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Forest vegetation

(Schumacher,

1886; 1888)



Ziziphus lotus

Ziziphus lotusZiziphus spinc-christi



Retama raetam
Poterium spinosum

Quercus

ithaburensis, Pistacia atlantica, Styrax
officinalis, Crataegus aronia, Calycotome

villosa, Asparagus aphyllus
Pistacia atlantica

Q. ithaburensis



Quercus ithaburensis

Calycotome villosa, Ceratonia siliqua,
Crataegus aronia, Pistacia atlantica, Quercus
ithaburensis, Ziziphus lotus, Z. spina-Christi, ,

Styrax officinalis





Asparagus aphyllus, Calycotome villosa,
Crataegus aronia, C. monogyna, Lonicera
etrusca, Pistacia atlantica, Prunus ursina,
Pyrus syriaca, Quercus calliprinos, Q.
boissieri, Q. ithaburensis, Rhus coriaria,
Rhamnus palaestina, Rosa canina, Rubus
tomentosus, , Smilax aspera, Spartium

junceum, Styrax officinalis,
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Vitex

agnus-casts

Salix alba, Salix acmophylla

Rubus sanctus

Tamarix

Myrtus communisPhragmitis

communis







Acacia cyanophylla, Ailanthus altissima, Ampelopsis 
acontifolia, Casuarina cunninghamiana, Celtis australis, 
Cupressus arizonica, Cupressus sempervirens, Eucalyptus 
camaldulensis, Gleditsia triacanthos, Cydonia oblonga, Melia 
azedarach, Pinus brutia, P. halepensis, P. pinea, Robinia 
pseudoacacia, Santolina sp., Sophora japonica, Schinus molle, 
Thuja orientalis
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Trees 

are

for  boys

to climb.  For cats to

get caught up in--for little

girls to cry about.

Trees are to catch kites. For

hunters to hide behind 

and squirrel to hide in. A place for birds to

build a home.Trees are for people to look at.   To

hang a swing in.To pitch a tent under. Trees make 

an open field a park.  They beautify a street. They make a

house a home. Trees slow down the wind, settle the dust, and soften 

sounds.  Trees are for picnics and for poets to write about. Trees

buffer the raindrops. They stop erosion. They hold snow.

What are

trees for?

Trees are

for

everyone.
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Forest

Forest Ecosystem

The concept of forest and forest ecology



Abiotic component

Biotic

component

Producers

Consumers

HerbivoresCarnivores

Decomposers

Nutrient cycleEnergy cycle





Forest ecology

.

Forest Autecology



Forest Synecology



ňíäèľĵã œäĚĦĵã r ĨŉăäĢíDefinitions in vegetation

ļŉńĲîĵã¥èľĵãFormation*êġńĺ½ëäĢĺîSãêŊíäèľĵã¥ĵãĀõńíŃĀî±ņĶġçêĢĮ
êŊĩãĄĦõé§èıŃĨĒîíêâŊ­êĹäġéĀùãŃêçäĦĵäıêŊáãńîĉőãé§Ě»ã(ĸĊĮíŃ

ëäľŉńĲîĵãŅ ĲĵãwÝëäĢĺ®$ĄáäĎġ#2ňŁŃ*êġńĺ½ëäĢĺîSãêŊíäèľĵãäĎî»ãê­¥ĵã
ĀõńírêĮĚľĹ2êľŊĢĹëãāæŊıĄíŇăńĶĩÙìçäñ2ŸäŊèĊĽêâŊŁŃêîçäñĄłĞĹŃäýňõă

2ĈĽäöîĹĀõńíŃăĄĲîíŃrëäâŊçêĶñäĺîĹ$ĀõńíğãńĽōãäłĊĪĽŃÙäłĶáãĀç
vacariantsrĬęäľĹêĪĶî¿äĺĶıëăĄĲíħŃĄĞĵãêŊâŊèĵã¥ĵãäłîĢ´

ŸäĉäĉÙ#(ņĺĊíŃĿĂŁëäĢĺöîĵãéÿäġœä·ÚçğãńĽōãéĀáäĊĵã2äłŊĩŃÙİĶíëãāëäĪĒĵã
éĆŊĺ»ã(ŸäŊõāńÄŃĀĭĀõńŉ§òĲĵãļĹĄáäĎĢĵã¥ĵãňĺîľíwÝļŉńĲîĵãíäèľĵãňŀĊĪĽ
ĴñäĺîĹ2êâŊ¼ãļĲĵĨĶîÈĴıäłľĹræŊıĄíŀġãńĽÙŸäĺıŸäġńĽŃ(

ļŉńĲîĵãŃ¥èľĵã*Ġĺî½ļĹğãńĽōãæĊîľŉäłĢŊ´wÝĳäĲčÙéäŊùéÿĀ¾ĀõńíŃĠĹ
äłĖĢçäłĪŊĲîĵĠĹėŃĄčêç£ĵãûäľ»ãŃ(

êĮĚľ»ãêŊĩãĄĦ¸ãêŊíäèľĵã*êùäĊĹļĹēăőãĆŊĺîíļġĬęäľ»ãéăŃäSãŊġńľçêéăńĶĪĵã
œäĚĦĵãŃňíäèľĵãûäľ»ãŃ(



 é§ĎĢĵãAssociation  * 2ňíäèľĵã œäĚĦĶĵ êŊĪŊľĒí éĀùŃ ĄĦđÙ
ê­äĎî»ã êŊíäèľĵã ëäĢĺîSã ļĹ ÿĀġ ļĹ ĨĵÚîíŃ(

 éăńĶĩŏã * ìŊèľĵãFlora* r éÿńõń»ã êŊíäèľĵã ğãńĽōã ğńĺ½ ňŁ
2äłîŊõńĵńĩăńĹ ļġ ŸäĖĢç Ń ğãńĽŎĵ ĴĹäĲĵã ĨŊľĒîĵã ĸĖíŃ äĹ êĮĚľĹ

åĄĢĵã Ĵèõ ìŊèĽŃ ĻäľèĵŃ êŉăńĉ ìŊèĽ ä¼äòĹŃ (ġ éăńĶĩŏã ĄıĂíŃ  ÿĀ
êĶŊĒĩ Ĵı r ğãńĽōã ÿĀġŃ 2äłèĊĽŃ äŁĄđäľġŃ 2êľęńî»ã ğãńĽōã(



êġäĺ¸ãPopulation*êġńĺ½ÿãĄĩōãéĀáäĢĵãğńľĶĵŀĊĪĽĴî¯êĮĚľĹé§Ħđ
ĠŊĚîĊíŃäłľĺĕĄñäĲîĵã$ĳÿäèíä²äñăńĹ#ĠĹäłĖĢçŸäĖĢç(ĀĭŃőĳÿäèîíçĔĢ
ëäġäĺ¸ãä²äñăńĹæèĊçĻńıäŁÿãĄĩÙêŊíãā2øŊĮĶîĵãŃÙëãāĄñäĲíŇĄĖýĘĮĩ(Āĭ

ĄĒúľŉķńłĪĹêġäĺ¸ãrêġńĺ½ÿãĄĩÙêĢçäíğńľĵĀŊùŃăńĒ¾rĻäĲĹäĹļĲĵĹńĺġ Ÿä
ĨĵÜíĸĞĢĹğãńĽōãéĀġ2ëäġä´xäîĵäçŃæÆĬŉĄĪîĵã¨çķńłĪĹğńľĵãġäĺ¸ãŃê(

Ġĭń»ã:SiteĻÝéĀùńĵãêŊĉäĉōãrêĉãăÿëäçäĦĵãňŁĠĭń»ãňõãĄ¹ãForest

Site2ŃńŁéĀùŃëãāėŃĄčêŊâŊçêĊĽäöîĹĸġĀíŸäîèĽŸäĊĽäöîĹ(ŃĻńĲîŉĭń»ãĠ
ļĹĄđäľġňŁŃ$Ɯ#ĴĹãńĢĵããêŊýäľ»Climatic Factors2Ń$Ɲ#ĴĹãńġ

êç£ĵãEdaphic2Ń$ƞ#ĴĹãńĢĵãêŊĩãĄĥńŉĆŊĪĵãPhysiographic Factors2
Ń$Ɵ#ĴĹãńĢĵãêŉńŊ¹ãBiotic Factors(
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tree The forest



Components of phenotypic
variations

Genotype

PhenotypeP=G+E+GE

PGE

GE

Dominant

Suppressed



Genetic

variationVg(Ve)

Vp

(Vp = Vg + Ve(H)Heritability

-----

.



 ĢŉļġŅĀĹăń¯êĪđêŊñãăŃäĹì¯§ñÚíĴĹãńġĘĉńĵãêŊęäĚ»äçŃÙĽŃĄ»ãê
Plasticity(Bradshaw, 1965)(ĀĢŉŃ§ýōãĸöùğńĺSã2ŇĄĖºãŃÿĀġ

ğŃĄĪĵãŃīãăŃōãŃ2ăäŁąōãŃŅĀĹêĵäĚîĉãīäĊĵãëäĪđêĽĄĹ(

äĺľŊçĀĢíëäĪđĴĲč2īãăŃōãŃĳäĲčÙ2äłĩãńùŃëäĪĒĵãêŉĄŁĆĵãŅĄýōã
ëäĪđ§ĥêĽĄĹ(

ļĲÉĳńĮĵãĴĲĎçķäġĻÝëäĪĒĵã¥ĵãĴĲĎîíré£ĩêŊľĹąêĶŉńęļĹėäĎľĵã
ňĺŊîĊŉĄ»ãêĵäĚîĉäıīńĊĵãĻńĲíĄòıÙêĕĄġëã§ñÚîĵ2ĘĉńĵãŃĻńĲíĄòıÙ

êĽŃĄĹļĹİĶí¥ĵãĴĲĎîíré£ĩêŊľĹąé§ĒĭŃÙăńĚîíêġĄĊçëäĪĒıĄíæŊı
œäĖġÙăä³ŏã[ŒòĹ(

  ĂȀȽǠȚȱä ȜǣǠȖȱä ǦȹĀȀȵPlasticity of the phenotype



ĀĢŉŃ§ŊĦîĵãrĠçäĚĵãŇĄŁäĞĵãêöŊîĽĴĹãńġĘĉńĵãŸäĺłĹ ŸãĀõőŃäĺŊĉrğãńĽōãëãā
ăäĎîĽőãĠĉãńĵã.ļĲÉŃĻÙĄıĂĽŸőäòĹņĶġİĵāĻäŉĀľĊĵãŇÿäĢĵãQuercus

calliprinosðŊùĻńĲíëäíäèľĵãéĆı£»ãrĳä½ăäĎîĽőãňĺĞġōãğńľĶĵņĶġ
ğäĪíăãƝƛƛ'ƢƠƛķrêĮĚľ»ãêŊĶùäĊĵãêĪĶî¿ļĹðŊùĸöùäłĭãăŃÙ(ĜùŒŉŃ
 ıīãăŃōãrêĮĚľ»ãéăńıĂ»ãäĺľŊçĻńĲíé§ĦđrëäġäĪíăőãņĽÿōã

êĮĚľĺıćÙăĘŊĊèĵãŃÙëäġäĪíăőãņĶġōãäĺıńŁŀŊĶġĳä¹ãrêĮĚľĹêĪľĶđ
ņĶġğäĪíăãƜƜƛƛķļġøĚĉĄúèĵã(

İĵĂıļĲÉĻÙīńĊĽŸőäòĹļġăäĎîĽãăŃĂõğńĽäĹrĬęäľĹëãāåĄí2êĪĶî¿
ðŊùĻńĲíăŃĂõğńľĵãêŊúĚĉrå£ĵãêĭĀĦĵãêâŊĉ2ħĄĒĵãäĺľŊçĻńĲíêĮŊĺġŃ

ëãāăäĎîĽãĠĉãŃrå£ĵãêĮŊĺĢĵãéĀŊõħĄĒĵã(ŃĀĢíêĪđêĽŃĄ»ãrĴĲĎĵã
ŇĄŁäĞĵãêĺłĹŸãĀõāÝĻÝÿãĄĩōãļĹãĂŁğńľĵã¥ĵãĠîĺîíĿĂ­êĪĒĵãéăÿäĭņĶġČŊĢĵãr

ëäâŊç2êġńľîĹŃĴĺúîíäęäĉŃÙêĪĶî¿(ĀġäĊíŃĿĂŁêĪĒĵã¨ŊõãĄ¹ãņĶġœäĮîĽããąĄĚĵ
êèĉäľ»ãļĹÿãĄĩÙğńľĵãäłĹãĀþîĉőrĠĭãńĹêľŊĢĹ(



ÿńĢŉħŒîýőãrĠçäĚĵãŇĄŁäĞĵãÿãĄĩŎĵwÝĠçäĚĵãňñãăńĵãrœĆõĹŀľwÝŃ
ĘĉńĵãrŀáĆõĄýŋã.ÿńĢŉŃħŒîýőãrĠçäĚĵãňñãăńĵãwÝêĢŊèęĄñäĲîĵã

ňĊľ¸ãŀĊĪĽŃäĹŀĮĩãĄŉļĹķäĊĮĽãŃÿä¯ãëäŊĦèĒĵãäÀĸöľŉŀľġĠŉąńíĀŉĀõ
ëäñăńĺĶĵ(ĀĢŉŃãĂŁğńľĵãļĹħŒîýőãĄĺîĊ»ãŸäŊõāńÄĸĞĢ»ëäĪĒĵãr

ăäöčōã(ĸĲúîŉŃrĸĞĢĹëäĪĒĵãéĀġ2ëäñăńĹŸãăÿäĽŃäĹĸĲúîŉr
êĪđäĹêñăńĹŃÙĄòıÙêĪĒıåäŊĥĴŊĩŃăńĶĲĵãrćãĄĥëäŉĄçńľĒĵãŃĀŉĀĢĵã

ļĹëäŊęŃĄþ»ãŅĄýōã(ĀĢíŃëãĄĪĚĵãMutations[ŒĹäġŸäĺłĹŸäĖŉÙrïãĀùÝ
ħãĄÂãļġĠçäĚĵãňñãăńĵã2ňĉäĉōãðŊùĨŊĖíëãĄĪĚĵãëäñăńĹéĀŉĀõwÝ»ãĄýĂ
ňñãăńĵãGene poolêġäĺöĶĵ(

   ëäĩŒîýőã ăÿäĒĹSources of variations



 Ģŉļġĳÿäèíëäñăń»ã¨çëäġäĺ¸ãêĪĶîþ»ãœäľñÙøŊĮĶîĵãňĚĶºã
éĄö­ëäñăń»ãĀĢŉŃİĵāŸãăĀĒĹëäñăń»éĀŉĀõħäĖíwÝĄýĂ»ã

ňñãăńĵãêġäĺ¸2äĹħĄĢíŃĿĂŁêŊĶĺĢĵã¨öłîĵäçäĹĀľġĻńĲŉĳÿäèîĵã¨ç
ļŉÿĄĩĻäŊĺîľŉwÝ¨îġńĺ½¨îĪĶî¿(ļĹŃĸŁÙăÿäĒĹîýőãħŒ§ĥ

ňñãăńĵã*ĴĹãńġĘĉńĵãêŉńŊ¹ãŒĵãŃ2êŉńŊùĘĉńĵãŃňĶýãĀĵãëäèľĶĵðŊù
ĸĲúîŉĘĉńĵãŇńĶºãŃĄñÜŉréăĀĮĹëäñăń»ãņĶġăäłĝÝĊĪĽäł

rêĶùĄĹŃÙŅĄýÙļĹăńĚíëäèľĵã.



The evolutionary sequence

Natural selection

Hardy-weinberg

Genetic drift



Chance



(Franklin, 1970)

Asexual

Sprouts

Root suckers

Parthenocarpy



Genecology

Genecology

elicit



ħĄġTuresson (1922#ąãĄĚĵãňâŊèĵãŀĽÚçóäîĽÚĎĽļġêçäöîĉã
ëäñăńĹêġäĺ¸ãwÝäłĚĉŃĆŊĺ»ã(ńŁŃÿăĴĢĩëäñăńĹÿãĄĩōãėŃĄĎĵĘĉńĵã

ŇĂĵãČŊĢíŀŊĩ(

ħĄĢíąĄĚĵãêŊâŊèĵãğńľĶĵĀùãńĵãņĶġäÅÙêġńĺ½ëäġä´ňĺîľíğńľĶĵĊĪĽŀĆŊĺîíŃ
êĶĺ©ļĹëäĪĒĵãêŊõńĵńĩăń»ãêŊõńĵńŉĆŊĪĵãŃêŊĶçäĭŃóŃãĆîĵãäłŊĩľŊçäł(
ķńĮíąĄĚĵãêŊâŊèĵãæĊùķńłĪĹTuressonņĶġ*

$Ɯ#ćäĉōã2ňñãăńĵã
$Ɲ#ĆŊĺîĵãňõńĵńĩăń»ãŃÙňõńĵńŉĆŊĪĵãŃÙňõńĵńľŊĪĵãŃÙğńĺ½2İĵā
$ƞ#ÿńõńĵãrėŃĄčêŊâŊç2éĆŊÀ
$Ɵ#ëäĩŒîýőãêŊñãăńĵãêöŊîĽĸĶĭÚíäŁÿãĄĩÙĠĹ2Ęĉńĵã
$Ơ#ĻäĲĹÝóŃãĆîĵã¨çÿãĄĩÙąĄĚĵãêĪĶîþ»ãļĺĕğńľĵã2Āùãńĵã
$ơ#ëäĪĒĵãéĆŊĺ»ãëäĩŒîýőãŃêúĕãńĵã¥ĵãĴĒĪíŸãąãĄęļġĄý×(

  êŊâŊèĵã ąĄĚĵãEcotypes



ĻÝķńłĪ»ãðŉĀ¹ãąãĄĚĶĵňâŊèĵãőĬĪîŉëäĹńĮ»ãŃĿŒġÙæĊùŇÙăĀŉĀĢĵãļĹ¨òùäèĵã
(Daubenmire, 1974)(ļĲĵļĹĀıÜ»ãĻÙĸĞĢĹğãńĽōãêĪĵÜĹļĹğäĺîõãĀŉĀĢĵãļĹąĄĚĵã

2êŊâŊèĵã

ëŃäĪîŉÿĀġëäġäĺ¸ãļĺĕğńľĵãĀùãńĵã(äĺĶıŃëÿãąêĢĭăăäĎîĽőãrãĄĦ¸ãğńľĶĵëĄòıŀŊĩ
ąĄĚĵãêŊâŊèĵã(ņĶĢĩĴŊèĉĳäò»ãĄçńľĒĵãĄĎîľŉňíŃ ĵãrňĭĄčĘĉńî»ãļĺĕėŃĄčêŊâŊç2êġńľîĹ

ĸĊĮľŉŃwÝ2ëäġä´ä¬ăŃąĄęéĀġæĊùêŊĺıăäĚĹōãéĀčŃéÿŃ ĵã2ħäĪ¸ãŃæĊùŃå£ĵã¥ĵã
ĠĕńîŉäłŊĶġ$2ĳäÂƜƤƣƝ#(őŃĀçĻÙĨŊĲîíĿĀŁëäġäĺ¸ãéĆŊÀėŃĄĎĵãĠĹĿĂŁėäĉŃōã(Ćı£îĩ

êĪđêĹŃäĮĹÿ ĵãrëäġńĺSãêŊõãĄ¹ã¥ĵãĄĎîľírœĆ¸ãÿăäèĵãļĹêĢĭă2ăäĎîĽőãîľíŃæþĿĂŁ
êĪĒĵãÿńĊíŃ ġĻäĹąōãrêġńĺSã(ŃİĵĂıĀçőĻÙĻńĲŉįäľŁëäġńĺ½ĄòıÙ[Œĺ¯ħäĪöĶĵ

êđä«ŃrëäġńĺSãêŊõãĄ¹ãéÿńõń»ãrĸĊĮĵãħä¸ãļĹêĢĭă2ăäĎîĽőãĻńĲîĩÿãĄĩÙğńľĵãäľŁ
êĶĺúîĹħäĪöĶĵĄòıÙļĹİĶíêŊĹäľĵãrĬęäľ»ãêèęĄĵã(

İĵĂıĳä¹ãêèĊľĵäçĄĮĪĵêç£ĵãŃÙäŁäľĥĄđäľĢĵäçêŊáãĂĦĵã(rŃĠĭãńĵãĻÝĆŊ±ÿãĄĩÙğńĽ¨ĢĹçëäĪĒ
êŊõńĵńĩăńĹŃÙêŊõńĵńŉĆŊĩŃÙêŊõńĵńľŊĩĘèíĄŉĴĲĎçŃÙĄý×ėŃĄĎçêŊâŊç2éÿĀ¾İĵĂĵŃèĚíëäĮŊéĀġr

ĳäSãňĺĶĢĵãðŊùĀıÜŉąãĄĚĵãňâŊèĵãëäĩŒîýőãêŊñãăńĵãğńľĶĵĀùãńĵãĄñãŃêâŊèĵãêŊĶÍãrĵãëäĪĒ
êŊõńĵńĩăń»ãêŊõńĵńŉĆŊĪĵãŃŃêŊıńĶĊĵãŀĵ(



ļĺĲíŃêŊƧÙĆŊŊ±ąĄĚĵãrëäŊĶĺġ§öĎîĵãāÝőĀçļĹœäĮîĽãĠ´ŃăŃĂèĵãąŒĵãêĹ
óäîĽŏćãĄĦĵãļĹĬęäľĹĴñä±Ĭęäľ»ãÿãĄ»ã2äŁ§öĎíĴĺĢîĊîĩăŃĂçëäġńĺSãêŊõãĄ¹ã
êŊĹäľĵãrĬęäľ»ãéÿăäèĵãóäîĽŏćãĄĥ§öĎîĵĬęäľ»ãéÿăäèĵã2ăŃĂçŃëäġńĺ½ãœĆ¸
ħä¸ãr§öĎíĬęäľ»ãêĶñäĺ»ãräłîŊĩäĪõêĮĚľ»Ġ´ăŃĂèĵã(ļĊúîĊŉŃ´ĠăŃĂç

ëäġńĺSãëãāå£ĵãéĆŊĺ»ãä¼äĺĢîĉőr§öĎíä²ŒŊòĹ(
ĻÝąĄĚĵãêŊâŊèĵãğńľĶĵĀùãńĵãìĊŊĵéĆŊÀļġäłĖĢçŸäĖĢçĆŉäĺîığãńĽōãêĪĶîþ»ã2Ĵç

êõăĀîĹr2ä²äĪđĂèÇŃĔĢç¨òùäèĵãĳãĀèîĉãķńłĪĹąĄĚĵãêŊâŊèĵãķńłĪ¬
EcoclineňŁŃóăĀîĵãrëäĪđğńľĵãŃÙĠĺîSãŃÙķäĞľĵãňâŊèĵãņĶġĳńęóăĀ»ã

ňâŊèĵã(ĴĺĢîĊíŃŸäĽäŊùÙëäĺĶıīĄĢĵäıRaceīŃĄġŃêŊâŊçEcological

racesëäĩÿãĄĺıąãĄĚĶĵňâŊèĵã(ņĺĊíŃêġńĺ½ÿãĄĩōãëãāĳäĲčōãêŊñãăńĵã
êŊáãńĎĢĵãéĆŊĺ»ãŃļĺĕąãĄĚĵãňâŊèĵãąãĄĚĵãŇńŊ¹ãBiotype(ħĄĢíŃëäġäĺ¸ã

éĆŊĺî»ãëäĪĒçőïăńí¨ĩńĲŉőäçEcophenes$ëäĪđêŉĄłĞĹéĄñÚîĹĘĉńĵäç#
ŃÙPhenoecotypes(äÀŃĀŉĆŉĄĹōãŸäĕńĺĥêĵÚĊĹêĺĶĭÙğńľĵãAcclimation
ŃÙŀîŊĊĮí(



ĻńĲîŉğńľĵãļĹêġńĺ½ļĹëäġäĺ¸ãêŊĢŊèĚĵãê­äĎî»ãŸäŊõńĵńĩăńĹŸäŊâŊçŃĮĵãŃéăÿäņĶġ
ĻÙĳÿäèîíä²äñăńĹäĺŊĩ2äłľŊçäłľĲĵêĵŃĆĢĹļġäŁ§ĥļĹëäġäĺ¸ãŅĄýōãĄñäĲíŸäŉ
ŇńĖľŉãĂŁĨŉĄĢîĵãņĶġêñŒñëäĽńĲĹêŊĉäĉÙňŁŃĻńĲ»ã2ňõńĵńĩăń»ãįńĶĊĵãŃ

2ŇĄñäĲîĵãêâŊèĵãŃ2éĆŊĺ»ãĨĶî°Ńœãă×¨òùäèĵãĳńùêŊƧÙĴıĻńĲĹrãĂŁ
2ĨŉĄĢîĵãäĺĶĮĩëĀġëäĪđļęń»ãêĺłĹrĸŊĊĮîĵã(ļĹŃäľŁìíÙĸŊŁäĪ»ã
2êŉĀŊĶĮîĵãĸŊŁäĪ»ãŃ2êŊõńĵńŊèĵãäŁ§ĥŃļĹĸŊŁäĪ»ãŅĄýōãĸŊĊĮîĵğãńĽōã(

ĻÝķńłĪĹğńľĵãĸáäĭrêĢŊèĚĵãNaturalļĹ2êłõňĢĕŃŃArtifactļĹêłõ
2ŅĄýÙŇÙĻÙğńľĵãÿńõńĹäŊáĆõéăńĒçêŊĢŊèęńŁŃóäîĽæùĻäĊĽŏãĸŊĊĮîĵŊčōãœä

äłĪŊľĒíŃäłèŊíĄíŃ(

    ğńľĵã Ń êâŊèĵãEnvironment and species



 ŸãăÿäĽŃäĹĻńĲíğãńĽōãêĢĉãŃăäĎîĽőãêĊĽäöîĹæŊı£ĵã2ňñãăńĵã
ĄçńľĒĵäĩ¢Ķ¹ãPinus halepensisļĹğãńĽōãêĢĉãŃăäĎîĽőã

$ļĹåńľõåĄĥäçŃăŃÙwÝīĄčĘĉńî»ãļĹŃŀĵäÊwÝŀçńľõ#ńłĩőĀĢŉ
őŃļĲÉŀĵäĺĢîĉãéãÿÚıŃÙĴŊĵÿňâŊçEcological

IndicatorêĵőĀĶĵņĶġėŃĄčĘĉńĵã(äĺľŊçĀĢíĔĢçğãńĽōãŃĀ¾éÿ
ăäĎîĽőãêĵÿÙêŊâŊçéąäîÀņĶġĔĢçėŃĄčĘĉńĵãåŃĄºäı

Ceratonia siliquaðŊùĳĀŉĿÿńõŃņĶġûäľ»ãňĚĉńî»ã
àĩãĀĵãæŉĄĮĵãļĹĄúèĵã(



ÿãÿĆíëäĩŒîýőã¨çÿãĄĩÙğńľĵãğäĊíäçêĢĭă2ĿăäĎîĽãĜĩä¯Ń´ëäġä
ğãńĽōãņĶġäłèŊıãĄíêŊñãăńĵãĴĹãńĢçĳĆĢĵãêĪĶîþ»ã(őŃĘĶî°ĺ¸ãêġäĠĹ
äŁ§ĥļĹ2ëäġäĺ¸ãøèĒíŃêĵŃĆĢĹ ŸäŉĄñäĲíëäõăĀçêĪĶî¿(ĸîŉŃĵāİ
ļŉäèîçėŃĄčĘĉńĵãéĄöŁŃÿãĄĩÙğńľĵãä¼ŒĮîĉãŃäĺŊĩĀĢçļĺĕ»ãĬęäľ

éĀŉĀ¸ã(ņġĀíŃÿãĄĩōã¥ĵãŇĀèíëäĩŒîýãêĪŊĪęëőŒĊĵäçRaces(
ņġĀíŃÿãĄĩōãëãāëäĩŒîýőãêúĕãńĵã ŸäŊõńĵńĩăńĹŃÙ ŸäŊõńĵńŉĆŊĩŃÙ

êĵŃĆĢ»ãŸäŉĄñäĲíìúîçğãńĽōã(įäľŁŃğãńĽÙĜĩä¯ņĶġäłĊĪĽëãĀùńı
êĶĮîĊĹĳĆĢçäłĊĪĽ ŸäŉĄñäĲíļġğãńĽÙŅĄýÙéăŃä½ä¼ņġĀíŃĿĂŁğãńĽōã

êĵĆĢľ»äçSympatric2ðŊùĜĩä¯ĿĂŁğãńĽōãņĶġäÅäŊıĸĥă
ĻäĲĹÝøĭŒíäŁÿãĄĩÙŸäĢĹŇĂĵãŃôîľŉŀľġŸäĺáãÿļöŁêĺŊĮġ(įäľŁŃğãńĽÙ

ŅĄýÙĘĶî° ŸäŊñãăŃĠĹäłĖĢçæĢĒŉŃĆŊŊ±äŁÿãĄĩÙ[ŒèĮîĊĹĒĵäıĄçńľ
¢Ķ¹ãňíŃ ĵãŃ[ŒòĹ(



ňíÚíŃêŊƧÙğńľĵãļĹêŉŃãąêŊâŊçðŊùļĲÉŀĹãĀþîĉãéãÿÚıóäîľîĉãĸłĪĵķäĞľĵã
2ňâŊèĵãĬĺĢıêç£ĵãŃÙŅńîĊĹĄđäľĢĵãêŊáãĂĦĵãäłŊĩŃÙĻäĲĹÝÿńõŃŃÙåäŊĥğãńĽÙ

êŊĽãńŊùŃÙêŊíäèĽŅĄýÙëãāêĶđğńľĵäç.äľŁŃĀçőļĹĬĺĢîĵãrķńłĪ»ãňâŊèĵãğńľĶĵ
ĸłĩŃêĭŒĢĵã¨çêâŊèĵã2ğńľĵãŃąãĄĚĵäĩňâŊèĵãEcotypeĈŊĵőÝóäîĽ$ÿãĄĩÙ#ëÚĎĽ

ļĹêçäöîĉãëäñăńĹğńľĵãwÝĘĉńĵãĆŊĺ»ãŇĂĵãČŊĢíŀŊĩÿãĄĩōãńŁŃÿăĴĢĩä²äñăńĹ
ėŃĄĎĵĘĉńĵã(ãĂ¼ŃķńłĪ»ãêŊƧÙé§èırĳäĺġÙåäþîĽőãăäŊîýãŃœäçŋã
¨ĊúîĶĵňñãăńĵã(

ĳĀíğãńĽōãHaloxylon spp., Tamarix spp.ņĶġêùńĶĹ2êç£ĵãĳĀíŃ
ĔĢçğãńĽÙSalsolaŃAtriplexŃArtemisiaņĶġĘúĭêĮĚľ»ã(

ĳĀíéĄòığãńĽÙArbutus spp.ŃCistus spp.ŃErica spp.ņĶġ
éĄòıĬáãĄ¹ãrêĮĚľĹëäçäĦĵãêŊĚĉńî»ã

ĳĀŉÿńõŃ¨ġńľĵãQuercus microphyllaŃUrtica spp.ņĶġņľĥ
êç£ĵãŇĄĒľĢçķńŊĊŊľĦ»ãëŃąŋãŃņĶġxãńîĵã(



ļĹĀŊĪ»ãéăäčŏãwÝĻÙŇ§èĢíEcological raceŃGenecotype

ĻŒĺĢîĊŉrĔĢçĻäŊùōãëäĩÿãĄĹ§èĢîĵąãĄĚĵãňâŊèĵãEcotype( ĢŉŃļġ
ĳäĲčōãêĪĶîþ»ãÿãĄĩŎĵ¥ĵãĄłĞíļŉäèíňñãăŃňáãńĎġļĺĕëäġä´ĺľĵãóāä

êŊâŊèĵãąãĄĚĵäçŇńŊ¹ãBiotypes2ħĄĢíŃëäġäĺ¸ãëãāëäĪĒĵãêĽĄ»ã
Plasticity$ŇÙëãāćäĉōã§ĥňñãăńĵã#ëäľŊĩńĲŉŏäŭç

EcophenesŃÙPhenoecotypes(ĀıÜŉŃĔĢç¨ŊâŊèĵãķĀġ
ÿńõŃëäĪđéÿĀ¾éĆŊÀŃąĄĚĶĵ2êŊâŊèĵãĴçĻńĖŊĢîĊŉļġéĄĲĩąĄĚĵãŁĿĂ
ķńłĪ¬Ecocline conceptŸãĄĞĽóăĀîĵëäĪđğãńĽōãņĶġĳńęóăĀĹ

ëäĩŒîýőãêŊâŊèĵãéĄĺîĊ»ã(



êĮùő¦Ģíêġńĺ½ÿãĄĩōãêçăäĮîĹÚĎľ»ã. -deme

êġńĺ½ÿãĄĩÙrĠĭńĹ¨ĢĹ. topodeme

êġńĺ½ÿãĄĩÙêõŃãĆîĹ$ĳÿäèîíä²äñăńĹ# gamodeme

êġńĺ½ÿãĄĩÙéĆŊÀŸäŊñãăŃļġäŁ§ĥ. genodeme

êġńĺ½ÿãĄĩÙrĘĉŃĆŊÀ. ecodeme

êġńĺ½ÿãĄĩÙőħĄĢŉĻÝìĽäıäłĭŃĄĩêŊñãăŃ phenodeme

êġńĺ½ÿãĄĩÙäłĭŃĄĩ§ĥêŊñãăŃ. plastodeme

êġńĺ½ÿãĄĩÙäłĭŃĄĩêîçäñŸäŊñãăŃĴî¯ŃêâŊçéĆŊÀ. genoecodeme

êġńĺ½ÿãĄĩÙäłĭŃĄĩêîçäñŸäŊñãăŃĴî¯ŃêâŊç2éĆŊÀŃĴĲĎí
ŸãœĆõļĹêŉăãĄĺîĉãğńľĵãņĶġóăĀ»ãňâŊèĵã

genoecoclinod

eme



  ňâŊèĵã ČĢĵãNiche

ĳĀŉķńłĪĹČĢĵãňâŊèĵã$ûńľĵã#ņĶġéăńĒĵãêĶĹäĲî»ãëäèĶĚî»ğńľĵãrêâŊèĵã(ńŁŃĻäĲ»ãĵãŃêĪŊĝń
¥ĵãäłĶĦĎŉğńľĵãļĺĕĠĺîSã(ŸãĀŉĀ¯ŃńŁêĪŊĝŃğńľĵãêľł»ãŃ¥ĵãäłĶĦĎŉļĺĕĠĺîSã(ĎŉŃĴĺãĂŁķńłĪ»ã

ĻäĲĹăäĎîĽőãĻäĹąŃéÿäŊĉğńľĵãrĠĺîSãëäŊĵ×ŃŀĺĶĭÚí(ĄĎîľŊĩħäĒĪĒĵãéÿäġņĶġĪĕħä
2ăäÅōãr¨ùńĺľíëäŊęŃĄþ»ãrļıäĹōãêĢĪíĄ»ãŸäŊèĊĽķĀĢĵäłĶĺ¯ĄĺĦĵã(ĀĢŉŃŉĀľĊĵãĻä
ŇăĆĢĵãŸäġńĽŸãĀáãăÿńĊŉëäġńĺSãêŊõĄ¹ã¥ĵãńĺľŉäłŊĩwÝĻÙ¨ÇļĹĆĵãĳŃäĚîíŃăäöčÙĵã÷ńĎĴîúîĵ

êĮèęêçäĦĵã(ŃĴĺĎŉĻńĲ»ãňĪŊĝńĵãĸĶĭÚîĵãňõńĵńŉĆŊĪĵãğńľĶĵðŊùĻńĲíĔĢçğãńĽōãĄòıÙ
êŉäĪıļĹäŁ§ĥrĴŊòĺîĵãňáńĖĵãĴî¯ŃļıäĹōãêĊĺĎ»ãäĺľŊçńĺľŉäłĖĢçĄýŋãrĴĞĵã.



Polyploidy
X

(X=12)(2X)

(2X=28)

(6X=66)

Hybridization

Natural selection

 ĨĆÈòĕÃ ĈāÄöÎĕÃ)ĨęģåĤęģäĒĕÃ(Polyploidy) 



Transgenic

Vector

Cut and Paste technology

Genetic manipulation

Genetically

modified trees

GhentPoplar

Genetic Engineering of Forest Trees



(Owusu, 1999)

Populus tremula (1988), Juglans regia (1989), Carica
papaya (1991), Malus domestica (1991), Castanea sativa
(1992), Prunus domestica (1992), Eucalyptus
camaldulensis (1993), Picea mariana (1993), Liquidambar
styracifolua (1994), Populus nigra (1995), Betula pendula
(1996), Castanea dentata (1996), Citrus spp. (1996),

Eucalyptus globulus (1996), Picea abies (1996), Pinus
sylvestris (1996), Acacia mangium (1997), P. radiata
(1997), Tecona grandis (1997), Eucalyptus grandis (1997),

Olea europea (1998), Populus deltoides (1998), Populus
tremuloides (1998), Prunus avium (1998).

Larix spp., Ulmus spp., Coffea
arabica, Pyrus amygdalus, Pyrus communis



.

Invasive species



Temperature and forest  trees growth
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Thermoperiodism

PiceaPinus

Sequoia(3




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P. taeda

A. magnifica


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Larson (1967


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P. sylvestris

Tilia
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Effect of minimum temperature on forest 

growth

.

Timber line

Osmotic pressure



ï

.



A.

cilicicaQ. cerrisJuniperus

excelsaJ. drupacea

Ceratonia siliquaPistacia

lentiscus

Magnolia grandiflora

Populus

deltoidesSalix nigraSakai and

Weiser, 1973



.



ï)(

ï)(

heavy



.



Frost

cracksSunscald

Lesion

Peace

McCrackdnRousseau (1991

Platanus occidentalis

Stachylidium sp.Fusarium sp.Botrytis sp.



.

Hardening





Stratification

Mitotic



Temperature sum

P. halepensis



Acacia cyanophylla, A. farnesiana, Araucaria

excelsa, Bauhinia purpurea, Casuarina

cunninghamiana, Ceratonia siliqua, Eucalyptus

citridora, E. gomphocephalla, E. globulus, Ficus

nitida, F. elastica, Jacaranda mimosaefolia,

Poniciana gillessii, poniciana regia, Schinus
molle, Schinus terbenthifolius.

Cupressus macrocarpa, Eucalyptus 

camaldulensis, Magnolia sp., Olea europaea, 

Pinus canariensis, P. insignis.



Eucalyptus gunni, Pinus brutia,P. halepensis, P.

laricio subsp. pallasiana, P. pinea

Abies cilicica, Ailanthus glandulosa, Carpinus

orientalis, Cedrus libani, Cercis siliquastrum,

Gleditsia triacanthos, Juniperus drupacea, J.

oxycedrus, Maclura aurantica, Picea orientalis,

Pistacia atlantica, Populus alba roumi, P. nigra

hamoui, P. euramericana, P. tremula, Quercus

calliprinos, Q. cerris, Robinia pseudoacacia,

Sorbus torminalis, Ulmus sp.



(Levitt, 1972)

Å

Effect of maximum temperature on forest 

growth



Eucalyptus

é



Levitt, 1972



.



.

.

Solar Constant

Nature of solar radiation



:

(1)Ultraviolet

(2)Visible

(3)Near infrared



ń¸ã r ňĊĺĎĵã ğäĢčŏã ÿĀèí
(Geiger, 1950) r(Spurr and Barnes, 

1980)(



Quantum

EEinstein



ňĊĺĎĵã ğäĢčŏã ëäõńĹ ĳãńęÙ.



 ňĲŉĄĹōã ăń¹ã īãăŃÙ ļĹ œãĄĖý êĭăńç ğäĢčŏã êĭŒġPopulus deltoides
 ļġ(Gates, 1968)  r(Spurr and Barnes, 1980)(



êŊġäĢčŏã êĽąãń»ã
Solar Energy Budget



S=R+C+G+Ps+LE

SR

CG

PsLE

NS-R

(N)





N





Light quantity

Vezina,

Effect of forest on 

light



Pinus monticola

Etiolation









ĀõńŉêĭŒġêŉńĭ¨çéĀĎĵãêŊáńĖĵãŃĸŊĶĮîĵãňĢŊèĚĵãNatural Pruning2
ŇĂĵãĘèíĄŉwÝĀù§èıêĩäòĲç2ăäöčōãŃäłġńĽ(ŃÿãÿĆŉĳĀĢĹĸŊĶĮîĵãèĚĵãňĢŊ

ÿäŉÿąäçÿĀġăäöčōãréĀùŃ2êùäĊ»ãŃêĶĭäłĶĺ¯2ĴĞĶĵŃéÿäġäĹĜĪî¯
ăäöčōãêŊęŃĄþ»ãäÅäĒĥÚçņĶĪĊĵãêĽăäĮĹăäöčōäçêĚĭäĊîĹīãăŃōã¥ĵãĲíĻń

ĄòıÙ[ŒŊĹĸŊĶĮîĶĵňĢŊèĚĵã(ŃĨĶî°ŸäĖŉÙğãńĽōãrêõăÿäłĶĺ¯ĴĞĶĵŊùðĜĪîÇ
÷ńĎĵãŀĽäĒĥÚçé£ĪĵêĶŉńęŸãĀõãāÝäĹĻăńĭĄçńľĒĵäç¢Ķ¹ãŃÙňíŃ ĵã(



Acer sp

BoulterVezina (1966

Light quality beneath forest 

canopy



P. resinosa

Acer sp

FedererTunner (1966



.





ï

Burns (1942Picea abies

Pinus strobusP. resinosaï

Effects of light on tree 

growth



The maximum amount of photosynthesis
Blue                      red

green



CO2CO2

CO2CO2

Light Compensation Point



Understory



.

P.

ponderosa

Burns, 1923

Tsuga sp.Sequioa

sempervirens

JuniperusP. monophylla

Shirley, 1929



(Grime,

1966)Betula lalenta

Q. rubra



P. taeda



Cercis siliquastrum



.Picea

glaucaP. monticola

Pseudotsuga menziessii



Ulmus sp.



Shirley (1932



O

bligate sun plantsObligate

shade plants

Light and tree 

morphology







Sunscald

.



Photoperiodism

Photocontrol of plant 

response



Robinia

pseudoacacia

Platanus occidentalis





Soil ϣϠϼϦЮϜ











Weathering

AtmosphereHydrosphere











Forest Soil



(Armson, 1977)



(cl)(p)(o)(r)

(t)S = f (cl, o, r, p, t)



Soil profile

Uncomposed Litter

Top soil

Sub Soil

Weathered Bedrock



)(ï

Forest Floor

ÅLitterL

ÅFermentedF

ÅHumusH

Soil Profile





A

B

HydrolysisOxidation
Reduction

CSolum

CRegolith











. 





Effects of physical, chemical and bio-chemical soil 

characteristics on forest growth

Daubenmire, 1974















Podzolization

Laterization

Soil Texture     

.



ķãńĮĵã ðĶòĹTexture Triangle 





:

≡
≡
≡
≡
≡

Pores



Minimal Maximum

Oxygen in soil atmosphere (for root 

survival)
3% 21%

Air pore space in soil (for root 

growth)
-- 1.4 clay

-- 1.8 sand

Penetration strength (water content 

dependent) 0.01kPa 3MPa

Water content in soil 12% 21%

Root initiation (   % in soil 

atmosphere)
12% 21%

Root growth (   % in soil 

atmosphere)
5% 21%

Progressive loss of element in 

absorption in roots (   % in soil 

atmosphere)

10% 21%

Temperature limits to root growth
4ÁC 34ÁC

pH of soil (wet test) pH 3.5 pH 8.2

http://www.forestry.uga.edu/warnell/service/library/for00-005/node1.html



ϣϠϽϧЮϜ Јϼ

http://www.forestry.uga.edu/warnell/service/library/for00-005/for00-005.html



êç£ĵã ăńĚí r ăŃĂ¸ã Ĭĺġ ĄñÙ



ᶉAcacia tortilis

ᶉAcacia mellifera



Tamarix articulata
Prosopis

cineraria



Soil permeability
Porosity















.

















Total pore 

spacePore volume



Mixed





CO2

O2CO2

(Leyton and Rousseau, 1958)

êç£ĵã êŉń² Soil Aeration



Alnus 

orientalisTaxodium sp.Picea spp.



Mottling

.

  êç£ĵã ĻńĵSoil Color













êç£ĵã éăãĄù êõăÿSoil Temperature











.













.



















PlatyPrismatic

ColumnarGranularCrumb







  êç£ĵã œäľçSoil Structure









Compaction



PuddlingDense Crust







.





   êç£Ķĵ ňáä»ã ŅńîÍãSoil water











    ëäíäèľĶĵ ÷äî»ã œä»ãWater Availability









ï.



ï



. 



ĳĀŉķńłĪĹĄþèîĵãøîľĵãņĶġĀĮĩœä»ãļĹ2êç£ĵãŃëäúĚĊ»ã2êŊáä»ãŃīãăŃÙĵãëäèľwÝ
ń¸ã(ŃïŃĀ¹ĄþèîĵãïøîľĵãĀçőļĹÿńõŃœä»ãŸőŃÙ2ŃļĹĸñêĭäĚĵãêĹąŒĵãŀĶŉńúîĵwÝ

ăä«(ŃĄþèĵãńŁĳń¯œä»ãĴáäĊĵãwÝăä«(

ĀĒĮŉøîľĵäçĀĮĩœä»ãêöŊîĽëäŊĶĺĢĵãêŊõńĵńŉĆŊĪĵãrëäèľĵã ġķäĊĹōã2īãăŃŃňŁ
êŊĶĺġêŊõńĵńŊçêŊáäŉĆŊĩĻØçĀùãŃ(

ĸłĊŉēã£ġãëã§ĚĭĄĚ»ãļĹĴèĭĻäöŊíăäöčōãwÝĨŊĪ°êŊĶĺġøîľĵãĶĭ[ŒŊ
ħĄĒçœĆõļĹêĭäĚĵãr2Ŀ§þèíŃxäîĵäçĔĪýéăãĄùøĚĉ2īãăŃōãŃ§ĩńíœĆõļĹ

œäĹ2êç£ĵãäĺıĀġäĊŉœä»ãē£Ģ»ãņĶġóäèîĽãäŉŒýīãăŃōãŸäĽäŊùÙ(
ĀĮĪŉĸĞĢĹœä»ãŇĂĵãŀĒî±ëäíäèľĵã2øîľĵäçŃĴĺĢîĊíêŊĺıêĶŊĶĭŀľĹrĺġêŊĶ

æŊı£ĵã2ňáńĖĵãĤĶèíŃêŊĺıœä»ãêĶĺĢîĊ»ãrĠľđąńĶĶĊĵãŃÿãń»ãŅĄýōãr
éĄöĎĵãńÂƜĸĹ)êľĉ(ŃĴĺÇœä»ãĄđäľĢĵãêŊáãĂĦĵãwÝņĶġÙ2éĄöĎĵãğąńŉŃœãĂĦĵãäłŊĩ(

 Ąþèîĵã'   êçäĦĵã ļĹ øîľĵãForest Evapotranspiration



Phanerophytes





ï

.





