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التعريف بالمجلة
تعنى المجلة بنشر البحوث والدراسات العلمية الأصيلة في مجال العلوم الأساسية والتطبيقية، باللغتين العربية والإنجليزية، كما 
تهتم بنشر جميع ما له علاقة بعرض الكتب ومراجعتها أو ترجمتها، وملخصات الرسائل العلمية، وتقارير المؤتمرات والندوات 

العلمية، وتصدر مرتين في السنة )مايو ـ نوفمبر(.

الرؤية
الريادة في نشر البحوث العلمية المحكمة، وتصنيف المجلة ضمن أشهر الدوريات العلمية العالمية.

الرسالة
نشر البحوث العلمية المحكمة في مجال العلوم الأساسية والتطبيقية وفق معايير عالمية متميزة.

أهداف المجلة

شروط قبول البحث
1(   الأصالة والابتكار وسلامة المنهج والاتجاه.

2(   الالتزام بالمناهج والأدوات والوسائل العلمية المتبعة في مجاله.
الدقة في التوثيق والمصادر والمراجع والتخريج. 	)3

سلامة اللغة. 	)4
أن يكون البحث غير منشور أو مقدم للنشر في أي مكان آخر. 	)5

6(   أن يكون البحث المستل من الرسائل العلمية غير منشور أو مقدم للنشر، وأن يشير الباحث إلى أنه مستلٌ.

أن تكون المجلة مرجعًا علميًا للباحثين في العلوم الأساسية والتطبيقية.
تلبية حاجة الباحثين إلى نشر بحوثهم العلمية، وإبراز مجهوداتهم البحثية على المستويات المحلية والإقليمية والعالمية.

المشاركة في بناء مجتمع المعرفة بنشر البحوث الرصينة التي تؤدي إلى تنمية المجتمع.
تغطية أعمال المؤتمرات العلمية المحكمة. 	

 )1
)2
)3
)4
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هـ

شروط النشر

أولًا:   ضوابط النص المقدم للنشر
.)A4( صفحة من القطع العادي )ألا تزيد صفحاته عن )35 	)1

أن يحتوي على عنوان البحث وملخصه باللغتين العربية والإنجليزية في صفحةٍ واحدةٍ، بحيث لا يزيد عن )250( كلمة  	)2
للملخص، وأن يتضمن البحث كلمات مفتاحيةٍ دالةٍ على التخصص الدقيق للبحث باللغتين، بحيث لا يتجاوز عددها )6( 

كلمات، توضع بعد نهاية كل ملخص. 
أن يذكر اسم المؤلف وجهة عمله بعد عنوان البحث مباشرة باللغتين العربية والإنجليزية.  	)3

أن تقدم البحوث العربية مطبوعة بخط )Simplified Arabic(، بحجم )14( للنصوص في المتن، وبالخط نفسه بحجم )12(  	)4
للهوامش.

أن تقدم البحوث الإنجليزية مطبوعة بخط )Times New Roman( بحجم )12( للنصوص في المتن، وبالخط نفسه بحجم  	)5
)9( للهوامش.

2.5 سم على  الحواشي  السطور، وتكون  ترك مسافة سطر واحد بين  الصفحة، مع  البحث على وجه واحد من  كتابة  	)6
الجوانب الأربعة للصفحة، بما يعادل 1.00 إنش )بوصة(.

التزام الترتيب الموضوعي الآتي:  	)7
       المقدمـــة: تكون دالة على موضوع البحث، والهدف منه، ومنسجمة مع ما يَرِدُ في البحث  من معلومات وأفكار وحقائق 

علمية، كما تشير باختصار إلى مشكلة البحث، وأهمية الدراسات السابقة. 
         العـرض: يتضمـن التفاصيـل الأساسـية لمنهجيـة البحـث، والأدوات والطـرق التـي تخـدم  الهدف، وترتب المعلومات حسـب 

أولويتها. 
        النتائج والمناقشة: يجب أن تكون واضحة موجزة، مع بيان دلالاتها دون تكرار. 

        الخاتمة: تتضمن تلخيصًا موجزًا للموضوع، وما توصل إليه الباحث من نتائج، مع ذكر التوصيات والمقترحات.
أن تدرج الرسوم البيانية والأشكال التوضيحية في النص، وترقم ترقيماً متسلسلًا، وتكتب أسماؤها والملاحظات التوضيحية  	)8

أسفلها.
أن تدرج الجداول في النص، وترقم ترقيماً متسلسلًا، وتكتب أسماؤها أعلاها، وأما الملاحظات التوضيحية فتكتب أسفل  	)9

الجدول.
ألا توضع الهوامش أسفل الصفحة إلا عند الضرورة فقط، ويشار إليها برقم أو نجمة، ويكون الخط فيها بحجم )12(  	)10

للعربي و )9( للإنجليزي.
لا تنشر المجلة أدوات البحث والقياس، وتقوم بحذفها عند طباعة المجلة. 	)11

والتاريخ  الاسم  ذكر  يعتمـد  نظام  وهـــو   ،)APA( نظام  النص  داخل  والمراجـــع  المصــادر  توثيق  منهج  في  يُراعى  أن  	)12
)name/year( داخل المتن، ولا يقبل نظام ترقيم المراجع داخل النص مع وضع الحاشية أسفل الصفحة، وتوضع المصادر 
والمراجع داخل المتن بين قوسين حسب الأمثلة الآتية: يذكر اسم عائلة المؤلف متبوعا بفاصلة، فسنة النشر، مثلا: )مجاهد، 
1988م(. وفي حالة الاقتباس المباشر يضاف رقم الصفحة مباشرة بعد تاريخ النشـر مثلا: )خيري، 1985م، ص:33(. أما 
إذا كان للمصدر مؤلفان فيذكران مع اتباع الخطوات السابقة مثلا: )الفالح وعياش، 1424هـ(. وفي حالة وجود أكثر من 
مؤلفين فتذكر أسماء عوائلهم أول مرة، مثلا: )مجاهد والعودات والشيخ، 1408هـ(، وإذا تكرر الاقتباس من المصدر نفسه 
فيشار إلى اسم عائلة المؤلف الأول فقط، ويكتب بعده وآخرون مثل: )مجاهد وآخرون، 1408هــ(، على أن تكتب معلومات 

النشر كاملة في قائمة المصادر والمراجع.
تخرج الأحاديث والآثار على النحو الآتي: 	)13

      )صحيح البخاري، ج:1، ص: 5، رقم الحديث 511(.
توضع قائمة المصادر والمراجع في نهاية البحث مرتبة ترتيباً هجائياً حسب اسم العائلة، ووفق نظام جمعية علم النفس  	)14
الأمريكية )APA( الإصدار السادس، وبحجم )12( للعربي و)9( للإنجليزي، وترتب البيانات الببليوغرافية على النحو 

الآتي: 
        •     الاقتباس من كتاب لمؤلف واحد:

الخوجلي، أحمد. )2004م(. مبادئ فيزياء الجوامدمبادئ فيزياء الجوامد. الخرطوم، السودان: عزة للنشر والتوزيع.



        •     الاقتباس من كتاب لأكثر من مؤلف: 
الرياض،  للتعليم والتعلم.  التعليمية  للتعليم والتعلمالتقنية  التعليمية  التقنية  )1434هـ/2013م(.  نيوباي، تيموثي؛ ستيبتش، دونالد؛ راس، جيمس.   

المملكة العربية السعودية: دار جامعة الملك سعود للنشر.
        •     الاقتباس من دورية: 

النافع، عبداللطيف حمود. )1427هــ(. أثر قيادة السيارات خارج الطرق المعبدة في الغطاء النباتي بالمنتزهات البرية: 
دارسة في حماية البيئة، في وسط المملكة العربية السعودية. المجلة السعودية في علوم الحياةالمجلة السعودية في علوم الحياة، 14)1(، 72-53.

        •     الاقتباس من رسالة ماجستير أو دكتوراه: 
القاضي، إيمان عبدلله. )1429هـ(. النباتات الطبيعية للبيئة الساحلية بين رأسي تنورة والملوح بالمنطقة الشرقيةالنباتات الطبيعية للبيئة الساحلية بين رأسي تنورة والملوح بالمنطقة الشرقية: 
دراسة في الجغرافيا النباتية وحماية البيئة. رسالة دكتواره غير منشورة، كلية الآداب للبنات، الدمام، المملكة العربية 

السعودية: جامعة الملك فيصل. 
        •     الاقتباس من الشبكة العنكبوتية )الإنترنت(:  

              - الاقتباس من كتاب: 
ــي  ــرِّف  الرقمـ ــي. المعـ ــم العالـ ــات التعليـ ــي مؤسسـ ــم الأداء فـ ــيتقييـ ــم العالـ ــات التعليـ ــي مؤسسـ ــم الأداء فـ ــي، م.ف. )2010م(. تقييـ ــي، م.ر. و المدنـ المزروعــــــــــــ
)DOI:10.xxxx/xxxx-xxxxxxxx-x(، أو برتوكـــول نقـــل النصـــوص التشـــعبي )...http://www(، أو الرقـــم المعيـــاري 

الدولـــي للكتاب  
                - الاقتباس من مقالة في دورية: 

المدني، م.ف. )2014(. مفهوم الحــوار في تقريب وجهات النظر. المجلة البريطانية لتكنولوجيا التعليمالمجلة البريطانية لتكنولوجيا التعليم، 11)6(، 
 (http://أو برتوكول نقل النصوص التشعبي )DOI:10.xxxx/xxxx-xxxxxxxx-x( 225-260. المعرِّف الرقمي
 (ISSN: 1467 - أو الرقم المعياري التسلسلي الدولي للمجلة ،onlinelibrary.wiley.com/journal/10.1111)

 .8535)
يلتزم الباحث بترجمة )أو رومنة( أسماء المصادر والمراجع العربية إلى اللغة الإنجليزية في قائمة المصادر والمراجع. 

وعلى سبيل المثال: 
الجبر، سليمان. )1991م(. تقويم طرق تدريس الجغرافيا ومدى اختلافها باختلاف خبرات المدرسين وجنسياتهم 
وتخصصاتهم في المرحلة المتوسطة بالمملكة العربية السعودية. مجلة جامعة الملك سعودمجلة جامعة الملك سعود-- العلوم التربوية العلوم التربوية، 3)1(، 

 .170-143
Al-Gabr, S. (1991). The Evaluation of Geography Instruction and the Variety of its Teaching 
Concerning the Experience, Nationality, and the Field of Study in Intermediate Schools in Saudi 
Arabia (in Arabic). Journal of King Saud University- Educational Sciences, 3(1), 143-170.

16(	 تستخدم الأرقام العربية الأصلية )0، 1، 2، 3، ...( في البحث.
تؤول جميع حقوق النشر للمجلة في حال إرسال البحث للتحكيم وقبوله للنشر. 	 )17

ثانيـاً: الأشياء المطلوب تسليمها 
نسخة إلكترونية من البحث بصيغتي )WORD( و )PDF(، وترسلان على البريد الإلكتروني الآتي:  	)1

s.journal@nbu.edu.sa  &&  s.journal.nbu@gmail.com
السيرة الذاتية للباحث، متضمنة اسمه باللغتين العربية والإنجليزية، وعنوان البريد الإلكتروني الحالي، ورتبته العلمية.  	)2

تعبئة النماذج الآتية:  	)3
نموذج طلب نشر بحث في المجلة. أ   -	

نموذج تعهد بأن البحث غير منشور أو مقدم للنشر في مكان آخر. ب ‌-	

ثالثاً: تنبيهات عامة
أصول البحث التي تصل إلى المجلة لا تردّ سواء أَنُشِرَتْ أم لم تنشر. 	)1

الآراء الواردة في البحوث المنشورة تعبر عن وجهة نظر أصحابها.  	)2

)ISBN : 000-0- 00 - 000000-0(

)15
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المحتويات
الأبحاث العربية

 
ــى  ــي علـ ــاض الدقيقـ ــرض البيـ ــة مـ ــي مكافحـ ــة فـ ــل الطبيعيـ ــض البدائـ ــة بعـ فاعليـ

Sphaerotheca fuliginea (Schlecht) الفطـــر  عـــن  المتســـبب  اليقطـــن 
  وليــــــد نفّــــاع و نيرمين أبو فخر

الأبحاث الإنجليزية

ــام المدفونـــة باســـتخدام التصويـــر المقطعـــي الراديـــوي تحـــت  الكشـــف عـــن الأجسـ
افتـــراض تقريـــب بـــورن ذو الرتبـــة العاليـــة

مهند سالم المطيري

التنبـــؤ بمخططـــات الشـــمس الديكارتيـــة والقطبيـــة الظاهـــرة لمدينـــة الريـــاض، المملكـــة 
العربيـــة الســـعودية

أحمد صالح الصويان وعبد الرحمن التميمي

حشيشـــة الجبـــل أو العشـــبة الكنديـــة Erigeron canadensis L. )العائلـــة النجميـــة( 
تســـجيل جديـــد لقائمـــة نباتـــات شـــبه الجزيـــرة العربيـــة

عبد الولي أحمد الخليدي، نجيب علي الصغير و فاتن زبير فلمبان 

حمايـــة مســـتخلص بلانيـــت إيجيبتيـــاكا )بلـــح الصحـــراء( مـــن اعتـــال عضلـــة القلـــب 
الناجـــم عـــن داء الســـكري فـــي الجـــرذان: دراســـة نســـيجية وتحليليـــة

عبير خالد عبدالله الأنصاري و ساعد عايض الثبيتي



الأبحاث باللغة العربية
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)JNBAS(،مجلة الشمال للعلوم الأساسية والتطبيقية                   )1442هـ/2021م(، المجلد )6(، العدد )1(، 14-3

فاعليـة بعـض البدائـل الطبيعيـة في مكافحـة مرض البيـاض الدقيقي على 
Sphaerotheca fuliginea (Schlecht.) اليقطين المتسـبب عن الفطـر

وليــــــد نفّــــاع  1 و نيرمين أبو فخر2

)قدم للنشر في  1441/02/29هـ؛ وقبل للنشر في 1442/01/15هـ(

ــض  ــاري لحم ــتحضر التج ــب والمس ــل العن ــون وتف ــل الزيت ــتخلصي تف ــة مس ــار فاعلي ــدف اختب ــة به ــذه الدراس ــت ه ملخــص: أجري
ــى  ــي عل ــاض الدقيق ــرض البي ــة بم ــن الإصاب ــد م ــي الح ــل ف ــات الميثي ــد الفطــري ثيوفان ــع المبي ــة م ــبيرين( بالمقارن ــيلك )أس الساليس
اليقطيــن Pumpkin المتســبب عــن الفطــر Sphaerotheca fuliginea (Schlecht). أظهــرت النتائــج أن اســتخدام مســتخلص تفــل 
ــة  ــن، وخفــض شــدة الإصاب ــات اليقطي ــى نبات ــاض الدقيقــي عل ــة بالبي ــر حــدوث الإصاب ــى تأخي ــون وحمــض الساليســيلك أدى إل الزيت
بشــكل مماثــل تقريبــاً للمبيــد الفطــري، حيــث حققــا حمايــة شــبه تامــة للنباتــات خــال 12 يومــاً بعــد العــدوى الاصطناعيــة، مقابــل 16 
يومــاً عنــد المعاملــة بالمبيــد الفطــري، والــذي فقــد فاعليتــه بشــكل جزئــي بعــد 19 يومــاً. بينمــا كان مســتخلص تفــل العنــب الأقــل فاعليــة 
علــى الرغــم مــن وجــود فــروق معنويــة واضحــة مقارنــة بالمجموعــة الضابطــة، حيــث ظهــرت أولــى أعــراض الإصابــة بعــد 6 أيــام 
ــب هــذه  ــة. ويمكــن ترتي ــة المقارن ــة مــع معامل ــة منخفضــاً نســبياً مقارن ــك كان مســتوى الإصاب ــة، ومــع ذل مــن العــدوى الاصطناعي
المركبــات تبعــاً لفاعليتهــا فــي خفــض شــدة الإصابــة كمــا يلــي: ثيوفانــات الميثيــل ≤ حمــض الساليســيلك ≤ مســتخلص تفــل الزيتــون ˂ 
مســتخلص تفــل العنــب. وبالاعتمــاد علــى هــذه النتائــج، ونظــراً للتأثيــر الضــار للمبيــدات فــي البيئــة، يمكــن أن يوصــى باســتخدام حمض 
ــرة والزراعــات  ــي المســاحات الصغي ــذا المــرض ف ــن لإدارة ه ــة ورخيصــة الثم ــل آمن ــون كبدائ ــل الزيت الساليســيلك ومســتخلص تف

المنزليــة والبيــوت البلاســتيكية. 
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Effectiveness of Some Natural Alternatives in controlling pumpkin 
powdery mildew caused by Sphaerotheca fuliginea (Schlecht.)

Walid Naffaa1 & Nermeen Abou Fakher2

(Received 29/10/2019; Accepted 03/09/2020)

Abstract: This study was conducted in order to test the efficacy of olive pomace extract (OPE), grape pomace 
extract (GOE) and the commercial salicylic acid / aspirin (SA) compared with methyl thiophanate fungicide 
to reduce powdery mildew incidence of pumpkin caused by Sphaerotheca fuliginea (Schlecht.). The results 
showed that OPE and SA delayed the incidence of powdery mildew on pumpkin plants, and reduced the 
disease severity comparably to the fungicide. They almost completely protected the plants within 12 days 
after artificial inoculation compared to 16 days at fungicide treatment, which was partially ineffective after 
19 days. While, GPE was of less effect in this regard, although there were significant differences compared 
to control treatment, where the first symptoms were observed after 6 days of artificial inoculation. However, 
the disease severity was relatively low compared to untreated control. These compounds can be arranged 
according to their effectiveness in reducing the disease severity as follows: methyl thiophanate ≥ salicylic 
acid ≥ olive pomace extract ˃ grape pomace extract. Based on our results and regarding the adverse effects 
of fungicide on the environment, use of SA and POE as environmentally safe and inexpensive agents is 
recommended as a valuable contribution to disease management in small areas, homegrown and greenhouses.

Keywords: Powdery mildew, Cucurbit, Systemic acquired resistance, Olive pomace extract, Grape pomace 
extract, Salicylic acid
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و  البوتاســيوم  وأمــاح   salicylic acid (SA)   الساليســيلك
ــة  ــة الجهازي β-amino butyric acid (βABA) تحــرض المقاوم
فــي   Systemic acquired resistance (SAR) المكتســبة 
 (Oostendorp, Kunz, النباتــات ضــد بعــض الممرضــات النباتيــة
 Dietrich, & Staub, 2001؛ Lin, Ishizaka, & Ishii, 2009؛
 Zeighaminejad, Sharifi-Sirchi, Mohamadi, & Aminai,
 2016; Sharifi-Sirchi, Beheshti, Hosseinipour, &
 Abo-Elyousr, Hussein, Allam, وجــد . Mansouri, 2011).
Hassan (2009) &، أن رش نباتــات البصــل بحمــض الساليســيلك 
 Stemphylium ــر ــة بالفط ــدة الإصاب ــض ش )SA 20 µM( خف

.sp المســبب للفحــة الأوراق.
   وتمتــاز المركبــات الفينوليــة الموجــودة فــي ثمــار الزيتــون 
للطفــرات  مضــادة  بفاعليــة  الزيتــون  أوراق  ومســتخلصات 
 (Visioli, Romani, Mulinacci, Zarini, Conte, وللتســرطن
 Aziz,( وبنشــاط مضاد للميكروبات ، Franco, & Galli, 1999)
 Farag, Mousa, & Abo-Zaid, 1998; Nychas, Tassou,
ــد  ــة عن ــات المقاوم ــي آلي ــا تدخــل ف ــا أنه (Board, 1990 & ، كم
ــات وفيروســات  ــا وفطري ــن بكتيري ــات ضــد الممرضــات م النبات

.(Marsilio, Campestre, & Lanza, 2001)
   لقــد أظهــرت العديــد مــن الدراســات التضاديــة الميكروبيــة للمــاء 
 (Capasso, الناتــج عــن عمليــة اســتخلاص زيت الزيتــون من جهــة
 ، Evidente, Schivo, Orru, Marciales, & Cristinzo, 1995)
 (Markin, Duek, ولمســتخلص أوراق الزيتــون مــن جهــة أخــرى
(Berdicevsky, 2003 &، ودور حمــض الساليســيلك فــي مقاومــة 
 (Faize & Faize, 2018 ــة ؛ ــات الفطري ــد مــن أمــراض النب العدي
 Subban, Subramani, Srinivasan, Johnpaul, & Chelliah,
2019(، ولكــن نــادرة هــي الدراســات المتعلقة باســتخدام مســتخلص 
تفــل الزيتــون وتفــل العنــب فــي مكافحــة أمــراض النبــات، ولهــذا 
ــذه المســتخلصات  ــة ه ــار فاعلي ــى اختب ــذا البحــث إل ــدف ه ــد ه فق
ــة  ــى حمــض الساليســيلك فــي الحــد مــن الإصاب ــة إل ــة إضاف النباتي

.Pumpkin بمــرض البيــاض الدقيقــي علــى اليقطيــن

2. المواد والطرائق 
نفُـّـذت التجربــة فــي أرض زراعية مســاحتها )10x24=240م2(  

فــي منطقــة الكــوم بمحافظــة الســويداء فــي جنــوب ســوريا. 

1.2. تحضير الأرض للزراعة: 
أجريــت عمليــة حراثــة للتربــة وإزالــة الحجــارة منهــا، وتســويتها 

1. مقدمـــــة 
    يعمد المزارعون في الكثير من القرى السورية إلى زراعة اليقطين

الفصيلة  من   Cucurbita moschata Duchesne ex Poir
القرعية Cucurbitaceae واستثماره كمصدر رزق، خاصة وأنه 
لا يتطلب جهداً كبيراً في العناية به، إضافة إلى فوائده، إذ يحتوي 
على نسب عالية من البروتين والمواد الدهنية والنشوية والألياف 
والبوتاسيوم  الفوسفور  ومعادن  الأمينية  والأحماض  والفيتامينات 
والحديد والزنك والكبريت والمغنيزيوم إلى جانب الماء. كما أن 
والبروتين  الكربوهيدرات  عناصر  على  تحتوي  اليقطين  بذور 
وفيتامين )ب(، ويقوم اليقطين على علاج العديد من أمراض القلب 
وتصلب الشرايين وارتفاع الكوليسترول وضغط الدم، وذلك بسبب 
احتوائه على نسبة جيدة من الدهون غير المشبعة التي تساعد على 
طرح الكوليسترول الفائض من الدم، وأخذ ما هو مترسب منه في 
(Jacobo-Valenzuela, Maróstica- جميع ألياف وأنسجة الجسم

 Junior, Zazueta-Morales, & Gallegos-Infante, 2011;
 Indrianingsih, Rosyida, Apriyana, Hayatis, Nisa,

.Darsih, Kusumaningrum, Ratih, & Indirayati, 2019)
 Sphaerotheca ــن الفطــر ــبب ع ــي المتس ــاض الدقيق ــد البي    يع
fuliginea (Schlecht.) Pollacci, (1913) مــن أهــم الأمــراض 
ــات ســواء  ــار القرعي ــب أوراق وســوق وثم ــي تصي ــة الت الفطري
 (Morsy, Elham, & فــي الحقــل أو فــي البيــوت البلاســتيكية
(Gehad, 2009. وتعتمــد مكافحــة مــرض البيــاض الدقيقــي علــى 
القرعيــات بشــكل أساســي علــى اســتخدام المبيــدات الفطريــة، 
ولكــن أصبحــت هنــاك مشــكلة فــي الحصــول علــى مكافحــة 
ــن  ــاً م ــورت نوع ــر ط ــات الفط ــراً لأن مجتمع ــة نظ ــة وفعال تام
 (De Waard, المســتخدمة الفطريــة  المبيــدات  المقاومــة ضــد 
 Georgopoulos, Hollomon, Ishii, Leroux, Ragsdale,
الكيميائيــة  المكافحــة  أن  إلــى  إضافــة   ،& Schwinn, 1993)
ــد مــن تراكــم  ــة، وتزي ــاً للبيئ ــاً تلوث لأمــراض النبــات تســبب غالب
المركبــات الســامة فــي السلســلة الغذائيــة للإنســان، ولذلــك أصبــح 
هنــاك حاجــة متزايــدة للبحــث عــن بدائــل آمنــة لمكافحــة أمــراض 
النبــات كزراعــة الأصنــاف المقاومــة، أو اســتخدام مركبــات 
ــة(  ــة التحريضي ــة المســتحثة )المقاوم ــرة المقاوم ــض ظاه لتحري
ــد مــن هــذه  ــم اســتخدام العدي ــد ت Induced resistance (IR)، وق
المركبــات بنجــاح فــي مكافحــة العديــد مــن أمــراض النبــات 
 (Yurina, Karavaev, & Solntsev, 1993؛ Ibrahim, Khafagi,
العديــد مــن  (Ghonim, & El-Abbasi, 2003، وقــد اشــارت 
الأبحــاث إلــى أن بعــض هــذه المركبــات الكيميائيــة مثــل حمــض 
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ــي  ــاون الخزف ــة اله ــطة مدق ــرس بواس ــتمر واله ــك المس التحري
ــمّ صُــب المســتخلص  ــة، ث ــدة 60 دقيق ــة لم ــرات متقطع ــى فت عل
فــوق ورقــة ترشــيح ضمــن قمــع مثبــت فــوق دورق ســعة 
ــر  ــاز المبخ ــتخدام جه ــتخلص باس ــز المس ــم تركي ــل، وت 250 م
ــدورق  ــف ال ــاً، وغُل ــة تقريب ــى تبخــر نصــف الكمي ــي حت الدوران
بــورق القصديــر لحجــب الضــوء، وحفــظ المســتخلص فــي البــراد 

ــتخدام. ــن الاس لحي

: )Salicylic acid SA( 4.2   حمض الساليسيلك
 ،100Aspirin تم اســتخدام المركب الدوائي التجاري اســبرين   
ــة  ــادة الفعال ــن الم ــغ م ــى 100 مل ــرص عل ــوي كل ق ــث يحت حي
حمــض أســتيل ساليســيلك acetylsalicylic acid. تــم تحضيــر 

محلــول حمــض الساليســيلك بالمــاء بتركيــز 0.5 غ / ليتــر.

