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ÅñåõíçôéêÞ Åñãáóßá - Óåë. 4 - 10

ÓõãêñéôéêÞ áîéïëüãçóç åíóéñùìÜôùí áñáâïóßôïõ êáé óüñãïõ � âßãíáò
óôç äéáôñïöÞ ðñïâÜôùí

×ñ. Ãïýëáò1, Å. ÐáðïõóôÞ � Êùóôïðïýëïõ2, É. ÎõðïëÝáò1 êáé Ã. ÆÝñâáò1

Ðåñßëçøç
Óêïðüò ôçò ðáñïýóáò åñãáóßáò Þôáí ç óýãêñéóç äýï åíóéñùìÜôùí, áñáâïóßôïõ êáé óüñãïõ � âßãíáò,

ìå âÜóç ôçí ðåðôéêüôçôá ôùí èñåðôéêþí ôïõò óõóôáôéêþí êáé ôçò èñåðôéêÞò ôïõò áîßáò. Óôï ðåßñáìá ðïõ
ðñáãìáôïðïéÞèçêå ÷ñçóéìïðïéÞèçêáí Ýîé åõíïõ÷éóìÝíïé êñéïß Êáñáãêïýíéêçò öõëÞò, óå ðåéñáìáôéêÞ
äéÜôáîç Ëáôéíéêïý Ôåôñáãþíïõ 2x2 ìå ôñåéò åðáíáëÞøåéò. Óôïõò ðåéñáìáôéêïýò êñéïýò ÷ïñçãÞèçêáí
êáôÜ âïýëçóç ôá äýï åíóéñþìáôá ùò áðïêëåéóôéêÞ ôñïöÞ. Ôá áðïôåëÝóìáôá ôïõ ðåéñÜìáôïò Ýäåéîáí üôé
ç êáôáíÜëùóç îçñÞò ïõóßáò (ÎÏ) êáé ïé óõíôåëåóôÝò öáéíïìÝíçò ðåðôéêüôçôáò (ÓÖÐ) ôùí NDF, ADF
êáé çìéêõôôáñéíþí äå äéÝöåñáí ìåôáîý ôùí äýï åðåìâÜóåùí (åíóéñùìÜôùí), åíþ ïé ÓÖÐ ôçò ÎÏ, OÏ
êáé ÁÏ (P<0.01), ËÏ, (P<0.001)  êáé ôùí ÅÍÅÏ (P<0.05) Þôáí óçìáíôéêÜ õøçëüôåñïé óôçí ðåñßðôùóç
ôïõ åíóéñþìáôïò áñáâïóßôïõ. Ïìïßùò, ç ïëéêÞ ðïóüôçôá ôùí ðôçôéêþí ëéðáñþí ïîÝùí óôï õãñü ôçò
ìåãÜëçò êïéëßáò (P<0.05), êáé ç åêáôïóôéáßá áíáëïãßá ôïõ ðñïðéïíéêïý êáé âïõôõñéêïý ïîÝïò (P<0.001),
âáëåñéêïý êáé éóïâáëåñéêïý ïîÝïò (P<0.05) Þôáí óçìáíôéêÜ õøçëüôåñç óôçí ðåñßðôùóç ôïõ åíóéñþìá-
ôïò áñáâïóßôïõ, åíþ áõôÞ ôïõ ïîéêïý ïîÝïò Þôáí õøçëüôåñç óôï åíóßñùìá óüñãïõ � âßãíáò (P<0.001).
ÔÝëïò, ôï åíåñãåéáêü ðåñéå÷üìåíï ôùí åíóéñùìÜôùí Þôáí 4,32 êáé 3,48 MJ ÊÅÃ/ kg ÎÏ ãéá ôïí
áñáâüóéôï êáé ôï óüñãï - âßãíáò áíôßóôïé÷á.

Áðü ôá äýï åíóéñþìáôá ëïéðüí ðïõ åîåôÜóèçêáí óôï óõãêåêñéìÝíï ðåßñáìá õðåñåß÷å ôï åíóßñùìá
áñáâïóßôïõ, ùò ðñïò ôçí ðåðôéêüôçôá ôùí èñåðôéêþí ôïõ óõóôáôéêþí êáé êáôÜ óõíÝðåéá ùò ðñïò ôç
èñåðôéêÞ ôïõ áîßá. Ôï óôÜäéï óõãêïìéäÞò ôùí ðñïò åíóßñùóç öõôþí, üóï êáé ç ðïóïóôéáßá áíáëïãßá
óüñãïõ � âßãíáò êáôÜ ôçí áíÜìéîç ìðïñïýí êÜëëéóôá íá ôñïðïðïéÞóïõí ôá ðáñáðÜíù áðïôåëÝóìáôá.

ËÝîåéò êëåéäéÜ: åíóßñùìá, áñáâüóéôïò, óüñãï, âßãíá, ðñüâáôá

EéóáãùãÞ
Ç óõììåôï÷Þ ôùí ÷ïíäñïåéäþí æùïôñïöþí (×Æ) óôç äéáôñïöÞ ôùí ìçñõêáóôéêþí æþùí åßíáé áðáñáßôçôç

ãéá ôçí ïìáëÞ äéåîáãùãÞ ôùí æõìùôéêþí öáéíïìÝíùí åíôüò ôùí ðñïóôïìÜ÷ùí. Óôçí ÅëëÜäá ïé áíÜãêåò óå
÷ïíäñïåéäåßò æùïôñïöÝò êáëýðôïíôáé, åêôüò áðü ôç âïóêÞ, êõñßùò áðü ÷üñôï ìçäéêÞò, ç ïðïßá êáëëéåñãåßôáé
åõñÝùò óå áñäåõüìåíá êõñßùò åäÜöç êáé ðùëåßôáé óå äõóáíÜëïãá õøçëÝò ôéìÝò, êáé áðü åíóßñùìá áñáâï-
óßôïõ.

¼ áñáâüóéôïò åßíáé ôï óçìáíôéêüôåñï áðü ôá öõôÜ ðïõ ç âéïìÜæá ôïõò ÷ñçóéìïðïéåßôáé ùò æùïôñïöÞ, ìåôÜ
áðü åíóßñùóç, ãéáôß Ý÷åé õøçëÝò áðïäüóåéò êáé óýíôïìï âëáóôéêü êýêëï. Áíáðôýóóåôáé óå ðåñéï÷Ýò üðïõ
åðéêñáôïýí õøçëÝò ó÷åôéêÜ èåñìïêñáóßåò êáè� üëç ôç äéÜñêåéá ôçò áíáðôýîåùò ôïõ êáé ïé âñï÷ïðôþóåéò,
êáôÜ ôçí äéÜñêåéá ôçò êáëëéåñãçôéêÞò ðåñéüäïõ, öèÜíïõí ôï ýøïò ôùí 375 - 400 ÷éëéïóôþí êáô� åëÜ÷éóôï
(ÊáñáìÜíïò, 1988), êáôáíåìçìÝíåò êõñßùò ìÝóá óôçí ðåñßïäï óôçí ïðïßá ôá öõôÜ Ý÷ïõí áíáðôýîåé ðëÞñùò
ôï öýëëùìÜ ôïõò. Ãéá ôçí ÅëëÜäá áõôÞ ç ðåñßïäïò óõìðßðôåé ìå ôç îçñüôåñç ðåñßïäï ôïõ Ýôïõò (Éïýëéï �
Áýãïõóôï) ïðüôå åßíáé áðáñáßôçôç ç Üñäåõóç ôùí öõôþí ãéá éêáíïðïéçôéêÝò áðïäüóåéò.

¸íá Üëëï áíïéîéÜôéêï óéôçñü ðïõ ìðïñåß íá ÷ñçóéìïðïéçèåß ãéá åíóßñùóç åßíáé ôï óüñãï (ÐáðïõôóÞ-
Êùóôïðïýëïõ, 1979á,â; Bosman, 2000; Lema, 2000;2001). Ôï óüñãï èåùñåßôáé ùò Ýíá áðü ôá áíèåêôéêüôåñá
êáé ðáñáãùãéêüôåñá öõôÜ êáé ìðïñåß íá êáëëéåñãçèåß áêüìç êáé óå çìéîçñéêÝò ðåñéï÷Ýò óôéò ïðïßåò ðëåïíå-
êôåß óå ó÷Ýóç ìå ôïí áñáâüóéôï (Matz, 1969; ÐáðïõôóÞ-Êùóôïðïýëïõ, 1979á). Áõôü åßíáé éäéáßôåñá óçìáíôé-
êü ãéá ôçí ÅëëÜäá üðïõ ôçí ðåñßïäï ôïõ êáëïêáéñéïý ïé èåñìïêñáóßåò ðïõ åðéêñáôïýí êáé ïé âñï÷ïðôþóåéò

1 ÃÐÁ. ÅñãáóôÞñéï ÄéáôñïöÞò Æþùí
2 ÅÈÉÁÃÅ. Éíóôéôïýôï Êôçíïôñïöéêþí Öõôþí êáé Âïóêþí, ËÜñéóá
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åßíáé ïñéáêÝò ãéá ôïí áñáâüóéôï, åíþ ãéá ôï óüñãï åßíáé åõíïúêÝò. Ôá åíóéñþìáôá ôùí öõôþí áõôþí ÷áñá-
êôçñßæïíôáé áðü ìéêñÞ ðåñéåêôéêüôçôá óå áæùôïý÷åò ïõóßåò (ÁÏ) (Browning et al. 1960; ÐáðïõôóÞ-Êùóôï-
ðïýëïõ 1979á) êáé ï åìðëïõôéóìüò ôïõò óå ÁÏ ìðïñåß íá ãßíåé åßôå ìå ðñïóèÞêç, óôçí áñ÷éêÞ ÷ëùñÞ ìÜæá,
áðëþí áæùôïý÷ùí åíþóåùí üðùò åßíáé ç ïõñßá, åßôå ìå åíóùìÜôùóç êÜðïéïõ øõ÷áíèïýò, óõíÞèùò ìåôÜ áðü
óõãêáëëéÝñãåéá.

Ï åìðëïõôéóìüò üìùò ôçò ÷ëùñïìÜæáò ìå ïõñßá ðñáêôéêÜ äå óõíéóôÜôáé äéüôé ç ïõñßá äéáóðÜôáé óå
áììùíßá, ç ïðïßá Ý÷åé âáóéêÞ áíôßäñáóç ìå áðïôÝëåóìá íá ìçí åðéôñÝðåé ôçí ðôþóç ôïõ pH óôá åðéèõìçôÜ
åðßðåäá 3,8 � 4,2. ¸íá øõ÷áíèÝò ðïõ óõãêáëëéåñãåßôáé Þ áíáìåéãíýåôáé êáôÜ ôçí åíóßñùóç ìå áñáâüóéôï Þ
óüñãï åßíáé ç âßãíá (Cow pea). Ç âßãíá êáëëéåñãåßôáé êáé óå ìç áñäåõüìåíá åäÜöç ðïõ Ý÷ïõí êáëÞ
õäáôïúêáíüôçôá êáé ãé� áõôü åßíáé áðïôåëåóìáôéêÞ ç óõãêáëëéÝñãåéÜ ôçò ìå ôï óüñãï. Áí êáé áõôü åöáñìüæå-
ôáé óôçí ðñÜîç, åíôïýôïéò äåí õðÜñ÷ïõí äéáèÝóéìá âéâëéïãñáöéêÜ äåäïìÝíá ãéá ôçí èñåðôéêÞ áîßá åíóéñùìÜ-
ôùí ðïõ ðñïÝñ÷ïíôáé áðü áíÜìéîç óüñãïõ ìå øõ÷áíèÞ, åíþ ãéá ôç ÷ñçóéìïðïßçóç ôïõ åíóéñþìáôïò áñáâïóß-
ôïõ óôç äéáôñïöÞ ôùí ìçñõêáóôéêþí õðÜñ÷ïõí áñêåôÝò áíáöïñÝò (Frenchick et al. 1976; Keith et al. 1979;
Ballard et al. 2001; Thomas et al. 2001).

Óêïðüò ôçò ðáñïýóáò ìåëÝôçò Þôáí ç óýãêñéóç ôïõ åíóéñþìáôïò áñáâüóéôïõ ìå åíóßñùìá ÷ëüçò óüñãïõ
� âßãíáò, ìå ðñïóäéïñéóìü ôçò ðåðôéêüôçôáò ôùí èñåðôéêþí óõóôáôéêþí êáé ôçò èñåðôéêÞò áîßáò ôùí äýï
åíóéñùìÜôùí, êáèþò êáé ç åðßäñáóÞ ôïõò óôá æõìùôéêÜ öáéíüìåíá ôçò ìåãÜëçò êïéëßáò ðñïâÜôùí.

ÕëéêÜ êáé ìÝèïäïé
Ç êïðÞ ôïõ áñáâïóßôïõ (õâñßäéï ÔÏÍÕ ôçò åôáéñåßáò RENK SEED) Ýãéíå óå çëéêßá 110 çìåñþí, åíþ ôïõ

óüñãïõ (ðïéêéëßá ÔÑÉÊÊÇ ôïõ ÉÊÖÂ) êáé ôçò âßãíáò (ðïéêéëßá ÊÑÏÊÉÏÍ ôïõ ÉÊÖÂ) óå çëéêßá 82 çìåñþí
ìåôÜ ôç óðïñÜ. Ï áñáâüóéôïò âñéóêüôáí óôï óôÜäéï ìáëáêïý íõ÷éÜóìáôïò ôïõ êüêêïõ, ôï óüñãï óôï óôÜäéï
óêëçñïý íõ÷éÜóìáôïò êáé ç âßãíá ëßãï ðñéí ôç öõóéïëïãéêÞ ùñßìáíóç. Ç åíóßñùóç ðñáãìáôïðïéÞèçêå óôï
ÅñãáóôÞñéï ÄéáôñïöÞò ôïõ Ã.Ð.Á. Ç ÷ëùñÞ ìÜæá ôåìá÷ßóôçêå (1 cm) êáé óôç óõíÝ÷åéá ôïðïèåôÞèçêå óå
ðëáóôéêïýò óÜêïõò ÷ùñçôéêüôçôáò 50 ðåñßðïõ kg. Ïé óÜêïé ìåôÜ áðü êáëÞ óõìðßåóç ôçò ÷ëüçò êáé áöáßñåóç
ôïõ áÝñá, êëåßóôçêáí áåñïóôåãþò êáé áðïèçêåýôçêáí óå ÷þñï ôïõ åñãáóôçñßïõ. Ãéá ôçí ðáñáóêåõÞ ôïõ
åíóéñþìáôïò óüñãïõ-âßãíáò ÷ñçóéìïðïéÞèçêå ÷ëùñÞ ìÜæá óüñãïõ êáé âßãíáò óå áíáëïãßá 2:1.

Ï ðñïóäéïñéóìüò ôùí óõíôåëåóôþí öáéíïìÝíçò ðåðôéêüôçôáò (ÓÖÐ) ôùí èñåðôéêþí óõóôáôéêþí ôïõ óé-
ôçñåóßïõ Ýãéíå ìå ôçí êëáóéêÞ ìÝèïäï ôçò ïëéêÞò óõëëïãÞò ôçò êüðñïõ. ×ñçóéìïðïéÞèçêáí Ýîé (6) åíÞëéêåò
åõíïõ÷éóìÝíïé êñéïß Êáñáãêïýíéêçò öõëÞò, ìÝóïõ óùìáôéêïý âÜñïõò (ÓÂ) 62.5 (±2.57) kg, óå ðåéñáìáôéêÞ
äéÜôáîç Ëáôéíéêïý Ôåôñáãþíïõ 2x2 ìå ôñåéò åðáíáëÞøåéò. Ïé êñéïß ðáñÝìåéíáí óå êëùâïýò ìåôáâïëéóìïý
êáè� üëç ôç äéÜñêåéá ôïõ ðåéñÜìáôïò. Ç ÷ïñÞãçóç ôçò ôñïöÞò ãéíüôáí ìéá öïñÜ çìåñçóßùò (9:00 ð.ì.) êáé ç
êáôáíÜëùóç ôñïöÞò êáé íåñïý Þôáí êáôÜ âïýëçóç. Ç ðïóüôçôá ôïõ ÷ïñçãïýìåíïõ åíóéñþìáôïò ðñïóáñìïæü-
ôáí Ýôóé þóôå ç ðïóüôçôá ôùí õðïëåéììÜôùí íá åßíáé ôïõëÜ÷éóôïí ôï 10% ôçò ÷ïñçãïýìåíçò ðïóüôçôáò. Ç
äéÜñêåéá êÜèå ðñïðåéñáìáôéêÞò ðåñéüäïõ Þôáí 10 çìÝñåò, åíþ ôçò êýñéáò ðåéñáìáôéêÞò ðåñéüäïõ 9 çìÝñåò,
åê ôùí ïðïßùí ôéò 7 ðñþôåò çìÝñåò ãéíüôáí êáèçìåñéíÞ ïëéêÞ óõëëïãÞ êüðñïõ ðñéí ôç ÷ïñÞãçóç ôïõ óéôçñåóß-
ïõ. Ôéò äýï ôåëåõôáßåò çìÝñåò ãéíüôáí ëÞøç õãñïý ìåãÜëçò êïéëßáò óå ÷ñüíï 0, 2 êáé 4 þñåò ìåôÜ ôç ÷ïñÞãçóç
ôïõ óéôçñåóßïõ. Óôçí áñ÷Þ êáé ôï ôÝëïò ôçò êýñéáò ðåéñáìáôéêÞò ðåñéüäïõ ôá æþá æõãßæïíôáí êáé êáôáãñÜöï-
íôáí ïé ìåôáâïëÝò ôïõ óùìáôéêïý ôïõò âÜñïõò (ÓÂ).

Ôá äåßãìáôá ôïõ õãñïý ôçò ìåãÜëçò êïéëßáò äéçèïýíôáí ìå ôåôñáðëÞ ãÜæá êáé óôï äéÞèçìá ðñïóäéïñßæï-
íôáí áìÝóùò ôï pH, åíþ ìÝñïò ôïõ äåßãìáôïò öõëÜóóïíôáí óôçí êáôÜøõîç ìÝ÷ñéò üôïõ ìåôñçèïýí ôá ðôçôéêÜ
ëéðáñÜ ïîÝá. Ç ðñïåôïéìáóßá ôùí äåéãìÜôùí ãéá ôïí ðñïóäéïñéóìü ôùí ðôçôéêþí ëéðáñþí ïîÝùí (ÐËÏ),
êáèþò êáé ïé ÷çìéêÝò áíáëýóåéò ôùí äåéãìÜôùí ôùí óéôçñåóßùí êáé ôçò êüðñïõ Ýãéíáí óýìöùíá ìå ôéò
ìåèüäïõò ðïõ ðåñéãñÜöïíôáé áðü ôïõò Zervas et al. (1999).

Ôï åíåñãåéáêü ðåñéå÷üìåíï ôùí óéôçñåóßùí (ÊáèáñÞ ÅíÝñãåéá ÃáëáêôïðáñáãùãÞò =ÊÅÃ) õðïëïãß-
óèçêå ìå âÜóç ôçí åîßóùóç ôïõ Van Es (1978) ÊÅÃ = (0,463 + 0,0024Ì)÷ÌÅ MJ/kg üðïõ Ì åßíáé ç
ìåôáâïëéêüôçôá ôçò åíÝñãåéáò ôçò æùïôñïöÞò êáé åßíáé ßóç ìå 100(ÌÅ/ÓÅ) êáé ôá ÌÅ êáé ÓÅ åßíáé ç ìåôáâï-
ëéóôÝá êáé ç óõíïëéêÞ åíÝñãåéá áíôßóôïé÷á, ãéá ôïí õðïëïãéóìü ôùí ïðïßùí ÷ñçóéìïðïéÞèçêáí ïé åîéóþóåéò
ôùí Schiemann ê.Ü. (1972):

ÌÅ = 0,0152×
1 

+ 0,0342×
2 
+ 0,0128×

3 
+ 0,0159×

4 
- 0,0007Æ

5
MJ/kg
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ÓÅ = 0,0242Æ
1 
+ 0,0366Æ

2 
+ 0,0209Æ

3 
+ 0,0170Æ

4 
- 0,0007Æ

5
MJ/kg

üðïõ ×
1
, ×

2
, ×

3
 êáé ×

4
 åßíáé áíôßóôïé÷á ïé ðåðôÝò áæùôïý÷åò, ëéðáñÝò, éíþäåéò êáé åëåýèåñåò Í åê÷õëé-

óìáôéêÝò ïõóßåò óå g /kg êáé Æ
1
, Æ

2
, Æ

3
, Æ

4
 êáé Æ

5
 åßíáé áíôßóôïé÷á ïé ïëéêÝò áæùôïý÷åò, ëéðáñÝò, éíþäåéò,

åëåýèåñåò Í åê÷õëéóìáôéêÝò ïõóßåò êáé ïëéêÜ óÜê÷áñá óå g /kg. Ôá ïëéêÜ óÜê÷áñá êáé óôéò äýï åîéóþóåéò
ëáìâÜíïíôáé õð� üøç ìüíï üôáí õðåñâáßíïõí ôï 8% ôçò îçñÞò ïõóßáò. Ôá áðïôåëÝóìáôá ôïõ ðåéñÜìáôïò
õðïâëÞèçêáí óå áíÜëõóç ôçò äéáêýìáíóçò (Steel and Torrie, 1960) óýìöùíá ìå ôï ãñáììéêü ðñüôõðï:

Y
ijk

= ì + Å
i 
+ e

ij

üðïõ: Y
ijk

= ç ðáñáôÞñçóç ôïõ j êñéïý ðïõ ôñÝöïíôáí ìå ôï i åßäïò åíóéñþìáôïò, ì = ï ãåíéêüò ìÝóïò üñïò,
Å

i
 = ç óôáèåñÞ åðßäñáóç ôïõ i åíóéñþìáôïò êáé e

ijk
 = ôï ôõ÷áßï óöÜëìá.

ÁðïôåëÝóìáôá
Óôïí ðßíáêá É ðáñïõóéÜæåôáé ç ÷çìéêÞ óýóôáóç ôùí åíóéñùìÜôùí, ìåôáîý ôùí ïðïßùí ðáñáôçñÞèçêáí

äéáöïñÝò ùò ðñïò ôçí ðåñéåêôéêüôçôá óå ËÏ, ÅÍÅÏ êáé çìéêõôôáñßíåò ðïõ Þôáí áõîçìÝíç ãéá ôï åíóßñùìá
áñáâïóßôïõ, êáé óå NDF êáé ADF ðïõ Þôáí áõîçìÝíç ãéá ôï åíóßñùìá óüñãïõ-âßãíáò.

Ðßíáêáò É . ×çìéêÞ óýóôáóç (% ÎÏ) åíóéñùìÜôùí áñáâïóßôïõ êáé óüñãïõ-âßãíáò
Table I. Chemical composition (% DM) of maize and sorghum - cowpea silage

Óõóôáôéêü Áñáâüóéôïò Óüñãï - Âßãíá
-Nutrient Maize Sorghum - Cowpea

ÎçñÞ ïõóßá (ÎÏ)Dry matter (DM) 31,59 29,48
% ÎÏ % DM % ÎÏ % DM

ÏñãáíéêÞ ïõóßá (ÏÏ) Organic matter (OM) 90,55 90,07
Áæùôïý÷åò ïõóßåò (ÁÏ) Crude protein (CP) 8,61 8,74
ËéðáñÝò ïõóßåò (ËÏ) Ether Extracts (EE) 2,28 1,42
Åë. Í åê÷. ïõóßåò (ÅÍÅÏ) N free extracts (NFE) 54,05 49,96
NDF 58,83 61,84
Çìéêõôôáñßíåò Hemicelluloses 29,25 25,39
ADF 29,58 36,45

Ç ìÝóç çìåñÞóéá êáôáíÜëùóç ÎÏ äå äéÝöåñå ìåôáîý ôùí åðåìâÜóåùí êáé Þôáí 1,20 kg ãéá ôï åíóßñùìá
áñáâüóéôïõ êáé 1,16 kg ãéá ôï åíóßñùìá óüñãïõ - âßãíáò. Áíôßèåôá, ïé ÓÖÐ ôùí èñåðôéêþí óõóôáôéêþí ôùí
óéôçñåóßùí äéáöïñïðïéÞèçêáí áðü ôï åßäïò ôïõ åíóéñþìáôïò (ðßí. ÉÉ). Ðéï óõãêåêñéìÝíá, ãéá ôçí åðÝìâáóç
ìå åíóßñùìá áñáâïóßôïõ Þôáí óçìáíôéêÜ áõîçìÝíïé ïé ÓÖÐ ôçò ÎÏ, ôçò ÏÏ (P<0.01), ôùí ÁÏ, ôùí ËÏ (
P<0.001) êáé ôùí ÅÍÅÏ (P<0.05) êáôÜ 29,4%, 22,1%, 37,5%, 78,4% êáé 18,53% áíôßóôïé÷á óå ó÷Ýóç ìå ôï
åíóßñùìá óüñãïõ - âßãíáò. Áíôßèåôá, äåí äéáðéóôþèçêáí óçìáíôéêÝò äéáöïñÝò óôçí ðåðôéêüôçôá ôùí NDF,
çìéêõôôáñéíþí êáé ADF. ÔÝëïò, ôï åíóßñùìá áñáâïóßôïõ åß÷å óçìáíôéêÜ õøçëüôåñï åíåñãåéáêü ðåñéå÷üìå-
íï (P<0.01) óå ó÷Ýóç ìå ôï åíóßñùìá óüñãïõ � âßãíáò (4,32 MJ ÊÅÃ/kg ÎÏ áñáâïóßôïõ Ýíáíôé 3,48 MJ
ÊÅÃ/kg ÎÏ óüñãïõ - âßãíáò).

Ç åðßäñáóç ôïõ åßäïõò ôïõ åíóéñþìáôïò óôéò ðáñáìÝôñïõò ôùí æõìùôéêþí öáéíïìÝíùí ôçò ìåãÜëçò
êïéëßáò ðáñïõóéÜæåôáé óôïí ðßíáêá ÉÉÉ. Ç ÷ïñÞãçóç ôïõ åíóéñþìáôïò óüñãïõ - âßãíáò áýîçóå óçìáíôéêÜ ôçí
ôéìÞ ôïõ pH ôïõ õãñïý ôçò ìåãÜëçò êïéëßáò (P<0.05) êáôÜ 4,6% êáé ôçí áíáëïãßá ôïõ ïîéêïý ïîÝïò (P<0.001)
êáôÜ 21,31% óå ó÷Ýóç ìå ôï åíóßñùìá áñáâïóßôïõ, åíþ ìåßùóå ôç óõãêÝíôñùóç ôùí ïëéêþí ÐËÏ (P<0.05)
êáé ôçí áíáëïãßá ôïõ ðñïðéïíéêïý êáé âïõôõñéêïý ïîÝïò (P<0.001) êáôÜ 21,3%, 24,2% êáé 27,35%, áíôßóôïé-
÷á (ðßí. ÉÉÉ).

Ó÷ïëéáóìüò
H ÷çìéêÞ óýóôáóç ôïõ åîåôáóèÝíôïò åíóéñþìáôïò áñáâïóßôïõ, Þôáí áíÜëïãç ìå áõôÞ ðïõ âñÝèçêå áðü

Üëëïõò åñåõíçôÝò (Rude and Rankins, 1993; Ward et al. 2001). Ôï åíóßñùìá áñáâïóßôïõ åß÷å áõîçìÝíç
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ðåñéåêôéêüôçôá óå ËÏ êáé ÅÍÅÏ, åíþ ôï åíóßñùìá óüñãïõ - âßãíáò åß÷å áõîçìÝíç ðåñéåêôéêüôçôá óå ADF
ðïõ ó÷åôßæåôáé áñíçôéêÜ ìå ôçí ðåðôéêüôçôá (Santini et al. 1992). Óå ðñïçãïýìåíç åñãáóßá (ÐáðïõôóÞ-
Êùóôïðïýëïõ, 1979á) áíáöÝñåôáé üôé ôï åíóßñùìá óüñãïõ Ý÷åé ìéêñüôåñç ðåñéåêôéêüôçôá óå ÁÏ êáé ËÏ
óå ó÷Ýóç ìå ôï åíóßñùìá áñáâïóßôïõ. Óôçí ðáñïýóá åñãáóßá üìùò äåí ðáñáôçñÞèçêáí äéáöïñÝò ìåôáîý
ôùí äýï åíóéñùìÜôùí ùò ðñïò ôéò ÁÏ, ãéáôß ç õøçëüôåñç ðåñéåêôéêüôçôá ôçò âßãíáò óå ÁÏ åß÷å ùò áðïôÝ-
ëåóìá ôçí áýîçóç ôçò ðåñéåêôéêüôçôáò ôïõ åíóéñþìáôïò óüñãïõ - âßãíáò óå ÁÏ. Åðßóçò, ïé Tjandraatmadja
et al. (1993) âñÞêáí áýîçóç ôçò ðåñéåêôéêüôçôáò ôïõ åíóéñþìáôïò óå ÁÏ üôáí áãñùóôþäç åíóéñþèçêáí
ìáæß ìå âßãíá.

Áí êáé ðáñáôçñÞèçêáí óôáôéóôéêþò óçìáíôéêÝò äéáöïñÝò óôïõò ÓÖÐ ôùí åíóéñùìÜôùí (ðßí. ÉÉ) êáé
ðáñÜ ôçí áõîçìÝíç ðåñéåêôéêüôçôá ôïõ åíóéñþìáôïò óüñãïõ âßãíáò óå NDF êáé ADF, ç êáôáíÜëùóç ÎÏ
áðü ôïõò êñéïýò äåí äéÝöåñå ìåôáîý ôùí åðåìâÜóåùí, åðåéäÞ ðñïöáíþò ç äéáöïñÜ óå NDF Þôáí ðïëý
ìéêñÞ (3%). Åðßóçò ïé Ward et al. (2001) äå âñÞêáí äéáöïñÜ óôçí êáôáíÜëùóç ÎÏ åíóéñùìÜôùí óüñãïõ
êáé áñáâüóéôïõ. Áíôßèåôá, ïé Rude and Rankins (1993) âñÞêáí ìåéùìÝíç êáôáíÜëùóç ÎÏ ãéá ôï åíóßñù-
ìá óüñãïõ. ¼ìùò óôá óéôçñÝóéá ôùí Rude and Rankins (1993) ç äéáöïñÜ óå NDF êáé ADF Þôáí 13% êáé

Ðßíáêáò ÉÉ. ÓõíôåëåóôÝò ÖáéíïìÝíçò Ðåðôéêüôçôáò ôùí èñåðôéêþí óõóôáôéêþí êáé åíåñãåéáêü ðåñéå÷üìåíï ôùí
äýï åíóéñùìÜôùí

Table II. Apparent digestibility coefficients of nutrients and energy content of maize and sorghum - cowpea silage.

Óõóôáôéêü Áñáâüóéôïò Óüñãï - Âßãíá s.e. Åð. óçìáíô.
-Nutrient  Maize Sorghum-Cowpea Sign. level

ÎçñÞ ïõóßá (ÎÏ) Dry matter (DM) 60,41 46,68 3,24 **
ÏñãáíéêÞ ïõóßá (ÏÏ) Organic matter (OM) 62,5 51,2 2,86 **
Áæùôïý÷åò ïõóßåò (ÁÏ) Crude protein (CP) 62,66 45,57 3,92 **
ËéðáñÝò ïõóßåò (ËÏ) Ether Extracts (EE) 77,46 43,42 7,69 ***
Åë. Í åê÷. ïõóßåò (ÅÍÅÏ) N free extracts (NFE) 66,02 55,7 2,58 *
NDF 59,29 54,48 1,67 NS
Çìéêõôôáñßíåò Hemicelluloses 62,7 55,6 2,22 NS
ADF 52,188 50,00 3,17 NS
ÊÅÃ (MJ / kg ÎÏ) NE

L
 (MJ / kg DM) 4,32 3,48 0,333 **

***P<0,001, * * P<0,01, * P<0,05, NS : Ìç Óçìáíôéêü - No Significant,
s.e. : Ôõðéêü óöÜëìá - Standard error

Ðßíáêáò ÉÉÉ. ÌÝóç óõãêÝíôñùóç ÐËÏ óôï õãñü ôçò ìåãÜëçò êïéëßáò .
Table III. Mean concentration of Volatile Fatty Acids (VFAs) in rumen liquid.

Áñáâüóéôïò Óüñãï - Âßãíá s.e. Åð. óçìáíô.
Maize Sorghum - Cowpea Sign. level

pH 6,35 6,64 0,727 *
ÏëéêÜ ÐËÏ Total VFA (mmoles/l) 106,37 83,70 4,79 *

ÌïñéáêÞ áíáëïãßá ÐËÏ - Molar proportion of VFA (%)

Ïîéêü Acetic 66,15 74,34 0,838 ***
Ðñïðéïíéêü Propionic 18,41 13,96 0,556 ***
Âïõôõñéêü Butyric 10,75 7,81 0,326 ***
Éóïâïõôõñéêü Isobutyric 1,19 0,97 0,082 N.S
Âáëåñéêü Valeric 1,90 1,46 0,111 *
Éóïâáëåñéêü Isovaleric 1,61 1,24 0,093 *

***P<0,001, * P<0,05, NS : Ìç Óçìáíôéêü - No Significant,
s.e. : Ôõðéêü óöÜëìá - Standard error
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18% áíôßóôïé÷á, åíþ óôçí ðáñïýóá åñãáóßá êáé ó� áõôÞ ôùí Ward et al. (2001) ç äéáöïñÜ Þôáí ìüíï 3%
êáé 7%, áíôßóôïé÷á.

Ïé óõíôåëåóôÝò ðåðôéêüôçôáò ôùí èñåðôéêþí óõóôáôéêþí ÎÏ, ÏÏ, ÁÏ, ËÏ êáé ÅÍÅÏ ãéá ôï åíóßñùìá
áñáâïóßôïõ Þôáí õøçëüôåñïé óå ó÷Ýóç ìå áõôïýò ôïõ åíóéñþìáôïò óüñãïõ-âßãíáò. Ðáñüìïéåò äéáöïñÝò óôçí
ðåðôéêüôçôá ôçò ÎÏ, ÏÏ êáé NDF ìåôáîý åíóéñþìáôïò áñáâüóéôïõ êáé åíóéñþìáôïò óüñãïõ âñÝèçêáí áðü
ôïõò Rude êáé Rankins (1993). Áõôü äéêáéïëïãåßôáé áðü ôçí áõîçìÝíç ðåñéåêôéêüôçôá ôïõ åíóéñþìáôïò
óüñãïõ-âßãíáò óå ADF ðïõ ìåéþíåé ôçí ðåðôéêüôçôá ôùí õðïëïßðùí èñåðôéêþí óõóôáôéêþí (Santini et al. ,
1992; Rankins and Rude 1993; Tjandraatmadja, et al. 1993). Åíäå÷ïìÝíùò, áí ç óõãêïìéäÞ ôïõ óüñãïõ êáé
ôçò âßãíáò åß÷å ãßíåé óå ðñùéìüôåñï âëáóôéêü óôÜäéï, ïé äéáöïñÝò íá ìçí Þôáí ôüóï Ýíôïíåò. Ç áõîçìÝíç
ðåðôéêüôçôá ôùí ËÏ åßíáé áðïôÝëåóìá ôçò ìéêñüôåñçò áíáëïãßáò ôùí åíäïãåíïýò ðñïÝëåõóçò ËÏ óôçí
êüðñï, ëüãù ôçò õøçëüôåñçò ðåñéåêôéêüôçôáò ôïõ åíóéñþìáôïò óå ËÏ. Ãéá ôá õðüëïéðá èñåðôéêÜ óõóôáôéêÜ
äåí ðáñáôçñÞèçêå êáìéÜ óôáôéóôéêþò óçìáíôéêÞ äéáöïñÜ.

