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 جميع الأبحاث العلمية المنشورة في هذا العدد محكمة
جميع حقوق الطبع محفوظة. ولا يسمح بإعادة طبع أي جزء من المجلة أو نسخه بأي شكل 

الإدخال في أي نظام وبأي وسيلة كانت إلكترونية أو آلية بما في ذلك التصوير والتسجيل و

 حفظ معلومات أو اسـتعادتها بدون الحصول على موافقة كتابية من رئيس هيئة التحرير.

الآراء المضمنة في كتابات هذه المجلة تعبر عن وجهات نظر كتابها ولا تعبر بالضرورة عن 

 وجهة نظر هيئة تحرير المجلة العلمية لجامعة الملك فيصل.
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 القاعدية  دراسة  بتروغرافية  جيوكيميائية  للحشوات
  المرافقة للصخور البازلتية القلوية الرباعية  و فوق القاعدية

 "جنوب غرب سوريا"  لحقل شامة البركاني 
 

 **ميخائيل معـطي -*نصر صبحي -سفرجلانيالعبد الرحمن 

 عة الملك فيصل جام –كلية العلوم الزراعية والأغذية  -قسم الأراضي والمياه 

 المملكة العربية السعودية -الأحساء 

 قطر - الدوحة -قطرجامعة  -كلية العلوم  - يولوجياقسم الج* 
 الجمهورية العربية السورية -دمشق    -جامعة دمشق  -كلية العلوم  -  يولوجياقسم الج**    

 لص    الم

الم تشــر ا الجــزء وعي يترافــق مــب الباالــو القلــو  العا ــد لعصــر  ال يــوج  والربــا 

ــرقي شقــل لــامة النكــاري )ج ــو  غــر  ســوري       كميــة كــبن  مــ     (االشــمالي الش

الفلزية  لبلوراتلإضافة   (Xenoliths)  لقاعديةوفوق ا لقاعديةاششوات ذات التراكيب ا

تسـهم ا  هرهـا  دراسـة هـذه اششـوات     تعـود ههميـة    و ، (Megacrysts) الكـبن   ال امية 

 (.اليتوسفن الجزء الشمالي للصفيحة العربية )سوريمعرفة طبيعة 

  كـبناً  بترولوجيـاً  اًللحشوات ت وع ـ لجيوكيميا يةا والبتروغرافية  الدراسة هظهرت

القشـر    تشـكل متباي ـة تعـود إمـا للاـزء السـفلي مـ        لأوساط لروط تواان  معه   هظهر

ــو  مــ  المعطــ  الأرضــي    الأرضــية ــو دراســة ا  هو للاــزء العل ــا دل ــز   ، كم ــوا الفل لمجم

 شــواتبعــا الجيوتنموبــاروميترات علــ  لــروط تــواان ش   اختبــار وكــذلك للحشــوات

والــت تــتروا  بــ     اللناوليتيــة و البنوكســي يتية  لجــزء العلــو  مــ  المعطــ  الأرضــي  ا

 لـروط تشـكل  همـا  ،  حـرار  لل oم 1060-950  و للضـط    كيلوبـار  13.5-14.5

كيلـو بـار      8 - 6فـتتروا  بـ     ة الطابرو يديـة حشوات الجزء السفلي للقشـر  الأرضـي  

 .  حرار لل  oم 920-850للضط  و 
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 مقـدمــة و هــدف البحــث  

تعتــن  دراســة اششــوات المتشــكلة ا الجــزء الســفلي للقشــر  الأرضــية و  الجــزء         

الت لطلو الكثن م  العلماء والباحث   م  المواضيب الهامةالأرضي العلو  م  المعط  

هصبحو موضب اهتمامهم بسبب مساهمة هذه اششوات ا تقديم صور  واضـحة حـول   و

ــو     ــ  العلـ ــية والمعطـ ــر  الأرضـ ــفل القشـ ــة هسـ ــة   ،  طبيعـ ــة الدقيقـ ــدمو الدراسـ ــث قـ حيـ

الجيوكيميا يــة و البترولوجيــة للحشــوات معلومــات هامــة حــول طبيعــة   -البتروغرافيــة 

التركيب المتشكلة ا المعطـ  ، كمـا    الليتوسفن و لكل تطور الماد  المهلية الباالتية

يمك  هن تقدم هدلة حقيقية مبالر  لتركيب  الجزء السفلي للقشـر  الأرضـية  وللاـزء    

ــو  للمعطــ   إن معرفــة لمــل هــذه التراكيــب هــو همــر ضــرور  لفهــم      الأرضــي .  العل

 .الظواهر و الب يات الجيولوجية ذات المقياس الإقليمي الكبن

لصـــبات النكاريـــة الباالتيـــة القلويـــة التركيـــب الثلا يـــة      الارســـكابات و اتمتـــد 

ــر ــة العمـــ ــة  اشـــــرات (Harrats) والرباعيـــ ــفيحة العربيـــ ــافة  ا الصـــ ــم 2800مســـ  كـــ

(McGuire,1988 a ; b)  سـوريا   م م  اليم  ج وباً عن المملكة العربية السعودية فالأردن

 الم طقــة ةركــة ، هــذا و يـرتب  ال شــاط النكــاري ا  (1 –يـا اــالًا )لــكل  وترك

ــة  ــةالــت تســببو بتشــكل الارهــدامات    الصــفيحة العربي لا ســيما ارهــدام البحــر    الإقليمي

الأحمر والصدا التحـولي المشـرقي الممتـد مـ  خلـيق العقبـة ج وبـاً حتـ  جبـال الأمـاروس           

 . (Dutria and Girod,1987) االًا

 2كـم 180000  الــ  القلويـة مسـاحة تقـار    النكاريـة الباالتيـة    تحتل الارسكابات

(Coleman et al.1983) ــن  ، و ــيميعت حــرات الشــام  المتمركــز ا الجــزء الشــمالي     إقل

حة العربية  مـ  هكـن الارـدفاعات النكاريـة القلويـة ارتشـارا والممتـد مـ          صفيالطربي لل

ج ــو  غــر  ســوريا )مــ صفا جبــل العــر ( عــن الأردن )م طقــة الأارق( حتــ  )واد         

ر  المملكـــة العربيــــة الســـعودية، وتبلـــي مســـاحته حـــوالي الـــــ      ســـرحان( ا اـــال غـ ــ  
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وم طقــة  الإقلــيم. هــذا و يعتــن مــ صفا جبــل العــر  الجــزء الأهــم لهــذا     2كــم00005

تراكم ر يسـة للارسـكابات الباالتيـة حيـث تـتراو  ااكتهـا ا الجـزء المركـز  مـ           

ذه الــت ســاهمو ا تشــكيل ه ــ  الــناك كــم. كمــا وتقــدر  1.5-1المــ صفا بــ   

ت تشــر علــ  طــول كســور     (Ponikarov,1962) بركــانالتوضــعات الباالتيــة بمربعما ــة 

 . (Quennell,1996)لرق ج و   –فالقية عميقة ذات اتجاه اال غر  

 

  ا الصفيحة النكارية السي واوية و الصبات  تواا ههم الارسكابات   يب  (1)  لكل

 .(Medaris and Syada,1999) العربية ، ممخوذ  م                 
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 بدايـة ال شـاط النكـاري ا م طقـة جبـل العـر       هن   (Camp and Roobol,1992)بـ  

استمر حتـ  بدايـة التـمري      والذ  الأوس  لعصر الميوسينيلمليون س ة  ه   32إلى  تعود

ــالي  ــاري اشـ ــا الإرسـ ــا  ، كمـ ــو بعـ ــات بي ـ ــلالدراسـ  ; (Camp et al.,1991)  مثـ

(McGuire,1988 a ; b)     هن هغلب الارسكابات النكارية الباالتية تدفقو خـلال العشـر

 ملاي  س ة الأخن .

الباالتية القلوية هلارت عمليات المسح الجيولوجي للارسكابات النكارية 

مب إلى ترافق عدد كبن م  براكي ها التركيب الم تشر  ضم  الصفيحة العربية 

 Abu) ;(McGuire, 1988a;b) ;(Nasir and Al-Fuqha, 1988) و الميطاكريسو اششوات

Al-Jarayesh et al., 1993); (Coleman et al. 1983); (Nasir and Safarjalani, 2000); 

(Nasir and Safarjalani, 1995); (Nasir et al., 1992)   قام عدد م  الباحث  بدراسة

ملكة العربية السعودية مفصلة للحشوات المرافقة للصصور الباالتية الم تشر  ا الم

 Henjes- Knust et) ; (Nasir,1990 ;1992;1994;1995) ; (McGuire,1988 a; b)والأردن

al.,1990) (Nasir et al.,1993) ; (Nasir and Mahmood,1991)  ا ح  هره لم يك .

 ; (Medaris and Syada,1998;1999)رذكر م ها  ه اك إلا دراسات محدود  ا سوريا 

(Safarjalani and Nasir,1996) ;  

(Turkmani et al.,1996) ; (Snyder et al.,1995) ;  (Syada et al.,1996) ;. 

 ;  (Syada et al.,1996) حــددت عمليــات المســح الجيولــوجي لم طقــة جبــل العــر  

(Turkmani et al.,1996)  و عشرون موقعاً بركارياً يحتو  عل  ت وعـاً كـبن ا مـ        لا ة

 الأرضـي   الجـزء العلـو  للمعطـ     مـ   لجزء السفلي م  القشـر  هو ت المقتلعة م  ااششوا

 -تـل الخالديـة   -تل معـاذ   -تل فمر   -تل بثي ة  -تل درون   "مثلوالميطاكريسو 

 تــل –صـلصد   -تـل هحمــر   -تـل العراجــي   -تـل قليــب   - تـل خ فــة  -تـل الألــاعر 

غلبهـا برفقـة الصـصور الباالتيـة     ". و يتواجـد ه تل حنان -تل العايلات  - متانإ خضر

 .(Medaris and Syada,1999) مليون س ة 5 <حديثة العمرالقلوية 
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ششـوات  لمجموعـة مـ  ا  الجيوكيميا يـة   تمثل هذه الورقة رتـا ق الدراسـة البتروغرافيـة و   

ــك المتشــكلة ا     المتشــكلة ا ــو  مــ     الجــزء الســفلي للقشــر  الأرضــية وتل الجــزء العل

ا كل م   والمتكش رافقة للباالو القلو  العا د للعصر الرباعي الأرضي والمالمعط  

مـ  الم طقـة الج وبيـة الطربيـة      و تـل حـنان   متـان إخضـر  ، تل تل درون، تل بثي ة، تل معاذ

 (. 2-ا )لكللسوري

  :جيولوجية الم طـقة

 إلى لموعــة مــ  و تقســما الجــزء الشــمالي الطربــي للصــفيحة العربيــة  اتقــب ســوري

  ايقـب ا الجـزء الج ـوبي الطربـي لسـوري      :التاليـة الر يسـة  التكتورية  -الب يوية الوحدات

رهـو    دن ـ ا الشـمال  م صفا جبل  العر  الذ  يمتلـ  بباالـو ال يـوج  والربـاعي و    

ا هواس  البلاد يمك  تمييز حـزام  و  هضبة حلب وا الج و  الشرقي رهو  الرطبة 

حزام الطي التدمر  يتواجد   بي مافا الفرات ا الشمال الشرقي م صوالطي التدمر  

الإرطراسي ضم  القار  محشوراً ب  رهو  هضبة حلـب ا الشـمال ورهـو  الرطبـة ا     

ي تهــي قــر   ومــب رظــام فــالق البحــر الميــو ا الاتجــاه الج ــوبي الطربــي    متحــداً الج ــو 

 .(Seber et al.1993)الاتجاه الشمالي الشرقي ا م صفا الفرات 

بركاريـــة م فصـــلة   هربعـــة وحـــداتســـيم باالـــو الجـــزء الج ـــوبي لســـورية إلى  تم تق

الخصـــــا   ا كـــــثناً   رباعيـــــة مـــــب  هرهـــــا لا  تلـــــ   بليوســـــي يه و -ميوســـــي يه 

الارسكابات الباالتية  ططي ، هذا و ت(Ponikarov,1962) البتروكيميا ية و البتروغرافية

 .(Mouty et al.,1992) رباعية ال ثلا ية وال -كريتاسيةال ية رسوبال الصصوركل م  
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 ,Camp and Roobol) ;(Barberi et al.,1980) ;(Poinkarov,1967) يرجـب كـل مـ    

  كمــا هــو اشــال تمامــاً لمظــاهر   يغالبــاً إلى طــور ااشــدا النكــاري ا ســوري  (1989

الم طقـة مثــل الأردن ، فلسـط  ، و المملكـة العربيــة    بــاقي هجـزاء  النك ـة المشـاهد  ا   

، بي مـا يمتـد   مليـون سـ ة   16-24  الواقعـة بـ     الطور الأول ا الفـتر يمتد .   السعودية

 .(Capan et al.,1987) مليون س ة 8 - 0.4 الطور الثاري ب 

اششـوات ذات   تترافق معظم الصبات الثلا ية والرباعية مب ت ـوا كـبن ومتبـاي  مـ     

ــو  مــ       لقاعــد فــوق او لقاعــد التركيــب ا ــت تعــود بتشــكلها إمــا إلى الجــزء العل وال

تمثل الصصور المهلية و  (Turkmani et al.,1996)المعط  هو للازء السفلي للقشر  الأرضية

 Mouty, et)المضيفة لهذه اششوات صصوراً باالتية هوليفي يـة إلى باالتيـة  قلويـة الطبيعـة     

al.,1992). 

 البحث طرا ق المواد و  

ــب  ــو  150تم جمـ ــة حشـ ــ    عي ـ ــتملو علـ ــة   120الـ ــة لناوليتيـ ــوق قاعديـ ــو  فـ حشـ

حشــــو  قاعديــــة غابرو يديــــة التركيــــب مــــ  المواقــــب  30بنوكســــي يتية التركيــــب و 

ــة الخمســة المدروســة )لــكل    ــا ( ،  2 –النكاري ــة هو    23 اخــتن م ه حشــو  غــن متحلل

 لدراست  البتروغرافية و الجيوكيميا ية.خصصو ل متمكسد  )طااجة( 

الدراســة البتروغرافيــة باســتصدام المجهــر الاســتقطابي الموصــول مبالــر   هــاا    هنــزت

وذلـك    (Modal analyses)سـا  التركيـب الفلـز  اشقيقـي    شالتعداد الفلز  المصصـ   

  الوسـطية  حسـب الأبعـاد   ىباتباا طريقة العد ال قطي"تم تحديد المسافة ب  رقطة و هخـر 

 للحبيبات الفلزية لكل عي ة". 

الميكروبـرو   (الإلكتروري لهر المسح  الر يسة بتق ية ةفلزيالمكورات التم تحليل 

ا قسـم الأراضـي و علـوم    ) وباستصدام طريقـة الموجـات الطوليـة المشـتتة     SU-30)روا  -
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لكـل قيـاس     اريـة 10 الكليبلي ام  التحليل ، (الأردن –البيئة  التابب لجامعة النموك 

كمــا   ، رــاروهمبن 10 لــدتهو كيلوفــول  18تــوتره تيــار كهربــا ي اســتعمال ب رقطــي

، تمثـل   (ZAF) هجريـو علـ  كافـة رتـا ق التحليـل تصـحيحات وذلـك باسـتصدام بررـامق         

 كل رتياة تحليل متوس   لا ة رتا ق قياس تحليل رقطية عل  الأقل.

اصـر الكيميا يـة الر يسـة و الشـحيحة     م  الع  للحشوات الكليتوى المحتم تحديد 

 فقد تم تقديره بواسـطة  Na باستث اء ع صر   (XRF)جهاا الألعة السي ية  تق يةبواسطة 

حـددت رسـبة  بعـا الع اصـر ال ـادر  بواسـطة جهـاا          (AAS) . جهـاا الامتصـاا الـذر    

لتـابب  ا (ARL - 3410, ICP - MS)مقياس الكتلة الذر  يعمل بواسطة البلااما المحرضـة  

معيارية  مرجعية هخذت م  هيئـة    اتعي  لاا  تحليل تم  لهيئة الموارد الطبيعية ا الأردن.

وقد تراوحو دقـة   ،م  هجل التمكد م  رتا ق التحليل   المساحة الجيولوجية الأمريكية

 .% 4-6 ب  التحليل للع اصر الكيميا ية الر يسة و الشحيحة 

 الدراسة البتروغرافية للحشوات  

ا هغلـب الأطـوار النكاريـة     القاعديـة  فـوق   والقاعدية تتواجد اششوات الصصرية 

خاصـة الأغلومناتيــة م هـا و ت تشــر علـ  جوارــب القمـم و الــتلال النكاريـة وم حــدراتها      

هو  متطاولة ، ااويـة مسـطحة   لى بيضاويةلبه كروية إ هلكالًامعظم اششوات وتمخذ 

سم. لـوح  وجـود    30 -2 و تتروا  هقطارها ب  لباًغا متآكلة اشوافغن م تظمة ، 

اللناوليتيــة هــي    علاقــة بــ  هبعــاد مقــاييس اششــوات و درجــة تفاضــلها ، فاششــوات    

 سم بي ما لا تزيـد هبعـاد اششـوات البنوكسـي يتية عـ        25الأكن وتصل هقطارها إلى 

 سم . 8

ــة بطبقــة رقيقــة مــ  الب       ــوتشــاهد اششــوات حــر  ســا بة هو مطلف هو تشــكل  ،  اال

 تتميز اششوات عموما ب سـيق كتلـي إلا هرهـا تبـد  ت وعـاً       .هحياراً روى للق ابل الباالتية 

وتباي اً ا ب ياتها فبعضها يتميز بب ية رارية هولية هو متساوية اشبيبية والأخر يتميـز بب يـة   
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ــة إلى بورفنوكلاســتية  ــل .بورفني ــة   تمث ــر  ا الم طق ــة هرو اششــوات الم تش ــاً متباي   ، اع

لى خمسـة لموعـات ر يسـة    إ هارسـيا  و تهـا ب ي الفلز  هو اعتمادا عل  محتواها و قُسِّم

 :هي

  ــة ــيد اللموعـ ــالديوبسـ   Wilshair and)  حســـب تصـــ ي   ناولـــيتللا يكرومـ

Shervais,1975) تقابـل المجموعـة   و I  حسـب (Frey and Prinz,1978)  ،   تـتراو  رسـبة

علـ  فلـز الفلوغوبيـو     هاتو  معظم، يح %70 – 65وعة ب  تواجد حشوات هذه المجم

 يةبروتوغرارولنب ية هولي هو  ارو  التشكل مب هو بدون ترافق لفلز الهورربل د وتتميز ب

هذه المجموعة م  الفلزات الر يسة  تتمل  حشوات. يةرارولنغ)حبيبي هولي( إلى إيكو

ــة ــيف   التاليـ ــ    -  هولـ ــهور  -كلي وبنوكسـ ــ  و ب ـ ــني    -نوكسـ ــبي يل بـ سـ

 يرليو.وو ي تمي إليها الدوريو ، اللناوليو ، الهارتزبورجيو و ال  )بيكوتيو(

 حســـب تصــــ ي      التيتــــاري -الأوجيــــو الألـــوميني  موعـــة ل(Wilshair and  

Shervais,1975) تقابـل المجموعـة   و II   حسـب(Frey and Prinz,1978)      تـتطن رسـبة ،

ياً رســبة وســطخــرى وتشــكل لأعــة بال ســبة للماموعــات اتواجــد حشــوات هــذه المجمو

ــز عــاد     و  ويبســتري. ي تمــي لهــذه المجموعــة حشــوات الو   ،25% البنوكســي يو وتتمي

 بترافقها مب فلز السبي يل الأسود هو الأخضر )الهرسي يو( وهحياراً فلز الطاررو.

  ــوا     لموعــة الميتابنوكســي يو ســبي يل    ي تمــي إلى هــذه المجموعــة اششــوات مــ  ر

، تتميز هذه المجموعة عاد  ب سيق اردفاعي  و بنوكسي يو و الطاررو  بنوكسي يو

فاوات انحلالية لفلز الطاررـو  هو   ظواهر فلز السبي يل كما تتميز بوجود تحتو  عل 

وبنوكســ  ضــم  فلــز الكلي وبنوكســ  وتشــكيل      بعمليــات انحــلال فلــز الأور  

  لرا   انحلال .
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  تتميـز هـذه المجموعـة غالبـاً بافتقارهـا       ت الكـبن   )الميطاكريسـو(  لموعة البلـورا  

، لكنسـوتيو ، االأوجيـو ، الطاررـو   مـ  رـوا الـبنو      فلـز  تضم كل م  وللكروم 

 .السبي يل والأوليف ،  يويالإيلم

    ــر ــفل القشــ ــوات هســ ــة حشــ ــو     لموعــ ــوات الطراروليــ ــة حشــ ــذه المجموعــ ــم هــ   تضــ

رسبة تواجد حشـوات   و الدولوريو ، تتراو  طابرو البنوكسيني و حشوات لموعة ال

 .%8-5  هذه المجموعة ب

ــ ــوى الفلــز  اشقيق ــ  (1الجــدول ) ب ي هن هــذه يظهــر و، ي للعي ــات المدروســة  المحت

ــة الفلـــز  متباي ـــة مـــ  حيـــث التركيـــب   حشـــوية هنمـــاطعـــود لثلا ـــة العي ـــات ت والطبيعـ

 .مختلفة م شئيه ظروفو الت تعكس  والخصا  

ــو  ) تروغب ــ  العلـ ــوات المعطـ ــا حشـ ــوات  رافيـ ــبي يلي و حشـ ــدوتيو السـ ــوات البنيـ حشـ

 البنوكسي يو(  

تتميز حشوات  البنيدوتيو السبي يلي بب يات هولية  بروتوغرارولارية  و هحياراً  راريـة  

اششـوات البنوكسـي يتية    بي مـا تمتلـك  ، ( 4و 3 -هولية هو متساوية اشبيبية )لكل

تبـد  فيهـا جميـب     ا   البورفنوكلاسـتية و هـي الأكثـر لـيوعاً و    هم ـ ب ياتروع  م  ال

اشبيبات الفلزية تشوهات بدرجات متفاوتة و الب يـة  الطرارولاريـة  اشبيبيـة و هـي الأقـل      

مـــ  الفلـــزات (. تتــمل  حشـــوات المعطـــ  العلــو  بشـــكل ر ــيس    5-)لـــكل ارتشــاراً 

ــة    ــة التاليــــ ــيف الأالر يســــ ــ  )البن  ، ولــــ ــو بنوكســــ ــل( و  الكلي ــــ ــ  الما ــــ وكســــ

إضافة إلى السبي يل والفلوغوبيو والهورربل د الأور وبنوكس  )البنوكس  المستقيم( 

  .كفلزات  اروية
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 ( 1)   جدول

 لمدروسةا حشوات الصصرية القاعدية وفوق القاعديةالتركيب الفلز  العيار  لل

Samp Loca. Typ. Texture Oli. 
CPx

. 

Opx

. 
Spl. Gar. Plag. Phl.+hbl Mag. 

D01 تل دنون Pyx. Porph. 28 60 08 02 02 - + + 

D02 تل بثينة Pyx. Porph. 35 55 06 + 04 - + + 

D03 تل بثينة Pyx. Porph. 16 67 03 10 + - 04 + 

D04 تل امتان Pyx. Porph. 26 69 02 + + - 03 + 

D05 تل معاذ Pyx. Igneo. 40 54 03 + 03 - + + 

D06 تل معاذ Pyx. Igneo. 30 55 10 + 03 - + 02 

D07 تل دنون Pyx. Porph. 65 24 05 04 + - + + 

D11 تل معاذ Pyx. Porph. 43 50 05 02 + - 02 + 

D12 تل معاذ Pyx. Porph. 32 58 06 02 - - - 02 

D08 تل معاذ Lhz. Equig. 65 06 26 03 - - - + 

D09 تل معاذ Lhz. Equig. 68 05 25 02 - - - + 

D10 تل دنون Lhz. Equig. 55 13 28 04 - - - + 

D13 تل حبران Lhz. Protog. 55 17 18 02 - - 06 02 

D14 تل حبران Lhz. Protog. 58 20 18 03 - - + 01 

D15 تل حبران Lhz. Protog. 50 25 20 05 - - - + 

D16 تل دنون Lhz. Protog. 55 18 18 04 - - 02 03 

D17 تل دنون Lhz. Protog. 54 06 37 02 - - 01 + 

D21 تل امتان Lhz. Protog. 66 14 13 03 - - 02 02 

D19 تل دنون Lcx. Equig. - 40 17 - - 40 + 03 

D20 تل دنون Lcx. Equig. - 40 15 + - 42 + 03 

D24 تل بثينة Lcx. Equig. - 30 12 + - 55 + 03 

D26 تل بثينة Lcx. Equig. - 15 20 - - 60 + 05 

D33 تل بثينة Lcx. Equig. - 35 15 + - 48 + 02 

Samp.   ،العي ـــة  Loca  ،الموقـــب  Typ.   ،المجموعـــة  Pyx.  حشـــوات البنوكســـي يو  

،Lhz. حشوات اللناوليو  ،Lcx.    حشوات هسـفل القشـر  الأرضـية   ، Oli.     هولـيف ، 

CPx.    كلي وبنوكس ، Opx.   هور وبنوكس ، Spl.   سبي يل  ،  Gar.  غاررو ، 

 Phl.  ،فلوغوبيو Hbl.   ،هورربل د Mag.   ماغ يتيو ،  Text.0.3> ،)+(  ال سيق% 
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  ، تكبنD-9 ، عي ة  ة  حشو  لناوليو سبي يلي ، ب ية  متساوية اشبيبي 3 لكل

                X8.)+(مب محلل ، 

 
  ، تكبن D-10متساوية اشبيبية ، عي ة حشو  لناوليو سبي يلي ، ب ية     4 لكل

                 X8)+(مب محلل ، 
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 وجهيـه ا حشـوات البنيـدوتيو السـبي يلي علـ  لـكل بلـورات        فلز الأولـيف  يظهر 

-54 بـ   تهرسـب مـم و    2-5بـ    هتـتراو  هقطـار حبيبات ـ   قليل الفسـاد و  وجهيهإلى تحو 

،   %92 -85بـــ  ة الفورســـتريو بــه  كمـــا تــتروا  رســب   %58ويشــكل وســطياً     68%

 - 16 بـ  تـتروا   تت اق  رسبة تواجـد الأولـيف  ا اششـوات البنوكسـي يتية حيـث      

 .  %90 - 74كما هن رسبة الفورستريو تتروا  به ب   %35ويشكل وسطياً  65%

تتباي  رسب تواجد كل مـ  فلـز  الكلي ـو بنوكسـ  و الأور وبنوكسـ  وذلـك       

للحشو  وبشكل عام تتواجد حبيبات فلـز الكلي ـو بنوكسـ      لبتر ولوجياتبعاً لل م  

تبـد  تعـدد لـوري ضـعي       الخضراء الباهته عل  هيئـة بلـورات تحـو وجهيـة غـن متحللـة       

وسطو  ارفصام تامة  تـتراو  هبعادهـا بـ     ، يتراو  م  الأخضر الشاحب إلى عديم اللون 

اششـــوات  ا تراو  رســـبة تواجـــده مـــم وهـــي غالبـــاً مـــ  رـــوا الديوبســـيد ، ت ـــ 0.5-2

رســــبتها تتزايــــد ا  ، ا حــــ  هن %14 ويشــــكل وســــطياً %25-5اللناوليتيــــة بــــ  

وتشـــكل  %69-4ا لـــال كـــبن  تـــتروا  ه ـــا حيـــث   يةشـــوات البنوكســـي يتاش

يتواجد فلز الأور وبنوكس  عل لكل بلورات وجهية إلى تحو وجهيـة   .  %55وسطياً 

مــم غــن فاســد  غالبــا و تتميــز بســطو  ارفصــام مكتملــة  3 -0.5 تــتراو  هبعادهــا بــ 

، %23و تبلــي وســطيا   %37– 13اششــوات اللناوليتيــة بــ     ا تــتراو  رســبة تواجــده   

 .%5وتبلي وسطياً. %10-2   تهتتروا  رسبحيث   يةشوات البنوكسي يتاشا يت اق  

و  علــ  المصطــ  شــوات المعطــ  العل ــالتركيــب الفلــز  اشقيقــي ش إســقاط ع ــد 

ا القطاعـات المصصصـة     تشـر نـد هرهـا ت   OPx-Ol-CPx (Streckeisen,1976)التص يفي 

 .( 6 -لكل)  للصصور اللناوليتية والصصور البنوكسي يتيه

يشـــاهد فلـــز الســـبي يل ا جميـــب اششـــوات المدروســـة كفلـــز  ـــارو  يتوضـــب بـــ     

لكلًا كسي ومورفياً  تمخذ ل اعمة ا هحبيباتبد  ت، المكورات الفلزية الر يسة الأخرى

ع د تواجدها ا اششـوات  مخذ بي ما ت  اللناوليتية هلواراً ب ية )بيكوتيو( شواتا اش
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 – 0.3 >تـتراو  رسـبة  تواجـده بـ      ،  )هرسـي يو( راء ايتية راً خضالوه البنوكسي يتية

 .%3ويشكل وسطياً حوالي   % 10

اً ديظهـر تعـد  بعا اششوات، تقالي المصفر ا الن  -هد فلز الهورربل د البني ول 

 – 0.3 >لورياً واضحاً يتراو  بـ  الـبني القـاتم و النتقـالي المصـفر و تـتروا  رسـبته بـ          

 الكلي.ام اشم   %1.2يشكل وسطياً و  6%

 الأرضية   حشوات هسفل القشر بتروغرافيا  

عكــس طبيعــة  تســاهم حشــوات هســفل القشــر  الأرضــية بتقــديم معلومــات هامــة ت       

  Griffin and) ; (Stosch et al., 1986) ; (Rudnick,1992)  تركيب وب ية القشر  الأرضية

O'Reilly, 1987)  ;     (Dostal et al.1980)  ; (Selverston  and  Stern, 1983) ; (Rudnick 

et al.,1986) ;  (Griffin  et al., 1987a;b)  ; (Kay and Kay, 1981) ;(Okrusch, et 

al.,1979) ; (Dodge et al., 1986) ; (Loock et al., 1990) (Downes et al., 1990) 

ــة        ــو ااويـ ــتدير  إلى تحـ ــواف مسـ ــطحة اشـ ــة  مسـ ــوات المدروسـ ــب اششـ ــدو جميـ تبـ

وتبــد  ت ضــداً غ ايســاً ســم ،  8 -2 كلــة الجوارــب ، تــتروا  هبعــاد هقطارهــا بــ  آومت

، تظهــر معظـــم   ( 7-ة )لـــكلواضــح  ةســـتيغراروبلا ب يــة بمقــاييس ميلـــي متريــة مـــب   

ي ـتق مـ    رسـيااً تراكميـاً    متساو  اشبيبية وهحياراً اششوات تقريباً رسيااً غراروليتياً

 وبنوكسـ  تحـي  ببلـورات راميـة مواا يكيـة الب يـة        بقايا بلورات ااوية م  الأورتجمب 

 م  البلاجيوكلاا. 