  5.2 تحضير اللقاح الفطري:
   جُمعــت نباتــات مصابــة بالبيــاض الدقيقــي بشــكل طبيعــي، 
ونقُلــت الأبــواغ الكونيديــة بلطــف بواســطة فرشــاة ناعمــة إلــى 100 
 .Tween-20 ــن ــن مــن التوي ــه قطرتي ــاً إلي ــاء مقطــر مضاف مــل م
 Neubauer-improved Counting( واســتخدمت شــريحة العــد
Chamber; Marienfeld, Germany( لتحديــد تركيــز المعلــق 
البوغــي، ثــم أجريــت التخفيفــات المناســبة بالمــاء المقطــر للوصــول 
 Zeighaminejad et al.,( 106 بوغاً/مــل مــاءx4 إلــى التركيــز

 . )2016

  6.2 التجربة الحقلية والعدوى الاصطناعية:
   تـــم رش الســـطح العلـــوي والســـفلي لنباتـــات اليقطيـــن بتاريـــخ 
27 مايـــو 2018 وفـــق المعامـــات التاليـــة: )1( مســـتخلص تفـــل 
ـــل العنـــب %10، )3(  ـــز 10%، )2( مســـتخلص تف ـــون بتركي الزيت
حمـــض الساليســـيلك بتركيـــز 0.5 غ/ليتـــر، )4( المبيـــد الفطـــري 
ثيوفانـــات الميثيـــل )توبســـين 70( وفـــق معـــدل الاســـتخدام الموصـــى 
بـــه، )5( الـــرش بالمـــاء فقـــط واســـتخدم كشـــاهد غيـــر معامـــل. وبعـــد 
ـــرش  ـــة ب ـــدوى الاصطناعي ـــت الع ـــة، أجري ـــن المعامل ـــاعة م 48 س
ـــر.  ـــدوي صغي ـــرش ي ـــتخدام م ـــات باس ـــى النبات ـــق البوغـــي عل المعل
ـــم تســـجيل عـــدد  ـــث ت ـــاً، حي ـــراءات خـــال 29 يوم ـــم أخـــذ ســـت ق ت
الأوراق المصابـــة علـــى الســـطح العلـــوي فقـــط، وعـــدد الأوراق 
المصابـــة علـــى الســـطح الســـفلي فقـــط، وعـــدد الأوراق المصابـــة 
ــليمة والأوراق  ــدد الأوراق السـ ــة، وعـ ــطحي الورقـ ــى كلا سـ علـ

وتقســيمها لقطعــات عشــوائية، عددهــا خمــس قطعــات للمعاملات 
الأربــع )تفــل الزيتــون، وتفــل العنــب، حمــض الصفصــاف، 
ــاحة كل  ــة. مس ــة المقارن ــة لمعامل ــل(، بالإضاف ــات الميثي ثيوفان
ــرى  ــة والآخ ــن كل قطع ــافة بي ــاع 40 م10x24( 2(، والمس قط
1م، وقسّــمت كل قطعــة إلــى ثــاث قطــع تجريبيــة يمثــل كل منهــا 
مكــرر مســاحة كل منهــا 12 مx 4( 2 3(، والمســافة بيــن كل منهــا 
ــخ 7  ــدي بتاري ــن مــن الصنــف بل ــذور اليقطي 50 ســم. زرعــت ب
ــرر  ــي كل مك ــة خطــوط ف ــي ثلاث ــك ف ــار( 2018، وذل ــو )أي ماي
ــر  ــط والآخ ــن الخ ــافة بي ــط، والمس ــي كل خ ــات ف ــدل 5 نبات بمع
100 ســم، وبيــن النبــات والآخــر 50 ســم، وبالتالــي يكــون عــدد 
النباتــات فــي كل مكــرر 15 نباتــاً، وعــدد النباتــات المزروعــة فــي 
ــم ري  ــة. ت ــل التجرب ــي كام ــاً ف ــاً، و225 نبات ــة 45 نبات كل معامل

النباتــات حســب الحاجــة حتــى انتهــاء فتــرة التجربــة.

2.2. تحضير مستخلص تفل الزيتون:
ــج عــن عصــر  ــل النات ــن التف ــغ م ــي 1 ك ــة حوال ــم أخــذ عين    ت
ثمــار الزيتــون مــن إحــدى معاصــر محافظــة الســويداء. تــم 
تجفيفهــا عنــد 60 مْ، ووضعهــا فــي كيــس بلاســتيكي، وتخزينهــا 
علــى  الاســتخلاص  عمليــة  أجريــت  ̊م.   4 حــرارة  بدرجــة 
ــى  ــان إل ــة الهكس ــت إضاف ــى، تم ــة الأول ــي المرحل ــن: ف مرحلتي
الثفــل الجــاف بنســبة v / w( 1 :4( لإزالــة الزيــت المتبقــي 
ــي  ــة. ف ــرات متتالي ــاث م ــة ث ــذه العملي ــة، وكــررت ه والأصبغ
الخطــوة الثانيــة، تمــت إضافــة الكحــول الايثيلــي 70٪ )الايثانــول 
C2H2OH( بنســبة 1 :6 )v / w( مــع التحريــك المســتمر 
ــة  ــرات متقطع ــى فت ــي عل ــاون خزف ــة ه ــرس بواســطة مدق واله
لمــدة ســاعتين، ثــم تصفيتهــا بواســطة ورق ترشــيح. تــم تركيــز 
المســتخلص الكحولــي باســتخدام جهــاز المبخــر الدورانــي حتــى 
تبخــر نصــف الكميــة تقريبــاً، وغُلــف الــدورق بــورق القصديــر 
لحجــب الضــوء، وحفــظ المســتخلص فــي البــراد لحين الاســتخدام 

.)Naffaa, 2016(

  3.2   تحضير مستخلص تفل العنب:
    أخُــذت كميــة 1 كــغ تقريبــاً مــن تفــل العنــب )صنــف ســلطي( 
ــمّ  ــد درجــة حــرارة 60 ˚م، ث ــتْ عن ــن إحــدى المعاصــر، جُفف م
ــت  ــراد. أجُريَ ــي الب ــد 4 ˚م ف ــتيكي عن ــس بلاس ــي كي ــت ف وضع
عمليــة الاســتخلاص بإضافــة الكحــول الايثيلــي 70% )الايثانــول 
C2H2OH( بنســبة 1 تفــل / 5 كحــول )وزن / حجــم( مــع 
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الزيتــون، ومســتخلص تفــل العنــب، وحمــض الساليســيلك ومقارنتها 
إلــى معاملــة  الميثيــل، إضافــة  ثيوفانــات  الفطــري  المبيــد  مــع 
ــاً. ــراءات خــال 29 يوم ــذت ســت ق ــل. أخ ــر المعام ــة غي المقارن
ــة  ــور أي أعــراض للإصاب ــدم ظه ــدول )1( ع ــن الج     يتضــح م
ــة،  ــام مــن العــدوى الاصطناعي ــوي بعــد ســتة أي ــى الســطح العل عل
بينمــا بــدأت الأعــراض تظهــر علــى الســطح الســفلي فــي معاملتــي 
تفــل العنــب والمقارنــة، وقــد وصلــت أعلــى نســبة مئويــة لــأوراق 
ــة )15.4%(، بينمــا كانــت 4% فــي  ــة المقارن ــة فــي معامل المصاب
معاملــة مســتخلص تفــل العنــب، ولــم تســجل أي إصابــة علــى 
ــة بمســتخلص تفــل الزيتــون وحمــض الساليســيلك  النباتــات المعامل
ــن  ــي أي م ــة ف ــات ميت ــود نبات ــظ وج ــم يلاح ــري. ول ــد الفط والمبي
المعامــات المختلفــة. يتضــح ممــا ســبق أن الإصابــة بالبيــاض 
الدقيقــي علــى القرعيــات تبــدأ علــى الســطح الســفلي لــأوراق، ومــن 
ثــم تنتقــل إلــى الســطح العلــوي لتعــم الإصابــة كلا ســطحي الورقــة. 

تلتهــا معاملــة  المقارنــة،  فــي معاملــة  إلــى %31.7  المصابــة 
ــة مســتخلص  ــي معامل ــب 9.8%، و0.6% ف ــل العن مســتخلص تف
ــة حمــض الساليســيلك، بينمــا  ــون، و0.51% فــي معامل ــل الزيت تف
ــروق  ــن الف ــم تك ــد. ول ــة المبي ــي معامل ــات ف ــظ أي إصاب ــم تلاح ل
معنويــة بيــن معاملتــي مســتخلص تفــل الزيتــون ومعاملــة حمــض 
معنويــة  الفــروق  كانــت  بينمــا  الفطــري،  والمبيــد  الساليســيلك 
بالمقارنــة مــع معاملــة تفــل العنــب والمقارنــة. كمــا يلاحــظ ظهــور 
ــة %1.02.  ــط بنســبة مئوي ــة فق ــة المقارن ــي معامل ــة ف ــات ميت نبات

   تؤكــد النتائــج فــي القــراءة الثانيــة بعــد تســعة أيــام مــن العــدوى 
الاصطناعيــة )الجــدول 2( أن الأعــراض لــم تلاحــظ أيضــاً علــى 
الســطح العلــوي، وهــذا مــا يؤكــد مــا لوحــظ فــي القــراءة الأولــى 
ــا لوحــظ  ــأوراق. كم ــى الســطح الســفلي ل ــدأ عل ــة تب ــأن الإصاب ب
بــدء ظهــور الأعــراض علــى النباتــات فــي معاملتــي تفــل الزيتــون 
وحمــض الساليســيلك، ولكــن بنســب منخفضــة جــداً، وهــذا يشــير 
إلــى أن المعاملــة بتفــل الزيتــون وحمض الساليســيلك أخــرت ظهور 
أعــراض الإصابــة. وصــل متوســط النســبة المئويــة لــأوراق 

المعاملة المقارنةثيوفانات الميثيلحمض الساليسيلكتفل العنبتفل الزيتون

-----على السطح العلوي فقط

0.17--0.2-على السطح السفلي فقط

ً 0.75--0.20-على سطحي الورقة معا

0.92--0.4-مجموع الأوراق المصابة

4.0a--%15.4b%-النسبة المئوية للأوراق المصابة

-----النسبة المئوية للأوراق الميتة

جدول 1:
 متوسط عدد الأوراق المصابة والميتة ونسبتها المئوية بعد 6 أيام من العدوى الاصطناعية بالفطر

المسبب للبياض الدقيقي على القرعيات في كل من المعاملات المختلفة

● تشير الأحرف المتشابهة لعدم وجود فروق معنوية بين المعاملات عند مستوى معنوية 5 %.

ــة  ــأوراق المصابـ ــة لـ ــبة المئويـ ــاب النسـ ــراً حسـ ــة، وأخيـ الميتـ
ـــة.  ـــأوراق الميت ـــك ل وكذل

   7.2 التحليل الإحصائي:
   أجــري التحليــل الإحصائــي باســتخدام البرنامــج الإحصائــي  
Spss15 لحســاب أقــل فــــــــــرق معنــوي )L.S.D( عنــد مســتوى 

    P≤0.05

3. النتائج :
   تمــت زراعــة نباتــات اليقطيــن بقطاعــات عشــوائية وفــق خمــس 
العــدوى  أجريــت  مكــررات.  ثلاثــة  منهــا  كل  وفــي  معامــات 
 Sphaerotheca الفطــر  بأبــواغ  النباتــات  علــى  الاصطناعيــة 
ــات،  ــى القرعي ــي عل ــاض الدقيق ــرض البي ــبب لم fuliginea المس
وذلــك بعــد 48 ســاعة مــن معاملــة النباتــات بمســتخلص تفــل 

.)Gomez & Gomez, 1984(
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Sphaerotheca fuliginea (Schlecht.) وليــــــد نفـّـــاع و نيرمين أبو فخر: فاعلية بعض البدائل الطبيعية في مكافحة مرض البياض الدقيقي على اليقطين المتسبب عن الفطر

ــأوراق  ــة ل ــت النســبة المئوي ــد وصل ــة، فق ــة المقارن مــع معامل
المصابــة إلــى 3.4% و 23.3% و 1.8% فــي المعامــات 
ــض  ــب وحم ــل العن ــتخلص تف ــون ومس ــل الزيت ــتخلص تف مس
ــة  ــي معامل ــع 40.6% ف ــة م ــي مقارن ــى التوال ــيلك عل الساليس
المقارنــة. فــي حيــن بلــغ متوســط النســبة المئويــة لــأوراق 
ــي  ــل 20.5% ف ــب مقاب ــل العن ــة تف ــي معامل ــة %11.9 ف الميت

ــة. ــة المقارن معامل

   يظهــر الجــدول )3( أن المبيــد ثيوفانــات الميثيــل بقــي محافظــاً 
ــة النباتــات مــن الإصابــة خــال  ــة فــي حماي ــة عالي علــى فاعلي
12 يومــاً مــن العــدوى وبفــروق غيــر معنويــة مــع مســتخلصي 
ــة  ــت فاعلي ــا انخفض ــيلك، بينم ــض الساليس ــون وحم ــل الزيت تف
مســتخلص تفــل العنــب فــي حمايــة النباتــات مــن الإصابــة 
بالبيــاض الدقيقــي، وازدادت النســبة المئويــة للنباتــات المصابــة 
بشــكل ملحــوظ علــى الرغــم من وجــود فــروق معنويــة بالمقارنة 

المعاملة المقارنةثيوفانات الميثيلحمض الساليسيلكتفل العنبتفل الزيتون

-----على السطح العلوي فقط

0.25-0.22.330.9على السطح السفلي فقط

ً 2.33--0.330.33على سطحي الورقة معا

2.58-0.532.660.9مجموع الأوراق المصابة

0.6a%9.8b%0.51a-%31.7c%النسبة المئوية للأوراق المصابة

1.02%----النسبة المئوية للأوراق الميتة

جدول 2:
 متوسط عدد الأوراق المصابة والميتة ونسبتها المئوية بعد 9 أيام من العدوى الاصطناعية بالفطر 

المسبب للبياض الدقيقي على القرعيات في كل من المعاملات المختلفة

جدول 3: 
عدد الأوراق المصابة والميتة ونسبتها المئوية بعد 12 يوماً من العدوى الاصطناعية بالفطر المسبب 

للبياض الدقيقي على القرعيات في كل من المعاملات المختلفة

● تشير الأحرف المتشابهة لعدم وجود فروق معنوية بين المعاملات عند مستوى معنوية 5 %.

المعاملة المقارنةثيوفانات الميثيلحمض الساليسيلكتفل العنبتفل الزيتون

--0.202.070.27على السطح العلوي فقط

0.85.02.071.339.50على السطح السفلي فقط

ً 0.535.400.401.6015.37على سطحي الورقة معا

1.5312.472.742.9324.87مجموع الأوراق المصابة

a%23.3 b%1.8a%0.8 a%40.6 c 3.4%النسبة المئوية للأوراق المصابة

a%11.9b-a-a%20.5c-النسبة المئوية للأوراق الميتة

● تشير الأحرف المتشابهة لعدم وجود فروق معنوية بين المعاملات عند مستوى معنوية 5 %.
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النســبة المئويــة لــأوراق المصابــة لتصــل إلــى 20.4%، وكذلــك 
النســبة المئويــة لــأوراق الميتــة إلــى 2.4% مقابــل 1.1% فــي 
معاملــة حمــض الساليســيلك. بينمــا ازدادت الإصابــة بشــكل كبيــر 
ــأوراق  ــة ل ــت النســبة المئوي ــب، إذ وصل ــل العن ــة تف ــي معامل ف
المصابــة إلــى 37.7% ونســبة الأوراق الميتــة 24% مقارنــة مــع 

24.3% و43% فــي المقارنــة )الجــدول 4(. 

مقارنــة مــع المعاملــة بالمبيــد فــي الحــد مــن شــدة الإصابــة 
ــه  بالبيــاض الدقيقــي، بينمــا فقــد مســتخلص تفــل الزيتــون فاعليت
بشــكل نســبي، إذ وصلــت نســبة الأوراق المصابــة والميتــة معــاً 
ــتخلص  ــي مس ــي معاملت ــل 65% و78% ف ــى 48.4%، مقاب إل

تفــل العنــب والمقارنــة علــى التوالــي.

بعــد  عاليــة  فاعليــة  علــى  الميثيــل  ثيوفانــات  المبيــد  حافــظ 
16 يومــاً مــن العــدوى، حيــث لــم تتجــاوز النســبة المئويــة 
ــة،  ــود أوراق ميت ــظ وج ــم يلاح ــة 1.6%، ول ــأوراق المصاب ل
ــدة  ــة جي ــت حماي ــد حقق ــة بحمــض الساليســيلك ق ــا أن المعامل كم
ــد  ــا فق ــة 12.6%، بينم ــم تتجــاوز نســبة الأوراق الميت أيضــاً، فل
مســتخلص تفــل الزيتــون فعاليتــه بشــكل جزئــي، حيــث ازدادت 

   يلاحــظ مــن الجــدول )5( زيــادة ملحوظــة فــي النســبة المئويــة 
ــأوراق  ــة ل ــبة المئوي ــاد النس ــم اعتم ــك ت ــة، ولذل ــأوراق الميت ل
المصابــة والأوراق الميتــة معــاً كمؤشــر لتقييــم فاعليــة المعاملات 
المختلفــة فــي الحــد مــن الإصابــة بالبيــاض الدقيقــي. حافظ حمض 
الساليســيلك علــى فاعليــة مرتفعــة نســبياً وبفــروق غيــر معنويــة 

جدول 4:
 عدد الأوراق المصابة والميتة ونسبتها المئوية بعد 16 يوماً من العدوى الاصطناعية بالفطر المسبب 

للبياض الدقيقي على القرعيات في كل من المعاملات المختلفة

جدول 5:
 عدد الأوراق المصابة والميتة ونسبتها المئوية بعد 19 يوماً من العدوى الاصطناعية بالفطر المسبب 

للبياض الدقيقي على القرعيات في كل من المعاملات المختلفة

● تشير الأحرف المتشابهة لعدم وجود فروق معنوية بين المعاملات عند مستوى معنوية 5 %.

● تشير الأحرف المتشابهة لعدم وجود فروق معنوية بين المعاملات عند مستوى معنوية 5 %.

المعاملة المقارنةثيوفانات الميثيلحمض الساليسيلكتفل العنبتفل الزيتون

5.474.473.273.532.23على السطح العلوي فقط

-0.470.870.800.73على السطح السفلي فقط

ً 6.678.874.736.408.67على سطحي الورقة معا

12.6114.218.8010.6610.90مجموع الأوراق المصابة

c%37.7 d%12.6 b.6 a1%%24.3 c 20.4%النسبة المئوية للأوراق المصابة

a%24 b%1.1 a0% a%43 c 2.4%النسبة المئوية للأوراق الميتة

المعاملة المقارنةثيوفانات الميثيلحمض الساليسيلكتفل العنبتفل الزيتون

8.076.535.336.137.48على السطح العلوي فقط

0.130.60.730.400.08على السطح السفلي فقط

ً 6.277.136.07.072.30على سطحي الورقة معا

14.4714.2612.0613.609.86مجموع الأوراق المصابة

32.2c%36.2c%17.2a%14.6a%25.8b%النسبة المئوية للأوراق المصابة

b%28.8 c%8.3 a%2.3 a%52.2 d 16.2%النسبة المئوية للأوراق الميتة
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ــبياً  ــول نس ــى مســتوى مقب ــات الأخــرى عل ــا حافظــت المعام بينم
مقارنــة مــع المقارنــة، إذ وصلــت النســبة المئويــة لــأوراق الميتــة 
إلــى 29.5% و22.8% و17.1% فــي معامــات تفــل الزيتــون 

ــب.  ــى الترتي ــد الفطــري عل وحمــض الساليســيلك والمبي

   أدت المعاملـة بالمبيـد الفطـري إلـى حمايـة تامـة تقريبـاً للنباتـات 
مـن الإصابـة بالبيـاض الدقيقـي خلال 16 يومـاً الأولـى، إذ إن أولـى 
أعـراض الإصابـة ظهـرت بعـد 16 يومـاً مـن العدوى وبشـكل طفيف 
جـداً. وظهـرت أولـى الأوراق الميتـة بعـد 19 يومـاً. حيـث يلاحـظ 
ازديـاد واضح بالنسـبة المئوية للأوراق المصابـة لتصل إلى %14.6 
بعـد 19 يومـاً، ومـع فقـدان المبيد لفعاليته بشـكل جزئي ازدادت نسـبة 
الأوراق المصابـة بشـكل ملحـوظ خلال العشـرة أيـام الأخيـرة، ولكن 
تزامـن ذلـك مـع زيادة بعـدد الأوراق الميتة لتصل نسـبتها المئوية إلى 
17.1% بعـد 29 يومـاً، وقـد وصـل عـدد الأوراق المصابـة والميتـة 

 .)d – 1 معـاً إلـى حوالـي %52.5 )الشـكل
   لقـد كان مسـتخلص تفـل العنـب الأقـل فاعليـة فـي حمايـة النباتـات 
بالظهـور  الأعـراض  بـدأت  فقـد  الدقيقـي،  بالبيـاض  الإصابـة  مـن 
بشـكل واضـح بعـد 6 أيـام، ولكـن بنسـبة أقـل مقارنـة مـع المقارنـة، 
وقـد وصلـت النسـبة المئويـة للأوراق المصابـة إلـى %23.3 بعـد 
12 يومـاً، ثـم أصبحـت ثابتـة تقريبـاً حتـى القـراءة الأخيـرة أي بعـد 
29 يومـاً مـن العـدوى، حيـث وصلـت إلـى 33.9%، ورافـق ذلـك 
زيـادة واضحـة بعـدد الأوراق الميتـة لتصل نسـبتها إلـى 54.8% بعد 
29 يومـاً. ويفسـر ذلـك بـأن عـدداً كبيـراً مـن الأوراق المصابـة قـد 
ماتـت، وهـذا يبـدو واضحـاً من خلال الازديـاد الكبير بالنسـبة المئوية 

.)b – 1 للأوراق الميتـة خلال العشـرة أيـام الأخيـرة )الشـكل

   تظهــر نتائــج القــراءة بعــد 29 يومــاً مــن المعاملــة أن جميــع 
ــت  ــث وصل ــة، حي ــة المقارن ــي معامل ــت ف ــد مات ــاً ق ــات تقريب النبات
النســبة المئويــة لــأوراق الميتــة إلــى 96.4%، كمــا يلاحــظ ارتفــاع 
كبيــر فــي عــدد الأوراق الميتــة فــي معاملــة تفــل العنــب )%54.8(، 

   يبيـن الشـكل )1a-( أن أولـى أعـراض الإصابـة بمـرض البيـاض 
بعـد  اصطناعيـاً،  المعـداة  القرعيـات  نباتـات  أوراق  علـى  الدقيقـي 
المعاملـة بمسـتخلص تفـل الزيتـون، ظهـرت بعـد 9 أيـام مـن العـدوى 
الاصطناعيـة وبشـكل خفيف جـداً، وظهرت أولـى الأوراق الميتة بعد 
16 يومـاً. ازدادت النسـبة المئويـة للأوراق المصابـة والأوراق الميتة 
مـع الزمـن، فقد ازدادت النسـبة المئوية للأوراق المصابة بشـكل كبير 
خلال 16 يومـاً، وبعـد ذلـك أصبحـت ثابتة تقريبـاً، وبـكل الأحوال لم 
تتجـاوز نسـبتها 35.6% بعـد 29 يومـاً مـن العـدوى، كمـا أن النسـبة 
المئويـة للأوراق الميتـة وصلـت إلـى أقل مـن 30%. ويبـدو واضحاً 
أن المعاملـة بمسـتخلص تفـل الزيتـون حمـت النباتـات مـن الإصابـة 
بشـكل تـام تقريبـا خلال 12 يومـاً الأولـى، وحافظـت علـى مسـتوى 
منخفـض نسـبياً مـن الإصابـة علـى الأقـل خلال 16 يومـاً، حيـث لـم 

تتجـاوز النسـبة المئويـة للأوراق المصابـة والميتـة معـاً %22.8 . 
   كمـا حققـت المعاملـة بحمـض الساليسـيلك حمايـة أفضـل للنباتـات 
مـن مسـتخلص تفـل الزيتـون، وظهرت أولـى الأوراق الميتـة بعد 16 
يومـاً. ولـم تتجـاوز نسـبة الأوراق المصابـة 1.8% بعـد 12 يومـاً من 
العـدوى، ولكـن ازدادت نسـبتها بشـكل تدريجـي لتصـل إلـى %38 
وزيـادة بعـدد الأوراق الميتـة لتصـل نسـبتها المئويـة إلـى %22.8 
بعـد 29 يومـاً، وقـد وصـل عـدد الأوراق المصابـة والميتـة معـاً إلـى 

 .)c 1- 60.8% فـي نهايـة التجربـة )الشـكل

المعاملة المقارنةثيوفانات الميثيلحمض الصفصافتفل العنبتفل الزيتون

-2.521.60.270.27على السطح العلوي فقط

---0.2-على السطح السفلي فقط

ً 9.337.413.210.870.2على سطحي الورقة معا

11.859.213.4711.140.2مجموع الأوراق المصابة

2.7%35.4%38%33.9%35.6%النسبة المئوية للأوراق المصابة

29.5a%54.8b%22.8a%17.1a%96.4c%النسبة المئوية للأوراق الميتة

جدول 6: 
عدد الأوراق المصابة والميتة ونسبتها المئوية بعد 29 يوماً من العدوى الاصطناعية بالفطر المسبب للبياض الدقيقي 

على القرعيات في كل من المعاملات المختلفة

● تشير الأحرف المتشابهة لعدم وجود فروق معنوية بين المعاملات عند مستوى معنوية 5 %.
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ــة حيــث وصلــت نســبتها إلــى 96.4% مــع ملاحظــة عــدم  الميت
 .)e – 1 وجــود أوراق ســليمة فــي نهايــة هــذه المرحلــة )الشــكل
كمــا يبيــن الجــدول )7( والشــكل )2( تأثيــر المعامــات المختلفــة 
فــي الحــد مــن الإصابــة بمــرض البيــاض الدقيقــي علــى اليقطيــن، 

وتطــور الإصابــة خــال فتــرة الدراســة. 