Appalachian



Quercus  alba

Populus 

tremuloides

(Baumg, 1967)



øîľĵã ņĶġ ëäíäèľĵã éĄĚŊĉPlant control over 

transpiration 













System of soil water 

absorption



pH

pH

pH 

pH(H)

Chemechal and bio-chemical soil characteristics

pHSoil pH



pH

pH

pH

pH



Halophytes

   ê¹ä»ã å£ĵãSaline soils



 Ņńî¾ ļĹ êŊƧÙ ĄòıÙ ăŃĂ¸ã ăäĎîĽã êĮĚľĹ r ÷ŒĹōã ĆŊıĄí ĀĢŉ
ħä¸ã Ļąńĵã ćäĉÙ ņĶġ ãăĀĮĹ ÷ŒĹōã ļĹ êç£ĵã(

Ľ êùńĶ»ã êĶŊĶĭ êĩä¸ã å£Ķĵ äŊĶĢĵã īäĩŋã r ÷ŒĹōã ĆŊıĄí ĻńĲŉ  ŸäŊèĊ
êŊĵäĢĵã êçńęĄĵã ëãā êùńĶ»ã éĀŉĀč İĶí ļĹ ņĶġÙ  (Ĺ ňĕăōã œä»ã ĀŉĆŉ Ń ļ

 ļĹ äĮĺġ ĴĭÙ Ļäı ńĵ äĺŊĩ êç£ĵã êùńĶĹƜƛƛĄþèĵã ĴĢĪç äłúĚĉ ì¯ ĸĉ(
 ļĹ ÷ŒĹōã ÷Ąę éÿäġÞç êç£ĵã êùńĶĹ êŊõãĄ¹ã ăäöčōã ĔĢç Ĵĺúîí

ëäèľĵã.èľĵã Ć­ İĵā êĞùŒĹ ļĲÉ Ń 2øĶ»ã ÷ĄĚĵ ŸãÿĀĥ  Ĵñōã ŇńÇ  [Œòĺĩ ëä
 Ĵñōã ăäöčÙ ĿąĄĪí ŇĂĵã øĶ»ã ńŁ Ń  2ŀľĹ ĔŊçÙ ăäèĥ ĘĭäĊîŉ ðŊù

ëäĪĶĊĵã ÷ŒĹÙ ŇńĶºã ä¼ńĶú¬ éĆıĄĹ(



Avicennia sp.
Na CLKCL



Casuarina obesa, Eucalyptus

sargentii, Eucalyptus camaldulensis, E. occidentalis, E.
spathulata, E. loxophleba, E. rudis

(Schofield

and Scott, 1991)

Acacia acuminataA.

albidaA. auriculiformisA. coriaceaA. cuthbertsoniiA.

cyanophyllaA. farensianaA. ineguilateraA. iteaphylla

A. iraquensisA. ligulataA. microbotryaA. niloticaA.

oswaldiiA. pruinocarpaA. salicinaA. sclerospermaA.

seyalA. victoria



 Ɨ ƑƓɁ̇ ǌḧǃå Ɨ ǄƿƓ˹ǃå
)˦ǆā̇ ɜ ǆ/ˤƪ )

åöʕ ˷ǁ

50,000+ Avicennia marina

40,000 Casuarina glauca, Phoenix dactylifera, Tamarix maris-mortiu, T. passerinoides

35,000 Prosopis stephaniana, P.tamarugo, T. arvensis, T. deserti, T. pentendra

30,000 Acacia ligulata, casuarina equistifolia, Phragmites communis, Prosopis juliflora, Tamarix aphylla,

Zizyphus vulgaris

25,000 Acacia sowdenii, Tamarix nilotica

18,000 Acacia pendula, A. salicina, Eucalyptus camaldulensis, E. sargentii, Nerium oleander, Parkinsonia

aculeata

16,000 Acacia farnesiana, Casuarina cristata, C. stricta, E. microtheca, Prosopis chilensis

14,000 Acacia arabica, Albizia chinensis, Sesbania grandiflora,

12,000 Melia azedarach, punica granatum

10,000 Albizia lebbeck, Ficus carica, Vitex agnus-castus

8,500 Casuarina cunninghamiana, Dalbergia sissoo, E. cladocalyx

8,000 Ficus benghalensis, Myrtus communis, Prosopis spicigera, Schinus molle

6,000 Acacia saligna, Balanites aegyptiaca, Cupressus arizonica, Grevillea robusta, Olea europea,

tamarindus indica

5,000 Cupressus sempervirens var stricta, Elaeagnus angustifolia, Populus euphratica

3,000 Acacia tortilis, Ficus sycamorus, Robinia pseudoacacia, Salix alba,

2,500 Acacia cyanophylla, A. cyclopis, A. mellifera, A. radiana,



pH

Malic Acid

êŊĊĶĲĵã å£ĵãCalcite soils 



pH

Acacia cyanophylla, A.  farnesiana,  Araucaria 
excelsa, Biota orientalis, Cupressus arizonica, C. 
macrocarpa, Eucalyptus gomphocephalla, E. 
melliodora, E. occidentalis, Juglans regia , Eleagnus 
angustifolia, Gleditsia triacanthos, Maclura 
aurantica, Pinus radiata, Populus euamericana, 
Robinia pseudoacacia





Q. microphylla

Ptosimopappus bracteatus

  ¨îľçĄĊĵã åĄíSerpentine soils



(Kramer and Kozlowski, 1979)

Waterlogged soils





Rhizosphere





: 



:

:



:



äłîâŊçŃ ĬáãĄ¹ã
Fire and Fire Ecology



Fire effects on soil



ĀĢíăäľĵã [ŒĹäġļĹĸŁÙĴĹãńĢĵãêŊâŊèĵã¥ĵãĄñÜírğąńíŃăäĎîĽãîSãëäĢĺ
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ĳäĢîčőãKindling point2ŃĸîíêŊĶĺġéĀĊıÙÿńĭńĵãéăãĄ¹äç
Pyrolysis¨þĊîçœãĆõōã ŸőŃÙðŊùĴĒíêõăÿéăãĄùäłúĚĉwÝ

Ɲƛƛſ2ķĸñī£¯ëãąäĦĵãéĄŉäĚî»ãļĹéÿä»ãņĶġêõăÿéăãĄù¨çƝƛƛſķŃ
Ơƛƛ ſ 2ķŃäŁĀĢçī£¯œãĆõōãêèĶĒĵãļĹÿńĭńĵãņĶġƠƛƛ ſ ķ(ŃĄñÚîíĬáãĄ¹ã
ĀľġäłáĀçŃäłĹĀĮíêĢŊèĚç2ûäľ»ãŃêĢŊèęéÿä»ã2êĭ£ÍãĴĹãńġŃńçńĚĵãäŊĩãĄĥ

¥ĵãĄñÜírĿä®ãįńĶĉŃĬŉĄ¹ã(

  êĹĀĮĹIntroduction
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Fire effects on organic matter





NS

CaMg
Na




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Physical effects of fire on soil


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Q. coccifera
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Fire effects on soil moisture and organic matter




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Chemical effects of fire on soil

pH



NS
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Forest Fires in Lebanon



êç£Ķĵ êĮŊĭĀĵã œäŊùōã r ĬáãĄ¹ã ĄñÙEffects of fire on soil 

biota 

ĐĭäľîíÿãĀġÙäŉ§îĲèĵãŃăńĚĪĵãĀĢçĬáãĄ¹ãéĀŉĀĎĵãéĄčäèĹļĲĵōãwŃÿŃäĢí
äłęäĎĽĳŒýĄłčŃĳĀĢ¬ļĹƞ'ƜƛëãĄĹäĺġìĽäıŀŊĶġŃİĵāņĶġåäĊù
ăńĚĪĵã¥ĵãĴĖĪíĘĉńĵãňĖĹä¹ã(

ňĖĮíĬáãĄ¹ãņĶġ§òĲĵãļĹœäŊùōãêĮŊĭĀĵãéÿńõń»ãrëäĪĶþ»ãĖĢĵã2êŉń
ĄłĚíŃİĵĂçĠĭń»ãļĹēãĄĹÙĳńçĂĵãļĪġŃăŃĂ¸ã(

ňĖĮíĬáãĄ¹ãĴĲĎçķäġņĶġäŉ§îĲèĵãêîèò»ã¨õŃ£ľĶĵŊĉäĊ¹äłîéĀŉĀĎĵã
éăãĄúĶĵêĢĪíĄ»ãļĲĵĿĂŁêġńĺSãÿńĢíļęńîĊîĵêç£ĵãļĹĀŉĀõœĘèçčĀŉĀ(



ĐĭäľîíÿãĀġÙœäŊùōãëäľıäĉêç£ĵãĳĀĢ¬ƞ'Ɯƛ2ëãĄĹőÝäÅÙőðèĶí
ĻÙÿńĢíäłîĵä¹êĮçäĊĵãĀĢçƞ'ƠëãńľĉļĹĬŉĄ¹ã(

ĐĭäľîíĴĲĎçķäġÿãĀġÙĻãĀŉÿ2ēăōãŃ2ĈĩäľºãŃ2æıäľĢĵãŃ
ëãŃāĴõăōãé§òĲĵãæèĊçħäĪõĠĭń»ãŸäèĵäĥêĩäĕÝä»ŀñĀ¯¹ãĬáãĄ

ļĹ§ŊĦíréĄĩŃœãĂĦĵãŃêçńęă2êç£ĵãŃäŁĄñÙŇăãĄ¹ãäŁ§ñÚíŃrpH
êç£ĵã(

êç£ĵã äĽńĩ r ĬáãĄ¹ã ĄñÙEffects of fire on soil fauna 



  êŉ ĵã éäŊ¹ã r ĬáãĄ¹ã ĄñÙFire effects on wildlife

ᶉĀĺîĢŉĄñÚíëäŊŉĀòĵãé§ĦĒĵãĬáãĄ¹äçļĺĕëäĢĺîSãêŊíäèľĵãņĶġéĀčŃĹêùäĊŃéĀĹ
ïńĲĹ2ĬŉĄ¹ãŃņĶġĠĭńĹŃéăĀĭĿĂŁœäŊùōãņĶġêıĄ¹ãêĢŉĄĊĵãœäľñÙïŃĀù2ĬŉĄ¹ã
ńöľîĩĸĞĢĹëäŊŉĀòĵã¥ĵãČŊĢírīäĪĽÙì¯øĚĉ2êç£ĵãļĲĵŸäĺĊĭ§èıŸãäłľĹĀĭĬľîÈ.

☠ňĖĮíĬáãĄ¹ãņĶġëäĽãńŊ¹ãêâŊĚçêıĄ¹ãĨùŒĊĵäı2[ŒòĹ
☠ĄñÜíĬáãĄ¹ãrăńŊĚĵãëäõăĀçêĪĶî¿ŸãÿäĺîġãņĶġĴĒĩĬŉĄ¹ã§ĹĀîçōãċäĎġ

ĻãĀĮĩŃ2œãĂĦĵãļĲĵőðèĶŉĻÙĀŉãĆîŉœãĂĦĵãŃÿãÿĆíăńŊĚĵãäĺŊĉőŃêĶı×ëãĄĎ¹ãçĀĢ
ĬŉĄ¹ã(
☠ŇÿńíĬáãĄ¹ãêĚĉńî»ãŃéĀŉĀĎĵãĻőĆĦĵäçŃæĵäĢòĵãŃåäáĂĵãŃäłĶĊĽäłĭĄªÙŃäłĮľý

ŃÙä²Ąđä¾rĠĭń»ãī£Íã.
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Ɯ(êĮŉĄĚĵã¥ĵãī£ÇäłŊĩìèľĵãļĹðŊùêġĄĊĵãŃÙœĘèĵã(
Ɲ(ăãĄĲíĬŉĄ¹ã(
ƞ(ĴĒĩïŃĀ¹ã(

ĴĺĢíĬáãĄ¹ãņĶġĴŉĀèíæŊıĄíëäĢĺîSã2êŊíäèľĵãŃ§ĦíæĊĽ2ä²äĽńĲĹĄñÜíŃr
äłîŊõäîĽÝ2ĳŃĆîĩğãńĽōãêĉäĊ¹ãĬáãĄúĶĵ2ŸäŊÆăĀíĀŉãĆîíŃæĊĽğãńĽōãî»ãêĶĺúä¼(Ń

æı£íéÿäġêġńĺSãêŊíäèľĵã¥ĵãvēĄĢîíĬŉĄúĶĵļĹÿĀġğãńĽÙ2ĴĭÙŃĻńĲŉíäłèŊıĄ
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ğãńĽōãêŉĀĶõ2īãăŃōãäĺıĄòĲíëäŊĵń¹ãăãĄĲîç2ĬáãĄ¹ãŃĐĭäľîíêŊõäîĽÝ»ãĠĭńī£Íã
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2œä»ãŃéĄĚŊĉğãńĽōãëãāêŊõäîĽŏãêĪŊĢĖĵãêĶĺúî»ãĬáãĄúĶĵ(

êŊíäèľĵã ëäĢĺîSã r ĬáãĄ¹ã ĄñÙ
The effects of fire on plant 

communities
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ŃļĲÉĻÙëń±ăäöčōãæèĊçğäĪíăãêõăÿä²ăãĄù2êŊĶýãĀĵãŃëń±
äŉŒýķńŊèĹäĲĵãêöĊĽōãŃêŊíäèľĵããāÝìĕĄĢíêõăĀĵéăãĄùơƢêŉńâĹéĀ»

êġäĉŃÙƢƝſ ķéĀ»ơĬáäĭÿŃÙƢƣſ ķéĀ»ĨĒĽêĮŊĭÿŃŸäŊĽ×êõăĀçƣƝķ(
ŃæèĊîíĬáãĄ¹ãĻÝvĔĮíņĶġăäöčōã ŸãăãĄĕÙêŊáäŉĆŊĩ÷Ąöıīńĉ

ăäöčōãŃ2ëã§öĎĵãŃÙŸãăĄĕ2ăŃĂöĶĵŃÙŸäúĪĵ2īãăŃŎĵŃÙħäĢĕÝ
ăäöčōãéăńĒçêĹäġäÀäłĶĢÆêĕĄġēãĄĹŎĵŃëãĄĎ¹ã(

ħĄĢíëäíäèľĵãêĶĺúî»ãĬáãĄúĶĵêŉăäľĵäçPyrophytes2ŃĸĖíëäíäèľĵã
êĩäı¥ĵãĘĎľŉäŁĀŉĀ®ŃÙÿãÿĆŉäŁÿĀġ2ĬŉĄ¹äçŃĸĊĮíwÝ*



ëäíäèĽêĶĺúîĹĬŉĄúĶĵŸäŊĲŊĽäĲŊĹ*ŃĴĺúîíĿĂŁëäíäèľĵãĬáãĄ¹ãĴĢĪçêıä·ĪĶĭäł
2ëäŊĽäŉĀľĊĵäıŃÙêĶĭäłîŊĉäĊùĳäĢîčŒĵĴñōäıTamarix sp.ĨĚĮĵãŃ

Atriplex sp.(
ëäíäèĽêĶĺúîĹĬáãĄúĶĵŸäŉĄĖý$êĢŉĄĉœäĚčőã#*ÿĀöîíĿĂŁêġńĺSãŸäŉĄĖýðŊù

ĨġäĖîŉäŁńÄŇĄĖºã2ĬŉĄ¹äçŃäłľĹAsparagus sp.2ŃCeratonia
siliquaŃClematis sp.ŃJuniperus spp.ŃMyrtus

communisŃPistacia lentiscusŃQuercus coccifera(
ëäíäèĽêĶĺúîĹĬŉĄ¹ãŸäŉăĂç*ŃĀġäĊíăäľĵãĿĂŁêġńĺSãņĶġĄòĽäŁăŃĂçäĺırêĵäù

ĄçńľĒĵã¢Ķ¹ãP. halepensisĀĢçøîĪíĘŉăäþ»ãĴĢĪçéăãĄ¹ã(
ëäíäèľĵãêĶĺúîĹĬŉĄ¹ãŸäŉĄĖýŃŸäŉăĂç*ŃĀŊĪîĊíĿĂŁêġńĺSãļĹăäľĵãäłġńĺö¬

ŇĄĖºãŃäŁăŃĂçŃäłľĹArbutus spp.ŃCalycotome spp.Ń
Cistus sp.ŃErica verticillataŃSarcopoterium sp.Ń

Thymus sp.ŃĜùŒŉéĄòıĿĂŁğãńĽōãrĠĭãń»ã2êĭ£ÍãŃÿãÿĆíäłîŊƧÙèĊľĵãêŊ
ăãĄĲîçïŃĀùĬáãĄ¹ã(



ãĂŁŃĴĺúîíĨĶî¿ëäíäèľĵãĬáãĄ¹ãĴáäĉńçņîčœäĪýÞıœäĖġÙĄñäĲîĵãäĺırèľĵãëäíäêâèîþ»ã
ŃĨĒĽ2êâèîþ»ãŃÙéÿäŉąóäîĽÝăŃĂèĵãŃéÿäŉąäłĶĺ¯éăãĄúĶĵðŊùĴĺúîíăŃĂçĻäĩńĎĵã

Ň ĵãAvena spp. 104-116ſ ķéĀ»Ĉ¶2ĬáäĭÿŃĀĢŉ§òıļĹ¨òùäèĵãĻÙ÷äĚç
ĄúèĵãĘĉńî»ãóāńÄœäĚĦĶĵňíäèľĵãŇĂĵãğäĚîĉãĸĶĭÚîĵãĠĹĬáãĄ¹ãĿÿäĺîġäçrńõŃĿÿņĶġ2ăäľĵã
ðŊùĠîĺîíŀíäíäèĽëäĪĒçäłľĲ±ļĹĻÙĴĢîĎíŸäŊíãā ġêĶ´ëãăń¯äłľĹĄĦđĭãăŃÙäłŃ

2äłîŉĀĶõŃóāńÄğĄĪíäÅäĒĥÙäÀäłèĊĲŉêèĊĽêùäĊĹøĚĉé§èıwÝ2ĸö¹ãæèĊçŃ»ãëń
ňĢõã£ĵãĄĺîĊ»ãäłĺĺĮĵäÀĴĢÆäłġĄĩÙêĩäõêĕĄġ2ĳäĢîčŒĵæèĊçŃœãńîùãĿĂŁäíäèľĵãë

ŸäíńŉąéăäŊęéĀŉĀčĳäĢîčőã(ŃĀĭëăńęĿĂŁëäĢĺîSãëäĪđêĪĶî¿äłĶĢ®éăÿäĭņĶġąŃä®
ĬŉĄ¹ãĻÚıİĶî±ŸäĪĶĭ2ŸäĲŊ·ŃÙäłĝäĪîùãĸġã çĀŉĀ®ì¯øĚĉêç£ĵãŃÙļŉĆ°äŁăŃĂçŃ

äłîŉäµrêç£ĵãðŊùņĮèíăŃĂèĵãêľıäĉéĆĪúîĹëäèĽŐĵêęäĉńçăäľĵã(
ĨĒîíëäĢĺîSãêŊĚĉńî»ã¨õāńĺľç¨ŊĉäĉÙrêĹŃäĮĹĬáãĄ¹ã*

Ɯ(óāńĺľĵãŇăĂèĵã$Ąçńľđ¢Ķù((#2
Ɲ(óāńĺľĵãŇĄĖºã$ëäŊĽäŉĀľĊĵã((#(



ğãńĽōãéĀáäĊĵãŃêĮĩãĄ»ãrĠĺîSãňõŃōãŃëäĢĺîSãêŊĕĄĢĵãōãŅĄýr
ĠĭãńĹìĕĄĢíĬáãĄ¹rêľĹąÙêĪĶî¿ļĹëäçäĥĄçńľĒĵãňíŃ ĵãêŊĹäľĵã
ņĶġåĄíêâčäĽņĶġăńþĒĵãêŊľŊĊıŃ§èĵãŃăńþđìŊîŉÿŃ§èĵã

ìŊîŉÿŃ§èĵãŃêĵńúî»ãäŊáĆõwÝ¨îľçĄĉ(

  ĸĭă ĳŃĀ¸ã$ƜƜ#



Pinus brutia   óŃōã$êçäĦĵã êĮèę   # êĪĶî¿ ĠĭãńĹ$ƜƤƤƤ# ĀáäĊĵã ğńľĵã

Pistacia palaestina, P. lentiscus, Rhus cotinus, Quercus 
calliprinos, Q. infectoria, Phillyrea media, Juniperus oxycedrus, 
Arbutus andrachne, Rhamnus palaestina, Myrtus communis, 

Cistus sp., Calycotome villosa, Ceratonia siliqua, Erica 
verticillata, Ptosimopappus bracteatus Q. microphylla,

êĮĩãĄ»ã ğãńĽōã
(÷ńĪĊĵã æĊù)

(  ĻńîŉĆĵã Ĵèõ ĬŉĄùƜƤƤơ 3ƝƠƛĄúèĵã øĚĉ ļġ ķ )

ňçĄĥ ňçńľõ ēĄĢ»ã

Cistus salviifolius (125),

Calycotome villosa (80) 
Phillyrea media (25),

Cistus salviifolius (122),

Calycotome villosa (63), 
Teucrium rosmanifolia (28), 

Q. calliprinos (27)

 Ń éĀáäĊĵã ğãńĽōã
êŊèĊľĵã äłîŊƧÙ

(%)

Cistus villosus, Rhamnus 
palaestina, Myrtus 

communis, Cyclamen 
persicum, Asphodelus 

microcarpus, Asparagus 
acutifolius, Smilax aspera, 

Cistus villosus, Lavandula 
stoechas, Asphodelus 

microcarpus, Andropogon 
sp., Hypericum sp., 

Micromera sp., Ozyris alba, 
Q. microphylla, Inula viscosa

êĮĩãĄ»ã ğãńĽōã



( œãĄĮĎĵã ĬŉĄùƜƤƤƜ 3ƟƛƛĄúèĵã øĚĉ ļġ ķ )

ňĭĄč ňçĄĥ ňçńľõ xäÊ ēĄĢ»ã

Cistus 
salviifolius 

(108),

Cytsopsis sp. 
(28), Phillyrea 
media (28),

Ptosimopappu
s bracteatus 

(31)

Cistus 
salviifolius (92),

Cytisopsis sp. 
(50), Phillyrea 
media (28),

Ptosimopappus 
bracteatus (30)

Cistus 
salviifolius (78),

Cytisopsis sp. 
(24), Phillyrea 
media (26),

Ptosimopappus 
bracteatus (50)

Cistus 
salviifolius 

(74),

Cytisopsis sp. 
(28), Phillyrea 
media (25),

Ptosimopapp
us bracteatus 

(24)

 Ń éĀáäĊĵã ğãńĽōã
êŊèĊľĵã äłîŊƧÙ

P. brutia, 
Asparagus 
acutifolius.

Rhamnus 
palaestina, 

Myrtus 
communis, 

Andropogon 
sp., Calycotome 

villosa, Salvia 
sp.,P. brutia, 

Smilax aspera, 
Q. microphylla

Rhamnus 
palaestina, 

Myrtus 
communis, 

Andropogon 
sp., Calycotome 
villosa, Cistus 

villosus,, Salvia 
sp.,P. brutia, 

Smilax aspera

Rhamnus 
palaestina, 

Myrtus 
communis, 

Andropogon 
sp., 

Calycotomvill
osa, Cistus 

villosus, 
Salvia sp., 
Genista 

êĮĩãĄ»ã   ğãńĽōã



(  ĠŊĹãńĮĵã ĬŉĄù̙ æĽăōã ĴèõƜƤƣƤ 3ƣƛƛĄúèĵã øĚĉ ļġ ķ )

ňĭĄč ňçĄĥ ňçńľõ ēĄĢ»ã

Cistus salviifolius 
(41), Q. microphylla
(53), Q. cerris subsp. 
pseudocerris (78),

Potismoppapus 
bracteatus (46)

Q. microphylla 
(65), Q. cerris 

subsp.
pseudocerris (71)

Potismoppapus 
bracteatus,  (20)

Cistus salviifolius 
(67), Q. microphylla 

(48), Q. cerris 
subsp. 

pseudocerris (35),

Potismoppapus 
bracteatus,  (21)

 Ń éĀáäĊĵã ğãńĽōã
êŊèĊľĵã äłîŊƧÙ

(%)

Cistus villosus, 
Milium sp., Erica 
verticillata, Rhus 

cotinus, Thymus sp., 
Notobasis spp.

Andropogon sp., 
Cistus salviifolius, 

Cistus villosus, 
Ruscus aculeatus, 

Artimesia sp., 
Ozyris alba, Rubus 

sanctus, Iris sp., 
Rhus cotinus, P. 
brutia, Smilax 

aspera, Cyclamen 
persicum, 

Notobasis spp. , 

Erica verticillata, J. 
oxycedrus, Thymus 
sp., Artemisia spp., 
Iris sp., Salvia sp., 

Gallium sp., 
Rhamnus 

palaestina, 
Calycotome villosa, 

Milium sp., 
Centaurea spp., 
Notobasis sp.

êĮĩãĄ»ã   ğãńĽōã



( ĻãăńĶĶç ĬŉĄùƜƤƣƢ 3ƝƠƛĄúèĵã øĚĉ ļġ ķ )

ňĭĄč ňçńľõ ēĄĢ»ã

Cistus salviifolius 
(54), Genista 

accanthoclada 
(30), Myrtus 

communis (10)

Cistus salviifolius (61), 
Genista accanthoclada 
(21), Myrtus communis 

(13)

 Ń éĀáäĊĵã ğãńĽōã
êŊèĊľĵã äłîŊƧÙ

Milium sp., Erica 
verticillata, inula 

viscosa.

Miliums sp., Teurrium 
rosmanifolia, Q. 

calliprinos, Rhamnus 
palaestina, P.  palaestina, 

Lavandula stoechas

êĮĩãĄ»ã   ğãńĽōã



(  ÷ŒĪĵã ĬŉĄùƜƤƣƞ 3ƞƛƛĄúèĵã øĚĉ ļġ ķ )

ňĭĄč ňçĄĥ ňçńľõ xäÊ ēĄĢ»ã

Cistus 
salviifolius 

(83), 
Calycotome 
villosa (52),

Phillyrea 
media (52)

Cistus 
salviifolius 

(81),
Calycotome 
villosa (33),

Phillyrea 
media (30)

Cistus 
salviifolius 

(87),
Calycotome 
villosa (53),

Phillyrea 
media (33)

Cistus 
salviifolius 

(139),
Calycotom

e villosa 
(78),

Phillyrea 
media (50)

 éĀáäĊĵã ğãńĽōã
 äłîŊƧÙ Ń

êŊèĊľĵã

P. brutia, 
Rhamnus 

palaestina,  
Andropogo

n sp., 
Ptosimopap

pus 
bracteatus

Ptosimop
appus 

bracteatus, 
Lavandula 
stoechas, 

Q.. 
microphylla,

,

Cyclamen 
persicum,

Q. 
microphylla, 

Cyndon 
dactylon, 
Rhamnus 

palaestina, P. 
brutia, 

Ptosimopapp
us bracteatus, 

Lavandula 
stoechas

Cyclamen 
persicum, 

Q. 
microphyll
a, Cyndon 
dactylon

ĮĩãĄ»ã   ğãńĽōãê
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 ϰϝ̮̮̮̮тϽЮϜ ϤϜϹ̮̮̮̮Ћв ЭгК ϣуЮϐ)1(



ĪúéĤÎŜÃ ÊĪÍÄÈĞĕÃ ČÇÃĤúĕÃÊ



Ń 2êľĊĵã ļĹ éÿŃĄç Ąòıōã é£Īĵã r ĿăäĚĹÙ ĸĞĢĹ ĳńĚ­ ňĚĉńî»ã ûäľ»ã ĆŊĺîŉ äłĉäèÂã
äłľĹ éăãĄù  Ąòıōã ĴĒĪĵã r.

ŊçĄĦĵã ëäłõãńĵã rŃ 2Ęĉńî»ã Ąúèĵã ēńù ĬęäľĹ r ňĚĉńî»ã ûäľ»ã ÿńĊŉ ëãăäĮĶĵ ê
$2ņĶŊĎĵã Ĵùäĉ 2êŊĲŉĄĹōã äŊĽăńĪŊĵäı êŉőŃ åĄĥ åńľõ 2äŊĵã£ĉã  åĄĥ Ń åńľõ Ń

äŊĮŉĄĩÝ åĄĥ åńľõ(#

downpours





ļĲÉŃĀŉĀ¯êõăÿħäĪ¸ãŸäŊĕäŉăêĭŒĢĵäç¨çêŊĺıăäĚĹōã
êŉńľĊĵã(P)2ŃĘĉńîĹëäõăÿéăãĄ¹ãêŉńľĊĵã$C ſ#2ŃĀľġĂýÙìèľĵã

ňĢŊèĚĵãĻäèĊ¹äçĀçőļĹĂýÙĘĉńîĹëäŉäłľĵãņĺĞĢĵãĄùōĄłč$M#Ń
ëäŉäłľĵãäŊĽĀĵãÿĄçōĄłčêľĊĵäç$m#2ðŊùĻÙīĄĪĵãäłľŊçÿĀÇėäĎĽ

éäŊùŃìèľĵãêĹäġ(ĻńĲîĩêĭŒĢĵãŃÙðŊùÿãÿĆŉħäĪõêĮĚľĹäĹĄĦĒç
ĿĂŁêèĊľĵã(ŃĴĢ¸ĿĂŁêĭŒĢĵãŸêľĺĖîĹ[ŅĀĹ ŸäŉăãĄù$ëäŉäłľĵãêŉĀ¹ã

ëäĚĉńî»ëäõăÿéăãĄ¹ã#ŇÙ$M-m#Ń¥ĵã ĢíļġĄþèĵãëăńę
êĭŒĢĵãĂýÚîĵĴĲĎĵãŃæĊî¯$M#Ń$m#ņĶġćäĉÙëäõăĀĵã
êĮĶĚ»ã$Kſ#2ŃåĄĖíêĵÿäĢ»ãåƜƛƛƛĴŊłĊîĵ2ëäçäĊ¹ãìĩĄġŃäĺŊĩ

ĀĢçĴĹäĢ»äçňçńęĄĵãŇăãĄ¹ãŃÙĴĹäĢĹŀŊõ Ĺã$Embergerôs
Pluviometric quotient#$2ĳäÂƜƤƢƢ#rDicastri

$ƜƤƢƢ#(
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2000

mM

P
Q






ȴȆȩȼɆǱƎȵääìǠȶǪȝäɂȲȝȴɆȩ(Q(ÛĀ)m(ǦȪȖȺƫäǦɆȖȅɀǪƫäƂâ
ǢȆǵĀȴɆȩ)Q(þɀȮɅëǠȺƫä)ÛüǠƲ1977ÜQuezel,

1977(:
1. ăǠȥǠǱ ăäǼǱHyper-aridäíâǨȹǠȭǦȶɆȩ)Q(>20.
2. ăǠȥǠǱAridäíâǨȹǠȭǦȶɆȩ)Q(ƙǣ20-30.
3.ȼǤȉùǠǱSemi-aridäíâǨȹǠȭǦȶɆȩ)Q(ƙǣ30-
50.
4.ȼǤȉǢȕîSemi-humidäíâǨȹǠȭǦȶɆȩ)Q(ƙǣ
50-90.
5. ăǠǤȕîHumidäíâǨȹǠȭǦȶɆȩ)Q(ƙǣ90-185.
6. ăǠǤȕî ăäǼǱSuper-humidäíâǨȹǠȭǦȶɆȩ)Q(
<185.

ĵã êŊýäľĹńŊèĵã  ĬçãńĚBioclimates



 ĳäĲčōã ŃVariants

Ɯ(œäîčăäùHotŃĻńĲíŀŊĩ$m#< 7ſ ķ(
Ɲ(œäîčĳĀîĢĹTemperateŃĻńĲíŀŊĩ$m#ļĹƞ'Ƣſ ķ(
ƞ(œäîčĨŊĚĵCoolŃĻńĲíŀŊĩ$m#¨çƛ'ƞſ ķ(
Ɵ(œäîčÿăäçColdŃĻńĲíŀŊĩ$m#¨çƛŃ'ƞſ ķ(
Ơ(œäîčÿăäçŸãĀõVery ColdĻńĲíŃŀŊĩ$m#¨ç'ƞŃ'Ƣſķ(
ơ(œäîčĀŉĀčéÿŃ ĵãExtremely ColdĻńĲíŃŀŊĩ$m#<'ƢņîùŃ'ƜƠſ
ķ(



Ɯ(ûäľĹńŊçħäõAridİĵāŃãāÝìĽäıêĺŊĭ$P#¨çƞƛƛ'ƠƛƛĸĹ(
Ɲ(ûäľĹńŊçŀèčħäõSemi-aridãāÝìĽäıêĺŊĭ$P#¨çƠƛƛ'ƢƛƛĸĹ(
ƞ(ûäľĹńŊçŀèčæęăSub-humidãāÝìĽäıêĺŊĭ$P#¨çƢƛƛ'ƜƛƛƛĸĹ(
Ɵ(ûäľĹńŊçæęăHumidãāÝìĽäıêĺŊĭ$P#< 1000ĸĹ(

æĊù ňĚĉńî»ã ûäľ»ã ĸŊĊĮíP





ŃĆŊÉļĹðŊùğąńîĵãňĶĒĪĵãĳńĚłĶĵêĺĞĽōãêŉĄĚ»ãêŊĵäîĵã*óāńĺľĵã$îč2œä2ĨŉĄý
2ĠŊçăĨŊđ#2ŃĴĚ²ĸĞĢĹăäĚĹÙãĂŁóāńĺľĵãrœäîĎĵã$W#2ĨŉĄºäĩ$A#2

ĠŊçĄĵäĩ$P#2ĸñĨŊĒĵã$S#ŃħÿäĒŉrĴĚĊĭħäĢĹ$êŉăńĉ#(äĹÙóāńĺľĵã
WPASÿńĊŊĩr2êŉăńĉĻäľèĵäŊıĄí–Ļÿăōã#2ŃðĵäòĵãPWASŃÿńĊŉ

réĄĮĽÙ$äŊıĄí#2ŃóāńĺľĵãĠçãĄĵãPAWSŃħÿäĒŉräŊĵäĚŉÝ2äĊĽĄĩŃŃ
ĈĹäºãAPWSŃŀĶò±äŊĶŊĉĄĹŀŊŊĶèĽńĹŃ$äĊĽĄĩ#2ŃćÿäĊĵãAWPSŃŀĶò±

ĐĭäĪđ$ĈĽńí#ŃńıäĽńĹ$äĊĽĄĩ#(



Ęĉńî»ã Ąúèĵã ēńù r êŊõãĄ¹ã êŊíäèľĵã ĬçãńĚĵã
Vegetational zones of the Mediterranean 

basin ĸĞîľíëäçäĦĵãóãĄùōãŃêŊĚĉńî»ãrëäĭäĚĽğäĪíăãļĹŅńîĊĹøĚĉúèĵãĄņîùŃ
xäġÙĳäè¸ãŃÙäĹħĄĢŉĘ«2óãĄ¹ãŇĂĵãĀŉãĆîŉŀçńĊľĹļĹĳäĺĎĵãwÝ2åńľ¸ãĩĻńĲŊ

[ŒòĹƝƛƛƛ'ƝƞƛƛķrĳäÊĘĉńî»ãäĺľŊçĴĒŉļĹƝƠƛƛ'Ɲƣƛƛķrŀçńľõ$ĳäèõ
ĈĶęōã#(ĀĭŃĨĶîÈĠĭãŃëäĭäĚľĵãêŊíäèľĵãäĺġńŁŸäŉĄĞĽ(ĀĭŃĳŃäùĔĢçòùäèĵã¨ĠĕŃ

ăńĒíŃÙķäĞĽķäġĿĂ¼ĬçãńĚĵãOzenda)ŃQuezelŃGaussenŃ
Birot and DreschŃ(Nahall(ļĲÉŃĸŊĊĮíêĮĚľ»ãêŊĚĉńî»ãæĊù

ğäĪíăőã$Wright et al, 19773Quezel, 1977#wÝ*
Ɯ(ĬçäĚĵãňĚĉńî»ãŇăãĄ¹ãLower Mediterranean Zone

Ɲ(ĬçäĚĵãňĚĉńî»ãňĮŊĮ¹ãEu-Mediterranean Zone

ƞ(ĬçäĚĵãňĚĉńî»ãŇńĶĢĵãUpper-Mediterranean Zone

Ɵ(ĬçäĚĵãňĚĉńî»ãňĶè¸ãMediterranean Mountain

Zone



ŸãœäľçŃņĶġİĵāļĲÉæŊíĄíļŉńĲîĵãňíäèľĵãňõãĄ¹ãäĺıňĶŉ(Quezel,

1977)*
Ɯ(ëäçäĥĬçäĚĵãňĚĉńî»ãăä¹ãThermo-Mediterranean

ForestsŃĀõńíņĶġĳńęàęãńĎĵãŃrĬęäľ»ãêĶŊĶĭğäĪíăőã(
Ɲ(ëäçäĥĬçäĚĵãňĚĉńî»ãňĮŊĮ¹ãEu-Mediterranean

ForestsŃňŁŸäĉäĉÙóãĄùÙëãāīãăŃÙêĺáãÿêŉĀĶõĈĺĶ»ã(
ƞ(ëäçäĥĬçäĚĵãňĚĉńî»ãŇńĶĢĵãUpper Mediterranean

ForestsŃņġĀíŸäĽäŊùÙëäçäĦĵäçŀèčêŊĚĉńî»ãŃňŁéÿäġêĚĭäĊîĹīãăŃōãŃńîíĠĕ
rĬęäľĹĳäè¸ãêŊĵäĢĵã(

Ɵ(ëäçäĥĬçäĚĵãňĚĉńî»ãňĶè¸ãMountain Mediterranean

ForestsŃņġĀíŸäĽäŊùÙëäçäĦĵäçīńĩêŊĚĉńî»ãSupra-Mediterranean
ŃĨĵÚîíŸäèĵäĥļĹëäŊęŃĄ¿$Ąçńľđ2ÿńĉÙ2ąăÙ÷ńč#(



§ĦîŉĨĶîÈŃãĂŁğąńîĵãňĭäĚľĵãæĊùĴĹãńġûäľ»ãêđä«Ń2ăäĚĹōã
2äŊĩãĄĥńçńĚĵãŃŃÙĴĢĪçëäęäĎľĵã2êŊĽäĊĽŏãŃőĴĲĎŉĬçäĚĵã§ýōãŇÙĵãëäçäĦ

êŊĚĉńî»ãêŊĶè¸ãņĶġÙĴùãĄĹĬèĚîĵãňíäèľĵã2āÝĄĎîľíğãńĽÙŅĄýÙńĩīĿĂŁ
ëäġäĪíăőãäĺıńŁĳä¹ãrĳäèõĈĶęōãŃĳäèõ2ćŃăńęĳäèõŃĻäľèĵ

êŊĭĄĎĵãðŊùĄĎîľŉ2åãĆĶĵãŃŇĂĵãļĲÉĿ_ĀġŸäĮçäęŃÙêĮĚľĹĀªŀíãāOro-

Mediterranean Zone(
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Tomasell
i

Gaussen Ozenda Quezel
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 åńĽĄºã Ń Ň ĵã ĻńîŉĆĵã ëäĢĺ®Thermophilous Scrub
ňŁëäĢĺ®ëãāêŊƧÙé§èırĠĭãń»ãéăä¹ãļĹĬęäľ»ãŀèčêĩä¸ãŃŀèčêèęĄĵãŃ

Ĭęäľ»ãêĩä¸ãīńĩå£ĵãêŊĊĶĲĵã.ŃĄĎîľíĿĂŁëäĢĺöîĵãrœäÂÙêĪĶî¿ļĹēńù
ĄúèĵãĘĉńî»ãêđäýŃrŀáĆõ2ňçńľ¸ãŃħĄĢŉĠĺîSãňíäèľĵãĠĺîö¬OLEO-

CERATONIONråĄĥĘĉńî»ãŃCERATONION-

PISTACIONrŀĭĄč(ŃļĹğãńĽōãéĀáäĊĵãrĿĂŁëäĢĺöîĵãPistacia

lentiscusrīĄčĘĉńî»ã2ŀçĄĥŃŃäłĮĩãĄŉrŀĭĄčPistacia

palaestinaŃArbutus andrachne2äĺľŊçäłĮĩãĄŉrŀçĄĥRhus

oxycanthaŃRhus pentaphyllaŃZiziphus lotus2Ń
Ćı£íĿĂŁëäĢĺöîĵãåĄĮĵäçļĹĴùãńĊĵãrĳäÊĘĉńî»ãŃņîùğäĪíăãƞƛƛķr

ŀçńľõŀĭĄčŃ(

Ęĉńî»ã Ąúèĵã êĮĚľĹ r ňõãĄ¹ã ňíäèľĵã œäĚĦĵã
Vegetation of the Mediterranean basin
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P. pinaster

P. pineaCupressus sempervirens

Tetraclinis articulataJuniperus phoenicea

J. excelsaJ. drupaceaJ. oxycedrusJ. thurifera

P. pinaster mesogeensis







Quercus ilex

Tetraclinis articulata

Juniperus phoenicea

Juniperus excelsa

Juniperus oxycedrusJ. drupacea



ğãńĽÚı éĄĖºã êĺáãÿ ëäŊĽäŉĀľĊĵã ļĹ êĪĶî¿ ŸäġãńĽÙ ëäçäĦĵã ĿĂŁ ĸĖíQuercus 

calliprinos ŃQ. coccifera ŃQ. suber ( Ń êâŊç ğãńĽōã ĿĂŁ ļĹ ĴĲĵ Ń
ĻäíĆŊÀ ăäĎîĽã êĢĭă  ( ĸĢŉQuercus ilex ŀľĹ œĆõ Āõńŉ Ń 2Ęĉńî»ã êĮĚľĹ ňçĄĥ

Ęĉńî»ã ňĭĄč r ŀĵ ĄñÙ ŇÙ ňĪîÈŃ ĻäĽńŊĵã r  (ĉ ļĹ Ęĉńî»ã  ĳäÊ r ńĺľŉ Ń Ąúèĵã øĚ
 ņîùƤƛƛ'Ɯƛƛƛķ  (ĮĚľ»ã ļĹ êèęĄĵã ŀèč êĵĀîĢ»ã Ń êĪŊĚĶĵã êĮĚľ»ã r Ćı£ŉ Ń ê

ņĶġōã ĬçäĚĵã wÝ Ąý× ŃÙ ĻäĲĹ r [ŒĶĊîĹ êŊĮŊĮ¹ã êŊĚĉńî»ã(

 ňĺîľŉQ. ilex ¨ŊõãĄù ¨Ģĺ® wÝ *Ģç ŀŊĩ ÿńĊí ŇĂĵã ňĮŊĮ¹ã ňĚĉńî»ã Ġĺöîĵã ğãńĽōã Ĕ
 ĈĶĲĵã êĪŊĵÙCalcicole êĕńĺ¹ã êĪŊĵÙ ğãńĽÙ ŀŊĩ ĄòĲí Ąý× Ń 2

Acidophilous ( ¨ç ŇńĶĢĵã ňĚĉńî»ã ĬçäĚĵã r Āõńŉ ŃƠƛƛ'Ɯƛƛƛ ëäîĩ ņĶġ ķ
 ĠĹ ăńþĒĵãJuniperus phoenicea êĕńĺúĶĵ êĪŊĵÙ Ń ĈĶĲĶĵ êĪŊĵÙ ğãńĽÙ éĀġ Ń

œãńĉ Āù ņĶġ  (

Sclerophyllous Forests



őńĺľŉQ. ilexrĳäÊäŊĮŉĄĩÝŃåńľõäŊĽäèĉÝŃœãĆõÙļĹåńľõäĚŉÝäŊĵ
ŃĻäĽńŊĵãĻŃÿğäĪíăãƟƛƛ2ķŃĀîÉļĹãĂŁğäĪíăőãêŉäĦĵƜƠƛƛŃÙƜƣƛƛ2ķŃ

ĴĒŉêŉäĦĵƝƟƛƛķrĳäèõ2ňĊĶęōãŃĀõńíëäĢĺ®rêĮĚľ»ãêĵĀîĢ»ãŃ
éÿăäèĵãļĹŀèčêèęĄĵãŀèčŃêĩä¸ãņĶġĻńîĊÉŒĵãŃ2äŁ§ĥäĺıĀõńŉ

Quercus ilexņĶġĴĲčăäöčÙêĭĄĪîĹŃ ŸãăÿäĽäĹĴĲĎŉ
ëäġńĺ½êŊõĄùêĪŊòı(



ĴĲĎíëäçäĦĵãêĚĭäĊîĹīãăŃōãŸãœĆõŸäĺłĹļĹİŊŉãąń»ãňíäèľĵãêĮĚľ»Ąúèĵã»ãĘĉńî.
ŃĀõńírœĆ¸ãĳĀîĢ»ãŃĨŊĚĶĵãļĹĬęäľ»ãêèęĄĵãŃéÿăäèĵã2êèęĄĵãŃŸäĽäŊùÙr

ĨŊĚĶĵãŀèčæęĄĵãéĆŊÀĬçäĚĵãňĚĉńî»ãŇńĶĢĵã(ŃĄĎîľíņĶġĴùãńĊĵãĎĵãêŊĵäĺ
ĘĉńîĺĶĵņĶġëäùäĊĹêĢĉãŃŃêĩäòĲçőćÚçä­ļĹƝƛƛ'Ɯƛƛƛķ(ĴĮíŃ Ÿã§òı

rĴùãńĉĄúèĵãêŊçńľ¸ãæèĊçëäęäĎĽĻäĊĽŏãŃħäĪ¸ãňĪŊĒĵãĴŉńĚĵã(ŃíĀõńr
īĄčĘĉńî»ãņĶġĴĲčĠĮçéÿŃĀ¾êĶĊĶĊıĳäè¸ãêŊĶùäĊĵãrĬęäľĹêĪľĶđŃ

ĬĶĽĄĪĵãrĳäÊåĄĥêŉăńĉ(
ÿńĊŉĈľõĻäŉĀľĊĵãQuercusĿĂŁëäçäĦĵãŃĸĖíQuercus

fagina, Q. afares, Q. libani, Q. castanaefolia, Q.

toza, Q. pubescens, Q. cerris, Q. frainetto, Q.
trojana, Q. aegilops, Q. ithuburensis2ŃĀõńŉ ŸäĖŉÙrĘĉŃŃ

īĄčĘĉńî»ãFraxinus ornus, Carpinus orientalis,

Ostrya carpinifoliaŃİĵĂıĔĢçļĹëäçäĥĻãĆĵãFagus sp.(

 äŊĶĢĵã êŊĚĉńî»ã ëäçäĦĵãThe Upper Mediterranean 

forests

 īãăŃōã êĚĭäĊîĹ ëäçäĦĵãDeciduous Forests



Ęĉńî»ã ĳäÊ r īãăŃōã êĚĭäĊîĹ ëäçäĦĵã
ĀõńíĿĂŁëäçäĦĵãņĶġħãńùêĮĚľ»ãêŊâŊèĵãêŊĚĉńî»ãrĳäÊīĄč2äŊĽäèĉÝŃr

2äĊĽĄĩŃêĮĚľ»ãêŊĚĉńî»ãļĹäŊĵäĚŉÝŃĻäĮĶèĵã(
Ɯ(ëäçäĥQuercus pubescensĀî±ļĹäŊĽńĵäîıwÝ2ĻäĽńŊĵãŃ

ňŁêĢĉãŃăäĎîĽőãæĢĒŉŃäŁĀŉĀ¯ŸäĹä±(ŃļĲÉäłĺŊĊĮíwÝ$Ɯ#ëäçäĥêŊĚĉńîĹ
êŊĮŊĮùĠĮíŃrœĆ¸ãĳĀîĢ»ãŃĨŊĚĶĵãļĹĬęäľ»ãŀèčêèęĄĵãņĶġåĄíĮŊĺġêëäùäĊ¬
éÿŃĀ¾(Ń$Ɲ#ëäçäĥêŊĚĉńîĹêŉńĶġŃňŁĄòıÙŸäġäĊíãļĹ2wŃōãŃĄĎîľír

œãĆõōãêĵĀîĢ»ãŃêĪŊĚĶĵãļĹĬęäľ»ã2êèęĄĵãŃőĴĺúîíħäĪ¸ãňĪŊĒĵãĄòıōļĹ
ĄłčŃňĺîľíŸäŊíäèĽwÝĠĺî½Quercetalia pubescentisŃňŁëäçäĥ§ĥ

2êĊĽäöîĹŃĆŊÉäłŊĩğãńĽÙêĪŊĵÙĈĶĲĵãråĄĦĵãņĶġäľŉąĀĽĄĵãŃňĺîľíwÝBuxo-

Quercion2ŃóāńĺľĵãňĭĄĎĵã$ĻäĮĶèĵãŭäŊĵäĚŉÝŃæĵōãêŉĄúèĵã#ŃŀçäĎíĠĺ®
Ostryo-CarpinionŃĄĎîľíņĶġĨĶî¿å£ĵã(