Ôï áõîçìÝíï åíåñãåéáêü ðåñéå÷üìåíï (MJ ÊÅÃ/ kg ÎÏ) ôïõ åíóéñþìáôïò áñáâüóéôïõ ïöåßëåôáé óôïõò
õøçëüôåñïõò óõíôåëåóôÝò ðåðôéêüôçôáò ôùí èñåðôéêþí óõóôáôéêþí óå ó÷Ýóç ìå ôï åíóßñùìá óüñãïõ � âßãíáò
. Óýìöùíá ìå ðñïçãïýìåíåò ìåëÝôåò ôï åíóßñùìá óüñãïõ Ý÷åé ôï 70 - 90% ôçò ÊÅÃ ôïõ åíóéñþìáôïò
áñáâïóßôïõ (Grant and Stock , 2000), áí êáé óýìöùíá ìå ôïõò Nichols et al. (1998) ôï åíóßñùìá óüñãïõ Ý÷åé
ôçí ßäéá èñåðôéêÞ áîßá ìå ôï åíóßñùìá áñáâüóéôïõ üôáí ôá óéôçñÝóéá Ý÷ïõí ôï ßäéï åðßðåäï NDF. Óôçí
ðáñïýóá ìåëÝôç ôï åíåñãåéáêü ðåñéå÷üìåíï ôïõ åíóéñþìáôïò óüñãïõ � âßãíáò Þôáí ôï 80% ôïõ åíóéñþìáôïò
áñáâïóßôïõ.

 Ç õøçëüôåñç ôéìÞ ôïõ pH ôïõ õãñïý ôçò ìåãÜëçò êïéëßáò óôçí ðåñßðôùóç ôïõ åíóßñùìá óüñãïõ-âßãíáò
ïöåßëåôáé óôç ìéêñüôåñç ðáñáãùãÞ ÐËÏ ãé� áõôÞ ôçí åðÝìâáóç. Ç áõîçìÝíç ðáñáãùãÞ ïëéêþí ÐËÏ (ðßí.
ÉÉÉ) ãéá ôï åíóßñùìá áñáâïóßôïõ êáèþò êáé ç áõîçìÝíç áíáëïãßá ðñïðéïíéêïý êáé ç ìåéùìÝíç áíáëïãßá
ïîéêïý ïîÝïò, óå ó÷Ýóç ìå ôï åíóßñùìá óüñãïõ-âßãíáò, ïöåßëåôáé óôçí ìåéùìÝíç ðåñéåêôéêüôçôá ôïõ åíóéñþ-
ìáôïò áñáâüóéôïõ óå ADF êáé óôç ìåãáëýôåñç áíáëïãßá åõæýìùôùí õäáôáíèñÜêùí. Óõìöùíåß åðßóçò ìå ôçí
õøçëüôåñç ðåðôéêüôçôá ôçò ÏÏ (ðßí. ÉÉ).

ÓõìðÝñáóìá
Áðü ôá ðáñáðÜíù áðïôåëÝóìáôá ðñïêýðôåé üôé ôï åíóßñùìá áñáâïóßôïõ, Ýôóé üðùò ÷ñçóéìïðïéÞèçêå

(ðïéïôéêÜ êáé ðïóïôéêÜ), õðåñåß÷å ùò ðñïò ôçí ðåðôéêüôçôá ôùí èñåðôéêþí ôïõ óõóôáôéêþí, êáé êáôÜ óõíÝðåéá
ùò ðñïò ôç èñåðôéêÞ ôïõ áîßá, óå ó÷Ýóç ìå ôï åíóßñùìá óüñãïõ �âßãíáò ëáìâáíïìÝíïõ õðüøç ôïõ óôáäßïõ ðïõ
óõãêïìßóôçêáí ôá öõôÜ áõôÜ êáé ôùí ðïóïóôþí áíÜìéîçò áõôþí (2:1). ¼ìùò ôï åíóßñùìá óüñãïõ �âßãíáò
áðïôåëåß ìéá éêáíïðïéçôéêÞ ëýóç ãéá îçñïèåñìéêÝò ðåñéï÷Ýò, áöïý âÝâáéá ëçöèïýí õðüøç ïé óôñåììáôéêÝò
áðïäüóåéò êáé ôï êüóôïò ôïõ ôåëéêïý åíóéñþìáôïò óå ó÷Ýóç ðÜíôá ìå ôç èñåðôéêÞ ôïõ áîßá. ¼óïí áöïñÜ ôï
óôÜäéï óõãêïìéäÞò (êïðÞò) ôùí öõôþí êáé ôéò áíáëïãßåò áíÜìéîçò áõôþí ðñÝðåé íá ëáìâÜíïíôáé õðüøç êáé
Üëëïé ðáñÜãïíôåò, ðÝñáí ôùí êëéìáôïëïãéêþí, üðùò ôï åßäïò ôïõ æþïõ, ç ðáñáãùãéêÞ ôïõ êáôåýèõíóç (ãÜëá
� êñÝáò) êáé ôï ýøïò ðáñáãùãÞò ôïõ.

A comparative evaluation of maize and sorghum � cow pea silage in sheep

C. Goulas1 , E. Papoutsi �Kostopoulou2 , I. Xypoleas1 and G. Zervas1

Abstract
The aim of this work was to compare two silages made from maize (MS) and sorghum � cowpea (SCS),

based on their nutrients� digestibility and nutritive value. Six fistulated wether sheep, of the Karagouniko breed,
were used in a 2x2 Latin square experimental design, in three replicates. Sheep were fed silage ad libitum. The

1 Agric. Univ. of Athens. Dept. of Animal Nutrition.
2 N.AG.RE.F. Fodder Crops and Pastures Institute, Larissa
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results showed that dry matter intake and ADF, NDF, hemicelluloses digestibility did not differ between the
two treatments (MS vs. SCS), while DM, OM and CP (P<0.01), EE (P<0.001) and NFE (P<0.05) digestibility
was higher in MS. Total concentration of VFAs in rumen liquid (P<0.05) and those of (percentage wise)
propionic, butyric (P<0.001), valleric and isovaleric acid (P<0.05) were higher in MS, while that of acetic was
higher (P<0.001) in SCS. The nutritive value of both silages were estimated to be 4.32 and 3.48 MJ NE

L
 / kg

DM for MS and SCS, respectively.
From the results of this trial it was concluded that maize silage, in terms of nutrients digestibility and

nutritive value under the experimental conditions examined, was superior to sorghum � cowpea silage. Maturity
stage of plants at harvesting, and mixing ratio between plants should be considered at each case of feeding.

Keywords: silage, maize, sorghum, cowpea, sheep.

Âéâëéïãñáößá
Ballard, C.S., Thomas, E.D.,Tsang, D.S., Mandebvu, P., Sniffen, C.J., Endres, M.I., Carter, M.P., 2001.

Effect of corn silage hybrid on dry matter yield, nutrient composition, in vitro digestibility, intake by dairy
heifers and milk production by dairy cows. J. Dairy Sci., 84: 442-452.

Browning C., Lusk J., Miles J., 1960. Effect of protein supplementation on consumption and digestibility of
sorghum silages. J. Dairy Sci., 43:443 (Abstract)

Bosman, M.J.C., Webb, E.C., Cilliers, H.J., Steyn, H.S., 2000. Growth, carcass and sensory characteristics of
m. longissimus lumborum from whethers fed silage diets made from maize or various sorghum varieties.
South African J. Anim. Sci., 30:36-42.

Frenchick, G.E., Johnson, D.G., Murphy, J.M., and Otterby D.E., 1976. Brown midrib corn silage in dairy
cattle rations. J. Dairy Sci., 2126-2129.

Grant R., Stock R., 2000. Harvesting corn and sorghum for silage. Institute of Agriculture and Natural
Resources. University of Nebraska-Lincoln.

ÊáñáìÜíïò, Á., 1994. Áñáâüóéôïò. ÂïôáíéêÞ, ïéêïëïãßá, êáëëéÝñãåéá. Ãåùð. Ðáí. Áèçíþí
Keith, E.A., Colenbrander, V.F., Lechtenberg, and Bauman, L.F., 1979. Nutritional value of brown midrib

corn silage for lactating dairy cows. J. Dairy Sci., 62: 788-792.
Lema, M., Felix, A., Salako, S., Bishnoi, U., 2000. Nutrient content and in vitro dry matter digestibility of

silages made from various grain sorghum and sweet sorghum cultivars. J. Aust. Agric., 17:55-70.
Lema, M., Felix, A., Salako, S., Sebert, E., Bishnoi, U., 2001. Nutrient content and in vitro dry matter

digestibility of silages made from various grain sorghum cultivars. J. Ap. Anim. Res., 19:129-136.
Matz, S., 1969. Cereal science. AVI. Westport, Connecticut.
Nichols, S.W., Roetschel, M.A, Amos, HE., Ely, LO., 1998. Effects of fiber from tropical corn and forage

sorghum silages on intake, digestion, and performance of lactating dairy cows. J. Dairy Sci., 81: 2383-
2393.

ÐáðïõôóÞ-Êùóôïðïýëïõ Å., 1979á. Ôï åíóßñùìá óôç äéáôñïöÞ ôùí æþùí. ÃåùðïíéêÜ, 247: 38 � 43
ÐáðïõôóÞ -Êùóôïðïýëïõ Å., 1979â. Ôï åíóßñùìá óôç äéáôñïöÞ ôùí æþùí. ÃåùðïíéêÜ, 248 : 92 - 97
Rude J.B. and Rankins L.D., 1993. Evaluation of bermudagrass (Cynodon dactylon) and johsongrass (Sor-

ghum halepense) as alternative to corn forage (Zea mays) for ensiling with poultry litter. Anim. Feed Sci.
and Tech., 44:101-111.

Santini F. J., Lu C.D., Potchoiba M.J., Fernandez J.M. Coleman S.W., 1992. Dietary fiber and milk yield
mastication, digestion and rate of passage in goats fed alfalfa hay. J. Dairy Sci., 75: 209-219

Schiemann R.,1972. Energetische Futterbewertung Und Energienomen. VED Deutscher
Landwirtschaftsvergal. Berlin.

Steel R.G.D. and Torrie J.H.,1960. Principles and Procedures of Statistics. McGraw-Hill Book Company, Inc.
Tjandraatmadja M., Macrae C. I., Norton W. B., 1993. Digestion by sheep of silages prepared from mixtures

of tropical grasses and legumes. J. Agric. Sci., 120: 407-415
Thomas, E.D., Mandebvu, P., Ballard, C.S., Sniffen, C.J., Carter, M.P., Beck , J., 2001. Comparison of corn



10 ÃÅÙÔÅ×ÍÉÊÁ ÅÐÉÓÔÇÌÏÍÉÊÁ ÈÅÌÁÔÁ -  ÓÅÉÑÁ VI -  ÔÏÌÏÓ 14 - ÔÅÕ×ÏÓ 4/2003

silage hybrids for yield, nutrient composition, in vitro digestibility, and milk yield by dairy cows. J. Dairy
Sci., 84: 2217- 2226.

Van Es, A.J.H.,1978. Feed evaluation for ruminants. Livest. Prod. Sci., 5, 331-345
Ward, J.D., Redfearn, D.D. McCorming, M.E., and Cuomo, G.J., 2001. Chemical composition. Ensiling

characteristics, and apparent digestibility of summer annual forages in a subtropical double � cropping
system with annual ryegrass. J. Dairy. Sci., 84: 177 - 182

Zervas G., Zarkadas L., Goulas C., Koutsotolis, K., Mantzios A., 1999. The effect of altering the hay to
concentrate ratio and concentrate composition on the rumen fermentation of dry sheep and milk produc-
tion of lactating dairy ewes. Anim. Sci., 79: 270-275



11ÃÅÙÔÅ×ÍÉÊÁ ÅÐÉÓÔÇÌÏÍÉÊÁ ÈÅÌÁÔÁ - ÓÅÉÑÁ VÉ  -  ÔÏÌÏÓ 14 - ÔÅÕ×ÏÓ 4/2003

Åðßäñáóç ôçò ðñïóèÞêçò äéáöüñùí åðéðÝäùí ïîéíéóôÞ
óôá ðáñáãùãéêÜ ÷áñáêôçñéóôéêÜ êáé ôá ÷áñáêôçñéóôéêÜ ôïõ áõãïý

ïñíßèùí áõãïðáñáãùãÞò

É. ÍéêïëáêÜêçò1, Ä. Íôüôáò2

Ðåñßëçøç
×ñçóéìïðïéÞèçêáí óõíïëéêÜ åîáêüóéåò åâäïìÞíôá äýï üñíéèåò Waren- Isabrown ìå çëéêßá, êáôÜ

ôçí Ýíáñîç ôïõ ðåéñÜìáôïò, 217 çìÝñåò. Ïé üñíéèåò êáôáíåìÞèçêáí ôõ÷áßá, óýìöùíá ìå ôï ôåëåßùò
ôõ÷áéïðïéçìÝíï ðåéñáìáôéêü ó÷Ýäéï, óå ôñåéò ïìÜäåò (Á, Â êáé Ã). Óå êÜèå ïìÜäá Ýãéíáí åðôÜ åðáíá-
ëÞøåéò êáé ïé üñíéèåò ôïðïèåôÞèçêáí áíÜ ôÝóóåñéò óå êáôáêüñõöïõò êëùâïýò ùïôïêßáò. Ç äéÜñêåéá ôïõ
ðåéñÜìáôïò Þôáí åíåíÞíôá çìÝñåò.

Ïé üñíéèåò ôçò ïìÜäáò Á (ìÜñôõñáò) êáôáíÜëùíáí Ýíá ôõðéêü óéôçñÝóéï ùïôïêßáò ìå âÜóç ôïí
áñáâüóéôï êáé ôï óïãéÜëåõñï êáé ïé üñíéèåò ôùí ïìÜäùí Â êáé Ã êáôáíÜëùíáí ôï ßäéï óéôçñÝóéï, óôï
ïðïßï Ýãéíå ðñïóèÞêç 1%

ï
 êáé 1,5%

ï
 áíôßóôïé÷á ìßãìáôïò ïîéíéóôÞ, ôï ïðïßï ðåñéåß÷å ìõñìçêéêü, ïñèï-

öùóöïñéêü êáé ãáëáêôéêü ïîý.
ÌåôñÞèçêå ç ñõèìéóôéêÞ éêáíüôçôá êáé ïé ôéìÝò pH ôùí ðñþôùí õëþí ôùí óéôçñåóßùí, ôùí óéôçñåóßùí

êáé ïé ôéìÝò pH ôçò êüðñïõ, õðïëïãßóèçêå ç ìåôáâïëÞ ôïõ óùìáôéêïý âÜñïõò ôùí ïñíßèùí êáé åêôéìÞèç-
êáí ôá ðáñáãùãéêÜ ÷áñáêôçñéóôéêÜ ôùí ïñíßèùí êáé ôá ðïéïôéêÜ ÷áñáêôçñéóôéêÜ ôùí áõãþí.

Äéáðéóôþèçêå üôé êáíÝíá áðü ôá ôñßá óéôçñÝóéá (Á, Â êáé Ã), ìå áíôßóôïé÷åò ôéìÝò ñõèìéóôéêÞò
éêáíüôçôáò 49.2, 40.4 êáé 32.6 êáé áíôßóôïé÷åò ôéìÝò pH 6.4 - 6.2 êáé 6.1 äåí ðñïêÜëåóå óçìáíôéêÞ
åðßäñáóç óôï óùìáôéêü âÜñïò ôùí ïñíßèùí, ôá ðáñáãùãéêÜ ÷áñáêôçñéóôéêÜ ôùí ïñíßèùí êáé ôá ðïéïôéêÜ
÷áñáêôçñéóôéêÜ ôùí áõãþí. ÅðéðëÝïí ïé ôéìÝò pH ôçò êüðñïõ ôùí ôñéþí ïìÜäùí äå äéÝöåñáí óçìáíôéêÜ
ìåôáîý ôùí åðåìâÜóåùí.

ÓõìðåñáóìáôéêÜ, ç ðñïóèÞêç ôùí ïîéíéóôþí äåí öÜíçêå íá åßíáé åðùöåëÞò, ìå ôéò ðåéñáìáôéêÝò
óõíèÞêåò ðïõ åöáñìüóèçêáí óôçí ðáñïýóá åñãáóßá. Ùóôüóï, ç ÷ñÞóç ôùí ïîéíéóôþí, åíäå÷üìåíá íá
åßíáé åðùöåëÞò, óå ìåãÜëïõ ìåãÝèïõò ðôçíïôñïöéêÝò åìðïñéêÝò åêìåôáëëåýóåéò, üðïõ ïé óõíèÞêåò
õãéåéíÞò äåí åßíáé ðÜíôá ïé åíäåäåéãìÝíåò êáé ï Ýëåã÷ïò ôùí ðáèïãüíùí ìéêñïïñãáíéóìþí åßíáé
äýóêïëïò.

ËÝîåéò êëåéäéÜ: ¼ñíéèåò áõãïðáñáãùãÞò, ñõèìéóôéêÞ éêáíüôçôá, ïñãáíéêÜ ïîÝá, áðïäüóåéò.

ÅéóáãùãÞ
Ïé ðáèïãüíïé ìéêñïïñãáíéóìïß óôï ðåðôéêü óýóôçìá ôùí ðôçíþí áðïôåëïýí Ýíá óïâáñü ðñüâëçìá ãéá

üëåò ôéò ðôçíïôñïöéêÝò åêìåôáëëåýóåéò. Ïé êÜèå ìïñöÞò êáôáðïíÞóåéò ôùí ðôçíþí, ç áíåðáñêÞò äéáôñïöÞ, ç
êáêÞ õãéåéíÞ êáôÜóôáóç êáé ç áíôéêáíïíéêÞ ðõêíüôçôá, åßíáé ïñéóìÝíïé áðü ôïõò ðáñÜãïíôåò ïé ïðïßïé
ìðïñïýí íá åðéôåßíïõí ôï ðñüâëçìá êáé íá ðáßîïõí óçìáíôéêü ñüëï óôçí åêäÞëùóç áóèåíåéþí (Newman
1996).

Ôá áíôéâéïôéêÜ Ý÷ïõí ÷ñçóéìïðïéçèåß ãéá ôçí áíôéìåôþðéóç ôùí áóèåíåéþí ëüãù ôçò áíôéìéêñïâéáêÞò ôïõò
äñáóôçñéüôçôáò (Gromwell 1990). Ùóôüóï, ç ÷ñçóéìïðïßçóç ôïõò ôá ôåëåõôáßá ÷ñüíéá õößóôáôáé ìéá Ýíôïíç
êñéôéêÞ, êõñßùò ëüãù ôïõ êéíäýíïõ áíÜðôõîçò áíèåêôéêþí ðáèïãüíùí êëÜäùí âáêôçñßùí, áëëÜ êáé ôçò
ðáñïõóßáò õðïëïßðùí ôùí áíôéâéïôéêþí óôá æùéêÜ ðñïúüíôá (Jin ê.á. 1997, ÓðáÞò ê.á. 2002).

Óå áíôßèåóç ìå ôïõò ÷ïßñïõò, ç ïîßíéóç ôçò ôñïöÞò óôá ðôçíÜ ìå ïñãáíéêÜ ïîÝá ãéá ôïí Ýëåã÷ï ôùí
ðáèïãüíùí ìéêñïïñãáíéóìþí ôïõ ðåðôéêïý óùëÞíá äåí Ý÷åé åñåõíçèåß åðáñêþò (Eidelsburger êáé Kirchgessner

1 T.E.É. Ä. Ìáêåäïíßáò, Ó÷ïëÞ Ôå÷íïëüãùí Ãåùðïíßáò Öëþñéíáò.
2 ÔìÞìá Ãåùðïíßáò, ÔïìÝáò ÆùéêÞò ÐáñáãùãÞò Á.Ð.È.
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1994, Waldroup ê.á. 1995).
Ï ðïëëáðëáóéáóìüò ôùí ìéêñïïñãáíéóìþí óôá ðôçíÜ îåêéíÜ áðü ôïí ðñüëïâï êáé ü÷é áðü ôï óôüìá÷ï Þ ôï

Ýíôåñï (ÓðáÞò ê.á. 2002). Óôçí õãéÞ üñíéèá, êÜôù áðü óõíÞèåéò óõíèÞêåò äéáôñïöÞò, ôï pH óôï ðåñéå÷üìåíï
ôïõ ðñüëïâïõ, ìåéþíåôáé áðü 6,1 óå 4,9 äÝêá ðÝíôå ëåðôÜ ìåôÜ ôçí êáôáíÜëùóç ôçò ôñïöÞò, ùò áðïôÝëåóìá
ôçò äñÜóçò ïîåïðáñáãþãùí âáêôçñßùí (Miller 1987). Ìå ôçí ïîßíéóç ôçò ôñïöÞò ôùí ïñíßèùí ìå ïñãáíéêÜ
ïîÝá, åðéäéþêåôáé ç åðéôÜ÷õíóç ôçò ðôþóçò ôçò ôéìÞò pH óôï ðåñéå÷üìåíï ôïõ ðñïëüâïõ, ìå óêïðü ôçí
áðïôåëåóìáôéêüôåñç áíá÷áßôéóç ôïõ ðïëëáðëáóéáóìïý ôùí ðáèïãüíùí.

Ï áêñéâÞò ôñüðïò äñÜóçò ôùí äéáöüñùí ïñãáíéêþí ïîÝùí óôçí ôñïöÞ äåí Ý÷åé äéåõêñéíéóèåß ðëÞñùò
(Adams 1999, Best 2000). Óå ãåíéêÝò ãñáììÝò öáßíåôáé üôé ïöåßëåôáé óôçí åðßäñáóç ôïõ pH êáé åéäéêüôåñá
óôçí åðßäñáóç ôùí áíéüíôùí ôùí ïñãáíéêþí ïîÝùí.

ÏñãáíéêÜ ïîÝá üðùò ôï ìõñìçêéêü Þ ôï ðñïðéïíéêü ïîý åßíáé éêáíÜ íá äéÝëèïõí äéá ôçò êõôôáñéêÞò
ìåìâñÜíçò ôùí âáêôçñßùí óôïí åíäïêõôôáñéêü ÷þñï, ðñïêáëþíôáò óçìáíôéêÝò ìåôáâïëÝò óôç ëåéôïõñãßá ôïõ
ìéêñïâéáêïý êõôôÜñïõ êáé ðåñéïñéóìü ôçò áíÜðôõîçò êáé ôïõ ðïëëáðëáóéáóìïý ôïõ (Adams 1999, Best, 2000).

Óêïðüò ôçò åñãáóßáò áõôÞò Þôáí íá äéåñåõíçèåß, êÜôù áðü ðåéñáìáôéêÝò óõíèÞêåò åêôñïöÞò, ç åðßäñáóç
ôçò ïîßíéóçò ôçò ôñïöÞò óôéò ðáñáãùãéêÝò éäéüôçôåò ôùí ïñíßèùí áõãïðáñáãùãÞò.

ÕëéêÜ êáé ÌÝèïäïé
×ñçóéìïðïéÞèçêáí 672 üñíéèåò Warren Isabrown áðü ôçí çëéêßá ôùí 217 ìÝ÷ñé ôçí çëéêßá ôùí 307

çìåñþí. Ïé üñíéèåò ÷ùñßóèçêáí ôõ÷áßá óå ôñåéò ïìÜäåò (Á, Â, Ã). ÊÜèå ïìÜäá ðåñéåëÜìâáíå 7 åðáíáëÞøåéò
ìå 32 üñíéèåò óå êÜèå åðáíÜëçøç (224 üñíéèåò), ôïðïèåôçìÝíåò áíÜ 4 óå êáôáêüñõöïõò êëùâïýò áõãïðá-
ñáãùãÞò ôùí ôñéþí ïñüöùí.

Ïé üñíéèåò ôçò Á ïìÜäáò êáôáíÜëùíáí Ýíá ôõðéêü óéôçñÝóéï ùïôïêßáò ìå âÜóç ôïí áñáâüóéôï êáé ôï
óïãéÜëåõñï. Ïé üñíéèåò ôùí ïìÜäùí Â êáé Ã êáôáíÜëùíáí ôï ßäéï óéôçñÝóéï, áëëÜ ìå ðñïóèÞêç ïîéíéóôÞ óå
ðïóïóôü 1o/

oo
 êáé 1,5 o/

oo
, áíôßóôïé÷á.

Ç óýíèåóç êáé ç ÷çìéêÞ áíÜëõóç ôïõ óéôçñåóßïõ öáßíåôáé óôïí Ðéí. 1.
Ôï ìßãìá ïîéíéóôþí ôï ïðïßï ÷ñçóéìïðïéÞèçêå Þôáí Ýíá åìðïñéêü ðñïúüí, ôï ïðïßï áðïôåëïýíôáí áðü

öïõìáñéêü, ìõñìçêéêü, ïñèïöùóöïñéêü êáé ãáëáêôéêü ïîý.
Ç ñõèìéóôéêÞ éêáíüôçôá ôùí ôñïöþí ðïõ ÷ñçóéìïðïéÞèçêáí üðùò êáé ôùí ðñþôùí õëþí, ðñïóäéïñßóèçêå

ìå ðå÷Üìåôñï WTW, model pH 330/SET-2 (Weilheim, Germany). Ãéá ôïí ðñïóäéïñéóìü áõôü æõãßæïíôáí 10 g
äåßãìáôïò æùïôñïöÞò óå äïêéìáóôéêü óùëÞíá êáé ðñïóèÝôïíôáí 100 ml áðïóôáãìÝíïõ íåñïý. ÌåôÜ áðü
áíÜäåõóç 30 ëåðôþí, ðñïóèÝôïíôáí óôÜãäçí 0,1 N HCL, Ýùò üôïõ ôï pH öèÜóåé ôçí ôéìÞ 4. Ïé ôéìÝò pH ôùí
ðñþôùí õëþí, ôùí óéôçñåóßùí êáé ôçò êüðñïõ Ýãéíå ìå ôç ÷ñçóéìïðïßçóç ôïõ ßäéïõ pH-ìÝôñïõ êáôÜ ôç äéÜñêåéá
ôçò 1çò, 30çò, 60çò êáé 90çò çìÝñáò ôïõ ðåéñÜìáôïò.

Ïé ÷çìéêÝò áíáëýóåéò Ýãéíáí óýìöùíá ìå ôéò ìåèüäïõò, üðùò ðåñéãñÜöïíôáé áðü ôïí ÁÏÁC (1987).
Ï ðñïóäéïñéóìüò ôïõ Ñ Ýãéíå ìå ôç ìÝèïäï ôçò áôïìéêÞò áðïññüöçóçò (óðåêôñïöùôüìåôñï Model U.V �

1202 Shimadzu, ìÞêïò êýìáôïò 700 nm) êáé ôïõ Ca ïãêïìåôñéêÜ. Áñ÷éêÜ áíé÷íåýèçêå ôï óýìðëïêï Ca � Mg
ìå äåßêôåò ôï NH

4
CI êáé NH

4
OH Eriocrome blak 1. Áêïëïýèçóå ï ðñïóäéïñéóìüò ôïõ Ca ìå ôç ÷ñçóéìïðïßçóç

äåéêôþí Ca++ 4N NaOH Ca++ Murexide.
Óôçí Ýíáñîç ôïõ ðåéñÜìáôïò óôï ìÝóï êáé óôç ëÞîç, ìåôñÞèçêå ôï óùìáôéêü âÜñïò üëùí ôùí ïñíßèùí ôïõ

ðåéñÜìáôïò, ùò ï ìÝóïò üñïò ôñéþí äéáäï÷éêþí æõãßóåùí.
ÊÜèå çìÝñá õðïëïãßæïíôáí ç êáôáíÜëùóç ôçò ôñïöÞò êáé ìåôñéüíôáí ï áñéèìüò ôùí ãåííçèÝíôùí, óðá-

óìÝíùí êáé ÷ùñßò êÝëõöïò áõãþí ãéá üëåò ôéò ïìÜäåò.
ÊÜèå 15 çìÝñåò ëáìâÜíïíôáí ôõ÷áßï äåßãìá 28 áõãþí áðü ôçí êÜèå ïìÜäá ãéá íá åêôéìçèïýí ôá

ðïéïôéêÜ ÷áñáêôçñéóôéêÜ ôùí áõãþí (Ìáôóïýêáò 1985). Ôï ÷ñþìá ôçò ëåêßèïõ ðñïóäéïñßæïíôáí ïðôéêÜ
êáôüðéí óõãêñßóåùò ôçò ëåêßèïõ ìå Ýã÷ñùìï ñéðßäéï ôçò åôáéñåßáò Roche. Ôï ñéðßäéï áõôü öÝñåé 15 öýëëá, ï
÷ñùìáôéóìüò ôùí ïðïßùí êõìáßíåôáé áðü ôï ù÷ñü ðñáóéíïêßôñéíï êáé ìÝóá áðü ôï ÷ñõóïêßôñéíï ìÝ÷ñé ôï âáèý
ðïñôïêáëß. ÊáôÜ ôçí åêôßìçóç ôïõ ÷ñþìáôïò ôçò ëåêßèïõ, ôá öýëëá ôïõ ñéðéäßïõ öÝñïíôáí áìÝóùò ðÜíù áðü
ôç ëÝêéèï êáé ç ðáñáôÞñçóç ãéíüôáí êáôáêüñõöá áðü ðÜíù ãéá ôïí êáèïñéóìü ôçò áðü÷ñùóçò ðïõ ôáßñéáæå ìå
ôï ÷ñþìá ôçò ëåêßèïõ.
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Ôá äåäïìÝíá õðïâëÞèçêáí óå áíÜëõóç ðáñáëëáêôéêüôçôáò. Ïé óõãêñßóåéò ôùí ìÝóùí üñùí Ýãéíáí ìå ôï
êñéôÞñéï ôçò åëÜ÷éóôçò óçìáíôéêÞò äéáöïñÜò (LSD) êáé ç ðáñáëëáêôéêüôçôá åëÝã÷èçêå ìå ôï óõíôåëåóôÞ
ðáñáëëáêôéêüôçôáò (ÖùôéÜäçò 1985).

ÁðïôåëÝóìáôá
Óôïí Ðéí. 2 äßíïíôáé ç ñõèìéóôéêÞ éêáíüôçôá êáé ïé ôéìÝò pH ôùí ðåéñáìáôéêþí óéôçñåóßùí êáé ôùí

óõóôáôéêþí ôïõò.
Áðü ôïí Ðéí. 2 ðñïêýðôåé üôé ïé ðçãÝò ôùí áíüñãáíùí óôïé÷åßùí, ïé ïðïßåò ÷ñçóéìïðïéïýíôáé ãéá íá

êáëýøïõí ôéò áíÜãêåò ôùí ïñíßèùí óå áíüñãáíá óôïé÷åßá, åðçñåÜæïõí óå óçìáíôéêü âáèìü ôç ïîåïâáóéêÞ
éóïññïðßá êáé ùò åê ôïýôïõ êáé ôç ñõèìéóôéêÞ éêáíüôçôá. Ç ìáñìáñüóêïíç êáé ôï ìßãìá ôùí áíüñãáíùí
áëÜôùí åìöáíßæïõí ðïëý õøçëÞ ñõèìéóôéêÞ éêáíüôçôá, åÜí óõãêñéèïýí ìå ôéò áðëÝò æùïôñïöÝò ðïõ ÷ñçóéìï-
ðïéïýíôáé ãéá ôç óýíèåóç ôïõ óéôçñåóßïõ. Áíôßèåôá, ôï öùóöïñéêü äéáóâÝóôéï åìöáíßæåé ìçäåíéêÞ ñõèìéóôéêÞ
éêáíüôçôá.

Ïé ôéìÝò ôïõ pH óôá êüðñáíá ôùí ïñíßèùí äßíïíôáé óôï Ðéí. 3. ¼ðùò ðñïêýðôåé áðü ôá óôïé÷åßá ôïõ Ðéí.
3, ïé ôéìÝò pH óôçí êüðñï ôïõ ìÜñôõñá Þôáí óçìáíôéêÜ (Ñ<0,05) õøçëüôåñåò óå óýãêñéóç ìå ôéò áíôßóôïé÷åò
ôéìÝò ôçò êüðñïõ ôùí ïñíßèùí ôùí åðåìâÜóåùí Â êáé Ã. Áíôßèåôá äåí ðáñáôçñÞèçêáí óçìáíôéêÝò äéáöïñÝò
ìåôáîý ôùí ôéìþí pH óôçí êüðñï ôùí åðåìâÜóåùí Â êáé Ã.

Ç åðßäñáóç ôùí óéôçñåóßùí ìå äéáöïñåôéêÞ ñõèìéóôéêÞ éêáíüôçôá óôï óùìáôéêü âÜñïò ôùí ïñíßèùí,
öáßíåôáé óôïí Ðßí. 4. Äåí ðáñáôçñÞèçêáí óçìáíôéêÝò äéáöïñÝò óôï óùìáôéêü âÜñïò ôùí ïñíßèùí ìåôáîý ôùí

Ðßíáêáò 1. Óýíèåóç êáé ÷çìéêÞ áíÜëõóç óéôçñåóßïõ.
Table 1. Composition and chemical analysis of basal diet.

ÓõóôáôéêÜ- Ingredient g/kg
Êáëáìðüêé- Corn 648,0
Ðßôõñá óßôïõ- Wheat bran 84,0
ÓïãéÜëåõñï- Soybean meal (44%) 88,0
ÐëÞñåò óïãéÜëåõñï- Fullfat soybean meal 78,0
ÊñåáôÜëåõñï- Meat meal 53,3
Ìåèåéïíßíç- Methionine 1,2
Ìáñìáñüóêïíç- Limestone 8,0
Öùóöïñéêü äéáóâÝóôéï- Dicalcium phosphate 7,0
ÁëÜôé- Salt 2,5
Âéôáìßíåò1 � Vitamin premix 15,0
É÷íïóôïé÷åßá2 - Mineral premix 15,0
×çìéêÞ áíÜëõóç- Chemical analysis (g/kg)
ÎçñÞ ïõóßá- Dry matter 893,2
ÏëéêÝò áæùôïý÷åò ïõóßåò- Crude protein 173,0
ÏëéêÝò ëéðáñÝò ïõóßåò- Ether extract 40,0
ÏëéêÝò éíþäåéò ïõóßåò- Crude fibre 47,0
Áíüñãáíåò ïõóßåò- Mineral 95,4
ÁóâÝóôéï- Calcium 35,0
Öùóöüñïò - Phosphorus 6,0

1 áíÜ kg ç óýíèåóç ôïõ ìßãìáôïò âéôáìéíþí åß÷å ùò åîÞò: 6250000 Ä.Ì âéôáìßíçò Á, 625000 Ä.Ì âéôáìßíçò
D

3
, 15000 mg âéôáìßíçò Å, 1000 mg âéôáìßíçò Â

1
, 2000 mg âéôáìßíçò Â

2
, 1500 mg âéôáìßíçò Â

6
, 10 mg

âéôáìßíçò Â
12

, 25000 mg âéôáìßíçò C, 37.5 mg Âéïôßíçò, 500 mg öïëéêïý ïîÝïò, 5000 mg ðáíôïèåíéêïý
ïîÝïò.