ــزات      ــية مـــــ  الفلـــ ــر  الأرضـــ ــوات هســـــفل القشـــ ــمل  حشـــ ــة التـــــالي  تتـــ    الر يســـ

،   الماغ يتيــو بلاجيــوكلاا إضــافة إلى فلــزات  وبنوكســ  و هور ،كلي وبنوكســ 

ــو وهحيارــاً الكروميــو   ــو و، الروتيــل، الإيلم ي الســبي يل الأخضــر )هرســي يو(    الأباتي

 اج ــ  الزجـــدد  مـــة ومحــا اششوات تحتو  عل  كميات ضئيلــبع ،كفلزات  اروية
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 ، مب محلل)+(.X16 ، تكبنD-2شو  بنوكسي يو، ب ية حبيبية ، عي ة ح   5 لكل

 
 لتص ي  حشوات المعط  العلو   OPx-Ol-CPxالمصط  التص يفي    6لكل
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 .(Streckeisen,1976)ناوليو( لال )البنوكسي يو و              

غالبـاً بفلـز   النكاري الأصفر يتمركز غالبـاً علـ  طـول حـدود اشبـات الفلزيـة ويحـي         

تتميز حشوات هسفل القشر  عـاد   ، البنوكس  كما يبد  هالات تفاعل قاتمة سوداء

فعلـ  لـكل   تواجـدا  وإن و الطاررـو  فلـز الأولـيف     اختفـاء ع  حشوات المعطـ  العلـو  ب  

 وب سبة محدود . ة اروي اتفلز

بي مـا   %32ويشـكل وسـطياً    %15 -40تتراو  رسبة فلز الكلي وبنوكسـ  بـ    

مـ   اشاـم    %16ويشكل وسطياً   %12 -20وبنوكس  ب   ورلأتتروا  رسبة فلز ا

ويشـــكل  %40 -60تـــتروا  رســـبة البلاجيـــوكلاا بـــ  ، ا حـــ  لكلـــي للحشـــو  1

تتفــاوت رســبة الأرورتيــو ا  ، كمــا مــ  تركيــب اششــو  الفلــز   %50وســطياً حــوالي 

 % 5  -2لفلزات المعدريـة بـ    تتروا  رسبة تواجد او  ، %55 -75البلاجيوكلاا ب  

ا ت ـاو     لوح  ا العديد م  اششوات القشـرية ظـاهر   .  %3وتشكل وسطياً حوالي 

يظهــر علــ  لــكل هلــرطة ميلــي متريــة     التــواا الفلــز  للبنوكســ  و البلاجيــوكلاا 

مم سوداء إلى ب يـة قاتمـة )غ يـة بالبنوكسـ ( تت ـاو  مـب هلـرطة هخـرى فاتحـة          1-2

اء إلى اهريــة )غ يــة بــالبلاجيوكلاا(. نــد ع ــد إســقاط هــذه العي ــات علــ    اللــون بيضــ

هرهـا ذات تركيـب قاعـد      Ol -Pg - Px   (Streckeisen,1976)المصطـ   لا ـي الـر وس   

 .(8 –لكل  )غابرو يد  

 التركيب الكيميا ي للفلزات المدروسة  

 ، )الأولــيف  لكــل فلــز مــ  الفلــزات المدروســة  ال قطيــةتم تحويــل جميــب القياســات 

البلاجيـوكلاا( إلى قـيم    السـبي ل و  الطاررو، الكلي وبنوكس ، الأور وبنوكس ،

 ةصـــيط لل مواعـــة طبقـــاً إلى مقـــادير كاتيوريـــة   ومـــ   ـــم هوكســـيدية بال ســـبة المئويـــة   

ــة لفلــــز  البلاجيــــوكلاا علــــ  هســــاس  اريــــة ذرات مــــ     الكيميا يــــة للب يــــة البلوريــ

رات  هوكسا  بال سبة للب ية البلورية لفلز  السبي ل الأوكسا  و عل  هساس هربب ذ
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و الأولــيف  وســو ذرات هوكســا  بال ســبة للب يــة البلوريــة لفلــز  الأور وبنوكســ  و 

 . و ذلك باستصدام بررامق حاسوبيالكلي وبنوكس 

هوضـــحو رتـــا ق التركيـــب الكيميـــا ي لفلـــزات حشـــوات هســـفل القشـــر  الأرضـــية  

مــب التراكيــب الكيميا يــة لفلــزات تشــابها كــبنا المدروســة   وحشــوات المعطــ  العلــو

ــناك  و  ــوات الـ ــوريا    حشـ ــرى ا سـ ــة الأخـ ــكابات النكاريـ  Medaris and)الارسـ

Syada,1998;1999)    وحشـوات الأردن(Nasir,1992;1995)     والمملكـة العربيـة السـعودية 

(Camp et al.,1991) ; (Camp and Roobol,1992); (McGuire, 1988 a,b)   وتتميــز

 بالخصا   التالية 

-D-8,D-10,D-13,D)يتميـز فلـز الأولـيف  المتواجـد ا اششـوات اللناوليتيـة        الأوليف   

15,D-21)     تــتراو  رســب  ، كمــا 49.85-45.66بارتفــاا رســبة المط يزيــوم تــتراو  بــ

 هو كسيدم   اهويبلي متوس  محت   ، 9.4Fa-90.3-86.2(Fo-13.5 (مركباته الر يسة ا المجال

، 86.5-90.5 بـ   Mg(X (، كما يتراو  الـرقم المط يـز   %0.13وارية  الكالسيوم ك سبة

ال يكـل ك سـبة واريـة     هو كسـيد [. تتراو  قـيم  MgX (MgO/(MgO+FeO) .100)=] حيث

وهـــي قيمـــة مرتفعـــة رســـبياً عـــ    %0.52وتشـــكل قيمـــة وســـطية  %0.57-0.44بـــ  

 Franz);(Wedepohl,1975)م  م اطق مختلفة مـ  العـالم  اششوات البنيدوتيتية المحدد  

et al.,1997) . 

بارتفـاا رسـية المط يزيـوم حيـث     يتسـم هيضـا    )البنوكس  المستقيم(  الأور وبنوكس 

مركباته ا   تتراو  رسبة.  وهو م  روا الكلي وارستاتيو 19.21-31.95تتراو  ب  

 هو كسيدويبلي متوس  محتوى  Fe 86.9-84.8,Mg 3.3-2.6 (Ca,9.9-12.6 (حشوات اللناوليو ب  

=  3O2Crالكــروم  هو كســيديقابــل بارتفــاا واضــح ا محتــوى  % 3O2Al  =4.37الألم يــوم

 .  Cr 4.76X-6.03الذ  يبلي  وي عكس هذا عل  الرقم الكرومي 0.380%
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 ، X16 ، تكبنD-24حشو  غابرو، ب ية هولية متساوية اشبيبية ، عي ة    7 لكل

 مب محلل)+(                

 
 لتص ي  حشوات هسفل  Ol -Pg - Px المصط  التص يفي  لا ي الر وس   8لكل 

 .(Streckeisen,1976)القشر  الأرضية                 
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Mg Xبـ   [ ، كما يتراو  الرقم المط يـز   3O2+AL3O2/( Cr3O2=(100. CrCrX((] حيث

ــة الارســتاتيو ا   (. تــزداد3-)جــدول 90.4-85.5  تظهــرو يةشــوات البنوكســي يت اشمركب

ويــزداد متوســ  محتــوى هوكســيد   Fe 87.1-85.7,Mg 3.2-2.4 (Ca,10.4-11.7(التركيــب التــالي 

 و الذ  يقابـل باففـا  كـبن ا محتـوى هوكسـيد الكـروم       3O2Al  =5.95%الألم يوم

3O2Cr  =0.105%   1.77، ويــ عكس هــذا بالتــالي علــ  الــرقم الكرومــي-Cr 0.43X كمــا ،

ــز     ــرقم المط ي ــتراو  ال ــ  ي ــة المتشــكلة هســفل     .   Mg 87.9X-90.2ب ا اششــوات الطابرو يدي

القشــر  الأرضــية تــ صفا المركبــة الارســتاتية المط يزيــة بشــكل واضــح وترتفــب مقابلــها   

 ، هـــذاFe 74.6-57,Mg 3.2-1.8 (Ca,23.3-41.2(المركبـــة اشديديـــة وتتميـــز بتركيبهـــا التـــالي 

والـرقم المط يـز     % 3O2Al  =2.76وي صفا كل م  متوس  محتوى هوكسـيد الألم يـوم  

 .  Mg 57.1X-74.9الذ  يتراو  ب  

ــ  ــل(   الكلي وبنوكســ ــ  الما ــ ــز    )البنوكســ ــا ي لفلــ ــب الكيميــ ــق التركيــ يتوافــ

الكلي وبنوكســ  لجميــب اششــوات المقتلعــة مــ  الجــزء العلــو  للمعطــ  الأرضــي مــب  

علــ  التركيــب الكيميــا ي لفلــز     ي طبــق   الــذ يميــا ي للديوبســيد، و التركيــب الك

 D-19,D-24الكلي وبنوكس  ششوات الجـزء السـفلي للقشـر  الأرضـية عـدا العي ـات       

 . (4-)جدول حيث يكون لتركيب الكلي وبنوكس  تركيباً مما لًا لفلز الأوجيو

Fe 49.3-48.2,Mg 46.5-45.9 (Ca,4.2- تتراو  رسبة مركباته ا حشوات اللناوليو ا المجال ب 

يقابـل بارتفــاا واضــح ا   3O2Al  =6.18%ويبلـي متوســ  محتـوى هوكســيد الألم يــوم   5.6 (

Cr Xوي عكس هذا عل  الرقم الكرومـي  % 3O2Cr  =0.690محتوى هوكسيد الكروم 

 .  يتية. ا اششوات البنوكسيMg 86.2X-90.4  ب ، كما يتراو  الرقم المط يز  7.55-5.43

 Fe 49.7-48.3,Mg 46.3-44.6 (Ca,4.6-6.1(يظهــر فلــز الكلي وبنوكســ  التركيــب التــالي  

ابـل اففـا  واضـح ا    مق % 3O2Al   =6.30ويزداد متوسـ  محتـوى هوكسـيد الألم يـوم    

، ويـ عكس هـذا علـ  الـرقم الكرومـي       % 3O2Cr =  0.215محتوى هوكسيد الكـروم  
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2.75-Cr 1.80X ــر ــتراو  الــــ ــا يــــ ــز  ، كمــــ ــ قم المط يــــ ــز    Mg 88.6X-90.2  بــــ ــز فلــــ . يتميــــ

الكلي وبنوكس  المتواجد ا اششوات الطابرو يدية المتشكلة هسفل القشر  الأرضية 

ويــ صفا كــل مــ  متوســ  محتــوى  Fe 46.1-36.9,Mg 47.2-42.9 (Ca,9.1-18.8(بتركيبــه التــالي

  Mg 67X-79.1يـــتراو  بـــ   الـــذ  الـــرقم المط يـــز   و % 3O2Al   =3.38 هوكســـيد الألم يـــوم

 . 75.78MgXويشكل وسطيا 

ــوالط ــز الط    اررـ ــا ي لفلـ ــب الكيميـ ــم التركيـ ــويتسـ ــدود ا    اررـ ــدى المحـ ــه والمـ بتاارسـ

المرافق للحشوات البنوكسـي يتية هرـه مـ  رـوا     اررو ( و يتص  فلز الط2-ت وعه)جدول

مـ  رـوا الـبنو      وارر ـالألومي ية المط يزية ويكون هقر  ما يمك  بتركيبه الطاررو الط

كمــا يتميــز بــرقم   .   .Grs.18-14,Alm.74-68 (Pyp,14(ويــتراو  محتــوى مركباتــه ا المجــال   

 .Cr 0.05Xورقم كرومي م صفا قيمته   Mg 79.8X-.85.9مط يز  عالي رسبياً يتراو  ب  

( المرافــق للحشــوات 2-يتبــاي  التركيــب الكيميــا ي لفلــز الســبي ل )جــدول   الســبي ل 

ــب      اللناو ــة عــ  الســبي ل المرافــق للحشــوات البنوكســي يتية، يتصــ  الأول بتركي ليتي

)4-3,Mcr.20-15,Hc.82-76(Spl. 3مب رسب وارية م صفضة م  متوس  هوكسيد الألم يومO2Al 

  MgO =  21.22ورسـب م صفضـة مــ  هوكسـيد المط يزيـوم تقــدر وسـطياً بـــ       % 58.40=  

Cr Xيـتراو  بـ      مب رقـم كرومـي مرتفـب    g 77.4MX-83.2قابلها رقم مط يز   يتراو  ب  ي  %

مب رسب وارية مرتفعـة مـ     .Mcr.21-3,Hc.95-76(Spl,2-3(، و يتص  الثاري بتركيب 9.26- 10.22

ــوم  ــيد الألم يـ ــ  هوكسـ ــيد     % 3O2Al  =63.90متوسـ ــ  هوكسـ ــاً مـ ــة هيضـ ــب مرتفعـ ورسـ

 Mg 76.1X-84.2يـتراو  بـ     يقابلها رقم مط يز   % MgO =22.33المط يزيوم تقدر وسطياً بـ 

 .Cr 0.10X- 4.01مب رقم كرومي م صفا يتراو  ب  

يتراو  تركيب فلز البلاجيـوكلاا المتواجـد ا حشـوات هسـفل القشـر        البلاجيوكلاا 

ه  هرـه   .Or.76-57,An.42-24(Ab,0-1(الأرضية ذات الطبيعة والتركيب الطابرو يد  ا المجال 

 (.2-)جدول لابرادوريو-م  روا هرديزي 
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 ( 3جدول ) 

رتا ق تحليل فلز الأور وبنوكس  )البنوكس  المستقيم( للحشوات الصصرية اللناوليتية 

 البنوكسي يتية و الطابرو يدية

Min. 
Xeno.Typ 

Samp.No. 

Opx. 
Pyx. 

D-1 

Opx. 
Pyx. 

D-2 

Opx. 
Pyx. 

D-5 

Opx. 
Pyx. 

D-6 

Opx. 
Lhz. 

D-8 

Opx. 
Lhz. 

D-10 

Opx. 
Lhz. 

D-13 

Opx. 
Lhz. 

D-15 

Opx. 
Gabbro 

D-19 

Opx. 
Gabbro 

D-20 

Opx. 
Gabbro 

D-24 

Opx. 
Gabbro 

D-26 

Opx. 
Gabbro 

D-33 

wt.%              

SiO2 54.25 54.11 53.7 53.88 56.2 53.51 53.67 54.88 52.1 53.11 52.25 51.76 51.18 

TiO2 0.03 0.11 0.08 0.09 0.05 0.11 0.18 0.19 0.04 0.04 0.23 0.18 0.11 

Al2O3 5.96 5.53 6.11 6.18 3.76 4.43 4.11 5.18 3.9 2.62 2.74 3.27 1.25 

Cr2O3 0.16 0.13 0.09 0.04 0.36 0.33 0.39 0.44 0.00 0.00 0.00 0.00 0.00 

FeO 6.94 6.26 7.75 7.88 6.54 8.16 9.35 6.08 19.58 16.14 16.63 17.67 25.97 

Fe2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

MnO 0.12 0.15 0.03 0.12 0.18 0.25 0.33 0.15 0.34 0.39 0.43 0.44 0.43 

NiO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

MgO 31.69 31.95 31.56 31.85 31.59 31.3 30.56 31.65 23.37 26.78 25.45 24.44 19.21 

CaO 0.76 0.7 0.88 0.67 0.78 0.76 0.81 0.97 0.81 0.56 0.78 0.93 0.73 

Na2O 0.08 0.09 0.12 0.08 0.07 0.11 0.12 0.07 0.06 0.00 0.04 0.07 0.03 

K2O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Tot. 100.0 99.0 100.3 100.8 99.5 99.0 99.5 99.6 100.2 99.6 98.6 98.8 98.9 

Cations(O=8)              

Si 1.878 1.886 1.862 1.86 1.947 1.894 1.894 1.901 1.911 1.928 1.939 1.915 1.948 

Ti 0.001 0.003 0.002 0.002 0.001 0.003 0.005 0.005 0.001 0.001 0.006 0.003 0.005 

AL 0.243 0.227 0.25 0.251 0.154 0.183 0.171 0.211 0.169 0.112 0.118 0.058 0.017 

Cr 0.004 0.004 0.002 0.001 0.01 0.009 0.011 0.012 0.00 0.00 0.00 0.00 0.00 

Fe+2 0.201 0.182 0.225 0.227 0.19 0.24 0.276 0.176 0.601 0.49 0.506 0.551 0.831 

Fe+3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Mn 0.004 0.004 0.001 0.004 0.005 0.007 0.01 0.004 0.011 0.012 0.013 0.014 0.014 

Mg 1.636 1.66 1.631 1.639 1.632 1.639 1.608 1.634 1.278 1.449 1.382 1.343 1.096 

Ca 0.028 0.026 0.033 0.025 0.029 0.029 0.031 0.036 0.032 0.022 0.03 0.037 0.03 

Na 0.005 0.006 0.008 0.005 0.005 0.007 0.008 0.005 0.003 0.001 0.004 0.005 0.002 

K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

              

XMg 89.2 90.2 88.0 87.9 89.7 87.3 85.5 90.4 68.2 74.9 73.4 71.3 57.1 

XCr 1.77 1.55 0.98 0.43 6.03 4.76 5.98 5.39 0.00 0.00 0.00 0.00 0.00 

Endmembers              

%Ca 2.6 2.5 3.2 2.4 2.9 2.6 2.6 3.3 3.2 2.1 2.4 3.2 1.8 

%Mg 85.7 87.1 86.4 87 86.6 86.9 84.8 86.8 65.2 74.6 72.4 70 57 

%Fe 11.7 10.4 10.4 10.6 10.5 10.5 12.6 9.9 31.6 23.3 25.2 26.8 41.2 

 [.3O2+AL3O2/( Cr3O2=(100. CrCrX((]و  [MgX (MgO/(MgO+FeO) .100)=] حيث:
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 ( 4جدول ) 

رتا ق تحليل فلز الكلي وبنوكس  )البنوكس  الما ل ( للحشوات الصصرية اللناوليتية 

 ،البنوكسي يتية و الطابرو يدية

Min. 

Xeno.Typ 

Samp.No. 

CPx. 

Pyx. 

D-1 

CPx. 

Pyx. 

D-2 

CPx. 

Pyx. 

D-5 

CPx. 

Pyx. 

D-6 

CPx. 

Lhz. 

D-8 

CPx. 

Lhz. 

D-10 

CPx. 

Lhz. 

D-13 

CPx. 

Lhz. 

D-15 

CPx. 

Gab. 

D-19 

CPx. 

Gab. 

D-20 

CPx. 

Gab. 

D-24 

CPx. 

Gab. 

D-26 

CPx. 

Gab. 

D-33 

wt.%              

SiO2 51.85 52.15 51.62 51.82 53.85 51.15 50.42 51.32 51.70 51.55 50.80 50.85 50.36 

TiO2 0.12 0.16 0.17 0.19 0.22 0.46 0.67 0.49 0.22 0.31 0.12 0.46 0.35 

Al2O3 6.34 5.93 6.71 6.22 5.34 6.43 5.71 7.22 3.13 2.86 2.82 3.97 4.10 

Cr2O3 0.25 0.25 0.19 0.17 0.65 0.55 0.69 0.87 0.00 0.00 0.00 0.00 0.00 

FeO 3.11 3.59 3.14 3.28 2.91 3.71 4.54 2.98 7.20 6.88 11.12 8.12 7.50 

Fe2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

MnO 0.08 0.09 0.05 0.06 0.08 0.19 0.25 0.16 0.16 0.20 0.21 0.15 0.26 

NiO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

MgO 15.41 15.53 16.13 15.87 15.21 14.53 15.73 14.87 15.06 14.48 12.55 13.96 14.96 

CaO 21.55 21.35 21.14 22.37 20.55 20.35 21.14 19.87 21.17 21.53 21.18 21.67 21.17 

Na2O 0.78 0.67 0.85 0.66 1.18 1.67 1.10 1.33 0.65 0.48 0.52 0.70 0.51 

K2O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Tot. 99.5 99.7 100.0 100.6 100.0 99.0 100.3 99.1 99.3 98.3 99.3 99.9 99.2 

Cations(O=8)              

Si 1.877 1.895 1.868 1.871 1.94 1.879 1.845 1.871 1.925 1.934 1.926 1.895 1.914 

Ti 0.003 0.004 0.005 0.005 0.006 0.013 0.018 0.013 0.006 0.009 0.005 0.013 0.081 

AL 0.272 0.254 0.286 0.265 0.227 0.278 0.246 0.31 0.137 0.125 0.126 0.174 0.01 

Cr 0.007 0.007 0.005 0.005 0.019 0.016 0.02 0.025 0.00 0.00 0.00 0.00 0.00 

Fe+2 0.095 0.109 0.095 0.099 0.088 0.114 0.139 0.091 0.224 0.214 0.353 0.253 0.234 

Fe+3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Mn 0.002 0.003 0.002 0.002 0.002 0.006 0.008 0.005 0.005 0.006 0.007 0.005 0.008 

Mg 0.836 0.841 0.87 0.854 0.817 0.796 0.858 0.808 0.836 0.926 0.709 0.775 0.776 

Ca 0.84 0.831 0.82 0.865 0.793 0.801 0.829 0.776 0.844 0.863 0.86 0.865 0.845 

Na 0.055 0.047 0.06 0.046 0.082 0.119 0.078 0.094 0.047 0.035 0.038 0.051 0.037 

K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

              

XMg 89.9 88.6 90.2 89.7 90.4 87.6 86.2 90.0 79.0 79.1 67.0 75.6 78.2 

XCr 2.58 2.75 1.86 1.80 7.55 5.43 7.50 7.48 0.00 0.00 0.00 0.00 0.00 

Endmembers              

%Ca 45.6 46.3 46.2 44.6 46.1 45.9 46.5 46.3 47.2 45.6 44.7 42.9 44.1 

%Mg 48.3 49.1 48.4 49.7 48.7 48.5 49.3 48.2 42.5 45.3 36.9 44.8 46.1 

%Fe 6.1 4.6 5.4 5.7 5.2 5.6 4.2 5.5 10.30 9.10 18.40 12.30 9.80 

 [.3O2+AL3O2/( Cr3O2=(100. CrCrX((]و  [MgX (MgO/(MgO+FeO) .100)=] حيث:
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 الدراسة الجيوكيميا ية للحشوات  

تم صياغة محتـوى التركيـب الكيميـا ي ششـوات الجـزء العلـو  مـ  المعطـ  الأرضـي          

البنوكســي يتية كــذا حشــوات هســفل القشــر  الأرضــية الطابرو يديــة مــ    اللناوليتيــة و

الكيميا يــة الر يســة )هكاســيد ع صــرية مقــدر  بال ســبة المئويــة%( والع اصــر    الع اصــر

 .(5) ( ا الجدولppm )مقدر  كازء م  المليون وال ادر  شحيحةالكيميا ية ال

جيوكيميا يــة حشــوات المعطــ  العلــو  ) حشــوات البنيــدوتيو الســبي يلي و حشــوات  

 البنوكسي يو( 

البنوكسـي يتية   البنيدوتيتيـة اللناوليتيـة و  عل  الرغم م  هن اششـوات الصـصرية   

ــ  و       ــي الأوليف ،الأور وبنوكســــ ــ  هــــ ــة فقــــ ــزات ر يســــ ــة فلــــ ــ   لا ــــ ــمل  مــــ تتــــ

الكلي وبنوكس  والت تمثل بتامعها معاً رتاجاً مبالراً للارصهار الجز ي لمواد الجزء 

ــو  مــ  المعطــ  الأرضــي إلا هرهــا تبــد  تباي ــات كــبن  ا محتواهــا مــ  ا      لع اصــر العل

 .الشحيحة  الكيميا ية الر يسة و

ــة    ــات اللناولي ــوم ا عي  ــوى هوكســيد المط يزي -MgO = 36.4المدروســة   يــتراو  محت

ك ســـبة واريـــة ، تـــ صفا هـــذه القـــيم ا      MgO = 40.8%ويشـــكل وســـطياً   % 47.66

 % MgO = 15.8-26.31اششـــوات الصـــصرية البنوكســـي يتية لـــتتراو  ا المجـــال بـــ       

يــتراو  الــرقم المط يــز  للحشــوات اللناوليتيــة ا كمــا .MgO = 20.8%طياً ويشــكل وســ

يــ صفا ا اششــوات البنوكســي يتية   Mg 89.3Xويبلــي وسـطياً    Mg 84.2X-90.9المجـال بــ    

و عليـه فـ ن التشـكل و الارفصـال      .Mg 84.5Xويبلـي وسـطياً     Mg 79.4X-89.9حيـث يـتراو  بـ     

ط ية بع صر المط يزيوم م  الصهار  المهليـة سـييد  إلى تشـكل    المبكر للفلزات القاتمة ال

هارتزبورجيتيـة و دوريتيـة قـد يـتم اقتلاعهـا       -صصور فوق قاعدية ذات طبيعة لناوليتية

 .(Nixon,1987) ورقلها م  الأعماق للسطح مب المصهور الباالت النكاري



 

 
 
 

 
 

 م(2004هـ )1425العدد الأول  –المجلد الخامس        يصل )العلوم الأساسية والتطبيقية(     ة لجامعة الملك فيمالعلالمجلة 

 

 25 

2SiO تيــة بــ  ا اششــوات اللناولي ليكون تــتراو  رســبة هوكســيد ع صــر الســي  

. ترتفـب قـيم هوكسـيد ع صـر      % 41.9وتشـكل قيمـة وسـطية تقـدر ب ــ    %  40.2-44.47=

 % 2SiO 43.45-51.73ا اششوات البنوكسي يتية لتتراو  ا المجال  بـ    ليكون السي

 . % 46.7 ساو كما تشكل قيمة وسطية ت

  0.13-0.03ال بـ   للحشـوات الصـصرية اللناوليتيـة ا المج ـ    Al/Siتتراو  العلاقة ب  

