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poodzot, 1L6n

1. Oock landrassen zijn niet in staat hoge opbrengstniveau's onder
ongunstige groeiomstandigheden te handhaven.

dit proefschrift

2. Een hiotechniek die tot doel heeft de gemetische variatie te vergro-
ten, heeft alleen toekomst als deze doelgericht kan worden toegepast.

3. Het gebruik van gewasgroeisimulatie bij het beheer van een genenbank-
collectie maakt het aanleggen van een 'core' collectie overbodig.

4. Toepassing van gewasgroeisimulatie verbetert de capaciteit en kwali-
teit van evaluatieprogramma's voor genenbankcollecties.
dit proefschrift

5. Tenminste een deel van een genenbankcollectie moet onder verschillende
groeijomstandigheden geévalueerd worden.
dit proefschrift

6. Het aanbieden van zeer korte arbeidscontracten door overheidsinstan-

ties moet alleen worden toegestaan als de werknemer ook dan ambtenaar
in de zin van de Algemene burgerlijke pensioenwet wordt.

7. Het gebruik van Holland en Nederland als synoniemen doet onrecht aan
de afkomst van vele Nederlanders.

8. De waarde 0.004 kg kg! als minimum stikstofgehalte van tarwestro is
niet algemeen geldig.
dit proefschrift

9, Landrasgroepen van Syrische durum tarwe zijn voor een lange periode

geteeld in relatief kleine gebieden met specifieke klimaatomstandig-
heden, gevolgd door een recentere verspreiding van enkele groepen.

dit proefschrifi
10. Het ontwikkelen en uitgeven van nieuwe rassen in ontwikkelingslanden

heeft alleen zin als goede zaaizaadvoorzieningsprogramma's aanwezig
zijn.

11. Bij sterke droogtestress na de bloei wordt de korrelvuliing zowel door
de 'sink' als door de 'source' beperkt.
dit proefschrift

12. The wide adaptability of a variety is different from its local
adaptation.
Nguven & Anderson, 1991

13. Het gezegde zou tegenwoordig moeten luiden: "Wat de stedeling njet
kent, dat eet hij niet", nu deze nog steeds het liefst Bintjes eet.

Stellingen behorende bij proefschrift van A. Elings: The use of crop growth
simulation in evaluation of large germplasm collections.
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Mon cher seigneur, dit Wiwine, des gens de ma famille sont couchés sous
ces dalles, et leur devise est sur oreiller. Plus est en vous. Plus est

en moi que de rendre oubli pour oubli.

Marguerite Yourcenar,
I'CEuvre au noir.

'From this we may learn two things: first, not to draw general
conclusions from a very partial view of nature, and secondly, that trees
and fruits, no less than the varied production of the animal kingdom, do
not appear to be organized with exclusive reference to the use and

convenience of man.'

Alfred Russel Wallace,
The Malay Archipelo.
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ABSTRACT

A. Elings, 1992, Evaluation Methods for Large Germplasm Collections;
Distributfon, Variation and Evaluation of Syrian Durum Wheat Landraces.
183 pages.

Landrace populations of Syrian durum wheat were collected. Regions of
collection and landrace groups were described with respect to
environmental and plant characteristics, respectively. Phenatypic
variation patterns were studied, and agronomic performance under various
environmental conditions, frost tolerance and host resistance to three
fungal diseases was evaluated.

Evatuation methods were formulated, that allow the utilization of
single-evaluation results in forecasting growth and development under
different environmental cenditions. Use is made of knowledge on the
environment of origin, analysis of variance, and simulation models.
Herewith, the gqualitative and quantitative limitations related to the
evaluation of large germplasm collections can be reduced.
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Chapter 1

GENERAL INTRODUCTION

1.1 Evaluation of large germplasm collections
1.1.1 Limitations to germplasm evaluation

Plant genetic resources centres collect or acquire, characterize, evalua-
te, maintain and dissemirate plant germplasm with characteristics that
now or in the future may contribute to improvement and stabilization of
yields. The key rote of germplasm collections in plant breeding, and their
frequent use, puts high demands on their evaluation. This generally
comprises two steps: a preliminary evaluation by the genebank's crop
curator, in which a Timited number of traits of interest to the majority
of users is recorded, followed by a more specific evaluation of promising
material on the basis of user's specifications.

The number of replications in time and space in a genebank's prelimi-
nary evaluation is often limited. The considerable genotype x environment
interaction makes extrapolation of single-evaluation results difficult
(Ceccarelli, 1989), or even impossible, if location x year interaction
is significant (Lin & Binns, 1988). Therefeore, evaluation results have
often limited applicability. To overcome that problem, extensive multi-
locaticenal or multiseasonal evaluation would be.needed to assess plant
characteristics, but this expensive procedure can often not be applied
to entire germplasm collections, that may consist of many thousands of
accessions. Moreover, extensive evaluations may stitl not lead to unequi-
vocal results.

Conseguently, if germplasm centres are forced to 1imit their evalu-
ation programmes because of financial constraints {Giles, 1990), assess-
ment of the potentials of germplasm for cultivation under different
climatic conditions comes under pressure, so that initial selections have
to be made on the basis of preliminary characterization and evaluation
covering only one or very few seasons, often at a single Tocation. This
involves the risk that part of the useful germplasm may not be recognized
as such, and thus not be utilized.

Therefore, an efficient method is required that allows assessment of
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plant characteristics of large numbers of accessions under various envi-
ronmental conditions, utilizing a limited number of evaluation results.

1.1.2 Genotype x environment interaction

Results of one or few evaluations can only be utilized in forecasting
growth and development under different environmental conditions, if
processes underlying genotype x environment interaction are qualitatively
and quantitatively understood. )

Various techniques have been developed to address the problems created
by genotype x environment interaction, and to analyze the effects of
environmental factors on plant characteristics. Broadly speaking, three
approaches can be distinguished: analysis of variance (ANOVA), calculation
of a stability parameter (Gotah & Chang, 1979), and crop growth simulat-
ion.

