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r,Substantive Report
 

1.. Status of work-and progress under the contract. 

The following information was extracted from the Yemen bi-weekly
reports. 
 Paragraphs present a month sequence of work accomplished,

problems encountered and plans for the next month.
 

Crossing came to a stop during the last half of September due
 
to cool night temperatures ranging down to 5 to 10 degrees Centigrade.

These night temperatures rendered much of the pollen infertile. 
The
day temperatures also cooled off. 
As a result, many unadapted genotypes
just bloomed and did not develop much farther. Irrigatio was continued
 
to fill out the developing seed. The bird watchers did an amazing job
of holding down damage to developing seeds on the plots. Analysis of

the 6 planting dates of sorghum and millet revealed the first three
dates of 5 May, 18 May and 1 June to be the most productive in terms

of development. The 15 June planting date had poor growth with even
less growth and development occurring in the 29 June and 13 July
plantings. 
Dr. D. M. Stewart assisted Dr. Konrad Engleberger of the

German farm and Ludwig Hoshner of the Al Bonn project in making disease

readings of German farm maize plots. 
Dr. Stewart discussed the sorghum
stem borer problem with Dr. J. Zchintzsch, Head of the Yemeni-German

Plant Protection Project. He Identified our strain as the Pink Stem

Borer (Sesamia cretica). Problems encountered included vandalism in which

10 cases of plastic irrigation pipe was broken with rocks and winds up
to 40 mph starting in the early morning hour.-. 
 PLans were made to:

sample the 1976 yield plot seed for storage and discard the remainder,

clean and air grain storage sacks; order metal boxes, to be locally

made, to start a seed envelope storage system.
 

October brought visitors to our project. Yenen President, Al
Hamdi, visited the Sorghum/Millet Research plots.October 11, 1977.

He was accompanied by U.S. Ambassador Scotes, US AID Director Neville,
plus other officials. The 40 minute tour was conducted in Arabic by

Mr. Yahya Shuga. 
Mr. Shuga is Dr. Voigt's plant breeding counterpart,

who did an outstanding job. President Al Hamdi was very pleased with
the program. It
was unfortunate the President was assassinated
 
approximately 36 hours later. 
Dr. D. M. Tuttle (Entomologist) and
Mr. D. A. Bucks (Irrigation Engineer) arrived on schedule October 12
to fulfill duties in their respective professions as short term

specialists. Mr. Bucks measured and surveyed field layouts of Bir
Al Ghoum and Bir Al Shaif research farms at Sana. 
The irrigation
water resources were evaluated for suggested maximum research acreages

to be used. There was not enough water at either farm to use all the
 
acreage available. 
Rainfall is sporadic, unpredictable and cannot
be relied upon for research purposes. Sana did receive about 2k inches

of rain on October 27-28. 
This was the first such early rain (before
 



November) in recorded weather history. Mr Bucks, Mr. Morgan Stickney,
 
and Dr. Voigt, Chief-of-Party, visited the Tihama area and the new Al
 
Garubah experiment farm near Zabid on October 25 to 27. 
 The Al Garubah
 
farm was inspected and evaluated as to the work necessary for development
 
for sorghum/millet research. The land and facilities belong to the Yemen
 
Government. Two ,of five new vehicles for the project were picked up at the
 
port of Hodeidah and delivered to Sana on this trip. The project is
 
furnishing 2 vehicles, drivers, and partial per diem to two field crews
 
from the United nations Development Program/Food and Agriculture Organization
 
(UNDP/FAO) at Taiz to complete a Yemon Sorghum Collection from all major
 
production areas in the country. Dr. D. M. Tuttle collected insects from
 
all crops on both Sana research farms, neighboring private farms and from
 
around Yemen. Drs. Tuttle and Stewart also toured Yemen via Hodeidah
 
and Taiz on a plant. protection evaluation tour from October 23 through

30th. During the month Yahya Shuga and Yahya Hopshie, (Yemen Ministry
 
of Agriculture) attended a Sorghum Tour with sorghum research personnel
 
from all agencies in Yemen at Hodeidah. They also visited the Tihama
 
development authority facilities field day on October 30th. The UNDP
 
research facilities were visited October 31. Plants were drying and grain
 
maturing during the month. Maturity readings were completed. Notes were
 
taken on percenc stand in plots for adjustment of yields from partial plots.

More than hal of the yield plots were observed with only partial stands.
 
According to data books this adjustment had not been made in previous years.
 
Readings of the general agronomic phenotype and readings of the head pheno
types were conducted. Plans were made to take notes on height, percent

lodging and bird damage just prior to harvest. The bird watchers continued
 
to do an excellent job of keeping birds off the research plots. There was
 
not enough bird damage with sufficient variation among entries to make bird
 
damage estimates meaningful. Average height measurements in centimeters
 
to the upper leaf collar were obtained for all plants. Work progressed on
 
the roofs for the new office and laboratory buildings.
 

During the month of November, plants continued to mature and dry for
 
harvest. Sacks were cleaned and treated with Sevin in preparation for harvest
 
of plots. Field notes were completed on percent of stand. Yield plots and
 
visual evaluations of genotypes were tested. Project personnel were busy
 
with tours during the early part of the month. The sorghum and millet
 
research plots at Sana were visited on November 2 by a group of Sorghum
 
Research personnel from various Yemen agencies. A meeting followed the
 
tour at the Ministry of Agriculture. Dr. Azah, representing the Food and
 
Agriculture Organization, made an inspection and tour of USAID sorghum aud
 
millet research effort in Yemen. This was a three hour inspection and
 
briefing by Dr. Voigt and Dr. Stewart. Harvesting by hand began on the
 
sorghum research plots on November 13 and consisted of cutting off each
 
head and placing in a sack. Harvesting of plots stopped on November 17
 
and resumed November 27, 1977. Dr. D. M. Tuttle completed his entomological
 
evaluations of Yemen and wrote up a preliminary report before departing. Mr.
 
Bucks visited the Taiz area and evaluated the products of a plastic pipe
 
factory. These products are proposed for use in our irrigation systems for
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*the 3 experiment stations. Mr. Bucks also completed a preliminary
 
report before departing. Dr. Tuttle, Mr. Bucks had a pre-departure
 
visit with acting director Neville and acting deputy director Young.
 
Both departed 12 November. Eid-Al-Adha, the local holiday period
 
extended from November 16 through November 26. The American holiday,
 
Thanksgiving, occurred on November 26. University of Arizona research
 
personnel were on the job unofficially for 4-6 hours per day through
 
this whole period taking research notes and collecting seeds of genotypes
 
under test. The Yemen sorghum collection was esentially completed. All
 
Goveirnates with a significant sorghum acreage have been collected. A
 
killing frost occurred the night of November 27. Lower temperatures
 
occurred later in the month. Dr. R. P. Upchurch, Head, Department of
 
Plant Sciences, University of Arizona arrived on schedule November 29
 
to perform an administrative visit.
 

Research plots continued to be harvested during December. As the
 
area of unharvested material decreased in nize, some of the extra
 
personnel used to keep birds off wero terminated. The new laboratory
 
and office spaces were roofed over. Electrical wiring and plumbing.for
 
these facilities were started. Most of the interior finishing and furnishing

remained to be done at month's end. Field harvest (hand harvest of the
 
heads) was completed on Saturday, December i7. Border rows and other
 
miscellaneous fill-in rows were hand harvested later in the month for
 
bulk grain for the poultry project. On December 24, project personnel

started weighing "whole heads" from harvested plots preliminary to possible
 
estimates of grain yield as 70% of total head weight. A small research
 
type thresher was borrowed from the British at Taiz. -It was a rasp bar
 
type but undesirable in performance. It would not separate any grain from
 
the straw and the rasp bar held part of the heads. This required cleaning
 
the machine between plots to maintain purity. The grain and straw could
 
only be separated by hand screening. After sorting tests for individual
 
threshing and processing, an attempt to use the borrowed thresher followed.
 
Its one cylinder gasoline engine had badly worn rings and burned considerable
 
:oil with the result of low horsepower and a Eouled plug. A new plug was
 
not available. The machine would only break up the heads into smaller
 
pieces and did not thresh much of the grain from the glums. Dr. Up'hurch,
 
'Technical Director from the University of Arizona made a trip through
 
tha'rmajor agricultural areas of the country on December 4-6, 1977. The
 
trip was from Sana to Hodeidah to Taiz and return to Sana. The new Al
 
'Garubah Experiment Farm, Tihoma Development Authority, and the UNDP/FAO
 
were visited. The varied agriculture and growth environments in the
 
country were also observed. Dr. Upchurch departed Yemen December 7, 1977,
 
returning to the United States. Dr. Stewart, University of Arizona
 
agronomist serving as one of the the two key personnel in Yemen, departed
 
December 14 for rest and recuperation (R & R) leave. Two International
 
Voluntary Service (IVS) personnel worked on tabulating agronomic field
 
data on research plots during morning hours. IVS personnel work from
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0730 to i200 and go to Arabic class from 1600 to 1900. Mr. Madhu S.
 
Acharya, IVS Agriculture Engineer arrived in country with his wife and
 
son December 19, 1977. Dr. Voigt, Chief-of-Party, Mr. Shuga and a
 
driver made a three day trip to Hodeidah to peronally expediate the
 
processing of USAID equipment and supplies through the port, customs, ana
 
local Governate government on December 19-21, 1977. Inventoried and
 
checked miscellaneous equipment and supplies received through the pouch
 
from the University of Arizona. No losses or damage have occurred thus
 
far. A problem area was the obvious thresher defects already mentioned.
 
Harvested materials more than filled the area of building spaces already
 
constructed. This necessitated storing materials in the space which
 
would eventually be used for the new machinery and shop work area. The
 
Horticxilture Project will eventually need space which will further
 
increase the problem of space to work out of and store material. An
 
open sided roofed area for storage of harvested material and as a work
 
area is under contract for construction. This building is urgently needed.
 
Equally frustrating was the fact that two plot threshers for the project
 
were on board ship in Hodeidah, but our personnel were unable to determine
 
when they would be unloaded or cleared for release. Plans for the month
 
included: turn the borrowed thresher in for repair and.tune up by the
 
garage; proceed with threshing and evaluations of genotypes in the advances
 
type of yield tests; continue to work as best possible with the limited
 
equipment and facilities available; begin data tabulation and analysis
 
of advanced trials for early elucidation of superior genotype for release
 
in 1978.
 

January, 1978 activity involved significant progress in the contract
 
Scope of Services in the following areas:
 

1. Screening of potential high producing varieties of sorghum and
 
millet and to select varieties suitable to varying local conditions.
 

2. Re-combining varieties with superior characteristics to produce
 
high yield varieties for major ecological regions of Yemen.
 

3. Training counterpart Yemeni staff to undertake the foregoing and
 
to prepare ultimately for the creation of a national agriculture research
 
capability in sorghum and millet.
 

4. Provide professional and technical coordination to three agronomists
 
and one agriculture engineer to be provided under a separate but related
 
contract with a voluntary agency. The above items are 1, 2, 7 and 10 of
 
the scope of services. Main project activity was in the area of threshing
 
yield plots which had been harvested by hand. Advance yield tests were
 
threshed first for early tabulation of test results. Mr. Tacadao and Mr.
 
Hussain (IVS agronomists) assisted with threshing and data tabulation.
 
Mr. Acharya, IVS agriculture engineer, under item 10 of the contract
 
surveyed field plot areas and developed plans for further irrigation and
 
determined pipe needs. Reference item 3 (developing research facilities)
 
the following occurred: shelving was assembled in the new spaces to
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facilitatestorage during construction; the driveway into AlJarouba
 
was surveyed out and a grader dispatched to accomplish the work; work
 
on contract development to remodel or build necessary structures was

initiated; the Mission was visited by an International Meteorological

advisor to the Yemen Government on weather station installation in
 
country. Mr. Acharya evaluated the Al Jarouba research station relative
to irrigation and other agronomic needs; Mr. Acharya visited a plastic

pipe factory in Taiz to determine availability and cost of irrigation

pipe. Reference item 7 of the scope of services (training Yemeni
 
personnel), one technician quit and another was hired. 
Some plots were

harvested with sticks by farm laborers to expediate harvesting and to

obtain yield data. 
The one single head thresher was used to clean
 
threshed seed. 
 Dr. Fred Turner, Soil Fertility, and Mr. Fred Arle,
Weed Control, short term specialists from Arizona, arrived in country

on January 18, 1978. They evaluated our project with regard to their
 
respective professions. They accompanied Dr. Stewart and Mr. Stickney

on a tour of Yemen agriculture areas by way of Taiz, Zabid, Hodeidah and
 
return to Sana on January 29-31, 1978. A meeting was held on January
25 of all sorghum improvement agencies in Yemen to discuss coordinated
 
sorghum, millet and maize regional testing programs. Discusslon for
 
coordinated-sorghum, millet and maize regional testing programs.

Discussion for coordinated regional yield and observation trials at all
 
major agriculture research centers occurred. 
 March 8, 1978 was
 
tentatively selected as 
the date for the next meeting. Problems
 
encountered during the month included: 
one USAID Blazer vehicle was

scrapped for parts as a result of an accident in which another truck,

loaded with rocks and on the wrong side of the road, smashed into it;

no work occurred toward completion of the new laboratory and office
 
spaces; the only head thresher failed with a shorted motor armature;

the farm crew had no understanding of research procedures; the only

weighing device available was a beam balance which took a lot of time
 
to balance the weights; the lack of laboratory, office -nd storage space

resulted in: farm and automotive equipment being piled in the midst
of harvested field plots, tests being walked on and mixed up. 
For example,

sacks of yield plot heads were walked on, pushed and carried in a careless
 
manner which dropped out heads. 
They could seldom be returned to the
 proper sack to guarantee plot purity. This resulted in even more error.
 
Personnel were quite unacquainted and/or unappreciative of research and

the necessity for accuracy. 
Plans were made to continue: obtaining yield
data and tabulate results; development of the Al Jarouba experiment farm;

ordering equipment and supplies to develop Sana'a experiment farm and

laboratory; ordering equipment and supplies from the University of Arizona;

installing electrical wiring in new buildings.
 

February was a month of continuing the threshing, weighing and
 
tabulating of data as explained last month. 
It was necessary to keep

constant watch on the farm help to insure they beat the sacks sufficiently

to hand thresh out most of the grain. 
Many research project technicians
 
could not be depended upon to keep a close watch on this. 
 The advanced
 
tests were all threshed and plots weighed. 
Most of the data was tabulated
 



by month's end. Tabulation makes it possible to select superior
 
genotypes. Two large plot threshers were finally delivered by Thabet
 
Brothers Shipping Company on February 21, 1978. Both machines had
 
been dropped while being unloaded at the port of Hodeidah. The
 
machines had numerous dents and broken pieces as a result of shipment.
 
They were placed in the garage for repair. Parts r.nd operators manuals
 
were placed on order from the University of Arizona. A Pettibone type
 
,crane was moved to Al Jarouba to install a pump and pipe in an irrigation
 
well. A big effort was made from February 6-16 to get equipment to this
 
research station for the well and to get the motor/mount installed. Dr.
 
Turner and Mr. Arle continued their duties as short term specialists.
 
They made a trip to the soils laboratory at Taiz and had soil and
 
water samples analyzed. Both individuals departed Zor the United States
 
on February 15, 178. Ir.Robert Saul a short term grain storage specialist,
 
arrived February 22, 1978. He and Dr. Stewart toured agriculture areas
 
in Yereen for five days, starting February 27. They inspected and evaluated
 
sorghum and miliet farm storage procedures and conditions. Dr. Voigt,
 
Dr. Stewart and Mr. Saul visited with Mr. Rahman of the Yemen General
 
Grain Corporation concerning commercial grain storage in country.
 
Equipment and supply orders continued to arrive by pouch from the
 
University of Arizona. Replicated plot yield data of individual
 
genotypes were inspected for degree of variability among replicates
 
within the same test. Plot yield magnitudes of differences of 200 to
 
300 percent were found. Such differences were found among plots of the
 
same genotypes even when all plots had had a 100 percent stand or population
 
during the season and did not have to be corrected for partial stands.
 
This variability of plot performance will not give reliable data. Not
 
all entries had such variability but enough did to indicate concern for
 
the research being run and what has been run in past years. This serious
 
problem may be a manifestation of the very uneven plant growth and
 
development observed in the plots during the growing season. These
 
aberrations were described in earlier reports. Reliable plant breeding
 
results cannot be obtained until similar plant growth and yields of like
 
genotypes are obtained in a routine manner. The advanced yield tests
 
composed entirely of selections inherited from past years showed no geno
types yielding more than about 50% more than the local types. It had been
 
hoped that materials developed in past years would have greater potential.
 

Perhaps the yields of 300 and 400 percent of some genotypes over
 
locals in unreplicated plots in earlier years were subject to the
 
variability described above and were not true measures of the potential
 
yield of the genotype. Plans were made to continue tabulating and most
 
entries equal to or better than the local types in yield would be saved
 
for future evaluation in 1978.
 

By March 15, 1978 nearly all advanced yield tests had been tabulated.
 
Threshing, weighing and tabulating of minor tests continued. Seed was
 
selected for regional yield trials with other.Yemen cooperators. Work
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continued on the Al Jarouba Experiment Farm. Part of the plastic
 
irrigation pipe for the Al Jarouba and Sana'a farms was delivered on
 
March 1, 1978. A contract was awarded for construction of a ramada
 
type open shed with roofed area. This additlonal work area is planned
 
for future threshing and working on research materials. The March 8,
 
1978 scheduled meeting of all sorghum research personnel in Yemen was
 
cancelled due to no shows from the Ministry and most out-of-twn
 
participants. The meeting was rescheduled for March 22, 1978. Mr.
 
Saul and Dr. Stewart returned from their 5 day inspection trip of
 
farmer grain storage problems in various parts of Yemen. Mr. Saul
 
did not think drying or storage of the sorghum/millet harvest was a
 
problem. Sufficient vacant area was available in all villages visited
 
to expand the drying yards for either larger harvests or faster harvest
 
if mechanization should become the practice. The farmer protects his
 
food supply rather well. Mr. Saul departed Yemen, returning to tke
 
United States on March 8, 197S after completing his short teira objectives.
 
Equipment, supplies, machinery, lumber, fencing and other miscellaneous
 
items all congregated around and in the research work area continued to
 
be a problem. Plans were made to: make final test entry for advanced
 
field tests; put up seed for 1978 evaluation trials; store and treat seed
 
of genotypes to be carried forward; discard seed of discarded genotypes;
 
develop improved field plot and irrigation system for the Bir Al-Ghoum farm;
 
probe soils of the Bir Al-Ghoum farm on a grid system, continue Al-

Jarouba Experiment farm development.
 

2. ,Plans for ensuing period
 

The preceding paragraphs indiviudhllyaiscused some aspects of this
 
subject. Plano for the future involve continued work to provide assistance
to fulfill all aspects included in the contract scope of services. It is
 
anticipated the limited land, equipment and trained personnel will limit
 
1978 activities. Specific goals include: developing genotypes for
 
limited moisture on the second experiment station; developing field
 
cropping techniques and on-farm testing programs; continue on-the-job
 
training of local personnel. Peak seasonal work, accentuated by numerous
 
delays and Yemen frustrations present a problem of proceeding on schedule.
 

