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Figure 4, Flow of faba bean germplasm at 1CARDA,
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Figurc @ . Flow of breeding raterial in the 1CARDA program,
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CEREAL GERMPLASM AT 1CARDA

H. XKETATA

INTRGOUCTIGN

Breeders'ultimate objective is the develoor-ent o zlant —aterial
suparior for characteristics agpreciated by far—ers and coasuners.

raterial usea

Germplasm is regarded by breeders as the necessary raw
in various ways to attain the assigned objective. Like any other
raw material, gercplasm is continuosiy needed rfor the davelopment

of desired finished or seni-Ffinis~ed products.

Sources of germplasm generally include:
1. Collacrion or introduction of lgcal or exoric material.
2. Raw material artificially created by induced sutation.

3. New material artifically created by intentional hybridization,

Details on methodoloaies of germplasy collection and conservation

are covered elsewhere, One should realize, bowever, that gerrpias™
collection is not an objective in itsalf, It is only gart of a whole
systen designed to help ensure an increasad food supply for an irncreas-

ing world population,
GENETIC VARVTATICON

Cereals are grown over billlons of hectares throughout the werld.

A given cereal crop, such as barley {(Hordeun vulgare L.) is grown

over a wide range of gecgraphical zones with varying clirmatic and
edaphic conditions. This crop is grown on plains, plateadx and
mountains, |t may be found in low rainfall areas but in humid zones
as well. Experience has shown that the different types grown in
contrasting conditions do have diffarent genetic make up which make
each adapted to its speciflc habitat., If a uniCue envirorrent
prevailed in all parts of the world, then the breeders task would

have been easier, but the risk of species extinction alsc weuld behigh
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were a catastrophy to occur, such as an extremely save. o disease.
The wortd does not have a unique znvironment and the broedars are
everywhere busy entertaining and wtilizing gemetic variation. |In
fact, the success of a given bréeding program depends to a large

extent upon the genetic variability existing in the breeding material.

However important is genetic variability, its value cannot be
appreciated without the development or availability of efficient
screening technigues. Thus the two components necessary for a suc-
cessful breeding program are a variable raw material -germplasm-

and an efficient method of evaluation. Although the emphasis here

will he placed on the second component, both will be reviewau, witn
reference to the breeding work carried out at ICARDA Cereal |- provesent
Program. '

TYPES OF CEREAL GERMPLASM AT ICARDA

Three spe®as constitute the main cereal crops being amelicrated

at the Cereal Improvement Program, namely barley { hordeum vulgare L. )

durum wheat { Triticum durum Desf. ) and bread wheat { Triticun

aestivum L. ). Ancther species, triticale [ X Triticosecale Witt st |
is also included with lesser emphasis in the breeding progran. Toz
methodology forgermplasm development and evaluation is essentially

the same for the three main cereal crops.

1. Ceresal collections:
Barley and durum wheat collections have been obtained from different
sources including USDA and IBPGR. Smaller collections of bread

wheat, aeg{léps, and wild barley ( Hordeum spontaneum C. Koch Jalso

belong to ICARDA cera! collections. A number of the accessions
were collected by ICARDA scientists in different countries of
the region,

The Cereal Improvement Program and the Genetic Resource Unit
work cooperatively to entertain and evaluate the growing [CARDA

cereal germplasm collections.
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2. Initial Breeding Gerplasm
ICARDA cereal breeders have initially depended or the following

as main sources of germplasm:

- Material irherited from the ALAD progras whicn incluced
cereal lines tested in the Midile East an! Norih ATrica,
- Commercial or land race varieries widely grosn in the region,

~ Material i-troduced from CIMMyYT,
3. Current 8reeding Gerrplasm

While mutageresis s not ruled out as a sou-c= of geretic variazicon,
amphasis is olaced primarily on intrasaecific avoridization,

For each cereal crop, several hundrads to a fow trousands of
crosses of various tynes-single, top, couble, cotolex crosses

etc.- are being made anrually in the fields of the lereal
tmproverent Progran at Te!l Hadya. Although sz2verael chjectives
(increase in yield potential, stabilicy, ciscasze resistance,
quality erc. ) guide the oreeders in pla=ai~y oeir ryaricizacions,
all tnitial and wust of present-day crasses inciude 3t least cne
local cultivar as a parent to provide the necaed genetic background

for good adavtation to specific enviromments in the region.