لترتفــب بشــكل ملحــوظ وواضــح  ا اششــوات البنوكســي يتية لــتتراو  ا المجــال  بــ    

  Mg/Siوهذه العلاقة تكون مرتبطة بشكل و يق عكسياً مب العلاقـة بـ       0.17-0.38

لتـ صفا بشـكل واضـح       1.50-1.06والت تتراو  ا اششوات اللناوليـة ا المجـال بـ     

 .0.75-0.42 ت البنوكسي يتية و تتراو  ب  ا اششوا

إن ارتفاا رسبة هوكسيد ع صر الكالسيوم الوارية قي اششـوات البنوكسـي يتية   

مقاررة مب محتواه المـ صفا رسـبياً ا    %  CaO =7.85-16.83 والذ  يتراو  ا المجال ب 

،   % CaO =0.46-3.65اششــوات الصــصرية اللناوليتيــة والــذ  يــتراو  ا المجــال بــ        

 CaO/MgOعل  العلاقات الع صرية التالية  تكون قيم العلاقة  ي عكس بشكل مبالر

ــ       ــة  و تــتراو  ب ، لترتفــب قــي اششــوات   0.109-0.01م صفضــة ا اششــوات اللناولي

تكون م صفضة  O2CaO/ Al 3،هيضاً العلاقة 0.288- 1.008البنوكسي يتية و تتراو  ب  

، ترتفـب ا اششـوات    0.96-0.42ات الصصرية اللناوليتية و تـتراو  بـ    رسبياً ا اششو

 . 1.95-0.81البنوكسي يتية لتتراو  ا المجال ب  

( مخط  العلاقة بـ  هوكسـيد ع صـر المط يزيـوم      9 و  ه 9  يتضح م  ) الشكل 

MgO وال ــادر  وجــود علاقــة ارتبــاط خطيــة  لشــحيحةوالع اصــر الكيميا يــة الر يســة وا 

ــل        ــادر  مثــ ــة ال ــ ــر الكيميا يــ ــب الع اصــ ــوم وجميــ ــيد المط يزيــ ــ  هوكســ ــلبية بــ   ســ

(Yb,La,Sm,Y,Nd,Ce,Nb) هيضاً مب هكاسـيد الع اصـر الكيميا يـة الر يسـة التاليـة      .و 

O2O,Na2,K3 O2CaO, Al   3بي ما لا يظهر هوكسيد ع صر الكرومO2Cr  علاقة واضحة 
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لال جــزء مــ  ع صــر الكــروم ا فلــز     إمــا بســبب إح ــ ذلــك  إعــاد ويمكــ    MgOمــب 

ــز الســبي يل الكرومــي هو بســبب       الكلي وبنوكســ  "الديوبســيد الكرومــي" هو ا فل

. الارفصال المبكر   لجزء م ه م  الصهار   المهليـة  قاليـاً علـ  لـكل فلـز الكروميـو       

ــة       بــ  هوكســيد المط يزيــوم و ع صــر     إيجابيــةيتضــح هيضــاً وجــود علاقــة ارتبــاط خطي

ــة    La/Ybتــــتراو  قيمــــة العلاقــــة  لــــو.الكوبا ا اششــــوات الصــــصرية البنيدوتيتيــ

ــة بــ    ترتفــب بشــكل واضــح قــي اششــوات البنوكســي يتية     و الــت 4.9-1.8اللناوليتي

ارتفـاا لجميـب قـيم الع اصـر الكيميا يـة       يلاحـ   كما . 12.1-7.6لتتراو  ا المجال ب  

ات البنوكســي يتية ع هــا ا اششــوات  ا اششــو   Y,La , Ce , Nd , Smال ــادر  

 (. 5اللناوليتية )جدول 

 

 الأرضية   حشوات هسفل القشر جيوكيميا ية 

ــاي  التراكيــب الكيميا يــة ششــوات هســفل القشــر  الأرضــية ا لــال واســب         تتب

ــو         5 -)جــدول ــاي  بشــكل واضــح وكــبن عــ  حشــوات الجــزء العل ــا تتب ( كمــا هره

ــي ) الشـــكل  ــبفال ( 9 –ه 9   للمعطـــ  الأرضـ ــة ا   /2SiO MgOة  سـ ــون م صفضـ تكـ

ــتراو  بـــــ    ــية وتـــ ــر  الأرضـــ ــوات   0.32-0.16حشـــــوات القشـــ ــا ا اششـــ ــزداد قيمتهـــ تـــ

ــ     ــتراو  ب ــة لــتتراو  ا     0.40-0.56البنوكســي يتية وت و ترتفــب ا اششــوات اللناوليتي

تكــون  حيــث  3O2MgO/Alال ســبة . يكــون اشــال مشــابهاً هيضــاً ا    0.82-1.17المجــال 

ا حــ  هرهــا   0.44- 1.26قيمتهــا بــ      م صفضــة ا حشــوات القشــر  الأرضــية وتــتراو   

ــ     ــتراو  ا اششــوات البنوكســي يتية ب ــ      3.16-1.35ت ــة ب وا اششــوات اللناوليتي

5.95-45.83 . 
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الكيميا ية لبعا هكاسيد الع اصر الكيميا ية الر يسة مب  المتطايراته  مخططات مقاررة  9 لكل

 (  غابرو▲بنوكسي يو، ● :  لناوليو،(■   ط يزيومالمع صر  هوكسيد
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لبعا الع اصر الكيميا ية الشحيحة و ال ادر   الكيميا ية   مخططات مقاررة المتطايرات  9 لكل

 (.  غابرو▲بنوكسي يو، ● :  لناوليو، (■ المط يزيوممب هوكسيد ع صر 
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روسة م  ابرو يدية المدطال الأرضية  هسفل القشر  لدى مقاررة محتوى حشواتند 

والع اصر  ( Nb ,La , Ce , Nd , Sm , Y , Yb )الع اصر الكيميا ية ال ادر  مثل  

 ا الكوردريو وجود  مب تلك الم ( K , P ,Ti )   الكيميا ية الر يسة مثل

(Sun and McDonough,1989) العي ت عدا بهذه الع اصر  ها اغت ا - D 26    وD-33 

هيضاً لدى ( . 10 -ع صر الفوسفور )لكلا ساً تظهران افتقاراً محسواللت  

عل  شوات إسقاط محتوى الع اصر الكيميا ية الر يسة و الشحيحة و ال ادر  لهذه  اش

  Crمقابل  2SiO و   MgOFeO  /مقابل  2SiO  (Miyashiro and Shido,1975)مخططات 

 5O2Zr / Pمقابل   / Y Nbو  Zrمقابل   5O2P  (Winchester and Floyd,1976)و مخططات 

 تتمركز  ا القطاعات المصصصة للصصور القاعدية المهلية  ولو يتية الطبيعة.
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 الطابرو يدية  بعا الع اصر الكيميا ية للحشوات مضاها    يب  الشكل 10 لكل

 مب محتواها ا الكوردريو                      
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 لتشكل للحشوات تقدير حرار  وضط  ا

 التشكل للحشوات المدروسة  تقدير حرار  )جيوتنموميتر( -ه

 المصططات الجيوتنموميترية عل  روع  م  المعاين  تعتمد معظم 

  .CPxال ــوا الأول علــ  مقــدار الانحلاليـة المتواارــة بــ  فلــز  الكلي وبنوكســ   عتمـد  ي

ــ   ــوري الم   .OPxوالأور وبنوكسـ ــادل الأيـ ــا ،   هو التبـ ــة بي همـ ــر الكيميا يـ ــزن للع اصـ تـ

 معاين  وي تمي لهذا ال وا كل م 

; (Boyd and Nixon,1973) ; (Hensen ,1973) ( Mysen,1973) ; (Wells,1977) ; 

(Bertrand and Mercier,1985); (Brey and Koehler,1990); (Berchova,1996). 

ــواان ل     ــوري المت ــادل الأي ــ  التب ــاري عل ــوا الث ــزي  هو   لع اصــر الكييعتمــد ال  ــة بــ  فل ميا ي

 ، وي تمي لهذا ال وا كل م  المعاين الجيوحرارية التالية  هكثر

محتوى ع صر الألم يـوم   المعتمد عل  تطن (Witt-Eickschen and Seck,1991)مخط   -

 ا فلز الأور وبنوكس  المتواان مب فلز  الأوليف  و السبي ل.

المعتمــد علــ  تبــادل ع صــر اشديــد مــب ع صــر    (Ellis and Green,1979)مخطـ    -

 المط يزيوم ب  فلز  الطاررو و الكلي وبنوكس .

المعتمد عل  تبادل ع صر اشديـد مـب ع صـر المط يزيـوم بـ        (Powell,1985)مخط   -

 فلز  الطاررو و الكلي وبنوكس .

ــ   - المعتمـــد علـــ  تبـــادل ع صـــر اشديـــد مـــب ع صـــر        (Krogh-Ravna,2000)مخطـ

  يزيوم ب  فلز  الطاررو و الكلي وبنوكس .المط

المعتمد عل  تبادل ع صر اشديـد مـب ع صـر المط يزيـوم بـ        (Harly,1984a)مخط   -

 فلز  الطاررو و الأور وبنوكس .

المعتمــد علــ  تبــادل ع صــر اشديــد مــب ع صــر     (Balhaus et.al.,1991a;b)مخطــ   -

 المط يزيوم ب  فلز  الأوليف  و السبي ل.
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المعتمد عل  تطن محتوى ع صر الكالسـيوم    (Sachtleben and Seck,1981)مخط   -

 ا فلز الأور وبنوكس .

المعتمـد علـ  تبـادل ع صـر الكـروم مـب        (Witt-Eickschen and Seck,1991)مخطـ    -

 ع صر الألم يوم ب  فلز  الأور وبنوكس  و السبي ل.

وتم صياغة قيم درجات حرار   ةدراسال هذهتم استصدام هربعة معاين جيوحرارية ا 

 ششوات الجزء العلو  م  المعط  الأرضي اللناوليتية   oمالدرجة المئوية بالتشكل 

والبنوكسي يتية و كذلك حشوات الجزء السفلي للقشر  الأرضية الطابرو يدية ا 

 ،اشرارية لتشكل كل لموعة حشوية تطابق حقول القيم( والذ  ب  6) الجدول

،  oم 1060-915حيث تتشكل اششوات اللناوليتية ا لال حرار  يتراو  ب   

، ت صفا هذه القيم  oم 1035 – 945ويتراو   بال سبة للحشوات البنوكسي يتية ب  

 . oم 950 – 820بال سبة للحشوات الطابرو يدية لتتراو  ا المجال ب  

 المدروسة تقدير ضط  )جيوباروميتر( التشكل للحشوات  -  

ــراً       ــن تحديــد ضــط  التشــكل للحشــوات الصــصرية هم صــعباً و لا يمكــ  تحقيقــه   يعت

كثن م  الباحث  لدى تقديرهم درجات ضط  التشكل عل  د بشكل دقيق لهذا يعتم

ــة ،    ــات الفلزيـ ــز  للمترافقـ ــواان الفلـ ــو ا  حيـــث يعتـــن ســـح ات التـ ــز الطاررـ ــد فلـ تواجـ

ع ـد ضـط    ه لبدء القـيم المرتفعـة للضـط  و الـت تبـد     اششوات اللناوليتية ميلراً هاماً 

بي ما يعتن تشكل فلز البلاجيوكلاا ميلـراً    oم 1100درجة حرار  ع د كيلوبار  19

كيلوبـار وا درجـة    8بضـط    هضرورياً للارتقال إلى سح ات تواان فلزيـة م صفضـة تبـد   

ــرار    ـــ  .   oم 1100حـــ ــ  مخطــ ــة علـــ ــي ية المدروســـ ــوات البنوكســـ ــو اششـــ    هعطـــ

(Wood,1974)   كيلوبار.  14 – 13.5ضط  تشكل تراو  ا المجال ب 
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تقدير ضط  تشكل حشوات الجزء السفلي للقشر   م  السهل هره ليس كما 

 االأرضية ذات الطبيعة الطابرو يدية الخالية بشكل عام م  فلز الطاررو، لذا يعتمد 

   لها خاصة ات  بات الطور بال سية عل  مقاررة المترافقات الفلزية  و تحديد درج  هتقدير

 ; (Green and Ringwood,1967)ع د ارتقالها لسح ة الصصور الايكلوجيتية

(Wood,1987);هوضح .; (Ito and Kennedy,1971) ; (Irving,1974)      (Herzberg,1987)  

كيلوبار وبشروط حرارية  6هره ا حال غيا  فلز الأوليف  يسود ضط  تشكل 

 10-9، بي ما يقتضي غيا  فلز الطاررو ضططاً يتراو  ب    oم 800تصل لـمرافقة 

يمك  الافترا  هره وضم  الشروط  ا ، لذ  oم 1100درجة حرار    ع دكيلوبار 

 – 6شوات الطابرو يدية المدروسة ساد ضط   تراو  ب  اشاشرارية المفترضة لتشكل 

 كم . 27– 20كيلوبار وعمق تشكل  تراو  ب   8

 ( 6 ) جدول 

 و ضط   تشكل اششوات المدروسة.  قيم حرار 

 حشوات الجزء العلو  م  المعط  الأرضي حشوات الجزء السفلي م  القشر  الأرضية

 حشوات اللناوليو حشوات البنوكسي يو اششوات الطلنو يدية صط لمروا ا

D33 D26 D24 D20 D19 D6 D5 D2 D1 D21 D13 D10 D8 
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 Wood,1974 

( القـيم الجيوضـططية  و الجيوحراريـة     ال تـا ق )  وبشكل عام يمك  القول هن هـذه 

مـ   بقة سـا ا دراسـات   دد  للحشوات المدروسة تتشابه مب القيم والمجالات اشرارية المح ـ

للحشـــوات اللناوليتيـــة  (Sharkov et.al.,1989)قبـــل العديـــد مـــ  البـــاحث . فلقـــد حـــدد 

لـروط حـرار    ع ـد  كيلوبـار   20 -10المدروسة م  تل درون ضط  تشكل تراو  ب  

 تشكل حددها
(Turkmani ,1995)

بال سبة ششوات اللناوليو السبي يل  ا المجال بـ    

ششــــوات   و  oم  1115 -948ششــــوات الهارتزبورجيــــو   و  oم 932-1055

ــل       oم  1140 -982يبســتريو وال ــة الم تشــر  ا ت ــا بال ســبة للحشــوات اللناوليتي ،هم

كيلوبـار   18.8 تشـكل يصـل ل ــ  ضـط    (Medaris and Syada,1998)الألاعر فقد حدد 

او  بـ   تـر وعمـق تشـكل مفـتر       oم  1050 -1000مـب حـرار  مرافقـة تـتراو  بـ       

ــب   بال ســبة لكيلومتر،همــا  -40-6 لحشــوات البنوكســي يتية الم تشــر  ا ذات الموق

ــ  تــضــط  تشــكل   (Medaris and Syada, 1999)فقــد حــدد    13.8 -11.5راو  ب

 .  oم 1040 - 970 ب  ا المجال وكيلوبار وحرار  تراوح

سة ا تل خ فة كذلك تم تحديد لروط حرار  تشكل اششوات اللناوليتية المدرو

ــار  20 -15تشــكل تــراو  بــ   مــب ضــط    oم 1125 -925ا المجــال بــ   كيلوب

 .(Syada et al.,1996)كيلومتر  60 -30وعمق تشكل مفتر  تراو  ب  

للحشـوات الصـصرية    لـروط تشـكل حراريـة     (Nasir and  Al - Fugha,1988) حـدد 

وعمــق   oم1025 - 925تراو  بــ  اللناوليتيــة الســبي يليتية المــمخوذ  مــ  تــل هر ــ  ت ــ  

ــل إلى   ــي يصـ ــكل افتراضـ ــططية     37تشـ ــة وضـ ــالات حراريـ ــد لـ ــومتر، وتم تحديـ كيلـ
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تـتراو     (Nasir et al.,1992)للحشـوات المـمخوذ  مـ  عـد  مواقـب مـ  الـناك  الأردريـة         

 1020 -940كيلوبار للضط  ،   13 -11) بال سبة للحشوات البنوكسي يتية ب 

  oم 1030 -920كيلوبـار للضـط  ،    18 -12للحشوات اللناوليتيـة ) للحرار ( و  oم

 -775كيلوبـار للضـط  ،    11-5) للحـرار ( وللحشـوات الطابرو يديـة الطبيعـة بـ      

 كيلومتر(.35-17يتراو  ب   عمق افتراضيع د للحرار    oم 800
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Abstract : 

Alkali basalt spread northeast part of Shamah volcanic field (southwest of 

Syria) belonging to the Neogene and Quaternary ages,which are coexisted 

with a great quantity of mafic and ultramafic xenoliths and megacrysts. 

Field observations and data of geochemical and petrographical studies 

results, for xenoliths coexisted with alkali basalt spread over the northwest 

part of the Arabian plate (Syria) indicate availolility of a proper enviroment 

where various kinds of xenoliths of lower crustal and upper mantle were 

formed,this indicate that thes xenoliths have been formed under different 

thermobarometric conditions. 

The study of available mineral paragenesis and geothermobarometrics on 

coexisting minerals suggest equilibration conditions,ranging between 6 - 8 

Kbar. for pressure and 850 - 920oC for temperature,and that is for xenolths of 

gabbroic nature formed in the lower crustal between 20 - 27 Km depth.With 

regard to the formation conditions of the xenoliths formed in the upper 

mantle(Pyroxenite and Lherzolite); they range between 13.5 - 14.5 Kbar. for 

pressure and 950 - 1060oC for temperature . 
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Conclusion: 
Although several hypotheses have been put forth to explain the 

propagation of the prion disease agent(s), two hypotheses, namely the 
“prion only” and the virino hypothesis, have been the focus of greatest 
attention. While neither of them has been unequivocally confirmed or ruled 
out experimentally, the hypothesis that PrP protein might be the sole 
component of the infectious prion disease agent has gained a much wider 
popularity because of consistent failure to identify a specific “foreign” 
nucleic acid in prion diseases despite extensive search.   
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PrP transformation is the lysosome itself [41]. Other hypotheses have 
incriminated autoimmune reactions, bacterial toxicosis, chemical agents, 
glycosidase inhibitors and a host of other factors in the etiology of prion 
diseases, but none of these has in fact been adequately substantiated.   
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Fig 3: Species Barrier: If prions are transmitted from a mouse or hamster to 
another animal of the same species, the disease develops in the recipient after a 
comparatively shorter incubation period, but if prions are transmitted from one 
species to another, e.g., from mouse to hamster, the disease develops after a much 
longer incubation period, or not at all. However, if the "hamster" prions were 
passaged repeatedly in the mouse, the incubation period of the disease in the mouse 
decreases dramatically and stabilizes at a new value. This is called "species barrier" 
and was considered to be an evidence of viral infection.  However, it was found 
that if you introduce the PrP of the donor species (the hamster) into the recipient 
species (mouse), the latter animal becomes as equally susceptible to the hamster 
prions as the hamster.  From Heaphy [6].  

2.3. Chaperone Hypothesis: 
This hypothesis does not violate the dogma that replication occurs only 

in the presence of nucleic acid. It has been found by spectroscopic methods 
that conversion of PrPC to PrPSC involves profound conformational changes, 
which probably require a chaperone mediator [38- 40]. Chaperones are 
proteins that direct the folding and unfolding of other proteins, and the 
chaperone hypothesis is based on the suggestion that a certain protein 
factor(s), called X factor, which might be a chaperone, is involved in the 
formation of PrPSC [15]. It has been suggested that PrPSC itself could be 
protein X or the chaperone that produces the conformational change. 
However, studies on the interactions between PrPC and PrPSC do not support 
this argument [15; 23]. Some heat shock proteins are also known to act as 
chaperones, and it has been found that some changes do occur in the 
inducibility and the distribution of these proteins in scrapie-infected cells 
[10; 38-40].     

With the identification of an increasing number of “conformational” 
diseases, or protein misfolding diseases, the chaperones are becoming the 
focus of increasing interest and considerable research is currently underway 
to design novel chaperone drugs to correct the structural problem.       

Other Hypotheses: 
The massive outbreak of bovine spongiform encephalopathy (BSE) has 

triggered numerous other hypotheses about the possible causative agents of 
prion disease. One of these hypotheses suggests that prion diseases could be 
lysosomal storage diseases and there are studies suggesting that the site of 
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protein is produced from the genes of the host animal, it has a different 
structure in different species, and that is why the host barrier exists [15; 16].  

Nevertheless, it must be emphasized that the capability of prion protein 
to replicate in the absence of nucleic acid could only be proven 
unequivocally if the misfolded prion (PrPSC) is synthesized in a way that 
totally eliminates any possible presence of nucleic acid, then injecting this 
synthetic prion and observing whether it replicates or not. So far, all 
attempts to achieve that have been unsuccessful [20].  

Finally, in an attempt to reconcile the concept of infectious protein, 
which explains the existence of “strains” on the basis of stable variations in 
the PrPSC molecules, with the virino concept, which explains  “strains” on 
the basis of nucleic-acid encoded information, Weissmann [28] introduced 
the so-called “unified theory,” in which he suggested that PrP might be 
associated with a host-derived episomal nucleic acid, which encoded for 
strain-specificity but was not essential for infectivity.       

 

                                                                                    

                                                                                                                                                 

 
 

                                                                                  

                                                                                     

  

                                                                                              

Key: 

Hamster     Mouse    Transgenic mouse carrying hamster PrP 

                            Efficient Transmission    (short incubation period) 

                            Inefficient Transmission  (long incubation period) 



  
  
  
  

 Prion Diseases I. The Etiology…                     Mansour F. Hussein and Saud I. Al-Mufarrej 

 

  56

Westaway et al. [19], on the other hand, argued that since PrP is 
encoded by the human genome, variations in the gene sequence could have 
a profound effect on the occurrence and course of disease, and the length of 
the incubation period. Prusiner et al. [25] also argued that differences 
between "strains" do not necessarily mean presence of genetic information 
specific for each strain, but rather that the prion protein adopted different 
conformations, with consequently different effects. Furthermore, they stated 
that the infectivity of a certain type of PrPSC depends on how closely it 
resembles the host's own prion.  

Hecker et al. [34] introduced the so-called “targeting hypothesis” in 
which they suggested that strain-specificity is determined by the cell 
subtypes in which the propagation of PrPSC molecules took place. By 
contrast, Bessen et al. [35] and Kocisko et al. [36] reported that species-
specific PrP conversion into protease-resistant forms could be achieved in a 
cell-free system, although the possibility cannot be ruled out that some cell-
type specific components that conferred strain-specificity might have 
“contaminated” the cell-free culture via PrP preparations.     

On the other hand, numerous transmission studies suggested that when 
infective material is transmitted from one species of animal to another, as 
for example when mice are inoculated with scrapie infective material from 
sheep, the required dose is initially extremely high, the incubation period is 
prolonged and the pathology of the disease is altered. However, after 
repeated passages of the infection in the new species, in this case the mouse, 
there is a dramatic reduction of the incubation period, which becomes 
stabilized at a new value. Besides, when a species becomes infected with a 
prion disease of a different species, it can transmit the infection more easily 
to other members of its own species, and may also infect a wider range of 
new species that the original host could not. All of this has to do with the 
existence of a species barrier, which offers a strong argument in support of 
a viral etiology. To verify that question, an important experiment was 
conducted by Scott et al. [37] in which they showed that if a hamster PrP 
gene was inserted into mice, this would remove the species barrier between 
the two species; i.e. when a mouse into which the hamster PrP gene was 
inserted is injected with scrapie from a hamster, the mouse would develop 
scrapie as if it were a hamster [Fig 3]. This was taken as evidence that the 
PrP protein, rather than a virus, was the “infective agent” and since this 
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Supporters of the viral hypothesis argue that PrP might be an important 
element in disease development - e.g., it could be a host-cell receptor that 
directs an unknown virus into the cell and thereby control susceptibility - 
but there must be a nucleic acid that controls its synthesis. They also argue 
that abnormal prion (PrPSC) could be an intermediary or a product of cell 
destruction, rather than the cause of it [20; 32].  

Some of the features of prion diseases are commensurate with viral 
infections. For example, although prion diseases have many features in 
common, there are differences between them such as differences in the 
length of the incubation period and host range, as well as changes in the 
infectivity of different organs and tissues during different stages of disease. 
Another important consideration is the existence of a species barrier for 
infection, which could be attributed to a reduced affinity of a given viral 
agent to PrPC of a different host species. But probably the strongest 
argument in favor of a viral agent is the existence of different, mutable 
"strains." Bruce and Dickinson [8] reported several distinct “strains” of the 
scrapie agent, each with its own characteristic properties, with respect not 
only to the incubation period length, but also to the pattern and distribution 
of brain pathology. The properties of these strains remain unchanged by 
repeated passage in the same mouse strain, with homozygous PrP gene, 
indicating the existence of genetic information specific for each strain. 
These findings, coupled with occurrence of considerable mutations, 
suggested that the agent of scrapie has an independent, replicating genome, 
and that it could be a small virino (nucleic acid molecule coated by host 
protein) that awaits discovery. If true, that “virino” must be highly 
unconventional not only in terms of its size, which is apparently smaller 
than the size of any known virus or viroids [33], but also in terms of its 
resistance to treatment with nucleases and other nucleic acid modifying 
agents. Those in favor of the virino hypothesis argue that the size of the 
nucleic acid doesn’t have to be large, since it doesn’t have to code for any 
protein, while its unusual resistance to nuclease-modifying agents - such as 
nucleases, hydroxylamine and psoralins – can be due to the protective effect 
of its host-derived coat.    
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Fig 1: Prion Hypothesis: Prion diseases are caused by accumulation of 
abnormal isoform of prion protein in neurons. This abnormal, protease resistant 
protein or PrPSC is formed as a result of post-transcriptional change in the 
conformation of a normal, protease-sensitive cellular prion PrPC. Either exposure to 
PrPSC from an outside source or germline or somatic mutation in the PrP gene 
induces this conformational change. Adapted from Jackson [31]. 

 

  PrPSC       PrPC      Acquired PrPSC meets normal prion PrPC in the neuron 

               . 
           Contact between PrPSC and PrPSC induces PrPC conversion to PrPSC  

                 
            Each newly converted PrPSC converts another PrPC into PrPSC 

            .    In this manner, the conversion process is amplified 
         
              

Fig 2:  Prion Hypothesis: If harmful prion PrPSC comes in contact with 
normal cellular prion PrPC in the neurons, it induces PrPC to change its 
conformation to PrPSC conformation. The newly transformed PrPSC in turn 
induces another PrPC molecules to change conformation. A chain reaction 
occurs leading to accumulation of large amounts of PrPSC in the neurons, 
and destroying them and causing disease. Adapted from: Annon. [20]. 

 

2.2. Virus/Virino Hypotheses: 
Although the prion hypothesis has been accepted by most biologists, it is 

not universally accepted, since it represents a major deviation from the 
biological dogma that nucleic acids are essential for protein synthesis and 
replication of infectious agents [20]. Many biologists therefore believe that 

the search should continue for an unconventional virus, or rather a virino2, 
as the cause of prion disease should continue.    

                                                           
2 The virino hypothesis replaced the virus hypothesis following studies suggesting that the 
average size of nucleic acid per “infectious unit” is not more than 80 nucleotides (Kellings 
et al., 1992).  
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normal PrP gene developed the disease only after injecting PrPSC into their 
brains. On the other hand, when the PrP gene was removed, the animals 
could not develop prion disease if injected with PrPSC into their brain. When 
neurons that make up PrPC were grafted into these mice whose PrP gene had 
been knocked out, and the mice then inoculated with the scrapie agent, their 
susceptibility was re-established; the grafted tissue became filled with 
degenerative neurons while the rest of the brain remained unaffected [7; 30]. 
These experiments suggested that whether a host will develop prion disease 
or not depends both on exposure to the abnormal prion, and the presence of 
the PrP gene.  

Additional support for the prion hypothesis comes not only from the fact 
that PrPSC fibrils are invariably found in all prion diseases, but also from 
observations that the quantity of PrPSC is proportional to the severity of the 
condition, and that the more the PrPSC preparation is purified, the more 
infective it is [20]. Furthermore, while the infectivity of PrPSC is not affected 
by different types of disinfection that destroy microbes nor by nucleases that 
digest nucleic acids, the infectivity can be reduced by substances that cause 
protein denaturation such as strong alkalis. Furthermore, when PrPSC is 
denatured and then renatured, it regains infectivity [2]. Additionally, prion 
disease patients do not show features commonly found in viral infections 
such as fever, significant inflammatory changes, inclusion bodies or 
immune response. On the other hand, in all cases of hereditary prion 
diseases like GSS or FFI and inherited CJD, the patients have the mutant 
gene that produces PrPSC. In total, these inherited forms make up 25% of all 
prion cases [15].    

