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 خلاصه کاربردی 

ٞب ًبمی ٌیبٞی ٘مَ وّیـی ؿاك٘ـ. ؿك صٙیٗ ٔغبِقبتی ام ایٗ ٔـَٞبی ُجیٝٚ أٙیت غقایی ٔـَٞبی ٔلتجظ ثب تِٛیـ غقا ؿك اكمیبثی

ُٛؿ. أب، فٕـتب ثلای ثلآٚكؿ ؽلفیت یب پتبٌ٘یُ فّٕىلؿ ثٝ فٙٛاٖ تبثقی ام ُلایظ الّیٕی، ؽبن، ٔـیلیت ٚ ه٘تیه )اكلبْ( اًتفبؿٜ ٔی

تٛا٘ٙـ ٔیناٖ آة آثیبكی ؽبِْ ؿك ٚاوَٙ ثٝ فٛأُ فول ُـٜ كا ثلآٚكؿ ٕٞضٙیٗ ٔی ٞبٞب ٔغـٚؿ ثٝ ایٗ أل ٘یٌت. ایٗ ٔـَوبكثلؿ ٔـَ

ثیٙی كُـ ٚ فّٕىلؿ تقـاؿ میبؿی اًتفبؿٜ ُـٜ ٚ تغییلاتی ؿك آٖ ؿاؿٜ ُـ تب ثلای پیَ SSMًبمی ٕ٘بیٙـ. ؿك ایٗ ٔغبِقٝ ام ًبؽتبك ٔـَ

ٞبی ٚكٚؿی ( ثٝ ؿاؿSSM-iCrop2ٜـ ٔٙبًت ثبُـ. ٔـَ عبّٓٝ )ٌٛ٘ٝ ٌیبٞی ُبُٔ ٌیبٞبٖ صٙـ ًبِٝ ٚ ؿكؽتبٖ ٔیٜٛ ؿك ًغٛط ًٚی

ٞبی ٔلتجظ ثب كُـ ٚ ٌٛ٘ٝ ٌیبٞی آّی وِٛك پبكأتلیبثی ٚ اكمیبثی ٌلؿیـ. ؿاؿٜ 35وٕتل ٚ ؿك ؿًتلى ٘یبم ؿاكؿ. ایٗ ٔـَ ثلای ثیَ ام 

ٔمبِٝ صبح ُـٜ ٚ تقـاؿ ثیِتلی ٌناكُبت  400ٞب ام ًلاًل وِٛك رٕـ آٚكی ٚ ٔٛكؿ اًتفبؿٜ للاك ٌلفت. ثیَ ام فّٕىلؿ ایٗ ٌٛ٘ٝ

ٞبی ٔلتجظ ثب ٔـیلیت ایٗ ٌیبٞبٖ ؿك ُلایظ ٔنكفٝ ٚ ثبغبت ٚ ٘ین پتبٌ٘یُ تِٛیـ آٖ ام تغمیمبتی ٔٛكؿ اًتفبؿٜ للاك ٌلفتٙـ. ٕٞضٙیٗ ؿاؿٜ

 78ٌلؿیـ. ٔـَ ثلای  ًلاًل وِٛك ثب ٕٞىبكی ٔلاون اًتب٘ی ًبمٔبٖ تغمیمبت، آٔٛمٍ ٚ تلٚیذ وِبٚكمی رٕـ آٚكی ٚ اًتفبؿٜ

ثبُـ ِٚی ثب تٛرٝ ثٝ اكتجبعبت ٔی 37ًبمی ٞل كلٓ یب ٌٛ٘ٝ ٌٛ٘ٝ/كلٓ ٌیبٞی پبكأتلیبثی ُـٜ اًت. تقـاؿ پبكأتلٞبی لامْ ثلای ُجیٝ

َ ِ٘بٖ ؿاؿ ثبُـ. آمٖٔٛ ٔـٔی 20پبكأتلٞب ثب یىـیٍل ٚ ٟٔٓ ٘جٛؿٖ ثلؽی پبكأتلٞب ؿك ثلؽی ٌیبٞبٖ، تقـاؿ ٚالقی پبكأتل لامْ عـٚؿ 

وٙـ ٚ ٔمبؿیل ضلیت ٕٞجٌتٍی ٚ ضلیت ثیٙی فّٕىلؿ ٚ ٘یبم آثیبكی ؽبِْ )یب تجؾیلتقلق ؿك ُلایظ ؿیٓ( ٔٛفك فُٕ ٔیٔـَ ؿك پیَ

ٞبی لبثُ لجَٛ ثٛؿ٘ـ. ام ایٗ ٔـَ ؿك علط ّٔی أیٙت غقایی ثلای ثلآٚكؿ پتبٌ٘یُ فّٕىلؿ ٌیبٞبٖ ٔؾتّف ؿك ُلایظ تغییلات ؿك ٔغـٚؿ

 وِٛك ٚ ٘ین ثلآٚكؿ ٘یبم آثیبكی ؽبِْ ایٗ ٌیبٞبٖ ؿك ُلایظ آثی اًتفبؿٜ ؽٛاٞـ ُـ.  ؿیٓ ٚ آثی
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ٞبی ثیٗ ٞبی رـیـی وٝ تًٛظ ًبمٔبٖٞب ؿك ٔٛكؿ تِٛیـ غقای وبفی ٚ تأٔیٗ أٙیت غقایی رٟب٘ی رـی اًت. ٌناكٍٍ٘لا٘ی

ًٍٙی ؿك رٟبٖ، ُبٞـ افنایَ ؿٚثبكٜ آٖ ٌٞتیٓ. ثلاًبى إِّّی تٟیٝ ُـٜ عبوی ام آٖ اًت وٝ پي ام یه ؿٚكٜ عٛلا٘ی وبَٞ ٌل

ٞبی ام ٔٙبعك رٙٛة ٓغلای آفلیمب ٚ رٙٛة ُللی ٚ غلة آًیب ثٝ ؿِیُ ٚلٛؿ ؽِىٌبِی ٚ ؿكٌیلی یٞبیٞب ؿك ثؾَایٗ ٌناكٍ

، غقای ثیِتلی كا 2050كٚؿ وٝ ؿك ًبَ (. ام وِبٚكمی ا٘تؾبك ٔی2018؛ 2017٘ؾبٔی أٙیت غقایی ٚضقیت ٍ٘لاٖ وٙٙـٜ ؿاكؿ )فبئٛ، 

؛ تیّٕٗ ٚ ٕٞىبكاٖ، 2012ٔیّیبكؿ ٘فلرٕقیت رٟبٖ ثب احلات میٌت ٔغیغی وٕتل فلاٞٓ وٙـ )اِىٌب٘ـك ٚ ثلٚیٌٕٙب،  10تب  9ثلای تغقیٝ 

 ( اؽٟبك ؿاُت و2012ٝثبُـ. وٌٕٗ )(. أب ثب تٛرٝ ثٝ ٔٙبثـ ٔغـٚؿ مٔیٗ ٚ آة، كًیـٖ ثٝ ایٗ ٞـف ؿُٛاك ٔی2013؛ إًیت، 2011

 . "عَٔٛ أٙیت غقایی تٛاْ ثب عفؼ ٔغیظ میٌت اعتٕبلا ثنكٌتلیٗ صبَِ فّٕی پیَ كٚی ثِل اًت"

ًبمی ٌیبٞی ٔی ثبُـ. ؿك ٚالـ ٞبی ُجیٝٔـَ ،ثلای ٔغبِقٝ أٙیت غقایی ثٝ اثناكٞبی ٔؾّٔٛ آٖ ٘یبم اًت. یىی ام ایٗ اثناكٞب

؛ تیٌٕیٙب ٚ 2016ٔغبِقبت أٙیت غقایی ٌٞتٙـ )فٗ ایتلًبْ ٚ ٕٞىبكاٖ، تلیٗ اثناكٞب ؿك ًبمی ٌیبٞی یىی ام ٟٔٓٞبی ُجیٝٔـَ

ؿٞٙـ وٝ ؿك آٖ كُـ، ٕ٘ٛ ٚ فّٕىلؿ ٌیبٜ ثلاًبى پبكأتلٞبی ٌیبٜ ٚ ؿ٘یبی ٚالقی كا اكائٝ ٔی ٞب ُىُ ًبؿٜ ُـٜ(. ٔـ2018َٕٞىبكاٖ، 

ٞبی ثیٗ إِّّی ٔلتجظ ثب أٙیت تلیٗ پلٚهٜثلؽی ام ًٟٔٓبمی ٌیبٞی ٘مَ ٟٕٔی ؿك ٞبی ُجیٌٝلؿؿ. ٔـَُلایظ آة ٚ ٞٛایی تقییٗ ٔی

)كٚا٘ٝ ٚ ٕٞىبكاٖ،  AgMIP(، 2013)فٗ ایتلًبْ ٚ ٕٞىبكاٖ،  GYGA(، 2014)ا٘ـكًٖٛ ٚ ٕٞىبكاٖ،  HarvestChoiceغقایی ٔب٘ٙـ 

 ك٘ـ. ؿا CGIAR (CIAT, IFPRI, 2016)( ٚ 2015)تل٘ىب ٚ ٕٞىبكاٖ،  MACSUR(، 2014؛ ٔبكتل ٚ ٕٞىبكاٖ، 2016



3 

 

ٞب ا٘ـ. ثلای ٔخبَ، ام ٔـَٞبی ُجیٝ ًبمی ٌیبٞی ؿك ٔٛضٛؿ أٙیت غقایی ٔٙتِل ُـٜتبوٖٙٛ ٔمبلات میبؿی ؿك ٔٛكؿ اًتفبؿٜ ام ٔـَ

( ٚ 2018؛ اًضیّي ٚ ٕٞىبكاٖ، 2018؛ ِئٖٛ ٚ ٕٞىبكاٖ، 2013ثلای اكمیبثی پتبٌ٘یُ فّٕىلؿ ٌیبٞبٖ مكافی )فٗ ٚاكت ٚ ٕٞىبكاٖ، 

ٞبی ٔؾتّف ٔـیلیتی ٚ (، اكمیبثی ٌنی2018ٝٙاٚصٛآ ٚ ٕٞىبكاٖ، -؛ ٞل٘ب٘ـم2018تغییل الّیٓ )كعٕبٖ ٚ ٕٞىبكاٖ، ٞب ثٝ ٚاوَٙ آٖ

ًبمی ٔٔلف آة ( ٚ ثٟی2017ٝٙ؛ ٚاؿم ٚ ٕٞىبكاٖ، 2010؛ ًیٙىّل ٚ ٕٞىبكاٖ، 2011ه٘تیىی ؿك ثٟجٛؿ فّٕىلؿ ٌیبٞبٖ مكافی )ًیٙىّل، 

 ا٘ـ. ( اًتفبؿٜ ُـ2008ٜ؛ ٚاً٘ ٚ ٕٞىبكاٖ، 2009ی ٚ ٕٞىبكاٖ، ؛ ٔه وبكت2010ٚ وٛؿ )فلیي ٚ ٕٞىبكاٖ، 
1
SSM ٌٖلؿؿ مٔب٘ی وٝ ًیٙىّل ثل ٔی 1986ٞب ثٝ ًبَ ثٝ ٌلٚٞی ام ٔـَ ٞبی ُجیٝ ًبمی ٌیبٞی اعلاق ٔی ُٛؿ وٝ ًبؽت آ

تملیجب ثلای ٕٞٝ ٌیبٞبٖ مكافی اًتفبؿٜ ًبَ ثقـ ثٟجٛؿ یبفتٝ ٚ  30( ٔـِی ثلای كُـ ٚ ٕ٘ٛ ًٛیب تٟیٝ ولؿ. ًبؽتبك ایٗ ٔـَ عی 1986)

؛ ًّغب٘ی ٚ 1992(، ٌٙـْ )ًیٙىّل ٚ أیل، 1997(، ًٛكٌْٛ )ًیٙىّل ٚ ٕٞىبكاٖ، 1995ُـٜ اًت وٝ ام رّٕٝ فكت )ًیٙىّل ٚ ٔبوٛ، 

تٛاٖ ( كا ٔی1999( ٚ ٘ؾٛؿ )ًّغب٘ی ٚ ٕٞىبكاٖ، 1995(، ثبؿاْ مٔیٙی )ٕٞل ٚ ٕٞىبكاٖ، 2005(، رٛ )ٚٞبثی ٚ ًیٙىّل، 2013ٕٞىبكاٖ، 

ؿك  SSM. ام ٔـَ ُٛؿ( ٔلارقٝ 2013ٚ ًّغب٘ی ٚ ٕٞىبكاٖ )( 2012ٔی تٛاٖ ثٝ ًّغب٘ی ٚ ًیٙىّل ) SSM٘بْ ثلؿ. ثلای تٛضیظ وبُٔ 

تٛاٖ ثٝ ٌٙـْ ؿك ؽبٚكٔیب٘ٝ )اًىٛپبس ٚ ٕٞىبكاٖ، ٔغبِقبت ٔلثٛط ثٝ أٙیت غقایی ؿك ٘مبط ٔؾتّف ؿ٘یب اًتفبؿٜ ُـٜ وٝ ام آٖ رّٕٝ ٔی

(، 2014( ٚ آفلیمب )ًیٙىّل ٚ ٕٞىبكاٖ، 2010(، ًٛیب ؿك آٔلیىب )ًیٙىّل ٚ ٕٞىبكاٖ، 2019ٚ ٕٞىبكاٖ،  ًبیلًی( ٚ آٔلیىب )2017

ٌٛیٍٛیتب٘ت ٚ ٕٞىبكاٖ، ( ٚ رٙٛة آًیب )2015(، فـى ؿك ُٕبَ آفلیمب )لب٘ٓ ٚ ٕٞىبكاٖ، 2015فكت ؿك آٔلیىب )ٌٔیٙب ٚ ٕٞىبكاٖ، 

 ( اُبكٜ ولؿ. 2017كٞبی رٙٛة ٓغلای آفلیمب )ٚاؿم ٚ ٕٞىبكاٖ، ٚ ثبؿاْ مٔیٙی ؿك وِٛ( 2017

SSM ـ ٚ ثٝ اعلافبت میبؿی ٙٚ پبكأتل ٔی ثبُ ٝربیٍنیٙی ثلای ٔـَ ٞبی پیضیـٜ ثٝ ُٕبك ٔی آیـ وٝ ؿاكای تقـاؿ فلاٚا٘ی فلضی

ثبیـ ٔـَ ٞبی ٌیبٜ كا یبٖ ُـٜ اًت: ث( 1996ًیٙىّل ٚ ًّیٍٕبٖ )تًٛظ  SSMٔجٙبی ًبؽت ٔـَ ٞبی ؿكثبكٜ ٌیبٜ ٚ ؽبن ٘یبم ؿاك٘ـ. 

( اٞـاف ٔـَ ثٝ كُٚٙی ِٔؾْ 1: )ٝ ُـٜ ثبُـٞب ٘ىبت میل ؿك ٘ؾل ٌلفت وٝ ؿك ًبؽت آٖ ٌلفتؿك ٘ؾل  "وبكٌِب یاثناك" ثٝ فٙٛاٖ

( ثٝ 3پقیلٍ یب كؿ ٔـَ ؿك كاثغٝ ثب اٞـاف ٔـَ تقییٗ ُٛ٘ـ، ) ،( ٔقیبكٞبی اكمیبثی2ُٛ٘ـ ٚ ؿك ٕٞبٖ عبَ ٔٙغمی ٚ ؿك ؿًتلى ثبُٙـ، )

ٍٞٙبْ ًبؽت ٔـَ، ٔـٌِبم ؽٛؿآٌبٜ یب ٘بؽٛؿآٌبٜ تغت تبحیل ٔـَ ٞبی ٔٛرٛؿ للاك ٍ٘یلؿ ٚ ؿك عمیمت ٕٔىٗ اًت ؿك ٞل ٚضقیتی 

( 5ٚ ) ،ؾل ثلای ٔـَ ًبمی ثبُـ( ًغظ ًبمٔب٘ی ٔـَ ًبمی عـاوخل یه ًغظ پبییٗ تل ام ًغظ ٔٛكؿ 4٘ٔـَ ؽبٓی ٔٛكؿ ٘یبم ثبُـ، )

یبفت تِقِـ )ٔقبؿِٝ ٔبٌ٘ی ٚ كٞل ربیی وٝ ٕٔىٗ ثبُـ ام ٔقبؿلات ؽلآٝ اًتفبؿٜ ُٛؿ وٝ ام رّٕٝ آٟ٘ب ٔی تٛاٖ كٚاثظ ٔلثٛط ثٝ ؿ

 ْ ثلؿ.( كا ٘ب1983فتًٛٙتن )تٙل ٚ ًیٙىّل، -( ٚ كٚاثظ تقلق1989ًبیىی(، وبكایی اًتفبؿٜ ام تِقِـ ؽٛكُیـی )ًیٙىّل ٚ ٞٛكی، 

( ٚ ًرّغب٘ی ٚ  2012ؿك عبِی وٝ ٔـَ ٞبی ٔتقـؿ ؿیٍرلی ٘یرن ثرلای ُرجیٝ ًربمی ٌیربٞی ؿك ؿًرتلى ٌٞرتٙـ، ًرّغب٘ی ٚ ًریٙىّل )          

 كا ثٝ ایٗ ٓٛكت فٟلًت ولؿٜ ا٘ـ:  SSM( ؿلایُ ًبؽت ٚ وبكثلؿ ٔـَ ٞبی 2013ٕٞىبكاٖ )

پبكأتلٞبی ٔـَ، ٕ٘ٛؿاكٞربی رلیرب٘ی ٔرـَ ٚ ورـ آٖ     ٘یٌتٙـ. ُفبفیت یقٙی ایٗ وٝ  2ثٌیبكی ام ٔـَ ٞب ثٝ ٔمـاك وبفی ُفبف -

 تًٛظ وٌب٘ی وٝ ؿًت ا٘ـك وبك ًبؽت ٔـَ ٘جٛؿٜ ا٘ـ ثٝ ًبؿٌی لبثُ ؿكن ثبُـ.

ؿك ثٌیبكی ام ٔـَ ٞب ام رنیی ٍ٘لی ٔفلط اًتفبؿٜ ُـٜ اًت وٝ ثـیٗ ٔقٙی اًت وٝ ایٗ ٔـَ ٞب ؿاكای تقـاؿ میبؿی پبكأتل  -

ٌیبٞی ٌٞتٙـ. ؿك ثلؽی ام ٔٛاكؿ ایٗ ٔـَ ٞرب آٖ لرـك پیضیرـٜ ُرـٜ ا٘رـ ورٝ رٙجرٝ ٞربیی ام         ٚ ٔقبؿِٝ ثلای تٛضیظ ٞل فلآیٙـ 

(! افنٚؿٖ ثٝ پیضیـٌی 1996ًبؽتبك ٚ وبكولؿ ایٗ ٔـَ ٞب عتی ثلای افضبی تیٓ ٔـَ ًبمی آٖ ٞب ٘ین كُٚٗ ٘یٌت )ٔب٘تیج، 

اًت وٝ اضبفٝ ولؿٖ فلضیبت ثٝ ٔـَ ثـٖٚ یه ٔـَ ضلٚكتب ٔـَ كا ثٝ ٚالقیت ٘نؿیه ٕ٘ی وٙـ. ؿك عمیمت، ثٌیبك ٔغتُٕ 

                                                      
1
 Simple Simulation Models 

2
 Transparent  
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آٖ وٝ تًٛظ ُٛاٞـ آمٔبیِی تٛریٝ ُٛ٘ـ، ثبفج ضقف وبكولؿ ٔـَ ُٛؿ. وبكثلاٖ ثبیـ ام ایٗ ٔـَ ٞب ثٝ ٓٛكت رقجٝ ًیبٜ 

اًتفبؿٜ وٙٙـ ثـٖٚ آٖ وٝ ؿكن كُٚٙی ام ًبؽتبك ٚ ٔغـٚؿیت ٞبی ٔـَ ؿاُتٝ ثبُٙـ. ٔـَ ٞبی پیضیـٜ ثٝ ؿاؿٜ ٞبی ٚكٚؿی 

 ی ٘ین ٘یبم ؿاك٘ـ وٝ ٕٔىٗ اًت ثٝ كاعتی ؿك ؿًتلى ٘جبُـ. میبؿ

 ؿك ثلؽی ٔٛاكؿ وـ ٔـَ ٞب ؿك ؿًتلى ٘یٌت ٚ ٕٔىٗ اًت وـ ٔـَ ثب ٌٔتٙـات صبح ُـٜ ٔـَ تغجیك ٘ـاُتٝ ثبُـ.  -

افرناك ًرل ؿك   ٌبٞی ٘لْ افناك ٔـَ كُٚٗ، ًبؿٜ ٚ ا٘قغبف پقیل ٘یٌت. ؿك ایٗ ٔٛاكؿ وبكثلاٖ ثبیـ ثٌیبك تلاٍ وٙٙـ وٝ ام ٘رلْ   -

 ثیبٚك٘ـ ثٝ ربی آٖ وٝ ثل ٘غٜٛ وبك ٔـَ ٔتٕلون ُٛ٘ـ. 

ثٌیبكی ٔـَ ٞب ؿاكای یه یب صٙـ پبكأتل ٌٞتٙـ وٝ ٔقٙبی كُٚرٙی ٘ـاُرتٝ ٚ لبثرُ ا٘رـامٜ ٌیرلی ٘یٌرتٙـ ٚ ثبیرـ آٖ ٞرب كا ثرب           -

 آٖ ٞب كا ٌٔتمیٕب ا٘ـامٜ ٌیلی ولؿ. وبِیجلاًیٖٛ پیـا ولؿ. تٕبٔی پبكأتلٞبی یه ٔـَ ثبیـ ؿاكای ٔقٙی كُٚٙی ثبُٙـ ٚ ثتٛاٖ 

 

عٛكی وٝ ثلای ُجیٝ ًبمی كُـ ٚ تِٛیـ  SSM( ایزبؿ ثلؽی تغییلات ٚ ًبمٌبك ولؿٖ ٔـَ 1اٞـف ایٗ ٔغبِقٝ فجبكت ثٛؿ٘ـ ام )

ٜٛ لبثُ اًتفبؿٜ تقـاؿ میبؿی ام ٌٛ٘ٝ ٞبی ٌیبٞی ُبُٔ مكافی ؿا٘ٝ ای ٚ غیل ؿا٘ٝ ای یه ًبِٝ، ٌیبٞبٖ صٙـ ًبِٝ ٔخُ یٛ٘زٝ ٚ ؿكؽتبٖ ٔی

( اكمیبثی ایٗ ٔـَ ثلای ایٗ ٌٛ٘ٝ ٞبی ٔتٙٛؿ ؿك 3( پبكأتلیبثی ایٗ ٔـَ ثلای ٌٛ٘ٝ ٞبی ٌیبٞی ٔؾتّف ؿك ُلایظ ایلاٖ،  ٚ )2ثبُـ، )

 ُلایظ ٔؾتّف وِٛك. 

 

 روش ها -2

 هذف از هذل -2-1

ٞـف ایزبؿ ٔـِی ثٛؿ وٝ ثتٛا٘ـ فِٙٛٛهی، تغییلات ُبؽْ ًغظ ثلي، تِٛیـ ٔبؿٜ ؽِه ٚ تِىیُ فّٕىلؿ پَُٛ ٞبی ٌیبٞی 

، ٚ آة پیَ ثیٙی CO2ٔتٙٛؿ ام یىٌبِٝ تب صٙـ ًبِٝ ٚ ام ٘ٛؿ ثٛتٝ ای تب ؿكؽتی كا ؿك ٚاوَٙ ثٝ فٛأُ ٔغیغی ؿٔب، تِقِـ ؽٛكُیـی، 

غقایی ٚرٛؿ ٘ـاكؿ ٚ آفبت، ثیٕبكی ٞب ٚ فّف ٞبی ٞلم ٘ین ثٝ عٛك ٔٛحل وٙتلَ ٔی ُٛ٘ـ. ٔـَ  وٙـ. فلٕ ُـٜ اًت وٝ وٕجٛؿ فٙبٓل

ؿك ّٚٞٝ اَٚ ثلای ثلآٚكؿ پتبٌ٘یُ فّٕىلؿ ٌیبٞبٖ ٔؾتّف ؿك ُلایظ وِت آثی ٚ ؿیٓ ایزبؿ ُـٜ اًت. ٕٞضٙیٗ ثلآٚكؿ ٘یبم آثیبكی 

فمظ ثٝ ایٗ أل ٔغـٚؿ ٘یٌت. ثلای ٔخبَ، ؿك ٓٛكتی وٝ ثلؽی ؽبِْ ؿك ُلایظ وِت آثی ٔـ ٘ؾل ثٛؿٜ اًت. أب، وبكثلؿ ٔـَ 

ثیٙی وٙـ. ایٗ أل ُبُٔ پبكأتلٞبی ٔـَ ثلای ُلایظ وِبٚكم یب ُلایظ ٔقیٙی ثلآٚكؿ ُٛ٘ـ، ٔـَ لبؿك ؽٛاٞـ ثٛؿ ثلای آٖ ُلایظ پیَ

 ُٛؿ. ٞبی ٔلتقی ٚ رٍّٙی ٘ین ٔیثیٙی پَُٛپیَ

 

 ساختار هذل -2-2

( تٛضیظ ؿاؿٜ ُـٜ اًت؛ ٕٞضٙیٗ ًّغب٘ی 2012عٛك وبُٔ تًٛظ ًّغب٘ی ٚ ًیٙىّل )اًت وٝ ثٝ SSMًبؽتبك ٔـَ ِٔبثٝ ٔـَ 

( ًبؽتبك ایٗ ٔـَ كا تِلیظ ولؿٜ اًت اٌلصٝ ٔمـاكی تفبٚت ثب ٔـَ عبضل ٘ین ؿاكؿ. ؿك ایٗ ٔغبِقٝ ام ایٗ ٔـَ ثٝ فٙٛاٖ ٔجٙب 1388)

ٞبی مكافی ٚ ثبغجب٘ی لامْ ثٛؿ تغییلاتی ؿك آٖ افٕبَ ٌلؿؿ. ؿك ایٗ آٖ ثلای تقـاؿ میبؿی ام ٌٛ٘ٝ اًتفبؿٜ ُـ ِٚی ثلای اًتفبؿٜ ام

ُٛ٘ـ ٚ ثلای تٛضیغبت ثیِتل ؽٛا٘ٙـٌبٖ ثبیـ ثٝ ٔٙبثـ فول ُـٜ لٌٕت ًبؽتبك ٔـَ تٟیٝ ُـٜ ٚ تغییلات آٖ ثٝ اؽتٔبك تٛضیظ ؿاؿٜ ٔی

ا٘ـ. ٔـَ عبضل فول ُـٜ 1ٞب ؿك رـَٚ ؿٞـ وٝ اًبٔی آٌٖیبٞی میبؿی كا پَُٛ ٔیٞبی ٔلارقٝ ٕ٘بیٙـ. ؿك عبَ عبضل ایٗ ٔـَ ٌٛ٘ٝ

ٞبی ٔلتقی ٚ رٍّٙی ٘ین لبثُ اًتفبؿٜ اًت ِٚی ؿك ایٗ ٔٛكؿ پبكأتلٞبی ٔٛكؿ ٘یبم ٔـَ ثلای ًبمی كُـ ٚ فّٕىلؿ پَُٛثلای ُجیٝ

ٞبی صٙـًبِٝ، كُـ ٚ فول اًت وٝ ایٗ ٔـَ ثلای ؿكؽتبٖ ٚ ٌٛ٘ٝٞب ثبیـ تقییٗ ُـٜ ٚ ؿك ٔـَ اًتفبؿٜ ُٛ٘ـ. ُبیبٖ ٔؾّٛعی ام ٌٛ٘ٝ
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ًبِٝ( ٚ تغییلات كُـ  4یب  2ًبِٝ ّٞٛ؛ مكافت یٛ٘زٝ  5وٙـ )ٔخلا یه ثبك ًبمی ٔیفّٕىلؿ پَُٛ ٌیبٞی ٔقیٗ ثب ًٗ ِٔؾْ كا ُجیٝ

 ٘یٌت.ٔـ ٘ؾل ٞب ًبَ یٚ تِٛیـ ؿك ع
 

 ٔغبِقٝ ٗیؿك ا یٔٛكؿ ثلكً یبٞیٌ ٞبی ٌٛ٘ٝ ٌتیِ -1رـَٚ 

 ثبغی ًجنیزبت مكافی

 ا٘بك پیبم آفتبثٍلؿاٖ

 ا٘زیل ؽلثنٜ ثل٘ذ

 اٍ٘ٛك ؽیبك پٙجٝ

 ثبؿاْ ٌٛرٝ فلٍ٘ی رٛ

 پلتمبَ ٞٙـٚا٘ٝ صغٙـك لٙـ

 پٌتٝ  ایفكت ؿا٘ٝ

 ؽلٔب  ایفكت فّٛفٝ

 مكؿآِٛ  ًٛیب

 میتٖٛ  ًیت مٔیٙی

 ًیت  ُجـك

 ٌلؿٚ  فـى

 ّٞٛ  وّنا

   وٙزـ

   ٌٙـْ

   ِٛثیب

   ٘ؾٛؿ

   ٘یِىل

   یٛ٘زٝ

 

 سازی گیاهضروع ضبیه -2-2-1

ًبمی ٔٛام٘ٝ آة ؽبن ٌلؿؿ. أب، ُلٚؿ ُجیًٝبمی كُـ ٚ فّٕىلؿ، ام مٔبٖ وبُت ٌیبٜ ُلٚؿ ٔیؿك ٌیبٞبٖ مكافی، ُلٚؿ ُجیٝ

تٛا٘ـ ثقـ ام تبكیؼ وبُت ثبُـ(. تبكیؼ وبُت ًبمی ٌیبٜ ثبُـ )ٚ اِجتٝ ٕ٘یٞب لجُ ام آٖ ثبُـ، یب ٕٞنٔبٖ ثب ُلٚؿ ُجیٝتٛا٘ـ ٔـتٔی

ٞبیی وٝ تٟیٝ ٚ ؿك ٔـَ تقجیٝ ُـٜ اًت ثلای یبفتٗ تبكیؼ وٙـ ٚ یب ام یىی ام اٍِٛكیتٓتٛا٘ـ مٔبٖ ٔقیٙی ثبُـ وٝ وبكثل تقلیف ٔیٔی

تٛاٖ ا٘ـ ٚ ؿك ٓٛكت ٘یبم ٚ عٌت ٔٛكؿ ٔیتقلیف ُـٜ 2ٞبیی وٝ فقلا ٔٛرٛؿ ٌٞتٙـ، ؿك رـَٚ وبُت اًتفبؿٜ ٌلؿؿ. اٍِٛكیتٓ

 ٞبی ؿیٍلی ٘ین تقلیف ٚ ثٝ ٔـَ اضبفٝ ٕ٘ٛؿ. اٍِٛكیتٓ

 

 
 

 SSM-iCrop2ًبمی ٌیبٜ ثلاًبى ؿٔب ٚ/یب ُلایظ كعٛثتی ؿك ٔـَ اٍِٛكیتٓ ثلای ُلٚؿ ُجیٝ -2رـَٚ 

 تٛٓیف اٍِٛكیتٓ

 ثبك٘ـٌیكٚمٜ ثـٖٚ  5وبُت ؿك پٙزٕیٗ كٚم یه ؿٚكٜ  #1
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 كٚمٜ ثـٖٚ ثبك٘ـٌی وٝ  ٔیبٍ٘یٗ ؿٔب ثٝ ثبلاتل ام ٔمـاك ٔقیٙی ثلای وِت افنایَ یبفتٝ ثبُـ 5وبُت ؿك پٙزٕیٗ كٚم یه ؿٚكٜ  #2

 كٚمٜ ثـٖٚ ثبك٘ـٌی وٝ  ٔیبٍ٘یٗ ؿٔب ثٝ وٕتل ام ٔمـاك ٔقیٙی ثلای وِت وبَٞ یبفتٝ ثبُـ 5وبُت ؿك پٙزٕیٗ كٚم یه ؿٚكٜ  #3

 وٌل آة لبثُ ؿًتلى ؽبن ؿك لایٝ ثبلایی ؽبن ثیِتل ام ٔمـاك ٔقیٙی افنایَ یبفتٝ ثبُـ وٝ   ٍٞٙبٔیوبُت  #4

 وٌل آة لبثُ ؿًتلى ؽبن ؿك لایٝ ثبلایی ؽبن ثٝ وٕتل ام ٔمـاك ٔقیٙی وبَٞ یبفتٝ ثبُـوٝ   وبُت ٍٞٙبٔی #5

 مـاك ٔقیٙی ثبُـٔكٚمٜ ثیِتل ام  5وبُت ٍٞٙبٔی وٝ ثبك٘ـٌی  تزٕقی ؿك یه ؿٚكٜ  #6

 ٔمـاك ٔقیٙی ثبُـ ٚ ٘ین ؿٔبی ٞٛا ثٝ وٕتل ام ٔمـاك ٔقیٙی وبَٞ یبفتٝ ثبُـكٚمٜ ثیِتل ام  5وبُت ٍٞٙبٔی وٝ ثبك٘ـٌی تزٕقی ؿك یه ؿٚكٜ  #7

 

ٚ یب  3ثٟبكًٜبمی ٌیبٜ ٔتفبٚت اًت. ؿك ایٗ ٌیبٞبٖ ُلٚؿ ٔزـؿ كُـ ٞبی صٙـ ًبِٝ ٔخُ یٛ٘زٝ ٚ ؿكؽتبٖ ٔیٜٛ، ُلٚؿ ُجیٝؿك ٌٛ٘ٝ

 5ٌلؿؿ. ؿك ایٗ ٌیبٞبٖ فلٕ ُـٜ اًت وٝ ثب تزٕـ ٔمـاك ٔقیٙی ٚاعـ ؿٔبییًبمی اًتفبؿٜ ٔیثٝ فٙٛاٖ ُلٚؿ ُجیٝ 4ثبمُـٖ رٛا٘ٝ

( ثلای ForcReqُٛ٘ـ. ایٗ ٔمـاك ٔقیٗ ٚاعـ ؿٔبیی )ٞب ثبم ٔیُٛؿ یب رٛا٘ٝ)ؿكرٝ كٚم كُـ( ام اثتـای ها٘ٛیٝ، كُـ ٔزـؿ آغبم ٔی

ًبمی ثب ٞبی صٙـًبِٝ ٔغبًجٝ ٚ ؿك ٔـَ ثٝ فٙٛاٖ پبكأتل ٚاكؿ ُـٜ اًت. ثٙبثلایٗ، ؿك ایٗ ٌیبٞبٖ تبكیؼ ُلٚؿ ُجیٝبؿی ام ٌٛ٘ٝتقـاؿ می

 ُٛؿ ٚ ٘یبمی ثٝ ِٔؾْ ولؿٖ آٖ ٔخُ تبكیؼ وبُت ٘یٌت. وٕه ٔمـاك ایٗ پبكأتل تًٛظ ؽٛؿ ٔـَ یبفت ٔی

 

 نوو فنولوژیک -2-2-2

 ا٘ـ. فٟلًت ٚ تقلیف ُـٜ 3وٙـ ؿك رـَٚ ًبمی ٔیٞبی ٌیبٞی ُجیٝلای ٕٞٝ ٌٛ٘ٝٔلاعُ فِٙٛٛهیه وٝ ٔـَ ث

 
  

                                                      
3
 Spring re-growth 

4
 Bud burst 

5
 Temperature unite 
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 SSM_iCrop2لاعُ فِٙٛٛهیه ؿك ٔـَ ٔ -3رـَٚ 

 تٛٓیف وـ ٔلعّٝ

EMR  یب ُلٚؿ ٔزـؿ كُـ ثٟبكٜ ؿك یٛ٘زٝ ٚ ٌیبٞبٖ صٙـ ًبِٝ  ٞب ؿك ؿكؽتبٖ ثبم ُـٖ رٛاً٘ٝجنُـٖ ؿك ٌیبٞبٖ مكافی؛ 

BRG  كیِٝ؛ ؿك ٌیبٞبٖ مكافی ٕٞنٔبٖ ثب ٔلعّٝ ًجنُـٖآغبم كُـ 

BSG ٝ٘(ؿك ؿكؽتبٖ یٜٛٔ یُتِىُلٚؿ  )یبٞب  ُلٚؿ ٔٛحل پل ُـٖ ؿا 

BLS ٞب  ُلٚؿ پیلُـٖ ثلي 

TRG ٝ٘ٞبپبیبٖ كُـ كیِٝ؛ ؿك ٌیبٞبٖ مكافی ٕٞنٔبٖ ثب ٔلعّٝ ُلٚؿ ٔٛحل پلُـٖ ؿا 

TSG یب وبُٔ ُـٖ تِىیُ ٔیٜٛ ؿك ؿكؽتبٖ( ٞب ٔٛحل پل ُـٖ ؿا٘ٝ یبٖپب( 

PM افتـ(. ؿك ٌیبٞبٖ مكافی ٕٞنٔبٖ ثب كًیـٌی فینیِٛٛهیه )افنایَ ٔبؿٜ ؽِه ثقـ ام ایٗ ٔلعّٝ اتفبق ٕ٘یTSG  كػ ٔی ؿٞـ أب ِنٚٔب ؿك

 ثقـ عبؿث ٔی ُٛؿ ٔـت ٞب PMكػ ٔی ؿٞـ ِٚی  TSGٕٞٝ ٌیبٞبٖ صٙیٗ ٘یٌت. ثلای ٔخبَ، ؿك ثلؽی ؿكؽتبٖ ٔیٜٛ ٔخُ ّٞٛ اثتـا 

HAR  )ٖكًیـٌی ثلؿاُت )یب كینٍ ثلي ؿك ؿكؽتب 

EMR: Emergence; BRG: Beginning root growth; BSG: Beginning of seed growth; BLS: Beginning leaf senescence; 

TRG: Termination root growth; TSG: Termination of seed growth; PM: Physiological maturity; HAR: Harvest. 
 

ثیٙی مٔبٖ ٚلٛؿ ٔلاعُ فِٙٛٛهیه ثٝ فٙٛاٖ تبثقی ام ؿٔب، عَٛ ٞبیی ثلای پیَ( ك1388ٍٚ( ٚ ًّغب٘ی )2012ًّغب٘ی ٚ ًیٙىّل )

ٞب آٖ ؿٞـ ٚ ثلای ثیِتلٞبی ٔتٙٛفی كا پَُٛ ٔیا٘ـ. أب، ؿك ٔـَ عبضل ثٝ ؿِیُ ایٙىٝ ًٌٛ٘ٝبمی ٚ وٕجٛؿ آة اكایٝ ؿاؿٜكٚم، ثٟبكٜ

ًبمی فِٙٛٛهی ثلاًبى ٔفْٟٛ ٚاعـ ؿٔبیی وٝ ًبمی ؿك ؿًتلى ٘یٌت، ٔـَاعلافبت وٕیّ لامْ ٔلثٛط ثٝ ٚاوَٙ ثٝ عَٛ كٚم ٚ ثٟبكٜ

ٌیلؿ. ثٝ ٕٞیٗ ؿِیُ لامْ اًت ٔمبؿیل ٚاعـ ؿٔبیی لامْ ثلای ٔلاعُ ٔؾتّف فِٙٛٛهی ٌیبٜ ُٛؿ، ٓٛكت ٔیثلای وٕجٛؿ آة تقـیُ ٔی

ٞبی ٘نؿیه ثٝ ٞٓ )ثٝ ِغبػ فلٕ رغلافیبیی( تٟیٝ ٚ ؿك ٔـَ ٚاكؿ ُٛ٘ـ ٚ ٕٔىٗ اًت ثب تغییل ؿك فلٕ ٔىبٖثلای ٞل ٔىبٖ یب 

رغلافیبیی ٚ ٘ین تبكیؼ وبُت، ایٗ ٚاعـٞبی ؿٔبیی تغییل ٕ٘بیـ ٚ ام ؿلت لامْ ثلؽٛكؿاك ٘جبُـ. ٔمـاك ٚاعـ ؿٔبیی وٝ ٌیبٜ ؿك ٞل كٚم 

ٌلؿؿ ٚ ثلای ٞلٌٛ٘ٝ وٕجٛؿ آة ثلاًبى ٔٙغٙی ٚاوَٙ ًلفت ٕ٘ٛ ٌیبٜ ثٝ ؿٔب ٔغبًجٝ ٔی، ؿكرٝ ًب٘تی ٌلاؿ(، DTUوٙـ )تزلثٝ ٔی

 ُٛؿ:آلاط ٔی

  

(1)  DTU = (TP1D – TBD) × tempfun × WSFDS 

 

 WSFDSضرلیت آرلاعی ًرلفت ٕ٘رٛ ثرلای ؿٔرب ٚ        tempfunؿٔربی پبیرٝ،    TBD ؿٔبی ٔغّٛة اَٚ )تغتب٘ی(، TP1Dوٝ ؿك آٖ 

  ًبمی احلات تَٙ آة تٛضیظ ؿاؿٜ ُـٜ اًت. ضلیت آلاعی ًلفت ٕ٘ٛ ثلای وٕجٛؿ آة اًت وٝ ؿك لٌٕت ٔلثٛط ثٝ وٕیّ

tempfun  ثبُـ ٚ ؿك ؿٔبٞبی ٔی 1ٕٞبٖ ٔٙغٙی ٚاوَٙ ًلفت ٕ٘ٛ ثٝ ؿٔب یب تبثـ ؿٔبیی اًت وٝ ٔمـاك آٖ ؿك ؿٔب )ٞبی( ٔغّٛة

ؿك ٞرل كٚم ثرب    tempfunثبُـ. ( ٓفل ٔیTCDل ام ؿٔبی پبیٝ یب ثبلاتل ام ؿٔبی ًمف )غیلٔغّٛة وٕتل ام یه اًت ٚ ؿك ؿٔبٞبی وٕت

 ُٛؿ. ٔغبًجٝ ٔی 6ایٚ ؿٔبٞبی وبكؿیٙبَ ٌیبٜ ثب وٕه یه تبثـ تىٝ  ، ؿكرٝ ًب٘تی ٌلاؿ(TMPتٛرٝ ثٝ ؿٔبی آٖ كٚم )

 

 

(2)  tempfun = 0       if       TMP ≤ TBD   

                = (TMP – TBD) / (TP1D – TBD)             if       TBD < TMP < TP1D 
                                                      
6
 Segmented 
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                = 1      if       TP1D ≤ TMP ≤ TP2D 

                = (TCD – TMP) / (TCD – TP2D)     if          TP2D < TMP < TCD 

               = 0     if       TMP ≥ TCD 

 

ؿٔبٞبی پبیٝ، ٔغّٛة اَٚ ٚ ًمف ٌٞرتٙـ ورٝ   ثٝ تلتیت  TBD ،TP1D  ٚTCDؿٔبی ٔغّٛة ؿْٚ )فٛلب٘ی( اًت ٚ  TP2Dوٝ ؿك آٖ 

( كا ثلای یه ٌیبٜ فلضی ثٝ تٔٛیل وِیـٜ اًت. ٔمـاك تبثـ ؿك ؿٔربی  tempfunتبثـ ؿٔبیی ) 1ا٘ـ. ُىُ ؿك ثبلا ٔٛكؿ اُبكٜ للاك ٌلفتٝ

وٙـ. ثب افنایَ ؿٔب، ام ؿٔربی  وٝ ثـیٗ ٔقٙی اًت وٝ ٌیبٜ ٞیش ؿٔبیی وٝ ؿك ٕ٘ٛ آٖ ٔٛحل ثبُـ، تزلثٝ ٕ٘یپبیٝ ٚ وٕتل ام آٖ ٓفل اًت 

وٙـ وٝ ثٝ ٔقٙی تزلثٝ ؿٔبی ثیِتل ٚ ؿك ٘تیزرٝ ًرلفت ٕ٘رٛ    پبیٝ ثٝ ؿٔبی ٔغّٛة اَٚ، ٔمـاك تبثـ ؿٔبیی، ام ٓفل ثٝ یه افنایَ پیـا ٔی

وٛتبٞتل ُـٖ عَٛ ؿٚكٜ فِٙٛٛهیه ِٔبٞـٜ ؽٛاٞـ ُـ. ثرب افرنایَ ؿٔرب ام ٔغّرٛة اَٚ ثرٝ      ثبلاتل اًت وٝ ؿك ُلایظ ٔنكفٝ ثٝ ٓٛكت 

ثبُـ. ثب افرنایَ ؿٔرب ام   ٔب٘ـ وٝ ثٝ ٔقٙی فـْ افنایَ ًلفت ٕ٘ٛ ثب افنایَ ؿٔب ٔیٔغّٛة ؿْٚ، ٔمـاك تبثـ ؿٔبیی ؿك ٕٞبٖ یه ثبلی ٔی

وٙـ وٝ ثٝ ٔقٙی وبَٞ ًلفت ٕ٘ٛ ؿك ایرٗ ؿٔبٞربی فرٛق ٔغّرٛة     ٔیؿٔبی ٔغّٛة ؿْٚ تب ؿٔبی ًمف، تبثـ ؿٔبیی ام یه ثٝ ٓفل ٔیُ 

تل ُـٖ عَٛ ؿٚكٜ تغت تبحیل ایٗ ؿٔبٞب لبثُ ِٔبٞـٜ اًرت. تربثـ ؿٔربیی ؿك ؿٔربی     اًت وٝ ٔزـؿا ؿك ُلایظ ٔنكفٝ ثٝ ٓٛكت عٛلا٘ی

 ُٛ٘ـ.ؿٞـ ایٗ ؿٔبٞب ثبفج تٛلف ًلفت ٕ٘ٛ ٌیبٜ ٔیًمف ٚ ثبلاتل ٓفل اًت وٝ ِ٘بٖ ٔی

 

 
 ٕ٘ٛ ثٝ ؿٔب یٚاوَٙ ًلفت ٌ٘ج -11 ُىُ 

آٚكؿٜ ُـٜ اًت. ثلای ًبیل ٌیبٞبٖ ثٝ آؽلیٗ ٌ٘ؾٝ فبیُ   4ٞبی ٌیبٞی ؿك رـَٚ ثلآٚكؿ ؿٔبٞبی وبكؿیٙبَ ثلای تقـاؿی ام ٌٛ٘ٝ

 ٔلارقٝ ُٛؿ.  /https://sites.google.com/site/AfshinSoltaniٔـَ ؿك ایٗ آؿكى 
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ٌلاؿ( ام ٔجـا وبُت یب ُلٚؿ ٔزـؿ كُـ ثٟبكٜ یب ثبمُـٖ رٛا٘ٝ تب ٞرل كٚم ٔقریٗ   ، ؿكرٝ ًب٘تیCTUٔمـاك ٚاعـ ؿٔبیی تزٕقی )

iُٛؿ: ؿٞـ ثب ٔقبؿِٝ میل ٔغبًجٝ ٔی، وٝ ٚضقجت ٕ٘ٛی ٌیبٜ كا ِ٘بٖ ٔی 

 

(3)  CTUi = CTUi-1 + DTUi 

 

ٜ      iٚاعـ ؿٔبیی تزلثٝ ُرـٜ ؿك كٚم   DTUكٚم لجُ ٚ  i-1كٚم ٔـ٘ؾل،  iوٝ ؿك آٖ  ثرٝ   CTUای ام ٌٞرتٙـ. ؿك ٔرـَ ُرىُ ٘لٔربِینٜ ُرـ

 ُٛؿ:ٓٛكت میل ٔغبًجٝ ٔی

 

(4)  NDSi = CTUi / tuHAR 

 

ٌیبٞی ٓفل ٚ ؿك مٔبٖ كًیـٌی ثلؿاُت ؿك ٌیبٞبٖ ًبمی ٚاعـ ؿٔبیی ٘لٔبِینٜ ُـٜ اًت وٝ ٔمـاك آٖ ؿك ُلٚؿ ُجیٝ NDSوٝ ؿك آٖ 

ًبمی )وبُت، ُلٚؿ ٔزرـؿ كُرـ   ٔمـاك ٚاعـ ؿٔبیی لامْ ام ُلٚؿ ُجیٝ tuHARثبُـ ٚ مكافی ٚ یب كینٍ ثلي ؿك ؿكؽتبٖ یه ٔی

 ثبُـ. ثٟبكٜ یب ثبم ُـٖ رٛا٘ٝ ثٌتٝ ثٝ ٌٛ٘ٝ ٌیبٞی( تب كًیـٌی ثلؿاُت )پبیبٖ ٌیبٜ( ٔی

ُٛؿ. ٘غٜٛ فُٕ ثٝ ایرٗ ٓرٛكت اًرت ورٝ ؿك ٞرل كٚمی ورٝ       ثیٙی ٔیپیَ NDSاعُ فِٙٛٛهیه ثب وٕه ؿك ٔـَ مٔبٖ ٚلٛؿ ٔل

ٔلعّٝ ٕ٘ٛی ٔقیٗ فجٛك وٙـ یب ثلاثل آٖ ُٛؿ، آٖ ٔلعّٝ ٕ٘ٛی اتفبق افتبؿٜ اًت. ثلای ٔخبَ، ٚاعـ  NDSآٖ كٚم ام ٔمـاك  NDSٔمـاك 

ٌرلاؿ اًرت ٚ   ؿكررٝ ًرب٘تی   2400ؿك ایٗ ٌیبٜ  tuHARٌلاؿ ٚ ٔمـاك ؿكرٝ ًب٘تی 132( ؿك ٌٙـْ tuEMRؿٔبیی لامْ ثلای ًجنُـٖ )

NDS  ثلای ًجنُـٖ وٝ ؿك وـ ٔـَ ثبfrEMR  ثبُـ. ثٙبثلایٗ، اِٚیٗ كٚمی وٝ ٔمـاك ٔی 055/0ِ٘بٖ ؿاؿٜ ُـٜ اًتNDS   ٝ055/0ثر 

لامْ ثرلای ٚلرٛؿ ٔلاعرُ    ٘لٔربِینٜ ُرـٜ   یی ثلًـ یب ام آٖ فجٛك وٙـ )ثیِتل ُٛؿ(، ًجنُـٖ ؿك ٔـَ اتفبق افتبؿٜ اًت. ٔمبؿیل ٚاعـ ؿٔرب 

فبیرُ ٔرـَ   یرب   2ضرٕیٕٝ  ا٘ـ. ثلای ٔمبؿیل ؿك ًبیل ٌیبٞبٖ ثٝ ؿكد ُـٜ 4ٞبی ٌیبٞی ؿك رـَٚ ٔؾتّف فِٙٛٛهیه ثلای تقـاؿی ام ٌٛ٘ٝ

 ٔلارقٝ ُٛؿ.

 
 ٞبی ٌیبٞیپبكأتلٞبی فِٙٛٛهی ؿك ثلؽی ام ٌٛ٘ٝ -4رـَٚ 

 ٌٙـْ ٔؾفف )ٚاعـ( پبكأتل
-ًیت

 مٔیٙی

ٞٙـٚا٘ٝ ٚ 

 ؽلثنٜ

یٛ٘زٝ ٚ 

 ُجـك
 اٍ٘ٛك

Base temperature for development TBD (°C) 0 5 10 5 5 

Lower optimum temperature for development TP1D (°C) 25 17 25 25 17 

Upper optimum temperature for development TP2D (°C) 28 32 35 32 32 

Ceiling temperature for development TCD (°C) 40 40 48 40 40 

Temperature unit from 1st January to bud burst or spring 

regrowth 

ForcReq 
(°C) 

2400 1500 1500-1800  450 1850 
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Fraction of tuHAR for emergence frEMR 0.055 0.08 0.01 0.011 0.18 

Fraction of tuHAR for beginning seed growth frBSG 0.68 0.4 0.55 0.01 0.72 

Fraction of tuHAR for termination of seed growth frTSG 0.91 0.95 0.95 0.99 0.99 

Fraction of tuHAR for physiological maturity frPM 0.91 0.95 0.95 0.99 0.8 

Temperature unit for harvest tuHAR (°C) 2400 1500 1500 450 1850 

 

 تغییرات ضاخص سطح برگ -2-2-3

ثیٙی تغییلات ُبؽْ ًغظ ثلي )ٞلٔتل ٔلثـ یب ٞىتبك ًغظ ثلي ؿك ٞل ٔتلٔلثـ یب ٞىتربك مٔریٗ( یقٙری ٌٌرتلٍ ٚ پیلُرـٖ      پیَ

ٞب ثلای اًتفبؿٜ ثقـی ثلای ٔغبًجٝ ؿكیبفت تِقِـ ٚ تِٛیـ ٔبؿٜ ؽِه ٚ ٘ین ٔغبًجٝ تجؾیلتقرلق ؿاكای إٞیرت اًرت. ًرّغب٘ی ٚ     ثلي

ٞب ٔتٙبًت ا٘ـ. ؿك ایٗ كًٍٚبمی تغییلات ُبؽْ ًغظ ثلي ثلای ُلایظ ٔؾتّف اكایٝ ٕ٘ٛؿٜٞبیی كا ثلای ُجیٝ( ك2012ٍّٚل )ًیٙى

-ثب اعلافبت ٔٛرٛؿ ٚ ُلایظ تِٛیـ، ُبؽْ ًغظ ثلي ثٝ فٙٛاٖ تبثقی ام ؿٔب، آِٛٔتلی ٌیبٜ، تَٙ آة ٚ ٔٛام٘ٝ ٘یتلٚهٖ ؿك ٌیبٜ پیَ

ًربمی  ُٛؿ، ثٙبثلایٗ، ٔٛام٘ٝ ٘یتلٚهٖ ؿك ٌیبٜ ٚ ؽبن ُجیٝای ُلایظ پتبٌ٘یُ ٚ ُلایظ آة ٔغـٚؿ تٟیٝ ٔیٌلؿؿ. ٔـَ عبضل ثلثیٙی ٔی

ٞب كٚؿ وٝ اعلافبت وٕیّ وبفی ؿك آٖٞبی ٌیبٞی ثٝ وبك ٔیُٛؿ. ام علف ؿیٍل، ٘ؾل ثٝ ایٗ وٝ ایٗ ٔـَ ثلای ؿأٙٝ ًٚیقی ام ٌٕٛ٘ٝ٘ی

ای ٔجتٙی ثل ؿٔب ٚ تَٙ آة اًتفبؿٜ ُرـٜ  ؿك ؿًتلى ٘یٌت، ثٙبثلایٗ، ؿك ٔـَ عبضل ام كٍٚ ًبؿٜؿك اكتجبط ثب تبحیل ٘یتلٚهٖ ٚ آِٛٔتلی 

 اًت. 

 ُٛؿ:ُبؽْ ًغظ ثلي ؿك ٞل كٚم ثب ٔقبؿِٝ میل ٔغبًجٝ ٔی

 

(5)  LAIi = LAIi-1 + GLAIi - DLAIi 

 

ٔمـاك افرنایَ    GLAIiٔمـاك ُبؽْ ًغظ ثلي ؿك كٚم لجُ، LAIi-1ٔمـاك ُبؽْ ًغظ ثلي ؿك كٚم عبضل،   LAIiوٝ ؿك آٖ

ؿك ٔـَ ٔتلٔلثـ ثرل ٔتلٔلثرـ    5ؿك كٚم عبضل ٌٞتٙـ. ٚاعـ ٕٞٝ ارنای ٔقبؿِٝ  LAIٔمـاك وبَٞ ؿك  DLAIiؿك كٚم عبضل ٚ  LAIؿك 

 اًت. 