Recently, an increased effort has been focused on inrsrsoacific
hybrisization whereby desirable genes { e.g. diszase resistasca |
would be transferred from related species - cul:iivated or wild -

and incorporated in tne gere pool of the breecing germplasy.

IV, GERMPLAM EVALUATIQON
1. Breeding Material

1.1 Early Genegraticn Material

‘Germplasm evaluation starts generally at the F2 generation
where it is based on gqualitative or easily ohservasle trait
differences. These relate to:

- earliness ( heading, rmaturity )

- disease and insect resistance

- morphogogica! traits (rillering, height, spike langtn,

grain color and size )
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tn the F2, selection is made among crosses at a first stage and
then within each cross on a single plant basis. 1In the F3 and
Fb, selection continues on a single plant basis but bulked family
selection generally starts at the Fh or FS level decendinrg on the
cross.

During these early generations, the material is grown in
different seasons., Example:
The F2 is grown n the regular season at 2 or more sites. Tre
F3 gereration is grown in a summer nursery but 3lso in the
following regular season.
Subjectine the material to different environments oy growing it
indifferentsites is an efficient selection procedu-2. Selection
of segregating material in the production environment i35 a key

strategy in {CARDA cereal breeding program.

Advanced .Material

Replicated yield testirg of selecred bulk material starts at

the F5 ar F6 generations and goes on for two years in one or

two sites In Syria. The material is simultanreously screen=d

for resistance to major cereal diseases urcer natural ang/or
artificial infection. Promoted |ines are included in

advanced yield trials conducted in Syria a~2d in observation
nurseries grown in the region ( regional observation nurseries )
where they are evaluated for general perforrance and adaptation.
Furthermore, promising lines from various vield trials and abser-
vation nurseries are included in the KLON ( key location disease
nurseries ) where they are evaluated at hot spot locations for

specific endemic diseases.

More advanced material is included in the international regional

yield trials at 50 or more locations in and ocutside the ITARDA
region. The most promising lines adapted to a particular envi-

ronment, as judged by their overall perfomance, are included in



variety or agronomy verification triais conducted in farmers fields.
before reaching the derorstration staje and tren sassitesd for

relcase.

in addition to grain yield and disease reaction, lines in
yvield trials are evaluated for specific traits depending on tne
crop: e.q. forage production ( barlev ), breald masing qualice
{ bread wheat ), kernel color and type o durus wheat b, graln

protein percenta e ( at!cereal craps |, ere.

—

e most advanced lices selected for speciric traits an:
commercial varieties grown in the ragion are faclede! in crassiag-
blacks at 2 or 3 sowing dates to enable —aling desirante crosses

ie.

rt

at appropriate

Garmplasn Corlectiors

The major collections are tnose of barlay ac: Zurc gersolass with

-

agproxinately 17.000 and 16,03 Statler
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637, '85 and G4 accessions respevtivelv., Trese colleztions are
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being evaluated in raifed

Durum Germplasm:

In 1931-82, 14452 durum accessions have been evaluated for
heading and maturity dates, plant height, agrononic type, color,
spike length and lodging resistarce. Orher traits (e.c. ste rvpe:
hollew versus solid) were scored faor part of the collecrion. Based
on the evaluation, 165 entries were chosen and included in 1932-33 in
a special observation nursery for further evaluation. Forteen entries
were then selected for further testing in 1383-24 in a preliminary

yield trial.
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Barley Germplasm

L
DI

3000 accessions were evaluated for 17 :sharacters in 13
Another 5000 accessions are being evaluated this season ' |
similar number of characters. As an exanple, the characters
(descriptors) for the 1983-84 season are: growth, days to hea-
ding, row number, spike density, hoodedness/awnedness, sgikelat
groups/spike, length of rachilla hairs, days to maturity, awn rougn-
nass, glume color, plant height, lodging resistance, agroromic

score, kernel covering and grain yield.

