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This project initiated its activities in Yemen in early 1977. It
had to build on and go forward with what was available from 1976 re-
garding personnel, facilities, equipment and supplies, research materials
and results of past efforts.

Reports covering detailed information on project research oriented
activities not previously reported elsewvhere were submitted to cover
individual calendar years. These reports are as follows:

Number One is a brief report on information on results of the 1976
calenday year which was prior to this contract. This project had to
build on and 0 forward from this 1976 base,

Numt 21 “wo is a detailed report on project research oriented
activities carried out in 1977,

Number Three is a detailed report on project research oriented
activities carried out in 1978,

Report Number Four is a detailed report dealing primarily with re-
search oriented activities carried out in-country in the calendar

year 1979.
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1979
- Section 1 -

Introduction to the 1979 Season

The 1979 cropping season represents the third full year of in-country
field research and cther development of a Sorghum-Millet Improvement Program
under this contract.

Annual Research Report Number 3 (1978) contains the background informa-
tion for research activities and materials carried out and treated in 1979.

The two professionals, Dr. Robert L. Voigt (Chief-of-Party and Plant
Breeder) and Dr. Donald M. Stewart (Agronomist) were not replaced on schedule
when their duty tours terminated 14 March 1979 and 3 November 1978, respec-
tively. Drs. Markarian and Sandhu were selected and their nominations pre~
sented to USAID and the Yemen Ministry of Agriculture for approval on 26 April
1979 and 4 May 1979 respectively, Considerable delay occurred in obtaining
clearances for Drs. Markarian and Sandhu, resulting in the 1979 season being
directed by Dr. Voigt while stationed at tha University of Arizona. Dr. Voigt
planned the 1979 res:arch program before leuving Yemen at the end of his tour
on 14 March 1979. Vecigt returned on 10 April through 17 May 1979 on TDY to
plant most of the research materials and again on 10 October through 20
November 1979 to collect research data, select improved genctypes, and direct
the harvest program.

Mr. David Robinson came to Yemen in December 1978 on TDY status to
serve as a technician and alleviate the problem of no professionals in=-country
in 1979, He performed in an excellent manner during 1979 in learning fast on
the job and following the directions of Drs. Voigt and Stewart who were in the
v.S.

Dr. Veigt prepared rather detailed written instructions for the major
4



field activities that needed to be carried out at Sana'a. Dr, Voigt was actirg
Chief-of-Party and Plant Breeder while actually being based at the University
of Arizona. These written instructions covering the following items follows

on pages 6 through l4,

A. Immediate Requested Actions H. Cultivation
B, Planting Millet I, Farm Labor
C. Thinning J. Care of Pollination of

Sweet Corn and Popcorn
D. Spray for Stem Borer
K. Field Notes
E. Irrigation
L. Bird Watchers

F, Fertilizer
M. Outreach

G. Weeding
N. Jobs To Do

The USAID Mission was actively trying to develop the newly selected
Al Jarubah Experimental Research Station in the Tihama during 1979, 1In
carrying out this effort the Mission used Sorghum~Millet project vehicles,
equipment, supplies and personnel. Also administrative delays on the part
of AID to furnish in-country funds for operatiovnal costs during July and
August caused the shut-down of the larger irrigation well for lack of repairs.
This caused the complete loss of all materials in Field D and hurt all other
research materials. This diversion of project resources and lack of timely
operational support caused considerable loss of research efforts in. 1979,
Lack of vehicles alone nearly eliminated the outreach program.

.Drs. Markarian and Sandhu arrived in-country on 8 November and 9 Nov-
ember 1979 respectively. 4 short project orientation period with Dr. Voigt

was possible before his departure on 20 November 1979.
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IMMEDIATE

A, RIQUESTED ACTIONS - PROJECT 0030
Complete ELT 4/10/79

Chisel £fisld D -- beth ways diagonally.

Plow alfelfa (fleld C), disc, smooth out to furrow out te plant {if
posaible,

Level south end of field D (south of Presidents Road) for planting to
alfalfa. Level when Acharya returns from al-Jarouba--if he has time,

Try out furrow opaners by new well--space at 70 cm (.7m) if possible.

Furrow out fields A, B, C, and D (at .7m spacing if poesible). 5Start
parallel on one side of field or other--if possible.

Count ridges (rows); por field and measure length of xrows at ssveral
places for calculations as to number of plots 7iesible per field.

Acharya tells me he plans a west to east irrigation pipe through field
D to eplit it in half, (Would irrigation from both ends at once help?)
I would sugzest that the pipe parallel either the Presidents Road or
the nozth edge of f£iald D so at least the north half or south half of
field D is square and not have both halves varying in row length from
one end to the other.

Museid, Robinson and Ahmed arrange outreach test cooperators--numbers
and location as per Mission desires. I suggest a rental payment payable
afte= harvest by USAID,

Return small "land plane" to British Mech. Unit at Taiz with all parts
and bojts and in good shape. An operator'’s manual {n wy offica should
also be returned, Tell them how much we gained from ueing it and give
them our sincers thanks.

Ve planned to "float" (smooth) fields A, B, C, and D with float fron
Engleberger at Amran before furrowing out. Dutch have it at Dahmar
but should have returned it by now or will soon., I don’t know whether
it will go to German Farw or to Amran. It will take some running
around to find it and find Englebergar.

RLVoigt:er:3/13/79



PLANTING MILLET

The millet seed ase smaller than sorghum or corn and do not have quite the

emerging "power". Therefore do not plant these seed quite as deep as the comn

cr sorghum, but do not get carried away and plant too shallow. You still need

good moisture for germination and emergence. The main thing to help this

situation is plant at 0600 for optimum (maximum) moisture in the soil around

the seed when planting at somewhat shallower depth. Go deeper if necessary to

get moisture. Break up the soil well that is put in the hole over the seed.

It is more important here not to have a lot of clods covering the seed.

C. THINNING

Sorghum:

l. Thin to two typical and healthy plants per hill. If there are a couple of
plants per hill to pull out - pull out the atypical ones if there are any
differences among plants. If there is only one plant in a hill, then try
to leave three plants in a hill on either side of the single plant hill.

If there is a blank hill then try to leave three plants in each hill on
elther side of the blank hill.

2. Thin all sorghum plots in all tests except 79011 and 79012 unless authorized
to do so by the German Farm,

3. 79007 is the SXS Forage Test and is a little different type of plant so thin
to three plants per hill. Leave an extra one if possible in hills next to
hills of less than three plants or completely blank.

4., Thin when ten to twenty cm in height. It is advisable to thin just after

an irrigation or a rain so that the plants pull easier and DO NOT BREAK OFF.

A broken off plant will grow out again! This means thinning when the time



is right. It may be necessary to schedule an irrigation followed by thinning

as soon as dry enough.

Corn (Maize):

1. Thin to one plant per hill in much the same manner as for sorghum.,

2. Tests 79015 and 79016 are the maize tests to thin.

3. Do not thin the zormn borders, sweet corn or popcorn. Don't thin "corn"
borders,

Millet:

l. Thin to two plunts per hill when the plants are about tem cm tall,

2. Thin in the same manner as for sorghum regarding single plants per hill or
blank hills.

3. Tests 79017 and 79018 are the millet tests to thin.,

D. SPRAY FOR STEM BORER

l. Sorghum and SXS only. The corn shouldn't be bothered.,

2. Watch for dead or wilting plants as a sign. This may start happening in
the seedling stage around thinning time.

3. Museld should be able to set up this operation.

4, Buy chemicals from German Farm,

5. German Farm should be able to answer all questions.

6. DO NOT SPRAY sorghum tests 79011 and 79012 and their surrounding bulk
sorghum borders. This to allow the stem borer infestation to build up
some. At any rate, follow the desires of the German Farm.

E. IRRIGATION

1. Most all research materials should be stressed somewhat for water before
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6.

1.

irrigating. Undoubtedly there will be parts of the fields that will show
moisture stress before other parts. It will be necessary to irrigate them
before some areas even get dry. Waiting for all areas of the field to dry

up will likely result in too severe drought damage to the first plots to

dry up so don't do this. Some plots then will get nearer optimum irrigation.
Do not try too much manipulation of irrigation water between wet and dry spots.
Field A - If possible, the sweet cuorn on the east end should be given irri-
gaticn water as needed without stressing it.

Field B - Irrigate as necessary to maintain optimum growth in rows 109 through

164 (end of field) inclusive. Do not stress these rows 109 through 164.

Also irrigate, as necessary, the corn in rows ! through 6 on the east end of
the field if possible.

Field C - Do not stress any of this field. Irrigate often enough to maintain

a reasonably good moisture supply.

Field D - Stress all of field except 79011 and 79012. I think the German

Farm will want a fairly good moisture supply.

The comn borders will be stressed too if next to sorghum plots being stressed.

FERTILIZER

Amounts to apply:

Stressed plots (sorghum): Put on at the rate of 30 lbs per acre of actual

"N" (nitrogen). For example 45% N fertilizer would be put on at about 66.6
lbs per acre of actual fertilizer material to give a rate of 30 lbs per acre

of N,

1 1b N per acre = 100/45 = 2,22 1bs of fertilizer
30 1bs N per acre = 30 X 2.22 = 66.6 lbs per acre



Irrigated plots (corn and millet plus some sorghum): Fertilize at rate of
60 1bs per acre of actual "N" (nitrogen).
60 1lbs per acre = 60 X 2,22 = 133.3 1lbs per acre

Apply just after thinning and before plants are about 30 em tall.

HIRE MORE LABOR to do this thinning, and weeding all at the same time - if

necessary.

WEEDING
The weeding will have to be done manually. Yahya Abdo (Little Yahya) will
instruct and run the weeding operation.

Keep up on weeding. Do not let the weeds compete with and cover the small

sorghum plants.,

A good growth of weeds will use up fertilizer meant for the sorghum and corn.

Weed the corn borders only after the plots are weeded. Don't let the limited

farm labor supply waste time on weeding corn. HIRE MORE LABOK to keep up.

CULTIVATION

Yahya Abdo has a hand operation (tied in with the weeding) which moves dizt from

the high ridge just west of the row across the low furrow up against the plants

on the east side of the other ridge to give additional plant support.

THIS WILL TAKE LOTS OF ADDITIONAL FARM LABOR TO BE FINISHED IN A TIMELY
MANNER, or you will be finishing about harvest time with only a small

farm labor crew.

10



I. FARM LABOR

Keep hiring more farm laborers as necessary to get jobs done on time, Farm
labor may be idle between jobs. Just keeping farm labor busy every day is

not the objective.
TIMELY FARM OPERATIONS is the MAJOR OBJECTIVE.

It may be necessary to hire extra temporary farm labor for a week, then lay

them off for a week, and then rehire for a week.
It may be advisable to hire permanently some of the better temporary labor.

1978 = 8 farm labor inadequate assume 12 = adequate
1979 = 50% more plots

= 12 + 6 = 18 to 20 farm labor estimated to even try to keep current

re: weeding, fertilizing and thinning.

Inadequate farm labor resulted in some sorghum plots getting bad weed compe-
tition for most of season, thinned late and fertilized late. Other plots may
be weeded on time but thinned late and fertilized late, etc., etc., etc. The
result was that among plots there were drastic manmade environmental differ-

ences with sufiicient influence on the research results as to exceed the

genotypes influence which we are trying to select for,

J. CARE OF POLLINATION OF SWEET CORN AND POPCORN

Detassel field corn borders adjacent to and within about 20 meters of Sweet
Corn and of Popcorn if the field corn happens to be shedding pollemn about the
same time as either the sweet corn or popcorn. This is to reduce somewhat the

amomnt of cros«<-pullination onto the sweet corn and popcorn.

Hopefully the sweet cors will flower early and the field corm late so that
there will be no cross-pollination possible at all. The popcorn is an

11



unknown, but probably will flower after the sweet corn but hefore the field

corn.

K. FIELD NOTES

Check over tests in the field every few days for growth and general progress
and check the field book and other sources or instructions as to notes to be
taken or activities to be carried out on the plots. This entails continual
daily thinking about all research tests, frequent visits to the tests along
with a thorough knowledge of what is to be done on each test throughout the

whole year.

Take notes on all plots of all crops, as appropriate. Do not omit taking

notes on corn, for example, as was done in 1978 for some reason.

L. BIRD WATCHERS

There may be trouble with birds eating small emerging seedlings and digging
down and eating the planted seed. We had this problem in 1978. 1Inspect
planted plots daily for evidence of starting bird damage of consequence so

that bird watchers may be hired.

Bird watchers are necescary when sorghum plots have started blooming and seed
is developing. Morning (sun-up) and evening (sunset) are the most critical
periods; however the birds eat all day. The bird watchers seem to work when
you (research people) are in the field during regular working hours. I used
to go to the field at sunup or sundown (irregular off-duty hours) and at first
find no bird watchers in sight or bird watching activity and birds would be
eating. One bird watcher would spot me and start his yelling and scaring
birds off. Then all 6 or 8 bird watchers would come out of hiding in a few

12



seconds and start in. It was almost funny if not sad. It points up the need
for non-regular periodic visits to the plots to try to keep the bird watchers

somewhat active.

M. OUTREACH

I strongly suggest that Mr. Robinson stay in res.dence in Sanaa assuring the

timely operations of the basic research program.
Museid Attic and Andy Tacadao should be able to handle the outreach trials.

I suggest a limited outreach program in line with resourres available (vehicles

and manpower).

The outreach program is only viable after the basic research program has

operated a while and has something to sell.

N. JOBS TO DO

1. Prepare stakes:
- sandpaper
- paint - white
- dip in DDT emulsion + 0il or diesel fuel
- repack in boxes
- (save all empty boxes from stakes in field)
2, Clean ramada
Put large thresher in ramada out of weather
3. Hang more wires in ramada
4, Make hooks from sections of barbed wire. (Sharpen on grindstome in admin
garage - Robinson or Andy only use - if permitted. Don't let Yemeni use
or help,)

13



S.

6.

Finish Field Books

Count sacks on hand (by sizes)

- estimate sack needs

- buy more sacks NOW if needed (don't wait until the day you need them
to try to buy them).

Robinson - read Nacional Cooperative Test Instructions for activities in

tests 79014, 015, 016, and 017,

14



- Section 2 -

Research Objectives and Field Test Descriptions

A brief discussion is presented as to the purpose and objectives of the

Project research afforts for 1979 along with proposed long range goals that

are commensurate with the current situation in-country.

Descriptions of the 17 separate field research tests conducted at the

Bero-Al-Gohoume Agricultural Res=arch Station at Sana'a are presented. A list of

these tests is presented in Table 1,

The 1979 Outreach Test plans are presented on page 17 and 18.

The basic series of firld reseaich tests that were designed for this

project to determine improved sorghum and millet genotypes were outlined in

previous reports but are presented here again. The series of tests are:

First year

Second year

Third year

Fourth year

Fifth year

Sixth year

Seventh year

make single head (plant) selection from new germplasm
source

grow single head in Head Row and select on a row basis
yield test selected entries in two-replication
Preliminary Yield Test and select better ones

Yield test se.ected entries in 3 to 4 replication
Advanced Yield Test for poth grain and forage. Select
better ones.,

Yield test selected entries in 4 replication Elite Yield
Test., May also enter concurrently in Outreach tests.
Outreach tests

seed increase for release to growers

This series of progressive tests is a simple program that hopefully the

relatively untrained Yemeni on the project could follow on their own. A

Particular genotype that appears to be outstanding and of a very homogeneous

15



genotype and phenotype may be advanced to the Elite and/or Outreach tests from

any of the earlier testing steps. Intermediate steps may be skipped over.

There are other tests for other items of interest to the project.

16



L1

Table 1. Sana‘'a Experiment Farm Field Experiments - 1979
Number Rows Total
Test of Per Field
No. Experiment Title Entries Pjot Reps Rows
79001 Head-to-Row L7 1 1 L7
79002 Head-to-Row 498 1 1 498
79003 Elite Yield Test 33 2 4 200}
7900y Advanced Yield Test 16 2 L 128
79005 Preliminary Yield Test 210 1 L 8o
79006 Short Grain Yield Trial u2 2 3 252
79007 Sorghum X Sudangrass Green Forage Test 6 L L 96
79008 Forage Sorghum Grain and Forage Test 6 L L 96
79009 Sorghum X Sudangrass and Hybrid
Forage Sorghum Demonstration Test 53 2 1 106
79010 Nursery and Increase Plcts 68 2 1 136
79011 Head Smut Control Test 5 L L 80
79012 Sesamia (Stem Borer) Contral h 7 N 112
79013 National Cooperative Sorghum Yield Test (No test seed distributed)
79014 National Cooperative Sorghum Observation
Test 18 2 1 36
79015 National Cooperative Maize Yield Test 9 3 3 81
79016 Naticnal Cooper'ative Maize Observation
Test 14 3 1 §2



Table 1.  (Cont'd) Sana'a Experiment Farm Field Experiments - 1979
Number Rows Total
Test of Pey Field
No. Erxperiment Title Entries Plot Reps Rows
79017 National Cooperative Pearl Millet
Yield Test 6 L L 96
79018 National Cooperative Pearl Millet

81

Observation Test

(No test seed distributed)



Sana'a Experiment Farm Research - 1979

Background Ipformation

It is expected that the majority of the sorghum and millet
grown in Yeren in the futuvre will be grown on marginal
iands. The primary marginal factor being water or irri-
gatinn rescurces. Agricultural lands with higher water
resoarces whether from higher rainfall or irrigation are
going out of sorghum production and into other crops with
a higher economic value. Alrezdy in the beginning of

1979 near Sana'a there are areas where the sorghum acre-
age has been cut in half from 1978 in favor of other crops
that pay better economic returns and not because of the
weather, Sorghum and millet do possess some physiological
characteristics making 1t possible for them to be a little
more productive under droughty or moisture stress condi-
tions than many other crops. The prices paid to farmers
for grain produced on the farm is competitive with the
cost of imported grain so farmer income cannot be increased
through raising the farm price. The sorghum plant forage
produced along with the grain is of equal or more economic
value than the grain. This forage cannot be imnorted very
easily. Thus the sorghum and millet improvement program
should and does place equal emphasis on both grain and for-
age improvement. Traditional breeding programs as usually
found in the United States are not directly cuited to the
p-ooblem in Yemen. Most United States programs focus on
grain or forage and with environmental resources somewhat
above near desert conditions.

The variable moisture stresses on plant growth associated
with limited or sporadic rainfall or limited moisture re-
sources of any nature makes the use of fertilizers quite
risky. Thus the use of fertilizers to boost production
is very 1limited compared to the usual expectation of using
more and more fertilizer to increase yields,

The low profit or near subsistence level of sorghum and
millet production under the existing conditions limit fi-
nancial inputs by the farmer. Currently, seed of adapted
genotypes are saved from year to year by farmers in all
of the thousands of different environments. The cost of
buying hybrid seed would be an additional cost to the
farmer. Many, many hybrids would have to be developed
and evaluated to fit the thousands of production environ-
ments. This in itself would be a large, long=-term task
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with doubtful return value, At least for the moment ime-
proved varieties is the first step in improvement of geno-
types for farmer use. Development of a sorghum sterile
with both grain and forage potential under environmental
conditions existing about Sana'a is undei.'way as a more
long=-term objective.

The lack of suitable research equipment and procedures
resulted in a probably rather high degree of unreliability
of previous research data., Some equipment was received

in time to change procedures some in 1978 which resulted
in better, more uniform stands in the plots and hopefully
gave better research data,

Objectives

1. The most pressing objective of this project is to
develop the research techniques necessary to obtain
reliable research data.

Short=term objectives, up to five years involve:

2. Development of improved varieties for rainfed or
low moisture environments.

3. Development of gene pools of adapted germplasm from
which to select recombinations of improved genotypes.

L. Attempt to develop more moisture stress tolerance in
the breeding materials.,

5. Development of a second research station at Al Jarubah.
Longer term objectives, from five to twenty years involve:

6. Development of sorghum steriles of a dual grain and
forage potential for eventual development of hybrids
from improved varieties for when hybrid seed produc-
tion and farmer acceptance and use reaches an accept-
able economic levzi,

7. Develop improved agronomic practices tailored to the
particular improved variezy and/or hybrid genotypes
developed,

8. Develop a greater drought tolerance within an already
drought tolerant species,

20



9

Eventual incorporation of miscellaneous characteristics

such as insect and disease resistances, amount and qual=-
ity of protein and other nutritional factors, and other

factors appropriate with the state of the art of sorghum
and millet improvement and for which the project has

the capabilities.,

21



PEST NO. 79001

Head-to-Row

Test Description and Purpose:

This test consists of 433 single head selections to be
grown out in single unreplicated plot rows. The purpose
is to visually evaluate each of these single head selec-
tions on a row basis for potential as a dual purpose
variety for both grain and forage. Some of the pheno-
typic agronomic characteristics to be considered are
maturity, sufficient plant height of one meter or more,
sturdy stalk, leafiness, good grain head and medium to
large seed size.,

Plot Size and Treatment:

Plot size is one row, six meters long and .75 meter wide,
Seeding rate of four to five seeds per hill spaced at 25

cm (25 hills per plot) and thinned to two plants per hill,
Three to four heads of typical plants from selected rows

to be selfed at tip bloom. Seed size to be determined
later. The plots are to be grown under a somewhat limited
moisture regime (rainfall permitting) in order to enhance
expression of drought tolerance., 3Selected genotypes to be
grown in a preliminary yield trial with three or four repli-
cations in 1980.

Seed Source:

These single head selections were selected from 1978 test
numbers 097, 098, 099, 100, a composite population and from
76026. The pedigrees are given in the field book.

22



TEST NO. 79002

Heaa~to=Row

Test Description and Pyrpose:

This test consists of 479 single head selections to be
grown out in single unreplicated plot rows. The purpose
is to visually evaluate each of these single head selec~
tions on a row basis for potential as a dual purpose
variety for both grain and forage. Some of the pheno-
typic agronomic characteristics to be considered are
maturity, sufficient plant height of one meter or more,
sturdy stalk, leafiness, good grain head and medium to
large seed size,

Plot Size and Treatment:

Plot size is one row, six meters long and .75 meter wide.
Seeding rate of four to five seeds per hill spaced at 25
cm (25 hills per plot) and thinned to two plants per hill,
Three to four heads of typical plants from selected iows
to be selfed at tip bloom. Seed size to be determined

later. The plots are to be grown under a somewhat limited
moisture regime (rainfall permitting) in order to enhance
expression of drought tolerance. Selected genotypes to be
grown in a preliminary yield trial with three or four rep-
lications in 1980,

Seed Source:
These single head selections were selected from 1978 test

numbers 101, 111, 112, and 113. The pedigrees are given
in the field book.
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TEST NO. 79003
Elite Yield Test

Test Description and oses

This test consists of 33 entries, including checks, rep-
licated four ttmes in a yield test. The purpose is to
evaluate each entry for yield of grain and forage in addi-
tion to visual evaluations for other agronomic character-
istics., These replicated yield evaluations are normally
the third ones for these experimental genotypes.

Plot Size and Treatment:

Plot size is two rows six meters long with .75 meter be-
tween rows and replicated four times in a randomized com-
plete block design. The seeding rate is four to five seeds
per hill spaced at 25 cm (25 hills per row) and thinned to
two plants per hill., The following characteristics will

be measured on each entry in each replication: date of 50%
bloom, average plant height to the top of the head in cm,
agronomic phenotypic rating regarding head, stalk and
leaves, bird damage, percent stand, percent lodging, grams
per plot of grain yield, grain test weight, seed size as
measured by weight in grams per 300 seed, grain color, and
grams per plot of air dried forage. Any other appropriate
descriptive iata of research value should be collected
during the season. Ten heads of each entry to be selfed to
furnish pure seed for increase if the genotype proves to

be superionr and is selected for release.

The test is to be grown under a somewhat limited moisture
(irrigation) regime in order to enhance expression of
drougnt tolerance, Selected superior genotypes to be in-
creased and evaluated in on-farm tests for a broader
adaptation and production evaluation. Local varieties

and other appropriate checks to be included as test en-
tries as standards against which experimental entries will
be selected or discarded.

Seed Source:

Ten trial entries came from the 1978 Elite Yjeld Test
(78103), thirteen entries came from the 1978 Advanced
Yield Test (78102), five entries came from the 1978 Na=-
tional Cooperative Sorghum Observation Nursery, and five
entries are checks of a local nature,
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TEST NO. 79004
Mvanced Yield Test

Test Description and Pyrpose:

This test consists of 16 entries, including checks, rep-
licated four times in a yield test. The purpose is to
evaluate each entry for yield of grain and forage in
addition to visual evaluations for other agronomic char=-
acteristics., These replicated yield evaluations are
normally the second ones for these experimental geno-
types.

Plot Size and Treatment:

Plot size is two rows six meters long with .75 meter be-
tween rows and replicated four times in a randomized come-
plete block design. The seeding rate is four to five seeds
per hill spaced at 25 cm (25 hills per row) and thinned to
two plants per hill., The following characteristics will

be measured on each entry in each replication: date of 50%
bloom, average plant height to the top of the head in cm,
agronomic phenotypic rating regarding head, stalk and
leaves, bird damage, percent stand, percent lodging, grams
per plot of grain yield, grain test weight, seed size as
measured by weight in grams per 300 seed, grain color, and
grams per plot of air dried forage. Any other appropriate
descriptive data of research value should be collected
during the season. Ten heads of each entry to be selfed

to furnish pure seed for increase if the genotype proves

to be suverior and warrants further evaluation.

The test is to be grown under a somewhat limited moisture
(irrigation) regime in order to enhance expression of drought
tolerance. Selected superior experimental genotypes are to
be grown in the Elite Yield Test with four replications in
1980, Local varieties and other appropriate checks to be
included as test entries as standards against which exper-
imental entries will be selected or discarded,

Seed Source:

Eight trial entries came from the 1978 Preliminary Yjeld
Test (78101), one entry came from the 1978 National Coop-
erative Sorghum Yj2ld Trial (78105), one entry came from
the 1978 National Cooperative Sorghum Observation Nursery
(78106), and six entries are checks of a local nature.
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TEST NO. 79005
Preliminary Yield Test

Test Description and Purpose:

This test consists of 210 entries (200 experimental and 10
check genotypes) replicated four times in a yield test,

The purpcse is to evaluate each entry for yield of grain
in addition to visual evaluations for other agronomic char-
acteristics., This replicated yield evaluation is normally
the first one for these experimental genotypes.

Plot Size and Treatment:

Plot size is one row six meters long and .75 meter wide
and replicated four times in a randomized complete block
design. The seeding rate if our to five seeds per hill
spaced at 25 cm (25 hills per plot) and thinned to two
plants per hill. The following characteristics will be
xeasured on each entry in each replication: date of 50%
bloom, average plant height tc top of head in cm, agro-
nomic phenotype rating regarding head, stalk and leaves,
bird damage, percent stand, percent lodging, grams per
plot of grain yield, grain test weight, seed size as
measured by weight in grams per 300 seed, and grain color.
Any other appropriate descriptive data of research value
should be collected during the season. Four or five
typical heads of each entry to be selfed to furnish seed
for further testing if the genotype proves to be superior
and warrants further evaluation. Local varieties and
other appropriate checks to be included as test entries
as standards against which experimental entries will be
selected or discarded.

The test is to be grown under a somewhat limited moisture
(irrigation) regime in order to enhance expression of
drought tolerance, Selected superior genotypes to be
gro:nein an Advanced Yjield Test with four replications

in 1980,

Seed Source:

Fifty-eight trial entries came from the 1978 Head-to-=Row
Test (78097), thirty-eight from 1978 Hezad-to=-Row Test
(78098), sixty-five from 1978 Head-to-Row Test (78099),
twenty-nine from 1978 Head-to-Row Test (78100), three from
1978 Preliminary Yield Test (78101), and seven from 1978
Nursery (78113). Ten entries are checks of a local nature.
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TEST NO. 79006
Short Grain Yield Trial

Test Description and Pyrpose:

This test consists of 42 entries replicated three times in
a grain and forage yield test. The purpose is to evaluate
each entry for unusual yield of grain and forage yet with

a short height. These same entries are in the nursery
(79010) where they are to be crossed onto CK60A for evalu-
ation as to B or R type in 1980, High grain yielding types
could fit well into a hybrid development program of adapted
genotypes.

Plot Size and Treatment:

Plot size is two rows six meters long with .75 m between
rows and replicated three times in a randomized complete
block design. The seeding rate is four to five seeds per
hill spaced at 25 cm (25 hills per row) and thinned to two
plants per hill. The following characteristics will be
measured on each entry in each r.nlication: days to 50%
bloom, average plant height to top of head in c¢m, bird dame
age, percent stand, percent lodging, grams per plot of
grain yield, grain test weight, seed size as measured by
weight in grams per 300 seed, and grams per plot of air
dried forage. Four to five typical plants of each entry
to be selfed to furnish seed for further research use,
Local variety to be used as a check for comparison of
production of grain and forage.

The test is to be grown under a somewhat limited moisture
(irrigation) regime in order to enhance expression of
drought tolerance.

Seed Source:

Three entries came from 1978 Head-to-Row (78097), seven
from 1978 Head-to-Row (78098), six from 1978 Head-to=Row
(78099), fifteen from 1978 Head-to-Row (78100), eight from
1978 Elite Yield Test (78103), and one from 1978 Nursery
(78113), Two entries were of a local check.
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TEST NO., 79007

Sorghum X Sudangrass Green Forage Test

Test Description and Pyrpose:

This test consists of six sorghum X sudangrass commercial
products from the United States to be grown in & forage
yieid test for multiple harvests. The purpose is to eval=-
uate some of these typical genotypes for adaptation and
production of forage dry matter in this environment.

Plot Size and Treatment:

Plot size is four rows spaced .75 meter apart, six meters
long and replicated four times in a randomized complete
block design., The seeding rate is four to five seeds per
hill spaced at 25 cm (25 hills per row) and thinned to
three plants per hill. The plots are to be cut at about
boot stage of plant development. The center two rows
weighed green and a moisture sample taken and weighed wet
and dry in order to calculate dry matter production,
Plants to be cut off at about 10 to 15 cm above ground
level., Cut as many harvests as the growing season will
permit. Irrigate as necessary to maintain an optimum
moisture supply. Research data desired is grams per

plot of air dry forage and plant height in cm of each
cutting.

Seed Source:

All six entries are commercial sorghum X sudangrass hy-
brids produced and sold in the United States.,
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TEST NO. 79008

Forage Sorghum Grain and Forage Test

Test Description and Pyrpose:

This test is to compare five commercial United States
forage type sorghums with a local variety for a single
harvest production of grain and air dried forage. 1In
addition other observations will be made for maturity,
height, weight per 300 seed, and grain test weight.