   لوحظــت أعــراض الإصابــة علــى نباتــات المقارنــة بعــد 6 أيــام 
ــت  ــث وصل ــة نســبياً حي ــة مرتفع ــت نســبة الأوراق المصاب وكان
إلــى 15.4% لترتفــع بشــكل ســريع إلــى 45.6% بعــد 12 يومــاً، 
ثــم انخفضــت بشــكل مفاجــئ حتــى وصلــت إلــى 2.7% بعــد 29 
يومــاً، ولكــن مــن الملاحــظ أيضــاً ازديــاد ســريع لعــدد الأوراق 

شكل 1: 
تطور الإصابة بمرض البياض الدقيقي على نباتات القرعيات خلال 29 يوماً من المعاملات المختلفة: )a( تفل الزيتون، )b( تفل العنب، )c( حمض 

الساليسيلك، )d( ثيوفانات الميثيل، )e( المقارنة. 
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ــن  ــى الرغــم م ــر عل ــل بكثي ــب أق ــل العن ــة تف ــت فاعلي ــا كان بينم
وجــود فــروق معنويــة كبيــرة مقارنــة مــع المجموعــة الضابطــة. 
المبيــد  مــن  كل  عمــل  بآليــة  الاختــاف  إلــى  ذلــك  ويعــزى 
ــة وحمــض الساليســيلك فــي خفــض شــدة  والمســتخلصات النباتي
ــات  ــى العملي ــة عل ــة كيميائي ــر بطريق ــد يؤث ــة، إذ إن المبي الإصاب
الفيزيولوجيــة للفطــر فيوقــف مــن تطــوره، بينمــا مســتخلص تفــل 

4. مناقشة النتائج 
الزيتــون  تفــل  مســتخلصي  اســتخدام  أن  الواضــح  مــن     
والمســتحضر التجــاري لحمــض الساليســيلك )أســبيرين( أدى 
ــات اليقطيــن،  ــى نبات ــة بالبيــاض الدقيقــي عل ــى تأخيــر الإصاب إل
ــري  ــد الفط ــاً للمبي ــل تقريب ــكل مماث ــة بش ــدة الإصاب ــض ش وخف
علــى الأقــل خــال 12 يومــاً الأولــى بعــد العــدوى الاصطناعيــة، 

متوسط قراءات المعاملات المختلفة

المقارنةثيوفانات الميثيلحمض الصفصافتفل العنبتفل الزيتون

2.712.451.521.661.62على السطح العلوي فقط

0.271.530.750.411.67على السطح السفلي فقط

ً 3.864.894.064.324.93على سطحي الورقة معا

6.838.876.336.328.38مجموع الأوراق المصابة

24.25%9.4%11.69%24.15%15.37%النسبة المئوية للأوراق المصابة

36.35%3.2%5.37%19.92%8.02%النسبة المئوية للأوراق الميتة

جدول 7:
 تأثير المعاملات المختلفة في الحد من الإصابة بمرض البياض الدقيقي على القرعيات

شكل 2: 
تطور الإصابة بمرض البياض الدقيقي على نباتات القرعيات خلال 29 يوماً في المعاملات المختلفة بالمقارنة مع المقارنة
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البيــت البلاســتيكي. وقــد وجــد أن الانخفــاض بشــدة الإصابــة 
ــادة مســتوى الإنزيمــات بولــي فينــول أوكســيداز  يعــزى إلــى زي
 Peroxidase و البيروكســيداز Polyphenol oxidase (PPO)
Phenylalanine ammonia- وفينيــل آلانيــن أمونيــا ليــاز (PO)
 Morkuna و  Kiraly (1962) و Farkas أشار .lyase (PAL)
وGemerek (2007) إلــى أن أنزيمــات البيروكســيداز تؤكســد 
المركبــات الفينوليــة إلــى مركبــات أكثــر ســمية للفطريــات مثــل 
الكينيــن الــذي يثبــط إنبــات الأبــواغ ونمــو الفطــر. كمــا أدى 
 beta – aminobutyric acid (BABA) المركــب  اســتخدام 
ــات الكوســا Squash لمــرض البيــاض  ــادة مقاومــة نبات إلــى زي
الدقيقــي المتســبب عــن الفطــر Podosphaera xanthii، وقــد 
ترافــق ذلــك أيضــاً مــع زيــادة فــي نشــاط أنزيمــات البيروكســيداز 

 .PAL (Zeighaminejad et al., 2016)و  PO
   وعلــى الرغــم مــن إن مســتخلص تفــل العنــب كان الأقــل 
تأثيــراُ فــي خفــض شــدة الإصابــة بالبيــاض الدقيقــي، إلا أنــه أدى 
أيضــاً إلــى خفــض شــدة الإصابــة نســبياً مقارنــة مــع المجموعــة 
ــة  ــة عالي ــارت لفاعلي ــات أش ــض الدراس ــاً أن بع الضابطــة، علم
لمســتخلص تفــل العنــب فــي تثبيــط نمــو العديــد مــن الفطريــات، 
ويعــزى ذلــك أيضــاً لاحتــواء العنــب بشــكل عــام على نســبة عالية 
مــن المركبــات الفينوليــة، حيــث 70% مــن هــذه المركبــات يبقــى 
ــا أشــارت  ــار (Mazza, 1995). كم ــد عصــر الثم ــل بع ــي التف ف
العديــد مــن الدراســات إلــى أن المركبــات الفينوليــة في مســتخلص 
 (Zhou ــك نشــاطاً مضــاد للأكســدة وللســرطان تفــل العنــب تمتل
 ،& Raffoul, 2012; Xu, Burton, Kim, & Sismour, 2016)
 (Darra, Tannous, Mouncef, Palge, ونشــاط مضاد للجراثيــم
ونظــراً   .Yaghi, Vorobiev, Louka, & Maroun, 2012)
ــن  ــتخلصة م ــة المس ــات الفينولي ــإن المركب ــص، ف ــذه الخصائ له
ــادة مــدة  ــي المجــال الصناعــي لزي ــدأت تســتثمر ف ــل العنــب ب تف
ــد  ــب المتزاي ــة اســتجابة للطل ــة بعــض المنتجــات الغذائي صلاحي
مــن قبــل المســتهلكين لإيجــاد بدائــل آمنــة عــن المــواد الحافظــة 

.(Gyawali & Ibrahim, 2014) الكيميائيــة

5 - خاتمة:
   وأخيــراً يمكــن ترتيــب المركبــات المســتخدمة فــي هذه الدراســة 
تبعــاً لفاعليتهــا فــي خفــض شــدة الإصابــة بالبيــاض الدقيقــي علــى 
ــل ≤ حمــض الساليســيلك ≤  ــات الميثي ــي: ثيوفان ــن كمــا يل اليقطي
مســتخلص تفــل الزيتــون ˂ مســتخلص تفــل العنــب. وفــي ظــل 

العنــب وتفــل الزيتــون يحتويــان علــى نســبة عاليــة مــن المركبــات 
 Marsilio( الفينوليــة المســؤولة عــن آليــة المقاومــة عنــد النبــات
ومركبــات   oleuropein مركبــات  إن  إذ   ،)et al., 2001
ــد  ــد دُرســت بشــكل جي ــون ق ــي الزيت ــة أخــرى موجــودة ف فينولي
ضــد العديــد مــن البكتيريــا المســؤولة عــن تخميــر حمــض 
 L. brevis و    Lactobacillus plantarumومنهــا اللاكتيــك 
البكتيريــا  وضــد   ،(Fleming, Walter, & Etchells, 1973)
ــي  ــاز التنفس ــان أو الجه ــد الإنس ــاء عن ــة الأمع ــة بإصاب المرتبط
 (Bisignano, Tomaino, Lo Cascio, Crisafi, Uccella,
ــي حصــل  ــك الت ــع تل ــا م ــق نتائجن ــا تتواف (Saija, 1999 &. كم
 Winkelhausen, Pospiech, & Laufenberg (2005) عليهــا
حيــث أبــدى مســتخلص تفــل الزيتــون فاعليــة عاليــة فــي تثبيــط 
نمــو الفطريــات Alternaria solani  وBotrytis cinerea  و 
ــون  ــل الزيت ــتخلص تف ــدى مس ــد أب Fusarium culmorum. وق
فاعليــة عاليــة أيضــاً فــي مكافحــة مــرض تبقــع أوراق البنــدورة 
 .Alternaria alternata (Naffaa, 2016) المتســبب عــن الفطــر
وتتوافــق هــذه النتائــج أيضــاً مــع نتائــج دراســات أخــرى تــم فيهــا 
اســتخدام المســتخلصات والزيــوت النباتيــة لخفــض شــدة الإصابــة 
بالبيــاض الدقيقــي علــى محاصيــل مختلفــة، فقــد اســتخدمت 
الزيــوت النباتيــة مثــل زيــت بــذور العنــب وزيــت عبــاد الشــمس 
وزيــت فــول الصويــا عنــد تركيــز 0.1 % فــي مكافحــة مــرض 
 Oidium البيــاض الدقيقــي علــى البنــدورة المتســبب عــن الفطــر
lycopersici، وقــد أدت إلــى خفــض نســبة الإصابــة بشــكل 
ــر  ــمس Sunflower oil الأكث ــاد الش ــت عب ــوي، وكان زي معن
فاعليــة (Ko, Wang, Hsieh, & Ann, 2003). كمــا أدت معاملــة 
نباتــات القرعيــات بســيليكات البوتاســيوم وبيكربونات البوتاســيوم 
وزيــت الزيتــون وفوســفات البوتاســيوم وزيــت النيــم إلــى خفــض 
شــدة الإصابــة بشــكل مماثــل للمبيــد الفطــري أزوكســي ســتروبين 
Azoxystrobin (Pérez-Ángel, García-Estrada, Carrillo-
 Fasio, Angulo-Escalante, Valdez-Torres, Muy-Rangel,

.García-López, & Villarreal-Romero, 2010)
   أظهــرت هــذه الدراســة أن حمــض الساليســيلك كان أفضــل 
المركبــات الكيميائيــة المســتخدمة فــي خفــض شــدة الإصابــة 
تتوافــق  النتائــج  وهــذه  القرعيــات،  علــى  الدقيقــي  بالبيــاض 
مــع نتائــج Ahmed (2014)وAbada حيــث أدى رش نباتــات 
البنــدورة بحمــض الساليســيلك إلــى خفــض معنوي بشــدة الإصابة 
ــروف  ــن ظ ــار ضم ــاج الثم ــي إنت ــادة ف ــي وزي ــاض الدقيق بالبي
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N., Nisa, K., Darsih, C., Kusumaningrum, A., 
Ratih, D., & Indirayati, N. (2019). Comparisons of 
antioxidant activities of two varieties of pumpkin 
(Cucurbita moschata and Cucurbita maxima) extracts. 
IOP Conference Series: Earth and Environmental 
Science, 251.

Jacobo-Valenzuela, N., Maróstica-Junior, M. R., Zazueta-
Morales, J. J., & Gallegos-Infante, J. A. (2011). 
Physicochemical, technological properties, and 
health-benefits of Cucurbita moschata Duchense vs. 
Cehualca A Review. Food Research International, 
44(9), 25872593-.

Ko, W. H., Wang, S. Y., Hsieh, T. F., & Ann, P. J. (2003). 
Effects of Sunflower Oil on Tomato Powdery 
Mildew Caused by Oidium neolycopersici. Journal of 
Phytopathology, 151 (3), 144- 148.

Lin, T., Ishizaka, M., & Ishii, H. (2009). Acibenzolar-
s-methyl-induced systemic resistance against 
anthracnose and powdery mildew diseases 
on cucumber plants without accumulation of 
phytoalexins. Journal of Phytopathology, 157(1), 
40–50.

Markin, D., Duek, L., & Berdicevsky, I. (2003). In vitro 
antimicrobial activity of olive leaves. Mycoses, 46(3-
136-132  ,)4.

Marsilio, V., Campestre, C., & Lanza, B. (2001). Phenolic 
compounds change during California-style ripe olive 
processing. Food Chemistry, 74(1), 55–60.

Mazza, G. (1995). Anthocyanins in grape and grape 

الاهتمــام الكبيــر حاليــاً بالأثــر المتبقــي للمبيــدات فــي الغــذاء 
والمــاء، والحاجــة المتزايــدة لإيجــاد بدائــل آمنــة، يمكــن أن 
تكــون المركبــات الطبيعيــة المســتخدمة فــي هــذا البحــث وخاصــة 
مســتخلص تفــل الزيتــون وحمــض الساليســيلك بدائــل أمنــة 
ــة،  ــة ثاني ــن جه ــة م ــة التكلف ــة، وقليل ــن جه ــان م ــة والإنس للبيئ
وذلــك لمكافحــة البيــاض الدقيقــي علــى القرعيــات وخاصــة فــي 

ــتيكية.  ــوت البلاس ــدودة كالبي ــاحات المح المس
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namide, polyphenols and/or flavonoids, which pos-
sess antioxidant properties (Hussain et al., 2019). 
The kernel extract contains also many saturated and 
poly unsaturated fatty acids that have a beneficial 
effect on protection against cardiovascular diseases 
(Ander et al., 2003).

In summary, to the best of the authors’ knowledge, 
this study could be considered the first study to re-
port the protective effect of B. aegyptiaca kernel 
extract oral administration for 6 weeks against car-
diac dysfunction associated with diabetes mellitus. 
The protective mechanism was most probably ly-
ing in its hypoglycaemic and its antioxidant effects 
that led to preserving the structure and functions of 
coronary blood vessels and cardiac muscles. Fur-
ther studies are recommended with estimation of 
oxidative stress markers in cardiac and coronary 
artery homogenates and also using specific stains of 
coronary blood vessels to detect various protective 
effects of B. aegyptiaca kernel extract. 
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4. DISCUSSION

Diabetes mellitus is one of the most critical disor-
der that cause cardiovascular diseases and its se-
riousness effects  and increases in mortality rate 
among these patients (Abdul-Ghani et al., 2017; 
Leon and Maddox, 2015). Therefore, it was essen-
tial to search for medication against these diabetic 
complications. The present research examined if 
B. aegyptiaca kernel extract prevents cardiovascu-
lar and coronary vessel alterations associated with 
STZ produced diabetes in rats. In the current study, 
the results demonstrated protective effect of the B. 
aegyptiaca kernel extract against cardiac damage 
associated with diabetes mellitus caused by STZ in 
rats. Treating diabetic rats with B. aegyptiaca ker-
nel extract also reduced cardiac enzymes (CK-MB 
and troponin I) relative to the non-treated diabetic 
rats. Meanwhile, metformin treated diabetic rats 
showed insignificant decreased in cardiac enzyme 
levels versus control. In addition, administration of 
the extract resulted in protecting the coronary artery 
and heart muscles against the pathological changes 
associated with diabetes.
In agreement with this study results a previous study 
showed protective effect of B. aegyptiaca extract 
against adriamycin-induced cardiotoxicity, where 
their results demonstrated that the extract preserved 
level of different heart enzymes (lactate dehydroge-
nase, glutamate oxaloacetate transaminase, creatine 
phosphokinase, glutamate pyruvate transaminase) 
at their normal levels (El Masry et al., 2010). In-
significant changes in cardiac enzymes in diabetic 
rats treated with metformin could be explained by 
the fact that metformin improve insulin action and 
sensitivity in diabetic human and animals especial-
ly in skeletal muscles and improved lipid profiles in 
diabetics  (Bailey, 2017; Majithiya and Balaraman, 
2006). So its beneficial actions on the heart may 
need longer duration to occur.
Research studies attributed most cardiac complica-
tions associated with diabetes to hyperglycaemia. It 
was noticed that the risk of developing cardiovas-
cular complications increases with an increase in 
fasting blood glucose levels even before it reaches 
the diagnostic standard of diabetes (Collaboration, 

2010; Einarson et al., 2018; Li et al., 2015). This 
work showed hypoglycaemic effect of B. aegyptia-
ca extract, which is like metformin action. Similar 
studies have recently reported antidiabetic activi-
ty of several B. aegyptiaca parts (Abou Khalil et 
al., 2016; Al-Thobaiti and Zeid, 2019; Helal et al., 
2013). Therefore, it may be one of the mechanisms 
behind its protective effect against cardiac damage 
in this study.
Endothelial dysfunction is one of underlying causes 
of cardiovascular complication in diabetics (Berto-
luci et al., 2015; Roustit et al., 2016; Sena et al., 
2013; Versari et al., 2009)  . In the present study, 
it was found that treatment with B. aegyptiaca ker-
nel extract has improved the endothelial integrity 
and thickness of coronary vessels, which will en-
sure   normal perfusion to the heart muscle, normal 
contractile function and protection against overload 
work and hypertrophy and this was reflected her by 
the improvement in the function of the heart and 
its enzymes with B. aegyptiaca kernel extract. Pre-
viously, a strong relationship between increased 
blood glucose and increased products of oxidative 
stress, as well as a decrease in antioxidant enzymes, 
was documented. It was also found that there a cor-
relation between oxidative stress and deteriorating 
cardiovascular functions (Aouacheri et al., 2015; 
Giacco and Brownlee, 2010; Mao et al., 2020; Pic-
chi et al., 2010).
The findings of the present study demonstrated that 
the use of B. aegyptiaca kernel extract had reduced 
malondialdehyde as an indication of oxidative stress 
while increasing the serum level of CAT enzyme. In 
a similar study, it was found that the B. aegyptia-
ca kernel extract raised antioxidant enzymes (CAT, 
glutathione peroxidase, and superoxide dismutase) 
and reduced lipid oxidation products as one of the 
preventative mechanisms against adriamycin-in-
duced cardiac toxicity (El Masry et al., 2010).
Published research proved that B. aegyptiaca ker-
nel extracts contain approximately 23 bioactive 
compounds that identified through chromatogra-
phy (De et al., 2013). Among these substances was 
3-0-methyl-D-glucose, which showed anti-toxic ac-
tivity against STZ in previous research (Nayak and 
Padhy, 2017) besides the presence of 9-octadece-
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Figure 1. Effect of B. aegyptiaca kernel extract and metformin treatment on coronary artery wall thickness (white ar-
rows) and nearby cardiac muscle fibers (stars) examined in the different study groups. A: Control section showed nor-
mal arterial wall thickness and spaced normal size muscle fibers; B: B. aegyptiaca section showed apparently normal 
coronary artery wall thickness and cardiac muscle histology; C: Diabetes section showed marked deformity, increased 
coronary artery with thickened wall with narrow lumen and hypertrophy of cardiac muscles and presence of BRCs 
in lumen; D: Diabetes + B. aegyptiaca section showed preserved coronary artery and cardiac muscle histology and 
presence of BRCs in lumen; E: Diabetes + metformin section showed nearly normal coronary artery wall thickness and 
presence of small amount of BRCs in lumen while the nearby cardiac muscles still showed few dark apoptotic fibers 
(black arrows).

Figure 2. Effect of B. aegyptiaca kernel extract and metformin treatment on cardiac muscle fibers pathology [longi-
tudinal (LS, arrows) and transverse (TS, stars) stained by H and E] examined in the different study groups. A and F: 
Control section showed normal sizes and spacing of muscle fibers with central active vesicular nuclei in myocytes sur-
rounded by few fibroblasts and connective tissue nuclei; B and G: B. aegyptiaca section showed no apparent changes in 
cardiac muscle fibers histology; C and H: Diabetes section showed marked deformity, decreased spacing mostly due to 
hypertrophy of cardiac muscle fibers. There is an apparent increase in nuclei of connective tissue around hypertrophied 
cardiac muscle fibers; D: Diabetes + B. aegyptiaca section showed preserved cardiac muscle fibers histology which 
looked more similar to control; E: Diabetes + metformin section showed nearly normal cardiac muscle fibers with some 
increase in nuclei of connective tissue surrounding the muscle fibers/which showed some focal hypertrophy in some 
regions (dotted arrows).
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3.3 Effect of B. aegyptiaca kernel extract and 
metformin treatment on serum malondialde-
hyde concentration catalase enzyme activity

Control and B. aegyptiaca groups showed an av-
erage serum MDA level with no significant dif-
ferences relative to each other. The serum MDA 
concentration of the diabetic rats was significant-
ly increased versus control rats (p <0.001). Serum 
MDA concentrations of diabetic rats treated with 
both B. aegyptiaca kernel extract and metformin 
were significantly decreased versus diabetic rats 

3.4 Effect of B. aegyptiaca kernel extract and 
metformin treatment on coronary vessels and 
cardiac muscle histopathology

The control and B. aegyptiaca groups showed 
apparently normal coronary artery wall thickness 
and cardiac muscle histology with no observed 
differences relative to each other. The diabetic 
group showed marked deformity, thickened cor-
onary artery wall and narrowing of the lumen 
with apparent hypertrophy of cardiac muscles. 
Treatment of the diabetes rats with B. aegyptiaca 
kernel extract preserved the coronary artery and 
cardiac muscle histology. Diabetes treated with 
metformin-treated groups showed nearly nor-
mal coronary atery wall thickness and few dark 
apoptotic cardiac muscle fibers (Figure 1).
Figure 2 showed longitudinal and transverse 

(p <0.001, and p =0.01, respectively) but still 
significantly higher than control rats (p <0.001 
for both).  Serum CAT activity level was signifi-
cantly increased in B. aegyptiaca group versus 
control (p =0.05). The serum CAT concentration 
of the diabetic group was significantly decreased 
relative to the control group (p <0.001). B. ae-
gyptiaca kernel extract and metformin-treated 
groups showed a significantly increased serum 
CAT concentration relative to the diabetic rats (p 
<0.001 for both) that reached nearly the control 
level (Table 3).

sections of cardiac muscle stained with H and 
E for all groups. The control and B. aegyptia-
ca groups showed normal sizes and spacing of 
muscle fibers with central active vesicular nuclei 
surrounded by few fibroblasts and connective 
tissue nuclei. The diabetic group showed marked 
deformity, decreased spacing of cardiac fibers, 
mostly due to cardiac muscle hypertrophy. 
There is an apparent increase in nuclei of con-
nective tissue around the hypertrophied fibers. 
Treatment of the diabetes rats with B. aegypti-
aca kernel extract preserved the cardiac muscle 
histology, which looked more similar to control. 
Diabetics treated with metformin-treated group 
showed nearly normal cardiac fibers with some 
increase in nuclei of connective tissue surround-
ing the muscles which showed focal hypertrophy 
in some regions.
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Groups MDA (nmol/ml) CAT (IU/L)
Control 0.202±0.159 98.00±11.28
B. aegyptiaca 0.094±0.009 113.00±2.28*

Diabetes 0.865±0.042*** 64.00±13.71***

Diabetes + B. aegyptiaca 0.530±0.205***, ### 102.17±3.31 ###

Diabetes + metformin 0.618±0.169***, ## 92.33±11.18###

Data were expressed as mean +/- standard deviation. *: Significance versus control; #: significance versus 
diabetes. *: significance <0.05, ##: significance <0.01, ***: significance <0.001.

Table 3. Effect of B. aegyptiaca kernel extract and metformin treatment on serum levels of malond-
ialdehyde (MDA) concentration and catalase (CAT) enzyme activity.
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determined by ANOVA followed by Tukey’s test. 

3. RESULTS

3.1 Effect of B. aegyptiaca kernel extract and 
metformin treatment on fasting blood glucose 
level

The control and B. aegyptiaca groups showed nor-

3.2 Effect of B. aegyptiaca kernel extract and 
metformin treatment on serum cardiac function 
markers concentration

The control and B. aegyptiaca groups showed nor-
mal serum troponin I and CK-MB concentration 
with no significant differences relative to each 
other. The serum troponin I and CK-MB concen-
trations of the diabetic group were significantly 

mal fasting serum glucose levels with no signifi-
cant differences between them. Diabetes induction 
significantly (p <0.001) raised the fasting glucose 
level relative to the control group. B. aegyptiaca 
kernel extract-treated and metformin-treated groups 
showed significantly decreased fasting serum glu-
cose concentration relative to diabetic group (p < 
0.001) but still significantly higher than control 
group (p <0.001) (Table 1).

elevated versus control group (p <0.001 for both). 
Serum troponin I and CK-MB concentrations of B. 
aegyptiaca kernel extract-treated diabetic rats were 
significantly  decreased versus diabetes group (p 
<0.001 for both). Conversely, serum troponin I and 
CK-MB concentrations of the metformin-treated 
diabetic group were non-significantly changed rela-
tive to the diabetic rats but still significantly higher 
than control (p <0.001 for both) (Table 2).
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Groups Fasting blood glucose (mg/dl)
Control 85.17±3.49
B. aegyptiaca 91.67±6.68
Diabetes 371.67±29.94***

Diabetes + B. aegyptiaca 135.83±33.46***, ###

Diabetes + metformin 148.17±30.00***, ###

Data were expressed as mean +/- standard deviation. *: Significance versus control; #: 
significance versus diabetes. ***: significance <0.001.

Data were expressed as mean +/- standard deviation. *: Significance versus control; #: significance versus diabe-
tes. ***: significance <0.001.

Table 1. Effect of B. aegyptiaca kernel extract and metformin treatment on 
fasting blood glucose levels (mg/dl) measured in different study groups.

Table 2. Effect of B. aegyptiaca kernel extract and metformin treatment on serum cardiac function 
markers measured in the different study groups.