Ɲ(ëäçäĥostryo-carpinion*ŃŀçäĎíĿĂŁëäçäĦĵãóāńĺľĵãĬçäĊĵãĠĹ
ħŒîýãr2æŊı£ĵãŃĸĖíOstrya carpinifolia, Fraxinus

ornus, Tilia cordataĠĹĔĢçğãńĽÙėńĶèĵã(ŃĀî±ļĹĳäèõæĵōãêĶĚ»ãņĶġ
àęãńĎĵãwÝĳäèõĻäĮĶèĵãŃĳńĕäĽōã(ŃĀĢíêĪŊĵÙéăãĄ¹ãêĽăäĮĹĠĹQuercus

pubescensŃňĺîľíwÝœĆ¸ãĳĀîĢ»ãļĹêĮĚľ»ãêŊĚĉńî»ãêèęĄĵã(
ƞ(ëäçäĥăĆĢĵãQuercus cerris*ŃĀî±ĿĂŁëäçäĦĵãňĚĦîĵœĆ¸ãňĭĄĎĵã

ļĹĳäèõæĵōãêŊĶùäĊĵãņĶġČĹäŁëäçäĥQuercus pubescensŃäłèĉäľŉ
œĆ¸ãĳĀîĢ»ãŃÿăäèĵãļĹêĮĚľ»ã2êèęĄĵãŃńĺľíņĶġăńþđķÙ2êġńľîĹŃĀõńíĿĂŁĦĵãëäçä

rêĮĚľĹĬĶĽĄĪĵã$ĻäŉĀľĉŀèčŇăĆġ#$ƠƠƛķ#ŃêĮĚľĹêĪľĶđ$ƣƠƛ'ƜƝƛƛķ#r
êŉăńĉ(

Ɵ(ëäçäĦĵãêŊĽäŉĀľĊĵãŅĄýōãOther Oak Forests*įäľŁëäĢĺ®ğãńĽÙ
ŅĄýÙļĹëäçäĦĵãêŊĽäŉĀľĊĵãrêĮĚľ»ãêŊĚĉńî»ãļĹåńľõīĄčäçŃăŃÙŃäłƧÙĺ®ëäĢ

Quercus frainettoŃQ. trojanaŃëäçäĥœäľîĊĲĵãCastanea

sativarĻäĮĶèĵãņĶġăńþđķÙ§ĥêŊĊĶıņĶġğäĪíăãļĹƝƛƛ'ƜƠƛƛķ(



Ơ(ëäçäĥĻãĆĵãêŊĚĉńî»ãMediterranean Beech Forests*
ĴĲĎŉĻãĆĵãFagus silvaticaŃFagus moesiacaŃ

Fagus orientalisëäçäĥêĢĉãŃăäĎîĽőãņĶġĳńęÿŃĀ¹ãêŊĵäĺĎĵãêĮĚľĺĶĵ
2êŊĚĉńî»ãŃĴĥńîíŸäĽäŊùÙäłľĺĕäĺıńŁĳä¹ãrĔĢçëäçäĥ2äĲŊĉăńıŃ

ĻńĲŉëäçäĦĵĻãĆĵãļĺĕĠĺöîĵãFagion meridionaleëäĪĒĵãäłĊĪĽ
ŸäĖŉÙ(ŃŃĀèíëäçäĥĻãĆĵã§ĥ2êĊĽäöîĹŃńĺľíņĶġăńþđ2ĻńîĊÉŒĵãŃèĉäľŉäł

ĴĲĎĵãĨŊĚĶĵãļĹûäľ»ãæęĄĵãwÝĴĲĎĵãÿăäèĵãŀľĹ(
å(ëäçäĦĵãêĚĭäĊîĹīãăŃōãråńľõĘĉńî»ã:ĴĮíëäĹńĶĢ»ãļġĠĕŃëäçäĦĵã

êĚĭäĊîĹīãăŃōãråńľõĘĉńî»ãæèĊçĬŊĕêĢĭăäŁăäĎîĽãŃêĶĭëäĹńĶĢ»ãļġ
äłîâŊçŃäłèŊıĄí¥èľĵã(ļĹŃĄŉĀ¸ãĿĄıāÿńõŃĔĢçëäŊĽäŉĀľĊĵãQuercus

cerrisŃQ. pubescensråńľ¸ãêđä«ŃrĳäĺĎĵãňĭĄĎĵã(ĀõńŉŃ
Ostryo-carpinionr2ĳńĕäĽōãŃÿńĊŉQuercus pubescns

anatolicarĘĉŃŃåĄĥêèĖŁĳńĕäĽōãŀľĲĵăńŁĀîŉăãĄĺîĉäçì¯
éÚęŃňġĄĵã(



ĻäŉĀľĊĵã ëäçäĥQ. Faginea

Ɯ(êġńĺSãêŊçĄĦĵã$äŊĽäèĉÝêŊıĄíŃåĄĦ»ãŃĄáãĆ¸ãŃĈĽńíŃ#ĵÚîíŃĨļĹ
Quercus fagineaêġńĺSãŃêŊĭĄĎĵã$êŊıĄíŃêŉăńĉŃ¨ĚĊĶĩ#

ĨĵÚîíŃļĹQ. infectoria(ĠĺÆ¨íäŁ¨îġńĺSã¨îľŉäèî»ãĴĹãńġ£ĎĹ2êı
äĺłĶĩĴĲĎĵãňõńĵńĩăń»ãňâŊèĵãŃŀĊĪĽ(ĀõńíŃĿĂŁëäĢĺöîĵãêŉĄöĎĵãrĵãĬçäĚ
ńŊèĵãňýäľĹňĚĉńî»ãæęĄĵãëäùäĊ¬éÿŃĀ¾ŃêĮŊĕ2ăäĎîĽőãŃĀĭĘĶî°ĠĹğãńĽÙ

ŅĄýÙäĺıńŁĳä¹ãrøĪĊĵãňĭĄĎĵãêĶĊĶĊĵĳäè¸ãêŊĶùäĊĵãêŉăńĊĵãðŊù
ĘĶîÈėńĶèĵãĠĹăĆĢĵãņĶġğäĪíăãńÂƤƛƛķ(ŃĄĎîľíĿĂŁëäĢĺöîĵãļĹŅńîĊĹ
øĚĉĄúèĵãwÝğäĪíăãƝƛƛƛķ(



ńĺľíêġńĺ½ëäŊĽäŉĀľĉňĺîľíwÝêġńĺ½ĻäŉĀľĊĵã¦ŊĶĪĵãråĄĥî»ãĘĉń
ĻäŉĀľĊĵãŃŇÿäĢĵãrŀĭĄčņîùơƛƛķļġøĚĉĄúèĵã.ŃĆı£íäĉäĉÙrœĆ¸ã

ăä¹ãļĹêĮĚľ»ãêŊýäľĹńŊèĵãêèęĄĵãņĶġåĄí2êĮŊĺġŃĴĺúîíĿĂŁğãńĽōãÉŒĵãĻńîĊ(
äĺıĀõńŉĻäŉĀľĊĵãŇÿäĢĵãņĶġëäġäĪíăã¨çơƛƛ'ƜƠƛƛķ$êĵĀîĢ»ãêèęĄĵã#r

ĳäèõĈĶęōãĘĉŃōãŃ2äŁ§ĥĘĶîþŊĩĠĹQ. tozaråĄĦ»ãŃQ.

afaresrĄáãĆ¸ãŃ2ĈĽńíŃĬĩã£ŉŸäèĵäĥrīĄčĘĉńî»ãĠĹQ.

pseudocerrisŇĂĵãŀĊĩäľŉéńĮçêđä«ŃņĶġëäġäĪíăőãņĶġōãļĹƣƠƛ2ķŃ
ňĺîľíĿĂŁëäçäĦĵãwÝQuerco-fagetearĠĭãń»ã§ĥêçĄþ»ãņĶġå£ĵã

êĮŊĺĢĵã(ŃæĉäľŉĿĂŁëäçäĦĵãĻńîĊÉŒĵãå£ĵãŃêŊĊŊĶŊĊĵãŃåĄíăńþĒĵããĄĖº(



Ɲ(ëäġńĺSãêŊõĄ¹ãĻäŉĀľĊĶĵQuercus aegilopsńĺľíŃĿĂŁ
ëäçäĦĵãņĶġåĄíêĮŊĺġ2êĵńĮľĹŃrĔĢçĻäŊùōãëãāœäĹňĕăÙ2ĠĪíĄĹŃĀĮĵĀù

ĻäĊĽŏãŸã§òıļĹäŁăäĎîĽãŸãĄĞĽêŊùŒĒĵä­Ąí2êġãăĆĶĵŃĴĲĎŉ
Quercus aegilopsëäġńĺ½êŊõĄùêùńîĪĹőňĺîľíwÝīäĚĽŇńŊù

ňýäľĹ¨ĢĹ(ńĺľŉŃ§ýōãrœäîĎĵãĳĀîĢ»ãļĹĬçäĚĵãńŊèĵãňýäľĹŀèčĄĵãæęŃ
ŀèčħä¸ãrĻäĽńŊĵã2ĳńĕäĽōãŃŃŀçäĎŉãĂŁĻäŉĀľĊĵãêġńĺ½Quercus

ithaburensisrĻÿăōã¨ĚĊĶĩŃŃëäĢĪíĄĹĻőń¸ã(



ĄĎîľŉQuercus suberråĄĥĘĉńî»ã ŸãĀîÀļĹäŊĽäèĉÝwÝ2ĳäĦí ĵãŃč ŸäĭĄ
wÝäŊíä»ÿräŊíãŃĄıņĶġĄª2İŊíäŉăÿōãŃŸãăÿäĽäĹĀõńŉóăäýœĆ¸ãĳĀîĢ»ãĹļ

êĮĚľ»ãêèęĄĵãŃŀèč2êèęĄĵãŃĀĮîĢŉŀĽÚçőńĺľŉņĶġ2ĻńîĊÉŒĵãŃĳĀèîĊŉçŀ ŸäŊÆăĀí
ėńĶèĵãŃÙœäľîĊĲĵã(őÝŀĽÙĴĺĢŉņĶġŃĆĥêĮĚľ»ã2ăãĄĺîĉäçŃĴĲĎŉëäġńĺ½

êĪŊòıņĶġäŉäĮçňıä»ã(
ĴĲĎŉQuercus cocciferarňçĄĥēńùĘĉńî»ãŀĚĉŃŃ[œäĚĥ

Ÿäŉ§öčrĬęäľ»ãéăä¹ãŃêĵĀîĢ»ãļĹêĮĚľ»ãêèęĄĵãŃŀèč2êèęĄĵãŃĀĮîĢŉçŀĽÚĴĲĎŉ
êĶùĄĹļĹĴùãĄĹăńŁĀíQ. ilexŃÙŸäĽäŊùÙQ. suber(ŃĄòĲŉğńľĵãĿä®äç

ĳäÊīĄčäŊĮŉĄĩÝ(ĀĢŉŃQuercus calliprinos[œäĚĥŸäŊõĄùŸãĆŊÀr
ňĭĄčĘĉńî»ã(Ń



ĴĲĎŉëäġńĺ½êŊõĄùêĭĄĪîĹëãāăäöčÙ2êĺþĕŃĀĭìĕĄĢíĿĂŁ
ëäçäĦĵãwÝăńŁĀîĵãæŉĄþîĵãŃőÝĻÙäŁäŉäĮçäĹĳãĆíêĶñäĹrļıäĹÙéĀġ(îŉŃĠîĺ

ĻäŉĀľĊĵãŇÿäĢĵãêĽŃĄ¬êŊâŊçêŊĵäġŸãĀõðŊùĄĎîľŉŸãœĀçļĹƝƛƛŃ)ŃÙƞƛƛļġ
øĚĉĄúèĵãŃņîùƜƝƛƛ2ķŃ÷Ńã£íêŊĺıăäĚĹōãrêĮĚľĹĿăäĎîĽãļĹ
Ɵƛƛ'ƜƛƛƛĸĹŃİĵārĬęäľ»ãêĵĀîĢ»ãŃêĪŊĚĶĵãrëäýäľ»ãŀèčêĩä¸ãŃ
ŀèčêèęĄĵã[ŒĲĎĹĠĺî½Quercetalia calliprini(ČŉäĢîŉ

ĻäŉĀľĊĵãŇÿäĢĵãŃĸĚèĵã¦ŊĚĊĶĪĵãrêĮĚľ»ãŀèčêèęĄĵãŃŀıăäĎŉJ.

phoenicearêĮĚľ»ãŀèčêĩä¸ã(ŃĀĮîĢŉĻÙĄçńľĒĵã¢Ķ¹ãóāńÄňíäèĽļĹ
Ġĺ®Quercetalia callipriniņĶġ2äľŉąĀĽĄĵãr¨ùĄĎîľŉĻäŉĀľĊĵã

ŇÿäĢĵãņĶġäĉŃăã§îĵã(



ÿńĉōã ĄçńľĒĵã ëäçäĥPinus nigraêâĩäĲ»ã  ğãńĽōã Ń
ĀõńíëäçäĥĄçńľĒĵãÿńĉōãrĬęäľĹêĪĶî¿ļĹêĮĚľ»ãŃ2êŊĚĉńî»ãĀî±ņîùĳäèõ

æĵōãêŊĭĄĎĵãĳäèõŃĻäĮĶèĵã.ŃĸĊĮíwÝĠçăÙëäġńĺ½*
Ɯ(êġńĺSãêŊçĄĦĵãŃĨĵÚîíļĹ*

Pinus salzmanni, P. mauretanica, P. clusiana(
Ɲ(êġńĺSãņĚĉńĵãŃĨĵÚîíļĹP. laricio, P. italica, Pinus

calabra(
ƞ ( éĄŉĆõ ŀèčŃ æĵōã êġńĺ½Illyria $ňĲŊíäŉăÿōã ĄúèĶĵ êŉāäÍã # Ń

ĸĖí  *
Pinus nigra sensu stricto, P. dalmatica, P. 
gocensis(

ŊĵäĢĵã ĳäŭŭè¸ã ëäçäŭŭŭĥŭŭŭŭ   êMountain-Mediterranean Forests



Ɵ(êġńĺSãêŊĭĄĎĵã*ŃĸĖí*Pinus pallasianaĨĶîþ¬
ĿąĄę(

ńĺľíĠŊ´ğãńĽōãêĮçäĊĵããĀġP. nigraŃP. gocensisrûäľ»ã
ňĚĉńî»ã(ŃĨĶîÈğäĪíăőãŇĂĵãĀõńíŀŊĩĿĂŁğãńĽōãæĊùĬęäľ»ã

2êŊĩãĄĦ¸ãČŊĢîĩrĳäÊĘĉńî»ãņĶġëäġäĪíăã¨çƠƛƛ'ƜƠƛƛ2ķŃr
ŀçńľõ¨çƜƜƛ'Ɲƛƛƛ2ķŃĀõńíņĶġëäġäĪíăãêĚĉńîĹrļıäĹÙ

ŅĄýÙä¬äłŊĩňíĄŉĆõäĲŊĉăńıŃď ĭ(ČŊĢíŃrĴĲĎĵã
ÿăäèĵãļĹûäľ»ãŀèčæęĄĵãŃæęĄĵãŃņîùrĬęäľ»ãŀèčêĩä¸ãĵãäŊĶĢ

2ŸäĽäŊùÙŃãĂŁäĹĄĊĪŉĻńıP. clusianaŃP. pallasiana
ŇŃāăäĎîĽãĠĉãŃrêĮĚľ»ãêŊĚĉńî»ããĀġĳäÊäŊĮŉĄĩÝæèĊçĭäłîŉăä(



ĄĎîľíëäçäĥĄçńľĒĵãÿńĉōãrĬęäľĹåäĖ¼ãräŊĽäèĉÝŃåńľõäĊĽĄĩ
äĲŊĉăńıŃŃĻäĽńŊĵãŃ2äŊıĄíðŊùŃĆĦíļıäĹÙëäçäĦĵãêĚĭäĊîĹīãăŃōã

êđä«ŃrêĮĚľ»ãŀèčêèęĄĵãŃĆı£ŉP. salzmanniŃP. dalmatica
rêĮĚľ»ã(ŃĈĩäľíğãńĽÙĄçńľĒĵãÿńĉōã÷ńĎĵãŃąăōãrĬęäľ»ãŊĚĉńî»ãêêŊĶè¸ã(

ĴîÇŃğńľĵãP. pallasiana ŸãœĆõŸã§èıļĹĴĲĎĵãÿăäèĵãûäľĺĶĵňĚĉńî»ã
ŀèčħä¸ãŇńĶĢĵãrĳńĕäĽōã(ŃŃĀèŉĻÙğãńĽÙĄçńľĒĵãÿńĉōãőĄñÚîíŸã§òı

æŊı£ĵäçňáäŉĆŊĪĵãŃÙňáäŊĺŊĲĵãêç£ĶĵĸĥăÿńõŃĔĢçĿĂŁğãńĽōãņĶġăńþđÙķ
êŊĊĶıŃÙêŊĊŊĶŊĉåäèĉōêŊĩãĄĦõêĖ¾(Ńńĺľŉ§òĲĵãļĹğãńĽÙĄçńľĒĵãĉōãÿń

ļĺĕëäĢĺ®ňĺîľíwÝQuercetalia ilicis$êĮĚľĹéÿăäçêèęă#Ń
Quercetalia pubescetis$ĨŊĚĵæęă#ŃņîùrĬçäĚĵã

Fagetalia$ÿăäçæęă#(



ĀŁäĎíğãńĽōãêĮĩãĄ»ãĄçńľĒĶĵÿńĉōãrĠĭãń»ãêÉĀĮĵãêŊĺÍãäĺľŊç
ĜùŒŉŃĆĥåäĎġōãŃÙåäŊĥœäĚĦĵã¥úîĵãrëäçäĦĵãêđä«Ńr
œĆ¸ãŀèčħä¸ãļĹĬęäľĹäŁăäĎîĽã(ĳĀèîĉãĄçńľĒĵãÿńĉōãr

ĸĞĢĹĻãĀĶçĘĉńî»ãäŊĢŊèęĄçńľĒĵãňõĄ¹ãP. silvestris
äĺıńŁņĶġëãăĀúľ»ãêŊçńľ¸ãĳäè¸ŀŊŊľŉ§èĵãŃrĳäèõæĵōã

êŉĄúèĵã(äĺıĳĀèîĉãŀçŸäĖŉÙéăńĒçŃêŊĢŊèęråńľõäŊĵäĚŉÝŃr
ĔĢçĬęäľĹĻäĮĶèĵãŃÙäŊáĆõğãńĽÙPinus heldreichiŃP.

leucodermis(



ąăōã ëäçäĥCedar Forests

ĀõńŉąăōãňĊĶęōãCedrus atlanticarĳäèõĈĶęōãrĳäÊ2äŊĮŉĄĩÝ
ńĺľŉŃąăōãňĽäľèĶĵãCedrus libanirxäġÙĳäè¸ãêŊĶùäĊĵãrêŉăńĉŃ2Ļäľèĵ

äĺıĄĎîľŉCedrus brevifoliarď ĭ(ŃŀçäĎîíħŃĄĞĵãêŊâŊèĵãĿĂ¼
ëäçäĦĵã(ŃĀõńíņĶġğäĪíăãƜƠƛƛķīńĩĴĉŒĉĳäè¸ãêŊĶùäĊĵãŃêŊçĄĦĵãļĹ2àęäĎĵãŃî±Ā

ļĹƝƛƛƛ'Ɲƞƛƛ)ƝƠƛƛrœãĆõōãêŊĭĄĎĵãĳäè¸ĈĶęōã(ŃäĹĳãĆŉĔĢçäłľĹêĵäªéĀŊõ
ëäçäĦıĈĶęōãĘĉŃōãŃĈĶęōãňĶîĵãrĄáãĆ¸ãŃĳäèõćŃăńęêŊçĄĦĵã(ŃňĽäĢŉ

äłĖĢçĄýŋã$2êŉăńĉĻäľèĵ#ļĹëäõăÿêĪĶî¿ļĹăńŁĀîĵã(æĉäľŉëäçäĥąăōãîĎĵãœä
ÿăäèĵãļĹûäľ»ãæęĄĵãrĳäÊäŊĮŉĄĩÝŃœäîĎĵãÿăäèĵãŀèčæęĄĵãrňĭĄč»ãĘĉńî(Ń

ĀĢŉûäľĹąăōãňĚĉńîĹňõāńÄ(ĬĩãĄŉąăōãŸäèĵäĥğãńĽÙêĚĭäĊîĹīãăŃōãĴòĹQ.

faginearĳäÊäŊĮŉĄĩÝŃQ. infectoriaŃQ. libaniŃQ. cerrisŃ
Ostrya carpinifoliarĳäèõ2ćŃăńęŃŀĮĩãĄŉrêŉăńĉ ŸäèĵäĥăĆĢĵãŃńĶèĵãė

2ňĽäľèĶĵãŃrĻäľèĵĔĢçļĹ÷ńĎĵãňĲŊĶŊĲĵãŃğãńĽōãêĮçäĉĄıĂĵã(ŃĬĩãĄŉąăōã
ŸäĽäŊùÙğãńĽÙħĄĢíäłáäĺîĽäçwÝQuerco-fagetea(



ĄłĞíëäçäĥ÷ńĎĵãrĬęäľ»ãëãāœäîĎĵãÿăäèĵãļĹêĮĚľ»ãêèęĄĵã.ŃĀõńŉļĹğãńĽōã
rêĮĚľ»ãêŊĚĉńî»ãAbies maroccana, A. pinsapo, A.

nebrodensis, A. cephalonica, A. borisiregis, A.
equitrojani, A. bormullerianar, A. cilicica(ĨĶî°Ń

ėŃĄĎĵãêŊâŊèĵãĿĂ¼2ğãńĽōãőÝäÅÙŸäĢŊ´ČŊĢírĴĲĎĵãÿăäèĵãļĹûäľ»ã
ňĚĉńî»ãæęĄĵã(äĺŊĩãĀġA. nebrodensisŇĂĵãńĺľŉ ŸäŊĢŊèęrêŊĶĮđŃ

åńľõäŊĵäĚŉÝļĺĕëäçäĥĻãĆĵã(ŃļĲÉĸŊĊĮíğãńĽÙ÷ńĎĵãwÝïŒñëäġńĺ½*
Ɯ(cephalonica*ŃĀõńŉrCephaloniaŃåńľõĻäĽńŊĵãðŊù

ĴĲĎŉŸäĮçäęŸãœĀçļĹƠƛƛŃÙơƛƛķwÝĄòıÙļĹƝƛƛƛ2ķŃĆı£ŉŸäŊâŊçr
ĴĲĎĵãÿăäèĵãļĹĬçäĚĵãňĚĉńî»ãŀèčæęĄĵãŃæęĄĵãŃİĵĂırœĆ¸ã

ĨŊĚĶĵã2ŀľĹńĺľíŃŀíäĢĺ®ņĶġăńþđķÙêâčäĽļġĈĶıŃìŊĹńĵŃÿ(

  ÷ńĎĵã ëäçäĥMediterranean Fir Forests



Ɲ(Abies pinsapoŃA. maroccanaŃA. numidicaŃ
A. cilicica*ŃňŁğãńĽÙäłèĉäľŉĴĲĎĵãÿăäèĵãļĹûäľ»ãňĚĉńî»ãæęĄĵã(Ń

ńĺľíņĶġëäġäĪíăã¨çƜƠƛƛ'Ɲƛƛƛ2ķŸäèĵäĥŃäĹĀõńíëäĢĺ®ğãńĽōãêĮçäĊĵãĠĹ
ąăōã(ŃĆı£ŉäŁńÄņĶġ÷ńĪĊĵãêèęĄĵãäłîŊĉäĊ¹éĀŉĀĎĵãħäĪöĶĵĪŊĒĵãň(

ĻńĲíŃêçĄíĿĂŁëäçäĦĵãéĀŊõrĠĭãń»ãêĪŊòĲĵãêŊĺÍã(ŃĻńĲŉĠĺîSãèľĵãňíä
ŸäŊľĥŀíäĽńĲ¬ĨĵÜ»ãŸäĉäĉÙļĹQuerco-fagetea(ŃĀõńŉwÝæĽäõĿĂŁ

ğãńĽōãĀŉĀĢĵãļĹğãńĽÙėńĶèĵãŃğãńĽÙæĮŊĮĵãA. sp.ŃPopulus tremula

ŃCedrus sp.(
ƞ(Abies borisregis*ŃńŁņĶġäĹŃĀèŉôíäĽĴĶĊîĵğãńĽōãA.

pectinataŃA. equitrojaniŃA. bormulleriana¥ĵãìĶîùã
ČĹãńŁêĮĚľ»ãêŊĚĉńî»ãåĄĮĵäçļĹĬęäľĹĻãĆĵã(



ĴĺĢíäŊĩãĄĥńçńĚĵãņĶġÿäÆÝûäľĹňĢĕńĹøĺĊŉœńĎľçëäġńĺ½êŊĶ¾êŊõãĄù(
Ćı£íŃĿĂŁëäçäĦĵãrxäġÙĳäè¸ãêŊĚĉńî»ãĳäèöıĈĶęōãŃćŃăńęŃ

ĳäèõĻäľèĵðŊùĄłĞíëäĢĺ®Juniperus sp.ēĄĢçƞƛƛ'Ɵƛƛķ¨ç
ğäĪíăãƝƝƛƛïƝƞƛƛķŃƝƠƛƛ'ƝơƛƛķļġøĚĉ2ĄúèĵãŃëäĢĺ®J.

thuriferarĳäèõĈĶęōãäĺıĀõńŉJuniperus excelsar
ĳäèõćŃăńęŃĳäèõĻäľèĵêŊĭĄĎĵãêŊçĄĦĵãŃ(ŃæĉäľŉĿĂŁëäĢĺöîĵãûäľ»ãèĵãÿăä

ŃÙÿăäèĵãŸãĀõļĹêĮĚľ»ãŀèčêèęĄĵãŃÙŀèčêĩä¸ã(ŃĸĖŉŸäġãńĽÙêŊıńčŃ
ŸäçäĎġÙ2êĪĶî¿ŃĻńĲíêç£ĵãéăńŁĀîĹĨĢĖíŃéăĀĮĹăäöčōãņĶġĀŉĀöîĵã

$åãĆĶĵãrĻńĺĶĮĵã#(ŃĀĭőĀġäĊíĳäè¸ãêĮŁäčğäĪíăőãņĶġăńłĝûäľĹňĶ¾
ĸłĊŉrńÄìèľĵã2ňõãĄ¹ãĀõńîĩ§òĲĵãļĹĸĺĮĵãéãĄĢ»ãļĹìèľĵããĄ¹ãňõ

ŸäŊĵäùĸĺĮıĳäèõåńľõäŊĽäèĉÝŃĻäĽńŊĵãĴèõŃğĄĭōãŃĴèõüŊĎĵã(

ëäġńĺSãêŊõĄ¹ãêŊĩãĄĥńçńĚĵãÚĎľ»ãOro-Mediterranean

Forests



ĄĎîľírĬęäľ»ãêŊĚĉńî»ãêĩä¸ãĔĢçëäĢĺ®ăäöčōãŃ§öĎĵãëã
êŊĵäîĵã: Argania spinosaåńľõĄŉÿäĥÙņĶġĴùäĉĘŊÍã

ňĊĶęōãr2åĄĦ»ãŃPistacia atlanticaŃZiziphus

lotusrĳäÊäŊĮŉĄĩÝŃAcacia gummiferaråĄĦ»ã
ŃPistacia atlanticaŃZiziphus lotusŃ

Amygdalus sp.rīĄčĘĉńî»ã(

êĩä¸ã êŊĚĉńî»ã Ĭęäľ»ã óãĄùÙ Ń ëäçäĥ
Forests and woodlands of arid 

Mediterranean



ŃňŁëäĢĺ®ļĹğãńĽōãêĪŊĵÙêçńęĄĵãhygrophilousĸĖí
räłĺĞĢĹëäĢĺ®ăń¹ãP. albaŃÙFraxinus

excelsiorŃÙAlnus glutinosaŃÙA.

orientalisŃÙPlatanus orientalisŃÙ
Populus euphratica(

 êŊĭäĚĽŒĵã ëäçäĦĵãAzonal forests
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Practical applications



êŉăńĊĵã ëäçäĦĵã
ļŁãĄĵã Ġĭãńĵã



êĩä¸ã ŀèč Ń êĩä¸ã Ĭęäľ»ã ëäçäĥ
Arid and Semi-arid 

Forests
ĄĎîľírĬçäĚĵãňýäľĹńŊèĵãŀèčħä¸ãëäçäĥĻäŉĀľĊĵãŇÿäĢĵãrĬęäľ»ãêŊĶýãĀĵãļĹ
ĄĚĮĵã2ŃĀõńŉrĬçäĚĵãňýäľĹńŊèĵãħä¸ãëäçäĥĸĚèĵãňĊĶęōãrĨĶî¿Ĭęäľ»ã

êŊĶýãĀĵã(ŃĬçäĚĵãŃĀèŉňýäľĹńŊèĵãħä¸ãŸãĀõŸäŊĵäýļĹìèľĵãňõãĄ¹ãŸäŊĵäù(



ù ňõãĄ¹ã ìèľĵã ļĹ ŸäŊĵäý ŸãĀõ ħä¸ã ňýäľĹńŊèĵã ĬçäĚĵãŃĀèŉŸäŊĵä



ĄĎîľíäŉäĮçêçäĥêùńîĪĹļĹĸĚèĵãňĊĶęōãŃ
ĀŉńĊĵã¦ŊĚĊĶĪĵãŃąńĶĵãňĭĄĎĵãŃûńºããŇ ĵŃ

ăŃĄġĆĵãrêĮĚľ»ãêŊĵäĮîĽőã¨çĬęäľ»ããêĩä¸Ń
ŀèčêĩä¸ãëãāœäîĎĵãÿăäèĵãŃÿăäèĵãŸãĀõŃıêŊĺ

ăäĚĹÙƜƣƛ'ƞƛƛĸĶĹ)êľĉŃİĵāņĶġ
ëãăĀúľ»ãŃåäĖ¼ãêŊĶè¸ã$Ƣƛƛ'ƜƞƠƛķ#¨ç

ĳäèõêŉÿäèĵã$ĄĹĀí#2êŉĄĹńĎĵäıćäĢĶèĵãŃ$ĦĹéăä
2ĄĮđŃŇÿãŃ2ċńľĩ(34 55 35N, 37

40 48E ̙ 34 5641E, 37 41
11N)#2Ń2ĄġäĎĵãŃńçÙ2¨´ăŃĴèõ

2ăäöľĉĴèõŃĀèġĆŉĆĢĵã(ŃŃĀèíĿĂŁĬęäľ»ã
ŸäĹńĺġéÿĄ½ļĹœäĚĦĵãňíäèľĵãňõãĄ¹ãäĺŊĩãĀġ

äĹĄıāæèĊçňġĄĵãĄáä¸ãŃåäĚîùőãŃĠľđ
ĸúĪĵã(



$2ċńľĩ ŇÿãŃ Ń 2ĄĮđ éăäĦĹ(34 55 35N, 37 40 48E ̙ 34 5641E, 37 41 11N) #



ĀõńŉäŉäĮçëäçäĥåãĆĶĵãņĶġëäġäĪíăãīńĩƜƠƛƛķ
ļġøĚĉĄúèĵãðŊùêŊĺıăäĚĹōãņĶġÙļĹƞƠƛ
ĸĶĹ)êľĉrĬęäľĹŇÿãŃüŊĎĵãňĶġ'êĺŊĶùéăäĭ

$34 11 44N, 36 37 03E#2ŀĮĩãĄŉ
êġńĺ½ļĹëäíäèľĵãêŉÿäĉŃ2ĴĲĎĵãĤĶèíŃêĩäòı
ăäöčÙåãĆĶĵãņĶġ÷ńĪĊĵãêŊçĄĦĵãŃêŊĭĄĎĵãĶĊĵêĶĊ

ĳäèõĻńĺĶĮĵãńÂƞƝéĄöč)ŭŁİĵāŃņĶġğäĪíăã
ƝƞƤƛķļġøĚĉĄúèĵãŃĀîÉļĹĳäÊêĮĚľĹĻńĺĶĮĵã

wÝĳäèõňĽãĀçĆĵã(ĀĮîĢŉŃÿńõŃńÂƜƟƛƛŭŁļĹ
åãĆĶĵãrÿŃĄõĳäĊĢĵãŃéĄĢ»ã(



ŃļĲÉéĀŁäĎĹĀŉĀĢĵãļĹëãăÿäçăäöčÙĸĚèĵãŃ§òĲĵãăäöčÙŃĀŉńĊĵãrĳäèõÿäèĵãêŉ
êŉăńĊĵã.ŃĀĮîĢŉŇĄĲľĉ$ƜƤƣƢ#ĻÙéăĀĽÿńõŃăäöčÙĸĚèĵãêçäĎĵãÿńĢŉwÝħãĄÁã

2êç£ĵãŃňġăĳäĺ¸ã2Ćġä»ãŃêĩäĕÝwÝĠ´ăä³ĸĚèĵã(ŃĄĎîľíäŉäĮçëäĢĺ®õĄùêŊļĹ
ĻäŉĀľĊĵãŇÿäĢĵãrĬęäľĹĴèõåĄĢĵã$ĸŊĶĉŃĴŊîġ32 47 12N, 36 35

07E ̙1000m ̙ 32 47 19N, 36 34 54N, 1050m)#2Ń
ëãńľĮĵã(33 45 18N, 36 37 35E, 1300)2ŃĄĪĲĵã(32 38

28N, 36 40 28, 1480m)$ĴĲĎĵãĸĭăơƜ2ŃơƝ#2Ńêĺĭ¢ľĵã2ĴŊçäŁ
êĩäĕÝwÝĀŉĀĢĵãļĹăäöčÙŃëã§öčăŃĄġĆĵãīäĺĊĵãŃŃĔĢçļĹăäöčÙĸĚèĵã

ňĊĶęōãŃďäõōãŇ ĵã$¢ĶčŃ2ĿÛŒĹąƜƤƤƢ#2ŃĀõńŉPistacia khinjukr
ĴèõćäĢĶèĵãŸäĚĶî¿ĠĹP. atlantica(
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Tourism in Afforestation site (outside protectd area), adjacent to Deer fenced area

Wadi Thaniet Sukkara looking at Sukarra castle

Afforestation within 18000ha but ouside the core

Sabeh Zlam ville outside protected areea limit

towards Markab Ali; wadi Al-sharqi; trees density 30-40/ha

Markab Ali Northern borders; looking at Al-Ghara ville

Northern borders 50trees/ha, 20 meters between trees

Northern border of the protected area, entrance of thaniet Badeeh, sparce trees of pistachio with  pine afforestation

wadi Badeeh, 30-35 trees/ha on northern slopes

forest ranger station (out), pine afforestation; pistachio trees of 30-40/ha on slopes

south-western border of the core protected area to the west Bakar mountain

Badeeh signe, Markab Ali to the east; to the west 20-30 trees of pistachio

eastern borders; grasses, pistacio trees with a density of 5-10/ha

Pistachio trees with 30 trees/ha, with some trees of Crataegus sp.

nearly 17 km from Badeeh signe; wadi Qarnous; some wheat field to the south of this point; nearly 50 trees/ha. Underneath transmitor station; Amygdalus sp., Prunus sp.



 ňĊĶęōã ĸĚèĵã ăäöčÙ  ļĹ êŊõĄù ëäĢĺ® äŉäĮç Ĵèõ r
 ćäĢĶèĵãP. atlantica





 ĀõńŉPistacia khinjuk ĠĹ ŸäĚĶî¿ ćäĢĶèĵã Ĵèõ rP. atlantica



Wadi Qarnous; some wheat field to the south of this point; nearly 50 

trees/ha. Underneath transmitor station; Amygdalus sp., Prunus sp.  

Crataegus sp. (362544N,401757E-900m, close to Markab Ali).



ĆŉĆĢĵã Āèġ Ĵè¸ ķäġ ĄĞľĹ
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Wadi Thaniet Sukkara (362510N, 402345E-606m, looking at Sukarra 

castle)
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(362534N, 401934E-880m).







 






























 





























 























Markab Ali (362549N, 401812E-914m, Northern borders



Lolah-Northern Slope
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362553N, 401804E-927m Northern borders 50trees/ha, 20 meters 

between trees



Lolah-Northern Slope 
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Lolah road (362535N, 401544E-860m. 



Wadi Sfereh
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Sharet Al Badeea





 


























ĀõńíëäĢĺ®éĀŊõļĹďäõōãŇăńĊĵãPyrus syriacaŃĸĚèĵãňĊĶęōãP.
atlanticaŃæĮŊĭŀŊĶŊèĽńĹAcer hermoneumĀŉńĊĵãŃ¦ŊĚĊĶĪĵã

Rhamnus palaestinaŃąńĶĵãAmygdalus orientalis
ŃAmygdalus communisņĶġøĪĊĵãňĭĄĎĵãŃÿãĀîĹãêĶĊĶĉĳäèõĻäľèĵ

êŊĭĄĎĵã¨çƜƞƠƛ'ƜƠƛƛķðŊùĀŉĆíêŊĺıĳńĚ¼ãņĶġƞƛƛĸĶĹ)êľĉrĬęäľĹŇÿãŃĴŉäĺ¹ã
$34 16 02N, 36 37 23E-1620 m)#2Ń÷ãĄ´(34 2019N, 36

40 22E - 34 20 22E, 36 40 53N)2êŊľŊîŉŃąŃ34 17 58N, 36

38 09E)'(34 14 34N, 36 37 06EļĺĕŃûäľĹŀèčħäõŇāœäîč
ÿăäç ŸãĀõŃİĵāņĶġåĄíêĶúĕwÝêĚĉńîĹĬĺĢĵãéĄö¾Ń(ŸäèĵäĥŃäĹĄòĲíĿĂŁăäöčōã
ņĶġēăäĢ»ãêŊĵäĺĎĵãrŃĻäŉÿńĵã$ŇÿãŃêŊľŊîŉŃą#ðŊùķŃĀŉôĶòĵãĄòıōļĹĄłčrãêľĊĵ(äĺı

ĜùńĵăäĎîĽãĸĚèĵãňĊĶęōãrÿŃĄõêĮĚľĹÿŃ ŉ$2êĢþèĵã36 36 18N, 33 54

00E#(





 ÿŃ ŉ êĮĚľĹ ÿŃĄõ r ňĊĶęōã ĸĚèĵã$ 2êĢþèĵã36 36 18N, 33 54 00E#



 ÿŃ ŉ êĮĚľĹ ÿŃĄõ r ňĊĶęōã ĸĚèĵã$ 2êĢþèĵã36 36 18N, 33 54 00E#



Pistacia atlantica ̙Al-Lajah



êŉăńĊĵã ëäçäĦĵã
ļŁãĄĵã Ġĭãńĵã



  êŊĭäĚĽŒĵã ëäçäĦĵãAzonal Forests



ĄĎîľíņĶġĳńęăäÅōãŃŇăäSãêŊáä»ãrĬęäľĹêĪĶî¿ļĹĄĚĮĵãğãńĽÙíäèĽêŊħĄĢí
ëäíäèľçħäĪĕăäÅōãRiparian VegetationŃĠĺÆĿĂŁëäíäèľĵãêĪđêĪĵÙ

2œä»ãäłèùŃĀŉĀĎĵã2œńĖĶĵŃêġĄĉäŁńÄ(ĄĎîľîĩņĶġĳńęăäÅōãŃňĭãńĊĵãğãńĽÙéĀġ
ĄıĂĽäłľĹðĦľĵãAlnus orientalisŃæĵĀĵãňĭĄĎĵãPlatanus

orientalisŃħäĒĪĒĵãSalix sp.Ńăń¹ãPopulus sp.Ń
ăãÿăĀĵãFraxinus sp.ŃêĶĩĀĵãNerium oleanderŃĀñăōãŇăäłĚĵã

Vitex agnus-castusëäíäèĽŃŅĄýÙ(

êŊĢŊèĚĵã êŊĭäĚĽŒĵã ëäçäĦĵãAzonal Natural Forests



ĄĊÂãăäĎîĽãĿĂŁğãńĽōãŸäŊÆăĀíæèĊçĠĚĭäŁăäöčÙŃêùŒĩĬęäľĹħäĪĕ2ăäÅōãŃr
êĮŊĮ¹ãĀŁäĎíĿĂŁëäĢĺöîĵãņĶġĴĲčêęĄčÙêĮŊĕéĀîÀņĶġĳńęŅĄ½ĄÅĴŉĀľĮĵãòĹ[Œ

rĳäÊ2êŊĭāŒĵãņĶġŃħäĪĕŇĄÅ2êĊŉĀľĲĵã§èĲĵãŃ2xäĺĎĵãŃŅĄ½ĄÅĶĽĄĪĵãĬ
äŁ§ĥŃ.ĄòĲŉŃæĵĀĵãrĻäŉÿŃêĶĊĶĉĳäè¸ãêŊĶùäĊĵãêđä«ŃņĶġ÷ńĪĊĵãŊçĄĦĵãêŃăĀĮŉ

ĄĺġĀùÙăäöčÙæĵĀĵãéÿńõń»ãrŇÿãŃćĄĲĵãńúľçƜƛƛƛķäġ$ļŉ§ç#ŸäèŉĄĮíŃēĄĢîí
ĿĂŁëäĢĺöîĵãêŊíäèľĵãwÝĠĚĮĵãŃœńĉĳäĺĢîĉőã(ŃĄĎîľŉăń¹ãĔŊçōãŃÿńĉōãçŀõāäĺľ

êĪĶîþ»ãŃêġŃăĆ»ãäłľĹņĶġħäĪĕŅÿĄçŃóńġōãrêĮĚľĹĬĎĹÿ(Abido,

1985a)ŃĄÅňđäĢĵãăńçäºãŃ(ħĄĢíŃëäĢĺ®ăń¹ãĿĂŁēäŊĦĵäçŃąäî±êġĄĊçĵãńĺľ
ŃăäĺòîĉőãĨòĲ»ã(ĬĩãĄŉŃăäöčÙăń¹ãĿĂŁĀŉĀġļĹħäľđōãŅĄýōãæĵĀĵäıŃ

ħäĒĪĒĵãŃĈŊ»ãŃvŃōã(ŃńĺľŉņĶġħäĪĕĄÅëãĄĪĵãŃrĿăĆõăń¹ãňíãĄĪĵã$åĄĦĵã#
ĴĲĎçňĢŊèęņĶġĴĲčăäöčÙéÿĄĪľĹŃÙņĶġĴĲčëäĢĺ®rôáãńù.ŃĨĒîíĿĂŁ

ăäöčōã2äłõäõńġäçÿĀĢíŃ2äłĭńĉăĀĮíŃäłîùäĊĹńúľçƠƛƛƛăäîĲŁ$2éńĶùƜƤƤƜ#(



ĄĎîľíëäçäĦĵãêŊġäľĚđőãrĬęäľĹêĪĶî¿ļĹ2ĄĚĮĵãĨĶî°ŃäĺŊĩäłľŊçļĹŊùðêùäĊ»ãŃ
ğãńĽōãêĶĲĎ»ãä¼.ĄòĲŉŃ§öĎîĵãğãńĽōäçêŊęŃĄþ»ãêđä«ŃëäŉĄçńľĒĵã(ĀĭŃëÙĀç

ëäõńĹ§öĎîĵãğãńĽōäçêŊõãĄ¹ãĂľĹ2ëäľŊĊĺºãìĺġŃĠŊ´ëäĞĩäÍã(
ĀõńíŃĄõäĎ»ãëãāëäùäĊ»ãé§èĲĵãrēńù2ëãĄĪĵãrŃêęńĥĬĎĹÿ2ăĀĮíŃêùäĊĹ

ăń¹ãğŃăĆ»ãrêęńĥĬĎĹÿńúľçƞƛƛƛŭŁ$2éńĶùƜƤƤƜ).ļĹŃĠĭãńĹ§öĎîĵãêĺł»ãĄıĂĽ
ĠĭńĹåŃÿĄĎĵã$Ąçńľđ2äŊíŃĄçĄçńľđ2¢ĶùĄçńľđ2ňġäĢčĄçńľđŃŇăäľı#rêĮĚľĹ

2êĪ¹ãŃĠĭńĹ§öĎíêęŒèĵã$2ąăÙĄçńľđ2ŇĄªĄçńľđ2ÿńĉÙĄçńľđäŊíŃĄç#rêĮĚľĹ
2ņĺĶĉĘŊ¾ŃéĀĶçêĪľĶđ2ŃĠĭńĹêčäþĎºã$ĄçńľđäŊíŃĄç#rêĮĚľĹ2êùãÿĄĮĵãŃĠĭńĹ
§öĎíìŊçëńîĽą$ĄçńľđÿńĉÙŃĄçńľđäŊíŃĄç#2ňĢĭńĹŃæŊèŊľġŃ¨ġèĊĵãĠåĄĮĵäçļĹ
2êçń¸ãĄõäĎĹŃëäŉĄçńľĒĵãrĳńłĉêĶèõŃ2êŊĭāŒĵãêĽäĹĄçŃüŉäĎ»ãrêĞĩä¾ę2ćńęĄ

   êŊġäľĚđőã êŊĭäĚĽŒĵã ëäçäĦĵãAzonal Plantations



ŃćńîèŊĵäıŃōãrĴùäĊĵãŇăńĊĵãŃêĮĚľĹüĶĲĶíŃæŉĄŉĆ»ã2ĴèõŃćäĢĶèĵã$ĚçĸňĊĶęÙŃ
ĄçńľđäŊíŃĄç#2ĴèõŃ2åĄĢĵãêĩäĕÝwÝĄõäĎ»ãņĶġÿãĀîĹãīĄĚĵãêĹäĢĵã(
ĔĢçŃĠĭãń»ãŅĄýōãňçĄĥêľŉĀĹĬĎĹÿ$2ćäÉĀĵã2ňĽãĀçĆĵãŃŃŇÿãŃĻĄĮĵã#ðŊù2ąăōãŃ

ĄçńľĒĵãŇĄĺòĵãŃğãńĽÙêŊęŃĄ¿ŅĄýÙ.ļĹŃĄŉĀ¸ãĄıĂĵäçĄõäĎĹœäľîĊĲĵãêòŉĀùĀłĢĵãr
êĮĚľĹĄłĕ§ĒĮĵã(34 50 37N, 36 21 52E)2İĶíŃêĶĥń»ãrķĀĮĵãļĹ

ĻäŉĀľĊĵãŀèčŇăĆĢĵãŇĂĵãŀĮĩãĄŉĔĢçļĹăäöčÙœäľîĊĲĵãrêĊŊîçÿĄ¸ã(34 52

37N, 36 19 35E-920)ðŊùĀŉĆŉĄĚĭăäöčōãņĶġƜķĀŉĆíŃäŁăäĺġÙņĶġ
ƞƛƛêľĉ(ļĹŃĄõäĎ»ãêÉĀĭĀłĢĵãéăÿäľĵããZiziphus jujubarćäĲçrêĮĚľĹ
êĪ¹ãðŊùğăĆíăäöčōãĳńĒúĶĵņĶġäŁăä³$ëőńõêŊĶĮù2ĨĵÜĺĶĵƜƤƤƢ#(ŃĠèĚĵäçő
ļĲÉĄıāĠŊ´ĬęäľĹ2§öĎîĵãőÝŀĽãļĲÉĳńĮĵãĻÙĿĂŁëãĀùńĵãêŊíäèľĵãőĘèíĄíçĬçäĚ

ňýäľĹńŊç¨ĢĹĴçňĚĦíĬęäľĹêĪĶî¿êľŉäèîĹŃräłĶĹãńġêŊâŊèĵã(



Qassion Mountain- Cupressus 

sp.



