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v Substantive Report

Status of work ‘and progress under the contract.

Thé'follbwing information was extracted from fhe Yemen bi-weekly,
‘reports. Paragraphs present a month sequence of work accomplished,
problems encountered and plans for the next menth.

‘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. Irrigatior was continued
to f11l out the developing seed. The bird watchers did an amazing job
of holding down damage ton 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 prouject 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 fdentified 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. o '

October brought visitors to our project. Yemen 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 1s sporadic, unpredictable and cannot
be relied upon for research purposes. Sana did receive about 2% 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 neceasary for development
for sorghum/millet research. The lend and facilities belong to the Yemen
Government. Twe 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 Prugram/Food and Agriculture Organization
(UNDP/FAO) at Taiz to complete a Yemen Sorghum Collection from all major
production areas in the country. UIr. 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 z plant_ protectirn 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 Ycmen 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 tne month. Maturity readings were completed. Notes were -

- taken on percerc stand in plots for adjustment of yields from partial plots.
More than hal: of the yleld plots were observed with only partial stands.
According tu 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 rpersonnel 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
Regearch 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 and
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 -



fthe 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
Governates 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 size, some of the extra
personnel used to keep birds off werc 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 17. 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 folluwed.
Its one cylinder gasoline engine had badly worn rings and burned considerable
‘01l with the result of low horsepower and a fouled plug. A new plug was
‘not available. The machine would only break up the heads into smaller
pleces 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'major 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 hcurs. IVS personnel work from



0730 to 1200 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 Hodeldah 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 cbvious 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
Horticulture 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 Hodeldah, 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 significaat 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 yleld 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
yleld 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 ficld plot areas and developed plans for further irrigation and
determined pipe needs. Reference item 3 (developirig research facilities)
the following occurred: shelving was assembled in the new spaces to



..‘Eacilitate storage during construction; the driveway into Al Jarouba
- ‘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 relutive
to irrigation and other agronomic needs; Mr. Acharya visited a plastic
plpe 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. Discussion 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 iaboratory 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 aud storag: 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 Arizora;
- 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. BRoth 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 repalr. Parts znd 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 {rom 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 shert term specialists.
They made a trip to the soils laboratory at Taiz and had soil and

water samples analyzed. Both individuals departed for the United States

on February 15, 1778. 1Yr. Robert Saul a short term grain storage specilalist,

arrived ¥February 22, 1978, He and Dr. Stewart toured agriculture areas

in Yemen 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 Myr. 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 yleld 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 grewing season. These
aberrations were described in earlier reports. Reliable plant breeding
results caunot 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 ylelds 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
yleld of the genotype. Plans were made to continue tabulating and most
~entries equal to or better than the local types in yileld 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



‘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 additional work area is planned
for future threshing and wcrking 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-tuwn
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 vards for either larger harvests or faster harvest

- 1f mechanization should become the practice. The farmer protects his
focd supply rather well. Mr. Saul departed Yemen, returning tc the
United States on March 8, 1978 after completing his short tera objectives.
Equipment, supplies, machinery, lumber, fencing and other miscellaneous
items all congregated around and in the recearch work area continued to
.be a problem. Plans were made to: inake 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 genutypes;
‘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
w0 ot .-
<. The preceding paragraphs individually discussed some aspects of this’ 5
-subject.’ Plans 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
jcontrol of administrative personnel on site. .The. following areas provide
fan insight into current needs. A

a. Delayed delivery of equipment and supplies seriously hinder work._i
b. Construction of required facilities encounter serious delay.
‘¢, Field plot techniques to provide reliable research data are
~unperfected. -
‘d. Equipment to provide reliable research data is not presently on
station. e



“! o T

e. Limited progress has been mide in identifying superior genotypes , o
" from the data provided by p*evious contractors. Previous evaluations;;g

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 1s beirg made in all ten contract scope of servioej

areas. . R

4., Additional infurmation pertaining to this contract: o

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 pcrsonal effects and supplies: Excessive delays on
delivery of air freight and surface freight continued. For example, it
took almost one year for Dr. Voigt's automshile 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 examples 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
dua to past encountered difficulties.
c. The on campus backup activities were many and varled.
(1) Equipment orders increased. They were procured, inventoried repacked
~for pouch mail, if possible, and/or shipped to Yemen. . -
(2) TFive short term specialist positions were filled and individuals
completed objectives in Yemen. Ore 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 shculd take any.action to enhance the project.
(3) Library research continued on ways to control bZrds and this information
- was forwarded tc the Chief-of-Party. Cost of bird alarm system and literature
- describing them were also obtaired and forwarded. S
- (4) A Phoenix weed control expert identified weed seeds which had been i
sent from Yemen as: Xanthjum spinosum L,
Scrophularia Xanchoglassa Boie
Solanum glbicaule
Fagonia arabica L.
Senecio aegytius L.
Echinops spinosissimus turra ;,




: "ﬁééeﬁgeeds,'plus packets of mustard seeds from Yemen were forwarded to

.- Mr. 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
. 801l 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 thelr 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 nezessary 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 .
slx~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 66Z marks. We normally look for 70% as the minimum grade for. admission.
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conslderation. 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. Ypon com-
" pletion 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 Bachelox 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 ‘
ltbrary facilities for agriculture in Yemen. The following actions have L
occurred. '
, (a) Order number 18 has been received from Yemen for resear"h 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. e

(d) The estimated price of microfiim 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 copies of all articles pertaining to sorghum and ‘millet
for a 15 year period have been reproduced from Crop Science journals
for shipment to Yemen.

(f) 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. i
(10) University of Arizona, Department of 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, 1f 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 - e
:-8ituation for the University personnel in Yemen. R
(15) Library research was conducted to determine the. fmpact of leaf . . .
. removal on sorghum yield, as 1s the practice in Yémen. Data on this
_'subject was very limited. 2 B o L ' S

. (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. . Ce . ? ‘
(17) - On campus support continued to handle the increased administrative
load as the project got into full swing. .. . B . L
.. (18) Tentative arrangements were made for Mr. Arle to return to Yemen
a8 a weed control specialist, then aborted. L e
) d. Mary C. Neville, Deputy Missions Director visited Tucson in =+ -~
“December, 1977 and met the University of Arizona faculty and staff R
members who are supporting the project.: Our special thanks are extended
to ‘the Mission and the Agency for International Development personnel who
" have provided excellent gfupport to the University of Arizona in fulfilling
‘contract obligations. - . : . . o

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. Lo R L
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 irrigetion 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:

11
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Dr. Robert L. Voigt, Chief of Party in Yemen, full time.

Dr. Donald M. Stewart, Agronomist in Yemen, full time. v

Dr. Robert Phillip Upchurch, Head, Department of Plant Sciences,
spent 157 of his time as Technical Director for the contract.

Dr. William Gerald Matlock, Coordinator for International
Agriculture programs, 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 15, 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 247% 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 orilenting regular and short term staff assigned to
Yemen. B

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 12, 1977. . e e L

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 Janvary 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: : S

- 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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INTRODUCTTLION

Modlficetlon of irrigation asystems are bein@ proposed at two
existlng USAID Agriculturnl Farms near Sana, Yemen, ‘

Dir Al Golum, located near the north side of Sana, 45 to

be used for sorghum, alfalfa, and possibly horticulture
‘rescarch. Bir Al Shaif, located on the south side of Saua, |
{5 t0 be used for horticulture and vegetable research, A
new station at the Al Jarubah State Farim, located cast of .
. 2abild and within the Wadi Rimnse Area in the Tihaua, 1s

being proposed for future sorghun and hortlculture researche.
My ob]lgation was to complete the flrst stage of evaiuation,
design and recommendation of either surface and/or wrickle:
irrigation systems at these locations,

X was precent in Sana, Yemen from Octobexr 11 to lMoveuber 1l
to conduct this zurvey. A detalled design of surface
irrigation systeus for the two Sana farms are presented in
this report, with flexibility for some trickle irrigation
developaent. in the future. Only a preliminary, surfacee
irrigntion design lz described for Al Jorulialb, because
installation of an lrrigetlon well and crop research plans
have just cownmenced. Tentatlve pguidelines for irrigation
management to include cultural practices an.l 1rrigation
scheduling will be discussed.,

Some of the major factors considered 1n tials irrigation
dealgn and operation were: (1) moximun wtilization of a
limited watier supply; (2) sdaptation of rhe system to
future needs, l.e,, changlng border wildth or plot sizes,
adding trickle or bubbler irrigation or alterlng cultural
practices; (3) capabillty of cxlsting labor to operate the.
systen; (ﬁ) avallabillty of PVC plasti' pipe 1n country;
and (%) urgent need to begin construction of the systems, ;

BACKGROUND SANA FAR:S

Snils - The most wideapread soils near Sana are calcaraou
8TIT Loams and ellty clay loams. Final infiltration ratea
are moderatiely slow, estimated at hetween 0.l to 0°l5
lnch@s per hour (2.5 to 3.8 um/hr), L

Filve =011 samples were taken at Bir Al Shaif 4in September 1UT7
~and anallized by Tuskegee Institute, Tuskegee, Alabana, as
shown In Appendix 1., Results showed K, Mg, Ca, ln, Zn, Cu,

Fe and Na are high. The electrical conductivity of .the soil
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‘solution was estimated at less than 17 millimhos pe: cm by -
"~ the fact that it should be approximately equal to fie total
-goluble~cations in milliequivalents per liter divided by 10, -
The exchangeable sodium percentage was calculated at less
than 4%, Therefore, the soil would be classifi:d as
saline-nonsodic for practical irrigation purpos:d (8).

Climate ~ A brief summary of the meteorological data for

Sana was found in the Yemen Agricultural Hangiook (1) Annua
ralnfall aversged 15 inches (380 mm) from 1963-68 and less =
than 6 inches (148 mm) from 1570 - 73, No warticular trends. '
between yearly or monthly rainfall were ev'lent., Mean

annual tempersture was 63% (17,1°C), with mean monthly .
temperatures ranging from SUC F to 709 F (12,20 C to 21.6° C)..
Relative humidity was falrly low, : A R

Groundwater - Less than 10 percent of tne agricultural lend
in Yemen 1ls under irrigation. The groundwater level in

Sana. 1s extremely low. often below 32¢ feet (100 meters)o

At Bir Al Gohum, the w»imum measured punp discharge was

100 gom (6-3 1/sec). The pump 1s a telt-driven Caprari,
Model No. VIGP/NL/24A with 9 buwls. The well depth is

650 feet (198m); maximum pumping derth is 465 feet (15n) 3

a 10 feet (3m)slotted pcreen J3 locuted 170 feet (52m) from
the well bottom; and another 15 feci (5m) slotked screen 1s -
located 265 (81m) from the well bettom, The engine is a VM~
dlesel from Italy, Type 1053, 60 Lorsepower and 2800rpm,
There Iis a second well and pump fiurther to the north that is
almost dry. ‘

At Bir Al Shaif, the maxinum measiured pump discharge was 40 gpm
(2.5 1/sec), The pumn is a belt-driven Caprari, Model No. -
V16P/3L/20A with 8 bowls, The well depth is 625 feat (190m),
and a 32 feet (10m) slotted scre:n is at the bottom of the -
vell, The maximwa pumping deptt is not lnown, The encine

1s a Blackstone, Model No, I4PL7Ei42, 31 horsepower and 850 rpm,-

A fairly complete groundwater aralysis was obtained for the
USAID office well, Sana, Results shown in Appendix 2
adequately represent both the Bir AL Gahom and the Bir Al
Snalil’ wells. Classification of Lhe water is a medium
salinity and low sodium hazarard. Chloride concentration
in the water should not be a prolilewm. Boron concentrations
are unknown and should be deterunined before sensitive crops
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are grown. Wlth some degree of certainty, this water can

be used on most soils and crops. Appreciable leaching of
salts may be necessary on the more sensitive fruit and nut
crops, because of the moderately high sallnlty in the soil.

Crops - The principal crops to be grown on the Bir Al Gohunm -
statlon in the next year are soghum and alfalfa. The = -
Unlverslity of Arizona will be conducting sorghun variety
research for a second year. Tuskegee Institute, which is
soon to gend a two year teaw to Yemen, may establish soue
horticultural research on the same fara at a later date.

