and used these findings to draw some 
preliminary inferences about policy questions. Tile econ-
onletric model was based on a lomothetic translog cost 
Inctioi Estimates of this model allowed us to test the 
technology structure and to estimate input demand elas-
ticities. These elasticities provided important information 
about the price responsiveness of Egyptian farmers and 
about various agricultural policies, 

Egyptian agricultural policy emphasizes output regula-
tion through intervention in product and input markets 
and enforced crop rotation. Such policies imply that the 
central decision-making agency, the MOA, can make better 
resource allocation decisions than farmers themselves. 
This view contradicts much agricultural development lit-
erature which, beginning with T.W. Schultz's work. has 
found farmers to be economically rational and efficient. 

Economic theory implies that economically rational fanners 
make input decisions as a function of the opportunity cost 
of inputs. Therefore, to test fanner rationality, we estimated 
the cost function with free (or black) market prices of 
inputs rather than much lower government-administered 
prices. 

To illustrate, we considered nitrogen fertilizer distri
bution. In 1966, Agricultural Law No. 53 gave the MOA 
monopoly power to distribute fertilizers for each crop at 
subsidized prices. During the period 1973-78, the nitrogen 
quota per feddan was about 31 kilograms. For other major 
field crops, similar quotas were applied-38 to 62 kilos 
for wheat and maize and 46 to 62 kilos for cotton. To 
investigate the economic effects of this policy, consider 
tile standard theory of derived demand. Each farmer's 
fertilizer de and is a function oflocal technical and eco
nomic conditions. Theory predicts that the fertilizer use 
of economically rational farmers will vary. Some farmers 
will use more fertilizer than the quota if they can acquire 
it. and others will use less, so there should be economic 
incentives for farmers to trade fertilizer in a black market. 
Indeed, an active fertilizer black market exists in Egypt. 
Survey data show that the average government price per 
kilogram of nitrogen was about 0. 15 Egyptian pounds 
(LE). This was only about 571/ of the average black 
market price. Economically rational farmers thus base 
their fertilizer allocation decisions on this price which is 
the opportunity cost of fertilizer. 
The Homothetic Translog Cost Function 

The empirical model used to study the structure of East 
Delta rice production was a homothetic translog cost func
lion. Rice production data came fr'om0the 1976-77 Farm 
Management Survey conductcd by the Egyptian MOA. 
Our sample covers the East )elta region which comprises 
tile Sharkia. Dakahlia. and Domiatte governorates. 

The iodel was specified with prices for hired labor. 
mechanical power. animal pOwer. and nitrogen and phos
phate fertilizers. Acreage under cultivation, family labor 
input, and two regional dummy variables were included 
as fixed factors. Famzers' acreage decisions are constrained 
by exogenous factors such as the government-administered 
crop rotation system.. 'he fainily labor variable perhaps 

should not be a fixed factor. However. without more in
formation about the opportunity cost of family labor, we 
could not estimage a separate input deland function for 
it, and we treated it as fixed. 

The model's parameters were used to calculate input 
denimnd elasticities (iTable I ). These estimates imply sub
stantial price -responsiveness by farmers. All significant 
own-price elasticities are negative as implied by economic 
theory. Only tile machinery elasticity is small and positive 
but has a large standard error. The elasticities of inputs 
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Table I. Output Compensated Input Demand Elasticities Based 

on the Translog Cost Function for East Delta Rice, Egypt, 1976 

Equation: 

Hired Anitmal Mechanical 
Labor Power Power Nitrogen Phosphate 

Prices: 

Hired Labor -. 730 .142 .020 .428 -. 462 
(.602) (.344) (.090) (.555) (.552) 

Animal Labor .485 - .907* - .049 1.081 * 3.314* 
(.361) (.434) (.069) (.484) (1.481) 

Mechanical Power .101 - .243 .014 -. 148 - .552 
(.472) (.344) (.100) (.534) (2.385) 

Nitrogen .317 .762 -. 021 - 1.684** -1.565 
(.407) (.484) (.075) (.592) (1.852) 

Phosphate - .101 .694* - .023 - .464 - 1.232 
(.341) (.310) (.099) (.549) (.741) 

Fixed Factors: 

Land .229** -. 174"* -.072** .274** .358** 

(.049) (.043) (.029) (.093) (.114) 

Family Labor -.122** .109** .019 -.107 -.183** 
(.030) (.028) (.019) (.061) (.073) 

Note: Standard errors in parentheses. 
*Significant at 5 percent. 
*Significant at I percent. 

with respect to fixed factors show a consistent pattern. 
Ceterisparibus, increased rice acreage is associated with 
increased use of hired labor and fertilizers, and reduced 
aninal and mechanical power input. Increased family labor 
use is associated with an opposite pattern of input use. 
These results show that fatmily labor substitutes for hired 
labor and is complementary to animals and machinery, 
Such complementarity is consistent with the established 
patterns of labor use. Typically, family members tend 
animals and operate machinery, especially when they are 
family owned. 

Implications for Agricultural Policy 

We argued above that economically rational farmers 
would u,,e nitrog.n fertilizer as a function of the black 
market price, a hypothesis clearly supported by our esti-
mates of the elasticity of nitrogen and phosphate fertilizer 
demand. Another piece of supporting evidence is the dis-
tribution of fertilizer per feddan for farmers in our sample. 
Histograms of the data show that while the average is 
near the govenment quota, many farmers use either more 
or less fertilizer, as theory predicts thcy would, as a function 
of*local economnic and technical conditions. Thus. if fanners 
were to follow the government's quota, rmost of them 
w0.1ld be producing with a fertilizer input level which 
would be both economically and technically inefficient, 

The fact that farniers deviate from the government quota 
might be viewed as evidence that fertilizer is being effi
ciently allocated. However, the free market in fertilizers 
is an illegal one, and although farmers manage to allocate 
fertilizer to other crops or trade it in their villages, inter
village and interregional fertilizer trade appears to be very 
limited. This suggests that the quota and distribution syster 
does reduce the efliciency of fertilizer use in the aggregate. 

Further evidence of the fertilizer distribution system's 
inefficiency comes fi'om a comparison of domestic and 
world fertilizer prices. A free-trade policy in fertilizer 
would lead to equality between domestic and international 
prices, with farmers using fertilizer up to the point where 
the value of the marginal product equals the world price.
However ,f trade were restricted and the country were a 
net imp,,ierof fertilizer, the domestic market price would 
rise above the world price. This tatter scenario accurately 
describes Egypt. In 1977. the world price of nitrogen 
fertilizer was about 0.2 LE/kg at the official exchange 
rate. as compared to the subsidized price of 0. 15 LE/kg 
at the government cooperatives. The fact that the quantity 
of' fertilizer was severely restricted is evidenced by the 
average black market price which was 0.27 LE/kg in the 
East Delta. and by prices as high as 0.40 LE/kg in some 
villages. Combined with the high price elasticity of nitrogen 
demand. these prices indicate quantity was restricted far 
below the free-trade equilibrium. 
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The cross-elasticities of demand show strong substitution 
between hired labor, animal power and fertilizer. These 
relationships can be explained partly because hired labor 
and animal labor are used to produce and apply manure. 
Therefore, tin increase in the wage rate or the cost of 
animal power gives farmers an incentive to substitute ni-
trogen for manure. If less family labor is used to apply 
chemical fertilizer than manure, then family labor and 
fertilizer should be negatively associated. The elasticities 
of both nitrogen and phosphate with respect to family 
labor are negative with relatively small standard errors. 
There is evidence supporting this relationship. These results 
suggest that increased fertilizer availability will reduce 

the fertilizer price, encourage farmers to substitute pur-
chased fertilizer for manure, and cut back on hired labor 
and animal labor. 

Recently there has been an unprecedented increase in 
rural wages which can be linked with increased out-
migration of Egyptian workers in response to wage rates 
in the nonagricultural sector in Egypt and other Middle 
Eastern countries. The current debate over an appropriate 
policy for the resulting labor shortage in Egyptian agri-
culture includes the question whether or not the governent 
should continue or expand its program of subsidizing farmi 
mechanization and whether or not the shortage is a long-
run phenomenon. 

Our estimates of demand cross-elasticities show a very 
small and statistically insignificant substitution between 
labor and mechanical power input. There also is sonie 
evidence of complenentarity between family labor and 
mechanical power. These results reflect the way in which 
niechanical power is used in rice cultivation. The two 
forms of mechanical power are tractors for land preparation 
and pumps for irrigation. Substituting meclianical power 
for animal power in these operations does not greatly 
reduce human labor input. However. the increased pro-
ductivity attainable with improved land preparation and 
irTigyation increase; 'dle labor demand in planting. cultivating+ 
and harvestin. 

Another factor contributing to the low measured own 
and cross-elasticities for mechanical power is the nonprice 
rationing system determining mechanical power use. 
Tractors and pumps are both privately owned and provided 
by government cooperatives in each village. There is an 
open rental market for them at prices generally above the 
subsidized cooperative price. However. in many villages 
the primary source of tractors and pumps for farmers who 
do not own them is tilevillage cooperative. According to 
survey data. government cooperatives supplied 89(/ of' 
tile tractor horsepower available in the I I villages in our 
sample. 

Therefore. it is not clear whether the low degree of 
input substitution and price elasticity are characteristic of 
the technology or are due to the monprice rationing system, 
If'labor and miechanical power are not readily substitutable 
with tile increased mechanization ofexisting technology, 
the kind currently in use will not relieve the labor shortage 
problem. Assuning the labor miarket change is permanent. 
the governmient's efforts should be to introduce new me-

chanical technology which can substitute for labor in critical 
operations where more labor is needed. For rice and most 
other field crops, the critical operations which are still 
largely uniechanized in Egypt are planting and harvesting. 

While it may be sensible for the government to subsidize 
research, development and diffusion of appropriate new 
mechanical technology, it is not clear that it should directly 
subsidize mechanical inputs at the farm level. Rational 
farmers in Egypt will respond to wage rate increases by 
demanding more machinery just a; U.S. farmers have. It 
is reasonable to argue that Egypt wotld benefit from a 
change in agricultural policy to phase out the government
suppl. system for mechanical technology and to encourage 

a private supply system. 

The 1981-82 Production Survey: Comparison to the 
1976-77 Farm Management Survey Data 

A random sample of 10 East Delta villages inSharkia. 
Dakahlia. and Domiatte governorates was drawn and 150 
farmers were randomly selected in those villages. The 
survey was carried out in the sumer of 1982 to obtain 
production and price data for the previous season's ma.jor 
field crops. Comparison of these data to that collected for 
the 1976-77 Farm Management Survey in Egypt revealed 
some important technological changes. One is a marked 
increase in fertilizer use in all crops but cotton. Average 
nitrogen use per feddan on rice. wheat, corn. and cotton 
was 32. 42. 53. and 48 kilograns according to the 1976
77 survey. In contrast. the 1981-82 survey shows the 
corresponding values to be 66. 63. 94. and 7 1kilograms. 
which represents on average a 681/ increase in nitrogen 
use. This increased availability ofnitrogen seems to explain 
the decrease inblack market fertilizer trade. In 1981-82. 
farners reported buying on average only about 61/ of 
their fertilizer in the free market (which is in fact a black 
market). In contrast. the 1976-77 data showed that on 
average about 10%/Iof the nitrogen used was obtained in 
tile iarket. Yields showed changes corresponding tofree 
fertilizer input. Rice and cotton \ ields each increased about 
26K fron 1976 to 1981. whereas wheat increased 14(4 
and corn increased 17(7,. 
The total hours of' mechanical p \Ver and hired labor 

used per feddan were about equal in the two surveys. 
However. there Was a signilfican change in machinery 
ownership. The 1976 data showed that 89/ of total tractor 
horsepower available was owned by the goverinilient co
operatives. This infornation was not collected in the 198 1
82 survey. but we did collect data on hours of mechanical 
power from privately owned an1d rented (either from1 tile 
government cooperative Or private owners) equ ilent. 
l)epending oil the crop. these data show that 30 to 60(/ 
of the iechanical services catte from machinery owned 
by the farller who used it. Since part of' the machinery 
rented is also privately owned. this meanos that in 1981. 
at least 30( or more of the mechanical CLIIipment ill use 
Was privately owned. This represents a substantial increase 
in privately owned machi nery from 1976. 

There were also ma.jor changes in relative prices from 
1976 to 198 1. most notably the price of hired labor which 
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Table 2. Output Compensated Own-Price Input Demand Elasticities for Based on
 
Estimates of the Single-Product Homothetic Translog Cost Function East Delta
 

Region, 1981-82
 

Input Wheat 

Hired Labor - .240 
(.121) 

Mechanical Power - .491 
(.078) 

Nitrogen - .586 
(.208) 

Phosphate - .408 

(.619) 

Animal Labor -. 584 
(.197) 

Note: Standard errors in parentheses. 

increased 200-300% relative to other inputs. This increase 
rellects the labor shortage problem, which was due to the 
outmigration of agricultural labor to the nonagricultural 
sector in Egypt and to other Middle East countries where 
much higher wage rates prevailed. It is remarkable that 
in spite of these dramatic relative price changes, hired 
labor input did not decline relative to most other inputs 
except nitrogen. One goal of the research was to explain 
why this occurred. 

The homothetic translog cost function defined above 
was specified with prices for hired labor, mechanical power, 
animal power, nitrogen and phosphate fertilizer. Acreage 
under cultivation, family labor, and regional dummy var-
iables were included as fixed factors for all crops. The 
cotton model also included a variable measuring the value 
of pesticides applied. 

Table 2 summarizes the own-price input demand elas-
ticities implied by the estimated translog cost functions. 
Like the analysis based on the 1976-77 Farm Management 
Survey data. the elasticities imply farmers respond ra-
tionally in input price changes. Like the pr-k ious analysis, 
the cross price elasticities based on the 198 1-92 data also 
showed tlhi hired labor and mechanical power are not 
strong sustitutes for each other. Overall, the results of 
this analysis supported the above policy analysis based 
on the 1976-77 rice data. 

MULTIPRODUCT ANALYSIS OF SUMMER 
FIELD CROP TECHNOLOGIES 

The agricultural technologies in Egypt and many parts 
of the developing world are multiproduct in nature. For 
the most part, only normative linear and quadratic pro-
gramming models have been used to evaluate agricultural
policy questions in a multiproduct framework, and such 
models presuppose knowledge of the technology structure. 
We developed a multiproduct translog profit function model 
to characterize the structure of summer field crop tech-

Crop 

Corn Rice Colton 

- .669 - .008 .184 
(.144) (.187) (.126) 

- .775 -. 792 - .919 
(.132) (.132) (.141) 

- .918 -1.036 - .775 
(.225) (.496) (.314) 

- .590 -. 175 -. 159 
(1.200) (.280) (.647) 

-. 997 -. 302 - 1.023 
(.169) (.203) (.252) 

nologies using the 1981-82 survey data described in the 
above section. We used the estimates of input demand 
and output supply functions based on this model to evaluate 
current agricultural policy questions. In addition, we 
compared the multiproduct technology estimates of input 
demand elasticities to those presented above produced by 
the single-product model. This comparison provides an 
example of how the assumptions of single or multiproduct 
technologies affect estimates of the technology structure. 

Since the parameters of the translog model do not have 
a direct economic interpretation, they were used to calculate 
the demand and supply elasticities (Tables 3 and 4). We 
note the following properties of these estimates. First, all 
own-price input demand elasticities are greater than one 
in absolute value, indicating substantial input price re
sponsiveness. Second, all own-price output supply elasti
cities are positive and approximately I and 2 for rice and 
corn and 3.75 for cotton, indicating a marked difference 
in supply response across crops. Third. inputs are generally 
complementary as indicated by the negative signs of the 
cross-price input demand elasticities. Fourth, the elasticities 
of output with respect to input prices are negative, but 
their magnitudes vary across crops. Fifth. input demand 
is increasing in output prices, but the effects are much 
greater for corn and rice than cotton. Sixth, the cross
price supply elasticities show all three outputs are com
plements, although corn and rice are much stronger corn
plements than cotton. A final result of interest is that 
cotton supply responds significantly to rice and corn prices 
but not vice versa.
 
Policy Implications of the Multiproduct Analysis
 

The estimates of input and output response in Tables 3 
and 4 provide a basis for analysis of the wide spectrum
of government policies. Egypt has a long history of inter
vention in agriculture, including input markets, production 
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Table 3. Input Demand Elasticities Based on Multiproduct Translog Profit Function 

for Corn, Rice, and Cotton, 1981 East Delta 

Inputs 

Hired Mechanical Aninial 
Prices Labor Power Nitrogen Phosphate Powter 

Hired Labor - 3.495 - 2.109 - 2.490 - 3.096 - 3.550 
(.398) (.415) (.510) (.996) (.711) 

Mechanical Power - 1.493 -2.381 - 1.271 - 1.242 -2.531 
(.294) (.401) (.330) (.535) (.582) 

Nitrogen -. 583 -. 421 - 1.654 - 1.755 -. 792 
(.119) (.109) (.359) (.774) (.208) 

Phosphate - .042 - .024 -.102 - .955 - ,035 
(.014) (.010) (.045) (.270) (.018) 

Animal Power - 1.257 - 1.265 - 1.196 -. 921 - 1.334 
(.252) (.291) (.313) (.462) (.790) 

Corn 2.818 2.807 3.006 2.102 3.561 
(.626) (.679) (.826) (1.164) (1.676) 

Rice 3.0244 2.304 2.572 .405 3.906 
(.520) (.725) (.647) (1.255) (1.123) 

Cotton .57311 .612 .307 .702 .051 
(.215) (.250) (.222) (.272) (.533) 

Note: Standard errors are in parentheses. 

and output markets. The Nasser. Sadat and Mubarak go'- The importance of price policy to overall agricultural 

ernments inherited and firther developed policies aimed productivity issuggested by the complementarity between 
at taxing agriculture through a system of price policies, Table 4. Output Supply Elasticities Based on 
production quotas and cropping rotation. Farmers are re- Multiproduct Translog Profit Function for Corn, Rice, 
quired to grow mandated acreages of crops such as cotton. 
rice and wheat. All or part of their output must be sold 9 1 as 
to the government at low prices which are below those OutputS 
of market equilibrium or world market prices. Prices Corn Rice Cotton 

The own-price supply elasticities in Table 4 suggest Hired Labor -2.527 -2.512 -3.469 
that these price policies, and especially the cotton price (.562) (.432) (.558) 
policy, have had a substantial negative impact on pro
duction. It should be emphasized that these elasticities Mechanical Power - 1.782 - 1.355 --3.028 
were estimated subject to given acreages. so the measured (.431) (.427) (.460) 

supply response is due to allocation of other resources in Nitrogen -. 631 -. 501 -. 689 
response to price changes. The cotton supply response (.173) (.126) (.135) 
also is due to late planting. The practice became common 
as the government price policy reduced the incentive to Phosphate -. 0256 -. 004 .004 
produce cotton. and berseem (which precedes cotton in (.014) (.014) (.009) 
the rotation) became increasingly profitable due to higher Animal Power - 1.130 - I. 148 .366 
livestock prices. (.532) (.330) (.490) 

Time series data show that after the marked yield increase Corn 2.1l5 3.4195 2.796 
in the mid-1960"s, due to the introduction of fertilizers. 
pesticides and mechanization, cotton yields continuously (1.392) (.81 I) (I. 139) 
declined despite increased availability of the new tech- Rice 3.692 1.083 5.210 
nology. Our results suggest that the yield decrease is ex- (.876) (.929) (.859) 
plained at least in part by the policy-created price disin- Cotton .081 .645 3.752 
centives and the high degree of cotton supply response. (.393) (.275) (1.509) 
which is high even with controlled acreage. Note: Standard errors inparentheses. 

173 



cotton, rice and corn shown in Table 4. This comple-
mentarity is explained by cotton's long growing season 
which encompasses the rice and corn seasons. Cotton also 
requires large inputs of human labor. animal labor, and 
mechanical power which are complementary to the other 
field crops. The evidence suggests that the agricultural 
policy based on low output prices to farmers has had 
significant adverse effects on resource allocation to the 
productivity of the major field crops. Table 4 also shows 
that the rice and corn prices have a large and positive and 
significant effect on cotton supply, but the cotton price 
has much smaller effects on rice and corn production. An 
explanation for this phenomenon can be deduced from 
Table 3 and is consistent with informal interviews with 
farmers. Due to the cotton price policy, farmers do not 
want to grow cotton, and Table 3 shows that, indeed, 
input demand responds marginally to the cotton price, in 
contrast to rice and corn. Farmers use means such as late 
planting as well as input reallocation to regulate cotton 
supply. Since corn and rice are less heavily taxed, farmers 
adjust input use in response to corn and rice prices. Because 
those inputs complement cotton production. cotton supplyresponds in turn to corn and rice prices. 

In Table 3 the elasticities of input demand with respect 
to output price show that price policies have differential 
impacts (A,input use. The rice and corn prices have 
substantial effect on labor demand. This means that in-
creasing these prices would markedly increase the demand 
for labor and. hence, the wage rate. This is an importantconsideatioin 	for policy makers in view ot the so-called
lorshertaoe f reicn mkersConveuent. te saee 
laorrop-specificagricuhtural wage increCased several fold relative to other 
.iut wacn ices sr al fdet to other 
input aind Output Prices from11reion.allocativel~ela 1976 to 1981I in thle East 
lDelta region). 

Ourn data also show that. relative to mechanical power 
or animal labor, the hum'in labor in 198 1was no less than 
i 1976 despite the ramatic wage rate increase. Tie cross-
Price input demland elasticities in Table 3 provide the
explanation: homan lab therelrelenons both animal power 
and mechanical labor: there are no substitutes for human 
labor \ ith tile existing technology. Thus. the only option
available to farmers as wage rates increase is to reduce 

output~ ~ C ot. lhsstuto aanpobaohweirlaoOutput andl to bear the high labor costs. This Situation has 
been especiall damaging to farmers because te govern-
lient has increased output prices to compensate for the 
increased cost of production. Table 4 shows that wage 
rate increases did indeed induce farmers to reduce o'utput 
substantially. 

Our field observat ions indicate that tile lack of input 
substitution shown in Table 3 is reasonable. Since wide-
spread mechanization began in Egypt in tile 1960s. the 
emphasis has been almost exclusively' on large (6(0-70 
II.p. tractors and small to medium size irrigation pumps. 
These relatively large tractors are useful only for a limited 
number of farm operations. primarily plowing, powering 
threshers, and transportation. These tractors, as well as 
tile irriigation pumps, replace primarily animal labor, 
Plamting. transportation. fertilizing, weeding. pest control 

and harvesting still require large amounts of human and 
animal labor input. 

Egypt's mechanization policy has been, and continues 
to be. based on government subsidies for import of these 
large tractors which are available as rentals from village 
cooperatives or purchase through government channels. 
No private tractor industry is allowed. The evidence pre
sented above overwhelmingly suggests that this policy 
has led to an inflexible technology, and that continuing 
this policy will not solve the labor market problems. In 
our view, appropriate policy is to allow new mechanical 
and biological technology to be introduced or developed 
which will save labor in the highly labor-intensive opera
tions. Recent experience shows a massive wage increase 
did not significantly alter factor proportions with the ex
isting technology. As long as the government forces the 
existing technology to be maintained, it seems unlikely 
that much reduction in labor requirements will be induced 
through technical change. Therefore, farmers will be in
duced to save on labor by distorting cropping patterns, 
seeking alternative production such as livestock, or re
ducing proportion and turning to nonagricultural production. 

Major conclusions of the farm efficiency project's research are as follows: 

i E 
ditions, i.e., they are price responsivle; 

2. There is an 	active black market in fertilizers caused 
by governmental rationing. The black market price
has been 50-100%/ above the cooperative price

3. 	There appears to be no economic rationale for the 
fertilizer quota policy. A general fertilizerco-pclcfriie ut oiy.Agnrlfriie

subsidy and a free-market for fertilizers would increase 
efficiency:.loav fiiny 

4. 	 Fertilizer availability was severely restricted in 197677. 	and nearly doubled by 1981-82. Nevertheless, the 

black market price remained well above the cooperative
price. The estimates of fertilizer demand elasticity imply 
a free trade policy, which would increase the avalabilityand lower the black market price. woaild greatly increase 
fertilizer use and agricultural productivity

5. 	There is very little possibility Of Substituting mechanical 
huitl ossibil o h

for hum111an or 	animal labor with thle existingtechnology. Evidence for this is provided by estimatesof input demand elasticities. and by tile fact that famlers 
used the same labor input relative to other inputs in 
198 1 and 1976 despite a tripling of labor costs relative 
to those of other inputs: 

6. 	In view of (5). there is clear need for a change in the 
mechanization policy. Snall, not large. tractors are 
needed, along with other biological research to develop 
technology which requires less human labor input in 
critical operations such as planting. cultivating, and 
harvesting: and 

7. 	Cotton. corn and rice supply response was fOund to 
be high (supply elasticities of 2 for corn and rice, 4 
for cotton) even when acreage is held constant. This 
means farmers are responding to relative output rice 
variations rationally. This finding also shows that the 
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Modern mechanized puMps are bein.g used increasingly to replace tra
ditional irrigation methods based on animal or human effort. QuLstions 
concerning the economic efticiencV of usin large numlblers o diesel 
engines such as that seen above is one of the subjects of ADS research. 

Phowo" Er.Ii( (Guafuw, 

existin,; price policies. which hold these crop prices AiltIC. John M.and AI S. Ailtali. H98521 The SirucIure of Rice Teclmlov. 
low. are reducingi aigricultural productivity. Thus. tlhe AI)S-igypt \\'orking Paper #75.
existinw price policies m a or .ILISe01 the Ant,ntle.iec. John M. and .\li S, Aiah. i I9'2) PIhasc I of th I: rm EIflicicn v p ce o i e m b a m ot .'cli it . A,)S-I pt Vorking Paper # 70. 
low productivity growth in Egyptian agriculture. Antl. John Ni. and iiS. Ailahi. 11,31 R ice chnoiocv. ari r RTtioaiit.x. 

Mnd .\li.ultuirai iP licv il F2-v pt. A-I,'CriM .h,t i thiilz roI C 0 ,r I (ofA 

PUBi.ICATI()NS Ixononlic.. 
Antic. John M. atnd.\li S. .\ital. i19831 Agricultural "ecloui v and 

Ailah. Ali S. 119811 \ Re\ie of the literature on the ticonomicEIficienc v A'riCuilturai Polio. in liicpt. i197A- 77 and it)X81-82. A l)S-I gypt 
of the Iuvptian Farm. AI)S-Iivpt Working Paper # 14. WorkiitlPaper # 143. 
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IMPROVEMENT IN AGRICULTURAL
 
COOPERATIVES 

For over 50 years the Egyptian government has promoted 
cooperatives as part of its rural development strategy. 
Varied results and changes in Egyptian conditions justify 
a reevaluation of policy on cooperatives. 

The purpose of this project was to assess the role and 
performance of agricultural cooperatives in Egypt vis-a-
vis national planning goals and the stated interests of co-
operatives. Specifically, the project sought to: ( I) identify 
key factors conducive to cooperative success at the national, 
regional, and local level and within each of several different 
types of cooperatives; (2) identify types of cooperatives 
suitable for the new lands; (3) recommend ways to evaluate 
and enhance cooperative performance; and (4) compile a 
library and data bank on agricultural cooperatives for 
Egyptian use in teaching, research, and planning. 

The project approached its objectives initially by a 
comprehensive literature survey followed by the design 
and preparation of conceptual methods and instruments 
for evaluating the role and perfornance of a representative 
sample of cooperatives. This involved preliminary surveys 
to test and fine tune the approach, followed by a main 
survey based on the preliminary findings. Acomprehensive 
set of annual budget sheets, covering cooperative incomes 
and expenditures, was processed for computer research. 
General findings on cooperative roles were written into 
reports, and a statistical analysis of cooperative performance 
was completed in the summer of 1983. The library and 
data bank from the project are in place for further research 
and analysis. 

ACCOMPLISHMENTS 

LITERATURE REVIEWS ON COOPERATIVES 
Land Reclamation Cooperatives in Egypt 

Dr. Abdul Hameed Sharshar headed a review of the 
history, structure, and function of these cooperatives which 
operate under the aegis of the General Agency for Land 
Reclamation and Development. During the period 1952-
1972 Egypt reclaimed nearly 330,000 feddans of land 
under the Agrarian Reform Law. Reclaimed Land and 
Settlement Cooperatives were formcd to cultivate this land 
and by 1980, there were 177 village and 15 regional "land" 
reclamation cooperatives. To date, however, very tittle 
has been written about these cooperatives, but there is 
the general impression from the data collected that their 
performance is better than other production cooperatives 
in Egypt. 

Agrarian ,.eformCooperatives in Egypt 
Dr. Mohammed Ramadan El Shohnah headed this team 

which reviewed the literature covering their historical ev-

olution beginning in 1952. The report also provides spe
cifics or. the structure and size of Agrarian Reform Co
operatives. In 1980, there were 65 regional cooperatives, 
684 local cooperatives, with 361,000 members and an 
approximate worth of 2 million LE. They are administered 
by the General Agency for Agrarian Reform, and their 
organization is similar to that of the local, district, and 
regional cooperatives of the voluntary sector cooperatives 
(discussed in the next section). 

The Agrarian Reform Law was the primary foundation 
for agricultural and credit cooperatives established by the 
revolution of 1952. Immediately following Law No. 178, 
the maximum area of land that could be owned by one 
family was 100 feddans. As large holdings were partitioned, 
the number of small land owners increased. Nearly I 
million feddans were requisitioned and 900.000 feddans 
were redistributed to 418,000 families. The Agrarian Re
fom Law stipulated that an agricultural cooperative society 
will be formed by those who have acquired requisitioned 
land in their own right and who do not possess more than 
five feddans in the same village. Inaddition, crop rotation 
programs were introduced. At the time this report was 
prepared there was relatively little known about the per
formance of the Agrarian Reform Cooperatives, though 
this review indicated that they were active in providing 
credit, marketing assistance, machina-y, and technical help 
in crop and livestock production. 
The Agricultural and Cooperative Credit (ACC) 
System in Egypt 

Dr. Faris Shaker conducted this overview of voluntary 
sector (ACC) multipurpose cooperatives, which differ from 
those in areas developed by agrarian reform and land 
reclamation cooperatives. Altog.;ihier, Egypt recorded 5. 1o5 
agricultural cooperatives with 3 million members in 1976. 
The multipurpose ACC system alone covered 4, 170 co
operatives and 25 million members in 1976. In addition 
to a review of the legislation on and programs for ACC 
members since the 1952 revolution, Dr. Shaker assessed 
the constraints facing the ACC system in Egypt. Basically, 
his review shows a lack of understanding of cooperative 
principles by the membership, weak enforcement of man
dated responsibilities (e.g., crop rotations, provision of 
social and marketing services, etc.), mismanagement of 
cooperatives, and inadequate financial support for coop
erative activities. 
Specialized Cooperatives in Rural Egypt 

Drs. Fawzy Abdel Aziz El Shazly and Refugio I. Rochin 
outlined the role and operation of specialized cooperatives 
in Egypt administered by the Under Deputy Secretary of 
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Agriculture for Cooperative Affairs (in the Ministry of 
Agriculture). There are eight types organized by product 
group: (I) potato, (2) onion, (3) rice, (4) oil crops, such 
as peanuts and sesame, (5) sugar cane, (6) vegetables and 
fruits, (7) cotton, and (8) textile products, such as cotton 
fiber. Specialized cooperatives began in 1969 and provide 
primarily marketing services. 

The review focussed on the cooperatives for potatoes 
and showed their importance in providing potato seed as 
well as storage and export of this product. The authors 
argued that potato cooperatives have not achieved their 
potential for economies of scale and still face relatively 
high administrative costs and inefficient storage. They 
may, however, have helped stabilize product prices and 
in some years, have paid attractive dividends to potato 
growers. 

An Historical Analysis of the Cooperative Movement 
Dr. Ibrahim Moharruni reviewed the origins of Egypt's 

cooperatives back to 1870. This review provides a backdrop 
against which the national movement of cooperatives can 
be assessed--the British occupation, the role of National 
Party Leader Moustafa Kamel and Sultan Hussein's in-
fluence (circa 1910), and the earliest cooperative laws of 
1923 and 1927. The legal, cultural and religious (Islamic) 
roots of cooperation (such as the tradition of :equ(r) were 
also examined. A second phase of government support 
for cooperatives began in 1952, and Dr. Moharrun traced 
the rise, fall and reactivation of the Central Agricultural 
Cooperative Union, Egypt's major federation for farm 
cooperatives. Prospects for the Cooperative Law of 1980 
were also assessed by Dr. Moharrum. 

Cooperative Credit Programs for Small Farmers 

Dr. Rochin and Ms. Solomon prepared a compendium 
of recent studies and reports on cooperative credit efforts 
for small farmers in LDC's. This "state-of-the-art report 
covers (I) the role of small farmer credit cooperatives, 
(2) common ideologies and features, (3) group lending 
as a cooperative tool for agriculture development, and (4) 
economic and financial policies of cred;t cooperatives, 
Useful insights are provided on the manner in which credit 
can be diffused to numerous small farmers and still be 
relatively cost effective. Over 20 countries were represented 
inthe selections. The reports have been copied and installed 
in the ADS library in Cairo where they will serve as a 
valuable reference to Egyptian students of credit coop-
eratives. 

Case Studies of Agricultural Production
Cooperatives 

This case study review by Stoft focuses on the production 
cooperative as a small f'arndevelopment tool. Case studies 
were from California, Israel (the Moshav and Kibbutz), 
Tanzania (the Ujamaa). and Zambia. The several meanings 
of cooperation in these different countries were defined 
and synthesized from the literature to derive a practical 
concept of a "production cooperative" which could be 
used in the Egypt Project. For each case study, the principles 

governing production cooperatives were examined as were 
their goals, structure, ability to create jobs, improve re
source use, increase income, and educate members. This 
"state-of-the-art" review's main contribuion was in 
structuring a set of issues and tools to be used fior measuring 
the performance of production cooperatives in Egypt. 

Agrarian Reform Cooperatives and Commnity 

The goal of this review, conduc,-d hyFiliz Tencl, was, 

to understand the importance of cooperatives and corn
munity" development programs in improving the living 
conditions of people affected by land reform. The three 
countries studied-Mexico, Taiwan, and Egypt---offered 
a wealth of information and interesting contrasts. Among 
the conclusions, Temel notes that: "In Egypt, the superviseci 
cooperatives introduced under land reform have come to 
be regarded as one of the most sUtccesd'u1 parts of the 
reform. Taiwan and Egypt appear to have recognized the 
fundamental problem of peasant psychology. They began 
resolving it through local organizations in which the peasant 
can participate as a member of a group. Reforms in both 
Egypt and Mexico required that all land reform beneficiaries 
form a cooperative society among themselves. But Mex
ico's rural organizations acquired political functions before 
they became service oriented, and their political role may 
be seen as an obstacle to their capacity of growth and 
change." (Temel, 1982) 
FIELD SURVEYS
 

The Mini Survey 
A mini-survey of 1,000 interviews was conducted to 

gauge the relative strength of participation in the coop
erative at the village level before and after the new elections 
under Law No. 122 (1980). All persons interviewed knew 
about the existence of the agricultural cooperative in the 
village: three-fourths knew about the new election law. 
Seventy-niie percent of the respondents mentioned that 
there was no meeting held for reestablishing the cooper
ative. a requirement of Law No. 122, but 21 (/7mentioned 
that the meeting was held by the general assembly. Seventy 
percent of the respondents knew about members' new 
election of the board of directors. 

One indirect result of the survey was that interest was 
stimulated among those interviewed in participating in 
future elections as mandated by the new law. In a few 
places where the nominations for board positions were 
already closed. the villagers demanded that they be re
opened because they were apparently t,ninformed about
the new election procedure. 

The Main Survey 
From this abundance of preliminary work, two sets of 

evaluation criteria were developed for the main survey of 
Egyptian farm cooperatives: economic and social. The 
economic criteria served to evaluate cooperatives in terms 
of member income, employment, management, marketing. 
credit, mechanization, assets, and liabilities. The social 
criteria covered general attitudes, participation, cohesion. 
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solidarity, education, and training. Both criteria focused 
on questions regarding cooperative membership, voting 
behavior, crop rotation plans, the delivery of services, 
and in general, cooperative performance in fulfilling social 
and economic roles. 

The project team also collected general information 
from board members, supervisors (mushri/f), and regional 
and national leaders of the four types of cooperatives, in 
addition to interviewing cooperative members at the village 
level. The survey, conducted in three govemorates-Sohag, 
Beheira, Gharbia-recognized four types of agricultural 
cooperatives: Credit cooperatives, Agrarian Reform Co-
operatives, specialized cooperatives, and land reclamation 
cooperatives. The number of persons interviewed is sum-
marized in Table I. Member responses to the survey ques-
tions are summarized below, 

GENERAL. FINDINGS ON COOPERATIVE 
PERFORMANCE 

Characteristics and Attitudes of Egyptian 
Cooperative Members 

Individual cooperative members were interviewed on 
topics covering personal characteristics, relative wealth, 
and cooperative involvement. The findings were tabulated 
by Grossman and Rochin, and a preliminary analysis re-
veals the following features. The overall mean age of 
those interviewed fell within the 40-60 years range, en-
compassing 62. 1(/ of the respondents. Ninety percent 
were married and slightly over 5W4! reported they were 
illiterate: 361/c stated an ability to read and write. Only 

30% attended high school or beyond. For income, most 
farmed, and less than 3'/ said they had a nonfarming 
occupation. However, there were many who did not answer 
the question about off-farm employment. The mean size 
farm is 3.5 feddans, in line with the national average. 
Relatively few own capital equipment. The average re
spondent has been a cooperative member for 16 years, 
but 121/ indicate membership of five years or less. About 
55% attend meetings regularly while another 2Y,/ only 
participate sometimes. Less than 10'7- never attend co
operative meetings, but relatively few have voted in the 
last cooperative elections held since 1980. Approximately 
42'/ said they ran unsuccessfully for membership on the 
Board of Directors. Another 4 1(/ did not think that can
didacy applied to them: they said they were generally 
unqualified or were satisfied with other candidates. Ap
proximately 95(7( of all members indicated that they have 
never considered leaving their cooperative: less than 1t7/ 
said they were unaware ofthis option. 