Qassion Mountain



 ňĽäľèĵ ąăÙï ĠĭńĹ''''ćńĹĀĮĵã 2



 ňĽäľèĵ ąăÙï ĠĭńĹ''''ćńĹĀĮĵã 2



 ňĽäľèĵ ąăÙï ĠĭńĹ''''ćńĹĀĮĵã 2



¨čĄç r œäľîĊĲĵã ëäçäĥ äŉäĮç



¨čĄç r œäľîĊĲĵã ëäçäĥ äŉäĮç



¨čĄç r œäľîĊĲĵã ëäçäĥ äŉäĮç



ŅńĽ êĮĚľĹ r ćńîèŊĵäıŃōã ëäĢĺ®



Pinus brutia and P. halepensis in hebel Abdul-Aziz



ÊĩäîÈĕÃ ËÄĂĚÎŮÃģ ÊÇÄĆĕÃ



êĹĀĮĹIntroduction
ļĲĉĻäĊĽŏãĸŉĀĮĵãëäçäĦĵãŃĀĺîġãäłŊĶġrŀáãĂĥŀĊèĶĹŃĿãŃÚĹŃ.ĸñ

äĹðèĵĻÙĨĎîıãăäľĵãŃÙĀçĄŉńúîçķäĞĽêçäĦĵã.ĀĢíŃëäçäĦĵãéŃĄñêŊâŊç
êŊľęŃä¬ŀŉń¯ļĹğńľíňíäèĽŃňĽãńŊùĴáäŁĸłĊŉrÿäĒîĭőã¦ęńĵã
ĳŃĀĶĵëãāëäùäĊ»ãêĢĉäĎĵãäłľĹ.ĀĢíŃóãĄùĬęäľ»ãêĩä¸ãŀèčŃ
êĩä¸ãņĶġêõăÿêŊƧōãäłĊĪĽäłĺġĀçäłĹäłĉÝŃrÿäĒîĭőãňĶÍã

ëäĢĺîöĺĶĵêŊĪŉĄĵã.æĶĚîŉŃĄĹōãéÿäġÝĄĞľĵãĸŊŁäĪ¬ĿĂŁÿăãń»ãŃ
ăäĲîçãæŊĵäĉōãŃĬáãĄĚĵãêèĉäľ»ãä²ăãÿŏŃêĽäŊđäłîâŊç.



êçäĦĵãķäĞĽňâŊçĀŉĀčĀŊĮĢîĵãĘèíĄŉŸäęäèíăãŸäĮŊñŃéäŊªĊĽŏã2Ļäëãā
ëőäĺĢîĉãŃëäöîľĹéÿĀĢîĹäÀņġÿäłîŊĺĊîĵňĕãăōäçëãāĳäĺĢîĉőã

ÿĀĢî»ãLands of many uses2ňłĩĨĚĶí2ń¸ãŀŊĮľíŃļĹ
2ëäñńĶ»ãňĺ¯ŃêâŊèĵãEnvironment2ìèòíŃêç£ĵãĜĩä¯ŃņĶġ

ĿäŊ»ãĀ¯ŃļĹïńĶíăäÅōãŃĳŃãĀ¸ãŃœäĺęÝÿŃĀĊĵãëãńľĭŃŇĄĵã.äĺıĄĩńí
êçäĦĵãďĄĩĴĺġEmployment§òĲĵļĹĻäĲĉĬęäľĹëäçäĦĵã.

ňŁŃăĀĒĹêĭäĚĶĵEnergyļĹåäĚùÙÿńĭŃêġäľđŃĸúĩŃëäöîľĹ
êŊèĎýŅĄýÙ.ŃêçäĦĵãÿăńĹňâŊçÿĀöîĹŃāêĺŊĭêŉÿäĒîĭã

Economicsä¬ĸîŉŀĢŊľĒíļĹëäöîľĹêŊèĎýŃ§ĥêŊèĎýŃõäľĹĸ
ĻÿäĢĹŃăńþđêĪĶî¿.

  êçäĦĵãŃ ĻäĊĽŏãMan and forest 



ĀĢíŃňĕãăÙëäçäĦĵã ŸãăĀĒĹ2ħŒġŎĵêĩäĕÝäÅńĲĵĴáãńĹëäĽãńŊúĶĵêŉ ĵã
Wildlife habitatsŃŸäĽäĲĹêùäŊĊĶĵŃķäĺöîĉőã

Recreation.Ń ŸãĄĞĽéÿäŉĆĵæĶĚĵãņĶġĿĂŁëäöîľ»ãŃĀáãńĪĵãĻäıőĀç
ļĹéăãÿÝĿĂŁëäçäĦĵãéăãÿÝêŊâŊçħĀ²wÝěäĪ¹ãņĶġäÅąãńíňõńĵńŊèĵãĢ»ãĀĮŃ
wÝéÿäŉąêŊõäîĽÝĿĂŁĬęäľ»ãéăńĒçéĄĺîĊĹ.

ĸîíéăãÿŏãêŊâŊèĵãëäçäĦĶĵěäĪ¹äçņĶġÿĀĢíğãńĽōã2êŊíäèľĵãŃğäèíã¿ĨĶîëäŊĶĺĢĵã
¥ĵãļĺĖíœäĮçêçäĦĵãķĀĢıœãĄõÝĠĚĮĵãňĶĲĵãrĔĢç2ëőä¹ãêúĩäĲĹŃ¹ãĬáãĄŃ

2ëäĩŋãŃĸŊĞľí2ňġĄĵãŃĸŊĞľíëäŊĶĺġăäĺòîĉőã¢ĎºãðŊùőĠĚĮŉļĹêçäĦĵã
êŊĺıĀŉĆíļġńĺľĵãŇńľĊĵã.ŃņĮèíêĵÚĊĹêŊĉäĉÙêĺłĹŃréăãÿÝëäçäĦĵãŃňŁ

ĀĢèĵãňĽäĊĽŏãŃňġäĺîõőãĴġäĪĵãŃĄñÜ»ã2äłŊĩŃİĵĂĵőĀçļĹĳäýÿÝĻäĲĊĵã
¨ŊĶÍãļĺĕêĚýéăãÿŏãŃĸŁaĀġŸãœĆõőÙĆöîŉļĹĿĂŁêĚºã.



ĻÝĄòıÙëŒġäĪîĵã¨çĻäĊĽŏãêâŊèĵãŃŀîġãăąăäöčŎĵŀíăãÿÝŃä²äçäĦĵ.ĀĢíŃĄõäĎ»ã
ëäçäĥêŊġäľĚđãwńíêŉäġărä²ãńľĉwŃōãøèĒîĵäĺŊĩĀĢçêçäĥêŊĮŊĮù.

ĄõäĎ»ã Ń êŊĢŊèĚĵã ëäçäĦĵã
Natural forests and plantations  

ÚöĶŉéÿäġĀľġêĉãăÿêâŊçĄõäĎ»ãwÝäłîĽăäĮĹêâŊèçêçäĦĵã2êŊĢŊèĚĵãİĵāŃļĹðŊùÿĀġ
2ğãńĽōãŃæŊıĄíêġńĺSã2êŊõãĄ¹ãŃğąńí2äŁăäĺġÙ2äłîŊõäîĽÝŃëãăŃĀĵãŃêĪĶîþ»ãrĴı

äłľĹ.rŃäĹňĶŉ÷ĄčĆõńĹİĵĂĵ:

 ĄõäĎ»ã êâŊçPlantation ecology



 ğãńĽōã æŊıĄíSpecies composition 

ĨĵÚîíĄõäĎ»ãļĹğńĽŃÙ2¨ľñãŃéÿäġäĹĴĺĢîĊŉrœäĎĽÝĄõäĎ»ãrãĄĚĮĵ
ňçĄĢĵãŇăńĊĵãĄçńľĒĵã¢Ķ¹ãŃÙňíŃ ĵãŃÙäƧŒı2ŸäĢĹŃŸäĽäŊùÙ

ćńîèŊĵäıŃōã.äĺľŊçğăĆŉăń¹ãħäĒĪĒĵãŃņĶġīäĚĽĠĉãŃņĶġħäĪĕ
ăäÅōãrëäĢĺ®ħĄĢíēäŊĦĵäç.êĽăäĮ»äçĨĵÚîíêĹńĞľĹêçäĦĵãļĹğãńĽōã¥ĵã

ĀĭäŁÿńĊŉğńĽŃÙ2ĻäľñãņĶĢĩĴŊèĉĳäò»ãĤĶèŉÿĀġğãńĽÙêġńĺSãŊõĄ¹ãê
ĄçńľĒĶĵňíŃ ĵãäĹĀŉĆŉņĶġļŉĄĎġ2ŸäġńĽðŊùğąńîíĿĂŁğãńĽōãļĺĕ

êçäĦĵã.ĀĢŉŃăĄĲíğãńĽōãĸŁÙļĹÿĀġğãńĽōãŀĊĪĽ.ŃĻńĲŉğńľîĵãňíäèľĵãr
êġńĺ½êŊõãĄùêĪĵÜĹļĹļŉĄĎġŸäġńĽĴòÉĴığńĽäłľĹéĄĎġÿãĄĩÙņĶġÙ§òĲç

äÀńŁŀŊĶġrêġńĺ½Ňń¯100ÿĄĩļĹğńĽĀùãŃŃ ŸãÿĄĩ ŸãĀùãŃļĹĴıļĹ
ğãńĽōãêŊĭäèĵã.



ĴĲĎŉ÷ńĎĵã[ŒòĹńÂ46%ļĹÿĀġÿãĄĩÙğãńĽÙŀîġńĺ½2êŊõĄ¹ãäĺľŊç
ĴĲĎŉăĆĢĵãńÂ28%2ŃĴĲĎŉėńĶèĵãňĽäľèĶĵã12%2ŃĴĲĎŉ¨çĄĎĵãŃ

ČŉăĀĢĵãńÂ5%Ń2%ņĶġ2xãńîĵãŃĴĲĎíğãńĽōãŅĄýōã7%2r
¨ùĴĲĎŉĄçńľĒĵãňíŃ ĵã100%ļĹæŊıĄíêġńĺSãêŊõĄ¹ãŀĵrĠĭńĹ

§öĎíêčäþĎºãrêĞĩä¾êŊĭāŒĵã(510ķ).Ňń¯ŃêçäĦĵãêŊĢŊèĚĵã
ŸäġãńĽÙêŊĶ¾êĺĶĭÚîĹĠĹ2êâŊèĵãäĹÙĄõäĎ»ãĀĮĩĻńĲíêĪĵÜĹļĹğãńĽÙêĶýĀĹ

ĄõäĎĺıćńîèŊĵäıŃōã[ŒòĹŃÙăń¹ãxäĚŉŏã.ŃĀĭÿńĊŉğńĽäĹêġńĺSã
êŊõĄ¹ãŃĴĲĎŉêèĊĽé§èıļĹäłèŊıĄíäĺıńŁĳä¹ãrêġńĺSãêŊõĄ¹ã

ĄçńľĒĵäŊíŃĄçrĠĭńĹêŊĉŃăĀèĵã(35 53 N, 35 53E-200m)

ðŊùĤĶèíŀîèĊĽ81%ļĹÿĀġÿãĄĩÙğãńĽōãêĶĲĎ»ãêġńĺöĺĶĵ.



ăäĚĭōã Ń ăäĺġōã ħńĪđAge and diameter 

classes

ĻńĲíĄõäĎ»ãéÿäġĄĺĢçĀùãŃŃĻńĲíăäĚĭÙäŁăäöčÙêĶñäĺîĹŸäèŉĄĮíäĺľŊç
ŇĀèíëäçäĦĵãêŊĢŊèĚĵãŸäõăĀí Ÿã§èırăäĺġÙŃăäĚĭÙä²äĽńĲĹŉĄöĎĵãêêđä«Ń

rëäçäĦĵã§ĥéĀùńĹăäĺġōã.ĤĶèĩ [ŒòĹĘĉńîĹăäĚĭÙêçäĥĄçńľđŊíŃĄçär
ĠĭńĹêĢŊçă23ĸĉħãĄÂäçŇăäŊĢĹŃĿăĀĭ11.7ĸĉäĺľŊçĻäıĘĉńîĹ
ĄĚĭăäöčÙĄçńľđäŊíŃĄçrĠĭńĹ§öĎíåŃÿĄĎĵã22ĸĉŃħãĄÂãŇăäŊĢĹ

ĿăĀĭ4.8ĸĉ.ãĂŁŃļĹĄŉĀ¸ãĿĄıāŀĽÙĀĭőĨĶî°ĄõäĎ»ãļġëäçäĦĵã
éĀùńĹĄĺĢĵãrĿĂŁêĚĮľĵãŸã§òı.



 æŊı£ĵã Ń ŇÿńĺĢĵã ĠĚĮ»ãVertical profile and 
structure

ĨĵÚîíêçäĦĵãêŊĢŊèĚĵãéÿäġļĹëäĮèęêçäĦĩĄçńľđäŊíŃĄç[ŒòĹîíĨĵÚļĹĠçăÙ
ëäĮèęrĸĞĢĹäłĢĭãńĹäĺľŊçĻńĲîíêçäĦĵãêŊġäľĚđőãŸäèĵäĥļĹêĮèęãŃéĀùļĹ

ăäöčōãĠĹĴŊĶĮĵãŸãĀõļĹœäĚĦĵãňĕăōã.ŃêöŊîĽİĵĂĵĻńĲíêçäĦĵãêŊĢŊèĚĵã
ĄòıÙéăĀĭņĶġĴĦčĠĭń»ãīńĩøĚĉêç£ĵãŃ2ŀî¯ðŊùĴĦĎíăŃĂ¸ãäıĴĹ

ĠĚĮĹêç£ĵãr¨ùĴĦĎíĄõäĎ»ãŸãœĆõŸäĚŊĊçŀľĹ.



 êŊõäîĽŏãProductivity 

īńĪíêçäĦĵãêŊĢŊèĚĵãräłîŊõäîĽÝêŊĶĲĵã(ĳĀĢĹĻãĆîýãêĭäĚĵã)2ĄõäĎ»ãŃ
ĀĢíêĹńĞľĹêŊâŊçêĮĶĦĹðŊùİĶłîĊŉäĹôîľŉäłŊĩ2ĈĪľîĵäçŃÙńçêęäĉ

œäŊùōãŅĄýōãêĮĩãĄ»ã ŸäŊĶ¾.äĺľŊçĻĆîÈœĆõĘŊĊçļĹäłõäîĽÝņĶġ
ĴĲčæĎýŃĻńĲíêçäĦĵãrĿĂŁêĵä¹ãêĽąãńîĹŸäŊĲŊĹäľŉÿ.äĹÙĄõäĎ»ã
ĀĢîĩŸäĺĞĽêŊâŊçêùńîĪĹëãāêŊõäîĽÝêŊĩäđêŊĵäġ ŸãĀõðŊùĠĚĮíčÙäŁăäö
ĄĺĢçĐĭäľîŉĿĀĢçĳĀĢĹńĺľĵãŇńľĊĵãä¼ŃőĴĒíĿĂŁĸĞľĵãwÝêĵäùãńíĻą
äÅōêĢĕäýķäĞľĵķăäđréăãÿŏãŃĸŊĞľîĵã.



ĄđäľĢĵã ëãăŃÿ Ń êŉńĖĢĵã éÿä»ã

Organic matter and nutrient cycling

ĬĶĢîŉĳĀĢĹĸıãĄíéÿä»ãêŉńĖĢĵãŃëãăŃÿĄđäľĢĵãêŊõäîĽÞçêĹńĞľ»ãäłĊĪĽĶî°ŃĨ
ĄõäĎ»ãļġëäçäĦĵãêŊĢŊèĚĵãrãĂŁĳäSãä¬ňĶŉ:

1.ĻńĲŉĳĀĢĹďäĒîĹãĄđäľĢĵãŸäîçäñŸäŊèĊĽrêçäĦĵãêŊĢŊèĚĵãļĹêľĉ2ŅĄýōăŃaĀŉŃĺĢîĉãĳäĄđäľĢĵã
êŊáãĂĦĵãêġĄĊçr2ķäĞľĵãäĺľŊçĨĶîÈĳĀĢĹďäĒîĹãĄđäľĢĵãrĄõäĎ»ãļĹêľĉŅĄýōæĊù

2ĄĺĢĵãŃŸäèĵäĥäĹóĄÈœĆõőćÚçŀçäłľĹwÝóăäýķäĞľĵã.

2.ĀĢíĄõäĎ»ãĴĭÙêŊĵäĢĩrďäĒîĹãĄđäľĢĵãêŊáãĂĦĵãéĀĵńî»ãļġÿãń»ãêŉńĖĢĵãêþĊĪî»ãŃéÿäĪîĉőã
äłľĹæèĊçĆıĄíăŃĂõäŁăäöčÙrêĮèęéĀùãŃļĹĠĚĮĹ2êç£ĵãĈĲĢçêçäĦĵãêŊĢŊèĚĵã¥ĵãĲíĻńêõăÿ

ä²ÿäĪîĉãêŊĵäġŸãĀõĴĦĶĦîĵ2äŁăŃĂõä¼ŒîùãŃĴĹäĲĵīäĩ×êç£ĵãŸãĄĞĽÿĀĢîĵäłġãńĽÙ.

3.ĸıã£ŉĴŊĶĮĵãļĹÿãń»ãêŉńĖĢĵãì¯ëäçäĦĵãêŊĢŊèĚĵãêĹäġêĽăäĮĹĄõäĎ»äçŸãĄĞĽŊõäîĽŐĵêêŊĵäĢĵã
é§ýŎĵŃéĄòĲĵœäŊùōãêĮĩãĄ»ãëäçäĦĶĵêŊĢŊèĚĵã¥ĵãİĶłîĊíÿãń»ãê®äľĵãêġĄĊç.



 Ĵáãń»ã ğńľíHabitat diversity 

ĘèíĄŉņľĥĻäĲĹäĹéäŊ¹äçêŉ ĵãğńľîçœäĚĦĵã¥èľĵãŃéĄĩŃĮèę2ŀíäŃãĂŁäĹ
ĄĩńîŉrêçäĦĵãêŊĢŊèĚĵãðŊùğãńĽōãéĀŉĀĢĵãŃăäĺġōãêĪĶîþ»ã.ÿĀĢîíŃ

ëäŉńîĊ»ãêŊáãĂĦĵãrêçäĦĵãêŊĢŊèĚĵãwÝĀù§èıêĽăäĮĹĄõäĎ»äç¥ĵãŸäèĵäĥäĹ
ĻńĲíļĹğńĽĀùãŃŃÙğãńĽÙêĶñäĺîĹräŁńÄŃä²äèĶĚîĹêõăÿŃłîĥäĊîĉã2ä
ĄĩńîĩİĵĂçļıäĊĹŃÙŸäęäĉŃÙéÿŃĀ¾ĔĢèĵğãńĽōãĘĮĩ.ăĀľŉŃĻÙĴĲĎí

ĄõäĎ»ã[œäĚĥŸäĪŊòıİĵĂçŃĄòĲíċäĎġōãêŊâŊèĵãļĺĕĄõäĎ»ãèĲĵãé§äĺı
ĄòĲíŸäĖŉÙrëã£ĪĵãwŃōãĈŊĉÚîĵ2ĄõäĎ»ãŃĀľġäłĢĚĭ.ŃļĲÉ

ĠŊöĎíéäŊ¹ãêŉ ĵãļĺĕĄõäĎ»ãœäĎĽÞçĄõäĎ»ãêĚĶîþ»ãŃéÿäŉąĚýėń
ăäľĵãŃ§öĎíħãńùį ĵãŃĳŃãĀ¸ãğãńĽÚçêĪĵä¿ŃĬĶýëäĥãĄĩäłľĺĕ.



 éăńĶĩŏã Ń äĽńĪĵäç ņľĦĵãFauna and flora richness 
ĻńĲíĄõäĎ»ãé§Įĩ ŸäŊèĊĽäĽńĪĵäçŃéăńĶĩŏãêĽăäĮĹëäçäĦĵäçŊèĚĵãêŊĢ.ŃŅĆĢŉ

ħŃĆġăńŊĚĵãļġĄñäĲîĵãrĄõäĎĹĄçńľĒĵã[ŒòĹwÝêęäĊçæŊıĄí½äłîġńĺ
2êŊõãĄ¹ãŃăäĮîĩãäŁăäöčÙwÝ2àçäþ»ãŃļıäĹÙČŊĎĢîĵãêđä«Ńr

ĄõäĎ»ãêòŉĀùļĊĵãŃêĶŊĶĭ2ğãńĽōãŃķĀĢĵĄĩńíœãĂĦĵãæĉäľ»ãăńŊĚĶĵãêŊĶÍ
ļĹëãĄĎ¹ãŃëäĩŋãŅĄýōãêđä«ŃãāÝìĽäıĄõäĎ»ãêĪĵÜĹļĹğãńĽÙ

êĶýĀĹ.ŃĄĩńíĄõäĎ»ãàõŒĹëäĽãńŊúĶĵéÿăäĚ»ã.ãĂ¼ŃőĀçļĹĄĩńíŃğńľí
œäĚĦĵãňíäèľĵãÚöĶ»ãŃňĲĵøèĒíĄõäĎ»ãŃÙêçäĦĵãêŊĢŊèĚĵãêŊľĥ¹äçéäŊêŉ ĵã.

ŃļĲÉĠŊöĎíİĵāį£çëäġńĺSãêŊíäèľĵã2êŊĢŊèĚĵãŃķĀġäŁĀŉĄ®ŃÙ
2ä¼ãĀèîĉãŃéÿäŉąīĄĚĵãİĵäĊ»ãŃļĺĕĄõäĎ»ãêđä«ŃņĶġĳńęĳŃãĀ¸ã

Ńħãńù2į ĵãŃĬĶý2ëäĥãĄĩŃĳäĺĢîĉãğãńĽōãêŊĶÍãŸäĕńġļġêĶýĀ»ã.



¦Ģŉ§öĎíĠĭńĹäĹŸã§ŊĦírœäĚĦĵã¥èľĵããĂ¼2Ġĭń»ãŃŸã§ĦírëőäĺĢîĉã
ŀŊĕãăÙ.ŃħĄĢŉİĵāĳãĀèîĉőäçDisplacementŃÙĴŉńúîĵã

Conversion2Ń¦ĢŉĳŒùÝœäĚĥĻäĲĹ2Ąý×ëäŊĶĺĢıĳãĀèîĉãňıä»ã
ëäŉĄçńľĒĵäçrĠĭńĹ§öĎíåŃÿĄĎĵãrêĮĚľĹêĪ¹ã [ŒòĹŃÙêġãăąãąăō

ĔĢçŃğãńĽōãŅĄýōãņĶġēäĮĽÙňıä»ã(ĠĭńĹ2êęŒèĵãêŊùäĽņĺĶĉ35

38 54N, 36 09 23E-980m).ŃôîľŉļġëäŊĶĺġĳãĀèîĉőã
ĿĂŁëŒĲĎĹêŊâŊçéĀġêñĀ¾ăäñ×éĄčäèĹŃŅĄýÙ§ĥéĄčäèĹ.

ĄõäĎ»ã œäĎĽÝ ņĶġ êèí£»ã ăäñŋãEffects of establishing 

plantations 



ļĹŃăäñŋãéĄčäè»ãêŊĶĺĢĵ§öĎîĵã:

§ĹĀíœäĚĦĵãňĢŊèĚĵãĠĭńĺĶĵÿãĄ»ãĿ§öĎíŃåãĄýŀĶáãńĹ.

ĔŉĄĢíêçĄíĠĭń»ãĴĹãńĢĵ2ûäľ»ãŃäłĩãĄÁãŃĀĮĩrĄđäľĢĵãêŊáãĂĦĵãŃéÿä»ããêŉńĖĢĵ.

ďăêç£ĵã.

ħãĄÁãëäŊĺıé§èıļĹňĺĚĵãrŇăäSãêŊáä»ã.

éÿäŉąêîĭÜĹrêŊĺı¨õŃ£ĽĠĭń»ã.

īŒĚĽã§òĲĵãļĹăäèĦĵãŃĻäýĀĵãrĳäùīĄùœäĚĦĵãňíäèľĵãňĶđōã.

§ĦîĵãrêŊĊıäġĠĭń»ãêĢčŎĵêŊĊĺĎĵã.

§ĦîĵãìĭÜ»ãrĻąãńí¨öĊıōãŃňĽäñĀŊĊıÙĻńçĄĲĵãæèĊçīĄùäĪĶþ»ãëŃ
éĀĊıōãêĢŉĄĊĵãéÿäĺĶĵêŉńĖĢĵãêŊúĚĊĵã.



ēãĄĹōã Ń ëäĩŌĵ êŊĉäĊ¹ã
Susceptibility for pests and diseases

ÿãÿĆíŃĄòĲíëäĩŋãrëäġãăĆĵãéĀŊùŃĳńĒÍã2éÿäġŃĄõäĎ»ãìĊŊĵ[œäľòîĉãĹļ
2İĵāāÝŀĽÝļĹħŃĄĢ»ãĻÙëäèñĠĺî½äĹňíÚŉêöŊîĽéĄòĲĵŀġãńĽÙ.ŃĻÝĳãĀèîĉãĸĞľĵã

êŊġäľĚđőãêŊĢŊèĚĵäçêĽńĲ»ãŃļĹğńĽŃÙ¨ľñãĴŉĆŉĆõãń¹ãŃĘçãńĖĵãŊâŊèĵãêŃÙĴĹãńĢĵã
éĀÍãăäĎîĽőêĩ×ŃÙēĄĹ¨ĢĹÿĀłŉŀĢĹœäľĪçĄõäĎ»ã.ŃrĠĭãńĵãőħĄĢŉ ŸäĹä±æèĉ

êŊĉäĊ¹ãêŊèĊľĵãëäġãăĆĵğńľĵãĀùãńĵãMonoculture2ëäĩŌĵŃőħĄĢŉäĺŊĩ
ãāÝìĽäıäłîŊĉäĊùêâčäĽļġäÅńıéĀŊùŃ2ğńľĵãŃÙļġ§ĦírĴĹãńĢĵãêŊâŊèĵãÍãêŊĶ

æèĊçêġãăąğńĽäĹ.őÝŀĽÙļĹĀıÜ»ãĻÙăäĎîĽãŃĻãăńĩêĩ×äĹĘèíĄŉĀŉĀĢĵäçļĹĹãńĢĵãĴ
êŊâŊèĵãŃêŊõńĵńŊèĵãêđäºãĠĭń»äçåäŊĦıœãĀġōã¨ŉńŊ¹ãêĩŌĵêöŊîĽŊĶĺĢĵãëäêŊġãăĆĵã

êĪòĲ»ã.



êĩäĕÝwÝëŒĲĎ»ãê´äľĵãļġ§Ė¯ĠĭãńĹ2ćĄĦĵãŃĳńĒ¹ãņĶġĳńîĎĵãļĹäĎ»ã2Ĵí
ŃăäŊîýã2ğãńĽōãŃ2äłîġãăąŃ2äłîĹĀýŃäĹĸöľŉļġİĵāļĹăäĚýÙĄõäĎĺĶĵ.ļĲÉ

ąäÆÝăäĚýōãê´äľĵãļġĄõäĎ»ãĸĞľıêŊâŊçêĺáäĭä¬ňĶŉ:

1.ăńŁĀíķäĞľĵãňâŊèĵãĄõäĎĺĶĵêĪĵÜ»ãļĹğńĽĀùãŃŃÙğãńĽÙê­äĎîĹĀľġăäĎîĽãŃ
Ļãăńĩêĩ×äĹĀĺîĢíãĂŁķäĞľĵã2œãĂĦıŃļĲĊĹä¼.

2.øĺĊŉĈĽäöîĵãÿńõń»ã¨çăäöčÙğńľĵãĀùãńĵãŃåĄĭăäöčōãäłĖĢçļĹĔĢç
ŸäĽäĒĥÙŃŸãăŃĂõwÝïŃĀù÷ŃĄõŃåĀĽêöŊîĽįäĲîùőãĴĢĪç÷äŉĄĵãäÀøĺĊŉäĎîĽäçă

ēãĄĹōãêġĄĊçé§èı.

êŊâŊç ĸĞľı ĄõäĎ»ã ļġ ê´äľĵã ăäĚýōãDangers of establishing 

plantations



3.ÿãÿĆíëäĩŋãŸäġãńĽÙŃŸãÿãĄĩÙļĺĕëäġäĺ¸ãêľĉĀĢçŅĄýÙæèĊçêĢŊèęäŊùé
ăäöčōãéĀŉĀ»ãrĠĭń»ãĀùãńĵãĈĲĢçĴŊđäÍãêŊġãăĆĵã¥ĵãĀĒ¯rŉäÅêĸĉń»ã.

4.ÿńĢŉ÷äÁĔĢçĄõäĎ»ãëãāğãńĽōãêĶýĀ»ãr§òıļĹĻäŊùōãwÝåäŊĥ
œãĀġōãêŉńŊ¹ãļĹ2ēãĄĹÙŃëãĄĎù.ŃĀĮîĢŉĻÙ÷äÁćńîèŊĵäıŃōãrĬęäľĹ

ĄúèĵãĘĉńî»ãÿńĢŉwÝåäŊĥ2ëãĄĎ¹ãŃÙëäĽãńŊ¹ãêĶı×īăńĵã2êŊĵã£ĉōãÝőĻÙ
ĿĂŁêĵä¹ãőĄĺîĊí[ŒŉńęāÝőðèĶíĻÙăĄĖîíĄõäĎ»ãļĹĴĹäġŇńŊùvĩĄĢíŀļĹ
ĴèĭäĺıńŁĳä¹ãréĄĎ¹ãêèĭäòĵãrćńîèŊĵäıŃōã.



 ĄõäĎ»ã êĹńÉÿ Ń êŉăãĄĺîĉãSustainability of 
plantations 

ĘèíĄíêŉăãĄĺîĉãêĹńÉÿŃĄõäĎ»ãëäŊĵäĢĪĵäçêŊĽäĊĽŏãëäŊĶĺġŃêĹĀºãêĽäŊĒĵãŃ»ãêĚèíĄ2ä­
ņĶġŃħŃĄĞĵãêŊâŊèĵãêĚŊÍãä­.ŸäèĵäĥŃäĹĻńĲíĿĂŁĸĞľĵãêĪŊŁă.

 ĄõäĎĹ êĹäĭÝ(êŊġäľĚđã ëäçäĥ) ŸäŊâŊç êîçäñ
Establishing plantations

ĀĺîĢŉĸŊĺĒíĄõäĎĹëãāŅńîĊĹĳńĮĢĹļĹëäèòĵãňâŊèĵãņĶġéĄĲĩäłĩĀŁĠĩăêŉäĪıĄõäĎ»ã
räłĶŉń¯êĭäĚĵã2êŊĊĺĎĵãŃÿãń»ãŅĄýōãéĀĺîĊ»ãļĹĘĉńĵãwÝôíäľĵãňáäłľĵãĄ»ãåńĥŃ

ÿĀÍãŸäĪĶĉĀľġĸŊĺĒí2ĄõäĎ»ãŃéäıä¾ĸĞľĵãêŊõãĄ¹ãêŊĢŊèĚĵãĻØçĀùãŃ.ŃķńĮŉĸŊĺĒîĵã
ņĶġćäĉÙĘĶýğãńĽōãĠĹéäġãĄĹğąńíäŁăäĺġÙŃ2äłĹäöùÙŃăäĎîĽãäŁÿãĄĩÙêĪĶîþ»ãr

Ġĭń»ãňõãĄ¹ã2ŸäŊĮĩÙŃ2ŸäŉÿńĹäġŃİĵĂıäłõāńÄňíäŊ¹ã.



xŃÙ Ĵŉÿńĺı êŊĢŊèĚĵã êçäĦĵãA forest model

ĳŃä¯êĢŊèĚĵã ŸäĹŃÿœĴĹ(ģãĄĪĵã)ŇÙČġňâŊçļĺĕÿŃĀùŀçäĢŊîĉã.ŃĳŃä¯ļĺĕĿĂŁÿŃĀ¹ã
ĴŉĀĢíėŃĄĎĵãêŊâŊèĵãĘĉńĶĵÚĚºäçŃ2åãńĒĵãŃŇĂĵãÿńĮŉrêŉäłľĵãwÝĳńđńĵãwÝ½ëäĢĺîêĽąãńîĹ

 ŸäŊĲŊĹäľŉÿ.ŃķńĮíêĢŊèĚĵãéăäíŅĄýÙêŊĦçěäĪ¹ãņĶġêĹńÉÿãĂŁķäĞľĵãŃĠľĹĿÿńıăĴçŃáäĮçÝŀļĺĕ
ÿŃĀùåäĢŊîĉãĘĉńĵãĿ§ĹĀîç ġïăãńĲĵãêŊĢŊèĚĵãêŊáäŉĆŊĪĵãäłľĹŃêŉńŊ¹ã.ŃĀĢíĿĂŁĘçãńĖĵã
êŉńŊùŃêĺłĹœäĮçŏéäŊ¹ãļĺĕăäęŏã(ČĢĵã)ŇĂĵãìú·ŀçêĢŊèĚĵãŸäĉäĉÙ.ĀĮĵŃįăÿÙĻńĶĹäĢĵã

rĳä½óãĄ¹ãĻÙêçäĦĵãķäĞĽňâŊç2ňĲŊĹäľŉÿļĲĵãĂŁňġńĵãňĮç2ŸäŉĄĞĽŃvĀĊöîŉ2ŸäŊĶĺġŃĴŊĵÿ
İĵāĸłĢĕŃĳŃãĀõóäîĽŏãŃĸŁăäĲîçãĸŊŁäĪĹéœńĶ»ãStocking2êĹäîĵã \ĀġŃĄĚºãňâŊèĵã ŸäâŊč
§ĥĳńèĮĹŃ ŸäŊáäľòîĉã.ňĢĊĵãŃœãăŃħãĀŁÙóäîĽŏã2êŊĢĭãŃŒĵãŃĘĚýôĹã ĵãêâęäºã¥ĵãĸĞľíŃ
¨èíóäîĽŏãĠĭńî»ãêçäĦĶĵŃÙĄõäĎ»ã ġăńĚíĿĂŁĸĞľĵã¥ĵãìĢĕŃræĵäĥĻäŊùōãĶġņČĹäŁ

Ļąãńîĵã2ňĢŊèĚĵãëÿäĢĩwÝĸŊĺĒíĄõäĎĹŃóãĄùÙêĉäĊùŸäŊâŊçìĽäıŃäĹìĵãąêĕĄġăãńĲĶĵï
2êĪĶîþ»ãðŊùĴĺĢíé§ýōãņĶġİĩÿäłõÝķäĞľĵã2ňõãĄ¹ãŃĀŊĢíŀĶŉĀĢíðŊªĸĶĭÚîŉŃĄĝħŃ

Ġĭń»ã.ĻÝĸłĪĵãøŊúĒĵãêĢŊèĚĵéäŊ¹ãŃĸĞĽäŁ§ĉŃĸłĩêĢŊèęëäĭŒĢĵãéĀĮĢ»ãéÿńõń»ã¨çğãńĽōã
ŸäèŊıĄíŃêĪŊĝŃŃêŊĲŊĹäľŉÿŃŸäíäèñĄĩńŉŸäĉäĉÙĸŊĺĒîĵŃĄŉńĚíëäçäĥêŊġäľĚđãîĊĹéĄĮŸäŊâŊç.



êŊĪŊĝŃ êŊľç ëãā ĄõäĎĹ ĸŊĺĒí ĈĉÙ
Principles of establishing functionally structured 

plantations

őĀçļĹĂýÙėäĮľĵãêŊĵäîĵãĻäèĊ¹äçĀľġœäĎĽÝêçäĥêŊġäľĚđãĬĮ¯ăãĄĮîĉőãňâŊèĵã:

-éÿäĪîĉőãŅńĒĮĵãļĹêĢčÙĈĺĎĵãĳńĒúĶĵņĶġņĶġÙôíäĽräđ.

-Ĵŉń¯ĔáäĩêĢčōãêŊĊĺĎĵãğńľĶĵğŃăĆ»ãwÝğãńĽōãêĮĩãĄ»ãëãāêĪŊĝńĵãêŊâŊèĵãŃÙwÝĳńĒÍã
ňĶèĮîĊ»ãŃÙäĺłŊĶıŸäĢĹ.

-ĸŊĺĒíëäġńĺ½êŊõĄùêèıĄĹäłîŉäĥéÿäĪîĉőãŅńĒĮĵãļĹħŃĄĝĠĭń»ãňõãĄ¹ãŃêĹŃäĮĹ
ŀĶĹãńġêŊõăäºã.

-ćĄĥăäöčÙĳńĒÍãņĶġëäĩäĊĹæĉäľíėŃĄčĠĭń»ãðŊªĬĮ¯ŸãńÄŸäĢŉĄĉæĉäľîŉŃ
ĬáãĄęäłîĹĀý.



-ćĄĥăäöčÙĳńĒÍãňĶèĮîĊ»ãĂľĹêĶùĄĹéĄĲèĹæĊùéńĭńĺľĵãŇĄĚĮĵãŃăńĚí
ĻäöŊîĵã.

-ĸŊĞľíêĩäòĲĵãêŊíäèľĵãĂľĹćĄĦĵãŃäłîĹœŒĹæĊùăńĚíêġńĺSãä¬ĬĮÇġÙņĶóäîĽÝ
ļĹĠĭń»ã.

-êĞĩäÍãņĶġğńľíňõńĵńŊç§èıä¬ĸöĊľŉŃħãĀŁÙćĄĦĵãŃÿäĢîçőãăĀĭŏãĻäĲĹ
ļġĘŊĊèíêġńĺSãêŊõãĄ¹ãêŊĦçĸŊĞĢíäłõäîĽÝŃä²ăãÿÝä¬ĸöĊľŉŃħŃĄĝ»ãĠĭń

ŀĊĪĽŃéÿäĪîĉőãļĹďãńýĸĞľĵãêŊâŊèĵãréăãÿÝķäĞľĵãĀŉĀ¸ã.

æÆŃĄıĂîĵãŸäĺáãÿĻÚçīäĪýŏãrĬŊĮ¯ħãĀŁÙćĄĦĵãĸöľŉļġķĀġêŉäĪıŊıĄíæ
ğãńĽōãŸäŊâŊçêđä«ŃäĹĀľġĬĩã£ŉİĵāïÿãń¹äçêŊĕĄĢĵã.



ļĲÉêĞùŒĹóāäÄêĪĶî¿ļĹ§öĎîĵãrļıäĹÙêĭĄĪîĹļĹĄĚĮĵã.aĀĢŉŃ§öĎíĴèõ
ĻńŊĉäĭŸäġŃĄĎĹŸãĀŉĄĩêçńĢĒĵŀĢĭńĹňýäľ»ãŃĿăãĀÂãĀŉĀĎĵãŃħãĄÁãŀîçĄí.ĸĭêĵń©

rĴèõĻńŊĉäĭĜùőŃóāäĺľĵãêĪĶîþ»ã§öĎîĶĵrŀĢĭãńĹêĪĶîþ»ã.ĸñæõÙņĶġ
êĶâĉōãêŊĵäîĵã:

1.äĹňŁėŃĄĎĵãêŊýäľ»ãŃėŃĄčêç£ĵãŃäŊĩãĄĥńçńĚĵãr4Ġĭń»ã
2.äĹňŁĸŁÙëäĽäĮí§öĎîĵãêĶĺĢîĊ»ã(2æęäĒĹëäĽäĮíÿäĒù2ĿäŊĹ..)4
3.äĹňŁğãńĽōãêġŃăĆ»ãŃäĹńŁŅĀĹäłîĹœŒĹ4ĠĭńĺĶĵ
4.ĴöĉİíäĞùŒĹļĢîĉãŃĠõãĄ»äçêèĉäľ»ãrĠĕŃĄŉĄĮíĴĒĪĹļġâŊçê

§öĎîĵãrĴè¸ã.

 êŊĶĺġ ëäĮŊèĚíPractical application



ĴĺĢîĊŉķńłĪĹńĺľĵãŇńľĊĵãCurrent annual growthńŁŃéÿäŉĆĵãêŉńľĊĵãrńÄ
éĄöĎĵãğäĪíăőäçŃÙĄĚĮĵãŃÙ2ĸö¹ãŸãĄĞĽŃêçńĢĒĵĄŉĀĮí§ýōãēäĢîĊŉŀľġéÿäŉĆĵäçrńĺľĵãĳŒý

é£ĩéÿĀ¾Periodic annual growth (PAG) (īĄĩńĺľĵãĳŒý¨í£ĩ ŸäĹńĊĮĹ
ņĶġÿĀġëãńľĊĵãêĶđäĪĵãäĺłľŊç)2ŃĴĺĢîĊŉķńłĪĹĘĉńîĹńĺľĵãŇńľĊĵãMean

annual growth (MAG) (ĸöùéĄöĎĵã [ŒòĹĄĺĢç¨ĢĹ ŸäĹńĊĮĹņĶġÿĀġëãńľĉ
ĄĺĢĵã)§èĢîĶĵļġńÄăäöčōãŃÙëäġńĺSãêèõĄ¹ã.äľŁŃæĊÇ(PAG)ÿĀ»êĪĶî¿Ń

(MAG)ĻäĹąōêĪĶî¿ŸäĖŉÙĸĉĄŉŃĘĚ¿ňĽäŊçŇăńú¬ńĺľĵãŃĄĺĢĵãøĕńŉêĭŒĢĵã¨çļŉ§Ħî»ã
 îĢíŃêĚĮĽĠęäĮí¨Ěºã¨ŊĽäŊèĵãĄĺĢĵãæĉäľ»ãĠĚĮĵéĄöĎĵãňŁŃêĚĮĽôĖľĵãèĵãňõńĵńŊ(

1.ĠõăãwÝĳŃãĀõóäîĽŏãŃķńö¹ãĄçńľĒĶĵňíŃ ĵãæĊùãŃ(PAG)éĀĢĵëã£ĩĴı
äłľĹ102ëãńľĉĸñæĊùãMAG))êĺĊĮçĸöùéĄöĎĵãrĴıé£ĩņĶġäŁĄĺġ.

2.ĸĉăãĘĚ¿ňĽäŊçøĕńŉêĭŒĢĵã¨çļŉ§Ħî»ã.

3.ÿĀùĄĺġôĖľĵãňõńĵńŊèĵãêġńĺöĺĶĵêŉĄöĎĵãêĉŃăĀ»ã.



êçäĦĶĵ êŉńĽäòĵã ŃÙ êŊèĎºã §ĥ ëäöîľ»ã
ĀĒĮŉëäöîľ»äçêŉńçäĦĵã§ĥêŊèĎºãÿãńĹóĄþîĊíļĹăäöčÙêçäĦĵãäłĊĪĽīãăŃōäıŃăäĺòĵãŃ

ĻäĒĥōãôľíãĄĵãŃŃĴáãńĊĵãêŉĄĲĊĵã.ļĹŃĸŁÙĿĂŁëäöîľ»ãrêŉăńĉĄıĂĽăä³2ĸĚèĵã
ĻŃĄĭŃ2åńĽĄºãŃĤĺĒĵãóĄþîĊ»ãļĹCordia mass2Ńăä³2ėńĶèĵãŃăä³īĀľèĵãŃ

2œäľîĊĲĵãŃ2īäĺĊĵãuã…êĩäĕÝwÝëäöîľĹēăãêçäĦĵãŃäłîâŊçæĒĮĵäıŇĂĵãķĀþîĊŉr
êġäľđ2ĳŒĊĵãŃİĵĂıëäíäèľĵãêŊèĚĵãŃêŉĄĚĢĵãëãāëäĹãĀþîĉőãêĪĶîþ»ã.ĀĭŃĤĶç
ĘĉńîĹóäîĽÝóãĄ¹ãêŉăńĊĵã(1991-1994)ļĹăŃĂõćńĊĭĄĢĵã12412ļęŃ
100ļęļĹ2īäĺĊĵãŃ133ļęļĹ2ĻäÇĄĵãŃ112ļęļĹ£ġĆĵãŃÿãń»ãê­äĎ»ã

(êĺĞľ»ãêŊçĄĢĵãêŊĺľîĶĵ2êŊġãăĆĵã1995).



ĀĭŃăäčÙìĥĆĵã(1963)wÝêŊĽäĲĹÝóãĄþîĉãôľíãĄĵãļĹăäöčÙĄçńľđäŊíŃĄç
ëãāêĺŊĮĵãêŊèĎºãéÿŃĀÍãr¥ĮĚľĹĄŉäèĵãŃĘŊĊèĵã.÷ŃãĄíŃóäîĽÝéĄöĎĵãéĀùãńĵã

Ęĉńî»äçļĹ415-2989ģéĄöĎĶĵéĀùãńĵãİĵāŃêġńĺSăäöčÙëãāăäĚĭÙ
êĪĶî¿.ăäčÙŃBadranðúèçăńĎľĹĻãńľĢç(A study of the

production of resin from Pinus brutia Ten. in
Syria)2wÝĻÙœäĚġéĄöĎĵãéĀùãńĵãļĲÉĻÙĴĒŉwÝĄòıÙļĹ2ĤıéĄöĎĶĵëãā

ĄĚĮĵãļĹ30-60ĸĉŃŃÙ40-70êľĉŸãĄĺġ.ĀġwÝīãăŃōãêŊĺĶĢĵãĴĲĵļĹ
ìĥĆĵãŃBadranêîèò»ãăńıĂ»ãäłĖĢçrĠõãĄ»ãČĭäĽŃĿĂŁôáäîľĵãîĭŒġŃäł

ėŃĄĎĵäçêŊâŊèĵãăäöčŎĵêĶĺĢîĊ»ãrêçĄöîĵã.



ŉăńĉ r ğãńĽōã ńÄ ņĶġ êŊĵŃÙ ëäĞùŒĹê



ğńľĵãêĮĚľ»ãêŊâŊèĵãŊĺıŃê
ăäĚĹōã

ĘĉńîĹńĺľĵãxńĚĵã
ĸĉ/êľĉ

ĘĉńîĹ
ńĺľĵã

ŇĄĚĮĵã
ĸĹ/êľĉ

ĠõĄ»ã

Pinus halepensisêŊĺĶĉ2308ĸĹ14.95 (ĀľġĄĺġ
24ķäġ)

6.33ĄŉăäĮíêŊĉãăÿ
ħãĄčÞçĨĵÜ»ã

Cupressus
sempervirens

15.65 (ĀľġĄĺġ
24ķäġ)

8.15

C. sempervirens
& P. halepensis

êľŊù(ĨŉăĬĎĹÿ)2
650ĸĹ

24.8 (ĀľġĄĺġ17

ķäġ)

4.6

Pinus pineaŇÿãŃĻĄĮĵã2550ĸĹ25.0 (ĀľġĄĺġ20

ķäġ)

8.1

P. brutiaåŃÿĄĎĵã2683-

1426ĸĹ
65.6 (ĀľġĄĺġ25

ķäġ)

8.96ňĶŊèĭŃćäèġ2
1989

Pinus canariensis63.2 (ĀľġĄĺġ22

ķäġ)

8.90

P. radiata62.6 (ĀľġĄĺġ23

ķäġ)

8.87

Eucalyptus
camaldulensis

æŉĄŉĆ»ã2324.5ĸĹ47.5 (ĀľġĄĺġ28

ķäġ)

7.0ŃĀŊèġ22000-

(å)



E. camaldulensisêĶèõ800ĸĹ47.5 (ĀľġĄĺġ27

ķäġ)

9-11êâŊ¼ãêĹäĢĵã
ăäĢĎîĉŒĵļġ

ĀĢç/éĀùŃ
ëäĉãăĀĵã2êŊĉĀľ¼ã
1991

P. nigraêçńõĳäĥ ĵã2
1627ĸĹ

34.91 (ĀľġĄĺġ
35ķäġ)

6.29ŃĀŊèġŃňĶŊèĭ2
1999

P. brutia37.54 (ĀľġĄĺġ
35ķäġ)

7.17

P. maritimaņĺĶĉ21370ĸĹ45.88 (ĀľġĄĺġ
27ķäġ)

6.97ŃĀŊèġŃňĶŊèĭ2
2000

P. brutiaĴèõĻńŊĉäĭ220
ĸĹ

16.8 (ĀľġĄĺġ24

ķäġ)

2.8ĄŉăäĮíêŊĉãăÿ
ħãĄčÞçĨĵÜ»ã

Cupressus
sempervirens

12.0 (ĀľġĄĺġ24

ķäġ)

2.5

C. sempervirensăäĚĹĬĎĹÿxŃĀĵã
137ĸĹĠĹŇă

ňĶŊĺĲí

36.95 (ĀľġĄĺġ
15ķäġ)

5.15

P. brutia28.45 (ĀľġĄĺġ
15ķäġ)

5.5



ÊĪõãĭÃ ÉäĒĕÃ Øúé ĦĖā ĨÍÄÈĞĕÃ QÄúĆĕÃ ÿåĤÍ

ğąńîŉœäĚĦĵãňíäèľĵãņĶġêĊçäŊĵãäĢèíêĢŊèĚĵûäľ»ãŃêç£ĵãrêĹĆùÙŊíäèĽêħĄĢíëäĭäĚľç
œäĚĦĵãňíäèľĵãVegetational zonesŃÙ$ëäĭäĚľĵãêŊ¹ã#Zono-biome

ðŊùóăĀîíļĹĘýœãńîĉőãĿä®äç¨èĚĮĵãæĊùňíŋã$ƜƤƢƞWalter,3ëãÿńĢĵã
2ĻŃĄý×ŃƜƤƣƠ#*



1..
2..
3..
4..
5..
6..
7.)(.
8.)(.
9..