ٔلعّٝ ٕ٘ٛی ورٝ پیلُرـٖ    ًبمی ٌیبٜ تبؿك ٞل كٚم ؿك عَٛ ؿٚكٜ ٌٌتلٍ ًغظ ثلي یقٙی ام ُلٚؿ ُجیٝ LAIٔیناٖ ٌٌتلٍ ؿك 

 ُٛؿ:(، ثٝ ٓٛكت میل ٔغبًجٝ ٔیBLSُٛؿ )ٞب ُلٚؿ ٔیثلي

 

(6)  GLAIi = (LAIi - LAIi-1) × WSFL 

 

 

 

 

ثبُـ وٝ ٔمرـاك آٖ ثریٗ ٓرفل )ؿك    ضلیت آلاعی ٌٌتلٍ ًغظ ثلي ثلای تَٙ آة )وٕجٛؿ یب میبؿثٛؿ آة( ٔی WSFLوٝ ؿك آٖ 

ثـٖٚ تَٙ( ٔتغیل اًت ٚ ٘غٜٛ ٔغبًجٝ آٖ ؿك لٌٕت وٕیّ ًبمی ٚاوَٙ ثٝ ترَٙ آة تٛضریظ   ُلایظ تَٙ ُـیـ( تب یه )ؿك ُلایظ 
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( ٚ ؿك عمیمت ثٝ ٚاعـ ؿٔبیی وٝ ٌیبٜ تزلثٝ NDSثب وٕه یه تبثـ ٕ٘بیی ثٝ ٔلعّٝ ٕ٘ٛی ٘لٔبِینٜ ُـٜ )  LAIiؿاؿٜ ُـٜ اًت. ٔمـاك

 (:2ُٛؿ )ُىُ ولؿٜ اًت ٔلتجظ ٔی

 

(7)  LAIi = NDS / [NDS + exp (AL –BL×NDS)] × LAIMX 

 

٘ین عـاوخل ُبؽْ ًرغظ ثرلي ٔرٛكؿ ا٘تؾربك ٚ پربكأتل       LAIMXضلایت حبثت ٚ پبكأتل ٚكٚؿی ٔـَ ٌٞتٙـ ٚ  AL  ٚBLوٝ ؿك آٖ 

َ  7ٚكٚؿی ؿیٍلی ؿك ٔـَ اًت. ام ٔقبؿِٝ ٕ٘بیی ) ٖ  2009)ورٛ ٚ ٕٞىربكاٖ،    EPICٞربی   ( لرجلا ؿك ٔرـ ( ٚ 1989، ؛ ٚیّیربٔن ٚ ٕٞىربكا

SWAT  ،ًٖبمی ًغظ ثلي اًتفبؿٜ ُـٜ اًت. ثٙبثلایٗ، پبكأتلٞبی ٔٛكؿ ( ثلای ُجی2012ٝ؛ آكِ٘ٛـ ٚ ٕٞىبكاٖ، 2018)ویٛ ٚ ٕٞىبكا

( ثٝ وبك كفتٝ اًت 7ثٝ ٓٛكتی وٝ ؿك ٔقبؿِٝ ) LAIMXٞبی فول ُـٜ تٟیٝ ٕ٘ٛؿ. ُبیبٖ فول اًت وٝ تٛاٖ ام ٔـَ٘یبم ایٗ ٔقبؿِٝ كا ٔی

ثبُرـ. ؿك ٔرـَ عبضرل،    پبكأتل ٔلتجظ ثب كلٓ یب ٌٛ٘ٝ ٘یٌت، ثّىٝ تغت تبحیل ٔـیلیت )ٔخُ ٘رٛؿ وِرت ؿیرٓ ٚ آثری( ٘یرن ٔری      فمظ یه 

LAIMX  ثٛتٝثٝ ٓٛكت عبّٓضلة عـاوخل ُبؽْ ًغظ ثلي   ( لبثرُ ا٘تؾربكPLAMX      ٝترلاوٓ ثٛتر ٚ )ًٝرب٘تی ٔتلٔلثرـ ؿك ثٛتر ،

ؿك ُلایظ ٔغّٛة كُـ تب عـٚؿ میبؿی حبثت ٚ پبكأتل ٔلتجظ ثب  PLAMXیٗ عبِت ُٛؿ وٝ ؿك ا)تقـاؿ ؿك ٔتلٔلثـ ٔنكفٝ( ٔغبًجٝ ٔی

 ٌلؿؿ.كلٓ یب ٌٛ٘ٝ ؽٛاٞـ ثٛؿ ٚ تلاوٓ ثٛتٝ یه فبُٔ ٔلتجظ ثب ٔـیلیت ٔغٌٛة ٔی

 

 
 

 ؿٞـ. ٞب كا ِ٘بٖ ٔیٔلعّٝ ُلٚؿ پیل ُـٖ ثلي BLSیه ٕ٘ٛ٘ٝ فلضی ُبؽْ ًغظ ثلي ٌ٘جی ؿك ٔمبثُ ٚاعـ ؿٔبیی ٘لٔبِینٜ ُـٜ یب ٔلعّٝ ٕ٘ٛ ٌ٘جی.  -2ُىُ 

 

ٞب ، ٔمـاك آNDSٖؿك ٔمبثُ  LAIؿك ؿًت ٘جبُـ، ثب ؿك ؿًت ؿاُتٗ ؿٚ ٘مغٝ ام كاثغٝ  AL  ٚBLؿك ٓٛكتی وٝ پبكأتلٞبی 

ثب  AL  ٚBL، ( ِ٘بٖ ؿٞیy1 , x1( ٚ )y2 , x2ٌٓلؿؿ. صٙب٘ضٝ  ایٗ ؿٚ ٘مغٝ كا ثب ِٔؾٔبت )تًٛظ ٔـَ ثٝ ٓٛكت ؿاؽّی ٔغبًجٝ ٔی

 آیٙـ:( ثٝ ٓٛكت میل ثـًت ٔی7عُ تغّیّی ٔقبؿِٝ )
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(8)  

 
(9)  

 
 

( ثبُٙـ؛ ٔفْٟٛ آٖ ثٝ ایٗ ٓٛكت لبثُ تٛضیظ اًت وٝ ٚلتی ٌیبٜ 5/0، 95/0( ٚ )15/0، 01/0ثٝ فٙٛاٖ ٔخبَ، اٌل ؿٚ ٘مغٝ ثب ِٔؾٔبت )

كًـ ٚ ٚلتی وٝ ( ٔیLAIMX( عـاوخل لبثُ ا٘تؾبك )01/0ؿكٓـ ) 1آٖ ثٝ  LAIوٙـ، ( ام ؿٚكٜ عیبتی ؽٛؿ كا عی ٔی15/0ؿكٓـ ) 15

 یبثـ.( عـاوخل لبثُ ا٘تؾبك، افنایَ ٔی95/0ؿكٓـ ) 95آٖ ثٝ  LAIوٙـ، ( ام ؿٚكٜ عیبتی ؽٛؿ كا عی ٔی5/0ؿكٓـ ) 50ٌیبٜ 

ٌیلؿ. ؿك ( ٓٛكت ٔیDLAI) LAIًبمی ٔیناٖ وبَٞ كٚما٘ٝ ؿك ٞب، ُجیٝیقٙی ُلٚؿ پیلُـٖ ثلي BLSثقـ ام ٔلعّٝ 

ٞب افتـ وٝ ؿك ٘تیزٝ آٖ ثليٞب اتفبق ٔیفٕـتبً ثٝ فّت ا٘تمبَ ٔزـؿ ٘یتلٚهٖ ؿك عَٛ ؿٚكٜ پیلُـٖ ؿا٘ٝ LAIٌیبٞبٖ مكافی وبَٞ ؿك 

ٞب ٚ ليًبمی ؿك پیلُـٖ ثُٛؿ، ُجیًٝبمی ٕ٘یُٛ٘ـ. ثب تٛرٝ ثٝ ایٗ وٝ ؿك ٔـَ عبضل ٔٛام٘ٝ ٘یتلٚهٖ ؿك ؽبن ٚ ٌیبٜ ُجیٝمكؿ ٔی

وٙـ ٚ ( ُلٚؿ ثٝ وبَٞ ٔیBLSLAIؿاكؿ ) BLSام ٔمـاكی وٝ ؿك  LAIٌیلؿ. ؿك ایٗ كٍٚ ای ا٘زبْ ٔیثب كٍٚ ًبؿٜ LAIوبَٞ 

 ُٛ٘ـ:ؿك ٞل كٚم امٔقبؿلات میل عٌبة ٔی DLAI  ٚLAIكًـ. ٔمـاك ( ثٝ ٓفل ٔیHARؿك كًیـٌی ثلؿاُت )

 

(10)  DLAI = (LAIi-1 - LAIi) × WSFDS 

(11)  LAIi = BLSLAI × (1–NDS) / (1–frBLS)
SRATE 

 

-ٞب اًت وٝ ؿك لٌٕت وٕیّضلیت آلاعی تَٙ ؽِىی ثلای تٌلیـ ٕ٘ٛ فِٙٛٛهیه ٚ پیل ُـٖ ثلي WSFDS(، 10ؿك ٔقبؿِٝ )

بَٞ ٔلعّٝ ٕ٘ٛ ٘لٔبِینٜ ُـٜ اًت وٝ ؿك آٖ پیلُـٖ ٚ و frBLS(، 11ًبمی ٚاوَٙ ثٝ تَٙ آة تٛضیظ ؿاؿٜ ُـٜ اًت. ؿك ٔقبؿِٝ )

 وٙـ. كا ِٔؾْ ٔی HARتب  BLSام  LAIیه ضلیت اًت وٝ ٘غٜٛ وبَٞ  SRATEٌلؿؿ ٚ ًغظ ثلي آغبم ٔی

ثنكٌتل ام  SRATEثٝ ٓٛكت ؽغی اًت، اٌل ٔمـاك  LAIثلاثل یه ثبُـ وبَٞ  SRATEصٙب٘ضٝ ٔمـاك ( 11ؿك ٔقبؿِٝ )

وٛصىتل ام یه ثبُـ، وبَٞ  SRATEُٛؿ ٚ صٙب٘ضٝ  ٔیؿیـٜ  پبییٗثب ًلفت ثیِتل كػ ؿاؿٜ ٚ ؽٕیـٌی ثٝ  LAIیه ثبُـ، وبَٞ 

LAI  ُ(. ؿك اغّت ٔٛاكؿ ا٘تؾبة 3ثب ًلفت وٕتل كػ ؿاؿٜ ٚ ؽٕیـٌی ثٝ ثبلا ؿاكؿ )ُىSRATE = 1  ٔٙبًت ؽٛاٞـ ثٛؿ. ؿك ثلؽی

ُٛؿ صٖٛ وٝ ؿك ٔیٜٛ ام ٌیبٞبٖ ٔب٘ٙـ ًیت مٔیٙی ٚ صغٙـكلٙـ یب ؿكؽتبٖ ٔیٜٛ، ٔلعّٝ پیلُـٖ ٕٞلاٜ ثب پلُـٖ ؿا٘ٝ ٚ ٔیٜٛ ِٔبٞـٜ ٕ٘ی

 SRATE = 0تؾبة ؿٞـ. ؿك ایٗ ٌیبٞبٖ ا٘یبثـ ٚ ثٙبثلایٗ، پیلُـٖ ٘بُی ام ا٘تمبَ ٔزـؿ ٘یلٚهٖ كػ ٕ٘یایٗ ٌیبٞبٖ ٘یتلٚهٖ تزٕـ ٕ٘ی

ؿك ٔلاعُ آؽل عیبت  LAIٕٞنٔبٖ ثب پلُـٖ غـٜ، كیِٝ یب ٔیٜٛ كػ ٘ـٞـ. ؿك ٌیبٞبٖ ٔقوٛك وبَٞ ؿك  LAIُٛؿ وبَٞ ؿك ثبفج ٔی

ًبمی آٖ إٞیت ؿٞـ وٝ ُجیٝٚ اغّت ثقـ ام كًیـٌی فینیِٛٛهیه ٚ ثٝ ؿِیُ ٚلٛؿ ؿٔبٞبی ٘بٔٙبًت وٓ )ًلٔب( یب میبؿ )ٌلٔب( كػ ٔی

 ٌیلؿ.ثقـ ام كًیـٌی فینیِٛٛهیه، تِٛیـ ٚ تزٕـ ٔبؿٜ ؽِه ٓٛكت ٕ٘ی ٘ـاكؿ صٖٛ
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ٌٔبٚی ٓفل اًت .ؽظ  SRATRام كٚ٘ـ پیل ُـٖ ًغظ ثلي ؿك ٔمبثُ ٔلعّٝ ٕ٘ٛ؛ ؽظ ٕٔتـ ًیبٜ وٓ كً٘:  مٔب٘یىٝ ٔمـاك پبكأتل  ای ٕ٘ٛ٘ٝ -3 ُىُ

صیٗ: مٔب٘یىٝ ٔمـاك  اًت؛ ؽظ 1ٌٔبٚی  SRATRاًت؛ ؽظ ٕٔتـ ًیبٜ پلكً٘: مٔب٘یىٝ ٔمـاك پبكأتل  1ثنكٌتل ام  SRATRصیٗ: مٔب٘یىٝ ٔمـاك پبكأتل  ٘مغٝ

 اًت. 1وٛصىتل ام  SRATRپبكأتل 

 

ُٛؿ ِٚی آًتب٘ٝ ؿٔبیی وٝ ؿك وٕتل ام ٚلٛؿ ؿٔبٞبی پبییٗ )ًلٔبمؿٌی ٚ یؾجٙـاٖ( ٔٛرت ام ثیٗ كفتٗ ًغظ ثلي ٌیبٜ ٔی

؛ ٔتلٔلثـ ثل ٔتلٔلثـ( ثٌتٝ FrzLDRٌلاؿ( ٚ ُـت ٚ ٔمـاك ًغظ ثلي ام ثیٗ كفتٝ )؛ ؿكرٝ ًب٘تیFrzTHكٚ٘ـ )ٔی ٞب ام ثیٗآٖ ثلي

پبكأتلٞبی ٚكٚؿی ٔـَ ٌٞتٙـ وٝ ثلای ٞل ٌٛ٘ٝ یب كلٓ ثبیـ ٔمـاك  FrzTH  ٚFrzLDRثٝ ٌٛ٘ٝ ٌیبٞی ٔتفبٚت اًت. ایٗ ؿٚ یقٙی 

ٞبی ام ثیٗ كفتٝ ؿك احل ثبُـ، وٌل ثلي FrzTH( وٕتل ام TMINالُ ؿٔبی ٞٛا )ٞب ِٔؾْ ٌلؿؿ. ؿك ٔـَ ؿك ٞل كٚمی وٝ عـآٖ

 ٌلؿؿ:؛ ٔتلٔلثـ ثلي ثلٔتلٔلثـ مٔیٗ( ثٝ ٓٛكت میل ٔغبًجٝ ٔیDLAIFؿك احل آٖ ) LAI( ٚ ٔمـاك وبَٞ ؿك frstfًلٔب یب یؾجٙـاٖ )

 

(12)  frstf = ABS (TMIN – FrzTh) × FrzLDR      (0 ≤ frstf ≤ 1) 

(13)  DLAIF = LAI × frstf 

 

 ٌلؿؿ.( ثیٗ ٓفل ٚ یه ٔغـٚؿ ٔی12عبُٓ ام ٔقبؿِٝ ) frstfٔمـاك 

كا تٌلیـ وٙـ. ؿك ایٗ ٔٛكؿ ٘ین آًتب٘ٝ ؿٔبیی وٝ ؿك ثبلاتل  LAIتٛا٘ـ پیلُـٖ ٚ وبَٞ ٚلٛؿ ؿٔبٞبی ثبلا )تَٙ ٌلٔب( ٘ین ٔی

( HtLDRٞب )ٌلاؿ( ٚ ٔیناٖ تٌلیـ ؿك پیلُـٖ ثلي؛ ؿكرٝ ًب٘تیHeatTHُٛؿ )ٞب ٔیام آٖ تَٙ ٌلٔب ثبفج تٌلیـ پیلُـٖ ثلي

ی ٞل ٌٛ٘ٝ یب كلٓ ثبیـ ِٔؾْ ُٛ٘ـ. ثب ؿاُتٗ ٔمـاك ایٗ ؿٚ پبكأتل، ؿك ٞل كٚمی وٝ كٚؿی ٔٛكؿ ٘یبم ٔـَ ٌٞتٙـ وٝ ثلاپبكأتلٞبی ٚ

ثٝ ٓٛكت میل  DLAIب ٚ افنایَ ٞافنایَ یبثـ، تٌلیـ ؿك پیلُـٖ ثلي HeatTH( ثٝ ثبلاتل ام TMAXؿٔبی عـاوخل ٞٛا )

 ٌلؿؿ:ٔغبًجٝ ٔی

 

(14)  heatf = 1 + (TMAX - HeatTh) × HtLDR 

(15)  DLAIH = DLAI × heatf 

 

 اًت وٝ ثلای تَٙ ٌلٔب آلاط ُـٜ اًت )ؿك ٚالـ افنایَ ؿاؿٜ ُـٜ اًت(. DLAIٔمـاك  DLAIH(، 15وٝ ؿك ٔقبؿِٝ )
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یب  2ٞب ثٝ ضٕیٕٝ ا٘ـ. ثلای ًبیل ٌٛ٘ٝآٚكؿٜ ُـٜ 5ٞبی ٌیبٞی ؿك رـَٚ ام ٌٛ٘ٝٔمبؿیل پبكأتلٞبی ًغظ ثلي ثلای تقـاؿی 

 آؽلیٗ فبیُ ٔـَ ٔلارقٝ ُٛؿ.

 
یب آؽلیٗ  2. ثلای ًبیل ٌٛ٘ٝ ٞب ثٝ ضٕیٕٝ ٞبی ٌیبٞیثلؽی ام ٌٛ٘ٝ ثلای  SSM-iCrop2ٔـَ ؿك ًغظ ثلي ٔلثٛط ثٝ تغییلات پبكأتلٞبی  -5رـَٚ 

 ؿ. ٌ٘ؾٝ فبیُ ٔـَ ٔلارقٝ ُٛ

ٔؾفف  پبكأتل

 )ٚاعـ(
 ٌٙـْ

-ًیت

 مٔیٙی

ٞٙـٚا٘ٝ ٚ 

 ؽلثنٜ

یٛ٘زٝ ٚ 

 ُجـك
 اٍ٘ٛك

Point #1 for normalized leaf area vs normalized temperature unit 

(x1, y1) 
x1 0.2 0.2 0.15 0.15 0.1 

Point #1 for normalized leaf area vs normalized temperature unit 

(x1, y1) 
y1 0.06 0.05 0.01 0.01 0.15 

Point #2 for normalized leaf area vs normalized temperature unit 

(x1, y1) 
x2 0.57 0.5 0.5 0.9 0.5 

Point #2 for normalized leaf area vs normalized temperature unit 

(x1, y1) 
y2 0.95 0.6 0.95 0.95 0.95 

Maximum expected leaf area index LAIMX 3.5 6 3-4  6-7  4-6  

Fraction of tuHAR for beginning leaf senescence frBLS 0.68 0.99 0.55 0.99 0.80 

Leaf senescence rate coefficient SRATE 1 0 1 0 1 

Low temperature / freezing threshold for leaf death (°C) FrzTh (°C) 5-  5-  8 5-  5-  

Relative leaf death per each degree below low temperature / 

freezing threshold 
FrzLDR 0.01 0.01 0.01 0.01 0.01 

Heat threshold temperature for leaf senescence (°C) HeatTH 

(°C) 
30 30 37 37 30 

Relative increase in leaf senescence rate per each degree above 

heat threshold (°C) 
HtLDR 0.1 0.1 0.1 0.1 0.1 

 

 

 تولیذ هاده خطک -2-2-4

ًبمی ٌیبٞی، ٔغبًجٝ تِٛیـ ٔبؿٜ ؽِه اًت وٝ ؿك آٖ ا٘لهی ؽٛكُیـی ثٝ ا٘لهی ٟ٘فتٝ ؿك پیٛ٘ـٞبی ٞبی ُجیٌٝٞتٝ آّی ٔـَ

ٔغبًجٝ تِٛیـ ٔبؿٜ ؽِه ثلاًبى ( ٔجٙبی 2012( ٚ ًّغب٘ی ٚ ًیٙىّل )1388ُٛؿ. ًّغب٘ی )ُیٕیبیی ٔبؿٜ ؽِه تِٛیـی، تجـیُ ٔی

ُٛؿ. ثلای ٔغبًجٝ تِٛیـ ٔبؿٜ ؽِه ا٘ـ. ؿك ٔـَ عبضل ٘ین ام ٕٞیٗ ٔجٙب اًتفبؿٜ ٔیؿكیبفت ٚ تجـیُ تِقِـ ؽٛكُیـی كا تٛضیظ ؿاؿٜ

( FINTُٛؿ )؛ ٌلْ ؿك ٔتل ٔلثـ مٔیٗ ؿك كٚم(، اثتـا وٌلی ام تِقِـ ؽٛكُیـی وٝ ؿك آٖ كٚم ؿكیبفت ٔیDDMPؿك ٞل كٚم )

؛ ٌلْ ٔبؿٜ ؽِه تِٛیـی ثٝ امای ٞل ٍٔبهَٚ تِقِـ فقبَ RUEٌلؿؿ ٚ ًپي ثلاًبى ٔفْٟٛ وبكایی اًتفبؿٜ ام تِقِـ )ٔغبًجٝ ٔی

 ُٛؿ:فتًٛٙتنی ؿكیبفت ُـٜ(، ٔبؿٜ ؽِه تِٛیـی ٔغبًجٝ ٔی

 

(16)  FINT = 1 – exp (– KPAR × LAI) 

(17)  DDMP = SRAD × 0.48 × FINT × RUE 
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)ٍٔبهَٚ ؿك ٔتلٔلثـ  SRADثبُـ، ( ٔیPARضلیت ؽبُٔٛی پَُٛ ٌیبٞی ثلای تِقِـ فقبَ فتًٛٙتنی ) KPARؿك ٔقبؿلات فٛق 

اًت وٝ وٙـ ٚ ثـیٗ ٔقٙیتجـیُ ٔی PARكا ثٝ  SRADٔمـاك  48/0ؿك كٚم( تِقِـ ؽٛكُیـی كًیـٜ ثٝ مٔیٗ ؿك كٚم ٔٛكؿ٘ؾل اًت، 

 ا٘ـ. ( ثٝ تٔٛیل وِیـٜ ُـ17ٜ( ٚ )16ٔقبؿلات ) 4ُـٜ اًت. ؿك ُىُ تِىیُ  PARؿكٓـ تِقِـ ؽٛكُیـی ام  48

 

                                  

 
 PARكاثغٝ ثیٗ ٔبؿٜ ؽِه تِٛیـُـٜ تزٕقی ٚ ٚ  )ة(  9/0ٚ  6/0ضلیت ؽبُٔٛی ثلاثل  ثلای ؿٚ ربٔقٝ ٌیبٞی ثب PARٌ٘جت ؿكیبفت )اِف(   -4 ُىُ

 ؿٞـ. ُیت ؽظ ؿك ایٗ ُلایظ وبكایی اًتفبؿٜ ام تِقِـ كا ِ٘بٖ ٔیوٝ  ؿكیبفتی تزٕقی ؿك ٌٙـْ ؿك ُلایظ ٔغّٛة كُـ ؿك ٔنكفٝ

 

KPAR ٌٝ٘ٛ ( ٚ ؿك ٌیبٞب٘ی ثب 6اًت )رـَٚ  65/0تب  6/0ای ٔقبؿَ ٞبی ٌیبٞی ٚ ؿك ٔمیبى كٚما٘ٝ ٚ ٘ٝ ِغؾٝثلای اوخل

ُٛؿ ًجت ٔی KPARٞبی فٕٛؿی ٔمـاك آٖ وٕتل اًت. ٔمـاك ثنكٌتل ثلفىي ؿك ٌیبٞب٘ی ثب ثليٞبی افمی ٔمـاك آٖ ثبلاتل ٚ ثلي

یه پبكأتل ٚكٚؿی  KPAR، وٌل ثنكٌتلی ام تِقِـ ؽٛكُیـی كا ؿكیبفت ٕ٘بیـ ٚ ثلفىي. LAIٌیبٜ ثتٛا٘ـ ثب ٔمـاك وٕتلی ام 

 ُٛؿ. ٌیبٞی ٔغٌٛة ٔی

RUE ( ِٝعبُٓ فُٕ فتًٛٙتن، تٙفي 17ؿك ٔقبؿ ) ٍٟ٘ـاكی ٚ تٙفي كُـ اًت وٝ ؿك یه فـؿ ؽلآٝ ُـٜ اًت. ؿك ٚالـ

(، یقٙی IRUEؿك ُلایظ ٔغّٛة كُـ ) RUEة(. ٔمـاك 4ؿكیبفت ُـٜ اًت )ُىُ  PARُیت ؽظ ٔبؿٜ ؽِه تِٛیـی ؿك ٔمبثُ 

آٖ ِٔؾْ ثبُـ. أب،  ُلایظ ثب ؿٔبی ٔٙبًت، ثـٖٚ وٕجٛؿ آة ٚ فٙبٓلغقایی یه پبكأتل ٌیبٞی ؿك ٔـَ عبضل اًت وٝ ثبیـ ٔمـاك

ة ا
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( 17آلاط ُـٜ ؿك ٔقبؿِٝ ) RUEٌلؿؿ ٚ ثلای ؿٔبٞبی ٘بٔٙبًت ثبلا یب پبییٗ ٚ تَٙ آة آلاط ٔی IRUEؿك ٔـَ ؿك ٞل كٚم ٔمـاك 

 ٌیلؿ: ٔٛكؿ اًتفبؿٜ للاك ٔی

 

(18)  RUE = IRUE × TCFRUE × WSFG 

 

ٞب تَٙ آة ٌٞتٙـ ٚ ٔمـاك آٖثلای   RUEضلیت آلاعی  WSFGؿٔب ٚ ثلای  RUEضلیت آلاعی  TCFRUEوٝ ؿك آٖ 

 ثلعٌت ُلایظ ؿٔبی ٞٛا ٚ آة ؽبن ثیٗ ٓفل )تَٙ وبُٔ( ٚ یه )ثـٖٚ تَٙ( ٔتغیل اًت.

TCFRUE ٝ(:5ُٛؿ )ُىُ ای ثٝ ؿٔبی ٞٛا ؿك ٞل كٚم اكتجبط ؿاؿٜ ٔیثب وٕه یه تبثـ تى 

 

(19)  TCFRUE = 0                                                               if  TMP ≤ TBRUE 

 TCFRUE = (TMP-TBRUE) / (TP1RUE-TBRUE)    if   TBRUE <TMP <TP1RUE 

 TCFRUE = 1                                                               if   TP1RUE ≤ TMP ≤ TP2RUE 

 TCFRUE = (TCRUE-TMP) / (TCRUE-TP2RUE)     if   TP2RUE <TMP <TCRUE 

 TCFRUE = 0                                                               if   TMP ≥ TCRUE 

 

ٚ  RUEؿٔبی ٔغّٛة ؿْٚ ثلای  RUE ،TP2RUEٔبی ٔغّٛة اَٚ ثلای ؿ RUE ،TP1RUEؿٔبی پبیٝ ثلای  TBRUEوٝ ؿك آٖ 

TCRUE  ؿٔبی ًمف ثلایRUE ٌٝلاؿ ٌٞتٙـ. ؿك ؿٔبٞبی میلٔغّٛة ٚ فٛق ٔغّٛة ٔمـاك ًب٘تیٚ ٍٕٞی ثلعٌت ؿكرTCFRUE 

پبكأتلٞبی ٌیبٞی ٚكٚؿی  RUEٌلؿؿ. ؿٔبٞبی وبكؿیٙبَ ثلای ( ٔی18ؿك ٔقبؿِٝ ) RUEثٝ وٕتل ام یه وبَٞ یبفتٝ ٚ ثبفج وبَٞ 

 ؿاؿٜ ُـٜ اًت. ًبمی ٚاوَٙ ثٝ تَٙ آة تٛضیظؿك لٌٕت وٕیّ WSFGٔـَ ٌٞتٙـ. ٔغبًجٝ 

 

 

 
 .ی ٞٛا ؿك ٞل كٚم ؿك عی فُٔ كُـثلای ؿٔب RUEتٔغیظ  ثلایتبثـ ٔٛكؿ اًتفبؿٜ  -5ُىُ 
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ٞبی ٘نؿیه ثٝ ٞٓ ؿك عی ًبَ CO2ؿك اتٌٕفل اًت. ثٝ عٛك ٔقَٕٛ غّؾت  CO2، غّؾت RUEیىی ؿیٍل ام فٛأُ ٔٛحل ثل 

ٞبی اعتٕبلاً ثبلاتل ثلای غّؾت RUEًبمی تِٛیـ ٔبؿٜ ؽِه ؿك آیٙـٜ ٔـ٘ؾل ثبُـ، ثبیـ ُٛؿ. أب، صٙب٘ضٝ  ُجیٝحبثت ؿك ٘ؾل ٌلفتٝ ٔی

(. ؿك 2012؛ ًّغب٘ی ٚ ًیٙىّل، 1388ُٛؿ )ًّغب٘ی، ای ثلای ایٗ ٔٙؾٛك اًتفبؿٜ ٔیآیٙـٜ آلاط ٌلؿؿ. ؿك ٔـَ عبضل، ام كٍٚ ًبؿٜ

ثب وٕه یه تبثـ ٕ٘بیی  CO2ثلای  IRUEٞٛا وٝ ٚكٚؿی ٔغیغی ٔـَ اًت، ٔمـاك  CO2 ثلاًبى غّؾت ،ًبمیُجیٝٞل اثتـای 

 (: 6ُٛؿ )ُىُ آلاط ٔی

 

(20)                                                                                                     RUECO2 = 1 + c3c4 × LOG (CO2 /330) 

 

پبكأتل ٌیبٞی وٝ ٘غٜٛ ٚاوَٙ  c3c4ٚ  ؛ لٌٕت ؿك ٔیّیٖٛ(CO2ٔـ٘ؾل ) CO2ٌ٘جی ؿك غّؾت  RUE، ٔمـاك RUECO2وٝ ؿك آٖ 

RUE  ٝثCO2 ( ٔمبؿیل ٌ٘جی 20. ٔقبؿِٝ )، ٌٞتٙـوٙـكا تقییٗ ٔیRUE وٙـ. وٕیّ ٔی 330ٞبی ٔؾتّف كا ٌ٘جت ثٝ غّؾت ؿك غّؾت

( ٚ ثبك ًبِٝ اؽیل 20لٌٕت ؿك ٔیّیٖٛ )ٔمـاك وٙٛ٘ی ؿك ٔمغـ مٔب٘ی  385( یه ثبك ٔقبؿَ 20ؿك ٔقبؿِٝ ) CO2ثٙبثلایٗ، ؿك ٔـَ ٔمـاك 

 RUEُٛؿ. ام تمٌیٓ ایٗ ؿٚ ٔمـاك ضلیت آلاعی ؿیٍل ٔقبؿَ ٔمـاك ا٘تؾبثی ثلای آیٙـٜ ٌقاُتٝ ُـٜ ٚ ایٗ ٔقبؿِٝ ؿٚثبكٜ عُ ٔی

 ٌلؿؿ:ثٝ ٓٛكت میل ٔغبًجٝ ٔی CO2ثلای 

 

(21)                                                                                                     IRUE = IRUE × (RUECO2 /RUE385) 

 

( ثلای 20ٔمـاك عبّٓٝ ام ٔقبؿِٝ ) RUECO2ثبُـ ٚ  CO2 = 385( اًت ٚلتی 20ام ٔقبؿِٝ ) RUECO2ٔمـاك  RUE385وٝ ؿك آٖ 

 .(6)رـَٚ  ثبُـٔی 35/0عـٚؿ  C4ٚ ثلای ٌیبٞبٖ  8/0عـٚؿ  C3ثلای ٌیبٞبٖ  c3c4ثبُـ. ٔمـاك ٔقَٕٛ ٔیا٘تؾبثی  CO2غّؾت 

 

 
 لٌٕت ؿك ٔیّیٖٛ.  330غّؾت ثلای ٌ٘جی  CO2  ٚRUEكاثغٝ ثیٗ غّؾت  -6ُىُ 

 

ِ٘بٖ ؿاؿٜ ُـٜ  6ؿك رـَٚ ٔمبؿیل پبكأتلٞبی ٌیبٞی ٔلتجظ ثب تِٛیـ ٔبؿٜ ؽِه وٝ ثٝ فٙٛاٖ ٚكٚؿی ثبیـ ؿك ٔـَ ِٔؾْ ُٛ٘ـ 

 یب آؽلیٗ فبیُ ٔـَ ٔلارقٝ ُٛؿ.  2ثلای ٔمبؿیل ایٗ پبكأتلٞبی ؿك ًبیل ٌیبٞبٖ ثٝ ضٕیٕٝ  اًت.
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 ٞبی ٌیبٞیثلؽی ام ٌٛ٘ٝثلای  SSM-iCrop2ٔـَ ؿك پبكأتلٞبی تِٛیـ ٔبؿٜ ؽِه  -6رـَٚ 

 ٔؾفف )ٚاعـ( پبكأتل
 ٌٙـْ

-ًیت

 مٔیٙی

یٛ٘زٝ ٚ 

 ُجـك

ٞٙـٚا٘ٝ ٚ 

 ؽلثنٜ
 اٍ٘ٛك

Base temperature for dry matter production TBRUE (°C) 0 0 0 8 2 

Lower optimum temperature for dry matter 

production 

TP1RUE 

(°C) 
15 15 8 15 10 

Upper optimum temperature for dry matter 

production 

TP2RUE 

(°C) 
22 22 25 30 30 

Ceiling temperature for dry matter production TCRUE (°C) 35 35 40 40 37 

Extinction coefficient for photosyntheticaly active 

radiation 
KPAR 0.65 0.6 0.65 0.6 0.65 

Radiation use efficiency under optimal growth 

conditions. 
IRUE (g MJ-

1) 
2.2 2.5 2 1.5 2 

Coefficient for response of RUE to CO2 concentration C3C4 0.8 0.8 0.8 0.8 0.8 

 

 تطکیل عولکرد -2-2-5

-ًبمی ٔیتِىیُ فّٕىلؿ ثب یه كٍٚ تلویجی ٔجتٙی ثل افنایَ ؽغی ُبؽْ ثلؿاُت ؿك عَٛ ؿٚكٜ تِىیُ فّٕىلؿ، ٔـَ

-ا٘ـ ٚ ٔـَٔٙجـ ؿك تِىیُ فّٕىلؿ ِغبػ ُـُٜٛؿ. ٔٙؾٛك ام تلویجی ایٗ اًت وٝ ؿك ایٗ كٍٚ ٞٓ ٔغـٚؿیت ٔمٔـ ٚ ٞٓ ٔغـٚؿیت 

( ٔلارقٝ ُٛؿ. ؿك ایٗ كٍٚ 1388ٞب ٘یٌت. ثلای تٛضیظ ثیِتل ثٝ ًّغب٘ی )ًبمی تِىیُ فّٕىلؿ ٓلفبً ثلاًبى یىی ام ایٗ ٔغـٚؿیت

یَ ثلای ( ٚ ُیت ؽظ افنا7ُٛؿ )ُىُ افنایَ ُبؽْ ثلؿاُت ؿك عَٛ ؿٚكٜ ٔٛحل پلُـٖ ؿا٘ٝ یب ٔیٜٛ ؽغی ؿك ٘ؾل ٌلفتٝ ٔی

ای صٙب٘ضٝ فّٕىلؿ ؿا٘ٝ ٚ ثبُـ. ؿك ٔغبِقبت ٔنكفٝٔغبًجٝ تِىیُ فّٕىلؿ ٔٛكؿ ٘یبم اًت ٚ یه پبكأتل ٌیبٞی ٚكٚؿی ٔـَ ٔی

ٌیلی ُٛ٘ـ، ٔمـاك ُبؽْ ثلؿاُت ٚ ؿك ٘تیزٝ ُیت تغییلات آٖ )ُىُ فّٕىلؿ ثیِٛٛهیه ؿك صٙـ ٘ٛثت ؿك عَٛ ؿٚكٜ پلُـٖ ا٘ـامٜ

ٛؿ. ایٗ وبك ؿك ٌیبٞبٖ صٙـًبِٝ یب ٌیبٞبٖ ثبغجب٘ی ؿُٛاك اًت. ثٙبثلایٗ، ؿك ٔـَ عبضل، ٔمـاك ایٗ ُیت ثب ( لبثُ ٔغبًجٝ ؽٛاٞـ ث7

 آیـ:( ثٝ ؿًت ٔیHIMAXاًتفبؿٜ ام عـاوخل ٔمـاك ُبؽْ ثلؿاُت ؿك ُلایظ ٔغّٛة كُـ )

 

(22)                                                                                                     PDHI = HIMAX / (tuTSG - tuBSG)  

 

ٔمـاك ٚاعـ ؿٔبیی ام  tuTSGٌلاؿ، ُیت افنایَ ؽغی ؿك ُبؽْ ثلؿاُت ثلعٌت ٌلْ ثل ٌلْ ثل ؿكرٝ ًب٘تی PDHIوٝ ؿك آٖ 

ٔمـاك ٚاعـ  tuBSGًبمی ٌیبٜ )وبُت یب ثبمُـٖ رٛا٘ٝ یب ُلٚؿ كُـ ثٟبكٜ( تب ٔلعّٝ پبیبٖ ٔٛحل پلُـٖ ؿا٘ٝ یب ٔیٜٛ ٚ ُلٚؿ ُجیٝ

( ؿك ٚالـ عـاوخل ُبؽْ ثلؿاُت لبثُ 22ًبمی ٌیبٜ تب ٔلعّٝ ُلٚؿ ٔٛحل پلُـٖ ؿا٘ٝ یب ٔیٜٛ ٌٞتٙـ. ؿك ٔقبؿِٝ )ؿٔبیی ام ُلٚؿ ُجیٝ

ٌلاؿ پیِلٚی ؿك عَٛ ایٗ ؿٚكٜ ثٝ ا٘ٝ یب ٔیٜٛ تمٌیٓ ُـٜ اًت تب ُیت افنایَ ثٝ امای ٞل ؿكرٝ ًب٘تیا٘تؾبك ثل عَٛ ؿٚكٜ پلُـٖ ؿ

ٚ ٔمـاك ٚاعـ  PDHI( ام عبّٓضلة DHIؿًت آیـ. ٔمـاك افنایَ ؿك ُبؽْ ثلؿاُت ؿك ٞل كٚم ؿك عی ؿٚكٜ پلُـٖ ؿا٘ٝ یب ٔیٜٛ )

 آیـ:( ثٝ ؿًت ٔیDTUؿٔبیی وٝ ؿك آٖ كٚم عبؿث ُـٜ اًت )

 

(23)                                                                                                     DHI = PDHI × DTU 
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( صٙب٘ضٝ ؿك كٚمی ؿك ؿٚكٜ پلُـٖ ؿٔبی ٞٛا ثبلاتل ثبُـ )ؿك 23ثلعٌت ٌلْ ثل ٌلْ ؿك كٚم اًت. ثلاًبى ٔقبؿِٝ ) DHIوٝ ؿك آٖ 

ثبلاتل ؽٛاٞـ ثٛؿ وٝ ٔٙزل ثٝ ٔمـاك ثنكٌتلی تزٕـ ٔبؿٜ ؽِه ؿك ؿا٘ٝ یب  DHIٚ ؿك ٘تیزٝ  DTUمیل ٔغّٛة(، ٔمـاك  ٔغـٚؿٜ ؿٔبی

 ٞب ٔجٙی ثل ثبلاتل ثٛؿٖ ًلفت پلُـٖ ؿا٘ٝ ؿك ؿٔبٞبی ثبلاتل ٕٞؾٛا٘ی ؿاكؿ.ٌلؿؿ ٚ ثلفىي. ایٗ ٔغّت ثب ٘تبیذ آمٔبیَٔیٜٛ ٔی

 

 
 افنایَ ُبؽْ ثلؿاُت ؿك ٔمبثُ مٔبٖ یب ٚاعـ ؿٔبیی پي ام ُلٚؿ ٔٛحل پلُـٖ ؿا٘ٝ یب ٔیٜٛ.  -7ُىُ 

 

؛ ؿك ٔتلٔلثـ ؿك SGRiٔیناٖ افنایَ یب تزٕـ ٔبؿٜ ؽِه ؿك ؿا٘ٝ یب ٔیٜٛ ام یه كٚم ثٝ كٚمی ؿیٍل ؿك عَٛ ؿٚكٜ پلُـٖ )

 ٝ ُبؽْ ثلؿاُت ؿك عی ایٗ ؿٚ كٚم ٚ افنایَ آٖ ٔلتجظ ولؿٜ اًت:تٛاٖ ثب ٔقبؿِٝ میل تٛٓیف ولؿ وٝ ایٗ تزٕـ كا ثكٚم( كا ٔی

 

(24)                                                                                                     SGRi = WGRNi - WGRNi-1 = (WTOPi × HIi) - (WTOPi-1 × HIi-1)   

 

كٚم ٔٛكؿ ٘ؾل  iٞبی ٞٛایی ٚ ثلعٌت ٌلْ ؿك ٔتلٔلثـ مٔیٗ ٌٞتٙـ، ٚمٖ وُ ا٘ـاْ WTOPٞب ٚ ٔیٜٛ ٞب یبٚمٖ ؿا٘ٝ WGRNوٝ ؿك آٖ 

 ٚi-1 ثبُٙـ ٚ كٚم لجُ ام آٖ ٔیHI  ُٓبؽْ ثلؿاُت اًت وٝ ؽٛؿ عبُٓ تمٌیWGRN  ثلWTOP ثبُـ )یقٙی ٔیHI = 

WGRN / WTOP( ِٝصٙب٘ضٝ  ٔقبؿ .)ؽٛاٞـ ُـ:( عُ ُـٜ ٚ ًبؿٜ ٌلؿؿ، ٔقبؿِٝ میل عب24 ُٓ 

 

(25)                                                                                                     SGRi = DHIi × (WTOPi-1+ DDMPi) + DDMPi× HIi-1 

 

یقٙی ُبؽْ ثلؿاُت ؿك كٚم عبضل اًت ٚ عبُٓ رٕـ  HIiٔقبؿَ  HIi-1  ٚDHIiتٛرٝ ُٛؿ وٝ ؿك ایٗ ٔقبؿِٝ عبُٓ رٕـ 

WTOPi-1  ٚDDMPi  َٔقبؿWTOPi  یقٙی ٔبؿٜ ؽِه وُ ا٘ـاْ ٞٛایی ؿك كٚمi ثبُـ.ٔی 

ٞب لبؿك ثٝ تزٕـ صٝ ٔمـاك ٞب یب ٔیٜٛؿٞـ ؿا٘ٝؿٞـ، یقٙی ِ٘بٖ ٔیثلاًبى لـكت ٔمٔـ كا ِ٘بٖ ٔی SGR( ٔمـاك 25ٔقبؿِٝ )

عبّٓٝ ام ٔقبؿِٝ  SGRٔبؿٜ ؽِه وبفی )ٔغـٚؿیت ٔٙجـ( ثلای عبؿث ُـٖ  iأب، ٕٔىٗ اًت ؿك كٚم  ٌٞتٙـ. iٔبؿٜ ؽِه ؿك كٚم 

( ٚرٛؿ ٘ـاُتٝ ثبُـ. ثلای ٔخبَ، ثٝ ؿِیُ تَٙ ؽِىی یب ؿٔبی ٘بٔٙبًت ٔبؿٜ ؽِه وبفی تِٛیـ ِ٘ـٜ ثبُـ. ثٙبثلایٗ، ؿك ٔـَ عبضل 25)
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ُٛؿ ثٝ ٔمـاك ٔبؿٜ ؽِه تِٛیـی ؿك آٖ كٚم ثٝ فلاٜٚ ٔبؿٜ ؽِىی ٔغـٚؿ ٔی( ثلای یه كٚم ٔقیٗ، 25عبّٓٝ ام ٔقبؿِٝ ) SGRٔمـاك 

 ٞبی كٚیِی ثلای كُـ ؿا٘ٝ یب ٔیٜٛ فلاٞٓ ثبُـ، یقٙی:وٝ ٕٔىٗ اًت ؿك احل ا٘تمبَ ٔزـؿ ام ا٘ـاْ

 

(26)                                                                                                     SGRi = DDMPi + TRANSLi  

 

وٙـ ٞبی كٚیِی ثٝ ؿا٘ٝ یب ٔیٜٛ ا٘تمبَ پیـا ٔیٔمـاك ٔبؿٜ ؽِىی )ٌلْ ؿك ٔتلٔلثـ ؿك كٚم( اًت وٝ ام ا٘ـاْ TRANSLوٝ ؿك آٖ 

 ُٛؿ:ؽٛؿ ثٝ ٓٛكت میل ٔغبًجٝ ٔی TRANSL)ا٘تمبَ ٔزـؿ(. ٔیناٖ 

 

(27)  TRANSL = 0                                                                if       (SGR/GCC) ≤ DDMP 

 TRANSL = min [(SGR/GCC) – DDMP, TRLDM]     if      (SGR/GCC) > DDMP 
 

وٙـ ٚ صٙب٘ضٝ تلویت ضلیجی اًت وٝ اكمٍ ثیُٛیٕیبیی ثبفت كٚیِی )ا٘تمبَ یبثٙـٜ( ثٝ ؿا٘ٝ یب ٔیٜٛ كا ِٔؾْ ٔی GCCوٝ ؿك آٖ 

ٞبی كٚیِی ثبُـ، ٔمـاك آٖ ثلاثل یه اًت ٚ ؿك ٓٛكتی وٝ تلویت ثیُٛیٕیبیی ای )ؿا٘ٝ یب ٔیٜٛ( ِٔبثٝ ا٘ـاْا٘ـاْ فؽیلٜ ثیُٛیٕیبیی

ٞبی كٚغٙی ٔمـاك ٞبی ٌیبٞی ثٝ اًتخٙبی ؿا٘ٝثبُـ. ؿك اوخل ٌٛ٘ٝٞبی كٚیِی ثبُـ، وٛصىتل ام یه ٔیتل ام ا٘ـاْای غٙیا٘ـاْ فؽیلٜ

GCC (، 27(. ؿك ٔقبؿِٝ )7ثبُـ )رـَٚ ٔتغیل ٔی 7/0تب  5/0ٞبی كٚغٙی ثٌتٝ ثٝ ؿكٓـ كٚغٗ ثیٗ ك ؿا٘ٝثلاثل یه اًت ٚ ؿTRLDM 

وُ ٔبؿٜ ؽِه لبثُ ا٘تمبَ ثٝ ؿا٘ٝ یب ٔیٜٛ اًت )ثلعٌت ٌلْ ؿك ٔتلٔلثـ( وٝ ٔمـاك آٖ ؿك ُلٚؿ پلُـٖ ؿا٘ٝ یب ٔیٜٛ ام عبّٓضلة 

ُٛؿ. ؛ ٌلْ ثل ٌلْ(، ٔغبًجٝ ٔیFRTRLعٛك ثبِمٜٛ لبثُ ا٘تمبَ ٔزـؿ اًت )ثٝ ٔبؿٜ ؽِه وُ ٌیبٜ ؿك آٖ مٔبٖ ٚ وٌلی ام آٖ وٝ

FRTRL  َٚ( وٝ ؿك ٌیبٞبٖ مكافی ٌ٘جت ثٝ ؿكؽتبٖ ٔیٜٛ إٞیت ثیِتلی ؿاكؿ. ؿك تقـاؿ میبؿی 7یه پبكأتل ٚكٚؿی ٔـَ اًت )رـ

مٔبٖ ٌیبٜ ٔبؿٜ ؽِه میبؿی تِٛیـ ٘ىلؿٜ اًت ٚ  ٌیلؿ وٝ تب آٖام ؿكؽتبٖ ٔیٜٛ، ُلٚؿ پلُـٖ ٔیٜٛ ؿك اٚایُ ؿٚكٜ كُـ ٓٛكت ٔی

 ثٙبثلایٗ ا٘تمبَ ٔزـؿ ام ٔبؿٜ ؽِه تِٛیـی ؿك لجُ ام ٔلعّٝ پلُـٖ إٞیت میبؿی ٘ـاكؿ. 

( ؿك یه كٚم ؿك عی پلُـٖ صٙب٘ضٝ تِٛیـ ٔبؿٜ ؽِه ٕٞبٖ كٚم ثلای ٘یبمؿا٘ٝ یب ٔیٜٛ وبفی ثبُـ، ا٘تمبَ 27ثلاًبى ٔقبؿِٝ )

 TRLDMپقیلؿ. ا٘تمبَ ٔزـؿ تب مٔب٘ی لبثُ ا٘زبْ اًت وٝ ، ِٚی صٙب٘ضٝ وٕتل ثبُـ، ا٘تمبَ ٔزـؿ ٓٛكت ٔیٌیلؿٔزـؿ ٓٛكت ٕ٘ی

ُٛؿ تب ِٔؾْ ثبُـ وٝ صٝ ٔمـاك آٖ ثبلی ٔب٘ـٜ ثٝ ٓٛكت میل ثٝ كٚم ٔی TRLDMثٝ اتٕبْ ثلًـ ثٝ ٕٞیٗ ؿِیُ ؿك ٞل كٚم ٔمـاك 

 اًت:

 

(28)                                                                                                     TRLDMi = TRLDMi-1 – TRANSLi  

 

ؿكد ُـٜ اًت ٚ ثلای ًبیل  7ٞبی ٌیبٞی ؿك رـَٚ پبكأتلٞبی ٌیبٞی ٔلثٛط ثٝ تِىیُ فّٕىلؿ ثلای تقـاؿی ام ٌٛ٘ٝ

 ُٛؿ. آؽلیٗ ٌ٘ؾٝ فبیُ ٔـَ ٔلارقٝیب  2ضٕیٕٝ  ٞب یب اكلبْ ثٌٝٛ٘ٝ

 
 ٞبی ٌیبٞیثلؽی ام ٌٛ٘ٝ ٞب ثلای ٚ ٔمـاك آٖ SSM-iCrop2ٔـَ ؿك پبكأتلٞبی تِىیُ فّٕىلؿ  -7رـَٚ 

 ٔؾفف )ٚاعـ( پبكأتل
 ٌٙـْ

-ًیت

 مٔیٙی

ٞٙـٚا٘ٝ ٚ 

 ؽلثنٜ

یٛ٘زٝ ٚ 

 ُجـك
 اٍ٘ٛك
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Maximum harvest index/Liner increase in harvest index HImax (g g-1 d-1) 0.5 0.8 0.6 0.9 0.5 

Fraction of dry mass remobilizable from the vegetative 

tissue to the developing seeds/fruits 
FRTRL (g g-1) 0.2 0.3 0.4 0.9 0.1 

    Grain conversion coefficient GCC (g g-1) 1  1 1 1 1 

 

 هوازنه آب خاک -2-2-6

وٙـ. ٕٞضٙیٗ، ؿك ُلایظ ًبمی ٔیاحلات تَٙ آثی )وٕجٛؿ یب میبؿی( كا ُجیٝ ٚؿك ٔنكفٝ یب ثبك آة ؽبن  ٔٛام٘ٝ ٔـَ عبضل

ثیٙی ٌٞتٙـ. ٔغبًجبت ٔٛام٘ٝ آة ؽبن فٕـتبً ثلٌلفتٝ ام وِت آثی، ٔمـاك آة آثیبكی ٔٛكؿ ٘یبم ٚ تقـاؿ ؿفقبت آثیبكی لبثُ پیَ

 ( ٌٞتٙـ.2012( ٚ ًّغب٘ی ٚ ًیٙىّل )1998(، كیضی )1986ًیٙىّل )

ٔغبًجبت ٔٛام٘ٝ آة ؽبن، ؽبن ثٝ ٓٛكت ؿٚ لایٝ ؿك ٘ؾل ٌلفتٝ ُـٜ اًت. ایٗ ؿٚ لایٝ فجبكتٙـ ام: یه لایٝ  ثلای ا٘زبْ

 7ثبُـ ٚ فٕك آٖ ثلاثل ثب فٕك ٔٛحل اًتؾلاد آةٔتل ٚ یه لایٝ ؿْٚ وٝ ؽٛؿ ُبُٔ لایٝ اَٚ ٘ین ٔیًب٘تی 60تب  15فٛلب٘ی ثٝ ضؾبٔت 

)لایٝ ؿْٚ( ؿك اثتـا ثلاثل ثب فٕك اِٚیٝ اًتؾلاد آة )فٕك اِٚیٝ كیِٝ( تًٛظ ٌیبٜ ؿك ُلٚؿ  ثٙبثلایٗ، فٕك ایٗ لایٝ تًٛظ ٌیبٜ اًت.

وٙـ تب ثٝ عـاوخل ؽٛؿ ًبمی ٌیبٜ )وبُت، ُلٚؿ ٔزـؿ ؿك كُـ ثٟبكٜ یب ثبمُـٖ رٛا٘ٝ( اًت وٝ ثب كُـ كیِٝ افنایَ پیـا ٔیُجیٝ

ٔتل( ام پبكأتلٞبی ٚكٚؿی ؛ ٔیّیMEEDخل فٕك ٔٛحل اًتؾلاد آة )ٔتل( ٚ عـاو؛ ٔیّیiDEPORTثلًـ. فٕك اِٚیٝ اًتؾلاد آة )

 5ٔتفبٚت ام عـاوخل فٕك كیِٝ اًت ٚ فجبكت ام عـاوخل فٕمی اًت وٝ عـالُ  MEEDٔـَ ثٝ ُٕبك ٔی آیٙـ. ثبیـ تٛرٝ ؿاُت وٝ 

یِٝ اًت. ایٗ فٕك ٔقٕٛلاً ثب ٌلؿؿ ٚ ٔقٕٛلاً ٔمـاكی وٛصىتل ام عـاوخل فٕك كؿكٓـ آة ٔٔلفی ٌیبٜ ؿك تقلق ام آٖ رقة ٔی

 . وٝ ًبؿٜ تل ام ا٘ـامٜ ٌیلی فٕك كیِٝ اًت ُٛؿٔتل یب ًٚبیُ ِٔبثٝ تقییٗ ٔیؿیـٜ ثب٘ی تغییلات آة ؽبن ثٝ وٕه ٘ٛتلٖٚ

( ثب ٔقبؿلات میل ٔغبًجٝ ATSWٔتل( ٚ ؿْٚ )؛ ٔیّیATSW1( ٔمـاك آة لبثُ ؿًتلى ؿك لایٝ اَٚ )iؿك ٞل كٚم ٔقیٗ )

 (:8ُٛؿ )ُىُ ٔی

 

(29                                                                                                    ) ATSWi = ATSWi-1 + RAIN + IRGW – DRAIN1 – RUNOF – SEVP – TR1     

(30)                                                                                                     ATSWi = ATSWi-1 + RAIN + IRGW + EWAT – DRAIN – RUNOF – SEVP – TR     

 

تجؾیل ام  SEVPكٚا٘بة،  RUNOFوِی ام لایٝ اَٚ، مٜ DRAIN1آثیبكی ا٘زبْ ُـٜ،  IRGWثبك٘ـٌی كٚما٘ٝ،  RAINوٝ ؿك آٖ 

ٔمـاك آثی وٝ ؿك احل افنایَ فٕك ٔٛحل  EWATٔمـاك تقلق ام ٌیبٜ وٝ آة آٖ ام لایٝ اَٚ اًتؾلاد ُـٜ اًت،  TR1ًغظ ؽبن، 

وِی ام لایٝ ؿْٚ )فٕك ٔٛحل اًتؾلاد آة( مٜ DRAINٞبی میلیٗ، لبثُ ؿًتلى ُـٜ اًت ٚ اًتؾلاد آة یقٙی ٘فٛف كیِٝ ثٝ لایٝ

 ُٛ٘ـ.ثبُٙـ ٚ ؿك ٔمیبى كٚما٘ٝ ٔغبًجٝ ٔیٔتل ٔیـ. ٍٕٞی ایٗ ارنا ؿاكای ٚاعـ ٔیّیٌٞتٙ

 

                                                      
7
 Maximum Effective Extraction Depth 
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 ٔٛام٘ٝ آة ؿك ؽبن -8ُىُ 

 

ٔتل(، وُ آة ؽبن ؛ ٔیّیTTSWثلای لایٝ ٔٛحل كیِٝ یب ٕٞبٖ فٕك ٔٛحل اًتؾلاد آة، وُ آة لبثُ ؿًتلى ؽبن )

(WATRLٔتل(، آة ؽبن ؿك عبِت اُجبؿ )؛ ٔیّیWSATRL ٔتل( ٚ وٌل آة لبثُ ؿًتلى ؽبن )ٔیّی؛FTSW ثب ٔقبؿلات میل )

 ٌلؿؿ:ٔغبًجٝ ٔی

 

(31)                                                                                                     TTSW = DEPORT × EXTR  

(32                                                                                                    ) WATRL = DEPORT × CLL + ATSW 

(33                                                                                                    ) WSATRL = DEPORT × SAT 

(34                                                                                                    ) FTSW = ATSW / TTSW  

 

ثٝ تلتیت وٌل عزٕی ٚ عـٚؿ كعٛثتی ؽبن  EXTR ،CLL  ٚSATٔتل( اًت ٚ فٕك لایٝ ٔٛحل كیِٝ )ٔیّی DEPORTوٝ ؿك آٖ 

 CLL( ، 9ٚ عـ تغتب٘ی 8وِیُ عـؽلفیت مكافی ٚ ٘مغٝ پؤلؿٌی ؿایٓ یب عـ ثبلایی كعٛثت ؽبن پي ام مٜآة لبثُ ؿًتلى )تفبض

ٞب ٔتل ثل ٔتل یب كعٛثت ؽبن ؿك ٘مغٝ اُجبؿ ٌٞتٙـ ٚ ٚاعـ آٖ SATكعٛثت ؽبن ؿك عـ تغتب٘ی یب ٕٞبٖ ٘مغٝ پؤلؿٌی ؿایٓ ٚ 

ؿٞـ؛ ٔمـاك آٖ ؿك كعٛثتی ؽبن ؿك لایٝ ٔٛحل كیِٝ كا ِ٘بٖ ٔی ُبؽٔی اًت وٝ ٚضقیت FTSWثبُـ. ٔتلٔىقت ثل ٔتلٔىقت ٔی

CLL ( ثلای ٔغبًجٝ 34( تب )31ثلاثل ٓفل، ؿك ؽلفیت مكافی ثلاثل یه ٚ ؿك ثبلاتل ام ؽلفیت مكافی، ثیِتل ام یه اًت. ٔقبؿلات )

 ُٛؿ.( اًتفبؿٜ ٔیDEP1فٕك لایٝ اَٚ ) ٞب ثٝ ربی فٕك ٔٛحل لایٝ كیِٝ امكٚ٘ـ ِٚی ؿك آٖٕٞیٗ ٔتغیلٞب ؿك لایٝ اَٚ ثٝ وبك ٔی

 ُٛؿ. ( ثٝ اؽتٔبك تٛضیظ ؿاؿٜ ٔی30ٚ  29ٞبی میل ٘غٜٛ ٔغبًجٝ ارنای ٔٛام٘ٝ آة ؽبن )ٔقبؿلات ؿك لٌٕت

 

( ثیِتل ام وُ آة لبثُ ؿًتلى ؿك آٖ ATSWافتـ وٝ آة لبثُ ؿًتلى ؽبن ؿك یه لایٝ )وِی مٔب٘ی اتفبق ٔی: مٜکطیزه

 (:1998ُٛؿ )كیضی، ؿك احل ٘یلٚی حمُ ام لایٝ ؽبكد ٔی  DUL( ثبُـ. ؿك ایٗ ُلایظ آة اضبفٝ ثل ؽلفیت مكافی یب TTSWلایٝ )

                                                      
8
 Drained Upper Limit (DUL) 

9
 Lower Limit (LL) 
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(35)  DRAIN = 0                                                                if    ATSW ≤ TTSW 

 DRAIN = (ATSW – TTSW) × DRAINF                  if    ATSW > TTSW 
 

ثبُـ، وُ آة ٔبماؿ  1ٔقبؿَ  DRAINFوِی ٚ ٚكٚؿی ؽبن ثلای ٔـَ اًت. صٙب٘ضٝ  ٔمـاك ضلیت مٜ DRAINFؿك ٔقبؿِٝ فٛق 

ؿكٓـ آة ٔبماؿ ثل ؽلفیت  30ثبُـ، ؿك ٞل كٚم  3/0ُٛؿ، صٙب٘ضٝ  ٔمـاك آٖ ٔخلاً ثل ؽلفیت مكافی ؿك یه كٚم ام ؽبن ؽبكد ٔی

 ثٝ تٔٛیل وِیـٜ اًت. DRAINF( كا ثلای ًٝ ٔمـاك فلضی 35ٔقبؿِٝ ) 9ٌلؿؿ. ُىُ مكافی ام ؽبن ؽبكد ٔی

 
 .8/0ٚ  5/0، 2/0وِی  ؿك ًٝ ؽبن ٔؾتّف ثب ٔمبؿیل ٔتفبٚت فبوتٛك مُٜـٜ  وِی ( مٜٔتل تغییلات آة ؽبن )ٔیّی -9ُىُ 

 

ُٛؿ. وُ یب ثؾِی ام ایٗ ٔغٌٛة ٕ٘ی( ُـٜ ثٝ میل ایٗ لایٝ ٞـك كفت DRAINوِی )ثلای لایٝ ٔٛحل كیِٝ، ٕٞٝ آة مٜ

ٔتل( ٚ ؛ ٔیّیWSTORGمیل لایٝ كیِٝ )٘فٛف یبفتٝ ثٝ آة ٕٔىٗ اًت ثقـاً ثب كُـ كیِٝ ثلای ٌیبٜ لبثُ ؿًتلى ٌلؿؿ. ٔمـاك آة 

 ٌلؿؿ:تغییلات آٖ تًٛظ ٔـَ ٔغبًجٝ ٔی

 

(36)                                                                                                      WSTORGi = WSTORG i-1 + DRAIN - EWAT  

 

ٔتل( ٔمـاك آة ؿك میل لایٝ ٔٛحل كیِٝ اًت وٝ ثب ٘فٛف كیِٝ ؿك آٖ ثلای ٌیبٜ لبثُ ؿًتلى ُـٜ اًت. ٔمـاك )ٔیّی EWATوٝ ؿك آٖ 

اًت، یقٙی ٔمـاك آة ٘فٛف ولؿٜ ثٝ میللایٝ ٔٛحل  WSTORGًبمی، ٕٞبٖ ٔمـاك وِی فٕمی ؿك پبیبٖ فُٔ كُـ یب ُجیٟٝ٘بیی مٜ

 كیِٝ وٝ تًٛظ ٌیبٜ اًتفبؿٜ ِ٘ـٜ اًت.

