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Taxonomic Vaiue of Characters in
Cultivated Barley!
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INTRODUCTION

In tnxonomie work with noy plant, distinet and stable morphological
charaters are of (e greatest usefulness.  In (he elassifiention of
viricties of cultivated plants, however, minute and less relinble mor-
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phological characters or physiological, genetic, and ecological characters
also must be used in order to distinguish between similar varieties,
Their uge becomes even more essential as new vaneties developed by
plant breeders enter into cultivation.

PREVIOUS INVE3TIGATION

Very little work has been domne to determine the taxonomic value of
various characters in cultivated barleys grown under distinctly
different environmental conditions. One such investigation, however,
planned with this objective and published by Harlan in 1914 (12}
has remained the oufstanding work in this fleld. Haran studied n
serics of varieties grown for & years ab eight stations in Minnesotn,
North Dakota, South Dalkota, Montana, Tdaho, and California. He
was concerned chiefly with characters useful for breeding improved
varieties and made the following statement in his summary:

While all lesser distinctions must be hased upon fhe broader groups and noe
study of a cereal can omit its classifieation, the plant charieters uscful in taxonomic
work and the ones most useful in plant breeding are far from being the sane.
Plant breeding is concerncd with minute difforences, The broad taxonotic
divisiotr are sorviceable only as groubs, The problem of the nursery is not fo
separate a G-rowed Alanchuria from a 2-rowed Hanna barley, but to detect a
variant in o plut of Manchuria,

This statement was true at the time 1b was made, when barley
improvement consisted largely of scleciion within & vanety. Al
present, however, it is recognized that there is no such clear-cul
distinetion between the use ol plant charncters. Many of the major
morphological characters refleat differonces in adaptation, technological
use, or market value. The classification of cultivaled barleys is now
mainly & classification of plant-breeding products and therefore must
be brsed in part on the same plant characters that are ugeful in plant
breeding.  This malkes it necessary o deat with minute eharacters and
to evaluate all taxonomic charvacters under varving environmental
condlitions before they ave applicd in o classilication scheme,  The
studies deseribed here are similar i many respeets to the ones earried
out by Harlan from 1900 to 1914.

An excellent study, spmewhat similar to tha reported here, has been
made by Bergal and Triedherg (5) on he varieties commonly grown in
France. This work was published in 1940, just prior to World War
11, but & copy was not available Lo the writers until after the war and
their own studies had heen completed and submitted for publication.

TECIHNIQUYE TUSED TN PRESENT INVESTIGATION

The investigation here reported wns undertaken in connection with
o program of classification of cultivated harleys in the United States
anel Canada (2). It was begun in 1042 atl Madison, Wis,, where all the
varietios listed in a buiietin summarizing the viekls at experiment
siations for the 5-vear period 193741 (1J) were grown foridentificalion.
During the winter 1942-43, studies on technifue 1o he applied weres
carried on, and some of the results of these studies are roported,

3 Ttalic numbers in parentheses refer to Literature Cited, 1. 73,
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The field studies were extended in 1943 and 1944, whan nurscries of
winter and spring batloys were grown. A total of 69 winter varieties
and 119 spring varietles were studied. These were grown at 13
stations in the United States and 2 in Canada (Hg. 1), selected to repre-
sent typical areas of barley production and to inctude a wide range of

environmendt,
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IFMicrny I.—Stmiu;:s and the yoars during which the barley varielios were grown
for classifieation siudies, S=8pring varicties; We=winter varie(jes,

Extensive notes were taken in the field during the growing season
and, Iater, in the lnboratory on spike specimens. Al the winter
varieties were six-rowed (Hlordewm tulgare L. emend. Lam.), while 100
of the spring sorts were six-rowed and 19 two-rowed (ITordewm dis-
tichum 1. emend, Lam.). The varictios wore planted 1n plots of twe
3-fool rows or in single 10-fool rows. A% mast places a single seeding
was made; but at some, two were made on different dates m order to
extend the scope of the studies, At harvest, about 15 spikes were
collected from cach variety and used for measurements and for such
detailed observations as could be made more easily in the Inboratory.
I all, 240 items were noted on cach spring varicly and 320 ou each
winter variety, or a total of approximately 53,000 recorded observa-
tions for all varietics. The winter variotios were grown from full and
spring scedings and from vernalized and nonvernalized sece, in order
to evalunte the winter growth habit of sack.

Each character is discussed in the text, and i addition all characicrs
are classificd or grouped in tables.  Tn each detailed tahle the varietics
are classed by groups and are given reference numboers for use in Le
- summary tables, in which all varieties are listed by name. The
variety listed under the group number in the detailod table is a typiceal
representative of the varieties helonging to that, aroup. FThe distri-
bntion of the varieties among the groups with respect (o o charncter
also indicates its value for claszifying a large number of varietics.
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CLIMATIC CONDITIONS

The general climatic conditions at the loention where the nurserics
WeTe grown are given in table 1. The elimatological data for the
purseries in the United States are from the United States Weather
Bureau: those for Ottawa, Untario, Canada, from the Cereal Division,
Central Experimental Farm at Ottawa; and those for DBrandon,
Manitoba, Canada, from the Experimental Farm at Brundon.

FACTORS DETERMINING TIHE VALUE OF TAXONOMIC
CHARACTERS

The most important qualification for the taxonomic value of n
character is that it be constant under all environments. No character
can be used satisfactorily for the main divisions of a taxonomie
scheme without this qualification, and its vajug becomes less as its
stability decreases. Even then its usefulness is limited, unless the
character divides the material into major groups, making it possible
to use several other characters for further divisions. The separation
of six-rowvd and two-rowed barleys is, for example, based on a stable
character dividing the material into 2 large groups. Should a char-
acter separafe nn]-__v 1 varicty from 100 others its usefulness is limited.
Thus, Ezond is the enly varieiy among 188 having fully smooth
glime awns.  Again, the separation based on anthocyanin in different
parts of the plant is dillicult, owing to the variability of the character,
anel furthermore only small groups ean be separated from the lurge
s of materinl that s intermedinte in character,

The value of o taxonomic rharacter is ilso determined by the ease
with which it enn be seen or recognized. The six-rowed or two-rowed
character ean be determined at w glanee, Minule charneters thal
are hard Lo see or fingd are of much less value,  Varieties can ha sepu-
rated on (he Tength of the rachis internode, but in order to do this it
often is necessary Lo make nonumber of lime-consuming physical
measirements,

Charneters that are transient or tempormry are nol as valuahle as
those that are mere permanent. Anthoeyanin colors in the auricles
and nwna are usunlly expressed for only a short period. On the other
hand. the length of rachilin bairs persists indefinitely from the time
they are formed.

Spike and kernel charaeters have an added advantage over other
plant charmeters for identification in that they often are the only ones
avnilnble Tor this purpose, for it is o common practice to give the taxon-
omist # few spikes or some threshed seed when an identifiention is
needed.

Varicties developed by plant-hreeding often show a greater varis-
hility in some of their characters than do Uhe older introduced varieties,
1n many cases these variations are quite constant from one gencration
1o another, even when grown under varying environmental condditions;
for example, the hairs on the slumes of 1 variety sither cover the
elumes, nre arranged in bands, or are restricted to the midline. This
s tvpical for the variety, but it is n difficult character to evaluate.
T s stable, yet it Is necessary Lo catnblish whether or not the mixtore
is o mechanieal one or is an inherited varietal charaeter,
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Tn the circumsiances exemplified, it scems desirable to know what
peculiaritics are associated with different characters and what texo-
nomie value each charncter has, before an attempt is made to classify
& group of varieties.

CHARACTERS STUDIED

A great many characters were studicd, and from the observations
mede they were placed in two groups, those useful and those not
useful for taxonomic work. The value of a particular character
might be changed magerially if a group ol varietics of more diverse
origin were stidied. The characters falling into the two groups arce
listed below, but ounly those in the nseful yroup ave discussed and
illustrated.

C'haracters useful in taxonomie work: Charneters uselul—Continued
Growth charaeters: Spike clarneters—Continued

[.eaf charaeters:

Slem chacucters:

Spring or winter growth tubit
Early growth

Time of heading

Postharvest seed dormaney

Hairiness of leal shestls

otor of jeaves

Length and width of jeaves

Anthoeyanin in leaf sheaths
and aurieles

Waxiness of leaf sheaths and
leaves

Position of leaves before heard-
ing date

Size and shape of flagleavis

Curling of Hagleaves

Height of planis
Strength of gtraw
Numboer of exposed nodes
Anthocyanin in sotes
Anthoeyvanin in stems
Shape of neck '
LDiistance from fagical Lo spike;
Khape of collar :

Spike charaeters:

Shape of gpike
Length of spike
Waxiness of spike |
Spike density i
Twosked spike i
Number of aterile spikelets atl
buse of spike !
Overlapping of fnternt kvrm-l.-:i
H
i

Number of rows in spike 1
L}
|

Pusition of zpike :

Tonghiiess aud  brittleses of
ruchis

T airiness of rachis edges

Leogih of basal rachis inder-
node

shape of rachiz internode

Clumes

Glumne length

ILairiness of glumes

Length of ghtme awns

Barbing of glume awns

Teagth of awns

Barbitg of awns

Deeiduons awns

Anthoeyanin in glume awns
and nwns

Jood contrasted with awns

Elevation of hootls

Hood appendages on  middie
lobe

Length of stamens

Huiriness of stigma

“Threshability and shuttering

Inernel eharncters:

Nuketd contrasted with eovered
kernels

IKernel lepgth

vierny length

shape of kernels

iemma-base shugpe

Lemma teeth and hairs

Wreinkling of huils

flachilin hairs

Kachilie abortions

Lenetl of ruchilla

ertel colors

Color of e and palea

Color of waryvopsis

{olor of aleurone

Width of depth of  ventral
crense

fLornel weight
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Churacters nob useful in faxonomic work: [ Charneters not useful—Coniinued

Leaf charaetors: i Spike characlers—Ceontinned
Size and shape of anricle and: Distance between glumes at
tigules : point of attachment
Roughness of leaves . Clume width
Number of siem lonves Width of awn ut tip of letnma
Stew charagtoer: : Deciducus lemma
Hairiness of nodes : Size of middle lobe of hoad
Spike charactors: Kernel charactor:
Rachilizte tateral kertels : Width of poinl of attachment
Shape of ruchis and rachis in- of koenels
ternodes !

CROWTH CITARACTERS
Serie o Wixrer Guowss lanrr

The classification of & variely according o spring or winter growth
habit is Lbest made on the basis of its usage and ou the presence, or
uhsence, of a rosette-growth stage between germination and the time
the stems elongate.  In spring varietios the rosetie stage is lacking
or nearly so, whereas in winter varieties it is a significant stage in
the life of the plant, All spring varictics hend readily from spring
secding, wheseas winler varieties treated similarly may or may not
head; and the extent of heading is closely associnied with the degree
lo which the rosette stage is expressed. A wenk rosetie stage is
followed by a great deal of heading, and conversely, a strong rosefte
stage by little if any hending,

The growlh-ty pe reaction of winter varielies was studied in several
ways: (1) By observalions in the field of fall scedings made in the
winter barley avea; (21 by observations of the extent of heading from
spring seeding in the spring barley aven; and (3) by observations on
the effeets of vernalization.

The observations sceording to (1) and (23 rbove are given in tables
2 and 3, respectively, The characteristic growth-type reaclion is
shown for cach variely when seeded in fall and in spring,  The notes
o the fall-sown material weore taken o the length of duration of the
rosetie-growth period and the speed of dovelopment before heading;
whereas the notes on the spring-secded malerial aee on the percentage
ol plants that headed or filed to head.  Thus, in eroup 3, for example,
uf table 3 and at Aberdeen, Tdabo, on June 28, 1944, 10 percent of
the plants of Marnobarh were classified as having a winter-growth
type, whereas 60 pereent bhad a spring-growth type.

The vernalized seod, fallsecded ot PBacaton, Ariz., in 1943, wasg
treated at 33° to 34° . for 30 days, and that spring-secded at Aber-
deen, Tdaho, in 1944 was treated ul the same Lemperatuee for 38 duys,
Tlie vernalized and nonvernalized seed of cach variety was grown in
ndpeent vows, It was evident that vernalization reduced the germi-
nating erpaetty of the seed and produced stightly poorer wyernge stands
than the untreated seed.  The difference between the two, however,
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was slight awd did wot affeet other observations that were made,
Pable 4 gives the dates when plants from vernalized and nenvernalized
soed first showed differences in the rate of development and when each
headed and ripened. Tt is evident from tables 2, 3, and 4 that the
winter barieys have a rather wide range of response Lo envirenment
snd to vernalization,

Froe uk 2, Feet of vernmlizntion on 4 Nak#no Waose, sad B Pupdie 251506

A8=2-2-2: ¢, Nopvernatized: I, vernahized,  Sweaton, Anz, Jonnney 120104



http:nOIl\'l'I'llilli7.pd

TANONOMIC VALUE OF CEHARACTERS 1IN CULTIVATED BARLEY 9

The effeet of vernalization on two varictios of barley is shown in
figure 2. Nakano Wase respowdied quickly to vernalization, wherens
Purdue 28156 A3~2-2-2 gave only a weak respense. The latior
variety is classed with the Reno group in table 4.

