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Abstract: A bacterial strain which has been identified as Corynebacterium xerosis NB-2 was isolated from a soil sample 
from Jerash Private University, Jerash, Jordan. This isolate was found to produce an antimicrobial substance active only 
against filamentous fungi and yeasts (Aspergillus niger SQ 40, Fusarium oxysporium SQ II, Verticillium dahliae SQ 
42, Saccharomyces cerevisiae SQ 46 and Candida albicans SQ 47). However, all tested gram-positive bacteria and 
gram-negative bacteria (Bacillus megaterium SQ 5, Bacillus cereus SQ 6, Staphylococcus aureus SQ 9, Streptococcus 
pyogens SQ 10, Eschericshia coli SQ 22, Klepsiella spp SQ 33 and Pseudomonas mallei SQ 34) were found to be 
resistant. In batch culture, the isolate NB-2 produced the antimicrobial substance late in the growth phase and 
accumulated the main portion in their cells.The data presented in the present investigation exhibited a novel 
antimicrobial activity of Corynebacterium xerosis against filamentous fungi and yeasts which was not previously 
described. 
Keywords: Antifungal, Coynebaclerium xerosis. Soil microorganisms. Antimicrobial, Substance, Resistant. 
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Introduction 

Coryneform (irregular) bacteria include various 
groups of aerobic non-spore forming , non-acid-fast, 
non-motile irregularly shaped, gram-positive rods 
which are very diverse not only morphologically but 
also metabolically and structurally (Funke, et ai. 
1997). The majority of coryneform bacteria are 
environmental residents and/or normal flora, and 
they are isolated very frequently in clinical 
laboratories (Tang, et ai, 2000). Species of the genus 
Corynebacterium can be isolated from soil , air, 
water, blood, and even human skin (Funke, et 
ai. 1997; Janda, 1998). Corynebacteria can infect 

plants, animals or humans (Barthold and 
Brownstein, 1988; Collins and Cummins, 1984). 
Several species of corynebacteria have been 
involved in the process of oil and oil-related 
products removal from the environment (Bicca, et 
ai. 1999). 

Corynebacterium xerosis is irregularly staining, 
gram-positive rods, with occasional granules and 
club form. It is a member of the normal microbial 
flora of human skin. Generally Corynebacterium 
xerosis is non pathogenic , but it is occasionally 
associated with endogenous opportunistic infection 
in compromised patients (Chaumont and Mandin, 
1997). 
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Antimicrobial substances are mainly produced 
by bacteria and lower fungi, and have great roles in 
the treatment of most infectious diseases, food 
preservation, animal nutrition and plant protection 
(Berdy, 1974). Many antimicrobial substances, in 
addition, have been used in research executed at the 
molecular biology level (Lancini and Parenti, 1982). 
In my studies on screening for antimicrobial agents 
from new microorganisms, an isolate was found to 
produce an antimicrobial substance possessing 
potent antifugal activity . The objective of the 
present investigation was to screen new bacterial 
isolates for their abil ity to produce antimicrobial 
substances. 

Materials and Methods 

Isolation ofbacteria from soil 

Bacteria were isolated from soil samples 
collected in May 2002 from Jerash Private 
University, Jerash, Jordan. Soils of this area are 
generally brown, silty loam (pH ranged between 
7.4-7.6). For the isolation of bacteria 1 g of 
rhizosphere soil sample were dispensed into 10 ml 
of sterile deionized water. The soil suspension was 
then shaken on a rotary shaker (Sanyo Gallenhamp 
PLC, Leicester, LE 3 2uz, UK) at 180 rpm for 30 
min 27°C. Ten-fold dilutions (1 0-2-IO-S) were made 
in sterile saline solution and 100 f..Il aliquots were 
spread with a sterile glass rod over the surface of 
nutrient agar plates (per liter of distilled water) 
(peptone Sg, sodium chloride Sg, yeast extract I.S g, 
beef extract I.S g and agar ISg) (HiMedia 
Laboratories Pvt. Limited, Bombay, India) in sterile 
plastic, 9 cm diameter Petri-plates. Six plates were 
used per dilution and dried in a laminar flow-cabinet 
for 60 min before incubation at 27°C in the dark for 
48-72 hours. Bacterial colonies were sub-cultured 
and transferred onto nutrient agar plates. Single 
colonies were isolated and screened for 
antimicrobial activity using the Petri plate assay (EI
Banna and Winkelman, 1998). 