3. 	Recommendations covering current needs in field of activity.
 

Status of work is delayed and behind due to local situations beyond
 
control of administrative personnel on site. The following areas provide'
 
auinsight into current needs.
 

a. 	Delayed delivery of equipwent and supplies seriously hinder work.
 
b. 	Construction of required facilities encounter serious delay.
 
c. 	Field plot techniques to provide reliable research data are
 

unperfected.
 
d. 	Equipment to provide reliable research data is not presently on
 

station.
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a. 	 Limited progress h&s been m&tde in identifying superior genotypes 
from the data provided by previous contractors. Previous evaluations 
are questionable. 

The selection of our own genotypes will not be available for some
 
years which is typical for selection and evaluation in a plant breeding
 
project. Progress is being made in all ten contract scope of service
 
areas.
 

4. 	Additional infurmation pertaining to this contract:
 

a. Communications: The usual. time element of two months for an
 
exchange of mail was discussed in the last semi-annual report. Telegrams
 
and the telephone were used on a more frequent basis during this reporting

period to cut the communications time lapse. This has increased communication
 
expenses.
 

b. Delivery of personal effects and supplies: Excessive delays on
 
delivery of air freight and surface freight continued. For example, it
 
took almost one year for Dr. Volgt's automobile to be delivered to him
 
via 	surface freight. Some supplies which were shipped air freight, still
 
take up to three months to arrive. Pouch mail has proven to be the most
 
dependable and fastest method of delivery in normal circumstances. Short
 
term personnel were utilized, when possible, to hand carry small items to
 
Yemen. A cycloptic microscope and a soil sampling kit are e:,amples of
 
items hand carried by short term specialists. Considerable time is still
 
required in frequent follow up action to determine status of shipments.

Allied Van Lines, Tucson, AZ. has refused to accept any more surface shipments
 
due to past encountered difficulties.
 

c. 	The on campus backup activities were many and varied:
 
(1) Equipment orders increased. They were procured, inventoried, repacked,
 
for pouch mail, if possible, and/or shipped to Yemen.
 
(2) Five short term specialist positions were filled and individuals
 
completed objectives in Yemen. One administrative visit was also completed.

The recruitment and administrative processes for these positions were time
 
consuming and required a considerable amount of coordination prior to actual
 
departure. Upon completion of a short term tour, each individual submitted
 
end of tour reports. These reports were reviewed to determine if the University

of Arizona should take any action to enhance the project.
 
(3) Library research continued on ways to control birds and this information
 
was forwarded to the Chief-of-Party. Cost of bird alarm system and literature
 
describing them were also obtained and forwarded.
 
(4) A Phoenix weed control expert identified weed seeds which had: een
 
sent 	from Yemen as: Xanthium spinosum L. 

Scrophularia Xanchoglassa Boisi 
Solanum albicaule 
Fagonia arabica L. 
Senecio aegytius L. 
Echinops spinosissimus turra 
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These seeds, plus packets of mustard seeds from Yemen were forwarded to
,.Mrs Fred Arle, to conduct a greenhouse experiment to determine control
 
::procedures. 
Mr. Arle went to Yemen, as previously mentioned, during

January 1978 as a weed control specialist. Upon his return, he arranged

for herbicide to be sent to Yemen for control procedures. Unfortunately,

Mr.Arle's unexpected death occurred before his greenhouse experiment was
 
finished.
 
(5) Routine soil analysis was completed by the University of Arizona on

soil Mr. Bucks brought back from the Bir Al-Ghoum farm and the Al-Jarouba

farm in Yemen. Mr. Bucks forwarded the results back to Yemen. 
Portion of
 

-'equipment order no. 12 was for irrigation material which Mr. Bucks had
suggested while he was in-country. He was extremely helpful during the
 
procurement process as some of this equipment was not available in the
 
metric dimensions which had been requested.

(6) The International Programs Office continued follow up of previous

surface and air shipments. This office provided the logistical support
for transportation arrangements on all short term and consultant travel,

plus the shipment of equipment and supply orders. The office served
 
as the focal point for contact with the Agency for International Develop
ment Contracting Officer. 
Such matters were resolved as: Dr. Voigt's
second consumable shipment, educational allowance and travel contract
 
provisions; post allowance and post differential. Sunday differential
 
pay for regular personnel in Yemen was also included in their written
communications with the Contracting Officer. 
The contract will be
 
amended to include this provision at a later date.
 
(7) Dr. Voigt's Yemen counterpart, Mr. Yahya Shuga, is tentatively
scheduled to arrive March 27, 1978 to enter the Center for English as a

Secondary Language (CESL) at the University of Arizona. Although this
 
participation is.not included in the contract, it is sponsored by the
Agency for International Development.... Negotiations for this arrangement

started with the administrative visit of Dr. Upchurch to Yemen in the

latter months of 1977. 
Numerous pieces of correspondence including

telegrams, flowed between the University of Arizona and Yemen and back

again. Qualification requirements, tuition cost and housing availability
 
was obtained from the necessary agencies on campus, and forwarded to
Yemen. As the information diplomas and forms returned to the Department

of Plant Sciences, coordination was effected with the offices of:
 
International Programs, Center for English as a Secondary Language,

and Dean of 
Admissions Foreign Credentials. Telegrams were
 
used to obtain information when time became the essence.

International Programs obtained an evaluation of Mr. Shuga's background

from the Office of Foreign Student Admissions which stated: "A review

of his background shows he did not complete the academic secondary stream
 
to qualify in the usual way for University admission. After completion of
six-year primary school program and the three-year intermediate school

cycle, he completed a three-year vocational secondary school program

in agriculture. His final grades in vocational school show an average

of 66% marks. We normally look for 70% as 
the minimum grade for admission
 



consideration. However, in addition to twelve years of formal education,
 
he has had further professional training and work experience in his
 
position with the Yemen Arab Republic Ministry of Education. Because
 
of his professional experience and maturity (age 33), we will be able
 
to admit him as an unclassified, undergraduate initially. Upon completion of twelve semester hours credit (minimum), he may request his
 
status changed to Freshman standing, and all work taken as an unclassified
 
student will be counted toward a Bachelor of Science degree requirements.
 
We understand he is to enter our CESL program this March. Once we have
 
evidence of college-level English proficiency, he will be admitted as an
 
unclassified undergraduate student". CESL arrangements were finalized at
 
this poInt. The mission and Agency for International Development in
 
Washington were notified of his acceptance. It is anticipated he will
 
complete CESL and enroll to obtain a Bachelor Degree in Agriculture
 
over the next four year period.

(8) The sorghum millet project is assisting in the augumentation of
 
library facilities for agriculture in Yemen. The following actions have
 
occurred.
 

(a) Order number 18 has been received from Yemen for research on.
 
pricing and availability of desired books and periodicals.
 

(b) A limited number of books have been procured and forwarded to
 
Dr. Stewart, per his request.
 

(c) The American Society of Agronomy Borlaug Book Project has been
 
contacted to determine if books and journals might be made available to
 
the Government of Yemen.
 

(d) The estimated price of microfilm and microfiche equipment has
 
been obtained for possible use in Yemen. Library research on journals

available for use with this equipment has been conducted.
 

(e) Xerox copied of all articles pertaining to sorghum and millet
 
for a 15 year period have been reproduced from Crop Science journals
 
for shipment to Yemen.
 

Cf) The Current Research Information System (CRIS) was contacted
 
for information on sorghum and millet. The data from their computers on
 
a nationwide basis has been forwarded to Yemen.
 
(9) Research on cost and availability of a self contained refrigerated
 
seed storage room, seed germinator, herbarium, plus supplies for starting
 
an insect collection has been conducted. Results have been forwarded
 
to Yemen.
 
(10) University of Arizona, Department 6f Animal Sciences was contacted
 
for their availability of a service to conduct quality analysis on sorghum
 
grain samples. This department can provide protein content and
 
digestibility analysis service on a limited scale, if requested to do so.
 
(11) Approximately 50 pine seeds were obtained for use in Yemen.
 
(12) As of March 15, 1978 plans were being finalized to send an irrigation
 
specialist, Mr. Orrin F. French, to Yemen on a short term basis in April.
 
(13) Action was taken to recruit a research assistant to help Dr. Voigt
 
with the project in Yemen. The recruitment process was underway as of the
 
close out date of this report.
 



(14)-.International Programs and the Department of Plant Sciences worked
 
together to obtain the best advice available concerning the income tax

Situation for the University personnel in Yemen.

(15) Library research was conducted to determine the impact of leaf


"removal on sorghum yield, as is the practice in Yemen. 
Data on this
 
subject was very limited.
 
(16) The use of pot experiments to determine variations of Yemen soil
nutrients was discussed with Mr. Fred Turner, prior to his participation.'

as a short term soils specialist in country. His expertise and knowledge
in this area led to suggestions on how -to conduct them while he was in
 
Yemen.
 
(17) -On campus support continued to handle the increased administrative
 
load as the project got into full swing.


,(18) Tentative arrangements were made for Mr. Arle to return to Yemen
 
..as a weed control specialist, then aborted.
 

d. Mary C. Neville, Deputy Missions Director visited Tucson- n-

December, 1977 and met the University of.Arizona faculty and staff

members who are supporting the project. 
 Our special thanks are extended
to'the Mission and the Agency for International Development personnel whohave provided excellent support to the University of Arizona in fulfilling
contract obligations. 

, 

Administrative Report
 
This segment of the semi-annual report covers expenditures and "
 'personnel employed under the contract. 
A report on foreign national
 

trainees was not applicable during this period.
 

Expenditures increased as expected as the various aspects of :the

project received attention. Supply and equipment orders from Yemen
significantly increased. Equipment orders No. 5 through No. 20 were

received from Yemen and action taken for procurement. Items ordered
 
varied from small vehicle parts to large bulky items such as a subsoiler
and furrow openers. Inflation was also noted as most prices of Stateside
 
equipment increased. 
Order #12 was a large order with an estimated cost
of approximately $14',000 not counting shipping charges. 
This particular
order contained such items as: soil/moisture sampling and testing equipment;
36 butterfly valves for irrigation use; water flow meters; farm implements;

etc. Expenditures for travel and short term specialist salaries increased
 
as contract obligations were met in providing consultant personnel as
requested. 
 The latest inception to date computorized report dated March.
31, 1978 is attached. 
This report was generated by the University of
Arizona computerized accounting system, which is called CORE. 
This
 
report can be used to determine overall expenditures from inception of
 
contract through March 31, 1978. 
See attachment one.
 

The following personnel were employed as indicated,'during this
 
reporting period:
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Dr. Robert L. Voigt, Chief of Party in Yemen, full time.
 
Dr. Donald M. Stewart, Agronomist in Yemen, full time.
 
Dr. Robert Phillip Upchurch, Head, Department of Plant Sciences,
 

spent 15% of his time as Technical Director for the contract.
 
Dr. William Gerald Matlock, Coordinator for International
 

Agriculture piograms, spent 07% of his time performing duties as
 
Campus Coordinator.
 

Dr. Victoria Marcarian, Department of Plant Sciences, spent 80%
 
of her time on the project from September 1.5, 1977 through October 31,
 
1977.
 

Dr. Melvin H. Schonhorst, Department of Plant Sciences, spent

35% of his time since November 1, 1977 serving as overall coordinator
 
for on-campus technical support.


Ms. Evelyn Jorgensen spent 24% of her time since'November 1, 1977
 
serving as a secretary in the support of the project from the International
 
programs office.
 

Ms. Anna M. Fisk, Department of Plant Sciences, spent 35% of her
 
time performing secretarial duties associated with the contract.
 

Ms. Sheila Scoville, Oriental Studies, was hired and worked 2 months
 
on a part time basis collecting background information and writing a
 
briefing document on Yemen to be used by the International Agriculture

Programs office in orienting regular and short term staff assigned to
 
Yemen.
 

Mr. Dale E. McDonald, Department of Plant Sciences, Research
 
Assistant, full time.
 

Mr. Dale A. Bucks, Research Specialist in Soils, Water and Engineering,

served as a short term irrigation specialist in Yemen from October 12, 1977
 
to November 1.2, 1977. .. ..
 

Dr. Donald M. Tuttle, Entomology Specialist, served on a short term
 
basis in Yemen from October 12, 1977 to November 12, 1977.
 

Mr. Herman Fred Arle, Weed Control Specialist, served as a short
 
term specialist in Yemen from January-18, 1978 to February 15, 1978.
 

Dr. Fred Turner, Jr., Soils Specialist, served on a short term
 
basis in Yemen from January 18, 1978 to February 15, 1978.
 

Mr. Robert A. Saul, Grain Storage Specialist served on a short
 
term basis in Yemen from February 22, 1978 to March 8, 1978
 

Trip reports for the short term specialists are attached as indicated
 
below:
 

Mr. Dale A. Bucks - Irrigation - Attachment 1
 
Dr. Donald M. Tuttle - Entcmology - Attachment 2
 
Dr. Robert Phillip Upchurch - Administrative Visit
 
Mr. Herman F. Arle - Weed Control - Attachment 4
 
Dr. Fred Turner, Jr. - Soils - Attachment 5
 
Mr. Robert A. Saul - Grain Storage - Attachment 6
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I H T R 0 D U C T I 0 N 

M-odificat.on of irrigation systemu are being proposed at two 
existing USAID Argricultural Fa,rms near Sana, Yemen.Ditr AJ. Uohuiii, located near the north side of Sana, is to 
be used for sorghutn, alfalfa, ond possibly horticulture 
iesearcho Bir hl Shaif, located on the south side of Sa'ta, 
is to be used for horticulture and vegetable research. A 
now station at the Al Jarubah State Farmw located cast cof 
Zabid and within the Wadi Riw.a Area in the Tihai;ia, is 
being proposed for future sorghun and horticulture rcsearch. 
My obligation was to complete the first stage of evniuation, 
design and recoamiendation of either surface %nd/or'6rickle 
irrigation systems at these locations. 

I was present in Srna, Yeiner from October 11 to rove.iber 11 
to conduct this survey. A detailed design of surface 
irrigation systemus for tle two Sana farms are presertcd in 
this report, with flexibility for some trickle irrigation 
developitent in the future. Only a preliminary, surface
irrign.tion design is described for A! J.irubai because 
installation of an irrigation well and crop 7..esearch plans 
have Just coitanenced, Tentative guidelines for irrigation 
!mantgement to include cultural practices an.i irrigation 
scheduling will be discussed, 

Some of the major factors considered in tAis irrigation
design and operation were: (1) maixinumn itilization of a 
limited water supply; (2) adaptation of wree system to 
future needs, i.e., clhnging border width or plot sizes, 
adding trickle or bubbler irrigation or altering cultural 
practices; (3) capability of existing .abor to operate the. 
system; (.) availability of PVC plastl.2 pipe in country; 
and (5) urgent need to begin construction of the systems. 

BACKGROUND SANA FARMIS 

Boils - The most widespread soils near Sana are calcareou
 
"s'TY"'lorms and silty clay loamso Final infiltration rates 
are moderately slow, estixmated at between 0. to O15 
inches per hour (2,5 to 3M8 min/hr), 

Five soil sownples were taken at Dii" Al Shaif in September 1I 77 
and analized by Tuskedee Institutep, Tusitegee, Alabamra as 
shown In Appendix 1. Results showed K,, gI Cai 14n, Zn, Cu; 
Fe and Na are high, The electrical conductivity of .the soil 

http:M-odificat.on


solution was estinated at less than 17 millinhos pe: cm by
the fact that it should be approximately equal to tae total 
noluble-cations in milliequlvalents per liter div.'ded b~y 100 
The exchangeable sodium percentage was calculated at less 
than 11%. Therefore, the soil would be class if id as 
saline-nonsodic for practical irrigatlon purposd (8). 

Climate - A brief summary of the meteorologicail data for 
Sifiawas found in the Yemen Agricultural Hand5ook (1). Annual 
rainfall averaged 15 inches (380 mm) from l9653- 6 8 and less 
than 6 inches (1i8 rmai) from 1970 -73. No ,articular trends • 

between yearly or monthly rainfall were ev'dent. Mlean 
annual temperoature was 63W' (17,100C), with .near montaly 
temperatures ranginr from 540 F to 700 F l12o20 C to 2 1 10C, C).
Relative humidity was fairly lows
 

Groundwater - Less than 10 percent of tae agricultural land
 
In Yemen - under irrigation, The gro'ndwater level in
 
Sane. is extremely low. often be'.ow 32. feet (100 meters).

At Bir Al Gohumv the , meauni dischargeme'sured pu=ip was
 
100 gpm (6-3 1/sec), The pwump Is a telt-driven Caprari,
 
Model No,, V16P/4L/24A with 9 bowls. The well depth is 
650 feet (198m); ma .ximunpumpi'jg deFt;h is 465 feet (145Sm); 
a 10 feet (3m) slotted rcreen J. oc!Lted 170 feet (52m) from 
the well bottom; and another :1,5 fet (Sin) slottd screen is 
located 265 (81m) from the well bcttom, The engine is a V14 
diesel from Italy, Type 1053, 60 horsepower and 2800rpm= 
There is a second well and pump fuirther to the north that is
 
almost dry,
 

At Bir Al Shaif, the inaximum mea;ured pump discharge was 40 gpin
(2-.5 /see). The pumno is a belt.-driven Caprari, Model No.
V16P/3L/24A with 8 bowls, The w'ell depth is 625 feet (19On)
and a 32 feet (1Om) slotted screen is at the bottom of the 
well, The maxium pumiping dopt. is not known, The engine
is a Blackstone, Model No, I.,'PL75M[2, 31 horsepower and 850 rpm,-

A fairly complete groundwater aralysis was obtained for the 
USAID office well, Sana. Resu.t- shown in Appendix 2 
adequately represent both the Bit; Al Gahom and the Bir Al
Shai wvells, Classification of i;he water is a medi* 
salinity and low sodifun hazarard. Chloride concentration 
in the water should not be a prol-lem, Boron concentrations 
are unknown and should be determlned before sensitive crops 



-30
are grown. Wi.th some degree of certainty, this water canbeused on most soils and crops. Appreciable leaching ofsalts may be necessary on the wore sensitive fruit and nut 
crops, because of the moderately high salinity in the soil.
 

Crops - The principal. crops to be grown on the Bir Al Gohumsaton in the next year are sog4hum and alfalfa. The
University of Arizona will be conducting sorghum variety

research for a second year, Tuokegee Institute, which is
soon to send a two year tea',,! to Yeztiens may establish somse
horticultural research on the saune farii at a later date.

Bir Al Shaif will be used entirely for Horticultural
research. Present plans are that Tuskegee Institute will
be conducting variety tests on such crops as grapes, peaches,

apricots, almonds, pecans, walnuts, and various vegetable
 
crops.
 