Multipurpose Credit Cooperatives 
A. Crop Rotation. Results indicated a discrepancy be

tween members' reported participation in decision-making 
process and their responses concerning the suitability of 
crop rotation practices on their land, with 85(7( mentioning 
participation. yet 80%, disagreeing with the present rotation. 
Perhaps there was misunderstanding about the meaning 
of" participation." Since most only attend meetings without 
becoming involved in discussing the plans, education and 
encouragement toward greater involvement was recom-

Table 1. Agricultural Cooperative Study, Egypt. The Numbers of Cooperatives,
 
Interviews, and Budget Sheets Collected
 

Member No. of 

Cooperative No of' 
t/

Board of 
Annual 
Budget 

Types Levcl Cooperatives Members Directors Managers" Sheets** 

Multipurpose Local 24 1.295 157 24 120 
District 4 - 29 4 16 
Central 3 - 32 3 15 

;Federal I - 13 I 4 

Agrarian Local 14 505 90 14 70 
Reform l)istrict 

*Federal 
2 
0 

-
-

20 
17 

2 
0 

1() 
5 

Land Local 7 165 49 7 27 
Reclamation District 

*Federal 
0 
I 

-
-

0 
0 

0 
I 

4 
5 

Specialized Local II 104 58 I I 39 
Central I - - I I0 

*Federal 2*** - 282 -

TOTAL 70 2.069 493 70J 325 
'Federal: on the naljr mall . 
-( ver %ears,1977 1981 incluke,i. "[ihc btndgCt 0hCCI, ire khaed (11,,cu nutlry tliata ihilt tie chioperalives surveyed in [Ie iudy. 

-'i'itah te . vepgeablts. inird fruit.. 
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mended. Another discrepancy was found between mer-
bers' and boards of directors' satisfaction with the existing 
crop rotation. About 85% of the members reported dis-
satisfaction with the present rotation, while 94% of board 
members indicated satisfaction. Concerning the existing 
system for administering penalties on members who violate 
the required crop rotation, about 591/( agreed and about 
35% disagreed with the present system for punishment. 

B. Cooperative Marketing of Agricultural Crops. 
About 62% of the respondents mentioned receiving bad4 

quality product packaging materials; 88% received their 
packages late. Existing marketing centers appeared un-
suitable for 76% of respondents because of distance and 
type of roads. Seventy-eight percent mentioned difficulties 
in their dealings with marketing centers as aresult of the 
complicated procedures. Eighty-five percent of respondents 
were satisfied with the crop weighing process, while 62%, 
were dissatisfied with crop grading process. Fifty-one 
percent of member respondents were dissatisfied with in-
comes derived from marketing crops cooperatively, while 
89% of board members were satisfied with cooperative 
marketing of crops. 

C. CooperativeCreditand In-KindServices. Ninety-
three percent of members faced difficulties in getting loans 
from sources other than the cooperative or the village 
bank. Fifty-three percent mentioned that the cooperative 
isnot the only channel for governmental service to farmers, 
aresult which might be interpreted ,,s indicative of farmers' 
lack of knowledge about the existence of gove-nmental 
service in the village. Over 84% of respondents were 
satisfied with the value, quality and timing of loans de-
livered. Fifty-nine percent indicated that they preferred 
the cooperative as a source of loans rather than the village 
bank. Ninety-three percent of respondents mentioned they 
would face difficulties getting their in-kind services if 
there was no cooperative in their village. The majority of 
respondents (89%) were satisfied with seed quantity, 57(7c 
were satisfied with seed quality: 66 , were satisfied with4 
fertilizer quality: and 45'/ with fertilizer quantity. The 
majority of respondents were satisfied with the delivery 
time for seed, fertlizer amid loans. It was observed that a 
main problem for managers was official procedures and 
dealings with village banks. They preferred dealing with 
cooperatives over the village banks. 

D. Machinery Service. The credit cooperatives provide 
their members with some mechanical services such as 
plowing, threshing, irrigation, and pest control machines. 
The results revealed that the maiority of respondents were 
dissatisfied with the machinery service provided by the 
cooperative, 

E. Social Services. The survey showed that contri-
butions of money, building iflosqdes, construction of roads, 
and illiteracy programs were the most common social 
services provided, but only a small percentage of re-
spondents were aware of such services. About 78%4 of 
respondents mentioned that the cooperative had no role 
in developing production techniques and practices. It was 
observed that most members of boards of directors wanted 
their cooperative to be involved in developing awareness 

among members about cooperation. There is, however. 
a shortage of cooperative training programs since less 
than one-third of the cooperatives have held such programs. 

Agrarian Refo~rm Cooperatives. 
A. Crop Rotation. It isknown that the success in plan

ning a suitable crop rotation depends on the involvement 
of cooperative members in the decision-making process. 
About 93(/ of interviewed members reported participating 
in planning their crop rotation, and 91 1 agreed with the 
present rotation. Further, 81%/ applied the planned rotation, 
an(d 61 %,agreed with the penalty system for violation of 
the required crop rotation. Thus, the majority of respondents 
of Agrarian Reform Cooperanives seem satisfied with the 
present system of planning crop rotation. 

B. CooperativeMarketing of Members' Crops. Over 
90 / of the members interviewed were dissatisfied with 
the quality and delivery of packaging materials they got 
from their cooperative. Concerning the location of mar
keting centers, about 88% of the interviewees indicated 
that the location is not convenient: about 92% indicated 
they had difficulties in their dealings with marketing centers 
because of the complicated procedures that must be fol
lowed. Seventy-eight percent of interviewees were dis
satisfied with the product weighing process: 61 % with the 
grading process: while about 5414 mentioned that time 
before receiving crop prices is too long. All in all, about 
52% of the members interviewed were dissatisfied with 
their incomes from marketing their crops cooperatively. 

C. Cooperative Credit and In-Kind Services. About 
99%X of members interviewed agreed with the importance 
of the cooperative as a source of loans since they face 
difficulties in getting loans from other sources. Ninety
one percent of respondents were satisfied with seed quan
tities and 94(.'/ with insecticide quantities, while about 
56(/( mentioned that the quantity of fertilizer is insufficient. 
Concerning the quality of in-kind services, the results 
showed that 96. 90. and 92%4 of the members interviewed 
were satisfied vith seed, fertilizer, and insecticide quality, 
respectively. About 98(/( were satisfied with the time of 
delivery for seeds. 8 0(/'/ for chemical fertilizer, and 84% 
for insecticides. Thus, it appears that attitudes toward 
cooperative credit services are generally favorable. 

1). Machinerv Services. About 82%,of the members 
interviewed wvere satisfied with the number of' machines 
in their cooperative, while about 59%4 were satisfied with 
tie quality and kind of machines available to them. About 
64c% mentioned that they can get the machines whenever 
they need them, while 6 91 indicated dissatisfaction with4 
the estimation of working hours for machines they rent 
from the cooperative. This result suggests that greater 
control should be administered by the board of directors 
over machine services. 

E. Social Services. The cooperative contributes toward 
the following social activities: building mosques and re
ligious institutes, road construction, illiteracy programs, 
housing services. medical services, consumption services, 
diffusion of cooperative information among members, and 
training programs. 
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Specialized Cooperatives 

A. Crop Rotation. The majority of the members in-
terviewed participated in the decision-making process in 
planning crop rotation in their villages, and the present 
crop rotation was suitable for about 7 11'4 of those inter-
viewed. About 95'7 of the board members interviewed 
concurred. Although about 931/( of the members inter-
viewed violated the required crop rotation. 84'/ agreed 
with the importance of administering the present system 
for the violation of crop rotation. 

B. CooperativeMarketing of'Members' Crops. About 
69% of members interviewed mentioned that they got 
packaging material for product marketing whenever they 
need them and they feel satisfied with their quality. About 
77'4 of interviewees indicated that marketing center lo-
cations are convenient. About 731X of these marketing 
centers are located in the interviewees' villages. About 
71 (/( of respondents; seemn satisfied with cooperative nar-
keting procedures. Seventy percent of respondents were 
satisfied with the processes of weighing and grading for 
their crops, but about 73% complained about receiving 
their crop prices late. About 69(/( were satificd with their 
income derived from the cooperative while 98(7 of Board 
of l)irector members interviewed were satisfied, 

C. Cooperative Credit and lIn-Kind Services. Ninety-
three percent of the members interviewed mentioned that 
they would face difficulties getting loans if it were not for 
the cooperative. About 20(/( of the managers interviewed 
stated that the most important problem facing the spec-
ialized cooperative was the shortage of capital, and that 
the monetary position of these cooperatives should be 
strengthened. 

All members interviewed agreed with the importance 
of the specialized cooperative as a main source for pro-
duction equipment and facilities. Ten percent of members 
interviewed mentioned that the following services their 
cooperative offers play an important role inl increasing 
their income: insecticide service. 41(/,: fertilizer, 36(/ • 

seed. I014: and feed. 3(/. But about 2Y/ of the board 
members interviewed indicated that the quantity of fertilizer 
is insufficient, and 7/( mentioned there is shortage of 
feed. These responses are consistent with the opinion of 
18, of the managers interviewed. Thus. tile suggestion 
is to increase the quantity of fertilizer and feed. keeping 
prices low, with control of the delivery system. 

1). Machinery Services. Thirty-four percent of the 
members interviewed receive machinery services froin 
their cooperatives, and these services are instruniental in 
increasing their income. 

E. Social Services. Ninety percent of the members 
receive social services from their cooperative such as 
building mosques and religious institules, medical services, 
electricity prujects, and consumer services. About 10t/ 
of the board members of the specialized cooperatives in-
dicated the desire for their cooperative to be involved ll 
building schools and youth clubs, 

F. Educationaland Cultural Services. About 84/( of 
the nieibers interviewed indicated that they knew about 

innovations in agriculture from their cooperative. Also. 
75% mentioned that Ihey have had chances to read the 
agricultural bulletins mnd magazines which come to their 
cooperative periodically. Meanwhile, about 61/c of the 
managers interviewed recommended that cooperatives be 
more involved in developing educational programs for 
their members. 

G. Himian Facilities.The numbher of tile employees 
inl most specialized cooperatives seems about right ac
cording to 82(/ of the nianagers intei viewed, although 
the other 18(/ thought tie cooperatives to have excess 
capacity in labor. Concerning the process of hiring era
ployees. 66(h of the managers interviewed agreed with 
ihe present method, and 73/ mentioned that they partic
ipate in a selection process. One-half suggested the imi
portance of training prorans for employees to increase 
their awareness of cooperative principles, treasury work, 
and agricultural equipment operation. 

About 79(/ of the managers interviewed wanted to stay 
with their cooperative:: 7/ wanted to have different jobs 
within the same cooperative. About 9(/ of the managers 
mentioned that the maJority of the specialized cooperative 
employees want to stay with their cooperative because 
they feel secure and most are settled in the same village. 
As a result, employee transfers are few and infrequent. 

H. Work Procedures. Although all specialized coop
eratives surveyed open their do'.rs during official work 
hours, most of the members interviewed complained about 
access to the cooperatives' emnployees during work hours. 
About 41 / of the members did not find anyone responsible 
to whoni they' could c.!niplain al-,out careless employees. 
Although 84c/ knew how to check their accounts, 99(% 
of the respondents felt that the procedures are very coin
plicated. 

I. Material Facilities. Twenty-nine percent of the 
specialized cooperatives surveyed own their buildings, 
71(/ rent. Most thought tile buildings suitable with enough 
storage. Ninety percent thought the furniture in the co
operatives to be inadequate and in bad condition. 

Land Reclamation Cooperatives 
A. Crop Rotation. The results about members' partic

ipation in the process (f planning crop rotations revealed 
that only about 39/ of' the members interviewed partie
ipated in tee decision-making process, and 56 did not 

agree with the present rotation. However, all members of' 
the boards of directors agreed with the present crop rotation, 
since most of them participate actively inl planning. 

B. CooperativeMarketing. About 86(h of the members 
interviewed f*und the quantity of' packaging for marketing 
acceptable. but about 7714 were dissatisfied with tile 
package quality.l.ighty-five percent of the interviewee; 
indicated that marketing center locations are inconvenient. 
Atlout 8 1/ were satislied with the procedures fOr marketing 
crops cooperatively. but 45(h were dissatisfied With the 
grading process. and 5311( complained of receiving their 
crop prices late. Seventy-six percent of membiers were 
satisfied with income from marketing their crops coop
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eratively; about 87% of the board of directors members 
interviewed were also satisfied. 

C. Cooperative Credit and In-Kind Services. About 
83% of the members interviewed mentioned that they 
would face difficulties in getting loans if' they had no 
cooperative. About 97% of interviewees were satisfied 
with the amount of loans they got from the cooperative, 
and 65% were satisfied with the delivery time of loans, 

Tiree-fourths of the members interviewed were satisfied 
with the amount and quality of seed, and 93% were satisfied 
with the delivery time. However, 86% were dissatisfied 
with the weighting process for seed: it was suggested that 
this process be supervised by board members. Seventy-
one percent of the members interviewed were dissatisfied 
with the amount of fertilizer, but 90% were satisfied with 
its quality. Sixty-six percent ,vere satisfied with the delivery 
time, while 90% mentioned that the packaging was in-
adcquate. Therefore, it is recommended the amount of 
fertilizer be increased, and more consideration be given 
to packaging and delivery time. 

Sixty-six percent of the interviewees were satisfied with 
the amount of insecticides; 88% with their quality. Fifty-
five percent found the time of delivery unacceptable, and 
all disagreed with the weighting and distribution processes. 

D. Machinery Services. About 95% of the members 
interviewed and all of the board members were satisfied 
with the number and quality of machines available in their 
cooperatives. All indicated that they can get the machines 
whenever they need them. 

E. SocialServices. About 40% mentioned that the social 
services offered are insufficient. Benefits include building 
mosques, religious and educational institutes. About 85% 
of the members interviewed mentioned the importance of 
the cooperative as a source for knowing about innovations 
in agriculture. 

STATISTICAL ANALYSIS OF ECONOMIC 
PERFORMANCE 

The main survey sought answers to 227 questions ad-
ministered to well over 2,500 respondents. Joseph Gross-
man (1983) developed a statistical procedure for analyzing 
the massive amount of data collected. With 2,503 usable 
questionnaires, the data set was reduced to 80 variables 
on the basis of Pearson-product moment correlation coef-
ficients, cross-tabulations, chi-square analysis and principal 
components analysis. Factor analysis was then used to 
estimate an hypothesized performance model and to con-
dense the data into 12 performance variables, or factors. 
Three way analysis of variance and multiple regression 
analysis was applied to examine the influence of member 
age, education level, wealth, length of membership and 
cooperative type on these performance factors. 
Results 

Results of this analysis indicate members clearly judged 
the economic performance of their cooperatives to be de-
ficient. "They believe cooperatives are badly managed, 
administratively inefficient, performance of boards of di-
rectors is poor, credit and inputs provided by cooperatives 

have a low marginal value and the income received for 
members' crops marketed by the cooperatives is insuffi
cient. Furthermore, members fail to understand the critical 
concepts of cooperation and democratic values. Thus, 
members place minimal value on their membership in the 
cooperative." (Grossman, 1983). 

Additionally, the problem of low income received for 
crops marketed by the cooperative was empirically linked 
to poor, inefficient management. Member age emerged 
from the regression analysis as a clearly significant factor 
in perceptions towards cooperative performance. The at
titudes of the 40-60 year-old group were consistently 
stronger and generally more negative, expressing greater 
dissatisfaction with the economic performance of coop
eratives than older and younger members. 

As member wealth increased (measured by land holding 
size and number of animals owned), so does the conviction 
that the cooperatives performed poorly. However, under
standing of cooperation and democratic values also im
proved with increasing wealth, as did value placed on 
membership in the cooperative. 

While member level of education was not a consistently 
significant factor inthis analysis, literate members' views 
differed from their illiterate counterparts, they felt the 
boards of directors performed poorly, they placed lower 
value on cooperative membership, and yet participated 
more in meetings of the general assembly. Illiterate mer
bers utilized services more than their educated peers, yet 
felt greater dissatisfaction with income received for their 
crops. 

As length of membership in cooperatives increased, 
participation in meetings of the general assembly decreased 
as did income received for crops marketed by the coop
eratives. 

Multipurpose cooperative members were least critical 
of the economic performance of cooperatives, while spec
ialized members displayed the most negative attitudes of 
all. Wealth appeared to exert a very strong influence on 
multipurpose members: dissatisfaction with the economic 
perfornance of cooperatives grew with increasing wealth. 
POLICY CONSIDERATIONS 

Results of the Cooperative Improvement Project suggest 
dramatic change must transpire if the role and economic 
performance of agricultural cooperatives is to improve. 
The general findings and. in particular, the statistical anal
ysis by Grossman (1 983) revealed inadequate provision 
of credit and inputs coupled with lack of alternatives as 
a major weakness of the cooperative system. If the co
operative system does not improve, then serious attention 
must be given to expanding private enterprise roles in the 
input and credit supply system. 

Inadequate payment for crops planned and marketed 
by cooperatives suggests the need to install more efficient 
cost saving devices in cooperatives or higher crop prices 
in the market. 

Attention must be paid to the large percentage of illiterate 
members in the development, education and extension 
programs for cooperative members. The strong willingness 
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of cooperative members to utilize education:l cooperative 
services suggests an accessible origin for change, and 
thus a means by which to improve the cooperative systems. 

Additional inspection of the cooperative system is nec-
essary in order to pinpoint the exact sources of many of 
these complex problems. Furthermore, once identified, 
the support of government as well as cooperative admin-
istration, boards of directors, management and membership 
must be solidified if improvements are to be made. 

Recent changes in the election laws regarding coop-
erative management (nushro occurred while this project 
was being conducted. While it is too early to gauge the 
impact of cooperative member control over the selection 
of management as opposed to government appointment, 
there is a definite need to examine the impact of this 
innovation, especially given the high disregard for man-
agement noted in the main survey. 

If the cooperative is to be a cohesive unit, its members 
must have a solid understanding of' the tenets of the or-
ganization. Lack of understanding of cooperation and 
democratic values can undermine the entire system. The 
issue of whether voter apathy can be attributed to ( I ) lack 
of understanding of cooperation, (2) disrepect for the sys-
tem, or (3) the belief that control of the cooperative rests 

with the government has been beyond the icope of this 
project. Yet, voter apathy needs to be closely examined 
in order to find ways to improve member participation in 
the election process and the perfomance of the cooperative.

Despite numerous negative implications about coop-
eratives, derived from the project, it is still apparent that 
the extensive network of cooperatives plays a unique and 
critical role in Egyptian agriculture. The supply of inputs 
and credit for agriculture are based on cooperatives. The 
crop rotation system is administered by cooperatives as 
well as the marketing of outputs. Extension and education 

programs offered by cooperatives reach deep into rural 
Egypt, offering an organized outlet to facilitate change as 
technology and priorities develop over time. For now, the 
final verdict on cooperative performance cannot be made 
without additional study and evaluation. 
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ECONOMIC CONSTRAINTS TO POULTRY
 
PRODUCTION 

Few would question the importance of the poultry industry 
in Egypt: it is capable of highly intensive production on 
limited land area and can provide the high-quality protein 
deficient in the diets of so many. The failure of the Egyptian 
poultry industry to keep up with expanding domestic de-
mand for eggs and white meat raises the question of how 
government policies currently affect the industry. This 
project was undertaken to add to the existing meager in-
formation base so as to provide data and analysis necessary 
to assist the Egyptian government in forming policies 
which would improve the allocation of resources in the 
poultry subsector. It is believed by many that Egypt has 
the potential for self-sufficiency in poultry, yet poultry 
product imports have increased dramatically. Much in-
formation, however, is needed before it is known whether 
poultry self-sufficiency is a realistic goal or even whether 
significant expansion in the industry is a possibility, 

The needs are twofold: to identify constraints to the 
expansion of the domestic industry and to develop a poultry 
data collection and market reporting system upon which 
successful formulation of poultry development policy mustBecase athtchbfuned USID ad uder 
rest. Because Mathtech (funded by USAID and under 
contract with the Egyptian Ministry of Agriculture) has 
done research inthe area of commercial poultry enterprises, 
this project concentrated on gathering information in three 
other areas: poultry marketing, the economics and location 
of village hatcheries, and rural flock demographics. 

Marketing Survey 

I. 	To provide the foundation for the development of 
market stabilization policies. 

2. 	To systemize the collection and analysis of price 
and quantity data in the urban poultry market. 

3. 	To determine the production, purchasing, and mar-
keting practices of commercial, layer, and broiler 
producers in the private sector. 

Village Hatcheries Survey 

I. 	To identify the population size, characteristics, and 
spatial distribution pattern of the native hatcheries 
in Egypt. 

2. 	To observe the seasonality in number of eggs set, 
fertility, hatchability and chick mortality in the 
hatcheries. 

3. 	To observe the seasonality of operation and supp!y 
of the native hatcheries, especially with respect to 
regional differences. 

4. 	 To identify the channels of possible constraints faced 
in the marketing of the native hatchery chicks which 
may lead to production uncertainty. 

5. 	To identify monetary constraints which may limit 
productivity. 

6. 	 To construct profit functions, on the basis of output 
and cost function information collected, which will 
allow the determination of the opportunity cost as
sociated with the inability of the hatchery to operate 
at full capacity or with the use of inferior (i.e., 
diseased or infertile) eggs. 

Rural Flock Survey 
I. 	To establish the population size and distribution pat

tern of chickens in rural Egypt. 
2. 	To determine factors associated with decreased meat 

and egg production in the rural flocks. 
3. 	To determine the economically optimal strategy for 

removing these production constraints in the rural 
flocks. 

For each of the three areas of' investigation, separate 
populations were chosen. For each, a stratified random 
sample was taken based on production capacity of the 

p p used foroperation and geographic location. Data sources y 
the determination of sample consisted of the (1)Department 
of Statistics of the Institute of Agricultural Economics 
(IAE); (2) Department of Marketing. (IAE): (3) Central 
Agency of General Mobilization and Statistics. Ministry 
of' Supply (MOS); and (4) various departments of agri
culture at the individual governorate level. The use of a 

stratified random sample increased the precision of the 
results, minimized costs and efforts of the sample selection,
simplified the collection of data, and increased the hom
ogeneity within each stratum. 

MARKETING IN THE COMMERCIAL LAYER AND 
BROILER INDUSTRIES 

Samples of the layer and broiler industries covered a 
period of' 12 months from April 1982 to April 1983. Al

though Mathtech recently conducted a very comprehensive 
survey of government-owned broiler and layer operations, 
this survey consisted only of nonhousehold producers 
within the private sector. Population information, cate
gorized by operation capacity, was provided by the General 
Agency of Poultry (GAP) within the Department of Ag
riculture which has a branch within each governorate. 
From this, a stratified random sample located in 15 gov
ernorates for each of the two sectors was selected: in the 
broiler sector, 75 operations were chosen and 78 in the 
layer sector. These numbers repre, ent approximately 3% 
and 15% of their respective industry's populations. Cur
rently, all of the questionnaires (about 180 for each industry) 
have been completed. The data are being entered into the 
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computer and will be analyzed initially using descriptive 

statistics. 

Stratified Random Sample of the Broiler Industry 
Data available concerning the broiler farms differ greatly 

according to source. The General Poulry Company (GPC) 
is generally considered the most accurate source of' data 
on the present-day Egyptian broiler industry. To establish 
a new broiler or layer farm, a license to produce must be 
obtained from the GPC. However, once this permit is 
given, the GPC does not continue to monitor the poultry 
farms. Infact, the only relationship which the GPC main-
tains with the farms is the provision of subsidized feed 
and chicks. Some famis continue to receive their allocation 
of subsidized goods after having discontinued poultry op-
erations. These farms may sell their permit (for feed and 
chicks) to other producers who are either short of the 
commodities or wish to maintain a guaranteed flow of the 
goods. Or, alternatively, the former poultry producer may 
utilize the feed in an alternative livestock sector. 

Because of this lack of correspondence between GPC 
licenses and actual producers, a follow-up study in the 
private sector only was made to determine the location, 
actual size, and number of continuing operators. Based 
on the farm capacity data collected, i.e., the number of 
birds capable of being raised on a particular farm, the 
sample was stratified by flock size into ten groups from 
less than 25,000 to greater than 225,000. 

Survey results showed that almost all-98c, of the 2,630 
farms-could be classified as small farms with an annual 
capacity of less than or equal to 100,000 broilers. Of 
these, 77c could be considered very small with less than 
25,00() broilers raised per year. Only 1.3%4 was of moderate 
capacity (101,000--200,000 broilers per annum) and only 
0.3% had a capacity of more than 200,000 broilers per 
year. Using these results, the private-broiler population 
was stratified by size and a random sample of the population 
selected. 

Results of the initial survey of the commercial, private 
layer industry in Egypt showed that 64% of the 540 could 
be considered small in layer capacity (300-3,000 layers), 
34(4 as moderate to large (3,001-10,000). and the re
mainder (2%/) as very small (less than 300). A significant 
percentage (28%() of the 182 moderate scle farms were 
located in the Giza Governorate, in close proximity to 
the large Cairo market. Also, Giza was the site of 39%4 
of the 33 largest private layer operations in Egypt. Of the 
small to very small operators (1000 layers) comprising 
nearly two-thirds of the total f'rrms in this sector, one-
halt were located in Al Minea Governorate. 

Village Hatcheries 
The village hatchery survey was also conducted from 

April 1982 through April 1983. The completed question-
naires are currently being translated into English. As with 
the marketing questionnaires, they will be taken to the 
University of California at Davis and entered on the corn-
puter for initial descriptive data analysis. 

Eighty (from a population of 775) villages hatcheries 
from nine governorates were selected by random sample. 

Enumerators visited these hatcheries monthly for a period 

of 12 months. 

Rural Flock Survey 
A poultry census to use as a basis for determining the 

population composition from which a rural flock survey 
sample might be drawn has not been taken since 1961. 
An attempt to update the information using regression 
analysis to link the 1961 rural flock population with crop
ping area, cultivated area, cereal area, agricultural pop
ulation density, and rural population was not successful. 
The rural flock sample, therefore, was based on stratifi
cation of the country by agricultural zones: East Delta, 
Middle Delta, West Delta (all in Lower Egypt), Middle 
Egypt and Upper Egypt. Fifteen districts were selected 
from the live zones according to the estimated poultry 
population (based on the 1961 census) of the respective 
zones. 

Once the governorates and districts were selected, suit
able villages believed to be representative of the district 
were selected, each with an enumerator. In each of the 
villages, the leader of the cooperative was identified through 
whom 70 households were selected which he felt would 
be willing to participate in the study and provide accurate 
information. With a suitable introduction from the elder 
to the individual participants, the enumerators were greatly 
aided in acquiring accurate information. The bias intro
duced by such a method was thought to be small compared 
to the wealth of information obtainable by the systematic 
selection process. 

All of the data have been collected, and the information 
has been translated into English. The data are at the Uni
versity of California, Davis, being coded for the computer, 
and initial descriptive statistics are being computed. Fifteen 
districts are to be analyzed for a period of 12 months each 
(November 198 1-October 1982). making a total of 180 
district-months. 

Although much of the data in the three main surveys 
gathered are still in process and analysis is far from corn
plete, certain preliminary results from other information 
collected can be summarized. 

Imported chicks may be categorized into four groups: 
broiler, layer, broiler-breeder and layer-breeder. Between 
1977 and 1980 the total number of imported chicks quad
rupled from 2.2 million to about 9 million with a peak 
occurring at 14.1 million in 1979. Most imported chicks 
L'- broilers-from 1977-79, 97%4 were broilers; 92% in 
1980. These figures. 13.9 million broiler chicks in 1979 
and 8.3 million in 1980, contrast sharply with the 2 million 
imported in 1977-78. 

The 1980 value (2.6 million LE)of chick imports was 
down only slightly from 2.S LE million spent in 1979. 
This slight decrease, in spite of the major decrease in 
import numbers, was due to substantial increases in the 
prices (e.g., a 50(/ increase in the broiler chick price). 
The total value of imported chicks increased from 276,800 
LE in 1977 to nearly 2.6 million LE by 1980, almost a 
tenfold increase. 
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As with the quantity of chicks imported. broilers rep-
resented the major expenditure--89/%of imported chick 
value in 1979; 75% in 1980. Layers and breeding chicks 
represented the second largest proportion-9.51h of the 
total for 1977-801. Layer chicks were in third position 
with 6 to 9h of import value during the same period. 

From 1977-1980, there was a constant price increase 
for broiler chicks (0. II LE to 0.24 LE). The price of 
layer chicks reached a maximum in 1979 (0.71 LE) fell 
to 0.61 LE in 1980, still 3514 higher than the 1977 price 
(0.45 LE). The price paid for broiler chicks has been 
relatively erratic. There was approximately a 25(h drop 
in price, from 1977 to 1978 (1.07 LE to 0.82 LE): tile 
price rose again in 1979 and remained relatively constant 
in 1980 (1.36 LE and 1.40, respectively). The price paid 
for layer-breeder chicks increased dramatically from 1977 
to 1979 with the 1978 price nearly double that of 1977 
(1.37 LE and 0.79 LE). Prices continued to increase in 
1978, reaching 1.93 LE in 1979. (No purchases were 
reported in 1980.) 

Geographicalapproximately 

The geographic distribution of imports oflbroiler chicks 
was found to vary widely from year to year. Greece was 
dominant in 1977 when it supplied Egypt with about 88(/ 
of its imported chicks. Israel and the Netherlands pre-
dominated in 1980, with Israel supplying about 46,4 and 
tie Netherlands 381h. 

Imports of layer chicks were concentrated in seven 
countries during the 1977-1980 period. but the relative 
importance of each country differed from year to year. In 
1977, the United Kingdom and the Netherlands were tile 
only exporters of layer chicks to Egypt with approximately 
equal shares with inports from the Netherlands fluctuating 
sharply during this period-reaching amaximum of about 
92%A in 1978. falling to only I1.5'( tile following year. 

The flow of import trade of breeding-broiler chicks is 
very different than that of tle layer industry. The Neth-
erlands was the sole exporter to Egypt of broiler-breeding 
chicks in 1977. but its share fell drainatically to 2.5(/( in 
1979. Meanwhile. West Gernany's share increased from l 
5.31h in 1979 to 62.21/h in 1980. 

Seasonal Pattern of Price Fluctuations for the 
Imported Chicks 

Available data indicate that prices of imnported chicks 
have a seasonal pattern for both broilers and layers. but 
no seasonal pattern was observed for inport prices of 
breeding chicks given irregular supplies. Layer chick prices 
fluctuated more sharply than broiler chick prices, reaching 
i niaxinun of 1.01 LI in March. with a seasonal flue-
tuation of 162.71/ . Broiler chicks prices reached i niax-
imuln value ofl0.24 LE during Septenber with a seasonal 
fluctuation ofI 126.41h. Layer chick prices were at a low 
of 0.50 LE during May with a seasonal lIuctuation of 
80'(. while broiler chick prices reached a ininimun value 
of 0. 14 LE during January with a .seasonal fluctuatiolln of 
75%4. 
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Import of Feed Concentrates 
It is well known that Egypt faces a shortage of feed 

and concentrates as a result of limited resources (mainly 
cultivated land) and competition for these resources be
tween food and feed production. Thus, expansion of the 
poultry industry appears to be heavily dependent upon the 
availability of feed, primarily via imports. Current sources 
of feed differ according to price, credit and commercial 
facilities offered by tile exporter. During 1981 tile value 
of feed inports for poultry amounted to an estimated 32.4 
million LE-. 

The major imported feed commodity purchased for 
poultry consumption during 1981 was soybean cake. Fifty
three thousand metric tons were purchased at a cost of 
mlore than 14 milion LB or 43(1< of the total imported 
poultry feed expenditure (32 million) in 1981. Major ex
porting nations of this commodity to Egypt were tile United 
Kingdom with 55,4 of the 52.75 metric ton total and 
Israel with 34Yh. There were major differences in prices 
charged for soybean cake. In fact. Israel charged a rate 

three-fourths tha of other exporters, 231 
LE per metric ton, contrasted with Italy at 305 L-:E France, 
300 LE: United States. 296 LE: and tile United Kingdomi, 
281 LE. 

The second most important feed ingredient imported 
by tile Egyptian poultry industry in 1981 was lish powder. 
The 23.072 metric tons imported aMnountLd to 26'/ of the 
total poultry feed import for that yea,. Inmports froi tile 
Netherlands. I)enmark. Norway and the United Kingdoin 
accounted for more than one-half of the total. The monetary 
value of this import was approximately 10.3 muillion LIB. 
or nearly one-third of tile import poultry feed expenditure. 
As with soybean cake. the price of fish powder varied 
greatly according to source. with Israel again offering tile 
lowest price (76.40 l.E/m. ton). far below that offered by 
other nations whose prices ranged from 416.42 L" (Italy) 
to 552.72 L' (the Netherlands). Altho oughi the price olered 
by Israel was attractive, it was only able to supply Igypl 
with less than1 0'/ 0f its fish powder requIi irenmemIts. 

The third major poultry feed ingredient imaered by 
gypt (according to valuet was feed concentrates. ac

counting for aliost 13(4 Of tile total poultry feed imlport 
expenditures in 1981. The major exporting nation of this 
commolldity to Igypt was Israel which provided 21' of 
the supply. l)enmark provided IX'/ : Italy. 17(/: France, 
14(/: the Netherlands. I 3(4 : and West Geriany. 9(.

The fourth ingredient colmprisin1g a significant aIllltlnt 
of the poultry feed import expenditlure was feed addiiVes. 
with a 'alue of' about )(/ of' the Iotal al 3.) Million L
in 1981 I:Orty-fbur percent of tihis value was prIovided by 
France t 1.3 inillion 1LI'. while Italy (2)1/ i. West Geriany 
I I'A ). and tie United KintLomn fI I /( broLueht tile coin

bined contribution of these nations to nearly nine-lentlhs 
Of that purchased by IEgypt. Tlie feed additives collmponent 
is by far the nost di verse with respect loits coniposition, 
and Comparisolns of thieprice offered by the various ex
porting nations are difficult. I lwe\'er. variations ii price 
depend ill all iiportantl way On transport distances and 
on quality of the additives. 



AN ECONOMIC EVALUATION OF 
NORTHERN LAKES DEVELOPMENT 

The Lakes Development Project was designed to prepare 
research reports leading to a cost/benelit analysis of al
ternatives for the development of the northern Nile Delta 
lakes. The primary concern was to determine where, when, 
how, and to what extent the lake areas could be profitably 
reclaimed lor agricultural uses. The study theretore in
volved investigations of the topography, history, and fishing 
yields of the lakes: the water availability for fisheries or 
agricultural development: the successes and failures in 
past reclamation efforts: and a myriad of other factors 
entering into the determination of their optimal use. 

The importance of this issue lies in Egypt's need to 
make maximum use of all potentially arable iand. The 
large shallow northern lakes occupy approximately 325,000 
feddans, equivalent in area to about 5% of the nation's 
cultivable land. 

ACCOMPLISHMENTS 
Initial studies involved a review of' the lakes' history. 

water quality, the evolution of the fishing industry, and 
past reclamation experiences. Original estimates were made 
of the past and present lake areas based on an analysis of 
topographical maps and Landsat satellite images. Potential 
developments affecting the fisheries were investigated and 
attempts made to explain the changes in the specie; com
position in the lakes' fish catches following the construction 
of the Aswan High l)am (Reid and Rowntree, 1982). 

The current (1981) lake areas available to open water 
ishermen were calculated. Lake Manzala has an open 
water lake area of 166,480 feddans: Lake 13urulus has 
114,520 feddans: Lake Edku, 27,4701 feddans and Lake 
Maryut, 16,240 feddans. The study concluded that the 
fished area of these lakes had been reduced in area by 
about 26% between 1953 and 1981. Public and private 
land reclamation efforts were primarily responsible. 

Comparisons were made between fishing and agricultural 
production, income generation, and employment to coIm-
pare alternative uses of the lake areas either as fisheries. 
or as cultivated reclaimed land. Fhe output. income, and 
employment generated by the lisheries are not only ira-
portant in their own right, but also because they represent 
part of the opportunity costs of reclaiming the land for 
agriculture, 

While agriculture is commonly superior to fishing in 
tenis of income and employment generated on a per feddan 
basis, this does not apply to the specific use of these lakes. 
First. the net advantage to agriculture is usually so small 
that it does not justify the investment costs of reclamation, 
Second. agricultural yields on reclaimed lake areas have 
proven to be significantly lower than yields on the old 

186 

" 

i 

Project research staff observing workers at El Zawia Gov
eminent Fish Farm as tie), transfer lish fingerlings from a 
nursery :)ond to the 50(10 feddan rearing pond. The lish ponds 
are excavated from reclaimed marshland south of Lake Bu
rullus. which is of little value for agriculture but suitable for 
rearing fish (carp. mullet, and tilapia) For urban markets. 