Groups Troponin (ng/ml) CK-MB (IU/L)
Control 0.099±0.026 46.33±3.50
B. aegyptiaca 0.143±0.063 44.83±1412
Diabetes 0.348±0.069*** 71.67±6.92***

Diabetes + B. aegyptiaca 0.165±0.059 ### 36.17±4.07 ###

Diabetes + metformin 0.353±0.063*** 73.50±13.84***
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stoppered flask and maintained for 3 days at am-
bient temperature. The mixture was then evaporat-
ed using a rotary evaporator. Finally, full drying 
of the methanolic extract was performed via the 
freeze-drying technique (De et al., 2013).

2.4 Animals

Thirty male Wister rats weighing 180–240 g ob-
tained from the Mansour Scientific Research and 
Development Foundation, Saudi Arabia. Rats were 
allowed for 7 days acclimatization at ambient tem-
perature. Rats could ate rodent food and drank water 
freely. The ethics committee of King Fahd Medical 
Research Centre approved the experimental designs 
and the animal handling protocol of this study.

2.5 Experimental designs

Rats were classified into five groups (𝑛 = 6). Group 
I (control), injected intraperitoneally (i.p.) with ci-
trate buffer (0.05 M, pH 4.5). Group II (B. aegypti-
aca), injected orally (p.o.) with B. aegyptiaca kernel 
extract (650 mg/kg) (De et al., 2013). Diabetes was 
produced in the remaining 3 groups by injecting 
one dose (45 mg/kg i.p) of STZ (Zafar et al., 2009). 
Diabetic rats were then classified as follows: Group 
III (Diabetes). Group IV (Diabetes + B. aegyptia-
ca), ingested orally (p.o.) with B. aegyptiaca ker-
nel extract (650 mg/kg) via oral gavage (De et al., 
2013). Group V: (Diabetes + metformin), ingested  
(200 mg/kg p.o.) with metformin via oral gavage 
(Li et al., 2014). Duration of the experiment and 
treatment with both B. aegyptiaca and metformin 
was 6 weeks.

2.6 Blood sampling and heart dissection

After 6 weeks from the start of the treatments, the 
blood samples were collected from the ether anes-
thetized rats from the retro-orbital plexus, then sera 
were isolated and stored at -80 °C until biochemi-
cal tests were performed. After that, the hearts were 
dissected out, cut as cross segments and kept in a 
neutral solution of 10% formalin for further histo-
pathological processing.

2.7 Estimation of serum blood glucose level

Fasting serum blood glucose levels were assessed 
after 6 weeks of diabetes induction with STZ using 
the colorimetric kit of Reactivos GPL, Barcelona, 
Spain, according to the manufacture instruction.

2.8 Estimation of serum cardiac function mark-
ers concentration

Serum troponin I and creatine phosphokinase (CK-
MB) concentrations were assessed after 6 weeks of 
diabetes induction with STZ using the ELISA kit of 
MyBioSource, USA, according to the manufacture 
instruction.

2.9 Estimation of serum oxidative stress markers 
concentration

Serum malondialdehyde (MDA) concentrations 
as oxidative stress marker and catalase (CAT) en-
zyme activity as anti-oxidative stress marker were 
assessed after 6 weeks of diabetes induction with 
STZ using the ELISA kit of MyBioSource, USA, 
according to the manufacture instruction.

2.10 Histopathological examination of the heart 
muscle and coronaries

Hearts preserved in formalin were processed in 
ascending degrees of isopropyl alcohol and then 
cleared in xylene embedded in waxy blocks, cut 
into thin sections (3-5 mm), stained with Haema-
toxylin and Eosin (H & E), and examined under a 
light microscope by a blind pathologist to deter-
mine pathological changes associated with diabetes 
and its amelioration by different treatments. The 
sections were photographed, and a representative 
photo from each group was presented.

2.11 Statistical calculation

The results of this study were offered as mean ± 
standard deviation. SPSS software version 22, Ar-
monk, was utilized to perform the statistical calcu-
lation. The statistical variation between groups was 
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1. INTRODUCTION

Diabetes mellitus (DM) is a metabolic condition 
distinguished by a persistent increased blood glu-
cose levels induced by  either insulin insufficien-
cy, insulin resistance, or sometimes both (Baynes, 
2015). DM cause cardiovascular diseases, includ-
ing cardiomyopathy. Diabetic-induced cardiomy-
opathy (DIC) is a case of ventricular hypofunction 
that compromised most DM patients. The condition 
is not necessarily associated with elevated blood 
pressure or coronary artery disorders (Palmieri et 
al., 2008) . DIC is characterized by various struc-
ture deformities including cardiac muscle hypertro-
phy, inflammation, fibrosis, and apoptosis. At the 
beginning of DIC, the patients suffer diastolic dys-
function that progresses to systolic dysfunction and 
end by heart failure (Oki et al., 2019). The mecha-
nism behind DIC is not yet defined. However, ele-
vated blood glucose, dyslipidaemia, as well as in-
dicators of oxidative stress, may be risk factors for 
occurrence of DIC (Dokken, 2008; Hegab, 2018; 
Rajesh et al., 2010). Therefore, the use of antidi-
abetic treatments, anti-lipidemic, and antioxidants 
supplements may show a protective action against 
cardiac damage in experimentally induced diabetes 
mellitus (Patel and Goyal, 2011).
Balanites aegyptiaca (B. aegyptiaca, family Zygo-
phyllaceae) is a widely spread African plant and 
in Saudi Arabia has many medicinal uses. The 
fruit flesh’s is utilized in Egyptian popular medi-
cine in diabetes mellitus management (Gnoula et 
al., 2008; Kamel, 1991). Numerous previous and 
recent studies have demonstrated the hypoglycae-
mic and antioxidants activity of different parts of 
B. aegyptiaca fruits and their extracts in animals 
diabetic models (Abou Khalil et al., 2016; Al-Tho-
baiti and Zeid, 2019; Baragob et al., 2014; Nadro 
and Samson, 2014). In a recent study, researchers 
demonstrated the hypoglycaemic and hypolipidem-
ic effects of B. aegyptiaca fruit epicarp ethanolic 
extract in fructose-induced diabetic rat’s model 
(Hassan MD, 2020). Besides, it has been proven in 
a recent study that methanolic extracts of various 
parts of B. aegyptiaca fruit have hypolipidemic and 
antioxidant effects against streptozotocin (STZ)-in-

duced diabetes mellitus in rats (Zeid et al., 2019). 
B. aegyptiaca fruit had many nutritional values as 
it contains abundant amounts of carbohydrates and 
many beneficial monounsaturated fatty acids (Sa-
gna et al., 2014). The fruits of the plant also contain 
many active substances such as flavonoids, sterols, 
cardiac glycosides, saponins, fatty acids, and tan-
nins (Chothani and Vaghasiya, 2011). Leaves of B. 
aegyptiaca contain furanocoumarin, saponin, and 
flavonoids as 3-glucoside, 3-rutinoside, quercetin 
3-glucoside, quercetin-3-rutinoside, 3-7-diglu-
coside and 3-rhamnogalactoside of isorhamnetin 
(Chothani and Vaghasiya, 2011).
To the best of authors’ knowledge, there is no 
published research on the effect of B. aegyptiaca 
against diabetic cardiovascular complications. This 
experimental study aimed to investigate the possi-
ble protective action of B. aegyptiaca kernel extract 
on coronary artery and cardiac muscles alterations 
caused by STZ-induced diabetes mellitus in rats.

2. MATERIALS AND METHODS

2.1 Drugs and chemicals

STZ was obtained from Sigma, USA. A solution 
of STZ was prepared freshly at 20 mg/ml in citrate 
buffer at pH 4.5 and used within 1 hour. Metformin 
(Glucophage, 500 mg metformin) Merck Santé, 
France, was obtained from Nahdi Pharmacy, Jed-
dah, Kingdom of Saudi Arabia and dissolved in dis-
tal water. 

2.2 Plant material

B. aegyptiaca fruits were purchased from a domes-
tic market in Jeddah, Kingdom of Saudi Arabia. 
The fruits were documented and authenticated by 
Dr. Elfeel A. “Meteorology, Environment, and Arid 
Land Agriculture College, University of King Ab-
dulaziz, Saudi Arabia”.

2.3 Preparation of the plant extract

Five hundred g of B. aegyptiaca kernel powder 
was mixed with two litters of 70% methanol in a 
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ـــال  ـــن اعت ـــح الصحـــراء( م ـــاكا )بل ـــت إيجيبتي ـــة مســـتخلص بلاني حماي
ــة  ــرذان: دراسـ ــي الجـ ــكري فـ ــن داء السـ ــم عـ ــب الناجـ ــة القلـ عضلـ

نســـيجية وتحليليـــة

عبير خالد عبدالله الأنصاري1*،  ساعد عايض الثبيتي2

)قدم للنشر في  1441/12/26هـ؛ وقبل للنشر في 1442/07/16هـ(

ــة الســعودية،   ــات أفريقــي يوجــد فــي المملكــة العربي ــح الصحــراء(  نب ــاكا(  بل ــب. بلانيــت إيجيبتي ــة القل ــى عضل ــر داء الســكري عل ملخــص: يؤث
ــي المحتمــل  ــر الوقائ ــة التأثي ــى معرف ــت هــذه الدراســه إل ــداء الســكرى. هدف ــك مضــاد ل ــي ذل ــا ف ــة، بم ــد مــن الاســتخدامات الطبي ــه العدي شــائع ل
لمســتخلص بلانيــت إيجيبتيــاكا علــى أمــراض القلــب المرتبطــة بــداء الســكري فــي الجــرذان. تــم اســتخدام  ثلاثيــن مــن ذكــور جــرذان ويســتر وزنهــم 
يتــراوح بيــن 180-240 جــرام. قســمت العينــة الــى 5 مجموعــات متســاوية. المجموعــة الأولــى )المجموعــة الضابطــة(، المجموعــة الثانيــة )بلانيــت 
إيجيبتيــاكا( ، المجموعــة الثالثــة )الســكري(، المجموعــة الرابعــة )الســكري + بلانيــت إيجيبتيــاكا(، المجموعــة الخامســة: )الســكري + الميتفورميــن(. 
تــم إحــداث داء الســكري فــي المجموعــات الثالثــة والرابعــة والخامســة عــن طريــق حقــن جرعــة واحــدة مــن الستربتوزيتوســين )45 مجم/كجــم ). 
كانــت التجربــة ومــدة العــاج مــع كل مــن بلانيــت إيجيبتيــاكا والميتفورميــن 6 أســابيع. وجــد انخفــاض بســكر الــدم ومســتويات الســيرم لإنزيمــات 
القلــب و المالوناليدهيــد وزيــادة نشــاط إنزيــم الكاتــاز فــي الســيرم فــى الفئــران المصابــة بمــرض الســكر التــي عولجــت بمســتخلص بلانيــت إيجيبتياكا 
بشــكل ملحــوظ. حافــظ مســتخلص بلانيــت إيجيبتيــاكا علــى الحالــة النســيجية الطبيعيــة للشــريان التاجــي وعضلــة القلــب فــي الجــرذان المصابــة بــداء 
ــداء الســكري المســتحث  ــه القلــب المرتبــط ب ــه تأثيــر وقائــي ضــد ضعــف عضل ــاكا ل ــام نســتنتج أن مســتخلص بلانيــت إيجيبتي الســكري. فــي الخت
تجريبيــاً فــى الجــرذان عــن طريــق تقليــل نســبة الســكر فــي الــدم، وتحســين نســيج الأوعيــة الدمويــة التاجيــة وذلــك بواســطه زيــاده مضــادات الأكســدة.

كلمات مفتاحية: مضادات الأكسدة، مستخلص بلانيت إيجيبتياكا، سكر الدم،  إنزيمات القلب، الأنسجة المرضية.
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Balanites Aegyptiaca Kernel Extract (Desert Date) Protects Against 
Diabetes-Induced Cardiomyopathy in Rats: 
A Histological and Biochemical Study

Abeer Khalid Abdullah Alansari1*, Saed Ayidh Al-Thobaiti2

(Received 16/08/2020; Accepted 28/02/2021) 

Abstract: Diabetes mellitus had harmful effects on the cardiac muscle. Balanites aegyptiaca (B. aegyptiaca) is common African 
and planted in Saudi Arabia has many medicinal activities, including antidiabetic. This study aimed to investigate possible 
protective effect of B. aegyptiaca kernel extract on cardiac diseases associated with diabetes in rats. Thirty male Wister rats 
(180–240 g) were sorted into 5 groups. Group I (control), Group II (B. aegyptiaca), Group III (Diabetes), Group IV (Diabetes+B. 
aegyptiaca), and Group V: (Diabetes+metformin). Diabetes was produced in groups III, IV, and V by injecting one dose of STZ 
(45 mg/kg). Experiment and treatment duration with both B. aegyptiaca and metformin was 6 weeks. Diabetic rats treated with 
B. aegyptiaca kernel extract significantly decreased fasting blood glucose, serum levels of troponin I, creatine kinase MB (CK-
MB), and malondialdehyde. Administration of B. aegyptiaca extract to diabetic rats significantly increased serum catalase enzyme 
activity. B. aegyptiaca extract preserved normal histological status of coronary artery and cardiac muscle in diabetic rats. In 
conclusion, B. aegyptiaca kernel extract has protective effect against cardiac dysfunction associated with experimentally induced 
diabetes via decreasing fasting blood glucose, improving coronary blood vessels histology via an antioxidant mechanism.

Keywords: Antioxidant. Balanites aegyptiaca. Blood glucose. Cardiac enzymes. Histopathology. 
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(amaranths) and Conyza/Erigeron (fleabanes) 
naturalised in the Asian-Pacific region,” in Proceedings 
of the 6th  Asian-PacificWeed Scial Socity Conference,  

Jakarta: Asian-Pacific Weed Science Society, 87–95.
Milović, M. (2004). Naturalised species from the genus Conyza 

Less. (Asteraceae) in Croatia. – Acta Bot. Croat., 63(2), 
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4. CONCLUSIONS AND RECOMMENDATIONS

All observed populations of the E. canadensis were 
reproductive and spread, without the intervention 
by humans, which suggests that the species may 
be considered naturalized (Richardson, Pyšek, 
Rejmánek, Barbour, Dane Pe netta & West, 2000). 
Personal observations to the locality of the species 
show that it is rapidly spreading. The plant has a 
strong and faster competitive advantage against 
local plant species (Djurdjević et al., 2011).
 E. canadensis can be economically important e.g 
medicinal, source of oil etc. (Burkill, 1985; Cambie, 
and Ash, 1994; Pawlaczyk et al., 2011; Weaver, 
2001). The economic exploitation of this plant may 
reduce its spread and may help in controlling and 
managing it for the benefit of the homeland and the 
citizen. Uprooting the plant in its seedling stage 
which starts in July will help in controlling and 
limiting its spread.
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3.3. Phenology

E. canadensis L. has been seen from June to 
February. Flowering periods was from August to 
October. The seedling stage in Albaha start in July 
and flowering starts rapidly at the beginning of 
August until the end of October, few species seen 
flowering at the end of December.
E. canadensis L. is only found in Albaha region with 
relatively cold habitats, and altitudes more than 2000 
m. above sea level (Fig. 1). Its habitat also could be 
sunny, warm environments (Vladimirov, 2009; Wu, 
2009). Considering the present scattered distribution 
and abundance of E. canadensis in Albaha region, 
has probably been introduced at least a decade ago 
and looks like a highly invasive plant, the limited 
localities in Albaha region suggest also that it is 
introduced recently. 
The number of E. canadensis increased significantly 
in the recorded locations where they were seen in 

the year 2016. In the same habitat, E. bonariensis 
is also seen, the two species are very similar and 
often difficult to distinguish between them. The two 
species differ from each other in the form of the 
inflorescence, phyllaries, and leaves.
E. canadensis expected to spread noticeably in several 
habitats, making it an aggressive invasive weed and 
requires rapid action to control it. Internationally, 
the species is a difficult weed to control. In some 
country, E. bonariensis is first discovered and 
reported as an exotic herb in the environment and 
then became a challenging weed to control (Wang 
et al., 2018), the same situation may apply to E. 
canadensis. Chemical control e.g. glyphosate and 
glufosinate-ammonium was used worldwide to 
control the species (Weaver, 2001, Sansom et al., 
2013). E. canadensis is also mentioned in many 
references as a problem weed in crop production 
because of its resistance to glyphosate and other 
herbicides (Van Gessel, 2001; Weaver, 2001). 
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Fig. 2. The plant sample Erigeron canadensis. A: Plant 
habit, B: Leaves, C: Inflorescences, D: the flower 
showing the style branches. E: Capitulum, F: cypsela 
with pappus.
Photos by Dr. Nageeb and Dr. Abdul Wali in 2016
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Lat. Long.  Location Altitude Habitat Area

19.850318 41.60031 Baljurashi 2039 road side Al Shatibah

19.85048 41.599697 Baljurashi 2042 road side Al Shatibah

19.853416 41.598313 Baljurashi 2033 disturbed site Al Shatebah

19.849504 41.583829 Baljurashi 2024 natural habitat dominated by Acacia origena Shkran Park

19.98910 41.534656 Al-Baha 2153 Terraces Wadi Fiq

19.862071 41.571513 Baljurashi 2036 neglected fields Shkran

19.84081 41.59193 Baljurashi 2070 road side Shkran

Table 1. Explored Plant Distribution in Albaha region, Saudi Arabia:

Figure 1:  Distribution of Erigeron canadensis in Albaha region, Saudi Arabia.
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1.3. Vernacular names

Barrilla, Canada fleabane, Horseweed, Smooth 
horseweed, Pinillo (Brouillet, Desmet, Coursol, 
Meades, Favreau, Anions, Bélisle, Gendreau, 
Shorthouse, and contributors, 2010).

2. MATERIALS AND METHODS 

Plant specimens of E. canadensis was collected from 
different parts of Albaha region, SW Saudi Arabia 
(Figure 1) during fieldwork, mainly between July 
and February in particular in 2016. Morphological 
features were noted and recorded of the collected 
herbarium specimens and then were compared with 
the information available on the targeted plant in the 
books and published research (e.g. Yan et al., 2020; 
Djurdjević et al., 2011; David & Nesom, 2012; Lust, 
2014). Herbarium specimens were deposited in the 
Herbarium of Albaha University, Department of 
Biology, Balhurashi, Saudi Arabia, and the Herbarium 
of Royal Botanic Garden of Edinburgh (RBGE), UK. 
Under reference “Al-Khulaidi, 24/12. 2016”. Plants 
photographs that show habit description and the 
plants main parts are given in (Figure 2) to facilitate 
its identification. Distribution map of the species was 
prepared by using geographic information system 
(GIS.
The taxonomic key for plant identification is reported 
below; in addition to E. bonariensis, the species that 
usually to be confused with E. sumatrensis (Šida, 
2003; Wurzell, 1988).
1a. Ligulate florets present, white, 0.5-1mm length; 
involucral bracts glabrous or scattered pubescent……
………..…….…….……….E. canadensis
1b. Ligulate florets absent or short, not more than 
0.5mm, often with reddish apex; involucral bracts 
usually hirsute…………………..…….……………2
2a Inflorescence diamond-shaped; ligules short, 
ca.0.5mm length, head 3-7mm length……………
………………………………………….………E. 
sumatrensis
2b Inflorescence cone-shaped, elongate branches 
overlapping the main axis; ligules absent; head 
7-10mm length………..………..………….E. 
bonariensis

3. RESULTS AND DISCUSSION

3.1. Plant Taxonomic Classification 

The accepted name in well authentic Taxonom-
ic web sites and publications is E. canadensis 
(Yan, et al, 2020) still some references and 
websites is using the name C. canadensis (Mi-
chael, 1977). On 1 May 1753, the species was 
named by Linnaeus, in Species Plantarum, as 
Erigeron canadensis L., Sp. Pl. 2: 863 (1753), 
the plant name has been changed in Bulletin 
of the Torrey Botanical Club. New York, 1943 
by Cronquist to C. canadensis (L.) Cron�-
quist, Bull. Torrey Bot. Club 70: 632 (1943). 
Although the accepted name in trustable sites 
and studies is E. canadensis, still some refer-
ences and websites prefer to use the name C. 
canadensis.

3.2. Plant Description

An annual, erect herb up to 2 m tall, much 
branched in the upper part. Leaves dense and 
crowded along the entire length of the stem 
and appearing whorled, alternate, simple, base 
oblanceolate to linear- lanceolate, apex acute, 
withered at anthesis, persistent, margins entire 
usually with fine white hair, the upper leaves are 
smaller, linear to lanceolate, sub-entire to entire, 
sparsely hirsute, grey on both surfaces, sessile. 
The lower leaves toothed in particular towards the 
apex. Inflorescence, heads in panicle-like clusters 
with many small flowers individually stalked; 
capitula small, 2–4 mm in diameter, flowers many 
on short branches near the top of the main stem; 
involucre 3--4 mm, 2--3 mm diameter, phyllaries, 
smooth, to sparse sort white hairs, the outer ones 
are green to red brown, lanceolate to linear, inner 
bracts longer, linear, yellowish green to reddish. 
Ray florets white, many, less than 1 mm. Disk 
florets, yellowish-green disk. Cypsela beakless, 
grey-brown less than 2 mm with 2 to 3 mm long 
white simple papuse.

50



Journal of the North for Basic and Applied Sciences, Vol. (6), Issue (1),  (2021/1442 H)

1. INTRODUCTION

The family Asteraceae family covers more 
than 32000 species of plants species that are 
belong to more than 1900 genera, the family is 
widespread worldwide (Jeffrey, 2007), except in 
Antarctica (Funk, Bayer, Keeley, Chan, Watson & 
Gemeinholzer, 2005), about 200 species of Erigeron 
genera and about 50 species of Conyza genera are 
distributed almost throughout the world (Kissmann 
& Groth 1999; Sansom, Saborido & Dubois, 2013; 
Milović, 2004; Cronquist, 1976; Yan, Feng, Zhao, 
Feng, Zhu, Qu and Wang, 2020). 
Erigeron canadensis L. (= Conyza canadensis (L.) 
Cronquist), horseweed is an annual species, up to 2 
m. the species is native to North America and widely 
distributed as invasive species to many countries 
in the world (Pruski & Sancho, 2006; Thebaud & 
Abbott, 1995). The plant also known as horseweed 
or Canadian horseweed herb 
In the recent treatment of Asteraceae (Compositae) 
for the MedChecklist and Euro+Med Plant Base 
projects (Greuter, 2006–2009, 2008) most species 
of Conyza genus have been included in Erigeron 
genus 
Erigeron bonariensis and E. canadensis often occur 
in the same habitat and sites. Identification confusion 
between E. canadensis, E. bonariensis Erigeron 
sumatrensis, and other Erigeron (Conyza) species 
are common (Michael, 1977; Marochio, Bevilaqua, 
Takano, Mangolim, Oliveira Junior & Machado, 
2017; Wu, 2009). This due to the morphological 
and ecological resemblance and the lack of a proper 
literature (Anzalone, 1964; Melzer, 1996; Poldini 
and Kaligari, 2000). Identification was also made 
extremely difficult because of the occurrence 
of hybrids, mostly between E. canadensis and 
E. bonariensis (Rohiena, 1923; Hayek, 1931; 
Anzalone, 1964; Cronquist, 1976; Stace, 1997).
By following taxonomic treatment of E. canadensis 
based on the concept proposed by Greuter (2003), 
the newly recorded species is an accepted name. 
Identification of E. canadensis was based on 
morphological features described by Yan, et al 
2020; Djurdjević, Mitrović, Gajić, Jarić, Kostić & 
Oberan, 2011; David & Nesom, 2012; Lust, 2014. 

On 1 May 1753, the species was named by Linnae-
us, in Species Plantarum, as E. canadensis L. Sp. 
Pl. 2: 863 (1753), the plant name has been changed 
in Bulletin of the Torrey Botanical Club. New York, 
1943 by Cronquist to C. canadensis (L.) Cronquist, 
Bull. Torrey Bot. Club 70: 632 (1943).
The study aims to survey and explore the new 
unknown plant species so that enhance the flora of 
the Saudi Arabia. 

1.1. Plant Classification (Penev, 2019):

Classification:	  
Kingdom	 Plantae		
Phylum	 Tracheophyta		
Class		  Magnoliopsida		
Order		  Asterales		
Family		  Asteraceae		
Genus		  Erigeron
Accepted scientific name: Erigeron canadensis L. 