TARLE 2 Growth-fype renction of 69 winler varietios when fall-sceded

EW W Her; W, Intermeitinge betweon spring wind winter; and 5, spring Ly

[T e

a | ! (ilrnuD &
. e 1 Group | Group a; Giroup 4 tong,

Staet, b " H | [LH L e

ftation Npkang Wong .\Iurnr)h:lrh[ Lrededt r\'\.'l':;::::_'
C T

Walelels 0 0 L M P S L W TR L | ! w
T e e T 1 TR : oooRw W i v : W

Hnetevilie . I : =W Ry * SW W

Varlelles ropresente} e s . [ e 25 a

Tanny 3o Growth-lype reaction of 83 winter varieties when spring-sceded

W, Winter; 3W, intermeditie Ly wien spelig n;lrl Winler; nie M, spring (vpe; proscded by perepen b
Henres)

» ]
Eiroup 4 o iy . .
e FALEL S Lirowp & Qlrpyp
Waig '\{::l'r'r"" i Tredell” - Reng j’l':-nkuwl
;
]

:Hmnp | I .
NETTHT . Pt Nk (roup 2

Wasy

Urimep 72
Winter
Club
Mativan LTI 17 RO T TR T }mn\' B om Iy s
| 1y July UL oW AT RRS MW LR | IH [

HLIERIY
[RILISALY

Do Sann A IR oW CHBMT NS | W e L apw gs LI A
No July 0w VT TR URS W s L T
Abwpidoryy Jung 2, 14 WS T 10T B L i JLEE T TN
it

[ (A1) of July - 0o - 1nYy R I W s l IR
TR : : :

Yaristicg  pepro. | : ! [
seitlen] muphbaer . . 3y 1 l P A If

PR O ST L e
B alrerviling] was gvele on (e Fipenier dntes of the varietfos

L

A

Such varieties 03 Reno, Tenkow, and Winter Club, which have o
Lypical winter-mrowth type, give the poorest response to vernalizn-
tion,  This is Lo be oxpected, as the amount of vernalization applied
was nol intended to break o long -winter 1asolte stage. [t will e
oled in table 3 that the Reno group has more winiorness thun the
Winter Cluly or Tenkow groups, [t s also evident that the Wong
group, which does not show (he Lypieal winler growth in North
Careding. and Sontl) Curoling, but rather the intermedinge raw( |,
reacts ns a winter type when vernalized and grown from spring soed-
ing. Nakuno Wast seems Lo he anpredictalde in its resctions, hotl,
whin Tallseeded in the Southeastern States and when SPring-seedd
in the Northern States, and vet there is no doubt that its wintersess
s more easily broken by vernalization than that of any other varioty,
The intermediate group, represented by Marnobarh and  Feedell,
seems o be more uncerlain in its reaetions than any olher group,
but the Tnet (hat it remains intermediate in all phiees probably indi-
cates that genelic and environmental influences are aboul equnlly
bJaneed,

These findings confirm the enrlior statement that there is no more
sulisfretory way of grouping cultivated barlexs inta spring or winter

TATHEY *
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Station, year, and treatments

Saeatony, 1043-44:1
Diate vernalized rows showed faster
development than nonvernilized .
Teading date
Vernalized el s
Nonvoernnlized
Ripeping date:

Voernalized 0o

Nonvernatized e
Aberdeen, 1044;2
Teading date:

Vernalized e el iaveen

Nonyirnlized
Ripeping dale:
Vermlized .
Nunvernlized oL
Vurietfes repiresented

nitmber

!

Dee. 28

Febo i

Mar, 18

Apr, 12
Apr. 2

Juue 1s ...

June 21

Sly 2
o

i ]
I Giroup 13 Nukuno
Wase

f8eeiled Nov. 9, 1043,

P ARLE -~ Reaction of 69 winter varicties lo vernalizalion

e e A i A o

Giroup 28 Wong

Group $: Marno-

Group 5 Reno

Group 6: Tenkow

Group 7:
Winter Club

barb Group 42 Tredell
e danc1-Feb T Jan. 1-Feb. 7. Ju-- Feb, §-Mair, 13 ... | Feb. 8-Mar, 130 .} cunmeacanesans
MAE 206 L. iacaas| Mar A8 [ eowa..f Maor.26 AR %6 AP L Apr.12,
- [ (P AL 2T T Man 3L e ADET Apr. 6 Apr. 6.
L APE AT e MY Mayd.. o May 12. May 20,
.. D 1 R .Y £ 5 i 1 May 16 . aeew -ne] May 16. Do.
June 30 . ..o d June20 JUnE23 o vaaes JUNE D ermrienn. | June 2l ..o} July 2.
Juiy 10 b do L CeeegloLo s o IUNE 2T v [ TUNE 2o July 4.
July 31 FJuly2d oo | July 22 July 28 _Caenienes July28...... Augd.
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TAXONOMIC VALUE OF CHARACIERS IN CULFIVATED BARLEY 11

types than that based on common usage. The information used in
arriving at such » grouping has aceumulated over g pertod of many
years and under a greater range of conditions ihan any short-time
experiment as reported here cen produce. It also is evident that
zenetically the winter- or spring-type characler must be based on a
arge number of factors.

EanLy Growrn

While the elassification into spring and winter growth habit is
based on eommon usage, on differences in rosetic-growth stage, on the
ability to lhead after late-spring seeding, and on the resetion to
vernalization, the grouping in relation to early-growth type is based
on the manner in which the Ieaves are held during the six-'to cight-lcaf
stage before the stems starl to develop.  The leaves can be ereet,
semiprostrate, or prosiraic.

Fravis 3.o—NBarley growth types: .4, Lrosirnte; M, erect; 7, semiprostrato,

The early growth was ohserved at two places, Sacaton and Madison.
The results are given in table 3, and the ihree types of growth are
shown in figure 3,

The observations from the two stations are very different. .\ betior
differentintion of the early growth was obinined in Swenton, ns some
spring barleys that did not shew any teudeney Lo prostrate growth
under Madison eonditions did so at Saeaton {table 31, The early-
growth behavior was more {ypical for spring bavley al Muadison,
however, than at Sacaton.

[ winter barley the compnrisans are hased on observations from
spring-sceded matervial at Muadison and fall-seeded al Sacaton, Con-
ditions at Madison are sbnormal for winter barlex, and this seems to
force most of the varietios into a kind of prostente growth.  Prostrate
growth is net so common when {he same varieties pe grown inder
more normal winter harley growing conditions, ns nt Sacalen. The
Sueaton observations are, therefore, most likely to be typical for
winter barlev.  The vaviations in carly growth, ne cansed by loeation
and seeding time, nre shown in {able 5.
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TanLe 5—Growth habit

{15, Bract: Bp, demlprostrate; P, prostrate]

SPRING VARIBTIRS (1

5. DEPT. OF AGRICULTURE
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It appears from the data in table 5 that although early growth
habif is a heritable charneter, its taxonomic value is Tessened brenuse
of the great influence of environment on its CXpPressios,

Time or Heaping

Time of heading, as used heve, rofors fo the time of clergence o)
the awns or, ir the case of hooded or nwniess varieties, (o the timge
the boostopens ol the side. A number of ways of determining the howd-
ing date are in use, bud all aim at one thing—the dute when the spikes
are flowering.  The writers feel that the date of awn cmergonee or
the opening of the boot most newrly coincides with flowering time
when » large number of varieties sre under study.  These growth
stages are definite events and insuee securney in the results, This
observation also has the advantage of being recorded ol most sti-
tions before the onset of hot, dry weather, which ean modify plant
development,

Notes on time of heading were obtained at sevoral stations during
1943 and 1944, The spring and the winter barleys are placed in
five groups, according to time of heading as shown in table 6, and &
Lypical variety has been chosen to represent each group.

The data indicate very definitely the uscfulness of the eharacter
i classification work. They ulso show that widely dilfering wroups
can be distinguished easily, but that environmental influence must be
considered when varietics of the same general maturity are to be
separated.  In these cases repented observations ot the swme sintion
and at different stations aee needed for u safo grouping,

Posraarvest Seen Dormavey

Unlortunalely, it was possible to test the dormaney of freshly har-
vested seed at only one station, Aberdeen, and during only 1 yoar,
1944 (table 7). The data give an indication as (o differences i
sced dormancy among the variclies. In both spring and winter

TasLe 7. Postharsest seed dormncy in varietiog grown wl JAberdven, Tduho, in 1934
[ Figtros are pereentigo of germinated wpds]
SPRING VARIETIES (110)
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barleys the most commeon group is that in which the seeds have some
dormancy during the first month after harvess but lose it soon there-
after. About 70 percent of the varietics belong to this group. Only
9 percent have no dormancy at ell, 11 percent have dormancy that
lasts for 2 months or move, and 17 percent gradually lose their dor-
mancy during the first 2 months after harvest.

1.AF CHARACTERS

Hanuxess oF Los SHEsTds

The presence or absence of hairs on the leal sheaths is a stuble
character in all environments, but is sometimes hard to use beeause
observations have to be made during the early stages of plant growth.
The basal leaf sheaths are more densely haired than the upper sheaths,
which may or may not have hairs. Strilingly hairy types, as Beliord,
may be found, bub the mosé common are the sparsely hairy and the
ponhairy types. There also arc some varieties that have two kinds
of plants, those with hairy and these without hairy leaf sheaths.
Such varicties probably originated as mixtures or as selections from

Ficoae 4.—Hairiness of leaf sheaths: 4, Hairy; B, withoul hairs,
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heterozygous hybrid matorial.
shown 1n figure 4.

The varieties studied are placed in theeo groups, as shown in tablc 8.
Tt will be noted that nonbairy lenf shonths oceur much more frequently
among the spring barleys; 10 nonhairy types oceur to 1 that is hairy,
whereas pmong the winter barleys the 2 types are about equnl?’
common. The number of variaties having both hairy and heunhairy
sheaths is small emong both winter and spring variebies.

Hairy and nonhairy lenl sheaths are

Tanue S.—Fresence or absence of huirs on basal leaf sheaths
|E1, Einlys present; N8, lingrs nbseut}
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Cowon or Leaves

Color of leaves is an unreliable charecter, as only small differcnces
in shades of green exist among the varietics studied, Nutrition,
location, soil, temperature, light, and other factors are move unportank
m mos$ cases than genetic factors in determining the shade of color.
This is shown when notes taken on the samo materia) but in different
localities and aé diffcrent times ave com pared. This lack of consistency
in reaction is shown in table 9, and ounly in very extreme cases would
this charactor be considered useful for taxonomic purposes.

Tanre 9.—Observations on woler of leaves
(U0, Biulsh gresn; T, dark green; G, greety .00, Nght freen|
BPRING VARIETIES {110}
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Tt 9.—Obgercations an color of leares— Continned
WINTER VARTETERS toth
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Varisbios  repres
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TLENCTH AND WintH or LEAVES

Both length and width of leaves are highly variable, and therefore
Lthey can be used successfully in taxonomy only when extreme dif-
feroncos oxist.  These characters vary with loeahity, and the influcnce
of environment seems to be stronger than the influence of genetic
factors. The data in tables 10 and 11 support these statements, Al
observations refer to spring varieties, as there were no noticeable
dilferences among the winter varieties.

Tanne 10.—Length of leavds fn 118 spring varicties

{Ea, Bty M, rockfuen ione #, mlwwt i
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AVTHOCYANIEN 1Y LEAF SHEAVTHS v At RICLES

The development of anthoeyanin color in leaf sheaths and auricles
i influenced by elimatic conditions to n high degree. 1t s possible 1o
distingnish theoe groups on the basis ol the quantity present, Cinely,
absent, present, or strong. The “absent'” group s well delined, bin
the dividing line between the “present’ wwd the “strong™ groups i~
indelinite. The chareter enn be used advantageonsly in elassification
when the anthoevanin is completely abaent or i3 strongly expressed.
Lt other cases it s of minor importaee b deseribing varietiss. Mot
\':1:'Iivt'u=:-; helong in the “present’™ group, s shown in wables 12, 14,
aned 14,

Anthoeyvanin alzo is present in other plapt parts ddirenased olaiw hero,
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Tanve 12.—Anthacyanin color in hasal lewf sheaths
{A, Ahsent; T present; 3, strong]
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The obscrvations as given in these tables were made at the following
stages: The basal leaf sheaths in the tillering stage jusé before the
lower leavoes started to turn yellow; the upper leaf sheaths when the
plants were ripe; and the auticles at the timo of heading.