Plot Size and Treatment:

Plot size is four rows spaced .75 meter apart,six meters
long and replicated four times in a randomized complete
block design. The seeding rate is four to five seeds
per hill spaced at 25 cm %25 hills per row) and thinned
to two plants per hill., The following characteristics
will be measured on each entry in each replication:

days to 50% bloom, average plant height to top of head
in cm, percent bird damage, percent stand, percent lodg-
ing, grams per plot of grain yield, grain test weight,
seed size as measured by weight in grams of 300 seed,
grain color and grams per plot of air dry forage.

The test is to be grown under a somewhat limited mois=

ture (irrigation) regime in order to properly compare
the experimental entries with the local variety.

Seed Source:

Five entries are commercial forage sorghum hybrids pro-
duced and sold in the United States., One is a local
check variety.
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TEST NO. 79009

Sorghum X Sudangrass and Hybrid Forage Sorghum
Demonstration Test

Test Description and Pyrpose:

Plot Size and Treatment:

Plot size is two rows spaced ,75 m apart six meters
long and unreplicated, The seeding rate is four to
five seeds per hill and thinned to two plants per hill,
The following characteristics will be measured on each
entry: days to 50% bloom, average plant height to top
of head in Cm, and percent lodging, The demonstration
is to pe grown under a Somewhat 1imited moisture (irrjie
gation) regime,

Seed Source:
M

All entries are commercial hybrids produced and sold in
the United States,
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TEST NO. 79010
Sorghum Nursery

Test Description and Pyrpose:

This test contains sixty-eight two-row plots of various
genotypes. These genotypes are to be selfed or crossed
in the following manner to accomplish specific purposes,

Plots one through five: bag steriles in plots one, three
and four which are *o be pollinated with pollen from
plcts two and five,

Plots six through twenty-five: Self about ten good, typ-
ical heads in each plot. Eliminate off-types. Self
about 20 or 30 heads in plots 12 through 15 and 22 through
25 if possible,

Plots twenty-six through sixty-eight: bag all possible
steriles in plots 26, 47, and 68. Make two or three good
pollinations from each plot 27 through L6 and glots i
through 67 onto steriles in plots 26, 47, or 68, You may
re=pollinate these steriles two or three days running
using pollen from the same male row to obtain more seed
set.

Plot Size and Treatment:

Plot size is two rows spaced .75 meter apart, six meters
long and unreplicated. The seeding rate is four to five
seeds per hill spaced at 25 cm (25 hills per row) and
thinned to two plants per hill. The test is to be grown
with adequate noisture for optimum growth.
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TEST NO, 79011
Head Smut Control Test

Test Description and Purpose:

This test contains treatment of a uniform smut-infested
sorghum genotype with four experimental chemicals for
control. A check or non-control is included making five
treatments in four replications. This test is designed
and is to be supervised by Dr. Gossert or the German Farm.

Plot Size and Treatment:

Plot size is four rows spaced .75 meter apart, six meters
long and replicated four times in a randomized complete
block design. The seeding rate is four to five seeds per
hill spaced at 25 cm (25 hills per row) and unthinned,

The following data will be collected on each entry in
each replication: days to 50% bloom, average plant height
to top of head in cm, percent stand, and percent lodging,
Grain yield in grams per plot if desired.

Seed Source:

The uniform genotype seed to be furnished and treated at
time of planting by German Farm.
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TEST NG. 79012

Sesamia (Stem Borer) Control

Test Description and Purpose:

This test involves the application to seedlings of a
uniform sorghum genotype with three experimental chem~
icals to control stem borer. A check or non=control
is included making four treatments. This test is de-
signed and is to be supervised by Dr. Deckert of the
German Farm.

Plot Size and Treatment:

Plot size is seven rows spaced .75 meter apart, six
meters long and replicated four times in a latin square
design. The seeding rate is four to five seeds per
hill spaced at 25 cm (25 hills per row) and unthinned.
The following data will be collected on each entry in
each replication: days to 50% bloom, average plant
height to top of head in cm, percent stand and percent
lodging., Grain yield in grams per plot if desired.

Seed Source:

ghe uniform genotype seed to be furnished by the German
arm,
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TEST NO. 79013
National Cooperative Sorghum Yield Test

(No test seed distributed by the Yemen Ministry of Agriculture)
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TEST NO. 79014

National Cooperative Sorghum Observation Nursery

Test Description and Pyrpose:

This test contains 18 entries replicated once in an obe
servation nursery. The purpose is to visually evaluate
and measure each entry for general adaptation of agro-
nomic characteristics to the Sana'a area of about 2, 300
meters elevation. This is a regional type of test in
which all agricultural research organizations may enter
grain sorghum genotypes from early stages of develop-
ment in their breeding programs which show promise of
proving to be a superior genotype. An evaluation in
this test gives an early indication to the breeder of
the potential wide adaptation oi his breeding material
without the expense of yield testing by all agencies
involved, Severzl agricultural research organizations
are cooperating in growing this test to give an evalu-
ation of each entry in several different environments
and elevations in The Yemen.

Plot Size and Treztment:

Plot size is two rows spaced .75 meter apart, six meters
long and replicated once. The seeding rate is four to
five seeds per hill spaced at 25 cm (25 hills per row)
and thinned to two plants per hill., The following char-
acteristics will be observed on each entry: days to 50%
bloom, average plant height to the top of the head in
cm, agronomic phenotypic rating (involving head, stalk
and leaves), bird damage, percent lodging and grain
color.

This test is to be grown under a somewhat limited mois-

ture (irrigation) regime in order to evaluate the en-
tries for adaptation to a droughty rain-fed environment.

Seed Source:

Entries were contributed by different research organi=-
zations,
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TEST NO. 79015
National Cooperative Maize Yield Test

Test Description and Purpose:

This test contains nine maize genotypes for evaluation
as to adaptation to the Sana'a area of about 2,300
meters elevation for grain yield and other agronomic
characteristics. This is a regional type of test in
which agricultural research organizations may enter
their superior maize zelections for an evaluation in
various environments in Yemen.

Plot Size and Treatment:

Plot size is three rows ,75 meter apart and six meters
long replicated three times in a randomized complete
block design. The seeding rate is three seed per hill
spaced at 30 cm (21 hills per row) and thinned to one
plant per hill, The following data will be collected
on each entry in each replication: days to tassel
(flowering), average plant height in cm to the flag
leaf, average height in cm of ear node, lodging per=
cent, days to maturidy (when husk cover turns pale
brown and grains are hard), population, grams per plot
of newly picked ears, dried ears, and of dried shelled
corn, and any diseases or insects of consequence.

This test will be irrigated as necessary to maintain
optimum moisture for growth. Fertilizer is to be
applied at planting and later as per instructions,

Seed Source:

Entries were contributed by different research organi-
zations in Yemen,
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TEST NO. 79016

National Cooperative Maize Observation Nursery

Test Description and Pyrpose:

This test contains eighteen maize genotypes for = general
visual adaptation of agronomic characteristics to the
Sana'a area of about 2,300 meters elevation. This is a
regional type of test in which agricultural research or-
ganizations may enter maize genotypes from rather early
stages of development in their breeding programs which
show promise of proving to be a superior genotype. An
evaluation in this test gives the breeder an early indi-
cation of the potential wide adaptation of his breeding
material, Several agricultural research organizations
in Yemen cooperate in growing this test to give an eval-
uation of each entry in several different environments
in Yemen,

Plot Size and Treatment:

Plot size is three rows ,75 meter apart and six meters
long replicated once. The seeding rate is three seeds
per hill spaced at 30 cm (21 hills per row) and thinned
to one plant per hill, The following characteristics
will be observed on each entry: days to tassel (flower-
ing), average plant height in cm to the flag leaf, aver-
age height in cm of ear node, ludging percent, days to
maturity (when husk cover turns pale brown and kernels
are hard), and any diseases or insects of consequence.

This test will be irrigated as necessary to maintain
optimum moisture for growth, Fertilizer is to be ap-
Plied at planting time and later as per instructions,

Seed Source:

Entries were contributed by different research organi=-
zations in Yemen,
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TEST NO. 79017
Nationel Cooperative Pearl Millet Yield Test

Test Description and Pyrpose:

This test contains six pearl millet genotypes for eval-
uation as to adaptation to the Sana'a area of about 2,300
meters in elevation for grain yield and other agronomic
characteristics, This is a regional type of test in
which agricultural research organizations may enter their
superior millet selections for an evaluation in various
environments in Yemen.,

Plot Size and Treatment:

Plot size is four rows .75 meter apart and six meters
long replicated four times in a randomized complete block
design. - The seeding rate is about five seed per hill
spaced at 20 cm (31 hills per row) and thinned to two
plants per hill. The following data will be obtained

on each entry: days to 50% bloom, plant height in cm

to ear node, percent lodging, days to maturity (hard
grain), percent stand, average number of heads per plant,
unthreshed dried head weight per plot in grams, threshed
grain weight per plot in grams, air dried stover weight
per plot in kilograms, and notes on any diseases or in-
sects of consequence,

This test will be irrigated as necessary to maintain

optimum moisture for growth, Fertilizer is to be ap=
plied as per instructions,

Seed Source:

Entries were contributed by different research organi=-
zations in Yemen.
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TEST NO, 79018
National Cooperative Pearl Millet Observation Test

(No test seed distributed by the Yemen Ministry of Agriculture)

39



OUTREACH (ON-FARM) TESTS - 1979

During March-April this year Project 030 personnel plan to contact farmers to
cooperate on the 1979 Sorghum Outreach Program. We will present our plans to
make rental payments for land on which we locate our sorghum yield trials.
One-third of the total land rental will be paid at the time of planting with the
agreement that the remaining two-thirds will be paid upon harvest of the trial
sorghum by the USAID team. Payments will be 100 YR per 44 m2 of non-irrigated
land and 150 YR per 44 m2 of irrigated area.

If a farmer agrees to cooperate we will visit the proposed location, make pre-
liminary measurements, and discuss planting dates and procedures with the
farmer.

Below is a preliminary list of locations we plan to visit first, Farmers in
some of these areas last year expressed their willingness to cooperate in

1979. We hope to eventually engage 15 or 16 farmers for the program this year.
Additional locations will be determined once our success with those described
below are evaluated.

Location KM From Sana'a
A. 1) Hizzez 17 km - Taiz Road
2) Sanhan 27 km - Taiz Road
B. 3) Yazle 35 km - Hodeidah Road
4) Maf-Dan 43 km - Hodeidah Road
C. 5) May Moon 34 km - Sa'ada Road
6) Wadi Khaywan 140 km ~ Sa'ada Road
7) Al Asha (Battina) 148 km - Sa'ada Road
D. 8) Wadi War War (Bilsin) 101 km - Sa'ada Road
9) Al Boun Project near Raydah 68 km - Sa'ada Road

To visit the sites at Al Asha and Wadi Khaywan north of Sana'a may entail a
3-day, 2-night trip.

Personnel Iavolved Transport Involved
David Robinson Project 030 vehicle
Museid Attic (translator-technician) No. 1468 (Blazer)

Ahmed Ismael (technician) Driver: David Robinson
Dr, Stewart's recommended Outreach plot design for 1979:
4 entries
4 rows (x 9 meters) per entry
4 replications of each entry
Furrow width is determined by each farmer: last year they averaged about
62 cms wide (varying between 38 and 85 cms). Allowing for 50 cm aisles

between each replication, the total plot size for one Outreach test should
average about 10 x 39 meters or 390 m2.
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At a cost of 100 YR per 44 m2 of unirrigated farmland, we would pay
about 886 YR per year. An irrigated plot of the recommended size would
cost about 1329 YR per year.

Posgibly the plot size can be reduced; the odd-shaped terraces found at
many locations may require it. This will have to be decided at planting
time. On this initial contact with the farmers only the cost per unit
area land will be discussed. No firm commitments about plot size are
planned.

Additionally this year some locations near Sana'a will include a forage
sorghum test.
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- Section 3 -

Field Plans of 1979 Tests

The 1979 field research plots at the Bero-Al-Gohoume Agricultural Resear
Farm were prepared, preirrigated and planted in the manner designed by short-
term profesgsionals in 1977 and 1978. A complete description of the needs for
development of improved field research plot techniques, the development of the
new procedures, and a description of the actual field plot procedures are pre-
sented in Section 3, pages 28 through 34 of Annual Research Report Number 3,
1978. This information will not be repeated here.

The overall field configuration for 1979 is shown in Figure 1. The
fields were deep-chiseled to a depth of about 20 inches, furrowed out in a
north-south orientation and pre-irrigated in "field blocks" as shown in Figures
2, 3, 4 and 5. The pre-irrigation schedule preceded the planting in an orderly
manner allowing the planting to be carried out just as soon as the soil mois-
ture conditions were optimum. These two operations moved along in unison and
were separated in time only by the time (days) necessary for the soil to dry
down to the proper moisture content to plant. This methodical sequence of
activities was necessary to assure us of optimum plots with minimum variability
among and within.

Following are the field maps (Figures 2, 3, 4 and 5) which show the
location or all tests in the various fields. Replications of various tests
were spread among different planting dates to reduce the chance of total loss
if a particular "date of planting" was lost,

The 1979 OQutreach tests were established in accordance with the farmer-

cooperators usual procedures.
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- Section | =

Explanation of Items of Research Data

Following is a listing of variocus data thzt were collected frcm among
the research materials being tested with a description of the data and how
they were collected and calculated,

l. Pedigree: This is a plznt bdreeding term generally referring to
the cross or test and plot from which a single plant or zenotype was selecte
to thereafter have its own identity. It may also be a murber fraom a germe
plasm collection,

2+ Source: refers to the project test and plot fram which actual seed
was octained for this particular planting or the name of the autside source,

3¢ Stand Count: the actual mumber of hills that grew in a plot ex=-
pressed as a percent of the total mumber of hills that were planted in the
nlote A hill with only one surviving plant was countedes These counts were
mzde after thinning.

e Days to 50% blocnm: When the heads had emerged from the boot and
were starting to blocm the date was recorded when all heads had bloamed
half way down (half of the florets in the row had bloomed), This simple
situation never really existed because of a range of beginning and ending
of blooming among plants in the plot. An educated guess had to be rede
as to when the entire plot was about half way through bloaming.

Considerable experience with sorghum is necessary to correctly estimate
thls character under these conditicnse

The days to this bloam cate are calculated from the date of planting
in moisture or the date of first irrizztion if planted dry.

5 Height: Tor general evaluation and camparison purposes in sorghum

this is simply the average distance frem the ground level to the top of
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the head of typical plants in the plot. Considerable judgment may be needed
to estimate this character umder éhese conditions of considerable variation
among plants within plots.

The value of this character is usually expressed in centimeters.

6. Agronomic Rating of the Plant and of the Head: The average or
typical plant in a plot was usually rated on a scale of 1 to 3 with a score
of 1 being equal to "good", 2 equal to "average" and 3 being "poor".

These evaluations are professional and experienced comparisons to the typical
pPlant desired and needed by the Yemeni farmer. The heads on an average or
typical plant in a plot was visually rated in a similar manner on a similar
scale but independent of the evaluation fating given to the plant.

These evaluations by experienced personnel are necessary to initially
select experimental materials with potential.for further testing. There is
no other way to initially sort out promising genotypes for actual testing.
There is a high degree of correlation of these visual ratings with actual
grain and forage production values with experienced personnel.

7. Lodging: Just prior to their harvest for grain all plots were
evaluated for lodging. These evaluations were expressed in a percent value
composed of a combination of a value for number of lodged plants combined
with degree of lodging. It is necessary that the same person be experienced
and do all of the evaluations since estimates would differ by individuals.

8. Grain Production: The grain was allowed to mature and dry down
on the plant in the field plot in a normal manner. However, due to continual
bird problems we did not delay harvest much beyond hard dough stage of de-
velopment. There was variation in maturity among plants within
Plots so some heads were high in moisture. The harvested plots were hung up

to dry under an open sided roofed area.
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Bird watch personnel during daylight hours were very successful in keepin;
down bird damage of the plots. Most plots had little or no bird damage at all.
Plot yields were adjusted for these estimated bird damages, Estimating bird
damage correctly takes years of experience. The new or inexperienced re-
searcher will always over-estimate bird damage by several times the real
amount. This results in plots with the greatest bird damage always coming
up with the greatest yields. Many years of experience are necessary to
calibrate one's self on this. It is necessary for uniformity of data that
the same individual do all estimating, at least within tests.

The harvesting of the heads from each plot was done by hand. Each test
was harvested separately. The total time taken to hand harvest the grain of
all of the tests for 1978 was only about 3 days. The actual harvesting was
spread out over a greater period of time because of differences in planting
dates and general maturities among tests. By hand harvesting carefully every
head was harvested. Nothing was lost. This sort of accuracy is not possible
with machine harvesting.

As reported earlier the sacks of heads were allowed to dry down to an
air dry condition suitable for threshing. No suitable mechanized threshing
equipment was available on the project for threshing these yield heads. The
equipment available cracked or broke much of the local type seed which is
much larger than U.S. type sorghum grain for which all of the threshers had
been developed. The greatest problem was the loss of grain during threshing
by throwing it out of the machine and not fully threshing out of the glumes.
Threst™ g of the grain from the glumes by pounding by sticks on the closed
sacks of dry heads was very quick and efficient with absolutely no grain loss,
or cracked or broken grain. The chaff was gently fanned from the grain and

then the grain was weighed for plot yield of grain.
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These plot grain yields were then corrected for any percent bird damage
followed by correction for percené stand count less than 100%. The resulting
plot grain yield then reflected the theoretical perfc mance of a full plot
undamaged by birds.

These plot yields of grain were then converted to yields per hectare.
Other grain yield values for individual genotypes were then calculated rela-
tive to height and days to maturity.

The current market values of grain by the kilo was checked in several
locations and monetary values of production per hectare for each genotype
were calculated.

9. Forage Production: The sorghum plant itself is of equal if not
greater value than the grain in the Yemen economy. Consequently it is neces-
sary to evaluate the experimental genotypes in the advanced or elite tests
for actual forage production as well as grain production. Traditionally much
of the sorghum was harvested as follows: first the leaves except for the
top 2 or 3 were stripped from the stalk near soft dough and sold for feed.
Second the heads were harvested by hand at maturity. Third the stalks were
cut off at or near ground level, bundled and sold for feed or fuel. Fourth
and last the stubble was sometimes plowed up and used for fuel. Currently
the great on-farm labor shortage has eliminated the labor intensive leaf
stripping on many farms. Most of the bundles of sorgium stalks sold in the
suks have all dried leaves attached. Because of the great labor requirement
to strip leaves this project also eliminated this step.

Immediately after grain harvest the plants in each plot of the advanced
yield test were cut and Qeighed green in the field. A forage sample of 4 or
5 typical complete plants were immediately taken from the harvested plot

material, cut up, put in a sack and reweighed green as a sample. This
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representative sample was hung up to completely air dry under roof and then
reweighed dry. This drop in moisture for the sample (less the sack) gave us
a percent dry matter which was applied to the original total plot yield of
green material to give a forage dry matter production figure. This initial
Plot dry matter production figure was corrected for percent stand less than
100% to bring it up to a theoretical full plot.

These plot yields of forage per hectare were then converted to yields
per hectare. Other forage yield values for individual genotypes were then
calculated relative to height and days to maturity.

The current local market values of bundles of dry sorghum stalks were
obtained by having Yemeni employees buy several bundles at different market
locations. These bundles in the Sana'a area usually have the dried leaves
fairly intact. There has nnt been enough labor at the farm level to strip
leaves as used to be done. The bundles were air dried like the plots and
monetary values per kilo of dry matter calculated.

Dry sorghum stalks = YR .75 per kilo
= § L1654 per kilo
Sorghum grain was selling as follows:

Sorghum grain = YR 1.4 per kilo
= $§ ,3087 per kilo
= $ 14,00 per 100 pound

10. Grain Test Weight: A measure of the quality of grain produced by
each genotype was obtained by measuring their test weights in kilos per hecto-

liter.
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- Section 5 =

End-of-Season Research Results

Following are summarized tabular data for all sorghum and millet research
plots. The tables for each test contain the particular data that was collected
for that particular test., In the case of replicated data the averages given
are for all of the replications involved. No statistical analyses were made
on any of these data. The resources (equipment, personnel and time) were not
available to do this in Yemen. It is not possible to do this here in the
United States since most of the original replicated plot data had to be left
in Yemen, nor is personnel, time and other resources available here to do all
of these.

The higher performing genotypes can be selected by averages. Professional
Jjudgment of other characteristics can be utilized to discard some genotypes
that give the appearance of good yield performance but have faults in other
areas, Statistics does not make these judgments. The final judgment of what
to keep or discard has to be made by the experienced professional who considers
all characteristics. A lower yielding genotype may have superior stands,
proper maturity and height, no lodging, etc., where a high grain yielding
line may be deficient in many other characteristics.

Interpretations and conclusions are presented for each test,
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Test Number 79001

Head-to-Row

End of Season Results:

This test contained a total of 433 entries which included a local check
variety entered in the test at periodic intervals. These check plots were
adapted phenotypic standards against which the agronomic performance of the
surrounding entries could be compared for selection purposes. A description
of this test, its purpose, seed sources, plot size and treatment during the
season is given on page 22.

A total of 198 of these head-to-row experimental genotypes were selected
for further testing in 1980. The basic and appropriate agronomic data collected
on these selected genotypes are given in Table 2. The pedigree is given for
each genotype making it possible to trace the source of the selection. These
pedigrees relate to and are found only in the field books of this project.

The percent stand that is given is the ratio of the actual number of
hills in the plot that produced plants during the season divided by the number
25 that was planted. This value of percent stand can be regarded as some measure
of the relative ability of the particular genotype to germinate, emerge and
survive during the growing season in this environment.

The days to 50% bloom of the plot row is a measure of the maturity of
the genotype. Late maturities or long season genotypes are not particularly
desirable under low moisture situations where the moisture may be depleted before
physiological maturity.

Height of sorghum is rather important as an indication of forage produc-
;ion. Taller plants will likely produce greater yields of forage dry matter.

The selections were made with the intent of entering each genotype into
one or more of four tests in 1980. These are indicated in the final table
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columm under Type of Selection. Professional judgments were rendered in the
field at the time of selection of the intact plot rows as to their greatest
future potential in the program. Those rows that were of a wniform and very
desirable agronomic genotype were selected for inclusion in the preliminary
yield test (P) in 1980. The rows that were apparentl} segregating for pheno-
typic characters were reselected for one or more agronomically desirable indi-
vidual plants (H) and entered in head-to~row tests in 1980. If these head-to-
row plots in 1980 will be of a desirable uniform agronomic phenotype, then they
will be s=lected for fuyture evaluation for yield. Certain head rows were
shorter than generally desired for forage production but possessed extremely
large heads of grain. These were select;d as short grains (SG). These geno-
types were selected to be saved as a possible production variety for use in
those areas of Yemen where fields are large enough, smooth enough, and the
total acreage is great enough to justify mechanized harvest. Early maturity
genotypes (EM) were selected for possible use where very short maturities might
be quite superior,

The local check plots had agronomic data of: stands of 50 to 60%, about
125 days to 50% bloom, and about.120 cm in height.

Research data on the other 435 entries which were discarded and were not
carried forward in the breeding program are not shown here. These genotypes

and their data have no further value.
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Table 2. Agronomic Data From Single Head Selections From 1978 Grown
in Head Rows in Test 79001 in 1979, Sana'a, Yemen.

*2 *3
Test *1 Seed 4 Days Height Type of
Table Entry Pedigree Source Stand to 50% in Selectior
No. No. Bloom cm
1 14 76026-027- 2 78097~ 78 60 120 75 EM
2 16 " -037-3 "o-114 84 130 140 P
3 24 " -065- 3 " =229 48 108 50 EM
4 29 " -071- 3 " -Z63 56 137 70 SG
5 31 " -073-2 " -268 36 139 135 P
6 34 76019-001- 9 "o=279 32 153 130 H
7 35 " -002-7 " -287 40 154 160 P
8 38 " -002-10 " =290 28 136 140 P
9 40 " -003- 6 " =296 20 137 120 H,SG
10 41 " =004~ 1 " =301 12 131 125 H
11 42 " =004~ 2 " =302 36 151 110 P
12 44 " =004~ 5 " =305 84 135 115 P
13 57 76026-035- 4  78098-104 72 137 120 P
14 59 " -040- 3 " =115 80 123 120 H
15 62 " <040~ 5 "o=117 68 136 150 P
16 66 " -042-1 "o-121 64 134 150 P
17 69 " -043- 1 " =126 84 138 150 P
18 75 " -053- 2 " =140 84 150 140 H
19 77 " -053-7 " =143 80 156 170 H,P
20 78 " -054- 2 " =145 100 156 120 P
21 79 " ~054- 4 " =147 76 149 110 H
22 81 " =054~ 6 " <«149 72 150 120 1,P
23 82 " -055-1 " =150 84 125 110 H
24 83 " -056- 1 " =155 72 150 160 1
25 86 " -059- 3 " =164 80 132 165 P
26 87 " -059- 3 " =164 92 167 170 H
27 89 " ~059- 7 " -167 96 154 170 H
28 91 " <060~ 5 " o-171 100 145 150 H
29 92 " 061- 2 " =175 76 92 100 EM
30 94 " -068-10 "o-192 38 130 120 P
31 98 " <070-10 " =213 52 131 185 H
32 99 " -070-15 "o -218 68 150 110 H
33 100 " -070-16 "o =219 72 130 120 H
34 106 77093-09- 1 78099~ 46 84 132 130 P
35 107 " -15- 4 " -73 60 111 90 EM

*

*1 Plot size = 1 row (.75m) x 6ém (25 hills per row, spaced 25 cm apart).

2 Planted in Moisture = Plots 1-154 on 29 April, 155-237 on 2 May, and
238-447 on 12 May 1979.

3 Purpose of Selections = EM = Early maturityj ¢ = Preliminary Yield Test;

SG = Short Grain Yield Test; H = Head-to-Row.
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Test 79001

Table 2, (continued)

*2 *3
Test *] Seed A Days Height Type of
Table Entry Pedigree Source Stand to 50% in Selectio
No. No. Bloom cm
36 108 77093-20-3 78099~ 87 56 143 140 P (white)
37 108 " =20-3 " - 87 56 143 140 P (yellow)
38 109 "o=24-1 " - 98 20 133 90 H
39 110 " =26-3 "o-112 52 131 140 P
40 111 " -33-2-1 "o-145 36 144 120 P,H
41 112 " =33-2-2 " =145 80 139 170 P
42 113 " -33-2-3 " «145 36 139 110 P
43 114 " =33-2-4 " =145 48 139 140 SG,H
44 115 " =33-2-5 " <145 72 140 130 P
45 116 " <33-2-6 " <145 80 132 130 H
46 121 " =39-4 "o-174 44 153 120 H
47 128 " =55-4 " =243 48 135 130 EM
48 129 " -55-6 " =245 48 152 120 H
49 131 " =58-5 " =263 80 123 100 EM
50 134 " -60-2 " =269 80 92 90 EM
51 136 " -61-5 " =276 76 122 105 P,H
52 139 " -64~4 " -288 68 121 160 P
53 141 " -66-2 " =297 56 132 105 P
54 142 " -71-4 " =325 10 151 140 H
55 143 " o=72-1 " =329 44 149 180 P
56 146 " =74-5 " =340 56 132 140 P
57 148 77 COMPOSITE 78100-- 14 40 130 70 SG
58 151 " " - 49 24 121 920 H
59 153 " " <78 40 125 100 SG
60 155 " " -120 16 129 125 H
61 156 " "o=127 52 143 160 P
62 157 " " =132 32 98 95 P
63 159 " "o -134 36 126 150 P
64 160 " " =145 48 129 140 H
65 1§1 " " =155 20 129 140 H
66 162 " " -158 36 135 160 P
67 163 78097-R- 1 78097 76 139 140 P
68 164 " <R~ 2 " 32 128 210 P,H
69 173 " -R-11 " 64 139 210 H
70 177 " -R-15 " 24 130 155 H
71 178 "  <R-16 " a8 130 165 H
72 179 " -R-17 " 36 145 135 P
73 183 " -R~20 " 68 128 175 P
74 186 " -R=23 " 72 128 150 H
75 188 " =R=25 " 20 139 170 P
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Test 79001

Table 2. ( continued)

*2 *3
Test *] Seed % Days Height Type of
Table Entry Pedigree Source Stand to 50% in Selection
No. No, Bloom cm

76 189 78097-R-26 78097 32 148 160 H
77 191 " <R-28 " 64 127 130 P
78 193 " <R-30 " 52 150 175 H
79 195 " <-R-32 " 68 123 160 P
80 204 " <R-41 " 64 131 170 P
81 205 " <=R=42 " 4 135 155 H
82 206 " -R-43 " 36 132 180 H
83 207 " <R-44 " 52 138 150 P,H
84 209 " <R-46 " 12 140 135 H
85 214 " ~R=50 " 60 137 140 H
86 216 " =R=-52 " 60 129 130 P
87%4 218 " <R=-54 " 44 160 190 H
88 220 " <R-56 " 88 139 120 H
89 224 " <R=-60 " 28 130 170 H
90 226 " <-R-62 " 60 133 180 P
91 228 " <R-64 " 28 91 130 EM
92 230 " <-R-66 " 48 122 120 P
93 233 " <R-69 " 72 147 190 P
94 234 " =R-70 " 84 122 165 H
95 235 " <R-71 " 40 124 160 H
96 237 " <R-73 " 44 125 80 SG
97 238 " ~R-74 " 4 123 105 H
98 239 " =R=75 " 72 119 175 H
99 241 " -R-76 " 80 140 140 P
100 244 " <R-79 " 68 125 165 P
101 245 " -R-80 " 20 135 165 H
102 246 " <-R-81 " 24 131 115 H
103 247 " -R-82 " 68 115 170 P,H
104 249 " -R-84 " 84 127 140 P
105 250 " <R-85 " 60 126 135 P
106 251 " ~R-86 " 36 134 140 H
107 253 " -R-88 " 68 135 160 H
108 254 " =R-89 " 64 132 140 H
109 256 " -R-91 " 56 120 130 P
110 259 " -R-94 " 56 139 170 H
111 260 " <R-95 " 64 119 140 P,H
112 263 78099-R- 2 78099 64 119 155 P
113 264 " <R-3 " 64 104 140 H
114 265 " -R- 4 " 36 144 170 H
115 266 " -R-5 " 48 108 130 H,P

*4 - Long glumes (95% of seed covered)
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Test 79001

Table 2. (continued)

*2 *3
Test *]1 Seed A Days Height Type of

Table Entry Pedigree Source Stand to 50% in Selection
No. No. Bloom cm
116 267 78099-R- 6 78099 56 115 160 P
117 268 " =R-7 " 52 143 170 H
118 269 " -R- 8 " 72 112 150 P,H
119 271 " -R=-9 " 84 113 150 H
120 272 " <R-10 " 88 109 145 P
121 274 " -R-12 " 72 131 175 H,P
122 275 " -R-13 " 20 103 170 H
123 276 " -R-14 " 84 115 150 P
124 278 " -R-16 " 68 126 150 H
125 279 " -R-17 " 80 113 175 P
126 281 " -R-19 " 76 136 210 H
127 284 " «R-22 v 100 127 200 ?
128 285 " ~R-23 " R4 96 150 P
129 286 " -R-24 " 16 138 190 H
130 287 " =R-25 " 72 126 180 P
131 288 " -R-26 " 92 103 190 P,H
132 290 " -R-28 " 56 126 210 P,H
133 291 " <R-29 " 84 126 160 P
134 292 " =R=30 " 72 125 23u P,H
135 294 " -R-32 " 92 137 230 H
136 295 " -R-33 " 20 77 150 EM
137 296 " <R-34 " 56 126 230 P
138 297 " <R-35 " 96 109 195 H
139 298 " «R-36 " 84 120 230 P
140 299 " =R=37 " 76 110 190 P
141 301 " -R-38 " 88 128 180 P
142 302 " ~R-39 " 76 125 180 P
143 303 " ~R-40 " 72 123 160 P,H
144 304 " =R-41 " 64 105 185 H
145 305 " -R-42 " 56 104 180 H
146 307 " ~R-44 " 36 112 110 SG
147 309 " -R-46 " 80 103 160 P,H
148 310 " ~R=47 " 56 107 150 P
149 312 " ~R-49 " 72 100 170 H
150 313 " <R-50 " 80 107 170 P
151 314 " -R-51 " 68 127 130 P
152 315 " ~R-52 " 64 105 120 P
153 316 " «R=74 " 80 106 170 P
154 318 " ~R-55 " 56 119 130 H
155 319 " =R-56 " 60 96 90 H



Table 2. (continued)

Test 79001

Test *1 Seed % Days Height *3
Table EntTy Pedigree Source Stand to 50% in Type of

No. No. Bloom cn Selectio
156 320 78099~R=57 78099 100 113 155 H
157 322 " -R=-59 " 76 126 170 P
158 324 " -R-61 " 68 118 160 P
159 325 " ~R-62 " 76 125 160 P
160 326 " -R-63 " 76 123 170 H
161 327 " -R-64 " 48 112 90 SG
162 329 " -R-66 " 92 123 90 SG
163 334 " -R-70 " 100 127 175 H
164 335 " -R-71 " 60 100 125 P
165 336 " -R-72 " 64 123 115 H
166 340 " -R-76 " 84 130 140 H
167 342 " -R-78 " 68 119 170 P,H
168 346 " ~R-82 " 80 114 120 P
169 352 " -R-88 " 52 129 175 P
170 353 " -R-89 " 56 111 160 H
171 355 78100-R~ 2 78100 44 101 95 SG
172 365 " <R-11 " 48 130 70 SG
173 371 " -R-17 " 72 125 160 P
174 280 78 COMP.~- 8 BULK 52 110 210 H
175 383 "=l " 76 119 190 P,P
176 394 "oo221 " 20 108 165 P
177 397 "oo224 " 52 116 165 P
178 398 " 225 " 40 115 110 SG
179 400 "o =27 " 100 124 180 P
180 402 " =29 " 64 120 130 P
181 403 "o 230 " 40 141 90 SG
182 407 " =34 " 76 116 135 P
183 410 w237 " 72 115 220 H
184 411 "o =38 " 52 108 80 SG
185 413 76026=~005- 2 76026 48 101 150 H
186 416 " -005-10 " 40 95 95 H
187 422 " -006-11 " 28 108 120 H
188 426 " -007- 5 " 56 104 135 H
189 428 " -008- 3 " 24 133 195 P
190 429 " -008- 5 " 16 141 110 H
191 430 " -009- 4 " 36 127 90 SG
192 432 " -009- 7 " 4 120 175 H
193 434 " -010- 1 " 28 138 100 SG
194 435 " -010- 2 " 24 131 140 H
195 439 " ~010- 7 " 20 137 160 H
196 440 " -011- 1 " 36 106 140 H
197 443 " -011- 9 " 64 128 200 P
198 445 78 COMP.-39 BULK 88 118 130 H



Test Number 79002

Head-to-Row

End of Season Results:

Four hundred ninety-eight entries including a local chgck variety repeated
at periodic intervale made up this test., The local variety check plots were
adapted phenotypic standards against which the agronomic performance of the
surrounding experimental entries could be evaluated for 7election purposes., A
description of this test, its purpose, seed sources, plot size and treatment
during the season is given on page 23. A total of 212 of these uead rows
vere selected for further evaluation in 1980. The agronomic phenotypic data
collected on these selected genotypes are given in Table 3.