2 áíÜ kg ç óýíèåóç ôïõ ìßãìáôïò ôùí é÷íïóôïé÷åßùí åß÷å ùò åîÞò: 1500000 mg ÷ëùñéïý÷ï ÷ïëßíç, 125 mg
êïâÜëôéï, 500 mg éþäéï, 100 mg óåëÞíéï, 80000 mg Óßäçñï, 20000 mg ìáããÜíéï, 35000 mg ÷áëêüò êáé
40000 mg øåõäÜñãõñïò.
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ïìÜäùí Á, Â êáé Ã óôçí Ýíáñîç, óôï ìÝóï êáé óôï ôÝëïò ôïõ ðåéñÜìáôïò.
Óôï Ðßí. 5 öáßíïíôáé ïé åðéäñÜóåéò ôùí óéôçñåóßùí ìå äéáöïñåôéêÞ ñõèìéóôéêÞ éêáíüôçôá óôá ðáñáãùãéêÜ

÷áñáêôçñéóôéêÜ ôùí ïñíßèùí ôïõ ðåéñÜìáôïò.
Äåí ðáñáôçñÞèçêáí óçìáíôéêÝò äéáöïñÝò üóïí áöïñÜ ôï ýøïò ôçò áõãïðáñáãùãÞò, ôç êáôáíÜëùóç êáé

ôçí åêìåôÜëëåõóç ôçò ôñïöÞò ìåôáîý ôùí ïñíßèùí ôùí ôñéþí ïìÜäùí ôïõ ðåéñÜìáôïò.
Óôï Ðßí. 6 öáßíåôáé ç åðßäñáóç ôùí ðåéñáìáôéêþí óéôçñåóßùí óôá ðïéïôéêÜ ÷áñáêôçñéóôéêÜ ôùí áõãþí..

Äåí ðáñáôçñÞèçêáí óçìáíôéêÝò äéáöïñÝò ìåôáîý ôùí ïìÜäùí ôïõ ðåéñÜìáôïò üóïí áöïñÜ ôï âÜñïò, ôï ýøïò
êáé ôç äéÜìåôñï ôïõ áõãïý êáé ôçò ëåêßèïõ, ôï ýøïò ôïõ ëåõêïý êáé ôç óêëçñüôçôá ôïõ êåëýöïõò.

Ó÷ïëéáóìüò - ÓõìðåñÜóìáôá
Ç üñíéèá Isabrown ÷áñáêôçñßæåôáé áðü ôçí Üñéóôç éêáíüôçôá ðñïóáñìïãÞò, ôïí Þñåìï ÷áñáêôÞñá êáé ôçí

åîáéñåôéêÞ ðïéüôçôá êáé ìÝãåèïò ôùí áõãþí. ÊáôÜ ôçí åöáñìïãÞ ôïõ ðáñüíôïò ðåéñÜìáôïò åîÝëåéðáí ïé
óõíèÞêåò êáôáðüíçóçò, ïé ïðïßåò åíäå÷üìåíá èá åõíïïýóáí ôï ðïëëáðëáóéáóìü ôùí ðáèïãüíùí, ìå áðïôÝ-
ëåóìá ôçí åêäÞëùóç áóèåíåéþí êáé ôç ìåßùóç ôçò ðáñáãùãéêüôçôáò.

Ç ñõèìéóôéêÞ éêáíüôçôá ôïõ óéôçñåóßïõ Þôáí áñêåôÜ õøçëÞ, ëüãù ôçò ðáñïõóßáò óå áõôü êõñßùò ôçò
ìáñìáñüóêïíçò êáé ôïõ ìßãìáôïò ôùí áíüñãáíùí ïõóéþí. Ç ðáñïõóßá ôùí ïîéíéóôþí äåí åðçñÝáóå óçìáíôé-
êÜ ôï pH ôçò ôñïöÞò áëëÜ ìåßùóå óçìáíôéêÜ ôï pH ôùí êïðñÜíùí ôùí ïìÜäùí Â êáé Ã óå óýãêñéóç ìå ôï

Ðßíáêáò 2. ÑõèìéóôéêÞ éêáíüôçôá êáé ôéìÝò óõãêÝíôñùóçò éüíôùí õäñïãüíïõ ôùí ðåéñáìáôéêþí óéôçñåóßùí êáé ôùí
óõóôáôéêþí ôïõò.

Table 2. Buffering capacity and pH values of experimental diets and their ingredients.

ÓéôçñÝóéá- Diets ÑõèìéóôéêÞ éêáíüôçôá ÔéìÝò pH
Buffering capacity ml 1N HCL pH values

A 49,2 6,4
B (1%) 40,4 6,2
Ã (1,5%) 32,6 6,1

Êáëáìðüêé- Corn 12 6,4
Ðßôõñá óßôïõ- Wheat bran 7 6,4
ÓïãéÜëåõñï- Soybean meal (44%) 44 6,8
ÐëÞñåò óïãéÜëåõñï- Fullfat soybean meal 44 6,8
ÊñåáôÜëåõñï- Meat meal 72 6,2
Ìáñìáñüóêïíç- Limestone 470 7,2
Öùóöïñéêü äéáóâÝóôéï- Dicalcium Phoshpate 0 4,0
É÷íïóôïé÷åßá- Mineral premix 800 6,4

Ðßíáêáò 3. ÓõãêÝíôñùóç éüíôùí õäñïãüíïõ1 óôç êüðñï ïñíßèùí áõãïðáñáãùãÞò.
Table 3. Hydrogen ion concentrations in hens dung.

ÇìÝñá ðåéñÜìáôïò A B Ã- C Ïëéêü Ôõðéêü óöÜëìá
Day of experiment ÌÜñôõñáò  ÏîéíéóôÞò ÏîéíéóôÞò Total Standard error

-Control group -Acidifier 1o/
oo

-Acidifier 1,5 o/
oo

,

1 7,4a 6,6b 6,4b 0,18
30 7,3a 6,8b 6,4b 0,21
60 7,5a 6,9b 6,6b 0,25
90 7,4a 6,8b 6,7b 0,21

1. ÌÝóïé üñïé- Means.
ÌÝóïé üñïé óôç êÜèå ãñáììÞ ìå äéáöïñåôéêü åêèÝôç êáé êÜèå óôÞëç äéáöÝñïõí óçìáíôéêÜ (Ñ<0,05)-

Means in the same row with different superscript are statistically different (P<0.05).
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ìÜñôõñá. Ïé Florou-Paneri ê.á. (2001), ðáñáôÞñçóáí üôé óôá äéÜöïñá ôìÞìáôá ôïõ åíôåñéêïý óùëÞíá ðá÷õíü-
ìåíùí ïñíéèßùí ïé ôéìÝò ôïõ pH äåí åðçñåÜæïíôáé áðü ôç ñõèìéóôéêÞ éêáíüôçôá ôïõ óéôçñåóßïõ êáé äéáôýðùóáí
ôçí Üðïøç üôé ï õãéÞò ïñãáíéóìüò ôùí ðôçíþí Ý÷åé ôçí éêáíüôçôá äéáôÞñçóçò ôçò ïîýôçôáò óôïí åíôåñéêü
óùëÞíá, ìÝóá óå êáèïñéóìÝíá üñéá.

Ôï ìÝóï ðïóïóôü ùïôïêßáò ôùí ïñíßèùí ôïõ ðáñüíôïò ðåéñÜìáôïò Þôáí ðåñßðïõ 80,0% êáé ôï áíôßóôïé÷ï
ìÝóï âÜñïò ôùí áõãþí 64,2 g. Ïé áðïäüóåéò áõôÝò åßíáé ðïëý êïíôÜ óôá üñéá ôùí ìÝóùí áðïäüóåùí ôçò
óõãêåêñéìÝíçò öõëÞò üñíéèáò, ôçò ïðïßáò ôï ðïóïóôü ùïôïêßáò óôçí çëéêßá ôùí 76 åâäïìÜäùí õðïëïãßæåôáé
óå 73% êáé ôï ìÝóï âÜñïò áõãþí óôçí çëéêßá ôùí 29 êáé 76 åâäïìÜäùí 60 êáé 62,7 g, áíôßóôïé÷á.

Ï Cole (1991) êáôÝëçîå óôï óõìðÝñáóìá üôé ç áíôáðüêñéóç ôùí ðôçíþí óôçí ðñïóèÞêç ðñïâéïôéêþí
åîáñôÜôáé áðü ôï õöéóôÜìåíï åðßðåäï ôùí áðïäüóåùí ôïõò êáé óõíåðþò, üôáí óôï óìÞíïò ðáñáôçñïýíôáé
õøçëÝò áðïäüóåéò ç ðñïóèÞêç ôùí ðñïâéïôéêþí äåí åßíáé áðáñáßôçôç. Ôï áíôßèåôï óõìâáßíåé óôçí ðåñßðôùóç
ôùí ÷áìçëþí áðïäüóåùí. ÊÜôé áíÜëïãï åíäå÷üìåíá åßíáé äõíáôü íá éó÷ýåé êáé ãéá ôçí ðåñßðôùóç ôùí
ïîéíéóôþí (Florou- Paneri ê.á. 2001).

Ðßíáêáò 4. Åðßäñáóç óéôçñåóßùí ìå äéáöïñåôéêÞ ñõèìéóôéêÞ éêáíüôçôá óôï óùìáôéêü âÜñïò1 ôùí ïñíßèùí
Table 4. Effect of diets with different buffering capacities on body weight of hens.

Óùìáôéêü âÜñïò ïñíßèùí- Body weight of hens
ÅðåìâÜóåéò- Treatments kg

¸íáñîç ÐåéñÜìáôïò ÌÝóï ðåéñÜìáôïò ÔÝëïò ðåéñÜìáôïò
1st day 45th day of experiment End of experiment

Á 1,80 1,84 1,92
Â (1%) 1,84 1,88 1,98
Ã (1,5%) 1,79 1,86 1,91
Ïëéêü Ôõðéêü óöÜëìá 0,12 0,09 0,18
- Total Standard error.

1. ÌÝóïé üñïé- Means.
ÌÝóïé üñïé óôçí êÜèå óôÞëç ìå äéáöïñåôéêü åêèÝôç äéáöÝñïõí óçìáíôéêÜ (Ñ<0,05)- Means in the same

column with different superscript are statistically different (P<0.05).

Ðßíáêáò 5. ÅðéäñÜóåéò óéôçñåóßùí ìå äéáöïñåôéêÞ ñõèìéóôéêÞ éêáíüôçôá óôá ðáñáãùãéêÜ ÷áñáêôçñéóôéêÜ1 ôùí
ïñíßèùí.

Table 5. Effects of diets with different buffering capacities on laying performance.

ÐáñÜìåôñïé- Variable ÅðåìâÜóåéò- Treatments
A B Ã- C Ïëéêü Ôõðéêü

ÌÜñôõñáò ÏîéíéóôÞò ÏîéíéóôÞò óöÜëìá
Control group Acidified Acidified Total

1o/
oo

1o/
oo

Standard error

ÁõãïðáñáãùãÞ- Egg production
% Æùíôáíþí ïñíßèùí - %Hen day production 80,02 79,35 79,62 0,251
ÓðáóìÝíá*- Broken eggs 12 12 11 0,45
ÊáôáíÜëùóç ôñïöÞò- Feed intake
g/üñíéèá/çìÝñá- g/hen/day 114,3 112,7 113,4 0,302
ÓõíôåëåóôÞò ÅêìåôÜëëåõóçò - Feed conversion ratio
g/Kg áõãþí- g/Kg of eggs. 2218,0 2226,1 2218,5 5,872

1. ÌÝóïé üñïé.- Means.
ÌÝóïé üñïé óôçí ßäéá óôÞëç ìå äéáöïñåôéêü åêèÝôç äéáöÝñïõí óçìáíôéêÜ (Ñ<0,05) - Means in the same

column with different superscript are statistically different (P<0.05).
* ÓõìðåñéëáìâÜíïíôáé êáé ôá áõãÜ ìå ìáëáêü êÝëõöïò êáé ÷ùñßò êÝëõöïò.
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Áêüìç êáé óôçí ðåñßðôùóç ôùí áíôéâéïôéêþí, ç ÷ïñÞãçóç êñßíåôáé óêüðéìç êáé èåùñåßôáé åðùöåëÞò üôáí
ç õãéåéíÞ êáôÜóôáóç ôïõ æþïõ äå âñßóêåôáé óå éêáíïðïéçôéêü åðßðåäï, åíþ áíôßèåôá äåí åßíáé áðáñáßôçôç êáé
èåùñåßôáé ðåñéôôÞ üôáí ç õãéåéíÞ êáôÜóôáóç ôïõ åßíáé êáëÞ (Partanen ê.á. 2002).

Ïé óõíèÞêåò äéáâßùóçò êáé äéáôñïöÞò óôá ðëáßóéá ôïõ ðáñüíôïò ðåéñÜìáôïò Þôáí ðïëý êáëÝò êáé åîÝëéðå
ï êßíäõíïò åìöÜíéóçò óõíèçêþí êáôáðüíçóçò êáé ìåéùìÝíçò ðáñáãùãéêüôçôáò ôùí ïñíßèùí. Óõìðåñáóìá-
ôéêÜ ëïéðüí ç ðñïóèÞêç ïîéíéóôþí óå åðßðåäï 10/

00
 êáé 1,50/

00
 óå Ýíá ôõðéêü óéôçñÝóéï áõãïðáñáãùãÞò ìå âÜóç

ôïí áñáâüóéôï êáé ôï óïãéÜëåõñï, äåí åß÷å êáìßá åðßäñáóç óôçí ðáñáãùãéêüôçôá ôùí ïñíßèùí êá ôçí êáôÜ-
óôáóç ôçò õãåßáò ôïõò.

The effect of feed acidification on the performance and egg traits of laying hens

I. Nikolakakis1 and D. Dotas2

Summary
To study the effect of different levels of acidifiers in diets for laying hens, a feeding trial was conducted. Six

hundred and seventy two layers, aged 31 weeks, were randomly allocated in 3 dietary treatments. The duration
of the trial was 90 days. A completely randomized experimental design was applied. Each treatment comprised
7 replicates of 32 layers each, in groups of 4, housed in vertical triple � deck laying conventional cages. During
the experimental period, 3 different diets were given to the layers: Diet A, the untreated one and diets B and
C containing 1 and 1.5o/

oo
 acidifier, respectively.

During the course of the trial daily evaluations concerning eggs number, egg weight, cracked or those
without shell eggs were recorded. Every fifteen days, 28 eggs of each treatment were randomly selected and
weighted each separately. Fifteen from these 28 eggs were randomly selected for evaluations on egg traits. The
pH of hens dung was determined at three different times. Also, at the beginning, in the middle and at the end
of the trial a representative number of hens were weighed in order to calculate the weight change.

It was found that none of the three diets (A, B and C) with buffering capacity values of 49.2, 40.4 and 32.6
ml, respectively and hydrogen ion concentration values of 6.4, 6.2 and 6.1 respectively, exerted any significant

Ðßíáêáò 6.Åðßäñáóç óéôçñåóßùí ìå äéáöïñåôéêÞ ñõèìéóôéêÞ éêáíüôçôá óôá ðïéïôéêÜ ÷áñáêôçñéóôéêÜ1 ôùí áõãþí.
Table 6. Effect of diets with different buffering capacities on qualitative traits of eggs.

Áõãü- Egg ËÝêéèïò- Yolk ¾øïò ÐÜ÷ïò

Ëåõêïý Êåëýöïõò
ÂÜñïò ¾øïò ÄéÜìåôñïò ¾øïò ÄéÜìåôñïò ×ñþìá* Height Shell

ÅðåìâÜóåéò Weight Height Diameter Height Diameter Colour White thickness
Treatments g mm mm mm mm mm 10-2 mm

Á 64,4 56,4 44,8 19,0 40,5 9,9 7,9 41,7
Â (1%) 63,8 57,1 44,2 18,6 40,2 9,9 8,8 41,4
Ã (1,5%) 64,2 56,8 44,2 18,8 40,3 9,8 8,2 41,7
Ôõðéêü óöÜëìá
Standard error 1,06 0,78 1,07 0,5 0,84 0,37 0,6 1,23

1. ÌÝóïé üñïé- Means
ÌåôñÞóåéò ìå äéáöïñåôéêü åêèÝôç óôçí êÜèå óôÞëç äéáöÝñïõí óçìáíôéêÜ (Ñ<0,05)- Means in the same

column with different superscript are statistically different (P<0.05).
* 15 âÜèìéï ñéðßäéï Roche.

1 Technological Educational Institute of West Makedonia. Animal Science Department School of Agriculture,
Florina.

2 Department of Animal Production, Faculty of Agriculture, A.U.Th.
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effect on performance and egg traits of haying hens.
Furthermore, hydrogen ion concentrations in the hens dung were not significantly influenced by the buffer-

ing capacity of the diets, at any time during the feeding experiment.
In conclusion, the addition of acidifiers in layers diets does not seem to be useful and financial has justified

under the conditions of the present trial. However, the use of acidifiers would possibly be beneficial in large-
scale breeding, where the hygiene status is not high and the control of pathogens more difficult.

Key words: Hens, buffering capacity, organic acid, performance, egg traits.
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Åðßäñáóç ôçò áìåéøéóðïñÜò óôçí áðüäïóç ôïõ êáëáìðïêéïý,
ôïõ âáìâáêéïý êáé ôïõ óéôáñéïý

É.Í. ÓöáêéáíÜêçò1, Å. ÌðëÝôóïò1, Ã. Åõãåíßäçò1 êáé Â. Ìåëëßäçò1

Ðåñßëçøç
ÌåëåôÞèçêå ç åðßäñáóç äéáöüñùí óõóôçìÜôùí áìåéøéóðïñÜò óôçí áðüäïóç ôùí êáëëéåñãåéþí êá-

ëáìðüêé, âáìâÜêé, óéôÜñé êáé óüãéá. Ç Ýñåõíá Üñ÷éóå ôï 1992 óôï áãñüêôçìá ôïõ Ðáíåðéóôçìßïõ Èåó/
íßêçò óå ãüíéìï éëõïáñãéëëïðçëþäåò (SiCl) Ýäáöïò ìå pH 7,8 êáé ïñãáíéêÞ ïõóßá 1,7% êáé äéÞñêåóå Ýîé
Ýôç. Ôá óõóôÞìáôá áìåéøéóðïñÜò ðïõ ìåëåôÞèçêáí ðåñéåëÜìâáíáí ôç ìïíïêáëëéÝñãåéá ôùí ôñéþí êáë-
ëéåñãåéþí (Ê,Â,Ó) ìå äéáöïñåôéêÞ äéá÷åßñéóç ôùí õðïëåéììÜôùí ãéá ôï êáëáìðüêé (êÜøéìï Óê, åíóùìÜ-
ôùóç Óå) êáé ôï óéôÜñé (êÜøéìï Óê, åíóùìÜôùóç Óå), ôñßá óõóôÞìáôá ìå ôñéåôÞ êýêëï (Ê-Ê-Óï, Â-Â-Óï,
Ê-Ó-Â) êáé äýï óõóôÞìáôá ìå äéåôÞ êýêëï (Ê-Â, Â-Ó).

Ôï êáëáìðüêé óå áìåéøéóðïñÜ ìå óüãéá áðÝäùóå óçìáíôéêÜ áíþôåñá áðü ôï ìÜñôõñá ôï ðÝìðôï êáé
Ýêôï Ýôïò ôçò áìåéøéóðïñÜò. Ìå óðïñÜ ôïõ êáëáìðïêéïý áìÝóùò ìåôÜ ôçí êáëëéÝñãåéá ôçò óüãéáò ç
áðüäïóç Þôáí áíþôåñç êáôÜ 26% ôï ðÝìðôï Ýôïò êáé 28% ôï Ýêôï Ýôïò, åíþ ìå óðïñÜ ôï äåýôåñï Ýôïò
ìåôÜ ôçí ðáñåìâïëÞ ôçò êáëëéÝñãåéáò ôïõ êáëáìðïêéïý ç áðüäïóç Þôáí áíþôåñç 14% ãéá ôï ðÝìðôï Ýôïò
êáé 36% ãéá ôï Ýêôï Ýôïò. Åðßóçò, óôï ôñéåôÝò óýóôçìá áìåéøéóðïñÜò ìå âáìâÜêé êáé óéôÜñé ôï êáëáìðüêé
áðÝäùóå 27% ðåñéóóüôåñï ôï Ýêôï Ýôïò åíþ óôï äéåôÝò óýóôçìá ìå âáìâÜêé áðÝäùóå 16% ðåñéóóüôåñï
ôï ðÝìðôï êáé ôï Ýêôï Ýôïò ôçò áìåéøéóðïñÜò. Ôï óéôÜñé áðÝäùóå ðåñéóóüôåñï Þäç áðü ôï äåýôåñï Ýôïò
ôçò áìåéøéóðïñÜò êáé óôïí ôñéåôÞ (ìå êáëáìðüêé êáé âáìâÜêé) êáé óôï äéåôÞ (ìå âáìâÜêé) êýêëï áìåéøé-
óðïñÜò, ìå äéáöïñÜ áðü ôï ìÜñôõñá, ôï Ýêôï Ýôïò, 34% ãéá ôïí ôñéåôÞ êáé 12% ãéá ôï äéåôÞ êýêëï. Ç
êáëëéÝñãåéá ôïõ âáìâáêéïý äåí ðáñïõóßáóå äéáöïñÜ ìåôáîý ôùí óõóôçìÜôùí áìåéøéóðïñÜò ìå êáëá-
ìðüêé êáé óéôÜñé êáé ôçò ìïíïêáëëéÝñãåéÜò ôïõ. Ïýôå êáé ç áìåéøéóðïñÜ ìå óüãéá äåí áýîçóå ôçí
áðüäïóç ôïõ âáìâáêéïý. Óôéò ìåôá÷åéñßóåéò ìïíïêáëëéÝñãåéáò ôïõ êáëáìðïêéïý êáé ôïõ óéôáñéïý, ìå
êÜøéìï Þ åíóùìÜôùóç ôùí õðïëåéììÜôùí ôçò êáëëéÝñãåéáò, äåí ðáñáôçñÞèçêå óçìáíôéêÞ äéáöïñÜ.

ËÝîåéò êëåéäéÜ: áìåéøéóðïñÜ, áðüäïóç, êáëáìðüêé, âáìâÜêé, óéôÜñé

ÅéóáãùãÞ
Ç åðéêñÜôçóç ôçò ìïíïêáëëéÝñãåéáò ôïõ êáëáìðïêéïý ôç äåêáåôßá ôïõ ́ 80 êáé ôïõ âáìâáêéïý ôç äåêáåôßá

ôïõ ´90 óôéò áñäåõüìåíåò ðåñéï÷Ýò, Þôáí ôï áðïôÝëåóìá ôïõ õøçëïý åéóïäÞìáôïò ðïõ áðïëÜìâáíå ï ðáñá-
ãùãüò åîáéôßáò ôçò ìåãÜëçò áðüäïóçò êáé ôçò éêáíïðïéçôéêÞò ôéìÞò ðþëçóçò ôïõ ðñïúüíôïò. Ôï ßäéï öáéíüìåíï
ðáñáôçñÞèçêå ôçí ôåëåõôáßá 10åôßá óôéò ìç áñäåõüìåíåò ðåñéï÷Ýò ìå ôçí åðéêñÜôçóç ôçò êáëëéÝñãåéáò ôïõ
óêëçñïý óéôáñéïý (éêáíïðïéçôéêÞ êáôÜ óôñÝììá åðéäüôçóç ôçò êáëëéÝñãåéáò). ̧ ôóé, åãêáôáëåßöèçêå ç åöáñ-
ìïãÞ ôçò áìåéøéóðïñÜò ðïõ áðïôÝëåóå ôçí êýñéá êáëëéåñãçôéêÞ ðñáêôéêÞ, ãéá ÷éëéÜäåò ÷ñüíéá, ãéá ôïí Ýëåã÷ï
ôùí áóèåíåéþí êáé ôùí æéæáíßùí, ôç äéáôÞñçóç ôçò ãïíéìüôçôáò ôïõ åäÜöïõò êáé ôçò áðüäïóçò óå éêáíïðïéç-
ôéêÜ åðßðåäá. Ôá ðñïâëÞìáôá ðïõ ðáñïõóéÜæïíôáé åîáéôßáò ôçò ìïíïêáëëéÝñãåéáò áíôéìåôùðßæïíôáé ìå ôç
óõíå÷þò áõîáíüìåíç ÷ñÞóç ÷çìéêþí ëéðáóìÜôùí, öõôïöáñìÜêùí êáé æéæáíéïêôüíùí. Ç óõíå÷Þò üìùò ÷ñÞ-
óç ôùí óêåõáóìÜôùí áõôþí äçìéïõñãåß óïâáñÜ ðñïâëÞìáôá, üðùò åßíáé ç ìüëõíóç ôïõ ðåñéâÜëëïíôïò, ç
ðáñáãùãÞ ðñïúüíôùí áêáôÜëëçëùí ãéá êáôáíÜëùóç, ç ïéêïíïìéêÞ åðéâÜñõíóç ôçò êáëëéÝñãåéáò êëð.

ÓïâáñÞ ðñïóðÜèåéá Ýãéíå êáé ãßíåôáé ãéá ôç ìåëÝôç ôùí äéáöüñùí óõóôçìÜôùí áìåéøéóðïñÜò êáé ôçí
ôå÷íéêÞ ôçò êáëëéÝñãåéáò. Ç ðëÝïí ìáêñï÷ñüíéá Ýñåõíá äéåîÜãåôáé óôï ÐáíåðéóôÞìéï ôïõ Illinois (The
morrow plots. A century of learning, 1982). ÅãêáôáóôÜèçêå ôï 1876 ìå 10 ðåéñáìáôéêÜ ôåìÜ÷éá ôùí 2
óôñåììÜôùí ôï êáè�Ýíá. Ôá ìÝ÷ñé ôþñá áðïôåëÝóìáôá Ýäåéîáí üôé ç áðüäïóç ôïõ êáëáìðïêéïý Þôáí áíþôåñç
óôï óýóôçìá áìåéøéóðïñÜò êáëáìðüêé-âñþìç-ôñéöýëëé, áêïëïõèïýìåíç áðü ôçí áìåéøéóðïñÜ êáëáìðüêé �

1 Åèíéêü ºäñõìá ÁãñïôéêÞò ¸ñåõíáò (Åè.É.ÁÃ.Å.), Éíóôéôïýôï Óéôçñþí, Ô.È. 60 411 570 01 ÈÝñìç-Èåóóáëïíßêç

ÅñåõíçôéêÞ Åñãáóßá - Óåë. 18 - 25
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âñþìç êáé ôåëåõôáßá óôï ôåìÜ÷éï ìå óõíå÷Þ êáëëéÝñãåéá êáëáìðïêéïý. Ç óåéñÜ áõôÞ Þôáí ç ßäéá áíåîÜñôçôá
áí ç êáëëéÝñãåéá Ýãéíå ÷ùñßò êáìéÜ Üëëç ìåôá÷åßñéóç Þ ìå ôçí ðñïóèÞêç êïðñéÜò, áóâÝóôïõ Þ ÷çìéêþí
ëéðáóìÜôùí.

Oé Shrader ê.Ü. (1966) êáèþò êáé ïé Baldock êáé Ìusgrave (1980) âñÞêáí üôé ç êáëëéÝñãåéá êáëáìðïêéïý
áðïäßäåé óå ìïíïêáëëéÝñãåéá ôï ßäéï üðùò êáé óå áìåéøéóðïñÜ. Ïé Baldock ê.Ü. (1981) áíáöÝñïíôáé óôç
èåôéêÞ áíôáðüêñéóç óôçí áìåéøéóðïñÜ ùò ôï áðïôÝëåóìá ôçò óõììåôï÷Þò óôï óýóôçìá áìåéøéóðïñÜò êÜðïéïõ
øõ÷áíèïýò. Áõôü äåí åßíáé üìùò áðüëõôï áöïý âñÝèçêå óçìáíôéêÞ áýîçóç ôçò áðüäïóçò óå áìåéøéóðïñÜ
÷ùñßò øõ÷áíèÝò (Robinson, 1966). Eðßóçò, ïé Langer êáé Randall (1981) âñÞêáí üôé ôï êáëáìðüêé áðÝäùóå
ðåñéóóüôåñï óå áìåéøéóðïñÜ ìå óéôÜñé åíþ, ïé Crookston ê.Ü. (1988) âñÞêáí áýîçóç ôçò áðüäïóçò åßôå óå
áìåéøéóðïñÜ ìå óüãéá åßôå ìå áãñáíÜðáõóç.

Ïé Crookston ê.Ü. (1991) áíáöÝñïõí üôé ôï êáëáìðüêé óå áìåéøéóðïñÜ áðÝäùóå 10% ðåñéóóüôåñï áðü ôï
êáëáìðüêé óå ìïíïêáëëéÝñãåéá. Åðßóçò, óôçí ðåñßðôùóç ôçò ìïíïêáëëéÝñãåéáò ìå êáëáìðüêé, ç áðüäïóç ôï 1ï
Ýôïò Þôáí 15% áíþôåñç ôçò áðüäïóçò ôùí Üëëùí åôþí óõíå÷ïýò êáëëéÝñãåéáò êáé ðñïôåßíïõí ôç ìç êáëëéÝñ-
ãåéá êáëáìðïêéïý ãéá 2ï ÷ñüíï êáé ìÜëéóôá óõóôÞíïõí ôçí áìåéøéóðïñÜ ìå ôñåéò êáëëéÝñãåéåò êáé ðéèáíüí
ðåñéóóüôåñåò. Óôá ßäéá óõìðåñÜóìáôá êáôÝëçîáí êáé ïé Porter ê.Ü. (1997) êáé ìÜëéóôá óôï üôé ôï üöåëïò áðü
ôçí áìåéøéóðïñÜ åßíáé ìåãáëýôåñï óå ðåñéâÜëëïíôá ìéêñÞò ðáñáãùãéêüôçôáò. Ïé Edwards ê.Ü. (1988) áíá-
öÝñïõí äéáöïñÝò óôï ôñßôï Ýôïò ôçò áìåéøéóðïñÜò êáëáìðüêé-óüãéá. Ïé Lund ê.Ü. (1993) áíáöÝñïõí üôé ìå ôç
ìïíïêáëëéÝñãåéá ç áðüäïóç Þôáí 10% ìåéùìÝíç ãéá ôï êáëáìðüêé êáé ãéá ôç óüãéá 15% óå óýãêñéóç ìå ôçí
áìåéøéóðïñÜ êáëáìðüêé-óüãéá. Ãéá ôï óéôÜñé áíáöÝñïõí 9% ìéêñüôåñç áðüäïóç óå ìïíïêáëëéÝñãåéá áðü üôé
óôçí áìåéøéóðïñÜ ìå êáëáìðüêé êáé óüãéá.

Óôçí áìåéøéóðïñÜ êáëáìðüêé-âáìâÜêé-óüãéá (Entry ê.Ü. 1996) óå ìáêñï÷ñüíéï ðåßñáìá áìåéøéóðïñÜò
(áðü ôï 1896) óôï ÐáíåðéóôÞìéï Auburn ôçò Alabama ôá ôåìÜ÷éá ìå äéåôÞ áìåéøéóðïñÜ (âáìâÜêé-êáëáìðüêé)
êáé áõôÜ ìå ôñéåôÞ áìåéøéóðïñÜ (âáìâÜêé-êáëáìðüêé-óüãéá) åß÷áí ìåãáëýôåñç áðüäïóç áðü ôá ôåìÜ÷éá ìå
óõíå÷Þ êáëëéÝñãåéá âÜìâáêïò. Áýîçóç ôçò áðüäïóçò óôï âáìâÜêé êáôÜ 12,6% êáé 12,8% óå îçñéêÝò êáé
áñäåõüìåíåò êáëëéÝñãåéåò, áíôßóôïé÷á, âñÞêáí óå áìåéøéóðïñÜ ìå óéôÜñé óå óýãêñéóç ìå ìïíïêáëëéÝñãåéá
âÜìâáêïò (Bordovsky ê.Ü. 1994). Áíôßèåôá, ïé Hunt ê.Ü. (1998) äåí âñÞêáí íá åðçñåÜæåôáé óçìáíôéêÜ ç
áðüäïóç óôï âÜìâáêé óå áìåéøéóðïñÜ ìå áñá÷ßäá.

Ôá óõóôÞìáôá áìåéøéóðïñÜò ðïõ ìåëåôÞèçêáí óôçí ðáñïýóá åñãáóßá áöïñïýóáí êõñßùò ôéò êáëëéÝñ-
ãåéåò êáëáìðüêé êáé âáìâÜêé, ðïõ åßíáé ïé êýñéåò áíôáãùíéóôéêÝò êáëëéÝñãåéåò óôéò áñäåõüìåíåò ðåñéï÷Ýò
ôçò ÊåíôñéêÞò êáé Âüñåéáò ÅëëÜäáò. Óå ìåãÜëï ðïóïóôü åéóÞ÷èç êáé ç êáëëéÝñãåéá ôïõ ìáëáêïý óéôáñéïý,
åíþ ç óüãéá ÷ñçóéìïðïéÞèçêå óå ëßãåò ìåôá÷åéñßóåéò áðëþò ãéá ôç ìåëÝôç ôçò åðßäñáóçò ôïõ øõ÷áíèïýò.
Óêïðüò Þôáí íá ìåëåôçèåß ç åðßäñáóç ôùí äéáöüñùí óõóôçìÜôùí áìåéøéóðïñÜò óôçí áðüäïóç ôïõ êáëáìðï-
êéïý âáìâáêéïý êáé óéôáñéïý. Ç óýãêñéóç Ýãéíå ìå ôéò ìïíïêáëëéÝñãåéåò ôùí ôñéþí êáëëéåñãåéþí. Óôéò ðåñé-
ðôþóåéò ôïõ êáëáìðïêéïý êáé ôïõ óéôáñéïý ç ìïíïêáëëéÝñãåéá Ýãéíå óå äýï ìåôá÷åéñßóåéò (ìå êÜøéìï êáé ìå
åíóùìÜôùóç ôùí õðïëåéììÜôùí ôçò ðñïçãïýìåíçò êáëëéÝñãåéáò).

ÕëéêÜ êáé ÌÝèïäïé
Ï ðåéñáìáôéêüò åãêáôáóôÜèçêå óôï áãñüêôçìá ôïõ Ðáíåðéóôçìßïõ Èåó/íßêçò ôá Ýôç 1991-1996 óå Ýäá-

öïò éëõïáñãéëëïðçëþäåò (SiCl) ìå pÇ 7,8 êáé ïñãáíéêÞ ïõóßá 1,7%. Ãéá ôï êáëáìðüêé ÷ñçóéìïðïéÞèçêå ôï
åëëçíéêü áðëü õâñßäéï ÁÑÇÓ, ãéá ôï ìáëáêü óéôÜñé ç ðïéêéëßá ÕÅCORA E êáé ãéá ôï âáìâÜêé ç Óßíäïò ´80.

Ç ëßðáíóç Ýãéíå óýìöùíá ìå ôá ðåéñáìáôéêÜ äåäïìÝíá ôùí Éíóôéôïýôùí Óéôçñþí êáé ÂÜìâáêïò. ̧ ôóé, ãéá
ôï óéôÜñé ÷ñçóéìïðïéÞèçêå ç ëßðáíóç 8-4-0 (kgÍ/óôñ. � kgP

2
O

5
/óôñ. � kgÊ

2
Ï/óôñ., áíôßóôïé÷á) ùò âáóéêÞ êáé

6,6-0-0 ùò åðéöáíåéáêÞ, ãéá ôï êáëáìðüêé 15-7,5-0 ùò âáóéêÞ êáé 10-0-0 ùò åðéöáíåéáêÞ, ãéá ôï âáìâÜêé ç
10-5-0 ùò âáóéêÞ êáé ãéá ôç óüãéá ç 0-9-0 ùò âáóéêÞ. Åðßóçò, óôï óðüñï ôçò óüãéáò, ðñéí ôç óðïñÜ ôïõ, Ýãéíå
åìâïëéáóìüò ìå êáôÜëëçëï óêåýáóìá ñéæïâáêôçñßùí.