 
                                      PRION HYPOTHESIS 

           PrP          Exposure to                 Germline or  

           gene      exogenous PrPSC        somatic mutation 

                                                                   
          PrPC         PrPSC      Disease    
        Protease - Post-translational Conformation Change                     Protease-  
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for their survival, though this argument is countered by observations that 
mice did not sustain harmful consequence for up to 500 days after knocking 
out their PrP gene [5].  

In prion disease, the conversion of PrPC into PrPSC is a post-
transcriptional event that occurs either as a result of acquiring PrPSC 
molecules via some form of horizontal transmission, or as a result of 
mutation in the gene responsible for prion production (Fig 1). According to 
Prusiner [14], whenever a PrPSC molecule comes in contact with a PrPC 
molecule in the neuron, it induces the PrPC molecule to change its 
conformation into a PrPSC conformation, and the newly formed PrPSC 

molecule, in turn, induces another PrPC to change conformation, and so on. 
This chain reaction mechanism of refolding allows the abnormal prion to 
"replicate" without need for specific nucleic acids (Fig 2). It is also possible 
that infection with the abnormal prions speeds up nucleation-dependent 
polymerization of the protein molecules, leading to rapid production of 
PrPSC. Both the refolding and polymerization models involve direct 
interaction between PrPC and PrPSC. In the refolding model, the conversion 
of PrPC into PrPSC is catalyzed by the formation of PrPC-PrPSC heterodimer. 
In the polymerization model, the rate determining step is the formation of a 
nucleus of polymerized PrPSC, and once that nucleus is formed, it promotes 
further polymerization [14; 28; 29]. As these insoluble, enzyme-resistant 
PrPSC molecules accumulate in increasing quantities in brains cells, they 
destroy the cells. When the cells are destroyed, the PrPSC molecules are 
released and could enter and destroy new cells.  

As stated earlier, PrPSC formation can also be induced by mutations in 

the PrP gene. These mutations occur in the open reading frame (ORF)1 of 
the gene and have been found in all families with inherited prion diseases; 
the mutations are believed to initiate the disease by destabilizing one or 
more -helices of PrPC, leading to its conversion to PrPSC, which then 
replicates in the manner described above [25]. Studies on genetically 
engineered mice showed that mice into which the mutant gene was 
transferred developed prion disease spontaneously, whereas mice with 

                                                           
1 Open reading frame (ORF) of a DNA segment is a potential protein sequence identified 
by an initiator codon in a frame with a chain terminating codon. Special computer programs 
are used to search for these sequences.  
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on the physical, chemical, biochemical and molecular properties of PrP, and 
its genetics and mode of replication. These studies suggested that the 
development of prion diseases involved structural modification of a 
harmless, naturally occurring PrPC into the harmful PrPSC version [2; 12-
19]. A year before Prusiner’s original paper proposing that the scrapie agent 
was a prion protein was published [12], Merz, at the Institute for Basic 
Research on Developmental Disabilities, Staten Island, New York, reported 
that brains of scrapie infected mice contained strange fibrils [20]. The 
occurrence of error in protein folding was also mentioned by Griffith since 
1967, when he wrote: “perhaps a protein that wouldn’t normally adopt a 
particular folding pattern could be catalyzed to do so by a protein that had 
already assumed that shape” [5]. However, it was Prusiner who pursued this 
concept and performed extensive studies to support it, work that convinced 
many biologists and gained him the Nobel Prize.  

According to the prion hypothesis, all TSE’s or prion diseases are 
protein conformation disorders leading to accumulation of PrPSC in the 
brain. The PrP protein is a sialoglycoprotein that occurs on the surface of 
neurons and other cells [21]. It is held to the cell surface by a glyco-
phosphoinositol or GPI. Its function is not precisely known, but it is 
probably involved in the work of synapses as well as copper binding and 
cell signaling [1; 22]. PrP is encoded by a chromosomal gene that seems to 
be highly conserved, since it is found in diverse organisms ranging from 
fungi and insects to human beings. In humans, this gene is found in the short 
arm of chromosome 20 [23].  The normal and harmful types of prion protein 
are isoforms with the same amino acid sequence, but differing in 
conformation. The structure of PrPC is composed predominantly of lengthy 
coils known as -helices, with no -pleated sheets, while the amino acids in 
PrPSC molecules are folded into -pleated sheets, with very low -helix 
content [24-27]. In contrast to PrPC, the PrPSC molecules tend to form 
insoluble aggregates and fibrils in the brain that resist proteases, and these 
aggregates and fibrils are the cause of neuronal destruction. It is not known 
precisely how the misfolded prion damages the neurons, apart from 
accumulating in them, but one possibility is that it is toxic. Another 
possibility is that it deprives neurons from PrPC, which could be essential 
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evidence in this regard being the existence of several, distinct mutable 
"strains" of the scrapie agent, with different incubation periods and different 
pathology, which implies the existence of genetic information in a nucleic 
acid of the infectious particles [8; 9]. Accordingly, there are now two main 
hypotheses regarding the agent(s) of prion diseases: prion hypothesis and 
virino hypothesis (virino is a small strand of infectious nucleic acid wrapped 
in protein). In recent years, a third hypothesis, chaperone hypothesis, has 
also emerged, which considers the prion to be a molecular chaperone that 
becomes spontaneously misfolded [10]. There are several other less popular 
hypotheses on the etiology of prion diseases.  

2.1.  Prion Hypothesis: 
     Prion diseases have three peculiar features: (i) they are caused by an 

infectious agent that does not seem to require a nucleic acid to replicate (ii) 
they are both infectious and inherited and (iii) the causative agent has an 
unusually high resistance to heat, desiccation, freezing, stomach acid, pH 
changes and various other chemical and physical methods that are normally 
used to destroy viruses, bacteria and fungi.     

The idea that the agent might be a protein capable of replication in the 
absence of nucleic acid dates back to the 1960's, when Tikvah Alper - a 
British microbiologist at Hammersmith Hospital - and her colleagues 
exposed the brains of scrapie-infected mice to ultraviolet radiation. She used 
UV doses sufficient to destroy nucleic acids, and found that the irradiation 
did not abrogate the infectivity of the brain tissue. Accordingly, she 
proposed that scrapie and other related diseases such as Kuru might be 
caused by an agent that did not require nucleic acid for replication [11]. At 
that time, her views were ridiculed because it was unconceivable that an 
infectious agent could replicate without either RNA or DNA. Fifteen years 
later, Alper’s idea was revived by Prusiner [12], who described novel 
properties for the “scrapie agent” that distinguish it from viruses, plasmids 
and viroids. Prusiner showed that the scrapie agent was indeed highly 
resistant to all known procedures of nucleic acid inactivation, while losing 
its infectivity as a result of treatment with protein denaturing procedures. He 
proposed the new term "prion" for the scrapie-agent in order to denote its 
proteinaceous and infectious nature, while distinguishing it from viruses. 
Since then, Prusiner and his colleagues have conducted extensive research 
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(PrPres). The presence of this abnormal protein distinguishes prion diseases 
from other brain diseases that cause dementia such as Alzheimer disease [5].  

Though the nature of the infectious agent of prion diseases has not yet 
been definitively proven, the idea that PrPSC itself is responsible both for the 
infectivity and pathogenesis of these diseases is widely accepted, and that is 
why they are now more commonly referred to as “prion diseases.”   

Nature of Prion Disease Agent(s) 
Prions are defined as "small, proteinaceous infectious particles that 

resist inactivation by most procedures that inactivate nucleic acids" [6]. The 
resistance of these proteins to nucleases, enzymes that digest nucleic acids, 
and irradiation, suggests that they lack a nucleic acid genome. In other 
words, the protein alone is the infectious agent. This protein is highly 
resistant to protease K, in contrast to its isoform that occurs naturally in the 
neurons and many other cells types and is readily digested by protease K. 
The harmful, K-protease resistant form of the prion protein has been named 
PrPSC or PrPres [7], while the harmless, naturally occurring counterpart is 
named PrPC, the superscripts are used to distinguish the type of prion: “SC” 
refers to "scrapie" or "scrapie-like”, “res” refers to “protease-resistant” and 
“C” refers to "cellular" [5]. In this review, we shall use PrPC, for the 
harmless and PrPSC for the harmful isoforms of prion protein.  

2. Prion Disease Theories: 
Originally, prion diseases were believed to be caused by unidentified 

slow viruses; this was based on the infectious nature and filterability of the 
putative etiologic agent. However, all attempts to demonstrate virus or virus 
specific nucleic acid, including the use of subtraction hybridization analysis 
techniques, have failed to find a nucleic acid in scrapie-infected brains that 
is not found in normal brain [5]. On the other hand, evidence of the prion 
hypothesis is becoming increasingly more convincing and many biologists 
have now accepted that a modified prion protein (PrPSC) alone is the cause 
of these diseases, and that modified protein could replicate without the 
presence of nucleic acid. Others, however, are still questioning the validity 
of this hypothesis, and believe that the so-called “prion” does have an 
independent genome that is yet to be discovered, the most important 
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Prion diseases are a group of peculiar degenerative disorders of the brain 
affecting man and animals. They are widely believed to be caused by a 
modified, "infectious" version of an apparently ubiquitous cellular protein 
known as prion protein (PrP). Prion diseases are also known as 
“transmissible spongiform encephalopathies” (TSE) because although some 
of them are inherited, all of them can be transmitted experimentally by 
inoculation or ingestion of infected material. Once the genetic form of the 
disease arises, the victim's brain becomes "infectious" as well. Therefore, 
prion diseases are both infectious and inherited – in fact; they are the only 
known diseases that combine these two attributes. A less commonly used 
name for prion diseases is transmissible cerebral amyloidoses (TCA) [1].  

Prion diseases are generally characterized by a long incubation period, 
usually measured in years, a relatively short clinical course, and a 100% 
mortality rate. Almost invariably, they cause dementia, loss of motor 
control, paralysis and ultimately death [2]. Microscopic examination of the 
brain shows different degrees of degeneration of the brain tissue, with 
presence of spongiform intracytoplasmic neuronal vacuolations and loss of 
neurons, especially in the cerebellum and cortical areas of the brain stem. 
These changes are accompanied by extensive microglial activity and 
proliferation of astrocytes - cells responsible for support and repair in 
nervous system - in the affected regions [3]. The activated microglial cells 
release inflammatory mediators, including prostaglandins and free radicals, 
which may enhance neuronal damage.  Pocchiari [4] reported that CSF 
samples from patients with Creutzfeldt-Jakob disease (CJD) contained 
increased levels of prostaglandin E2 (PGE2) and 8-epi-PGF2, as compared 
to patients with non-inflammatory neurologic disorders, indicating the 
occurrence of inflammation and oxidative stress in CJD. This author also 
reported a short survival in CJD patients with high CSF levels of PGE2, 
suggesting that the inflammatory response is correlated with the clinical 
duration of the disease [4].  

A common feature of all prion diseases is the presence of fibrils or 
plaques of an abnormal protein in and around the brain cells [5]. These 
fibrils were previously referred to as scrapie-associated fibrils (SAF) but 
following elucidation of their chemical nature, they are now called prion 
protein of the scrapie type (PrPSC) or protease resistance prion protein 
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Abstract: 

Prion diseases or transmissible spongiform encephalopathies (TSE’s) 
constitute an unusual group of progressive neurodegenerative disorders of 
man and animals characterized clinically by dementia, neurologic and motor 
disturbances, and ultimate fatality, and pathologically by neuronal 
vacuolations, gliosis and astrocytosis in the brain tissue. These diseases are 
peculiar in that they are both infectious and inherited, and are the only known 
diseases believed to be caused by an “infectious” protein. That protein is a 
protease-resistant, insoluble prion protein capable of replicating in neurons in 
the absence of nucleic acid; it is referred to as the “prion protein of scrapie,” 
or PrPSC , and is believed to arise as a result of misfolding of its normal 
counterpart in the cells, PrPC.   

Prion diseases have come into prominence following overwhelming 
outbreaks of bovine spongiform encephalopathy (BSE) in the U.K., and 
subsequent diagnosis of the so-called variant Creutzfeldt-Jakob disease, a 
zoonotic version of BSE, in numerous human victims. A voluminous amount 
of research into prion diseases has since been published.  

Although the prion model is currently the most favoured etiologic model 
of these diseases, several other hypotheses have been forwarded to explain the 
nature of the causative agent(s), including “virus,” “virino,” “chaperone” and 
“lysosomal storage disease” hypotheses. None of these hypotheses has so far 
been conclusively proven or ruled out. In part I of this review, the current 
status of knowledge on the etiology of prion diseases and the different 
hypotheses of possible etiologic agent(s), with special emphasis on the nature 
of prions, are discussed. In part II, the clinical and pathological aspects of 
prion diseases affecting man and animals, and the advances in their diagnosis 
and treatment, are described.  

Introduction 
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  تأثیر مواعید الزراعة والأسمدة المركبة على النمو والانتاج وجودتة
  منطقةالاحساء فى البصل الحساوى تحت ظروف

  
אאא 

א–אאאא 
א Jאאא 

  

1999L2000,2000L2001א
Fאא20،20،20אE

Fא20٪א+N20٪+P20٪K ;19٪NH29٪PH11٪K;14٪N
H38٪P1H10٪K;16٪NH9٪ PH26٪(Kאאא

K،אאאאאאא
Wאאאאא 

אא20אאאא
Fאאאא14٪NH38٪PH

10٪KאEאאאא
אאאאאKא
אאאKEאאאאFאא

20Fא14٪NH38٪PH10٪KאE
،٪אאLאא،אא،אא
א،אא،א

אN,P,K
Kא 



  
  
  
  

 Effect of Planting Dates and Compouned …         AL Abdulsalam, M.A. and  A.F. Hamaiel 

 

  80

13. Rizk, F.A. (1997).  Productivity of onion plant (Allium Cepa, L.) as affected by 
method of planting and NPK application.  Egyptian Journal of Horticulture, 
24(2) : 219-238. 

14. Rowell, D.L. (1994).  Soil Science Methods of Applications.  Longman 
fertilizers in soils.  In:  The Role of Phosphorus in Agriculture (Eds. F.E. 
Khasawneh, E.C. sample and E.J. Kamprath) Sas, SSSA and CSSA, Madison, 
WI, USA, PP. 302-310. 

15. Singh, T., S.B. Singh and B.N. Singh (1989).  Effect of nitrogen, potassium 
and green manuring on growth and yield rainy season onion (Allium Cepa, L.)  
Narendra Deva Journal of Agricultural Research, 4 (1) : 57-60. 

16. Soto, J.A. (1989).  Nutritional requirements of onion (Allium Cepa, L.) in the 
soil of  North Cartago. II. Critical levels for P, K, S, and response to N. 
Agronomia Costarricente, 12(1) : 35-37. 

17. Vachhani, M.U., and Z.G. Patel (1993).  Growth and yield of onion (Allium 
Cepa, L.) as influenced by levels of nitrogen, phosphorus and potash under 
South Gujarat conditions.  Progressive Horticulture, 25 (3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 
 
 

Scientific Journal of King Faisal University (Basic and Applied Sciences)                         Vol.5  No.1  1425 (2004) 
                        

 

  79

References: 

1. Al-Barrak, S.A. (1986). Properties and classification of some oasis soils of Al- 
Hassa, Saudi Arabia, Arab Gulf Journal of Scientific Research, 4 : 349-359. 

2. Al-Taher, A.A.S. (1999) Al-Hassa: A geographical study.  Al-Hussainy Press, 
Al-Hassa, Kingdom of Saudi Arabia (in Arabic).  

3. Al-Madini, A.M., S.S. Al-Thabt and A.F. Hamail (2000).  Effects of different 
application rates of two compound fertilizers on growth, yield and yield 
mineral composition of onion (Allium Cepa L.) Egypt. J. Appl. Sci., 15 (10). 

4. Arnon, D.J. (1949).  Copper enzymes in isolated chloroplasts.  Polyphyenol 
oxidase in Beta Vulgaris.  Plant physiol., 24: 1-15. 

5. El-Marabaa, A.I., A.M. Butt, M.K.Iman, G.I. Shalaby and M.M. El-Sayed 
(1975).  Comparative study of data method of planting on onion bulb 
production. Assiut, J. Agric. Sci., 6 (1) 103. 

6. Farrag, M.M. (1983).  Growth regulator and plant density in onion production.  
Ph.D. thesis, Faculty of Agriculture, El-Minia Univ. 199pp. 

7. Gomez, K.A. and A.A. Gomez (1984).  Statistical procedures for the 
agricultural research.  John Wiely and Sons, Inc., New York. 

8. Hamaiel, A.F.; H.M. Abd-El-Naby and E. El-Gamiely (1995).  Effect of 
sources and rates of nitrogen on vegetative growth, and yield of Broccelin.  
Kohlrabi and Table Beet. J. Agric. Sci., Mansoura Univ. 20(8) 3831-3840.  

9. Jayabharathi, M. (1989).  Influence of different doses of N, P and K on the 
yield and quality of aggregatum onion cv. Co. 4. Madras Agricultural Journal, 
76(3): 150-155. 

10. Page, A.L., R.H. Miller and D.R. Keeney (1982).  Methods of soil analysis Part 
2. : Chemical and microbiology properties (2nd Edition).  American Society of 
Agronomy, Monograph No. 9, Madison, WI, USA 

11. Pandey, U.C. and U. Ekpo (1991).  Response of nitrogen on growth and yield 
of onion (Allium Cepa L.) inMaiduguri region of Borno State, Nigeria.  
Research and Development Reporter, 8 (1) : 5-9. 

12. Patel, Z.G. and M.U. Vachani (1994).  Effect of N P K fertilization on the yield 
and quality of onion.  Horticultural Journal, 7 (1) : 75-77. 



  
  
  
  

 Effect of Planting Dates and Compouned …         AL Abdulsalam, M.A. and  A.F. Hamaiel 

 

  78

 



 

 
 
 
 
 

Scientific Journal of King Faisal University (Basic and Applied Sciences)                         Vol.5  No.1  1425 (2004) 
                        

 

  77

Table ( 9 ) 
Effect of planting dates and compound fertilizer on N. P. and K. in onion 
bulb and chlorophyll A and B in the onion leaves,during  1999/2000 and 

2000/2001 

Treatments N % P % 
K % 

 
Chlorophyl . a 

(mg/g F.W) 
Chlorophyl b 
(mg/g F.W) 

D1 

F1 1.66 0.330 0.163 0.303 0.266 

F2 1.71 0.586 0.170 0.390 0.386 

F3 1.77 0.620 0.183 0.376 0.380 

F4 1.66 0.610 0.153 0.360 0.380 

D2 

F1 2.13 0.356 0.176 0.286 0.260 

F2 2.03 0.593 0.173 0.380 0.388 

F3 2.53 0.643 0.186 0.396 0.383 

F4 2.03 0.620 0.173 0.360 0.353 

D3 

F1 2.23 0.376 0.166 0.263 0.253 

F2 2.30 0.440 0.163 0.383 0.376 

F3 2.43 0.526 0.166 0.373 0.356 

F4 2.03 0.503 0.153 0.356 0.343 

L.S.D.0.050 0.23 0.02 0.01 0.01 0.01 

F1 =  20% N,  20% P,  20% K.                  F2 =  19% N,  29% P,  11% K. 
F3 =  14% N,  38% P,  10% K.                  F4  = 16% N,   9%  P,  26% K. 
D1 = 20th September               D2 = 20th October            D3 = 20th November 
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F4 12.33 788.33 24.66 7.26 

L.S.D. 0.050 1.17 28.63 2.43 N.S 
F1 =  20% N,  20% P,  20% K.                  F2 =  19% N,  29% P,  11% K. 
F3 =  14% N,  38% P,  10% K.                  F4  = 16% N,   9%  P,  26% K. 
D1 = 20th September               D2 = 20th October            D3 = 20th November 

Table  ( 8 ) 
Effect of   planting dates and fertilizer on bulb weight bulb yield, bulb shape 

index and double/normal bulb %, during 1999/2000 and 2000/2001. 
 

Treatments 
Bulb weight 

gm 
Bulb yield 

kg/m2 
Bulb shape 

index 
No. of double/ 
No. of bulb % 

 
 

D1 

F1 177.66 2.36 7.500 16.16 

F2 187.33 2.86 7.86 17.00 

F3 195.00 2.23 8.26 14.00 

F4 180.66 2.80 8.03 15.33 

 
 

D2 

F1 184.00 2.76 7.40 13.70 

F2 186.66 2.73 7.86 14.06 

F3 205.00 3.50 8.30 12.23 

F4 186.33 2.60 8.13 13.26 

 
 

D3 

F1 176.66 2.40 7.26 15.30 

F2 183.66 2.86 8.20 14.40 

F3 192.33 3.100 7.86 12.96 

F4 180.00 2.73 7.43 14.16 

L.S.D.0.050 5.17 0.16 0.13 N.S 

F1 =  20% N,  20% P,  20% K.                  F2 =  19% N,  29% P,  11% K. 
F3 =  14% N,  38% P,  10% K.                  F4  = 16% N,   9%  P,  26% K. 
D1 = 20th September               D2 = 20th October            D3 = 20th November 
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and fertilization in the measured parameters. Comparable results were 
obtained by Al-Madini et al (2000) who  found that N, P, and K contents in 
the onion plants increased after the application of NPK fertilizer, while 
Hamaiel, et al. (1995) mentioned that calcium nitrate at 100 kg N/feddan 
significantly increased chlorophyll a and b in table beet. 

In conclusion, Hassawi onion plants  showed differential response to 
different  planting dates and different types of NPK compound fertilizers.  
Best response, as observed by the vegetative growth and yield quality 
parameters of Hassawi onion, was obtained when planting in 20 October 
with  F3 fertilizer (14% N, 38% P, 10% K).  However, the 14% N, 38% P, 
10% K fertilizer with 20 October gave better results than the other 
treatments, which leads us to recommend the former fertilizer for Al-
Hassawi onion plants under the dry conditions of Al-Hassa region. 

 
Table ( 7 ) 

Effect of planting dates and compound fertilizers on leaves/plant, leaf area, 
dry/fresh  weight  and neck shape index during 1999/2000 and 2000/2001. 

 

Treatments 
Number of 
leaves/plant 

Leaf area 
(cm2/plant) 

Dry/fresh 
weight (%) 

Neck shape 
index 

D1 

F1 13.66 1222.66 28.83 6.30 

F2 13.83 1125.33 29.33 6.86 

F3 15.50 1419.66 30.00 7.10 

F4 12.83 960.33 27.66 7.16 

D2 

F1 15.50 1472.66 27.33 6.30 

F2 16.50 1377.00 27.83 6.73 

F3 17.50 1773.00 30.66 6.30 

F4 13.00 1035.66 26.50 6.53 

D3 

F1 13.00 973.66 26.50 7.30 

F2 12.50 788.33 25.00 7.40 

F3 14.50 1117.00 26.00 7.10 
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L.S.D. 0.050 0.15 0.02 0.02 0.01 0.06 
F1 =  20% N,  20% P,  20% K.                  F2 =  19% N,  29% P,  11% K. 
F3 =  14% N,  38% P,  10% K.                  F4  = 16% N,   9%  P,  26% K. 
Interaction between  planting  dates and compound fertilizers: 

The interaction effects between dates and fertilization,on plant growth 
parameters were significant (Table 7). The best results of nitrogen, 
phosphorus and potassium contents were obtained in onion bulb and 
chlorophyll a, and b in the leaves during the two  cropping seasons. Highest 
mean values of leaves/plant, leaf area/plant and dry/fresh weight %, were 
obtained for 20 October with F3 (14% N, 38% P, 10% K), while the highest 
value for neck shape index was obtained 20 November with F2 (19% N, 
29% P, 11% K). The results agree with those obtained, Rizk (1997), 
Vachhanni and Patel (1993), and El-Marabaa et al (1975), Who reported 
similar results on onion plants. 

Yield and yield quality: 
Data in table (8) summarized the effect of planting  dates and 

fertilization on onion yield and its quality.  The highest mean  value of 
average bulb weight, bulb yield m2 and bulb shape index were obtained  for 
20 October with F3 (14% N, 38% P, 10% K) treatments. While the highest 
value of double/normal bulb % was obtained with 20 September with F2 
(19% N, 29% P, 11% K).  Similar results were obtained by Patel and 
Vachhanni (1994) who  reported that onion bulb diameter, weight and yield 
increased with application of 150 kg N ha-1 and 75 kg P2O5 ha-1, Pandey and 
Ekpo (1991), Farrage (1983).  Jayabharathi (1989) also reported similar 
results on onion yield. 

N, P and K contents in onion bulb and chlorophyll  
a and b in onion leaves: 

Table (9) indicate the effect of different planting  dates and different 
fertilizers on mineral content of bulb and chlorophyll a and b in onion 
leaves.   

The best results for N%, P%, K% contents of bulb and chlorophyll a 
were obtained for 20 October with F3 (14% N, 38% P, 10% K), while 
chlorophyll b was the highest for 20 October with F2 (19% N, 29% P, 11% 
K).  Date also show that there were significant differences between dates 
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Yield and yield quality: 
 Table (5) indicated that the highest mean  values for bulb weight, bulb 

yield, and bulb shape index were obtained after using F3 (14% N, 38% P, 
10% K), while F2 (19% N, 29% P, 11% K) treatment gave the highest mean  
values for double/normal bulb (1%) in both seasons. There were significant 
differences among all yield and quality parameters under different fertilizer 
types.  These results are in correspondence with the findings of  
Jayabharathi (1989) who observed that best yield of onion bulb was 
obtained by applying  NPK at the  rate of 75 kg ha-1.  Al-Madini et al. 
(2000) mentioned that NPK fertilizer gave the highest yield of onion bulb 
under Al-Hassa region.  Singh, et al. (1989) found that application of 120 kg 
N and 50 kg K2O ha -1, gave the best onion bulb and bulb shape index.  
Vachhanni and Patel (1993), Patel and Vachhani (1994) and Pandey and 
Ekpo (1991), also reported similar results. 

Table (6) shows the effect of different fertilizers types on the mineral 
composition of onion bulb and chlorophyll a, b in the leaves.  Data showed 
that there were significant differences among different fertilizer treatments .  
The N, P Kand  chlorophyll a and b contents were significantly higher in  F3 
(14% N, 38% P, 10% K), and the lowest  in F4 (18% N, 9% P, 26% K) 
except P % which  was the lowest value with F1 (20% N, 20% P, 20% K) 
treatment  

Table  (6) 
Effect of compound fertilizer on N. P. and K. contents in onion bulb and 

Chlorophyla ,b in onion leaves, during 1999/2000 and 2000-2001. 

Treatments 
N % 

 
P % K % 

Chlorophyl,a 
(mg/g F.W) 

Chlorophyl,b 
(mg/g F.W) 

F1 2.00b 0.35c 0.168b 0.284c 0.260d 

F2 2.01b 0.54b 0.168b 0.382a 0.373b 

F3 2.24a 0.59a 0.178a 0.384a 0.383a 

F4 1.91c 0.54b 0.160c 0.352b 0.358c 
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Table ( 4 ) 
Effect of compound fertilizer on leaves/plant, Leaf area, dry/fresh weight 

%., neck shape index during 1999/2000 and 2000/2001 

Treatments 
No. of leaves/ 

plant 
Leaf area 

(cm2/ plant) 

Dry/fresh 
Weight 

(% /plant) 

Neck shape 
index 

F1 14.05b 1223.00 b 27.55b 6.63c 

F2 14.27 b 1096.88c 27.38b 7.00a 

F3 15.83 a 1436.55a 28.88a 6.83b 

F3 15.83 a 1436.55a 28.88a 6.83b 

F3 15.83 a 1436.55a 28.88a 6.83b 

F4 12.94 c 928.11d 26.27c 6.98b 

L.S.D. 0.050 0.67 16.53 1.40 0.08 

F1 =  20% N,  20% P,  20% K.                  F2 =  19% N,  29% P,  11% K. 
F3 =  14% N,  38% P,  10% K.                  F4  = 16% N,   9%  P,  26% K. 