One hundred eleven plots were planted in Field D which could not be
properly irrigated at midseason because of a breakdown of irrigation well
number 2. This well could not be repaired due to administrative delays by the
Mission in supplying cperational monies to pay for repairs. These plots were
lost. No meaningful observations or selections could be made from these plots
due to premature death of the plants from extreme drought.

Research data on the other 175 entries which were discarded, and were not
carried forward in the breeding program, are not shown here. These genotypes
and their data have no further value.

A detailed explanation of these data is presented in the "End of Season

Results" written up for Test Number 79001.
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Table 3 . Agronomic Data From Single Head Selections From 1978 Grown in
Head Rows in Test 79002 in 1979, Sana'a, Yemen,

Test Xz Heigh *
Table Entry *] Seed % tga§%7 ?ng t Typz of
No. No. Pedigree Source Stand Bloom cm  Selection
1 1 NES110 x Nes 6970 78111- 1-1 64 112 165 P
2 3 " x " 6971 "o 2=2 64 111 110 H
3 5 " x " 6972 " - 3a1 60 111 135 P
4 7 " x " 6972 " - 3-3 56 120 115 P
S 9 " x " 6973 "o- 4=l 68 99 85 P
6 11 " x " 6974 " o- 522 48 115 135 P
7 13 " x " 6975 " - 6-2 24 123 85 H
8 14 " x " 6976 "o 7-1 56 118 110 P
9 16 " x " 6976 ¥ oa7=3 44 115 125 P
10 17 " x " 6976 "o- -4 76 97 125 H
11 19 " x " 6977 " - 82 68 114 130 H
12 21 " x " 6977 - 44 109 70 SG
13 23 " x " 6978 " - 9. 24 125 130 P
14 25 " x " 6978 " - 9.3 64 116 140 P
15 30 LOCAL 36 140 125 H
16 32 NES1500 x NES 6973 " =13-1 44 107 145 H
17 33 " x " 6973 "o -13-2 44 105 145 P
18 35 " x " 6973 "o=13-4 60 112 155 H
19 42 " x " 6976 " -15-4 48 118 95 SG
20 44 " x " 6983 " -1l6-1 68 101 140 H
21 48 NES2141 x NES 6971 " =17-2 12 102 150 H
22 49 " x " 6971 " -17-3 44 99 140 P
23 50 " x " 6971 "o=17-4 60 122 140 H
24 38 NES1500 x '" 6975 " =14-3 36 106 125 H
25 52 NES2141 x " 6972 " -18-1 32 113 140 H
26 53 " x " 6972 "o -18-2 44 106 1490 H
27 59 " x " 6975 "o=21-1 64 118 140 H
28 61 " x " 6975 "o=21-2 84 122 155 H
29 62 " x " 6975 " =21-3 76 111 135 H
30 63 " x " 6975 "o=21-4 72 113 120 H
31 64 " x " 6975 " =21-5 84 113 120 P
32 65 " x " 6976 "o=22-1 92 100 115 H
33 67 " x " 6976 " =22-3 80 94 84 SG
34 68 " x " 6978 "o =231 72 106 170 P,H
35 70 " x " 6978 " -23-3 56 105 185 P,H
36 71 " x " 6982 " =24-1 96 103 155 H
37 72 " x " 6982 " o=24-2 92 108 185 H
38 73 " x " 6983 " =25-1 60 119 180 H
39 74 " x " 6983 " =25-2 92 121 200 P,H
40 75 " x " 6983 " -25-3 84 121 195 H

%) Plot Size = 1 Row (.75m) x 6m (25 hills/row spaced 25cm apart).
2 Planted in moisture = Plots 1-56 on 15 May; Plots 57-308 on 17 May; Plots 309-

387 on 20 May, Plots 388-498 on 4 June.
3 Purpose of Selections for 1980 = EM = Early Maturity; P = Preliminary Yield Test;

SG = Short Grain; H = Head Row. .
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Test 79002
Table 3. (continued)

Test L Seed 2 *2 Ht. *3
Table Entry Pedigree Source Stand Days in Type of
No No : o 50% m Selection
. . Bloom

41 77 NES 2141xNES 6983  78111-25-5 96 112 185 H
42 78 " x " 6983 " =25-6 80 123 185 H
43 82 " 3329x " 6971 "o=27-1 68 102 175 H
44 83 "o "x "6971 " =27-2 80 112 190 H
45 85 "o "x "e971 "o=27-4 80 95 135 P
46 87 T " x " 6972 " -28-2 64 128 180 H
47 88 ot "o-28-3 84 129 190 H
48 89 " "x " 6972 " =28-4 68 116 160 H
49 91 "o"x " 6972 " -28-5 56 122 170 H
50 92 "o M"x " 6973 " =29-1 72 97 155 H
51 93 " "x " 6973 "<29-2 76 97 130 H
52 95 " "x " 6973 " =29-4 96 105 135 H
53 98 " "x " 6975 " -31-1 72 106 140 P
54 99 " "x " 6975 " =31-2 64 135 115 H
55 100 " "x " 6975 " -31-3 72 94 95 H
56 101 " "x " 6976 " =32-1 28 129 90 H
57 102 " "x " 6976 " =32-2 56 137 85 H
58 103 "o "x " 6976 " -32-3 64 136 100 H
59 104 " "x " 6976 " =32-4 68 98 75 H
60 106 """ x " 6977 " =33-2 64 107 105 SG
61 108 """ x " 6977 " =33-4 96 115 150 H
62 112 ""x " 6979 " «35-1 92 144 170 H
63 113 " "x " 6980 " =36-1 76 128 170 H
64 114 " "x " 6980 " -36-2 92 113 165 H
65 116 " "x " 6980 " <36-4 92 142 170 H
66 118 " "x " 6982 " =37-2 84 137 175 H
67 119 " " x " 6982 " =37-3 84 133 170 H
68 121 " " x " 6982 " =37-4 100 145 170 H
69 122 " "x " 6982 " =37-5 12 112 130 P
70 124 " "x " 6985 " =38-2 80 101 125 H
71 126 " " x " 6986 " =39-2 12 126 100 SG
72 127 " "x " 6986 " «39-3 40 101 110 H
73 128 " "x " 6986 " =39-4 60 121 120 H
74 129 " "x " 6986 " <=39-5 32 108 145 H
75 130 " " x " 6986 " =39-6 48 109 120 H
76 132 Is 509 x " 6970 " ~40-2 76 93 125 H
77 133 " x " 6971 " =41-1 76 93 100 SG
78 134 " x " 6971 " =-41-2 84 109 120 H
79 138 " x " 6974 " =42-3 76 137 165 H
80 139 " x " 6974 " <42-4 96 130 160 H
81 140 " x " 6978 " =43-1 56 115 130 H
82 142 " x " 6978 " =432 84 103 140 P
83 143 " x " 6978 " =43-3 28 117 165 H
84 145 " x " 6978 " =43-5 64 110 135 3
85 146 " x " 6979 " =44-1 96 111 125 SG
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Table 3.(contfnued) Test 79002

—xZ — *3
Test Days Type
Table Entry *] Seed 4 to 50 1in of
No. No. Pedigree Source Stand Bloom cm Selecti.
86 153 IS 509 x NES 6982 78111-46-1 44 51 190 P
87 154 " x " 6982 " «46-2 52 115 175 P
88 155 " x " 6982 " =46-3 60 49 160 H
89 156 " x " 6982 " -46-4 84 143 165 H
90 157 " x " 6982 " =46-5 64 128 185 H
91 158 " x " 6982 " <46-6 68 115 165 H
92 160 " x " 6983 " =47-2 68 116 165 H
93 163 " x " 6983 "o =47-5 84 123 140 H
94 164 " x " 6986 " =48-1 84 102 155 H
95 165 " x " 6986 " -48-2 80 114 160 H
96 166 " x " 6986 " -48-3 92 92 130 P
97 168 " x " 6986 " ~48-5 88 111 165 P
98 170 NES2197x " 6970 " =49-2 92 102 140 P
99 172 " x " 6970 "=49-4 88 99 155 P,H
100 173 " x " 6971 " =50-1 64 115 170 P
101 174 " x " 6971 " ~50-2 96 128 180 P
102 175 " x " 8971 " =50-3 88 129 175 H
103 176 " x " 6971 " -50-4 92 131 175 P
104 177 " x " 6971 ' =50-5 80 126 18C H
105 178 " x " 6972 " =51-1 88 109 145 H
106 183 " x " 6973 " =52-4 56 100 174 P
107 184 " x " 6973 " =52-5 68 120 195 P
108 185 " x " 6974 " =53-1 64 133 195 P
109 186 " x " 6974 " =53-2 56 100 110 SG
110 187 " x " 6974 " -53-3 68 137 185 P,H
111 188 " x " 6975 " =54-1 80 118 160 P,H
112 190 " x " 6975 " =54-3 60 122 175 H
113 191 " x " 6975 " =54=4 80 142 175 H
114 192 " x " 6975 " =54-5 96 136 160 H
115 198 " x " 6977 " -56-1 92 98 165 P
116 199 " x " 6977 " =56-2 100 115 170 H
117 200 " x " 6977 " =56-3 100 123 165 H
118 201 " x " 6977 " -56-4 72 115 155 H
119 202 " x " 6978 " =57-1 84 117 160 P
120 204 " x " 6979 " -58-1 100 113 165 H
121 205 " x " 6979 " =58-2 80 129 150 H
122 209 " x " 6980 " =59-=2 72 145 195 H
123 212 " x " 6981 " -60-1 72 101 150 P,H
124 215 " x " 6981 " -60-4 28 152 195 P
125 216 " x " 6981 " -<60-5 44 132 195 H
126 217 " x " 6982 " -61-1 64 91 160 H
127 220 " x " 6982 " -61-4 56 98 165 H
128 221 " x " 6982 " -61-5 64 97 155 H
129 222 " x " 6985 " -62-1 52 130 185 P
130 223 " x " 6985 " =62-2 60 102 185 P



Table 3. {(continued)

Table 79002

*2
Test *] Seed 4 Days Ht. *3
Table Entry Pedigree Source Stand to 50% in Type of
No. No. Bloom m Selection

131 224 NES 2197 x NES 6985 78111-62- 3 52 95 150 H
132 231 " x " 6986 " -63- 5 92 114 135 H
133 234 " x " 6970 " -64- 1 56 109 130 H
134 236 " x " 6970 " -64- 3 48 111 150 H
135 237 " x " 6970 " -64- 4 80 113 130 P
136 238 IS 9958 x " 6970 " -64- 5 88 114 140 P
137 239 " x " 6971 " -65-1 80 113 115 SG
138 241 " x " 6971 " -65- 2 92 111 135 H
139 242 " x " 6971 " -65- 3 84 117 135 P
140 245 " x " 6971 " -65- 6 76 102 125 P
141 247 " x " 6972 " -66- 2 36 94 110 H
142 248 " x " 6972 " -66- 3 32 95 130 H
143 249 " x " 6973 " -67-1 52 94 70 H
144 250 " x " 6973 " -67- 2 48 81 75 H
145 251 " x " 6973 " -67- 3 40 97 95 H
146 252 " x " 6973 " -67- 4 84 106 110 P
147 253 " x " 6974 " -68-1 76 95 115 H
148 254 " x " 6974 " -68- 2 12 107 110 H
149 256 " x " 6974 " -68- 4 84 112 170 H
150 251 " x " 6975 " -69- 1 60 102 145 H
151 250 " x " 6975 " -69- 2 84 100 125 H
152 259 " x " 6975 " -69- 3 20 135 125 P
153 262 " x " 6977 " -70-1 68 121 100 H
154 264 " x " 6978 " =71- 1 48 101 105 H
155 265 " x " 6978 " -71- 2 48 122 125 H
156 268 " x " 6979 "o=72-1 72 123 140 H
157 274 " x " 6981 " =73-3 72 101 100 H
158 277 " x " 6982 " =74~ 3 92 140 150 H
159 279 " x " 6983 " =75-1 72 102 85 SG
160 283 " x " 6984 " =76~ 1 64 114 100 SG
161 286 NES 110 x NES 6970 78112- 1- 1 60 143 100 H
162 287 " x, " 6970 " -1-2 84 - 100 H
163 289 NES 3329 x " 6976 " -2-1 68 114 105 H
164 293 " x " 6976 " -2-5 76 134 170 P
165 295 " x " 6976 " -2-7 96 152 140 H
166 297 A x " 6976 " - 2-9 44 137 120 H
167 298 " x " 6976 " - 2-10 44 136 155 H
168 301 " x " 6976 " -3-2 72 107 140 H
169 302 " x " 6976 " -3-3 60 122 105 H
170 306 (P894F2 X LOCAL)FZ " 51 72 129 150 H
171 308 " " -5-3 68 117 130 H
172 309 " " - 5-4 88 112 130 H
173 310 " " -5-5 72 118 80 SG
174 311 " " -5-6 B84 90 105 H
175 313 " " ~5-8 92 115 130 H



Table 3.(continued) Test 79002

Test *2
Table Entry *] Seed p4 Days He, *3
No. No. Pedigree Source Stand to 50% in Type o
Bloom m_Selecti
176 315 (P866 F, x LOCAL) F2 78112 - 6- 1 92 134 170 H
177 316 " " - 6-2 84 135 170 H
178 318 " " - 6-4 80 90 195 H
179 319 (P8681F2 x LOCAL) F2 " -7-1 64 89 175 H
180 320 " " -7-2 84 99 125 H
181 321 " " -7-3 20 88 125 H
182 322 " " -4 44 98 135 H
183 323 " " o-8-1 76 94 100 H
184 326 " " -84 96 91 135 H
185 327 " " -8-5 84 97 105 H
186 331 " " -8-3 92 122 155 H
187 333 " " -9-2 72 111 160 H
188 334 " " -9-3 80 139 200 H
189 335 " " o-9-4 88 109 195 H
190 337 " " -9-6 60 99 205 H
191 338 " " -9-7 92 117 175 H
192 339 " " -9-8 92 121 135 H
193 341 PB-1BR-DAY NEUTRAL " -10-1 60 92 100 H
x LOCAL
194 342 " " =10~ 2 68 111 120 H
195 344 " " =10- 4 64 107 135 H
196 348 " "o-ll-1 68 110 145 H
197 350 " " =11- 6 76 118 185 H
198 352 " "o=12- 2 92 98 120 H
199 356 " " -12-6 80 95 120 H
200 357 " "oo-12- 7 80 105 140 H
201 359 " "o-13- 2 68 118 180 H
202 361 " " -13-3 52 110 200 H
203 362 " =13~ 4 40 121 185 H
204 363 " " =13-5 44 120 205 H
205 364 " " -13-6 48 92 135 H
206 PB~1BR-DAY SENSITIVE " =l4- 4 64 120 190 H
x LOCAL
207 369 " " <1l4-5 52 108 150 H
208 372 PB-1BR-DAY NEUTRAL "o -15-1 56 129 100 H
x LOCAL
209 374 " " «15-3 72 80 117 sG
210 375 " " =15~ 4 80 105 90 H
211 377 " " =15- 6 68 112 150 H
212 378 " " -l6-1 84 109 130 H

Plots 388-498 were planted on Preirrigated field D, but could not be further irri-
gated. It was not possible to make any meaningful observations or selections
from these plots due to extreme drought, so all were lost.
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Test Number 79003

Elite Yield Test

End of Season Results:

This Elite Yield Test contained a total of thirty-three experimental geno-
types. A description of this test, its purpose, seed sources, plot size and
planned treatment during the season is given on page 24. These plans for test
entry treatment and evaluation were made at the beginning of the season when
the entries were first selected from 1978 tests and other source materials
available.

This "Elite" yield test represented a second and even a third year of
actual field yield testing for most of these entries. A number of the‘entries
from the Elite Yield Test from last year (78103) were rerun in this years Elite
Test because of poor test perfotman;e in 1978, Other entries were moved up
from the Advanced Yield Test last year (78102) as per schedule. There were a
few other entries from miscellaneous sources because they looked good.

Experimental genotypes reaching this stage of evaluation need to be quite
fully tested before possible release. Hence forage yields were taken as well
as grain yields. Test weights of the grain were obtained.

These data are presented in Tables 4, 5, and 6 respectively.

Nine entries were discarded prior to harvest as being definitely inferior
and not worthy of being continued in the test. These are indicated in Table 4 .

The data in Table 4 are arranged in order of grain yield production, but
the table presents only field agronomic data other than yield. A description
of these agronomic measurements is presented earlier in this report.

Grain and forage yields are presented in Table 5 . Grain and forage
production per day was calculated. The highest grain yielding entries had the

highest grain production per day of growth through to maturity.
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Table 6 is a summary table of grain and forage production ranks. A good
dual purpose sorghum is in most demand in Yemen. Somewhat different genotypes
would be selected if considering grain production, forage production, or com-
bined grain and forage production.

Superior entries from this test should be put into the Outreach tests in

1980 as well as increasing seed for possible release later.
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Table 4. Agronomic Field Non-Yield Performance Data on Thirty-three Experimental

Sorghum Genotypes Grown in an Elite Yield Test at Sana'a, Yemen A. R.

Test 79003. 1979.
. %3
Rank Days
by *] to Plant Agronomic Rating
Grain Entry *2 Seed b4 502 Ht.
Prod. No. Pedigree Source Stand Bloom (cm) Plant Head
1 17 76025-041 78102-114 47 111 151 1 1
2 3 NES 1773 78103~116 26 116 89 2 1
3 7 75012-136 78103-126 54 113 139 1 1.5
4 14 76025-017 78102-110 50 96 130 2,25 1.25
5 5 NES 7003 78103-119 52 101 131 2.5 2
6 25 SANAA~]1 = cecee- 46 107 125 2 1.5
7 27 SANAA-7 ———— 68 110 134 1 2
8 6 1s-825 78103-122 24 102 104 2 1
9 9 76014-077 78103-128 44 106 136 2 1.5
10 33 TAKIL 78106~111 82 122 182 1 1
11 16 LOCAL m————— 57 108 135 1 2
12 23 76026-032 78102-1:2 53 100 111 2 1.5
13 30 IBB~16-6 78106-104 80 119 146 1 1.25
14 24 76026~033 78102-123 53 125 115 1.5 1
15 28 LOCAL @ meem—e- 64 109 139 1 2
16 10 75016-061 78103-129 61 107 135 1.75 1.25
17 19 76026-014 78102-118 50 126 131 1 1.5
18 20 76026-023 78102-119 38 119 138 1 1
19 18 76025-052 78102-116 39 115 124 2 1.75
20 29 IBB-16~2 78106-103 82 126 174 1 1.25
21 22 76026~-025 78102-121 46 113 130 1.25 1
22 21 76026-024 78102-120 50 129 146 1 1
23 12 76016-057 78102-104 44 100 96 2.25 1.5
24 31 IBB-17-1 78106-105 87 127 136 i 1.5
(25) 1 NES 843 78103-111 56 116 130 1.5 1.5
(256) 2 NES 864 78103-112 40 118 134 1 1.25
27) 4 NES 7000 78103-118 13 131 120 1 1.5
(28) 8 76104-071 78103-127 36 96 132 3 2.5
(29) 11 76013-140 78102-104 56 95 109 2.25 2
(30) 13 76015-110 78102-109 44 94 128 2.75 1.75
(31) 15 76025-026 78102-112 39 101 121 3 2
(32) 26 SANAA-6 e 54 109 122 2 1.75
(33) 32 IBB-19-1 78106-106 42 118 112 2 1.75
Average of rank numbers 1 - 24: 54 113 132 1.5 1.4
Average of rank numbers (25) - (33): 42 109 123 2.1 1.8
Local check average: 60 108 137 1 2

*1: Entries under 'Rank by Grain Production' numbers (25) through (33) had no grain
or forage production data since these entries were discarded before harvest.

*2: Plot Size: Two rows 6m long with .75m between rows and replicated 4 times; 25
hills per row at 25cm spacing with 2 to 3 plants per hill,

*3: Planted in Moisture: Rep. I on 12 May, Rep. II on 15 May, Rep. III onl17 May and
Rep. IV on 20 May.
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Table 5. Grain and Forage Field Production Data on Twenty-four Experimental Sorghum
Genctypes Grown in an Elite Yield Test at Sauaa, Yemen A.R. Test 79003,

1979,
Rank *2 Grain
by *] Grain Grain Test Forage Forage Forage to
Grain Entry Yield Yield Welght Yield Yield Yield Forage
Prod. No. k/ha k/ha/day k/hl k/ha k/ha/day k/ha/cm ht Ratio
1 17 6258 44,4 67.5 13569 96.2 89.9 0.461
2 3 6023 41,3 67 6730 46,1 75.6 0.895
3 7 5751 40,2 65.6 9595 67.1 69.0 0.599
4 14 5660 44,9 62,2 6230 49,4 47.9 0.909
5 5 5369 41.0 71.2 7827 59.7 59.7 0.686
6 25 5124 37.4 67 6747 49,2 54,0 0.759
7 27 4779 34.1 66.9 11939 85.3 89.1 0.400
8 6 4666 35.3 70 19586 148 188 0.238
9 9 4645 34.2 69 6738 49.5 49.5 0.689
10 33 4348 28.6 72.5 11067 72.8 60.8 0.393
11 16 4326 31.3 64.5 7693 55.7 57.0 0.562
12 23 4200 32,3 66.4 10782 82,9 97.1 0.390
13 30 4095 27.5 68 10058 67.5 68.9 0.407
14 24 4022 25.9 64.4 9074 58,5 78.9 0.443
15 28 3945 28.4 64.4 8169 58.8 58.8 0.483
16 10 3643 26.6 69.9 5140 37.5 38.1 0.709
17 19 3638 23.3 64.5 7567 48,5 57.8 0.481
18 20 3521 23,6 66.5 10095 67.8 73.2 0.349
19 18 3504 24,2 66 7857 54.2 63.4 0.446
20 29 3483 22,3 68 8338 53.4 47.9 0.418
21 22 3407 23.8 68 6533 45.7 50.3 0.522
22 21 2810 17.7 65.5 12593 79.2 86.3 0.223
23 12 2255 17.3 69.5 3697 28.4 38.5 0.610
24 31 2006 12.8 59.5 10073 64.2 74,1 0.:99
Table Averages: 4228 29.5 66.8 9071 63.6 69.7 0.511
Local Check
Averages: 4136 29.8 64.4 7931 57.2 57.9 0.522

*1: Pedigree and other agronomic performance data are given in Table 4.

*2: Forage yield data obtained only from replications one, three and four.
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Table 6 . Presentation of Grain and Forage Production Ranks and their
Average Ranks for 24 Experimental Sorghum Genotypes in an
Elite Yield Test (79C03) at Sana'a, Yemen Arab Republic.

1979,
*]
Table Grain Forage Avg. Grain
Rank Entry Prod. Prod. and Forage
No. No. Pedigree Rank Rank Prod. Rank
1 17 76025-041 1 2 1.5
2 6 15825 8 1 4,5
3 27 Sana‘'a 7 7 4 5.5
4 7 75012-136 3 10 6.5
5 33 Takil 10 5 7.5
6 23 76026~032 12 6 9
7 S NES 7003 S 15 10
8 3 NES1773 2 20 11
9 30 IBB-16-6 13 9 11
10 25 Sana'a 1 6 18 12
11 20 76026-023 18 7 12.5
12 21 76026024 22 3 12.5
13 24 76026-033 14 11 12.5
14 14 76025-017 4 22 13
15 16 Local Check 11 16 13.5
16 9 76014-077 9 19 14
17 28 Local Check 15 13 14
18 29 IBB-16-2 20 12 16
19 31 IBB-17-1 24 8 16
20 18 76025-052 19 14 16.5
21 16 76026-014 17 17 17
22 10 75016-061 16 23 19.5
23 22 76026-025 21 21 21
24 12 76016-057 23 24 23,5

*] - The values in this column are numerical averages of the
production ranks for grain and for forage of each entry
genotype.
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Test Number 79004

Advanced Yield Test

End of Season Results:

This Advanced Yield Test contained a total of sixteen experimental genotypes.
A description of this test, its purpose, seed sources, plot size and planned
treatmerc during the cropping season is presented on page 25, Most entries into
this test came forward from the Preliminary Yield Test (78101) last year. Seven
entries out of the sixteen were discarded just prior to harvest due to segregation,
late maturity, and thin stands. These entries are identified in Table 8 .

Agronomic field data except for yleld of grain and forage are presented
in Table 7. These yields of grain and forage have also been translated into units
of yleld per day of growth through to maturity.

Table 9 presents the rankings for yield of grain and forage and the averages
for the nine remaining entries of this test.

The superior entries from this test should be advanced into the Elite Yield

Test in 1980 as well as some being considered for entering into Outreach Tests.
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Table 7 . Agronomic Data from an Advanced Yield Test (79004) of Selected Experimental Sorghum Genotypes

at Sana’a, Yemen Arab Republic. 1979,
*2
Days to Plant Agronomic Rating 4
Entry *] 4 50% Ht. *4 Bird
No. Pedigree Origin Stand Bloom (cm) Plant Head Damage
1 | 76026-019-6 78101-113 32 77 124 2,25 2 4
2 76026-019-13 78101-118 44 105 95 - 2.5 1.5 0
3 76026-023~1 78101-123 34 121 126 1.75 1 1
4 76026-025-2 78101-124 50 126 169 1 1 6
5 76026-025-6 78101-126 69 126 150 1 1 6
6 Rahda Local 78101-138 80 120 179 1 1 1
7 Local — 70 111 139 1 2 2
8 76041-004 78101-142 56 106 95 2.75 2.25 3
9 76026-019 78101-153 40 122 126 1.25 1.25 1
10 AWASH 1050 78105-102 58 - - 2 - 0
11 IBB24-1 78106-110 62 134 146 1.25 1 2
12 SANA'A-1 -_— 58 108 118 2 1 4
13 SANA'A-4 78106-118 76 120 105 1.5 1.25 1
14 SANA'A-6 - 68 115 121 1.5 1.25 1
15 SANA'A-7 -— 58 110 130 1 2 2
16 Local -— 52 111 129 1 2 2
*1 - Plot size = two rows each 6m long with .75m between rows, 25 hills per row and four replications in a

*2
*3
*4

randomized complete block design.

Planted in moisture:
Agronomic ratings of plant and head: 1 = good, 2 = average, 3 = poor.

