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Abstract

This study characterizes barlev (Hordeum wvulgare
L.) germplasm that evolved under continuous culti-
vation in highly drought-prone areas of the Near
East. Landrace populations originating from 70 loca-
tions in Svria and Jordan were evaluated under field
conditions in Tel Hadia, Syria, on the basis of single
head-row progeny performance. Significant genetic
variation was found for all traits recorded: seed
colour, kernel row number, growth habit, awn barb-
ing, davs to heading, culm length, leaf widths, awn
length, early growth vigour, lodging score. and mil-
dew resistance.

For most traits, large proportions of the total
variation were found between head progenies within
single populations. The qualitative traits, growth
habit, seed colour, and awn barbing showed higher
variation indices in populations originating from the
drier regions of Syria. Populations from the drier
regions headed slightly earlier, had narrower leaves,
longer culms and tended to be more susceptible to
lodging and mildew than populations originating in
the higher rainfall areas in Syria.

For all traits, the variance components resulting
from differences among populations within a par-
ticular growing region, as well as those among popu-
lations from different regions, were highly signifi-
cant. This indicates that this germplasm stock con-
tains materials with adaptability to these diverse

* Jo_im contribution of the International Center for
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State University. Journal Paper No. J-12816 of the
Iowa Agriculture and Home Economics Experiment
Station, Ames, lowa. Project No. 2447.

growing conditions. The variability present within
populations, as well as that among populations with
similar adaptability, is sufficient to allow successful
selection for productivitv-related traits.

Key words: Hordeum vulgare — germplasm evalua-
tion — days to heading — growth habit — leaf width
— mildew resistance

Barley (Hordewum vulgare L.) cultivation in the
Near East dates from the development of
sedentary agriculture (HarLax 1975). It i1s
widelv accepted that cultivated, two-rowed
barlevs originated from forms resembling its
wild relative, H. vulgare ssp. spontanenm
(BoTHMER and Jacossen 1985). Probably, bar-
lev has been an integral part of agriculture in
the Near East for the past several millenia.
Most remarkable among recent changes in bar-
ley distribution and acreage has been the
enormous expansion of barley culuvation in
the northeastern and eastern parts of Syria
during the past 50—100 years (Wirta 1971).
In the Near East, barley i1s grown mainly in
dry regions and on poor soils. In Syria, where
it dominates cropping areas with mean annual
rainfall below 250 mm (KEaTINGE et al. 1986),
it is grown in rotation with fallow or in mono-
culture. Barley is planted before the first rains
in the autumn. It is frequently grazed during
late tillering (SoMEL 1984), and most common-
ly, the crop’s total biomass is harvested for dry
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forage or grazed (NorpsrLoom 1983b). Both
grain and straw are used as feed for sheep. In
the zone of 250—350 mm annual rainfall, bar-
lev is grown in more diverse rotations where
its culture involves more intense management.
It is rarely grown under irrigation.

Barley varieties grown in the Near East are
usually landraces. Only occasionally are mod-
ern cultivars successful. The term “landrace” is
given to populations of genotypes of a crop
species that have evolved in a cropping system
of a particular region (BENNETT 1969, Harran
1975). Therefore, landraces are probably
heterogeneous and well adapted to the prevail-
ing growing conditions of an area. Historical-
lv, landraces have been the major sources of
variation available for plant breeders (Vrigs
1908).

The first systemic evaluations of the variabil-
ity in small-grain crops for the Near East
concentrated on traits of interest to plant tax-
onomists and plant geographers (JacUpzINER
1932, VaviLov 1950). Large-scale evaluations

of barley accessions held in world collections
did not permit an assessment about the varia-
bility found in the Middle East because so few
were from that region (ToLserT et al. 1979,
Kanrer and Arvarp 1981, Takanasur et al.
1983). The evaluation of traits closely releated
to growth, development, and productivity of
barlev landraces from the Himalayas (Wit
comse and Girant 1979, Mureny and Wit
comsE 1981) and from Ethiopia (BEKELE 1983,
1984, Necassa 1985) have frequently revealed
regional differentiation in trait expression
when evaluated in Europe.