 

یقٙی كعٛثتی اًت وٝ ثب افنایَ فٕك كیِٝ ثلای ( 36ؿك ٔقبؿِٝ ) EWAT: ٕٞبٖ آب قابل دسترس ضذه در اثر رضذ ریطه

ـاك اِٚیٝ آٖ ثٝ ٓٛكت ؽغی )ؿك ٔمبثُ ٚاعـ ؿٔبیی ٚ ٘ٝ ٌیبٜ لبثُ ؿًتلى ُـٜ اًت. ؿك ٔـَ فلٕ ُـٜ اًت، فٕك ٔٛحل كیِٝ ام ٔم
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ٌلؿؿ ( ثلًـ. ٚاعـ ؿٔبیی ٘لٔبِینٜ ُـٜ وٝ ؿك آٖ كُـ فٕمی كیِٝ آغبم ٔیMEEDیبثـ تب ثٝ عـاوخل ؽٛؿ )كٚم( افنایَ ٔی

(frBRGٚاعـ ؿٔبیی ٘لٔبِینٜ ُـٜ وٝ ؿك آٖ كُـ فٕمی كیِٝ ٔتٛلف ٔی ٚ )( ُٛؿfrTRG پبكأتلٞبی ٌیبٞی ) .ٚكٚؿی ٔـَ ٌٞتٙـ

تٛاٖ ٔلاعُ ُٛؿ. ؿك ًبیل ٌیبٞبٖ ٘ین ٔیٞب، ٔتٛلف ٔیای كُـ كیِٝ ؿك ًجنُـٖ ُلٚؿ ٚ ؿك ُلٚؿ پلُـٖ ؿا٘ٝؿك ٌیبٞبٖ مكافی ؿا٘ٝ

تٛاٖ فـؿی آغبم ٚ پبیبٖ كُـ كیِٝ كا ثٝ ٔلاعُ فِٙٛٛهیه ٔلتجظ ًبؽت. ؿك ؿكؽتبٖ ٔیٜٛ وٝ صٙـًبِٝ ٌٞتٙـ، فٕك اِٚیٝ كیِٝ كا ٔی

 ٘فٛف فٕمی لایٝ ٔٛحل كیِٝ ٌ٘جت ثٝ ٌیبٞبٖ یىٌبِٝ إٞیت ا٘ـوی ؿاكؿ. ؿك ایٗ ٌیبٞبٖ ا٘تؾبة ولؿ ٚ ثٙبثلایٗ،  MEED٘نؿیه ثٝ 

-)ؿٚكٜ كُـ ٔٛحل كیِٝ( ثٝ ٓٛكت میل ٔغبًجٝ ٔی frBRG  ٚfrTRGؿك ٔـَ ٔمـاك ثبِمٜٛ افنایَ كٚما٘ٝ فٕك كیِٝ ؿك فبّٓٝ 

 ُٛؿ:

 

(37)                                                                                                     GRTDP = (MEED – iDEPORT) / (frTRG – frBRG) × tuHAR)  

 

فٕك اِٚیٝ كیِٝ ؿك ٔلعّٝ ُلٚؿ  iDEPORTٌلاؿ( ٚ ٔتل ثل ؿكرٝ ًب٘تیًلفت افنایَ فٕك ٔٛحل كیِٝ )ٔیّی GRTDPوٝ ؿك آٖ 

ٔتل ثل كٚم( ثب تٛرٝ ثٝ ٔمـاك ٚاعـ ؿٔبیی وٝ ؛ ٔیّیGRTDؿك ؿٚكٜ كُـ كیِٝ ) GRTDكُـ كیِٝ ٔخُ ًجنُـٖ ٌٞتٙـ. ٔمـاك ٚالقی 

 ٌلؿؿ، یقٙی:(، ٔغبًجٝ ٔیDTUوٙـ )ٌیبٜ ؿك ٞل كٚم ؿك عَٛ ایٗ ؿٚكٜ تزلثٝ ٔی

 

(38)                                                                                                     GRTD = GRTDP × DTU  

 

ُٛؿ. ٕٞضٙیٗ ؿك عَٛ ایٗ ٌٔبٚی ٓفل للاك ؿاؿٜ ٔی  GRTDُبیبٖ فول اًت وٝ ؿك لجُ ٚ ثقـ ام ؿٚكٜ كُـ كیِٝ ٔمـاك 

ٚ یب ؿك میل لایٝ كیِٝ آة لبثُ ؿًتلى ٚرٛؿ ٘ـاُتٝ ثبُـ ( ٓفل ثبُـ DDMPؿٚكٜ اٌل ؿك كٚمی ٔمـاك ٔبؿٜ ؽِه تِٛیـی ٌیبٜ )

ُٛؿ. ثٝ ٕٞیٗ تلتیت، اٌل فٕك ٔٛحل لایٝ كیِٝ ثٝ عـاوخل ؽٛؿ ٔقبؿَ ٓفل للاك ؿاؿٜ ٔی GRTD(، ٔمـاك WSTORG = 0)یقٙی 

(MEED( یب ثٝ ا٘تٟبی فٕك ؽبن )SOLDEPكًیـٜ ثبُـ، ثلاثل ٓفل للاك ؿاؿٜ ٔی ).ُٛؿ 

 ٌلؿؿ:، ٔتٙبًت ثب افنایَ فٕك ٔٛحل كیِٝ ؿك ٞل كٚم ٔغبًجٝ ٔیEWATٔمـاك        

 

 (39)                                                                                                     EWAT = min (GRTD × EXTR, WSTORG)  

 

آٖ ٘فٛف ولؿٜ اًت ؿاكای كعٛثت ثبُـ، ایٗ كعٛثت ؿك عـ ؽلفیت فلٕ ُـٜ اًت وٝ اٌل لایٝ میل كیِٝ وٝ كیِٝ ثٝ ؿك آٖ وٝ 

 ( اًت.WSTORGیب وٕتل ) (GRTD × EXTRمكافی )

 

؛ صبپٕٗ ٚ ٕٞىبكاٖ، 1991ثبُـ )ٚیّیبٔن، : ٔغبًجٝ كٚا٘بة ثلاًبى كٍٚ ُٕبكٜ ٔٙغٙی اؿاكٜ ٔغبفؾت ؽبن آٔلیىب ٔیرواناب

تٛا٘ـ ثیٗ ٓفل )ثـٖٚ (. ایٗ ُٕبكٜ ٔیCN2ُٛؿ )بن ثٝ آٖ اؽتٔبّ ؿاؿٜ ٔی(. ؿك ایٗ كٍٚ یه ُٕبكٜ ٔٙغٙی ثلاًبى ثبفت ؽ1993

)كٚا٘بة وبُٔ( ؿأٙٝ ؿاُتٝ ثبُـ. ایٗ ُٕبكٜ ٔٙغٙی ًپي ثلاًبى ؿكٓـ پَُٛ ؽبن تًٛظ ٌیبٜ، ُیت مٔیٗ ٚ  100كٚا٘بة( ٚ 

 ُٛؿ. ًجٝ كٚا٘بة ثٝ وبك ثلؿٜ ٔیُٛؿ ٚ ثلای ٔغبٔتل فٛلب٘ی آٖ )فٕك ٞیـكِٚٛهیه( آلاط ٔیًب٘تی 60ٔمـاك آة ؽبن ؿك 
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ٞبی ؽبن ٔغـٚؿ ُـٜ اًت. ُٕبكٜ ٔٙغٙی ام ٚكٚؿی 20ٔیناٖ وبَٞ ؿك ُٕبكٜ ٔٙغٙی ؿك احل فٛأُ فول ُـٜ ثٝ عـاوخل 

ثلای ٔغبًجٝ  S( ٚ ام 1991( )ٚیّیبٔن، Sُٛؿ. ام ُٕبكٜ ٔٙغٙی آلاط ُـٜ ثلای ٔغبًجٝ عـاوخل ؽلفیت ٍٟ٘ـاكی ؽبن )ٔغٌٛة ٔی

 ٌلؿؿ: ة اًتفبؿٜ ٔیكٚا٘ب

 

(40)  RUNOF = 0                                                                if RAIN ≤ 0.25 

 RUNOF = (RAIN – 0.25)
2 
/ (RAIN + 0.85)               if RAIN > 0.25 

 

 Sكاثغٝ  10یبثـ. ُىُ ٔمـاك كٚا٘بة افنایَ ٔی Sٔیناٖ ثبك٘ـٌی كٚما٘ٝ اًت. ثب افنایَ ثبك٘ـٌی ٚ وٛصىتل ُـٖ  RAINوٝ ؿك آٖ 

 ؿٞـ.( كا ِ٘بٖ ٔیCN1ثب ُٕبكٜ ٔٙغٙی ؿك عبِت ؽِه ؽبن )

 

 
 ؽلفیت ٍٟ٘ـاكی ؽبن تبثـ ُٕبكٜ ٔٙغٙی ؽبن ثلای ٔغبًجٝ كٚا٘بة. -10ُىُ 

 

ثٝ اًتخٙبی وِت  –كٚا٘بة ٔغبًجٝ ُـٜ ٔغبثك تٛضیغبت فٛق ٔؾتْ ُلایظ ؿیٓ اًت. ؿك مكافت ٚ ثبغجب٘ی ؿك ُلایظ آثی 

ٌلؿؿ. أب، ؿك ٞل پقیلؿ، ٔب٘ـ ام ٚلٛؿ كٚا٘بة ٔیفلٕ ُـٜ اًت تٟیٝ ثٌتل ٚ ًبیل تٕٟیـات ؽبن ٚكمی وٝ ا٘زبْ ٔی -غللبة ثل٘ذ 

ُٛؿ ٚ آٖ ثلای ُلایغی اًت وٝ كعٛثت ؽبن ؿك عـ اُجبؿ ثبُـ، ٚ ؿك احل ٚكٚؿ ین ٔغبًجٝ ٔیؿٚ عبِت ؿیٓ ٚ آثی، كٚا٘بة ؿیٍلی ٘

آة ثیِتل ٘بُی ام ثبك٘ـٌی یب آثیبكی، آة ؿك ًغظ ؽبن ثبلا آٔـٜ ثبُـ. ؿك ایٗ ُلایظ، وٌلی ام ٔمـاك آة رٕـ ُـٜ ؿك ًغظ 

ُٛؿ ٚ یىی ؿیٍل ام وِی ًغغی ؽٛا٘ـٜ ٔییت مٜ( ضلSDRAINFُٛؿ. ایٗ وٌل )ؽبن ثٝ فٙٛاٖ كٚا٘بة ؿك ٘ؾل ٌلفتٝ ٔی

ثلاثل ٓفل للاك ؿاؿٜ ُٛؿ، ٔمـاك ایٗ ٘ٛؿ كٚا٘بة ٔقبؿَ ٓفل ؽٛاٞـ ثٛؿ ٚ  SDRAINFثبُـ. ؿك ٓٛكتی وٝ ٞبی ؽبن ٔیٚكٚؿی

كٚا٘بة ٌلؿؿ ٚ ثٝ عٌبة ثلاثل یه للاك ؿاؿٜ ُٛؿ، وُ آة رٕـ ُـٜ كٚی ؽبن اُجبؿ ؿك یه كٚم تؾّیٝ ٔی SDRAINFصٙب٘ضٝ  

 ُٛؿ.ٔٙؾٛك ٔی

 

ٔتل ؿك كٚم( ٔغبًجٝ ُـٜ ٚ ًپي تجؾیل ثبِمٜٛ ام ًغظ ؛ ٔیّیPET: ثـیٗ ٔٙؾٛك اثتـا تجؾیلتقلق ثبِمٜٛ )تبخیر از سطح خاک

 ُٛ٘ـ. ٔتل ؿك كٚم( ٔغبًجٝ ٔی؛ ٔیّیSEVPٔتل ؿك كٚم( ٚ ًلا٘زبْ تجؾیل ٚالقی ام ًغظ ؽبن )؛ ٔیّیEOSؽبن )
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تجؾیل ُٛؿ. ؿك ایٗ كٍٚ اثتـا ( ٔغبًجٝ ٔی1998( آلاط ُـٜ تًٛظ كیضی )1972كٍٚ پلًتیّی ٚتیّٛك )تجؾیلتقلق ثبِمٜٛ ثب 

( ٚ تِقِـ TD)ؽبن ٚ ٌیبٜ مكافی(، ٔیبٍ٘یٗ ؿٔبی ٞٛا ؿك عی كٚم )( ًغظ ALBEDO( ام آِجیـٚ )EEQٚ تقلق ٔقبؿَ )

 ـ: یؿًت آ ( ثSRADٝؽٛكُیـی كٚما٘ٝ )

 

(41)  EEQ = SRAD × (0.004876 – 0.004374 × ALBEDO) × (TD + 29) 

 

 ُٛؿ وٝ ؿك آٖ ٚمٖ ثیِتلی ثٝ عـاوخل ؿٔبی كٚما٘ٝ ؿاؿٜ ُـٜ اًت،  ٔیبٍ٘یٗ ؿٔبی ٞٛا ؿك عی ام كاثغٝ میل ٔغبًجٝ ٔی

 

(42)  TD = 0.6 × TMAX + 0.4 × TMIN 

 

یب ؽبن پُٛیـٜ ُـٜ، ؿاكؿ ٚ ثٝ آِجیـٚ ٌیبٜ ( ثٌتٍی ثٝ ثؾِی ام ًغظ ٔنكفٝ وٝ تًٛظ ٌیبٜ مكافی ALBEDOآِجیـٚ ًغظ )

  ( ٘ین ٚاثٌتٝ اًت:SALB( یب ؽبن )CALBمكافی )

 

(43) ALBEDO = CALB × (1– EXP(– KET×ETLAI)) + SALB× ( EXP(– KET×ETLAI)) 

 

( ؽٛاٞـ ثٛؿ، ِٚی ثب افنایَ SALBثلاثل ثب آِجیـٚ ؽبن )  ALBEDOثـٖٚ پَُٛ ٌیبٜ مكافی،ای  ثلاًبى ٔقبؿلات ثبلا ثلای ٔنكفٝ

ETLAI ،ALBEDO یبثـ  افنایَ ٔی( ٜثب پَُٛ وبُٔ مٔیٗ ثب ٌیبٜ، آِجیـٚ ثلاثل آِجیـٚ ٌیب ٚCALB .ؽٛاٞـ ثٛؿ ) 

  :ـیآ ٔیؿًت  ( ثٌتٝ ثٝ ُلایظ عی كٚم ثPETٝتجؾیل تقلق ثبِمٜٛ ) EEQثقـ ام تؾٕیٗ 

 

(44) PET = EEQ × 1.1                                             if     5 ≤ TMAX ≤ 34 

 PET = EEQ ((TMAX - 34) × 0.05 + 1.1)                     if           TMAX > 34 

 PET = EEQ× 0.01× EXP (0.18× (TMAX + 20))      if            TMAX < 5 

 

تٔٛیلی ُٕبتیه ام تجؾیلتقلق ثبِمٜٛ ؿك اكتجبط ثب ؿٔبی ٞٛا ٚ تِقِـ  11ُىُ ثبُـ.  عـاوخل ؿٔبی كٚما٘ٝ ٔی TMAXؿك ایٗ كاثغٝ 

ِ٘بٖ ؿاؿٜ ُـٜ اًت. ؿك ُلایغی وٝ عـاوخل ؿٔبی  11( ٚ ٕٞب٘غٛك وٝ ؿك ُىُ 44ؿٞـ. ثلاًبى ٔقبؿِٝ )ؽٛكُیـی كٚما٘ٝ كا ِ٘بٖ ٔی

ٌلؿؿ ٚ ثلفىي ؿك ُلایغی وٝ عـاوخل وٕتلی ٔغبًجٝ ٔی PETٌلاؿ ثبُـ ثٝ ؿِیُ اعتٕبَ ٚلٛؿ یؾجٙـاٖ ؿكرٝ ًب٘تی 5ٞٛا وٕتل ام 

 ُٛؿ.ثنكٌتلی ٔغبًجٝ ٔی PET، 10ثبُـ، ثٝ ؿِیُ اعتٕبَ ٚلٛؿ ا٘تمبَ افمی ٌلٔبٌلاؿ ٔیؿكرٝ ًب٘تی 34ؿٔبی ٞٛا ثبلا ام 

 

                                                      
10

 Advection 
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 ؿٞٙـ. . افـاؿ كٚی ُىُ تِقِـ ؽٛكُیـی كٚما٘ٝ كا ِ٘بٖ ٔیكٚما٘ٝٚ تِقِـ  ام ٔیبٍ٘یٗ ؿٔبفٙٛاٖ تبثقی  ( ثPETٝپتبٌ٘یُ تجؾیل ٚ تقلق ) -11ُىُ 

 

ؿك وٌلی ام ًغظ ؽبن وٝ تًٛظ ٌیبٜ  PET( یقٙی تجؾیل ام ؽبن وبٔلا ٔلعٛة، ثب ضلة EOSتجؾیل ثبِمٜٛ ام ًغظ ؽبن )

 (:12آیـ )ُىُ پُٛیـٜ ِ٘ـٜ اًت )مٔیٗ ِؾت( ثٝ ؿًت ٔی

 

(45)                                                                                                     EOS = PET × EXP (– KET × ETLAI)  

 

ضلیت ؽبُٔٛی ثلای وُ  KETؿٞـ، وٝ ؿك آٖ فجبكت ٕ٘بیی ؿك ًٕت كاًت ٔقبؿِٝ، وٌلی ام مٔیٗ وٝ ِؾت اًت كا ِ٘بٖ ٔی

ٔٛكؿ اًتفبؿٜ ثلای  LAIفجبكت ام ُبؽْ ًغظ ثلي ٔٛحل ؿك تجؾیل ٌٞتٙـ.  ETLAI( ٚ 5/0( )ٔقبؿَ PARتِقِـ ؽٛكُیـی )ٚ ٘ٝ 

ٞبی ُٛؿ. ؿِیُ ایٗ اًت وٝ ثلي( اًتفبؿٜ ٔیETLAIٔغبًجٝ تِٛیـ ٌیبٞی ٔتفبٚت ام ٔمـاكی اًت وٝ ثلای ٔغبًجٝ تجؾیل )یقٙی 

ٞبی ًجن ؿك ٌقاك٘ـ ِٚی فمظ ثليا٘ـ ٞل ؿٚ ثل تجؾیل احل ٔییٗ افتبؿٜٞبی مكؿ ٚ پیل ُـٜ وٝ ثٝ ٌیبٜ صٌجیـٜ یب كٚی مًٔجن ٚ ثلي

ُٛؿ. ؿك ٔـَ تب ٞبی ِؾت ٘ین ٔیٞبی مكؿ ٚ ًجن ٞل ؿٚ اًت ٚ ؿك ؿكؽتبٖ ُبُٔ تٙٝ ٚ ُبؽٝؿكثلٌیل٘ـٜ ثلي ETLAIتِٛیـ ٔٛحل٘ـ. 

ثٝ ؿِیُ پیلی وبَٞ  LAIٗ ٔلعّٝ ؿك عبِی وٝ ُٛؿ. أب، ؿك ثقـ ام ایفلٕ ٔی LAIٔقبؿَ  ETLAIٞب، لجُ ام ٔلعّٝ پیلُـٖ ثلي

ٔقبؿَ  ETLAIُـٜ اًت عـالُ ثبغبت اًتملاك یبفتٝ ُٛؿ. ؿك ؿك ٕٞبٖ ٔمـاك ؽٛؿ ؿك ُلٚؿ ٔلعّٝ پیلی، عفؼ ٔی ETLAIیبثـ، ٔی

اًت ثـیٗ ٔقٙی ٔتل ؿك ٘ؾل ٌلفتٝ ُـٜ ٔیّی 5/1ؿك ٔـَ  EOSؿٞـ. عـالُ ٔمـاك یه اًت وٝ ؿك ٚالـ ًغظ تٙٝ ُٚبؽٝ كا ِ٘بٖ ٔی

ٔتل تجؾیل ثبِمٜٛ لبثُ ٚلٛؿ اًت. ؿِیُ ایٗ أل ایٗ اًت وٝ ؿك پَُٛ ٔیّی 5/1وٝ ؿك ُلایظ پَُٛ وبُٔ مٔیٗ تًٛظ ٌیبٜ ٘ین عـالُ 

 وٙـ. وبُٔ مٔیٗ ٘ین رلیبٖ ٞٛا ؿك میل وٙٛپی ٔمـاكی تجؾیل ایزبؿ ٔی
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( ثلای ًٝ ٔمـاك ETLAIام ُبؽْ ًغظ ثلي ثلای ٔغبًجٝ تجؾیل تقلق )فٙٛاٖ تبثقی  ( ثٝٔتل ثل كٚم ٔیّی EOSتجؾیل ثبِمٜٛ ام ؽبن ) -12ُىُ 

 .ٔتل ؿك كٚم ٔیّی 10ٚ  6، 3تجؾیلتقلق كٚما٘ٝ 

 

(. ؿك 2012ای تجؾیل اًت )ًّغب٘ی ٚ ًیٙىّل، ( ثلٔجٙبی ٔـَ ًبؿٜ ُـٜ ؿٚ ٔلعSEVPّٝتجؾیل عمیمی ام ًغظ ؽبن )           

افتـ وٝ لایٝ اَٚ ؽبن ٔلعٛة ثبُـ، ُٛؿ ٚ مٔب٘ی اتفبق ٔیبن تًٛظ ا٘لهی لبثُ ؿًتلى ٔغـٚؿ ٔیتجؾیل ام ًغظ ؽ ،ٔلعّٝ اَٚ

ٌٔبٚی ثب  SEVPٔتل. ؿك ایٗ ُلایظ ٔمـاك ٔیّی 10یقٙی اِٚیٗ كٚم پي ام ٔلعٛة ُـٖ ًغظ ؽبن ثب ثبك٘ـٌی یب آثیبكی ثیَ ام 

EOS افتـؿك مٔب٘ی اتفبق ٔی ،ُٛؿ. ٔلعّٝ ؿْٚللاك ؿاؿٜ ٔی ( وٝ لایٝ اَٚ ؽِه ثبُـATSW1 ≤ 1 ،) ام ٔلعٛة ُـٖ ًغظ یب

(. ؿك ایٗ ٔلعّٝ، FTSW < 0.5ثبُـ ) 5/0ؽبن ثیَ ام یه كٚم ٌقُتٝ ثبُـ، یب وٌل آة لبثُ ؿًتلى ؿك لایٝ ٔٛحل كیِٝ وٕتل ام 

-ؾیل ام ًغظ ؽبن كا ِ٘بٖ ٔیٔلاعُ تج 13( ٚ ُىُ 46ُٛؿ. ٔقبؿِٝ )ٞلصٝ مٔبٖ پیِلفت وٙـ، تجؾیل عمیمی ام ًغظ ؽبن وٕتل ٔی

 ؿٞٙـ:

 

(46)  SEVP = EOS                                                                Stage I 

 SEVP = EOS × [(DYSE + 1)
0.5 

– DYSE
0.5

]                 Stage II 
 

 تقـاؿ كٚم ام ُلٚؿ ٔلعّٝ ؿْٚ اًت.  DYSEوٝ ؿك آٖ 
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ٔتل  ٔیّی 3ٔمـاك ثبِمٜٛ تجؾیل ام ؽبن ؿك ٕٞٝ كٚمٞب (. DYSEفٙٛاٖ تبثقی ام كٚم ثقـ ام آؽلیٗ ثبك٘ـٌی یب آثیبكی ) ( ثSEVPٝؽبن )تجؾیل ام  -13ُىُ 

 .ٜ اًتفلٕ ُـ

 

( DDMPٔتل ؿك كٚم( ثلاًبى پیًٛتٍی ثیٗ تقلق ٚ تِٛیـ ٔبؿٜ ؽِه كٚما٘ٝ )؛ ٔیّیTR: تقلق كٚما٘ٝ ام ٌیبٜ )تعرق از گیاه

( ثٝ عٛك وبُٔ تٛضیظ ؿاؿٜ ُـٜ اًت. ثل ایٗ اًبى، ٔمـاك تقلق كٚما٘ٝ 1983ُٛؿ. ایٗ پیًٛتٍی تًٛظ تٙل ٚ ًیٙىّل )ٔغبًجٝ ٔی

ؿٞـ( ؿٞـ یقٙی ٕٞبٖ ٌٔیلی وٝ تقلق ام آٖ كٚی ٔیٞب كػ ٔیٔتٙبًت ثب ٔمـاك ٔبؿٜ ؽِه كٚما٘ٝ )عبُٓ فتًٛٙتن وٝ ام علیك كٚم٘ٝ

ٞبی ٌیبٜ ام علیك ضلیت وبكایی تقلق فِبك ثؾبك اُجبؿ ثلعٌت ویّٛپبًىبَ( ٚ ٚیوٌی ؛ وٕجٛؿVPDاًت وٝ ؿكرٝ ؽِىی ٞٛا )

(TEC:٘ین احل ٌقاك ٌٞتٙـ )َ؛ ویّٛپبًىب 

 

(47)                                                                                                     TR = (DDMP × VPD)  / TEC 

 

فٕـتبً ثٝ ٌٔیل  TECكا ثٝ تٔٛیل وِیـٜ اًت.  DDMP  ٚVPD( ثلای یه ٌیبٜ ؿك ٔمبؿیل ٔؾتّف 47ٔقبؿِٝ ) 14ُىُ 

ؿك  TEC( ٚ ٘ین ویفیت ثیُٛیٕیبیی ثبفت ٌیبٜ ثٌتٍی ؿاكؿ ٚ یه پبكأتلٌیبٞی ٚكٚؿی ٔـَ اًت. ٔمـاك C4یب  C3فتًٛٙتنی ٌیبٜ )

 TECثنكٌتل اًت. ٕٞضٙیٗ ٌیبٞب٘ی وٝ ؿك ثبفت ؽٛؿ ولثٛٞیـكات ثیِتلی ؿاك٘ـ )ؿك ٔمبیٌٝ ثب صلثی ٚ پلٚتئیٗ( ام  C4ٌیبٞبٖ 

 .(8)رـَٚ  ثبلاتلی ثلؽٛؿاك٘ـ
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ٛؿ فِبك ثل عٌت تِٛیـ ٔبؿٜ ؽِه كٚما٘ٝ تغت تأحیل وٕجٛؿ فِبك ثؾبك ٞٛا. افـاؿ ؿاؽُ ُىُ ٔمبؿیل ٔؾتّف وٕجفٙٛاٖ تبثقی ام  تقلق كٚما٘ٝ ثٝ -14ُىُ 

 ویّٛپبًىبَ ٌٞتٙـ.

 

( ام اؽتلاف ثیٗ فِبك ثؾبك اُجبؿ ؿك ؿٔبی عـاوخل كٚما٘ٝ VPDF( ثٝ ٓٛكت وٌلی )VPDوٕجٛؿ فِبك ثؾبك اُجبؿ )

(VPTMAX( ٝ٘ؿٔبی عـالُ كٚما ٚ )VPTMINثٝ ؿًت ٔی ):آیـ 

 

(48)                                                                                                     VPD = VPDF (VPTMAX – VPTMIN)  

 

لبثُ وبَٞ اًت. فِبك ثؾبك اُجبؿ  65/0ثبُـ ِٚی ؿك ٔٙبعك ٔلعٛة ٚ ٘یٕٝ ٔلعٛة ثٝ ٔی 75/0فٕٛٔبً ثلاثل  VPDFٔمـاك 

(e
o
(T) )ُٛؿ:ؿٔبیی ام كاثغٝ میل یبفت ٔی ثلای ٞل 

 

(49)                                                                                                     

  
 

اَٚ  (. صٙب٘ضٝ فٕك لایٝ ٔٛحل كیِٝ ثلاثل یب وٛصىتل ام لای29ٝؿك ٔقبؿِٝ  TR1ُٛؿ )ثؾِی ام آة تقلق ام لایٝ اَٚ اًتؾلاد ٔی

ُٛؿ. أب، صٙب٘ضٝ فٕك لایٝ ٔٛحل كیِٝ ثنكٌتل ثبُـ، ثؾِی ام آة تقلق ام لایٝ اَٚ ٚ ٔبثمی ثبُـ، ٕٞٝ آة تقلق ام لایٝ اَٚ رقة ٔی

( اكتجبط FTSW1( ثٝ وٌل آة لبثُ ؿًتلى ؿك لایٝ اَٚ )RT1ٌلؿؿ. ؿك ٔـَ ایٗ وٌل )ام لایٝ كیِٝ ٚالـ ؿك میل ایٗ لایٝ رقة ٔی

ُٛؿ ٚ ثلاثل یه فلٕ ٔی RT1(، ٔمـاك WSSGثنكٌتل ام عـ تَٙ ثلای كُـ )كٚم٘ٝ( ٌیبٜ ثبُـ ) FTSW1صٙب٘ضٝ  ؿاؿٜ ُـٜ اًت.

تل ُـٖ لایٝ اَٚ ٚ ثـیٗ ٔقٙی اًت وٝ ثٝ ؿِیُ كعٛثت ٔٙبًت ؿك ایٗ لایٝ، ٕٞٝ آة تقلق ام آٖ لایٝ رقة ُـٜ اًت. ثب ؽِه
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ثلاثل ثب ٓفل، ثٝ ٓفل  FTSW1ٌقاكؿ ٚ ؿك ام یه كٚ ثٝ وبَٞ ٔی (RT1، ٔمـاك ایٗ وٌل )WSSGثٝ وٕتل ام  FTSW1وبَٞ 

 كًـ:ٔی

 

(50)                                                                                                     RT1 = 1                                                                if             FTSW1 ≥ WSSG  

                                                                                                     RT1 = FTSW1
 
/ WSSG                                       if             FTSW ≤ WSSG 

 

(، تؾٕیٗ مؿٜ TR1یبفتٝ وٝ ام لایٝ اَٚ رقة ٚ اًتؾلاد ُـٜ اًت ) (، ٔمـاك آة تقلقTRؿك ٔمـاك تقلق كٚما٘ٝ ) RT1ثب ضلة 

 ُٛؿ.ٔی

 

 سازی اثر تنص آب )خطکی و غرقابی(کویّ -2-2-7

ًبمی ٌیبٞی، تبحیل تَٙ آة ثلفلآیٙـٞبی ٕ٘ٛ ٚ كُـ ثب ٔغبًجٝ ضلایت آلاعی وٝ ثیٗ ٓفل ٚ یه ؿأٙٝ ٞبی ُجیٝؿك اغّت ٔـَ

ضلایت آلاعی ثٝ ًبؽتبك ٔـَ ٚ فلضیبت آٖ ثٌتٍی ؿاكؿ. ؿك ٔـَ عبضل احل تَٙ ؽِىی ثلفلآیٙـٞبی ُٛؿ. تقـاؿ ؿاك٘ـ، ِغبػ ٔی

 ُٛؿ:ًبمی ٔیٔؾتّف ٌیبٞی ثب ٔغبًجٝ ًٝ ضلیت آلاعی ُجیٝ

 (WSFLضلیت آلاعی ثلای ٌٌتلٍ ًغظ ثلي ) (1)

 ؿٞـ.ٞب كا ِ٘بٖ ٔیكٚم٘ٝ( وٝ ؿك ٚالـ تبحیل ثل ثٌتٝ ُـٖ WSFGضلیت آلاعی ثلای تقلق ٚ تِٛیـ ٔبؿٜ ؽِه ) (2)

 (WSFDSٞب )ضلیت آلاعی ثلای تٌلیـ ًلفت ٕ٘ٛ ٚ پیلُـٖ ثلي (3)

ٚ  WSFLُٛ٘ـ. ٔمـاك ( اكتجبط ؿاؿٜ ٔیFTSWٞل ًٝ ایٗ ضلایت آلاعی ثٝ وٌل آة لبثُ ؿًتلى ؽبن ؿك ٔٙغمٝ كیِٝ ٌیبٜ )

WSFG  ٝؿك ُلایغی وFTSW ثبُٙـ، ثب وبَٞ ثنكٌتل ام یه عـ ؽبّ ثبُـ، ثلاثل یه ٔیFTSW  ٚثٝ وٕتل ام ایٗ عـ، ٞل ؿ

 كًٙـ:ثٝ ٓفل ٔی FTSW = 0یبثٙـ ٚ ؿك ضلیت آلاعی وبَٞ ٔی

 

(51)                                                                                                     WSFL = 1                                    if   FTSW ≥ WSSL   

                                                                                                     WSFL = FTSW / WSSL             if   FTSW < WSSL 
 
 

(52)                                                                                                     WSFG = 1                                  if   FTSW ≥ WSSG  

                                                                                                     WSFG = FTSW / WSSG             if   FTSW < WSSG 

 

٘ین  WSSGٌقاكؿ ٚ اًت وٝ ؿك وٕتل ام آٖ ٌٌتلٍ ًغظ ثلي كٚ ثٝ وبَٞ ٔی FTSWٔمـاكی ام  WSSLؿك ٔقبؿلات فٛق 

-ؽِه كٚ ثٝ وبَٞ ٔیٞب ُلٚؿ ثٝ ثٌتٝ ُـٖ ولؿٜ ٚ ؿك ٘تیزٝ تقلق ٚ تِٛیـ ٔبؿٜ اًت وٝ ؿك وٕتل ام آٖ كٚم٘ٝ FTSWٔمـاكی ام 

ثنكٌتل ام  WSSLتٛضیظ ٚ ٔقبؿلات فٛق كا ثٝ تٔٛیل وِیـٜ اًت. ُبیبٖ فول اًت وٝ ثٝ عٛك ٔقَٕٛ ٔمـاك  15ٌقاكؿ. ُىُ 

WSSG تل اًت. ثبُـ ثـیٗ ٔقٙی وٝ ٌٌتلٍ ًغظ ثلي ثٝ وٕجٛؿ آة عٌبىٔی 
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ٔمـاكی  FTSW. WSSGام  تبثقیفٙٛاٖ  ( ثWSFGٝٔبؿٜ ؽِه )( ٚ تِٛیـ WSFLًغظ ثلي ) ٌٌتلٍتَٙ آة ثلای  ضلیت آلاعی  -15ُىُ 

اًت وٝ ؿك وٕتل ام آٖ ٌٌتلٍ ًغظ ثلي  FTSWٔمـاكی ام  WSSLٌقاكؿ ٚ اًت وٝ ؿك وٕتل ام آٖ تِٛیـ ٔبؿٜ ؽِه كٚ ثٝ وبَٞ ٔی FTSWام 

 وٙـ. ُلٚؿ ثٝ وبَٞ ٔی
 

ُٛؿ. ِٚی ؿك ایٗ ٔٛكؿ ثب اكتجبط ؿاؿٜ ٔی FTSWثٝ ( ٘ین WSFDSٞب )ضلیت آلاعی ثلای تٌلیـ ًلفت ٕ٘ٛ ٚ پیلُـٖ ثلي

وٙـ. ؿك ٔمبؿیل ٌقاكؿ ٚ ثٝ ثبلاتل ام یه افنایَ پیـا ٔیكٚ ثٝ افنایَ ٔی WSFDS، ٔمـاك WSSGثٝ وٕتل ام  FTSWوبَٞ 

FTSW   ثنكٌتل امWSSG  ٔمـاكWSFDS (. 16ثبُـ )ُىُ ثلاثل یه اًت وٝ عبوی ام فـْ تبحیل آة ؽبن ٔی 

 

 
 (. FTSWام آة لبثُ ؿًتلى ؽبن ) تبثقیفٙٛاٖ  ( ثWSFDSٝٞب )فبوتٛك تَٙ آة ثلای تٌلیـ ًلفت ٕ٘ٛ ٚ پیلُـٖ ثلي -16ُىُ 

 

ٞب  تغت ٞب ِ٘ـٜ اًت، ٕ٘ٛ ٚ پیلُـٖ ثليایٗ اًت وٝ تب مٔب٘ی وٝ وٕجٛؿ آة ٔٛرت ثٌتٝ ُـٖ كٚم٘ٝ WSFDSٔجٙبی ٔغبًجٝ 

ُٛؿ )اعتٕبلا ثٝ ؿِیُ فنایَ ٞب، ایٗ فلآیٙـ تٌلیـ ٔیٚ ثٌتٝ ُـٖ كٚم٘ٝ WSSGثٝ وٕتل ام  FTSWٌیلؿ. أب ثب وبَٞ تبحیل للاك ٕ٘ی

 ؿٔبی ثلي(:
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(53)                                                                                                     WSFDS = (1 –  WSFG) × WSSD + 1                                   

 

عـاوخل ؿكٓـ افنایَ ؿك ًلفت ٕ٘ٛ ٚ تٌلیـ پیلی ثٝ ٓٛكت ٌ٘جت اًت، ثـیٗ ٓٛكت وٝ عجك ایٗ ٔقبؿِٝ  WSSDوٝ ؿك آٖ 

 40ثبُـ، عـاوخل تٌلیـ  4/0ثلاثل  WSSD ( ؽٛاٞـ ثٛؿ. ثلای ٔخبَ، اٌلWSSD × 100عـاوخل افنایَ ؿك ًلفت ٕ٘ٛ ٔقبؿَ )

 (.16)ُىُ ( WSFDS = 1.4ؿكٓـ ؽٛاٞـ ثٛؿ )

ؿكٓـ  99تٛا٘ـ تبحیل ٔٙفی ثل كُـ ٌیبٜ ثٍقاكؿ. ؿك ٔـَ ؿك ٞل كٚم وٝ ٔمـاك آة ؽبن ؿك لایٝ ٔٛحل كیِٝ ُلایظ غللبثی ٘ین ٔی

( WSFL  ٚWSFGكعٛثت ؽبن ؿك عبِت اُجبؿ یب ثبلاتل ام آٖ ثبُـ، ضلایت آلاعی ثلای ٌٌتلٍ ثلي ٚ تِٛیـ ٔبؿٜ ؽِه )

 ٞب ٘ـاكؿ.ُٛؿ. فلٕ ُـٜ اًت غللبثی تبحیلی ؿك تٌلیـ ٕ٘ٛ ٚ پلُـٖ ثلئٌبٚی ثب ٓفل للاك ؿاؿٜ ٔی

یب  2ثلای ًبیل ٌٛ٘ٝ ٞب ثٝ ضٕیٕٝ  ا٘ـ.آٚكؿٜ ُـٜ 8ٔمبؿیل پبكأتلٞبی ٔلثٛط ثٝ تبحیل تَٙ آة ثلای تقـاؿی ام ٌیبٞبٖ ؿك رـَٚ 

 آؽلیٗ ٌ٘ؾٝ فبیُ ٔـَ ٔلارقٝ ُٛؿ. 

 
 .ٞبی ٌیبٞیثلؽی ام ٌٛ٘ٝ ٚ ثلآٚكؿ آٖ ثلای  SSM-iCrop2ٔـَ ٌیبٜ ؿك -ٔلثٛط ثٝ كٚاثظ آةپبكأتلٞبی  -8رـَٚ 

 ٔؾفف )ٚاعـ( پبكأتل
 ٌٙـْ

-ًیت

 مٔیٙی

یٛ٘زٝ ٚ 

 ُجـك

ٞٙـٚا٘ٝ ٚ 

 ؽلثنٜ
 اٍ٘ٛك

Initial depth of roots at emergence or beginning of growth  iDEPOR 

(mm) 
200 200 1000 200 1000 

Fraction of tuHAR for beginning root growth frBRG 0.06 0.04 0.01 0.01 0.1 

Fraction of tuHAR for termination root growth frTRG 0.68 0.6 0.5 0.55 0.5 

Maximum effective depth of water extraction from soil  MEED 

(mm) 
1000 1000 1500 1000 1500 

Transpiration efficiency coefficient  TEC (Pa) 5.8 5.8 4.5 5.8 5 

FTSW threshold when dry matter production starts to decline WSSG 0.3 0.5 0.5 0.4 0.3 

FTSW threshold when leaf area development starts to decline WSSL 0.4 0.5 0.5 0.4 0.4 

A coefficient that specifies acceleration or retardation in 

development in response to water deficit 
WSSD 0.4 0.5 0.5 0 0.5 

 

 های هورد نیاز هذلورودی -2-3

 ًبمی ٕ٘بیـ. ٔـَ ثٝ صٟبك ؿًتٝ ٚكٚؿی ٘یبم ؿاكؿ تب ثتٛا٘ـ كُـ ٚ تِٛیـ یه ٌیبٜ یب كلٓ كا ُجیٝ

 ٞب فجبكتٙـ ام:ایٗ ٚكٚؿی

 پبكأتلٞبی ٌیبٞی (1)

 اعلافبت ٔىب٘ی ٚ ٞٛاُٙبًی (2)

 اعلافبت ؽبن (3)

 اعلافبت ٔـیلیت مكافی (4)

 ُٛؿ.ٞب تٛضیظ ؿاؿٜ ٔیؿك ایٗ لٌٕت ؿكثبكٜ ٞل یه ام ایٗ ٚكٚؿی

 



34 

 

 پاراهترهای گیاهی -2-3-1

تغییلات ًغظ ثلي، تِٛیـ ٞبی ٔؾتّف ٕ٘ٛ فِٙٛٛهیه، ثلای فلآیٙـ 2-2 پبكأتل ٌیبٞی ٘یبم ؿاكؿ وٝ ؿك لٌٕت 37ٔـَ ٔزٕٛفبً ثٝ 

ٞبی ٌیبٞی ٘ین ا٘ـ. ثلآٚكؿٞبیی ام ٔمـاك ایٗ پبكأتلٞب ثلای تقـاؿی ام ٌٛ٘ٝٔبؿٜ ؽِه، تِىیُ فّٕىلؿ ٚ كٚاثظ آة تٛضیظ ؿاؿٜ ُـٜ

ًّغب٘ی ٚ تلاثی (، 1388ٞبی ثلآٚكؿ ایٗ پبكأتلٞب ثٝ ًّغب٘ی )ؿك اكتجبط ثب كٍٚثیِتل ا٘ـ. ثلای تٛضیغبت اكایٝ ُـٜ 8اِی  4ؿك رـاَٚ 

 ( ٔلارقٝ ُٛؿ. 2012( ٚ ًّغب٘ی ٚ ًیٙىّل )1388)

 

 اطلاعات هکانی و هواضناسی -2-3-2

ٔـَ ثٝ اعلافبت ٞٛاُٙبًی كٚما٘ٝ ُبُٔ عـالُ ٚ عـاوخل ؿٔبی كٚما٘ٝ، تِقِـ ؽٛكُیـی كٚما٘ٝ ٚ ثبك٘ـٌی كٚما٘ٝ ٘یبم ؿاكؿ. ایٗ 

عٛك ٔقَٕٛ تِقِـ ؽٛكُیـی ٞبی ٞٛاُٙبًی ثٝٔىبٖ ٔٛكؿ ٘ؾل تٟیٝ ُٛؿ. ؿك ایٌتٍبٜاعلافبت ثبیـ ام ٘نؿیىتلیٗ ایٌتٍبٜ ٞٛاُٙبًی ثٝ 

-ٞب ا٘ـامٜتٛاٖ تِقِـ ؽٛكُیـی كٚما٘ٝ كا ثب وٕه تقـاؿ ًبفبت آفتبثی وٝ ؿك ایٗ ایٌتٍبُٜٛؿ. ؿك ایٗ ُلایظ، ٔیٌیلی ٕ٘یا٘ـامٜ

تٛاٖ تِقِـ ؽٛكُیـی كا ثب وٕه اعلافبت ؿك ؿًت ٘جبُـ ٔی ُٛؿ، تؾٕیٗ مؿ. صٙب٘ضٝ اعلافبت تقـاؿ ًبفبت آفتبثی ٘ینٌیلی ٔی

( كٍٚ ٔغبًجٝ 2012( ٚ ًّغب٘ی ٚ ًیٙىّل )1389(، ًّغب٘ی ٚ ٔـاط )1388ؿٔبی عـالُ ٚ عـاوخل كٚما٘ٝ ٔغبًجٝ ٕ٘ٛؿ. ًّغب٘ی )

ثلؿی ثلای ایٗ ٔٙؾٛك ٘ین ام ٞبی وبكا٘ـ. ثل٘بٔٝتِقِـ ؽٛكُیـی ثب وٕه اعلافبت تقـاؿ ًبفبت آفتبثی ٚ یب ؿٔب كا تٛضیظ ؿاؿٜ

 میل ؿك ؿًتلى ٌٞتٙـ: ٞبیآؿكى
https://sites.google.com/site/AfshinSoltani/ 
https://sites.google.com/site/CropModeling/ 

 

اعلافبت ٔىب٘ی ٚ ٞٛاُٙبًی لامْ ثلای اًتفبؿٜ ام ٔـَ كا فٟلًت ولؿٜ اًت. ضلیت ٔغبًجٝ وٕجٛؿ فِبك ثؾبك  9رـَٚ 

(VPDFكا ٔی ) وبَٞ ؿاؿ. ٕٞضٙیٗ ؿك ٔـَ ایٗ أىبٖ ٚرٛؿ  65/0للاك ؿاؿ ٚ ؿك ٓٛكت ٘یبم ؿك ٔٙبعك ٔلعٛة ثٝ  75/0تٛاٖ ثلاثل

 ، ؿٔب ٚ ثبك٘ـٌی ثٝ ٓٛكت ؿًتی تغییل ؿاؿٜ ُٛ٘ـ ٚ ٘تیزٝ ایٗ تغییل ٔٛكؿ ثلكًی للاك ٌیلؿ.CO2ؿاكؿ وٝ غّؾت 

 
 SSM-iCrop2اعلافبت ٔىب٘ی ٚ ٞٛاُٙبًی ٔٛكؿ ٘یبم ٔـَ  -9رـَٚ 

 ٚاعـ ٔؾفف اعلافبت ٚكٚؿی

   اعلافبت ٔىب٘ی

 Latitute o فلٕ رغلافیبیی

 - VPDF ضلیت ٔغبًجٝ وٕجٛؿ فِبك ثؾبك

 tchng °C ؿٔب ٔمـاك تغییل

 - pchng ٘ـٌیثبكاغییل ضلیت 
 CO2 ppm غّؾت ؿی اوٌیـ ولثٗ

   اعلافبت ٞٛاُٙبًی

 TMAX °C كٚما٘ٝ یعـاوخل ؿٔب

 TMIN °C كٚما٘ٝ یعـالُ ؿٔب

 SRAD MJ m-2 d-1 یـیتبثَ ؽٛكُ

 RAIN mm كٚما٘ٝ ٘ـٌیثبك

 

https://sites.google.com/site/AfshinSoltani/
https://sites.google.com/site/CropModeling/
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 اطلاعات خاک -2-3-3

ؿٞـ. ایٗ اعلافبت ؿك ٚالـ ثلای یه لایٝ ؽبن وٝ ٕٞبٖ لایٝ ٔٛحل اعلافبت ؽبن ٔٛكؿ ٘یبم ثلای ٔـَ كا ِ٘بٖ ٔی 10رـَٚ 

ٌیلی ُٛ٘ـ ٘تبیذ ثٟتل، ٔٙبًت اًت اعلافبت ؽبن ام ٔغُ ٔٛكؿ ٘ؾل ا٘ـامٜكیِٝ اًت ثبیـ تٟیٝ ٚ ؿك ٔـَ ٚاكؿ ُٛ٘ـ. ثلای ؿًتیبثی ثٝ 

ٞب كا تٛاٖ آٖٞبی لجّی اًتفبؿٜ ٌلؿؿ. ؿك ٓٛكتی وٝ ایٗ اعلافبت ؿك ؿًتلى ٘جبُـ، ثب ؿاُتٗ ثبفت ؽبن ٔیٌیلییب ام ٘تبیذ ا٘ـامٜ

اكایٝ ُـٜ اًت. ٕٞضٙیٗ، ثلای ٔغبِقبت ؿك ًغٛط ًٚیـ ٞبی ٔؾتّف ثل اًبى ثبفت، ثلای ؽبناعلافبت فبیُ ٔـَ ایٗ ؿك . تؾٕیٗ مؿ

ٞبی میل لبثُ ؿًتلى ٞبی اعلافبتی رٟب٘ی تٟیٝ ٚ اًتفبؿٜ ٕ٘ٛؿ. ثلای ٔخبَ، ایٗ اعلافبت ام پبیٍبٜتٛاٖ ایٗ اعلافبت كا ام ثب٘هٔی

 ٌٞتٙـ:
 

http://harvestchoice.org/labs/hc27-genericprototypical-soil-profiles 
http://gismap.ciat.cgiar.org/MarkSimGCM/ 
https://soilgrids.org/#!/ 

 
 

 SSM-iCrop2اعلافبت ؽبن ٔٛكؿ ٘یبم ٔـَ  -10رـَٚ 

 ٚاعـ ٔؾفف اعلافبت ٚكٚؿی

 SLOPE m m-1 ُیت مٔیٗ

 SOLDEP mm فٕك ؽبن

 - SALB ؽبن یِٚجیـآ

 - DRAINF مٞىِی ؽبنفبوتٛك 

 - SDRAINF فبوتٛك مٞىِی ًغغی

 DUL mm mm-1 ٔمـاك آة ؿك ؽبن پي ام ؽلٚد آة حمّی

 LL mm mm-1 عـالُ ٔمـاك آة ؿك ؽبن

 SAT mm mm-1 اُجبؿ مٔبٖ ؿك ؽبن ؿك آة ٔمـاك

 EXTR mm mm-1 ٔمـاك آة لبثُ ؿًتلى ؽبن

 - CN ی ؽبنُٕبكٜ ٔٙغٙ

SOLDEP: Soil depth; SALB: Solar radiation; DRAINF: Drainage factor; SDRAINF: Surface drainage factor; DUL: 

Volumetric soil water content at drained upper limit; LL: Volumetric soil water content at crop lower limit; SAT: Volumetric soil 

water content at saturation; EXTR: Volumetric soil water content available for extraction by crop roots; CN: Curve number. 
 
 

ٞبی وِٛك كا ثلاًبى ثب٘ه ًبمی تِٛیـ ٌیبٞی ؿك اًتبٖبن ٚ اعلافبت آٖ ثلای ٔـَ( ٘ٛؿ ثبفت ؽ1397ًّغب٘ی ٚ ٕٞىبكاٖ )

 Soltani/https://sites.google.com/site/Afshinثبُـ: ا٘ـ وٝ ایٗ ٌناكٍ ام آؿكى میل ؿك ؿًتلى ٔیتٟیٝ ٕ٘ٛؿٜ HC27اعلافبتی 

 اطلاعات هذیریت زراعی -2-3-4

ٞبی تلیٗ ٚكٚؿی(. تبكیؼ وبُت یىی ام 11ًٟٓٔبمی كُـ ٚ تِٛیـ ثٝ اعلافبت ٔـیلیت مكافی ٘یبم ؿاكؿ )رـَٚ ٔـَ ثلای ُجیٝ

 1-2-2لٌٕت تٛاٖ حبثت ؿك ٘ؾل ٌلفتٝ ٚ ٚاكؿ ٕ٘ٛؿ. ٌنیٙٝ ؿیٍل وٝ ؿك ٔـیلیتی ٔٛكؿ ٘یبم ٔـَ اًت. ؿك ٔـَ تبكیؼ وبُت كا ٔی

ٞبی لٛا٘یٗ وبُت وٝ ؿك ٔـَ تقجیٝ ُـٜ اًت، اًتفبؿٜ ٌلؿؿ. ثلآٚكؿ پبكأتلٞبی تٛضیظ ؿاؿٜ ُـ ایٗ اًت وٝ ام یىی ام اٍِٛكیتٓ

آٚكؿٜ ُـٜ  12( ٚ ؿك رـَٚ 1397ٞب ثلای ٌیبٞبٖ مكافی ٟٔٓ وِٛك ثلكًی ُـٜ )ًّغب٘ی ٚ ٕٞىبكاٖ، ٔٛكؿ ٘یبم ثلای ایٗ اٍِٛكیتٓ

ٞب ٞٙٛم وبكٌیلی ایٗ اٍِٛكیتُٓٛؿ. أب، ؿك ٔٛلـ ثٝٞب تبكیؼ وبُت تًٛظ ؽٛؿ ٔـَ پیـا ٔیاًتفبؿٜ ام ایٗ اٍِٛكیتٓاًت. ؿكٓٛكت 

http://harvestchoice.org/labs/hc27-genericprototypical-soil-profiles
http://gismap.ciat.cgiar.org/MarkSimGCM/
https://soilgrids.org/#!/
https://sites.google.com/site/AfshinSoltani/
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( ٚ عَٛ ٔـت FPDoy(، تبكیؼ ُلٚؿ ثٝ رٌتزٛ ثلای تبكیؼ وبُت )SimDoyًبمی آة ؽبن )لامْ اًت تبكیؼ ُلٚؿ ُجیٝ

ؿكرٝ  16ثب ٔمـاك ؿٔبیی  3بَ، فلٕ وٙیـ ثلای ٌٙـْ اٍِٛكیتٓ ُٕبكٜ ( ِٔؾْ ُٛ٘ـ. ثلای ٔخSearchDurرٌتزٛ ثلای وبُت )

ا٘تؾبة ُـٜ ثبُـ. ؿك ایٗ عبِت،  SimDoy = 234 ،FPDoy = 234  ٚSearchDur = 150( ثٝ ٕٞلاٜ Sow Tmpٌلاؿ )ًب٘تی

-یظ وبُت كا ٘ین وٙتلَ ٔیوٙـ ٚ ٕٞنٔبٖ ُلاًبمی آة ؽبن كا ُلٚؿ ٔیٔیٗ كٚم ًبَ ٔیلاؿی یقٙی اَٚ ُٟلیٛك ُجی234ٝٔـَ ام 

كٚمٜ ثـٖٚ ثبك٘ـٌی  5ؿٞـ. ؿك عَٛ ایٗ مٔبٖ، ؿك اِٚیٗ فلٓت وٝ عی یه ؿٚكٜ كٚم اؿأٝ ٔی 150وٙـ ٚ ایٗ رٌتزٛ عـاوخل تب 

ٌلاؿ یب وٕتل وبَٞ یبفتٝ ثبُـ، ٌٙـْ كا وِت ًب٘تیؿكرٝ 16ٚكمی ٚ وبُت( ٔتًٛظ ؿٔبی ٞٛا ثٝ )رٟت ٚكٚؿ ثٝ ٔنكفٝ ٚ ؽبن

 كٚمٜ(. 5)ؿك پٙزٕیٗ كٚم ایٗ ؿٚكٜ وٙـ ٔی

( وٝ ؿك وٕتل ام آٖ ثبیـ آثیبكی ا٘زبْ ُٛؿ FTSWؿك ٓٛكتی وٝ ٘ٛؿ وِت آثی ثبُـ، لامْ اًت وٌل آة لبثُ ؿًتلى ؽبن )

(IRGLVL ثٝ ٔـَ ثٝ فٙٛاٖ یه ٚكٚؿی ٔـیلیتی ؿاؿٜ ُٛؿ. ؿك عبَ عبضل ام )FTSW ُٛؿ ِٚی ٔیؿك لایٝ ٔٛحل كیِٝ اًتفبؿٜ ٔی-

 IRGLVLؿك لایٝ ٔٛحل كیِٝ ثٝ وٕتل ام  FTSWٔتل اَٚ ؽبن ٘ین اًتفبؿٜ ولؿ. ؿك ٞل كٚمی وٝ ًب٘تی 60ؿك  FTSWتٛاٖ ام 

ٌیلؿ ٚ ٔمـاك آة لامْ ثلای آثیبكی )ثلای كًب٘ـٖ آة ؽبن ثٝ ؽلفیت ٔنكفٝ( وبَٞ یبثـ، آثیبكی اتٛٔبتیه تًٛظ ٔـَ ا٘زبْ ٔی

 ٌلؿؿ.ٔغبًجٝ ٔی

اًت ٚ فجبكت اًت ام تبكیؾی وٝ ؿك آٖ ثبیـ ثٝ ؿٚكٜ كُـ ٌیبٜ ؽبتٕٝ ؿاؿٜ ُٛؿ. ثب  StopDoyٞبی ٔـیلیتی یىی ؿیٍل ام ٚكٚؿی

ثبیـ ثٝ  StopDoyُٛؿ عتی اٌل ٚاعـ ؿٔبیی لامْ ثلای كًیـٌی تبٔیٗ ِ٘ـٜ ثبُـ. كًیـٖ ثٝ ایٗ تبكیؼ ثٝ كُـ ٌیبٜ پبیبٖ ؿاؿٜ ٔی

( ثلای Doyٞبی ٌُٕی ثٝ كٚم ًبَ ٔیلاؿی )ٛؿ. ؿك فبیُ ٔـَ رـاَٚ تجـیُ تبكیؼٓٛكت كٚم ًبَ ٔیلاؿی تقییٗ ٚ ؿك ٔـَ ٚاكؿ ُ

 ٘ین آٚكؿٜ ُـٜ اًت.  13ٞبی غیل وجیٌٝ ٚ وجیٌٝ ٌقاكؿٜ ُـٜ اًت ٚ ثلای ًبَ غیل وجیٌٝ ؿك رـَٚ ًبَ

تقـاؿ ثلؿاُت ِٔؾْ  ( ٘ین ثبیـ ِٔؾْ ُٛؿ. ؿك ٓٛكتی وClipNoٝای ٔخُ یٛ٘زٝ، تقـاؿ ثلؿاُت یب صیٗ )ثلای ٌیبٞبٖ فّٛفٝ

( وٝ ؿك ایٗ ٓٛكت ٔـَ ؽٛؿ عـاوخل تقـاؿ ثلؿاُت 20ؿك ٘ؾل ٌلفت )ٔخلا  ClipNoتٛاٖ ٔمـاك فـؿی ثبلایی كا ثلای ٘جبُـ ٔی

 وٙـ. ٕٔىٗ كا پیـا ٔی

ؾْ ٌلؿؿ. فٙٛاٖ ٚكٚؿی ٔـیلیتی ِٔٓٛكت غللبثی ا٘زبْ ُٛؿ( لامْ اًت اكتفبؿ آة ؿك ٔنكفٝ ثٝثلای ٌیبٜ ثل٘ذ )اٌل وِت ثٝ

یب وٕتل  mnWH( ثبیـ ِٔؾْ ُٛ٘ـ. ٔـَ ٞلٌبٜ اكتفبؿ آة ثٝ mxWH( ٚ عـاوخل اكتفبؿ آة )mnWHعـالُ اكتفبؿ آة )

ثلًـ. ؿك ٓٛكتی وٝ  mxWHٌیلؿ وٝ اكتفبؿ آة ثٝ ؿٞـ ٚ ٔمـاك آثیبكی ثٝ ٔینا٘ی ٓٛكت ٔیوبَٞ یبثـ، آثیبكی ا٘زبْ ٔی

mnWH  ٚmxWH ًُٛؿ عٛكی وٝ اكتفبؿ آة ؿك ًبمی ٔیٔتل(، آثیبكی ام ٘ٛؿ پیًٛتٝ ُجیٝٔیّی 50 ٌٔبٚی ٞٓ تقلیف ُٛ٘ـ )ٔخلا

 ٔتل عفؼ ٌلؿؿ.ٔیّی 50 ٔخلا ٔنكفٝ ؿك عـٚؿ

 
 SSM-iCrop2اعلافبت ٔـیلیت مكافی ٔٛكؿ ٘یبم ٔـَ  -11رـَٚ 

 ٚاعـ ٔؾفف اعلافبت ٚكٚؿی

 PDOY day وبُتتبكیؼ 

 SimDoy ًبمی آة ؽبنتبكیؼ ُلٚؿ ُجیٝ
day 

 FPDoy day تبكیؼ ُلٚؿ ثٝ رٌتزٛ ثلای تبكیؼ وبُت

 SearchDur day عَٛ ٔـت رٌتزٛ ثلای وبُت

 - IRGLVL یبكیًغظ آًتب٘ٝ آث

 StopDoy day تبكیؼ ؽبتٕٝ ؿٚكٜ كُـ ٌیبٜ
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 - ClipNo تقـاؿ ثلؿاُت یب صیٗ

 mnWH mm عـالُ اكتفبؿ آة

 mxWH mm عـاوخل اكتفبؿ آة

PDOY: Day of year (1-365) when crop is sown; IRGLVL: FTSW when the crop needs to be irrigated; irrigation 

threshold. 
 

ٞب ثٝ . ثلای تٛٓیف اٍِٛكیتSSM-iCrop2ٓٞبی وبُت ٔٛكؿ اًتفبؿٜ ثلای ٌیبٞبٖ مكافی ٟٔٓ وِٛك ؿك اٍِٛكیتٓٔمبؿیل ؿٔبی آًتب٘ٝ ثلای  -12رـَٚ 

 ٔلارقٝ ُٛؿ.  2رـَٚ 

 ٌیبٜ ؿٔبی آًتب٘ٝ وـ اٍِٛكیتٓ

 مٔیٙیوِت ثٟبكٜ ٌیبٞبٖ مكافی ؿك ٞل ؿٚ ُلایظ ؿیٓ ٚ آثی ٔب٘ٙـ ِٛثیب، ٘ؾٛؿ، فـى، پیبم ٚ ًیت 7 2

 وِت ثٟبكٜ صغٙـكلٙـ 12 2

 ٞبی ًلؿوِت فكت ؿك الّیٓ 15 2

 ٔب٘ٙـ فكت، ِٛثیب ٚ ؽلثنٜوِت مٚؿ ٍٞٙبْ  آثی ٌیبٞبٖ مكافی تبثٌتب٘ٝ  17 2

 ای، ؽلثنٜ ٚ وٙزـای، فكت ؿاٌ٘ٝیبٞبٖ مكافی تبثٌتب٘ٝ ؿك ُلایظ آثی ٔب٘ٙـ فكت فّٛفٝ 20 2

 ٞبی ٔقتـَوِت فكت ؿك الّیٓ 22 2

 وِت فكت ثٝ فٙٛاٖ ٌیبٜ ؿْٚ ؿك ًیٌتٓ ؿٚ وِتی 25 2

 ٞبی ٌلْوِت فكت ؿك الّیٓ 30 2

 ؿك ُلایظ آثیٞبی ٌلْ وِت فكت ؿك الّیٓ 38 2

 مٔیٙی، فـى ٚ صغٙـكلٙـوِت پبیینٜ ٌیبٞبٖ مكافی ؿك ؿٚ ُلایظ آثی ٚ ؿیٓ ٔب٘ٙـ رٛ، وّنا، ٘ؾٛؿ، ٌٙـْ، ًیت 16 3

 وِت پبیینٜ صفٙـكلٙـ 29 3

 فلٍ٘یمٔیٙی، ٌٛرٝوِت پبیینٜ وّنا، پیبم، ًیت 20 3

 فلٍ٘یوِت پبیینٜ ٌٛرٝ 27 3

 وِت پبیینٜ پیبم 28 3
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  ٞبی غیل وجیٌٝ.تجـیُ تبكیؼ ٌُٕی ثٝ كٚم ًبَ ٔیلاؿی ؿك ًبَ – 13رـَٚ 
ٗیفلٚكؿ  جِٟتیاكؿ  لیت ؽلؿاؿ  ٛكیُٟل ٔلؿاؿ  یؿ آفك آثبٖ ٟٔل   اًفٙـ ثٟٕٗ 

1 79 110 141 172 203 234 265 295 325 355 20 50 

2 80 111 142 173 204 235 266 296 326 356 21 51 

3 81 112 143 174 205 236 267 297 327 357 22 52 

4 82 113 144 175 206 237 268 298 328 358 23 53 

5 83 114 145 176 207 238 269 299 329 359 24 54 

6 84 115 146 177 208 239 270 300 330 360 25 55 

7 85 116 147 178 209 240 271 301 331 361 26 56 

8 86 117 148 179 210 241 272 302 332 362 27 57 

9 87 118 149 180 211 242 273 303 333 363 28 58 

10 88 119 150 181 212 243 274 304 334 364 29 59 

11 89 120 151 182 213 244 275 305 335 365 30 60 

12 90 121 152 183 214 245 276 306 336 1 31 61 

13 91 122 153 184 215 246 277 307 337 2 32 62 

14 92 123 154 185 216 247 278 308 338 3 33 63 

15 93 124 155 186 217 248 279 309 339 4 34 64 

16 94 125 156 187 218 249 280 310 340 5 35 65 

17 95 126 157 188 219 250 281 311 341 6 36 66 

18 96 127 158 189 220 251 282 312 342 7 37 67 

19 97 128 159 190 221 252 283 313 343 8 38 68 

20 98 129 160 191 222 253 284 314 344 9 39 69 

21 99 130 161 192 223 254 285 315 345 10 40 70 

22 100 131 162 193 224 255 286 316 346 11 41 71 

23 101 132 163 194 225 256 287 317 347 12 42 72 

24 102 133 164 195 226 257 288 318 348 13 43 73 

25 103 134 165 196 227 258 289 319 349 14 44 74 

26 104 135 166 197 228 259 290 320 350 15 45 75 

27 105 136 167 198 229 260 291 321 351 16 46 76 

28 106 137 168 199 230 261 292 322 352 17 47 77 

29 107 138 169 200 231 262 293 323 353 18 48 78 

30 108 139 170 201 232 263 294 324 354 19 49  

31 109 140 171 202 233 264       
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 پاراهتریابی و ارزیابی هذل -2-4

آٚكی ٞبی صبح ُـٜ ٚ صبح ِ٘ـٜ ؿك ًلاًل وِٛك رٕـٞبی ٔلثٛط ثٝ كُـ ٚ تِٛیـ ٌیبٞبٖ ٟٔٓ وِٛك ام ٔمبلات ٚ ٌناكٍؿاؿٜ

صٝ ؿك ٔمبِٝ یب ٌناكٍ آٚكی ُـ. اعلافبت ٔـیلیتی ٔٙغجك ثل آٖؽبن ٔٛكؿ ٘یبم ٘ین رٕـ ُـ٘ـ. ؿك ٞل ٔٛكؿ اعلافبت ٞٛاُٙبًی ٚ

آٚكی ٌلؿؿ. ثـثٗ ٞبی ٟٔٓ تِٛیـوٙٙـٜ آٖ، اعلافبت رٕـُ٘ٛتٝ ُـٜ ثٛؿ، ا٘تؾبة ُـ٘ـ. تلاٍ ُـ ثلای ٞل ٌیبٜ ام ٔٙبعك ٚ اًتبٖ

ٞبی ٟٔٓ ثلای ٞل ٌیبٜ ِٔؾْ ٌلؿیـ. فٟلًت ًی ُـ٘ـ ٚ اًتبٖٔٙؾٛك ؿك اثتـای وبك آٔبك تِٛیـ ٞل ٌیبٜ ثٝ تفىیه اًتب٘ی ثلك

ٔمبِٝ صبح ُـٜ اًتفبؿٜ ٌلؿیـ، ؿك عبِی  420اكایٝ ُـٜ اًت. ؿك ٔزٕٛؿ ام اعلافبت  4ٞبی اًتفبؿٜ ُـٜ ؿك ضٕیٕٝ ٔمبلات یب ٌناكٍ

ّىلؿ ٞل ٌیبٜ ثٝ تفىیه ؿیٓ ٚ آثی ٚ ثلایٗ، اعلافبت پتبٌ٘یُ فٕٞبی ثلكًی ُـٜ ثٌیبك ثیِتل ثٛؿ٘ـ. فلاٜٚوٝ ٔمبلات ٚ ٌناكٍ

آٚكی ٚ ثلای اكمیبثی ٔـَ اًتفبؿٜ ٕٞىبكی ٔغممبٖ ًبمٔبٖ تغمیمبت، آٔٛمٍ ٚ تلٚیذ وِبٚكمی ام ٔلاون آّی تِٛیـ ٞل ٌیبٜ رٕـ

 ُـ٘ـ.

. ثٝ عٛك ( تٛضیظ ؿاؿٜ ُـٜ اًت2012ًّغب٘ی ٚ ًیٙىّل ) 1٘غٜٛ پبكأتلیبثی ٔـَ ًبؿٜ ٚ ًلكاًت اًت وٝ ؿك پیًٛت ُٕبكٜ 

ٌیلؿ ٚ تلتیت ثلای فِٙٛٛهی، ًغظ ثلي، تِٛیـ ٔبؿٜ ؽِه ٚ تِىیُ فّٕىلؿ ؿك ُلایظ آثی ا٘زبْ ٔیؽلآٝ، پبكأتلیبثی اثتـا ثٝ

ٌٛ٘ٝ/كلٓ ا٘زبْ  87ُٛؿ تب پبكأتلٞبی ٔلتجظ ثب كٚاثظ آة ثلآٚكؿ ُٛ٘ـ. ؿك ٔزٕٛؿ پبكأتلیبثی ثلای ًپي ثلای ُلایظ ؿیٓ ا٘زبْ ٔی

 ٌلؿیـ. 

