
í˛z˛õe´ü!îÜ˛y

ü•yö ̂ ò¢öyÎ˚Ü˛ §%û˛y£Ïã˛w Ó§%Ó˚ öyüy!B˛ï˛ ̂ öï˛y!ç §%û˛y£Ï ü%_´ !ÓŸª!Óòƒy° Ï̂Î˚Ó˚ í z̨ß√%_´ !¢«˛yD Ï̂ö xy˛õöy Ï̂Ü˛

fl∫yàï˛– 2021ÈÙÈ~ ~•z ≤Ã!ï˛¤˛yö ˆòˆÏ¢Ó˚ §Ó≈≤ÃÌü Ó˚yçƒ §Ó˚Ü˛y!Ó˚ ü%_´ !ÓŸª!Óòƒy°Î˚ !•ˆÏ§ˆÏÓ öƒyÜ˛ (NAAC)
ü)°ƒyÎ˚ˆÏö ÚÚ~ÛÛ ˆ@ÈÃí˛ ≤ÃyÆ •ˆÏÎ˚ˆÏåÈ ~ÓÇ 2024ÈÙÈ~ §ü@ÈÃ ˆòˆÏ¢Ó˚ ü%_´ !¢«˛yÓƒÓfliyˆÏ«˛ˆÏe NIRF ü)°ƒyÎ˚ˆÏö

!mï˛#Î˚ fliyö x!ôÜ˛yÓ˚ Ü˛ˆÏÓ˚ˆÏåÈ– ˛õy¢y˛õy!¢ñ 2024ÈÙÈ~•z 12BÙÈÓ˚ xö%ˆÏüyòö ≤Ãy!Æ âˆÏê˛ˆÏåÈ–

!ÓŸª!Óòƒy°Î˚ üO%!Ó˚ Ü˛!ü¢ö ≤ÃÜ˛y!¢ï˛ çyï˛#Î˚ !¢«˛yö#!ï˛ SNEPñ 2020VÈÙÈÓ˚ !öˆÏò≈¢öyüyÎ˚ !§!Ó!§~§

˛õyë˛e´ü ̨õk˛!ï˛Ó˚ ̨õ!Ó˚üyç≈ö âê˛y Ï̂öy • Ï̂Î˚̂ ÏåÈ– çyï˛#Î˚ !¢«˛yö#!ï˛ xö%ÎyÎ˚# Curriculum and Credit Frame-
work for Undergraduate Programmes (CCFUP)ÈÙÈ~ ã˛yÓ˚ ÓåÈˆÏÓ˚Ó˚ fl¨yï˛Ü˛ !¢«˛ye´üˆÏÜ˛ åÈÛ!ê˛ ˛õ,ÌÜ˛

≤ÃÜ˛Ó˚ˆÏî !ÓöƒhflÏ Ü˛Ó˚yÓ˚ Ü˛Ìy Ó°y •ˆÏÎ˚ˆÏåÈ– ~=!° •°ÈÈÙÙÙÈ ÚˆÜ˛yÓ˚ ̂ Ü˛y§≈Ûñ Ú•zˆÏ°Ü˛!ê˛û˛ ̂ Ü˛y§≈Ûñ Úüy!Œê˛ !í˛!§!≤’öy!Ó˚

ˆÜ˛y§≈Ûñ Ú!flÒ° ~ö•y™ˆÏürê˛ ˆÜ˛y§≈Ûñ Ú~!Ó!°!ê˛ ~ö•ƒy™ˆÏürê˛ ˆÜ˛y§≈Û ~ÓÇ Úû˛ƒy°% xƒyˆÏí˛í˛ ˆÜ˛y§≈Û– ˆe´!í˛ê˛

˛õk˛!ï˛Ó˚ !û˛!_ˆÏï˛ !ÓöƒhflÏ ~•z ˛õyë˛e´ü !¢«˛yÌ≈#Ó˚ Ü˛yˆÏåÈ !öÓ≈yã˛öydÜ˛ ˛õyë˛e´ˆÏü ˛õyë˛ @ÈÃ•ˆÏîÓ˚ §%!ÓˆÏô ~ˆÏö

ˆòˆÏÓ– ~Ó˚•z §ˆÏD Î%_´ •ˆÏÎ˚ˆÏåÈ £Ïyß√y!§Ü˛ ü)°ƒyÎ˚ö ÓƒÓfliy ~ÓÇ ̂ e´!í˛ê˛ ê˛Δy™ú˛yˆÏÓ˚Ó˚ §%ˆÏÎyà– çyï˛#Î˚ !¢«˛yö#!ï˛

˛õ!Ó˚üyîàï˛ üy Ï̂öyß¨Î˚̂ ÏöÓ˚ ̨õy¢y˛õy!¢ =îàï˛ üy Ï̂öÓ˚ !ÓÜ˛y¢ âê˛y Ï̂öyÓ˚ ° Ï̂«˛ƒ National Higher Education
Qualifications Framework (NHEQF) ~ÓÇ National Skills Qualification Framework
(NSQF)ÈÙÈ~Ó˚ §ˆÏD §yÎ%çƒ ˆÓ˚ˆÏá ã˛yÓ˚ ÓåÈˆÏÓ˚Ó˚ fl¨yï˛Ü˛ ˛õyë˛e´ü ≤Ã›!ï˛Ó˚ !ò¢y ˆò!áˆÏÎ˚ˆÏåÈ– !¢«˛yÌ≈#ÈÙÈˆÏÜ˛!wÜ˛

~•z ÓƒÓfliy ü)°ï˛ ˆ@ÈÃí˛ÈÙÈ!û˛!_Ü˛ñ Îy x!Ó!FåÈß¨ Ä xû˛ƒhsÓ˚#î ü)°ƒyÎ˚ˆÏöÓ˚ üyôƒˆÏü §y!Ó≈Ü˛ ü)°ƒyÎ˚ˆÏöÓ˚ !òˆÏÜ˛

x@ÈÃ§Ó˚ •ˆÏÓ ~ÓÇ !¢«˛yÌ≈#ˆÏÜ˛ !Ó£ÏÎ˚ !öÓ≈yã˛ˆÏöÓ˚ ˆ«˛ˆÏe ÎˆÏÌy˛õÎ%_´ §%!Óôy ˆòˆÏÓ– !¢«˛ye´ˆÏüÓ˚ ≤Ã§y!Ó˚ï˛

˛õ!Ó˚§ˆÏÓ˚ !Ó!Óô !Ó£ÏÎ˚ ã˛Î˚ˆÏöÓ˚ §«˛üï˛y !¢«˛yÌ≈#ˆÏÜ˛ ˆòˆÏ¢Ó˚ xöƒyöƒ í˛zFã˛!¢«˛y ≤Ã!ï˛¤˛yˆÏöÓ˚ xyhsÉÓƒÓfliyÎ˚

x!ç≈ï˛ ˆe´!í˛ê˛ fliyöyhsˆÏÓ˚ §y•yÎƒ Ü˛Ó˚ˆÏÓ– !¢«˛yÌ≈#Ó˚ x!û˛ˆÏÎyçö Ä ˛õ!Ó˚@ÈÃ•î «˛üï˛y xö%ÎyÎ˚# ˛õyë˛e´ˆÏüÓ˚

!Óöƒy§•z ~•z çyï˛#Î˚ !¢«˛yö#!ï˛Ó˚ °«˛ƒ– í˛zFã˛!¢«˛yÓ˚ ˛õ!Ó˚§ˆÏÓ˚ ~•z ˛õk˛!ï˛ ~Ü˛ ˜ÓÜ˛!“Ü˛ ˛õ!Ó˚Óï˛≈ˆÏöÓ˚ §)ã˛öy

Ü˛ˆÏÓ˚ˆÏåÈ– xyàyü# 2025ÈÙÈ26 !¢«˛yÓ£Ï≈ ˆÌˆÏÜ˛ fl¨yï˛Ü˛ hflÏˆÏÓ˚ ~•z !öÓ≈yã˛ö!û˛!_Ü˛ ˛õyë˛e´ü Ü˛yÓ˚ƒÜ˛Ó˚# Ü˛Ó˚y •ˆÏÓñ

~•z üˆÏü≈ ˆöï˛y!ç §%û˛y£Ï ü%_´ !ÓŸª!Óòƒy°Î˚ !§k˛yhs @ÈÃ•î Ü˛ˆÏÓ˚ˆÏåÈ– Óï˛≈üyö ˛õyë˛e´ü=!° í˛zFã˛!¢«˛y ˆ«˛ˆÏeÓ˚

!öî≈yÎ˚Ü˛ Ü,˛ï˛ƒˆÏÜ˛Ó˚ ÎÌy!Ó!•ï˛ ≤ÃhflÏyÓöy Ä !öˆÏò≈¢yÓ°# xö%§yˆÏÓ˚ Ó˚!ã˛ï˛ Ä !ÓöƒhflÏ •ˆÏÎ˚ˆÏåÈ– !ÓˆÏ¢£Ï =Ó˚&cyˆÏÓ˚y˛õ

Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ ˆ§•z§Ó !òÜ˛=!°Ó˚ ≤Ã!ï˛ Îy •zí˛z.!ç.!§ÈÙÈÓ˚ çyï˛#Î˚ !¢«˛yö#!ï˛ñ 2020 Ü˛ï,˛≈Ü˛ !ã˛!•´ï˛ Ä !öˆÏò≈!¢ï˛–

ü%_´ !ÓŸª!Óòƒy°ˆÏÎ˚Ó˚ ˆ«˛ˆÏe fl∫ÈÙÈ!¢«˛y ˛õyë˛ÈÙÈí˛z˛õÜ˛Ó˚î !¢«˛yÌ≈#ÈÙÈ§•yÎ˚Ü˛ ˛õ!Ó˚ˆÏ£ÏÓyÓ˚ ~Ü˛!ê˛ =Ó˚&c˛õ)î≈ xÇ¢–

!§.!Ó.!§.~§ ̨õyë˛e´ˆÏüÓ˚ ~•z ̨õyë˛ÈÙÈí˛z˛õÜ˛Ó˚î ü)°ï˛ ÓyÇ°y Ä •zÇˆÏÓ˚!çˆÏï˛ !°!áï˛ •ˆÏÎ˚ˆÏåÈ– !¢«˛yÌ≈#ˆÏòÓ˚ §%!ÓˆÏôÓ˚

Ü˛Ìy üyÌyÎ˚ ˆÓ˚ˆÏá xyüÓ˚y •zÇˆÏÓ˚!ç ˛õyë˛ÈÙÈí˛z˛õÜ˛Ó˚ˆÏîÓ˚ ÓyÇ°y xö%ÓyˆÏòÓ˚ Ü˛yˆÏçÄ ~!àˆÏÎ˚!åÈ– !ÓŸª!Óòƒy°ˆÏÎ˚Ó˚

xyû˛ƒhsÓ˚#î !¢«˛Ü˛Ó˚y•z ü)°ï˛ ˛õyë˛ÈÙÈí˛z˛õÜ˛Ó˚î ≤Ã›!ï˛Ó˚ ˆ«˛ˆÏe x@ÈÃî# û)˛!üÜ˛y !öˆÏÎ˚ˆÏåÈöñ Î!òÄ ˛õ)ˆÏÓ≈Ó˚ üˆÏï˛y•z

xöƒyöƒ !ÓòƒyÎ˚ï˛!öÜ˛ ≤Ã!ï˛¤˛yˆÏöÓ˚ §ˆÏD §ÇÎ%_´ x!û˛K˛ !ÓˆÏ¢£ÏK˛ !¢«˛Ü˛ˆÏòÓ˚ §y•yÎƒ xyüÓ˚y xÜ%˛Z˛!ã˛ˆÏ_ @ÈÃ•î

Ü˛ˆÏÓ˚!åÈ– ï˛ÑyˆÏòÓ˚ ~•z §y•yÎƒ ˛õyë˛ÈÙÈí˛z˛õÜ˛Ó˚ˆÏîÓ˚ üyˆÏöyß¨Î˚ˆÏö §•yÎ˚Ü˛ •ˆÏÓ ÓˆÏ°•z !ÓŸªy§– !öû˛≈Ó˚ˆÏÎyàƒ Ä

ü)°ƒÓyö !ÓòƒyÎ˚ï˛!öÜ˛ §y•yˆÏÎƒÓ˚ çöƒ xy!ü ï˛ÑyˆÏòÓ˚ xyhs!Ó˚Ü˛ x!û˛ö®ö çyöy•z– ~•z ˛õyë˛ÈÙÈí˛z˛õÜ˛Ó˚î ü%_´

!ÓŸª!Óòƒy° Ï̂Î˚Ó˚ !¢«˛î ̨õk˛!ï˛ ≤ÃÜ˛Ó˚̂ Ïî !öÉ§ Ï̂® Ï̂• =Ó˚&c˛õ)î≈ û)̨ !üÜ˛y ̂ ö Ï̂Ó– í z̨ß√%_´ !¢«˛yD Ï̂öÓ˚ ̨õë˛ö ≤Ã!e´Î˚yÎ˚

§ÇÎ%_´ §Ü˛° !¢«˛ Ï̂Ü˛Ó˚ §òÌ≈Ü˛ Ä àë˛öü)°Ü˛ üï˛yüï˛ xyüy Ï̂òÓ˚ xyÓ˚Ä §ü,k˛ Ü˛Ó˚̂ ÏÓ– ü%_´ !¢«˛ye´ Ï̂ü í z̨ÍÜ˛ Ï̂£Ï≈Ó˚

≤ÃˆÏŸ¿ xyüÓ˚y ≤Ã!ï˛◊&!ï˛Ók˛–

˛õyë˛ÈÙÈí˛z˛õÜ˛Ó˚î ≤Ã›!ï˛Ó˚ §ˆÏD §Ç!Ÿ’‹T §Ü˛° !¢«˛Ü˛ñ xy!ôÜ˛y!Ó˚Ü˛ Ä Ü˛ü≈#ˆÏòÓ˚ xy!ü xyhs!Ó˚Ü˛ x!û˛ö®ö

çyöy•z ~ÓÇ åÈyeˆÏòÓ˚ §Ó≈yD#î §yú˛°ƒ Ü˛yüöy Ü˛!Ó˚–

xôƒy˛õÜ˛ Sí˛.V •zw!çÍ °y!•!í˛¸

í˛z˛õyã˛yÎ≈



≤ÃÌü ü%oî ≠ üyã≈˛ñ 2025

!ÓŸª!Óòƒy°Î˚ ÙO%!Ó˚ Ü˛!Ù¢ Ï̂lÓ˚ ò)Ó˚!¢«˛y Ó%ƒ Ï̂Ó˚yÓ˚ !Ó!ô  çyï˛#Î˚ !¢«˛yö#!ï˛ (2020) xl%ÎyÎ˚# Ù%!oï˛–

Printed in accordance with the regulations of the Distance Education
Bureau of the University Grants Commission & NEP-2020.

 Netaji Subhas Open University
Four Year Undergraduate Degree Programme

Under National Higher Education Qualifications Framework
(NHEQF)

& Curriculum and Credit Framework for Undergraduate
Programmes

Bachelor of Science (Honours) (Botany) [NBT]
Course Type: Discipline Specific Core (DSC)

Course Title: Plant Ecology and Phytogeography
Course Code: 5CC-BT-02







§y¡øy!öÜ˛ í˛z!qò !Óòƒy

5CC-BT-02

MODULE–I
í˛z!qò ÓyhflÏÓƒ!Óòƒy (Plant Ecology)

~Ü˛Ü˛–1 ≠ í˛z!qò ÓyhflÏÓƒ!ÓòƒyÈÙÈ§ÇK˛yñ ¢yáy§ü)• ~ÓÇ üyöÓ §û˛ƒï˛yÎ˚ í˛z!qò ÓyhflÏÓƒ!ÓòƒyÓ˚

≤Ãy§!AàÜ˛ï˛y 9

~Ü˛Ü˛–2 ≠ Óy›ï˛sfÈÙÙÙÈôyÓ˚îy ~ÓÇ Óy›ï˛ˆÏsfÓ˚ ≤ÃÜ˛yÓ˚ˆÏû˛òñ Óy›ï˛ˆÏsfÓ˚ ˜ç!ÓÜ˛ ~ÓÇ

x˜ÏçÓ í˛z˛õyòyö §ü)•ñ Óy›ï˛ˆÏsf ¢!=˛ ≤ÃÓy• 18

~Ü˛Ü˛–3 ≠ ˛õ%!T ã˛Ü ˛ Óy ˛õ!Ó˚ˆÏ˛õy£ÏÜ˛ ã˛Ü ˛ SÜ˛yÓ≈ö ã˛Ü ˛ñ öy•zˆÏê˛ΔyˆÏçö ã˛Ü ˛ Ä ú˛§ú˛Ó˚y§ ã˛Ü ˛Vñ

˜çÓ xyhsˇÉ§¡õÜ≈˛˛ 45

~Ü˛Ü˛–4 ≠ í˛z!qò §¡±òyÎ˚ ı §ÇK˛yñ •ƒy!Óê˛ƒyê˛ Ä !öã‰˛ñ •zˆÏÜ˛yˆÏê˛yö Ä ≤Ãy!hsˇÎ˚ ≤Ãû˛yÓñ

Ü˛#ˆÏT˛yö ≤Ãçy!ï˛Ó˚ à%Ó˚%cñ í˛z!qò §¡±òyˆÏÎ˚Ó˚ à!ï˛üÎ˚ï˛y ~ÓÇ í˛z!qò ˛õÎ≈yÎ˚Ü ˛ˆÏüÓ˚

≤ÃÜ˛yÓ˚ˆÏû˛òÈÙÙÙÈ≤ÃyÌ!üÜ˛ Ä ˆàÔî ˛õÎ≈yÎ˚Ü ˛ü 62

~Ü˛Ü˛–5 ≠ Óy›§Çfliyöàï˛ ≤Ãû˛yÓÜ˛ §ü)• ≠ üy!ê˛ñ ç°ñ xyˆÏ°yÜ˛ ~ÓÇ ï˛y˛õüyeyó

§#üyhsˇ ≤Ãû˛yÓÜ˛ ï˛_¥ 95

~Ü˛Ü˛–6 ≠ xyÓ•ü[˛° ~ÓÇ í˛z!qˆÏòÓ˚ ≤Ã!ï˛!Ü ˛Î˚y–I ı °Óöy¡∫% í˛z!qò ~ÓÇ çyAà° í˛z!qˆÏòÓ˚

xAà§ÇfiÌy!öÜ˛ñ ¢yÓ˚#Ó˚fiÌy!öÜ˛ ~ÓÇ ¢yÓ˚#Ó˚Ó,_#Î˚ x!û˛ˆÏÎyçö 124

~Ü˛Ü˛–7 ≠ xyÓ•ü[˛° ~ÓÇ í˛z!qˆÏòÓ˚ ≤Ã!ï˛!Ü ˛Î˚y–II ı ç°ç í˛z!qˆÏòÓ˚ xAà§ÇfiÌy!öÜ˛

¢yÓ˚#Ó˚fiÌy!öÜ˛ ~ÓÇ ¢yÓ˚#Ó˚Ó,_#Î˚ x!û˛ˆÏÎyçö 149

~Ü˛Ü˛–8 ≠ xyÓ•ü[˛° ~ÓÇ í˛z!qò ≤Ã!ï˛!Ü ˛Î˚y–III ı §yüˆÏüyú˛y•zê˛ñ !°ˆÏÌyú˛y•zê˛ñ §y•zˆÏÜ ˛yú˛y•zê˛ñ

§yÜ%˛ƒˆÏ°rê˛ Óy Ó˚§yˆÏ°y í˛z!qò ~ÓÇ ï˛yˆÏòÓ˚ xAà§ÇfiÌyöàï˛ x!û˛ˆÏÎyçö 160

~Ü˛Ü˛–9 ≠ ˛õ!Ó˚ˆÏÓ¢ ò)£Ïî ı ÓyÎ˚%ò)£Ïîñ ç° ò)£Ïî ~ÓÇ í˛z!qˆÏòÓ˚ Ä˛õÓ˚ •z•yˆÏòÓ˚ ≤Ãû˛yÓ 169

~Ü˛Ü˛–10 ≠ !ÓŸª ˛õ!Ó˚ˆÏÓ¢ §ü§ƒy ı @ˇÃ#ö•yí˛z§ àƒy§ §ü)•ñ !ÓŸª í˛z£÷yÎ˚öñ ÄçöhflÏÓ˚ •…y§ñ

x¡‘Ó,!T˛ñ ~° !öˆÏöy ~ÓÇ °yÈÙÈ!ööy 188

Netaji Subhas
Open University

Course : í˛z!qò ÓyhflÏÓƒ!Óòƒy ~ÓÇ í˛z!qò û)˛ˆÏày°!Óòƒy (Plant Ecology & Phytogeography)

Course Code : 5CC-BT-02



MODULE–II
í˛z!qòû)˛ˆÏày° (Phytogeography)

~Ü˛Ü˛–11 ≠ û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ í˛z!qò ˆû˛ÔˆÏày!°Ü˛ xM˛°§ü)• ı Ó˚çyÓ˚ ~ÓÇ ˛õyöÄÎ˚yÓ˚ (1988)

≤Ãò_ ç#Ó ˆû˛ÔˆÏày!°Ü˛ xM˛ˆÏ°Ó˚ !Óû˛yçö 213

~Ü˛Ü˛–12 ≠ ˛§#üyÓÂôï˛y ı §ÇK˛yñ §#üyÓÂôï˛yÓ˚ Ü˛yÓ˚î§ü)•ñ ≤ÃÜ˛yÓ˚ˆÏû˛òñ

û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ §#üyÓÂô í˛z!qò§ü)• 231

~Ü˛Ü˛–13 ≠ ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ í˛z!qòÜ%˛° 241

~Ü˛Ü˛–14 ≠ ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ í˛z!qòÜ%˛° 249

~Ü˛Ü˛–15 ≠ §%®Ó˚ÓˆÏöÓ˚ í˛z!qòÜ%˛° 255

~Ü˛Ü˛–16 ≠ ç#Ó˜ÏÓ!ã˛eƒ É §ÇK˛yñ üyeyñ à%Ó˚%cñ ç#Ó˜ÏÓ!ã˛eƒ •…yˆÏ§Ó˚ Ü˛yÓ˚îñ ç#Ó˜ÏÓ!ã˛ˆÏeƒÓ˚

•ê˛flõê˛ó xy•z.•zí˛z.!§.~öñ !Ó˛õß¨ ≤Ãçy!ï˛§ü)ˆÏ•Ó˚ °y° ï˛y!°Ü˛yñ

û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ !Ó˛õß¨ í˛z!qò §ü)•ó ˆÓ˚í˛ ˆí˛ê˛y Ó•z 264

~Ü˛Ü˛–17 ≠ í˛z!qò §ÇÓ˚«˛î ı §ÇÓ˚«˛ˆÏîÓ˚ à%Ó˚%cñ ~:ÈÙÈ!§ê%˛ ~ÓÇ •zöÈÙÈ!§ê%˛ §ÇÓ˚«˛îó

ÓyˆÏÎ˚yfl≥˛#Î˚yÓ˚ !Ó˚çyû≈˛ó xû˛Î˚yÓ˚îƒó çyï˛#Î˚ í˛zòƒyö 283



MODULE–I

ÓyhflÏÓƒ!Óòƒy

(Plant Ecology)





9

~Ü˛Ü˛–1 : í˛z!qò ÓyhflÏÓƒ!ÓòƒyÈÙÈ §ÇK˛yñ ¢yáy§ü)• ~ÓÇ üyöÓ §û˛ƒï˛yÎ˚

í˛z!qò ÓyhflÏÓƒ!ÓòƒyÓ˚ ≤Ãy§!AàÜ˛ï˛y (Plant Ecology–
definition, branches, relevance to human civilization)

àë˛ö (Structure)

1.0 í˛zˆÏj¢ƒ (Objectives)

1.1 ≤ÃhflÏyÓöy (Introduction)

1.2 §ÇK˛ y (Definition)

1.3 í˛z!qò ÓyhflÏÓƒ!ÓòƒyÓ˚ ¢yáy§ü)• (Brahcnes of Plant Ecology)

1.4 üyöÓ §û˛ƒï˛yÎ˚ í˛z!qò ÓyhflÏÓƒ!ÓòƒyÓ˚ ≤Ãy§!AàÜ˛ï˛y (Reilvance of Plant Ecological
to human civilization)

1.5 §yÓ˚yÇ¢ (Summary)

1.6 ≤ÃŸ¿yÓ°# (Questions)

1.7 í˛z_Ó˚üy°y (Answers)

1.0 í˛zˆÏj¢ƒ (Objectives)

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xyüÓ˚y !ö¡¨!°!áï˛ !Ó£ÏÎ˚à%!° §¡∫ˆÏrô §üƒÜ˛ ôyÓ˚îy ˜ï˛!Ó˚ Ü˛Ó˚ˆÏï˛ ˛õyÓ˚Ó–

●●●●● ÓyhflÏÓƒ!ÓòƒyÓ˚ §ÇK˛y Ä §Ç!«˛Æ •z!ï˛•y§–

●●●●● í˛z!qò ÓyhflÏÓƒ!ÓòyÓ˚ !Ó!û˛ß¨ ¢yáy–

●●●●● ˛õ!Ó˚ˆÏÓ¢ !ÓK˛yö Ä Ü,˛!£Ï !ÓK˛yˆÏöÓ˚ §yˆÏÌ ÓyhflÏÓƒ!ÓòƒyÓ˚ §¡õÜ≈˛–

1.1 ≤ÃhflÏyÓöy (Introduction)

˛õ,!ÌÓ#ˆÏï˛ ç#ÓˆÏöÓ˚ xy!Óû˛≈yˆÏÓÓ˚ §üÎ˚ ˆÌˆÏÜ˛ ¢%Ó˚% Ü˛ˆÏÓ˚ Ó•% ¢ï˛ ˆÜ˛y!ê˛ (billions) ˛ÓåÈÓ˚ Óƒy!˛õ

~Ü˛y!ôÜ˛ û)˛ï˛y!_¥Ü˛ Î%à Ä˛ ˛õÎ≈yÎ˚ÈÙÈ~Ó˚ (geological era and periods) ˛≤ÃÓyˆÏ• !ÓÓï≈˛ˆÏöÓ˚ üyôƒˆÏü

≤Ãyã˛#ö ˆÌˆÏÜ˛ e´ü í˛zß¨ï˛ï˛Ó˚ ç#Ó §¡±òyˆÏÎ˚Ó˚ xy!Óû≈˛yÓ Ä !ÓhflÏyÓ˚ âˆÏê˛ˆÏåÈ– ~•zû˛yˆÏÓ Ü ˛ˆÏü Ü ˛ˆÏü Óï˛≈üyö

˛õ,!ÌÓ#Ó˚ ˜Ó!ã˛e˛õ)î≈ ç#Óü[˛ˆÏ°Ó˚ (biosphere) ˛§,!T˛ •ˆÏÎ˚ˆÏåÈ–
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ç#Ó §¡±òyÎ˚ ï˛yˆÏòÓ˚ ç#ÓöôyÓ˚ö Ä öyöy ˜çÓ!öÜ˛ !Ü ˛Î˚yÜ˛°yˆÏ˛õÓ˚ çöƒ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ˜çÓ ~ÓÇ

x˜ÏçÓ í˛z˛õyòyö §ü)• xy•Ó˚î Ü˛ˆÏÓ˚ !öçfl∫ ˆòˆÏ•Ó˚ xö%§üˆÏ@ˇÃ xy!_Ü˛Ó˚î Ü˛ˆÏÓ˚– ç#ˆÏÓÓ˚ ü,ï%˛ƒÓ˚ ˛õÓ˚ ü,ï˛ˆÏò•

˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ öyöy xö%ç#Ó myÓ˚y §¡õ)î≈ !ÓˆÏÎ˚y!çï˛ •ˆÏÎ˚ x˜ÏçÓ í˛z˛õyòyˆÏö !ú˛ˆÏÓ˚ xyˆÏ§– ~•zû˛yˆÏÓ

ç#Ó§¡±òyÎ˚ Ä x˜ÏçÓ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ üˆÏôƒ xyî!ÓÜ˛ hflÏˆÏÓ˚ ˛õyÓ˚flõ!Ó˚Ü˛ xyòyöÈÙÈ≤Ãòyö Ä Ó˚)˛õyhsˇÓ˚ âˆÏê˛–

ç#ÓÜ%˛° §ü)ˆÏ•Ó˚ üˆÏôƒ !ö!Óí˛¸ xyhsˇ≤Ãçy!ï˛Î˚ §¡õÜ≈˛ ~ÓÇ x˜ÏçÓ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ §ˆÏAà x!ÓˆÏFåÈòƒ

xyhsˇı!Ü ˛Î˚yÓ˚ §¡õÜ≈˛ myÓ˚y ç#Óü[˛ˆÏ° ç#ˆÏÓÓ˚ x!hflÏcñ ç#Ó˜ÏÓ!ã˛e ~ÓÇ !ÓÓï≈˛ˆÏöÓ˚ ôyÓ˚y ÓçyÎ˚ ÌyˆÏÜ˛

•z•y•z ÓyhflÏÓƒ!ÓòƒyÓ˚ ü%áƒ xyˆÏ°yã˛ƒ !Ó£ÏÎ˚–

1.2 §ÇK˛y (Definition)

í˛z!qò !ÓòƒyÓ˚ ˆÎ ¢yáyÎ˚ í˛z!qòÜ%˛ˆÏ°Ó˚ §yˆÏÌ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ xyhsˇÉ!Ü ˛Î˚y Ä ï˛y•yÓ˚ ú˛°yú˛° xyˆÏ°yã˛öy

Ü˛ˆÏÓ˚ ï˛y•yˆÏÜ˛•z í˛z!qò ÓyhflÏÓƒ!Óòƒy (Plant Ecology) ÓˆÏ°–

!Ó!¢T˛ ú˛Ó˚y§# ≤Ãyî#!ÓK˛yö# !çÄˆÏú ˛ ~§ •y•zˆÏ°Î˚yÓ˚ (Geoffroy S. Halaire) 1856,È ç#ÓçàˆÏï˛Ó˚

§!•ï˛ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ §¡õÜ≈˛ˆÏÜ˛ •zˆÏÌy°!ç (Ethology) öyˆÏü xÓ!•ï˛ Ü˛ˆÏÓ˚ö–

çyü≈yö !ÓK˛yö# ~•zã˛ Ó˚y•zˆÏê˛Ó˚ (H. Reiter) 1885, ≤ÃÌü •zˆÏÜ˛y°!ç (Oekologie) ¢∑!ê˛ ÓƒÓ•yÓ˚

Ü˛ˆÏÓ˚ö– @ˇÃ#Ü˛ ¢∑mÎ˚ ‘Oikos’ xÌ≈ Óy§fiÌyö ~ÓÇ ‘Logos’ xÌ≈ K˛yö ˆÌˆÏÜ˛ •zˆÏÜ˛y°!ç (Ecology)
˛¢∑!ê˛ ~ˆÏ§ˆÏåÈ–

≤ÃÓy•üyö §üˆÏÎ˚Ó˚ §yˆÏÌ §yˆÏÌ !Ó!û˛ß¨ Ü˛yˆÏ°Ó˚ ≤Ãáƒyï˛ ÓyhflÏÓƒ!Óòàî ÓyhflÏÓƒ!ÓòƒyÓ˚ !û˛ß¨ !û˛ß¨ §ÇK˛y

!òˆÏÎ˚ˆÏåÈö– ˆ§áyö ˆÌˆÏÜ˛ Ü˛ˆÏÎ˚Ü˛!ê˛ §ÇK˛yÓ˚ í˛zˆÏÕ‘á Ü˛Ó˚y •°ÈÙÙÙÈ

çyü≈yö !ÓK˛yö# xyÓ˚ö‰fiê˛ ˆ•ˆÏÜ˛° (Ernst Hiekel,) 1866˛ÈÙÈ~Ó˚ üˆÏï˛ !Ó!û˛ß¨ ç#ÓÜ%˛ˆÏ°Ó˚ !öˆÏçˆÏòÓ˚

üˆÏôƒ ~ÓÇ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ §ˆÏAà ˛õyÓ˚flõ!Ó˚Ü˛ §¡õˆÏÜ≈˛Ó˚ §Ó≈ü%á# !ÓK˛yö•z •° ÓyhflÏÓƒ!Óòƒy–

!ÓK˛yö# ~ú˛. •z. !Üœ˛ˆÏürê˛§‰ (Frederic Edward Clements) 1916ÈÙÈ~Ó˚ üˆÏï˛ •zˆÏÜ˛y°!ç •°

ç#Ó§¡±òyˆÏÎ˚Ó˚ !ÓK˛yö–

í˛yÓœ$. !§. xƒy!° (W. C. Allee) 1945, ÓˆÏ°ˆÏåÈö ÓyhflÏÓƒ!Óòƒy •° ç#ˆÏÓÓ˚ §ˆÏAà ï˛yÓ˚ ≤ÃyÜ,˛!ï˛Ü˛

Ä ˜ç!ÓÜ˛ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ˛õyÓ˚flõ!Ó˚Ü˛ §¡õˆÏÜ≈˛Ó˚ ã˛ã≈˛y–