Based on the soil and water data presently available,
sorghum and alfalfa can be irrigated at ir Al Goa~Mur
Successful irrigation of horticultural crops is certainlyfea ible on both farr;s; however, 'hskegee horticulturiats 
13hould have the wells analized for boron, as a safety
precaution. Most fruit and nut crops will 
not be injured

when irrigated with waters containing less than 1 papoi.
of boron (8) Again, many fru14- and nut crops haire arelatively low salt tolerance ',-hJ.ch reouire good water 
management practices, 



BIR AL GOHUM DESIGN 

Water Reouirements - The irrigation water requirement is the
 
amountY-rR.'-- '[ t must be pumped before delivery to tile 
field. This should not be confused with the term consumptive 
use, which is the a ount of water used on a given area in 
transpli.ration, building of plant tissuesp and evaporation 
from adjacent soil. Two types of efficiencies will be
 
used in tUis report to determine the irrigation water 
requirement. First, water-application efficiency is the 
percentage of irrigation water delivered to the field that 
is stored in the soil for consumptive use by the crop,

Second$ where a storage reservoir is evaluated. reservoir
 
efficiency is the percentage of irrigation water delivered 
to the field after evaporation and seepage, Not all the 
water applied to the field in addition to consumptive use 
is wasted, When excessive salts exist, extra water must be 
passed throiTh th,.: soil to leach salts out of the root zoneo 
Extra I'rigations are sowetimes recuired to encourage 
germirnation,, Some crops recuire additional water during 
harvest to improve quality or preserve crispness. 

An estimate of the consutmptive use for sorghunm grown between 
M.ay 1 and October 31 for Snn. was com;iputed using the Blaney
C(riddle formula. Temperature date was for Sana; sunshine 
hours icre for the. Montaine Plaine area with si1hilar 
temperatures (3); aond the crop coefficients were for 
Central Arizona(2). The estim,.ated seasonal consumptive 
use was about 30 inches (780 me) with a p.ak consumptive
use rate of 0.26 inches/day (6.b mu!/da,) occuring in late 
July.
 

Un.ng this esti, lted peak consump.tive-use rate, several 
alternatives to he total possible sorghuin acreages were 
investigated, 'Lrst,, without conatruct:ion of a reservoir. 
the system can bhndle a.iost 3o5 acres (1,4 ha) of sorghum 
with an average 10 percent water-application efficiency
and over 4.0 acres (17 h'.) with a higher 80 percent water
application efficiency, This is for n hours per day pumping
for 5 days per week during the peak water demand period,
Fields A and 13 totn]. )1,,3 acres.. With a reservoir and 
based on average efficincles of 80 percent reservoir and 
80 percent water.-application efflciency,, the system capacity
would be about 6.6 acres with -l4 hr/day pumping, Fields 
Ap B and C total 6.l acres (2.5 ha) and Fields A, B, C0, 
and D total 5,6 acres (2,3 ha). For a reservoir and 
maximum efficiencies of 95 percent reservoir and 80 oercent 



.5.. 

w~ter-ri~e'd .LneUPIciency for 2'0 houra per day pwnp1.ng,,
 
tha C~ wol.W0d rcrm-Lr(,, 12*5 aercon (5.3. Ina). kielcls A. B,


Cp D and Y~ oa.i acres (4.0 a) The last'alternative

3 	 :tnelld i Appendix 3 to atpnameie theo lim~ited water 

supl, ;I~riivctil of a reservoir., and the Liportance of 
good.,mer tat -ri'~~achieve unaxxiii off'ficiencies.o 


AliTh'~ wn t cons Idered in the cai1yses because -of Its
 

Based ov". tilierv uciilatioris, the J."ollowing planting recom.
iumdations are pr'oposcd fo~r Uir Al Golmmn, In 1,97P before a

reservoix cm bo onc,-;ructed,p Field A, 13 and C ohould be

plantedi '.o sorghim. id gtven priorit~y -to u, e of the water

im June throum'ph1 fuyp"ly3st 1 Ialf a could Le planto1 on fieldna

Y). E: a--L F andi~~ad only unhen excess water is available,

Thlis mearis t1;hat the nl.Da1r, wold li.vo to dependl on, raiinfalli

ill'rnc; the ol.10011m"r fmd ixrt).all dcornrt, In 1.979 afto~rb.-cowic 1J 

a 'cro~ ncn rctd d toi) tocrveage can ponsibl:,

h ,, plnJ,(;d Into' zcmrthiun rulsen.rch., T1he loCo. uniUoyiti olls are

"In Fie"(_JL'.E A'. B., C and 1.." wh3ec Flldr 1')and E are qutite

graveliky, PV'' d D)woold uae an cmeellent site for future
 

Olco.ii Appendix 5,a shawsL *lhix layout of the
 
~ ~ 1d~ ''n~with t4ho locttlon oV t.0 propoed


I.rrktjal~on p1pKJ..ii Appvrnd iz !5*0 !5hmo?'1i-.o majorI,~ pine~-:).n 

n~i)1.flij-i. . P'i[vb. 1.1-3xiul (10 cra) PVCJ(Jatcralo an. 6xit2'e't pipt.j
w~ll .tr"ty. W'.w. i-ioeghrim Yirroist The t will bev.I)Xal!'
irr1gated 13" 60-Fox.ot (18m) w.derh ai'175 *ot(53m) lons
bordorn, T1he systiu.i.3l nupply~ wal.--o croc tvLy frm the 
punmp f'or thie flrst year and tro)-i the ,cr'o al'ter its 
(.On.0truct.iot '.Pe-l determinnw.L.on cones Xdred both water 

Sources APpmxlln' 

311'.~ ~ ~ ~ weXepasi ie woul.i.d be pla~vcd on theMirfa:o ov a't, i~J.13t the, P'i'tit .yonx,~ PVC. p~pe will normually
T..UiwJy LiA 	 e3~igCrpialy .I the South

114"ivto~a U11.U;uci 	 "'Dp.onot as hizih inbt!E?~ut re 
Wreni~r cqupmen V1i1alhble in Yemn 3h~n 	 i'C~cwOT'Ifi 

the p1-nc;Ac: pipfq crm) VaenT be bv,-(,7c4 ait :u ll;t 24to 30 inhe 
: 	 to be,(7.5 ema) deoi ). The iu. :L.Ato.( t;hcep).m--c pipluO:ppears 

eckinCJg In the ft~J.d every four ionthis, 

All the fielde shouldt be eventually levelled as close as
possible to zeo~. grade, Dea.d-lovel irrigatons sorneies,xnaerred to ars lovel bordert hafs. nuuxu antags. 

'Poly-vinyl. Chloride pl-as lic p :.p e.. 

http:determinnw.L.on
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jmAjor Chjangc im deu.gn, Jlayoutp or operating 
px m, fliriV wrjter-apbMicat5.on offiel'.ency cam 'he

oi~'~, :.n~A~ luoils e. intake No~on w~lfth l.cw r'ate.. 
::~iga~ton atc~r is loost to x'Uilii:C.. Le,.-.ching opera.tions

car)bu. mcpJlishrxd vIhoui; alterinxg thic., l1 ethoc of' iLrrigation,±
In adiic. dV',w1-.eveJ. 	 ca.~ton operated Inn be 	 by; 

3 

oxpc':Lic worlkcr's It is best su:ltod ltc smooth,. gentle 3~

alol1035 IaS is t~le caf~e for this farm-11 

A gritd wap f.or' land. :leoe;llng was drawn :o'Field F and can
bo i'oum1. in tho Dir AtlJ Gcbui -l'.1o,. It obvious f'romn 
thIs e.I.- ial.Uon m,,ap that Field F cmi be eaoisyllevelled to
m!ro cgende,~' as is visually true fcv, the other f.eJdm.,

Vield F mboulcl be lermeJJ-ed into t-,o npor~j hwj).tely equal

I)!j.oci -'-"%4...IX, .nox'th bi3.ck to -.), 03.SvftioX). of -about 3'.8 *feet
 
(I1,'!N1) bclow the bonch masrk., u.nd the So'uth block to an.

lcJ.-.'Jen of? about '3.0 fc.e; 02ri bolow the bench 
 una.rkr,

Lvb'iw"Ah 1rxi loct-0;cd at the 'Itop o.?l -;Ae conjc~jte plumppJai.c~~n, r~rdc:is cnvailab. 3eand .~dpaehcI cx
 
or(1t31'rJ. fo.: tho USAII)YmD~ rc~ne',-c~h ifoj-ms,
 

*AppomdUx .5nrr.~ver ttho prcpov-,er location.' of' ap x- xitmatoy a2;?)~Q(')g.;-i (833,,,000 1) st'.)aqc reservox'c Appendx5b* 
* . h~rset".'.11s of .ts conolp~ucf:.on,. Tho s:o-i of' the reservoir 

(J..~ir)~A 1"...4Ich '(10 cm) outlot PXir the i'eseruoir
bh' -~OCtt .121 Yyhe (30 c-') bovz, '4)e b-ottoi-i to pr'ovide 

'~ ~'ri J~mt.~ . ~.:' cJrc.t bove the~ rvo tx's tt 'y 

V!o,,t25 p" o525 (nPlm (20.. *3t~o 33 ,.2 ) A -inUch (15-.rivi:~n'.01,3.x ~t1 and ~ oI:'ts~~ .. .Vs A,, B,C.,1) ;il.i F'. .f'.r.ncctt1in..6- ~~ 3'~)~Jnw be required to
~u~i :3.yrxat to byi~::eii~~J B;!. H- amc I 

by.(~.U~:J~o JoitI~~ x'e~:v.1~r: Icwerer.', Field E can be 
~ .i11I~.1.;;:~~tdby 1;ho (1lrcha'-r~"~ u' f'~om the Piup~ 

Tci~,Uc *, i'~ci plam"i e1'.U for 1iig the reservoir~'. PI*w'. 	 M an'( m..andicne.~n olfrt the rock to 
uwf)lHfL ~ ~~~~~osiro~. suiple' .ro-lzi the 

~evo.; c:ic' VI.Dil bc' 	 ~ *o h il ver-sVtty of Ar:'lonaI~ (e.i:Iii~the. 1.1i,:fo .aenicaJ.o 	 sea:lant instead,
~V~c~3~:1,, 1 .ovex' .1aontrol. 	,"7.1. c'~b~v proposed, This

~It~;vw111)es 1;:T'1, tAlIh -v-.T,ol1r r~eseoaxv'2hoxr and 

4... fl.3..L*.me 
o3%Uou.&r 

;. tCa.c~ha~; ~.,dt' a~t,( .J. (Allynm,~ The Sore."hu 

"-J.AI.C'. t iA(:JadL ':d the XC'ex!roix' 115.11 

.33 	
e, 3 ~ .. ~. . . 3 .3 3.b 

3.. 3 3 .33 . 3 ,. 	 WO33 
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At this,point, trickle or bubbles- i.'rigation would be anattractive altcavhative for the productitonp considerng the
limited water supply, Usage of pLstic pipe distributtioasystem for deaA--level irrigat on will rxike the conversion,easier to a trickle or bubbler irrigation systera. 

Mnag-ientRec ojiedations 

Suggestions made are in terms of cultural practices andwater meanagement for the miniization of the water requirements for sorium production. ThrseltrZ to a depth of atleast 20 inches (50 cm) may improve water penetration.

Soils near Sana have enough structure that chiseling
should prove beneficial, Deep plowing of 10 to 12 inches(30 ;-,)., already being practiced on the research stations
should be continued., After plowing, the fields can bewell. levelled and furrowed out in a north-south direction,
Presont practices of b,nd furroving, land. plantingp and
the Irrigating for e.nation have resulted In soil
crusttng and cracking with less than desirable crop standsoOne difficul.ty has been the very small, hand furrows
which has often led to nonunifornm water distribution, Thepresent spacing of 23 inches (70 cm) can be continued;
however., a uniforim furrow of at least 8 inches (20 cra)In depth is reco::mended, Doth cnlsels and furrowers 
to fit present equipment have been discussed with USAID
 
personnel. 

In 1978, irriating before planting should be investigatedA pre.-irrigation of at least 8-inpehes (20 cia. ) is suggested
for leaching of salts and encouragement of early, deep rootdevelopnent. Irrt(,-ation water should not be allmed to goover top of the furrows nnd will rcoulre refilling a nwaberof times to apply the desired amount of water. After
5 lo1O days, depending on the rate and degree of soildrynesso, fertiliation and soil treatmixent against telites 
can be accompl.1.shed by hand or with a planter attachjient.
Dr. Robert Volgt, -orChum breeder, University of Arizona,has plans to purchase a wal.-behInd planter It is his
decision as far as rate of seed planting, but it is
cuggected that the seed row be placed above the water line 
created during pre-lzrrigation. If problens in ei:lergenee
appear to deve].oop s second irrigation can always be givenfor germination:, being, careful to keep the water depth in
the furrow at least 1 inch (2to 3 cma) below the seed row. 

http:difficul.ty
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Four to five .rrlgrationa of about 5 inches (13 cm) will 
be required rf ter el-iergeucer Those irrigations should 
ie given on a. graduated or varied frequency based on the 
plant Umwthj rtqige and soil moisture depletion. Until a 
More procloe critoria for cor(thu irrigrations for Yemen 
is developed, a depletion of 60 to 65 percent of the 
available coil noisture in the ton 2 to 3 feet (60to 90 cm) 
could serve as a basis for Irrigation timing. Soil 
sampling and Soil inAoisture .eaourejient equiprment are being 
ordered for the research fan.1dj, The present practice of 
light, frequent irrigations every week or two will not
 
conserve water or improve yielda,
 

The numiber of furrows to be irrigated at one time will vary
with the soll condition and irrigation quantity, For the 
sorh um plots tJiat .xo 44 feet (1.3 m) long, an irrigation 
set with 24 Durrows wou.d require 1 hour and 15 minutes to 
apply 5 :inchon-s (13 cin) of water, Twenty-four furrows can 
be easily irrigated ucing two lengths of the 4-inch 
(10 c;a) portable outlet pipes, constructed per details in 
Appendix 5b, For the limited Irrigations for the alfalfa 
on Field F, a sinyg1.e border will require 5 hours and 
25 minutes to apply 5 inches (13 cai) of water, 

With the lengths of imn and irrigation stream sizes for 
these two exwnplec., water'-applicatIon efficiencies of 
UIted)95 1-3-, ont; are possible, as determined froy.-i the
United States Soil Conservation Service design charts (6), 



lIR AL SAIF DESIGN 
Water Y ,uirecirrs ,,The assumrntion was tade that theaT-e,.r research
wou.Iz-be comprised of two-thirds horticultureone-thirL vegetable crops. and 
siceratioi, an 

Taiing many factors into conestlmrite for the average peak consunptive-.,aserate of ytng trees and mature vegetables was conputed atabout 0.12 inches per day (3mn/day)
Thereafter, the 

for the first two years,mature trees and vegetables would have anaverage pev..- consumptive-use rate of about 0.2 inches perday (5-1iilmvlay).
 

A concrete re;ervo.r has already been built at Bir-Al Shall,
The present ip. arnd 
 reservoira.bout 6,5 acre. (2.6 
has the capacity to handleha) for the first two years and about38acresefflciencles(1-5 h~a) in tino following yea.rs, based on averageof ,0 percent reservoir and 70 percent waterapplication eff.ciency for iLl nours per d.iy puping. ForMcLxIuM efficieiloies of 5 percent reservoir andwater.applicatio. 80 percentefficiency., the systeo1 could utilize about11,3 acres (4. 5 hL)

about 6,6 acres 
for the first two years and henceforth(.7 ha). Ratinfall duringdewmand period was this peak waterlot considered in tnese calculations.conclusion was dra','%i that the total acreage The 

(11.I can. be of about 10 acresha) irr. rated for the firstthat some precipitation occurs 
two years. provided 

is maintained, and the pump discharge capacityThor after, the irrigated acreage willprobably have to be tecreased. 

. stem_irr. ion Apendix 6 shows the layout-dfa,.Ls'or and somethe 3ir A. Simil_ syste,,). The design calls fordead-level irrigation method and a plastic pipe distribution
network,, This system vas chosenunder the Bir Al 
for the saue reasons statedGojum lesign. A 6-inchwas' selected (15 cra) PVC mainlinefor FPeld,, I, II, III aund IV; and a 4-in ch(1.0 cm) PVC mainline wat determinedfields will be irrJgatced from 

for Field V. The fourthe south sideand Field V of the reservoir,will be irrig.ted from the north. It againagreed that the plastic pAoe would be laid on the 
was 

fit leay ,t for surfacethe first yea;', The plastic pipe can alwaysbe burled later if necessary° 

The existing reservoir has r;!.storage capability of almost65A000 aalt' (2116.,000 I)p whitii is adequate for 24. hour
PUmping plus a.13 percent fr&'eboard, The discharge rate
from the reservoir to the four south fields can range fromabout 1.30 to J,20 gpm (8.2 to 4'.6,5 ]/see) with 4-inch(10 cm) outlet controlling
north field, 

al all flows. For the singlethe discharge rate will range from about 130to 160 Ipm (8.2 to 10,1. /see) with the 4-inch (10 cm)outlet controlling at low flows and the ,-.inch (10 c) 
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mainline restrictin."; at high flows, This reservoir. is now 
being used by the local co-munity for bathing and washing, 
which could cause iinor operational problems if debris Is 
allowed to collect in the reservoir.
 

Pl. tic lateral lines for the distribution of water to
 
inOividual Plots have not been included in the initial design 
for'several reasons. First, the cropping pattern to be
 
used by Tuskeee Institute has not been definitely decided. 
Second, all lengths of run are short so that earth-lined 
ditches will provide for excellent water-application 
efficiencies. Third. trickle or bubbler irrigation can be 
added later on tree or vine corps. Lastly, the Yemen Govern
inent may have other priority uses for a ;ortlon of the farm. 

Manaement Recogaiendations - From a visual observation of the 
lmsland topogRph an-d reservoir ocation, the following 

planting suggestions are included: Field I - vegetable croprs;
 
Field II .-vine crops; Field III .-nursery and propagation
 
area- and ields IV and V - fruit and nut crops. Small
 
trees must be removed on Fields iII and IV, and the large
 
trees on Field V Pay caose some clearing and levelling 
problems. Chiseling before platnting could be advantageours 
on the deep-rooze rruit, nut and vine crops; but it probably 
would not be on the shallow-rooted vegetable Cropi p since 
no real hardpan exists in the soil profile.
 

Fruit and nut trees can be irrigated from a 3 to 4-feet wide 
(I to 1.1 m) basin for the first two years, followed by 
widening the basin to the dripline of the trees in 
successive years. Vine crops can be irrigated from single
 
furrows on both sides of the crop. Planting beds will 
have to be developed for specific vegetable types. For
 
early, spring vegetables, east-west beds are recommended
 
with planting on the south exposure to gain heat units for
 
crop emergence.
 

In my opinion, Pr,,.GIA irrigation practices of shallowq 
light-frequent irrigation should be discouraged$ where the 
deal-level irrigation method is used. No irrigation of less 
than 4 inches (10 cm).'isadvisable, and at least once every 
year a large irrigation of about 8 inches (20 cm) is re
cuired for the leaching of salts. Plant response to irriga
tion water nhould be closely. observed, especially with 
horticulture and vegetable crops, to prevent overirrigation,
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BACKGROUND AL JARU3AI FAM 

Soils - Al Jarubah State Farm is located within an alluvial 
ranthat is regularly spate-irrigated land close to the Wadi
Rinao The Wadi Rirna is one of the larger perennial strewis 
which flows throuCh the Tihama region. A complete descrips,
tion of the area is found in the i.ontaine Plaine and Wadi 
Rima Report: Voltie 2 (3). The region essentially is 
comprised immature alluvial'soils (inceptisols and entisols).

Generations of spate irrigation on the alluvial fan has led
 
to the accumulation of highly silty surface deposits. The
 
soils of the fan are typically well-drained and medium-fine
 
texture. They have a weak surface structure and a high'' 
water holding capacity. Infiltration rates are moderate to,
moderately low. 