ثٛ٘ـ، ا٘زبْ ُـ. فّٕىلؿ، ٔمـاك ٘یبم آثی ؽبِْ یب تجؾیلتقلق ٞبی ٌٔتمُ وٝ ؿك پبكأتلیبثی اًتفبؿٜ ِ٘ـٜمیبثی ٔـَ ثب وٕه ؿاؿٜاك

ًبمی ایٗ ٔتغییلٞب ًبمی ُـٜ ثب ٕٞیٗ ٔتغیلٞب ام آمٔبیِبت رٕـ آٚكی ُـٜ ٔمبیِٝ ُـ٘ـ. ثلای اكمیبثی تٛا٘بیی ٔـَ ؿك ُجیُٝجیٝ

ًبمی ُـٜ ام ٕٞیٗ تلتیت ا٘غلاف ٔمبؿیل ُجیًٝبمی ُـٜ ٚ ٌناكٍ ُـٜ ٔغبًجٝ ُـ٘ـ. ثٝ( ثیٗ ٔمبؿیل ُجیrٍٝی )ٔمبؿیل ضلیت ٕٞجٌت

 ( تقییٗ ٌلؿیـ:RMSEٔمبؿیل ٌناكٍ ُـٜ ثب ٔغبًجٝ رقك ٔیبٍ٘یٗ ٔلثقبت ؽغب )

 

      √
∑ (     )

  
   

 
 

(54)  

 

ثل ٔیبٍ٘یٗ ٔمبؿیل  RMSEٕٞضٙیٗ، ام تمٌیٓ  ثبُـ.تقـاؿ ٕ٘ٛ٘ٝ ٔی nٔمبؿیل ِٔبٞـٜ ُـٜ ٚ  Oًبمی ُـٜ، ٔمبؿیل ُجیٝ Pوٝ ؿك آٖ 

 ( ٔغبًجٝ ٌلؿیـ.CVٌ٘جی یب ضلیت تغییلات ) RMSE  ٌناكٍ ُـٜ،

 

 نویسی هذلبرناهه -2-5

 Visual Basic. ثل٘بٔٝ ٔـَ ؿك ثبُـٔی (sheet)فبیُ اوٌُ اًت وٝ ؿاكای تقـاؿی ٓفغٝ  یهؿك ٚالـ  SSM-iCrop2ٔـَ 

for Application (VBA) .ؿك ٔـَ ؿٞـ.  ِ٘بٖ ٔیكا پٙزلٜ ٔبولٚ ؿك ثل٘بٔٝ اوٌُ ٔـَ  17ُىُ  ثل٘بٔٝ اوٌُ ُ٘ٛتٝ ُـiCrop2 

ٌلؿ٘ـ. ٓفغبت ُٛ٘ـ ٚ ٘ین ؽلٚری ٔـَ ٚ ٘تیزٝ ٔغبًجبت ؿك ٓفغبتی ؿیٍل ٚاكؿ ٔیؿكیبفت ٔیاعلافبت ٚكٚؿی ام ٓفغبت اوٌُ 

 بكتٙـ ام:ثلای ٚكٚؿ اعلافبت فج

- Locationٝ(9ًبمی )رـَٚ : ثلای اعلافبت ٔلثٛط ثٝ ٔىبٖ ٚ ٔٙغمٝ ٔٛكؿ ٘ؾل ثلای ُجی 

- Soil َٚ(10: ثلای اعلافبت ٔلثٛط ثٝ ؽبن )رـ 

- Crop َٚ(8تب  4: ثلای اعلافبت ٔلثٛط ثٝ كلٓ ٚ ٌٛ٘ٝ ٌیبٞی )رـا 
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- Manag َٚ(11: ثلای اعلافبت ٔلثٛط ثٝ ٔـیلیت مكافی )رـ 

 اعلافبت ؽلٚری فجبكتٙـ ام: ٓفغبت ثلای ؿكد

- DailyOٞبی كٚما٘ٝ وٝ فمظ ؿك ُلایغی فقبَ اًت وٝ ٔـَ ثلای یه ًٙبكیٛ ؿك یه ًبَ ارلا ُٛؿ: ثلای ؿكد ؽلٚری 

- Figuresُٞبی ثیِتلی : تقـاؿی ُىُ ام لجُ تقلیف ُـٜ ٔلتجظ ثب ؽلٚری كٚما٘ٝ ؿك ایٗ ٓفغٝ لبثُ ِٔبٞـٜ ٌٞتٙـ. ُى

 ثبُـتقلیف ٔی٘ین تًٛظ وبكثلاٖ لبثُ 

- YearlyOٞبی ًبِیب٘ٝ یب آؽل فُٔ ثلای ٞل یه ام ًٙبكیٛٞبی ُجیٝ ًبمی ُـٜ : ثلای ؿكد ؽلٚری 

 

 

 
 .ٞبی ٔـَ اًت پٙزلٜ ٔبولٚ ؿك ثل٘بٔٝ اوٌُ وٝ ُبُٔ ثل٘بٔٝ -17ُىُ 

 

ولؿ. ٞل ًٙبكیٛ ثلای یه تٛاٖ ًٙبكیٛٞب یب تیٕبكٞبیی كا تقلیف ؿك ٔـَ ثب تلویت ٔىبٖ، ٔـیلیت، ؽبن ٚ كلٓ یب ٌٛ٘ٝ ٔی 

 ٔلارقٝ ُٛؿ.  1یب صٙـ ًبَ لبثُ ارلا اًت. ثلای تٛضیظ ثیِتل ؿك اكتجبط ثب ٘غٜٛ اًتفبؿٜ ام ٔـَ ٚ تٟیٝ ًٙبكیٛ ثٝ ضٕیٕٝ 

 

 نتایج و بحث -3

 پاراهتریابی  -3-1

ثبُـ. ٔی 78كلٓ پبكأتلیبثی ُـٜ، ٌیبٜ ٟٔٓ وِبٚكمی )مكافی ٚ ثبغجب٘ی( وِٛك پبكأتلیبثی ُـ وٝ تقـاؿ وُ ٌٛ٘ٝ ٚ  37ٔـَ ثلای 

-اكایٝ ُـٜ  8تب  4اًت. ثلآٚكؿ پبكأتلٞب ثلای تقـاؿی ام ٌیبٞبٖ ؿك رـاَٚ ٘ٛؿ پَُٛ ٔلتقی پبكأتلیبثی ُـٜ 15ٕٞضٙیٗ ٔـَ ثلای 

ثلای ثلآٚكؿ پبكأتلٞب ثلای آٚكؿٜ ُـٜ اًت.  3 ؿك ضٕیٕٝ٘ین ی ای پَُٛ ٞبی ٔلتقٔمبؿیل پبكأتلٞب ثلٚ  كأتلیبثیبپ یبتیرنا٘ـ. 
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 ./https://sites.google.com/site/AfshinSoltani: ٞب ٚ اكلبْ ثٝ آؽلیٗ ٌ٘ؾٝ فبیُ ٔـَ ؿك ایٗ آؿكى ٔلارقٝ ُٛؿٔلثٛط ثٝ ًبیل ٌٛ٘ٝ

 ا٘ـ. آٚكؿٜ ُـٜ 4اًت ؿك ضٕیٕٝ ٞب ثلای پبكأتلیبثی ٚ اكمیبثی اًتفبؿٜ ُـٜٞبی آٖفٟلًت ٔغبِقبتی وٝ ام ؿاؿٜ

 : ٞب ثٝ ٓٛكت میل اًتٚ تقـاؿ آٖ پبكأتلٞب ٌیبٞی ٔـَؿًتٝ ثٙـی 

 پبكأتل،  10)اِف( فِٙٛٛهی ثب 

 پبكأتل،  9)ة( ًغظ ثلي ثب 

 پبكأتل،  7)د( تِٛیـ ٔبؿٜ ؽِه ثب 

 پبكأتل، ٚ  3)ؿ( تِىیُ فّٕىلؿ ثب 

 پبكأتل.  8)ٜ( كٚاثظ آة ثب 

 

؛ ًّغب٘ی ٚ ًیٙىّل، 1388تٛاٖ ؿك ٔٙبثـ یبفت )ٔخُ ًّغب٘ی، ٚیوٜ پبكأتلٞبی ٔلتجظ ثب ٌٛ٘ٝ كا ٔیٔمبؿیل ثٌیبكی ام پبكأتلٞب ثٝ

ٞب إٞیت ٘ـاك٘ـ. ثلای ٔخبَ، ؿٚ ًلی پبكأتلٞب ثب یىـیٍل ٔلتجظ ٌٞتٙـ ٚ ثلؽی پبكأتلٞب ثلای ثلؽی ٌٛ٘ٝ تقـاؿی امفلاٜٚ، (. ث2012ٝ

ؿیٍل ثلای ٚاوَٙ وبكایی اًتفبؿٜ ام ًلی ٚ ؿٔبی وبكؿیٙبَ ؿك ٔـَ ٚرٛؿ ؿاكؿ: یه ًلی ثلای ٚاوَٙ ًلفت ٕ٘ٛ فِٙٛٛهیه ثٝ ؿٔب 

( ثٝ ؿٔب. ؿك ثلؽی ٌٛ٘ٝ ٞب ایٗ ؿٚ ًلی ٕٔىٗ اًت یىٌبٖ ثبُٙـ یب ٘نؿیىی میبؿی ثٝ یىـیٍل ؿاُتٝ ثبُٙـ. ٚاعـ ؿٔبیی RUEتِقِـ )

( اٌلصٝ 3ٙـ )رـَٚ ام وبُت تب پبیبٖ ٔٛحل پلُـٖ ؿا٘ٝ ٚ ٘ین ٚاعـ ؿٔبیی ثلای كًیـٌی فینیِٛٛهیه ؿك ٌیبٞبٖ مكافی یىٌبٖ ٌٞت

ثلای ایٗ ٌیبٞبٖ ؿك ٔـَ ؿٚ پبكأتل ِغبػ ُـٜ اًت. ٚاعـ ؿٔبیی تب ًجنُـٖ ؿك ٌیبٞبٖ مكافی ثب ٚاعـ ؿٔبیی ثلای ُلٚؿ ٔٛحل كُـ 

ٖ ٞب ؿك ٌیبٞبٖ مكافی ٚ ٘ین ٚاعـ ؿٔبیی ثلای پبیبای، ٚاعـ ؿٔبیی ثلای ُلٚؿ پیلُـٖ ثليكیِٝ یىٌبٖ ٌٞتٙـ. ؿك ٌیبٞبٖ مكافی ؿا٘ٝ

( ثٌتٝ ثٝ اٍِٛی SRATEٞب )ٔٛحل كُـ كیِٝ ٞل ؿٚ ثب ٚاعـ ؿٔبیی ثلای ُلٚؿ ٔٛحل پلُـٖ ؿا٘ٝ یىٌبٖ ٌٞتٙـ. پبكأتل پیلُـٖ ثلي

ٕٞیٗ ٓٛكت، پبكأتلٞبی ٔلثٛط ثٝ احلات ؿٔبی پبییٗ ٚ ثبلا وبَٞ ًغظ ثلي یب ثبُـ. ثٝٔی 1یب  0ٞب ؿك ٌٛ٘ٝ ٌیبٞی پیلُـٖ ثلي

( ٚ وٌل ا٘تمبَ ٔزـؿ KPARٞب ٔمبؿیل ضلیت ؽبُٔٛی )ٞبی میبؿی ِٔبثٝ ٞٓ ٌٞتٙـ. ؿك ثٌیبكی ام ٌٌٛ٘ٝٛ٘ٝٞب ثلای پیلُـٖ ثلي

(FRTRLِٝٔبث )ٌٝ٘ٛ مٔیٙی، ٚ ثٌیبكی ؿكؽتبٖ ٔیٜٛ إٞیت میبؿی ٞب ٔخُ یٛ٘زٝ، صغٙـكلٙـ، ًیتا٘ـ. وٌل ا٘تمبَ ٔزـؿ ؽٛؿ ؿك ثلؽی

ثبُـ ِٚی ٔی 37ُٛؿ. ثٙبثلایٗ، اٌلصٝ تقـاؿ پبكأتلٞب ُـ ُلٚؿ ٔیكی مٚؿ ؿك ؿٚكٜ ٘ـاكؿ صٖٛ تِىیُ فّٕىلؿ ؿك ایٗ ٌیبٞبٖ ؽیّ

 ثبُـ. ٔی 20ٞب ٟٔٓ اًت، عـٚؿ تقـاؿ ٚالقی پبكأتلٞب وٝ تقییٗ آٖ

وٕه لامْ ٘یٌت ٔمـاك وّیٝ پبكأتلٞب ثلای ٞل یه ام اكلبْ یه ٌٛ٘ٝ رـاٌب٘ٝ ثلآٚكؿ ٌلؿؿ. ؿك ایٗ ٔغبِقٝ، تفبٚت ثیٗ اكلبْ ثب 

( HIMAX( ٚ عـاوخل ُبؽْ ثلؿاُت )LAIMX(، عـاوخل ًغظ ثلي ٔٛكؿ ا٘تؾبك )tuHARًٝ پبكأتل ٚاعـ ؿٔبیی تب كًیـٌی )

وٙٙـ ٚ ثلای ٞب كا ِٔؾْ ٔیلبثُ تٛریٝ ثٛؿ ٚ ٘یبم ثٝ تغییل ًبیل پبكأتلٞب ٘جٛؿ. ایٗ ثـاٖ ٔقٙی اًت وٝ ًبیل پبكأتلٞب تفبٚت ٌٛ٘ٝ

 ٘ٝ ایٗ ًٝ پبكأتل وبفی ٌٞتٙـ. تفبٚت اكلبْ ؿاؽُ یه ٌٛ

)ویتیًٙ ٚ  APSIM( ٚ 2019، 2012)ٌٞٛٙجْٛ ٚ ٕٞىبكاٖ،  DSSATٞبی ؽیّی وٕتل ام ٔـَ SSM-iCrop2تقـاؿ پبكأتلٞب ؿك 

 لبثُ لیبى  (2003)اًتٛوُ ٚ ٕٞىبكاٖ،  CropSystثبُـ ِٚی ثب تقـاؿ پبكأتلٞب ؿك ٔـَ ( ٔی2010؛ ٕٞل ٚ ٕٞىبكاٖ، 2003ٕٞىبكاٖ، 

پبكأتل  13تٟیٝ ُـٜ اًت وٝ فمظ ثٝ  DSSAT ،APSIM  ٚCropSystًبماٖ تًٛظ تیٕی ام ٔـَ SIMPLEاًت. اؽیلا ٔـِی ثٝ ٘بْ 

-ًبمی ٔیكُـ ٚ فّٕىلؿ ٌیبٞبٖ مكافی كا ؿك ُلایظ پتبٌ٘یُ ٚ آة ٔغـٚؿ ُجیٝ SIMPLE(. ٔـَ 2019٘یبم ؿاكؿ )هائٛ ٚ ٕٞىبكاٖ، 

ؿٞـ. ًّغب٘ی ٚ مكافی پبكأتلیبثی ٚ اكمیبثی ُـٜ اًت ٚ ٌیبٞبٖ صٙـ ًبِٝ ٚ ؿكؽتبٖ ٔیٜٛ كا پَُٛ ٕ٘یوٙـ ِٚی ایٗ ٔـَ ثلای ٌیبٞبٖ 

كا ٔمبیٌٝ ٕ٘ٛؿ٘ـ ٚ ِ٘بٖ ؿاؿ٘ـ وٝ ثیٗ تقـاؿ پبكأتل ؿك   APSIM ،CropSyst ،DSSAT  ٚSSMٞبی ٌٙـْ ؿك ( ٔـ2015ًَیٙىّل )

https://sites.google.com/site/AfshinSoltani/
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ؿاكی ٚرٛؿ ٘ـاكؿ. ثبیـ تٛرٝ ؿاُت وٝ وٓ ثٛؿٖ تقـاؿ پبكأتل ؿاكای ؿٚ یٔـَ ثلای فلآیٙـٞبی ٔؾتّف ٚ وبكولؿ ٔـَ اكتجبط ٔقٙ

-(. ٌبٞی یه ٔـَ ؿك ٔمبیٌٝ ثب ؿیٍلی پبكأتل وٕتلی ؿاكؿ ٚ تقـاؿ فلآیٙـ ٚ ٚاوَٙ وٕتلی كا ٞٓ ُجی1388ٝرٙجٝ اًت )ًّغب٘ی، 

ٚ ٔـَ ؿاكای تقـاؿ پبكأتل ٔتفبٚت ٌٞتٙـ. ؿك ایٗ رب ًبمی فلآیٙـ ٔقیٙی )ٔخُ تِٛیـ ٔبؿٜ ؽِه( ؿوٙـ. أب، ٌبٞی ثلای ُجیًٝبمی ٔی

 ( ٔلارقٝ ُٛؿ. 1388ٔٙؾٛك ایٗ رٙجٝ اؽیل اًت. ثلای تٛضیظ ثیِتل ثٝ ًّغب٘ی )

 

 ارزیابی هذل  -3-2

 

ٞبی میل ٘تیزٝ ؿك ٔزٕٛؿ ٔٛفك ثٛؿٜ اًت. ؿك لٌٕت SSM-iCrop2ٞبی ٌٔتمُ ِ٘بٖ ؿاؿ وٝ ٔـَ آمٖٔٛ ٔـَ ثب اًتفبؿٜ ام ؿاؿٜ

 ُٛؿ. ٞبی ٔؾتّف اكایٝ ٔیاكمیبثی ٔـَ ام رٙجٝ

ٚ ُىُ  14ٌٛ٘ٝ( ؿك رـَٚ  12ثیٙی تبكیؼ ُلٚؿ كُـ ثٟبكٜ ؿك یٛ٘زٝ ٚ ثبمُـٖ رٛا٘ٝ ؿك ؿكؽتبٖ ٔیٜٛ )وبكولؿ ٔـَ ثلای پیَ

ٌ٘جی )ضلیت  RMSEٞبی ٌیبٞی ٚ ُلایظ ٔغیغی ٔتفبٚت ؿك ًلاًل وِٛك، ٔمـاك اًت. ثلای ؿأٙٝ ًٚیقی ام ٌُٛ٘ٝـٜآٚكؿٜ 18

-ٔی 6/0ًبمی ُـٜ ثبلاتل ام ؿكٓـ اًت ٚ ضلیت ٕٞجٌتٍی ثیٗ ٔمبؿیل ِٔبٞـٜ ُـٜ ٚ ُجیٝ 15تغییلات( ثلای ایٗ ؿٚ ٔتغیل وٕتل ام 

كٚم، ضلیت تغییلات  4/10ًبمی ُلٚؿ كُـ ثٟبكٜ یٛ٘زٝ ِ٘بٖ ؿاؿ وٝ ٔمـاك رقك ٔیبٍ٘یٗ ٔلثقبت ؽغب ٞبی ٔلثٛط ثٝ ُجیٝآٔبكٜثبُـ. 

ًبمی ُـٜ ٚ ٚالقی ٌیبٞبٖ ثبغجب٘ی ثٝ ٓٛكت تلویجی ثٛؿ. ٔمبیٌٝ كٚم تب ثبمُـٖ رٛا٘ٝ ُجیٝ 91/0ٓـ ٚ ضلیت ٕٞجٌتٍی ؿك 1/11

ؿكٓـ ٔیبٍ٘یٗ كٚم تب ثبمُـٖ رٛا٘ٝ ِٔبٞـٜ ُـٜ ثٛؿ٘ـ یب  0/17كٚم ثٛؿ وٝ عـٚؿ  4/13ِ٘بٖ ؿاؿ وٝ ٔمـاك رقك ٔیبٍ٘یٗ ٔلثقبت ؽغب 

ؿكٓـ ثٛؿ. ٕٞضٙیٗ ضلیت  0/17ًبمی ُـٜ ٚ ِٔبٞـٜ ُـٜ ثلای كٚم تب ثبمُـٖ رٛا٘ٝ ٗ ٔمبؿیل ُجیٝثٝ فجبكت ؿیٍل ضلیت تغییلات ثی

، ٚرٛؿ ثلؽی ٔمبؿیل ضلیت 14ًبمی ُـٜ ٚرٛؿ ؿاُت. ؿك رـَٚ ٞبی ِٔبٞـٜ ُـٜ ٚ ُجیٝثیٗ ؿاؿٜ (= 74/0rٕٞجٌتٍی ثبلایی )

ثّىٝ ثٝ فّت ؿأٙٝ ٔغـٚؿ ٘یٌت ًبمی نأب ِ٘ب٘ٝ ضقف ٔـَ ؿك ُجیٝؿكٓـ اِ 20یب  15ٚ ضلیت تغییلات ثیَ ام  6/0ٕٞجٌتٍی وٕتل ام 

 ثبُـ.٘مبط ؿك ایٗ ٔٛاكؿ ٔی
 

 .ٜٛیٔؿكؽتبٖ ؿك اكمیبثی ٔـَ ثلای كٚم تب ثبمُـٖ ٔلثٛط ٞبی ٜآٔبك -14رـَٚ 

بٜیٌ  r RMSE (d) CV (%) ٌبٜی  r RMSE (d) CV (%) 

 17.6 14.1 0.26 ّٞٛ 19.7 14.8 0.52 ثبؿاْ

 9.6 7.2 0.54 پٌتٝ 17.1 16.3 0.10 ًیت

 10.0 7.9 0.80 ا٘بك 9.6 8.7 0.80 مكؿآِٛ

 20.6 20.0 0.29 ٌلؿٚ 9.9 6.0 0.90 ؽلٔب

     13.2 12.7 0.85 اٍ٘ٛك

     11.1 8.2 0.15 میتٖٛ

     15.4 7.0 0.28 پلتمبَ
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 .ؿكؽتبٖ ٔیٜٛ تب ثبمُـٖ رٛا٘ٝٚ مٔبٖ  یٛ٘زٝؿك  كُـ ثٟبكُٜلٚؿ ٔمبؿیل ُجیٝ ًبمی ُـٜ ؿك ٔمبثُ ٚالقی مٔبٖ تب  -18ُىُ 

 

 

 360ام  ٔغَٔٛ ٔؾتّف 24ؿك  ؿك عَٛ فُٔ كُـ لتقلقیتجؾ/ؽبِْ یبكیآة آث ناٖیًٔبمی ثلای اكمیبثی ٘تبیذ عبُٓ ام ُجیٝ

لای ُلایظ ؿیٓ ٔیناٖ ؿاؿٜ ٚالقی اًتفبؿٜ ُـ. ُبیبٖ فول اًت وٝ ثلای ُلایظ وِت آثی اكمیبثی ٔیناٖ آة آثیبكی ؽبِْ ٚ ث

 19ٞبی ٚ ُىُ 15ای، ًجنیزبت ٚ ثبغی ؿك رـَٚ ای، مكافی غیلؿا٘ٝتجؾیلتقلق ٔـ ٘ؾل ثٛؿ٘ـ. ٘تبیذ اكمیبثی ثلای ٌیبٞبٖ مكافی ؿا٘ٝ

 اًت. آٚكؿٜ ُـٜ 20ٚ 

وٝ ٔمـاك رقك ٔیبٍ٘یٗ ای ِ٘بٖ ؿاؿ ٌیبٜ مكافی ؿا٘ٝ 6ًبمی ُـٜ ٚ ِٔبٞـٜ ُـٜ ُجیٝ لتقلقیتجؾیب  ؽبِْ یبكیآة آثٔمبؿیل 

 (.=2/14CVِٔبٞـٜ ُـٜ ثٛؿ٘ـ ) لتقلقیتجؾ/ؽبِْ یبكیآة آثؿكٓـ ٔیبٍ٘یٗ  14ٔتل ؿك ٞىتبك ثٛؿ وٝ ٔقبؿَ ٔیّی 86ٔلثقبت ؽغب 

ای ٚرٛؿ ؿاُت. ٔمبؿیل ًبمی ُـٜ ٌیبٞبٖ مكافی ؿا٘ٝٞبی ِٔبٞـٜ ُـٜ ٚ ُجیٝثیٗ ؿاؿٜ (= 93/0rٕٞضٙیٗ ضلیت ٕٞجٌتٍی ثبلایی )

ای ِ٘بٖ ؿاؿ وٝ ٔمـاك رقك ٔیبٍ٘یٗ ٔلثقبت ؽغب ًبمی ُـٜ ٚ ِٔبٞـٜ ُـٜ ٌیبٞبٖ مكافی غیل ؿاُ٘ٝجیٝ لتقلقیتجؾ/ؽبِْ یبكیآة آث

ًجنیزبت  لتقلقیتجؾ/ؽبِْ یبكیآة آثثٛؿ. اكمیبثی  85/0ؿكٓـ ٚ ضلیت ٕٞجٌتٍی  18ٔتل ؿك ٞىتبك، ضلیت تغییلات ٔیّی 204

 لتقلقیتجؾ/ؽبِْ یبكیآة آثؿكٓـ ٔیبٍ٘یٗ  22ٔتل ؿك ٞىتبك ثٛؿ وٝ ٔقبؿَ ٔیّی 129ِ٘بٖ ؿاؿ وٝ ٔمـاك رقك ٔیبٍ٘یٗ ٔلثقبت ؽغب 

ثٛؿ. ثلای  79/0ًبمی ُـٜ ثلاثل ثب ِٔبٞـٜ ُـٜ ٚ ُجیٝ لتقلقیتجؾ/ؽبِْ یبكیآة آثِٔبٞـٜ ُـٜ ثٛؿ. ضلیت ٕٞجٌتٍی ثلای كاثغٝ 

ؿك  لتقلقیتجؾ/ؽبِْ یبكیآة آثًبمی ٔمـاك رقك ٔیبٍ٘یٗ ٔلثقبت ؽغب، ضلیت تغییلات ٚ ضلیت ٕٞجٌتٍی ُجیٝ ٌیبٞبٖ ثبغجب٘ی

 ثٛؿ.  72/0ؿكٓـ ٚ  22ٔتل، ٔیّی 179ٔمبثُ ٔمبؿیل ِٔبٞـٜ ُـٜ ثٝ تلتیت 

مكافی ٚ ثبغجب٘ی  ٌٛ٘ٝ ٌیبٞی ٔغَٔٛ ٔؾتّف 30ِٔبٞـٜ ٚالقی ام ًغظ وِٛك ؿك  744ثلای اكمیبثی ٔـَ ثلای فّٕىلؿ، ام 

ای ِ٘بٖ ؿاؿ وٝ ٔمـاك رقك ٌیبٜ مكافی ؿا٘ٝ 12ًبمی ُـٜ ٚ ِٔبٞـٜ ُـٜ ُجیٝ فّٕىلؿ(. ٔمبؿیل 20ٚ  19؛ ُىُ 15اًتفبؿٜ ُـ )رـَٚ 

ٕٞضٙیٗ ضلیت  (.=18CVِٔبٞـٜ ُـٜ ثٛؿ ) فّٕىلؿؿكٓـ ٔیبٍ٘یٗ  18ٌلْ ؿك ٔتلٔلثـ ثٛؿ وٝ ٔقبؿَ  87ٔیبٍ٘یٗ ٔلثقبت ؽغب 

ًبمی ُجیٝ فّٕىلؿای ٚرٛؿ ؿاُت. ٔمبؿیل ًبمی ُـٜ ٌیبٞبٖ مكافی ؿا٘ٝٞبی ِٔبٞـٜ ُـٜ ٚ ُجیٝثیٗ ؿاؿٜ (= 97/0rٕٞجٌتٍی ثبلایی )

ٌلْ ؿك ٔتلٔلثـ، ضلیت تغییلات  361ای ِ٘بٖ ؿاؿ وٝ ٔمـاك رقك ٔیبٍ٘یٗ ٔلثقبت ؽغب ٌٛ٘ٝ مكافی غیل ؿا٘ٝ 4ُـٜ ٚ ِٔبٞـٜ ُـٜ ؿك 
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Observed bud burst  (day of year) 

Tree fruits Almond

Apple

Apricot

Date

Grape

Olive

Orange

Peach

Pistachio

Pomegrante

Walnut

RMSE=13.4 day 

CV=17.0% 

r=0.74 

n=97 
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ًٝ ٔغَٔٛ پیبم، ٌٛرٝ فلٍ٘ی ٚ ٞٙـٚا٘ٝ ِ٘بٖ ؿاؿ وٝ ٔمـاك رقك  فّٕىلؿثٛؿ. ٕٞضٙیٗ، اكمیبثی  99/0ؿكٓـ ٚ ضلیت ٕٞجٌتٍی  14

ؿكٓـ ٔیبٍ٘یٗ فّٕىلؿ ِٔبٞـٜ ُـٜ ثٛؿ. ضلیت ٕٞجٌتٍی ثلای كاثغٝ  14ٌلْ ؿك ٔتلٔلثـ ثٛؿ وٝ ٔقبؿَ  73ٔیبٍ٘یٗ ٔلثقبت ؽغب 

ثٛؿ. ثلای ٌیبٞبٖ ثبغجب٘ی ٔمـاك رقك ٔیبٍ٘یٗ ٔلثقبت ؽغب، ضلیت تغییلات ٚ  85/0ٜ ثلاثل ثب ًبمی ُـِٔبٞـٜ ُـٜ ٚ ُجیٝ فّٕىلؿ

 ثٛؿ. 98/0ؿكٓـ ٚ  28ٌلْ ؿك ٔتلٔلثـ،  604ؿك ٔمبثُ ٔمبؿیل ِٔبٞـٜ ُـٜ ثٝ تلتیت فّٕىلؿ ًبمی ضلیت ٕٞجٌتٍی ُجیٝ

ثُ ِٔبٞـٜ ُـٜ ثلای ته ته ٔغٔٛلات ٔٛكؿ ثلكًی ًبمی ُـٜ ؿك ٔمبُجیٝفّٕىلؿ ٞبی ٔلثٛط ثٝ ٔمبؿیل آٔبكٜ 15ؿك رـَٚ 

ٔغَٔٛ ٔمـاك ضلیت  6ٚ فمظ  6/0ٔغَٔٛ ٔمـاك ضلیت ٕٞجٌتٍی وٕتل ام  11ٔغَٔٛ ٔٛكؿ ثلكًی فمظ  30آٚكؿٜ ُـٜ اًت. ام 

ته ته ٘تبیذ تلویت ُـٜ ؿك ٔمبیٌٝ ثب ٘تبیذ یه ؿِیُ ثٟتل ُـٖ آٔبكٜ ٞب ؿك (. 15ؿكٓـ ؿاُتٙـ )رـَٚ  20تغییلات ثیَ ام 

 ( اًت. CV( ٚ تقـاؿ ِٔبٞـات )rٞب )افنایَ ؿأٙٝ ؿاؿٜ ، فجبكت امٔغٔٛلات

 ٔلارقٝ ُٛؿ.  3ٔلتقی ثٝ ضٕیٕٝ  ٔـَ ثلای پَُٛ ٞبی٘تبیذ اكمیبثی ثلای 

 

 
 ٞبی ٌیبٞی ٔؾتّف ؿك وِٛك. ٞبی اكمیبثی فّٕىلؿ ٚ آة آثیبكی ؽبِْ/تجؾیلتقلق ٔـَ ثلای ٌٛ٘ٝآٔبكٜ -15رـَٚ 

 Yield (g m-2)  Evapotranspiration / Irrigation water (mm) ٌیبٜ

RMSE CV (%)  r  RMSE CV (%) r 

ٛ٘زٝی  289.6 29.5 0.95  208.2 16.5 0.88 

 0.62 22.0 158.0  0.77 13.8 60.4 ثبؿاْ

تیً  1147.0 15.4 0.32  214.6 23.2 0.54 

 0.19 30.5 229.0  0.04 21.6 134.2 مكؿآِٛ

 0.82 6.0 25.1  0.84 15.1 79.6 رٛ

بیِٛث  52.6 19.4 0.77  63.2 11.2 0.85 

 0.73 20.7 100.1  0.86 18.7 67.0 وّنا

     0.91 27.4 29.2 ٘ؾٛؿ

 0.74 16.1 150.4  0.75 13.2 51.7 پٙجٝ

بكیؽ      70.8 18.6 0.76 

     0.37 14.2 368.6 ؽلٔب

 0.66 25.0 187.1  0.65 20.0 1407.9 اٍ٘ٛك

     0.72 13.4 17.3 فـى

 0.93 10.2 79.4  0.76 14.8 182.5 فكت

 0.74 21.9 126.0     ؽلثنٜ

تٖٛیم  23.0 8.4 0.81  111.6 14.4 0.86 

بمیپ  94.4 13.3 0.59  142.4 21.2 0.79 

 0.83 25.6 262.3  0.29 16.8 117.9 پلتمبَ

ّٛٞ 445.8 23.1 0.59  129.3 16.3 0.45 

 0.69 18.3 120.9  0.54 8.3 29.9 پٌتٝ

 0.89 19.2 131.9  0.53 18.6 86.9 ا٘بك

یٙیمٔ تیً  648.3 18.3 0.80  94.5 15.3 0.86 

 0.79 8.7 43.7  0.77 14.2 43.1 ثل٘ذ



45 

 

     0.15 23.7 36.7 وٙزـ

ًیّٛیی فكت  321.9 5.7 0.98     

بیًٛ  45.8 13.3 0.84  41.1 11.2 0.32 

لٙـ صغٙـك  134.1 8.3 0.92  229.9 21.1 0.76 

     0.67 14.4 54.4 آفتبثٍلؿاٖ

یفلٍ٘ ٌٛرٝ  58.2 10.2 0.51  161.6 26.0 0.84 

 0.59 17.9 168.0  0.93 20.7 96.3 ٌلؿٚ

 0.59 19.3 120.5  0.53 15.4 65.9 ٞٙـٚا٘ٝ

  0.85 15.8 78.5 ٌٙـْ
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Grain crops Barley

Canola

Chickpea

Common bean

Cotton

Grain maize

Lentil

Rice

Sesame

Soybean

Sunflower

Wheat

RMSE=87.0 g m-2 

CV=18.2% 

r=0.97 

n=487 

0

500

1000

1500

0 500 1000 1500

S
im

u
la

te
d

 N
IW

/E
T

 (
m

m
) 

Observed NIW/ET (mm) 

Grain crops Barley

Canola

Common bean

Cotton

Grain maize

Rice

RMSE=86.0 mm 

CV=14.2% 

r=0.93 
n=69 



46 

 

 

 ای.ٚ غیلؿا٘ٝ ایًبمی ُـٜ ٔـَ ؿك ٌیبٞبٖ مكافی ؿا٘ٝؿك ٔمبثُ ٔمبؿیل ُجیٝفّٕىلؿ ٚ آة آثیبكی ؽبِْ/تجؾیلتقلق ٚالقی  -19ُىُ 
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 ًبمی ُـٜ ٔـَ ؿك ًجنیزبت ٚ ؿكؽتبٖ ٔیٜٛ.ؿك ٔمبثُ ٔمبؿیل ُجیٝفّٕىلؿ ٚ آة آثیبكی ؽبِْ/تجؾیلتقلق ٚالقی  -20ُىُ 

 

 

 جوع بنذی  -4

ٞبی ُـٜ ٔـَلـكتٕٙـ ثلای ٔغبِقبت ٔؾتّف ٔلتجظ ثب ٌیبٞبٖ ٌٞتٙـ. ٔـَ عبضل وٝ ٌ٘ؾٝ ًبؿٜ یٞبی ُجیٝ ًبمی ٌیبٞی اثناكٔـَ

SSM ٌٝ٘ٛ ٞـف آّی ام ایٗ ٔـَ اًتفبؿٜ ام آٖ ثلای تاًٞبی ٌیبٞی تٟیٝ ُـٜاًت ثلای وبكثلؿ ؿك ًغٛط ثنكي ٚ تقـاؿ میبؿ .

ًبمی رنییبت اًت. ثٙبثلایٗ، ایٗ ٔـَ ثلای ُجیٝٞب ؿك ٌٌتلٜ وِٛك ثٛؿٜثیٙی تٛاٖ تِٛیـ ٌیبٞبٖ ٔؾتّف ٚ ٘یبم آثیبكی ؽبِْ آٖپیَ

ًبمی تبحیل فتٛپلیٛؿ ٚ فبلـ ٔقبؿلات لامْ ثلای ُجیٝ َؿك ُلایظ یه ٔنكفٝ اعتٕبلا ٔٙبًت ٘یٌت. ثلای ٔخبَ، ایٗ ٔـفلآیٙـٞبی ٌیبٞی 

 یب ٕٞضٙیٗ ؿك ایٗ ٔـَ ؽبن ثٝ ٓٛكت ته لایٝ تقلیف ٚ اًتفبؿٜ ُـٜ اًت. ثٟبكٜ ًبمی ثل ًلفت ٕ٘ٛ فِٙٛٛهیه اًت. 

ثیٙی كُـ ٚ تِٛیـ تقـاؿ میبؿی ٘ٛؿ ٔغبِقٝ ٕٔىٗ اًت ٔـَ ؽبّ ؽٛؿ كا ٘یبم ؿاُتٝ ثبُـ. ٚلتی ٞـف پیَ ٞلثبیـ تٛرٝ ؿاُت وٝ 

تل ثٛؿٜ ٚ ثلای ٞبی ٔتقـؿ ًبؿٌٜٛ٘ٝ ٌیبٞی ؿك وِٛكی پٟٙبٚك ثبُـ، یه ٔـَ ًبؿٜ ٔٙبًجتل ؽٛاٞـ ثٛؿ صٖٛ پبكأتلیبثی آٖ ثلای ٌٛ٘ٝ

 صٙیٗ ٔـِی اًت.  SSM-iCrop2ى ٘یبم ؽٛاٞـ ؿاُت. ٔـَ تل ٚ ؿك ؿًتلٞبی ًبؿٜثیٙی ثٝ ٚكٚؿیپیَ

ٞبی ٚالقی وٝ ام ًغظ وِٛك ٚ ثلای عیف ًٚیقی ام ٌیبٞبٖ ِ٘بٖ ؿاؿ وٝ فّٕىلؿ ٔـَ كضبیت ٘تبیذ اكمیبثی ٔـَ ثب وٕه ؿاؿٜ

 ثؾَ اًت. 

 

 فهرست هنابع 

. یاَیگ دیتًل یکطًر برا یضىاخت بًم -یزراع بىدیپُىٍ. 1931بىداوی، ع.، دادرسی، ا.، عالیمقام، م.، زیىلی، ا. ي ترابی، ب. .، و1ٍسلطاوی، 

 گسارش طرح پژيَطی. داوطگاٌ علًم کطايرزی ي مىابع طبیعی گرگان.

 .ظ ،111سازی ریاضی در گیاَان زراعی. اوتطارات جُاد داوطگاَی مطُد. . مدل1911سلطاوی، ا. 

  ِٟٔـ. ا٘تِبكات رٟبؿ ؿاٍِ٘بٞی ِٟٔـ. ٔـَ ًبمی ٌیبٞبٖ مكافی )ٔغبِقبت ٔٛكؿی(. 1388ٚ تلاثی، ة.  ًّغب٘ی، ا.

0

2500

5000

7500

10000

0 2500 5000 7500 10000

S
im

u
la

te
d

 y
ie

ld
 (

g
 m

-2
) 

Observed yield (g m-2) 

Tree fruits Almond

Apple

Apricot

Date

Grape

Olive

Orange

Peach

Pistachio

Pomegrante

Walnut

RMSE=603.9 g m-2 

CV=28.2% 

r=0.98 

n=95 

0

500

1000

1500

2000

0 500 1000 1500 2000

S
im

u
la

te
d

 N
IW

/E
T

 (
m

m
) 

Observed NIW/ET  (mm) 

Tree fruits Almond

Apple

Apricot

Grape

Olive

Orange

Peach

Pistachio

Pomegrante

Walnut

RMSE = 178.5 mm 

CV = 22.3% 

r = 0.72 

n = 137 



48 

 

 18َای کاربردی سادٌ برای آمًزش ي پژيَص در زراعت. اوجمه علمی کطايرزی بًم ضىاختی ایران. . بروام1913ٍسلطاوی، ا. ي مداح، ي. 

 ظ.

Alexandratos, N., and Bruinsma, J. 2012. World agriculture towards 2030/2050. Global Perspective 

Studies Team FAO Agricultural Development Economics Division. ESA Working Paper No. 12-03. 

Anderson, W., You, L., Wood, S., Wood-Sichra, U., Wu, W., 2014. A comparative analysis of global 

cropping systems models and maps. 

Arnold, J.G., Moriasi, D.N., Gassman, P.W., Abbaspour, K.C., White, M.J., Srinivasan, R., Santhi, C., 

Harmel, R.D., Van Griensven, A., Van Liew, M.W. and Kannan, N., 2012. SWAT: Model use, 

calibration, and validation. Transactions of the ASABE, 55(4), pp.1491-1508. 

Cassman, K. G. 2012. "What do we need to know about global food security?" Global Food Security 

1(2): 81-82. 

Chapman, S.C., Hammer, G.L., Meinke, H., 1993. A sunflower simulation model: I Model development. 

Agron. J. 85, 725-735. 

CIAT; IFPRI. CGIAR Big Data Coordination Platform. Leveraging CGIAR Data: Bringing Big Data to 

Agriculture, and Agriculture to Big Data; Proposal to the CGIAR Fund Council; International 

Center for Tropical Agriculture (CIAT): Cali, Colombia; International Food Policy Research 

Institute: Washington, DC, USA, 2016.  

FAO, IFAD, UNICEF, WFP and WHO. 2018. The State of Food Security and Nutrition in the World 

2018. Building climate resilience for food security and nutrition. Rome, FAO. Licence: CC BY-NC-

SA 3.0 IGO. 

FAO, IFAD, UNICEF, WFP and WHO. 2017. The State of Food Security and Nutrition in the World 

2017. Building resilience for peace and food security. Rome, FAO. 

Ferrise, R., Triossi, A., Stratonovitch, P., Bindi, M., Martre, P., 2010. Sowing date and nitrogen 

fertilisation effects on dry matter and nitrogen dynamics for durum wheat: An experimental and 

simulation study. F. Crop. Res. 117, 245–257. 

Ghanem, M.E., Marrou, H., Biradar, C., Sinclair, T.R., 2015. Production potential of lentil (Lens culinaris 

Medik.) in East Africa. Agric. Syst. 137, 24–38. 

Guiguitant, J., Marrou, H., Vadez, V., Gupta, P., Kumar, S., Soltani, A., Sinclair, T.R., Ghanem, M.E., 

2017. Relevance of limited-transpiration trait for lentil (Lens culinaris Medik.) in South Asia. F. 

Crop. Res. 209, 96–107. 

Hammer, G.L., Sinclair, T.R., Boote, K.J., Wright, G.C., Meinke, H., Bell, M.J., 1995. A peanut 

simulation model: I. Model development and testing. Agron. J. 87, 1085–1093. 

Hammer, G.L., van Oosterom, E., McLean, G., Chapman, S.C., Broad, I., Harland, P., Muchow, R.C., 

2010. Adapting APSIM to model the physiology and genetics of complex adaptive traits in field 

crops. J. Exp. Bot. 61, 2185–2202. 

Hernandez-Ochoa, I.M., Asseng, S., Kassie, B.T., Xiong, W., Robertson, R., Pequeno, D.N.L., Sonder, 

K., Reynolds, M., Babar, M.A., Milan, A.M., 2018. Climate change impact on Mexico wheat 

production. Agric. For. Meteorol. 263, 373–387. 

Hoogenboom, G., C.H. Porter, V. Shelia, K.J. Boote, U. Singh, J.W. White, L.A. Hunt, R. Ogoshi, J.I. 

Lizaso, J. Koo, S. Asseng, A. Singels, L.P. Moreno, and J.W. Jones. 2019. Decision Support System 



49 

 

for Agrotechnology Transfer (DSSAT) Version 4.7.5 (https://DSSAT.net). DSSAT Foundation, 

Gainesville, Florida, USA. 

Hoogenboom, G., Jones, J.W., Wilkens, P.W., Porter, C.H., Boote, K.J., Hunt, L.A., Singh, U., Lizaso, 

J.L., White, J.W., Uryasev, O., 2010. Decision support system for agrotechnology transfer (DSSAT) 

Version 4.5 [CD-ROM]. Univ. Hawaii, Honolulu, Hawaii. 

Keating, B.A., Carberry, P.S., Hammer, G.L., Probert, M.E., Robertson, M.J., Holzworth, D., Huth, N.I., 

Hargreaves, J.N.G., Meinke, H., Hochman, Z., 2003. An overview of APSIM, a model designed for 

farming systems simulation. Eur. J. Agron. 18, 267–288. 

Kieu, N.L., Jeong, J., Reyes, M.R., Jha, M.K., Gassman, P.W., Doro, L., Hok, L., Boulakia, S., 2018. 

Evaluation of the performance of the EPIC model for yield and biomass simulation under 

conservation systems in Cambodia. Agric. Syst. 166: 90-100. 

https://doi.org/10.1016/j.agsy.2018.08.003 

Ko, J., Piccinni, G., Guo, W., Steglich, E., 2009. Parameterization of EPIC crop model for simulation of 

cotton growth in South Texas. J. Agric. Sci. 147, 169–178. 

MacCarthy, D.S., Sommer, R., Vlek, P.L.G., 2009. Modeling the impacts of contrasting nutrient and 

residue management practices on grain yield of sorghum (Sorghum bicolor (L.) Moench) in a semi-

arid region of Ghana using APSIM. F. Crop. Res. 113, 105–115. 

Martre, P., Wallach, D., Asseng, S., Ewert, F., Jones, J.W., Rötter, R.P., Boote, K.J., Ruane, A.C., 

Thorburn, P.J., Cammarano, D., 2015. Multimodel ensembles of wheat growth: many models are 

better than one. Glob. Chang. Biol. 21, 911–925. 

Messina, C.D., Sinclair, T.R., Hammer, G.L., Curan, D., Thompson, J., Oler, Z., Gho, C., Cooper, M., 

2015. Limited-transpiration trait may increase maize drought tolerance in the US Corn Belt. Agron. 

J. 107, 1978–1986. 

Monteith, J.L. 1996. The quest for balance in crop modeling. Agronomy Journal. 88, 695–697. 

Priestley, C.H.B., Taylor, R.J., 1972. On the assessment of surface heat flux and evaporation  using large-

scale parameters. Mon. Weather Rev. 100, 81-92. 

Rahman, M. H., Ahmad, A., Wang, X., Wajid, A., Nasim, W., Hussain, M., Ahmad, B., Ahmad, I., Ali, 

Z., and Ishaque, W. 2018. Multi-model projections of future climate and climate change impacts 

uncertainty assessment for cotton production in Pakistan. Agricultural and forest meteorology. 

253:94-113. 

Ritchie, J., Singh, U., Godwin, D., and Bowen, W. 1998. Cereal growth, development and yield. Springer. 

p: 79-98. 

Ruane, A.C., Hudson, N.I., Asseng, S., Camarrano, D., Ewert, F., Martre, P., Boote, K.J., Thorburn, P.J., 

Aggarwal, P.K., Angulo, C., 2016. Multi-wheat-model ensemble responses to interannual climate 

variability. Environ. Model. Softw. 81, 86–101. 

Schils, R., Olesen, J.E., Kersebaum, K.C., Rijk, B., Oberforster, M., Kalyada, V., Khitrykau, M., Gobin, 

A., Kirchev, H., Manolova, V., Manolov, I., Trnka, M., Hlavinka, P., Paluoso, T., Peltonen-Sainio, 

P., Jauhiainen, L., Lorgeou, J., Marrou, H., Danalatos, N., Archontoulis, S., Fodor, N., Spink, J., 

Roggero, P.P., Bassu, S., Pulina, A., Seehusen, T., Uhlen, A.K., Żyłowska, K., Nieróbca, A., 

Kozyra, J., Silva, J.V., Maçãs, B.M., Coutinho, J., Ion, V., Takáč, J., Mínguez, M.I., Eckersten, H., 

Levy, L., Herrera, J.M., Hiltbrunner, J., Kryvobok, O., Kryvoshein, O., Sylvester-Bradley, R., 

Kindred, D., Topp, C.F.E., Boogaard, H., de Groot, H., Lesschen, J.P., van Bussel, L., Wolf, J., 

Zijlstra, M., van Loon, M.P., van Ittersum, M.K., 2018. Cereal yield gaps across Europe. Eur. J. 

https://doi.org/10.1016/j.agsy.2018.08.003


50 

 

Agron. 101, 109–120. https://doi.org/10.1016/j.eja.2018.09.003 

Schoppach, R., Soltani, A., Sinclair, T.R., Sadok, W., 2017. Yield comparison of simulated rainfed wheat 

and barley across Middle-East. Agric. Syst. 153, 101–108. 

Sciarresi, C., Patrignani, A., Soltani, A., Sinclair, T., Lollato, R.P., 2019. Plant Traits to Increase Winter 

Wheat Yield in Semiarid and Subhumid Environments. Agron. J. 111:1–13. 

Sinclair, T.R. and Horie, T. 1989. Leaf nitrogen, photosynthesis, and crop radiation use efficiency: a 

review. Crop Science 29, 90–98. 

Sinclair, T.R. and Seligman, N. 1996. Crop modeling: from infancy to maturity. Agronomy Journal 88, 

698–704. 

Sinclair, T.R., 1986. Water and nitrogen limitations in soybean grain production I. Model development. F. 

Crop. Res. 15, 125–141. 

Sinclair, T.R., 2011. Challenges in breeding for yield increase for drought. Trends Plant Sci. 16, 289–293. 

Sinclair, T.R., Amir, J., 1992. A model to assess nitrogen limitations on the growth and yield of spring 

wheat. F. Crop. Res. 30, 63–78. 

Sinclair, T.R., Marrou, H., Soltani, A., Vadez, V., Chandolu, K.C., 2014. Soybean production potential in 

Africa. Glob. Food Sec. 3, 31–40. 

Sinclair, T.R., Messina, C.D., Beatty, A., Samples, M., 2010. Assessment across the United States of the 

benefits of altered soybean drought traits. Agron. J. 102, 475–482. 

Sinclair, T.R., Muchow, R.C., 1995. Effect of nitrogen supply on maize yield: I. Modeling physiological 

responses. Agron. J. 87, 632–641. 

Sinclair, T.R., Muchow, R.C., Monteith, J.L., 1997. Model analysis of sorghum response to nitrogen in 

subtropical and tropical environments. Agron. J. 89, 201–207. 

Smith, P., 2013. Delivering food security without increasing pressure on land. Global Food Security, 2, 

18–23 

Soltani, A., Ghassemi-Golezani, K., Khooie, F.R. and Moghaddam, M. 1999. A simple model for 

chickpea growth and yield. Field Crops Research 62, 213–224. 

Soltani, A., Maddah, V., Sinclair, T.R., 2013. SSM-Wheat: a simulation model for wheat development, 

growth and yield. Int. J. Plant Prod 7, 711–740. 

Soltani, A., Sinclair, T.R., 2011. A simple model for chickpea development, growth and yield. F. Crop. 

Res. 124, 252–260. 

Soltani, A., Sinclair, T.R., 2012. Modeling physiology of crop development, growth and yield. CABi. 

Soltani, A., Sinclair, T.R., 2015. A comparison of four wheat models with respect to robustness and 

transparency: simulation in a temperate, sub-humid environment. F. Crop. Res. 175, 37–46. 

Stockle, C.O., Donatelli, M., Nelson, R., 2003. CropSyst, a cropping systems simulation model. Eur. J. 

Agron. 18 (3-4), 289–307. 

Tanner, C.B. and Sinclair, T.R. 1983. Efficient water use in crop production: research or re-search? In: 

Taylor, H.M., Jordan, W.R. and Sinclair, T.R. (eds) Limitations to Efficient Water Use in Crop 

Production. American Society of Agronomy, Crop Science Society of America, and Soil Science 

Society of America, Madison, Wisconsin, pp. 1–27. 



51 

 

Tilman, D., Balzer, C., Hill, J., and Befort, B. L. 2011. Global food demand and the sustainable 

intensification of agriculture. Proceedings of the National Academy of Sciences. 108:20260-20264. 

Timsina, J., Wolf, J., Guilpart, N., Van Bussel, L.G.J., Grassini, P., Van Wart, J., Hossain, A., Rashid, H., 

Islam, S., Van Ittersum, M.K., 2018. Can Bangladesh produce enough cereals to meet future 

demand? Agric. Syst. 163, 36–44. 

Trnka, M., Kersebaum, K.C., Olesen, J.E., 2015. Description of the compiled experimental data available 

in the MACSUR CropM database. FACCE MACSUR Reports 6, 1–2. 

Vadez, V., Halilou, O., Hissene, H.M., Sibiry-Traore, P., Sinclair, T.R., Soltani, A., 2017. Mapping water 

stress incidence and intensity, optimal plant populations, and cultivar duration for African groundnut 

productivity enhancement. Front. Plant Sci. 8, 432. 

Van Ittersum, M., Cassman K.G., Grassini, P., Wolf, J. Tittonell, P., Hochman, Z. 2013.  Yield gap 

analysis with local to global relevance—A Review. Field Crops Research. 143: 4-17. 

Van Ittersum, M.K., Van Bussel, L.G.J., Wolf, J., Grassini, P., Van Wart, J., Guilpart, N., Claessens, L., 

de Groot, H., Wiebe, K., Mason-D’Croz, D., 2016. Can sub-Saharan Africa feed itself? Proc. Natl. 

Acad. Sci. 113, 14964–14969. 

Van Loon, M.P., Deng, N., Grassini, P., Edreira, J.I.R., Wolde-Meskel, E., Baijukya, F., Marrou, H., van 

Ittersum, M.K., 2018. Prospect for increasing grain legume crop production in East Africa. Eur. J. 

Agron. 101, 140–148. 

Van Wart, J., Kersebaum, K.C., Peng, S., Milner, M., Cassman, K.G., 2013. Estimating crop yield 

potential at regional to national scales. F. Crop. Res. 143, 34–43. 

Wahbi, A., Sinclair, T.R., 2005. Simulation analysis of relative yield advantage of barley and wheat in an 

eastern Mediterranean climate. F. Crop. Res. 91, 287–296. 

Wang, X., Gassman, P.W., Williams, J.R., Potter, S., Kemanian, A.R., 2008. Modeling the impacts of soil 

management practices on runoff, sediment yield, maize productivity, and soil organic carbon using 

APEX. Soil Tillage Res. 101, 78–88. 

Williams, J.R., 1991. Runoff and soil erosion. In: Hanks, R.J., Ritchie, J.T. (Eds.) Modeling Plant and 

Soil Systems. Agronomy Monograph No. 31, pp. 439-456.  

Williams, J.R., Jones, C.A., Kiniry, J.R., Spanel, D.A., 1989. The EPIC crop growth model. Trans. ASAE 

32, 497–511. 

Zhao, C., Liu, B., Xiao, L., Hoogenboom, G., Boote, K., Kassie, B.T., Pavan, W., Shelia, V., Kim, K.S., 

Hernandez-Ochoa, I.M., Wallach, D., Porter, C.H., Stockle, C.O., Zhu, Y., Asseng, S., 2019. A 

SIMPLE crop model. Eur. J. Agron. 104: 97-106. 

  



52 

 

  ضوائن

 سازی رضذ و عولکرد گیاهاى زراعی و باغبانیبرای ضبیه SSM-iCrop2پاراهتریابی و ارزیابی هذل 

 
 وٙٙـٌبٖ: تٟیٝ

فبِیٕمبْ، أیل ؿاؿكًی، ثٙیبٔیٗ تلاثی، اثلاٞیٓ میّٙی، اًىٙـك م٘ـ، حلیب لبًٕی، أیـ اٌِتی، ثٙـا٘ی، ٔزیـ افِیٗ ًّغب٘ی، فّیلضب ٘ٝ

كلیٝ اٌِبؿات عٌیٙی، ًیـ ٔزیـ فبِیٕمبْ، ٔغجٛثٝ ماٞـ، عٌٙب فیبضی، عٌیٗ وٕلی، كاعّٝ فلة فبٔلی، مٞلا ٔغٕـماؿٜ، ُجٙٓ 

 ًًٛلایی، ٔغجٛثٝ آُٙبٚك ٚ ٔبؿط اعٕـی ، ٘قیٕٝ پٛكُیلامی، ًٕب٘ٝ كٞجبٖ، ًٕب٘ٝ ٔغٕـی، ٓبِظ ولأت

 

 1398ثٟبك 

 
  راهنوای استفاده از هذل  - 1ضویوه 

 

 نحوه آهاده سازی فایل هواضناسی 

ثلای ارلای ٔـَ ثلای ٞل ؿٚكٜ مٔب٘ی، ثٝ آٔبك ٞٛاُٙبًی آٖ ٘ین ٘یبم ٔی ثبُـ. آٔبك ٞٛاُٙبًی ثٝ ٓٛكت كٚما٘ٝ ٔٛكؿ ٘یبم اًت ٚ   

فجبكتٙـ ام: عـالُ ٚ عـاوخل ؿٔبی كٚما٘ٝ، ثبك٘ـٌی كٚما٘ٝ ٚ تِقِـ ؽٛكُیـی كٚما٘ٝ. ایٗ آٔبك ثبیـ ؿك یه فبیُ اوٌُ ٚاكؿ ُٛ٘ـ 

ِ٘بٖ ؿاؿٜ ُـٜ اًت. ثلای ِٔؾْ ًبؽتٗ مٔبٖ، ام ًبَ ٚ كٚم ًبَ ٔیلاؿی اًتفبؿٜ ٔی ُٛؿ.  تلتیت ًتٖٛ ٞب  1وٝ ٕ٘ٛ٘ٝ آٖ ؿك ُىُ 

ؿك فبیُ ٞٛاُٙبًی ثبیـ ؿلیمب ٕٞبٖ ثبُـ وٝ ؿك ُىُ ؿیـٜ ٔی ُٛؿ. ثل٘بٔٝ ٞبیی ثلای ٔغبًجٝ تِقِـ ؽٛكُیـی ثٝ فٙٛاٖ تبثقی ام 

 ٔبی كٚما٘ٝ ٔٛرٛؿ اًت. ًبفت آفتبثی ٚ اٌل ٘جبُـ، عـالُ ٚ عـاوخل ؿ
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 iCrop2فلٔت تٟیٝ فبیُ ٞٛاُٙبًی ثلای اًتفبؿٜ ؿك ٔـَ  -1ُىُ 

 

 

 نحوه ورود اطلاعات 

 اطلاعات هحلی یا هحیطی  

ثب اعلافبت ٚاكؿ ُـٜ ثلای صٙـیٗ ٔغُ ِ٘بٖ ؿاؿٜ ُـٜ اًت. اعلافبت ٔٛكؿ ٘یبم ٚ  Locationای ام ُیت  ٕ٘ٛ٘ٝ 2ؿك ُىُ 

 ثبُٙـ: علافبت ثٝ ُلط میل ٔیٔغُ ٚاكؿ ولؿٖ ایٗ ا

  ٖفلٕ رغلافیبی ٔٙغمٝ ثل عٌت ؿكرٝ، ؿك ثؾِی ثب فٙٛاLatitute  ًٖٛت(Cٜٔغُ ٚاكؿ ولؿٖ ؿاؿ .)  ثٝ  5ٞب ام كؿیف

تٛاٖ ؿك مٔبٖ ٚاعـ اعلافبت یه یب ثیَ ام یه اًتبٖ كا ٚاكؿ  ثبُـ. لامْ ثٝ تٛضیظ اًت وٝ ؿك ایٗ ُیت ٔی ثقـ ٔی

 تقـاؿ ٔغُ ثلای ٚاكؿ ولؿٖ اعلافبت ٚرٛؿ ٘ـاكؿ. ولؿ ٚ ٔغـٚؿیتی ام ٘ؾل

 ؿك ٔٙغمٝ ؿك ثؾِی ثب فٙٛاٖ  11ضلیت ٔغبًجٝ وٕجٛؿ فِبك ثؾبكVPDF  ًٖٛت(D .) 

 ٜٞبی ٞٛاُٙبًی ؿك ؿاؽُ وبٔپیٛتل، ؿك ثؾِی ثب فٙٛاٖ  آؿكى ٔغُ فؽیلٜ فبیُ ٔلثٛط ثٝ ؿاؿWeather File Path & 

Name  ًٖٛت(Dٚاكؿ ٔی ) .ُٛؿ 

 

 ٌٝلاؿ ؿك ثؾِی ثب فٙٛاٖ  ًب٘تی ثلای افٕبَ احل تغییل الّیٓ، ٔمـاك تغییلات ؿٔب  ثل عٌت ؿكرtchng ُٛؿ. اٌل ٚاكؿ ٔی

 ُٛؿ.  للاك ؿاؿٜ ٔی 0ثلكًی تغییل الّیٓ ٔـ ٘ؾل ٘جبُـ، ؿك ایٗ لٌٕت 

  ْوٌل تغییلات ثبك٘ـٌی ؿك آیٙـٜ ٌ٘جت ثٝ ُلایظ وٙٛ٘ی ؿك ثؾِی ثٝ ٘بpchng اٌل ثلكًی تغییل الّیٓ ٔـ ُٛؿٚاكؿ ٔی .

 ُٛؿ. للاك ؿاؿٜ ٔی 1٘ؾل ٘جبُـ، ؿك ایٗ لٌٕت 

 اوٌیـ ولثٗ رّٛ ثلای ًبَ ارلای ٔـَ ثل عٌت  غّؾت ٌبم ؿیppm ْؿك ثؾِی ثٝ ٘ب ،CO2 ُٛؿ.ٚاكؿ ٔی 

  ْؿك ثؾِی ثٝ ٘بWthFirstRowٜخبَ، اٌل ٞبی ٞٛاُٙبًی ٚاكؿ ُٛؿ. ثٝ فٙٛاٖ ٔ ، ثبیـ ُٕبكٜ كؿیف ُلٚؿ ٚاكؿ ُـٖ ؿاؿ

 11ٞب ثٝ ُىّی ثبُـ وٝ ؿك ثبلا ٌفتٝ ُـ، ُٕبكٜ كؿیف ُلٚؿ ٚاكؿ ولؿٖ اعلافبت كؿیف ُٕبكٜ  فلٔت تٟیٝ ؿاؿٜ

 ثبُـ. ٔی

ثٝ تلتیت ُٕبكٜ كؿیف )ثل عٌت ُٕبكٜ كؿیف ُیت اوٌُ( ٚ ٘بْ ٔٙغمٝ )ثٝ  Loc  ٚLocation#ثب فٙبٚیٗ  2ٚ  1ٞبی  ؿك ًتٖٛ

 ُٛؿ.  ًتفبؿٜ ولؿ( ٚاكؿ ٔیتٛاٖ ا ؿِؾٛاٜ وبكثل ٞل ٘بٔی ٔی

                                                      
11

 Vapor Pressure Deficit  
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 ثلای ٚاكؿ ولؿٖ اعلافبت ٔغُ تِٛیـ iCrop2ؿك ٔـَ  Locationُیت  -2ُىُ 

 اطلاعات خاک 

ثب اعلافبت ٚاكؿ ُـٜ ثلای صٟبك ثبفت آّی ؽبن ِ٘بٖ ؿاؿٜ ُـٜ اًت. اعلافبت ٔٛكؿ ٘یبم  soilای ام ُیت  ٕ٘ٛ٘ٝ 3ؿك ُىُ 

 ثبُٙـ: ٚ ٔغُ ٚاكؿ ولؿٖ ایٗ اعلافبت ثٝ ُلط میل ٔی

 

  ْفٕك ؽبن ثل عٌت ٔیّیٕتل ؿك ثؾِی ثٝ ٘بSOLDEP  ًٖٛت(C.) 