1.2. Synonyms

Aster canadensis (L.) E. H. L. Krause (Deutschl. Fl. 
(Sturm), ed. 2. 13: 59, pl. 10 (1905). 
Caenotus canadensis (L.) Rafin., Fl. Tellur. 2: 50 
(1837), nom. inval. 
Caenotus pusillus Raf., Fl. Tellur. 2: 50 (1837).	
Conyza canadensis (L.) Cronq., Bull. Torrey Bot. Club 
70: 632 (1943).
Conyza canadensis var. incisa P. D. Sell, Fl. Gr. Brit. 
Ireland 4: 555 (459) (2006).	
Conyza canadensis var. obovoidea P. D. Sell, Gr. Brit. 
Ireland 4: 555 (459) (2006). 
Conyza canadensis var. pusilla (Nutt.) Cronquist, Bull. 
Torrey Bot. Club 74: 150 (1947).	
Conyza canadensis var. robusta P. D. Sell, Fl. Gr. Brit. 
Ireland 4: 556 (459) (2006).	
Conyza canadensis var. simplex P. D. Sell	
Conyza parva Cronq. (Synonym) Conyza parva Cronq.
Erigeron paniculatus Lam., Fl. Gr. Brit. Ireland 4: 555 
(459) (2006).
Leptilon pusillum (Nutt.) Britt, Torreya 14: 198 
(1914). 
Marsea canadensis (L.) Badillo, Bol. Soc. Venez. Ci. 
Nat. 10: 256 (1946). 
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 Erigeron canadensis L. ــة ــبة الكنديـ ــل أو العشـ ــة الجبـ حشيشـ
ــرة  ــبه الجزيـ ــات شـ ــة نباتـ ــد لقائمـ ــة( تســـجيل جديـ ــة النجميـ )العائلـ

العربيـــة

عبد الولي أحمد الخليدي1,2، نجيب علي الصغير1،2 وفاتن زبير فلمبان3

)قدم للنشر في  1441/12/03هـ؛ وقبل للنشر في 1442/03/24هـ(

ــم إجــراء العمــل  ــدًا. ت ــر مستكشــفة جي ــة غي ــرة العربي ــات شــبه الجزي ــزال نبات ــة جــدًا، ولا ت ــات غني ــة بنبات ــرة العربي ــز شــبه الجزي ملخــص: تتمي
الميدانــي لمســح الفلــورا فــي عــام 2016 فــي المناطــق المرتفعــة مــن منطقــة الباحــة الممتــدة بيــن حوالــة جنــوب شــرق الباحــة حتــى منطقــة دوس 
ــة  ــرة العربي ــات الباحــة وشــبه الجزي ــز نبات ــك لتعزي ــة، وذل ــر المعروف ــة غي ــواع النباتي ومــا حولهــا شــمال غــرب الباحــة بهــدف التحقيــق فــي الأن
بأنــواع نباتيــة جديــدة.. تقــوم هــذه الدراســة بتوثيــق نبــات جديــد لــم يــرد ذكــره ضمــن نباتــات شــبه الجزيــرة العربيــة وهــو حشيشــة الجبــل أو العشــبة 
الكنديــة. Erigeron canadensis L. = Conyza canadensis (L.) Cronquist.  يتبــع النبــات الفصيلــة النجميــة Asteraceae. تــم جمــع هــذا النــوع 
فــي عــام 2016 مــن المرتفعــات العاليــة الواقعــة فــي منطقــة الباحــة، المملكــة العربيــة الســعودية. وبمــا أنــه لــم يوثــق فــي وقــت ســابق ضمــن نباتــات 

شــبه الجزيــرة العربيــة، لذلــك يعتبــر هــذا النبــات إضافــة جديــدة لنبــات شــبه الجزيــرة العربيــة.

كلمات مفتاحية: الجزيرة العربية، العائلة النجمية حشيشة الجبل )العشبة الكندية(، الحياة النباتية، تسجيل جديد
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Erigeron canadensis L. (Asteraceae): A New Record to the Flora of 
the Arabian Peninsula

Abdul Wali A. Al-Khulaidi¹,2 Nageeb A. Al-Sagheer1,2 and Faten Z. Filimban3

(Received 24/07/2020; Accepted 09/11/2020) 

Abstract  The Arabian Peninsula characterized by very rich flora, the flora of the Arabian Peninsula is still not explored well. 
Field work was conducted in 2016 in high altitude areas of Albaha region, between Hawalah (SE Albaha region) and Dos and 
surrounding areas (NW Albaha region) to investigate the unknown plant species so that to enhance the flora of Albaha and 
Arabian Peninsula with new plant species. This paper is reporting and documenting newly record of Erigeron canadensis L. = 
Conyza canadensis (L.) Cronquist (Asteraceae) to the flora of the Arabian Peninsula. The species was collected from high altitude 
mountains of Albaha region, Saudi Arabia in 2016. Since it has not been reported earlier from flora of the Arabian Peninsula, 
therefore, the recorded plant will be an addition to the flora of the Arabian Peninsula.

Keywords: Arabian Peninsula, Asteraceae, Erigeron canadensis, Flora, New record
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Available yearly monthly average sun charts of Ri-
yadh assist in determining the sun’s elevation angle 
α and azimuth angle ɣs over certain location for a 
day.  These angles are very essential parameters in 
calculating the amount of collected solar energy by 
a solar system under specific sun’s path.  The sun 
chart and SunPosition softwares proved to be quick 
and accurate tools to predict most of essential solar 
parameters, and have been used extensively by ac-
ademics, researchers, and design professionals due 
to their accuracy and ease of use.
Also, the apparent sun paths can be used to assess 
the effect of shade on the performance of solar 
systems in Riyadh, and assess the extent of over 
shading caused by neighboring tall objects which 
block the sun path over Riyadh, thus reducing the 
performance of solar systems.  Solar systems are 
mounted at a fixed tilt angle of inclination under a 

wide variability in sun’s paths at the considered lo-
cation. The solar systems intended for winter heat-
ing alone benefits from the higher tilt angles rela-
tive to the average sun’s path than those which are 
used in summer season.  This is due to variation of 
sun’s paths over Riyadh from winter to summer as 
indicated in Figures (9-12).  Thus, it is increasingly 
important to know and understand the effect of the 
apparent sun’s paths on the design and performance 
of solar-energy collecting systems.

REFERENCES:

Duffie, J. A., & Beckman, W.A. (2013). Solar Engineering 
of Thermal Processes (4th ed.). John Wiley & Sons. 

Yogi Goswami D., Kreith F., & Kreider J. (2000). Princi-
ples of Solar Energy Engineering (2nd ed.). Taylor & 
Francis. ISBN: 978-1560327141.
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Figure 12: The Yearly Monthly Average Polar Sun Chart of Year 2019 for Riyadh, Saudi Arabia (local 
standard clock time), Retrieved at 2019 from: http://www.susdesign.com/sunposition. 

4. Conclusions: 

Available yearly monthly average sun charts of Riyadh assist in determining the sun’s elevation 
angle α and azimuth angle ɣs over certain location for a day.  These angles are very essential parameters 
in calculating the amount of collected solar energy by a solar system under specific sun’s path.  The sun 
chart and SunPosition softwares proved to be quick and accurate tools to predict most of essential solar 
parameters, and have been used extensively by academics, researchers, and design professionals due to 
their accuracy and ease of use. 

Also, the apparent sun paths can be used to assess the effect of shade on the performance of 
solar systems in Riyadh, and assess the extent of over shading caused by neighboring tall objects which 
block the sun path over Riyadh, thus reducing the performance of solar systems.  Solar systems are 
mounted at a fixed tilt angle of inclination under a wide variability in sun’s paths at the considered 
location. The solar systems intended for winter heating alone benefits from the higher tilt angles relative 
to the average sun’s path than those which are used in summer season.  This is due to variation of sun’s 
paths over Riyadh from winter to summer as indicated in Figures (9-12).  Thus, it is increasingly 
important to know and understand the effect of the apparent sun’s paths on the design and performance 
of solar-energy collecting systems. 
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Figure 11: The Yearly Monthly Average Polar Sun Chart of Year 2019 for Riyadh, Saudi 
Arabia (local solar time),  Retrieved at 2019 from: http://www.susdesign.com/sunposition

Figure 10: The Yearly Monthly Average Cartesian Sun Chart of Year 2019 for Riyadh, Sau-
di Arabia (local standard clock time),  Retrieved at 2019 from: http://www.susdesign.com/
sunposition.
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Figure 10: The Yearly Monthly Average Cartesian Sun Chart of Year 2019 for Riyadh, Saudi Arabia 
(local standard clock time),  Retrieved at 2019 from: 
http://www.susdesign.com/sunposition. 
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has an azimuth orientation of 180o.
Designers and architectural engineers pay par-
ticular attention to building orientation with re-
spect to the yearly monthly average sun paths 
to minimize heating and cooling loads require-
ments.  For homes located in the northern hemi-
sphere, as in Riyadh, Kingdom of Saudi Arabia, 
the south-facing side of the home should be ori-
ented due south to receive maximum solar ra-
diation from the low sun’s elevation at its low 
southerly inclined sun paths during the winter 
season.  The home southern exposure should 

be clear from large and tall objects which block 
the solar radiation coming from the low sun’s 
elevation at its daily sun path.  Thus, reducing 
heating load requirements during the cold win-
ter seasons.
The summer sun paths are higher overhead than 
the winter sun paths.  Thus, roof overhangs at 
Riyadh’s building should be designed with re-
spect to the high sun’s elevation at its summer 
path to reduce heat gain in the summer season.  
Consequently, reducing cooling load require-
ments during the hot summer seasons. 
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The summer sun paths are higher overhead than the winter sun paths.  Thus, roof overhangs at 
Riyadh’s building should be designed with respect to the high sun’s elevation at its summer path to 
reduce heat gain in the summer season.  Consequently, reducing cooling load requirements during the 
hot summer seasons.  

 

Figure 9: The Yearly Monthly Average Cartesian Sun Chart of Year 2019 for Riyadh, Saudi Arabia 
(local solar time),  Retrieved at 2019 from: http://www.susdesign.com/sunposition 

Figure 9: The Yearly Monthly Average Cartesian Sun Chart of Year 2019 for Riyadh, Saudi 
Arabia (local solar time),  Retrieved at 2019 from: http://www.susdesign.com/sunposition
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Polar sun paths Figure (11) and (12) are based on a 
circle where the sun elevation (altitude angles) are 
represented by smaller and smaller circles as the 
elevation increases, that is the larger the circle is 
the smaller is the sun elevation.  The azimuth angle 
increases clockwise from 0° to 360° east to west 
around the upper half of the circle, and counter 
clockwise from 0° to 360° east to west around the 
lower half of the circle.  Sun paths are drawn in 
east-west direction on the surface of the sun eleva-
tion circles. 
Sun paths for any location on earth surface can be 
drawn on Cartesian or polar co-ordinates for every 
day in the year from sunrise to sunset on hourly 
basis, thus generating approximately 30 graphs per 
month and 365 graphs per year.  This large num-
ber of curves on the same graph will create crowd-
edness of close parallel curves which makes the 
graphs difficult to read or interpolate. The variation 
of those paths from day to day is slight, but is no-
ticeable from month to month in the year.  There-
fore, the number can be shortened to twelve month-
ly average sun paths for every location per year 
when the average day of the month 20/21 is used 
in calculations.
There is similarity of sun paths for any two corre-
sponding months in the year per latitude, due to the 
symmetrical apparent movement of the sun about 
solstice, thus it is enough to plot sun paths for one 
half of the year (seven months were considered). 
Non-mentioned months have similar sun paths 
as their corresponding months in the year.  Thus, 
seven sun paths were created for seven cases; 21 
December, 21 January, 20 February, 20 March, 20 
April, 21 May, and 21 June.
The generated seven monthly average sun paths 
were compiled in one graph at an acceptable level of 
crowdedness to create one yearly monthly average 
sun chart Riyadh as indicated in Figure (9) for the 
Cartesian sun charts using local solar time, Figure 
(10) for the Cartesian sun charts using local clock 
time, Figure (11) for the polar sun charts using local 
solar time, and Figure (12) for the polar sun charts 
using local clock time.  The yearly monthly average 
sun charts look similar at the first glance for any 
location on earth, but close examination of those 

charts results in considerable differences in time 
and angle values. 
The position of the sun at any time of a day, during 
any month of a year and for any location on earth 
can be abstracted by the sun path. It is a plot of 
the sun’s altitude versus azimuth at different times 
throughout a given day.  Generally, the seasonal po-
sitions of the sun are known in general terms. The 
sun is directly over the equator about March 21, the 
vernal equinox.  It appears farther north each day 
until it reaches its zenith above the Tropic of Cancer 
about June 21 (the summer solstice in northern lati-
tudes).  Then, the sun appears a little more southerly 
each day, rising above the Equator about September 
21 (the autumnal equinox) and reaching its most 
southerly point over the Tropic of Capricorn about 
December 21 (winter solstice).
There is a considerable difference between the 
yearly monthly average sun charts created with lo-
cal solar time parameter and those with local clock 
time parameter (local standard time).  Solar noon 
always (12 noon) lies exactly at solar azimuth angle 
of 180 in the middle of the sun chart when local 
solar time is used as a parameter as shown in Figure 
(9).  This is not the case for the sun chart with local 
clock time (local standard time) as parameter where 
the hour lines are shifted for longitude and EoT cor-
rections as shown in Figure (10).
The determination of the yearly monthly average 
apparent Cartesian and polar sun charts can be used 
to rapidly predict the incidence angle at any location 
and time during the year, and assist in realizing the 
sun’s apparent position at any location through the 
daytime sky at any location in a year as shown in 
Figures. (11) and (12).  The Stereographic Figures 
(11) and (12) show the position of the Sun at a given 
time frame (solar time and standard clock time) for 
the city of Riyadh.  In these figures, there are four 
lines, which are: azimuth lines, altitude lines, date 
and months lines, and hour lines.  The azimuth lines 
originated from the center to the edge of the chart 
with an increment of 30o, on the other hand, the 
altitude lines are represented as concentric circles 
with an increment of 10o.  In these figures the inten-
sity of the Sun can be identified all year long.  The 
polar sun path chart shown in Figures (11) and (12) 
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Table (1) shows the values of declination angle δ 
and Equation of time EoT at the average day of the 
month 20/21of year 2019.  In this table should be 
noted that, the values of the considered parameters 
have two values for some cells.  The values in these 
cells when they printed in bold italic text, they rep-

Cartesian sun paths Figure (9) and (10) were con-
structed by plotting solar elevation (solar altitude 
angle α) versus the solar azimuth angle γs for the 
location under consideration.  Parameters are the 

resent the hand calculations using the MS-Excel 
software.  If the cell in these tables has only one 
value, this means that the values obtained from the 
calculations performed in this study and the values 
obtained from the considered software (The Uni-
versity of Oregon, 2019) are identical.

average day of every month of year 2019 at which 
this work was conducted, and the values of constant 
local solar time or constant local clock time (con-
stant local standard time).  
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Average day of the Month  Declination Angle δ
 Degrees

 EoT
Minutes

21-Jan -19.88
-20.07

-11.28
-11.29

21-Feb -10.53
-10.532

-13.63
-13.627

21-Mar 0.27 -7.24

21-Apr 11.89 1.26

21-May 20.2
20.18

3.43

21-Jun 23.44 -1.74

21-Jul 20.45
20.44

-6.41
-6.406

21-Aug 12.08 -3.18

21-Sep 0.67
0.66

6.87

21-Oct -10.72 15.34

21-Nov -19.93
-19.92

14.18
14.17

21-Dec -23.44 2

Table 1: Values of declination angle δ and EoT at the average day of the 
month 20/21of year 2019 for Riyadh (Φ = 24.7° N, L=46.78° E)



Ahmed S. Sowayan & A. Tamimi: Comparative Prediction of Apparent Cartesian and Polar Sun Charts for Riyadh, Kingdom of Saudi Arabia

40

Figure 7: Solar elevation angle α at the average day of the months of May and June of year 2019 for Riyadh 
((Φ = 24.7° N, L=46.78° E).

Figure 8: Solar elevation angle α at the average day of the month of December of year 2019 for Riyadh ((Φ 
= 24.7° N, L=46.78° E).
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Figure 6: Solar elevation angle α at the average day of the months of March and April of year 
2019 for Riyadh ((Φ = 24.7° N, L=46.78° E). 

 

Figure 7: Solar elevation angle α at the average day of the months of May and June of year 
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Figure 8: Solar elevation angle α at the average day of the month of December of year 2019 
for Riyadh ((Φ = 24.7° N, L=46.78° E). 

 

Table (1) shows the values of declination angle δ and Equation of time EoT at the average day 
of the month 20/21of year 2019.  In this table should be noted that, the values of the considered 
parameters have two values for some cells.  The values in these cells when they printed in bold italic 
text, they represent the hand calculations using the MS-Excel software.  If the cell in these tables has 
only one value, this means that the values obtained from the calculations performed in this study and 
the values obtained from the considered software (The University of Oregon, 2019) are identical. 

Table 1: Values of declination angle δ and EoT at the average day of the month 20/21of year 2019 for 
Riyadh (Φ = 24.7° N, L=46.78° E) 

Average day of the Month Declination Angle δ  
 Degrees 

EoT  
Minutes 

21-Jan -19.88 

-20.07 

-11.28 

-11.29 

21-Feb -10.53 -13.63 
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Figure 5: Solar elevation angle α at the average day of the months of January and February of year 2019 for 
Riyadh ((Φ = 24.7° N, L=46.78° E).

Figure 6: Solar elevation angle α at the average day of the months of March and April of year 2019 for Ri-
yadh ((Φ = 24.7° N, L=46.78° E).
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Figure 4: Solar azimuth angle γs at the average day of the month of December of year 2019 
for Riyadh (Φ = 24.7° N, L=46.78° E). 

 

 

Figure 5: Solar elevation angle α at the average day of the months of January and February of 
year 2019 for Riyadh ((Φ = 24.7° N, L=46.78° E). 
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Figure 6: Solar elevation angle α at the average day of the months of March and April of year 
2019 for Riyadh ((Φ = 24.7° N, L=46.78° E). 

 

Figure 7: Solar elevation angle α at the average day of the months of May and June of year 
2019 for Riyadh ((Φ = 24.7° N, L=46.78° E). 
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Figure 2: Solar azimuth angle γs at the average day of the months of March and April of year 2019 for 

Riyadh (Φ = 24.7° N, L=46.78° E). 

 
Figure 3: Solar azimuth angle γs at the average day of the months of May and June of year 2019 for 
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10 
 

 

Figure 4: Solar azimuth angle γs at the average day of the month of December of year 2019 
for Riyadh (Φ = 24.7° N, L=46.78° E). 

 

 

Figure 5: Solar elevation angle α at the average day of the months of January and February of 
year 2019 for Riyadh ((Φ = 24.7° N, L=46.78° E). 



Journal of the North for Basic and Applied Sciences, Vol. (6), Issue (1),  (2021/1442 H)

Figures (1) to (4) show the azimuth angle for seven 
months of the year 2019.  In these figures a full 
agreement between the curves that were achieved 
from the SunPosition software and our Excel cal-
culations.  It can be concluded from these figures 
that the azimuth angle increases as the time ad-
vances during the day.  Also at noon time the az-

imuth angle tends to be constant.  The altitude or 
solar elevation angle α shown in Figures (5) to (8) 
is always maximum during noon time all year long 
in Riyadh, Saudi Arabia.  It forms a parabolic shape 
that starts to increase in the morning until noon 
time then it decreases as the day progress toward 
the sunset. 
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use.  Calculations were checked for accuracy by hand and Excel spreadsheet calculations.  The results 
were in full agreement with those predicted by the sun chart and the SunPosition softwares [15, 16]. 

SunPosition software was used to calculate the declination angle δ, EoT, solar azimuth angle γs 
and sun elevation in the sky (altitude angle α) for the average day of the month of year 2019 for Riyadh, 
Kingdom of Saudi Arabia.  The results of calculations are presented in Figures (1-8), which are almost 
identical to the results obtained from the SunPosition software.   

Figures (1) to (4) show the azimuth angle for seven months of the year 2019.  In these figures 
a full agreement between the curves that were achieved from the SunPosition software and our Excel 
calculations.  It can be concluded from these figures that the azimuth angle increases as the time 
advances during the day.  Also at noon time the azimuth angle tends to be constant.  The altitude or 
solar elevation angle α shown in Figures (5) to (8) is always maximum during noon time all year long 
in Riyadh, Saudi Arabia.  It forms a parabolic shape that starts to increase in the morning until noon 
time then it decreases as the day progress toward the sunset.  

Figure 1: Solar azimuth angle γs at the average day of the months of January and February of year 
2019 for Riyadh (Φ = 24.7° N, L=46.78° E). 
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Figure 1: Solar azimuth angle γs at the average day of the months of January and February of year 2019 for 
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Figure 2: Solar azimuth angle γs at the average day of the months of March and April of year 2019 for Ri-
yadh (Φ = 24.7° N, L=46.78° E).
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cal solar time into local clock time correction factors 
must be included to compensate for the following as-
pects:
The difference between the standard longitude of the 
time zone and the local longitude multiplied by 4.  
This is due to earth rotation which takes one degree of 
longitude per four minutes,

3. Results and Discussion:

The applied software to create the sun path charts, both 
Cartesian and polar, was developed by researchers at 
the University of Oregon, USA after several years of 
research [15, 16].  The use of this software is free at the 
website of the University of Oregon (Solar Radiation 
Monitoring Laboratory). This software allows using ei-
ther local solar time or local clock time (local standard 
time). 
Sun position in the sky is determined by knowing both 
the sun elevation (altitude angle α) and the solar az-
imuth angle γs.  These two angles can be calculated 
from equations (4) and (13) by hand calculator or by 
the Excel software. These parameters are strongly re-
lated to the location parameters, latitude  and longitude 
L. 

Daylight saving time if applied,
Equation of Time (EoT): to compensate for the irreg-
ularity in earth rotation around the sun. This factor is 
available in the literature of solar energy as correla-
tions, tables, and charts [1,14].
Thus, the relationship between local solar time and 
local clock time is given by:

There are several sites from the common-knowledge 
domain on the web, including that of the University of 
Oregon/USA which addresses calculating the sun po-
sition in the sky from the equations 2-13 [1, 13, 14].  
The adopted softwares were SunPosition softwares due 
to their accuracy and ease of use.  Calculations were 
checked for accuracy by hand and Excel spreadsheet 
calculations.  The results were in full agreement with 
those predicted by the sun chart and the SunPosition 
softwares [15, 16].
SunPosition software was used to calculate the decli-
nation angle δ, EoT, solar azimuth angle γs and sun 
elevation in the sky (altitude angle α) for the average 
day of the month of year 2019 for Riyadh, Kingdom of 
Saudi Arabia.  The results of calculations are presented 
in Figures (1-8), which are almost identical to the re-
sults obtained from the SunPosition software.  
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Local solar time differs from local clock time (local standard time).  All calculations in solar energy 
conversion must be first expressed in local solar time, then conversion to local clock time (local standard 
time) takes place.  For the purpose of converting local solar time into local clock time correction factors 
must be included to compensate for the following aspects: 

i. The difference between the standard longitude of the time zone and the local longitude multiplied 
by 4.  This is due to earth rotation which takes one degree of longitude per four minutes, 

ii. Daylight saving time if applied, 
iii. Equation of Time (EoT): to compensate for the irregularity in earth rotation around the sun. This 

factor is available in the literature of solar energy as correlations, tables, and charts [1,14]. 

Thus, the relationship between local solar time and local clock time is given by: 

 Local	solar	time = Local	clock	time + 4 × (𝐿𝐿043 − 𝐿𝐿52675) + 𝐸𝐸𝐸𝐸𝐸𝐸  (12) 

where: 

Lstd is the local standard longitude measured in degrees for the local time zone, which runs through the 
center of each time zone, 
Llocal is the local longitude of the location under consideration, East= +ve, and West= -ve, and EoT is 
the equation of time adjustment in minutes. 

The apparent sun paths are determined by the sun’s elevation (altitude angle α) and solar 
azimuth angle γs over a day as seen from a specific location.  The sun’s elevation α of the sun at certain 
horizontal location measures the height of the sun in the sky from the horizon, and compliments the 
zenith angle of the sun θz.  The solar azimuth angle γs indicates the direction of the sun projection on a 
horizontal plane from due south. It varies in the range of 180° to -180°, east has negative values while 
west has positive values.  Due north has an azimuth angle value of 0.0° while due south has an azimuth 
angle value of 180°.  The values of the solar azimuth angle γs is given by the absolute value of the 
following equation (Duffie & Beckman, 2013): 

 𝛾𝛾0 = ±1 cos./ O{9:;<! ;=> ∅.;=> @}
;=> <!

P, (13) 

3. Results and Discussion: 

The applied software to create the sun path charts, both Cartesian and polar, was developed by 
researchers at the University of Oregon, USA after several years of research [15, 16].  The use of this 
software is free at the website of the University of Oregon (Solar Radiation Monitoring Laboratory). 
This software allows using either local solar time or local clock time (local standard time).  

Sun position in the sky is determined by knowing both the sun elevation (altitude angle α) and 
the solar azimuth angle γs.  These two angles can be calculated from equations (4) and (13) by hand 
calculator or by the Excel software. These parameters are strongly related to the location parameters, 
latitude ∅ and longitude L.  

There are several sites from the common-knowledge domain on the web, including that of the 
University of Oregon/USA which addresses calculating the sun position in the sky from the equations 
2-13 [1, 13, 14].  The adopted softwares were SunPosition softwares due to their accuracy and ease of 
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At any time during the day at any location of particular 
latitude  the declination angle ∅ and hour angle ω are 
fixed.  It is customary to express the date during the 
day throughout the year in terms of n (the Jolian num-
ber of the day during the year starting the count Jan-
uary 1), and thus as an integer of 1-365 is used in the 
previous equations.  The average day of the month is 
taken to be day 20/21 of each month.  The sun’s eleva-
tion (altitude angle ) and solar azimuth angles can be 
calculated easily from the previous equations (2-11) if 
the number of the day in the year n, the location pa-
rameter (latitude ), and the hour angle ω (time during 
the day) are determined prior of calculations. 
There are two important ways to describe time when 
calculating solar angles:

1. Local solar time:

The local solar time is a system of time based on the 
daily cycle of the sun, that is the time according to the 
position of the sun in the sky relative to one specific 
location on the ground.  In solar time, the sun is always 
due south (or north) at exactly solar noon.  This means 
that someone a few miles east or west of the location 
under consideration in the same country will have a 
slightly different solar noon than that at this location, 
although the local clock time is probably the same.
The velocity of the earth varies as it moves through its 
elliptical orbit around the sun; therefore, the correction 
factor known as the equation of time (EoT) should be 
taken into consideration.  There are available correla-

tions, graphs and tables in the literature to predict the 
value of EoT in minutes.  This correction factor (EoT) 
compensate for the irregularity in earth motion around 
the sun in its elliptical orbit [1,13].