ĀõńŉŃĴıīäĚĽňíäèĽļĺĕóāńÄ¨ĢĹļĹûäľ»ãŃ2êç£ĵãīäĚľĵäĩĳŃōãŀĮĩãĄŉľĹûä
ňáãńîĉãŃåĄíêŊľçêŊľŊę(Ferralitic, Latosols#(ŃĀõńŉňĽäòĵãļĺĕûäľ»ã
ŇăãĀ»ãŇāăäĚĹōãêŊĪŊĒĵãŃå£ĵãœãĄĺ¹ãêŊľŊĚĵã$åĄíäĽäĩäĊĵã#(äĺľŊçĀõńŉðĵäòĵã

ļĺĕûäľ»ãŀèčŇăãĀ»ãŇŃãĄúĒĵãħä¸ãŃħä¸ãŸãĀõŃņĶġå£ĵã
êŉŃãĄúĒĵã$ĸŉąŃ§ĉ#(ŃĀõńŉĠçãĄĵãļĺĕûäľ»ãĄęä»ã[œäîčŃħä¸ãŸäĪŊđŃņĶġãå£ĵ
êŊĚĉńî»ãêŊľèĵã(äĹÙīäĚľĵãĈĹäºãĸĞîľŊĩļĺĕûäľ»ãĳĀîĢ»ãàĩãĀĵãŇā£ĵãå

œãĄĪĒĵãŃÙœãĄĺ¹ãêŊĵŃąÿńèĵã(ŃÿńĊŉīäĚľĵãćÿäĊĵãrûäľ»ãĳĀîĢ»ãŃå£ĵãêŊõãĄ¹ã
êŊľèĵãŃêŉÿäĹĄĵã(ŃĀõńŉīäĚĽåńłĊĵãŃŇÿãńèĵãrëäýäľ»ãêĵĀîĢ»ãêĩä¸ãëãāãœäîĎĵ

ÿăäèĵãņĶġåĄíĸŉąńĽ§ĎĵãŃÙĸŉąŃ§Ċĵã(ŃĬĚľĺîíëäçäĦĵãêŊęŃĄþ»ãrľ»ãûäĳĀîĢ»ã
ÿăäèĵãŃņĶġå£ĵãêŊĵŃąĀèĵã(ŃŸã§ýÙÿńĊŉìèĽãăĀľîĵãļĺĕûäľ»ãì¯¢ĚĮĵã

ArcticŃņĶġåĄíãăĀľîĵãêĭĀĦĵã(



(1): )2 :()2a): )3 :(
)4 :()5:()6 :()7 :(

)7a) )8 :()10 :(.



The BiomesϣуЎϼцϜ ϢϽЫЮϜ ϱГЂ пЯК ϣуϛуϡЮϜ бЗзЮϜ



ϣϠϽϧЮϜ сϧϡзЮϜ ̭ϝГПЮϜ
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Arctic



ÊĪõãĭÃ ÉäĒĕÃ Øúé ĦĖā ĨÍÄÈĞĕÃ QÄúĆĕÃ ËÄčÄúĝ
Earth vegetational zones 



.

Equatorial Rain Forests    



Ficus elasticasp.Philodendron

.





.





Cauliflory



.

.



.

.Ficus 

leprieuriEleais quineensis



pH



Deciduous tropical forests



Ecotone



Monsoon ForestsTectona sp.

Shorea sp.

Dry Monsoon





Acacia sp.

AlbizziaCommiphora





Wet Savannas

Dry Savannas

Thornbush

Steppe

Edaphic Savannas

Anthropogenic Savannas

Climatic Savannas

Savannah



.

Semi-aridArid

Extremely Arid





Subtropical Deserts and Semi-deserts



1.SonnoraKarro.
2.)Mohave

(.
3.)Namibia

Thar(.
4.)

Central Australia(.
5.)

ChiliPeru(.
6.)(.





Hamada

Gravel

Halophytes

Sandy :.

.

Ziziphus sp.Prosopis spp.



Wadis:
.

Tamarix sp.Nerium oleanderRetama sp.
Caligonum sp.Acacia sp.

Sabkhas:
..

.

Oasis:
.



.

.

.:
Ephemerals

Perennials

.



Natural Vegetation (types)

Deserts









Sclerophyllous Forests



ĀĢíĿĂŁëäçäĦĵãêĶùĄĹêŊĵäĮîĽã¨çëäçäĦĵãêŉăãĀ»ãŀèčŃêŉăãĀ»ãŃëäçäĥĬęäľ»ã
êĵĀîĢ»ã(ĄĎîľíŃrīĄčäŊĉ×ŃéĄŉĆõäŊĽä·äíêŊĵã£ĉōãŃĳäÊ2ãĀĽŒŉąńŊĽŃĴùãńĉ

äŊĮŉĄĩÝêŊĭĄĎĵãŃåńľõĴŉąã ĵãŃňĶŊĎĵãŃĴùãńĊĵãêŊçńľ¸ãêŊĭĄĎĵãļĹëäŉőńĵãéĀúî»ã(
ĸĊĮíŃwÝ:

.1ëäçäĥêèęăŸãĀõÚĎľíŃrĬęäľ»ã2êâĩãĀĵãëãāĳńĚ¼ãĸáãĀĵãŇĂĵãĴĮŉŸäŊèĊĽrĴĒĩ
œäîĎĵã(Āî±Ń¨çňĚýēĄġƞƛŃƞƠĳäÊĘýœãńîĉőãŀçńľõŃðŊù÷äŉĄĵãêŉăäöîĵã(

.2ëäçäĥëãāăäĚĹÙĴĚ²éăńĒçêŉăŃÿrœäîĎĵãőŃĀõńŉĴĒĩĨŊđħäõ(ĀõńíŃ
ĿĂŁëäçäĦĵãņĶġĴùãńĊĵãêŊçĄĦĵãëãăäĮĶĵŃrĬęäľĹåĄĭÙ¨èĚĮĶĵļĹäłîĮçäĉ(ĹŃäłľ

ëäçäĥäŉńĲŊĊĵãrëäŉőńĵã2éĀúî»ãëäçäĥŃTsuga heterophylla,

Thuja plicata, Pseudotsuga menziesii, Prunus
laurocerasus,Rhododendron ponticum,

Araucaria excelsa(İĵĂıŃëäçäĥćńîèŊĵäıŃōãräŊĽä·äí(

éĄĖºã êĺáãÿ êèęĄĵã ëäçäĦĵãEvergreen broad leafs forests









Nemoral

Deciduous Summer Forests















.

.

Fagus silvaticaCarpinus betulus

A. pseudoplatanusPlatanus platanoides

Q. roburQ. petraeaFraxinus excelsior

Tilia platyphyllosUlmus scabra



).

. Steppe



Lilium sp., Hemerocallis

sp., Filifolium sp.
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 êĹĀĮĹIntroduction 

ĄñÜíëäŊĵäĢĪĵãêŊĽäĊĽŏãŃëäŊĶĺĢĵãêŊõãĄ¹ãForest

operationsrĠĺîSãŇńçäĦĵã.őŃĀçĻÙĂýÜíĻäèĊ¹äçëäŊĶĺĢĵã
¥ĵãŇĄ®rêçäĦĵãœãńĉļĹðŊùéăãÿŏãķÙĸŊĞľîĵãķÙäĹŀçäč.ĻÝêçäĦĵãķäĞĽ

ňùĀĮĢĹ.æÆŃĻÙĸöĊľíëäŊĶĺĢĵãêŊõãĄ¹ãêĩäıĠĹêĢŊèęêçäĦĵãŃ
ä²äĭäę.



êŉ ĵã éäŊ¹ã r ăäöčōã ĠĚĭ §ñÚí

Wood cuttings and its effect on 
wildlife

Ĵáãń»ãHabitats

ħĄĢŉĴáń»ãŀĽÚçêġńĺ½ėŃĄĎĵãêŊâŊèĵã)œãĂĥŃœäĚĥŃœäĹ(êŉăŃĄĖĵã
êĎŊĢ»ğńĽäĹŀáäĮçŃrĘĉŃ¨ĢĹ.

  êŊõãĄ¹ã ëäŊĶĺĢĵã §ñÚíEffects of forest 

operation



œãĂĦĵãFood

ÿãÿĆŉóäîĽÝĠĭń»ãļĹåäĎġōãńúľçĄĎġëãĄĹĀĢçĠĚĭĿăäöčÙ
êĶĹäı.ŃĴĒŉóäîĽŏãwÝŀíŃăāĀĢçńÂ5-8ëãńľĉļĹĠĚĮĵãňĶĲĵã
êçäĦĶĵĸñĐĭäľîŉŸãĀŉŃăŸãĀŉŃăĠĹœĀçńÄăäöčōãŃňĭŒíÅäöŊíä.Ń

ĴĲĎçķäġįäľŁêĭŒġ¨çœńĖĵãŃóäîĽÝĠĭń»ãļĹœäĚĦĵã2¥úîĵãĩéÿäŉĆè
œńĖĵãÿãÿĆŉóäîĽÝĠĭń»ãļĹœãĂĦĵã.ŃĀŉĆŉĠĚĮĵãňĶĲĵãļĹğńľîĵãíäèľĵãň

rĠĭń»ãŃĿäľĥä­ŃňŁêĪđĀŊĪíœäŊùōãêŉ ĵã.ŃĳœäĖîŉÿĀġğãńĽōã
éÿäŉĆçêĩäòıăäöčōã.ŃĴĲĎçķäġĻńĲíëäíäèľĵãêŉąäĦĵãĠĭńĺĶĵĀĢç
ŀĪĎıêŊľĥĄđäľĢĵäçêŊáãĂĦĵãŃ¨íŃ ĵãêđä«ŃrĴùãĄĹŁńÄäwŃōã.



œäĚĦĵãCover 

ĴĮŉŃÙķĀĢľŉœäĚĦĵã¢ĎĢĵãŸäĽäŊùÙŃĀĢŉœäĚĦĵãŸäŉăŃĄĕéäŊúĶĵãêŉ ĵ
ļĹĴõÙœãĂĦĵãŃœäèîýőãŃ§ĩńíļıäĹÙêùãăĄñäĲíŃŃøèĒíŊ¹ãéä

êŉ ĵãéÿĀłĹ¨¹ĳńĚŁăäĚĹōãðŊùÿĀöîŉœäĚĦĵãêŊĽäñ.ŃĴĲĎç
ķäġĄòĲŉœãĂĦĵãņĶġåäĊùœäĚĦĵãrĠĭãń»ãêġńĚĮ»ã.ãĂŁŃĄñÜŉ

ĸöùŃĴĲčĠŉąńíğńĚĮĵãréĄĩŃŃğńľíœäĚĦĵã.ĴĮîĩéäŊ¹ãêŉ ĵã
ĴĲĎçķäġĠĹ ıëäùäĊĹğńĚĮĵãŃøĒľŉĔĢèĵãķĀĢçéÿäŉąùäĊĹê

ĠĚĮĵãňĶĲĵãļġ122ăäîĲŁr¨ùøĒľŉĸłĖĢçĄýŋãķĀĢçąŃä®
Āù¨ĢçăōãŸãăäîĲŁêèĊľĵäçĻőĆĦĶĵ.



 êŉ ĵã ëäĽãńŊ¹ãWildlife 

ĄñÜíëäŊĶĺġĠĚĮĵãňĶĲĵãréäŊ¹ãêŉ ĵãŸã§ñÚí2ŸäĦĵäçŃîÈĨĶãĂŁ§ñÚîĵã
ħŒîýäçğãńĽōãêŊĽãńŊ¹ã.ŃĀĢŉæŊıĄíĠĺîSãňĽãńŊ¹ãŃğąńíŀġãńĽÙŃ

êĩäòıĿÿãĄĩÙŃäŁĀŉĀ®ŸäĉäĲĢĽãêĵä¹œäĚĦĵãňíäèľĵã2÷äî»ãĢèĩĔ
œäŊùōãĴĖĪíĠĭãń»ãêĩńĎĲ»ãæĽãăōäıŃ2ĻãĄâĪĵãŃäłĖĢçĪŉĴĖĠĭãń»ã

êĪŊòıńĺľĵãňíäèľĵã.ãĂŁĄñÜŉŃĀġńĹĠĚĭêçäĦĵãrœäŊùōã Ÿã§ñÚí§èı Ÿã
ðŊùĻÝĠĚĮĵã§ĥìĭÜ»ãŸäîŊĭńíŸäúŊúđĀĭĴĚĢŉéăŃÿĄñäĲíĢĵãĀŉĀ

ļĹœäŊùōã.



 ķäĺöîĉőãRecreation 

ĄĩńíêçäĦĵãŸäđĄĩ2ĀŊĒĶĵŃĀŊđ2İĺĊĵã2ăŃĄ»ãŃŃĸŊŊþîĵãŃĵã2ĿĆľîŃ
ļıäĹÙĠîĺîĶĵêĢŊèĚĵäç.ŃĄñÚîíĴĺ½İĶíëäęäĎľĵãëäŊĶĺĢçĠĚĭäĦĵãêçŃ

êđä«ăãĄĲíĠĚĮĵãŃŀġąńíŃŀîùäĊĹ.ŃļĹ¨çğńĚĮĵãêĢèî»ãĻńĲŉ
ĠĚĮĶĵňĶĲĵã§ñÚí ıÙļĹ§ñÚíŇÙğńĽĄý×ļĹğãńĽÙğńĚĮĵãńłĩ§ĥ

åńĥĄĹļĹĿĂŁňùãńľĵãŃļĲÉĨŊĪþîĵãļĹĿăäñ×ŀĺŊĞľîçêùäĊĹŃ
ŸäġąńíŸãăãĄĲíŃrļıäĹÙëäçäĦĵãêŊùäŊĊĵãŃİĶíêĒĒþ»ãîĉŒĵķäĺö

ŃêùãĄĵãrĔĢçĴùãĄĹäŁăńĚí.



 ĿäŊ»ã r êçäĦĵã ĠĚĭ §ñÚíEffect of woodcuttings on 
water 

 ĿäŊ»ã êŊĺıWater quantity

ŇÿÜŉĠĚĭăäöčōãêŊõãĄ¹ãwÝéÿäŉąêŊĺıĿäŊ»ãrêĮĚľ»ãðŊùĴĮíêŊĺıăäĚĹōã
êĕ£Ģ»ãļĹĴèĭœäĚĦĵã¥èľĵãäĺıĴĮŉŃÙķĀĢľŉøîĽĿĂŁăäöčōãäÀĸöľŉŀľġéÿäŉąr
ĻŃĆþ»ãňáä»ã2ĠĭńĺĶĵŃĻńĲíéÿäŉĆĵãrĿäŊ»ã ıÙrĠĭãń»ã¥ĵãäŁÿńĊíĄþ»ãëäŊęŃļġ

ëäĚĭäĊîĹ2īãăŃōãðŊùē£ĢíwŃōã[ŒĚŁĄòıÙøîľíŃêŊĺı ıÙļĹœä»ãņĶġãĀĹă
ķäĢĵã.

ĀĭŃőĻńĲŉīĄĪĵãŸã§èır§ñÚîĵãĀľġêĵãąÝœäĚĦĵãňíäèľĵãĴĹäĲçĿăŃĂõŃĭńĉŀŃŀĽäĒĥÙ
ŃŀĭãăŃÙŃÙêĵãąÝŀĭńĉŃįĄíäŉäĮçăäöčōãrēăÙĠĭń»ãrêŊĺıăäĚĹōãäĺľŊçŉĆŉĀ

ĻŃĆþ»ãňáä»ãêç£ĶĵêĢĖçëã£ĺŊîľĉ.



 ĿäŊ»ã êŊġńĽWater quality

ÿãÿĆŉĻäŉĄõĳŃãĀ¸ãŃăäÅōãêöŊîĽœãĄõÝĠĚĮĵãňĶĲĵãêçäĦĶĵļĲĵœńĊíêŊġńĽĿäŊ»ã
êŉăä¸ã.ŃŅĆĢŉİĵāwÝëäŊĶĺġĠĚĮĵãŃøîĩīĄĚĵãr2êçäĦĵãðŊùÿãÿĆŉœäĺęÝÅōãăäŃ

ëäĽãĆºãêŊáä»ã2êĪĶîþ»ãŃĄĒúľíåäèĉÙœäĺęŏãræŉĄ°ņľçêç£ĵãŃđăäłŃéĀĊıÙ
êčĄĪĵãêŊçäĦĵããĂŁŃĨĶîÈ§ñÚîĵãæĊùķäĞĽĠĚĮĵãëäõăÿŃæŉĄþîĵã.

 ĀŉĀöîĵã êŊĽäĲĹÝRegeneration potential 

ĨĪÈĠĚĭăäöčōãŃêĵãąÝĠŊ´äłáãĆõÙļĹĠĭń»ãļĹëäŊĶĺġĿĆŊł®2ćĄĦĶĵäÀĴĶĮŉÙ ŸäĖŉ
ļĹăÿäĒĹïńĶíăäÅōãêĶòĺî»ãr§Ė¯Ġĭãń»ãŸäŊĲŊĽäĲŊĹŃÙŸäŊáäŊĺŊıŃÙŸäĭĄùŃäĹäłèĮĢŉ
ļĹăäñ×êŊèĶĉrĳŃãĀ¸ãŃðŊù2ăäÅōãÿãÿĆŉĆŊıĄíňĺĚĵãrăäÅōãńúľç40éĄĹĀĢç

ĿĂŁĳäĺġōã.ŃļĲÉĨŊĪ°ĄñÙëäŊĶĺġĠĚĭăäöčōã¨ĊúîçĸŊĺĒíëőŋãŊªð
ĄĪ¯ăńõrĠĭãń»ãŃÙėńĚýăńîĽńıœäľñÙäłĶĺġœäĮçŏœäĹĠĭń»ãrŀĽäĲĹŃîĵäçxä

ĨŊĪþîĵãļĹëäŊĶĺġïńĶîĵã.



êŊáãĂĦĵã ĄđäľĢĵã ļĹ êç£ĵã ĻŃĆ¿ r êçäĦĵã ăäĺòîĉã §ñÚí
Effects of woodcuttings on soil nutrient pool

êçäĦĵãéĀùŃêŊõńĵńŊçķńĮíĴòĺîçêĭäĚĵãĴĲĎçĸáãÿĻÝŃêŉăãĄĺîĉãêŊõäîĽÝêçäĦĵãŃäłáäĚġŉĻäĪĭńîņĶġ
ĻäĲĹÝŃéăĀĮĹêç£ĵãņĶġĀŉŃĆíÿãĄĩÙĿĂŁéĀùńĵãêŊõńĵńŊèĵãœä»äçĄđäľĢĵãŃêŊáãĂĦĵã.

ëäĭŒĢĵãêŊáãĂĦĵãrêçäĥêŉĄçńľđNutritional Relationship of Pine Forest

 êŉńĖĢĵã éÿä»ãOrganic matter:
ăĀĮŉĻąŃéÿä»ãêŉńĖĢĵãrêçäĥêŉĄçńľđĄĺĢç65 ŸäĹäġńúľç400ļę/2ŭŁŃăĀĮíêèĊĽêĶîĲĵã
êŊ¹ãńúľç70%äĺľŊçŇń¯êčĄĪĵãêŊçäĦĵã5%ŃĸĖíêç£ĵã25%ĬĺĢĵ120ĸĉ.äĺı
ğąńîíéÿä»ãêŉńĖĢĵãrêĶîĲĵãêŊ¹ãņĶġĴĲĎĵãxäîĵã:70%r2īńĊĵã10%r2ĻäĒĥōã18%

răŃĂ¸ãŃňĭäèĵãrīãăŃōãŃ§ĦîŉãĂŁĠŉąńîĵãĠĹķĀĮíêġńĺSãĄĺĢĵäçņîùŀĽÝĆı£ŉçĀĢĄĺġ60-

70äĹäġœĆõ§èıļĹéÿä»ãêŉńĖĢĵãrĻäĒĥōãŃăŃĂ¸ãäĺľŊçĐĭäľîíéÿä»ãêŉńĖĢĵãrãīäĊĵŃ
īãăŃōã ŸäŊèĊĽ.ãĂŁŃğăäĊîŉńĺľĵãrêġńĺSãêŊõĄ¹ãrêŉãĀçäŁĄĺġŃļĹĸñÚęäèîŉŸäŊÆăĀíçåã£ĭä

êġńĺSãļĹôĖľĵã.



 ĄđäľĢĵã ğąńíNutrients Distribution :

ğąńîíĄđäľĢĵãrķäĞĽêçäĦĵãêŉĄçńľĒĵãœãńîùäçäłîçĄíńÂ(91%)2äłľĹŃ
(7%)r2ìèľĵãŃŸã§ýÙ(2%)êčĄĪĶĵêŊçäĦĵã.ŃńĵäľèĊùīäĩ×êç£ĵã

äĽĀõńĵĻÙŅńî¾ìèľĵãŃĬĩōã(A)ļĹĄđäľĢĵãĠĪíĄŉwÝ40%2äĺľŊç
ĐĭäľîíêŊĺıĄđäľĢĵãrīäĩŋãŅĄýōãwÝ60%2ŃĜùŒŉœãńîùãĬĩōã
(A)ńÂ70%ļĹêŊĺıëŃąŋãŃ2ăńĪĉńĪĵãäĺľŊçŇńîÇĬĩōãŀĊĪĽņĶġ

35-50%ļĹķńŊĉäíńèĵãŃķńŊĊĵäĲĵã.ŃxäîĵäçļĲÉĳńĮĵãĻÝĬĩōã(A)
ĀĢŉĬªĻĆþ»ãĈŊáĄĵã¨õŃ£ľĶĵŃ2ăńĪĉńĪĵãäĺľŊçĻĆî°êŊĮçĄđäľĢĵãr

īäĩŋãäŊĽĀĵãļĹêç£ĵã.



 ĄđäľĢĵã ļĹ êŊ¹ã êĶîĲĵã Ņńî¾Biomass Nutrients :

ÿãÿĆŉĸıãĄíëŃąŋãrĴùãĄ»ãwŃōãļĹńÄêġńĺSãêŊõĄ¹ãĤĶèŊĵ ŸãĀùņĒĭÙĠĹķĀĮíġäŁĄĺ
ĸñÙĀèŉĐĭäľîĵãĠĹĳńđŃêġńĺSãwÝêĶùĄĹńĺľĵãňĺĞġōã.ňĚĢíêġńĺSãêŊõĄ¹ãĄĺĢç

20 ŸäĹäġńÂ108ĻäľęÙ/ŭŁļĹīńĊĵãêŊèĎºãŃňĚĢíĄĺĢç60 ŸäĹäġ196 Ÿäľę/2ŭŁ
ŃøĕńŉİĵāëãœãĄĥŏãé§òĲĵãńÂğäèíãëãăŃÿĠĚĭé§ĒĭðŊùĻÝğäèíãïŒñëãăŃÿĠĚĭ

ĄĺĢç20ŸäĹäġĴĲĵäłľĹĴçäĮĹéăŃÿéĀùãŃĄĺĢĵ60ŸäĹäġĀŉĆŉóäîĽŏãĳĀĢ¬115% .

ĻÝêĵãąÝĠŊ´œãĆõōãêŊèĎºãŸäĭńĉŃŸäĽäĒĥÙŃŸãăŃĂõļĹķäĞĽêçäĦĵãŇÿÜíwÝéÿäŉąíäľĵãô
ňõãĄ¹ãńúľç15-30%2ŃĬĩãĄŉİĵāħãĆľîĉã30-70%ļĹĄđäľĢĵãêŊáãĂĦĵãļĹ

ķäĞľĵã.ŃøèĒŉħãĆľîĉãĄđäľĢĵã ıÙ§òĲçĀľġêĵãąÝīãăŃōã ŸäĖŉÙêđä«ŃrÿëãăŃ
ĠĚĭőŅĀĢîí20 ŸäĹäġ.ŃĴĲĎçķäġļĲÉĳńĮĵãĻÝĴıĀùãŃêâ»äçéÿäŉąrêĶĦĵãŀĶçäĮŉ

ħãĆľîĉã3%ĄđäľġêŊáãĂĥļĹķäĞľĵãêĽăäĮĹĠĹĳŒĦîĉãğŃĂõăäöčōãĘĮĩ.



ŃæÆ§ıĂîĵãĻÚç§ĒĮíéăŃÿĠĚĮĵãŀĮĩãĄŉŸäĹŃÿéÿäŉąrħãĆľîĉãĄđäľĢĵãĵãêŊáãĂĦŃéÿäŉą
róäîĽŏã2ŸäĖŉÙğäèíäĩéăŃÿĠĚĭļĹĆç20ŸäĹäġïŒñëãĄĹ¦Ģŉéÿäŉą70%róäîĽŏã

ňĶĲĵãŃ¦ĢŉħãĆľîĉãĄđäľĢĵãêŊáãĂĦĵãĠĭńĺĶĵńúľç50%êĽăäĮĹĠĹéăŃÿĠĚĭéĀùãŃ
ä²ĀĹ60ŸäĹäġ(Switzer et. al., 1978).

ãĂŁŃőĨĭńîŉĀĮĩĄđäľĢĵãļĹķäĞľĵãŃäłĩãĆľîĉãņĶġêĮŉĄęĠĚĮĵãŃĳńęŀíăŃÿçĴĿãĀĢîŉ
wÝĴĹãńġŅĄýÙäłľĹéÿäŉąħãĄÁãêç£ĵãœäľñÙëäŊĶĺġăäĺòîĉőãäĹŃäłèĮĢŉļĹăńŁĀí

ĠĭńĺĶĵ.ŃĀĭ÷ĄĚŉĳãÜĉĸłĹĳńùÿĀġëãăŃÿĠĚĮĵã¥ĵãļĲÉäłġäèíãĻŃÿăãĄĕŏã
4ķäĞľĵäçrĠĭãńĵãæĢĒíêçäõŏãŀľġĻōêĵÚĊ»ãőĀĺîĢíņĶġĀŉĀ¯ĻŃĆ¿äĞľĵãķļĹ
ĄđäľĢĵãĘĮĩĴçįäľŁĴĹãńġŅĄýÙ.ļĲĵĴĲĎçķäġļĲÉĳńĮĵãŀĽÝğäèíäçĳńęéăŃÿĠĚĭ
êèĉäľĹŃêĩĄĢĹëäĽäĲĹÝêç£ĵãŃä²ăĀĮĹŃĸŊĞľíŃĀŉĀ¯ĳäĺġōã¥ĵãĜĩä¯ņĶġãëäĪĒĵ

êŊáäŉĆŊĪĵãå£ĶĵêĞĩäÍãŃņĶġëãăŃÿäŁĄđäľġä²őńúîçêĪĶîþ»ãļĲÉĠĩăĽÝêŊõäîêçäĦĵã
wÝĀù§èıĻŃÿăĀŁŃħãĆľîĉãäŁĄđäľĢĵ.



 êŉńĖĢĵã éÿä»ã êĵãąÝLitter removal

ĀĢíêčĄĪĵãêŊçäĦĵãŸäĽĆ¿ÿãńĺĶĵŃĄđäľĢĵã2êŊáãĂĦĵãāÝĀĭŇń¯ĿĂŁêĮèĚĵã1-3ĳäòĹÙļĹ
ëŃąŋãäĺġŀŉń¯êĶîĲĵãêŊ¹ãìèľĶĵňõãĄ¹ã(McColl and Powers,

1984)2ŃĀĭăäčÙWiedemannĂľĹķäġ1935wÝ§ñÚíêĵãąÝêĮèĚĵã
êŊúĚĊĵã(éÿä»ãêŉńĖĢĵã)ļĹëäçäĥPinus sylvestriséăńĒçêŉăŃÿräŊĽä»Ù

ðŊùŅÿÙİĵāwÝēäĪÃãêŊõäîĽŏãăãĀĮ¬ňĪđóäîĽÝäĺıëÿãÿąãêĩäòĲĵãŉĄŁäĞĵãê
2êç£ĶĵŃİĵĂıĳä¹ãréĀľĶŉąńŊĽðŊùëÿÙêĵãąÝéÿä»ãêŉńĖĢĵãéăńĒçêŉăŃÿéĀ»17

 ŸäĹäġwÝĔĪýńÄăäöčÙPinus taedaĳĀĢ¬12%ŃëÿÙ ŸäĖŉÙwÝăńłĝ
ēãĄġÙĐĮĽĄđäľĢĵãņĶġëäġńĺSãêŊõĄ¹ãêĮĩãĄ»ãŀĵ(Ballard and Will,

1981).äĺıĀõŃēäĪÃãrńÄPinus radiataråńľõäŊĵã£ĉãĿăĀĭ
40%ĀĢçĻÙìĭĄùéÿä»ãêŉńĖĢĵãĠĭńĺĶĵäÀÿãąrêõăÿŀíăãĄùŃĐĮĽŀîçńęăŃńĉœ

êĵäùĿĄđäľġêŊáãĂĦĵã.ŃãĂŁ¦ĢŉĻäĹĄùêç£ĵãļĹéÿä»ãêŉńĖĢĵãŃÿäłõÝäłîçńĒýŃ
ĔŊĪ°ä²ăĀĭêŊõäîĽŏã(äłèĢí).



ĀĭŃìèñĻÙêùãąÝêĮèĚĵãêŊúĚĊĵãĬĺĢĵ2.5ĸĉä¬äłŊĶġļĹéÿäĹêŉńĖġŅÿÙwÝĳńđŃ
êġńĺSãêŊõĄ¹ãêŊõäîĽŏäŁăĀĭ84%ĘĮĩļĹêŊõäîĽŏãŅńĒĮĵãêĢĭńî»ãĄĺĢç7

2ëãńľĉŃìĽĀíwÝ70%ĀľġĄĺġ17ŸäĹäġ(Dyck and Beets,

1987)ŃĀĭëĄłĝôáäîĽêĶñäÀrêŉőŃäľŊĵŃăäıêŊĲŉĄĹōãðŊùìĒĮĽŊõäîĽŏãêńÂ
23%ĀľġĄĺġ25ŸäĹäġ(Fox et. al., 1989).

ĻńĲŉĳĀĢĹøčăœä»ãrëäçäĦĵãêĽąãńî»ã ŸäŊĵäġðŊùĴĒŉwÝ250ĸĹ/äĉŃńŁĸĭăīńĪŉ
ņĶġÙéĀčêŉĄĚĹêĶöĊĹ.ŃĀĭĴĒŉĳĀĢĹøčĄĵãrå£ĵãêŊĶĹĄĵãwÝ1000ĸĹ/äĉ.

äĹĀľġŃĳãĆíêčĄĪĵãêŊçäĦĵãį£ŉøĚĉêç£ĵãêĕĄġëãĄĚĮĵĄĚ»ãéĄĺłľ»ãļĹńĶġèı§
ĄòĢèîîĩëäĢĺ®ëäèŊèùêç£ĵãêŊúĚĊĵãŃĀĊľí2ä²äĹäĊĹäÀĴĶĮŉļĹäłúčăĶĵœäĺ.
ŅÿÜŉŃňġĄĵãŃėäĎľĵãňùäŊĊĵãrëäçäĦĵãwÝďăêç£ĵãŃĄòĢèíä²äĢĺ®äÀŉĴĶĮäłúčă

œäĺĶĵ.



 êç£ĵã ďăSoil Compaction: 

ŇÿÜíëäŊĶĺġĠĚĮĵãŃĄõăäöčōãäłĢŊĺ®ŃêęäĉńçëőŋãêĪĶîþ»ãwÝĔĪýń²êŉ
êç£ĵãŃĨĢĕĳĀĢĹäłúčăœäĺĶĵŃĐĭäľíräłĶŊđńíňáä»ãŃğäĪíăãr²ńĭä(äłîĽäîĹ)

ŃæĢĒŉİĵĂçņĶġăŃĂ¸ãäłĭã£ýãŃĈĪľîĵãäłŊĩŃďäĒîĹãĄđäľĢĵãäłľĹ.ãĂŁŃ
ĀġäĊíëäŊĶĺġûäĪîĽőãŃċäĺĲĽŏãŃëäŊĶĺġĀĺöîĵãŃĻäçŃĂĵãņĶġéÿäĢîĉãêç£ĵã

äłđãńºļĲĵİĵāĂýÚŉŸäîĭŃ[ŒŉńęĀĭĀîÉwÝëãĄĎġ¨ľĊĵã.ŃļĲÉĳńĮĵãĴĲĎçķäġ
ĻÙįäľŁŸäĒĭäľírńÄćãĄĦĵãéÿäŉĆçêĩäòĲĵãêŉĄŁäĞĵã2êç£ĶĵŃĨĶî°êõăÿĂŁãĐĭäľîĵã

 ŸäĢèíéĀĢĵĴĹãńġőÝäÅÙĴĲĎçķäġ÷Ńã£í¨ç20% - 50%.ŃőĀçļĹéăäčŏãwÝ
ŀĽÙļĹæĢĒĵãĴĒĩ§ñÚíĴıĴĹäġņĶġĿĀùðŊùĴġäĪîíŃĴýãĀîíĴĹãńġéĀġrîĵã§ñÚ
rńĺľĵãňíäèľĵãĀĮĩĀõŃĻÙįäľŁéÿäŉąrńÄ÷ńčćŒĥŃÿrİĵäĊ»ã¥ĵãĉãìĶĺĢî

ĀľġĴĮĽğŃĂ¸ãĸĥăğäĪíăãäłîĩäòıêŉĄŁäĞĵãŃÿńĢŉİĵāwÝêĶĭœäĚĦĵã¥èľĵãĢĵã¢Ď
Ĉĩäľ»ãrĿĂŁëãĄĺ»ã.





ëäçäĦĶĵ êĹãĀîĊ»ã éăãÿŏã
$Ɯ#

 ŇÿäĒîĭőãŃ ŇĆŊĶĲĽŏã ħńĊĶŊĪĵã ĀĢŉJohn Stuart Mill ļÀ ŸãĀùãŃ wã ãŃăäčÙ
 êŉÿäĒîĭőã êŊĺľîĵã ëäĺĶĊĹ Đ°  ãăäĲĩÙ ŀ·Ąç  ķńłĪ»ã ãĂŁ ĠĺîöĺĶĵ êĹãĀîĊ»ã

ĄĎġ ļĹäòĵã ĻĄĮĵã ļĹ ëäľŊĊĺºã r İĵāŃ(

 ķäġ êâŊèĶĵ vńłıńîĉã Ą±ÜĹ ĄñÝ êĹãĀîĊ»ã êŊĺľîĵã ļġ ðŉĀ¹ã é§íŃ ëÿãąƜƤƢƝ(
êĹãĀîĊ»ã êŊĺľîĵã *ňŁő ä¬ êŊĵä¹ã ĳäŊõōã ëäõäŊîùã Āĉ wã ħĀ² ¥ĵã  êŊĺľîĵã ēĄĢŉ 

ä²äõäŊîùã Āĉ ņĶġ êĹÿäĮĵã ĳäŊõōã éăĀĮĹ ĄĚþĶĵ(
êŊĽäĊĽŏã ëäõäŊîùőã Āĉ êŉńĵŃÙ

ëäèĶĚî»ã İĶí ¨ĹÚí ņĶġ ēăōã ÿăãńĹ  êŉÿŃĀ¾(
 ķäġ êŊĺľîĵã Ń êâŊèĶĵ éĀúî»ã ĸĹōã Ą±ÜĹ r êĹãĀîĊ»ã êŊĺľîĵã ÙĀèĹ ĀĊ®ƜƤƤƝ(

 ĻĄĮĵã ĳäĺġÙ ĳŃĀõƝƜ((( ĴĒĪĵãƟƛ ĻĄĮĵã ĳäĺġÙ ĳŃĀõ ļĹƝƜ ëäâŊ¼ã Ń ĳŃĀĵã éńġÿ
êĹãĀîĊ»ã êŊĺľîĶĵ ëãĄčÜĹ ĄŉńĚí wã êŊ»äĢĵã Ń êŊľęńĵã(



ëäçäĦĶĵ êĹãĀîĊ»ã éăãÿŏã
$Ɲ  #

 ļĹ ĜĩäÇ ĳĀĢĹŃ åńĶĉÚç ëäçäĦĵã ňĕãăÙ Ń 2êŊõĄ¹ã ÿăãń»ã ĳäĺĢîĉãŃ êŉäġă
 Ń 2äłîúđŃ 2ÿĀöîĵã ņĶġ ä²ăĀĮĹŃ 2äłîŊõäîĽÝŃ 2ňõńĵńŊèĵã äłġńľí ņĶġ ŀĵŒý

Ēĵã ņĶġ êŊġäĺîõőã Ń 2êŉÿäĒîĭőã Ń 2êŊâŊèĵã Ĩáäĝńĵã §ĩńí ņĶġ äłîŊĽäĲĹÝ ĀŊĢ
Ń ãĄĕäù ŅĄýÙ êŊâŊç ĸĞľĵ ãăĄĕ æèĊŉ ő ŇĂĵãŃ ň»äĢĵã Ń 2 ¦ęńĵãŃ 2ňĶÍã

ŒèĮîĊĹ(

èĵã Ĩáäĝńĵã ĄŉńĚíŃ ĸġĀĵ éăĄĮ»ã ëäŊĵŋã Ń æŊĵäĉōã Ń ëäĉäŊĊĵã ĬŊèĚí Ń êŊâŊ
ëäçäĦĵã Ń ăäöčŎĵ êŊĩäĮòĵã Ń êŊġäĺîõőã Ń êŉÿäĒîĭőã(

ëäĽäĲĹÝ ąŃä® ķĀġ ņĶġ ķńĮí ëäçäĦĵã éăãÿÝ ĳä½ r êĵäĢĩ  ĘĚý ĂŊĪľíŃ ÿäĺîġã
 ĘŊÍãŃ 2 ňĽäĹĆĵã ăńĞľ»ãŃ 2ňĽäĲ»ã ăäęŏã ļĺĕ êŉńçäĦĵã êŊâŊèĵã ĸĞľĵã

ŇÿäĒîĭőã Ń ňġäĺîõőã ( ņĶġ ěäĪ¹ã  ġ êŉńçäĦĵã ăÿäĒ»ã ņĶġ ěäĪ¹ã ňŁŃ
ĸĞľĵã ĿĂŁ r êŊĉäĉōã êŉńŊ¹ã ëäŊĶĺĢĵã(



ëäçäĦĶĵ êĹãĀîĊ»ã éăãÿŏã ëãĄčÜĹ Ń §ŉäĢĹ

 §ŉäĢ»ã$Criteria # ăäŊĢĹ äŁÿĄĪĹŃ$Criterion(#
ĴĎĪĵã ŃÙ ÷äöľĵã ĄŉĀĮí ä¼Œý ļĹ ļĲÉ êĹãĀîĉőã ŀõŃÙ ļĹ êĪĶî¿ æĽãńõ Ĵò±(
Ĺ ÿăń» êĹãĀîĊ»ã éăãÿŏã ĸŊŊĮí äłîęäĉńç ļĲÉ ħŃĄĝ êġńĺ½ §ŉäĢ»ã ĨĒíä(
äłġńĭŃ Ĵèĭ ăäĚýŎĵ ŀèľí ĻÙ ŃÙ äłŊĵÝ ĳńđńĵã ÿãĄ»ã êĵä¹ã ĨĒí(
 ëãĄčÜĹ êġńĺ½ §ŉäĢ»ã ĸĖíIndicators

  êŊĺıMeasurable variables

 êŊĪđŃDescriptive

 Ɨ˴ ƑïMain

 ç˗ƵƓ˴ǆSubsidiary

 äĹ éăãÿÝ ëäŊĵäĢĩ Ń ĘĚý Ń ëäĉäŊĉ ôáäîĽ ņĶġ ĸĲ¹ã ä¼Œý ļĹ ļĲÉ ëãŃÿÙ
êġńĕńĹ ħãĀŁÚç ĘĚºã ĿĂŁ ìĽ£ĭã ĻÙŃ äĺŊĉ  êĹãĀîĊĹ äÅÚç(

 ñƓƪá"å ýǚƤ ˥ǆ ɏ˦ ƕƓƺǃå þƓˢ˹ǃƓȺ ƗǀǄƶ˯˸ǃå Ɋˠ˳ǃå ā èƓƪƓ ˴ǃå ˤ ˻ǀ˯ǃ ˤ ˻ǀ˯ǃ
Ɨɂ˦ ƕƓƺǃå ˤˢ˹ǃå èƓǈ˦ ɜǆ ā ˙ƮƓ˹ƶǃ ˤˢ˯˹˸ǃå ā ɏïā˗ǃå.



 ϣЮϝϳЮϜState
ϣϠϽϧЯЮ ϣтϽкϝЗЮ ϣТϝϫЫЮϜ

 БПЏЮϜ Driving forces

ϽϚϝϮ сКϼ

 ϞмϝϯϧЮϜResponse

ϣтнКϽЮϜ ϣЮнгϳЮϜ буЗзϦ

Activity causing state

Condition that exists

Actions to change state

 евϿЮϜTime 

ŊĮîĵ ķĀþîĊíŃ 2ŇńçäĦĵã ķäĞľĵã ħŃĄĝ êŊġńĽ ĄčäèĹ §ĥ ŃÙ ĄčäèĹ ĴĲĎç ĈĲĢí ĈŊŉäĮĹ ëãĄčÜ»ã ĸŊ
ħŃĄĞĵã İĶí ëã§ĦîĹŃ êĵäù (ĵã ëäęäĎľĵã ļġ ê®äľĵã  ėńĦĖĵãŃ åäèĉōã wã ëã§Ħî»ã ĿĂŁ §Ďí ĀĭŃ ŃÙ êŉĄĎè

ĵã ĿĂŁ ļĹ ĀúĶĵ ĠĺîSã ëäçäöîĉãŃ 2êŉńçäĦĵã ÿăãń»ã ĠĕŃ ŃÙ êĵäùŃ 2êçäĦĵã ķäĞĽ  ņĶġ ĄñÜí ¥ĵã êŊĢŊèĚĵãėńĦĖ(



 êĵä¹ã ëãĄčÜĹ $ Ġĕńĵã #State Indicators êĵäù ĨĒí ¥ĵã ëãĄčÜ»ã ňŁŃ
 ńÄ êŉäĪıŃ 2 ä¼ êĶĲĎ»ã ğãńĽōã ÿĀġ Ń 2 êçäĦĵã êùäĊĺı 2ňâŊèĵã äłĹäĞĽŃ êçäĦĵã

äłġãńĽÙé((uãéé  (
 ēĄĢîĵã ëãĄčÜĹExposure Indicators §Ħîĵã ëãĄčÜ»ã ĿĂŁ ĈŊĮí Ń

 ëãĄñÜĺĶĵ êöŊîĽ êçäĦĶĵ ňâŊèĵã ķäĞľĵã ëäĽńĲĹ r$Pressure # ļĹ êŊõăäºã
 êçäĦĵã êĵäù ņĶġ ĄłĞí ¥ĵã ēãĄġōã ĳŒý $ 2êŉĄöĎĵã êĩäòĲĵã r êĶĭ 2ğãńĽÙ ĀĮĩ

êùäĊ»ã r §Ħí(#(((
Ĵáń»ã ëãĄčÜĹHabitat Indicators ŃÙ äĹ ğńĽ êĎŊĢĹ ĻäĲĹ ĻãĀĮĩ ¦Ģí Ń

2ĠĮľîĊĹ ĨŊĪ® ŃÙ êçäĦĵã ăäöčÙ êĮèę ĘŊĊèîı 2 äłŊĩ ČŊĢŉ ¥ĵã ėŃĄĎĵã êĹäĭÝ ŃÙ
ĳŃãĀ¸ã Ń ăäÅōã êĹĄù ăäĊÂã ŃÙ 2 ĄÅ ņĶġ Āĉ(

 ÿäłõŏã ëãĄčÜĹStressor Indicators ëãĄčÜ»ã ĿĂŁ ĈĲĢí Ń
 êŊĽäĊĽŏã ëäŊĵäĢĪĵäı ëãÿäłõÝ wÝ äłĕĄĢí êöŊîĽ êçäĦĵã äłŊĵÝ ĳŃÜí ¥ĵã êöŊîľĵã$ 2ïńĶí

êŊĺľí Ń êŊçĄí 2åäĚîùã(#(((



An indicator must be specific, measurable relevant, simple, 
and repeatable. 

Ÿ ŸäŉăŃÿ ŀĹãĀþîĉã ļĲŉ ĴłĉŃ 2 ćäŊĮĶĵ  ĴçäĭŃ  2ÿĀ¾(
An indicator must be reported and interpreted in the 
appropriate context.

 øŊúĒĵã ăäęőã r äłĶŉŃÚíŃ  ëäĹńĶĢ»ã ĆŊıĄí r ĀġäĊŉ
The interpretation of an indicator is specific to each 
stakeholder in his own domain.

ĠĺîöĺĶĵ êŊƧÙ ëãā êŊùäĽ ĴòÉŃ 2 êŊĚŊĚþîĵã ĸ²äŊĶĺġ r ăãĄĮĵã åäúđÙ ĀġäĊŉ(
To be useful, indicators need to be evaluated relative to a 
certain target, limit, legal requirement or international/ 
regional standard.

ÿĀ¾ ħĀ­ êĚèíĄĹ êŊĶĺġŃ êĺŊĶĉ ćäŊĭ êŊĶĺġ ĀĺîĢŉ(
Indicators provide a common base for information 
exchange among the different stakeholders.

¨ŊľĢ»ã œäĭĄĪĵã ¨ç ĻäĹńĶĢ»ã ĳÿäèîĵ êı£ĎĹ éĀġäĭ Ąĩńŉ



Provide information to the general public as well as early warning information. 

¨ľęãń»ã ķńĺġŃ ăãĄĮĵã åäúđő ĄĲè»ã ăãĂĽőã ĄĩńíŃ éÿĀ¾ êŊĵŃã ëäĹńĶĢĹ ëãĄčÜ»ã ļĹÜí(
Help quantify the situation, highlight its significance, monitor progress and 
changing trends.

ëã§ĦîĵãŃ ëãăńĚîĵã ĀđăŃ ŀîŊƧã ąãĄçãŃ ķäĭăőäç Ġĕńĵã ĸŊŊĮí ņĶġ ĀġäĊí
Help simplify the data and present it in a form directly relevant to the problem 
being addressed.

äłî¸äĢĹ ĸîŉ ¥ĵã êĶĲĎ»äç éĄčäèĹ ĘèíĄŉ ăäęã r äłÉĀĮíŃ ëäŊĚĢ»ã ĘŊĊèí r ĀġäĊí
Guide decision-makers to the status of the current priorities.

ëäŉńĵŃōã ĠĕŃ ńÂ ăãĄĮĵã åäúđã ŀŊõńí
Enable decision-makers to evaluate and compare the implications of their 
policies/choices. 

ĸ²ã ăäŊýŃ ĸ²äĉäŊĉ ëäĉäĲĢĽã êĽăäĮĹŃ ĸŊŊĮí ļĹ ăãĄĮĵã åäúđÙ ¨Ĳ±
Facilitate external scrutiny of decisions and policies, thus ensuring transparency 
and accountability.