Because of the relative unifoaiiit.%/ of the condition in the 
Wadi Riria area, b.road reneralizations regarding soil 
properties were made in this report0 All soils sampled
contained free calciini carbonate, as was reflected in high
ph values of 7,5 to 8.5. Tne soil organic content was very
low and was possibly associated with the calcareous state of 
the soil since total phosphorous is mtoderate to high,
Salinity is low in regularly spate-irkigated and rainfall
 
areas to the east. Dr, Hari Dewan, Soll Scientists FAO, Taiz,
agreed that the soils in this area have little or no sodium 
or sal.nit problemsa. However, a soil sample was taken from 
the future research site at Al Jarubah and will be returned 
to the University of Arizona for further analysis, 

Climate - It was unfortunate that 1975--the only year for 
Tiffl~b ublished records were available at Al Jarubah-
appeared to be nontypical (3), This weather station adjoins
the future research site, The total rainfall recorded of 
21.,8 inches 1m) 1,75 probably the(631 in was about double 
long term oein as Judged from:i ecological evidence which 
slukgests a .;jean of .around13 to it inches (350 Y-a. Tile 
te:;Ioerature data showed uniforily high tomperatures through
out the year., Lkeen temperatures ranged from 79 F~to 910F 
k 26 0 to 330), Dust storms reduced the poczsible sunshine 
hours., expecially between December and arch and periodically
between April and June, The relative hiumidity is high for 
an arid environwent, reflecting tlie proximity to the Red Sea. 



(Groundwatoi ,- F'1.p.orator drillin i the Wadi RLia area 
;e i"[ 10Peeptu,f Lers of excepil.onal potential (3)' The 

ma Jor source of rechrge Is fror thc Vladi RI.:,-a spate Irriga
tl.on end br..i,"flow; con&;erjuentl.y. tie water table is in the 
£or .:I of "t cau1-dued ,,ound centered wtiin the alluvial fan.-
U;AIM is [Ap.nninig to develop one of tlhese test borelholes,
WVR-EU., whlch is locat;ed ne-ar the future research site. 
RcSults from; tnl.c test well at Al Jnrubah1 (4l) gave t:ae 
following in.foL:nation: wtell depthi 744| feet (226 iii); 
screen lenC;ti, 39A1 feet (120 mi); otatic water level depth,
195 feet *50,6 PI); 21:.-hour suecific capncity, 7 gom per
foot (l'15 I/s/110; and tes-t yield, 12R. -pzu (7.7 i/sec).' 

A copi of the water unalys.is for 1Wt..3 wa. obtained frou 
Dr. Karl De.an, as shown in Appcnd.Ib 9 ThIs is a iiioderately
fige'h-sal 1,nity and low-sodiun water, Cloride coneentration 
in thitn wcter should not be a problei.,. Doron concentrations 
ore not ino.n, Dr, Duvan Indicated t;iat the laboratory in 
Taiz will soon be able to deternine boron, 

Cros - Crop- in the Wadi Pirma aroa are limited to ihose 
7L'irid to the tropics, except for a .%ort period in the winterwiien a rarn)e of , iort-doy, teiperature cx'ops can be grown,enee 
The, traitionalcub.., tenc erop are co'r&-l;mihilletsmaizc,
~fcc..G and cowpea3 0 At the Al. JnXUbL!h ROUC-lchi'~ FII, 
r;or-'Ghu.:i zeen.rch lr,3 to begin In .. _rly Dece;iber 15t7o 
flortictU.turn rosearch on Such cronc: as bonarn.. citrus, 
,..ngpo, and ;t.'spay will probably be initiated within the 

tu areTi~ ~~~.1 l: ,rdtoa rs cso ucailletU, mi 

http:Appcnd.Ib
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AL JARUDAII DESIGN 

The'irrigation system designed for Al Jarubah is a preliminary 
one since only a test well has been drilled and only recently 
.,a site selected for sorghum research. Appendix 8 describes 
the site location and preliminary plon. Advantages of this 
location were that it was close to the new well, had less
 
of a striga weed problem, and required less land levelling

than other locations, A possible disadvantage of the sorghum
site Is that in a wet year it may not drain as well as other
 
possible sites,
 

Water Rec'uirernnts The seasonal consumptive usa for sorghum

planted J-Vie U -. iaduring the winter months was 
estimated at about 20 inches (510 mm). Research results 
fromn the Wadi Z.bld farin (5), operated by Tihania Development
and located approximately 20 miles (32 In) from the Al Jarubah
 
farm, indicated that the consumptive-use requirement for 
winter sorghum was more than 20 inches (500 mn) for the
 
imported variety Kadamel-Haniaam. This report did not Give 
the peak coninumptive-use rate1 but the calculated value was 
about 0.35 inches per day (8.9 mr/day).
 

Therefore, providod that the new well has a mintLiun discharge

rate of 100 gUpm(6.3 1/sec), tne pimip is operated at 20 hours 
per day, and the irrigation system is iianijged at 80 percent

water-application efficiency, the proposed research site of
 
lOl acres (4 ha) can be sufficiently irrigated. This does
 
not include the estimation that spate irrigation cuuld
 
supply as much as.25 percent of the stored moisture needed 
during the period of peak water deimand. When it has been
 
determined that the new putmp will produce iaore than the assiuzzed
 
quantity of water, a larger acreage can probably be irrigated,.
 

Irri ation Qsteia - A pumping plant similar to the one now
 
n era F.71ir Al Gohum is proposed, except for a
.n 

direct-gear drive instead of a belt-driven pump. With a
 
maxixun pumping depth of 325 feet (100 w) and based on the 
results of the test well, the pmping should deliver between 
125 to 150 gpin (7.9 to 9.5 I/see). 

After the well is operational, a temporary plastic pipe
.delivery system cante installed. This systom-consists of a
6-inch (15 cm) PVC mainline that will deliver the.water to 
the highest point of three fields. The other fields will be
 
irrigated from earth channels, or ditches. If time permits
before planting of fall sorghum, the land should be levelled
 



with zero slope for each field, Appendix 9 gives the list
 
of plastic materialo required for A.. Jarubah as well as 
the Sana research farms. Again, this design is only a
 
preliminary plan for the next few months of operation. 

M.anaoraent IRec orrunndaticns - The sugG4*e tions that were 
ma-e Y TILur-I p -ftces and irrigation water ninagetoert 
for sorghmn production at Bir Al tnhvlm should also be 
considered Vor A]. Jarubah. The major difference being that 
chiseling may not be beneficial due to the unifor,;.ity and 
h1omogeneity of tie soil, In addition, Dro Robert VoIts 
Sorghi Breeder, m.y wish to consider planting eacil 
J.ndividual field to separate variety to determine the 
unifoim ity of Iiis research plots. This first year's data 
from field trii.is in a.new area is often collected in 
preparit ion fol.' future research. 



COCLUSIOWS
 

A practical irrigation system, using the dead-levelirrigation method and a plastic pipe delivery system, was
designed for all three USAID research stations in the Yemen

Arab Republic, 
This system will provide for high waterapplication efficiencies and is vey adaptable to changein research design, layout, or operation, In the future,
the system can be easily modified to the trickle or bubbler
irrigation method, if desirable. The key to the success
ful operation of any irrigation system is the proper

installation, manage-ment, 
 and maintenance.
 

Before the installation of the plastic pipe beginS, thefollowing items should be completed: (1) the land at Bir
Al Shaif should be cleared of debris and amall trees;
(2) the land levelled at all three research stations, a.close as possible to zero grade, with priority golng tofields where research has comiiienced; (3) a punp and engineinstalled at Al Jaxubah to deterine the exact well yield;(4) a boron analysis taken at all three locations, as asafety measure, before horticulture crops are planted; and
(5) all plastic pipe and fittings purchased for the tirst
 
stage of construction.
 

Considering the linited water supply, the following culturaland water managtement practices should be considered: (1)chiseliin tried at Bir Al Gohum and Bir Al Shalf for theimprovement of water penetration and crop root development;
(2) pre-irrigation for sorghtua germination initiated atBir Al Gohumr: rind (3) the practice of shallow, lignt rrequentirrigations shouJd be discontinued at a±.L tnee Locations. 
Proper maintenance and repair of the irrigation system
must be utilized. 
At least every four wonths, engines,
pumps, valves and plastic pipelines should be inspected for
 wear. During the first two years5 
the irrigation design
should be reviewed annually to det'ermine if the water
requirements for the research crops are being met and if
changes in the irrigation de'sign or management are needed. 

An attachment wilU be submitted to this initial report, assoon as possible, describing the final design for Bir AlGohum reservoir and a proposal for future irrigation water 
management research in Yemen. 

DeBucks/pe 
Sana, Yemen
 
November 1977 
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APPED1DIX I 

SO01.. Analysla - Bir Al Shier 
Date of Analysis - 9/30/77
* Tuskegee Institute
 

AVerage fIve samples: 
ph " 8,3 
Ca - 9990,.ls/A 125 meq/1 P - 80 lbs,/A
MG - 2000 lbs/A -12 i-,eq/1 J - 372 lbs/A
Wa - 622 1ba/A = 6.7 meo/1 I-In - 2000 lbs/A
K - 372 lbs/A _.2,4 ne6/ Zn - 4.2 lbs/A

Cu - I)o6 lbs/A
Su l 176.1 meq/1 Fe - 61 lbs/A 

Estimated Electrical Conductivity (EC x 103) 17.0 mlilhoi
 
per Win
 

Sodium Absorption Ratio (SAR) -73
 

Estimated Exchangeable Sodium Percentage (ESP)1:
 

40(-02oi*6 .,.o.01i75 SAm.)
 

or 

Ectirnated Exchangeable Sodim Percentage
 
Na _
 

X 100 4. 

Saline - NonSodic Sol (8) 

EC x 1033 > 1.millimhos per cm,
 
ESP ,1,5%
 
P11 4. 8.5
 



APPENDIX 2
 

Irrigation Water Analynes .- USAID Office Well
 
Date of Sampling.2/18/75

Soil Researdh Section/Taiz
 

EC 49/Microdhos/c:zi

Ca 3o14 meq/1 
'14g 0.75 meg/i

.Na 1000 meq/1
 
K 0.05 meq/1


HC03 3,341 meq/1
 

Co3 Nil
 

Cl 0,73 meq/1
 

"SO4 O654 imeg/
 
No .:o rV2-i~eon.
 

3' 
Sodiuni Absorption R~atio 7
 

Water C.as l.fication:
.. C2-S1
 

Medium':salinity, mid
 
Low Sodium hazard,
 

Reidual'a co (Co : 10 ),(C O) m 
i 2 " , . '(Ci0 -mg):.O m 1 



1 

Fmcinple of Water Requireient 

Calculations
 

i'k:d.immii acreage tat .can 	be irrigated, adding a reservoirand 	operatinG at maxixAm reservoir and water-application
efficiencies and pumiping tne,
 

Maxim= flow rate at well 100
- pm, 
2. Max:ium rate of well operation: 

2 hr/day x 6 days/week 1 lirs0I114 
Average - .20 Hrs/day 

3o Anount pwiped to reservoir: 

100 apao x 1200 min/day - 120$000 gal/day 
4. 	 Irrigation water available to farms 95 percent reservoir 

efficiency: 

120,000 gal/day x 0.95 = iiL00o gal/day
 
5* 	 Irrigation water avaia.ole for peak consumptive use, 

80 percent water-applicaton efficiency " 
114,O00 gal/day x 0,8 -- 7,48 gal/ft 3 12,200 ft 3 /day 

6o Maxiawum acreage based on estimated peak consutnptive!use 
rn.te of 0,26 inch/day: 

12,200 ft3/day .
 0.022 ft/day w. 43,560ft 2/acre 

12,,'( acres. 



APPENDIEX It 

Example of Pipe-Size

Detenninations for
 

Bir Al Gohu
 

I 	M. xirnua distance from proposed reservoir to end of 
Field A: 

2,000 feet of pipeline,,
 

2. Maximum allowable.pressure head loss for100 feet of 
pipe:', 

.33 fe/lOO feetof pipeline 

3. 	 .4inImumn required flow rate for the pipeline with 
reservoir: 

200 	gpm 

t. 	Required Pipe Size: 

6-inch nominal di.beter 
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APPEDIX 7 

! Irrigation Water Analysis Al Jarubah 
Well No, WR-E 8 

Date of Sampling - 2/25/76
Soil Research Section/ Taiz 

ph
E.C 
Ca 
rg
Na 

"'C03 
C03 

7,4
800 ilcrordios/cm 

4.20 nieq/l
0.80 ineq/l

,.J.O .G:ec /l 
0.12 L.e/l 

5.76 :leql/l 
Nil 

Cl 

So4 

No3 

2,00 mea./l 

0, -"meq/l 

0,.21 meq/ 

Sodium Ab.sorption 'atif = Na 1.9 

WIater C-.assfication: C3-.SI 

Moderately high salinlt% and low soditu hazard, 

Residual Na 2 COj9 (C03 + H0 3 ) (Cal + Jrg) g76mea/l 



QUkRTES 
BUILDI NCI 

OL~ EJ ENEPjATok."
OLD ~~q 

\. 0 EW WELL'* 

L4WEA\THER, 

PLkNTIN4 I 
Di IPECTION 

ESTIM&TD rIZGI. 

Dt:TAJL '~' 

L rz3Vi ",.L 

I-A74C>0P---- 6 



!' mQ~ z-nn t~ 

1a. 6-x.. PV,' pS:i !'Om : 6 , 2 :It,.::/,rm.,:. 65oc6- "U11"I.4-hl'lo .,:-ai ..n-t ," 

'~ti . I!.. ti ... ' ~ 6 ... IAe'""!... JYT"'" X)0 " 

2, 4-Inh, 6i. , ox0 

S -:wi h rurc pl-p.. n,n OD! . 

5o ~ ?V,., ...p , - ...... ,,I.. 

65. e.P. t p. 21 0,1D,.2 (k-y c ,2 0 ft 

6;, (S, rAch , J. e 1,1,i 120 

12 C , CI .... - . &,. 
22 ?."""M*. [/'. :,,'-" ...' '." .S... : 


. 
120 

24 o, " ' ' '..... (..1 .A 24."gals9
 
,,"' .. , . . r .. .. 

26 ;zC3Z;ene2.r~e as
iies 

4:;Io -., .LVEr- emen,;..., liters- . .D,' u (1 ... ..... gals,
"4' 2splsi4-inc.a.e.... at 1201 .,,inhpl s i" " ....... avslps r U
ad 


26, PVC Cleaner"or Prim.er ('30 liters) 8 gals.
 

UNITED STATES 

lo 6-inch plastic gato ,.:v slip X-slip ,).
2. '-inch plastic gatoe valve,, slip x slip !12 

4o I-inch plastic gate valve. thread x thread 1"A
 



Preliminary Entomological Report for Yemen
 

D . Tuttle 
University of -Arizona
 

Yuma Branch Experiment Station
 

Information and comments which follow are based on observations, collecting,

and limited literature during the period of October 12 through November 9, 1977.

Most of this time was spent at Sana and the remainder consisted of a 7-day tour
(September 23-30) from Sana to Hodeidah, Wadi Rima, Wadi Zabid, Al Jarubah, Taiz,

Turbah, Ibb, Yarim, and back to Sana. 
Identification of several species is
pending due to 
lack of steroscope, microscope, and literature. 
 Some material
 
will be referred to specialists in United States for determinations. In addition
 
to sorghum and millet 
a list of insects collected or observed on other crop
plants are included. As time and opportunity permitted plant mites were collected
 
on cultivated and indigenous plants. 
These mites (especially families Tetranychidae - spider mites and Tenuipalpidae  false spider mites) will be processed

and determined later by D. M. Tuttle. 
Since very few records of mites from Yemen

exist (if any) this portion will be published in United States.
 

Sorghum and Millet Insects
 

Seven pests found in Yemen during this short-term study are discussed briefly.
 

Corn leaf aphid (Rhopalosiphum maidis) 
- This was the only aphid species found on sorghum and millet. 
The corn leaf aphid is small and dark green with black

cornicles. 
It inhabits the area at the base of leaves parti.cularly under the
leaf sheath, in the whorls, and occasionally the seed heads. 
 Heavy infestations
 
can reduce yields up to 20 percent. Large quanities of honeydew are produced

during feeding by these sucking insects. All infestations 
seen were occasional

and light. However, heavy infestations have been reported in June and July on

small plants at Wadi Zabid 
(Awad, 1976). Some parasitized aphids were collected
 
at Sana. Predators observed on 
infested plants were coccinellids, lacewings,

Orius, and syrphid flies.
 

Stalk borer (Sesamia cretica Led.) 
- Light infestations of this species 
was seen
during October and November. 
Growers and research personnel report extensive

damage to young plants. 
 -
Some plants were killed and others recovered with regrow
 -.

by stooling. Eggs are laid between the leaf sheath ans stem of the plant.
Emerging larvae enter the stalk and tunnel as 
they feed. Grain heads are
distorted, stunted, and sometimes sterile. 
Mature larvae measure about 25 mm
and most have a pink cast. The adult moth have tan 
forewings and white hindwings 

the wing span is about 30 mm. 

Termites (Microcerotermes diversus) 
- This subterranean species attacks sorghum

and millet at various growth stages by tunneling in the roots. Small plants may
die or blow over and mud tunnels 
are seen on the stalks of older plants.
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Flea beetles (Chaetocnema sp. ?) - A small black species measuring 2.5 mm was
 
observed in October. It appears similar to a common species which attacks a
 
wide spectrum of plants. The "shot-hole" injury pattern is characteristic for
 
the group. Small plants are often seriously damaged by this pest.
 

Sorghum shoot fly (Atherigona varia soccata R.) - Some damage by this muscoid
 
fly larvae was seen at Wadi Zabid. It is reported as the most-important
 
sorghum pest of the seedling stage in Africa and Asia (Jotwani, 1972). There
 
are several species of Atherigona and other dipterous larvae which may occur
 
in sorghum as primary and secondary pests, as well as scavenger species. The
 
shoot fly is small with a gray thorax and yellowish abdomen having 6 black
 
dorsal spots. The length is about 5 mm. The larvae are white and turn yellowish
 
in the final instar. Eggs are deposited on the underside of leaves and the
 
newly hatched larvae move to the growing point of the plant. Plants are most
 
susceptible 4-6 weeks after germination. Side dressing with a systemic insecti
cide is recommended.
 

African or common armyworm (Spodoptera exempta) - This worm is greenish and
 
black and about 25 mm long. They damage young plants especially by feeding on
 
the leaves of sorghum during June and July and may extend into September.
 

Desert grasshopper (Schistocerca gregaria) - This is one of several species
 
which is occasionally a localized pest.
 

Predators and Parasites - From limited observations and time spent in sorghum
 
and millet fields beneficial insects and mites appe r to be abundant. These
 
included the following: coccinellids, lacewings, rrphid flies, Orius, damsel
 
bugs (Nabis), Phytoseiids, Erythraeids, Tydeids, and Cheyletids.
 

In addition to the pests discussed on sorghum and millet in Yemen there
 
are other species reported from Africa, Asia, and southern Europe which may
 
occur or are potential pests. This list includes:
 

Agrotis sp. (cutworm)
 
Anomomala sp. (white grub)
 
Aphis sacchari Z.
 
