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                                                                                                            Abstract 
The Hourani durum wheat landrace was cultivated for millennia in the Houran plateau of Northern Jordan and Southern Syria. Recently, however, 
it’s meta-population became highly fragmented due to the introduction of high yielding varieties, new crop rotations and new cropping systems. 
Its genetic divergence was assessed in 289 populations collected from five villages in each of two eco-geographical regions in each country. Total 
variation in 15 plant, spike and seed attributes was apportioned among populations (13.5%), among farms (18.3%), among villages (16.5%), 
among eco-geographical regions (46%) and among countries (5.7%). Percent correct classification of germplasm by village based on discriminant 
analyses was 71 and 65% in semiarid and arid villages, respectively. This confirms the existence of a highly divergent germplasm in this landrace, 
with geographical distances among villages being correlated with squared Mahalanobis distances based on all 15 plant, spike and seed attributes 
(r=0.59; p=0.05). 
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            Introduction 
Indigenous farming communities in the Fertile Crescent, in general, 
and the Houran plateau in northern Jordan and southern Syria, in 
particular, contributed for millennia to the evolution, enrichment 
and in situ conservation of the Hourani durum wheat landrace 24 
and other major crops 10. This landrace can be considered as an 
evolutionary link between wild emmer wheat, the wild progenitor 
of all domesticated wheats, and advanced wheat cultivars 10, 26. 
The landrace is composed of genetically heterogeneous 
populations comprising inbreeding lines and hybrid segregates 
which have evolved over thousands of years in a multitude of 
environments and local farming systems 13, 26. The persistence 
cultivation of the Hourani landrace attests to its continued value 
to farmers 3 or its competitive advantage relative to modern 
varieties 21, 24. Nevertheless, since the introduction of semi-dwarf 
wheat varieties 2, 12, its cultivation has declined because of its low 
yield potential and susceptibility to diseases and lodging as 
compared to high yielding varieties (HYVs). One of the 
consequences is the loss of its genetic diversity due to genetic 
erosion on the farm, and a concomitant shift in its population 
genetic structure. 
   Heterogeneity of farming systems in centers of diversity, such 
as the Fertile Crescent, is expected to limit the diffusion of modern 
HYVs and to maintain production space for landraces 2, 3, 15. 
Nevertheless, HYVs have diffused into this and other centers of 
diversity and caused declines in areas devoted to landraces 1, 12, 
13, 15. In particular, durum wheat landraces in the Fertile Crescent 
and the rest of West Asia and North Africa (WANA) have been 
gradually replaced during the last 20-30 years by HYVs, and 
almost 65, 25 and 10% of the wheat area in WANA is occupied by 
HYVs, landraces and tall improved varieties, respectively 4, 7, 8. 

The expansion of agriculture, especially into the marginal lands 
of the Fertile Crescent, the introduction of HYVs, changes in 
crop rotations and greater dependence on agrochemicals have 
seriously threatened the biodiversity of agroecosystems in the 
Fertile Crescent, in general, and diversity of the Hourani landrace, 
in particular 12. 
   It was argued 7 that infra-specific, species and ecosystems 
diversity of crops and their wild and weedy relatives can be 
successfully conserved on-farm, especially in centers of origin 
and centers of diversity of the crop in question. However, the 
main difficulties of on-farm conservation of landraces are non- 
biological, but rather a complex of ethno-anthropological 
processes, involving legal, economic and social factors 8, 11, 
superimposed on ecological and genetic processes 4, 25. 
   Genetic resources of the Hourani durum wheat landrace were 
collected from its major center of diversity (i.e., the Houran 
Plateau), and were the subject of many studies in Jordan 13 and 
Syria 19. However, this study is the first to report on the meta- 
population of the landrace straddling the Houran Plateau in both 
countries. Moreover, this study was based on fresh, well- 
documented and thorough samples from fields that were under 
cultivation during the time of the germplasm collecting mission. 
The objective of this study was to assess the phenotypic 
divergence in quantitative traits of a large germplasm collection 
of Hourani landrace populations collected from Jordan and Syria. 