No measurable lodging in any entries except entry 13 (Sana'a 4), which showed about 2% lodging.

replication I on 12 May 1979, II on 15 May, III on 17 May and IV on 20 May 1979,



Table 8 . Grain and Forage Production Data from an Advanced Yield Test
(79004) of Selected Experimental Sorghum Genotypes at Sana'a,
Yemen Arab Republic. 1979,

*] Grain *2 *] Grain
Grain Grain Test Forage Forage Forage to
Entry Prod. Prod. wt. Prod. Prod. Prod. Forage
No. k/ha k/ha/day k/hl k/ha k/ha/day k/ha/cm/ht Ratio
1 -*3= -— - - - - -
2 2856 21,2 71.5 4,967 36.8 52.3 «57
3 — - -— - - — -
4 - - - - - - -
5 2427 15.6 68 15,276 97.9 102 .16
6 4500 30.0 75 19,718 131 110 .23
7 4516 32.0 65.5 14,314 102 103 .32
8 2390 17.6 69 4,431 32,6 46.6 54
9 -— - - - - - -—
10 - - - - - - -
11 - - - - - _— -
12 3110 22,5 72 5,337 38.7 45,2 .58
13 2382 15.9 66.5 - - - -
14 - - - - - - -
15 4372 31,2 67.5 15,294 109 118 «29
16 4163 29.5 67 7,079 50.2 54.9 «59

*] - Grain and forage prbduction of kilograms per hectare per day is based
on number of days from planting in moisture to 30 days past 50% bloom.

*2 - Forage production data obtained only from replications I and IV due to
a shortage of labor.

*3 - Entries 1, 3, 4, 9, 10, 11 and 14 were discarded prior to harvest and
no grain or forage data were taken. Reasons for discard were segrega-
tion, late maturity and thin stands.
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Table 9 . Presentation of Grain and Forage Production Ranks and their
Average Ranks for 9 Experimental Sorghum Genotypes in an
Advanced Yield Test (79004) at Sana'a, Yemen Arab Republic.

1979,
*]
Table Grain Forage Avg. Grain
Rank Entry Prod. frod. and rulage
No. No. Pedigree Rank Rank Prod. Rank
1 6 Rahda Local 2 1 1.5
2 7 Local Check 1 4 2.5
3 15 Sana'a 7 3 2 2.5
4 16 Local Check 4 5 4.5
5 5 76026-025-6 7 3 5
6 12 Sana'a 1 5 6 5.5
7 2 76026-019-13 6 7 6.5
8 8 76041-004 8 8 8
9 13 Sana'a 4 9 - -

*1 - The values in this colum are numerical averages of the production
ranks for grain and for forage of each entry genotype.
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Test Number 79005

Preliminary Yield Test

End of Season Resuits:

This Preliminary Yield Test had 203 experimental genotypes and a local check
variety entered seven times for a total of 210 entries. A desqription of this
test, its purpose, seed sources, plot size and planned treatment during the crop
season is given on page 26 ., These plans were made at the time the entries
were selected from the 1978 tests and other sources of genetic materials.

Most characteristics were measured as planned on the two replications of
each genotype. These average data are presented in Table 10 ., Bird damage of
the grain was estimated and the grain yields of the affected plots were adjusted
accordingly.

The plots (entries) were visually evaluated at maturity in the field and
a number of decisions made as to their future potential. A number were discarded.
These were judged to be definitely inferior to the local checks and to other
test entries. A number were selected for advancement to the advanced yield test
in 1980, Others were selected to be re-evalvated in the preliminary yield test
in 1980. Some selections were made for head-to-row. There were sélections
for both early maturity and short grain. All selections were labeled as to their
proposed 1980 evaluation when harvested in 1979, This selection information on
these selections was not available at the time of tabulation of the field plot
phenotypic data and thus it is not presented here. This information is on the

seed envelopes of the selections and is marked in the field books in the project.
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Table 10. Grain Yield and Other Agronomic Data From a Preliminary Yield Test (79005) of Grain Sorghum Experi-

mental Variety Genotypes at Sana'a, Yemen in 1979.

Rank *1 *2
By Entry Pedigree Source Y4 Days To Plant Grain Grain Test Agronomic 2 Z
Grain No. Stand 50% Ht. Prod. Prod. Wt. Plant Head Lod- Bird
Prod. Bloom cm k/ha k/ha/day k/hl ging Damag;
1 176 77 Comp. - 74 78100-74 37 152 132 5727 31 —— 1 2.5 - 0
2 49 76026063 78097-205 56 130 168 3522 22 70.8 1 1 - 0
3 63 76026036-2 78098-108 30 123 162 3331 22 63.5 1 1 0 1.5
4 155 77093-65-1 78099-289 70 120 105 3132 21 69 2.5 1.5 15 0
5 135 77093-56-1 78099-247 58 122 175 3068 20 66.5 2 1.5 0 0
6 60 LOCAL -— 50 126 135 2877 18 63 1 2 0 2.5
7 101 77093-09-3 78099-48 64 111 175 2821 20 68 1.5 1.5 0 0.5
8 61 76026011-6 78098-56 34 119 148 2762 20 55.2 1 2 0 0
9 92 76026072-3 78098-222 62 134 172 2734 17 70 1 1.5 0 1.5
10 209 SANAA - 7 - 34 114 122 2643 18 64 1 2 0 1.5
11 42 76026052-4 78097-182 46 103 125 2582 19 59.5 2 1.5 0 3.5
12 4 76026002~-11 78097-13 30 131 115 2457 15 - 1.5 1.5 0 0.5
13 98 76026074-5 78098-235 30 126 132 2447 16 71 1.5 1 0 1.5
14 208 SANAA - 6 - 38 122 115 2393 16 64 2 2 0 0
15 93 760260727 78098-226 62 132 180 2363 15 71 1.5 1,5 0 0.5
16 124 77093-50-5 78099-223 62 122 138 2360 16 67.5 2 2 2,5 0
17 2 76026002-4 78097-6 42 124 120 22717 15 66 1 2 0 0.5
18 86 76026061-8 78098-182 68 105 128 2234 17 67.5 2 2 0 345
19 90 LOCAL —-— 56 122 135 2219 15 62.5 1.5 2 0 1.5
20 150 LOCAL —_— 50 130 122 2211 14 63 1 2 0 2

*] Plot size:

*2 Planted in moisture:

Rep. I on 29 April and Rep. II on 2 May.

1 row (.75m between rows) x 6m long, 25 hills per row spaced 25cm apart, replicated two times.
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Table 10. (continue) Test 79005

Rank ] *2

By Entry Pedigree Source Z Days To Plant Grain Grain Test Agronomic )4 y 4

Grain No. Stand 50% Ht. Prod. Prod. Wt. Plant Head Lod- Bird

Frod. Bloom cm k/ha k/ha/day k/hl ging Damage
21 133  77093-55-5 78099-244 56 118 138 2206 15 67.8 2 2 0 3.5
22 120 LOCAL -— 56 131 122 2200 14 63 1 2 2.5 1
23 165 77093-75-4 78099-344 64 116 100 2191 15 72 2.5 2.5 10 0
24 181 77 Comp. - 80 78100 - 80 44 125 130 2109 14 —_—— 1 1.5 0 0.5
25 131 77093-55-2 78099-241 56 133 155 2084 13 67.2 1 2 0 0
26 138 77093-56-4 78099-250 56 129 152 2079 13 67.5 1 1 0 0
27 20 76026037-1 78097-110 54 103 132 2058 15 64 1.5 1.5 0 4
28 196 77 Comp. - 142 78100-142 64 130 135 2007 13 €3.5 1 2 0 0.5
29 24 76026037-10 78097-119 46 132 135 1995 12 65.5 1.5 2 0 0.5
30 187 77 Comp. - 113 78100-113 44 128 135 1964 12 60 1.5 2 0 .0
31 57 76019001-~-3 78097-273 38 126 112 1963 13 —— 2 2 1 0
32 46 76026063~3 78097-198 56 114 130 1935 13 57 1.5 1.5 0 0.5
33 8 76026024-2 78097-53 42 126 162 1907 12 -—= 1.5 1.5 0 0.5
34 103 77093-20-2 78099-86 36 130 145 1904 12 — 1 2 0 0
35 143  77093-57-3 78099-256 56 134 155 1901 12 69.5 1 1.5 0 0
36 129 77093-53-1 78099-~-233 52 120 135 1867 12 68 1.5 2 0 4
37 136 77093-56-2 78099-248 86 130 150 1864 12 65.5 1.5 2 0 0
38 178 77 Comp. - 77 78100-77 72 126 125 1833 12 65.5 1 1.5 0 0.5
39 32 76026041-7 78097-147 72 137 122 1820 11 53 1.5 2 0 0
40 85 76026061~7 78098-181 72 136 175 1801 11 64 1 1 0 0
41 78 76026057-4 78098-160 76 107 135 1796 13 65.8 2 2 0 0
42 157  77093-65-3 78099-291 66 130 122 1776 11 69.5 1.5 2 0 0
43 84 76026061-6 78098-180 60 138 145 1773 11 65 1 2 0 0
44 55 76026067-12 78097-260 56 122 112 1753 12 63 2 2 0 0
45 22 76026037-6 78097-115 58 126 1743 11 63.5 1 1 0 o

128




6L

Table 10. (continue) Test 79005
\

Rank *]1 *2

By Entry Pedigree Source 4 Days To Plant Grain Grain Test Agronomic 4 2

Grain No. Stand 50% Ht. Prod. Prod. Wt. Plant Head Lod- 'Bird

Prod. Bloom cm k/ha k/ha/day k/hl ging damage
46 68 76026040-2 78098-114 36 120 125 1742 12 —_—— 2 1.5 0 2.5
47 80 76026060--4 78098-169 60 116 145 1738 12 67 1 1 0 0.5
48 144 77093-57-4 78099-257 84 128 108 1714 11 57.2 3 2 2,5 0
49 145 77093-57-5 78099-258 58 136 165 1702 10 59.8 1 2 0 3
50 116  77093-42-1 78099-184 60 131 132 1701 11 64.5 1.5 1.5 0 0
51 89 76026070-13 78098-216 68 134 162 1663 10 68.5 1 1.5 0 0.5
52 151 77093-61-3 78099-274 72 122 142 1639 11 66 1 1.5 0 0.5
53 58 76019001-4 78097-274 32 -138 130 1617 10 55 1 2 0 0
54 161  77093-69-1 78099-311 52 131 128 1612 10 —— 2 1.5 0 0
55 91 7602€072-2 78098-221 40 136 158 1607 10 69 2.5 1.5 0 1
56 79  76026059-4 78098-165 50 129 148 1586 10 —-- 2.5 1.5 0 0
57 189 77 Comp. - 117 78100-117 60 128 122 1583 10 65 1 1.5 0 0
58 82 76026060-8 78098-173 52 138 175 1567 9 60.5 1 2 0 0
59 111  77093-38-3 78099-168 72 122 115 1566 10 69.5 2.5 1.5 0 0
60 70  76026043-2 78098-127 72 136 188 1551 9 67.5 1 1.5 0 0.5
61 210 LOCAL —— 40 137 118 1536 9 -— 1.5 2 0 0
62 125 77093-50-6 78099-224 44 135 140 1513 9 —_—— 1.5 2 0 0.5

63.5 113 77093-39-7 78099-177 78 112 108 1563 11 67.5 3 1.5 0 0.5

63.5 114 77093-41-3 78099-182 60 126 108 1503 10 65 2.5 2 0 0
65 5 76026003-1 78097-14 64 130 160 1496 9 69 1 2 0 2.5
66 128 77093-52-3 78099-231 68 129 138 1479 9 70 1 1.5 0 0
67 40 76026050-6 78097-178 58 126 128 1458 9 -—— 1.5 1.5 0 0.5
68 88 76026070-3 78098-206 64 126 138 1457 9 65.5 1.5 1.5 0 1
69 3 76026002-8 78197-10 66 138 128 1447 9 64 1.5 2.5 0 0
70 172 77 Comp. - 35 78190-35 62 130 142 1439 9 60.5 1 1.5 0 3

[ s
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Table 10 . (continue) Test 79005

Rank *] "

Gr:in En;zy Pedigree Source St:nd Days To Plant Grain Grain Test Agronomic )4 )4

* 50% Ht. Prod. Prod. Wt. Plant Head Lod- Bird

Prod. Bloom cm k/ha k/ha/day k/hl ging damage
71 44 76026052-6 78097-184 68 114 135 1423 10 68 1.5 2 0 0.5
72 132 77093-55-3 78099-242 66 110 128 1414 10 66.5 3 2 5 0

73.5 137 7709 3-56-3 78099-249 76 134 138 1408 9 65 1 1.5 0 0

73.5 142 77093-57-1 78099~254 70 138 142 1408 8 61.8 1 1 0 0
75 180 LOCAL R - 62 133 128 1392 9 —_— 1 2 0] 1
76 164 77093-72-4 78099~-332 66 134 112 1381 8 68 2 2 0 0
77 197 76026019-9 78101-116 44 120 98 1338 9 ——— 3 2 0 0
78 193 77 Comp. - 126 78100-126 64 142 132 1336 8 62 1.5 2 0 1.5
79 203 NES 6983 78113-1095 46 140 160 1324 8 ——— ] 1 0 0
80 23 76026037-7 78097-116 78 134 135 1323 8 68 1 1.5 0 0
81 45 76026063-2 78097-197 50 103 125 1318 10 -—= 2.5 0 4
82 154 77093-64-3 78099-287 82 117 98 1298 9 69 3 2.5 5 0
83 119 77093-48-2 78099-207 58 116 118 1234 8 -———— 1,5 2 0 0.5
84 205 NES 6986 78113-1098 58 134 155 1179 7 - 1.5 2.5 0 1
85 30 LOCAL —— 68 130 125 1163 7 63 1 2 0 0
86 87 76026070-2 78098-205 68 105 128 1156 9 68 2 2 0 1
87 162 77093-69-3 78099-313 52 142 72 1153 7 - 3 2 0 0
88 146 77093-58-2 78099-260 72 136 115 1149 7 57 2 2 0 0
89 48 76026063 78097-203 86 125 120 1117 7 66 2 1.5 0 0
90 100 77093-02-1 78099-6 78 135 125 1110 7 62.5 1.5 2 0 0
91 179 77 Comp, - 78100-79 74 138 122 1088 6 60.5 1.5 2 0 0
92 83 76026061-4 78098-177 78 134 142 1063 6 68 1.5 1.5 0 0
93 43 76026052-5 78097-183 76 133 145 1059 6 61 1 1.5 0 0
94 148 77093-59-1 78099-265 50 136 162 1646 6 —— 1 2 0 0
95 118 77093-47-5 78099-204 68 128 112 1043 7 —-—- 2.5 2 0 0
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Tablel0 . (continue) Test 79005
Rank *1 *2
By Entry Pedigree Source Z Days To Plant Grain Grain Test Agronomic ) 4 4
Grain No. Stand 50% Ht. Prod. Prod. Wt. Plant Head Lod- Bird
Prod. Bloom cm k/ha  k/ha/day k/hl ging damage
96 184 77 Comp. - 87 78100-87 84 132 118 1042 6 59 2,5 2 0 0
97 15 76026026-10 78097-72 48 139 150 1025 6 -— 1 1.5 0 8.5
98 14 76026026-8 78097-70 82 139 170 991 6 - 1 1 0 1.5
99 36 76026047~ 78097-163 58 132 125 951 6 -— 1.5 2 0 0.5
100 169 77 Comp, - 27 78100-27 50 130 122 945 6 —_—— 1.5 2 0 0
101 27 76026041-1 78097-141 72 149 110 930 5 - 1.5 2,5 0 0
102 76 76026054-1 78098-144 76 144 135 898 5 63 1.5 2 0 0
103 74 76026053-1 78098-139 56 143 155 872 5 69 1.5 2 0 0
104 173 77 Comp. - 37 78100-37 88 131 120 846 5 — 1.5 2 0 0
105 28 76026041-2 78097-142 90 128 98 797 5 55 2 2.5 0 0
106 175 77 Comp. - 56 78100-56 72 146 148 725 4 —_— 1 2 0 0
107 186 77 Comp. -110 78100-110 64 140 90 674 4 -— 2.5 3 0 0
108 99 76026075-6 78098-247 82 130 128 616 4 72,5 1.5 1.5 0 0
109 167 77 Comp. - 7 78100-7 68 142 112 531 3 — 2 1.5 0 0
110 194 77 Comp. -130 78100~139 78 152 118 520 3 — 2 2.5 0 0
Average
Of All
Entries 60 129 134 1704 11 64.9 1.6 1.8 0.4 0.7
Local
Ck. Ave. 55 130 126 1943 12 62.9 1.1 2 0.4 1.1




Test Number 79006

Short Grain Yield Trial

End of Season Results:

This yield test of large headed "grain" type genotypes with short heights
under 1 meter contained 42 entries. A description of this test, its purpose,
seed sources, plot size and planned treatment during the cropping season is
presented on page 27. These entries of short height were evaluated primarily
for grain yield. The objective of this test was to identify short, high-yielding
grain types that could be grown for grain in areas of large fields and harvested
with a combine.

All data for this test are presented in Table 11, Even forage yields were
taken in order to evaluate its production by these short genotypes.

Most of the entries possessed quite large grain-type heads.

Thirteen of these entries were very uniform in phenotype with large grain-
type heads, sturdy stalks and good leaves with heights under 100 cm, excellent
for mechanical harvesting with a combine. There had been interest expressed
through the Ministry of Agriculture about the need for genotypes like these for
the few areas of much flat land where big machinery could operate. About X kg
of seed of each of these thirteen selected lines was prepared and delivered to
the Ministry of Agriculture in November 1979. A copy of the release list of
entries with their pedigrees and seed source 1s presented in Table 12.

Copies of this releases list were submitted to the USAID Mission in Sana'a

and to the Yemen Minigtry of Agriculture along with the seed.
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Table 11. Grain and Forage Yield and Other Agronomic Data From a Field Production Teat (79006) of Short Height Grain Type Sorghum Experimental
Genotypes at Sana'a, Yemen, in 1979,
2
Rank Days Forage Grain
by Per~ to Plant Agronomic Grain Grain Test Forage Forage Yield to
Grain Entry *] Seed Cent 502 Ht. Rating Yield Yield Weight Yield Yield k/ha/ Forage
Yield No. Pedigree Source Stand Bloom cm Plant Head k/ha k/ha/day k/hl k/ha k/ha/day cm ht Ratio
1 17 77 come-1 78100~1 5 120 85 2 1.3 6833 46 — 14,955 99.7 175.9 0.457
2 5 76026068-6 78098-188 51 103 100 1.7 1.7 6698 50 64,3 10,019 75.3 160.2 0.669
3 30 LOCAL ——— 32 113 122 1 2 5723 40 62.3 11,089 77.5 90.9 0.516
4 36 NES1570 78103-15(Y) 17 99 96 2.3 1.7 5512 43 —_— 10,598 82.2 110.4 0.520
5 23 77 COMP-139 78100~-39 37 102 88 2 | 5369 41 69.7 3,587 27.2 40.8 1.497
6 39 15410 78103-21(R) 34 114 75 2 1.3 5349 37 67.8 5,408 37.6 2.1 0.989
7 32 77 comp-128 78100-~128 49 118 124 1.3 1 4838 33 66.3 1,610 64.9 71.5 0.503
8 19 77 coMpr-8 78100-8 38 113 77 2.3 1 4789 kX 66.2 4,235 29.6 55.0 1.131
9 16 77093-76-6 78099-352 43 111 79 2.3 1 4742 34 70.3 3,438 24,4 43,5 1.379
10 2 76026032-2 78097-99 38 118 93 2 1 4583 31 66.2 6,253 42,2 67.2 0.733
11 35 NES1570 78103-15(wW) 36 100 81 2 1 4521 35 69.2 +,989 38.4 61.6 0.906
12 26 77 COMP-60 78100-60 32 104 70 2 1.7 4429 i3 69.5 4,450 33.2 63,6 0.995
13 42 LOCAL ——— 51 117 130 1 2 4321 29 65, ', 145 48.6 55.0 0.605
14 13 77093-08-8 78099-45 77 109 100 2 1 4282 31 68.8 +,863 35.0 48.6 0.881
15 20 77 COMP-20 78100-20 46 117 85 2 1 4265 29 69.3 5,154 41.9 72,4 0.693
16 38 15410 78103-21(W) 29 102 82 2 1 4263 32 64,2 6,157 46.6 75.1 0.692
17 29 77 COMP-75 78100-75 50 110 68 2.2 1 4067 29 67.5 2,482 17.7 36.5 1.639
18 18 77 coMP-5 78100-5 20 110 77 2 1.2 4012 29 66. 7,381 52,1 95.9 0.544
19 10 76026074-11 78098-241 29 119 87 2 1.3 3957 27 69.2 7,635 51.2 87.8 0.518
20 37 NES 1789 78103-17 54 101 107 2 1.5 3953 30 64.5 4,745 36.2 44.3 0.833
21 8 76026074-8 78098-23§ 68 125 108 1.7 1 3935 25 66.7 8,263 53.3 76.5 0.476
22 27 77 COMP-72 78100-72 55 120 93 1.3 1 3889 26 65.2 6,186 41,2 66.5 0.629
23 1 76026004-4 78097-24 73 112 77 2 1.3 3724 26 69.2 3,456 24.3 44.9 1.078
24 34 NES1559 78103-14 23 102 82 2.2 1.7 3532 27 59. 6,387 48.4 77.9 0.553
25 14 77093-22-2 78099-92 45 110 87 2 1 3482 25 68.8 4,269 30.5 49.1 0.816
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Table 11. (Continued) Grain and Forage Yield and Other Agronomic Data From a Field Production Test (79006) of Short Height Grain Type
Sorghum Experimental Genotypes at Sana'a, Yemen, in 1979,
*2

Rank Days Forage Grain
by Per- to Plant Agronomic Grain Grain Test Forage Forage Yield to

Grain Entry *] Seed Cent 502 He. Rating Yield Yield Weight Yield Yield k/ha/ Forage

Yield No. Pedigree Source Stand Bloom cm Plant Head k/ha k/ha/day k/hl k/ha k/ha/day cm ht Ratio
26 7 76026070-5 78098-208 53 120 82 2 i.3 3478 23 60 6,061 40.4 73.9 0.574
27 15 77093-33-5 78099-148 71 134 101 1.7 1 3414 21 60.2 6,675 40.7 66.1 0.511
28 22 77 coMP-31 78100-31 39 94 69 2 1.5 3372 27 67.8 6,343 51.2 91.9 0.532
29 40 152927 78103-23 43 93 85 2.7 1.3 3289 27 63 2,589 21.0 30.5 1.270
30 21 77 coMpP-21 78100-21 70 105 87 2 2 3276 24 71.7 4,609 34,1 53.0 0.711
31 24 77 COMP-46 78100-46 53 107 80 2 1.3 3275 24 64,8 5,104 7.3 63.8 0.642
32 41 CIMMYT76BJ197 78113-1082 27 96 80 2,7 2 3220 26 — 3,808 30.2 47.6 0.846
33 2 76026039-3 78297-129 35 125 112 1.3 1 3170 20 66 7,497 48.4 66.9 0.423
34 28 77 COMP-73 78100-73 19 121 82 2 1 3132 21 ——— 7,465 49.4 91.0 0.420
35 6 760260568-12 78098-194 i 123 100 2 1.7 2930 19 65.7 5,733 37.5 57.3 0.511
36 i3 NES1421 78103-13 67 104 83 2.3 2 2821 21 63.2 3,829 28.6 46.1 0.737
37 25 77 coMP-58 78100-58 65 124 87 2 N 2708 18 62.5 5,593 36.3 64.3 0.484
38 4 76026061~1 78098-174 70 104 82 2.3 2 2661 20 71.8 3,335 24.9 40.7 0.798
39 11 77093-03-5 78099-15 41 100 73 2 2 2542 20 67.5 3,051 23.5 41.8 0.833
40 9 76026074~-10 78098-249 69 137 105 1.7 1 1988 12 69 9,249 55.4 88,1 0.215
41 31 77 COMP-92 78100-92 55 95 65 2.7 2 1874 S -—— 3,838 30.7 59.0 0.488
42 12 77093-05-4 78099-27 73 97 98 2 1.3 1584 12 65.5 3,808 30.0 38.9 0.416
Average of all entries: 46 108 89 1.97 1.36 3900 28 66.3 6,008 42,4 66.9 0.730
Local check average: 41.5 115 126 1 2 5022 34 63.6 9,117 63.0 73.0 0.560

*] - Plot size: Two rows (.75 m between rows) x 6 m long, 25 hills per row spaced 25 hills per row spaced 25 cm apart, replicated three times.
*2 - Planted in moisture: Rep. I on 29 April, Rep. II on 2 May and Rep. III on 12 May.
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Table 13 . Agromomic Field Forage Production Data From Six Sorghum x Sudangrass Hybrids Grown and Harvested in Multiple Harvests in
1979 (Test 79007). Sana'a, Yemen.

(8

First Harvest Second Hervest
"3 *3
. *2 Forage *2 Forage
Per Plant Days Dry Matter Plant Days Dry Matter
Eatry *]1 Seed Cent Ht to Yield Ht to Yield
No. Entry Name Source Stand cm Harvest kg/ha cm Harvest kg/ha
1 Acco Paymaster Univ. of 74 98 73 1784 112 31 2842
Sweet Sioux IV Arizona
2 Taylor-Evans Univ. of 84 106 73 1947 112 3 2836
Haygrazer Arizona
3 Asgrow Univ. of 88 109 80 2148 104 28 2444
Grazer A-2 Arizona
4 Texas Triumph Univ. of 86 104 73 - 1931 104 31 2483
Sooner Sue Arizona
5 DeKalb ST-6 Univ. of 82 111 68 1092 89 21 982
Arizona
6 WAC i Ton Univ. of 78 84 80 1147 76 24 1084
Arizona
Total Seasonal Production Data
Third Harvest Fourth Harvest *3
*3 *3 Total Forage Total Forage
*2 Forage "2 Forage Forage Total Dry Matter Seasonal Dry Matter
Plant Days Dry Matter Plant Days Dry Matter Dry Matter Days Yield Plant Yield
Entry Ht to Yield Ht to Yield Yield of kg/day Ht per ca
No. cm Harvest kg/ha cm Harvest kg/ha kg/ha Growth Growth in cm Height
1 111 68 3428 10,884 172 63 321 34
2 106 68 3864 10,294 172 60 324 32
3 88 64 3481 9,174 172 53 301 30
4 102 68 3320 8,993 172 52 310 29
5 105 28 2050 88 55 2271 7,799 172 45 393 20
6 70 68 2758 6,396 172 37 230 28

#*1 - Plot size: 4 rows (.75 m) x 6 m with 25 hills per row spaced 25 cm apart, replicated 4 times, center two rows harvested for yield.
#2 ~ Planted in woisture on 24 May 1979.
*3 - Forage dry matter yields adjusted to 100X stand values



Test Number 79008

Forage Sorghum Grain and Forage Test

This test was to compare five commercial United States type sorghums with
a local variety for a single harvest production of grain and air-dried forage.
A description of this test, its purpose, seed sources, plot size and planned
treatment during the cropping season is presented on page 29,

All agronomic field data are presented in Table l4. The local check
variety outyielded all other entries in both grain and forage. All of the
other entries are hybrids.

These data from this particular experiment certainly indicate that these
particular introduced forage sorghum hybrids are inferior to local varieties
in the higher elevation environments of Yemen. These particular U.S. hybrids
are quite competitive in the U.S. and other parts of the world. These 5 hybrids
were selected for this test partly because of their broad range of maturities
when grown other places in the world. They all had a quite uniform early
maturity here in Yemen and were much earlier than the local type. This early
maturity response was most likely the main reason for the poor yield responses,

The heights of the U.S. forage sorghum hybrids were also shorter than
the local check variety. This short height response also resulted in decreased
forage yield.

A short day response of the 5 U.S. hybrids probably caused the early

maturities and short height.
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Table 14. Field Forage and Grain Yield and Other Agronomic Production Dsta From Six Forage Type Sorghums Grown in 1979 (Test 79008).
Sana‘'a, Yemen.

*2
Days Grain Grain
Per to Plant Agronomic *3 Bird Test Forage Dry
*] Cent 50% Ht Rating Crain Yield Damage Weight Matter Yield Production Ranks

Eatry Stand Bloom cm Plant Head kg/ha kg/ha/day 2 kg/hl kg/ha kg/ha/cm ht Grain Forage Ave
Local Check Var. 42 108 140 1 2 4542 32.9 1 61 9541 68,2 1 1 1
ACCO FS 456 61 86 121 2.25 2 3010 26.0 14 67 6503 53.7 4 2 3
ACCO FS 251 58 82 90 3 1.75 4130 36.9 16 70 3931 43.7 2 5 3.5
ACCO FS 451 54 86 100 3 2 2490 21.5 6 68 6058 60. . 5 3 4
ACCO Fs 351 60 84 86 3 2 37%0 33.2 8 69 3842 44,7 3 6 4.5
DeKalb FS la 66 81 91 3 2 1933 17.4 16 68 5116 56.2 6 4 5

*] - Plot afize = 4 rows (.75m) x 6m with 25 hills per row spaced 25 cm apart, replicated 4 times.
#2 - Planted in moistuze: Rep. I - May 2, Rep. II & III - May. 12, Rep. IV on May 20.

*3 - Grain yields presented here have been corrected for bird damage. Lodging was zero for all entries.



Test Number 79009

Sorghum X Sudangrass Hybrids and
Forage Sorghum Hybrid Demonstration Test

End of Season Results:

This test contained a total of 53 entries of which 50 were commercial-
type hybrids and three were of a local check. These check plots were adapted
phenotypic standards against which the agronomic performance of the experi-
mental entries could be compared. A description of this test, its purpose,
seed sources, plot size and treatment during the season is given on page 30.