Ph,,to: Trid Reid 

lands, which are often used as a bsis for comparison 

with yields fromi fisheries. Third. even selective reclamation 
of the lake areas has problems, since sacrifice of' parts of 
the lakes may have detrimental impacts on aspects of the 
lake environment vital to sustaining productive fisheries, 
such as water flow, spawning grounds. and fingerling 
nursery areas. Fourth. while the fisheries thrive on agri
cultural and urban drainage waters, there appears to be 
inadequate supplies of sweet water to accomplish the 
leaching necessary for reclamation processes. and later 
on. for irrigation of the reclaimed land. Thus there are 
severe constraints on further profitable reclamation from 
these lakes. 
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A study on fish yields in tile northern Nile Delta lakes riodically pumping out the water from the enclosure and 
(Rowntree, Reid. and Abou-Auf, 1983) estimates the actual 
1982 fish yields from the tour northern lakes. Historical 
data on lish yields, seasonal yield patterns, species corn-
position, and landing sites have been analyzed, and fish 
yields for 1982 estimated Irom the data of a survey con-
ducted with boat captains in November-December 1982. 
The fish yields projected from the survey data were 91 C/C 
greater than the expected 1982 historical projection. A 
review of'the data collection and reporting methods used 
by the various Egyptian government agencies involved in 
managing and monitoring the lakes suggests that they are 
inadequate for policy and management requirements. 
Recommendations were made for improving the data base 
to meet these needs. 

The importance of good fisheries management practices 
for attaining high productivity was evident. While the 
fisheries on lakes Manzala and Maryut are the most pro-
ductive, largely due to their natural features and the influx 
of nutrient rich wastewater from Cairo and Alexandria 
respectively, the fisheries on all lakes suffer from low 
yields as a result of inadequate management. One of the 
most important developments has been the spread of 
"hosha" fishing (Reid, Rowntree, El Kholei and Abou-
Auf, 1983) which occurred rapidly and widely in Lakes 
Manzala and Burullus during the periods of hostility with 
Israel between 1967 and 1973 when traditional controls 
broke down. Hosha is a method of* fish capture which 
involves enclosing an area of lakeshore by dykes, pc-

harvesting the lish by nets at the pump intake. The use 
of this fishing method, technically illegal, holds great 
promise for tilefisheries as well as presenting a great 
challenge. 

Potentially. iinchecked expansion of hosha could in
crease the fishing intensity on the lakes to the point of' 
depleting the fish stocks and destroying the fisheries. It 
has been argued by those who oppose the legalization of 
hosha that because hosha are constructed along the shore
line, the shallow, vegetated, protected areas favored as 
nursery grounds by fingerlings are eliminated. Since the 
capture method does not discriminate between different 
size classes, the fingerlings end up being sold for animal 
feed instead of maturing for human consumption. 

There are great possibilities, however, for controlling 
and managing hosha to Egypt's advantage. The Ministry 
of Agriculture has already recognized some of this promise, 
for it has begun to license some operators on an .xperi
mental basis. Financial and technical aid are offered to 
these hosha operators if they will switch from a pure 
capture to a modified hosha-fish farm technique in which 
they hold and feed the fish. 
Hosha is often more than a fishing technique: in many 

cases it is a prelude to private reclamation efforts on the 
edges of*the lakes. It is important therefore that extensive 
study of hosha and its potential impact on the fisheries 
be undertaken to establish a clear policy on its use, and 
to determine how best it should be managed. 

. . .-


Land such as this can be reclaimed from the shallow lakes and lcvcloped 
for agericulturC. The land is where I.ake Edku used to be: its level has 
been raised some live feet above the former water line. an expense 
Justilied by the high prices received I'Ortruck crnps. 
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In addition to a purely economic analysis, a study of 
the sociology of lishing communities was conducted to 
explore the social effects of i.,vesting in fisheries devel-
opment versus cultivation on reclaimed land. The data 
from extensive surveys of two communities conducted to 
answer these questions is currently being analyzed in Cairo. 

An additional study. still in progress, is examining the 
feasibility of development of fish culture inthe immediate 
vicinity of these lakes. 

Past reclamation experiences from lands that were for-
merly lake bed or lake-associated marshland were reviewed 
and surveys of fanners on public land reclamation projects 
were undertaken to explore the reasons for the success or 
failure of these schemes. This work is continuing and will 
result in recommendations to guide any further reclamation 
plans. 

There remains Much unfinished work ol the research 
agenda of this project. as well as on particular analyses 
of survey data already collected. When survey analysis 
is complete. all the elements should then be available for
integration into i general social benefit-cost framework, 

which could be valuable for guiding policy makers in 
planning and investment decisions that will lead to the 
optimial development of the northern Egyptian lakes. It is 

clear from the work already undertaken and completed 
that !he northern lakes are much more productive of fish. 
employment, and incomes than has been suggested by the 
historical data. Public and private directions are currently 
leading towards sacrilice of the northern lakes fisheries 
at great cost to Egypt. There are strong indications that 
protection and further development of the fisheries' po
tentials in the northern lakes will be highly socially prof
itable for Egypt. Hovever. further research is necessary 
to explore the problems offfisheries development, and 
hence provide policy guidelines. 
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ECONOMIC EVALUATION OF
 
POSTHARVEST LOSSES
 

This project isclosely related to ADS horticulture research, 
and provides an economic evaluation of postharvest losses 
for selected commodities. The aim was to explore the 
cost effectiveness of alternative improvements in handling,
packaging, processing, distribution and marketing, as well 
as to investigate the feasibility of different market coor-
dination schemes. 

ACCOMPLISHMENTS 

ESTIMATES OF MARKETING LOSSES 

The horticultural Postharvest Project estimated losses 
to technical standards utilizing live categories
accordingaccording tosses re stmat d utilisingafive cateesat 

of quality. Losses were estimated by separate samples at 
each level of the marketing system, but since some products 
classified as unmarketable still had a value, their study 
did not estaeconomic losses, 

This project has used two approaches to study economic 
losses in the marketing svstem. The first involved admin-
istering a questionnaire at the f'arm. wholesale, and retail 
levels, where respondents were asked questions concerning
losses, damaged products with no value which were thrown 
away, and damaged products sold at reduced prices. The 
second approach involved a case study which followed a 
sample of each commodity (potatoes, tomatoes, and grapes) 
from the grower to the retailer. The impact of various 
containers on averag-e losses was also considered. 

The survey results revealed significant economic losses 
inthe marketing channels, but these were lower than losses 
based only on technical standards. 

Potatoes: In a survey of four villages, losses of' potatoes 
at the farm level averaged 5.2/. Average physical losses 
(no value) at the wholesale and retail levels were 2.2% 
and 1.4(/. respectively. Damaged potatoes sold at reduced 
prices averaged 1.5%1 at an average discount of 38(/( at 
the wholesale level, and 4.4(/ at an average discount tl' 
50.2%/ at the retail level. Economic losses for pottocs in 
this sample averaged 5.2% at the farm level, 2.8% ,at tie 
wholesale level and 3.6% at the retail level. 

Tomatoes: P3hysical losses of tomatoes at tilefarm level 
averaged 1I).8%/ in the sample villages. Average physical 
losses (no value) at the wholesale and retail levels were 
5.21/ and II .6 . respectively. Damaged tomatoes sold 
at reduced prices averaged 16.V/%at an average discount 
of 36.8%/ at the wholesalc level. and 3.9r/ at an average 
discount of 35.5%/ at the retail level. Economic losses for 
tomatoes averaged 10.81h at the farl level. I I .A(/ at the 
wholesale level and 13.0(1( at the retail level, 

Grapes: Physical losses of grapes for the sample ax'-
eraged 4.5%h at the farm level. There were negligible 

physical losses (no value) at the wholesale level and an 
average of 7.4% at the retai! level. Damaged grapes sold 
at reduced prices averaged 7.0% with an average discount 
of 31.9% at the wholesale level, and 6.3% at an average
discount of 41.8%,/ at the retail level. Thus, econnv ic 
losses for grapes averaged 4.5% at the farm level. 2.5% 
at the wholesale level and 10% at the retail level. 

While the survey provides a measure o1'economic losses 
at various levels in the marketing channel foi each com
modity. it probably overlooks some losses and thus Ln
derstates total losses. The case studies provide a measure 
of total losses by following a given lot of product from 
tie farm through the retail level. Members of the horticultural team who accompanied the economics team in 
the case study included Dr. Sharara (potatoes). Mr. Hassan 
Ahmed (tomatoes), and Dr. Kamla (grapes). 

The case study found a total loss inthe marketing channel 
of' 17.6% for potatoes. 43.2% for tomatoes anti 28.0% 
for grapes. Losses by level for each product are shown 
in Table 1. 

Case studies of the impact of sorting and containers on 
marketing losses were conducted for each of the three 
commodities. 

Potatoes: Three sizes of sack-25. 50, and 75 kilo
grains-are commonly used for potatoes. Losses in the 
marketing channel tend to be inversely related to package 
size: Losses for the 25 k- sack were 21.3%. decreasing 
to 17.5% for 50 kg sacks and 16.3C/ for 75 kg sacks. 
Based on a price of LE 108.50 per ton the value of the 
losses are LE 23.11. LE 18.99 and LE-17.68 respectively. 

Tomatoes: The relationships between four different 
containers and average losses both with and without sorting 
at the farm level were investigated. Average losses between 
the farm and retail level without sorting ranged from 34. 1% 
f'or green plastic boxes (25 kg) to 28.2/ for palm rib 
crates lined with perforated carton ('[able 2). However, 
examination of losses which ot.cur when the tomatoes are 
sorted at the farm indicate that much of the variation in 
losses for unsorted fruit may be due to quality differences. 

Sorting at the t'arm level reduces marketing losses by 
removing umlnarketable f'ruit before shipping. While this 
offers potential cost savings in transportation, it is not 
practiced because the pricing system does not adequately
discriminate between differing quality levels. 

Grapes: Most grapes are packaged and sLipped in either 
carton boxes or paln rib crates. For Banati grapes, losses 
were 4.28% in the carton box and 17.85%7 in palm rib 
crates. While the carton box redt..:es losses, its higher 
cost (45versus 15 piasters) may discourage its use. Under 
1982 price conditions, the value of' the grapes saved by 
use of a carton box compared to palm rib crates was 17 
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Table 2. Marketing Losses for Tomatoes Related to Container Type,
 
With and Without Farm Sorting
 

Costs of Package 
Container Not Sorted Sorted and Transportation 

-Percent 

Palm Rib Crates 70.6 

Lined Palm Rib Crates 71.8 

Blue Plastic Boxes (20 kg) 71.6 

Green Plastic Boxes (25 kg) 65.9 

piasters, but this was at a cost of 30 piasters. Widespread 

use of carton boxes will require higher prices for the 

improved quality observed, 


Table I. A Summary of Losses Occurring in the 

Marketing Channel by Level and 

Commodity for the Case Study


Level Per g Lof 
Level Percentage L 

Potatoes lomatoes Grapes 

Farm 11.89 8.96 15. iO 

Wholesale 1.47 17.89 6.90 

Retail 4.18 16.30 6.00 

Total 17.54 43.15 28.0 

POTATO STORAGE PRACTICES 
This study examined storage practices and experience 

with both home (norlat) and refrigerated storage of sunnmer 
crop potatoes in a sample covering the important potato 
production districts. The 164 producers included in the 
sample spanned a wide range of farm sizes and levels of 
potato production. 

A total of 143 respondents (87. 2 % of the sample) in-
dicated that they stored summer potatoes to use as seed 
for their nili crop. Just over 6114 of these same respondents 
also stored summer potatoes for sale on the local market 
to take advantage of price movements. Four respondents 
who did not store seed potates did store potatoes for the 
local market. A total of 97 (66.4% ) respondents stored 
sonie of their crop in home nowlat storage. 52 (35.6", ) 
utilized refrigerated storage. and 24 ( 16.4(/ )used now/at 
storage located in the village. The respondents who stored 
the largest amounts ol potatoes tended to use a combination 
ot nowtat and refrigerated storage. Respondents reported 
that they stored 54.8"h of their sumimier potato crop. and 
of this amount 34.7(/, was stored for seeds and 65.3;A for 
sale on the local market. 

Respondents reported that the potatoes they stored were 
sold at the fann gate ( 17.6(/( ). at a village market (15.3(/7 ). 
at a wholesale market (55.8% ). or through a middleman 

Marketable

81.1 LE 13.34 

81.3 17.50 

82.5 12.00 

85.1 10.25 

or broker ( 11.8). Those respondents with small quantities 
tended to sell at the farm gate or village market and the 
producers with large quantities tended to use middlemen 
or brokers. 

Length of storage of potatoes for the local market varied 
from 1.5 to 4 months with 26.31/( of the respondents 
storing 48.4(/ of the potatoes for 1.5 to 2.5 months. 41.4%,

the respondents storing 36.91h of the potatoes for thr,.e 
months. and 32. 3 %4of the respondents storing 14.71h of 

the potatoes for 4 months. Respondents reported price
increases for stored potatoes ranging from LB: 15 to LE 
130 per ton with an average of LE 50.09 per ton. Average 
price increases during the storage period were: 1.5 to 2 
7months, LE 47.92: 2.5 3 months.to LE 65.41: and 4 
months, LE 32.08. The price pattern observed, with prices
decreasing from 3 to 4 months, is probably explained by
both supply-denand relationships and decreases in quality 
during storage. 

The capacity of home nolat storage facilities ranged 
from 2 to 150 tons with an average of 13.5 tons. Reported 
construction costs averaged LF 24.86 per ton of capacity. 
Storage costs ranged from LB- - to LE 10 per ton with an 
averige of LE 5.58 per ton. Costs remain fairly constant 
regardless of length of storage. and there are no economies 
of size for home now/at storage. The capacity of village 
now/at storage ranged from 3 to 250 tons with an average 
of 32.2 tons. Average construction costs were LE 24.59 
per ton. Storage costs ranged from LE 2.5 to LE 9 per 
ton with an average of LE 4. It) per ton. Costs of storage 
did not increase with length of storage. and there are no 
economies of size. 

Costs of storing potatoes in refrigerated storage ranged 
from LE 18 to LE 45 per ton with an average of LB- 28.17 
per ton. ['ransportation costs to move potatoes to refrig
crated storage averaged LE 2.95 per ton and did not appear 
to vary with distance. Refrigerated storage costs did vary 
with length of storage. They averaged LE 23.33 for 3 
months and LB 33. It for 4 months. 

Respondents listed sales prices of stored potatoes by 
end use. The prices of notat stored potatoes sold for 
seed ranged from LE 90)to LE 200 per toil with an average 
of LE 148.16 per ton. The prices of 'tat stored potatoes 
sold fbr local consumiption ranged frorn LE I00 to LE 
140 with an average of LB 116.37 per ton. Reftrigerated 
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potatoes were not sold for local consumption. Prices of GRAPE STORAGE 
refrigerated potatoes sold for seed ranged from LE 130 Two varieties of grapes. 'Banati' and "Romi'. were 
to LE 2 10 with an average (A"LI 167.87 per ton. stored for one and three months to investigate storage 

There is a significant difference instorage waste between losses, storage costs, and return from storage. The results 
nowlat and refrigerated storage. Average waste in nowlat of this study summarized below reveal that refrigerated 
storage increased from 8.4% for 2 months storage to 9.4(/ grape storage is both technically and economically feasible. 
tor 3 months to 12.6% for 4 months storage. Average Losses of 'Banati' grapes increased from 2.51/( after 
waste in refrigerated storage increased from 1.4% for 3 one month of storage to 18X/for three months storage. 
months to 2.3% for 4 months storage. Losses of 'Romi" grapes increased from I .3'h after one 

Losses during the storage period are significantly lower month of storage to 23.0% after three months of refrigerated 
for refrigerated than for nowlat storage but costs are much storage. 
higher. Many producers ind refrigerated storage difficult Farm level prices of 'Banati' grapes during the picking 
to justify on an economic bastk when only waste and season averaged 25 piasters per kg. These prices increased 
storage costs are considered. Under typical conditions, to 85 piasters per kg after one month storage and further
the price of potatoes would have to be very hi to 125 piasters per kg after three months storage. Averagetilepera ependtue Wfor refrigerated \craigh oeJUStify farm level prices of 'Romi" grapes were 19 piasters per 
itthere are price diferentials due to kg during the picking season. These prices increased toquality differences,

-ifterey resupricdiretials de toqualty diffrgence. 85 piasters per kg after one month of rcingerated storage 
as survey results indicate, then refrigerated storage can and further to IMO) piasters per kg after three months. 
be justified. Seed potatoes stored in refrigerated storage After subtracting the value of losses and storage costs. 
were priced an average LE-19.71 per ton higher than seed net revenues froni storing 'Banati" grapes in refrigerated 
potatoes stored in now/at. Using average costs and los, storage were 12.3 piasters and 33.8 piasters per kg for 
experience fIor 3 months storage reveals that returns would one and three months. respectively. Returns from ref'rig
be LE 10.70 per ton greater in refrigerated storage than crated storage of 'Romi' grapes were 24.9 piasters and 
lowlat storage. The examples utilized indicate that there 20.2 piasters per kg for one and three months, respectively. 
may be econonmic advantages from expansion of refrig- A test of' grape storage on the vines (delayed picking) 
crated storage facilities but that these advantages depend for a period of three months was performed with some 
on the loss experience of individual producers and price farmers from Minia. Losses were quite high. 45'/(. but 
movements during the storage period. Further work on the price increase which occurred did provide a net return. 
quality and price differentials by type of storage by pro- Researchers. however, believe that grape storage on vines 
duction district would be helpful in formulating plans and has very limited commercial application because of both 
recommendations, losses and decreased quality. 

IrER 

~T 

Urban vegetable markets provide opportunity for further deterioration 
in product quality. The project on Evaluation of Postharvest Losses has 
examined the cost effectiveness of alternative improvements in market 
practices. I'I t,..: tal'lI:ri' (hi 
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MARKETING CHANNELS AND COSTS 

A village survey indicates that there is significan! var-
iation in market outlets utilized by producers. The variation 
by commodity is illustrated by data in Table 3. 

A breakdown ot tileconsuler pound shows thIt the 
farmer's share varied f'rom 42(/ for potatoes to 481X for 
grapes ('able 4). The wholesalers' share varied from 16. I / 
for tomatoes to 17.4(/( for grapes, while the retailers' 
share varied from 34.6(/( tor grapes to 40.9(/( for potatoes. 
Shares at the various levels do not seem to be related to 
perishability, but shares at the wholesale level do vary 
with total value. Shares and Value do not appear to be 
related at either the farm or retail level. 

PRICE-QUALITY RELATIONSHI!PS AT 
ROD FLL-FARAG AND EL-NOZHA MARKETS 

This statistical study was restricted to grapes, potatoes 
and tomatoes for EI-Nozha market. It utilized monthly 
data for 1972-198 1and weekly data (1979-8 1)for Rod 
EI-Farag. using ordinary least squares methods (OLS) for 
relating prices to quantities sold and certain shift variables. 
Several linear functions were fitted tor each product. Tile 
results computed were reasonably similar. Each indicated 
a negative price-quant ity tunction with an upward price 
trend during the 10-year period studied. 

File price-quantity, function moves upward over time 
for all three products and also shifts from month to month. 
The monthly shift or grapes is a substantial and fairly 
steady decline during the main marketing season. June-
September. The price-quantity function for potatoes is 
about LE 12 per ton below tile annual average during the 
first six months of the year. Its level increases steadily to 
a premium of LE 30 in November and drops sharply 
during the next two months. ilepattern of monthly shifts 
t'or tomatoes is rather irregular. When equations are fitted 
for shorter time periods, say four or live years. tileshifts 
take on a more systematic pattern. 

HOUSEHOLD CASE STUI)Y 

A survey of household purchasing practice, prices paid. 
and losses for potatoes. tomatoes and grapes was adinin-
istered to 40 households in Cairo and 70 households ill 
Alexandria. 'File sample was not randol. and thus the 
results cannot be generalized. The results d0, however. 
provide ani indication of' losses occurring and of factors 
which may be related to losses at the household level. 

Survey results indicate that losses ranging fron 101/ 

to 20'1 can occur when products are stored temporarily 
in the household prior to consumption. Household losses 
may relate to household storage practice. but they may 
also be due to marketing and pricing practices. It appears. 
as one might expect. that product quality is adjusted to 
stay within the administered price structure when market 
prices exceed administered prices. Survey responses ill
dicate that households which purchased products at ad
ministered prices experienced higher losses than those 
that purchased at higher than administered prices. 

This case study emphasizes the importance o!consid
ering losses at the household level when calculating losses 
in the marketing channel. It also illustrates some of the 
inefliciencies which can be introduced into a marketing 
system by administered prices. Educational programs di

rected toward reducing household losses may be worth
while. 

Table 3. Percentage Distribution of' Market Outlets
 
Utilized by Potato, Tomato and Grape Producers in
 

Sample Villages
 

Marke Outlet Potatoes onutties Grapes 
-Percent-

Farm Level 10. I 47.7 73.2 
Village Market - - -

Governorate Market 1.9 1.3 8.8 

Export Market 55.5 I.0 -

Tota! I()0.0 IO0 I00.() 

TOMiATO FROCESSING 

A study of the tomato processing industry fou1nd a 111n

ber of' problems related to administered prices, product 
distribution. processing costs, and quality. There are two 
public sector food processing companies. Kaha and Edfina. 
which produce tomato sauce. l)uring the period 1977
1980. tomato sauce accounted for an average of' 16.5% 

of' their total production. Private sector companies have 
not processed tomatoes since 1977. 

Table 4. Shares of the Consumer Pound Going to Farmers, Wholesalers, and 

Retailers for Potatoes, Tomotoes, and Grapes 

Polatroes Tomatoes Grapes 

LE/Ton Percent LE/Ton Percent LE/Ton Percent 

Farnier 76.24 42.12 79.10 47.37 205.07 47.99 

Wholesaler 30.77 17.00 26.90 16.11 74.27 17.38 

Retailer 74.00 40.88 61.00 36.52 148.00 34.63 

Retail Price 181.01 100.00 167.00 100.00 427.84 I00.00 
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Administered prices for tomato sauce restrict the price 
which firms are willing to pay for fresh tomatoes. This 
leads to problems of raw product availability and quality.During the three-year period 1979-1981, the average price 
paid for processing tomatoes was LE 49 per ton. At the 
same time, the average price in the Rod El Farag market, 
one of the sources of processing tomatoes, was LE 94.90 
per ton. The companies complain about shortages of raw 
product, operate at about 5 3 c1 of capacity and have only
worked 75 days per year. This low level of plant utilization 
results in high average fixed costs per unit processed. 
Raw product quality also has an adverse impact on costs. 
The solid soluble content of tomatoes processed has av-
eraged 4.5 to 5 1c while international standards are in the 
7 to 8c/. range. 

The public sector companies have also experienced dis-
tribution problems and, as a result, have accumulated 
inventories which average 35% of production. 
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AN EVALUATION OF BIOGAS TECHNOLOGY
 

Agricultural crop residues are currently being used in rural 
communities either for feeding livestock or for burning 
in ineffi-ient stoves. An estimated 13.6 X 10" tons of 
crop residues are currently used for cooking and heating, 
a large portion of' which (estimated at 9 x 10" tons) could 
be saved for animal feed if alternative fuel sources could 
be used. The shortage of animal protein for human con-
sumption, an important problem in the Egyptian agricultural 
sector, could be alleviated by increased livestock production 
resulting from animal feed made available by the intro-
duction of biogas technology, 

Animal wastes, like crop wastes, perform an important 
function as energy sources in rural communities. About 
one-third of the animal dung produced is dried and burned 
for cooking and heating. In 1975 about 10% of the nation's 
energy needed for cooking and heating was provided by 
animal wastes. The remaining dung is added to the soil 
as fertilizer. Burning these waste materials thus withdraws 
important nutrients f'rom the production system and rep-
resents a loss of potential organic fertilizer which might 
instead be used to increase soil fertility. 

The process of biogas generation from crop residues, 
animal droppings and human habitation wastes has attracted 
the interest of scientists worldwide because of the numerous 
benefits realized from it: it provides a clean and convenient 
fuel l'or cooking, manure remaining after obtaining the 
biogas is of higher quality, richer in nitrogen and carrying 
fewer pathogens and parasites as compared with tile tra-
ditionally prepared manures: it conserves alternative fuels, 
e.g. kerosene, crop stalks and straw which are otherwise 
burned as fuel are saved for use as fodder and for silage. 
Rough estimates in pilot studies suggest that the installation 
of' biogas digesters in Egyption farming could: 
1.save about 9.3 x 10" tons of' crop residues currently 

burned as fuel which could then be used to increase animal 
production by over 100% 

2. provide a quality heating and cooking fuel which is 
renewable and which would triple tile current production 
of energy: 

3. provide a use for other wastes such as bird droppings 
and human wastes-thus reducing health hazards: and 

4. double the amount of plant nutrients and organic 
manure returned to the soil. 

The main objective of' the Biogas Technology (BGT) 
Project has been to conduct an in-depth study of the fea-
sibility and impact of' widespread adoption of' BGT in 
Egyptian farming. The project has integrated data from 
on-going lab work and field experiments with digesters 
with an extensive survey of' sources and uses of' energy 
in Egyptian farms and households. The expected end 
product was assessment of physical impacts on the farning 
system, the costs and benefits to Egypt, the distribution 

of impacts, and assessment of the prospects for adoption 
of this technology. 

ACCOMPLISHMENTS 
The project embarked on a number of related research 

activities. 
I. An examination in the lab and infield units of various 
biogas technologies potentially appropriate to small
scale on-farm use in Egyptian farming communities
including design features, costs of construction, input 
and output studies (optimum and actual field use by 
households), design of auxiliary devices (burners, etc.). 
operating procedures, and fertilizer studies. 
2. An examination of current patterns of energy. res
idues, and fertilizer use in Egyptian farming derived 
from a 300 sample survey of farm and households from 
seven farming regions in Egypt. The survey collected 
over 500 pieces of information per sample on all farm 
input and output relationships, household socio-eco
nomic characteristics, sources and uses of all energy 
including traditional off-farm (kerosene and butagas) 
and on-farim sources (crop residuals, dung cakes). uses 
of fertilizer (chemical and manure), animal inputs and 
production, household health information and other data. 
3. A study of the adoption potential (saturation level 
and speed of adoption) for BGT, beginning with a survey 
of' 120 individuals consisting of' actual adopters and 
non-adopters. Answers to questions of willingness to 
adopt are conelated with characteristics of' faners such 
as age. education, role in community, exposure to media, 
cosmopolitaness. and contacts with extension agents. 
4. An analysis of the socio-economic impacts of wide
spread BGT in agricultural communities, incorporating 
information from the survey, data from lab and field 
experiments, and cost data from experimental units. 
The impact study examined: 

a. existing patterns of energy use across small, 
medium and large farms, concentrating on the use 
of crop residues and dung cakes in particular: 
b. the role of fertilizers (chemical and animal) in 
existing farm systems to determine the potential for 
substitution using biogas sludge in place of chemical 
fertilizers: 
c. the potential f'or substitution of existing energy 
sources in cooking. heating, water boiling. etc. with 
biogas energy, analyzing the value of crop residues 
saved as potential f'odder and o1'dung cakes saved 
as potential fertilizer: 
d. health effects of safer utilization of crop and animal 
wastes: 
e. complete cost/benefits of' typical farm and house
hold systems in several farming regions and across 
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three farm sizes to determine feasibility and payoffis, 
of BGT; 
f. the overall benefits of BGT to Egypt as a whole, 
focussing on where geographically and what farm 
sizes might produce highest payoffs, what increased 
production (crop and animal) might result, what other 
impacts might he expected. 

By August 1983 all data gathering activities from survey 
work had been completed, data keypunched and two
thirds of it entered into the computer to begin analysis. 
There is an enormous anmount of very high quality data 
in this survey according to our preliminary logical tests, 
and ultimately of much potential use for understanding 
many aspects of farming systems in Elypt-incltiding 
cropping patterns, production function studies, soil inputs 
to crops, fertilizer studies and animal production-in ad-
dition to the particular parts we are focussing on. 

Data for field and lab work on fertilizer benefits of 
digester sludge have been compiled and summarized. One 
surprising result has been the discovery that the economic 
return to the added fertilizer amounts to perhaps two
thirds of the returns produced by the use of biogas-tech
nology. In addition, field experiments suggest a strong 
residual effect on the soil and crop yields from using 
biogas manure. 

Prelimininary results are available from the analysis of 
only about one-third of the collected data. Due to the 
delayed start of this project, much work still remains to 
be done. The researchers require 6 to 12 more months 
before the full analysis of the data will permit predictions 
of aggregate impacts and an overall evaluation of the 
feasibility of using biogas digesters in Egyptian agriculture. 
The work so far has been very promising. 
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ECONOMIC EFFICIENCY AND RESOURCE USE 
ON THE EGYPTIAN FARM 

Previous studies of farm efficiency in Egyptian agriculture 
have emphasized selected single commodity input-output 
relationships rather than the examination of the performance 
of whole farms as undertaken in this current study. 

The economic efficiency of Egyptian farms is condi-
tioned by different technical, social, institutional and eco-
nomic factors. Soil characteristics, farm technology, co-
operatives, research, extension and government progrms, 
oprmtizes, randcpitl itensity,angoher ntogras,farm size, and capital intensity, among other factors, are 
expected to have an effect on farm efficiency and resource 
use. The purpose of this study is to examine relative ef-
ficiencies of Egyptian farms under different environmental 
and economic conditions. The identification of factors 
that affect farma efficiency will be beneficial to both farmers 
and policymakers. 

Findings of the study will have important bearing upon 
the possible adjustment process which might result in the 
development of more efficient farming units in Egypt. 
Information about the factors that influence efficiency would 
be helpful to decision makers in Egypt in different ways. 
For example: 
I.Determination of the optimal cropping patterns in 

the zones under study and the impact of these on 
the production of major crops have astrong bearing
on the availability of oreign exchange ai 
on 	 ex enyAstudthe ilaityo frein an 

2. 	 A study of the relation between size and efficiency 
provides helpful information for policy makers in 
determining optimal size of farms to be established 
in the "new lands," which are to be distributed to 
college graduates or individual operators: 

3. 	 The relation betw,,en new technologies (e.g., rural 
electrification, iic\\ varieties, new cultural practices, 
etc.) and efficiency helps evaluate their potential 
impact on agricultural production and farn efficiency. 

This study, initiated in January. 1982. had three major 
objectives identified for study over a proposed three yearprojct ife Thefirtas eficincyojecive o masur 
project life. Thefirst objective was to measure efficiency 
of different farm sizes in selected agro nom'ic zones based 
on an extensive sampling of farms. The second objective 
was to identify factors which constrain profitability and 
economic efficiency, including cropping patterns, farm 
size. managerial ability, technological innovations, factor 
costs, infrastructure, and institutions. The third objective 
was to evaluate current governmental policies with respect 
to economic efficiency and to assess possible policy al-
ternatives. At the time of project termination, only the 
first of these objectives had been pursued. The findings 
are summarized below, 

ACCOMPLISHMENTS 
EFFICIENCY OF DIFFERENT FARM SIZES 

The project was designed to be implemented in two 
phases, involving the application of economic efficiency 
analysis to two quite different sets of data. 

During Phase 1,conducted during the first halfof 1982, 
the Egyptian team collected data from the Farm Manage
ment Survey for 8 villages in the vegetable zone and 15villages in the rice zone. The collection of data had two 
purposes: I) to familiarize all participants with the process 
and contet of the previous survey, and 2) to provide UC 
Davis collaborators with the opportunity to examine that 
data set for congruence with data requirements of the 
several analytical approaches under consideration. The 
data set was processed and analyzed to test concepts and 
procedures for use when Phase II survey information be
came available. Phase I also served to identify more pre
cisely the data needs to be filled in the Phase II survey 
effort. An additional facet of Phase I carried on by both 
UC and Egyptian team members was an extensive survey 
of the literature including studies within Egypt, in other 
developing countries, and other empirical studies of farm 
efficiency. The latter efforts contributed to several team 
working papers.Phase I of the project involved collection of a specific 
set of farm data and was to include analysis and interpre
tations. 

Data Collection 
Building the data base was accomplished in three distinct 

tasks: 
I) Delineation of the population and drawing the sample; 
2) Preparation of the interview schedule, and 
3) Collection and tabulation of survey data. 

Delineation of the pop tlation and drawing the sample 
The basic study unit is the Egyptian farm. However, 

beasbecause oof' the aapparent heterogeneity in agriclturleacagriculturalte nt iheEgyin ac
tivities. it was decided to work with farmers who specialized 
in certain enterprises. Consequently. our survey population 
is focused on farms in the rice and vegetable zones. 

The rice zone, consists of six governorates. These gov
ernorates, in the order of their share of national rice area, 
are lakah ia, Kafr EI-Sheikh, l3ehira. Sharkia Carbia,G 
and Doinietta. The area planted with rice in these gov
ernorates in 1980 ranged from about 25(/( of the summer 
crop area for Gharbia to 66/( of the total summer crop 
area for Dlomietta. The six governorates in the rice zone 
produced about 2.4 million tons (about 975/ oftthe national 
production of rice in 1980). 
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Several criteria were employed in selecting sample 
governorates: a) the percentage of national rice area con-
tributed by each governorate: b) the percentage of the 
national rice value contributed by the governorate' and c) 
the relative share of the rice area to the governorate's 
sumnmer crop area. Combining these criteria resulted in 
the selection of four governorates: Beheira. Kafr EI-Sheikh, 
Dakahlia, and Domietta, which, combined, constituted 
7(01/ of the national rice area and contributed 72% of the 
national rice output in 1980. The rice area in each of these 
governorates accounts for more than 35% of the gover-
iorate's summer crop area. 

Applying similar criteria, one distric: was selected from 
each of the four governorates. Within each district the 
selection of villages proceeded intwo steps. In the first 
step. the live villages showing the most intensive summer 
rice cultivation within each district were selected. In the 
second step, the live tentative sample villages were reduced 
to two. following evaluation in terms of a) an infrastructure 
index (constructed to reflect availability of'rural institutions 
and facilities), and b) the level o"mechanization. Thesecriteria were applied in a way that ensured the sample
reilected extreme variaon in village infrastructure and 
levels of mecharizatione 

The selection of sample farms within villages proceeded 
as flllows: 

as folows:level 
a) Large size holdings (greater than 10 feddans) occur 

with rather low frequency. In each sample village, 
ten holders w re randomly selected. If the total num-
ber of large holdings was tel or less in the village, 
alltwo 

b) For each of the other size of holdings, holders were 
n prporionseletedndandmly o te nuber 

of holders in each size class (less than I feddan, I-
3 	 fddans. 3-5 feddans, and 5-10 feddans). ,Fihe 

af eddansze antedfo30-wfas 	 feans). Tges 
total sample size was targeted ibr 30 farms invillages 
with less than I.)f)') total holdiigs: otherwise a total 
of 	forty was sought. 

The diegetble zone is iot as coicentrated as rice anid 
is dispersed over much of1Egypt. Thie top four goveorates 
in terms of the area planted with vegetables each year tire 
Behira. Giza, Sharkia and Kalubia. Almost one half f 
tile national vegetable area is located in these fOur gov-
ernorates. Using criteria involving a) the governorate's 
relative share of' the value of vegetable production with 
respect to tIlevAlue of natiOnal agricultural production, 
and b) its relative share of'vegetable area as a proportion 
of the national area in vegetable production. two gover-
norates were selected for this study: Giza and Kalubia. 
Each of the selected governorates has more than 33 %4of 
its area cropped in vegetables. 

Similar criteria were used inselecting districts, and the 
selection of villages was based on their relative share of 
area croiped in vegetables, their infrastructure, and their 
level of mnechanization . As with rice, inobjective was to 
select villages reflecting extremes in village infrastructure 
and mechanization levels. Sampling of farms within \ii-
lages proceeded as described for the selection of rice farms. 

Preparation ofthe Interview Schedule 
The interview schedule prepared to collect survey data 

from farm operators was designed to elicit responses about 
the farming operation and related aspects. Basically. the 
schedule included questions intended to secure data on: 

a) the farm family in terms of size, age, and sex coin
position. educational level, occupations, etc.: 

b) the farm enterprise in terms of size, tenure, cropping 
pattern, present investments infarming, and farm
 
credit, etc.:
 

c) 	crops grown during the agricultural year 1981-82 in 
terms of area. production inputs (seeds, fertilizers, 
insecticides, machinery/equipment use, manual and 
animal labor, and land rent), output, and product 
disposal: 

d) animal production enterprises, in terms ofinputs and 
outputs: 
outputsn
 

e)family income from various sources (including non
farm): 

f)the managerial ability of the farm operator in ternis 
of level of aspiration, contact with local organizations,
internal management, technological competence, and 
cooperative relations: and 

g) personal and social characteristics of the farm op
erator, including urban contact, mass media exposure,of living, modernity, social participation, and 
lo ivi no ents 
contact with extension agents. 

Collection and Tabulationof Survey Data 
Personal interviews with farm operators in each of the 

faing areas were conducted in two interview ses
sions.rin heal se repondent were seb 
sions. In tile initial session respondents were asked abtut 
the structure of the fann, the fani family, farmer enterprise.
f 	 awer

well as production 
data for winter crops. In a later interview, respondents 
provided information about tile 

family income and managerial ability its 

personal and social char
acteristics of the operator, as well as production data for 
summer and nili crops. 

After tilesecond interview, responses were summarized 
and processed fOr statistical analysis. Nine summary tables 
were designed to incorporate the data needed for analysis. 
The tabulated farl survey data were then transferred to 
D)avis where a computer program was developed to examine 
the internal consistency of the data. Discrepancies were 
clarilied in a series of exchanges between UStile and 
Egyptian counterparts. Simultaneously. the Egyptian team 
undertook related analvses involving examination of 
managerial characteristics of the sampled farm operators. 
inactivity which is expected to be useful at a later stage 
in explaining eflicieiicV differences among farm units. 
The Egyptian team also undertook a separate analysis 
using a linear programming model to explore optimal 
cropping patterns and resource allocation. 