Qualitative analysis

ANOVA tests the significance of the effects of factors and their interact-
ions, and establishes experimental error (Bowman, 1989; Sokal & Rohlf,
1981). This technique analyses effects of population, year, location,
fertilizer application, and other environmental factors. An ANOVA provides
a gualitative indication of the relative importance of factors, and is
therewith a first step in analysis of experiments. However, it does not
provide insight in the mechanisms underlying variation, and therefore,
it offers little scope for understanding and predicting crop growth under
different environmental conditions.

Stability parameters are derived from regression analyses that relate
plant characteristics, e.g. yield, to a particular environmental variable,
e.g. seasonal rainfall. The difficulty to relevantly characterize environ-
ments is in many cases dealt with by defining average population yield
as the environmental index. Stability parameters appear in two forms: as
regression coefficients (Finlay & Wilkinson, 1963), and as deviations from
the regression line {Eberhart & Russell, 1966). Their validity is limited
by the range of genotypes and environments tested, and the number of
environmental characteristics considered. Such analyses provide some
insight in genotype x environment interaction, but remain descriptive,
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and do not explain plant growth and development. Therefore, their predic-
tive capacity is limited.

Quantitative analysis

Crop growth simulation models describe dynamically dry matter production
and phenological development, incorporating plant genetic and environ-
mental characteristics. Crop growth models account for genotype x environ-
ment interaction on the basis of quantitative knowledge on the relations
between plant genotypic and environmental characteristics. They allow
extrapolation of effects at the level of single plant organs to the growth
of a complete cancpy in a continuously changing field environment
{Spitters & Schapendonk, 1990).

In addition to ANOVA, a well-calibrated simulation model offers a
comprehensive tool to analyze genotype x environment interaction, which
can assist in germplasm evaluation and selection for specific environ-
mental conditions,

1.2 Environmental characterization

Environmental characterization of the collection region may be used in
assessing plant genotype and forecasting growth under different climatic
conditions., Provided that the germplasm originates from the collection
region, agronomic practices and ecelogical characteristics during domesti-
cation and cultivation have influenced its genotypic constitution: variat-
jon has narrowed, and landraces adapted to cultivation have developed.
Hence, a relation exists between the agro-ecological conditions of the
region of provenance and the morpho-physiological make-up of the plant.
It may be expected also, that the former can be related to phenotypic
plant characteristics at locations with different environmental con-
ditions. Such relations are used, for instance, when a breeder requests
seeds from 'a desert area' in search for drought tolerance.

Elucidation of such relations may contribute to understanding of plant
performance in different environments. However, establishment of unequivo-
cal relations is hampered by environmental interactions associated with
plant phenotype.

Accessions can be classified on the basis of differences in their
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agro-ecological background, which requires detailed characterization of
the environment of provenance. It is possibly more efficient to evaluate
a representative sample of a germplasm collection in a number of dis-
tinctly different environments, possibly over a numbher of years, than to
evaluate the entire collection in a single environment.

1.3 Variation

The evaluation of genotype x environment interactions may be complicated
by genetic heterogeneity, as in the case of landraces. Plants within
populations differ genetically, while also variation can be observed among
populations and population groups, e.g. populations from specific regions.
The degree of variation varies, presenting germplasm curater and plant
breeder with problems with respect to collection strategies, and descript-
ion, evaluation and selection of germplasm.

Assessment of, mostly phenotypical, diversity forms an essential part
of plant germplasm evaluatiocn, as it indicates the breeding value of
observed plant characteristics. Also, knowledge of variation patterns aids
in planning future collection missions, and variation in plant character-
istics and in environmental conditions in the collection region can be
related.

The complex interplant relations within a landrace population are
balanced towards long-term yield stability in the environment of origin.
Intrapopulation variation can be quantified with ANOVA, but this is of
little predictive value for different environmental conditions. Also,
regression analyses and crop growth simulation models at the population
level, do not incorporate intrapopulation variation and do not explain
therefore the consequences of heterogeneity in different environments.

1.4 Problem definition

The overall objective of the present study was development and testing
of a method allowing rapid identification of agronomic characteristics
of accessions, and application of single-evaluation results for analyzing
crop behaviour in other years and at other locations with different
climatic conditions.

Three research phases were distinguished, each with a number of




General introduction 5

intermediate objectives:

i. Collection and description of germplasm.

- collect germplasm,

- provide a description of environmental conditions in the regions of
provenance,

- provide morphological characterization of the germplasm.

i7. Phenotypical characterization:

- establish relations between environmental characteristics of the region
of provenance and plant characteristics at other locations,

- study diversity patterns.

7ii. Agronomic evaluation:

carry out multilocational, multiseasonal agronomic evaluations,
perform statistical analyses of the agronomic trials,

analyze the agronomic trials through crop growth simulation,

develop a suitable evaluation method.

1

1.5 General overview

A collection of durum wheat landraces from Syria was considered suitable
as research material, and missions were organized to collect new germplasm
(Chapter 3).

The domestication of durum wheat and the role of wheat landraces in
Near Eastern agriculture are briefly discussed in Chapter 2. The evalu-
ation study on Syrian durum wheat landraces is presented subsequently:
Chapter 3 reports on the collection missions, and gives environmental and
morphoiogical descriptions of regions of collection and durum wheat
landrace groups, respectively. Patterns of phenotypic diversity are
analyzed in Chapter 4. Chapters 5 and 6 deal with agronomic field trials,
descriptive statistical analyses, explanatory analyses by simulation
models, and the establishment of relations with environmental conditions
in the regions of collection. Chapters 7 and 8 illustrate the establish-
ment of relations between plant characteristics and environmental charac-
teristics of the regions of provenance; Chapter 7 treats evaluation of
frost tolerance, and in Chapter 8 fungal disease resistances are related
to the environmental characteristics of the regions of origin. Chapter
9 finally contains a general discussion.