This test was originally scheduled to be grown under a limited moisture
(irrigation) regime., However, it was planted in an area (Field C) which
needed to obtain more optimum moisture. Field C had also previously been in
alfalfa so it had an extremely high level of fertility. The original plans
did not call for grain or forage harvest but labor was available to make a
grain yield harvest of the single unreplicated plots. Unreplicated data is
very tentative. Most of the entries yielded less grain than the local check
variety. The heights of the hybrid varied above and below the local check.
Most of the hybrids respondcd with an earlier maturity than the local check
which tends toward lower yields of either grain or forage. The dark-seeded
hybrids had practically no bird damage compared to the white-seeded local

check,

The data from this test are presented in Table 15.
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Table 15. Agronomic Field Performance Characteristics of U.S. Type Forage and Sorghum x Sudangrass Hybrids in Unreplicated Field Plots in
1979 (Test 79009). Sana's, Yemen.
*2 *2 *) *5
Eatry Plant Plant Days Per *4 Percent Grain
and Source Type Type Per to Plant Cent Per Grain of Test Test
Table *] of in in Cent 502 Ht Bird Cent Yield Maximum Weight
No. Pedigree Seed U.S. Yemen Stand Bloom cm Damage Lodging kg/ha Yield kg/hl
1 Local Variety Local -— FS 78 94 180 15 20 6,790 39 64
2 Acco Peymasier-Sweet Sioux 1V UofAZ SXS SXs 86 92 220 0 0 6,218 36 63
3 Asgrow-Grazer AZ UofAZ SXs SXS 78 97 230 0 0 6,653 38 64
4 Asgrow-Grazer N-2 UofAZ SXs SXS 66 96 230 0 0 8,598 50 64.5
5 Dekalb~ST 6 UofAz SXS SXS 44 85 230 0 0 8,214 47 €3.5
6 Dekalb sx 7+ UofAZ SXS SXs 56 95 220 0 0 11,069 64 65
7 Dekalb SX 17 UofAZ SXs SXs 64 93 205 1 0 6,223 36 68.5
8 Dekaldb SX 162 UofAZ SXS SXS 80 102 180 0 0 6,440 37 61
9 PAG -~ yar~~ne Uo fAZ SXS FS 60 98 135 0 0 5,430 31 70
10 Tayle .. .- - Haygrazer UofAZ SXS SXs 72 94 205 0 0 6,060 35 62
11 Tera: i =,% = Sooner Sue UofAZ SXs SXs 44 102 205 1] 0 8,798 51 64
12 Texza .. .- - Sooner Sweet UofAZ SXS SXs 36 96 220 5 0 11,375 66 62
13 WAC-HI-TON UofAZ SXS FS 40 106 140 5 0 5,752 33 70
14 ¥AC-LIC-UM U~ €AZ SXS SXs 36 96 210 0 0 12,512 72 63
15 WAC-SIL-UM UofAZ SXS SXS 12 99 225 1 0 2,246 13 64
16 Acco Paymaster S99 UofAZ Unknown SXS 34 103 220 4 0 16,760 97 67
17 Conlee Domor Uo£AZ Unknown SXS 34 86 225 2 0 8,260 48 65
18 Conlee Cow Vittles UofAZ Unknown G 76 67 125 0 1] . 8,224 47 73
19 Conlee~Morgain UofAZ Unknown SXS 72 90 190 0 0 6,952 40 66
20 Conlee-Morgain III UofAZ Unknown SXs 40 95 210 0 0 8,786 51 65
21 Funka-G 103S UofAZ Uaknown G 36 78 115 1 0 12,712 73 71.5
22 Funka FP-1 UofAZ Unknown SXS 52 104 225 1] 0 7,284 42 64
23 PAG 35 UofAZ Unknown SXS 30 104 225 0 0 14,429 83 65
24 PAG 33 UofAZ Unknown SXS 34 106 235 1 0 13,713 79 66
25 Pioneer 944 UofAz Unknown —~—— 40 - -— 0 0 208 1.2 -
26 Local Check -— — FS 20 107 195 30 2 10,104 58 64
27 Pioneer 931 UofAZ Unknown SXS 60 72 210 0 [4] 12,174 70 64.5
28 Pioneer 988 UofAZ Unknown SXS 60 93 220 4 0 1,297 7.5 62
29 Taylor-Evans Goldmaker UofAZ Unknown FS 68 104 175 6 0 11,292 65 70
30 WAC Hi Energy UofAz Unknown FS 68 71 135 0 0 10,028 58 72.5
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Table 15. (Continued)

Test 79009

%2 *2 %3 *5
Entry Plant Plant Days Per *4 Percent Grain
and Source Type Type Per to Plant Cent Per Grain of Test Test
Tabie *] of in in Cent 502 Ht Bird Cent Yieid Maximum Weight
No. Pedigree Seed v.S. Yemen Stand Bloom cm Damage Lodging kg/ha Yield kg/hl
31 Acco Paymaster F5-251 UofAZ Forage Sorghum G 56 73 105 0 0 9,040 52 73
32 Acco Paymaster FS-351 UofAZ Forage Sorghum G 74 71 100 0 0 10,605 61 72
33 Acco Paymaster FS-451 UofAZ Forage Sorghum G 72 73 120 3 0 3,389 20 66,5
34 Acco Paymaster FS-461 UofAZ Forage Sorghum G-FS 72 72 125 0 0 4,999 29 70
35 Acco Paymaster FS-531 UofAZ Forage Sorghum FS 42 79 150 0 0 8,487 49 57
36 Asgrow Titan E UofAZ Forage Sorghum FS 34 93 130 1 0 7,014 40 67.5
37 Asgrow Titan M UofAZ Forage Sorghum G 72 67 120 10 0 5,622 32 71.5
k1] Asgrow Beef Builder T UofAZ Forage Sorghum G 44 74 145 6 0 7,184 41 71.5
39 Dekalb FS la UofAZ Forage Sorghum G 46 72 100 15 V] 10,992 63 70.5
40 Dekalb FS 4 UofAZ Forage Sorghum Fs 46 95 150 1 0 10,046 58 68
41 Dekalb FS 24% UofA2 Forage Sorghum G 40 86 110 0 0 12,094 70 67.5
42 Dekalb Fs 25at UofAZ Forage Sorghum FS 40 81 145 0 0 13,664 79 71
43 Funks G-83F UofAZ Forage Sorghum SXS 44 105 210 0 1 7,704 44 64
44 Funks G-88F UofAZ Forage Sorghum SXS 50 88 215 1 0 4,964 29 60
45 Funks G-99F UofAZ Forage Sorghum FS 30 117 145 4 0 1,506 8.7 —
46 Funks 102F UofAZ Forage Sorghum G 22 74 130 1 0 17,343 100 71
47 Taylor Evans Milk Maker UofAZ Forage Sorghum G-F 38 71 150 4 0 13,093 75 71.5
48 Taylor Evans Silo Maker UofAZ Forage Sorghum G 50 71 110 3 0 12,181 70 72
49 Taylor Evans Yield Maker UofAZ Forage Sorghum G-F 36 72 145 10 0 9,927 57 7
50 Texas Triumph-BET-R-SIZE UofAZ Forage Sorghum o] 30 72 140 75 0 8,938 52 62.5
51 Texas Triumph SS-I11 UofAZ Forage Sorghum SXS 14 100 220 18 0 9,580 55 60
52 WAC X 7811 UofAZ Forage Sorghum G 40 103 105 60 0 9,573 55 68.5
53 Local Check — — FS 24 99 205 98 8 11,905 69 60.5

*) - Plot size: 2 rows (.75 m) x 6 m with 25 hills per row spaced 25 cm apart
SXS = Sorghum X Sudangrasa (hybrid), FS = Forage Sorghum phenotype, G = Grain phenotype, G-FS = Dual Purpose

A2 -
3 -
G -
*5

Planted in moisture on 26 May 1979
Grain yields are from unreplicated single plote and have been corrected for plot stand and bird damage
Grain yield of each entry expressed in percent of highest yielding test entry



Test Number 79010

Nursery and Line Increase

End of Season Results:

This nursery test contained a number of genotypes for crossing and for
seed increase and purification. A description of this test, its purpose, seed
sources, plot size and detailed treatment plans for the 1979 season are given
on page 3l. The purpose of this test varied according to the groups of entries.

Seed was increased of the superior genotypes planted in the nursery. The
purpose of this purified increased supply of seed was to plant in Outreach
tests in 1980,

Entry pedigrees and treatments are presented in Table 16.

Experimental hybridizations (F; hybrid crosses) were made of many of the
superior genotypes onto the CK 60 A and CK 60 A X Hydrokafir A lines for hybrid
evaluations in 1980.

The detailed data of just what experimental hybridizations were made are
not available during the writing of this report. These data are in the field

books at the project offices in Sana'a.
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Table 16 . Genotypes Grown in the Nursery and Line Increase Test (79010) at
Sana'a, Yemen Arab Republic. 1979.

Entry
and
Table *]
No. Pedigree Source Purpose
1 CK60A Univ of AZ Female for entries 2 & 5
2 Hydrokafir Univ of AZ Male for entries 1, 3 & 4
3 (CK60A X Hydrokafir) Univ of AZ Female for entries 2 & 5
X Hydrokafir and other Yemen types
4 CK60A X Hydrokafir Univ of AZ Temale for entries 2 & 5
5 Hydrokafir Univ of AZ Male for entries 1, 3 & 4
6 Sana'a - 1 Self for seed increase
7 Sana'a - 2 Self for seed increase
8 Sana'a - 3 Self for seed increase
9 Sana'a - 4 Self for seed increase
10 Sana'a - 5 Self for seed increase
11 Sana'a - 6 Self for seed increase
12 Sana'a - 7 Self for seed increase
13 Sana'a - 9 78102-123 Self for seed increase
14 Sana'a - 10 78102-121 Self for seed increase
15 Radah Local 78101-130 Self for seed increase
16 Sana'a ~ 1 Self for seed increase
17 Sana'a - 2 Self for seed increase
18 Sana'a - 3 Self for seed increase
19 Sana'a - 4 Self for seed increase
20 Sana’a - 5 Self for seed increase
21 Sana'a - 6 Self for seed increase
22 Sana'a - 7 Self for seed increase
23 Sana'a - 9 78102-123 Self for seed increase
24 Sana'a - 10 78102-121 Self for sead increase
25 Radah Loncal 78101-130 Self for seed increase
26 CK60A Univ of AZ Female for experimental crosses
27 76026004-4 78097-24 Self for seed increase
28 76026032-2 78097-99 Self for seed increase
29 76026039-3 78097-129 Self for seed increasa
30 76026061~1 78098-174 Self for seed increase
31 76026068-6 78098-188 Self for seed increase
32 76026068-12 78098-194 Self for seed increase
33 76026070-5 78098-208 Self for seed increase
34 76026074-8 78098-238 Self for seed increase
35 76026074-10 78098-240 Self for seed increase
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Table 16. (Continued) Test 79010

Entry

and

Table *]

No. Pedigree Source Purpose
36 76026074-11 78098-241 Self for seed increase
37 77093-03-5 78099-15 Self for seed increase
38 77093-05-4 78099-27 Self for seed increase
39 77093-08-8 78099-45 Self for seed increase
40 77093-22-2 78099-92 Self for seed increase
41 77093-33-5 78099-148 Self for seed increase
42 77093-76-6 78099-352 Self for seed increase
43 77 Comp. -1 78100-1 Self for seed increase
44 77 Comp. =5 78100-5 Self for seed increase
45 77 Comp. -8 78100-8 Self for seed increase
46 77 Comp. =20 78100-20 Self for seed increase
47 CK60A Univ of AZ Female for experimental crosses
48 77 Comp. =21 78100-21 Self for seed increase
49 77 Comp., -31 78100~31 Self for seed increase
50 77 Comp. -39 78100-39 Self for seed increase
51 77 Comp. =46 78100-46 Self for seed increase
52 77 Comp. -58 78100-58 Self for seed increase
53 77 Comp. -60 78100-60 Self for seed increase
54 77 Comp. =72 78100-72 Self for s<ed increase
55 77 Comp. -73 78100-73 Self for seed increase
56 77 Comp. =75 78100-75 Self for seed increase
57 77 Comp. =92 78100-92 Self for seed increase
58 77 Comp. ~-128 78100-128 Self for seed increase
59 NES142] 78103-13 Self for seed increase
60 NES1559 78103-14 Self for seed increase
61 NES1570 78103-15(W) Self for seed increase
61 NES1570 78103-15(Y) Self for seed increase
63 NES 17359 78103-17 Self for seed increase
64 IS 410 78103-21(W) Self for seed increase
65 IS 410 78103-21(R) Self for seed increase
66 152927 78103-23 Self for seed increase
67 CIMMYT76BJ197 78113-1082 Self for seed increase
68 CK60A Univ of AZ Female for experimental crosses

*1 - Plot size: 2 rows (.75m) x 6 m with 25 hills per row spaced 25 cm apart.
Unreplicated. Planted in moisture on 26 May 1979,
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Test Number 79011

Head Smut Control Test

End of Season Results:

A description of this test, its purpose, treatments, plot size and execution
plans that were the responsibility of this project are presented on page 32.
This test was located in the southwest corner of Field D. This location was
actually the extreme southwest corner of the whole Agricultural Research Station
and is the downwind corner for the prevailing northeast winds., The purpose was
to cause the least drift of chemicals or disease inoculum over the rest of the
research tests,

The responsibility of this project was to design, plant and grow a sorghum
test. Dr. Gossert, Plant Pathologist of the German Farm, would be responsible
for furnishing the seed, applying all treatments and collecting and interpreting
all data, This was to be a joint project between two agencies working for the
common good of Yemen. Operating fund difficulties on the part of the American
half of the team caused the loss of this test, among others, during the growing
season. This problem is explained on page 5 .

This test was lost and absolutely no research results were obtained., This
situation was very embarrassing to the project personnel and put the American
effort in Yemen in a poor light from the German point of view. This project

was powerless to control the situationm.
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Test Number 79012

Sesamia (Stem Borer) Control

End of Season Results:

This test was a joint effort between this project and the German farm at
Sana'a. Dr. Deckert, Entomologist, and Dr. Pollen, Seed Storage expert, were
the professionals involved from the German Farm. A description of this test,
its purpose, plot size, treatments and divisions of responsibilities between
this project and the German Farm are presented on page 33. This test was
located in the southwest cormer of Field D which is the southwest corner of
the whole Agricultural Research Station and is the downwind cormer for the
prevailing northeast winds. The purpose of this location was to cause the
least drift of chemicals over the rest of the recearch tests.,

The responsibility of this project was to design, plant and properly grow
the sorghum plots. The German Farm Professionals were responsible for furnishing
the seed, applying all treatments to the sorghum plants, and collecting and
interpreting all treatment response data.

This test was lost and no research data obtained due to lack of USAID
mission operating funds to maintain the irrigation well during the growing
season. The project was able to preirrigate, plant and obtain an initial test
plot stand but lost everything after that., This problem is explained on page
5. This situation was very embarrassing to the American project personnel
and put the American effort in Yemen in a poor light from the German point of

view,
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Test Number 79013

National Cooperative Sorghum Yield Test

End of Season Results:

The entries for this particular type of test are solicited annually by the
Yemen Ministry of Agriculture from various donor agencies operating in Yemen.
Seed of each experimental sorghum genotype contributed by the various donor
agencies is then divided up and distributed among all donor agencies cooperating.
When each donor agency grows out and evaluates each experimental genotype in
their yield testing program, a good evaluation of the adaptation potential of
each genotype is quickly obtained. Such a program contributes to coordination
among donor agencies and the quick recognition of a new, good genotype of value
to Yemen,

The Yemen Ministry of Agriculture made no apparent effort to cuutinue this
cooperative program among donor agencies. No seeds were solicited or distri-

buted.
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Test Number 79014

National Cooperative Sorghum Observation Nursery

End of Season Results:

A description of this test as to purpose, entries, plot size and treatment,
and data to be obtained are presented on page 35. The data obtained at the end
of the season are presented in Table 17 on page 100.

This test is totally observational with no yield aspect. The agronomic
ratings given for plant and head are quite good measurements of adaptation for
the Sana'a location. Entries 3, 4, 5, 8, 10, 11, 15, 17 and 18 all appear to
be quite well adapted to Sana'a. Entries 2 and 16 did not develop a good stand
in this environment for some reason, nor did they have very good phenotypes.
The remaining entries all had poor nlant or head phenotypes. A number of the
maturities were somewhat on the late side relative to local adapted (accepted)
types. This would have to be considered in any recommendations. Plant height
of all entries was reasonable and relative to local types. Lodging was not
excessive in most entries. Entry 10 did indicate a tendency to lodge and
should be evaluated for this another year.

In conclusion, there seemed to be a number of diverse genotypes from other
donor agencies represented in this test which show potential for use in this

local environment,
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Table 17,

Unreplicated Agronomic Data From National Cooperative Sorghum Observation Nursery
(79014) at Sana'a, Yemen, 1979.

*2
Days to Plant
Entry *1 Seed Percent 50% Ht Agronomic Rating Percent
No. Pedigree Source Stand Bloom cm Plant Head Lodging
1 Awash 1050 UNDP 74 148 115 3 3 -
2 Ws. 1297 28 151 115 3 3 -
3 Sana'a 1 USALID 72 104 190 1 1 10
4 Sana'a 2 USAID 70 104 135 2 1 5
5 Sana'a 3 USAID 78 102 140 1 1 -
6 Sana'a 4 78102-116 64 106 130 2 2 10
7 Sana'a 5 USAID 70 103 140 2 2 -
8 Sana'a 9 USAID 74 105 135 2 1 -
9 Sana'a 10 USAID 76 94 110 3 2 -
10 El Sakel 88 132 180 1| 2 20
11 El Khafeep 94 131 185 1 1 10
12 Al Bdun Baida 90 101 125 2 3 10
13 Tenee 68 152 195 | 3 -
i4 Harathi 64 142 170 1 3 5
15 Sofera Garra 36 128 220 1 1 5
16 Hamara Jahram 6 102 145 2 2 -
17 Local Check USAID 34 99 140 1 1 15
18 Local Check USAID 46 98 145 1 1 15

*] - Plot Size: 2 rows (.75 m) x 6 m with 25 hills per row spaced 25 cm apart.

%2 ~ Planted in moisture on 24 May 1979.

Unrepiicated design.



Test Number 79015

National Cooperative Maize Yield Test

End of Season Results:

A description of this test as to purpose, entries and sourcee, plot size
and treatment, and data to be obtained are presented on page 36, The data
obtained at the end of the season have been tabulated and are presented in
Table 18 on page 102,

All other entries in the test outyielded to local check. However, all
other mat.urities were much later thac the local check, which is not good in a
situaticn of moil: :ure stress. Rapid growth and maturity would be more desirable,
Irrigation waier was applied as needed in this test. The late maturing geno-
types could also be damaged by early frosts in this environment.

This maize test should not be compared directly with other sorghum tests
in this report regarding grain yield. The maize received irrigation water
when needed for optimum growth whereas the sorghum tests did not. Many of the
experimental entries are likely to be hybrids while the local check is a variety,

Thus the hybrid experimental types should yield more than non-hybrids,
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Table 18 . Grain Yield and Other Agronomic Data from National Cooperative Maize Yield Trial
(79015) at Sana'a, Yemen Arab Republic. 1979.

*2
Rank Days
. and Grain Per to Plant Ear Days
Table Entry *] Yield Cent 50% Ht Ht to
No. No. Entry Origin k/ha Stand Bloom cm cm Mature
1 1 Obregon 7442 CIMMYT 5678 79 102 174 69 165
2 5 Rampur Nepal 5260 86 103 186 86 165
3 7 Tihama 1 Til.ama 4358 70 104 185 80 172
4 6 vijay India 4257 82 103 185 79 168
5 4 Khumalter Nepal 4057 90 98 147 63 162
6 2 VL 43 India 3886 76 106 188 90 179
7 8 Tihama 2 Tihama 2676 92 105 191 90 176
8 3 Comp W Ghana 2422 90 113 187 94 183
9 9 Local Check USAID 1956 84 70 101 80 120

*¥1 - Plot size: 3 rows (.75 m between rows) x 6 m long, 21 hills per row spaced 30 cm apart, replicated
3 times.

*2 - Planted in moisture on 24 May 1979,



Test Number 7901F

National Cooperative Maize Observation Nursefy

End of Season Results:

A description of this test as to purpose, entries and seed sources, plot
size and treatment, and data to be obtained are presented on page 37. The data
obtained by the end of the season have been tabulated and are presented in
Table 19 on page 104. The original plans indicated there would be eighteen
entries in this test but seed of only fourteen entries were finally actually
received and planted.

The local check was the lowest yielding entry in wnreplicated grain yields
in the test. The local entry was also the earliest in maturity. All experi-
mental entries yielded more but took longer to produce this yield, used more
irrigation water and risked loss from an early frost. It does seem likely that
there are other maize genotypes adapted to this environment with higher yields
than the local variety. An unknown number of these entries were hybrids while
the local check was only a variety. The hybr.ds should yield more.

There was no lodging in this test.
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Table 19,

Grain Yield and Other Agronomic Data from an Unreplicated National Cooperative Maize

Nursery Test (79016) at Sana'a, Yemen Arab Republic. 1979.
*2

Rank Days

and Grain Per to Plant Ear Days

Table Entry *1 Yield Cent 50% Ht Ht to

No. No. Entry Source kg/ha Stand Bloom cm cm Mature
1 10 Batna - 1 YCAP 6906 86 80 157 43 144
2 8 Comp-AS53-54 ARS 6617 95 91 177 65 169
3 7 Obregon 7542 ARS 6488 86 99 197 92 170
4 3 Amarilos ARS 6200 90 95 208 98 172
5 11 DBatna - 2 YCAP 6167 86 76 126 46 139
6 9 Across ARS 6033 95 94 188 68 170
7 2 Obregon ARS 5500 100 @7 184 73 172
8 13 Fongsou, 105 YCAP 5446 81 85 141 42 136
9 1 ZCA Comp ARS 4923 100 io3 213 103 173
10 5 Sids ARS 4776 95 102 163 68 173
11 12 Jeminby YCAP 4282 100 93 158 51 159
12 4 Tlatizan ARS 4204 100 102 176 70 173
13 6 SYN551 ARS 3577 95 104 210 112 190
14 14 Local Check USAID 2546 76 66 102 31 119

*]1 -~ Plot Size: 3 rows (.75 m between rows) x 6 m long, 21 hills per row spaced 30 cm apart, unrepli-

cated.

*2 - Planted in moisture on 24 May 1979,



Test Number 79017

National Cooperative Pearl Millet Yield Test

End of Season Results:

A description of this test as to purpose, entries, seed sources, plot size,
plot treatment, and data to be obtained are presented on page 38. The data
obtained by the end of the season have been tabulated and are presented in Table
20 on page 106.

The local millet yielded less than all of the other 5 entries in the test.
The local millet yielded only 59% of the highest yielding entry. The 3 top-
ylelding entries appear to be composites Judging by the’r names. A mix of geno-
types would tend to give a broader adaptation potential. All entries had almost
identical bloom dates thus these new genotypes should fit readily into the
growing season at Sana'a, The plant heights of the experimental genotypes all
exceeded the height of the local variety indicating greater forage yield potential,

The grain yields of even the best millet entries in this test which was
irrigated for optimum growth and yield were significantly less than most grain
sorghum yields in other tests th-~t were grown under limited moisture conditions.
This again illustrates that millets are not well adapted at this elevation and
would give poor returns in grain and forage for production resources invested

compared to sorghum,
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Table 20,

Grain Yield and Other Agronomic Data From National Cooperative

Pearl Millet Yield Trial (79017) at Sana'a, Yemen. 1979,
*2
Entry Days *3
and Per to Plant Total Grain
Table *] Seed Cent 50% Ht No. of Yield
No. Pedigree Source Stand Bloom cm Heads kg/ha
1 Nigeria Comp ARS 58 153 210 164 3993
2 Serere Comp ARS 51 154 190 161 3814
3 World Comp ARS 54 155 202 152 2974
4 Exbornue ARS 56 148 210 196 2693
5 D, Tihama T.D.A. 69 155 199 171 2452
6 Local USAID 50 154 176 268 2372

*1 - Plot Size: 4 rows (.75 m between rows) x 6 m long, with 31 hills/row

spaced 20 cm apart, replicated 4 times.

*2 - Planted in moisture on 28 May 1979.

*3 - Center 2 rows harvested for yield,

106



Test Number 79018

National Cooperative Pearl Millet Ohservation Test

End of Seascn Results:

The entries for this particular test are solicited annually by the Yemen
Ministry of Agriculture from the various donor agencies operating in Yemen.
The Yemen Ministry of Agriculture made no apparent effort to continue this
cooperative program among donor agencies in 1979, No seeds were solicited or

distributed.
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Outreach Trials - 1979

End of Season Results:

A detailed description of plans for on-farm tests of superior genotypes
from the project research program is presented on page 40. - Many of the plamned
tests could not be planted due to a shortage of vehicle and manpower resources.
Vehicles and project personnel were diverted by the Mission to work on the
development of the Al Jarabah Experiment Farm as explained on page 5 . Three
on-farm tests were actually harvested. These harvest data were nut forwarded
to the University of Arizona in 1980 by project personnel. No field book or
data were to be found in the project offices in the fall of 1980 to be written
up in this report.

It was observed in the 1979 outreach tests that there were large, easily
recognized, phenotypic differences in both grain and forage potential among
genotypes among locations. By making evaluations through observations more
and faster progress could be made in outreach tests by using smaller plots, no
more than two replications, more entries per location (perhaps 20 or 30),
and not measure actual yield at first. After two years of outreach trial
experience this project found (1) that precise research data is nearly im-
possible to obtain on farms, (2) that visual observations can provide reliable
estimates of adaptation, and (3) that many more genotypes can be evaluated
across more locations for much faster and cheaper progress. An experienced
sorghum breeder with experience in Yemen can observe and evaluate the entries
at a location in an hour or so. Yield trials of entries observed to be highly
adapted could be made in future years to provide actual yield data over the
local types. These yield trials would be very expensive in that very close

supervision would have to be given to them. Most adaptation evaluations of
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superior genotypes from the Sana'a Experiment Farm among the various outreach
environments can be done initially with observation plots for a small fraction
of the cost of yield trials.

This streamlined plan was suggested for 1980 and was put into use.
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Rainfall Record For Period of

May 1978 to May 1979 at Sana'a

An official weather station rain gauge was installed on the roof of Dr,
Voigt's house. The residence of the Chief-of-Party and Plant Breeder was
located about 1 km from the Mission and about 2 km from the Sana'a Experiment
Farm. No other weather data was being collected near the research farm.
Figure 6 on pagelll shows the total rainfall of 4.085 inches (10.38 cm) that
was received during the period of 6 May 1978 through 5 May 1979 and its
distribution. Eighty-one percent of this rain fell within one 21-day period
in July 1978. This illustrates how extremely dry the Sana'a location iz most

of the time.
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- Section 6 -

Training of Project Employees

The heart of this project, ur of any research project or any bhusiness, is
the quality of its staff of trained employees at all levels. Without trained
employees at all levels of expertise within the project, no research can be
conducted that will give meaningful results. One professional scientist cannot
accomplish much by himself without capable help.

Most all of the project technicians and farm laborers had been employed on
the project during 1977 and 1978. 1979 was the third year on the project for
many of these employees. The training efforts made in 1977 and 1978 are pre-
sented in the reports for those years., This training proved to be invaluable
in 1979 when no professionals (plant breeder or agronomist) were in-country
during most of the 1979 season. The project Yemeni emplo&ees used their
previous training ;nd carried out the ongoing research in a very capable
manner.

Very little new or advanced training could be given to these project
staff members in 1979; however, they gained a great amount of experience and

self-confidence in being forced to do the job on their own.
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- Section 7 -

Equipment Acquisition

Supplies and equipment continuad to arrive in Yemen in 1979 that were
purchased in the United States on this contract. By the ead of 1979 the project
had acquired much of the routine field and laboratory equipment necessary to
conduct most simple field crop field research.

Air freight shipments seemed to be about the best shipment method; however,
delays and losses still occurred. During 1979 the University of Arizona saved
up a large number of items, filled a land-sea container, and shipped it sealed
to prevent theft, However, this sealed container was opened and emptied at
the seaport of Hodiedah before delivery to the project., All of the items
shipped in the sealed land-sea contajfuer were hauled from the port to Sana’a
piled in the open on flat-bed trucks subject to theft. The land-sea container

proved to be potentially worse than air freight shipments.
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- Section 8 -

Development of Second Agricultural

Research Station at Al Jarubah

The original project objectives include the development of several agri-
cultural research stations in order that research may be conducted under various
environments to develop sorghum and millet genotypes ;nd cultural practices
suited to the various environments found in Yemen. In 1977 a site in the Tihama
at Al Jarubah was selected. Work on the levelopment of an agricultural experi-
ment station at Al Jarubah procceded in 1978 by the Mission. The Mission had
no resources of vehicles or personnel to work on this develcpment other than
to divert the limited resources of this project.

A large and continuous effort was made in 1979 by the Mission to continue
work in developing the Al Jarubah Experiment Farm. Another well was dug, plus
other items. In doing this work vehicles, drivers, and other project techni-
clans were diverted to Al Jarubah during the peak of the project field research
in 1979. As a result, most of the outreach program plans had to be abandoned.
The other field research at Sana'a also suffered by not being done well or in
a timely manner.

The Mission seemed to feel that it was best that research progress of
this project at Sana'a should be sacrificed for their progress in developing

Al Jarubah.
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- Section 9 -

Personnel Movements in and Qut of Country

A listing of regular and short-term consultants and their dates of arrival

and/or departure in 1979 are listed helow:

1.

2.

3.

5.

6.

Dr.

Dr.

Dr.

Dr.

Dr.

Dr.

Robert L. Voilgt and family, Chief-of-Party and Plant Breeder: End
of tour departure from country on l4 March 1979,

Robert L. Voigt, Chief-of-Party and Plant Breeder: TDY to plant 1979
research plots at Sana'a; in-country from 10 April 1979 through
17 May 1979,

Robert L. Voigt, Chief-of-Party and Plant Breeder: TDY to collect
data and harvest 1979 research plots; in-country from 13 October
1979 through 20 November 1979,

Deran Markarian, pew Chief-of-Farty and Agronomist; began regular
tour in-country on 8 November 1979.

Harnek S. Sandhu, Plant Breeder: arrived in-country on TDY for
project orientation and assist with 1979 harvest on 9 November
1979.

R. P. Upchurch, Project Administrative Director, arrived in-c~untry
on TDY Administrative visit on 14 October 1979, Departed Yemen

on 18 October 1979.
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- Section 10 -

Status of Yemen Sorghum Collection

The "Yemen Sorghum Collection" of approximately 4500 individual items has
been described in previous reports as to its origin and need. Resources to go
forward with this collection in Yemen were not availzble in Yemen. This col-
lection was shipped to the Plant Introduction Germplasm Resources Laboratory
in Washington, D.C. in late 1978 and early 1979 for proper storage and safe-
keeping.

These materials were then all shipped on to the University of Arizoma for
processing by those project individuals familiar with the collection. The
collection items were repackaged, labeled and records initiated towards an
increase program. Nearly all of the items in this collection are photoperiod
sensitive making it necessary to grow the collection under day-lengths found
in the lower latitudes. The Mayaguez Institute for Tropical Research at
Mayaguez, Puerto Rico is the only proper facility available.

Seed of 1500 lines was put up in the summer and shipped to Puerto Rico
for an approximate planting date of 1 November 1979. Those collection items
of only 10 or 20 seed that could not be risked in the field had to be planted
in pots in a greenhouse. Only about 100 could be accommodated at one time in
University of Arizona Sorghum Project greenhouse spaces.