                   Materials and Methods 
The germplasm material used in this study was collected during 
the harvest season of 1991 and comprised 289 populations 
collected from 30 farms in 5 villages, in each of the semi-arid 
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(>250 mm annual rainfall) and arid (<250 mm of annual rainfall) 
regions of the Houran plateau in northern Jordan and southern 
Syria (Table 1). The collecting procedure and number of spikes 
per population followed those of Marshal and Brown 16. An 
observation nursery was established at Maru Research Station 
(32°36’N, 35°52’E) with a minimum of 200 seeds per population 
planted in single rows at a 100 kg ha-1 sowing rate. A local check 
(Hourani 27, an improved selection from the Hourani landrace) 
was planted in each 10th row to account for spatial variability and 
to help estimate error variance in statistical analyses. At harvest, 
25 single plants were sampled at random from each population 
and, for the purpose of this study, were used for detailed 
quantitative plant, spike and seed measurements (Table 1). 

Statistical analyses:  Mean separation of grain yield per plant 
was carried out using a multiple range test 23 after the analysis of 
variance was performed and the coefficient of variation was 
estimated for each village. Multivariate analysis of covariance 
(MANCOVA) was used to compare landrace populations 

collected from the arid and semiarid regions of the Houran plateau, 
and a multivariate F value (Wilks Lambda), based on a comparison 
of the error variance/covariance matrix and the effect variance/ 
covariance matrix was calculated for each significant variable 
(Table 2) in the canonical discriminant (CD) analysis among arid 
and semiarid regions of the collecting villages. CD analysis was 
used to determine which variables discriminate between 
populations collected from the arid and semiarid regions of the 
Houran plateau and to estimate the standardized discriminant 
coefficients in the first two canonical discriminant functions for 
each significant variable. In addition, the eigenvalues, cumulative 
proportion of variance explained by the first two canonical roots, 
and percent correct classification of populations were calculated. 
A linear mixed model was used to estimate variance components 
and modeling of covariance structures using the method of 
residual maximum likelihood (REML) 18. Components of the 
nonlinear iterative partial least squares (NIPALS, i.e., principal 
components and partial least squares analyses) were used in 
data diagnostics and dimensionality reduction 23 with the 

 
Variable Semiarid regions  Arid regions 
 Mean Wilks’ 

lambda  
P R2 Root1 Root2  Mean Wilks’ 

lambda  
P R2 Root1 Root2 

Grain yield/plant, g 8.37 0.213 0.068 0.37 0.05 -0.12  7.38 0.228 0.000 0.58 0.008 -0.02 
Biological yield, g 39.16 0.228 0.000 0.53 0.18 -0.05  34.89 0.232 0.000 0.53 0.25 0.06 
Plant height, cm 104.0 0.455 0.000 0.10 -0.99 0.06  106.0 0.251 0.000 0.16 0.29 -0.75 
Tillers/plant 8.28 0.272 0.000 0.39 -0.11 -0.92  7.54 0.307 0.000 0.37 0.74 0.36 
Spike length, cm 9.21 0.217 0.000 0.36 -0.21 0.12  9.14 0.228 0.000 0.36 -0.05 -0.22 
Awn length, cm 12.62 0.215 0.000 0.17 -0.15 0.08  12.51 0.231 0.000 0.15 -0.05 -0.33 
Flag leaf area, cm2 61.83 0.216 0.000 0.14 -0.04 -0.07  59.23 0.231 0.000 0.15 -0.05 -0.33 
Seeds/spike 46.04 0.213 0.022 0.79 0.19 -0.11  44.97 0.226 0.360 0.78 -0.04 -0.16 
Seeds/spikelet 1.87 0.214 0.003 0.78 -0.07 0.208  1.85 0.226 0.140 0.77 -0.008 0.28 
1000-seed weight, g 33.73       32.27 0.228 0.000 0.51 -0.008 0.405 
Grain yield/main, g 1.56       1.45      
Grain yield/tillers, g 6.81       5.92      
Grain yield/tiller, g 0.827       0.788      
Spikelets/spike 24.58       24.32      
Harvest index (%) 21.8       21.3      
Eigen value     1.44 0.58      2.82 0.103 
Cum. Prop.     0.64 0.90      0.94 0.98 
Percent correct  
classification                 71.0 