Blr Al Shaif wlll be used entirely for Horticultural o
research. Present plans are thal Tuskegee Institute will - in
be conducting varlety tests on such-crops as grapes, peaches,
apricots, alwonds, pecans, walnuts, and various vegetable
CYOpPS, : . :

Based on the soll and water data presently available,
sorghum and alfalfa can be irxigated at Biv AL Gohun,
Successful irrigatlion of horticultursl crops is certainly
feasible on both farms; however, Tuskegee horticulturists -
should have the wells analized for boron, as a safety ;
-precaution. Most fruit and nut crops will not be injured
vhen lrrigated with waters containing less than 1 p.polia
of boron (8), Again, many fruil* and nut crops have a
relatively low salt tolerance which reoulre good water
managaient practices,



EIR AL GOHUM DESIGN

Weter Regulrements - The irrigation water regquircuent is the
~anount oif water that must be pumped before delivery to the
fileld, 7his should not be confused with the term consumptive
use, which is the amount of water used on a gilven area in
transpliration, bullding of plant tissues, and evaporation
from adjacent soll., 7Two types of efficlencles will be

used in thils repori to determine the irvigation water
requirement, First, water-application cfficiency 1s the
percentage of irrigation water dellvered to the fleld that
is stored in the so0ll for consumptive unse by the crop. g
fecond, where a storage reservolr is evaluated, reservoir
efficiency is the percentage of irrigation water delivered
to the fleld alfter evaporatlion and seepage, Not all the
uwater applled to the fileld in addition to consuvmptive use

is wasted, When excessive salts exlst, exira water must be
passed through th. soil to leach salts out of the root zons,
Extra lerrigatlons ore souwetlines reoulred to encourage
germination. Some crops require additional water during
harvest to improve quality or preserve crispness,

An estimnte of the consumptive use for sorghum grown between
May 1 and October 31 for Sona was computied using the Blaneye
(riddle formula, Temperature dats was for Sana; sunshine
hours were for the tlontalne Plelne area with simllar
temperatures (3); and the crop coeffleiente were for

Gentral Arlzona(2)e. The estimated seascnal consumptive

use was about 30 inches (780 mm) with a pask consunptive-
usg rate of 0.20 inches/day (6.0 wmw/dQay) occuring in late
July, ' '

Using this estlmated pesk conswptive-use rate, several
alternatives to the total poseible sorghum acreages were
investigated, Iirst, wlthout construetion of a resexrvolr,
the system can handle aluost 3.5 acres (1.4 ha) of sorghun
with an average 70 percent water-application efficlency

and over 4,0 acves (1.7 R3) with a higher 80 percent water-
application efficiency, 'This is for 8 hours per day puaping
for 5 daye per week during the peak water demand period, ‘
Flelds A and B total 4.3 acres. Wilth a reservoir and

based on nverape efficiencles of 80 percent reservolr and

80 percent water-opplicatlon effilclency, The system capacity
would be about 6.6 acres with 14 bhr/dey pumping. Fields '
A, B and ¢ total 6.1 acres (2.5 ha) and Fields A, B, C,

and D total 5,6 acres (2,3 ha). For a reservoir and

maximum efflciencles of G5 percent reservoir and 80 percent
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waler~applleatl-mn ef'leiency for #0 hours . per day pumping,
che oysboi would reoulre 12,5 acren (5.). ba). Flelds A, B,
- Cp D ond B total 12,0 acres (4,2 ha), The last olternstive
13 ineluded In Appendiz 3 to amphasize the llaited water
supply, the ndvantage of a reservolr, and the Lnportance of
Good watar ponagoaent o achleve maximun efficiencles, .
Ralnfsll wan not consldered in the mnalyses because of its
erratic pattern, A U

Based on these calculations, the followlng plantlng recom~
mendotions are proposed for bir Al Goham. In 1978 Lefore a
reservolr can be consiructed, Flelds A, B end ¢ ghould be
planted %o sorghium and glven pylorlty to uce of the water

An June through August. Alfalfo could Le planted on £leldn
Dp B and F and iryignated only when excess water is availablea
Thls means that the alfalfa would have to depend on ralnfell
duarltng Lthe susmer s2ud bocoue partlally dormant. In 1979 after
& rescrvolr Is conetructed, additlonal acresge can poasibliy
be placed into zorghue resesrch.  The wore uniform colls are ..
1o Ficlde A, B, C, and F3 whereas, Flelds D and & are guite
gravelly. 1eld D wonld uake an excellent site for future
constructlion, 1f deslyed, N

Lrvication Syotom - Appendlx 5a shows the layout of the
Torions 19elids "AYong with the loeaticn of the proposed
Irrlgatlon pinedines,  Appendiz 5o showy the major pine~
cenneclion detailn.  Tue ayasten consiobs of G-ineb (150n) Py
waInllig,  Pertoble Aeinch (10 em) PYC Jaterals and’ outlet pipes
will leeignte the norgbun fwrows. The eifelfa will bve
irelgated in 60~foot (18m) wide and 175 et (53m) long
bordera. The systam will supply wates dlreetly from the
punp for the £lrst yeor and furom Lhe rosevvelr alter its
conghruetion. Fipe-clze detetminetlon considered both water
sources, Hee Appandis Y4, '

b was agresd thot the plastic pipe would be placed on the
surface for at loast the firvet year. PYC pine will norally
deteriorate slowly in sunllght, ospecially in the Southe
westiern Unlboed Stalesy hul temperntures are not as high in
Bana., When trenchlog cquipment becomeg avalluble in Yemeng
the plapsle plpe can then be buried 2t lesst 24 to 30 inches
{75 cm) amay.  The nudlity of the plastie plpe appears 4o be.
ercellent s however, it should be visvally observed for
cracking in the field every four montig,

ALl the fielda should be eventuvally levelled as close as

pesslble to zere grade, Desd-level Irrigntion, somethes -
referred to as level border, has numerows advantages. .

¥ Polyvinyl Chloride plastic pipe.
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Loreg didtcran Rinde of crong can Lz groaud in sequence i
withont makineg mojor changec in delpn. layout, or operating ol
procoturan,  High water-application efCiclency can bhe
chtnined, verticulsrly on solls vith e lew lateks rate. No
digzigation watey fs lost to rvnil. Iecching operations

can be eecompliczhed without altering the wethod of irrigetion.
Tec addition, dead-level drrigotlen cen be operated by ine
expericnced workera, It lo best sulted %o smooth, gentle
miforpdlond alopes, o8 in Ghe case Lor thls farm.

A grid map for land levelllng was dzawn for Field F and can
be found in the Bly ALl Gebum £1le. I% uos obvious f£rom
this elevation wap Chat Field ¥ can be eosilyflevelled o L
a:XQ grates as 18 visuvally true for the other fields. i
Pleld ¢ ehould be levelled into two approximately ecual iﬁf:
blocky--the vonth bicck to an elevation of about 3.8 feet il
{L.2m) below the benek mark, end the scuih bloek to an
elevablon of about 3.0 feei; (0.0m) below the bench merk,
Thr Deuch wavke ie Locabed ot the Gop ef ihe conerete pump
platicim, A pgrader .6 avallabie aand o lond plaie has been
ovdered for Hhe USAID Yewmsn recenrch forms.

Appendlx Do glves the pyraposed loeatbion of approxinately a
220,000 gals (833,000 1) storape reservolr.  Appendix 5b

shests devadils of 45 consirueklon. The sizme of the reservoir
ig Z0-feet (15.3m) wide, 100-feet (30.%1) long, snd 6-fect
(Lufn) daen. A Modneh (10 cn) outlet £0r the reservoir

shoild e abeut 12 inchza (30 cw) above ihe bathon to provide
Cor sodinentation,  Resarvoiy shoram eapacity above the
onilel enlle Tor o 2--hous pimpidng plins o 26 percend frece
Leord.  Discharge rate fron the remevecir will, range [rom
aponk 220 goe to 525 com (2005 to 33,2 1/saz2,) A 6-inch (15em)
maln line wlll xun east and nosth Lo Irvimese Flelds A, B, G,
D and Fo o o oddléloand G-Ineh (lﬁmm) win will dbe required to
s lirectly oast to peoaslbly Ixrvigate FPilelds F., Hand I

by praylhy ©low from bhe rosexvelr. Hovievrer, Fleld T can he
nlileldy Toidented by the dlecharpe presmsre feom the pump
wivhent the additional plpeline,

1

Yentablve conafauedlon plavs onlld for Linlng the reservoir

uiLh o erughed rock pnd sond cementing over the rocl: to

reduen genpase lovoos. Gohexwise, a ooll swaple from the
Yepervoly aibe wlll b retvznzsd o tha University of Arxizona

0 deteaalue She Fenuihiiity of wsing o chenleal gealant Instead,

Tor evaporatlon eontrol, o bulyl rubber cover ia proposed. This
deglen w10 Be- dnvegtisated i bh variovs reeeaxchers and
nanafectorory belfere o definlie proposal. is made,

Theos As Ghe pogssihidity Lo comdnatine seme hovileulture
sosonieh at o dater date at Bz 8 Gohww. The soyghon
Toasaya way bha pednced hy hhis wimae the olfalfe acreages
WL e dess aind gryland Loomed: and the reservale wili
dufinlbely uesd S0 be conabimeted,



http:conolp~ucf:.on
http:wrjter-apbMicat5.on

o

At thins point, tirlckle or bubbler 1rrigastion would Le an

nttrective alternative for the production, considering the
Limlted woter supply. Usage of plastic plpe distribution
- syetem for deasl-level irrigat on will make the conversion
easler to a trickle or bubbler irrigation systes. '

Management Recorviendations

Auggentions made sre in terms of cultural practices and
water managemnent foxr the minlmization of the water requirge
ments for sorghum production. €hiseling to a depth of at
leagt 20 inches (50 cm) may improve water penetratlon.
501ls near Sana have enough structure that chiseling
ghould prove bLeneficial. Deep plowing of 10 to 12 inches
(30 ¢n1), already belng practiced on the research station,
should be continuced. After pPlowing, the flelds ecan be
well levelled and furrowed out in o northesouth direction,
Prescent practices of hand furrouing, hand planting, and

the lrrigating for germination have resulted in ooil
crugting end eraciting with lese than deslrable crop stands,
One difficulfy has been the very small, hand furrow,

which haa often led to nonmuniform watier distribution, The
presenlt spacing of 23 inches (70 em) can be continued:
hoWever, a uniform furrow of at least 8 inches (20 cm

in depth ig recomended, Both chisels and furrowers

to it present equipment have been discussed with USAID
personnel.,

In 1978, irrisating before planting should be Iavestigated,
A pre-irrigation of at least B-lneches (20 cin ) is supgested
for leaching of soltes and encouragement; of early, deep root
developnent. Irrigatlon water should not be allowed to g0
over top of the furrows and will reguire refllling a number
of times to apply the desired emount of water, After

510 10 days, depending on the rate and degree of soll
dryness, fertilizotion and soil trestuent against temiltes
can be accomplished by band or with a planter attachunent.
Dr, Robert Volpi, Sorghun breeder, Unlverslty of Arizona,
has plans %o purchase a walk-behind planter. It is his
decislon as fax os rate of seed planting, but 1t is

- suggested that the seed row be placed sbove the water line
ereated during pre-lvrigation. If problens in eulergence
appear to develop, 2 second Lirrigation can always be given
foxr germination, being careful to keep the water depth in .
the furrow at least 1 inch (2to 3 cn) Lelow the seed row,
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Four tn flve irrlgntions of about 5 inches (13 em) will
be requived nfter enevgence, ‘These irrigations should

he given on a graduated or varled frequency based on the
plant growth stage and soil moisture depletion, Until a
more nreclse criteria for sorghum irrigations for Yemen
is developed, a depletion of 6C to 65 percent of the
available soll moisture in the top 2to 3 feet (60to YO cm)
could serve as a bacls for Irrigatlion timing, Soll
sanpling and soll noisture measureuwent equipnent are being
ordered for the research foviia. The present practice of
light, frequent lrrigatlons cvery week or two will not
congerve water or lmprove ylelds,

The number of furrcws to be lrrigeted at one Gime will vary
with the soil condition and irrigatlion quantity, For the
sorghum plota that ave 4} feet (13 m) long, on irrigation
set with 2% furrous would wequire 1 hour and 15 minutes 4o
apply 5 inches (13 ci) of water. Twenty-~four furrows can
be easlly irrigated ucing two lengths of the 4d~inch

(10 cia) portable outlet pipec, conctructed per details in
Appendix Sb, Fox the limited 1lrrigotions for the alfalfs
on Fleld ¥, a single border wilill requive 5 hours and

25 minutes to opply 5 inches (13 cum) of water.

¥ith the lengths of un and lrrigatlon ntream sizes for
thege two examples, water-application effilciencles of
S0+ 9% nercent ave possible, as deternined from the
United States Soll Conservation Service design charts (6)5



BIR AL SHAIF DESIGN .