A detailed list of descriptors for the 1982-83 callecticon is

attached.

The evaluation provides a means for an efficient catalegsing of
the accessions and the increase of seed for conservation and distri-
Sution to reguesters. The breeder also tases advantage of the eva-
juaticn rasults to include some of the accessions ia his oreejing

zarmplasi.
v, CONSLUSION

Genetic variability is an essential prereguisite to a goud
seiection response. Breeders are working hand in hand with geraplasn
specialists to entertain and use genetic variability. However, as the
amoun;_oé germplasm handled in research work increases, the need for
c00pe}ation becomes even greater. Good cooperation is established by
the Cereal improvement Program with a large numbzar of scientists from
national programs who are continuously requesting cerea! germplasn
from ICARDA and sending their own material for screening ard evaluation
at 1CARDA, Their cooperation with ICARDA scientists benefits not only

their own program but also those of other countries.



EVALUATION OF WHEAT AND BARLEY GERMPLASM

BY

*
F.M.MATHESON

There exists thru out the worid a large number of wheat and barley
collections of germplasm. These vary in size from the very large
collections e.g. U.S.A and USSR thru smaller national collections

e.g. Australia, Canada (15-25,000 entries) to breeders collections
(generally 1000-5000 entries) and finally to the private and specia-
lized collections which may contain as few as 1-200 entries. The
objectives for such collections vary significantly but a ommon deno-
minator is that each represents a pool of genetic diversity in which,
between components there is relative variability at least for some
characters. This is turn implies that evaluation for relative dif-
ference is a fundamental routine associated with germplasm collection
and maintenance. It and subsequent utilization is the principal justi-
fication for collection and maintenance of plant germplasm. Evaluation
of collection components, and communication of these data with the as-
sociated germplasm between plant breeders is the presursor to utiliza-
tion; ideally these components should not be separated since they are

the ingredients of genetic crop improvement.

Genetic Crop Improvement collection of genetic diversity, evaluation,
communication, utilization and conservation. It is from this concept that

the term "working collections" stems.

It is unfortunate that, because of the individualistic nature of
collections, there has in the past existed a severe gap in the communica-

tion system both on the regional scale and on the internatiomal scale.

* ICARDA Cereal Improvement Program. Aleppo, Syria.
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With a view to rectifying this deficieney in communcation and to

enable fuller utilization of genetic diversity, scientists in the

past decade have attempted to develop a common language for the evalua-
tion of genetic resources. Idealistically such standardization will
not provid a means of better communication between scientist involved
in genetic evaluation and manipulation, but also will provide better
access to the hugh bank of data which is rapidly developing arcund the
so called "Working" germplasm collections thru out the world.

The fundamental of this sténdization is the development of a
common evaluation mechanism which is referred to as a "Minimum" list of
cultivator descriptors. Historically such a list was devised by a
working group of international and national scientists appointed by
IBPGR who met in Boulder, U.S.A. in the first half of 1977. The minimum
list of descriptors which was developed by this group and is now some-
times referred to as the Boulder list of minimum descriptors for wheat,
is thus the composite result of wheat scientists with many and varied

experiences.

It is referred to as a minimum list since '"no assumption was made
that the recording of wheat germplasm data should be limited to the Boulder
descriptors at any given center. Rather it is aimed at providing a common
set of mutually agreed upoﬁ and well defined characteristics to serve as
the vessel for the flow of genetic resource information on an international

and national scale.

The Boulder list of minimum descriptors for wheat and their definition
is presented in Appendix I. It is ome example only, as other systems are

in use and being developed.
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It is not all embracive since individual scientists have interests
in germaplasm and will record other individual characters. It does,
however, provide a relatively comprehensive basic description of a line,
variety or cultivar in a format which can be communicated between
ountries and languages. A similar list of minimum descriptors is in
preparation for barley as well as many other crops. These will provide
a basis for evaluation and communication as well as a mechanism for the
international and national flow of germplasm in the future. This is an
essential facet of evaluation at the international level which can obviate
much unnecessary duplication of effort and resource input at the indivi-

dual national level.