Ï Ýëåã÷ïò ôùí æéæáíßùí Ýãéíå ôüóï ìå ôç ÷ñÞóç ìç÷áíéêþí ìÝóùí (öñåæïóêáëéóôÞñé) üóï êáé ìå ôï ÷Ýñé.
Æéæáíéïêôüíá ÷ñçóéìïðïéÞèçêáí óå åëÜ÷éóôåò ðåñéðôþóåéò ãéá ôçí áðïöõãÞ ôçò äçìéïõñãßáò ðñïâëçìÜôùí
óôçí åðüìåíç êáëëéÝñãåéá. Ïé äéáöïñåôéêÝò áðáéôÞóåéò ôùí êáëëéåñãåéþí óå íåñü áíôéìåôùðßóèçêáí ìå ôç
÷ñçóéìïðïßçóç äéêôýïõ ãéá �óôÜãäçí Üñäåõóç�, áíåîáñôÞôïõ ãéá ôçí êÜèå êáëëéÝñãåéá.

Ç ðõêíüôçôá óðïñÜò ãéá ôï êáëáìðüêé Þôáí 6.250 öõôÜ/óôñ. (0,80m × 0,20m), ãéá ôï âáìâÜêé 18.000 öõôÜ/
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óôñ. ìå áðüóôáóç ãñáììÞ áðü ãñáììÞ 0,80m, ãéá ôï óéôÜñé ÷ñçóéìïðïéÞèçêáí 18 kg/óôñ. ìå áðüóôáóç ìåôáîý
ôùí ãñáììþí 0,25m êáé ãéá ôç óüãéá 30.000 öõôÜ/óôñ. ìå áðüóôáóç ìåôáîý ôùí ãñáììþí 0,50m.

Ôï ðåéñáìáôéêü ó÷Ýäéï Þôáí ôõ÷áéïðïéçìÝíåò ðëÞñåéò ïìÜäåò ìå 18 ìåôá÷åéñßóåéò êáé ôñåéò åðáíáëÞøåéò.
Ïé 18 ìåôá÷åéñßóåéò áðïôåëïýí äéÜöïñá óõóôÞìáôá áìåéøéóðïñÜò üðùò äßíïíôáé óôïí Ðßíáêá É. Áðü ôï
óýíïëï ôùí 18 ìåôá÷åéñßóåùí ïé ðÝíôå áöïñïýóáí ìïíïêáëëéÝñãåéá êáëáìðïêéïý, óéôáñéïý êáé âáìâáêéïý.
Äýï ìåôá÷åéñßóåéò ãéá ôï êáëáìðüêé, äýï ãéá ôï óéôÜñé êáé ìßá ãéá ôï âáìâÜêé. Áðü ôéò äýï ìåôá÷åéñßóåéò ãéá
ôï êáëáìðüêé êáé ôï óéôÜñé ç ìßá áöïñïýóå ôçí êáýóç ôùí õðïëåéììÜôùí ôçò êáëëéÝñãåéáò (êáëáìéÜò) êáé ç
Üëëç ôçí åíóùìÜôùóÞ ôïõò óôï Ýäáöïò ìå üñãùìá, áöïý ðñþôá åôåìá÷ßæïíôï ìå óôåëå÷ïêüðôç. Ïé õðüëïéðåò
ìåôá÷åéñßóåéò áöïñïýóáí óõóôÞìáôá äéåôïýò êáé ôñéåôïýò áìåéøéóðïñÜò. Ôï êÜèå ðåéñáìáôéêü ôåìÜ÷éï åß÷å
Ýêôáóç 88 m2 (10m × 8,8m) êáé ï ìåôáîý ôùí åðáíáëÞøåùí äéÜäñïìïò Þôáí 5,6m ãéá ôçí åýêïëç ÷ñÞóç ôùí
ãåùñãéêþí ìç÷áíçìÜôùí. Ãéá ôïí áêñéâÞ êáèïñéóìü ôçò èÝóçò ôùí ðåéñáìáôéêþí ôåìá÷ßùí êÜèå ÷ñüíï ìåôÜ
ôçí êáôåñãáóßá ôïõ åäÜöïõò, ôïðïèåôÞèçêáí åêôüò ôïõ ðåéñáìáôéêïý óôáèåñÜ óçìåßá (óéäåñÝíéïé ðÜóóáëïé)
ùò óçìåßá áíáöïñÜò.

Ðßíáêáò É. ÓõóôÞìáôá áìåéøéóðïñÜò êáëáìðïêéïý (Ê), âáìâáêéïý (Â), óéôáñéïý (Ó) êáé óüãéáò (Óï) ãéá 18
ìåôá÷åéñßóåéò

Ìåôá÷åßñéóç Óýóôçìá áìåéøéóðïñÜò ÔïðïèÝôçóç êáëëéåñãåéþí êÜèå Ýôïò

1991 1992 1993 1994 1995 1996

1 Ê ê* (óõíå÷þò) Ê Ê Ê Ê Ê Ê
2 Ê å* (óõíå÷þò) Ê Ê Ê Ê Ê Ê
3 Â (óõíå÷þò) Â Â Â Â Â Â
4 Ó ê* (óõíå÷þò) Ó Ó Ó Ó Ó Ó
5 Ó å* (óõíå÷þò) Ó Ó Ó Ó Ó Ó
6 3åôÞò êýêëïò Ê Óï Ê Ê Óï Ê
7         � Ê Ê Óï Ê Ê Óï
8         � Óï Ê Ê Óï Ê Ê
9 3åôÞò êýêëïò Â Óï Â Â Óï Â

10         � Â Â Óï Â Â Óï
11         � Óï Â Â Óï Â Â
12 3åôÞò êýêëïò Ê Ó Â Ê Ó Â
13         � Â Ê Ó Â Ê Ó
14         � Ó Â Ê Ó Â Ê
15 2åôÞò êýêëïò Ê Â Ê Â Ê Â
16         � Â Ê Â Ê Â Ê
17 2åôÞò êýêëïò Â Ó Â Ó Â Ó
18         � Ó Â Ó Â Ó Â

* ê ìå êÜøéìï ôçò êáëáìéÜò,å ìå åíóùìÜôùóç ôçò êáëáìéÜò

Óýìöùíá ìå ôéò äéáóôÜóåéò ôïõ ðåéñáìáôéêïý ôåìá÷ßïõ êáé ôçí ðõêíüôçôá óðïñÜò åß÷áìå óå êÜèå ðåéñá-
ìáôéêü ôåìÜ÷éï Ýíäåêá ãñáììÝò ãéá ôï êáëáìðüêé êáé ôï âáìâÜêé áðü ôéò ïðïßåò óõíåêïìßæïíôï ïé åðôÜ
ìåóáßåò ãñáììÝò (56 m2 óõãêïìéóèåßóá Ýêôáóç), ãéá ôï óéôÜñé 35 ãñáììÝò áðü ôéò ïðïßåò óõíåêïìßæïíôï ïé 24
ìåóáßåò ãñáììÝò (60 m2 óõãêïìéóèåßóá Ýêôáóç) êáé ãéá ôç óüãéá åß÷áìå 18 ãñáììÝò áðü ôéò ïðïßåò óõíåêïìß-
æïíôï ïé Ýíäåêá ìåóáßåò ãñáììÝò (55 m2 óõãêïìéóèåßóá Ýêôáóç).

Ïé çìåñïìçíßåò óðïñÜò êáé óõãêïìéäÞò äéÝöåñáí êÜðùò áðü Ýôïò óå Ýôïò. ÓõíÞèåéò çìåñïìçíßåò Þôáí
ôÝëç Íïåìâñßïõ ãéá ôï óéôÜñé ìå óõãêïìéäÞ ôï äåýôåñï äåêáðåíèÞìåñï ôïõ Éïõíßïõ, ôï ôåëåõôáßï äåêáÞìåñï
ôïõ Áðñéëßïõ ãéá ôï êáëáìðüêé ìå óõãêïìéäÞ ôï ðñþôï äåêáðåíèÞìåñï ôïõ Ïêôùâñßïõ, áñ÷Ýò Ìáúïõ ãéá ôï
âáìâÜêé ìå óõãêïìéäÞ Ïêôþâñéï � ÍïÝìâñéï óõíÞèùò 2 öïñÝò (äýï ÷Ýñéá) êáé ìÝóá Áðñéëßïõ ãéá ôç óüãéá ìå
óõãêïìéäÞ ôÝëç Óåðôåìâñßïõ.
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Ç áíÜëõóç ðáñáëëáêôéêüôçôáò Ýãéíå ãéá ôï êáëáìðüêé (Ðßíáêáò ÉÉ) êáé ôï âáìâÜêé (Ðßíáêáò ÉÉÉ) ãéá
êÜèå Ýôïò ÷ùñéóôÜ. Ãéá ôï óéôÜñé, ëüãù ôïõ ìéêñïý áñéèìïý ôùí ìåôá÷åéñßóåùí, Ýãéíå áíÜëõóç ðáñáëëáêôéêü-
ôçôáò ìüíï ãéá üëá ôá Ýôç ìáæß (Ðßíáêáò IV). Ãéá ôç óüãéá äåí Ýãéíå áíÜëõóç ðáñáëëáêôéêüôçôáò (ìüíï äýï
ìåôá÷åéñßóåéò). Åðßóçò, õðïëïãßóèçêå ôï ðëåïíÝêôçìá Þ ìåéïíÝêôçìá ãéá êÜèå Ýôïò ðåéñáìáôéóìïý ùò ç
äéáöïñÜ ôçò áðüäïóçò êÜèå ìåôá÷åßñéóçò áðü ôçí áðüäïóç ôçò ìåôá÷åßñéóçò ðïõ ÷ñçóéìïðïéÞèçêå ùò âÜóç
ãéá ôç óýãêñéóç (ìÜñôõñáò) äéáéñþíôáò ìå ôçí áðüäïóç ôïõ ìÜñôõñá êáé ðïëëáðëáóéÜæïíôáò ìå ôï 100 (Porter
ê.Ü. 1997).

Ðßíáêáò ÉÉ.  Áðüäïóç êáëáìðïêéïý (kg/óôñ.) óôá Ýîé óõóôÞìáôá áìåéøéóðïñÜò êáé ôï ðëåïíÝêôçìá Þ ìåéïíÝêôçìá
óå ó÷Ýóç ìå ôç ìåôá÷åßñéóç ìå ìïíïêáëëéÝñãåéá êáëáìðïêéïý êáé ìå êÜøéìï êáëáìéÜò (Ê ê)

Óýóôçìá ÁìåéøéóðïñÜò 1991 1992 1993 1994 1995 1996

Ê ê 1159 1151 1004 1197 1125 bc1   809 bc
Ê ð 1208 1191 938 1134 1047 c   771 c

Ê-Êá-Óï 1150 1096 876 1124 1412 a 1039 ab
Êâ-Ê-Óï 1085 1151 958 1154 1280 abc 1103 a
Ê-Â-Ó 1174 1155 1010 1176 1084 bc 1026 ab
Ê-Â 1172 1156 1072 1228 1305 ab 936 abc

F 0,48 n.s. 0,29 n.s. 1,25 n.s. 0,52 n.s. 3,30* 5,01**
CV 8,8% 8,5% 11,70 8,1 11,3 10,5

EÓÄ.05 - - - - 248,9 252,2

ÐëåïíÝêôçìá Þ ìåéïíÝêôçìá 2  %

Ê ð 4 3 -6 -5 -7 -5
Ê-Êá-Óï -1 -5 -13 -6 26 28
Êâ-Ê-Óï -6 0 -5 -4 14 36
Ê-Â-Ó 1 0 1 -2 -4 27
Ê-Â 1 0 7 3 16 16

*,**   ÓôáôéóôéêÜ óçìáíôéêÞ äéáöïñÜ óôï åðßðåäï 0,05 êáé 0,01 áíôßóôïé÷á

1 ì.ï. áðïäüóåùí ìå ôï ßäéï ãñÜììá ôïõ äåßêôç äåí äéáöÝñïõí óçìáíôéêÜ

2 Ôï ðëåïíÝêôçìá óôçí áðüäïóç (%) õðïëïãßóèçêå áðü ôç äéáöïñÜ ôçò áðüäïóçò ôçò ìåôá÷åßñéóçò
ðïõ ìåëåôÜôáé êáé ôçò ìåôá÷åßñéóçò Ê ê, äéáéñþíôáò ôç äéáöïñÜ ìå ôç ìåôá÷åßñéóç Ê ê êáé ðïëëáðëáóéÜæïíôáò
ìå ôï 100.

á, â ðñþôï êáé äåýôåñï Ýôïò êáëëéÝñãåéáò êáëáìðïêéïý áíôßóôïé÷á, ìåôÜ ôçí êáëëéÝñãåéá ôçò óüãéáò

ÁðïôåëÝóìáôá êáé ÓõæÞôçóç
Ç áðüäïóç ôïõ êáëáìðïêéïý óôá äéÜöïñá óõóôÞìáôá áìåéøéóðïñÜò äßíåôáé óôïí Ðßíáêá ÉÉ. Ùò ìÜñôõñáò

ëáìâÜíåôáé ç ìåôá÷åßñéóç ìå óõíå÷Þ êáëëéÝñãåéá êáëáìðïêéïý êáé êÜøéìï ôçò êáëáìéÜò. ¼ðùò öáßíåôáé, ôá
ôÝóóåñá ðñþôá ÷ñüíéá ôïõ ðåéñáìáôéóìïý, äåí õðÜñ÷åé äéáöïñÜ óôçí áðüäïóç ôïõ êáëáìðïêéïý ôüóï ìåôáîý
ôùí óõóôçìÜôùí áìåéøéóðïñÜò üóï êáé áðü áõôÞ ôïõ ìÜñôõñá (Êê). Ôï 5ï Ýôïò ç êáëëéÝñãåéá ôïõ êáëáìðï-
êéïý ðïõ áêïëïõèïýóå ôçí êáëëéÝñãåéá ôçò óüãéáò Ýäùóå óçìáíôéêÜ áíþôåñç áðüäïóç (26%) áðü áõôÞ ôïõ
ìÜñôõñá. Ôï ßäéï ðáñáôçñÞèçêå êáé óôçí êáëëéÝñãåéá ôïõ êáëáìðïêéïý ðïõ óõììåôåß÷å óôï óýóôçìá áìåé-
øéóðïñÜò ìå ôç óüãéá áëëÜ ùò äåýôåñï Ýôïò êáëëéÝñãåéáò êáëáìðïêéïý äçë. ìåôÜ ôçí ðáñåìâïëÞ ãéá Ýíá
÷ñüíï ðÜëé êáëëéÝñãåéáò êáëáìðïêéïý. Óôçí ðåñßðôùóç áõôÞ ç áðüäïóç Þôáí áíþôåñç êáôÜ 14% áðü ôï
ìÜñôõñá. Ôá áðïôåëÝóìáôá áõôÜ åßíáé áíôßèåôá ìå áõôÜ ôùí Crookston ê.Ü. (1991) ðïõ áíáöÝñïõí üôé ðñÝðåé
íá áðïöåýãåôáé ç êáëëéÝñãåéá êáëáìðïêéïý ãéá äåýôåñï óõíå÷Ýò Ýôïò ãéáôß ðáñïõóéÜæåôáé ìåßùóç ôçò
áðüäïóçò. Óôï äéåôÝò óýóôçìá áìåéøéóðïñÜò ìå âáìâÜêé (Ê-Â) âñÝèçêå óçìáíôéêÜ áíþôåñç áðüäïóç (16%)
áðü ôï ìÜñôõñá åíþ, óôï ôñéåôÝò óýóôçìá áìåéøéóðïñÜò ìå âáìâÜêé êáé óéôÜñé (Ê-Â-Ó) ç áðüäïóç ôïõ
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Ðßíáêáò ÉÉÉ. Áðüäïóç âáìâáêéïý (kg/óôñ.) óôá Ýîé óõóôÞìáôá áìåéøéóðïñÜò êáé ôï ðëåïíÝêôçìá Þ ìåéïíÝêôçìá
óå ó÷Ýóç ìå ôç ìåôá÷åßñéóç ìå ìïíïêáëëéÝñãåéá âáìâáêéïý (Â)

Óýóôçìá ÁìåéøéóðïñÜò 1991 1992 1993 1994 1995 1996

B 255 348 343 361 309 287
B-Bá-Óï 226 377 333 374 332 367
Ââ-Â-Óï 258 373 335 331 315 345
Ê-Â-Ó 254 364 303 360 282 316
Ê-Â 250 339 334 387 323 360
Â-Ó 236 360 289 366 255 285

F = 1,67 n.s.1 0,13 n.s. 0,30 n.s. 1,89 n.s. 1,21 n.s. 2,13 n.s. 1,05 n.s.
CV = 13,9% 23,7% 12,7% 8,8% 8,08% 11,3% 18,5%

ÐëåïíÝêôçìá Þ ìåéïíÝêôçìá 2  %

B-Bá-Óï -11 8 -3 4 7 28
Ââ-Â-Óï 1 7 -2 -8 2 20
Êáé-Â-Ó - 5 -12 - -9 10
Êáé-Â -2 -3 -3 7 -5 25

Â-Ó -7 3 -16 1 -17 -1

2 ÓõíäõáóìÝíç áíÜëõóç ðáñáëëáêôéêüôçôáò ãéá üëá ôá Ýôç ðåéñáìáôéóìïý

2 Ôï ðëåïíÝêôçìá óôçí áðüäïóç (%) õðïëïãßóèçêå áðü ôç äéáöïñÜ ôçò áðüäïóçò ôçò ìåôá÷åßñéóçò
ðïõ ìåëåôÜôáé êáé ôçò ìåôá÷åßñéóçò B, äéáéñþíôáò ôç äéáöïñÜ ìå ôç ìåôá÷åßñéóç B êáé ðïëëáðëáóéÜæïíôáò ìå
ôï 100.

á,â ðñþôï êáé äåýôåñï Ýôïò êáëëéÝñãåéáò âáìâáêéïý áíôßóôïé÷á ìåôÜ ôçí êáëëéÝñãåéá ôçò óüãéáò

Ðßíáêáò IV.  Áðüäïóç óéôáñéïý (kg/óôñ.) óôá ôÝóóåñá óõóôÞìáôá áìåéøéóðïñÜò êáé ôï ðëåïíÝêôçìá Þ ìåéïíÝêôç-
ìá óå óýãêñéóç ìå ôç ìåôá÷åßñéóç ìå ìïíïêáëëéÝñãåéá êáé ìå êÜøéìï ôçò êáëáìéÜò (Ó ê)

Óýóôçìá AìåéøéóðïñÜò 1991 1992 1993 1994 1995 1996

Ó ê 586 de1 461 g 441 ghi 686 bc 375 ij 290 k
Ó ð 547 ef 477 fg 459 gh 681 bc 420 ghi 279 k

Êáé-Â-Ó 573 e 573 e 534 ef 799 a 653 cd 390 hij
Â-Ó 589 de 586 de 592 de 724 b 547 ef 325 jk

CV = 11,5%    F
A
 = 11,6**   F

EXA
 = 2,33*   EÓÄ

EXA05
 = 69,9

ÐëåïíÝêôçìá Þ ìåéïíÝêôçìá 2  %

Ó ð -7 3 4 -1 12 -4
Ê-Â-Ó -2 25 21 16 74 34

Â-Ó 1 27 34 6 46 12

*,** ÓôáôéóôéêÜ óçìáíôéêÞ äéáöïñÜ óôï åðßðåäï 0,05 êáé 0,01 áíôßóôïé÷á

3 ì.ï. áðïäüóåùí ìå ôï ßäéï ãñÜììá ôïõ äåßêôç äåí äéáöÝñïõí óçìáíôéêÜ

2 Ôï ðëåïíÝêôçìá óôçí áðüäïóç (%) õðïëïãßóèçêå áðü ôç äéáöïñÜ ôçò áðüäïóçò ôçò ìåôá÷åßñéóçò
ðïõ ìåëåôÜôáé êáé ôçò ìåôá÷åßñéóçò Ó ê, äéáéñþíôáò ôç äéáöïñÜ ìå ôç ìåôá÷åßñéóç Ó ê êáé ðïëëáðëáóéÜæïíôáò
ìå ôï 100.

êáëáìðïêéïý äåí äéÝöåñå áðü ôïí ìÜñôõñá.
Ôï 6ï Ýôïò ðáñáôçñÞèçêå áêüìç ìåãáëýôåñç äéáöïñÜ ôçò áðüäïóçò ôïõ êáëáìðïêéïý óå üëá ôá óõóôÞìá-

ôá áìåéøéóðïñÜò áðü áõôÞí ôïõ ìÜñôõñá. Óôï óýóôçìá áìåéøéóðïñÜò ìå óüãéá ç áðüäïóç ôçò êáëëéÝñãåéáò
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ôïõ êáëáìðïêéïý áìÝóùò ìåôÜ ôçí êáëëéÝñãåéá ôçò óüãéáò âñÝèçêå 28% áíþôåñç ôïõ ìÜñôõñá åíþ óôï ßäéï
óýóôçìá áìåéøéóðïñÜò, áëëÜ ôï äåýôåñï Ýôïò ôçò êáëëéÝñãåéáò ôïõ êáëáìðïêéïý ìåôÜ ôç óüãéá, äçë. ìå ôçí
ðáñåìâïëÞ êáé Üëëçò êáëëéÝñãåéáò êáëáìðïêéïý, ç áðüäïóÞ ôïõ Þôáí áíþôåñç êáôÜ 36% áðü ôï ìÜñôõñá.
Óôá óõóôÞìáôá áìåéøéóðïñÜò ìå âáìâÜêé (Ê-Â) Þ ìå âáìâÜêé êáé óéôÜñé (Ê-Â-Ó) Þ áðüäïóç ôïõ êáëáìðïêéïý
Þôáí óçìáíôéêÜ ìåãáëýôåñç áðü ôçí áðüäïóç ôïõ ìÜñôõñá ìå ìßá ìéêñÞ õðåñï÷Þ óôïí ôñéåôÞ êýêëï Ê-Â-Ó
(27%) áðü ôï äéåôÞ êýêëï Ê-Â (16%). Ôá áðïôåëÝóìáôá óõìöùíïýí ìå áõôÜ ôùí Robinson (1966) êáé Langer
êáé Randall (1981).

Ìåôáîý ôùí äýï ìïíïêáëëéåñãåéþí (ìå êÜøéìï Þ ìå åíóùìÜôùóç ôùí õðïëåéììÜôùí ôçò êáëëéÝñãåéáò)
åðßóçò äåí ðáñáôçñÞèçêå äéáöïñÜ óôçí áðüäïóç. Ðéèáíüí ãéá ôç äéáöïñïðïßçóç ôçò áðüäïóçò óôéò äýï
áõôÝò ìåôá÷åéñßóåéò íá áðáéôïýíôáé ðåñéóóüôåñïé êýêëïé áìåéøéóðïñÜò Þ áêüìç ç ó÷åôéêÜ õøçëÞ ãïíéìüôçôá
ôïõ åäÜöïõò, ðïõ Ýãéíå ï ðåéñáìáôéóìüò, áëëÜ êáé ôï áíÜãëõöü ôïõ (åðßðåäï ìå åëÜ÷éóôç êëßóç) íá ìçí
åðÝôñåøáí íá åêäçëùèåß ç äõóìåíÞò åðßäñáóç óôç ãïíéìüôçôá ôïõ åäÜöïõò ìå ôï êÜøéìï ôçò êáëáìéÜò ðïõ
åßíáé áðïôÝëåóìá ôçò ìåßùóçò ôçò ïñãáíéêÞò ïõóßáò áëëÜ êáé ôçò Ýêðëõóçò ôïõ åäÜöïõò ðïõ åßíáé åíôïíüôåñç
óå åäÜöç ìå óçìáíôéêÞ êëßóç.

Óôï âáìâÜêé (Ðßíáêáò ÉÉÉ) äåí ðáñïõóéÜóèçêå äéáöïñÜ óôçí áðüäïóç ìåôáîý ôùí äéáöüñùí óõóôçìÜôùí
áìåéøéóðïñÜò, êáèþò êáé áðü ôç ìåôá÷åßñéóç ìå óõíå÷Þ êáëëéÝñãåéá âáìâáêéïý. Åíþ, ç ðáñïõóßá ôïõ
âáìâáêéïý óôá óõóôÞìáôá áìåéøéóðïñÜò åõíüçóå ôçí êáëëéÝñãåéá ôïõ êáëáìðïêéïý êáé ôïõ óéôáñéïý, áõîÜ-
íïíôáò ôçí áðüäóÞ ôïõò, äåí ðáñáôçñÞèçêå êáé ôï áíôßèåôï. Óå áíÜëïãåò åñåõíçôéêÝò åñãáóßåò ôïõ åîùôå-
ñéêïý âñÝèçêå åßôå èåôéêÞ åðßäñáóç óôçí áðüäïóç ôïõ âáìâáêéïý óå áìåéøéóðïñÜ ìå êáëáìðüêé Þ ìå êáëá-
ìðüêé êáé óüãéá (Entry ê.Ü. 1996) Þ ìå óéôÜñé (Bordonevsky ê.Ü. 1994) åßôå êáìßá åðßäñáóç üðùò óå áìåéøéóðï-
ñÜ ìå áñá÷ßäá (Hunt ê.Ü. 1998).

Óôçí ðåñßðôùóç ôïõ óéôáñéïý (Ðßíáêáò IV), ëüãù ôïõ ìéêñïý áñéèìïý ôùí ìåôá÷åéñßóåùí, Ýãéíå áíÜëõóç
ðáñáëëáêôéêüôçôáò ãéá üëá ôá Ýôç. Ç áëëçëåðßäñáóç ìåôáîý óõóôçìÜôùí áìåéøéóðïñÜò êáé åôþí âñÝèçêå
óçìáíôéêÞ. Áðü ôç óýãêñéóç ôùí ìÝóùí üñùí öáßíåôáé üôé ç áðüäïóç ôïõ óéôáñéïý Þôáí óçìáíôéêÜ ìåãáëýôåñç
áðü áõôÞ ôïõ ìÜñôõñá Þäç áðü ôï 2ï Ýôïò ôïõ ðåéñáìáôéóìïý (1992). Óôïí ôñéåôÞ êýêëï áìåéøéóðïñÜò Þôáí
êáôÜ 25% ìåãáëýôåñç åíþ óôï äéåôÞ êýêëï êáôÜ 27% ìåãáëýôåñç. Åðßóçò, ôï 3ï Ýôïò (1993) êáé óôá äýï
óõóôÞìáôá áìåéøéóðïñÜò ç áðüäïóç ôïõ óéôáñéïý Þôáí ìåãáëýôåñç ôïõ ìÜñôõñá êáôÜ 21% êáé 34% ãéá ôïí
ôñéåôÞ êáé ôï äéåôÞ êýêëï áíôßóôïé÷á. Ôï 4ï Ýôïò (1994) åíþ óôïí ôñéåôÞ êýêëï äéáôçñÞèçêå ç õðåñï÷Þ ôïõ
óéôáñéïý Ýíáíôé ôïõ ìÜñôõñá (16%) óôï äéåôÞ êýêëï äåí ðáñáôçñÞèçêå óçìáíôéêÞ äéáöïñÜ. Ôï 5ï Ýôïò (1995)
ðáñáôçñÞèçêå óçìáíôéêÞ õðåñï÷Þ ôçò áðüäïóçò ôïõ óéôáñéïý Ýíáíôé ôïõ ìÜñôõñá (74% êáé 46% ãéá ôïí
ôñéåôÞ êáé äéåôÞ êýêëï áìåéøéóðïñÜò áíôßóôïé÷á) åíþ ôï 6ï Ýôïò (1996) ç áðüäïóç ôïõ óéôáñéïý Þôáí ìåãáëý-
ôåñç ôïõ ìÜñôõñá ìüíï óôïí ôñéåôÞ êýêëï (34%). Öáßíåôáé üôé, åíþ óôïí ôñéåôÞ êýêëï áìåéøéóðïñÜò ç áðüäïóç
ôïõ óéôáñéïý âñÝèçêå óáöþò áíþôåñç ãéá üëá ôá Ýôç óôï äéåôÞ êýêëï ç õðåñï÷Þ ôçò áðüäïóçò ôïõ óéôáñéïý
Ýíáíôé ôïõ ìÜñôõñá äåí Þôáí ðÜíôá óçìáíôéêÞ.

Áðü ôá áðïôåëÝóìáôá öáßíåôáé üôé ôüóï ãéá ôçí êáëëéÝñãåéá ôïõ êáëáìðïêéïý üóï êáé ãéá áõôÞ ôïõ
óéôáñéïý õðÜñ÷åé óçìáíôéêÞ èåôéêÞ åðßäñáóç ôçò áìåéøéóðïñÜò óôçí áðüäïóÞ ôïõò. Ãéá ôï êáëáìðüêé ç
äéáöïñÜ Ýãéíå óçìáíôéêÞ ìåôÜ ôï ôÝôáñôï Ýôïò óõíå÷ïýò êáëëéÝñãåéáò, åíþ ãéá ôï óéôÜñé áìÝóùò áðü ôï
äåýôåñï Ýôïò ç áðüäïóç Þôáí óçìáíôéêÜ áíþôåñç áðü ôéò ìåôá÷åéñßóåéò ìå óõíå÷Þ êáëëéÝñãåéá óéôáñéïý.
Áíôßèåôá, ãéá ôï âáìâÜêé äåí ðáñáôçñÞèçêå êáìßá äéáöïñÜ ìåôáîý ôùí óõóôçìÜôùí áìåéøéóðïñÜò. Ðéèáíüí
áõôÞ ç äéáöïñïðïßçóç ôçò óõìðåñéöïñÜò ôïõ âÜìâáêïò áðü ôï êáëáìðüêé êáé ôï óéôÜñé íá ïöåßëåôáé óôç
äéáöïñåôéêÞ êáôáíïìÞ ôïõ Í óôï öõôü. ̧ ôóé, óôï êáëáìðüêé (Êáôóáíôþíçò ê.á. 1988) êáé óôï óéôÜñé (Papakosta
ê.Ü. 1991) ôï ìåãáëýôåñï ìÝñïò ôïõ Í áðïìáêñýíåôáé ìå ôï óðüñï, åíþ óôï âáìâÜêé (Ðáðáêþóôá - Ôáóïðïý-
ëïõ 2002) ôï Í äåí áðïìáêñýíåôáé ìå ôï óðüñï êáé ôçí ßíá êáé åõíïåßôáé ç åðüìåíç êáëëéÝñãåéá.

ÓõìðåñÜóìáôá
Áðü ôá áðïôåëÝóìáôá ôçò Ýñåõíáò áõôÞò öáßíåôáé ç èåôéêÞ åðßäñáóç ôçò áìåéøéóðïñÜò óôçí áðüäïóç ôïõ

êáëáìðïêéïý êáé ôïõ óéôáñéïý. Ç èåôéêÞ åðßäñáóç åßíáé óçìáíôéêÞ åßôå ðñüêåéôáé ãéá ôñéåôÞ Þ äéåôÞ êýêëï
áìåéøéóðïñÜò. Ôo ðëåïíÝêôçìá áðü ôçí áìåéøéóðïñÜ ìå ôç óüãéá åßíáé óçìáíôéêü ãéá ôï êáëáìðüêé êáé
ìÜëéóôá ü÷é ìüíï óôï Ýôïò áìÝóùò ìåôÜ ôç óüãéá áëëÜ êáé ôï äåýôåñï Ýôïò ìåôÜ ôçí êáëëéÝñãåéá ôçò óüãéáò. Óôï
âáìâÜêé äåí ðáñïõóéÜóèçêå óçìáíôéêÞ äéáöïñÜ ìåôáîý ôùí äéáöüñùí óõóôçìÜôùí áìåéøéóðïñÜò êáé ôïõ
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ìÜñôõñá, áíåîÜñôçôá áðü ôç óõììåôï÷Þ óôá óõóôÞìáôá áìåéøéóðïñÜò ôçò óüãéáò (øõ÷áíèÝò).
Ï ÷åéñéóìüò ôùí õðïëåéììÜôùí ôçò êáëëéÝñãåéáò åßôå ìå êÜøéìï åßôå ìå åíóùìÜôùóç óôï Ýäáöïò, ãéá ôï

óéôÜñé êáé ôï êáëáìðüêé, äåí Ýäåéîå êáìßá äéáöïñÜ óôçí áðüäïóç ãéá ôá Ýîé Ýôç ôïõ ðåéñáìáôéóìïý.

Crop rotation effects on corn, wheat and cotton yields

J.N. Sfakianakis1, E. Bletsos1, G. Evgenidis1 and V. Mellidis1

Summary
Ôhe effect of various corn, wheat and cotton cropping sequences on yields was the objective of this study.

The study began in 1992 at the farm of the University of Thessaloniki on a silty clay loam (SiCL) soil with pH
= 7,8 and organic matter content 1,7%. Cropping sequences were 1) continuous monoculture of each crop
(corn, cotton, wheat) with different management of the crop residues (burning or incoroporation) for wheat and
corn. The yield of the continuous monoculture (wheat and corn) with burning of the residues have been used as
control. 2) annual rotation of the crops (corn-cotton and cotton-wheat), 3) three years rotation sequence (corn-
cotton-wheat) and 4) three years rotation sequence of corn and cotton with soybean (corn-corn-soybean and
cotton-cotton-soybean).

Corn yield in rotation with soybean was higher than that of the corn monoculture with burning of the
residues, by 26% and 28%, the first year after the soybean crop, for the 5th and 6th year of experiment,
respectively. For the second year, after the soybean crop, the corn yield was 14% and 36% for the 5th and 6th

year, respectively. In the annual rotation with cotton the corn yield was 16% higher and in the three year
rotation with cotton and wheat the yield was 27% higher than the control. The wheat yield, in both sequences
was higher of the control than the second year of the experiment. The yield of the 6th year of the experiment was
34% and 12% higher for the three year and two year rotation, respectively. Cotton at any rotation sequence
with corn, wheat and soybean yielded the same as its continuous monoculture. The different treatments of the
residues management of wheat and corn (burning or incorporation in the soil by plowing) had no effect on the
yield.