~. ~ü. í˛zí˛ˆÏÓÓ˚# (Angus M. Woodbury) 1954ÈÙÈ~Ó˚ üˆÏï˛ ÓyhflÏÓƒ!Óòƒy •° ~üö ~Ü˛ !ÓK˛yö

Îy ç#ÓÜ%˛°ˆÏÜ˛ ≤ÃyÜ,˛!ï˛Ü˛ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ §yˆÏ˛õˆÏ«˛ !ÓˆÏŸ’£Ïî Ü˛ˆÏÓ˚–

•z. !˛õ. Äí˛yü (E. P. Odum) 1963ÈÙÈ~Ó˚ üˆÏï˛ ≤ÃyÜ,˛!ï˛Ü˛ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ àë˛ö˜Ï¢°# Ä !Ü ˛Î˚y≤Ãîy°#

§ÇÜ ˛yhsˇ xôƒÎ˚öˆÏÜ˛ •zˆÏÜ˛y°!ç Óy ÓyhflÏÓƒ!Óòƒy ÓˆÏ°–
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!ÓK˛yö# !ú˛!°˛õ§ö (Phillipson) 1970ÈÙÈ~Ó˚ üˆÏï˛ !ÓK˛yˆÏöÓ˚ ˆÎ ¢yáyÎ˚ ç#ÓçàˆÏï˛Ó˚ §!•ï˛ ˆû˛Ôï˛

Ä ˜çÓ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ≤Ãû˛yÓç!öï˛ §¡õÜ≈˛ xyˆÏ°y!ã˛ï˛ •Î˚ ï˛y•yˆÏÜ˛ •zˆÏÜ˛y°!ç Óy ÓyhflÏÓƒ!Óòƒy ÓˆÏ°–

!ÓK˛yö# xyÓ˚. ~°.˛ !fløÌ (R. L. Smith) 1972 ˛ï˛yÓ˚ ˛õ%hflÏÜ˛ ÚÚ~!°ˆÏürê˛§ xÓ •zˆÏÜ˛y°!ç ~ÓÇ

!ú˛”˛ ÓyˆÏÎ˚y°!çÛÛ ˆï˛ ÓyhflÏÓƒ!ÓòƒyˆÏÜ˛ ~Ü˛!ê˛ Ó•%ü%á# !ÓK˛yö !•ˆÏ§ˆÏÓ í˛zˆÏÕ‘á Ü˛ˆÏÓ˚ˆÏåÈö ˆÎáyˆÏö ç#ÓÜ)˛°

Ä ï˛yÓ˚ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ §¡õˆÏÜ≈˛Ó˚ xyˆÏ°yã˛öy Ü˛Ó˚y •Î˚–

ã˛y°≈§‰ ˆç ˆÜ ˛Ó§‰ (Charls J. Krebs) 1972ÈÙÈ~Ó˚ üˆÏï˛ §Ü˛° ç#ˆÏÓÓ˚ !ÓhflÏyÓ˚ Ä ≤Ãyã%˛Î≈  ˛!öî≈Î˚Ü˛yÓ˚#

˛õyÓ˚flõ!Ó˚Ü˛ xyhsˇ!Ü ˛Î˚y §ü)ˆÏ•Ó˚ !ÓK˛yö!û˛!_Ü˛ ˛õë˛ö ˛õyë˛öˆÏÜ˛ ÓyhflÏÓƒ!Óòƒy ÓˆÏ°–

û˛yÓ˚ï˛#Î˚ ÓyhflÏÓƒ!Óò‰ xyÓ˚ !ü◊Ó˚ (R. Misra) 1967ÙÈ~Ó˚ üˆÏï˛ ç#Ó≤Ãçy!ï˛Ó˚ àë˛ö Ä Ü˛yÎ≈Ü˛y!Ó˚ï˛yÓ˚

§ˆÏAà ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ öyöy ≤Ãû˛yÓˆÏÜ˛Ó˚ xyhsˇı!Ü ˛Î˚y §¡∫ˆÏrô K˛yö xç≈öˆÏÜ˛•z ÓyhflÏÓƒ!Óòƒy ÓˆÏ°–

ÓyhflÏÓƒ!ÓòƒyÓ˚ í˛z˛õ!Ó˚í˛z=˛ ≤ÃyÎ˚ §Ü˛° §ÇK˛yˆÏï˛•z ü)°ï˛ ç#Ó§¡±òyÎ˚ Ä ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ xyhsˇÉ!Ü ˛Î˚y ~ÓÇ

ï˛yÓ˚ §Ü˛° ≤ÃÜ˛yÓ˚ ≤Ãû˛yÓ ~Ó˚ !ÓK˛yö§¡øï˛ xyˆÏ°yã˛öyÓ˚ Ü˛Ìy•z í˛zˆÏÕ‘á Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ–

1.3 í˛z!qò ÓyhflÏÓƒ!ÓòƒyÓ˚ ¢yáy§ü)• (Branches of Plant Ecology)

!û˛ß¨ !û˛ß¨ üyöòˆÏ[˛Ó˚ !û˛!_ˆÏï˛ !Ó!û˛ß¨ x!û˛ü%ˆÏá ÓyhflÏÓƒ!ÓòyÓ˚ öyöy ¢yáyÓ˚ ≤Ã!ï˛¤˛y •ˆÏÎ˚ˆÏåÈ– !öˆÏ¡¨

ï˛yÓ˚ !ÓˆÏ¢£Ï !Ü˛å%ÈÓ˚ í˛zˆÏÕ‘á Ü˛Ó˚y •°ÈÙÙÙÈ

í˛z!qò ÓyhflÏÓƒ!ÓòƒyˆÏÜ˛ ≤ÃyÎ˚¢ ò%•z!ê˛ ≤Ãôyö û˛yˆÏà !Óû˛=˛ Ü˛Ó˚y •Î˚ÈÙÙÙÈ

SÜ˛V fl∫Î˚Ω˛ÓyhflÏÓƒ!Óòƒy Óy Óƒ!T˛ ÓyhflÏÓƒ!Óòƒy (Autecology) : ˛~áyˆÏö ˆÜ˛yö ~Ü˛!ê˛ !ö!ò≈T˛ xM˛ˆÏ°Ó˚

x!ôÓy§# í˛z!qò ≤Ãçy!ï˛Ó˚ ç#ÓöÓ,_yhsˇñ ˆ§•z í˛z!qòˆÏày¤˛#Ó˚ à!ï˛ôyÓ˚y (Population dynam-
ics), ã˛y!Ó˚!eÜ˛ û˛!Aàüy (behaviour), !ÓhflÏyÓ˚ §#üyñ ≤Ãyã%˛Î≈ •zï˛ƒy!òÓ˚ Ä˛õÓ˚ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ≤Ãû˛yÓ

xyˆÏ°y!ã˛ï˛ •Î˚– •z•yˆÏÜ˛  çö§Çáƒy ÓyhflÏÓƒ!ÓòƒyÄ Ó°y •Î˚ (species ecology or
population ecology)˛–

SáV §ü!T˛ Óy ˆÎÔÌÓyhflÏÓƒ!Óòƒy (Synecology) : ~áyˆÏö ~Ü˛!ê˛ !ö!ò≈T˛ xM˛ˆÏ°Ó˚ !Ó!û˛ß¨ í˛z!qò

≤Ãçy!ï˛ˆÏày!T˛ §ü)ˆÏ•Ó˚ §üß∫ˆÏÎ˚ à!ë˛ï˛ í˛z!qò §¡±òyˆÏÎ˚Ó˚ (Plant community) ˛üˆÏôƒ

˛õyÓ˚flõ!Ó˚Ü˛ ~ÓÇ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ §!•ï˛ xyhsˇÉ!Ü ˛Î˚y xyˆÏ°y!ã˛ï˛ •Î˚–

í˛z!qò ÓyhflÏÓƒ!ÓòƒyÓ˚ !Ó!û˛ß¨ ¢yáyà%!° !öˆÏã˛ í˛zˆÏÕ‘á Ü˛Ó˚y •° É

●●●●● çö§Çáƒy ÓyhflÏÓƒ!Óòƒy (Population Ecology) : ~áyˆÏö ~Ü˛•z ≤Ãçy!ï˛Ó˚ xhsˇà≈ï˛ ˜çÓ

~Ü˛Ü˛ §üˆÏ@ˇÃÓ˚ (species individuals) ÓyhflÏÓƒ ˜Ó!¢T˛ƒ xyˆÏ°y!ã˛ï˛ •Î˚– ~ˆÏòÓ˚ ˛õy!Ó˚˛õy!Ÿª≈Ü˛
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~ÓÇ ˛õyÓ˚flõ!Ó˚Ü˛ !öû≈˛Ó˚ï˛y Ä xyhsˇÉ!Ü ˛Î˚y myÓ˚y !öô≈y!Ó˚ï˛ Ó,!ÂôÓ˚ •yÓ˚ñ !ÓhflÏyÓ˚ ˛õÂô!ï˛ñ

í˛z_Ó˚ç#Ó#ï˛yÓ˚ ≤ÃÜ,˛!ï˛ (survivorship pattern) •zï˛ƒy!ò xyˆÏ°!ã˛ï˛ •Î˚–

●●●●● §¡±òyÎ˚ ÓyhflÏÓƒ!Óòƒy (Community Ecology) : ˆÜ˛yö !ö!ò≈T˛ fiÌyˆÏö Ó§Óy§Ü˛yÓ˚# §!¡ø!°ï˛

≤Ãçy!ï˛ §üˆÏ@ˇÃÓ˚ ˛õy!Ó˚˛õy!Ÿª≈Ü˛ Ä ˛õyÓ˚flõ!Ó˚Ü˛ !öû≈˛Ó˚ï˛y Ä xyhsˇı!Ü ˛Î˚y ˛õÎ≈yˆÏ°yã˛öy Ü˛Ó˚y •Î˚–

●●●●● Óy›Ó˚#!ï˛ ÓyhflÏÓƒ!Óòƒy (Ecosystem Ecology) : •z•y ~Ü˛ ≤ÃÜ˛yÓ˚ ˆÎÔÌ ÓyhflÏÓƒ!Óòƒy ˆÎáyˆÏö

≤ÃÜ,˛!ï˛Ó˚ ˆÜ˛yö Óy§fiÌyˆÏö ˜çÓ §ü≤ÃòyÎ˚ §ü)ˆÏ•Ó˚ ~ÓÇ ˛õy!Ó˚˛õy!Ÿª≈Ü˛ x˜ÏçÓ í˛z˛õyòyö§ü)ˆÏ•Ó˚

˛õyÓ˚flõ!Ó˚Ü˛ ¢!=˛ Ä ˛õòyˆÏÌ≈Ó˚ xyòyö ≤Ãòyö §¡õ!Ü≈˛ï˛ xyhsˇÉ!Ü ˛Î˚y xyˆÏ°y!ã˛ï˛ •Î˚–

●●●●● û)˛!ü!ï˛ ÓyhflÏÓƒ!Óòƒy (Landscape Ecology) : ~áyˆÏö ≤ÃyÜ,˛!ï˛Ü˛ ˛õ!Ó˚§#üyˆÏÓ!T˛ï˛ ~Ü˛!ê˛

~Ü˛Ü˛ û)˛áˆÏ[˛ (a unit of land) xÓ!fiÌï˛ ~Ü˛y!ôÜ˛ ÓyhflÏï˛sf§ü)ˆÏ•Ó˚ ˛õyÓ˚flõ!Ó˚Ü˛ §¡õÜ≈˛

~ÓÇ xyhsˇ!Ü ˛Î˚y xyˆÏ°y!ã˛ï˛ •Î˚–

●●●●● ç#Ó!ü!ï˛ ÓyhflÏÓƒ!Óòƒy (Biome Ecology) : û)˛˛õ,ˆÏ¤˛Ó˚ !ö!ò≈T˛ ç°ÓyÎ˚%ü[˛° myÓ˚y !öô≈y!Ó˚ï˛

!Óhfl,Ïî≈ xM˛° ç%ˆÏí˛¸ !Óhfl,Ïï˛ û)˛áˆÏ[˛Ó˚ ç#ÓÜ%˛° §ü)ˆÏ•Ó˚ ü%áƒ ≤ÃÜ,˛!ï˛ñ !ÓhflÏyÓ˚ ~ÓÇ xyhsˇı!Ü ˛Î˚y

§ü)• ~•z ¢yáyÎ˚ xyˆÏ°y!ã˛ï˛ •Î˚–

●●●●● §ÇÓ˚«˛î ÓyhflÏÓƒ!Óòƒy (Conservation Ecology) : ˛ÓyhflÏÓƒ!ÓòƒyÓ˚ ~•z ¢yáyÎ˚ ˜Ó!ã˛eƒ ~ÓÇ

≤ÃyÜ,˛!ï˛Ü˛ §¡õò §ü)ˆÏ•Ó˚ §ÇÓ˚«˛î ~ÓÇ ˆÜ˛Ô¢°àï˛ ÓƒÓ•yÓ˚ xyˆÏ°y!ã˛ï˛ •Î˚–

●●●●● ≤ÃbÓyhflÏÓƒ!Óòƒy (Palaeoecology) : ~•z ¢yáyÎ˚ ≤ÃbÎ%ˆÏàÓ˚ ç#ÓÜ%˛° ~ÓÇ ï˛áöÜ˛yÓ˚

˛õ!Ó˚ˆÏÓ¢àï˛ xÓfiÌy§ü)• xyˆÏ°y!ã˛ï˛ •Î˚–

●●●●● ü•yÜ˛y¢ ÓyhflÏÓƒ!Óòƒy (Space Ecology) : •z•y ÓyhflÏÓƒ !ÓòƒyÓ˚ §y¡±!ï˛Ü˛ Ü˛yˆÏ° §,T˛ ~Ü˛!ê˛

¢yáy ˆÎáyˆÏö ò#â≈ ü•yÜ˛y¢ x!û˛Îyö Ü˛yˆÏ° Óy!•ï˛ Óy §,T˛ !Ü˛ÇÓy ÓƒÓ•,ï˛ ç#Óö ˛õ!Ó˚ˆÏ˛õy£Ïî«˛ü

(life supporting) xyÇ!¢Ü˛ Óy ˛õ)î≈ ˛õ%öÓ˚%Í˛õyòö¢#° Óy›ï˛sf §¡õˆÏÜ≈˛ xyˆÏ°yã˛öy Ü˛Ó˚y •Î˚–

●●●●● üyöÓ ÓyhflÏÓƒ!Óòƒy (Human Ecology) : ˛•z•y üyöÓçy!ï˛Ó˚ çö§Çáƒyàï˛ (human
population) ÓyhflÏÓƒ!Óòƒy ˆÎáyˆÏö ˛õy!Ó˚˛õy!Ÿª≈Ü˛ ˛õ!Ó˚ˆÏÓ¢ ï˛Ìy ç#Óü[˛ˆÏ°Ó˚ Ä˛õÓ˚ üyöÓçy!ï˛Ó˚

≤Ãû˛yÓ Ä ≤Ã!ï˛!Ü ˛Î˚y xyˆÏ°y!ã˛ï˛ •Î˚–

●●●●● x!û˛Óƒ!=˛ü)°Ü˛ ÓyhflÏÓƒ!Óòƒy (Evolutionary Ecology) : ˛~áyˆÏö ÓyhflÏï˛ˆÏsfÓ˚ öyöy ≤Ãû˛yÓˆÏÜ˛Ó˚

≤Ãû˛yˆÏÓ !Ó!û˛ß¨ ç#Ó ≤Ãçy!ï˛ ˆày!¤˛Ó˚ ≤ÃÜ,˛!ï˛àï˛ Ä !çöàï˛ ˛õ!Ó˚Óï≈˛ö ~ÓÇ ç#ˆÏÓÓ˚ x!û˛Óƒ!=˛ˆÏï˛

Óy›ï˛ˆÏsfÓ˚ ≤Ãû˛yÓ xyˆÏ°y!ã˛ï˛ •Î˚–

●●●●● ÓƒÓ•y!Ó˚Ü˛ ÓyhflÏÓƒ!Óòƒy (Applied Ecology) : ÓyhflÏÓƒ!ÓòƒyÓ˚ ~•z ¢yáyÎ˚ ÓyhflÏï˛ˆÏsfÓ˚ ôƒyö

ôyÓ˚îy §ü)• üyöÓçy!ï˛Ó˚ ≤ÃˆÏÎ˚yçö Ä Ü˛°ƒyˆÏî ≤ÃˆÏÎ˚yˆÏàÓ˚ öyöy !òÜ˛ !öˆÏÎ˚ xyˆÏ°yã˛öy Ü˛Ó˚y •Î˚–
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●●●●● Ó˚y§yÎ˚!öÜ˛ ÓyhflÏÓƒ!Óòƒy (Chemical Ecology) : ~•z ¢yáyÎ˚ !Ó!û˛ß¨ ç#ÓˆÏày¤˛#Ó˚ !öˆÏçˆÏòÓ˚

üˆÏôƒ Ä ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ §ˆÏAà Ó˚y§yÎ˚!öÜ˛ §¡õˆÏÜ≈˛Ó˚ xyhsˇÉ!Ü ˛Î˚y xyˆÏ°yã˛öy Ü˛Ó˚y •Î˚– ~åÈyí˛¸yÄ

!ÓˆÏ¢£Ï ˆÜ˛yö Ó˚y§yÎ˚!öÜ˛ ˛õòyˆÏÌ≈Ó˚ §yˆÏ˛õˆÏ«˛ !ÓˆÏ¢£Ï x@ˇÃy!ôÜ˛yÓ˚ ≤ÃyÆ ç#ÓˆÏày¤˛#Ó˚ x!û˛ˆÏÎyçö

Ä ≤Ã!ï˛!Ü ˛Î˚y xyˆÏ°y!ã˛ï˛ •Î˚–

●●●●● !ÓÜ˛Ó˚î ÓyhflÏÓƒ!Óòƒy (Radiation Ecology) : ˛õ!Ó˚ˆÏÓ¢ Ä ç#ÓˆÏày¤˛#Ó˚ Ä˛õÓ˚ !Ó!û˛ß¨ ˆï˛ç!fl;Î˚

Ó˚!Ÿ¬ ~ÓÇ ˆï˛ç!fl;Î˚ ˛õòyˆÏÌ≈Ó˚ §y!Ó≈Ü˛ ≤Ãû˛yÓ xyˆÏ°yã˛öy Ü˛Ó˚y •Î˚–

●●●●● !§ˆÏfiê˛ü •zˆÏÜ˛y°!ç Óy ˛õÂô!ï˛àï˛ ÓyhflÏÓƒ!Óòƒy (System Ecology) : ˛•z•y ÓyhflÏÓƒ!ÓòƒyÓ˚

~Ü˛!ê˛ í˛zß¨ï˛ ¢yáy Îy•y ÓƒÓ•y!Ó˚Ü˛ à!îï˛ ˆÎüö ˛õ%Ó˚É§Ó˚ ˛õ!Ó˚§Çáƒyñ ày!î!ï˛Ü˛ ö:yñ Ü˛!¡õí˛zê˛yÓ˚

!ÓK˛yö •zï˛ƒy!ò ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ !Ó!û˛ß¨ Óy›ï˛ˆÏsfÓ˚ àë˛ö Ä !Ü ˛Î˚yÜ˛°y˛õ !ÓˆÏŸ’£Ïî Ü˛ˆÏÓ˚–

●●●●● ¢yÓ˚#Ó˚Ó,_#Î˚ ÓyhflÏÓƒ!Óòƒy (Physiological Ecology) : ~•z ¢yáyÎ˚ ˆÜ˛yö !ö!ò≈T˛ fiÌyˆÏöÓ˚

Óy› §ÇfiÌyöàï˛ !Ó!û˛ß¨ xÓfiÌyÓ˚ §yˆÏÌ ˆ§áyˆÏö Ó§Óy§Ü˛yÓ˚# ç#Ó ≤Ãçy!ï˛Ó˚ ˜ç!ÓÜ˛

!Ü ˛Î˚yÜ˛°yˆÏ˛õÓ˚ §üß∫Î˚ §yôö §¡õˆÏÜ≈˛ xyˆÏ°yã˛öy Ü˛Ó˚y •Î˚–

●●●●● Óy§fiÌyö Óy Ó§!ï˛ ÓyhflÏÓƒ!Óòƒy (Habitat Ecology) : ˛õ,!ÌÓ#Ó˚ !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ Óy§fiÌyö

ˆÎüö ç°ñ fiÌ°ñ §ü%oñ ï,˛îû)˛!üñ ÓöyM˛° •zï˛ƒy!ò Óy›ï˛ˆÏsfÓ˚ xyˆÏ°yã˛öy ~ÓÇ ˆ§áyˆÏö

Ó§Óy§Ü˛yÓ˚# ç#ÓÜ%˛ˆÏ°Ó˚ Ä˛õÓ˚ Óy§fiÌyˆÏöÓ˚ öyöy í˛z˛õyòyö§ü)ˆÏ•Ó˚ ≤Ãû˛yÓ Ä xyhsˇÉ!Ü ˛Î˚y ã˛ã≈˛y

Ü˛Ó˚y •Î˚–

1.4 üyöÓ§û˛ƒï˛yÎ˚ í˛z!qò ÓyhflÏÓƒ!ÓòƒyÓ˚ ≤Ãy§!AàÜ˛ï˛y (Relevance of Plant
ecology to human civilization)

˛õ,!ÌÓ#Ó˚ ˛õ,ˆÏ¤˛Ó˚ !Ó!û˛ß¨ û)˛áˆÏ[˛Ó˚ ≤ÃyÜ,˛!ï˛Ü˛ ˛õ!Ó˚ˆÏÓˆÏ¢ !Ó!û˛ß¨ ≤Ãçy!ï˛Ó˚ í˛z!qò ˆày¤˛#Ó˚ !ÓhflÏyÓ˚

(distribution), ≤Ãyôyöƒ (dominance) Ä xy!ôÜ˛ƒ (abundance) ˆòáy ÎyÎ˚– Óy§fiÌyˆÏöÓ˚ û)˛≤ÃÜ,˛!ï˛

Ä ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ≤ÃˆÏû˛ˆÏò x!û˛ˆÏÎy!çï˛ ç#ÓÜ%˛ˆÏ°Ó˚ ≤Ãçy!ï˛ ≤ÃÜ˛yÓ˚ (species composition), ≤Ãçy!ï˛ ˛≤Ãyã%˛Î≈

(species richness), xyÜ˛yÓ˚ Ä xyÜ,˛!ï˛Ó˚ !Ó!û˛ß¨ï˛yÎ˚ Óy›Ó˚#!ï˛ ˜Ó!ã˛eƒ (Ecosystem diveresity)
˛°!«˛ï˛ •Î˚– ~•z ˜çÓ ˜Ó!ã˛ˆÏeÓ˚ ≤Ãï˛ƒ«˛ Ä ˛õˆÏÓ˚y«˛ ≤Ãû˛yÓ üyöÓçy!ï˛Ó˚ x!hflÏc Ó˚«˛y Ü˛ˆÏÓ˚–

!ÓK˛yö Ä ÓƒÓ•y!Ó˚Ü˛ ≤ÃÎ%!=˛!ÓòƒyÎ˚ í˛z!qò Óy›Óƒ!ÓòyÓ˚ §!Ü ˛Î˚ û)˛!üÜ˛y ˆòáy ÎyÎ˚– Ü,˛È!£Ï!ÓK˛yö Ä

!¢ˆÏ“Ó˚ §yˆÏÌ ÓyhflÏÓƒ!ÓòƒyÓ˚ §¡õÜ≈˛ !ö!Óí˛¸– ~åÈyí˛¸yÄ üy!ê˛Ó˚ «˛Î˚ˆÏÓ˚yôñ ˛õy•y!í˛¸ ô§ Ä Óöƒy !öÎ˚sfîñ
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Óö§,çö Ä §ÇÓ˚«˛îñ öàÓ˚ ˛õ!Ó˚Ü˛“öyñ §yüy!çÜ˛ §Ó%çyÎ˚ö •zï˛ƒy!ò ˆ«˛ˆÏe ÓyhflÏÓƒ!ÓòƒyÓ˚ K˛yö

xï˛ƒyÓ¢ƒÜ˛–

üyöÓ §û˛ƒï˛yÓ˚ !ÓÜ˛y¢ Ä xÌ≈˜Ïö!ï˛Ü˛ §ü,!ÂôˆÏï˛ ≤ÃyÜ,˛!ï˛Ü˛ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ §ˆÏAà §%¤˛ §üß∫Î˚ §yôö

xï˛ƒyÓ¢ƒÜ˛#Î˚ ˆÎáyˆÏö ÓyhflÏÓƒ!ÓòƒyÓ˚ K˛yö ≤ÃˆÏÎ˚yçö–

1.5 §yÓ˚yÇ¢ (Summary)

ÓyhflÏÓƒ!ÓòƒyÓ˚ !Ó!û˛ß¨ ≤Ãçy!ï˛ˆÏày¤˛# (Population), ç#Ó§¡±òyÎ˚ (Community), ˜Ó¢yò,¢ƒ

≤Ãçy!ï˛ˆÏày¤˛# (ecad), ˛õ!Ó˚ˆÏÓ¢ !ö!î≈ï˛ §≤Ãçy!ï˛ˆÏày¤˛# (ecotype), §¡±òyÎ˚ §Ç!ü◊î (ecotone), í z̨!qò

˛õÎ≈yÎ˚ (Plant succession), ç#Ó!ü!ï˛ (biome), ç#Óü[˛° (Biosphere), Óy›ï˛sf (ecosystem),
áyòƒ¢,C°ñ ¢!=˛ ≤ÃÓy•ñ ˜çÓû˛Ó˚ (biomas), ç#Ó˜ÏÓ!ã˛e (biodiversity) •zï˛ƒy!ò §¡∫ˆÏrô xö%§rôyö

Ä K˛yö xç≈ˆÏöÓ˚ myÓ˚y xyüÓ˚y üyöÓçy!ï˛Ó˚ Óy›§¡õÜ≈˛#Î˚ xÓfiÌy (ecological status) !öî≈Î˚ Ä xö%üyö

Ü˛Ó˚ˆÏï˛ ˛õy!Ó˚– ˆ§•züï˛ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ x˜ÏçÓ Ä ˜çÓ §¡õòà%!°ˆÏÜ˛ §ÇÓ˚«˛î Óy §%!fiÌï˛ ÓƒÓ•yÓ˚

(sustainable use) myÓ˚y üyöÓ §û˛ƒï˛yÓ˚ û˛!Ó£ÏƒÍ §%Ó˚!«˛ï˛ Ü˛Ó˚ˆÏï˛ ˛õy!Ó˚–

ÓyhflÏÓƒ!ÓòƒyÓ˚ ã˛ã≈˛y ≤Ã§yˆÏÓ˚ !ÓŸª Óy›ï˛ˆÏsf (global ecosystem) ≤Ã!ï˛!ê˛ ç#Ó ≤Ãçy!ï˛Ó˚ ≤Ãï˛ƒ«˛

Ä ˛õˆÏÓ˚y«˛ û)˛!üÜ˛y Ä ≤ÃˆÏï˛ƒˆÏÜ˛Ó˚ x!hflÏc ÓçyÎ˚ ÌyÜ˛yÓ˚ ≤ÃˆÏÎ˚yçö#Î˚ï˛y í˛z˛õ°kô •ˆÏÎ˚ˆÏåÈ– ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚

§ÇÓ˚«˛î ~ÓÇ üyöÓçy!ï˛Ó˚ §%!fiÌï˛ í˛zß¨Î˚ö (sustainable development) ~ üyö%%ˆÏ£ÏÓ˚ §ˆÏã˛ï˛öy Ó,!Âô

ˆ˛õˆÏÎ˚ˆÏåÈ– ˛õ!Ó˚ˆÏÓ¢ §ˆÏã˛ï˛öï˛yÓ˚ ≤Ãã˛yÓ˚ Ä ≤Ã§yˆÏÓ˚ xyüÓ˚y ≤ÃyÜ,˛!ï˛Ü˛ §¡õˆÏòÓ˚ !öÎ˚!sfï˛ xy•Ó˚î myÓ˚y

˛õ!Ó˚ˆÏÓ¢ Ó˚«˛y Ä !Ó¢%ÂôÜ˛Ó˚ˆÏî x!ôÜ˛ï˛Ó˚ Ó ï˛# •ˆÏÎ˚!åÈ– ~ˆÏ«˛ˆÏe !ÓK˛yöñ ≤ÃÎ%!=˛ Ä ˜çÓ≤ÃÎ%!=˛Ó˚ ÓƒÓ•yÓ˚

myÓ˚y xyüyˆÏòÓ˚ ˜òö!®ö !Ü ˛Î˚yÜ˛°y˛õñ ≤ÃÜ˛“ Ä í˛zÍ˛õyòö §ü)• ˛õ!Ó˚ˆÏÓ¢ ÓyrôÓ Ü˛ˆÏÓ˚ ï%˛°ˆÏï˛ x@ˇÃî# •ˆÏÎ˚!åÈ–

ÓyhflÏÓƒ!ÓòƒyÓ˚ ã˛ã≈˛yÓ˚ myÓ˚y xyüÓ˚y xyüyˆÏòÓ˚ ˛õy!Ó˚˛õy!Ÿª≈Ü˛ ≤ÃÜ,˛!ï˛ Ä ˛õ!Ó˚ˆÏÓ¢ˆÏÜ˛ !ö!Óí˛¸û˛yˆÏÓ çyöˆÏï˛

˛õy!Ó˚– ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ fl∫yû˛y!ÓÜ˛ §•öˆÏÎyàƒ û˛yÓ˚§yˆÏüƒÓ˚ ï˛yÓ˚ï˛üƒ ç!öï˛ §ü§ƒy !öî≈Î˚ ~ÓÇ §üyôyˆÏö

ÓyhflÏÓƒ!ÓòƒyÓ˚ ≤ÃˆÏÎ˚yà xï˛ƒyÓ¢ƒÜ˛#Î˚–

1.6 üˆÏí˛° ≤ÃŸ¿yÓ°# (Model Questions)

I. Ó•% !öÓ≈yã˛ö# ≤ÃŸ¿ (MCQ) :

1. •zˆÏÜ˛y°!ç ¢∑!ê˛ ≤ÃÌü ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ö ˆÜ˛yö !ÓK˛yö#⁄

(a) ã˛y°≈§‰ í˛yÓ˚í˛z•zö (b) ~•zã‰˛ Ó˚y•zˆÏê˛Ó˚ (c) •z. !˛õ. Äí˛yü (d) xyÓ˚. ~°. !fløÌ‰
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2. ÓyhflÏÓƒ!ÓòƒyÓ˚ ˆÎ ¢yáyÎ˚ ~Ü˛!ê˛ ≤Ãçy!ï˛ ˆày!¤˛Ó˚ §yˆÏÌ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ xyhsˇÉ!Ü ˛Î˚yÓ˚ xyˆÏ°yã˛öy

Ü˛Ó˚y •Î˚ ï˛yˆÏÜ˛ ÓˆÏ°ÈÙÙÙÈ

(a) •zˆÏÜ˛y!§ˆÏfiê˛ü (b) xy•zˆÏê˛ˆÏÜ˛y°!ç (c) !§ˆÏöˆÏÜ˛y°!ç (d) ˛õ!Ó˚ˆÏÓ¢ •zˆÏÜ˛y°!ç

3. ÓyhflÏÓƒ!ÓòƒyÎ˚ “Oikos” ¢∑!ê˛Ó˚ xÌ≈ !Ü˛⁄

(a) ç#Ó§¡±òyÎ˚ (b) ˛˛õ!Ó˚ˆÏÓ¢ (c) Óy§fiÌyö (d) ÓyÎ˚%ü[˛°

4. ˛Ú•zˆÏÜ˛y°!çÛ ¢∑!ê˛ §ÇK˛y§• ≤ÃÌü ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ö ˆÜ˛yö !ÓK˛yö#⁄

(a) xyö≈fiê‰˛ ˆ•ˆÏÜ˛°‰ (b) ~ú‰˛. •z. !Üœ˛ˆÏürê˛§‰

(c) í˛yÓœ$. !§. xƒy!° (d) !§. ˆç. ˆÜ ˛Ó‰§

5. ÓyhflÏÓƒ!ÓòƒyÓ˚ ˆÎ ¢yáyÎ˚ !Ó!û˛ß¨ ≤Ãçy!ï˛ §üˆÏ@ˇÃÓ˚ ˛õyÓ˚flõ!Ó˚Ü˛ xyhsˇÉ!Ü ˛Î˚y ˛õÎ≈yˆÏ°yã˛öy Ü˛Ó˚y