  ْفٕك لایٝ اَٚ ؽبن ثل عٌت ٔیّیٕتل ؿك ثؾِی ثٝ ٘بDEP1  ًٖٛت(D.) 

  ْٔمـاك ضلیت آِجیـٚ ؽبن ؿك ثؾِی ثٝ ٘بSALB  ًٖٛت(E.) 

  ُْٕبكٜ ٕ٘ٛؿاك ثلای ٔغبًجٝ ٔمـاك كٚا٘بة ؿك ثؾِی ثٝ ٘بCN  ًٖٛت(F.) 

  ْٔمـاك فـؿ فبوتٛك مٞىِی ؽبن ؿك ثؾِی ثٝ ٘بDRAINF  ًٖٛت(G.) 

  ْٔمـاك آة ؿك ؽبن ؿك مٔبٖ اُجبؿ ثل عٌت ٔیّیٕتل ثل ٔیّیٕتل ؿك ثؾِی ثٝ ٘بSAT  ًٖٛت(H.) 

  ٔمـاك آة ؿك ؽبن پي ام ؽلٚد آة حمّی )ثٝ آغلاط ٔمـاك آة ؿك مٔبٖ ؽلفیت مكافی( ثل عٌت ٔیّیٕتل ثل ٔیّیٕتل ؿك

 (. I)ًتٖٛ  DULثؾِی ثٝ ٘بْ 

  ْٔمـاك آة لبثُ ؿًتلى ؽبن ثل عٌت ٔیّیٕتل ثل ٔیّیٕتل ؿك ثؾِی ثٝ ٘بEXTR  ًٖٛت(J.) 

ثٝ تلتیت ُٕبكٜ كؿیف )ثل عٌت ُٕبكٜ كؿیف ُیت اوٌُ( ٚ ٘بْ ثبفت ؽبن )ثٝ  Soil  ٚSoil#ثب فٙبٚیٗ  2ٚ  1ٞبی  ؿك ًتٖٛ

 ُٛؿ.  تٛاٖ اًتفبؿٜ ولؿ( ٚاكؿ ٔی ؿِؾٛاٜ وبكثل ٞل ٘بٔی ٔی
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 ثلای ٚاكؿ ولؿٖ اعلافبت ؽبن ؿك ٔٙغمٝ تِٛیـ iCrop2ؿك ٔـَ  soilُیت  -3ُىُ 

 اطلاعات هذیریت تولیذ 

ٞبی ٔؾتّف ِ٘بٖ ؿاؿٜ ُـٜ اًت. اعلافبت ٔٛكؿ ٘یبم ٚ  ثب اعلافبت ٚاكؿ ُـٜ ثلای ٔـیلیت Managای ام ُیت  ٕ٘ٛ٘ٝ 4ؿك ُىُ 

 ثبُٙـ:  ٔغُ ٚاكؿ ولؿٖ ایٗ اعلافبت ثٝ ُلط میل ٔی

  ْؿك ثؾِی ثٝ ٘بFixFind  ًٖٛت(Cتقییٗ ٔی )ٓٞبیی ٔلثٛط ثٝ ُلایظ آة ٚ ٞٛایی ثٝ ٓٛكت  ُٛؿ وٝ ٔـَ ثل اًبى اٍِٛكیت

ا٘تؾبة تبكیؼ وبُت وٙـ یب كٚم ؽبٓی ام ًبَ وٝ وبكثل ِٔؾْ ولؿٜ كا ثٝ فٙٛاٖ تبكیؼ وبُت ؿك ٘ؾل  ؽٛؿوبك الـاْ ثٝ

ُٛؿ،  للاك ؿاؿٜ ُٛؿ، تبكیؼ وبُت ثل ٔجٙبی كٚم ٔقیٙی وٝ تًٛظ وبكثل ؿك ٔـَ ٚاكؿ ٔی 0ثٍیلؿ. اٌل ٔمـاك ایٗ ًتٖٛ 

 ا٘تؾبة ؽٛاٞـ ُـ.

 ِٝی ثٝ ٘بْ ًبمی تًٛظ ٔـَ  ؿك ثؾًبَ ٔیلاؿی آغبم ُجیFyear  ًٖٛت(Dتقییٗ ٔی ) َؿك  2000ُٛؿ. ثٝ فٙٛاٖ ٔخبَ اٌل ًب

ُلٚؿ ُـٜ ٚ ؿك ٔغبًجبت ام اعلافبت ٞٛاُٙبًی  2000ًبمی تِٛیـ ام ًبَ  ایٗ ثؾَ ٚاكؿ ُٛؿ، ثٝ ایٗ ٔقٙی اًت وٝ ُجیٝ

 ٞبی لجُ ام آٖ اًتفبؿٜ ٘ؾٛاٞـ ُـ.ًبَ

  َؿك ٔـiCrop2 پبیٝ  ـ كا ثلای صٙـیٗ ًبَ ا٘زبْ ؿاؿ. ثٝ فٙٛاٖ ٔخبَ اٌل وبكثل ثؾٛاٞـ ام ًبًَبمی تِٛی تٛاٖ ٕٞنٔبٖ ُجیٝ ٔی

 وٙـ. ٚاكؿ ٔی yrnoكا ؿك ثؾَ  12ًبمی تِٛیـ كا ا٘زبْ ؿٞـ فـؿ  ًبَ( ُجیٝ 12)ثٝ ٔـت  2011( تب ًبَ Fyear)ثؾَ  2000

 ُٛؿ ؿك ثؾِی ثٝ ٘بْ  كٚم ام ًبَ ٔیلاؿی وٝ ؿك آٖ وِت ا٘زبْ ٔیFpdoy  ًٖٛت(Gٚاكؿ ٔی )  ُٛؿ. ثٝ فٙٛاٖ ٔخبَ اٌل تبكیؼ

ؽٛاٞـ ثٛؿ. ثلای پیـا ولؿٖ كٚم ام ًبَ ثلای ٞل تبكیؼ ثٝ ُیت  293ثلاثل  Fpdoyاوتجل ا٘زبْ ُـٜ اًت، ٔمـاك  20وبُت ؿك 

DOY  َؿك ٔـiCrop2 .ٔلارقٝ ُٛؿ 
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  ْثلای تقییٗ وِت ؿیٓ ٚ آثی ٔغَٔٛ ثبیـ اعلافبت ؿك ثؾِی ثٝ ٘بwater  ًٖٛت(Lٚ ) 1اكؿ ُٛؿ. اٌل ؿك ایٗ ثؾَ فـؿ 

ؿك ایٗ لٌٕت للاك ؿاؿٜ  2ٚاكؿ ُٛؿ، ٔـَ ثٝ ٓٛكت ؽٛؿوبك ؿك مٔبٖ ٘یبم الـاْ ثٝ آثیبكی ٔغَٔٛ ؽٛاٞـ ولؿ. اٌل ٔمـاك 

 ُٛؿ، وِت ثٝ ٓٛكت ؿیٓ ؽٛاٞـ ثٛؿ. 

 تل ام آٖ آثیبكی  ؿیل پبییٗثلای تقییٗ مٔبٖ آثیبكی ؿك ٔـَ، ثبیـ ٔمـاك وٌل آة لبثُ ؿًتلى ؽبن وٝ ؿك آٖ ٔمـاك ٚ ٔمب

ُٛؿ. ثٝ فٙٛاٖ ٔخبَ  ( ا٘زبْ ٔیM)ًتٖٛ  IRGLVLٓٛكت ٌیلؿ ؿك ٔـَ ٚاكؿ ُٛؿ. ٚاكؿ ولؿٖ ایٗ پبكأتل ؿك ثؾِی ثٝ ٘بْ 

كًـ، آثیبكی  ٔی 0.5ؿك ایٗ ثؾَ ٌقاُتٝ ُٛؿ، ثٝ ایٗ ٔقٙی اًت وٝ ٞل ٔٛلـ وٌل آة لبثُ ؿًتلى ؽبن ثٝ  0.5اٌل فـؿ 

 ٌیلؿ، ٔمـاك فـؿی ایٗ پبكأتل إٞیتی ٘ـاكؿ. ی اًت وٝ ثلای وِت ؿیٓ، صٖٛ آثیبكی ٓٛكت ٕ٘یُٛؿ. ثـیٟ ا٘زبْ 

 َٞبی ثب فٙٛاٖ  ؿك ثؾMAI1  ًٖٛت(N ٚ )MAI  ًٖٛت(O ْٚثٝ تلتیت ٔمـاك وٌل آة لبثُ ؿًتلى ؿك لایٝ اَٚ ٚ لایٝ ؿ )

 ُٛؿ.   )وُ پلٚفیُ ؽبن( ؿك مٔبٖ وبُت ٚاكؿ ٔی

 

ثٝ تلتیت ُٕبكٜ كؿیف )ثل عٌت ُٕبكٜ كؿیف ُیت اوٌُ( ٚ ٘بْ ًٙبكیٛ  Manag  ٚManag#فٙبٚیٗ  ثب 2ٚ  1ٞبی  ؿك ًتٖٛ

ُٛؿ. ًبیل اعلافبت ٔٛرٛؿ ؿك ایٗ ُیت ٔلثٛط ثٝ پیـا ولؿٖ تبكیؼ  تٛاٖ اًتفبؿٜ ولؿ( ٚاكؿ ٔی ٔـیلیتی )ثٝ ؿِؾٛاٜ وبكثل ٞل ٘بٔی ٔی

 ثبُٙـ.  ك٘ـٌی ٚ ؿٔبیی ؿك مٔبٖ تبكیؼ وبُت ٔیٞبی ٔؾتّف ثل ٔجٙبی ُلایظ ثب وبُت ثل اًبى اٍِٛكیتٓ

 

 
 ثلای ٚاكؿ ولؿٖ اعلافبت ٔـیلیتی ثلای تِٛیـ iCrop2ؿك ٔـَ  Managُیت  -4ُىُ 

 اطلاعات گیاهی

ثب اعلافبت ٚاكؿ ُـٜ ثلای ٌیبٞبٖ ِ٘بٖ ؿاؿٜ ُـٜ اًت. پبكأتلٞبی ٔلتجظ ثب فِٙٛٛهی، ًغظ  cropای ام ُیت  ٕ٘ٛ٘ٝ 5ؿك ُىُ  

 ثلي، تِٛیـ ٔبؿٜ ؽِه، تزٕـ فّٕىلؿ ٚ كاثغٝ آة ٚ ٌیبٜ ؿك ایٗ ُیت ٚاكؿ ٔی ٌلؿؿ. 
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ثٝ تلتیت ُٕبكٜ كؿیف )ثل عٌت ُٕبكٜ كؿیف ُیت اوٌُ( ٚ ٘بْ ٌیبٜ )ثٝ ؿِؾٛاٜ  crop  ٚcrop#ثب فٙبٚیٗ  2ٚ  1ٞبی  ؿك ًتٖٛ

تٛا٘ـ ؿك ایٗ ُٛؿ. لامْ ثٝ تٛضیظ اًت وٝ وبكثل ٕٞنٔبٖ اعلافبت صٙـیٗ ٌیبٜ كا ٔی تٛاٖ اًتفبؿٜ ولؿ( ٚاكؿ ٔی وبكثل ٞل ٘بٔی ٔی

 ًبمی ٔٛكؿ اًتفبؿٜ للاك ؿٞـ. ُیت ٚاكؿ ولؿٜ ٚ ؿك ُجیٝ

 

 
 ثلای ٚاكؿ ولؿٖ اعلافبت پبكأتلٞبی ٌیبٞی iCrop2ؿك ٔـَ  Cropیت ُ -5ُىُ  

 

 سازی و اجرای هذل طراحی سناریوهای ضبیه

ًبمی  تٛاٖ ثٝ علاعی ًٙبكیٛ ٚ ُجیٝ ، ٔیiCrop2ثقـ ام ٚكٚؿ تٕبٔی اعلافبت ٔلثٛط ثٝ ٔٙغمٝ، ؽبن، ٔـیلیت ٚ ٌیبٜ ؿك ٔـَ 

ُٛؿ. ا٘زبْ ٔی RUNتِٛیـ ثلای ٌیبٞبٖ ٔؾتّف ؿك ٔٙبعك ٔتفبٚت ثب ٘غٜٛ ٔـیلیتی ٔؾتّف الـاْ ولؿ. ایٗ وبك ؿك ُیت ثب فٙٛاٖ 

یف ُیت ٞبی ٚكٚؿی اعلافبت، ًتٖٛ اَٚ ُٕبكٜ كؿیف اعلافبت ثل عٌت ُٕبكٜ كؿ ٕٞب٘غٛك وٝ ؿك ٔغبِت ثبلا ٌفتٝ ُـ، ؿك ُیت

ٞبی ٔؾتّف(. ٕٞضٙیٗ ثیبٖ ُـ وٝ ؿك  ؿك ُیت crop, #Manag, #Soil, #Location#ٞب ثب فٙبٚیٗ  ؿٞٙـ )ًتٖٛ اوٌُ كا ِ٘بٖ ٔی

تٛاٖ ٕٞنٔبٖ تقـاؿ میبؿی اعلافبت ٔٙغمٝ، اعلافبت ؽبن، اعلافبت ٔـیلیتی ٚ اعلافبت ٌیبٞی كا پِت ًل  ٞبی اعلافبتی ٔی ُیت

تٛاٖ ًٙبكیٛٞبی ٔؾتّفی كا ؿك ٔـَ تقلیف ولؿ. ثلای تلویت ایٗ اعلافبت ؿك ٔـَ ام ُٕبكٜ  یٗ اعلافبت ٔیٞٓ ٚاكؿ ولؿ. ام تلویت ا

( ُٕبكٜ B)ًتٖٛ  LocRowNoؿك ثؾَ ثب فٙٛاٖ  RUNُٛؿ. ثٝ ایٗ ٓٛكت وٝ ؿك ُیت  ٞبی ٞل یه ام اعلافبت اًتفبؿٜ ٔی كؿیف

( ُٕبكٜ كؿیف ٘غٜٛ ٔـیلیتی ٔٛكؿ ٘ؾل، ؿك ثؾَ ثب فٙٛاٖ C )ًتٖٛ MangRowNoكؿیف ٔٙغمٝ ٔٛكؿ ٘ؾل، ؿك ثؾَ ثب فٙٛاٖ 

SoilRowNo  ًٖٛت(D ُٖٕبكٜ كؿیف ؽبن ٔٛكؿ ٘ؾل ٚ ؿك ثؾَ ثب فٙٛا )CropColNo  ًٖٛت(E ُٕبكٜ كؿیف اعلافبت ٌیبٞی )

ُٛؿ. ثقـ ام  كثل ٚاكؿ ٔی( ٘بْ ًٙبكیٛ ٔٛكؿ ٘ؾل ثٝ ؿِؾٛاٜ وبA)ًتٖٛ  Scenarioٕٞضٙیٗ ؿك ثؾِی ثب فٙٛاٖ   ُٛؿ. ٔٛكؿ ٘ؾل ٚاكؿ ٔی

ٞبی(  ثبیـ فِلؿٜ ُٛؿ. ؿك ایٗ عبِت فُٕ ُجیٝ ًبمی ثلای ًٙبكیٛ ثلای ًبَ )یب ًبَ RUNؿك ُیت  !RUNٚكٚؿ ایٗ اعلافبت، وّیـ 
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صبح ؽٛاٞـ ُـ. لامْ ثٝ تٛضیظ اًت وٝ وبكثلاٖ  YearlyOا٘زبْ ُـٜ ٚ ؽلٚری ؿك ُیتی ثب فٙٛاٖ  Locationتقییٗ ُـٜ ؿك ُیت 

ا٘ٙـ صٙـیٗ ًٙبكیٛ كا پِت ًل ٞٓ ؿك ایٗ ثؾَ ٚاكؿ وٙٙـ ٚ ؽلٚری ٕٞٝ آٟ٘ب كا ثقـ ام ارلای ٔـَ ثٝ ٓٛكت پِت ًل ٞٓ ؿك تٛ ٔی

 ِ٘بٖ ؿاؿٜ ُـٜ اًت. RUNُیت  6ِٔبٞـٜ وٙٙـ. ؿك ُىُ  YearlyOُیت 

 

ثل اًت. اٌل وبكثل  ٗ ًٙبكیٛٞب مٔبًٖبمی ٕٞٝ ای ؿك ثلؽی ُلایظ ٕٔىٗ اًت تقـاؿ ًٙبكیٛٞب صٙـ ٞناك ٔٛكؿ ثبُٙـ وٝ ارلا ٚ ُجیٝ

، تقـاؿ RUNؿك ُیت  B6ثؾٛاٞـ ام ثیٗ ًٙبكیٛٞبی تقلیف ُـٜ ؿك ایٗ ثؾَ، صٙـ ًٙبكیٛ ِٔؾْ كا ارلا وٙـ ثبیـ ؿك ًَّٛ 

، ُٕبكٜ كؿیف اِٚیٗ ًٙبكیٛ ام ًٙبكیٛٞبی ٔٛكؿ ٘ؾل وبكثل ٚاكؿ RUNؿك ُیت  B5ًٙبكیٛٞبی پِت ًل ٞٓ ٔٛكؿ ٘ؾل ٚ ؿك ًَّٛ 

 B6ٚ ؿك ُیت  8فـؿ  B5. ٕٞضٙیٗ لامْ ثٝ تٛضیظ اًت وٝ اٌل وبكثل ثؾٛاٞـ ٕٞٝ ًٙبكیٛٞب ٕٞنٔبٖ ارلا ُٛ٘ـ، ثبیـ ؿك ًَّٛ ُٛؿ

 تقـاؿ وُ ًٙبكیٛٞبی ٔٛرٛؿ كا ٚاكؿ وٙـ.

 

 
 ًبمی ٚ ارلای ٔـَ ثلای ایزبؿ ًٙبكیٛٞبی ُجیٝ iCrop2ؿك ٔـَ  RUNُیت  -6ُىُ 
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  ها و ارقام هختلف گیاهیبرآورد پاراهترهای هذل برای گونه – 2ضویوه 

Table 1. Phenology parameters in SSM-iCrop2 and their estimates. 

Crop TBD TP1D TP2D TCD ForcReq tuHAR frEMR frBSG frTSG frPM 

Alfalfa and clover-No.1 5 25 32 40 

 

450 0.010 0.011 0.99 0.99 

Alfalfa and clover-No.2 5 30 30 40 180 650 0.010 0.011 0.99 0.99 

Alfalfa and clover-No.3 5 30 30 40 180 650 0.010 0.011 0.99 0.99 

Alfalfa and clover-No.4  5 30 30 40 180 650 0.010 0.011 0.99 0.99 

Alfalfa and clover-No.5 5 25 32 40 180 450 0.010 0.011 0.99 0.99 

Almond-irr 5 25 28 40 120 2600 0.000 0.150 0.85 0.99 

Almond-rfd-No.1 5 25 28 40 120 3399 0.000 0.150 0.85 0.99 

Almond-rfd-No.2 5 25 28 40 120 2905 0.000 0.150 0.85 0.99 

Almond-rfd-No.3 5 25 28 40 120 2700 0.000 0.150 0.85 0.99 

Apple-No.1 5 17 32 40 200 2242 0.000 0.100 0.90 0.99 

Apricot and plum 5 25 28 40 70 2700 0.000 0.200 0.65 0.99 

Barley No.2 0 25 28 40 

 

2275 0.049 0.680 0.88 0.88 

Barley-No.1 0 25 28 40 

 

2300 0.049 0.680 0.88 0.88 

Bean-No.1 8 30 35 45 

 

1700 0.043 0.550 0.97 0.97 

Bean-No.2 8 30 35 45 

 

1900 0.043 0.550 0.97 0.97 

Canola-No.3 0 25 28 40 

 

2500 0.080 0.600 0.90 0.90 

Chickpea-irr 2 21 30 40 

 

1500 0.090 0.600 0.90 0.90 

Chickpea-rfd 2 21 30 40 

 

1577 0.078 0.572 0.92 0.92 

Citrus-No.1 10 25 35 48 

 

2700 0.000 0.230 0.87 0.99 

Citrus-No.2 10 25 35 48 100 3500 0.000 0.230 0.87 0.99 

Corn silage _Late-No.1 8 34 37 45 

 

2400 0.040 0.100 1.00 1.00 

Corn silage _Late-No.2 8 34 37 45 

 

2400 0.040 0.100 1.00 1.00 

Cotton-No.1 12 30 30 45 

 

1600 0.052 0.524 0.85 0.85 

Cotton-No.2 12 30 30 45 

 

2100 0.052 0.524 0.85 0.85 

Cucamber-No.1 10 25 35 48 

 

1200 0.010 0.550 0.95 0.95 

Cucamber-No.2 10 25 35 48 

 

1400 0.010 0.550 0.95 0.95 

Date-No.1 10 25 35 48 30 5000 0.000 0.037 0.45 0.99 

Date-No.2 10 25 35 48 30 5000 0.000 0.037 0.45 0.99 

FIG-No.1 7 22 35 48 250 3300 0.000 0.210 0.92 0.99 

FIG-No.2 7 22 35 48 250 3300 0.000 0.210 0.92 0.99 

Grape-No.1 5 17 32 40 60 1850 0.000 0.180 0.72 0.99 

Grape-No.2 5 17 32 40 250 2200 0.000 0.180 0.82 0.99 

Grape-No.3 5 17 32 40 250 2200 0.000 0.180 0.82 0.99 

Lentil-No.1 2 21 30 40 

 

1600 0.043 0.600 0.90 0.90 

Lentil-No.2 2 21 30 40 

 

1600 0.043 0.600 0.90 0.90 

Maize_Early-No.1 8 34 37 45 

 

1800 0.044 0.591 0.97 0.97 

Maize_Late-No.2 8 34 37 45 

 

2400 0.044 0.591 0.97 0.97 

Maize_Late-No.3 8 34 37 45 

 

2600 0.044 0.591 0.97 0.97 

Maize_Mid-No.4 8 34 37 45 

 

2000 0.044 0.591 0.97 0.97 

Melon-No.1 10 25 35 48 

 

1200 0.010 0.550 0.95 0.95 

Melon-No.2 10 25 35 48 

 

1400 0.010 0.550 0.95 0.95 

Olive 5 22 30 45 200 3400 0.000 0.230 0.78 0.95 

Onion-No.1 3 20 25 35 

 

1800 0.010 0.250 0.95 0.95 

Onion-No.2 3 20 25 35 

 

2400 0.010 0.250 0.95 0.95 

Peach-No.1 5 17 32 40 150 2000 0.000 0.050 0.60 0.99 
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Peach-No.2 5 17 32 40 100 1800 0.000 0.056 0.60 0.99 

Pistachio 5 22 30 45 250 3080 0.000 0.230 0.80 0.95 

Pomegranate 5 17 32 45 500 2200 0.000 0.230 0.80 0.95 

Potato 5 17 32 40 

 

1100 0.080 0.400 0.95 0.95 

Rice-No.1 8 30 37 45 

 

1200 0.001 0.652 0.95 0.95 

Rice-No.2 8 30 37 45 

 

1700 0.001 0.652 0.95 0.95 

Rice-No.3 8 30 37 45 

 

2200 0.001 0.652 0.95 0.95 

Safflower 0 25 28 40 

 

2100 0.040 0.660 0.95 0.95 

Soybean-No.1 7 27 34 45 

 

2400 0.034 0.600 0.87 0.87 

Soybean-No.2 7 27 34 45 

 

2200 0.034 0.600 0.85 0.85 

Sugar beet-No.1 2 21 30 40 

 

3000 0.071 0.286 0.99 0.99 

Sugar beet-No.2 2 21 30 40 

 

3500 0.071 0.286 0.99 0.99 

Sugarcane 10 25 35 48 

 

4000 0.010 0.011 0.95 0.95 

Sunflower-rfd 7 30 34 45 

 

1800 0.010 0.600 0.95 0.95 

Tomato 10 25 35 48 

 

1500 0.010 0.550 0.95 0.95 

Walnut-No.1 5 17 32 40 200 2100 0.000 0.143 0.88 0.98 

Walnut-No.2 5 17 32 40 180 1700 0.000 0.176 0.88 0.98 

Watermelon-irr 10 25 35 48 

 

1800 0.010 0.550 0.95 0.95 

Watermelon-rfd 10 25 35 48 

 

1800 0.010 0.550 0.95 0.95 

Wheat_Irr 0 25 28 40 

 

2400 0.055 0.675 0.91 0.91 

Wheat_Rf-No.1 0 25 28 40 

 

2400 0.055 0.675 0.91 0.91 

Wheat_Rf-No.2 0 25 28 40 

 

2000 0.055 0.675 0.91 0.91 

 

 

 

Table 2. Leaf area development and senescence parameters in SSM-iCrop2 and their estimates. 

Crop x1  y1 x2 y2 LAIMX frBLS SRATE FrzTh FrzLDR HeatTH HtLDR 

Alfalfa and clover-No.1 0.15 0.10 0.90 0.95 7.0 0.99 0 -5 0.01 37 0.1 

Alfalfa and clover-No.2 0.15 0.01 0.80 0.95 3.0 0.99 0 -7 0.01 35 0.1 

Alfalfa and clover-No.3 0.15 0.01 0.80 0.95 7.0 0.99 0 -7 0.01 35 0.1 

Alfalfa and clover-No.4  0.15 0.01 0.95 0.95 2.5 0.99 0 -7 0.01 35 0.1 

Alfalfa and clover-No.5 0.15 0.01 0.90 0.95 2.5 0.99 0 -5 0.01 37 0.1 

Almond-irr 0.05 0.10 0.50 0.95 4.0 0.80 1 

    Almond-rfd-No.1 0.05 0.10 0.50 0.95 4.0 0.80 1 

    Almond-rfd-No.2 0.05 0.10 0.50 0.95 4.0 0.80 1 

    Almond-rfd-No.3 0.05 0.10 0.50 0.95 4.0 0.80 1 

    Apple-No.1 0.10 0.22 0.50 0.75 4.0 0.80 1 

    Apricot and plum 0.05 0.10 0.50 0.95 6.0 0.80 1 

    Barley No.2 0.20 0.04 0.50 0.95 3.0 0.68 1 -5 0.01 30 0.1 

Barley-No.1 0.20 0.04 0.50 0.95 4.5 0.68 1 -5 0.01 30 0.1 

Bean-No.1 0.15 0.01 0.50 0.95 3.0 0.55 1 8 0.01 37 0.1 

Bean-No.2 0.15 0.01 0.50 0.95 3.3 0.55 1 8 0.01 37 0.1 

Canola-No.3 0.40 0.22 0.65 0.99 3.2 0.60 1 -10 0.01 30 0.1 

Chickpea-irr 0.15 0.07 0.50 0.65 2.0 0.60 1 -5 0.01 30 0.1 

Chickpea-rfd 0.15 0.02 0.50 0.95 2.0 0.57 1 -5 0.01 30 0.1 

Citrus-No.1 0.05 0.90 0.50 0.95 3.5 0.87 0 

    Citrus-No.2 0.05 0.90 0.50 0.95 3.5 0.87 0 

    Corn silage _Late-No.1 0.15 0.05 0.80 0.95 12.0 0.95 0 8 0.01 37 0.1 

Corn silage _Late-No.2 0.15 0.05 0.80 0.95 8.0 0.95 0 8 0.01 37 0.1 
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Cotton-No.1 0.15 0.05 0.50 0.95 4.0 0.95 1 8 0.01 37 0.1 

Cotton-No.2 0.15 0.05 0.50 0.95 4.0 0.95 1 8 0.01 37 0.1 

Cucamber-No.1 0.15 0.01 0.50 0.95 3.0 0.55 1 8 0.01 37 0.1 

Cucamber-No.2 0.15 0.01 0.50 0.95 4.0 0.55 1 8 0.01 37 0.1 

Date-No.1 0.15 0.95 0.50 0.95 3.5 0.99 0 

    Date-No.2 0.15 0.95 0.50 0.95 3.5 0.99 0 

    FIG-No.1 0.10 0.15 0.50 0.95 5.0 0.90 1 

    FIG-No.2 0.10 0.15 0.50 0.95 3.5 0.90 1 

    Grape-No.1 0.10 0.15 0.50 0.95 6.0 0.80 1 

    Grape-No.2 0.10 0.15 0.50 0.95 4.0 0.80 1 

    Grape-No.3 0.10 0.15 0.50 0.95 3.0 0.80 1 

    Lentil-No.1 0.15 0.02 0.50 0.90 2.0 0.58 1 -5 0.01 30 0.1 

Lentil-No.2 0.15 0.02 0.50 0.90 3.5 0.58 1 -5 0.01 30 0.1 

Maize_Early-No.1 0.15 0.05 0.50 0.95 4.0 0.59 1 8 0.01 37 0.1 

Maize_Late-No.2 0.15 0.05 0.50 0.95 6.0 0.59 1 8 0.01 37 0.1 

Maize_Late-No.3 0.15 0.05 0.50 0.95 6.0 0.59 1 8 0.01 37 0.1 

Maize_Mid-No.4 0.15 0.05 0.50 0.95 4.5 0.59 1 8 0.01 37 0.1 

Melon-No.1 0.15 0.01 0.50 0.95 4.0 0.55 1 8 0.01 37 0.1 

Melon-No.2 0.15 0.01 0.50 0.95 5.0 0.55 1 8 0.01 37 0.1 

Olive 0.15 0.95 0.50 0.95 3.0 0.99 1 -10 0.01 30 0.1 

Onion-No.1 0.15 0.01 0.50 0.60 3.0 0.95 0 

    Onion-No.2 0.15 0.10 0.50 0.60 4.0 0.95 0 

    Peach-No.1 0.10 0.15 0.50 0.75 4.0 0.96 1 -5 0.01 30 0.1 

Peach-No.2 0.10 0.15 0.50 0.75 3.0 0.96 1 -5 0.01 30 0.1 

Pistachio 0.15 0.90 0.50 0.95 2.5 0.99 1 8 0.01 37 0.1 

Pomegranate 0.10 0.15 0.50 0.95 4.0 0.99 1 -10 0.01 30 0.1 

Potato 0.20 0.05 0.50 0.60 4.5 0.99 0 -5 0.01 30 0.1 

Rice-No.1 0.01 0.15 0.70 0.95 2.5 0.65 1 8 0.01 37 0.1 

Rice-No.2 0.01 0.15 0.70 0.95 2.8 0.65 1 8 0.01 37 0.1 

Rice-No.3 0.01 0.15 0.70 0.95 3.5 0.65 1 8 0.01 37 0.1 

Safflower 0.01 0.03 0.60 0.95 2.5 0.66 1 

    Soybean-No.1 0.15 0.05 0.50 0.95 4.0 0.60 1 8 0.01 37 0.1 

Soybean-No.2 0.15 0.05 0.50 0.95 4.0 0.60 1 

    Sugar beet-No.1 0.18 0.08 0.55 0.70 3.0 0.90 0 -5 0.01 30 0.1 

Sugar beet-No.2 0.18 0.08 0.55 0.70 6.0 0.90 0 -5 0.01 30 0.1 

Sugarcane 0.15 0.01 0.40 0.95 7.0 0.95 0 

    Sunflower-rfd 0.15 0.05 0.60 0.95 2.0 0.70 1 

    Tomato 0.01 0.10 0.60 0.95 4.0 0.70 1 

    Walnut-No.1 0.10 0.15 0.50 0.75 6.0 0.90 1 -5 0.01 30 0.1 

Walnut-No.2 0.10 0.15 0.50 0.75 3.0 0.90 1 -5 0.01 30 0.1 

Watermelon-irr 0.15 0.01 0.50 0.95 4.0 0.55 1 

    Watermelon-rfd 0.15 0.01 0.50 0.95 2.5 0.55 1 

    Wheat_Irr 0.20 0.06 0.50 0.88 6.5 0.68 1 -5 0.01 30 0.1 

Wheat_Rf-No.1 0.20 0.06 0.50 0.88 3.5 0.68 1 -5 0.01 30 0.1 

Wheat_Rf-No.2 0.20 0.06 0.50 0.88 2.0 0.68 1 -5 0.01 30 0.1 
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Table 3. Dry mass accumulation parameters in SSM-iCrop2 and their estimates. 

Crop TBRUE TP1RUE TP2RUE TCRUE KPAR IRUE C3c4 

Alfalfa and clover-No.1 0 8 25 40 0.65 2.3 0.8 

Alfalfa and clover-No.2 0 8 25 40 0.65 2.3 0.8 

Alfalfa and clover-No.3 0 8 25 40 0.65 2.3 0.8 

Alfalfa and clover-No.4  0 8 25 40 0.65 2.2 0.8 

Alfalfa and clover-No.5 0 8 25 40 0.65 2.0 0.8 

Almond-irr 5 15 22 35 0.65 1.4 0.8 

Almond-rfd-No.1 5 15 22 35 0.65 1.4 0.8 

Almond-rfd-No.2 5 15 22 35 0.65 1.4 0.8 

Almond-rfd-No.3 5 15 22 35 0.65 1.4 0.8 

Apple-No.1 2 10 30 37 0.65 1.4 0.8 

Apricot and plum 5 15 22 35 0.70 1.5 0.8 

Barley No.2 2 10 30 37 0.65 2.0 0.8 

Barley-No.1 2 10 30 37 0.65 2.0 0.8 

Bean-No.1 5 25 37 45 0.65 2.0 0.8 

Bean-No.2 5 25 37 45 0.65 2.0 0.8 

Canola-No.3 2 10 25 35 0.65 2.0 0.8 

Chickpea-irr 2 14 30 38 0.60 1.8 0.8 

Chickpea-rfd 2 14 30 38 0.65 1.8 0.8 

Citrus-No.1 10 20 30 40 0.65 1.4 0.8 

Citrus-No.2 10 20 30 40 0.65 1.4 0.8 

Corn silage _Late-No.1 8 15 35 45 0.65 3.5 0.35 

Corn silage _Late-No.2 8 15 35 45 0.65 3.5 0.35 

Cotton-No.1 10 20 30 40 0.60 1.7 0.8 

Cotton-No.2 10 20 30 40 0.60 1.7 0.8 

Cucamber-No.1 8 15 30 40 0.60 1.5 0.8 

Cucamber-No.2 8 15 30 40 0.60 1.5 0.8 

Date-No.1 10 25 35 40 0.65 1.8 0.8 

Date-No.2 10 25 35 40 0.65 1.8 0.8 

FIG-No.1 6 20 35 45 0.65 1.6 0.8 

FIG-No.2 6 20 35 45 0.65 1.2 0.8 

Grape-No.1 2 10 30 37 0.65 2.0 0.8 

Grape-No.2 2 10 30 37 0.65 2.0 0.8 

Grape-No.3 2 10 30 37 0.65 2.0 0.8 

Lentil-No.1 2 14 30 38 0.65 1.8 0.8 

Lentil-No.2 2 14 30 38 0.65 1.8 0.8 

Maize_Early-No.1 10 17 35 45 0.60 3.5 0.35 

Maize_Late-No.2 10 17 35 45 0.60 3.5 0.35 

Maize_Late-No.3 10 17 35 45 0.60 3.5 0.35 

Maize_Mid-No.4 10 17 35 45 0.60 3.5 0.35 

Melon-No.1 8 15 30 40 0.60 1.5 0.8 

Melon-No.2 8 15 30 40 0.60 1.5 0.8 

Olive 10 17 30 40 0.55 1.1 0.8 

Onion-No.1 2 10 25 35 0.50 2.2 0.8 

Onion-No.2 2 10 25 35 0.50 2.2 0.8 

Peach-No.1 2 10 30 37 0.65 1.5 0.8 

Peach-No.2 2 10 30 37 0.65 1.4 0.8 

Pistachio 8 17 35 40 0.55 1.1 0.8 

Pomegranate 8 17 35 40 0.60 1.4 0.8 



63 

 

Potato 0 15 22 35 0.60 2.5 0.8 

Rice-No.1 5 15 35 50 0.60 2.2 0.8 

Rice-No.2 5 15 35 50 0.60 2.2 0.8 

Rice-No.3 5 15 35 50 0.60 2.2 0.8 

Safflower 2 10 25 35 0.55 1.6 0.8 

Soybean-No.1 10 20 30 40 0.65 1.8 0.8 

Soybean-No.2 10 20 30 40 0.65 1.8 0.8 

Sugar beet-No.1 2 14 30 38 0.65 2.4 0.8 

Sugar beet-No.2 2 14 30 38 0.65 2.4 0.8 

Sugarcane 10 20 30 40 0.65 4.0 0.8 

Sunflower-rfd 8 17 27 45 0.90 1.6 0.8 

Tomato 8 15 30 40 0.65 2.2 0.8 

Walnut-No.1 10 25 35 40 0.65 1.5 0.8 

Walnut-No.2 10 25 35 40 0.65 1.4 0.8 

Watermelon-irr 10 20 30 40 0.60 2.0 0.8 

Watermelon-rfd 10 20 30 40 0.60 2.0 0.8 

Wheat_Irr 0 15 22 35 0.65 2.2 0.8 

Wheat_Rf-No.1 0 15 22 35 0.65 2.2 0.8 

Wheat_Rf-No.2 0 15 22 35 0.65 2.2 0.8 

 

 

 

 

  

Table 4. Yield formation parameters in SSM-iCrop2 and their estimates. 

Crop HImax FRTRL GCC 

Alfalfa and clover-No.1 0.90 0.90 1 

Alfalfa and clover-No.2 0.90 0.05 1 

Alfalfa and clover-No.3 0.90 0.05 1 

Alfalfa and clover-No.4  0.90 0.05 1 

Alfalfa and clover-No.5 0.90 0.90 1 

Almond-irr 0.30 0.20 1 

Almond-rfd-No.1 0.30 0.20 1 

Almond-rfd-No.2 0.30 0.20 1 

Almond-rfd-No.3 0.30 0.20 1 

Apple-No.1 0.40 0.25 1 

Apricot and plum 0.40 0.20 1 

Barley No.2 0.40 0.20 1 

Barley-No.1 0.50 0.20 1 

Bean-No.1 0.40 0.20 1 

Bean-No.2 0.40 0.20 1 

Canola-No.3 0.50 0.25 0.71 

Chickpea-irr 0.50 0.20 1 

Chickpea-rfd 0.40 0.22 1 

Citrus-No.1 0.25 0.20 1 

Citrus-No.2 0.25 0.20 1 

Corn silage _Late-No.1 0.95 0.95 1 

Corn silage _Late-No.2 0.95 0.95 1 
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Cotton-No.1 0.40 0.20 0.77 

Cotton-No.2 0.40 0.20 0.77 

Cucamber-No.1 0.55 0.35 1 

Cucamber-No.2 0.55 0.35 1 

Date-No.1 0.30 0.22 1 

Date-No.2 0.40 0.22 1 

FIG-No.1 0.45 0.20 1 

FIG-No.2 0.20 0.10 1 

Grape-No.1 0.51 0.10 1 

Grape-No.2 0.40 0.10 1 

Grape-No.3 0.30 0.10 1 

Lentil-No.1 0.30 0.22 1 

Lentil-No.2 0.30 0.22 1 

Maize_Early-No.1 0.45 0.25 1 

Maize_Late-No.2 0.45 0.25 1 

Maize_Late-No.3 0.45 0.25 1 

Maize_Mid-No.4 0.45 0.25 1 

Melon-No.1 0.55 0.35 1 

Melon-No.2 0.55 0.35 1 

Olive 0.20 0.20 0.83 

Onion-No.1 0.80 0.70 1 

Onion-No.2 0.80 0.70 1 

Peach-No.1 0.50 0.30 1 

Peach-No.2 0.30 0.30 1 

Pistachio 0.25 0.10 1 

Pomegranate 0.50 0.20 1 

Potato 0.80 0.25 1 

Rice-No.1 0.50 0.25 1 

Rice-No.2 0.50 0.25 1 

Rice-No.3 0.38 0.25 1 

Safflower 0.35 0.20 0.74 

Soybean-No.1 0.36 0.25 0.77 

Soybean-No.2 0.40 0.25 0.77 

Sugar beet-No.1 0.70 0.25 1 

Sugar beet-No.2 0.80 0.25 1 

Sugarcane 0.90 0.90 1 

Sunflower-rfd 0.35 0.22 0.74 

Tomato 0.70 0.20 1 

Walnut-No.1 0.40 0.20 0.75 

Walnut-No.2 0.20 0.20 0.75 

Watermelon-irr 0.55 0.35 1 

Watermelon-rfd 0.55 0.35 1 

Wheat_Irr 0.50 0.23 1 

Wheat_Rf-No.1 0.50 0.23 1 

Wheat_Rf-No.2 0.50 0.23 1 
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Table 6. Water relations parameters in SSM-iCrop2 and their estimates. 

Crop frBRG frTRG iDEPORT MEED TEC WSSG WSSL WSSD 

Alfalfa and clover-No.1 0.01 0.50 1000 1500 4.5 0.50 0.50 0.50 

Alfalfa and clover-No.2 0.01 0.99 1000 1300 4.5 0.50 0.50 0.00 

Alfalfa and clover-No.3 0.01 0.99 1000 1300 4.5 0.50 0.50 0.00 

Alfalfa and clover-No.4  0.01 0.99 1000 1300 4.5 0.50 0.50 0.00 

Alfalfa and clover-No.5 0.01 0.50 1000 1500 4.5 0.50 0.50 0.50 

Almond-irr 0.10 0.50 1000 1500 5.0 0.30 0.40 0.50 

Almond-rfd-No.1 0.10 0.50 1000 1500 5.0 0.30 0.40 0.00 

Almond-rfd-No.2 0.10 0.50 1000 1500 5.0 0.30 0.40 0.00 

Almond-rfd-No.3 0.10 0.50 1000 1500 5.0 0.30 0.40 0.00 

Apple-No.1 0.10 0.50 1000 1500 5.5 0.30 0.40 0.00 

Apricot and plum 0.10 0.50 1000 1500 5.0 0.30 0.40 0.50 

Barley No.2 0.05 0.68 200 1000 5.8 0.30 0.40 0.50 

Barley-No.1 0.05 0.68 200 1000 5.8 0.30 0.40 0.50 

Bean-No.1 0.04 0.55 200 1000 5.0 0.30 0.40 0.00 

Bean-No.2 0.04 0.55 200 1000 5.0 0.30 0.40 0.00 

Canola-No.3 0.08 0.60 200 1000 4.5 0.30 0.40 0.50 

Chickpea-irr 0.09 0.60 200 1000 5.0 0.50 0.50 0.50 

Chickpea-rfd 0.08 0.57 200 1000 5.0 0.30 0.40 0.40 

Citrus-No.1 0.10 0.50 1000 1500 5.0 0.30 0.40 0.00 

Citrus-No.2 0.10 0.50 1000 1500 5.0 0.30 0.40 0.00 

Corn silage _Late-No.1 0.04 0.60 150 1100 12.0 0.25 0.35 0.00 

Corn silage _Late-No.2 0.04 0.60 150 1100 12.0 0.25 0.35 0.00 

Cotton-No.1 0.05 0.55 200 1000 5.0 0.30 0.40 0.50 

Cotton-No.2 0.05 0.55 200 1000 5.0 0.30 0.40 0.50 

Cucamber-No.1 0.01 0.55 200 1000 5.8 0.40 0.40 0.00 

Cucamber-No.2 0.01 0.55 200 1000 5.8 0.40 0.40 0.00 

Date-No.1 0.10 0.51 1000 1500 4.5 0.30 0.40 0.00 

Date-No.2 0.10 0.51 1000 1500 4.5 0.30 0.40 0.00 

FIG-No.1 0.01 0.50 1000 1200 5.8 0.30 0.40 0.00 

FIG-No.2 0.01 0.50 1000 1200 5.8 0.30 0.40 0.00 

Grape-No.1 0.10 0.50 1000 1500 5.0 0.30 0.40 0.50 

Grape-No.2 0.10 0.50 1000 1500 5.8 0.30 0.40 0.00 

Grape-No.3 0.10 0.50 1000 1500 5.8 0.30 0.40 0.00 

Lentil-No.1 0.04 0.60 200 1000 5.0 0.30 0.40 0.40 

Lentil-No.2 0.04 0.60 200 1000 5.0 0.30 0.40 0.40 

Maize_Early-No.1 0.04 0.59 200 1100 12.0 0.25 0.35 0.00 

Maize_Late-No.2 0.04 0.59 200 1100 12.0 0.25 0.35 0.00 

Maize_Late-No.3 0.04 0.59 200 1100 12.0 0.25 0.35 0.00 

Maize_Mid-No.4 0.04 0.59 200 1100 12.0 0.25 0.35 0.00 

Melon-No.1 0.01 0.55 200 1000 5.8 0.40 0.40 0.00 

Melon-No.2 0.01 0.55 200 1000 5.8 0.40 0.40 0.00 

Olive 0.10 0.50 1000 1500 5.0 0.30 0.40 0.50 

Onion-No.1 0.01 0.50 200 500 5.8 0.50 0.50 0.00 

Onion-No.2 0.01 0.50 200 500 5.8 0.50 0.50 0.00 

Peach-No.1 0.10 0.50 1000 1500 5.8 0.30 0.40 0.00 

Peach-No.2 0.10 0.50 1000 1500 5.0 0.30 0.40 0.50 

Pistachio 0.10 0.50 1000 1500 5.8 0.30 0.40 0.00 

Pomegranate 0.10 0.50 1000 1500 6.0 0.25 0.25 0.00 
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Potato 0.04 0.60 200 1000 5.8 0.50 0.50 0.50 

Rice-No.1 0.00 0.65 200 250 5.8 0.60 0.60 0.00 

Rice-No.2 0.00 0.65 200 250 5.8 0.60 0.60 0.00 

Rice-No.3 0.00 0.65 200 250 5.8 0.60 0.60 0.00 

Safflower 0.04 0.66 200 1000 4.8 0.50 0.50 0.50 

Soybean-No.1 0.03 0.60 200 1000 4.5 0.30 0.40 0.00 

Soybean-No.2 0.03 0.60 200 1000 4.5 0.30 0.40 0.40 

Sugar beet-No.1 0.05 0.55 120 1000 6.0 0.50 0.50 0.50 

Sugar beet-No.2 0.05 0.55 120 1000 6.5 0.50 0.50 0.00 

Sugarcane 0.01 0.50 1000 1000 9.0 0.50 0.50 0.50 

Sunflower-rfd 0.01 0.60 200 1200 4.8 0.50 0.50 0.50 

Tomato 0.10 0.50 200 1000 6.5 0.50 0.50 0.50 

Walnut-No.1 0.10 0.50 1000 1500 5.0 0.30 0.40 0.50 

Walnut-No.2 0.10 0.50 1000 1500 5.0 0.30 0.40 0.50 

Watermelon-irr 0.01 0.50 200 1200 6.0 0.50 0.50 0.00 

Watermelon-rfd 0.05 0.50 200 1200 6.0 0.50 0.50 0.00 

Wheat_Irr 0.06 0.68 200 1000 5.8 0.30 0.40 0.40 

Wheat_Rf-No.1 0.06 0.68 200 1000 5.8 0.30 0.40 0.40 

Wheat_Rf-No.2 0.06 0.68 200 1000 5.8 0.30 0.40 0.40 

 

 

  



67 

 

  ای هرتعیو ارزیابی برای پوضص هپاراهتریابی  - 3ضویوه 

 

 های هورد استفادهداده

ثب ٘ؾبكت  ام اعلافبت علط ّٔی فّٛفٝ لبثُ ثلؿاُت ٔلاتـ وِٛك اًتفبؿٜ ُـ. ایٗ علط SSM-iCrop2وبِیجلاًیٖٛ ٔـَ  ثٝ ٔٙؾٛك

 ٞب٘لیٔٙغمٝ اوِٛٛهیه وِٛك ثلاًبى تمٌیٕبت اكائٝ ُـٜ تًٛظ  5ٞب، ٔلاتـ ٚ آثؾینؿاكی وِٛك، ؿك ؿفتل أٛك ٔلاتـ ًبمٔبٖ رٍُٙ

ثّٛصی ٚ ٘بعیٝ  وٌٛٞتب٘ی ٔلتفـ )ُجٝ آِپی((اًتپی، ٘یٕٝ ثیبثب٘ی، اًتپی، ٘یٕٝ )ؿكثلٌیل٘ـٜ ٔٙبعك  ٘ٛاعی ایلاٖ ٚ تٛكا٘یپبثٛ ُبُٔ 

ٞب پوٍِٚٞل ًٌٔٛٝ تغمیمبت رٍُٙ 100كٚیِی وِٛك ثٛؿ٘ـ، تًٛظ ثیَ ام  ًبیت وٝ ٔقلف ٔلاتـ ایٗ ٔٙبعك 54فٕب٘ی( ؿك -)ؽّیذ

ٔغُ  1. ُىُ (1398)ٔمیٕی،  اًتُٜـارلا  1390تب  1385ًبَ ام ًبَ  6ثٝ ٔـت میل پلٚهٜ اًتب٘ی،  216ٚ ٔلاتـ وِٛك، ؿك لبِت 

ٔٙؾٛك ًبیت ثٝ 46ؿك ٔغبِقٝ عبضل ام اعلافبت ٔمـاك فّٛفٝ ؽِه تِٛیـ ُـٜ ؿك  ؿٞـ.كا ِ٘بٖ ٔیؿك ایٗ علط ٞب للاكٌیلی ًبیت

 آٚكؿٜ ُـٜ اًت.  1ٞبی ٔٛكؿ اًتفبؿٜ ؿك رـَٚ اًتفبؿٜ ُـ. اًبٔی ًبیت SSM-iCrop2وبِیجلاًیٖٛ ٔـَ 
 

 
 

 
 (.ؿاُت ٔلاتـ وِٛكثلٌلفتٝ ام علط ّٔی فّٛفٝ لبثُ ثل) ٞبی علط فّٛفٝ لبثُ ثلؿاُت ٔلاتـ وِٛكٔغُ للاكٌیلی ًبیت -1ُىُ 
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 ٞبی ٔٛكؿ اًتفبؿِٜیٌت ًبیت  -1رـَٚ 

 ًبیت اًتبٖ  ًبیت اًتبٖ  ًبیت اًتبٖ

()كضی اكُك اكؿثیُ  صٙبكاٖ ٌٌّتبٖ  ًٝ آفٟبٖ  

 إِٛت لنٚیٗ  صٍِٙٛٝ ایلاْ  ًٟٙـ آفكثبیزبٖ ُللی

 ا٘زـاٖ ٔلونی  عبری آثبؿ ٞلٔنٌبٖ  ًیلیه ٞلٔنٌبٖ

 ایٙضٝ ثلٖٚ ٌٌّتبٖ  عٕٛ ًّغبٖ لٓ  ُیلوٜٛ ینؿ

ٓبِظ  ایلاْ

 آثبؿ

 آة ثبكیه ولٔبٖ  ؽِىٝ كٚؿ ٔلونی 

 ثبؿأٌتبٖ م٘زبٖ  ؿلاكاْ ثُٟٛل  عجي ؽلاًبٖ رٙٛثی

 ثلیي ًیٌتبٖ ٚ ثّٛصٌتبٖ  ؿٞٙٛ ثلؿًیل ولٔبٖ  فیلٚموٜٛ ٔبم٘ـكاٖ

 ثیٙبِٛؿ ؽلاًبٖ كضٛی  ماغٝ ِلًتبٖ  للٜ ثبك آفكثبیزبٖ غلثی

 پّٛك ٔبم٘ـكاٖ  مٔیٗ ًًٙ ٞلٔنٌبٖ  للٜٚ ولؿًتبٖ

 تلثت عیـكیٝ ؽلاًبٖ كضٛی  ًبكاَ ولؿًتبٖ  وجٍبٖ ثُٟٛل

 تنؽلاة آفكثبیزبٖ غلثی  ًجلاٖ اكؿثیُ  ولؿاٖ اِجلم

 تیُ آثبؿ ٌٌّتبٖ  ًپیـاٖ فبكى  ولًٙه صٟبكٔغبَ ٚ ثؾتیبكی

 ربُّٛثبك ًٕٙبٖ  ًلؽي ؽلاًبٖ كضٛی  ٌلٌٔبك ًٕٙبٖ

 صِٕٝ ا٘زیل فبكى  ًلفّی آثبؿ ٌٌّتبٖ  ٌٛكاة آفٟبٖ

 ٌٔزـ ًّیٕبٖ ؽٛمًتبٖ  ٘ـُٚٗ ینؿ  ٞلًیٗ ولٔبِ٘بٜ

       یىٝ ثبك لنٚیٗ

 

 هذل یبراسوىلکااطلاعات هورد نیاز برای 

ثبُـ. اعلافبت ٘یبم ثٝ اعلافبت ٞٛاُٙبًی ٚ ؽبن ٔی SSM-iCrop2ٞب ثب ٔـَ ًبمی تِٛیـ ٔلتـ ؿك ٞل یه ام ًبیتثلای ُجیٝ

 تلیٗ ایٌتٍبٜ ٞٛاُٙبًی ثٝ ٞل ًبیت تٟیٝ ُـآفتبثی ام ٘نؿیهٞٛاُٙبًی ُبُٔ ؿٔبی عـالُ ٚ عـاوخل كٚما٘ٝ، ثبكٍ كٚما٘ٝ ٚ ًبفبت 

ٞبی ٞٛاُٙبًی ؿاؿٜ حجت ِ٘ـٜ یب پلت ٚرٛؿ ٞبی ٞٛاُٙبًی، ثٝ ؿِیُ ایٙىٝ ؿك ثلؽی ام ایٌتٍبٜآٚكی ؿاؿٜپي ام رٕـ. (3ٚ  2)رـَٚ 

WeatherManؿاُت، ثب اًتفبؿٜ ام ثل٘بٔٝ 
1 (Hoogenboom et al., 2003ٜؿاؿ )ٚ ثب تٛرٝ ُـٜ آلاط ٚ ثبمًبمی ُـ. ٌٓ ٞبی پلت

( 2013وٛ ٚ ؿیٕن، ) HC27٘مِٝ ؽبن اًتفبؿٜ ُـ.  HC27ثٝ ایٙىٝ ٔغـٚؿیت اعلافبت ؽبن ٚرٛؿ ؿاُت ام ٘مِٝ اعلافبت ؽبن 

IIASAثب  FAO٘تیزٝ ٕٞىبكی ثیٗ ًبمٔبٖ 
2 ،ISRIC

3 ،ISSCAS4  ٚJRC
٘مِٝ  15000. ایٗ ٘مِٝ ؿك ٚالـ تلویت ثیَ ام ثبُـ ٔی 5

اكمیبثی ؽلٚری ٔـَ  ثبُـ. ٔی FAO  ٚUNESCOای ٚ ّٔی ثٝ كٚم ُـٜ ؿك ًلتبًل رٟبٖ ثب اعلافبت ٔٛرٛؿ ؿك ٘مِٝ  ؽبن ٔٙغمٝ

SSM-iCrop2  ثلاًبى اعلافبت ٘مِٝ ؽبنHC27 تٛمیـ، ٔیبٍ٘یٗ ٚ ٚاكیب٘ي اؽتلاف  ٚ اعلافبت ؽبن ٚالقی ِ٘بٖ ؿاؿ وٝ ام ٘ؾل

ثٙبثلایٗ ام اعلافبت ؽبن ایٗ ٘مِٝ ٚرٛؿ ٘ـاكؿ.  HC27٘مِٝ ؽبن علافبت ؽبن ٚالقی ٚ اعلافبت ؽلٚری ٔـَ ثب اؿاكی ثیٗ ٔقٙی

 . (3)رـَٚ  ثلای ٞل ًبیت اًتفبؿٜ ُـ

 

 

                                                      
1
 Weather Data Manager 

2
 International Institute for Applied Systems Analysis 

3
 International Soil Reference and Information Centre 

4
 Institute of Soil Science, Chinese Academy of Sciences  

5
 Joint Research Centre 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=8&cad=rja&uact=8&ved=0ahUKEwjUsbPf7MLXAhVC2KQKHecZAE4QFgg7MAc&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FInternational_Soil_Reference_and_Information_Centre&usg=AOvVaw2axrDiR7BlDvtFsdaXV0ZV
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 ٞبی ٔٛكؿ ثلكًی ٞبی ٞٛاُٙبًی ا٘تؾبثی ثلای ًبیتایٌتٍبٜ  -2رـَٚ 

عَٛ 

 رغلافیبیی

فلٕ 

 رغلافیبیی

ایٌتٍبٜ  اكتفبؿ

 ٞٛاُٙبًی

عَٛ   ًبیت

 رغلافیبیی

فلٕ 

 رغلافیبیی

ایٌتٍبٜ  اكتفبؿ

 ٞٛاُٙبًی

 ًبیت

 ()كضی اكُك ِٔىیٗ ُٟل 1561 38.38 47.68  ًیلیه ٔیٙبة 30 27.11 57.09

 إِٛت لنٚیٗ 1279 36.26 50.06  ُیلوٜٛ ٌبكین 2100 31.31 54.09

 پّٛك ًیبٜ ثیِٝ 1855 36.23 51.30  عجي ثِلٚیٝ 879 33.87 57.43

 تنؽلاة اكٚٔیٝ 1328 37.66 45.06  ؽِىٝ كٚؿ ؽٕیٗ 1835 33.62 50.07

 تیُ آثبؿ ٌٙجـ 37 37.25 55.16  للٜٚ للٜٚ 1906 35.18 47.78

 ربُّٛثبك ُٟٕیلماؿ 1969 35.77 53.35  ؿٞٙٛ ثلؿًیل ثبفت 2280 29.23 56.58

 صِٕٝ ا٘زیل ُیلام 1488 29.56 52.60  ولًٙه ِلؿٌبٖ 1611 31.50 50.83

 صٙبكاٖ ثّٟىٝ ؿاُّی 24 37.05 54.8  ٌٛكاة ؿاكاٖ 2290 32.96 50.36

 ٌلٌٔبك ُٟٕیلماؿ 1969 35.77 53.35  ًبكاَ ثب٘ٝ 1600 36.00 45.89

 للٜ ثبك اكٚٔیٝ 1328 37.66 45.06  ًجلاٖ ٌلٔی 479 39.05 48.05

 فیلٚموٜٛ ًیبٜ ثیِٝ 1855 36.23 51.30  ٌٔزـ ًّیٕبٖ ٌٔزـًّیٕبٖ 320 31.98 49.24

 صٍِٙٛٝ ؿّٞلاٖ 232 32.68 47.28  ًلؽي لٛصبٖ 1287 37.11 58.45

 آثبؿعبری  عبری آثبؿ 931 28.31 55.91  ًلفّی آثبؿ فّی آثبؿ 184 36.90 54.88

 عٕٛ ًّغبٖ ًّفضٍبٖ 1381 34.48 50.47  ًٝ ٔٛكصٝ ؽٛكت 1673 33.08 51.48

 ؿلاكاْ ثلامربٖ 90 29.25 51.17  ًٟٙـ ٔلاغٝ 1344 37.33 46.15

 ماغٝ اِیٍٛؿكم 2022 33.41 49.70  ٘ـُٚٗ ٌبكین 2100 31.31 54.09

 ًًٙمٔیٗ  ٔیٙبة 30 27.11 57.09  ٞلًیٗ رٛا٘لٚؿ 1375 34.76 46.50

 ًپیـاٖ ًپیـاٖ 2201 30.23 52.00  ا٘زـاٖ وٕیزبٖ 1741 34.71 49.33

 یىٝ ثبك لنٚیٗ 1279 36.26 50.06  ایٙضٝ ثلٖٚ ٌٙجـ 37 37.25 55.16

 ولؿاٖ ولد 1293 35.81 50.95  آة ثبكیه ثٓ 1067 29.1 58.35

 وجٍبٖ ثلامربٖ 90 29.25 51.17  ثبؿأٌتبٖ ٔبٜ ِ٘بٖ 1285 36.74 47.68

 ٓبِظ آثبؿ ایلاْ 1337 33.59 46.40  ثلیي وٙبكن 30 25.45 60.35

 تلثت عیـكیٝ تلثت عیـكیٝ 1451 35.33 59.21  ثیٙبِٛؿ ٘یِبثٛك 1213 36.26 58.8
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( ٞٛا TMN( ٚ عـالُ )TMXعـاوخل ) ی(، ٔتًٛظ ؿٔبSRADًبلا٘ٝ ثل عٌت ٍٔبهَٚ ؿك ٔتل ٔلثـ ؿك كٚم ) یـیٔتًٛظ تِقِـ ؽٛكُ  -3رـَٚ 

( ٚ ٘ٛؿ )وـ( ؽبن ؿك 2009تب  1980ٞبی )ٔیبٍ٘یٗ ًبَٞبی ٞٛاُٙبًی ا٘تؾبثی ؿك  ایٌتٍبٜ( PR) ثلعٌت ٔیّی ٔتل ًبلا٘ٝ یٌـٚ ثبك٘ثلعٌت ؿكرٝ ًب٘تی ٌلاؿ 

 ٝ ُـٜ اًت. اكای (1396ًّغب٘ی ٚ ٕٞىبكاٖ )ثبُـ وٝ ِٔؾٔبت ٞل وـ ؽبن ؿك ٔی HC27ٔغـٚؿٜ ٞل ایٌتٍبٜ. وـ ؽبن ثل اًبى ثب٘ه اعلافبتی 

وـ 

 ؽبن

SRAD 

(MJ/m

2) 

TMA

X (°C) 

TMIN 

(°C) 

RAI

N 

(mm) 

 ایٌتٍبٜ

 ٞٛاُٙبًی

وـ  

 ؽبن
SRAD 

(MJ/m2) 
TMA

X (°C) 
TMIN 

(°C) 
RAIN 

(mm) 