I now wish to change focus from evaluation at the international
level or sink level to evaluation at the individual/generator or source
level. Here I believe we must ask the objectives for evaluation since
this is fundamental to the entire concept of germplasm collection and

conservation.

Current strategies for crop plant improvement revolve around identi-
fication of variability for individual and desirable characters and their
incorporation into agronomically acceptable genotypes futilization). The
essence is genetic variability for individual characters. This implies
essentially one or more selection indices as the basis for evaluationm.
During the conceptual stages of the development of the Australian National
Wheat Collection a survey of some established overseas collections was

to identify utilization. These data clearly demonstrated:

A} Main requesters are Plant Breeders (93%).
B) There are only two major common areas of request (adaptability

and disease/pest resistance) and a maze of idividualistic character
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interests. Both adaptability and disease/pest evaluation are
referred to as non static targets. In the former, the evalua-
tion 18 to a large extent site specific, in the latter the
evaluation is pathogenic race specific. Since both environment
and pathogenic virulence change over space and time neither
targets are static. Many of the individual characters are how-
ever, static e.g. leaf pubescence, grain colour, cold resistance
etc...

That evaluators almost absolutely preferred to have the variability
supplied in the form of pure lines (c.v. genetic composites) and
largely preferred the variability in the form of commercial varie-
ties as opposed to wild types or aestivum relatives. This may be
extrapolated to suggest that the principal selection pressure in
evaluation is commercial utility in a tame format; only in despera-
tion are many evaluators prepared to delve in untamed, unnamed
germplasm pools for the characters they seek. This preference

has important implications in the evaluation since it is prefer-
rable to have some prior knowledge of the format of the variety
being studied, i.e. a land-race, a composite or blend, pureline,
multi-line segregating hybrid, etc... This can often be inferred
from the type of genetic resource which is being studied. Chang

(1979) has categorized these as follows:

Modern elite cultivars or high-yielding varieties.

Principal commercial varieties.
. Special purpose types.
Obsolete types.

. Breeding stocks (elite germplasm).

o B W N e

. Mutants, genetic testers, polyploids and aneuploids.
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7. Land-races (unimproved or primitive types).

8. Useful cytoplasmic sources of vafiability.

9. Weed races.

10. Wild species.

11. Man created intergeneric or interspecific hybrids

12. Related genera

Although these are some examples where evaluation of land-races and
wild relatives has been conducted at the center of diversity or in a parti-
cular natural "hot spot" this form of on site evaluation is not common.
More generally material for evaluation is collected, or requested and
then dispatched to another country. Consequently plant quarantine of
varying intensity may be involved prior to evaluation. 1In countries
which stipualte green plant quarantine for introduced cereals prior to
their clearance a problem arises with landrace, cdmposites, blends and
segregating populations since the genetic diversity of the import 1is
severly eroded by physical limitation in the guarentine generation. Ir-
respective of the intensity of the particular quarantine requirements the
evaluator has the responsibility to maintain adequate crop samitation
procedures against the introduction of a new disease or different physiolo-

gical race.

Initial evaluation for adaptation generally consists of an assessment
- of ecological fitness, or the result of the genotype environment interrac-
tion, at the site of interest, it commonly takes the form of agronomic

evaluation a detailed example of which appears in Appendix II.

In many cases morphological data may also be collected concurrently

with the agronomic data, particularly if the material being evaluated is



-6 -

of wild type or a related species, when detailed taxonomic identifica-

tion maybe required (Appendix III).

Parallel to the plant data, detailed records of environment over the
period of evaluation are essential to analyze for, and extrapolate on
adaptability. These may include soil type and depth, temperature, solar

radiation, precipitation, crop phenology, ete...

Evaluation for disease and other specific characters normally implies
the use of specific screening techniques e.g. disease/pest resistance,
drought, cold winter hardincess, salinity resistance, protein composition,

etc...