The following study was conducted to assess
the patterns of variation for traits in barley
landraces from the Near East and to evaluate
the usefulness of this variation for local breed-
ing programs. The investigation was carried
out in Northern Syria where growing condi-
tions resembled the habitats where this mate-
rial was collected in Syria and Jordan. This
allowed genecological interpretation of the da-
ta (LANGLET 1971) as an aid to idenufving

Table 1. Characterization of 10 barlev growing regions in Syria and Jordan, data collected from BriCHAUM-
BAU1 and WALLEN (1963), WALTER and LIETH (1961), FAO and UNESCO (1974), and KEATINGE et al.

(1986}
Region Mean annual Mean Elevation Soil type, management practices
rainfall temperature above
(mm) (°C) sea level
(m}

Jordan 160—400 19 800— 906 Calcic Xerosols/calcic Luvisols, frequently late
planting

Suweida 300—400 15.5 800— 900 Vertic Cambisols, in rotation with wheat

Sidnava 250—300 — 1300—1400 Chromic Luvisols, shallow, rocky soils; large
variation in planting dates

Hama 250—350 16.5 400— 500 Chromic Vertisol, in diverse rotations, high
yield expections

1dlib 450—550 17.2 500— 750 Chromic Luvisol, in complex rotations, intense
management

Aleppo 270—330 17.4 400— 550 Calcic Luvisol/Vertisol; in rotation with wheat
and food legumes

Ras el Ain 230—330 18.5 300— 420 Calcic Xerosol, gypsic Xerosols, barley mono-
culture, or in rotations with fallow

Ragqa 180—230 —_ 250— 320 Calcic Xerosol, monoculture, frequent green
stage and mature crop grazing

Palmyra <180 19.0 250— 550 Gypsic Yermosol, frequent late season mature
crop grazing

Deir ez Zor 120+ 18.0 200 Gypsic Fluvisols, saline, irrigated

Irng.
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adaptations to growing conditions with vary- 1983, 1984, DaMania et al. 1983, 1985), varia-
ing degrees of environmental stress. In those  tion within populations accounted for approxi-
few instances when barley landraces have been  mately 50 % of the total variation. Such varia-
evaluated (Brown and Munpay 1982, BEKELE  tion has great value for improving productivi-
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tv-related traits for the targer environments.
For traits such as developmental or resistance
characters, this variation may provide popula-
tion buffering (ALLarD and Brapsuaw 1964) of
importance in different environments.

Materials and Methods

Landrace collection: Landraces were collected dur-
ing the harvest season 1981 by using methods de-
veloped by MARSHALL and BROWN (1975). Seventy
sampling sites were chosen to represent the various
growing areas. The distance berween sampling sites
was at least 10 km, and at each site, 100 spikes were
collected at random. Distance berween individual
spike sampling sites was approximately 1.5 m. The
material collected at one site will be referred to as a
population. The geographical locations of popula-
tion sites and their groupings according to growing
regions are shown in Figure 1. Growing regions
covered a range of mean annual rainfall berween
160—550 mm, mean annual temperatures berween
155 and 19.0°C, and a variety of soil types and
management practices (Table 1). The exact geog-
raphical coordinates for each sampling site, and the
seed samples, are kept at the Genetic Resources Unit
of the International Center for Agricultural Research

for Dry Areas (ICARDA),Aleppo, Syria and at the
Bundesforschungsanstalt fiir Landwirtschaft (FAL),
Braunschweig, Federal Republic of Germany
(FRG).

Landrace evaluation: The barley accessions were
grown in 1981/82 at ICARDA center at Tel Hadia,
Syria, where the predominant soil type is a calcic
luvisol. During the growing season, 338 mm of rain-
fall were received, which approximates the long-
term average of 342 mm (ICARDA 1984). Tempera-
tures were below average during January—March.
Planting took place during the week of 7-—14 De-
cember in a field that was fallowed in the two
previous seasons. Weeds were controlled manually
during the booting stage.

