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These results emphasized on the presence of 6 genetics groups
that have many of the studied characters indicating that evaluation
processes  for samples  should be _continued under various
cnvironments and using perecise methods that depend up finger

prints and molecular genetics.
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INTRODUCTION

Coffee is an extremely
img cash crop 1dwid
today, with more than 6.5 Millions
tons of green beans produced
yearly from about 11 millions
hectares. In dollar, coffee takes the
second rank after oil with a
production worth of more than
9000 M US §/ yearly. World
production of Coffea arabica
represents  70% of total coffee
production (Charrier and Eskes
1997)

Yemen is considered to be
the first country worldwide to
domesticate and cultivate coffee.
The production of CD{[L‘H arabica
began during the 14" century in
the Yemeni highlands and is still
going on today. Duc to this,
farmers have very vast traditional

ledge in coffee cultivati

production in the different valleys
(sometimes totally isolated from
cach other), specific varieties of C.
arabica have been developed, with
new interesting characteristics.
Centuries after centuries,
increasing cultivated areas; the
Yemeni farmers have selected a
great number of varieties,
particularly well adapted to the
specific conditions of each valley.
This selection leads also to
different qualities of coffee. The
area under coffee cultivation in
Yemen is over 33000 ha; with
production over 11000 tons in the
year 2001; and contributes nearly
US$ 18 millions to the economy
annually (Agricultural ~ Statistics
Year Book — Yemen 2001)

Coffea arabica L. (2n = 4x =
44) is an allotetraploid plant
containing two diploid genomes

maintenance  of  trees  and
harvesting. It s likely that
accumulation  of  experiences

that originated from two different
diploid wild ancestors (2n = 2x =
22), C.canephora and
C.eugenioides (Lashermes et al.
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by a very low genetic diversity,
which is due to its allotetraploid
origin, reproductive biology (self-
fertile) and evolution (Charrier and
Eskes, 1997).

Only few published
information on genetic variation of
Yemeni coffee is available:
Sylvain (1956) describes several
types, which resemble the known
commercialized varicties or types
as Typica, Harar, Bourbon and
Irgalem. Some studies cited local
names referring to valley or region
as local names i.¢., Udeyni, Materi,
Hamadi, Gaadi, Shoutaeli, Essaii,
Tessawi, Katii, Burai, or referring
to morphological characters as
Dawairi, Toufahi, Shibrigi, and
sometimes  the names  are
combined as Ludia compact,
Hewle compact.

Therefore, genetic diversity
of coffee landraces in Yemen
should be studied through

Hoeon identifing and evaluated
with respect 1o morphological,
genetic and biochemical
characteristics. This study presents
the first results of a work done in
the Yemeni Genetic Resources
Center (YGRC) with the assistance
of the French Embassy.

The aims of this research

studying the genetic variations of
Yemeni coffec landraces (i) to
preserve them in gene bank and ex-
st conservation for  further
characterization (i) and further
use it in plant breeding for genetic
improvement.

MATERIALS AND
METHODS

Missions:

The survey was held in the
main coffee producing areas in
Sana’a, Dhamar, Lahj, Al
Mahwit, Hajjah,, Alhoudaida, and
Sadah provinces during November
2000 to December 2001.

Three forms of Data- Sheetes
were used for local landraces of
coffee  ecotype or  varieties

ization and identificati
(Eskes and Mukred, 1989). Table 1
shows the different variables used
in this study.

Data:

All the values, which were
cither ordinal or nominal ones,
have been changed into numerical
data so clustering analysis and
building of. dendrogramm can be
used by the software JMP 4.0.
About 13 regions and 33 sites were
visited and coffee trees were

during these centuries of coffee

1999). C.arabica is characterized
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ABST.RACT: Yemen was the first country in the world to
domesticate and cultivate coffee (Coffea arabica L.) and it became
the center for diffusion of coffee towards the world.

The Yemeni farmers have selected and created a great number
of forms or cultivars, particularly well adapted to the specific
conditions of cach region. This selection has led also to different
qualities of coffee, the names of which are well identified by Sug
sellers and by local consumers.

Missions to all the major coffee growing areas in Sana’a,
Dhamar, Al-Mahwit, Haja, Alhoudaida, and Saada, were held to
w“f“_’ study and evaluate local landraces of coffec ecotype oOF
varieties. About 60 samples of coffee seeds were collected.
Morphological, visual observations and characterization of coffee
trees in farm have been identified in 33 sites. The morphological
features are based on coffee description and information given by
hm'e.rs (i.e. local naming of coffee types, fertilizer usage, production
capacity, ...etc)

.Based on the information obtained during these missions,
genetic variation have been described for the most characters as
plant type, plant height, angle and strength of primaries, degree of
sec?“"’"’)’ branching, size and shape of leaves, size and shape of
fruits and beans, fruits color, and productivity.