•Î˚ ï˛yˆÏÜ˛ ÓˆÏ°ÈÙÙÙÈ

(a) ˛ÓyˆÏÎ˚yü •zˆÏÜ˛y°!ç (b) ˛õ˛õ%ˆÏ°¢ö •zˆÏÜ˛y°!ç

(c) §ÇÓ˚«˛î •zˆÏÜ˛y°!ç (d) Ü˛!üí˛z!ö!ê˛ •zˆÏÜ˛y°!ç

6. ÓyˆÏÎ˚yü •zˆÏÜ˛y°!ç Ó°ˆÏï˛ ˆÓyé˛yÎ˚ÈÙÙÙÈ

(a) !ö!ò≈T˛ ç°ÓyÎ˚%ü[˛° myÓ˚y !öô≈y!Ó˚ï˛ !Óhfl,Ïî≈ û)˛áˆÏ[˛Ó˚ Óy›ï˛sf

(b) ≤ÃyÜ,˛!ï˛Ü˛ ˛õ!Ó˚§#üy ˆÓ!¤˛ï˛ ˆÜ˛yö ~Ü˛Ü˛ û)˛áˆÏ[˛Ó˚ Óy›ï˛sf

(c) ˆÜ˛yö ÓöyM˛ˆÏ°Ó˚ Óy›ï˛sf

(d) fl∫yò%çˆÏ°Ó˚ Óy›ï˛sf

7. ÓyhflÏÓƒ!ÓòƒyÓ˚ ~•z ¢yáyÎ˚ ÓƒÓ•y!Ó˚Ü˛ à!îï˛ñ ày!î!ï˛Ü˛ ö:yñ Ü˛!¡õí˛zê˛yÓ˚ ~Ó˚ K˛yö ≤Ãû,˛!ï˛

ÓƒÓ•yÓ˚ Ü˛Ó˚y •Î˚ÈÙÙÙÈ

(a) !§ˆÏfiê˛ü •zˆÏÜ˛y°!ç (b) •ƒy!Óê˛ƒyê˛ •zˆÏÜ˛y°!ç

(c) xƒy≤’yˆÏÎ˚í˛ •zˆÏÜ˛y°!ç (d) ˛ˆflõ§ •zˆÏÜ˛y°!ç

8. ÓyhflÏÓƒ!ÓòƒyÓ˚ ˆÎ ¢yáyÎ˚ !Ó!û˛ß¨ ç#ÓˆÏày¤˛#Ó˚ !çöàï˛ ˛õ!Ó˚Óï≈˛ö ~ÓÇ x!û˛Óƒ!=˛ˆÏï˛ Óy›ï˛ˆÏsfÓ˚

≤Ãû˛yÓ xyˆÏ°yã˛öy Ü˛Ó˚y •Î˚ ï˛yˆÏÜ˛ ÓˆÏ°ÈÙÙÙÈ

(a) !ú˛!çÄ°!çÜ˛ƒy° ÓyhflÏÓƒ!Óòƒy (b) •zˆÏû˛y!°í˛z¢öyÓ˚# ÓyhflÏÓƒ!Óòƒy

(c) Ó˚y§yÎ˚!öÜ˛ ÓyhflÏÓƒ!Óòƒy (d) !§ˆÏfiê˛ü ÓyhflÏÓƒ!Óòƒy

9. ˆÜ˛yö ˆ«˛ˆÏe ÓyhflÏÓƒ!ÓòƒyÓ˚ K˛yö !ÓˆÏ¢£Ïû˛yˆÏÓ í˛zˆÏ˛õ«˛y Ü˛Ó˚y •Î˚ÈÙÙÙÈ

(a) üy!ê˛ §ÇÓ˚«˛î Ä Óöƒy !öÎ˚sfî (b) Óö§,çö Ä öàÓ˚ ˛õ!Ó˚Ü˛“öy

(c) Ü,˛!£Ï !ÓK˛yö Ä §yüy!çÜ˛ §Ó%çyÎ˚ö (d) @ˇÃ#î•yí˛z§ ~ˆÏú˛Q ~ÓÇ !ÓŸª í˛z£÷yÎ˚ö
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10. ˛õ,!ÌÓ#Ó˚ !Ó!û˛ß¨ Óy›Ó˚#!ï˛ˆÏï˛ ˆÜ˛yö Ó=˛Óƒ!ê˛ ≤ÃˆÏÎyçƒ öÎ˚ÈÙÙÙÈ

(a) !û˛ß¨ !û˛ß¨ Óy›Ó˚#!ï˛ˆÏï˛ !û˛ß¨ !û˛ß¨ ç#Ó ˜Ó!ã˛eƒ ˆòáy ÎyÎ˚

(b) !û˛ß¨ !û˛ß¨ Óy›Ó˚#!ï˛ˆÏï˛ !û˛ß¨ !û˛ß¨ ≤Ãçy!ï˛ ≤Ãyã%˛Î≈ ~ÓÇ ≤Ãçy!ï˛ ≤Ãyôyöƒ ˆòáy ÎyÎ˚

(c) !û˛ß¨ !û˛ß¨ Óy›Ó˚#!ï˛ˆÏï˛ ~Ü˛•z ≤Ãçy!ï˛ ≤ÃÜ˛yÓ˚ ~ÓÇ ~Ü˛•z ≤Ãçy!ï˛ ≤Ãyôyöƒ ˆòáy ÎyÎ˚

(d) !û˛ß¨ !û˛ß¨ Óy›Ó˚#!ï˛ˆÏï˛ !û˛ß¨ !û˛ß¨ xyhsˇÉ≤Ãçy!ï˛Î˚ xyhsˇÉ!Ü ˛Î˚y ˆòáy ÎyÎ˚

II. §Ç!«˛Æ ≤ÃŸ¿ É

1. ˆÜ˛ ≤ÃÌü •zˆÏÜ˛y°!ç ¢∑!ê˛ ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ö⁄

2. !ÓK˛yö# ˆ•ˆÏÜ˛°‰ ÓyhflÏÓƒ!Óòƒy Ó°ˆÏï˛ !Ü˛ Ó%!é˛ˆÏÎ˚ˆÏåÈö⁄

3. û˛yÓ˚ï˛#Î˚ ÓyhflÏÓƒ!Óò xyÓ˚. !ü◊ ÓyhflÏÓƒ!ÓòƒyÓ˚ xÌ≈ !Ü˛ ÓˆÏ°ˆÏåÈö⁄

4. !ÓK˛yö# Äí˛yüÈÙÈ~Ó˚ üï˛ xö%ÎyÎ˚# ÓyhflÏÓƒ!ÓòƒyÓ˚ §ÇK˛y !°á%ö–

5. û)˛!ü!ï˛ ÓyhflÏÓƒ!Óòƒy ~ÓÇ ç#Ó!ü!ï˛ ÓyhflÏÓƒ!Óòƒy Ó°ˆÏï˛ ˆÓyé˛yÎ˚⁄

6. ÓyhflÏÓƒ!ÓòƒyÓ˚ ˆÜ˛yö ¢yáyÎ˚ í˛z!qò ˆày!¤˛Ó˚ à!ï˛ôyÓ˚y xyˆÏ°y!ã˛ï˛ •Î˚⁄

7. !§ö•zˆÏÜ˛y°!çÓ˚ xyˆÏ°yã˛ƒ !Ó£ÏÎ˚ !Ü˛⁄

8. üyöÓ §û˛ƒï˛yÓ˚ Ü˛ˆÏÎ˚Ü˛!ê˛ ˆ«˛ˆÏeÓ˚ í˛zˆÏÕ‘á Ü˛Ó˚%ö ˆÎáyˆÏö ÓyhflÏÓƒ!ÓòƒyÓ˚ ≤Ãû˛yÓ Ó˚ˆÏÎ˚ˆÏåÈ⁄

III. Ó˚ã˛öyôü≈# ≤ÃŸ¿ É

1. !ÓK˛yö# ˆ•ˆÏÜ˛°‰ñ xƒy!°ñ Äí˛yüñ !fløÌ ~ÓÇ xyÓ˚ !ü◊ xö%ÎyÎ˚# ÓyhflÏÓƒ!ÓòƒyÓ˚ §ÇK˛y !°á%ö–

2. §Î˚Ω˛ÓyhflÏÓƒ!Óòƒy ~ÓÇ §ü!T˛ ÓyhflÏÓƒ!Óòƒy Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚ !°á%ö–

3. ˛õ˛õ%ˆÏ°¢ö •zˆÏÜ˛y°!ç ˆÌˆÏÜ˛ ÓyˆÏÎ˚yü •zˆÏÜ˛y°!ç ˛õÎ≈hsˇ Ü ˛üÓô≈üyö !Óû˛yàà%!°Ó˚ §ÇK˛y !°á%ö–

4. Ü˛öçyˆÏû≈˛¢ö •zˆÏÜ˛y°!çñ ˛õƒy!°Ä•zˆÏÜ˛y°!çñ ˆflõ§ •zˆÏÜ˛y°!çñ ˆÜ˛!üÜ˛ƒy° •zˆÏÜ˛y°!ç ~ÓÇ

ˆÓ˚!í˛ˆÏÎ˚¢ö •zˆÏÜ˛y°!çÓ˚ §ÇK˛y !°á%ö–

5. üyöÓ §û˛ƒï˛yÎ˚ í˛z!qò ÓyhflÏÓƒ!ÓòƒyÓ˚ ≤Ãy§!AàÜ˛ï˛y §ÇˆÏ«˛ˆÏ˛õ xyˆÏ°yã˛öy Ü˛Ó˚%ö–
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1.7 í˛z_Ó˚üy°y (Answers)

I. xö%¢#°ö#Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚

§Çáƒy ı 1 2 3 4 5 6 7 8 9 10

í z̨_Ó˚ ı b b c a d a a b d c

II. §Ç!«˛Æ ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5 6 7 8

xö%ˆÏFåÈò §Çáƒy ı 1.2 1.2 1.2 1.2 1.3 1.3 1.3 1.4

III. Ó˚ã˛öyôü≈# ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5

xö%ˆÏFåÈò §Çáƒy ı 1.2 1.3 1.3 1.3 1.4
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18

~Ü˛Ü˛–2 : Óy›ï˛sfÈÙÙÙÈôyÓ˚îy ~ÓÇ Óy›ï˛ˆÏsfÓ˚ ≤ÃÜ˛yÓ˚ˆÏû˛òñ Óy›ï˛ˆÏsfÓ˚

˜çÓ ~ÓÇ x˜ÏçÓ í˛z˛õyòyö §ü)•ñ Óy›ï˛ˆÏsf ¢!=˛ ≤ÃÓy•

(Ecosystem–concept and types of ecosystems, biotic and
abiotic components, energy flow through ecosystem)

àë˛ö (Structure)

2.0 í˛zˆÏj¢ƒ (Objectives)

2.1 ≤ÃhflÏyÓöy Ä ôyÓ˚îy (Introduction and concept)

2.2 Óy›ï˛ˆÏsfÓ˚ ≤ÃÜ˛yÓ˚ˆÏû˛ò (Types of ecosystems)

2.3 Óy›ï˛ˆÏsfÓ˚ í˛z˛õyòyö§ü)•ÈÙÙÙÈ˜çÓ ~ÓÇ x˜ÏçÓ (Compounds of ecosystem–biotic
and abiotic)

2.3.1 çí˛¸ í˛z˛õyòyö §ü)• (Abiotic components)

2.3.2 §ç#Ó í˛z˛õyòyö §ü)• (Biotic components)

2.3.2.1 fl∫ˆÏû˛yç# í˛zÍ˛õyòÜ˛ (Autotrophic producers)

2.3.2.2 áyòÜ˛ (Consumers)

2.3.2.3 !ÓˆÏÎ˚yçÜ˛ Óy ˛õ!Ó˚Óï≈˛Ü˛ (Decomposer or transformers)

2.3.3 áyòƒ ¢,C° (Food chain)

2.4 Óy›ï˛ˆÏsf ¢!=˛ ≤ÃÓy• (Energy flow in ecosystem)

2.4.1 ¢!=˛ ≤ÃÓyˆÏ•Ó˚ ˛õÎ≈yÎ˚§ü)• (Stage of energy flow)

2.4.2 Óy›ï˛ˆÏsf ¢!=˛ ≤ÃÓyˆÏ•Ó˚ ˜Ó!¢T˛ƒ (Features of energy flow in ecosystem)

2.4.3 Óy›ï˛ˆÏsf ¢!=˛ ≤ÃÓyˆÏ•Ó˚ öÜ˛¢y (Energy flow modes in ecosystem)

2.4.3.1 ~Ü˛Ü˛ à!ï˛˛õÌ öÜ‰˛¢y (Single channel model)

2.4.3.2 ¢!=˛ ≤ÃÓyˆÏ•Ó˚ ˜mï˛ÈÙÈ≤Ãîy°# (double channel) Óy YÈÙÈxyÜ,˛!ï˛Ó˚

öÜ‰˛¢y (Y-shaped model)

2.5 §yÓ˚yÇ¢ (Summary)

2.6 ≤ÃŸ¿yÓ°# (Questions)

2.7 í˛z_Ó˚üy°y (Answers)



19NSOU 5CC-BT-02

D: \ Suvendu \ NSOU\NEP/ 5CC-BT-02
Unit- 1-4 \ 2nd Proof  \ (Dt. 19.03.2025)

2.0 í˛zˆÏj¢ƒ (Objectives)

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xyüÓ˚y !ö¡¨!°!áï˛ !Ó£ÏÎ˚à%!° §¡∫ˆÏrô §üƒÜ˛ ôyÓ˚îy ˜ï˛!Ó˚ Ü˛Ó˚ˆÏï˛ ˛õyÓ˚Ó–

●●●●● Óy›ï˛sf §¡∫ˆÏrô §üƒÜ˛ ôyÓ˚îy–

●●●●● Óy›ï˛ˆÏsfÓ˚ ˜çÓ Ä x˜ÏçÓ í˛z˛õyòyö §ü)•–

●●●●● Óy›ï˛sf Ä üyö%£Ïƒ Óƒ!ï˛ã˛yˆÏÓ˚Ó˚ §¡õÜ≈˛–

●●●●● Óy›ï˛ˆÏsfÓ˚ !Ó!û˛ß¨ û˛yàà%!°–

2.1 ≤ÃhflÏyÓöy Ä ôyÓ˚îy (Introduction and concept)

û)˛˛õ,ˆÏ¤˛Ó˚ ˆÜ˛yö Óy§fiÌyˆÏöÓ˚ §Ü˛° ç#Ó §¡±òyÎ˚ (Community) ~ÓÇ §Ü˛° x˜ÏçÓ Ä ˜çÓ

í˛z˛õyòyö §ü)ˆÏ•Ó˚ ˛õyÓ˚flõ!Ó˚Ü˛ !üˆÏÌy!fl;Î˚yÎ˚ (interaction) àˆÏí˛¸ Äë˛y ~Ü˛ !Ü ˛Î˚y¢#° ~Ü˛Ü˛ ÓyhflÏÓƒ!ÓòƒyÎ˚

Óy›ï˛sf !•ˆÏ§ˆÏÓ xyˆÏ°y!ã˛ï˛ •Î˚–

~Ü˛!ê˛ ç#ˆÏÓÓ˚ §ˆÏAà ï˛yÓ˚ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ §ç#Ó Ä !ö!ç≈Ó í˛z˛õyòyö§ü)• ≤Ã!ï˛!öÎ˚ï˛•z ˆÜ˛yö öy ˆÜ˛yö

xyòyöÈÙÈ≤Ãòyö §¡õˆÏÜ≈˛ Óy xyhsˇ!Ü ˛Î˚yÎ˚ xyÓÂô– •z•yÓ˚ ú˛ˆÏ° ˆÜ˛yö ~Ü˛!ê˛ xM˛ˆÏ° Ó§Óy§Ü˛yÓ˚# §Ü˛° ç#Ó

§¡±òyÎ˚•z ˛õÓ˚flõˆÏÓ˚Ó˚ í˛z˛õÓ˚ ≤Ãï˛ƒ«˛ Óy ˛õˆÏÓ˚y«˛û˛yˆÏÓ !öû≈˛Ó˚¢#° •ˆÏÎ˚ ˛õˆÏí˛¸– ~•z ˛õyÓ˚flõ!Ó˚Ü˛

!öû≈˛Ó˚¢#°ï˛yÓ˚ !û˛!_ˆÏï˛•z ˆ§áyöÜ˛yÓ˚ §Ü˛° ç#Ó §ü)ˆÏ•Ó˚ üˆÏôƒ ~ÓÇ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ xöƒ §Ü˛° í˛z˛õyòyö

§ü)ˆÏ•Ó˚ üˆÏôƒ §%¢,C° §¡õˆÏÜ≈˛Ó˚ ˆÎ Ó§Óy§ ö#!ï˛ àˆÏí˛¸ ÄˆÏë˛ ï˛yˆÏÜ˛•z Óy›ï˛sf ÓˆÏ°– Ó›ï˛˛õˆÏ«˛ ˛õ,!ÌÓ#Ó˚

ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ Óy ç#Óü[˛°ñ ÓyˆÏÎ˚yü Sç#ÓyM˛°Vñ °ƒyu˛ˆÏflÒ˛õ Óy û)˛ò,¢ƒ Ó•%§ÇáƒÜ˛ Óy›ï˛ˆÏsfÓ˚•z §ü!T˛

üye–

1935 !á fiê˛yˆÏ∑ Óy›!Óò‰ ~. !ç. ê˛ƒy™ˆÏ° (A. G. Tansley) ÚÚ•zˆÏÜ˛y!§ˆÏfiê˛üÛÛ ¢∑!ê˛ ã˛Î˚ö Ü˛ˆÏÓ˚ö–

!ÓK˛yö# ˆç. ~ü. !fløÌ (J. M. Smith) 1974ÈÙÈ~ Óy›ï˛ˆÏsfÓ˚ ü%áƒ ˜Ó!¢T˛ƒà%!° í˛zˆÏÕ‘á Ü˛ˆÏÓ˚öñ ˆÎüöÈÙÙÙÈ

●●●●● Óy›ï˛sf •° ÓyhflÏÓƒ!ÓòƒyÓ˚ ≤Ãôyö Ü˛yÎ≈Ü˛Ó˚# ~Ü˛Ü˛–

●●●●● Óy›ï˛ˆÏsfÓ˚ üôƒ !òˆÏÎ˚•z ˛õ%!T˛ ã˛Ü ˛ xyÓ!ï≈˛ï˛ •Î˚–

●●●●● •z•y ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ !Ó!û˛ß¨ ˜çÓ ~ÓÇ x˜ÏçÓ í˛z˛õyòyö !öˆÏÎ˚ à!ë˛ï˛–

●●●●● Óy›ï˛ˆÏsfÓ˚ !Ó!û˛ß¨ áyòƒ¢,CˆÏ°Ó˚ üôƒ !òˆÏÎ˚ ¢!=˛ ≤ÃÓy• âˆÏê˛–

●●●●● ~Ü˛!ê˛ Óy›ï˛ˆÏsf !Ó!û˛ß¨ ≤Ãçy!ï˛ ˆày¤˛#Ó˚ xyÜ˛yÓ˚ (population size) ~Ü˛!ê˛ !ö!ò≈T˛ §#üy

˛õÎ≈hsˇ Ó,!Âô ˛õyÎ˚ ~ÓÇ ï˛yÓ˚˛õÓ˚ Ü ˛ˆÏü !fiÌï˛yÓfiÌyÎ˚ (equilibrium stage) xy Ï̂§–
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2.2 Óy›ï˛ˆÏsfÓ˚ ≤ÃÜ˛yÓ˚ˆÏû˛ò (Types of ecosystems)

A. !ÓK˛yö# ~ˆÏ°öÓyà≈ (Ellenberg 1973) ≤Ãò_ !ÓŸª Óy›ï˛ˆÏsfÓ˚ Ü ˛ü•…y§üyö !Óû˛yçö §ü)• ı

I. ç#Óü[˛° (Biosphere) : ˛õ,!ÌÓ# ç%ˆÏí˛¸ ~•z Óy›ï˛sf §Ó≈Ó,•Í ~ÓÇ §Ó≈ˆÏÓT˛öÜ˛yÓ˚# (all
encompassing) xÌ≈yÍ ˛õ,!ÌÓ#Ó˚ §Ü˛° ç#Ó ~ÓÇ ï˛yˆÏòÓ˚ §ˆÏAà xyòyö ≤ÃòyöÓ˚ï˛ §Ü˛° çí˛¸ Ó›§ü)•

!öˆÏÎ˚ ~•z Óy›ï˛sf à!ë˛ï˛–

II. ˛ü•yÓy›ï˛sf (Mega ecosystem) : •z•y ç#Óü[˛ˆÏ°Ó˚ !ë˛Ü˛ !ö¡¨Óï≈˛# xöƒï˛ü Ó,•Í Óy›ï˛sf–

≤ÃÜ,˛!ï˛ xö%§yˆÏÓ˚ •z•yÓ˚ xhsˇà≈ï˛ Óy›sfà%!° •°ÈÙÙÙÈ

(a) ˆöyöyçˆÏ°Ó˚ Óy §yü%!oÜ˛ Óy›ï˛sf (Salt water or marine ecosystem)ÈÙÙÙÈü•y§yàÓ˚ Óy

§yàˆÏÓ˚Ó˚ Óy›ï˛sf–

(b) fl∫yò%çˆÏ°Ó˚ Óy›ï˛sf (Fresh water ecosystem)ÙÙÙÈ˛õ%Ü%˛Ó˚ñ öò# Óy •…ò (Pond, river or
lake)ÈÙÈ~Ó˚ Óy›ï˛sf–

(c) xyôyfiÌ°ç Óy›ï˛sf (Semi terrestrial ecosystem)ÙÙÙÈç°y üy!ê˛ ~ÓÇ Óyï˛y§ í˛zû˛Î˚•z ~•z

Óy›ï˛ˆÏsfÓ˚ ü%áƒ ˛õ!Ó˚ˆÏÓ¢– ç°yû)˛!üñ üƒyöˆÏ@ˇÃyû˛ Óö •z•yÓ˚ í˛zòy•Ó˚î–

(d) fiÌ°ç Óy›ï˛sf (Terrestrial ecosystem)ÙÙÙÈ¢%‹Ò üy!ê˛ ~ÓÇ Óyï˛y§ !öˆÏÎ˚ ~•z Óy›ï˛sf àˆÏí˛¸

ÄˆÏë˛–

(e) öyà!Ó˚Ü˛ !¢“yM˛°#Î˚ Óy›ï˛sf (Urban industrial ecosystem)ÙÙÙÈüö%£Ïƒ §,T˛ öàÓ˚ñ !Ü˛ÇÓy

ã˛y£Ï xyÓyˆÏòÓ˚ ç!ü çyÎ˚ày (cropland) !âˆÏÓ˚ àˆÏí˛¸ Äë˛y Óy›ï˛sf •z•yÓ˚ xhsˇà≈ï˛–

III. Ó,•Í Óy›ï˛sf (macroecosystem) : Óöû)˛!üÓ˚ Óy›ï˛sf (Forest ecosystem) Ó,•Í

Óy›ï˛ˆÏsfÓ˚ í˛zòy•Ó˚î–

IV. üôƒÓ_≈# Óy›ï˛sf (mesoecosystem) : ã˛Äí˛¸y ˛õyï˛yÓ˚ ˛õî≈ˆÏüyã˛# Ó,ˆÏ«˛Ó˚ Óöû)˛!ü (deciduous
borad leaf forest) Ä xû˛ƒhsˇÓ˚fiÌ §Ü˛° ≤Ãyî# !öˆÏÎ˚ üôƒÓï≈˛# Óy›ï˛sf à!ë˛ï˛ •Î˚–

V. «%˛oyÜ,˛!ï˛Ó˚ Óy›ï˛sf (microecosystem) : ~Ü˛•z ≤ÃÜ,˛!ï˛Ó˚ Óöû)˛!ü ˆÜ˛yö ˛õy•yí˛¸ !Ü˛ÇÓy !öã%˛

ç!üÓ˚ ˆ«˛ˆÏe «%˛oyÜ,˛!ï˛Ó˚ Óy›ï˛sf (microecosystem) !öˆÏò≈¢ Ü˛ˆÏÓ˚–

VI. öƒyˆÏöy Óy›ï˛sf (Nano ecosystem) : xˆÏöÜ˛ Ó,•Í Óy›ï˛ˆÏsfÓ˚ üˆÏôƒ !öçfl∫ ˜Ó!¢T˛ Î%=˛

«%˛oï˛Ó˚ ˆÓ¢ !Ü˛å%È Óy›ï˛sf à!ë˛ï˛ •Î˚ ~ˆÏòÓ˚ öƒyˆÏöy •zˆÏÜ˛y!§ˆÏfiê˛ü ÓˆÏ°–

üö%£Ïƒ Óƒ!ï˛ã˛yÓ˚ (Human interference)ÈÙÈ~Ó˚ üyey ~ÓÇ öyöy ö,ï˛y!_¥Ü˛ (anthropogenic)
!Ü ˛Î˚yÜ˛°y˛õ ~Ó˚ ≤Ãû˛yÓ •zï˛ƒy!òÓ˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ Óy›ï˛sf ò%•z û˛yˆÏà Óî≈öy Ü˛Ó˚y ÎyÎ˚ÈÙÙÙÈ
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(i) ≤ÃyÜ,˛!ï˛Ü˛ Óy›ï˛sf (Natural ecosystem) : fl∫ÈÙÈ!öÎ˚!sfï˛ (self regulated), üö%£Ïƒ Óƒy!ï˛ã˛yÓ˚

~Ó˚ ≤Ãï˛ƒ«˛ ≤Ãû˛yÓü%=˛ Óy›ï˛sf– Óöû)˛!üñ ï,˛îû)˛!üñ üÓ˚)û)˛!ü §yü%!oÜ˛ ˆüy•öy (estuarine), •…òñ öò#ñ

≤ÃÓy°m#˛õ •zï˛ƒy!ò–

(ii) Ü,˛!_ü Óy›ï˛sf Óy üö%£Ïƒ Ó˚)˛õy!Î˚ï˛ Óy›ï˛sf (Artificial or man-engineerred
ecosystem) : ¢•Ó˚ñ öàÓ˚ñ ç°ˆÏ§ã˛ö Ü˛Ó˚y ã˛y£Ï xyÓyˆÏòÓ˚ ç!üñ @ˇÃ#ö •yí˛z§ •zï˛ƒy!ò–

~åÈyí˛¸yÄ Óy›ï˛sf xyˆÏÓ˚y xˆÏöÜ˛ û˛yˆÏÓ ≤ÃÜ˛yÓ˚ˆÏû˛ò Ü˛Ó˚y •Î˚– !öˆÏ¡¨ Ó•%°!Ó!òï˛ (widely known)
Óy›ï˛sfà%!°Ó˚ í˛zˆÏÕ‘á Ü˛Ó˚y •°– [As followed by R. L. Smith and T. M. Smith in Ecology
and Field biology, 6th Edition]

B.     fiÌ°ç Óy›ï˛sf (Terrestrial ecosystem) : fiÌ°ç ü,!_Ü˛y Ä ü%=˛ ÓyÎ˚% ≤ÃÓy!•ï˛ xM˛ˆÏ°Ó˚

Óy›ï˛sf •z•yÓ˚ xhsˇà≈ï˛ Óy›ï˛sfà%!° •°ÈÙÙÙÈ

1. ï,˛îû)˛!ü (Grasslands) : •z•y ˛õÎ≈yÎ˚Ü ˛!üÜ˛ áÓ˚y Ä Ó,!T˛ (25–75 cm/y) Î%=˛ xM˛ˆÏ°

ˆòáy ÎyÎ˚– ~áyˆÏö üy!ê˛ˆÏï˛ ≤Ãã%˛Ó˚ ˛õ!Ó˚üyî ˜çÓ ˛õòyÌ≈ §!M˛ï˛ •Î˚– Ó,!T˛˛õyï˛ ~ÓÇ àÓy!ò

˛õ¢%ã˛yÓ˚î ~áyˆÏö ü%áƒ í˛zÍ˛õyòö üyey (Primary production) !öô≈yÓ˚î Ü˛ˆÏÓ˚– ~áyˆÏö

≤Ã§y!Ó˚ï˛ ç#Ó ˜Ó!ã˛e ˆòáy ÎyÎ˚–

2. í˛z£÷ü[˛°#Î˚ §yû˛yöy (Tropical Savanas) : Ó•%° !Óhfl,Ïï˛ x!Ó!FåÈß¨ ü%=˛ ≤ÃÜ,˛!ï˛Ó˚ ây§hflÏÓ˚

~ÓÇ !Ó!FåÈß¨ hflÏˆÏÓ˚ xÓ!fiÌï˛ à%Õ√ Ä Ó,«˛ çyï˛#Î˚ í˛z!qˆÏòÓ˚ hflÏÓ˚ (discontinuous layer)–
~áyöÜ˛yÓ˚ Óy›ï˛ˆÏsf !¢=˛ ~ÓÇ í˛z£÷ }ï%˛ Óï≈˛üyö ~ÓÇ Óy!£Ï≈Ü˛ Ó,!T˛˛õyï˛ 25–200 cm •ˆÏÎ˚

ÌyˆÏÜ˛–

3. ˆé˛y˛õé˛yí˛¸ ≤ÃyhsˇÓ˚ (Shrublands) : ~áyˆÏö à%Õ√çyï˛#Î˚ Ó,«˛•z ≤ÃˆÏÜ˛yê˛ ≤Ãçy!ï˛– ï,˛îçyï˛#Î˚ñ

Ó#Ó˚%Í ~ÓÇ !çÄú˛y•zê˛ çyï˛#Î˚ í˛z!qò ˆòáy ÎyÎ˚–

í˛z£÷ ~ÓÇ ¢%‹Ò @ˇÃ#‹øÜ˛y° ~ÓÇ •yÕÒy !¢=˛ (mild moist) ¢#ï˛Ü˛y° ~áyöÜ˛yÓ˚ ˜Ó!¢T˛– ~áyöÜ˛yÓ˚

ü,!_Ü˛y fl∫“ ˜çÓ ˛õòyÌ≈ Î%=˛–

4. üÓ˚%û)˛!ü (Deserts) : ~áyöÜ˛yÓ˚ Óy!£Ï≈Ü˛ Ó,!T˛˛õyï˛ 7–40 cm ~ÓÇ Ó,!T˛˛õyï˛ xˆÏ˛õ«˛y

Óy‹õ#Ü˛Ó˚î (evaporation) üyey ˆÓ¢# •ÄÎ˚yÎ˚ ~áyöÜ˛yÓ˚ ˛õ!Ó˚ˆÏÓ¢ í˛z£÷ Ä ¢%‹Ò ≤ÃÜ,˛!ï˛Ó˚–

~áyöÜ˛yÓ˚ ≤ÃyÌ!üÜ˛ í˛zÍ˛õyòö üyey á%Ó Ü˛ü– ~áyˆÏö ç#Ó §Çáƒy ~ÓÇ ç#Ó ˜Ó!ã˛e xˆÏ˛õ«˛yÜ,˛ï˛

Ü˛ü– çyAà° (xerophytic) ≤ÃÜ,˛!ï˛Ó˚ í˛z!qò !ÓˆÏ¢£Ï í˛zˆÏÕ‘áˆÏÎyàƒ–

5. ï%˛wy (Tundras) : í˛zFã˛ x«˛yÇ¢#Î˚ (high latitude) !Ü˛ÇÓy x!ôÜ˛ í˛zFã˛ï˛y Î%=˛ (high
altitude) xM˛ˆÏ°Ó˚ ¢#ï˛≤Ãôyö Óy›ï˛sf– §Ç!«˛Æ í˛z!qˆÏòÓ˚ Ó,!ÂôÜ˛y° (short growing
season) ˆòáy ÎyÎ˚– ˛õ%!T˛Ó˚ fl∫“ ˆÎyàyö ~•z xM˛ˆÏ°Ó˚ ˜Ó!¢T˛– ~áyöÜ˛yÓ˚ ≤Ã!ï˛Ü)˛° ˛õ!Ó˚ˆÏÓˆÏ¢

ç#Ó§Çáƒy §#!üï˛ ~ÓÇ Óy›ï˛sf §Ó˚° ≤ÃÜ,˛!ï˛Ó˚ •Î˚–
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C. ÓöyM˛° (Forests) : ÓöyM˛ˆÏ°Ó˚ Ó,«˛Ó˚y!çÓ˚ üˆÏôƒ ã˛yÓ˚!ê˛ x!Ó˚Î˚hflÏÓ˚ (vertical layers) ˆòáy

ÎyÎ˚– Îy•y ÓöyM˛ˆÏ°Ó˚ ˛õ!Ó˚ˆÏÓ¢ ~ÓÇ ç#Ó ˜Ó!ã˛e !öÎ˚sfî Ü˛ˆÏÓ˚– ü,ï˛ Ó,ˆÏ«˛Ó˚ ˛õã˛ö¢#° ˆò•yÇ¢ ~ÓÇ

ˆüy!ã˛ï˛ ˛õyï˛y (litter), üy!ê˛Ó˚ xö%ç#Ó# !ÓˆÏÎ˚yçÜ˛§ü)• (microbial decomposers)  ~áyöÜ˛yÓ˚

˛õ%!T˛ã˛ˆÏÜ ˛ !ÓˆÏ¢£Ï í˛zˆÏÕ‘áˆÏÎyàƒ– ÓöyM˛ˆÏ° ≤Ãã%˛Ó˚ §ÇáƒÜ˛ ˜Ó!ã˛eüÎ˚ ç#ˆÏÓÓ˚ Ó§Óy§ ~ÓÇ ~áyˆÏö ç!ê˛°