Chapter 2

DURUM WHEAT

2.1 Domastication of wheat

Domestication of plants in West Asia started in the Late Stone Age
(Neolithic) in the so-called Fertile Crescent, i.e. present northern
Israel and Jordan, Lebanon, western and northern Syria, southern Turkey,
and the Euphrates/Tigris basin in Irag and Iran, where rainfall sufficed
for non-irrigated agriculture. Initially, wild plants were selected, which
adapted to human needs. In the process, cultivable types emerged, differ-
ing from their wild relatives to such an extent that now they are some-
times considered as distinct species.

The Triticeae annuals show greatest species diversity in the eastern
Mediterranean semi-arid lowlands and the mountain areas of Turkey, Iran
and the Caucasus (West et al., 1988). In this main centre of diversity,
wheat was domesticated, as were many more plant species, such as barley,
chickpea, lentil, peas, clovers, faba bean, onion, flax, olive, apple and
pear (Simmonds, 1976; Vavilov, 1951; Zeven & de Wet, 1982). vavilov (op.
cit.} identified the region as the fourth centre of origin, 'The Near-
Eastern Centre of Origin of Cultivated Plants', and emphasized its wealth
of varieties of cultivated wheats.

Cultivation of wheat and barley started towards the end of the gt
millennium B.C., which enabled man in the Near East to transfer from
hunting and food collecting to farming (Harlan & Zohary, 1966), and to
expand its Neolithic agriculture to West Asia, Europe and North Africa
(Zohary & Hopf, 1988). The first evidence of free-threshing tetraploid
wheats (of which durum wheat [Triticum turgidum L. var. durum (Desf.) MK.]
is the main representative) dates from 7 to 6' millennium B.C. sites in
Syria, Turkey, Iraq and Iran (Zohary & Hopf, 1988). During the Neolithic
and Bronze Age, their importance increased. Bread wheat {T. aestivum L.)
is currently the most important wheat species. '

From the Fertile Crescent, wheats spread over Europe, North Africa and
Asia. After introduction of tetraploid wheats in Ethiopia, a secondary
centre of diversity developed (Zeven & de Wet, 1982). In recent centuries,
wheats have spread to larger parts of Africa, the Americas and Australia.
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Ever since the start of domestication, wheats have evolved, while
agriculture diffused from its location of origin {Harlan, 1986). Mutations
and gene combinations with favourable properties were preserved, while
cultivated species in the centre of origin remained in close contact with
their wild relatives, and absorbed new genes through introgression.
Exposure to new environments and developing agricultural systems resulted
in new genotypes and widening variation. In the 20™ century, modern
breeding techniques substantially contributed to development of genotypes
with higher yield potentials. Therefore, crops cultivated presently,
including landraces, differ considerably from the types domesticated

millennia ago.
2.2 Wheat landraces in Near Eastern agriculture

Constraints for wheat production in the arid regions of West Asia and
North Africa (WANA) are low and erratic rainfall, limited irrigation
possibilities, low soil fertility, low winter temperatures and high
temperatures during the grain filling period, poor management practices,
and occurrence of pests and diseases (Ceccarelli et al,, 1987b; Miller,
1987; Osman, 1986; Stapper & Harris, 1989). As the possibilities for
application of external inputs such as irrigation and inorganic ferti-
lizers are limited, intreduction of modern varieties that require these
inputs to fully realize their genetic potential is feasible only in the
higher rainfall zones. Although mainly restricted to these zones, an
increasing part of the total wheat area in Syria is planted to modern
varieties: currently over 50%, compared to approximately 10% in 1973
{Belaid & Morris, 1991). As rainfed agriculture remains important to WANA,
which faces a growing gap between wheat production and consumption
(Adamowicz, 1988; Belaid & Morris, 1991}, germplasm that has been domesti-
cated locally and is adapted to the erratic exposure to growth-limiting
factors, may contribute to the improvement of yield level and yield
stability.

Maximum yields of landraces are moderate, but average yields are
generally more stable under a wide range of environmental conditions than
yields of modern varieties. Since the start of domestication, landraces
have been cultivated in various agro-ecological niches by farmers who
maintained their own seed, and may have traded to other regions (Harlan
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et al., 1973)}. This practice has resulted in wide variation in plant
characteristics, among and within locations, which are balanced in such
a way that unfavourable environmental conditions are generally not cata-
strophic and do not lead te substantial yield losses. Farmers in marginal
environments still adhere to a considerable extent to landraces, as was
observed during the collection missions. Therefore, landrace germplasm
is extensively used in breeding programmes aimed at environments charac-
terized by high probabitities of growth limitations.




Chapter 3

AGRO-ECOLOGICAL AND MORPHOLOGICAL CHARACTERIZATION

Abstract

A total of 185 durum wheat [Triticum turgidum L. wvar. durum (Desf.)

MK] landraces was collected from 166 sites in the Syrian Arab Republ-
ic. With K-meens clustering the collecting sites are grouped based on
four climatological variables to create relatively homogeneous regions
of origin with respect to agro-ecological characteristics. Stepwise
Discriminant Analysis confirmed the minimization of variation within
regions.

Regional description with respect to agro-ecological characteris-
tics is given. According to farmers® estimations, average grain yield
is lowest in western mountainous regions, and highest in southern
parts of the country, which illustrates the tendency of landraces to
produce more straw rather than grain dry matter under high rainfall
conditions. Other data, however, show that farmers in southern regions
supposedly have overestimated yield levels.

Landraces groups as distinguished by farmers are morphologically
identified, to provide a sytematical description of visable variation.
Distribution patterns of the various landrace groups are indicated.
Only few landrace groups are widely distributed, whereas most others
are regionally concentrated. Genetic diversification is found in the
heterogenecus nature of landraces and in the cultivation of different
landraces per region or village. Large proportions of T. aestivum were
found in TI. durum populations in the mountazinous regions in the west

of the country, where farmers apparently desire a species mixture.