work are (1) to collect, identify and studied  corresponding
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; ;i e draces  samples, p
different local names ob st water for 24 hours, then planted in

orgainc matter (bithmus) in sma_ll
pots (12x 10 x 7 cm) and placed in

(given by farmers) ('l'nb!c 2).
Morphological observations ha\fc
been completed by the in

formations given by et %5"() night and relative air

RESULTS AND
DISCUSSION
Three different  types of
coffee production zones can be
distinguished in Yemen:

. Coffee trees in Wadi (valleys)
bottoms  (between 800 and
1400 m height, irrigated by
flood diversion during heav!

seeds were pre-soaked in

Jass-house with 30°C day and

humidity  45-60%. Germination
started after 40-50 days. “These
scedlings will be serving for
establishing living gene bank and
for further characterization and
classification,  Until  know no
rescarch activities or structure for
coffee exists in the country; our
research program for establishing a
gene bank will pcr:mil to study,

rainy season and grou
water during the remaimng
months of they year).

. Coffec trees in intermediate
plains, between (1400 and 2900
m height), recently settled since
the introduction of water-
pumps exploiting .deep
underground  water, irrigated
the whole year;

_ Coffee trees on slopes, from
1600 to over 2200 m height,
only irrigated by rain.

About 60 samples of coffee
seeds were collected, seed wt‘-rc
dried and kept in cold room at 4°C.
Hundred dried seeds weight and
the portion of bulbs to seeds were
determined for each sample. 40
beans were planted from each
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evaluate, conserve
and use Yemeni coffee landraces
in breeding for improving
genotypes facing biotic and &
biotic stresses.
Table 3, show that, within 33

of Data-Sheetes analyzed, 12
coffee trees have conical shape, 12
intermediate and 9 cylindrical
shape; growth habit of trees also
showed that, most of the samples
are open (22), and 6 sa:nples ?}x‘c

mpact; primaries angle on e
(:Bh}"ﬂ s(er‘:l also showed that
samples  represent lhe. three
categories and ety for all
characters studied.

As a first result, we can

observe that there is a real
diversity within the species Coffea
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arabica in Yemen regarding the
fact that some of the characteristics
noted (like shape of tree, primaries
shape, thickness, angle with main

districts around the genotypes
Essaii is the dominate, which have
great resemblance with Udeyni in
several morphological and

stem, length of i des), leafl
shape (wide and longer, vines,
surface), fruit shape (wide and
long) were different for those trees
growing in the same ficld under
the same conditions. Some traits
given by farmers arc obvious
clearly due to specific genetic
reasons like drought resistance or
the lost of leaves during winter.

It also seems obvious that,
there are some hological

and differed
in fruit size, plant vigor. In Al
Hyma, and Banimator, Dawairy
genotype is the dominant and we
can found Udeyni, Gaadi Shibrigi
and Burai or Toufahi under little
cultivation. In Haraz Toufahi and
Gaadi are dominants, and in Bani
Ismail area Gaadi or Ismaily is
dominant due to its drought
tolerance. In  Hufash region
Dawairi, and Bonan and Toufahi

types existing and characterized by
just a few specific traits (like
Toufahi: from “Toufahi” (apple)
because of the shape of the fruit,
Dawairi (rounded, because of the
shape of the tree) or Udeyni which
is known as 2 long-life landrace.

Many of the morphological
characters  are  affected by
environment, but in general there
are also great variations in several
characters can be distinct types of
coffee, which can represent
genotypes or populations. These
results are in agreement with
obtained by Eskes and Mukred
1989 in Yaffaa areas.

From our survey we
observed that in Yaffaa areas and

are under cultivation, and Shibrigi
is found in the same area. In high
mountains areas  Toufahi s
dominants due to its high level of
cold tolerance; in these areas we
found that this ecotype is dropping
part of his leaves in winter season
facing cold or frost damage. A
high variation of productivity was
observed within the same ecotype
and between ecotype, making it
necessity to apply individual
selection from the best trees for
improving the production of
coffee.

Whether-the global morphological
description corresponds or not o
the type named by farmers
hierarchical ~ clustering  (Spark,
1973) analyses showed that the

dendrogram (SPSS, 1995) for all
parameters indicated there is 6
groups of clusters of samples or
types (Figl) which suggested 6
different varieties in term of

hological haracteristics
described in Table (1). This
analysis has been processed also to
see if there is some consensus
between the variety’s names given
by farmers (Table2) and the
morphological descriptions from
the fields. Clusters obtained by
morphological traits are not similar
to those obtained by names given
by farmers as showed in the
dendrogram. This can be due to the
following reasons:

-one name can be applied to
different varietics depending on
region.

-one ecotype can have several
names depending on region.

- names given by farmers can be
related to one type of character
which is just a small part of
those applied for  our
descriptions.

To test this last hypothesis
we chose those descriptors related
to the shape of the trees (data not
shown), which we suppose to be
one of the characteristics important
to farmers.
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In this new result, the variety
“Toufahi” which has got a very
special shape of apple grouped.
This  corresponds  to  the
supposition that names of ecotypes
are given regarding just some
characteristics  of  the trees,
regardless of the others (which can
be very variable), therefore it is
possible that a “farmers ecotype”
doesn’t really reflect a “biological
ecotype”.