       
65.0 

     

Table 2. Mean, multivariate test of significance and standardized discriminant coefficients in the first two canonical discriminant 
functions in the multivariate analyses of 15 plant, spike and seed attributes of 4,333 accessions of the Hourani 
durum wheat landrace from arid and semiarid regions of the Houran plateau in northern Jordan and southern Syria. 

Table 1. Villages in the arid and semiarid regions of the Houran plateau in Jordan and Syria where durum wheat accessions 
of the Hourani landrace were collected, number of populations, number of accessions (N=4,333), and average grain 
yield and its coefficient of variation. 

* Average yields followed by the same letter do not differ significantly at p<0.05. (78% pairwise significant differences) 

Country Region Village Village-
Symbol 

Longitude Latitude Number of 
populations 

Number 
of 
accessions 

Average 
grain yield   
g plant-1 

Coefficient 
 of variation 
(C.V.) 

Jordan Semiarid Bushra Jor-SA-V1 32° 32' 35° 53' 38 638 9.856a* 23.9 
  Soum Jor-SA-V2 32° 35' 35° 49' 23 415 8.902b 23.7 
 Arid Ramtha Jor-A-V1 32° 33' 36° 02' 32 615 7.371e 26.4 
  Kitim Jor-A-V2 32° 26' 35° 53' 30 570 7.789d 23.4 
  Hawara Jor-A-V3 32° 30' 36° 05' 27 465 6.409f 25.0 
Syria Semiarid Nawa Syr-SA-V1 32° 52' 36° 02' 33 585 8.222bc 26.3 
  Jasim Syr-SA-V2 32° 59' 36° 03' 35 420 7.929cd 26.4 
  Izra’ Syr-SA-V3 32° 51' 36° 18' 25 285 8.794b 19.0 
 Arid Brak Syr-A-V1 33° 11' 36° 28' 24 165 6.140f 36.6 
  Da’il Syr-A-V2 32° 45' 36° 08' 22 175 7.230e 21.2 
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objective of representing the set of multivariate variables with 
the aid of a smaller number of uncorrelated principal components 
of variables and objects (e.g., villages). Finally, the sequential 
agglomerative hierarchical nested cluster analysis (SAHN) was 
employed to cluster villages based on the squared Mahalanobis 
(SM) distances obtained in the CD analysis 22. 