 ٞٛاُٙبًی ایٌتٍبٜ

ٔٛكصٝ  128 8.8 23.3 18.5 14

 ؽٛكت

 ِٔىیٗ ُٟل 375 6.1 15.4 14.8 12 

1لنٚیٗ 325 6.8 21.1 15.0 12  ٔلاغٝ 323 7.6 18.5 14.0 5  

 وٕیزبٖ 258 5.2 20.4 18.2 17  ٔیٙبة 212 20.9 33.6 20.2 5

2ٚ  1 ٌبكین 111 6.5 21.9 19.3 8 2ٚ  1ٌٙجـ 448 12.8 24.7 15.6 8    

 ثٓ 55 17.5 29.6 16.9 17  ایلاْ 614 11.3 22.3 17.7 5

 ٔبٜ ِ٘بٖ 261 8.2 21.1 18.0 5  ثِلٚیٝ 91 11.4 27.1 18.3 17

2ًیبٜ ثیِٝ 541 6.4 15.1 14.4 12 *وٙبكن 111 20.6 32.7 19.3 14    

1اكٚٔیٝ 314 4.9 17.5 14.2 12  ٘یِبثٛك 230 6.7 22.0 19.0 17  

1ًیبٜ ثیِٝ 541 6.4 15.1 14.4 14  للٜٚ 342 5.5 17.6 17.9 12  

*ًپیـاٖ 651 9.8 19.9 19.2 5  تلثت عیـكیٝ 265 7.6 20.8 18.3 17  

2اكٚٔیٝ 314 4.9 17.5 14.2 12  ولد 256 8.6 21.1 17.8 5  

 اِیٍٛؿكم 414 5.6 19.2 17.5 12  ِلؿٌبٖ 566 7.2 23.9 19.4 12

 ُٟٕیلماؿ 234 7.0 17.5 17.1 8  ُٟٕیلماؿ 234 7.0 17.5 17.1 8

 ُیلام 331 10.6 26.0 18.4 5  ؿاكاٖ 341 4.4 17.4 19.0 14

*ثّٟىٝ ؿاُّی 393 11.0 24.0 17.5 5  ٌٔزـًّیٕبٖ 431 19.1 31.6 16.6 5  

 ؿّٞلاٖ 286 19.9 32.1 18.6 5  ٌلٔی 310 10.2 18.2 14.1 12

 عبری آثبؿ 180 14.8 31.6 20.9 5  رٛا٘لٚؿ 556 10.0 22.6 12.0 12

2لنٚیٗ 325 6.8 21.1 15.0 14  ًّفضٍبٖ 171 10.7 24.2 18.6 14  

 ؽٕیٗ 156 11.0 24.8 18.4 17  ٔیٙبة 212 20.9 33.6 20.2 5

2ٚ  1 ثلامربٖ 232 21.0 34.9 18.1 5  ثب٘ٝ 683 8.7 18.7 17.3 5  

 ثبفت 315 3.9 19.6 18.3 17  لٛصبٖ 312 6.2 19.4 15.9 17

 فّی آثبؿ 722 12.5 23.1 15.1 8       

 .2009تب  1984ٞبی ایٌتٍبٜ وٙبكن ٔتًٛظ ًبَ ؛2009تب  1985ٞبی ؛ ایٌتٍبٜ ثّٟىٝ ؿاُّی ٔتًٛظ ًب2014َتب  2005ٞبی *ایٌتٍبٜ ًپیـاٖ ٔتًٛظ ًبَ

 

پَُٛ ٌیبٞی ٌ٘جتبً ٍٕٞٗ  5ثٙـی ٔقلٚف ثٝ پبثٛ ثٝ تمٌیٓثب وٕه ٞب ثلاًبى ٘بعیٝ كٚیِی ًبیت ،ثٝ ٔٙؾٛك وبِیجلاًیٖٛ ٔـَ

تقلیف ُـ٘ـ ـ فٔلت یؽّیذ فٕب٘ی، ثیبثب٘ی، اًتپی، ٘یٕٝ اًتپی ٚ وٌٛٞتب٘ثٝ ٓٛكت پَُٛ ٌیبٞی ٔلتقی ٘ٛؿ  5 ایٗثٙـی ُـ٘ـ. ٌلٜٚ

پبكأتلٞبی پَُٛ ٔلتقی  15 ثلای ُـ. ؿك ٔزٕٛؿ ؿك ٘ؾل ٌلفتٝؽٛة، ٔتًٛظ ٚ ضقیف ٚضقیت ًٝ  پَُٛ ٌیبٞیٚ  ثلای ٞل 

ام یىی ام ایٗ پَُٛ ٞب ٚ پبكأتلٞبی ٔلثٛعٝ ؿك  تِٛیـٔمـاك ٞب ثب تٛرٝ ثٝ ُلایظ الّیٕی ٚ ًبیت ٚ ؿك ٞل یه ام  ٌیبٞی ثـًت آٔـ

ٞبی رقكٔیبٍ٘یٗ ٔلثقبت ؽغب ًبمی ثب ِٔبٞـٜ ُـٜ ام آٔبكٜثلای ٔمبیٌٝ ٘تبیذ عبُٓ ام ُجیٝ(. 4ُجیٝ ًبمی ٞب اًتفبؿٜ ٌلؿیـ )رـَٚ 

(RMSE( ضلیت ٕٞجٌتٍی ،)r( ضلیت تغییلات ٚ )CV.اًتفبؿٜ ُـ ) 
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 ی ٔٛكؿ ثلكًیٞبؿك ٞل یه ام ًبیتٔٛكؿ اًتفبؿٜ ثلای ُجیٝ ًبمی ٔلتـ پَُٛ ٌیبٞی ٘ٛؿ  -4رـَٚ 

 ٘ٛؿ ٔلتـ ًبیت

 اًتپی ؽٛة ُیلوٜٛ ،ًلؽي

 اًتپی ضقیف  ایٙضٝ ثلٖٚ، ٘ـُٚٗ، ا٘زـاٖ، ؽِىٝ كٚؿ، تیُ آثبؿ، ؿٞٙٛ ثلؿًیل، یىٝ ثبك، ٌٔزـ ًّیٕبٖ (، ًٝ، صٍِٙٛٝ،)كضی اكُك

 ٔتًٛظاًتپی  ًپیـاٖ، صٙبكاٖ، ٓبِظ آثبؿ

 ثیبثب٘ی ؽٛة عٕٛ ًّغبٖ، ٌلٌٔبك

 ثیبثب٘ی ضقیف ثلیي 

 ثیبثب٘ی ٔتًٛظ آة ثبكیه، عجي

 ؽّیزی فٕب٘ی ؽٛة وجٍبٖ

 ؽّیزی فٕب٘ی ضقیف ًیلیه، عبری آثبؿ ،مٔیٗ ًًٙ

 ؽّیزی فٕب٘ی ٔتًٛظ ؿلاكاْ 

 وٌٛٞتبٖ ٔلتفـ ؽٛة إِٛت، ًٟٙـ

 ثبؿأٌتبٖ، ثیٙبِٛؿ

وٌٛٞتبٖ ٔلتفـ 

 ضقیف

 ًجلاٖ

وٌٛٞتبٖ ٔلتفـ 

 ٔتًٛظ

 ٘یٕٝ اًتپی ؽٛة پّٛك، ٞلًیٗ، ًبكاَ، ربُّٛثبك، تلثت عیـكیٝ، ولًٙه، فیلٚموٜٛ

 ٘یٕٝ اًتپی ضقیف تنؽلاة، للٜ ثبك، ٌٛكاة

 ٘یٕٝ اًتپی ٔتًٛظ ماغٝ، ًلفّی آثبؿ، للٜٚ، صِٕٝ ا٘زیل، ولؿاٖ

 

  

 SSM-iCrop2هذل  واسنجی

 

٘یبم ثٛؿ تب اثتـا پبكأتلٞبی آٖ ثلای پَُٛ ٌیبٞی ٔلتقی ؿك ٔٙبعك ٔؾتّف وِٛك تقییٗ  SSM-iCrop2ثلای اًتفبؿٜ ام ٔـَ 

ٔلثٛط )ٔـَ ٌیبٞی پبكأتل  37ام وٝ  ِٔؾْ ُـٞبی ٔٛكؿ ثلكًی، . پي ام ا٘زبْ وبِیجلاًیٖٛ ٔـَ ثب اًتفبؿٜ ام اعلافبت ًبیتٌلؿؿ

ٞبی ٌیبٞی ثلای پَُٛ پبكأتل 35، ثلآٚكؿ  (ٚ كٚاثظ آة تِىیُ فّٕىلؿًغظ ثلي، تِٛیـ ٔبؿٜ ؽِه، ٞبی فِٙٛٛهی، ثٝ ثؾَ

عـاوخل یقٙی ٌیبٞی پبكأتل  2ام ٘ؾل  فمظٞبی ٌیبٞی ٔلتقی پَُٛ آٚكؿٜ ُـٜ اًت. 5ثٛؿ٘ـ. ایٗ ٔمبؿیل ؿك رـَٚ ٔلتقی ِٔبثٝ 

وٝ ثلآٚكؿ  ثٛؿ٘ـ تفبٚتٔ( tuHAR)ام ُلٚؿ كُـ تب ٔلعّٝ كًیـٌی ٌیبٜ  ٚ ٚاعـ ؿٔبیی( LAIMX)ٔٛكؿ ا٘تؾبك ُبؽْ ًغظ ثلي 

یه ؿِیُ ثلای ایٗ اتفبق ایٗ ثٛؿ وٝ ًقی ُـ ام اؽتلافبت وٛصه ؿك ثلآٚكؿ پبكأتلٞب  .اكایٝ ُـٜ اًت 6رـَٚ ایٗ ؿٚ پبكأتل ؿك 

 ٘ؾل ُٛؿ. ٓلف
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  ٞبی ٌیبٞی ٔلتقیثلای پَُٛ SSM-iCrop2پبكأتلٞبی ٔـَ ٔمبؿیل ثلآٚكؿ ُـٜ  -5رـَٚ 
 ٔمـاك ٔؾفف پبكأتل )ٚاعـ(

   فِٙٛٛهی

    Base temperature for development (°C) TBD 2 

    Lower optimum temperature for development (°C) TP1D 20 

    Upper optimum temperature for development (°C) TP2D 30 

    Ceiling temperature for development (°C) TCD 43 

    Temperature unit from 1st January to spring regrowth (oC) ForReq 250 

    Fraction of tuHAR for emergence or beginning leaf growth (°C) frEMR 0.055 

    Fraction of tuHAR for beginning of seed or fruit growth (°C) frBSG 0.70 

    Fraction of tuHAR for termination of seed or fruit growth (°C) frTSG 0.90 

    Fraction of tuHAR for physiological maturity (end of dry mass accumulation) (°C) frPM 0.90 

   ٌٌتلٍ ٚ پیلی ًغظ ثلي

    Point #1 for normalized leaf area vs normalized temperature unit (x1, y1) * x1, y1 (0.30, 0.01) 

    Point #2 for normalized leaf area vs normalized temperature unit (x1, y1) *  x2, y2 (0.6, 0.88) 

    Fraction of tuHAR for  beginning leaf senescence (°C) frBLS 0.70 

    Leaf senescence rate coefficient SRATE 1 

    Low temperature / freezing threshold for leaf death (°C) FrzTh -5 

    Relative leaf death per each degree below low temperature / freezing threshold  FrzLDR 0.01 

    Heat threshold temperature for leaf senescence (°C) HeatTH 30 

    Relative increase in leaf senescence rate per each degree above heat threshold (°C) HtLDR 0.1 

   تزٕـ ٔبؿٜ ؽِه

    Base temperature for dry matter production (°C)  TBRUE 10 

    Lower optimum temperature for dry matter production (°C) TP1RUE 20 

   Upper optimum temperature for dry matter production (°C) TP2RUE 30 

   Ceiling temperature for dry matter production (°C) TCRUE 35 

   Extinction coefficient for photosyntheticaly active radiation KPAR 0.6 

   Radiation use efficiency under optimal growth conditions (g MJ-1) RUE 0.7 

   Coefficient for response of RUE to CO2 concentration  C3C4 0.8 

   تِىیُ فّٕىلؿ

    Maximum harvest index/Liner increase in harvest index (g g-1 d-1) HImax 0.2 

    Fraction of dry mass remobilizable from the vegetative tissue to the developing 
seeds/fruits (g g-1) 

FRTRL 0.2 

    Grain conversion coefficient (g g-1) GCC 1 

   

   كٚاثظ آة

    Fraction of tuHAR for beginning root growth (°C) frBRG 0.06 

    Fraction of tuHAR for termination root growth (°C) frTRG 0.70 

    Initial depth of roots at emergence or beginning leaf growth (mm)  iDEPORT 1000 
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    Maximum effective depth of water extraction from soil (mm) MEED 1000 

    Transpiration efficiency coefficient (Pa)  TEC 4 

    FTSW threshold when dry matter production starts to decline  WSSG 0.25 

    FTSW threshold when leaf area development starts to decline  WSSL 0.35 

    A coefficient that specifies acceleration or retardation in development in response to 
water deficit 

WSSD 0 

 
( tuHAR( ٚ ٚاعـ ؿٔبیی ام ُلٚؿ كُـ ثٟبكٜ تب ٔلعّٝ كًیـٌی ٌیبٜ )LAIMXعـاوخل ُبؽْ ًغظ ثلي ٔٛكؿ ا٘تؾبك )پبكأتلٞبی ثلآٚكؿ  -6رـَٚ 

 . SSM-iCrop2ٔـَ ٞبی ٔؾتّف ٌیبٞی ٔلتقی ثلای اًتفبؿٜ ؿك ثلای پَُٛ

 LAIMX tuHAR (°C) پَُٛ ٌیبٞی ٔلتقی  LAIMX tuHAR (°C) پَُٛ ٌیبٞی ٔلتقی

 2800 2 ثیبثب٘ی ؽٛة  1500 3.5 وٌٛٞتب٘ی ٔلتفـ ؽٛة

 2800 0.6 ثیبثب٘ی ٔتًٛظ  1500 1.5 وٌٛٞتب٘ی ٔلتفـ ٔتًٛظ

 2800 0.3 ثیبثب٘ی ضقیف  1500 0.8 وٌٛٞتب٘ی ٔلتفـ ضقیف

 3000 3.25 ؽّیذ فٕب٘ی ؽٛة  1800 3 ٘یٕٝ اًتپی ؽٛة

 3000 1.5 ؽّیذ فٕب٘ی ٔتًٛظ  1800 1.5 ٘یٕٝ اًتپی ٔتًٛظ

 3000 0.5 ؽّیذ فٕب٘ی ضقیف  1800 0.5 ٘یٕٝ اًتپی ضقیف

     2400 2.5 اًتپی ؽٛة

     2400 0.8 اًتپی ٔتًٛظ

     2400 0.3 اًتپی ضقیف

LAIMX= Maximum leaf area index; tuHAR= Temperature unit for harvest  
 

 هذل ارزیابی 

ٔٙؾٛك اكمیبثی كٚم تب ثٝ ُـ.ٔغبِقٝ ٞبی ٔٛكؿ ًبیتثلای ثب اًتفبؿٜ ام پبكأتلٞبی ثـًت آٔـٜ ام ٔلعّٝ لجّی الـاْ ثٝ ارلای ٔـَ 

ٚ ُجیٝ ًبمی ُـٜ كٚم تب ُلٚؿ  ٔمبؿیل ِٔبٞـٜ ُـٜ ٔٛكؿ ثلكًی اًتفبؿٜ ُـ.ٞبی ٞبی وبكُٙبًبٖ ثلای ًبیتُلٚؿ كُـ ام ٌناكٍ

 13( RMSEعٛكی وٝ ٔمـاك رقك ٔیبٍ٘یٗ ٔلثقبت ؽغب )ًبمی ٕ٘ٛؿٜ اًت، ثِٝ٘بٖ ؿاؿ وٝ ٔـَ ثب ؿلت ؽٛثی ایٗ ٔلعّٝ كا ُجیٝكُـ 

ُـٜ ٚ ًبمی( ثیٗ ٔمبؿیل ُجیCVٝیلات )ؿكٓـ ٔیبٍ٘یٗ ُلٚؿ كُـ ِٔبٞـٜ ُـٜ اًت یقٙی ضلیت تغی 8/17كٚم ثٛؿ وٝ عـٚؿ 

اًت. ٕٞضٙیٗ ٔزـؿ ثیٙی مٔبٖ ُلٚؿ كُـ ٔـَ ؿك پیَ لبثُ لجَٛؿٞٙـٜ ؿلت ثٛؿ وٝ ِ٘بٖ 8/17ُـٜ ثلای كٚم تب ُلٚؿ كُـ ِٔبٞـٜ

اًت )ُىُ لبثُ لجَٛ ٔـَ  وبكولؿٔٛیـ ًبمی ُـٜ ثب ُلٚؿ كُـ ِٔبٞـٜ ُـٜ ُلٚؿ كُـ ُجیٝثیٗ كٚمتب ( r;  60/0ٕٞجٌتٍی ثبلا )

2.) 

ٔٛكؿ ثلكًی ٔلتقی ٞبی ًبیتام ٔـَ ام ٔمبؿیل وُ ٔبؿٜ ؽِه ٌناكٍ ُـٜ ثیٙی ُـٜ تًٛظ پیَثلای اكمیبثی تِٛیـ ٔبؿٜ ؽِه 

وُ ( ثلای RMSEرقك ٔیبٍ٘یٗ ٔلثقبت ؽغب )ًبمی تِٛیـ ٔبؿٜ ؽِه ٔلاتـ ثب اًتفبؿٜ ام ٔـَ ِ٘بٖ ؿاؿ وٝ ٘تبیذ ُجیٝاًتفبؿٜ ُـ. 

ثٛؿ. ٔمـاك ضلیت ٕٞجٌتٍی  ُـِٜٔبٞـٜوُ ٔبؿٜ ؽِه ؿكٓـ ٔیبٍ٘یٗ  5/17 ٌلْ ؿك ٔتلٔلثـ ثٛؿ وٝ ٔقبؿَ 184 ثلاثل ثبٔبؿٜ ؽِه 

ُٛؿ ثیِتل ِٔبٞـٜ ٔی 2ٕٞب٘غٛك وٝ ؿك ُىُ ثٛؿ.  96/0ثلاثل ثب  ِٔبٞـٜ ُـُٜـٜ ٚ ًبمیُجیٝوُ ٔبؿٜ ؽِه ثلای كاثغٝ ثیٗ ٔمـاك 

ًبمی وُ ٔبؿٜ ؽِه ثب اًتفبؿٜ ام ٔـَ كضبیت ثؾَ ُجیٝ، ثبُٙـ. ثل ایٗ اًبى ٘تبیذٔیؿكٓـ  ±20ا٘غلاف  ط٘مبط ؿك ٔغـٚؿٜ ؽغٛ

  ثبُـ.تٛا٘ـ ِ٘بٖ ؿٞٙـٜ ثلآٚكؿ ٓغیظ  پبكأتلٞبی ٔـَ ٚ یب تٔـیك وٙٙـٜ وبكایی ٔـَ ؿك تؾٕیٗ ٔمـاك وُ ٔبؿٜ ؽِه ثٛؿ وٝ ٔی
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ؿكٓـ ام اؽتلاف ثیٗ  20ٚ وُ ٔبؿٜ ؽِه، ؿأٙٝ )ثل عٌت كٚم ًبَ ام اَٚ ها٘ٛیٝ( ٔمبؿیل ِٔبٞـٜ ُـٜ ٚ ُجیٝ ًبمی ُـٜ كٚم تب ُلٚؿ كُـ  -2ُىُ 

 اًت. 1:1ُـٜ تًٛظ ؽغٛط ٔٙمغـ ِ٘بٖ ؿاؿٜ ُـٜ اًت. ؽظ ٕٔتـ ؽظ  ِٔبٞـًٜبمی ُـٜ ٚ ُجیٝ
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  فهرست هنابع هورد استفاده برای پاراهتریابی و ارزیابی هذل برای گیاهاى هختلف –4ضویوه 

 

Table 1. Experiments used for parameterization and evaluation of SSM* Irrigated wheat 

Province, Location and Year Treatments   Reference 

Experiments used for parameter estimation 

Ahvaz, Khozestan, 2003-2005 Genotype Andarzian et al., 2008 

Gorgan, Golestan, 2005-2006 Genotype, planting date Arabameri et al., 2010 

Zanjan, Zanjan, 2010-2011 Genotype Aslani et al., 2012 

Ahvaz, Khozestan, 2010-2011  Water regime Delghandi et al., 2014 

Ardebil, Ardebil, 2009-2010 Genotype, planting date Ganbari et al., 2012 

Gorgan,Golestan, 2008-2009 Genotype Ghadiriyan, 2011 

Gorgan,Golestan, 2007-2008 

Genotype, nitrogen fertilizer 

rate Hosseini et al., 2014 

Khoramabad, Lorestan, 2006-2007 Genotype, plant density Hosseinpour et al., 2012 

Neyshabor, KhorasanRazavi, 2003-2005 Genotype, planting date 

Jafarnezhad and sharifhosseini, 

2011 

Gorgan, Golestan, 2014-2015 Genotype Nazari, 2016 

Experiments used for model evaluation 

Sararod,Esfahan , 2006-2009  Genotype, planting date Abdulahi, 2015  

Meshkinshahr, Ardebil, 2007-2008 Genotype Ahmadi  et al., 2011 

Ahvaz, Khozestan, 2001-2002 Genotype Amidzadeh et al., 2010 

Ahvaz, Khozestan, 2008-2009 Genotype, planting date Amini et al., 2011 

Khoramabad,, Lorestan, 2006-2007 Genotype, plant density Chegeni et al., 2011 

Ardebil, Ardebil, 2009-2010 Genotype, planting date Ganbari  et al., 2012 

Tabriz, Azarbajansharghi, 2012-2013 Genotype Hoshmandi, 2015 

Gorgan, Golestan, 2011-2012 Nitrogen fertilizer rate Hosseini, 2012 

Dezfol, Khozestan, 2010-2011 Plant density lak et al., 2013 

Sarabele, Ilam, 1998-1999 Genotype, plant density Mozafari et al., 2006 

Gorgan,Golestan, 2014-2015 Genotype Nazari, 2016 

Dezfol, Khozestan,1994-1996 Genotype, water regime Rahnama and LotfaliAyeneh, 2011 

Gorgan,Golestan, 2009-2010 Genotype Salehi, 2013 

Shiraz, Fars, 2013-2014 

Water regime, nitrogen 

fertilizer rate Shahrasbi et al., 2016 

Kerman, Kerman, 2002-2003 

Genotype, nitrogen fertilizer 

rate Shahsawari et al., 2003 

Experiments used for Water requirement 

Oromeih, Azargharbi,  2005 Irrigation, Genotype Razavi et al., 2008 

Khoramabad, Lorestan, 2001 Irrigation  

 

Sepahvand, 2009 

Zabol, Sistanvabalochestan, 2003 

Water regime, Irrigation 

method Kykhaei et al., 2016 

Zabol, Sistnvabalochestan, 2004 

Water regime, Irrigation 

method Kykhaei et al., 2016 
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Mashhad, Khorasanrazavi, 2011 Water regime Rahimiyan et al., 2014 

Mashhad, Khorasanrazavi, 2012 Water regime Rahimiyan et al., 2014 

 

Table 2. Experiments used for parameterization and evaluation of SSM* Rainfed wheat 

Province, Location and Year Treatments   Reference 

Experiments used for parameter estimation 

Ahvaz, Khozestan, 2003-2005 Genotype Andarzian et al., 2008 

Gorgan, Golestan, 2005-2006 Genotype, planting date Arabameri et al., 2010 

Zanjan, Zanjan, 2010-2011 Genotype Aslani et al., 2012 

Ahvaz, Khozestan, 2010-2011  Water regime Delghandi et al., 2014 

Ardebil, Ardebil, 2009-2010 Genotype, planting date Ganbari et al., 2012 

Gorgan,Golestan, 2008-2009 Genotype Ghadiriyan, 2011 

Gorgan,Golestan, 2007-2008 

Genotype, nitrogen fertilizer 

rate Hosseini et al., 2014 

Khoramabad, Lorestan, 2006-2007 Genotype, plant density Hosseinpour et al., 2012 

Neyshabor, KhorasanRazavi, 2003-2005 Genotype, planting date Jafarnezhad and sharifhosseini, 2011 

Gorgan, Golestan, 2014-2015 Genotype Nazari, 2016 

Experiments used for model evaluation 

Sararod,Esfahan , 2006-2009  Genotype, planting date Abdulahi, 2015  

Meshkinshahr, Ardebil, 2007-2008 Genotype Ahmadi  et al., 2011 

Ahvaz, Khozestan, 2001-2002 Genotype Amidzadeh et al., 2010 

Ahvaz, Khozestan, 2008-2009 Genotype, planting date Amini et al., 2011 

Khoramabad,, Lorestan, 2006-2007 Genotype, plant density Chegeni et al., 2011 

Ardebil, Ardebil, 2009-2010 Genotype, planting date Ganbari  et al., 2012 

Tabriz, Azarbajansharghi, 2012-2013 Genotype Hoshmandi, 2015 

Gorgan, Golestan, 2011-2012 Nitrogen fertilizer rate Hosseini, 2012 

Dezfol, Khozestan, 2010-2011 Plant density lak et al., 2013 

Sarabele, Ilam, 1998-1999 Genotype, plant density Mozafari et al., 2006 

Gorgan,Golestan, 2014-2015 Genotype Nazari, 2016 

Dezfol, Khozestan,1994-1996 Genotype, water regime Rahnama and LotfaliAyeneh, 2011 

Gorgan,Golestan, 2009-2010 Genotype Salehi, 2013 

Shiraz, Fars, 2013-2014 

Water regime, nitrogen 

fertilizer rate Shahrasbi et al., 2016 

Kerman, Kerman, 2002-2003 

Genotype, nitrogen fertilizer 

rate Shahsawari et al., 2003 

Experiments used for Water requirement 

Oromeih, Azargharbi,  2005 Irrigation, Genotype Razavi et al., 2008 

Khoramabad, Lorestan, 2001 Irrigation  

 

Sepahvand, 2009 

Zabol, Sistanvabalochestan, 2003 

Water regime, Irrigation 

method Kykhaei et al., 2016 

Zabol, Sistnvabalochestan, 2004 

Water regime, Irrigation 

method Kykhaei et al., 2016 

Mashhad, Khorasanrazavi, 2011 Water regime 

 

Rahimiyan et al., 2014 

Mashhad, Khorasanrazavi, 2012 Water regime   Rahimiyan et al., 2014 
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Table 3. Experiments used for parameterization and evaluation of SSM* Irrigated barley 

Location, Province and Year Treatments Reference 

Experiments used for parameter estimation 

Ahwaz, Khozestan, 2000-2001 Genotype Roshanfekr et al, 2007 

Hashmabad, Golestan, 2005-2006 Genotype Etesami et al, 2009 

Ahwaz, Khozestan, 2011-2012 Heat Stress Oraki et al, 2016 

Alborz, Karaj, 1993-1995 Deficit irrigation Ramezani et al, 2009 

Lorestan, Koohdasht, 2003-2004 Genotype Ansari et al, 2009 

Bajgahe-Shiraz, Fars, 2008-2009 Crop residue and nitrogen fertilizer Sadeghi et al, 2011 

Lorestan, Koohdasht, 2003-2004 Genotype Hosseinpour, 2012 

Bajgahe- Shiraz, Fars, 2012-2013 Water stress, nitrogen fertilizer Qaemi and Zamani, 2015 

Khoramabad, Lorestan, 2006-2007 Seed density Ahmadi et al, 2014 

Experiments used for model evaluation 

Tabriz, East Azerbaijan, 2006-2007 Nitrogen fertilizer, interferences of 

weeds 

Shafaq et al, 2015 

Gachsaran, Kohgiluyeh and Boyerahmad, 

2006- 2007 

Genotype, drought stress Vaezi et al, 2010 

Bardsir, Kerman,2002-2003 Genotype, planting date Ravari et al, 2003 

Moghan, Ardebil, 2004-2005 Genotype Qasemi et al, 2004 

Kermanshah, Kermanshah, 2010-2011 Genotype, Deficit irrigation Saeedi and Azhand, 2014 

Urmia, West Azerbaijan, 2010-2011 Planting date, cold stress Eyvazi, 2014 

Gorgan, Golestan, 2011-2012 Genotype, Nitrogen fertilizer rate Alazamani, 2014 

Kabootarabd, Isfahan, 2013-2014 Genotype, Salinity Jamshidi et al, 2017 

Ardebil, Ardebil, 2009-2010 Seed priming Shirinzadeh et al, 2013 

West Islam abad, Kermanshah, 2011-2012 Genotype, planting date Pourmotamed et al, 2014 

HASHMABAD, Golestan, 2014-2015 Nitrogen fertilizer rate Alazamani, 2015 

Hamedan, Hamedan, 2010-2011 Various methods of Tillage Hamzei and Seyedi, 2014 

Qom, Qom, 2014-2015 Genotype, Drought Stress Yousefi rad et al, 2016 

Mashhad (Toroq), Razavi Khorasan, 2007- 

2008 

Drought Stress Naqaei et al, 2011 

Birjand, South Khorasan, 2009-2010 Genotype, Drought Stress Saberi et al, 2015 

Birjand, South Khorasan, 2006-2007 Drought Stress Hashemzehi et al, 2013 

Gonabad, Razavi Khorasan, 2008-2009 Fertilizer Mousavi and Seghatoleslami, 

2011 

Hamedan, Hamedan, 2010-2011 Water stress Mousavi et al, 2014 

Gonabad, Razavi Khorasan, 2009-2010 Water Regime Komeili and Sharafi, 2015 

Kermanshah, Kermanshah, 2010-2011 Drought Stress Saeedi et al, 2013 

Shiraz, Fars, 2011-2013 Deficit irrigation, planting date Tabarzad et al, 2016 

 

Table 4. Experiments used for parameterization and evaluation of SSM* Rainfed barley 

Location, Province and Year Treatments Reference 

Experiments used for parameter estimation 
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Ahvaz, Khozestan, 2000-2001 Genotype Roshanfekr et al, 2007 

HASHMABAD, Golestan, 2005-2006 Genotype Etesami et al, 2009 

Ahvaz, Khozestan, 2011-2012 Heat Stress Oraki et al, 2016 

Alborz, Karaj, 1993-1995 Deficit irrigation Ramezani et al, 2009 

Lorestan, Koohdasht, 2003-2004 Genotype Ansari et al, 2009 

Bajgahe-Shiraz, Fars, 2008-2009 Crop residue and nitrogen fertilizer Sadeghi et al, 2011 

Lorestan, Koohdasht, 2003-2004 Genotype Hosseinpour, 2012 

Bajgahe-Shiraz, Fars, 2012-2013 Water stress, nitrogen fertilizer Qaemi and Zamani, 2015 

Khoramabad, Lorestan, 2006-2007 Seed density Ahmadi et al, 2014 

Experiments used for model evaluation 

Tabriz, East Azerbaijan, 2006-2007 Nitrogen fertilizer, interferences of 

weeds 

Shafaq et al, 2015 

Gachsaran, Kohgiluyeh and Boyerahmad, 

2006- 2007 

Genotype, drought stress Vaezi et al, 2010 

Bardsir, Kerman,2002-2003 Genotype, planting date Ravari et al, 2003 

Moghan, Ardebil, 2004-2005 Genotype Qasemi et al, 2004 

Kermanshah, Kermanshah, 2010-2011 Genotype, Deficit irrigation Saeedi and Azhand, 2014 

Urmia, West Azerbaijan, 2010-2011 Planting date, cold stress Eyvazi, 2014 

HASHMABAD, Golestan, 2011-2012 Genotype, Nitrogen fertilizer rate Alazamani, 2014 

Kabutarabd, Isfahan, 2013-2014 Genotype, Salinity Jamshidi et al, 2017 

Ardebil, Ardebil, 2009-2010 Seed priming Shirinzadeh et al, 2013 

West Islam abad, Kermanshah, 2011-2012 Genotype, planting date Pourmotamed et al, 2014 

HASHMABAD, Golestan, 2014-2015 Nitrogen fertilizer rate Alazamani, 2015 

Hamedan, Hamedan, 2010-2011 Various methods of Tillage Hamzei and Seyedi, 2014 

Qom, Qom, 2014-2015 Genotype, Drought Stress Yousefi rad et al, 2016 

Mashhad (Toroq), Razavi Khorasan, 2007- 

2008 

Drought Stress Naqaei et al, 2011 

Birjand, South Khorasan, 2009-2010 Genotype, Drought Stress Saberi et al, 2015 

Birjand, South Khorasan, 2006-2007 Drought Stress Hashemzehi et al, 2013 

Gonabad, Razavi Khorasan, 2008-2009 Fertilizer Mousavi and Seghatoleslami, 

2011 

Hamedan, Hamedan, 2010-2011 Water stress Mousavi et al, 2014 

Gonabad, Razavi Khorasan, 2009-2010 Water Regime Komeili and Sharafi, 2015 

Kermanshah, Kermanshah, 2010-2011 Drought Stress Saeedi et al, 2013 

Shiraz, Fars, 2011-2013 Deficit irrigation, planting date Tabarzad et al, 2016 

 

 

 

 

Table 5. Experiments used for parameterization and evaluation of SSM* Irrigated rice 

Province, Location and Year Treatments Reference 

Experiments used for parameter estimation 

Amol, mazandaran, 2010-2011 Weeding and herbicide Mahzari et al, 2012 

neka, mazandaran, 2012-2013 Genotype, Cropping Systems Dastan et al, 2015 
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Table 6. Experiments used for parameterization and evaluation of SSM* Irrigated maize 

Province, Location and Year Treatments Reference 

Experiments used for parameter estimation   

Kermanshah, Eslamabad, 2007 Planting date Chogan and Shirkhani, 2010 

Ardabil, Moghan, 2012 Hybrid Valizadeh et al., 2013 

Khozestan, Ahwaz, 2004 Irrigation, Plant density, Nitrogen Lak  et al , 2007 

Amol, mazandaran, 2012-2013 Transplanting date,  nitrogen fertilizer 

rate 

Akbari and Momeni, 2015 

Amol, mazandaran, 2013-2014 Transplanting Date Esmaiilzadeh et al, 2016 

shavour, khouzestan, 2006-2007 Genotype, planting date Limochi et al, 2013 

khui, azarbaiijangharbi, 2011-2012 Planting  method Akbarlou, 2013 

Experiments used for model evaluation 

Amol,mazandaran, 2005-2006 Genotype  Bakhshipour et al, 2011 

Rasht, gilan, 2003-2005 Genotype,  Irrigation Saadati et al, 2012 

Rasht, gilan, 2009-2010 Genotype,  Bacteria coexist Amindeldar et al, 2012 

Rasht, gilan, 2006-2008 Irrigation ,  nitrogen fertilizer rate Rezaie et al, 2011 

Rasht, gilan, 2006-2007 Genotype,  Irrigation Rezaie et al, 2010 

Experiments used for evaporate transpiration 

Rasht, gilan, 1994-1996 Genotype,   crop coefficients Poor yazdankhah, 2014 

Soumeesara, gilan, 2010-2011  Genotype,   crop coefficients Modaberi et al, 2010 

Rasht, gilan, 2011-2012 Genotype,   crop coefficients Pirmoradian et al, ,2013 

Amol, mazandaran, 2011-2012 Evapotranspiration measurement 

methods 

Zare et al, 2011 

Experiments used for potential yield 

Amol, mazandaran, 2006-2007 Genotype Mobasser et al, 2009 

Kalatnader,khorasanrazavi, 2010-

2011 

Genotype Beikzadeh, 2015 

Rasht, gilan, 2009-2010 Nitrogen and  Potassium  fertilizer rate Asadisanam, 2014 

Rasht, gilan, 2013-2014 Genotype,  nitrogen fertilizer rate Shahbazi, 2017 

Babol, mazandaran, 2001-2015 Potassium  fertilizer rate Valinezhad, 2008 

Jouibar&Babol, mazandaran, 2001-

2015 

Genotype Piri et al, 2016 

Gilan, 2001-2015 Genotype Dorosti, 2015 

Rezvanshahr, gilan, 2007-2008 Genotype,  shading Eradatmand and jamasbi, 

2002 
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   Khozestan, Ahwaz, 2013 plant density, Spraying Mirza et al., 2013 

   Khozestan, DEZFUL (SAFIABAD), 2012 Planting date, Plant density Mandepor et al., 2014 

   Fars, Shiraz, 1999 Nitrogen levels, Irrigation cut Ghadiri and Majedeyan, 2003 

Experiments used for model evaluation 

Kermanshah, Eslamabad, 2007 Planting date Chogan and Shirkhani, 2010 

Kermanshah, Eslamabad, 2009 Nitrogen, drought strees Jalilian et al., 2014 

Kermanshah, Eslamabad, 2011 Irrigation, plant density, Planting pattern Afrasyab et al, 2016 

   Kermanshah, Eslamabad, 2004 Planting Date, Planting pattern Sadeghi  et al., 2008 

   Kermanshah, Kermanshah, 2011 Green fertilizers, Nitrogen Mohammadi et al., 2015 

   Kermanshah , Mahedasht, 2006 Weed control Doosti et al., 2011 

   Kermanshah, Kermanshah, 2012 Deficit irrigation Ahmadpour et al., 2017 

   Fars, Darab. 1998 Plant density, Nitrogen fertilizer Bohrani and Sayedi, 2005 

   Fars, shiraz, 1999 Nitrogen,  Irrigation cut Ghadiri and Majidian., 2003 

   Fars, Fsas, 2015 Temperature changes Rahimi Jahangirlou et al., 2016 

Fars, shiraz, 1998 Weed control Fayzi et al., 2010 

   Ardabil, Ardabil, 2007 Nitrogen fertilizer Seyed Sharifi and Zaeefi Zadeh 2013 

Khozestan, Karon, 2012 Planting date, Plant density Mandepoor  et al., 2013 

Khozestan, Izeh, 2008 Planting date, Cut leaveng Moradi  et al., 2010 

   Khozestan, Ramin, 2008 Nitrogen Mojdem and madhaj, 2012 

Khozestan, Andemeshk, 2010 Herbicide Ansarikhah  et al 

Khozestan, Ahwaz, 2009 Plant density, Spraying Mirza et al., 2013 

   Ghazvin, Fayzabad, 2002 Nitrogen Hosseini Taleghani and Mostashari, 2013 

Ghazvin, Fayzabad, 2002 Plant density, Planting pattern Barkhi  et al,2006 

Kerman, Kerman, 2010 Deficit irrigation, Drought Estakhroiye  et al., 2012 

 Experiments used for Water requirement 

Khozestan, Safiabad, 2011 Tillage Khoramiyan  et al., 2011 

   Khozestan, Ahwaz, 2004 Irrigation  Masjedi  et al., 2008 

Kermanshah, Shonghor, 2012  Low irrigation Ahmadpor  et al., 2017 
   Kerman, Orzoiyeh, 2005-2007 Irrigation Kohichelekaran, 2012 

Kerman, Orzoiyeh, 2010 Low irrigation Asadi, Asadi, 2012 

Kerman, Chopar, 2012-2013  Irrigation Kohichelekaran, 2014 

Kerman, Kerman, 2010 Water use efficiency and harvest index Rezaie Estakhruiyeh et al., 2010 

Ardabil, Moghan, 2006-2008 Irrigation, Planting pattern Akhavan  et al., 2014 

Ardabil, Moghan, 2004-2006 Irrigation, Subsoiler Akhavan  et al., 2015 

Khozestan, Safiabad, 2004 Irrigation Azari et al., 2007 

Ghazvin, Ghazvin Irrigation Karimi  et al., 2015 

Fars, Pasargad Irrigation Shahrokh Nia and Zare 

Fars, Darab Irrigation Shahrokh Nia and Zare 

Table 7. Experiments used for parameterization and evaluation of SSM* rainfed chickpea  

Province, Location and Year Treatments Reference 

Experiments used for parameter 

estimation 

  
Kermanshah., 2006 Genotypes chickpea Farshadfar and Javadinya., 2011 

Kermanshah., 2008 drought stress and N fertilizer Shaban et al., 2013 
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Kermanshah., 2006 cultivar and sowing date Kebriaye et al., 2010 

Kermanshah, mahydasht., 2005 Sowing Time and Cultivars Vaghar., 2009 

mashhad., 1993 Weed control Tez Ahmadi., 1994 

Lorestan., 2000 Irrigation and Plant Densities Falah et al., 2005 

Zanjan., 2002 water limitation Shabiry et al., 2007 

khorasan razavi, nishaboor., 2001 

sowing dates and different irrigation 

regimes Rezvani moghadam et al., 2008 

Hamedan, Abasabad., 2009 Sowing Time and Cultivars Hamzaey., 2012 

Golestan, Gorgan., 1910-1997 

Simulation, Drought 

 stress, Rainfed conditions Faraji, A., and Soltani, A. 2008 

Golestan, Gorgan., 2003 Planting date and density pourreza et al., 2008 

Experiments used for model 

evaluation     

Kordestan., 2011 Genotypes chickpea Kanony and Imtiaz., 2014 

Arak., 2010 Irrigation and Leaf spray Barzabadi and Farahani., 2011 

systan balochestan.Saravan., 2010 sowing dates and Cultivars Zafaranieh et al., 2014 

Shiraz., 2011 drought stress and planting methods Abasloo et al., 2014 

Oromyeh.,2005 Planting data and density sowing Valimohamadi et al., 2008 

Hamedan, bahar., 2005 winter and spring planting time 

Majnoon hoseni and Hamzey., 

2011 

Kermanshah, hersin., 2011  density sowing Chaychayan et al., 2013 

Lorestan, Aleshtar., 2009 sowing dates and Cultivars Pezeshkpoor et al., 2013 

Lorestan, brogerd., 2011  density sowing and irrigation Rezai et al., 2013 

Hamedan, ekbatan., 2011 sowing dates and density sowing Tahmasbi tale et al., 2013 

Kermanshah, mahydasht., 2007 Irrigation and Cultivars Karymi and farniya., 2009 

mashhad., 1997 cold tolerance and cultivation nezami., 1999 

 

 

 

Table 8. Experiments used for parameterization and evaluation of SSM* irrigated bean 

Province, Location and Year Treatments Reference 

Experiments used for parameter estimation 

Arak, Markazi, 2008-2009 Genotype, Drought stress Safapur et al, 2012 

Shazand, Markazi, 2010-2011 Weed control methods Heydari et al, 2015 

Khomain, Markazi, 2006-2007 Genotype, Drought stress Asadi et al, 2011 

Rey, Tehran, 2002-2003 Genotype, plant density Sadeghipur et al, 2004 
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Miane,Azarbaijan sharghi, 2004-

2005 

Genotype, planting date Salehi et al, 2008 

Rey, Tehran, 2000-2001 Genotype, Weeding and 

herbicide 

Sadeghipur and ghafarikhaligh, 2005 

Khoramdare, Zanjan, 2005-2007 Genotype, Rhizobium Mehrpuyan and shiranirad, 2011 

Shahrekord, 

Chaharmahalvabakhtiari, 2013-

2014 

Genotype, Low irrigation Karimzade et al,2017 

 

Experiments used for model evaluation 

  Aligudarz, Lorestan , 2008-2009  Genotype, planting date Rahmani et al, 2012  

Shiraz, Fars, 2011-2012 Genotype, nitrogen fertilizer  Mirhashemieghdam et al, 

2013 

Karaj, Alborz, 2008-2010 Genotype, water deficit Ghanbari et al, 2014 

Arak, Markazi, 2013-2014 Genotype, Irrigation  Mohajerani et al, 2016 

Shahrekord,, 

Chaharmahalvabakhtiari, 2009-

2010 

Genotype, Drought stress Jamshidi et al, 2016 

Khoramdare, Zanjan, 2007-2008 Genotype, planting date, 

Planting method 

Mehrpuyan et al, 2010 

Zanjan, Zanjan, 2008-2009 Genotype, planting date Ghanbarimotlagh et al, 2012 

Karaj, Alborz, 2007-2010 Genotype, water deficit Ghanbari, 2015 

Hamedan, Hamedan, 2011-2012 Genotype , water deficit Omidi and sepehri et al, 2014 

Tabriz, Azarbayjansharghi, 2006-

2007 

Genotype, plant density Parvizi et al, 2011 

   

Experiments used for Potential yield   

Arak, Markazi, 2008-2009 Genotype, Drought stress Safapur et al,  2009 

Karaj, Alborz, 2010-2011 Genotype, Rhizobium Mohamadi et al,  2011 

Zanjan, Zanjan, 2003-2004 Genotype, plant density, 

planting date 

Golchin et al,  2008 

   

 

 

 

 

Table 9. Experiments used for parameterization and evaluation of SSM model* irrigated soybean 

Province, Location and Year Treatments Reference 

Gorgan, 2012 cultivar and plant density Nehbandani (2013) 

Gorgan, 2002 Sowing date and cultivar Zainali et al., (2003) 

Gorgan, 2006 and 2007 cultivar, plant density and 

planting arrangement 

Raeisi and Hezarjaribim (2013) 

Gorgan, 2005 Plant density Najafi (2006) 

Moghan, 2007 and 2008 Cultivar, plant density and 

planting date 

Razmi (2010) 

Sari, 2010 cultivar Fazeli et al., (2016) 
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Gorgan, 2011 cultivar and planting density Mosanaiey et al., (2015) 

Gorgan, 2011 Sowing date and cultivar Gorzin et al., (2015) 

Qaem Shahr, 2010 Cultivars and planting Namdari and Mahmoodi (2013) 

Qaeim Shahr, 2010 Irrigation Akbari Nodehi (2012) 

Deland, 2014 Seed inoculation and spraying Ghanaei (2016) 

Gharakhil, 2009 Cultivar, plant density and 

planting date 

Rameeh and Aghabozorgi (2016) 

Gorgan, 2011 and 2012 Irrigation Hosseini et al., (2016) 

Ardabil, 2009 Sowing date and cultivar Mousavi and Chavoshi (2013) 

Neka, 2010 Irrigation Akbari Nodehi (2011) 

Ardabil, 2013 Seed inoculation Seyed Sharifi and Khoramdel (2015) 

Gorgan, 2002 Density and plant density Zahtab Salmasi et al., (2004) 

Ardabil, 2009 Sowing date and cultivar Mousavi and colleagues (2011) 

Bieleswar, 2011 Seed inoculation and nitrogen 

fertilizer 

Zendeh and et al., (2016) 

Mahmoodabad, 2016 Nitrogen fertilizer and fertilizer Mahmoudi and Zakypour (2016) 

Ardabil, 2011 Seed inoculation and nitrogen 

fertilizer 

Seyedi and Seyed Sharifi (2013) 

Sari, 2002 Irrigation Qajar Sepanlou and Bahmanir (2004) 

Sari, 2011 Sowing date and cultivar Ghanbari-Malidarreh et al., (2015) 

Qaem Shahr, 2008 Intercropping Namardi et al., (2010) 

Babolsar, 2001 Potassium and Zinc levels Habibzadeh et al., (2003) 

Ardabil, 2013 Inoculation of seed and 

spraying 

Seyed Sharifi (2015) 

Gorgan, 2011 and 2012 Irrigation Faraji (2016) 
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Table 10. Experiments used for parameterization and evaluation of SSM model* irrigated cotton 

Province, Location and Year Treatments Reference 

Experiments used for parameter estimation   

Esfahan, Esfahan,2005-2007 Irrigation Dehqani et al., 2014 

Khorasan Rzavi, Kashmar, 2004-2005 plastic mulch Afshar et al., 2013 

Semnan, Garmsar, 2014-2015 water deficit stress Naderi arefi et al., 2016 

Semnan, Garmsar, 2012-2013 Seed Cotton Yield Naderi arefi & Hamidi., 2014 

Esfahan, Esfahan, 2008 irrigation water salinity Dehqani et al., 2013 

Gorgan, Gorgan, 2013 Typical and very low row space Monian ardestani., 2013 

Gorgan, Gorgan, 2000 planting date Akram ghaderi et al., 2003 

Gorgan, Gorgan, 2000 planting date Akram ghaderi et al., 2002 

Experiments used for model evaluation   

Esfahan, Esfahan, 2008-2009 irrigation water salinity Jafar aghaee & jalali., 2012 

Esfahan, Esfahan, 2006-2007 low irrigation Jafar aghaee & jalali., 2012 

Semnan, Garmsar, 2011-2012 planting date and irrigation Naderi arefi & abedini esfehlani., 2013 

Gorgan, Gorgan, 1998 Irrigation Fardad & zighamigol., 2005 

Gorgan, Gorgan, 2011 Typical and very low row space Ghaderifar et al., 2012 

Khorasan Rzavi, Kashmar, 2007-2008 nitrogen and irrigation water Zabihi et al., 2013 

Esfahan, Esfahan, 2005-2006 densities Jafar aghaee & hoshang jalali., 2014 

Gorgan, Gorgan, 2012 soil salinity Roshani et al., 2014 

Khorasan Rzavi, Kashmar, 2008-2009 spraying food elements Norihosini et al., 2014 

Gorgan, Kordkoy, 2009,2010,2011 reaction of cotton dwarfs Ghajari et al., 2014 

Gorgan, Gorgan, 2013 varieties Entesari et al., 2015 

Gorgan, Kordkoy, 2012,2013 nitrogen and row space Ghajari et al., 2016 

Fars, Darab, 2010-2011 Irrigation Haghighat nia et al., 2016 
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Table 11. Experiments used for parameterization and evaluation of SSM* irrigated canola 

Province, Location and Year Treatments Reference 

Experiments used for parameter estimation 

Moghan, Ardebil, 2006 planting date Razmi et al. 2009 

Moghan, Ardebil, 2010 Phenology,  physiology Soleyman zade et al, 2012 

Arak, Markazi, 2008 Genotype Khatamian et al, 2011 

Orumieh, Azarbaijan gharbi, 2000 Genotype Valadiani and Tajbakhsh, 2007 

Ahwaz, Khozestan, 2005-2006-2007 planting date Khayat et al, 2011 

Eslamabad, Kermanshah. 2005 Genotype Siahbidi and  rezaizad, 2012 

Gorgan,Golestan, 2007 planting date Abadian et al, 2012 

Gorgan,Golestan, 2007 planting date Bagheri and safahani, 2010 

Gonbad, Golestan, 2000 Seed quantity, Row spacing Faraji, 2004 

Sari, Mazandaran, 2008 planting date, nitrogen fertilizer Pashakolayi et al, 2011 

Neka, Mazandaran, 2007 planting date, nitrogen fertilizer Pashakolayi et al, 2008 

Baye, Mazandaran, 2006 planting date Rameeh, 2014 

Experiments used for model evaluation 

Zarghan, Fars, 2010 water regime Niazi, 2006 

Hamedan, Hamedan, 2007 Irrigation method Mazaheri et al, 2011 

Arak, Markazi, 2008 Genotype Mostafavi Rad et al, 2011 

Arak, Markazi, 2008 planting date Mostafavi Rad et al, 2012 

Mashhad, khorasan razavi, 2006 Genotype Ghani zade and Azizi,2009 

Ahwaz, Khozestan, 2007 Genotype, Drought stress Ahmadi  et al, 2015 

DEZFUL (SAFIABAD) . Khozestan,  

2011 Nitrogen fertilizer Nouriani, 2015 

Qazvin, Qazvin, 2008 Planting date, Irrigation method  Varse et al, 2010 

Gorgan,Golestan, 2009 Nitrogen fertilizer Behdadian et al,2012 

Gorgan,Golestan, 2010 Planting date Faraji, 2016 

Gorgan,Golestan, 2010 Growth stimulating bacteria Faraji, 2013 

Gorgan,Golestan, 2005 Genotype Langrudi et al, 2007 

Neka, Mazandaran, 2008 Seed quantity Sina and  Ramie, 2011 

Khoramabad, Lorestan, 2008 Micronutrients Azizi et al, 2011 

Miandoab, azarbaijan gharbi, 2004 Genotype Akhondi et al, 2009 

Eslamabad, Kermanshah. 2009 Genotype Jafari et al, 2014 

Eslamabad, Kermanshah. 2009 Planting date 

Zarei Siahbidi ans Rezai Zad, 

2013 

Experiments used for Water 

requirement   

Esfahan, Esfahan. 2000 Irrigation method Haghighat, 2000 

Fars, Shiraz. 2008 Drought stress Henr et al. 2013 

Qazvn, Qazvin. 2009 

Determination of evapotranspiration 

potential Ebrahimi pak. 2009 

Kermansha, Kermansha. 2014 Determination of evapotranspiration Ghamarniya, 2016 
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West Azerbaijan, orumie. 2004 Water requirements Razavi, 2010 

Hormozgan, Hajiabadm. 2005 Water requirements Moradi,2005 

Gorgan, Golestan,  2005 irrigation&date Faraji, 2005 
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Table 12. Experiments used for parameterization and evaluation of SSM* rainfed canola 

Province, Location and Year Treatments Reference 

Experiments used for parameter estimation 

Moghan, Ardebil, 2006 planting date Razmi et al. 2009 

Moghan, Ardebil, 2010 Phenology,  physiology Soleyman zade et al, 2012 

Arak, Markazi, 2008 Genotype Khatamian et al, 2011 

Orumieh, Azarbaijan gharbi,. 

2000 Genotype 

Valadiani and Tajbakhsh, 

2007 

Ahwaz, Khozestan, 2005-2006-

2007 planting date Khayat et al, 2011 

Eslamabad, Kermanshah. 2005 Genotype Siahbidi and  rezaizad, 2012 

Gorgan,Golestan, 2007 planting date Abadian et al, 2012 

Gorgan,Golestan, 2007 planting date Bagheri and Safahani, 2010 

Gonbad, Golestan, 2000 Seed quantity, Row spacing Faraji, 2004 

Sari, Mazandaran, 2008 planting date, nitrogen fertilizer Pashakolayi et al, 2011 

Neka, Mazandaran, 2007 planting date, nitrogen fertilizer Pashakolayi et al, 2008 

Baye, Mazandaran, 2006 planting date Rameeh, 2014 

Experiments used for model evaluation 

Zarghan, Fars, 2010 water regime Niazi, 2006 

Hamedan, Hamedan, 2007 Irrigation method Mazaheri et al, 2011 

Arak, Markazi, 2008 Genotype Mostafavi Rad et al, 2011 

Arak, Markazi, 2008 planting date Mostafavi Rad et al, 2012 

Mashhad, khorasan razavi, 2006 Genotype Ghani zade and Azizi,2009 

Ahwaz, Khozestan, 2007 Genotype, Drought stress Ahmadi  et al, 2015 

Dezful. Khozestan,  2011 Nitrogen fertilizer Nouriani, 2015 

Qazvin, Qazvin, 2008 Planting date, Irrigation method  Varse et al, 2010 

Gorgan,Golestan, 2009 Nitrogen fertilizer Behdadian et al,2012 

Gorgan,Golestan, 2010 Planting date Faraji, 2016 

Gorgan,Golestan, 2010 Growth stimulating bacteria Faraji, 2013 

Gorgan,Golestan, 2005 Genotype Langrudi et al, 2007 

Neka, Mazandaran, 2008 Seed quantity Sina and  Ramie, 2011 

Khoramabad, Lorestan, 2008 Micronutrients Azizi et al, 2011 

Miandoab, azarbaijan gharbi, 

2004 Genotype Akhondi et al, 2009 

Eslamabad, Kermanshah. 2009 Genotype Jafari et al, 2014 

Eslamabad, Kermanshah. 2009 Planting date 

Zarei Siahbidi ans Rezai Zad, 

2013 

Experiments used for Water requirement   

Esfahan, Esfahan. 2000 Irrigation method Haghighat, 2000 

Fars, Shiraz. 2008 Drought stress Henr et al. 2013 

Qazvn, Qazvin. 2009 

Determination of evapotranspiration 

potential Ebrahimi pak. 2009 

Kermansha, Kermansha. 2014 Determination of evapotranspiration Ghamarniya, 2016 
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West Azerbaijan, orumie. 2004 Water requirements Razavi, 2010 

Hormozgan, Hajiabadm. 2005 Water requirements Moradi,2005 

Golestan, Gorgan, 2005 irrigation&date Faraji, 2005 
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Table 13. Experiments used for parameterization and evaluation of SSM* irrigated potato 

Province, Location and Year Treatments Reference 

Experiments used for parameter estimation   

Ardabil, Ardabil, 2004 Planting density Jam et al., 2015 

Esfahan, Esfahan, 2011 Irrigation Baghani et al., 2012 

Esfahan, Esfahan, 2008 Nitrogen fertilizer Jalali and Salehi, 2015 

Keramn and Alborz, Jiroft and Karaj, 2009-2010 Weed control Mamnoei et al., 2016 

Esfahan, Esfahan, 2010 Genotype Ranjbar et al., 2013 

Chahar Mahall and Bakhtiari, Shahrekord, 2012-

2013 

Irrigation Naderi et al., 2016 

Chahar Mahall and Bakhtiari, Shahrekord, 2013  Nitrogen fertilizer rate Bagheri et al., 2016 

Korasan Rzavi, Mashhad, 2006 Potato corn 

intercropping 

Hossein panahi et al., 2009 

Kerman, Kerman, 2002 Irrigation Sabbah and Ghaffari Nejad, 2008 

Kerman, Kerma, 2013 Sowing date, modeling Nikzad et al.,2015 

Hamedan, Hamedan, 2002 Genotype Parvizi, 2008 

Experiments used for model evaluation   

Markazi, Arak, 2009 Irrigation Madani et al., 2010 

Ardabil, Ardabil, 2011 Weed management Amini et al., 2015 

West Azarbaijan, Oroumyeh, 2008 Irrigation Masoudi et al., 2010 

Este Azarbaijan, MARAGHEH, 2006 Irrigation, planting depth Nasrollahzadeh Asl  and Sedaghat, 2015 

Chahar Mahall and Bakhtiari, Shahrekord, 2013  Genotype, Irrigation Haghighati et al., 2016 

Kermanshah, Kermanshah, 2009 Fertilizer Rostami Ajirloo et al., 2012 

Hamedan, Hamedan,1999 Nitrogen fertilizer rate YazdandoostHamedani,2003 

Hamedan,Hamedan,2002 Covercrops Aboutalebianand Mazaheri, 2011 

Hamedan, Hamedan, 2011 Cover crops, planting 

system 

Ahmadvand and HajiNia, 2015 

Experiments used for Water requirement    

Korasan Rzavi, Mashhad, 2009 Irrigation, water use 

efficiency 

Eskanderi et al., 2008 

Korasan Rzavi, Mashhad, 2009 Irrigation, potassium 

fertilizer 

Sobhani and Hamidi, 2014 

Chahar Mahall and Bakhtiari, Shahrekord, 2012-

2013 

Planting pattern, 

irrigation 

Baghani et al., 2007 

Chahar Mahall and Bakhtiari, Shahrekord, 2012-

2013 

Irrigation Naderi et al., 2016 

Hamedan, Hamedan, 2009 Irrigation GhadamiFirouzabadi and Parvizi, 2010 

Ardabil, Ardabil, 2004 Irrigation Bagheri et al., 2016 

 

  

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwidnej64t7YAhVL16QKHRT3C7IQFggnMAA&url=https%3A%2F%2Fwww.accuweather.com%2Fen%2Fir%2F08%2Fchaharmahal-and-bakhtiari-weather&usg=AOvVaw1NMDaBDrjiXbb7RbddN_tL
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwidnej64t7YAhVL16QKHRT3C7IQFggnMAA&url=https%3A%2F%2Fwww.accuweather.com%2Fen%2Fir%2F08%2Fchaharmahal-and-bakhtiari-weather&usg=AOvVaw1NMDaBDrjiXbb7RbddN_tL
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwidnej64t7YAhVL16QKHRT3C7IQFggnMAA&url=https%3A%2F%2Fwww.accuweather.com%2Fen%2Fir%2F08%2Fchaharmahal-and-bakhtiari-weather&usg=AOvVaw1NMDaBDrjiXbb7RbddN_tL
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwidnej64t7YAhVL16QKHRT3C7IQFggnMAA&url=https%3A%2F%2Fwww.accuweather.com%2Fen%2Fir%2F08%2Fchaharmahal-and-bakhtiari-weather&usg=AOvVaw1NMDaBDrjiXbb7RbddN_tL
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwidnej64t7YAhVL16QKHRT3C7IQFggnMAA&url=https%3A%2F%2Fwww.accuweather.com%2Fen%2Fir%2F08%2Fchaharmahal-and-bakhtiari-weather&usg=AOvVaw1NMDaBDrjiXbb7RbddN_tL
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwidnej64t7YAhVL16QKHRT3C7IQFggnMAA&url=https%3A%2F%2Fwww.accuweather.com%2Fen%2Fir%2F08%2Fchaharmahal-and-bakhtiari-weather&usg=AOvVaw1NMDaBDrjiXbb7RbddN_tL
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwidnej64t7YAhVL16QKHRT3C7IQFggnMAA&url=https%3A%2F%2Fwww.accuweather.com%2Fen%2Fir%2F08%2Fchaharmahal-and-bakhtiari-weather&usg=AOvVaw1NMDaBDrjiXbb7RbddN_tL
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwidnej64t7YAhVL16QKHRT3C7IQFggnMAA&url=https%3A%2F%2Fwww.accuweather.com%2Fen%2Fir%2F08%2Fchaharmahal-and-bakhtiari-weather&usg=AOvVaw1NMDaBDrjiXbb7RbddN_tL
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Table 14. Experiments used for parameterization and evaluation of SSM* irrigated sugar beet 

-Province, Location and Year Treatments Reference 

Experiments used for parameter estimation 
 

West Azarbayjan, Miandoab, 2002 Irrigation and data harvest Sohrabi et al., 2005 

Razavi Khorasan, Jovein, 2000 Nitrogen fertilizer and data harvest 
Yousefabai and Abdollahian-Noghabi, 

2011 

Razavi Khorasan, Mashhad,2010 virus Rezaei et al, .2015 

Razavi Khorasan, Mashhad,2005 timing and intensity of defoliation Kamandi et al., 2008 

Razavi Khorasan, Mashhad,2006 solid waste compost and sulfur Ghiamati et al., 2009 

Razavi Khorasan, Mashhad,1997 Plant density  and  tecnological maturity Bayat et al., 2001 

Razavi Khorasan, Fariman, 2013 
Application of Glycine, Tufool and 

Salicylic Acid 
Kheirkhah et al., 2016 

Kermanshah, Kermanshah,2007 Water relations Ghamarnia et al., 2009 

Kermanshah, Kermanshah,1999 Deficit irrigation Jalilian et al., 2001 

Kermanshah, Kermanshah,2005 irrigation cut- off time Basati et al., 2009 

Fars, Shiraz,2003 Water use efficiency Ghaemi et al., 2008 

Fars, Shiraz,2006 Deficit Irrigation Ghaemi1 and S Sadri, 2011 

Fars, Shiraz,2006 Deficit Irrigation Ghaemi1 and S Sadri, 2011 

Hamedan, Hamedan, 2005 
Determination of Water Deficit 

Sensibility 
Rezvani et al, 2010 

Hamedan, Nahavand, 2013 Intercropping Khazaie, 2014 

Hamedan, Hamedan, 1998 Determination of favorite harvesting Ebrahimi koulaii, 2002 

Hamedan, Hamedan, 2003 Irrigation systems 
Mrzaie and  Ghadami Firouzabadi, 

2007 

Hamedan, Hamedan, 2003 Growth pattern Mrzaie and  Abdlhian Noghabi, 2011 

Experiments used for model evaluation 
  

Alborz, Karaj,2008 Organic Fertilizer and NUE noshad et al., 2014 

Alborz, Karaj,2010 sowing pattern and Irrigation systems mohammadian and Sadre ghaen, 2012 

Alborz, Karaj,2006 sowing date and plant density Vafadar., et al 2008 

West Azarbayjan, Miandoab, 2002 
ub-soiling and different levels of 

irrigation 

Mohammadi Mazraeh  and Noorju 

2009 

Razavi Khorasan, Chenaran, 2007 Variety and delayed planting Sadr Abadi et al., 2011 

Razavi Khorasan, Mashhad,2005 RUE Parsa et al., 2007 

Ardebil, Moghan, 1994 Farmyard manure Pustini and Najafi Nejad, 1997 

Ardebil, Moghan, 1993 Farmyard manure Pustini and Najafi Nejad, 1997 

Fars, Shiraz, 1996 Nitrogen and irrigation Asad et al., 1999 

Fars, Shiraz, 1997 Nitrogen and irrigation Asad et al., 1999 

Hamedan, Razan, 2013 Nitrogen and deficit Irrigation jovzi and Abiyaneh, 2015 

Experiments used for Water requirement 
  

Hamedan, Hamedan, 2003 Irrigation systems 
Mrzaie and  Ghadami Firouzabadi, 

2007 
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Ghazvin, Ghazvin, 2011 WUE 
Ebrahim Pak, N. A. and Mostashari, M. 