From each of the 70 populations, 100 spike prog-
enies were sown. For 37 populations, each spike
provided enough seed to plant a 1-m row, and rows
were spaced 50 cm apart. For the remaining 33
populations, only 3—5 seeds per spike were avail-
able, so they were sown in hills spaced 50 cm apart
in perpendicular directions. Every eleventh plot was
sown with one of two check cutivars, either “Badia”,
an improved six-row culuvar used in ICARDA
breeding nurseries or “Arabic abied”, a landrace
population used as a Syrian national check. During
the growing season, 12 traits were recorded on a plot

basis (Table 2.

Table 2. Traits measured on spike rows from 7C barley landrace populations

Trait Unit of Explanation
measure-
ment
Growth habit score 1 = erect, 2 = semi-erect, 3 = prostrate
Early growth vigour score 1 = much more vigorous than adjacent check culuvars
9 = much less vigorous than adjacent check culuvars
Days to heading d days after sowing
Mildew infestation score 1 = no symptoms observed
9 = heavy sporulation observed on the head and flag leaf (only
on 33 populations)
Culm length cm rounded to the nearest 5 cm, average height from soil to head
peduncle
Flag leaf width mm measured on the widest part of the leaf of one random plant in
50 randomly chosen head rows per population
Width of penultimate leaf mm measured on the widest part of the leaf on the same 5C plants
that were measured for flag leaf width
Awn length cm measured on one randomly chosen plant in the same head rows
as the previous traits
Awn barbing score 1 = smooth, 2 = semi-smooth, 3 = rough
Seed colour score 1 = white, 2 = non-white
Lodging susceptibility score 1 = plot completely upright (90°)
9 = plot laying on ground (0°)
Kernel row number score 2 = 2-rowed, 6 = 6-rowed
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Table 3. Frequencies of character states for kernel row number, seed colour, growth habit, and awn barbing
within barley landrace populations from 10 growing regions

Region Kernel row no.  Seed colour Growth habit Awn barbing
non- semi- pros- semi-

2row 6row white white erect erect  trate smooth smooth rough
Jordan 100.0 0.0 96.2 3.8 86.4 12.7 0.9 273 55.5 17.2
Suweida 100.0 0.0 94.9 5.1 44.9 48.6 6.4 29.1 44.6 26.4
Sidnaya 99.5 Q0.5 975 2:5 68.3 30.5 1.3 40.6 6.1 53.3
Hama 99.8 0.2 88.5 11.2 59.6 38.9 1.5 72.3 23.8 4.0
1dlib 100.0 0.0 9.7 0.3 54.4 44.4 1.3 81.0 18.0 1.0
Aleppo 10C.0 0.0 26.5 73.5 44.6 49.6 5.8 70.1 14.8 15.2
Ras el Ain 100.0 0.0 20.3 79.7 331 50.5 16.4 60.4 14.4 253
Ragga 100.0 0.0 281 71.9 35.5 47.3 17.2 61.6 111 273
Palmyra 99.7 0.3 385 61.5 48.4 39.2 12.3 60.8 9.6 29.6
Deir ez Zor 0.0 100.0 76.9 231 16.0 56.2 27.8 0.0 0.6 99.4
Overall 96.9 B 54.5 45.5 49.6 4C.8 9.6 54.9 17.8 273

On 61 lines from eight populations (Fig. 1), mil-
dew infection types were evaluated by using an
isolate of Erysiphe graminis D.C. F. sp. hordei
Marchal from the Near East. The inoculation was
carried out as described by AsLam and SCHWARZ-
BACH (1981). The infection tvpes were scored ac-
cording to TORP et al. (1978), and scores from 0 to
11—I1II were considered resistant.

Statistical analysis: The data were analyzed by us-
ing the Statistical Analysis System (19853) by apply-
ing the procedure Proc Means. Proc Frequencies,
and Proc Nested.

