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Summary. The diversity of  two sympatrically distributed 
barley species (Hordeum vulgare L. and Hordeum sponta- 
neum C. Koch.) has been assessed for 7 morphometric 
and 13 qualitative traits. Phenotypically, Hordeum vul- 
gare was more stable than Hordeum spontaneum for all 
morphometric traits; this is a reflection of  domestication 
and selection. The overall diversity indexes were 
0.546 _+ 0.125 and 0.502 _+ 0.113 for Hordeum vulgare and 
Hordeum spontaneum, respectively ( P =  0.095). However, 
Hordeum spontaneum expressed a higher level of  diversity 
for most qualitative traits. The observed similarity for a 
number of  diversity indexes is probably due to gene flow 
between the two species. 
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Introduction 

Landraces and primitive forms of  barley (Hordeum vul- 
gare L.), having evolved over thousands of  years in a 
multitude of  environments and local farming systems, 
developed abundant  patterns of  variation and would rep- 
resent a largely untapped reservoir of  useful genes for 
adaptation to arid and semiarid regions (Jaradat et al. 
1987). On the other hand, wild barley (Hordeum sponta- 
neum C. Koch), the immediate progenitor of  cultivated 
barley, is shown to be a vast reservoir of  genetic diversity 
(Nevo et al. 1986). It is one of  the common annual grass- 
es in Jordan; it occupies both primary habitats and sege- 
tal, man-made environments and enters the more xeric 
parts of  the country (Jaradat 1988). 

During the last decade there has been an increasing 
interest in using wild relatives of  cultivated crop plants in 

breeding new cultivars (Harlan 1976; Nevo et al. 1986). 
These wild relatives have proven to be valuable sources 
of  variation in breeding for wide adaptation, resistance 
to stress (Blume et al. 1983), short stature and high yield 
(Ceccarelli 1984). 

The genetic diversity of  the two sympatrically distrib- 
uted species collected from Jordan and other countries in 
the Fertile Crescent has been assessed for eight isozyme 
systems (Jana et al. 1987). On an overall basis, wild bar- 
ley was slightly more polymorphic than cultivated land- 
races of  the species. However, these researchers found 
that cultivated barley in Jordan was more polymorphic 
than the wild species for  the same isozyme systems. The 
research reported here was undertaken to assess the ge- 
netic diversity of  7 morphometric traits that are impor- 
tant in domestication and for 13 qualitative traits, in 
both wild and landrace populations of  barley collected 
from the xeric region in Jordan. 

Materials and methods 

The materials used in this study were collected in 1986 from the 
xeric region of Jordan (Table 1). The paired samples of Hordeum 
vulgare L. and Hordeum spontaneum C. Koch came from nine 
sites in that region. Geographical and ecological information 
concerning the collection sites and number of collected plants of 
both species are given in the same table. The nine sites represent 
different soil types ranging from fine, mixed, thermic, typic 
Calciorthids to loamy-skeletal, hyperthermic, typic Tor- 
riorthents (Qudah 1983). 

Method of sampling. Individual wild and cultivated barley plants 
growing in the same field were sampled from the nine sites 
described in Table 1. Spikes of individual plants were threshed 
and bagged separately. At sowing time, an observation nursery 
was established, where single spikes of the paired samples from 
each site were sown in single-row 1-m plots. Seven morphomet- 
ric and 13 qualitative traits were recorded on 371 and 373 indi- 
vidual plants of H. vulgare and H. spontaneum, respectively. 
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Table 1. Geographical and ecological information concerning the collection sites and number of plants 
H. spontaneum from the xeric region in Jordan 

of H. vulgare and 

No. Site Elevation Lat. Long. Mean Mean temp. C. No. of Plants 
(m) rainfall 

min. mean max. H. vulg. H. spont 

1 Mafraq 740 32~ 36~ 150 --4 18 40 38 49 
2 Mansurah 700 32~ 36~ 180 - 4  18 40 32 35 
3 Wadiabiad 860 30~ 36 ~ 10'E 200 - 3 17 40 58 50 
4 Abubana 1,000 30~ 35~ 200 --4 14 36 30 32 
5 Rashadia 1,200 30~ 35~ 250 - 8  14 34 40 36 
6 Fjaij 900 30~ 36~ 180 - 8 15 34 50 41 
7 Qatrana I 780 31 ~ 36~ 150 - 6 18 42 36 43 
8 Qatrana II 800 31~ 36~ 150 --6 18 42 46 36 
9 Qatrana III 820 31~ 36~ 150 --6 18 42 41 51 