êŊĩäĪĎĵã Ļäĺĕ xäîĵäçŃ 2 ëäĉäŊĊĵãŃ ëãăãĄĮĵã r ňõăäºã ĬŊĭĀîĵã ĴŊłĊí(



ÿōã īĄĎĵã ĸŊĶĭÝ r  ëäçäĦĶĵ êĹãĀîĊ»ã éăãÿŏã ëãĄčÜĹ Ń §ŉäĢĹņĽ



öčōã äłŊĚĦí ¥ĵã ŅĄýōã ňĕãăōã Ń ëäçäĦĶĵ êŉńâ»ã êèĊľĵã Ń êùäĊ»ã ăä
ìĭńĵã ăŃĄ¬ äŁ§Ħí ëőĀĢĹ ĠĹ(

 ÿăãń»ã ĸöù
êŊõĄ¹ã

ĻńçĄĲĵã ĻŃĆ¿ 2êŊĹäľĵã ăäöčōã 2êùäî»ã êŉńŊ¹ã êĶîĲĵã(
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 Ń äŁÿŃĀù ì·ă ¥ĵã ŅĄýōã êŊõĄ¹ã ňĕãăōã Ń ëäçäĦĵã êùäĊĹ
êŉńâ»ã äłîèĊĽ(



êŊõĄ¹ã ÿăãń»ã ĸöù

 Ń ëäçäĦĵã êùäĊĹ
 ňĕãăōã
 êŊõĄ¹ã

 ¥ĵã ŅĄýōã
 äŁÿŃĀù ì·ă

ŉńâ»ã äłîèĊĽ Ńê( ϣтϼнЂ
Iraq Jordan Lebanon Palestine Syria Bahrain

Kuwait Oman Qatar Saudi Arabia UAE Yemen



ëãĆöîÍã êùäĊĹ
êŊõĄ¹ã

êŊĺÍã Ĭęäľ»ã Ń



ſ êŊõĄ¹ã êŊõńĵńĲŉőã ĸĞľĵã Ġŉąńí$ œäĚĦĵã ğńĽ æĊª êùäĊ»ã
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ſéĀĩãńĵã ëäíäèľĵã æĽäõ ļĹ Ĉĩäľîĵã(
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 êŊõńĵńçŃĄòĽōã ëã§ñÚîĵäç êđäºã ëãĄčÜ»ã$Ġĭń»ã ăńŁĀí#

 ¥ĵã êùäĊ»ã
 ŇĀĢîĶĵ ìĕĄĢí

 êġãăĆĵã ēãĄĥō
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 êùäŊĊĵã
êŊáãńĎĢĵã  (



ķäł»ã Ń êŊõäîĽŏã êĭäĚĵã

 êŊõĄ¹ã ëäöîľ»ã óäîĽÝ
İĵā r ä¬ êŊèĎºã §ĥ

èĚĵã Ń êŉĄĚĢĵã ëäíäèľĵãêŊ(



Ė° ¥ĵã ŅĄýōã êŊõĄ¹ã ňĕãăōã Ń ëäçäĦĶĵ êŉńâ»ã êèĊľĵã Ġ
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äçäĦĶĵ êŊâŊèĵã Ń êŊáäĭńĵã Ĩáäĝńĵãë

 ¥ĵã ĳŒîĵã ÷ńĪĉ êùäĊĹ
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 êġãăą ĳŒý ļĹ äłùŒđÝ

 ăäöčōã)ëã§öĎĵã
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ëã§öĎĵã(
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 ňĕãăōã
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êŉäĭńĵã



êŊèĎºã ëäöîľ»ã êĺŊĭ(  ëãĄčÜ»ã
 êđäºã

 ħŃĄĞĵäç
êŉÿäĒîĭőã
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 Ń êŉÿäĒîĭőã

äŁĄŉńĚí

êŊèĎºã §ĥ êŊõĄ¹ã ëäöîľ»ã êĺŊĭ  (
êŊÇŃ£ĵã Ĵáäĉńĵã ëãĀáäġ  (

ĐĮľĵã ļĹ ëãĀáäĢĵã  (
xä´ŏã ňĹńĮĵã ôíäľĵã r ëäçäĦĵã ğäĚĭ æŊĒĽ )xä´ŏã ňĶÍã ôíäľĵã(
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Ą¹ã ëäöîľ»ã ņĶġ êĺáäĮĵã ëäġäľĒĵã Ń ëäçäĦĵã ğäĚĭ r ăäĺòîĉőã ŅńîĊĹêŊõ(
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r êŊĶÍã ëäĢĺîSã Ĵýÿ r êŊõĄ¹ã Ĭęäľ»ã ļĹ éĀĺîĊ»ã Ġĩäľ»ã êèĊĽ ĬęäľĹ

ëäçäĦĵã  (



êŉÿäĒîĭőã ħŃĄĞĵäç êđäºã ëãĄčÜ»ã
Import Export
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 Ňăäöîĵã
ňõĄ¹ã

Ļäĺġ êľĚĶĉ



Ġĩäľ»ã Ġŉąńí ëãĄčÜĹ
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 ğäĚĭ r

ëäçäĦĵã(
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äłîŊĺľí Ń êŊõãĄ¹ã ëäçäĦĵã êĽäŊđ r(
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ŇĄĚĮĵã ŅńîĊ»ã ņĶġ êŊõĄ¹ã øáãńĶĵã Ń ëäĢŉĄĎîĵã Ń ëäĉäŊĊĵã( êŊĊĉÜ»ã Ń êŊĽńĽäĮĵã Ąęōã
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•ŇÿÜŉĸùãĆîĵã§èĲĵã¨çăäöčōã)êĩäòĲĵãêŊĵäĢĵã(wÝĔĪýĳĀĢĹ2ńĺľĵãŃéÿäŉąĄĚý
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albumæèĊŉŸäĩãĄÂãŃŸäŁńĎírĴĲčêġńĺSãêŊõĄ¹ã.

•ăäĎîĽãĻäöŊîĵãêúĚĊ»ãŃÙé§Ħđĸö¹ã2ĳĀŉņĶġķĄŁêçäĦĵãŃÙĨĢĕńÄäŁăäöčÙ.

  êŊĶĺġ ëäĮŊèĚíPractical application
êĺŊĶĊĵã §ĥ êçäĦĵã Ĵáőÿ



êĩäòĲĵãêèĉäľ»ã:ŇÿÜŉĀġäèíăäöčōãļġäłĖĢçŸäĖĢçwÝéÿäŉąr2ńĺľĵãŃwÝéÿäŉą
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  êĺŊĶĊĵã êçäĦĵã Ĵáőÿ)éäĩäĢ»ã(



êŊõãĄ¹ã êġńĺSã ê¸äĢĹ
ĠèîíéĀġëãœãĄõÝê¸äĢ»êġńĺSãêŊõãĄ¹ãŃļĹĸŁÙĿĂŁëãăäŊºã:

œäĮçŏãņĶġĠĕńĵãļŁãĄĵãêçäĦĶĵ:ŃrĿĂŁêĵä¹ãņĮèŉĄĚýĬáãĄ¹ãŃêŊĉäĊùêġńĺSã
ëãĄĎúĶĵŃēãĄĹōã2êĺáäĭŃĈŊĵįäľŁéÿäŉąréńĭńÄêçäĦĵãŃÙ¨Ċ¯ÿńõŃéäŊ¹ãêŉ ĵã.

ĳäĺġÙ¨ĊúîĵãêŊáĆ¸ã:ŃħĀ²wÝĨŊĪ°ĄĚýïŃĀùĬáãĄ¹ãŃĳńĒ¹ãņĶġĀáãńĪĵã
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¨Ċ¯ŃďĄĩňġĄĵãŃÿńõŃéäŊ¹ã2êŉ ĵãŃ¨Ċ¯ĄĞľ»ãxäĺ¸ãêçäĦĶĵ.



(C, O, HS, P, N, Mg, K,

CaZn, Mo, Mn, Fe, Cu, B

Nutrient requirements of forest trees 



Cation Exchange Capacity



.

CO2

HCO3
-

pH

Fluvic Acids



N, P, KCa

S, Fe, Mg

Mineral nutrition 





.

P K Ca ˓ˬ˷ǁä/˴˷ƴǁä˗

8.5 37 82 èƓɂ̇ Ɂ˦ ˹Ʈ

17 95 177  èƓ ā˟̇ ˳ǆ
 Ɏ̇ Ƥá

20 91 356  èƓˠƿƓ˴˯ǆ
ûåïāá

174 1215 397  Ɇ˻ƮƓ˲ǆ
Ɨ åyïð





)a (

)b (
)c (

100.



(ppm)

(Zotel, 1953; Gussone, 1964;  Bonneau,1978)(Martin-Prevel et. al., 1987)

Populus spp. P. maritima P.sylvestris

2.5-3.0 2.0 1.2 1.2 1.2 0.8 1.8-3.2 0.7-1.6 N

0.2-0.35 0.17 0.09 0.12 0.12 0.06 0.20-
0.30

0.06-
0.10

P

1.5-2.0 1.30 0.40 0.50 0.50 0.30 0.55-
0.90

0.30-
0.45

K

2.30 0.05 0.02 0.05-
0.24

0.05 Ca

0.18 0.05 0.02 0.06-
0.13

0.05-
0.09

Mg

30 Fe

4 20 7-6 Mn

2 Cu

10-
80

5 Zn

35-15 10 B



.

Nutrient cycles



Nature and quantity of organic 
matter



(Bray and Gorham, 1964)



(Veer

and Wesemael, 1992)



.

.

Forms of organic matters

Forms







Liriodendron tulipifera

(Harris et al., 

1977)

.

é



Picea abies



)

Chemical composition



Mull

Decomposition of organic matter 



Mor



(Wesemael and Veer, 1992)

Leptomoder



.

Frankia

(Zavitkovski and Newton, 1968)

Nitrogen cycle





Rhizobacter

ClostridiumNostoc

AnabaenaCollema

Peltigera

NH4
+NO3

-

NO-3NH4+

Nitrification

N2



Ectomycorrhizae



.

.

Nutrients loss



.

.



(Likens et. al., 1970)



NH4
+NO3

-H+

CaMgKNa

. 



.

Forest nutrients cycle



Quercus roburFraxinus excelsior

Corylus avellanaCarpinus betulus



Quercus roburFraxinus excelsior
Corylus avellanaCarpinus betulus



Q. coccifera

Cistus monspeliensis, Dorycnium suffruticosum, 

Genista scorpius, Juniperus oxycedrus, Lonicera 

implexa, Phillyrea  angustifolia, Pistacia lentiscus, 

Smilax aspera,

Mineral cycling in the 

garrigue



:

Asparagus acutifolius, Asphodelus cerasifer,

Brachypodium phoenicoides, Euphorbia characias,

Cephalaria leucantha, Centaurea pectinata,

Centaurea haaeriana, Hieracium murorum, Genista

pilosa, Fumana procumbens, Rubus sp., Rubia

peregrina, Rosa sp., Ononis minutissima,

Lithospermum fruticosum, Thymus vulgaris,

Teucrium chamaederys, Stachys officinalis,
Sanaguisorba minor



A0

AII

A12

B

A12

Calcic mull



.

Production and distribution of organic 

matter



Q. coccifera



Q. coccifera

.

Mineral cycling



)(



.

ïï



20-30 10-20

(Rapp and Lossaint, 1981)



.

Reserves of mineral elements in the soil



Cu ZN Mn Fe N P Mg Ca K Na

(Rapp and Lossaint, 1981)



N* P Mg Ca K Na



Na, K, Ca , Mg , P, N.





N P Mg Ca K Na



Turnover

Na



Na, N, Mg, P

Ca, (K)

(Rapp and Lossaint, 198



Practical applications 



Extrinsic

Intrinsic

Soil management and forest 

growth



Soil management and forest operations



(Graham 

et. al., 1991)



C/NC/KC/P

25

Evers (1968(Spurr and Barnes, 1980)

Soil analysis



C/NC/KC/P



:



ϞϽϧЮϜ ИϜнжϜ



ϣтТϜϼОмϠмАЮϜ ЬвϜмЛЮϜ м сϮϜϼϲЮϜ ϤϠжЮϜ

ûäľ»ãŃ êç£ĵã r äŁ§ñÚí  ġ äŊĩãĄĥńçńĚĵã ĴĹãńġ æĢĶí ŸäĺłĹ ŸãăŃÿ
äĹ êĮĚľĹ r ìèľĵã êĢŊèę ĀŉĀ¯ r (ĴĲč ĴĹãńġ ňíÚíŃ ēăōã

 ä¬ ä¼ńŊĹ êõăÿŃ ēăäĢ»ã Ŀä®ãŃ Ąúèĵã øĚĉ ļġ ğäĪíăőãŃ
 ĄđäľĢĵã ļĹ êç£ĵã Ĭĺġ wÝ êĩäĕÝ 2êŊĢĕńĹ ëäýäľĹ ļĹ ĬĶ°

ğãńĽōã ğąńíŃ ĀŉĀ¯ r ĸĉä¹ã ăŃĀĵã ëãā(



 ēăōã ĴĲčLandform

ĀĮĪíĬęäľ»ãêĖĪþľ»ãĻäŉÿńĵãŃêõăÿä²ăãĄùêġĄĊçrxäŊĶĵãéÿăäèĵããêáÿä¼
êĽăäĮĹĠĹňĕãăōã2éăŃäSãåäĊľŊĩœãń¼ãÿăäèĵãļĹĈŉăäĖîĵãéăŃäSãöîŉŃĠĺ

äłŊĩ(ŃĻńĲíİĵĂçëäĖĪþľ»ãļıäĹÙĠĺ®œãńłĶĵ2ÿăäèĵãĻńĲŉŃīĄĪĵãĄ¹ãŇăã¨ç
êõăÿéăãĄùœãń¼ãæŉĄĮĵãļĹøĚĉēăōãœãńŁŃĈŉăäĖîĵãéăŃäSã ŸäŉŃäĊĹ

ƣȩïķħĄĢíŃĿĂŁêĵä¹ãåŒĮĽőäçŇăãĄ¹ã(



ĬĶĚŉņĶġļıäĹÙĠĺ®œãń¼ãÿăäèĵãåńŊõĠŊĮĒĵãFrost pockets2æèĊŉŃœãń¼ã
ĀŉĀčéÿŃ ĵãŸäĢŊĮđŸäŊĢŊçăŸãĄýÚîĹŸäĢŊĮđŃŸäŊĪŉĄýŸãĄĲèĹŸãĄĒĮĹİĵĂçĳńęĸĉńĹĵã2ńĺľ

ŸãÿĀ¾ŃğãńĽōã¥ĵãļĲÉä¼äĺĢîĉãr§öĎîĵãňõãĄ¹ã(
ĔĪþľíŃrĻäŉÿńĵãêĮŊĖĵãêõăÿéăãĄ¹ãéăńĒçĄòıÙļĹ2êĖŉĄĢĵãĻńĲíŃwŃōãòıÙĄêçńęă(

ņíÚîŉŃãĂŁħŒîýőãļġīĄĪĵãrķäłĉÝĻãăĀõŇÿãńĵãrďäĒîĹãŃĄĎĽéăãĄ¹ãwÝńŁœã
2ŇÿãńĵãāÝĻńĲíêõăÿéăãĄ¹ãņĺĞĢĵãņĶġøĪĉÿãŃĀŊõħĄĒĵãœãńłĶĵĔĪýÙïŒòç

ëäõăÿêŉńâĹņĶġăãĀĹķäĢĵãäłľĹrĠĮçĠŊĮĒĵã2éăŃäSãäĹÙêõăÿéăãĄ¹ãäŊĽĀĵãĻńĲîĩġÙņĶ
Ĉĺ«ëäõăÿêŉńâĹņĶġăĀúľ»ãŀĊĪĽļġäŁãńĉ(
ĴçäĮ»äçåäĊľŉœãń¼ãļĹĈŉăäĖîĵãêçĀÍãĸĺĮĵäıåäĖ¼ãŃĠĹēäĪÃãêõăÿ2ä²ăãĄù
ŀöîŉŃńÂĻäŉÿńĵãĳńłĊĵãŃêöŊîĽŃİĵĂĵĻńĲíëäõăÿéăãĄ¹ãäŊĽĀĵãrĴŊĶĵãêĢĪíĄĹĽ ŸäŊèĊ

ņĶġĸĺĮĵã(äĹÙrăäłľĵãĻńĲŊĩœãńŁĈŉăäĖíĬęäľ»ãéĄĢĮ»ã$êŉÿŃōã#ĄòıÙéăãĄùļĹľĹĬęä
åäĖ¼ãéăŃäSã¥ĵãĴŊ±ĻōĻńĲíÿĄçÙŸäŊèĊĽ(ĄòĲíŃăäĚĹōãrĻäŉÿńĵãêĽăäĮĹçĳńłĊĵä

éăŃäSãæèĊçëäĢĪíĄ»ãêĚŊÍãħĄĢŉŃãĂŁĄñÚçĻäŉÿńĵãCanyon effects(





Chimneyôs 
effect.

Approach effect   .

Rain shadow
.





 Ąúèĵã øĚĉ ļġ ğäĪíăőãAltitude

ĴĲĎçķäġĐĭäľîíêõăÿéăãĄ¹ãĠĹğäĪíăőãļġøĚĉĄúèĵãĢ¬ĳĀ
Ơ(ƠЈķĴĲĵƜƛƛƛķőÝĻÙĳĀĢĹĐĭäľîĵããĂŁĈŊĵŸäîçäñ(ŅĆĢíŃ

åäèĉÙĐĭäľîĵãwÝêĶĭêĩäòıœãń¼ãēäĪÃãŃ2ŀĚĦĕäĺıĩãĄŉĬ
ğäĪíăőãļġøĚĉĄúèĵãéÿäŉąrêçńęĄĵãêŊèĊľĵãğäĪíăő¾ÿŃĀ(



Ąúèĵã øĚĉ ļġ ğäĪíăőã
ÿãÿĆŉğäĢčŏãňĊĺĎĵãĄčäè»ãĠĹĐĭäľíĈĲĢľ»ãŀľĹ(
ĳĀèîŉæŊıĄíœńĖĵã(
ĀîĎíêġĄĉ÷äŉĄĵã(
ÿãÿĆíêŊĺıăäĚĹōãŸäŊèĊĽ(
ÿãÿĆŉĄ«êç£ĵãøîĽŃìèľĵã(

ĳœäĖîŉĬĺġêç£ĵãÿãÿĆŉŃĳĀĢĹĀĊıÚíä²ÿäĹêŉńĖĢĵã(
ĄýÚîŉńĺľĵãňíäèľĵãæèĊçÿ ĵãĀŉĀĎĵãēäĪÃãŃêõăÿéăãĄùêç£ĵãrĠŊçĄĵã
2ĄıäèĵãäÀĴĢÆĸĉńĹńĺľĵãã§ĒĭĄĒĮŉŃŀĢĹĸĉńĹïŃĀùĬáãĄ¹ã(

ĈĲĢľíëã§Ħî»ãêŊýäľ»ãĿĂŁņĶġìèľĵã2ňõãĄ¹ãĄñÚîŊĩĿńÄŀĢŉąńíŃíŃ2ŀèŊıĄ
ĂýÚŉŃäĢçäęäŉĄłĞĹŸãĆŊÀ$ĳäÂ2ĻŃĄý×ŃƜƤƣƤ#(



ĻÙÿńĢđƜƛƛķrĬęäľĹĳäèõąäĭńĮĵãĳÿäĢŉäĕäĪÃãŸäĚĉńîĹrêõăÿéăãĄ¹ãä¬ĳÿäĢŉ
ĳäĮîĽőãƜƛƛĸıŸőäÊ(ŃãĂŁäĹĄĊĪŉĬŊĕêĹĆùōãêŊíäèľĵãä¬åăäĮŉƜƛƛƛéĄĹrĬęäľĹ

ĳäè¸ãêĽăäĮĹĬęäľ¬ĳńłĊĵã(



Xeromorphic

Steppe-like

Present vegetation of mount 

Hermone 



:

Q. boissieri

CryptophytesHemicryptophytesChamaephytes

Rosaceae



Geophytes

Astragalus sp., Acantholimon libanoticum
DolinesAlopecurus arurdinaceus,

Lotus corniculatus, Polygonum cedrorum,
Convolvulus libanoticus



ǦȲȆȲȅüǠǤƨäǦɆȲǵǠȆȱä)ÛüǠƲ1980ÜüǠƲÛþĀȀǹßĀ1989):
·óîǠȞƫäǦɆǣȀȢȱäWestern slopes

1.200300
Ceratonia siliquaPistacia lentiscus.

2.200̙700Quercus
calliprinosPistacia palaestina

Pinus brutia.
3.700850Q. infectoria

Pinus brutia.
4.850̙1250Q. cerris.
5.1250̙1500Abies cilicica.

and Bayer and Al-Bassit hillsVegetation of coastal 

mountain ranges



Eastern slopes

̙Quercus
calliprinosPistacia palaestina

Q. infectoria
Q. cerris

̙Cedrus libani

̙Ostrya
carpinifoliaCarpinus orientalis



Western slopes

1.

Quercus calliprinosCeratonia siliqua,

cercis siliqastrum, Pistacia palaestinaQ. infectoria

A. syriacumCornus australisStyrax

officinalisCupressus sempervirens

Juniperus oxycedrus

EphedraLaurus nobilisRhamnus alaternu

Smilax aspera, Lonicera etrusca, Aristolochia

altissimaP. pineaP. brutia

Pistacia lentiscus, Myrtus communis,

Arbutus andrachne, Cytisus syriacum, Erica verticillata,

Present vegetation of Mount Lebanon



. 2

Q. cerris,

Q. infectoria, Sorbus spp., Prunus spp., Pyrus
syriaca, Cottoneaster nummularia, Clematis

flammula, Berberis libanotica

3.

Juniperus excelsa, Rhamnus libanotica,



Eastern slopes

Q. calliprinos, Q. infectoria,

Pistacia palaestina, Prunus ursina, Amygdalus
korschinskii, Poterium spinosum

Juniperus

excelsa, Rhamnus libanotica, Cottoneaster
nummularia, Cerasus prostrata.



Slope and slope angle



ErosionCreep

Rock fallsSlide

Soil mass movement (slump)

Avalanches



.



.

Slope site





Amygdalus orientalisA. spartioides

Q. calliprinos

Crataegus azarolusQ. infectoria

Exposures



Winter solstice1

Vernal equinox (21







ϟАϼ ̭Ϝнк

РϝϮ ̭Ϝнк





1100m Dalia to Abo-qubies ---NW exposure

800m south exposure

500m SE exposure
High Altitude Low Altitude

Mid Altitude



 êɀȦȆȱä ȻǠƟäExposures

.

.



)(

Amygdalus orientalisA.
spartioidesQ. calliprinos

Crataegus azarolusQ.
infectoria.



 ЬвϜмЛЮϜ м сϮϜϼϲЮϜ ϤϠжЮϜ

ϣтмтϲЮϜ

1



.

.

)Barbour et. al., 1980; Odum, 19711989(.

ϣвϸЧвЮϜIntroduction



ЀТϝжϦЮϜCompetition

.

.



 ЀТϝжϦЮϜ ϼтϪϓϦThe effect of competition  

̭ϝжϠϣКмвϮвЮϜϣтϮϼϲЮϜStand structure
Even-aged

20%.

.
Uneven-aged

.



Seedling stage)
(

.
Sapling

stage

Crown Differentiation.



Dengler (1944((Daniel et. al,1979):

1.Dominant
.

2.)(Co-dominant:

.

3.)(Intermediate:

.

4.)(Suppressed:



Strata

450-500ϣЧϠАϣϠϝПЮϜ

ϤϲϦϣϠϝПЮϜ

̭ϝАПЮϜсЎϼцϜсϲЮϜ

ϝтϝЧϠЮϜϣтϦϝϠжЮϜ

.
.

.

 рϸмвЛЮϜ ФϠАϦЮϜVertical structure



.
.

.



.

.



.
.

.

.

: Log W= a + b log PW
abP.

–1.5
.

.

ϣтϮϼϲЮϜ ϣКмвϮвЮϜ ϣТϝϪЪStand density



.

.
.

.

.



.

.
.

ϣϠϝПЮϜ ϣЧϠА ИϜмжϒ ϞтЪϼϦOverstory composition

.



ϣϠϝПЮϜ ϤϲϦ ϤϝЧϠА ϞтЪϼϦUnderstory composition

.
.

.
.

.

.



 ЬДЯЮ ϣЯвϲϦвЮϜ ϤϝϦϝϠжЮϜUnderstory tolerance

:
1.

.
2.

.

.
3.



4.

.

3135
13251475

.

858/)/
1991(.

5.



сТϣЧтЧϲЮϜ

.

.

)300-
500(

.



ϸϠъмдвЬмЧЮϜ

.

.

.

.

Nature of understory tolerance

.



Environmental factors and understory tolerance

.

.

.

2%.

.



.

.

.



ϣЯвϲϦв ϼтО ИϜмжϒ ϣЯвϲϦв ИϜмжϒ ϣУЊЮϜ

ЬД Ϣ̭ϝЎϖ ЬД Ϣ̭ϝЎϖ

12.2 18.0 6.4 7.0
(Pmax

CO2/2/(
1.4 0.3 2.0 0.9

(250P
CO2/2/(3.2 2.5 1.0 1.2 )
CO2/2/(

ЀУжϦЮϜ м сϚмЎЮϜ ϞтЪϼϦЮϜ сЮϸЛв Ϩтϲ дв ЬДЯЮ ϣЯвϲϦвЮϜ ϼтО м ϣЯвϲϦвЮϜ ИϜмжцϜ дтϠ ФмϼУЮϜ акϒ



)1(
)2(

)3(
)4()5(

)6(
.

.

Physiological factors and understory tolerance



Distribution of forest vegetation 

.

)(
.

Mg.



.Allelochemic
interaction

)(
.

Allelopathy.
:

 ϸϝЎϦЮϜAmmensalism



ЬЯϲвЮϜ м ϭϦжвЮϜ омϦЂв пЯК сϚϝтвтЪЮϜ ϸϝЎϦЮϜ

Producer-decomposer level

.
.

(Eyre, 1963).



Picea.

.Understorey
pH

.

.Carlisie)1966(
Quercus petraea

.Tukey (1966(

.



.Rice
14

.
Brian (1957(

38
)1-10ppm(
.



.Muller
Salvia

.
.

Chaparral.

Juglone

Araucaria sp.

ϤϝϦϝϠжЮϜ дтϠ сϚϝтвтЪЮϜ ϸϝЎϦЮϜAllelopathy



 .
 .

 .
 .

.

ϞІЛЮϜ ЬЪϐ м ϭϦжвЮϜ омϦЂв пЯК сϚϝтвтЪЮϜ ϸϝЎϦЮϜ

Allelochemics at the producer-herbivore level



)Janzen, 1975(.

.Operophtera
)(Q. robur

0.5%
)(

5%.

.



.
)(

500/
2%

.

.
6%

.



.

a-EcdysoneB-Ecdysone

.

.

.
28Ecdysone

(B).

сϚϝтвтЪЮϜ ϸϝЎϦЮϜ сТ ϝкϼмϸм ϤϝжмвϼлЮϜ

Hormones as allelochemic agents



.
Epiphytes.

.

.

.

.

 ϣЯЪϜϔвЮϜCommensalism



м

.
Forman(1975(86%

Nostoc.
1.5-8//

.

.

.Smilax asperaHedera helix









.

16020%
.

.

.

.

.

сЮмцϜ дмϝЛϦЮϜProtocooperation



.
.

)()
()

()
.

ЄтϝЛϦЮϜMutualism



8

)K, Ca, P(.

100.

 ϜϾтϼмЪтвЮϜ)ϣтϼϺϮЮϜ ϤϝтϼАУЮϜ (Mycorrhizae



Ectomycorrhizae
FagaceaePinaceae

JuglandaceaeSalicaceaeBetulaceae
Tiliaceae.

Endomycorrhizae

.

.Pinaceae
CruciferaecyperaceaeJuncaceae

.



.

.
/

.

.

.



.
ATP.

 дтϮмϼϦжЯЮ сІтϝЛϦЮϜ ϤтϠϪϦЮϜSympyotic nitrogen fixation



Rhizobium

NostocAnabaena
.

Actinomycetes
.160

.
94%96%36%

.Azotobacter
Clostridium

CollenaPeltigera.



.

)(
.

.

Hymenoptera

.
)(

.

 ϼтϠϓϦЮϜPollination



Herbivory
.

1.7.ϢϸϝвЮϜϣтϲЮϜϣЪЯлϦЂвЮϜConsumption
Gross primary productivity(GPP)

.
/2//2/.1

4.2.
Net primary productivity(NPP)

.
30-70%

GPP.

сКϼЮϜGrazing



10%NPP
2-3%

4-7%10-15%
30-60%

.
)…()

(50-100%)NPP(.
.50%

.)NPP(
10%100%

Janzen)1970(



.

.
..

.

.

)B(

.

 сКϼЯЮ сУтДмЮϜ ϼϪцϜFunctional effect of grazing



мϣЊы϶ЮϜ:

)(.

.
)24(.



.:

Cephlcia tannouriensis

.
)(

275/
75/.3/.

  ϤϝТфϜPests



Pine processionary
caterpillar.

)
(

)(.
)(

Bacillus
thuringiensis.

1800/

)25(.

ϼϠмжЊЮϜ ФϜϼмϒ ϞмϺϝϮThaumetopoea wilkinsoni



.
.

4
250000-12500000/.

.
4-8.

ϼϾЛЮϜ ФϜϼмϒ ϞмϺϝϮLymantria dispar (L).



)
(.

1

1.5.500-750
300.

10



:)1(
)2(300)3(

)4()5(
.

.70-80
45-50.

10-15.

Armillariella melleaAgrilus sp.

.



Trees 

are

for  boys

to climb.  For cats to

get caught up in--for little

girls to cry about.

Trees are to catch kites. For

hunters to hide behind 

and squirrel to hide in. A place for birds to

build a home.Trees are for people to look at.   To

hang a swing in.To pitch a tent under. Trees make 

an open field a park.  They beautify a street. They make a

house a home. Trees slow down the wind, settle the dust, and soften 

sounds.  Trees are for picnics and for poets to write about. Trees

buffer the raindrops. They stop erosion. They hold snow.

What are

trees for?

Trees are

for

everyone.



ÊĪÕÃäŚÃ ÊÂĪÈĕÃ ĘĖā



àĪĢœ

".





ģàĪÈā ěÄĚĪĖé àĚş ãĤÎđàĕÃ



Forest

Forest Ecosystem

The concept of forest and forest ecology



Abiotic component

Biotic

component

Producers

Consumers

HerbivoresCarnivores

Decomposers

Nutrient cycleEnergy cycle





Forest ecology

.

Forest Autecology



Forest Synecology



ňíäèľĵã œäĚĦĵã r ĨŉăäĢíDefinitions in vegetation

ļŉńĲîĵã¥èľĵãFormation*êġńĺ½ëäĢĺîSãêŊíäèľĵã¥ĵãĀõńíŃĀî±ņĶġçêĢĮ
êŊĩãĄĦõé§èıŃĨĒîíêâŊ­êĹäġéĀùãŃêçäĦĵäıêŊáãńîĉőãé§Ě»ã(ĸĊĮíŃ

ëäľŉńĲîĵãŅ ĲĵãwÝëäĢĺ®$ĄáäĎġ#2ňŁŃ*êġńĺ½ëäĢĺîSãêŊíäèľĵãäĎî»ãê­¥ĵã
ĀõńírêĮĚľĹ2êľŊĢĹëãāæŊıĄíŇăńĶĩÙìçäñ2ŸäŊèĊĽêâŊŁŃêîçäñĄłĞĹŃäýňõă

2ĈĽäöîĹĀõńíŃăĄĲîíŃrëäâŊçêĶñäĺîĹ$ĀõńíğãńĽōãäłĊĪĽŃÙäłĶáãĀç
vacariantsrĬęäľĹêĪĶî¿äĺĶıëăĄĲíħŃĄĞĵãêŊâŊèĵã¥ĵãäłîĢ´

ŸäĉäĉÙ#(ņĺĊíŃĿĂŁëäĢĺöîĵãéÿäġœä·ÚçğãńĽōãéĀáäĊĵã2äłŊĩŃÙİĶíëãāëäĪĒĵã
éĆŊĺ»ã(ŸäŊõāńÄŃĀĭĀõńŉ§òĲĵãļĹĄáäĎĢĵã¥ĵãňĺîľíwÝļŉńĲîĵãíäèľĵãňŀĊĪĽ
ĴñäĺîĹ2êâŊ¼ãļĲĵĨĶîÈĴıäłľĹræŊıĄíŀġãńĽÙŸäĺıŸäġńĽŃ(

ļŉńĲîĵãŃ¥èľĵã*Ġĺî½ļĹğãńĽōãæĊîľŉäłĢŊ´wÝĳäĲčÙéäŊùéÿĀ¾ĀõńíŃĠĹ
äłĖĢçäłĪŊĲîĵĠĹėŃĄčêç£ĵãûäľ»ãŃ(

êĮĚľ»ãêŊĩãĄĦ¸ãêŊíäèľĵã*êùäĊĹļĹēăőãĆŊĺîíļġĬęäľ»ãéăŃäSãŊġńľçêéăńĶĪĵã
œäĚĦĵãŃňíäèľĵãûäľ»ãŃ(



 é§ĎĢĵãAssociation  * 2ňíäèľĵã œäĚĦĶĵ êŊĪŊľĒí éĀùŃ ĄĦđÙ
ê­äĎî»ã êŊíäèľĵã ëäĢĺîSã ļĹ ÿĀġ ļĹ ĨĵÚîíŃ(

 éăńĶĩŏã * ìŊèľĵãFlora* r éÿńõń»ã êŊíäèľĵã ğãńĽōã ğńĺ½ ňŁ
2äłîŊõńĵńĩăńĹ ļġ ŸäĖĢç Ń ğãńĽŎĵ ĴĹäĲĵã ĨŊľĒîĵã ĸĖíŃ äĹ êĮĚľĹ

åĄĢĵã Ĵèõ ìŊèĽŃ ĻäľèĵŃ êŉăńĉ ìŊèĽ ä¼äòĹŃ (ġ éăńĶĩŏã ĄıĂíŃ  ÿĀ
êĶŊĒĩ Ĵı r ğãńĽōã ÿĀġŃ 2äłèĊĽŃ äŁĄđäľġŃ 2êľęńî»ã ğãńĽōã(



êġäĺ¸ãPopulation*êġńĺ½ÿãĄĩōãéĀáäĢĵãğńľĶĵŀĊĪĽĴî¯êĮĚľĹé§Ħđ
ĠŊĚîĊíŃäłľĺĕĄñäĲîĵã$ĳÿäèíä²äñăńĹ#ĠĹäłĖĢçŸäĖĢç(ĀĭŃőĳÿäèîíçĔĢ
ëäġäĺ¸ãä²äñăńĹæèĊçĻńıäŁÿãĄĩÙêŊíãā2øŊĮĶîĵãŃÙëãāĄñäĲíŇĄĖýĘĮĩ(Āĭ

ĄĒúľŉķńłĪĹêġäĺ¸ãrêġńĺ½ÿãĄĩÙêĢçäíğńľĵĀŊùŃăńĒ¾rĻäĲĹäĹļĲĵĹńĺġ Ÿä
ĨĵÜíĸĞĢĹğãńĽōãéĀġ2ëäġä´xäîĵäçŃæÆĬŉĄĪîĵã¨çķńłĪĹğńľĵãġäĺ¸ãŃê(

Ġĭń»ã:SiteĻÝéĀùńĵãêŊĉäĉōãrêĉãăÿëäçäĦĵãňŁĠĭń»ãňõãĄ¹ãForest

Site2ŃńŁéĀùŃëãāėŃĄčêŊâŊçêĊĽäöîĹĸġĀíŸäîèĽŸäĊĽäöîĹ(ŃĻńĲîŉĭń»ãĠ
ļĹĄđäľġňŁŃ$Ɯ#ĴĹãńĢĵããêŊýäľ»Climatic Factors2Ń$Ɲ#ĴĹãńġ

êç£ĵãEdaphic2Ń$ƞ#ĴĹãńĢĵãêŊĩãĄĥńŉĆŊĪĵãPhysiographic Factors2
Ń$Ɵ#ĴĹãńĢĵãêŉńŊ¹ãBiotic Factors(
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tree The forest



Components of phenotypic
variations

Genotype

PhenotypeP=G+E+GE

PGE

GE

Dominant

Suppressed



Genetic

variationVg(Ve)

Vp

(Vp = Vg + Ve(H)Heritability

-----

.



 ĢŉļġŅĀĹăń¯êĪđêŊñãăŃäĹì¯§ñÚíĴĹãńġĘĉńĵãêŊęäĚ»äçŃÙĽŃĄ»ãê
Plasticity(Bradshaw, 1965)(ĀĢŉŃ§ýōãĸöùğńĺSã2ŇĄĖºãŃÿĀġ

ğŃĄĪĵãŃīãăŃōãŃ2ăäŁąōãŃŅĀĹêĵäĚîĉãīäĊĵãëäĪđêĽĄĹ(

äĺľŊçĀĢíëäĪđĴĲč2īãăŃōãŃĳäĲčÙ2äłĩãńùŃëäĪĒĵãêŉĄŁĆĵãŅĄýōã
ëäĪđ§ĥêĽĄĹ(

ļĲÉĳńĮĵãĴĲĎçķäġĻÝëäĪĒĵã¥ĵãĴĲĎîíré£ĩêŊľĹąêĶŉńęļĹėäĎľĵã
ňĺŊîĊŉĄ»ãêĵäĚîĉäıīńĊĵãĻńĲíĄòıÙêĕĄġëã§ñÚîĵ2ĘĉńĵãŃĻńĲíĄòıÙ

êĽŃĄĹļĹİĶí¥ĵãĴĲĎîíré£ĩêŊľĹąé§ĒĭŃÙăńĚîíêġĄĊçëäĪĒıĄíæŊı
œäĖġÙăä³ŏã[ŒòĹ(

  ĂȀȽǠȚȱä ȜǣǠȖȱä ǦȹĀȀȵPlasticity of the phenotype



ĀĢŉŃ§ŊĦîĵãrĠçäĚĵãŇĄŁäĞĵãêöŊîĽĴĹãńġĘĉńĵãŸäĺłĹ ŸãĀõőŃäĺŊĉrğãńĽōãëãā
ăäĎîĽőãĠĉãńĵã.ļĲÉŃĻÙĄıĂĽŸőäòĹņĶġİĵāĻäŉĀľĊĵãŇÿäĢĵãQuercus

calliprinosðŊùĻńĲíëäíäèľĵãéĆı£»ãrĳä½ăäĎîĽőãňĺĞġōãğńľĶĵņĶġ
ğäĪíăãƝƛƛ'ƢƠƛķrêĮĚľ»ãêŊĶùäĊĵãêĪĶî¿ļĹðŊùĸöùäłĭãăŃÙ(ĜùŒŉŃ
 ıīãăŃōãrêĮĚľ»ãéăńıĂ»ãäĺľŊçĻńĲíé§ĦđrëäġäĪíăőãņĽÿōã

êĮĚľĺıćÙăĘŊĊèĵãŃÙëäġäĪíăőãņĶġōãäĺıńŁŀŊĶġĳä¹ãrêĮĚľĹêĪľĶđ
ņĶġğäĪíăãƜƜƛƛķļġøĚĉĄúèĵã(

İĵĂıļĲÉĻÙīńĊĽŸőäòĹļġăäĎîĽãăŃĂõğńĽäĹrĬęäľĹëãāåĄí2êĪĶî¿
ðŊùĻńĲíăŃĂõğńľĵãêŊúĚĉrå£ĵãêĭĀĦĵãêâŊĉ2ħĄĒĵãäĺľŊçĻńĲíêĮŊĺġŃ

ëãāăäĎîĽãĠĉãŃrå£ĵãêĮŊĺĢĵãéĀŊõħĄĒĵã(ŃĀĢíêĪđêĽŃĄ»ãrĴĲĎĵã
ŇĄŁäĞĵãêĺłĹŸãĀõāÝĻÝÿãĄĩōãļĹãĂŁğńľĵã¥ĵãĠîĺîíĿĂ­êĪĒĵãéăÿäĭņĶġČŊĢĵãr

ëäâŊç2êġńľîĹŃĴĺúîíäęäĉŃÙêĪĶî¿(ĀġäĊíŃĿĂŁêĪĒĵã¨ŊõãĄ¹ãņĶġœäĮîĽããąĄĚĵ
êèĉäľ»ãļĹÿãĄĩÙğńľĵãäłĹãĀþîĉőrĠĭãńĹêľŊĢĹ(



ÿńĢŉħŒîýőãrĠçäĚĵãŇĄŁäĞĵãÿãĄĩŎĵwÝĠçäĚĵãňñãăńĵãrœĆõĹŀľwÝŃ
ĘĉńĵãrŀáĆõĄýŋã.ÿńĢŉŃħŒîýőãrĠçäĚĵãňñãăńĵãwÝêĢŊèęĄñäĲîĵã

ňĊľ¸ãŀĊĪĽŃäĹŀĮĩãĄŉļĹķäĊĮĽãŃÿä¯ãëäŊĦèĒĵãäÀĸöľŉŀľġĠŉąńíĀŉĀõ
ëäñăńĺĶĵ(ĀĢŉŃãĂŁğńľĵãļĹħŒîýőãĄĺîĊ»ãŸäŊõāńÄĸĞĢ»ëäĪĒĵãr

ăäöčōã(ĸĲúîŉŃrĸĞĢĹëäĪĒĵãéĀġ2ëäñăńĹŸãăÿäĽŃäĹĸĲúîŉr
êĪđäĹêñăńĹŃÙĄòıÙêĪĒıåäŊĥĴŊĩŃăńĶĲĵãrćãĄĥëäŉĄçńľĒĵãŃĀŉĀĢĵã

ļĹëäŊęŃĄþ»ãŅĄýōã(ĀĢíŃëãĄĪĚĵãMutations[ŒĹäġŸäĺłĹŸäĖŉÙrïãĀùÝ
ħãĄÂãļġĠçäĚĵãňñãăńĵã2ňĉäĉōãðŊùĨŊĖíëãĄĪĚĵãëäñăńĹéĀŉĀõwÝ»ãĄýĂ
ňñãăńĵãGene poolêġäĺöĶĵ(

   ëäĩŒîýőã ăÿäĒĹSources of variations



 Ģŉļġĳÿäèíëäñăń»ã¨çëäġäĺ¸ãêĪĶîþ»ãœäľñÙøŊĮĶîĵãňĚĶºã
éĄö­ëäñăń»ãĀĢŉŃİĵāŸãăĀĒĹëäñăń»éĀŉĀõħäĖíwÝĄýĂ»ã

ňñãăńĵãêġäĺ¸2äĹħĄĢíŃĿĂŁêŊĶĺĢĵã¨öłîĵäçäĹĀľġĻńĲŉĳÿäèîĵã¨ç
ļŉÿĄĩĻäŊĺîľŉwÝ¨îġńĺ½¨îĪĶî¿(ļĹŃĸŁÙăÿäĒĹîýőãħŒ§ĥ

ňñãăńĵã*ĴĹãńġĘĉńĵãêŉńŊ¹ãŒĵãŃ2êŉńŊùĘĉńĵãŃňĶýãĀĵãëäèľĶĵðŊù
ĸĲúîŉĘĉńĵãŇńĶºãŃĄñÜŉréăĀĮĹëäñăń»ãņĶġăäłĝÝĊĪĽäł

rêĶùĄĹŃÙŅĄýÙļĹăńĚíëäèľĵã.