2. Local clock time: 

The local solar time is the artificial time observed 
or measured by any time measuring device, as hand 
watches, clocks or any standard time measuring de-
vice which are used in everyday life.   This time is 
usually called standard local time relative to a refer-
ence time zone (Greenwich Mean Time, GMT), since 
it standardizes time values to suit the practical needs 
of various countries. Local clock time or standard lo-
cal time is related to the local standard longitude of the 
time zone of the location under consideration.  
This time allows people living in different locations of 
different time zones in the world to realize their times 
during day and night, or to easily convert standard lo-
cal time from one location to another.  Daylight sav-
ing time is an arbitrary time which has no technical 
background and its use varies widely from country to 
country, but it can be implemented if local clock time 
(local standard time) is adjusted by +1 according to 
the time zone and the local energy demand.
Local solar time differs from local clock time (local 
standard time).  All calculations in solar energy con-
version must be first expressed in local solar time, 
then conversion to local clock time (local standard 
time) takes place.  For the purpose of converting lo-
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 cos 𝜃𝜃 = sin 𝛿𝛿 sin𝜙𝜙 cos 𝛽𝛽 − sin 𝛿𝛿 cos𝜙𝜙 sin 𝛽𝛽 cos 𝛾𝛾  

 +cos 𝛿𝛿 cos𝜙𝜙 cos 𝛽𝛽 cos𝜔𝜔 (1) 

 +cos 𝛿𝛿 sin𝜙𝜙 sin 𝛽𝛽  

 +cos 𝛿𝛿 sin 𝛽𝛽 sin 𝛾𝛾 sin𝜔𝜔  

The values of declination angle δ at the average day of the month depend on the Julian number 
of the day in the year n starting count January 1.  Calculations of δ are made by the following equation 
(Duffie & Beckman, 2013): 

 𝛿𝛿 ≈ 23.45 sin 5!"#×(&'()*)
!",

6, (2) 

where    1 ≤  n ≤  365 

The angle of incidence θ at any horizontal surface on the ground during the day is called the 
zenith angle of the sun and is denoted by θz.  It complements the sun’s elevation (altitude angle α) which 
varies from 0.0° at both sunrise and sunset to 90° at due solar noon. For horizontal surface β=0.0, thus 
Equation (1) yields: 

 cos 𝜃𝜃- = sin∅ sin 𝛿𝛿 + cos∅ cos 𝛿𝛿 cos𝜔𝜔 = cos(90 − 𝛼𝛼) = sin 𝛼𝛼, (3) 

upon rearrangement; 

 𝛼𝛼 = sin./{sin ∅ sin 𝛿𝛿 + cos∅ cos 𝛿𝛿 cos𝜔𝜔}, (4) 

The incidence angle at sunrise of a horizontal surface 𝜃𝜃01 = 902, thus substituting in equation 
(3) yields the value of sunrise hour angle 𝜔𝜔01 as follows: 

 0.0 = sin∅ sin 𝛿𝛿 + cos∅ cos 𝛿𝛿 cos𝜔𝜔01 (5) 

Rearrangement of Equation (5), yields: 

 cos𝜔𝜔01 =
sin∅ sin 𝛿𝛿
cos∅ cos 𝛿𝛿 = − tan∅ tan 𝛿𝛿 (6) 

Thus; 

 𝜔𝜔01 = cos./(− tan∅ tan 𝛿𝛿) in degrees before solar noon (7) 

Or, 

 𝜔𝜔01 =
/
/,
cos./(− tan∅ tan 𝛿𝛿) in hours before solar time  (8) 

The solar time at sunrise is measured east from12 solar noon time and denoted by Tsr as follows:  

 𝑇𝑇01 = 12 − /
/,
cos./(− tan∅ tan 𝛿𝛿) in hours before solar noon  (8) 

In the same analysis, the incidence angle at sunset of a horizontal surface θss = 90°, thus substituting in 
equation (3) yields the value of sunset hour angle ωss as follows:   
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 𝜔𝜔00 =
/
/,
cos./(− tan∅ tan 𝛿𝛿) in hours of solar time (9) 

The day length is denoted by Td, and is given by degrees or hours of solar time by: 

 𝑇𝑇3 = 𝜔𝜔01 + 𝜔𝜔00 in degree (10) 

Or 

 𝑇𝑇3 = /
/,
(𝜔𝜔01 + 𝜔𝜔00) in hours of solar time (11) 

At any time during the day at any location of particular latitude ∅ the declination angle 𝛿𝛿 and 
hour angle ω are fixed.  It is customary to express the date during the day throughout the year in terms 
of n (the Jolian number of the day during the year starting the count January 1), and thus as an integer 
of 1-365 is used in the previous equations.  The average day of the month is taken to be day 20/21 of 
each month.  The sun’s elevation (altitude angle 𝛼𝛼) and solar azimuth angles can be calculated easily 
from the previous equations (2-11) if the number of the day in the year n, the location parameter (latitude 
∅), and the hour angle ω (time during the day) are determined prior of calculations.  

  There are two important ways to describe time when calculating solar angles: 

1. Local solar time: 

The local solar time is a system of time based on the daily cycle of the sun, that is the time according to 
the position of the sun in the sky relative to one specific location on the ground.  In solar time, the sun 
is always due south (or north) at exactly solar noon.  This means that someone a few miles east or west 
of the location under consideration in the same country will have a slightly different solar noon than 
that at this location, although the local clock time is probably the same. 

The velocity of the earth varies as it moves through its elliptical orbit around the sun; therefore, the 
correction factor known as the equation of time (EoT) should be taken into consideration.  There are 
available correlations, graphs and tables in the literature to predict the value of EoT in minutes.  This 
correction factor (EoT) compensate for the irregularity in earth motion around the sun in its elliptical 
orbit [1,13]. 

2. Local clock time:  

The local solar time is the artificial time observed or measured by any time measuring device, as hand 
watches, clocks or any standard time measuring device which are used in everyday life.   This time is 
usually called standard local time relative to a reference time zone (Greenwich Mean Time, GMT), 
since it standardizes time values to suit the practical needs of various countries. Local clock time or 
standard local time is related to the local standard longitude of the time zone of the location under 
consideration.   

This time allows people living in different locations of different time zones in the world to 
realize their times during day and night, or to easily convert standard local time from one location to 
another.  Daylight saving time is an arbitrary time which has no technical background and its use varies 
widely from country to country, but it can be implemented if local clock time (local standard time) is 
adjusted by +1 according to the time zone and the local energy demand. 
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 cos 𝜃𝜃 = sin 𝛿𝛿 sin𝜙𝜙 cos 𝛽𝛽 − sin 𝛿𝛿 cos𝜙𝜙 sin 𝛽𝛽 cos 𝛾𝛾  

 +cos 𝛿𝛿 cos𝜙𝜙 cos 𝛽𝛽 cos𝜔𝜔 (1) 

 +cos 𝛿𝛿 sin𝜙𝜙 sin 𝛽𝛽  

 +cos 𝛿𝛿 sin 𝛽𝛽 sin 𝛾𝛾 sin𝜔𝜔  

The values of declination angle δ at the average day of the month depend on the Julian number 
of the day in the year n starting count January 1.  Calculations of δ are made by the following equation 
(Duffie & Beckman, 2013): 

 𝛿𝛿 ≈ 23.45 sin 5!"#×(&'()*)
!",

6, (2) 

where    1 ≤  n ≤  365 

The angle of incidence θ at any horizontal surface on the ground during the day is called the 
zenith angle of the sun and is denoted by θz.  It complements the sun’s elevation (altitude angle α) which 
varies from 0.0° at both sunrise and sunset to 90° at due solar noon. For horizontal surface β=0.0, thus 
Equation (1) yields: 

 cos 𝜃𝜃- = sin∅ sin 𝛿𝛿 + cos∅ cos 𝛿𝛿 cos𝜔𝜔 = cos(90 − 𝛼𝛼) = sin 𝛼𝛼, (3) 

upon rearrangement; 

 𝛼𝛼 = sin./{sin ∅ sin 𝛿𝛿 + cos∅ cos 𝛿𝛿 cos𝜔𝜔}, (4) 

The incidence angle at sunrise of a horizontal surface 𝜃𝜃01 = 902, thus substituting in equation 
(3) yields the value of sunrise hour angle 𝜔𝜔01 as follows: 

 0.0 = sin∅ sin 𝛿𝛿 + cos∅ cos 𝛿𝛿 cos𝜔𝜔01 (5) 

Rearrangement of Equation (5), yields: 

 cos𝜔𝜔01 =
sin∅ sin 𝛿𝛿
cos∅ cos 𝛿𝛿 = − tan∅ tan 𝛿𝛿 (6) 

Thus; 

 𝜔𝜔01 = cos./(− tan∅ tan 𝛿𝛿) in degrees before solar noon (7) 

Or, 

 𝜔𝜔01 =
/
/,
cos./(− tan∅ tan 𝛿𝛿) in hours before solar time  (8) 

The solar time at sunrise is measured east from12 solar noon time and denoted by Tsr as follows:  

 𝑇𝑇01 = 12 − /
/,
cos./(− tan∅ tan 𝛿𝛿) in hours before solar noon  (8) 

In the same analysis, the incidence angle at sunset of a horizontal surface θss = 90°, thus substituting in 
equation (3) yields the value of sunset hour angle ωss as follows:   
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and diffuse solar radiation on a horizontal surface, 
the number of bright sunshine hours, mean dai-
ly ambient temperature, maximum and minimum 
ambient temperatures, relative humidity. Empiri-
cal correlations for estimating the diffuse solar ra-
diation incident on horizontal surfaces have been 
proposed.  It is found in this study that at Jeddah, 
the solar energy devices have to be tilted to face 
south with a tilt angle equals the latitude of the 
place in order to achieve the best performance all 
year round El-Sebaii et al. (2010).
The position of the sun in the sky was derived as a 
function of time and the observer’s geographic co-
ordinates in Jenkins Alejandro, (2012). The method 
was based on applying rotation matrices to vectors 
describing points on the celestial sphere.  The alti-
tude of the sun was plotted to illustrate results in this 
study by computing the dates of the city of Manhat-
tan in New York City when sunset aligns with the 
east-west streets for the sun position in the sky at 
a given hour of the day Jenkins Alejandro, (2012). 
The tilt angle of a solar energy system is one of the 
important parameters for capturing maximum so-
lar radiation falling on the solar panels. This angle 
is site specific as it depends on the daily, monthly 
and yearly path of the sun. The accurate determina-
tion of the optimum tilt angle for the location of in-
terest is essential for maximum energy production 
by the system (Yadav, & Chandel, 2013).   Yadav, 
& Chandel, (2013) had provided updated status of 
research and applications of various methods for 
determining solar panel tilt angle using different 
optimization techniques.  The study had showed 
that for maximum energy gain, the optimum tilt an-
gle for solar systems must be determined accurately 
for each location. 
Design of energy systems based on the solar source 
needs an hourly and daily solar radiation data mea-
surements.  A multi-location model to estimate the 
expected profiles of the horizontal daily diffuse 
component of solar radiation has been presented 
by Bortolini, Gamberi, Graziani, Manzini, & Mora. 
(2013). Achieved results in this study showed the 
effectiveness of adopting a multi-location approach 
to estimate solar radiation components on the hori-
zontal surface instead of developing several single 

location models.  This is due to the increase of the 
geographical range of applicability without a signif-
icant decrease of the accuracy.  It should be noted 
that the effect of seasonality on solar irradiance has 
been considered to develop summer and winter sce-
narios together with annual models Bortolini et al. 
(2013).
The solar incidence diagram has been presented as 
an alternative to the solar position chart (Kazimier-
ski, 2015). The diagram consists of curves of the so-
lar incidence angle plotted against the solar azimuth 
angle.  In this study, the point of reference was lo-
cated on the vertical wall of a building, facing East 
(Kazimierski, 2015). 
The total number of sunspots in a solar cycle and 
the maximum averaged monthly sunspots num-
ber Rz(max) have been investigated in Ng, (2016). 
They were both shown to be statistically related to 
the geomagnetic activity index in the prior solar cy-
cle.  Also the Sun’s electromagnetic dipole is mov-
ing toward the Sun’s Equator during a solar cycle 
(Ng, 2016).
Sun path prediction was first introduced by com-
panies dealing with building design to provide a 
relatively simple method of determining the appar-
ent sun paths during the year.  Few authors of solar 
books treated the subject for different latitudes as a 
service to the architectural and engineers who work 
in the field of solar energy (Messenger, & Goswa-
mi, 2017).  The f-chart method for solar energy ap-
plication has been presented by Bakirci, (2018). 
It was shown in this study that the increase in the 
annual fractions of the surface with the optimum 
tilt angle is nearly 21% (Bakirci, 2018).  The solar 
panel in this study is based on horizontal surface of 
different tilt angles.  

2. Methodology and Governing Equations

The general equation that relates the sun position in 
the sky to other solar angles is expressed by the an-
gle of incidence θ of beam radiation at which solar 
radiation strikes an inclined surface on the ground 
with any angle of inclination β.  The incidence an-
gle depends on the apparent sun position in the sky, 
and is given by (Duffie & Beckman, 2013):
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NOMENCLATURES:

L Longitude of a location [Degrees]
n The Julian number of the day in the year
Td Day length [Degrees or solar time hours]
Tsr Time of sunrise [Degrees or solar time hours]  
Tss Time of sunset [Degrees or solar time hours]
Greek Letters:
α Altitude angle of the sun over horizontal [De-
grees]
β Angle of inclination on horizontal [Degrees]
ɣ Surface azimuth angle [Degrees]
ɣs Sun azimuth angle [Degrees]
ϴ Angle of incidence on any surface [Degrees]
ϴsr Angle of incidence on a horizontal surface at 
sunrise [Degrees]
ϴss Angle of incidence on a horizontal surface at 
sunset [Degrees]
ϴz Angle of incidence on a horizontal surface [De-
grees]
δ Declination angle of earth axis [Degrees]
Φ Latitude angle of the location under consider-
ation [Degrees]
ω Solar hour angle [Degrees or solar time hours]
ωsr Sunrise hour angle of a horizontal surface [De-
grees or solar time hours]
ωss Sunset hour angle of a horizontal surface [De-
grees or solar time hours]

1. INTRODUCTION 

Sun charts simplify the complex geometry of the 
hourly sun’s position in the sky relative to an ob-
server on the ground at hourly intervals based on 
local solar time or local clock time.  Such charts 
usually present sun azimuth γs and altitude angle α 
based on average latitude for a given location, and 
on a longitude relative to the standard meridian of 
the time zone under consideration (Duffie & Beck-
man, 2013).  The solar azimuth angle γs indicates 
the direction of the sun in the horizontal plane for a 
given location.  It should be noted that the azimuth 
and altitude angles (γs, α) cannot be interpolated lin-
early.  The collected solar energy by a surface varies 
during the day due to the variation in the apparent 

sun position, the inclination angle β, and the con-
ditions of cloud cover (Duffie & Beckman, 2013).
Apparent sun paths can be drawn either in Cartesian 
(rectangular) co-ordinates or polar (circular) co-or-
dinates.  Cartesian co-ordinates mainly depend on 
solar elevation angle α and solar azimuth angle γs 
for any day and time of the year.  The solar ele-
vation angle α is plotted on y-axis while the solar 
azimuth angle γs is plotted on the x-axis.  Polar 
co-ordinates are based on a circle where the solar 
elevation is denoted on various concentric circles 
while the solar azimuth is denoted by values going 
around the circle.
The inclination angle of a flat-plate solar collector 
at specific geographical location was discussed by 
other researchers.  The effect of this angle was pre-
sented in a general graph for certain locations but 
without any model to predict its optimum value un-
der a specific sun path (Duffie & Beckman, 2013).  
The maximum daily amount of solar irradiation 
which can be received at any given location will be 
that which falls on a flat surface when oriented nor-
mally to the sun’s rays, so that it can receive maxi-
mum levels of direct, reflected and diffuse radiation 
during the whole day.  For maximum solar energy 
collection, flat-plate solar collecting systems should 
be installed facing south at optimum angles of ori-
entation, and the sun path is almost close to per-
pendicular at solar noon throughout the year (Yogi, 
Goswami, Kreith, & Kreider, 2000).
Estimation of the global solar radiation on a tilted 
surface was utilized to determine the optimum in-
clination angle and orientation of a flat-plate solar 
collector on a daily basis for specific period.  The 
results revealed that changing the inclination angle 
12 times in a year to match the sun paths maintains 
approximately the total amount of solar radiation 
near its maximum value (Azmi, & Malik, 2001).  
Lim, (2004) incorporated a universal sun chart 
which used concept of the ‘solar cross’, a cross with 
the single sun path and multiple earth positions.
Many measured data in El-Sebaii, Al-Hazmi, 
Al-Ghamdi, & Yaghmour, (2010) have been 
analyzed for Jeddah (lat. 21°42″37″N, long. 
39°11″12″E), Saudi Arabia, during the period 
(1996-2007).  The data in this study include global 
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التنبـــؤ بمخططـــات الشـــمس الديكارتيـــة والقطبيـــة الظاهـــرة لمدينـــة 
الريـــاض، المملكـــة العربيـــة الســـعودية

أحمد صالح الصويان1 و عبد الرحمن التميمي2

)قدم للنشر في  1441/08/27هـ؛ وقبل للنشر في 1442/01/15هـ(

ملخــص: يعــد توفــر المخططــات البيانيــة السنوية/الشــهرية للشــمس مــن المعلومــات المهمــة جــدًا للمهندســين المعمارييــن والباحثيــن فــي تصميــم 
المبانــي وفــي مجــال تطبيقــات تظليــل للطاقــة الشمســية. عــادةً مــا تُســتخدم العلاقــات المثلثيــة لحســاب الزوايــا الشمســية اللازمــة لرســم مخططــات 
الشــمس الظاهــرة. و يمكــن اســتخدام برامــج متاحــة علــى الشــبكة العنكبوتيــة الإنترنــت لرســم هــذه المخططــات مباشــرة. وهــذه البرامــج تــم تطويرهــا 
مــن قبــل مؤسســات تعمــل فــي أبحــاث الطاقــة الشمســية. بالرغــم مــن أن هــذه البرامــج متاحــة مجانًــا للمعرفــة العامــة، إلا أنــه لــم يتــم القيــام بــأي جهــد 
للتحقــق مــن دقتهــا وصلاحيتهــا. هــذه الدراســة أجريــت علــى مدينــة الريــاض بالمملكــة العربيــة الســعودية بواســطة العلاقــات المثلثيــة وتــم مقارنــة 
نتائجهــا بأحــد البرامــج المتاحــة علــى الشــبكة العنكبوتيــة الإنترنــت، وهــو البرنامــج المصمــم مــن جامعــة أوريجــون بالولايــات المتحــدة الأمريكيــة. 
وأشــارت النتائــج ان مخرجــات البرامــج المتاحــة جيــدة مقارنــة بالنتائــج التــي تــم الحصــول عليهــا مــن العلاقــات المثلثيــة. وأوضحــت الدراســة أن 

الانحــراف فــي النتائــج بيــن العلاقــات المثلثيــة والبرامــج المتاحــة كان فــي حــدود ± ٪1.

كلمات مفتاحية:  ديكارتي، قطبي، مسار الشمس، مخطط الشمس، موقع الشمس، الطاقة الشمسية.
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Comparative Prediction of Apparent Cartesian and Polar Sun 
Charts for Riyadh, Kingdom of Saudi Arabia

Ahmed S. Sowayan1   &   A. Tamimi2

(Received 21/04/2020; Accepted 03/09/2020) 

Abstract: The availability of the yearly/monthly average sun charts is a very useful piece of information for architectural engineers 
and researchers in passive building design and shading of solar applications.  Usually, trigonometric relationships are used to 
calculate the solar angles needed to draw the apparent sun charts.  Also, available software programs can be used to directly draw 
these charts in a very short time.  These programs were developed by recognized solar research institutions. These programs 
are available free from common-knowledge domain on the web.  However, no previous work was done to check their accuracy 
and validity.  A comparative study indicated that the available software programs are as good as direct calculations obtained 
from trigonometric relationships.  This study was conducted for the city of Riyadh, Kingdom of Saudi Arabia.  The calculations 
indicated that the deviation in results between trigonometric relationships and the available programs was within ±1 %.

Keywords: Cartesian, Polar, Sun Path, Sun Chart, Sun Position, Solar Energy.
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4. CONCLUSION
 
Combining GPR and RFT concepts provides an im-
proved resolution of target imagery when detecting 
landmines and another unexploded ordinance. Target 
sensing was improved with adjustments to the trans-
mitter/receiver deployment. Inverse scattering of a 
first-order Born approximation was employed for the 
resolution of the linear unknown dielectric profile. 
We used the object profile function to calculate and 
update the incident field at each iteration. This nu-
merical solution's outcomes demonstrate an accurate 
interpretation of the scattered field to derive an image 
of the target. Propagation attenuation and losses are 
reduced through the use of an ultra-narrowband fre-
quency, which leads to a reduction of the resolution.
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Figure 4: the cross-range of x-axis at each iteration. 

 
4. CONCLUSION  

Combining GPR and RFT concepts provides an improved resolution of target imagery when detecting 
landmines and another unexploded ordinance. Target sensing was improved with adjustments to the 
transmitter/receiver deployment. Inverse scattering of a first-order Born approximation was employed for 
the resolution of the linear unknown dielectric profile. We used the object profile function to calculate and 
update the incident field at each iteration. This numerical solution's outcomes demonstrate an accurate 
interpretation of the scattered field to derive an image of the target. Propagation attenuation and losses are 
reduced through the use of an ultra-narrowband frequency, which leads to a reduction of the resolution. 

Figure 4: the cross-range of x-axis at each iteration.
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Figure 3: (a) First order Born Approximation power distribution of the measurement domain. 

 (b) Second-order Born Approximation power distribution of the measurement domain.  

(c) Third-order Born Approximation power distribution of the measurement domain.  

(d) Fourth-order Born Approximation power distribution of the measurement domain. 

Figure 3:        (a) First order Born Approximation power distribution of the measurement domain.
 (b) Second-order Born Approximation power distribution of the measurement domain. 
(c) Third-order Born Approximation power distribution of the measurement domain. 
(d) Fourth-order Born Approximation power distribution of the measurement domain.
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 Born Approximation Order Signal-to-Noise Ratio (dB) 
1 First Order Born Approximation 20.5070 
2 Second Order Born Approximation 20.8222 
3 Third Order Born Approximation 21.1109 
4 Fourth Order Born Approximation 21.3739 

  

The conjugate gradient's computational cost is 𝑂𝑂(𝑇𝑇𝑇𝑇𝑇𝑇𝑃𝑃,), with the number of iterations 𝑇𝑇 equaling four, 
P is the number of pixels, and N and M are the numbers of the transmitters and receivers. Figure 4 illustrates 
reconstructed results employing both First-Order Born Approximation and Higher-Order Born 
Approximation. It may be observed that there is less background noise with the higher-order approximation 
than with the first-order approximation, where clearly we can distinguish the two peaks without overlapping. 
The proposed algorithm has a significant noise reduction compared to conventional methods (first-order 
Born approximation). Generally, the object function derived from the higher-order approximation is a closer 
match to the ideal. 

 

Figure 2: The two thin wires placed 0.8 cm and -0.8 cm along the x-axis. 