Calocoris angustatus L. (sorghum and earworm bug)
 
Celama sorghiella R. (Sorghum webworm)
 
Chilo partellus (sorghum borer)
 
Contarina sorghicola Coq. (sorghum midge)
 
Heliothis spp. (earworms)
 
Holotrichia sp. (white grub)
 
Oligonychus spp. (spider mites)
 
Peridroma sp. (cutworm)
 
Perigrinus maidis A. (sorghum shoot bug)
 
Pheldole spp. (thief ants)
 
Psuedaletia spp. (armyworms)
 
Schizaphis graminum (green bug)
 
Schizonycha sp. (white grub)
 
Spodoptera spp. (armyworms)
 
grasshopper spp.
 
plant bug spp.
 
thrips spp.
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Another group of pests are those attacking grain and seed sorghum and

millet in storage. Collections of these were made from farms and seed storage

facilities.
 

Sitotroga cerealla 0. (Angoumois grain moth)
 
other spp. grain moths (to be determined)
 
Sitophilus oryza (L.) (rice weevil)
 
Tribolium confusum (Duv.) (confused flour beetle)
 
other spp. beetles (to be determined)
 
mite spp. (to be determined)
 

Recommendations for Insect Pest Control of Sorghum and Millet
 

In keeping with the current trend of pest management on intergrated pest
management (IPM) is advised. Since chemicals have been used to a very limited
 
extent in Yemen the predator and parasite complex appears to be very effective.

The best method of maintaining this natural control factor is refraining from
 
use of pesticide. Unless a pest caused noticeable damage it seems best to

tolerate slight damage and not risking disruption of beneficial species.
 

Sometimes it is possible to treat seedings and small plants with pesti
cides and not greatly sacrifice the beneficial complex. In this regard seed

and soil treatments may be considered into a control program to establish a

satisfactory stand and initial growth. 
Most crop plants are capable of out
growing light to moderate pest infestations under normal conditions.
 

Although sufficient knowledge of chemicals and their effectiveness is
available from other countries it will be worthwhile for those groups in Yemen

projects to continue testing chemical materials at least on a small plot basis.
All established agricultural projects in Yemen 
appear to be involved in plant

protection to some extent at present.
 

There are sources to obtain pesticides from dealers in Yemen at Sana, Taiz,

and Hodeidah. 
One source of supply for some projects appears to be from the
German Agricultural Project in Sana. The materials available are those in 
current use in several countries having a well-developed program and supply
resources of pesticides. 
Eventually a program for registration and use of

pesticides should be implimented by the Yemen Ministry of Agriculture with the

assistance or cooperation of qualified consultants of the various agricultural
 
project agencies.
 

Of interest, is the practice of stripping leaves of sorghum plants in some
 
areas of Yemen for animal forage. This inadvertently aids in the control of
aphids, whiteflies, spider mites, etc. but reduces grain yield.
 

Another method of control worthy of consideration by projects is that of
selection and development of crop varieties that are pest-tolerant or pest
resistant (this procedure is already in progress in a few cases, i.e. diseases
 
of sorghum and millet).
 



At least two entomologists are working in Yemen at present. Firstly,
 
Dr. B. M. Lazarevic (Yugoslavia) UNDP/FAO at Hodeidah on a special problem
 
concerning the distortion of banana fruit. Previously, he was engaged in a
 
project assignment in Somalia working on applied control of insects
 
Pifecting the major crops. Secondly, Dr. Toson M. Awad (Egypt) IBRD, Tihama
 
Development Authority at Wadi Zabid on applied control of the principal crop
 
pests. His doctoral training was under Dr. Brazeel at Texas A. & M., U.S.A.
 
involving cotton insects.
 

CHEMICAL CONTROL FOR INSECT PESTS OF SORGHUM AND MILLET
 

This section is provided especially for AID and other agency personnel

who are familiar with chemicals and their use. The compounds, dosages, and
 
remarks are those which have been approved by EPA in United States. All of
 
the materials suggested are effective and should be readily available. Also
 
read and follow the directions on the label.
 

Seed Treatment
 

In some areas this treatment may be advisable if certain soil pests occur
 
which effect stands (i.e. rootworms).
 

Chemical Dosage Limitations
 
lbs ai/A
 

Chlordane 2.0 oz/bu Seed treatment. Do not use as food or
 
Diazinon 2.0 oz/bu feed.
 
Lindane 2.0 oz/bu
 
Malathion 2.0 lz/bu
 
Toxaphene 2.0 oz/bu
 

Soil Treatment
 

If there are known pests as cutworms darkling beetles, rootworms, and
 
others that attack plants as they emerge or in the seedling stage the following
 
materials are suggested for control.
 

Chemical Dosage Limitations
 
lbs ai/A
 

Diazinon 2.0 (granular) Apply in a 10-inch band over row at planting
 
Di-Syston 1.0 time or when crop begins to emerge.
 
Toxaphene 25.0
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Foliage Application
 

These treatments are recommended for the seedling as well as growing and
 
maturing stages.
 

Pest Matria 
MaterialIbs ai/A Dosage Limitations; 

. . . 
Aphids (corn leaf, 
greenbug, etc.) 

Diazinon .5 Do not apply within 7 days 

dimethoate (Cygon) .25-.5 
of harvest for grain. 
Do not feed to livestock 

Di-Syston .25-.5 
within 28 days of harvest. 
Do not apply in less than 

mevinphos (Phosdrin) .5 
5 gallons of water. 
Do not feed to livestock 

parathion .25-.5 
within 3 days of harvest. 
Do not use for forage 

phorate (Thimet) .5-1.0 
within 12 days of harvest. 
Do not use more than twice 

Flea beetles 
per season. 

carbaryl (Sevin) 2.0 21 days for grain. No time 

Diazinon .5 
limitations for forage.
7 days for grain. No time 

malathion 1.0 
limitations for forage.
12 days of harvest or 

parathion .5 
cutting for forage.
Leaf injury may occur to 

Borers and other 
some varieties. 

worms 
carbaryl (Sevin) 2.0 21 days for grain. No time 

mevinphos (Phosdrin) .5 
limitation for forage.
3 days for forage and 

parathion .5-.75 
grain. 
12 days for forage. Leaf 
injury may occur to some 
varieties. 

Storare of Sorghum and Millet
 

Seed or grain of sorghum and millet should be stored in a dry place having

a tight enclosure. The area or containers should be clean and treated chemically

if the grain is 
to be-kept for a long period (3 or more months). These same

compounds may also be sprayed on 
sacks and bags of grain and on the top layer of
 
bulk storage (thoroughly mix top layer of grain with remainder when removed from
 
storage).
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Chemical Dosage
 
'Acetellic' • .4 lb/1000 sq ft
 
allethrin .2 lb/1000 sq ft
 
malathion 5 oz/1000 sq ft
 
methoxychlor (Marlate) .35 ib/lO00 sq ft
 

Grain and seed may also be treated by admixing the chemical at the time of
 
storage. For small containers Shell "No Pest Strips" (Vapona) are effective.
 

Chemical Dosage
 
'Actellic' 4 ppm

diatomaceious earth 5.6lbs/actual silicon dioxide/ton of grain.
 
malathion 10.0 oz/1000 bu.
 
piperonyl butoxide 6.0 lbs/1000 bu (dust); 2.0 lbs/100 bu (spray).
 
pyrethrins .6 lb/1000 bu (dust); 90 gms/l00 bu (spray).
 

If seed and grain becomes infested with insect pests while in storage fumi
gation is advisable or necessary. Materials approved for usage include:
 
aluminum phosphide, calcium cyanide, carbon disulphide, Chloropicrin, Dowfume N
 
(methyl bromide), methylene chloride, Pentane, and sulfur dioxide.
 

No chemical treatment is recommended at this time for grain stored by

farmers for food consumption because of contamination hazards. Normally grain
 
is used in a relatively short time.
 

Miscellaneous Crop Pests of Yemen
 

A few collections and limited observations were made from other crops during

this short-term period. Awad (1976) and others (Bartelink 1974) have documented
 
some of Lhe pests. The final determination on some of the species collected is
 
pending.
 

Beans (wax and field)
 
Empoasca sp. (leafhopper)
 
flea beetles sp.
 
mites sp.
 
thrips sp.
 

Cabbage
 
Brevicoryne brassicae (cabbage aphid)
 
Pieras rapae (cabbage butterfly):
 
Plutella maculipennis (diamondback moth)
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Chard
 
EmpoascaSp. 
 (leafhopper)
 
flea beetles sp.
 

Coffee
 
Virachola bimaculata 
 (coffee berry butterfly)
 

Citrus
 
Al&uracanthus woglumi 
 (citrus black fly)

Aonidella aurantii 
 (red scale)

Chrysophalus aonidum 
 (black scale)


* Microcerotermes diversus 
 (subterranean termite)

Phyllocnistis citrella 
 (citrus leaf miner)

Spanioza erythrae 
 (citrus psylla)
 

Cotton
 
Anomis flava 
 (semi-looper)
Aphi gossyPii (cotton or melon aphid)Diapropsis watersi (Sudan bollworm)

Dysdercus fasciatus 
 (cotton stainer)

Earias insalana 
 (spiny bollworm)

Empoasa lybica 
 (cotton leafhopper)

Heliothis armigera 
 (American bollworm)

Microcerotermes diversus 
 (subterranean termite)

Oxycarenus hyalipennis (cottonseed bug)

Pectinophora gossypella (Saunders), (pink bollworm)

Spodoptera littoralis 
 (cotton leafworm)

Xanthodes graelisi 
 (flea beetle)
 

Curcurbits (muskmelons, watermelon, and cucumber)

Aphis gossypii 
 (melon or cotton aphid)

Asbecesta traversa 
 (spotted melon beetle)

Dacus ciliatus or longistylus Wied. (melon fruitfly)

Epilachna chrysomelina (12-spotted lady beetle)
 

Dates
 
Arenipses sabella 
 (date moth)
 

Maize
 
Chaetocnema sp. 
 (flea beetle)

Heliothis armigera 
 (corniearworm)

Rhopalosiphum maidis 
 (corn( leaf aphid)

Sesamia cretica Led. 
 (stalk borer)

Spodoptera exempta 
 (common armyworm)


-I -------r ,, 
Potat6 
 -


Chaetocnema sp. 
 (flea beetle)

Gryllotalpa spp. 
 (moie cricket)

Leptinotarsus decemineata 
 (potato beetle)
 
wire worms sp.,
 



Sesame 
Antigastra catalounalis- (sesame seed pod borer) 

Spinach 
aphids sp. 
flea beetles sp. 

Tobacco 
Myzus persicaj (green peach aphid) 

Tomato 
blister beetles sp. 
flea beetles sp. 
Heliothis armigera (tomato fruitworm) 
Microcerotermes diversus (subterranean termite) 
Plusia sp. 

&-iscellaneous Insects Collected
 

A few other species of insects were collected or observed which were not
 
associated with any particular host plant at the time. Names of these were
 
obtained from collected material at Taiz (Ministry of Agriculture).
 

Adesmia interrupta - Tenebrionid beetle
 
t.J 	 Chlorochroa sa_9 - Say stink bug 

Coccinella undecimpunctata - lady beetle 
Gryllas bimaculatus DeGreer - black cricket 
Heliocopris gigas - large scarab beetle 
Pachnoda histrio F. - Scarab beetle 
Pockilocerus vittatus - lubber grasshopper 
Pontia glauconome - pierid butterfly
 
Spilostethus pandurus militaris - lygaeid bug
 
Vanessa carduii - malva butterfly
 
Xylocopus aestuans - carpenter bee
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Report of Administrative Visit to National Sorghum &,Millet Crop Improvement Project
in the Yemen Arab Republic 

The University of Arizona holds Contract AID/NE-C-1304 (Yemen) to provide services,
 

to the Yemen Arab Republic Government for the purpose ofestablishing a national
 

sorghum and millet crop improvement program within the Miv,.stry of Agriculture of the
 

Yemen Arab Republic. The contract effective date was January 15, 1977 and the
 

estimated completion date is March 30, 1979. 
Under the contract provisions the
 

Plant Sciences Department of the University of Arizona is supplying two individuals
 

to serve for 24 month periods each in-country. 
Dr. R. L. Voigt is at Post serving as
 

Chief-of-Party and Plant Breeder and Dr. D. M. Stewart is at Post serving as
 

Agronomist. 
 Two short term specialists (Entomology, Irrigation) have served in Yemen
 

on the project and have returned and prepared their reports. 
Short term specialists
 

on weeds, soil fertility and grain storage have been obligated and will serve within
 

the next six months. Other specialists are in the process of being identified.
 

Support activities are carried out on the University of Arizona campus 
to insure the
 

success of the project. 
 The part time services of Dr. M. H. Schonhorst have been
 

secured to supply the on-campus professional support required. 
 Since the Chief-of-


Party had been at Post since March 16, 1977 an administrative visit was deemed appro

priate for the November/December 1977 period. 
The undersigned arrived in Yemen on
 

November 28, 1977 and departed Yemen on December 7, 1977.
 

General types of activities undertaken during the visit were as 
follows (not
 

necessarily in order):
 

1. Private in-depth discussions with Chief-of-Party, Dr. R. L. Voigt.
 

2. Private in-depth discussions with Agronomist, Dr. D. M. Stewart.
 

3. 
Private in-depth discussions with three groups within the Mission:
 

a. Ag. Development Officer, 
John J Young
 

b. Asst. Ag. Development Officer,, E. M. Stickney 

c. Mission Director & Deputy, R. G. Huesmann and Dr. Mary- C. Neville 
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4. -On-site inspections of facilities in Sana-including new project headquarters,
 

Sorghum/Millet farm, horticultural farm and field plot research underway.
 

5. 	Joint planning sessions with
 

a. 	R. L. Voigt and D. M. Stewart
 

b. .J. J. Young, E. M. Stickney, R. L. Voigt
 

c. R. L. Warin (Comptroller) and R. L. Voigt
 

6. 	Field trip to inspect agricultural areas in route between Sana- Hodeida -

Taiz - Sana and to meet technical personnel at Tihama Development Authority 

Project at Wadi Zabid and at the Taiz UNDP Project. 

7. Joint exit interview with Mission Director and Deputy, Ag. Development
 

Officer, Asst. Ag. Development Officer.
 

Principal observations by the writer and possible courses of action are identified
 

below:
 

(I) There seems to be general agreement that reasonable progress has been made
 

in-country on the scope of the work defined under the contract taking into consideration
 

the limitations imposed by unavailability of technical support and the inadequacy of
 

research tools. Sorghum harvests were underway on the research plots during the visit
 

and an effective season of testing was just being concluded although the scope of the
 

work and the excessive variability encountered both need to be improved and overcome,
 

respectively. With a year of experience in hand this should now be possible.
 

(2) 	Up to this point a variety of uncertainties and lack of experience have
 

caused project personnel to rely upon the Scope of Work as outlined in the contract as
 

a guiding instrument. However, it is now generally agreed that a specific Plan of
 

Action should be prepared which will clearly indicate how the scope of the work
 

authorizedis to be undertaken. The development of this plan should involve inputs
 

from in-country contract personnel, Tucson campus personnel, Ministry and Mission
 

personnel. In the final analysis it should-have the approval of appropriate Ministry,
 

Mission and University authorities.
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(3) Now that the irrigation specialist's reportisavailable itbecomes clear as
 

to how much experimental field work can be carried on at the two Sana field research
 

sites. 
A preliminary evaluation is that the irrigation/land resources at Sana are
 

inadequate to permit the execution of an effective sorghum/millet field research
 

program at this general location. The Sorghum/Millet Project will proceed to define
 

the scope of research which can be carried out with existing water/land-resources
 

and to define the amounts of such resources which might be required at certain assumed.
 

levels of operation in the future.
 

(4) Attention should be given now to the development of a formal seed multiplication
 

program. 
Specific improved plant types have already been identified by personnel of
 
the Tihama Development Authority and the UNDP Program at Taiz. 
 Such a program should
 

be national in scope and it must involve, at some point in the future, a regulatory
 

component.
 

(5) A substantial amount of evidence was obtained that there is 
a good personal
 

working relationship among the members of the various technical. agricultural groups
 
operating in Yemen. Considerable additional emphasis should be given to these inter

actions to maintain the present spirit of cooperation and so that the parties can
 

mutually support one another.
 

(6) The Tihama Plain was found to be a large land resource with an undefined
 

water potential. Plans for the development of a field research site-at Al Jarubah
 

are well along and this location holds much promise for future field research.
 

Consideration should be given to a 
weed control program to permit the research to 
proceed effectively. Special attention should be given to the parasitic weed Striga 
which was noted in the vicinity of the projected research site. The importance of
 

this weed pest and others throughout'the Tihama Plain should be examined. 
Other
 

problems of the Tihama deserving attention are the shifting sand dunes which need
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stabilization, the cropping pattern which needs examination as to species selection,
 

fertilization requirements, and breeding of improved crop species.
 

(7) Additional emphasis should be given to training in the Sorghum/Millet
 

Project. The effort required to initiate a research program has limited training
 

efforts up to this point. This training should proceed at all levels. Much can be
 

done in on-the-job training which has been the principal technique used within the
 

project up to now. This should be'supplemented with formal sessions on various
 

technical issues and on the English language. A special opportunity exists to hire
 

very young workers to perform routine tasks in the project in hopes that good
 

candidates for formal training can be identified.
 

(8) In view of the possibility of sending one counterpart to the University of
 

Arizona for a short term intensive training course special action was taken during
 

the visit to contact the University and to tentatively reserve a place in a 16 week
 

intensive training program which begins in March 1978.
 

(9) Library Facilities. Discussions with project and mission personnel reveal
 

that there is a need to develop agricultural library facilities in Yemen. General
 

library facilities are visualized as being needed in Taiz and Sana and special sub

libraries are needed by each project. The Sorghum/Millet Project will proceed to
 

make a contribution to this need within the scope of the contract. This will have
 

a direct impact on training.
 

(10) Pot Experiments. The collection of samples of the major soils in Yemen
 

and the execution of pot experiments has a great potential for identifying mineral
 

nutrient and other soil factors limiting the growth of plants. Such studies can
 

quickly identify specific factors which deserve more attention in the field. They
 

also hold great potential for trainingIpurposes and allow progress with minimum
 

expenditure of resources. Project'and mission personnel'and the soil fertility
 

expert scheduled for January 1978will give serious consideration to using this
 

approach.
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(11) The strengths and weaknesses of the University of Arizona in training
 

students from Yemen were discussed. One of the weaknesses involves the lack of funds
 

to support such training on campus. Indications were that training contracts could
 

be written so as to overcome this problem.
 

(12) Dr. D. M. Stewart is currently without a counterpart. Mission personnel
 

indicate that a high priority is being placed on getting such a counterpart assigned
 

by the spring.
 

(13) The Chief-of-Party, Dr. R. L. Voigt, is currently overburdened with super

vising details of the field research work. This limits the amount of time he can
 

spend as Chief-of-Party. 
There was some hope that the three IVS personnel, two of
 

whom are now at Post, would help relieve the burden. However, due to possible
 

assignments anticipated for IVS personnel and other limitations there will very likely
 

be a need to provide Dr. Voigt some assistance. This will be reviewed in one month
 

after the IVS personnel have become settled and a recommendation developed as to a
 

course of action. One alternative is to send a state-side support person over for an
 

11 month stay. 
 This could be done under the contract with Mission/YARG approval.
 