The evolutionary sequence

Natural selection

Hardy-weinberg

Genetic drift



Chance



(Franklin, 1970)

Asexual

Sprouts

Root suckers

Parthenocarpy



Genecology

Genecology

elicit



ħĄġTuresson (1922#ąãĄĚĵãňâŊèĵãŀĽÚçóäîĽÚĎĽļġêçäöîĉã
ëäñăńĹêġäĺ¸ãwÝäłĚĉŃĆŊĺ»ã(ńŁŃÿăĴĢĩëäñăńĹÿãĄĩōãėŃĄĎĵĘĉńĵã

ŇĂĵãČŊĢíŀŊĩ(

ħĄĢíąĄĚĵãêŊâŊèĵãğńľĶĵĀùãńĵãņĶġäÅÙêġńĺ½ëäġä´ňĺîľíğńľĶĵĊĪĽŀĆŊĺîíŃ
êĶĺ©ļĹëäĪĒĵãêŊõńĵńĩăń»ãêŊõńĵńŉĆŊĪĵãŃêŊĶçäĭŃóŃãĆîĵãäłŊĩľŊçäł(
ķńĮíąĄĚĵãêŊâŊèĵãæĊùķńłĪĹTuressonņĶġ*

$Ɯ#ćäĉōã2ňñãăńĵã
$Ɲ#ĆŊĺîĵãňõńĵńĩăń»ãŃÙňõńĵńŉĆŊĪĵãŃÙňõńĵńľŊĪĵãŃÙğńĺ½2İĵā
$ƞ#ÿńõńĵãrėŃĄčêŊâŊç2éĆŊÀ
$Ɵ#ëäĩŒîýőãêŊñãăńĵãêöŊîĽĸĶĭÚíäŁÿãĄĩÙĠĹ2Ęĉńĵã
$Ơ#ĻäĲĹÝóŃãĆîĵã¨çÿãĄĩÙąĄĚĵãêĪĶîþ»ãļĺĕğńľĵã2Āùãńĵã
$ơ#ëäĪĒĵãéĆŊĺ»ãëäĩŒîýőãŃêúĕãńĵã¥ĵãĴĒĪíŸãąãĄęļġĄý×(

  êŊâŊèĵã ąĄĚĵãEcotypes



ĻÝķńłĪ»ãðŉĀ¹ãąãĄĚĶĵňâŊèĵãőĬĪîŉëäĹńĮ»ãŃĿŒġÙæĊùŇÙăĀŉĀĢĵãļĹ¨òùäèĵã
(Daubenmire, 1974)(ļĲĵļĹĀıÜ»ãĻÙĸĞĢĹğãńĽōãêĪĵÜĹļĹğäĺîõãĀŉĀĢĵãļĹąĄĚĵã

2êŊâŊèĵã

ëŃäĪîŉÿĀġëäġäĺ¸ãļĺĕğńľĵãĀùãńĵã(äĺĶıŃëÿãąêĢĭăăäĎîĽőãrãĄĦ¸ãğńľĶĵëĄòıŀŊĩ
ąĄĚĵãêŊâŊèĵã(ņĶĢĩĴŊèĉĳäò»ãĄçńľĒĵãĄĎîľŉňíŃ ĵãrňĭĄčĘĉńî»ãļĺĕėŃĄčêŊâŊç2êġńľîĹ

ĸĊĮľŉŃwÝ2ëäġä´ä¬ăŃąĄęéĀġæĊùêŊĺıăäĚĹōãéĀčŃéÿŃ ĵã2ħäĪ¸ãŃæĊùŃå£ĵã¥ĵã
ĠĕńîŉäłŊĶġ$2ĳäÂƜƤƣƝ#(őŃĀçĻÙĨŊĲîíĿĀŁëäġäĺ¸ãéĆŊÀėŃĄĎĵãĠĹĿĂŁėäĉŃōã(Ćı£îĩ

êĪđêĹŃäĮĹÿ ĵãrëäġńĺSãêŊõãĄ¹ã¥ĵãĄĎîľírœĆ¸ãÿăäèĵãļĹêĢĭă2ăäĎîĽőãîľíŃæþĿĂŁ
êĪĒĵãÿńĊíŃ ġĻäĹąōãrêġńĺSã(ŃİĵĂıĀçőĻÙĻńĲŉįäľŁëäġńĺ½ĄòıÙ[Œĺ¯ħäĪöĶĵ

êđä«ŃrëäġńĺSãêŊõãĄ¹ãéÿńõń»ãrĸĊĮĵãħä¸ãļĹêĢĭă2ăäĎîĽőãĻńĲîĩÿãĄĩÙğńľĵãäľŁ
êĶĺúîĹħäĪöĶĵĄòıÙļĹİĶíêŊĹäľĵãrĬęäľ»ãêèęĄĵã(

İĵĂıĳä¹ãêèĊľĵäçĄĮĪĵêç£ĵãŃÙäŁäľĥĄđäľĢĵäçêŊáãĂĦĵã(rŃĠĭãńĵãĻÝĆŊ±ÿãĄĩÙğńĽ¨ĢĹçëäĪĒ
êŊõńĵńĩăńĹŃÙêŊõńĵńŉĆŊĩŃÙêŊõńĵńľŊĩĘèíĄŉĴĲĎçŃÙĄý×ėŃĄĎçêŊâŊç2éÿĀ¾İĵĂĵŃèĚíëäĮŊéĀġr

ĳäSãňĺĶĢĵãðŊùĀıÜŉąãĄĚĵãňâŊèĵãëäĩŒîýőãêŊñãăńĵãğńľĶĵĀùãńĵãĄñãŃêâŊèĵãêŊĶÍãrĵãëäĪĒ
êŊõńĵńĩăń»ãêŊõńĵńŉĆŊĪĵãŃŃêŊıńĶĊĵãŀĵ(



ļĺĲíŃêŊƧÙĆŊŊ±ąĄĚĵãrëäŊĶĺġ§öĎîĵãāÝőĀçļĹœäĮîĽãĠ´ŃăŃĂèĵãąŒĵãêĹ
óäîĽŏćãĄĦĵãļĹĬęäľĹĴñä±Ĭęäľ»ãÿãĄ»ã2äŁ§öĎíĴĺĢîĊîĩăŃĂçëäġńĺSãêŊõãĄ¹ã
êŊĹäľĵãrĬęäľ»ãéÿăäèĵãóäîĽŏćãĄĥ§öĎîĵĬęäľ»ãéÿăäèĵã2ăŃĂçŃëäġńĺ½ãœĆ¸
ħä¸ãr§öĎíĬęäľ»ãêĶñäĺ»ãräłîŊĩäĪõêĮĚľ»Ġ´ăŃĂèĵã(ļĊúîĊŉŃ´ĠăŃĂç

ëäġńĺSãëãāå£ĵãéĆŊĺ»ãä¼äĺĢîĉőr§öĎíä²ŒŊòĹ(
ĻÝąĄĚĵãêŊâŊèĵãğńľĶĵĀùãńĵãìĊŊĵéĆŊÀļġäłĖĢçŸäĖĢçĆŉäĺîığãńĽōãêĪĶîþ»ã2Ĵç

êõăĀîĹr2ä²äĪđĂèÇŃĔĢç¨òùäèĵãĳãĀèîĉãķńłĪĹąĄĚĵãêŊâŊèĵãķńłĪ¬
EcoclineňŁŃóăĀîĵãrëäĪđğńľĵãŃÙĠĺîSãŃÙķäĞľĵãňâŊèĵãņĶġĳńęóăĀ»ã

ňâŊèĵã(ĴĺĢîĊíŃŸäĽäŊùÙëäĺĶıīĄĢĵäıRaceīŃĄġŃêŊâŊçEcological

racesëäĩÿãĄĺıąãĄĚĶĵňâŊèĵã(ņĺĊíŃêġńĺ½ÿãĄĩōãëãāĳäĲčōãêŊñãăńĵã
êŊáãńĎĢĵãéĆŊĺ»ãŃļĺĕąãĄĚĵãňâŊèĵãąãĄĚĵãŇńŊ¹ãBiotype(ħĄĢíŃëäġäĺ¸ã

éĆŊĺî»ãëäĪĒçőïăńí¨ĩńĲŉőäçEcophenes$ëäĪđêŉĄłĞĹéĄñÚîĹĘĉńĵäç#
ŃÙPhenoecotypes(äÀŃĀŉĆŉĄĹōãŸäĕńĺĥêĵÚĊĹêĺĶĭÙğńľĵãAcclimation
ŃÙŀîŊĊĮí(



ĻńĲîŉğńľĵãļĹêġńĺ½ļĹëäġäĺ¸ãêŊĢŊèĚĵãê­äĎî»ãŸäŊõńĵńĩăńĹŸäŊâŊçŃĮĵãŃéăÿäņĶġ
ĻÙĳÿäèîíä²äñăńĹäĺŊĩ2äłľŊçäłľĲĵêĵŃĆĢĹļġäŁ§ĥļĹëäġäĺ¸ãŅĄýōãĄñäĲíŸäŉ
ŇńĖľŉãĂŁĨŉĄĢîĵãņĶġêñŒñëäĽńĲĹêŊĉäĉÙňŁŃĻńĲ»ã2ňõńĵńĩăń»ãįńĶĊĵãŃ

2ŇĄñäĲîĵãêâŊèĵãŃ2éĆŊĺ»ãĨĶî°Ńœãă×¨òùäèĵãĳńùêŊƧÙĴıĻńĲĹrãĂŁ
2ĨŉĄĢîĵãäĺĶĮĩëĀġëäĪđļęń»ãêĺłĹrĸŊĊĮîĵã(ļĹŃäľŁìíÙĸŊŁäĪ»ã
2êŉĀŊĶĮîĵãĸŊŁäĪ»ãŃ2êŊõńĵńŊèĵãäŁ§ĥŃļĹĸŊŁäĪ»ãŅĄýōãĸŊĊĮîĵğãńĽōã(

ĻÝķńłĪĹğńľĵãĸáäĭrêĢŊèĚĵãNaturalļĹ2êłõňĢĕŃŃArtifactļĹêłõ
2ŅĄýÙŇÙĻÙğńľĵãÿńõńĹäŊáĆõéăńĒçêŊĢŊèęńŁŃóäîĽæùĻäĊĽŏãĸŊĊĮîĵŊčōãœä

äłĪŊľĒíŃäłèŊíĄíŃ(

    ğńľĵã Ń êâŊèĵãEnvironment and species



 ŸãăÿäĽŃäĹĻńĲíğãńĽōãêĢĉãŃăäĎîĽőãêĊĽäöîĹæŊı£ĵã2ňñãăńĵã
ĄçńľĒĵäĩ¢Ķ¹ãPinus halepensisļĹğãńĽōãêĢĉãŃăäĎîĽőã

$ļĹåńľõåĄĥäçŃăŃÙwÝīĄčĘĉńî»ãļĹŃŀĵäÊwÝŀçńľõ#ńłĩőĀĢŉ
őŃļĲÉŀĵäĺĢîĉãéãÿÚıŃÙĴŊĵÿňâŊçEcological

IndicatorêĵőĀĶĵņĶġėŃĄčĘĉńĵã(äĺľŊçĀĢíĔĢçğãńĽōãŃĀ¾éÿ
ăäĎîĽőãêĵÿÙêŊâŊçéąäîÀņĶġĔĢçėŃĄčĘĉńĵãåŃĄºäı

Ceratonia siliquaðŊùĳĀŉĿÿńõŃņĶġûäľ»ãňĚĉńî»ã
àĩãĀĵãæŉĄĮĵãļĹĄúèĵã(



ÿãÿĆíëäĩŒîýőã¨çÿãĄĩÙğńľĵãğäĊíäçêĢĭă2ĿăäĎîĽãĜĩä¯Ń´ëäġä
ğãńĽōãņĶġäłèŊıãĄíêŊñãăńĵãĴĹãńĢçĳĆĢĵãêĪĶîþ»ã(őŃĘĶî°ĺ¸ãêġäĠĹ
äŁ§ĥļĹ2ëäġäĺ¸ãøèĒíŃêĵŃĆĢĹ ŸäŉĄñäĲíëäõăĀçêĪĶî¿(ĸîŉŃĵāİ
ļŉäèîçėŃĄčĘĉńĵãéĄöŁŃÿãĄĩÙğńľĵãä¼ŒĮîĉãŃäĺŊĩĀĢçļĺĕ»ãĬęäľ

éĀŉĀ¸ã(ņġĀíŃÿãĄĩōã¥ĵãŇĀèíëäĩŒîýãêĪŊĪęëőŒĊĵäçRaces(
ņġĀíŃÿãĄĩōãëãāëäĩŒîýőãêúĕãńĵã ŸäŊõńĵńĩăńĹŃÙ ŸäŊõńĵńŉĆŊĩŃÙ

êĵŃĆĢ»ãŸäŉĄñäĲíìúîçğãńĽōã(įäľŁŃğãńĽÙĜĩä¯ņĶġäłĊĪĽëãĀùńı
êĶĮîĊĹĳĆĢçäłĊĪĽ ŸäŉĄñäĲíļġğãńĽÙŅĄýÙéăŃä½ä¼ņġĀíŃĿĂŁğãńĽōã

êĵĆĢľ»äçSympatric2ðŊùĜĩä¯ĿĂŁğãńĽōãņĶġäÅäŊıĸĥă
ĻäĲĹÝøĭŒíäŁÿãĄĩÙŸäĢĹŇĂĵãŃôîľŉŀľġŸäĺáãÿļöŁêĺŊĮġ(įäľŁŃğãńĽÙ

ŅĄýÙĘĶî° ŸäŊñãăŃĠĹäłĖĢçæĢĒŉŃĆŊŊ±äŁÿãĄĩÙ[ŒèĮîĊĹĒĵäıĄçńľ
¢Ķ¹ãňíŃ ĵãŃ[ŒòĹ(



ňíÚíŃêŊƧÙğńľĵãļĹêŉŃãąêŊâŊçðŊùļĲÉŀĹãĀþîĉãéãÿÚıóäîľîĉãĸłĪĵķäĞľĵã
2ňâŊèĵãĬĺĢıêç£ĵãŃÙŅńîĊĹĄđäľĢĵãêŊáãĂĦĵãäłŊĩŃÙĻäĲĹÝÿńõŃŃÙåäŊĥğãńĽÙ

êŊĽãńŊùŃÙêŊíäèĽŅĄýÙëãāêĶđğńľĵäç.äľŁŃĀçőļĹĬĺĢîĵãrķńłĪ»ãňâŊèĵãğńľĶĵ
ĸłĩŃêĭŒĢĵã¨çêâŊèĵã2ğńľĵãŃąãĄĚĵäĩňâŊèĵãEcotypeĈŊĵőÝóäîĽ$ÿãĄĩÙ#ëÚĎĽ

ļĹêçäöîĉãëäñăńĹğńľĵãwÝĘĉńĵãĆŊĺ»ãŇĂĵãČŊĢíŀŊĩÿãĄĩōãńŁŃÿăĴĢĩä²äñăńĹ
ėŃĄĎĵĘĉńĵã(ãĂ¼ŃķńłĪ»ãêŊƧÙé§èırĳäĺġÙåäþîĽőãăäŊîýãŃœäçŋã
¨ĊúîĶĵňñãăńĵã(

ĳĀíğãńĽōãHaloxylon spp., Tamarix spp.ņĶġêùńĶĹ2êç£ĵãĳĀíŃ
ĔĢçğãńĽÙSalsolaŃAtriplexŃArtemisiaņĶġĘúĭêĮĚľ»ã(

ĳĀíéĄòığãńĽÙArbutus spp.ŃCistus spp.ŃErica spp.ņĶġ
éĄòıĬáãĄ¹ãrêĮĚľĹëäçäĦĵãêŊĚĉńî»ã

ĳĀŉÿńõŃ¨ġńľĵãQuercus microphyllaŃUrtica spp.ņĶġņľĥ
êç£ĵãŇĄĒľĢçķńŊĊŊľĦ»ãëŃąŋãŃņĶġxãńîĵã(



ļĹĀŊĪ»ãéăäčŏãwÝĻÙŇ§èĢíEcological raceŃGenecotype

ĻŒĺĢîĊŉrĔĢçĻäŊùōãëäĩÿãĄĹ§èĢîĵąãĄĚĵãňâŊèĵãEcotype( ĢŉŃļġ
ĳäĲčōãêĪĶîþ»ãÿãĄĩŎĵ¥ĵãĄłĞíļŉäèíňñãăŃňáãńĎġļĺĕëäġä´ĺľĵãóāä

êŊâŊèĵãąãĄĚĵäçŇńŊ¹ãBiotypes2ħĄĢíŃëäġäĺ¸ãëãāëäĪĒĵãêĽĄ»ã
Plasticity$ŇÙëãāćäĉōã§ĥňñãăńĵã#ëäľŊĩńĲŉŏäŭç

EcophenesŃÙPhenoecotypes(ĀıÜŉŃĔĢç¨ŊâŊèĵãķĀġ
ÿńõŃëäĪđéÿĀ¾éĆŊÀŃąĄĚĶĵ2êŊâŊèĵãĴçĻńĖŊĢîĊŉļġéĄĲĩąĄĚĵãŁĿĂ
ķńłĪ¬Ecocline conceptŸãĄĞĽóăĀîĵëäĪđğãńĽōãņĶġĳńęóăĀĹ

ëäĩŒîýőãêŊâŊèĵãéĄĺîĊ»ã(



êĮùő¦Ģíêġńĺ½ÿãĄĩōãêçăäĮîĹÚĎľ»ã. -deme

êġńĺ½ÿãĄĩÙrĠĭńĹ¨ĢĹ. topodeme

êġńĺ½ÿãĄĩÙêõŃãĆîĹ$ĳÿäèîíä²äñăńĹ# gamodeme

êġńĺ½ÿãĄĩÙéĆŊÀŸäŊñãăŃļġäŁ§ĥ. genodeme

êġńĺ½ÿãĄĩÙrĘĉŃĆŊÀ. ecodeme

êġńĺ½ÿãĄĩÙőħĄĢŉĻÝìĽäıäłĭŃĄĩêŊñãăŃ phenodeme

êġńĺ½ÿãĄĩÙäłĭŃĄĩ§ĥêŊñãăŃ. plastodeme

êġńĺ½ÿãĄĩÙäłĭŃĄĩêîçäñŸäŊñãăŃĴî¯ŃêâŊçéĆŊÀ. genoecodeme

êġńĺ½ÿãĄĩÙäłĭŃĄĩêîçäñŸäŊñãăŃĴî¯ŃêâŊç2éĆŊÀŃĴĲĎí
ŸãœĆõļĹêŉăãĄĺîĉãğńľĵãņĶġóăĀ»ãňâŊèĵã

genoecoclinod

eme



  ňâŊèĵã ČĢĵãNiche

ĳĀŉķńłĪĹČĢĵãňâŊèĵã$ûńľĵã#ņĶġéăńĒĵãêĶĹäĲî»ãëäèĶĚî»ğńľĵãrêâŊèĵã(ńŁŃĻäĲ»ãĵãŃêĪŊĝń
¥ĵãäłĶĦĎŉğńľĵãļĺĕĠĺîSã(ŸãĀŉĀ¯ŃńŁêĪŊĝŃğńľĵãêľł»ãŃ¥ĵãäłĶĦĎŉļĺĕĠĺîSã(ĎŉŃĴĺãĂŁķńłĪ»ã

ĻäĲĹăäĎîĽőãĻäĹąŃéÿäŊĉğńľĵãrĠĺîSãëäŊĵ×ŃŀĺĶĭÚí(ĄĎîľŊĩħäĒĪĒĵãéÿäġņĶġĪĕħä
2ăäÅōãr¨ùńĺľíëäŊęŃĄþ»ãrļıäĹōãêĢĪíĄ»ãŸäŊèĊĽķĀĢĵäłĶĺ¯ĄĺĦĵã(ĀĢŉŃŉĀľĊĵãĻä
ŇăĆĢĵãŸäġńĽŸãĀáãăÿńĊŉëäġńĺSãêŊõĄ¹ã¥ĵãńĺľŉäłŊĩwÝĻÙ¨ÇļĹĆĵãĳŃäĚîíŃăäöčÙĵã÷ńĎĴîúîĵ

êĮèęêçäĦĵã(ŃĴĺĎŉĻńĲ»ãňĪŊĝńĵãĸĶĭÚîĵãňõńĵńŉĆŊĪĵãğńľĶĵðŊùĻńĲíĔĢçğãńĽōãĄòıÙ
êŉäĪıļĹäŁ§ĥrĴŊòĺîĵãňáńĖĵãĴî¯ŃļıäĹōãêĊĺĎ»ãäĺľŊçńĺľŉäłĖĢçĄýŋãrĴĞĵã.



Polyploidy
X

(X=12)(2X)

(2X=28)

(6X=66)

Hybridization

Natural selection

 ĨĆÈòĕÃ ĈāÄöÎĕÃ)ĨęģåĤęģäĒĕÃ(Polyploidy) 



Transgenic

Vector

Cut and Paste technology

Genetic manipulation

Genetically

modified trees

GhentPoplar

Genetic Engineering of Forest Trees



(Owusu, 1999)

Populus tremula (1988), Juglans regia (1989), Carica
papaya (1991), Malus domestica (1991), Castanea sativa
(1992), Prunus domestica (1992), Eucalyptus
camaldulensis (1993), Picea mariana (1993), Liquidambar
styracifolua (1994), Populus nigra (1995), Betula pendula
(1996), Castanea dentata (1996), Citrus spp. (1996),

Eucalyptus globulus (1996), Picea abies (1996), Pinus
sylvestris (1996), Acacia mangium (1997), P. radiata
(1997), Tecona grandis (1997), Eucalyptus grandis (1997),

Olea europea (1998), Populus deltoides (1998), Populus
tremuloides (1998), Prunus avium (1998).

Larix spp., Ulmus spp., Coffea
arabica, Pyrus amygdalus, Pyrus communis



.

Invasive species



 ÊĪÕÃäŚÃ ËÄĂĚÎŮÃ ËÄéÃãß
ÓÃäŚÃ ĘĖā ĵ ÄĢÍÄĎĪÈúÍ ģ



êĹĀĮĹIntroduction
ČŊĢíăäöčōãĠĹëäíäèľĵãŅĄýōãêĩäĕÝwÝëäĽãńŊ¹ãrëäĢĺ®êŊĢŊèęíŀçäĎîr

ļıäĹÙêĪĶî¿äĺŊĩńĵìĶñä±ėŃĄĎĵãêŊâŊèĵã.ŃãăÿäĽäĹĴñäĺîíëäĢĺîSãêŊõãĄ¹ãāÝ
äÅÝĀçőĻÙĨĶî°äŁĄđäľĢçŃÙņĶġĴĭōãæĊľçĿĂŁĄđäľĢĵã.ŒĩĀõńŉ§ĞĽêçäĦĵ

ĄçńľđäŊíŃĄçéÿńõń»ãrĳäÊêĞĩä¾êŊĭāŒĵãrĻäĲĹĄý×ļĹêĮĚľĹĉńî»ãĘ.Ń
ÿĀúîíêĢŊèęĠĺîSãňõãĄ¹ãäĉäĉÙĴġäĪîçĴĹãńġĠĭń»ã2ňõãĄ¹ãŃéĄĩŃŃĆŁäõêŉ

ëäíäèľĵãŃëäĽãńŊ¹ãŃĆĦĵãĂŁ2Ġĭń»ãŃŸã§ýÙëã§Ħîĵäç¥ĵãïĀ¯rĠĭń»ãêöŊîĽĴġäĪí
êġńĺSãêŉńŊ¹ãĠĹĄđäľĢĵãêŊáäŉĆŊĪĵãĘĉńĶĵ.



ħĄĢŉĠĺîSãňõãĄ¹ãŀĽÚçĠĺ®ÿãĄĩōëäġä´êŊíäèĽêĪĶî¿rĠĭńĹ¨ĢĹðŊùĴĲĎíöčōãăä2ŀĉäĉÙ
ĨĒîŉŃëäĭŒĢĵäçêĵÿäèî»ã¨çÿãĄĩōãäłĖĢç ŸäĖĢçŃäłľŊç¨çŃĘĉńĵãĘŊÍã ġĆĵãļĹ.ĴĲčŃĠĺîSã
ňõãĄ¹ãńŁêĶĒ¾ãĂŁĴġäĪîĵãĳŒýéäŊùŃăńĚíĿÿãĄĩÙ.

ē£ĩãĔĢçœäĺĶġêâŊèĵãêŊíäèľĵãĳäòĹÙTansleyŃClementsĻÙĠĺîSãńŁéĀùŃêĶĹäĲîĹ
ĘçãŃĄĵãŃ2ĨáäĝńĵãéĆŊÀŃ2ÿŃĀ¹ãĴĺĢíä²äĽńĲĹĬĉäľîçŃĘçãĄíéĀùńıéĀùãŃŃĈŊĵĴıĄĪ¬2ĿÿĀĭŃ
ìŊġÿĿĂŁêŉĄĞľĵãĸŊĞľîĵäçĠŊĩĄĵãSuper-organism2äĺľŊçħĄġĻŃĄý×ĴòĹ

GleasonĠĺîSãŀĽÚçêġńĺ½ÿãĄĩÙŃÙĠĺ®ğãńĽÙëãāëäèĶĚîĹêŊâŊçêĶñäĺîĹŃÿŃÿăĳäĢĩÙ¿êĪĶî
Ŀä®ĴĹãńġĘĉńĵãæĊùĐáäĒýäŁÿãĄĩÙ2êŊñãăńĵãŃĿĂŁëäĢĺîSã§ĥéĆŊÀŃÙéÿĀ¾2väĢ»ãäłľĲĵ

êõăĀîĹrĻäĲ»ãŃ2ĻäĹĆĵãxäîĵäçŃĻÞĩĠĺî½ğãńĽōãĈŊĵŸäîçäñļĹĻäĲĹ2ĄýŋŃĀĭìŊġÿĿĂŁäçéĄĞľĵ
êŉÿĄĪĵãOrganismic view.ŃrêĮŊĮ¹ãĘĶî°ëäĢĺîSãêŊíäèľĵãêđä«ŃêŊõãĄ¹ãĹäłľ
äłĖĢçĔĢèçðŊªøèĒŉļĹăĂĢî»ãĸĉăÿŃĀ¹ãêĶđäĪĵãäłľŊçŀèĎîĩãĂ­İŊŉãąń»ãńĺ½êġĻãńĵÙ

ćńĭ÷ĆĭŇĂĵãħĄĢŉŀèŊıĄíóăĀî»ãőÝŀĽÙæĢĒŉĸĉăÿŃĀ¹ãêĶđäĪĵã¨çêġńĺ½ŀĽãńĵÙ.

ňõãĄ¹ã ĠĺîSãForest community



ĨĵÚîŉĠĺîSãňõãĄ¹ãļĹĠĺ®ëäġäĺ¸ãêŊíäèľĵãŃêŊĽãńŊ¹ã¥ĵãļęńîĊíêĢĮçõêŊĩãĄĦ2äĹ
êĶġäĪîĹĠĹäłĖĢçŸäĖĢçŃĠĹ2äłĚĉŃäĺıĴġäĪîíëäĽńĲĹĘĉńĵãêŉńŊ¹ãĠĹ§ĥŉńŊ¹ã2êŃ
ĴýãĀîíëäĭŒĢçêŊáãĂĥŃ§ĥêŊáãĂĥôîľŉäłľġėäèíăãĬŊñŃ¨çĨĶî¿œäŊùōãŃĘĉńĵã
êĶĲĎĹêĲèčéĀĮĢĹļĹëäĭŒĢĵãr2ĠĺîSãŃ¨çĠĺîSãŃĘĉńĵãŇĂĵãČŊĢŉŀŊĩĵħĄĢŊ

ãĂŁķäĞľĵäçňâŊèĵãEcosystem.ķäĞľĵãŃňâŊèĵãňõãĄ¹ãForest

EcosystemķäĞĽĀŉĀčĀŊĮĢîĵãĨĵÜĹļĹ2ăäöčÙ2ëã§öčŃŃ2åäĎġÙŃ
ČáäĎù2êĪĶî¿Ń2æĵäúęŃ2ăńĚĩŃ2äŉ§îĲç2ëäŊĵŃÙŃŃëäŊĶĒĪĹ2ĴõăÙŃĨĶî¿

œäŊùōãŒĵãêŉăäĮĩŃêŉăäĮĪĵãņĶġħŒîýãäłĹńöùŃ2äłġãńĽÙêĩäĕÝwÝ2œä»ãŃĄđäľġ
œãń¼ã2êĪĶîþ»ãŃĄđäľĢĵã2êŊáãĂĦĵãÿãń»ãŃêŉńĖĢĵã2êîŊ»ãŃĴıœňčĀõńŉrĭń»ãĠ

ňõãĄ¹ã.ŃĨĒîŉãĂŁķäĞľĵãêŊĲŊĹäľŉĀçéĄĺîĊĹ ŸäŊĢĉńÂĻąãńîĵã¢Ċľĵã.ĨĒîŉķäĞľĵã
ňâŊèĵã§ĦîĵäçrĻäĹĆĵã2ĻäĲ»ãŃįäľłĩëã§ĦíêŉăŃÿ2êŊĹńŉŸêŊĶĒĩŃðŊùîí§ĦêĵäùėäĎĽ
ĔĢç2œäŊùōã§ĦîíŃėŃĄĎĵãêŊýäľ»ãĠĭńĺĶĵêĵäúĩķäĞľĵãňõãĄ¹ãêĪĶî¿ŸäĪŊđġäłľ
[œäîč.ŃİĵĂıæÆķĀġĳäĪĥÝëã§ĦîĵãêŊýäľ»ãņĶġŅĀĹëäâĹ¨ľĊĵãŃ¥ĵãĳĀèíŃí§Ħ

ļĹêĵäùķäĞľĵãňâŊèĵãŸäĖŉÙāÝæÆĻÙĸĶĭÚîŉķäĞľĵãĠĹëãńľĉĄĮĵãĴĲĎçĨĶî¿ļġĉëãńľ

ňõãĄ¹ã ĠĺîSã êŊĲŊĹäľŉÿDynamics of forest 

community 



ŃļĹĸł»ãĀŊıÚîĵãŸäĖŉÙņĶġĻÙëäĽńĲ»ãêŉńŊ¹ãķäĞľĶĵňõãĄ¹ãňâŊèĵã§ĦîíĳĀèîíŃ
ăãĄĺîĉäç2ķäĞľĵäĩêĕĄġēãĄĮĽőŃœäĪîýãğãńĽÙŃăńłĝğãńĽÙ2éĀŉĀõăäöčÚĩ

ĄçńľđäŊíŃĄç¥ĵãëĀõŃĂľĹ1000ķäġrêĮĚľĹăäĎîĽãğńľĵãìĊŊĵňŁäłĊĪĽ
2ķńŊĵãŃëäġä´ğãńĽōã¥ĵãäłîĮĩãă§ĥğãńĽōãäłĊĪĽ¥ĵãäłĮĩãĄíķńŊĵã.įäľŁăńĚí
ļĺĕêġäĺ¸ã2éĀùãńĵãÙĀèĺĩœäĮèĵãŅńĭŎĵńŁ2ĀáäĊĵãŃńŁêĢŉĄčåäĦĵãŃķäĞĽ

2ŀĺĲùðŊùĠõã£íŃňĪî°ÿãĄĩōãêĪŊĢĖĵãļĹêġäĺ¸ãĴúŊĵäÅäĲĹÿãĄĩÙòıÙĄ
éăĀĭäłľĹ.ŃĬĩãĄŉ§ĦíķäĞľĵãňâŊèĵãňõãĄ¹ãrĻäĹĆĵã§ĦírĻäĲ»ãĩĨĶîþî
ĸĞľĵãêŊâŊèĵãêŊõãĄ¹ãéÿńõń»ãrxäġÙĳäè¸ãļġİĶíéÿńõń»ãr2ĳńłĊĵãŃņîù
ļĺĕķäĞľĵãĀùãńĵãĜùŒŉĳĀèíŃ2§ĦíĀöľĩĻÙīĄčķäĞľĵãĨĶî¿ļġŀçĄĥŃ
İĵĂıĳäùŀĵäÊļġŀçńľõ.ĀĭőĜùŒíĿĂŁīŃĄĪĵãêĵńłĊçŃäłľĲĵéÿńõńĹŃ

2êŊĮŊĮùäĺıĻÙœäŊùōãêĮŊĭĀĵãéÿńõń»ãr£ĹĠçĄĹļĹēăÙêçäĦĵãĀĭĨĶî°
ŸäĩŒîýãŸã§èıļġİĶíéÿńõń»ãr£»ãĠçĄ»ãăŃäSãŀĵ.



 ňõãĄ¹ã æĭäĢîĵã ķńłĪĹThe concept of forest succession 

æĭäĢîĵãňõãĄ¹ãńŁêġńĺ½ëãńĚºãŃĴùãĄ»ãêŊĵäîî»ã¥ĵãäłèõń¬ĴîÇî½Ġĺ
ňõãĄùäĹŃāëäèĶĚîĹêŊâŊçêđäýĠĭńĹĠĺî½ňõãĄùĄý× ġļĹĆĵãņîù
ĳńđńĵãwÝĠĺîSãňõãĄ¹ã2Ļąãńî»ãŃŇĂĵãņġĀŉĠĺîö¬óŃōãClimax.Ń

ĬĩãĄŉ§ĦîĵãrĠĺîSãňõãĄ¹ãĳĀèírĠĺîSãňĽãńŊ¹ãŇĂĵãČŊĢŉrĠĭń»ãŸäĖŉÙ.

ņĺĊíëäĢĺîSã¥ĵãìĵãńí(ìĢçäîí)ņĶġĠĭńĹäĹĳńđńĶĵwÝêĶùĄĹóŃōãêġńĺ½
ëäĢĺîSãêŊĵäĮîĽőãŃÙêŊĕĄĢĵãSere Communities.ŃĴĲĎíĴı

êĶùĄĹļĹĿĂŁĴùãĄ»ãŸäĢĺî½äĺáäĭŀíãĂçĀĭķŃĀŉ[ŒŊĶĭŃÙŸã§òı.

ĻńĲŉĠĺîSãňõãĄ¹ãňõŃōãrêĵäùĻąãńíňĲŊĹäľŉÿDynamic

equilibriumĠĹêâŊèĵãêĚŊÍãðŊùőļĲÉĻÙĄłĞŉĠĺî½Ąý×ĄòıÙĹĀĮí Ÿä
ŀľĹņĶġĠĭń»ãŀĊĪĽ.ŃĬĩãĄŉăńĚîĵãrìèľĵãňõãĄ¹ãăńĚíĴñäÀrç£ĵãêêŊõãĄ¹ã.

ňõãĄ¹ã æĭäĢîĵãForest Succession 



ĬĶĚŉĸĉãæĭäĢîĵãxŃōãPrimary SuccessionņĶġxãńíëäĢĺîSãņĶġ
ēăÙéĀŉĀõvĬèĊŉĻÙä²ĆĥëäíäèľĵãļĹ2ĴèĭŃÙĀèŉéÿäġëäíäèľç2éĀáãăŃĊŉ§œĘèç
ĴĒŊĵwÝêĶùĄĹóŃōã.

ŃħĄĢŉæĭäĢîĵãŇńĽäòĵãSecondary SuccessionŃĆĦçëäíäèľĵãĠĭń»äĹ
ĬèĉŃĻÝëĀõŃŀŊĩëäĢĺî½êŊõŃÙŃÙêŊĕĄġŃìĹĀ²æèĊĵäĹ.ŃrĿĂŁêĵä¹ã
ĻńĲíēăÙĠĭń»ãéăńĚîĹêõăĀĵøĺĊíäŁŃĆĦçļĹĴèĭëäĢĺî½ĄòıÙŸäĹĀĮíäÀŀŊĶġ¹ãĳä

rēăōã2êŉăäĢĵãŃãĂŁäĹĄĊĪŉĻńıæĭäĢîĵãŇńĽäòĵãğĄĉÙĈĺ«ëãĄĹŃÙĄĎġļĹ
æĭäĢîĵãxŃōã.ŃäĹēĄĢíêçäĥĄçńľđäŊíŃĄçrĠĭãń»ãêĪĶîþ»ãăńŁĀîĶĵőÝòĹ Ÿőä ŸãĀŊõ

ņĶġķĀ²êçäĦĵãŃœĀçæĭäĢîĵãŇńĽäòĵã.

ĻńĲŉŃæĭäĢîĵãäŊíãāAutogenicäĹĀľġĻńĲíĴĹãńĢĵãêèèĊ»ãŀĵ2êŊĶýãÿðŊª
ĳĀèîĊíêġńĺ½ëäíäèĽêġńĺö¬ŅĄýÙļĺĕķäĞľĵãňõãĄ¹ã2ŀĊĪĽĻńĲŉŃäŊõăäý

AllogenicäĹĀľġĻńĲíĴĹãńĢĵãêĶġäĪĵãŀŊĩêŊõăäýÚĎľ»ã.



ŸäèĵäĥäĹĻńĲŉæĭäĢîĵãxŃōãŸäŊíãāäĺľŊçĻńĲŉæĭäĢîĵãŇńĽäòĵãŸäŊõăäý.

ĻńĲŉæĭäĢîĵãŸäŊĹĀĮíProgressiveäĹĀľġŇÿÜŉwÝăńłĝëäĢĺî½éĀĮĢĹ
êġńľîĹŃëãāêĶîıêŉńŊù2é§èıŃĬĩãĄŉİĵāéÿäŉąrêçńęă2Ġĭń»ãŃăńłĝ£ĵãå
éăńĚî»ã.

ħĄĢŉæĭäĢîĵãňĢõã£ĵäçRegressiveäĹĀľġÿńĮŉwÝëäĢĺî½éĀŊĢçļġóŃōã
ëãāæŊıĄíĘŊĊçŃÙêĶŊĶĭ2ğńľîĵãŃĬĩãĄŉİĵāĴĲĎíļęãńĹêèęăŸãĀõŃÙêĩäõõ2ŸãĀŃ

ĀĭŅĆĢŉæèĉĄĮłĮîĵããĂŁwÝĴĹãńġêŊõăäýŃÙêŊĶýãÿ.őÝŀĽÙrŒı¨ġńľĵãļĹ
æĭäĢîĵãĻńĲíĴĹãńĢĵãêĶġäĪĵãëãāĄñÙ2ňĺıãĄí
äŁĀľġŇÿÜíëäĢĺîSäçwÝ§ĊĵãŸäĹĀĭrĀùÙ2¨Łä®őãļĲĵäĹĀľġőĻńĲíĿĂŁ
ĴĹãńĢĵãëãāĄñÙňĺıãĄíäŁĀľĢĩŇÿÜíwÝïŃĀùäĹņĺĊŉæĭäĢîĵãŇăŃĀĵãCyclic2Ń

ÚĎľŉræĵäĦĵãæèĊçħŒîýőãrêõăÿ§ĺĢíğãńĽōãêĽńĲ»ãĬçäĚĵ2ăäöčōãāÝŀĽÝ
äĹĀľġëńÉĔĢçļĹğãńĽōãøîĪŉĠĺîSãŃĆĦĵğãńĽÙŅĄýÙĻŃÿĴŉĀèíøĹŒĹĠĺîSãí [ŒŉĀè
ŸäŉăĂõ(ĴĲĎĵãĸĭă75).



ĀĢŉŃûäľ»ãĴĹäĢĵãÿĀÍãĿä®őæĭäĢîĵã(
ŸäĹńĺġãĀġĔĢçëőä¹ã¥ĵãÚĎľíäłŊĩëäĢĺî½êŊõŃÙêöŊîĽ§ñÚíç£ĵãêŃÙĴĲč

2ēăōãĴĲĎîŊĩóŃÙňçĄíEdaphic climax

ŃĄý×rãĄĥńŉĆŊĩPhysiographic climax2
ŃrĴòĹĿĂŁëőä¹ãĻńĲŉûäľ»ãŸãĆõäġļġēĄĩŀíĄĚŊĉņĶġéĄþĒĵãķōãŃ

ÚĎľíİĵĂçëäĢĺî½êŊõŃÙéĀġPolyclimaxļĺĕêĮĚľĹëãāûäľĹ
ĀùãŃ(Barrbour et. al., 1980).



ļġ æĭäĢîĶĵ êĪĶîþ»ã ėäÄōã (Barbour et. al., 1980).
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æĭäĢîĵãxŃōãPrimary successionħĄĢŉæĭäĢîĵãxŃōãŇĂĵãÙĀèŉ
ņĶġăńþĒĵãêĩä¸ã(ăńþđ2êĩäõêçĄíêŊĽĀĢĹ..)æĭäĢîĵäçräĪ¸ãXerach

succession2ŃİĵāŇĂĵãÙĀèŉrœä»ãæĭäĢîĵäçňáä»ãHydrach

succession2ņĺĊŉŃæĭäĢîĵãŇĂĵãÙĀèŉėäĉŃÚçêèęăæĭäĢîĵãňçńęĄĵã
Mesarch succession2Ń¨èŉĳŃĀ¸ãĸĭă(14)ĴùãĄĹėäÄōãêĪĶîþ»ã

æĭäĢîĶĵxŃōã.
ìľŉäèíœãă×œäĺĶġêâŊèĵãĳńùăäĊĹæĭäĢîĵãŃ2ŀĶùãĄĹĸłľĺĩļĹĀĮîĢŉĻÙĴùãĄĹ

æĭäĢîĵãêĶĒĪľĹäłĖĢçļġ2ĔĢçŃĴıĠĺî½į£ŉĠĭń»ãĠĺîöĺĶĵ2ķÿäĮĵãŃİĵĂçļĲÉ
ÜèľîĵãļġĴùãĄĹŃăńĚíĿĂŁëäĢĺîSã.

ňõãĄ¹ã æĭäĢîĵãStages of forest succession 



êĶùĄ»ãräĪ¸ã æĭäĢîĵãňçńęĄĵã æĭäĢîĵãňáä»ã æĭäĢîĵã
1êĩäõ ăńþđ-êŊĽĀĢĹ êçĄíêèęă êŊĽĀĢĹ êçĄí ŃÙ ăńþđœäĹ

2ëäŉąãĆù………œä»ã øĚĉ ì¯ ëäíäèĽ

3æĵäúę Ń ëäŉąãĆù………êĺáäġ ŀèč ŃÙ êĺáäġ ëäíäèĽ

4ëäŊĵńù Ń æĵäúę Ÿäèĵäĥ ëäŊĵńù»ã øĚĉ īńĩ êèĒîľĹ ëäíäèĽœä

5éĄĺĢĹ åäĎġÙ Ń ČáäĎùéĄĺĢĹ åäĎġÙ Ń ČáäĎùŃ êŊõĀĉ ëäíäèĽ
Sphagnus

6êĚĶî¿ êŊèĎġ ëäíäèĽêĚĶî¿ êŊèĎġ ëäíäèĽêĚĶî¿ êŊèĎġ ëäíäèĽ

7ëã§öčëã§öčëã§öč

8œńĖĵã êĪŊĵÙ ăäöčÙœńĖĵã êĪŊĵÙ ăäöčÙœńĖĵã êĪŊĵÙ ăäöčÙ

9ĴĞĶĵ êĶĺúîĹ ĨĒĽ ăäöčÙĴĞĶĵ êĶĺúîĺĪĒĽ ăäöčÙĴĞĶĵ êĶĺúîĹ ĨĒĽ ăäöčÙ

10ĴĞĶĵ êĶĺúîĹ ăäöčÙĴĞĶĵ êĶĺúîĹ ăäöčÙĴĞĶĵ êĶĺúîĹ ăäöčÙ



ļĲÉĳńĮĵãĻÝŅńĮĵãéĄñÜ»ãræĭäĢîĵãìĊŊĵőÝÿŃÿăĴĢĩĠĭń»ãĿä®ëäíäèľĵãńîĊ»ãêľę2ŀĵħĄĢíŃ
ĿĂŁêŉĄĞľĵãêŉĄĞľçĠçäîîĵãňíäèľĵãRelay floristic.ŃĀĭăäčÙClementswÝ

ĻÙįäľŁìĉĴùãĄĹæĭäĢîĶĵňŁ:

.IăńłĝēăÙéĀŉĀõêŉăäġNudation (rêĵäùæĭäĢîĵãxŃōã)ŃÙåãĄýķäĞľĵã
ňâŊèĵãŃŀĹĀ²rĻäĲĹäĹêèĊľĵäçæĭäĢîĶĵŇńĽäòĵã.

.IIéĄöŁăŃĂèĵãMigrationŃ/ŃÙ2ģãńçōãŃœäĖġÙĄñäĲîĵãêŉĄĖºãļĹĠĭãń»ãéăŃäSã
wÝéĀŉĀ¸ãŸäĺĶġĻÚçĔĢçœäĖġÙĄñäĲîĵãĿĂŁĀĭĻńĲíéÿńõńĹrĠĭãń»ãêĹĀł»ãŸäŊâŊç.

.IIIêĶùĄĹëäèĽŏãŃńĺľĵãŃìŊèòíëäíäèľĵãäłĊĪľĵrĠĭń»ãEcesis.

.IVêĶùĄĹĈĩäľîĵãCompetition¨çëäíäèľĵãêľĲĺî»ãrĠĭãń»ã.

.VĄŉń¯ŃĄŉńĚíëäíäèľĵãêâŊèĶĵReaction.

.VIëäèòĵã êĶùĄĹ) óŃōãStabilization(.



Nudation

Migration

Ecesis

Competition

Reaction

Stabilization

Ϟ̮̮̮̮̮̮̮̮̮ЦϝЛϦЮϜ сТ ϣ̮̮̮̮̮̮̮̮̮ЯКϝУЮϜ ом̮̮̮̮̮̮ЧЮϜ



äĹÙêŉĄĞľĵãêŊĽäòĵãņġĀîĩæŊı£ĵäç¥èľĵãxŃōãInitial Floristic

Composition (IFC)¥ĵãäŁĄĲîçãErglerķäġ1954Ń¥ĵãŅĆĢŉäłŊĩ
æĭäĢîĵãwÝêĩÿäĒ»ãChance2ŃwÝīĄĩĳńęĄĺĢĵãLongevity¨ç
ëäíäèľĵã.Ń¦ĢŉİĵāĻÙëäĢĺîSãêĶòĺ»ãrĴùãĄĹæĭäĢîĵãêĪĶîþ»ã§ĥêĶĒĪľĹçäłĖĢ

ļġ2ĔĢçĴçĻÙğãńĽōãĴî¯ĠĭãńĹäłĖĢç ŸäĖĢç.ŃĴòĺîíĴığãńĽōãéÿńõń»ãrĠĭńĹäĹrıĴ
ĴùãĄ»ã2êĮçäĊĵã[œäľçŃņĶġİĵāĻÞĩĴığãńĽōãêŊĵŃōã(éĀáãĄĵã)2ŃĀŉĀĢĵãļĹğãńĽōã

2êŊĕĄĢĵãĔĢçŃğãńĽōãéÿńõń»ãrêĶùĄĹóŃōãĻńĲíêĶòÀŃéÿńõńĹrĴùãĄ»ãîþ»ãêĪĶ
æĭäĢîĶĵ.



.ôîľŉæĭäĢîĵãŇńĽäòĵãļġķĀ²ĠĺîSãňõãĄ¹ãňõŃōãĴĹãńĢçĬáãĄ¹ã2ŃÙ
2ňġĄĵãŃÙïăãńĲĵãêŊĢŊèĚĵãŅĄýōã2ŃĨĶî¿ëäęäĎľĵãêŊĽäĊĽŏãä¬ĩäłŊ
éăãÿŏã§ĥéĀčãĄĵãêçäĦĶĵ.ŃŇÿÜŉæŉĄ°ĠĺîSãňõãĄ¹ããĂŁwÝ§ñÚíĶĉ¢

r2ŀîçĄíŃĨĶî°êõăÿ§ñÚîĵãħŒîýäçéĀčæŉĄþîĵã¥ĵãĢíēĄä¼
ìèľĵã.ŃÿăńĽäÉňĶŉóāäÄļĹæĭäĢîĵãňõãĄ¹ãŇńĽäòĵã:

 ŇńĽäòĵã æĭäĢîĵãSecondary succession 



1.êĶùĄĹëäíäèľĵãéĀáãĄĵãPioneer stage :ŅĆĦíêç£ĵãêŉăäĢĵãļĹĴèĭ
ëäíäèĽëãāêĽŃĄĹêŊâŊçêŊĵäġŸãĀõäłľĲ±ļĹĴĺ¯ėŃĄĎĵãêŊâŊèĵãêŊĉäĮĵãĵĠĭńĺĶŃ

ļĹĿĂŁëäíäèľĵãDactylis glomerata, Hordeum

bulbosum, Carlina corymbosa, Phalaris
tuberosa, Oryzopsis miliacea, Fumana arabica

2êĶùĄĹëäíäèľĵãêŊèĎĢĵãHerbaceous-grass stage
:ĴòĺîíĿĂŁêĶùĄ»ãğńľĵäçĀáäĊĵãHyprarrhenia hirtaŃ

ŀĮĩãĄŉPollinia distachya2ŃThymbra spicata2
ŃAndropogon ischaemum.

 ŇÿäĢĵã ĻäŉĀľĊĵã êçäĥ r ňĹĀĮîĵã æĭäĢîĵã
Progressive succession in Quercus calliprinos 

forest



.3.êĶùĄĹĻŒèĵãPoterium spinosum stage :ÿńĊŉ
rĿĂŁêĶùĄ»ãĻŒèĵãPoterium spinosumðŊùķńĮŉìŊèòîç

2êç£ĵãŃŀĮĩãĄŉĔĢçğãńĽōãêŊĩäĪ¸ãŅĄýōã.

4.êĶùĄĹêĖŉĄĮĵãCistus sp. stage:ŃĨĵÚîíĿĂŁêĶùĄ»ãļĹ
êĖŉĄĮĵãêŉĄçńĵãCistus villosusŃœäĖŊèĵãCistus

salviaefoliusêĩäĕÝwÝëäíäèĽŅĄýÙĳŃĀľĮĵäı
Calycotome villosa.



5.êĶùĄĹňıä»ãŃÙ÷äĚèĵã(ňıäĹĻäŉĀľĊĵã-ĸĚèĵã) The maqui
stage:ŅĆĦŉĠĭń»ãrĿĂŁêĶùĄ»ãļĹĴèĭĻäŉĀľĊĵãŇÿäĢĵãQ.

calliprinosŃŀĮĩãĄŉĸĚèĵã¦ŊĚĊĶĪĵãP. palaestina2êĩäĕÝ
wÝğãńĽÙŅĄýÙįĄĚđőäıŃĐĮèĵãŃĸŊĺŊĹĄĵãăŃĄġĆĵãŃ..uÝ.

6.  êŊõŃōã êçäĦĵã êĶùĄĹClimax stage :  êĶùĄ»ã ĿĂŁ r ÿńĊŉ
éÿńĊĹ øèĒí ņîù êĮçäĊĵã ğãńĽōã êŊĮç Ġõã£í Ń ŇÿäĢĵã ĻäŉĀľĊĵã.

ĬĩãĄŉăńĚîĵãňíäèľĵããĂŁăńĚíĴñäÀrêçĄíĠĭń»ãðŊùĴĲĎîííêçĄêŊľçêĚĉńîĹ
ĠĹĬĩÙxäçÿİŊ·.



Climax

Maquie

Cistus

Poterium

Graminae

Pioneer plants

Terra rosa

ϝЂЮϜ ЬϝϠϮЮϜ ϣЯЂЯЂ сТ рмжϝϪЮϜ ϞЦϝЛϦЮϜϣтЯϲ

æĭäĢîĵãňõãĄ¹ãŇńĽäòĵãrêĶĊĶĉĳäè¸ãêŊĶùäĊĵã¨ç700-200ķ
ļġøĚĉĄúèĵãņĶġåĄíäĉŃăã§îĵã¥ĵãńĶĢíĈĶĲĵãňĉãăń¸ã

ĸŊîĲĵã):2ĳäÂ1961(



ķäĭĨĵÜ»ãrëãńľĊĵãé§ýōãøĊ¬ķäġŃĴĹäčœäĚĦĶĵ¥èľĵãĵêĮĚľĺĶŃ
ÿăńĽäĺŊĩňĶŉêĶòĹÙļġĔĢçĴùãĄĹæĭäĢîĵãéăńıĂ»ãŸäĪĽ×ðŊùćăÿ

æŊıĄíğãńĽōãŃæĊĽäłîŊĚĦíŃäŁăãĄĲí(



ğńľĵãêŊĚĦîĵã(%)ăãĄĲîĵã(%)

Poterium spinosum50.124.14

Ononis natrix24.5024.14

Inula viscosa17.0817.24

Hordeum bulbosum3.066.89

Lavandula sp.3.8513.79

Phlomis viscosa1.096.89

Hyprenia hirta0.266.89

êĪŉÿ  ĠĭńĹ r ĻŒèĵã ĠĺîS ¥èľĵã æŊı£ĵã
Composition of Poterium spinosum 

community 



ňıä»ã ĠĺîS ¥èľĵã æŊı£ĵã
Composition of Maqui 

community



æŊı£ĵã¥èľĵãĠĺîSňıä»ãrĠĭńĹĻńŊĉăļĹêĮĚľĹêĪ¹ã. (ēĄĢ»ã: ŸőäÊ2ŸäçĄĥğäĪíăőãļġøĚĉ
Ąúèĵã:360ķ2ĴŊ»ã:17%2üŉăäíøĊ»ã:24/10/1989).

ăãĄĲîĵã(%) êŊĚĦîĵã(%) ğńľĵã
18.92 62.08 Quercus calliprinos

13.51 12.85 Phillyrea media1

10.81 8.62 Myrtus communis

8.11 5.33 Calycotome villosa

10.81 2.92 Cistus sp. 

8.11 2.63 Pistacia palaestina

10.81 2.60 Smilax aspera

8.11 1.83 Hypricum sp. 

5.41 0.64 Galium sp. 

2.70 0.30 Asparagus sp. 

2.70 0.17 Ruscus aculeatus



êĶèõ êĮĚľĹ ļĹ ėńčäŉ ìŊç ĠĭńĹ r ňıä»ã ĠĺîS ¥èľĵã æŊı£ĵã. (ēĄĢ»ã:  øĚĉ ļġ ğäĪíăőã 2xäÊ
Ąúèĵã:550ĴŊ»ã 2ķ:60%2øĊ»ã üŉăäí:17/6/1990).