The range of characters is almost infinite and selection techniques
are many and varied. Perhaps the most common character evaluyated in the
past for cereals has been disease resistance. As previously stated this
is however, a race specific character and as races of pathogens change
repetitive evaluation maybe necessitated. This elaborated in a later
paper, but examples of pest resistance, evaluation data and biochemical

evaluation data are included in Appendix IV and V respectively.

Concomitant with the recording of evaluation data there is a respomsi-
bility often neglected to forward copy of the data to a recognized germplasm
data storage bank which may process the data, store them safely and distri-
bute these to other interested scientists or organizations. This point
re-emphasises the critical need mentioned earlier for an international/
national communication medium between scientists, who are involved in

germplasm conservation, avaluation and utilization.
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The final responsibility is to ensure secure conservation of the
material evaluated. There have been many instances in the past where
as a result of staff changes, misadventure, accident, catastrophy, etc.,
irreplaceable germplasm has often after detailed evaluation and data re-
cord, has been lost or destroyed. However, as the international germplasm
network strengthens and expands its resources, the opportunities for
storage duplication over space are increased in and such losses maybe

minimized in the future.

In conclusion it maybe re-empasised that evaluation is a primary
component in the chain of functions which include collection of genetic
diversity, evaluation of specific sharacters, utilization, incorporation

and producer application, all of which constitute genetic crop improvement.
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APPENDIX V

BICCHEMICAL EVALUATION DATA

BIOCHEMICAL EVALUATION DATA (cont'd)

1. Biochemical Evaluation Identifier

A,
B.
C.

Biochemical Evaluation Site
Biochemical Evaluation Year

Evaluator Name/Address

2. Protein Content

A,

Total Protein Content
a. Percent protein

b. Seed protein

c. Aamylase

d. Protein content

Gluten Caontent

Total Nitrogen Content
Total Sulfur Content
Nitrogen/Sulfur Ratio

Additional Protein Content Data

3. Carbochydrate Content

A,
E.

C.
D.
E.

Flour Extraction

Starch Content

Amylose Content

Amyopectin Content

Additional Carbohydrate Content Data

4, Lipid Content

5. Amino Acid Profile

A,

Lysine Content
a. Percent lysine

b. Lysine percent protein

B. Additional Amino Acid Profile

a. Amino acid profile

6. Additional Biochemical Evaluation

Data

a. Water absorption
b. Gibberellin content

¢. DDT reaction

Source. Anon. 1977 - Wheat Directory, 1977 IS/GR
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APPENDIX I
The List of Minimum Descriptors
and Their Definitions for

Wheat Genetic Resources

Collecting Organizations

1.
Name of the institution responsible for collecting a particular germplasm
3 accession. The collector will usually be a member of this organization.
2. Accesgsion Number
A Unique alphanumeric or numeric identifer for a given germplasm col-
lection.
3. Crop Name
Informal generic term given to an agricultural product (e.g., wheat).
4, Genus
Fromal name for a main subdivision of a family which includes one or more
species.
5. Species
A subdivision of a genus represented by a name or code.
6. Common/Local Name
Name given locally to a particular germplasm accession by the farmers who
grow it, including the names of varieties released through improvement
programs.
7. Country of Orgin
' Full name or an abbreviation for the country in which a particular germ-
plasm accession was collected.
*#8. Geographic Area
Name or code representing the political or administrative subdivision of
the country in which a particular germplasm accession was collected.
*9, Latitude
Latitude in degrees at which a particular germplasm accession was collected,
To be indicated by N (North) or (South} S.
®

Either geographic area or precise latitude and longitude is to be selected.
Source., Anom. 1977 - Wheat Directory 1977 IS/GR '



*10,

11.

12,

13.

14.

15.

16.

17.

18.

19,

_10...

Longitude
Longitude in degrees at which a particular germplasm accession was

collected, To be indicated by E (East) or W (West),

Alritude iun Meters

Elevation above sea level at which a particular germplasm accession was

collected,

Donor Name
Name of the person or institution responsible for donating germplasm to

a collector.

Doner Number

Number assigned to an accession by the donor.

Location in Primary Storage

Name and address of the institution at which a germplasm accession was

first jeposited for preservation.