Key words: rotation, yield, corn, cotton, wheat.
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Äõíáôüôçôåò ôáõôü÷ñïíçò åðéëïãÞò ãéá áðüäïóç êáé ðïéüôçôá
óôï ìáëáêü óéôÜñé (Triticum aestivum L. em Thell) ìå ôçí êõøåëùôÞ

ìåèïäïëïãßá êáé åðßäñáóç ôïõ åäÜöïõò óôçí ðïéüôçôÜ ôïõ

Ê. ×áôæçëÜìðñïõ1 êáé Å. Âáâäéíïýäç2

Ðåñßëçøç
Ç ôáõôü÷ñïíç åðéëïãÞ ãéá áðüäïóç êáé ðïéüôçôá óôï óéôÜñé áíôéìåôùðßæåé äõóêïëßåò ðïõ ïöåßëïíôáé

óôçí åðßäñáóç ôïõ ðåñéâÜëëïíôïò êáé óôçí áñíçôéêÞ óõó÷Ýôéóç ôçò áðüäïóçò ìå ïñéóìÝíá ðïéïôéêÜ
ãíùñßóìáôá. Oé ãåíåÝò F

2
_F

5
 áîéïëïãÞèçêáí ìå ôçí êõøåëùôÞ ìåèïäïëïãßá óå äõï ôïðïèåóßåò ðïõ

äéÝöåñáí ùò ðñïò ôçí ïîýôçôá ôïõ åäÜöïõò. Óå êÜèå ãåíåÜ åðéëÝãçóáí ïé ïéêïãÝíåéåò ìå ôéò õøçëüôå-
ñåò êáé õðïó÷üìåíåò óôáèåñüôçôá áðïäüóåéò êáé óå êÜèå ïéêïãÝíåéá ôá õøçëïáðïäïôéêüôåñá öõôÜ. Ïé
óðüñïé áõôþí ôùí öõôþí áíáëýèçêáí óôá ðïéïôéêÜ ãíùñßóìáôá ôïõ ÂÜñïõò ×éëßùí Êüêêùí (Â.×.Ê.),
ôçò ÔéìÞò Êáèßæçóçò (Ô.Ê.) êáé ôçò ðåñéå÷üìåíçò åðß ôïéò% ÐñùôåÀíçò. ¼óá ðáñïõóßáæáí êáëÞ ðïéüôç-
ôá áîéïëïãïýíôáí ôçí åðüìåíç ðåñßïäï. Óå êÜèå ãåíåÜ åêôéìÞèçêå ç åðßäñáóç ôçò ôïðïèåóßáò óôá
ðïéïôéêÜ ãíùñßóìáôá ôùí åðéëåãÝíôùí ãåíïôýðùí (t-êñéôÞñéï). Óå êÜèå ôïðïèåóßá êáé ÷ñïíéÜ åêôéìÞèç-
êå ç âåëôßùóç ôùí ðïéïôéêþí ãíùñéóìÜôùí ôùí ãåíïôýðùí áðü ôéò áíôßóôïé÷åò ôïõ ìÜñôõñá (t-êñéôÞñéï),
êáèþò êáé ç âåëôßùóç ôùí ãíùñéóìÜôùí áðü ãåíåÜ óå ãåíåÜ (F-êñéôÞñéï). Ïé äçìéïõñãçèåßóåò óåéñÝò
ôçò F

5
 ãåíåÜò êáëëéåñãÞèçêáí óõã÷ñüíùò óå óõíèÞêåò ðõêíÞò óðïñÜò. Óå áõôÜ ôá äåäïìÝíá Ýãéíå

áíÜëõóç ðáñáëëáêôéêüôçôáò ãéá êÜèå ãíþñéóìá êáôÜ ðåñéï÷Þ êáé äéáôïðéêÜ. Ãéá ôçí óýãêñéóç ôùí F
5

óåéñþí åöáñìüóôçêå ôï êñéôÞñéï ôçò Å.Ó.Ä. ÂñÝèçêå üôé ïé ãåíüôõðïé ãéá ôá ðïéïôéêÜ ãíùñßóìáôá ôïõ
Â.×.Ê. êáé ôçò ðñùôåÀíçò% ôïõ êüêêïõ ðáñïõóßáóáí äéá÷ñïíïôïðéêÝò áëëçëåðéäñÜóåéò ìå ôï ðåñéâÜë-
ëïí, áíåîÜñôçôá ôçò ðõêíüôçôáò ôçò êáëëéÝñãåéáò, åíþ ç Ô.Ê. ü÷é. Ç ðñùôåÀíç% ôïõ êüêêïõ âåëôéþèçêå
óôçí F

2
 ãåíåÜ. ÖÜíçêå üôé ìå ôçí êõøåëùôÞ ìåèïäïëïãßá ï âåëôéùôÞò ìðïñåß íá åðéëÝãåé ãéá ðïéüôçôá

óôá áôïìéêÜ öõôÜ óõã÷ñüíùò ìå ôçí åðéëïãÞ ãéá áðüäïóç, åîáéôßáò ôçò ìåãÜëçò ðïóüôçôáò ôïõ ðáñáãï-
ìÝíïõ óðüñïõ. ÄçìéïõñãÞèçêáí 4 óåéñÝò âåëôéùìÝíåò óôçí áðüäïóç êáé óå üëá ôá ðïéïôéêÜ ãíùñßóìáôá.

ËÝîåéò êëåéäéÜ: ìáëáêü óéôÜñé, áðüäïóç, ðïéüôçôá, êõøåëùôÞ ìåèïäïëïãßá.

ÅéóáãùãÞ
Ç áðüäïóç åßíáé ôï ãíþñéóìá ðïõ åðçñåÜæåôáé ðåñéóóüôåñï áðü ôï ðåñéâÜëëïí Üóêçóçò ôçò åðéëïãÞò. Ç

áëëçëåðßäñáóç ãåíïôýðïõ-ðåñéâÜëëïíôïò (ã×ð) ìåéþíåé ôç ó÷Ýóç ìåôáîý ãåíïôýðïõ êáé öáéíïôýðïõ êáé
êáôÜ óõíÝðåéá ìåéþíåé êáé ôçí ðñüïäï ôçò åðéëïãÞò (Êang êáé Pham 1991). ÐáñÜëëçëá ç áðïôåëåóìáôéêüôç-
ôá ôçò åðéëïãÞò ãéá ðïéüôçôá åîáñôÜôáé êõñßùò áðü ôéò ãíþóåéò ôïõ âåëôéùôÞ ãéá ôçí áëëçëåðßäñáóç ã×ð, áëëÜ
êáé ôïõò ãåíåôéêïýò ðáñÜãïíôåò ðïõ åëÝã÷ïõí ôá ðïéïôéêÜ ãíùñßóìáôá (Kazartseva ê.á.1996).

 Ôï 1985 ïé Heinrich ê.á. ðñüôåéíáí ìåãáëýôåñïõò êáé âáñýôåñïõò óðüñïõò óáí áñ÷éêü âåëôéùôéêü óôü÷ï,
ãéáôß ôï ìåãáëýôåñï ÂÜñïò ×éëßùí Êüêêùí (Â.×.Ê.) öáßíåôáé íá óôáèåñïðïéåß ôçí óõìðåñéöïñÜ ôùí ãåíïôý-
ðùí óôá äéáöïñåôéêÜ êáé êõñßùò óôá åõíïúêÜ ðåñéâÜëëïíôá. ÏðùóäÞðïôå, áðáéôåßôáé ðåéñáìáôéóìüò êáé óôá
÷áìçëïáðïäïôéêÜ ðåñéâÜëëïíôá þóôå íá âåâáéþíåôáé ôï ðëåïíÝêôçìá ôùí ãåíïôýðùí ìå ôïõò âáñýôåñïõò
óðüñïõò êáé óå áõôÜ. Ç êëçñïíïìéêüôçôá ôïõ Â.×.Ê. äåí åðçñåÜæåôáé óçìáíôéêÜ áðü ôéò óõíèÞêåò áíÜðôõîçò
êáé ç åðéëïãÞ ôùí ðéï óçìáíôéêþí ôýðùí ìðïñåß íá áñ÷ßóåé áðü ôïõò ðñþôïõò êýêëïõò õðïóôçñßæïõí ïé
Kazartseva ìå ôïõò óõíåñãÜôåò ôçò (1996). Ïé áíáöåñüìåíïé åñåõíçôÝò âñÞêáí ãéá ôéò ãåíåÝò F

2
 êáé F

5 
ôïõò

öáéíïôõðéêïýò êáé ãåíïôõðéêïýò óõíôåëåóôÝò óõó÷Ýôéóçò ìåôáîý áðüäïóçò êáé Â.×.Ê. óçìáíôéêïýò êáé èåôé-

1 ÅÈ.É.ÁÃ.Å.-Éíóôéôïýôï Óéôçñþí 57001 ÈÝñìç-Èåóóáëïíßêç.
2 ÔìÞìá ÃåíåôéêÞò êáé Âåëôßùóçò ôùí öõôþí�Ó÷ïëÞ Ãåùôå÷íéêþí Åðéóôçìþí, ÁñéóôïôÝëåéï ÐáíåðéóôÞìéï Èåó-

óáëïíßêçò.

ÅñåõíçôéêÞ Åñãáóßá - Óåë. 26 - 35
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êïýò. Óýìöùíá ìå ôïõò Gebre-Mariam êáé Larter (1996) ï óõíôåëåóôÞò êëçñïíïìéêüôçôáò ãéá ôçí áðüäïóç
ðïõ åêôéìÞèçêå óå ôÝóóåñéò äéáóôáõñþóåéò ìáëáêïý óéôáñéïý Þôáí áðü 0,64-0,85, åíþ ï óõíôåëåóôÞò êëçñï-
íïìéêüôçôáò ãéá ôï Â.×.Ê. Þôáí áðü 0,86-0,96.

Ãéá ôçí âåëôßùóç ôùí ôå÷íïëïãéêþí éäéïôÞôùí ôïõ êüêêïõ óéôáñéïý ðïëý óçìáíôéêÞ åßíáé ç áýîçóç ôçò
ðåñéå÷üìåíçò ðñùôåÀíçò. Áí êáé ç ôéìÞ ôçò ðáñïõóéÜæåé ìåãÜëç ðáñáëëáêôéêüôçôá óôá äéÜöïñá ðåñéâÜëëï-
íôá, ï óõíôåëåóôÞò êëçñïíïìéêüôçôáò ôçò åßíáé ó÷åôéêÜ ìåãÜëïò (h=0,53-0,90), ãåãïíüò ðïõ ôçò åîáóöáëßæåé
óçìáíôéêü ãåíïôõðéêü Ýëåã÷ï (Kazartseva ê.á. 1996). Ïé Boggini ê.á. (1997) âñÞêáí ãéá ôçí ðåñéå÷üìåíç
ðñùôåÀíç, áëëçëåðéäñÜóåéò ã×ð ðñáêôéêïý åíäéáöÝñïíôïò, ü÷é üìùò êáé ãéá ôçí ôéìÞ êáèßæçóçò. Ïé Kazartseva
ê.á. (1996) èåùñïýí üôé ç áîéïëüãçóç ôùí äéáóôáõñþóåùí ìðïñåß íá áñ÷ßóåé áðü ôçí F

2
, ìå áðïìÜêñõíóç ôùí

ãåíïôýðùí ìå ÷áìçëÞ ðñùôåÀíç êáé íá óõíå÷éóèåß óôçí F
3
 ìå åðéëïãÞ ôùí ãåíïôýðùí ìå õøçëÞ ðñùôåÀíç. Ïé

Gebre-Mariam êáé Larter (1996) åðéëÝãïíôáò ãéá áðüäïóç êáé ðïéüôçôá óå ôÝóóåñéò äéáóôáõñþóåéò ìáëáêïý
óéôáñéïý ðáñáôÞñçóáí ìåßùóç ôïõ äéáöïñéêïý åðéëïãÞò êáôÜ ðåñßðïõ 50%, üôáí ç åðéëïãÞ âáóßæïíôáí óôçí
ðñùôåÀíç. Áðüäïóç êáé ðåñéå÷üìåíç ðñùôåÀíç óõó÷åôßæïíôáí áñíçôéêÜ (r=-0,51** Ýùò -0,87**) óå üëåò ôéò
äéáóôáõñþóåéò. Ìå ôá ðáñáðÜíù óõìöùíïýí êáé ïé Chapman êáé McNeal (1970), Diehl ê.á. (1978) êáé
Cowley êáé Wells (1980).

Áðü áõôÜ ðïõ áíáöÝñèçêáí ðáñáðÜíù, öáßíåôáé üôé ôï ðåñéâÜëëïí áóêåß åðßäñáóç óôçí åðéëïãÞ ãéá
ðïéüôçôá, ìéêñüôåñç üìùò áðü áõôÞí ðïõ áóêåß ãéá ôçí áðüäïóç. ÐÜíôùò ôáõôü÷ñïíç åðéëïãÞ ãéá õøçëÞ
ðåñéå÷üìåíç ðñùôåÀíç êáé õøçëÞ áðüäïóç öáßíåôáé ðïëý äýóêïëç. Áíôßèåôá åðéëïãÞ ãéá ôçí ðïéüôçôá ôçò
ðåñéå÷üìåíçò ðñùôåÀíçò êáé ôï Â.×.Ê. ìðïñåß íá åßíáé áðïôåëåóìáôéêÞ.

Óêïðüò ôçò åñãáóßáò áõôÞò Þôáí ç ìåëÝôç:1) ôçò äõíáôüôçôáò ôáõôü÷ñïíçò åðéëïãÞò áðü ôéò ðñþôåò ãåíåÝò
ìáëáêïý óéôáñéïý ãéá áðüäïóç êáé ðïéüôçôá óå äõï ôïðïèåóßåò ðïõ äéÝöåñáí ùò ðñïò ôï pH åäÜöïõò êáé 2)
ôçò åðßäñáóçò ôïõ åäáöéêïý ôýðïõ óå êÜèå ðïéïôéêü ãíþñéóìá êáé ôçò óçìáóßáò ôïõ êáôÜ ôçí åðéëïãÞ.

ÕëéêÜ êáé ÌÝèïäïé
Ç F

1
 ãåíåÜ 20 äéáóôáõñþóåùí ìáæß ìå ôïõò ãïíåßò óðÜñèçêå óå ïõäÝôåñï Ýäáöïò. Ïé ãñáììÝò Þôáí ôïõ

1ì. ìå áðüóôáóç óðïñÜò åðß ôçò ãñáììÞò 33,5åê. êáé ìåôáîý ôùí ãñáììþí 50åê. Ï áñéèìüò öõôþí êÜèå
äéáóôáýñùóçò êõìáéíüôáí áðü 22-35. Ïé óðüñïé ôùí öõôþí áðü êÜèå äéáóôáýñùóç Ýãéíáí ìßãìá ðïõ áîéïëï-
ãÞèçêå óôá ðïéïôéêÜ ãíùñßóìáôá ôïõ ÂÜñïõò ×éëßùí Êüêêùí (Â.×.Ê.), ôçò ÔéìÞò Êáèßæçóçò (Ô.Ê.) êáé ôçò
ðñùôåÀíçò åðß ôïéò% êáé óôç óõíÝ÷åéá ÷ñçóéìïðïéÞèçêå ùò ðåéñáìáôéêü õëéêü óôçí F

2
 ãåíåÜ. Ç F

2
 ãåíåÜ

áîéïëïãÞèçêå óå åðáíáëáìâáíüìåíï êõøåëùôü ðåßñáìá (R-21) (Fasoulas êáé Fasoula 1995) óå äõï ðåñéâÜë-
ëïíôá Ýíá ïõäÝôåñï (pH=7,4) êáé Ýíá üîéíï (pH=5,0). Ïé áðüãïíïé ôùí äõï õøçëïáðïäïôéêüôåñùí äéáóôáõ-
ñþóåùí áîéïëïãÞèçêáí áðïõóßá áíôáãùíéóìïý óôéò åðüìåíåò ãåíåÝò F

3
, F

4 
(R-49) êáé F

5 
(R-39) óôá ßäéá

ðåñéâÜëëïíôá. Ç ðïéêéëßá Á÷åëþïò Þôáí êïéíüò ãïíÝáò óôéò äõï äéáóôáõñþóåéò êáé åðåéäÞ Ý÷åé áíþôåñç
ðïéüôçôá, ÷ñçóéìïðïéÞèçêå ùò ìÜñôõñáò óå üëåò ôéò ãåíåÝò. Ç áðüóôáóç ìåôáîý ôùí öõôþí óôá êõøåëùôÜ
Þôáí 1ì., þóôå íá ðåñéïñéóèïýí ôá áðïôåëÝóìáôá ôïõ áíôáãùíéóìïý êáé íá ìåãéóôïðïéçèåß ç öáéíïôõðéêÞ
äéáöïñïðïßçóç êáé Ýêöñáóç. (Kyriakou êáé Fasoulas 1985). Óôéò ãåíåÝò F

2
-F

5
 ç ãåíåáëïãéêÞ êõøåëùôÞ

åðéëïãÞ åöáñìüóôçêå ìå Ýíôáóç áðü 0,8% Ýùò 14,3%, ðñïêåéìÝíïõ ôá áðïãïíéêÜ öõôÜ íá óõíäõÜæïõí
áðüäïóç êáé ðïéüôçôá. Ç äéáäéêáóßá ðïõ áêïëïõèÞèçêå Þôáí ç åîÞò: Óå êÜèå ãåíåÜ ôá õøçëïáðïäïôéêÜ öõôÜ
ðïõ åðéëÝãïíôáí, åîåôÜæïíôáí óôá ôñßá ðáñáðÜíù ðïéïôéêÜ ãíùñßóìáôá. Ïé óðüñïé ôùí öõôþí ðïõ ðáñïõóß-
áæáí éêáíïðïéçôéêÞ ðïéüôçôá ðáñÝìåíáí ãéá ðåñáéôÝñù áîéïëüãçóç óôï åðüìåíï Ýôïò.

Ïé ìÝèïäïé ðïõ åöáñìüóôçêáí ãéá ôá ðïéïôéêÜ ãíùñßóìáôá Þôáí ïé óõíÞèåéò ðïõ åöáñìüæïíôáé óôïí
ðïéïôéêü Ýëåã÷ï ôùí ðïéêéëéþí ðïõ óõììåôÝ÷ïõí óôá ðåéñÜìáôá áðïäüóåùí ôïõ Éíóôéôïýôïõ Óéôçñþí (Â.
Ðáôôáêïý ê.á. 1986). Áíáëõôéêüôåñá: Ôï Â.×.Ê. ðñïóäéïñßóôçêå ìå ìÝôñçóç 200 õãéþí êüêêùí, æýãéóç êáé
áíáãùãÞ %. Ôï Â.×.Ê. èåùñåßôáé óõóôáôéêü ôçò áðüäïóçò êáé ëáìâÜíåôáé õðüøç óôçí åñìçíåßá ôçò ðïéüôç-
ôáò, ãéáôß äåß÷íåé ôçí èñÝøç ôùí óðüñùí êáé ó÷åôßæåôáé ìå ôï ðñùôåúíéêü ðåñéå÷üìåíï. Ôï ðñùôåúíéêü ðåñéå-
÷üìåíï ðñïóäéïñßæåôáé ìå ôç ìÝèïäï Kjeldahl (Í×5,7). Ç ðñùôåÀíç åßíáé âáóéêü ðïéïôéêü êñéôÞñéï, ãéáôß
ðñïóäéïñßæåé ôï ðëÝãìá óôçí êõøåëùôÞ äïìÞ ôïõ øùìéïý êáé áðïôåëåß ôï êýñéï óôïé÷åßï óôçí åêôßìçóç ôçò
áñôïðïéçôéêÞò éêáíüôçôáò ôùí ìáëáêþí óôáñéþí. Ç ôéìÞ êáèßæçóçò (Zeleny test) õðïëïãßóôçêå ìå ôçí standard
ICC Íï 116 ìÝèïäï. Ç áñ÷Þ ôçò ìåèüäïõ óôçñßæåôáé óôçí éêáíüôçôá ôùí ðñùôåúíþí íá äéïãêþíïíôáé óå ìßãìá
ãáëáêôéêïý ïîÝïò-éóïðñïðáíüëçò êáôÜ âáèìü áíÜëïãï ìå ôçí ðïéüôçôá ôïõò. Ãéá ôï ëüãï áõôü ï äåßêôçò
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áðïôåëåß ôï ìÝôñï ôçò ðïéüôçôáò ôùí ðñùôåúíþí. Êáëü åßíáé íá åñìçíåýåôáé ðÜíôá óå óõíÜñôçóç ìå ôï
ðñùôåúíéêü ðåñéå÷üìåíï, ãéáôß êáôÜ Ýíá ìÝñïò ï âáèìüò äéüãêùóçò åîáñôÜôáé êáé áðü ôçí ðïóüôçôá ôùí
ðñùôåúíþí.

Ï Ýëåã÷ïò ôùí ðïéïôéêþí ãíùñéóìÜôùí ôùí óåéñþí ðïõ äçìéïõñãÞèçêáí Ýãéíå óå óõíèÞêåò ðõêíÞò
óðïñÜò. ÅãêáôáóôÜèçêáí äýï ðåéñáìáôéêïß, Ýíáò óå êÜèå åäáöéêü ôýðï, ìå åöáñìïãÞ ôïõ ó÷åäßïõ ðëÞñåéò
ôõ÷áéïðïéçìÝíåò ïìÜäåò (RCB). Ïé ðáñÜãïíôåò ôïõ ðåéñÜìáôïò Þôáí 21, ï áñéèìüò åðáíáëÞøåùí 3. Ôï
ðåéñáìáôéêü ôåìÜ÷éï áðïôåëïýíôáí áðü 5 ãñáììÝò, ìÞêïõò 4 ìÝôñùí, ìå áðüóôáóç ìåôáîý ôùí ãñáììþí
0,25åê. êáé óóõãêïìßæïíôáí ïé 3 ìåóáßåò. Ç ðõêíüôçôá ôùí ðåéñáìáôéêþí ôåìá÷ßùí Þôáí 500.000/óôñÝììá.
Ðåéñáìáôéêü õëéêü áðïôåëïýóáí 18 F

5
 óåéñÝò, ï óðüñïò ôùí ïðïßùí ðñïÞëèå áðü éóüðïóï ìßãìá üëùí ôùí

áôïìéêþí öõôþí ôùí áíôßóôïé÷ùí F
4 
ïéêïãåíåéþí êáé áðü ôéò äýï ôïðïèåóßåò. Ïé õðüëïéðïé ðáñÜãïíôåò Þôáí

ôñåéò ìÜñôõñåò. Ïé äýï ãïíåßò ôùí äéáóôáõñþóåùí, ðïéêéëßåò Á÷åëþïò êáé ×ßïò, êáé ç ðïéêéëßá Âåñãßíá ðïõ
åßíáé ç ðëÝïí åõñÝùò êáëëéåñãçìÝíç óÞìåñá ðïéêéëßá óôç ÷þñá ìáò.

Ôá äåäïìÝíá áíáëýèçêáí óôáôéóôéêÜ, üðùò áíáöÝñåôáé ðáñáêÜôù.
1) Óôá ðåéñÜìáôá áðïõóßáò áíôáãùíéóìïý, Ýãéíå: á) Ýëåã÷ïò ôçò åðßäñáóçò ôïõ ðåñéâÜëëïíôïò óôá

ðïéïôéêÜ ãíùñßóìáôá ôùí åðéëåãÝíôùí ãåíïôýðùí ìå ôï t-êñéôÞñéï (óýãêñéóç ôùí ìÝóùí üñùí ôïõò, ãéá
äåßãìáôá ìéêñÜ, áíåîÜñôçôá ìå äéáöïñåôéêÝò äéáêõìÜíóåéò). â) Ýëåã÷ïò ôçò õðåñï÷Þò ôùí ðïéïôéêþí ãíùñé-
óìÜôùí ôùí åðéëåãÝíôùí öõôþí áðü ôá áíôßóôïé÷á ôïõ ìÜñôõñá (Á÷åëþïò) ìå ôï t-êñéôÞñéï (óýãêñéóç ôïõ
ìÝóïõ üñïõ ìå ãíùóôü áñéèìü, Öáóïýëáò 1979). ã) Ýëåã÷ïò ôçò âåëôßùóçò ôùí ðïéïôéêþí ãíùñéóìÜôùí áðü
ãåíåÜ óå ãåíåÜ ìå ôï F-êñéôÞñéï (óýãêñéóç ôùí äéáêõìÜíóåùí ôïõ êÜèå ãíùñßóìáôïò áíÜ äõï äéáäï÷éêÝò
ãåíåÝò, ãéá êÜèå ðåñéâÜëëïí).

2) Óôá ðåéñÜìáôá ðõêíÞò óðïñÜò Ýãéíå áíÜëõóç ðáñáëëáêôéêüôçôáò ãéá êÜèå ãíþñéóìá êáôÜ ðåñéï÷Þ êáé
äéáôïðéêÜ. Ãéá ôçí óýãêñéóç ôùí F

5 
óåéñþí åöáñìüóôçêå ôï êñéôÞñéï ôçò ÅëÜ÷éóôçò ÓçìáíôéêÞò ÄéáöïñÜò

(Å.Ó.Ä.) Ãéá ôéò ðáñáðÜíù áíáëýóåéò ÷ñçóéìïðïéÞèçêå ôï óôáôéóôéêü ðáêÝôï M-STATC.

ÁðïôåëÝóìáôá êáé ÓõæÞôçóç
Ïé ôéìÝò ôùí ðïéïôéêþí ãíùñéóìÜôùí ôùí åðéëåãÝíôùí áôïìéêþí öõôþí óå êÜèå ãåíåÜ êáé ôïðïèåóßá

ðáñïõóéÜæïíôáé óôá ó÷Þìáôá 1, 2 êáé 3 åðß ôïéò% ôùí ôéìþí ôïõ ìÜñôõñá. Áðü ôá ó÷Þìáôá öáßíåôáé üôé ïé ôéìÝò
ôùí ôñéþí ðïéïôéêþí ãíùñéóìÜôùí åðçñåÜæïíôáé áðü ôïí åäáöéêü ôýðï. Éäéáßôåñá ïé ôéìÝò ôçò Ô.Ê. êáé ôçò
ðñùôåÀíçò% ðáñïõóßáæáí ìåãÜëç äéáêýìáíóç áðü ãåíåÜ óå ãåíåÜ êáé óôéò äõï ôïðïèåóßåò, åíþ ôï Â.×.Ê.
ìüíï óôï ïõäÝôåñï Ýäáöïò. Ôá áðïôåëÝóìáôá óõìöùíïýí ìå áõôÜ ôùí Ñeterson ê.á. (1992), ðïõ ôïíßæïõí ôçí
åðßäñáóç ôïõ åäáöéêïý ôýðïõ óôéò ôéìÝò ôùí ðïéïôéêþí ãíùñéóìÜôùí. Ãéá ôïí ëüãï áõôü, ïé Baenziger ê.á.
(1985) õðïóôçñßæïõí üôé ç áîéïëüãçóç ãéá ðïéüôçôá óôéò ðñþôåò ãåíåÝò ðñÝðåé íá ãßíåôáé óå ìéá ôïðïèåóßá.
ÊáôÜ ôç óýãêñéóç ôùí ôéìþí ôùí ðïéïôéêþí ãíùñéóìÜôùí ôïõ äéáóðþìåíïõ ãåíåôéêïý õëéêïý ìå ôéò áíôßóôïé-
÷åò ôéìÝò ôïý ìÜñôõñá (Bush ê.á. 1969, McGuire êáé McNeal 1974), äåí ðáñïõóéÜæåôáé ç ßäéá êáôÜóôáóç
(õðåñï÷Þò Þ õóôÝñçóçò) áðü ãåíåÜ óå ãåíåÜ óå êáìßá ôïðïèåóßá êáé ãéá êáíÝíá ãíþñéóìá (ó÷. 1, 2 êáé 3).
Ç óýãêñéóç üìùò áõôÞ ìðïñåß íá åßíáé ÷ñÞóéìç êáôÜ ôçí äéáëïãÞ ôïõ ãåíåôéêïý õëéêïý êáé åßíáé óêüðéìï íá
åöáñìüæåôáé (ìå áðüññéøç ôùí ãåíïôýðùí ðïõ ðáñïõóéÜæïõí ÷áìçëÝò ôéìÝò óôá ðïéïôéêÜ ôïõò ãíùñßóìáôá).

¼óïí áöïñÜ ôéò äéáöïñåôéêÝò ôéìÝò ôùí ðïéïôéêþí ãíùñéóìÜôùí áðü ãåíåÜ óå ãåíåÜ (Ó÷.1-3 êáé Ðßí.II-
IV) ðéèáíüí íá ïöåßëïíôáé óôéò äéáöïñåôéêÝò êëéìáôéêÝò óõíèÞêåò ôçò êÜèå êáëëéåñãçôéêÞò ðåñéüäïõ. Ïé
âñï÷ïðôþóåéò ôïõ Áðñéëßïõ åßíáé êñéôéêÝò ãéá ôçí áðüäïóç ôïõ ìáëáêïý óéôáñéïý, åíþ áõôÝò ôïõ Éïõíßïõ
åðçñåÜæïõí ôéò ôéìÝò ôùí ðïéïôéêþí ãíùñéóìÜôùí (Ðéí.I). Ï Fowler (1975) âñÞêå óçìáíôéêÝò áëëçëåðéäñÜ-
óåéò ôïõ ÷ñüíïõ ìå ðïéêßëá ðïéïôéêÜ ãíùñßóìáôá.

Áíáëõôéêüôåñá ãéá ôï Â.×.Ê (ðßíáêáò II), ðáñáôçñïýíôáé õøçëüôåñåò ôéìÝò óôï üîéíï Ýäáöïò (F
3
-F

5
).

Áêüìç óôçí ðáñáðÜíù ôïðïèåóßá öáßíåôáé íá õðÜñ÷åé óçìáíôéêÞ õðåñï÷Þ ôùí åðéëåãÝíôùí öõôþí áðü ôïí
ìÜñôõñá áðü ôçí F

3 
Ýùò ôçí F

5 
ãåíåÜ (ó÷Þìá 1). ¼óïí áöïñÜ ôï ïõäÝôåñï Ýäáöïò ðáñáôçñåßôáé üôé åíþ ç F

1

ãåíåÜ Þôáí åöÜìéëëç ôïõ ìÜñôõñá, ôá åðéëåãÝíôá öõôÜ ôçò F
2
, õðåñôåñïýóáí áðü áõôüí. H õðåñï÷Þ áõôÞ

äéáôçñÞèçêå óôéò åðüìåíåò ãåíåÝò, åîáéñïõìÝíçò ôçò F
3
 üðïõ ç áëëçëåðßäñáóç ìå ôï ðåñéâÜëëïí öáßíåôáé

ðïëý ìåãáëýôåñç åî áéôßáò ôùí êëéìáôéêþí óõíèçêþí (ðßí.I) Áõôü åßíáé öõóéïëïãéêÞ óõíÝðåéá ôùí îçñïèåñ-
ìéêþí óõíèçêþí ðïõ åðåêñÜôçóáí óôç ãåíåÜ áõôÞ, ãéáôß, üðïõ ç õãñáóßá êáé ç èåñìïêñáóßá åßíáé ðåñéïñé-
óôéêïß ðáñÜãïíôåò ãéá ôçí èñÝøç ôïõ êüêêïõ, ç áðüäïóç êáé ôï Â.×.Ê. ìåéþíïíôáé (Ehdaie êáé Waines, 1988).
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Ïé õøçëüôåñåò ôéìÝò óôï üîéíï Ýäáöïò, ðéèáíüí íá ïöåßëïíôáé óôç êáôáðüíçóç áðü íåñü. Ïé Sawant êáé Jain
(1996) áíáöÝñïõí üôé ïé åðéëïãÝò áôïìéêþí öõôþí ãéá õøçëÞ ôéìÞ Â.×.Ê. Þôáí ðéï áðïôåëåóìáôéêÝò óå
óõíèÞêåò êáôáðüíçóçò áðü íåñü. ÔåëéêÜ óôçí F

5
 ãåíåÜ ôá åðéëåãÝíôá öõôÜ ðáñïõóßáæáí óçìáíôéêÜ õøçëü-

ôåñåò ôéìÝò áðü ôïí ìÜñôõñá êáé óôá äõï ðåñéâÜëëïíôá. ÄéáöïñÝò äåí åìöáíßæïíôáé ìåôáîý ôùí äéáäï÷éêþí
ãåíåþí ùò ðñïò ôï Â.×.Ê. óå êáìßá áðü ôéò äýï ôïðïèåóßåò (s2ìç óçìáíôéêü, ðßíáêáò II). Áõôü óçìáßíåé üôé ôï
ãíþñéóìá áõôü äåí âåëôéþèçêå óå ó÷Ýóç ìå ôï áñ÷éêü õëéêü (F

1
) áëëÜ ïé äéáöïñåôéêÝò ôéìÝò ôïõ Þôáí áðïôÝ-

ëåóìá ôçò áëëçëåðßäñáóçò ìå ôï Ýôïò.

Ðßíáêáò I. Ç âñï÷üðôùóç óå mm âñï÷Þò óôéò ðÝíôå êáëëéåñãçôéêÝò ðåñéüäïõò.

ÃåíåÝò ÍïÝì. ÄåêÝ. Éáíïõ. Öåâñ. ÌÜñô. Áðñß. ÌÜéïò Éïýíé. Óýíïë.

F
1

107,0 31,0 0,0 0,0 29,5 20,5 20,0 102,0 310,0
F

2
36,0 30,0 6,0 30,0 26,0 55,0 75,0 40,0 298,0

F
3

34,0 40,0 23,5 11,5 29,5 13,5 74,5 43,0 269,5
F

4
60,5 25,0 71,5 57,0 8,0 62,0 58,5 0,0 342,5

F
5

53,0 62,5 46,0 11,0 27,0 3,5 40,0 16,0 259,0

Ó÷Þìá 1. Ïé ôéìÝò ôïõ Â.×.Ê.
ôùí åðéëåãÝíôùí óå êÜèå
ãåíåÜ áôïìéêþí öõôþí å-
ðß ôïéò% ôïõ ìÜñôõñá óôéò
äõï ôïðïèåóßåò.
* Ó.Ó.Ä. óôï åðßðåäï 1%

Ðßíáêáò II. ÌÝóïé üñïé êáé ôõðéêÝò áðïêëßóåéò ôïõ ÂÜñïõò ×éëßùí Êüêêùí óôïõò óðüñïõò ôùí åðéëåãÝíôùí
ãåíïôýðùí óôéò ðÝíôå ðñþôåò ãåíåÝò áðïõóßá áíôáãùíéóìïý êáôÜ ôïðïèåóßá åðéëïãÞò êáé ïé ôéìÝò ôïõ ìÜñôõñá.