Table 4. Percentages of spike progenies with wide,
awned outer glumes in 13 barlev populations from 5
regions

Region Population %o
Hama 31 64.5
59 2.0
60 71.0
61 2.C
Aleppo 24 3.2
25 19.8
27 3.2
54 13.0
55 8.0
Ras el Ain 45 2.0
Palmyra 34 9.0
40 1.0
Sidnaya 62 1.0

The total variance of a quantitative trait was ana-
Ivzed according to the following hierarchical linear
model:

X = u + 1, + p; + e, where

x,; = single plot observation

u = overall mean

r, = effect of the ith region

p. = effect of the jth population within the ith
region

e, = deviation of single progeny value from popu-

lation mean (genetic and environmental ef-

fects confounded).
An estimate of the environmental error was obrained
from the variation among check plots. The within-
populations variance for qualitative traits was ana-
ivzed by using .Shannon-Weaver-Information”
(SWT} Indices, calculated using the following for-
mula:

s

SWI = ~ ;2P log, pi

where p, is the relative frequency of state i of the
character concerned for a population. The maximum
possible index value increases with the number n of
character states. Therefore, to compare indices ob-
tained for different traits, they were standardized to
a maximum value of 1. To test whether populations
from the various regions showed different levels of
within-population variation, the nonstandardized
indices for each trait were subjected to a two-level
hierarchical analysis of variance. This allowed est-
mates of the proportions of variance due to regional
effects and due to differences among populations
within regions.

For two constrasting barley growing regions,
separate estimates of variation within populations
(8%) were obtained for traits that exhibited some
genetic differentiation among spike progenies. The
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variance component estimates were compared by F-
tests to determine any possible impact of the envi-
ronment under which the populations evolved on
this variation component.

Results and Discussion
Qualitative Traits

Barley collected in Syria and Jordan predomi-
nantly had two-rowed spikes (Table 3). Ex-
ceptions were two populations that originated
from the irrigated banks along the Euphrates
River near Deir ez Zor, which had only six-
rowed spikes. In three other populations, six
plants with six-rowed spikes were discovered.
These findings agree well with previous reports
that describe all barley grown under rainfed
cultivation in the Near East as being two-
rowed (BOTHMER and JAcoOBSEN 1985, TOLBERT
et al. 1979). The origin of the six-rowed acces-
sions is uncertain. Perhaps they were intro-
duced during a Canadian development project
in the Euphrates River basin because farmers in
Syria frequently refer to six-rowed barley as
“Canadian barley”. Six-rowed barley lines
have been found along the Euphrates River
previously (ArNon 1972, Carsar and SOy
1964) and also have been reported in Turkish
barley landraces: However, their exact origin
was not given (TakamasH: et al. 1983).

A morphological mutant with wide, awned
outer glumes was found frequently in popula-
tions from northwestern Syria (Table 4). In
most populations this mutant was present in
low frequencies but it dominated the two
populations collected east of Hama. This mu-
tant resembles known mutants (TsucHiva
1974), and its genetic similarity to them is
being investigated.

Lemma colour showed an array ranging
from white and grey to brown and black.
However, because environment influences the
expression of the colour intensity, lemma col-
our of a progeny was classified only as white
and non white. Barley from Jordan had un-
iformly white seeds (Table 3}, and accessions
from the western part of Syria had primarily
white seeds. In the eastern dry area of Syria,
dark-seeded samples were common, but some
spike progenies were white-seeded in each
population from this region. Farmers in Syria
assume that dark-seeded barley lines have
higher drought tolerance than do white-seeded

accessions. The distribution of the two that 1
found corroborates this assumption.

Awn barbing varied considerably within the
barley populations. Smooth, semi-smooth,
and rough-awned types were found (Table 3).
Within the two-rowed barley accessions,
smooth-awned types predominated, but in
populations from Syria and Jordan, semi-
smooth and rough awns occurred at higher
frequencies than in northern Syria. The dis-
tribution of smooth-awned barley coincided
well with areas where mature barley is grazed
in poor years (NorpeLOOM 1983a); sheep pre-
fer smooth-awned spikes. However, no infor-
mation exists about methods that farmers in
those areas may use in selection and seed prep-
aration. Awn barbing is a trait frequently used
by farmers to differentiate H. spontanenm
from cultivated barley, which resemble each
other closely. All six-rowed barley accessions
had rough awns (Table 3), which supports the
suggestion that the six-rowed samples that I
collected were introduced.