Waxisess oF LEAF SHEATHS axe Leaves

The waxiness of leaf sheaths is one of {he extrentely varinble char-
acters in barley. No variety among those Listed here is entirely free
of waxiness, although such forms do exist. The present materinl ean
be elassed in two groups, waxy and slightly waxy, but the two are not
sharply delimited, as there is » continuous varietion from one to the
other, nsshown in table 15. There is not enough difference in waxiness
of leaves to make it possible to distinguish between groups, but such
differences might occur in material of more divergent origin.

TanLe 15— ioriness of leaf sheaths
W, Waay: 5W, stightly waxyl
SPRING VARIETIES {11,
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Positios oF Lesves Berore [ewing

Notes on the position of lenves before heading, obtained on the
spring varieties at Sacaton und Aberdeen, are given i table 16,

TARLE 16,— Puosition of Ieaves hefore hending in 118 spring varieties
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Whether the leaves are drooping or crect is casily determined just
before heading.  The characior is not one of great importance, hut,
it has some descriptive value; most of the varieties have drooping
leaves,

Size axp Siare or FLaGLEAVES

Any observation on the size of leaves must be considered in the
light of the variability caused by nutrition and climate. Yet it is
sometimes possible to use the size and shape of the flaglenf. A
detailed grouping is of little value. but the use of four groups, in voiving
botl: size and shape—long. wide; long, narrow; short, wide; and short,
narrow-—is entirely feasible, It is evident from table 17 that most,
varieties belong in the group with long, wide leaves,

CURLING OF FLAGLEAVES

The value of the curling of flagleaves was studied only in the spring
varicties, as none werp present in {he winter variotios. Curled flag-
leaves scem to be present only on certain varieties that are related
genetically,  Environmental influences are likely to be noticeable on
a Jeal character of this type. For example, no curled leaves were
noticed in 1943 at Madison and Fareo, but they were present at
Sacaton and Aberdeen in 1944, This would seem to indiente that n
dry climaie is more favorable than a humid one for the development of
this character. The data in table 1S show that varicties with typically
curled flagleaves ave rare and that a fow are intermediate hetween
curled and normal.

Tanue 17,~8ize and shope of Raglenrrs
1L, Long, wide; 1LY, lonz, tirpow; =W, short, wide; SN, sfiort, narrow}
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TanLe 18— Curled and normal flogleaves te 119 spring warietics
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STEM CHARACTERS
Hewcr oF PrLANT

The height of plant in this study was measured in inches from the
mound to the base of the spike. The varieties at exch station were
placed in three gronps by arbitrarily selecting vlass limits that would
include about a third ot the varieties in ench. These groups were
assigned the symbols 8 (shorty, M (oaictadly, anel T ttolly flable 16y,

Tanek 19~ floipht af plonts

fmo bt L M, esd el T, 1001 foliowed by flgstres stiows g et beiehi e ek
SPRINGG VARIETIFS (110

Cranp d Fiperp 2 . . Lirstgn b Lipist
- Yenr il 3. whort .-:.'E;'l'v'ah-' ikt jn nll
S : Caitfaciria il s il Tall
Marong Connny ek Plusit Camdorl
W ol . [HEES U bl A T
1*u i =1y Bt hY ] I in
Farvo Mg = =uT hY it N
I ¥ . IR =0y RY - 1
Linenln it s1T MUy 1t al
Lin LELI N . =40 = A
vheroheen LT =% B T =
BRTEHTE Y . 1HEd 14 ] M T4
Hirunlon 1043 ~ Qi oMY T L
1 . U B -1 L b L
LR RH LS 1L <m MOOT "7
13 JEH| ER AT I a7
Warettes peprscnted e i an i I~
WINTER VARLETIES (4w
St Year Ay nebess Folul Renn E‘"“;;“ by troded)
sdeh W 4 = AL L]
Fia Ithd 4 -y W
Hortsyille LRI Y sy e
Kuovyih LT AEN ] Mo
(B ILEE T M
settsvalle [A(Ew ] Al
11y 1840 44 L
Urhiang g 44 A
abnnbin [IRNIEY w5 U T A4
11435 1412 R - T
I ek =42 T -4
Ientun P =) Ao
=it FIIME 3] T M oS
Atepdeen (IR - 4% T
Varieles pep peseiztel  namlaer . 1 i I




TAXONOMIC VALULK OF CHARACTERS IN CULTIVATED BARLEY 2]

Since the avernge height of all varicties varied a great deal from
station to station and vear to yvear, the actusl height figure for the
Lype variely of each group is included in the table nlso. The variation
is from 9 to 39 inches for the symbol S, from 20 to 49 for M, and
from 24 to 57 for T It is also evident from the table that with sueh
great varmtion it is impossible to establish clear-cul lines between
stort, midiall, and tall plants, as there is a continuous varistion feom
the short plasts to the tall ones; therefore, it is advanilageons to use
two additional groups, short to midiall and midiall to tall Sven
thew, the dividing lines botween the groups are arbitenniy chosen,
aid the figures and symbels are sufficient proof of the limited use (hat
citnr be maude of plant height for taxonomic [FIrposes,

Srne NGTH OF STiaw

There i no doubt that observations on st rength of straw are very
helpfut in identifving corlain vasietios having either strong or weak
straw, but observations on intertmedin o types are unrelinble. The
overlapping between the five arbiteary wroups in (able 20 is very
noticenble, and it s very striking how seasonsl eannlitions alleet the
slraw strength, The observations Trom Fareo in 1943 <how, for
example, that most of te varieties had (o be elassificd as hisving o
weak or fuiely weak stesw. On the other handd, the obseevations
from Lincoln in 1944 indicate that very dittle weight ean be given to
them, beenuse weather conditions were not sueh as w indoee lodgring
s s to bring oul ceal differences, Strength-ofstraw dala are theres
fore uselul only if thev are bused on tests qrreind vut where significnnt
differenees oceur,
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The number of nodes exposed at the time the plants reach full

height was considered as o possible
studied on the winter barleys at thre
was so great that its use was abandone

trate Lhis variability.

{axonomic ¢

huracter; bui, when
e locations in 1943, the variation
d. The data in table 21 illus-

Taune 21.—Percentaye of exposed nodes in. 68 winter vurielies
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ANTHOCYANIN 1N NOBES

The purple color in the

oceurs ondy when the nodes are exposed, that s,

nodes have elongaled far enough to bray the

nodes, cansed by Lhe prosence of anthocyanin,
when the stem iptoer-
nodes out of the leaf

sheaths. A varlety may, however, show anthueyanin color in one

tocality and not in another,
observations ai several lova

the character is to be used generally.

That most varictios belonyg in the ntermediste group
This is n broad group.
no anthoevanin to those rather heavily pigmented, but not

from table 22,

Lo elassed as strong.

This again emplasizes the newd of
Lions and in more than a single year if

is evidenl

from varicties with practiesily

enough 10

Tasnie 22— Anthocyunin color in nodes
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ANTHOCYANIN IN STEMS

The absenee or presence of anthoeyanin in the stems is a charactor
of limited taxonewiic use. In eertain varictios the stem color is evident
under nearly all condilions, but in most varieties it occurs only under
very favorable dry, cool, sunny climates, as those at Sacnton and
Aberdeen. The observations recorded in table 23 made at these
Lwo places refer to the part of the stem above the flagleaf and helow
the spike,

Tasue 23—Anthocyanin color in slems

[A, Absent; 1P, presen; 8, strong)
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Suare or Neck

The normal stem is straight below the spike, but sometimes it is
snaky (wavy), as illustrated in figure 5. Bnaky neck is most often
found in varieties with dense spikes
and is frequently caused by envi-
ronimental conditions.  When the
spike remammns in the  hoot, or
ctaerges only slightly, it is com-
monly found that the neck is snaky.

Phis was observed in the material

from Ottaws in 1943, when the

barleys headed poorly, In some

virieties the characier is heritable,

and the neck is snaky even if the

spikes emerge normally, in which

case il has some velue 'in classifi-

cation.  The character is casily ob-

served in some instances, but in

others it is diflienlt fo  deteet,

Barley varieties showing this char-

acter are few as compared to those

with normal necks, as is evident in

table 24, where the abservations on

the spring varielies are given. No . .
snaky-necked  variety was found Figuug 3.— Shape of neck: «
among the winter barleys. Straight; b, snaky,
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Pantk 2-Shape af stem belaw spike in 11 spring varictics

[N, Normal &, sinky)
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Disranes Frosm FLAaGLEAF 10 SFIKE

The distanee from Magleaf to spike is determined both by Beredity
and envivonment {(table 23).  The good exsertion of spikes in the
Munehuria-type  barieys and  their conunon failure Lo cmerge in
Compuna. are bolh heritable ehuracters. he exsertion of 8 em. of
Oderbrucker at Mudison in 1943 and of 18 em. at Aberdeen in 1944
lusteates the influenee of eovironment.  Because of this nfluenee
it is impossible t¢ urrive at any refiable average firure for distunces.
Vor the taxenomist the statement of the munge will sufliee. Far
Oderbrucker this s 8 lo 18 em,

Tann 25, Pistasee Jrom faglenf to spik
SPRING VARISTTES (1
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Saape oF Contar

The nodelike structure that marks the tansition from the stem inta
the rachis of the spike is often ealled the eollar,

here s it deseribes the strocture vesy well,
there are theee types of eollass
are shown in figure 6 in their typieal Torm,

Thiz name is wsed
tted barless

Amwong cultiv
elosmd, v-shaped, snd open.

They

A varintion of the closed
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ot open type, which is unusund and easy to detect, is shown in the snme
figure. I is commenly found i Newal,

There are numerous variations belween and within these tvpicsl
forms as the groups in table 26 llustrate. It is diflicult to find a

A
. ."“l

Fravre 6 - Coliae types; W, Closed: #3, Voshaped; O, opens £ mdified elosed
Or upen, as in Newnl, oy

Tanie 26 - Shape of collar
870 Ehoserl; VL Veshgal, €8, ppen
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Frgens 7. --Spikes of barley: 4, Six-rowed; 13, Iwo-rowed.
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variety having all its collars of a siagle Lype, the nearest approsch
being in_varictics having closed collars, Vavieties with  closed,
occastonally V-shaped or open, collars are grouped with closed;
and varieties with closed, sometimes V-shaped or open, collars with
the group closed, V-shaped, or open. The gradual {ransition from
closed collars to V-shaped and open ones, and the paucity of varicties
with pure V-shaped or pure open type eollars lustrates the com-
plexity of the character. The observitions recorded in table 26
also serve to emphasize {he influcnce of environment, whieh must be
considered whenever the character is used taxonomically,

SPIK) CHARACTERS
Nussenr or Rows 1§ Spikk

The varicties in this study are grouped as either six-rowed (Fordenm
yelgare L. emend. Lam.} or two-rowed (Hordewm distichwm L. emend.,
Lam.) (figs. 7 and 8). These two characters are compleiely stable
and very useful in taxonomic work, Table 27 gives the number of
varieties falling in these two groups. As Lhe winter varietics are
six-rowed they do not appear in the table,

Although none of the varieties studied belong to the irregular barley
group (Hordewm irregulare B, Aberg and Wiebhe), this species ought to
be mentioned {fig, 9). Tt was doseribed by Aberg and Wiche (3) and is

/4 -

Fierre 8, —sSpikelets of harley, ., Sis-rowed; o, Central kernel: b, luleral Kernels,
£, Twe-rowed: a, Contral kornel; b, laterat forots, sterile.
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L3

s

Fiavng S—=Spike of Hor-
deam frrequtare, rregular
barley.

characterized by having the centeat forels
fertile but the laternd florets reduced to
rachillae n some eases and these dislrib-
uted irregulasly on the spike, with e
remaining  lateral florets  either  fertile,
sterile, or sexless,

SHAPE OF SPIKE

Only two spike shape charactess appear
to have any laxonomic value. These are
the parallel and the teuncate pyramidal
spikes illustrated in figure 10. The paraliel
fype is most common; among 188 varietics
only 7 are truneate pyramidal-shaped. but
5 others have a tendency in that direction,
The 12 varicties are ns follows:

8pikes lraneale pyramidal;
{'lub Mariont
Hearab
Awnless
Esaw
Nakano Wase
Bunrise
Winter C'luby

Spikes tending te be Lruncate pyramidal:
Minia
Nanalta
Clemson Awnless
Muarelt Awnless |
Woiig

The charncter runeate pyramidal seems
to he stable, but is fully expressed only in
well-developed spikes.