Water I cuirements - The asswintlon was made that the research
at e M¥m would be comprised of twoethirds horticulture and
one~thil vegetable Crops. Taking many factors into cone
sideratioy, an estlinte for the average neal consumptiva~use
rate of yung trees and mature vegetables was cosiputed at
about 0,12 inches per day (3imm/day) for the first two years,
Thereafter, the mature trees and vegetables would have an
average pe:. consumptive~use rate of about 0.2 inches per

day (5.1 wmyiay),

A concrete reservolr has already been built at Bir Al Shalf,
The present Mlup and reservoir hag the capacity to handle
about 6,5 acra: (2,6 ha) for the first two years and about
3.8 acres (1.5 ") in tie following years, based on average
efflclencies of 40 percent reservolr and 70 percent vwater-
andllcation eff. ciency for 14 hours per day pumging., For
maxluum efficienies of vD percent reservolr and 80 percent
water~aoplicatic: efficlency, the systen could utilize about
11.3 ncres (4.5 L) for the first two years and henceforth
about 6.6 acres (-7 ha)» Rainfall during this peak water
dewand period was 1ot consldered In tnese calculations. The
conclusion was drari that the total acreage of about 10 acres
(421 ha) can be irr.gated for the first two years, provided
that sone brecipitation occurs and the pump discharge capaclity
is maintained, Therafter, the irrigated acreage will
probably have to be tecreased,

Jdrrigation System - MApendix 6 shows the layout and sone
details Tor the Bir A, Spoir system. The design calls for
dead-level lrrigation wethod and a plastic pipe distribution
netvork, This system vas chosen foy the sa.e reasons stated
under the Bir Al Goaum lesign. A 6-inch (15 ¢m) PVC mainline
was  selected for Fields I, II, TIT and IV; and'a 4-inch

(10 cm) PVC mainline wag determined for Fleld V. The four
fields will be lrrigated from the south side of the reservolr,
and Fleld V will be irrigited from the north. It was again
agreed thot the plastic ploe would be laid on the surface

2t least for the first year, The plastic pipe can always

be burled later if Nnecessaly, . A Lo

The existilng reservolr hes . storage capabllity of almost
65,000 gals (246,000 1). whivih is adequate Tor 2% hour
puping plns ‘o 13 bercent frceboard, The discharge rate
from the reservoir to the four soutn fields con range from
about 130 to 420 gpi (8.2 to 26,5 1/sec) with Ye=ineh

(10 cm) outiet controlling af all flows., For the single
north field, the discharge rate will ranFe from about 130
Lo 160 gom (8.2 to 10.) 1/sec) with the fG-ineh 10 e¢m)
outlet controlling at low flows and the 4~inch (10 em
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mainline vestricting at higa flows. This reservolr. is now
being used by the local community for bathlng and washing,
which could cause ninor operational problems 1f debris ls
nllowed to collect In the reservoir. ‘

Pl-atic lateral lines for the distribution of water to
Individual nlots have not been included in the initial design
for several reasons. First, the cropping pattern to be

used by Tuskegee Institute has not been deflnitely decided.
Second, all lengtha of run are short so that earth-lined
ditches will provlde fox excellent water-application
efficiencies. Third, trickle or bubbler irrigation can be
ndded later on tree or vine corps. Lastly, the Yemnen Govern-
ment may nave other priority user for a goptlon of the farm. -

Honagement Recommandations - From a visual observation of the
soils, land topography, and reservolr locatlon, the following
planting suggestions are included: Field I - vegetable cropes;
Fileld 1T ~ vine crops; Field IIT -~ nursery and propagation
area: and Fields IV and V - Lrult and nut crops. Small

trees must be removed on Fields III eand IV, and the large
trees on Field V ray ceuge some clearing end levelling
problems, Chiseling before planting could be advantageous
on the deep~rootea rruit, nut and vine crops; but it probably
would not be on the shallow-rooted vegetable ©roph, since
no real hardpan exists in the soll profilles o

Fruit and nut trees can be irrigated from a 3 to U~feet wide
(1 to 1.1 m) basin for the first two years, followed by
wldening the basin to the dripline of the trees 1n
successive years., Vine crops can bte lrrigated from single
furrows on both sides of the crop. Planting beds will .

have Lo be developed for speclflc vegehable types. For
early, spring vegetables, east-west beds are recommended «
with planting on the south exposure to galn heat units for
crop energence. . ' 3

In my opinlon, present irrigation practices of shallow,
light~frecquent irrigntion should be dlscouraged, where the
deal~level irrigation method 1s used.  No irrigation of less
than 4 lnches (10 cm), is advisable, and at least once every
year a large irrigatlon of about 8 inches (20 cum) is re=-
cuired for the leaching of salts., Plant response to irrigae-
tion vater nhould be closely. observed, especially with
horticulture and vegetable crops, to prevent overirrigation,
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* BACKGROUND AL JARUBAH FARM

Sofls = Al Jarubeh State Furm 1s located within an alluvial
Tfan that is regularly spate~lrrigated land close to the Wadl
Rima, The Wadl Rima iz one of the larger perennial streans
witlch flows through the Tihama reglon. A complete descrips
tion of the area is found in the iiontaine Plaine and Wadi
Rima Report., Volume 2 (3). The reglon essentially is
comprised immature alluvlal soils (inceptisols and entisols).
Genexrations of spate irrigation on the alluvial fan has led
to the accunulation of highly silty surface deposits., The
solls of the fan are typlcally well-drained and mediun=fine
texture, They have a weak surface structure and a high
water holding capacity. Inflltration rates are moderate to.
mnoderately slow. : RS

Because of the relative uniforalty of the condition in the
Wadl Rima area, broad reneralizations regarding soll
propertles were made in thls report. All solls sampled
‘contalned free calcium carbonate, as was reflected in high
ph values of 7.5 to 8.5. Tne soll organic content was very
low and was posslibly associated with tie calcareous state of
the soll since total phosphorous is noderate to hilgh.
Salinity ias low in regularly spate-irfigated and rainfall
areas to the east. Dr. Narl Dewan, Soll Scientist, FAO, Taiz,
agreed that the solls in this area have little or no sodiwunm
oxr salinlty problens. Howevery a soll sample was taken from
the future research site at Al Jarubah and wiil be returned
to the Unlverslty of Arlzona for further analysis.

Climate ~ It was unfortunate that 1975-«thc only year for
Which published records were avallable at Al Jarubahe-- :
appeared to be nontypical (3). This weather statlon adjoins
the future research site., The total rainfall recorded of
24,8 inches (631 mn) In 1975 was provably about double the
long term wmean as judged from ecologleal evidence, which -
sugizests a .aean of around 13 to 14 inches (350 mms. Tiie
teaperature data showed uniforily high tomperatures tiaroughe-
ouf;, the year. [ean tauperatures ranged froin 79 FOto 61°r

{ 26%0 339CG). Duot ctorms reduced the po:sible sunsiilne
hours, expecially between Deceaber and jiarch and periodically
‘between April ond Junc, The relatlve humidlty is high for
an arild enviroument, reflectlng tihe proximity to the Red Sea,
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Groundwatcr ~ Exploratory drilling in the Wadi Riaa area
revealed no deep agufiers of exceptional potential (3).  The
majoxr pource of recharge 1ls from the Wadl Llwa spate lrriga-.
tion and baceflowy conusequently, tie watcr table is in the
forn of' ~ suidued wound centered within the alluvlal fane
USAID 1s plonuing to develop one of thece test boreholes, -
WE-~FJ, which is located near the future research site, '
Rosulvs from thls test well ot AL Jarubah (4) gave tae
followlny informatlon: well deptih, TH Tfeet (226 m);

screen lengtn, 324 feet (120 1); statlc water level deptn,
1ub feet (52.6 m); 2F<hour svecific capaclty, 7 gpm per
foot (1,45 1/5/m); ond toet yleld, 122 spm (Te7 1/sec)e

A copy of the water analyals for WR-L3 wac obtained frou

Dro Warl Dewan, ae chown In Appendix 9. This is o moderately
hlgih-salinity ond low-sodiuwm water. Calorlde concentration
in thils woater should not be a problewn. Doron concentrations
arce not known. Dr, Dewan indicated that toue laboratory in
Talz will soon be able to deteraine boron,

Crops - Crope 1n the Wndl Rlma arce are limlted to those
culted to the tropics, except for a siort porlod in the winter
uien a rame of siort-day, tcuperature crops can be grovwn, '
The traditlonal subcinstence crops are sorgiun, millet, nalze,
seso.e and cowpeas, AL the Al Javubah Resenrch Tarm, -.° -
sorgiug zesearci 1s to Legln In e2a1ly Decenber 1477,
Horticultur: researcl: on such erone as Bananz. cltrus.,

wango, and papay: will probably be initiated within the

nNeKs, §rar, ' - '
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AL _JARUBAN DESICGN

"The' 1¥rigation system designed for Al Jarubah is a preliminary
‘one since only a test well has been drilled and only recently
& Blte selected for sorghum research. Appendix 8 describes
“the site location and prelimlnary plon. Advanteges of this
location vere that it was close to the new well, had less

of a striga weed problem, and reoulred less land levelling
than other Jocations, A possible disadvantage of the sorghum
site 1o that in a wet year it may not draln as well as other
possible cltes, :

Vater Requlremants « The ceasonal consunptive uszs for sorghwn
planted - tac Wadl Rlme during the winter months was . il
estimated at about 20 inches (510 mm). Research results

from the Wadl 2abld farm (5), operated by Tihama Development -
end located approximately 20 miles (32 lkm) from the Al Jarubah
farm, indicated that the consumptive~use requircment for B
winter sorghum vias more than 20 inches (500 mm) for the
liuported variety Kadamel~Hamaam, This report did not give i
the peak consuaptive-use rate, but the calculated value was
about 0.35 inches per day (8.9 mn/day). . SRR

Therefore, provided that the new well has a niniiawa discharge
rate of 100 gon (6.3 1/sec), the pwip is onerated at 20 hours
per day, and the lrrigation systen is managed at 80 percent
water-applicatlion efficiency, the nroposed research site of
10,1 acres (/4 ha) can be sufficiently irrigated. This does

not; include the estlmation thot spate irrigation could

supply ac wuch as 25 vercent of the stored molsture needed
during the period of peak water demond., When it has been
~determined that the new pump will produce iiore than the assuned
quantity of water, a larger acreage can probably be irrigated, .

Irrigation System - A puwmping plant similar to the one now. -
in operation af bir Al Gohun is proposed, exceot for a - . .
direct~gear drive instead of a beli-driven pwip. With a S
maxliaum punping depth of 325 feet (100 m) and bLased on the
results of the test well, the pumping should deliver between
125 to 150 gpm (7.Y to 9.5 1/sec). - L

After the well ls operational, a temporary plastic pipe ,
-dellvery systewn cante installed., This syntem .consists of a
G-inch (15 cm) PVC mainline that will deliver the water to
the highest poilnt of three fields. The other ficlds will be .
drrigated from earth channels or ditches. If time permits
before planting of fall sorghum, the land ehould be levelled
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with zero slope for cach fleld., Appendix 9 glves the 1list
of plastic materlals requized for Al Jarubah as well as
the Sana reseorch farms., Agaln, this design is only a
- preliuninary plan for the next few nionths of operation."v

Managenent Recomnendations -« The suggestions that were
made for cultural practices and irrization water Lianageaent
- for sorghum production at Bir A1 finhim should also be
consldered T'or Al Jarubah. The major difference being that
chiseling may not be beneficial due to the uniforaity and
houmogenelty of the soll., In additlon, Dp. Robert Voigt,
Sorghuwn Brecder, nny wlsh to consglder planting eacih
individual field to separate varloety to determine the
uniformity of lids research plots. Thin flrst year's data
froan fleld trisls in o new area is often collected in .
prenaraiion folr future research, :
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" CONCLUSIONS

A practical irrigstion system, using the deadelevel
irrigation method and a plastic pipe delivery system, was
designed for all three USAID research stations in the Yemen
Arab Republic., Thic system will provide for high water-
application efficiencies and is very adaptable to change
'ln research design, layout, or operation, In the future,
the system can be easily modified to the trickle or bubbler
irrigation method, 1f deslrable. The key to the successe
ful operation of any irrigation system ls the proper
installation, mansgement, and naintenance,

Before the installation of the plastic pipe begins, the
following items chould be completed: (1) the land at Bir
Al Shalf should be cleared of debris and onall trees; .

(2) the land levelled at all three research stations, ae
close as possible to zero grade, wlth priority going to
fields where research has connenced; (3) o pump and engine
installed at Al Jarvbah to determine the cxact well yield;
(4) a boron analysls taken at all three locations,; as a
salety measure, before horticulturec crops are planted; and
(5) all plastic pipe and fittings purchased for the iirst
stage of construction. : T

Considering the limited water supply, the following cultural
and water management practices should be considered: (1)
chiseling tried at Bir Al Gohum and Bir Al Shoalf for tha
improvement of water penetration and crop root development; -
(2) pre-irrigation for gsorghun germination initiated at

Bir Al Gohum: and (3) the practice of shallow, light trequent
irrigatlons stiould be discontinued nt ail ThX'ee Locavions.

Proper majintenance and repair of the irrigation system
must be utllized, At least every four nonths, engines,
pumps, valves and plastic pilpelines should be inspected for
wear, During the first two years, the irrlgation design
should be reviewed annually to determine if the water
requirements for the research crops are belng met and if
changes 1n the irrigation design or managenent are needed,

An attachment will be submitted to thls initial report, as
gsoon as possible, describing the final design for Bir Al
Gohum reservoir and a proposal for future irrigation water
management research in Yemen. ' ‘ ' .