Adverse field conditions of soil and planting conditions in Puerto Rico
rgsulted in the grow-out and increase of only about 1000 of the 1500 entries
sent to Puerto Rico for the 1979-1980 season.

The Research Station at Puerto Rico contributed the majority of the
resources of land, faciliiies, field care and personnel to make the grow-out.
The Sorghum Project at the University of Arizona contributed half of its

greenhouse space and about one-half of a man-year to this effort.,
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About 3500 lines remain to be grown out for seed increase and characteri-

zation,

117



1.

3.

- Section 11 -

Miscellaneous Reports

Preliminary Progress Report - March 1977-October 1979

Final detailed reports of in-country project research activities .and
progress for years 1977, 1978 and 1979 were not available to the Yemen
Ministry of Agriculture in early November 1979. The desire for such reports
was expressed to Dr. R. P, Upchurch during his administrative visit om
November 14 - 18, 1979. A brief summary report of major progress and accom-
plishments was written and submitted to USAID and the Ministry of Agriculture

in November 1979. This report is presented in pages 120 through 151,

Trip Report for R, L. Voigt TDY to Yemen in October-November 1979

Dr. R. L. Voigt, Chief-of-Party and Plant Breeder, visited the project
on TDY in-country from 13 October through 20 November 1979. The primary
purpose of this TDY was that it was absolutely necessary for the professional
sorghum and millet breeder and researcher personally to collect final field
data, make selections among segregating genotypes and direct the season
harvest., A trip report was submitted to cover this TDY period. Since this
TDY was directly and wholly involved with the 1979 in-country project acti-

vities, it is presented as a part of this report in pages 152 through 173,

Trip Report for R. L. Voigt TDY to ICRISAT in November 1979,

Dr. R. L. Voigt, Chief-of-Party and Plant Breeder, visited the Inter-
national Crops Research Institute for the Semi-Arid Tropics (ICRISAT) on
November 22-24, 1979. The purpose of this TDY was to investigate the
resources of ICRISAT towards training of project Yemeni and investigate

the potential for greater coordinated research between this project and
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ICRISAT that would be of maximum benefit to Yemen. The TDY trip report

filed with USAID is presented on pages 174 through 194,
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DEVELOPMENT OF A NATIONAL

SORGHUM-MILLET IMPROVEMNMENT

PROGRAMN F OR YEMEN

PRELIMINARY PROGRESS HE('ORT
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In 1974 the U.S. Government at the request of the Yemen
Arab Republic undertook the development of a National Sorghum/
Millet Improvement Program for the Yemen. [his interim repart
briefly outlines activities and accomplishments under the
Program during the period march 1977 - (ctober 1979, the
reriod during which the Unlverslfy of Arizona has been asso-
ciated with the effort.

Dr. Robert Volgt served as Chief of Party and Plant
Ereeder in Yemen from Karch 1977 until warch 1979. He has
since returned to Yemen twice serving in an acting capacity.
We anticipate Dr. Voigt's continued association with the
Project as a periodic visitor and Plant 5reeding consultant.
This should provide for continuity over a long period under
Dr. Voigt's guidance. Dr. Donald Stewart served as Agrono-
mist in Yemen from may 1977 until December 1978. He was
responsible for pest control matters, weed collection, con-
sultation on plant disease and the execution of outreach
studies in 1978. A final report covering Dr. Stewart's
activities 1s available., Dr. H. P. Upchurch has served as
Technical Director of the ProJect.and has visited Yemen
several times. Campus back-up has been provided by various

professors according to need. Detailed research reports are

121



11.

being prepared on the 1977 and 1978 field results. In the
meantime, this interim report is being issued.
The University of Arizona has devoted considerable time
since October 1978 to replacing Dr. Voigt and Dr. Stewart.
A series of unfortunate events has prevented replacement.
Hopefully, agreement is now possible to allow two highly
qualified experts to take up residence in :1emen. .n the
meantime the USAID Mission and the Jniversity of Arizona have
taken special steps to maintain the momentum of the work.
I'he principle observations regarding the results of the
project are as follows:

1. Cultivar Evaluation. Since 1974 numerous cultivar

(varieties and hybrids) used outside of Yemen have been tested
for performance. Dr. Voigt added about §50 such entries to
the tests in 1977. In spite of the excessive varliablility at
Bir E1 Gohm a reasonable conclusion is that sorghum culti-
vars developed outside of Yemen have not yet provided

superior cultivars for use in Yemen. Our conclusion is that
testing of additional cultivars from outside Yemen should be
given additional attention when better fleld research areas
are available. In the meantime substantial emphasis has been
given to a bonafide sorghum breeding program which holds the

greatest chance for success in Yemen.
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2. Hybrid Sorghum Development. While hybrids developed

elsewhere have not shown promise for use in Yemen the long-
term prospects for having the ultimate performance of sorghum
in Yemen rests upon the developaent of hybrids in Yemen
through a Yemen-based plant breeding program. Since hybrids
hold promise for the long-term only current efforts on the
hybrid approach have been minimized. Research on hybrids 1s
beinz limited to restricted testing of hybridsdeveloped
‘elsewhere and to the generation of pure lines of Yemen

adhpted genotypes which will eventually serve as a basis for
hybrids bred in Yemen. This minimal research on hybrids is
necessary to hold open the prospects for the long-term develop-
ment of hybrids in Yemen. In any case the practlcgl use of
hybrids in Yemen in the next ten years is not féaslble because
of the high level of technology required to maintaln good
hybrid stocks in the hands of farmers. Beginning ten years
from now Yemen agriculture will be ready for sorghum hybrids.

3. Improvement of Research Procedures and Facllitles.

Research at Bir E1 Gohm in 1977 revealed that thils site
has a number of limitations. University of ArizZona personnel
had to learn how to grow sorghum in Yemen and under the
especially difficult conditions at Bir £1 Gohm. Constant

improvements in testing procedures were made over the past

123



1vl

three growing seasons. While Eir E1 Gohm 18 a site with
limited usefulness we have learned to work with it and the
1979 field results just before harvest look quite promising.
Some of the genotypes now in the field could be contenders for
introduction to farmers after two more seasons of purifilca-
tion and improvement. Efforts have been made to make Al
Jarubah operational and hopefully test plantings can be made
there in 1980. We will go through a learning perlod in

Al Jarubah as we did at Bir E1 Gohm.

4. Preferred Plant Breeding Approach. [he current

breeding approach involves the assembly of many genotypes 1n
Yemen and the selection of improved individual sorghum seed
heads with subsequent testing and retentlon of the best types.
We now have promising selections at Bir £1 Gohm for upland
conditions. These selections will be converted into varieties
for release and serve as the basls for a crossing program

for variety production and serve, long term, as the basis for
hybrid prcduction. The progress in the Uplands is most en-
couraging and holds promise for yield enhancement in the area.
AS far as we know this is the only active sorghum brzeding
program in Yemen.

5. Yemen Sorghum Collection. Working cooperatively

with the UNDP approximately 4500 sorghum specimens have been
collected from throughout Yemen. These sorghum types have been

selected by Yemeni farmers over hundreds of years and represent
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valuable types for specific plant features. The collection
is now being increased in the USA and samples will be returned
to Yemen and serve as a valuable component in the plant bhreed-
ing program.

6. I[raining. The Program involves an effort to trair
Yemenis at various levels. ['he USAID Rission has been support-
ing the sending of about 75 Yemenis each year to begin 15
level training outside of‘Yemen._ fHopefully some of these will
be assigned to the Sorghum/Millet Program as counterparts
upon return to Yemen. In the absence of a full complement of
counterparts the Program has concentrated on training support
personnel and has made slgnlfléant progress in this regard.

7. Projected Activities. Breedinsz for improved sorghum

types for the Uplands should'continue using a new field re-
search site as soon as possible. In the meantime Bir Z1 Gohm
should be used again in 1980 if no other upland site is avail-
able. Outputs from this breeding effort should generate
entries to be tested in outreach tests and in tests to be run
by other donors. Coordination with other donors should be
continued as in the past and intensified. There seems to be
little duplication in the past work and this should be the
case in the future. A report on cooperative studies in 1978
has been issued. Special efforts should be mounted in the
Tihama especlally to get the Al Jarubah station operational

for millet /sorghum work in 1980. In 1980 a Yemen millet
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collection £aould be generated for use in the breeding pro-
gram. During 1980 efforts should be made to initiate sorghum/

millet work in additional areas such as weed control and plant-

ing nmethods.

In order to accomplish the above projected activities

two full-time professionals will be required in Yemen.
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I. Introduction.

The overall cbjective statement for this project is to
"Assist the Yemen Arab Republic Government to Develop a
National Sorghum/Millet Improvement Program for Yemen."

A viable improvement or breeding program 1s made up of (1) a
complete staff of technically trained personnel, (2) sufficient
resources of land, laboratories, equipment and supplies for

them to do their job, and (3) germplasm sources of potentially
superlor genotypes with which to work and modify. A shortage or
deficiency in any one of these three major resources will pre-
vent or hinder attainment of the desired final result.

'his project has tried to move forward in its first two
years in all three of these areas and has also initiated as
much work as resou:ces permitted in other supporting activity
areas.

l'he following report briefly describes the major areas of
activities of importance for the period march 19?77 - October
1979. TIhis is the period of time in which the University of
Arizona has had responsibility under thr Sorghum/Millet Improve-
ment Program.

I'nis report touches upon essentially all of the University
of Arizona activities under the Project. Reference is made to
some but not all of the activities carried out by the USALID

Mission.
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II. 1977 Field Research Activities in Sana'a: (Bir Al Gohm)

A project technical person (Plant Breeder) was in-
country by mid-March 1977 about one month before planting time
at Sana'a to bezin work on this contract. 1977 was a year of
study and evaluation of the situation in order to deveslop a
workable priugram. It was necessary to study the strengths (and
weaknesses) of the research station, of the land, of the local
research procedures and of the technically trained support
personnel already available. An important initial activity
was to evaluate the germplasm already on hand as well as that
having been imported into the country.

In the one month prior to planting the 1977 tests it was
necessary to tabulate and summarize the 1976 data on hand
sufficiently to plan for 1977, make research plans, put up seed,
and prepare the research station land.

The 1977 fleld tests were a repeat of many of the 1976
tests (and genotypes) because 1976 had been such a poor year
and few conclusions could be drawn from the data for keeping or
discarding certain genotypes. The University of Arizona
imported and entered about 650 sorghum lines in the 1977 tests.
Lists of all 1976 tests and of all 1977 tests are attached.
Many genotypes of an equal level that were grown in separate
tests in 1976 were combined in 1977 so that meaningful com-
parisons could be made. The field plot layout, field plot

procedures, etc., used in 1977 were the same as used previous

129



3.

years. A cultivator shovel was used to make a small furrow
2 to 4 inches deep for the plot row. A large amount of seed
was sowed by hand on the dry soil in this furrow and mixed in
the soll with hand picks. "Hand made" small irrigation ditches
were dug every 7 m across the cultivator marks to give plots
with an effective length of 6 m. Irrigation water was flooded
down the shallow furrows. The soll became extremely hard as
soon as the water soaked in and the surface dried within 24 to
48 hours after irrigation. Most of the seedlings would take
10 to 14 days to emerge so several repeat irrigations had to be
made on a frequent basis. The unlevel soil surface prevented
uniform irrigation so some parts of the field remained too
hard and too dry to allow any plant emergence. Many gaps 1n
plots and uneven plot plant populations resulted. The plots
were hand weeded but weed growth exceeded hand weeding acti-
vities and subjected many plots to severe weed competition.
There was a usual stem borer (insect) outbreak which
wasn't very well controlled by the standard procedures in use.
Thinning of the thick populations in some plots was delayed
according to past practise until the stem borer had taken its
toll and ceased activity. By this time the plants were too old
to be influenced by changing to a proper population by thinning.
Root depths were very shallow causing drought stress in a few

days after irrigation.
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The results of the 1977 field tests at Eir Al Gohm were
highly variable for the reasons mentioned above. A thorough
review of the situation led to the following suggestions for
improvement:

1. Leveling the research farm so that a uniform depth of
irrigation water could be applied.

2. Obtaining and using equipment to make deep furrows. A
small palr of furrow openers were borrocwed in 1978 and 8 new,
large ones obtained from the US for 1979.

3. Pre=irrigating in these deep and level furrows and
planting in moisture on the side of the furrow. Hopefully no
more lrrlgatldn would be necessary to cause emergence thus
preventing crusting over.

k. Planting 5 or 6 seed in hills about 25 cm apart (accord-
ing to Yemeni farmers practicé)and thinning to 2 or 3 plants
per hill if necessary. (Five or 6 seedlings in one spot help
each other through the soil.) No over-population situations
should occur with this procedure.

5. Obtaining and using a tractor drawn chisel instrument
to chisel to a depth of about 20 inches and break up the hard
pan (plow sole) at about 6 inches to mllow pre-irrigation water
penetration to 18 to 24 inches. This would also allow deeper
root penetration and hopefully successful plant growth for
longer periods of time without rainfall or supplemental irri-
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6. Providing deep furrows to fgn the length (or width)
of the field, thereby permitting eventual mechsnization of
planting and cultivation.

7. Developing chemical weed control methods.

8. Developing better stem borer control procedures.

A set of adapted A and 5 lines (a male sterile line with
non-restorer line) was identified from materials sent from the
US. This male sterils is being developed further and used for
research and development of hybrids for use when the Yemen
infrastructure can utilize hybrids.

I1I1. 1978 Fleld Research Activities

A 1ist of the 1978 field tests 1s attached.

Leveling equipment was not avallable to level the farm
for 1978. We were fortunate in being able to borrow a "light
weight" furrow opener from the UNDP at Teiz. Our soll is
heavier and requires a heavier (stroiger) furrow opener. A
chisel arrived from the U.S. in time to chisel to about 18
inches and break up shallower hard pans. We found we had tc
chisel on narrower spacings than the manufacturer recommended
in order to "shatter" our particularly heavy soil. We ob-
tained good pre-irrigation water penetration.

More uniform plant phenotypes were obtained due to great-
er and more uniform root penetration and to uniform plant
spacings and populations from hill plantings. Tb~se uniform
rPlant phenotypes made possible greater precision of selection

of superior genotypes (for grain or forage).
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Plans were made ¢o enlarge the field area available for
research plots and to level all of the research station for
1979.

in 1978 improved insect control procedures developed in
conjunction with the German Farm were initiated at Bir Al
Gohm. This resulted in much improved control of the stem
borer. The procedures involved improved sprayers. improved
application schedules and the use of an improved insecticide.

Detajiled tables of 1978 results will appear in a formal
~report being prepared. The 1978 field data were more reliable
due to less variability within plots and among plots of similar
genotypes as compared to 1977.

From the 1978 field results 28 experimental genotypes from
3 sources were indicated to be superior and were advanced to
the 1979 Elite Yield Test, 11 experimental genotypes from 3
sources were advanced to the Advanced Yield Test and 200
experimental genotypes from 6 sources were advanced to the
Preliminary Yield lest level.

IV. 1979 Field Research Activities in Sana‘'a

A list of the 1979 field tests is attached. Most research
work 18 oriented toward use of irrigation only to assure
emergence or prevent later loss due to extreme drought.

These tests include: (1) Four types of tests to evaluate
genetic materials for yleld of grain and/or forage (see
Breeding Approach Section for description.)

133



?o

(2) An evaluation. of short grain types which have potential
for future hybrid production.

(3) An evaluation of U.S. type forage hybrids to local condi-
tions (2 tests).

(4) A sorghum x sudangrass hybrid multiple clipping test for
forage potential (needs irrigation).

(5) Nufsery for crossing and purification of genotypes.

(6) National cooperative tests for Sorghum, Maize and Millet
(5 tests).

(7) Tests for head smut control and stem borer control
cooperative with the German Farm (2 tests).

At the time of this report near the end of the season,
many promising genotypes with both grain and forage potential are
apparent in the earlier stages of the selection program for
yield of grain and/or forage.

The entire research farm was surveyed by project personnel
for leveling. A small tractor mounted blade with a limited
leveling capability was borrowed from theBritish Farm Mechani-
zation Unit at Taiz. Some leveling was accomplished prior to
. furrowing out for Planting the 1979 research tests. Some
improved pre-irrigation by furrows was obtained.

The exact 1979 results are not yet available but the 1979
plots show increased uniformity within plots over 1978 due to

improved research methods and more knowledge and practice by



project staff. There are greater numbers of diverse genotypes
with superior attributes for foragé and grain evident in re-
source materials available for selection. This signifies that
there should be greater numbers of experimental genotypes
competing for selection and advancement in the breeding program.
V. Breeding Approach

y l'he procedure implemented for evolving improved genotypes
for grain and/or forage production involved the use of standard
plant breeding procedures. It is necessary to use basic pro-
cedures in the beginning years of setting up a national breed-
ing program that could be understood and followed by project
personnel in on-the-job training.

Single plants selected from whatever source the first
year are put into an unreplicated head to row test in the
second year in order to evaluate it on a row basis. Those
head rows showing potential will progress through three years
of replicated yield testing (years 3. 4 and 5). These stages
have been designated as preliminary advanced and elite tests,
respectively. Only those entries showing promise relative to
local standards or checks will be retained for further test-
ing from year to year. The number of experimental entries
remaining by the end of the testing program will depend on the
genetic potential inherent in the original germplasm sources

from which the selections were made. We have observed that
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much of the superior genetic material utilized in other parts
of the world is unadapted to the uplands of Yemen. A sorghum
improvenent prograr for Yemen based only on direct introduction
of varieties developed elsewhere does not appear feasihle

based on results of tests in Yemen up to this point.

A very usable procedure for the generation of poientially
superior genotypes through a random mating population is being
developed. This procedure involves a male sterile facilitated
recurrent selection program. It can be immediately adapted to
different environments and, if handled properly. produce
breeding materials indefinitely.

A ' major effort to identify or develop hybrids for general
use in Yemen 1s not being exerted at the moment sinqe Yemen
currently does not have the infrastructure to produce and use
hybrid seed. Limited research efforts are being diricted toward
the development of adapted genotypes suitable for hybrids.
Experimental hybrids are being developed. Limited resources
of the project dictate this course of action since the immediate
need of Yemen is for improved varieties.

Other experiments in agronomy, entomology, plant patho-
logy., plant ph&siology. weed control, etc., as related to the
sorghum plant are all a part of a sorghum improvement program
and have beer started to a limited degreé. A well-rounded
breeding program depends on a complete staff of educated and

trained farm support personnel.
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VI. On-Farm or Outreach l&sts.

Small sorghum tests were planted on farms of willing
cooperators in 1978 and 1979. These farms were in selected
areas in different directions from Sana'a so that the experi-
mental sorghum entries could be tested under different environ-
ments. Four sorghum entries were in each test (three experi-
mental and the farmers' own variety). Four replications were
used allowing a Latin Square experimental design for maxi-
mum precision. |

FPourteen different tests were put out in 1978. I'wo were
destroyed before harvest and six more were harvested by the
cooperators just before project personnel were scheduled to
harvest the test. Yield results were obtained from six tests.
One experimental variety from this project was the top ylelder
in five of the six tests.

Chere are 3 tests out 6n farms in 1979. A shortage of
transportation and trained staff early in the season prevented
arranging any more locations.

Pest and chemical weed control measures were used where
needed on the 1978 tests which made very great and favorable
impressions on the cooperators involved.

VII. National Cooperative Tests.
At Blr Al Gohm we have regularly conducted research tests

of sorghum, millet and maize superior genotypes from other
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regsearch centers to obtain information as to the breadth of
adaptation of these items. These particular tests are fur-
nished sufficient irrigation for normal non-stressed growth
since many of the donors are testing under conditions of suffi-
clent rainfall or irrigation. There are usually 6 tests in-
volved: a yileld test and an observation test for each of
sorghum, millet and majize,

We enter our superior sorghum selections in these tests
to obtain such information on our own items at all of these
locations in Yemen.

These tests are a direct result of coordination among
various agencies in Yemen interested in sorghum and millet
improvement.

VIII. Cooperation With Other Donor Agencies.

Meetings with other donor agricultural research profes-
sionals have been held guarterly at the Ninistry of Agricul-
ture for exchange of research plans, information and problems.
An annual tour of all research facilities is taken by this
group to observe the research underway by other agencies. This
13 usually a 3 or 4 day trip. Much valuable information is ex-
changed, activities are coordinated and duplication minimized.

Three small threshing machines have been loaned to the
UNDP at Taiz to facilitate their research and extension capa-
bilities in sorghum and wheat. Their wheat research activities

have been able to be more than doubled through use of these
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machines. About 30,000 sorghum selfing bags were also furnished
to the UNDP at Taiz slong with 25 to 30,000 seed envelopes.
They had attempted to buy these special items in-country, but
such items have not been avallable.
I¥. T¥aining of Support Personnel.

No research program can succeed without a number of tech-
nically trained staff support personnel. There are thousands
of hours of careful and somewhat ékilled work involved in cor-
rectly processing seed for plantihg. planting, care of growing
plants, collection oi numerous data throughout the season,
harvest, threshing grain, processing of forage, tabulation of
thousands of items of data, and processing and storage of seeds.

We have trained 4 locally hired personnel in these 2 years.
l'hese people had the approximate equivalent of a high school
education and thus were able to be trained and do the work.
It, takes a full year to go one full cycle through the work so a
ml‘imum of one year 1s necessary for minimum on-the=-job training.
All 4 currently work full-time on the project and are all
needed.

Fhree IVS personnel with 5S degrees also assisted full-
time in conducting the above research activities.
X. Al Jarubah Zxperiment Statlion Site

The contract for this project calls for the eventual

development of a total of three research stations. One at
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Sana‘'a (Uplands), another at Al Jarubah (Tihama), and a third
at an intermediate elevation or environment, for which the
exact site is yet to be selected.

The site at Al Jarubah was selected and decided upon in
1977. Work on development of the site began in 1978. The
remoteness and inaccessibllity of the site ras made development
work there very costly in time and money. Personnel and re-
sources involved in the developmept of the site in 1978 and
1979 had to be pulled from on-going activities at Sana'a thus
reducing the pace of activities at Sana'a.

A road was graded out from the highway to the site but
has since been washed out by rains.

The well has had 6 inch pipe, a pump and a motor installed.
It is operational with an output capacity of about 4.5 liters
per second. Two more wells are planned in order to produce
the needed volume of irrigation water for about 25 ha of re-
search land.

Land for about 5 to 10 ha has been surveyed and attempts
made to do some leveling wlth.inadequate equipment. Most of
this area is planned for horticultural croos. The outpﬁt of
the eristing well is about enough to care for the current
horticultural activities. Any millet or sorghum research
plantings of any size will depend on the development of at

least one of the two new wells that are planned.
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XI. Short Term Professionals

As technical problems arose during project activities
that were ocutside the expertise of the two professionals in-
country, outside professional consultants in these specific
problem areas were brought in to advise on solving the problem.
l'o date short-term professionals have advised in the following
areas:

Soils: A soils man was called in to determine character-
istics of the soils in our research site at Sana'a and advise
on better agronomic field methods.

Irrigation: Water management and reorganization of the
research farm was a big problem. Iwo professionals were called
in to help revamp the irrigation and other relative agronomic
field procedures.

Weed Control: A certain type of weed has been an over-

whelming problem during most of each year of field operation
at Sana'a.. A professional weed control man was called in to
study and advise on this problem. He also studied other weed
problems or potential weed problems around Sana'a.

Entomology: An entomologist was called in to study the
general insect population in the areas of our research opera-
tions throughout Yemen. He made as extensive a collection as
could be made during the short time of his visit and the parti-

cular time of the year of his visit. This collection was
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taken to the US for accurate identification and classification.

Seed Storage: Losses each year between field harvest and

actual consumption of sorghum grain in Yemen are very large.
Reduction. of these losses would be the samez as a very large
increase in average sorghum yields across the country. A
seed storage expert came in and surveyed seed storage methods
and facilities in various sections of Yemen.

Individual reports were submitted by each of the above
professional consultants.

XII. Yemen Sorghum Collection

The Yemen economy and society i1s in a fast state of
change. The agricultural sector 1s no different than all of
the other sectors in that interaction with the rest of the
world is resulting in large changes in the role of sorghum
and millet in Yemen.

Sorghum and millet have been traditional human food crops
in Yemen for thousands of years because of their capability of
assurance of some production most of the time on agricultural
lands marginal for water or rainfall resources. There are
large areas of Yemen where these water restrictions will remain
for the future, so sorghum and/or millet are still the best
hopes for these areas. Recent development of many less

marginal areas has resulted in production of new crops of
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greater use and economic return than sorghum. This pattern
has occurred in the past in many countries and is an expected
happening. There are thousands of different environments in
Yemen and thousands of different special sorghum genotypes
have evolved over the centuries for maximum adaptation to these
local environments. These particular special sorghum genotypes
are forever lost to mankind the moment these local farmers
switch from sorghum to some other crop. It is an important
step in a breeding program to improve or change a crop in an
area, to save a sample of the native genotype being replaced.
The UNDP at Taiz had made a small beginning but had no
resources to continue and complete a sorghum collection of
Yemen. The USAID project furnished all travel resources,
part of the personnel and salaries and all equipment necessary
to complete a collection of Yemen except for one governate.
There are approximately 4,500 entries currently in this col-
lection. This collection is now in the U.S. being processed
by this project for entry into the World Sorghum Coliection.
Such entries are described, increased and stored for use of
scientists the world over, including Yemen. Information about
entries in this Yemen Sorghum Collection generated from evalua-
tions and studies by hundreds of scientists around the world

will be invaluable to sorghum research programs in Yemen.
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XIII. PFarmer Survey Relative to Sorghum and Millet.

A comprehensive guestiomnire was developed and presented
to about 1,000 Yemen farmers in 1979. This questionnaire
a~ked about types of sorghums ard millets grown, acreages,
methods of farm management regarding these crops and sale and
utilization of the product.

This survey was run under contract with personnel of the
University of Sana'a. The data are being prepared for computer
analysis by the University of Arizona.

It is anticipated that the results of this questionnaire
can be used to help project the future of sorghum and millet
in Yemen. Such educated projections are very helpful in giving
guidance to a breeding program. Research work in a breeding
program must be initiated some 5 to 10 years ahead of the
actual final product being in the hands of thepublic user.

XIV. Herbarium.

A collection has been started of all native forbes in
the Yemen uplands. Many of these plants are competitive with
cultivated crops under field conditions. Proper identification
of these "weeds" 18 necessary to utilize the scientific infor-
mation available on their control.

Herbarium equipment and supplies have been purchased and
are on hand. Most of the approximately 150 specimens have been

jdentified and labeled with the assistance of appropriate
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pfofessionals from Sana'a iniversity and the German Farm.
XV. Arizona Support.

The University of Arizona, with its complete professional
staff, has given valuable support in furnishing information
concerning solution of particular problems.

The University of Arizona has done all of the work in
locating, purchasing, and shipping supplies and equipment to
support this project that were not available in Yemen.

Classification and se¢ed increase of the approximately
4,500 items in the Yemen Sorghum Collection are being arrangec
and carried out by the University of Arizona.

One particular item in the Yemen Sorghum Collection was
claimed by the donor to be resistant to "Striga" which 1is
an extremely serious parasitic plant on sorghum wherever
striga 1s found in the world. The University of Arizona 1is
arranging for seed increase and evaluation for this charac-
teristic.

XVI. Summary of Progress.

1. An invaluable resource has been developed in the
technical training of 4 project staff personnel. These
individuals have from 1 to 3 years training and experience
each.

2. One experimental sorghum variety showed superiority
in 1978 to local varieties in most of the on-farm tests and

also rather broad adaptation capabilities among on-farm tests.
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3. Approximately forty experimental sorghum genotypes’
showed superiority to local checks for both grain and forage
in 1978 experimental yield trials. They are being evaluatec
for both grain and forage potential.

bk, There are dozens of experimental selections in earl
phases of the breeding program in 1979 that appear to have
potential for superiority in both grain and forage accordins
to usual evaluations.

5. The Yemen Sorghum Collection is on its way to being
a very valuable contribution to the future of Yemen sorghum
research and to the world.

6. Equipment, supplies and laboratory facilities have
been developed for sustaining a research capability.

7. A few potentially superior genotypes have been
identified that can be utilized as a source of superior ex-
perimental selections and as a base for a "male-sterile
facilitated recurrent selection population.”

8. A male sterile line with its fertile non-restorer has
been developed that appears to have a good phenotype for
Yemen. Experimental hybrids are being produced for testing.

9. The Sana'a Erxperiment Farm has been developed and
improved procedures adopted, making possible more accurate
research plot results.

10. Initial steps have been taken to make Al Jarubah

operational as a research station.
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XVII. Projected Activities.

1. Research work in the Uplands is proposed to continue
primarily on sorghum. Sorghum grows best in the Uplands rela-
tive to millet which is very poorly adapted to the Uplands.
This sorghum research will revolve primarily around the ob-
jective of striving for drought tolerance for sorghums on
marginal lands lacking sufficient moisture to economically
grow any other crop. Plant scientists describe "drought
tolerance" as one of the most difficult plant characters to
detect, describe and manipulate. This indicates that very
difficult and probably time-consuming research lies ahead but
if successful will be extremely rewarding.

2. Research work is to be initiated in the Tihama and
will evolve primarily around millet which 1s better adapted
and with more potential in the Tihama than sofghum. The first
work will involve development of the research station followed
by development of research procedures to successfully grow |
reliable test plots. At this point efforts will be made to
identify millet germplasm containing the proper genotypes for
superiority under the specific Tihama environmental condi-
tions. A study (survey) of production and use of millet in
the Tihama will have to be made in order to become knowledge-
able of the desirable plant characters and to be able to make
good selections.