  Results 
The area covered by the collecting mission was about 1,500 km2, 
40% of which was in the semiarid and 60% in the arid parts of the 
Houran plateau, and resulted in the collection of 4,333 accessions 
(Table 1). Long-term rainfall averages in the arid and semiarid 
parts are 287 and 380 mm, respectively. The germplasm collection 
was almost evenly collected from the arid (46%) and the semiarid 
(54%) parts of the Houran plateau. The relatively lower number 
of accessions collected from the arid part in Syria was due to the 
late collecting time when most fields were already harvested. 
Variation among villages in average grain yield/plant is confirmed 
by the highly significant differences and the large C.V. values. A 
maximum yield difference of 60% was found among the highest 
and lowest average yields in the semiarid and arid villages, 
whereas smaller and significant differences of 27 and 24% were 
found among arid and among semiarid villages, respectively. 
   Germplasm accessions from the semiarid villages expressed 
significantly larger values for all plant, spike and seed attributes 
except plant height (Table 2). However, only nine and 10 attributes 
in the semiarid and arid villages, respectively, contributed 
significantly to the multivariate discrimination among germplasm 
collections. 
   The standardized discriminant coefficients of the first two CD 
functions in the multivariate analyses (Table 2) identified major 
differences and a few similarities among germplasm accessions 
from arid and semiarid villages. The first two CD functions were 
highly significant (P<0.01) and accounted for 90 and 98% of total 
variance in semiarid and arid villages, respectively; the first 
(Root1) explained 64 and 94% of total variation in semiarid and 
arid villages, respectively, whereas the respective variation 
explained by the second (Root2) in semiarid and arid villages was 
26 and 4%. Independent variables contributing to the first CD 
function in semiarid villages, in decreasing order, were plant height, 
spike length, seeds/spike, biological yield, and awn length, and 
in the arid villages were tillers/plant, plant height and biological 
yield. The respective independent variables contributing to the 
second CD were tillers/plant, seeds per spike, grain yield/plant, 
and spike length in semiarid villages, and plant height, 1000- 
kernel weight, tillers/plant, seeds/spike, awn length and flag leaf 
area, in the arid villages. A slightly higher percent correct 
classification (71%), based on nine variables, of semiarid villages 
was achieved as compared to 65% for arid villages based on 10 
variables. 
   Nearly equal portions of total variation in arid (52%) and semiarid 
(58%) villages was explained by the first two PCs based on 15 
plant, spike and seed attributes (Fig. 1). Plant height, grain yield/ 
plant and 1000-kernel weight were the most important traits in 
separating villages in the arid region on PC1, and biological yield 
and seeds/spike on PC2. The respective traits for semiarid villages 
were grain yield/plant and grain yield/tillers on PC1, and plant 
height, tillers/plant, harvest index and 1000-kernel weight on PC2. 
Grain yield in germplasm from the arid and semiarid regions, 

respectively, was significantly correlated with biological yield 
(0.56 and 0.60), tillers/plant (0.41 and 0.48), spike length (0.31 and 
0.25), awn length (0.12 and 0.09), flag leaf area (0.20 and 0.18), 
spikelets/spike (0.21 and 0.24), seeds/spike (0.33 and 0.39), seeds/ 
spikelet (0.21 and 0.28), 1000-kernel weight (0.59 and 0.51) and 
harvest index (0.71 and 0.54). However, grain yield per plant in 
germplasm from arid and semiarid regions was negatively (r=- 
0.06) and positively and significantly (r=0.20) correlated with plant 
height, respectively. Three and four groups of traits can be 
identified in the arid and semiarid villages, respectively, as being 
closely related and are plotted at opposite sides of PC1. The 
scatter plot of arid and semiarid villages in relation to traits or 
groups of correlated traits suggest, for example, that germplasm 
from Ramtha and Hawara as compared with germplasm from Brak 
(arid villages) has lower harvest index and 1000-kernel weight, 
and germplasm from Soum and Bushra as compared to germplasm 
from Izra’ and Jasim (semiarid villages) has taller plants, larger 
biological yield and more tillers/plant. 
   The multivariate test of significance (Fig. 2) indicates that four 
sources of variation were highly significant (P<0), and only 
“populations within farms” was marginally significant (P=0.06) 
in accounting for different amounts of variation in the plant, spike 
and seed attributes. Each source of variation accounted for 
different levels of variation in most attributes. Countries 
accounted for significant portions (5.7%) of variation in eight 
attributes, and only marginally in biological yield/plant. Regions 
within countries was the most, among sources of variation, to 
account for large portions of variance in all 15 attributes (52%), 
followed by villages within regions (16.5%) and then by farms 
within villages (15.3%). Populations within farms exhibited 
significant differences for all attributes, however, they accounted 
for a much smaller relative variance (5.7%) as compared to others. 
Four groups of traits can be identified based on a 20% cut-off 
relative variance accounted for by variance components. These 
are (1) <20%: spikelets/spike, grain yield/tillers and flag leaf area, 
(2) >20 <40%: harvest index, 1000-kernel weight, seeds/spikelet 
and seed/spike, (3) >40 <60%: grain yield/mail head and grain 
yield/tillers, and (4) >60<80%: tillers/plant, biological yield/plant 
and plant height. 
   The sequential agglomerative hierarchical nested clustering of 
the 10 villages, as source of germplasm, based on the SM 
distances separated villages from the arid and semiarid regions, 
except Izra’, at a maximum distance of 45 (Fig. 3). Maximum 
distance separating arid villages was slightly less than the one 
separating semiarid villages. However, these distances are in 
agreement with geographic distances among villages based on a 
highly significant matrix correlation (r=0.59, p<0.05) between 
geographic and SM distances. 