LENGYH OF SPIKE

Length of spike has only » lmited value
in the taxenomy of eultivated barleys and
should be used mainly as 2 deseriptive
chametor.  As can be seen In {able 28, the
charnelor is nfluenced o sach a high
degree by nutritional and chmatic lactors
that in most cases the influence of heredi-
tnrvy Inetors cannot he cleardy separaled.
Bxireme dilferences in denglh can be used
salisfactorily to distinguish varieties; for
oxample, Atsel has a very shorl spike,
wherens Wisconsin Barbless has a very
long one.
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TaBLE 27.~Nwmber of vows {n spikes of 119 spring varieties

0, Six-rowed; 8, awa-rowed]‘
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TapLe 28.—Length of spikes
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{1, 25T

Ci,

Group &
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1
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e

Groupa
(short):

Waxiness of spike refers to the waxy bloom on the epidermal {issues
of the barley spike. Among the varicties included in this study, two

have nonwaxy spikes, but a
- }

spiices.

I

L othiers have cither slightly waxy or waxy
As was the case with waxiness of feaf sheaths, these two Intter

groups eannot be sharply delimited and there is o lurge varintion with-

in the groups, as shown in table 26,
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Srike DexsiTy

Linnacus in 1733 ({3} used
spike density in his classifica-
tion system, and it has been
used repeatedly sinee that time.
Wornicke used it in 1885 (14),
and  Atterberg In 1899 (6).
arlan (£2) thought, in 1914,
that as a character for use in
solation of types ol breeding
materinl or for identificalion of
slrains, its possibilities were far
from exhausted. There is no
doubl that barleys differ tre-
menclously  in spike  density,
yet this charaeter presents coer-
tainn difficulties in {axonomy.
The differences between  va-
ricties are often small, and In
spite of the fact that they are
genetically distinet and stable
under varving climatic condi-
tions only a limited number of
ugsabie groups can bhe estab-
lished, as shown in table 30.
The groups are quite artificial,
ginee the variation from lax to
dense s an unbroken  series
{fig. 11).

e e . - From table 30 it 5 evident
Fravks 10.—Spike shapes: .3, Parallel;  (hat density vacies with envi-
B, truneate pyramidal. ronment.  For example, spikes
from Sacaton and Aberdeen are
donser than those of the same vacicties from the stations to the
east.  “This differenee s generally true for all wvarieties studied
under the different elimates that exist in the West, the Middle West,
and the Kast.  FHarlan (72} found similor differenees between vari-
eties grown at Chico, Calif., and 8{. Paul, Minn. It alsp is interest-
ing to note that a very high percentage of barleyvs grown in the United
States and Caneda is of the lnx (ype.  On 4 percentage basis Y0 are
lax, 4.5 are lax Lo dense, and 5.5 are dense,

Spike density is useful iu elassification if based on a limited numni-
ber of groups and at the same time it is remembered that within these
aroups there are variations. The character is not very helpful, how-
ever, hecause of the large number of varicties that fall in the lax
eroup.

TWEAKED SPIKS

Tweaked spike was found in only one variety, Wisconsin Barbless,
among these studied, and only a small percentage of the spikes in
this variety is so affected.  In tweaked spikes one or more rachis in-
Lernodes beeome elongated and rounded.  Because of Lthe elongalion,
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TaBLE 29— Waxiness of spikes
[NW, Nouwnxy; 5W, slightly waxy; W, wary]
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Lthe spike appears to have some spikelets missing.  The appearance
of the spike and of the rachis is shown in figure 12, Although the
pereentage of iweaked spikes may vary with the loculity, they wever-
theless fare slways present in fields” of Wisconsin Barbless. The
character is, therefore, of value in identifying this particular variety.
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NUMBER OF STERILE SPIKELETS AT Base oF SpIKE

The number of sterile spikelets at the base of the spike is greatly
influenced by environmental conditions, as shown in table 31. Tt s
unlikely, however, that the groups of varicties represented by Scarab
and Awnless will give the high number of sterile spikelets found in
such varicties as Lico and I&entucky 11. These are, however, the
extreme groups, and they represent only o small number of varieties

as compared to the poorly delimited intermediate groups.

TabLE 31.—Number of slerile spikelel groups al base of spike
SPRING VARIETIES (118)
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OvERLAPPING OF LATERAL KERNELS

The overlapping of lateral kernels on lax spikes was respounsible for
the origin of the term “four-rowed barley,” current in the carly litera-
ture on barley classification. 1t is irue that when most of the Interal
kernels overlap the two lateral rows look as though they are one.
Tn most cases, however, overlapping is found only in the upper part
of the spike. The character has a very limited use for descriptive
purposes, beeause of eontinuous variation from no overlapping to
spikes in which the kernels in the upper two-thirds of the spike over-
lap. Table 32 shows the number of varicties having different degrees
of overlapping and figure 13 illustrates two spikes, one of which has
overlapping kernels and the other none.

PosITION OF SPIKE

The position of the spike as it appears in the field al ripening time
is a result of the nodding of the upper part of the stem combined with
that of the spike itself. It can be expressed as the angle between the
spike and the vertical. Charngteristic spike positions are associnfed
with certain groups of barleys. The erect to inclined type, that is,
the type with a narrow angle, is common in the Coast group of barlevs,
and the nodding type, with a wide angle, is common amiong the Man-
churia-0. A. C. 2i-Oderbrucker group.  Tntermediafe types and ex-
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ceplions 1o the above are lound in
hoth groups, The observations on
this character are summarized in
table 33. Tt is evident thst there
18 80 much varintion that the char-
acter can be used only in deseriptions.

Tovensess axp Brrrriesess
ofF Rachis

No variety included in this stidy
has a brittle rachis.  Phe distinetion
between the tough rachis, as found
in ihis mnlmml and_ the  brittle
rnchis, ns diseusserl hy \In-:lr {1 for
Hordeum agriverithor und Hmrfuun
spoatanewm, tsovery easily deteet-
wble, as \\'l’“ as very slable. There
are varialions in LIO"I ee of toughness,
howeser, within {he lough nuhh
group.  This variation seems to be
due both te genetic and 1o environ-
mental factos. The first type, in
which the rachis shows a tendene VLo
be  Dbrittle, is found in  Dorsett.
Johnson mul _Un'rlr (£3) foumd that
Derseft carries one of 1he comple-
mentary genes for brittle rachis, and
it is puwh]v that its tendeney 1o
brittleness is an expression of {he
gene in its single phase; or there may
hv wdditional genes for the same
character, vausing the same CXpres-
sien, altheugh Lhm: effeel Is not
slrong vnouvh to eatse Tull brittleness,

The inducement of partial brittle-
ness (or less tnmr]uw“l by environ-
ments appeared inoa few varielies
grown under aridl conditions,  Fur
v.\mnpl(‘ hooded types had a purtly
brittle rachis when grown in the
Westernt States amed «lef"ul(I\
tough rachis when grown in (he
Southeastern Stales, [lus probably
is enused by differences in the intake
of sk, as the ash content of the gwns
of lm:lov varietios grown ai Aber-
deen is 25 1030 pereent higher thanfor
1he swme variciios grown nt Raleigls,
s found hy Abe g, Wiehe, wnd Dick-

E

[“raene 13,
vral kernels;
VPRI part,

Uverlappring af Jat-
d, Uherlapping in
B, no overinpping.

son (4). The vml('m\ lo a britde rachis among normally tough
rechis types is of very [imited use it taxonomic work.
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TanLe 32—0verlapping of lateral kernels
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Hamyess oF Racuis Foces

Most varieties have numerous haies on the rachis edges, 2 fow are
intermediate, but only a very few have nonhniry edges. The
Just Ly pes are ensily distinguished and stuble, and therefore very usceiul

first and
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Tanny 34 —FHairiness of rachis edges—Continued
WINTER VARIETIES (60)
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LeExets oF 13asat RacHis INTERNODE

The length of (he basal rachis internode often difers considerably
from that of the other internodes of the rachis; it is shorter than the
regular rachis inlernode in most cases, but longer in others. Wis-
consin Barbless and "Pall Comiort, for exumple, have long basal inter-
nodes i a large pereentuge of their spikes. In these varieties this
character seems to he infla-
enced very little by environ-
mental conditions, But under
special environments very long
hasal raelis inlernodes some-
Limes appear in varieties that
otherwise are quite normal, P
W Gull, from Stoneville, Miss.,
reposted, for example, that
Texan had extremely tong basal
rachis internodes,  This seems
to have been caused by a sud-
dewn rise in temperniure about u
month before hewding,  Similar
obseevations have boen mude on
ather wvarieties in the green-
louse at Beltsville, Ml
A B 4 The dilferences between the
lengths of basal rachis nter-
Frovne Lh - Length and shape of bazal il.ﬂi.h's fu}img LI groups 2 lo,‘{ 0

rachis internode: 1. Short. sirnighy;  table 35 are of limited value

B, shorr, eurved: C) long, straighl, {nxonomically becaunse dilfer-

enees are small,  Verv short or
very long internodes wre ensy to deteet and therefore quite useful,
Differences In length of basal rachis internodes are shown m figure 15,
The Tew enses i which the length of the basal internode 1= appreciably
modificd by cavironment help (o maintain the value of the character.

-

SuarE oF Bacis IXTERNODE

The basal rachis internade is straight or curved, as shows in figure
15. In Lable 36 it is seen that one or the other of these {¥pes ocenr m
a number of varietics. but that both {ypes are present in many
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Tanwne 35, —Length of basal rachiy internude
SPHRING VARIEYIES {19
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Denton. | o

Shoton

M berdesst . o
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—_— s e

=
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varielties.  (limatie conditions have some influenee on the expression
of the character, nevertheless it is very useful for descriptive purposes,
[t is evident from tables 67 and 68 (hat enrved internodes are more
common amony two-rowed than ameug six-rowed varieties. The
Const type appears to have a less curved internode than the Mane
churia-O. A C, 21-Oderbrucker type.

Tasle 36.—Shape of basul roekis inlernode
{C, Cusved; 8, straipht|

RPRING VARIETIES (116
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The shape of the other intee-
nodes of the rachis also differs
between six-rowed and  two-
rowed barleys, as llustrated in
figure 16. In six-rowed bar-
lezys the sides of the internode
tend to flare so as to provide a
wider area at the top for the
attnchment of lateral kernels.
This difference in shape is a
slable characier.

GuLuMES

In easlier literature a dis-
tinetion was made between
auter glumes, outer flowering
glumes, and inner flowering
glumes. A simplification re-
sulted in the adoption of the
terms “ouier glumes,” ‘lem-
ma,” and “palea.” It now
seems desirable te carry the
simplification . step further
Frerps  (B-—Rachis internode  shapes: with respect to the [first (_)f

1, Sixe-rowed type, sides tending to these ferms and to use it

Hare at upper ond; B, two-rowed type,  simply as “glumes.” The

sides nearly parallel. terms will, therefore, be
glumes, lemms, and palea.

Grumi LENGTH

The setual length ol the glume is of little vaiue to the taxonomst,
but the length of the glume expressed in relation to the length of
{omams has & definite value. For most varicties this length is about
half, but oceasionally it is one-third or two-thirds of that of the lemma,
A differenco in lengfh usually ean be observed ecasily.  Table 37 gives
iho observations on this character, and it is evident that the charaeter
i stable.  Sinee practically all varieties fall in one group, however,
the usefulness of the chaveeter is greatly restricted.

Parik 37, —Length of glumes in relation tn length of Lernel
AURING VANIETIES Om
H Viranp 2 firmp | !

Lol bt leds  Cirowged ety o Geaupd
Lirnpi 1 ITybrid  Qw): Man- 0 Flybeld (5 Oall

slntion Yo i, Composite  enrin O Compnsite | Iaryln
PN, (6L RETN (Nebr. 0 Marlout
LR 1LE B TR T

Mplison .. L eae wmis L 1 1 2y 4
FAIED 2rvoo e I 1 1 It by 2y .
T 1T e . T ictaly 3
Abepdern, ... 0 . il L ‘sloig iy 1y 4
Varieties reproseatin _ tnimher . . - i 1 1 ]
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Tanve 87.—Length of ghumes in relation to length of kernel—Continued
WINTER YARIE'IES o

J . Gronpy ! !