3. Resources permitting, a Yemen Millet Collection is

highly desirable.
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Sel.
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Obs,
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Y.T.
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Y.T.
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Reg. Y.T,
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Reg. Y.T,
Y.T.
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Ubs.
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NO, ROW
ENTRIES - FLSTIS
9 72
66 66
76 304
55 55
127 127
6 36
204 204
22 22
47 47
60 360
173 173
71 71
4 48
111 111
5 60
13 39
5 25
10 20
10 20
5 35
4 64
18 72
15 60
4 64
9 72
15 60
5 60
5 80
26 208
14 56
81 81
23 184
5 60
o 36
5 80
14 56
33 99
36 36
1400 3323

copeswrs -

Offwtype Mg - 1975
ead selas.” from 75016
2 from 1975 Lebanen

cresses

Nutritional Quality

Purdue '

;3 Sel - F4

2 of Hybrids

" Prom USDA bulks

Crossing block
From USDA bulks
Alad Reg, Y,T.
Proso & foxtzfl m{llet
alad reg. nursary
From 74002 -+ 74004
Alad reg. Y.T. (cilgge)
?
?
High yielding liues
"N replicated
New crops
Chick peas
Broad beans
Beans
Fercilizer trial
Selns from 75C13
From 75012 - edv, yisld
trial
Pearl millet - .
Off type hd, eelzs,
Hd. sel., frem 75C12°
Reg. Y.T.
Pearl Millet
From 75016 Prelia, ¥,T,
From 74069 Adv, Y.T.
Obs. + yield "
From 75014 Prelim, I.T,
Regional Y,T. o
Prelim- Y.T,.
Alad nginnal Y.T.
F] vs ¥2 Hybrids tn-
breeding depression
Pearl millet
Sudan grass
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SANA YEMEN 1977 FIELD RESEARCH
EFFORTS ON SORGHUM AND MILLET

L
&
1977 © , .
Test & NO, ¥0.  NO. WS, NO.
No. ¢© TEST NAME ENTRIES REPS. PLOTS  FWOT  ROVS
77074 S Early-Preliminary Yield Test 126 2 252 1 252
77075 S Late-Preliminary Vield Test 113 2 226 1 226
77076 S Early-Advanced Yield Test 85 4 340 1 340
77077 S Late-Advanced Yield Test 90 4 360 1l 360
77078 S Hybrid-Adv-Gen-Yield-Depr-Test 20 4 80 2 160
77079 S Pest Resistance Nursery 24 4 96 4 k1.
77080 S Exper, Hybrid Yield Test 49 3 147 1 147
77081 S Exper. Hybrid Observ, Test 82 1 82 1 82
77082 S Head-to-Row-Early 345 1 345 1 245
77083 S Head-to-Row-Late 342 1 342 8 342
77084 S Miscollaneous Prel, Yie'd Trest 153 2 310. 1 310
77085 vemonstraticn 77 1 7 2 146
77086 S-M Date-of-Plantiny Test 24 4 96 4 384
77087 M [PMAT #2 22 3 66 1 66
77088 S-M Nursery 664 1 664 1 664
77089 S Int, Sorg, Coup. Nursery 34 3 102 1 102
77090 & East African Maize Var, Lrial 27 2 54 3 162
77091 S Sana - Yield Test 7 4 28 1 28
77092 M Millet-Yield Test 44 2 88 1 ‘88
77093 S Fq Selectioms 76 1 76 1 76
77094 S Sorghum Y, Test (Lhokuny} 8 K] 24 1 24
77095 ki Millet v, Test (Lhakany) 4 3 12 1 12
7702¢ SG  Suddn urass ‘ 28 1 28 2 56
M Marana Millet Composlite 45
S So¥ghum Composite 101
S 3Sorghum Composite 24
M Big-Headed Millet PO?PN. %
S Snowflake Fert, + Ster. R.NM, 180
S NP3R dry Steriles (Sorg.) 23
M Senexgal Millec POPN.
1977 = 30 Tests = Totals = 2446 QNB 3895 5320
1976 = 38 Tests = " = 1400 -- KR )
S$ = Sorghuan, M = Millet, S = Sudan drass

i/
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No
768097
78094
75099
78100
78101
78102
78103
768104
78105
78106
78107
78108
78109
78110
78111
78112
78113
7811y
78115

0Ss1

List of Sanea Experiment Farm
Field Experiments - 1978

Experiment Title

Head-to-Row

Head=-to-Row

Head-to-Row

Head-to-Row

Preliminary Yield Test

Advanced Yield Test

Elite Yield Test

International Sorghum Disease and Insect Nursery
National Cooperative Sorghum Yield Triai

National Cooperative Sorghum Observation Nursery
National Cooperative Maize Yield Trial

National Cooperative Maize Observation Nursery
National Cooperative tearl Millet Yield Trial
National Cooperative rearl Millet Observation Nurser
Fh seneration of Fopulations

Advanced Hybrid Generation Populations

Nursery

1978 International Food Grain Sorghym Yield Trial
Early Maturity and Tall Hybrid Yield Test

15
158
30
18

1608

ev)
duwwww\u-b'mmd-n-nAAIon:’f

1-10

N ow

@ e D = W = )W NEE NS DD

W\

316
270
108

287L
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Table Sana'a Experiment Farm Field Experiments - 1979

Number Rows Total

Test of Per Field
No. Experiment Title Entries Plot Reps Rows
79001 Head-to-Row 447 1 1 447
79002 Head~-to-Row 498 1 1 498
79003 Elite Yield Test 33 2 4 264
79004 Advanced Yield Test 16 2 4 128
79005 Preliminary Yield Test 210 1 4 840
79006 Short Grain Yield Test 42 2 3 252
79007 Sorghum X Sudangrass Green Forage Test 6 4 4 96
79008 Forage Sorghum Grain and Forage Test 6 4 4 96
79009 Sorghum X Sudangrass and Hybrid Forage

Sorghum Demonstration Test 53 2 1 106
79010 Nursery and Increase Plots ' 68 2 1 136
79011 Head Smut Control Test 5 4 4 80
79012 Sesamia (Stem Borer) Control 4 7 4 112
79013 National Cooperative Sorghum Yield Test (No test seed distributed)
79014 National Cooperative Sorghum Observation Test 18 2 1 36
79015 National Cooperative Maize Yield Test 9 3 3 81
79016 National Cooperative Maize Observation Test 14 3 1 42
79017 National Cooperative Pearl Millet Yield Test 6 4 4 96
79018 National Cooperative Pearl Millet Observation Test (No test seed distributed)

1435 3310




Trip Report

Trip to Yemen to Complete Field
Research Activities for the 1979

Crop Season

Dates of Visit in country:

13 October - 20 November, 1979

Contract No: by:

AID/NE-C-1304 Yemen Dr. Robert L. Voigt
Department of Plant Sciences
The University of Arizona
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I. Summery of Outstanding Results of this Project to Date

Nearly three years ago (in 1977) there was very little germplasc
available with well adapted phenotypes (and genctypes) frem which to
raice selecticns for further evaluations. Much of the material iz the
Program was from outside Yermen and unadapted to Yemen envircncents. The
1979 sesson saw a wealth of adapted germplasm with a wide rznge of varieties.
This makes possible a broad solid bese for future breeding work.

More selections were made in 1979 than can be tested in 1980 with
the research land area availsble. Selections were made of a range of
genotype®for possible use under various situations in the future. Geno-
types were selected with ranges in height, maturity, multiple heads, znd
in addition a full range of all plant, head and seed characteristice were
selected. Some characteristics will not be tested for irmediate use but
this adapted germplasm will be available if needed. These rescurces had
not been available previously.

I am very pleased with the above situation which glves great potertial
for the future.

There is & need to find and develcp a new field research site for tkis
project. Plans are underway to do this. I strongly recormend that in the
selection of this new site consideration be given to having a location
and sufficient area for the conduct of field research by the new and
developing Sana'a University. This project, and the Horticulture project,
could become leaders in developing research for Sana'a University. I

think this situation represents a rare opportunity for the future.
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II.

Introduction and Purpose of Visit to Sana'a, Yemen

For various reasons a plant breeder was not in-place in Yemen for
the 1579 crop season to replace me when my two year assignment was up
in 15 Merch 1579. 1 had made all of the field research plans for 197°.

I returned in April and May 1979 to supervise the field planting of the'
1979 research plots. A Techrnician (Mr. David Robinson) was in-country
during the growing season to supervise care of the growing and developing
research plots. It was necessary for me to return just prior to
maturity and harvest to complete field data collection, make appropriate
field selections and initiate and supervise harvesting of all plots.

A Plant Breeder to replace re (Dr. H. S. Sandhu) became availzble to
make a trip to Yewen on TDY during the final days of field harvest. A
replacerent Chief of Party and Agronomist (Dr. Deran Markarian) was also
able to arrive in-country on 2 permanent basis cduring the final days of
this trip. COrientation of Drs. Markarian end Sandhu was corducted as
ruch as possible in the few days overlap of our visits in-country.

This trip to Yemen was combined with a tri? to India to visit ICRISAT
(International Crops Research Institute for the Semi-Arid Tropics) which
is a world center for research on Sorghum and Millet for adaptation to
environments quite similar to much of the Yemen Arab Republic. This
Research Institute also conducts training programs for personnel at zll
levels of research activities. Information in these two areas is of
great icportance to full development of the University of Arizona - USAID
Sorghum~lillet Project in the Yemen A.R. therefore a visit was made to

ICRISAT.
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III.

I departed Yemen on 20 Noverber 1979 and arrived at ICRISAT head-
quarters on 22 November. I departed ICRISAT on 24 Movember and arrived
in Tucson, 4rizona at 02C3 a.z. on 26 November, 1979. A sarvarate trip
report has been prepared and distributed cencerning ry visit to ICRISAT.

Pr. Deran Markarian arrived in Yemen at 0345 a.m. on Thursday 8
Kovember, 1979 on IY 523. Dr. Harnek S. Sandhu arrived fn Yemen at
1030 a.zm. on Friday 9 FNovember 1979 on MS (Egypt Alr) 767.

I left Tucson on 10 Cetober and zrrived in-country on this visit
at about 0510 a.m. on Saturday 13 Cctober, 1979 on IY (Yemen Air) 521
ard departed about 0800 2.m. on Tuesday 20 liovember, 1579 on IY (Yemen
Air) 418.

Sana'a Field Research Activities
1. I walked through all plots of all tests during my first deys in

Sana'a. I noted the following conditions of the research matericls

in the fileld plots at around 15 October, 1979:

a. Nearly all genotypes had bloormed. Some Pillers still blcoming
but generally the main head of adapted gemotypes was rmature.

b. No more irrigations were to be applied and plots were stressing
and drying as were farmer rain-fed fields in the surrounding
uplands.

c. Very late maturity experimental genotypes would never produce
grain or even produce heads and bloom due to a combination of
moisture stress and rzpidly cooling day and night temperatures.

d. Stands (populations) varied by location in the fields due to
natural soil variability, levelness of the field eand weather

conditions at the time of planting and emergence.
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Development of individual plants within the plots was very uniform
in most cases thus giving a2 reliable indication of the genotyres
involved. The hill or spaced planting system instituted in 1678
seemed to be working well. This type of planting system of
planting in hills is used by most all Yemeni farmers under rain-
fed conditions. It is elso used by all other agriculturel re-
search organizations in Yemen who work with egorghum under dry land
conditions.

4ccording to pruject research personnel the weed protlem had
beccme very severe during early surmer. This wes to be expected
as a regular annual event. Powever reducticns in project labor,
Farticularly farm labor, made for tudgetary reasons by USAID and/
or thke Ministry resulted in a more serious weed competition
probtlen then had existed in previous yeare. University of
4rizonz project supervisory personnel had little input as to

vhat type of project ecpleyees (labor) should be let go. This
situation undoubtedly created undesirable aberrations in the
relative physiological development of genotypes among plots. The
research plots have to be hand weeded. Proper chemicals for weed
centrol are not availzble in Yemen nor are there any specifica-
tions for chemical contrnl of the specific problem weed(s). In-
discrininate use of chemicals (even 1f available) to control the
weeds could also inflict aberrations in the physiological devel-
opment of the experimental sorghum genotypes.

The south or newest irrigation well, which has about twice the output

of the old well, broke down and could not be used for about 3 weeks
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h.

at a critical time during midseason. PRepairs were not irmediately
possible due reportedly to administrative delays in wmaking zlready
allocated funés availzble for tocal use.

M. Robinson advanced over $50C of his own money in an
atterpt to keep the project equipment repaired and operating
but further breakdownSoccurred and he didn't feel he should put
more of his own money into running the project.

The following test plots were lost due to the broker down

irrigation well:

Prelicinary Y.T. (790C5) Reps III and IV = 420 field rows
Head-tec-Pow (72002) = 101 field rows.
Head Smut Control Test (79011) whole test = 112 field rows

(7°2012) whole test = 30 field rows

Total 713 field rows
712 single rows of material were lost out of a total planted of
3310. Thus approximately 21.57 of our research field rows were
conpletely lost due primarily to our inability to repair this pump
and well. Tests 79011 and 75012 were cooperative tests with the
German Farm research personnel. This has been very enbarassing for
the U.S5. research effort in Yemen as seen by research professionals
from other nations.
Reportedly the activities of thinning, crossing and selfing and
spraying for stem borers was not always done in a tirely manner.
This was due to labor shortages, vehicle shortages and in some
cases to project personnel not getting to the field immediately

after arrival at work. Two restaurants on or near the mission
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3.

are open for breakfast and many workers eat brakfast after re-
porting for work. One restaurznt is vrun by USAID and the other by
the Yemen Government.

i. There was a very acute vehicle shortage during rmost of the season.
Farm help and project research perscrnel were meny times, unable to
get to and from the plots. Part of the problem ir. "L" above was
due to a lack of tramnsportation. Two project vehicles went irco
the shop for repair in early surmer (May or June) and were otill
there upon riy depasture about € months lzter on 20 Novemier. lMst
of the delzy in their repair apparently has beern lack of funds to
pay feor nigh priced repairs in Yemen.

J. Caly three outreack (on-farm) tests were put out this year, as
corpared to 14 last yeer (1978). The major difficulty was lack of
vehicles.

Field Research Data Collection:

Field data such as stand counte and dates of 507 bloom were about
all complete. Height measurements were partially completed and had to
be finished up. I made agronomic ratings of plants and heads in
appropriate plots. I estimated bird damage and lodging for grain yield
plots just prior to harvest. Bird damage was about zero for more than two
thirds of the grain yield plots. Most of those plots with some bird
damage were estirated at one to five percent. Very few plots suffered
bird damage in the range of 10 to 25%.

Germplasm Selections

At mid-October the mature heads of these plants with proper

raturities for this environment were quite easily distinguished from
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the greener heads of later maturities. The entire research farm vas
rapidly drying up so germplasm selections had to be made in the latter
part of Cctober for those plcts planted first last spring. The mature
genotypes had to be selected while they could still be distinguished
from later less desirable maturities that were rapidly drying up to an
apparent 'mature phenotype". Since the original planting schedule
covered 3 to 4 weeks, the selection and ha;vest at the seasons ernd could
be spread over a couple of weeks thus allowing better use of our lizited
supply of farm-labor.

A number of lines with very ecrly maturities of only 80 to 9C cays
versus the usual 120 to 150 days to 507 bloom were selected for pos-
sible future use. Early maturity is a form of drought tolerance through
escape.

Initiation end Supervizicn of Field Hzrvest of Yield Test Plots

Tags to label sacks of hand-harvested grain and forage from yield
plots had already been made out by project personnel. There were not
enough sacks to make a complete harvest of all tests. The Mission
disallowed the purchase of additional sacks from the local market with
mission project funds for budgetary reasons. After vy arrival I
purchased 200 sacks locally with funds I carried to Yemen from Arizena.
We were still harvesting over 500 fewer plots than were planted due to
loss of these plots from the irrigation well break down earlier in the
geason.

Data Tabulation

Project personnel under the supervision of Mr., Tasawar Hussain

kept current with field data tabulation as rapidly as it was available.
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By harvest time around the first of November.tables of data on
stand, days to 50Z bloom, height, etc. had all been made out ready
for inclusion in an annual report. Project personnel would work in the
fields in the mornings and in the laboratories in the afternoon, on date,
tags, and other harvest preparations and activities.
IV. Other Project Activities of an Administrative Nature
1. Interim Report for Period of March 1977 thru October 1979

A narrztive type of interixz report was prepared during 16-19-
Octobes for the Yemen Ministry of Agriculture covering the period of
¥arch 16, 1977 to mid-October, 1579. A detailed report contzining data
for this period is still under preparation in Tueson and is overdue be-
cause of a backlog of activities. Copies of this interim report have
been distributed to appropriate personnel by the University of Arizona.

2. Current status of develorment of the Al Jarubah Research Farm from
detailed discussions with Mr. Madhu Acharya (project Agricultural En-
gineer).

Development of the Al Jarubah Experiment Station area includes an
obligation (written or unwritten) to furnish water for human needs of
all irmediate area residents or anyone desiring water. Research needs
then come next. This priority is almost a law in Yemen.

The priority water requirements may be listed as follow;:

First = human needs
Second = research with current horticultural plantings taking pricrity
over field crop research which is not yet in operation.

The needed area of land to be developed for field research

purposes is set at 25 hectares. This area of land is considered what
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1s necessary to initiate and conduct both Horticulture and Sorghum and
Millet research at this location in tke near future,

The research water requirement for this area of land is celculated
as followe:
Two crops per yeer ¢ 500 mm/crop = 1000 cm/year
Water sources: rain = estizated 100 rr/year
needed irrigation -.900 rn/year
Irrigztion requirement of 900 rm for 25 hectares = 225,000 cu. meters
of water per year.
Ccusidering a 207 loss between punping and use of the 225,000 cu m makes
necessary the pumping of 270,000 cu m of water pé} year,

Well operating time is estimated at 300 days per year at 10
hours per day with a required 25 liter per second discharge capzbility,

A general rule is one liter per second per hectare well capability.
Thus an irrigztion well czpebility for this 25 hectare aree reeds to be
25 liters per second per hectzre. |

The one existing well, which has a 6 ipch casing ie currently
delivering about 4.5 liters per second. It is ectimated that the ap-
propriate total output of this one small well currently in use will
be used almost entirely for local humar needs.

The obvious conclusion is that any sorghum and millet research
depends on the develcpment of new irrigation wells.

Bids on a new well were being solicited at the time I left on
20 November. A 12 inch casing was being asked for in the bid however
if 2 12 inch drill is not available in-country a 10 inch casing may

have to be installed. The well is estimated to be 200 meters deep.
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A maximum output for the new well is estimated at 10 liters per secend.
It could be less than this under sustzin=d operatica.

This experiment farm will reed a third and rmaybe a fourth well,
depending upon the output of the second well now under bid.

f everything runs very smoothly tle new well could be in
operation by mid-January. ULovever there was a question of availazbility
of mwoney to drill and install this new well.

Currently akout 5 hectares have been only partizlly (70%)
levelled.

Horticultural plantings are now in about one hectare but there
are Lorticultural materials under & shade house which need to be set
out.

Building plans zxe ccmplete for:

a. Renovation of ground floor of the existing residence (3 rooms for
2 people).

b. Trziler shed (to cover a trziler = 2 people).

€. Pump house

d. Garage for equipment

e. Warenouse

£. Generator house

g. Waste disposal system

h. Vater supply system

The current estimated cost of these buildings is over $300,000
and rapidly rising. Only about $110,000 of funds are currently avail-
able.

Yo contractor will bid on only a few of the job items beczuse

6f the inaccessibility and high cost of operation at the site.
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Contractors seeing the site say they will bid om a2ll or ncne.

Mr. Aéharya, who is the professional with all of the expertise
and knowledge of the job, is leaving in mid Pecember and ro replace-
ment is scheduled to carry on the work.

Suggested plans for the first field plantinge of sorghum and mille:

at il Jarubah

Successful operational field procedures for growing sorghum and
millet Lave not been tried or worked out for this site. Thus it is
unadvisable to commit seed of valuzble germplasm vhich is in lirited
quantities. The first requirement is to learn how to successfully
plant, cere for, grow and produce a2 crop of both sorghum and millet.

| The research lané arez has not been levelled to give uniform
field ccnditions from plot to plot. Currently no equipzent is
available to this project to do this therefore ertirely relizble
research data will probably not be available.

Juggested plantings are:

a. Planting of bulk seed cowposed of many genotypes. Such a uniform
bulk population will give visible gross phenotypic Aifferences
such as height in areas of the field of differing soil environ-
ments. Uniformity of the field may be assessed. Also individual
plants with adapted phenotypes and genotypes may be selected for
future evaluation and/or breeding work.

There is a large supply of such bulk sorghum and millet
seed on hand.
b. A date-of-planting of the bulk seed described above could be made

every month., This would accormplich the objectives of a atove
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but Ir additicn an evaluation of the general response of sorghur
and millet planted at different times of the year could be made.
Problems of growing and developirg a crop throushout the year
could be assessed,

c. Zome viforzm local genotype could be grown in one planting or
date-of-planting but no selections for btreeding work would be
possible.

Seed of short, grain-type genotypes.

I rmade 40 selections in 1978 of individual plants of a corbine
height (less than 1 meter) but with large heads. The plants selected
were leafy with a sturdy stalk. The objective was for a comtine-type
variety for zreas where mechanization of grain producticn would be
poseible.

These selections were grown in 1979 in e yield test for grain
and forage. Most continued to be true to type.

Research personnel at the Tihama Development Authority and Surdud
Experiment Farm expressed a strong desire to obtain seed of some of
these lines. I selected the best cnes at harvest and selected seed
of these lines. Seed of 13 of these short, grain-type lines (or
varieties) were sent to Surdud via Mr. Yahya Shuga and the Ministry
of Agriculture. See Attachment 1.

These lires should give even larger plants and heads under the
more rild environments at the intermediate elevation of Surdud.

It is hoped that these releases of germplasm will enhance the

standing of this project in Yermen.
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5. A recliglous holiday (Big Fide) cccurred from Tuesday (30 Octoter)

through Sunday (4 November). This was a 6 day holiday which all
personnel tcok off. This was zt the height of the field selecticn
vork and midway through harvest. Two of the project technicians
éonsented to work (overtime) for a coupie of half-days. Mr. Hussain
also worked extra. I spent most of the toliday in the field making
selections and plot evaluations.

Mr. David Potinson had not taken any vacatilon since coming to
Yemen last December 1978. He left on leave on ¥enday 22 Cctoter to
Greece. He returned Monday 12 November, 1979,

Mr. andreas Tacadao IVS Agronomist, had departed from Yemen at
the end of his 2 year tour, in early October before I arrived.
4s stated earlier in this report, Mr. Madhu Acharya is scheduled to
leave Yemen in mid-December at the end of his 2 year tour with IVS.
Mr. Tasawar Hussain, Agronomist with IVS, is also scheduled to com-
plete his 2 year tour in Yemen.

Mr. Acharya needs to be replaced. with soreone else with
engineering capabilities to continue development of the Al Jarubah
Experiment Station. Mr. Hussain wishes to coatinue in Yemen and is
badly needed on the project. He has assumed zlmost full responsibility
for assembly and tabulation of the field research data intc tatle
form in 1978 and 1979. Mr. Hussain has an application pending with
the UNDP~FAQ at Taiz if this project does nmot hire him.

The lease on the Voigt house (Voigt Hilton), which had been rented by
USAID for TDY use of the sorghum-millet project, expires on 6 December.

USAID is not going to renew the lgase due to landlord difficulties.
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The house Dr. Stewart ferrmerly occupled is being readied for use by
the sorghum-millet project.

The cffice furniture being used by Title YII design tearm was
borrowed from the sorgkum-millet project and should be returned to
the project for use in development of the sorghum-willet research
center in the Tihamas.

8. The open, screened latoratery spaces for drying harvested plots of
grain and forage is less than half of what is needed for what was
harvested this year. This is not counting the 217 loss of plots
referred to earlier in this report.

My original request in 1977 fzr this area was nearly double in
size, The plans that went forward for construction were modified in
the azpproval process to include an automotive wash rack, a grease rack
and an auto supply room but at the expense of the research material
drying and processing zrea.

Currently field raterials are bteing stored after harvest to dry
in interior rooms where they will not dry very well, they dirty up
clean storage areas norrally used for long term seed storage and auto
supply storage, and prevent on-going work of a different nature planned
for these areas. A reassessment of research laboratery space nceds
should be made.

V. Professionzl contacts were made in-country during this visit with the
followivg individuals regarding various phases of project activities.

l. Dr. R. P. Upchurch, Project Director. A brief tour of the project

research plots at Sanaa was made on 15 Oct. with Dr. Upchurch.
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Frogress and goals were discussed vhile ir the £1eld and at cther
tiges in the writing of an interim report for March 1977 to Oct.
1979, DNiscussions were held relztive to criticiesms of the project.
Mr. Robert G. Huesmann, Directer, USAID, Senza. Mr. Huecrann re-
quested and was given a perscnal tour and description of the Sanaa
research plots on 24 Oct. Objectives of various experiments were
explained, examples of progress were illustrated, and current re-
search problems were discussed.

Mr. Yahya Shuga, Plant Breeder Counterpart znd Ministry of Agricultur:
. A detailed tour of various researcﬂ tests was rwade to view and
discuss progress for the season. Nr. Shuga briefed me on activities
and problems that occurred during the growing season.

Mr. Arthur Eritton, Agriculturzl Division, USAID, Sanaa.

A brief description of some of the resezrch tests at Sanza was
made In the fleld. Mr. Eritton accepted an inviteticn to visit cne
of the outreach (on-farm) tests when we went oput to harvest it. This
was alzie an opportunity to view sorghum fields, just prior to harvest,
for about 30 kilometers south of Sana'‘a along the Tziz highway.

Dr. Deran Markarian, Agronomist and Chief-of-Party, Yemen Sorghum
Millet Project.

Dr. Markarian arrived in-country on 8 Nov. 1979. From this date
to oy departure on 20 Nov. brief explanations and discussions were
held at various times or numerous topics relative to activities in

Yemen in an attempt to brief Dr. Markarian.
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6. Dr. Harnek S. Sandhu, Plant ®reeder, Yemen Sorghum-Millet Project.

Dr. Sandhu arrived in-country on 9 November 1979. From this
date to my departure on 20 Yoverber Dr. Sardhu eccompanied me in rost
of 2y activities to try to become familisr with the project and its
progress, otjectives and procedures. Dr. Markarian was anticipating
spending his time in Hodeidah so Dr. Sandhu was briefed on admin-
istrative activities regarding project supplies and equipment,
technician trainirng and promotien, all research activities, etc.

The outreach tests Lad all been harvested as hLad the najcrity of the
field research plots at Sanaz when Drs. Markarian and Sandhu arrived
in Yemen. Dr. Sandku did assist with the last of the field selection:
to be rade.

It was not feasible to delay research activities until Drs.
Sandhu and Markarian arrived since the field labor force had been re-
duced during the season to cut costs and :he mission was making plans
to take all farz laktor off the payroll - whether we were finished wit}h
our field harvest and theshing or not. I pushed everything as fast as
possible right through the holiday week of Eide.

Mr. Tracy Atwood, Yemen Desk, AID Washington, D.C.

¥r. Atwood arrived in country on 9 November on the same flight
as Dr. Sandhu. Mr, Atwood was still in-country at my deperture on 20
November. lir. Atwood requested and received a complete tour of the
field research plots and a detailed explanation of various tests and
research materials on 16 Novenmber.

Mr. Atwood later had an opportunity to use his information in

discussions with a member of z UN-FAO Advisory Team, Mr. Elco
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Greenchields, regarding the stztus of progress of this project in
Yemen.,
Dr. "Sen" Freeburg, Vorld Bank.

I participated in a conference on 28 Cct. with Dr. Freeburg
7ad MXessrs. R. G. Huescann, Harry Jchnson and Art Briston relative
to this project. Dr. Freeburg requested and received a tour znd ey-
planation of on-going field research in Szna'a on 30 Oct. Dr.
Freeburg was on a tight schedule so his field visit wes too trief
to cover uuch more than a fast trip around some of the plots.
Mr. Elco Greenshields, Member of Evaluztion znd 4dvicory Tezzm, Uli-FAO.

Mr. Greenshields was in-country as a consultant and werber of a
tear to advise the MNinistry of Agriculture om the many different
agricultural projects operating in Yemen. Mr. Greenshields consulted
with Mr. Atwood in some detail about this project and then extended
an invitation to me to have dinner with him at the Seam City Eotel for
some discussion of the project. Messrs. Atwood 2nd Davic Beach and
Drs. Markasrian and Sandhu also joined the meeting.

¥r. Greenshields was quite exphatic abcut past rather derogatory
advice that had been given the Ministry of Agriculture regarding this
project by a past Ministry adviser. Mr. Greenshields did not visit
the field plots.
A4 Meeting was held at the Ministry of Agriculture on 20 Oct.

The following USAID personnel were in attendance: Huescann,
Johnson, and Britton plus Shuga, Mayberry, Lee and myself in addition

to others. 'Mr. Jagmann chaired the meeting. The agenda included
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discussions of the Poulrry Project, Horticulture Project, Sorghum-

Millet Project, and z planned %Vater Resources Project.

At this meeting the Ministry gave verkbal approval for Dr.
¥arkarian to come to Yemen znd to reside in the Tihema and Dr.
to come to Yemen to work at Sana'a in the uplands.

Attachment

1. Short-Grain seed 1ligt of releases.
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ATTACHMENT 1

Sorghum-M{llet Project
University of Arizona and USAID - Sana'a, Y.A.E.

Grain Varieties of Short Heirht for Surdud

No Seed Source Pedirree
1 79006-101 76026-004-4
2 79006-107 76026-070-5
3 79006-113 770935-08-8
4 75006~114 77063-22-22
5 790G6-116 77092-76-6
6 79006-119 77 Composite-8
7 79006-123 77 Conpcsite-jQ
8 790C6-125 77 Cormposite-58
9 79006~128 77 Composite~73
10 79006-129 77 Cocposite-75
11 75006-135 NES 1570
12 79006-138 IS 410
13 79006~139 IS 410

ovexber 1979

Dr. Robert L. Voigt

To: Mr. Abdul Momen Hazza
Tihama Development Authority
Wadi{ Zabid Project
Tihama
Yeren A.R.

Seed to: Surdud Farm (Chazi Nasser)
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(International Crops Research Institute
for the Semi-Arid Tropics)

at Hyderabad, India

Date of Visit:
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Contract No. By:

AID/NE-C-1304 Yemen Dr. Robert L. Voigt
Department of Plant Sciences
The University of Arizona

Digtribution: In support of:

Contracting Officer (3) National Sorghum and Millet
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AID Reference Center (2) Project No: 279-11-110-030

Yemen, Chief-of-Party (2)

Director, International Agriculture
Programs (1)

Head, Department of Plant Sciences (1)

Department Plant Sciences file (4)

Dr. Albert K. Dobrenz

Dr. Victoria Marcarian
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I.

II.

Introduction and Purpose of this Visit to ICRISAT

ICRISAT (International Crops Research Institute for the Semi Arid
Tropics) is a world center for researcﬂ on Sorghum and Millet for adapta-
tion to environments quite similar to the Yemen Arab Republic., This
Research Institute also conducts training progrems for perscnnel at all
levels of research activities. Information in these two areas is of
great importance to full development of the University of Arizona-USAID
Sorghum-Millet Project in the Yemen A.R., therefore this visit was made
to ICRISAT.

I arrived at ICRISAT headquarters in Hyderazbad at sbout 1200 on
Thursday, 22 November 1979. I departed the same cffices at about 1200
on Saturday, 24 November, 1979.

I entered into the following activities and private professional
discussions with staff personnel. Dr. D. S. Murty was responsible for

making local arrangements for my visit. He did an excellent job.