'D..Bucks/ pe
Sana, Yemen
Novewber 1977
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| APPEND;x 1

SoLJ Analysia ~ Bir Al Shief
Date of Analysis « 9/30/77
Tuslegee Inatltute

fﬂverage flve aanples‘

ph ~ 8, 3 .
Ca = 9990 1hB/A = 125 nea/l P ~ 80 1bs/A
Mg -~ 2000 1lbs/A = 42 noq/l J = 372 lbs/ﬁ
Wa - 622 1bs/A = 6T neg/l n = 2000 1lbs/A
K = 372 lbs/A = 2,4 wea/l Zn - ! 2 1bs/A
Cu ~ 4,6 1bs/A
- SUM °o%vr000mn0a0 176 1 mGQ/l Fe - 6“ 1bS/A

Estimated Electrical Conductivity (EC x 103) 17 0 milllmhoa
per Clla

Sodium Absoxption Ratlio (SAR) = _J ﬂa,=:.73.
N S ¢6§9$” g

‘Estimated Exchangeable Sodlum Percentage (DSP)

100 (=0,0126 + O, 01475 SAR) - ~v‘1%‘7
1T =0, o156 % U OIH?b”Eifj Lo

or

'Estimated:Exchangeable Sodium Pexcentage

Naoo : 00 =l
Na ¥ Ca&kg:K o ¥ 100 = A

oaline - Non&odic 8011 (8)

LC x 103 :> i nillimhoa per cmo
CESP <. 15%
' PH 4-{‘ 8:5



 APPENDIX 2

Irrigation Waber Analynes - USAID Ofﬁ.ce Well

Date of Sampling 2/18/75
3011 Reaearch Section/'raiz

PH 770 |

“FaC. ll‘)/Mlcronhos/c.u

ca  3.14 neq/l

Hg  0s75 meq/1

Na. 1,00 req/1

- K 0.05 meq/1

HC()3 3.34 meq/1

C0g Nil

fcxa@i 0,73 meq/1

8oy 0 54 meq/l}

‘51N03 0 12 mecu/l

‘.,sodiuﬁ‘x;Absorpt-lon Ratfo = ‘/———“M*—;"‘:"— C=.72

TR ' - Ca_+ MG
- e

l.Wnter Clztseif .l.C'a,‘tzion' ca2~S1

tlcdium nalinity, and

Low Sodlum hazard,

r7nésidua1*maggg3i}§iff93“v H003 ) (Ca + ”8)

0 meq/lt, :



“APPENDIK 3
?1EkamplefdffWéféfﬁBédﬁirémepp'

Caleulations

‘Maximum acreage that can be irrigated;'addihgfa reservolr
~and operating at maximan reservoir an¢5water-appllcati9n5r

‘efficiencies and pumping time,

1.
2e

,3°

i,
56

6.

Mazimun Clow rate at well - 100 gpni.

Maxlmum rate of well operation;

24 hr/day x 6 days/week = 144 Hrs,
. Average = .20 Hrs/day .

Amount pumped to reservoir:

100 gpm x 1200 min/doy = 120,000 gal/day °

Irrlgation vater available to farm, 95 percent reservoir

,efficiency:

- 120,000 gal/day x 0.95 = 114,000 gal/aay;

Irrigation water availoble for peak consumptive use,
percent water«applicatbn efficlencys faliaw ¥

114,000 gal/day x 0,8 «= 7,48 gal/ft3 = 12,200 £t3/day

-Maximun acresge based on estimated peak consumptiveéﬁae.f
rate of 0,26 Inch/doy: . . e TR T T

o i‘

12,200 £43/day «» 0,022 £t/day - 43,560 £t2/acre =
' 1207‘&01“68{
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2.

3.

. APPENDIX U

;Example-of Pipe~Size
Determinations for
Bir Al Gohum '

- Maximum distance from proposed reeervoir to end of
‘ Field A: -

2,000 feet;of pipeline.

, ‘Maximum allowable pressure head loss for 100 feet of
vopdpes i ,

<.33\feq7100 féétﬂbf pipéline

jhinimum reautred flow rate for the pipeline with
“;5jre8ervolr. T

aOO'me

 Reguired Pipe Size:

'Gaiﬂch‘nominalﬁﬂiaMeter
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}"APP'ENDIX 7

Irrigation Water Analysis = Al Jarubah
" Well No, WR-E 8
Date of Sampling « 2/25/76
Soil Reseaxch Section/ Taiz

ph 7.

~EoC . ~-800 mleromhos/cm
“Ca 4,20 meq/d
Mg 0.80 mec/l

“Na .00 e/

i( » 0.1... ‘.'GG/l
‘Hcos 576 neq/
cog N1

c1 2,00 meq/1

0, o meat
Wy o;els m‘eo;/_:.*

',Sodiun ALrorDtlon Ratds = _ Na = 1.9

e o v v—

r Ca.+ Mg
T2

‘Water classification: 03-81

Yoderately high‘éalinit% and lcw sodium hazardn

'Resfdual NagCOg = (cog + FCO3) - (Ca + l?‘“g) ,,?6 meq/l
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“Prelimina?yQEntomblogicél,Rgport,fdrbYemen‘

DM Taeele
- 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 Tetrany-
chidae - 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 particularly 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, heavp” 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.regrog- ;

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 L
and most have a pink cast. The adult moth have tan forewings and white hindwings - -
the wing span is about 30 mm. ' : CL

- 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.




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 appear to be abundant. These
included the following: coccinellids, lacewings, ﬁg}phid 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)

Oligonvchus spp. (spider mites)

Peridroma sp. (cutworm)

Perigrinus maidis A. (sorghum shoot bug)
Pheidole spp. (thief ants)

Psuedaletia spp. (armyworms)

Schizaphis graminum (green bug)
-Schizonycha sp. (white grub)

Spodoptera spp. (armyworms)

grasshopper spp.

plant bug spp.

thrips spp.




.. Another group of pests‘are.thOSevattgcking;gtéiﬁféhdfééédJsofgﬁum;gﬂdfﬁ i
millet in storage. Collections of these were made from farms and seed storage
facilities. B S e

Sitotroga cerealla 0. (Angoumois grain moth)
other spp. grain moths (to be determined)
Sitophilus oryza (L.) (rice weevil) S
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 Miilét

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 Sdmé“lv
areas of Yemen for animal forage. This inadvertently aids in the contrpl_ofav[t.
‘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). g ‘



. 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

rifecting 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 p@ 1sonne1
‘who are familiar with chemicals and their use. The compounds, dosages, and’
remarks are those which have been approved by EPA in United States. . A1l 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 bevadﬁisable if certain soil pests occur
which effect stands (i.e. rootworms). :

Chemical Dosage Limitations

V 1lbs 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 1z/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

o 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




 These trea

' Foliage Application .

maturing stages. -

tments are recommended for the seed

ling as well as growing and

Pest

- Material

: Dosage - Limitations’; =~ .
Aphids (corn leaf,
greenbug, etc.) SR R v E
v Diazinon 5 . ' Do not apply within 7 days
: : Lo of harvest for grain. '
dimethoate (Cygon) «25-.5 Do not feed to livestock
. .+ - within 28 days of harvest.
Di~Syston .25-.5 Do not apply in less than
o . ' 5 gallons of water.
mevinphos (Phosdrin) .5 Do not feed to livestock
: ' . within 3 days of harvest.
parathion «25-.5 Do not use for forage
= : within 12 days of harvest.
phorate (Thimet) .5-1.0 Do not use more than twice
: per season.
Flea beetles :
’ ' ‘ carbaryl (Sevin) 2.0 2] days for grain. No time
: . ‘ limitations for forage.
Diazinon .5 7 days for grain. No time
limitations for forage.
malathion 1.0 12 days of harvest or
‘ : cutting for forage.
‘parathion .5 Leaf injury may occur to
: S ' some varieties. '
Borers and other -
worms o
"carbaryl (Sevin) 2.0 21 days for grain. No time
: - limitation for forage.
mevinphos (Phosdrin) ) 3 days for forage and
, ' grain. '
parathion o5~.75 12 days for forage. Leaf. ‘
‘ injury may occur to some -
varieties. v L
- Storage of Sorghum and Millet
Seed or grain of sorghum and millet should be stored in a dry place having

"a tight enclosu

-1f the grain-is to be kept for a long period (3 or mor

re. The area or containers should be ¢

lean and treated chemically
e months).  These same

- compounds may also be sprayed on.sacks and bags of grain and on the“top;layer’bff

bulk storage (th

storage).

oroughly mix top layer of grain with remainder?when;removed,f;omi;



Chemical . ’Doéage

'Acetellic’ »4 1b/1000 sq £t - -
“allethrin .2 1b/1000 sq ft T L
malathion S © .- 5 02z/1000 sq ft

‘methoxychlor - (Marlate) .35 lb/lOOO 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.

PO

Chemical ‘ ‘ ‘fo,-f‘lDosaée

'Actellic' ' . -4 ppm '

diatomaceious earth: 5.6 lbs/actual silicon dioxide/ton of grain.
malathion , . - 10.0 0z/1000 bu.

piperonyl butoxide T 6.0 1bs/1000 bu (dust); 2.0 1bs/100 bu (spray).
pyrethrins ) - .6 1b/1000 bu (dust); 90 gms/1000 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 durlng
this- short ~-term period.- Awad (1976) and others ' (Bartelink 1974) have documented
some of ‘the pests. The final determination on some of the species collected is -

pending.s

Beans (wax and field) , .
Emgoasca sp. (leafhopper)
flea beetles sp.
mites §p.
thrips sp.

Cabbégé ' :

Brevicoryne brassicae . (cabbage aphid) G
Pieras rapae - . .(cabbage butterfly)ffl

- Plutella maculipennis (diamondback moth) s




Chard '
‘ " Empoasca ‘sp.

flea beetles sp.
Coffee )
-Virachola bimaculata

" Citrus e

Aleuracanthus woglumi
Aonidella aurantii
Chrysophalus aonidum
Microcerotermes diversus
Phyllocnistis citrella
Spanioza erythrae

Cotton
- Anomis flava

Aphis gossypii

‘Diapropsis watersi

Dysdercus fasciatus

Earias insalana

Empoasa lybica

Heliothis armigera

Microcerotermes diversus

Oxycarenus hvalipennis

Pectinophora gossypella (Saunders), (pink bollworm)

Spodoptera littoralis
Xanthodes graelisi

(1eafhopper)

(cbffee berry buttérfiy)

(citrus black fly)
(red scale)

(black scale)
(subterranean termite)
(citrus leaf miner)
(citrus psylla)

(semi-looper)

(cotton or melon aphid)
(Sudan bollworm) :
(cotton stainer)

(spiny bollworm)
(cotton leafhopper)
(American bollworm)
(subterranean termite)
(cottonseed bug)

(cotton leafworm)
(flea beetle)

Curcurbits (muskmelons, watermelon, and cucumber)

Aphis gossypii
Asbecesta traversa

(melon or cotton aphid)
(spotted melon beetle)

Dacus ciliatus or longistylus Wied. (melon fruitfly)

Epilachna chrysomelina

Dates
Arenipses sabella

Maize
Chaetocnema sp.
Heliothis armigera
Rhopalosiphum maidis
Sesamia cretica Led.
Spodoptera exempta

Lianagdoc

Potato
Chaetocnema sp.

Gryllotalpa spp.

T —— ..

Leptinotarsus decemineata

wire worms sp.
S’

(12-spotted lady beetle)
(date moth)

(flea beetle).
(corn;earworm)

~ (corn'leaf aphid)

(stalk borer)
(common armyworm)

T o =
L T2

‘ (flea‘beetle)

(mole cricket)
(potato beetle) -



‘; Sginach ‘

‘fTobacco

(fTomato :

EEEEEE T A e T
Antigastra catalounalisﬂff?(ees?pélﬁeedxpoq borer)

aphids sp. .
flea beetles sp..,

Myzus pérsicae SRR (greenpea"h aphid)

blister beetles sp.
flea beetles sp.

Heliothis armigera ;"f(tomato fruitworm) ‘
Microcerotermes diversus (subterranean termite)
Plusia sp.

: Niscellaneous IﬁSectstollected

A few other species of insects were collected or observed which were not
associlated with any particular host plant at the time. Names of these were

“obtained from collected material at Taiz (Ministry of Agriculture).

gy

Adesmia interrupta - Tenebrionid beetle

s¥! Chlorochroa saqi - Say stink bug s

Coccinella undecimpunctata - lady beetle
Gryllas bimaculatus DeGreer - black cricket
Heliocopris gigas - large scarab beetle
Pachnoda histrio F. - Scarab bectle
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:&fﬁilletgCropMImprovementhroject;fff
in the Yemen Arab Republic L R I R L T

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

to the Yemen Arab Republic Government for the purpose of establishing a national g

' 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 "z"
estimated completion date is March ‘30, 1979. Under the contract provisions the
Plant Sciences Department of the Uhiversity 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-ofe
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. | e

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.AStewart.z

3.\’Private in—depth discussions with three groups within the Mission.

Ag. Development Officer, John J. Young t.”