3.1 Introduction

Efficient use of germplasm requires characterization and evaluation. The
latter is normally performed in two steps: a preliminary evaluation, which
concentrates on recording a 1imited number of traits thought to be desir-
able by a consensus of users (IBPGR, 1985), followed by a more specific
evaluation of promising material. While the large quantity of accessions
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limits multilocational preliminary evaluation, information resulting from
one~site evaluation cannot be used to predict performance in other envi-
ronments due to genotype x environment interactions (Ceccarelli, 1989).
In addition, further evaluation may not include useful material that has
not been recognized as such in the preliminary evaluation. Part of the
problem is the restricted use of environmental parameters of the collec-
tion region in germplasm evaluation. Agronomic and ecological characteris-
tics have influenced the genotypic constitution of landraces during
domestication {Harlan et al., 1973), and hence a relation exists between
the agro-ecology in the cellection region and the morphophysiclogical
make-up of the plant.

This study aims to provide a method to define regions of collection
whereby agro-ecological characteristics, in combinationwithmultilocatio-
nal evaluation results, can help in understanding crop performance under
various growth conditions. This knowledge can be utilized in selecting
for different agro-ecological zones, thus reducing the exclusion of
valuable germplasm.

A collection of durum wheat [Triticum turgidum L. var. durum (Desf.)
MK] landraces from the Syrian Arab Republic was considered suitable for
this purpose for the following two reasons:

- Syria is situated in the "Fertile Crescent,” where the first cereals
were domesticated by ancient civilizations about 10,000 years ago in
the late Mesolithic Period and the early Neolithic Age (Hawkes, 1983;
Harlan, 1986), and where tetraploid wheats are cultivated since the 78
millenium B.C. (Zohary & Hopf, 1988). Up to the present wheat and
barley have been grown here (Vavilov, 1951; Zeven & de Wet, 1982), and
have spread to many other parts of the world (Bell, 1987; Yamashita,
1980).

- Although landraces are outyielded by newly-developed varieties under
favourable conditions, they may yield higher under stress due to
heterogeneity (Hawkes, 1983; Nachit et al., 1988).

However, no existing collection could be identified that met the
following necessary requirements for an eco-geographic study: a) regular
distribution of collection sites over the regions of collection, b)

representation of various agro-ecological zones, c) availability of
information on agro-ecclogical site parameters, and d) availability of
seed samples representative of the populations in the field. The first
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three requirements were not met due to the dearth of information on the
precise origin of available Syrian accessions (Toll, 1984), while the
fourth implied access to bulk samples. An entire new collecting mission
was made, which paid attention to record of passport and collection
information (IBPGR, 1985), and which provided an agro-ecological descrip-
tion of each site.

Evaluation results have often been interpreted in relation to the
origin of the material. Morphological and agronomic crop characteristics
were presented per country or group of countries (Asins & Corbonell, 1989;
Gallagher & Soliman, 1988; Erskine et al,, 1989; Jain et al., 1975; Kato
et al., 1088; Narayan & Macefield, 1976; Parceddu, 1976; Spagnoletti Zeuli
& Qualset, 1987; Spagnoletti Zeuli et al,, 1984), or per region or site
within countries (Bekele, 1984; Bogyc et al., 1980; Ceccarelli et al.,
1987a; Damania & Porceddu, 1983; Murphy & Witcombe, 1981; Weltzien, 1988).
Isozyme frequencies were similarly presented (Asins & Carbonell, 1988;
Nakagahra et al., 1975). Although such groupings elucidate the structure
of data sets, they are less satisfactory in interpreting the agro-ecologi-
cal background of germplasm. On the other hand, Burt et al. (1980} pro-
vided networks of floristic, soil and climatic characteristics of collec-
tion sites and correlations between environmental characteristics. Alloz-
yme frequencies were related to environmental factors (Nevo et al., 1986,
1988) and the ecogeographical distribution of glutenin alleles was studied
(Levy & Feldman, 1988).

When regions of collection have to be defined independently from
evaluation results, only site characteristics can be considered, whereas
crop characteristics can be related to the regions only afterwards. Burt
et al. (1979} identified regions in South and Central America most 1ikely
to provide the iegumes required for Northern Australia, before plants were
explored.

In this study, K-means clustering of collection sites on the basis of
independent environmental characteristics was tested. The K-means cluster-
ing procedure is well adapted to large data sets (Lebart et al., 1984)
and partitions into groups such that cases within a group are relatively
homogeneous and cases in different groups are relatively heterogeneous
for the characteristics involved {Press, 1982). Also, regions formed by
clustered sites were described for agro-ecological characteristics.

This study also seeks to provide a brief morphological description of
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the Syrian durum wheat landrace group as distinguished by farmers. Each
group has its specific morphological characteristics and geographical
distribution pattern, and is referred to by a local name that is often
derived from a striking character or supposed origin. Jacubziner (1932)
studied the Syrian durum wheats and developed a detailed taxonomic key
based on detailed morphological observations. However, this approach is
less useful for studying population performance, which requires identifi-
cation of a particular landrace rather than the genotypes that compose
it.

3.2 Materials and methods

The Syrian Arab Republic is situated on the eastern side of the Mediterr-
anean. It has parallel mountain ranges in the west and, in the southeast,
is incorporated in the Arabian Desert {Anonymous, 1977). Extensive parts
of the country consist of plains interspaced by river valleys and mountain
ridges. The year can be divided into four seasons: a cool and rainy
winter, a hot and dry summer, and short transition periods in spring and
autumn. Three climatic regions can be distinguished: a) coastal area with
high relative humidity (mean annual relative humidity 60-75%), mild
winters (mean January temperature 4-12°C), warm summers (mean August
temperature 22-26°C) and relatively high annual rainfall (up to 1400 mm),
b) desert area with low relative humidity (45-55%), cool winters (3-8°C),
hot summers (24-32°C), and low precipitation (less than 300 mm annual
rainfall); and c) areas located between the first two regions and in an
about 50 km-wide strip along the northern border, characterized by rela-
tively moderate relative humidity, temperature, and rainfall conditions
(50-60%, 5-7°C (Jan.)} and 25-31°C (Aug.), and 300-500 mm, respectively)
(Rafig, 1976).