(%)  ăãĄĲîĵã  êŊĚĦîĵã(%) ğńľĵã
21.87 40.76 Quercus calliprinos

12.50 18.25 Pistacia palaestina

15.62 15.40 Laurus nobilis

16.25 3.5 Quercus infectoria1

9.38 5.92 Cercis siliquastrum

9.38 2.37 Smilax aspera

3.13 0.95 Dropetirus sp.

3.13 0.83 Rubus sp. 

6.25 0.71 Galium sp. 

3.13 0.47 Calycotome villosa

3.13 0.36 Ruscus aculeatus

3.13 0.24 Daphne oleoides

3.13 0.24 Jasminum sp. 



ăńŁĀîíëäçäĥĻäŉĀľĊĵãŇÿäĢĵãì¯§ñÚíĨĶî¿ĴĹãńĢĵãŃëäęäĎľĵãêŊĽäĊĽŏã2ňġĄĵäıŃĄ¹ã2ĬáãŃ
œńĉĳŒĦîĉőãŸäŊÆăĀíæĊùĴùãĄ»ãêŊĵäîĵã(ĳäÂ1961) :

.IêĶùĄĹăńŁĀíêçäĦĵãêŊĶđōãwÝňıäĹĻäŉĀľĊĵãŇÿäĢĵãŃĸĚèĵã¦ŊĚĊĶĪĵãì¯§ñÚíĵãňġĄŃÙ
ĬŉĄ¹ãŃÙĠĚĮĵã§ĥĀčĄ»ã.

.IIøèĒŉňıä»ãŸäùńîĪĹŸãĄòĢèĹäĹĀľġēĄĢîŉňġĄĶĵŃÙĬŉĄ¹ãŃÙĠĚĮĵãŃĳĀèîíŀġãńĽÙĊŊĵÿńrĿĂŁ
êĶùĄ»ãëäèĽĳŃĀľĮĵã.

.IIIĠçäîîçăńŁĀîĵãĄĎîľŉŃÿńĊŉĴıļĹňíäèĽĻŒèĵãŃİŉńĎĵã.

.IVêĶùĄĹĻŒĒŊĢĵãŃëäŊĶŊöľĵãêŊĩäĪ¸ãŅĄýōã.

.VêĶùĄĹëäíäèľĵãéĀáãĄĵã.

.VIéĄþĒĵãķōã.

ŇÿäĢĵã ĻäŉĀľĊĵã êçäĥ r ňĢõã£ĵã æĭäĢîĵã
Retrogressive succession of Quercus calliprinos 

forest



Climax  (Quercetum calliprini) óŃōã

Maqui (Calycototum villosae) ňıä»ã

Garrigue (Poterium spinosum-Genista 
accanthoclada) İŉăäĦĵã

(Asphodelus microcarpus-Poa bulbosa) åäĎġōã

ķōã éĄþĒĵã
êŊĶùäĊĵã ĳäè¸ã êĶĊĶĉ r ŇÿäĢĵã ĻäŉĀľĊĵã êçäĦĵ ňĹĀĮîĵã æĭäĢîĵã ĴùãĄĹ(ĳäÂ21961). 



ĘĚþ»ã øĕńŉ r ňĢõã£ĵã ňõãĄ¹ã æĭäĢîĵã ļĹ ŸäõāńÄäŊĵäĚŉÝ 2äŊľŉÿĄĉ(Tomaselli, 1977).

Climax  óŃōã

Maquisňıä»ã

GarrigueİŉăäĦĵã

åäĎġÙ

ķōã éĄþĒĵã



êçäĥĄçńľđäŊíŃĄçêŊõŃōãThe climax forest
ĴĲĎíêçäĥĄçńľđäŊíŃĄçŸäĢĺî½ŸäŊíäèĽ2ŸãĆŊÀŃĀĢíëäġńĺSãêŊõĄ¹ãäłŊĩńĺ½ëäġ

êèıĄĹêĚĶî¿ğãńĽōãðŊùĀõńíăäöčÙĄçńľĒĵãrêŉăńĉéăäíĠĹĻäŉĀľĊĵãŇÿäĢĵãŃéăäí
ŅĄýÙĠĹĻäŉĀľĊĵãŀèčŇăĆĢĵãŃŸäĽäŊùÙĠĹĄçńľĒĵã¢Ķ¹ãŃĄĊĵãŃŃİĵārļıäĹÙî¿êĪĶļĹ
êĮĚľĹăäĎîĽãğńľĵã.

ĨĵÚîíŃêçäĦĵãêŊõāńĺľĵãĄçńľĒĵäŊíŃĄçļĹĠçăÙëäĮèę(2ĳäÂ1982).

äŊíŃĄç Ąçńľđ êçäĥ r ňĢõã£ĵã æĭäĢîĵã
Retrogressive succession of Brutia pine 

forest



êĮèęăäöčōã:ĴĲĎíăäöčÙĄçńľđäŊíŃĄçğńľĵã2ĀáäĊĵãŃĻńĲîíä²äġńĺ½êŊõĄ¹ã ŸäèĵäĥļĹëäçäĥĽêŊĮ
āÝĴĲĎíêèĊĽĿăäöčÙĄòıÙļĹ90%ļĹăäöčÙêĮèęêçäĦĵãŃêđä«ņĶġå£ĵã¥ĵãĴĲĎîíīńĩńþđă

ìŊíŃĀŉ§èĵãêŊľŊĊıŃ§èĵãŃÙêŊľŊîľçĄĊĵãŃÙ2êŊĵăä»ãŃŀĊĩäľíêõăĀçêĶŊĶĭăäöčÙŉĀľĊĵãĻäŀèčŇăĆĢĵãr
Ġĭãń»ãêèęĄĵãŸãœĀçļĹğäĪíăãńÂ450ķļġøĚĉĄúèĵãðŊùĴĲĎíăäöčÙĻäŉĀľĊĵãŀèčŇăĆĢĵãêèĊĽ
êŊĵäġļĹêĮèęêçäĦĵãrĠĭãńĹăńþđŃĄçäĦĵãŃìŉăńŉĀĵãðŊùêŉĂĦîĵãêŊáä»ãĴĖĩÙ.

êĮèęëäèľ¸ãŃëäèŊľ¸ã(ëã§öĎĵã):ĨĶîÈļŉńĲíêĮèęì¯êçäĦĵãħŒîýäçêçńęă2Ġĭãń»ãŃîíĨĵÚ
ŸäĹńĺġĿĂŁêĮèĚĵãļĹëã§öčĸĚèĵã2¦ŊĚĊĶĪĵãŃ2įĄĚđőã2ĐĮèĵãŃĻäŉĀľĊĵãŃ2ŇÿäĢĵãėńĶèĵãŃ2

2ÿŃăĆĵãŃ2¨çĄĎĵãŃ2æĶĚĮĵãŃêĩäĕÝwÝğãńĽÙŅĄýÙêĪŊĵÙœńĖĶĵ2ĸŊĺŊĹĄĵäı2ĀŉńĊĵãŃŃ2ĻäÇĄĵãŃ
Paliurus aculeatus2Ń2êĖŉĄĮĵãŃ2ĳŃĀľĮĵãŃķĄöĢĵã.

êĮèęåäĎġōã:ĴòĺîíŃĿĂŁêĮèĚĵãêġńĺö¬ğãńĽÙêŊèĎġäłƧÙĀľĩŒĵã(ņĹãĆºã)2ŃĔĢçğãńĽÙĈýãĄĊĵã.

êĮèęæĵäúĚĵã:ŃĀõńíĿĂŁêġńĺSãrĠĭãń»ãêèęĄĵãļĹ÷ńĪĊĵãêŊĵäĺĎĵãêŊçĄĦĵãŃŃêŊĵäĺĎĵãŊçĄĦĵãê.



ðŊùĤĶçÿĀġăäöčÙĄçńľđäŊíŃĄç1225/ŭŁrĠĭńĹĸĲĵã502ŃìĦĶç
êùäĊ»ãêŉĀġäĮĵã21.6ķ2/2ŭŁĻäıŃĘĉńîĹăäĚĭÙŃĳńęÙăäöčōã152ĸĉ

10ķņĶġ2xãńîĵãäĹÙĘĉńîĹăäĺġÙăäöčÙĄçńľĒĵãĻäĲĩ522äĹäġŃĤĶçÿĀġ
ăäöčÙĻäŉĀľĊĵãŀèčŇăĆĢĵã775/2ŭŁìĦĶçŃŀîùäĊĹêŉĀġäĮĵã4.1ķ2/ŭŁŃ

ĻäıĘĉńîĹăäĚĭÙŃĳńęăäöčōã7.82ĸĉ8.5ķņĶġxãńîĵãäĹÙĘĉńîĹ
ăäĺġÙăäöčÙĻäŉĀľĊĵãŀèčŇăĆĢĵãĻäĲĩńÂ35ŸäĹäġ.



ğńľĵãêŊĚĦîĵã(%)ăãĄĲîĵã(%)
Pinus brutia54.7718.52

Quercus infectoria9.1811.11

Q. cerris7.557.41

Q. calliprinos7.113.70

Phillyrea media6.0711.11

Arbutus andrachne4.157.41

Rhus cotinus3.407.41

Daphne Oleoides3.117.41

Q. microphylla2.663.70

Ptosimopappus bracteatus0.747.41

Cistus sp.0.443.70

Juniperus oxycedrus0.443.70

Pistacia palaestina0.303.70

Calycotome villosa0.073.70

ĸĲĵã ĠĭńĹ r ňíŃ ĵã ĄçńľĒĶĵ êŊõĄ¹ã êġńĺSã æŊıĄí50  æĊı êŊĭāŒĵã ĬŉĄę ļĹ.

)ĸı(35 52 50N, 35 59 50E 250 ēĄĢ»ã:Ąúèĵã øĚĉ ļġ ğäĪíăőã 2xäÊ:590ĴŊ»ã 2ķ:47%2(øĊ»ã üŉăäí:18/8/1989).



ĠĭńĹ  r ňíŃ ĵã ĄçńľĒĶĵ êŊõĄ¹ã êġńĺSã æŊıĄí:  äõő×(ĘŊĊèĵã ćÙă(
ēĄĢ»ã: Ąúèĵã øĚĉ ļġ ğäĪíăőã 2ňĭĄč xäÊ:140ĴŊ»ã2ķ:28% 2

(35 50N, 35 49E) øĊ»ã üŉăäí:16/8/1989)

ğńľĵãêŊĚĦîĵã(%)ăãĄĲîĵã(%)

Pinus brutia41.598.96

Myrtus communis14.673.16

Cistus sp.12.94

Ptosimopappus bracteatus11.32.4

Erica verticillata5.691.23

Quercus infectoria5.351.15

Rhamnus palaestina5.181.12

Phillyrea media2.070.45

Daphne oleoides0.860.19

Thymus capitatus0.520.11



ĤĶçÿĀġăäöčÙĄçńľđäŊíŃĄç575éĄöč/ŭŁrĠĭńĹäõő×ŃìĦĶçêùäĊ»ã
êŉĀġäĮĵãŀĵ10.76ķ2/ŭŁŃĻäıĘĉńîĹăäĚĭÙŃĳãńęÙăäöčōã14.362ĸĉŃ9ķ

ņĶġxãńîĵã2äĹÙĘĉńîĹăäĺġÙêġńĺSãĻäĲĩńÂ45äĹäġ.



2.ĨĒîíĿĂŁêĶùĄ»ãåäŊĦçňĶıŃÙŀèčňĶıăäöčōĄçńľđ2äŊíŃĄçŃăńłĝéĀġÙğãńĽ
êĪŊĵÙ2œńĖĵãŃĴĲĎŉğńĺ½ëã§öĎĵãĿĂŁëŒĥÿêĪŊòıêèĢđīã£ýőãëãāĪíăãğä

ĀùãŃŸäèŉĄĮíőąŃäöîŉ2ķ.ŃĀĢŉãĂŁìèľĵã[ŒĲčļĹĳäĲčÙăńŁĀíëäçäĥĄçńľĒĵã
ňíŃ ĵãŇĂĵãŀĮĩãĄŉăńŁĀíĴñäÀrêç£ĵã¥ĵãĻńĲíêŊúĚĉé§Įĩéÿä»äçã2êŉńĖĢĵŃêĪŊĢĕ
éăĀĮĵãņĶġěäĪîùőãœä»äç.ŃŸäĹńĺġļĲÉøŊĕńíæŊıĄíğãńĽōãêĶĲĎ»ãĿĂ¼êĶùĄ»ã

rĠĚĮ»ãňíäèľĵãxäîĵã(ĳŃĀ¸ãĸĭă20)āńýÚ»ãrêĮĚľĹêŊçńĊĢŊĵãĀĢçĄĎġëãńľĉ
ļĹïŃĀùĬŉĄùrİĶíêĮĚľ»ã

ňıä»ã êĶùĄĹMaqui stage 



ğńľĵã êŊĚĦîĵã(%) ăãĄĲîĵã(%)

Cistus sp. 43.19 11.12

Spartium junceum 9.22 9.26

Phillyrea media 8.67 11.12

Carlina sp. 7.80 9.26

Rhus cotinus 6.53 9.26

Quercus calliprinos 5.07 7.49

Arbutus andrachne 4.83 7.49

Pistacia palaestina 4.02 5.56

Calycotome villosa 3.95 5.56

Smilax aspera 2.57 9.23

Salvia sp. 2.14 1.85

Cercis siliquastrum 0.50 3.71

Laurus nobilis 0.47 1.85

Asparagus acutifolius 0.46 1.85

Myrtus communis 0.24 1.85

Ruscus aculeatus 0.20 1.85

Astragalus sp. 0.13 1.85

êŉńĊŊĢĵã ĠĭńĹ r ňõãĄ¹ã ìèľĵã æŊıĄí.

ăĀĮç ĴŊÉ ňĭĄč xäÊ ēĄĢ»ã55%2ĠĪíĄŉŃ200êŉĄçńľĒĵã êçäĦĵã r  ĬŉĄù ïŃĀù ļĹ  ëãńľĉ ĄĎġ ĀĢç Ąúèĵã øĚĉ ļġ ķ. øĊ»ã üŉăäí(6/12/1989).



ğńľĵã êŊĚĦîĵã (%) ăãĄĲîĵã (%) êĩäòĲĵã (ŭŁ)

Quercus 
calliprinos

59.33 42.11 825

Calycotome 
villosa

24.26 21.05 700

Pistacia 
palaestina

12.14 26.32 225

Quercus 
infectoria

2.00 5.26 100

Pinus brutia 2.00 5.26 25

êŊĵäĮîĽőã êĶùĄĺĶĵ ¥èľĵã æŊı£ĵã.
 ăãĀĮ¬ ĴŊÉ ňçńľõ ňĭĄč ēĄĢ»ã55%   ĠĪíĄŉŃ440  ëãĄĺ¹ã ĠĭńĹ r Ąúèĵã øĚĉ ļġ ķ(35 

47N, 36 11E) êŊĭāŒĵã êĞĩä¾ ļĹ. 



4.êĶùĄĹëäíäèľĵãêŊıńĎĵãSpiny plants stage
ÿãÿĆírĿĂŁêĶùĄ»ãëäíäèľĵã2êŊĩäĪ¸ãŃİĵāĨĢĖĵéăĀĮĹêç£ĵãĴĲĎç§èıĶġņ

ěäĪîùőã2œä»äçŃÿńĊírĿĂŁêĵä¹ãëäíäèĽ2ĳŃĀľĮĵãŃ2ĀŉńĊĵãŃ2İŉńĎĵãĄĮĵãŃ2êĖŉ
êĩäĕÝwÝ2ĻŒèĵãĠĹăäöčÙêĭĄĪîĹļĹĻäŉĀľĊĵã2ŇÿäĢĵãŃĸĚèĵã2¦ŊĚĊĶĪĵãŃăĆĵãÿŃ…

5.êĶùĄĹĻŒèĵãPoterium spinosum stage
ĀĢíĿĂŁêĶùĄ»ãļĹĴùãĄ»ãêĹĀĮî»ãrĠõãĄíêçäĥĄçńľđ2äŊíŃĄçŃÿńĊŉäłŊĩëäèĽ2ĻŒèĵã

ŀĮĩãĄŉŃĔĢçğãńĽōãêŊıńĎĵãŅĄýōã¥ĵãĴĺúîíħŃĄĝêç£ĵãêĩĄĚî»ã2ĴòÉŃĿĂŁêĶùĄ»ã
ňĕãăōãêĚŊÍãīĄĎçŃåńľõêŉĄĭêŊĲĉĄĊĵã(ŇÿãŃĴŉĀľĭ)ðŊùńĺľŉĻŒèĵãĄĎîľ»ã

ņĶġåĄíé§ĮĩêŊúĚĉêĪŊĢĕěäĪîùőãêçńęĄĵäç.
6.êĶùĄĹĻŒĒŊĢĵãŃëäŊĶŊöľĵãêŊĩäĪ¸ãAsphodelus and grassy

stage
ĀĢíĿĂŁêĶùĄ»ãĄý×ĴùãĄĹăńŁĀíêçäĥĄçńľĒĵã2ňíŃ ĵãŃĨĒîíêç£ç2éăńŁĀîĹîĹ2êĹĀł

ŃÿńĊŉrĿĂŁêĶùĄ»ãAsphodelus micrcarpus2Ń
Hyparrhenia hirta.



 æĭäĢîĶĵ êŊâŊèĵã ĄŁäĞ»ãEcological aspects of succession

øĕńîíêŊƧÙĄŁäĞ»ãêŊĵäîĵãĠĹ§ĊĵãŸäĹĀĭĿä®äçóŃōã:

.IÿãÿĆíêĶîĲĵãêŊ¹ã.

.IIÿãÿĆŉĀĮĢíĴĲĎĵãŇĄłĞ»ã.

.IIIÿãÿĆŉŅńî¾êĶîĲĵãêŊ¹ãļĹĄđäľĢĵãêŊáãĂĦĵã.

.IVÿãÿĆŉêŊƧÙăŃÿëŒĶÍãŃëäĲĲĪ»ãļĹœäŊùÙêç£ĵãréăŃÿĄđäľĢĵã.

.VëäèñêçńęăŃĻãĆíãĄđäľġĠĭń»ã.

.VIăãĄĮîĉãĠĺîSãŃİĵāŸãĄĞĽĳńĚĵé£ĩ§ĺĢíğãńĽōã.

.VIIÿãÿĆŉğńľíğãńĽōã.

.VIIIéÿäŉąêèĊĽğãńĽōãëãāêŊöŊíã£ĉãğãńĽōãéĄĺĢ»ã.

.IXĐĭäľíêŊõäîĽŏãêŊĩäĒĵãëäíäèľĶĵŃøèĒíĴáãń»ãêŊâŊèĵãĄòıÙŸäĮŊĕŃĒĒ°Ÿä.



.AőĀõńíīŃĄĩêŉĄŁńõ¨çğãńĽōãêĶýĀ»ãŃİĶíêľęńîĊ»ã2ŃĈŊĵ ŸäĺłĹêĩĄĢĹêĮŉĄĚĵã¥ĵãìĶđŃ
äłŊĩăŃĂçğńĽäĹwÝĻäĲĹ2äĹĸł»ãäÅÙ2įäľŁĀĺîĢíŃêŉăãĄĺîĉãäŁÿńõŃÿãĄĩÚıņĶġä²ăĀĮĹ

ņĶġêĊĩäľ»ãăãĄĺîĉőãŃì¯İĶíėŃĄĎĵã.ĀĢíŃĠŊ´œäŊùōã2éĄõäłĹäłľĺĩļĹĄõäŁ ŸäÉĀĭ
ŃäłľĹļĹĄõäŁ2ŸäòŉĀùäłľĹŃäĹæıăĄúèĵãŃäłľĹļĹŀîĶµ2÷äŉĄĵãŃğńľĵãļęńî»ãńŁğńľĵãŇĂĵã

ĠŊĚîĊíĿÿãĄĩÙĻÙČŊĢíŃĄñäĲîírĻäĲĹäŁÿńõŃ.

.BőĀõńŉĠĺî½ňõãĄùrêĵäùëäèñĴçr§Ħí2ĄĺîĊĹŃĠĺîSãňõŃōãĀªŀíãāĠĺî½îĹĻąãń
ŸäĽąãńíŸäŊĲŊĹäľŉÿëäõăĀçêĪĶî¿ŸäŊèĊĽ.

.CļĵÿńĮŉæĭäĢîĵãňíäèľĵãwÝëäĢĺî½İĶîı¥ĵãëÿäĉrķńŉäĹŇÙĻÙêĢŊèĚĵãļĵăĄĲíäĹŀîġĀîçã
ŸäĹä±ĴçôîľíäĺáãÿóāäÄ2éĀŉĀõŃİĵĂĵĻÞĩĠĺîSãňõŃōãĀŉĀ¸ãĠĭń»åĄ¿ļĵĴñäÉĹä±ŸäóŃōã

ŇĂĵãÿäĉrĠĭń»ãŀĊĪĽ2ŸäÉĀĭŃãĂŁäĹļĲÉ÷ŒĚđőãŀŊĶġóŃōäç÷äî»ãAvailable

Climax.

êĹäġ ëäĞùŒĹ



 ÊĪĖĚā ËÄĎĪÈúÍPractical Applications



 êŊáäĒùÝ ăńĹÙStatistical consideration

ĀľġêĉãăÿŇÙĠĺî½ňíäèĽőĀçļĹéäġãĄĹňíŋã:

.1ĴĒĩŃÙĸŊĊĮíœäĚĦĵãňíäèľĵãwÝëãĀùŃëãāêĽńľŊıEntitation

.2ăäŊîýãĠĭńĹëäľŊĢĵãļĺĕëãĀùńĵãêĊŊáĄĵãìèľĶĵStation

.3ăäŊîýãÿĀġëäľŊĢĵãŃäłîùäĊĹŃäłĶĲč

.4ÿäĺîġãêĶ´§ŉäĢ»ãæõãńĵãäłĉäŊĭ.



êŊíäèľĵã ëäĢĺîSã æŊıĄí r éĄñÜ»ã ĴĹãńĢĵã
ĳäòĹ ĴĹäĢĵã êĩäĊ»ã

ăńîĽńı Ęý 2é§Ħđ é§ª 2é§öč êŊĶÍã äŊĩãĄĥńçńĚĵã  ķ50 ņîù

÷ńĪĊĵã ĬęäľĹ ļĹ ĿäŊĺĶĵ ňúĚĊĵã ĻäŉĄ¸ã äŊĩãĄĥńçńĚĵã ĸı 5

ĴĹă 2ķńĵ 2¨ę êç£ĵã æŊıĄí ĸı 50

ňýäľ»ã rãĄĦ¸ã Ġĭń»ã êŊýäľĹ ĴĹãńġ 500ĸı



ÿĀÇæĭäĢîĵãêĉãăĀçĠęäĮĹêŊíäèĽêĽăäĮĹĴò±ëőäùêĪĶî¿óāńĺľĵœäĚĦĵãľĵãňíäè
Āùãńĵã.ÿĀ¯ŃëäĢĺî½ĴıêĶùĄĹņîùóŃōã.äĺıÚöĶŉwÝêĽăäĮĹœäĚĦĵãňíäèľĵã

xä¹ãêĮĚľ»äĹăńĒĵäçŃħńđńĵãêŊÈăäîĵã.

 æĭäĢîĵã ćäŊĭMeasurements of succession



 êŊíäèľĵã êĩäòĲĵã ĄŉĀĮíMeasure of plant density

ĬáãĄĚĵãêŉĀĢèĵãDistance Methods (Cottam and Curtis,

1956) :ķńĮŉÙĀèĹĬáãĄĚĵãêŉĀĢèĵãņĶġĄŉĀĮíĀĢèĵãĘĉńî»ãMean

DistanceŇĂĵãĀĺîĢŉņĶġêĭŒĢĵã¨çÿĀġăäöčōãréĀùŃêùäĊ»ãëäĩäĊĹŃ
äŁĀġäèí.

ŇÙĻÙ:ÿĀġăäöčōãńŁĴđäùêĺĊĭéĀùŃêùäĊ»ãņĶġĘĉńîĹêùäĊ»ã¥ĵã
äłĶĦĎíéĄöĎĵãéĀùãńĵã2§èĢîçŃĄýÙ

 êŊíäèľĵã ëäĢĺîSã øĊĹ ĬáãĄę
Methods of vegetation survey (Community 

sampling)

2)(

10000
./.

x
hatreesNo 



őŃĀĺîĢíĬáãĄĚĵãêŉĀĢèĵãņĶġĻäŊîġã2ňùäĊĹĴçņĶġĮĽėä
êŊáãńĎġăĀĮŉĀĢçăäöčōã2äłľġæĊÇŃĘĉńîĹÿäĢçōã.

ĬèĚíŃêĭŒĢĵãêĮçäĊĵãĀĢçĂýōãĻäèĊ¹äçĴĹäĢĹŊúĒíø
2æĉäľĹĴĒúîŊĩİĵĂçņĶġêĩäòĲĵã.ļĲÉŃ ŸäĖŉÙ

åäŭŭŭŭĊîùãêĩäòĲĵãêŊèĊľĵãğãńĽŎĵrĿĂŁĬáãĄĚĵã.ĀĭŃħĄġ
ļĹĿĂŁĬáãĄĚĵãêŭŭĢçăÙóāäÄ(Muller-Dombois

and Ellenberg, 1974)ňŁ:



Distance Methods

No. of trees= Area (ha)/Mean Distance (m)

Relative density A=[ No. of trees of

species A encountered/ Total No. of ] X No. of Trees

individuals



êĮŉĄęÿĄĪĵãåĄĭōãNearest Individual Method :
ĂýÜŉêġńĺ½ėäĮĽêŊáãńĎġrêġńĺ½2êŊõĄùćäĮíŃêĩäĊ»ãļĹĴıêĚĮĽwÝ
åĄĭÙ2éĄöčæĊÇŃĘĉńîĹĀĢèĵã2ėäĮľĶĵļĹŃĸñæĊ¯êĩäòĲĵãŒĢĵäçêĭ

éÿăãńĵãĿŒġÙĀĢçåĄĕĠçĄĹĘĉńîĹĀĢèĵãĴĹäĢ¬øŊúĒí2.æĊ¯ŃêĩäòĲĵã
êŊèĊľĵãğãńĽŎĵåĄĖçêĩäòĲĵãêèĊľçÿĀġÿãĄĩÙğńľĵãwÝÿĀġÿãĄĩōããňĶĲĵ

ğãńĽŎĵ.



Density=10000/2(X)2

Individual closest to the point



êĮŉĄęăä¸ãåĄĭōãNearest Neighbor
Method:ŃäłŊĩĂýÜŉêġńĺ½ėäĮĽêŊáãńĎġrêġńĺ½

2êŊõĄùćäĮíŃêĩäĊ»ãļĹéĄöĎĵãåĄĭōãêĚĮľĶĵêŊáãńĎĢĵãwÝĭÙåĄ
éĄöč2ä¼æĊÇŃĘĉńîĹĀĢèĵã2ėäĮľĶĵļĹŃĸñæĊ¯êĩäòĲĵã

êĭŒĢĵäçéÿăãńĵãĿŒġÙĀĢçåĄĕĠçĄĹĘĉńîĹĀĢèĵãĴĹäĢ¬øŊúĒí
1.672æĊ¯ŃêĩäòĲĵãêŊèĊľĵãäĺıÿăŃäĮçäĉ.



Density=10000/1.67(X)2
Individual closest to the point



êĮŉĄęóãŃąōãêŊáãńĎĢĵãRandom Pairs
Method :ĂýÜŉêġńĺ½ėäĮĽêŊáãńĎġrêġńĺ½

2êŊõĄùÿĀÇŃÿĄĪĵãåĄĭōãĴĲĵêĚĮĽ2êŊáãńĎġĄĞľŊĩ
ĐþĎĵãŀŊĵÝ [ŒĲĎĹŸäĚý2ŸäŊƧŃŃÿĄĪŉŀŊġãăāĴĲĎŊĵĘý
ÿäĢèîĉãŇÿńĺġņĶġĘºã2ĳŃōãĸñÿĀ¯éĄöĎĵãåĄĭōãwÝ
éĄöĎĵãwŃōãĨĶýĘý2ÿäĢèîĉőãćäĮíŃêĩäĊ»ã¨ç

1¨íĄöĎĵ.æĊÇŃĘĉńîĹĀĢèĵãėäĮľĶĵ2ŸäĢŊ´ļĹŃĸñ
æĊ¯êĩäòĲĵãêĭŒĢĵäçéÿăãńĵãĿŒġÙĀĢçåĄĕĠçĄĹĉńîĹĘ

ĀĢèĵãĴĹäĢ¬øŊúĒí0.82æĊ¯ŃêĩäòĲĵãêŊèĊľĵãäĺıÿăŃ
äĮçäĉ.



Density=10000/0.8(X)2

Nearest neighbor in opposite 180 sector

Individual closest to the point



êĮŉĄęğäçăōãêŉĆıĄĹêĚĮľĵãThe Point Centered
Quarter Method:ĂýÜŉŃêġńĺ½ėäĮĽêŊáãńĎġr

êġńĺ½2êŊõĄùÚĎľŉŃĘýŇÿńĺġrĴı2êĚĮĽćäĮíŃêĩäĊ»ã
ļĹêĚĮľĵãêŊáãńĎĢĵãwÝåĄĭÙéĄöčrĴı2ĠçăæĊÇŃĉńîĹĘ

ĀĢèĵã2ėäĮľĶĵļĹŃĸñæĊ¯êĩäòĲĵãêĭŒĢĵäçéÿăãńĵãĿŒġÙĢçĀ
åĄĕĠçĄĹĘĉńîĹĀĢèĵãĴĹäĢ¬øŊúĒí1.02æĊ¯ŃêĩäòĲĵã

êŊèĊľĵãäĺıÿăŃäĮçäĉ.



Density=10000/(X)2

Distance measured





ĸîŉëäľŊġăäŊîýãÿäĢçÚç20X20ŃÙ20X10ĴĖĪŉŃêĶŊĚîĊ»ã.ÿĀ¯ÿŃĀù
êľŊĢĵãĀĢíŃăäöčōãäłĶýãĀçæĊ¯ŃäĺŊĩĀĢçêĩäòĲĵãêŉĄöĎĵã.

êùäĊ»ã ņĶġ éĀĺîĢ»ã ĬáãĄĚĵãPlots techniques



êĮŉĄęĠęäĮíĘºãĸŊĮîĊ»ãLine Intercept Method The:
ĴĺĢîĊíĿĂŁêĮŉĄĚĵãŸäèĵäĥrëäĢĺîSãêŉńçäĦĵãëãāêŊĚĦîĵãêĶĹäĲĵã100%2ŃäłŊĩ

ĳĆî°êľŊĢĵãwÝĀĢç2ĀùãŃĀĢíŃĿĂŁêĮŉĄĚĵãêĵäĢĩ ŸãĀõrĄĒùêŊĚĦîĵãŊíäèľĵãê
ëäùäĊ»êĢĉäč.äłŊĩŃĀÉĘýļĺĕĠĺîSã2ŇĄöĎĵãŃĴöĊíņĶġŀĵńęêĩäĊĹ

ĠęäĮíĘĭäĊ»ãêŉÿńĺĢĵãğãńĽŎĵŀĢĹ.ļĲÉŃĿĂ­êĮŉĄĚĵãåäĊîùãêĩäòĲĵãêŊèĊľĵã
Relative Density2Ń¢ĊľĵãăãĄĲîĵãRelative Frequency2Ń

êŊĚĦîĵãêŊèĊľĵãRelative Coverage2ŃxäîĵäçĴłĊŉåäĊùêĺŊĭêŊƧōã
Importance Value¥ĵãňŁĴđäùåĄĕŃÙĠ´ĸŊĮĵãïŒòĵãêĮçäĊĵã.

ļĲÉŃļĹä¼ŒýêŊĺĊíëäĢĺîSãêŉńçäĦĵã

êŊíäèľĵã êŊĚĦîĵã ĄŉĀĮí
Measurements of vegetational coverage



A B

C

D
E

B

F

E G H

Line Intercept Method





êĮŉĄęĻŃãĄçŀŊĲĽŒç(ûăńŉąŭŀŊŊĶŊèĽńĹ):qăäĲîçãĿĂŁêĮŉĄĚĵãļĹĴèĭväĢĵãŇĀŉńĊĵãJosias

Braun-Blanquet2ìĩĄġŃäĺŊĩĀĢçêĮŉĄĚçReleveŃÙSIGMA.(rĿĂŁ
êĮŉĄĚĵãÙĀèŉœĄ»ã*

.AňĒĮîçĄłĞ»ãķäĢĵãìèľĶĵrêĮĚľĹ2äĹ
.BĸñăäîÈŸäĢĭńĹĴòÉëäĢĺîSãêŊíäèľĵã.

.C§ĊŉŃðùäèĵãŀľĺĕĀĢŊĵêĺáäĭĄĒÇäłŊĩğãńĽōãéÿńõń»ã(ÿĄ¸ãListing).

.DĸñăäîÈĠĭńĹĻäŊîġőãŇĂĵãŃÿĀúîĉŀľĺĕêùäĊ»ãäŊĽĀĵãMinimum Area (¥ĵãĨĒîí
ĈĽäöîĵäçHomogenous2ŃķäĞîĽőãUniformity2Ń Ĳĵã¢ĊľĵãLarge

enough)¥ĵãŃĬèĉäŁĀŉĀ¯ ġņľúľĹêùäĊ»ã-ğńľĵãSpecies Area Curve

(2ħĄĢíŃêľŊĢĵãéĀĺîĢ»ãåreleve.

.EĴöĊŉÿĀġğãńĽōãrêľŊĢĵãêĩäĕÝwÝ§ŉäĢĹ2êŊĚĦîĵãŃêŊġäĺîõőãSociability (ĈĽäöîĵã)2
ŃêŉńŊ¹ãVigor2ŃêŉăŃĀĵãëäĪđŃêŊĢĭńĹŅĄýÙ.



25 50

100

200

400

Sample Area in M2

Species Area Curve



The Braun-Blanquet Cover-Abundance Scale

Cover (%)* class

75-100

50-75

25-50

5-25

Up to 5

5

4

3

2

1

+

r

Sociability

5

4

3

2

1

Growing in large, almost pure stands

Growing in small colonies or carpets

Forming small patches or cushions

Forming small but dense clumps

Growing singly

* of the reference area

Few, with small cover

Solitary



The Braun-Blanquet Cover-Abundance Scale

Vitality

 ии very feeble and never fruiting (+  и и or 2 и и )

и feeble (1)

No index: normal

. exceptionally vigorous (3.)



The Braun-Blanquet Cover-Abundance Scale

4 2 1 r+



 ĢŉļġğńľîĵãňõńĵńŊèĵãrĠĺî½äĹÿĀĢçğãńĽōãéÿńõń»ãrãĂŁĠĺîSã.

ĳäĮŉŃļġĠĺî½ňíäèĽŃÙňĽãńŊùäĹŀĽã¦ĥğńľîĵäçňõńĵńŊèĵãŃÙxäġņľĦĵã$Ńāğńľí
ňõńĵńŊç§èı#ĻãŅńîùãņĶġĀŉĀġļĹğãńĽōãÿĀĢçåăäĮîĹļĹÿãĄĩÙğãńĽōã(

ĻńĲŉŃĠĺîSãã§ĮĩğńľîĵäçňõńĵńŊèĵãĻÝŅńîùãņĶġÿĀġÿŃĀ¾ļĹğãńĽōã2ŃÙĻÝ
ŅńîùãņĶġğãńĽÙéÿŃĀ¾ëãāéĄĩŃêŊĵäġ(

ńĶĩŅńîùãĠĺî½äĹņĶġƜƛğãńĽÙĻäıŃÿĀġÿãĄĩÙĴĹäığãńĽōãƜƛƛĻäĩĠĺîSã
ĻńĲŉņĶġÚçêĵäùļĹğńľîĵãĻÙĻäıæŊĒĽğńľĵãĀùãńĵãļĹÿãĄĩōãőÿäĢĹƜƛ(

ĴĭãŃğńľíňõńĵńŊçĻńĲŉãāÝņĺîĽãƤƜÿĄĩwÝğńĽĀùãŃŃĻäıæŊĒĽğãńĽōã
ŅĄýōãêĢĊíÿãĄĩÙ$ÿĄĩĴĲĵğńĽ#(

ňõńĵńŊèĵã ğńľîĵã ĈŊŉäĮĹ



ĳĀíêõăÿğńľîĵãêŊĵäĢĵãņĶġĀŊĮĢírêŊľçĠĺîSãxäîĵäçŃãĀŊĮĢíŃíäĲçäĎr
ëäĭŒġğãńĽōãĠĹäłĖĢçäĖĢçäÀĈĲĢľŉņĶġëãăŃĀĵãêŉńŊ¹ãrĠĺîSãļĹ
ňíăŃÿêĭäĚĵãŃéÿä»ã. îĢŉŃ§òıļĹœäĺĶġêâŊèĵãĻÙĀŊĮĢîĵãrĠĺîSãŉÿńĮwÝ

ëäèñăãĄĮîĉãŃĠĺîSã(r¨ùĻÙļŉĄý×őĻŃĀîĢŉİĵĂç(
 ĢŉļġÿĀġğãńĽōãrĠĺî½äĹéĄĩńçğãńĽōã.őŃ¦ĢŉİĵāĻÙĻńĲŉĴı

ğńĽ[ŒòÀĈĪľçÿĀĢĵãļĹ2ÿãĄĩōãĀĮĩĻńĲŉÿãĀĢíÿãĄĩÙğńĽäĹ1000äĺľŊç
ÿĀġÿãĄĩÙğńĽĄý×50ŃÙĴĭÙ(

ĳÿäĢíŃğãńĽōãEvenness¦ĢŉÿńõŃÿĀġÿãĄĩōãŀĊĪĽğãńĽŎĵêŊľĢ»ã.



ļŉäèîĵã ĴáőÿDiversity Indices   

Ąý× Ġĺîö¬ êĽăäĮĹ ğãńĽōäç äĹ Ġĺî½ ņľĥ ¨èí ëãĄčÜĹ







S

i

PiLogPiH
1

10)()3219.3(

 ĻńĽäč ĴŊĵÿ(Shannon Wienerôs Index, 1949):

))((
1

piLogPiH e

S

i






PiêèĊĽÿãĄĩÙğńľĵãrĠĺîSã(ĴĒíņĶġÙêĺŊĭĴŊĵĀĵĻńĽäčļĹ0 -7

äĹĀľġĻńĲŉğńľîĵãňõńĵńŊèĵãrĠĺî½äĹŒŊĶĭĻäĩĳäĺîùãÿńõŃğńĽäĹrêľŊĢĵã Ĳŉ§òı2ãĴĭŃ
ãĂŁĳäĺîùőãäĹĀľġÿãÿĆŉğńľîĵãňõńĵńŊèĵãrĠĺîSã.



Ĵò±PiêèĊĽÿãĄĩÙğńľĵãrĠĺîSã.

÷Ńã£íĸŊĭĴŊĵÿĻńĊè·ļĹ0ĠĺîöĺĶĵĨĵÜ»ãļĹğńĽĀùãŃwÝ1ŸäèŉĄĮíĠĺîöĺĶĵĀŉĀčļŉäèîĵã.





S

i

PiD
1

2
)(1

 ĻńĊè· ĴŊĵÿ(1949) Simpson:



(Pi)2 (Pi) Species

0.490 0.271 0.521 A

0.527 0.105 0.324 B

0.204 0.002 0.046 C

0.173 0.001 0.036 D

0.137 0.002 0.026 E

0.133 0.025 F

0.061 0.009 G

0.044 0.006 H

0.032 0.004 I

0.018 0.002 K

0.010 0.001 L

1.829 0.381 1.000 Total

H=1.829 D=0.619

))(( piLogPi e




ĻÝćäŊĮ»ãĀŊ¸ãğńľîĶĵňõńĵńŊèĵãńŁćäŊĮ»ãŇĂĵãĂýÚŉ¨ĢçîġőãăäèÿĀġ
ğãńĽōãŃĳÿäĢíğãńĽōãäĖŉã$ŅĀĹåăäĮíğãńĽōãrÿĀġÿãĄĩőã#(

ĴĲĎçķäġÿãÿĆŉğńľíğãńĽōãŸãăäèîġãļĹæĚĮĵãĿä®äçĘý2œãńîĉőã
ŸãăäèîġãŃļĹxäġÙĳäè¸ãńÂŅńîĊĹøĚĉĄúèĵãðŊùĻÙéăãĄ¹ãňŁĴĹäĢĵã

ňâŊèĵãóăĀî»ãräîĶı2¨îĵä¹ãŃ îĢŉğńľîĵãŸäĉäĲĢĽãĀŉĀĢĶĵļĹ
ëŒġäĪîĵã(ëŒýãĀîĵã)ļĺĕëäĢĺîSã#.



CÿĀġğãńĽōãêı£Ď»ã¨ç¨ĢĺîSã
AÿĀġğãńĽÙĠĺîSãĳŃōã
BÿĀġğãńĽÙĠĺîSãňĽäòĵã.

100
2

Ë



BA

C
Is

 ŀèĎĵã ĴáőÿIndices of Similarity:

 ĻńĊĽăńĉ ĴŊĵÿSorensen Index:



 ŀèĎĵã ĴáőÿIndices of Similarity:
 ĴŊĵÿ ăäıäõJaccard Index:

CÿĀġğãńĽōãêı£Ď»ã¨ç¨ĢĺîSã
AÿĀġğãńĽÙĠĺîSãĳŃōã
BÿĀġğãńĽÙĠĺîSãňĽäòĵã.

100Ë



CBA

C
Is j



ňíäèľĵã œäĚĦĶĵ êŊĺŊĞľîĵã ëãĀùńĵã êŊĺĊí
ĳäòĹ êĮùŒĵã ĸŊĞľîĵã

Querco-Fagetea etea ĨđClass

Quercetalia calliprini etalia orderêèíĄĵã

Ceratonia-Pistacion ion AllianceĨĵäúîĵã

Abieto-carpinetum 
orientalis

etum Association

Arrhenatheretum

brizetosum
etosum Sub-association



Class:      -etea             Molinio-Arrhenatheretea

Order:     -etalia           Arrhenatheretalia

Alliance:  -ion              Arrhenatherion

Association:  -etum     Arrhenatheretum

Subassociation: -etosum Arrhenatheretum brizetosum



ħĄĢíêùäĊ»ãêŉĀġäĮĵãäÅÚçğńĺ½ëäùäĊĹĠęäĮ»ãêŊĕĄĢĵãăäöčŎĵréĀùŃêùäĊ»ã
êĉäĮĹņĶġğäĪíăãăĀĒĵã(130)ĸĉ. îĢíŃŸãĄčÜĹŸäŊâŊçŃŸäŊõäîĽãŸäĹäŁrëäçäĦĵã.

.1ĸîŉăäŊîýãëäľŊġÿäĢçÚç20X20ŃÙ20X10ĴĖĪŉŃêĶŊĚîĊ»ã.ÿĀ¯ÿŃĀù
êľŊĢĵãćäĮíŃăäĚĭÙăäöčōãrêľŊĢĵã£ĺîľĊĵäçņĶġğäĪíăãăĀĒĵãåĄĭōŃĸĉ

.2ņġãĄŉĳńŊ»ãńĶĩìĽäı[ŒòĹêùäĊĹêľŊġêŉńîĊĹ0.3ŭŁäÅÞĩĳÿäĢí0.30258

ņĶġăĀúľĹĴŊÉăãĀĮ¬7.5 ſ2êõăÿŃêùäĊĹ0.3ŭŁņĶġēăÙĴŊ¬7.5 ſêõăÿ
ĳÿäĢí0.297432ŭŁņĶġēăÙêŉńîĊĹ).

.3ĳń¯ăäĚĭōã(ĸĉ2)wÝëäùäĊĹêŉĀġäĭ(ķ2 )êĭŒĢĵäç
0.00007854Xd2

.4Ġĺ®ëäùäĊ»ãêŉĀġäĮĵãæĊ¯ŃêùäĊ»ãêŉĀġäĮĵãķ2/ŭŁêĭŒĢçêèĊľĵãæĉäľîĵãŃ.

.5 îĢŉĘĉńîĹĄĚĭăäöčÙêľŊĢĵãĄĚĮĵãĬĩãń»ãĘĉńî»êùäĊ»ãêŉĀġäĮĵã.

êŉĀġäĮĵã êùäĊ»ã ĳäĺĢîĉäç êŊĚĦîĵã ĄŉĀĮíBasal area 

measurements



ļĲÉĄŉĀĮíêùäĊ»ãêŉĀġäĮĵãķãĀþîĉäçćäŊĮ»ãŇŃãĆĵãAngle gage
ĐþĶîŉŃÙĀè»ãrĻÙêùäĊ»ãêŉĀġäĮĵãêġńĺSêŉĄöčëãāéœńĶĹêŊĵäġ

äĹStockingĳÿäĢŉńÂ0.29-0.7% (ĴĭÙļĹ1%).Ńńĵ
ë§îýãêġńĺ½ėäĮĽäŊáãńĎġ(10000)ŃìĚĮĉÙņĶġńîĊĹĴòÉ
êġńĺ½êŉĄöčĻäıŃÿĀġėäĮľĵãŇĂĵãĈĹőĠęäĮĹêŊĕĄġăäöčŎĵrãĂŁ

ŇńîĊ»ã(50)ĻńĲîĩêèĊľĵã0.5%ãĂŁŃĳÿäĢŉ50ķ2/ŭŁ.ńĵŃäľĢĉŃ
êĚĮľĵãwÝêùäĊĹĠĚĮĹňĕĄġéĄöĎĶĵ(ĄĚĭéĄöĎĵãäçŃĄĖĹĄĚĮçéĄáãÿêŊƧŃ
ĘŊ¯ä­)ĻÞĩÿĀġĄáãŃĀĵãĿĂŁĻńĲŊĉÿĀġķ2/ķ2ŃÙÿĀġŭŁ/ŭŁ.ņĶġŃ

ăäèîġãĻÙêùäĊĹĄáãŃĀĵãwÝêùäĊ»ãêŉĀġäĮĵãĳÿäĢí:1ĻÞĩêùäĊ»ã
êŉĀġäĮĵãăäîĲ¼äçŇŃäĊíÿĀġĄáãŃĀĵãrêľŊĢĵãäçŃĄĖĹĴĹäĢ»äç( ).

2f

2

10000

f



ĴĺĢîĊŉŃrĿĂŁêĮŉĄĚĵãëãŃÿÙéĀġéĄĚĊĺıêĕ£Ģ¬1/502
ðŊùĻńĲíéĄöčäľŁĄĚĮç8ĸĉêŊĉäÀņĶġĀĢç4ķĻńĲíŃ

êùäĊ»ãêŉĀġäĮĵãăäöčŎĵéÿŃĀĢ»ãŇŃäĊíķ2/ŭŁŇÙ: F=1

(ĴđäùêĺĊĭêùäĊ»ãêŉĀġäĮĵãéĄöĎĶĵņĶġêùäĊĹêľŊĢĵãëãā
ĄĚĮĵã160000ĸĉ2).ŃÙ(1/35.3)ĻńĲíŃF=2

ŃÙ(1/25)ĻńĲíŃF=42ŃÙ§čãńĹëãāéăĀĭņĶġħĄù
œńĖĵãëäõăĀç2êĪĶî¿ŃÙąäłõRelascopeÿĀĢîĹ

ēãĄĥōã.



 ĳŒý ļĹ ĐþĎĵã ĄĞľŉ
 ĀĢŉŃ ăäöčōã wÝ ćäŊĮ»ã

 ļĹ  ıōã ĄĚĮĵã ëãā ăäöčōã
¥ĵã ŃÙ êĕ£Ģ»ã êĢĚĮĵã êúîĩ

êùãĆľĹ ŃĀèí
Displaced  r äŊáĆõ

ăńčń»ãPrism éăŃĀç
360 ĻäĲ»ã r êõăÿ.  

 êŉĀġäĮĵã êùäĊ»ã ĻńĲîĩ
 äçŃĄĖĹ ăäöčōã ÿĀĢĵ êŉŃäĊĹ

 ÿĀġ ņĶġ ŸäĹńĊĮĹ ĴĹäĢ»äç
ëäľŊĢĵã ėäĮĽ. 