The data file now being analyzed contains 1908 variables 
for each farm. Among them, I7)5 are crop production 
variables of 35 crops. 45 are livestock production variables. 
20 are managerial ability variables, and the rest of them 
pertain to other variables such as tenure, investment, credit. 
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DATA ANALYSIS ferences in fertility is made. Labor use is specified as the 
Five estimation techniques applied to technical efficiency 

studies have been examined. Farrell's deterministic non-
parametric frontier approach provides definitions and a 
computational framework for both technical and allocative 
inefficiency. Aigner and Chu's dcterministic parametric 
frontier approach specifies a Cobb-Douglas production 
frontier by constraining all firms to be on or below the 
frontier. Both approaches use mathematical programming 
to estimate technical efficiency. The non-statistical property 
of the above mathematical programming approaches led 
to the more recent development of deterministic statistical 
frontiers, stochastic frontiers, and the dual approaches. 
The computer algorithms of all estimation methods (except 
that for a dual approach) have been acquired, modified if 
necessary, and tested. Currently, we have two algorithms 
applying Farrell's approach, both linear and quadratic 
programming algorithms to estimate deterministic para-
metric frontiers, one algorithm to estimate deterministic 
statistical frontier, and two algorithms to estimate stochastic 
frontiers. arell's 

Prelim inary analy sis has used on ly a subset o f the total 
data base discussed previously. It contains 115 observationsfrom four illages pvinth r .con s 1proach,from four villages in the rice zone: 

Governorate Village Number of 
Observations Used 

Dakahlia Meet-Adlan 16 

Kafr El-Sheikh Mansheit Abbas 37 

Beheira Minit El-Said 33 

Beheira Kafr EI-Rahmania 29 


The purpose of the preliminary analysis has been to com-
pare estimating techniques, as well as to give insight into 
the techniques to be used in the analysis of the total sample. 
No attempt has been made at this stage to interpret the 
implications of findings from the alternative estimating 
techniques. 

eanalysis of the data begins with the specications
Thanalysiseoathe dctagio n ti:s tChaio,of an aggregate production function: 

Y = f(XI, X.,, X3, X4) 

where 


Egyptian pounds, 
X, = acreage under cultivation in feddans, 
X, = labor use in man-days, 
X3 = machine use in hours, and 
X, = nitrogen fertilizer in kilograms. 

Land is specified as the sum of feddans of all crops actually
planted in the 1981-82 crop year. No adjustment for dif-

actual number of days worked by family members, shared 
labors (non-paid) from neighbors, and hired labors. One 
child labor isconverted into one-half man labor- one woman 
labor is equivalent to two-thirds man labor. Machine use 
is specified as the total number of hours of machine operated 
in crop production. Again, there is no adjustment for 
differences in the types of operation, i.e., plowing, irri
gation, harvesting, and so forth. Nitrogen fertilizer is 
specified as the quantity of pure nitrogen applied. Lastly, 
output isspecified as the gross revenues from the production 
of all crops. 
Technical Efficiency Estimates 

The average technical efficiency index (TEl) resulting 
from the application of the four alternative estimating 
techniques were: Farrell Approach, 0.7 19; Deterministic 
Parametric Frontier, 0.614; Deterministic Statistical 
Frontier, 0.5 17; and Stochastic Frontier, 0.715. The tech
nical efficiency derived for each technique depends upon 
assumptions specific to the technique. For example, Far

approach could be reasonably expected to produce 
a hi er v r g e T I t n t at f o a d t r m is c ap

ahiervrgeTltntatfo adtrmiscap
because it imposes no restriction on the functionalform. 

parison of the techniques leading to their application to 
the larger data sets for rice and for vegetable farms. Future 
activity might also usefully seek to explain the reasons 
for differences in efficiency among farms of different sizes, 
types, and geographic location. 
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INTERCONNECTIONS OF EGYPTIAN FOOD 
AND AGRICULTURE POLICY 

Egyptian food and agricultural policy in the aggregate is 
a complex set of interconnected, overlapping and some-
times contradictory partial policies. Analysts frequently 
approach these partial policies, e.g., commodity policy, 
food subsidies, etc., using in-depth partial equilibrium 
analysis which allows the analyst to explore fully the 
direct impacts of a particular policy or subset of related 
policies on a particular commodity or closely related subset 
of commodities, e.g., food grain policy. Analytically such 
an approach may make the policy analysis tractable but 
in a real sense, the policy process is ultimately general 
equilibrium, at least in the eN post sense. Clearly, somehow 
the interests of producers, market agents, consumers, pol-
iticians and bureaucrats are traded off in the policy process 
to produce the totality of policies which influence the food 
and agriculture complex. 

The magnitude of the food and agricultural sector in 
Egypt in terms of employment, GNP generation, foreign 
exchange balances, fiscal costs, and the sector's importance 
in economic and political stability, is such that f'ood and 
agriculture are national policy issues which come together 
at the highest levels of government. National policies 
with respect to prices, food subsidies, investment, foreign 
exchange allocation, encouragement or discouragement 
of the private sector and budgetary expenditure continue 
to influence the food and agricultural complex in many 
and varied ways. 

Ultimately effective long-term policy analysis must be 
able to capture this complex set of interrelationships be-
tween economic actors and policy makers. Thus, the gen-
eral purpose of this research project has been to try to 
understand the Egyptian policy context. This study has 
attempted to identify the general framework of agricultural 
policies and to describe their elements, components. the 
interrelationships in order to build up composite models 
showing these relationships with the aim of putting them 
into quantitative forms so as to relate them to different 
policies., 

The study focussed on eight main issues: land and water 
resources, agricultural production inputs, agricultural 
production, agricultural production services. food prices 
and subsidies, food consumption and distribution, fbI eign 
trade, and national investments. In each policy area the 
context of decision making was explored, and the roles 
of each ministry or organization inmaking dCcisions were 
investigated. Goals and objectives, stages of' preparation 
of policies, methods olachieving adopted goals, the roles 
of executive departments, and the partial effect of' each 
ministry organization on policy Ifornation and implemen-
tation were outlined for each policy area. 

The specific objectives of this study could be outlined 
as follows: 

I. 	To identify the principal policy variab'es which in
fluence directly or indirectly the food and agriculture 
sector while simultaneously identifying the principal 
actors such as Ministries, public sector firms, etc; 

2. 	 To present graphically and possibly in verbal equa
tions the simple analysis of the Egyptian agriculture 
policy: 

3. 	 To integrate the lindings and implications of' ADS 
with studies conducted by other agencies thereby 
providing a conceptual framework for looking at 
short and long-term aggregate policy issues; 

4. 	 To integrate the supply and demand principles in 
the context of national macro policies given inter
national constraints

5. 	 Ultimately to develop a preliminary model for the 
Egyptian policy process. The objective here is to 
identify the major actors who manage, ie policy 
model development in objective 4. 

Objectives 1,2. and 3 outline the major stages achieved 
thus far and interested readers can follow the main findings 
in the project working papers. 

ACCOMPLISHMENTS 
The comprehensive nature of the study made it necessary 

to torn four study subgroups of researchers from the fol
lowing institutions: universitims, the Ministry of Planning, 
the Institute of Planning, the Ministry of Agriculture, the 
Ministry of Supply. banks, Agricultural Reform Coop
cratives, and the private sector. 

The research areas undertaken by the four study 
subgroups were: natural resources, inputs, agricultural 
production, and agricultural services: consumption and 
food distribution: foreign trade: and investment. Though 
each sub-group prepared detailed studies in its field, col
laboration and discussions continued among the total group 
throughout the project. 

In each policy area the context of decision making was 
explored and described. The rules of each ministry or 
organization in making decisions were investigated. Goals 
and objectives. stages of preparation of policies, methods 
of achieving adopted goals. the role of executive depart
ments. and the partial effect of each ministry's organization 
oii policy formation and implementation were outlined 
for each policy area. 

An additional research component undertaken by the 
project was an attempt to conceptualize one aspect of' the 
macro-sectoral linkages between the general economy and 
the Egyptian agricultural sector. This is necessary because 
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(Fx) trade-offs. 

the essence of national policy making necessarily revolves 
around the two basic questions-what is the appropriate 
role of the food and agriculture sector in Egypt's economy 
and what are the implications that food and agricultural 
policies have for more general economic policy objectives 
and programs. For example, national policy makers in 
the Ministry of Finance, the Ministry of the Economy, 
the higher level economic coordinating bodies. may well 
be very interested in the trade-off involved between L.E. 
and foreign exchange which results from potential changes 
in food and agriculture policy. This requires a detailed 
understanding of programs in ter ms of fiscal and foreign 
exchange implications. It turns out that we can build onl 

static-partial equilibrium commodity analysis and that we 
can simultaneously look at traditional measures of producer 
and consumer benefits and cost. A conceptual outline of 
the trade-off functiois is shown in Figure I. 

Income-expenditure accounts can be influenced in four 
ways. by changes in commodity programs-nanely in
creasing or decreasing inconle or increasing or decreasing 
expenditure. We represent this spectrum on the v'ert" :al 
axis. Net pound (L.E.) costs increase as we move down 
from the origin and conversely, net revenue increases as 
we move upwards. Ol the horizontal axis we represent 
changes inl net foreign exchange balances (foreign ex
change)-increasing surplus to the right of the origin, 
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increasing deficits to the left of the origin. Thus. programs price would shift C-C to the right to C'-C'. A decrease 
falling in the northeast quadrant would be ones where 
both foreign exchange and fiscal revenue are positive, 
The southeast is where foreign exchange is positive but 
domestic currency costs are negative and so on. Programs 
to the right of the origin involve net exports, to the left 
net imports. Programs above the horizontal axis are net 
revenue generators on domestic fiscal accounts, below 
are net L.E. cost activities on domestic fiscal accounts. 

We are interested in knowing. for example, how would 
the trade-offs between foreign exchange and L.E. change 
with alterations in a program parameter, say, support or 
requisition price paid to producers. For a program such 
itscotton, one would expect that as the requisition price 
(and quantity) is raised, production would increase, in-
creasing export availability (+lFx') but also increasing 
domestic acquisition costs in terms of L.E. ( - L.E.:). 
Thus, we would expect a function (C - C) with a negative 
trade-off between increased Fx earnings and increased 
L.E. costs. A movement from A to B would result from 
the hypothesized increase in requisition quantity and re-
quisition price. The exact shape of the function would 
depend on the actual program and we will derive it in the 
next section. Clearly, the relative changes in foreign ex-
change earnings ( + Fx) and increased fiscal costs ( - L.E.) 
depend on the shape of the function. 

Similarly, in the wheat program an increase in the price 
paid for domestic production should increase production, 
increasing domestic acquisition costs but, with given con-
sumer prices. should decrease foreign exchange costs. 
Therefore, the wheat trade-off function would fall at least 
in part in the southwest quadrant (W-W). The change 
(increase) in producer price should move us from P to Q 
resulting in increased fiscal cost ( - L.E.") but less foreign 
exchange cost ( + Fx"). Again, magnitudes depend on the 
shape of the function. 

Each of these functions is constructed on ceterisparibus 
assumptions, but, in fact, they are clearly related by pro-
duction substitution. Suppose. given a fixed land base, 
that when cotton production rises (because of a program 
change). wheat (via a series of substitutions) becomes 
less profitable and the supply shifts to the left. Without 
changing the wheat support price (at say, P) the trade-off 
function rotates through P as in W'-W'. Shifts in wheat 
supply to the left (i.e., reduced supplies) move us f'om 
P towards R because production decreases (lessening L.E. 
acquisition cost but increasing Fx costs). Conversely, a 
shift in supply to the right (from. say, idecrease in veg-
etable prices) would move us along W'-W' towards S. 
Obviously, a change in the wheat program could impact 
on the cotton function if the elasticities of substitution are 
different from zero. (We have not shown it to minimize 
diagram clutter. ) Thus, the net effect of a change in the 
cotton program (A -B)would result in a gain in Fx in 
cotton but an increase in Fx cost in wheat and an increase 
in fiscal costs for cotton ( - L.E.') but adecrease indomestic 
costs for wheat ( + L.E."). 

We also would he interested in knowing what happens 
if world prices change. An increase in the world cotton 

would shift it in the opposite direction. Also, if, say, the 
domestic price of bread to consumers was increased quan
tity demanded would contract reducing the cost of domestic 
subsidies and reducing imports. thereby reducing Fx costs. 
Thus W-W would shift to the right to W"-W". Obviously, 
we could explore other changes as well, such as reduced 
PL480 inshipments (on wheat) or a change in the allocation 
and or price of cotton going to domestic mills, but this is 
sufficient to introduce the general approach-a set of trade
off functions, movement along which represents the direct 
effect of a program change and shifts and rotations which 
represent the cross-effects of other programs. Functions 
from actual programs for three cases--cotton, wheat, and 
meat-are developed and presented in a working paper. 

This approach has a number of' useful outcomes. 
First, it focusses explicitly on what must be an important 

trade-oil for macro policy makers, particularly if the balance 
situation in one budget differs from the other, say, a large 
domestic budget deficit and significant foreign exchange 
surpluses. Adjustment of domestic program parameters 
could assist in simultaneously improving both situations. 
But more importantly, it should help agricultural policy 
analysts to make these implications explicit intheir analysis. 
In a review of all ADS working papers very few embodied 
these trade-offs in their analysis but yet most could have, 
with minor effort. 

Second, the analysis allows us to look at both direct 
and cross-effects of program changes and forces us to 
understand the implications of the cross elasticities for 
individual commodity analysis. While the approach is not 
fully one of general equilibrium, it is considerably more 
than a single commodity partial approach. It ought to be 
obvious that a succession of cross-effects could have one 
of three impacts on the net outcome-to wit (a) accentuate 
the direction of change: (b) offset change so itsto negate 
the outcome: or (c) more than offset the direct effect and 
move us in the "wrong" dire,'tion. Yet all too often we 
do partial policy analysis itsif there were no second round 
effects. This approach forces us to take them into account 
and at least identifies the expected sign of some of the 
changes. 

Third. and related, it points to the crucial importance 
of understanding, and where possible, measuring cross 
elasticities of both supply and demand. 

Fourth. even in the simple cases we considered it is 
clear that qualitative policy analysis has liimited use in 
predicting actual outcomes. It may, however, be of critical 
importance in sorting through the conceptual maze which 
must precede empirical analysis. The bottom line, of 
course, is that empirical estimates are essential in reaching 
policy conclusions. 

Fifth, the weighting given each of the targets (e.g., 
farmers. consumers, balanced budget) by policy makers 
could radically alter outcomes. All of the welfare analysis 
done within and outside of ADS implicitly implies equal 
weightings. But if urban conIsuLCrs get a weighting of 
two while farmers get a weighting of one. results would 
clearly vary. 
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Sixth, the approach is useful in exploring the path of 
changes that result from incremental changes in one or 
more policy variables. While it builds on partial analysis 

of individual programs, it has more policy applicability 
simply because it is not limited to exploring the direct 
effects of one change. Most frequently tile single coni-
ntodity approach looks at the welfare effects of changing 
from tile current "distortion" to a market with world prices 
prevailing . Such analysis, while having intrinsic, if not 

ineettspiritual, interest to neoclassical ecololiS s, is of limited 
practical value in and of' itself. 

Finally. if nothing else, the approach force. us to try 
to deal simnultanCously With at least Soel Of tile lllyriad 
of vaJriables that enter into real policy decisions. Fiurther. 
it should be an intermediate step to building better empirical 
models which would allow delinitive ptlicy conclusions. 

File conclusions and policy recommendations of this 
project arc too v(lunlin o us to reprdttcCe brielly, since tIie 
project dealt with virtually the whole area of policy for-
mation ill Egyptian agricultulre and thc.' whole range of 
policy research carried out under ADS. This pr.CIt rep-
resented a kind of policy analVsis clearinghIouse fI r all 
ADS policy research. However. several general pul icy 
recoilllendationS do stand outt. First. there is a great need 

for increased coordination atnong decision making hodies 
in order to reduce conflicting policy thrusts within tile 
governtiecnt . Currently. responsibilities for vari(us closely 
related policies are divided arnosg, many i!c-cision making 
bodies. Second. policy impletnti(Con Could 'C itnprovcd 
by increased decentralization of iinplemiientation respon-
sibilities. Third. agricultural sector development policies 
need to take greater cognizance of' the role of' markets 
aid private sector incentives in achieving national polcy
goals. 

Trhese general policy recoriir ndations are supplcimented 
by scores of particular policy recommendations (i1 specific 
issues regarding suhsidies. Ifertilizer policy. export policies. 
land and water resource development, investment policy.
and so forth. The findings of this project r 'epresentin large 

part of)all t11 Isnthesisart a1831 ADS economics policy research. 
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ECONOMIC ANALYSIS OF THE
 
EGYPTIAN CITRUS INDUSTRY
 

Fruit production, a major component of Egyptian agri-
culture, occupied about 350,000 feddans of prime agri-
cultural land in 1980, more than half of which was planted 
to 	citrus crops. Most of the citrus crop is consumed do-
mestical!y. but it is also an important export item with 
potential for expansion. 

Increased fruit production, especially citrus, is a goal 
of Egyptian policy and rellects increased domestic demand
and favorable export prospect. Achievement of this goal 
would be aided by improved information about the structure 
and performance of doniestic markets. supply and demand 
relationships, and the economic eltects of'various go\v-
ernment intervention strategies-for example, the use of' 
price ceilings, quality grading. and export control, 
The overall objective of this project has been to provide

analyses of underlying economic relationships in the citrus 
industry and to suggest programs to improve its effective-
ness in meeting policy goals. The work was conceptualized 
as a two phase operation: I ) The development of a set ofand emad reatinshisa dnamc .osupply and demand relationships of a dynanlic economic 
model of the citrus industry, and its use to evaluate eco
nomic effects of alternative government policies and 
changes in factors such as population, production and 
marketing costs: and 2) a description of the economicstructure of the citrus industry ising a systems taxonomy, 

estimation of representative costs for production and mar-
keting activities, and evaluation of how social and insti-
tutional constraints and marketing methods affect marketing 
efficiency. 

ACCOMPLISHMENTS 


DYNAMIC MODEL ANALYSIS 

Major components of the economic model are functions 
which deline consumer (retail) demand, behavior of re-
tailers and wholesalers, export market demand, behavior 
of' the government export company, new planting and 
removals and the various identities needed to tie the system
together. Efforts to estimate the parameters of the industry 
model bh'conventional econometric time series were un-
successful because of inadequate data. particularly con
cerning prices. The problem with price data stems from 
the system of price ceilings which leads to reported prices 
generally the same as the ceiling prices, although market 
observations indicate that actual prices commonly exceed 
ceiling prices by large amounts. Hence, the available re-
ported prices often do not reflect actual market transaction 
prices. Further. incases where ceiling prices are effective, 
the price-quantity points fall below the demand curve, 
thus precluding meaningful demand estimation. 

As an alternative to the econometric estimation, a quasi
quantitative model was formulated which provides illus
trations of potential effecis of changes in exogenous var
iables and government policies for a range of plausible 
supply and demand parameters. This type of quantification 
greatly facilitates the evaluation of time patterns of ad
justment which are particularly important for oranges due 
to the long lags in production response.

Values for the model parameters were drawn from de
mand elasticity estimates in other studies and restrictions 
imposed on the planting and removal functions based on 
biological considerations. The equations were formulated 
so that for any given set of parameters the model predictions 
would be consistent with observed prices and quantities. 
The set of equations so determined provided a basis for 
simulating the dynamic behavior of the system Under al
ternative assuimlptions and specifications. 

Because Of the possible distortions that government in
ese of the pose on that genentintervention practices might impose on the results generated

by the simple simulation model, the impacts of government 

*posed price ceilings were considered first. When the 
ceiling price is set below the equilibrium price, excess 
demand is created and the demand price exceeds the supply
price for fixed quantities of oranges. However. violations 
of he orange ceiling price appear to be so common that 
the demand price and supply price may equilibrate ap
proximately through black maiket sales. Hence, the orange 
economy may function much as an unrestricted economy 
except that actual transaction prices are not recorded and 
marketing margins may be wider to compensate for the
risks of black market dealings. The effects of changes in 
the exogenous variables of the system were first evaluated 
under this equilibrium assumption: then, scenarios were
formulated for an alternative specification involving more 
rigorous enforcement of policy ceilings. Demand and 
supply parameters were varied to test the sensitivity of 
the results to levels of demand and supply response elasti
cities. The specitic numbers generated by this process are 
not of signilicance in themselves, but the general response 
patterns revealed suggest some important conclusions. 

I. 	PriceCeilings 
The analysis found no economic basis for continuing 

the system of price ceilings for orange,. Iffully enforced, 
price ceilings may lead to market distortions and. quite 
likely, prices that eventually are above, rather than be
low, comipetitive equilibrium values. Under what appears 
to be the more realistic scenario of lax enforcement and 
price equilibrium through black-market dealings, there 
is a loss of efficiency due to costs of added market risks 
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so that consumers may actually pay more and farmers but may have substantial short-run impacts. The 
receive less than they would with unrestricted markets. latter may persist for a number of years because 
2. 	Changes in ProductionCosts 

Many government policies affect costs of producing 
oranges. An analysis which assumes that price equilib-
rium is achieved through black-market dealings sug-
gested the following: 

(a) 	 Total output response to a cost change is likely 
to be inelastic; 

(b) 	 Farm returns are affected immediately by cost 
changes but prices may be affected very little for 
a period of at least six years; 

(c) 	 Even after pioduction from trees planted (or not 
planted) in response to a cost change begins to 
affect the market, another 15 to 20 years may be 
required before the full effects of the cost change 
are realized. 

Under an alternative scenario of rigorous enforcement 
of ceiling prices, it was shown that it is possible to 
achieve a kind of long-run partial equilibrium in which 
the ceiling price is equal to the grower unit cost (so 
growers break even) but where demand may exceed 
supply a. this price. This creates problems of nonprice 
rationing and maintains pressures for black-market sales. 

The analysis suggests that policies which affect the 
production environment may have very long-term ir-
plications and that many conditions currently existing 
may have their roots in policies or programs no longer 
in effect and long forgotten. Hence, it is important for 
policy makers to evaluate both short- and long-run im-
plications of' their actions. 
3. 	ExportPolicy

An analysis which assumed a significant portion of 
domestic sales in black markets at prices in excess t 
ceilings led to the following observations concerning 
export market policy: 

(a) 	Variations in exports of oranges may have rela-
tively little long-run impact on grower prices, 

of the lag in production adjustment; 
(b) 	Although the precise goals of the orange export 

company are not known, efforts to expand exports 
may conflict with other goals of maintaining low 
consumer prices; 

(c) 	With domestic demand shifting upward due to 
expanding population, it will be increasingly 
difficult to maintain high export levels; 

(d) 	 Because of the expanding domestic demand, re
duced export sales may have relatively small 
-ffccts on farmer returns. 

4. 	 Population Changes 
The rapid growth in Egypt's population and the lag 

in production response suggest a continued upward 
pr oure on ra n eric es a con t ) p r d 

pressure on orange prices. Real (black market) prices 
may remain stable (in deflated value) yet still remain 
higher than long-run equilibrium levels over extended 
periods. Efolrts to set and enforce ceiling prices at break
even levels seem likely to be ineffective since that would 
retard the needed expansion. In the end, consumers 
may pay more with ceiling prices than they might have 
in an unrestricted market. 13ol~cies aimed at improving 
outlook information, providing assistance in improving 
productivity, and responding more quickly to upward 
shifting demand appear more promising. Such policies 
would, of course, need to be coordinated with conditions 
and policies affecting alternative commodities. 

SYSTEMS ANALYSIS 

The purpose of this phase of the project was to describe 
the economic structure and organization of the Egyptian 
citrus industry, to obtain estimates of costs of production 
and marketing activities, and to evaluate the effects of 
marketing methods, institutions, and social change on 
marketing efficiency. 

Expansion of the citrus production is one of the goals of Egyptian ag
ricultural policy and depends on government strategies sending the correct 
economic signals to growers and markets. The Citrus Marketing project 
has examined the structure and functioning of export and local markets 
to assess their potential role and needs in an expanded citrus economy. 

Photo: Eric G5l.,V011 
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The work has so far focussed on developing extensive 
economic surveys of producers and marketing firms in 
the Egyptian citrus economy. Three main surveys were 
undertaken: the grower survey, the wholesaler survey, 
and the orchard merchants' survey. Orchard merchants 
are entrepreneurs who buy a farmer's crop on the tree 
and then handle the harvesting and marketing. 

The Grower Survey 
A grower questionnaire covering both production and 

marketing was designed to inciude growers in: 
a. The most important four governorates in terms of 

area planted and production of oranges (Behera, 
Kalubyia, Sharkia, and Menoufia), 

b. Three districts in each governorate according to the 
relative importance in terms of area and production 
in the district: 

c. Two villages in each district according to the relative 
importance in terms of area and production in the 
district, 

Individual elements in the sample were drawn, using 
the records of the Horticulture Department, and ten growers 
were randomly selected from each village. Four additional 
special cases were purposely selected in each village to 
include: igrower with a newly established orchard only: 
agrower dealing with export- abig grower (with 10 feddans 
or more of citrus orchard): and a grower dealing with 
processors. 


Using 12 enunerators trained by the project, 305 con-
pleted forms were received and distributed among cate-
gories as follows: 240 growers (24 villages x 10 growers): 
24 big growers of It) feddans or more (24 villages × I 
grower): 24 growers of newly established orchards: and 
17 growers dealing with export. The completed question-
naires were edited for consistency and completeness and 
sent to tileUniversity of California at Davis for computer 
processing. Similarly. a village questionnaire was designed 
and completed for each of the villages in the sample. Data 
from Ministry of Agriculture sources were compiled on 
tile
following: developments in orange production during 
the period 195 I- 191 : developments in the production of 
various orange varieties during 196--1981: changes in 
total area iii orang.. plantini during the period 195 1-1981: 
changes in bearing location of oranges during 1951-1981: 
changes in bearing location of various orange varieties 
1962-1981: changes in orange yield during 1951-1981: 
changes in yield,, of varioLus orange varieties 1962-.1981: 
share of each governorate illtotal production of oranges 
1955-1981: and share ofleach governorate in total orange 
area 1955-1981. A large volumle of data has been collected 
froim different governmntal sources (naimely. Land Reforn 
Authority. Tahreer Governorate. and the El Gabal El Asfar) 
to prepare a paper on production and marketing of oranges 
and their problems illthe state production by government 
agencies. This information is being tabulated at present. 

The Wholesaler Survey 
Data on wholesale markets in Cairo. Zagazig and Alex-

andria were compiled from a survey which consisted of 

adescription of the whcIesale market and questionnaires 
for individual merchants. 

The design of the wholesaler questionnaire and its ad
justrlent took live morths, starting in )ecember 1981. A 
,earn of interviewers was selected and trained to meet 
with individual wholesalers and to complete the survey 
questionnaire. The data collection phase presented adif
licult situation because many wholesalers were skeptical 
and thought that the information was being sought by 
executive agencies for administrative purposes. As field 
work proceeded, some interviewers found they were unable 
to cope with this problem and were replaced with newly 
recruited and trained interviewers. Data collection con
tinued to the end of September 1982. The field surveys 
included six wholesale markets plus four markets in the 
capitals of the governorates included in the growers' survey 
(Damanhour. Shebin EI-Koam, Banha. and Zagazig). The 
field surveys also included the wholesale markets in Cairo 
and Alexandria. The names of wholesalers inthese markets 
were obtained and all six markets were represented in 
proportion to the relative numbers of wholesalers in each. 
The numbers of wholesalers considered as the minimum 
to be interviewed were: Cairo, 50: Alexandria, 25: gov
ernorates, 60 (15 in cach governorate): making atotal of' 
135 in all. 

One hundred seventy-four questionnaires were actually 
completed. the difference consisting of additional enu
merations: live at I)amaniour. Behera governorate: six at 
Alexandria wholesale market: and 28 at Cairo (the inter
viewing covered some subordinate wholesale markets-
Matariah market and Athar Elnaby market). The responses 
to the questionnaire were entered onto data sheets, coded, 
and sent to Davis for computer processing. The field survey 
on tile organization of the wholesale market has been 
completed for the wholesale markets covered by this study 
and the data are being analyzed at present. 
The Orchard Merchant Survey 

A complete survey, using specially prepared question
naires. was conducted ofthe orchard merchants identilied 
through the grower survey in each of the Four governorates. 
Two hundred questionnaires were completed from the 
governorates of Behera (66). Sharkia (60). Kalubia (41). 
and Menoufia (33. and prepared for tabulation. Trenien
dous difficulties were encountered in interviewing the or
chard merchants because most of them had additional 
employment in other types of trade. Sometimes it was 
necessary to meet with the merchant at his home. at the 
wholesale market. at the orchard, or while driving his 
car. Completion of sonic forms required two interviews. 
and in some cases interviewers were not treated well by 
the merchants. Data were entered on special data sheets, 
edited, and then coded and sent to Davis. )ata analysis 
is still iii progress. 

'I 'I.J('AN'IONS 

French. B~en C. and Mluammed (ugorIman. (I1931 \ Ictmonic Nodel (I 
IAnamic Adjustmcnt I'roces ,es iii theEgvptian Citrus Indutry. ADS
-gvpt \Working Paper #134. 
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COMMODITY SYSTEMS ANALYSIS
 

The organizational structure of the Egyptian commodity 
systems, the decision-making process. the effect various 
institutions have on production and marketing, and the 
forces that bring changes to Egyptian agriculture are not 
currently available to researchers or policy makers. This 
study, focussing on wheat and potatoes, isa combination 
of functional, institutional, and market analyses, with a 
blend of decision and authority analysis. By developing 
aperspective for evaluating the dynamics of the production-
marketing systems of selected commodities, this study 
has worked towards providing greater understanding of 
the forces within each system that stimulate coordination, 
adaptation, efficiency, and other changes in performance 
of those who produce, process, and market the commodity. 
Two commodities were chosen as the Fbcus of this project, 
wheat and potatoes. with the studies on each comprising 
three components: The production system, the marketing 
system, and the processing system. 

The first part of the potato study dealt with the spatial, 
time dimensions and coordinating forces in the production 
of potatoes. and included the international situation of 
potatoes and the production of potatoes in Egypt. Pro-
duction parameters that were examined included area. 
geographical distribution, kinds of l..tatoes, seeds imports 
and di;tribution, crop rotation production problems, and 
governmental ordinances regulating the production. Con-
cerning the marketing of potatoes. the functions and mar-
sumption exporis, and the ministerial ordinances regulating 

marketing were studied. A questionnaire was conducted 
to study the various factors influencing the production,mtinudyte acosmptoionfencin the groers.o,Tmarketing and consumption decisions of the growers. The 
size of the sample was 36 farmers in three governorates. 
The questionnaire and the pre-test were preliminary stages 
to the study planned for phase ii. The processing of potatoes 
was too limited to deserve attention in this study. 

The study of wheat was similar to that of potatoes. 
except for processing which was an important additional 
part. Milling industry in Egypt was described covering 
its capacity, geographical distribution of mills. kinds of 
mills, private and public sectors ownership, storage of 
wheat flour. etc The baking industry was also studied: 
the study covered the kinds of bakeries, ownership. geo-
graphical distribution and capacity, kinds of bread, baked 
goods and other wheat products. The coordinating forces 
inthe area of production and marketing were fully described 
and the ministerial ordinances and laws regulating the 
cultivation, marketing and processing of wheat. and its 
products kere handled in detail. 

A similar questionnaire to study the various factors 
influencing the production. marketing. processing, and 
the consumption of wheat and wheat products was con-

ducted, but on a bigger scale and covering a wider geo
graphical distribution. This was the pre-test of the other 
questionnaire conducted in the second phase. The work 
on potatoes was limited to this phase, according to the 
technical committee's recommendations, and hence phase 
I1includes wheat only. 

The objective of phase 11was to identify the demographic 
and economic factors that influence decision making that 
formulates the wheat system at the micro level. This part 
of the study was designed to show the extent to which 
relationships between these factors influence the efliciency 
of producing, marketing, processing or consuming wheat, 
wheat flour or balady bread under the prevailing conditions. 
An understanding of this could be helpful in formulating 
policies to improve the efficiency of the system of wheat 
production and wheat products in Egypt. 

For this purpose questionnaires were developed covering 
the areas of: a) production and marketing of wheat: b) 
processing of wheat flour and bread: and c) bread con
sumption. 

The objective of the first questionnaire was to identify 
the influence of demographic and economic factors on 
decisions of the wheat growers on the production, mar
keting, consumption of wheat and other cereals. 

Farmers from eight governorates responded to the 
questionnaire which covered: personal and family infor
iation ofthe farmer (age. size ofthe family, educational 
level, ownership. occupation, etc.): production decisions
(reason for cultivating wheat, increasing or decreasing its 
area. prices and income, variety preferred. source and 
quantities of seeds. fertilizers, insecticides. etc.): marketing
issues and questions related to consumption patterns (wheat 
versus other cereals, the preference between wheat orother flour used. the reaction to raising the price of wheat 
or bread, produced or bought bread, cereals for feeding 
animals, etc.). 

The computer analysis of the data was presented first 
in the form of frequency distribution tables according to 
various physical or personal aspects of the farm or the 
farm family. An aiditiona: computer analysis covered the 
production. marketing and consumption decisions. The 
production decisions included reason and continuity of 
wheat cultivation, decreasing the wheat area. wheat variety. 
seeds source, and fertilizer sufficiency and source. Mar
keting decisions dealt with storage, selling to the agri
cultural banks, source of buying consumed wheat and 
selling the excess products. buying wheat versus wheat 
flour. Consumption decisions discussed degree of self
sufficiency in wheat and straw and way of' its balance, 
kinds ofanimals using wheat or wheat flour. kind of bread 
preferred, the effect of increasing wheat prices, the ex
istence of an oven in the village or at home and its effect 
on bread demand and consumption. Further analysis of 
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this part and the rest of the questionnaire will take place 
afterwards. 

The processing of wheat and wheat flour was the subject 
of two questionnaires, one for mills and the other for 
bakeries. A sample of 20 mills ( 17 public sector and 3 
private sector) was chosen for this study in Greater Cairo. 
The data were tabulated and analyzed. The factors influ-
encing production decisions, mostly governmental, were 
studied and suitable recomlmendations were offered to 
correct the defects noticed in the mills. The difference 
between the efficiency of' public and private sectors was 
noted and several reconmendations made, such as re-
placement of low capacity stone mills with modern cy-
lindrical mills. 

A random sample (52 bakeries from both public and 
private sectors) was chosen from 14 quarters of Greater 
Cairo and polled. The objective was to investigate the 
prevailing conditions of tile bakeries. identify their dif-
ficulties and reveal the factors affecting their current be-
haviour, the possibility of increasing their efficiency, and 
to know to what extent the government has succeeded in 
achieving the goals designed in tile production and dis-
tribution of baladi bread. Information requested in tile 
questionnaire included: tile age of the building, number 
of ovens, working hours, worker's age, obstacles facing 

increasing working hours, production capacity, flour quo
tas, administration, flour waste, storage within the bakeries, 
source of energy, costs and margins, weight of' bread, 
defective bread, stale bread, bread distribution, the desire 
to shift to automatic or senmi-autolatic bakeries, tiledesire 
of the owners to continue in this industry. Data from tile 
questionnaire was tabulated" and frequency distribution 
tables derived. Suitable recommendations were given to 
solve the problems and correct defects discovered. 

Consumption of bread in Greater Cairo and urban areas 
was the subject of the last questionnaire designed and 
administered by the project team. A stratified sample was 
chosen according to tile income level,occupation, age, 
size of the family, allocation, etc. Analysis of' this data 
was incomplete at the time of project termination. 

PUII.ICAFIONS 
Rizk. Fawzy Halim. (1983) Eiconomic Impact of Ordinances of Ministry 

ol Supply RcguLhting the Process of P'roduclion and )istribution of" 
BaladyiBread. AI)S-Figypt Working Paper # 158. 

Sanie. Hussein N1.Abdel and Amin A. Mont sser. (1983) Sampling )esign 
for Commodity Systems Analysis Surveys in Igypt. ADS-Igypt
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RURAL DEVELOPMENT AND PATIERNS
 
OF CONSUMPTION 

The conventional measure of the success of' economic 
development in low income countries has relied heavily 
on the use of gross national product (GNP) indicators. 
Despite widespread use, the Measure has, nonetheless, 
received its share of criticism lfor its limitations. For ex-
ample. distinctions between "goods" and "bads'" and 
income distribution issues tend to be glossed over. The 
weaknesses have resulted in alternative measurements being 
suggested which would more adequately reflect changes 
in the "quality of life." However, these alternative indices 
have not withstood the test of' acceptability over time. 

Among the more interesting alternative measures dis-
cussed recently is that of the availability of' consumption 
goods to 'ie lower income mass markets within low incomecountries, a category of goods which we have called "grass 

roots goods." GNP does not adequately distinguish between 
expenditures on lu,"'.iry items by elites and expenditures 
by lower income individuals on consumption goods. By 
implication, the availability of' grass roots goods might 
better indicate development progress than GNP leasures-bettr idicte dvelpmetprgres tan GP masues-
not only because of the direct evidence of' increased dis
posable income in atbroad sector of' the Popultion. but 
also as indicator of' structural changes within the society 
and econonly that are needed fordevelopment to proceed. 
However, the thesis requires empirical examination and 
for several reasons. Egypt provides an excellent location 
to initiate such study: it has progressed considerablv beyond 
tie structural and institutional changes implied in laind 
ref'orm: it has demonstrated a concern for peasant living 
standards: and it has a policy of greater self-reliance in 
manuf'actured goods. File study has tile added benefit that 
information about tie availability of these goods could 
provide usef'ul information to ecoloniic planners. 