Table 2. Mean values and coefficients of variation for seven 
quantitative traits measured on paired samples ofH. vulgare and 
H. spontaneum collected from the xeric region in Jordan. The 
lower the c.v., the higher the stability of the trait across locations 

Trait H. vulgar H. spontaneum 

Mean c.v. Mean c.v. 

Flag-leaf length 11.60 * 8.95 7.90 28.48 
Flag-leaf width 0.72 * 9.35 0.55 31.69 
Awn length 14.90" 7.80 11.19 14.80 
Peduncle length 25.62 9.30 34.90 * 18.96 
Flag-leaf sheath 8.19 10.56 17.20 * 19.69 
Plant height 55.10 6.27 65.10" 15.05 
No. of tillers 10.23 * 23.25 7.96 21.31 

* indicates a significant difference (Tukey = 0.05) between species 

Statistical analysis. A simple t-test was employed to compare 
morphometric traits among species within each site. Stability of 
these traits for each species over sites was calculated and ex- 
pressed as a coefficient of variation (c.v.). The lower the c.v. for 
a particular trait, the higher its stability over sites and species. 

Frequency data for qualitative traits were used to estimate 
the following indexes: (1) diversity indexes per site for each 
species and for individual qualitative traits, (2) average diversity 
indexes for each species and for each site, and (3) a stability 
index for each trait over sites. 

A diversity index (H') for a trait, site or species was estimat- 
ed as: 

H' = [n log (n) Xfi log (fi)]/n 

where n is the sample size andf i  is the number of observations 
in category (i.e. phenotype) i. However, the magnitude of H' is 
affected not only by the distribution of the data but by the 
number of categories (phenotypes in this case), for the maxi- 
mum possible diversity, theoretically, for a set of data consisting 
of k categories is 

H'ax = log k. 

Therefore, a modified diversity index was used as follows: 

J'=H'/H'~a x 

thus expressing the observed diversity as a proportion of the 
maximum possible diversity (Zar 1984). 

Results and discussion 

Both species differed significantly f rom each other  for all 
morphome t r i c  traits (Table 2). The wild species, H. spon- 

taneum, is character ized by having taller plants,  longer  
peduncles,  shorter  and  nar rower  flag leaves, shorter  awns 
and  fewer tillers t han  the domest ica ted species. The dif- 
ferences between species wi thin  each site followed the 
same pat tern .  However ,  the phenotyp ic  diversity which 
was detected in this analysis  does no t  necessarily reflect 
the full genotypic  variabi l i ty  present  in bo th  species. 
Some of  the genotypic  var iabi l i ty  m ay  occur at loci which 
cont ro l  physiological  a t t r ibutes  no t  necessarily related to 
phenotypic  differences (Vega and  Frey 1980). 

Stabil i ty of  traits, expressed as c.v. values, varied 
wi th in  and  a m o n g  species (Table 2). A l though  p lan t  
height  and  awn  length were the mos t  stable traits in bo th  
species, H. spontaneum was more  variable  for these two, 
and  other  traits, t han  the cul t ivated species. 

Diversi ty indexes per site for indiv idual  traits in bo th  
species are presented in Table 3. The da ta  suggest that  
some traits (e.g. p lan t  waxiness) are total ly m o n o m o r -  
phic in bo th  species and  over all sites. On  the other  hand ,  
some traits (e.g. seed color,  g lume hairiness and  straw 
strength) are highly po lymorph ic  in most  sites, and  still 
other  traits are highly po lymorph ic  in one species in one 
site bu t  no t  in the other  species in the same site. 