In June 1987 and June 1988, ICARDA's Genetic Resources Unit conducted
collecting missions for Iriticum durum in cooperation with the Genetic

Resources Unit of the Syrian Agricultural Research Centre, Douma, in most
of the regions of Syria where landraces of this species were known or
expected to be cultivated. A total of 185 landraces was collected from
166 sites {van Slageren et al. 1989). The geographical distribution of
the collection sites is presented in Figure 3.1.
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Figure 3.1. Geographical distribution of the collection sites (indicated
as dots) of durum wheat landraces in the Syrian Arab Republic.

la = Lattakia 2a = Aleppo 3a = Homs

1b = Tartous 2b = Idleb 3b = Qaryatain

lc = Central Mountains 2c = Hama 3c = Damascus
2d = Central Area 3d = Quneitre
2e = Northeast 3e = Hauran
2f = Hassake

Two random samples were taken per population : 100 individual spikes,
and 100 spikes in bulk (Marshall & Brown, 1975). The individual spikes
were used for evaluating genetic variation, while the bulk samples were
muttiplied, characterized and evaluated for agronomic traits, and stored.
Standard passport and collection information (IBPGR, 1985) was recorded
at each site, using ICARDA's collecting forms, which provide geographical
and ecological features, as well as qualitative and quantitative informa-
tion on the collected seed samples (Elings, 1989). Farmers, who were
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present at 132 sites, were asked for information on the landraces and
their farm management practices: local name of the landrace; origin of
the seed {own farm, another farm in the same village, another village in
the same region, another region, market); number of years the seed had
been used locally; rotation scheme; irrigation practice; average sowing
date and rate; average harvesting date; estimated grain and straw yields
(lowest, average and highest); freguency of grazing by sheep instead of
harvesting (indication of crop faiture); fertilizer (N,P) and manure
application; and means of weed, disease and pest control. Although the
resulting data were possibly biased, they seemed sufficiently reliable
for comparative purposes. Some soil characteristics were recorded (stonin-
ess, cracking, soil type, and soil layer depth), and seil samples from
the 20 cm s0il surface were taken at three arbitrarily chosen spots in
each field. The three samples were mixed and analyzed for organic matter
content, total N (Kjeldahl, Bremner method) and extractable P (0lsen).
Tiller density was also determined at three randomly chosen sites in the
field. The number of seeds per spike, seed weight per spike, and the
thousand kernel weight of the single heads collected were determined.
Data were analyzed using the BMDP statistical software package (Dixon
et al., 1985). The 166 collection sites were grouped following the K-means
clustering method (Lebart et al., 1984) so that variation is minimized
within and maximized among groups. The analysis was based on a set of four
climatological variables, viz. the difference between the longest and the
shortest daylength in the course of a year ("daylength amplitude"), annual
precipitation, and maximum and minimum annual monthly temperature. All
ather observed variables were assumed dependent. The daylength amplitude
is the difference between the daylengths at June 21°* and at December 21°%.
Latitude was considered an unsatisfactory parameter, as it is not a
driving force in crop development, and in choosing daylength itself
definition and determination of the optimal date, which would need to be
related to plant development, was problematic. Temperature was described
by the mean maximum temperature in August and the mean minimum temperature
in January. In these two months, the highest and lowest values are
reached, respectively. Nearly all rain falls during the growing season,
and was therefore supposed to be totally available to the crop. The
rainfall figure for irrigated sites was not adjusted since it is believed
that domestication has occurred under rainfed conditions, which therefore
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represents the agro-ecological background of the concerned populations.

Values were standardized to unit variance, and the Euclidean distance
was used to measure distances between each case and the centre of a
cluster. In subsequent steps, Syria was divided into regions and then
further sub-divided into subregions. Variables highly discriminative in
the first step could lose this characteristic in favour of other variables
in the following step, causing a "fine-tuning" effect: the smaller the
geographical scale, the more accurate and hence realistic the descriptive
value of the discriminating variahles (Press, 1982).

To verify the consistency of the constructed clusters, a spanning tree
based upon the same cases was formed, using the centroid method. This
agglomeration method is preferable to the other technigue available to
BMDP, the single linkage (H. Nilwik, personal communication); furthermore,
in a comparative study by Peeters and Martinelli {1989), centroid and
average linkage, rather than single linkage, confirmed expectations. The
pattern of amalgamation was considered: it was tested whether sites
belonging to the same cluster merged before merging with sites belonging
to other clusters. A parallel between the K-means clustering and spanning
tree would indicate consistency of the clusters,

Stepwise Discriminant Analysis {SDA} was used to describe the vari-
ation between the collection sites in terms of linear combinations of the
original variables.

In addition to the four climatological variables mentioned above,
several other ecological and agronomic characteristics (Table 3.1) were
defined for the regions formed during the first clustering step. The
significance of differences between the latter cluster means was tested
by analysis of variance.

Only landraces were selected of which the same farm or village had
been indicated as indicated source. Of 89 landraces, 50 single spike
progenies were sown separately at ICARDA's main farm, located 32 km south
of Aleppo, Syria. Each single head Tine was taxonomically identified, as
some populations were mixtures of I. durum and T. aestivum.

A taxonomic description of the species I. durum has been given by Bor
(1968) and Tan (1985). For landrace groups description, three to four
specimens were randomly selected per population, and a number of morphol-
ogical characters was recorded: pubescence of leaves, spike density,
spikelet attitude, glume colour, lemma colour, awn colour, and glume
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Table 3.1. Mean values of variables describing the three initial clusters
(standard deviations in brackets). Climatic characteristics are retrieved from
the Climatic Atlas of Syria (Anonymous, 1977).