Petri plate assay 

All bacterial isolates were preliminary screened 
for their ability to inhibit fungal growth on nutrient 
agar plates using Fusarium oxysporium SQ 11 as a 
preliminary test organism. Single bacterial colonies 
were selected and patched along the perimeters of 
plates on which 3 Of..l I of suspension of Fusarium 
oxysporium SQ II was placed at the center and 
spread over the entire surface of the plate. The plates 
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were incubated at 27°C for 48h, and the antifungal 
activity was detennined by measuring zones of 
fungal growth inhibition (Jayaswal, et al. 1990). 

Identification of the most powerful bacterial isolate 

The most powerful bacterial isolate was 
identified by the use of dichotomous keys and 
Bergey's Manual of Systemic Bacteriology 
(Cappuccino and Sherman, 1992). A variety of 
biochemical tests were carried out. 

Shake flask culture 

All experiments dealing with the growth and 
antibiotic production were carried out in duplicates 
in SOOml Erlenmeyer flasks containing 100ml 
nutrient broth containing (per liter) Sg peptic digest 
of animal, Sg sodium chloride, Sg yeast extract and 
I.Sg beef extract (HiMedia Laboratories Pvt. 
Limited, Bombay, India) and inoculated with 1 ml 
of24 h preculture of the bacterial isolate. Inoculated 
flasks were incubated at 27°C on a rotary shaker 
(Sanyo Gallenhamp PLC, Leicester, LE 3 2uz, UK) 
at 180rpm for 48h. 

Growth measurements 

The growth of bacteria was measured 
spectrophotometrically as an increase of optical 
density at 600nm (Roitman, et al. 1990). 

Agar diffusion test 

Extraction of the active substance from cells 
grown in liquid cultures (100 mt) was carried out as 
follows. Briefly, cells were pelleted by 
centrifugation and extracted with acetone, and the 
supernatant was extracted with ethylacetate, both 
extracts were evaporated by a rotary evaporator 
(Heidolph instruments, GmbH and Co KG Vertrieb, 
Kelheim, Germany) at < SOOC, and the dry 
substances (separately) were dissolved in O.Sml 
methanol. The antimicrobial activity of these 
extracts were carried against a range of gram
positive bacteria, gram-negative bacteria, 
filamentous fungi and yeasts by agar diffusion test. 
Filter discs containing IOf..Il of the active substance 
dissolved in methanol (acetone extract or 
ethylacetate extract) were placed on the test plates. 
The plates were incubated at 27°C for 48h, and the 
antimicrobial activity was determined by measuring 
zones of growth inhibition (El-Banna and 
Winkelman, 1998; Ztihner and Maas, 1972). 
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Biotest plates preparation 

Using gram-positive and gram-negative bacteria 
(Bacillus megaterium SQ5, Bacillus cereus SQ6, 
Staphylococcus aureus SQ9, Streptococcus pyogens 
SQIO, Eschericshia coli SQ22, Klepsiella spp SQ33 
and Pseudorrwnas mallei SQ34) and yeasts 
(Saccharomyces cerevisiae SQ46 and Candida 
albicans SQ47) as test microorganisms, cell 
suspension of 24 h precultures were prepared, and 
0.5 ml of this suspension was used to inoculate 250 
ml soft agar medium (20ml per plate, Arab food and 
Media Applicances Co ltd. Zarka industrial area, 
Jordan) which was used as biotest plate. In case of 
spore forming fungi (Aspergillus niger SQ40, 
Fusarium oxysporium SQII, Verticillium dahliae 
SQ42), as test microorganisms, plates with potato 
dextrose agar contammg (per liter) 200g 
potatoinfusion, 20g dextrose and 15g agar (HiMedia 
Laboratories Pvt. Limited, Bombay, India) were 
inoculated with fungi and incubated at 27°C for 10 
days. After sporulation, the spores were harvested, 
washed and resuspended in normal saline. Aliquots 
(250ml) of test media (soft agar) was inoculated 
with I ml of spores suspension (I 07spore/ml), then 
the plates were used to determine the antimicrobial 
activity of the extracts. 