2012 

 

Table 15. Experiments used for parameterization and evaluation of SSM* Irrigated silage maize 

Province, Location and Year Treatments   Reference 

Sistan and Baluchestan, Zabol, 2008 Intercropping Dahmardeh et al. (2012) 

Qazvin, Qazvin, 2001 Full and deficit irrigation Rahimikhoob and Sotoodehnia 

(2014) 

Isfahan, Jey and Qahab, 2012 Fertilizer Ghorbanian et al. (2016) 

East Azerbaijan, Tabriz, 2006-2007 Intercropping Javanmard and Eskandari (2014) 

Alborz, Karaj, 2012-2013 Fertilizer and Different 

Moisture Regimes 

Ramezani et al. (2014) 

Markazi, Arak, 2005 Fertilizer Illakaei et al. (2014) 

East Azerbaijan, Tabriz, 2011 Fertilizer and Intercropping Najafiand Mostafae (2015) 

Guilan, Rasht, 2011 Fertilizer Ghochi et al (2015) 

Ardabil, Ardabil, 2012 Intercropping Babaei Ghaghelestany et al (2015) 

Fars, Marvdasht, 2013 Density and Sowing Date Moshaver et al (2016) 

Mazandaran, Gharakhil, 2000 Density and Sowing Date Haddadi and Mohseni (2006) 

East Azerbaijan, Bonab, 2010 Density and Sowing Date Aliloo et al. (2012) 

 

Table 16. Experiments used for parameterization and evaluation of SSM* Rainfed lentil 

Province, Location and Year Treatments   Reference 

Sistan and Baluchestan, Zabol, 1997 Sowing date and nitrogen rate Nakhzari Moghaddam and 

Ramroodi (2003) 

Lorestan, Khoramabad, 2005 Sowing date and cultivar Mousavi and Ahmadi (2008) 

Sistan and Baluchestan, Zabol, 2005 Sowing date Ramroodi et al. (2008) 

Alborz, Karaj, 2001 Cultivar Yazdi samadi et al (2004) 

Nothern Khorasan, Shirvan, 2002-2004 Density Mahmoudi (2006) 

Golestan, Gonbad, 2009 Fertilizer Nakhzari Moghaddam et al (2011) 

Kohgiluyeh and Boyer-Ahmad, Basht, 

2010 

 

Cultivar and density Pourtaheri et al (2012) 

Alborz, Karaj, 2008 Density Malek Maleki, et al (2013) 

Razavi Khorasan, Mashhad, 2009 Supplementary Irrigation Hosseini et al. (2011) 

Lorestan, Khoramabad, 2009 Fertilizer Ahmadi Fard et al. (2011) 

Chaharmahal and Bakhtiari, Shahrekord, 

2007  

 

Cultivar Tadayyon et al (2011) 

Razavi Khorasan, Mashhad, 2009 Irrigation Hosseini et al. (2013) 
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Table 17. Experiments used for parameterization and evaluation of SSM Alfalafa and clover 

Province, Location and Year Treatments   Reference 

Alborz,, Karaj, 2002 Sowing date, Cultivar Pourtaghi et al. (2005) 

Khoozestan, Dezfool, 2007 Irrigation Khorramian et al. (2012) 

Alborz,, Karaj, 2008 and 2009 Cultivar Mofidian et al. (2013) 

Khoozestan, Ahwaz, 2012 Cultivar Behnamfar et al (2014) 

Other rgeions of the country Potential conditin Gathered the data by the 

questionnaire filled by the expertes 

over the country 

 

 

Table 18. Experiments used for parameterization and evaluation of SSM Sesame 

Province, Location and Year Treatments   Reference 

Khoozestan, Dezfool, 2005 Irrigation, Cultivar Shokoohfar et al. (2013) 

Kerman, Kerman, 2009 Cultivar Farahbakhsh and Farahbakhsh 

(2015) 

Bushehr, Bushehr, 2007 Cultivar Ahmadi and Bohrani (2009) 

Khorasan razavi, Mashhad, 2010-2011 Fertilizer Jahan et al (2013) 

Khuzesta, Omidieh, 2013 Fertilizer, Cultivar Haghanian et al. (2016) 

Other rgeions of the country Potential conditin Gathered the data by the 

questionnaire filled by the expertes 

over the country 

 

 

Experiments used for parameterization and evaluation of SSM Sunflower 

Province, Location and Year Treatments   Reference 

Semnan, Shahrood, 2010 Sowing date Shafieipour et al. (2011) 

West Azarbayjan, Khoy, 2009 Sowing date Moradi aghdam et al. (2011) 

Tehran, Tehran, 2007 Cultivar Akbari et al. (2009) 

Esfahan, Kabootarabad, 2009 Cultivar Emami Bistgani et al, (2012) 

Khuzestan, Shooshtar, 2009 Fertilizer, Cultivar Banisaeidi, (2012) 

West Azarbayjan, Khoy, 2007-2008 Density, Fertilizer Gholinezhad et al. (2012) 

Other rgeions of the country Potential conditin Gathered the data by the 

questionnaire filled by the expertes 

over the country 

 

 

 

Table 19. Experiments used for parameterization and evaluation of SSM Onion 

Province, Location and Year Treatments   Reference 
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Esfahan, Esfahan, 2002 Cultivar Mansouri et al. (2008) 

East Azarbayjan, Malakan, 2013 Fertilizer Rezayi Ghyasi et al. (2017) 

Khorasan razavi, Neyshaboor, 2007, 

2008 

Irrigation Rasteghar and Baghani (2012) 

Khorasan razavi, Neyshaboor, 2005, 

2006 

Irrigation, Cultivar Baghani (2012) 

Kerman, Jiroft, 2011 Fertilizer Mahmoodabadi et al. (2013) 

Khorasan razavi, Neyshaboor, 2004, 

2005, 2006 

Irrigation Baghani et al. (2012) 

Other rgeions of the country Potential conditin Gathered the data by the 

questionnaire filled by the expertes 

over the country 

 

Table 20. Experiments used for parameterization and evaluation of SSM Tomato 

Province, Location and Year Treatments   Reference 

Tehran, Tehran, 2004 Irrigation Golkar et al. (2009) 

Khorasan razavi, Torog, 2010 Cultivar Khazaei and Zare (2013) 

Tehran, Varamin, 2000 Irrigation Sadreghaen et al. (2010) 

Other rgeions of the country Potential conditin Gathered the data by the 

questionnaire filled by the expertes 

over the country 

 

 

 

 

 

 

Table 21. Experiments used for parameterization and evaluation of SSM Melons 

Province, Location and Year Treatments   Reference 

Alborz, Karaj, 2009 Irrigation, Cultivar Barzegar et al. (2011) 

Zanjan, Zanjan, 2013 Fertilizer Eliyasi Moghaddam et al. (2015) 

Tehran, Varamin, 2007, 2008 Cultivar, Density Jafari and Jalali (2016) 

Other rgeions of the country Potential conditin Gathered the data by the 

questionnaire filled by the expertes 

over the country 

 

 

 

 

 

https://www.sid.ir/En/Journal/SearchPaper.aspx?writer=7662
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Table 22. Data used for parameterization and evaluation of SSM Tree plants (https://amar.maj.ir, 2008). 

Province Location and Year* Province Location and Year* 

Almond Olive 

West Azarbaijan, Orumiyeh Zanjan, Abbar 

East Azarbaijan, Maragheh Semnan, Shahrud 

Chaharmahal-Bakhtiari, Lordegan Fars, Fasa 

Razavi Khorasan, Sarakhs Qazvin, Qazvin 

Esfahan, Shahreza Golestan, Kalaleh 

Fars, Safashahr Giulan, Rasht 

Kerman, Kerman Peach 

Markazi, Komijan West Azarbaijan, Orumiyeh 

South Khorasan, Birjand East Azarbaijan, Maragheh 

Yazd, Gariz Chaharmahal-Bakhtiari, Brojan 

Markazi, Arak Ardabil, Germi 

Hamedan, Malayer Alborz, Karaj 

Apple Fars, Eqlid 

Ardabil, Germi Tehran, Tehran 

Esfahan, Airport Qazvin, Qazvin 

East Azarbaijan, Maragheh Kermanshah, Sarpolzahab 

West Azarbaijan, Mahabad Golestan, Gorgan 

Tehran, Abali Markazi, Arak 

Razavi Khorasan, Golmakan Hamedan, Malayer 

Zanjan, Mahneshan Mazandaran, Gharakhil 

Fars, Eqlid Loresatn, Aligudarz 

Kohkilooye-Boyerahmad, Yasuj Mazandaran, Amirabad 

Hamedan, Malayer Pistachio 

Apricot and Plum South Khorasan, Boshruyeh 

Semnan, Shahrud Razavi Khorasan, Sabzevar 

Alborz, Karaj Semnan, Shahrud 

Semnan, Garmsar Fars, Shiraz 

Kerman, Jiroft Kerman, Kerman 

Hormozgan, Hajiabad Yazd, Yazd 

Fars, Lar Pomeogranate 

Mazandaran, Gharakhil Esfahan, Esfahan 

East Azarbaijan, Tabriz South Khorasan, Birjand 

Razavi Khorasan, Mashhad Razavi Khorasan, Sarakhs 

Qazvin, Qazvin Semnan, Shahrud 

East Azarbaijan, Ahar Fars, Shiraz 

Razavi Khorasan, Mashhad Qom, Qom 

Qazvin, Qazvin Loresatn, Aligudarz 

East Azarbaijan, Ahar Markazi, Komijan 

Citrus Yazd, Yazd 

Kerman, Jiroft Walnut 

Hormozgan, Hajiabad Razavi Khorasan, Mashhad 

Fars, Lar Esfahan, Esfahan 

Mazandaran, Gharakhil Fars, Eqlid 

East Azarbaijan, Tabriz Kerman, Kerman 

Razavi Khorasan, Mashhad Kerman, Sharbabak 

https://amar.maj.ir/
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Qazvin, Qazvin Qazvin, Qazvin 

Mazandaran, Sari Zanjan, Khodabandeh 

Date Markazi, Arak 

Kerman, Jiroft Hamedan, Malayer 

Hormozgan, Rudan Loresatn, Aligudarz 

Bushehr, Bushehr Kermanshah, Kermanshah 

Fars, Sepidan Kordestan, Marivan 

Khoozestan, Ahvaz Kohkilooye-Boyerahmad, Yasuj 

Sistan and Baluchestan, Saravan  

Grape  

Esfahan, Samirom  

East Azarbaijan, Tabriz  

West Azarbaijan, Orumiyeh  

Tehran, Tehran  

Razavi Khorasan, Torbate-e-Jam  

North Khorasan, Bojnord  

Qazvin, Qazvin  

Kermanshah, Songor  

Razavi Khorasan, Shahrud  

Fars, Sepidan  

Markazi, Komijan  

 

 

 

 هنابع

Abadian, A., Latifi, N., Kamkar, B., & Bagheri, M. (2012). The effect of late sowing date and plant density on 

quantitative and qualitative characteristics of Canola (RGS-003) in Gorgan. Journal of Agricultural Science and 

Natural Resources.15(5). (In Persian) 

Abasluo1, L., Kazemeini, S.A. and Edalat, M. 2014. Effects of drought stress and planting methods on yield and 

yield components of two chickpeas (Cicer arietinum L.) cultivars. Iranian Journal of Pulses Research, Vol. 5, No. 1, 

p. 79-90. 

Abdollahi, A., 2015. Study on effect of seed density and planting date on yield and yield components of bread 

wheat in dry land conditions. Iran Dryland Agric. J. 4, 92-115.                                        

Abdollahi, A., 2015. Study on effect of seed density and planting date on yield and yield components of bread 

wheat in dry land conditions. Iran Dryland Agric. J. 4, 92-115.                                        

Abdolreza, S. A., Bakhshande, A. M., & gharine, M.H. (2015). Evaluation of physiological characteristics and 

yield of canola cultivars under drought stress conditions of the season in Ahwaz climate. Iranian Journal of Field 

Crops Research. 13(1):71-80. (In Persian) 

Aboutalebian, M. A., & Mazaheri, D. (2011). The combined effect of soil cover on weed control and yield of 

potato yield. Iranian Journal of Field Crop Science, 43 (2): 255-264. (In Persian) 

Afrasiab, P., Delbari, M., Jafari, H. 2016. Effect of different levels of irrigation, planting density, planting 

pattern   in drip irrigation on yield, yield components and water use efficiency of corn. Iranian Journal of Soil and 

Water Research. 47 (4): 731-741. 

Afshar, H., Sedre qain, S.H., & Mehr abadi, H.R. (2013). Evaluation of Application of Plastic Mulch on Water 

Used and Seed Cotton Yield. Journal of Water and Soil, 26(6): 1421-1427. (In Persian). 

Agriculture and natural resources extension office. 2017. Special issue of 1st national festival of Iranian 

agriculture and the 31rd session of selection., introduction and honouring of national agriculture exemplaries. 

Agricultureal research, education and extension organization (AREEO), Tehran, 2 january 2017. 



96 
 

Ahmadi Fard, M., Azizi, Kh., Ismaili, A., Heydari, S. and Daraei Mofrad, A. 2011. The effects of diferent 

fertilization methods on seed yield and yield components of lentil under Khorramabad climatic condition. Journal of 

Crop Science. 4 (4): 1-14. 

Ahmadi, A., Hosseinpour, T., Soltani, M. 2014. Effects of seed density on the yield and its components of three 

genotypes of rainfed barley.  Agronomy Journal. 102: 131-140. (in Persian) 

Ahmadi, Gh. 1994. Critical Period of Combating Weeds in Drought Chickpea in Kermanshah Province. 

Mashhad Ferdowsi University. Master's Degree in Agriculture 

Ahmadi, J., Khatibi, M., Amirshekari, H., AminiDehagi, M., 2011.Evaluation of the effective morpho-

physiological indices on the yield of spring wheat (TriticumaestivumL.) using multivariate statistical 

methods.Agron. Sci. J.  4, 55- 66.                                                                                     

Ahmadi, J., Khatibi, M., Amirshekari, H., AminiDehagi, M., 2011.Evaluation of the effective morpho-

physiological indices on the yield of spring wheat (TriticumaestivumL.) using multivariate statistical 

methods.Agron. Sci. J.  4, 55- 66.                                                                                     

Ahmadi, M., and Bohrani M.J. 2009. Effect of nitrogen fertilizer on yield and yield components of three sesame 

cultivars in bushehr province. water and soil science. 13: 123-131. (in the Persian) 

Ahmadi, M., Kamkar, B., Soltani, A., Zeynali, E.andArabameri, R. 2010. The effect of planting date on duration 

of phonological phases in wheat cultivars and it's relation with grain yield. J. of Plant Production, Vol. 17(2): 109- 

122.                                                                                                   

Ahmadi, M., Kamkar, B., Soltani, A., Zeynali, E.andArabameri, R. 2010. The effect of planting date on duration 

of phonological phases in wheat cultivars and it's relation with grain yield. J. of Plant Production, Vol. 17(2): 109- 

122.                                                                                                   

Ahmadpour, A., Farhadi Bansouleh, B. and Ghobadi, M. 2017. .effects of deficit irrigation on growth trend , 

quantity and quality  characteristics of maize in Kermanshah. Journal of Water and Soil Resources Conservation. 

6(2): 100-111. 

Ahmadvand, G., & Haji Nia, S. (2015). Effect of cover plant and different tillage systems on physical properties 

of soil and yield of potato. Electronic Journal of Crop Production, 8 (4): 163-182. (In Persian) 

Akavan, K., Shiri, M. R. and Kazemi Azar, F. 2014. Effect of trickle irrigation amount and planting arrangement 

on corn. Journal of Water Research in Agriculture. 28(1): 97-105. 

Akbari Nodehi, D. 2011. Evaluating soybean response to water stress at different growth 

stages in Mazandaran province. Water and soil conservation. 1 (1): 53-61. 

Akbari Nodehi, D. 2012. Effect of Drought Stress in Different Growth Stages on Soybean Soybean Water Use 

Performance and Efficiency in Mazandaran. Knowledge of agriculture and sustainable production. 22 (1): 13-23. 

Akbari, P., Ghalavand, A., and Modarres Sanavy, S.A.M. 2009. Effects of different nutrition systems and 

biofertilizer (PGPR) on phenology period yield and yield components of sunflower (Helianthus annuus L.). 

Eloctoronical journal of crop production. 2: 119-134. (in the Persian) 

Akbari, R. and Momeni, A. 2015. Study of optimum transplanting date and nitrogen application in a double-

cropping system of rice (Oryza sativa L.) for ‘Kuhsaar’ Cultivar in MazandaranJournal of Crop Production, Vol. 8 

(2): 195-207. (In Farsi) 

Akbarlou, R. 2013. EFFECT OF POTASSIUM AND PLANTING METHOD ON YIELD AND SOME 

AGRONOMICAL TRAITS OF LOCAL VARIETY OF ROUND-GRAIN RICE IN KHOY.Journal 

of   RESEARCH IN CROP SCIENCES.5(19): 1-14. (In Farsi) 

Akhavan, K., Shiri, M. R, AdelZadeh, R. 2015. The effects of sub soiling and irrigation regimes on yield and 

yield components of maize. Applied Field Crop Research. 28 (4): 19-27.  

https://www.sid.ir/En/Journal/ViewPaper.aspx?ID=181597
https://www.sid.ir/En/Journal/ViewPaper.aspx?ID=181597


97 
 

Akhundi, N., Roshdi, M., Hasan Zade Ghurt Tape, A., Ranji, H. (2009). Study of yield and yield components of 

canola (Brassica napus L.)  genotypes in Miandoab region. Journal of Agricultural Research. 1 (4). (In Persian) 

Akram ghaderi, F., Latifi, N., & Rezaee, J. (2002). Effect of planting date on yield and yield components of three 

cotton cultivars in Gorgan. Journal of Agricultural Sciences and Natural Resources, 9(2): 81-93. (In Persian). 

Akram ghaderi, F., Latifi, N., Rezaee, J., & Soltani, A. (2003). Effect of planting date on phenology and 

morphology of three cotton cultivars in Gorgan. Iranian Journal of Agriculture Science, 34(1): 221-230. (In Persian). 

Alazmani, A. 2014. Effect of Nitrogen Fertilizer on Feed and Grain Yield of Barley Cultivar. International 

Research Journal of Applied and Basic Sciences. 8(11): 2013-2015.  

Aliloo, A., Fathi Goshgye, H. and Mohammadi, E. 2012. The Effect of Sowing Date and Plant Density on 

Morphology, Phenology and Yield Variables of Maize Hybrids in Bonab Region. JOURNAL OF 

AGRICULTURAL SCIENCE. 22 (2): 2-15. 

Amidzade, J., Naderi, A., Siadat, A., 2010. correlation  phenologic and Physiological with yield and grain 

components in irrigated wheat in sought Khozestan.  J. Agric Res. 2, 33-42.                         

Amidzade, J., Naderi, A., Siadat, A., 2010. correlation  phenologic and Physiological with yield and grain 

components in irrigated wheat in sought Khozestan.  J. Agric Res. 2, 33-42.                         

Amindeldar, Z. and Ehteshami, M. R. 2012.The effects of different strains of Pseuodomonas on uptake 

efficiency, yield and yield components of rice.Journal of Plant Process and Function, Vol. 1(2): 73-85. (In Farsi) 

Amini, A., Naderi, A., Lakzadeh, I., 2011. Investigation of Phonological Stages and Grain Yield of Mid Maturity 

Wheat Genotypes in Response to Different Growth Degree – Day (GDD) accumulation in Ahvaz Climate. The 

quarterly Academic J. Crop Physiology.  10, 121-135.                               

Amini, A., Naderi, A., Lakzadeh, I., 2011. Investigation of Phonological Stages and Grain Yield of Mid Maturity 

Wheat Genotypes in Response to Different Growth Degree – Day (GDD) accumulation in Ahvaz Climate. The 

quarterly Academic J. Crop Physiology.  10, 121-135.                               

Amini, R. A., Dabakh mohamadi nasab, A., & Ghorbani Fal, S. (2015). Use of physical, agronomic and chemical 

methods in the management of potato weed. Journal of Agricultural Knowledge and Sustainable Production, 25(4): 

105-118.(in Farsi) 

Andarzian, B., Bakhshandeh, A.M., Bannayan, M., Emam,Y., 2008. Evaluation of the CERES-wheat model in 

Ahvaz condition. Iran Agric. Res. 6, 11-22.                                                                     

Andarzian, B., Bakhshandeh, A.M., Bannayan, M., Emam,Y., 2008. Evaluation of the CERES-wheat model in 

Ahvaz condition. Iran Agric. Res. 6, 11-22.                                                                     

Ansari Maleki, Y., Jafarzadeh, J., Vaezi, B., Hosseinpour, T., Ghasemi, M. 2009. Study on Adaptability and 

Grain Yield Stability of Barley Genotypes in Warm Rainfed Areas. Seed and Plant Breeding. 25(1): 297-313. (in 

Persian)  

Ansari, H.,  SaJAHROMian, M.,  Takarli, A.,  Bayram, M. 2014. Determining Optimum Irrigation Depth for 

Wheat and Tomato Crops Using Aquacrop Model (A case study in Mashhad). Iranian Journal of lrrigation and 

Drainage.  8(1): 86-95.                                                                                              

Ansari, H.,  Salarian, M.,  Takarli, A.,  Bayram, M. 2014. Determining Optimum Irrigation Depth for Wheat and 

Tomato Crops Using Aquacrop Model (A case study in Mashhad). Iranian Journal of lrrigation and Drainage.  8(1): 

86-95.                                                                                              

Arabameri, R., Soltani, A.,  Kamkar, B., Zainali, E., Khavari, F., 2010. Determination parameters simulation 

yield by harvest index in wheat.  J. Plant Production, 17(2). 137- 150.                                                                                                                                   



98 
 

Arabameri, R., Soltani, A.,  Kamkar, B., Zainali, E., Khavari, F., 2010. Determination parameters simulation 

yield by harvest index in wheat.  J. Plant Production, 17(2). 137- 150.                                                                                                                                   

Asad, M. T. Kheradnam, A. A. Kamkar Haghighi, A. Karimian, N. A. Farsinejad, K. 2000. Sugar beet response 

to N and irrigarion levels and time of N application. Irania J. Agric.Sci. Vol. 31, No. 3. P:427-443.(In Persian). 

Asadi, B., Dori, H.R.&Ghadiri, A. (2011). Evaluation of chitti bean genotypes to drought stress using stress 

tolerance indices. Seed and Plant Improment Journal. 1-27 (4): 615-630. (In Persian) 

Asadi, R. and Asadi, R. 2012. Effect of deficit irrigation on yield, yield components, and water use efficiency of 

corn under drip irrigation. Iranian Journal of Water Research in Agriculture. 26(2):198-209. 

Asadisanam, S., Zavareh, M., ShokriVahed, H. and ShahinRokhsar, P. 2014. Effect of foliar supplements of 

nitrogen and potassium on yield and yield components of hybrid rice (Oryza sativa cv. Daylam).Journal of  

Agriculture. 16(3): 693-706. (In Farsi) 

Aslani, P., Faramarzi, A., KamelSheykh-Rajeh, M., Bagheri, H.,  2012. Evaluation of agronomic traits and yield 

of wheat promising genotypes in Zanjan region.  J. Plant Prod. 19, 1- 16.                       

Aslani, P., Faramarzi, A., KamelSheykh-Rajeh, M., Bagheri, H.,  2012. Evaluation of agronomic traits and yield 

of wheat promising genotypes in Zanjan region.  J. Plant Prod. 19, 1- 16.                       

Azari, A., Boromand Nasab S., Behzad, M. and Moayeri, M. 2007. Study of corn yield in T-Tape irrigation 

method. Scientific Journal of Agriculture. 30(2): 81-87. 

Azizi. Kh., Norouzian. A., Heydar, S., Yaghubi. M. (2011). The study of effect of zinc and boron foliar 

application on yield, yield components, seed oil and protein content and growth indices of rapeseed (Brassica napus 

L.) in Khorramabad climatic conditions. Journal of Agriculture knowledge. 4(5). (In Persian) 

Babaei Ghaghelestany, A., Tobeh, A. and Alebrahim, M. 2015. Study of the role of cover crops on weed 

management and yield and its forage maize (Zea mays L.) components. Journal of ecological agriculture. 5 (2): 64-

74. (In Persian). 

Baghani, J. 2012. Effect of irrigation methods on yield and agronomic characteristics of long-days onion 

cultivars. Journal of water and soil. 26: 251-259. (in the Persian). 

Baghani, j., Alizadeh, A., & Faridhosseini, A. (2012). The Effect of Surface and Subsurface Drip Irrigation on 

Quantity and Quality Potato. Iranian Journal of lrrigation and drainage,3(6), 238-244.(in Farsi) 

Baghani, J., Rastegar, J., Zarea, S., Sadrghaini, S.H. 2012. Effects of irrigation systems on quantity and water use 

efficiency of onion cultivars. Iranian Journal of lrrigation and drainage. 6: 1-10. (in the Persian). 

Baghani, J., SadrGhaen, H and Kanooni, A. 2007. The effect of planting pattern and water levels on the yield of 

potato under drip irrigation. Journal of agricultural engineering research . vol 8, no 4. 81-94. (In Persian) 

Bagheri, H. R., Gharineh, M. H., Bakhshandeh, A. M., Taei, J., Mehnatkesh, A. M., & Andarzyan, B. (2016). 

Effect of water stress and different levels of nitrogen fertilizer on yield and yield components and potato(Solanum 

tuberosum L.) water use efficiency. Environmental Stress in Crop Sciences, 9 (1), 1-14.(in Farsi) 

Bagheri, H.R., Gharineh, M. H., Bakhshaendeh, A. M., Taei, j., Mehnatkesh, A. M and Anzarzban, B. 2016. 

Evaluation the effect of drought stress and difference nitrogen fertilizer value on yield, yield component and water 

use efficiency in potato (Solanum tuberosum L). Enviromental stress in crop Science. Vol 9, NO1, 1-14. (In Persian) 

Bahrani, M. J. and Seidi, A. 2005. Effects of plant density and nitrogen application methods on yield and yield 

components of grain maize. Journal of Agricultural Science and Natural Resource. 12(3): 128-135 

Bakhshandeh, E. 2011. Ince.Evaluation of allometric relationships in wheat cultivars of Golestan province. . M. 

Sc. thesis, Gorgan University of Agricultural Sciences and Natutal Resources, Gorgan, Iran.                                                                                                                                                



99 
 

Bakhshandeh, E. 2011. Ince.Evaluation of allometric relationships in wheat cultivars of Golestan province. . M. 

Sc. thesis, Gorgan University of Agricultural Sciences and Natutal Resources, Gorgan, Iran.                                                                                                                                                

Bakhshipour, S., Gazanchian, A., Mohadasi, A., Rahim Soroush, H. and Nasiri, M.2011.Genotypic and 

phenotypic correlations between grain yield and some agronomic traits in promising rice lines.Agronomy Journal 

(Pajouhesh&Sazandegi) No 97 pp: 82-90. (In Farsi) 

Banisaeidi A. 2012. Effect of nitrogen on yield, grain yield components and nitrogen use efficiency of sunflower 

cultivars (heliantus annus l.) in khuzestan environmental conditions.  Crop physiology. 4: 71-86. (in the Persian) 

Barkhi, A., Rashed Mohassel, M. H., Nasiri Mahallati, M., Hosseini, S. M.and Moazzen, M.Sh. 2006. Effect of 

planting pattern and plant density on growth, yield and yield components of maize (Zea mays L.) in competition 

with redroot pigweed (Amaranthus retrofelexus). Iranian Journal of Crop Sciences. 11(1): 67-81. 

Barzabadi , V., and Farahani, V. 2011. Effect of irrigation and spraying zinc sulfate on yield and yield 

components of chickpea In arak. Scientific Journal of Ecophysiology of Crops and Weeds, Vol. 5, No, 20, p.43-52. 

Barzegar, T., Delshad, M., Majdabadi, A., Kashi, A., and Ghashghaie, J. 2011. Effects of water stress on yield, 

growth and some physiological parameters in iranian melon. Iranian journal of horticultural sciences. 42: 357-363. 

(in the Persian). 

Basati, J.Zebar Jedi, A. Jalilian, A. Abdollahian, M. Abdi, F. 2010.Effect of irrigation cut- off time at the end of 

growth period on storagability of sugar beet. J. sugar beet. Vol, 26. No,2.p: 157-167. (in Persian) 

Bayat, A. Latifi, N. Mohamadian, R. Galeshi, S. 2001. Astudy the effect of plant densities on thechnological 

maturity time of three sugar beet varieties. Iranian Journal of Agricultural Science. Vol. 32. No 2.p: 275-284. .(In 

Persian). 

 Bayat, Z., Ahmadi, A., Sabokdast, M. 2011. Evaluation genotypic variation for seed yield and protein and its 

relationship to remobilization in wheat cultivars in Iran.Journal of Crop Sciences. 42 (3): 565- 573.                                                                                                                                                

 Bayat, Z., Ahmadi, A., Sabokdast, M. 2011. Evaluation genotypic variation for seed yield and protein and its 

relationship to remobilization in wheat cultivars in Iran.Journal of Crop Sciences. 42 (3): 565- 573.                                                                                                                                                

Bayat, Z., Ahmadi, A., Sabokdast, M., Jodi, M. 2011.The pattern of photosynthesis partitioning in wheat cultivars 

under drought and normal.Journal of Crop Sciences. 42 (4): 821-832.                  

Bayat, Z., Ahmadi, A., Sabokdast, M., Jodi, M. 2011.The pattern of photosynthesis partitioning in wheat cultivars 

under drought and normal.Journal of Crop Sciences. 42 (4): 821-832.                  

Behdadian, A.R., Soltani, A., Zeynali, E., & Ajamnorozi, H. (2012). Effect of Crop Management on Nitrogen 

Nutrition and Canola (Brassica napusL.) Performance in Gorgan. Jornal of Plant EcoPhysiology. 6(22):185-200. (In 

Persian) 

 Behnamfar K., Siadat S.A., Bakhshandeh A.M., Kashefipour S.M., Alemi saied KH., Jafari A.A. 2014. 

Evaluation of impct of water deficit on yield and water use efficiency of four cultivars alfalfa (medicago sativa) in 

khuzestan conditions – Ahvaz. Irrigation sciences and engineering. 37: 63-71. (in the Persian) 

Beikzadeh, H., AlaviSineey, S. M., Bayat, M. and Ezady, A. A. 2015.Estimation of Genetic Parameters of 

Effective Agronomical Traits on Yield in some of Iranian Rice cultivar. Agronomy Journal (Pajouhesh and 

Sazandegi) No: 104 pp: 73-78. (In Farsi) 

Chaychayan, F., Sabagh poor, S.H., Sarajoghi, M., and Ghobadi. M.E. 2013. Effect of Plant Density on Some 

Yield Components of Chickpea Cultivars in Dryland Conditions Kermanshah (Harsin). The 5th Iranian National 

Bean Convention. 

Chegeni, H., 2011. Effect of plant density on yield and  grain yield in Wheat cultivars. Agron. J. 104, 9-16.                                                                                                                                               

Chegeni, H., 2011. Effect of plant density on yield and  grain yield in Wheat cultivars. Agron. J. 104, 9-16.                                                                                                                                               

https://www.sid.ir/En/Journal/ViewPaper.aspx?ID=309876
https://www.sid.ir/En/Journal/ViewPaper.aspx?ID=309876
https://www.sid.ir/En/Journal/SearchPaper.aspx?writer=144538
https://www.sid.ir/En/Journal/SearchPaper.aspx?writer=28914
https://www.sid.ir/En/Journal/SearchPaper.aspx?writer=311460
https://www.sid.ir/En/Journal/SearchPaper.aspx?writer=28432
https://www.sid.ir/En/Journal/SearchPaper.aspx?writer=766787
https://www.sid.ir/En/Journal/SearchPaper.aspx?writer=12655
https://www.sid.ir/En/Journal/JournalList.aspx?ID=16282


100 
 

Chogan, R. and Shirkhani, R. 2010. Response of Different Maturity Groups of Grain Maize Hybrids to Planting 

Date in Kermanshah. Seed and Plant Production Journal. 2 (3): 233-258. 

Dahmardeh, M., A. Ghanbari, B. A. Siahsar and M. Ramroudi. 2012. Evalution of forage yield and protein 

content of maize and cowpea (Vigna unguiculata L.) intercropping. Iranian Journal of Crop Sciences. 13(4): 658-

670. (In Persian). 

Dastan, S., NourMohammadi, GH.,Madani, H., Ebrahimi, M. and Yasari, E. 2015. Investigation of Growth and 

Phenology of Main Crop and Ratoon of Rice Cultivars in Differents Cropping Systems.Journal of Plant Production 

Technology, Vol. 16 (1) 81-101. (In Farsi) 

Dehqani, M., Jafar aghaee, M., & Mohamadi kia, S. (2013). Effect of irrigation water salinity on yield and some 

yield components of three cotton cultivars in Isfahan. Journal of Water Research in Agriculture, 27(4): 601-610. (In 

Persian). 

Dehqani, M., Jafar aghaee, M., & Tabatabaee, S.H. (2014). Effect of irrigation Schedule on yield and its 

components in two cotton cultivars in Isfahan. Journal of Water Research in Agriculture, 28(3): 561-569. (In 

Persian). 

Delghandi, M., Andarzian, B.,  Broomandnasab, S., MassahBovani, A., Javaheri, E., 2014. Evaluation of 

DSSAT 4.5-CSM-CERES-Wheat to Simulate Growth and Development, Yield and Phenology Stages of Wheat 

under Water DeficitCondition (Case Study: Ahvaz Region). Journal of Water and Soil. 28, 82-91.                                                                                                                               

Delghandi, M., Andarzian, B.,  Broomandnasab, S., MassahBovani, A., Javaheri, E., 2014. Evaluation of 

DSSAT 4.5-CSM-CERES-Wheat to Simulate Growth and Development, Yield and Phenology Stages of Wheat 

under Water DeficitCondition (Case Study: Ahvaz Region). Journal of Water and Soil. 28, 82-91.                                                                                                                               

Doosti, J., Zand, E., Daneshian, J. and Sadeghi, F. 2011. Integrated weeds management using row spacing, 

herbicide and cultivator in grain maize in Kermanshah region. Iranian Journal of Crop Science. 13 (1): 99-115.  

Dorosti, H. Rice hybrid seed production in Gilan. 2015. Keihan. Number 21033. 

Ebrahim Pak, N. A. and Mostashari, M. 2012.Interaction of water stress and fertilizers containing zinc, 

manganese and boron on yield and water use efficiency of sugar beet. ournal of Water Research in Agriculture. Vol. 

26, No. 3. P: 289-302. (In Persian). 

Ebrahimi koulaii, H. 2002.Determination of favorite harvesting date of three sugar beet varieties in Hamedan. J. 

sugar beet. Vol 18. No, 2. P:131-142.(In Persian). 

Ebrahimpor, F., Ayenehband, A., Mesgarbashi, M., Cheab, A. N. growth indices in wheat in response to density 

and planting data in oat.                                                                                                  

Ebrahimpor, F., Ayenehband, A., Mesgarbashi, M., Cheab, A. N. growth indices in wheat in response to density 

and planting data in oat.                                                                                                  

Ebrahimpor, F., Ayenehband, A., Normohamadi, G., Mosavinia, H., Mesgarbashi, M. 2006.Study of some wheat 

ecophysiologic indices as influenced by wild oat interaction.Pajouhesh& Sazandegi.73: 117-125.                                                                                                                                          

Ebrahimpor, F., Ayenehband, A., Normohamadi, G., Mosavinia, H., Mesgarbashi, M., Peyvastegan, B. 2007.The 

evaluation of effect of oat planting data and density on winter wheat yield and components.Scientific 

Journal of Agriculture. 30(3): 71-77.                                                           

Ebrahimpor, F., Ayenehband, A., Normohamadi, G., Mosavinia, H., Mesgarbashi, M. 2006.Study of some wheat 

ecophysiologic indices as influenced by wild oat interaction.Pajouhesh& Sazandegi.73: 117-125.                                                                                                                                          

Ebrahimpor, F., Ayenehband, A., Normohamadi, G., Mosavinia, H., Mesgarbashi, M., Peyvastegan, B. 2007.The 

evaluation of effect of oat planting data and density on winter wheat yield and components.Scientific 

Journal of Agriculture. 30(3): 71-77.                                                           



101 
 

Eliyasi Moghaddam, M., Barzegar, T., and Ghahremani, Z., 2015. Effect of foliar application of naphthalene 

acetic acid and plant thinning on growth, yield and fruit quality of melon (Cucumis melo cv. Khatooni). Iranian 

Journal of Horticultural Science. 46: 467-475. (in the Persian). 

Emami Bistgani, Z., Siadat, S.A., Bakhshande, A., Alami Saeid, K.H., Shiresmaeili, G.H. 2012. Effect of plant 

density on yield and quality traits of four sunflower genotypes. Journal of Crop Production and Processing. 1: 91-

103. (in the Persian) 

Entesari, M.H., Zangi, M.R., & Dadashi, M.R. (2015). Evaluation of the morphological and yield traits in the 

new Varieties of cotton. Iranian Journal of Cotton Researches, 3(1): 119-132. (In Persian). 

EradatmandAsli, D. and jamasbi, N. 2012.THE EFFECT OF SHADING ON DRY MATTER 

REMOBILIZATION, YIELD AND YIELD COMPONENTS IN DIFFERENT RICE (ORYZA SATIVA L.) 

CULTIVARS.Journal of  PLANT AND ECOSYSTEM. 8(31-2):103-115. (In Farsi) 

ESkanderi, A., Khazaei, H R., Kafi, M and Majdabadi, A. 2008. The effect of irrigation level on physiological 

characteristics, tuber yield and water use efficiency in potato (Solanum tuberosum L) under mashhad climatic 

condition. Vol. 25, No. 2, Summer 2011, P. 201-210. (In Persian) 

Esmaiilzadeh, M., Niknezhad, Y., FallahAmoli, H. and Kheiri, N. 2016. Determination of Optimum 

Transplanting Date for DoubleCropping of Rice (Oryza sativa L. CV. TaromMahalli) inMazandaran.Crop 

Physiology Journal. Vol. 10 (4): 991-1006. (In Farsi) 

Etesami, M., Galeshi, S., Soltani, A., Nooriani, A. 2008.Investigation of changes harvest index, yield and grain 

yield components in modern and old barley genotype. (Hordeum vulgare L). Journal of Agricultural Science and 

Natural Resources. 15(5): 19-25. (in Persian)  

Eyvazi, AR. 2014. Effect of sowing date on resistance to chilling stress in winter and spring genotypes of barley.  

Journal of crop production and processing. 4(13): 281-294. (in Persian) 

Falaah. S., EHSANZADEH. P.m and DANESHVAR., M., 2005. Grain Yield And Yield Components in Three 

Chickpea Genotypes Under Dryland Conditions with And Without Supplementary Irrigation at Different Plant 

Densities in Khorram-Abad, Lorestan. Iranian, J. Agric. Sci. Vol. 36, No. 3, p. 719-731. 

Fallahi, H. A., Siadat, A. and EzatAhmadi, M.Effect of Supplemental Irrigation and Nitrogen Rate on Grain 

Yield, Yield Components and Protein of Wheat Variety Koohdasht. Agronomy research: water, soil, crop 7(4): 225-

238.                                                                                                                 

Fallahi, H. A., Siadat, A. and EzatAhmadi, M.Effect of Supplemental Irrigation and Nitrogen Rate on Grain 

Yield, Yield Components and Protein of Wheat Variety Koohdasht. Agronomy research: water, soil, crop 7(4): 225-

238.                                                                                                                 

Farahbakhsh S., and Farahbakhsh H. 2015. Effect of drought stress on yield and yield components of sesame 

cultivars under kerman conditions (sesamum indicum l.). Iranian journal of field crops research. 12: 776-783. (in the 

Persian) 

Faraji, A. (2016). Response of Oilseed Rape Hybrids and Promising Lines to Sowing Date in  Gorgan Area. 

Seed and Plant Production.2-32(1). (In Persian) 

Faraji, A. 2016. Evaluation of Some Soybean Genotypes (Glycine max) under Salt Stress. Journal of Crop 

Breeding. 1: 65-79. 

Faraji, A., and Soltani, A. 2008. Accumulation and distribution of dry matter and nitrogen and drought resistance 

threshold in chickpea in rainfed conditions of Gonbad and Gorgan: Simulation study. J. Agric. Sci. Natur. Resour., 

Vol. 14. No,5. 

http://www.sid.ir/En/Journal/ViewPaper.aspx?ID=363407
http://www.sid.ir/En/Journal/ViewPaper.aspx?ID=363407
http://www.sid.ir/En/Journal/ViewPaper.aspx?ID=363407
https://www.sid.ir/En/Journal/ViewPaper.aspx?ID=460867
https://www.sid.ir/En/Journal/ViewPaper.aspx?ID=460867


102 
 

Faraji, A., Arzanesh, M. H. (2013). Response of Two Canola Genotypes to Plant Growth Promoter Bacteria  

(Azospirillum spp.): Seed Yield and Its Components, Dry Matter and Harvest Index. Seed and Plant Production. 2-

29(1). (In Persian) 

Fardad, H., & zighamigol, R. (2005). Optimization of Water Consumption for Irrigation of Cotton in Gorgan 

Region. Iranian Journal of Agriculture Science, 36(5): 1197-1206. (In Persian). 

 Farshadfar ., E . and Javadinya.,J. 2011. Evaluation of Chickpea (Cicer arietinum L.) Genotypes for Drought 

Tolerance. Journal of Breeding Seedlings and Seeds. Vol 1-27, No, 4. P. 517-537. 

Fazeli, F, Najafi Zarini, H., Arefrard, M. and Mirabedi, A. 2016. Investigation of the relationship between 

morphological traits and grain yield and their diversity in soybean fourth generation mutant lines using factor 

analysis method. Journal of Crop Breeding. 7: 47-55. 

Feyzi, H., Ghadiri, H., Mandani, F. and Gol Zardi, F. 1998. Determination of the best time and application 

amount of Atrazin herrain in weed control in grain corn and effects of its reside on wheat germination. Journal of 

Weed Research. 2(1): 83-93. 

Fraji, A., & Arzanash, M. H. (2004). Response of Two Canola Genotypes to Plant Growth Promoter Bacteria 

(Azospirillum spp.): Seed Yield and Its Components, Dry Matter and Harvest Index. SEED AND Plant  Production. 

19-2(1). (In Persian) 

GhadamiFirouzabadi, A and Parvizi, KH. 2010. The effect of low irrigation on yield and water use efficiency of 

new colonies of potato in row drip irrigation. Journal research water in agriculture. Vol 24. N 2. P 133-144. (In 

Persian) 

Ghaderi Far, F., Alimagham, S.M., Cancholi, O., Yousefi Daz, M., & Miri, A.A. (2012). Yield and fiber quality 

comparison of cotton planted in ultra narrow row and conventional row. Electronic Journal of Crop Production, 

5(2): 75-91. (In Persian). 

Ghadiri, H. and Majidian, M. 2003.  Effect of different nitrogen fertilizer levels and moisture stress during milky 

and dough stages on grain yield, yield components and water use efficiency of corn (Zea mays L.). Journal of Water 

and Soil Science, 7(2):103-118. 

Ghadirian, R., 2011. Growth analysis of wheat in Golestanprovince. M. Sc. thesis, GorganUniversity of 

Agricultural Sciences and Natutal Resources, Gorgan, Iran, (in Persian).                                    

Ghadirian, R., 2011. Growth analysis of wheat in Golestanprovince. M. Sc. thesis, GorganUniversity of 

Agricultural Sciences and Natutal Resources, Gorgan, Iran, (in Persian).                                    

Ghaemi, A. Hoseinabadi. Z. Sepaskhah, A.R. 2008. Water use efficiency and yield of sugar beet under 

conventional and alternate tape and furrow irrigation. Journal of Soil and Water. Vol ,22. No, 2. p: 85-94. (In 

Persian) 

Ghaemi, A.A and Zamani, B. 2015. Effect of Different Level of Water Stress and Nitrogen Fertilizer on Yield 

and Yield Components of Barley in Badjgah (Fars province). Journal of Water and Soi. 29(4): 954-965. (in Persian) 

Ghaemi, A.S. and Sadri, S. 2011.Effect of Deficit Irrigation by Both Ordinary and Alternative Tape and Furrow 

Methods on Yield of Sugar Beet. Journal of Water and Soil Science. Vol 21, No, 3. P: 127-137. (In Persian) 

Ghajari, A., Alisha, O., & Mirgasemi, S.J. (2015). Investigation of reaction successful early matured cotton 

crosses on yield and Yield components as double cropping. Iranian Journal of Cotton Researches, 2(2): 75-89. (In 

Persian). 

Ghajari, A., gharanjeeki, A., & Dieji, A. (2017). Optimizing the nitrogen fertilizer use and row spacing for 

increasing yield of Cotton cv. Golestan in double-cropping. Iranian Journal of Cotton Researches, 4(1): 47-60. (In 

Persian). 

http://jcri.areo.ir/?_action=article&au=102396&_au=Abdolghadir++Ghajari
http://jcri.areo.ir/?_action=article&au=102020&_au=Abdolreza++gharanjeeki
http://jcri.areo.ir/?_action=article&au=117094&_au=Ahmad++Dieji


103 
 

Ghamarnia, H. Sepehri, S. Noruzpoor, S. 2009. Investigation of water relations and sugar beet yield in 

Kermanshah .The 10th National Irrigation Seminar and Evaporation Reduction.(In Persian). 

Ghamarniya, H., Froghi, I., Dehghaniyan, M. (2016). Estimate Canola Evapotranspiration (napus Brassica) 

Using lysimeter in In the Kermanshah climate. Third Scientific Research Conference on the Development and 

Promotion of Agricultural Sciences, Natural Resources and Environment of Iran. . (In Persian) 

Ghanaei, S. 2016. The effect of phosphorus solublizing bacteria, zinc spraying and inoculation with Rhizobium 

japanicum on yield, yield components of soybean (Glycin max L.) cv. Katul in Gonbad region. Journal of Oil Plants 

Production.3 (1): 25-35. 

Ghanbari, A., H. Roshani, and A. Tavassoli., 2012.Effect of Sowing Date on Some Agronomic Characteristics 

and Seed Yield of Winter Wheat Cultivars. J. Crop Ecophysiology. 6, 127-145.     

Ghanbari, A., H. Roshani, and A. Tavassoli., 2012.Effect of Sowing Date on Some Agronomic Characteristics 

and Seed Yield of Winter Wheat Cultivars. J. Crop Ecophysiology. 6, 127-145.     

Ghanbari, A.A., Musavi, S.H., Keshavarz, s. &Abasian, A. (2014). Assessment of variation in physiological 

growth indices in common bean genotypes under water deficit condition. Seed and Plant Production Journal. 30(2): 

199-222. (In Persian) 

Ghanbari,A. A. (2015). Developmental stages and phenology of common bean genotypes under normal 

irrigation and water deficit conditions. Agronomy Journal (Pajouhesh & Sazandegi).107: 190-199. (In Persian) 

Ghanbari-Malidarreh, A., Janbaz Ghobadi, Gh, Dastan, S. and Shahidifar, A. 2015. Evaluation of day length 

changes and growth phonology of soybean cultivars at different planting dates in Sari. Agricultural research. 7 (1): 

41-53. 

Ghanbari-Motlagh, M., Rastgu, M., Pur-Yousef. (2012). The effect of sowing date and weed interference on 

growth indices of different red bean (Phaseolus vulgaris L.) cultivars. Journal of Plant Protection. 25(4): 378-

390.  (In Persian) 

Ghanizadeh, S., Azizi, M. (2009). Yield evaluation of cold tolerant spring cultivars of rapeseed in fall and winter 

sowing dates. Itanian Jornal of Field Crop Research. 7(2). (In Persian) 

Ghasemi, M., Vahabzadeh, M., Khalilzadeh, GH., Gharib Eshghi, A. 2004. Study on grain yield, yield 

components and green fodder of triticale and barley cultivars. Seed and plant. 20(3): 345-357. (in Persian) 

Ghiamati, G .. Astaraei, A. Zamani1, G. 2009.Effect of urban solid waste compost and sulfur on sugar beet yield 

and soil chemical of properties. Iranian Journal of Agricultural Research. Vol 7. No 1.p :153-162..(In Persian). 

Ghochi, E., Mohsenabadi, Z., Ehteshami, R. and Forghani, S. 2015. Integrated Application of Different Nitrogen 

Sources on Yield and Nitrogen Uptake in Forage Corn (Zea mays L.) in Rasht Region. Plant Production 

Technology. 15 (2): 95-107. (In Persian). 

Gholinezhad, E., Aynaband, A., Hassanzade Ghorthapeh, A., Noormohamadi, G., and Bernousi, I. 2012. Effects 

of drought stress, nitrogen amounts and plant densities on grain yield, rapidity and period of grain filing in 

sunflower. The science of agriculture 22: 129-143. (in the Persian). 

Ghorbanian, M., Liaghat, A. and Noory, H. 2016. Investigation the Effect of Adding Fertilizer on the Crop 

Coefficient, Growth of Roots and Shoots of Maize Forage. Iranian Journal of Irrigation and Drainage. 9 (6): 842-

853. (In Persian). 

Golchin, A., Musavi, S.F., Ghasemi-Golezani, K. & Saba, J. (2008). Relationship between plant density and 

grain yield of three pinto bean cultivars at different sowing dates. Journal of Agricultural science.18(1): 101-117. (In 

Persian)  

Golkar, F., Farahmand, A.R., and Fardad, H. 2009. Response of yield and water use efficiency of early urbana 

tomato to different levels of irrigation. Water engineering. 1: 13-19. (in the Persian). 

https://www.sid.ir/En/Journal/ViewPaper.aspx?ID=184810
https://www.sid.ir/En/Journal/ViewPaper.aspx?ID=184810


104 
 

Gorzin, M., GhaderiFar, F., Zainali, E. and Razavi, A. 2015. Effect of the length of various developmental 

periods on soybean yield and yield components. EJCP., Vol. 8(1): 21-41. 

Habibzadeh, F., Amini, A. and miernia, Kh. 2003. Effect of different potassium and zinc application on on the 

yield and yield components of soybean in Mazandaran province. Research and construction. 60: 18-24. 

Haddadi, M. and Mohseni, M. 2006. Effects of plant density and sowing date on silage yield in early maturing 

maize sown following wheat harvest. Journal of Agricultural Sciences of Iran. 8 (1): 58-65. 

Haghanian, S., Yadavi, A., Balouchi, H., and Moradi, A. 2016. Grain, oil yield and nitrogen use efficiency in 

different varieties of sesame (sesamum indicum l.) under nitrogen fertilizer and weed competition. Journal of 

agricultural science. 26: 67-81. (in the Persian) 

haghighat nia, H., shirvaniyan, A., & Hekmat, M.H. (2017). Effect of Different Levels of Irrigation and Plant 

Growth Regulatory of Pix on Yield of Cotton (Case Study: Darab, Fars). Iranian Journal of Cotton Researches, 4(1): 

61-76. (In Persian). 

Haghighati, B., Bromand Nasab, S., & Naseri, A. (2016). Effect of Deficit Irrigation and Partial Root – Zone 

Drying on Yield and Water Use Efficiency of Two Potato Cultivars. Journal of Water and Soil, 30 (3),717-729. (In 

Persian). 

Hamzaey.,J., and Seyedi, M.  2012. Response of three cultivars of chickpea to different planting dates under 

rainfed conditions in Hamedan region. Special Issue for Agricultural Science and Sustainable Production. 

Hamzei, J and M. Seyedi. 2014. Responses of soil bulk density, some of agronomic characteristics and yield of 

rainfed barled to the various methods of tillages in Hamedan region. Journal of water and soil science, Journal of 

science and technology of agriculture and natural resources. 18(70): 147-156. (in Persian) 

Hashemzehi, M., Saberi, MH., Zamani, G. 2013. Tolerance to drought stress evaluation based on indices of 

barley lines and sensitivity to drought stress tolerance in the final season Farming in Birjand. Agronomy Journal 

(Pajouhesh & Sazandegi) 101: 152-161. (in Persian) 

Henr, T., Sarvestani, A. S., Shams, Sh., Sepaskhah, A. R.,  & Komgar Haghighi, A. A. (2013). Effect of drought 

stress in different growth stages on grain yield and yield components of rapeseed (cv. Talayeh). Iranian Journal of 

Field Crop Science, 14 (4):320-332. (In Persian) 

Heris, A. M., Nazemi, A. H., Sadraddini, A. A., Neyshabouri, M. R. & Shakiba. M. R. (2015). Determination of 

evapotranspiration, crop coefficient and growth stages of  canola by lysimetric data. Iranian Journal of Water and 

Soil Science, 25(1):153-163. (In Persian) 

Hoshmandi, B., 2015.Evaluation of some morphophysiological traits and yield in Wheat cultivars. The quarterly 

Academic J. Crop Physiology. 26, 121-134.                                                             

Hoshmandi, B., 2015.Evaluation of some morphophysiological traits and yield in Wheat cultivars. The quarterly 

Academic J. Crop Physiology. 26, 121-134.                                                             

Hosseini Taleghani, S. H. and Mostashari, M. 2013. Study on application time and the source of nitrogen on 

some quantitative characteristics of two grain maize cultivars. Journal of Agricultural Research and Natural 

Resources.15:38-50. 

Hosseini, F., Nezami, A., Parsa, M. and Hajmohammadnia Ghalibaf, K. 2011. Effects of Supplementary 

Irrigation on Yield and Yield Components of Lentil Cultivars in Mashhad Climate. Journal of Water and Soil. 25 

(3): 625-633. 

Hosseini, F.S., Nezami, A., Parsa, M. and Hajmohammadnia Ghalibaf, K. 2013. Reaction of pheno-

morphological characteristics of lentil cultivars to supplementary irrigation in Mashhad conditions. Iranian Journal 

of Pulses Research. 2 (4): 35-50. 

javascript:void(0)
javascript:void(0)
http://jcri.areo.ir/?_action=article&au=142745&_au=hasan++haghighat+nia
http://jcri.areo.ir/?_action=article&au=142762&_au=Abdolrasool++shirvaniyan
http://jcri.areo.ir/?_action=article&au=106011&_au=Mohammad+Hasan++Hekmat


105 
 

Hosseini, M., 2012.Evaluation of the Possibility ofNitrogen Use Efficiencyand nitrogen nutrition index using 

DMPP in Wheat. Gorgan University of Agricultural Sciences and Natutal Resources, Gorgan, Iran, (in Persian).                                                                                                               

Hosseini, M., 2012.Evaluation of the Possibility ofNitrogen Use Efficiencyand nitrogen nutrition index using 

DMPP in Wheat. Gorgan University of Agricultural Sciences and Natutal Resources, Gorgan, Iran, (in Persian).                                                                                                               

Hosseini, R., S. Galeshi, A. Soltani., M. Calate and M. Zahed., 2014. The effect of nitrogen on extinction 

coefficient and radiation use efficiency in modern and old Wheat (Triticumaestivum L.) cultivars. Iranian J. Field 

Crops Res. 12, 44-52.                                                                              

Hosseini, R., S. Galeshi, A. Soltani., M. Calate and M. Zahed., 2014. The effect of nitrogen on extinction 

coefficient and radiation use efficiency in modern and old Wheat (Triticumaestivum L.) cultivars. Iranian J. Field 

Crops Res. 12, 44-52.                                                                              

Hosseini, T., Khoshro, M., Ziatabar Ahmadi, M. and Ghadami Firoozabadi, A. 2016. Evaluation of soybean 

yield with AquaCrop model under the influence of salinity management and low irrigation. Water Research in 

Agriculture. 30 (3): 361-372. 

Hosseinpanahi, F., Koocheki, A., Nassiri, M., & Ghorbani, R. (2009). Evaluation of yield and yield component 

in potato/corn intercropping. Iranian Journal of Agricultural Research, 7(1), 23-30.(in Farsi) 

Hosseinpor, T., Ahmadi, A., Mohamadi, F and Darikvand, R., 2012.The effect of seed rate on grain yield and its 

components in Wheat in rainfedconditions. Agri. J. 105: 101-110.                             

Hosseinpor, T., Ahmadi, A., Mohamadi, F and Darikvand, R., 2012.The effect of seed rate on grain yield and its 

components in Wheat in rainfedconditions. Agri. J. 105: 101-110.                             

Hosseinpour, T. 2012. Relationship among agronomic characteristics and grain yield in hull-less barley 

genotypes under rainfed conditions of Koohdasht. 14(3): 263-279. (in Persian) 

Hydari, S., Sajedi, N.A. &Madani, M.J. (2015). The effects of integrated management on yield, yield 

components and weed control of bean. Iranian Journal of Pulses Research. 6 (2): 139-150. (In Persian) 

Illakaei, M., Ardakani, M., Rejali, F., Khodshenas, M. and Seifi, M. 2014. Effect of Azotobacter, Mycorrhiza 

and different nitrogen levels on yield and yield components of forage maize (KSC 704). Journal of Agronomy and 

Plant Breeding. 10 (2): 1-11. (In Persian). 

Jafar aghaee, M., & Jalali, A.H. (2012). Effect of Irrigation-Water Salinity on Yield and Water Use Efficiency of 

Three Cultivars of Cotton (Gossypium hirsutum L.). Journal of Crop Production and Processing, 2(5): 97-107. (In 

Persian). 

Jafar aghaee, M., & Jalali, A.H. (2013). Effect of Deficit Irrigation on Production of Two Cotton Cultivars in 

Isfahan Province. Journal of Crop Production and Processing, 2(6): 145-152. (In Persian). 

Jafar aghaee, M., & Jalali, A.H. (2013). Yield and yield components of three varieties of cotton, under the 

influence of different densities. Iranian Journal of Cotton Researches, 2(1): 55-64. (In Persian). 

Jafari, M., Asghari Zakaria, R. Alizade, B., Sofalian, O., & Zare, N. (2014). Investigation of grain yield stability 

in winter rapeseed genotypes by Abrahat and Russell methods. Iranian Journal of Field Crops Research.45(4):585-

592. (In Persian) 

 Jafari, P., and Jalali, A.H. 2016. Comparison of yield and yield components of seven selected populations and 

three hybrid varieties of melon. Journal of crop production and processing. 6: 37-47.  

Jafarnejad, A., Sharifhosseini, M., 2011. Response of spring Wheat cultivars to  autumn different planting dates 

in Neyshabor. Iranian J. Field Crops Res. 8, 983-994.                                             

Jafarnejad, A., Sharifhosseini, M., 2011. Response of spring Wheat cultivars to  autumn different planting dates 

in Neyshabor. Iranian J. Field Crops Res. 8, 983-994.                                             

https://jcpp.iut.ac.ir/article-1-1672-en.pdf
https://jcpp.iut.ac.ir/article-1-1672-en.pdf
https://jcpp.iut.ac.ir/article-1-1743-en.pdf
https://jcpp.iut.ac.ir/article-1-1743-en.pdf
https://www.sid.ir/En/Journal/SearchPaper.aspx?writer=7662
https://www.sid.ir/En/Journal/JournalList.aspx?ID=29315


106 
 

Jahan, M., Nassiri Mahallati, M., Amiri, M.A., and Ehyayi, H.R. 2013. Radiation absorption and use efficiency 

of sesame as affected by biofertilizers inoculation in a low input ropping system. Industrial Crops and Products. 43: 

606-611.  

Jalali, A. H., & Salehi, F. (2015). The effect of nitrogen application and its split on yield, dry matter percentage 

and potato harvest index of Marfona cultivar. Journal of Production and Processing of Agricultural and Horticultural 

Products,15:83-91.(in Farsi) 

Jalilian, A. Shirvani, A.R. Nemati, A. Basati, J. 2001. Effects of deficit irrigation on the production and economy 

of sugar beet in Kermanshah region.  J sugar beet. Vol 17. No 1. P: 1-10.(In Persian). 