Growth habit varied enormously among
spike progenies within populations as well as
among 10 growing regions (Table 3). Prostrate
growth habit, which is commonly referred to
as winter growth habit, was found regularly.
Populations from northeastern Syria had fre-
quencies of progenies with prostrate growth
habit berween 12 and 27 %. Those from west-
ern and southern Syria primarily had erect
plants. This distribution coincides well with
the increasingly continental weather patterns
from west and south to east, and the greater
grazing by sheep in northeastern Syria (NORD-
BLOOM 1983 b).

When within-population variation for qual-
itative traits was summarized, it was shown
that kernel row number did not contribute to
variation within populations, whereas seed
colour, awn barbing, and growth habit were of
increasingly greater importance (Table 5). In a
study of Iranian barley landraces, row number
and seed colour contributed little to strain
variation (Brown and Munpay 1982), but Be-
KELE (1984) and Necassa (1985), who studied
Ethiopian collections, found that row number
was the most variable of all qualitative traits.
All qualitative traits are easily influenced by
selection, but selection pressures practised by
the farmers have not been analyzed in any
investigation.
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Table 5. Mean Shannon-Weaver-Information (SWI) indices for barley landrace populations from 10 growing

regions in Syria and Jordan

Region Kernel Seed Growth Awn Mean index
row no. colour habit barbing over traits
jord:m 0.00 0.21 0.37 0.77 0.34
Suweida 0.00 0.26 0.80 0.75 0.46
Sidnaya 0.04 0.14 0.60 0.68 0.36
Hama 0.02 0.39 0.66 0.54 0.40
1dlib 0.00 0.02 C.66 0.45 0.28
Aleppo .00 0.80 0.76 0,70 0.58
Ras el Ain 0.00 0.69 0.87 0.82 0.59
Raqqa 0.00 0.83 0.88 0.80 0.63
Palmyra 0.02 0.81 0.82 0.72 0.59
Deir ez Zor 0.00 0.57 0.85 0.03 0.36
Mean SWI index
over regions 0.01 0.58 0.75 0.70 051

The northern regions, except Deir ez Zor,
all have higher SWI indices than the popula-
tions sampled in the south (Table 5). This was
due mainly to greater variation for seed colour
and growth habit.

The analvsis of variance of SWI indices
(Table 6) confirmed that most variation among
populations was due to effects among regions
for all craits. This indicated that regional differ-
ences Iin management practices Or ¢nviron-
mental conditions had a larger effect on in-
trapopulation variation than local differences
in management and seed exchange.

Quantitative traits

Overall, the average period from planting to
50 % heading for the 700 barley accessions was
133 days (Table 7). This value would rank as
mtermediate to late when compared with bar-

lev in the breeding programme at ICARDA.
Population means ranged from 123 days (Pop
70 from Jordan) to 137 days (Pop 58 from the
1dlib region), but means for the regions varied
only slightly (Table 7). There was a tendency
for populations from Jordan and southern Sy-
ria to be early, and those from western Syria,
which receives high annual rainfall, headed
1—2 days later than populations from the dry
region in eastern Svria.

In contrast, variaton for heading dates
among spike progenies within populations was
very large. The mean range was 17.9 days
(Table 7). Heading data is considered to be a
trait of great adaptive importance, especially in
environments subject to drought (FiscHer
1981). My results indicate that no strong direc-
tional selective pressure for this trait existed
within the production systems of Jordan and
Syria. Probably, the enormous vanation for

Table 6. Means of the Shannon-Weaver-Indices, their total variances, and components due to regional effects
and differences between populations within regions, expressed in percent of total variance

Trait Overall Total SW1 Variance Variance
SWI mean variance component component
berween within
regions (%) regions (%)
Seed colour 0.546 0.134 68.03 31.97
Growth habit 1.149 0.115 79.15 20.85
Awn barbing 1.059 0.141 59.88 40.12
Mean index 0.918 0.087 75.30 24.69
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Table 7. Means of eight quantitative traits for barley landraces from 10 different barley growing regions and
mean ranges of selected trait expressions within the populations of a region