(14) Results from the Sorghum/Millet Project have not been developed to the
 

point that specific practices can be advocated for adoption at the farmer level.
 

However, specific sorghum lines can be selected this winter which merit evaluation at
 

several locations in yield tests to determine whether or not they are worthy of
 

being advocated for adoption by farmers. 
 The project needs to gain experience in
 

such on-farm research demonstrations.
 

(15) Sorghum/Millet Project personnel are carrying out a 
variety of activities'
 

which are supportive of other projects and which bear directly or indirectly on
 

sorghum/millet production. 
Such activities include a consideration of rotational 

or alternate crops. 'Project personnel'should be encouraged to document these types 

Of activities .sos that local~ filess1will be of greatest use as Of acivites at 
 the years go by.
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(16) Considerable interest was generated in discussions among project and mission
 

personnel relative to several potential projects. Two of these were the stabilization
 

of sand dunes and the evaluation of new crops for food production under minimum water
 

levels. For the present it is visualized that the scope of work needed is embraced
 

by the Sorghum/Millet Project. With the development of promising leads a more formal
 

program of work may be required.
 

(17) Short term specialists. The irrigation specialist Dale Bucks and the
 

entomologist Dr. Don Tuttle appear to have done an outstanding job on their visits in
 

November*1977. A weed specialist, Mr. Fred Arle, and a soil fertility expert,
 

Dr. Fred Turner, are scheduled to arrive in January 1978 for a one month stay. A grain
 

storage specialist has been identified and will come shortly thereafter. Types of
 

expertise possibly being required for the future were discussed as follows:
 

a. 	seed technologist
 

b. 	Striga specialist
 

c. 	irrigation specialist
 

d. 	rotational crops (Legumes)/campus back-up professional (Dr. M. H.
 

Schonhorst)?
 

e. 	taxonomist
 

f. 	ag. economist/rural sociologist
 

g. 	extension specialist
 

h. 	nematologist
 

i. assistant for Voigt
 

The actual needs will be defined by the project/mission personnel at Post.
 

(18) Four memos have been prepared to implement ideas developed on the trip.
 

Copies are attached hereto.
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(19) Ideas were freely exchanged with mission and party representatives regarding
 

the difficulties of maintaining a research party in Yemen. 
Special consideration was
 

given to the difficulty of shipping personal effects and scierttific materials from
 

the U.S.A. to Yemen. Several alternatives were identified and will be explored.
 

My deep appreciation is expressed to all in Yemen who made my visit informative
 

and enjoyable. A special note of appreciation is due to Director Robert G. Huesmann,
 

Deputy Director Mary C. Neville, John Young, Morgan Stickney, Yahya Shuga, Bob and
 

Jane Voigt and Don Stewart.
 

R. P. Upchurch, Head
 
Department of Plant Sciences
 

and
 
Technical Director, Contract
 
AID/NE-C-1304 (Yemen)
 
University of Arizona
 
Tucson, Arizona
 

Distribution 

Dr. R. L. Voigt, Chief-of-Party 5 

John J. Young, Agriculture Development Officer 2 

Tom Wilson, AID Technical Officer 2 

Dr. W. G. Matlock, Coordinator, Agriculture International Programs 1 

Dr. R. P. Upchurch, Head, Department of Plant Sciences 2 

Mr. M. H. Schonhorst, Department of Plant Sciences 2 



December 12, 1971j. 

HDORANDUM TO:*,.'R.- L.-Voigt' 

* UBJECT: ,Draft:: on Yemen Trip' 

Provided herewith are two ,copies 6f 'a draft of.my. trip. report'.., 
.. ouid you please clear tii 'with Mission personnel.,and give me.you
sui.geotions' for incorporatioi into'a f"lcopyi -"CoieW a' being. 
sent to Matlock and Schohcrst and they are requested to',respqndlkewise._ ... . . . .. " " "'..
 

It.P. Upchurch',. Ilead 
Department of Plant Scien~ceS

...... .... . . ... ...-. ,... , .:"' ,' . 

RPU/Sh> 

, h',. *, *•*Aitach.


cc'a .'. a-. atlock ( .ithataciet) . 
-.. ,.: 'L.'..Schonhorat (ith~atchment)

* .*. *, , .o *. .; -.. 



MIEMORANDUM TO: ". ..atlc:* 

SUBJECT:.... Vo,.i ' need' for .ready cash',
• :., .. •. 1. , .,*-.g .. /. *,.±.,., '... , 

After visiting Yemen I am'convin'ced that it isessential for Voigt to
'have ready. a'ccess to $5,000 to allow formedical evacuation should .that-become necessarye. There are no.suitable medical facilities*in the ' country and a simpie'auto accident could. require, evacuation. "'As'one,..alternative we discusbed having $5,000 in a u.. bank with Voigt and 

an alternate., (Stewart) having t drawing right's against te. deos it. for.,
 
;emergency,,.. 
Voigt can "get' the 'Mission to cash a check.' This would be;.":for. emergency'purposes only., W6uld you please explore this'possibility'

'andl6r let's discuss.•-


R. P. -Upchurch, Head .*. 
Department of Plant Sc1fences
 

-,' . *  . . 

" ".: L," L., . 

.. c:.Re: Le.:Voiet"



December 12, 1977
 

EORAWDU1M TO: It.f* Schonhorat 

SUBJECT: Support for Yemen Project,- General
 

Would you please obtain information on the items indicated'below and supply same tc 
Voigt. -Those are items which came up for discussion during my trip'to Yemen. We 
will not order any of these items until-they are put.on a list and requested by 
Voigt. 

(1) Self-contained refrigereted seed storage room. 
Idea is to get a combination
 
of low relative humidity and low temperature. Check boxes ordered by Mielke
 
(about 6' x 8'), get approximate specs and costs and delivery date, check
 
availability of different sizes.
 

(2) What service is available in U.S. to run quality analysis on say 20 sorghum

grain samples - protein content, digestibility, etc., cost, lead time, size
 
saple required, specific measurements, etc. Swingle in Animal Sciences may
 
help.
 

(3) Cost, availability, specs on a seed germinator.
 

(4) Make brief literature survey on the impact of leaf removal on sorghum yield.

Supply reprints to Voigt. Leaves are stripped from sorghum in Yemen to supply

forage and this way reduce yield. T don't know if research has been done on
 
this for sor~ghun but it almost certainly has been done for corn, perhaps in th
 
1940s. 

(5), Make brief literauure study on the use of pot experiments with crops,

especially sorghum or possibly corn, to identify mineral nutrients as limiting

factors in crop production. Supply illustrative reprints to Voirt. Ile want
 
to run some pot experiments in Yemen using various soils with variations in
 
levels of "N,P, K, minor elements, pH and need copies of illustrative reports
 
to get methodology.
 

j(6) Each month when budget reports become available send two copies to Voi;t.

He will give one to Mission personnel (Morgan Stickney).
 

(7) Check Dr. C. T. Mason and prepare a list of materials normally required to
 
operate a herbarium - including - dsbinets, dry plant presses,;wet plant

collection device, forms for mounting speciments, fillers 'fo presses, etc.
 
Report specs, costs, etc., to Voigt.
 

(8) Check Dr. Don Tuttle re supplies needed for insect collections including
 
butterfly collecting nets, killing bottles, killing.fluid, storage bottles
 
(price by gross), storage liquid- rpport specs, 'costs, availability, etc.,
 
to Voigt.
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(9). ObIn 8few iseedof Mbndell- Pine -forho return. ~ tOALS may have some (Fd 
*(10) Identiry and t ke back to Yemerecommend element.ary books In bIa-1ogy, 

""be used'to traln Yemeni 
trainees. 

M 

plant 
t 

SCience whch 
Identify cou 

* assistan"
a 
to 
BS or HS level graduate whoVoigt In Yemen. Since c0uld spenda family up to 12 mPOssible ovthat' an unmarriedPOSiion. person-.!o Position yet ight be.ould

"I: alable bt notl:b aet• .; .,.. . .. . rnore liael oa suoh' atbuou i 7abe made 4val abl a ._42) Identify.specs eo l u h ". costs, ete. 

Borghum plots. In due course.
 

.
 or noise makers to drIve birds aay from'
.
 

- , p. Upchurch, Head .DePartiimt of Plant Sclences,'
 

cco* Dr. R,. Lo, VloLg
Dr. W. G. Matlock 



"ecember 12, '1977
 

H1ORA4DUM.TO:.*. H. L.. Schonhorst
 

* SUBJECT: "'i Supportfor YemenProject -Libr 

'WhileI was in Yemen a tentative general arrangement was made for our sorghum,
 
projet.to assist in the augmentation of library facilities for agricultural science,
 
.in Yemen.. Tentatively, plans call for the initial development of two general.
 
.libraries on agricultural science and for a series of sublibraries.to service
 
various speciality projects. The genera*l libraries would be at Sana and at Tiaz. 
Our sorghum/millet improvement.project would have'a sublibrary. In order to explore 
thA,*rtter"furher would you please take the following steps: 

(1) Correspond with tihb American Society of Agronomy lDorlaug Book Project to.
 
determine what sets of journals and books might be made available.without
charge to tho Government of Yemen.,- Hopefully, two sets. could be made' 
available, one for each of the two gene'ral libraries. Presumably our sorghum/, 
millet project could pay the required tranaportaton char.aes'but this would 
need to be verified.' Report 'results to Voigt.. 

(2) Learn what .journals are available on microfilm or microfische and determine
 
costs, equipment required to view, equipment required to make reproductions,
 

" etc*', report same to Voigt..'
 

Make Xerox copies of all articles in Crop Science journal pertaining to sorghum/ 
millet for a 15 year period. Ship to Voigt for'use in sorghum/millet project 
and record item sent. After items have been received by Voit determine 
whether or not this approach is advantageous, Fxtend as authorized by Voigr,
 
Determine need for one vs. "two* coipzes.by oit 

R. P., Upchurch, Head .' ', 

Department of Plant Sciences 

RPU/sh
 

',cc'. R L.' Voigt,
 
W.-. Matlock 

http:coipzes.by
http:sublibraries.to
http:H1ORA4DUM.TO


Weed Probl.oma and Herbicide Reptci: to 
U. S. Agency for Inatermiona. XPivelopmnut


Sogsm/kftWlet Projc: Ini 
 tho Yern~cn Ardvb FR-ptzbric 

A 

Repi prepared3 by: 	 Ho A.A-z .- A~zcn..o;W
 
Depar~~rt=mt t K.ant Scielr-
Unvezr.1y of, Aztlclna
 

Daiter, of Visit: Janm~wy .cu8 -Fcb Feb~ -.y 9E 

*ate No, A1D/tM-.i13e4 (Yenom 
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]MR1ODUCT ION1
 

The pturpvt&e rit my visit to Yemon ir, connritin V4th thes USAID tcrr&.
 
program wa tc. rriviail the problem of wed-,r, asciated vith th-.1 zr'clctict
 
of~ gra~in sorgum and mil~et. I w~v preient in Scia Ys-san fircr, ntXLx too$
 
to Thvb~ar,- 15 L976,
 

Woed grath i-n groir, ai3'rhwux and mllxc-t cctpit i01.t! the 0-rep k.'",U 
iuater and *sof.! autren6, !Jcnrs Info ta*ixn~e. Lsg vceeeoi da~nZ t4i 

na2of the~ crop arf. csptciaUy lmjurcui .- ZI-r qt--en'-:.y tlu y arr. 
aggreosive and quickily becomn th Ci12atL-nT;., ccnstraft~z Mbcn I.U accuru, 

Weeds cann.t CIh'7:6 ~;c' t'Cr ot~~;be ecleiiatciy 0 e, ntr~±i& 

ccarol pragrama whichi vaY srtcurL U, Ii=14uce ~r.nck! I i(;d C. 

control inr pSrain ecrgiau contimuc2 drnnuAO ji r-cr- ':n 

rpu~a in. cgrtua7, Lcnf eo tc g ir 'ofer.-!-rpiyil 

wedr- can No ek~~, Fa~r .1ic -. c t -:L , gzzlr, cwa bf-! 

hwicC.1.- ~ ~ 

Tillg.cc Eftive w;,:c .bod VMOi.i ~I~ P:,:cnan-: ,MetX ~:. 

for fzi ,L;a ixn O."e:ativel.y mM~ 1ntzc1ca t~~~vt1 ny 
be Lased for ai dii4. pnrp,:)sc: riiiauA (eleyi Wa~ds a116 "iOL' Lwo poira-' 
tien of lirbi±-det; iapAd ?L*-i.clv;t, Yc Mbe ti",a~ t~rM 

dopth and ocienc,.sii tv c v u:' 5nng ti njr0 :'.. 

Herbicider.: Thmre aro. serald s~~cfhc riie~rs c,-n be uscod te aid 
in the cantrcl cl wieees ha grain scrghun 4ad rali.t -. 

(11,~ Syst,.zi2,1 bey~b,.cIr - Thp.sc-! iys rrnnJ1. ratarSkats uc~h ara 
apj.a~l~ed tn tho I baf urd:, Tcnc tLciho'rhk-th 
thrr~ugii ab 'rpt1.vr or ti tuxgh, t-he stwit atd the-n ontex th:? conuci,v~a 

esn lie t zio IL.3.1 b7i ciJ. v . iu gra~in cMzcpx. in 

http:Tillg.cc


they also can kill germinating Weedsp hacwver, they are nc Ionger used Inthis manner because more effective herbicides have become ava~labhe.o
Examples of this herbicide type include 2, 4-D (21 4 dichlorophena.yacetic acid and Banvel. (common
Both of 

n xmhicamb0 3, 6-DchXnor.-o-atuic'&cid,these have been usefuto for ccntro.lLng annual broadJ;.eaved wzted:in grain sorghtum and mi1et. DeilkE. of pret _rib.d usaage wl'. be diuusat;dlater.
 

(2) Seil app.ied herbicides - Moiie herbicides are appri.e.. to the u.ih and unually lightly incorporated into coil.,thercotlets of seedling plants a;bsorb 
Weeds re ki'red when the

tbe h;:bcj.60 and aafter the kil reasv:rts Uconchemicay, ;.ni moved into thc, vhc..u,: art.unv l parts, any Cfherbicides thjsrehave ,lungthy sol pirs.nz::d ca controthe 1'Lfe of the-Crop Pant. 
e throughout

Decaune of: hi: iwrEntencethe poterti. hatLnd cf reidua to:,,y 
wi. rmist consiuer 

. It rogardo t:h,a roational crop, Effect-vX.- rute.. L;Z Uppic.4ti.L 
tej. ctirn of 

soil arr d:op~.ndc-.rt utP.zccmponitionp sadr' silt, cay .±i rZi c'g1Cnn re_sand centent uIsurally present Suil.. high in a altuaticn
selectivity (kill weeds without crop 

whore Lhe maiogln cf safety for 
sandy so 

injury) isat a minimum, In very, this type of treatme- is r.st oftren nca av;.high in cX&y 'eo SCLd.,or organic matter require higheris necessary rates of Cpp),cat'Ion thanfor, :.ghtr soils. Length ok upon severaZ factarE 
re..,i., activity I, depend:,3including formu.vatic.n, .1.typ_ oZmisur,.and
 temperatureo
 

The CIBA-G1X,y Corporation has av, ±lable three huirbLcLdes uhich shoul.d bctried on an emperz ital, basle to eva tcate thcir potentI.a. for a..eviatngweed problems in o ..ghum. They are as foUws:
 

(-)Atrazine (Trade name Aetrer 80 P), 
 2 chlvoro-4.-ethy! aminc-,6..isopropykamino-s-tri=' neo It is en 80T jettabl.c powder xAthsolubility of 53 a "t,."tezppm. at 250 . Because of this Yv, salubi!Aty ft has arelatively long period of reslduaW. activfty It :en be expected to provideseaccn- cnn contrc of many annua '.fed, in grain st'rghuao
 
(2) Propanline (Trade name N.ioga., 80 W), 2 chlorv-4(XsoPrOpy%.eminae-trJ2uine. 6,,bi6
IL is a- 8Z wettabte pcuder withsolubi.ity of 8.6 ppmo a waterat 20
0C. ThIts Lndicates a long period cf soi


activity, 

(3) Terbutryn (Trade n e £gran SO W. 2"tert-butylain4-e
t h yl,

amino-6methyL-ttio-s--Criaz 
 eo .it.is an 8 0%u ettnblewater vo.ubl.hy of 58 ppa a£ 20cC. h. cTmhcis mzy 
powder having a 

Atrazin(: or Propazine b.. micd Tuith(to enlarga the spectrum of weeds contrc id) forweed control in sorghum."
 

%Dtais of appl cioazin techniques for e.ch of these herbicidats TiLIX bvdie3-u;sel k,.'terD 

http:vo.ubl.hy
http:d:op~.ndc-.rt
http:h;:bcj.60


W=,DS PRJ-SITT
 

A list of weeeds was receatly ccmpL!;,ed by Dro Shavkat Ac, Chat~dhari,, ;'#A-%n-Y
Denprtment, University of Sanr ~a for thIe umidleind hiLinds af S-tna. 'a
basin. Zno)Luded in the iiwern' provL<v-nt. area the~ fic cowing (i~~not~~L
in order of importance): 

2. Amrantht - iap, 
3. Calendu.i acaypticz.,
 
4, Senectu iap
 
50 Sovelluai Gleractis
 

7. Sisymbri.um L~ic
 
8, Euphorbin ezhimi)aian~v
 
9, Erarofiti p,
 

10. Mel)va op.
 
11. PKantago SP. 

2. .4manthus cspinana 
3. C~eome vincosa
 
4, I)Jiterygfum glaucutz
 
5. Cyperu5 rcudF 
6. EDaiharliu rFp, 
7. Tshrosia zpoius
 
8, Abut~locn Paiiucswm
 

euoldc'-. a bra .~avk anniual., it~ is -- prcA.ic tstk~c.: ant.t~i is -'. 
ccmyotitiLv~ du~ring the~ cn-c~y tS~igiu- os crghvu z V-,"4.PMz!11. 