Prior to the examination of grass roots goods availability. 
criteria must be established for distinguishing between 
such goods and luxury goods that are more likely to be 
consumed by tile elite. The team was fortunate ill having 
access to a rich set of vil!.age expenditure data provided 
by tile National Research Center (NRC) of Egypt. covering 
a wide array of goods. Little work has been done in Egypt 
on expenditure elasticity analysis (particularly for non)ood 
items) and indeed is believed to be nonexistent for rural 
villages. Thus, the estimation of ex penditure elasticitiesvillges.Thusth estmatin ofexpnditre eastiiti 
is viewed as an important contribution in its own right 
well as being necessary for subsequent study of grass 
roots goods availability. 

Expenditure elasticities for subcategories of "low" and 
"high*' income consumers within the villages were ex-
amined, and goods classilied on the basis of "'necessary'. 

"nornal", and "luxury" for the overall sample and for 
the high and low income subcategories. 

In addition to the expenditure elasticity estimations, 
the availability of grass roots goods at the rural village 
level was determined. The objective of this work was not 
only to draw conclusions about the ability of alow income 
country to provide such goods to tile rural population, but 
also to assess the feasibility of collecting such infornation 
and to evaluate its possible usefulness for economic de
velopment policy decisions. 

The approach used was the most direct possible: rep
resentative villages were selected and acomplete inventory 
of'all goods available invillage stores wits conducted. 

was supplemented by visits to "shopping centers,"the next highest level of goods availability in nearby larger 
cities. Emphasis was on tile doct.uentation Of the array 
of goods available and whether they were produced do
mestically or imported. Through use of a formal survey. 
changes in the shop inventory from tle previous month 
were noted as werw those items which were "slow movers.'"However amunts of the different items and their prices 

were not emphasized. Shopkeepers problems and com
plaints were also recorded. 

The validity of the approach demanded that the village
selected for analysis be viewed by the government as 
representative. Ill this regard we benefited greatly from 
prior work completed by tie NRC. In an exceptionally 
well-documented process of elimination, two villages were 
selected as representing a traditional village of tile Nile 
delta and a villatge in tile new lands area of Egypt. The 
explicit ob jcctive was to idlntily villages which could be 
studied over time to provide basic information for for
mulatiion of national econoin ic policy. 

Village inventory data was collected directly by the 
UC Davis principal investigator who was accompanied 
in the villages by Egyptian university f'culty and graduate 
students. The approach was to legitimize the study with 
village leaders and then visit all shops in the company of' 
the leaders. Complete coverage of all shops was greatly 
assisted by a list of shopowners and types of shops provided 
by the NRC based on their earlier survey work. Coopeiation 
was excellent. \Vith afew exceptions. shopkeepers allowed 
virtually complete freedom in "behind the counter" rum
niaging, provided access to private residences serving ass .hops" (without.1 h1ouse salles wvindows). aind responded 
'swvillIingly towitotthe surve, quest ions.se saesins , 

EXPENDIT'URE ELASTICITY ESTIMATIONS 
Using dala provided by the NRC. expendliture elasticities 

were estimated for the villages of'(Jmar Makram and Kal'r 
Il-Khadra. 
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Six different functional forms were estimated: I ) linear, 
2) double logarithmic, 3) semi-logarithmic, 4) logarithnic 
inverse, 5) logarithmic-logaritlmlic inverse, and 6) inverse. 
Results varied considerably according to the functional 
form but for purposes of discussion and interpretation, 
the semi-logarithmic functional form was selected. Data 
were divided into roughly equal portions to define t "low" 
and "high" income group. Differences between the overall 
sample and the low and high income groups were ex-
amined. Estimates were derived for both income and in-
come-plus-family-size specifications of the independent 
variables. Though the results should be interpreted cau-
tiously given the statistical significance tests, they do in-
dicate clear distinctions in consumption patterns among 
differing income groups--even at tile village level (which 
may generally be viewed as fairly uniform compared to 
conditions of urban areas). Hence, what are luxury goods 
for sonie portion of' tile rural population are necessities 
for other portions of that same rural population. 

VILLAGE SHOP INVENTORY OF GRASS ROOTS
GOODS AVAILABILITY 

Establishing expenditure data. suICh as that obtained 
through household budget survey instruments as outlined 
above, is time consuming, expensive, and requires con-
siderable talent to elicit accurate responses. Furthermore. 
interpretation is made more difficult by the level of' ag-
gregation required--even for as detailed a set of information 
as that collected by the NRC. Moreover. the estimation 
procedure is demanding. the functional form selected de-
pends on aprio'iresearcher assumptions about tile nature 
of householder consumption and characteristics, and tile 
results are not always unambiguous. 

The type of information which can be gathered through 
village store inventories is quite different. As an example. 
information for such data can be collected very quickly 
and inexpensively. A team of two or three could complete 
each of tile two villages visited in approximately two 
days. Further. the information is highly reliable and self-
verified by tile data collector. Eltllerator abilities play 
lesser role in determnhing the final quality' of the data. 

interpretation of results in the context of how well the 
data conform to the mass-consunpt ion-goods-availability 

school of economic development, mu:,t ultimately depend 
on individual subjective judgment. In our opinion, an 
impressive array of goods is available to at rather small 
rural village (749 households) which is located a consid
erable distance from Cairo and is isolated by virtue of its 
distance from principal paved roads. Furthermore, we 
were impressed by the relative importance of domestically 
produced to imiported goods. If this conclusion is accurate, 
it would appear to contradict tile expectation that itcountry 
such as Egypt (which is not viewed as particularly ex
ceptional in its degree of proletarianization) would be 
severely lacking in grass roots consumption goods. 

A principal accomplishment of this project is the in
dication that the mass-consumption-goods-availability 
thesis is capable of empirical examination. Of course, 
representative villages are required for valid results. 

We believe that the shop inventory accomplishments 
extend considerably beyond the suggestion that they provide 
at means to examine the consumer-goods-availability thesis. 
For example, the approach could serve to flag important
areas of unavailable goods. For tile example at hand, we
would note a rather surprising lack of medicine and medical 

supplies and agricultural inputs. If'important to policy
makers, this could suggest the need to probe further into 
availability in other areas and possible dilticulties invo: ed. 

Inventory information could also be useful in prelim iary 
deliberations about possibilities for altered industrial pro
duction. For example, we note that metal snaps for clothes 
are available only through import. We are not in a position 
to judge the comparative advantage situation for Egypt 
as at producer of such items, nor do we know tile nature 
of supply in other villages. However, the potential for a 
rather large market would appear to exist, and further 
examination might prove that valuable information from 
store inventory approaches could improve upon more 
conventional "forward-backward linkages" approaches. 
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210(
 



INTEGRATED VILLAGE STUDIES AND POLICY
 
EVALUATION 

The planning of rural development projects in Egypt re-
quires a better understanding of the expected beneficiaries 
than is currently available. The characteristics of the fun-
damental socio-economic units in the Egyptian agricultural 
sector-the family households-and how they interact 
with each other and with governmental and private insti-
tutions if land, credit and labor markets and in quasi-
markets aie only recently beginning to be explored. Very 
little is known about farmer attitudes, perceptions. m,,ti-
vations and goals. 

There is, in addition, much dynamic change occurring 
in Egyptian agriculture. Incipient labor scarcity due to 
outmigration, rural electrification, and increased oppor-
tunities for femaleecoomi prssues ogeherwitareeducation generatingmehanzatonsocial andhic, 
economic pressures which, together with mecoanization, 
can lead to very fundamental changes in the rural society 
and economy. This potential for change needs to be non-
itored and understood if good government programs are 
to be formulated for improving the livelihood of rural 

the same time, increasing food production
poor while, at turb nreas 
and food deliveries t urban areas. 

The Integrated Village Studies project has aimed at 
gaining an understanding of the village economy, society, 
and institutions and their linkages to the outside in order 
to develop models which will aid in government policy 
formulation and project design. 

The project produced an extensive review of recent 
village studies work done il Egypt. prepared an annotated~~ f 
bibliography of'research in this area, and contributed several 
papers dealing vith the modeling o I'rural behavior and 
village decision-making. 

The survey of the current state of knowledge about 
Egyptian villages emphasized the extreme diversity in 
village organization and structure throughout Egypt. Efforts 
were made to develop a classification of Egyptian villages 
according to their social origin, their present socioeconomic 
particularities and their place within Egyptian society. 

The second objective of the project, to develop a village 
simulation model, was begun by the UC counterparts. 
The model being developed was an empirically based 
mathematical model constructed at the household level 
with key institutions (e.g., land tenure) directly incor
porated and where possible, endogenous to the system. 
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INDEPENDENT PROJECTS
 
Several research projects which did not fit into the major categories of Horticulture 

or Economics were implemented. Of particular promise were those concerned with food 
technology. 

The White Soft Cheese Project sought to introduce new technology to improve 
quality and quantity of Domiati cheese. The team has succeeded in devising methods for 
expanding the production and lowering the cost of Domiati cheese using skim milk powder 
and locally produced vegetable oils as extenders. New mechanized procedures were developed 
to improve sanitary conditions, reduce manufacturing costs and speed up production. A 
method for recovery of edible protein from whey was established which offers a route for 
development of low cost, nutritious, cheese-like products. The basic process for preparing 
a new cultured dairy product (similar to buttermilk) has been developed and now awaits 
pilot-scale and consumer testing. 

The Tomato Processing Project has provided equipment and trained MOA staff in 
concepts and methods for producing good quality tomato juice and paste. The new high 
yielding varieties of tomato have been evaluated and the groundwork laid for making 
choices of raw material on the basis of' variety, growing location and season, and for 
providing a domestic product that can match the quality of imported tomato products. 

The Improved Honeybee Project has laid the foundation Ir the sustained development 
of a modern beekeeping system. A bee genetics and breeding program has been established, 
complete with laboratory equipment and the instruments needed for artificial insemination. 
Personnel have been trained in modern beekeeping methods and in breeding theory and 
techniques. Most of the new hives with improved stock are in place and desirable future 
activities have been established involving not only research but also extension and the 
involvement of beekeepers. 

The Sheep Reproduction Project has explored the feasibility of using easily measured 
temperature changes to detect estrus and pregnancy in sheep. The value of this lies in the 
econonmic advantages to farmers who can then supplement the rations of pregnant ewes to 
insure high lamb survival or to offer the ewe tor mating again ifconception did not occu
earlier. Experiments are continuing under field conditions prior to demonstration and extension 
of results. 

The Small Power Unit Project is aimed at developing a solar power unit suitable 
for low lilt irrigation for small farmers. Since the intention was to produce such units 
locally, the design specified construction and maintenance using local facilities. A prototype 
Stirling cycle engine was constructed powered by solar energy collected by large metal 
parabolic rellectors. The efficiency of the engines, constructed in a simple manner, was 
too low to warrant continued work on them so the project has investigated alternatives. 
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BREEDING IMPROVED HONEYBEES
 

Beekeeping in Egypt is typically a small farm activity, 
with the honey and wax providing important supplements 
to household income. However the major value of bees 
lies not in the benefits that accrue to their owner in the 
form of honey and wax, but in their contribution to pol-
lination of the crops in the surrounding areas. In Egypt 
where arable land is severely limited it is highly desirable 
to have every plant yielding its maximum, and where a 
fruit is the product, honeybees must be involved. Adequate 
pollination of most crops can probably be achieved if 
there are simply enough bees for the task. Provision of 
this is likely to hinge on the immediate profitability of 
hives to the owner derived from sale of honey and wax. 
At present the yield per colony is very low, chiefly because 
of inferior stock, but also as a result of antiquated bee-
keeping methods. There is a clear potential for improving 
both yield and quality of honey production. An improve-
ment in yield leading to increased incomes from beekeeping 
is likely to result in proliferation of hives, ensuring thereby 
more complete pollination of crops and heavier fruiting. 

This project has aimed at originating an improved breed 
of honeybees in Egypt, improved yields of honey, and at 
providing a cadre of scientists and technicians trained in 
bee breeding and modern beekeeping methods. 

ACOMLIHMNTpjtasrhasThe project was started essentially from nothing. There 
o avilalewereno vaiablehivs, eesno hop or 

were no available hives, no available bees, no shops or 
laboratories, no trained personnel, and no scientific 
knowledge of beekeeping in various parts of Egypt nor 
of beekeeping resources. It was necessary to weld personnel 
from Ain Shams University and the Ministry of Agriculture 
into a research team while the surveys were being made 
and the equipment was being procured. 

To gain an understanding of the beekeeping situation 
as it existed in Egypt at the time of inception of the project 
and to outline a solid program to meet the real needs, 
Drs. H.H. Laidlaw, M.A. EI-Banby. and M.M. Ibrahim 
made a preliminary survey in November 1979. One feature 
revealed by the survey concerned the selection program 
with Carniolan bees which has been pursued for approx-
imately 10 years by Dr. Ibrahim of the Ministry of Ag-
riculture. Two oases in the New Valley region had been 
used as isolated mating stations, and had proved to be 
very effective for mating control of the queens. However. 
because the basic population of bees consisted of only 
seven colonies, the loss of sex alleles had been severe 
and had resulted in degeneration of the quality of this 
stock which later became the foundation stock for queen 
rearers in Egypt. Dissatisfaction with this stock and dislike 
of the native Egyptian bee, Apis mellilera lamarckii. 
tempted Egyptian beekeepers to import European bees, 

especially Italian and Carniolan. Restrictions placed on 
bee import by the Ministry of Agriculture were ignored 
and the parasitic mite, Acarapis woodi, accompanying 
the imported bees from Europe was introduced into Egypt. 
It has subsequently spread through much of the Nile Valley 
and the Delta on queens and colonies sold by bee rearers. 
It is probable that this mite will never be eradicated. Making 
high quality disease-free stock available to the beekeepers 
would eliminate casual importations and thus the danger 
of introducing even more serious diseases. 

The work undertaken was, therefore, primarily a pro
gram to establish and breed a stock of high quality bees 
that are disease free and which would be available to 
Egyptian beekeepers. The establishment and breeding of 
such a stock involved identification of areas suitable for 
the work, procurement of equipment, supplies, and initial 
stock, selection and training of personnel in both theory 
and in practical skills, development of teaching resources, 
actual breeding operations, development and testing of 
beekeeping methods needed for efficient use of improved 
stock, publication of research results, and upgrading bee
keepers' and instructors' knowledge and skill necessary 
for etficient utilization of improved stock and the realization 
of benefit from their use. The latter necessarily includes 
processing, packing, and marketing of honey and other 
hive products. The work we have undertaken in this project

addressed all these issues and has laid the oasis for amdr ekeigidsr nEyt
modern beekeeping industry in Egypt. 

Visits were made to the Delta, Nile Valley, oases, and 
the Suez area to obtain on-site knowledge of the suitability 
of various locations for the bee breeding program. Ap
praisals were made of current beekeeping operations and 
practices, the presence of bee diseases, pests. predators, 
and parasites. the extent of pesticide dangers, adequacy 
of melliferous flora, availability of satisfactory local labor, 
support of local officials and beekeepers, accessibility 
from Cairo, and whether and where other programs are 
operating. 

The west side of the Suez Canal, in and around Fayed 
where citrus and clover are grown in quantities adequate 
For this project. was chosen as most suitable for the location 
for the project apiaries. This region had very few bees so 
that the project had freedom to locate apiaries as desired. 

The key to establishing a source of improved honeybees 
lies in the project's program for artificial insemination, 
genetic selection, and queen rearing. Artificial insemination 
is essential because virgin queens mate only in free flight 
and selection of their mates by man is impossible when 
queens mate naturally. Imported. improved semen has 
been used to help in upgrading the colonies. 

Closed populations were used for bee breeding rather 
than the inbred-hybrid system that has been popular for 
the past 40 years. Computer models showed that with 
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Project personnel examining improved breeding colonies of bees at the 
experimental apiary in Fayed. These ungraded colonies developed by
the ADS Bee Project have in improved yield of honey and will provide 
the foundation for distribution of new stock to Egyptian beekeepers. 

selection of 50 breeding queens each year from a closed 
population of 250 test colonies the vitality of the stock 
would not deteriorate in 40 generations (40 years), even 
with normal selection. provided that daughter queens from 
each selected breeding queen are mated to semen from a 
mixture of drones f'rom every selected breeding queen. 
In this situation every queen has all the sex alleles of the 
closed population in her sperniatheca, and the likelihood 
of losing sex alleles is minimal. 

A further benelit of such a breeding system is that the 
most outstanding queens have genotypes that produce 
genonies which conmbinie best with the greatest tnurber 
of' different kinds of other genomes. Drones from such 
queens carry the favorable genes undiluted by genes from 
the queens mates and can be used for -top crosses.' 
Emphasizing the hermaphroditic ability of a queen bee to 
be both mother of a colony and father of other colonies 
(by means of her drones mating with other queens) provides 
innovative ways to approach bee breeding. 

The IL co lonies of hees. constitutirg a closed breeding 
population. have been established, and are now being 
upgraded using imported semen. Artificial insemination 
is regularly perfOrumed by l)r. Mazeed from the Ministry 
of' Agriculture and Mr. EI-Sheri f f'rom Ain Shams Uni-
versity. Tests on live nuclei have indicated that these small 
colonies are practical means of expanding the number of 

colonies in Egypt if they are abundantly supplied with 
pollen. 

Studies were also pursued on flora. feeding. queen and 
drone rearing, as well as tests of hive ntnm lei. Dr. El
Banbv's floral studies brought to light tie threat to bees 
posed by feeding in treated cotton fields. A variety of 
cotton grm\own inl -ayouni has six external nectaries on tile 
outside of the calyx. Nectar secreted by these nectaries 
is vulnerable to contanination by insecticides and thus is 
poisonous to bees. Beekeepers are being made aware of 
this danger. 

The project team has examined the desirability of as
sisting beekeepers who keep bees in mud hives to use 
better methods of harvestinig and processing honey. Mud 
hives are very important to the poor people in the villages 
and they can be made for the cost of labor only. Swarms 
stock them naturally, and the honey produced is largely 
proiit. In addition, the niud hives are scattered among the 
farmers and the\' constitute a little-recognized pernanent 
pollination force for the crops of an area. In many areas 
imported bees for pollination purposes are not needed. 
Native Egyptian bees are suited to the Mud Ihives and 
shoIulh be kept as a race: elimination of these hives or the 
replacement of tie Egyptian bee with European bees would 
be a mistake at this time. However, better methods of 
harvesting honey from mud hives and of processing and 
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packing the honey should be taught with an emphasis on 
sanitation. 

At the conclusion of the ADS project, the bee genetics 
program was well established. A large proportion of the 
hives needed for the breeding program are on location 
and additional ones were being established from hive nu-
clei. Shop equipment necessary for beekeeping and ex-
perimental items was available and in use. Laboratory 
equipment needed for artificial insemination was complete 
and was being used by trained Egyptian staff. Personnel 
have been trained both in moder beekeeping methods 
and in bee breeding theory and techniques. Desirable future 
activities have been established which involve not only 
research, but also extension and involvement of beekeepers. 
In short, the foundation is in place for the sustained de-
velopment of a modem beekeeping system. 
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THERMAL DETECTION OF OVULATION 
AND PREGNANCY IN SHEEP 

Early detection of pregnancy and ovulation in domestic 
animals is an extremely important management tool in 
livestock husbandry, with potential for significant economic 
impact. By early detection, for exam,e, a separation of 
the pregnant animal, (fed on speciat costly diet), from 
the rest of the flock will reduce consumption of highly 
expensive and scarce feeds. This would bring about savings 
in both feeds and management care, as well as ensuring 
higher survival rates in the newborn. 

Experiments have indicated that the mammary gland 
responds to an increase in the level of circulating estrogen 
(at estrous and in pregnancy) with a rise in the tempera!zre. 
Further, experiments comparing the ewe's udder temper-
ature with that of other body regions indicate that the 
udder is not an organ of controlled heat loss in the sheep 
and so does not function as an agent of thermoregulation. 
The temperature of the ewe's udder thus appears to have 
real potential for use as a simple and very inexpensive 
way to detect changes in the level of circulating estrogen. 
Should such prove to be the case, temperature measurement 
could become a valuable tool in animal husbandry, pro-
viding a means of anticipating ovulation thus enhancing 
the correct timing for artificial insemination, as well as 
the early detection of pregnancy. . 

This project has embarked upon studies to confirm, 
under Egyptian conditions, relationship of udder skin 
temperature with the estrous cycle and pregnancy, and to 
provide the basis for a cheap and simple technique available 
to livestock producers. 

ACCOMPLISHMENTS 

THERMAL CHANGES DURING THE ESTROUS 
CYCLE IN BARKI EWES 

Nine Barki ewes were used in this first experiment, 
The animals had been brought to the laboratory a year 
prior to the experiment from the northern desert of Egypt. 
At the time of the experiment the animals were located 
at the Desert Institute Experimental Station, near Cairo. 
Throughout the experimental period (February 1982-Mdy 
1982) the animals were kept in a controlled environment 
which was achieved by using an air conditioned room and 
fans to remove excess humidity. No effort was made to 
control the lighting hours. Animals were offered food and 
water ad lib. 

Temperature measurements were taken daily at 0900 
hours on the animals, and focussed on the temperatures 
of various organs, including: left and right ear skin, back 
skin, right and left lower leg skin, right and left udder 
skin, abdominal skin, and rectum. 

A ram fitted with a marker was kept with the ewes, 
and behavioral estrous was determined by the willingness 
of the ewe to be served by the ram. Thirty-seven estrous 
cycles, ranging in length from 13 to 33 days, were recorded. 
Data are being compared with earlier work suggesting 
that an increase in udder temperature might be anticipated 
prior to estrous. 

THERMAL CHANGES IN PREGNANT 
BARKI EWES
 

Twenty-one Barki ewes, obtained and housed as were 
the ewes in the first experiment, were used in experiment 
#2 to determine the most useful thermal indicator of 
pregnancy. 

Rectal temperature, respiration rate, right and left udder 
skin temperatures, lower leg temperature, ea, temperature, 
abdominal and back temperatures were measured weekly, 
at 0900 and 1400 hours on the day of measurement over 
an eight month period, June 1981-February 1982. The 
animals were not disturbed except at the times of mea
surement, feeding and watering. Food and water were 
provided daily at approximately 1000 hours. 

Measurements were begun two weeks before the be
ginning of the breeding season. Rams were left with the 
ewes for the duration of the breeding season, which started 
July 1st and lasted for 51 days. Colored grease was applied 
to the ventral surface of the rams so that ewes would be 
marked when mounted. Ewes were checked daily for mat
ing and dates of mating were recorded for each ewe. The 

first measurement day following conception and the first 
week of pregnancy, vere calculated after delivery to identify 
the specific mating which had resulted in conception.
Weekly measuremcnts were continued for four wecks after 
delivery. Summarizing the results briefly, both udder and 

rectal temoeratures rose steadily during pregnancy, udder 
temperature rising somewhat more steeply than did rectal. 
Neither temperature however was significantly affected 
by changes in ambient temperature. The difference between 
rectal and udder temperature declined steadily during 
pregnancy, as expected from the slopes cited above. 

Though ambient temperature did fluctuate moderately 
during the experiment, it was essentially unchanged be
tween conception and parturition. It is therefore possible 
to compare the slopes of the temperature changes during 
pregnancy for the variables measured. Rectal temperature 
was least (1.2%), followed by back temperature (2.6%), 
abdominal temperature (2.9%), leg temperature (3.5%), 
and ear temperature (4.9%). Udder temperature (5.6%) 
showed the greatest slope of any measured temperature 
and thus provided the best thermal indicator of pregnancy. 

216
 



In contrast to udder and rectal temperatures, both res-
piration rate and the other skin temperatures were clearly 
influenced by ambient temperature. These variables all 
showed both steady increases during pregnancy and re-
sponses to fluctuations in ambient temperature. 

Following tip on the results obtained in the study of' 
thermal changes in pregnant Barki ewes in a controlled 
environment, a large-scale field study was conducted on 
a herd of Barki ewes. Focussing on similar thermal variables 
as in the earlier study. this experiment measured the skin 
temperatures of various organs before and during preg-
nancy. The data from this study are still being compiled 
in Cairo, they will subsequently be analyzed in the Human 
Physiology computer laboratory at UCD (Advanced 
Physiology Silulation Laboratory) and imanuscript pre-
pared for publication. It is also anticipated that tile data 
from both the controlled environment and field studies 
will provide a data base for a simulation study of ther-
ruoregulation in tile ewe.pregnant Barki 
THERMAL EFFECTS OF REPROD)UCTIVE
HERMALOEE CT OREPRO CIE 
HORMONES ON BARK! EWES 

The purpose of' this series of' foIr related experiments 
was to strengthen the case for using temperature mea-
surement as a basis for detecting estrous and pregnancy. 
It is well known that blood estrogen levels rise at sutch 
times, and if artificially raising estrogen levels induced a 
similar temperature response. it could be inferred that 
temperature variations are indeed linked to e:;tl'rl and 
pregnancy through lechanisls involving estrogen. 

Eleven Barki ewes were used inExperiment A. The 
ewes were divided into two groLupS, an experimental group 
injected with I(i rng estrogen in 0.5 il artichoke oil and 
tcontrol group injected with (.5 tilloil. All aninals were 
kept in the controlled environment described f'or previous 
studies. Rectal temperature. respiration rate, udder skin 
temnperatures. ear temperature. abdolminnal and back tern-
peratures were imeastured prior to injection of estrogen, '/2 

hour after injection and 4 and 8 hours after injection, 
Four Barki eVes Used ilExperilllenlt B were injected 

With estrogen at four day intervals, the firstday being the 
second day of' estrous. Variables neasured x\ere as lon 
Experiment A, measurements being niade f'olowing in-
jection, 4 and 8 hours after injection. 

Txvelve Barki ewes were used inExperiment C. As in 
Experinent A, the ewes were divided into experinental 
and control groups. the experimental group being injected 
with varying (0.5 ng, 1.0 ing, 2.0 nig and 3.0 Ing qran-
tities of estrogen in Oil aind the control gr'otup With oil 
alone. Injections were at weekly intervals. aind ineasur'e-
nients were as for Experiment A. 

The sarie six aninals of the experi mental ingroup r 
Experiment C were Used in Experimerit 1). These ewes 
Were injected with 5.0 ng. progesterone. then one week 
later were injected With 10.0 rng progesterone followed 

by 1.0 ng estrogen. Measurements were made as for 
Experiment A. 

Summarizing the results of these experinlents v'ery 
briefly. Experiment A showed that tile injection of 1.0 
Ing estrogen caused increases in udder temperature. back 
and leg temperatures which were significantly above tile 
circadian increase in these temperatures as indicated by 
tilecontrol group's measurements. Rectal temperature, 
respiration rate, abdominal and ear temperatures showed 
only circadian changes inboth control and experimental 
groups. 

Analysis of the data from Experiment 13showed that 
the phase of' tileestrous c'cle at which the injection was 
made did not affect the response to injected estrogen, 
indicating that the results of Experiment A may be con
sidered typical of the Barki ewe's response to this injected 
hormone regardless of tile Itthe phase of estrous cycle. 
was also noted that the 0900Imeasurement of udder tem
perature was lower on the second day of estrous than Oln 
tile days of' tilecycle at which me:asurements were tnliLdC.The results of' Experiment C. the dose-response exper
iment. showeCd that, although all lOur dosages led to the 

sale niaxiniurn increase in udder temperature. the time 
to laximiun increase did vary with the dosage. The max
imuml increase. I. I- I .5'C, was obtained after 4 hours 
with 2.0 and 3.( Mg injections of'cstrogen: similar maxima 
were not recorded until 8 hours after the 0.5 and I .0 mg 
injections. No clear dose-response relationship was found 
for back tenirperature, although increases were observed 
at both 4 and 8Xhours. Sigililicant increases in the other 
vartiables were not found. as anticipataed f'rom the results 
of Experinlent A. 

Experiment I) shoVed that udder telnperature was not 
affecLed by the injection of 5.0 tug progestroine. A I . IT 
increase inudder lemperature vas recorded at 4 hours. 
less at 8 Ihours, in response to the injection of* I( Ing 
eStroClln Cotinbi ned With I).(I ig progesterone. Rectal 
tenupelatuie did showxV an increase in i'esponse to the pro
gesterolne injection ().T(' at 8 hotlrs. conpalrcd with 0.2"C' 
for the control gLroup). Rectal tenperature increased hw 
0.5' ' at 8 hours ill response to the iicltion of estrogen 
plus progesteron'. No Sihelificant difIferenices were f*rllid 
in fee or ear teriuperatures or1'respiriiioni rate a ilil\ tiitle 
regardless of the injection (estrogen. progesteritue, estr'oenru 
plus prlgeseiOnte. or control). 
The results of' this experimen dernonstrate that Barki 

ewes respond to iljecti(,,Is of estogen and progesterone 
tri a mianner similar to that riepoited for Merino cross 
Finnish Laidrace ewes. arnd leinonstimate further that the 
response to estrogen is indelpideit of the phase of fIle 
estrous cycle ind estalish a dose-response relationship 
for the response. The data also shoxv that hack teinperature 
appear's to rCspOnd to injectn1ions of estrogen, albeit xWithott 
the clear dose-r'esponse pattern I'oulld ftr dder teruperature. 
a inding not prevously reported. 
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DEVELOPMENT OF A SMALL POWER
 
UNIT FOR IRRIGATION
 

A feature of the design for irrigation canals in Egypt is 
that they are lower than the fields they are intended to 
irrigate, thereby precluding water distribution by gravity
feed. Low-lift water pumping in consequence is wide-
spread, and commonly relies on the Persian water wheel 
(Sakia) powered by buffalo, cattle or donkey. Typically 
the amount of power required to pump water with a Sakia 
is in the order of a quarter horsepower since the height 
to which water must be lifted is only I to 3 meters. These 
low power requirements imply that the use of diesel pow-
ered pump sets of 7 horsepower or more, as is common, 
introduces large overcapacity when used in the existing 
irrigation systems. 

The purpose of this project was to investigate the po-
tential for a unit of approximately one horsepower which 
could substitute for animal power in driving the Sakia. Apowe sizunt ofthi wel to hewold b machep o we r u n it of th is siz e wo uld be w e ll matc hed to t ie 
application and there would be no need to change either 
the present irrigation system or its attendant social orga-
nization as is implied in the use of diesel pumps. 

Soon after its
inception the project conducted an energy

survey to determine the most appropriate power sources 
for low-lift irrigation. It was evident that if an alternative 
source of power for water lifting could be substituted for 
animal or human power, significant animal and human 
energy could be released for more productive uses. The 
increasing use of electric and diesel pump sets was ex-
amined. In addition to being inefficient by virtue of being 
overpowered for the job, and demanding foreign exchange 
for purchase and running costs, their use was found to be 
based on a large government subsidy which covered their 
purchase but not maintenance. Aside from false economics, 
many sets were out of commission for lack of adequate 
maintenance and repairs. There seemed apriniafiwie case 
for designing a simpler power source tha could be operated 
cheaply without incurring foreign exchange costs as well 
as being suitable for local manufacture. Two energy sources 
appeared to meet tlese requirements: solar and crop res-
idues. Use of the latter, whether in direct combustion or 
after passage through a biogas converter, might present 
a problem of' competition with its use as a household 
cooking fuel. Solar energy, on the other hand, is both 
abundant in Egypt. especially at times when irrigation is 
most needed, as well as being freely available. The project 
accordingly embarked on development of a solar powered 
engine of the well established Stirling type. which could 
drive the Sakia. The Stirling closed-cycle vapor engine 
envisioned by the project's team was a low horsepower 
unit which would be driven by heat energy supplied from 
simple parabolic solar reflectors. 

The work was divided between the UC Davis team who 
developed the power unit, and a team from Alexandria 
University who were responsible for the design of the 
solar collector. Design criteria followed throughout the 
project were that both components should be capable of 
local manufacture, be inexpensive and easily maintained. 

ACCOMPLISHMENTS 
Design of the solar collector began in June 1981. A 

dish-type design was selected and investigations were begun 
to determine a collector size appropriate for a one hor
sepower Output hot-air engine, and to choose possible 
materials for use in tilemanufacture of the concentrator.
 

The Egyptian team constructed their first prototype col
lector from aluminum sheets one meter in diameter. It
 
vas built by a local artisan to their specifications using
t e s m eh d u e o m k e s l , t sthe same method used to make cookingo k n vessels, thata is,

using metallic and wooden hammers to beat the aluminum 
sheet into the desired parabolic shape. This hand method 
proved insufficiently precise, and resulted in a concentrator 
with i,relatively large focal area. Without a well-definedfocal area, it is impossible to obtain efficiencies which 
are hih enough to provide useful heat 

GreaterG precision in construction,output.using a dif'ferent 
technique, was attained in the design of a second con
centrator. Templates were used to inscribe patterns onto 
the aluminum sheets which were then Cut out and the
 
resulting segments were bent oldedh and riveted together 
into their final parabolic form. A third design of concen
trator used the same construction technique but with tile 
addition of a strengthening steel strip around the perimeter 
of tie aperture to give it more rigidity. 

A systematic series of' experiments was carried out in 
order to assess and improve the efficiency of the overall 
collector and receiver system. The efficiency of the first 
concentrator was only about 12.5%. In comparison, the 
efficiency of the third concentrator design was always 
higher than that of the first and, with a non-painted glass 
heat receiver on the Stirling engine, its efficiency was 
about 19%. The design of the receiver was then changed 
to use copper instead of glass. With a coat of black paint 
and with better insulation between the receiver and the 
carrying frame, performance improved significantly. With 
a 21.3 cm copper receiver the efficiency increased to about 
45%. 

The main problem that conflonted uis at this stage was 
how to improve the concentrator-receiver unit to obtain 
the high temperatures needed for operation of the hot-air 
engine while using the modest and less accurate local 
manufacturing techniques. High precision is needed not 
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Concentrators i. II. and III illustrate progressive improvenents in design 
and construction primarily in greater manufacturing precision and grealer 
structural rigidity. 

Concentratr IV schematic and relevant dimensions. 
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only to obtain high tempertures. but also because the ther
meal efficiency decreases as precision decreases and thus 
concentrator sizes have to be increased in order to develop 
the required power. As concentrator size increases tile 
cost of manufacture rises and wind forces begin to play 
a major role in the design. A compromise was struck in 
tile development of a larger concentrator (1.75 in in di
lnieter) designed with greater structural rigidity and hence 
higher accuracy than the previous concentrators. It was 
constructed from two 1.5 nm thick aluminum sheets, 
compared to I mm thick sheets for tile smaller concen-
trators. In order to obtain higher precision, greater care 
was taken to reduce lanufacturing errors and the template 
used to lay out collector patterns on tile aluminum sheets 
was constructed accor-ding to a more exact mathematical 
equation. Greater rigidity was obtained by riveting iron 
strips to tile back of the concentrator and around tile circular 
perimeter of its aperture. 

The support structure and tracking mechanism were 
improved by making the whole concentrator support 
structure i fixed one and by designing a complete new 
tracking system which incorporated high strength, ease 
of operation, and high precision. Trhe new tracking system-
consisted of t steel hexagonal base supported by six pre-
cision leveling screws and six caster wheels for mobility. 
With this systen, precise control of both the latitude (el
evation) and azimuth angle was possible. 

The tracking accuracy of the concentrator was evaluated. 
by carrying out a number of experiments where tile ele
vation and azimuth angle, as measured onl the tracking 
systenl. were compared to the theoretical values for tile 
city of Alexandria. The difference between the measured 
and calculated values did not exceed 0.5(Z for tile azimuth 
and about I(/ for the elevation angle. It is worth noting 
ihat the loc.l tile of solar noon is known exactly and is 

published every day of the Near in most Moslem countries 
since it is directly coupled to tile observance of the noon 
prayer. Thus tile solar time can be obtained directly by
subtraction from the local noon ti ne for the city of Al-
exandria instead of going througl, tile long calculation 
which relates local time to tile solai tiule. 

Although tile Egyptian team started to built a 4 il di-
ameter concentrator, they found that tile cost would be 
very high because of tile heavy supporting structure re-
quired. The tcam has proposed that a series of' 1.75 in
solar concentrators working in parallel would be more 
practical, easier to laintain. and tracking adjustments 
would he easier to lake. 

A second solar concentrator of 1.75 in dianleter is 
therefore being built io enable testing of both 1.75 il 
collectors working in parallel. Plans are also underway 
to investigate further tile optical performance of these two 
concentrators by examination of the temperature distri-
bution in tile focal pane. t Ldlculate tile intercept factor 
for each receiver size. and to carry out heat balance ex-
periments. Such experiments would result in an estimate 
of the accuracy of the local nl:unu facturing of the receiver, 

The concept of using standard materials which are locally 
available in Egypt for building the sohlar concentrators was 
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The closed-cycle, hot-air engine. Assembly drawing of pro
totype II showing displacer cylinder and hot-cap above and 
working cylinder below. The lower portion of tile engine
utilizes a recycled engine block and tile upper portion is 
fabricated from pipe stock and flat standard steel stock. 

also emphasized in the development of the prototype Stir
ling engine built by the UCD team. A cardinal rule was 
that sophisticated and high precision machining of com
ponents was to be avoided. 