I i {roup 1 ! Gru:l;;'.! : (M3 1 Group 4 |

Stalhan : e ik b thato 16§ Tetnessee !l to 35); -
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Knuxvllbe ., . .0 0., SN 1Y TR : ala o - Erey
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Rt . B e e 1 I |

Abordesee, o000 LU T i
Virivtbes re enled il L, 1

Hamuyess or CLumes

The hairs on the glumes are short or long; and either cover the
entive glume, are coufined to a hand running ﬂ‘ngtln\iisu on the glume,
or are restricted to the midline. Tn a fow varictios no hairs are
mresent. The four types wre shown in figure 17. The chareter is

[
Froeri 17, ~Hairiuess of glunes: 1, Covered; B, In band; ¢ on mid-
line; £, withoul hairs.

stable in many varietios, but varies greatly in others.  [n Manehuria
(C. 1. 2847) the glumes are completely covered with shorl hairs wid
the character is stable, but in Kentucky 11 practically all types
of hairiness arc found. Between these two extremos sre numerous
intermediate types, the distribution and frequency of which are
shown in table 88, In classification the value of a character depends
entirely on how it is applied.  The distinction betwoen the stable and

T5TAH—48—0n
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TanLe 38.—Length and distribution of hairs on glumes
{8, Short hairs; T, long hairs; C, hairs covering the ghmmes; B, hairs confined o bands on glumes; M, hairs restricted to midline of glumes; N, no hairs on glumes

SPRING VARIETIES (119)
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verisble eases is very useful. 1f several observations under different
conditions are available for the variable groups they can be used for
]clescriptive purposes. Sometimes they can even be applied in varietsl
kevs.

't is interesting to note that most of the varietios showing variability
for this character are of hybrid origin and many of them have Lion
in their parentage, whereas the charactor is stable in most of the old
introductions and resclections from them.

Lexetr oF GrLume Awns

Insofar as is known, no previous writers have used the length of the
glume awn in barley classification. Tt can, however, be used with
very good success if based on the relationship between the length of
the glume awn and the glume itself. To be reliable, the observation
must be taken after the spikes are fully developed but before they are
ripe. When ripe, the fine glume awn is dry and easily broken. 1In
most barleys the glume awn is cither equal to the glume in length or
twice as long, as shown in figure 18. This character is vary stable
under varying environmental conditions, as is shown in table 39,

Of the spring barleys included in table 39, 50 pereent have glume
awns (-qlm{ in length to the glume and 40 pereent twice that length,
Among the winter barleys the corresponding figures are 12 and 84
pereent, respectively, but among the winter barleys there also is one
variely with short glume awns that are only % to 1 times the glume
length and anotboer that has glume awns which are oudy ¥ to 1 times
the length of the glume,  The various gronps established showd little

Tigenre 18.—Length of glume awns: A, Glume awn cqual to lenglh of glume;
B, glume awn twice the length of elume.
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"TarLe 39.—Lenglh of glume awn in relntion to leagth of glume
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or no varintion under he various elimatie conditions where they were
studied, and for this reason this eharacter is very usefu! in classificn-
tion.  Altegether the stable groups represent 90 pereeid of the spring
barleys 2ud 99 pereent of the winter barleys.  The twe small groups
represenied by Nassau among the winter varielies and hy Prospect
ine the spring varieties have two types of glume awn length; they are
stable, but the varielies are mixed lor this character.  As they are of
hybrid origin, the glume awn character probably was heierozygous
when the selection was made. The group, exemplified hvy Nobarh
andl representing 7 pereent of the spring varieties, is intermediate in
glume awn length, and many of the varietics come from an Atles 37
Vaughn cross.  The glume awns in this group may be 1, 1}, or 2 times
Lthe leagth of the glumes and therefore only of liumited value in taxo-
nomic work.
Barmiye or GLuve Awss

The occurvence of smooth and semismooth gliume awns ig very
rare, since ondy one variety, Ezond, has smooth glume awns and
another one, Texan, semismooth awns, among the 188 varietics
studied. A variation in roughness was noted among the varieties
with rough glume awns. Wisconsin Barbless and Glabron, spring
verieties, and Jackson and Jackson 1, winter varieties, appear to have
less roughness than other varieties in these groups.
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LEMGTH oF Awxss

The length of awns is not o simple charaeter genotically, It i
therefore diffieult (0 use narrow limits for Lhis charaeter in taxonomy
because of the frequent overlapping that occurs. A division into sher
and long awns is casily made, as is likewise n grouping based on the
relative length of the awns on central and lateral lemmas, Bul
within these groups there are numerous minor varintions that are uot
cusily separated. Thus tong awas in the long group are aot of equal
length. The relation betwoen the awn length and spike length also
s not always the same. In g general classifiention where environ-
mentat conditions may cause important changes, sueh minor differ-
vitees should not be used, They do have value, however, under g
particular environmenl.  The awn lengths, given in tables 20 and 41,
ave actoal lengths in centimelers measured from the base to the tip,
The awn leagth in relation to the spike length is oxpressed as a ralio
of the distance the awns extend beyoud the tip of the spike and (he
length of the spike itself. Awned, awnleted, and awnless spikes nre
shown in figires 19 and 20, togethier with hooded spikes, the other tvpo
of lemma appendage cceurring in barley,

Tante A~ Length of mirns
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Frovas Yo -dwnoavpes: W1 Longs 8, short ¢, shart on coniral rows, awnleted

on lateral ruws: {2, awnleted on eentral rows, wwnless on luteral rows,
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Ficrne 20— \wnless and hoodoed rpest Jd, Awnless; f,
ssatle hoods,

tlevaied hoods:

*
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TarLe 41.—Length of wen in relation to fength of spike
| Figures are ratio of awn length te spiko lengthl
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BArBIinG OF AWNS

The three awn groups—smooth, semismooth, and rough—in barley
are in part artificial (fig. 21). Entirely smooth awns ure not found
among the varieties studied, as the so-called smooth-anwned types
have varying numbers of fine barbs at the tip.  The length of this
rough scgment, from the tip downwards, is the determining factor as
{o whether an awn is smooth or semismooth.  When the barbed see-
ment does not include more than the upper third of the awn a va-
riely is classed as smooth.  When it extends farther down on the awn
but still leaves the basal part smeoth, it is classed as semismooth.
Rough awns have barbs from the tip to ithe base. The three types
of nwns are shown in figure 21, The degree of smoothness of the
awn depends not only upon genetic factors but also on environment.
For cxample, al Mulison, in 1943, many of the normally smooth-
awned barleys were classified as semismooth.  Similar obscrvations
were made on smooth-nwned varieties when grown at Sacaton and
Aberdeen. This would indicate that, although in genvral a grouping
into smooth and semismooth wwns can be made, it must be recog-
nized that environment may cause some overlapping between the
groups. Fortunately, however, only a few types [ull on the horder
line heiween smooli}l amdl semismooth awns, 1t usually is casy to
scparate semismooth and rough types, although oceasionally semi-
smooth awns are almost fully barbed.
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"Table 42 shows the groups made with this material. Groups 2, 3,
and 4 represent the semismooth variclies; and of these, group 2 in-
cludes those bordering Letween smooth and semismooth, and group
4 those between semismooth and rough.

Deciobvous Awss

The deciduousness of awns in barley
i5 highly dependent on environmental
conditions but also is herituble.  Decidu-
ous awns are found most commonly
amony barleys grown in drv climates
and on soils high in available minerals,
where the plants accumulute w high
pereentage of ash, especially in their
awns. It is likely that the pereentage
of ash has some influence on the deeidu-
ousness of awns,  There is also a genetic
influence, however, heexuse some varie-
ties lose all their awns under cerinin
environments, whereas others lose none,
There is an association aiso  helween
deciduousness and the types of barley,
The Coast-type barleys seldom lose ahy
awns, while some two-rowed Lypes and
the Manchurin-O. A. C. 21-Oderbrucker
types lose theirs frequently,  The figures
m table 43 indicate that the number of
varieties with a high percentage of do-
ciduous awns is comparatively small.

ANTHOCYANIN 1N Growi Awss
AND Awxs

There is a close ussociation of antho-
eyanin color in the glume awns and the
awns, and the characler is theroefore
treated under a single heading.  Al-
though the anthocyanin color has a
certain deseriptive value, it is highiy
virriable and neels to be studied i
several locations before the charactor-
isties of a variety can he ascertained.
Tables 44 and 45 show this variation.
Only vecasional varictios completely lack
purple anthoeyanin color. A moderate
number of varietios are strongly colored,
while the majority of the varioties are
ntermediale.  This searcity of variclios
in the easily recognized groups makes the
character of limited value,

Fietne 21 Burbx on awns
<l Roughy 14, =emismaonih;
(', =mooth.
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Pante 12.—S8moothness and roughness af auwns
{8, Sinootd; 53, semismooth; R, sough)
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Tanuk 45.—Anthoeyanin color in awns
i, Ahsent; P, present; 8, strong]
SPRING VARIETIES {110

. Oromp il @ Orenp® © Graap 3 : Cironp 4
Station . Yuar {nlsent): tivesents | (presenti: | fstrongs
: Canst ; YVaughn . Erand ol
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Aberdeon . . : A : 1
Varivtles represented . . numaher ¢ . 7. I
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Hoap CoxtrasTEn WiTh Awns

Ttis very casy to distinguish between hoods and awns on the lemma,
as shown in figures 19 and 20. The character is very stable under all
climatie conditions and very usefu! in classifying varieties. There
are 9 hooded varicties among the 119 spring varietios and 13 hoodod
varicties amonyg the 69 winter varieties reported here.

FrevatioN oF lHoops

Elevation of hoods sometimes is useful in classification. The
differenee between elevaied or sessile hoods is sontetimes very distinet,
as seen in figure 20, Table 46 shows, however, that there also sro
varieties in which, for example Clemson Hoeded, it is difficalt to
decide whether the hoods are elevated or nol, The character also
varies from one locality to another and to be useful in classification
must be based on observations under several onvironments,

TarLe 48, — Elevaiion of hoods
SPRING VARIETIES ()

1
L flroup ?
Group i 1« (sessileor
Sinticn ¢ Y {sessile 032 1 plevatedd-
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Afr, A,
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Tannk 46,—Elevation of hotds—-Continued

Snetlon

Haleiph

Wooxville, . .
Beltsavills | .
Mudlson. .. .
Snenton... .
Abepileen |

Vaeletios reprosented

Yeap

JHD -3
FLt R k]

JBL4

IHZ 43
149880
FRE

Fieus 22, -ITood appendiges o middie Tobe:
1L With appondage: £3, without rppendage.

Spring varielies:

Without appeudnge

without.

WINTRER VARIETIES ()

tiratg 2
imesslie or
plovidinge

diroip d
ielovpiendnt
o

Cironip i

4
{5 salle 1

(| i‘:;:;::’f Bupritiess b
RV RYE
u R
4 3
1 4
" 5
4 Tilom
tio? Tl
H i

ltoop ApPPiENDAGES ON
Mapnet, LoBE

The hooded barleys often
bave a delicate awnlike ap-
penduge  wttached (o the
nniddle fobe of the hood,
Observations on the oxist-
ence of sueh an appemdage
were made in the field and
on spikes reccived from the
different localities where the
classifiention nurseries were
grown. As  hetween  sta-
Lions Lhe eharacler was com-
paratively stuble and, there-
fore, has a cortain taxonomie
value. The only difficulty
in appiving it lies in the
ease with which the append-
ages  break off from  the
hoods in the ripe spikes.
A grouping of the hooded
varteties in this study as lo
occeurrenee of hood append-
apes is given below, The
lurgest pereentage oCCUIS in
the winter vapmelies. The
spikes in figure 22 illustrate
the presence and absenee of
the bood appendage.

i Meloy, Belfard
With very short appendage or llorsford,  Meloy 3, Risty ey, b,

Union

Beardless, Wnarrior, € omposite

C'ross seleetion (0§, 5440)
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Winler varictios:

Without appendage | Hugu _

With shorl appendage. Hooded L6, Tennessee 41317-640, Brugh 76,
Clemson Hooded, Tueker, Missourl Lnrly
Beardless, Tennessee Beardless 3, Tonnes-
see Beardlose 6, York Hooded, Mareti
I)[(mrlvrl A4, Tredell, North Caroling Hoorded
26

LENGTH OF STavENs

T'he limited number of observations made on the leneth of stamena
idliente that it occasionully can be of taxonomic value, The slamens
of Nakano Wase, for example, are shorter {averaging 2.5 millimeters)
than hose of other winter varielies, having 3-millimeter scamens.
This difference, however, is so small that it is diffienlt to use Lhe
charneter. Stamen length also varies with loeality. AU Aberdeen,
the stamens were | mm, longer on an avernge than at the other stations
where the nurseries were grown. [t is coneluded (hat stamen length
is n uselul character in (axonomic work anly in exeeptional eases,