≤ÃÜ,˛!ï˛Ó˚ Óy›ï˛sf ˆòáy ÎyÎ˚– !ã˛e 2.1 ~ ~Ü˛!ê˛ §yôyÓ˚î ÓöyM˛ˆÏ°Ó˚ Óy›ï˛sf ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ–

ÓöyM˛° ≤Ãôyöï˛ !ï˛ö ≤ÃÜ˛yÓ˚ÈÙÙÙÈ

(a) Ü˛!öˆÏú˛Ó˚y§ Óö (Coniferous forests) : §%ã˛yÜ,˛!ï˛Ó˚ ˛õyï˛yñ ˆÜ˛yö Ó•öÜ˛yÓ˚# Ó˚çö Ó•%°

à%ÆÓ#ç# í˛z!qò ~•z ÓöyM˛ˆÏ°Ó˚ ≤Ãôyö í˛z!qò– ~áyöÜ˛yÓ˚ x!ôÜ˛yÇ¢ í˛z!qò !ã˛Ó˚•!Ó˚Í ≤ÃÜ,˛!ï˛Ó˚–

(b) öy!ï˛¢#ˆÏï˛y£÷ ü[˛°#Î˚ ≤Ã¢hflÏ˛õe# Ó,ˆÏ«˛Ó˚ Óö (Temparte broad leaf forests) : ~áyˆÏö

˜ò!öÜ˛ ~ÓÇ üÓ˚§%!ü ï˛y˛õüyey ã˛Ó˚ü ˛õÎ≈yˆÏÎ˚ Äë˛yöyüy Ü˛ˆÏÓ˚– •z•yÓ˚ ≤Ãû˛yÓ í˛z!qò Ä ≤Ãyî#Ó˚

¢yÓ˚#Ó˚Ó,_#Î˚ !Ü ˛Î˚yÎ˚ (physiological activities) ≤Ã!ï˛ú˛!°ï˛ •Î˚–

Ó,«˛Ó˚y!ç

à%Õ√ çyï˛#Î˚ í˛z!qò

Ó#Ó˚%Í çyï˛#Î˚ í˛z!qò

xÓ˚ˆÏîƒÓ˚ û)˛!ühflÏÓ˚

xÓ˚ˆÏîƒÓ˚ xôÉhflÏÓ˚

!ã˛e 2.1 : ÓöyM˛ˆÏ°Ó˚ Óy›ï˛sf ~ÓÇ •z•yÓ˚ 5!ê˛ xÓ˚#Î˚hflÏÓ˚
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ã˛Ó˚ü ≤ÃÜ,˛!ï˛Ó˚ ˛õ!Ó˚ˆÏÓ¢ §ˆÏ_¥Ä ~•z Óy›ï˛sf í˛zFã˛ í˛zÍ˛õyòö «˛üï˛y (high productivity)
ÓçyÎ˚ Ó˚yˆÏá– ~•z Óöû)˛!ü xyÓyÓ˚ (i) öy!ï˛¢#ˆÏï˛y£÷ ˛õî≈ˆÏüyã˛# Óöû)˛!üñ (ii) öy!ï˛¢#ˆÏï˛y£÷ !ü◊

Óöû)˛!ü ~ÓÇ (iii) öy!ï˛¢#ˆÏï˛y£÷ !ã˛Ó˚•!Ó˚Í Ó,ÈˆÏ«˛Ó˚ Óöñ ~•z !ï˛ö ≤ÃÜ˛yÓ˚ •ˆÏï˛ ˛õyˆÏÓ˚–

(c) í˛z£÷ü[˛°#Î˚ ÓöyM˛° (Tropical forests) : ~áyˆÏö ÓåÈÓ˚ ç%ˆÏí˛¸ í˛z£÷ ï˛y˛õüyey (23°CÈÙÈ~Ó˚

üï˛öVñ Ó,!T˛˛õyˆÏï˛Ó˚ !ÓhflÏÓ˚ ú˛yÓ˚yÜ˛ ˆòáy ÎyÎ˚– ~Ó˚ ú˛ˆÏ° !ÓhflÏÓ˚ í˛z!qò ˜Ó!ã˛eÄ ˆòáy ÎyÎ˚–

˛≤ÃÜ˛yÓ˚ ˆû˛ò ı (i) í˛z£÷ü[˛°#Î˚ âöÓ£Ï≈î ÓöyM˛° (Tropical rain forest) (ii) ˛õyÓ≈ï˛#Î˚

âöÓ£Ï≈î ÓöyM˛° (Montane rain Forest), (iii) í˛z£÷ü[˛°#Î˚ üÓ˚¢%!ü ÓöyM˛° (Tropical
seasonal forests), (iv) í˛z£÷ü[˛°#Î˚ ¢%‹Ò ÓöyM˛° (Tropical dry forest)–

D.     fl∫yò% çˆÏ°Ó˚ Óy›ï˛sf (Fresh water ecosystems) : •z•y ≤Ãôyöï˛ ò%•z!ê˛ ü%áƒ û˛yˆÏà û˛yà

Ü˛Ó˚y ÎyÎ˚ ı

I. !fiÌÓ˚ çˆÏ°Ó˚ Óy›ï˛sf (Lentic ecosystem) : !Ó!û˛ß¨ xyÜ˛yÓ˚ Ä àû˛#Ó˚ï˛yÓ˚ xhsˇˆÏò≈¢#Î˚

áyò§ü)• (inland depressions) ˆÎüöÈÙÙÙÈ•…òñ ˛õ%Ü%˛Ó˚ñ ˆí˛yÓy !é˛° •zï˛ƒy!ò S!ã˛e 2.2)–

~áyˆÏö ˛õ%!T˛ã˛Ü ˛ñ ¢!=˛≤ÃÓy• ç°çüy !ö¡¨û)˛!üˆÏï˛•z xyÓÂô ÌyˆÏÜ˛– !Ü˛v ˛õy!Ó˚˛õy!Ÿª≈Ü˛ í˛zã%˛ fiÌ°û)˛!ü

(high land) Óy!•ï˛ ˜çÓ Ä x˜ÏçÓ ˛õòyÌ≈ §ü)• myÓ˚y !ÓˆÏ¢£Ïû˛yˆÏÓ ≤Ãû˛y!Óï˛ •Î˚–

§)Î≈
í˛zÍ˛õyòÜ˛

ú˛y•zˆÏê˛y≤’AÜ˛ê˛öüƒyˆÏÜ ˛yú˛y•zê˛ Sü)°Î%=˛V

á
yò

Ü
˛ 

§
ü

)•

≤
ÃyÌ

!ü
Ü
˛ 

á
yò

Ü
˛ 

S¢
yÜ

˛y¢
#V

ˆÓ
rÌ

§

!ÓˆÏÎ˚yçÜ˛ §ü)•
(a) ü)°Î%=˛ í˛z!qˆÏòÓ˚

§ˆÏAà Ó§Óy§Ü˛yÓ˚#

≤Ãyî#§ü)•

(b) ˛õã˛öˆÏû˛yç# ç#Ó

(c) ç%≤’ƒyÇê˛ö

(d) ˆàÔî áyòÜ˛ SüyÇ¢y§#V

(e) ≤ÃˆÏàÔî áyòÜ˛ SüyÇ¢y§#V
x˜ÏçÓ

í˛z˛õyòyö §ü)•

!ã˛e 2.2 : !fiÌÓ˚ çˆÏ°Ó˚ Óy›ï˛sf
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≤’ƒyAÜ˛ê˛ö§• !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ í˛z!qòñ í˛zû˛ã˛Ó˚ñ Ü˛#ê˛˛õï˛Aàñ üyåÈ Ä !Ü˛å%È !Ü˛å%È ˛õy!á ~•z Óy›ï˛ˆÏsfÓ˚

˜çÓ í˛z˛õyòyö–

II. ≤ÃÓy•üyö çˆÏ°Ó˚ Óy›ï˛sf (Lotic ecosystem) ı ~•z Óy›ï˛ˆÏsfÓ˚ ˛õ%!T˛ã˛Ü ˛ÈÙÙÙÈ˜çÓ ˛õòyÌ≈

xy•Ó˚î (uptake), ˛õ!Ó˚Óç≈ö (turnover) ~ÓÇ ôyÓ˚î (retention) ˆflÀyˆÏï˛Ó˚ x!û˛ü%ˆÏá çˆÏ°Ó˚

§!˛õ≈°yÓï˛ˆÏöÓ˚ §ˆÏAà §¡õß¨ •Î˚– çˆÏ°Ó˚ ≤ÃÓy• à!ï˛Ó˚ §ˆÏAà öò#Ó˚ ï˛°ˆÏòˆÏ¢Ó˚ ≤ÃÜ,˛!ï˛ Ä ˆ§áyˆÏö ˛õ!°Ó˚

xyhflÏÓ˚#û˛ÓˆÏöÓ˚ üyey (sedimentation) !öû≈˛Ó˚ Ü˛ˆÏÓ˚–

≤ÃÓy!•ï˛ ç° ˛õ%!T˛ ~ÓÇ xöƒyöƒ ˛Óç≈ƒ ˛õòyÌ≈ ˆflÀyˆÏï˛Ó˚ xö%Ü%˛ˆÏ° Ó•ö Ü˛ˆÏÓ˚– ~áyˆÏö ≤ÃyÌ!üÜ˛

í˛zÍ˛õyòö «˛üï˛y (primary productivity) !fiÌÓ˚ ç° xˆÏ˛õ«˛y 6–30 à%î ˆÓ¢# (Nelson & Scott,
1962)–

§Ç°@¿ fiÌ°û)˛!ü ˆÌˆÏÜ˛ Ó˚y!Ó¢ ˛õòyÌ≈ (detrital materials) ~•z Óy›ï˛ˆÏsf Î%=˛ •Î˚ (input)–

ï˛y˛õüyeyñ àû˛#Ó˚ï˛yñ ˛õy!Ÿª≈Î˚ Óƒ!Æ (width), ˆflÀyˆÏï˛Ó˚ à!ï˛ˆÏÓà ~ÓÇ ï˛°ˆÏòˆÏ¢Ó˚ ≤ÃÜ,˛!ï˛ (nature
of bottom)ÈÙÈÓ˚ üˆÏôƒ xö%˜Ïòâ≈ƒ ö!ï˛üyey (longitudinal gradient) ˆòáy ÎyÎ˚– öyöy ≤ÃÜ˛yÓ˚ û˛y§üyö

ç#Ó (plankton) §• !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ í˛z!qòñ üyåÈñ í˛zû˛ã˛Ó˚ ~ÓÇ ç°ç ≤Ãyî#Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚¢#° ˛õy!á

~áyˆÏö Óï≈˛üyö S!ã˛e 2.3)–

!ã˛e 2.3 : ≤ÃÓy•üyö çˆÏ°Ó˚ Óy›ï˛sf (Source : Cummins, 1974 with modification)
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III. ç°yû)˛!ü (Wetlands) : ~•z §Ü˛° xM˛ˆÏ° ç°hflÏÓ˚ û)˛!üÓ˚ Ü˛yåÈyÜ˛y!åÈ !Ü˛ÇÓy û)˛!ü hflÏÓ˚

ÓÓ˚yÓÓ˚ Ü˛áˆÏöyÓy û)˛!ü xˆÏ˛õ«˛y í˛zÑã%˛ hflÏˆÏÓ˚ xÓfiÌyö Ü˛ˆÏÓ˚ ~ÓÇ ~áyˆÏö ç°ç í˛z!qò §Ü˛° çß√yÎ˚–

ây§çyï˛#Î˚ í˛z!qò ≤ÃyôyˆÏöƒÓ˚ ç°yû)˛!üˆÏÜ˛ üy¢≈ (marshes) ~ÓÇ Ü˛y¤˛° çyï˛#Î˚ í˛z!qò ≤ÃyôyˆÏöƒÓ˚

ç°yû)˛!üˆÏÜ˛ ˆ§yÎ˚y¡õ (swamps) ÓˆÏ°– ~áyˆÏö ≤Ãã%˛Ó˚˛ õ!Ó˚üyˆÏî ˜çÓ¢!=˛ñ í˛z!qI ã˛y˛õí˛¸y Óy ˛õ#ê˛

(peats) ~ÓÇ ˛õÑyÜ˛ (mires) çüy •Î˚ S!ã˛e 2.4)–

E. ˆöyöy çˆÏ°Ó˚ Óy›ï˛sf (Salt water ecosystem) : ˛õ,!ÌÓ#Ó˚ §Ü˛° §ü%o ~ÓÇ §Ç°@¿

í˛z˛õÜ)˛° ~°yÜ˛y !öˆÏÎ˚ ~•z Óy›ï˛sf à!ë˛ï˛– ~•z Óy›ï˛ˆÏsfÓ˚ ≤Ãôyö ˜Ó!¢T˛ƒ çˆÏ°Ó˚ °Óîy=˛ï˛yñ ˆì˛í˛zñ

ˆçyÎ˚yÓ˚ û˛yê˛yñ àû˛#Ó˚ï˛y ~ÓÇ !Ó¢y°ï˛y– •z•y ˛õ,!ÌÓ#Ó˚ Ó,•_ü Óy›ï˛sf SÎy•y ≤ÃyÎ˚ ˛õ,!ÌÓ# !˛õˆÏ¤˛ 75%
xÇ¢ ç%ˆÏí˛¸ xÓ!fiÌï˛V– §yü%!oÜ˛ °ÓˆÏîÓ˚ ≤ÃyÎ˚ 86% xÇ¢•z ˆ§y!í˛Î˚yü ~ÓÇ ˆÜœ˛y!Ó˚ö– x«˛yÇ¢àï˛

xÓfiÌyöñ fiÌ°û)˛!ü ˆÌˆÏÜ˛ ò)Ó˚cñ àû˛#Ó˚ï˛y •zï˛ƒy!òÓ˚ §ˆÏAà ~•z Óy›ï˛ˆÏsfÓ˚ !Ó!û˛ß¨ xÇˆÏ¢ §)Î≈yˆÏ°yÜ˛ñ

ï˛y˛õüyeyñ °Óîy=˛ï˛yñ ˆì˛í˛zñ ˆçyÎ˚yÓ˚ûÑ˛yê˛yÓ˚ !Ó!û˛ß¨ï˛y ~ÓÇ @ˇÃ•îˆÏÎyàƒ ˜çÓ ˛õ%!T˛ í˛z˛õyòyö §ü%ˆÏ•Ó˚

!ã˛e 2.4 : ç°yû)˛!üÓ˚ Óy›ï˛sf (Source : Tiner 1991)

í˛zß√%=˛ ç° í˛zFã˛ û)˛!ü

ç°y û)˛!ü

àí˛¸ |ôù≈ ç°hflÏÓ˚

àí˛¸ !ö¡¨ ç°hflÏÓ˚
fiÌyÎ˚# ç°hflÏÓ˚

fiÌyÎ˚# ≤’y!Óï˛

xM˛°

˛õÎ≈yÎ˚Ü ˛!üÜ˛

≤’y!Óï˛ xM˛°

fiÌyÎ˚#

ç°ÈÙÈ§¡õÈ,=˛

xM˛°

˛õÎ≈yÎ˚Ü ˛!üÜ˛

ç°ÈÙÈ§¡õ,=˛

xM˛°
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hflÏÓ˚!Óöƒy§ ~ÓÇ xyM˛!°Ü˛ ≤ÃˆÏû˛ò (zonation) ˆòáy ÎyÎ˚– §ü%o í˛z˛õÜ)˛°Óï≈˛# ~°yÜ˛yÎ˚ ç°ï˛ˆÏ°Ó˚

àû˛#Ó˚ï˛y Ä çˆÏ°Ó˚ °ÓîyˆÏ=˛Ó˚ üyey ≤Ã!ï˛!ò!ö ˛õ!Ó˚Óï≈˛ö •Î˚–

ˆöyöy çˆÏ°Ó˚ Óy›ï˛sfˆÏÜ˛ Ü˛ï˛à%!° û˛yˆÏà !ÓˆÏû˛!òï˛ Ü˛Ó˚y ÎyÎ˚ÈÙÙÙÈ

(a) ü%=˛ §ü%o (Open sea) : ç#Ó§ü)ˆÏ•Ó˚ xyM˛!°Ü˛ !ÓˆÏû˛ò (zonation of life) ~ÓÇ ï˛y˛õüyeyÓ˚

hflÏÓ˚#û˛Óö (stratification of temperature) xö%§yˆÏÓ˚ ~áyˆÏö ≤Ãôyö !ï˛ö!ê˛ xM˛° (regions) ˆòáy

ÎyÎ˚ÈÙÙÙÈ

 ● ● ● ● ● xÑyôyÓ˚ §ü%o ü[˛° (Bathypelagic region) : 500–2000 m àû˛#Ó˚ÈÙÙÙÈ•z•y §ü%ˆÏoÓ˚

àû˛#Ó˚ï˛ü xÇ¢ ˆÎáyˆÏö §)Î≈yˆÏ°yÜ˛ ˛ˆ˛õÔÑåÈyÎ˚ öy– ~áyˆÏö xÑyôy!Ó˚ Ó˚ˆÏäÓ˚ (dark pigmented) «˛#îˆÏò•#

(weak bodied) ˜çÓxyˆÏ°yÜ˛ !Ó!Ü˛Ó˚îÜ˛yÓ˚# (bioluminescence) ≤Ãyî#ˆÏòÓ˚ ˆòáy ÎyÎ˚–

● ● ● ● ● üôƒü §ü%oü[˛° (Mesopelagic region) : 200–500 m àû˛#Ó˚ÈÙÙÙÈ•z•y Óƒy!ÌˆÏ˛õ°y!çÜ˛

ü[˛ˆÏ°Ó˚ í˛z˛õ!Ó˚û˛yàñ ~áyˆÏö xflõT˛ xyˆÏ°yÜ˛ (dimly light) xM˛° ~ÓÇ !ö‹±û˛ §ü%oü[˛° Óï≈˛üyö–

•yAàÓ˚ ~ÓÇ fl%Ò•zí˛ ~•z xÇˆÏ¢Ó˚ Ó§Óy§Ü˛yÓ˚# ≤Ãyî#–

Óƒy!ÌˆÏ˛õ°y!çÜ˛ ~ÓÇ ˆüˆÏ§yˆÏ˛õ°y!çÜ˛ üu˛ˆÏ°Ó˚ Óy›ï˛ˆÏsfÓ˚ áyòƒ¢!=˛Ó˚ ü)° í˛zÍ§ •° í˛z˛õ!Ó˚!fiÌï˛

xyˆÏ°y!Ü˛ï˛ Ó!•Éü[˛° (epipelagic) ˆÌˆÏÜ˛ §òy Ó!ô≈ï˛ ˆí˛!ê˛Δê˛y§ ˛õòyÌ≈ Sü,ï˛ ˜çÓ ˛õòyÌ≈V– §ü%o

ï˛°ˆÏò¢ (sea bottom) Óy ˆÓ!rÌÜ˛ xM˛ˆÏ° xrôÜ˛yÓ˚ ~ÓÇ í˛zFã˛ã˛yˆÏ˛õ x!û˛ˆÏÎy!çï˛ !öçfl∫ ≤ÃÜ,˛!ï˛Ó˚

(unique) ≤Ãyî#Ü)˛° (Fauna) Ó§Óy§ Ü˛ˆÏÓ˚– ~áyˆÏö ≤Ãyî# ˜Ó!ã˛e !ÓfløÎ˚Ü˛Ó˚û˛yˆÏÓ x!ôÜ˛– ~áyöÜ˛yÓ˚

í˛zˆÏÕ‘áˆÏÎyàƒ ≤Ãyî# ˛õ!°Ü˛#!ê˛ ˆ◊î#Ó˚ Ü˛#ê˛ (Polychaete warm) ~ÓÇ ˆáy°Ü˛#ç#Ó (crustaceans)–
● ● ● ● ● Ó!•ÈÉ§ü%o ü[˛° (Epipelagic Zone) : §ü%ˆÏoÓ˚ xyˆÏ°y!Ü˛ï˛ ü[˛°– §ü%o ˛õ,¤˛ ˆÌˆÏÜ˛ 200m

˛õÎ≈hsˇ xÓ˚#Î˚ !ÓhflÏyÓ˚ §#üy– ~áyˆÏö áyòƒ í˛zÍ˛õyòö xˆÏ˛õ«˛yÜ,˛ï˛ Ü˛ü– §!M˛ï˛ áyòƒÄ ~•z xÇˆÏ¢ §#!üï˛–

!Ó!û˛ß¨ ç#Ó Ä û˛y§üyö í˛z!qò ~•z xM˛ˆÏ°Ó˚ àû˛#ˆÏÓ˚ xÓfiÌyö Ü˛ˆÏÓ˚– xàû˛#Ó˚ ï˛ê˛Óï≈˛# §ü%ˆÏo í˛zÍ˛õyòö

xˆÏ˛õ«˛yÜ,˛ï˛ ˆÓ¢#–

!ã˛e 2.5ÈÙÈ~ ü%=˛ §ü%o Óy›ï˛ˆÏsfÓ˚ !Ó!û˛ß¨ xM˛° ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ–

!ã˛e 2.5 : ü%=˛ §ü%ˆÏoÓ˚ Óy›ï˛sf

(Source : Smith & Smilh, Ecology
& Field Biology, Benjamin

Cummings) 2001

~!˛õˆÏ˛õ°y!çÜ˛ xM˛°

ˆüˆÏ§yˆÏ˛õ°y!çÜ˛

xM˛°

Óƒy!ÌˆÏ˛õ°y!çÜ˛

xM˛°

ê%˛öy üyåÈ

˙Çà° üyåÈ

!Ó !ê˛° fiê˛yÓ˚

˛õ!Ó˚áy

ˆüy•öy !°ˆÏê˛yÓ˚y°

≤ÃˆÏò¢

ˆö!Ó˚!ê˛Ü˛
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(b) !¢°yüÎ˚ í˛z˛õÜ)˛° (Rocky shores) : fiÌ°û˛yà §Ç°@¿ !¢°yüÎ˚ ï˛#Ó˚Óï≈˛# xM˛ˆÏ°Ó˚

í˛z˛õÓ˚!òˆÏÜ˛Ó˚ xÇ¢ (Littoral zone) ˆÎáyˆÏö §ü%ˆÏoÓ˚ ç° ˜ò!öÜ˛ Äë˛yöyüy Ü˛ˆÏÓ˚– x!ôÜ˛ï˛Ó˚ ò)Ó˚Óï≈˛#

xÇˆÏ¢ (sublittoral aone) ˛õ«˛Ü˛y° xhsˇÓ˚ (Fortnightly) ˆçyÎ˚yÓ˚ û˛yê˛yÓ˚ Ü˛yÓ˚ˆÏî ç°ï˛° Äë˛yöyüy

Ü˛ˆÏÓ˚–

~áyˆÏö í˛z!qò Ä ≤Ãyî#Ó˚ §Çáƒy ≤Ãã%˛Ó˚– !¢°yhflÏˆÏÓ˚ Ó•% §yü%!oÜ˛ ˜¢Óy° (sea weed) ~ÓÇ xˆÏöÜ˛

§yü%!oÜ˛ ≤Ãyî# ˆÎüö §# xƒ!öˆÏüyöñ flõOñ ï˛yÓ˚yüyåÈñ à%à%!°ñ ¢yü%Ü˛ ≤Ãû,˛!ï˛ Ó§Óy§ Ü˛ˆÏÓ˚–

(c) ˆÓ°yû)˛!ü ~ÓÇ Ü˛ò≈ü ï˛ê˛û)˛!ü (Sandy shores and mudfields) : •z•y §ü%o í˛z˛õÜ)˛°Óï≈˛#

~°yÜ˛y ~ÓÇ Óy›ï˛ˆÏsfÓ˚ ~Ü˛!ê˛ à%Ó˚%c˛õ)î≈ xÇ¢– ç#Ó§Çáƒy ≤Ãã%˛Ó˚ •ˆÏ°Ä ˜çÓ ˜Ó!ã˛e Ü˛ü ˆòáy ÎyÎ˚–

~áyöÜ˛yÓ˚ ≤Ãyî#Ü%˛° ûÑ˛yê˛yÓ˚ ê˛yˆÏö (low tide) í˛zß√%=˛ •ˆÏ° !Ó¢%‹Ò#Ü˛Ó˚î ˆÓ˚yˆÏô !ÓˆÏ¢£Ïû˛yˆÏÓ x!û˛ˆÏÎy!çï˛–

û˛yê˛yÓ˚ ˛õÓ˚ ~•z xM˛° ç#Ó¢)öƒ üˆÏö •ˆÏ°Ä í˛zß√%=˛ Óy!° !Ü˛ÇÓy Ü˛yòyÓ˚ ï˛°ˆÏòˆÏ¢ ç#ˆÏÓÓ˚ Ó§Óy§

°%E˛y!Î˚ï˛ ÌyˆÏÜ˛– ˆÎáyˆÏö ˛õyÌ%ˆÏÓ˚ í˛z˛õÜ)˛° xˆÏ˛õ«˛y ˛õ!Ó˚ˆÏÓ¢ x!ôÜ˛ï˛Ó˚ xö%Ü)˛° (amenable)– !Ó!û˛ß¨

ü,ï˛ç#Ó# ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y myÓ˚y !ÓˆÏÎ˚y!çï˛ @ˇÃ•îˆÏÎyàƒ ˜çÓ˛õòyÌ≈•z •z•yˆÏòÓ˚ ¢!=˛Ó˚ ü)° í˛zÍ§–

(d) ≤ÃÓy° ≤Ãyã˛#Ó˚ (Coral reef) : í˛z£÷ü[˛°#Î˚ xàû˛#Ó˚ fl∫FåÈ §ü%ˆÏo à!ë˛ï˛ ã%˛öy˛õyÌˆÏÓ˚Ó˚ ≤ÃÓy°

≤Ãyã˛#Ó˚ ≤ÃÜ,˛ï˛˛õˆÏ«˛ ˜¢°!¢Ó˚y (ridges)– «%˛oy!ï˛ «%˛o ≤ÃÓy° Ü˛#ê˛ (coral animals) ~ÓÇ xhsˇ˛õÓ˚ç#Ó#

(endobiotic) í˛y•zˆÏöyúœ˛ƒyˆÏçˆÏ°ê˛ çyï˛#Î˚ ˜¢Óy° !òˆÏÎ˚ à!ë˛ï˛– ≤ÃÓy° Ü˛#ˆÏê˛Ó˚ ˆò• !öÉ§,ï˛ ã%˛öy˛õyÌÓ˚

Ü ˛üyß∫ˆÏÎ˚ çüy •ˆÏÎ˚ ≤ÃÓy° ≤Ãyã˛#Ó˚ à!ë˛ï˛– ~•z xM˛ˆÏ° §)Î≈yˆÏ°yˆÏÜ˛Ó˚ ≤Ãyã%˛Î≈ ÌyÜ˛yÎ˚ ~áyˆÏö ≤Ãã%˛Ó˚ ç#Ó

˜Ó!ã˛e ˆòáy ÎyÎ˚– ~áyˆÏö ≤Ãã%˛Ó˚ ˜Ó!ã˛ˆÏeÓ˚ üyåÈñ ¢yü%Ü˛ñ !é˛ö%Ü˛ñ !åÈoy° ≤Ãyî# (sponges) ~ÓÇ xyˆÏÓ˚y

xˆÏöÜ˛ ˜Ó!ã˛ˆÏeÓ˚ xˆÏüÓ˚%ò[˛# ~ÓÇ ˆüÓ˚%ò[˛# ≤Ãyî# ˆòáy ÎyÎ˚–

(e) ˆçyÎ˚yÓ˚ ç°yû)˛!ü (Tidal marshes) : ~•z xM˛° ˆÓ˚yç ˆçyÎ˚yˆÏÓ˚Ó˚ çˆÏ° ≤’y!Óï˛ •Î˚–

!Ó!û˛ß¨ ˆçyÎ˚yÓ˚ í˛zFã˛ï˛y (tidal height), °ÓˆÏîÓ˚ âöc •zï˛ƒy!òÓ˚ §ˆÏAà ~áyöÜ˛yÓ˚ í˛z!qò !ÓhflÏyˆÏÓ˚

xyM˛!°Ü˛ï˛y (zonation) ˆòáy ÎyÎ˚– °Óî§!•£÷$ ây§ ~áyöÜ˛yÓ˚ ≤Ãôyö í˛z!qò– ˆçyÎ˚yÓ˚ û˛yê˛yÓ˚ ≤’yÓö

~áyˆÏö ˛õ%!T˛ˆÏÎÔà §ü)• ˛õ%öÉ §Ó˚ÓÓ˚y• Ü˛ˆÏÓ˚ (resupply) ~ÓÇ öyöy «˛!ï˛Ü˛Ó˚ ˜çÓ Óç≈ƒ ˛õòyÌ≈ ò)ˆÏÓ˚

Ó•ö Ü˛ˆÏÓ˚ ˆöÎ˚– ~•z Ü˛yÓ˚ˆÏî ˆçyÎ˚yÓ˚ ç°yû)˛!ü á%Ó |Ó≈Ó˚ •Î˚ (fertile)–

(f) üƒyöˆÏ@ˇÃyû˛ ≤’yÓöû)˛!ü (Mangrove swamps) :

● ● ● ● ● @ˇÃ#‹øü[˛°#Î˚ Óy ≤ÃyÎ˚ @ˇÃ#‹øü[˛°#Î˚ (subtropical) ˆçyÎ˚yÓ˚ ≤’y!Óï˛ xM˛ˆÏ°Ó˚ xàû˛#Ó˚ §ü%o

ï˛ê˛û)˛!üˆÏï˛ x!û˛ˆÏÎy!çï˛ âö Ó,«˛Ó˚y!ç xyÓ,ï˛ Óy›ï˛sf–

● ● ● ● ● üƒyöˆÏ@ˇÃyû˛ í˛z!qˆÏòÓ˚ ã˛yÓ˚!òˆÏÜ˛ !Óhfl,Ïï˛ xàû˛#Ó˚ ü)°ï˛sfñ !Ó!û˛ß¨ xfiÌyÎ˚# ü)°ÈÙÙÙÈˆë˛§ü)°ñ hflÏΩ˛ü)°

~åÈyí˛¸yÄ Ÿªy§ü)° !ÓˆÏ¢£Ï í˛zˆÏÕ‘áˆÏÎyàƒ–
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● ● ● ● ● ~•z xM˛ˆÏ° öyöy ≤Ãçy!ï˛Ó˚ à%à!° ¢yü%Ü˛ (barnacles), ˛¢yü%Ü˛ (snail), ÜÑ˛yÜ˛í˛¸yñ !ã˛Ç!í˛¸ñ §Ó˚#§,˛õ

~ÓÇ ˛õy!á Óy›ï˛ˆÏsfÓ˚ ˜çÓ í˛z˛õyòyö àë˛ö Ü˛ˆÏÓ˚–

● ● ● ● ● ~•z xM˛° ï˛ê˛ˆÏÓ˚áyÓ˚ «˛Î˚ ˆÓ˚yô Ü˛ˆÏÓ˚ ~ÓÇ §yü%!oÜ˛ é˛í˛¸ é˛Py ≤Ã!ï˛•ï˛ Ü˛ˆÏÓ˚–

2.3 Óy›ï˛ˆÏsfÓ˚ í˛z˛õyòyö§ü)•ÈÙÙÙÈ˜çÓ ~ÓÇ x˜ÏçÓ (Components of ecosys-
tems–biotic and abiotic)

Óy›ï˛ˆÏsfÓ˚ í˛z˛õyòyö§ü)•ˆÏÜ˛ !ö¡¨!°!áï˛ í˛z˛õyˆÏÎ˚ û˛yà Ü˛Ó˚y ÎyÎ˚ÈÙÙÙÈ

Óy›ï˛ˆÏsfÓ˚ í˛z˛õyòyö

çí˛¸ í˛z˛õyòyö §ç#Ó í˛z˛õyòyö

x˜ÏçÓ í˛z˛õyòyö§ü)• ˜çÓ í˛z˛õyòyö ˆû˛Ôï˛ í˛z˛õyòyö

Sü,!_Ü˛yñ á!öç Sï˛y˛õüyeyñ xyˆÏ°yñ

°Óî •zï˛ƒy!òV ÓyÎ˚%ñ ç°V

fl∫ˆÏû˛yç#‡≤ÃyÌ!üÜ˛ í˛zzÍ˛õyòÜ˛ ˛õÓ˚ˆÏû˛yç#‡áyòÜ˛ !ÓˆÏÎ˚yçÜ˛

S§Ó%ç í˛z!qòV Sü,ï˛ç#Ó# åÈeyÜ˛ñ

ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y •zï˛ƒy!òV

≤ÃyÌ!üÜ˛‡≤ÃÌü ˆ◊î#Ó˚ ˆàÔî‡!mï˛#Î˚ ˆ◊î#Ó˚ ≤ÃˆÏàÔî‡ï,˛ï˛#Î˚

áyòÜ˛ áyòÜ˛ Ä §ˆÏÓ≈yFã˛

ˆ◊î#Ó˚ áyòÜ˛
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2.3.1 çí˛¸ í˛z˛õyòyö §ü)• (Abiotic components) :

˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ §Ü˛° çí˛¸ í˛z˛õyòyö§ü)•ˆÏÜ˛ !ö¡¨!°!áï˛ û˛yˆÏà û˛yà Ü˛Ó˚y ÎyÎ˚ÈÙÙÙÈ

x˜ÏçÓ í˛z˛õyòyö (Inorganic components) : ç°ñ üy!ê˛ñ !Ó!û˛ß¨ á!öç °Óîñ ˆ§y!í˛Î˚yüñ

˛õê˛y!¢Î˚yüñ §y°ú˛yÓ˚ñ xyÎ˚Ó˚îñ ú˛§ú˛Ó˚y§ •zï˛ƒy!òÓ˚ °Óîñ àƒy§#Î˚ ˛õòyÌ≈ Óy›ï˛ˆÏsfÓ˚ x˜ÏçÓ í˛z˛õyòyö–

˜çÓ í˛z˛õyòyö (Organic components) : ç#ÓˆÏò•çyï˛ ˛õòyÌ≈ Óy ˆò•yÇ¢ ˛õã˛ˆÏöÓ˚ ú˛ˆÏ° í˛zq(ï˛

˛õòyÌ≈§ü)• ˆÎüö ˆ≤Ãy!ê˛öñ ú˛ƒyê‰˛ñ •zí˛z!Ó˚Î˚yñ Ü˛yˆÏÓ≈y•y•zˆÏí»˛ê˛ñ xƒyüy•zˆÏöy xƒy!§í˛ñ !•í˛züy§ •zï˛ƒy!ò ˜çÓ

í˛z˛õyòyˆÏöÓ˚ xhsˇà≈ï˛–

ˆû˛Ôï˛ í˛z˛õyòyö (Physical components) ı ˆ§ÔÓ˚¢!=˛ñ ï˛y˛õüyeyñ ÓyÎ˚%≤ÃÓy•ñ xyˆÏ°yñ xyo≈ï˛y

•zï˛ƒy!ò– Óy›ï˛ˆÏsf ≤ÃˆÏÎ˚yçö#Î˚ §Ü˛° ¢!=˛Ó˚ ~Ü˛üye í˛zÍ§ §)Î≈yˆÏ°yÜ˛–

2.3.2 §ç#Ó í˛z˛õyòyö (Living components) :

Óy›ï˛ˆÏsfÓ˚ §Ü˛° ç#ÓÜ)˛° ~•z í˛z˛õyòyˆÏöÓ˚ xhsˇà≈ï˛– •z•yˆÏòÓ˚ !ö¡¨!°!áï˛ û˛yˆÏà û˛yà Ü˛Ó˚y ÎyÎ˚ ı

2.3.2.1 fl∫ˆÏû˛yç# Óy ≤ÃyÌ!üÜ˛ í˛zÍ˛õyòÜ˛ (Autotrophs or primary producers) :

•z•yÓ˚y §Ü˛° ≤ÃÜ˛yÓ˚ ˆÜœ˛yˆÏÓ˚y!ú˛°Î%=˛ §Ó%ç í˛z!qò ~ÓÇ §yˆÏ°yÜ˛ §ÇˆÏŸ’£Ï ≤Ã!Ü ˛Î˚yÎ˚ ˆò•yû˛ƒhsˇˆÏÓ˚

¢Ü≈˛Ó˚yçyï˛#Î˚ áyòƒ ≤Ã›ï˛ Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚–

Ÿª§ö§)Î≈

û˛«˛î

fl∫ˆÏû˛yç#

§ÇˆÏÎyçö

!ÓˆÏÎ˚yçö
˛õÓ˚ˆÏû˛yç#

ü,!_Ü˛yfiÌ x!ÓÜ,̨ ï˛ ˜çÓ

˛õòyÌ≈ ç Ï̂° ò° oÓ#û)̨ ï˛

˛õ!Ó˚̂ Ï¢y£ÏÜ˛ ˛õòyÌ≈

í˛z!qò Ü˛ï≈˛,Ü˛ @ˇÃ•î

í˛z!qò

Óç≈ƒ Ï̂üyã˛ö

xyÇ!¢Ü˛

˛õ%!T˛

˛õ%!T˛

ˆ§ÔÓ˚¢!=˛

!ã˛e 2.6 : ~Ü˛!ê˛ §yôyÓ˚î Óy›ï˛ˆÏsfÓ˚ ˛õ!ÓÜ˛!“ï˛ !ã˛e (Source :O’N eill, 1976)
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2.3.2.2 áyòÜ˛ (Consumers) :

•z•yÓ˚y áyˆÏòƒÓ˚ çöƒ ≤Ãï˛ƒ«˛ Ä ˛õˆÏÓ˚y«˛û˛yˆÏÓ fl∫ˆÏû˛yç# í˛z!qˆÏòÓ˚ Ä˛õÓ˚ !öû≈˛Ó˚¢#°– ≤Ãôyöï˛ !ï˛ö

ˆ◊î#Ó˚ áyòÜ˛ Óy›ï˛ˆÏsf ˆòáy ÎyÎ˚– ˆÎüöÈÙÙÙÈ

SÜ˛V ≤ÃyÌ!üÜ˛ Óy ≤ÃÌü ˆ◊î#Ó˚ áyòÜ˛ (Primary consumers) :  •z•yÓ˚y ç#Óö ôyÓ˚ˆÏîÓ˚

çöƒ §Ó˚y§!Ó˚ ≤ÃyÌ!üÜ˛ í˛zÍ˛õyòˆÏÜ˛Ó˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#°– ˆÎüöÈÙÙÙÈ¢yü%Ü˛ñ ˜¢Óy° ˆû˛yç#ñ ˆåÈyê˛üyåÈñ åÈyà°ñ

àÓ˚%ñ !à!ö!˛õàñ •!Ó˚îñ ÓyöÓ˚ •zï˛ƒy!ò– áyòƒ ¢,CˆÏ° •z•yÓ˚y ˆàÔî í˛zÍ˛õyòÜ˛ (secondary producers)
Ó˚)ˆÏ˛õ àîƒ •Î˚–

SáV ˆàÔî Óy !mï˛#Î˚ ˆ◊î#Ó˚ áyòÜ˛ (Secondary consumers) : •z•yÓ˚y ≤ÃÌü ˆ◊î#Ó˚ áyòˆÏÜ˛Ó˚

Ä˛õÓ˚ !öû≈˛Ó˚¢#°– ˆÎüöÈÙÙÙÈÓí˛¸ üyåÈñ Óƒyäñ !ê˛Ü˛!ê˛!Ü˛Ó˚ öƒyÎ˚ !Ó!û˛ß¨ ˛õï˛Aàû)˛Ü˛ ≤Ãyî#ñ ˆöÜ˛ˆÏí˛¸ •zï˛ƒy!ò–

áyòƒ¢,CˆÏ° •z•yÓ˚y ≤ÃˆÏàÔî í˛zÍ˛õyòÜ˛ (tertiary producers)–
SàV ≤ÃˆÏàÔî Óy ï,˛ï˛#Î˚ ˆ◊î#Ó˚ áyòÜ˛ (Tertiary consumers) : •z•yÓ˚y !mï˛#Î˚ ˆ◊î#Ó˚ áyòÜ˛ˆÏòÓ˚

áyòƒ !•ˆÏ§ˆÏÓ @ˇÃ•î Ü˛ˆÏÓ˚ ˆÓÑˆÏã˛ ÌyˆÏÜ˛– ˆÎüöÈÙÙÙÈÓyâñ !§Ç•ñ §y˛õñ üyö%£Ïñ Óyç˛õy!á •zï˛ƒy!ò–

SâV áyòƒ ¢,CˆÏ° ˛õÓ˚Óï≈˛# ã˛ï%˛Ì≈ ˆ◊î# (quaternary consumers) xÌÓy §ÓyÓ˚ ã˛y•zˆÏï˛ ˆ¢ˆÏ£Ï

ˆÎ ˆ◊î#Ó˚ áyòÜ˛ ÌyˆÏÜ˛ ~ÓÇ Îy•yˆÏòÓ˚ xöƒ ˆÜ˛yö ≤Ãyî# áyòƒ !•§yˆÏÓ !¢Ü˛yÓ˚ Ü˛ˆÏÓ˚ öy ï˛y•yÓ˚y §ˆÏÓ≈yFã˛

ˆ◊î#Ó˚ áyòÜ˛ (top predator)– ï,˛ï˛#Î˚ ˆ◊î#Ó˚ áyòÜ˛ ≤Ãçy!ï˛ x!ôÜ˛yÇ¢ ˆ«˛ˆÏe §ˆÏÓ≈yFã˛ ˆ◊î#ˆÏï˛ xÓfiÌyö

Ü˛Ó˚ˆÏ°Ä Óy›ï˛sf !ÓˆÏ¢ˆÏ£Ï •z•yÓ˚y xyˆÏÓ˚y ~Ü˛ Óy ~Ü˛y!ôÜ˛ Ä˛õˆÏÓ˚Ó˚ hflÏˆÏÓ˚Ó˚ ç#ÓÄ •ˆÏï˛ ˛õyˆÏÓ˚– í˛zòy•Ó˚î

fl∫Ó)̨̊ õÈÙÙÙÈ

í˛z!qòÈ ≤ÃÌü ˆ◊î#Ó˚  !mï˛#Î˚ ˆ◊î#Ó˚  ï,˛ï˛#Î˚ ˆ◊î#Ó˚  §ˆÏÓ≈yFã˛‡ã˛ï%˛Ì≈

áyòÜ˛ áyòÜ˛ áyòÜ˛ ˆ◊î#Ó˚ áyòÜ˛

Ü˛#ê˛˛õï˛Aà Óƒyä §y˛õ Óyç ˛õy!á

ç°ç í˛z!qòÈ ˆåÈyê˛ üyåÈ  Óí˛¸ üyåÈ  ˆÓí˛¸y°  ˆöÜ˛ˆÏí˛¸

í˛zÍ˛õyòÜ˛ ≤ÃÌü !mï˛#Î˚ ï,˛ï˛#Î˚ ã˛ï%˛Ì≈ S§ˆÏÓ≈yFã˛V

ˆ◊î#Ó˚ ˆ◊î#Ó˚ ˆ◊î#Ó˚ ˆ◊î#Ó˚

áyòÜ˛ áyòÜ˛ áyòÜ˛ áyòÜ˛

à,!•ï˛ áyˆÏòƒÓ˚ !Ó!û˛ß¨ï˛yÎ˚ ˆàÔî áyòÜ˛ñ ≤ÃˆÏàÔî áyòÜ˛ Óy §ˆÏÓ≈yFã˛ ˆ◊î#Ó˚ !Ó!û˛ß¨ áyòÜ˛ ≤Ãçy!ï˛Ó˚

áyòƒhflÏÓ˚ (trophic level) ˛õ!Ó˚Ó!ï≈˛ï˛ •ˆÏï˛ ˛õyˆÏÓ˚– ˆÎüöÈÙÙÙÈˆöÜ˛ˆÏí˛¸ •!Ó˚î ˆáˆÏ° SˆàÔî áyòÜ˛Vñ ˆÓí˛¸y°

ˆáˆÏ° Sã˛ï%˛Ì≈ ˆ◊î#Ó˚ áyòÜ˛V–

2.3.2.3 !ÓˆÏÎ˚yçÜ˛ Óy ˛õ!Ó˚Óï≈˛Ü˛ (Decomposer/Transformers) :

•z•yÓ˚y ü,ï˛ç#Ó# åÈeyÜ˛ Ä ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y !ÓˆÏ¢£Ï– •z•yÓ˚y ü,ï˛ í˛z!qò Óy ≤Ãyî#Ó˚ ˆò•yÓˆÏ¢£Ï Óy ï˛y•yˆÏòÓ˚

ˆò•çyï˛ öyöy ˜çÓ ˛õòyÌ≈ í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ !Ü ˛Î˚yÎ˚ Ó!•ÈÉ˛õyã˛ö (external digestion) ˛õÂô!ï˛ˆÏï˛ !ÓˆÏÎ˚y!çï˛



31NSOU 5CC-BT-02

D: \ Suvendu \ NSOU\NEP/ 5CC-BT-02
Unit- 1-4 \ 2nd Proof  \ (Dt. 19.03.2025)

Ü˛ˆÏÓ˚ Óy›ï˛ˆÏsf í˛zÍ˛õyòˆÏÜ˛Ó˚ ˛õ%öÉ ÓƒÓ•yÓ˚ˆÏÎyàƒ §Ó˚°ï˛Ó˚ ˛õòyÌ≈ Ó˚)˛õyhsˇ!Ó˚ï˛ Ü˛ˆÏÓ˚ ~ÓÇ !ÓˆÏÎ˚yçö !öà≈ï˛

¢!=˛ !öˆÏçˆÏòÓ˚ ˜çÓ!Ü ˛Î˚yÎ˚ ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚–

2.3.3 áyòƒ¢,C° (Food chain) :

Óy›ï˛ˆÏsfÓ˚ í˛zÍ˛õyòÜ˛ ˆÌˆÏÜ˛ ¢%Ó˚% Ü˛ˆÏÓ˚ ˛õÎ≈yÎ˚Ü ˛ˆÏü §ˆÏÓ≈yFã˛ ˆ◊î#Ó˚ áyòÜ˛ ˛õÎ≈hsˇ §Ü˛° §ç#Ó í˛z˛õyòyö

§ü)ˆÏ•Ó˚ üˆÏôƒ ~Ü˛ áyòƒ §¡õˆÏÜ≈˛Ó˚ xyhsˇÉ!Ü ˛Î˚y xÌ≈yÍ áyòƒ í˛zÍ˛õyòöñ áyòƒ §M˛Î˚ñ áyòƒ ˆÎyàyö ~ÓÇ

áyòƒ @ˇÃ•îÈÙÈ~Ó˚ üyôƒˆÏü áyòƒ!fiÌï˛ ¢!=˛Ó˚ !öÓ˚Ó!FåÈß¨ ≤ÃÓy• ã˛ˆÏ°– áyòƒÈÙÈáyòÜ˛ xyhsˇ!Ü ˛Î˚yÓ˚ ~•z ˛õÎ≈yÎ˚Ü ˛!üÜ˛

§¡õÜ≈˛ˆÏÜ˛•z áyòƒ ¢,C° ÓˆÏ°–

Óy›ï˛ˆÏsf ç#Ó §¡±òyˆÏÎ˚Ó˚ üˆÏôƒ ≤Ãôyöï˛ ò%•z ≤ÃÜ˛yÓ˚ áyòƒ¢,C° ˆòáy ÎyÎ˚ÈÙÙÙÈï,˛îˆÏû˛yç# áyòƒ¢,C°

(Grazing Food chain) ~ÓÇ ü,ï˛ˆÏû˛yç# áyòƒ¢,C° (Detrital Food chain)– ˆ@ˇÃ!çÇ ú%˛í˛ ˆã˛öÈÙÈ~

¢!=˛Ó˚ ü)° í˛zÍ§ •° §Ó%ç í˛z!qò myÓ˚y §ÇÓ!ôï˛ ˆ§ÔÓ˚ ¢!=˛– Îy•y í˛z!qò ˆÌˆÏÜ˛ áyòƒÓ˚)ˆÏ˛õ ≤ÃÌˆÏü ï,˛îˆÏû˛yç#

áyòÜ˛ Ä ˛õˆÏÓ˚ öyöy üyÇ§y¢# Ä !¢Ü˛yÓ˚# ≤Ãyî#Ó˚ üôƒ !òˆÏÎ˚ Ü ˛ü˛õÎ≈yˆÏÎ˚ ≤ÃÓy!•ï˛ •Î˚– ˆí˛!ê˛Δê˛y° ú%˛í˛

!ã˛e 2.7 : ï,˛îˆÏû˛yç# áyòƒ çy°Ü˛

Óö!Óí˛¸y° SÓÓÜ˛ƒyê˛yV˛õyÓ≈ï˛ƒ !§Ç•ˆöÜ˛ˆÏí˛¸ !ÓˆÏ¢£Ï

SˆÜ˛yˆÏÎ˚yê˛y

û˛yüÈÙÈ!Óí˛¸y°

S!Ó˚Ç ˆê˛•z°V

!àÓ˚!à!ê˛ !ÓˆÏ¢£Ï

S•%•z°ˆÏê˛•z°V òÑyí˛¸Ü˛yÜ˛
çƒyÜ˛

áÓ˚ˆÏày¢

ˆöí˛z° !ÓˆÏ¢£Ï

SüyˆÏê≈˛öV

á F ã ˛ Ó ˚

•!Ó˚î

Ü˛yë˛!Óí˛¸y!°≤Ãçy˛õ!ï˛ Ä üÌˆàˆÏåÈy Óƒyä˛õy!á
!˛õÜ˛y SáÓ˚ˆÏày¢

!ÓˆÏ¢£ÏV

≤ÃˆÏàÔî Sê˛yÓ˚!¢Î˚y!Ó˚V

áyòÜ˛

ˆÏàÔî Sˆ§ˆÏÜ˛u˛y!Ó˚V

áyòÜ˛

≤ÃyÌ!üÜ˛ S≤Ãy•züy!Ó˚V

áyòÜ˛

≤ÃyÌ!üÜ˛ í˛zÍ˛õyòÜ˛

áyòÜ˛§Ó%ç í˛z!qò Sú%˛°ñ ú˛°

Ä Ó#çVñ Ü˛#ê˛˛õï˛Aà
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ˆã˛ö ~ ¢!=˛Ó˚ ≤ÃyÌ!üÜ˛ í˛zÍ§ •° Ó!ç≈ï˛ ˜çÓ ˛õòyÌ≈ Óy ü,ï˛ í˛z!qò Ä ≤Ãyî#ˆÏò•– öyöy !ÓˆÏÎ˚yçÜ˛

ü,ï˛ç#Ó# ˆÎüö ÓƒyÜ˛!ê˛!Ó˚Î˚yñ åÈeyÜ˛ñ üy•zê˛ñ à%ÓˆÏÓ˚ ˆ˛õyÜ˛ Ä ï˛yˆÏòÓ˚ °yû≈˛yñ ˆÜÑ˛ˆÏã˛yñ ¢yü%Ü˛ ≤Ãû,˛!ï˛ myÓ˚y

!ÓˆÏÎ˚yçö Ä @ˇÃ•î myÓ˚y ¢!=˛Ó˚ fiÌyöyhsˇÓ˚ ¢%Ó˚% •Î˚– ˛õˆÏÓ˚ ˆ§•z ¢!=˛ öyöy üyÇ§¢# ˛õï˛Aà (carnivorous
insects), üyÜ˛í˛¸§y •zï˛ƒy!ò xˆÏüÓ˚%ò[˛# ≤Ãyî#ˆÏòˆÏ• fiÌyöyhsˇÓ˚#ï˛ •Î˚– §ÓˆÏ¢ˆÏ£Ï öyöy ˛õï˛Aàû)˛Ü˛ ˛õy!á

Ä hflÏöƒ˛õyÎ˚# ≤Ãyî#ˆÏòˆÏ• fiÌyöyhsˇ!Ó˚ï˛ •Î˚– ~•z ò%•z ≤ÃÜ˛yÓ˚ áyòƒ¢,C°à%!° !Ó!û˛ß¨ ç#Ó ≤Ãçy!ï˛Ó˚ myÓ˚y

~ˆÏÜ˛ x˛õˆÏÓ˚Ó˚ §ˆÏAà §¡õ!Ü≈˛ï˛ áyòƒÈÙÈçy°Ü˛ (Food web) ˜ï˛Ó˚# Ü˛ˆÏÓ˚– !ã˛e 2.7 ~ÓÇ 2.8 ï,˛îˆÏû˛yç#

~ÓÇ ü,ï˛ˆÏû˛yç# áyòƒçy°Ü˛ ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ–

áyòƒ çy° Ï̂Ü˛Ó˚ áyòÜ˛ ≤Ãyî#Ó˚y §yÜ˛y¢# (herbivores), üyÇ§y¢# (cornivores), §Ó≈û)̨ Ü˛ (omnivores)
•Î˚ xÌ≈yÍ •z•yÓ˚y fl∫ˆÏû˛yç# í˛z!qò ~ÓÇ ˛õÓ˚ˆÏû˛yç# áyòÜ˛ í˛zû˛Î˚ˆÏòÓ˚ˆÏÜ˛•z áyòƒ !•ˆÏ§ˆÏÓ @ˇÃ•î Ü˛ˆÏÓ˚– ~åÈyí˛¸yÄ

Óy›Ó˚#!ï˛ˆÏï˛ ˛õÓ˚ç#Ó# (parasites), ü,ï˛ç#Ó# (saprophytes) ~ÓÇ xyÓç≈öy û˛«˛Ü˛ (scavengers)

!ã˛e 2.8 : ü,ï˛ˆÏû˛yç# áyòƒ çy°Ü˛
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ˆ◊î#Ó˚ ç#ÓÄ ÌyˆÏÜ˛– ~ˆÏòÓ˚ üˆÏôƒ ˛õÓ˚ç#Ó#Ó˚y xöƒ ç#ÓˆÏò• ˆÌˆÏÜ˛ ˛õy!ã˛ï˛ áyòƒ !Ü˛ÇÓy Ü˛°yÓ˚§ (tissue
fluid) áyòƒ !•ˆÏ§ˆÏÓ @ˇÃ•î Ü˛ˆÏÓ˚– ü,ï˛ç#Ó#Ó˚y ˛õã˛yà°y ç#ÓˆÏò• ˆÌˆÏÜ˛ ˛õ%!T˛Ó˚§ §Ç@ˇÃ• Ü˛ˆÏÓ˚– flÒƒyˆÏûOyÓ˚Ó˚y

SÜ˛yÜ˛ñ ¢Ü%˛öñ ≤Ãû,˛!ï˛V xyÓç≈öy Ä ü,ï˛ ç#ÓˆÏò• û˛«˛î Ü˛ˆÏÓ˚–

2.4 Óy›ï˛ˆÏsf ¢!=˛ ≤ÃÓy• (Energy flow in ecosystem)

~Ü˛!ê˛ Óy›ï˛ˆÏsf í˛z˛õ!fiÌï˛ §ç#Ó ~ÓÇ !öç≈#Ó í˛z˛õyòyö §ü)ˆÏ•Ó˚ üˆÏôƒ xyhsˇÉ§¡õÜ≈˛ Óï≈˛üyö– §Ü˛°

ç#Ó ≤Ãï˛ƒ«˛ Óy ˛õˆÏÓ˚y«˛û˛yˆÏÓ ˆ§ÔÓ˚¢!=˛ˆÏÜ˛ Ü˛yˆÏç °yàyÎ˚– §Ó%ç í˛z!qò §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ˛õÂô!ï˛ˆÏï˛

ˆ§ÔÓ˚¢!=˛ˆÏÜ˛ ˜çÓÓ˚y§yÎ˚!öÜ˛ ¢!=˛ˆÏï˛ Ó˚)˛õyhsˇ!Ó˚ï˛ Ü˛ˆÏÓ˚ ˆÜ˛y£ÏfiÌ ˆ≤ÃyˆÏê˛y≤’yçüÈÙÈ~ xyÓÂô Ü˛ˆÏÓ˚– •z•y

!Ó˛õyÜ˛!Ü ˛Î˚yÓ˚ üyôƒˆÏü öyöy ˜çÓ Ó˚y§yÎ˚!öÜ˛ ¢!=˛ñ Ü˛yÎ≈¢!=˛ Ä ï˛y˛õ¢!=˛ˆÏï˛ Ó˚)˛õyhsˇ!Ó˚ï˛ •Î˚– ~Ó˚ ˛õˆÏÓ˚Ä

§!M˛ï˛ áyòƒ¢!=˛ ˆòˆÏ•Ó˚ Ó,!ÂôˆÏï˛ §y•yÎƒ Ü˛ˆÏÓ˚– Óy›ï˛ˆÏsf ˆÜ˛yö áyòƒ hflÏˆÏÓ˚Ó˚ ç#Ó ˆòˆÏ•Ó˚ í˛zÍ˛õy!òï˛

Ä §!M˛ï˛ áyòƒ ˛õÓ˚Óï≈˛# hflÏˆÏÓ˚Ó˚ ç#ˆÏÓ áyòƒ !•ˆÏ§ˆÏÓ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– ~•zû˛yˆÏÓ áyòƒ Ä áyòÜ˛ ˛õÓ˚flõˆÏÓ˚Ó˚

§ˆÏAà áyòƒ ¢,C° ˜ï˛Ó˚# Ü˛ˆÏÓ˚– ˆ§áyˆÏö ≤ÃyÌ!üÜ˛ í˛zÍ˛õyòÜ˛ §,T˛ ¢!=˛ Ü ˛üyß∫ˆÏÎ˚ í˛zFã˛ï˛Ó˚ áyòƒhflÏˆÏÓ˚Ó˚

!òˆÏÜ˛ §òy ≤ÃÓy!•ï˛ •Î˚ (continuous flow)– §ÇK˛y !•ˆÏ§ˆÏÓ Ó°y ÎyÎ˚ ˆÎ ˛õÂô!ï˛ˆÏï˛ áyòƒ ¢,CˆÏ°Ó˚

≤ÃyÌ!üÜ˛ í˛zÍ˛õyòÜ˛ S§Ó%ç í˛z!qòV ˆÌˆÏÜ˛ ¢%Ó˚% Ü˛ˆÏÓ˚ ~Ü˛ áyòƒhflÏÓ˚ ˆÌˆÏÜ˛ ˛õÓ˚Óï≈˛# áyòƒhflÏˆÏÓ˚Ó˚ ç#ˆÏÓÓ˚

üˆÏôƒ !òˆÏÎ˚ áyòƒy!fiÌï˛ ¢!=˛Ó˚ ôyÓ˚yÓy!•Ü˛ñ !öÓ˚Ó!FåÈß¨ ˛õ!Ó˚ã˛y°ö Ä xÓfiÌyhsˇÓ˚ âˆÏê˛ ï˛yˆÏÜ˛ ¢!=˛ ≤ÃÓy•

(energy flow) ÓˆÏ°–

Óy›ï˛ˆÏsf ¢!=˛ ≤ÃÓy• ï˛y˛õà!ï˛!ÓòƒyÓ˚ ≤ÃÌü Ä !mï˛#Î˚ §)e xö%ÎyÎ˚# §¡õß¨ •Î˚–

≤ÃÌü §)e xö%ÎyÎ˚# ¢!=˛Ó˚ §,!T˛ Óy !Óöy¢ •Î˚ öy ˆÜ˛Ó° fiÌyöyhsˇÓ˚ Ä ~Ü˛ xÓfiÌy ˆÌˆÏÜ˛ xöƒ

xÓfiÌyÎ˚ ˛õ!Ó˚Óï˛≈ö âˆÏê˛–

!mï˛#Î˚ §)e xö%ÎyÎ˚# ¢!=˛Ó˚ fiÌyöyhsˇÓ˚ Óy xÓfiÌyhsˇˆÏÓ˚Ó˚ ≤Ã!Ü ˛Î˚yÎ˚ !Ü˛å%Èê˛y ¢!=˛ Óƒ!Î˚ï˛ •Î˚ ÎyÓ˚ ú˛ˆÏ°

ˆüyê˛ ¢!=˛Ó˚ ˛õ!Ó˚üyî Ü ˛üyß∫ˆÏÎ˚ í˛zFã˛ï˛Ó˚ áyòƒhflÏÓ˚à%!°ˆÏï˛ •…y§ ˛õyÎ˚– ¢!=˛ •…yˆÏ§Ó˚ üyey ç#ˆÏÓÓ˚ xyÜ,˛!ï˛

Ä ≤ÃÜ,˛!ï˛ ~ÓÇ áyòƒhflÏÓ˚ !ÓˆÏ¢ˆÏ£Ï !û˛ß¨ï˛Ó˚ •ˆÏÎ˚ ÌyˆÏÜ˛– xÌ≈yÍ ¢!=˛Ó˚ fiÌyöyhsˇÓ˚ Ü˛áˆÏöy•z 100% ò«˛ï˛y

§¡õß¨ (100% efficient) öÎ˚–

2.4.1 ¢!=˛ ≤ÃÓyˆÏ•Ó˚ ˛õÎ≈yÎ˚§ü)• (Stages of energy flow) ı

Óy›ï˛ˆÏsf Ó˚)˛õyhsˇ!Ó˚ï˛ ˆ§ÔÓ˚¢!=˛ í˛zÍ˛õyòÜ˛ ˆÌˆÏÜ˛ !ï˛ö!ê˛ ˛õÎ≈yˆÏÎ˚ áyòˆÏÜ˛Ó˚ ˆòˆÏ• fiÌyöyhsˇ!Ó˚ï˛ •Î˚–

ˆÎüöÈÙÙÙÈ

(i) ¢!=˛ xç≈ö (Energy accumulation) : §Ó%ç í˛z!qò §yˆÏ°yÜ˛ §ÇˆÏŸ’£Ï ˛õÂô!ï˛ˆÏï˛ ˆ§ÔÓ˚¢!=˛

xyÓÂô Ü˛ˆÏÓ˚ Ó˚y§yÎ˚!öÜ˛ ¢!=˛ˆÏï˛ Ó˚)˛õyhsˇ!Ó˚ï˛ Ü˛ˆÏÓ˚– ~•z ¢!=˛ í˛zÍ˛õß¨ áyˆÏòƒÓ˚ üˆÏôƒ ˜fiÌ!ï˛Ü˛ ¢!=˛Ó˚)ˆÏ˛õ
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xyÓÂô ÌyˆÏÜ˛– §)Î≈ ˆÌˆÏÜ˛ ≤Ã!ï˛ ÓåÈÓ˚ ˛õ,!ÌÓ#ˆÏï˛ xy˛õ!ï˛ï˛ ≤ÃyÎ˚ 12.3 × 1022 K cal ¢!=˛Ó˚ üye 0.2%
§Ó%ç í˛z!qˆÏòÓ˚ myÓ˚y ¢Ü≈˛Ó˚yçyï˛#Î˚ áyˆÏòƒ §ÇÓÂô •Î˚– •z•y•z ˆüyê˛ ≤ÃyÌ!üÜ˛ í˛zÍ˛õyòö (Gross Primary
Production) Óy GPP–

(ii) ¢!=˛ ÓƒÓ•yÓ˚ (Energy utilization) : í˛z!qˆÏòÓ˚ ˆüyê˛ ≤ÃyÌ!üÜ˛ í˛zÍ˛õyòö (GPP)
!Ó˛õyÜ˛!Ü ˛Î˚yÓ˚ üyôƒˆÏü Ÿª§öñ ˆÓ˚ã˛öñ çöö •zï˛ƒy!ò ¢yÓ˚#Ó˚Ó,_#Î˚ (physiological) ≤Ã!Ü ˛Î˚yÎ˚ ÓƒÓ•,ï˛ •Î˚–

xÓ!¢T˛ í˛zÍ˛õy!òï˛ áyòƒ ˆ≤ÃyˆÏê˛y≤’yçˆÏü öyöy ˜çÓ ˆÎÔà Ó˚)ˆÏ˛õ §!M˛ï˛ ÌyˆÏÜ˛ Îy•yˆÏÜ˛ ≤ÃyÌ!üÜ˛ ≤ÃÜ,˛ï˛

í˛zÍ˛õyòö (Net primary production) Óy NPP ÓˆÏ°–

≤ÃyÌ!üÜ˛ í˛zÍ˛õyòˆÏÜ˛Ó˚y §)Î≈yˆÏ°yÜ˛ §ÇÓ!ôï˛ (trapped) Ü˛ˆÏÓ˚ !öˆÏçˆÏòÓ˚ áyòƒ §ÇˆÏŸ’!£Ïï˛

(photosynthesis) Ü˛ˆÏÓ˚ ~ÓÇ !öˆÏçˆÏòÓ˚ öyöy !Ó˛õyÜ˛ !Ü ˛Î˚y §¡õß¨ Ü˛ˆÏÓ˚ Ä !öˆÏçˆÏòÓ˚ Ó,!Âô âê˛yÎ˚

(NPP)– áyòƒ ¢,CˆÏ°Ó˚ !Ó!û˛ß¨ hflÏˆÏÓ˚Ó˚ áyòˆÏÜ˛Ó˚y ï˛yˆÏòÓ˚ ˛õ)Ó≈Óï≈˛# áyòƒhflÏÓ˚ ˆÌˆÏÜ˛ ¢!=˛ xç≈ö Ü˛ˆÏÓ˚–

≤ÃyÌ!üÜ˛ í˛zÍ˛õyòÜ˛ ˆÌˆÏÜ˛ ¢%Ó˚% Ü˛ˆÏÓ˚ ≤Ã!ï˛!ê˛ áyòƒhflÏˆÏÓ˚ ˆÎ ˛õ!Ó˚üyî ¢!=˛ xyÓÂô •Î˚ xÌ≈yÍ ï˛yˆÏòÓ˚ ˆüyê˛