Â Á Ñ Ï Ó       1 0 0 0       Ê Ï Ê Ê Ù Í

Ô ï ð ï è å ó ß á

ÃåíåÝò Á-Ï õ ä Ý ô å ñ ï Â-¼ î é í ï

N 8 Ìáñô. S2 n 8 Ìáñô. S2

F
1

20 36,2 ns 36,0 9,61 á
F

2
29 44,5 *** 36,2 8,29 á 17 43,7 *** 36,7 16,97 á

F
3

24 32,9 38,0 *** 10,95 á 20 35,7 *** 32,0 9,24 á
F

4
18 35,2 *** 28,0 10,36 á 18 38,2 *** 31,0 5,24 á

F
5

16 42,4 * 37,0 11,28 á 16 44,2 *** 36,0 6,25 á

* Ó.Ó.Ä. óôï åðßðåäï 5% *** Ó.Ó.Ä. óôï åðßðåäï 10/
00
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Ïé õøçëüôåñåò ôéìÝò óôçí Ô.Ê. (ðßíáêáò III) ðáñáôçñÞèçêáí óôï üîéíï Ýäáöïò óå üëåò ó÷åäüí ôéò äéáäï-
÷éêÝò ãåíåÝò. Áêüìç ðáñïõóéÜóôçêå óçìáíôéêÞ õðåñï÷Þ ôùí åðéëåãÝíôùí öõôþí áðü ôïí ìÜñôõñá óå üëåò ôéò
ãåíåÝò, åêôüò ôçò F

3
, óôï üîéíï Ýäáöïò (ó÷Þìá 2). ¼óïí áöïñÜ ôï ïõäÝôåñï Ýäáöïò ðáñáôçñåßôáé üôé åíþ

óôçí F
1
 ãåíåÜ ôá õëéêÜ äåí õðåñôåñïýóáí ôïõ ìÜñôõñá, óôéò ëïéðÝò ãåíåÝò, åîáéñïõìÝíçò ôçò F

4, 
ðáñïõóéÜ-

óèçêå óçìáíôéêÞ õðåñï÷Þ ôùí õëéêþí. ÔåëéêÜ óôçí F
5
 ãåíåÜ ôá õëéêÜ ðáñïõóßáæáí óçìáíôéêÜ õðÝñôåñåò

ôéìÝò Ýíáíôé ôïõ ìÜñôõñá. Äåí åìöáíßæïíôáé äéáöïñÝò ìåôáîý ôùí äéáäï÷éêþí ãåíåþí ùò ðñïò ôçí Ô.Ê. óôï
üîéíï Ýäáöïò, åíþ óôï ïõäÝôåñï ç F

5
 ãåíåÜ õóôåñïýóå. ÄçëáäÞ êáé áõôü ôï ãíþñéóìá äåí öáßíåôáé íá

âåëôéþèçêå óå ó÷Ýóç ìå ôï áñ÷éêü õëéêü (F
1
) áëëÜ ïé äéáöïñåôéêÝò ôéìÝò ôïõ Þôáí áðïôÝëåóìá ôçò áëëçëåðß-

äñáóçò ìå ôï Ýôïò. Ç Ô.Ê. áíôáíáêëÜ ôçí ðïéüôçôá ôçò ðñùôåÀíçò êáé ôï äõíáìéêü ôïõ ãåíïôýðïõ ãéá éêáíï-
ðïéçôéêü üãêï øùìéïý, ãé� áõôü áí êáé äåí åìöáíßæïíôáé äéáöïñÝò ìåôáîý ôùí äéáäï÷éêþí ãåíåþí, ç áîéïëü-
ãçóç ôçò áðü ôéò ðñþôåò ãåíåÝò èåùñåßôáé ÷ñÞóéìç, åéäéêÜ óå F

3
 ðëçèõóìïýò üðïõ õðÜñ÷åé ìåãÜëç ðáñáëëá-

êôéêüôçôá (Gebre-Mariam êáé Larter, 1996).

Ðßíáêáò III. ÌÝóïé üñïé êáé ôõðéêÝò áðïêëßóåéò ôçò ÔéìÞò Êáèßæçóçò óôïõò óðüñïõò ôùí åðéëåãÝíôùí ãåíïôýðùí
óôéò ðÝíôå ðñþôåò ãåíåÝò áðïõóßá áíôáãùíéóìïý êáôÜ ôïðïèåóßá åðéëïãÞò êáé ïé ôéìÝò ôïõ ìÜñôõñá.

Ô É Ì Ç Ê Á È É Æ Ç Ó Ç Ó

Ô ï ð ï è å ó ß á

ÃåíåÝò Á-Ï õ ä Ý ô å ñ ï Â-¼ î é í ï

n 8 Ìáñô. S2 n 8 Ìáñô. S2

F
1

20 32,9 ns 33,0 28,09
F

2
29 27,5 * 25,0 33,29 á 17 31,6 ** 26,0 41,47 á

F
3

24 43,7 *** 37,0 20,88 á 20 43,7 ns 46,0 34,45 á
F

4
18 41,2 48,0 *** 26,01 á 18 49,4 *** 32,0 31,73 á

F
5

16 39,4 * 34,0 92,54 â 16 43,2 *** 30,0 23,52 á

* Ó.Ó.Ä. óôï åðßðåäï 5% * Ó.Ó.Ä. óôï åðßðåäï 1% ** Ó.Ó.Ä. óôï åðßðåäï 10/
00

Ó÷Þìá 2. Ïé ôéìÝò ôçò Ô.Ê. ôùí åðéëåãÝíôùí óå êÜèå
ãåíéÜ öõôþí åðß ôïéò% ôïõ ìÜñôõñá óôéò äõï ôïðïèå-
óßåò. * Ó.Ó.Ä. óôï åðßðåäï 1%

Ó÷Þìá 3. Ïé ôéìÝò ôçò ðñùôåÀíçò% ôùí åðéëåãÝ-
íôùí óå êÜèå ãåíåÜ öõôþí åðß ôïéò% ôïõ ìÜñ-
ôõñá óôéò äõï ôïðïèåóßåò. * Ó.Ó.Ä. óôï åðßðå-
äï 1%
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¼óïí áöïñÜ ôçí ôéìÞ ôçò ðñùôåÀíçò% ôá áðïôåëÝóìáôá ðáñïõóéÜæïíôáé ðáñüìïéá óôç äéáöïñïðïßçóç
ôùí äýï ôïðïèåóéþí êáé ôï üîéíï Ýäáöïò ðáñïõóéÜæåé õøçëüôåñåò ôéìÝò (ðßíáêáò IV êáé ó÷Þìá 3). Ôï õëéêü
åêêßíçóçò äåí ðáñïõóßáæå äéáöïñÜ áðü ôïí ìÜñôõñá, áëëÜ õóôåñïýóå áðü áõôüí óôçí F

2 
ãåíåÜ êáé óôá äýï

ðåñéâÜëëïíôá. Óôéò äýï åðüìåíåò ãåíåÝò (F
3, 

F
4
) õðåñôåñïýóå ôïõ ìÜñôõñá åíþ óôçí F

5 
ãåíåÜ äåí ðáñïõóßáóå

äéáöïñÝò áðü áõôüí. Ïé óõãêñßóåéò ìåôáîý ôùí äéáäï÷éêþí ãåíåþí Ýäåéîáí üôé ôï ãíþñéóìá âåëôéþèçêå óå
ó÷Ýóç ìå ôï áñ÷éêü õëéêü ðáñÜ ôï üôé óôá áôïìéêÜ öõôÜ üóï ìåãáëþíåé ç áðüäïóç óå êáñðü ôüóï ìåéþíåôáé ç
ðåñéå÷üìåíç ðñùôåÀíç ôïõ êüêêïõ (Hanuold ê.á. 1962). Ïé ðáñïõóéáæüìåíåò äéáöïñåôéêÝò ôéìÝò ôïõ ãíùñß-
óìáôïò óôéò ãåíåÝò F

2
-F

5
 Þôáí áðïôÝëåóìá ôçò áëëçëåðßäñáóçò ìå ôï Ýôïò, ìå ôï ïðïßï óõìöùíïýí êáé ïé

Boggini ê.á. (1997). Ç áëëçëåðßäñáóç áõôÞ ðéèáíüí íá ó÷åôßæåôáé ìå ôçí ôáõôü÷ñïíç âåëôßùóç ãéá õøçëÞ
áðüäïóç êáé ðñùôåÀíç, ãéáôß ç ðñùôåÀíç ôïõ êüêêïõ êëçñïíïìåßôáé ðïóïôéêÜ êáé åðçñåÜæåôáé áðü ôïõò
ðåñéâáëëïíôéêïýò ðáñÜãïíôåò (Nïaman ê.á. 1990). Ïé Kibite êáé Evans (1987) âñÞêáí áñíçôéêÝò óõó÷åôßóåéò
ìåôáîý ôùí äýï ãíùñéóìÜôùí ôéò ïðïßåò áðÝäùóáí óôçí áëëçëåðßäñáóç ã×ð. Ïìïßùò ïé Perenzin ê.á. (1992)
áíáöÝñïõí õøçëïýò óõíôåëåóôÝò óôéò ðåñéâáëëïíôéêÝò óõó÷åôßóåéò ìåôáîý áðüäïóçò êáé ðåñéå÷üìåíçò ðñù-
ôåÀíçò. Íåþôåñåò Ýñåõíåò Ýäåéîáí üôé äåí õðÜñ÷ïõí ãåíåôéêÝò óõó÷åôßóåéò ìåôáîý ôïõò (Noaman êáé Taylor
1990, Tsenov êáé Stoyanova 1996). ÅðïìÝíùò ôá äýï ãíùñßóìáôá êëçñïíïìïýíôáé ðéèáíüí áíåîÜñôçôá.
ÐÜíôùò ç áðüäïóç óå êáñðü êáé ç ðåñéå÷üìåíç ðñùôåÀíç ôïõ êüêêïõ óõó÷åôßæïíôáé áñíçôéêÜ óôï ìáëáêü
óéôÜñé Costa êáé Kronstad (1994), êáé ìÜëéóôá ïé ãåíïôõðéêÝò óõó÷åôßóåéò åßíáé ìåãáëýôåñåò áðü ôéò öáéíïôõ-
ðéêÝò.

Ç áíÜëõóç ðáñáëëáêôéêüôçôáò (ðßíáêáò VI) äåß÷íåé üôé ôá ãíùñßóìáôá ôïõ Â.×.Ê. êáé ôçò ðñùôåÀíçò%
ôïõ êüêêïõ ðáñïõóßáóáí áëëçëåðéäñÜóåéò ìå ôï ðåñéâÜëëïí ôçò êÜèå ôïðïèåóßáò. Ôá áðïôåëÝóìáôá áõôÜ
óõìöùíïýí ìå ôá áíáöåñüìåíá ðáñáðÜíù ùò ðñïò ôçí åðßäñáóç ôïõ ðåñéâÜëëïíôïò óôá ðïéïôéêÜ ãíùñßóìá-
ôá ôïõ Â.×.Ê. êáé ôçò ðñùôåÀíçò% ôùí áôïìéêþí öõôþí. Ïé åñåõíçôÝò Faridi êáé Finley (1989) áíáöÝñïõí ôçí
ðáñáëëáêôéêüôçôá ôïõ ðåñéâÜëëïíôïò ùò ôïí óçìáíôéêüôåñï ðáñÜãïíôá ðïõ åðçñåÜæåé óõíÞèùò ôá ðïéïôéêÜ
ãíùñßóìáôá ôïõ óéôáñéïý.

Ãéá ôïí ðñïóäéïñéóìü ôçò ðïéüôçôáò ôùí óåéñþí ðïõ äçìéïõñãÞèçêáí, ôá ôñßá ãíùñßóìáôá åëÞöèçóáí
õðüøç åíéáßá ãéá êÜèå óåéñÜ, äéüôé ðïëý õøçëÝò ôéìÝò êáèßæçóçò êáé ðåñéå÷üìåíçò ðñùôåÀíçò ÷ùñßò áíôßóôïé-
÷ç õøçëÞ ôéìÞ Â.×.Ê., óõíÞèùò õðïäçëþíåé êáêÞ èñÝøç êáé ëéóâüôçôá ôïõ êüêêïõ. Óå ó÷Ýóç ìå ôï ìÜñôõñá
Âåñãßíá, ðïõ õóôåñåß óå ðïéüôçôá, üëåò ïé äçìéïõñãçèåßóåò F

5
 óåéñÝò õðåñôåñïýí óçìáíôéêÜ. Óå ó÷Ýóç ìå ôï

ìÜñôõñá Á÷åëþï, ðïõ ðáñïõóéÜæåé áíþôåñç ðïéüôçôá, Þôáí äå êïéíüò ìÜñôõñáò êáé óôá ðåéñÜìáôá áðïõóßá
áíôáãùíéóìïý, ðïëëÝò óåéñÝò ðáñïõóéÜæïõí äéáôïðéêÜ åöÜìéëëç ðïéüôçôá. Áðü ôéò äéáôïðéêÝò ôéìÝò ôùí ôñéþí
ãíùñéóìÜôùí ôùí Ýîç õøçëïáðïäïôéêüôåñùí óåéñþí (ðßíáêáò V êáé VII) öáßíåôáé üôé ôï Â.×.Ê. åßíáé âåëôéù-
ìÝíï Ýíáíôé ôïõ Á÷åëþïõ. ÅðåéäÞ ïé ãïíåßò äéÝöåñáí óçìáíôéêÜ ìüíï óôï Â.×.Ê., åßíáé ðéèáíüí ïé íÝåò
óåéñÝò íá êëçñïíüìçóáí ôï ãíþñéóìá áðü ôç ìçôÝñá (Â.×.Ê.×ßïõ=43,2), êáèþò åßíáé ãíùóôü üôé Ý÷åé õøçëü
óõíôåëåóôÞ êëçñïíïìéêüôçôáò, h=0,86-0,96 (Gebre-Mariam êáé Larter 1996). Ôï Â.×.Ê. Ý÷åé ìåãáëýôåñï

Ðßíáêáò IV. ÌÝóïé üñïé êáé ôõðéêÝò áðïêëßóåéò ôçò ðñùôåÀíçò% óôïõò óðüñïõò ôùí åðéëåãÝíôùí ãåíïôýðùí óôéò
ðÝíôå ðñþôåò ãåíåÝò áðïõóßá áíôáãùíéóìïý êáôÜ ôïðïèåóßá åðéëïãÞò êáé ïé ôéìÝò ôïõ ìÜñôõñá.

Ð Ñ Ù Ô Å É Í Ç %

Ô ï ð ï è å ó ß á

ÃåíåÝò Á-Ï õ ä Ý ô å ñ ï Â-¼ î é í ï

n 8 Ìáñô. S2 n 8 Ìáñô. S2

F
1

20 14,3 ns 14,5 9,42 â
F

2
29 13,6 14,9 *** 1,02 á 17 15,3 15,98 ** 0,84 á

F
3

24 16,8 *** 14,8 0,50 á 20 16,5 *** 14,2 0,88 á
F

4
18 15,9 12,5 0,38 á 18 17,1 *** 14,6 0,75 á

F
5

16 15,2 ns 12,5 0,57 á 16 16,1 ns 16,3 0,49 á

** Ó.Ó.Ä. óôï åðßðåäï 1% *** Ó.Ó.Ä. óôï åðßðåäï 10/
00
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Ðßíáêáò V. Ç êáôÜôáîç ôùí F
5 

óåéñþí ðõêíÞò óðïñÜò óôéò äýï ôïðïèåóßåò êáé äéáôïðéêÜ ìå âÜóç ôçí áðüäïóç
(Kg/óôñ.).

Ê.Á ÕËÉÊÁ Ã.Á. ÄéáôïðéêÜ Ê.Á. Á ôïðïèåóßá Ê.Á Â ôïðïèåóßá

1 18Â-15Â-15 370,7 a 3 470,7 a 1 277,0a
2 18Â-26Â-24 345,0 ab 1 464,3 a 2 270,3a
3 18Á-40Á-25 339,5 ab 6 449,7 ab 8 250,7abc
4 18Á-2Á-27 336,7 ab 4 446,7 ab 7 248,3abc
5 18Â-11Â-39 328,7 abc 5 422,3 abcd 5 235,0 abcd
6 6Á-35Á-38 328,7 abc 2 419,7 abcd 4 227,0   bcde
7 18Â-27Á-46 316,7   bcd 10 413,3 abcd 3 208,3     cdef
8 18Â-11Â-22 316,3    cd 13 409,0 abcd 6 207,7     cdef
9 18Á-40Á-31 301,2    cde 9 406,0 abcd 12 204,3     cdefg
10 18Á-40Á-33 291,0    cdef 7 385,0   bcde 11 199,0     cdefgh
11 18Â-7Â-5 286,2      def 8 382,0   bcde 15 199,0     cdefgh
12 18Â-23A-16 282,2      def 18 374,7   bcde 9 192,3       defgh
13 18Á-36Á-40 281,2      def 11 373,3   bcde 14 179,7         efghj
14 18Á-26Â-3 271,8      def 16 363,0     cde 10 168,7           fghj
15 18Á-34Â-7 266,2        ef 12 359,3       de 19 168,7           fghj
16 18Â-7Â-47 260,8        ef 17 354,0       de 17 158,7            ghj
17 6Á-35Á-4 255,8          f 14 351,3       de 16 157,7            ghj
18 Ì.Ï.   Ìáñô. 255,8          f 15 328,0         e 13 153,3              hj
19 18Á-2Á-8 247,6          f 19 315,5         e 18 137,0                j

Ðßíáêáò VI. ÁíÜëõóç ðïéïôéêþí ãíùñéóìÜôùí ôùí F
5
 óåéñþí ðõêíÞò óðïñÜò óôéò äýï ôïðïèåóßåò êáé äéáôïðéêÜ ìå

3 ìÜñôõñåò.

Â.×.Ê. ÔéìÞ êáèßæçóçò ÐñùôåÀíç %

ÂÅ Ì.Ô. CV % Ì.Ô. CV % Ì.Ô. CV %

Á Ôïðïè. 20 39,138 ** 5,51   88,183 * 18,43 1,743 ** 3,07
Â Ôïðïè. 20 21,976 ** 5,27 75,387 20,77 2,750 ** 3,47
ÄéáôïðéêÜ 20 54,019 ** 5,41 90,671 19,81 3,776 ** 3,31
Áëëçëåð.Ã-Ô 20 7,095 ** 72,898 0,716 **

* Ó.Ó.Ä. óôï åðßðåäï 5% * Ó.Ó.Ä óôï åðßðåäï 1%

Ïé áðïäüóåéò ôùí óåéñþí ðïõ äçìéïõñãÞèçêáí êáé êáëëéåñãÞèçêáí óå ðõêíÞ óðïñÜ óôçí F
5 

ãåíåÜ,
åìöáíßæïíôáé óôïí ðßíáêá V. Ïé óðüñïé ôïõò áíáëýèçêáí óôá ßäéá ðïéïôéêÜ ãíùñßóìáôá.

óõíôåëåóôÞ êëçñïíïìéêüôçôáò áðü ôá ëïéðÜ ðïéïôéêÜ ãíùñßóìáôá õðïóôçñßæïõí ïé Lofgren ê.á. (1968). Ðá-
ñÜëëçëá óå êÜðïéåò óåéñÝò ðáñáôçñÞèçêå âåëôßùóç ôçò ðåñéå÷üìåíçò ðñùôåÀíçò% åíþ öÜíçêå íá äéáôçñïýí
ôéò õøçëÝò ôéìÝò óôçí Ô.Ê. ôùí äýï ãïíÝùí. ÅîÜëëïõ ïé ãïíåßò Ý÷ïõí ìåãáëýôåñç åðßäñáóç óôá ðïéïôéêÜ
ãíùñßóìáôá áðüôé ïé óõíèÞêåò áíÜðôõîçò (Kazartseva ê.á. 1996). ¸ôóé ïé äçìéïõñãçèåßóåò óåéñÝò áðïõóßá
áíôáãùíéóìïý, åß÷áí âåëôéùìÝíç ðïéüôçôá óå üëá ôá ãíùñßóìáôá áöïý ç ðïéüôçôá åßíáé óõíÜñôçóç êáé ôùí
ôñéþí ãíùñéóìÜôùí.

ÅðåéäÞ ç ðñùôåÀíç óõó÷åôßæåôáé óçìáíôéêÜ ìå ôïí üãêï øùìéïý (r=0,63, Busch ê. á. 1969), ïé äçìéïõñãç-
èåßóåò óåéñÝò áíáìÝíåôáé íá éêáíïðïéïýí ôéò áðáéôÞóåéò ôùí áñôïâéïìç÷áíéþí. ÅðéðëÝïí ïé äçìéïõñãçèåßóåò
óåéñÝò áíáìÝíåôáé íá éêáíïðïéïýí ôéò áðáéôÞóåéò êáé ôùí âéïìç÷áíéþí ìðéóêüôùí åðåéäÞ ôüóï ç ðñùôåÀíç üóï
êáé ç Ô.Ê. ó÷åôßæïíôáé óçìáíôéêÜ ìå ôçí äéÜìåôñï ôùí ìðéóêüôùí (Basset ê.á. 1989).

¼óïí áöïñÜ ôá ôïðéêÜ áðïôåëÝóìáôá, ôï üîéíï Ýäáöïò ðáñïõóßáóå ìéêñüôåñåò ôéìÝò Â.×.Ê. êáé ëéóâüôç-
ôá ôùí êüêêùí. Áõôü óçìáßíåé üôé ïé ôéìÝò ôùí ôñéþí ãíùñéóìÜôùí ôïõ ïõäÝôåñïõ åäÜöïõò ìðïñïýí íá
èåùñçèïýí ðéï åíäåéêôéêÝò ôçò ðïéüôçôáò ôùí óåéñþí. ̧ ôóé óôï ïõäÝôåñï Ýäáöïò åîáéñåôéêÝò åìöáíßæïíôáé ïé
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óåéñÝò 18Â-27Á-46 êáé 18Á-40Á-33, ÷ùñßò óçìáíôéêÝò äéáöïñÝò áðü ðïëëÝò Üëëåò. Óôï üîéíï Ýäáöïò õðåñï-
÷Þ ðáñïõóéÜóôçêå óôéò óåéñÝò 18Â-15Â-15 êáé 18Á-40Á-33 (ðßíáêáò VII).

ÓõìðåñÜóóìáôá
Ôá áðïôåëÝóìáôá ôçò åñãáóßáò Ýäåéîáí üôé ç åðéëïãÞ ãéá ðïéüôçôá åðçñåÜæåôáé áðü ôïí åäáöéêü ôýðï.

ÅðåéäÞ ç åðßäñáóç áõôÞ ôïõ åäÜöïõò åßíáé äéáöïñåôéêÞ ãéá êÜèå ðïéïôéêü ãíþñéóìá, ðñïôéìüôåñï åßíáé íá
ðñáãìáôïðïéåßôáé óôïí åäáöéêü ôýðï óôïí ïðïßï ðñïïñßæåôáé ç êáëëéÝñãåéá ôùí âåëôéùìÝíùí õëéêþí. Åéäéêü-
ôåñá: 1) ãéá ôá ðïéïôéêÜ ãíùñßóìáôá ôïõ Â.×.Ê. êáé ôçò ðñùôåÀíçò% ôïõ êüêêïõ õðÜñ÷åé äéá÷ñïíïôïðéêÞ
áëëçëåðßäñáóç ôùí ãåíïôýðùí ìå ôï ðåñéâÜëëïí áíåîÜñôçôá ôçò ðõêíüôçôáò ôçò êáëëéÝñãåéáò. 2) ç Ô.Ê. äåí
ðáñïõóßáóå áëëçëåðßäñáóç ã×ð óôéò óõíèÞêåò ðõêíÞò êáëëéÝñãåéáò, áëëÜ ìüíï óôá áôïìéêÜ öõôÜ. Êáèþò ïé
êüêêïé åßíáé ðéï ïìïéüìïñöïé óôçí ðõêíÞ êáëëéÝñãåéá, öáßíåôáé üôé ôï ãíþñéóìá åëÝã÷åôáé êáëýôåñá åðåéäÞ
ç ðïéüôçôá ôçò ãëïõôÝíçò êáé ç ÔéìÞ Êáèßæçóçò åßíáé õøçëÜ êëçñïíïìïýìåíá ãíùñßóìáôá (h=0,46-0,90 Bush
ê.á. 1969, McGuire êáé McNeal 1974). 3) ôï Â.×.Ê. öáßíåôáé üôé êëçñïíïìÞèçêå áðü ôïí âáñýôåñï ãïíÝá êáé
äåí âåëôéþèçêå êáôÜ ôçí åðéëïãÞ. Ïé óõãêñßóåéò ðïõ Ýãéíáí ìå ôéò áíôßóôïé÷åò ãíùóôÝò ôéìÝò ôùí ìáñôýñùí
óôá ßäéá ðåñéâÜëëïíôá åßíáé ÷ñÞóéìåò êáôÜ ôçí áîéïëüãçóç ôùí õëéêþí ãéá ôçí áðïìÜêñõíóç ôùí êáôþôåñùí
ðïéïôéêÜ (áñíçôéêÞ åðéëïãÞ). 4) ç ðñùôåÀíç% ôïõ êüêêïõ öáßíåôáé üôé âåëôéþèçêå óå ó÷Ýóç ìå ôá õâñßäéá óôçí
F

2 
ãåíåÜ. Êáèþò üìùò ôï ãíþñéóìá åßíáé áñíçôéêÜ óõó÷åôéóìÝíï ìå ôçí áðüäïóç êáé óôá ãåíåôéêÜ õëéêÜ áðü

ôçí F
2 
êáé ìåôÜ ðñïçãÞèçêå åðéëïãÞ ãéá áðüäïóç, ôï ãåãïíüò üôé õðÞñîå âåëôßùóç óå êÜðïéåò óåéñÝò åßíáé

åíèáññõíôéêü. Ïé Gebre-Mariam êáé Larter (1996) ðÝôõ÷áí íá áõîÞóïõí ìå ôçí åðéëïãÞ ôçí ðåñéå÷üìåíç
ðñùôåÀíç êáôÜ 1%. Áõôü üìùò ðßåæå ðïëý ðñïò ôá êÜôù ôçí áðüäïóç óå êáñðü êáé ôï áíáìåíüìåíï êÝñäïò
ãéá ôçí áðüäïóç ìåéþíïíôáí ìÝ÷ñé 250% ãéá ôçí F

3
 êáé ôçí F

4
 ãåíåÜ.

Ðßíáêáò VII. ÌÝóåò ôéìÝò ðïéïôéêþí ãíùñéóìÜôùí ôùí 18 F
5
 óåéñþí ðõêíÞò óðïñÜò êáé ôùí ôñéþí ìáñôýñùí êáôÜ

ôïðïèåóßá êáé äéáôïðéêÜ.

Â.×.Ê. Ô.Ê. Ðñùôåúíç %

á/á  ÕëéêÜ Ã.Á. Á-ïõä Â-¼îéí. Äéá-ôïð. Á-ïõä. Â-¼îéí. Äéá-ôïð. Á-ïõä. Â-¼îéí. Äéá-ôïð.

1 18Â-15Â-15 43,0 40,0 41,5 34,7 46,3 40,5 14,8 17,0 15,9
2 18Â-26Â-24 40,5 39,3 39,9 45,3 45,7 45,5 14,5 15,4 14,9
3 18Á-40Á-25 46,0 40,5 43,2 32,7 45,3 39,0 15,2 17,9 16,6
4 18Á-2Á-27 39,5 36,2 37,8 38,7 39,3 39,0 14,6 16,9 15,7
5 18Â-11Â-39 43,2 36,8 40,0 37,0 43,7 40,3 13,3 15,4 14,3
6 6Á-35Á-38 38,5 35,7 37,1 29,7 41,3 35,5 14,5 16,7 15,6
7 18Â-27Á-46 41,2 39,2 40,2 35,3 32,7 34,0 15,0 16,2 15,6
8 18Â-11Â-22 39,8 35,0 37,4 38,3 46,0 42,2 13,3 15,2 14,2
9 18Á-40Á-31 41,7 39,3 40,5 38,7 28,7 33,7 16,0 19,0 17,5
10 18Á-40Á-33 46,0 42,0 44,0 38,7 42,0 40,3 15,8 18,0 16,9
11 18Â-7Â-5 47,3 38,5 42,9 38,7 45,0 41,8 14,3 17,0 15,6
12 18Â-23Á-16 39,7 37,5 38,6 33,3 47,7 40,5 15,6 17,4 16,5
13 18Á-36Á-40 44,0 37,3 40,7 32,0 41,0 36,5 14,2 17,0 15,6
14 18Á-26Â-3 43,7 40,3 42,0 38,0 41,3 39,7 15,1 16,3 15,7
15 18Á-34Â-7 45,9 41,8 43,8 36,0 40,0 38,0 14,7 17,7 16,2
16 18Â-7Â-47 37,5 35,7 35,7 34,3 41,0 37,7 15,2 17,2 16,2
17 6Á-35Á-4 40,5 37,2 38,8 43,3 39,0 41,2 14,8 17,5 16,1
18 18Á-2Á-8 40,5 34,3 37,4 47,7 37,3 42,5 14,6 18,2 16,4
19 Á÷åëþïò 36,5 33,2 34,8 36,3 44,7 40,5 14,9 17,5 16,2
20 ×ßïò 46,7 39,8 43,2 35,0 44,0 39,5 14,0 16,1 15,1
21 Âåñãßíá 35,3 32,5 33,9 22,0 32,3 27,2 13,2 16,8 15,0

Å.Ó.Ä 0,5 3,80 32,8 3,55 11,1 - - 0,91 0,97 0,86
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Ôï óçìáíôéêü ôçò åñãáóßáò áõôÞò åßíáé üôé ç åðéëïãÞ ãéá áðüäïóç óôéò ðñþôåò ãåíåÝò, áðïõóßá áíôáãùíé-
óìïý, äßíåé ôçí äõíáôüôçôá áîéïëüãçóçò ãéá ðïéüôçôá óôá áôïìéêÜ öõôÜ åîáéôßáò ôçò ìåãÜëçò ðïóüôçôáò ôïõ
ðáñáãïìÝíïõ óðüñïõ (ç áðüäïóç óå óðüñï/åðéëåãÝí öõôü êõìáßíåôáé áðü 100 Ýùò 200gr). ̧ ôóé äçìéïõñãÞ-
èçêáí 4 äéáëïãÝò ùò õðïøÞöéåò ðïéêéëßåò åðåéäÞ óõíäõÜæïõí áðüäïóç êáé êáëÜ ðïéïôéêÜ ãíùñßóìáôá.

Possibilities of simultaneous selection on yield and quality in bread wheat (Triticum aestivum L. em
Thell) by honeycomb breeding and the soil influence on quality

K. Hatzilabrou1 and E. Vavdinoudi2

Summary
The genotype-environment interactions, as the negative correlation of the yield with some quality traits in

bread wheat, are being the difficulties of simultaneous selection on yield and quality. The F
2

_F
5 
generations

evaluated by honeycomb breeding in two locations differing in soil acid. In every generation selected the top
yielding and promising stability families and in every family the top yielding plants. The seeds of these plants
were tested for the following quality traits: 1000 Kernel Weight, Sedimentation Value and Protein Content.
Seeds of plants that had best quality were retained for evaluation the next year. The difference between
locations was examined in every generation with t-test. In every location and year the realized response was
examined according to check cultivar (Aheloos) with t-test too. The breeding of the traits was estimated with
F-test. The so development F

5
 lines were evaluated in RCB trials. On the data of every trait was done analysis

of variance in each location and through locations. The comparison of the F
5
 lines was examined by the LSD

criterion. Influence of the year and location was observed on 1000 Kernel Weight and Protein Content, at the
two cultivated densities, but not on the Sedimentation Value. The Protein Content improved in F

2 
generation.

The results showed that by using the honeycomb breeding, one could select simultaneously for yield and quality
because of the large produced seed quantity of individual plants. By this procedure were developed 4 new lines
with improved yield and all quality traits.
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ÓõìâïëÞ óôç ìåëÝôç ôùí õäñïãåùëïãéêþí óõíèçêþí êáé ôç âéþóéìç
äéá÷åßñéóç ôïõ êáñóôéêïý óõóôÞìáôïò Ãéïý÷ôá (Í. Çñáêëåßïõ ÊñÞôç)

Ê. Âïõäïýñçò1

Ðåñßëçøç
Ï ïñåéíüò üãêïò ôïõ Ãéïý÷ôá ôïõ Íïìïý Çñáêëåßïõ, óõíïëéêÞò Ýêôáóçò 3,9 Km2 áðïôåëåßôáé áðü

äïëïìßôåò, äïëïìéôéêïýò áóâåóôïëßèïõò êáé áóâåóôüëéèïõò ôçò åíüôçôáò Ôñßðïëçò. Ôá ðåôñþìáôá áõôÜ,
ëüãù êáñóôïðïßçóçò åõíïïýí ôçí êáôåßóäõóç ôïõ íåñïý ôçò âñï÷üðôùóçò ìå áðïôÝëåóìá íá ó÷çìáôßæï-
íôáé áîéüëïãåò õðüãåéåò õäñïöïñßåò. Ï ìÝóïò åôÞóéïò üãêïò íåñïý áðü âñï÷üðôùóç óôïí ïñåéíü üãêï
Ãéïý÷ôá áíÝñ÷åôáé óå 3,7x106 m3. Ï ìÝóïò åôÞóéïò üãêïò íåñïý ðïõ åðáíÝñ÷åôáé óôçí áôìüóöáéñá, ëüãù
åîáôìéóïäéáðíïÞò áíÝñ÷åôáé óå 1,6x106 m3. Ï üãêïò íåñïý ðïõ êáôåéóäýåé áíÝñ÷åôáé óå 1,9x106 m3. Ïé
ðáñï÷Ýò ôùí ãåùôñÞóåùí ðïõ Ý÷ïõí áíïñõ÷èåß óôá áíèñáêéêÜ ðåôñþìáôá ôïõ ïñåéíïý üãêïõ Ãéïý÷ôá
êõìáßíïíôáé áðü 20-60 m3/h êáé ç åéäéêÞ éêáíüôçôá (Q/s) áðü 1,4 m3/h.m Ýùò 28,5 m3/h.m. Ç ðñïóôáóßá êáé
ç ïñèïëïãéêÞ áîéïðïßçóç ôïõ êáñóôéêïý õäñïöïñÝá ôïõ Ãéïý÷ôá êñßíåôáé åðéâåâëçìÝíç, ãéáôß áðïôåëåß
ôç ìïíáäéêÞ ðçãÞ ôñïöïäïóßáò ìå êáëÞò ðïéüôçôáò íåñü ãéá ôçí êÜëõøç ôùí õäñåõôéêþí áíáãêþí ôçò
åõñýôåñçò ðåñéï÷Þò.

ËÝîåéò êëåéäéÜ: Õäñïëïãéêü éóïæýãéï, êáñóôéêüò õäñïöïñÝáò, âéþóéìç äéá÷åßñéóç, Ãéïý÷ôáò, ÊñÞôç.

1. ÅÉÓÁÃÙÃÇ
Ï ïñåéíüò üãêïò ôïõ Ãéïý÷ôá (Ó÷. 1) âñßóêåôáé êáôÜ ôï ìåãáëýôåñï ôìÞìá ôïõ óôá äéïéêçôéêÜ üñéá ôïõ

ÄÞìïõ Áñ÷áíþí ôïõ Íïìïý Çñáêëåßïõ, óôç Âüñåéá êåíôñéêÞ ÊñÞôç êáé óå áðüóôáóç 14 Km áðü ôï Ç-
ñÜêëåéï. Ï Ãéïý÷ôáò Ý÷åé áíáêçñõ÷èåß óå óçìáíôéêü âéüôïðï êáé áðü ôï Ýôïò 1989 óå äéåèíÞ ïñíéèïâéüôïðï.

Ôá ôåëåõôáßá ÷ñüíéá ç ðïóïôéêÞ ìåßùóç êáé ðïéïôéêÞ õðïâÜèìéóç Üëëùí õäáôéêþí ðüñùí (ðçãÝò, õäñïöü-
ñïò ïñßæïíôáò ôùí ìáñãáúêþí áóâåóôïëßèùí) ôçò åõñýôåñçò ðåñéï÷Þò ôïõ ÄÞìïõ Áñ÷áíþí, ïäÞãçóå óôçí
áíÜãêç áîéïðïßçóçò ôïõ êáñóôéêïý õäñïöïñÝá ôïõ Ãéïý÷ôá.

ÐñÝðåé íá áíáöåñèåß üôé ôï êáñóôéêü õðüãåéï íåñü åßíáé éäéáßôåñá ôñùôü óå ñýðáíóç êáé ç ïñèïëïãéêÞ
äéá÷åßñéóÞ ôïõ áðáéôåß ôçí ðñüëçøç ôçò ñýðáíóçò. ÃåíéêÜ ç õðåñåêìåôÜëëåõóç ôùí õðïãåßùí áðïèåìÜôùí
ðñÝðåé íá áðïöåýãåôáé êáé íá äéáôçñåßôáé ìéá éóïññïðßá ìåôáîý ôïõ öõóéêïý åìðëïõôéóìïý êáé ôïõ ñõèìïý
áðüëçøçò. Ãéá íá åðéôåõ÷èåß áõôÞ ç éóïññïðßá ðñÝðåé íá åßíáé ãíùóôÝò ïé ðáñÜìåôñïé ôïõ õäñïëïãéêïý
éóïæõãßïõ (âñï÷ïðôþóåéò, åîáôìéóïäéáðíïÞ, êáôåßóäõóç, åêñïÝò).