Results 

In the present study, emphasis was laid on the 
isolation of antimicrobial substances producing 
bacteria from Jordanian soils. The screening of 
antimicrobial substances from bacteria isolated from 
different soil samples in Jerash, yielded a number of 
bacterial isolates such as Bacillus subtilis and 
Bacillus megaterium. The antimicrobial activity of 
these bacterial isolates was tested by petri plate 
assay against Fusarium oxysporium SQ II. 
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Table 1. Taxonomic identification of 

Corynebacterium xerosis strain NB-2* 


Tests Strain NB-2 
Gram-stain Gram-positive 
Spore formation -
Catalase production + 
Nitrate reduction + 
Nitrite reduction -
Voges-Proskauer -
Urease production -
Gelatinase production -

Assimilation of glucose + 
Assimilation of sucrose + 
Assimilation of manitol -
Assimilation of maltose + 
Assimilation of galactose +/
Assimilation of lactose -
Assimilation of xylose + 
Growth at 20'C + 
Growth at 42'C -

* Identified by the use of dichotomous keys and 
Bergey's Manual of Systemic Bacteriology. 

Bacterial strains that inhibited the growth of the 
fungal strain were then tested against other known 
test microorganisms. A zone of inhibition indicated 
antimicrobial activity, and the strains were ranked 
according to the diameter of clear zone (mm). The 
most active strain (NB-2) was selected and used for 
further study. 

The isolate NB-2 was identified by the use of 
dichotomous keys and Bergey's Manual of 
Systemic Bacteriology (Table 1). Strain NB-2 is 
non-motile, non-spore-forming gram-positive, 
aerobic rod shaped bacterium and was identified as 
Corynebacterium xerosis. 

At the end of fermentaion, the cells and the 
supernatant were extracted with acetone and 
ethylacetate, respectively. Agar diffusion 
test showed that Corynebacterium xerosis 
NB-2 accumulated the antimicrobial 
substance within the cells. To determine and 
monitor the time course for the production of 
the antimicrobial substance in batch culture, 
agar diffusion tests were employed. The 
antimicrobial activity was first detected after 

c Q.
-0 21 h of incubation, corresponding to the late 0 10 20 30 40 50 60 

exponential phase, and continued to increase 
Time (h) during stationary phase reaching maximal 

Fig.I. Time course of antimicrobial substance production activity at 48h (Fig. 1 ). 
by Corynebacterium xerosis (strain NB-2) 
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Table 2. Antimicrobial spectrum of the active 
substance produced by Corynebacterium xerosis 
NB-2 against a range of gram-positive bacteria, 
gram-negative bacteria, yeasts and filamentous fungi. 

Test microorganisms*** 
Inhibition 

zone (mm) * 
Bacillus megaterium SQ 5 n.a. ** 
Bacillus cereus ~ 6 n.a. 
Staphylococcus aureus SQ 9 n.a. 
StreptococcusFi().Kens SQ 10 n.a. 
Eschericshia coli SQ 22 n.a. 
Klepsiella spp SQ 33 n.a. 
Pseudomonas mallei SQ 34 n.a. 
Aspergillus ni!(er SQ 40 15.8 ± 1.31 
Fusarium orysporium SQ 11 16.5 ± 1.31 
Verticillium dahliae SQ 42 9.0 ± 1.31 
Saccharomyces cerevisiae SQ 46 
Candida albicans SQ 47 

13.6 ± 1.31 
13.4± 1.31 

Mean ± standard error: 13.66 ± 1.31. 
* Agar difusion test. 
•• n.a = no activity. 

*** All microorganisms were obtained from lerash 

Culture Collection of Microorganisms. 


The active substance produced by 
Corynebacterium xeorsis NB-2 exhibited a strong 
activity against a variety of filamentous fungi and 
yeasts (Table 2). Agar diffusion test showed that 
filamentous fungi and yeasts (Aspergillus niger SQ 
40, Fusarium oxysporium SQ11, Verticillium 
dahliae SQ42, Saccharomyces cerevisiae SQ 46 and 
Candida albicans SQ47) were inhibited by 
Corynebacterium xeorsis NB-2 (9.0-16.5 mm, 
inhibition zone), whereas no activity was detected 
against gram-positive bacteria and gram-negative 
bacteria such as Bacillus megaterium SQ5, Bacillus 
cereus SQ6, Staphylococcus aureus SQ9, 
Streptococcus pyogens SQlO, Eschericshia coli SQ 
22, Klepsiella spp SQ33 and Pseudomonas mallei 
SQ34. 

Disscussion 

In the screening program for antimicrobial 
substances producing microorganisms, a bacterial 
strain isolated from a soil sample collected from 
Jerash Private University was identified as 
Corynebacterium xerosis NB-2. 