í˛zÍ˛õyòö (Gross production) Óy GP ï˛yÓ˚ !Ü˛å%È xÇ¢ ≤ÃˆÏï˛ƒˆÏÜ˛•z Ÿª§ö ~ÓÇ öyöy ¢yÓ˚#Ó˚Ó,!_Î˚ Ä

˜çÓ!öÜ˛ Ü˛yˆÏç ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚– !Ü˛å%È xÇ¢ x˛õyã˛ƒ Ä ˆÓ˚ã˛ö ˛õòyÌ≈Ó˚)ˆÏ˛õ ˛õ!Ó˚ˆÏÓˆÏ¢ ˛õ!Ó˚ï˛ƒ=˛ •Î˚–

xÓ!¢T˛yÇ¢ ç#ÓˆÏòˆÏ• ˜fiÌ!ï˛Ü˛ ¢!=˛ Ó˚)ˆÏ˛õ öyöy Ó,•Í ˜çÓ xö%§Ü˛ˆÏ°Ó˚ üˆÏôƒ §!M˛ï˛ ÌyˆÏÜ˛ Ä ˆòˆÏ•Ó˚

xyÜ˛yÓ˚ Ä Äçö Ó,!Âô Ü˛ˆÏÓ˚– •z•y•z ï˛y•yˆÏòÓ˚ ≤ÃÜ,˛ï˛ í˛zÍ˛õyòö Óy ˆöê˛ ˆ≤Ãyí˛yÜ˛¢ö (Net Production)–

(iii) ¢!=˛ fiÌyöyhsˇÜ˛Ó˚î (Energy transfer) : ≤ÃyÌ!üÜ˛ í˛zÍ˛õyòÜ˛ ˆÌˆÏÜ˛ ¢!=˛ ≤ÃÌü ˆ◊î#Ó˚

áyòˆÏÜ˛Ó˚ •ˆÏÎ˚ ˛õÎ≈yÎ˚Ü ˛ˆÏü !mï˛#Î˚ ˆ◊î#Ó˚ ~ÓÇ ï,˛ï˛#Î˚ ˆ◊î#Ó˚ áyòˆÏÜ˛Ó˚ ˆòˆÏ• ≤ÃÓy!•ï˛ •Î˚– §ˆÏÓ≈y˛õ!Ó˚

!ÓˆÏÎ˚yçˆÏÜ˛Ó˚y (decomposers) §Ü˛° hflÏˆÏÓ˚Ó˚ ç#ˆÏÓÓ˚ ˆò•çyï˛ ˛˜çÓ˛õòyÌ≈ñ ˛õ!Ó˚ï˛ƒ=˛ ˆò•yÇ¢ ~ÓÇ

ü,ï˛ˆÏò• §ü)•ˆÏÜ˛ !Ó!Ÿ’T˛ Ä !ÓˆÏÎ˚y!çï˛ Ü˛ˆÏÓ˚ (breakdown and decomposition) §Ó˚° ~ÓÇ ˛õ%öÉ

@ˇÃ•î ˆÎyàƒ x˜ÏçÓ xö%ˆÏï˛ ˛õ%öÓ˚yÎ˚ ˛õ!Ó˚ˆÏÓˆÏ¢ !ú˛!Ó˚ˆÏÎ˚ ˆòÎ˚–

ˆÜ˛yö ~Ü˛!ê˛ ˛õ%!T˛ hflÏˆÏÓ˚Ó˚ (Tn) ç#ÓˆÏòˆÏ• ï˛yÓ˚ ˛õ)Ó≈Óï≈˛# ˛õ%!T˛ hflÏˆÏÓ˚Ó˚ (Tn–1) ç#ÓˆÏò• ˆÌˆÏÜ˛ §!M˛ï˛

¢!=˛ (NP) fiÌyöyhsˇÜ˛Ó˚î ~Ó˚ ˛õ!Ó˚üyîñ ï˛yˆÏòÓ˚ fiÌyöyhsˇÜ˛Ó˚î ò«˛ï˛y (Transfer Efficiency) Óy TE
~Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚–

ˆÎ ˆÜ˛yö ˛õ%!T˛hflÏˆÏÓ˚Ó˚ ç#ˆÏÓÓ˚ (Tn) fiÌyöyhsˇÜ˛Ó˚î ò«˛ï˛yÓ˚ üyö !öô≈y!Ó˚ï˛ •Î˚ •z•yˆÏòÓ˚ û˛«˛î ò«˛ï˛y

(consumption efficiency) Óy CE, ¢Ó˚#ˆÏÓ˚ xy_#Ü˛Ó˚î ò«˛ï˛y (assimilation efficiency) Óy AE
~ÓÇ ˆòˆÏ•Ó˚ §!M˛ï˛ ¢!=˛ í˛zÍ˛õyòö ò«˛ï˛yÓ˚ (production efficiency) Óy PEÈÙÈ~Ó˚ Ä˛õÓ˚–

áyòƒ ¢,CˆÏ°Ó˚ ˆÜ˛yö áyòƒhflÏˆÏÓ˚ (Tn) CE, AE ~ÓÇ PE !öî≈ˆÏÎ˚Ó˚ Formula ˛!ö¡¨Ó˚)˛õ ı
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CE = 
n 1 n 1

Tn 100
T P

In
  

 
 

ïïïïïïïïïïïï ïïïïïïïïïïïïïïïïïïïïïï

ïïïïïïïïïïïï ïïïïïïïïïïïïïïïïïïï

AE = 
Tn

100
An

In
 

 
ïïïïïïïïïïïï ïïïïïïïïïïïï ïïïïïïïïïïïïïïïïïïïïïïïï

PE = 100An  
ïïïïïï ïïïïïïïïïïïïïïïïïïïïï ïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïï ïïïïïïïïïïïïïïïïïïïï

CE, AE ~ÓÇ PEÈÙÈ~Ó˚ §üß∫ˆÏÎ˚ !öô≈y!Ó˚ï˛ •Î˚ TEÈÙÈ~Ó˚ üyö–

InÈÙÈ~Ó˚ üyö §Ó≈òy•z Pn–1 xˆÏ˛õ«˛y «%˛oï˛Ó˚ Ü˛yÓ˚î ≤Ã!ï˛ áyòƒhflÏˆÏÓ˚ ≤ÃyÆ áyòƒÓ˚ (available food)
á%Ó §yüyöƒ xÇ¢•z û˛!«˛ï˛ •Î˚ ~ÓÇ xÓƒÓ•,ï˛ ÓyÜ˛# xÇ¢ ˛õ!Ó˚ˆÏÓˆÏ¢ fiÌyöyhsˇ!Ó˚ï˛ •Î˚–

An-~Ó˚ üyö In ˛xˆÏ˛õ«˛y ÎˆÏÌT˛ «%oï˛Ó˚ •Î˚ Ü˛yÓ˚î û˛!«˛ï˛ áyˆÏòƒÓ˚ x!ôÜ˛yÇ¢•z Ó˚yˆÏú˛ç

(roughage) Óy ü° !•ˆÏ§ˆÏÓ Ó!ç≈ï˛ •Î˚–

PnÈÙÈ~Ó˚ üyö An xˆÏ˛õ«˛y xˆÏöÜ˛yÇˆÏ¢•z «%˛oï˛Ó˚ •Î˚ Ü˛yÓ˚î AnÈÙÈ~Ó˚ x!ôÜ˛yÇ¢•z Ÿª§öñ ï˛y˛õ

í˛zÍ˛õyòöñ öyöy ˜çÓ!öÜ˛ !Ü ˛Î˚yÜ˛ˆÏü≈ ÓƒÓ•,ï˛ •Î˚–

In, An ~ÓÇ Pn˛ÈÙÈ~Ó˚ üyö ç#Ó ≤Ãçy!ï˛ ~ÓÇ áyòƒhflÏˆÏÓ˚Ó˚ xÓfiÌyöÈÙÈ~Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚–

í˛z˛õ!Ó˚í˛z=˛ xyˆÏ°yã˛öy•z Óy›ï˛ˆÏsf ï˛y˛õà!ï˛!ÓòƒyÓ˚ !mï˛#Î˚ §)ˆÏeÓ˚ ÎÌyÎÌ Óƒyáƒy–

2.4.2 Óy›ï˛ˆÏsf ¢!=˛ ≤ÃÓyˆÏ•Ó˚ ˜Ó!¢T˛ƒ (Features of energy flow in ecosystem) : Óy›ï˛ˆÏsf

¢!=˛ ≤ÃÓyˆÏ•Ó˚ ˜Ó!¢T˛ƒà%!° !ö¡¨Ó˚)˛õ ı

1. Óy›ï˛ˆÏsf §ü@ˇÃ ¢!=˛Ó˚ í˛zÍ§ •° ˆ§ÔÓ˚¢!=˛–

2. Óy›ï˛ˆÏsf ¢!=˛Ó˚ ≤ÃÓy• §Ó≈òy•z Ü ˛ü í˛zFã˛hflÏÓ˚ ÓÓ˚yÓÓ˚ ~Ü˛ü%á#– ¢!=˛ í˛zÍ˛õyòÜ˛ ˆÌˆÏÜ˛ ≤ÃyÌ!üÜ˛ñ

ˆàÔî Ä ≤ÃˆÏàÔî ˆ◊î#Ó˚ áyòˆÏÜ˛ ≤ÃÓy!•ï˛ •Î˚–

3. ¢!=˛ ≤ÃÓy• ï˛y˛õà!ï˛!ÓòƒyÓ˚ ≤ÃÌü Ä !mï˛#Î˚ §)e ˆüˆÏö ã˛ˆÏ°–

4. í˛zÍ˛õyòÜ˛ ˆÌˆÏÜ˛ §ˆÏÓ≈yFã˛ ˆ◊î#Ó˚ áyòÜ˛ ˛õÎ≈hsˇ ≤Ã!ï˛!ê˛ áyòƒhflÏˆÏÓ˚ ˆüyê˛ ¢!=˛Ó˚ ˛õ!Ó˚üyî Ü ˛ü¢

•…y§ ˛õyÎ˚– ˆÜ˛ööy !mï˛#Î˚ §)e xö%§yˆÏÓ˚ ¢!=˛Ó˚ Ó˚)˛õyhsˇˆÏÓ˚ !Ü˛å%È ˛õ!Ó˚üyî ¢!=˛Ó˚ ÓƒÓ•yÓ˚ âˆÏê˛–

5. ≤Ã!ï˛!ê˛ ê˛Δ!˛õÜ˛hflÏˆÏÓ˚ à,•#ï˛ ¢!=˛Ó˚ x!ôÜ˛yÇ¢•z ˆ§•z ç#ˆÏÓÓ˚ Ÿª§öñ !Ó˛õyÜ˛ñ ˆÓ˚ã˛ö ≤Ãû,˛!ï˛

¢yÓ˚#Ó,_#Î˚ Ä öyöy ¢yÓ˚#!Ó˚Ü˛ !Ü ˛Î˚yÎ˚ ÓƒÓ•,ï˛ •Î˚ ~ÓÇ xÓ!¢T˛yÇ¢ ˆòˆÏ• §!M˛ï˛ •Î˚– Îy•y

˛õÓ˚Óï≈˛# áyòƒhflÏˆÏÓ˚ Ä xÓƒÓ!•ï˛ ˜çÓ ˛õòyÌ≈ Ó˚)ˆÏ˛õ ˛õ!Ó˚ˆÏÓˆÏ¢ ˛õ!Ó˚ï˛ƒ=˛ •Î˚–

6. áyòƒ ¢,CˆÏ°Ó˚ ≤ÃÌü áyòƒhflÏˆÏÓ˚ S≤ÃyÌ!üÜ˛ í˛zÍ˛õyòÜ˛V (T1) §Óã˛y•zˆÏï˛ ˆÓ¢# ~ÓÇ §ˆÏÓ≈yFã˛
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áyòƒhflÏˆÏÓ˚ SˆÎüö T4) §Óã˛y•zˆÏï˛ Ü˛ü ˛õ!Ó˚üyî ¢!=˛ xyÓÂô ÌyˆÏÜ˛–

2.4.3 Óy›ï˛ˆÏsf ¢!=˛ ≤ÃÓyˆÏ•Ó˚ öÜ‰˛¢y (Energy flow models) :

Óy›ï˛ˆÏsfÓ˚ !Ó!û˛ß¨ áyòƒ ¢,CˆÏ°Ó˚ üôƒ !òˆÏÎ˚ ï˛y˛õà!ï˛ !ÓòƒyÓ˚ (Thermodynamics) ≤ÃÌü Ä !mï˛#Î˚

§)e ˆüˆÏö ¢!=˛ ≤ÃÓyˆÏ•Ó˚ ˛õÂô!ï˛ ÓyhflÏÓƒ!Óò‰àî ~Ü˛y!ôÜ˛ öÜ‰˛¢y Óy üˆÏí˛ˆÏ°Ó˚ üyôƒˆÏü Óƒyáƒy Ü˛ˆÏÓ˚ˆÏåÈö–

û)˛˛õ,ˆÏ¤˛Ó˚ !Ó!û˛ß¨ fiÌ°ç Ä ç°ç Óy›ï˛ˆÏsf ¢!=˛ ≤ÃÓyˆÏ•Ó˚ öÜ‰˛¢y ≤Ãôyöï˛ ò%•z û˛yˆÏÓ Óƒyáƒy Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈÈÙÙÙÈ

1. ~Ü˛Ü˛ à!ï˛˛õÌ öÜ‰˛¢y (Single channel model) ~ÓÇ

2. Î%@¬ à!ï˛˛õÌ öÜ‰˛¢y (Double channel model) Óy Y-xyÜ,˛!ï˛Ó˚ öÜ˛‰¢y (Y-shaped model)

~Ü˛Ü˛ à!ï˛˛õÌ öÜ˛‰¢y ı •z•y ˆí˛!ê˛Δê˛y§ áyòƒ ¢,C° Óy ˆ@ˇÃ!çÇ áyòƒ¢,CˆÏ°Ó˚ üˆÏôƒ !òˆÏÎ˚ ¢!=˛Ó˚

≤ÃÓy• xy°yòy xy°yòy û˛yˆÏÓ Óƒyáƒy Ü˛ˆÏÓ˚–

Î%@¬ à!ï˛˛õÌ öÜ‰˛¢y ı •z•y !öû≈˛Ó˚¢#°ï˛yÓ˚ Órôö ÓçyÎ˚ ˆÓ˚ˆÏá ˛õyÓ˚flõ!Ó˚Ü˛ í˛zû˛Î˚ ≤ÃÜ˛yÓ˚ áyòƒ¢,CˆÏ°Ó˚

üôƒ !òˆÏÎ˚ ¢!=˛ ≤ÃÓy• Óƒyáƒy Ü˛ˆÏÓ˚–

2.4.3.1 ~Ü˛Ü˛ à!ï˛˛õÌ öÜ‰˛¢y (Single channel model) :

~Ü˛!ê˛ í˛zˆÏÕ‘áˆÏÎyàƒ í˛zòy•Ó˚î •° ˆÓ˚üu˛ !°u˛üƒyˆÏöÓ˚ 10 ¢ï˛yÇ¢ Ó˚#!ï˛ (10% Law of Raymond
Lindeman, 1942) Îy•y ˆ@ˇÃ!çÇ Óy›ï˛ˆÏsfÓ˚ !ö!Ó˚ˆÏá Ó!î≈ï˛–

~åÈyí˛¸yÄ !°ˆÏu˛üƒyö fl∫yò% çˆÏ°Ó˚ Óy›ï˛ˆÏsfÓ˚ SLake ecosystemV ¢!=˛ ≤ÃÓy• Ä Óî≈öy Ü˛ˆÏÓ˚ˆÏåÈö

Îy !ã˛e 2.9 ~ ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ–

!ã˛e 2.9 : ~Ü˛!ê˛ •…ˆÏòÓ˚ Sfl∫yò%çˆÏ°Ó˚ Óy›ï˛sfV ¢!=˛ ≤ÃÓyˆÏ•Ó˚ !ã˛e (Modified from R. Lindeman, 1942)

!ÓˆÏÎ˚yçö

!ÓˆÏÎ˚yçö

!ÓˆÏÎ˚yçö

Sx!ï˛ §yüyöƒV

xÓƒÓ•,ï˛

Ÿª§öxÓƒÓ•,ï˛
xÓƒÓ•,ï˛

Ÿª§ö
Ÿª§ö

§)Î≈yˆÏ°yÜ˛

118.872

fl∫ˆÏû˛yç# í˛z!qò

ˆüyê˛ í˛z˛õyòyö
¢yÜ˛y¢# ≤Ãyî# üyÇ§y¢#

≤Ãyî#
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~åÈyí˛¸yÄ ~•zã˛. !ê˛. Äí˛yü (H. T. Odum, 1957) ≤Ãò_ ¢!=˛ ≤ÃÓyˆÏ•Ó˚ ö:y (U.S.A.˛ÈÙÈ~Ó˚

ˆúœ˛y!Ó˚í˛y ≤ÃˆÏòˆÏ¢Ó˚ Ó˚)˛õy°# ≤ÃflÀÓî (Silver spring) Óy›ï˛ˆÏsfÓ˚ §yˆÏ˛õˆÏ«˛ ≤Ãò_ ¢!=˛ˇ ≤ÃÓyˆÏ•Ó˚ ö:y

Óƒyáƒy Ü˛ˆÏÓ˚ö– çö !ê˛ˆÏÎ˚° (John Teal, 1957) U.S.AÈÙÈ~ ü)° ≤ÃflÀÓî (Root spring, in

U.S.A.)ÈÙÈ~Ó˚ Óy›ï˛ˆÏsfÓ˚ §yˆÏ˛õˆÏ«˛ ¢!=˛ ≤ÃÓyˆÏ•Ó˚ öÜ‰˛¢y Óƒyáƒy Ü˛ˆÏÓ˚ö– í˛zû˛Î˚ öÜ˛‰¢y•z ~Ü˛Ü˛ à!ï˛˛õÌ

öÜ‰˛¢yÓ˚ í˛zòy•Ó˚î– H.T. Odum ~Ó˚ öÜ‰˛¢yÎ˚ áyòƒ ¢,CˆÏ°Ó˚ ≤ÃyÎ˚ §Ü˛° ˛õÓ˚ˆÏû˛yç#Ó˚ (Heterotrophs)È

áyòƒ!fiÌï˛ ¢!=˛Ó˚ ü)° í˛zÍ§•z •° §)Î≈yˆÏ°yÜ˛ ˆÌˆÏÜ˛ §Ó%ç í˛z!qò myÓ˚y §ÇˆÏŸ’!£Ïï˛ áyòƒ– !ê˛ˆÏÎ˚°ÈÙÈ~Ó˚ öÜ‰˛¢y

xö%ÎyÎ˚# !í˛!ê˛Δê˛y§ áyòƒ ¢,CˆÏ°Ó˚ ≤ÃyÎ˚ §Ü˛° ˛õÓ˚ˆÏû˛yç# myÓ˚y û˛!«˛ï˛ áyˆÏòƒÓ˚ x!ôÜ˛yÇ¢Ó˚•z í˛zÍ§ •°

í˛z!qò Ä ≤Ãyî#Ó˚ ü,ï˛ ˆò•yÇ¢ Óy ˆò•çyï˛ ˛õòyÌ≈ (detritus)–

!öˆÏ¡¨ ¢!=˛ ≤ÃÓyˆÏ•Ó˚ ~Ü˛Ü˛ à!ï˛˛õÌ öÜ‰˛¢yÓ˚ ü%áƒ ˜Ó!¢T˛ƒ ˆòÄÎ˚y •° ı

●●●●● ˆÎ ˆÜ˛yö ~Ü˛Ü˛ à!ï˛˛õÌ öÜ‰˛¢y ˆÌˆÏÜ˛ •z•y ≤Ãï˛#Î˚üyö ˆÎ ¢yÜ˛y¢# ˛≤ÃyÌ!üÜ˛ áyòÜ˛ hflÏˆÏÓ˚Ó˚

à,•#ï˛ áyÓyÓ˚ xˆÏ˛õ«˛y Ó•%à%î ˆÓ¢# áyÓyÓ˚ ≤ÃyÌ!üÜ˛ í˛zÍ˛õyòÜ˛ myÓ˚y ˜ï˛!Ó˚ •Î˚– ~Ó˚ ú˛ˆÏ° ≤Ãã%˛Ó˚ ˛õ!Ó˚üyî

áyòƒ xÓƒÓ•,ï˛ ˆÌˆÏÜ˛ ÎyÎ˚– ~Ü˛•z Ó˚Ü˛üû˛yˆÏÓ üyÇ¢y¢# ≤Ãyî#Ó˚y ˆÎ ˛õ!Ó˚üyî áyÓyÓ˚ §Ó˚ÓÓ˚y• ˛õyÎ˚ ï˛yÓ˚

§yüyöƒ xÇ¢ û˛«˛î Ü˛ˆÏÓ˚– •z•y•z üyÇ¢y§# áyòˆÏÜ˛Ó˚ áyòƒ¢!=˛ ÓƒÓ•yˆÏÓ˚Ó˚ «˛üï˛y Óy ¢Ó˚#ˆÏÓ˚ xy_#Ü˛Ó˚î

«˛üï˛y–

●●●●● ~Ü˛ü%á# ¢!=˛ ≤ÃÓyˆÏ• §Ó%ç í˛z!qò S≤ÃyÌ!üÜ˛ í˛zÍ˛õyòÜ˛V !Ü˛ÇÓy xöƒ ˆÎ ˆÜ˛yö áyòƒhflÏˆÏÓ˚ §ÇÓ!Âôï˛

(captured) ¢!=˛ ˆÜ˛Ó° x@ˇÃü%!á ≤ÃÓy!•ï˛ •Î˚ ï˛y Ü˛áˆÏöy•z ˛õÿ˛yÍü%á# !ú˛ˆÏÓ˚ ÎyÎ˚ öy (not reverted

back)

●●●●● Ü ˛ü í˛zôùï˛Ó˚ áyòƒhflÏˆÏÓ˚ ¢!=˛üyey Ü ˛üyß∫ˆÏÎ˚ •…y§ ˛õyÎ˚– ≤Ã!ï˛ áyòƒhflÏˆÏÓ˚ xy_#Ü˛Ó˚îÜ,˛ï˛ ¢!=˛ öyöy

!Ó˛õyÜ˛!Ü ˛Î˚yñ Ÿª§öñ ï˛y˛õ!Ó!Ü˛Ó˚îñ !Ó!û˛ß¨ ¢yÓ˚#!Ó˚Ü˛ Ä ¢yÓ˚#Ó˚Ó,_#Î˚ !Ü ˛Î˚yÎ˚ ÓƒÓ•,ï˛ •Î˚– ~Ó˚˛õÓ˚ ÓyÜ˛#

¢!=˛ ≤ÃÜ,˛ï˛ í˛zÍ˛õyòö Óy ˆöê˛ ˆ≤Ãyí˛yÜ˛¢ö (NP) !•ˆÏ§ˆÏÓ ˆòˆÏ• §!M˛ï˛ •Î˚– •z•yÓ˚ §¡õ)î≈ xÇ¢•z ˛õÓ˚Óï≈˛#

hflÏˆÏÓ˚Ó˚ áyòˆÏÜ˛Ó˚ çöƒ !öô≈y!Ó˚ï˛ •ˆÏ°Ä ï˛yÓ˚ á%Ó §yüyöƒ xÇ¢ ï˛y•yˆÏòÓ˚ myÓ˚y û˛!«˛ï˛ •Î˚– áyòÜ˛çyï˛

ÓyÜ˛# ¢!=˛ xÓƒÓ•,ï˛ ¢!=˛Ó˚)ˆÏ˛õ ˛õ!Ó˚ˆÏÓˆÏ¢ ˛õ!Ó˚ï˛ƒ=˛ •Î˚–

•z. !˛õ. Äí˛yüñ 1963 xö%ÎyÎ˚# ~Ü˛Ü˛ à!ï˛˛õÌ ö:y !ã˛e 2.10ÈÙÈ~ ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ–
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2.4.3.2 ¢!=˛ ≤ÃÓyˆÏ•Ó˚ ˜mï˛ ≤Ãîy°# (Double channel) Óy Y-xyÜ,˛!ï˛Ó˚ (Y-shaped)
öÜ‰˛¢y ı

•z. !˛õ. Äí˛yü (E.P. Odum, 1962) í˛zˆÏÕ‘á Ü˛ˆÏÓ˚ö ˆÎ ~Ü˛!ê˛ Óy›ï˛ˆÏsfÓ˚ ˆÜ˛yö áyòƒ¢,CˆÏ°Ó˚

¢%%Ó˚%ˆÏï˛ ˆÜ˛yö ≤ÃÌü ˆ◊î#Ó˚ áyòÜ˛ §Ó%ç í˛z!qò §ÇˆÏŸ’!£Ïï˛ (primary producers) áyòƒ¢!=˛ û˛«˛î Ü˛ˆÏÓ˚

ˆòˆÏ• ¢!=˛ §ÇˆÏŸ’£Ï (asimilation) Ü˛ˆÏÓ˚– xyÓyÓ˚ x˛õÓ˚ áyòƒ¢,CˆÏ° ˆòáy ÎyÎ˚ ≤ÃÌü ˆ◊î#Ó˚ áyòˆÏÜ˛Ó˚y

ü,ï˛ í˛z!qò Ä ≤Ãyî#Ó˚ xÇ¢ (detritus) û˛«˛î Ü˛ˆÏÓ˚ ˆòˆÏ• ¢!=˛ §ÇˆÏŸ’£Ï Ü˛ˆÏÓ˚–

!ï˛!ö !ÓˆÏ¢£Ï û˛yˆÏÓ í˛zˆÏÕ‘á Ü˛ˆÏÓ˚ö ˆÎ ˆÜ˛yö Óy›ï˛ˆÏsf í˛zû˛Î˚ ≤ÃÜ˛yÓ˚ áyòƒ¢,C°•z ~Ü˛ §ˆÏAà !Ü ˛Î˚y¢#°–

ˆí˛!ê˛Δê˛y§ áyòƒ¢,C° xö%ç#Ó myÓ˚y Ó˚)˛õyhsˇ!Ó˚ï˛ ü,ï˛ ˜çÓ ˛õòyÌ≈ !öà≈ï˛ ˜çÓ¢!=˛ !òˆÏÎ˚•z ¢%Ó˚% •Î˚– •z•y

≤ÃÌˆÏü ˆí˛!ê˛Δ!ê˛ˆÏû˛yÓ˚y§ áyòÜ˛ (detritivores) ~ÓÇ ï˛yÓ˚˛õˆÏÓ˚ !¢Ü˛yÓ˚# áyòÜ˛ (Predator) ˆòˆÏ• ≤ÃˆÏÓ¢

Ü˛ˆÏÓ˚–

!ã˛e 2.10 : ¢!=˛ ≤ÃÓyˆÏ•Ó˚ ~Ü˛Ü˛ à!ï˛˛õÌ öÜ‰˛¢y

!ï˛ö!ê˛ Óy: 1, 2, ~ÓÇ 3ÈÙÈ~ ˛õÓ˚˛õÓ˚ !ï˛!ö!ê˛ áyòƒhflÏˆÏÓ˚ ¢!=˛Ó˚ §M˛Î˚ ~ÓÇ ˛õy•z˛õ °y•zö !òˆÏÎ˚ xyö%˛õy!ï˛Ü˛

¢!=˛Ó˚ ≤ÃÓy• ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ– [I = ˆüyê˛ xy˛õ!ï˛ï˛ xyˆÏ°yÜ˛ñ LA = í˛z!qò Ü˛ï,,≈˛Ü˛ ˆ¢y!£Ïï˛ xyˆÏ°yÜ˛ñ PG

= ˆüyê˛ ≤ÃyÌ!üÜ˛ í˛zÍ˛õyòöñ A = ˆüyê˛ §ÇˆÏŸ’£Ïîñ PN = ˆöê˛ ≤ÃyÌ!üÜ˛ í˛zÍ˛õyòöñ P = SáyòÜ˛ Ü˛ï,˛≈Ü˛V ˆàÔî

í˛zÍ˛õyòöó NU = xÓƒÓ•,ï˛ ¢!=˛ñ NA = áyòÜ˛ û˛!«˛ï˛ x§ÇˆÏŸ’!£Ïï˛ ¢!=˛ Îy•y ü° Ó˚)ˆÏ˛õ ˛õ!Ó˚ï˛ƒ=˛ •Î˚ñ

R = ˛Ÿª§ö] ö#ˆÏã˛Ó˚ °y•zö ÓÓ˚yÓÓ˚ áyòƒ ¢,CˆÏ°Ó˚ !Ó!û˛ß¨ hflÏˆÏÓ˚Ó˚ ˆöê˛ ¢!=˛Ó˚ üyey ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ– [Source
E.P. Odum, 1963]
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!öˆÏã˛ ~•zã˛. !ê˛. Äí˛yü (H. T. Odum, 1956) Ó!î≈ï˛ Y-xyÜ,˛!ï˛Ó˚ öÜ‰˛¢y ˆòáyö •°– S!ã˛e

2.11)

í˛zû˛Î˚ ≤ÃÜ˛yÓ˚ áyòƒ¢,C°•z ~Ü˛!ê˛ §yôyÓ˚î §#üyöyÓ˚ (common boundary) üˆÏôƒ xyÓÂô– !ÓˆÏÎ˚yçÜ˛

§ü)• xy°yòy Óy: !•ˆÏ§ˆÏÓ ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ ÎyÓ˚ myÓ˚y ˆ@ˇÃ!çÇ ~ÓÇ ˆí˛!ê˛Δê˛§ áyòƒ¢,C° ò%!ê˛ˆÏÜ˛

xyÇ!¢Ü˛û˛yˆÏÓ ˛õ,ÌÜ˛ Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– !ÓˆÏÎ˚yçÜ˛ ˆày¤˛# !ü◊ ¢!=˛hflÏˆÏÓ˚Ó˚ ç#Ó §Ü˛° !öˆÏÎ˚ à!ë˛ï˛–

YÈÙÈxyÜ,˛!ï˛Ó˚ Óy !mÈÙÈ≤Ãîy°# ¢!=˛ ≤ÃÓy• öÜ‰˛¢yÎ˚ YÈÙÈ~Ó˚ ~Ü˛!ê˛ Óy•% ï,˛îˆÏû˛yç# áyòƒ¢,C° (grazing/
hervivonous food chain) x˛õÓ˚ Óy•% ˆí˛!ê˛Δê˛y§ Óy ˛õã˛öˆÏû˛yç# áyòƒ¢,C° !öˆÏò≈¢ Ü˛ˆÏÓ˚– ~áyˆÏö

í˛zû˛Î˚ ≤ÃÜ˛yÓ˚ áyòƒ¢,C° flõT˛û˛yˆÏÓ !Óû˛=˛ •ˆÏ°Ä ï˛yÓ˚y ~ˆÏÜ˛ x˛õˆÏÓ˚Ó˚ ˆÌˆÏÜ˛ !Ó!FåÈß¨ öÎ˚ (not isolated)–
ï,˛îˆÏû˛yç# áyòƒ ¢,ÈCˆÏ°Ó˚ §Ü˛° ç#ˆÏÓÓ˚ ¢yÓ˚#!Ó˚Ü˛ !Ü ˛Î˚y !öà≈ï˛ ˜çÓ ˛õòyÌ≈§ü)• Óy ï˛yˆÏòÓ˚ ü,ï˛ˆÏò• ˆí˛!ê˛Δê˛y§

!ã˛e 2.11 : ¢!=˛ ≤ÃÓyˆÏ•Ó˚ ÈYÙÈxyÜ,˛!ï˛Ó˚ ö:y– !Ó!û˛ß¨ xyÜ˛yÓ˚ Ä xyÜ,˛!ï˛Ó˚ Óy: !Ó!û˛ß¨ ˛õ%!T˛hflÏÓ˚ ~ÓÇ !Ó!û˛ß¨

xyÜ˛yˆÏÓ˚Ó˚ ˛õy•z˛õ °y•zö xyö%˛õy!ï˛Ü˛ ¢!=˛ ≤ÃÓy• !öˆÏò≈¢ Ü˛ˆÏÓ˚ (Source : H. T. Odum, 1857)
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áyòƒ ¢,CˆÏ°Ó˚ xî%ç#Ó Óy ü,ï˛ áyòÜ˛ myÓ˚y !ÓˆÏÎ˚y!çï˛ Ä Ó˚)˛õyhsˇ!Ó˚ï˛ •ˆÏÎ˚ ï,˛îˆÏû˛yç# áyòƒ¢,CˆÏ° !ö!ò≈T˛

üyeyÎ˚ !ú˛ˆÏÓ˚ xyˆÏ§– §Ü˛° Óy›ï˛ˆÏsf ï,˛îˆÏû˛yç# Ä ˛õã˛ö ˆû˛yç# áyòƒ¢,CˆÏ°Ó˚ ≤Ãyôyöƒ ~Ü˛ ≤ÃÜ˛yÓ˚ •Î˚

öy– E. P. Odum (1963) ~Ó˚ üˆÏï˛ §yü%!oÜ˛ Óy›ï˛ˆÏsf ˛õã˛öˆÏû˛yç# áyòƒ ¢,C° xˆÏ˛õ«˛y ï,˛îˆÏû˛yç#