In the Mahma area, Jtrigr. hermontica, L; of srcc-71 a I- int a 

stems1 of grasse& si.ch as crghuzr sugar Cvt., is rkvtand ca Crop d 
to the sapping of ensrgy by the pari~ti nt:~ 

Many anmnual brcad .eavod x*;ev~dfi %'ing.:ucLnS pA&±:i. r.. d& cani be
klle-d wfth 2, 4-.), Rates ofl app c!;tknr ra~nging-. frci L:,hrd Uac~Cne 
poucl par acre. app). i.e. dturinj; tho e,:y stagc-Ts cfP wi,. an w.hez

isl1)nt4 toi R5 tnr c~;, ; i~ ittnw~ c vcs 't: t'v 

http:Sisymbri.um
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to beth weada and &orghum. St~ea btnding andi root madiormaticn ma~y re.~ultbu.t yiel.d reduction6 shou.c not occur. As 24 4-D hat; %itth U,c!ractivity at&the rates sugnested, a~ falmiin- crop cs annual.wd ;~~ 
;o
 

Soccur. 
 Ulten applying 2, 4-!) precoautkmst mum.z be takc -n i' avoidspray drilt. Donnor pur-_ uin , .-rd cmiditkzn,; Crcpsi tmch a;.E -&,beam., tcm-.roev and othe~ri can De. aevcere!.Y a - ecte1 Vkhn cevoi'V -.ecj 7y
Spra.y drift,~ St bto~adcvcd -z~cd~ dci~z :-zF Az2zn"4to
 c.
af~ter fctrmiig n~ed hee'ds. Applicdtkicm thrfr beshoulf Iwj-1A. tjc tc-* 

Thco corret us~e of BUnvel (Dicnibu) ia vxy- elmiiczir zz tha of 2,, 6.-Dl,
B enve!. ap p a g-.r to h e l ee r ec t on
v.iai frequcntlky .' xc rg a w-ja t a -- i s 2 ' A-D , hti' t~les of fec%.vL , on wdsf &Uff':,, vc. x ,. ftc-f app'l-.enh1.cn Mica.;ircunge from .25 to ).,O po!und por are I r1;J %-crk Prctov0 areidrmticv-. tc thcfe vhiL-h ehcu-"A bc~cbs, vlod 'icmn utng 4",, 'Th It. Indiffieu~t to. COMPete: -'vrm' 2'.* or 
t 

fromi- Exre%- ipww A11I solvtion of haeeotdi~d tht-oug the 5p~ay Prapmczt tP
reiw~f mst t~evr~ uch kujipmont rshouldi nt,t be uuc ~YLngL~ .n

penticIcies to 2, 4-D) sanattive cc. 

Scii. applied li: rbicides (I" Atail Jka.trez- 8C W) %Ar' b-t -,pplisd citberbefore p%4ntirta at plting or after pntn, Aykct4 ratet %A
 very with moLli typno:
 

Soil'.*~t 1!treir Acre 

Vand, ZZV. San;yt.owimiy Axly l~evel Pe.nrgn nl.oam and sandy clay bedded soiuml.oamn 

HWdium fint-etured soils: ) .- 2.O - 2.5 Lbs.eilt, loarwt clay l0 -.= and )

clay 
 Iore thanL 1 .5' 2.5 - 3.0 )lba. 

after plczjinZ. App)A.izin may be. meAc before, -duziug or after lina"seadbeZ prupaxation0 1If oil ijt2.e or vorke2 after app34catim avoiddeetp incorporaion. Beat resu~ts .Yreq~cntT.y are atained vhea ap-plied
within 2 s;*mcw- prLor- tc psthingb, 

.~~flceCApphy Ctuxing olr shortl~y aften plenting,
prier to w.eed or cr~op e= rgcnceu at: rtes i 

but 
in. tzea C abcv-.%iPrcutc for rn app'.-Ic~tior. to. fvroot~ripgntct ba.,,iad sarghnum0Danl:t aUa(;k 2t vZirh.r Ex %r4m I.- plante1 lr a~ ~rO~ Appn4 ca-1 iOfls mdto Sa~eum grouing, cLn "An 1- sc:!".I CrT-Ahrr.- cut-O", 2-A" ("r heeped c, or u=!iY '. : 7t U1 croj, in.jL;ry0 

http:app'l-.enh1.cn
http:annual.wd
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Pontermn~rce Broadleaf Wced CmtrrJ i;thri'ca 0 Bod&t 

Pounds pfx iicrc plix. ,75 -A95 r~iutta tictan pe~r acre x.Fe rgn~m 
r4e1chac 6 inches in betighrt btpt : ~ ~ci 2..S irichetr in tar.stt Tii 
QuaY be. a difiEicu~t sftu~ziOn tr> W~hive, Thls treatmet~ adivkible eml7y 
ini fine mtu~trad sail.1 

Precauti.ons for al). npticionc%,t,; LH&cri evy rain; JivnodL~tC.1Y 
folziin appliti~~.ou ten&~ V:C L2' tc:-c) in r,"d kurat, 

FrAILW.,Llms harvet. 4f e. ti'eiltl:-d crO w a nc t' vugh-.y Ui11. thL. cirli to 
minimtiz re p~iWX* injury to: rntartoi4 r. cr 

Soil .app~.ed hexbieidL (2)~ Pralt r: (U18Cm. .~'-i> 

herbicideG that c.'.n bc alpltA-d b :krc o~~~ar;--tr 'nL*t*, 

rannnty thbrugh thcUL7 rc~s 17,- f~ Cr jfjzz igt. i , 1; 
needo~d to ry I i wcl mii;t , .*.~ghm~ ~rt ~c .nto~th ie 
bedo t~he epp- icaticn chauld c.&y kvr-at41-n0 -I1)!,, mw&d b!L--.db ? eml 
coflmui. re~t" are. Clbt-Zanc.-d 4lerk pv.-pa-AL-t :k.,,cdii~ e~k 

under dzy or aiii oci--u.! ccind-'kzconz,. Froe s-iJlt lo~am tc lo
 
j.oim (Biri Ghun rattns of 2.5 to2, p%(T-mnd pr-.z ec% T!,7pfezrv.

(Mi]ogrd 8 be t&ic )vrr.L~ .0'NZPrtiv rp~; ~tIcU~~
 
on nnndy Ica ois.i3& FV.e.),r, trea~ted DLiih tc'nv~
 

that ~cntro'"' mzny aniauu broad.4lez~f ve~c3:1 n -,Tasv 3 Wiilr'n £Ippl.c. 

L~ ci-m~ergzno, gr= horbefre. %-tae ante.7, ~ thrf ro&S.ts -fter &voatni"s 

yems 2 , Irmau2tmRI.t nj Wi dte otlv- For~ zmnaa 
ploci-d tw~do p±r t rp iCpSEC Imu .rolp(rin nc ~cr~ 

uprng ~d lw~ybc. -r-nt5f vc ix,2..0ugpih pohit 

http:b!L--.db
http:appliti~~.ou
http:JivnodL~tC.1Y


Herbic~e Teul: cnpeted 

To te,,aluate the effectitveness af' IanvaV'. and 2~, 4-D on weedo encountere.d Calthe vorgIium-mllet project a em', rw 4est~b)1.1ied cr. F;.Old B,Urx at-Cuhum. Weedii tin the r.104- emi~ incltdzd fit_:cni erucoider, (um:tard&,Z:Uu. plant canv~idcFcc,'ruoo t~c M-iit' ma1t.. or 

of .5 ar 1 0 lxun ir 40 zi 't~ r.O 2.17 ciof i thvmr~te ifl i 350 Y&. of ru tarp;7.0' , I'L, lei U4 ?,,0 pnur.6 c:[active ingrdizif in ADi~ tr .:m~g).Y-z 'T),- ird:~

herbilcidaj. acrivity diwv copcid 
 r~.~~c~ y Suver" ck.yu ~ b. 

appea~red mlore affaciv. n . c.ecithar, a~.';aU p-rf.';ent,1 It -,2artsdcefinitely-evident~ Lhat pdevea~cps cc1prierLbh. rcianVC
thwE.I hierbcides ap It uppro~v-hi 
to
 

, :tLrty, Fe,; b ctout.rc-5, ~ .ahout~d be mad 6u.r~ng c~iri StagC-. OE 
.cz 

it" 3rzth.pb bcfo:1 e theforumatinjn. of heeud hew.6--

Aypiioni to be i~de whea sorghum is 4 to t.5 indcer talil en eo Mr 

Border ~lPlots: 15 feat 16-2/3 

1.~ 29 4A'D - 5 lb/A0 
2. 2, 4-D - ,.75 Xb/A 0 
3. 2v ~4D - L.0 kb/A 

5 o lsnvel , 5 lb/A, 

7o Bacnvet 1.07 lb/A. 
Ba 2o, 4--D *75 WbA 0 + Atraine 2.0 lb/A.
9. Bavl~e . 5 WbjA, + Atra-zie 2.0 lb/A0 

Borde'x iP2 Plots: 15 feet r.16-2/3 feet 

l1. Atroxine 4~0 Zb/A O4karen)
 
2o Atrazinie 2,0 b/A It
 
30 jraZi~lb 4"e, lb/A it
 

http:3rzth.pb
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4., Pr'opazina Z. lb/A (ML0rvgard)' 
5,, rapzine 2.0 WhA T 
6. tP,4zirie 4.0 lb/A
 
7,, Check
 

9., 1gran 	 4.O LbfA. 

Fiel~d Trl~ps 

Iinorary: 	January 29 - Depar~t Sana 0900
 
January 29 - Arrive Taiz I,4.00
 
Jarmaxzy 310 Dapa,-tt TaL, 4045
 
Janua.ry 30 llor-WLid1% L70D
-Arrtve 

.T1ary 311,P pl z L. liaridh 080t!
 
Jvanuaxy 3'' Arrivc- Sn. 1.3Q
 

v ith proplantiz- vrpm.:nted c- ns i;% Pozi-. ~e--genc,;. 

%AIth fo~..wing ini;nIn Zlxh4 Tlbh-ra n~ik,- 3,o, t- id 

1inarw-y: 	 Februa-y 5 -Deparet S,-m jj0
 
February 5. - A1-rvi TaLi.- '.715
 
Yeahruiy 6 1.,epart Th .:.L
Vbru:.y 6 :r. Si .% 

us'r., of ha 	 bii-eles, ccfAl .fag t ~~inbawmeI3 v.tia, 

and that ercri't e-iusft crop injury o~n 4& t:L. rCA~.c 

http:Janua.ry


U. S. Agency for TtetnaiI~c :sev,,xcrnme I 
Sairghum~/m4LIjt t p?.ojs~;t L" ;:lt YIrictn P b .Papub'Lt

~Report prep~led by, 

Fred Turner, jr.
 

Superintendent, Sn f" rd i~ rh~tSttion
 
U0Arersity of Ari.xcna
 
Eatid Arikwnu 005 46
 

DaOsf Vi~it: Ja;nuary 18, 1.978 Februar~y X5 1978 

Contjract ito, AIh/INE-C- '.3,4. (Yemen)
 

Contraict for: ?I'tlona1. Sorghum &Millet Crop lmrovement
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INiKIRODUnCa W
 

Reaon fr.vb_- Dr. R, L. Voigt; Cnhaf,02-PNrty in Yemeng -:; ueste a
Sol fertility Speciaii.st to ,va..uata"c the c.zpabhl!ly of the ,n-ceuntzy.soLIs analysis L/±oratcrl end (2) make czmmendations concerning the typesOf O.i fn.ti=Y audi.ea.
 t.hich should be.undertaken under Project O30.o1
 

Arrival !n company 
with Fred " ia,,:,d ,. dp1tve.d In ma€cvLa Rome, on schedu1, at 0(815 January 18, 1978. I )Zugh&t an O'lfLldsail. sampling kit (ordered by DaLe Bucks), two hsnd ae trcnic calculaturs,and p' .astic bags (for possible ust in poe farti.ity studies). Arle hand
carritd a microscope in case° 

In ~onf renc January 2., .978 ,;fth R. L, Voi-t and ZMorgen SticknyDAcsistant AgriLu2.tura. Deveiopment Offtce7 need for i:rchnicaz assistaA-,e

in th3 fo2t.icuing subjects 'wa:as indLcated: 

1. Determinaetion of soil nutrient needs. Because land at th. researchfarms is at a minimum= he feasibi?.Lty of pot experiments should be
 
explored.
 

2. Analysis of sot.,S to de6termine nut=rlent needs, including minor elements0Possib'y this can be accomplished at the MIUP Lboratcy in Tato
 

3, aeuoogical. masuremi.nts. Shoud '.eather
a observIng staticn beout up at AYD Mission headquarters or at ne of the Minis ry of Agriculturefarms, or czn the data collectad at tlhe C'amman farm bn Sana a be used? 

4. R. L. Voigt e:-.pressly requested iVista-nce in determining the best way to ptant to insure stand. Sui.s at the 1;%.o farms becomes very compar.twhen irrigated. During the pasi afon, sorghupa and milat were dryplanted il furrous:-,he and - up, Stands ere erratic 

POCEDUD.ES AN)D OLSERVATZONS 

.rievie, of availab$,-. 'Utaraturi uan d-rb-,.ken rc'vd~n_ study of repor smade by Dc A, Bucks) irrig-'iun engineer., ho vi ed the projetOctober It - December ni, 19770 in~d Re P, ,pChurc- lle.-d of the[University of Arizona D-partmient of Pant Sciences, .ho was in Yemen 
November 28 - December 7, 1977.,
 

SofM Sudi&s° PLans were mne-A ,o study he three M.nistry of Asricua.'ura
farms used for research by U;¢ ID/Yemen,, On.y the tw in Sano VaLtsre.visited° 

1. Bi .0.-Cheat l x

locnte,.d in 1iorth Sanara, this isf'arm used for field crop research.,
pvrimarily uith sorghum and mij let Examination of soil. borings and,.f the sorghtm and millet stubbles substanti.ated Dr. Vvigt- contenticn
that c'-:.nt ,.,-hxrcf , nuing have been unsaisfactory. 

http:POCEDUD.ES
http:Speciaii.st
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soils, crops and other wegetation an -a zoute Zrcm Sanu "-Tai2,.j4nkk8-Rodeida-Sana Pa. It -Jas plannc-d to inspect the al-Jarcuba fEarmthe Tibamap near Zsbid,, Hawever, time and c.irclutistancaa dd not 
in 
pe.mit

the complete side trip to this fA.Zrm 

P___eyous Irrigatin Wa 
 i W. Water 2rcm *-he 1,SAID officeVeil was anaiyz-d A fricks on Febrtary .8,1975,. by th.a "NDP Scil Tenting
Laboratory in Talz(211o In the abet.n e of other data, Buckt: assumed thatirrigation wells at both the Bir al-Quoum and Bir ai-Shaif farms drewrfrom thig same ground -.7ater basin and is of similar qtulltyo He determinedfrcm this data that the water iauf medium sa init, and has a 1.ra sodium
 
hazard.
 

Sdi~s Cur:ant. identlfv.: e aatyss of inoi's
from the reskarch farms and the irri-a-1ca .attrs ued herecn ..as neededto properly evaluate probleme asso-:,.izted w-th crzp pvc-duc:t..n tcn thesefarms. During the trip to Tatz and beyond on Januax7 29-31, I conferred
with Dr. Ha C. Dewin, inti3t .he ;n charg.SolZ ..-'-)P SO± Te'stingLaboratory In Tai.. 'Ibis facility reu:ar}y rac.s chemiak a'nd phyuica%analyses of soi kldl. atera. Thelfr p c iurs're thuce best su:ted forcaceareous soQl.) 0 Dr. Dewan ag::e.d to anaLy:e so!i. ;nd 7,-,ar samplesf rcm the US-M-Hinistry c1 AgS.ictLture taxr.u 
 The _;,b c nncvt anhily 'efor horon, but hopes soon to have thi.s capabifil'-

With the assiastance of F. Arie .n Jo Lee, t.oi,. samples and w.;ater bampLe3from corresponding wells were co.lecZed at the 
soil 

t:o Snnaa farms, Compositeoamp ces taken for boath theware 0--20 cut. and 20-32 cih depths. Pio.d Lat the Bin &I-Shaif farm and both fields A and B at the Bir al-Ghcum farm
 
were Bampied.
 

On l'ebru-ar-; 6, Z978s the alzn soil wamptes were personally delverad toDr. Dewan at TaLzo 
He agreed to ana.yze the samples as scon as possible
and to send the results to Dr. Ro L, Vaigt fi Sanaen. As of this writing,

the anaTtyses have nut arrived. 

.LgltatnStudi1es Water movirren.t observed in.to noi.s in the Sanara
nrea- de sxoey 0 Bu(Ics estlma-ad i.nfLitratoLn rates Et between0A to 0..5 incheu/hour (2,5 to 3.3, 'z-,/hr). J. Lee cbmerved "very iUtte.lateral muvement of rain water frkcm furrcws Into prepared beds" at theBi al-Shaif farm. DeterminatLn of ;nfttrtivn rates in holes at thetjo farizm, was planned. However, in with M. SwnerfAa A::harya9 1VSAgrtcultuxa. Engineor, I +.erned he a.1i had p.aas 4or such siudies andhas on order the necessary sheet vieta,1 i' .oea.Uy mnuic tura r.nga withwhich to determine infitration rat ±, by the standard dcub.-ring iathod( 5 -.As Achazya has been busy the past Luo weelcs ca uther projects:, .;e have been
unabLe to conduct such tests.
 



Plantinv,_ethud 0 Whies at Taiz, Iwas briefed by H. El Lakhany on 
methods oi planting und irrLgato.cn employed at that MTDP farms Thsy were 
simLlar to those I employ whzn encountering sa.inity probe=, 4.e.2
 
planting an sides of beds9 above the Tinte-r lina so that sa.'.t concentrations
 
at the aeed line can be kept to a minimum. 

Soil Fert lDLatermE-taions0U c.nctur with the suggest.on cf R. P. 
Ilpchurh( 4 ). M, Stickney and M0 LO Voigt that pot zperirtments ara feasible 
for determination of soil nutrient needs. J. Lee hopes to bi,%d a shade 
house for atarting cuttings at Lhe Bir al-Shaif Zacams 1 found that smal. 
p~astic buckets which were lcca.,y av4A1abe are suitabLe containers, I 
later confirmed this with Dewan. Bench apace im . 9m touIcd be needed. 
Lea =uld accommdate this need in his ahade house cdhsigno Daails Oi 
treatments were coordinated with Vewano 

. Pcsi.b;.e sites for a meteorologicak. station on 
the AID Mission headquarters grounds were zeleutedo A station near the 
entrance to the CabLe and Wir..jes compound 0 Zr-ed1,ately t.ebt of the AD 
haedquarters, .ras e=aminedo A though this station is equipped. with an 
£nstrument 3halter, totalizing anetrmeter en po.e, evaporati.on pa with 
stilling jeil and hock ganuge rain gage:, *and a solar radiativn -measuring
davics (apparen.'iy record!ng tye.,/9 there .,as n,,i-.ieat0Jcn that the 
atation -,as in roeratihno Per;so.ne. at the Cabhe Ld Wireess office had 
seen ro actLvit:y at thLis P-ati .n 'or near.y a year, 

The German farm in San.' h , rather ,m'5eJe 'aoro .og va station"
 
IncAudiung sil tomperauras, A P;.che devLze, rtather than eavporaticn pan, 
is u.wed to A-s.imaie evanviratieno Tht daa is publ.shed° Hcwever 0 if this 
projout L3 sdiscontinued. i. -he Lnfcrmatino 

On February 1.3, 1978, accompanied by R. L. Voigt and F.Arle, 1 visited 
the Civil Aviativn and leteorol ,gical Authority hsadquarters in Sana'a and 
Wit with Yahya Alhak, Acting ecctcr, and a Mr, S:l±ven, U7D1P t1or'd 

3torcAoaical Org&~n ant .n ,.,iO) representatLe, We l n 
I. Both agencIi..s jill aupport e ablishment o. a- meeor cgLca station at 

ALO Misaion headqtrtarers,, Sana'a, Eathough a cc.mplete station is 1in operation 
at the Sann a airport. They wi uuppY.y a.l eq'.ipment and render till 
technical assistance possibls. 