Two prototype engines were designed and built. Tile 
first had sonic serious design llaws which were eliminated 
in tile second prototype. The result was a significantly 
improved engine which operated successfully but the net 
power output was very low. Problems included lack of 
efficient sealing, poor heat transfer, and an inability to 
pressurize the system to more efficient levels without the 
use of more exotic seals and expensive materials. Tile US 
team felt that it was not feasible to continue development 
of tile Stirling engine utilizing only the simplest possible 
technology. Improved thermal efficiency could only be 
obtained at the sacrifice of simple design and inexpensive 

laterials. T his would be contrary to tie original objective 
of the project. I)uring tile past year, two niajor automotive 
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manufacturers have abandoned their research programs 
on high-technology types of Stirling engines, lending some 
credence to our opinion that the benefits of the Stirling 
engine do not overcome its drawbacks. One consequence 
of these findings was that the scope of the research was 
broadened and alternatives to the Stirling hot-air engine 
were examined. In particular the team has investigated 
the use of the fluidyne or oscillating liquid drive pump 
and a similar vapor cycle pump. Both of these devices 
can utilize energy from either solar sources or from com-
bustion of agricultural residues. 

Investigations were begun on the design and fabrication 
of liquid piston oscillating drive pumps, the use of which 
would eliminate moving parts and would make the whole 
solar water lifting power unit much cheaper and easier to 
maintain. The first prototype was built and tested near 
the end of 1982 both in the laboratory and with the solar 

concentrator. Its discharge rate was very low (I liter/min) 
but the total head was very large. Research is proceeding 
to improve its efficiency and to increase its discharge rate 
while lowering its total lift. 
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AGRICULTURAL LAW STUDY
 

An important aspect of agricultural policy making is to 
incorporate features that encourage farmers to behave in 
ways supporting policy objectives. Economic incentives 
are frequently employed and a major concern of the Eco-
nomics Sub-Project has been to develop an understanding, 
in terms of economic rationality, of why farmers behave 
as they do. 

But economic rationality is only one dimension of un-
derstanding the grower's decision-making process. The 
law, and how it is applied and administered, is another 
vital component that molds a farmer's behavior. This is 

especially so in Egypt where cropping quotas and admin
istered prices are policy instruments upheld by agricultural 
laws. 

ADS commissioned a study on Egyptian Agricultural 
Law by Dr. John Spanogle from State University of New 
York-Buffalo in order to provide the project with both 
context and insight on the role of agricultural laws in 
determining production and marketing decisions. 

Dr. Spanogle's work has been prepared for publication 
and is currently available at the International Programs 
Office, UC Davis. 
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INDEPENDENT WORKSHOPS AND
 
CONFERENCES
 

W orkshops have been used by most ADS projects as a forum for discussion 
of research problems and dissemination of project findings among Ministry, university and 
ADS personnel. In this report such workshops have not generally been singled out for 
special mention, since they were integral components of projects or sub-projects. 

ADS did, however, sponsor two workshops which were independent of other ADS 
projects, namely the Biosalinity Conference and the Food Sanitation Workshop. 

THE BIOSALINITY CONFERENCE 
A conference involving Egyptian, Israeli, and US scientists was held at the University 

of California, Davis, California, September 1-4, 1981. The conference was sponsored 
jointly by ADS and the Fred J. Hansen Institute for World Peace, San Diego. 

The focus of the conference was soil salinity in agriculture, a problem which occurs 
in many areas in the countries of the participants. Three areas discussed by the researchers 
were: 

I) Physical-chemical characteristics of saline soils and the management of these soils; 
2) Crop responses to application of saline and brackish waters
3) Breeding of crop plants to enhance salt tolerance. 
Recent research in these areas was summarized and the application of these results in 

management of saline lands was discussed. The individual papers have been abstracted and 
are available. 

THE DAIRY AND FOOD SANITATION WORKSHOP 
As part of the growing Egyptian nterest in food technology projects, ADS sponsored 

a workshop held in Cairo September 5-9, 1981. on the topic of Dairy and Food Processing 
Plant Sanitation. Drs. Bruhn, York, Dunkley and Shehata provided a comprehensive technical 
update on the underlying principles in establishing effective sanitation in food manufacturing 
facilities. Using a workbook specially prepared for the occasion and visual aid materials, 
information was presented to participants in ways that should facilitate its extension to 
others. 
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TOMATO PROCESSING 

The tomato occupies a major place in the Egyptian diet. 
Though the fresh tomato, eaten either raw or cooked, 
accounts for the overwhelming use of the fruit, an in
creasing amount of tomato paste is now consumed. In 
1980 this amounted to about 18,000 tons, of which some 
12,000 tons were imported. 

Two major domestic food processing companies, Kaha 
and Edfina, are involved in producing tomato paste, and 
have a combined production capacity of around 22,000 
tons per year. These companies operate their tomato proc-
essing units at only 25% of capacity; the principal reason 
is shortage of raw material. Clearly, utilizing this potential 
capacity would not only capitalize on investments alreadyy
made in plants, but would also conserve the foreign ex-
change used in importing paste to make up the deficit 
from domestic production. 

Introduction of new high yielding varieties of tomato 
by the ADS Tomato Production Project has oflered the 
promise of much increased yields per feddan. In fact, by

Prjetcomecilthe time of termination of the ADS Project, commercial 
growers using new cu!tivars and cultural practices were 
already obtaining yields some three times greater than 
was normal with former production technology. The po-
tential surge in production of both table and processing 
tomatoes provides opportunity for Egypt's tomato paste 
industry to obtain the raw material that has been con-
straining production, and operate closer to full capacity 
tovicinities 

To make this possible, the objectives of the Tomato 
Processing Project were: 

"to evaluate the suitability for processing of the new 
high yielding tomato varieties grown under Egyptianconditions: 

"	to evaluate tomato products processed from the new 
varieties emphasizing wholesomeness of product, 
color, texture, flavor, mold count and insect fragments; 

* to cooperate with tomato processors in testing suitable 
varieties on a pilot and commercial scale and to reduce 
the cost of production, 

* to establish a quality control system for tomato se-
lection, handling, grading and product testing. 

ACCOMPLISHMENTS 
Evaluation of fresh tomatoes and their processed products 

was conducted on a number of new cultivars introduced 
by the project. Varieties tested for fruit qualities and suit-
ability for processing are shown in Table I . 

Tomatoes are harvested in Egypt at two peaks, winter 
and summer. Since the characteristics of fruit vary with 
season, the project investigated the properties from each 
harvest, with emphasis however on the heavier yielding 
summer crop. The growing location also introduces var-

Table 1. New Tomato Cultivars Evaluated for
 
Processing in Egypt
 

Kanatir NobariaVarieK Growing Area Variety/Type 
Season Season 

S W W 

UC 82 * * * Processing 
E 6203 * * * Processing 
PETO 86 * * * Processing 
Cast long * 	 Processing 
UC 97-3 * * Fresh Market 
UC 211-58 * 	 ProcessingVF-145 B 7879 * 	 Fresh Market
XP-502 	 * * 
VF-134 	 * * 
E 1205 * 	 Processing 
Rossol VFN * 	 Processing 
E 9208 * * * 
E 9209 * 	 Processing
FM 61012 *PETO 95 * * * ProcessingProcessing 
PETO 96 	 * * 
PETO 98 * 	 Processing 
UC 204-9 * 	 Processing 
Castlex 48960 * * * Fresh Market 

iation in tomato quality and therefore we evaluated fruit 
fron farms at two locations, Kanatir and Nobaria, in the 

of Alexandria and Cairo respet:hdaelk. 

EVALUATION OF FRESH TOMATOES 
Han,esting:The fruit of varieties grown either at Kanatir 

or Nobaria showed different degrees of maturity at therNbrasoe ileetdgeso auiya h
time of picking. It is important that fruit for processingshould have uniform ripeness. More than one picking is 
therefore recommended for obtaining sound and ripe to
matoes by hand harvesting. However, when a contracting 
system isdeveloped, and large scale cultivation oftomatoes 
is introduced then mechanical harvesting may be preferred. 
In this case the need for spraying with ethephone to initiate 
uniform ripening and the effects of such a treatment on 
the quality of tomatoes should be studied. 

Size atd Weight: There was some variation in weight
of individual fruits within ',ariety: the maximum weights 
within variety ranged from 46 U'UC 97-3') to 143 gins 
('Castlex 489G'). The average weight per fruit ranged 
between 37 ('Peto 86') and 88 gins (*Castlex 489G'). 

The count of fruits per kg ranged between 27 ('Peto 
86') and 20 (UC 97-3"1. The size, weight, and counts/ 
kg of fruits varied widely between varieties and also with 
the growing area and season. Such properties are important 
in relation to harvesting techniques but have little affect 
on the subsequent processing stages. 
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Vitamin C Content: The vitamin C contained in tomatoes 
can make a significant contribution to a consumer's daily 
requirements. Selection of tomato varieties high in ascorbic 
acid is therefore an important nutritional consideration. 
Values in the order of 15-20 ing of vitamin C per 100 
gins of fresh tomatoes is considered satisfactory. Recorded 
values Ifr varieties grown under Egyptian conditions varied 
from 6.8 mg/ 100 gins for 'Rossol VFN' (Kanatir. summer 
crop) to 21.2 mg/ 100 gins for 'E9208' (Nobaria, summer 
crop). 

Solid Content: Solid content isconsidered an important 
parameter in production of tomato pastes because it affects 
the case yield and the cost of evaporation. Values ranged 
between 3.5c1 ('VF 145B-7879') and 5.46c/ ('UC 82' 
and 'E 6203'). The growing area and season also had an 
effect on total solid content. The following varieties are 
considered suitable for production of tomato pastes from 
the standpoint of their total solids content: 'UC 82B' E 
6203'. 'Peto 86' 'VF 134', and 'E 9208'. 'UC 82B' and 
'E 6203' contained high total solids when grown in the 
Nobaria area. The 'Peto 86' variety was best when grown 
in Nobaria as a winter crop. 

In general, the total solids of the recomnended varieties 
were higher when grown in areas with soil and climate 
conditions sitiliIar to those prevailing in Nobaria. 

The varieties suitable for both .juice and paste production 
are 'UC 82'. 'Peto 86'. 'VF 134' and 'E 9208' which 
contained no less than 5.0%4 total soluble solids. The 
difference between total solids and total soluble solids 
represents the insoluble solids, largely fibers and puctins. 
The 'E 6203' variety was high ill insoluble solids. Varieties 
with high total solids and total soluble solids are preferred 
tor processing into pastes. 

Alcohol Insoluble Solids (AIS): The AIS content of' 
tomatoes is important as a measure of ability to yield 
viscous products as canned juices or pastes. AIS Values 
showed minor variation anong the varieties investigated. 
ranging between 0.641 and 0.817(/ on a fresh weight 
basis. 

TotalAcidiv andpHValue: The pH during processing 
is of crucial significance to product safety: a final pH1 
above 4.7-4.8 does not protect against botulism, 

Generally, the industry pre fers a tomato with p-I at 4.3 
or lower to be safe for processing. The measured pH value 
of some of the varieties was higher than 4.5. Therefore. 
if any such variety is chosen for processing because of 
other Outstanding characteristics. it w 1 be important to 
adjust the pH of the juice to 4.3 through acidi ficat ion with 
citric acid. 

Lycopene Content: The minimum lycopenc conceiltra-
tion required to produce good product color is 6 Iilg/ I) 
gins of fruit. Lycopene content of varieties grown under 
Egyptian conditions was several times higher than the 
niniii inLt11 indiclting that stuitable color is not likely to he 
a problem. Soie varieties grown in Kanatir fI' tile winier 
season were low in lycopcne however, 

Reducing Sugars and Amino Nitrogen: Sugar aid 
amino nitrogen content provide indices of' quality that 
alect the flavor of the canned product. Meastreiients on 

both these parameters indicated satisfactory levels were 
present in most varieties. 

The Total Pectin: The ievel of pectin in the tomato fruit 
contributes to consistency of tomato juice and pastes. 
Tomato pulp with high pectin content produces highly 
viscous pastes and may present a problem during evap
oration on accout of the low heat transfer coefficient of 
the tonato concentrates. 

Total pectic substances of the tomatoes were found to 
vary widely among varieties. The pectin content of sev
enteen varieties grown in Kanatir during the summer season 
ranged between 125 and 325 ng/l00 gins. The varieties 
grown in Nobaria ranged between 182.5 and 465 rag/100 
ginls. 

Sensory Evaluation of Tomato Fruits: A panel of 12 
judges focussed on color, texture and 1lavor. Statistically 
analyzed results indicated that the color and texture scores 
of the samples were very promising for the varieties tested
flavor however was considered poor in some varieties. 

The summer crops showed better sensory quality than 
winter crops for the varieties grown in both Nobaria and 
Kanatir areas. The most acceptable varieties were found 
to be 'UC 82'. 'E6203', 'Peto 86' and 'FM 61012" which 
are suitable both as muniner and winter crops. 

MicrobiologicalExaminations: Total counts (TC). and 
counts of theroacidurans bacteria (TAB). flat sour bacteria 
(FBS), yeasts and mold were carried out on tomato sur
faces, as well as on the juice after heat pretreatment. 
Analyses also included "[C. TPC (total plate counts), TAB 
and FBS on canned juices after canning and after storage 
for 3 months. Canned juices processed from the winter 
crop contained much less TPC than those made from sul
mer crop. T[ie average TPC varied with the date of hiar
vesting and location where the tomatoes were grown. 
Jtuices caiined from the winter crop were found to be 
contaminated with very few live microbial cells or TPC, 
while the total count was in millions. The remaining live 
cells were onil about 0.01 (/ of the TC demonstrating the 
effectiveness of heat treatment. 

It was observed that about 6c/ of the TC of the juices 
canned froni the snumercrops were still ali, Therefore, 
the cfliciency of the heat treatment was evaluated after 
storage of the canned juice for 3 months. The data show 
that the microbial load was greatly reduced after storage 
of the canned juice. 

DrosophilaEggs, Lanaeand Insect Fragments: Eggs, 
larvae and insect fragments Ireqic untly containli nate tomato 
pr ducts and may threaten their acceptability on inter
national markets. The surfaces of tomato fruits frol the 
first winter picking were examined before washing to obtain 
iiifornation about the degree of infestation by Drosophila 
and coiltaili nat ion whlen eceived at tile factory. l-xami
nation olthe fruits from the second picking ofwintercrop 
after wiishing proivided aii assessmnent ol'elicacy olwashing 
prO('thtlLrcs. All samples were found to hel frce from con
tamination with the exception of 'Castlex 479KG' variety 
which contained 12 larvae peIr I() gill indicating that 
larvae infestation was beneath the skin and could i10t be 
easily removed by washing. 

225
 



The Howard Mold Count: This process indicates the 
soundness of fruits and depends on the efficiency of wash-
ing, sorting, and trimming operations. The results showed 
much improvement in the summer crop runs which were 
picked under stricter supervision, 

Crude Fiber Content: The amount of crude fiber was 
determined on the fresh fruits, canned juice, canned paste,
and the stored products. The fiber content of' fresh fruits 
differed greatly between varieties, locality, and season. 

The winter crop of 'UC 82' tomatoes from Kanatir 
contained 8.16% crude fibers on the dry basis, but it was 
noticed that for a given variety the effect of locality was 
much more pronounced than the growing season. 

After pulping and juice extraction, thle fiber content 
was markedly reduced. Canned juices "'ontained 0.32 to 
8.78% crude fibers on the dry weight basis which might
be considered a wide variation. Juices processed from 
fruits obtained from the Nobaria area contained higher
fiber content than those obtained from the Kanatir area.
These are areas different in soil type, climate, and irrigation 
practices. Generally, after storage of the canned juice for 
3 months, a breakdown of crude fiber was noticed. 

Relative Viscosity: Juices differed with variety, fruit 
maturity, picking season, the extraction process and the 
extent oi heat treatment. The time lag between maceration 
and heat inactivation of the pectic enzymes in tomatoes 
also -ontributed to the viscosity changes in the juice. 

The tomatoes grown in Nobaria yield juices different 
in viscosity than those from Kanatir. The summer crop
showed lower values than the winter crop, which may be 
explained by the difference in ripeness level of the tomatoes 
at harvest time. Generally, the relative viscosity of fresh 
juice depends on the ripeness. However, the proper time 
for picking the fruits at the optimum stage of maturity
could not be determined due to lack of information on 
heat units received for each variety, and lack of uniformity 
in ripeness levels. 

The changes in relative viscosity of juices due to heat 
processing differed widely with the tomato variety. Sub
sequently, after canning, the relative viscosity of tomato 
juice increased in some varieties, but decreased in others. 
EVALUATION OF PROCESSED PRODUCTS 

After sampling the fresh fruits, batches of tomatoes 
from Kanatir or Nobaria were processed into canned juices 
or to both juices and pastes at the Ministry of Agriculture 
(MOA) pilot plant. The following measurements were 
made to determine product quality. 

Total solids, soluble solids and water/alcoholinsoluble 
solids fractions were found to vary according to variety, 
growing location, and season. 

The ascorbic acid content of the canned juice was 
lower than that of the freshly expressed juice, with a 
maximum value of 13.9 rag/100 gm in the samples grown
in Kanatir. The values for Nobaria samples ranged between 

~r 

A pilot scale vacuum cvaporatlor installed in the MOA's AgricultuIal 
Research Centcr was Ised by t ie Tomato Processing Project for Coll
ccntrating tonato JLiicc in pastes as pairt tftie1 va luatimollO new culti'i ars. 

Photo:Nadir lIa.shein 
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7.8 and 14.1 ing/100 gins. Generally, storage of canned 
juice resulted in some reduction in ascorbic acid content. 
Within each variety, some variation of vitamin content 
was found. The canned paste contained 13. I to 45.8 mg 
ascorbic acid/100 gins. 

The total acidity of the canned juices ranged between 
0.28 and 0.76% for Kanatir samples and from 0.36 to 
0.68% for Nobaria samples. The total acidity of the canned 
paste ranged from 1.60 to 2.69%. 

The pH values of canned juices were measured, and 
for four varieties ('E 1205'. 'Rossol VFN', 'Peto 95' and 
'Castlex 489G') was found to be higher than 4.3. This 
value is higher than is safe and these varieties must be 
regarded as undesirable unless the juice is acidifieJ by 
addition of inalic or citric acid. 

The atnino nitrogen content differed greatly between 
varieties, season, and locality. For canned tomato juices, 
it ranged between 19.5 and 66.3 rug/100 gins for those 
grown in Kanatir and from 29.3 and 88.6 rag/100 Pms 
for those grown in Nobaria. Amino nitrogen content of 
the canned pastes was between 144.9 and 415.7 ing/100 
gins. 

The calcium content of canned juice ranged between 
7.50 and 19.00 rng/ 100 gins for the Kanatir crop, while 
that from Nobaria area ranged between 11.08 and 55.26 
mg/l00 gills. 

The potassium content ranged between 201 and 425 
mg/100 gills in the canned tomato juices from Kanatir 
crops, and between 157.94 and 367.00 rig/100 gins in 

,4
 

those from the Nobaria area. The canned paste contained 
1244.6 to 2202.2 ng potassium/100 gin of sample on the 
fresh weight basis. 

Phosphorus content of the canned juices ranged between 
1.63 and 9.12 rag/100 gins in the winter crops from Kanatir. 
That of the summer crop from the same locality ranged 
from 2.10 to 88.53 ing/100 gins. Similar results were 
noticed between tile crops grown during the two seasons 
in Nobaria. Phosphorus content of the canned pastes grown 
in the winter season ranged between 32.8 and 35.7 mug 
P/1(X) gins. while tile paste from the summer crop contained 
109.29 to 276.12 mg P/100 gins. 

The ferrous iron content of the canned tomato juices 
from Kanatir area ranged between 0.220 and 0.972 rg! 
100 gins, and between 0.24 and 0.780 ing/100 gnis for 
those from Nobaria. The tomato pastes contained 1.210 
to 3.200 mg Fe/100 ginls of sample. 

The lead content of the canned tomato juices ranged 
between 0.144 and 1.90 rag/100 gills. Upon storage, the 
lead content increased, ranging from 0.200 to 1.790 ig/ 
100 gins indicating further solubilization of lead from the 
internal solder surface of the can. These values are very 
much higher than those commonly observed in canned 
tomato juices. Future research should emphasize how to 
reduce the level of lead containlination in the products to 
internationally acceptable standards. 

The tin content of the canned juices ranged between 
0.131 and 9.70 mag/100 gills. After storage for three 
months, it ranged between 0.20 and 6.50 rag/100 gills. 

The fruit pulper and finisher shown above is used to reOVe skill and 
seeds of toimatoes as they are processed into Juice amd pauste. 

Photo: Nadir Hashen 
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The paste contained between 1.94 and 7.27 ing tin/100 
giIIs. 

Sensory evaluationswere conducted on tile quality of 
growntomtwo mjceas nn f o een . ritt rinsthe two major areas during the two seasons. Color attributes 

were acceptable with most varieties. Some, but not all, 
varieties were acceptable with respect to flavor and con-
sistency. Further studies are needed to detennine optimum 
conditions of processing needed to yield a wholesome 
product. It was Iound that storage of canned juice results 
in some deterioration in color and flavor quality, depending 
on the storage temperature and vacuum in the can. Again, 
additional studies are required to ensure preservation of 
quality in the canned product. 

Ternination of tile ADS Project after the Tomato Proc-
essing Project has been active for only 18 months, instead 

of the three years envisioned, has meant that the proposed 
research could not be completed. 

)etermination of varietal characteristics of tomatoes 
has been completed for only two growing seasons. This 
should be extended to cover several years if confidencein selection standards is to be established. In addition, 
research in processing variables (time and temperature at 
different process stages) is incomplete and requires pursuing 
in order to develop a high quality product. Despite the 
incompleteness of research, and that new products (canned 
peeled tomatoes and catsupl) were not developed, the pro'
ect's solid accomplishments in training and in varietal 
selection provide a basis for continuing work by MOA 
scientists. 

PUBILICATiONS 
LIuh. B.S.. N1.Sarhan and Z. W11ak. (I183) Pectins and Fiber in Processcd 

romatcs. I*ood Technology in Airalia.On press) 
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IMPROVED PRODUCTION OF CHEESE
 
AND RELATED PRODUCTS
 

Domiati cheese is Egypt's most important dairy product, 
utilizing nearly two thirds of the nation's milk production. 
It is a widely used food, consumed by all levels of society. 
Traditional methods for making Domiati cheese developed 
logically and were appropriate for Egypt's conditions, 
takink advantage of the plentiful supply of salt used in 
preserving milk in a concentrated form without refriger-
ation. However, there are numerous opportunities for imm-
proving on traditional methods for making Domiati and 
similar types of cheese, and for augmenting the Egyptian 
supply of nutritious cheese-like foods. Possibilities include: 
increased and improved use of low-priced skim-milk 
powder and butter oil from Europe in recombined products; 
making products from combinations of milk and vegetable 
ingredients, such as soy milk, soy oil and soy protein; 
modifying the traditional method of making Domiati cheese 
from salted milk to make nutrients in whey available for 
human consumption. There are also opportunities for ex-
panding milk consumption in the form of fermented bev-
erages. 


The research focussed on intvoducing new and improved 
technologies for making soft white cheese and related 
products, improving quality and uniformity, and aug-
menting Egypt's supply of cheese and related foods by 
incorporating non-dairy extenders. 

ACCOMPLISHMENTS 

IMPROVED TECHNOLOGY FOR MAKING 
CHEESE AND UTILIZING WHEY 

The research on improved cheese-making technology 
emphasized three aspects-use of ultrafiltration in cheese 
making, making Doniiati from unsalted milk, and iiech-
anizing the traditional process. 

Ultrafiltration Studies 

Ultrafiltration (UF) is now used commercially in France, 
Denmark and some other countries for making soft cheese 
such as Camembert and Feta. The project has extended 
previous studies on fractionating and concentrating re-
combined skii-milk by ultrafiltration, blending it with 
cream, and coagulating the mixture without separation of 
whey. 

All experiments for making Domiati cheese from ul-

trafiltered milk used the followiig basic procedure. Skim 
milk powder was reconstituted (IOc total solids), and 
ultrafiltered at 45C using a DDS Lab 20 ultrafiltration 
unit. The milk was ultrafiltered to a concentration factor 
of 4. The retentate was heated to 65°C, anhydrous milk 
fat was added to give a 10% fat (w/w) in the concentrated 

recombined milk and then homogenized at 200 kg/n'. To 
the concentrated recombined milk, sodium chloride was 
added at the rate of 5% (w/w), followed by starter (0.5%) 
of Lactobacillus bulgaricus--Stretococcusthertnophillts, 
and rennet. The mixture was poured into 450 ml cans, 
left to coagulate at 41 C and then hermetically sealed. 

The optimum coagulation conditions for making Domiati 
cheese from ultrafiltered milk were investigated using 
varying amounts of rennet, different coagulation temper
atures and heat treatment of the concentrated recombined 
milk. Several combinations of the factors were tested, 
and their effects on the chemical composition and organ
oleptic properties of cheese were followed. The best results 
were obtained with the use of 2 g rennet/100 kg concen
trated milk, a coagulation temperature of 41'C and no 
heat treatment of concentrated milk after homogenization. 

The amount of rennet used in the coagulation of con
centrated recombined milk represents 10% of that used 
to make an equivale.,t quantity of cheese by the conven
tional method, which resulted in reduction of the cost of 
the coagulant. 

The effect of aging reconstituted milk before ultrafil
tration was also investigated but was found to have little 
effect on the quality of the cheese. 

A method was developed to improve the quality of UF 

Domiati cheese by using lipolysed recombined cream. 
Recombined cream (35% , fat) was treated with different 
levels of lipase powder (Liberase 1100, Dairyland Food 
Inc., U.S.A.) and incubated at 40'C with continuous stir
ring overnight. The lipolysed cream was heated, added 

to retentate (5:12) and made into 1Doniati cheese as reported 
above. The luality of cheese was greatly improved after 
4 months of storage particularly by the use of 2 g lipase/ 
kg. The method developed has at least two advantages: 
it is possible to develop uniform flavor of pickled cheese 
in the new product, even when fresh: the flavor intensity 

can be standardized to suit the consumer preference. 
In order to increase the economy of cheese-making 

from ultraliltered milk, partial and complete replacement 
of milk fat with vegetable oils were tested. Maize, palm 
and cotton seed oils were used to replace 25, 50 and 100% 
of milk fat used in making pickled soft cheese from ul
traliltered recombined milk. Cheese with acceptable quality 
was obtained at several different levels of replacement 
with vegetable oils, maize oil being particularly suitable 
for incorporation. 

Research on making Domiati cheese from unsalted milk 
has focussed on using buffalo, cow and mixtures of both 
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milks. Buffalo milk was initially heated to 85C, cooled, 
and coagulated using different levels of rer,et ( 10 and 20 
mil/45 kg milk) at temperatures of 29.5 and 32.2°C. The 
best quality fresh cheese was obtained with 20 ml rennet/ 
45 kg milk and coagulation temperature of 29.5°C. Salting 
was carried out using whley containing 10. 15 and 20 
salt for 48 and 72 hours at 7 ± 2°C. The cheese was chem-
ically analyzed and its organoleptic properties were as-
sessed. The highest scores were given to cheese salted in 
whey containing 15cli salt for 48 hours. Best results with 
cow s milk were obtained by heating initially to only
73.9°C, and adding 0.041/ CaCI.. The results on coag-
ulation and salting of cow's milk were similar to those 
for buffalo's milk. 

The adlition of HO,to buffalo. cow and mixed milks 
as an alternative to heat treatment was examined for its 
effect on cheese quality. The use of 0.0511( H,O. gave 
satisfactory results. 

The cheese. particularly the pickled variety from unsalted 
milk, was of poorer quality than that from salted milk. 
Different additives were investigated in order to improve 
the quality. Emulsifying salts (disodium phosphate and 
sodium citrate) were added at the rate of 0.025c/( to heated 
milk or milk with 0.05c1 H.0, added. In general. heat 

treated samples were superior to the H,O, treated ones 
and :heese from unsalted milk ripened more slowly than 
that from salted milk. The addition of the emulsifying 
salts had negligible effect on the quality. 

The research is at the stage where pilot-scale trials are 
needed. Additional research into the acceleration of cheese 
ripening using starters and proteolytic and lipolytic en
zymes. is also desirable. 

Mechanizing Manufacture of Domiati Cheese 

Research to speed up the manufacturing process by 
mechanization involved adapting the manulacturing process 
of Domiati to the use of equipment such as that manu
factured by the ALPMA company or alternative equipment 
that could be manufactured in Egypt. Laboratomy-scale 
experiments were used to guide selection of conditions 
that could be adapted to mechanization for coagulating 
the milk. cutting and agitating the curd to promote shrink
age, and salting the curd. The salted curd was fed into 
perforated columns for continuous draining, pressing and 
forming. Results of the laboratory studies have established 
conditions to be used on a pilot-scale with prototype 
equipment. 

Recombined milk made from skim milk powder and butter oil is pumped
into this large vat in which it is coagulated to make Domiati cheese at 
the Misr Milk and Food Company. Cairo. As part of the Soft Cheese 
Project. improvenents in sanitary conditions in these facilities will permit
salt free coagulation and increased efficiency in protein recovery from 
whey. Piot: Wliler Dunk/cy 
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Whey Utilization 

The whey from cheese making still contains substantial 
amounts of protein and minerals which could be used for 
human nutrition if economical recovery methods were 
available. The problem of whey utilization was approached 
by trying to develop a cheese-like base from the whey by 
either condensing it or removing protein by precipitation 
or ultrafiltration. 

Conditions suitable for preparing acid precipitated and 
heat denatured whey protein concentrates was studied. 
The affects of different pH values (4.0-5.5), addition of 
acids (acetic, citric, lactic and hydrochloric) and heating 
at 95 and 100 C for different periods were followed. The 
recovery of whey proteins was determined and organoleptic 
properties of the precipitated proteins evaluated. The 
highest protein recovery was found by boiling whey at 
pH 4.5 for 20 min. irrespective of tie acid used. However, 
panel taste evaluations showed that whey proteins pre-
cipitated with citric acid ranked highest. 

Ultrafiltration was carried out for tile preparation of 
whey protein conilcentrates by a batch process using a 
DDS Lab-20 unit to a concentration factor of 14. About 
12% of tile whey preins were recovered intile concent'ate 
giving rise to whey protein concentrate containing 7.6-
9.1% protein, 

In the work on whey concentration. sweet whey was 
condensed in the preliminary experiments to 46% total 
solids and fortified with whey protein concentrate (obtained 
by ultrafiltration) and skim milk powder (8'(/ ). In further 
experiments whey was condensed to 50-55% total solidsand f'ortified witil 8-10%, skim milk powder. A chleese-
like spread was forulated from butter. Cileddar and Ro-
quefort cheese, condensed whey. whey protein conceitrate,

Ll~e~rtchese.Condnse oncntrte,why. heyprotin 
skim milk powder, and gelatin. However. tile product was 
characterized by sandiness due to lactose crystallization. 
This problem was further studied by the additioll of Cil-
siiers and stabilizers and stirring while cooling tile mixture.sifier ileusle (cdnN1)wa de tte 
A commercial emnulsifier (Acidan N 12) was added at the 
rate of I'/;on a fat basis and collidin at the rate of'0.2 1/. 
The mixture was stirred for 1-2 hours at different tein-
peratures (5- I2C). Of the different conditions investigated,
the best preparation of' w~hey cheese spread was proIdurcedby' bestren tionn whey cheese% Sad 8%tssul~l 
by blending condensed whey (50-55(h Ts) and 8% skini
milk powder and stirring the Mixture for I horir at 50C. 

The next step in this phase of tile work should be to 
explore interest of manufacturers inpreparing products 
fbr market tests. cterest inlcommeircial prodtection would 
be increased if the cheese indrsty adapts t tleiaulfactureof' Dlliati cheese iroil unsalted milk. wihich wouldl aug-

ment the supply of whey suitable for use in food.• 


Incorporation of Vegetable Oil and Protein 

Egypts clreducep c
gypt's cheese production needs to he expanded to 


meet growing coilsuller demand. Using traditional 
cheesenlaking technology this would ultimately mean an 
increased demand for milk and consequent expansion of 
livestock herds. A less costly alternative is to expand 
cheese production by incorporation of locally grown soy 
products. 

To test the feasibility of this approach the project has 

developed a method for making soft cheese from skinl 
milk powder and soy oil. Skim milk powder was recon
stituted in warm water at the rate of 1:3 and then heated 
to 65'C for 30 in.Soy oil was added to the reconstituted 
milk to give an oil content of 9. I in the filled milk and 
0.63:1 casein:oil ratio. A commercial emulsifier was added
 
at the rate of 0.05%. The cheese making was carried out 
in a similar way to that used for Domiati cheese, with 
some modifications to suit the use of filled milk. The 
cheese had an acceptable quality after pickling for one 
month. This method offers a less costly product due to 
the use of soy oil to replace milk fat, and of concentrated 
milk that needs less space. equipment and labor than milk 
of normal composition. However, a pilot study is needed 
to determine the economic feasibility of manufacturing 
and marketing the filled cheese. 

Three methods for preparing soy milk were compared. 
These are: the traditional oriental process: the us, of sodium 
bicarbonate in both blanching and extraction, and preparing 
soy milk from dehulled full fat soybeans. The yield and 
residues were determined and it was found that tile third 
method for preparing soy milk gave higher milk yield and 
lower residues than tile other two methods. A comparison 
of tile chemical composition and properties of soy milk 
prepared using the different extraction methods again 

showed tle superiority ot soy milk prepared by the third 
I orethrod. 
In order to iot of m urd ade ioeti 

soy milk, tile addition of skiml i ecilk tested.powder wasSkim 11ilk powder was dissolved dlirectly' in soy milk to 
increase the total ' olids content of the blend to 18, 28,
38 and 48% respect:vely. 'Theblended soy milk-skim milkpowder was left for 2 hours then heated to 68°C for 15 
pods lft f'o 2dhours te ate o 1c for by 
seconds, salt was added at the rite of 5 . followed by' 
rennet (Ig/kg) and coagulation i at 40MC. Wiletook lace 

test r'esults were o 8%lk blended
'tainedwith soy wittotal solids content of 38 ,4.

'rihe use of several cultures of lactic starter (Lactohacilus 
In i u, Streplo(oc s 1(Itis , Streptoco u sdia c'ii
la is, t cill us ac tis, Srelooccuia et

mlqhih. )was examined. Streocloccus therolhilus (51)~ohl.)wsealild.~'tccu /'iohls(%
performied best and coagulated soy milk in 4 hours at 
40 0C. 

'Te use ofacid and rennet Coagultion inmaking cheese 
anloes acidsy owdercoagulatinill les 

investigated. Streptococctus therniophius was added atthe rate of'5 to soy iuilk-skii milk powder blends of 
different solids content ( 15-401( ): rennet was added at ,rate of' I ml of 6% sohuition/kg of thle ilixtrr. Tile uise of 
re of'etnil oagultion was oidto ire tse
rennet and acid Coagtulation Wits found to improve tile 

quality of the resultant cheese. The coagulation time was 
by increasing the skim milk powder addl. On

going research deals with the shelf life. palatability, as
well as chemical and physical properties of cheese during 
ripening. 
r 
CULTIURED BUTTFRMILK 

The objective of this in estigation was to develop a 
process for preparing a cultured milk product. and to test 
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its consumer acceptability. Cultured buttermilk was the 
product selected due to its low level of acidity as compared
with yogurt. its ability to withstand climatic conditions 
prevailing in Egypt without refrigerated transport, its ex-
pected low price, and its manufacture from skim or low 
fat milk. Other anticipated advantages were its high nu-
tritive value, its acceptance as a refreshing fermented dairy 
product, and its availability to all socio-economic classes, 
The great similarity of this product to the local fermented 
milk 'Laban Rayeb,' available in most rural areas, may 
be important in the development of consumer taste for 
cultured buttermilk. 

Research has been based on a product containing I% 
fat in milk and using S. diacetvlactis as a starter unless 
mentioned otherwise. To select the most appropriate tech-
nique to manufacture this product without altering its or-
ganoleptic properties and to investigate its acceptability 
and keeping quality, the following points were investigated: 

" The effect of the type of milk: fresh, recombined 
(RM) and mixed milks (fresh:RM 1:1) were made 
into cultured buttermilk (CBM). The product made 
from RM had the best properties in regard to its curd 
tension, diacetyl content and organoleptic properties. 

" The effect of milk heat treatment: recombined milk 
was heated to 80 and 85°C for 30 min. and to 90'C 
for 2 and 10 minutes. The product made from RM 
heated to 90'C for 2 minutes had higher diacetyl con-
tent and better organoleptic properties. 

* The effect ofvarying the solids-not-fat (SNF) content: 
cultured buttennilk was manufactured from RM having 
10 to 16% SNF in 29/ increments. Samples containing 
14 and 16% were found unsatisfactory and work was 
repeated to cover the range from 9 to 13%/ in 1% 
increments. The product made from RM having 10c 
SNF was preferred and its diacetyl content was higher. 
Itwas followed closely by samples having 9 and I1% 
SNF. 

" The keeping quality ofCBM: potassiurt sorbate and 
primaricin (Delvocid) were added to CBM during 
maniufacture to control fungal growth. Samples all 
controls were kept in the refrigerator or at 30'C and 
analyzed periodically until they spoiled. Addition of 
Delvocid was most effective in improving the keeping 
quality of CBM . It extended its shelf life to 6 days 
a 30'C and 30 days in tile refrigerator with acceptable 
appearance, flavor, body. texture and final diacetyl 
content. Coliforns were absent and sporeforners were 
present in small numbers in all saniples. The molds 
and yeasts were absent only in the I)elvocid samples. 