Table (  5 ) 
Effect of compound fertilizer on bulb weight ,bulb yield, bulb shape index, 

and double/normal bulb, during 1999/2000 and 2000/2001 

Treatment 
Bulb weight 

(gm) 
Bulb yield 
(Kg/ m2) 

Bulb shape 
Index 

D/N 
Bulb % 

F1 179.44d 2.577d 7.38d 15.055a 

F2 185.88b 2.822b 7.97b 15.155b 

F2 185.88b 2.822b 7.97b 15.155b 

F3 197.44a 3.277a 8.14a 13.066a 

F4 182.33c 2.711c 7.86c 14.255c 

L.S.D. 0.050 2.99 0.10 0.07 0.58 

F1 =  20% N,  20% P,  20% K.                  F2 =  19% N,  29% P,  11% K. 
F3 =  14% N,  38% P,  10% K.                  F4  = 16% N,   9%  P,  26% K. 
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D1 = 20th September               D2 = 20th October            D3 = 20th November 
 

 
Table (3) 

Effect of planting dates on N,. P,. K, andChlorophyll. a,b contents of onion 
bulb, during 1999/2000 and 2000-2001 

Treatments N % P % K % 
Chlorophyl,a 
(mg/g F.W) 

Chlorophyl,b 
(mg/g F.W) 

D1 1.70 c 0.53b 0.17 b 0.35 b 0.34 b 

D2 2.25a 0.55 a 0.18 a 0.36 a 0.35a 

D3 2.18b 0.46 c 0.16 c 0.33 c 0.33c 

L.S.D.0.050 0.12 0.01 0.01 0.01 0.01 

D1 = 20th September               D2 = 20th October            D3 = 20th November 

Effect of fertilizer types on onion plant vegetative growth : 
Table 4 reveals the vegetative growth parameters (number of 

leaves/plant, leaf area plant (cm2), dry/fresh weight % and neck shape index 
of the onion plants as affected by the fertilizer treatments. All the growth 
parameters increased significantly with F3 (14% N, 38% P, 10% K) than the 
other fertilizers treatments except the neck shape index which was 
significantly higher in F2 (19% N, 29% P, 11% K).  This probably may be  
due to higher phosphorus contents of F3 than the other fertilizers. The 
results are in agreement with those obtained by Rizk (1997) who concluded 
that increasing the application rate of NPK fertilizer increased growth 
parameters of onion plant. Similarly, Vachhani and Patil (1993) found that 
plant height, and number of leaves/plant were the highest with the 
application of 150 kg N ha-1. Pandey and Ekpo (1991) found that the 
application rate of 160 kg N ha-1  produced tall plant and high number of 
leaves/plant. Al-Madini et al (2000) found that increasing the application of 
NPK fertilizer significantly increased the plant growth. 
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different effects on Al-Hassawi onion plant.  This is in line with the data 
suggested by different investigators, who also observed that the N, P and K 
and chlorophyll a and b  contents of AL-Hassawi onion plant, increased 
when planted on 20 October (El-Marabaa et al 1975). 
 

Table (1) 
Effect of planting date on vegetative growth parameters of Hassawi Onion 

during 1999/2000 and 2000/2001 

 
Treatments 

leaves/plant 
(No) 

Leaf area 
(cm2) 

Dry/fresh 
Weight/plant 

(%) 

Neck bulb 
(cm) 

D1 13.95 b 1182.00 b 27.91 b 6.85 b 

D2 15.79 a 1414.58 a 29.12 a 6.46 c 

D3 13.08 c 916.83c 25.54 c 7.26  a 

L.S.D.0.050 0.54 14.32 1.22 0.07 

D1 = 20th September               D2 = 20th October            D3 = 20th November 
 

Table (2) 
Effect of planting dates on yield and yield compounents of Hassawi Onion 

during 1999-2000 and 2000-20001 

Treatments 
Average bulb 

Weight 
(gm) 

Bulb Yield 
(kg/m2) 

Bulb shape 
index 

No .of 
double/ 

Normal/bulb 
(%) 

D1 185.16 b 2.86 b 7.91 b 15.62 a 

D2 190.50 a 2.90 a 7.92 a 13.31 c 

D3 183.16 c 2.77 c 7.69c 14.20 b 

L.S.D. 0.050 2.54 0.08 0.06 0.50 
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Results and discussion 
Vegetative growth 
Mean values of different plant growth parameters ranged from 13.08-15.79 
(leaves/plant), 916.83-1414.58 cm2 (leaf area), 25.54-29.21cm2 (dry/freash 
weight/plant) and 6.47-7.27% (neekshapeindex) in different planting dates 
(Table1). The plant growth parameter increased significantly for October 
than September and November planting dates, except neek shape index 
which was significantly higher for Novemberthan other planting dates 
(L.S.D 0.05 value given in table 1). The significant higher growth in 
October could be due top moderate climatic condition than either September 
(being relatively hot) or November (being relatively cool) months. Because 
extreme climatic. Conditions during September and November, might have 
advancly affected the condition and plant growth than October plantation. 
Similar results are observed by other investigators. Farrage (1983) who 
found the best vegetative growth of crop when transplanted  after 1st 
September as  compared to1st October under Egypt condition.  

Yield and yield quality 
Mean yield and yield quality parameters are  given in table (2) which 

includes the average bulb weight (gm) bulb yield/m2, bulb shape index and 
number of double/normal bulb %. It was found that 20th October planting  
date caused significant differences in the measured parameters of yield and 
yield quality as compared to the other planting dates except double/normal 
bulb % which was highest  for 20 September date.  This proposes that 20th 
September is the optimum to obtain the highest yield and best quality of 
onion plants in the Al-Hassa region.  The results of this study agree with 
those obtained by El-Marabaa et al. (1975) who  found that the highest bulb 
yield and quality were obtained after seedling 15 October as compared to  
that  of 15 September and 15 November under Egypt condition. 

Mean condition of N, P and K in the onion bulb and pigments in the 
leaves are shown in Table 3. The N, P and K contents in the onion bulb and 
chlorophyll a and b, in leaves increased with using 20 October than other 
dates.  There were significant differences  among different planting dates. 
This finding corresponds well with the vegetative growth and yield 
parameters obtained in this study, suggesting that the different  dates caused 
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Data obtained were subjected to  approprite statistical analysis (Gomez and 
Gomez 1984). 
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A field experiment was carried out at the Agricultural and Veterinary 
Training and Research Station, King Faisal University, Al-Hassa, KSA 
during 1999/2000 and 2000/2001. Forty five days onion seedling (AL-
Hassawi cultivar ) were used in this study . The experiment was conducted 
on a sandy soil (96% sand, 4% silt and clay) with low salinity (EC 1:2.5 = 
1.6  dS m –1), slightly acid conditions (PH 1:2.5 = 7.50) and relatively low 
of CaCO3 (7%).  The soil (i.e. the upper 0- 50 cm) contained low total 
nitrogen (N) and available phosphorus (P) as 0.003 %,and  4.95mg L –1, 
respectively). Physical and chemical properties of soil were determined  by 
following the methods as  described by Rowell (1994). 

The evaluated sowing dates were : 20th sept.  D1, 20th Oct. D2 and 20th 
Nov. D3, on both seasons .It should be 1999-2000 and 2000-2001   keeping 
in view the dates and crop duration . 

Onion plants were fertilized with four NPK compound fertilizers at  the 
rate of 714 kg NPK ha L –1.  The fertilizer treatments  were (20% N, 20% 
P, 20% K. F1), (19% N, 29% P, 11% K. F2), (14% N, 38% P, 10% K. F3) 
and 16% N, 9% P, 26% K. F4).  A surface irrigation system was used to 
irrigate plants. The experiment consisted of twelve treatments and four 
replicates in a split plot design.  The main plots were arranged for different 
planting  dates, while the sub-plots, were for the fertilizers.  The total area of 
each plot was 16 m2 being divided into four rows with 8 m length and 50 cm 
width.  The spacing between the plants was 12 cm.  All other common 
farming practices for the onion in the Al-Hassa oasis were also performed.  
During the growing period and after harvesting, some plant growth  
measurements were taken to determine difference in vegetative growth, 
yield and yield quality as affected by different dates of plantig  and the 
compound fertilizers. The measurements included number of leaves/plant, 
leaf area (cm2), dry/fresh weight; plant%, neck bulb (cm), shape bulb index, 
average bulb weight (gm), total yield kg /m2,and double/normal bulb. 
Chlorophyll a, b. were extracted with acetone 80% and measured 
colorimetrically according to Arnon (1949) in fourth leaf. They were 
completed on representative samples of 10 plants selected randomly from 
each plot.  The N, P, K, and mineral contents in the Hassawi onion plant 
were analyzed by following the methods as described by Page, et al. (1982).  
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components of Al-Hassawi onion. Rizk (1997) mentioned that increasing 
the rate of NPK fertilizers increased vegetative growth parameters and yield 
of onion bulb. Vachhani and Patel (1993) found that plant height, number of 
leaves/plant, bulb weight, size and onion yield were highest with the 
application of 150 kg N ha-1. They also suggested that increasing P 
application increased the number of leaves/plant and bulb weight, size and 
yield, but K applications only increased the number of leaves/plant.  Pandey 
and Ekbo (1991)  found that P and K alone had no effect on the bulb 
diameter and yield, while Patel and Vachani (1994) suggested that onion 
bulb diameter, weight and yield increased with the application of 150 kg 
N/ha and 75 kg P2O5 ha-1, but showed no significant  difference  from the 
150  kg K2O ha-1.  Soto (1989) mentioned that the critical levels for P and 
K in the soil were 15 mg L-1 (by a modified olsed solution) and 7 mg L-1(by 
a Ca PO4 solution) respectively. Pandey and Ekpo (1991) found that  
application rate of 160 kg N ha-1 gave a tall plant (63.9 cm) and high 
number of leaves/plant (13.0), while 120 kg N ha-1 produced best average 
weight and the highest yield of onion bulb. El. Marabaa et al (1975) found 
that the highest bulb yield and quality were obtained after seedling 
transplanting of 15 October compared with 15 September and 15 November.  
Farrag (1983) found that the best vegetative growth and bulb yield were 
obtained after15 September  transplanting  as compared to 15 October. 
Jayabharathi (1989) observed that best yield of onion bulb with an average 
weight of 114 gm was produced by the appling  NPK at the  rate of 75 kg-1. 

Almadini, et al. (2000) found that increasing the application of NPK 
fertilizers significantly increased the growth and yield of onion under Al-
Hassa condition.  The best values were found with 18 : 7 : 16 NPK fertilizer 
applied at  the rate  714 kg ha-1, which also resulted in the highest values of 
NPK contents in plants.  However, the highest value of double/normal bulb 
was observed with 18 : 18 : 6 NPK fertilizer applied at  the rate of 952 kg  
ha-1. The highest value of soil NPK contents after harvest were observed 
under the highest applied rates of both fertilizers.  Singh et al, (1989) 
mentioned that the application of 120 kg N and 50 kg K2O ha-1 gave the 
talest  plants, higher number of leaves/plant, best bulb weight, diameter and 
yield. 
 
Materials and methods 
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Effect of Planting Dates and Compouned Fertilizers on 
Growth, Yield and Quality of Hassawi Onion Under  

Al-Hassa Oasis Conditions 
 

M. A. AL Abdulsalam and A. F. Hamaiel 
College of Agricultural and Food Sciences, King Faisal University 

Al-Hasa, Kingdom of  Saudi Arabia 
 

Abstract: 
A field experiment was carried out during 1999-2000and 2000-2001, to 

study the effect of  three planting  dates (September 20, October20 and  
November20) and four compound fertilizer rates ( F1= 20% N, 20% P, 20% K 
.F2=19% N, 29% P, 11% K, F3= 14% N, 38% P, 10% K and F4=16% N, 9% 
P, 26% K) on vegetative growth, yield, yield quality, mineral composition in 
bulb onion and chlorophyll a and b in onion leaves.  It is concluded from this 
study that 20 October date and F3 fertilizer Treatment (14% N, 38% P, 10% 
K) were the most effective  for optimal prodution  of Hassawi onion. There 
were significant differences in the vegetative growth yield and yield 
components  between the different  planting dates and fertilization. Planting 
on October 20 gave the better results than other dates, while F3 ( 14% N, 38% 
P, 10% K gave the best results for vegetative growth yield,and  yield quality. 
Also 20 October planting date along with 14% N, 38% P, and 10% K gave 
better results for number of leaves/plant, leaf area/plant, dry/fresh weight%, 
average bulb weight (gm), bulb yield kgm2 bulb shape index, N, P,. K 
chlorophyll a and chlorophyll b contents  than other treatments. 

 
Introduction: 

Al-Hassawi onion plant (Allium cepa L.) is usually grown during winter 
and spring seasons.  It is one of the most popular crops in Al-Hassa region 
of the Kingdom of Saudi Arabia .Al-Hassa oasis is one of the largest 
agricultural regions characterized by its arid climate (Al-Taher 1999).  
Onion plants  cover an area of 2060 ha, out of which 824 ha are under 
irrigated cultivation. The soils of Al-Hassa region usually are low in 
available nitrogen and phosphorus Al-Barrak (1986). 

Previous investigations showed that different compound fertilizers and 
different planting dates affected the growth characters, yield and yield 
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Fig. (4) Germination speed of canols Cvs
in response to NaCl concentration
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Fig. (2) Germination % in response to NaCl 
concentration and incubation temperature
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Fig. (3) Germination speed in response to NaCl 

concentration and incubation temperature
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 Interaction Effects: 
The interaction between salinity concentration and incubation 

temperature had significant effects on seed germination percentage and 
germination speed. Data graphically depicted in Fig. (2 and 3) show that the 
highest reduction in seed germination percentage and germination speed 
were observed as salinity concentration increased (150 and 250 mol/m3 
NaCl) with the highest incubation temperature degree (35oC). Germination 
speed of the three evaluated canola cultivars significantly varied among 
them in response to salinity concentrations. Al-Serw 8 was the best in 
tolerance to salinity, which surpassed the other two cultivars in germination 
speed under the highest salinity concentrations (Fig. 4). Pactool CV. was the 
lowest tolerant in this concern. Other interactions did not induce significant 
effects on germination percentage and germination speed. 

In general, it can be stated that canola seeds can be successfully 
germinated under the incubation temperature ranging from 15 to 35 oC in 
case of low concentration of salinity (up to 100 mol/m3 NaCl). Seed 
germination percentage and germination speed decreased with increasing 
salinity concentration levels beyond 100 mol/m3 NaCl particularly with 
increasing incubation temperature. 
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Table (2) 
Speed of germination of the evaluated three canola cultivars in response to 

salinity concentration and incubation temperature 

Incubation  
Temperature

Salinity Levels 
Cultivar 

Mean 
Al-Serw 4 Al-Serw 8 Pactol 

15 °C 

5 dSm 74.8 76.2 77.0 76.0 
10 dSm 66.8 71.7 70.3 69.6 
15 dSm 53.3 61.2 58.0 57.5 
20 dSm 30.0 48.7 26.7 35.1 

Control (DW) 77.3 77.7 77.2 77.4 
Mean 60.5 67.1 61.8 63.1 

25 °C 

5 dSm 83.2 89.3 85.1 85.9 
10 dSm 68.9 84.2 72.5 74.1 
15 dSm 37.5 75.2 84.2 65.6 
20 dSm 36.7 66.7 3.3 35.6 

Control (DW) 87.0 91.3 92.7 90.3 
Mean 62.0 81.3 67.6 70.3 

35 °C 

5 dSm 78.7 86.2 78.0 80.9 
10 dSm 43.0 60.7 34.7 46.1 
15 dSm 8.3 43.8 0 17.4 
20 dSm 0 0 0 0 

Control (DW) 89.5 92.3 88.2 90.0 
Mean 43.9 56.6 40.1 46.9 

Mean 

5 dSm 78.9 83.9 80.1 80.9 
10 dSm 58.6 71.1 59.2 63.3 
15 dSm 33.1 60.1 47.4 46.8 
20 dSm 22.2 38.4 10.0 23.6 

Control (DW) 84.6 87.1 86.0 85.9 
Mean 55.5 68.3 56.5  

BLSD 0.05 for:  Incub.Temp    (A) = 4.3       
 Salinity Conc.    (B) = 5.6           

            Cultivars     (C)= 4.3 
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Fig.(1)   :  Seed germination of canola seeds as affected by salinity 
concentrations at 15 (A), 25 (B) and 35 (C) oC incubation temperature, bars 
are SD values. 
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Incubation temperature degree effects: 
Results indicated that incubation temperature had significant effects on 

seed germination percentage and germination speed (Table 1). The lowest 
incubation temperature degree (15 oC) was the best which recorded the 
highest seed germination percentage (72.4 %). Raising temperature degree 
during seed incubation was associated with a significant decrease in 
germination percentage. The highest incubation temperature degree (35 oC) 
recorded the lowest germination percentage (60.4 %), as shown in Fig. (1). 
Meanwhile, germination speed reached its maximal value (70.3) with the 
intermediate incubation temperature, 25 oC (Table 2). The decrease in seed 
germination percentage under the higher temperature could be particularly 
attributed to the exposure of seeds during germination to heat which resulted 
in malfunctioning of the enzymatic system. This situation would lead to 
limitation in many physiological process vital for seed germination. Similar 
results were reported by Nykiforuk and Johnson-Flanagan (1994).  
Furthermore, higher incubation temperature could  increase  the ions fulxes 
via cell membrane, particularly Na and Cl which run the risk of toxicity 
inhibition to the physiological process of seed germination (Salisbury and 
Ross, 1992). 

Canola cultivar differences: 
Statistical analysis of data (Table 1) revealed that there were 

insignificant differences among the three evaluated canola cultivars in seed 
germination percentage. However, canola cultivars significantly varied in 
germination speed. The highest germination speed was observed  with Al-
Serw 8 CV which markedly surpassed both of Al-Serw 4 and Pactool CVs. 
Meanwhile, there was insignificant difference between Al-Serw 4 and 
Pactool CVs   in  germination speed . This  probably represents the genetic 
resistance to salinity of Al-Serw 8 which could be attributed to the condition 
under which the cultivar was selected. Puppala et al. (1999) found varietal 
variation in germination percentage of canola seeds. 
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N.S.:  not significant 
**   :  Significant at 0.01% level of probability 
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wetted with solutions of 50 and 100 mol/m3 NaCl. The reduction in seed 
germination was obvious when salinity concentration of seeds media 
increased to 150 and 200 mol/m3 NaCl (Fig 1). Similar observations were 
reported by Maas and Hoffman (1977), Puppala et al. (1999) and Houle, et 
al. (2001). Increasing salinity concentration in germination media often 
cause osmotic and/or specific toxicity which may reduce or retard 
germination percentage (Waisel, 1972, Mohammed and Sen, 1190 and 
Basalah, 1991). The response observed with canola up to 100 mol/m3 was 
only germination delaying which can be attributed to osmotic effects. Seed 
germination at 150 mol/m3 NaCl and more was substantially delayed and 
reduced. It was quite probable that the delay and reduction in seed 
germination under these circumstances were equivalently due to osmotic or 
toxicity effects or a combination of both. Germination speed was 
significantly affected by media salinity concentration, following the same 
trend of germination percentage. The faster speed of germination was 
observed when seeds were wetted with the distilled water. The increase in 
salinity concentration of media solution resulted in marked decrease in 
germination speed (Table 2). 

  

Table (1) 
Source of variance (S.V), degrees of freedom (D.F), mean squares (M.S) 

and probability (P) of studied factors for seed germination and germination 
speed. 

S.V D.F 
Seed germination 

Germination 
speed 

M.S P M.S P 

NaCl (A) 4 7303.2 0.0001** 354.0 0.0001** 

Incubation Temperature (B) 2 199.5 0.0001** 129.57 0.0001** 

Cultivars ( C ) 2 14.2 0.06 NS 45.92 0.0001** 

Interaction (A*B) 8 120.0 0.0001** 30.08 0.0001** 

Interaction (A*C) 8 3.9 0.63 NS 8.93 0.0001** 

Interaction (B*C) 4 1.71 0.85 NS 4.8 0.067 NS 

Interaction (A*B* C) 16 4.25 0.65 NS 5.08 0.070 NS 

Experimental Error 225 5.11  2.16  
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Materials and Methods: 
Seeds of three canola cultivars (Al-Serw 4, Al-Serw 8 and Pactol) were 

sown on top filter paper in sterilized petri-dishes (7 cm diameter) and wetted 
with solution of different salinity concentrations (50, 100, 150 and 200 
mol/m3 NaCl), in addition to the control, i.e. distilled water. Petri-dishes  
were incubated in programmed refrigerated incubators with Sylvania cool-
white fluorescent lamps at 15, 25 and 35 oC maintained within ±1 °C of 
target levels.  Each treatment was replicated six times in a completely 
randomized experimental design. Seeds were considered germinated when 
the radicle was 2 – 3 mm in length. Germination percentage was estimated 
according to the technique of Standard Germination Test (ISTA, 1993). To 
estimate germination percentage, germination was counted every two days 
till 12 days where seeds germinaton were completed.  
Germination speed (GS) was calculated according to the formula of 
McGuire (1962) as follows: 
 
           Normal seedlings(No)                    Normal seedlings(No) 
GS =    ---------------------------  + ------- +    -------------------------- 
            Days to first count                          Days to final count 
 

Obtained data was subjected to the proper technique of analysis of 
variance (ANOVA) as published by Gomez and Gomez (1984) and the 
treatment means were compared using the test of Baysian Least Significant 
Difference, BLSD, as mentioned by Waller and Duncan (1969). 
Computations and statistical analysis were done using the facility of 
computer and SAS software (SAS Institute, 1995).  
 
Results and Discussion :  
Salinity concentration effects: 

Results of this study reveal that salinity concentrations of media 
significantly affected seed germination percentage and germination speed 
(Table 1). It is evident that each increase in salinity concentration after 100 
mol/m3 NaCl was associated with marked reduction in seed germination 
percentage. There were no significant differences in seed germination 
percentage between control (seeds wetted with distilled water) and that 
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increasing salinity levels (Steppuhn and Wall, 1999 and Puppala et al., 1999 
and Houle et al., 2001).      

Within canola cultivars, there are cultivar differences in sensitivity to 
salinity. The genetic role in seed germination resistance to salinity is 
probably one of the most important advantage that can be used in preeding 
programs. Significant variation in seed germination between canola 
cultivars grown under salinity condition is widely reported by Zheng et al. 
(1998) and Puppala et al. (1999).  

The convenient temperature degree may plays an active role in 
enhancing canola seed germination. Spring canola is sometimes planted 
when soil temperatures are below the optimum, causing farmers to have 
stand losses because of seed rotting in cold soil. Knowledge of the growing-
degree hours (GDH) required for emergence of canola from different 
planting depths could help producers decide when and how deep to plant 
this crop (Vigil et al., 1997). Canola seeds reached 95% germination within 
8 days at 10 oC and displayed rapid seedling growth (Nykiforuk and 
Johnson-Flanagan,1994 and Zheng et al., 1994). This was associated with 
high isocitrate lyase activities and rapid mobilization of total lipid and 
protein reserves. Low temperature  has a deleterious effect on the  
germination of canola and this may be reflected in a loss or a delay of 
coordination in the mobilization of reserves (Nykiforuk and Johnson-
Flanagan, 1994). Seed germination speed was also reported to be stimulated 
at 10 oC (Zheng et al., 1994). However, Puppala et al. (1999) reported that 
Germination was severely limited at 5 oC.The optimum germination 
temperature occurred in the 15 to 25 oC range. They also added that the 
interactions between cultivar and salinity, cultivar and temperature, and 
cultivar, salinity and temperature had highly significant effects on canola 
seed germination 

The tolerance of canola to salinity during germination however has not 
been widely reported. Therefore, the objective of this study was to evaluate 
the germination response of canola to different levels of salinity, incubation 
temperatures and cultivars, as well as their interactions. 
  



 

 
 
 
 
 

Scientific Journal of King Faisal University (Basic and Applied Sciences)                         Vol.5  No.1  1425 (2004) 
                        

 

  81

Effect of NaCl and Incubation Temperature on Seed 
Germination of Three Canola (Brassica napus L.) Cultivars 
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Al-Hassa, Kingdom of Saudi Arbai 

 
Abstract: 

This investigation was performed to study the effect of NaCl 
concentration (50, 100, 150 and 200 mol/m3 NaCl, in addition to the control, 
i.e. distilled water) and incubation temperature (15, 25 and 35 oC) on seed 
germination percentage and germination speed of three canola CVs (Al-
Serw4, Al-Serw 8 and Pactol). Salinity markedly affected seed germination 
percentage and speed of germination. The lowest incubation temperature 
degree (15 oC) was the best which recorded the highest seed germination 
percentage, while the highest incubation temperature degree (35 oC) recorded 
the lowest germination percentage. Meanwhile, the moderate incubation 
temperature (25 oC) was the highest in germination speed. Evaluated canola 
cultivars significantly differed in speed of germination. Al-Serw 8 recorded 
the highest germination speed. On the other hand, a slight and insignificant 
difference was noticed among cultivars in seed germination percentage, 
however Al-Serw 8 ranked the first in this concern.    

 
Introduction: 

Canola (Brassica napus L.) is considered a new untraditional oil crop in 
the Kingdom of Saudi Arabia. Canola oil is now the third largest source of 
edible oil following soybean and palm oil (Nowlin 1991). This increased 
demand will undoubtedly promote increased acreage of canola in the world 
where some soils are prone to become saline (Francois 1994). Saline soils 
and saline irrigation waters present potential hazards to canola production 
and expansion. 

Germination is the most critical period for a crop subjected to salinity. 
Germination failures under saline soils are often the results of high salt 
concentrations in the seed planting zone because of upward movement of 
soil solution and subsequent evaporation at the soil surface (Bernstein 
1974).These salts interfere with seed germination and crop establishment 
(Fowler 1991). Seed germination have been reported to decline with 
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* Calculated From Raw Data. 

Phosphorus uptake increased significantly with seston application and 
nitrogen application (Table 3). Like nitrogen uptake, phosphorus uptake 
increase was substantial. Menon et al. (1998) and Rama-Krishnayya et al. 
(1998) reported similar findings. Enhanced growth as well as grain yield 
and higher nutrient uptake with sestoning maybe attributed to its favorable 
effect on the edaphic environment. 

These results have indicated that sestoning of rice holds a great promise 
to increase crop yields and to economize fertilizer nitrogen in Hassawi rice 
production. 
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Increase number of filled grains/spike was recorded as the nitrogen 
levels increased in both seasons. In 1999, 150 and 100 kg N/ha were at par 
and significantly superior to the other two levels of nitrogen. Moreover, 50 
kg N/ha gave more filled grains/spike than the control. Also in 2000, both 
150 and 100 kg N/ha were at par and were superior to 50 and 0 kg N/ha 
treatments. 

The 150-kg N/ha treatment produced the highest number of filled grains 
and was at par with 100 kg N/ha when the data were pooled, and they were 
significantly differed from 50 kg N/ha. 

Nitrogen uptake 
Nitrogen uptake increased significantly with seston application and with 

the increase in the rate of applied nitrogen (Table 3). The increase in 
nitrogen uptake with sestoning average 46.7% (with 100 g/pot) and 94.7% 
(with 200 g/pot) in 1999 and 22.1% and 42.6% in 2000. These results are in 
line with those reported by Zhou and Kleinhofs (1996), Mandal et al. (1999) 
and Thind and Rowell (1999). Similarly, as the rate of fertilizer nitrogen 
increased from 50 to 150 kg N/ha, average nitrogen uptake by Hassawi rice 
increased by 19.4% in 1999 and by 45.8 in 2000.  

Table  ( 3 ) 
Nitrogen and phosphorus uptake (kg/ha) of summer rice as  

affected by nitrogen and seston application. 

Treatment 
Nitrogen phosphorus 

1999 2000 mean 1999 2000 Mean 
Seston rate (g/pot) 

0 30.4 44.8 37.6 6.7 7.3 7.0 
100 44.6 54.7 44.7 7.0 13.5 10.3 
200 59.2 63.9 61.6 9.7 16.0 12.9 

LSD (0.05)* 3.64 4.27 3.83 1.03 1.64 1.21 
Nitrogen (kg/ha) 

0 49.5 65.1 57.3 7.5 10.8 9.2 
50 60.9 69.8 65.4 9.7 13.4 11.6 

100 67.8 75.6 71.7 10.7 15.5 13.1 
150 72.7 101.8 87.3 11.9 18.4 15.2 

LSD (0.05)* 2.95 3.04 2.69 0.76 0.82 0.73 
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condition during the spike initiation stage. Nitrogen at 100 and 150 kg/ha 
recorded similar number of grains/spike in 1999 and 2000. These two levels 
produced significantly higher number of grains/spike than 50 kg N/ha level. 
However in 2000. 100 and 50 kg N/ha levels were at par. Again in that year. 
50 kg N/ha level could not improve the number or grains/spike over the 0 kg 
N/ha level, although in 1999, there were significant differences between 
these two levels of nitrogen. 
 