Hunevess oF STieva

The hairiness ol stigma (fia. 23) is nol an important charncter for
lwo reasons: First, the period when it ean be observed s very
short; second, the haiviness is closely associnted wilh the barbs oh
the 2wns, that is. 2 variely that has only o few hairs on {18 stizma.
pearly always s smooth awns aned g variety with numerous hairs

Frovee 23, Stigms hairiness: 4, Huiey; K with few haie,

on its stigma has rough awns. The observalions on the hairiness of
stigma are therefore only an additional measure of (he smoothness
or roughness of the awns. Tnoa few rases the hajriness of stignin is
mtermedinte between the two types just mentioned andd tiay nol he
associnted with semismootlh awns. Observations on hairiness of stigma,
given in table 47, demonstrate that the two groups., haiex and with
fews haies, are distinet, Within cach one of these groups wre varintions
s 10 hairiness, particulacly in the group with few hairs,
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TasLe 47.—Heairiness of siigma
{H, Hairy; X[, moderately haivy; F, few halrs]

SPRING VARIETIES (110)

1
| Group
Croup | P2 | Groupi
Station I! Year (lairy): | (mggﬁ_r}g}t el¥ [ (tor balrs):
l Cderbrucker Compatia Mars
Mudlsan . . oo L M F
Sucuton. . H ¥ F
Aberdeen. ... ... .. .- 38 his 3
atnber. feo oo 3 12 39
WINTER VARIETLES {89}
e e et e ame s oI e e o
Sentlon Yeur i L‘:f:':"'l“ﬂg-:.;cri Marnaturh
e e et A pmaa o o .._,.,...E ] R [
Muwdlson, O I 3 = H e e ¥
BHLATAN . L. e ieiee e . 1543-44 I . Al
Alerdeuil.. . oo o L L ieiiiaaee e aae 1941 [EA ¥
Varietios represented oo oo _ ... Conumber. {0 L L 6 f.. \
TARESHABILILY AND SHATTEHRING .

Two objeciives are sought in threshing, namely, to remove the
kernel from the rachis and to break the awn from the kernel. The
case with which this is accomplished depends on the type of barley.
The Coast type threshes very poorly, whereas the Manchuria-O. A, (',
21--Oderbrucker type threshes quite casily, The locality where the
barley is grown alsc seems to have an influenee, for if it is grown where
the ash content of the plant is high then it will thresh easily, whereas
a low ash content eauses poor threshing, An example of the relationship
of ash content and threshability is furnished by winter barleys grown
at Raleigh apd Aberdeen. The ash analyses from such barleys were
reported by Aberg, Wiebe, and Dickson (4), who found that & difference
of 25 percent in total ash content in the awns had a marked influence
on the ease with which the awns broke oft. :

The varicties from the barley-classification nurseries at Madison
in 1043, at Raleigh in 19042-43, and at Aberdeen in 1944 were fested
for threshability by the use of a Vogel thresher, using a cylinder
speed of 745 revolutions per minute, The construction of this thresher
wes discussed by Vogel and Johnson in 1934 (8). The varieties from
Madison and Raleighs were graded after onc threshing, then run
titrough the machine & second time and graded again. At Aberdeen
only one threshing was made. The results from these tests are sum-
marized in fable 48.

- The ‘basis for differences in threshability is the same or very similar
to the one for shattering. It is well known that the middle western
varietics shatter when grown in the dry climate in the West. The
ohservations on shattering at Sacaton and Aberdeen are presented
in table 49,
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Tavve 48.-—~Threshability in spring end winler varieties
I #
{G, Qoad; A, medium gond; P, poor]
" SPRING VARIETIES (119

. ' . Grgup 1 ] Ciroay 2: Group 3
Station | Yewr ’O:Iurbruukurl Treni Biue

Alndlsgn: ! ’ .
Fitst threshing e N [ T 1 (x A
Second theeshing ... ... . .0 0 1 g 1§ Ot M
Aberdeen., oo 00T PP |22 G G
Vorletles represented. ... .. L Humber eersmameman []]

P

M
Ala p

WINTER VARIETIES (6h

] . M
RAlation v Your I Wong Randglph - Kontucky 1
Raleigh: . H
Fhest threshing oo 100 i
Second threshing .- SRy
Aberdeen . ._.,.....
Vorieties represented

TavLe A9.—Shaltering’in 119 spring rarfeties

[, Shattering N, noushattering)

g L : .

; . b Ciroup ¥ - .
Cirmzpp © ¢ o " [ GTITR

Sistion o Year o (shattering: | (itermediate o SOOUE S

1 shattering): :
!O(Irrhruckerg Trogl ingh Blue

Saeatan. .. .. . o 11344 &
Aberdeen . . . . [1FE% I R
Wariel{us ropregenio! . . nomibwr - ([

KERNEL CHARACTERS
Narep ConTrasten Wrre Coverep K ERNELSY

The distinction between naked kernels, where the lemma and palea
are not attached, and covered kernels, where they are attached, is one
of the easiest characters in barley to recognize. The character is
stable and consequently very useful. Naked and covered kernels are
shown in figure 24.

Keryen LexcTn

Kernel length can be measured cither on the spikes or after thresh-
ing, Before observations on the influence of environment on the
character could be made, it was necessary to find a technique whereby
the determination could be made rapidly and reliably. Studies for
this purpose were carried out during the winter of 1942-43 at Madison.
The material chosen was such that observations could be made on the
variations in kernel length of barleys grown under different climatic
conditions.

Spikes from three varicties, Wisconsin Barbless, Trebi, and Winter
Club grown at Madison in 1942, wore used to determine how the
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kernels counid best be ehosen if picked from the spikes.  Ten spikes
were used in each sample, and only kernels from the contral vows were
ased.  One, two, theee, or four sceds were picked {rom the middle
part of each spike, and this gave samples of 10, 20, 30, or 40 seeds on
which measuremoents were mnde.  The length was moeasured {rom the
base to the point where the awns break over the tip of the caryopsis
in bath threshed and unthreshed samples {lable 58). The resulis

Wrar e Th— Kerne) types: o4, Coveredy #, nnked.

show that w 10-kernel sumple suffices il ench kernel comes from w dif-
ferent spile.  Phe determination of kernel length of threshed grain
reguires lavger samples. The Wiseonsin Barbless varicty was wseed o
determine the necessary sample size. Seeds of this variely, harvested
in 1041 at Madison, Davis, wid Bozeman, were measurved. Sumples
consisting ol 10, 20, 30, 40, 50, and 60 keroels from the cetitral rows
were mensured from the Madison material, and 46 aud 30 kernel
samples from Davis and Bozeman, The Madison measuremnents had
indieated that cither (he 40- or 50-kernal samples would be most

-

Tanve 5 Mesulls of kernel-tength measurements i Wiseonsin Hurbiess, Trel,
awd Winder Club from Mudison. 1142

Kl by

Nmnber of kirnel-

e Taeld Winter Club
H Alm. Afan, RSN
. } . |TmEn i T P . Ghe ik 3N
=h e o N EEE 14D niTh
RIE R T.RAE LI »aly DS LILLIE N
LI . [ PP nowgy L N
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desirable. Six replieations were used in all cases. The results shown
in table 51 indieate that 2 sample of 40 kernels is satisfactory for the
kernel-length determination of threshed grain,

For the study of variations in kernel length of barley grown under
different climatic conditions, threshed samples of two varieties,
Wisconsin Burbless and Manchuria (C. 1. 2330), from three stations,
Fargo, Bozeman, and Lincoln, {rom cach of the vears 1940, 1941, and
1942 were measured during the winter 1942-43. Each lot comprised
three 40-kernel samples from the central rows of the spike. The
measurements are given in table 52 and the stalistieal analyses in
table 53.

TanLe 51.—Keruel-length determinations on threshed sq mples of Wisconsin Barbless
grown in 1941

Keroel lenpih

Numhber of Madison, Wis, xavis, Calif. Bozetman, Monl.

kurnels

Nitleronce
hutween
high and low

Bitference
between
il nned low

‘ Difforence
hetwoon
zh o low

Average nf
replientions

Ascrnge of §

Average of 6
replicutions

RS, '
roplications | hi

Afm. Afm. . . Aflm.

Tanre 52.—Kernel-length measurements

Averages of Hiree $0-Foroel sainples

VarieLy nad station

140 1Rl
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Bozeman. .

3 B, fi3

P . Of

Bipeoln. . ... .. . .. 1R 3]
Manghuris (T, T, 2330):

Fargo.. e e nm e . L

Roacn . e e L . .04

Lineolo.. ... ..., FAE

\\'is?‘msin Brrblss: M. I ot

Tanre 53.—Stalistivel analyses of kernel-length measurements recorded in table 59
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Tt is evident from’table 53 that there is a highly significant difference
bobween stations and e significant difference between years. The
difference between replications and varieties was nob significant. The
two varicties differed only slightly in length, however, as shown in
table 52. It is also clear from the date that when kernel length is
used as & charneter in identifying barley, it is necessary to eonsider the
climatic conditions under which the barley was grown.  Allowances
for varintions eaused by envivenmeni are necessary, and, therefore,
kernel length will be a good character only if marked differences in
fength exist,  In other eases it will serve as 2 minor character,

Additional dain to support this opinion were oblained during 1943
and 1944. These daia, obinined by using one kernel each from 10
spikes for each station, are given in table 54. The overlapping be-

TaBLE 5t —RNernel lenglh
SPRENG VARIETIES (119)

3 '

i Group i (iruup 2 I Groupd L R TR

i : tshart to 3 .1 (midlong !
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1

tweoen the figures for the three groups “short to midlong,” “midlong,
and “midlong Lo long’ shows that length of kernels hus a limited use
when closely related material is to be separated. T the materinl i
grown under the same environment, it ean most often be sepueated
into 4 or 5 groups as to kernel length, but the small differences between
these grotps lose their significance under different environments.
The only safe way to use kernel length in a taxonomic scheme for
vavieties from different loeations is to choose differenees i length
that are definitely significant.

Gery LENGTH

The gorm length is the distance from the base of the germ o the
edge of the scutellum.  The relationship of germ length to kernel
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length is 1 to 3.5 for most varictics but mav be quite different in
some others. Inoorder to find such cases a study was undertaken on
the technigue for making these mensurements, using the same spilies
and kernels of Wisconsin Barbless, Trebi, and Winter Club as woere
used Tor the kernel-length study.  The results are given in table 53.
Pen kernels are suflicient for’ o germ-length determination il the
kernels ave picked one each Trom 10 spikes mind from the conteal row
in the middle part of the spilke,

Sumples o 40 kernels are suflicient for gorm-length determinntions
when threshed grain is used, as shown in table 56, The {ests used
for determining the best sample size Tor germ length were similar to
the ones used for kernel fength,  Consequently, the satme sampling
technique as applied Tor kernel length also ean he used hore.  In
studying the germ length of the varicties in the classifiention nurseries
in 1943 and 1944, samples of 10 kernels were used by Laking one from
cach ol 10 different spikes. The results are given in table 57,

Only o few varietios have germ lengths difTering from the normal
tength of 2.5 to 3 millimeters. These lew exeeptions, however, indi-
eate thatl significant dilferences in gorm length might be found in a
large colleetion of diverse origin,

The relationship between germ length and kernel length given
ithove as 1 to 3.5 15 conftrmel by the duta in tables 57 and 54, The
“short” and “short to midlong™ groups of kernets among the winter
barleys also have a short gerin, us indicated by the observations on
Esaw and the group it represents. Amaong the other winter harleys
and among the spring barloys, however, this relationship is noi so
apparent. Tl coneluwded that germ length s of very limited use ns
i taxenomic charneloer,

Tans S5~ Geen-length mesuremerds i Wiseonsin Burbless, Trohi, and Winfer
Cluly from Madisan, 1952

Gierm Jength

Number ol Kernels ]
Wisennn

Hotrlilies Tk Witther Clul

Tanrk 86— Germ-tength dele reqdani{ions o threshod suinples of 1isconsin Burbless
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TanLe 57.—(erm-length delerminaniions
SPRING VARLETIES (119)

ﬂrml;l I
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Varielies refin . PRI . IO 1

Snare oF KERNELS

. The difference in the shape ol kernels of six- -rowed as compared
with Lwo-rowed varietics is very useful (figs. 25 and 263, and especially
so when identifications must be made from threshed grain.  In two-
rowed varieties all the kernels are symmetrieal in =‘,lm|}(- when viewed
from the dorsal or ventral side, whereas in six-rowed varieties one-
third (eenfral kernels) ave -\'mnwtnt'nl arel two-thirds (lateral kernels)

Freevire 25.-—sShape of kernels of sig-rowed barloy: OV Syviemetviead, central
rows: f3, Lwisted, fateral rows,
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are lwisted.  The twist is most noticeable at the atlachment end and
somewhat less so at the distal end.