;h.. Asst. Ag. Development Officer, E. M. Stickneyj

*éﬁ; Mission Director & Deputy, R G. Huesmann and Dr. Mary. C. Neville



;74f(?0n-site inspections of facilities in Sana including new project headquarters,
“”fiSorghum/Millet farm, horticultural farm and field plot research underway.‘

k

5 ffJoint planning sessions with ¥

_ R.,L. Voigt and D. M.’Stewart
b J.VJ. Young, E. M. Stickney, R. L. Voigt
. R. L. Warin (Comptroller) and R. L. Voigt
féfiiField trip to inspect agricultural areas in route between Sana - Hodeida -
.‘:?Taiz - Sana and to meet’ technical personnel at Tihama Development Authority
fProject at wadi Zabid and at. the Taiz UNDP Project.
| Z.SIJoint exit interview with Mission Director‘and Deputy, Ag. Development
.-Ofricer, Asst.,Ag. Development Officer.
Principal observations by the writer and possible courses of action are identified
below:

"(1) There seems to be general agreement that reasonable progress has been made
vin;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

{Uauthorized is to be undertaken.~ The development of this plan should involve inputs

,éfrom“in-country contract personnel TTucson campus personnel Ministry and Mission

“;personnel.. In the final analysis it,ﬁhould have the approval ofiappropriate Ministry,

“Mission and University authorities.



(3) Now that the irrigation specialist s report is available it becomes clear as;
to how much experimental field work can be carried on at the two Sana field researchl?
sites. A preliminary evaluation is that the irrigation/land resources at Sana are ?i
inadequate to permit the execution of an effective sorghum/millet field research |
"program at this general 1ocation. 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"u”
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 regularory
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 resea"ch to
proceed effectively. Special attention should be given to. the parasitic weed §££ig_

N which was noted in the vicinity of the projected research site. The importance of




. '*:,4
stabilization, the’cropping pattern‘wnich 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.A 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) 1In view of the possibility of sendinjz 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
ajdirect‘impact on'training.

(10) Pot Fxperiments. 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
ralso hold great potential for training,purposes and allow progress with minimum
}expenditure of resources.: Project and mission personnel and the soil fertility
‘expert scheduled for January 1978 will give serious consideration to using this

approach.



(11) The strengths and weaknesses of the Uhiversity of Arizona in training
p students from Yemen were discussed. One of the weaknesses involves the lack of funds ,1
.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. o

(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 hurden. However, due to possible -
assignments anticipated for IVS personnel and other limitations there will very likely
be a need to provide Dr. VJigt 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 1evelj.:t
However, specific sorghum lines can be selected this winter which merit evaluation ate
several locations in yield tests to determine whether or not they are worthy;ot‘f‘
being advocated for adoption by farmers. The project needs to gain experiencejinj‘
~ 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

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

"Project personnel should be encouraged to document theseﬁ;ypes

e_years go by..

‘"of activities so that local files will be of greatest use as €




m?égxi
(16) Considerable interest‘was generated in discussions among project and mission
vpersonnel relative tovseveral 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.g.‘ |
(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,
Libr.ffred‘Turner, are scheduled to arrive in January 1978 for a one month stay. A grain
vatoragegspecialist has beenfidentified and will come shortly thereafter. Types of
’ekpertise 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
A 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 considetation wasi
- glven to the difficulty of shipping personal effects and scientific materials from l~«
the U.S.A. to Yemen. Several alternativés were identified and will be explored.‘-r

My deep appreciation is expressed to all in Yemen who mnde my visit informative"(
and enjoyable. A special note of appreciation 18 due to Director Robert G. Huesmann,n
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



‘- Decesber 12, 1977;: :

 MEMORANDUM 70z RQ':'L. vbigc

., ot

VQUBJEprgf; Draft on Yemen Trip

Provided herewith are two. copiea of a draft of my.trip' report. ,
,Wou;u you please clear this witb Mission personnel»and give me’ your
Vsuggeationa for 1ncorporation into’a final L COpYa ™. Copitd are, being
. sent to Hatlocl and Schonhcrat and they a:e requested’ to" respond

likewise. c

Y

\',

R' P- UPChurch, Head {'z A
Department of Plant Sciences

W e
- A&aca.'; :
".' 41‘.. i

W. G. Matlock (with attachment)
e H. L. -Schonhorat (with attachment)

ek



: Decerbér.12, 1977 "

MEMORANDUM TO.‘ W. G{‘Hatlm
b s
SUBJECT: Vbigt 8 need for ready cash’

,_"~‘, ‘.’ R I DR L ST

© After visiting Yemen I am convinced that it is essential for Vbigt to”
have ready access to $5,000 to:allow for medical evacuatibn should - that
becoms necessary. There are no. euitable medical facilities in the’ %af;
' country and a simple” auto accident could: require evacuation. ‘As’ one::
_alternative we discussed having $5,000 in a U. S. bank with Voigt and
‘an alternate (Stewart) having drawing rights against the, deposit for:’
emergency.; Vbigt ¢an’ get the*Mission to cash a check._ This would be
. for. emergency purposes only.» Would you please explore this possibility‘
and/or let 8 discuss.

Al el L

Te

R. P. Upchurch. Head

Department of Plant Sciences "

:c \;a'.,u
5

“'-J.:""".
Ro Lo v°12t



. ‘December 12, 1977 .
© MEMORANDUM TO: M. H. Schonhorst
ST Sppess for Yonan Pofecs = Genersd

. Vould you plesse obtain’ fnformation on the Ltems indicatd below and aupply same t
“}Vbigt?f?Thébcfare*itéms;vhich*came'upffprrdiecussion during my ‘trip to Yemen. Ve
© will not-order any of these items until-they are put.on a 1list and requested by
oVoldgt. - o . R .

(1) Self-contained refrigeruted seed storage room. Idea 1s to get a combination

©  -of low relative humidity and low temperature. Check boxes ordered by Mielke
(ahout 6' x 8'), get approximate specs and cogts and delivery date, check
availability of different sizes. I

(2) What service is availeble in U.S. to rum quality analysis on say 20 sorghum
grain samples ~ protein content, digestibility, etc., cost, lead time, size
sarple required, specific measurements, ete. Swingle in Animal Sciences way

(3) Cdsti availability. specs on a seed germinator.

(4) Make brief literature survey on the impact of leaf removal on sorghun yield.
- . Supply reprints to Volgt. Leaves are stripped from sorghum in Yemea to supply
forage and this may reduce yield, I don't know if research has beca done on
this for sorghun but it almost certainly has been done for corn, perhaps in th
19403, . .

"~ (5), Make brief literavure study on the use of pot experiments with crops,
~ especially sorghum or possibly ceran, to identify mineral nutrients as limiting
factors in crop production, Supply illustrative reprints to Voigt. We want
to run some pot experiments in Yemen using various soils with variations in
levels of i, P, K, minor elecments, pH and need cories of 1llustrative reports
to get methodology. ' '

»L(G) Each month when budget reports become available send two copies to Voigt.
. He will give onc to Mission personnel (Morgan Stickney). E
-~ (7) Check Dr. C. T. Mason and prepare 3 list of materisls normally required to
- operate a herbarium - including - @sbinets, dry plant presses,/wet plant
-collection device, forms for mounting speciments, fillers fox presees, etc.
Report specs, costs, etc., to Voigt. L ' E -

(8) Check Dr. Don Tuttle re aupplics~needéd‘for’inséct cqlieﬁcions inc1uding

- 7 butterfly collecting nets, killing bottles, killing- fluid, storage bottles
- {price by pross), storage liquid ~ rpport spccs, costs, availability, etc.,:
“to Voigt. ' B R L RN '

4ief 5
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(9) _Obeatn a few seed of Mondelle pine’ for Stewars to take back to Yepen

(J)-;-g:':::u:ni;l;‘ OALS may have gome (Ed Weber), - .-

(1:0) i f,','.;,,my ’;nd'rdédﬁﬁend elem'entary books in bic.‘.ogy. ‘pl«a'rié aclence whit"::l{"éoul'd.
.. be used to train' Yemeni trainees, . B o

“  posirion. - o pos;cion yet availabie but nay pe made available in due couﬁe-'

‘J.Vé) I;fentif);.‘spécs;"¢°3t8‘. ete., for Boise makers s drive birdg away Af‘r'om".‘,'{
: sorghum plots., - ' e '

.7 K. P, Upehurch, Head ° ‘
~ Departmeny of Plant Seiences.

N RPU/ah

cc:-,"‘ bl‘. Ro' Lo Voigt
. Drow. g, Matlock



\ ‘December 12, 1977

MI’MORANDUM 'ro: H. L. Schonhorst

Q_SUBJECT' ”}gé Support for Yemen Project - Library

‘While I was in Yemen a tentative yeneral errenoement was made for our sorghum , - ..

‘ ptoject to asoist in the augmentation of 1library facilities for agricultural science

. in Yemen. _Tentatively, plans call for the 4nitial development of two seneral -

"l4braries on agricultural science and for a seriles of sublibraries to service

varlous speclality projects., The gencral libraries would be at Sana and at Tiaz.

Our sorghum/millet improvement. project would have a eublibrary., In order to explore

' thsp.matter fur*her vould you please take the following steps.- e .

" 0-. D] . P Y .

(1) Correepond with the American Society of Ayronomy Borlaug Book Projeet to
determine what scts of journals and books might be made available.without
charge to thao Government of Yemen;, Hopefully, two sets could be made " .. o
available, one for cach of the two general libraries. Presumably our eorghum/ !
uillet project could pay the .required transportation chergee but thie would -

. need to be verified Report reaulte to Voigt. 4 t

R

(2) Learu what 1ournals ere availeble on microfilm or microfische and determine

' costs, equipment required to view, equipment required to make tcproduetiono,
ete., report sane to Voigt.-

(3) Make Xerox copies of all articles in:Crop- Science joutnal perteining to sorphum/
millet for a 15 year period. Ship to Voigt for use in sorghum/millet. project
and record items sent, After items have been received by Voigt: determine .

. whether or not this approach is advantnyeous., Extend as authorized by Voigt.,“

Determine need for one vs. 'two copies,

R. P.. Upchureh, Head -
Department of Plant Seieneee~

RPU/eh

cc. Ro" Lo Voigﬁ
s w. c. Matlock

@Tofu
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“Heed Problems and Herbicide Repure to
"Uo Sa Agency for Internaticnsl Development
Sorgbum/ﬂia}ct Projest in the Yemen Arab Republic

Report pzepared byt B Fzed Azle, Agzensmics
Depzrinznt of Plant Seienr- -
Unilvaraicy ¢f Acizeona
Cotion Yencarel Conter
Froenixn, Arizon. 85040

© Dates of Visit: Janusry 18, 1973 - Februiry iS5, 5975

E;Cuntzact Woo AID/HE~G~.u ('Fmen--

‘Gentrant For: “Lzonat Sorglnu ~Hiliet Crep Improvement.
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- INTRODUCT I0K

The purpose of my visit to Yemen in conmnscticn with the USAID Agriculruvel
progran was to reviez the problem of weeds esscziated with thy sreducticn
of grain sorghum and millee, I wae present in Sany, Yewsn Frem Janvexy 18
to Pobruary 15, 1578,

REED E¥FFECTS

Weed growth in pgralso sorghom and milict coapate with the erep fon '-"L;:iu:p
water and scil nucrients, Uease infectaticns uf weeds daviog ¢ho ceedling
wtage of the crop are cgpaclally injuricus = freoguentiy they are ooz '
aggressive and quickiy bercome the dcminsting constraint. When s accurs,
the potentinl for ohtaldning geoed yickés ix wminimdszed,

URED CONITROG. PRACIICIS

Weeds cenmet be sdegquately cheskod throupgn chic vse of o siughe coniic
technigue, Manioamm resuivs gve cbtained througn uhu s cL aon :
centrel pregram vhich wauvlid include excpping sryuoence, tiilage and
treatmente. Cropplng sequenca: Peronnial g TS € ud‘h B kept undsy
coutrol In grain gerghum, coptinued annuael cxopping ef soergivm o miLlien
zesults in o grsdual increses of the grass ivfauuﬂtzo1 QM R Ascempanying
deszease %o crop preductivity, Whencvay Che cropping oceauencs, enpeaisiiyw
involving differcnt suesssns, con be altersd Choey preprens vahzn £ Chosk
weehs can b realiusd, TFer exanple, Inflestetinns of Joun,dn grass oun be
gradusity zeduce’ by plrautinp *n,uutoc Liwtdn o “f T cﬁ:é sl gwein

o iy ey f Siag geanterr

for acviral yeors snd uein:
chodce of harbiaitdey undetr @ ‘ta"ﬂ"uuui. TG SEUIE I

Tilisges Effcctive suodded and dhne f."hu @
cuergence such gy retory heeing (nrotnds Criven eouipmes =¢c
Liiliston zre edventapgeous on Bedded areps?, seltivesion and npanznq Luwrcur
for frvigution con effestively contrel mopy amuue’ wecds, Culifvaticn wmay
be wsed for a duul purpsse: Lilhing smeli emergP’ wzeds ané 50ix facerporye
tion of karbizides epplicd pravicasiy., Wien Lillage ecuipment

afiter sorghum crerges, the tdiiaps tochs mest D gavefuiny snh roparding
depth and ciesencss te contood weed seediings witheut injuring ths sorphun

raotna

Herbicides: There are several typss of hesbleides winicsh can be uged ¢ aid
in the centrol of weeds in grain serghum z2nd millet:

(1) Systemis bexbiclides - Those are hormene~lilke materials which ara
applied co the foidage of voedu, They wove inite the feaf tissve aicher
through abserptiorn or uh"“LgL the stomzta z2nd then enter tha conduciive
syatem cnd dre teansiccatad ghrovesaui the piant. The killing effent is
due e uw distuptive ol the nopat photasynchetic puocesd, Tais cypa of
hevbicide esn be vsed to kill brosdleaved wred: in grain creps. Whea
appiied af higher retes to the soil Sollowed by shallow incovpevaiicn,
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*'igu‘

they alsc can kiil germinating weeds,

havaver, they ars nc longer used in

this manner because more effective herbicides have becorme avatlable,

Examples of this herbicide type
acetic acid and Banvel
Both of these have been
In grain sorghum 2nd willet,
later,

(2) Sotl applied herbicigen - Thosie herbicides ave appliad te the
into the
rooticts of seedling plants ebsorb the herbieide

ahtve areund
herdbicides agve fengthy sefl persistence and ean ecatrel
Pecaune of thiv pursistence
to:iciiy as
Effeetive vetesn of cpplicaticn sre ¢epandent upon
g erganils macter,
& sitvaticn where the margin i aafety for
selectivity (kil% weeds without c¥ep Injery) is at a minfmew,

ig mest often no: gdvisabie,

and vaually lightly incorpsrated
after the chemlcal ie maved inte the

the life of the erop piant,
the potential pacurdy cf regidugl
8 rotaticnzl ¢rop.
60il compenition, sund, silt, ciay
sand content: usuclkly present

sendy soils this type of treatmen

Include 2, 4-D (2, % dichlorophenaony)
(conmon nemosTicambad 3, 6-Dichlorc~o-anisic seid,
useful, for centyolling ennual broadieaved vecds
Deteile 6f presaribad usage wikl be dizcussed

s8cil. .
Weeds ave Lilled when the
end a kil wesuits goon
parte, Many of thoge
waeds throughout
W must consider
it regavés the sclecticn of

ecil,

Sulig hieh in

In vary
Sclig

high In cisy or crganic matter require higher ratey of epplication than
q b2

1s necessary for Lighcer soils,

Length of renidua

activity 1s dependsni

upon several factors ircluding fermuiazicn, soil Lyme, ool woisture and

temperatuere,

The CIBA-GEIGY Corporation huw av.liable turee havbicides vhich shouid by

tried on an experir 1tal basie to svaluate

their potentciol for alleviating

veed probliems in ev.ghum, They ave os foliowg:

(1) Atruzine (Trade name Aztrex
iaopropyhamino-Satriazineo i
soLubility cf 33 ppm, ae 25%¢,

relstively long pericd of residual activity,

Beadscn~ieng

contrel of msny avnual weeds in grain

8o vy, 2 ciloro-deethyl aningeGe.
It is en 807 wettebic sowder with o

Because of this joy sulubility it has o

wates

It c2n be eypected to provide
suzghun,

(2} Propazine (Tiade name Miicgand 8C W), 2 chioxu=d, Gobig

(Isoptopyﬁcminm)-ancriacineoo
goiubility of 8.6 ppm. at 20 C.
zctivity,

(3} Terbutryn (Trade neme Igran S0 WY,

aminn»6omethy1-thicus«triazineo it is an
water eoiublilty of 58 ppn ui: 26C. Tais
Atrezine or Propazine (to enlsrgz the
waed control in sorghun,

Details of appifcacion technigues fer eack of these hexbicidas will

dinsussed inter,

It is «n EG%

wettable pouder vith a water

This Indicates o long jeriod cf soll

2~tert-butylaminu»éwethyﬂw
80% wettabie powder having a
enenleal, muy o: mized with

spectrun of weeds controlied) for

be

7.1
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WERDS PRESENT

A list of weeds was recently cempiled by Dr, Shavkat A, Chzudbary, Botany
Department, University of Suna‘a for the midlands, highlunds =nd S:naia
‘bagin, Included in the mere prevalent aves ere the fellowlng (not necean-Liy
in order of importance): '

1o Dipiofaxis eruccidaun
2, Amaranchus op,

3, Calencula aejpyptiscs
4o Sencciv 2p.

5, Sondhus oleraceuas
80 Xonthivm epinosum

7. Sisymbrium izic

8. Euphorbis e:himperiana
9. Eragrostis ap.
10, Maiva sp,
11, Plantagoe sp.
12, Tribkulus terrvestrin

Inportant waecds of tar Tihawa srew include the following:

1, Striga hermonthica
2. Amgrenthus spinoea
3o Cleome viscosa

&4, Dipterygium glaveun
5. Cyverus patundus

6, Euphorbis sp,

7. Tephrosia spcllines
8, Abutiloa panocsum
9. Cerelistun iy,

Al Tribulus ep,

AL Bixr al-Choum the wewd of primuey cuzeern as present le Diplezanis
erucoldes, a broxdleaved znruak. it is a prerific seeder aud is entrengiy
eoipetitive during Che eazly stages of serghuw CEvLiopmei s,

In the Tihama area, Jdexiga hesmentica is of special. coneern, Xt is &
parasitic plant crigivsting £rem seed end later attaching {teelf to cha
stems of grasses such as sorghum end sugar cans, Crep vigr: is iest dun
to the sapping of ensrgy by the parasitin plunesy,

EERBICIDE POTENT Lok,
Many ennual bresdiesved weeds {(inciuding Diplotwiis crrcoidayr? san be
killed with Z, 4=-D, Rates of appliesticn renging fxen wwe Chirds o ena
poend per aere applied during cha earty stages of woed growth and vheo ;
gurphvn ig & to 25 fnches tati. Tan awnlication miv bo meds "seery the fan
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to beth weads and soxghoum. Siet bending and root mellormacion may resulc
but yleid reductions should not ceccur, As 4, 4D has Liztle ¢r no soil
activity at the rates suggested, = felloving crop of unnual weads will
likely oceur, When appiying 2, 4-D precautiene nuen be taken o aveid
sprey drift. Do mok spyay dering windy conditionn, Crops such as grapes,
beans, tomzices and others ¢an be severery aifected when cenvocted by

spray drift. Socme bresdicaved wocds cevalop reaistance to 2, 4R esneeidhhy
ukter forming meed heads., Applicetions therafore should be well rimed o
cbtain maximum regults.

The correct use of Banvel (Dicambu} i vexy eimiiar to thai of 2, SeD,
Benvel appesrs to be lees reactive on sorghum Chun is 2, 4D, Loweved;, 1o
is freguentiy less effecvive on waedr wnft,  Hates of applicaiicn sheuid
Tange from .25 t¢ 1.0 pound par asre in cwial werke  Precauvtions are
identicel te these which eheuid be cbaerved wien using 2, 4D, 1c {n
difficult to completely remoce 2y 4eD or Banved from gpray cgulpnent, A
%% solvcion of housshold amments riveed throvgh the spray equipmect wikl
rewcve most of it, hwwever; such equipant shouléd not be uvued in anpliying
pesticides to 2, 4~D senasitive CLCyu S

Scil appliad harbicides (1) Atrazins {Aatrex 8C W} may be =ppilisd cither
before pluaniicg, at ploncing or after plenting, Applicaticn rates witl
vary with soll typea:

Seil Texture Qzgamic Metie: Rate Por Acre
Coarge~-tentured sollus ) N6 net vse wwspt
eand, Loamy acnd, sandy ) Any fevel Tre-emerzeney on

ioam and ssady clay ) bedded sorghum
loam )

Medium Line=textured soils: ) L= 1,57 2.0 ~ 2.5 1bs,
8ilt, loam, ¢lay icom and )

clay )§ Eoro than 1,5% £05 = 3.0 lbs,
Preplent dpnliections (Bvoudlesf and Grass contzell), Apply broadosst
after piowing. Application may be made before, - during or after final
seadbed preparacion, IF soil 3¢ £iiled or worked after applLicaticn aveid
deep incorpvoration. Rest regunits freguently are atiained wvhen appliad
within 2 wecke prier tc plaunting.,

s

Irecemergonce Auolicaticns. Apply during or shortly after planting, but
pPricr to weed o crop emsrgence at naLes indlesten in tubre abave,
Pracauticn for pre~cmavgonca application to furvow-izrigated begied serghum,
Do not use setrazine wher gorghun is pianted in a furzew, Applications made
to scrghen grewing on wlksli saiis or vhare cuvs, £ilis ¢ srosicns mova
suponed calearesus or alkari gubusiic, way resuit in erzep injuzy.
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Portenevgence Broadieaf Weed Contrel uith Surfactsnt. Broadeast X5
pounds per acre plus 75 - Re5 1 Fiﬂia “of nurfaccant per acre after scrghun
reaches 6 inches in beight bet bafcere weads 1.5 Laches in helght, This
say be a difficuit situstion to achieve. 7his trestment advisable only
in fine textured scils,

Precauticns Lor all awplicaticas to serghes, BHeavy weins ivowdlately
foliowing application tend o cercentrats hesbicide In seed furrev.
Applicationns should be avoidsd vhon soxghun ls furccw pianted or when derp
piancer narke remsfn until such deprussians have beea £ikied i,

Pollowlog havvest of & treated evop phor anc thorcuphry cill the sell teo
mininize peasibiv injury e reteriens: orepe,

Soil appiied bexbilcide (2} Prepazive {(Milcgurd 86 Wi i o sclechive
herxhicide that cun be applisd beiore plunting or aftsr pionting bed
before serghum ov woeds emaTge, Basousn nUopLiine enioss the woeds

mainly tbrough their rests, incerperaticn, roinfui! or izsigeticn is
necdid te move b Inko che weed roct rerc, When soyghtm is phented on
beds, the applicaticn should be made caly sfter b&L formeti nc Besv weed
control results ere chiained vhen propasise is apsh ind wihkzdn prion
to pisnting, Shollow fneerpozation, neo moexe tiwn @ inches decn, akloping
applisction will generaily resunt in bsteer woed convre), uarrzcu.:h'
under dry or ninimw eeisiuve cundiviens. Tor siit Loom o sidty L
ieam (Bir al-Gheum) rates of 2.5 o 2,Q poundy per seve of y:rupv"frﬂ
(Milogerd 80 W) shoudd ba trivd, Mo pri wcaznomsts prepions applicativms
on randy loam sciiso. Fields treated with propezine mayr e plsated to
serghinn ar cern 12 mentks after treatment.  Othny srops shenld net bo
pianted for 18 menihs following tresiman,

Seil epplicd hesbinide (1) Texbues ryn (Igram 86 WY Ls a sefective herblzide
that sontrois mony annual broadlenf weeds end grasses, Wien applied

before veeds wmerge, Ipran anters wewds cheourh their ronts wfter germinae
tiono Thur Lir eilectovencss denbnes on cainfanh or irvigaiinn Lo mov

It oo e solle Whed appricd Lo omerscd Uuéuru leran provides fr'~~v
knockdour. ¢l oxicting wesdr auh resfdanr’ coniend of havar ge"m*patvxv
weadn.  Jgvan st navey boe applind to an:rrn gurghum, For anopug’
broedienf veed eonzral ﬁniy (ne AXIBE QUATTCL! LaSe Be8 Lo 400 noumdn pesn
acre as 8 preuﬁmergcnﬂv treatment for slic noan ang 5iiby clay leam soils,
If drxigsticn s mecessary, irmigate dering tho fir it 36 houry afcesr
planting or deluy unti? the socghum fe ef least ¥ inches tail, ot iojury
mey ogecur, PRainiell at the timﬁ ¢f eorghum emergence and vntll the serghum
18 2 incheus tall muy ceuns injury ¢o sorghem. Pu mt apply Iyrun to
miilets, Poliowing srevihum bc;vu,g, the gtebidis stwukd be dinked ov
plowed under pricr to planiing the nest crepe  Creps aueh a5 corn, aexghum,
upring wheat and borfey may be pionted the folloving spring {n soilg
praviously tveated with Igrsn 80 W,
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Herbicide Test: Comrleted

To evaluate the cffectivensss of Banvai and 2, 4~D cn weedp encovntered en
the porghume-miilet project a swail rent was entablisihed oen Field B,

Bir ak-Choum, Weeds on the plot ares inciudad Diplotenis erucoides €%
muatard-Liks plant conwidered wout troubievone) sew thistia, malvs or
cheescveed and bindweed. Hurros ntrins {60 dnchan wide) over the 1zndpatiicon
Xexrass and cunndng the henpih ef the border vors sprayed on January 23,
1278, Banvel and 2, 4D (omins furmuiationgy eash wero applicd et rabes
of o5 avd 1.0 pound in &0 galions wnber per amre, 2,17 L. of althac
nmuterial in 350 wi. of water pes 00 so. £L, in ejuuh €0 .0 pound of
active ingrediont fn 40 gallons uater BET acke.  fuiiia' avptome of
herbicidal, accivity duveleoped rather chowiy,  Scveras Gayu ¢inpred befcan
typical bending and tintie] of sirus andg feiiege of apraved plinte
beceme svident, Delayed activity moy have bern dus oo the cond weathuy
prevaleet dering the pariod, Per moth hrrbieides e one pound rate wor
mere effective in kiliing Diplotexis than was the jcuer rate, £. LR
appesred more effective then Banve! on aolj Neets present. It wae elso
definitely evident that Biplotonis develcps conniderehie tasintznae ¢o
theae herbicides as it LpProseies maturity. Feor boer conirel, Urestmenn
should be made curing carcly stages of ies graith, prafersbiv vefore zhe
formation of seed hewds,