Year of Primary St rage

Year in which a germplasm accession was deposited at the location of

primary storage for preservation,

Days to Flower

Self-explanatory. Usually counted as number of days from January 1
(inclusive), when 507 of the plants in a planting of an accession are

flowering.

Growth Habit Class

In wheat referring to Winter or Spring types, coded W (Winter) or S(Spring).

Plant Height in CM

Height of the wheat plant at maturity, excluding awns,

Kernel Texture

Code-representing the relative hardness of a kermel, Expressed from 1 to 9

with 1 = very soft or floury to 9 = very hard or vitreous,.
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21,

22,

23.

24.

25,

26,

27.

28,

- 11 -

Kernel Plumpness

Visual measure of wheat kernel plumpness. Coded from 1 to 9 with 1 =

shriveled to 9 = plump.

Winter Hardiness

Tolerance of a wheat accession to withstand cold stress. Messured on loss
of plants in a planting of an accession. Coded from 1 to 9 with 1 = very

susceptible to 9 = very resistant,

Drought Resistance

Tolerance of a wheat accession to withstand srought stress. Coded from 1

to 9 with 1 = very susceptible to 9 = very resistant.

Cold Resistance

Measure of damage caused by cold to aerial portions of plants. Not associate
with loss of ﬁlants in a planting of an accession. Coded from 1 to 9 with

1 = very susceptible to 9 = very resistant,

Sprouting Tendancy

Tendency of kernels to sprout when on the spike. Measured on a scale of

1 to 9 with 1 = very low to 9 = high.

Stem Thickness

A visual measure of stem thickness. Measured on a scale of 1 to 9 with

1 = very thin to 9 = very thick.

Spike Density

A visual measure of density of a wheat spike measured on a 1 to 9 scale.
Coded, 1 = very lax to 9 = very dense (e.g., square head). Where club wheats

are encountered it should be os indicated.

Number of Spikelets per Spike

Total number of spikelets on a spike; an average of five spikes.

Number of Kernels per Spikelet

Count of kernels from a kniwb bynver if soujekets ivtaubed frin tge cebtrak

protion of the spike; an average of five spikes.



29,

30.

31.

32,

33.
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Awndness

Observation on presence or absence of awns, Measured as O = absent, + =

ungraded presence.

Kernel Color

Color of a wheat seed. Coded, 1 = white. 2 = red. 3 = purple, 4 = brown,

5 = green, 6 = other.

Total Protein Content

A measure of the total protein contained in kermels of a wheat accession.
Measured as percent dry weight (seed moisture equal to or less than 127).

Indicate the conversion factors used as either N x 6.25 or N x 5.6,

Weight of Grain per Unit Area in Grams

Self- explanatory.

Lysine/Protein Ratio

Percent lysine per unit of protein (absolute).
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APPENDIX II
AGRONOMIC EVALUATION DATA AGRONOMIC EVALUATION DATA (cont'd)
1. Agronomic Evaluation Identifier B. Lodging Susceptibility
A, Agronomic Evaluation Site a, Lodging
B. Agronomic Evaluation Year C. Number of leaves below Ear
C. Evaluator Name/Address D. Number of Tillers
D. Planting Date ' a, Tiller number
a. Sowing time E. Plant Height
E. Harvest Date a. Height
a. Ano b. Growth height
b. Harvest year c. Plant height
F. Additional Agronomic d. Plant height
Evaluation Identifier Data F. Plant Vigor
2. Maturity G. Additional Growth Habit Data
A. Days to Flower 4, Yield Components
a, Time ear emergence A, Ear Size
b. Spike emergence time B. Kernel Weight
c. Heading time a. Kernel weight
B. Days to Harvest b. 1000 gram weight
a. Time ear emergence C. Flag Leaf
to harvest a. Flag area
C. Additional Maturity Data b. Flag angle at ear
3. Growth Habit emergence
A. Growth Habit Class c. Flag drought
a. Growth habit " d. Flag duration
b. Growth habit ) D. Straw Yield
¢. Annualicy E. Chaff Yield
d. Juvenile habit F. Additional Yield

Component Data

Source. Anon. 1977 - Wheat Directory 1977 IS/GR
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AGROROMIC EVALUATION DATA (cont'd)

5. Agronomic Quality

A. Kernel Hardness
B. Kernel Type

a. Texture
€. Percent of Germ

D. Additional Agronomic Quality Data

6. Environmental Adaptability

A. Winter Hardiness

a., Cold Susceptibility

b. Winter Susceptibility
B. Drought Tolerance

a., Drought Susceptibility

C. Additional Environmental
Adaptability Data

a. Photoperiod response

b. Vernalization reg.