Table  ( 2 ) 
Grain and filled grains/spike of summer rice as affected  

by nitrogen and seston application. 

Treatment 
Grain/spike Filled grain/spike 

1999 2000 mean 1999 2000 Mean 
Seston rate (g/pot) 

0 80.4 84.3 82.4 69.8 70.6 70.2 
100 81.3 85.2 83.3 72.1 73.4 72.4 
200 91.1 92.8 92.0 76.8 78.3 77.6 

LSD (0.05)* 3.08 1.67 2.44 1.53 3.66 2.49 
Nitrogen (kg/ha) 

0 78.2 83.7 81.0 65.8 68.5 67.2 
50 83.9 87.1 85.5 71.7 72.3 72.0 

100 91.3 92.5 91.9 75.9 76.7 76.3 
150 92.8 93.2 93.0 77.4 78.9 78.2 

LSD (0.05)* 2.73 3.65 3.05 3.21 3.42 3.12 
* Calculated From Raw Data. 

The pooled data of two years reveal that the highest number of 
grains/spike was obtained with 150 kg N/ha which was not significantly 
different from the 100 kg N/ha but it was significantly superior to the 50 kg 
N/ha and the 0 kg N/ha treatment. This was obviously because of better crop 
nutrition in the presence of nitrogen. 

Filled grains/spike  
The maximum filled grains/spike was produced with the 200 g/pot 

treatment, followed by the 100 g/pot and no seston in both seasons. 
However, these under 100 g/pot and no seston were at par in 2000. Similar 
trend was also observed when the data were pooled (Table 2). 
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The maximum grain yield was obtained with 150 kg N/ha (Table 1), 
which was significantly superior than that of 100 kg N/ha. The lowest yield 
was found under the control. A similar trend was also observed when the 
data were pooled. However, 50 kg N/ha was found on a par with 100-kg 
N/ha. Both were being significantly superior to the control in both seasons. 

Kumar and Verma (1981) found that upland, rice rsponded up to 150 kg 
N/ha, whereas Singh et al. (1983) observed gradual increase in the yield of 
upland rice up to 80 kg N/ha. 

Straw yield 
The straw yield was the highest under the 200-g seston/pot treatment in 

both seasons (Table 1). This was not significantly different from the 100-g 
seston/pot in 2000. The combined analysis shows that the straw yield was 
significantly higher under the 200 than the 100-g/pot treatments, which in 
turn was again significantly higher than the control. Higher straw yields 
with seston application, particularly when 200-g seston/pot was applied, 
might be because of better soil-moisture and fertility conditions that helped 
in better vegetative growth of the rice. This conforms the findings of 
Pravdivaya et al., 1988 and Temple et al., 1989. 

The effect of nitrogen levels was not significant in 1999, whereas in 
2000 all the levels produced significantly higher straw yields over the 
control. In 1999, the crop perhaps could not utilized most of the applied 
nitrogen for dry-matter production. But in the second year, under optimum 
soil-moisture conditions, increased nitrogen levels resulted in more 
utilization of nitrogen by the crop for dry-matter production. The pooled 
data revealed that all the 3 levels of nitrogen (50, 100 and 150 kg N/ha) gave 
significantly higher straw yields than the control. Although, they were at par 
among themselves. 

Grains/spike 
The 200-g seston/pot (Table 2) produced significantly higher number of 

grains/spike than the 100-g seston /pot and the control. The combined 
analysis of the two seasons indicated that the 200-g seston/pot and no 
seston, the latter two treatments being at par. The beneficial effect of the 
addition of the seston may again be attributed to better soil-moisture 
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Results and Discussion 
Grain yield 

The grain yield was significantly higher under 200-g seston/pot than the 
100-g seston/pot and the control in both seasons (Table 1). During 1999, 
this treatment recorded lower grain yield than that during 2000.  

 
Table  ( 1 ) 

Grain and straw yields of summer rice as affected by nitrogen and 
seston application. 

Treatment 
Grain yield (t/ha) Straw yield (t/ha) 

1999 2000 mean 1999 2000 Mean 
Seston rate (g/pot) 

0 8.5 12.4 10.5 22.2 24.6 23.4 
100 12.4 12.6 12.5 25.8 28.4 27.1 
200 13.0 15.6 14.3 29.3 31.7 30.5 

LSD (0.05)* 2.64 1.70 1.24 2.49 3.56 2.58 
Nitrogen (kg/ha) 

0 10.3 11.2 10.2 23.7 25.7 24.4 
50 11.2 13.2 12.2 26.6 28.4 27.5 

100 12.4 13.9 13.1 26.7 28.7 27.7 
150 13.2 14.9 14.1 28.0 28.9 28.4 

LSD (0.05)* 0.71 0.82 0.68 n.s. 1.04 1.84 
n.s. = Not significant 
* Calculated From Raw Data. 

However, the 100-g seston/pot application recorded more grain yields 
than the control during both seasons. During 1999, the application of 200-g 
seston/pot was not significantly different from that of the 100-g seston/pot, 
both being superior to the control. But during 2000, the 200-g seston/pot 
application was found superior to both 100-g seston/pot and the control and 
the latter two were not significantly different. The pooled data of the two 
seasons also revealed that grain yields were significantly higher under the 
200-g seston/pot than under the 100-g seston/pot. The beneficial effect of 
seston may be attributed to better conservation of soil moisture, which 
might have helped in improving the growth and yield of crop. This 
substantiates the findings of Alla-El-Din and Shalan, 1989 and Santra, 1993. 
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the statistical significance of the effect of treatments according to the 
procedure outline by Steel and Torrie (1988). 
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study the effect of seston and levels of nitrogen on the yield and yield 
attributes of Hassawi rice. 

Material and Methods 
 A pot experiment was conducted in a green house at the Agricultural 

and Veterinary Training and Research Station, King Faisal University in Al-
Hassa, Saudi Arabia during the summer seasons (March to June) of 1999 
and 2000. Hassawi rice was grown in plastic pots (100 cm in diameter) 
filled with soil composed of fine sand (61.8%,) coarse sand (9.6%), silt 
(25.2%), clay (4.5%) and organic carbon (0.49%) with a pH of 7.2. Twenty-
five seeds of Hassawi rice were sown per pot, later thinned to 15 per pot.  

12 treatment combinations involving 3 seston treatments (0, 100 and 200 
g/pot) and 4 levels of nitrogen (0, 50, 100 and 150 kg N/ha) replicated 4 
times in split plot design were used. Nitrogen rates as the main plots and 
seston levels as subplots. 

A basal dose of phosphorus and potassium were applied at 75 kg  
P2O5 /ha and 50 kg K2O/ha in the form of triple superphosphate (48% P2O5) 
and murate of potash respectively. Nitrogen was applied in the form of urea 
(46% N) as per treatment in two equal splits, one before sowing and the 
other at the tillering stage. Seeds of Hassawi rice were sown on 18 March 
1999 and 3 March 2000. Seston collected from the shore of the Arabian 
Gulf was applied according to the treatments just after sowing over the soil 
surface. The crop was harvested on 25 June and 20 June in 1999 and 2000 
respectively. 

At harvest number of grains/spike, number of filled grains/ spike, grain 
and straw yields were determined on samples of 10 plants/pots immediately 
after harvest 3 plants/pot were randomly sampled, oven dried at 80C for 24 
hours and ground to pass a 20 mm-mesh screen to estimate nitrogen and 
phosphorus uptake. Total nitrogen was determined on composite plant 
samples by the Kjeldahl distillation method (Bremner, 1965). For 
phosphorus determination, the plant material was digested with nitric, 
sulphuric and perchloric acid mixture. Phosphorus concentration in the 
extract was determined by Vanadomolybodo-phosphoric yellow color 
method (Jackson, 1968). Analysis of variance was performed to determine 
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Abstract 

In a pot experiment conducted during the summer seasons March-June of 
1999 and 2000 the effects of seston (100 and 200 g/pot) and different nitrogen 
levels (0, 50, 100 and 150 kg N/ha) on yield. Yield components and nutrient 
uptake of Hassawi rice (Oryza sativa) were studied. Yield, yield components 
and uptake of N and P significantly increased with seston application and with 
each successive increment of nitrogen. Grain yield increased significantly 
from 10.5 t/ha without seston to 14.3 t/ha with 200 g/pot seston. Grain yield 
was the highest under 150 kg N/ha and was significantly superior to both 0 
and 50 kg N/ha treatments in both the seasons, but was on a par with the 100 
kg N/ha in the second season. 

Introduction 
Hassawi rice (Oryza sativa L.) is generally grown in Al-Hassa from 

February – March to June-July. During this period, the crop is irrigated by 
flood irrigation and even though the yield is quite low. Since irrigation 
water in Saudi Arabia is scarce (Al-Amoud and Mohammad, 1995), it may 
be beneficial to adopt certain soil-moisture conservation practices like the 
use of seston (Blue green Algae biomass accumulated in water reservoirs). 
The role of blue-green algae (BGA) is supplying N to rice field is well 
documented. In addition, they also bring about, directly or indirectly, a 
number of changes in the physical, chemical and biological properties of the 
soil and soil-water interface in rice fields (Mandal et al., 1999). BGA 
liberate extracellular organic compounds and photosynthetic O2 during their 
growth and on decomposing of different organic acid in soil (Rogers and 
Ladha, 1992). All changes brought about by BGA in soil may ultimately 
influenced plant-available nutrients. Also optimum levels of fertilizer 
nutrient, particularly nitrogen plays an important role in boosting the yields 
(Mandal et al., 1999). In the present investigation an attempt was made to 
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Means with the same letter in each column are not significantly different according to 
Duncan’s multiple range test. 

(Farah, 2000). On the other hand, the parasite did not encounter any 
resistance on susceptible and highly susceptible crops with 0.34 g and 0.64 
g mean dry matter of field dodder per host plant, respectively (Table 4). 
This is in agreement  with  with the work of Rao and Reddy (1987), who 
reported that on green gram china dodder dry matter per individual was 
1.88g,while on cluster bean the dodder dry matter per individual was 0.47g.  
Based on their general performance as influenced by field dodder, the tested 
twelve legume crops could be ranked as follows: 

Hyacinth bean >lentil> chickpea > broad bean > alfalfa > fodder pea > 
fenugreek > Egyptian clover > lupin > garden pea > kidney bean > vetch. 

The parasitic damage appeared to be of a greater magnitude on hyacinth 
bean and of a lesser magnitude on kidney bean and vetch. 

The results of the experiment thus revealed that the cultivation of 
hyacinth bean, lentil, chickpea, alfalfa, broad bean and fodder pea (highly 
susceptible crops), and fenugreek, Egyptian clover, garden pea and lupin 
(susceptible crops) in soils known to be infested with field dodder, should 
be avoided. The resistant crops (kidney bean and vetch) should be used as 
trap crops or incorporated in a suitable crop rotation system in order to 
combat the menace of this serious parasite. 



  
  
  
  

 Effect of field dodder (Cuscuta campestris Yuncker)…               A.F. Farah and M.A. Al-Abdulsalam 
 

 

  110

Table  ( 3 ) 
Classification of the tested legume crops (Based on % loss of 

their biological yield due to effect of field dodder). 

Host crop 
% loss of  host 

biological yield* 
Host response to the parasitism 

of field dodder 
Hyacinth bean -75.0 Highly susceptible 
Lentil -66.3 Highly susceptible 
Chickpea -65.0 Highly susceptible 
Broad bean -59.3 Highly susceptible 
Alfalfa -56.5 Highly susceptible 
Fodder pea -54.5 Highly susceptible 
Fenugreek -45.3 Susceptible 
Egyptian clover -44.2 Susceptible 
Lupin -42.3 Susceptible 
Garden pea -38.2 Susceptible 
Kidney bean -8.1 Resistant 
Vetch +17.6 Resistant 
*The legume crops are arranged in descending order of percentage loss. 

Table  ( 4 ) 
Field dodder yield components (number of coils and dry weight 

of shoot system (g) per host) Field dodder 

Host crop Number of coils Per host 
Dry weight of shoot (g) 

per host 
Chickpea 9.00c 0.25 cd 
Hyacinth bean 34.33bc 0.62b 0.13de 
Vetch 10.66e  
Lentil 15.33de 0.44bc 
Lupin 31.66c 0.32cd 
Alfalfa 34.66bc 1.80a 
Kidney bean 4.00e 0.04e 
Fodder pea 28.00cd 0.34c 
Garden pea 28.00cd 0.32cd 
Egyptian clover 34.66bc 0.38c 
Fenugreek 46.33b 0.34c 
Broad bean 71.33a 0.36c 
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number of leaves per plant were observed in chickpea which amounted to 
6.1% and 3.7%, respectively as comapred to the control. Similarly, the 
lowest percent reduction in dry weight of shoots (19.3%) and dry weight  of 
roots (49.2%) were observed in garden pea and Egyptian clover, 
respectively. Hyacinth bean consistantly showed the maximum percent 
reductions in vegetative growth. 

Four out of the studied twelve crops; namely, lentil, lupin, alfalfa and 
Egyptian clover did not reach the flowering stage until the trial termination. 
Although the rest reached the reproductive stage, they  showed  great 
variations in their capacity to produce flowers and pods. The lowest percent 
reductions in the number of flowers per plant (6.3%) and the number of 
pods per plant (11.7%) were observed in garden pea, while both characters 
were completely affected (100% reduction) in chickpea, hyacinth bean and 
broad bean. Among the various parameters implemented in this study, the 
reduction in the host biological yield (BY) was used as a criterion to 
evaluate and to classify the response of the tested crops to field dodder 
parasitism. Biological yield of the legume crops varied significantly due to 
treatments (Table 3). Dodder had a detrimental effect on yield attributes 
leading to low biological yield of hyacinth bean, lentil, chickpea, alfalfa, 
broad bean and fodder pea and hence considered to be highly susceptible. 
Fenugreek, Egyptian clover, garden pea and lupin were considered 
susceptible. Kidney bean and vetch recorded more BY compared with the 
other crops and so they were resistant (Table 3).Bebawi and Michael (1991), 
Zaitoun et al. (1991) and Al-Menoufi and Farag (1996) reportred that 
legume crops varied significantly in their response to the infection of 
parasitic weeds. On the three groups field dodder exhibited great variations 
(Table 4). It seems that the dry matter of field dodder per host is another 
reliable criterion to assess the response of the tested crops to field dodder’s 
parasitism, compared to the number of coils of field dodder per host. This is 
because the dry matter of field dodder is a function of the host resistant 
level, while the number of coils of field dodder depends mainly on the 
length of the parasitized organ, e.g. the length of the internode or of the 
petiole. The resistant crops with 0.08 g mean dry matter of field dodder per 
host plant, manifested a depressing effect  on the parasite growth and 
consequently the latter dried up and sucucumed due to lack of nourishment  
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1996), but for vetch this is the first record of its resistance to C. campestris.  
The other ten crops showed variable reductions due to  field dodder 
infestation (Table 2). The lowest percent reductions in both plant height and  
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28oC/23oC). Irrigation was practiced using tap water (EC = 2 ds/m, pH= 7.1)  
every two days. Weeds other than field dodder were controlled by hand 
every two weeks until the termination of the experiment. Eight weeks after 
sowing, data were collected on plant height (cm), number of leaves per 
plant, while dry weight of shoots (g), dry weight of roots (g), the biological 
yield (BY) [(dry weight of shoots + dry weight of roots (g)], the number of 
flowers per plant, and the number of pods per plant; and for the parasite, 
number of coils per host and dry weight of shoots per host (g) were recorded 
at harvest. Analysis of variance was conducted using the General Linear 
Models Procedure of the Statistical Analysis and treatment means were 
averaged over the two seasons and compared according to Duncan’s 
multiple range test at 5% level of significance (SAS, 1990).  Losses from C. 
campestris in the tested crops could be assessed by comparing dodder 
infested plants with dodder free ones. The relative loss (X%) of the growth 
trait was calculated  according to Kroschel et al. (1996) as follows:  
X% = C-T  x100     
            C 

Where C is the value of the growth trait in dodder  free plants, T is the 
value of the growth trait in dodder infested plants; while the reduction in the 
biological yield (BY) was estimated as the average of the reductions in the 
dry weights of shoots and roots. 

 Results and Discussion 
Field dodder (Cuscuta campestris Yuncker) caused variable reductions 

in the vegetative (plant height, number of leaves per plant, dry weights of 
shoot and root systems) and reproductive (number of flowers per plant and 
number of pods per plant) traits of the tested crops (Table 2). Crops tested 
showed differential behaviour in relation to dodder parasitism. Kidney bean 
recorded the lowest reductions in all traits, as it had a hypersensitive 
reaction against field dodder parasitism (Farah, 2000). On the other hand, 
vetch characters were found to increase in the presence of field dodder 
instead of being decreased. This may be attributed to the promotive effects 
of field dodder on vetch growth resulting in more internodes and lateral 
branches. Similar results were reported by Abdalla and Siddig (1993) in 
roselle parasitized by C. hyalina. The resistance of kidney bean to field 
dodder has been well documented  in literature (Nemli, 1987; Arnaud et al., 
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ICARDA (Internaitonal Centre for Agricultural Research in the Dry Areas, 
Aleppo, Syria), Egypt, Sudan and Saudi Arabia (Table 1). 

Table   ( 1  )  
List of Legume crops tested and their sources 

Common Name Crop species (Scientific Name) Source 

Chickpea Cicer arietinum  L. ICARDA 

Hyacinth bean Dolichos lablab L. Sudan 

Vetch Lathyrus sativus L. ICARDA 

Lentil Lens culinaris Miller ICARDA 

Lupin Lupinus termis L. Al-Hassa, Saudi Arabia 

Alfalfa Medicago sativa L. Al-Hassa, Saudi Arabia 

French bean Phaseolus vulgaris L. Sudan 

Fodder pea Pisum arvense L. Egypt 

Garden pea Pisum sativum L. ICARDA 

Egyptian clover Trifolium alexandrinum L. Egypt 

Fenugreek Trigonella foenumgraecum L. ICARDA 

Broad bean Vicia faba L. Sudan 

 
The Greenhouse Experiment: 

The greenhouse experiment was conducted at the Agricultural and 
Veterinary Training and Research Centre, King Faisal University, Al-Hassa 
(25o 22’ N latitude; 49o34’ E longitude),Saudi Arabia. The legume crops 
were raised in 25 cm plastic pots containing a 1:1 mixture of sand and 
peatmoss. For 50% of the pots the top half of the soil was thoroughly mixed 
with 0.5 g of field dodder seeds. The other 50% were left without field 
dodder seeds (untreated control). Treatments were arranged in a completely 
randomized design with four replications for each crop. Ten seeds per pot 
were sown on 17th November 1997 and 1998.  At planting, all pots received 
a nitrogenous fertilizer in the form of urea (46% N) at the rate of 70 Kg 
N/ha. Two weeks after emergence, the seedlings were thinned to three per 
pot. The pots were placed in a greenhouse (day and night temperatures were 
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(Beliz, 1987). Many species of Cuscuta have been introduced to different 
parts of the world due to similarity of their seeds to those of commercial 
crops, especially legumes like alfalfa (Medicago sativa L.) and clover 
(Trifolium  spp.). 

Both legume crops and dodders are economically important. Legume 
crops constitute a major group of crops in the world. They provide human 
food, animal feed and material for industrial uses. Their nutritional value as 
a source of protein has long been recognized. However, only recently 
legume crops have risen to prominance in the Kingdom of Saudi Arabia 
(Al-Tahir et al. 1989). On the other hand, dodders are regarded as the most 
important parasitic weeds that represent a serious threat to a wide range of 
crops, particularly legumes, in Saudi Arabia (Farah, 1991). Four speices of 
Cuscuta were reported in Saudi Arabia. namely, C. campestris Yuncker, C. 
hyalina Roth.,C. pedicellata Ladeb and C. planiflora Tenore (Al-Farhan, 
1994). The economic importance of C. campestris stems from the fact that it 
parasitizes several important crop plants and reduces their yield 
substantially. In addition, this parasite has become one of the major 
constraints that limit productivity of crops in different parts of the world. 
The objectives of this work were to study the effect of field dodder (C. 
campestris) on growth and development of twelve legume crops namely, 
chickpea (Cicer arietinum L.), hyacinth bean (Dolichos lablab L.), vetch 
(Lathyrus sativus L.), lentil (Lens culinaris Miller), Lupin (Lupinus termis 
L.), alfalfa (Medicago sativa L.), kidney bean (Phaseolus vulgaris L.), 
fodder pea (Pisum arvense L.), garden pea (Pisum sativum L.), Egyptain 
clover (Trifolium alexandrinum L.), fenugreek (Trigonella foenum-
gracecum L.) and broad bean (Vicia faba L.) and to estimate the losses 
occurred due to field dodder parasitism.  

Materials and Methods 
The experimental seeds: seeds of field dodder were collected from alfalfa 
fields in Al-Hassa, Eastern Province, Saudi Arabia. The seeds were surface 
sterilized with 1% sodium hypochlorite solution, rinsed in distilled water, 
dried and stored in dark at room temperature (26oC). Seeds of legume crops 
for the experimental work were obtained from different sources including 
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(Cuscuta campestris Yuncker)  

on Some Legume Crops 
 

A.F. Farah and M.A. Al-Abdulsalam 

College of Agricultural and Food Sciences, King Faisal University 
Al-Hassa,  Kingdom of Saudi Arabia 

 
Abstract: 

Twelve legume crops were tested to study the effect of  field dodder 
(Cuscuta campestris Yuncker) on them. The tested crops showed great 
variations in response to field dodder parasitism. Based on the reduction in 
host dry weight (biological yield) caused by the parasite, the tested crops 
were classified into three groups: crops that lost > 50% of the their 
biological yield were considered highly susceptible, those that lost 10-50% 
of their biological yield were considered susceptible and those that lost < 
10% of their biological yield were considered resistant. The results of the 
study revealed that among the tested legume crops the first group (the 
highly susceptible) comprised 6 crops (hyacinth bean, lens, chickpea, broad 
bean, alfalfa, fodder pea), the second group (the susceptible) comprised 4 
crops (fenugreek, Egyptian clover, lupin, garden pea) and the third group 
(the resistant) comprised 2 crops (kidney bean and vetch). The parasitic 
damage appeared to be of greater magnitude  on hyacinth bean (75% loss of 
biological yield) and of lesser magnitude on kidney bean (8.1% loss of 
biological yield) as compared to the other legumes. However, in vetch the 
parasite had a positive effect on its growth traits (17% increase in biological 
yield). The significant reductions in the growth parameters of susceptible 
and highly susceptible crops were associated with a marked increase in 
shoot yield of field dodder. 

Introduction 
Cuscuta, which belongs to the family Cuscutaceae, is a genus of 

cosmopolitan occurrence, thus Cuscuta species are widely distributed and 
colonized a diversity of habitats throughout the temperate and tropical zones 
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Absence of swelling of the buccal cavity and inflammation of the 
mucosa of the tongue, hard palets, checks and gums of the experimentally 
infected goats, proved another evidence supporting the above stated view, 
that the severity of the lesions encountered on the shami goats were 
probably been influenced by the ingestion and mastication of the pasture 
weeds. However, variation between shami and dwarf Ardy goats breeds, in 
response to the disease, could not be excluded. 

Yearly complaints of the local veterinarians from orf,  in and around Al-
Hassa region (personal communication) are noted. Since no vaccination is 
practiced, so far, in Saudi Arabia, farmers are advised to graze their animals 
on non-weeds pasture. The implementation of vaccination regimen using 
local orf virus strain is believed to be the best control measure for the 
disease in the country, along with adoption of the standard hygienic 
measures.  
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weight or deaths in affected lambs and kids (Mazur and Machado, 1989; 
Zamri-Saad et al. 1993). The unusual swollen buccal cavity, inflammation 
of its entire mucosa and the offensive mouth breath  of the shami affected 
goats in the present study, were evidence for involvement of other 
complicating factors. Such secondary complications were attributed to 
bacterial infection (Robinson and Balassu, 1981; Zamri-Saad et al. 1993) or 
due to  myiasis  (Housawi  and  Abu Elzein, 2000). 

In addition, to physical contact with infective material or affected 
animal, injury of the tissues of the mouth mucosa or the skin is an essential 
factor for establishing natural and experimental orf infection (Mckeever  
et al, 1988). In the present study, the development of papules, pustules and 
ulcerative nodules on the entire mucosa of the buccal cavity indicated that, 
there were abrasions being established in the mouth tissue, most likely, to be 
induced during grazing and mastication. 

It is well documented that various parts of the world, the type of plants 
grazed by sheeps and goats may predispose them to orf virus infection. For 
instance, Hawkins et al. (1991) described an unusual outbreak of contagious 
ecthyma in sheep associated with grazing of the caltrop weed (Tribulus 
spp.). In the locality where the shami goats, in this study, were kept (Eastern 
Saudi) three types of weeds are known to grow in the pastures. According to 
Dr. Y. Hussein (Personal communication) these are Tribulus terrestries 
(caltrop), Centaurea solstitialis (Yellow star thistle) and Xanthum  spp. (X. 
italicum and X. strumarium). Since these weeds were proved to have some 
toxic effects on sheep and goats (Clark et al. 1981), this could have some 
attribution to the aggravated orf conditions in the shami goats in the present 
study. However, this needs further studies. Another explanation for the 
extreme severity of the disease on the affected animals in the present study 
is that, the sero naïve-shami goats could have been exposed to a very 
virulent orf virus. 

Typical orf lesions were established in the experimental two Ardy-goats 
(Mckeever, et al. 1988; Abu Elzein and Housawi, 1997). However, the 
developed lesions were confined to the skin of the site of infection, around 
the mouth and lip commissures. 
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Fig. (3) :  Complete recovery and sloughing off scabs from experimentally infected 

ardy-goat. 
  

Virus Isolation 
Monolayers of the inoculated primary lamb testicle cells (PLT) showed 

cell rounding at day 3 post-inoculation, however, complete destruction and 
removal of the cell sheet was seen on day 5 post-inoculation. Further, two 
passages were carried out on PLT cells and another two passages were made 
on Vero cells. Control cells monolayers remained unaffected. 

Virus Identification 
Strong line of precipitation was seen between the 50% suspension of 

scab material and the  reference anti orf hyperimmune serum. The non-
immune serum rabbit did not give a precipitation line. 
The infectivity of the isolated virus was completely blocked by the serum 
anti orf hyperimmune serum in the SNT neutralization test, whereas, the 
non-immune rabbit serum failed to do so. 

Discussion 
Orf disease in adult animals is usually benign with recovery between 2-3 

weeks (Robinson and Balassu, 1981; Nettleton et al. 1996). But the severe 
or complicated form of the disease is often accompanied by losses in body 
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Results 
Clinical Observation on the Natural Disease: 

Despite the severe lesions which included massive swelling of the 
buccal cavity, blisters formation and  the  inflammation of the entire mucosa 
of the hard palates, checks, tongue, gums and presence of lesions or the lip 
commissiures, no deaths were encountered on the diseased animals. After 
the fifth day of administration of the treatment,  the affected animals began 
to chew green soft food (Alfalfa) carefully. The body temperature restored 
to its normal level and the swelling of the buccal cavity was reduced nearly 
to its ordinary size and shape, but complete recovery and sloughing of the 
scabs took 37 days. 

Result of the Experimental Study: 
Typical orf lesions were produced on the two Ardy goats (Fig. 2). The 

lesions progressed from erythema to papules, pustules and to irregular 
crusty scabs. All of the lesions were confined to the skin of the mouth and 
lips. No rise in body temperature was detected. Scabs were later collected 
and used for viral reisolation and identification. The affected animals 
completely recovered from the disease 4 to 5 weeks  post-infection (Fig.3). 

 

 
Fig. (2) : Scabs lesions  around the mouth of experimentally infected ardy-goat.
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Animals 
The age of the affected goats was between 2-5 years old, they were of 

Syrian origin being introduced and bred in Saudi Arabia twenty years ago. 
They were managed and fed indoors most of the time.  However, they are 
allowed to graze outdoor for three to four hours daily during winter, when 
grass and weeds are usually available. 