The genus Corynebacterium consists of 
prokaryotic bacteria that are true bacteria and 
heterotrophic. Human and animal pathogens, plant 
pathogens, and non-pathogens are the three different 

types of corynebacteria. Each type has its own 
characterisitics. (Collins and Cummins, 1984). 
Corynebacterium xerosis is a member of the normal 
microbial flora of human skin and is very rare in 
human pathology (Funke, et al. 1997). 

In batch culture, some processes leading to the 
production of antibiotics are sequential, i.e, they 
exibit a distinct growth phase (trophophase) 
followed by a production phase (idiophase). In other 
processes, trophophase and idiophase overlap 
(Martin and Demain, 1980). Corynebacterium 
xerosis NB-2 seems to accumulate the antimicrobial 
substance within their cells. Under the conditions 
used in the present investigation, the active 
substance accumulated late in the growth cycle, (i.e. 
in stationary phase) in the laboratory media reaching 
a maximum at 48h. Mahoney and Roitman (1990) 
reported that 98% of phenylpyrroles produced by 
Pseudomonas cepacia are contained in the cell 
extracts whilst the broth contains only 1 % of the 
pyrroles produced by Pseudomonas cepacia during 
fermentation . 

The fermentation time needed for maximal yield 
of the antimicrobial substances production seems to 
be different among bacterial strains, 36-40, 72, 120, 
144 and 168 h were respectively reported (Zheng 
and Slavik, 1999; lanisiwcz and Roitman, 1988; EI
Banna and Winkelmann, 1998; Meyer et al., 1973; 
Moyne et al., 2001). 

The antimicrobial spectrum of the active 
substance produced by Corynebacterium xerosis 
NB-2, determined by agar diffusion method, 
exhibited a strong activity against filamentous fungi 
and yeasts, whilst all tested gram-positive bacteria 
and gram-negative bacteria were found to be 
resistant. 

The spectrum of antimicrobial activity of the 
active substance is very important for the 
competition in nature. In the soil, where most 
antibiotic producing microorganisms are found, life 
is competitive. The inhabitants must compete for 
carbon, nitrogen and phosphate necessary for their 
growth. Successfull competition may ensured by 
inhibition of the growth of other organisms through 
the production and secretion of substances 
interfering with their metabolism (antibiotics) 
(Lancini and Parenti, 1982). 

The data presented in this study showed that 
Corynebacterium xerosis NB-2 produced an 
antimicrobial substance active only against 
filamentous fungi and yeasts. This is the first 
published report on the antifungal and anti yeast 
activity of Corynebacterium xerosis which was not 
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previously described. This new finding indicates 
that Corynebacterium xerosis NB-2 produced a new 
antimicrobial substance which has to be confirmed 
by further investigations. 
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http:0.49-0.34
http:mm,~)0.33-0.17
http:0.16-0.01
http:2.59-1.83
http:1.39-0.97
http:0.96-0.55
http:0.54-0.09
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~l.h.;J1 ~ 4...4...-.rb-:> ~I.,.... U~I 0-" w~~1 U"'1y.J1 J~.rU1 L...,:..,JI ~~~~IU"'I~I LJ:! U:>LWI ~lj.J.J 

~I w~ 0->P wly.... J ;;..u."L1 ~I~ , o~~1 j~'11 w~ twi ' ~."LI :wl~1 LJ:! ..;.u....J1 ~ W Correspondance Analysis 

>"-hll ~I o~ , DBI HI ~I o~ , Domy ol!SJ1 .h...y.-) ol!SJ1 wL,.S"jA : .:;.. ;;..\.4C.'11 wl~~ .~..~.~J\ wl~ U"'1y.. ~ <?IJ 

~~ (TX. ~II"I~ J LBF >"-hll ~I~ d....... J LBI HI ~I~ d....... ,LC ~I~I aA.6.) ~I w~ wL,.S"jA J (DBF 

1029 ~wl.ljS.:;.. ~~I ~<?I ;;..\.4C.'11 w\~~~y ~ ~~I ;;~I ~ .(;;..\.4C.'11 J~~I) ~.....,..,.J~JJ~ ~ ~~I 

.h...y.-~~,(-s.;-;S'~~t-s~~.:;..)~....,.l....:.:i~t.....:...w\)Aw~.=..... ~t~~~~~, (~aA.6.~wL...~ 1O).,..uaA.6. 