Fropueed Hexbicide Expeviment

épplicationa to be made whea sorghum s & &6 £5 inchen tall ond weeds are
smelil,

Borday #1 Plota: 15 feat x 16+2/3 €eat

), o 29_ é‘"D (\5 lb/An

20 2;\ &“D b a75 :d.b/An

30 29 ‘?’D e 3‘.00 :’:b/Aa

4o Check

S« bBsnvel = .5 ibfa,

60 %nVel g 075 }.b/!lo

7o Beavel ~ 1,0 ib/A,

8,0 29 4ed o 75 l.ﬂl‘[&.’a + Atruzine 2,0 lb!Ae
9. Bamvel =~ S 1b/4, + Atzamine 2.0 Ib/A,

¢

Border #2 Plots: L5 feet = %6-2/3 fact:
Treatments ;
Lo Atrasine 1.0 fb/A (Asirex) -

2, Atrazine 2,0 ib/a . v
Jo  Atrazine 4.0 ib/A "
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‘4, Propazine 1.0 ib/A (Milogard}
5, Prepazine 2,0 ib/A "
6. Pt@puﬁ&ﬂt &0 Ib/A "
7. Chedkt
8, Igren 2,0 Lbf4
9. Igran 4.0 1LbfL

Field Trips

It;netary. January 29 - Depart Sans C900
Jenusry 29 - Avrive Taiz 1300
Januexy 30 ~ Depansi Taiu LO4&H
Januery 30 - srrive Hodeidah 1700
Januazry 3L - Depazt Hcdoii h 0800
Januayy 3% « Avzive Sono L3

3 ?3

Whike in Taiz mot with Dr, ionamed &£L7 B Lakhauny, VELP/RAG, aﬂc GLseusseq
resuityg cf his herbleicde trisis in maire, Best rosulis were ¢btained
with prcpiau--tururPO"ated eppiiecations ¢f simcrive, Pest emetgenc*
2, =D applications centrelied cxiﬁaxug Broadicoved taed bui nay zﬂ‘zgfﬁﬂh
re~established the problem, When 2, &0 pivs siwcrine (seperiic e apoiie
wore applied, existing weeds were kilied snd bty weeds did not eme SL e

with folluwing irzigntisn, I tha Tiheme aree severnl stops were wade

g

to obssrve esepping syctems and assnciated wesd problens
Ileineravy: February 3 ~ Deparst Szpa T30

February 5 = Axzwive Taiz 1715

¥ebruary 6 - Nepare Tols 1320

February 6 « AxTive Sens LOG0

Hhile in Tals disnussed the pesensivi of hevbicides in ecitzusn wish Dr, Suad
Arbadi, FAD Bovideultuwmint, Also peviswed several fihewus of weed ooptral

in mafze arg ulliet with Bl Lakhany. Beth of fhesz nen theugng that the
uze ¢f harbivides could become sn apricuitura’ praccice In Vomen, Heuever,
bulh aloe belioved that this sheuid be e progoom o7 coutious fevel cpmen
and that errers cuusing crep injury oo farner's Flelde must Le avelderd.
Visited ressarch piots ub the TAO atatien with Do, i Likhany and Gicoussed
planting technigues, ivrigetion end vwe:d conkve! marsgemsni
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Raport prepared by:
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-
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INTRODUCT XON

Reasons for visit, Dr, R. L. Voige, Chiefeci-Party in Yeaen, resuested 2
soii fertiiity specialist to "(i} evaluake the capahilicy of cha in~countzy.
soils aralysis Luboratcry and {2) make revcnmendations concurning the type&:
of goil fortiilty atudiszs which shouléd be undéztaken under Project 030,"

Arxvival, In company with Fred Avte, Wead Spaclalise, I arzived in Sunata,
1978. I breught sn Ozkfield

301l sampling kit (ordered by Dale Bucks), two huand 2lectrcnic calewlaters,

and plastic bags (for soasibie usse in pot fevtility studies), Arle haad-

In conference Junuary 23, 1978 with R, L. Voigt end Morgan Stickney,
Avsistant Agriculsural Deveiopment Offjcer, need for technical agsistance
in the follcwing subjects was indicated:

1, Determination of soil nutriznt needs. Recause land at the vesearch
farms is at a minimum, the feasibility of pot experiments should ba
explored,

2, Analysis of soils, to determine nutrient needs, including minor clements,
PoasibLy this can be accompiished at the UNDP Lakoratexy in Taiw,

3. Mereorologicai measurements, Should a westiier cbaerving station be
sel up at AID Mission hesdquarters ox 2t cne of the Ministzy of Agriculture
farmg, or can the dats eollestad at the Garman farm fa Sana®a be used?

4, R, L. Voigt ezpressly Tequasgted zcaistence in determining che bast
way to piant to insure stand, Ssils szt the fwe farms bucomzs very conpast
when lrrigated. During the pasi 3easen, sorghum end miile: ware dry

plantad ia ihe furrows and Lezigatad up.  Stands were erratic,
PROCEDURES AND OBSERVATIONS

A review of availabla. iltaraturs was undariaken, incivding study of reporis
made by Do A, Buckg z/ﬁ irrigaiion anginecer, who visited the project ‘
October LL - December 11, 1977, and R. P, Fachureh *); Head of the
University of Arizecna Dapaviment cf Piant Sciences, who was in Temen

November 28 « Decembar 7, 1977,

Sof} Studies. Plans were mads to study the three Miniatsy of Agriculiuze

farms used for vesearch by ULSID/Yemen, Caly the two in Sava’s were

vigitad, .
1. Bir al-Choum Farm

zoeatad in Nomth Sana'a, this farm is used for £ield crop research,
primarily with sorghem snd millet. Exauinstion 6T goil borings and
of the sorghum and millet stubbles substaniisted Di. Voigt®s contontien
that euzzont metheds of pLanting have been ungavisfaciory.
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goils, creps and cther vegetatich on a route fxcm Sunuu~Taiz«Mokla-
Hodeida-Sana’a, It was placned to inspeet the al-Jarcuba €arm, in

the Tibawa, near Z:bid, Aewever, time und ecivcumstancas did nos paraLe
the complete side trip to this Farm,

well waz anaiyzed ﬁgf Buecks on Pebrvary 18, 1975, Dby tha UNRP Scil Testing
Laboratory in Talz(2), 1 the sbeenze of other data, Bucky zssumed that
irrigation wells at both the Bir =I-Glhoum and Bir al=Shaif farms drew

frem thiz same ground water basin and is of simifar quality, He determined
frem this data that the wacer is uf medium sajinitv and has a lLew sedium
hagzard,

Pravious Irrigation Water Guality Stuadisu, Water Srew che USAID office

Lurzenk Sai¥ ond Wakar Studlss, Carvent, identifiedie enalyses of zolls
Lfrom the resaurch farms and che lerizaticn waters vsed rherecn wes needad
to properly evaluate problems agsocioted wich erop preducicicn on these
farms. Duxlng the trip oo Tals and beyond en Jenuary 29«31, T conferred
with Dz, Hari C. Dewsn, $oil folentist in charge of rhe IHP 3cii Teating
Laboratozxy in Taiv, This facllity wegulariy wmakas chemiga cnd physical
analyses of soils ond waters, Their prosedures are those bast sulted for
calcarcous soiilnl??, Dr. Dewan a3zeed o anaiyie soif andg vacar semples
£rem the DSAID-Ministey ¢f Agriculiure farws, The Leb connot anadyue

for horon, buz hopes scon to have this capabiiife,

With the aasistance of F, Avie and J, Lee, soil sanples end water samples
from corraspending wells ware collented st the two Bans’a furms, Compesita
seil sampies were taken for both the 0-20 et and 2032 em depths, Fiald 1
at the Bir al-Shaif farm ond both fields A and B at the Bir gleChcum farm
wers sanpiled,

On Febiuary 6, 1978, the six soil samples wera persenaily deliverad to
Dr. Dewan at Talz. He agreed to enalyze the semples as scon as pogsible
and to send the resulis to Dro Ro L. Voligt in Sana’a, As of thia writiag,
the analyses have not asrrived.

Jnilitration Stedies, Water movemsn: observed imto solis in the Sana la
Aarez is moderuteiy siow. Bucks estimatad infiftraticn rates &t batween

G.1 to 0.L5 inches/hour (2.5 to 3.8 En/hri. J. Lea chserved wory Littie
lateral muvement of rain water €renm furrews into prepaved beds™ at the

Bir al-Shaif fawm, Determinativn of infiitraticn rates in holes at the

tyo formey was planned, However, i laier ta ls with M, 3. Svebarya, IVS
Agricultural Engivneer, I learned he 2iso hod prany tor such seudies and

has on crder the necvessary shest metai o ~Jcaily manufscture vingn with
which to determine infileration vatazs hy the standavd doubie~ring muthcd‘s-‘°
As Achazya has been busy the past two weels ca cther projects, we have beesn
unable to condust such tests,



Planting Methuds, While at Taiz, I was briefed by M, EL Lakhany on

methods oi pilanting und lrrigeticn employed at that UNDP fiarn. They ware
pimilar to those I employ when eénecuntering salinity problems, %.€0,
planting cn sides of beds, sbove the water Lina, so that sakt concentraitions
az the geed line can be kept to a minimum,

Soil Fertility Daterminations. I coneur with the suggestion ¢f R, Po
D’pchurchm)D M, Stickney and K., L. Voigt that pot enparimeniis ave feasidle
for detemination of godl nutrient reeds, J, Lee hopas to Build a shade
house fer stariing cuitings at the Blr akl~Shaif fuomm, I found that amall
plastic buckets which were lLccaily availablie are suitzbfe containers. I
later confirmed this with Dewen, Bench space im 1 9m would be needed,

Lee couid accommodata this need in his shade house dusign, Details of
treatments were ¢eovdinated with Dewan,

Mataorcloglcal Station, Posgsibile sites for 8 meteorological staticn on
the AID Mission headquarters grounds were selected, A statlon near the
entrance to the Cable and Wiraiess cempound, fumediately west of the A
haadquarters, was ezemined. Althsugh this statisn is eguippad with an
instrument shelter, totallzing znemcmeter en pole, avaporaticn pan with
stilling well and hoek geuge, rain gage, ond a solar radiativn messuriog
devica (apparentily recording tyrpe), thare was ae iadivaticn that the
ostativn was in eparstion, Parmsonnel at the Cabre ond Wilveless office had
gesn o actlvity at thiy station dor neaxly a peav,

The German farm in Sana’u has o rather conplete natocrelogleal statise,
Incivding goil iomperatures, A Plsche device, srather than evaporaticn pan,
is used to wstimace evapuiatien, The Jduva is published, Hewever, if this
projact i3 discontlauved, uo L3 the infcrymaticn,

On Februavy 13, 1978, accompanizd by R. L. Voigt and F. Arle, I visited
the Civil Aviativn and Meteornicgical Authority headquarters in Sana’a and
w:t with Yahya Alhak, dcting Bivecter, and a My, Scliven, UWDP iorhd
Meteanxological Oxpunization €MO) represeatative, Ve leavned:

1. Bath agencles will support estsbiishment of o wmeteornicgleal staticm at
AID Misslon headquarters, Ssna’a, aithough a cemplete station ig ir cperation
at the Sunn’a airpert. They will supply ail equipment and render ail
tachnical assistunce possibla,

2, The meteorclogical siation in tho Cabie und Wireless cumpuund belongs
to the Ministry of Agriculture and curientiy is oot in operaticn, Probably
thiv eyuipment could ba transferved to AID.
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RECOMHENDATIONS =

Qultorai Nethods for Field Trials, Rip to at Jeast 20 em, diepes Lf
pogsible, Pley and ievel, Hechanically form bads and furzews so that.
either: ' : , ,

1. The land zun be pre-izrigsted with 16~20 ¢m of water. With the apparsit
lov infiltration rate, this nmay require a "set" up to 53 hcurs (lesa fer
al=Jarcuba farm}, It iz desired to achiave weter penetration to £iill the
soill profile and move higher concencraticn of salts below the root zcne,
Taka care water dees not cover the Buds, About harf way up 15 dasirablo,
Water should sub (move isterally o noloton beds). When soil has dried
sufficlently, muich bads, in sc deing vemeving vpmer cneechird of hed,

Plant sceds at desived deptnl 1n poist soil and Fixm soid tighedly. Water
back if goii drias excassively before emexgence, taking cars water does

not covar beds, Or,

2, Plant in dry s0il on south side of bads, 2bove propesed wziar fLine,
Irrigate as in 1 shova, Insuzing that water level does noo cover seed
line, Wuter back i neeesyary. Do not mulch,

3. Appiy fartilizer in spiit spplications. Since a 20-20-0 fartilizer
appears to be the most availsbice fartilizer lueally, side drasa 200 kgihn
4t lesst 5 om to the side and 5 cm icyer than rhe sead, aither at pilancing
time (Lf {irrigated up) or after piants ave well ostabiished {if akonved in
me 3t soll). Simllarly apply anotiier L00 kgfha of 20-20-0, or Z0D kg/ha
of urea (0-45~0) six waeks aiter erergenca, fob eirlais will determine i€
higher sates of fextilizer aze necded,

4. Hexbicides sheuld be applied as reccmmended by Fied Arle in hie
genarate roport, o :

5. Infiltratfon studics should be carried out by M, SG'ACha:ya'aSjﬁéan?gsj
- possibie, LT i

- Bot Sturdies for Hutriont Needs

1. A suitable lccation for these studies is a prerequisiie, Construction
of a shade house, 23 recemmended by and 2oordinated with J, Lea, i3
‘egsential, -

2. Plastic buckets of eppreximately S-liter capseity ars avgilable in
Yemen (M. Dewan can locaie quantliy gource), A 1.5-2.5 cm dlamater hot
steel od will make 2 hele at che side, just sbeve the bottom, for drainage
Proparly cleaned, these buckets shculid ba suitable for aven mlcronutrient
studieg,
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U3, Dotails ave glven in Appendix 3. One pound (one-haif kilecgram)
“pampies of cuch bulk soil shouid be iunt to Dr, Dewan for analiysis.