Óôçí åñãáóßá áõôÞ ðáñïõóéÜæïíôáé ôá õäñáõëéêÜ ÷áñáêôçñéóôéêÜ êáé åðé÷åéñåßôáé ï õðïëïãéóìüò ôïõ
üãêïõ íåñïý áðü âñï÷üðôùóç, ôïõ üãêïõ íåñïý ðïõ åðáíÝñ÷åôáé óôçí áôìüóöáéñá ìÝóù ôçò åîÜôìéóçò êáé
äéáðíïÞò, êáèþò êáé ôïõ üãêïõ íåñïý ðïõ êáôåéóäýåé óôïí êáñóôéêü õäñïöïñÝá ôïõ Ãéïý÷ôá. ÅðéðëÝïí ï
öõóéêüò åìðëïõôéóìüò óõãêñßíåôáé ìå ôï óçìåñéíü ñõèìü åêìåôÜëëåõóçò ãéá íá ðáñá÷èåß Ýíá õäñïëïãéêü
ìïíôÝëï ãéá ôïí ðëÞñç êýêëï íåñïý. ÔÝëïò ðñïôåßíïíôáé ìÝôñá ãéá ôç âéþóéìç äéá÷åßñéóç ôïõ êáñóôéêïý áõôïý
õäñïöïñÝá

Ôá óôïé÷åßá áíôëÞèçêáí êõñßùò áðü ôçí åêðüíçóç åñåõíçôéêïý ðñïãñÜììáôïò ìå ôßôëï «Õäñïëïãéêü
éóïæýãéï êáé âéþóéìç äéá÷åßñéóç ôïõ êáñóôéêïý õäñïöïñÝá ôïõ Ãéïý÷ôá». Ôï ðñüãñáììá åêðïíÞèçêå áðü ôï
åñãáóôÞñéï Õäñïãåùëïãßáò ôïõ Ðáíåðéóôçìßïõ Ðáôñþí êáé ÷ñçìáôïäïôÞèçêå áðü ôï ÄÞìï Áñ÷áíþí.

2. ÃÅÙËÏÃÉÁ - ÕÄÑÏÃÅÙËÏÃÉÁ
2.1. ÃåùëïãéêÜ óôïé÷åßá ôçò åõñýôåñçò ðåñéï÷Þò
Ç óõíïëéêÞ Ýêôáóç ôïõ ïñåéíïý üãêïõ Ãéïý÷ôá, üðùò ðñïÝêõøå áðü åìâáäïìÝôñçóç ôïõ ôïðïãñáöé-

1 ËÝêôïñáò, ÔìÞìá Ãåùëïãßáò, Á.Ð.È., 54124, Èåóóáëïíßêç, Åmail: KVoudour@internet.gr

ÅñåõíçôéêÞ Åñãáóßá - Óåë. 36 - 48
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Ó÷Þìá 1. Ôïðïãñáöéêüò ÷Üñôçò ôçò åõñýôåñçò ðåñéï÷Þò ôïõ Ãéïý÷ôá êáé èÝóç ôùí ãåùôñÞóåùí.
Figure 1. Topographic map of Giouchta area, illustrating the boreholes locations.
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êïý ÷Üñôç 1:50.000 ôçò ÃÕÓ áíÝñ÷åôáé óå 3,9 Km2 êáé êõìáßíåôáé óå õøüìåôñá 500-800 m (Ó÷Þìá 1). Ç
âüñåéá êáé ç íüôéá áðüëçîç ôïõ Ãéïý÷ôá âñßóêïíôáé óå õøüìåôñá ìéêñüôåñá ôùí 400 m. Ôñåéò êïñõöÝò
ôïõ Ãéïý÷ôá, êáôáëáìâÜíïíôáò ðïëý ìéêñÞ Ýêôáóç óôï êåíôñéêü ôìÞìÜ ôïõ õðåñâáßíïõí ôá 800 m. Áðü
ôçí êáôáíïìÞ ôçò åðéöÜíåéáò óôá äéÜöïñá õøüìåôñá ðñïêýðôåé üôé ôï 85% ôçò åðéöÜíåéáò ôïõ Ãéïý÷ôá
âñßóêåôáé óå õøüìåôñï ìåãáëýôåñï ôùí 500 m. Ç ìåãáëýôåñç åðéöÜíåéá (1,3 Km2) âñßóêåôáé ìåôáîý ôùí
éóïûøþí 500-600 m êáé áêïëïõèåß ç åðéöÜíåéá ìåôáîý ôùí éóïûøþí 600-700 m (1,25 Km2). Ç ìéêñüôåñç
åðéöÜíåéá (0,25 Km2) âñßóêåôáé ìåôáîý ôùí éóïûøþí 300-400 m. Ôï ìÝóï õøüìåôñï ôïõ ïñåéíïý üãêïõ
áíÝñ÷åôáé óå 598 m.

Ôá áíèñáêéêÜ ðåôñþìáôá ôçò åíüôçôáò Ôñßðïëçò áðáíôïýí êõñßùò óôïí ïñåéíü üãêï ôïõ Ãéïý÷ôá êáé ï
öëýó÷çò óôéò Á/êÝò ðáñõöÝò ôïõ. Ç áíèñáêéêÞ áêïëïõèßá åìöáíßæåôáé ìå ôïõò óôñùìáôïãñáöéêïýò ïñßæïíôåò
áðü ôï Áíþôåñï Ôñéáäéêü Ýùò ôï Êñçôéäéêü êáé áíôéðñïóùðåýåôáé áðü ôïõò ðáñáêÜôù ãåùëïãéêïýò ó÷çìá-
ôéóìïýò (Aubouin et al., 1965, Bonneau, 1973, ÊíéèÜêçò & Ðïëõ÷ñïíÜêç, 1990):

- Äïëïìßôåò êáé áóâåóôüëéèïé ôïõ Áíþôåñïõ Éïõñáóéêïý-Êñçôéäéêïý, áíïéêôüôåöñïé ìÝ÷ñé ôåöñüìáõñïé,
ìåóïóôñùìáôþäåéò Ýùò Üóôñùôïé. Âñßóêïíôáé êáôÜ êáíüíá åðùèçìÝíïé óôç öõëëéôéêÞ-÷áëáæéôéêÞ óåéñÜ, ìå
áðïôÝëåóìá óôç âÜóç ôïõò íá åßíáé ìõëïíéôéïìÝíïé, ëüãù ôïõ ôåêôïíéóìïý áõôþí. Óôá êáôþôåñá ìÝëç ôïõò
áðïôåëïýíôáé áðü çìéêñõóôáëëéêïýò äïëïìßôåò, ðá÷õóôñùìáôþäåéò ìÝ÷ñé Üóôñùôïõò, ôåöñïýò. Óôá áíþôåñá
ìÝëç ìåôáðßðôïõí óå áóâåóôïëßèïõò êáé äïëïìéôéêïýò áóâåóôïëßèïõò ìåóïóôñùìáôþäåéò, ôåöñüëåõêïõò ìÝ÷ñé
ôåöñüìáõñïõò. Åßíáé êáñóôéêïß éäßùò óôá áíþôåñá ìÝëç êáé åìöáíßæïíôáé óôï Âüñåéï êáé Íüôéï ôìÞìá ôïõ
Ãéïý÷ôá êáëýðôïíôáò åðéöáíåéáêÞ Ýêôáóç 2,1 Km2.

- Áóâåóôüëéèïé ôïõ Áíþôåñïõ Êñçôéäéêïý, ôåöñïß Ýùò ôåöñüìáõñïé, ìåóï-ðá÷õóôñùìáôþäåéò ìÝ÷ñé Ü-
óôñùôïé, âéôïõìåíéïý÷ïé êáé äïëïìéôéêïß áóâåóôüëéèïé, ìå ðëïýóéá íçñéôéêÞ ðáíßäá. Ç åðéöáíåéáêÞ Ýêôáóç ðïõ
êáëýðôïõí áíÝñ÷åôáé óå 1,8 Km2.

Ï öëýó÷çò áðáíôÜ êõñßùò óôç âüñåéá áðüëçîç ôïõ Ãéïý÷ôá êáé áðïôåëåßôáé áðü åíáëëáãÝò áñãéëéêþí
ó÷éóôïëßèùí êáé øáììéôþí ìå åíóôñþóåéò ôåöñþí áóâåóôïëéèéêþí ôïõñâéäéôþí. Ï öëýó÷çò áðïôåëåß ôïí
áíþôåñï ãåùëïãéêü ó÷çìáôéóìü ôïõ êáëýììáôïò ôçò åíüôçôáò Ôñßðïëçò, çëéêßáò Áíþôåñïõ Çþêáéíïõ-Ïëéãü-
êáéíïõ. Ç áðüèåóç ôïõ öëýó÷ç Ý÷åé ëÜâåé ÷þñá åðß åíüò ðáëáéïáíáãëýöïõ, ðïõ ç äçìéïõñãßá ôïõ ïöåßëåôáé
óå Ýíáí ðñïöëõó÷éêü ñçãìáôïãüíï ôåêôïíéóìü.

Ïé íåïãåíåßò ó÷çìáôéóìïß êáëýðôïõí ôçí ðåñéï÷Þ ãýñù áðü ôïí ïñåéíü üãêï ôïõ Ãéïý÷ôá. Ðñüêåéôáé
(×ñéóôïäïýëïõ, 1963, ÐáðáðÝôñïõ-ÆáìÜíç, 1965, Meulenkamp, 1979, Áëåîüðïõëïò, 1990) ãéá ðëåéïêáéíé-
êÝò, êéôñéíü÷ñïåò óõìðáãåßò Þ öõëëþäåéò êáôÜ èÝóåéò, ìÜñãåò êáé ìáñãáúêïýò áóâåóôüëéèïõò. Óå ìåãÜëï
ðïóïóôü ôá íåïãåíÞ êáëýðôïõí åðéêëõóéãåíþò ôïõò áíèñáêéêïýò ó÷çìáôéóìïýò ôçò åíüôçôáò Ôñßðïëçò. Óôç
âÜóç ôçò åðßêëõóçò ðáñáôçñïýíôáé óõíåêôéêÜ êñïêáëïëáôõðïðáãÞ ìå êñïêÜëåò êáé ëáôýðåò ðïõ ðñïÝñ÷ï-
íôáé áðü ðñïíåïãåíÞ ðåôñþìáôá, êõñßùò áíèñáêéêÜ ôçò åíüôçôáò Ôñßðïëçò.

ÊïíôÜ óôá áíèñáêéêÜ ôçò åíüôçôáò Ôñßðïëçò ïé íåïãåíåßò áðïèÝóåéò åîåëßóóïíôáé ðñïò ôá åðÜíù óå
âéïãåíåßò, âéïêëáóôéêïýò Þ ìáñãáúêïýò áóâåóôïëßèïõò. Áðïìáêñõíüìåíïé áðü ôá áíèñáêéêÜ éæÞìáôá ôçò
åíüôçôáò Ôñßðïëçò, ôá íåïãåíÞ éæÞìáôá ìåôáâáßíïõí ðëåõñéêÜ óå óõìðáãåßò Þ öõëëþäåéò ìÜñãåò. Óýìöùíá
ìå ôç ãåùçëåêôñéêÞ Ýñåõíá ôïõ ÉÃÌÅ (Îáíèüðïõëïò, 1988) ôï õðüâáèñï ôùí íåïãåíþí áðïèÝóåùí åßíáé
áóâåóôïëéèéêü. Ôï ðÜ÷ïò ôùí íåïãåíþí áðïèÝóåùí åéäéêÜ óôç äõôéêÞ ðëåõñÜ ôïõ Ãéïý÷ôá åßíáé áñêåôÜ
ìåãÜëï (300-400 m).

Ç ôåêôïíéêÞ ôçò åíüôçôáò Ôñßðïëçò (ÖõôñïëÜêçò, 1980, ÖáóïõëÜò, 1995) óôçí ïðïßá áíÞêåé ï ï-
ñåéíüò üãêïò ôïõ Ãéïý÷ôá, ï ïðïßïò áðïôåëåß ôåêôïíéêü êÝñáôï, ÷áñáêôçñßæåôáé áðü êáíïíéêÜ ñÞãìáôá
êáôÜ ìÞêïò äéáöüñùí äéåõèýíóåùí, äéáêëÜóåéò êáé ðôõ÷Ýò. Äýï êýñéá ñÞãìáôá ïñéïèåôïýí ôï óýóôçìá
ôïõ Ãéïý÷ôá, äéåýèõíóçò ÂïññÜ-Íüôïõ (Ó÷. 1). Ôï Üëìá ôùí ñçãìÜôùí êõìáßíåôáé ìåôáîý ìåñéêþí
åêáôïóôþí êáé äåêÜäùí ìÝôñùí. Óôçí Á/êÞ ðëåõñÜ ôï áíÜãëõöï åßíáé ðéï ïìáëü, óå áíôßèåóç ìå áõôü
ôçò Ä/êÞò ðëåõñÜò. Ïé áóâåóôüëéèïé ôçò åíüôçôáò Ôñßðïëçò óôçí ðåñéï÷Þ ôïõ Ãéïý÷ôá ÷áñáêôçñßæïíôáé
áðü ôç óõ÷íÞ ðáñïõóßá äéáêëÜóåùí, ðïõ óõìâÜëëïõí óôçí êáôåßóäõóç ôùí áôìïóöáéñéêþí êáôáêñçìíé-
óìÜôùí êáé óôçí êáñóôïðïßçóç. Ç ó÷Ýóç ôùí íåïãåíþí ó÷çìáôéóìþí ìå ôá ðñïíåïãåíÞ áíèñáêéêÜ
ðåôñþìáôá åßíáé ôåêôïíéêÞ êáé ç åðáöÞ ôïõò ãßíåôáé ìå ó÷åäüí êáôáêüñõöá êáíïíéêÜ ñÞãìáôá, ìåñéêÜ
áðü ôá ïðïßá åßíáé ðáëáéüôåñçò çëéêßáò êáé Ý÷ïõí åðáíåñãïðïéçèåß ìåôÜ ôçí áðüèåóç ôùí íåïãåíþí
áðïèÝóåùí. Ç ôåêôïíéêÞ áõôÞ ó÷Ýóç åðçñåÜæåé ôéò õäñïãåùëïãéêÝò óõíèÞêåò, ðïõ äéáìïñöþíïíôáé óôï
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êáñóôéêü õäñïöüñï óýóôçìá ôïõ Ãéïý÷ôá.

2.2. Êáñóôéêüò õäñïöïñÝáò
Ôá áíèñáêéêÜ ðåôñþìáôá ôçò åíüôçôáò Ôñßðïëçò ðïõ áðáíôþíôáé óôïí ïñåéíü üãêï ôïõ Ãéïý÷ôá åßíáé

Ýíôïíá êáñóôïðïéçìÝíá ðåôñþìáôá, ìå ôçí êáñóôïðïßçóç íá åßíáé êáëýôåñá áíáðôõãìÝíç óôïõò áóâåóôïëß-
èïõò ðáñÜ óôïõò äïëïìßôåò êáé êõñßùò óôá áíþôåñá ìÝëç. Ç õäñïðåñáôüôçôá ïöåßëåôáé óôçí êáñóôéêïðïßçóç,
ç ïðïßá Ý÷åé äéåõêïëõíèåß áðü ôç äñÜóç ôùí ôåêôïíéêþí ôÜóåùí åöåëêõóìïý êáé äéÜôìçóçò êáé Ý÷ïõí
ðñïêáëÝóåé êáôáêåñìáôéóìü ôùí ðåôñùìÜôùí. Ç ôñïöïäïóßá ôïõ êáñóôéêïý õäñïöüñïõ ïñßæïíôá ãßíåôáé
êõñßùò áðü ôçí áð� åõèåßáò êáôåßóäõóç ôïõ íåñïý ôùí âñï÷ïðôþóåùí. Äåí äéåñåõíÞèçêå óôá ðëáßóéá ôçò
ðáñïýóáò Ýñåõíáò ç õäñáõëéêÞ ó÷Ýóç ôïõ êáñóôéêïý õäïöüñïõ ôïõ Ãéïý÷ôá ìå áõôü ôïõ Øçëïñåßôç.

¼ðùò ðñïêýðôåé áðü ôç ãåùôñçôéêÞ Ýñåõíá (óôïé÷åßá ÔÕÄÊ Çñáêëåßïõ) ôï óôåãáíü õðüâáèñï ôùí
áóâåóôïëßèùí åíôïðßæåôáé ìüíï óôéò ãåùôñÞóåéò Ã1 (èÝóç Ñßæá) êáé Ã4 (èÝóç ÊáñíÜñé). Ôï óôåãáíü áõôü
öõëëéôéêü õðüâáèñï åíôïðßæåôáé óå áðüëõôï õøüìåôñï �53,1 êáé �26,5 m, áíôßóôïé÷á.

Ãéá ôïí ðñïóäéïñéóìü ôçò êßíçóçò ôùí õðüãåéùí íåñþí óôïí êáñóôéêü õäñïöïñÝá ôïõ Ãéïý÷ôá ÷ñçóéìïðïé-
Þèçêáí ïé óôÜèìåò çñåìßáò, üðùò ìåôñÞèçêáí ìåôÜ ôçí áíüñõîç ôùí ãåùôñÞóåùí. Ìå âÜóç ëïéðüí ôéò
áðüëõôåò óôÜèìåò ðñïêýðôåé üôé ç êßíçóç ôùí áóâåóôïëéèéêþí íåñþí áêïëïõèåß ôç äéåýèõíóç Í-Â.

2.3 ÕäñáõëéêÜ ÷áñáêôçñéóôéêÜ ôïõ êáñóôéêïý õäñïöïñÝá
Ãéá ôïí õðïëïãéóìü ôùí õäñáõëéêþí ðáñáìÝôñùí ÷ñçóéìïðïéÞèçêáí ôá áðïôåëÝóìáôá ôùí áíôëçôéêþí

äïêéìáóéþí ðïõ Ýãéíáí óôéò ãåùôñÞóåéò ìåôÜ ôçí áíüñõîÞ ôïõò (Ó÷Þìá 1).
Óôïí Ðßíáêá É ðáñïõóéÜæïíôáé ïé ôéìÝò ôïõ óõíôåëåóôÞ ìåôáâéâáóôéêüôçôáò (Ô), ôïõ óõíôåëåóôÞ áðïèç-

êåõôéêüôçôáò êáé ôçò åéäéêÞò éêáíüôçôáò (Q/s). Ç åéäéêÞ éêáíüôçôá (Q/s) êõìáßíåôáé áðü 1,4 m3/h.m (Ã1) ìÝ÷ñé

Ðßíáêáò É. ÔéìÝò ôùí óõíôåëåóôþí Ô, S êáé ôçò åéäéêÞò éêáíüôçôáò (Q/s), üðùò ðñïÝêõøáí áðü ôéò äïêéìáóôéêÝò
áíôëÞóåéò óôïí êáñóôéêü õäñïöïñÝá ôïõ Ãéïý÷ôá.

Table I. Transissivity Storage coefficient values and specific capacity (Q/s) as deduced from pumping test analysies
in karst aquifer of Giouchta.

* H õäñïóôáôéêÞ óôÜèìç áíáöÝñåôáé óå m áðü ôçí åðéöÜíåéá ôïõ åäÜöïõò óôï ôÝëïò ôçò äéÜôñçóçò.
Óå ðáñÝíèåóç ç áðüëõôç óôÜèìç.

28,5 m3/h.m (Ã2). Ï õðïëïãéóìüò ôïõ óõíôåëåóôÞ ìåôáâéâáóôéêüôçôáò (Ô) Ýãéíå ìå ôéò ìåèüäïõò Theis êáé
Jacob. Oé ìÝóåò ôéìÝò ôïõ óõíôåëåóôÞ Ô êõìáßíïíôáé áðü 41,7 (Ã1) Ýùò 770 m2/day (Ã2). Ï óõíôåëåóôÞò
áðïèçêåõôéêüôçôáò (S) êõìáßíåôáé áðü 0,45% Ýùò 3%.

Ïé ðáñï÷Ýò ôùí ãåùôñÞóåùí ðïõ Ý÷ïõí ãßíåé óôá áíèñáêéêÜ ðåôñþìáôá ôïõ ïñåéíïý üãêïõ Ãéïý÷ôá (Ã1,
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Ã2, Ã3, Ã4, Ã5) êõìáßíïíôáé áðü 20-60 m3/h. H õäñïóôáôéêÞ óôÜèìç, êáèþò êáé ç óôÜèìç Üíôëçóçò óå üëåò ôéò
ãåùôñÞóåéò ðïõ áíïñý÷èçêáí óôïí êáñóôéêü õäñïöïñÝá ôïõ Ãéïý÷ôá âñßóêåôáé óå èåôéêÜ õøüìåôñá, ðïõ
êõìáßíåôáé áðü +3 m (Ã5) Ýùò +29,1 m (Ã1).

3. ÕÄÑÏËÏÃÉÊÏ ÉÓÏÆÕÃÉÏ

3.1 ÃåíéêÜ êëéìáôéêÜ óôïé÷åßá
Óýìöùíá ìå ôçí êëéìáôéêÞ õðïäéáßñåóç ôïõ Koppen, (1936) ôï êëßìá ôçò ðåñéï÷Þò Ýñåõíáò áíÞêåé óôïí

ôýðï Csa, ðïõ äçëþíåé åýêñáôï ìå îçñü èÝñïò êáé ìÝóç èåñìïêñáóßá ôïõ èåñìüôåñïõ ìÞíá ìåãáëýôåñç áðü
22 0C.

Ç åõñýôåñç ðåñéï÷Þ Ãéïý÷ôá ÷áñáêôçñßæåôáé áðü ìÝóç åôÞóéá ó÷åôéêÞ õãñáóßá 63,1% (óôáèìüò Çñáêëåß-
ïõ). Ôï åëÜ÷éóôï ôçò ó÷åôéêÞò õãñáóßáò ðñïçãåßôáé ôùí ìÝãéóôùí èåñìïêñáóéþí êáé åîáñôÜôáé áðü ôï êáèå-
óôþò ôùí áíÝìùí (ìåëôÝìéá).

Ãéá ôïí õðïëïãéóìü ôçò èåñìïêñáóßáò ôïõ áÝñá ÷ñçóéìïðïéÞèçêáí ôá äåäïìÝíá ðÝíôå óôáèìþí óå äéáöï-
ñåôéêÝò ÷ñïíéêÝò ðåñéüäïõò Çñáêëåßïõ (1955-1995), Kñïõóóþíá (1991-1998), Áâäïý (1991-1998), Êáóôåë-
ëßïõ (1978-1998) êáé ÖïéíéêéÜò (1969-1998). H åõèåßá ðáëéíäñüìçóçò ðïõ óõó÷åôßæåé ôç ìÝóç åôÞóéá èåñìï-
êñáóßá (È) ìå ôï õøüìåôñï (Ç) ôùí áíùôÝñù óôáèìþí åêöñÜæåôáé ìáèçìáôéêÜ áðü ôçí êÜôùèé ó÷Ýóç:

È (°C) = -0,00826 Ç (m)+18,22 (r=0,83)
 ¸ôóé ðñïêýðôåé ìÝóç åôÞóéá èåñìïêñáóßá 18,22 ïC óôçí åðéöÜíåéá ôçò èÜëáóóáò êáé åëÜôôùóç áõôÞò

êáôÜ 0,82 ïC áíÜ 100 m. Ç áíùôÝñù åîßóùóç ÷ñçóéìïðïéåßôáé ãéá ôïí õðïëïãéóìü ôçò èåñìïêñáóßáò óôá
äéÜöïñá õøüìåôñá ôçò ðåñéï÷Þò Ýñåõíáò.

3.2 ÂáóéêÞ õäñïëïãéêÞ åîßóùóç
Ç ãíþóç ôïõ õäñïëïãéêïý éóïæõãßïõ ìéáò ðåñéï÷Þò óõìâÜëëåé óôï íá âåëôéóôïðïéçèåß ç äéá÷åßñéóç ôùí

õäáôéêþí ðüñùí óôçí ðåñéï÷Þ áõôÞ. Ï óõíïëéêüò åìðëïõôéóìüò åíüò õäñïöïñÝá éóïýôáé ìå ôï ðïóïóôü ôïõ
íåñïý ôçò âñï÷üðôùóçò, ôï ïðïßï êáôåéóäýåé êáé äéçèåßôáé óôçí êïñåóìÝíç æþíç, åðéðëÝïí ôïí üãêï íåñïý ôçò
åîùôåñéêÞò ôñïöïäïóßáò. ÌáèçìáôéêÜ ï óõíïëéêüò åìðëïõôéóìüò (Q

r
) ìðïñåß íá åêöñáóèåß áðü ôçí êÜôùèé

ó÷Ýóç (Birkle et al., 1998):

Q
r
=P-E-R+Q

in
-Q

out
±ÄS

¼ðïõ: P = ôá áôìïóöáéñéêÜ êáôáêñçìíßóìáôá
E = ç ðñáãìáôéêÞ åîáôìéóïäéáðíïÞ
R = ç åðéöáíåéáêÞ áðïññïÞ
Q

in
= ç åîùôåñéêÞ ôñïöïäïóßá

Q
out

= ïé åêñïÝò
ÄS = ç ìåôáâïëÞ ôùí áðïèåìÜôùí

ÅðåéäÞ ç áíèñáêéêÞ ìÜæá ôïõ Ãéïý÷ôá áðïôåëåß áõôïôåëÝò óýóôçìá, ç åîùôåñéêÞ ôñïöïäïóßá áðü ãåéôï-
íéêÝò ëåêÜíåò èåùñåßôáé ìçäåíéêÞ êáé ïé ìåôáâïëÝò óôá õðüãåéá áðïèÝìáôá åßíáé áìåëçôÝåò ïé ðáñÜãïíôåò,
Q

in
, Q

out
, ÄS ôçò áíùôÝñù åîßóùóçò ðáñáëåßðïíôáé. Åðßóçò áãíïåßôáé óå ðñþôç öÜóç êáé áíáëýåôáé óå Üëëç

ðáñÜãñáöï ç åðßäñáóç ôùí áðïëÞøåùí íåñïý ìÝóù ôçò Üíôëçóçò êáé ìåëåôÜôáé ôï öõóéêü õäñïëïãéêü
éóïæýãéï ÷ùñßò áíèñþðéíåò ðáñåìâÜóåéò.

Ãéá íá óõíôá÷èåß ôï õäñïëïãéêü éóïæýãéï ôïõ Ãéïý÷ôá óõãêåíôñþèçêáí óôïé÷åßá ðïõ áöïñïýí ôéò âñï÷ï-
ðôþóåéò, ôç èåñìïêñáóßá, ôçí åîáôìéóïäéáðíïÞ êáé Ýãéíå ç åðåîåñãáóßá ôïõò.

3.3 Âñï÷ïðôþóåéò
Ãéá ôçí åêôßìçóç ôùí ìÝóùí ôéìþí âñï÷üðôùóçò óôçí ðåñéï÷Þ ìåëÝôçò áëëÜ êáé ôçò êáôáíïìÞò ôïõò ìÝóá

óôï ÷ñüíï êáé ôï ÷þñï, Ýãéíå åðåîåñãáóßá ôùí äåäïìÝíùí åðôÜ (7) óôáèìþí, ðïõ äéáôçñïýí óôçí ðåñéï÷Þ ïé
õðçñåóßåò ôïõ Õðïõñãåßïõ Ãåùñãßáò (Ðñ. Çëßáò, Âüíç, ÊáóôÝëëé, Áâäïý, Êñïõóóþíáò, ÖïéíéêéÜ) êáé ç
ÅÌÕ (óôáèìüò Çñáêëåßïõ). ÅðéëÝ÷èçêå ç ìÝãéóôç êïéíÞ ðåñßïäïò ìåôñçìÝíùí äåäïìÝíùí (ÉáíïõÜñéïò
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1970-ÄåêÝìâñéïò 1999), êáôÜ ôç äéÜñêåéá ôçò ïðïßáò ëåéôïýñãçóáí üëïé ïé óôáèìïß. Ãéá ôïí Ýëåã÷ï ôçò
ïìïéïãÝíåéáò ÷ñçóéìïðïéÞèçêå ç ìÝèïäïò ôçò êáìðýëçò äéðëÞò ìÜæáò (Linsley et al, 1988).

Óôï Ó÷Þìá 2 ðáñïõóéÜæåôáé ç äéáêýìáíóç ôùí åôÞóéùí ôéìþí âñï÷üðôùóçò ôïõ óôáèìïý Êñïõóóþíá, ï
ïðïßïò âñßóêåôáé óå õøüìåôñï 500 m, ðïõ ðñïóåããßæåé ôï ìÝóï õøüìåôñï ôïõ Ãéïý÷ôá ãéá ôçí ðåñßïäï 1970-
1999. Ôï ìÝãéóôï ìçíéáßï ðïóïóôü ðáñïõóéÜæåôáé êáôÜ ôï ìÞíá ÉáíïõÜñéï (20,1%), åíþ åîßóïõ óçìáíôéêÜ
ðïóïóôÜ åìöáíßæïíôáé êáé êáôÜ ôïõò ìÞíåò ÄåêÝìâñéï (19,8%) êáé ÖåâñïõÜñéï (16,8%). Ïé ðëÝïí îçñïß
ìÞíåò åßíáé ï Éïýëéïò êáé ï Áýãïõóôïò. ÊáôÜ ôïí ÷åéìþíá ðÝöôïõí êáôÜ ìÝóï üñï 56,7% ôùí êáôáêñçìíéóìÜ-
ôùí, åíþ ôï êáëïêáßñé ôï ðïóïóôü ó÷åäüí ìçäåíßæåôáé (1,2%).

Óôá äåäïìÝíá ôùí âñï÷ïìåôñéêþí óôáèìþí ôçò åõñýôåñçò ðåñéï÷Þò ôïõ Ãéïý÷ôá åöáñìüóèçêå ç ìÝèïäïò
ôùí åëÜ÷éóôùí ôåôñáãþíùí ãéá ôïí õðïëïãéóìü ôùí óõíôåëåóôþí ôçò ìáèçìáôéêÞò Ýêöñáóçò, P=á.Ç+â ìå
áíåîÜñôçôç ìåôáâëçôÞ ôï õøüìåôñï ôùí óôáèìþí (Ç) êáé åîáñôçìÝíç ôï ìÝóï åôÞóéï ýøïò âñï÷üðôùóçò (P).

¸ôóé ðñïêýðôåé ç êÜôùèé ó÷Ýóç (Ó÷. 3): P=0,66 Ç + 489 (r=0,87). Ìå âÜóç ôç ó÷Ýóç áõôÞ õðïëïãßæåôáé
ï üãêïò íåñïý áðü âñï÷üðôùóç ðïõ äÝ÷åôáé ï ïñåéíüò üãêïò ôïõ Ãéïý÷ôá, ðïëëáðëáóéÜæïíôáò ôçí åðéöÜíåéá
ìåôáîý ôùí äéáöüñùí õøïìÝôñùí (áíÜ 100 m) åðß ôï ýøïò âñï÷üðôùóçò ðïõ áíôéóôïé÷åß êáé áèñïßæïíôáò ôá
ìåñéêÜ ãéíüìåíá (Ðßí. ÉÉ). ¸ôóé ðñïêýðôåé üôé ï ìÝóïò åôÞóéïò üãêïò íåñïý áðü âñï÷üðôùóç ðïõ äÝ÷åôáé ï
ïñåéíüò üãêïò Ãéïý÷ôá áíÝñ÷åôáé óå 3.700.000 m3.

3.4 ÐñáãìáôéêÞ åîáôìéóïäéáðíïÞ
Ëüãù ôçò Ýëëåéøçò ëõóéìÝôñùí ç åêôßìçóç ôçò ðñáãìáôéêÞò åîáôìéóïäéáðíïÞò (År) Ýãéíå ìå ôç ÷ñÞóç

åìðåéñéêþí ôýðùí. Ãéá ôïí Ãéïý÷ôá åöáñìüóèçêáí ïé ìÝèïäïé Turc êáé Coutagne, êáèþò êáé ç ìÝèïäïò
Thornthwaite. ̧ ôóé óôï ìÝóï õøüìåôñï êÜèå ôìÞìáôïò (350, 450,�) õðïëïãßóèçêå ç ìÝóç åôÞóéá èåñìïêñáóß-
á ìå âÜóç ôç ó÷Ýóç èåñìïêñáóßáò-õøïìÝôñïõ. Ìå âÜóç ôéò ôéìÝò ôçò èåñìïêñáóßáò êáé ôùí áôìïóöáéñéêþí

Ó÷Þìá 2. Äéáêýìáíóç ôçò åôÞóéáò âñï÷üðôùóçò (mm) óôï óôáèìü Êñïõóóþíá (1970-1999).
Figure 2. Fluctuations of annual rainall (mm) at the station or Kroussona (1970 � 1999).
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Ðßíáêáò ÉÉ. ¼ãêïò íåñïý áðü âñï÷üðôùóç (x106 m3) óôïí ïñåéíü üãêï Ãéïý÷ôá.
TableII. Water volume from rainfall (x106 m3) in Giouhta area

Ó÷Þìá 3. ÃñáöéêÞ áðåéêüíéóç ôçò ó÷Ýóçò ýøïõò âñï÷üðôùóçò-õøïìÝôñïõ.
Figure 3. Relation between rainfall and elevation.
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êáôáêñçìíéóìÜôùí óå êÜèå ôìÞìá ôïõ Ãéïý÷ôá êáé ÷ñçóéìïðïéþíôáò ôïõò åìðåéñéêïýò ôýðïõò ôùí Turc êáé
Coutagne (KáëëÝñãçò, ê.Ü, 2002) åêôéìÞèçêå ç åôÞóéá ðñáãìáôéêÞ åîáôìéóïäéáðíïÞ.

Ç åöáñìïãÞ ôçò ìåèüäïõ Ôurc óôïí ïñåéíü üãêï ôïõ Ãéïý÷ôá Ýäùóå ìÝóç ôéìÞ óõíôåëåóôÞ ðñáãìáôéêÞò
åîáôìéóïäéáðíïÞò ðïõ áíÝñ÷åôáé óå 62%, åíþ ç ìÝèïäïò Coutagne ôéìÞ ðïõ áíÝñ÷åôáé óå 63,4%. Óýìöùíá
ìå ôïí Ìáñßíï (1975) ï õðïëïãéóìüò ôçò ðñáãìáôéêÞò åîáôìéóïäéáðíïÞò ìÝóù ôùí ìåèüäùí Ôurc êáé Coutagne
óå êáñóôéêÝò ðåñéï÷Ýò äßíåé áíáîéüðéóôá áðïôåëÝóìáôá.

Ãéá ôïí õðïëïãéóìü ôçò ðñáãìáôéêÞò (År) åîáôìéóïäéáðíïÞò áðü ôç äõíáìéêÞ (Åp) óõíôÜ÷èçêå åðéðëÝïí
ôï éóïæýãéï êáôÜ Thornthwaite (Âïõäïýñçò, 1993). Ôï ùöÝëéìï áðüèåìá íåñïý óôï Ýäáöïò åîáñôÜôáé áðü ôç
öýóç ôïõ êáé ôï åßäïò ôçò âëÜóôçóçò êáé åêôéìÞèçêå ßóï ìå 70 mm.