Region Days to heading ~ Culm length Flag Width of Awn  Early Lodging Mildew
leaf  penulti length growth suscep- infection
width  mate vigour tibility
mean  range  mean  range leaf

(d) (cm) (mm)  (mm) (cm)  (score) (score) (score)
Jordan 129.7 15.1 5l4 30.0 10.1 13.0 15.3 4.8 54 22
Suweida 131.7 18.0 47.8 333 10.5 13.6 14.9 3.8 5.8 24
Sidnaya 133.8 21.0 46.7 35.0 9.1 118 14.4 4.9 54 Z5
Hama 133.7 17.7 45.2 325 8.7 11.6 14.9 4.6 4.7 29
Idlib 1322 21.8 455 25.0 8.6 11.3 154 4.5 4.3 —
Aleppo 132.5 17.9 48.4 30.6 8.6 115 14.4 4.6 5.7 3.8
Ras el Ain 1324 158 515 31.8 8.3 1.2 13.8 4.6 5.8 3.8
Raqqa 133.5 18.7 492 33:1 8.4 11.3 14.4 4.9 5.8 4.3
Palmyra 132.7 20.1 51.0 34.0 8.9 12.3 13.9 5.0 5.6 3.2
Deir ez Zor 134.3 13.0 67.4 35.0 1.7 14.3 13.5 3.8 7.3 —_—
Ovwerall mean  132.6 17.9 49.8 32.0 9.0 11.9 4.4 +.7 5.5 5.5
LSD 35 % 0.05 —_ 1.0 — ¢ 2.1 c.3 8.2 0.2 0.2

heading date within populations contributes to
the stability of performance of the landraces by
providing population buffering (ArLarp and
BrapsHaw 1964).

Culm length of the 7000 spike progenies of
barley averaged 49.8 cm, which is short, when
compared with introduced six-rowed cultivars
in the ICARDA breeding program. There was
considerable variation for this trait among re-
gions (Table 7). The two six-rowed popula-
tions from Deir ez Zor were approximately
20 cm taller than most two-rowed popula-
tions. Among the two-rowed populations,
there was a tendency towards greater culm
length for populations from the drier growing
regions in Syria (Palmyra, Raqqa, Ras el Ain)
and from Jordan. Because plant height would
be suppressed by the drought conditions in
these regions, taller culms would be advantage-
ous, especially for mechanical harvestung. As
observed for days to heading, variation for
culm length among lines within populations
was large (Table 7).

Generally, the barley accessions were sus-
ceptible to lodging (i.e., they had high scores)
even though no mineral nitrogen was applied
in my experiment. Some differentiation for
lodging was observed for populations from
diverse growing regions. Populations from
Hama and Idlib regions, where high yields
occur, had significantly lower lodging scores

than populations from the dry parts of Syria
and Jordan (Table 7). On average, there was
very large variaton of lodging scores within
populations.

Barley landrace leaves were narrow, except
for the six-rowed populations from Deir ez
Zor (Table 7). Populations from Jordan and
southern Svria had significantly wider leaves
than those from northern Svria. Accessions
with the narrowest leaves were found in popu-
lations originating from southeastern Syria,
which is very dry.

Mean awn length was 14.4 cm, which is
intermediate to long when compared with
breeding lines at ICARDA (Table 7). The
ranges and distributions of awn lengths found
within the barley populations were similar 10
those found for a large collection of Turkish
barley lines evaluated in Japan (TaranasHL et
al. 1983}. Means for barley lines from different
regions differed significantly, but no associa-
tion was evident between awn length and ma-
jor environmental factors.