 

 

 

 Figure 2: The two thin wires placed 0.8 cm and -0.8 cm along the x-axis.
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measurement domain. The distance, from the center 
of the measurement domain to the transmitters 
and the receivers placed rounded, were 40 cm 
and 200 cm, respectively. The objects at the 
measurement domain are two thin wires, and 
the two wires are placed at 0.8 cm and -0.8 cm 
from the center along the x-axis, as shown in 
Figure 2. The measurement domain was recon-
structed with size 5×5 cm discrete into 81×81 
pixels at xy-plan. The pixel dimension is 0.1249 
cm. The reconstructed domain xy-plan was sim-
ulated at z=0. The linear operator matrix L con-
sists of 969×6561 components of the calculat-
ed electric field response at each pixel location 
due to the transmitter's location and the receiver 
under first-order Born approximation to keep 
the linearity of the inversion using conjugate 
gradient algorithm. The process was repeated 
after we obtained the object profile function, 
and then we calculated the second-order Born 

The conjugate gradient's computational cost 
is O(TNMP2), with the number of iterations T 
equaling four, P is the number of pixels, and N 
and M are the numbers of the transmitters and re-
ceivers. Figure 4 illustrates reconstructed results 
employing both First-Order Born Approximation 
and Higher-Order Born Approximation. It may 
be observed that there is less background noise 

approximation. The object profile function was 
updated at each iteration of the algorithm until 
we sufficiently obtain the desired resolution of 
the resolution's improvement reached the peak. 
The power distribution of the measurement 
domain at each iteration is shown in Figure 3, 
starting from First order Born approximation to 
the fourth-order Born approximation. This First 
Order Born Approximation has less resolution 
to distinguish the two peaks where its distance 
kept the same comparing with higher orders. 
The noise to peak ratio test has employed to an-
alyze the improvement of processing the data 
with higher order Born approximation. By no-
tice that, the second order is the process of the 
first order result as solution of the ill-posed ma-
trix solution. Table 1 is shown the improvement 
of the noise to peak ratio where we can notice 
the fourth order Born approximation has better 
performance comparing to lower orders. 

with the higher-order approximation than with 
the first-order approximation, where clearly we 
can distinguish the two peaks without overlap-
ping. The proposed algorithm has a significant 
noise reduction compared to conventional meth-
ods (first-order Born approximation). Generally, 
the object function derived from the higher-order 
approximation is a closer match to the ideal.
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Born Approximation Order Signal-to-Noise Ratio (dB)

1 First Order Born Approximation 20.5070

2 Second Order Born Approximation 20.8222

3 Third Order Born Approximation 21.1109

4 Fourth Order Born Approximation 21.3739

Table 1:  The Signal to Noise Ratio of the Measurement Domain
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scattered field  ES, with MATLAB© being em-
ployed for calculation of the total electric field. The 
data is processed to produce a reconstruction of the 
buried target's image. The electric field's numer-
ical computation was chosen to undergo compar-
ison with the results obtained through experimen-
tation in the Mumma lab facilities employed for 
the simulation; FEKO© software was employed, 
providing electromagnetic simulation for calcu-
lation and simulation of the desert field. We oper-
ate the simulation at ultra-narrowband 10.8 GHz 
single frequency to exploit the tomographic radar 
scanning's gematrical diversity. The ultra-narrow-
band's operating frequency has gained the scattered 
signal attenuation immunity due to the bandwidth 
reduction to increase the resolution.  We collected 
data using 51 receivers and 19 transmitters locat-
ed equally spaced in a circular manner around the 
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  When higher-order extended Born approximation is introduced, the accuracy of the reconstruction of the 
target is enhanced. Research has been undertaken into the convergence of nonlinear approximations with 
high contrast targets provided through: 

𝐄𝐄(𝐫𝐫%) = 𝑿𝑿(𝒓𝒓′)+𝟏𝟏 ∙ 𝐄𝐄𝑰𝑰(𝐫𝐫%)	                              (19)             

With 𝑿𝑿(𝒓𝒓) being the reflectivity coefficient; clearly, if 𝑋𝑋(𝑟𝑟) = 1, we arrive at a first-order Born 
approximation in Eq.(13), but High-order Extended Born approximation for their general form is provided 
as q-th order, thus 

𝑿𝑿𝒒𝒒(𝒓𝒓′) ∙ 𝐄𝐄(𝐫𝐫%, 𝒓𝒓𝒏𝒏𝒕𝒕 ) = 𝐄𝐄𝑰𝑰(𝐫𝐫%, 𝒓𝒓𝒏𝒏𝒕𝒕 ),			where	q = 0,1,2, …	                             (20) 

The reflectivity coefficient 𝑿𝑿𝒒𝒒(𝒓𝒓′) The definition of the zeroth-order of the approximation becomes:   

𝑿𝑿𝟎𝟎(𝒓𝒓′) = 𝑰𝑰 +	𝑨𝑨𝟎𝟎(𝒓𝒓′)                                 (21) 

in which 𝑰𝑰 is unity matrix, and 𝐴𝐴"(𝑟𝑟) is a matrix with a definition of   

𝑨𝑨𝟎𝟎(𝒓𝒓𝒎𝒎𝒓𝒓 ) = 	𝑘𝑘",∭ aUGH ∙ 𝐆𝐆<(𝒓𝒓𝒎𝒎𝒓𝒓 , 𝐫𝐫%) ∙ 𝜏𝜏&"(𝐫𝐫%)𝑑𝑑𝐫𝐫%1$
                              (22) 

d
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⋮
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𝐆𝐆<𝟏𝟏𝟏𝟏(𝐫𝐫𝟏𝟏𝒓𝒓, 𝐫𝐫𝟏𝟏) … 𝐆𝐆<𝟏𝟏𝟏𝟏(𝐫𝐫𝟏𝟏𝒓𝒓, 𝐫𝐫𝑷𝑷)
⋮ ⋱ ⋮

𝐆𝐆<𝑴𝑴𝑴𝑴(𝒓𝒓𝒎𝒎𝒓𝒓 , 𝐫𝐫𝟏𝟏) … 𝐆𝐆<𝑴𝑴𝑴𝑴(𝒓𝒓𝒎𝒎𝒓𝒓 , 𝐫𝐫𝑷𝑷)
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𝑬𝑬?(𝒓𝒓CD , 𝒓𝒓E$ ) = 𝑄𝑄𝑘𝑘",∭ [𝒂𝒂TE$ 𝑮𝑮R (𝒓𝒓E$ , 𝒓𝒓′)][𝑮𝑮R (𝒓𝒓′, 𝒓𝒓CD )𝑎𝑎UCD ]𝜏𝜏&2(𝒓𝒓′)𝑑𝑑𝒓𝒓′1$

	                     (24)                      

 

For the first-order of the approximation, we have a definition of 

           𝑿𝑿𝟏𝟏(𝒓𝒓′) = 𝑰𝑰 +	𝑨𝑨𝟏𝟏(𝒓𝒓′)𝑿𝑿𝟎𝟎(𝒓𝒓′)                        (25)        

with 𝑨𝑨𝟏𝟏(𝒓𝒓′)	having	a	definition	of	 

𝑨𝑨𝟏𝟏(𝒓𝒓𝒎𝒎𝒓𝒓 ) = 	𝑘𝑘",∭ aUGH ∙ 𝐆𝐆<(𝒓𝒓𝒎𝒎𝒓𝒓 , 𝐫𝐫%) ∙ 𝑿𝑿𝟎𝟎
+𝟏𝟏(𝒓𝒓′)𝜏𝜏&2(𝐫𝐫%)𝑑𝑑𝐫𝐫%1$

                     (26)       
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The qth -order solution of Eq.(27) is defined as 

                                     𝑿𝑿𝒒𝒒M𝟏𝟏(𝒓𝒓′) = 𝑰𝑰 +	𝑨𝑨𝒒𝒒M𝟏𝟏(𝒓𝒓′)𝑿𝑿𝒒𝒒(𝒓𝒓′)								                 (28)                 

in which, 

𝑨𝑨𝒒𝒒M𝟏𝟏(𝒓𝒓𝒎𝒎𝒓𝒓 ) = 	𝑘𝑘",∭ aUGH ∙ 𝐆𝐆<(𝒓𝒓𝒎𝒎𝒓𝒓 , 𝐫𝐫%) ∙ 𝑿𝑿𝒒𝒒
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where, q = 0,1,2,3 … 

As the 3 × 3 matrix in Eq.(17) is small in size, it is easy for the reflectivity coefficient to be inverted and 
thus obtain the total electric field 𝐄𝐄(𝐫𝐫%, 𝒓𝒓𝒏𝒏𝒕𝒕 ). Nevertheless, the evaluation of the matrix element 𝑨𝑨𝒒𝒒(𝒓𝒓𝒎𝒎𝒓𝒓 ) may 
be extremely rapid if we employ the component form: 

𝑨𝑨𝒒𝒒M𝟏𝟏(𝒓𝒓𝒎𝒎𝒓𝒓 ) = 	𝑘𝑘", ∑∭ aUGH ∙ 𝐆𝐆<(𝒓𝒓𝒎𝒎𝒓𝒓 , 𝐫𝐫%) ∙ [𝑿𝑿𝒒𝒒M𝟏𝟏
+𝟏𝟏(𝒓𝒓%) ∙ aU=> ]𝜏𝜏&"(𝐫𝐫%)𝑑𝑑𝐫𝐫%1$

             (31)             

This allows for smooth expression of  the qth 	order of the target function 𝜏𝜏&"(𝐫𝐫%)	 in terms of the target 
function 𝜏𝜏&(𝐫𝐫%) for the linear solution of the first-order Born approximation. Finally, the linear relationship 
of the scattered field and the dielectric profile is provided with: 
 

𝐄𝐄𝑺𝑺(𝒓𝒓𝒏𝒏𝒕𝒕 , 𝒓𝒓𝒎𝒎𝒓𝒓 ) = 𝐋𝐋(𝜏𝜏&(𝐫𝐫%))                              (32)     
 

The linear operator L must be inverted for computation of the unknown dielectric profile 𝜏𝜏&(𝐫𝐫%). The first-
order Born approximation is providing accurate results if the target was near the transmitter and had no 
contrast. In the following section, resolution improvement will be affected as it is essential to be sure of the 
target's nature, i.e., if it is a landmine or not. As the multipath frequency increases, the target contrast and 
the first-order Born approximation becomes less accurate, with the electrical field demonstrating notable 
spatial variations in the scattered. Thus, the Born approximation is invalidated as a result of multiple-
scattering effects. 

3. SIMULATION AND RESULTS 
The electromagnetic computational software FEKO© was used to obtain the simulation of the scattered field  
𝐄𝐄𝐒𝐒, with MATLAB© being employed for calculation of the total electric field. The data is processed to 
produce a reconstruction of the buried target's image. The electric field's numerical computation was chosen 
to undergo comparison with the results obtained through experimentation in the Mumma lab facilities 
employed for the simulation; FEKO© software was employed, providing electromagnetic simulation for 
calculation and simulation of the desert field. We operate the simulation at ultra-narrowband 10.8 GHz single 
frequency to exploit the tomographic radar scanning's gematrical diversity. The ultra-narrowband's operating 
frequency has gained the scattered signal attenuation immunity due to the bandwidth reduction to increase 
the resolution.  We collected data using 51 receivers and 19 transmitters located equally spaced in a circular 
manner around the measurement domain. The distance, from the center of the measurement domain to the 
transmitters and the receivers placed rounded, were 40 cm and 200 cm, respectively. The objects at the 
measurement domain are two thin wires, and the two wires are placed at 0.8 cm and -0.8 cm from the center 
along the x-axis, as shown in Figure 2. The measurement domain was reconstructed with size 5 × 5	𝑐𝑐𝑐𝑐 
discrete into 81 × 81 pixels at xy-plan. The pixel dimension is 0.1249 cm. The reconstructed domain xy-
plan was simulated at z=0. The linear operator matrix L consists of 969 × 6561 components of the 
calculated electric field response at each pixel location due to the transmitter's location and the receiver under 
first-order Born approximation to keep the linearity of the inversion using conjugate gradient algorithm. The 
process was repeated after we obtained the object profile function, and then we calculated the second-order 
Born approximation. The object profile function was updated at each iteration of the algorithm until we 
sufficiently obtain the desired resolution of the resolution's improvement reached the peak. The power 
distribution of the measurement domain at each iteration is shown in Figure 3, starting from First order Born 
approximation to the fourth-order Born approximation. This First Order Born Approximation has less 
resolution to distinguish the two peaks where its distance kept the same comparing with higher orders. The 
noise to peak ratio test has employed to analyze the improvement of processing the data with higher order 
Born approximation. By notice that, the second order is the process of the first order result as solution of the 
ill-posed matrix solution. Table 1 is shown the improvement of the noise to peak ratio where we can notice 
the fourth order Born approximation has better performance comparing to lower orders.  

Table 1:  The Signal to Noise Ratio of the Measurement Domain 

The linear operator L must be inverted for compu-
tation of the unknown dielectric profile         . The 
first-order Born approximation is providing accu-
rate results if the target was near the transmitter and 
had no contrast. In the following section, resolution 
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sure of the target's nature, i.e., if it is a landmine 
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This allows for smooth expression of  the qth 	order of the target function 𝜏𝜏&"(𝐫𝐫%)	 in terms of the target 
function 𝜏𝜏&(𝐫𝐫%) for the linear solution of the first-order Born approximation. Finally, the linear relationship 
of the scattered field and the dielectric profile is provided with: 
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The linear operator L must be inverted for computation of the unknown dielectric profile 𝜏𝜏&(𝐫𝐫%). The first-
order Born approximation is providing accurate results if the target was near the transmitter and had no 
contrast. In the following section, resolution improvement will be affected as it is essential to be sure of the 
target's nature, i.e., if it is a landmine or not. As the multipath frequency increases, the target contrast and 
the first-order Born approximation becomes less accurate, with the electrical field demonstrating notable 
spatial variations in the scattered. Thus, the Born approximation is invalidated as a result of multiple-
scattering effects. 

3. SIMULATION AND RESULTS 
The electromagnetic computational software FEKO© was used to obtain the simulation of the scattered field  
𝐄𝐄𝐒𝐒, with MATLAB© being employed for calculation of the total electric field. The data is processed to 
produce a reconstruction of the buried target's image. The electric field's numerical computation was chosen 
to undergo comparison with the results obtained through experimentation in the Mumma lab facilities 
employed for the simulation; FEKO© software was employed, providing electromagnetic simulation for 
calculation and simulation of the desert field. We operate the simulation at ultra-narrowband 10.8 GHz single 
frequency to exploit the tomographic radar scanning's gematrical diversity. The ultra-narrowband's operating 
frequency has gained the scattered signal attenuation immunity due to the bandwidth reduction to increase 
the resolution.  We collected data using 51 receivers and 19 transmitters located equally spaced in a circular 
manner around the measurement domain. The distance, from the center of the measurement domain to the 
transmitters and the receivers placed rounded, were 40 cm and 200 cm, respectively. The objects at the 
measurement domain are two thin wires, and the two wires are placed at 0.8 cm and -0.8 cm from the center 
along the x-axis, as shown in Figure 2. The measurement domain was reconstructed with size 5 × 5	𝑐𝑐𝑐𝑐 
discrete into 81 × 81 pixels at xy-plan. The pixel dimension is 0.1249 cm. The reconstructed domain xy-
plan was simulated at z=0. The linear operator matrix L consists of 969 × 6561 components of the 
calculated electric field response at each pixel location due to the transmitter's location and the receiver under 
first-order Born approximation to keep the linearity of the inversion using conjugate gradient algorithm. The 
process was repeated after we obtained the object profile function, and then we calculated the second-order 
Born approximation. The object profile function was updated at each iteration of the algorithm until we 
sufficiently obtain the desired resolution of the resolution's improvement reached the peak. The power 
distribution of the measurement domain at each iteration is shown in Figure 3, starting from First order Born 
approximation to the fourth-order Born approximation. This First Order Born Approximation has less 
resolution to distinguish the two peaks where its distance kept the same comparing with higher orders. The 
noise to peak ratio test has employed to analyze the improvement of processing the data with higher order 
Born approximation. By notice that, the second order is the process of the first order result as solution of the 
ill-posed matrix solution. Table 1 is shown the improvement of the noise to peak ratio where we can notice 
the fourth order Born approximation has better performance comparing to lower orders.  
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𝜏𝜏&(𝐫𝐫%) = 	 𝜀𝜀$(𝐫𝐫%) − 𝜀𝜀# + 𝑗𝑗	 '(𝐫𝐫
!)+'"

,-./#
                                                                 (1) 

With 𝜏𝜏&(𝐫𝐫%) being the target function and the wavenumber expression in the investigation domain 𝑉𝑉!	being  

𝑘𝑘,(𝐫𝐫%) = 	𝜔𝜔,𝜇𝜇"𝜀𝜀"𝜀𝜀$(𝐫𝐫%) + 𝑗𝑗𝑗𝑗𝜇𝜇"𝜎𝜎(𝐫𝐫%)															                                             (2) 

=	𝑘𝑘#, + 𝑘𝑘",𝜀𝜀&(𝐫𝐫%)                                                                                           (3) 

𝑘𝑘# = 	𝜔𝜔2𝜇𝜇"𝜀𝜀"𝜀𝜀$(𝐫𝐫%) + 𝑗𝑗𝑗𝑗𝜇𝜇"𝜎𝜎#/𝜔𝜔                                                                (4) 

𝑘𝑘" = 𝜔𝜔2𝜇𝜇"𝜀𝜀"𝜀𝜀$(𝐫𝐫%)                                                                                       (5) 

The vector wave equation at each point of the investigation domain 𝑉𝑉! derives from: 
∇ × ∇ × 𝐄𝐄(𝐫𝐫%) = [𝑘𝑘#, + 𝑘𝑘",𝜏𝜏&(𝑟𝑟%)]𝐄𝐄(𝐫𝐫%).                                                   (6) 

Thus the scattered field 𝐄𝐄𝐒𝐒(𝐫𝐫%) is expressed in terms of total field 𝐄𝐄(𝐫𝐫%) for the investigation domain as 
the integral form  

𝐄𝐄𝐒𝐒(𝒓𝒓%) = 𝑘𝑘",∭ 𝐆𝐆<(𝐫𝐫, 𝐫𝐫%) ∙ 𝐄𝐄(𝐫𝐫%)𝜏𝜏&(𝐫𝐫%)1$
                                                     (7) 

in which the vector point 𝑟𝑟	 ∈ 𝑉𝑉!	, (6) is a nonlinear integral equation because 𝜏𝜏&(𝐫𝐫%) incorporated the total 
electric field. 𝐄𝐄(𝐫𝐫%); 𝐺̅𝐺(𝑟𝑟, 𝑟𝑟%) is the Green's dyadic function due to the current source arrived at with Eq.(6), 

𝐆𝐆<(𝐫𝐫, 𝐫𝐫%) = 2
3-
B𝐈̅𝐈 + 2

4%
∇∇D 5

&'()𝐫𝐫&𝐫𝐫!)

|𝐫𝐫+𝐫𝐫!|
.                                                                    (8) 

The Green's dyadic function correlates with the radiation emitted by a single transmitter (L. L. Monte, 
Soldovieri, Akduman, & Wicks, 2010), which offers a solution for the partial differential equation boundary 
condition Eq.(1), 

∇ × ∇ × 𝐆𝐆<(𝐫𝐫, 𝐫𝐫%) − 𝑘𝑘(𝐫𝐫),𝐆𝐆<(𝐫𝐫, 𝐫𝐫%) = 𝐈̅𝐈𝛿𝛿(𝐫𝐫 − 𝐫𝐫%)                                              (9) 
 
Born approximation minimizes unknown variables in Eq.(6) to be simply	𝜏𝜏&(𝐫𝐫%) through linearization of the 
inverse scattering problem under the approximation; thus, the inverse scattering problem is resolved for 𝜏𝜏&(𝐫𝐫%) 
with the total field 𝐄𝐄(𝐫𝐫%) expressed as an operator form Eq.(4), 

𝐄𝐄(𝐫𝐫%) − 𝐄𝐄𝑰𝑰(𝐫𝐫%) = 𝑨𝑨(𝒓𝒓′)𝐄𝐄(𝐫𝐫%)																														                                                  (10) 
𝐄𝐄(𝐫𝐫%) = [𝐈𝐈 − 𝑨𝑨(𝒓𝒓′)]+2𝐄𝐄𝑰𝑰(𝐫𝐫%)                                                                             (11) 

With I referring to the identity vector and the convolution and multiplication for 𝜏𝜏&(𝐫𝐫%)  are shown 
by	Γ	and	Ψ, in that order. Subsequently, Eq.(10) may be expanded if the norm is below one, thus: 

𝐄𝐄(𝐫𝐫%) = (𝐈𝐈	 − 𝑨𝑨𝟎𝟎(𝒓𝒓′) + 𝑨𝑨𝟏𝟏(𝒓𝒓′) − 𝑨𝑨𝟐𝟐(𝒓𝒓′)… )𝐄𝐄𝑰𝑰(𝐫𝐫%)                                             (12)     
Thus, the first-order Born approximation is described as:  

𝐄𝐄(𝐫𝐫%) = 𝐄𝐄𝑰𝑰(𝐫𝐫%)                                              (13)              
The initial term in Eq.(11) is regarded as substituting the total field 𝐄𝐄(𝐫𝐫%) with the incident field 𝐄𝐄𝑰𝑰(𝐫𝐫%) in 
accordance with first-order Born approximation Eq.(4), thus: 

𝐄𝐄𝐒𝐒(𝒓𝒓%) ≅ 𝑘𝑘",∭ 𝐆𝐆<(𝐫𝐫, 𝐫𝐫%) ∙ 𝐄𝐄𝑰𝑰(𝐫𝐫%)𝜏𝜏&(𝐫𝐫%)𝑑𝑑𝐫𝐫%1$
                                                  (14)     

We can now express the incident field in terms of Green's function as 
𝑬𝑬𝑰𝑰(𝒓𝒓′, 𝒓𝒓𝒏𝒏𝒕𝒕 ) = 𝑮𝑮R (𝒓𝒓′, 𝒓𝒓𝒏𝒏𝒕𝒕 )𝒂𝒂T𝒏𝒏𝒕𝒕 .                                                                              (15) 

𝐄𝐄𝑰𝑰(𝐫𝐫%, 𝒓𝒓𝒏𝒏𝒕𝒕 ) = 𝐆𝐆<(𝐫𝐫%, 𝒓𝒓𝒏𝒏𝒕𝒕 ) ∙ aU=> 	                                                        (16)          
𝑬𝑬?(𝒓𝒓𝒏𝒏𝒕𝒕 , 𝒓𝒓𝒎𝒎𝒓𝒓 ) = 𝑘𝑘",∭ 𝒂𝒂T𝒎𝒎𝒓𝒓 𝑮𝑮R (𝒓𝒓𝒎𝒎𝒓𝒓 , 𝒓𝒓′)𝑬𝑬B(𝒓𝒓′, 𝒓𝒓𝒏𝒏𝒕𝒕 )𝜏𝜏&(𝒓𝒓′)𝑑𝑑𝒓𝒓′1$

	                       (17) 

The orientation of the transmitter is given by aU=>  at the location 𝒓𝒓𝒏𝒏𝒕𝒕  while the receiver orientation is given by 
𝒂𝒂T𝒎𝒎𝒓𝒓  at location 𝒓𝒓𝒎𝒎𝒓𝒓 . By substitute Eq.(13) and Eq.(17) 

𝑬𝑬?(𝒓𝒓CD , 𝒓𝒓E$ ) = 𝑄𝑄𝑘𝑘",∭ [𝒂𝒂TE$ 𝑮𝑮R (𝒓𝒓E$ , 𝒓𝒓′)][𝑮𝑮R (𝒓𝒓′, 𝒓𝒓CD )𝑎𝑎UCD ]𝜏𝜏&(𝒓𝒓′)𝑑𝑑𝒓𝒓′1$
	                                  (18)                    

 
  When higher-order extended Born approximation is introduced, the accuracy of the reconstruction of the 
target is enhanced. Research has been undertaken into the convergence of nonlinear approximations with 
high contrast targets provided through: 

𝐄𝐄(𝐫𝐫%) = 𝑿𝑿(𝒓𝒓′)+𝟏𝟏 ∙ 𝐄𝐄𝑰𝑰(𝐫𝐫%)	                              (19)             

With 𝑿𝑿(𝒓𝒓) being the reflectivity coefficient; clearly, if 𝑋𝑋(𝑟𝑟) = 1, we arrive at a first-order Born 
approximation in Eq.(13), but High-order Extended Born approximation for their general form is provided 
as q-th order, thus 

𝑿𝑿𝒒𝒒(𝒓𝒓′) ∙ 𝐄𝐄(𝐫𝐫%, 𝒓𝒓𝒏𝒏𝒕𝒕 ) = 𝐄𝐄𝑰𝑰(𝐫𝐫%, 𝒓𝒓𝒏𝒏𝒕𝒕 ),			where	q = 0,1,2, …	                             (20) 

The reflectivity coefficient 𝑿𝑿𝒒𝒒(𝒓𝒓′) The definition of the zeroth-order of the approximation becomes:   

𝑿𝑿𝟎𝟎(𝒓𝒓′) = 𝑰𝑰 +	𝑨𝑨𝟎𝟎(𝒓𝒓′)                                 (21) 

in which 𝑰𝑰 is unity matrix, and 𝐴𝐴"(𝑟𝑟) is a matrix with a definition of   

𝑨𝑨𝟎𝟎(𝒓𝒓𝒎𝒎𝒓𝒓 ) = 	𝑘𝑘",∭ aUGH ∙ 𝐆𝐆<(𝒓𝒓𝒎𝒎𝒓𝒓 , 𝐫𝐫%) ∙ 𝜏𝜏&"(𝐫𝐫%)𝑑𝑑𝐫𝐫%1$
                              (22) 

d
𝑋𝑋2"
⋮
𝑋𝑋I"

f = 𝐼𝐼 + d
𝐴𝐴2"
⋮
𝐴𝐴I
"
f = d

𝐆𝐆<𝟏𝟏𝟏𝟏(𝐫𝐫𝟏𝟏𝒓𝒓, 𝐫𝐫𝟏𝟏) … 𝐆𝐆<𝟏𝟏𝟏𝟏(𝐫𝐫𝟏𝟏𝒓𝒓, 𝐫𝐫𝑷𝑷)
⋮ ⋱ ⋮

𝐆𝐆<𝑴𝑴𝑴𝑴(𝒓𝒓𝒎𝒎𝒓𝒓 , 𝐫𝐫𝟏𝟏) … 𝐆𝐆<𝑴𝑴𝑴𝑴(𝒓𝒓𝒎𝒎𝒓𝒓 , 𝐫𝐫𝑷𝑷)
f i
𝜏𝜏&"(𝐫𝐫2)

⋮
𝜏𝜏&"(𝑟𝑟L)

j                      (23)                      

 
𝑬𝑬?(𝒓𝒓CD , 𝒓𝒓E$ ) = 𝑄𝑄𝑘𝑘",∭ [𝒂𝒂TE$ 𝑮𝑮R (𝒓𝒓E$ , 𝒓𝒓′)][𝑮𝑮R (𝒓𝒓′, 𝒓𝒓CD )𝑎𝑎UCD ]𝜏𝜏&2(𝒓𝒓′)𝑑𝑑𝒓𝒓′1$

	                     (24)                      

 

For the first-order of the approximation, we have a definition of 

           𝑿𝑿𝟏𝟏(𝒓𝒓′) = 𝑰𝑰 +	𝑨𝑨𝟏𝟏(𝒓𝒓′)𝑿𝑿𝟎𝟎(𝒓𝒓′)                        (25)        

with 𝑨𝑨𝟏𝟏(𝒓𝒓′)	having	a	definition	of	 

𝑨𝑨𝟏𝟏(𝒓𝒓𝒎𝒎𝒓𝒓 ) = 	𝑘𝑘",∭ aUGH ∙ 𝐆𝐆<(𝒓𝒓𝒎𝒎𝒓𝒓 , 𝐫𝐫%) ∙ 𝑿𝑿𝟎𝟎
+𝟏𝟏(𝒓𝒓′)𝜏𝜏&2(𝐫𝐫%)𝑑𝑑𝐫𝐫%1$

                     (26)       

d
𝐴𝐴22
⋮
𝐴𝐴I
2
f = d

𝐆𝐆<𝟏𝟏𝟏𝟏(𝐫𝐫𝟏𝟏𝒓𝒓, 𝐫𝐫𝟏𝟏) … 𝐆𝐆<𝟏𝟏𝟏𝟏(𝐫𝐫𝟏𝟏𝒓𝒓, 𝐫𝐫𝑷𝑷)
⋮ ⋱ ⋮

𝐆𝐆<𝑴𝑴𝑴𝑴(𝒓𝒓𝒎𝒎𝒓𝒓 , 𝐫𝐫𝟏𝟏) … 𝐆𝐆<𝑴𝑴𝑴𝑴(𝒓𝒓𝒎𝒎𝒓𝒓 , 𝐫𝐫𝑷𝑷)
f d
𝑋𝑋2"
⋮
𝑋𝑋I"

f

+2

i
𝜏𝜏&2(𝐫𝐫2)