7. Additional Agronomic Evaluation Data

a. Stage of growth
b. Average
c. Sprouting

d. Method of breeding
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APPENDIX

111

MORPHOLOGICAL EVALUATION DATA

MORPHOLOGICAL EVALUATION DATA (cont'd)

1. Morphological Evaluation Identif
A. Morphological Evaluation Site
B. Morphological Evaluation Year

C. Evaluator Name/Address

2, Stem
A.

B.

Number of Nodes Per Plant
Stem Diameter

a. Wall thickness

Straw Strength

a. Culm firmees 1

b. Culm firmess 2

. Stem color

a. Culm color

b. Straw color

E. Additional Stem Data

3. Leaf
A. Leaf Area Index
a. Leaf area
B. Leaf Blade
a. Leaf blade color
b. Leaf Ygllowing
c¢. Upper leaf blade hairiness
d.
e.

£.
C. Leaf Sheath

Lower leaf blade hairiness
Edge leaf blade hairiness

Leaf blade wax

a. Leaf sheath wax
b. Leaf sheath hairiness

¢. Leaf sheath color

ier

E.

d. Leaf sheath venation

. Auricles

a. Auricles color

b. Auricles pubescence

Additional Leaf Data

4. Inflorescence

A. Spike

a. Ear number

b.

C,

Ear density

Ear wax
d. Ear shape profile
. Ear shape face
f. Ear position
Spike density

. Spike branching

Spike color
. Spike type-panicle
. Ear section

. Ear attitude

H = & G

. Ear density

n. Spike per panicle

. Rachis

a, Rachig flexibility
b. Rachis toughness
Spikelet

a. Seeds/spikelet

b. Supernumary spikelet

c. Spikelet number
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MORPHOLOGICAL EVALUATION DATA (cont'd) MORPHOLOGICAL EVALUATION DATA (cont'd)

D. Glume B. kernel Color
a. Glume length a. Kernel color
b, Glume width b. Seed color
¢. Glume apex length C. Embryo Size
d. Glume apex width a, Embryo size
e. Glume color D. Additional Seed Data
f. Glume apex color a, Caryopsis
g. Glume bottom color b. Kernel dorsal ridge profile
h. Glume hairiness c. Coleoptile discolor
i. Glume pubescence d. Furrow width
j. Glume apex shape e. Furrow depth
k. Glume apex tip shape f. Furrow ridge
1. Glume venation g. Brush extension
m, Shoulder width h. Brush length
n. Shoulder shape i. Secondary tooth
o. Chaff color 6. Cytological

E. Awn A. Chromosome Number
a. Awn type a. Chromosome number
b. Awnedness b, Ploidy
¢. Awn persistence B. Additiomal Cytological Data
d. Awn length 7. Additional Morphological Evaluation
e. Awn color Data
f. Awn bottom color a. Peduncle filling
g. Awn apical color ' c., Breeding state
h. Awns d. Pubescence distr.

F. Additional Inflorescence Data e. Pubescence density

5. Seed f. Row number

A, Kernel Length

a. Kernel length

Source. Anon, 1977 - Wheat Directory 1977 IS/GR
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APPENDIX IV

PEST RESISTANCE EVALUATION DATA

1. Pest Resistance Evaluation Identifier
A, Site
B. Year
C. Evaluation and Address

¢

Viral Resistance

. Bacterial Resistance
Fungal Resistance
. Nematode Resistance

. Insect Resistance

b I = L R L B X

. Additional Pest Resistance Evaluation Data

Source. Abridged from Anon. 1977 - Wheat Directory 1977 IS/GR