             Discussion 
Meta-population analysis was advocated 9 as the most 
appropriate for understanding crop population processes in 
centers of diversity. The Hourani durum wheat landrace appears 
to conform to a meta-population model 1, 4, 13, 14 in that it is 
fragmented into local populations that are connected through 
seed exchange among farmers, villages and regions. 
   Environmental heterogeneity is important in population 
dynamics of landraces 19-22, 25. Physiography and latitude control, 
to a large extent, the spatial distribution of rainfall in the Houran 
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plateau. The main wheat growing regions receive 250- 
400 mm annual rainfall which comes during winter time 
(November-March). Differences, across the plateau in 
elevation, sowing dates, length of the growing season 
(mainly seed filling period), rainfall and local cultural 
practices may have resulted in differentiation of 
numerous genotypes of the Hourani durum wheat 
landrace 13. Also, that might have led to the evolution, 
over many generations, of gene complexes providing 
the landrace with adaptive phenotypic traits 5, 10 as 
evidenced by multivariate differences (Table 2, Fig. 2) 
and loadings of associated groups of traits on two 
principal components (Fig. 1) among arid and semiarid 
regions. 
   The association of yield components (listed in Table 
2) with grain yield per plant and the interrelationships 
among these yield components within arid and semiarid 
regions (Fig. 1) assume special importance as the basis 
for selecting high-yielding genotypes 5, 15, 17, 27. For 
example, grain yield per plant, particularly in the arid 
region, was not significantly correlated with plant height 
indicating that selection for reduced plant height is 
possible without hampering grain yield 5, 17. 
   The multivariate test of significance and estimated 
relative variances accounted for by five sources of 
variation in 15 plant, spike and seed attributes, 
highlighted the importance of regions (arid vs. semiarid) 
as a major source of divergence in most attributes (52%). 
However, the combined variation accounted for by 
villages, farms and populations (42.3%) reflects the 
importance of the hierarchy of decisions made by farmers 
in manipulating genetic diversity. Farmers, as decision 
makers, play a major role in managing genetic resources 
conservation, selection or exchange 19-21, 24-25, the 
combined results of which are reflected on levels of 
divergence in quantitative traits in the Hourani landrace. 
   The level of divergence found in this and other 
landraces 13, 14, 19-21, 28 arises from centuries of human 
selection, isolation and relatively infrequent migration 
between populations. In the case of the Hourani 
landrace, the boundaries between Syria and Jordan or 
between arid and semiarid regions within these 
countries created by humans formed a further layer in 
the divergence of the landrace. In genetic terms 26, 
geographic boundaries are likely to affect the level and 
pattern of migration of seed and cultural divergence 
between regions that affect the performances of farmers; 
and is supported to a large extent by the squared 
Mahalanobis distances among villages (Fig. 3) and their 
highly significant correlation with geographic distances. 
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Figure 2. Multivariate test of significance and estimated relative variance, in 15 plant, spike and seed attributes, due to five sources of variation 
in a germplasm collection (N=4,333) of the Hourani durum wheat landrace from northern Jordan and southern Syria. 
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Figure 3. Sequential agglomerative hierarchical nested clustering of 10 villages (source of germplasm) in northern Jordan and southern Syria based 
on the squared Mahalanobis distances obtained in the canonical discriminant analysis of 15 plant, spike and seed attributes of 4,333 durum wheat 
accessions of the Hourani landrace. 
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