⋮
𝜏𝜏&2(𝑟𝑟L)

j                  (27)                  

The qth -order solution of Eq.(27) is defined as 

                                     𝑿𝑿𝒒𝒒M𝟏𝟏(𝒓𝒓′) = 𝑰𝑰 +	𝑨𝑨𝒒𝒒M𝟏𝟏(𝒓𝒓′)𝑿𝑿𝒒𝒒(𝒓𝒓′)								                 (28)                 

in which, 

𝑨𝑨𝒒𝒒M𝟏𝟏(𝒓𝒓𝒎𝒎𝒓𝒓 ) = 	𝑘𝑘",∭ aUGH ∙ 𝐆𝐆<(𝒓𝒓𝒎𝒎𝒓𝒓 , 𝐫𝐫%) ∙ 𝑿𝑿𝒒𝒒
+𝟏𝟏(𝒓𝒓%)𝜏𝜏&N(𝐫𝐫%)𝑑𝑑𝐫𝐫%1$

                      (29)                

d
𝐴𝐴2
NM2

⋮
𝐴𝐴I
NM2

f = d
𝐆𝐆<𝟏𝟏𝟏𝟏(𝐫𝐫𝟏𝟏𝒓𝒓, 𝐫𝐫𝟏𝟏) … 𝐆𝐆<𝟏𝟏𝟏𝟏(𝐫𝐫𝟏𝟏𝒓𝒓, 𝐫𝐫𝑷𝑷)

⋮ ⋱ ⋮
𝐆𝐆<𝑴𝑴𝑴𝑴(𝒓𝒓𝒎𝒎𝒓𝒓 , 𝐫𝐫𝟏𝟏) … 𝐆𝐆<𝑴𝑴𝑴𝑴(𝒓𝒓𝒎𝒎𝒓𝒓 , 𝐫𝐫𝑷𝑷)

f d
𝑋𝑋2
N

⋮
𝑋𝑋I
N
f

+2

i
𝜏𝜏&N(𝐫𝐫2)

⋮
𝜏𝜏&N(𝑟𝑟L)

j            (30) 

 

where, q = 0,1,2,3 … 
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𝜏𝜏&(𝐫𝐫%) = 	 𝜀𝜀$(𝐫𝐫%) − 𝜀𝜀# + 𝑗𝑗	 '(𝐫𝐫
!)+'"

,-./#
                                                                 (1) 

With 𝜏𝜏&(𝐫𝐫%) being the target function and the wavenumber expression in the investigation domain 𝑉𝑉!	being  

𝑘𝑘,(𝐫𝐫%) = 	𝜔𝜔,𝜇𝜇"𝜀𝜀"𝜀𝜀$(𝐫𝐫%) + 𝑗𝑗𝑗𝑗𝜇𝜇"𝜎𝜎(𝐫𝐫%)															                                             (2) 

=	𝑘𝑘#, + 𝑘𝑘",𝜀𝜀&(𝐫𝐫%)                                                                                           (3) 

𝑘𝑘# = 	𝜔𝜔2𝜇𝜇"𝜀𝜀"𝜀𝜀$(𝐫𝐫%) + 𝑗𝑗𝑗𝑗𝜇𝜇"𝜎𝜎#/𝜔𝜔                                                                (4) 

𝑘𝑘" = 𝜔𝜔2𝜇𝜇"𝜀𝜀"𝜀𝜀$(𝐫𝐫%)                                                                                       (5) 

The vector wave equation at each point of the investigation domain 𝑉𝑉! derives from: 
∇ × ∇ × 𝐄𝐄(𝐫𝐫%) = [𝑘𝑘#, + 𝑘𝑘",𝜏𝜏&(𝑟𝑟%)]𝐄𝐄(𝐫𝐫%).                                                   (6) 

Thus the scattered field 𝐄𝐄𝐒𝐒(𝐫𝐫%) is expressed in terms of total field 𝐄𝐄(𝐫𝐫%) for the investigation domain as 
the integral form  

𝐄𝐄𝐒𝐒(𝒓𝒓%) = 𝑘𝑘",∭ 𝐆𝐆<(𝐫𝐫, 𝐫𝐫%) ∙ 𝐄𝐄(𝐫𝐫%)𝜏𝜏&(𝐫𝐫%)1$
                                                     (7) 

in which the vector point 𝑟𝑟	 ∈ 𝑉𝑉!	, (6) is a nonlinear integral equation because 𝜏𝜏&(𝐫𝐫%) incorporated the total 
electric field. 𝐄𝐄(𝐫𝐫%); 𝐺̅𝐺(𝑟𝑟, 𝑟𝑟%) is the Green's dyadic function due to the current source arrived at with Eq.(6), 

𝐆𝐆<(𝐫𝐫, 𝐫𝐫%) = 2
3-
B𝐈̅𝐈 + 2

4%
∇∇D 5

&'()𝐫𝐫&𝐫𝐫!)

|𝐫𝐫+𝐫𝐫!|
.                                                                    (8) 

The Green's dyadic function correlates with the radiation emitted by a single transmitter (L. L. Monte, 
Soldovieri, Akduman, & Wicks, 2010), which offers a solution for the partial differential equation boundary 
condition Eq.(1), 

∇ × ∇ × 𝐆𝐆<(𝐫𝐫, 𝐫𝐫%) − 𝑘𝑘(𝐫𝐫),𝐆𝐆<(𝐫𝐫, 𝐫𝐫%) = 𝐈̅𝐈𝛿𝛿(𝐫𝐫 − 𝐫𝐫%)                                              (9) 
 
Born approximation minimizes unknown variables in Eq.(6) to be simply	𝜏𝜏&(𝐫𝐫%) through linearization of the 
inverse scattering problem under the approximation; thus, the inverse scattering problem is resolved for 𝜏𝜏&(𝐫𝐫%) 
with the total field 𝐄𝐄(𝐫𝐫%) expressed as an operator form Eq.(4), 

𝐄𝐄(𝐫𝐫%) − 𝐄𝐄𝑰𝑰(𝐫𝐫%) = 𝑨𝑨(𝒓𝒓′)𝐄𝐄(𝐫𝐫%)																														                                                  (10) 
𝐄𝐄(𝐫𝐫%) = [𝐈𝐈 − 𝑨𝑨(𝒓𝒓′)]+2𝐄𝐄𝑰𝑰(𝐫𝐫%)                                                                             (11) 

With I referring to the identity vector and the convolution and multiplication for 𝜏𝜏&(𝐫𝐫%)  are shown 
by	Γ	and	Ψ, in that order. Subsequently, Eq.(10) may be expanded if the norm is below one, thus: 

𝐄𝐄(𝐫𝐫%) = (𝐈𝐈	 − 𝑨𝑨𝟎𝟎(𝒓𝒓′) + 𝑨𝑨𝟏𝟏(𝒓𝒓′) − 𝑨𝑨𝟐𝟐(𝒓𝒓′)… )𝐄𝐄𝑰𝑰(𝐫𝐫%)                                             (12)     
Thus, the first-order Born approximation is described as:  

𝐄𝐄(𝐫𝐫%) = 𝐄𝐄𝑰𝑰(𝐫𝐫%)                                              (13)              
The initial term in Eq.(11) is regarded as substituting the total field 𝐄𝐄(𝐫𝐫%) with the incident field 𝐄𝐄𝑰𝑰(𝐫𝐫%) in 
accordance with first-order Born approximation Eq.(4), thus: 

𝐄𝐄𝐒𝐒(𝒓𝒓%) ≅ 𝑘𝑘",∭ 𝐆𝐆<(𝐫𝐫, 𝐫𝐫%) ∙ 𝐄𝐄𝑰𝑰(𝐫𝐫%)𝜏𝜏&(𝐫𝐫%)𝑑𝑑𝐫𝐫%1$
                                                  (14)     

We can now express the incident field in terms of Green's function as 
𝑬𝑬𝑰𝑰(𝒓𝒓′, 𝒓𝒓𝒏𝒏𝒕𝒕 ) = 𝑮𝑮R (𝒓𝒓′, 𝒓𝒓𝒏𝒏𝒕𝒕 )𝒂𝒂T𝒏𝒏𝒕𝒕 .                                                                              (15) 

𝐄𝐄𝑰𝑰(𝐫𝐫%, 𝒓𝒓𝒏𝒏𝒕𝒕 ) = 𝐆𝐆<(𝐫𝐫%, 𝒓𝒓𝒏𝒏𝒕𝒕 ) ∙ aU=> 	                                                        (16)          
𝑬𝑬?(𝒓𝒓𝒏𝒏𝒕𝒕 , 𝒓𝒓𝒎𝒎𝒓𝒓 ) = 𝑘𝑘",∭ 𝒂𝒂T𝒎𝒎𝒓𝒓 𝑮𝑮R (𝒓𝒓𝒎𝒎𝒓𝒓 , 𝒓𝒓′)𝑬𝑬B(𝒓𝒓′, 𝒓𝒓𝒏𝒏𝒕𝒕 )𝜏𝜏&(𝒓𝒓′)𝑑𝑑𝒓𝒓′1$

	                       (17) 

The orientation of the transmitter is given by aU=>  at the location 𝒓𝒓𝒏𝒏𝒕𝒕  while the receiver orientation is given by 
𝒂𝒂T𝒎𝒎𝒓𝒓  at location 𝒓𝒓𝒎𝒎𝒓𝒓 . By substitute Eq.(13) and Eq.(17) 

𝑬𝑬?(𝒓𝒓CD , 𝒓𝒓E$ ) = 𝑄𝑄𝑘𝑘",∭ [𝒂𝒂TE$ 𝑮𝑮R (𝒓𝒓E$ , 𝒓𝒓′)][𝑮𝑮R (𝒓𝒓′, 𝒓𝒓CD )𝑎𝑎UCD ]𝜏𝜏&(𝒓𝒓′)𝑑𝑑𝒓𝒓′1$
	                                  (18)                    
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ed by GPS; in this way no human operator is put 
at risk. Nevertheless, standard ground-penetrating 
radar does not work well over rough surfaces such 
as rocky or mountainous terrain as the radar has to 

be positioned directly over the target for detection, 
which cannot be achieved on uneven terrain; a fur-
ther consideration is that an area that has been sub-
jected to missile attack will inevitably be uneven.
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anomaly-conducting media. Experiments will take place over both homogenous and inhomogeneous rough 
surfaces. Two methods were employed to derive the scattered field's expression on the target, first by 
employing the wave equation and Born approximation and then employing the wave equation and high order 
extended Born approximation. A comparative study between both methods in terms of how efficient they 
are and the resolution provided. For both method, geometrical measurements have been taken to provide 
estimations of the target as a function of the scattered field. RFT, employing multiple transmitters/receivers 
for the achievement of geometric diversity(Baker & Hume, 2003), naturally provides high levels of 
information regarding the area being searched, which makes it easier to identify the void; furthermore, the 
resolution and the possibilities of detection are increased by each transmitter and receiver being transported 
by autonomous ground vehicles guided by GPS; in this way no human operator is put at risk. Nevertheless, 
standard ground-penetrating radar does not work well over rough surfaces such as rocky or mountainous 
terrain as the radar has to be positioned directly over the target for detection, which cannot be achieved on 
uneven terrain; a further consideration is that an area that has been subjected to missile attack will inevitably 
be uneven. 

2. THE MATHEMATICAL MODEL FOR THE BURIED TARGET 
 

For the buried target, the electric field model was expressed as a single frequency being the investigation 
domain 𝑉𝑉!.	   

 

Figure 1:  3-D model of the buried target. 

 

Figure 1 illustrates a 3-D geometric view of the model. The area of investigation where it is assumed the 
buried target will be discovered is a homogenous medium of estimated permeability 	𝜇𝜇", conductivity 	𝜎𝜎#, 
and dielectric permittivity 𝜀𝜀#. It is assumed that the homogenous medium has identical properties to earth. 
Transmitters and receivers were positioned just above the ground. The dielectric permittivity profile 𝜀𝜀$(𝑟𝑟%) 
for the investigation domain 𝑉𝑉! is unknown; the conductivity profile 𝜎𝜎(𝑟𝑟%), when 𝑟𝑟% is the separate position 
vector, the unknown dielectric permittivity contrast reframes the inverse problem thus: 

 

Figure 1 illustrates a 3-D geometric view of the 
model. The area of investigation where it is 
assumed the buried target will be discovered is 
a homogenous medium of estimated 
permeability 	𝜇𝜇! , conductivity 	𝜎𝜎" , and 
dielectric permittivity 𝜀𝜀! . It is assumed that the 
homogenous medium has identical properties to earth. 

Transmitters and receivers were positioned just 
above the ground. The dielectric permittivity 
profile 𝜀𝜀!(𝑟𝑟") for the investigation domain 𝑉𝑉#  is 
unknown; the conductivity profile 𝜎𝜎(𝑟𝑟"), when 
𝑟𝑟" is the separate position vector, the unknown 
dielectric permittivity contrast reframes the 
inverse problem thus: 

2. THE MATHEMATICAL MODEL FOR THE BURIED TARGET

Figure 1:  3-D model of the buried target.
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landmines and unexploded missiles, however, GPR 
is not as efficient in terms of detection because these 
objects tend to be just a short distance below the sur-
face (Ambrosanio et al., 2019; Gurbuz, 2012; Sato, 
2009). Over the last ten years, there have been a 
number of suggestions about using first-order Born 
approximation with RF tomography for underground 
detection (Cui et al., 2003; Fornaro, Lombardini, & 
Serafino, 2005; Guzel, Tran, Wicks, & Monte, 2015; 
L. Lo Monte, Erricolo, Picco, Soldovieri, & Wicks, 
2009; L. Lo Monte, Erricolo, Soldovieri, & Wicks, 
2010, 2010; L. Lo Monte, Patton, & Wicks, 2010; 
Meincke, 2001; Norgard et al., 2007; Vitebskiy, 
Carin, Ressler, & Le, 1997). Employing ground-pen-
etrating radar throws up several problems in terms 
of its detection specifications, e.g., it is desirable to 
bring the transmitters/receivers as near to the search 
area as can be permitted; for optimal detection, the 
radar device must be directly over the object being 
sought (Kasban, Zahran, Elaraby, El-Kordy, & Abd 
El-Samie, 2010). Clearly, this is highly dangerous in 
terms of the probability of touching off the landmine 
or other buried ordnance, and it also makes for insu-
perable difficulties when direct access to a territory is 
not available(Carevic, 2000). A new form of detection 
will be introduced for discovering landmines and un-
exploded ordnance in such terrain. The GPR system 
will employ wideband to procure additional informa-
tion regarding targets buried underground and there-
fore supply high-resolution imaging. Because of this, 
there will be significant propagation losses around the 
end of the operating band, which will impose limits 
upon penetration depth. Due to the electromagnetic 
spectrum being crowded and extremely narrow, this 
research employs ultra-narrowband signals to ensure 
that the detection process is free of interference. This 
system provides an economic architecture and en-
sures no noise levels and low-frequency dispersion 
by employing ultra-narrowband and adaptive wave-
forms. Thermal noise increases signal bandwidth, de-
grading the signal-to-noise ratio; this can be resolved 
by employing discrete ultra-narrowband tones.

1.1. Radio Frequency Tomography

 Radio Frequency Tomography is a promising tech-

nology for generating 3D imagery of buried objects, 
e.g., landmines or unexploded ordnance. It is cru-
cial to achieve a proper object resolution to be con-
fident that the detected object is the desired target. 
In this method, the transmitters and receivers under-
go arbitrary spatial dispersion over the area under 
investigation. N transmitters and M receivers are 
transported using unmanned ground vehicles. One 
transmitter will operate with the other transmitters 
are being silent, with every transmitter radiating a 
defined waveform employing appropriate polar-
ization (Picco, Erricolo, & Lo Monte, 2010), so 
that we know a defined quantity of receivers have 
undergone activation in a defined location. These 
transmitters and receivers are selected to prevent 
forward scattering. Having various transmitters/re-
ceivers enables us to obtain a unique perspective of 
the target object(Desai & Jenkins, 1992). The data 
harvested through each receiver has its noise and 
clutter removed and then is stored. When selecting 
an active receiver antenna, the active transmitter 
antenna's main lobe's beamwidth angle is consid-
ered (Karlovšek, Scheuermann, & Willimas, 2012). 
The inverse scattering problem was employed to 
provide a superior means of creating imagery of 
buried targets employing high contrast dielectric 
media or even anomaly-conducting media. Exper-
iments will take place over both homogenous and 
inhomogeneous rough surfaces. Two methods were 
employed to derive the scattered field's expression 
on the target, first by employing the wave equation 
and Born approximation and then employing the 
wave equation and high order extended Born ap-
proximation. A comparative study between both 
methods in terms of how efficient they are and the 
resolution provided. For both method, geometrical 
measurements have been taken to provide estima-
tions of the target as a function of the scattered field. 
RFT, employing multiple transmitters/receivers for 
the achievement of geometric diversity(Baker & 
Hume, 2003), naturally provides high levels of in-
formation regarding the area being searched, which 
makes it easier to identify the void; furthermore, 
the resolution and the possibilities of detection are 
increased by each transmitter and receiver being 
transported by autonomous ground vehicles guid-
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1. INTRODUCTION

Radar imaging is an instrumental means of ex-
ploring the underground. RFT for ground-pene-
trating radar imaging (RFT-GPR) application is 
the most frequently employed radar imaging tech-
nique(Wicks, 2007). This form of imaging is excep-
tionally prevalent in commercial operations, e.g., 
gas/oil exploration; it returns a grayscale mapping 
of the amplitude (brightness) of echoes related to a 
location within the scanned area(Ambrosanio, Bev-
acqua, Isernia, & Pascazio, 2019). Nevertheless, 
this technique cannot resolve structures below the 
size of one-third of the incident wave's wavelength. 
This difficulty could be overcome by employing an 
inverse scattering technique founded in RFT-GPR. 
If incident electromagnetic waves come across an 
inhomogeneity, a percentage of the energy is broad-
cast in all directions. Several electromagnetics pa-
rameters can be employed for the recognition of 
weak non-metallic scatterer, e.g., landmines. This 
means that quantitative information regarding the 
examined objects could be returned using RFT-
GPR.
For environmental monitoring and assessment, 
near-surface geophysical explorations, and the 
discovery of landmines and other unexploded or-
dinance, electromagnetic (EM) inverse scattering 
methodologies to find submerged dielectric objects 
are frequently employed. EM inverse scattering is 
a nonlinear one, as there will be a multiplicity of 
scattering effects within objects. With substantial 
3D problems, it is challenging to employ nonlin-
ear inversion methodologies due to the competing 
demands they impose(Chew & Wang, 1990). When 
there is a low level of contrast between the buried 
object and its background, the Born approxima-
tion is generally employed for linearization of the 
nonlinear inverse scattering. Lilia inversion is fre-
quently used to detect buried objects on-site due to 
its simplicity and the demand for computational re-
sources. However, when there is a significant con-
trast between the buried object and the surround-
ings, inaccuracies appear with the Born approxi-
mation, and accurate detection is impossible with 
the linear inversion. However, a fast measurement 

for brain stroke diagnosis at the emergency room 
was proposed for fluctuations of biological tissue 
dielectric function using the Born iterative method 
(BIM) (Afsari, Abbosh, & Rahmat-Samii, 2019). 
Solving the computational cost issue was proposed 
at (Han et al., 2019) by proposing a new inversion 
algorithm—a multifrequency inversion algorithm 
as proposed by minimizing the cost function (Qiu 
et al., 2019). 
To harvest acceptable resolution imagery of buried 
objects without having to resolve nonlinear inverse 
scattering problems, it has been suggested that with 
2D scalar problems quasilinear approximations 
(Zhdanov & Hursan, 2000; Zhou & Liu, 2000) and 
high-order approximations (Gao & Torres-Verdin, 
2006) should be employed. This research suggests 
an efficient method of imaging 3D objects buried 
employing First-order Born approximation to up-
date each iteration object's object profile function 
(Cui et al., 2005). The proposed method shows that 
first iteration solutions match that of Born approxi-
mations, correspondent to linear inverse scattering. 
High-older solutions for object profile functions 
with inverse scattering problems can be found, hav-
ing closed-form relationships while keeping the lin-
earity of inversion(Cui, Aydiner, Chew, Wright, & 
Smith, 2003). The Fast Fourier Transform can be 
employing the evaluation of the simplicity of the 
relationship. This high-order solution is of an order 
of simplicity compared to the Born approximation. 
When the object profile function has a significant 
contrast, high-order solutions have far greater accu-
racy due to approximate considerations of the ob-
ject's internal multiple-scattering effect. Thus, high 
contrast object profile function acceptable resolu-
tion images can be created employing the proposed 
methodology only through linear inverse problem 
solution. With this linear inversion, we have em-
ployed a conjugate gradient, offering superior re-
construction outcomes. Numerical experimentation 
has demonstrated that the suggested means of em-
ploying ground-penetrating radar and radiofrequen-
cy tomography is both valid and efficient when they 
are combined to provide improved estimations of 
the detection parameters in reconstructing a target 
image, incorporating geolocation. In the case of 
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ــي  ــر المقطعـ ــتخدام التصويـ ــة باسـ ــام المدفونـ ــن الأجسـ ــف عـ الكشـ
ــة ــة العاليـ ــورن ذو الرتبـ ــب بـ ــراض تقريـ ــت افتـ ــوي تحـ الراديـ

مهند سالم المطيري 

)قدم للنشر في  1441/11/05هـ؛ وقبل للنشر في 1442/03/24هـ(

ــة  ــة بعمــق والمرافــق الأرضي ــاء صــور الأهــداف المدفون ــة عــادة لاكتشــاف وإعــادة بن ــرددات الراديوي ــر المقطعــي للت ملخــص: يُســتخدم التصوي
ــد  ــة ، وتحدي ــم البيئ ــرددات اللاســلكية )RFT( ولتقيي ــر المقطعــي للت ــراق الأرضــي والتصوي ــن رادار الاخت تحــت الأرض. يجمــع هــذا البحــث بي
موقــع الهــدف ، وإنشــاء صــورة مســتهدفة لأشــياء متنوعــة مثــل الألغــام الأرضيــة أو الذخائــر غيــر المنفجــرة. بعــد جمــع البيانــات مــن عــدد مــن 
أجهــزة الإرســال والاســتقبال ، يتــم اســتخدام مبــدأ الانتثــار العكســي لحســاب الخصائــص العازلــة. لحــل صعوبــة الانتثــار العكســي غيــر الخطــي ، 
يتــم اســتخدام تقريــب Born عالــي الترتيــب. يرســل جهــاز الإرســال أشــكالاً موجيــة ضيقــة النطــاق منخفضــة التــردد مناســبة علــى ســطح الأرض 
؛ وهكــذا فــإن واجهــة الموجــة خلقــت أجســامًا تحــت الأرض ، والتــي تبــدد الطاقــة الكهرومغناطيســية فــي كل اتجــاه. تأخــذ أجهــزة الاســتقبال عينــة 
مــن الإشــارة المتناثــرة ، وتســترد أطوارهــا ، ويتــم ترحيــل هــذه المعلومــات إلــى معالــج مركــزي. بمجــرد وضــع البيانــات الملتقطــة مــن خــال 
المعالجــة التكيفيــة ، يمكــن إنشــاء صــورة للأهــداف تحــت الأرض. تقتــرح هــذه الورقــة تقليــل التعقيــدات الحســابية وإعــادة بنــاء الصــورة المحســنة 
مــن خــال شــكل بســيط وفعــال لتقريــب Born الأعلــى رتبــة. وهــذا يســمح ببنــاء صــور عاليــة الدقــة عنــد العمــل مــع أهــداف التبايــن العاليــة ببســاطة 
مــن خــال حــل مشــكلة التشــتت العكســي الخطــي. تــم اســتخدام خوارزميــة متدرجــة متقاربــة للانقــاب الخطــي. و لقــد أظهــر الاختبــار العــددي أن 

هــذه المنهجيــة المقترحــة صالحــة وفعالــة.

كلمات مفتاحية:  رادار الاختراق الأرضي، التصوير المقطعي، الترددات الراديوية، الانتثار العكسي، التشتت العكسي الخطي.
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Detection of Buried Object Using RF Tomography Under 
High-Order Born Approximation Assumption

Muhannad S. Almutiry

(Received 26/06/2020; Accepted 09/11/2020) 

Abstract: Radiofrequency tomography (RFT) is frequently employed for the detection and reconstruction of images of deeply 
buried targets and underground facilities. This research combines ground penetrating radar with RFT for assessment of the 
environment, pinpointing the location of a target, and creating a target image of suc buried objects as landmines or unexploded 
ordnance. Following data collection from a number of transmitters and receivers, the inverse scattering principle is employed 
for the computation of dielectric properties. For the resolution of the nonlinear inverse scattering difficulty, a high-order Born 
approximation is employed. The transmitters beam appropriate low-frequency narrowband waveforms at the earth’s surface; the 
wave front thus created encounters underground objects, which scatters electromagnetic energy in every direction. Receivers take 
a sample of the scattered signal, retrieving their phases, and this information is relayed to a central processor. Once the captured 
data has been put through adaptive processing, an image of the underground object can be constructed. This paper proposes the 
reduction in computational complexities and an improved image reconstruction through a simple and efficient form of higher-
order Born approximation. The proposed method is based on updating the reconstructing domain at each Born approximation 
process. This allows high-quality resolution imagery to be constructed when working with significant contrast objects simply 
through the resolution of a linear inverse-scattering problem. A Conjugate Gradient algorithm has been employed for the linear 
inversion. Numerical testing has demonstrated that this suggested methodology is both valid and efficient.

Keywords: GPR, RFT, RFT-GPR, RFT Born Approximation.
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