~lwL;6.w\~~.tJ.L,.JDBF.6 ~t DBFl.:;..>"-i:J.I~lo~J DBI6 ~t DBIl':;"HI~IO~J D6~tDI .:;.. o~1 

TXI-s~~':;"..ill:C;~"""l....:.:i~ltl~~~W' .LBF6 ~t LBFI ,LBI,6 ~!LBIl':;"JLC,6 ~t LCI.:;..:~lS~~....,.l....:.:i 

.~~ ~t.....:...w\jIAJ TX6-s.;-;S'~~t 

ANI.:;..~lw~ 0->p wly....J AG6 ~t AGI':;"J.;.,~I ~;;..u."L1 ~I~w~~ :~~J\ jS:.!J1 ~.:..~~~Iwl~~y L.i 

HO ~~, OIM~J'1Ji~:~IJ-4.!:.~I..::....;.4,oJ' ~....,.l....:.:i CIO~! CI.:;..~o~~lj~iw~..::....;.4,o~,AN6 ~t 

J 0 ~~~~h~.»oY ~t ~~ w\jlfo J.~ ~ .IJ~ 42 J I.,J.... 25 .,.J~ JJ~~ ~~I ~~.TIAR Wj~~~ 

...;.u....JII:....~t..i (3) ~I ~y- . I 

0,9 

Q)' 
t: 
Q) 

::-c: 0,6 
1:) 

r-...*"t 
M 0,3 
~ 
C\j 
co 
0 

0,0~ 
0.. 
~ 
0.. 

S 
~ -0,3 
~ 
c\i 

.§ -0,6a 

I 

I 


, 	 •. ~B15 TX3 
!.. AG51 •LBF4 d~F3 r;4 L~14 . 

• LBF5:-' TX2· LBI2 

LBI6. !LC2 L~2 • 


<;."2 +. : 7'J<1 A . _ LC1 LBI1 

~ ~BA8 :.. . • 

• • ~ 1M L~I!' 9 LBF1 


OBF2 02 OBI2 C3: • A . 4- 11-1(;4 . • 

- - __ 1. ___ - ____ ... _- ~:_--~ - - - dt3Lt - - ~- ------ - - - -,!,?~~j --! ---- :0 - - -- -- - - -- - - .,4.J\.J';::;' -- - - - - - - - --- - - - -- 

• OBF1. 03 LC4 ! '7 5 ... • 
·01 	OBF3 ·LC6. L;3 !04 . , . .. . ACj 
•• .-LC5 ~F4 . OBI4 J.LJS . . , ~2 

N:!. I. . . . ! 05 - . 	 + 
: • OBF6 0~6 
I TXS+ • ..10 I i OBF5 & ·06 •!_ + .'5CIt) + 
I 

-0 ,9 -0,6 -0,3 0,0 0,3 0 ,6 0, 

.~ ." I L·"I ~w~ . . aA.6. 1 029 I~;; ...,"-1\ Correspondance analysis' ~I 1.1_, 't..i : 3 ..lo. It' .... ..J- <r' . • l>'" J4' __ ~ 	 ~ ............ 1t" ,....... u-

ICl..J4..J\ 

~ J'1Ji ~J-4 aIM: * 

~~J-4HO: * 


wlj~ ~J-4 TIAR : * 

,~w~~~w~~~60~t 1.:;..;;..u."Llw~l~w~:AG6 ~tAGI * 


. ~I..,:JI~,~60-5I,50-41 ,40- 31 ,30-21 ,20-11 ,10- 1 

.w\y....IOwl~~t2000~!tI941.:;..~1 w~0->pwly.... :AN6 ~!ANI * 

.~I..,:JI ~ '1"2000-1991 't 1990-1981 ,t 1980-1971 't 1970-1961 't 1960- 1951 'I" 1950- 1941 


.~I..,:JI ~ ;;~WI~! ~J'11 6.:uiJ1.:;.. o~1 j~i w~ :C 1 0 ~t C I * 

:cr' w~ 4:.- (g/dml) o~1 .h...y.-w~D6 ~! D 1 * 

(g/dml) 673-589 o~.h...y.- ~ :D 1 

(gldml) 723-674 o~.h...y.- ~ :02 

(g/dml) 774-724 o~.h...y.- ~ :D3 

(g/dml) 826-775 o~.h...y.- ~ :D4 

(gldml) 888-827 o~.h...y.- ~ :D5 

(g/dml) 11 06-889 o~.h...y.- ~ :D6 

http:U"'1y.J1
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,(Presler) ~~ ~I j~ a.h..1.)! ;;~ 45 J-!-'" ~~ 