The level of  diversity in  bo th  species, as presented in 
Table 3, can be summar ized  as follows: ou t  o f  117 pairs 
of  diversity index estimates, bo th  species were m o n o m o r -  
phic for 54 pairs, and  equal ly  po lymorph ic  for 6 pairs. 
However ,  po lymorph i sm was higher in H. spontaneum 
for 37 J '  estimates, while it was higher in H. vulgare for 
20 J '  estimates. The observed similari ty for 50 J '  esti- 
mates is p robab ly  due to gene flow between these two 
sympatr ical ly  dis t r ibuted species (Nevo et al. 1986). 

Average diversity for H. vulgare over traits and  sites 
was est imated as 0.546 _+ 0.125 and  for H. spon taneum as 
0.502_+ 0.113. A t-test indicated that  there is no signifi- 
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Table 3. Diversity index estimates per site for individual qualitative traits in H. vulgate and H. spontaneum collected from nine sites 
in the xeric region in Jordan 

Trait Site 

Species Mafraq Mansura Wadi- Abu- Ras- Fjaij Qatrana 
abiad bana hadia 

I II III 

Plant waxiness vulgare 0 0 
spontaneum 0 0 

Leaf hairiness vulgare 0.687 0 
spontaneum 0.387 0 

Awn roughness vulgare 0 0.691 
spontaneum 0.626 0 

Visibility inside vulgare 0 0 
glumes spontaneum 0 0 
Lemma color vulgare 0 0.594 

spontaneurn 0.693 0.686 
Nature of collar vulgare 0 0 

spontaneum 0 0.367 
Awn color vulgare 0 0 

spontaneum 0.675 0.5 
Glume color vulgare 0 0 

spontaneum 0.504 0.44 
Visibility of lemma vulgare 0 0 
steril spikelets spontaneum 0 0 
Seed color vulgare 0 0.594 

spontaneum 0 0.673 
Glume hairiness vulgare 0.693 0.691 

spontaneum 0 0.673 
Straw strength vulgare 0 0.685 

spontaneum 0 0 
Shape of lemma vulgare 0 0 
apex spontaneum 0 0.673 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0.665 0.359 0 0 
0.589 0 0.462 0 0 0 0.598 
0.690 0 0.591 0.665 0.660 0 0 
0 0 0.295 0 0 0 0 
0 0 0.591 0 0 0.690 0 
0.401 0 0.504 0.227 0 0 0 
0.693 0 0.451 0.410 0 0.690 0.637 
0.333 0 0.387 0 0 0 0 
0 0 0 0 0 0 0.362 
0 0.646 0 0 0 0 0 
0.367 0 0.451 0.410 0.647 0 0.521 
0 0 0.669 0 0 0 0 
0.69 0 0.45 0.41 0.57 0 0.52 
0 0 0 0 0 0 0 
0.47 0 0 0 0 0 0.362 
0.672 0 0.693 0.551 0 0.595 0.598 
0 0 0.451 0 0 0.69 0 
0.644 0 0.691 0.5 0 0.67 0.598 
0.405 0 0.451 0 0 0.69 0.69 
0.678 0 0.574 0.692 0 0.689 0.598 
0.593 0 0.451 0.487 0.66 0.69 0.649 
0 0 0 0 0 0 0 
0 0 0.687 0 0.359 0 0 

Table 4. Diversity index estimates for traits in H. vulgare and 
H. spontaneum paired samples, averaged over nine sites in the 
xeric region in Jordan. 

Trait Diversity index 

H. vulgare H. spontaneum 

Plant waxiness 0.000 0.000 
Leaf hairiness 0.069 0.143 * 
Awn roughness 0.237 0.339 * 
Visibility inside glumes 0.030 0.130 * 
Lemma color 0.182 0.431 * 
Nature of collar 0.073 0.074 
Awn color 0.065 0.361 * 
Glume color 0.068 0.363 * 
Visibility of lemma of 0.000 0.084 
steril spikelets 
Seed color 0.394* 0.183 
Glume hairiness 0.460 * 0.294 
Straw strength 0.485 * 0.357 
Shape of lemma apex 0.000 0.174 * 