On average, this barley collection was
slightly more vigorous in late-tillering stages
than the check “Badia” (Table 7). The six-
rowed populations from Deir ez Zor and the
three populations from Suweida were signifi-
cantly more vigorous than all other popula-
tions, However, the observable differentiation
among populations for this trait showed no
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Table 8. Frequency of mildew infection types in a sample of 61 landrace lines from 7 regions when inoculated

with isolate Ni-is-1

Region No. of Infection type
lines
tested
0 1-1T HI-111 111 II1-1v v
Jordan 14 1 —_ 3 1 1 8
Suweida 8 1 w— — — 5 3
Sidnaya 10 — — — — 1 9
Hama 9 — — - - _ 9
Ras el Ain 8 - == s _ _ 3
Palmyra 3 — —_ — — — 3
Deir ez Zor 9 _— — _ _ o 9

discernible association with weather patterns
or differences in management practices.

A nawral epidemic of powdery mildew
(Erysiphe graminis D.C. f. sp. horder Marchal)
permitted an evaluation of the barley acces-
sions for field resistance to this disease. Sus-
ceptibility to mildew was common in all popu-
lations. However, the leaf arca diseased and
the spread to the flag leaf and spike were
limited, which led to an average score of 5.5, a
rating of moderately susceptible (Table 7).
Populations from Jordan and southern and
western Syria had significantly lower mildew
scores than those from northern Syria, where
this disease is rarely found. The higher level of
resistance of the populations from southern
regions could be confirmed by an analysis of
the infection types of 61 progenies from the 8
selected populations (Fig. 1). Resistance to the

1solate Ni-is-] occurred only in the two popu-
lations from Jordan (Wadi el Hassa and Mada-
baj and the population from Um Zeitoun.

The total variation found for each quantita-
tive trait was subdivided into three compo-
nents. For all traits, the largest proportion of
the total variation was attributable to differ-
ences among lines within populations
(Table 9). Because the spike progenies were
grown without replication, this variance com-
ponent undoubtedly is overestimated. For the
majority of traits, the magnitude of variation
among spike progenies surpassed the variance
component attributable to differences berween
populations.

Ditferences between population means were
highly significant for all traits. Such differences
have been analvzed in wild grass species (e.g.,

Table 9. Estimates of variance components due to regional effects, differences between populations within
regions, and between lines within populations, expressed in percent of total variance; the estimate of the error
variance is expressed in percent of the variaton within populations

Toral Variance component (%) Error

Trait variance Between Within Within variance
regions regions populations

Days to heading 18.34 8.01 28.26 63.73 8.1
Culm length 73.04 18.60 25.44 55.96 66.1
Flag leaf width 3.29 17.91 25.69 56.39 100.0
Width of penultimate leaf 3.91 15.71 24.68 58.61 100.0
Awn length 2.86 10.57 10.53 78.90 96.3
Lodging score 281 7.37 23.90 68.73 38.0
Mildew score 1.50 34.78 10.90 54.32 19.0
Early growth vigour 1.97 3.78 15.81 80.41 —
Mean — 14.60 207 64.7 =
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Table 10. Estimates of the variation among lines within populations for two groups of populations, and their
F-ratios

Hama, Idlib Palmyra

(high rainfall) (very low ramfall)

§ d.f. 8 d.f. F

Culm length 3721 970 48.19 938 1.30%%
Days to heading 14.22 970 12.83 938 1.11
Lodging score 1.66 970 2.43 938 1.46%%
Early growth vigour 1.35 970 1.81 938 1.34%%
Awn length 2.66 466 2,69 507 1.01

** Significant at P = 0.005

Arrarp et al. 1968), and they are generally
considered to have some adaptive significance
(LancLET 1971, OsmonD et al. 1980). In culu-
vated species, different practices in seed multi-
plication and preparation can be a cause for
such differences also. I attempted to separate
these two effects by partitioning the differ-
ences between population means 1nto a com-
ponent due to regional differences (mainly
climatic) and a component due to differences
berween populations within regions. The pres-
ent results show that most of the variation
berween populations was within regions and
therefore of a local nature. Regional differ-
ences due to adaptation to different climatic
conditions contributed little to the overall vari-
ation (Table 9). The groupings of the popula-
tions were based entirely upon rough climatic
data and agronomic practices, and they may
not reflect actual relationships among these
populations. Investigations of their phenotypic
similarity will be reported elsewhere.