SThe'effet of the type and ratio of started culture-

in addition to S. diacet\'lactis which has been used 
as a starter culture throughout the previous work, 
CBM can be nanufacturcd from1nixed cultures having 
one of' the lactic streptococci as an acid producer and 
Leucol)ostoc c'emoris as an arona prodtcer. Ratios 
of' 90: I )10 , 8():20(/ .70:3(01/ of S. Lactis or S. cremoris 
to Le'wonostoc cremoris were tested and conipared 
with S. ditice'i vactis oi its own. 

C13M made with S. diaceth'I'tic alone and that 

made with S. cremoris and Leuiconostoc cremoris at 
the rate of 70:30% had better properties and higher
diacetyl content. All samples made with S. cremoris 
were preferred to corresponding samples made with 
S. lactis. 

Further experiments included using cultures at the 
rate of 90: 10, 80:20. 70:30 and 60:40 of S. cre.'noris 
and Leuc. cremoris or S. diacevlactis, and with a 
control using S. diacet~vlactis alone. The diacetyl 
content and the acceptability of the product made 
with both types of mixed cultures increased as the 
relative proportions of the aroma to the acid producing 
organisms increased reaching a maximum with a ratio 
of 30:70%. The products made with mixed cultures 
containing LeUc. cremori were preferred to those made 
with S. diacetvlactis as an aroma producer in mixed 
cultures. 
The effect of lowering the SNF or the fat conten," 
cultured buttermilk was made from samples having 
8, 9, and 10% SNF and also from RM having 0 and 
I%fat using mixed cultures of S. cremoristo Leuc. 
cremoris or S. diacetvlactiscombined in proportions 
of 70 to 30% respectively. Samples containing 9 and 
10% SNF had equally high scores and diacetyl content, 
while those made with RM with no fat had slightly 
lower scores than those having 1% fat content. 

Our research has demonstrated that CBM can be suc
cessfully manufactured in Egypt from recombined milk 
having 10 or 9% SNF and I%fat content, heat treated to 
90°C for 2 minutes and the use of either S. diacetvlactis 
single starter or a mixed culture of S. cremoris and Leuc. 
cremoris at tile rate of 70:30%. The keeping quality of 
CBM can be greatly improved by the addition of Delvocid 
as a preservative. At the time of tile project termination 
we were working with MISR Milk and Food Company 
on the manufacture of cultured buttermilk combined with 
diflercnt fruit juices or preserves. A market study was 
being prepared to investigate the acceptability of the product 
by consumers. The prospect of manufacturing the product 
in Egypt is very promising as it is a very refreshing, 
highly nutritious and low priced beverage that could be 
available to a wide spectrum of consumers. 

PUBILICATIONS 
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Use of Vegetable Oils in Making Soft cheese from Ultrafiltered Re
combined Milk. E yp7tian.ornal o/lairv Science. 

Gir ,is. lein S.. S.N. Amer. M.R. Naghmoush. S.M.K. Alis and A.M. 
Mclhriz. 1983) StudiCs Oil the PIroductio of Cultured Buttermilk il 
Igypt. I. lEflecl ol"the "pe ol" Nilk. Niilk Iteal Treatntlil and Solids. 
not Fa COitent.' Ao ot,II Atri,ult r INMosht ohor). 19:3 I. 

Girgis. elin S.. S.N. Amer. NI.R. Naghndttish. SNLK. Allis and A.M. 
Nchriz. 119813)The Keeping Quality of ('ultured Iluttermilk as Affected 

hy ihe Addil itm of1Potasstl SOrhate and Delvocid. Amals # Agri-

CuInre. (Mos itohorl. 19:321. 
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FEASIBILITY AND PLANNG STUDIES
 

Though the main thrust of the ADS project was directed 
towards training and research, several fe isibility studies 
were supported. The purpose of these wa; to provide the 
basis for development of separately implemented and in-
dependently funded projects on themes that were either 
complementary to those of ADS research or beyond its 
,cope. Two major studies, on Agricultural Statistics and 
on aNational Agricultural Library, are outlined below, 

AGRICULTURAL STATISTICS FEASIBILITY 
use of 

Quality statistics on agricultural prodaction. theo' opland and human resources, and the proJuctivity of crop 

and livestock enterprises are e~sential for the national 
planingande c publicmanaemty proessaee.nti thelanning and policy process and the public management
of food supplies and the export sector. 

Research on pro,!uction functions, supply response to 
prices, and optimum cropping patterns often result inin-
conclusive findings because of weakness and gaps in such 
basic statistics. Improv;ng the data could provide a stimulus 
to research in the MCA,research institutions and the uni-
versities, and could be an important influence inthe policy 
decision process. 

The study and proposals for improvements, carried out 
by Drs. Henderson and Koffsky, have been developed 

into a project and are now being jointly implemented by 
the Egyptian Ministry of Agriculture and the USDA, and 
funded by USAID. 
NATIONAL AGRICULTURAL RESEARCH 
LIBRARY PROPOSAL 

An efficient library service is essential for sustained 
and successful research efforts. A survey of Egyptian ag
ricultural library services conducted by Dr. Richard Blan
chard, carried out as part of this project, has shown that 
the inadequacy of such facilities hampers research and 
the training ofagricultural students. Libraries are severelyfa m ne ,a m nsrtvl n h scly n h
 

fragmented, administratively and physically, and the 
Ministry's own libraries do not contain journals more 
recent than 1974. Use of libraries by agricultural research
scientists is dwindling as the collections become increas
ingly out of date and material becomes inaccessible. The 
ADS study by Blanchard has proposed a new Ministry of 
Agriculture Central Library which merges several existing 
units, involves new housing, improvement and updating 
of collections, expands services offered, and improves 
administrative structure. On the basis of space provisionally 
allocated in the new Agricultural Research Center building 
in Cairo. outline floor planning was carried out by specialist 
library architects. 
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APPENDIX
 
PROJECT DATA AND PARTICIPANTS 

JOINT PLANNING AND POLICY BOARD 
The following persons served as members of the Joint Planning and Policy Board: 

Egypt: 
Dr. Gamal Abdel-Samic 

Dr. EI-Sayed Gaballah 


Dr. Zaki Shabanah 

Dr. Abdel-Fattah Moursi 


Dr. Abbas El-Itriby 

l)r. Mohamed Taha Eid 

Dr. Mahmoud Abu-Zeid 

Dr. Mohamed Kamel Hindy 

Dr. Hassan Abdallah 

Dr. M. Abdel Ghany 

Dr. Said Mostafa Dessouki 

Dr. M. Taher Kera 


Dr. Mohamed Dessouki 

Dr. Y. Mohieldin 


UCD: 
Dr. Elmer Learn 

Dr. Charles Hess 

Dr. Allen G. Marr 

Dr. Maurice Peterson 
Dr. Fred W. Hill 

Dr. David W. Robinson 

Dr. William Rains 

Dr. Frank C. Child 
Dr. David W. Robinson 
Ms. Ruth E. Shea 
Mr. Arthur Small 
Dr. Abdolhassain Zahedani 
Ms. Lindy S. Watts 
Ms. Elia E. Baiocchi 
Ms. Judy Erwin 
Ms. Charlotte Mater 
Ms. Lin-Sau Fung 
Dr. Ridwan Blond 
l)r. Lawrence Rappaport 
Ms. Muriel Bailey 
Ms. Anita E. Gentry 
Dr. Harold 0. Carter 
Ms. Judy Seppala 

Chairman, Vice-President. Academy of Scientitic Research and Technology
 
Member, National Board for Production and Economic Affairs (Former Minister of Planning)
 
President, University of Mcnufia
 
Consultant and Member of the Board, Agricultural Research Center (Former Under-Secretary of 
Agriculture for Plant Protection)
 
Consultant and Member of the Board. Agricul:ural Research Center (Former Under-Secretary of
 
Agriculture for Animal Production)
 
Consultant and Member of the Board. Agricultural Research Center (Former Chairman,
 
Agricultural Stabilization Fund)
 
Director, Water Management and Distribution Research Institute, Ministry of Irrigation
 
Under-Secretary of Agriculture, and Supervisor, Agricultural Economics Research Institute 
Under-Secretary of Agriculture for Foreigr, Agricultural Relations 
University of Menutia 

Head of the Agricultural Research Center 
Dean, Faculty of Agriculture. Cairo University 
Director General. Foreign Relations Bldg. Ministry of Agriculture 
Under-Secretary of the Ministry of Agriculture. Co-Director. Agricultural Development Systems 
Project 

Vice Chairman, Executive Vice Chancellor 
Dean, College of Agricultural and Environmental Sciences 

Dean, Graduate Studies and Research 
Professor, Agronomy and Range Science 
Coordinator of International Programs and Associate Dean for Research 
Associate Dean. International Programs 

Chairman. Agronomy and Range Science 

DAVIS OFFICE 
Coordinator 
Assoc. l)ean. ntcrnational 
Business Officer 
Financial Adviser 
Adviser 
Purchasing & Shipping 
Travel Clerk 
Secretary 
Purchasing Assist. 
Student Assistant 
Editor 
Horticulture Co-)irector 
Secretary/Horticulture 
Sccretary/Horticulture 
Economics Co-Director 
Sccretary/Economics 

UCD 
Prog. 	 UCD 

UCD 
UCD 

UCD 
UCD 
UCD 
UCD 
UCD 
UCD 
UCD 
UCI) 
UCD 
UCD 
UCI) 
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CAIRO OFFICE
 

Dr. M.K. Hindy Co-Director MOA 
Dr. Y. Mohieldin Co-Director MOA 
Dr. Claron 0. Hesse Co-Director UCD 
Dr. Pierre Loiseaux Co-Director UCD 
Dr. Frank C. Child Actin- Co-Director UCD 
Dr. Bruce Glassburner Co-Director LJCD 
Dr. Ahmed Goucli Assoc. Director of Economics MOA 
Dr. John Rowntree Assoc. Director of Economics UCD 
Dr. M.M. Azzouni Assoc. Director of Horticulture MOA 
Dr. Ronald E. Voss Assoc. Director of Horticulture UCD 
Dr. William L. Sims Assoc. Director of Horticulture UCD 
Dr. Talaat Shehata Program Director UCD 
Mr. James Scott Business Officer UCD 
Mr. Donald Krueger Business Officer UCD 
Mr. Ahmed Loutfy Abdelmoniem Business Officer 
Mr. Al Meneni Adviser UCD 
Mr. Bud Fleishman Adviser UCD 
Ms. Ernestine P. Estiban Administrative Assist. 
Mr. Adefl Rahim M. Y. Amira Senior Accountant 
Mr. Mohamed EI-Melegiy Administrative Assist. 
Mr. Adel Ibrahim EI-Katton Accountant 
Mr. Saad Senoussy Accountant 
Ms. Mona Ezzat Librarian 
Mr. Ahmed A. Abdelmoniem Residence Manager 
Mr. Mahmoud M. Walyallah Motor Pool Supervisor 
Dr. Mohamed Fahmy Iss,. Program Specialist 
Mr. Abdel Fatah Salem Expeditor 
Mr. Abdel Meguid A. Radwad Administrative Assist. 

HORTICULTURE SUB-PROJECT TECHNICAL ASSISTANCE 
Dr. Doran L. Hughes Technical Adviser UCD 
Mr. James T. Yeager Technical Adviser UCD 
Mr. John Whisler Technical Adviser UCD 
Dr. Oscar Lorenz Adviser UCD 
Dr. Harold Olmo Adviser UCD 
Dr. Clyde Elmore Weed Specialist/Adviser UCD 
Dr. Terry Prichard Irrigation Systems Specialist/Adviser UCD 

THE CENTRAL LABORATORY 

December 1980 - August 1983 

Expenditure $926.719 LE 169,697 
Dr. M. Said Tewlik 
Dr. Jack Pangborn 
Dr. James Settlage 
Dr. Terryl Mast 
Mr. James Quick 

Scientific )irector 
Scientilic )irector 
Adviser 
Adviser 
Adviser 

MOA 
UCD 
W. Germany 
UCD 
UCI) 

THE HORTICULTURE LIBRARY 

December 1980-August 1983 

Dr. Adel Kader 
Ms. Mona Ezzat 
Ms. Pamela Moyer 

Expenditure $113.207 

Principal Investigator 
Librarian 
Research Assistant 

LE 13.012 

UCI) 

UCD 
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IMPROVED TOMATO PRODUCTION 

July 1980 - August 1983 

Expenditure $149,320 LE 207,367 

Egypt 
Dr. Sayed Nassar 
Dr. Monir N. Stino 
Dr. Hamid M. Mazad 
Dr. Arafa Imam Arafa 

Team Leader 
Senior Investigator 
Senior Investigator 
Senior Investigator 

MOA 
MOA 
MOA 
MOA 

Dr. Salah M. Ahrned 
Dr. Adel F. Erian 
Dr. Ebrahim A. Mahfouz 

Junior Investigator 
Junior Investigator 
Junior Investigator 

MOA 
MOA 
MOA 

Dr. Salah El-Din Sayed 
Mr. Ahmed Y. Bishr 
Dr. Safwat A. Dous 
Dr. Adel Metwally 

Junior Investigator 
Station Director 
Senior Investigator 
Senior Investivator 

MOA 
MOA 
MOA 
MOA 

Mr. EI-Sayed K. Hashirn Assistant MOA 
Dr. Mokhtar EI-Shenawy 
Mr. Hassan A. Ghazal 

Junior Investigator 
Assistant 

MOA 
MOA 

Dr. Ahmed Z. EI-Zamel 
Dr. Hassan H. Salih 

Junior Investigator 
Junior Investigator 

MOA 
MOA 

Mr. A. Moursy Hammada 
Dr. M. Hosny Khalifa 

Assistant MOA 
MOA 

Mrs. Etma Adb El-Bar MOA 
Mr. M.H. Aboel-Atta MOA 
Mr. M. Abdel-Moneam Aly MOA 
Mr. Ibrahim M. Ibrahim MOA 
Mr. Salah Abdel-Razek MOA 
Mr. Saber Alify Mostafa 
Dr. A. Abdel-Moneim Hassan 
Dr. Adel EI-Beltagy 
Dr. Hassan Nassar M. Hosni 
Dr. Saad Abdel-Gaid 
Dr. Maher Amin Waly 
Dr. M. Abdel-Rehim Abo-Baker 
Mr. Samir M. Abdel-Aziz 
Dr. Mostafa Kamel iman 
Dr. AbdI-Hamicd M. Butt 
Dr. Kamal Ahmed EI-Fadaly 

Principal Investigator 
Senior Investigator 
Station Director 
Senior Investigator 
Senior Investigator 
Station Director 
Asi-stant 
Senior Investigator 
Station Director 

MOA 
Cairo University 
Ain Shams University 
Fayoum University 
EI-Azhar University 
EI-Azhar University 
EI-Minia University 
EI-Minia University 
Assiut University 
Assiut University 
Cairo University 

UCD 
Dr. William L. Sims Team Leader UCD 
Dr. Richard Jones Adviser UCD 

IMPROVING OLIVE CULTIVATION IN EGYPT 

February 1981 - August 1983 

Expenditure $191,759 LE 74,324 

Egypt 
Dr. Hassan Hosni A. Selim 
Dr. Mohamed Mounir Foad 
Dr. Mostafa Said Fadl 
Dr. Mohamed Abo-Rawash Ali 
Dr. Mohamed Anwar Zahran 
Dr. Omaima Ahmed Kilany 
Dr. Mamdouh Mohamed Zaid 
Dr. Ahmed Sweidan 
Mr. Hamid Salem El-Sayed 
Dr. El-Said Sadek Higazy 
Dr. Sanad EI-Sayed Habib 
Dr. Scifeldin A. Sarieldin 
Dr. Nawal M. Gamaledin 

Team Leader 
Principal Investigator 
Junior Investigator 
Junior Investigator 
Junior Investigator 
Junior Investigator 
Junior Investigator 
Junior Investigator 
Junior Investigator 
Senior Investigator 

Senior Investigator 
Junior Investigator 

Cairo University 
Cairo University 
EI-Azhar University 
Ain Shams University 
Fayoum University 
Cairo University 
EI-Azhar University 
EI-Azhar University 
Fayoum University 
Cairo University 
Suez Canal University 
MOA 
MOA 

Dr. Girgis S. Abdel-Malik Junior Investigator MOA 
Mrs. Ekram Saadeldin Assistant MOA 
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IMPROVING OLIVE CULTIVATION IN EGYPT (Cont'd) 
Mr. Abdel-Hamid Arafat 
Mr. Lotfy H. Osman 
Mr. Aly Yosry Hamza 
Mr. Adly Farhat EI-Khatib 
Mr. Mohamed E. Mohamed 
Mr. Zaki A. EI-Sayed 
Mr. Arafa A.H. EI-Sherif 
Mr. Ibrahim E. Shaaban 

UCD 

Dr.G. Steven Sibbett 
Dr. Hudson Hartmann 
Dr. Richard Rice 
Mr. John Whisler 

Assistant 
Assistant 
Assistant 
Assistant 
Assistant 
Assistant 
Assistant 
Assistant 

Team Leader 
Tean Leader 
Adviser 
Technical Adviser 

MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 

Farm Adviser, Tulare County 
UCD 
UCD
 
LUCD 

INTRODUCTION AND IMPROVEMENT OF DECIDUOUS FRUIT
 

l-gyt
 

Dr. George Ramzy Stino 
Dr. Mohamed Ahmed Fayek 
Dr. Ahmed Mahmoud Swcidan 
Dr. Mokhtar Mhamcd Hassan 
Dr. Ehab Yasin Youssif 
Dr.El-Said Ibrahim Bakr 
Dr. Ahmcd Tewlik Salem 
Dr. Faiza Amin Taha 
Mr. Nabil Raafat EI-Sherbini 
Dr. Hussein Mehanna 
Miss Amina Hamed Gomnaa 
Dr.Magda Mahnmoud Khattab 
Dr. Moustafa EIl-Sherif 
l)r. Samir Ihrahim EI-Sherif 
l)r. Tayscer Ahmed Hassahnen 
Mr. Ibrahim lhrahimN Mosbah 
Mr. Ahmed Mohamed Simeda 
Dr. Assem Ibrahim Shaltout 
Dr. Magdi T, Matta 
Mr. Sobhy F. Zaklama 
Dr. Mohalncd M. Zaki 
Dr. Nadia M. Mansour 
Dr. Fatlna Amin Khalil 
Dr. Enayat A. Kcnawy 
Mr. Mahmoud M. Gebeili 
Dr. Ahmed M. Hammouda 
Mr. Ibrahim A. Said 
Mr. Abdel-Rahman E-Sheikh 

UCI) 

Dr. P.B. Catlin 
Dr.Claron 0. Hesse 
Dr. R.E.Rice 
Dr. H.K. Kaya 
Mr. Greg Vogel 
Mr. E.A. Olsson 

Igyp) 

Dr. Mahmoud Hashim EI-Barkouky 
Dr. Issam Azzouz Hassaballa 

July 1980- August 

Expenditure $116,217 

Team Leader 
Principal Investigator 
Senior Investigator 
Senior Investigator 
Senior Investigator 
Senior Investigator 
Junior Investigator 
Junior Investigator 
Junior Investigator 
Junior Investigator 
Junior Investigator 
Senior Investigator 
Senior Investigator 
Senior Investigator 
Assistant 
Assistant 
Assistant 
Assistant 
Senior Investigator 
Senior Investigator 
Principal Investigator 
Junior Investigator 
Junior Investigator 
Junior Investigator 
Assistant 
Junior Investigator 
Junior Investigator 
Assistant 

Teaun Leader 
Adviser 
Adviser 
Adviser 
Research Assistant 
Technical Adviser 

1983 

LE 110,084 

Cairo University 
Cairo University 
Cairo University 
Cairo University. Fayoum 
Zagazig University 
Cairo University 
Cairo University 
Cairo University 
Cairo University 
Cairo University 
Cairo University 
Cairo University 
Cairo University 
Cairo University 
National Research Center 
Cairo University 
Cairo University 
Ain Shams University 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 

UCD 
UCD 
UCD
 
UCD 
UCD 
UCi) 

IMPROVEMENT OF CITRUS CROPS 

July 1980 - August 1983 

Expenditure $88,058 LE 159.627 

Team Leader 
Senior Investigator 

EI-Azhar University 
Cairo University 
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IMPROVEMENT OF CITRUS CROPS (Cont'd)
Dr. Hosseiny Abdel-Hak BosieLh Senior Investigator

Dr. Moharned Abdcl-Wahab Khamis Senior Investigator Cairo University

Mr. Galal Abdel-Kader Baghdady Junior Investigator Cairo University

Mr. Mahmoud Abdel-Harnid Junior Investigator 
 Cairo University

Dr. Mohamed Aly Galal Senior Investigator Cairo University

Dr. Abdel-Azini Mahmoud EI-Gazzar 
 Principal Investigator Alexandria University
Dr. Ahmed Abdo Issa Senior Investigator Alexandria University
Dr. Hassan Ahmed EI-Shamy Senior Investigator
Dr. Ibrah:.n Darwish Mostaf'a Assistant Cairo University
Dr. Nabil Ahmed Mansour Junior Investigator Alexandria University
Dr. Abdel-Maguid H.A. Selim Senior Investigator
Mr. Nassil Nada Junior Investigator Ain Shams University
Mr. Anir A. Abdel-Gawad Nawar Junior Investigator Alexandria University
Dr. Gamaledin Mohamed Youssef Senior Investigator Cairo University
Dr. Hefny A. Hefny Cairo University
I)r. Farouk Abdel Hamid Cairo University
Dr. Mohamed H. Edris Cairo University
Mr. Fathalla Kenawi Cairo University
Dr. Ahmed Abdo Issa Cairo University
Dr. Sarni Saadeldin Cairo University
Mr. Mahmoud Kobia Cairo University
Dr. Bakir Abbas Otcifi Adviser Cairo University
Dr. Mohamed Ahmed F.l-Shourbagy Principal Investigator MOA
 
Mrs. Samiha Abdel-Khalek Senior Investigator 
 MOA
 
Dr. Moustafa Alily EI-Nakrashy Senior Investigator MOA
 
I)r. Magdy Nagib Abdel-Mesiah Senior Investigator MOA
 
l)r. Ahmed Ah rned Mostatfa Khalil Junior Investigator
 
I)r. Said Abbas Eid Junior Investigator

Mr. Latit Fahmy Gindy Assistant MOA
 
Mrs. Salama Eid Salem 
 Assistant MOA 
Mr. Said Abdel-Khalik Mohanna Assistant MOA
 
Mr. Youssel Nasif Gobran Assistant 
 MOA

Mr. Rashwan Mohancd Rashwan Assistant 
 MOA
Mr. Abdel-Mohsen Ality Abou-Zeid Assistant MOA 
Mr. Mahmoud Mohamed El-i lady Nasr Senior Investigator MOA

Mr. Hanoed Mokhtar Mahntoud Assistant 
 MOA
 
Mr. Mahnmud Taha Abdel-Hady Deiab Assistant 
 MOA
 
I)r. Ahlmed Bahacldin Hassan Senior Investigator MOA

Mrs. Amira M. Ibrahim lIl-Khadery Assistant 
 MOA
 
Mr. Hani Mostafta Son pol Assistant MOA

Mrs. Sabah Malthmotnd l-I-Said Assistant 
 MOA 
Mr. Mohamed Abdel-Aziz EI-Safty Assistant 
Mr. 1M.Mahmoud H-Said Shchata Assistant MOA 
Mrs. Ablain AbdcI-NIoneim El-Said Assistant MOA

NIr. Molamed Alited Abdalla Assistant 
 MOA
 
Mr. Mahnoud Hassan Abdel-Kader Assistant 
 MOA
Miss Ratiba Rabic Assistant MOA 
Mr. Mohamed Sabbhe Assistant MOA 
Mr. Mohamed EI-Safty Assistant MOA 
I/C'D 

)r. Alfred Krezdorn 'Tan Leader University of Florida. 
Gainesville

Dr. Robert K. Soost Tan Leader UC Riverside 

MANGO DISEASE CONTROL 

July 1980 - August 1983 

Expenditure $84.236 LE 121.063 

l)r. Sayed Azzouz IFarglialy 'lan Leader MOA
I)r. MokIttar Metwally Satour Senior Invesligator MOA 
Mr. Zakaria Ismtail Ragah Senior Intvestigator MOA 
I)r. Ahlted Sayed Khalifila Junior Investigator MOA 
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MANGO DISEASE CONTROL (Cont'd) 
Dr. Ibrahim Mohamed Ibrahim Junior Investigator 
Dr. Maher Looka Wahba Junior Investigator 
Dr. Mohamed Zaki Dawood Junior Investigator 
Dr. Mohamed Abdel-Motaal Aly Junior Investigator 
Dr. Zainab Mohamcd Hamdy Junior Investigator 
Dr. Ahmed Salah Eldin Junior Investigator 
Dr. Ahmed Aly Keshta Junior Investigator 
Dr. Kamalcldin Gaafar Junior Investigator 
Dr. Mamdouh Reyad Tadrous Junior Investigator 
Mr. Handy Mohamed EI-Masry Assistant 
Mrs. Galila Ahmed Said Assistant 
Mr. Monir Youssel Adb-Allah Assistant 
Mr. Taymour Mohamed Nasr Eldin Assistant 
Mr. Michael Bottros Bastoros Assistant 
Mrs. Samiah Said Mostafa Assistant 
.ar. Mohamed Salim Bayoumy Assistant 
Mr. Abdel-Aal Abdel-Aziz Assistant 
Mr. Fathy Gad Ramadan Assistant 
Mr. Salah Abdel-Moncim Assistant 
Mrs. Samia Ibrahim Abo Basha Assistant 
Mrs. Samira Mohamed Abdel-Aziz Assistant 
Mr. Aly Saliem Salim Assistant 
Mr. Ibrahim Aly Mosa Assistant 
Mr. Mctwally Hassan Shata Assistant 
Dr. Mostafa Kamal Aboeldahan Principal Investigator 
Dr. Emad El-Din Hussein Wasfy Senior Investigator 
l)r. Mohamed Samir Abdel-Gawad Senior Investigator 
Dr. Hesham Alify M. Mostafa Junior Investigator 
Mr. Saied Awad Shehata Junior Investigator 

UCD 

Dr. George Nyland Team Leader 
Dr. Carl Campbell Team Leader 
Mr. Edward M. Khalil Research Assistant 

FRUIT AND VEGETABLE POSTHARVEST LOSSES 

July 1980 - August 1983 

Expenditure $245,240 LE 209,703 

Egypt 

Dr. Mohamed Tallat Kabeel Team Leader 
Dr. Fouad Abdel-Latif Ibrahim Principal Investigator 
Dr. M. Abdel-Gawas Shahin Senior Investigator 
Dr. Mohamed Reda Said Barakat Senior Investigator 
Dr. M. Anwar Abdel-Sattar Senior Investigator 
Dr. Samira Mansour Mohamcd Junior Investigator 
Miss Hemat M. Kamal Badawy Assistant 
Mr. Ahmcd El-Said Kilany Junior Investigator 
Miss Wafaa Abdel-Halcem Assistant 
Dr. M. Abdel-Kader EI-Gorany Principal Investigator 
Dr. Hussein M. EI-Kachcir Senior Investigator 
Mr. Aly Hassan Abdel-Razek Junior Investigator 
Miss Alia Abdel-Baky Shocib Assistant 
Mr. Mohamed Mohamed Attia Assistant 
Dr. Awad Mohamed Hussein Senior Investigator 
I)r. Mohamed Kamal EI-Kazzaz Junior Investigator 
l)r. Atif Fathalla Ibrahim Junior Investigator 
Mr. Mohamed Shawky Regheb Senior Investigator 
Mrs. Rawhia Ibrahim Khalil Senior Investigator 
Dr. Bahia Abdcl-Azziz Fahiny Senior Investigator, 
Dr. Kaml a Mohamed Mansour Principal Investigator 
Dr. Yaldiz Mahnioud Ishak Senior Investigator 
Dr. Zeinab Mahmoud EI-Toobshy Senior Investigator 
Dr. Samia Ganial Eldin E'I-Oraby Junior Investigator 
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MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
Alexandria University 
Alexandria University 
Ain Shams University 
National Research Center 
Ain Shams University 

UCD 
University of Florida 
UCD 

Cairo University 
Cairo University 
Cairo University 
Cairo University 
Suez Canal University 
Cairo University 
Cairo University 
Cairo University 
Cairo University 
Alexandria University 
Alexandria University 
Alexandria University 
Alexandria University 
Alexandria University 
Alexandria University 
Tanta University 
Alexandria University 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 



FRUIT AND VEGETABLE POSTHARVEST LOSSES (Cont'd) 
Mr. Mohamed Taher EI-Essawy Assistant MOA 
Mr. Mohamed Mahmoud M. Yehia Assistant MOA 
Mr. Ali Metwally Baraka Assistant MOA 
Mr. Mahmoud M. EI-Baghdady Assistant MOA 
Mr. Nabil Mohamed Falaat Assistant MOA 
Dr. Hoda Ahmed Ismail Junior Investigator MOA 
Dr. Atwa Ahmed Atwa Senior Investigator MOA 
Dr. Said Zakaria Abdel-Rahnian Senior Investigator MOA 
Dr. Ahmed Mokhtar Sharara Junior Investigator MOA 
Dr. Sonia Mohamed Dossouki Junior Investigator MOA 
Mr. Tawlik Mahmoud EI-Shaikh Assistant MOA 

UCD 
Dr. Adel Kader Team Leader UCD 
Dr. Irving L. Eaks Adviser UC Riverside
 
Dr. J. W. Eckert Adviser UC Riverside
 
Dr. Mohamed Ismail Adviser 
 Florida Dept. of Citrus 
Mr. Robert Kasmire Adviser UCD 
Dr. Klayton Nelson Adviser UCD 
Dr. Frank Gordon Mitchell Adviser UCD
 
Dr. Michael Reid Adviser 
 UCD 
Dr. Noel Sommers Adviser UCD 

IMPROVEMENT OF GARLIC PRODUCTION 

October 1980 - August 1983 

Expenditure $46,061 LE 117,064 

Egypt 

Dr. Mohamed Abdel-Maksoud Mohamed Team Leader Ain Shams University
Dr. Hashim Mohamed M. Ibrahim Junior Investigator 
Dr. M. Abdel-Hamid EI-13cheidy Station Director Zagazig University
Mr. Mahmoud Abdel-Aziz Ibrahim Junior Investigator Zagazig University
Mr. Maged Abdel-Mohsen Zaki Technical Assistant 
Mr. Mohamed Hashim Mohamed Technical Assistant 
Mrs. Rashida Garicb Ali Clerical 
Miss Annam Maher Boulrous Clerical 
Dr. Hussein Mahmoud FlI-Hinnawy Senior Investigator Ain Shams University
Dr. Abdcl-Moneim Amer Gad Zagazig University
Dr. Ahmed Effat EI-Sherbini Senior Investigator Zagazig University
Dr. Abdel-Rchim Sharaf Junior Investigator Ain Shams University
Dr. Ahmed Said Hamed Hussein Junior Investigator Zagazig University
Dr. Zaki Ahmed EI-Sawy Junior Investigator Ain Shams University
Dr. Sherif Haliz 'lhwtic Junior Investigator Ain Shams University 
Dr. Mohamed Thher Blahgat Junior Investigator
Dr. Abdel-Samie Hazem Yossif Senior Investigator Ain Shams University
Dr. Mohamed Taher Faycd Junior Investigator Ain Shams University
Dr. Abdel-Moniem Sayed EIl-Thbagh Junior Investigator Ain Shams University
Dr. Ibrahim Ibrahim EI-Oksh Junior Investigator Ain Shams University
Dr. Hossnia Mohamed Gomma Junior Investigator Ain Shams University
Dr. Sherif Ali Foda Senior Investigator MOA 
Mr. Mohamed Serry Abdel-Aliem Assistant MOA 
Mr. Abbas Zaki Osman Assistant MOA 
Mr. Ali Mostafa Shahin Assistant MOA 
Mr. Mohamed Refaat EI-Shamy Assistant MOA 
Mrs. Mahdia Farid Gabr Assistant MOA 
Mr. Ibrahim Hossien Mostafa Assistant MOA 
Dr. EI-Sayed M. Taha MOA 

(IC) 

I)r. Warren Iarham Team Leader Texas A&M University
Dr. Ronald E. Voss Team Leader UCI)
Dr. Dennis Hall Adviser UCD 
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Egypt
 

Dr. Ahmed A. Radwan 
Dr. EI-Saied Ahmed Salama 
Dr. Farouk Abdel-Aziz Omar 
Dr. Ibrhinm Abdel-Moneim 
Dr. Refaat Mohamed Helal 
Dr. Ahmed Hassan Kheraba 
Dr. Raafat Sadek Bekhit 
Mr. EI-Saiu Mohamed Agwah 
Mr. Sayed Fathy EI-Sayed 
Mr. Said Abdalla M. Shehata 
Mr. Mohamed El-Said Hassan 
Mr. Ahmed EI-Maghawry 
Dr. Sanaa Ahmed Awny 
Dr. Salah Ahmed Bahaaeldin 
Dr. Fahmy Abdel-Moneim Fadl 
Mr. Abdel-Hakim Ahmed Ibrahim 
Dr. Abdel-Hamid Mawardy Amin 
Dr. Wagih Raghcb Rezkalla 
Dr. Ali Abdel-Razek Saied 
Mr. Mihieldin M. Abdel-Wahab 
Dr. Mohamed Mahros Mostafa 
Mr. Harndi Hassan EI-Dawiny 
Mr. Abdel-Monsef Abdel-Raouf 
Mr. Sayed Sayed Mohamed 
Mr. Mohamed Samy Abdel-Moneim 
Dr. M. Salaheldin Mohamed 
Mr. Hassan Hassan Shahin 
Mr. Welliam Moeshreky M. Rezk 
Mr. Hossein Abdel-Rahman 
Mr. Maher Abdel-Malek Beshara 
Mr. Adel Mohamed Elgohary 
Mr. Mahmoud Ghcta Abdel-Gawad 
Mr. Youscf ,tlaat hman 
Mr. Hanna Morkos Yakoub 
l)r. M. Rashad Hassan Emara 
Mr. Ahmed EI-Mcghawry 
Mr. Mahmoud M. Zaki Farrag 
Mr. Hussein Abdel-Gaber 
Mr. Mohamed Samir Shosha 
Mr. Abdel Hakim A. EI-Sheny 

UCD 

Dr. Henry Munger 
Mr. Frank Zink 
Mr. Douglas W. Gubler 
Dr. Albert 0. Paulus 
Dr. Rosario Provvidenti 

Egypt 

Dr. Ahmed Mohamed Kamel 
Dr. Walik Khalil Ahmed 
Dr. Hoda Habib Honein 
l)r. Abdel-Salam Aly Abdel-Kawy 
Dr. Mohamed Fathy Abdel-Moneim 

IMPROVEMENT OF CUCURBIT PRODUCTION 

October 1980 - August 1983 

Expenditure $141,939 LE 196,857 

Team Leader Cairo University 
Senior Investigator Cairo University 
Senior Investigator Suez Canal University 
Technical Assistant Cairo University 
Senior ln,.:"igator Ain Shams University 
Junior hnvestig;,,or Cairo University 
Junior Investgator Cairo University 
Technical Assistant Cairo University 
Technical Assistant Cairo University 
Technical Assistant Cairo University 
Technical Assistant Cairo University 
Technical Assistant Suez Canal University 
Junior Investigator Suez Canal University 
Principal Investigator MOA 
Senior Investigator MOA 
Senior Investigator 
Senior Investigator MOA 
Junior Investigator MOA 
Junior Investigator MOA 
Assistant MOA 
Assistant MOA 
Assistant MOA 
Assistant MOA 
Assistant MOA 
Senior Investigator MOA 
Assistant MOA 
Assistant MOA 
Assistant MOA 
Assistant MOA 
Assistant MOA 
Assistant MOA 
Senior Investigator MOA 
Assistant MOA 
Assistant MOA 
Junior Investigator MOA 
Assistant MOA 
Senior Investigator MOA 
Junior Investigator MOA 
Junior Investigator MOA 
Junior Investigator MOA 

Team Leader Cornell University 
Principal Investigator UCD 
Adviser UCD 
Adviser UC Riverside 
Adviser Cornell University 

IMPROVED GRAPE PRODUCTION 

March 1981 - August 1983 

Expenditure $ 74,314 LE 87,158 

Team Leader MOA 
Principal Investigator MOA 
Junior Investigator MOA 
Junior Investigator MOA 
Junior Investigator MOA 
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IMPROVED GRAPE PRODUCTION (Cont'd) 
Mrs. Izis Abdel-Shchead Rizk Assistant 
Dr. Ghobrial F. Grobrial Junior Investigator 
Mr. Sayed Eid Abdel-Fattah Assistant 
Mr. Victor'H. Grgis Assistant 
Mr. Mohatouz M. EI-Mqougy Assistant 
Mr. Moustala M. EI-Behiry Assistant 
Mrs. Samira Salah Assistant 
Mr. Mohamed W.A. Hassan Assistant 
Mr. Medhat Y. Morad Assistant 
Dr. Mostafa Atef EI-Hamadi Senior Investigator 
Dr. Ghazi Ibrahim EI-Banna Senior Investigator 
Dr. Abdel-Aal Higazi Hassan Senior Investigator 
Dr. Mohamed Foad Ibrahim Junior Investigator 
Dr. Mohamed M. AI-Ansary Technical Assistant 
Mr. Attia Tawlic Mostafa Junior Investigator 
Mr. Raouf Abdallah Ata Technical Assistant 
Dr. Abbas Mohamed Kheir Junior Investigator 

UCD 

Dr. Robert Weaver Team Leader 
Dr. Harold Ohmo Team Leader 

IMPROVED TECHNIQUES FOR THE EGYPTIAN NURSERY 

January 1981 - August 1983 

Expenditure $ 55,867 LE 24,949 

Egypt 

Dr. Hosni Ali Kamel Principal Investigator 
Dr. Mohamed Kamal Ahmed Nada Junior Investigator 
Mr. Ahmed Asad Ibrahim Assistant 
Mr. Fathy Mohamed Abdel-Karim Assistant 
Mrs. Laila Abdalla Abdcl-Fattah Assistant 
Mrs. Azza Ahmed Taha Ibrahim Assistant 
Mr. Mohamed Abdalla Idri Assistant 
l)r. Samir Sallam Senior Investigator 
Dr. Alfred Misiha Junior Investigator 
Dr. Mahmoud Khtab M. Hussein Senior Investigator 
Dr. Atter Zakaria Sarhan Junior Investigator 

UC 

l)r. Andrew T. Leiser Team Leader 

CUT FLOWERS FOR EXPORT 

January 1981 - August 1983 

Expenditure $34,942 LE 43,074 
Egyopt 

Dr. Amin Mahnoud EI-Gammassy Team Leader 
I)r. Mahnioud EI-Sayed Hashim Aly Junior Investigator 
Mr. Awad Mohamed Abdalla Technical Assistant 
l)r. Mustafa El-I)essouki Badr Senior Investigator 
Mrs. Naglaa El-Said Abou-Talcb Technical Assi!,tant 
Mr. Heshani Ahdcl-Raoof liI-Shawa Technical Assistant 
Mr. Ali Nahih Mallmloud Fahlny Assistant 
Mr. Ismail Ail Mousa Assistant 
Mr. Asem Abdel-Wahid Ail Assistant 
Mrs. Maray Nabih Nasr Rizk Assistant 

U0 

)r. Tom Byrne Team Leader 
Dr. Andrew T. Leiser Team Leader 
Dr. Anton M. Kofranck Team Leader 
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MOA 
MOA
 
MOA
 
MOA
 
MOA
 
MOA 
MOA 
MOA 
MOA 
Tanta University 
Mansoura University 
Mansoura University 
EI-Azhar University 
Tanta University 
Gianiclis Co. 
Gianiclis Co. 
Cairo University 

UCD 
UCD 

INDUSTRY 

MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
Alexandria University 
Cairo University 

UCD 

Ain Shams University 
Ain Shams University 
Ain Shams University 
Alexandria University 
Ain Shans University 
Ain Shams University 
MOA 
MOA 
MOA 
MOA 

UCD 
UCD 
UCD 



NEW ORNAMENTAL PLANTS 

January 1981 - August 1983 

Expenditure $ 54,445 LE 41 , 129 

Egypt 

Dr. Abo-Dahab Mohamed Abo-Dahab Team Leader Cairo University 
Dr. Bayoumy Mohamed Mansour Senior Investigator Cairo University 
Dr. Ralia Saadeldin EI-Dabh Senior Investigator Cairo University 
Mr. Mahmoud Ahmed Salem Gad Technical Assistant Cairo University 
Mr. Abdallah EI-Tantawi Abdalla Technical Assistant Cairo University 
Mr. Salah Abdel-Aziz Gomma Assistant MOA 
Dr. Mahmoud Mohamed El-Meligy Junior Investigator MOA 
Mr. Mostafa Mohamed Mostafa Assistant MOA 

UCD 

Dr. Anton M. Kofranek Team Leader UCD 

AROMATIC AND MEDICINAL PLANT PRODUCTION 

January 1981 - August 1983 

Expenditure $ 46,458 LE 70,770 

Egypt 

Dr. Mohamed EI-Moataz M. Kamel Team Leader MOA 
Dr. Farouk Oman Principal Investigator MOA 
Dr. Sayed Abdel-Hamid EI-Gamal Senior Investigator MOA 
Mr. Sayed Mahnoud Ibrahim Assistant MOA 
Mrs. Soheir Abdel-Azia EI-Deeb Assistant MOA 
Mr. M. Hamdi Ibrahim Abo-Zeid Assistant MOA 
Mr. Said Mahmoud Mohamed Assistant MOA 
Mr. Ahmed Attef Sadick Assistant MOA 
Mr. Abdel-Fattah M. Hassanein Assistant MOA 
Mr. Mohamed Tharuat Mahnioud Assistant MOA 
Mr. Ibrahim Mohamed A. Haredy Assistant MOA 
)r. Mahmoud M. Mahmoud Senior Investigator Ain Shams University 
Dr. Gamal Taha Mousa Senior Investigator Assuit University 
Mr. Ismail Hassan EI-Salainy Technical Assistant Assuit University 
Dr. Gamila M. Wassel Senior Investigator National Research Center 
Mrs. Azza Abdel-Aziz Tawlic Technical Assistant Assuit University 
Dr. Shalik 1. Balbaa Adviser Cairo University 

UCD 

Dr. Michael Reid Team Leader UCD 
Dr. Clinton Green Adviser Tropical Products Institute. 