Variablet West South CentrefNorth p

Daylength amplitude (hrs) 4.8 (0.0) 4.5 (0.1) 5.0 (0.1) % dedede
Altitude (m) 386 (269) 754 (169) 445 (94) kR
Rainfall (mm year*) 1045 (215) 267 (115) 357 (120) *kkx
Max. temperature {°C) 29.0  (1.8) 33.8 (1.6) 37.6 (2.1)  kww
Min. temperature {°C} 5.4 (2.0) 2.1 (0.9) 2.2 (0.7) *dkedek
Potential evaporation (mm) 1273 (101) 1734 (227) 2052 (326) tkked
Texture! 4.8 (0.6) 4.5 (0.9) 3.9 (1.4)  ewwk
Stoniness? () 42 (30) 19 (25) 13 (23)  kww%
Cracking? 1.2 (0.4) 1.6 (0.5) 1.6 (0.5)  %wix
Surface soil depth (cm) 69 (104) 239 (319) 459 (424) wkkk
Organic matter (I) 3.1 (1l.4) 1.4 (0.8) 1.5 (0.8) ki
Nitrogen (ppm) 1632 (779) 823 (438) 939 (413) Kk
Phosphorus (ppm} 12.7 (15.3) 13.0 (13.0) 15.8 (23.4) *

Inputs® 1.9 (0.3) 1.5 (0.5) 1.9 (0.4)  kuws

Sowing rate (kg ha"l) 155 (53) 112  (B8) 131 (36)  H¥w*
Rotation’ z.8 (0.B) 2.2 (1.1) 2.3 (1l.1) %=
Average grain yield (t ha'l) 1.1 (0.6) 1.9 (1.4) 1.5 (0.7) @ **
Max. grain yield (t ha-l) 1.8  (0.8) 2.9 (1.7) 2.3 (l.1)  Hw#
Average straw yield (t ha-!) 1.5 (0.7) 1.3 (0.7) 1.3 (0.8} ¥
Max. straw yield (t ha™l) 2.3 (1.6) 2.2 (1.2) 1.8 (1.2) %
Crop growth duration (days) 216 (25) 205 (33) 201 (26) *
Spikes m? (-) 115 (39) 109 (74) 138 (67} *
Seeds per spike (-) 27.8 (6.4) 31.3 (4.6) 27.0 (4.3) | ¥%
Spike weight (g) 1.3 (0.4) 1.1 (0.3) 1.0 (0.3) «*
Thousand kernel weight (g} 43.0 {4.9) 35.9 (6.2) 37.7 (7.0) kkkE

{(+): 1 = Symbols used for texture: 1 = sand, 2 = sandy loam, 3 = loam, 4 =

claylecam, 5 = clay.

Symbols used for cracking: 1 = no cracking, 2 = cracking.

Stoniness is expressed as percentage soil cover.

Inputs considered are: N and P fertilizer manure, fungicides,

pesticides and herbicides. Scale: 1 = no inputs used, 2 = one or

more types of input used.

5 = To quantify the rotation-schemes, the following symbols have been
used: 1 = cereals + fallow, 2 = cereals only, 3 = cereals + legumes,
4 = cereals + legumes + other crops.

w &N
T

*¥k¥k: 0 < p £ 0.001
*%%: 0.001 < p 5 0.005
*%: 0,005 < p S 0.05

*: 0.05 < p
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Figure 3.2. Collection sites, constituting 14 regions, plotted against
the first two canonical faviables formed in Stepwise Discriminant Analy-
sis.
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hairiness. The spike density classes distinguished were intermediate,
dense, and very dense, representing the number of spikelets per cm (1.75 -
2.75, 2.75 - 3.50 (- 3.75), and (3.50 -) 3.75 - 5.00, respectively).
Spikelet attitude was expressed as the angle between rachis and spikelet.
Three angles were distinguished: 45°, 30°, and very acute, with the
spikelets almost parallel to the rachis. If discriminating, other charac-
ters were observed: kernel colour, kernel shape, spike shape, stem width
and stem solidness.

Farmers sometimes gave landraces double names (e.g. Baladi Bayadi,
Suweidi Abassieh). In these cases, the first name was considered an
indication of the relevant landrace group, and the second name describing
an inherent character, an area of cultivation or another subdivision to
which no further attention was paid.

3.3 Resulis
3.3.1 Agro-ecological characterization

K-means clustering on the basis of daylength amplitude, annual precipita-
tion and maximum and minimum annual monthly temperatures of all 166
collection sites resulted initially in three regions: a) the mountainous
western part of the country, b) the eastern part of the province of Homs,
together with southern areas (Damascus, Sweida, Dara' and Quneijtra), and
c) the remaining inland areas in the north, centre and east. For convenie-
nce, the regions will be referred to as "West", “South", and
"Centre/North", respectively. In the next step, each of the regions was
further subdivided, as presented in Figures 3.1 and 3.2. The sites were
thus clustered into 14 regions, each of limited size. At that stage, the
clustering process was stopped, because a large number of small regions,
each one comprising of only a few sites, would complicate rather than
simplify the analysis.

The relative importance of the clustering variables in each step is
indicated in Table 3.2 by their univariate F-values. In the first step,
which divides Syria into the three major regions, rainfall is the most
influential variable, followed by daylength amplitude and minimum temp-
erature. However, if each regions is subdivided, rainfall would lose
importance. Clustering the collection sites in "West" is strongly based
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on maximum temperature, closely followed by minimum temperature, whereas
in “South" daylength amplitude is the most important variable, followed
by rainfall. In "Centre/North" maximum temperature again dominates clust-
ering.

Table 3.2. The univariate F-values of the clustering
variables in the course of the clustering process. For
each step, the relatively most important variable is
printed in bold.

Step *
Variable 1 2a 2b 2c
Daylength amplitude 265 15 94 82
Rainfall 380 29 42 45
Max. temperature 28 37 9 188
Min. temperature 112 33 27 40

* ; Step 1 = clustering of all Syrian sites, step 2a
= clustering of western sites, step 2b = cluster-
ing of southern sites, step 2c = clustering of
central sites.

The consistency of the 14 clusters was tested through spanning tree
construction. The tree diagram, starting with 166 branches merging one
by one, and therefore not presented here, showed in general the same
picture as the K-means clustering, which started from the other end.
Ideally, the sites belonging to one cluster would have combined before
the 14 main branches merge in two steps. The tree diagram was not com-
pletely consistent in this, but parallels with the clustering appeared
clear enough to confirm the consistency of the K-means clustering.