Vigit Agenda Items
1. Private discussions were held with each of the following staff
personnel regarding their professional research activities and
responsibilities.
a. Dr. Lee S. House, Principal Plant Breeder in Charge of Sorghum.
Dr. House explained the world-wide establishment of research
stations linked with the main ICRISAT headquarters at Hyderabad
and the specific research possible at each of these sites due to
possessing specific environments associated with the semi-arid

tropics. This network of "sub-stations" is just being developed.
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The various environments make possible more precise research
revolving around elevation, drought (moisture stressl,temperature,
diseases, insects, and soils, etc.

Dr. House expressed a desire to obtain seed of the Yemen
Sorghum collection as soon as it is available. He ‘also wishes
to give this collection IS (International Sorghum) numbers.

He advised that Dr. Varten Guiragossien of CIMMYT at El
Bataan may also be able to furnish seed of sorghum types adapted
to cool (high elevations) environments as in the Uplands of
Yemen. These lines may offer another source of germplasm for
selection in Yemen.

Dr. D. S. Murty, Sorghum Breeder

Dr. Murty has responsibility for research on grain quality
in sorghum. His work involves grain molds and diseases, and
food quality of the grain. The Uplands of Yemen are so dry that
the grain is generally quite free of molds and diseases. Iowever
since most of the grain in Yemen is consumed by the people, its
nutritional value and quality is very important. Attention needs
to be made as to the food quality of selections made in Yemen.

So far it is not clear how this should be done.

It 18 relatively easy to analyze grain for standard con-
stituents however I have noted that the Yemeni have a high taste
preference for their own locally selected sorghums. Whether this
preference 1s real or imagined may be difficult to determine and

also difficult to overcome.
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c.

d.

Mr. Bhola Nath Verma, Sorghum Breeder

Mr, Verma has responsibility for development of sorghum
populations for different environments and purposes and incor-
porating different germplasm sources into populations.

Some 900 lines have previously been incorporated into popu-
lations. Several imported populations are being discontinued for
being unadapted and having no potential. Populations he has
brought to ICRISAT from the U.S. and other places have been
agronomically quite unadapted and heve had to be reselected and
rebuilt at an expense of several years time. Populations are
now being built from the beginning using locally adapted genotypes.
Dr. B. V. S. Reddy, Sorghum Breeder

Dr. Reddy has responsibility for the study and development
of drought resistence in sorghum. He had been selecting for
drought resistance at two stages —— in the seedling stage and
at the end of the growth cycle. He has currently discontinued
the work on drought selection in the seedling stage. From his
limited work he did not feel that the seedling drought tolerance
was very well related to mature plant drought tolerance.

His seedling drought selection system consisted of planting
different genotypes in well-watered flats in a shade house (or
greenhouse) and allowing them to dry. When nearly completely dry
they would be re-watered once. Survival and recovery scores would
be taken before and after rewatering.

The "end of growth cycle" drought selection process consists

of drying up the plant in the field in the reproductive phase.
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A special planting date must be used to try to insure lack of
rain during this period of plant growth. ICRISAT has occasional
rains so dry conditions in the fields have been variable and un-
predictable. He is using a pedigree system of selecting and
testiﬁg vhat appears to be drought tolerant plants. He has not
been carrying on this research long emough to be very sure of

his results. He plants an "irrigated" (non-stressed) counterpart
plot to try to measure the relative performance of the stressed
selections.

The weather at Sana'a appears to be drier for a longer
period of the growing cycle than at the main ICRISAT site. I
feel we can do at least an equal and probably better job of
stressing sorghum at Sana'a than the current ICRISAT program.

I feel it is important to stress a sorghum or millet plant early
in its life to harden it., This ability to harden'plus other
characters associated with drought tolerance are then selected
for altogether in one genotype.
(Note: I have been using this same system in Arizona for about
10 years, or longer than ICRISAT, and have obtained measurable
positive results. Arizona has a longer dry season so my selection
procedures have been carried out from right after the seedling
stage throughout most all of the life growth cycle of the plant.
I feel the plant needs to be "hardened" at an earlier age than
near maturity. This ability to harden plus other characters in-

volved can be selected for. Arizona currently has a very superior
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field laboratory situation due to long, hot dry periods of
weather).
Dr. M. J. V. Rao, Sorghum Breeder

Dr. Rao has been werking about 5 months on striga resistance
in sorghum. He has taken over the program of Dr. K. V. Paraiah
who had been active in research on striga for about 5 years. Dr.
Ramaiah is now at one of ICRISATS new research locations in Africa
but is not working on striga.

The current status of striga research is well summarized in
an Attachment (1) to this report given me by Dr. Rao.

It was interesting that ICRISAT 1s having considerable
difficulty in establishing striga sick plots. They have been
rather unsuccessful in spreading striga to where they want it.

Dr. F. C. Gupta, Millet Breeder

The staff working on Millet consists of 7 professional breeders
(2 principal scientists and 5 scientists) and each has about 5 or 6
graduate students.

The millet improvement prograw consists of (1) population im-
provement and (2) production of hybrids (variety crosses) and
synthetics.

Populations are being built from lines showing (1) grain yield
stability, (2) resistance to diseases and (3) nutritional quality.
Populations are not released to the farmer but are used as a germ—
plasm source for selection.

Five to eight superior selected lines from populations or

other sources are combined to make up an experimental variety. These
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experimental varieties will be tested in a national (India)
program. Seven experimental varieties are currently at different
stages of testing in this program. None have been released yet
to the farmers.

Hybrids and other crosses are being made between African
and Indian lines to obtain larger parental genotype differences
and thus hopefully obtain superior hybrids.

Dr. K. Anand Kumar, Millet Breeder

Dr. Kumar has respcunsibility for supervising the international
evaluation of millet varietieé, hybrids and composite variatics,
These tests are at other ICRISAT locations as well as with other
cooperators. We have received seed for these evaluations in Yemen
but have not had the resources to plant and grow the tests. Sanaa
is not in & millet-producing environment.

Dr. Kumar recommends that interested cooperators grow and
observe a number of composited varieties: Then request seed of
individual lines composing this composite for further testing and
selection.

An Indian hybrid, BJ 104, has an extremely wide adaptation.

2. Meeting with Training Administrator

Dr. Dallas L. Oswalt, Principal Training Officer
The training cpportunities for interested personnel are
&vailable for new PlL.D's (post‘doctorates) down to new technician
apprentices and range from two years down to one or two weeks.
These opportunities are more adequately described in Attach-

ment 2 to this report.
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Basically a usable knowledge of the English language
is required of all trainees. Full dormitory and cafeteria
facilities are available on site for students.

Tour of the Research Station

"7 irwas given a brief tour of the field facilities. It

wvas late in the se:ison and most all sorghums and millets had
been harvested. The entires farm site consists of 1394
hectares. There are two basic soil types, typical of India,
on the farm. These are referred to as Alfisols (red soils)
and Vertisols (black soils).

There are irrigated and non-irrigated portions of the
farm. There is a swampy area where rice is grown.

The farm field labor force numbers over 2,500 of which
there are about equal numiers of males and females.

Seminar on "Sorghum Research in The Yemen Arab Republic"

I gave a seminar on the above topic to the sorghum and
millet research staff on 23 Nov. 1979. The group in attendance
consigted of plant breeders, plant physiologists, plent path-
ologists and eatomologists.

Most were of Indian citizenship. There were 3 or &

vestern country individuals.
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AT Tz iz AT

ICRUISAT STRIGA RESIITANTE BRELDIHD FROGR
TR. AT Ve RAC
' - g v, S WA o -,
LERISAT | #0200 frNSAD, Za5/4

Ltriva is 3 hologarssitic phanercyanr that can carasitize
v—— - -

many crop end non-crop hos:ts, and is raocognized as a0 econonticaliy
significent yieid reuvcer of sdrgnun, soretimes Lo (he extent of
tetal tess o7 the sorghum crop.  HCRISAT, tiws. hes 3trica oo its

riarigy list in the sorchun improvensni proaram.
’ - -

(i Tc understand the Striaga resistance amechanisns n scrchums.
———maie— -

(ii) To icenlity Strioa resistant scurce materizl,
et

w

(iii) Tec transfer the Strigs resistance to the azronomica:ly

D —— ]

elivte background.

wWork done so far:

{i) Three mechanisms have been identified which possibiy coafer
resistance to sorghum against Strioa infastation.

Tney arc: (a) Low-stimulant produc:ion, (b) Mechanicel
/

barriers to Line development and establictmant of Striga

haustoriumn, and {c) Anricicsis mechanism, due to a
physiological imtelance betiieen the host 2nd paracite

after nsustorial conneciion 15 established.

(ii) A double-pot technigue has been developed and nearly
14,092 germplasm | 'nes have been scrcened for low sti-
mulant production in the lab and 730 lines are found

to be low strigol producers.
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(iii) tnberitance of low strigs! praductisn cherscter heas

deen woraed Oul. It iz contro'led Ly & cirgie

recessive gene a=signated si, .
1

(iv) Few mechenica! barriers far the develommeatc of
haustaria nave bees 1d=ntified. They cre - & highly
thickered endodarmis in the rocts, endoustimal inner

tangential wall thickening, devziopnent ¢ pericycle
g ¢ P Y

iayers and formction ef silica crystals.

-t

j7iceiion of Resistance Suurces:

rt

international Vestirg and lden

Internalional Strige Resistance nuersery (ISRE). Scweral Strize
rr—— .

resistance source: are icentified in internaiicnal tasting 4t
different agroecclcgical! zones. Heooever. evcest SRE-5845, nene

of the other sources is resistent 3t most locolions.

A sick-plot is beaing developed at Patancheru and this

has Tacilitated ficld screening of the breading materic wvery much.

Both pedigree and composite agproaches are given emphasis:
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Pedigree arproain:

P
-—
-~

(a) Strennthening of resistance pe: :¢ Ivoiatercressing

di fferant resistent cultivars,
{b) Transferrinc resistance into £iits ¢r-onomic Lackgriurd.
(c) Simultaneously incovporating résistance to cother

traits such as shoci=fiy ctc.

(1i) Compo zpproach:

"
-t
]

A composite has bsen devzloped invalving farents

with different recistance rechanisns anc those

]

©

which are resistant tc S. asiatice and S. hermonthica.

Seversl crosscs were made onto the genetic maie-sterilies
~6. and ms.,: and ore beckoross ta the few best resistant

cultivars was effectad.

Prcblems encountered:

1) Erratic response of Srrias resiaten’ lircs *o Strige from
e ——————

differznt agre-ecological zones.

Serima in
———_——

2) The difficulties in gatring.univors stand of

g}riga sick fields.
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Training at ICRISAT

D. L. Oswalt and A. S. Murthy
Abstract

International internships, research fellowships,
research scholarships, in-service training programs,
and apprenticeships provide opportunitics for

8kill and concept development and practical
experience at ICRISAT Center, linking national,
regional and international research and develop-
ment programs with ICRISAT's scientific expertise
and research facilities. Designed to accommodate
participants with diverse backgrounds, the

programs enable each person to follow an
individualized study program most relevant to

his ability and his sponsor's need. Training
ranges in duration from a few weeks to twc

years; a follow-uy program commnicates research
findings to former trainees and maintains contact
with their progress.

.

'I'he objective of our training program is to train agri-
culturalists to work more efficiently in agriculturai
research, training, and extension programs and thereby
increase and stabilize food production in the rainfed semi-
arid tropics. By developing practical skills and concepts,
the program provides for an increasing number of scientific,
technical, and service personnel who can assist in improving
the production and utilization of sorghum, pearl millet,
pigeonpea, chickpea, and groundnut cultivars and in better
-exploitation of natural resources in improved farming
systems. The training programs link the national, regional,
and international research and development programs of the
SAT with ICRISAT's scientific expertise, germplasm resources
and research facilities which are not readily available
elsewhere.

These programs enable scientists who are currently
working on problems within ICRISAT's mandate to become
familiar with the adapted germplasm and research technology
for increased and stabilized food production in the semi-
arid regions of the tropics.
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Participants in the training programs at ICRISAT are
primarily from,or are interested in working in, the semi-arid
regions of the world. These regions urgently need persons
skilled in research and technology transfer to manage the
utilization and censervation of natural resources. Efforts
toward increased food production and an improved standard of
living in these agricultural regions are often limited by an
insufficient number of experienced and qualified persons who
can effectively adopt and communicate improved agricultural
skills and technology. In addition, improvement in agricultuye
is often slow as the producer must be assured that accepting
new varieties and techniques will rot adversely affect his
source of focd and farm income. Farmers are also slow to
accept recommended changes when the scientist is unskilled
and insecure.

ICRISAT's training programs are designed to accommodate
persons with diverse education and experience. Individual
programs are developed in association with scientific and
training staff, permitting each student to conduct his own
experiments, trials, or demonstrations, using the ICRISAT col-
lection of natural and scientific resources unique to the
physical. 2conomic, and social environment of the SAT.

The transfer of technology in the training programs
starts when the individual develops his research plans or
undertakes practical experience with the research
scientists and training supervisors. The staff, equipment,
germplasm, natural resources, and physical facilities and
the trainee's abilities, attitudes, motivation, and
experience combine to form an ideal training-learning
situation in which skill and concept development can be
practically oriented to laboratory research and food
production in the SAT.

Types of Trainirg

Five types of training programs, ranging in duration from
one or two weeks to two years, currently serve a wide
range of trainee needs.

International Interns, with recent Ph.D. degrees from
agricultural uni-:rsities of donor countries, learn to use
a team approach to problem solving, to applied research,
and to technology transfer procedures. Interns work with
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research scientists on selected on-going problems for one
to two years.

Research Fzllows, SAT scientists with M.Sc or Ph.D.
degrees, work with teams of research scientists on specific
problems utilizing recent developments, techniques, and
concepts. The length of training, a few weeks or up to two
years, depends on the areas of research selected.

Research Scholars, university students conducting
their thesis research, do so in a scientific environment
in which they acquire practical experiences, concepts, and
skills, and learn managerial techniques related to SAT
food production and natural resource development. Research
scholars are scheduled for 18 to 24 months' training at the
research Center in order tc collect three to five cycles
of data on their selected thesis problem for partial
fulfillment of their degree program.

In-gervice Trainees, participate in three types of
training programs of six to nine months, based on field
problems involving a full season for the area in which
they specialize. In crop improvement, they develop the
practical application of plant breeding techniques and the
utilization of sources of resistance and tolerance for
improved and stabilized yields of the crops in ICRISAT's
mandate. In crop production, they learn to utilize
production and management procedures for application to
Tocal conditions and to reduce adverse influences that
limit crop production. In farming systems, they learn to
assess the potentialities of natural resources and develop
farming systems that will utilize genetic resources,
cropping systems, land and water management techniques,
machinery, power, markets, and economic and human
resources.

Apprentices, who are agricultural engineering and
other students, have a work-study opportunity to obtain
practical experience in land development, water management,
and economics, in the operation, maintenance, and repair
of farui machinery, and in other field and laboratory
technigues. The students are provided one or two months
of work experience with engineers, research scientists,
and maintenance personnel.



Organization of Training

An advisory committee representing the ICRiISAT research
program gnd the Associate Director for International
Qooper§§19n assists the training staff in developing train-
ing poiicies. All applications for training are evaluated
by_the'advisory committee and the appropriate Institute
scientist or research guide. 7o qualify for training at
ICRISAT, each candidate must:

- be sponsored by an agency or institution
work]ng or intending to work in the semi-arid
tropics, or indicate an aptitude and desire
to work in SAT agricultural programs.

- present records of his academic training and
experien.c--including capabilities in the
Engl}sh language--which indicate that he will
profit from the training.

- indicate a willingness to do practical field
work and to study and conduct laboratory
and field research it areas compatible with
ICRlSAT:s mandate and the objectives of the
sponsoring agency's programs.

Trainiqg progra=s for each category of candidates are
organized within tr = ‘alized sciences of ICRISAT's
five crops, farmin . -.:::, and other ICRISAT Center
programs. Compreh.... . ,ndividualized programs, based on
precourse evaluations ...d interviews, are developed to
provide practical and theoretical experiences in agricul-
tural research, crop improvement, crop produstion,

agricu1§ura] management procedures, extension programs,
and training methods.

_ The duration and content of each training program are
adjusted to the number of seasons necessary to obtain
adequage data and the desired specialization of the trainee.
As an integral part of his training, each trainee develops
and conducts laboratory and field experiments or demonstra-
tions within the approved research program of the Institute.

AN fig]d qnd laboratory studies are supervised by
research scientists and training staff, with practical
training activities forming the core cf the research and
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managerial experiences. The field and laboratory learning
activities otcupy more than 60 percent of each individual's
training program. Accomplishments are periodically evalu-
ated cn the basis of skill performance and theoretical concept
development. Final evaluations determine an individual's
progress, help establish his personal confidence, and assess
his reaction to the training program. Evaluations are also
used in following up a trainee's later performance in fields
re’ated to the training received at ICRISAT.

Cooperation within ICRISAT

The field, laboratory, and classroom learning experiences are
conducted by research scientists, assisted by the training
staff. Research scientists participate directly in the
training activity as field, laboratory, and classroom instruc-
tors, thesis research guides, and supervisors of interns and
research fellows. The training staff coordinate the individ-
ualization of research projects, the instruction, the evalua-
tion of practical concept comprehension,and the follow-up
programs. They insure a balanced and comprehensive learning
opportunity for each person.

Cooperation with other Institutions

Special assistance is obtained by utilizing the staff and
facilities of neighboring institutions. French-speaking West
Africans have been given intensive instruction in English
language by the Central Institute for English and Foreign
Languages and the Osmania University. In addition,special
ertension methods, lectures,and laboratory exercises have been
provided by staff of the Extension Education Institute. Schol-
ars conducting their thesis and practical research at ICRISAT
Center have been enrolled for their degree programs or coop-
erative agreements for training have been established at:

- Andhra Pradesh Agricultural University,
Rajendranagar, India

- Himachal Pradesh Agricultural University,
Simla, India

- Uriversity of Manitoba, Canada



- Towa State University, Ames, Iowa, il"A
- Cornell University, Ithaca, NY, USA

- Agricultural University, Wageningen,
The Netherlands

- University of Reading, Reading, UK
- Texas A & M University, Texas, USA

- Asian Institute of Technology, Bangkok,
Thailand

- Punjab Agricultural University, Ludhiana,
India

- Haryana Agricultural University, Hissar,
India

- Jawaharlal Nehru Krishi Viswa Vidhyalaya,
Jabalpur, India

- Tamil Nadu Agricultural University,
Coimbatore, India

- University of Agricultural Sciences,
Bangalore, India

The interaction among scientists of the Institute and
university advisory comnittee members has been extensive
and advantageous to both scholars and scientists. Indian
universities, institutes, commercial companies, and local
farmers have been contacted on educational visits. These
vicits demonstrate the adaptability of research findings
and germplasm to other research programs and farms.

In-service Training Programs

The following objectives and program outlines are used to
develop specific training activities for individuals or
groups:
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Crop Improvement

Objectives
The crop improvement program is to provide opportunities:

- to learn breeding techniques for improving and
stabilizing yields.

- to assess and learn to utilize the potential
of the germplasm available for use in the SAT.

- to practice and learn breeding techniques and
requirements for efficient and effective
identification and utilization of resistances
to factors which reduce production in the
semi-arid tropics.

- to work with crop improvement scientists.

- to develop skills in organizing and managing
a successful breeding program.

Program Qutline

- identification and utilization of phenotypic
characteristics associated with desirable
plant types.

- plant breeding methods and their utilization
for increased and stabilized yield.

- breeding for improved quality and acceptability.

- breeding for resistance or tolerance to
diseases, insects, pests, wceds, and envi-
ronmental stress (water, temperature,
nutrients, competition).

- germplasm--origin, classification, diversity,
adaptability, utilization, preservation.

- physiology of the adapted germplasm and
factors associated with stages of plant



development and range of adaptability attribu-
ting to improved yield.

establishment, selection and development of
breeding nursery, seed production, and
testing facilities.

experimental design, field-book design, record
keeping, data analysis, and management of
breeding materials, experimental plots, and
nurseries.

environmental requirements for accurate
screening and testing.

agronomic requirements and production proce-
dures for breeding for crop improvement.

utilization of statistics in crop improvement.

Crop Production

Objectives

The crop production program is to provide opportunities:
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to gain practical skills for increasing
crop production in the SAT through an

integrated approach to natural and human
resources in ever changing environments.

to assess improved cropping and manage-
ment procedures and learn how to adapt
them to local conditions.

to learn to identify and reduce adverse
influence that limit crop production in
rainfed semi-arid tropics.

to develop an appreciation of the role
of and the importance of utilizing
social, cultural and economic factors in
improving agricultural production.

to develop the ability to use extension tech-
niques for communicating new and improved
technology for increased and stabilized food
production.

Program Outline

climate and other environmental factors
influenci:ug crop production in rainfed
semi-arid tropics.

soils and their type, fertility, conserva-
tion and utilization in relation to
environment and crops.

soil management for efficient water utiliza-
tion and seedbed preparation.

selection of crops and cropping systems
for economic production.

disease, insect, and pest symptoms and
their levels of incidence; control methods
and economic evaluation of procedures.

harvesting, drying, storage, and marketing.

efficient use of animal-powered equipment
and other power sources.

development, establishment, and evaluation
of trials, experiments, and demonstrations.

use of communication media, management
methods, and procedures which will result
in increased and stabilized crop produc-
tion by farmers.

Farming Systems

Objectives

The farming systems program is to provide opportunities:



- to develop skills in natural reso.rce utiliza-
tion research related to catchmenl-: ===
development for improved land and - * ' * manage-
ment.

- to become proficient in production factors,
research methods and techniques related to
agronomic practices, cropping systems, soil
fertility, soil physics, plant protection,
farm power, machinery, economics and
management skills to insure increased and
stabilized food production for the rainfed
semi-arid tropics.

Program Qutline

- study of climatic influences, probabilities,
and predictions in relation to farming
systems in semi-arid tropics.

- soil types, physical characteristics,
fertility and management factors in rela-
tion to nutrient and water availability
and crop systems.

- land development for improved soil and water
management,

- cropping patterns, »lant and environment
interactions, and seiection of intercropping
systems.

- land preparation, soil management, crop stand
establishment, fertility management, weed
control, and cultivation.

- plant protection measures (use of insecticides,
fungicides, herbinides), economic levels and
safety factors.

~ use and maintenance of farm power and machine-
ry for economic production.

- harvesting, threshing, storage ana marketing.
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- economics of farming system, risks, invest-
ments, costs and returns.

- experimental design, layout and implemen:a-
-tion, data collection, analysis and
interpretation.

- management of experimental nurseries and
farms.

- development and utilization of extension
methods and techniques for adaptation of
farming systems which will increase and
stabilize food production.

ipecialized Areas

Objectives

The specialized programs are to provide opportunities:

- for a.ski]] development or improvement by
practical experience working with specific
equipment and techniques.

- for training and experience in working with
a team approach to problem solving.

- for identifying specific new skills and
techniques relative to identified special
SAT problems for increased and stabilized
food production.

Program Qutline

- study and work with selected equipment
and procedure.

- work with specialists in soil science,
natural resource management, entomology,
pathology, microbiology, physiology,
breeding, economics, sociology, engi-
neering, agroclimatology, cropping

11



systems, computer science, communications
or other related ICRISAT speciality.

Follow-up

National program scientists, in-country development program
staff, and former trainees assist in identifying areas
where trainee selection procedures can be improved, where
additional training is required, and where additional
training programs are needed. Contact is maintained through
cerrespondence and personal visits by ICRISAT staff who

are working and travelling in areas where former trainees
are employed. Germplasm, reports, newsletters and informa-
tional materials are provided to former trainees to keep
them informed of new developments. Such follow-up contact
is maintained with 174 trainees from 35-eountries who
participated in over 30000 mandays of training at ICRISAT
from 1974 through 1978.

Future Prospects

The number of trainees at ICRISAT Center is expected to
increase by 1980 to an optimum at any one time of 60 to 75
in-service trainees, 10 to 15 research scholars, 10 to 12
research fellows, and 10 to 15 international interns, plus
special area trainees (a few days to a few weeks for
groups of up to 25 to 30 persons at a time) for intensive
training in such areas as pathology, microbiology,
entomology, land and water management and cropping systems.

A major restriction to the number of applicants will

be the inability of national research programs, development-

program sponsors, and Institute staff to identify persons

qualified in English and agricultural science from areas

where the predominant languages are French, Portuguese,

Arabic, and Spanish. The number of potential trainees with

satisfactory education, research, and agricultural

training and experience in most SAT regions is relatively

low, a condition expected to continue until the number

of science graduates increases. The third limiting factor
“will be the number of persons which the research and

training staff can accept for instruction in the laboratory,

classroom, library, and seminar facilities of ICRISAT

Center.

12

€61

_To meet the needs of the regions within our mandate,
the in-service training program anticipates accepting
approximately 66 percent of its nominees from African SAT
regions where trained scientists are few. The remainder
will be accepted from other regions. Approximately equal
numbers of research scholars and research fellows will be
considered from the African regions and from southern

Asia; the remaining one-third will come from other regions
of the world.

_Instruction at ICRISAT will continue to be mainly in
English. Intensive English language training courses wiil
be conducted at Hyderabad or encouraged in the home
country to chilitate the use of a common set of instruc-
tional matgr1a]s and provide a wider source of literature
to the trainees. The development of audio-tutorial
teaching units in English and other languages can be used
at ICRISAT to broaden the opportunity for those not fluent
in English. Development of training programs in other
language-group areas of the world will be explored as the
numper of pogential trainees in a region increases or as
regions obtain training facilities. However, the generally
small number and widely scattered agricultural science
gradga?es working in the semi-arid regions reduces the
feasibility of establishing training centers in specific
!angu§ge-5peaking regions for the 6-month type of
1nd]v!dua]ized practical training programs. In addition,
training in one's home environment reduces the value
aghIeved.through experience gained in a new environment
w1th a different range of natural resources and research
facilities.

The number of requests for pigeonpea, chickpea,
groundnut and farming systems training programs will
significantly increase as the national and regional
programs expand their research and development activities
with these crops and in farming systems. One of the
major responsibilities placed on researchers at all
levels is management of research farms and training
personnel. Thus research farm management and training
methods will continue to be emphasized in all our
programs.

Persons who complete training and work in research and
Qeve]opment programs of the semi-arid tropics are
isolated and lack contact with other agricultural

13



-scientists. Hence, ICRISAT will--as part of the follow-up
program--communicate current research findings and new
germplasm developments to former trainees so that they can
continue their professional improvement.

14
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- Section 12 -

Summary of Accomplishments to Date

Accomplishments of note for 1979:

1.

2.

3.

An increasing number of better adapted experimental sorghum genotypes are
coming through the breeding system and are now available for outreach
testing.

Thirteen high-yielding grain type varieties of short height were released

by the project to the Yemen Ministry of Agriculture. These are varieties

of about 60 to 70 cm in height with large grain type heads. These varieties
have been developed and released for use in large, flat areas where combines
can be used in mechanized harvesting.

A more efficient and faster outreach test evaluation procedure was devised
to evaluate 5 to 10 times as many experimental materials.- This was suggested
for use in 1980.

The first experimental hybrids were made using early backcro;ses of the line
being developed and several of the superior lines from the Advanced and
Elite Yield Tests as pollinators.

Further backcrosses were made in developing an A and B line for future hybrid
sorghums.

U.5. Forage Sorghum Hybrids were evaluated for grain and/or forage phenotype
and production under local conditions. Most U.S. forage sorghums were much
shorter in height and of early maturity at Sana'a and would be considered to
be nearly a short grain type.

Sorghﬁm X Sudangfass hybrids were evaluated for forage production under
repeated clipping regime and were found to have considerable potential for
use as a green forage.

Millet again was shown to be less adapted than sorghum to the Sana'a

environment,
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9.

10.

Project technicians and farm personnel received the opportunity to use their
previous training and carry on project research activities on their own.

They did a good job and earned much experience and self-confidence in doing so.
An extensive effort was made all summer long by the Mission to develop the

A1 Jarubah Experiment Farm. The Mission had no other resources to use other
than project vehicles, personnel'and supplies, which were diverted from

project work to development of the new farm.

Other Accomplishments for 1977 through 1979:

1.

3.

5.

Devised and instituted a basic but simple systematic plant breeding selection
and genotype evaluation process sequence of head-to-row, preliminary yield
test, advanced yield test and elite yield test. Forage yield as well as grain
yield data would be taken on elite test entries. Elite test entries may also
be evaluated in outreach tests.

Improved soil management and experimental field plot procedures to obtain more
precise field research results on the Bir El Gohoume Research Farm at Sana'a.
Developed a second irrigation well and cleared and leveled more land on the
Bir E1 Gohoume Farm to increase research efforts.

Developed laboratory and office spaces to suit the type of research to be

done on this project.

Acquired and put into use various essential field and laboratory equipment
items for obtaining proper research data.

Trained a basic staff of Yemeni research technicians and farm field personnel
in simple research methods and procedures through on-the-job and classroom
training.

Gave English language training to most of the project Yemeni staff.

Obtained and set up an academic and scientific book library in all facets of

Agriculture for use by and training of the Yemeni te:hnical staff.
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9.

10.

11.

12.

13.

14,

15,

lé.

17.

Areas of need for TDY consultants to help solve problems were identified and
scheduling of these selected personnel was done. These consultants were
encouraged to be available for repeat TDY trips on which they could be much
more effective than on a first-time trip.

Developed germplasm resources with wide genetic variability from which to
select superior genotypes. These resources and systems were developed to
give superior germplasm for different environments, not just Sana'a,

A cytoplasmic male sterile line (A line) with a maintainer line (B line)
with good phenotype for the higher elevations of Yemen was identified and
developed for production of hybrids.

Determined that recombinations of sorghum genotypes adapted to Yemen are
Iuch more likely to give adapted new genotypes than importing sorghum types
adapted to other different parts of the world.

Gave segregating germplasm materials to the UNDP/FAO project at Taiz for
their selection of new and adapted sorghums for their area.

Completed quite an extensive sorghum seed collection of native varieties
throughout most of the sorghum growing areas of Yemen.

A collection of the more prominent weeds znd other plants was made and
identified for Zuture use by project personnel.

The Yemen Ministry of Agriculture adapted a procedure for national use in
Yemen among donor agencies that was suggested by this project, This proced-
ure was to have unreplicated observation trials of newly selected sorghum
and millet materials among donor agencies making it possible to screen more
material at more locations for each other with less work and expense than

full scale yield trials,

Initiated outreach testing in 1978 and continued in 1979. Valuable experience

was gained by the project and useful contacts established in many villages.
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18.

19,

20.

A uniform set of project personnel job descriptions for job classification
and promotions were devised by the project and adapted by USAID.

Made major contributions of project resources toward the Mis=ion's efforts
to develop the Al Jarubah Experiment Farm in 1978 and 1979.

Numerous research results were obtained and are presented throughout the

various reports.
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