Áí ç âñï÷üðôùóç (Ñ) õðåñâáßíåé ôçí Åñ ôüôå ç ðñáãìáôéêÞ åîáôìéóïäéáðíïÞ År=Ep. Ç äéáöïñÜ (Ñ-Åñ)
áðïèçêåýåôáé óôï Ýäáöïò ìÝ÷ñéò üôïõ êïñåóèåß áðü õãñáóßá. Áí ïé ìçíéáßåò âñï÷ïðôþóåéò åßíáé ìéêñüôåñåò
áðü ôçí Ep ôüôå ç Er åßíáé ßóç ìå ôï Üèñïéóìá ôùí âñï÷ïðôþóåùí êáé ìå üëï Þ ìå ìÝñïò ôïõ ðïóïóôïý ôïõ
ùöÝëéìïõ áðïèÝìáôïò íåñïý áðü ôï Ýäáöïò.

Óôïí Ðßíáêá ÉÉÉ äßíïíôáé ôá áðïôåëÝóìáôá ôçò åöáñìïãÞò ôùí áíùôÝñù ìåèüäùí óôïí ïñåéíü üãêï ôïõ
Ãéïý÷ôá. Ôï éóïæýãéï êáôÜ Ôhornthwaite ðñïóåããßæåé ðåñéóóüôåñï ôçí ðñáãìáôéêüôçôá (Âïõäïýñçò ê.Ü,

Ðßíáêáò ÉÉÉ: ÐñáãìáôéêÞ åîáôìéóïäéáðíïÞ Er (mm) óôïí Ãéïý÷ôá ìå äéÜöïñåò ìåèüäïõò
Table III. Real evaportranspiration (mm) in Giouchta with various methods.

1997) êáé Ýôóé ï õðïëïãéóìüò ôçò ðñáãìáôéêÞò åîáôìéóïäéáðíïÞò Ýãéíå ìå âÜóç ôç ìÝèïäï áõôÞ. Ïé ôéìÝò ôïõ
óõíôåëåóôÞ ðñáãìáôéêÞò åîáôìéóïäéáðíïÞò ìå ôç ìÝèïäï Ôhornthwaite ãéá ôïõò óôáèìïýò Áâäïý, Êñïõóóþ-
íá, Êáóôåëëßïõ êáé ÐñïöÞôç Çëßá, ðïõ âñßóêïíôáé óôçí åõñýôåñç ðåñéï÷Þ Ýñåõíáò áíÝñ÷ïíôáé óå 50%, 40%,
51,5% êáé 49%, áíôßóôïé÷á.

Ãéá ôïí ïñåéíü üãêï ôïõ Ãéïý÷ôá, ìå âÜóç ôá áíùôÝñù, åêôéìÞèçêå üôé ç ìÝóç åôÞóéá ðñáãìáôéêÞ åîáôìé-
óïäéáðíïÞ áíôéðñïóùðåýåé ôï 44,2% ôïõ åôÞóéïõ ýøïõò âñï÷üðôùóçò (Ðßí. ÉÉÉ). Ç äéáöïñÜ ôçò ðñáãìáôéêÞò
åîáôìéóïäéáðíïÞò áðü ôá áôìïóöáéñéêÜ êáôáêñçìíßóìáôá áðïôåëåß ôï ðëåüíáóìá íåñïý êáé áíôéðñïóùðåýåé
ôéò ðïóüôçôåò íåñïý ðïõ áíôéóôïé÷ïýí óôéò äéáäéêáóßåò ôçò åðéöáíåéáêÞò áðïññïÞò êáé êáôåßóäõóçò.

3.5 Êáôåßóäõóç
Ãéá ôá áíèñáêéêÜ ðåôñþìáôá Ý÷ïõí äïèåß óõíôåëåóôÝò êáôåßóäõóçò áðü äéÜöïñïõò åñåõíçôÝò, ðïõ

êõìáßíïíôáé áðü 35% Ýùò 60% ôçò åôÞóéáò âñï÷üðôùóçò. Ï Ìáñßíïò (1975) èåùñåß üôé ãéá ôéò ôõðéêÝò
êáñóôéêÝò óõíèÞêåò ôçò ÅëëÜäáò, ïé ôéìÝò ôïõ óõíôåëåóôÞ êáôåßóäõóçò ðñÝðåé íá êõìáßíïíôáé ìåôáîý 0,40 êáé
0,55.

¼ðùò ðñïÝêõøå áðü ôï éóïæýãéï Ôhornthwaite ï óõíôåëåóôÞò ðñáãìáôéêÞò åîáôìéóïäéáðíïÞò óôïí ïñåé-
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íü üãêï ôïõ Ãéïý÷ôá áíÝñ÷åôáé óå 44,2% ôïõ åôÞóéïõ ýøïõò âñï÷üðôùóçò. Ôï õðüëïéðï áíôéóôïé÷åß óôéò
äéáäéêáóßåò ôçò êáôåßóäõóçò êáé ôçò áðïññïÞò. ÅðåéäÞ ç åðéöáíåéáêÞ áðïññïÞ óôï Ãéïý÷ôá åêôéìÜôáé óå 5%
ôïõ ýøïõò âñï÷üðôùóçò, ëüãù ôïõ Ýíôïíïõ áíÜãëõöïõ, ðñïêýðôåé üôé ï óõíôåëåóôÞò êáôåßóäõóçò óôïõò
áóâåóôïëßèïõò ôïõ ïñåéíïý üãêïõ ôïõ Ãéïý÷ôá áíÝñ÷åôáé óå 50,8% ôïõ åôÞóéïõ ýøïõò âñï÷üðôùóçò. Ôï
ðïóïóôü áõôü ìðïñåß íá äéáöïñïðïéåßôáé áðü Ýôïò óå Ýôïò óõíáñôÞóåé ôùí êáôáêñçìíéóìÜôùí, ôçò ÝíôáóÞò
ôùí êáé Üëëùí ðáñáìÝôñùí.

Ç åöáñìïãÞ ôùí óõíôåëåóôþí Kessler ãéá ôïí õðïëïãéóìü ôçò êáôåßóäõóçò äßíåé éêáíïðïéçôéêÜ áðïôåëÝ-
óìáôá (Ìáñßíïò, 1975). Åöáñìüæïíôáò ëïéðüí ôïõò óõíôåëåóôÝò Kessler ìå âÜóç ôéò ìçíéáßåò âñï÷ïðôþóåéò
ôïõ óôáèìïý Êñïõóóþíá, ôï õøüìåôñï ôïõ ïðïßïõ áíôéóôïé÷åß óôï ìÝóï õøüìåôñï ôïõ ïñåéíïý üãêïõ ôïõ
Ãéïý÷ôá ðñïêýðôåé üôé ï ìÝóïò åôÞóéïò óõíôåëåóôÞò êáôåßóäõóçò áíÝñ÷åôáé óå 53,9% ôïõ åôÞóéïõ ýøïõò
âñï÷üðôùóçò, ï ïðïßïò âñßóêåôáé óôá áðïäåêôÜ üñéá ãéá áìéãåßò êáñóôéêÝò ðåñéï÷Ýò ôïõ Åëëçíéêïý ÷þñïõ êáé
ðñïóåããßæåé óçìáíôéêÜ ôï óõíôåëåóôÞ ðïõ õðïëïãßóèçêå áðü ôç ìÝèïäï Thornthwaite.

ÌÝñïò áðü ôçí ðïóüôçôá íåñïý ðïõ êáôåéóäýåé åêöïñôßæåôáé ìÝóù ðçãþí. Äýï ôÝôïéåò ÷áñáêôçñéóôéêÝò
ðçãÝò (Ð1, Ð2) âñßóêïíôáé óôï Äõôéêü ôìÞìá ôïõ Ãéïý÷ôá êáé Ý÷ïõí ðáñï÷Ýò 35 m3/h êáé 15 m3/h áíôßóôïé÷á
(ðåñßïäïò Öåâñïõáñßïõ 2001) êáé ÷ñçóéìïðïéïýíôáé ãéá Üñäåõóç. Ïé ðáñï÷Ýò ôç èåñéíÞ ðåñßïäï åëáôôþíï-
íôáé óçìáíôéêÜ êáé áíÝñ÷ïíôáé óå 5 m3/h êáé 0,5 m3/h áíôßóôïé÷á. ÓõíïëéêÜ åêôéìÜôáé ìÝóç åôÞóéá ðçãáßá
áðïññïÞ ôçò ôÜîåùò ôùí 350.000 m3.

Ï óõíôåëåóôÞò óôåßñåõóçò á, üðùò ðñïêýðôåé áðü ôçí åöáñìïãÞ ôçò åîßóùóçò ôïõ Maillet áíÝñ÷åôáé óå
8.8x10-3 d-1. Ï óõíôåëåóôÞò áõôüò áíôéðñïóùðåýåé ôçí éêáíüôçôá ôïõ õäñïöüñïõ íá áðåëåõèåñþíåé íåñü êáé
ó÷åôßæåôáé ìå ôá õäñïãåùëïãéêÜ ÷áñáêôçñéóôéêÜ ôïõ, åéäéêÜ ôï åíåñãü ðïñþäåò êáé ôç ìåôáâéâáóôéêüôçôá. Ç
ôÜîç ìåãÝèïõò ôïõ á äåß÷íåé ôïí ôñüðï ñïÞò ôïõ íåñïý óôïí õäñïöüñï. Áí ç ñïÞ ôïõ õðüãåéïõ íåñïý
ðñùôáñ÷éêÜ ãßíåôáé ìÝóù äéáêëÜóåùí êáé äéáññÞîåùí ç ôÜîç ìåãÝèïõò ôïõ á åßíáé 10-3 d-1 (Ozler, 1999), üðùò
óôçí ðåñßðôùóç ôïõ Ãéïý÷ôá.

3.6 Ðñïóåããéóôéêü õäáôéêü éóïæýãéï ôïõ ïñåéíïý üãêïõ Ãéïý÷ôá
Ìå âÜóç ôá áíùôÝñù åêôåèÝíôá åðé÷åéñÞèçêå ç óýíôáîç åíüò ðñïóåããéóôéêïý éóïæõãßïõ óôïí ïñåéíü

üãêï ôïõ Ãéïý÷ôá, óõíïëéêÞò Ýêôáóçò 3,9 Km2 (Ðßí. ÉV). Áðü ôïí Ðßíáêá áõôüí, êáèþò êáé ôï Ó÷Þìá 4
ðñïêýðôïõí ôá êÜôùèé:

Ðßíáêáò ÉV: Ðñïóåããéóôéêü õäñïëïãéêü éóïæýãéï óôïí ïñåéíü üãêï Ãéïý÷ôá
Table IV. Mean water balance computation in Giouchta area.
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- Ï ìÝóïò åôÞóéïò üãêïò íåñïý áðü âñï÷üðôùóç óôïí ïñåéíü üãêï Ãéïý÷ôá ôïõ ÄÞìïõ Áñ÷áíþí áíÝñ÷å-
ôáé óå 3,7 (x106 m3).

- Ï ìÝóïò åôÞóéïò üãêïò íåñïý ðïõ åðáíÝñ÷åôáé óôçí áôìüóöáéñá, ëüãù åîáôìéóïäéáðíïÞò ìå ôç ìÝèïäï
Ôhornthwaite áíÝñ÷åôáé óå 1,65 (x106 m3). Ï ìÝóïò óõíôåëåóôÞò ðñáãìáôéêÞò åîáôìéóïäéáðíïÞò áíÝñ÷åôáé
óå 44,2% ôïõ åôÞóéïõ ýøïõò âñï÷üðôùóçò.

- Ï ìÝóïò åôÞóéïò üãêïò íåñïý ðïõ êáôåéóäýåé óôïõò áóâåóôïëßèïõò ôïõ Ãéïý÷ôá áíÝñ÷åôáé óå 1,9 (x106

m3). Ï óõíôåëåóôÞò êáôåßóäõóçò áíÝñ÷åôáé óå 50,8% ôïõ åôÞóéïõ ýøïõò âñï÷üðôùóçò. ¸íá ìéêñü ðïóïóôü
(0,3x106 m3) áðü ôïí üãêï íåñïý ðïõ êáôåéóäýåé åêöïñôßæåôáé ìÝóù ðçãþí.

3.7 ÅêìåôÜëëåõóç ôïõ êáñóôéêïý õäñïöïñÝá-Ðñïôåéíüìåíåò ëýóåéò
Óôïõò áóâåóôïëßèïõò ôïõ Ãéïý÷ôá áíïñý÷èçêáí 5 ãåùôñÞóåéò ìåãÜëïõ âÜèïõò (465-600 m), åê ôùí

ïðïßùí ç ìßá áðü áõôÝò Þôáí åñåõíçôéêÞ (Ã5). Äýï ãåùôñÞóåéò ìåôåôñÜðçêáí ðñüóöáôá (ÉáíïõÜñéïò 2001) óå
ðáñáãùãéêÝò áðü ôïí ÄÞìï Áñ÷áíþí ãéá ôçí êÜëõøç ôùí õäñåõôéêþí áíáãêþí (Ã1, Ã2). Ïé ãåùôñÞóåéò Ã1
êáé Ã2 ëåéôïõñãïýí åíáëëÜî, áíÜ 12 þñåò ç êáèåìéÜ ìå ðáñï÷Ýò 17 êáé 54 m3/h, áíôßóôïé÷á. ÓõíïëéêÜ
áíôëïýíôáé 320.000 m3 åôçóßùò ãéá ôçí êÜëõøç ôùí õäñåõôéêþí áíáãêþí ôïõ ÄÞìïõ Áñ÷áíþí.

 Ìßá áíïñý÷èçêå áðü ôç ÄÅÕÁ Çñáêëåßïõ (Ã3) êáé Þäç áîéïðïéåßôáé ìå ðáñï÷Þ Üíôëçóçò 35 m3/h ãéá ôçí
êÜëõøç ìÝñïõò ôùí õäñåõôéêþí áíáãêþí ôïõ ÄÞìïõ Çñáêëåßïõ. Ç ãåþôñçóç (Ã4) Ýãéíå ãéá ëïãáñéáóìü ôùí
ÄÞìùí Áñ÷áíþí êáé ÔåìÝíïõò êáé äåí Ý÷åé áêüìá áîéïðïéçèåß.

Ç ðïéüôçôá ôùí õðüãåéùí íåñþí ôïõ êáñóôéêïý õäñïöïñÝá ôïõ Ãéïý÷ôá åßíáé êáëÞ áðü ðëåõñÜò ðïóéìü-
ôçôáò (ÊáëëÝñãçò ê.Ü, 2002) êáé ãéá ôï ëüãï áõôü ðñïôåßíåôáé ç åêìåôÜëëåõóÞ ôïõ ìüíï ãéá ôçí êÜëõøç
õäñåõôéêþí áíáãêþí.

 Ï ðëçèõóìüò ôïõ ÄÞìïõ Áñ÷áíþí áíÝñ÷åôáé óýìöùíá ìå ôçí ôåëåõôáßá áðïãñáöÞ ôçò ÅÓÕÅ óå 4.279
êáôïßêïõò. Ï ðëçèõóìüò ôï 2031 èá êõìáßíåôáé ìåôáîý 5.426 (áñéèìçôéêÞ ìÝèïäïò ðñüâëåøçò) êáé 5.508
(ãåùìåôñéêÞ ìÝèïäïò). Èåùñþíôáò çìåñÞóéá åéäéêÞ êáôáíÜëùóç ôá 200 l êáé ùò Üíù üñéï ôá 250 l ôïõò

Ó÷Þìá 4. ÐáñÜìåôñïé ôïõ õäñïëïãéêïý éóïæõãßïõ óôïí ïñåéíü üãêï Ãéïý÷ôá.
Figure 4. Water balance parameters in Giouchta area.
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èåñéíïýò ìÞíåò ðñïêýðôåé üôé, ç óõíïëéêÞ åôÞóéá êáôáíÜëùóç ãéá ôçí êÜëõøç ôùí õäñåõôéêþí áíáãêþí
ïëüêëçñïõ ôïõ ÄÞìïõ Áñ÷áíþí ìå ðñüâëåøç 30-åôßáò áíÝñ÷åôáé óå 450.000 m3 íåñïý. Ç áíùôÝñù ðïóüôçôá
áíôéóôïé÷åß óå ìÝóç êáôáíÜëùóç ôçò ôÜîåùò ôùí 52 m3/h. Ôïõò èåñéíïýò ìÞíåò ç êáôáíÜëùóç áé÷ìÞò áíÝñ-
÷åôáé óå 80 m3/h.

¼ðùò ðñïêýðôåé áðü ôç óýíôáîç ôïõ õäñïëïãéêïý éóïæõãßïõ ðïóüôçôá íåñïý ôçò ôÜîåùò ôïõ 1.000.000 m3

åôçóßùò, ðïõ ðñïÝñ÷åôáé áðü ôç äéáöïñÜ ìåôáîý ôçò öõóéêÞò ôñïöïäïóßáò êáé ôïõ ñõèìïý áðïëÞøåùí ãéá ôçí
ýäñåõóç ôïõ ÄÞìïõ Áñ÷áíþí ìðïñåß íá äéáôåèåß ãéá ôçí êÜëõøç ìÝñïõò ôùí õäñåõôéêþí áíáãêþí ôùí
ÄÞìùí Çñáêëåßïõ êáé ÔåìÝíïõò. Çäç ôï ðëåüíáóìá Üñ÷éóå íá áîéïðïéåßôáé Þ ó÷åäéÜæåôáé íá áîéïðïéçèåß ãéá
ôçí êÜëõøç ôùí õäñåõôéêþí áíáãêþí ôùí áíùôÝñù ÄÞìùí.

Ç ðñïóôáóßá êáé ç ïñèïëïãéêÞ äéá÷åßñéóç ôïõ êáñóôéêïý õäñïöïñÝá ôïõ Ãéïý÷ôá êñßíåôáé åðéâåâëçìÝíç,
ãéáôß áðïôåëåß ôç ìïíáäéêÞ ðçãÞ ôñïöïäïóßáò ìå êáëÞò ðïéüôçôáò íåñü ãéá ôçí êÜëõøç ôùí õäñåõôéêþí
áíáãêþí ïëüêëçñïõ ôïõ ÄÞìïõ Áñ÷áíþí. ÐñÝðåé íá áíáöåñèåß üôé ôï êáñóôéêü õðüãåéï íåñü åßíáé éäéáßôåñá
ôñùôü óå ñýðáíóç êáé ç ïñèïëïãéêÞ äéá÷åßñéóÞ ôïõ áðáéôåß ôçí ðñüëçøç ôçò ñýðáíóçò.

Ãéá ôï ëüãï áõôü åðéâÜëëåôáé ç áðáãüñåõóç áãñïôï-êôçíïôñïöéêþí äñáóôçñéïôÞôùí, ïé ïðïßåò Ý÷ïõí
áñíçôéêÝò åðéðôþóåéò óôçí ðïéüôçôá ôùí õðüãåéùí êáñóôéêþí íåñþí (ìéêñïâéïëïãéêÞ ñýðáíóç, áýîçóç ðåñéå-
êôéêüôçôáò íéôñéêþí éüíôùí ê.Ü).

Ç ðåñéï÷Þ ôïõ ïñåéíïý üãêïõ ôïõ Ãéïý÷ôá ðñïôåßíåôáé íá åíôá÷èåß óå ìçôñþï ðñïóôáôåõüìåíùí ðåñéï-
÷þí ãéá ôçí ðñïóôáóßá ôùí õðüãåéùí íåñþí, óýìöùíá êáé ìå ôçí ïäçãßá 2000/60 ôçò ÅõñùðáúêÞò ¸íùóçò
ãéá ôç èÝóðéóç ðëáéóßïõ äñÜóçò ãéá ôçí ðïëéôéêÞ ôùí õäÜôùí.

Ãéá ôçí ðñïóôáóßá ôïõ áíùôÝñù êáñóôéêïý õäñïöüñïõ áðü ôçí õðåñåêìåôÜëëåõóç åðéâÜëëåôáé ç åöáñìï-
ãÞ áõóôçñþí ðåñéïñéóôéêþí ìÝôñùí ìå áðáãüñåõóç áíüñõîçò íÝùí ãåùôñÞóåùí. Ç åêìåôÜëëåõóç ôùí
ãåùôñÞóåùí íá ãßíåôáé ìå ìéêñÝò ðáñï÷Ýò ìå óýã÷ñïíç ðáñáêïëïýèçóç ôçò óôÜèìçò. Ðñïôåßíåôáé åðßóçò ç
äéá÷ñïíéêÞ ðáñáêïëïýèçóç ôçò ðïéüôçôáò ôïõ õðüãåéïõ êáñóôéêïý íåñïý äéá ìÝóïõ óõóôçìáôéêþí ÷çìéêþí
áíáëýóåùí.

4. ÓÕÌÐÅÑÁÓÌÁÔÁ
Áðü ôá áíùôÝñù åêôåèÝíôá, üóïí áöïñÜ ôéò õäñïãåùëïãéêÝò óõíèÞêåò ôïõ ïñåéíïý üãêïõ ôïõ Ãéïý÷ôá

ôïõ Íïìïý Çñáêëåßïõ, ðñïêýðôïõí ôá åîÞò óõìðåñÜóìáôá:
- Ï ïñåéíüò üãêïò ôïõ Ãéïý÷ôá êáëýðôåé Ýêôáóç 3,9 Km2 óå õøüìåôñá 300-800 m ìå ìÝóï õøüìåôñï 598

m. ÃåùëïãéêÜ áðïôåëåßôáé áðü äïëïìßôåò, äïëïìéôéêïýò áóâåóôïëßèïõò êáé áóâåóôüëéèïõò ôçò åíüôçôáò Ôñßðï-
ëçò, ïé ïðïßïé åßíáé õäñïðåñáôïß ó÷çìáôéóìïß, ëüãù êáñóôïðïßçóçò ìå áðïôÝëåóìá ôï íåñü ôçò âñï÷üðôùóçò
íá êáôåéóäýåé ìÝóá óôç ìÜæá ôïõò êáé íá ó÷çìáôßæåé áîéüëïãåò õðüãåéåò õäñïöïñßåò.

- Ç åéäéêÞ áðüäïóç (Q/s) ôùí ãåùôñÞóåùí ðïõ Ý÷ïõí áíïñõ÷èåß óôïõò áóâåóôïëßèïõò ôçò åíüôçôáò
Ôñßðïëçò êõìáßíåôáé áðü 1,4 m3/h.m (Ã1) ìÝ÷ñé 28,5 m3/h.m (Ã2). Ç ìÝóç ôéìÞ ôïõ óõíôåëåóôÞ ìåôáâéâáóôéêü-
ôçôáò (Ô) êõìáßíåôáé áðü 42 (Ã1) Ýùò 770 m2/day (Ã2).

- Ï ìÝóïò åôÞóéïò üãêïò íåñïý áðü âñï÷üðôùóç ðïõ äÝ÷åôáé ï ïñåéíüò üãêïò ôïõ Ãéïý÷ôá áíÝñ÷åôáé óå
3,7x106 m3. Ï ìÝóïò åôÞóéïò üãêïò íåñïý ðïõ êáôåéóäýåé áíÝñ÷åôáé óå 1,9x106 m3.

- Ç õäñïóôáôéêÞ óôÜèìç, êáèþò êáé ç óôÜèìç Üíôëçóçò üëùí ôùí ãåùôñÞóåùí, ðïõ Ý÷ïõí áíïñõ÷èåß ìÝ÷ñé
óÞìåñá óôïí êáñóôéêü õäñïöïñÝá ôïõ Ãéïý÷ôá âñßóêïíôáé óå èåôéêÜ õøüìåôñá.

- Áðü ôç óýíôáîç ôïõ õäñïëïãéêïý éóïæõãßïõ ðñïêýðôåé äõíáôüôçôá ðëÞñïõò êÜëõøçò ôùí õäñåõôéêþí
áíáãêþí ôïõ ÄÞìïõ Áñ÷áíþí, êáèþò êáé ìéêñïý ìÝñïõò ôùí áíáãêþí ôùí ÄÞìùí Çñáêëåßïõ êáé ÔåìÝíïõò.

ÔÝëïò ðñïôåßíåôáé ìéá äÝóìç ìÝôñùí ðïõ óôï÷åýïõí óôçí ïñèïëïãéêÞ áîéïðïßçóç êáé ôç âéþóéìç
äéá÷åßñéóç ôïõ êáñóôéêïý õäñïöïñÝá ôïõ Ãéïý÷ôá. ÐåñáéôÝñù Ýñåõíåò üðùò åöáñìïãÞ éóïôüðùí, ãåù-
öõóéêÞ Ýñåõíá, äéåñåýíçóç ôçò ðéèáíÞò õäñáõëéêÞò ó÷Ýóçò ìå ôï õäñïóýóôçìá ôïõ Øçëïñåßôç, ðñïóïìïß-
ùóç ôïõ êýêëïõ ôïõ íåñïý êñßíïíôáé áðáñáßôçôåò ãéá ôçí êáëýôåñç ãíþóç ôùí õäñïãåùëïãéêþí óõíèç-
êþí ôïõ áíùôÝñù êáñóôéêïý õäñïöïñÝá.
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Contribution to the hydrogeology and sustainable management in Giouchta aquifer system,
(Prefecture of Heraklion)

K. Voudouris1

Summary
Giouchta mountain is located in northern part of Heraklion� Prefecture, covering an area of 3.9 Km2. The

prevailing geological formations are dolomites and limestone and the region is therefore characterized by
karstic features. Rainfall infltrates rapidly through fissures until it reaches the water table. Transmissivity and
storage coefficient vary between T= 42-770 m2/d and 0.45-3% respectively, as deduced from extensive pump-
ing test analyses. Hydrological data were used covering a period 1970-1999. The mean annual precipitation is
489 mm and increases with altitude (66 mm/100m). The rainfall-altitude relationship was used to determinate
rainfall volume, which is 3.7x106 m3/year. For the calculation of the real evapotranspiration and the water
surplus the model of Thornthwaite was applied. The evapotranspiration losses are computed to 1.65x106 m3/
year and the real evapotranspiration coefficient is 44.2% of the annual precipitation. The total water volume
infiltrated into the karst system amounts to 1.6x106 m3/year. The protection of the karst system based on the
application of a rational water resources management scheme is imperative for development of the area. Based
on results a set of measures are proposed in order to achieve sustainable management of the karst aquifer of
Giouchta.

Êey words: Hydrological balance, karstic aquifer, sustainable management, Giouchta, Crete

ÂÉÂËÉÏÃÑÁÖÉÁ
Áëåîüðïõëïò, Á., (1990): ÃåùëïãéêÝò êáé õäñïãåùëïãéêÝò óõíèÞêåò ôïõ ôïðïãñáöéêïý öýëëïõ �Ìï÷üò�

(ÊåíôñïáíáôïëéêÞ ÊñÞôç). Äéä. äéáôñéâÞ. ÐáíåðéóôÞìéï Áèçíþí.
Aubouin, J., Dercourt, J., (1965): Sur la Geologie de l� Egee: regard sur la Crete (Grece). Bull. Soc. Geol. de

France, 7, 787-821.
Birkle, P., Torres, RV, Gonzalez, PE, (1998): The water balance for the basin of the valley of Mexico and

implications for future water consumption. Hydrogeology Journal (1998) 6:500-517.
Bonneau, M., (1973): Les unites tectoniques de l� ile de Crete (Grece) Prem. Reun. Ann. des Sc.de la Terre,

Paris, 90.
Âïõäïýñçò, Ê., (1993): Ðñüãñáììá õðïëïãéóìïý ôçò ðñáãìáôéêÞò åîáôìéóïäéáðíïÞò êáé ôïõ ðëåïíÜóìáôïò

íåñïý ìå ôï ìïíôÝëï Thornthwaite-Mather (1995). Ãåùôå÷íéêÜ åðéóôçìïíéêÜ èÝìáôá, Ôüìïò 4, Ôåý÷ïò
4/1993, 78-84.

Âïõäïýñçò, Ê., Ðáðáäüðïõëïò, Ê., ÌðïõëïõêÜêçò, Ç., Êõñïýóçò, É. (1997): ÊáôáíïìÞ ôùí âñï÷ïðôþóåùí
êáé õäñïëïãéêü éóïæýãéï óôï Í. Çñáêëåßïõ. ÐñáêôéêÜ 3ïõ Óõíåäñßïõ «Äéá÷åßñéóç õäáôéêþí ðüñùí óå
íçóéùôéêÝò êáé ðáñÜêôéåò ðåñéï÷Ýò» ÅÅÄÕÐ, óåë. 5-11.

ÊáëëÝñãçò, Ã., Âïõäïýñçò, Ê., ËáìðñÜêçò, Í., (2002): Õäñïëïãéêü éóïæýãéï êáé äéá÷åßñéóç ôïõ êáñóôéêïý
óõóôÞìáôïò Ãéïý÷ôá. ÔåëéêÞ Ýêèåóç åñåõíçôéêïý ðñïãñÜììáôïò. Åñã. Õäñïãåùëïãßáò, ÔìÞìá Ãåùëï-
ãßáò, Ðáí. Ðáôñþí.

ÊíéèÜêçò, Ì., Ðïëõ÷ñïíÜêç, Á., (1990): ¸êèåóç õäñïãåùëïãéêÞò áíáãíþñéóçò ôçò åõñýôåñçò ðåñéï÷Þò
ôïõ ÄÞìïõ Áñ÷áíþí ôïõ Í. Çñáêëåßïõ. É.Ã.Ì.Å.

Koppen, W., Geiger, R., (1936): Handbuch der Klimatologie. Berlin.
Linsley, R., Kohler, M., Paulhus, J., (1988): Hydrology for Engineers. McGraw-Hill Book Company.
Ìáñßíïò, Ð., (1975): Åíåñãüò êáôåßóäõóéò åíôüò áóâåóôïëßèùí. ÓöÜëìáôá êáôÜ ôïí õðïëïãéóìü åê äéáöï-

ñÜò ìÝóù õäñïëïãéêïý éóïæõãßïõ. Éó÷ýò ôùí óõíÞèùí åîéóþóåùí ðñáãìáôéêÞò åîáôìéóïäéáðíïÞò óôçí
ÅëëÜäá. An. Geol. pays Hell., V. 27, pp. 159-178. Paleont. Univ. Athens, series A, No 32.

Îáíèüðïõëïò, Í., (1988): ÃåùöõóéêÞ Ýñåõíá ôçò åõñýôåñçò ðåñéï÷Þò ôïõ ÄÞìïõ Áñ÷áíþí. Ôå÷íéêÞ Ýêèå-

1 Lecturer, Dept. of Geology, Aristotle University of Thessaloniki, Åmail: KVoudour@internet.gr



48 ÃÅÙÔÅ×ÍÉÊÁ ÅÐÉÓÔÇÌÏÍÉÊÁ ÈÅÌÁÔÁ -  ÓÅÉÑÁ VI -  ÔÏÌÏÓ 14 - ÔÅÕ×ÏÓ 4/2003

óç. É.Ã.Ì.Å.
Ozler, M., (1999): Water balance and water quality in the Curuksu basin, western Turkey. Hydrogeology

Journal (1999) 7:405-418.
ÐáðáðÝôñïõ-ÆáìÜíç, Á., (1965): ÓõìâïëÞ óôç ãíþóç ôïõ Íåïãåíïýò ôïõ Íïìïý Çñáêëåßïõ ÊñÞôçò. Ann.

Geol. des pays Hell., 31, 16-31. Ph.D. Thesis, Univ. London.
ÖáóïõëÜò, ×., (1995): ÊéíçìáôéêÞ êáé ðáñáìüñöùóç ôùí êáëõììÜôùí ôçò êåíôñéêÞò ÊñÞôçò. ÄéäáêôïñéêÞ

äéáôñéâÞ. ÁñéóôïôÝëåéï ÐáíåðéóôÞìéï Èåóóáëïíßêçò.
ÖõôñïëÜêçò, Í., (1980): Ç ãåùëïãéêÞ äïìÞ ôçò ÊñÞôçò. ÄéáôñéâÞ åðß õöçãåóßá. ÅÌÐ.
×ñéóôïäïýëïõ, Ã., (1963): Ãåùëïãéêáß êáé ìéêñïðáëáéïíôïëïãéêáß Ýñåõíáé åðß ôïõ Íåïãåíïýò ôçò íÞóïõ

ÊñÞôçò. ÄéáôñéâÞ åðß Õöçãåóßá, 154 ó. ÁèÞíáé.



49ÃÅÙÔÅ×ÍÉÊÁ ÅÐÉÓÔÇÌÏÍÉÊÁ ÈÅÌÁÔÁ - ÓÅÉÑÁ VÉ  -  ÔÏÌÏÓ 14 - ÔÅÕ×ÏÓ 4/2003

ãåùôå÷íéêÜ
åðéóôçìïíéêÜ èÝìáôá

TRIMONTHLY EDITION
OF  THE GEOTECHNICAL CHAMBER
OF  GREECE

Volume 14

Issue VI

Number 2/2003

Thessaloniki
64, Venizelou str., 546 31
Tel. 278.817-18  FAX: 236308

OWNER
GEOTECHNICAL CHAMBER
OF GREECE

EDITOR
George Papavasiliou

AGRICULTURE ENGINEERS´
EDITORIAL COMMITTEE

N. Katis, Agriculture Engineer
G. Terzidis, Agriculture Engineer

GEOLOGISTS�
EDITORIAL COMMITTEE

N. Zouros, Geologist
D. Mountrakis, Geologist

EDITORS
S. Dafnis, Geologist

PRODUCTION
LITHOGRAPHIA
J. Antoniadis - Th. Psarras S.A.
N. REDESTOS, P.O. 570 01
Ôel. 466.776 - Fax 466.699

ISSN 1105-9478

ÔÑÉÌÇÍÉÁÉÁ ÅÊÄÏÓÇ
ÃÅÙÔÅ×ÍÉÊÏÕ ÅÐÉÌÅËÇÔÇÑÉÏÕ
ÅËËÁÄÁÓ

Ôüìïò 14

ÓåéñÜ VÉ

Ôåý÷ïò 2/2003

ÅÄÑÁ: Èåóóáëïíßêç
ÂåíéæÝëïõ 64, Ô.Ê. 546 31
Ôçë. 278.817-18  FAX: 236308

ÉÄÉÏÊÔÇÔÇÓ
ÃÅÙÔÅ×ÍÉÊÏ ÅÐÉÌÅËÇÔÇÑÉÏ
ÅËËÁÄÁÓ

ÅÊÄÏÔÇÓ
Ãåþñãéïò Ðáðáâáóéëåßïõ

ÓÕÍÔÁÊÔÉÊÇ ÅÐÉÔÑÏÐÇ
ÃÅÙÐÏÍÙÍ

Í. ÊáôÞò, Ãåùðüíïò
Ã. Ôåñæßäçò, Ãåùðüíïò

ÓÕÍÔÁÊÔÉÊÇ ÅÐÉÔÑÏÐÇ
ÃÅÙËÏÃÙÍ

Í. Æïýñïò, Ãåùëüãïò
Ä. ÌïõíñÜêçò, Ãåùëüãïò

ÅÐÉÌÅËÅÉÁ ÅÊÄÏÓÇÓ
Ó. ÄáöíÞò, Ãåùëüãïò

ÐÁÑÁÃÙÃÇ
ËÉÈÏÃÑÁÖÉÁ
É. ÁíôùíéÜäçò - È. ØáññÜò Ï.Å.
Í. ÑÁÉÄÅÓÔÏÓ - Ô.Ê.570 01
Ôçë. 466.776 - Fax 466.699

ISSN 1105-9478

geotechnical
scientific issues