Treatment 
Soon after examination, orf was suspected. All the affected goats were 

isolated and given supportive treatment. They were injected intramuscularly 
with multivitamins (Oligovet Belgium) 1 ml/10 kg body weight and 
Oxytetracycline (3-5 mg/kg body weight). Each animal was also treated 
with combined anti-edematous and anti-inflammatory drug, Diurizone 
(Vetoquinol, France) 2 ml for three consecutive days and locally with 
Alamycin (NorBook, N. Ireland). 

Virus Isolation 
Scabs material from affected goats were collected in sterile containers 

and sent to the laboratory and stored at –86oC. The inoculum was prepared 
by grinding the scabs to produce 10% suspension in F-12 medium (Sigma), 
free of serum, pH 7.4. The 10% suspension was spun down by low speed 
centrifugation (2000 g) for 15 minute and 1000 units of penicillin and 1000 
μg of streptomycin were added. The inoculum was then used to infect 
primary lamb testicle cell culture and later it was passaged  onto  Vero cell 
line (Abu Elzain and Housawi, 1997). 

Identification of the Isolated Viruses: 
The agar gel precipitation test (AGPT) was carried out using 50% 

suspension of scab material against known anti orf hyperimmune serum as 
described elsewhere (Housawi et al. 1992). 

Micro-serum neutralization test (SNT) was conducted using the isolate 
and the reference anti orf hyperimmune serum (Abu El-zein and Housawi, 
1997). 

Experimental Infection of Goats: 
Two Ardy goats (aged 6 months) were used for experimental 

reproduction of the disease. The goats had no previous history of 
contracting orf disease; they were tested and found to have no anti orf 
antibodies by SNT as described by Housawi and Abu Elzein, (2000). 
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ulcerative nodules on the mucosa of the lower lip, gum and tongue of the 
naturally-infected shami goat. 
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1989) to very mild and transient form (Zamri-Saad et al, 1993). The present 
study reports on a severe form of orf infection in adult shami goats. 
 
Material and Methods 
Clinical investigation 

In March 1999 a flock of fancy shami goats was struck with severe skin 
disease in Aloyoune district, north of Al-Hassa in the eastern region of 
Saudi Arabia. The farm consisted of 110 adult goats, never had not 
experienced orf infection or contacted orf-infected animals before. In close 
examination, the sick goats showed lesions limited to the skin around the 
mouth and buccal cavity.  The  lesions  involved  were  blisters and variable 
stages of papules, pustules and ulcerative nodules on the mucosa of hard 
palte, cheeks, tongue and  gums.  Scabs were also seen on the lips and lip 
comissuers. Remarkable inflammation of the entire mucosa of the mouth 
was noticed and massive swelling of the oral cavity (Fig.1). The mouth 
breach of the animals was extremely offensive. The body temperature 
ranged between 40.5-41oC. 

Due to the pain and the swelling in the buccal region,  the goats had 
difficulty opening their mouth. 

 

 
Fig. (1) : Scab Lesions on the margins of the upper and lower lips together with 
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Severe Inflammatory orf Infection in Fancy 
Shami Goats in Saudi Arabia 

F. M. T. Housawi 

Department of Clinical Studies and Animal Production and Research Center,  
College of Veterinary and Animal Resources, King Faisal University,  

Al-Ahsa, Kingdom of Saudi Arabia 

 
Abstract: 

A flock of fancy shami goats was hit with a very severe orf infection 
The affected animals showed massive swollen and inflammation of the 
mouth cavity. The morbidity rate was 86% with no fatality cases among 
the affected animals. The causative agent was isolated and identified and 
successful  reproduction of the  disease on two Ardy goats was obtained. 
Preventive measures for control of the disease are discussed. 

Keywords:   Severe orf, shami goats, Saudi Arabia. 

Introduction: 
Orf or contagious ecthyma is a pox disease of sheep and goats caused by 

a parapox virus, family poxviridae (Mckeever et al, 1988; Joshi et al, 1996). 
The disease is world wide distributed and occurs nearly in all countries 
where sheep and goats are raised (Robinson and Balassu, 1981). Affected 
animals develop lesions mainly on the skin of the lips progressing from 
erthyma to papules, pustules and eventually to irregular crusty scabs 
(Housawi et al, 1993, Zamri-Saad et al, 1993). However, occurrence of the 
lesions on other parts of the skin was seen on ears (Allworth et al. 1987; 
Housawi et al. 1991), polls of rams (Reid, 1991), Cornory band, legs, udder 
and tail (Schmidt and Hardy, 1932, Robinson and Balassu 1981). 

Initial site of infection at the skin of the lips is usually induced by sharp 
objects during feeding (Hawkins, et al. 1991) but udder lesions usually 
occur as a result of ewes nursing infected lambs (Lewis, 1996). 

Various forms of the disease were described from very virulent 
associated with high mortality (Darbyshire 1961, Mazur and Machado, 
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explained by the possibilities that impaired thyroid function may affect 
steroid feedback responses required for generation of pre-ovulatory 
luteinizing hormone surge and suppression of ovulation (Webster et al., 
1991; Anderson and Barrell, 1998). The possibility for secretions of thyroid 
gland other than its hormones required for normal ovarian function cannot 
be ruled out. 

Thyroid function in animals should decline as an acclimation response 
to increased heat after a few days to help alleviate heat stress (Pratt and 
Wettemann , 1986). This decline in thyroid function during heat stress may 
be due to effect of heat on hypothalamic-pituitary axis to cause reduction in 
thyrotrpoin releasing hormone which enables the animal to reduce basal 
metabolism (Johnson, 1987). Such decline in thyroid function may 
sometimes reduce fertility in animals as in case of CZ- induced 
hypothyroidism. 
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Table ( 1 ) 

Mean ( ± SD) plasma concentrations ofprogesterone and 13,14-dihydro-15- 
ketoprostaglandin F2a ( PGFM) during two oestrous cycles in goats treated 

with saline (Group A) or carbimazole ( Group B). 
 

Days of 
Oestrous cycle 

Progesterone (ng/ml) PGFM (pg/ml) 

Group A Group A Group B Group B 

0 < 0.1 < 0.1 800 ± 25 850 ± 25 
5 2.9 ± 0.1 2.6 ± 0.1 50 ± 10 7 ± 10 
10 4.3 ± 0.2 4.1 ± 0.2 80 ± 10 100 ± 10 
15 2.1 ± 0.1 2.5 ± 0.1 680 ± 20 720 ± 20 
0 < 0.1 < 0.1 950 ± 25 1050 ± 25 
50 2.8 ± 0.1 < 0.1* 70 ± 10 110 ± 10 
10 4.4 ± 0.2 < 0.1* 105 ± 10 75 ± 10 
15 2.5 ± 0.1 < 0.1* 660 ± 20 70 ± 10* 

* P<0.001 

Discussions: 
Induction of altered thyroid function by CZ in goats and laboratory 

animals have been reported earlier (Baquer et. al., 1976); Ibrahim et. al., 
1984). The relative longer life span of goats when compared to laboratory 
animals, makes them of practical consideration to be used as a model to 
study chronic complications during altered thyroid function. The main 
objective of this study was to examine the role of hypothyroidism on 
fertility of goats during summer season when ambient temperature in this 
part of the world reaches a quiet high values. The results have indicated that 
CZ-induced hypothyroidism produced no effect on reproductive hom1ones 
initially, when administered during oestrous cycle. But in the subsequent 
oestrous cycle, ovulation did not occur as indicated by failure of corpus 
luteum fom1ation and absence of progesterone rise thereafter. Similar 
results due to thyroidectomy or suppression of thyroid function in female 
goats have been shown to impair or even abolish nom1al ovarian function  
(Reddy et al., 1990; Walkden-Brown et al., 1990). Such results may be 
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Animals in Group A (N = 8, Controls) received drench of saline from 
the Day of oestrous to Day 10 of the oestrous cycle ( oestrous = Day 0). 

Animals in Group B (N = 8) were treated exactly as Group A but with 
carbimazole (CZ) tablets (Neomercazole, Nicholas laboratories Ltd. UK). 
The tablets were powdered and dissolved in distilled water and given by 
drench at the rate of 3 mg/kg body weight. 

In Groups A and B jugular blood (5ml) was collected daily by 
venipuncture using 23- gauge needle between Days 0 -20 of the oestrous 
cycle and the subsequent oestrous cycle. All blood sample were collected 
into heparinized nylon syringes and centrifuged at 1500 9 for 10 minutes. 
Plasma samples were stored at -20 °C until analyzed for hormones. All 
female goats were checked for oestrous twice daily by using a fertile buck 
and considered to be in oesrous when they stood for mounting. 

Hormone Analysis: Progesterone and 13.14 dihydro-15 ketoprostaglandin, 
F2a (FGFM), the metabolite of prostaglandin F2a were measured by 
specific radioimmunoassay previously validated (Homeida and Cooke, 
1982: Homeida, 1986). The intra- and inter-assay coefficients of variations 
were 4.4% ( n = 15) and 12% ( n = 20) respectively, for progesterone and 
5.6% ( n =10) and 11 % ( n =15) respectively, for PGFM. The sensitivity of 
the assay was 48 pg/tube for progesterone and 10 pg/tube for PGFM. 
Extraction efficiency was 85.4 ± 4.8 % for progesterone and 87.1 ± 5.1% for 
PGFM and the results were corrected for extraction losses. 

Statistical analysis: the results were compared by Student's t- test. 

Results: 
Similar pattern of hormone concentration during the first oestrous cycle 

in both Group A and B (Table 1) was observed. CZ produced no effect on 
luteal regression or oestrous. In the subsequent oestrous cycle, complete 
failure of luteal phase occurred in Group B. Progesterone values remained 
less than 0.1 ng/ml, which were significantly (P < 0.001) lower than values 
in Group A during days 5,10, and 15 of oestrous cycle. PGFM values were 
similar in the two groups, but significantly different (P < 0.001) on Day 15 
of second oestrous cycle. 
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Abstract :  

The effects of Carbimazole (CZ)-induced hypothyroidism were 
investigated in goats during summer season. CZ treatment at a daily dose of 
3mg/kg body weight for 11 days inhibited ovulation and corpus luteum 
formation. This suggested that heat stress, which usually causes a decline in 
thyroid hormones, may produce its effect on fertility in a similar manner to 
CZ-induced hypothyroidism. 

 
Introduction: 

Summer heat stress reduces fertility during summer in animals (Monty 
and Wolf 1974). Numerous reports have indicated that hot summer season 
causes a lowering of thyroid activity, resulting in low plasma concentration 
of thyroid hormones in most studied animals ( Johnson and Vanjmack 1976; 
Hart et. al, 1979; Bell et. al 1985; Nixon et. al 1988; El Nouty et. al 1990). 
Thyroid hormones modulate metabolic processes ( Ganong 2001; Browning 
et. al 1998). These metabolic hormones are involved in thermoregulation, 
because metabolism is a primary intrinsic source of heat ( Finch 1986). This 
study was conducted to investigate the effect of induced hypothyroidism on 
fertility of goats during summer season.  

Materials and Methods: 
Animals: sixteen mature (2 -3 years) females Arady goats (weighing 25-

30 kg) were used. They were housed in individual pens during summer 
season (June - August). After completion of one normal oestrous cycle  
(19 -20 days), the goats were randomly divided into two groups A&B. The 
treatment administered to each group A&B was as follows: 
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 تقدیر إحتیاجات الدجاج البلدي الغذائیة: 
 . تأثیر إضافة كمیات (تزید عن إحتیاجات دجاج اللیجھورن) 1
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Table  ( 4 ) 

Effect of incorporating Arginine levels on Baladi layers, fed extra amount of 
Lysine (0.5 %) on performance and egg production1 

SOURCE OF 
VARIATION 

HD EW EM FC FI SHWT ALWT YOWT YOIN 

TRT 
LEVELS, %2 NS NS NS NS NS NS NS ** NS 

0 48.21a 44.83a 21.38a 4.762a 89.7a 6.04a 23.22a 14.46a 76.30ab 

1 55.36a 45.17a 24.94a 3.862a 94.1a 5.95a 23.49a 15.05bc 79.98ab 

1.5 67.86a 43.58a 29.61a 2.943a 86.2a 5.91a 22.16a 14.95bc 74.46b 

2 64.29a 44.16a 28.51a 3.630a 101.6a 6.28a 23.08a 15.56ab 81.70a 

2.5 44.64a 44.86a 20.24a 8.360a 85.9a 6.31a 23.40a 15.88c 76.55ab 

P 0.2679 0.6428 0.3403 0.4459 0.6046 0.1214 0.1557 0.0001 0.1319 

± SEM 3.888 0.346 1.720 0.964 3.392 0.306 0.193 0.103 1.036 

LINEAR 0.8412 0.5516 0.8434 0.3725 0.5401 0.3044 0.4921 0.0002 0.5056 

QUADRATIC 0.0507 0.4549 0.0621 0.1523 0.2882 0.6072 0.3832 0.5876 0.1637 

1Means within columns having different superscripts, are significantly different, P<0.05 
2Percent level of  arginine in the diets 
TRT, treatment; HD, % hen-day production; EW, gram egg weight ; EM, Egg mass, gm; FC, kg/feed/kg eggs, 
feed conversion; FI, gram/bird/day feed intake; SHWT, Shell weight; ALWT, Albumen weight; YOWT, Yolk 
weight; YOIN, Yolk index.  Yolk index = yolk height / yolk diameter X 100 

 
Conclusion: 

There was a clear evidence that incorporating Arginine in excess of the 
leghorn requirement to the Baladi birds enhance egg production parameters. 
However, when lysine was added in amount higher than the leghorn needs, 
the result were even better. Therefore, It is suggested that Arginine and 
Lysine requirement of the Baladi chickens could be around 1.5 % and 1.2 
%, respectively. It is also suggested that further physiological studies are 
needed to investigate the relationship, if any, between Arginine inclusion, 
egg production and lueitnizing hormone (LH) level. Further study is also, 
needed to determine the best combination levels between arginine and lysine 
for Baladi layers. 
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diet since it was only one level. This area needs further investigation using 
different levels of arginine and different levels of lysine for the Baladi birds. 
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Baladi birds.  1.27 % lysine in the diet was fed to the birds at 45 weeks of 
age. The result of this experiment is presented in table 4. 

It is obvious that addition of lysine to the diet already fortified with extra 
arginine has numerically (not significantly) improved the production rate in 
all the treatments, except the 2.5 % arginine treatment which was already at 
the bottom line in experiment 1 as shown in table 3. The highest increase  
(67.86 %) was observed in birds fed 1.5 % arginine as those were also the 
best producers under the same treatment in Experiment 1 (table 3). This 
higher production rate in experiment 2 was partially the reason for better 
egg mass and feed conversion in birds fed 1.5 % arginine. 

Egg production of the control birds reflected the normal production rate 
of Baladi birds at this age (unpublished data).  

The lack of the significance among the means of the production 
parameters (HD, EW, EM, FC and FI), in spite of the clear numerical 
differences, could be due to the smaller error degrees of freedom (15) which 
were occurred as a result of smaller number of observation (20), since the 
experiment lasted only 4 weeks. 

The response of hen-day production to the treatments showed a weak 
linearity but a strong quadratic effect.  

Egg components were also determined in this study. No clear response 
to the treatments was exhibited, except for few points, worth mentioning. 

Yolk index, which is the function of yolk height and diameter, was the 
highest in birds fed 2 % and the lowest was in birds fed 1.5 %. The result in 
case of 1.5 % arginine level can be explained by the smallest yolk weight, 
they laid (table 4). Birds normally produce eggs in chains. The first yolk in a 
long chain is the largest and as chicken progress in lay, the yolk gets smaller 
toward the end of the chain (North, 1984). These birds also had the highest 
production rate, which mean longer chains. The cause for larger yolk index 
in 2 % arginine treatment level is not clear and open for speculation. 

 As mentioned earlier, level of  lysine added to the diet was 0.5 %. This 
level may or may not be the optimum level to be used with higher arginine 
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of egg shell materials throughout her life and as egg get progressively large, 
the shell material must be spread over a large area, and thus become thinner.  
The effect of treatments on Haugh unit was not showing any sign of 
significance, neither was any linearity or quadratic response (table 3). 
Height of Albumen of the Baladi eggs was comparable to those reported 
with other batches of Baladi birds raised here in this institute. However, 
these figures were much lower than those given by the white leghorn 
(Unpublished Data). 

Table  ( 3 ) 
Effect of adding excess arginine in the Baladi layer’s diet1 

Source of 
Variation 

GBD HD FC EW LIV SPG HU 

TRT 
Level, %2 

** ** ** ** NS * NS 

0 112.2a 56.97a 5.118b 40.75 b 99.63a 1.094a 88.89a 

1 112.3a 51.70b 5.652a 40.66 b 99.48a 1.093ab 88.53a 

1.5 110.2a 59.22a 4.855bc 40.55 b 99.51a 1.092bc 88.66a 

2 102.3b 55.76ab 4.649c 41.99a 99.74a 1.091c 89.01a 

2.5 101.4b 51.65b 5.299ab 39.62 b 100.0a 1.092bc 88.90a 

P 0.0001 0.0005 0.0001 0.0006 0.572 0.0017 0.8853 

± SEM 0.910 0.680 0.070 0.175 0.110 0.0002 0.164 

Linear 0.0006 0.5034 0.3704 0.0535 0.3244 0.0041 0.8908 

Quad. 0.8075 0.3458 0.0725 0.0020 0.3887 0.0074 0.7802 
1Means within columns having different superscripts, are significantly different, P<0.05 
2 Level of arginine in the diets; TRT, treatment; GBD, gram/bird/day feed intake; HD, % 
hen-day production; FC, kg/feed/kg eggs, feed conversion; EW, gram egg weight; LIV, % 
livability; SPG, specific gravity of the eggs; HU, haugh unit. 

Experiment 2: 
Due to the fact that amino acid antagonism is existed between arginine 

and lysine as reported by D’Mello and Lewii (1970), therefore, a short term 
experiment was conducted to determine if adding lysine in extra amount 
above that already in the ration would further improve the production of the 
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Feed conversion was slightly improved in the birds fed 2 % arginine 
(4.649 kg/kg) and that did not statistically differ from those fed, 1.5 % 
(4.855 kg/kg). High production rate (55.76 %) , lower feed intake (102.3 
g/h/d) and larger egg size (41.99 gm) were the reasons for the improvement 
of feed conversion in birds fed 2 % arginine while the significantly higher 
production rate (59.22  %) was solely the reason for the improvement of 
feed conversion in birds fed 1.5 % arginine. Calculation of feed conversion 
is dependent on number of eggs produced during certain period of time, feed 
intake during the same period and average egg weight (North,  1984). 

Response of egg weight to the treatment levels was highly significant 
(P<0.001) (Table 3). Furthermore there was an insignificant linear trend in 
the response of egg weight to the treatments (P>0.05) (Table 3). The largest 
egg weight was found in birds fed 2 % arginine and that was significantly 
different from all other treatments including the control. However, in 
general, egg weight of the birds under investigation was smaller than their 
counterpart the white leghorn. These birds had never been in any genetic 
improvement program. Unpublished data from this institute on three 
generations of  Baladi birds during the years from 1991 to 1995 showed that 
average egg production was ranged from 37 to 52 % and egg weight from 
43 to 45 gm. 

Livability estimate of the birds fed different levels of arginine showed a 
close figures in all treatments (Table 3) which indicate that level of arginine 
had no effect on the survival rate of the birds. 

Specific gravity of the eggs was highly affected by the treatment level 
(P<0.01) also showing strong linearity (P<0.01) in response to the 
treatments. It is obvious that with exception of 2.5 % level which probably 
caused the quadratic effect (P<0.01), there was a decline in specific gravity 
values as levels of arginine increased from 0 to 2 % (Table 3). These values, 
even, with the lowest specific gravity (1.091) are still better than most  
values seen in eggs of  their counterpart, the White Leghorn, fed untreated 
diet (Najib et al., 1994 and Najib, 1994). Therefore, this result would not 
impose any problem to the Baladi birds since their higher specific gravity 
could be attributed to the genetically small eggs they produce. It was 
hypothesized that the hen is capable of generating a uniform daily quantity 
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80 mg; ethoxyquin, 56 mg; Cu, 12 mg; I, 0.8 mg Fe, 40 mg; Mn, 80 mg Zn, 48 mg; Co, 
0.04 mg; Se, 0.16 mg. 
Results and Discussion: 
Experiment 1. 

The results of this study are presented in table 3.  Data of this study 
provided evidence that inclusion of arginine in the Baladi layer diets in 
quantities exceeded that of the leghorn requirement (0.75 %)  (NRC, 1994) 
had a significant effect on feed intake (P<0.001), hen-day egg production 
(P<0.001), feed conversion (P<0.001), egg weight (P<0.001), and specific 
gravity (P<0.01).  Test of linearity has also shown a significant linear trend 
of feed intake and specific gravity (P<0.001 and P<0.01, respectively).  

The treatment levels of arginine significantly (P<0.001) affected feeding 
pattern of the Baladi birds. It was clear that daily feed intake of the birds 
were linearly decreased proportional to the increasing levels of arginine 
from one to 2.5 % (Table 3). There is no doubt that this effect was due to the 
treatments. The biggest drop in feed intake was in birds fed arginine 
exceeding 1.5 % (Table 3) which probably indicates that higher levels of 
Arginine may impair the palatability of the feed. This change in feed pattern 
was reflected on the performance of the birds, under these treatments (2.0 % 
and 2.5 %). 

Level of arginine had a significant effect on egg production. Although, 
the response of egg production to the treatment levels was inharmonious and 
somehow inexplicable such in case of  1 % arginine level, there seems to be 
a trend that increasing level of arginine beyond 1.5 % would deteriorate the 
production rate of the bird. The best production rate was found in birds, fed 
1.5 % arginine. However, that was not statistically different  from that of the 
control.  This result is surprising since feed intake of the bird fed 1.5 % 
arginine was not the highest. It is conceivable however, that level of 
arginine might have made the difference. There is very limited findings to 
support or contradict this result.  

The lowest production rate was found  in birds, fed 2 % arginine. No doubt 
this was due to the lowest feed intake the birds experienced under this 
treatment which could be due to palatability. The loss of linearity (P>0.05) 
in egg production response could be due to the inconsistency of the 
response. 
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Table( 2 ) 
Feed ingredients and composition of the experimental diets. 

INGREDIENTS 
% 

DIETARY TREATMENTS 
0 % 

(CONTROL) 
1 % 1.5 % 2.0 % 2.5 % 

YELOW CORN 61.90 60.0 58.00 58.30 57.66 
SBM, 44 26.31 26.20 26.20 26.70 26.80 
WHEAT BRAN 1.0 2.5 3.5 2.00 2.00 
LIMESTONE 8.38 8.34 8.33 8.42 8.30 
MVMIX* 0.20 0.20 0.20 0.20 0.20 
DICAL PHOS. 1.0 1.0 0.95 1.01 0.98 
SALT 0.40 0.40 0.40 0.40 0.40 
CORN OIL 0.80 1.3 1.85 1.84 2.03 
ANTIOXIDANT 0.01 0.01 0.01 0.01 0.01 
ADDED ARGININE 0.00 0.1 0.60 1.1 1.60 
TOTAL 100 100 100 100 100 
CALCULATED COMPOSITION 

PROTEIN, % 17.00 17.00 17.00 17.00 17.00 
ME, Kcal/Kg 2750 2750 2750 2750 2750 
CALICIUM, % 3.51 3.50 3.50 3.52 3.50 
AVAILABLE 
PHOSPHORUS, % 

0.30 0.30 0.30 0.30 0.30 

RIBOFLAVIN, mg/kg  1.43 1.47 1.50 1.45 1.45 
NIACIN, mg/kg 24.35 26.63 28.03 22.44 25.32 
PANTOTHENIC ACID, 
mg/kg 

7.00 7.36 7.10 7.22 7.21 

CHOLINE, mg/kg 1131 1133 1134 1131 1130 
METH+CYST., % 0.57 0.57 0.56 0.56 0.56 
LYSINE, % 0.77 0.76 0.76 0.78 0.79 
ARGININE, % 0.89 0.99 1.49 1.99 2.49 
LINOLEIC A.,% 1.48 1.48 1.44 1.42 1.41 

*Multivitamins and minerals premix provided the following per kilogram of diet: vit. A, 
12000 IU; vit. D3 , 6000 ICU; vit. E, 8 mg; choline chloride, 20 mg; vit. K, 1.6 mg; vit. B6, 
0.8 mg; niacin, 20 mg; pantothenic acid, 8 mg; folic acid, 0.8 mg; biotin, 0.08 mg; vit. C, 
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amino acids profile of the basal diet was as follows; aspartic acid, 1.39 % ; 
therionine, 0.58 % ; serine, 0.68 % ; glutamic acid, 2.78 % ; glycine, 0.63%; 
alanine, 0.78 % ; valine, 0.68 % ; methionine, 0.28 ; isoleucine, 0.60 % ; 
leucine, 1.32 %; tyrosine, 0.50 % ; phenylalanine, 0.78 % ; histidine,  
0.43 % ; lysine, 0.77 and arginine, 0.89 %.   

Each of the treatments was replicated 5 times in experiment 1, and 3 
times in experiment 2. Birds were distributed randomly among cages, each 
containing 4 pullets in both experiments. 
Birds were weighed individually at the beginning of the experiment and 
then periodically on a bi-weekly basis. Each two weeks were considered as 
a period in experiment 1, and each week was considered as a period in 
experiment 2. Eggs were collected daily however, calculation of hen-day 
production was based on two weeks collection of eggs in experiment 1 and 
one week collection in experiment 2. 

Egg weight, albumen height and specific gravity of the eggs were 
performed on  three days collection at the end of each period. Feed was 
given ad-libitum to the birds as needed. Feed left was measured to 
determine feed intake. The duration of experiment 1 was 24 weeks while 
experiment 2 started after the termination of experiment 1 and lasted for 4 
weeks. 

Data were analyzed as pooled means of the periods. They were 
subjected to analysis of variance using the GLM procedure of SAS® (SAS 
institute, 1986). Differences among the means were detected using Duncan 
Multiple Range Test and the orthogonal comparison contrast as described in 
Steel and Toori (1980). The statistical model used was : 
Yij = µ + ti  + eij 

 
Where; 
Yij  is the measurement of  jth  pen on the Ith treatment 
µ   is the overall mean 
ti      is the effect of  ith 

   treatment , i ,  1,……5 
eij   is the random error associated with the ith  pen assumed normally  
distributed with zero mean and variance σ2I 
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3˚C each following week. During the rest of the growing period, the 
temperature remained within the comfortable zone (24 – 27 ˚C).  Lighting 
cycle was maintained for 9 hours daily using artificial lights, if necessary. 
These procedures were done according to North (1994). Debeaking 
procedure was done twice during these periods, at week 9 and 16. The birds 
were also vaccinated according to the vaccination program of this area. 
During the period from hatching to 5 % production , the pullets were fed 
commercial starter and grower diets. These diets are presented in table 1. 

Table  ( 1 ) 
The chemical constituents of  the starter and grower diets 

Nutrients 
starter grower pre-lay 

0 – 4 wk 5 – 11 12 - 17 wk
18 wk–5 % 
Production 

Crude Protein, % 19 18 16 18 

Metabolizable Energy 
(ME),  Kcal/Kg 

2900.0 2850.0 2800.0 2800.0 

Ca, % 1.0 1.0 1.0 2.5 

P (available), % 0.45 0.45 0.44 0.44 

On week 19, 100 pullets were moved to cages in a house where cooling 
device was installed.  In this house, the birds were fed the dietary 
treatments.  

Four levels of arginine, 1, 1.5, 2 and 2.5 % of the diet and a control   
(0% added arginine) were used in experiment (1). The amounts of 
supplemented  arginine were estimated to cover the differences between the 
level of arginine found in the basal diet (0.89 %) and the proposed levels of 
arginine (1, 1.5. 2 and 2.5 %). In the second experiment, the same 
treatments were used plus adding 0.5 % lysine to the basal diet (control) to 
bring up the level of  lysine to 1.27 %.  

Composition of the experimental diets is presented in table (2). The 
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Introduction: 
Production of Baladi chickens is far behind that of foreign breeds (Al-

Aqil, 1998) . A considerable amount of work has been carried out to 
improve the production in this breed. Najib (1994) showed that average hen-
day production for Baladi layers may increase up to 44 % when 18 % 
protein level was used in the ration, while using  16 % deteriorate the 
production to 37 %. Later, Al-Yousef and Najib (1997) demonstrated that  
as level of  protein  increased from 13 to 17 % in Baladi diet, hen-day egg 
production was increased from 41 % to 48 %. These data have clearly 
demonstrated that increasing protein level resulted in an increased rate of 
production which probably indicate that Baladi bird has the potentiality to 
improve it’s production by manipulating protein intake and it’s components, 
the amino acids. 