áyòƒ ¢,C° ¢!=˛ ≤ÃÓyˆÏ•Ó˚ çöƒ ≤Ãôyö ˛õÌ (major pathway)– xyÓyÓ˚ Óöû)˛!ü Óy›ï˛ˆÏsf ˛õã˛öˆÏû˛yç#

áyòƒ¢,C° ÓÓ˚yÓÓ˚ ¢!=˛≤ÃÓy• ï,˛îˆÏû˛yç# áyòƒ¢,C° xˆÏ˛õ«˛y ˆÓ¢# à%Ó˚%c˛õ)î≈– áyòƒ¢,CˆÏ° ¢!=˛ ≤ÃÓyˆÏ•Ó˚

üyey !öû≈˛Ó˚ Ü˛ˆÏÓ˚ áyòÜ˛ hflÏÓ˚à%!°ˆÏï˛ û˛!«˛ï˛ áyˆÏòƒÓ˚ x˛õy!ã˛ï˛ (egested part) xÇ¢ ~ÓÇ ˆòˆÏ• x!Aàû)˛ï˛

xÇ¢ (assimilated part) ~Ó˚ xö%˛õyˆÏï˛Ó˚ í˛z˛õÓ˚– •z•y !û˛ß¨ !û˛ß¨ Óy›ï˛ˆÏsfÓ˚ !û˛ß¨ !û˛ß¨ áyòƒ¢,CˆÏ°

!Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ •ˆÏÎ˚ ÌyˆÏÜ˛–

YÈÙÈxyÜ,˛!ï˛Ó˚ áyòƒ¢,C° ~Ü˛Ü˛ ≤Ãîy°# üˆÏí˛° xˆÏ˛õ«˛y x!ôÜ˛ï˛Ó˚ Ü˛yÎ≈Ü˛Ó˚ ~ÓÇ ÓyhflÏÓôü≈#–

•z. !˛õ Äí˛yü (1983) §y!Ó≈Ü˛ ≤ÃˆÏÎyçƒ (generalited) YÈÙÈxyÜ,˛!ï˛Ó˚ öÜ˛¢y Óƒyáƒy Ü˛ˆÏÓ˚ö Îy•y

fiÌ°ç Óy ç°ç í˛zû˛Î˚ Óy›ï˛ˆÏsfÓ˚ çöƒ•z ≤ÃˆÏÎyçƒ–

2.5 §yÓ˚yÇ¢ (Summary)

i. ~•z ~Ü˛ˆÏÜ˛ Óy›ï˛ˆÏsfÓ˚ ≤ÃÜ˛yÓ˚ˆÏû˛ò ÎÌyÈÙÙÙÈü•yÓy›ï˛sfñ Ó,•Í Óy›ï˛sfñ öƒyˆÏöy Óy›ï˛sfñ Ä ï˛y•yˆÏòÓ˚

í˛z˛õ!Óû˛yçöÈÙÙÙÈ≤ÃyÜ,˛!ï˛Ü˛ Óy›ï˛sfñ fiÌ°ç Óy›ï˛sfñ fl∫yò%çˆÏ°Ó˚ Óy›ï˛sfñ ç°yû)˛!üñ ˆöyöy çˆÏ°Ó˚ Ä

ï˛y•yˆÏòÓ˚ xhsˇà≈ï˛ í˛z˛õ!Óû˛yàà%!° í˛zòy•Ó˚î§• xyˆÏ°yã˛öy Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ–

ii. Óy›ï˛ˆÏsfÓ˚ ˜çÓñ x˜ÏçÓ Ä ˆû˛Ôï˛ í˛z˛õyòyöà%!° !°!˛õÓÂô Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– §ç#Ó í˛z˛õyòyˆÏöÓ˚

!ã˛e 2.12 : ¢!=˛ ≤ÃÓyˆÏ•Ó˚ ˜mï˛ ≤Ãîy°# SYÈÙÈxyÜ,˛!ï˛Ó˚V öÜ‰˛¢y (Source : E. P. Odum, 1983)

¢yÜ˛y¢# ≤Ãyî#
!¢Ü˛yÓ˚# ≤Ãyî#

§Ó%ç í˛z!qò

§)Î≈yˆÏ°yÜ˛

ï,˛îˆÏû˛yç# áyòƒ

¢,C°

ü,ï˛ˆÏû˛yç#

áyòƒ ¢,C°

!¢Ü˛yÓ˚# ≤Ãyî#

˛õã˛öˆÏû˛yç#

≤Ãyî#
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üˆÏôƒ ≤ÃyÌ!üÜ˛ áyòÜ˛ñ áyòƒ¢,CˆÏ° ï˛y•yˆÏòÓ˚ Ü˛yçñ ˆàÔî Óy !mï˛#Î˚ ˆ◊î#Ó˚ áyòÜ˛ Ä !ÓˆÏÎ˚yçˆÏÜ˛Ó˚ û)˛!üÜ˛y

xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ–

iii. Óy›ï˛ˆÏsf ¢!=˛Ó˚ ≤ÃÓy• Ä ¢!=˛ ≤ÃÓyˆÏ•Ó˚ ˛õÎ≈yÎ˚ §ü)ˆÏ•Ó˚ Ä ¢!=˛≤ÃÓyˆÏ•Ó˚ öÜ˛¢yà%!°Ó˚ !ÓhflÏy!Ó˚ï˛

Óî≈öy ˆòÄÎ˚y xyˆÏåÈ–

iv. ~Ü˛•z §yˆÏÌ xyüÓ˚y áyòƒ¢,CˆÏ°Ó˚ ˆÎ ˆÜ˛yö áyòƒhflÏˆÏÓ˚Ó˚ û˛«˛î ò«˛ï˛yñ xy!_Ü˛Ó˚î ò«˛ï˛y ~ÓÇ

§!M˛ï˛ ¢!=˛Ó˚ í˛zÍ˛õyòö ò«˛ï˛yÓ˚ ú˛Ó˚ü)°yà%!° çyöˆÏï˛ ˛õyÓ˚Ó–

2.6 ≤ÃŸ¿yÓ°# (Questions)

I. Ó•% !öÓ≈yã˛ö# ≤ÃŸ¿ ı

1. Óy›ï˛ˆÏsfÓ˚ í˛z˛õyòyö öÎ˚ ˆÜ˛yö!ê˛⁄

(a) í z̨!qò (b) Ü˛yÓ≈öí˛y•zÈÙÈx:y•zí˛

(c) §)Î≈yˆÏ°yÜ˛ (d) ÄˆÏçyö

2. Óy›ï˛ˆÏsfÓ˚ à!ï˛üÎ˚ï˛yÓ˚ §ˆÏAà §¡õ!Ü≈˛ï˛ öÎ˚ ˆÜ˛yö!ê˛⁄

(a) áyòƒ¢,C° (b) ÓyÎ˚% ≤ÃÓy• (c) ¢!=˛ ≤ÃÓy• (d) !ÓˆÏÎ˚yçö

3. ˆÜ˛yö !ö!ò≈T˛ xM˛ˆÏ°Ó˚ Óy›ï˛ˆÏsfÓ˚ §Ü˛° ç#ÓˆÏày¤˛#ˆÏÜ˛ ~Ü˛ˆÏe ÓˆÏ°ÈÙÙÙÈ

(a) ç#Ó§¡±òyÎ˚ (b) ÓyˆÏÎ˚yüy§ (c) ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ (d) ü%áƒ í˛z˛õyòyö

4. ˆÜ˛yö áyòƒ ¢,CˆÏ°Ó˚ ~Ü˛y!ôÜ˛ xÓfiÌyˆÏö ÌyˆÏÜ˛ ˆÜ˛yö!ê˛⁄

(a) ≤ÃyÌ!üÜ˛ í˛zÍ˛õyòÜ˛ (b) ¢yÜ˛y¢# ≤Ãyî#

(c) üyÇ§y¢# ≤Ãyî# (d) !ÓˆÏÎ˚yçÜ˛

5. •zˆÏÜ˛y!§ˆÏfiê˛ü !öÎ˚sfî Ü˛ˆÏÓ˚ öy ˆÜ˛yö í˛z˛õyòyö!ê˛⁄

(a) áyòƒ (b) !¢Ü˛yÓ˚# ≤Ãyî# (c) üy!ê˛Ó˚ àë˛ö (d) §Ó%ç í˛z!qò

6. ï,˛îˆÏû˛yç# Óy›ï˛ˆÏsf ˆÜ˛yö!ê˛ í˛zÍ˛õyòÜ˛ öÎ˚ÈÙÙÙÈ

(a) §Ó%ç í˛z!qò (b) üy!ê˛Ó˚ åÈeyÜ˛ Ä ÓƒyÜ‰˛ˆÏê˛!Ó˚Î˚y

(c) ¢yÜ˛y¢# ≤Ãyî# (d) §Ó≈û)˛Ü˛ ≤Ãyî#

7. ~Ü˛!ê˛ Óy›ï˛ˆÏsf §ã˛Ó˚yã˛Ó˚ ˆòáy ÎyÎ˚ ˆÜ˛yö!ê˛

(a) ~Ü˛y!ôÜ˛ !Ó!FåÈß¨ áyòƒ¢,C° (b) áyòƒ çy°Ü˛

(c) ~Ü˛!ê˛ !Ó!FåÈß¨ ü,ï˛ˆÏû˛yç# áyòƒ¢,C° (d) ~Ü˛!ê˛ !Ó!FåÈß¨ ï,˛îˆÏäyç# áyòƒ ¢,C°
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8. ~Ü˛!ê˛ Óöû)˛!üÓ˚ Óy›ï˛ˆÏsf ˆÜ˛yö ≤ÃÜ˛yÓ˚ áyòƒ¢,C° ˆòáy ÎyÎ˚⁄

(a) ï,˛îˆÏû˛yç# áyòƒ¢,C°

(b) ü,ï˛ˆÏû˛yç# áyòƒ¢,C°

(c) ˛õÓ˚flõÓ˚ §¡õ!Ü≈˛ï˛ ï,˛îˆÏû˛yç# ~ÓÇ ü,ï˛ˆÏû˛yç# áyòƒ¢,C°

(d) ˛õÓ˚flõÓ˚ !Ó!FåÈß¨ ï,˛îˆÏû˛yç# ~ÓÇ ü,ï˛ˆÏû˛yç# áyòƒ¢,C°

9. •zˆÏÜ˛y!§ˆÏfiê˛ü ¢∑!ê˛ ≤ÃÌü ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚öÈÙÙÙÈ

(a) ê˛ƒy™‰ˆÏ° (b) Äí˛yü (c) !fløÌ (d) !°u˛üƒyö

10. Óy›ï˛ˆÏsfÓ˚ ˆÜ˛yö âê˛öyÓ˚ §ˆÏAà !˛õÓ˚yü!í˛ÈÙÈ~Ó˚ §¡õÜ≈˛ ˆö•zÈÙÙÙÈ

(a) ¢!=˛ ≤ÃÓy• (b) áyòƒ¢,C°

(c) áyòƒ Ä áyòˆÏÜ˛Ó˚ ˆò•yÜ,˛!ï˛ Ä §Çáƒy (d) ˜çÓ ˛õòyˆÏÌ≈Ó˚ !ÓˆÏÎ˚yçö

11. ü•y Óy›ï˛ˆÏsfÓ˚ í˛zòy•Ó˚î •°ÈÙÙÙÈ

(a) Óöû)˛!üÓ˚ Óy›ï˛sf (b) ˛õ%Ü%˛ˆÏÓ˚Ó˚ Óy›ï˛sf

(c) @ˇÃ#î•yí˛z§ÈÙÈ~Ó˚ Óy›ï˛sf (d) xyÓy!ò ç!üÓ˚ Óy›ï˛sf

12. ï%˛wy Óy›ï˛sf §yôyÓ˚îï˛ ˆòáy ÎyÎ˚ÈÙÙÙÈ

(a) @ˇÃ#‹ø ü[˛°#Î˚ xM˛ˆÏ° (b) x!ï˛ ¢#ï˛° xM˛ˆÏ°

(c) öy!ï˛¢#ˆÏï˛y£÷ xM˛ˆÏ° (d) í˛z£÷ Ä ¢%‹Ò xM˛ˆÏ°

13. !fiÌÓ˚ fl∫yò% çˆÏ°Ó˚ Óy›ï˛sfˆÏÜ˛ ÓˆÏ°ÈÙÙÙÈ

(a) ˆ°y!ê˛Ü˛ Óy›ï˛sf (b) ˆüy•öyÓ˚ Óy›ï˛sf

(c) ˆÓ°yû)˛!üÓ˚ Óy›ï˛sf (d) ˆ°ö!ê˛Ü˛ Óy›ï˛sf

14. ˆÜ˛yö!ê˛ ˆöyöyçˆÏ°Ó˚ Óy›ï˛sf öÎ˚ÈÙÙÙÈ

(a) Ü˛ò≈ü ï˛ê˛û)˛!ü (b) ˆçyÎ˚yÓ˚ ç°yû)˛!ü

(c) üƒyöˆÏ@ˇÃyû˛ ≤’yÓöû)˛!ü (d) ç°yû)˛!ü

15. áyòƒ ¢,CˆÏ°Ó˚ ~Ü˛!ê˛ áyòƒhflÏÓ˚ ˆÌˆÏÜ˛ ˛õÓ˚Óï≈˛# áyòƒhflÏˆÏÓ˚ ≤ÃÓy!•ï˛ •Î˚ Îy•yÈÙÙÙÈ

(a) ˆöê˛ ˆ≤Ãyí˛yÜ˛¢ˆÏöÓ˚ §¡õ)î≈ xÇ¢ (b) ˆöê˛ ˆ≤Ãyí˛yÜ˛¢ˆÏöÓ˚ xyÇ!¢Ü˛

(c) @ˇÃ§ ˆ≤Ãyí˛yÜ˛¢ˆÏöÓ˚ §¡õ)î≈ xÇ¢ (d) @ˇÃ§ ˆ≤Ãyí˛yÜ˛¢ˆÏöÓ˚ xyÇ!¢Ü˛

II. §Ç!«˛Æ ≤ÃŸ¿yÓ°# É

1. Óy›ï˛ˆÏsfÓ˚ §ÇK˛y !°á%ö–

2. Óy›ï˛ˆÏsfÓ˚ ˜çÓ ~ÓÇ x˜ÏçÓ í˛z˛õyòyöà%!°Ó˚ öyü !°á%ö–
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3. áyòƒ ¢,C° Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚⁄

4. áyòƒ çy!°Ü˛y !Ü˛⁄

5. Óy›ï˛ˆÏsf ¢!=˛ ≤ÃÓyˆÏ•Ó˚ ˛õÌ ˆÜ˛üö ï˛y !°á%ö–

6. Óy›ï˛ˆÏsf ¢!=˛ ≤ÃÓyˆÏ•Ó˚ ≤Ãôyö ò%•z!ê˛ ö:y !Ü˛ !Ü˛⁄

7. ò%•z!ê˛ fiÌ°ç ~ÓÇ ò%•z!ê˛ ç°ç Óy›ï˛ˆÏsfÓ˚ öyü !°á%ö–

8. !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ ˆöyöy çˆÏ°Ó˚ Óy›ï˛ˆÏsfÓ˚ öyü !°á%ö–

9. ï,˛îˆÏû˛yç# áyòƒ¢,C° !Ü˛⁄

10.˛ ü,ï˛ˆÏû˛yç# áyòƒ¢,C° !Ü˛⁄

11. ò%•z!ê˛ ≤ÃyÜ,˛!ï˛Ü˛ ~ÓÇ ò%•z!ê˛ üö%£Ïƒ§,T˛ Óy›ï˛ˆÏsfÓ˚ í˛zòy•Ó˚î !òö–

12. ˆüày Óy›ï˛sfñ ˆüˆÏ§y Óy›ï˛sf ~ÓÇ üy•zˆÏÜ ˛y Óy›ï˛ˆÏsfÓ˚ ~Ü˛!ê˛ Ü˛ˆÏÓ˚ í˛zòy•Ó˚î !òö–

13. Óy›ï˛ˆÏsf ≤ÃyÌ!üÜ˛ í˛zÍ˛õyòˆÏÜ˛Ó˚ ò%•z!ê˛ à%Ó˚%c !°á%ö–

14. Óy›ï˛ˆÏsf !ÓˆÏÎ˚yçÜ˛ÈÙÈ~Ó˚ ò%•z!ê˛ à%Ó˚%c !°á%ö–

15. Óöç Óy›ï˛ˆÏsf !Ó!û˛ß¨ ˆ◊î#Ó˚ áyòˆÏÜ˛Ó˚ ~Ü˛!ê˛ Ü˛ˆÏÓ˚ í˛zòy•Ó˚î !òö–

III. Ó˚ã˛öyôü≈# ≤ÃŸ¿ É

1. í˛zòy•Ó˚î§• Óy›ï˛ˆÏsfÓ˚ !Ó!û˛ß¨ í˛z˛õyòyöà%!°Ó˚ í˛zˆÏÕ‘á Ü˛Ó˚%ö–

2. !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ fl∫yò%çˆÏ°Ó˚ Óy›ï˛ˆÏsfÓ˚ §Ç!«˛Æ Óî≈öy !òö–

3. !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ ˆöyöyçˆÏ°Ó˚ Óy›ï˛ˆÏsfÓ˚ ò%!ê˛ Ü˛ˆÏÓ˚ ˜Ó!¢T˛ƒ !°á%ö–

4. !Ó!û˛ß¨ fiÌ°ç Óy›ï˛ˆÏsfÓ˚ §Ç!«˛Æ Óî≈öy !òö–

5. Óy›ï˛ˆÏsf ¢!=˛ ≤ÃÓyˆÏ• ï˛y˛õà!ï˛!ÓòƒyÓ˚ §)e ò%•z!ê˛ !ÓÓ,ï˛ Ü˛Ó˚%ö–

6. áyòƒ¢,CˆÏ° ¢!=˛Ó˚ fiÌyöyhsˇÓ˚î ò«˛ï˛y ~ÓÇ •z•yÓ˚ í˛z˛õyòyöà%!° §¡∫ˆÏrô xyˆÏ°yã˛öy Ü˛Ó˚%ö–

7. ¢!=˛ ≤ÃÓyˆÏ•Ó˚ ~Ü˛Ü˛ ≤Ãîy°# ö:y §ÇˆÏ«˛ˆÏ˛õ ˛Óî≈öy Ü˛Ó˚%ö–

8. ¢!=˛ ≤ÃÓyˆÏ•Ó˚ !mÈÙÈ≤Ãîy°# ö:y Óy ‘Y’ xyÜ,˛!ï˛Ó˚ ö:y §ÇˆÏ«˛ˆÏ˛õ ˛Óî≈öy Ü˛Ó˚%ö–
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2.7 í˛z_Ó˚üy°y (Answers)

I. Ó•% !öÓ≈yã˛ö# ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ :

≤ÃˆÏŸ¿Ó˚

§Çáƒy ı 1 2 3 4 5 6 7 8 9 10

í˛z_Ó˚ ı d b a d c b b c a d

≤ÃˆÏŸ¿Ó˚

§Çáƒy ı 11 12 13 14 15

í˛z_Ó˚ ı a b d d b

II. §Ç!«˛Æ ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5 6 7 8

xö%ˆÏFåÈò §Çáƒy ı 2.1 2.3 2.3.3 2.3.3 2.4.2 2.4.3 2.2 2.2

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 9 10 11 12 13 14 15

xö%ˆÏFåÈò §Çáƒy ı 2.3.3 2.3.3 2.2 2.2 2.3.2.1 2.3.2.3 2.3.2.2

III. Ó˚ã˛öyôü≈# ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5 6 7 8

xö%ˆÏFåÈò §Çáƒy ı 2.3 2.2(D) 2.2(E) 2.2(B) 2.4.1 2.4.1(iii) 2.4.3.1 2.4.3.2
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45

~Ü˛Ü˛–3 : ˛õ%!T ã˛Ü ˛ Óy ˛õ!Ó˚ˆÏ˛õy£ÏÜ˛ ã˛Ü ˛ SÜ˛yÓ≈ö ã˛Ü ˛ñ öy•zˆÏê˛ΔyˆÏçö ã˛Ü ˛

Ä ú˛§ú˛Ó˚y§ ã˛Ü ̨ Vñ ˜ç!ÓÜ˛ xyhsˇÉ§¡õÜ≈̨ ˛ [Nutrient cycling
(carbon, nitrogen and phosphorus cycles), biotic
interrelationship]

àë˛ö (Structure)

3.0 í˛zˆÏj¢ƒ (Objectives)

3.1 ≤ÃhflÏyÓöy Ä ôyÓ˚îy (Introduction and concept)

3.2 !Ó!û˛ß¨ ˛õ%!T˛ã˛Ü ˛ (Different Nutrient cycles)

3.2.1 Ü˛yÓ≈ö ã˛Ü ˛ (Carbon cycle)

3.2.2 öy•zˆÏê˛ΔyˆÏçö ã˛Ü ˛ (Nitrogen cycle)

3.2.3 ú˛§ú˛Ó˚y§ ã˛Ü ˛ (Phosphorus cycle)

3.3 ˜ç!ÓÜ˛ !üÌ!fl;Î˚y (Biotic interactions)

3.3.1 !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ xyhsˇÈÙÈ≤Ãçy!ï˛Î˚ !üÌ!fl;Î˚y (Intra specific interaction)

3.3.2 xyhsˇÓ˚ÈÙÈ≤Ãçy!ï˛Î˚ !üÌ!fl;Î˚y (Inter specific interactions)

3.4 §yÓ˚yÇ¢ (Summary)

3.5 ≤ÃŸ¿yÓ°# (Questions)

3.6 í˛z_Ó˚üy°y (Answers)

3.0 í˛zˆÏj¢ƒ (Objectives)

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xyüÓ˚y !ö¡¨!°!áï˛ !Ó£ÏÎ˚à%!° §¡∫ˆÏrô §üƒÜ˛ ôyÓ˚îy ˜ï˛!Ó˚ Ü˛Ó˚ˆÏï˛ ˛õyÓ˚Ó–

●●●●● ˛õ%!T˛ã˛Ü ˛ Óy ˛õ!Ó˚ˆÏ˛õy£ÏÜ˛ ã˛ˆÏÜ ˛Ó˚ ü)° ôyÓ˚îy–

●●●●● !Ó!û˛ß¨ ˛õ%!T˛ã˛Ü ˛à%!°Ó˚ ˜Ó!¢T˛ƒñ ˆû˛Ôï˛ Ä Ó˚y§yÎ˚!öÜ˛ ˛≤Ã!Ü ˛Î˚yà%!°Ó˚ ˛õÂô!ï˛–

●●●●● ~•z ˛õ%!T˛ã˛Ü ˛à%!°Ó˚ í˛z˛õÓ˚ !Ó!û˛ß¨ fl∫yô#öç#Ó# Ä !üˆÏÌyç#Ó# ÓƒyÜ˛ˆÏê˛!Ó˚Î˚yÓ˚ ≤Ãû˛yÓ–

●●●●● !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ ˜çÓ xyhsˇÉ§¡õÜ≈˛–

●●●●● xyhsˇ ~ÓÇ xyhsˇÓ˚ ≤Ãçy!ï˛Î˚ !üÌ!fl;Î˚yÓ˚ ≤Ãû˛yÓ–
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3.1 ≤ÃhflÏyÓöy Ä ôyÓ˚îy (Introduction and Co˛ncept)

ç#ÓˆÏÜ˛yˆÏ£ÏÓ˚ ˆ≤ÃyˆÏê˛y≤’yçˆÏüÓ˚ ˆüÔ!°Ü˛ í˛z˛õyòyöà%!° Ü˛yÓ≈öñ •y•zˆÏí»˛yˆÏçöñ öy•zˆÏê˛ΔyˆÏçöñ x!:ˆÏçöñ

ú˛§ú˛Ó˚y§ñ §y°ú˛yÓ˚ ≤Ãû,˛!ï˛ ç#ˆÏÓÓ˚y ≤Ãï˛ƒ«˛ Óy ˛õˆÏÓ˚y«˛û˛yˆÏÓ ˛õ!Ó˚ˆÏÓ¢ ˆÌˆÏÜ˛ §Ç@ˇÃ• Ü˛ˆÏÓ˚– !Ü˛v

˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ~•z í˛z˛õyòyö §ü)• Î%à Î%à ôˆÏÓ˚ x˛õ!Ó˚Ó!ï≈˛ï˛ ÌyˆÏÜ˛– ~•z í˛z˛õyòyö §ü)• §Ó≈òy•z ç#Ó Ä

˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ üˆÏôƒ ã˛Ü ˛yÜ˛yˆÏÓ˚ xyÓ!ï≈˛ï˛ •Î˚–

ˆ≤ÃyˆÏê˛y≤’yçˆÏüÓ˚ ˛≤Ãôyöï˛ü Ó˚y§yÎ˚!öÜ˛ í˛z˛õyòyö§ü)• ç#Óü[˛ˆÏ° !ö!ò≈T˛ ˛õˆÏÌ ˛õ!Ó˚ˆÏÓ¢ ˆÌˆÏÜ˛

˛õ%!T˛Ó˚)ˆÏ˛õ ç#ˆÏÓ ~ÓÇ ç#Ó ˆÌˆÏÜ˛ ˛õ!Ó˚ˆÏÓˆÏ¢ ã˛Ü ˛yÜ˛yˆÏÓ˚ xyÓ!ï≈˛ï˛ •Î˚– !Ó!û˛ß¨ Ó˚y§yÎ˚!öÜ˛ í˛z˛õyòyˆÏöÓ˚

~•z ã˛Ü ˛à%!°ˆÏÜ˛ ç#Ó û)˛ÈÙÈÓ˚y§yÎ˚!öÜ˛ ã˛Ü ˛ (Bio-geochemical cycle) ÓˆÏ°– !Ó!û˛ß¨ ˆÎÔàñ ˆüÔ° Óy

ü)°ˆÏÜ˛Ó˚ üyôƒˆÏü !Ó!û˛ß¨ x˜ÏçÓ í˛z˛õyòyö ≤Ãï˛ƒ«˛ Ä ˛õˆÏÓ˚y«˛û˛yˆÏÓ ˛õ%!T˛Ó˚)ˆÏ˛õ ç#ÓˆÏòˆÏ• ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚–

ç#ÓˆÏò• çyï˛ öyöy ˜çÓ ˛õòyÌ≈ ~ÓÇ ü,ï˛ ç#ÓˆÏò•yÇ¢ Óy ü,ï˛ ç#ÓˆÏò• ü,!_Ü˛yfiÌ öyöy xî%ç#Ó myÓ˚y

!ÓˆÏÎ˚y!çï˛ •ˆÏÎ˚ xyÓyÓ˚ §Ó˚° x˜ÏçÓ ˛õòyÌ≈ Ó˚)ˆÏ˛õ ˛õ!Ó˚ˆÏÓˆÏ¢ !ú˛ˆÏÓ˚ xyˆÏ§– ç#Ó Ä ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ üˆÏôƒ

˛õ%!T˛ ˛õòyˆÏÌ≈Ó˚ ~•z xyòyö ≤ÃòyöˆÏÜ˛ ˛õ%!T˛ ã˛Ü ˛ ÓˆÏ°– ÎyÓ˚ ú˛ˆÏ° Óy›ï˛ˆÏsf à!ï˛üÎ˚ï˛y Ä û˛yÓ˚§yüƒ í˛zû˛Î˚•z

ÓçyÎ˚ ÌyˆÏÜ˛–

3.2 !Ó!û˛ß¨ ˛õ%!T˛ã˛Ü ˛ (Different Nutrient Cycles)

˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ öyöy ˛õ%!T˛ Ó˚y§yÎ˚!öÜ˛ ã˛Ü ˛à%!°Ó˚ üˆÏôƒ Ü˛yÓ≈öã˛Ü ˛ñ öy•zˆÏê˛ΔyˆÏçö ã˛Ü ˛ñ x!:ˆÏçö ã˛Ü ˛ñ

ú˛§ú˛Ó˚y§ ã˛Ü ˛ñ §y°ú˛yÓ˚ ã˛Ü ˛ !ÓˆÏ¢£Ï í˛zˆÏÕ‘áˆÏÎyàƒ–

~•z §Ü˛° ã˛Ü ˛ˆÏÜ˛ ≤Ãôyöï˛ ò%•z û˛yˆÏà !Óû˛=˛ Ü˛Ó˚y •Î˚ÈÙÙÙÈ

(a) àƒy§#Î˚ ã˛Ü ˛ (Gaseous cycle) : ~•z ã˛ˆÏÜ ˛Ó˚ üôƒˆÏü àƒy§#Î˚ í˛z˛õyòyöà%!°Ó˚ xyÓï≈˛ö âˆÏê˛–

ÓyÎ˚%ü[˛° ~ÓÇ ç°ü[˛° §Ü˛° àƒy§#Î˚ ˛õòyˆÏÌ≈Ó˚ ≤Ãôyö û˛y[˛yÓ˚– í˛zòy•Ó˚îÈÙÙÙÈC, N, O ã˛Ü ˛ ≤Ãû,˛!ï˛–

(b) ˛õy°!°Ü˛ ã˛Ü ˛ (Sedimentary cycle) : ˆÎ §Ü˛° ˛õòyˆÏÌ≈Ó˚ ≤Ãôyö û˛y[˛yÓ˚ ˛¢#°y Ä üy!ê˛

xÌ≈yÍ !°ˆÏÌyfl≥˛#Î˚yÓ˚ ˆ§•z §Ü˛° ˛õòyˆÏÌ≈Ó˚ ã˛Ü ˛yÜ˛yÓ˚ xyÓï≈˛ö•z •° ˛õy°!°Ü˛ ã˛Ü ˛– í˛zòy•Ó˚îÈÙÙÙÈP, S ã˛Ü ˛

≤Ãû,˛!ï˛–

˜çÓû)˛Ó˚y§yÎ˚!öÜ˛ ã˛ˆÏÜ ˛Ó˚ ˜Ó!¢T˛ƒ (Characteristics of biogeochemical cycle) :
1. ˛õ!Ó˚ˆÏÓ¢ ˆÌˆÏÜ˛ ç#ÓˆÏòˆÏ• à,•#ï˛ §Ü˛° §Ó˚°yÜ˛yÓ˚ ˛õ!Ó˚ˆÏ˛õy£ÏÜ˛ ˆüÔ°à%!°Ó˚ ≤Ãôyö í˛zÍ§ xŸ¬ü[˛°

(Lithosphere), ÓyÎ˚%ü[˛° (Atmosphere) ~ÓÇ ç°ü[˛° (Hydrosphere)– ˆÎáyˆÏö •z•yÓ˚y !ï˛ö!ê˛

˛õ,ÌÜ˛ Ó˚)ˆÏ˛õ §!M˛ï˛ ÌyˆÏÜ˛–

2. §Ü˛° àƒy§#Î˚ ã˛ˆÏÜ ˛Ó˚ SˆÎüö C, N, O •zï˛ƒy!òÓ˚V ≤Ãôyö û˛y[˛yÓ˚ ç°ü[˛° Ä ÓyÎ˚%ü[˛° ~ÓÇ

§Ü˛° ˛õy°!°Ü˛ ã˛ˆÏÜ ˛Ó˚ (sedimentary cycle ˛ˆÎüö P, S •zï˛ƒy!òV ≤Ãôyö û˛y[˛yÓ˚ !¢°y Ä üy!ê˛–
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3. xyÓyÓ˚ !Ó!û˛ß¨ ç°ç ç#Ó Ü˛ï,,≈˛Ü˛ à,•#ï˛ çˆÏ°Ó˚ í˛zÍ§ ç°ü[˛°– fiÌ°ç ç#ˆÏÓÓ˚ çˆÏ°Ó˚ í˛zÍ§

xŸ¬ü[˛ˆÏ°Ó˚ !¢°y Ä üy!ê˛ üôƒfiÌ ˜Ü˛!¢Ü˛ Óy Ü˛ƒy!˛õ°yÓ˚# ç°– !Ü˛å%È fiÌ°ç Ä ˛õÓ˚y◊Î˚# í˛z!qòÈÙÙÙÈ~Ó˚

çˆÏ°Ó˚ í˛zÍ§ •° ÓyÎ˚%ü[˛ˆÏ°Ó˚ ç°#Î˚Óy‹õ–

4. ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ öyöy x˜ÏçÓ ˆüÔ° Óy ˆÎÔà !Ó!û˛ß¨ ˆû˛Ôï˛ ~ÓÇ Ó˚y§yÎ˚!öÜ˛ ≤Ã!Ü ˛Î˚yÓ˚ üyôƒˆÏü

ç#ÓˆÏòˆÏ• @ˇÃ•îˆÏÎyàƒ xÓfiÌyÎ˚ Ó˚)˛õyhsˇ!Ó˚ï˛ •ˆÏÎ˚ ç#ÓˆÏòˆÏ• ˛õ!Ó˚ˆÏ˛õy£ÏÜ˛ Ó˚)ˆÏ˛õ (nutrient) ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚–