Other kernel-shape characters are of miner imporlance, as most. of
them are highly variable beeause they are markedly influenced by
climate and nutrition, Thickness and width are such characters,
The kernels of Davidson, however, are typically wide and plump,
and those of Perth are very slonder and thin

Fravee 26 ~2hape of kernets of two-rowed barley,
Lievwa-Base Snave

The use of lemma-bnze shape o distinguish varvieties, otherwise
than us w supplementory varictal eharaeter, was not considered al-
visable by Aberg in 1040 €7), hut Turther tests as 1o the value of this
characler wore suggested.

The character was observed closels in the present study, hot un-
lortunately most of the varicties belong in one or the other of the twa
agroups, originally ealled wwtens and ercetum.  These two names wre
very misleading for this character, and they are not applicd heve.
Newther is the  term “horseshoe-shaped  depression™ used.  The
depression at the lemma. base in the group Tormerly ealled nutans has
been incorrectly  deseribed  as horseshoe-shaped.  [ts shape and
appearance vay with varieties, It is evident now that its variubility
will inerease as plant breeders continue to produce new varieties.
In what formerly was ealled the erectum group the lenmma-base shape
ean be deseribed as having o trapsverse erense, the old ehnraeter for




2 TECHNICAL BULLETIN 942, 7. 8. DEPT. OF AGRICULTURE

FFraruk 27.— Lemma-base shape: U, Transveese erease;
erenses ) dopresaion.

Snlon

Ninelisap
Alwerdbein
Vaurieties reptesegted

Sintion

Talvigh

Knoawville
Bpliavitie .
$hntan .

Varictivs e preseniod

Taness 58, Lemmo-base shape
143, Trepressinn; O drapeverse efeascl

APRENG VARIFETIRS riwn

WANTEH VAIRIETIES o

Pruard”

12, depressiun {ending 1o

FiTugyps 2 Erlugfe 0

B 1LY Bl
CRE L
Cligh
Mearmnl

Taeker Witer Clsb

" f
13 i
] t
4

L ]

this group.  Consceyuently, in the present study o distinetion is snade
between o lentna base with n depression aml that with a transvesse
crease.  There are, however, several varietios thal ave intermedinte
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hetween these two types and are deseribed as having a lemma base
with depression tending to ercase. Table 58 shows the grouping
made on observations among the present material and figure 27 ilus-
trates the three types - depression, depression tending to crease, nnd
LrANSverse ¢rease,

Lemys TeeETn axp Hans

The system of classilying barley kernels with the help of lemma
teeth beeame popular with Neergaard  (76), Atterberg (5), and
Bolin (7, /1M). They clarified the taxonomie value of the number of
Leeth on the lemnza nerves, but appareatly did not realize the variabil-
ity in the character due 1o cnvironment,

In the present study the number of teeth on
the lemma nerves was determined on material
vrown in several climates.  Phe number of teeth
wis obaerved on all five nerves of the lemma,
which were laheled midnerve, Interal nerves, and
marginal nerves, as shown in fgure 28, Teeth
were found on the midnerve in only the two
varieties, Sunrise and Nakano Wase,  The groups
establishid for the number of teeth on the laternd
and marginal nerves are given in table 59, [t ix
evident from the data that teeth dovelop to a
grester degree in Lhe drey elimate of Linho and
Arizona than in the humid elimate of Wisconsin,
These observations are in agrecment with those
made on smooth and semismooth nwns.  [f the
teething of leinma nerves is to be used with
safety, observations must he made under a
sufficient number of environments,  This will be
even more necessary with new varcieties developed
by hybridization.

The four principal types of teething on lenima
herves are shown in figure 200 Flairs on the  Feres 280 Daraal
lemma were found only in Sunrise and Nakano :’;::‘;‘.i“l:_,r |(E{,',‘,r:,]:;t
Wase, In these varfeties hairs were present nerves: o, Mid-
hoth on the nerves and in the area between the neeves b, Indeeal

P . HOFVEe=] ©, nrging|
nerves, as shown in firare 3L o

WriNkLive or Hons

CWrinkling of hells is o heritable eharneter, bal its oxpression s
highly dependent on environment, and this results in some over-
lapping in nsystem of grouping, as shown in table 60, Cansequently,
the taxononnie value of the eharacter is limited, and the gradl
change from one type to another must be keptlin mind whenever the
character is used.  Grain loft in the field until fully ripe shows muore
wrinkling than that which s hoarvesiod and throshed prematurely,

The diffevent degrees of wrinkling of the hulls are show in figire 31,
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Frot e 20, Lenting teebhe L, Nameronss 73, ~oversd; € few B, none,

Frge e, 360, Leoona hnirs,
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Racwinea lans

The length of the hairs on the raelille is one of the most stable
chargeters for identifying barleys and is useful both in spike material
and in threshed grain samples.  The distinetion between long and
short hairs is casy to meke in practically ail eases.  OF the varietios
observed in this study only one, Smooth Awn 88, had bairs inter-
medigte belween long and short. Some varictivs, however, aee
genetic mixtores of long- or short-huired plants. Such varioties
usually originated as foreign introductions, mass seleetions, or plant
selections made in an early hivhrid geacralion.

Table 61 shows the disteibulion of the varvieties that have shott,
short. or long, and long haits on (he rachille.  Long- nnd shori-
haired rachillas are ilustrated in figure 32,

Frovur 32 Raehille binirs: C1, Long; 83, short.

RuciLty ApoRTION

Abortive rechillas are eare, nnd no variety is pure for this eharelor.
Abortive raehillas are distributed more or fess at random between i
within the spikes of a variety, and they may vaey rons & (riee in
some varietics to as high as 30 {n-rwu( m athers.  The variation

within o variely may be induced in part by envieonment, This
charveter ean be used in identilving varietios when the extent of
abortion is large, bul ean be used only s & minor characler when
iCis small. Among the varieties nelided in the present investiga-
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tion, only 13 pereent of the spring and 9 pereent of the winler vavietics

showed aborted rachiflas.,

The type of abortion lound in the varielics

studied is shown in figure 33, ane the distribution is given in table 62,

Miaerne 38.—Rachilla abortion: o,
Abortive: 8, norinal,

bBlue in an alkaline medium.

Lexere 0r BacHiLLa

Bell and Carson (7)Y showed 1
1941 that lengih of rachille is a
varieial character but is strongly
affected by environmental faetors.

They niso showed thal in six-
rowed barleys the rachillais longer
in the interal spikelets than it is i
central ones,  The observations
ot the varieties in this bulletin
ave b agreement with those of Bell
and Casson (7). allbough the ma-
jorily of the varieties fall in the
midlong rachilla-fength group.
Three grouptaee rovognized  long,
midlong, and short  as shown n
tuble 63,

hErseL Conors

The background of kernel colors
was oxtensively discussed by
Tarlan (£2) in 1914, He pointed
oul Lhat there are two primery
pigments in barloy—anthoeyanin
and o melaninlike compound,
Anthoeyanin s red in an acid and

1t is ved in the hulls and pericavp but

blue in the aleurone layer of the keenel, Naked kernels with anthoeyn-
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Tanne G2—Prrecstage of aborifve rachilius
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When the melaninlike

compound is present in the hulls or pericaep, these tisstes are black.,
gray, or brown, depending on the intensity of the deposit. The color
due Lo the melanin compound usually musks any blue aleurone cotor
present, so that the pericarp must be removed belore the aleurone
volor cun he determined.
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CoLor oF LeEMyA AND PALEA

The lemma and palea arc black in eertain varieties, including
Dorsett, Lion, and Blackhull, and the color remains constant cven
under varying climatic conditions. A slight tinge of purple can be
detected in the lemma of Munsing at some loeations, and this is a
useful observation for this variety. In most varictics, however, the
lemma is yellow.  Anthocyanin may or may not be present in the
lemma nerves, and its expression at this point is highly variable, as
shown in table 64. Very [ew varieties are without colored nerves,
and only a moderate numhber have strongly rcolored ones. Most
varieties have slightly colored nerves, and this character is highly
variable.

Tannts Gd~—Colared lenma nerve:
[A, Absence of eolor; 1Y, presenee of coloe it nedemie quantiltes; 8, presenee of color In sbundancy)
SPRING VARIETIES (115)

Group 1| Qroup 2 | Areup s | G 1 ((}m"p ;
Fronp roup & ou roup - nerves e -
. . {nerves | {merves | (urves | (nerves | slightdy ?,:3;1“:, 0 ((}I IS;IJ:-;
Sintion Yo | wilhoue | slighily | slightly | slightly | coleel) (:(Jlorﬂii' L enlorul):
volor): | coloredds § enlored): | volored)s | Wiseon- | Sgiop ot foja *
Const CGlneler | Ezondd [ Vonghn siny i
Barkless
HH3 A A A I* ¥ ] 8
13-4 A I I i’ = s )
Aherdeen . HIES A A I3 I I I 5
Voricties represenied,
natiber i oo Lo att 31 [ 12 l ih i 5 1
i i
WINTRER VARLETIES (i)
N ‘I . e Purdue @ Ian- rurdue | . ¢ Maor-
SinLion i Yoar Kirwln ; 4] T llui-_lky dolph HE YL e IRETY E “harb
SN S b | L !
Rulelgh.- Posmi 4 A T P 5
Beltsville 194244 A A I I ol
Knoxville tie—4i A A I Iy 5
Sueuton. . Lf MM A P r r I
Aberdoen. oo I8 1 i b A I ]
Varketlvs represented,
nutnber.. --i 2 m] tL 3 i

Coronr orF Carvorsis

The volor of the caryopsis is actually the combined effect of color
in the aleuronc and pericarp.  The differences in earyopsis color in
the present material are basod largely upon aleurone color, as the
number of black varieties is small. Of the hulled black variclies,
Dorsett and Blackhull have black eolor in the pericarp that covers
the blue aleurone,

Coron oF ALEURONE

The color of alcuronc is influenced to a very high degree by elimatic
conditions. 1t is very difficult to separate blue aleurone from white
in kernels produced under humid conditions, especially if the blue
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color is of & low intensity, Under arid conditions, however, separa-
tions of blue and white color are easily made, and here it is even pos-
sible to distinguish three or four shades of blue. The vatue of alourone
color for classification purposes is, therefore, greatly restricted except
for barley grown in dry arens. Observations on the aleurone color
are given in table 85. At Sacaton and Aberdeen, different shades
of blue could be distinguished from cach other and from white, but
in barley grown at Madison and Fargo the only possible separation
was blue from white and sometimes this was accomplished with
difficulty.

Tasuy 63, —sllcurone rotor
[W. White; R, blue; BI, light blue; B2, medium blues BRI, durk hlue]
BPRING VARIETIES (1D

Group 1 Group 2 Grou .
" . K na CGroup 4 Group 5

Station Wieoein | Chlteor | Thiue: | (bl | (hi:

Barbioss CHabron | Montealm [ O_A.Co21]  Trehi

Madison ; Bor W B
Fargo.... 13orw L]
Breaton.. K Woor Bl Bt
Aberdeen {4 War B2 Bl
] 12 1

WINTER VARIETIES (60)

I'Ennessie Sinhi
Slalion Year | itunclolph Winter Michigan

v Casenele Nussn
(C. Lgamy | Winter

AR Baor W it I3 1]

Ualeigh. .
Sacaton_. Rtk I or W 1L e 1y
Aberdeen. . 3 B2or W 11 n2 1K)
Yarielles ropresented...number. 8 28 1

WiptH Axp DEPTH OoF VENTRAL CREASE

In wheat the width and depth of the ventral rrease of the kernel
has a certain value for classification, according to Clark and Bayles
(11). Both characters were studied in bariey but proved to be of oo
value, because their expression depended too much upen nutritional
and environmental factors.