Arginine, an essential amino acid for chicken, is known for it’s role in 
the protein metabolism (Scott et. al., 1982) . Recently, Takahashi et. al. 
(1994) reported that arginine, as part of the hormone arginine vasotocin, 
(neurohypophysial hormone) plays an important role in the initial 
contraction of hen’s uterus through an increased binding to it’s receptor. The 
process of oviposion in hen involves the contraction of the uterus and the 
oviduct, sending the egg to the vagina and expelling the egg out through the 
cloaca (Sykes, 1953). It was also used intravenously in prepubrtal does and 
ewes to enhance the release of luteinizing hormone (LH), which is a 
pituitary hormone responsible for the induction of ovulation in farm 
Animals (Recabarren et. al., 1996 and  Basiouni et. al., 1999). If this true for 
large animals, then feeding arginine in excess of the requirement to layers 
hypothesized to enhance the release of  folicle stimulating hormone (FSH) 
and  luteinizing hormone (LH) which may stimulate egg production.  

These studies were carried out to investigate the effect of increasing 
levels of arginine and lysine , beyond the NRC requirement of the leghorn  
layer on production parameters of Saudi Baladi layers. 

Materials and Methods: 
 Two hundred  Baladi day-old chicks were brought from a local source 

to grower house and kept under gas hoover for 4 weeks. During this period, 
temperature was maintained at 32 ˚C during the first week and lowered by  
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Inclusion (in Excess of the Leghorn 
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Dept. of Animal Sciences,  
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Al-Hassa,  Kingdom of  Saudi Arabia 

         
Abstract: 

Arginine is known to enhance the release of lutenizing hormone (LH) that 
is  responsible for induction of ovulation in farm animals. Feeding arginine in 
excess of layers’ requirement may enhance egg production in weak producers.  

In an attempt to enhance the egg production of  Baladi layers by feeding 
arginine in excess of leghorn requirements and to assess Baladi performance 
when arginine accompanied with high lysine level. Two experiments were 
conducted; one involved four levels of arginine and a control. In the second 
experiment, the same treatments were used, but  Lysine level was raised by 
0.5 % in the basal diet.  Results of the investigation revealed; raising the 
arginine level to 1.5 % improved egg production (59.22 %) and feed 
conversion (4.88 kg/kg) compared to the other treatments.  However, negative 
linear response was observed in feed intake and specific gravity of the eggs 
when arginine increased from 1 - 2.5 %, and from 0 – 2.0 %, respectively. 
Increasing level of lysine to 1.2 % in diet, improved egg production (67.86 %) 
and feed conversion (2.943 kg/kg) of the group fed 1.5 % arginine. No 
significant effect  was found on egg components, except yolk weight, in the 
2.5 % arginine fed groups.  

It was concluded that arginine and lysine requirement of the Baladi 
chicken could be around 1.5 %  and 1.2 % respectively.  

 
Key Words : Arginine, lysine, performance, Saudi Baladi chickens 
 
 
 



 

 
 
 
 
 

Scientific Journal of King Faisal University (Basic and Applied Sciences)                         Vol.5  No.1  1425 (2004) 
                        

 

  163
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Fig. 4 : Focal area of hepatic necrosis in chicken fed  30 ppb  AF for 45  
           days. (H & E.  X 100)   
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Fig. 3  :  Parenchymal and mononuclear cell aggregation in liver of chicken  
              fed 30 ppb AF contaminated diet. ( H & E.  X 200) 
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Fig. 1: Bile duct proliferation associated with fibrosis and granuloma in the  
            liver of chicken fed  30 ppb AF for 45 days. (H&E. X200).  
 

 

Fig. 2:  Hepatic cell vacuolation and granulomas in chicken fed  30 ppb AF  
            contaminated diet for 45 days.  ( H & E. X 200) 
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dosages ranging from 0.4 to 1.7 g. of mixed AF/kg for six weeks. The 
authors failed to detect AF residues at slaughtere. Similar results were 
recorded in other animal species, such as swine and steers Booth (1969). 
The analytical methods used  have a minimum detection limit in the order of 
three to five  g AF/kg of sample. 

The bursa of fabricous showed lymphoid depletion in group 2 chicks 
treated with AF alone Similar results were obtained by Kubena et al. (1990), 
Kececia et al. (1995) and Kiram et al. (1998). It is apparent that the 
absorption therapy reduced the  deleterious effect of AF on lymphoid tissue 
as no change could be detected in the bursae of birds of kaolin or charcoal 
treated groups. The number of affected chicks and the severity of lesions in 
the liver were reduced after addition of kaolin and activated charcoal; thus it 
can be concluded that both adsorbant may have a noticeable effect in 
reducing AF toxicity in the liver . Further work should be carried out using 
different AF concentrations and kaolin or charcoal regimens in order to 
make use of this observation. 
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considered the principle target organ for aflatoxicosis (Dalvi and 
Ademoyero,1984). The principle lesions observed in this study occurred in 
the liver. It is classified as toxic hepatitis where hepatic cells vacculization, 
fatty changes, biliary hyperplasia, portal fibrosis, and granuloma were the 
predominant changes. These agreed with data reported for chicken ( Kubena 
et al., 1990; Espada et al., 1992). Aflatoxin B induced an accumlation of 
lipids in the liver and can be explained according to Huff et al (1985) by an 
increase in the concentration of liver lipids. This increase may be due to 
general inhibition of lipid transport (Tung, et al., 1972) or from interference 
of lipogenesis (Donaldson et al., 1972). Fatty changes in the liver of two 
birds treated with kaolin was observed after 35 days of treatment and 
disappeared at 45 days. Perihepatitis was observed in two cases of group 3 
chicks treated by kaolin after 35 days of treatment is of doubtfull 
significance in relation to AF treatment as well as to kaolin. It was absent at 
45 days of treatment with kaolin or diet without kaolin.There is no available 
data concerning the effect of AF with koalin or activated charcoal on 
relative weight of heart and spleen. However, as can be seen from table 2, 
there was a moderate increase in the relative weight of these organs in AF 
fed chicks (groups 2, 3, and 4). The increase in the relative weight of spleen 
might be a compansatory mechanism for the drop in weight (and activity) of 
the bursa of fabricius. The relative weight of bursa of fabricous was 
flactuating throughout the experimental period, and was much lower (0.04-
0.17 g) than the weight (0.55-0.63 g) reported by Kubena et al. (1990), who 
observed birds up to day 28 of age. A decrease in relative weight of bursa of 
fabricous in chicken fed AF contaminated diet or AF contaminated diet plus 
charcoal was also reported Kubena et al. (1993) and could be attributed to 
an immunosuppressive effect of AF.                                                                  

There were no detectable of AF residues in spiecemens of breast and 
thigh muscle, heart, and spleen from birds slaughtered at all stages. These 
results are parallel to those recorded by others . White Leghorn laying hens 
fed a diet containing 2.7 m g/kg for seven weeks had no AF residues in the 
eggs muscle, or liver  (Kratzer et al., 1969). Laying hens were exposed to 
AF by two methods: the first involved graduated dietary levels of zero, two, 
four, and eight mg/kg; the second, oral administration of  120, 240 and 480 
 g/kg. of body weight. No AF residues were detected (Sims et al., 1970). 
Likewise, Van zytveld et al. (1970) exposed White Rock chicks to daily 
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Discussion: 
In this study, experimental aflatoxicosis was induced in broiler chickens 

by feeding 30 ppb AF/kg diet from one day old until 45 days old. In 
intoxicated broilers a significant decrease in body weight gain and 
efficiency of feed utilization as well as high mortality was observed. These 
results are in agreement with those of Bailey et al. (1998) and Kubena et al. 
(1998). The adverse effect of AF can be shown to inhibition of metabolizing 
capacity (Dalvi and Ademoyero, 1984), protein and nucleic acid synthesis 
(Smith and Hamilton, 1970) and suppress mitosis and DNA synthesis 
(Legator, 1966). These may explain the nucliobiotic changes, which were 
seen in the livers of AF, treated birds.                                                                                          

The present study shows that addition of either kaolin or activated 
charcoal to AF contaminated diet tends to improve the body weight gain and 
feed utilization. Similar effects were reported by Dalvi and Ademoyero 
(1984) and Dalvi and McGown (1984). In contrast to these results, Kubena 
et al. (1990) reported that the addition of activated charcoal to the diet did 
not appear to have protective properties againist the effect of AFB1. The 
level of AF used in this work was very low 30  g/ kg   compared to level of 
10 ppm used by Delvi and Ademoyero (1984). Activated charcoal is non-
adsorbable carrier that adsorbe to toxic molecules, thereby eliminating their 
absotrption from the intestinal tract. Kubena et al. (1990) reported that 
addition of activated charcoal to AF contaminated diet increases mortality 
rate in chicken compared to those fed AF contaminated diet only, so 
activated charcoal may have actually exacerbated the toxic effect. This has 
not been observed in this study, as group 4 chicks fed charcoal plus AF 
contaminated diet had less mortality than either groups 1, 2 and 3 which 
were either fed AF contaminated diet alone or with kaolin. The 
histopathological lesions were also less severe in groups 4 and 3 than AF 
fed chicks (group 2).                                                                                                                     

The present data shows that the relative weight of liver was significantly 
increased for chicks consuming AF than those fed AF with addition of 
either kaolin or activated charcoal. Huff et al. (1986) and Kubena et al. 
(1990) reported similar effect on relative weight of liver. These increases in 
relative weight of livers may be due to liver damage, as this organ is 
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charcoal showed fibrinous perihepatitis (2 cases) moderate to diffuse areas 
of hepatic vacular degeneration, hyperplasia of bile ducts occassionally 
associated with fibrosis. Portal mononuclear and hetrophilic cell aggregation 
were also seen. These changes were observed after 35 days of treatement 
(Table 3)                                                                                                                                       

Table ( 3 ) 
Effect of addition of koalin and activated charcoal  

on histopathological lesions 

 
AF Koalin Charcol 

35d. 45d. 35d 45d 35d 45d 
Fibrinous Perihepatitis 

Fatty changes 
   

2 
 2 

 
 

Hepatic degeneration 
           a.  Focal area 

b. Diffuse 

 
 
3    

 
1 

 
1 
1    

 
2 
1 

 
 
3    

 
2 

Billiary hyperplasia 3    1 2    1 2     
Fibrosis 2 1  1 2 1 

Hepatic necrosis 
              a. Focal  

b. Diffuse 

 
3    

 
1 
1 

 
3    
1 

 
3    

 
3    

 
1 

Focal infltration with  
Mononuclus cells 

Hepatic infiltration 
3 2 2 1 2 2 

Parenchymal 
Granuloma 

3 1 3  1  

Gall blader hyperplasia 2  1    
Hepatic heamorrhage 

And thromb 
  1    

Hepatic dissociation 
And cellular atrophy 

  2    

Kupffer cell 
Proliferation 

 1     

Congestion  1     
Bursa lymphoid 

Depletion 
 1     

Heart focal area of necrosis  1     
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weight gain) was lower (P  0.05) in group 2 chicks fed AF contaminated 
diet than the control group. Both groups 2 and 3 chicks fed AF 
contaminated diet plus either kaolin or activated charcoal showed similar 
values. Regarding mortality rate, chicken fed AF contaminated diet had the 
highest mortality rate of 20% followed by chicken fed AF contaminated diet 
and treated by kaolin or activated charcoal (Table, 1). No relevant 
macroscopic post mortem changes were observed at necropsy.                                                    

Data presented in Table (2), show the effect of dietary treatments on 
relative weight of liver, heart, spleen and bursa of fabricous. Feeding a diet 
contaminated by 30 ppb AF resulted in a significanct increase in relative 
weight of liver at 20 days of age compared to other dietary treatments. There 
was non-significant increase in liver weight throughout the rest of the 
experimental period. A significant increase was recorded in weight of bursa 
of fabricous at 35 days of age, in group 3 chicks fed AF contaminated diet 
plus kaolin. No significant difference was observed in relative weight of 
heart or spleen in all groups throughout the experimental period.                                                 

No AF residues were detected in specimens of breast and thigh muscles, 
heart, and spleen from birds slaughtered at 20, 35 and 45 days of age.                                         

It is clear that the type of the lesions were similar in all groups, where as 
the incidence and severity of lesions were comparatively less common in 
groups treated with kaolin or activated charcoal. The liver of all chicken 
consuming diet contaminated by 30 ppb AF showed diffused areas of 
hepatic vacuolar degeneration.  The hepatocytes appeared swollen, 
vaculated with pycknotic nuclei. Bile duct proliferation occussionaly 
associated with fibrosis, granuloma and periportal aggregation of 
mononuclear cells and hetrophils and kupffer cell proliferation was 
observed in the liver (Fig.1). Hyperplasia of epithelial lining of gall bladder 
was detected in two cases. Lymphoid depletion of bursa of fabricous was 
also seen. In group 3, chicks fed diet containing 30 ppb AF and 0.5% kaolin, 
there were focal areas of hydropic degeneration (Fig. 2). Fatty infiltration 
was detected in two birds. Hyperplasia of bile ducts, granulomas, focal areas 
of portal and parenchymal aggregation of mononuclear cells (Fig. 3) and 
hetrophils in association with hepatic necrosis (Fig. 4) and kupffer cell 
hyperplasia were observed in individual cases at 35 and 45 days of age. The 
hepatic lesions of chick fed  diet containing 30 ppb AF  and  0.5%  activated  
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weight gain was not significantly influenced when both kaolin and activated 
charcoal were added to the diet contaminated with AF compared with 
control basal diet group. The efficiency of feed utilization (kg feed / kg body  
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Aspergillus flavus was grown on corn meal as described by Harvey et al. 
(1989),and Kubena et al. (1990 & 1993) . The contaminated AF corn was 
analyized for AF content using Thin Layer Chromatography (TLC) Samuel 
(1978). The contaminated corn was incorporated into diets every three days 
to achieve the desirable concentration of 30  g total AF/  kg of feed.                                         

Experimental design: 
The experimental chicks were allocated into four groups of 80 chicks 

each. Each group was fed as follows: group 1, control basal diet; group 2, 
basal diet plus 30  g AF /kg; group 3, basal diet plus 30  g AF / kg plus 
0.5% kaolin; group 4, basal diet plus 30  g AF / kg   plus 0.5% activated 
charcoal (Table 1). 

Birds were observed daily for mortality and adverse clinical signs 
throughout the experimental period. Feed consumption and body- weight 
were determined weekly. On days, 20, 30, and 45 (end of experiment) 5 
chicken of each group were weighed and slaughtered. A detailed necropsy 
was performance. The liver, spleen, bursa of fabricous and thymus were 
weighed. Specimens of these organs were collected in 10% neutral buffer 
formalin and processed for histopathology by standard paraffin method. 
Tissue sections of 3.5 m thickness were cut and stained with haematoxylin 
and eosin. Samples of breast and thigh muscles, heart, and liver were 
analysed for AF residue using TLC technique according to the method of 
Stzelecki (1978).                                                                              

Statistical analysis: 
The data for live body- weight, body- weight gain, feed gain and relative 

weight of internal organs were expressed as mean + pooled standard error of 
means. Statements of statistical significane were based on P 0.05, using 
analysis of variance.                                                                            

Results: 
     There was a significant  (P  0.05) reduction in body -weight gain (7%) 
in chicken fed diet contaminated with 30 ppb AF compared to the control 
group. The decrease in body weight gain caused by AF was diminished by 
addition of 0.5 % of either kaolin or activated charcoal  (Table, 1). Body 
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legislation for the control of mycotoxicosis in both humen and animal feed 
(Vanegmond, 1995). There is no effective way of destroying mycotoxin 
once is formed. Practical and effective methods to detoxify AF containing 
feedstuffs are  in great demand. A variety of physical, chemical and 
biological approches have beenrted (Goldblatt and Dollear, 1979; Andrson, 
1983; Smith, 1984; Philips et al., 1988; Gazia et al., 1991; Park, 1993 and 
Santurio et al., 1999). Another approach to the problem has been to use non-
nutritive and inert adsorbents in the diet to bind AF and reduce their 
absorption from gastrointestinal tract. These compounds must not be 
absorbed from gastrointestinal tract and must have the ability to bind 
physically with the chemical substances and precludes their absorption. The 
major advantages of these adsorbents include expense, safety, and easy 
administration through addition to the animal feed (Ledoux et al., 1999). 
Zeolites (hydrated sodium calcium aluminosilicat (Kubena et al., 1993 & 
1998; Kececi et al., 1998; and Ledoux et al., 1999), activated charcoal 
(Dalvi and Ademoyero, 1984; Dalvi and McGowan, 1984; Kubena et al., 
1993 & 1998) and clinoptilolite (Oguz et al., 2000) have been used for this 
purpose. Food and Drugs Administration (FAD) of the United States of 
America estimated 20 ppb as tentative maximal allowance tolerance of AF 
in broiler feed. The objectives of this study were to evaluate the efficiency 
of two binding agents (kaolin and activated charcoal) for protection against 
low-level Aflatoxicosis, in broiler chicken. Growth performance, 
histopathological change, and AF residue in the edible meat were utilized as 
evaluatory parameters.                                                                                                                  

Materials and Methods 
Chicken and diets                                                                                                                    

Three hundred and twenty of one-day old broiler chicks (Hubbard) of 
both sex obtained from a commercial hatchary were used in this study. 
Ckicks were individually weighed and divided randomlly into four equal 
designated groups 1, 2, 3 and 4. Chicks were allowed   access to feed and 
water ad libitum . Basal diet was formulated according to the National 
Research Council (NRC, 1994) requirement. The basal diet was tested for 
possible residual AF before feeding (Samuel, 1978). The experiment lasted 
45 days.                                                                                                                   

Aflatoxin preparation:                                                                                                           
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Abstract :  

Kaolin and activated charcoal were incorporated at 0.5% in diet to 
evaluate their ability to reduce the deleterious effects of 30 ppb total aflatoxin 
(AF)  in broiler chicken. A total of 320 one-day old broiler chicks were 
divided into 4 equal treatment groups (control, AF contaminated, AF plus 
kaolin and AF plus activated charcoal). Chicken fed on diet containing 30 ppb 
AF for 45 days showed a significant decrease in live body weight and body 
weight gain with 20% mortality rate. Adition of kaolin and activated charcoal 
to the AF contaminated diet at 0.5% level reduced the mortality rate and 
improved body weight gain and efficiency of feed utilization. 
Histopathologicaly, the livers of birds of all groups except the control one 
showed focal hepatic necrosis, biliary epithelial hyperplasia, and granulomas. 
Pathological changes were highest among AF treated group. No AF residue 
could be detected in liver, breast, thigh and heart muscles  in all birds.  

Introduction: 
Aflatoxin (AF), a group of closely related extremely toxic chemicals, are 

produced by Aspergillus flavus and Aspergillus parasiticus. They can occur 
as natural contaminants of poultry feeds. The contamination of agricultural 
products with fungi that are able to produce mycotoxin is often unavoidable. 
Mycotoxins cause a wide variety of adverse clinical signs depending on the 
nature and concentration of mycotoxin, duration of exposure, animal 
species, and age and nutritional and health status at the time of exposure to 
the contaminated feed. The exposure of poultry to these toxins can mean the 
difference between profit and loss in poultry industry (Kaya et al., 1990; 
Lesson et al., 1995). The world-wide problem of mycotoxicosis is reflected 
by the fact that over 60 countries have either legislation or proposed 



 

 
 
 
 
 

Scientific Journal of King Faisal University (Basic and Applied Sciences)                         Vol.5  No.1  1425 (2004) 
                        

 

  169
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(Table 4). Massive swelling of the arm is also reported with out-flow 
hypertension (11-12). Two (8 %) of the anticubital sub-group needed closure of 
the fistulae for this complication. 

Conclusions and recommendations: 
Our findings support the previous reports that end-to-side cephalic vein 

to radial artery fistula is the fistula of the first choice in access creation. 

We also believe that the more distal the initial fistula is located the better 
since this approach spares vessels for future revisions and creation. 

Proximal venous hypertension can be a source of future morbidity in 
these patients. 

To decrease the possibility of this complication, we suggest to avoid 
central venous line for hemodialysis as much as possible. 

Making sure of the completion and patency of the palmar arch provide 
better protection to the hand and fingers. 

Acknowledgement: 
I would like to express my thanks and appreciation to my colleagues in 

Nephrology Unit for referring their patients to me for access creation. 
Without their referrals, I would not be able to report on this group. 
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Discussion: 
The need for vascular access is life long in patients on chronic 

hemodialysis, and it becomes a limiting factor in their well-being. It is 
necessary to preserve blood vessels for future revisions and new access 
formation. 

Many factors affect the patency of created AVFs. Some are local such as 
the size of the fistula, patency of the blood vessel, and pliability of its wall. 
Loco-regional factors include venous hypertension due to proximal stenosis 
or obstruction (7), and atheroscelrosis of the feeding artery, while systemic 
factors include hypercoagulable state. Synthetic conduits bear less patency 
rate, probably due to an over-growth of false intima. 
 

In this group of patients, we addressed a specific issue, namely the use 
of native vessels on a side with no previous permanent or temporary access 
creation. We chose the site to be as distal in the extremity as possible, 
making sure, at the same time, to safe-guard the blood supply to the distal 
tissue by checking for the completion of the palmar arterial arch, and doing 
Allen test. 

Our patency rate, being above 90 %, matches the better rates reported in 
the literature. At the same time, most of the complications we encountered 
were directly related to the fistula site. These complications were 
thrombosis, bleeding suture line, and hematoma collection. Threatened 
tissue, as manifested by distal ischemia, pain, and massive swelling, was 
seen in the anticubital subgroup of our patients. 

Brescia-Simino AVF can be created by anastomosing the vein to the 
radial artery either by side-to-side, end-to-end, or end to side. The first 
option is associated with hand swelling (9), while the second option is 
associated with higher incidence of distal ischemia, specially if the palmar 
arch is not complete. End to side anastomosis is the safest (10). Our approach 
of end-to-side AVF supports these findings. We had no distal ischemia or 
swelling in this sub-group. 

Distal ischemia is also reported in anticubital fistulae (6). We had four  
(16 %) patients suffered from distal ischemia among 25 fistulae created. 
Two of them needed closure of the fistulae because of the severity of 
symptoms, while the other two were treated successfully with fistuloplasty 
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Over all complication rate = 28 %.
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** Created in-anticipation of future need. 
We re-operated on 19 fistulae on an emergency basis (Table 3) 14 for 

acute thrombosis, three for bleeding suture line, and two for evacuation of 
hematoma. Three other re-operations were to resect aneurysms which 
developed on the venous side of the suture line in this AVF group. 17 
fistulae (3 in the anticipation to dialysis) failed to develop to the degree 
required for hemodialysis (Table 2) 

Table ( 3 )  
Complications and Re-exploration seen in AVF (N=250) 

Complication Frequency % Total fistulae 

Thrombosis 14 5.6 
Bleeding 3 1.2 

Hematoma 2 0.8 

Re-operation : Acute 19 7 

“ “       : delayed 3 * 1.2 

Over all 22 8.8 
* Aneurysmectomy 

Of the anticubital AVFs, seven required re-operation (Table 4) five were 
closed, two for severe distal ischemia, two for massive arm swelling and 
one for aneurysm at the fistula site. Two other fistulae underwent 
fistuloplasty for distal ischemia. 

Table ( 4 ) 
Re-operation Anticubital fistulae (N=7 out of total 25) 

Complication 
Closure 

(% total anticub. fist.* ) 
fistuloplasty (%) 

Distal ischemia 2 (8) 2 (8) 

Swelling 2 (8) --- 

Aneurysm 1 (4) --- 

Total complication 5 (20) 2 (8) 
* anticubital fistulae 
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Results: 
We reviewed the charts of 257 patients (Table 1) Of these 154 were 

males and 103 females. Their age ranged between 14 and 81 years, (mean 
45.3 years.) Over 77 % (200) were Saudi nationals, while the remaining 57 
(22.2 %) were from 11 different nationalities. Of the Saudi nationals, 108 
were males, and 92 were females. 

We created 186 left sided AVFs (Table 2) and 64 right sided ones. Of 
this group, 17 AVF (10 left sided, and 7 right sided) were created in 
anticipation of a future need for hemodialysis. This report also includes 25 
anticubital AVFs. These 275 fistulae had not been preceded by any other 
form of ipsilateral fistula creation.  

Table ( 1 )  
Sex and Nationality of Patients Studied (N=257)  

 Male (% of total) Female (%) Total  (%) 

Total 154 (60) 103 (40) 257 (100) 

Saudis 108 (54) 92 (46) 200 (77.8) 

Table ( 2 )  
Side and Outcome AVF Studied (N=250) 

Side of  

operation 

Imm.* / failed 

(% failed) 

In-antic.** / failed  

(% failed) 

Total failed  

(%) 

Total  

Operated 

Right 57 / 2 (3.5) 7 / - (0) 2 (1.5) 64 

Left 176 / 12 (7) 10 / 3 (30) 15 (8) 186 

Total (%) 233 / 14  (6) 17 / 3 (18) 17 (7) 250 

*   Immediate need. 
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Beside age, sex, and nationality, data on type of fistulae created and 

earlier outcome were retrieved and analyzed. 

Of these 275 AVF, 250 were between radial artery and cephalic veins, 
and 25 between the brachial artery and a suitable (mostly cephalic) vein. 
Seven complications were encountered in the latter group.  

Brescia-Cimino AVF became the procedure of choice ever since it was 
first created in 1966. We used this approach in 250 of the 275 created 
fistulae. We had 93 % patency rate compared with international rate of  
75.5 – 81.3 % (4-6). The main causes of failure in AVF are the anatomical 
difficulty of small, sclerosed, or non-patent vein, atherosclerosis of the 
radial artery, and/ or no completion of the palmar arch leading to distal 
ischemia. Ipsilateral subclavian vein stenosis and its role in AVF failure (7), 
or limb swelling (8) add to the difficulties in AVF creation and sustainment. 

Patients and methods: 
This is a retrospective review of patient-charts. Beside demographic data 

of age, sex and nationality, data on site and type of fistulae created, date of 
creation, and outcome within the first six weeks were retrieved. Data were 
analyzed using SPSS for Windows version 6. 

The completion of the palmar arch was assured by doing Allen test. The 
end of the cephalic vein was anastomosed to the side of the radial artery just 
proximal to the wrist joint. The non-dominant hand was used unless it was 
previously used or the vessels were not usable. 

The patency rate was calculated at the time of expected maturation of 
the fistulae, which is six weeks from the date of creation. The fistula was re-
explored on an emergency basis if, within the first five days of its creation, 
the flow was not satisfactory by physical examination and by Doppler 
ultrasound. It was considered not developed or failed, if, at six weeks from 
creation, it could not support the desired flow to the dialysis machine. 

Acute complications looked for were thrombosis, active bleeding, and 
hematoma formation. Chronic complications included swelling around the 
fistula site, distal ischemia and non-usability. 
 



 

 
 
 
 
 

Scientific Journal of King Faisal University (Basic and Applied Sciences)                         Vol.5  No.1  1425 (2004) 
                        

 

  161

Arterio-Venous Fistulae for Hemodialysis 
A Personal Experience in a Saudi Arabian  

Teaching Hospital 

Majed Al-Awami 
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Abstract:   

Objective: To review personal experience in creating arterio-venous fistulae 
(AVF) for hemodialysis in a teaching hospital in Eastern Saudi Arabia. 

Methods: Retrospective review of patient-charts extracting age, sex, 
nationality, type and side of the fistula created, and the outcome within six 
weeks from creation. 

Results:  275 consecutive fistulae were created in 257 patients. 154 were 
male, and 103 females. Six weeks (maturation time) patency rate was 93 %, 
and over all complication rate was 8.8 % in the Brescia-Simino fistulae, while 
it was 28 % in the anticubital variety. 

Conclusion: A Brescia-Simino AVF is the first choice when creating a 
vascular access for hemodialysis.  

Introduction: 
Chronic renal failure is a major and life threatening disease that taxes 

national resources. It is especially important in the Kingdom of Saudi 
Arabia where diabetes mellitus causes renal failure in up to 16-30 % (1-2) of 
kidney diseased patients. 

Diabetes mellitus mal effect on the vascular tree, including that of the 
upper extremity, is well documented (3). This includes blood supply to any 
created AVF and hand. 

Accessing the circulation for hemodialysis is a major limiting step, and, 
is a life long hurdle in the well being of the chronically dialyzed patient. 
Here, a personal experience of 275 consecutive AVF created in 257 patients 
is reported.  
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