* Indicates a significant difference (Tukey = 0.05) between species 

cant difference between the two estimates (P=0.095).  
However,  H. spontaneum has significantly higher J '  esti- 

mates for 7 traits, while H. vulgare has significantly 

higher J '  estimates for 3 traits. The two species did not 

differ significantly from each other for the J '  estimates of  

the remaining 3 traits (Table 4). It appears that in these 

two Hordeum species, qualitative variation is less limited 

by natural selection than is quantitative variation, which 

affects survival and production (Zohary 1983). Also, it 

appears that under cultivation, certain plant traits are 

released from selection pressure and some qualitative 

traits (e.g. glume hairiness, lemma and seed color) are 

highly variable in the wild but not in the domesticated 

species. This finding is in agreement with the suggestion 

made by Witcombe and Giliani (1979). 

Qualitative traits differed in their overall diversity 

estimates (over species and sites). The most stable ones 

were plant waxiness, visibility of  lemma of  sterile 
spikelets, visibility inside glumes and shape of  lemma 

apex. The highly diverse traits were: straw strength, 

glume hairiness, lemma color and seed color (Table 5). 
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Table 5. Diversity indexes for individual qualitative traits over 
both Hordeum species and nine sites in the xeric region of Jordan 

Trait Diversity index 

Plant waxiness 0.000a 
Leaf hairiness 0.106 ab 
Awn roughness 0.273 d 
Visibility inside glumes 0.079a 
Lemma color 0.306e 
Nature of collar 0.073 a 
Awn color 0.216c 
Glume color 0.215 c 
Visibility of lemma of steril spikelet 0.042a 
Seed color 0.289d 
Glume hairiness 0.377e 
Straw strength 0.421 f 
Shape of lemma apex 0.087 a 

Diversity index estimate values followed by the same letter do 
not differ significantly (Turkey = 0.05) 

itative traits have been found. The observed similarity 
between the two barley species based on isozyme charac- 
ters could be the reflection of  a relatively un impor tan t  
role of  these isozymes in differentiation between the wild 
and the cultivated forms of  barley during domestication.  
In a recent study involving wild and primitive cultivated 
barley in parts  of  the Near  East  Ferti le Crescent, includ- 
ing Jordan,  Jana and Pietrzak (1988) found that  cultivat- 
ed barley populat ions  were able to maintain a level of  
diversity similar to that  in its wild progeni tor  species for 
16 isozyme loci. 

It can be concluded that  landraces and primitive 
forms of  barley are less variable than, but  are equally 
valuable genetic resources as their immediate evolution- 
ary progenitor ,  H. spontaneum. However,  these landraces 
and primitive forms are much more vulnerable to genetic 
erosion than wild barley. 

Table 6. Average diversity index estimates for nine sites in the 
xeric region of Jordan, over 13 qualitative traits and both 
Hordeum species 

Site Diversity index 

Mafraq 0.171 c 
Mansurah 0.260 e 
Wadiabiad 0.249 e 
Abubana 0.000 a 
Rashadia 0.337 f 
Fjaij 0.178c 
Qatrana I 0.116b 
Qatrana II 0.193cd 
Qatrana III 0.215d 

Values followed by the same letter do not differ significantly 
from each other (Tukey = 0.05) 

The nine sites differed significantly from each other in 
their J '  estimates (Table 6). Site 4 was the least diverse, 
while site 5 was the most  diverse. The striking similarity 
between the low J '  estimates for sites 1, 6, 7 and 8 reflect 
the extreme xeric environment  in these sites. Average 
rainfall  in these sites is 150 mm. The more diverse sites 
are 3 and 5, with higher rainfall  (250-280 mm) and rela- 
tively fertile soils. Al though sites 3, 8 and 9 are within the 
xeric region, the relativily high J '  estimates for these sites 
are p robab ly  due to the addi t ional  stored soil moisture 
collected during the rainy season through water harvest- 
ing in these par t icular  sites. 

As expected (Jana et al. 1987), great differences be- 
tween the two barley species for morphometr ic  and qual- 
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