Keryet, Wecar

The kernel weight was determined according to the Shands’ (17)
teehnique, that is, by weighing a sample of 400 kernels and giving
the average weight of a single keruel in milligrams.  Kernel weight
varies widely and it can be used only as a descriptive charactor.
The distribution of the weights within this meterial is found in table
6G.
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TapLy BO.—Kernel weight
SIPRING VARIETIES {119

Ciroug: 2 Crronp o Croug 4
: . Groupd | @0tes | (3tode | dOtws Group &
Station Yoar e [fF1-A 1 mg.J: we: 8 o5
I’unfl’n;ul Manchuriay Franklin | Californin fi“)
: (C. L 2a30H  Malt Coust yhu
Alg. Mg Afg. My
Alnelison, . 113 o84 A 912. 2 405
Abherdeen. . L1z ES IR Al 13,0 5
Snenatey.. - At R LA S5 8 L7 L 19
Varieties ref I PO H -1} 6 x
WINTER VARIETIES (81
o e —— - R
Station Year ; Awnless ‘iteno l Ciympln ! Iuckson i ! Balgarinn
e | !
My, My MMy } Alg Mg
LTI P RRRRERP PR 284 20,2 1.4 45,8
Mueaton. . 2.0 20,5 40.9 - 43,5 4n.1
IHREON. oo - ' .2 4, ) 8.6, 4.2 16,9
Varletics ropresenied number 2 ‘ 2 T 2
DISCUSSION

This discussion is limited to some of the present trends apparent
in the classification of cultivated plants.  Barly workers delermined
the vlue and stability of a number of characters, and the present
sindy confirms these earbier findings. The earlier workers also ree-
oznized that other characiers were less stable and of hitle value i
classification and made lttde or no nse of them.  Sinee the number
of usable charactors is limited and new ones srise Jargely by chance,
ihe modern trond is to make the best possible use of all observable
characters, even these not entirely stable under ol conditions, A
new basis must be established to evaluate these characters, This
consists of studying them at a number of statiens and in different
years to determine the variability of the character due to environ-
ment. If a large number of variable characters are studied and the
limits of uscfuiness are established for cach, it is then possible to unse
ihem in entifying varvieties. The cxpression of many characters
varies through # continuous series and only the extreme Lvpes ean be
distinguished with certainty. Unfortunately, the number of varictics
that can be separated with certainty often is small.

1t is important to keep in mind that the material to be clnssified
is living material. By giving full credit and attention to the nu-
merous varying characters as well as to the stable ones, o more com-
plete deseription is possible; and the summary ceffect of combining
ctable und vaciable characters will be such as to give o total impression
that will hest Rt its deseription.

Some varieties are mixed for certain characters, such as blue and
white seeds or long- and short-haired rachillas, although the characters
thomselves are completely stable and breed true. Sueh mixed char-
acters when originally present must be consicdered s typical of the
variety. Often it is possible to ilentify a variety by just such & mix-
ture when it is known that the mixture is a nalural eondition. The
extent to which mixed characters ¢an be used as 2 characteristic of a
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variety will depend on a knowledge of the history of .the variety and
on proof that the component parts of the mixture are definite entities
and not merely wide (luctuations of the same charactor,

Some characters that appear to be mixed cannot be elassed in the
uhove eategory.  For example, abortive rachillas oceur consistently
as mixtures in certain varioties, butl the Lypes do not breed iruo.
Normal and abortive vachillas enn be founed side by side in the sunmwe
spike, bhut the percentage of cach is groutly inflluenced by envicon-
menl. There are two fundamental differences hetweon mixtures of
this kind of echaracter and the one in (he preceding paragraph, namely,
(I} in the mixture discussed here, the character in its several modes
of expression enn e found on the same plant, whereas i Lhe former
case L s always limited to separate plants, () lines cannol be seleeted
that will breed (rue Tor the charactor in the mixtures in the cnse
discussed here but will breed trae for (e charaeters in the ause nhove,
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APPENDIX

The four tables 67 to 70 serve as summary, or reference, (ables for Gnding the
varieties that belong in the character groups given in the eartier tables; or con-
versely, for fnding the characteriséics of n particular varicty, ‘Yable 71 gives o
sehematic ssunmary of the taxonomic value of the characters diseussed and the
degree to which each is infuenced by enviromment., The information in this
tuble is based on the varieties used and on the cuvironmental eouditions present
at the stations duripg the years they were studied. ‘These varieties are a speeial
group, consist.ing atmost entirely of the commercinl varieties of the United States
and Unnada, For &his reason the taxonomic value assigned to any particular
character may not be the same if a less select group were studied. The environ-
meantial influences are evaluated to such a degree that no substantial differences
would be likely to be found if another group of varieties were studied.
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TasrLe 68.-- Distribution of, sprfug burley data by character groups in lables 32 to 66— Continued
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‘I'ABLE 69.—Distribution of winter barley dala by character groups in tubles 2 to 31—Continued
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TaArLE T0.—Distribution of winter barley data by character groups in tables 32 lo 66
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TABLE 70.—Distribution of winter barley data by character growps in lables 32 fo 66—Continued
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TAXONGMIC VALUE OF CHARACTERS IN CULTIVATED BARLEY 85

Tarne 71 —Summury showing the lazonomic value of the barley characters and the
environmentel influence on the expression of these chureclers

Frxonomies vl fniluence of vavirominent

on shameter
Chinrseter sta b

Wery ro | ALads .
goon | Cood | Minar ! None | oy | Urent

frowth eharseters:
Spring of winter growth lmhit._. B SO
Enrly prowth. . ooiiaeioian-
"Ik of heading .
Postharvest seed durnmnc\'.. -
Faaf characters:
Tlnlriness of leal shesths .. ... (]
Calol of leaves, ... S
Length and width of Tunves. ... |-
Anthoeyanin o lesf shenths noed
auricles. .
Whxiness of leaf shenths aned
tenves .
Pusttion of linves before ht'ndms,
thibeoo. . O
Size ane! slmpe ol !lu;,im
Curling of finspglegves ... .
Skae and stiape of uur:ck. Bl
tigules.. . .
Roughness of lvaves.
Numbier of stein leaves,
slemm eluiragters:
Fleight of plants.._
Streppth of straw._., .
Number of exposed fdus
Authaeyanin in podes. .
.\mhm.} nRin in sl.vms....
Shape of neck. 4
Pistnnee from ﬂ:t;.lw:l‘luhpzkl‘. S
Shape of eolinr,
FEniriness of podes. .
Hpike vharmetors:
Nanher of raws bn spike
. Shapie of $ke
Leni i of splike
Waxiness of siike
Bnike donsity
Twenked spike.,
Number of sterile vidkelnts
hase of spike . .
Overlappiing of iuterﬂi kirnels .
PMosition of spike. . .
‘I"ouphiiess of rrehis
Hritd foness of mieh . :
flairiness of tachis edpes .
fenplh af basad rachis internots
shane of rachis internode ... -
{Houme bnpih
Hairiposs of gleanes
Larngth of glomie aw .
Harhing of glnme awns_,
f.ength of nwng
Harbug of Awos.... ..
Precidunus awns.. .. .
Anthoeyanin in gl awns nml
WS o
Hoad contrasted with awng !
flevatiog of hoods i
iload sppendapes on middle loh(’
Length of stemens. ... . .
Hairkpess of stlpmue_. ... .
‘Fheeshability .0 L.
Shatkering. .. P
Hnchillate imferal kernels..
Shape of rachis or rachls inle
nodes .
Dristanoe hetwest glumoq ak |lﬂ::1t
af sttachuient
Crigme width ..
\Witith of nwn sl tip oriemma.__ A T
Deeiduons lemmn. . .
. Size of middie lebe of Bogd
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TABLE TL.—Summary showing the tazanomic velue of the barley churaclers and the
environmental influence on the expression of these characlers—Continued

\ . Influence of cuvircument
Tuxonomic valioe an character
Character studied —_
7 . .
;:g;} fiood | Minor | Nooe | None %;:#,- Great

Kernel charmeters:
Nnked contrasted wilh eovered
KOTNeYS e v aee e x
Kuernel lenpgth. ..
Qerm length .
Shape of Kernels...

Itachille nbortion._
Length of rachille.
Color of lermma and pales.
Golor of caryopsis. . .oo_.__...._
Color of aleurone Ehumlrl climate).
Color of alenrone (dry elimate).._.
Width ond depth of ventrul crease
Kurnel weight,
Width of point of altachment of
Kernels. e

- J o O b RO P P,




Albprtive rachillo, 67
Aleureng color, 7
Anthocyanin—
aurleles, 1t
nwns, 4
plume pwis, 4
leal shenths, 15
nodes, 22
stems, 2%
Aaricles—
anthoeyurin, 16
shape, v
size, ¥
Awns, 51
Awns—-
anthacyanin, 19
barbing, 45
decidupus, 49
Jenglh, 43
witdth at tip of lgmma, 7

Larbing—

rwig, 48

glume nwns, 44
Tasnl rnehis internode—

length, 46

shapr, 358
Trittlessnoess of tachly, 35

Caryopsis,  Soe Kerpel,
Coliar, shapy, 21
Color—

aleurenc, 70

caryopsis, 70

kernels, 68

lenves, 15

lemma, 70

|inlea, 70

Trensity of spike, #)
Digpih gb venleal ecresse st kernelg, 71
Distonee—
glume peinl of attachmend, 7
Nagleal Lo spike, M
Dorminey, soed, 13

Flapleaves—
oorling, 18
diztance Lo spike, ¢
shape, 18
size, 1

Cicrm length, 58
CHlumes, 40
tlfstance peint of nttachntend, 7
halriness, 41
length, 40
wiedth, 7
Gliame gwns—
anlhoeyanin, 40
harbing, 44
length, 43
Growil-—
eaRrly, 11
Tiabit, 7

Halrlness—
glunes, 41
leal sheaths, 14
Ternmn, 3
nades, 7

INDEX

Fniriness—Gonlintiel
rach[tn, 67
rachis edges, 36
sUiprhn, Al
HendIng dote, 1
Hulghl of pleats, 20
Elowml elevation, 5t
Hond appendages an mbddie lobe, 52

CEulls, wrinkllng, 53

Kernel—
color, 8
coverrd, 5
laternl overlapping, 34
length, 55
nnked, 55
shape, (0
weishi, ¥l
whlth polnt of ntinchunent, 7

Laternl kernels—
eyeriapping,
rnchillabe, 7

Lenl sheaths—
nnbhocsyandn, 16
hairiness, 14
wixiness, 18

Linveg--
vplor, 15
length, 16
numther an stet, 7
position, 18
rotighness, 7
waxiness, 18
witlth, G

Lemina—

Ise shiape, 6L
enlor, 70
deelduons, 7
hnirs, 3
toeLh, i

Length—
wwns, 43
baznl ractis internode, iy
gert, 58
Elume, )
plume pwas, 1T
kernols, &0
leaves, 16
rachiiln, 68
apike, 23
SLAHIIE, &b

Ligules ~
shape, 7
size, 7

MiddTe ohe of oot —
appanidages, 52
side, ¥

Nakedd kerngls, 50
woek, shape, 23
Nofles--
anthoeyaning, 22
pxpased, npmber, 22
hauiriness, 7
Numhpr -
exposed nipdes, 22
rows In spike, 27
stem lenves, 7 i
slerlle splkelets at buse of spike, i1
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Overlapping, Intrrnd kertels, 3t

Pales, color, 70
Pland hedehi, @)
Position—
fonves, 4
spbkes, 3
Prostimevest seed dorinney, 13

Jinebilly- -
abuetion, GF
tiies, U7
length, ¥
Huchillate luterad Rernels, 7
Ruolis--
britlleness, 35
e, Bniriness, 36
touahness, Hi
tenelits lnternade, shape, 5%
Rongliness, ves, 7

Heed darmnney, 13
Shimgni—
purieles, ¥
biasnl rnehis iterindes, 18
epdinr, B¢
finpienves, 19
kernels, B
lipnles, 7
nwik, 23
rachis internodes, 34
spike, 243
Shnttering, 53
Siae-=
seirieles, ¥
Naplpaves, 19
fipies. 7
mibcded e dgine of bowd, 7

Bprlbn—
depsity, 4
length, 25
aumber of ows, 2
g her of sterile spikelets ok base, 38
Jwsition, 34
shiypw, 28
Lwegked, 30
wixiness, 29
Spiring rowll habif, 7
Rimaneny, heapih, &8
Rlems, sl boeyanin, 5
Sterbe spikelets buso of wsike, $1
Skiztia, haleiess, 53
Sheaw streugth, 31

Topth oy lemeg, 63
Threshybdlily, 7
Time of henring, B3
Teiphiness of raehis,
Puendiedd spike, 36

Ventral crenso pn korael-~
deqith, 71
wicht, 71

Waxitiesg--
tonl shonihe, IS
tenves, 18
2pibe, 29
“'l'iL!ihl, keruels, Tl
Wilth—
awil il L of fvams, 7
e, 7
feaves, 16
puind of sblachment of kerels, 7
vanrrad erense i kerpok, 71
Winter growih bahi, 7
Wreinkling of hoalis, 4
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