Jalilian, A., Shirkhani, A. and Farnia, A. 2014. Effects of Nitrogen and Drought Stress on Yield Components, 

Yield and Seed Quality of Corn (S.C. 704). Journal Agronomy. 102:151-160.  

Jam, E., Ebadi, A., Amini, I., & Dehdar, B. (2008). Effect of planting density and seed-minituber size on some 

quantitative and qualitative traits of potato. Pajouhesh & Sazandegi, 81, 20-29.(in Farsi) 

Jamshidi, A., Javanmard, HR., Miransari, M. 2017. Evaluation of barley (Hordeum vulgare L.) genotypes for 

salinity tolerance under field conditions using the stress indices Ain Shams Engineering Journal (in press). 

Jamshidi, M., Danesh-Shahraki, A. &Hashemi-Jazi, M. (2016). Effect of foliar application of manganese and 

zinc on grain yield and yield components of red bean (Phaseolus vulgaris L.) in drought conditions. Iranian Journal 

of Pulses Research. 7(2): 164-174. (In Persian) 

Javanmard, A. and Eskandari, H. 2014. Investigation of some competition and forage quality indices in different 

intercropping patterns of maize with vetch, common bean, bitter vetch and berseem clover. EJCP. 7 (3): 89-108. (In 

Persian). 

Joudi, J., Tobeh, A., Ebadi, A., Mostafaee, H. and Jamaati-e-Somarin, Sh. 2011. Nitrogen effects on yield, yield 

components, agronomical and recovery nitrogen use efficiency in lentil enotypes. EJCP. 1 (4): 39-50. 

Journal of Plant Production, Vol. 20 (4): 100-116. (In Farsi) 

Jovzi, M. and Zare Abiyane. 2015.Effect of N-fertilizer levels and deficit irrigation on qualitative and 

quantitative yield of sugar beet. J. sugar beet. Vol. 31, No.2. p:141-156.(In Persian). 

 Kamandi, A. Nezami, A. Koocheki,  A. Nassiri Mahallati1, M.2008. Effect of timing and intensity of defoliation 

on yield and quality of sugar beet.Iranian Journal of Agricultural Research. Vol 6. No 2.p.371-381. (In Persian). 

Kanony ., H and Imtiaz, M., 2014. Relative efficiency of alpha lattice design over randomized complete block 

design in yield trials of chickpea (Cicer arietinum L.). Iranian Journal of Pulses Research. Vol. 5, No. 1, p. 33-44 

Karimi, M., Baghani, J. and Jolaini, M. 2015. Evaluation of the Effect of Different Irrigation Levels of Drip 

Irrigation (Tape) on Yield and Yield Components of Corn. Journal of Water and Soil. 29(2):311-321. 

Karimzadeh, H., Nezami, A., Kafi, M. &Tadayon, M.R. (2017). Effects of deficit irrigation on yield and yield 

components of pinto bean genotypes in Shahrekord. Iranian Journal of Pulses Research. 8(1): 113-126. (In Persian) 

Karymi a., B. and farniya., A.  2009. Evaluation of Agronomic Traits, Yield and Yield Components of Drought 

Chickpea with Supplemental Irrigation.  Journal of Modern Agricultural Science 

Kebriaye S., Shams. K., and Pazeki. A. 2010. Effect of cultivar and sowing date on grain yield and quantitative 

traits in chickpea ( Cicer arietinum L.). Journal of Agriculture and Plant Breeding. Vol. 6, No. 2. P. 53-64.  

Keykhahi, F and Ganji, N., 2016.Effect of deficit Irrigation in Tape and Furrow Irrigation Methods on Yield 

and Water Use Efficiency of Wheat. Journal of Water Research in Agriculture. 30 (1): 1-11.  

Keykhahi, F and Ganji, N., 2016.Effect of deficit Irrigation in Tape and Furrow Irrigation Methods on Yield 

and Water Use Efficiency of Wheat. Journal of Water Research in Agriculture. 30 (1): 1-11.  



107 
 

Khalilzadeh, GH.,Arshad, Y., Hasanzadeh, A.2011. The effect of nitrogen on Nitrogen Utilization Efficiency and 

its supplement in wheat cultivars. Journal of Crop Production Research. 167-181 

Khalilzadeh, GH.,Arshad, Y., Hasanzadeh, A.2011. The effect of nitrogen on Nitrogen Utilization Efficiency and 

its supplement in wheat cultivars. Journal of Crop Production Research. 167-181 

Khalilzadeh, GH.,Arshad, Y., Rezaee, M., Eyvazi, A. 2011.The evalution of yield, yield components, nitrogen use 

and uptake efficiency in wheat cultivar. Journal  Research in Agricultural Science. 14: 121- 138.                                                                                                                                        

Khalilzadeh, GH.,Arshad, Y., Rezaee, M., Eyvazi, A. 2011.The evalution of yield, yield components, nitrogen use 

and uptake efficiency in wheat cultivar. Journal  Research in Agricultural Science. 14: 121- 138.                                                                                                                                        

Khatamiyan, O. S., Modares Sanavy, S. A. M., Ghanti, F., & Mostavafi. M. (2011). Evaluation of Yield, Its 

Components and Some Morphological Traits of  Sixteen Rapeseed Oil Cultivars in Arak Region. Journal of 

Agricultural Knowledge and Sustainable  Production. 21(3). (In Persian) 

Khayat, M., Rahnama, A. A., Motie, M. M., Seyed Mohamadi, A. R. (2011). Effect of planting date on 

phenological, physiological and seed yield of canola genotypes in Khuzestan province. roduction of crops under 

environmental stress conditions.3(1,2). (In Persian) 

Khazaei, H., and., Zare, A. 2013. Assessment of fruit yield and quality of tomato varieties in one and several 

times hand-harvesting. Seed and plant production. 29: 235-249. (in the Persian). 

Khazaie, M.2014. Study of  intercropping maize and sugar beet. Crops Improvement(Journal of Agricultural 

Crops Production). Vol, 16. No.4. p:987-997.(In Persian). 

 Kheirkhah, M. Farazi, M. Dadkhah ,A and  . 2016.Application of Glycine, Tufool and Salicylic Acid in Sugar 

beet (Beta vulgaris L.) under Drought Conditions.Journal of Crop Ecophysiology. Vol. 10, No. 1.p: 167-182.(In 

Persian). 

Khorramian, M., Boroomand Nasab, S., Abbasi, f. and Ashrafizadeh, S. R. 2011. The effect of no tillage on soil 

physical properties, root density and water-efficient corn in a large area north of Khuzestan. The First National 

Conference on Strategies to Achieve Sustainable Agriculture. Payam Noor University of Khuzestan Province. 1-8. 

Khorramian, M., Shoushi dezfouli, A.A., and Asareh A, 2012. Investigation the effect of gun sprinkle irrigation 

on forage yield and water use efficiency of alfalfa in Khuzestan.  Crop physiology. 15: 87-97. (in the Persian) 

Kohi Chelekaran, N. Dehghanisanij, H. and Asadi, R. 2012. Improvement in water use efficiency of drip 

irrigated corn in arid region. Iranian Journal of lrrigation and drainage. 6(2): 69-77. 

Komeili, R and S. Sharafi. 2014. Evaluation of promising barley lines under normal and drought stress in farmer 

conditions. Crop science research in arid regions. 2(2): 119-132. (in Persian) 

Koo, J., and J. Dimes. 2010. HC27Generic Soil Profile Database. Version 1,July. International Food policy 

Research Institute, Washington, DC. http://hdl. et.handle. net/1902.1/20299. 

Koo,J., and J. Dimes. 2010. HC27 Generic Soil Profile Database. Version 1,July. International Food Policy 

Research Institute, Washington, DC. http://hdl.handle.net/1902.1/20299.                            

Koo,J., and J. Dimes. 2010. HC27 Generic Soil Profile Database. Version 1,July. International Food Policy 

Research Institute, Washington, DC. http://hdl.handle.net/1902.1/20299.                            

Lack, S., Naderi, A., Saidat, S. A., Ayenehbandm A., Nour – Mohammadi, G., and Moosavi, S. 2008. The 

effects of different levels of irrigation, nitrogen and plant population on yield, yield components and dry matter 

remobilization of corn at climatical conditions of Khuzestan. Journal of Water and Soil Science, 11 (42): 1-14 

Lak, SH., Danaeefar, R., Sharafizade, M., 2013. Study of effect seed deterioration and plant density on yield and 

yield components Wheat (Chamran cultivar) in Khozestan conditions. The quarterly Academic J. Crop Physiology. 

17, 77-87.                                                                                       

https://www.sid.ir/En/Journal/SearchPaper.aspx?writer=386207
https://www.sid.ir/En/Journal/SearchPaper.aspx?writer=176646
https://www.sid.ir/En/Journal/SearchPaper.aspx?writer=199173
https://www.sid.ir/En/Journal/JournalList.aspx?ID=13423


108 
 

Lak, SH., Danaeefar, R., Sharafizade, M., 2013. Study of effect seed deterioration and plant density on yield and 

yield components Wheat (Chamran cultivar) in Khozestan conditions. The quarterly Academic J. Crop Physiology. 

17, 77-87.                                                                                       

Lashkari, H., keykhosroy, GH.,Rezaee, A. 2008. Analysis of CROPWAT model to estimate water requirement 

for wheat in west of Iran includes Eslamabad, Sarpolezahab and Ravansar. Human Sciences Modares. 13 (1): 247-

270.                                                                                    

Lashkari, H., keykhosroy, GH.,Rezaee, A. 2008. Analysis of CROPWAT model to estimate water requirement 

for wheat in west of Iran includes Eslamabad, Sarpolezahab and Ravansar. Human Sciences Modares. 13 (1): 247-

270.                                                                                    

Limochi et al, 2013. Effect of planting time on the flag leaf anatomy and grain yield of rice genotypes in 

Khuzestan province.Journal of Crop SCIENCES, Vol. 15(2): 136-151. (In Farsi) 

Madani, H., Moghimi, A., & Sajedi, N. A. (2010). Effect of different levels of zeolite and irrigation interval on 

yield and some potato traits. New findings Agriculture, 3: 281-290.(in Farsi) 

Mahmoodabadi, M., Rashidi, O.L., amd Fekri, M. 2013. Application of alfalfa residue, poultry manure and 

potassium fertilizer on some soil properties and onion yield. Journal of water and soil. 27: 452-461. (in the Persian). 

Mahmoudi, A. A. 2006. Effect of sowing season and seeding density on grain yield in lentil (Local var. Robat) 

under dryland conditions of Nothern Khorasan. Iranian Journal of Crop Sciences. 8 (3): 232-240. 

Mahmoudi, M. and Zakypour, and. 2016. The effect of nitrogen on yield and yield components of soybean in the 

city of Mahmudabad. Agronomic research on the margin of the desert. 13 (1): 73-81. 

Mahzari, S., BaghestaniMeibodi, M., Shirani Rad, A., Nasiri, M. and Omrani, M.2013.Investigation of 

mechanical and chemical weeds management on rice agronomical traits. Journal of Agroecology.Vol. 2 (2): 100-

116. (In Farsi). 

Majnoun Hosseini1, N. and Hamzeii, R. 2011. Effect of winter and spring planting time on yield and yield 

components of chickpea at dry land conditions. Iranian Journal of Pulses Research. Vol. 1, No. 2, p. 59-68 

Malek Maleki, F., Majnonhoseini, N. and Alizade, H. 2013. A survey on the effects of weed control treatments 

and plant density on lentil growth and yield. EJCP. 6 (2): 135-149. 

Mamnoei, E., Karaminezhad, M. R., Rashed Mohasel, M. H., Shimi, P., & Aein, A. (2016). Evaluation of some 

herbicides on potato weed control in Jiroft and Karaj. Journal of Plant Protection, 30(3): 368-378.(in Farsi) 

Mandehpour, S., Lak, S. and Sharafizadeh, M. 2015. The effect of planting date and plant density on 

phonological characteristics, yield and yield components of hybrid corn Karun 701 in Khuzestan. Crop Physiology 

Journal, 6(24):105-118. 

Mansouri S.M., Mobli, M., Ebadi, R., Rezaei, A. 2008. Polycross effects on agronomical characteristics and 

yield of nine onion genotypes in isfahan. water and soil science. 2: 615-625. (in the Persian) 

Masjedi, A., Shokoohfar, A. and Alavi Fazel, M. 2009. A survey of most suitable irrigation scheduling and effect 

of drought stress on yield for summer corn (SC.704) with class A evaporation pan in Ahvaz. Journal of Water and 

Soil Science. 12(46):543-550. 

Masoudi, F., Zardashti, M. R., Abdollahi Mandoulakani, B., Rasoli Sadghiani, M. H., & Nazarli. H. (2010). 

Effect of irrigation intervals on yield and plant characteristics of potato (Solanum tuberosum L.). Iranian Journal of 

Crop Sciences, 12 (3): 265-278. (In Persian) 

Mazaheri. H., Ghadami Firouzabadi, A., & Mohsen Seyedan(2011). Comparison Two Irrigation Systems, Tape 

and Furrow Irrigation Methodes on Yield Components of Rapeseed Cultivars in Hamedan Province. (Agronomy 

Journal) Pajouhesh & Sazandegi. 102:41-47. (In Persian) 

https://www.sid.ir/En/Journal/ViewPaper.aspx?ID=135974
https://www.sid.ir/En/Journal/ViewPaper.aspx?ID=135974


109 
 

Mehrpouyan, M., Faramarzi, A., Jaefari, A. &Siyami, K. (2010). The effect of different methods and different 

dates of sowing on yield and yield components in two cultivars of common bean (Phaseolus vulgaris L.). Iranian 

Journal of Pulses Research. 1(1): 9-17. (In Persian) 

Mehrpoyan, M.&Shirani-Rad, A.H. (2011). Comparing the biological nitrogen fixation efficiency, in native and 

non-native strains of Rhizobium leguminosarum ;bv.phaseoliin common bean. Iranian Journal of Pulses Research. 

2(2): 109-120. (In Persian)  

Mirhashemi-Aghdam R.S., Tadyon, M.S. &Zade-Bagheri, M. (2013) ). Evaluation of competitiveness of 

different bean cultivars and pigweed as affected by nitrogen. Journal of Plant Ecophysiology.5(15): 49-62. (In 

Persian) 

Mirza, V., Lak, SH., Mombini, M. 2013. Influence of plant density and zinc foliar application on yield and its 

components in corn (hybridK.S.C704). Agronomic Research in Semi Desert Regions.Vol10(4). 361-372. 

Mirzaie, M.R. and A, Ghadami FiroozAbadi. 2007.Investigation of quantity and quality characters of sugar beet 

crop under furrow and micro irrigation systems in Hamedan.J. sugar beet. Vol, 23. No,2. P: 11-122.(In Persian). 

Mirzaie, M.R. and Abdollahian Noghabi, M. 2011.Study of sugar beet growth pattern in Hamedan. J. sugar beet. 

Vol, 27. No, 2. P: 117-134 .(In Persian). 

Mobasser, H. R., MohseniDelarestaghi, M., Khorgami, A. and Zarghami, R. 2009.Trend inchanges 

ofphonological and morphological characteristics, yield and grain yield components in rice Genotype (Oryza Sativa 

L.) to the different cultivation density.Journal of  DYNAMIC AGRICULTURE, Vol. 6(1): 66-73. (In Farsi) 

Modaberi, H., (2010). Determination of evapotranspiration and vegetative factor of two common varieties of rice 

in the dashtemordab (gilan). Master's thesis for irrigation-drainage.School of Agriculture. University of  Tarbiat 

Modares University. 

Mofidian S.M.A., Aghashahi A.R., and Moghaddam A. 2013. quantitative and qualitative farage yield of cold-

region alfalfa ecotypes of iran.  Seed and plant production journal. 29: 729-745. (in the Persian) 

Mohajerani, S. S., Alavi-Fazel, M.,Madani, H., Lack, Sh. &Modhej A. (2016). Yield and physiological response 

of red bean genotypes (Phaseolus vulgaris L.) to cutting irrigation off at different growth stages. Journal of Crop 

Ecophysiology. 10(1): 213-224. (In Persian) 

Mohamadi Mazraeh, H. and Noorju, A. 2009.The effects of sub-soiling and different levels of irrigation on sugar 

beet and wheat yield in rotation .J. sugar beet. Vol. 25. No. 2.p: 39-51.(In Persian). 

Mohamadi, M., Majnunhoseini, N., Esmaili, A.R., Dashtaki, M. &Mohamad-Alipur, H. (2011). Study the 

rhizobium strains function on yield & yield components, chlorophyll and seed protein of common bean cultivars 

(Phaseolus vulgaris L.). IranianJournal of Field Crop Sciences. 42(3): 535-543. (In Persian)  

Mohamadian, R. and  H, Ghaen. 2012. Determination of suitable sowing pattern of sugar beet under tape drip 

irrigation system.J. sugar beet. Vol.  28. No,2. P: 107-122.(In Persian). 

Mohammadi, Gh., Safari-Poor, M., Ghobadi, E, and Najaphy, A.2015. The effect of green manure and nitrogen 

fertilizer on corn yield and growth indices. Journal of Agricultural Science and Sustainable Production. 25 (2): 106-

123. 

Mohsen, B., safahani, A.R. (2010). Effect of planting date and plant density on quantitative and qualitative traits 

of two canola cultivars. Jornal Management System.2(4). (In Persian) 

Mojadam, M. and Modhej, A. 2012. Effect of nitrogen levels on water use efficiency, grain yield and yield 

components of corn under optimum and drought stress conditions. Iranian Journal of Field Crops Research. 10(3): 

546-554. 

Monian ardestani, M. (2013). Comparison of seed yield and quality of cotton cultivars grown in a very narrow 

range of rows. M.Sc thesis, Gorgan University of Agricultural Sciences and Natural Resources. (In Persian). 

https://www.sid.ir/En/Journal/SearchPaper.aspx?writer=86926
https://www.sid.ir/En/Journal/SearchPaper.aspx?writer=151706
https://www.sid.ir/En/Journal/SearchPaper.aspx?writer=1679
https://www.sid.ir/En/Journal/JournalList.aspx?ID=12449


110 
 

Moosavi, S.S., Zahedi-No, M., Chaichi, M., Abdollahi, MR. 2014. Assessment of diversity and identifying of 

effective traits on grain yield of barley (Hordeum vulgare L.) under non-stress and terminal moisture stress 

conditions. Cereal Research. 4(2): 155-173. (in Persian) 

Moradi aghdam A., Daneshian J., Valadabadi S.A., Zakerin H.R., Ghaffari M., Haji hassani asl N., Moradi 

aghdam M. 2011. Effect of planting dates on the phenology and some agronomic characteristics of sunflower 

cultivars under khoy condition. Journal of crop ecophysiology. 3: 205-215. (in the Persian) 

Moradi Dalini, A., & Neyshabori, M. (2005). Measurement of canola water requirement by lysimeter method in 

HAJIABADEHORMOZGAN. Proceedings of the nineth Iranian soil science congress.2:316-318. (In Persian) 

Moradi, M., Panahpur, E. and Shaban, M. 2010. Evaluation of planting date and leaf cutting effects on yield and 

yield components of corn (hybrid single cross 700) in Izeh conditions. Crop Physiology Journal. 7(2): 107-117. 

Mosanaiey, H., Ajmanorozi, H., Rangriz, Z. and Zarezzadeh, Z. 2015. The Effect of Planting Pattern on 

Phonological Stages, Yield and Yield Components of Soybeans Promising in Gorgan. Crop Physiology. 7 (20): 43-

58. 

Mosavi, S. K., Feyziyan, M., Ahmadi, A. R. 2009.The effect methods of nitrogen and Fertilizer Application on 

growth of irrigated wheat in Lorestan province. Journal of Soil Research. 23 (2): 135-147.                                                                                                                                                 

Mosavi, S. K., Feyziyan, M., Ahmadi, A. R. 2009.The effect methods of nitrogen and Fertilizer Application on 

growth of irrigated wheat in Lorestan province. Journal of Soil Research. 23 (2): 135-147.                                                                                                                                                 

Moshaver, E., Emam, Y., Madani, H., Nour Mohamadi, Gh. and Heidari Sharifabad, H. 2016. Comparison of 

Yield and Some Forage Qualitative Characteristics of Corn, Sorghum and Amaranth in Response to Density and 

Sowing Date in Fars Province. Journal of Crop Ecophysiology. 10 (1): 103-120. (In Persian). 

Mostafavi Rad, M., Shariati, F., & Mostafavi Rad. S. (2011). Evaluation of sowing date influenceon quantitative 

and qualitative yield in four rapeseed cultivars adapted to cold regions in Arak, Iran. Electronic Jornal of Crop 

Production. 5(2).  (In Persian) 

Mousavi, S. and Ahmadi, A. 2008. Effects of sowing date and weed interference on yield of dryland of three 

lentil cultivars in Khoramabad. Agriculture research. 8 (1): 13-26. 

Mousavi, S. and chavoshi, S. 2013. Evaluation of phenological traits and some important cultivars of soybean 

cultivars under different planting dates in Ardabil. New Agricultural Findings. 7 (4): 371-382. 

Mousavi, S., Mirahadi, M., Imani, A. and Mohammad Pour Khaneghah, A. 2011. Effect of planting date on 

growth stages and yield of soybean and soybean oil in Ardebil region. Modern knowledge of sustainable agriculture. 

7 (4): 63-69. 

Mousavi, S.G.R and M.J. Seghatoleslami. 2011. Effect of Different Chemical and Bio-Fertilizers On 

Morphological Traits, Yield and Yield Components of Barley. Advances in Environmental Biology. 5(10): 3312-

3317.  

Mousavi, S.K.,  Faizian, M., Ahmadi, A. Influence of Nitrogen Fertilizer Application Methods on Yield and 

Yield Components of Winter Wheat (TriticumaestivumL.).  Journal of Water and Soil. 25(1): 19-28.                                                                                                                                   

Mousavi, S.K.,  Faizian, M., Ahmadi, A. Influence of Nitrogen Fertilizer Application Methods on Yield and 

Yield Components of Winter Wheat (TriticumaestivumL.).  Journal of Water and Soil. 25(1): 19-28.                                                                                                                                   

Mozafari, A., Siadat, A., Hashemidezfuli, A., 2006. Effect of Plant Density on Morphological and Physiological 

Characteristics of Four Cultivars of Durum Wheat (Triticumturgidumvar.durum) under Dryland of Sarableh-Region, 

Ilam. J. Res. Agri Sci. 2, 47-56.                                                         

Mozafari, A., Siadat, A., Hashemidezfuli, A., 2006. Effect of Plant Density on Morphological and Physiological 

Characteristics of Four Cultivars of Durum Wheat (Triticumturgidumvar.durum) under Dryland of Sarableh-Region, 

Ilam. J. Res. Agri Sci. 2, 47-56.                                                         

https://www.sid.ir/En/Journal/ViewPaper.aspx?ID=249263
https://www.sid.ir/En/Journal/ViewPaper.aspx?ID=249263


111 
 

Naderi arefi, A., & abedini esfehlani, M. (2014). Effect of planting date and final irrigation on cotton yield at 

Garmsar condition. Agricultural Crop Management, 15(3): 201-211. (In Persian). 

Naderi arefi, A., & Hamidi, A. (2014). Seed Cotton Yield and some Related Traits in Different Cultivars of 

Cotton (Gossypium hirsutum L.) in Garmsar Conditions. Seed and Plant Production, 30(4): 401-420. (In Persian). 

Naderi arefi, A., Ahmadi, A., Sabok dast, M., Tavakoli, A.R., & Vafaee tabar, M.A. (2016). Effect of water 

deficit stress on some vegetative aspects and yield of cotton genotypes. Iranian Journal of Field Crop Science, 47(1): 

41-52. (In Persian). 

Naderi, M., Shayannejad, M.,  Heydari,  S and  Haghighati, B. 2016. Effect of Different Levels of Irrigation 

Water on Quantitative and Qualitative Characteristics of Potato and Determination of Its Optimum Consumptive 

Use of Water in Shahrekord. Journal of Water and Soil Vol. 30, No. 5, p. 1370-1381. (In Persian) 

Naderi, M., Shayannejad, M., Heydari, S., & Haghighati, B. 2016. Effect of Different Levels of Irrigation Water 

on Quantitative and Qualitative Characteristics of Potato and Determination of Its Optimum Consumptive Use of 

Water in Shahrekord.  Journal of Water and Soil, 30(5): 1370-1381.(in Farsi) 

Naghaii, V and MR. Asgharipour. 2011. Difference in Drought Stress Responses of 20 Barley Genotypes with 

Contrasting Drought Tolerance During Grain Filling. Advances in Environmental Biology. 5(9): 3042-3049.  

Najafi, N. and Mostafae, M. 2015. Improvement of corn plant nutrition by farmyard manure application and 

intercropping with Bean and bitter vetch in a calcareous soil. Journal of Soil Management and Sustainable 

Production. 5 (1): 1-22. (In Persian). 

Najafi, R. 2006. Effect of seed power on soybean growth and yield. Master's thesis, Department of Agriculture, 

Faculty of Plant Production, Gorgan University of Agricultural Sciences and Natural Resources. 

Nakhzari Moghaddam, A. and Ramroodi., M. 2003. Effects of planting date and nitrogen rate on yield and yield 

components of lentil. EJCP. 9 (4): 33-42. 

Nakhzari Moghaddam, A., Tatari, M. and Arniaz qaranjic, A. 2011. The investigation of application times and 

amounts of zinc on yield and yield components of lentil. EJCP. 1 (4): 17-29. 

Namdari, M. and S. Mahmoodi. 2013. Evaluation of grain yield and yield components in intercropping of dwarf 

and tall cultivars of soybean (Glycine max L.). Iranian Journal of Crop Sciences. 15(1): 1-11. (In Persian). 

Namdari, M., Behdani, M. and Arab, Q. 2010. Study of physiological, morphological and functional 

characteristics of soybean cultivars in different ratios of mixed crop. Journal of Agroecology. 2 (2): 313-322. 

Nasrollahzadeh Asl, A., & Sedaghat,  G. (2015). Effects of planting depth and irrigation disruption on yield and 

yield components in potato (Solanum tuberosum L). Research on agricultural science in arid regions, 2 (1): 31-42. 

(In Persian) 

Navabpour, S., Latifi, N., Hosseini, S.H.andKazemi, G. 2011. Evaluation of grain yield in relation to yield 

components and growth indices in wheat.Journal of cropProduction.4(3): 157-173.             

Navabpour, S., Latifi, N., Hosseini, S.H.andKazemi, G. 2011. Evaluation of grain yield in relation to yield 

components and growth indices in wheat.Journal of cropProduction.4(3): 157-173.             

Nazari, M., 2016.The study of diversity leaf area in different  growthstagesin Wheat genotypes. M. Sc. thesis, 

Gorgan University of Agricultural Sciences and Natutal Resources, Gorgan, Iran, (in Persian).                                                                                                                                          

Nazari, M., 2016.The study of diversity leaf area in different  growthstagesin Wheat genotypes. M. Sc. thesis, 

Gorgan University of Agricultural Sciences and Natutal Resources, Gorgan, Iran, (in Persian).                                                                                                                                          

Nehbandani, A. 2013. Parameterizing SSM Model to Simulate Soybean Growth and Yield. Master's thesis, 

Department of Agriculture, Faculty of Plant Production, Gorgan University of Agricultural Sciences and Natural 

Resources. 



112 
 

Nezami., 1999. Evaluation of cold tolerance in chickpea for autumn cultivation in highlands. Mashhad Ferdowsi 

University. Doctoral degree in Agriculture. 

Niazi, J., Foladmand, H. Z. Distant and Irrigation Required of three canola cultivars in Zarghan area of Fars 

province. Journal of Science and Technology of Agriculture and Natural Resources. 10(3). (In Persian) 

Nikzad, M., Taei, J., Azami sardoei, Z. A., & Amiri, E. (2015). Agro-ecological zonation of potato using GIS 

and WOFOST simulation model in Jiroft city. University of Jiroft - Faculty of Agriculture. Master's thesis.(in Farsi) 

Niyazali, E. P. (2008). Determination of evapotranspiration potential of canola by lysimetric method. Iranian 

Irrigation Seminar and Evaporation Reduction. (In Persian) 

Noriani, H. (2015). Effect of Different Nitrogen Levels on Yield, Yield Components and Some Qualitative 

Characteristics of Two Rapeseed Cultivars (Brassica napus L.). Jornal of Crop Production and Processing. 5(16). (In 

Persian) 

Noshad, H. Mohamadian,  R. Khayamim, S. Hamdi, F. 2014. Effect of amino acid containing organic fertilizers 

on nitrogen use efficiency and qualitative and quantitative properties of sugar beet. J. sugar beet. Vol, 30. No, 2. P: 

167-181.(In Persian). 

Nouri hoseini, S.M., Zabihi, H.R., & Ramazani Moghaddam, M.R. (2015). Cotton yield and yield components 

response to soil and foliar application of iron and zinc. Iranian Journal of Cotton Researches, 2(2): 43-57. (In 

Persian). 

Omidi, F. &Sepehri, A. (2015). Effect of Sodium Nitroprusside application on leaf area, growth and water use 

efficiency of kidney bean under water deficit stress. Journal of Agriculture. 16(4): 871-885. (In Persian) 

Omidi, M.,  Siahpoosh, M.R., Mamghani, R.,   and Modarresi, M. 2013. The effects of terminal heat stress on 

yield, yield components and some morpho-phenological traits of wheat genotypes in Ahwaz weather conditions. 

EJCP., Vol. 6 (4): 33-53.                                                                                 

Omidi, M.,  Siahpoosh, M.R., Mamghani, R.,   and Modarresi, M. 2013. The effects of terminal heat stress on 

yield, yield components and some morpho-phenological traits of wheat genotypes in Ahwaz weather conditions. 

EJCP., Vol. 6 (4): 33-53.                                                                                 

Oraki, A., Siahpoosh, MR., Rahnama, A., Lakzadeh, I. 2016.The effects of terminal heat stress on yield, yield 

components and some morpho-phenological traits of barley genotypes (Hordeum vulgare L.) in Ahvaz weather 

conditions. 47(1): 29-40. (in Persian) 

Parsa, S. Koochaki, A. Nassiri Mahallati, M.  Ghaemi, A. 2007. Seasonal variation of radiation interception and 

radiation use efficiency in sugar beet (Beta vulgaris L.).Iranian Journal of Agricultural Research. Vol. 5. 

No.2.p:229-238.(In Persian). 

Parvizi, Kh. (2008). Evaluation of quantitative and qualitative traits of late and early ripening advanced potato 

cultivars. Pajouhesh & Sazandegi, 79: 80-90.(in Farsi) 

Parvizi, S.,Amirnia, R.,Bernosy, I.,Paseban-Islam, B.,Hasanzadeh-Gorttapeh, A. & Raeii, Y. (2011). Evaluation 

of different plant densities effects on rate and process of grain filling, yield and yield components in varieties of dry 

bean. Journal of Plant Production.18(1). (In Persian) 

Pashakolayi, R. M., Ramee, V., &Teymori Shamoshak, A.A. (2008). Investigation of Different Nitrogen 

Variables in Different Planting History on Phenological Characteristics and Performance of Hayola-401. Jornal of 

Plant Ecophysiology. 1(3). (In Persian) 

Pashakolayi, R. M., Ramee, V., &Teymori Shamoshak, A.A. (2011). Nitrogen fertilizer application and sowing 

date on phenological characteristics, grain yield and yield components of canola. Plant and Ecosystem.7(2-27). (In 

Persian) 



113 
 

Pezeshkpoor, P., Esteraky. H., and Shabani. A. 2013. Effect of autumn and spring planting season on yield and 

yield components of white chickpea (Cicer arietinume L.) in dryland conditions of the city of Selseleh. The 5th 

Iranian National Bean Convention.  

pourreza, J., Soltani, A., Rahemi, A., Galeshi, S and Zainali, E. 2008. Investigation of dry matter partitioning 

amount between different organs in chickpea. J. Agric. Sci. Natur. Resour., Vol. 14. No,5. 

Pirasteanosheh, H., Emam, Y. 2012. Manipulation of Morpho-Physiological Traits in Bread and Durum Wheat 

by Using Growth Regulators at Different Irrigation Regimes.Journal of crop production and processing. 2(5): 29-

45.                                                                                          

Pirasteanosheh, H., Emam, Y. 2012. Manipulation of Morpho-Physiological Traits in Bread and Durum Wheat 

by Using Growth Regulators at Different Irrigation Regimes.Journal of crop production and processing. 2(5): 29-

45.                                                                                          

Pirasteanosheh, H., Emam, Y. 2012. The response of  seed yield and yield components of wheat to  Growth 

Regulators under drought stress in farm and greenhouse. Journal of environmental stresses in crop sciences. 5 (1): 

1-17.                                                                                                              

Pirasteanosheh, H., Emam, Y. 2012. The response of  seed yield and yield components of wheat to  Growth 

Regulators under drought stress in farm and greenhouse. Journal of environmental stresses in crop sciences. 5 (1): 

1-17.                                                                                                              

Pirmoradian, N., Zekri, F.,Rezaei, M. and Abdollahi, V. 2013.Derivation of crop coefficients of three rice 

varieties based on ET estimation method in Rasht region.Journal of Cereal Research, Vol. 3(2): 95-106. (In Farsi) 

Poor yazdankhah, H., Razavipoor, T., Khaledian, M. R. and Rezaie, M. 2014.Determining crop coefficient of 

Binam and Khazar cultivars of rice by lysimeter and controlled basins in Rasht region .Journal of Agroecology, Vol. 

6(2): 238-249. (In Farsi) 

Pourmotabbed, MR., Farnia, A., Fard Alishir, N. 2014. Effect of planting date on ecophysiological and 

morphological characteristics of lines and varieties of barley in different regions of Kermanshah. Journal of 

Biodiversity and Environmental Sciences. 5(2): 572-577.  

Pourtaghi, A.R., Darvish, F., Zamanian, M., and Mirhadi, M.J. 2005. Assessment and comparison of three 

berseem clover cultivars in three different planting dates with regard to quantitative and qualitative forage and hay 

yield in karaj region. Journal of agricultural sciences islamic azad university. 11 (3): 79-87. (in the Persian) 

Pourtaheri, N., Rahimi, M., Vaezi, B.  and Ahmadikhah, A. 2012. Effect of seed density and weed control on 

yield and yield components of two lentil dryland-specific cultivars in subtropical conditions. EJCP. 5 (4): 135-149. 

Poustini, K. and Najafi- Nejad. 1997. Efeect of farmyard  manure on root yield and quality of sugar beet. Irania 

J. Agric.Sci. Vol. 28. No.3. p:27-36.(In Persian). 

Qajar Sepanlou, M. And to me, m. A. 2004. Irrigation effect in different stages of growth on yield, water use 

efficiency and harvest index of soybean cultivars in Mazandaran. Agricultural and Natural Resources of the Caspian 

Sea. 2 (2): 79-88. 

Raeisi, S. and Hezarjaribim, a. 2013. Evaluation of Soybean Cultivars in Different Planting Arrangements and 

Densities in Golestan Province of Iran. Seed and Plant Improvment Journal. 29 (2): 215-233. 

Rahimi Jahangirlou, M., Kambouzia, J., Soufizadeh, S. and Rezayi, M.2015.  Study and comparison of 

temperature changes impacts on grain yield of irrigated maize (zea mayas L.) in Khuzestan and fars provinces. 

Journal of Ecological Agriculture. 6:118-134. 

Rahimikhoob, H. and Sotoodehnia, A. 2012. Optimizing Water Use Efficiency using Elasticity Index - A Case 

Study For Silage Maize in the Qazvin Region. Iranian Journal of Irrigation and Drainage. 8 (2): 304-310. (In 

Persian). 

http://spij.areo.ir/?lang=en


114 
 

Rahimikhoob, H. and Sotoodehnia, A. 2012. Optimizing Water Use Efficiency using Elasticity Index - A Case 

Study For Silage Maize in the Qazvin Region. Iranian Journal of Irrigation and Drainage. 8 (2): 304-310. (In 

Persian). 

Rahimiyan, M and Ghodsi, M.  2014. Effect of Elimination of Irrigation in Terminal Stages of Growth on Yield 

and Water Use Efficiency of Five Wheat (Triticumaestivum L.)Genotypes in Mashhad.Journal of Water 

Research in Agriculture. 28 (1): 25-38.                                            

Rahimiyan, M and Ghodsi, M.  2014. Effect of Elimination of Irrigation in Terminal Stages of Growth on Yield 

and Water Use Efficiency of Five Wheat (Triticumaestivum L.)Genotypes in Mashhad.Journal of Water 

Research in Agriculture. 28 (1): 25-38.                                            

Rahmani, T., Heydari-Sharifabad, H.&Madani, H. (2012). Effect of planting date and comparing yield between 

red bean cultivars in Ali-goudarz, Lorestan, Iran. Journalof New Finding in Agriculture. 6(4): 321-335. (In Persian)  

Rahnama,A., LotfaliAyeneh., G., 2011. Spring Wheat (TriticumaestivumL.)Genotype Responses to Heat and 

Drought. The quarterly Academic J. Crop Physiology. 3, 63-47 .                                    

Rahnama,A., LotfaliAyeneh., G., 2011. Spring Wheat (TriticumaestivumL.)Genotype Responses to Heat and 

Drought. The quarterly Academic J. Crop Physiology. 3, 63-47 .                                    

Rameeh, V. and Aghabozorgi, M. 2016. Effect of different seed rates and sowing dates on yield components, 

yield and qualitative traits of soybean (Glycine max (L.) Merr.) variety Sari. Journal of Oil Plants Production.3 (1): 

15-24.  

Rameeh, V.(2014).  Evaluation of planting dates effects on growth, phenology and seed yield of spring  rapeseed 

varieties. Jornal of oil Plant Producion. 1(1). (In Persian) 

Ramezani Etedali, H., Nazari, B., Tavakoli, A., Parsinejad, M. 2009. Evaluation of CROPWAT model in deficit 

irrigation management of wheat and barley in Karaj. Journal of Water and Soil. 23(1): 119-129. (in Persian) 

Ramezani, M., Ehteshami, M R., Chaichi, M. R. and Sharifi, M. 2014. Effects of Different Levels of Biofertilizer 

and Phosphorus Chemical Fertilizer on Quantitative and Qualitative Yield of Forage Corn Cultivar SC540 Under 

Different Moisture Regimes. Seed and palnt production journal. 30 (4): 421-439. (In Persian). 

Ramroodi, M., Galavi, M. and Nakhzari Moghaddam, A. 2008. Evaluation of Yield and Yield Components of 

Some Lentil Genotypes to Different Planting Dates. Agriculture research. 8 (2): 69-77.  

Ramyar, H., Jamnejad, M. 2010. Investigate the influence of volunteer barely growth indices of some Wheat 

cultivars.  Iranian Journal of Field Crops Research. 8(1): 75-81.                                

Ramyar, H., Jamnejad, M. 2010. Investigate the influence of volunteer barely growth indices of some Wheat 

cultivars.  Iranian Journal of Field Crops Research. 8(1): 75-81.                                

Ranjbar, M., Nasresfahani, M., & Mirzakhani, M. (2013). The study of growth indices of commercial and 

conventional potato cultivars in Esfahan region. Iranian Journal of Dynamic Agriculture .1(4): 295-304.(in Farsi) 

Rasteghar, J., and Baghani, J. 2012. Effect of Different Irrigation Methods on Bulb Yield of Onion Cultivars. 

Seed and plant production. 2-28: 209-223. (in the Persian). 

Ravari, S.Z. 2003. Effects of sowing date on yield of some barley advanced lines and cultivars. Seed and plant. 

19(3): 401-411. (in Persian) 

Razavi, R. (2010). Measurement of  canola water requirement by lysimeter method. Soil and Water Research 

Institute. Soil and Water Research Institute. (In Persian) 

Razavi, R., 2008. Effect of Eliminating of Irrigation at wheat growth stages on  water use productivity and its 

quantitative and qualitative yield. Journal of Water and Soil Science. 22 (1): 137-145.       



115 
 

Razavi, R., 2008. Effect of Eliminating of Irrigation at wheat growth stages on  water use productivity and its 

quantitative and qualitative yield. Journal of Water and Soil Science. 22 (1): 137-145.       

Razmi, N. (2009). Effect of Sowing Date on Seed yield, Yield Components and Some Agronomic 

Characteristics in Rapeseed Genotypes in Moghan Region. Seed and Plant  Production. 25-2. 3. (In Persian) 

Razmi, N. 2010. Effect of Sowing Date and Plant Density on Some Agronomic Characteristics, Grain Yield and 

Its Components in Soybean Genotypes in Moghan Region. Seed and Plant Improvment Journal. 26 (4): 403-418. 

Rezaei Estakhroeih, A., Hooshmand, A., Boroomand Nasab, S. and Khanjani, M. J. 2015. Water use efficiency 

and harvest index of corn affected by partial root-zone drying in the Kerman area. Iranian Water Researches Journal. 

15: 103-113. 

Rezaei Estakhrorih A. Hooshmand A. Bromand Nasab S. Khanjani M. J. 2012. Effect of deficit irrigation and 

partial rootzone drying on yield, yield components and water use efficiency of maize (Zea mays L.) SC 704. Journal 

of Water and Soil Science 26(6):1514-1521. 

Rezaei, J. Banayan Aval, M. Nezami, A. Mehrvar, M. Mahmudi, B. 2015.Analysis of growth of sugar beet in 

healthy and infected rhizome viral disease.Iranian Journal of Field Crops Research Vol. 12, No. 4, Winter. 2015, p. 

683-692.(In Persian). 

Rezaei, M.,Motamed, M. K.,Yousefi, A. and. Amiri, E. 2010.Evaluation of Different Irrigation Management on 

Rice Yield.Journal of Water and Soil.Vol. 24 (3): 565-573. (In Farsi) 

Rezai, A., Shirvani Sorkhy, H., Sabeti, A., and Jafarzadeh Kenarsery, M. 2013. Effects of supplemental 

irrigation and planting density on yield and yield components of rainfed chickpea in Boroujerd area. The 5th Iranian 

National Bean Convention. 

Rezaie, M., Amiri, E. and KarimMotamed, M. 2011.Effects of irrigation interval and nitrogen fertilizer on yield 

and water productivity of rice(Hashemi cultivar) in Guilan.Agronomy Journal (Pajouhesh&Sazandegi) No 93 pp: 

57-67. (In Farsi) 

Rezayi Ghyasi, R., Mousavizadeh, S.A., Farajzadeh Meamari Tabrizi, E. 2017. Effect of compost combination 

and chemical fertilizers on yield and yield components of onion (Allium cepa  L.). Journal of ecophysiology. 2: 331-

344. (in the Persian) 

Rezvani moghadam. P., and Sadeghi Samarjan, R. 2008. Effect of sowing dates and different irrigation regimes 

on morphological characteristics and grain yield of chickpea (Cicer arietinum L.) (cultivar 3279 ILC).  Iranian 

Journal of Agricultural Research, Vol. 6, No. 2, p. 315-325. 

Rezvani, S.  Mirzaee  M. and E. Bayat. 2011.Determination of Water Deficit Sensibility in Four Stages of Sugar 

Beet Growth in Hamedan.Iranian Journal of lrrigation and drainage No. 3, Vol. 4, p. 408-418. (In Persian). 

Roshan, Gh.R., Grab, S.W. 2012.  Regional climate change scenarios and their impacts on water requirements 

for wheat production in Iran. International Journal of Plant Production 6 (2): 239-265.  

Roshan, Gh.R., Grab, S.W. 2012.  Regional climate change scenarios and their impacts on water requirements 

for wheat production in Iran. International Journal of Plant Production 6 (2): 239-265.  

Roshanfekr, HA., Meskarbashi, M., Kashani, A. 2007. Investigation on the agronomic characteristics and yields 

of hulless barley genotypes (Hordeum vulgare L) in Ahvaz. Agricultural Science Journal 4(1): 9-23. (in Persian) 

Roshani, G.H., Gharanjiki, A., & Mirghasemi, S.J. (2015). Evaluation and Comparison of Salinity Tolerance of 

Several Cotton Genotypes in a Saline Soil. Iranian Journal of Cotton Researches, 2(2): 13-26. (In Persian). 

Rostami Ajirloo, A., Mohamadi, Gh. R., & Shaban, M. (2012). Effect of nitrogen biofertilizers with urea 

fertilizer on some quantitve and qualitive traits of potato var. Marphona. Electronic Journal of Crop Production, 5 

(3),131-144. (In Persian) 

http://spij.areo.ir/?lang=en


116 
 

Saadati, Z., Pirmoradian, N., Amiri, E. and Rezaii, M. 2012. 

ASSESSMENT OF WOFOST MODEL IN SIMULATING YIELDS OF TWO RICE VARIETIES UNDER 

DIFFERENT IRRIGATION REGIMES. IRANIAN JOURNAL OF WATER RESEARCH IN AGRICULTURE, 

Vol. 26(3): 323-337.(In Farsi) 

Sabbah, A., & Ghaffari Nejad., S. A. (2008). Determination of the best water level as trickle, irrigation and 

method of tape replacement on potato yield in. Pajouhesh & Sazandegi, 79, 194-199.(in Farsi)  

Saberi, MH., Nikkhah, HR., Tajali, H., Arazmjo, E. 2014. Effects of terminal season drought stress on yield and 

choosing best tolerance indices in promising lines of Barley. Agronomy Journal (Pajouhesh & Sazandegi) 107: 124-

132. (in Persian) 

Sadeghi, F. and Choukan, R. 2008. Effects of planting date and pattern on yield of maize hybrid KSC 700 in 

Islamabad moderate region of Kermanshah province. Journal of  Seed and Plant, 24(2): 221-235. 

Sadeghi, H and A.R. Kazemeini. 2011. Effect of crop residue management and nitrogen fertilizer on grain yield 

and yield components of two barley cultivars under dryland conditions. Iranian Journal of Crop Science. 13(3): 436-

451. (in Persian)  

Sadeghipur, O.&Ghafari-Khaligh, H. (2002). Effects of weeding and different herbicides on weed control in 

common bean (phaseolus vulgaris L.). Iranian Journal of Crop Sciences.4(4). (In Persian)  

Sadeghipur, O., Ghfari-Khaligh, H. &Monem, R. (2005).Effect of plant density on yield and yield components 

of limited growth and unlimited growth of red beans. Journal of Agricultural Sciences. 11(1): 149-159. (In Persian) 

Sadrabadi Haghighi, R. Amirmoradi, Sh. Mirshahi, A.R. 2011.Investigation of Growth Indices of Sugar Beet and 

Commercial Cultivars in delayed planting in Chenaran Region (Khorasan Razavi) Iranian Journal of Field Crops 

Research Vol. 9, No. 3, 2011, p. 505-513.(In Persian). 

Sadreghaen, H., Akbari, M., Afshar, H., and Nakhjavani moghaddam, M.m. 2010. Effect of three methods of 

micro - irrigation and irrigation levels on yield of tomato. Journal of Water and Soil. 24: 574-582. (in the Persian). 

Saeedi, M and M. Azhand. 2014. Effect of photosynthesis resources constraint and water-deficit stress after 

flowering on the grain yield and gas exchanges in various genotypes of barley. Journal of crop improvement. 16(4): 

840-856. (in Persian) 

Saeidi, M., Abdoli, M., Azhand, M., Khas-Amiri, M. 2013. Evaluation of drought resistance of barley (Hordeum 

vulgare L.) cultivars using agronomic characteristics and drought tolerance indices. Albanian journal of agricultural. 

science. 12 (4): 545-554. 

Safahani, A., Kamkar, B., Zand, E., Bagherani, N., & Bagheri, M.(2007). Reaction of grain yield and its 

components of canola (Brassica napus L.) cultivars in competition with wild mustard (Sinapis arvensis  L.) in 

Gorgan. Iranian Journal of Crop Sciences. 9(4). (In Persian) 

Safapur, M., Khaghani, Sh.&Teymuri, M. (2012). Comparison of indicators of drought tolerance and 

phenological and agronomic characteristics of black bean genotypes. Journal of New Finding in Agriculture. 6(4): 

337-349. (In Persian) 

Safapur, M., Khaghani, Sh., Amirabadi, M., Teymuri, M. &Bazian, M.K. (2009). Statistical study of limited 

irrigation effects on morphological and agronomical traits in white bean (Phaseolus vulgaris L.). Journalof New 

Finding in Agriculture. 3(4): 367-378. (In Persian)  

Salehi, A., 2013.Determination of a critical dilution curve for wheat in Gorganconditions. M. Sc. thesis, Gorgan 

University of Agricultural Sciences and Natutal Resources, Gorgan, Iran.               

Salehi, A., 2013.Determination of a critical dilution curve for wheat in Gorganconditions. M. Sc. thesis, Gorgan 

University of Agricultural Sciences and Natutal Resources, Gorgan, Iran.               

http://www.sid.ir/En/Journal/ViewPaper.aspx?ID=462484
http://www.sid.ir/En/Journal/ViewPaper.aspx?ID=462484
http://www.sid.ir/En/Journal/ViewPaper.aspx?ID=462484
http://www.sid.ir/En/Journal/JournalList.aspx?ID=254
http://www.sid.ir/En/Journal/JournalList.aspx?ID=13223
http://www.sid.ir/En/Journal/JournalList.aspx?ID=13223


117 
 

Salehi, M., Akbari, R.&Khorshidi-Benam, M.B. (2008). A Study on response of yield and seed yield 

components of red bean (Phaseolus Vulgaris L.) genotypesto delay in planting in miyanehregion. Journal of Science 

and Technology of Agriculture and Natural Resources.12(43): 105-115. (In Persian)  

Sepahvand, M., 2009.To compare the water requirement (WR), water productivity (WP) and 

economical water productivity (EWP). Iranian Water Research Journal. 3 (4): 63-68.                     

Sepahvand, M., 2009.To compare the water requirement (WR), water productivity (WP) and 

economical water productivity (EWP). Iranian Water Research Journal. 3 (4): 63-68.                     

Seyed Sharifi, R. 2015. The Effect of Zinc Application and Biological Fertilizers on Seed, Function and Some 

Soybean Growth Characteristics. Agricultural production. 17 (1): 109-130. 

Seyed Sharifi, R. and Khoramdel, S. 2015. Effects of Nano-Zinc oxide and Seed Inoculation by Plant Growth 

Promoting Rhizobacteria (PGPR) on Yield, Yield Components and Grain Filling Period of Soybean (Glycine max 

L.). Iranian Journal of Field Crops Research. 13 (4): 738-753. 

Seyed Sharifi, R. and Zaeefi Zadeh M. 2013. Effect of nitrogen fertilizer rate on grain yield, phyllochron and leaf 

emergence rate in three maize cultivars. Journal of Plant Research. 26(2): 196-207. 

Seyedi, M. and Seyed Sharifi, R. 2013. Effect of seed inoculation with rhizobium and nitrogen fertilizer 

application on yield and crop characteristics of soybeans in Ardebil conditions. Iranian Crop Research. 11 (4): 618-

628. 

Shaban, M., Mansourifar, C., Ghobadi, M. and Sabaghpoor, S.H. 2013. Investigation of phenological and 

morphological characteristics and correlation them with yield in chickpea (Cicer arietinum L.) cultivars under 

drought stress and N fertilizer in Kermanshah province. Iranian Journal of Pulses Research. Vol. 4, No. 1, p. 59-68. 

Shabiry, S., Ghaseme golezani, K., Golchin, A and Saba, J. 2007. Effect of water limitation on growth and yield 

of three chickpea cultivars in Zanjan. J. Agric. Sci. Natur. Resour., Vol. 14(2). 

Shafagh-Kolvanagh, J., Zehtab-Salmasi, S., Nasrollahzadeh, S., Hashemi-Amidi, N., Dastborhan, S. 2015. 

Evaluation of yield and protein content of barley grain in response to nitrogen and weeds interference. Journal of 

Agricultural science and sustainable production. 25(4): 120-134.  

Shafieipour, H., Saeedi Sar, S., Nadali, F., Mohammadi, A.R. 2011. Effect of planting date and seed pre 

treatment on phenological stages, morphological traits and seed yield of sunflower. Journal of Crop Production. 3: 

103-131. (in the Persian) 

Shahbazi,M., Zeinali, E., Galeshi, S.,Eehteshami, M.R.and Dorosti, H. 2017.Response of grain yield and other 

agronomic characteristics of two native and high yield rice cultivars to nitrogen fertilizer rate in Rasht.Journal of 

Soil Management and Sustainable Production. Vol. 7 (1): 21-38. (In Farsi) 

Shahrasbi, S., Emam, Y., Ronaghi, A., Pirasteh-Anosheh, H., 2016. Effect of drought stress and nitrogen 

fertilizer on grain yield and nitrogen use efficiency of wheat (TriticumaestivumL. cv. Sirvan) in Fars Province, Iran 

conditions. Iranian J. Crop Sci. 17, 349-363.                                                

Shahrasbi, S., Emam, Y., Ronaghi, A., Pirasteh-Anosheh, H., 2016. Effect of drought stress and nitrogen 

fertilizer on grain yield and nitrogen use efficiency of wheat (TriticumaestivumL. cv. Sirvan) in Fars Province, Iran 

conditions. Iranian J. Crop Sci. 17, 349-363.                                                

Shahrokhnia, M. A.and  Zare E. 2015.Water consumption and corn production in the past and future of Fars 

province. The First National Conference on Irrigation and Agricultural Water Productivity, Ferdowsi University of 

Mashahd,1-13 

Shahsavari, N., Safari, M., 2003.The effect of nitrogen on yield and yield components in 3 Wheat cultivars 

Wheat in Kerman.J. pajouhesh&sazandegi. 66, 82-87.                                                     



118 
 

Shahsavari, N., Safari, M., 2003.The effect of nitrogen on yield and yield components in 3 Wheat cultivars 

Wheat in Kerman.J. pajouhesh&sazandegi. 66, 82-87.                                                   

Shirinzadeh, A., Soleimanzadeh, A., Shirinzadeh, Z. 2013. Effect of Seed Priming with Plant Growth Promoting 

Rhizobacteria (PGPR) on Agronomic Traits and Yield of Barley Cultivars. World Applied Sciences Journal. 21 (5): 

727-731. 

Shokoohfar, A., and Yaghoubinejad S. 2013. The effect of drought stress on yield components of sesame 

(sesumum indicum l.) cultivars.  Iranian journal of agronomy and plant breeding. 8: 19-29. (in the Persian) 

Sina, V. A., Ramee, V. A. (2011). Effect of seed amounts on yield and grain yield components in three canola 

(Brassica napusL.)  cultivars in Mazandaran. Journal of Agroecology. 3(3):500-505. (In Persian) 

Sobhani, A, R and Hamidi, H. 2014. Effects of different irrigation regims and amounts of potassium on 

qualitative characteristics of potato in Mashhad climatic conditions. Journal of Plant Production, Vol. 20 (4). (In 

Persian) 

Sohrabi,  Y. Shakiba, M.R. Abdlhian Noghabi, M. Rahimzade Khuei, F. Turchi, M. Fathi, K. 2005. Investigation 

of limited irrigation and root harvesting dataes on yield and som, qualitative characteristics of sugar beet. Pajouhesh 

& sazandegi. No 70 PP:8-15.(In Persian). 

Soleyman Zade, H.(2012).  Relationship of phenology and physiological traits with yield of rapeseed  (Brassica 

napusL.) in Moghan region.  IRANIAN JOURNAL OF AGRONOMY AND PLANT BREEDING.8(4).55-62. . (In 

Persian) 

Tabarzad, A., Ghaemi, A.A., Zand-Parsa, SH. 2016. Barley Grain Yield and Protein Content Response to Deficit 

Irrigation and Sowing Dates in Semi-Arid Region. Modern Applied Science. 10(10): 193-207. 

Tadayyon, A., Hashemi, L. and Khodambashi, M. 2011. Effective morphological and phenological traits on seed 

and biological yield in lentil genotypes in Shahrekord region. Iranian Journal of Pulses Research. 2 (2): 47-62. 

Tahmasbi tale, H.,Sabaghpoor,H.,Mazahery, H and Khodabandeh, N. 2013. The effect of planting date and plant 

density on yield and yield components of cultivar were modified Chickpea Hashem in Hamedan province. The 5th 

Iranian National Bean Convention. 

Vaezi, B and A. Ahmadikhah. 2010. Evaluation of drought tolerance of twelve improved barley genotypes in dry 

and warm condition. Journal of plant production. 17(1): 23-44. 

Vafadar1, L.  Ebadi2 A. and K. Sajed. 2008.Effects of sowing date and plant density on yield and some traits of 

Sugar beet genotypes. EJCP. Vol. 1 (2): 103-120..(In Persian). 

Vaghar, M., Normohamadi, GH., Shams, K., Pazeki, A and Kebreyay, S. 2009. Effect of Sowing Time on Yield 

and Yield Components of Dryfarming Chickpea (Cicer arientinum L.) in Kermanshah Region. Journal of Agronomy 

and Plant Breeding. Vol 5, No, 1. p, 1 - 18 . 

Valadiyani, A. R., Taj Bakhsh, M. (2007). Comparison of phonological stages and compatibility of 25 advanced 

canola cultivars in autumn crop cultivation in Orumieh. Journal of Agricultural Science and Technology. 11(1). (In 

Persian) 

Valimohamadi, F., Tagbaksh, M and Sayed, A. 2008. Effect of different planting dates and densities on yield, 

yield components and some qualitative traits  Morphological Study of Iranian Chickpea (Cicer arietinum L.). 

Science and Technology of Agriculture and Natural Resources. Vol, 12. No, 46. P, 31-40. 

Valinezhad, M., Malakouti, M. J. and Mahmoudi, M. 2008.THE EFFECT OF DIFFERENT RATE OF 

POTASSIUM CHOLORIDE FERTILIZERS ON THE YIELD OF NEDA RICE VARIETY IN WEST PADDIES 

OF MAZANDARAN PROVINCE.Journal of PLANT AND ECOSYSTEM.4(16): 99-112. (In Farsi) 

https://www.sid.ir/En/Journal/SearchPaper.aspx?writer=514117
https://www.sid.ir/En/Journal/SearchPaper.aspx?writer=514120
https://www.sid.ir/En/Journal/JournalList.aspx?ID=13792
http://www.sid.ir/En/Journal/ViewPaper.aspx?ID=197384
http://www.sid.ir/En/Journal/ViewPaper.aspx?ID=197384
http://www.sid.ir/En/Journal/ViewPaper.aspx?ID=197384


119 
 

Valizadeh, H., Ahari Zad , S., Shiri, M., Mohamadi, S. A., Farahmand, KH. M., Bahrampour, T. 2013. Grouping 

of new maize (Zea mays L.) hybrids using yield and morphological traits. Iranian Journal of Agronomy and Plant 

Breeding. 9 (4): 233-258. 27-38. 

Varse, h., Shirani Rad, A., Nor Mohamadi, Gh., Delkhosh, B., Varse, B. (2010). Effect of planting season on 

yield and yield components of canola cultivars in different moisture regimes. Science-Research Quarterly Journal 

New Finding in Agriculture.4(4). (In Persian) 

Yazdandoost Hamedani, M. (2003). A Study of the Effect of Nitrogen Rates on Yield, Yield Components and 

Nitrate Accumulation in Potato Varieties. Iranian JournalAgricultural Science, 34 (4): 977-985. (In Persian) 

Yazdi samadi., B., Majnon Hosseini, N. and Payghambari, A. 2004. Evaluation of cold hadiness in lentil 

genotypes. SEED AND PLANT IMPROVEMENT JOURNAL. 20 (1): 23-37. 

 yield, Yield Components and Some  Agronomic Characteristics in Rapeseed Genotypes in Moghan Region. 

SEED AND Plant Production. 25-2. 3. (In Persian) 

Yousefabai, V. and Abdollahian-Noghabi. 2011. Effect of split application of nitrogen fertilizer and harvest time 

on the root yield and quality characteristics of sugar beet. Iranian Journal of Crop Sciences. 13 (3): 521-532. (In 

Persian). 

Yousefi Rad, M., Asghari, M., Mohammadi, M., Masoumi Zavarian, A. 2016. Effect of drought stress on yield, 

yield components and some physiological characteristics of seven barley varieties. Journal of crop improvement. 

7(4): 297-308. (in Persian) 

Zabihi, H.R., Ramazani moghaddam, M.R., & Nourihosseini, S.M. (2013). Effects of different amount of 

nitrogen and irrigation water on yield and yield components of cotton. Iranian Journal of Cotton Researches,1(2): 

43-55. (In Persian). 

Zafaranieh, M., Nezami, A., Ziaee, S.M. and Jabbari, M. 2014. Possibility of chickpea autumn planting in 

Saravan condition. Iranian Journal of Pulses Research. Vol. 5, No. 1, p. 23-32 

 Zainali, A., Qaderifar, F., Soltani, A. and kashiri h. 2003. Effect of planting date on yield and grain yield 

components of three soybean cultivars in Gorgan. Iranian Crop Research. 1: 81-92. (In Persian) 

ZareAbianeh, H., Nouri, H., Liaghat, A. M., Nouri, H. and Karimi, V. A. 2011.Comparison of Penman- 

Monteith FAO Method and a Class Pan Evaporation with Lysimeter Measurements in Estimation of Rice 

Evapotranspiration in Amol Region. Journal of Physical Geography Research Quarterly. 43(76): 71-83. (In Farsi) 

Zehtab Salmasi, S., Mahghani, R., Ghasemi Golozani, Kh., Alyari, H. and Raisi, S. 2005. Evaluation of grain 

yield, grain filling rate and duration in three soybean varieties at different plant densities. Agricultural Science. 1 

(4): 141-152. 

Zendeh, A., Ansari, M. and Khorshidi, m. 2016. Effect of Nitrogen Fertilizer and Bacteria Inoculation on Yield 

and Yield Components of Soybean Cultivars in Moghan Region. Agroecology journal. 12 (2): 35-42. 

Zeraei Siyahbidi, A., Rezayi Zad, A. (2013). Response of Oilseed Rape Genotypes to Delayed Planting in 

Temperate- Cold Regions of Kermanshah Provincein Iran. . Seed and Plant Production.2-29(3). (In Persian) 

Zeraei Syahbidi, A. Rezayi Zad, A. (2012). Response of Oilseed Rape Genotypes to Delayed Planting in 

Temperate- Cold Regions of Kermanshah Provincein Iran. SEED AND PLANT IMPROVEMENT JOURNAL. 29-

2(3). (In Persian) 

 

 