20 The meteorclogLcaA station in the CICUie and Wire2ess compuwd belongs 
to the Ministry of AgricuLture and eurrentl.y is nat inoperation. Prob.ibty
 
thio equipment cauld be transferred to AiDe
 

http:Per;so.ne
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RECOMMMNATWNUS 

• - for__ -- Rip to at. led10 CO
poesible. Plcw -and level. Muchanical*4y form beds -wad furromu i*o that

either:
 

1. The land cn be pre-Irrigated with 16-20 cm of 'ater, With the apparnrtlaw infiltrtion rate, this may require a "set" up to 53 hcurs (less forat-Jaruba- farm). It toi desired to achiu.ve %?&terpenetration to fiil thosoil profi.le =nd move higher ccncnrati.cn of str bettmi the root zcna.
Takcs care tinter does not cover the b:-ds,, About haf %;ay up la; desira bY.a.
Water sub (move c,-raly t m-huld beds). Whnn has dried
sufficien.y, muich beds, in sc do rng .emoving u:-pner .ne '4hird of had.P.ant seeds at desi_ ed depth in r.1.v3t sA:. and 'ig:m Lg.iy.h2 Watr.back if soil dries emcessivay before emergence:, taiing care water does 
not cover beds. Or,
 

2. Plant in dry woil on south side of beds, above propoled watar ,.ne.
Irrigate as in E above,, insuring that .waterlevea do'es noc cover seed
line. W.ter back if neceavary. Do not mulch,
 

3. Apply fertilizer In sp:l.t 
 ~ns SipitiSince a 20-20-0 fartVi.ze appears to be the most availab_-e ferti izer 
 side dv' 2s 2Oi k.0h"at least 5 cm to the ijida and 5 c .zhan.,ker the seed, -i'her at p.',azAugtime (if irrigited up) or after p?,ants a.!e we.l ?stib*.:6hed %'ifp tcd inmofat tioi ). SI.miar'y anppy another Z(CO kg/ha of 2-20-0 , C-.7.0 ks/haof urea (G-45-0) sin ee.s after eirer[gnco., FoL tri'l will determine

higher ranteu of ferti.tzer are neaded, 

If
 

4. Herbicides shculd be appL.ied as reccmmanded by Fred Arle inhLu
 
ueparate report.
 
50 Infiltration studies should be s:arried out by 14, S. Acharya t;e)oon as 
possible. 

Pot Studies for Nutrient klec ds 

1. A suitable location for these otudu; is a pre-requisite Constraction 
of a shade house0 as reccmmendedessential.o by and coordinated w th J, Lee, i3 

2. PJzatic buckets of apprc%i ,_ely5-liter capacity are available InYemen (a.Douan can lacaie cujmantty source). A 1.o5-2.5 cm diameter hotstee. .cd wl'J1 mike a hole at che ;ide, Just above the bottom, Lor drainage
Prtp.r1Ly c.eaned, these buckets should be suLtable for even micronutrient
 
studies,
 

http:fartVi.ze
http:ccncnrati.cn
http:profi.le
http:achiu.ve
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1-3 DataLF,s are given in Appendix I. One pound (one-hnif 1ilog-am)iimp:.es of .each bull soil should be i;nz to Dr. Dew-an for ana.".ysJ.s 

4. Ccpies of a publication by .ttrneL- nd McCall () datailing a pot
 
experiment, were. given to Voigt and Stickney.
 

Sol Svy.o A soil survey should be made. of ach :farm to batter i.dentify 
soil differences and to escertain problqims, such as !indpanu or indurated 
or compacted ayers which impede passage of rcots and oi cointure 

M t eorot~og icaL St at ion 

1. A mateoro7,ogicat station could be estab.ished south on southeast of 
the AID Misaion off.ee buildings9 at iwt 30 ;oters f m any obsbuactrans 
(treea and buildings and parklng araas)o A 9m -n 9m area,, en.osed by an 
animal-proof fence, is needed. Instruments required are Uisted in Appendti 
2, 

2. Most of required inst-.u-ants hvZeuT.y can be cbtained by a letter to 
the Ministry of Agrictuture requesting that the retiorclr;gicn'. Lstrument. 
and equipment now Iocated just n: heud entrance to the Cib'.e and Wiratess 
compound be transferred to AiD, As -a s requested, also send a mopy of tbe 
letter to Director Gener; He Deartar.=nt- ndZeteozolcgicaL Uvi^ Aviation 

Metcorotogica!. Author.ty, S-na :a YI.o
 

3. Mr. Solivan of the WMO has kindly offered to provide aYA -Lt hica1
 
assistance necessary to .ocat -. ay ote and instal. the equipment.
 

4. A tochni-clan to insure that proper readings are msde .ind tha compY,eta
 
records are kept.
 

Hy sitcoera thanlhs for both pczronal and professicnas., asaigitance go to ,aane
 
and Bob Voigt, Jchn Youig, Norgmn Stickey,, Don S'e.xqart end Jeff L-ee,
 

http:Author.ty
http:iimp:.es
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and Lime. in Michiann0 Michigan Agirculturre Ptperiient Sjtcno" 
Quarter!y Butlstin,, Vo 40, 1o. 2.) r.P. 262-280, rovw.ember .957o 

4* Upchurch, R. P, '.Rport o! Ahaiini rative Visit to US-M-S ;ghu/MLtImprovement Project in the YIemen Axr-b Repu-b',ic." December 7,977. 

5° U. S. Salinity Lboraary Saf° 'Wagnosis and 75.,rov.ment of Sa inaand Aaka~i Soi.au: Agr±u-ura.t Hndb4-,, No. 60." U S. Dapart ent of
Agriculture, Washington, DoC, .954, 



Dvt .it2 of Pot Studies for Soil, 1'utrLient NeesI 

10 100 putso FLiv.ea-tcr ptr.stic buckets are Lvalabte l~caly in Taiz.or 
Dr. HirL C. De*.yn will help in lot, ing source. Make drainage hole 
In each at the aLde Ld evan 'with bottom nurfece with hot steel rod 
of 1.5-2.5 em di-metero 

2. Fertilr.ser 

5 tbs. Urea 
5 lbs. Treble superphosphate
 
5 Tbs. PotassLum sutphate
 

A medifted factrl.0. aperim nt -uss diect.sseid with Dr, Dawan and WUl be 
cleared with th~e iOrelua E--mrimant 2taton Statistician upon my 
return to the U.o
 

Wi4thin three jck c l wy -tua to th UoSo, uitl send the above 
fertiti~ars tmdy, separate.y, do.ed 1.nutr cticLnB for fertiiing.
planting, g-owing xid dete.mining yf.,-U response on seils to be tested. 
Alternative daaigrs aay bL- ;u~gustd. 

A shade houwe, or simiLar strucur.i-, will be naessary to conduct theso 
trials., 



Hetecrotogical Equipment l udd,.d for Clirantoiogical Staion 
at AID fleadquartc-s, San i i Ycraun Arab Republic 

Description and prices from Weather Measure Corporation Catalcog 975 and 
Price List No. 975, effective 1arch I, '976. 

Address: Weather Measure Corporation 
P. O Bonc 41257
 
Sacramento,, California 95841.
 

Pa _a Model 110. 

15 t-ES 

15 2T-2C 

i5 P561-ES 

15 TI420C 

163 Ig-IMRD 

82 311-S 

82 311-i-HB 

.82 C311-W-C 


184 E8.6 

184 E814-A 

184 W-7.64B/M 

,84 W-1.64B/14 

r 
 e
 

Oficlai Mercuzial ThuLnOmear : 14,.70 
W/TMI.-C Thiarmameta&: 

MaxNiutm-Minimm Thermc=Ater 54,00 

SecrLdard 8" Rain ind Sncw Gage. 1,58.00 
w/Metric dip stick 

try.drl ven Psychrnmeter 951 00- Fan 


Instrument Shelter w/ ntra.%. l egs 
 245.00_
 

Hygrothermograph .2010D 

Replacemant Hair Bundle 17"0o 

Charts (Tewratuz. -20 to 4400C 70 60 
7"day drum oitaticon) 

Evaporaton pan 
 285,0 

StiIZ 0el (for hook gage) 7500 

TotaLfztig Anemometer (metric) 265°00 

Toaizi.g Anacmete. (metric). 265.00
 

(NOTE: oe nemometwr by evaporztion pan. 
cneaezomwtr to be 11u ta .Iod on 3 lyhker pold), 



&ppciiax2 (COUL 04) 

~.8 1812-C 

184 981.5 

104 I143).-AS 

'1104. C431'A 

243. TL453250 

143, IM532/100 

243 'TM32/200 

ceni~giade Mi.mNurwa55,00 

Ho~ok ge.uge 10.00~O 

Sunohine ruradon Recordcer 475.00 
(Campbeil Stckss type) 

Chairts for 0g0 to 400)lsi tda 4 

Angle Stem 13ath Tharmreter 6,.50 

Angle St1' Earth Thermometer 7.00 

Angle Stem~ Earth~ Theramoter 9,00 

TOTAL $20379.80 



c':

~~cby: 

~e~1 A0 Sat!1 

Te n 7 s o-7 A,- rona 
TuLccon, Ai-:onv, U0SbA, 

Dve or- Visw).: Feb-lual-d 22 1:1h-ough it-fach 8:) 1978 

,'~ 7(Yemen) 



A Zarm Level Study c~f th Drying and S3tOrase
 
oi SurghZu and I-Mlet Gzain -l~1:1e Verauei Ar&b IeDub~i
 

oseof the Sta 

After Dr. "Von Stetvart a.nd I had Leen ou a.;!s~~ '~ 11AnIn a
steil vifllge in the Tifawai zeloQon .tbcut ~hi iland i4:t3U2. t prcu'uct"'on
and storags,, they turnad It ar-und aud as~kedl us why we vcn,e6 -a know, 1explained zthat the USAID o ifE abi~ toC~t~knot, tbcy toidbe 1arves.*,
dry anid Store increaed prcducti"on oSi- thleze grains -;,1in b el-Le" Coed a
daveloped .;:Or them. They~ seemet! veL-y pl.eased -ita 'Mae an':: 7c ec -.a _54-ld trio to obserra the an d~yL-- :dSto:.~g -O r itZ7azm ~s .d

Srain ir. the Yemaen Arab Rkyublic0 I tis -U!n Lhe LyfrmL&'uy2

until Narch ;, 19M,
 

Tae iiial. brir.iag on the couiitry and Cte possible prob~iei.o. taitha gtra.inaoragzp was ;onducted by Di: ~o-'t teU~eaa. aletXog~C 
o:AiLna '.r.am on svrhtma and r Lllat plojaeznt i~l Lr 7r~J'iin Yc7nZ1and Morsgan Stickney w~j;':hi the US1AID aalX' I-P Saiia'*a. Thi-y ici- ca-'ee anintrest in o:jcesZ~iYe~gon ithe gilin~ in aU 0- Y'emaca :3ut' lithat the Miama or cons~.a plain i:!ia ueii Sea iincj r-:Oun.Li eowhic' run paria1.1c5 20 to 40 n.5.es J.n.anwoCil bEz- a 7rbe rca 

ALU 
henvironmenz in (;he Tiliara mnay be crcto:.Ied ashcx:*:U- - cl. hvsi


waith hiot and humird a -.r.,
 

Pl an jif Work 

A J!ieOd trip uras pleaned to observe thie --Earmz storage condtitions wilthDr, Donald Stewart as clizecto--: asuisted by an intezp:etez and a drive!to get =~ to the farm and help make the ohserva::io.zsneeded. circltrip was pl~anrj by &017r4 ve~st -:ro Caa~,,trcoa.ciyai
Vwo days -u;ith IHodcieda as aeac rt.es to LiVi~'it th a:a~o.1).v
soath to the roa-d f lrn1*oh _o '..,.sa~d thena eoal: the ii:1g1and ci- ozo

111aawaere eed erter to Vliqit the ia~ost jofdMC'Tiv.M reca arounC,1d
the ctis o2l Mb and Damar niah o: 'Telz. A-4"ter4 tz*,o eays in thiis areao cor.-t:nu=e nortli voiacl; Ona:ie. A C'U'* I".0nivo P*repy,:ecld by Vo '7tasto be ueed as a gude inOurl mvi (See ~~rA 

Observa- Ionn 

S:Lteen ztops or vIsits ree :cde, 02' the 11 r-tdci ia1n .wsi 11te 

is&1vvn in Tzble 2. 



-9

-. i2D~1~2 w warx:z :n. runny ;.: o:1 1:01170
baketr.. TI-e wove±n - smm1 i±sr > ~.:ke:; d .r-t 

aicu 20 C
chc~Stt :::~a : v c~..o: ~~~::ct LI.c 

to~~iJrci~.~ A. Ai~ .a 6 ri tVies iv -7.; etc~ 0.!cS ca~~Lresu-s ?c~ 2 , v!7:j* 
. 

Su I 

was abot -ete,Zc- daa;p Tepel :i o ~. toco ec 

in7' threy Ono tr,:te 
I-e -. . 

This IS~ t ehis .. tlu Saet 30-5f .ra-!

the id-2-imr!fin Ue ie 'Wh mou t' :.ciao.. 3.0 1_.:q Z o 2m OEItovk YCI hceis 6 O1ri O L1JQ,_- *.i. _c._ 

1 



TAL 4Q iti, on D~'iv-a of ~~3rt 

Pc~ea~ C~siure ~ :nic 

2 12.7 Gunny ba- wadier a mat 
cu:sjid0 

3 X-22~~ bag int I:Cusc 

(.~)Gunny beg J., house 

6 -- i.Gunny ba~ ir 741cge 

7 13.0 Surny 5k~j in r~ar&--alO. Lroomr 

a 13.0 -- 0 Ounny bas in pul" ;IOU~ 

9 -- 14 ,6 Gunny bag- in hotise 
fIrshly hazvesed 

70, 13 ,2 -0 0id 

12 UNP oti1-ultiua iResecch Y~an
 

1a14,~ 1-
 (uuny ba- in iro~dzet cc.1 

1.3b 4b4- Same at 13~a 

14 Guntny bnp, ivn vDI~age mrikul; 

15 12(,6
 

ra(3) e
(2) 

SQt u~ tho(~jDid MOC the li ~o~~ h s3amplla 

("a sipl Lo-'n. (2,,0 guC) 0; L-: Cesi- Pm0zado 



Gunny 1,ag5 or the bas~xets e:~vose !t:a 'irn snmz:ace o.- ziti tC1atnsphar-~ The themedfaas are bull: St-Crag m'nd a e~tv3yo ~e ufcwith respcot to the veivume Zs 0;posarl,, Te .ea. O:E Yrl.t: is SuchBrain wnvposed to the -isr evenl in te -.hama 
ta 

scu3.. no becomeabout 1.4% moisturea, Tereec(y weittev 1'= LLdata fo _Oc!c, as nc i
 

at 0c,00 hours 66% -I.nd 'Y.00 lhou:zs 53%,, 1is bas!;'
as -m as Thi on dat of 
1963-66. The highest moath~Y macn fozs i?~.ur 0300 ihoursnd 2o,.,*a 72% and. 627. loa: Aco-.c~3 %*cc;.s
at the -ine ;n was doneWE' highes: .atiye Iouum:-: samn1odqut 

M'ost WE the grain we. ri-nedwa. batvest,d in 1,9177 cv w~as the miost recent cropo 
-- r 

The p~an Set i Lr* Tn jei~~p~~~lgmarkek at stop !A3 said zia 
 the SOrrghurm saru-pled as .;.' 1xa ievtovec
bcnMdfanMX 2VOM SCOZra 6 msnmths aso so 'ti -,;t:babty .ms he : 976 fi-osIt ves badly dam~aged iy isectO0 Tlae ~~ yn e: osamp~e -,43 wa.s taken was 1977 rorhnm, Yio We C7eL ':-
fo 

inseac', iae*~t_;O1 up iri ltY*.*n the ograin we osat,*7. I.:-or. .,.he rorst In tChe mazkcotPlacea )?erhans the -Cs to a erend se. r s :-n
 

it~aU appears that 
 lidf~~rhs Lo.0 tclearmaed isfo sup)Ayrather well.~ Storage es _T saw it doeS not coom to be a pzob3.e,_., ThisConm uitbr.dcas not ieladce the unde-ground pl o-crcg oz r.zed2an soragesince iim were unable to i.zspiecL n whichi contanL!-.d ~an~ 

Parmrrs shouid ba encouraged to over dry the raia as a pzo'CoctivnaitcInuiact damiage. This Should nut: inc.-iease the ccst of dry.W3gr.-ount because by cny si:cnof te abunchc o4sn.egyi e~n
 

in tha Sunny bag setorage, th-e fiarmiar t.
shoul~d e ealcoun:orseeix laco dunna-euadez he bags to aira.-4m c irmilation and -&'o prevrent moiture ir.irtionZfroni "he fto Ften 11t1-ito the bas 

Siimple cltealiness in the sturage area vould probably rem,.o,:e rzost oj therisk of lus.ect d~amage.
 

,I study of the niedgan shuuld ba ma~de,
: natigate the le';el of_ 
it would be very iuerecing to
x:y4.en andA eazbou d2io::icie_ -,-Iintendasn

fleat the. time tley are opened,, .61 there is a 1. lovel. yU ::ycthenl mneni'orintg the chazga i4n a 2:Ceshily fL2Lcd medaa wwu3.d Lbe U.: r'lgze.LC!.:t~e~e andue leadiwoul~d to bettUer use ox wc1i storag,, 

http:r'lgze.LC


~ie ".7m, A .; udv .,2 1,0V30 ,c:.n:i'er,- s Cis~ 

t~hreshing comkiaon., III h j .osses tlma t'eZmx L 

eid px&obly zve. rxe Los,,, '"i1l -TS ~ ar ane 

TaCh., Rcn.:. on St-inp- VC., o 'c. 4'..S GIY.7-i % 13 70,j7 



*Location tiawe
 

4v Location mnap de$=Iption
 

So Lotioa.n ae-,ration mp
 

0UY 	Appro:1irzate Vi117nge Populati~on 

70 	 TYPe 09 Z7Oad to vilag I(Pavedo kiavl etc.)

Village djucc. fzoana-*o, !.:,icn-



8. ramixy Sirze farm - S e 

-Tenant - Type of rental

jaea :m utji

9a (Ld o--- &rain raiu~ci
 

.1 othe~r CrWOPS irzilsed
 

1.is the X'arm acrag 
 in arLin the sBunc' r~o*e ~~t5ycr ~gige: 

SWhat crops hatre inczaae, an~czeage and whau cLops have docrOe.se laiacreage in last.yer 

13 Number of, gr.ain crcapt per yea~r-

L0 Do theyc t~ a crop e ;cry yer a r oJ 
 .- y 	 ot11ryec at 

15. is~ al rain useet by _amnil.y -


Is part soU ~

t6, 1.!OW Sau grain used Uy f-!anly -

Anirla. good 

http:docrOe.se


1.7. ,-- aA voed grain. car- id rve c 1r, AV:x1w;-.1dUC:t1C., 

19 -Are Cralli S,;.d Z~casih or 

20.l Is~ e-.Li~ stored cr. fa tuaie
 

2-T Descri~be 
 sorage Sfaa±1.ties 

22. Descibe problems of strape 

23* CGJ'.ct sa-pe of deitaiorted storad secad 
*24,q T. any grain stored more tha one year 

(carry over for bad yoars) 

25. Whu-i.* Is 
the use of grain soldi oAff-9arra locally



Appendix 3 

PI A 

- r157 99
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