~J-4 ~! ~l.i.;.oJl .:.14.i .\"" 5 ~.J~! ~1"J.....i 45 c,rLc. ~ 

,~I.JjJl.:..~ ~WI0jWI A>-")...,.~~I ~~~.:..~~I 


~~I.:...... i~ .~~.lAJ.1 ~I .I?~ ,(l.,...j~ ,~~ 


r-? ~j ,\",,2 ~~~l.i.., ~ ~! ~~I"J.....~I 


d...4......~~j~L..;;..I........l~l....;",.,."JI~~I~~1 


~,...ul ~I~~~ ..s-"i ~I ~"i4"-a-' lJ'o\ ~I a....!.~1 ~ c,rLc. J~ (pole and Nicholls, 1972) 


~>' .Jo.J~# IO V~I;;""';' ,~i.,.4-0 I 0 ;;~I ~.uJi. ~ 


)4WI Q~ , (Late wood) (~I )y"hll ~I~ . ( ~!. '~.J~I ,~I 0-" ) 6,3~? ~>,j ~I ~~§..o ~ a....!.~1 jL;,j ;;.....;. 


a....!.~1 (,)'>L..:.:;..! ;;.....;.0~, (Early wood) (~jJl) pi~4 ~.Jl4.. (a."wl ~~! oL;.,~4 ~I~~ ~>l,;J1 0-".>& J..L<:.c,rLc. o..\ly>~ 


.( l~) l....:;~~-"'~~.:.uIPI ~I~ (-,.Jl...JI) ~I ~~~6,3.J""'~~j ,~II:......~~i ~I 

.~I <l..>;! ~ ~~I0:!~ r-~ ~.:.ulj >,~I j~ ~ ~~.)o! J)l>. 0-" ~I ~~~! ,~I ~~4 ~l4.. , ~"...<>JI 0001 J..~ ~ 

.:...... ~ '4~1 a.4W1 ~I-'-i~! ~I ~I ~ 0-'P 0-" i~ ,Cerd ~~~ ~J-':! ~~I ~w ~~.)o! >'~ (Mothem, etal 1998) r-w 

.( 2~ )."...LJI~~~J.,Joc,rLc. (J\",,/~)~I ~~ ~~';~~~j,~ooIJ~i~~~1 

Omoy =(LBIILC).DBI + (LBFILC).OBF Dmax 4W' ~:.::L:,5J:;;;.;.'___ 

Dmin--·-..... 
DBF ....  •• -..
LB lfi+.J' ~I A.ib..l.. 

~~I ~I~I...,.L......:..,. , (Mothe, F. etal, 1998) LA>,~ r-~ W', Cerd ~~.)o! ~ 


Domoy ~OOI ..h....,::.... * 


LBlpl~I~~* 


LBF y"hll~I~~* 


DB 1 .AJ.I ~I ~~* 


DBF y"hll ~I ~~ * 


.The Texture of wood ,TX .".J4~1."...LJ1 ~l.iL.. ~ c,rLc. y"hll ~I"":' ~l.iL.. ~~~ ~.:.ulj ,~I r-I~ * 


....,hu ~)l>. ~i ;;.J~~4 .)o!~1 0-"j' ,6.lJIj ~I~ .boy <?llj ~~I l;>l,;J1 ~ ji (Cambial age, AG ;;..ujll ~I)r-~lSJl ~~ * 


.~w ..r.Jl>J1 ~j ~ i"..:. ~I..ul ~? ~ 

~~ 0i ~! ~I t'" .."...LJI d.;'!.. ~~ <?ll ~ljoi...Jl ~j The Calander year for rings formation, AN."...LJI ~l.iL.. 0-'P ~I"';'" * 
.;;~I ~ c...W ~ <?ll ~I~ ,~I '~0-" ...,.;!~I."...LJI ~ 

.AJ.I ~I"":'~~,~I~ j."...LJ1 ;;,;.L,.. ~ ,y"hll ~I ~~ jpl~I ~~) ~OOI ~I~ 0-" ~ 0-""":';;,;.L,.. ~ 0fo:; 

jL....:.I ~ I 029 ~ L. ~ j , ~)GJI ~Ijll d...<,,- 0-""":';;,;.L,.. 10290-" 0§..o Jj~ c,rLc. ~4-J1 ~ ~ .(y"hll ~I "..:. ~~ j 