SDA resulted in four canonical variables, of which the first two
accounted for 93% of the total variation (Table 3.3). The first canonical
variable was related to daylength and maximum temperature and the second
to annual rainfatll and maximum and minimum temperature. Plotting the first
two canonical variables {Figure 3.2} yielded a picture in which geographi-
cal patterns could be recognized. Latitude, via daylength amplitude,
dominantly determined the position on the X-axis., Since the isohyets in
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most coltection areas run parallel to the longitude, the latter influenced
the position on the Y-axis. The group formed through clustering appeared
with only minor overlap.

Table 3.3. Correlation coefficients between the canonical and the depen-
dent variables and the cumulative proportion of the total dispersion for
each canonical variable.

Canonical Correlation coefficient Cumulative
variable dispersion(Z)
Daylength Rainfall Maximum Minimumn
amplitude temperature temperature
1 0.98% -0.04 0.57*% -D.19%* 56
2 0.22%* 0.98% -D.78% D.72% 93
3 -0.03 0.11 -0.14 -D.66% 98
4 -0.003 0.19% 0.24% 6.12 1900

*; Significant at p £ 0.01

"West", "South", and "Centre/Narth" clusters could be defined on the
basis of Table 3.1, where cluster means of these groups are given for a
set of 25 climatic, ecological and agronomic variables. A1l the climatic
variables had significantly different mean values. In "West", annual
precipitation was high, combined with relatively warm winters, cool
summers, and low potential evapotranspiration. Mean altitude was low, due
to the collection sites near te the sea. "South®" was characterized by a
short daylength amplitude, low rainfall, mild winters, and moderately high
summer temperatures and evaporation. In "Centre/North", maximum tempera-
ture and evaporation reached their highest values, while annual rainfall
was slightly higher than in “Scuth" owing to the relatively high values
for Aleppo and Hassake.

"South" and “Centre/North" had similar soil parameters, whereas "West”
showed relatively high values of organic matter and nitrogen contents.
In "South", input use was limited, and sowing rate was lowest. "West" had
the highest sowing rate and the most diversified rotation scheme, which
was narrowest in "South".
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Average and maximum grain yields were highest in "South", average and
maximum straw yield in "West", where the crop growth duration was longest.
The yield components did not show a consistent pattern.

Table 3.4. Percentage of Triticum aestivum plants in I. durum
landrace populations; the individual observations and mean value
are given per agro-ecological region.

Percentage of T. aestivum

Agro-ecological

region per population* mean value
la Lattakia 2, 9%0 0.2
1b Central Mountains 52, 50, 46, 2*2, 0 25.3
lc Tartous S4, 30, 28, 20, 12, 6, &, 3*0  15.4
2a Aleppo 2, 6%0 0.3
2b Idleb 8, 2,0 3.3
2c Hama 0 0.0
2d Central Area 13%0 0.0
2e Hassake 3*0 0.0
2f Northeast 28, 18, 8, 4%0 7.7
3a Homs 2%2, 2%0 1.0
3b Qaryatain 36, 4*%0 7.2
3¢ Damascus 24, 12, 8, 3%*6, 2%0 6.2
3d Quneitra 6 6.0
3e Hauran 14, 2%0 5.7
+ : 9%0 = 9 fields without T. aestivum plants

3*6 = 3 fields with 6% T. aestivum plants

3.3.2 Morphological characterization

In the mountainous area along the Meditteranean several populations were
collected that were mixtures of J. durum and J. aestivum (Table 3.4).
Landrace populations collected in other provinces generally showed much
lower frequencies of species mixutures, although high impurities (more
than 8%) were occasionally found. In Table 3.5, the proportion of bread
wheat plants is given per landrace group. Baladi landraces in particular
comprised high amounts of bread wheat plants, which corresponded with the
high percentage for the Tartous region.

A uniformly solid stem was observed only once in the case of Sheirieh.
In the other landraces the stem was generally solid just below the spike,
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but hollow further down. Stem wall thickness in the lower half of the stem
varied considerably, both within and among populations.

Spike density and spikelet attitude were interrelated: angles of 45°
occurred in combination with very dense spikes, angles of 30 with all
density classes - although mainly with dense spikes, and a very acute
angle coincided generally with intermediate spike density.

Glume, lemma and awn colour were a highly variable, both withir and
among landrace groups. Two basic colours were found: yellow and brown te
black. Glumes and lemmas varied from light yellow to light brown, and
could possess black tips and blackish nerves. Awns were either completely
{1ight) yellow, or {1ight) yellow only at the terminal part, with a brown
or black colouration at the base.

Within the landrace groups of Bayadi, Shihani and Surieh both plants
with glabrous glumes and plants with pubescent glumes were observed. The
other landrace groups were characterized by only one form of glume hairin-
ess.

Kernels were yellow, except in the cases of Bayadi {partly yellow,
partly light yellow), Shamieh {light yellow) and Ahmar (reddish; ahmar
= red in Arabic).

MorphoTlogically, the Haurani and Halabi groups (from Hauran and Aleppo
region, in Arabic, respectively) appeared to belong to the same type of
landrace, which was also indicated by the farmers, who sometimes combined
both names. Only the suggested geographical origins differed.

The variation in spike density was a clear first character to dif-
ferentiate, since it dominated the visual impression of a landrace. The
Haurani/ Halahi landraces were predominantly characterized by very dense
spikes and yellow to light brown colouration of the glume, lemma and awn.

Baladi (from balad = ltocality, native to in Arabic) showed a wide
range of forms, and was difficult to describe accurately, and gave the
impression that many landraces may be called Baladi, implying that this
landrace group may actually comprise more than just one group.