The present experiment revealed large varia-
tion among spike progenies within populations
for both qualitative and quantitative traits
(Tables 5, 9). For the quantitative traits, the
comparison of the variance component “within
populations” with an estimate of the environ-
mental variance indicates genetic variation
among progenies within populations for five
traits (Table 9). This could be confirmed in
replicated yield trials conducted with a sample
of lines from this collection (WertziEn and
FiscHeeck 1987). The quantity of genetic varia-
tion within populations in my study was large
when compared with expectations expressed in
a review of research of wild, self-pollinated
species (LoveLess and Hamrick 1984).

However, in other studies, cultivated barley
populations with high variation within popula-
tions have been found. In Ethiopian landraces,
an average of 77 % of the toral variation occur-
red among single plants within populations
(BekeLe 1983). From a similar study of 16
barley populations from Yemen and 16 from
Nepal conducted by Damania et al. (1985), I
computed that 57 % and 34 %, respectively,
of the total variation was due to differences
berween plants within populations. These re-
sults are further indications that variation
within populations is a sizeable component of
the total variation in germplasm collections of
cultivated plants. However, in these two in-
stances, it was not possible to estimate the
genetic variation.

In the present study, sizeable genetic varia-
tion within populations was found for traits
conferring adaptation, such as days to heading,
culm length, lodging susceptibility or growth
habit. This leads to the suggestion that this
variation, as a result of natural selection, pro-
vides population buffering against highly vari-
able environmental factors. The comparison of
“within-population” variance component esti-
mates for the two most contrasting growing
regions in Syria supports the concept that
greater variation within populations is associ-
ated with more stressful environments
(Table 10).

These results suggest that, in future cultivar
development in these areas, the possibility of
mixing selected pure lines to obrain popula-
tions with diversity for adaptive traits should
be investigated. Furthermore, this variation
within populations is a source of well-adapted
and diverse breeding material, which might
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allow fast progress from selection for produc-
uvity-related traits at the onset of a new breed-
ing program.

Zusammenfassung

Charakterisierung von Landgersten aus un-
terschiedlichen Anbaugebieten des Nahen
Ostens

In dieser Untersuchung werden Kulturgersten
(Hordewm wulgare L.) beschrieben, die aus
Anbaugebieten mit haufig auftretender Diirre
stammen. Siebzig Landsortenpopulationen aus
Syrien und Jordanien wurden unter Feldbedin-
gungen in Tel Hadia, Syrien, gepriift. Signifi-
kante, genetisch bedingte Variation wurde fir
alle erfafiten Merkmale festgestellt: Samenfar-
be, Zeilenzahl, Wuchsform, Grannenbezah-
nung, Tage bis Ahrenschieben, Halmlinge,
Blattbreiten, Jugendentwicklung, Lageranfal-
ligkeit und Mchltauresistenz.

Fiir die Mehrzahl der Merkmale wurde ein
erheblicher Anteil der Gesamtvariaton zwi-
schen den Linien innerhalb der Populationen
festgestellt. Diese Varianz war besonders hoch
fir Merkmale, die mit Wachstum und Ertrags-
entwicklung in Beziehung stehen und lafic da-
her signifikante Selekuonserfolge erwarten.
Fiir die qualitativen Merkmale Wuchsform,
Samenfarbe und Grannenbezahnung war diese
Variation grofier in Populationen, die aus den
Trockengebieten Syriens stammten. Popula-
tionen aus den Trockengebieten blihten zu-
dem etwas frither, hatten schmalere Blitter,
langere Halme und waren anfalliger gegentiber
Lager und Mehltau.

Fir alle quanttativen Merkmale waren die
Varianzkomponenten, bedingt durch regionale
Effekte sowic durch Unterschiede zwischen
Populationen innerhalb Regionen, hoch signi-
fikant. Dies deutet darauf hin, dafl diese Kol-
lektion Material mit Anpassungsfihigkeit an
diese extremen Wachstumsbedingungen ent-

hilt.
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