.~~j~ 

~J ~ ~ <?llj .Hierarchical Clustering Schemes .,....>-f-l l J....l...."J1 ~~ .~~j~ jl:.1 I 029 ~~6..;J~1 ;;~I~ 

0i ~~ j jl:.~I.:...... ~~~~j . (jl:.1 10 ) r-W'I 10 c,rLc. J~l; ~I .:...... ~ . .bolj &~ ~ j .~ L...;! ~~I ;U~~I jl:.1 

.y"hll~I0-"~i~c,rLc.lOj5, 4r-W~I~y>I.Jc>~. i"w~I~4,.~.Jl4..,PI~I0-"~i~~~ 9 j8. 7. 6. 3. 2. 1 r-W~I 

http:4r-W~I~y>I.Jc
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~I 

~J<G.oy..JJ ,~l,.d~I....,;.J1 ~.,k~1 oto.4WJ , ~I ;;-"'"Yo ~I ;;~111 ;U:O~~1~I <.>'"1y.Jll'"'i u..- ~I oto ~ 

e-jJ..J ,~;;~I J;. I ~...,D-J t,~1 ~u..-~i..)\ ~~u..-J~i ..)\~~tfu..-~I o~~.~I ~I )~.,k ~~I j;....:J1 ~I".. 

~4J1 ~I oto UJ..l! ~ ,.....,.}11 J~foJl )~I..s~.,k u~I....,;.J1 ~t..u,. ~I oto ~~~ ~\ .~~~I ~I ..)\ <y-L,.:JI I.:u. 

. (Eyono Owoundi, 1992) % 5 8 U~I~~~\~ ..../ ~ 65 .0 otoJl • .:u. c.,jl$' ~~ ,%94 U~I~~~ 1('-"'/ ~ 10.0 Fagus J~~ 

~~I ulj~I".t1 ~"...z~1 J.,~IJ~i ui (Vent and Keller ,1986) FJi ~ ,~I J..I.,..JIJ~I o~ rJ::.! ~)WI d... IJ..>JI u..-.# c..IJlZ 

.<LW.,rl1 ~~i o~ ~~ ~y~ <.>'"1.,> ulj ~ .,.JbJl,.J 4~""'" u~~ ...,.~i ~ , ~....,;.JI J~I ~ ;;~I 

(Quercus pedunculata) ~..u~1 J.,~I J~i tl..,......J ~..s..L.....J ~~I~ ui (Mourey, 1979) and (Dupouey, 1983) u-- % ~ 

J~~I •.:u....,.~i ~)l....ui ( Becker, 1979) rJ::.! ~~ ,~WI ~yl ~~I ul~ ~I".tl ~~~ (Quercus robur)~~1 J.,y..J1 J 

~ .!.lI~J ' Fagus orientalis ~~I <.>'"1y.J1 .,k t~J11 ~b 4....IJ..Io.! (Polge ,1973) I"~ .;;~I ~~I J~4JI tWI .::.Ij ~I".tl ~ ~I~j:i 

~I ~ ,~I .::.1..;;6. d..... ,o~1 :~bJl <.>'"1y.J1 ~~J~~.P.J ~l::UJ1 ~ rJ::.! '1" 1250 , I" 1000 'I" 750 , u~~J\.,k ~I"...!..o~ 

(Larson ~i ·t~J11 ~I ~j\ WS' <.>'"I~I •.:u. ~ J4....:i ~ , t..-i..>JI JL.---WI ..s~1 u~~1 , J1"/~ 600 ~Jl...:; Ji u..-......,si a~~jJl 

.~~ o~ul~~h.~l>-'fo")\J4-l1 ~ w~lillu"..~1 ~~~J ' Pinus resinosaJIJJi.,..... ~.>'"~~.,).}.!~~Iui ,1963) 

~o~J~IJ""",u~J~1 ~Iu..-;;.>& ~l>-'fo.,k ..I..C.L.,..J,l.ly~1 rl=U\ ;;~l:j.,.JbJl,.J.,...;JI ;;~l:j~l'"'L....!t."..<JII.:u.J~i ~Ju\~~ 
(uJ~J<»- ~'1Ji ,~) 4.e!~ulb".....!..o~~ (t~J11 ,tWI , ~~I) WI J..I.,..JI~ rJ::.! ;;~.p.".tl ~)WI ~..)\ 4....IJ..>JI •.:u.~...,:;.~ 