3
4, Ccples of a publication by Turner and McCall(”), detaiiing o pot
experinent, were given to Voigt and Stickney,
Soil Survey. A goil survey should be made »f cach famm to hatter identily
soil differences and to escertain problams, such zs havdpanuy or indurataed
or compacted iayers which impede passags of ncots and of moisture,

Mateorelogical Station

1. A meteosrological station zould be estzblished south or southeast of

the AID Misaslen cffice bulldings, at izast 30 wmeters frem any cbstructions
(tzees and buildingy and parking steas). A %9m u 9m araa, enclesed by aan
snimaleproct fence, is neaded. Instruments reguired sve Listed in Appendix
2,

2, Most of reguired instrumznts hopefuiliy can ke cbiained by a letter to
the Ministry of Agricnlture, reguesting that the meteorclogical instruments
and squipment nov ilocsted just imsida che eatravce fo the Cable and Wiraless
compgind be tzensfarred o AID, As vas requestad, algo send a copy of the
letter to Dirzctor Generak, Ueteorzolugicul Derartimani, Civid Aviatfor and

~ Metcorological Authority, Smna‘s, YAR,

3o Mz, Soliven of thea WMO hay kindly offered to proevide all technical
agsistance neceasary to Locate, Luy out snd Install, the aguipment,

4, A tochniclan to ipsurze that propey veadings aze msda ond that completa
rucords are kept,

My sincere thanks fez both peracnal and professienail assistauce go to Jane
and Beb Voigt, Jchn Young, Horgan Sticknev, Don Siewart snd JeofZ lee,
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 Megerisls

1, 100 pots, Five-liter plastic buckets are availuble lucsily or in Taiz.
Dr, Harl C, Dewsn will help in locating source. Make drainage hole
in each at the gide and aeven with bottom surfeoce with het steel red
Of 105"205 <m diametEro

2, PFertiliser

s ibs. Urea
5 1bs. Treble superphesphate
5 ibs, Potassiuvm sulphate

Procedure and Statistical Desisn

A medificd factoriel experiment was dleevsased with Dr, Dewan end will be
cleared with the agricultuevas Fzperimen: Station Statistisian tpan wy
Teturn to thae U,5,

Within three weeks of my watura o ths U,8,, I will send the shove
fortilizers and, separately, Jdecsiied insts 'cticns for fextilizing,
Planting, growing, wnd determining yicld response cn seils to be tested,
Alternativa designs way Lo suggestod,

A shade house, or similar structurs, will be necessary to conduct thesae
triaia,



AFPPENDITYL 2

Metecrological Tquipment Heoded for Climncoiogical Stavicn
at AID Headquartevs, Sanu‘sa, Yenen Avab Republic

Description and prices frem Weather Measure Corporation Catalog QISand
Price List Mo, 975, effcctive March 1, 2976 o

Address: Weather Measure Corporaticn
P, 0, Boxn %1257
Sacramento, Caiifornia 95843

Page  Model Moo Jtem Ea&..e
i5 TMA-ES 0fficia)l Mercurial Theimomeisr ‘) 214.70

W/IMi~C Tasrmometar - C
15 TH-2C Maxitmo-Mininom Thevmonster | 54_000 ‘
s P561~ES Stundard 8" Ruin and Sncw Gage ?.58,,00

| w/Metric dip stick

i5 HM20C Baktary«driven Fan Psychromater 85,00
163 IS-1MRD Instrement Shelter w/ nmetal legs VZI;Safét)v::i<§i:.
82 H3li-S Hygrothermograph 220,\00 :
82 H311-EHB Replacement Hair Bundle | 3./.,00
- 82 C311~W-C Charts (Temperactuze <20 to +40°C, : 7060 &

7+cday drur xotation)

18& E8L6 - _Evaperaticn pas ‘

384 ’EBI;?S»;-A ) Stild weny (for henl; guge}‘_f"_‘

18& - » W-F.’@B’/M_: | "'rcts'xﬁizf.'ng Anembm_é,té;f i’ (ii‘xe!k:"’ric‘} -
184 WﬁT‘G?sB[M : To'tal,‘i}z:i.ng An&'ncmat‘-:c b(ni'et:rbic‘:‘}/l‘ :

A(NOIE: ane znemometar by evaporatien pan, - N
. .- one aneagmetsr to be instailed on 3 meter poie).
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 Model No,

EBil=C

815
RAIN-AS

CAdLeA

TH532/50

“TM532/100

M532/200

532/300

X

(7Y

. Centigrade Maxiwm/Minimun
- Thexmemeter ‘

Hook geuge

Sunshine furailcn Recorder
(Campbell Stckes type)

Charts for OV to 40° latitude
Angle Stem Parth Thearmometer

Angle 5tom Rarth Thermometer

Aagle Stem Harch Thermomotes

e

4fngle Stom Bartn thermemeter

TOTAL

100,00
475,00

44,00
6,50
7.GC
9,00

LZ;OO

TES S e bR T A

$2,379.80
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T A Farr aLVCl Sieu dy ¢l the Dzying and Stovage _
oz Surg&um and Hillet Grain in the Yemen Arsh Republic
By Robert 5, faul
for the Univercity of Aviacna
. Petpose of the Study
FAftcr Dr. Don Stewert zad I had been questioning a group of fesmens in o
11 village in the Tikeswa veglon about their cargaun and Lillet procuciion
and 8torags, they turmed it azs un¢ and esked us why we wanted oo know, I
expilained that the USAID wanted to kuow if they would be oblie o ha wwvest,
dry and store increased production of these grains vhea hatier seed was
daveloped for them. They seemed very plecsed with the ansygern, We weve on
a £ield trip to observe the on farn deylug ond stowuge of sorsiun cad millod
grain iv the Yenen Arab Republic, I was ia the country Hrom Februsry 22
uniil Maxch o, 1979,
Plan of Siudy
Tae inicial brieficg on the country and the sossible probieis with grain
storags was .onducted by Br. Robewt Voigt, Chlef~ci-Tarty foinr che University
of Arizpas programw on gurghun and nillet inprovenent in Yomen, Jehn Young
. g f‘: (AP ¢ 3-

zng Morgan bc;ckney wich e USAID s

L

interest in psssivie wterage lozses on .

that the Tihama or coastni plain beiw e a

which zun paralied 20 to 40 miles inic L& be a prof an
environment in the Tibawa mey be cherascterized as foving son

with Dot and humid air,

Plan of Work

Zield trip was planned to chserve the Farp storage conditions with

Dr, Donald Stewart as divector asuisied Ly an interpreter and a driver
to get we to the faz hrd heip meke the observalious needed., & civele
trlp was pilanned by going west Zrom JSauz’a to the cocs;a; city o ilcceida,
Tme days with Hodeida as Qeadeuarters to visit the Tilaea Tegion.  Niolva
gouth fo the rozd from Mokha o Waiz and €hea east Lo the uwignland city of
Taiz where zgain headquarters to visit the wost productive arecs arcund
the cities of Db und Demar nowvih of Yaize 4ffer two davs in this ares o
contirue noxth dack o fana’e, A cuestlonnaive prepared by Pr, Voist was
to Pe used 25 a guide ia our faim visiis, {Gee Sppondix A)
Observacions
Sinteen stops or yisits TE" nades  Of the 11 made in the Wihewma, 1 was in
a v'llugc rarket place, the 5 stops in the highlands, 2 were in villcges

the highvay, The ~mea of the grain aamples talien on the Field trip

L¢ givea in Teble 1,
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Farm Storage
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Gunny bags or the baskets euxnpose o 3 arge suvface of the svaiu to the
atmosphere. The medfaas are buil s torage md & welatively smeller susface
with Tespzet to the volume is eiposad, e weather of Yeuen is such thet
prain e:pos#u to the alr even in the Tihama sheuld 2ot become vetter than
about 4% moisture, The merecr sefegical data for Hodeida as prasented in
the '"Wemen Agricuicural Haundbook gives the annuai vaen melotive humidity
at 0000 hours as 66% and fox 1400 hours as 38%. This is based on dola of

7
1963066, Th highe t mo;thly mean was £or F;':u"*" g fox 0300 hours
Vs 1

was 72% and 62% fox g tpiing was done

at the bimu of L131 i We Zouund quite
satigisctory molscur chiz e geb,

Most 0% the graim we avcmined wes bazvestad in 1977 ov waTly S8, T

was the mes: recent cxop.  ¥ae man selling the serghum ac the village
maxket at stop #13 sa2id that the sorghum sampled as i3a had been rvenoved
£vom a medfon storage 6 monchs ago 0 it puobably was From the 1975 harvest,

6
It was badiy damaged .y

insects, The bag aning neut o Lt from which
sampke #13b was taken was 1077 sorghum,  To me theve vas su:p:isinsiy litsie
ingect iufestaticn in che grain we sow. It was che wors: in the razket
places perhaps the farmers =end co sell their voozest avain,

Agaia, it appears that che fameer has leorned to protect uic food sunniv
rather well, Storage zs T saw it dees not seem o be a proiblen, Yhig
conclugion dees net fnclude “he undevgronad pic tterege or median storage
Since we were unable Lo fospect anv wvaich conteined graina ‘

Fammesrs shouid ba encouraged Lo over diy the grain as a po tecc o1 aghkhuL

insect damage, “his should not incresse the cosi of drying by auy sig
amount because of the abundance 0f sun cnergy in Yenen,

In tha FLn"y bag scovage, the former
under the uagJ L0 aliuw aly circulaiion and
from the floow «~ oficn dizt -~ into the baza

Simple cleanliness in the storage avea vould piobably rewove Loss o {he
0E

visk of lnsect damage,

A study of the medfaon shouid da made, It would be very fu: westing to
iuvcstigate the level of oxnygsen ond carbon dionide sas ia tue medfansg novw
£illed, ai the tige they are ope med, LI there is o lew level of iygen,
then mendioring che chasge in a Sreyhly filicd wmedfan weuld be of grent
fateress aad would lead vo better use of such st raga,
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A\ mon

¢ cemplete study of duying t
this time, 4 siudy of tha losua ]
szﬂ""c::ing afeer groi ::'"u:n..:y a
threshin spe.:ai:ion, in othey woid tite lozses e 3
is zea _; far e & o inSo si zege would be inteves
sitd probably 2 wmed in storage.
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On-Farm Erain 3rorace Suavey

n. Date -

2, Iuterview pazcy

3, . location neme -

4, Location map deges siption

5, Tocation elevation BEAp -
) ~ altinetar

by  Approwtimate vwiil Lage poupulation ~

Yo Type of road to viilage {paved, gravel, atc,) -~
Village distoncs froan major market cenftor -

8, Fawily -
- Pana: Tental, -
~ Cunesr «

Lawger farm un

H-
H
[%7]
.
43
[
1

3. Kinds of grain raiged -
(sovg, miller, wheat,

10, Oiher cxops vaised
11, Is the famm eeraage in grain the samey higher, or Jower thaou § yeass ogo -~

12, %hat c&opu have incrassed in aczeage aud what crops have decrensed in
-« aereage in lasi 5 yeaws «

13o Number of grain CEOPS PEr yeor -~
ibe Do they get o Crup every year or only every other year, ete, -
38, 1s ald grain used by family -

{5 part sold -
{4 vsed znd % sold)

Homan food -
Aninal food ~

Saed ~
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Papa 2

17, T 2li geed grain cavried cver from wun nroducticn -

o ) g . - - e 2 - e .
2 50ld ot havvest on siovad ana gold lobes

I

18, twain s0id - ig

19, Are graias eoid fon casn oy 2nchnnged Sou

40,  Is gesln stored cn farm premisas -
there goid (majosr maviet, ‘cual, ete.’ -

2L. Describe storags facilities ~
{sine, construection, copaciiy)

22, Daseribe prodiems of storgage ~
{modstuve, wold, insaeis)

23, Goliect samples of deteriorated stoved sead -

2%, Is any grain stored more than one year -
(carzy over for bag MEREYY)

25, Uhat 1s the uge of grain sold off-farn locully -
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