London 
Mr. Arthur Cameron Research Assistant UCD 
Ms. Ann I. King Research Assistant UCD 
Ms. Catherine Kiener Research Assistant UCD 

CLONAL PROPAGATION OF PLANTS BY TISSUE CULTURE 

September 1981 - August 1983 

Expenditure $ 220,296 LE 30.119 

Egypt 

Dr. Alaa Zaki Bondock Senior Investigator Ain Shams University 

UCD 

Dr. Wesley P. Hackett 
Dr. Lawrence Rappaport 

Team Leader 
Team Leader 

University of Minnesota 
UCI) 

Dr. Toshio Murashige Adviser UC Riverside 
Dr. Brent Tisserat Instructor USDA 
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CLONAL PROPAGATION OF PLANTS BY TISSUE CULTURE (Cont'd)
Ms. Asma Sabour 
Ms. Mahdia Gabr 
Dr. David Burger 
Mr. Moharncd Hamid Idriss 
Dr. R.W. Michelmore 
Dr. Mohamed Khairat Dawood 
Dr. Carole Meredith 
Dr. Andrew Kuniyuki 
Ms. Faiza Taha 

Trainee USDA 
Trainee USDA 
Instructor Texas A & I 
Trainee Texas A & I 
Instructor UCD 
Trainee UCD 
Instructor UCD 
Instructor UCD 
Trainee UCD 

VEGETABLE SEED PRODUCTION AND CERTIFICATION
 

Egypt 

Dr. M.M. EI-Shirbini 
Mr. H.M. Shabana 
Mr. M.Z. Farrag 
Mr. A.M. Hammouda 
Mr. E.K. Hashem 
Mr. M.N. Hanafy 
Mr. M. H. Osman 
Mr. E.M. Metwaly 
Mr. H.A. El-Shamaa 
Mr. A.A. Ornar 
Mr. S.S. Farag 
Mr. A. Nassif 
Mr. S.M. Nassar 
Dr. Mohamed A. Abdel-Rehim 
Dr. Hi:ni Mohamcd Badr 
1)r. M. Abdel-Aziz Abdel-Fattah 
Dr. Eid Mohamed Abou Taleb 
Dr. A.G. Moussa 

UCD1 
Dr. Don Grabe 
l)r. James F. Harrington 
Dr. Burt Ray 
Dr. Yaaco Ventura 
Dr. Janes E. DeVay 

Egypt 
I)r. Fathi Hussein 
I)r. Abdcl-Azini M. EI-Hamniady 
Dr. Ahmed Saved Montasser 
Dr. Samy Ismail Hassan Gafar 
I)r. IbrahimnM. Dessouky 
Dr. Mohained Sharaf I)arwish 
I)r. Said Abdel Atv E-Shazly 
Mr. H.ssan M. Fadl i-l-Wakel 
Mr. AbdcI-Rahnian Abde-Hamid 
Dr. Kamaleldin Mollamcd Abdalla 
Dr. Mahmoud Ibrahim El-Kady 
Dr. Abbas Ahmed Moustata 
Dr. Mohamed R. Salah 
Mr. Saad M.M. El-Shakaa 

November 1981 - August 1983 

Expenditure $134,800 LE 47,509 

Tean Leader MOA 
Senior Investigator MOA 
Senior Investigator MOA 
Senior Investigator MOA 
Junior Investigator MOA 
Junior Investigator MOA 
Junior Investigator MOA 
Technical Assistant MOA 
Technical Assistant MOA 
Technical Assistant MOA 
Technical Assistant MOA 
Technical Assistant MOA 
Technical Assistant MOA 
Principal Investigator 
Junior Investigator 
Principal Investigator 
Junior Investigator 
Junior Investigator 

Alexandria University 
Alexandria Univcr'lity 
Cairo University 
Alexandria University 
Alexandria University 

Team Leader Oregon State University 
Team Leader UCD 
Adviser UCD 
Adviser Israel 
Adviser UCD 

IMPROVED DATE PALM PRODUCTION 

December 1981 - August 1983 

Expenditure $ 59,166 

"elam Leader 
Principal Investigator 
Junior Investigator 
Junior Investigator 
Senior Investigator 
Junior Investigator 
Assistant 
Assistant 
Assistant 
Senior Investigator 
Junior Investigator 
Junior Investigator 
Senior Investigator 
Technical Assistant 

LE 55,066 

Zagazig University 
Ain Shams University 
Ain Shams University 
Zagazig University 
Ain Shams University 
Moshtohor College Agric. 
Ain Shams University 
Ain Shams University 
Ain Shams University 
Zagazig University 
Mansoura University 
Fayoum University 
Zagazig University 
Zagazig University 

244 



IMPROVED DATE PALM PRODUCTION (Cont'd) 
Dr. Ahmed Khalifa Principal Investigator MOA 
Dr. Ibrahim Mollaned Principal Investigator MOA 
Dr. Ganal M. Nour Junior Investigator MOA 
Dr. Ahmed M. Hussein Junior Investigator MOA 
Mr. Ibrahim A. Moussa Assistant MOA 
Mr. Mostafa S. ElI-Hakeemn Assistant MOA 
Mr. Fayez G. Nakhla Assistant MOA 
Mrs. Neniaat Younis Assistant MOA 
Mr. Fayik M. Badawy Assistant MOA 
Mr. Mohamed Hussein Assistant MOA 
Mr. Refaat T. Bernaba Assistant MOA 
Mr. Adel Mougazy Assistant MOA 
Mr. Tlaha NI. Salch Assistant MOA 

UCD. 

Dr. John Carpenter Tean Leader USDA 

IMPROVEMENT OF BANANA PRODUCTION 

July ;982 - August 1983 

Expenditure $ 8.702 LE 14.497 

Egypt 

Dr. Abdel-Mongy Bayoumy Abo-Aziz Team Leader National Research Center 
Dr. Ibrahim Shawky EI-Sayed Principal Investigator Ain Shams University 
Dr. Hamdy Adbel-Aziz Mousry Senior Investigator National Research Center 
Dr. Essam Abdcl-Aziz Shahaan Junior Investigator National Research Center 
Dr. Mahmoud Moharned Naguib Junior Investigator National Research Center 
Dr. Mohamed Moharned El-la nahy Junior Investigator National Research Center 
Dr. Ahmcd Ahmed Keshta Senior Investigator MOA 
)r. Mamdoui Riah Tadros Senior Investigator MOA 

NIr. Mchanied Mohamed Sad Assi.tant MOA 
Mr. Ahmed Mostala Abdel-Kader Assistant MOA 

UCIJ 

Dr. Paige L. Taylor Team Leader Independent Consultant 

THE IMPACT OF PRICING ON LAND AND WATER ALLOCAION
 

April 1980-December 1982 

Expenditure $ 12.922 LE 2.603 

Egypt 

Dr. Ahmed Goueli Team Leader Zagazig University 
Dr. Kamel EI-Kheshen Senior Investigator Ain Shams University 

UCD 

Dr. Richard Howitt Team Leader UCIr 

RURAL LABOR SUPPLY
 

April 1981 - )ecember 1982
 

Expenditure $ 142.405 LE 57.381
 

Eg3t 
Dr. Ahimed Goucli Team Leader Zagazig University 
I)r. Raleat Naggar Team Leader Zagazig University 
l)r. Aly Abdclla Hadhood Senior Investigator Zagazig Univers,, 
Dr. Said II-Sanhooty Senior Investigator Zagazig Universit 
Mr. hil-Sayed H. Mahdy Amer Junior Investigator Zagazig University 
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Mr. Ahmed Gamal M. Mahrnoud 
Mr. Yehia Abdel Wahab 
Mr. Mohamed Kamal Soliman 
Mr. Akram Mohamed El Said 
Mr. Sayed Amin Nasr 
Ms. Bilkeis Mohamed Omran 
Mr. Nagi Ibrahim M. Zaki 
Mr. Nabil Wahha Hanna 
Mr. Khairat Ismail Mohamed 
Dr. Ibrahim Ahmed Yousef 
Mr. Mohamed Khaled M. Ragheb 
Mr. Mohamed AI-Oasia 
Mr. Mazhar M. Abd EI-Aal 
Mr. Gamal M. Labib 
Mr. Mohamed T. Saad 
Mr. Ahmed Shehata Ahmed 
Mr. Mokhtar A. Mohamed 
Mr. Mohscn Sadek Hassan 
Mr. Salch Ahmed EI-Hadary 
Mr. Abd EI-Aaty EI-Sherbiny 

UCD 
Dr. Alan Richards 
Dr. Philip Martin 
Mr. Scott E. Thomas 
Mr. Hector Gancedo 
Mr. Hasan Schaafsma 
Mr. Kyle SamueIs 
Mr. Peter Simmons 

E., !t 
Mr. Tarek Moursi 

UCD 
Dr. James C. Ingram 

RURAL LABOR SUPPLY (Cont'd) 
Junior Investigator 

Junior Investigator 

Junior Investigator 

Junior Investigator 

Junior Investigator 

Junior Investigator 

Junior Investigator 

Junior Investigator 

Junior Investigator 

Junior Investigator 

Research Assistant 

Research Assistant 

Research Assistant 

Research Assistant 

Research Assistant 

Research Assistant 

Research Assistant 

Research Assistant 

Research Assistant 

Research Assistant 


Team Leader 

Team Leader 

Research Assistant 

Research Assistant 

Research Assistant 

Research Assistant 

Student Assistant 


PRICE POLICY AND TRADE 

July 1980 - December 1982 

Expenditure $ 23,114 LE 8,673 

Research Assistant 

Team Leader 

FOOD SECURITY AND AGRICULTURAL PRICE POLICY
 

October 1980 - September 1982
 

Expenditure $ 315,992 

Eg~pt 

Dr. Mohamed Ragaa EI-Amir 
Dr. Saad Zaki Nassar 
Dr. Gamal Mohamed Siam 
Dr. Mahmoud EI-Sayed Eisa 
Dr. Shawky Iman 
Dr. Hamed Abdel Shafy Hadhod 
Dr. Ahmed Dia Al-Din Zaiton 
Dr. Ahmcd Abd EI-Hafcz M. 
Dr. Abd EI-Azim Mohamed 
Dr. Osman Ahmed Gad 
Dr. Rabie Zaki Amer 
Dr. Ghazal Abdel Aziz Amer 
Dr. Fatheia Mostafa EI-Sayed 
Dr. Nabil Atia Ewis 
Dr. Osman Hegazy 
Dr. Abd El-Wakeel Ibrahim 

Team Leader 
Team Ieader 
Principal Investigator 
Principal Investigator 
Principal Investigator 
Senior Investigator 

Senior Investigator 

Senior Investigator 

Senior Investigator 

Senior Investigator 

Senior Investigator 

Senior Investigator 

Senior Investigator 

Senior Investigator 

Senior Investigator 

Senior Investigato, 


MOA
 
MOA
 
Menia University
 
Private Se~ctor
 
MOA
 
MOA
 
MOA
 
MOA
 
Ministry of Cultural Affairs 
Zapazig University 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 

UC Santa Cruz 
UCD 
UCD 
UC Santa Cruz 
UC Santa Cruz 
UCD 
UCD 

MOA 

University of North Carolina 

LE 71,409 

Assuit University 
Fayoum University 
Cairo University 
MOA 
Zagazig University 
Minia University 
Minia University 
Assuit University 
Cairo University 
Cairo University 
Cairo University 
Cairo University 
MOA 
Canal University 
Cairo University 
Assuit University 

246 



FOOD SECURITY AND AGRICULTURAL PRICE POLICY (Cont'd) 
Dr. Mahmoud Mai;sour 
Mr. Abdel Sattar Abdel Aziz 
Mr. Magdy Mohamed Khalifa 
Mr. Ali Asem Zaki Fouad 
Mrs. Shahinaz Eid Mahmoud 
Mr. Rashad Sayed Abd EI-Salam 
Mr. Mohamed Tarek Ahmed 
Mrs. Sawsan Sayed Mohamed 
Mrs. Hoda Abd El-Razek 
Mr. Ahmed Mohamed EI-Shater 
Mr. Ahmed Hosni Ghanima 
Mrs. Safia Omer Mohamed 
Mrs. Azza Ibrahim Emara 
Mr. Mahmoud Shebl El-Rainy 

UCD 

Dr. Alain de Janvry 
Dr. Alexander Sarris 
Dr. Luis Crouch 
Mr. Jean-Jacques Dethier 
Mr. Hadi Esfahani 
Mr. K. Subbarao 

Egypt 

Dr. Mohamed A. EI-Shennawy 
Dr. Afaf Abdel Aziz Mohammed 
Dr. Amin Ismail Abdou 
Dr. Marzouk Abdel Rehim Aref 
Dr. Mohamed Samir Moustafa 
Dr. Isis Azer Nawar 
Ms. Bahiah Ibrahim Fawzy 
Ms. Nadia Mohamed Kandiel 
Mr. Mohamed Maher El-Ainy 
Mr. Ragy Anggli Goergy 
Mr. Mohamed Zaki Khatab 
Mr. Mahmoud M. Abdel Fattah 
Mr. Mofied Ayooib Saad 
Mr. Mohamed Ibrahim Gamea 
Mr. Zarief Hezkeim1 Looka 
Mr. Sanier Salam Youssef 
Ms. Samah Kamel Mohamed 
Mr. Fawzy Mahmoud Barghash 
Mr. Shaikhon Ezz El-Din M. 
Mr. Mohamed Mahmoud Kasalah 
Ms. Fatma EI-Nabaweia Osman 

UCD 

Dr. Sylvia Lane 
Dr Carlos Benito 
Ms. Rosa Maria Berninsone 
Ms. Melissa Cadet 

Senior Investigator 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 

Team Leader 

Team Leader 

Research Assistant 

Research Assistant 

Research Assistant 

Research Assistant 


FOOD CONSUMPTION IN RURAL EGYPT 

November 1980 - August 

Expenditure $ 156,230 

Team Leader 
Principal Investigator 
Senior Investigator 
Senior Investigator 
Senior Investigator 
Senior Investigator 
Senior Investigator 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 

Team Leader 
Team Leader 
Research Assistant 
Research Assistant 

1983 

LE 19,718 

MOA 
Cairo University 
Cairo University 
Cairo University 
El-Fayom University 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
.MOA 

UC Berkeley 
UC Berkeley 
UC Berkeley 
UC Berkeley 
UC Berkeley 
UC Berkeley 

MOA 
MOA 
National Research Center 
Menia University 
Institute of National Planning 
Alexandria University 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 
MOA 

UC Berkeley 
UC Berkeley 
UCD 
UCD 

EXPORT MARKETING POTENTIAL FOR VEGETABLES 

October 1980 - September 1982 

Egypt 

Dr. Waheed Megahid 
Dr. Hamdi Salem 

Expt nditure $ 76,115 

Team Leader 
Principal Investigator 

LE 52,591 

Ain Shams University 
Ain Shams University 
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EXPORT MAARKETING POTENTIAL FOR VEGETABLES (Cont'd) 
Di. Albcrt Beshara Resk 
Dr. Mohamed Abdel Sadik 

Dr. Mohamcd S. Zaied 

Dr. Nagla Mhamed Waly 

Dr. Abdel Khalik EI-Ashry 

Dr. Mu :;oned El-Saadany 

Dr. Mossad Ragab 

Dr. M.A.S. EI-Sentressy 
Mrs. Fatma EI-Dardderi 

Dr. Fatma Abbas Fahmy 

Mr. Bahaa El-Din M. Morsy 

Mr. Salah Mahmoud Maklad 

Mr. Sameer El-Said EI-Shazly 

Dr. Shehata EI-Sayed Shehata 


UCD 
Dr. Richard Simmons 

Dr. Lynn Hinton 

Egypt 

Dr. Shawky Iman 
Dr. Tawlik Kashif Hany 
Dr. Abd EI-Rahman Abd El-Aziz 
Dr. Morad Aly Nashat Khalil 
Dr. Mahmoud Alaa Abd EI-Asis 
Dr. Mohamed Nasr Farid 
Mr. Taher Mohamed Hassanein 
Mr. Mokhtar M. Ezz El-Din 
Mr. Said Nabawy EI-Sayed 
Mr. Abd EI-Razek Mohamed 

UCD 
Dr. Wayne Dyer 
Dr. Carl Gotsch 
Mr. Pierre Lemoine 

Egypt 

Dr. Dyaa Abdou 
Dr. Adel Mohamed Moustafa 
Dr. Sonia Mohamed Ali 
Dr. Sobhy M. Ismail 
Dr. Nagla Mohamed Waly 
Mr. Iman Mohamed E-Gamasy 
Mr. Morad Mousa Soliman 
Dr. Rasmia Moustaf EI-Saycd 

UCD 

Dr. B. Delworth Gardner 
Dr. Richard Green 

Senior Investigator 
Senior Investigator 
Senior Investigator 
Senior Investigator 
Senior Investigator 
Senior Investigator 
Senior Investigator 
Senior Investigator 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
Adviser 

Team Leader 

Adviser 

FARM MECHANIZATION AND PUBLIC POLICY 

December 1980 - December 1982 

Expenditure $ 77,687 LE 25,286 

Team Leader 
Senior Investigator 
Senior Investigator 
Senior Investigato, 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 

Team Leader 
Adviser 
Research Assistant 

PRICE POLICY AND FOOD SUBSIDIES 

October 1980 - December 1982 

Expenditure $ 80,599 LE 26,098 

Team Leader 
Senior Investigator 
Senior Investigator 
Senior Investigator 
Senior Investigator 
Research Assistant 
Research Assistant 
Senior Investigator 

Team Leader 
Team Leader 
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MOA 
Ain Shams University 
Ain Shams University 
Moshtohor University 
Ain Shams University 
Ain Shams University 
Ain Shams University 
Ain Shams University 
MOA 
Ain Shams University 
Ain Shams University 
Ain Shams University 
Ain Shams University 
Ain Shams University 

North Carolina State 
University 

University of Cambridge, 
Cambridge, U.K. 

Zagazig University 
National Resea!ch Center 
Fayoun University 
MOA 
National Research Center 
Institute of National Planning 
Zagazig University 
MOA 
MOA 
MOA 

Stanford University 
Stanford University 
Stanford University 

Zagazig University 
Al Azhar University 
Zagazig University 
Cairo University 
Moshtohor University 
MOA 
MOA 
MOA 

UCD 
UCD 



THE ECONOMICS OF EGYPTIAN LIVESTOCK PRODUCTION
 

December 1980 - December 1982 

Expenditure $ 94,529 LE 32,843 

Egypt 

Dr. Ibrahim Soliman Team Leader Zagazig University 
Dr. EI-Shabat M. Zaki 
Dr. Abd EI-Moneim Ragab M. 

Senior Investigator 
Senior Investigator 

Zagazig University 
Zagazig University 

Dr. Mousa A. Ahmed Mousa Senior Investigator MOA 
Dr. Nesreen A. Saied Senior Investigator MOA 
Dr. Ali Ahmed Ibrahim 
Mr. Mohamed H.M. Sadik 

Senior Investigator 
Junior Investigator 

Zagazig University 
Ain Shams University 

Mrs. Tesby Mohamed Rashad 
Mr. Iniam Ahmed Bashir 

Junior Investigator 
Research Assistant 

Zagazig University 
Zagazig University 

Mrs. Niven Ahmed Hamed Research Assistant Cairo University 
Mr. Mohaned Amin Mosclhy 
Mr. Youhanna EI-Kommus Dawood 

Research Assistant 
Research Assistant 

Zagazig University 
Ministry of Supply 

Mr. Mohamed I. Abd EI-Naby Research Assistant MOA 
Mr. Ahmed M. El-Itriby Research Assistant MOA 
Mr. Hassan M. Samour Research Assistant MOA 
Ms. Nabila E. Sharaf Research Assistant MOA 
Mrs. Ragaa Mahmoud Rizk 
Mr. Ahmed El-Isnawy 

Research Assistant 
Research Assistant 

Zagazig University 
Cairo University 

Mr. Ibrahim Ahmed Research Assistant MOA 
Mr. Farouk Hibib 
Dr. Osman Shchata Khedr 

Adviser 
Adviser 

Ministry of Supply 
Ain Shams University 

UCD 
Dr. James Fitch Team Leader Agrimanagement. Inc. 

Dr. Carl Gotsch 
Mr. George Haynes 

Adviser 
Adviser 

Yakima. Washington 
Stanford University 
AMEC. Bozeman. Montana 

COTTON MARKETS AND GOVERNMENT POLICY 

December 1980 - December 1982 

Expenditure $ 135,321 LE 14.645 

Egypt 

Dr. Has.san Khedr Team Leader MOA 
Dr. Hanaa Khicr El-Din Principal Investigator Cairo University 
Dr. Salwa Mohamed Khalil Senior Investigator MOA 
Dr. Mohaned Ibrahim Toreych Junior Investigator Zagazig University 
Mr. Mohamed Seri' Omran Research Assistant MOA 
Mr. Samy Zaki Mousa Research Assistant MOA 
Mr. Alfons Wanis Karkour Research A'..,istant MOA 
Mr. Ahmed Abou-Rawash Research Assistant MOA 
Ms. I-odda Abbas Mohamed Mousa Research Assistant MOA 
Mr. Adnan Roshdy Nassar Research Assistant MOA 
Mr. Hania Shaaban Morsi Research Assistant MOA 
Mr. Said EI-Agagy Research Assistant MOA 
Ms. Laila Hafcz Alla Research Assistant MOA 
Mr. Sabri Abd EI-Aziz Research Assistant MOA 
'lCD 

Dr. Eric Monke Team Leader University of Arizona 
Dr. Todd E. Petzel Team Leader Stanford University 
Dr. Carl Gotsch Adviser Stanford Lniversity 
Dr. Lester Taylor Adviser University of Arizona 
Dr. Donald Heckerman Adviser University of Arizona 
Mr. Coty Pickney Research Assistant Stanford University 
Ms. Antoinette Nahmias Research Assistant Stanford University 
Ms. Barbara Holfman Research Assistant University of Arizona 
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THE EFFICIENCY OF THE EGYPTIAN FARM
 

January 1981 - December 1982
 

Expenditure $ 33, 135 LE 21,676
 

Egypt 

Dr. All Soliman Aitah 
Dr. Dessouky Abdel Salama 
Mr. Ahmed Mohamed EI-Sayed 
Mr. Osman Mohamed Salama 
Mr. Adel Eid H. Mahfoze 
Mr. Mohamed Gaber Mohamed 

UCD 
Dr. John Antle 
Ms. Carol E. Levin 
Ms. Wendy J. Warren 

Team Leader Zagazig University 
Principal Investigator Zagazig University 
Research Assistant MOA 
Research Assistant Moshtohor University 
Research Assistant Zagazig University 
Research Assistant Zagazig University 

Team Leader UCD 
Research Assistant UCD 
Research Assistant UCD 

IMPROVEMENT IN AGRICULTURAL COOPERATIVES
 

February 1981 - June 1983 

Egypt 
Dr. Taha Abou-Sheasha 
Dr. Ibrahim Moharrum 
Dr. Hussein Abdel Wahab 
Dr. Abdel Hamid Sharshar 
Dr. Mohamed Ramadan El Shohnah 
Dr. Faris Said Shaker 
Dr. Fawzy A. EI-Shazly 
Dr. Abdel Aziz EI-Shabrawi 
Mr. Mohamed Nassim A. Swilem 
Mr. Ahmed Korashy Mohamed 
Mr. Samir EI-Sayed A. Shazly 
Mr. Farid A. Amer 

UCD 
Dr. Refugio Ismail Rochin 
Ms. Judith Stoft 
Ms. Ana Castro 
Ms. Jodee Solomon 
Mr. Joseph C. Grossman 
Mr. Gary Thompson 
Ms. Patricia Soberanis 
Ms. Chisty Bengard 
Ms. Kathy Edgington 

Expenditure $ 78,601 

Team Leader 
Team Leader 
Senior Investigator 
Senior Investigator 
Senior Investigator 
Senior Investigator 
Senior Investigator 
Senior Investigator 
Junior Investigator 
Junior Investigator 
Junior Investigator 
Research Assistant 

Team Leader 
Research Assistant 
Student Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
Student Assistant 
Computer Programming 
Computer Programming 

LE 44,781 

Cairo Universiy 
Ain Shams Umversity/AUC 
Ain Shams University 
Azhar University 
Cairo University 
Cairo University 
MOA 
MOA 
Azhar University 
Ain Shams University 
Ain Shams University 
MOA 

UCD 
UCD 
UCD 
UCD 
UCD 
UCD 
UCD 
UCD 
UCD 

ECONOMIC CONSTRAINTS TO POULTRY PRODUCTION
 

April 1981 - August 

Expenditure $ 37,711 

Egypt 
Dr. Yehia Mobieldin 
Dr. Ibrahim Siddik Ali 
Dr. Wassima Moustafa Aflify 
Dr. Hosni Abd EI-Hamid 
Dr. Mohamed EI-Saycd Raghib 
Mr. Ahmed M. EI-Shaarwy 
Mr. Mansour Maghawry Hassan 
Mr. Mahmoud M. Abdel Moneim 

Team Leader 
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Senior Investigator 
Senior Investigator 
Senior Investigator 
Junior Investigator 
Junior Investigator 
Research Assistant 

1983 

LE 30,093 

MOA 
Menofia University 
Menofia University 
MOA 
Menolia University 
Menofia University 
National Research Center 
Menofia University 
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ECONOMIC CONSTRAINTS TO POULTRY PRODUCTION (Cont'd) 
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Dr. James Cothern 
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AN ECONOMIC EVALUATION OF NORTHERN LAKES DEVELOPMENT
 

Egypt 

Dr. Osman EI-Kholei 
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Team Leader 
Team Leader 
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Adviser 
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1983 

LE 62.762 

Menofia Univ.,'MOA 
Cairo University 
Alexandria University 
Menotia University 
High Institute of Agriculture 
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Menolia University 
MOA 
Ain Shams University 
MOA 
MOA 
MOA 
Alexandria University 
Menolia University 
Menolia University 

UCD 
UCD 
UCD 
UCD 
UCD 

ECONOMIC EVALUATION OF POSTHARVEST LOSSES
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Dr. Abdel Latif Ateia EI-Kak 
Mrs. Azza Attia Abd El Kader 
Mrs. Samah H. Swedan 
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Mrs. Ivon A. Rizk 

October 1981 - August 

Expenditure $ 48.544 

Team Leader 
Senior Investigator 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
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ECONOMIC EVALUATION OF POSTHARVEST LOSSES (Cont'd) 
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Dr. Mohamed Galal El-Din Aboul Dahab 
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MOA 
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Helwan University 
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Egypt 
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Dr. Kamel Sultan 
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AN EVALUATION OF BIOGAS TECHNOLOGY 
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Senior Investigator Cairo University
Junior Investigator Zagazig University 
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Team Leader UCD 
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ECONOMIC EFFICIENCY AND THE RESOURCE 
USE ON THE EGYPTIAN FARM 
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INTERCONNECTIONS OF EGYPTIAN FOOD AND AGRICULTURE POLICY
 
November 1981 - December 1982 
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252 



INTERCONNECTIONS OF EGYPTIAN FOOD AND AGRICULTURE POLICY (Cont'd) 
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Dr. Sohair Abdel Rahmen Gouefel 
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ECONOMIC ANALYSIS OF THE EGYPTIAN CITRUS INDUSTRY
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Dr. Mohamed Gomaa 
Dr. Mohamed Sharaf 
Dr. Mohamed El-Sayed Radwan 
Mr. Mohamed Taher EI-Masry 
Mr. Mohamed Y. Sultan 
Mr. Mahran S. Aita 

UCD 
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Dr. Loy Sammet 

Egypt 
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December 1981 - December 1982 
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LE 34,376
 

Zagazig University 
MOA 
Zagazig University 
MOA 
MOA 
MOA 

UCD 
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Azhar University 
Azhar University 
Ministry of Supply 
MOA 
Azhar University 
Azhar University 
Azhar University 
Azhar University 
Azhar University 
Azhar University 
Azhar University 
Azhar University 
MOA 
MOA 



COMMODITY SYSTEMS ANALYSIS (Cont'd)
Mr. Abdel Fattah Abou Baker Research Assistant MOA
 
Mr. Mohamed Farag EI-Desoki Research Assistant MOA
 
Dr. Shehata E. Shchata Adviser Ain Shams University 

UCD 

Dr. Leon Garoyan Team Leader UCD 
Dr. Kirby Moulton Team Leader UC Berkeley 

RURAL DEVELOPMENT AND PATTERNS OF CONSUMPTION 

April 1982 - August 1983 

Expenditure $ 32,342 LE 7,510 
Egypt 
Dr. M. Said Badawi Team Leader National Research Center 

UCD 
Dr. David Hansen Team Leader UCD 
Dr. Assma EI-Bilassi 
Mr. Gary D. Thompson 

Collaborator 
Research Assistant 

MOA/UCD 
UCD 

INTEGRATED VILLAGE STUDIES AND POLICY EVALUATION 

October 1980 - August 1983 

Expenditure $ 99,216 LE 6.996 
Egypt 
Dr. Said Badawi Team Leader National Research Center 
Dr. T. Sharara Senior Investigator Cairo University
Dr. A. Seifelnasr Senior Investigator Cairo University
Ms. Soheir Mahanna Adviser AUC 
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Dr. Irma Adelman Team Leader UC Berkeley
Dr. Nicholas Hopkins Principal Investigator American University
Dr. Michael Hihn Research Assistant UC Berkeley
Dr. Harry Lemel Research Assistant UC Berkeley 
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June 1980 - August 1983 
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Egypt 
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Dr. Mohamed El-Sherif Principal Investigator Ain Shams University
Dr. Shokry A. EI-Refaie Technical Assistant Ain Shams University
Dr. Mohamed Ibrahim Team Leader MOA 
Dr. Mohamed Mazeed Principal Investigator MOA 
Mr. Helmy A. Selim Technical Assistant MOA 

UCD 
Dr. Harry H. Laidlaw Team Leader UCD 
Mr. Robert E. Page Research Assistant UCD 

THERMAL DETECTION OF OVULATION AND PREGNANCY IN SHEEP
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Egypt Expenditure $ 51,262 LE 29.713 

Dr. Aida M. Nassar Team Leader MOA 
Dr. Ahmed A. Younis Principal Investigator MOA 
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THERMAL DETECTION OF OVULATION AND PREGNANCY IN SHEEP (Cont'd) 
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UCD 
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DEVELOPMENT OF A SMALL POWER UNIT FOR IRRIGATION
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Dr. Aly Y. Korayem 
Dr. Ahmed E. Ahmed 
Mr. Fakher M. Hamed 

UCD 

Dr. M. Stephen Kaminaka 
Dr. Roger E. Garrett 
Mr. Bashira A. Majaja 
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Egypt 
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Dr. Mohamed EI-Sawaby 
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Expenditure $ 59,790 LE 23,510 
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Team Leader 

Adviser 

Research Assistant 

Research Assistant 


AGRICULTURAL LAW STUDY 

July 1980-July 1982 

Expenditure $ 22,629 LE 7,507 

Principal Investigator 

Team Leader 

Team Leader 

BIOSALINITY CONFERENCE 

September 1981 

Expenditure $ 8,247 LE 7,859 
Organizer 

Director 
Horticulture Dept. 
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Senior Investigator 

Wheat and Barley Section 
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Botany Dept. Chairman 
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BIOSALINITY CONFERENCE (Cont'd) 
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Dr. A. Meiri Volcani Center
Dr. I. Shainberg Head, Dept. of Soil Physical Chemistry Volcani Center
Dr. J. Shalhevet Volcani Center 

U.S. Participants 
Mr. Julio Berdeque Agronomy and Range Science UCD 
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Dr. T. C. Hsiao Land. Air and Water Resources UCD
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Dr. Don Munns Land, Air and Water Resources UCD 
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Dr. James O'Leary Environmental Research Laboratory Arizona
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Dr. Mark Winslow Agronomy and Range Science UCD 

TOMATO PROCESSING PROJECT 

August 1981 - August 1983 

Expenditure $ 62,335 LE 47,083 
Egypt 
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Fouad A. EI-Ashwah Senior Investigator MOA 
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Hussein EI-Manawaty Technical Assistant MOA 
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Galal El-Shirbiny Technical Assistant MOA 
Ahmed EI-Sharkawy Technical Assistant MOA 
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Dr. MohamLd Akher Adviser MOA 
Dr. Ahmed Hussien Adviser MOA 

UCD 

Dr. Bor luh Team Leader UCD 

IMPROVED PRODUCTION OF CHEESE AND RELATED PRODUCTS 

August 1981 - August 1983 

Expenditure $ 72,882 LE 93,344 
Egypt 
Dr. Abdel Magid Hamdy Team Leader MOA 
Dr. Leila A. EI-Koussy Senior Investigator MOA 
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IMPROVED PRODUCTION OF CHEESE AND RELATED PRODUCT S (Cont'd) 
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