. ~ 4.e!,>i11 l:J=J1 ~~~~I <.>'"1y.J1 J 

(2004,Up,-JJ,,:w.) J (2002'..Io.!~JJ,,:w.) ~l.....l+.!J\ ~~i ..l!~IJu\.h...:......!..o~ u..-u~1 :G.i ~ 

~J~ Jo...,,:;.. , ~I F ~ I" 100 ~~ J~J -,...bJ ,~b tli...,. ~ , uL-1; a.;.hL.. JW Jo..."al ~~I ~I J!..l......,k ~ :~ w...;". * 
Jurassique<r'~;;~b.,k~J~ ~~ .~550 )lho~1 ~l...:;u~JI"° 16 ;;JI.r-J1 

~J~Jo...,,:;.. , ~J..w... .~ulj ~J~~ l&>-LL.. , ~I F..s~J~1" 800t~).,k uL-1; a.;.hL.....,.~J;.I..>JI..)\~ :~ ~YJi w...;". * 
.J.-II u...,,:;.. ~~~ .~513 ~~l...LIl u~ L.i 1"°16.5 ;;).r-JI 

L.i 1"°24 ;;).r-JI ~J~Jo...,,:;.. ,~~~ JbJ i.~ ~Jl,.~, ~J~~ tli...,. ,~I FJ~I" 1200t~Jl,.l:WI ...,.~I ~~: w.;l.,uw...;". * 
Rendzine ty u..- ~~ J~:..,~ ~ ~.Ao jb...:; ,4,.;... ~ 314. ~l...LIl u~ 

(1 ~) JJ~I) ~ 4.e!,>i11 l:J=J1.,..... ('-"'J4:' L,J..l,uJ1 ~~~ J~l...LIl u~ J ;;).r-JI u~ IJ~ ~~ 

~'1J ~ ~L..,J'11 u~ u..- 1"2002..)\ I" 1992 u..-.::.I".... 1O;;~ J)/.> ,~~I ~I".tl ~ JlIa......~1 ~L....:; G~J ;;).r-JI U~)~ ul.....~: 1 ~ 

.~I.?JI u~~, uk.........t 

t"".t <.:".;J~~ .>=~ .>=~ V"J IA J.-..r.>1 J,!IA Y.'J,! ~J,! ..,..Jo...<.1 ~ .r'",osl ~y ~~ 

~~ 

~ 

Tmu eC) 15.9 16.5 18.5 19.7 22.9 25.2 27.9 29.84 26.6 28.4 20.6 17.l 

TlIliDeC) 7.22 8.2 9.3 1l.4 12.9 17 18.9 19.5 17.7 15.6 1l.8 7.96 

T moyeC) 12.66 12.89 13.85 15.31 20.68 20.68 23.38 24.56 22.43 19.22 15.7 12.72 

P(mm) 66,12 77,45 78,45 70,69 68,45 40,25 10,25 5,12 12,58 43,25 60,15 66,12 

~~ 

~'1Ji 

~ 

Tmu eC) 12.94 13.44 16.14 18.64 22.l4 27.34 3l.54 31 27.14 2l.74 16.94 13.44 

TlIliDeC) 5.42 6.36 8.22 9.74 12.62 14.52 17.62 19.7 17.22 l3.32 9.52 6.72 

TmOyee) 9.18 9.9 12.l8 14.19 17.38 20.93 24.6 25.35 22.2 17.6 l3.23 1O.l 

P(mm) 69.18 55.86 56.91 6l.53 47.62 15.29 2.28 2.98 28.09 6l.24 47.37 69.41 

~~ 

ulJ~ 

TmueC) 12.5 14.2 17 19.5 24.3 30.l 34.8 34.4 29.4 23 17.5 l3.6 

TlIliDeC) 2.4 3.1 4.6 6.1 9.4 l3.7 17.2 17.2 14.7 10.4 6.9 3.7 

T eC)moy 6.16 9.61 9.75 11.42 16.69 21 .63 25.83 25.46 20.68 15.18 10.33 7.33 

P(mm) 36.6 38.77 48.46 34.46 26.92 14 5.38 14 23 .69 33.38 37.69 38.77 

u...,,:;.. ;;).» ~J~ :Tmoy °C ..s~ ;;JI.» ~)~ :Tmax OC 

~I ~l...:; Jo...,,:;..:Prnm ~~ ;;).» ~J~:Tmin OC 
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