Most other landraces had an intermediately dense to dense spike, and
had to be differentiated on the basis of other characteristics. Bayadi
(from abiad = white in Arabic} landraces could be divided into two groups
on the basis of spike type: very acute angles or 30° angles, the latter
group tending to be darker. Sweidi (from aswad = black in Arabic) was
easily recognizable because of the completely brown or black colouration
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of the entire spike, in contrast to Shihani, which was only partly black.
Sin Al Jamal (= tooth of the camel in Arabic) was characterized by a long
and slender kernel in combination with a long, bowed and slender spike.
Shamieh could be uniquely characterized by its broad stem, and Surieh by
its reddish seeds.

Table 3.6. Number of collected populations (in brackets) per agro-
ecological region, per landrace group.

Landrace group Number of accessions per region

Haurani Damascus (23), Hauran (16), Hassake (6), Northeast (5),
Qaryatain (4), Quneitra (2), Aleppo (2), Hama (1), Homs
(1)

Halabi Hassake (4)

Baladi Tartous (13), Aleppo (8), Central Mountains (6),
Qaryatain (4), Hama (1), Damascus (1)

Bayadi Palmyra (6), Hama {4), Homs (4), Qaryatain {(2), Aleppo
{2), Tartous (1), Hassake (1)

Suweidi Idleb (7), Lattakia (4), Central Mountains (3), Tartous
{1), Homs (1}

Shihani Hassake (6), Northeast (5}, Palmyra (1)

Sin Al Jamal Hassake (3), Northeast (2}

Saglouweh Palmyra (1)

Juda Palmyra (1)

Nabi Jamal Palmyra (1)

Mousseirieh Palmyra (1)

Sheirieh Tartous (1)

Abassieh Tartous (1)

Shamieh Idleb (2)

Hamari Aleppo (4), Tartous (2), Idleb (1), Hama (1), Homs (1),
Palmyra (1)

Zaraa Damascus (1)

Kendahri Northeast (1)

Haririeh Lattakia (2)

Tounsieh Lattakia (1), Tartous (1}

Ahmar Lattakia (1)

Surieh Lattakia (3), Central Mountains (2), Tartous (1)

Hredieh Lattakia (1}

Harari Lattakia (1)

Table 3.6 lists the principal regions of geographical distribution,
and in Appendix I, distribution of all encountered landrace groups is
mapped. Haurani was the most widespread landrace, both in number of
populations and in distribution. It was collected in most durum wheat
production regions, in the Hauran region itself and in Damascus region
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at a high frequency. Baladi and Bayadi were widespread as well, with
concentrations in the regions of Tartous, Central Mountains and Aleppo,
and in the regions of Homs, Hama and Palmyra, respectively. A}l other
landraces were regionally concentrated. Some were cultivated in rather
extended areas, such as Hamari, while others were limited to a much
smaller region, such as Sin Al Jamal. Surprisingly, Halabi was not found
in the province of Aleppo, but was concentrated in the east. An explanat-
ion may be that in Aleppe this group is called "Baladi", since the Baladi
landraces in this region are all of the Haurani/Halabi type.

3.4 Discussion
3.4.1 Agro-ecological characterization

Dividing the regions of collection helped define sub-regions with more
or less uniform climatic conditions. Although high homogeneity for all
characteristics could not be expected, since variation was minimized in
a multidimensional space, the majority of mean values differed sig-
nificantly {Table 3.1). The minimization of within-group variation was
confirmed by SDA, which separated regions by formation of two canonical
variables. The small inconsistencies between the two analyses can be
caused by variation in climatic conditions determined by local factors
such as topography, vegetation and the presence of bodies of water.
Differences in agronomic characteristics are of particular interest. In
"Centre/North" yields are lower than in "South", in spite of higher
rainfall (Table 3.1}. Regional durum wheat nurseries (Yau, 1987, 1988,
1989) indicate that as annual rainfall increases from 200 to 500 mm, seed
yield also increases. Grain yields were also calculated from the number
of seeds per spike and thousand kernel weight of the individual spikes
collected and the number of spike-bearing tillers m2 (Tables 3.1 and 3.7).
These values differed considerably from farmers' estimates (Table 3.7):
in "West", the calculated value is 0.3 t ha! higher than the estimated
value, 1in "South" 0.7 t ha™ lower, whereas in "Centre/North" they
approximately match. It is unlikely that not randomly collecting accounts
for the whole difference. This suggests that in "South", the farmers have
reported overestimated yield levels,

Straw yields and harvest indexes are biased by harvesting methods:
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while in "West" harvesting by hand is a common practice, resulting in low
loss of straw, in other parts harvesting is mostly done by machine, which
causes loss of the stubble. Consequently, straw yield is lower and harvest
index higher,

Table 3.7. Grain, straw and total yield, and harvest index for the three
subregions, under favourable and average growing conditioms.

West South Centre/{North
Favourable
Grain yield (t ha-l) 1.8 2.9 2.3
Straw yield (t ha-?!) 2.3 2.2 1.8
Total yield (t ha™!) 4.1 5.1 4.1
Harvest index 0.44 0.57 0.56
Average
Grain yield (t ha™!) 1.1 (1.43% 1.9  (1.2)% 1.5 (1l.4)%
Straw yield {(t hal) 1.5 1.3 1.3
Total yield (t ha™!) 2.6 3.2 2.8
Harvest index 0.42 0.39 0.54
* = pormal grain yield as calculated from observed yield components.

Therefore, it is questionable whether under favourable growing condit-
ions, performance is best in "South", where the highest grain and total
yield and harvest index are reached (Table 3.7). In "West" and
“Centre/North", total yields are equal under favourable conditions, but
grain yield in "West” is considerably lower, illustrating the tendency
of landraces to produce more straw rather than a higher grain weight under
high rainfall conditions.

Noteworthy differences were found between seed rate (in kernels m%)
and number of spikes m2. For "West", "South" and "Centre/North®, these
are 433 and 115, 312 and 109, and 347 and 138, respectively. Evidently,
emergence and crop establishment are poor. Frost and drought at early
development stages could account for this, in combination with the common-
ly used split ridge sowing technique and bird damage.

Yield trials, with focus on the interaction between crop and climate
characteristics, are necessary for clearer interpretation of observed
trends. Then also the relevance of the demonstrated clustering to crop