Results obtained by
Lashermes et al., (1999) suggested
that Amplified Fragment. Length
polymorphism (AFLP) may well
offer an efficient way of
i ishing and fi ¢ 5
coffee germplasm collections. The
large number of bands and the high
polymorphism rate among the
coffee accessions indicated that
AFLP is an extremely efficient
technique  for DNA  marker
generation in coffee.

CONCLUSION

In terms of morphological
descriptions of the trees in the
filed, we can say that there is a real
diversity in  Yemeni coffee;
hierarchical ~clustering  analyses
showed by the dendrogram for all
parameters that there is 6 groups of
clusters of samples or ecotypes of
coffee. Primaries angles, internodes
length, strength of primaries, shape
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of leaves, growth habit arc
promising charactores for varietal
characterization.

The next steps of this study
are  still  descriptions, both
morphological and genetic of the
different  samples. Once this
analysis is done we will be able to
describe the pattern of genetic
diversity of the Yemeni coffee and
also to introduce Yemeni ccotypes
in coffee improvement programs.
pnlil now we suppose that,

igating the Yemeni land,
of coffee will be very useful for
the coffee production in Yemen
and other country, in both terms of
quality and quantity.

The obtained results are of
great attention for the coffee
breeder to improve local ecotypes
in Yemen to raise seed yield and
other economic cerates to coffee,
since genetic variability is the 1%
step in any breeding program for
improving these yield and yield in
coffee.
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Table 1:Morphological observations (variables) used for descriptions

and the proposed value of each character.
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Table 2: Sample number, Region and local names given by farmers.

No Variable _ = _Values _
1| Shape of tree (ShT) Conical 1, intermediate
cylindrical 3. -]
Growth habit (GH) Open 1, normal 2, compact3
Height (H) Small 1, medium 2, tall 3
Number of stems (NS) One 1, few 2, many 3

Density of primary branch | Low 1, medium 2, high 3

hayma Wadi Almasna’a Sana’a oo

hayma Wadi Almasna’a Sana'a

Al
Al
|Al hayma Wadi Almasna’a Sana’a
Al hayma Wadi Almasna’a Sana’a

‘m

S[RPR|BIS

2]

3 |

Ll

5

1P

6 | Primaries angles of the 1 7| Semi erected 1, nearly horizontal 2,

| node with main stem (Pan) | horizontal 3

7 | Internodes length  of | Short 1, medium 2, long 3

J imaries (InL,

§ | Strength of primaries (SP) Thin drooping 1, middie 2, thick
strong 3

(9| Color of old leaves (OLC) _| Bronze 1, medium 2, green 3

70 | Color of new leaves (NLC) | Bronze 1, medium 2, green

_Tl__ of leaves (ShL; Typica 1, intermediate 2, bourbon 3

[12 | Leaves size (LSz) mall 1, medium 2, |

(13 | Leaves surface (LSu) Tat 1, intermediate 2, undulated 3

14 | Fuits number per axis |Few 1, average 2, many 3

FNA)

|15 | Fruits size (FSz) Small 1, medium 2, large 3

16 | Fruits shape (FSh) Sharp 1, clongated 2, elliptic 3,

|| round 4

17 | Beans shape (BSh) Sharp 1, elongated 2, elliptic 3,
round 4

18 | Beans size (BSz) Small 1, medium 2, large 3
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Table 3: Characters studied and the number of samples belonging to

5162
B(e

Alrisaa Mafak Al Hayma Sana’a = i
[Alrisaa Mafak Al Hayma Sana’a =
Al makhbath Bani Matar Sana’a

Al makhbath Bani Matar Sana’a

Al makhbath Bani Matar Sana’a
Hofash Al Mahwit

[Haraz Wadi Lahab Sana’a

Haraz Wadi Lahab Sana’a

Haraz Wadi Lahab Sana’a e
[Alyaer Al Hayma Al Dakhlia Sana’a |
Alyaer Al Hayma Al Dakhlia Sana’a

Alyaer Al Hayma Al Dakhlia Sana’a

Alyaer Al Hayma Al Dakhlia Sana’a

Razih Sadah

Razih Sadah

Hofash Al Mahwit

Hofash Al Mahwit

Haraz Sana’a

Madinat Al Shark Dhamar

/Al Ahgour Al Mahwit

Al Ahgour Al Mahwit |

Al Ahgour Al Mahwit
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different categories.
Characters 1 Cnlegnnm

Shape of tree (ShT) 12 12
Growth habit (GH) 2 5
Height (H) 3 11
Number of stems (NS) 14 8
Primaries angles (Pan) 13 12
Internodes length (Inl.) 3 12
Strength of primaries (SP) 1 9
Shape of leaves (ShL) 2 12
Leaves size (LSz 9 4
Leaves surface (LSu) 8

Fruits number per axil (FNA] 2

Fruits size (FSz) 9

Fruits shape (FSh 10 15
Beans Sh) 6 16
Beans size (BSz) 11 1

—

Fig 1: Dendrogram of the landraces. i i
5, matchin;
desceriptions collected in fields. o
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