Îy•yÓ˚ xÇ¢!ÓˆÏ¢£Ï öyöy !Ó˛õyÜ˛ !Ü ˛Î˚yÓ˚ üyôƒˆÏü ˆ≤ÃyˆÏê˛y≤’yçˆÏüÓ˚ í˛z˛õyòyˆÏö Ó˚)˛õyhsˇ!Ó˚ï˛ •Î˚– •z•y ç#ˆÏÓÓ˚

öyöy ¢yÓ˚#Ó˚Ó,_#Î˚ ~ÓÇ ¢yÓ˚#!Ó˚Ü˛ !Ü ˛Î˚yÎ˚ñ ˜ò!•Ü˛ Ó,!Âô Ä çöˆÏö ÓƒÓ•,ï˛ •Î˚–

5. ˆò• ˆÌˆÏÜ˛ !ö‹Ò!£Ïï˛ Óç≈ƒ ˛õòyÌ≈ñ ˆÓ˚ã˛ö ˛õòyÌ≈ñ ˛õ!Ó˚ï˛ƒ=˛ ˆò•yÇ¢ Ä ü,ï%˛ƒ ˛õÓ˚Óï≈˛# ˆò• ˛õã˛ö

≤Ã!Ü ˛Î˚yÓ˚ üyôƒˆÏü öyöy xö%ç#Ó myÓ˚y !ÓˆÏÎ˚y!çï˛ •ˆÏÎ˚ xyÓyÓ˚ §Ó˚° x˜ÏçÓ xî% Ó˚)ˆÏ˛õ ˛õ!Ó˚ˆÏÓˆÏ¢ !ú˛ˆÏÓ˚

xyˆÏ§– ~•zû˛yˆÏÓ ≤Ã!ï˛!ê˛ ˜çÓÈÙÈû)˛Ó˚y§yÎ˚!öÜ˛ ã˛Ü ˛ §¡õ)î≈ •Î˚– ˛õ!Ó˚ˆÏÓ¢ Ä ç#ˆÏÓÓ˚ û˛yÓ˚§yüƒ Ó˚«˛y •Î˚

~ÓÇ Óy›ï˛ˆÏsfÓ˚ à!ï˛üÎ˚ï˛y ÓçyÎ˚ ÌyˆÏÜ˛–

!ã˛e 3.1 : ˜çÓ û)˛Ó˚y§yÎ˚!öÜ˛ ã˛ˆÏÜ ˛Ó˚ §yôyÓ˚î ö:y

í˛zÍ˛õyòö

í˛zÍ˛õyòö

˛õeˆÏüyã˛ö

xyû˛ƒhsˇÓ˚#î ã˛Ü ˛

!ÓˆÏÎ˚yçö‡á!öçÜ˛Ó˚î

û)˛!üç ˛õ%!T˛

ü,ï˛ ˜çÓ

˛õòyÌ≈

ˆüyê˛ ≤ÃyÌ!üÜ˛ í˛zÍ˛õyòö

Óy›ï˛sf

í˛z!qò Ü˛°yÎ˚

x!Aàû)˛ï˛

ÓyÎ˚%ü[˛°#Î˚ ˆÌˆÏÜ˛

!öˆÏÓ!¢ï˛ í˛z˛õyòyö

«˛!Î˚û)˛ï˛ !¢°y Ä á!öç

ˆÌˆÏÜ˛ !öˆÏÓ!¢ï˛ í˛z˛õyòyö
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!öˆÏ¡¨ Ü˛yÓ≈öã˛Ü ˛ñ öy•zˆÏê˛ΔyˆÏçö ã˛Ü ˛ñ ~ÓÇ ú˛§ú˛Ó˚y§ ã˛Ü ˛ xyˆÏ°yã˛öy Ü˛Ó˚y •°–

3.2.1 Ü˛yÓ≈ö ã˛Ü ˛ (Carbon Cycle)

ç#ÓˆÏòˆÏ•Ó˚ Ü˛yÓ≈ˆÏöÓ˚ ~Ü˛üye í˛zÍ§ •° CO2– Îy•y §Ó%ç í˛z!qò myÓ˚y ÓyÎ˚%ü[˛° !Ü˛ÇÓy ç°ü[˛°

ˆÌˆÏÜ˛ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ≤Ã!Ü ˛Î˚yÓ˚ myÓ˚y ˆ¢y!£Ïï˛ •Î˚– ~•z CO2 öyöy ˜çÓ ˆÎÔˆÏà xyÓÂô •Î˚– •z•y öyöy

áyòƒ çy°ˆÏÜ˛Ó˚ üôƒ !òˆÏÎ˚ §Ü˛° ˆ◊î#Ó˚ áyòˆÏÜ˛Ó˚ ˆòˆÏ• ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– ç#ˆÏÓÓ˚ Ÿª§öñ ˆò• !ö‹Ò!£Ïï˛ Óç≈ƒ

˛õòyˆÏÌ≈Ó˚ üyôƒˆÏü ~ÓÇ ï˛yˆÏòÓ˚ ü,ï˛ˆÏò• öyöy !ÓˆÏÎ˚yçÜ˛ myÓ˚y !ÓˆÏÎ˚y!çï˛ •ˆÏÎ˚ CO2 xyÓyÓ˚ ˛õ!Ó˚ˆÏÓˆÏ¢

!ú˛ˆÏÓ˚ ÎyÎ˚–

Ü˛yÓ≈ö ã˛Ü ˛ ≤Ãôyöï˛ ò%!ê˛ ˛õÎ≈yˆÏÎ˚ §¡õß¨ •Î˚ÈÙÙÙ

!ã˛e 3.2 : Ü˛yÓ≈ö ã˛Ü ˛ (Source : Smith & Smith, Ecology and Field Bilogy; Benjamin Cummings, 2001)
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A. ˛õ!Ó˚ˆÏÓ¢ ˆÌˆÏÜ˛ Ü˛yÓ≈öí˛y•z x:y•zˆÏí˛Ó˚ x˛õ§yÓ˚î (Removal of CO2 from the
environment) : Ü˛ï˛à%!° ≤Ã!Ü ˛Î˚yÓ˚ üyôƒˆÏü ˛õ!Ó˚ˆÏÓ¢ ˆÌˆÏÜ˛ CO2 xyÓÂô •Î˚ ÎyÓ˚ ú˛ˆÏ° CO2ÈÙÈ~Ó˚

üyey •…y§ ˛õyÎ˚È– ˆÎüöÈÙÙÙÈ

(a) §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÈÈÙÙÙÈ§Ó%ç í˛z!qò ÓyÎ˚%ü[˛° Ä Óy!Ó˚ü[˛ˆÏ°Ó˚ ü%=˛ CO2 §ÇˆÏŸ’£Ï Ü˛ˆÏÓ˚ Îy

˛õˆÏÓ˚ öyöy !Ó˛õyÜ˛!Ü ˛Î˚yÓ˚ myÓ˚y !Ó!û˛ß¨ ˜çÓ ˆÎÔˆÏà Ó˚)˛õyhsˇ!Ó˚ï˛ •Î˚ Ä ç#ÓˆÏòˆÏ• x!Aàû)˛ï˛

•Î˚–

(b) §yü%!oÜ˛ ≤Ãyî#Ó˚ ˆáy°Ü˛ àë˛öÈÈÙÙÙÈ§ü%ˆÏoÓ˚ x§Çáƒ ≤Ãçy!ï˛Ó˚ ¢yü%Ü˛ñ !é˛ö%Ü˛ ≤Ãû,˛!ï˛ ≤Ãyî#Ó˚y

çˆÏ° oÓ#û)˛ï˛ CO2 ˆ¢y£Ïî Ü˛ˆÏÓ˚ ï˛y Ü˛ƒy°!§Î˚yü Ü˛yÓ≈ˆÏöê˛ Ó˚)ˆÏ˛õ ï˛yˆÏòÓ˚ ˆáy°ˆÏÜ˛ çüy

Ü˛ˆÏÓ˚–

(c) ôyï˛Ó Ü˛yÓ≈ˆÏöê˛ í˛zÍ˛õyòöÈÈÙÙÙÈˆú˛”˛flõyÓ˚ çyï˛#Î˚ ˛õyÌÓ˚ñ ã%˛öy˛õyÌÓ˚ ÓyÎ˚%ü[˛ˆÏ°Ó˚ ü%=˛ CO2

ˆ¢y£Ïî Ü˛ˆÏÓ˚ ôyï˛Ó Ü˛yÓ≈ˆÏöê˛ ˜ï˛Ó˚# Ü˛ˆÏÓ˚–

(d) Óyï˛yˆÏ§Ó˚ CO2 Ó,!T˛Ó˚ çˆÏ°Ó˚ §ˆÏAà Ü˛yÓ≈!öÜ˛ xƒy!§í˛ (H2CO3) ˜ï˛Ó˚# Ü˛ˆÏÓ˚ Îy §ü%ˆÏoÓ˚

Ü˛ƒy°!§Î˚yˆÏüÓ˚ §ˆÏAà Î%=˛ •ˆÏÎ˚ Ü˛ƒy°!§Î˚yü Ü˛yÓ≈ˆÏöê˛ (CaCO3) ˜ï˛Ó˚# Ü˛ˆÏÓ˚–

B. ˛õ!Ó˚ˆÏÓˆÏ¢ ü%=˛ CO2 §ÇˆÏÎyçö (Addition of CO2 to the environment) ı !Ó!û˛ß¨

˛õÂô!ï˛ˆÏï˛ ˆüÔ° Ü˛yÓ≈ö CO2 Ó˚)ˆÏ˛õ ˛õ!Ó˚ˆÏÓ¢ §ÇˆÏÎy!çï˛ •Î˚ ˆÎüöÈÙÙÙÈ

(a) ç#ˆÏÓÓ˚ Ÿª§ö !Ü ˛Î˚yÓ˚ üyôƒˆÏü ç#ÓˆÏòˆÏ•Ó˚ §!M˛ï˛ áyòƒ O2 myÓ˚y !ÓˆÏÎ˚y!çï˛ •ˆÏÎ˚ CO2

í˛zÍ˛õß¨ •Î˚ ï˛y ˛õ!Ó˚ˆÏÓˆÏ¢ Î%=˛ •Î˚–

(b) ç#ÓˆÏò•çyï˛ §Ü˛° ˜çÓ ˛õòyÌ≈ Óy ç#ˆÏÓÓ˚ ü,ï˛ˆÏò• !Ó!û˛ß¨ xö%ç#Ó myÓ˚y !ÓˆÏÎ˚y!çï˛ •ˆÏÎ˚

CO2 í˛zÍ˛õß¨ •Î˚–

(c) í˛z£÷≤ÃflÀÓî ˆÌˆÏÜ˛ çˆÏ° oÓ#û)˛ï˛ CO2 !öà≈ï˛ •Î˚–

(d) ò•ö ≤Ã!Ü ˛Î˚y ı !¢“ Ü˛yÓ˚áyöy Óy ï˛y˛õ!Óò%ƒÍ í˛zÍ˛õyòˆÏöñ ˜òö!®ö à,•Ü˛yˆÏç ~ÓÇ

öàÓ˚ç#ÓˆÏöÓ˚ x˛õ!Ó˚•yÎ≈ çμy°yö# !•ˆÏ§ˆÏÓ Ü˛Î˚°yñ ˆ˛õˆÏê˛Δy!°Î˚yüñ !í˛ˆÏç°ñ Ü˛yë˛ •zï˛ƒy!ò

ÓƒÓ•yˆÏÓ˚ ≤Ãã%˛Ó˚ CO2 ˛õ!Ó˚ˆÏÓˆÏ¢ Î%=˛ •Î˚–

(e) !¢ˆÏ“yÍ˛õyòö ı öyöy !¢“çyï˛ oÓƒ í˛zÍ˛õyòö Ü˛áˆÏöy Ü˛ˆÏ¡∫yç çyï˛#Î˚ §yü%!oÜ˛ ≤Ãyî#Ó˚

ˆáy°Ü˛ ò•ö Ü˛ˆÏÓ˚ñ xyÓyÓ˚ Ü˛áˆÏöyÓy ˆú˛”˛flõyÓ˚ çyï˛#Î˚ ˛õyÌÓ˚ñ ã%˛öy˛õyÌÓ˚ •zï˛ƒy!òÓ˚ §ˆÏAà

xƒy!§ˆÏí˛Ó˚ !Ó!Ü ˛Î˚y âê˛yˆÏöy •Î˚ ÎyÓ˚ ú˛ˆÏ° ≤Ãã%˛Ó˚ CO2 !öà≈ï˛ •ˆÏÎ˚ Óyï˛yˆÏ§ Î%=˛ •Î˚– ~åÈyí˛¸yÄ

ˆÓÜ˛yÓ˚# Ä xƒy°ˆÏÜ˛y•° ˜ï˛Ó˚#Ó˚ Ü˛yÓ˚áyöy Óy ˆÓ ÄÎ˚Ó˚# !¢ˆÏ“Ä CO2 í˛zÍ˛õß¨ •Î˚–

Ü˛yÓ≈ö ã˛ˆÏÜ ˛Ó˚ üyôƒˆÏü ˛õ!Ó˚ˆÏÓˆÏ¢ Ü˛yÓ≈ˆÏöÓ˚ û˛yÓ˚§yüƒ ÓçyÎ˚ ÌyˆÏÜ˛– üyöÓ ü[˛° ~ÓÇ ≤ÃyÜ,˛!ï˛Ü˛

öyöy Ü˛yÓ˚ˆÏî ~•z û˛yÓ˚§yüƒ öT˛ •ˆÏ° ˛õ!Ó˚ˆÏÓˆÏ¢ ï˛yÓ˚ öyöy !Ó˛õIöÜ˛ ≤Ãû˛yÓ ˛õˆÏí˛¸– ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ í˛zß¨Î˚ö

ï˛yÓ˚ üˆÏôƒ §Óã˛y•zˆÏï˛ í˛zˆÏÕ‘áˆÏÎyàƒ–

3.2.2 öy•zˆÏê˛ΔyˆÏçö ã˛Ü ˛ (Nitrogen Cycle)
ç#ÓˆÏòˆÏ•Ó˚ xöƒï˛ü ≤Ãôyö í˛z˛õyòyö •° ˆ≤Ãy!ê˛ö Ä !öí˛z!Üœ˛Ü˛ xƒy!§í˛ (DNA Ä RNA) Îy•yˆÏòÓ˚

xöƒï˛ü ˆüÔ° í˛z˛õyòyö •° öy•zˆÏê˛ΔyˆÏçö– ÓyÎ˚%ü[˛ˆÏ° ¢ï˛Ü˛Ó˚y 77 û˛yˆÏàÓ˚ ˆÓ¢# öy•zˆÏê˛ΔyˆÏçö ÌyÜ˛y §ˆÏ_¥Ä
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!Ü˛å%È ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y ~ÓÇ ö#°yû˛ §Ó%ç ˜¢Óy° åÈyí˛¸y ˆÜ˛yö í˛z!qò Óy ≤Ãyî# ï˛y §Ó˚y§!Ó˚ @ˇÃ•î Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚

öy– í˛z!qˆÏòÓ˚y üy!ê˛Ó˚ oÓ ˆÌˆÏÜ˛ öy•zˆÏê˛Δê˛ ~Ó˚ ˆÎÔà !•ˆÏ§ˆÏÓ öy•zˆÏê˛ΔyˆÏçö @ˇÃ•î Ü˛ˆÏÓ˚– !¢¡∫çyï˛#Î˚ í˛z!qˆÏòÓ˚y

ï˛yˆÏòÓ˚ ü)ˆÏ°Ó˚ xÓ%≈ˆÏò xÓ!fiÌï˛ !üˆÏÌyç#Ó# (symbiotic) ÓƒyÜ˛ˆÏê˛!Ó˚Î˚yÓ˚ §y•yˆÏÎƒ ü,!_Ü˛y!fiÌï˛ öy•zˆÏê˛ΔyˆÏçö

@ˇÃ•î Ü˛ˆÏÓ˚– í˛z!qò ˆò• ˆÌˆÏÜ˛ áyòƒ ¢,C° Ä áyòƒçy°ˆÏÜ˛Ó˚ üyôƒˆÏü §ÇÓ!ôï˛ öy•zˆÏê˛ΔyˆÏçö ˆ≤Ãy!ê˛ö Ä

öyöy ˜çÓ ˆÎÔà !•ˆÏ§ˆÏÓ §Ü˛° áyòÜ˛ hflÏˆÏÓ˚ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– §Ü˛° ç#ÓˆÏò• !ö‹Òy!£Ïï˛ öyöy ˜çÓ ˛õòyÌ≈

~ÓÇ ü,ï˛ ç#ÓˆÏòˆÏ•Ó˚ ˛õã˛ˆÏöÓ˚ üyôƒˆÏü öyöy ç!ê˛° öy•zˆÏê˛ΔyˆÏçö â!ê˛ï˛ ˆÎÔà §ü)• !ÓˆÏÎ˚y!çï˛ •ˆÏÎ˚ xyÓyÓ˚

§Ó˚° xyÜ˛yˆÏÓ˚ ˛õ!Ó˚ˆÏÓˆÏ¢ ~ÓÇ ÓyÎ˚%ü[˛ˆÏ° !ú˛ˆÏÓ˚ ÎyÎ˚– ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ öy•zˆÏçyˆÏê˛ö Î%=˛ öy•zˆÏê˛Δê˛ öyöy x˜ÏçÓ

ˆÎÔˆÏàÓ˚ üyôƒˆÏü ç#ÓˆÏòˆÏ• ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– ˆ§áyˆÏö !Ó!û˛ß¨ !Ó˛õyÜ˛ !Ü ˛Î˚yÓ˚ üyôƒˆÏü öyöy ç!ê˛° ˜çÓ ˆÎÔà

àë˛ö Ü˛ˆÏÓ˚– ï˛y•y !Ó!û˛ß¨ ç#ÓˆÏòˆÏ• fiÌyöyhsˇ!Ó˚ï˛ •Î˚– ü,ï˛ ç#ÓˆÏò•fiÌ ˆ§•z ˜çÓ ˆÎÔà §ü)• !ÓˆÏÎ˚y!çï˛

•ˆÏÎ˚ xyÓyÓ˚ öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ x˜ÏçÓ ˆÎÔà Óy ü%=˛ öy•zˆÏê˛ΔyˆÏçö Ó˚)ˆÏ˛õ ˛õ!Ó˚ˆÏÓˆÏ¢ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– ôyÓ˚yÓy!•Ü˛

~•z ã˛Ü ˛yÜ˛yÓ˚ ˛õÂô!ï˛ˆÏÜ˛•z öy•zˆÏê˛ΔyˆÏçö ã˛Ü ˛ ÓˆÏ° S!ã˛e 3.3V–

!ã˛e 3.3 : öy•zˆÏê˛ΔyˆÏçö ã˛Ü ˛ (Source : Smith & Smith, Ecology and Field Bilogy; Benjamin Cummings, 2001)

NO3
ÓL˛õyï˛ myÓ˚y §ÇÓrôö

xyˆÏ@¿Î˚!à!Ó˚Ó˚

x@¿%ƒÍ˛õyï˛

N2 §ÇÓrôöÜ˛yÓ˚#

ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y Sü)°ÈÙÈ~Ó˚ xÓ%≈òV

N2   §ÇÓrôöÜ˛yÓ˚#
ö#°yû˛ §Ó%ç

˜¢Óy°
!í˛öy•z!ê˛Δú˛y!Î˚Ç

ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y

üy!ê˛ Ä çˆÏ°

xƒyˆÏüy!öÎ˚y §ÇˆÏÎyçö

NO2
öy•zˆÏê˛Δê˛ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y myÓ˚y

NO3
öy•zê˛Δy•zê˛ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y myÓ˚y

«˛Î˚#û˛Óö

Sàû˛#Ó˚

§yü%!oÜ˛

˛õ!° §M˛Î˚V

xàû˛#Ó˚ §yü%!oÜ˛

˛õ!° §M˛Î˚

N2 §ÇÓrôöÜ˛yÓ˚#

ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y Sü,!_Ü˛yV

ü,ï%˛ƒ

≤Ãyî#Ó˚ ˆÓ˚ã˛ö

•zí˛z!Ó˚Î˚y

!ÓˆÏÎ˚yçÜ˛

ÓƒyÜ˛̂ Ïê !̨Ó̊Î̊y

ü,!_Ü˛y ÓƒyˆÏQy!Ó˚Î˚y

myÓ˚y öy•z!ê˛Δ!ú˛ˆÏÜ˛¢ö

í˛z!qò myÓ˚y ˆ¢y£Ïî
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öy•zˆÏê˛ΔyˆÏçö ã˛ˆÏÜ ˛Ó˚ ≤Ãôyö ò%•z!ê˛ xÇ¢ (A) ≤ÃyÜ,˛!ï˛Ü˛ öy•zˆÏê˛ΔyˆÏçö §ÇÓrôö ~ÓÇ (B) §ÇÓ!rôï˛˛

öy•zˆÏê˛ΔyˆÏçö ˆÎÔˆÏàÓ˚ !ÓˆÏÎ˚yçö–

A. ≤ÃyÜ,˛!ï˛Ü˛ öy•zˆÏê˛ΔyˆÏçö §ÇÓrôö (Natural Nitrogen Fixation) : ~•z ≤Ã!Ü ˛Î˚yÎ˚ ÓyÎ˚%Ó˚

ü%=˛ öy•zˆÏê˛ΔyˆÏçö öyöy §Ó˚° x˜ÏçÓ ˆÎÔàÓ˚)ˆÏ˛õ ˛õ!Ó˚ˆÏÓ¢ Ä ç#ÓˆÏòˆÏ• xyÓÂô •Î˚– •z•y !öˆÏ¡¨y=˛ í˛z˛õyˆÏÎ˚

â Ï̂ê˛ÈÙÙÙÈ

1. ÓyÎ˚Ó#Î˚ öy•zˆÏê˛ΔyˆÏçö §ÇÓrôö (Atmospheric Nitrogen Fixation) : ÓL˛õyˆÏï˛Ó˚ í˛zFã˛

!Óû˛ˆÏÓ (high voltage) ÓyÎ˚%ü[˛ˆÏ°Ó˚ öy•zˆÏê˛ΔyˆÏçö x!:ˆÏçˆÏöÓ˚ §ˆÏAà Î%=˛ •ˆÏÎ˚ öy•z!ê˛ΔÜ˛ x:y•zí˛ (NO)
~ÓÇ öy•zˆÏê˛ΔyˆÏçöí˛y•z x:y•zí˛ (NO2) í˛zÍ˛õß¨ Ü˛ˆÏÓ˚–

N2 + O2 = 2NO

2NO + O2 = 2NO2

~Ü˛•z §üˆÏÎ˚ öy•zˆÏê˛ΔyˆÏçö Ä •y•zˆÏí»˛yˆÏçö !ü!°ï˛ •ˆÏÎ˚ xƒyˆÏüy!öÎ˚y (NH3) ˜ï˛Ó˚# Ü˛ˆÏÓ˚–

3N2 + 6H2O  4NH3 + 2NO2

~•z NO2 Ó,!T˛Ó˚ ç° Óy ç°#Î˚ Óy‹õÓ˚ §ˆÏAà !Ó!Ü ˛Î˚yÎ˚ öy•zê˛Δy§ xƒy!§í˛ Ä öy•z!ê˛ΔÜ˛ xƒy!§ˆÏí˛

Ó˚)˛õyhsˇ!Ó˚ï˛ •ˆÏÎ˚ üy!ê˛ˆÏï˛ ˛õy!ï˛ï˛ •Î˚–

2NO2 + H2O  HNO2 + HNO3

öy•zê˛Δy§ Ä öy•z!ê˛ΔÜ˛ xƒy!§í˛ñ NO3 ~ÓÇ xƒyˆÏüy!öÎ˚y üy!ê˛Ó˚ á!öç °ÓˆÏîÓ˚ SˆÎüö K, Ca •zï˛ƒy!òÓ˚

°ÓîV §ˆÏAà Î%=˛ •ˆÏÎ˚ öy•zˆÏê˛Δê˛ ~ÓÇ xƒyˆÏüy!öÎ˚y à!ë˛ï˛ ˆÎÔà ˜ï˛Ó˚# Ü˛ˆÏÓ˚ Îy §Ó%ç í˛z!qòˆÏòˆÏ• ≤ÃˆÏÓ¢

Ü˛ˆÏÓ˚ ~ÓÇ öyöy !Ó!Ü ˛Î˚yÓ˚ üyôƒˆÏü öy•zˆÏê˛ΔyˆÏçö â!ê˛ï˛ öyöy ò#â≈ ˜çÓ xî% §ÇˆÏŸ’£Ï Ü˛ˆÏÓ˚ (macro
biomolecules synthesis)–

2. ˜çÓ öy•zˆÏê˛ΔyˆÏçö §ÇÓrôö (Biological Nitrogen Fixation) : ~ˆÏ«˛ˆÏe !Ü˛å%È fl∫yô#öç#Ó#

ÓƒyÜ‰̨ Ï̂ê˛!Ó˚Î˚y ˆÎüö Üœ̨ §!ê Δ̨!í˛Î˚yü (Clostridium) xƒy Ï̂çy Ï̂ê˛yÓƒyÜ˛ê˛yÓ˚ (Azotobactor) •zï˛ƒy!òñ !ü Ï̂Ìyç#Ó#

ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y ˆÎüö Ó˚y•zˆÏçy!ÓÎ˚yü (Rhizobium), ö#°yû˛ §Ó%ç ˜¢Óy° ˆÎüö xƒyöy!Óöy (Anabaena),
öfiê˛Ü˛ (Nostoc) ≤Ãû,˛!ï˛ ï˛yˆÏòÓ˚ ˆÜ˛y£ÏfiÌ !ÓˆÏ¢£Ï í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ (Nitrogenase) §y•yˆÏÎƒ ÓyÎ˚%Ó˚ ü%=˛

N2 ï˛yˆÏòÓ˚ ˆÜ˛y£Ïyû˛ƒhsˇˆÏÓ˚ xƒyˆÏüy!öÎ˚yÎ˚ xyÓÂô Ü˛ˆÏÓ˚– §Ü˛° xö%ç#ˆÏÓÓ˚ ü,ï˛ ˆÜ˛y£Ï ˆÌˆÏÜ˛•z üy!ê˛ˆÏï˛

öy•zˆÏê˛ΔyˆÏçö §!M˛ï˛ •Î˚– üy!ê˛ˆÏï˛ §!M˛ï˛ xƒyˆÏüy!öÎ˚y öy•zˆÏê˛ΔyˆÏ§yˆÏüyöy§ (Nitrosomonas) ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y

myÓ˚y çy!Ó˚ï˛ •ˆÏÎ˚ öy•zê˛Δy•zê˛ÈÙÈ~ ~ÓÇ ˛õÓ˚Óï≈˛#ˆÏï˛ öy•zˆÏê˛ΔyÓƒyÜ˛ê˛yÓ˚ (Nitrobacter) myÓ˚y öy•zˆÏê˛ΔˆÏê˛ ˛õ!Ó˚îï˛

•Î˚–
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2
60 kcalN 2N       

2N + 3H2  2NH3 + 13 K cal

3 2 2 22NH 3O 2NO 2H O 2H             
ïïïïïïïïïïï

ïïïïïïïïïïïïïïïïïïïïïï

2 2 32NO O 2NO         
ïïïïïïïïïïïïïïïïïïï

x!:ˆÏçˆÏöÓ˚ í˛z˛õ!fiÌ!ï˛ˆÏï˛ xƒyˆÏüy!öÎ˚y !Ü˛ÇÓy öy•zê˛Δy•zê˛ (NH3 or NO2
–) ˆÌˆÏÜ˛ öy•zˆÏê˛Δê˛§

(NO3
–) Ó˚)˛õyhsˇÓ˚ ~Ó˚ ≤Ã!Ü ˛Î˚yˆÏÜ˛ öy•z!ê˛Δ!ú˛ˆÏÜ˛¢ö (Nitrification) ÓˆÏ°–

í˛z!qˆÏòÓ˚y üy!ê˛ ˆÌˆÏÜ˛ ˆÜ˛Ó°üye öy•zˆÏê˛Δê˛ °Óî ˆ¢y£Ïî Ü˛ˆÏÓ˚ !öˆÏçˆÏòÓ˚ !Ó˛õyÜ˛ !Ü ˛Î˚y §¡õß¨ Ü˛ˆÏÓ˚–

öy•zˆÏê˛ΔyˆÏçöÈÙÈ~Ó˚ öyöy ˜çÓ ˆÎÔà §ÇÓÂô Ä §M˛Î˚ Ü˛ˆÏÓ˚ Îy ˛õÓ˚Óï≈˛#ˆÏï˛ áyòƒ ¢,CˆÏ°Ó˚ üyôƒˆÏü §Ü˛°

˛õÓ˚ˆÏû˛yç# ç#ˆÏÓÓ˚ ¢Ó˚#ˆÏÓ˚ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚–

3. !¢“çyï˛ öy•zˆÏê˛ΔyˆÏçö §ÇÓrôö (Industrial Nitrogen Fixation) : !Ó!û˛ß¨ §yÓ˚ Ü˛yÓ˚áyöyÎ˚

(Fertilizer industry)ÈÙÈˆï˛ öy•zˆÏê˛ΔyˆÏçö â!ê˛ï˛ §yÓ˚ ˆÎüöÈÙÙÙÈ•zí˛z!Ó˚Î˚yñ xƒyˆÏüy!öÎ˚y •zï˛ƒy!ò ≤Ã›ï˛ Ü˛Ó˚y

•Î˚ Îy Ü,˛!£ÏˆÏ«˛ˆÏe åÈí˛¸yˆÏöy •Î˚– ú˛ˆÏ° üy!ê˛ˆÏï˛ í˛z!qˆÏòÓ˚ @ˇÃ•îˆÏÎyàƒ öy•zˆÏê˛ΔyˆÏçöÈÙÈ~Ó˚ ˛õ!Ó˚üyî Ó,!Âô ˛õyÎ˚–

~•z §Ü˛° Ü˛yÓ˚áyöyÓ˚ Óç≈ƒ ˛õòyÌ≈Ä öò#ÈÙÈöy°y Óy!•ï˛ •ˆÏÎ˚ üy!ê˛ˆÏï˛ Óy ö#ã%˛ ç!üˆÏï˛ ˆüˆÏ¢–

4. üy!ê˛Ó˚ öy•zˆÏê˛ΔyˆÏçö ç#ÓˆÏòˆÏ• ≤ÃˆÏÓ¢ ı í˛z!qòÓ˚y üy!ê˛ ˆÌˆÏÜ˛ öy•zˆÏê˛Δê˛ °Óî ˆ¢y£Ïî Ü˛ˆÏÓ˚

!öˆÏçˆÏòÓ˚ ˆòˆÏ• öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ ã˛y!•òy !üê˛yÎ˚ Ä öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ öyöy ç!ê˛° xî% (complex molecule)
˜ï˛Ó˚# Ü˛ˆÏÓ˚–

B. §ÇÓ!rôï˛ öy•zˆÏê˛ΔyˆÏçö ˆÎÔˆÏàÓ˚ !ÓˆÏÎ˚yçö (Break down of bound Nitrogen
compounds) :

1. ç#ÓˆÏò• ˆÌˆÏÜ˛ öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ üy!ê˛ˆÏï˛ ˛õ%öÉ≤ÃˆÏÓ¢ ı ≤Ãyî#ˆÏòÓ˚ ˆÓ˚ã˛ö ˛õòyÌ≈ ~ÓÇ ü,ï˛ í˛z!qò

Ä ≤Ãyî#ˆÏòˆÏ•Ó˚ öy•zˆÏê˛ΔyˆÏçö ˆÎÔàà%!° !Ó!û˛ß¨ !ÓˆÏÎ˚yçÜ˛ myÓ˚y ˛õÓ˚˛õÓ˚ xƒyˆÏüy!öÎ˚yñ öy•zê˛Δy•zê˛ ~ÓÇ öy•zˆÏê˛Δê˛

ˆÎÔˆÏà !ÓˆÏÎ˚y!çï˛ •Î˚–

2. xƒyˆÏüy!ö!ú˛ˆÏÜ˛¢ö ı ~•z ≤Ã!Ü ˛Î˚yÎ˚ ü,ï˛ ç#ÓˆÏòˆÏ•Ó˚ öyöy öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ ˆÎÔà !Óçy!Ó˚ï˛ •ˆÏÎ˚

xƒyˆÏüy!öÎ˚yÎ˚ Ó˚)˛õyhsˇ!Ó˚ï˛ •Î˚–

ˆ≤Ãy!ê˛ö  xƒyüy•zˆÏöy xƒy!§í˛  •zí˛z!Ó˚Î˚y xƒyˆÏüy!öÎ˚y
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~åÈyí˛¸y öy•zˆÏê˛Δê˛ ˆÎÔà ˛õÎ≈yÎ˚Ü ˛ˆÏü !ÓçyÓ˚ˆÏöÓ˚ üyôƒˆÏü xƒyˆÏüy!öÎ˚yÎ˚ Ó˚)˛õyhsˇ!Ó˚ï˛ •Î˚ÈÙÙÙÈ

NO3
– Söy•zˆÏê˛Δê˛V  NO2

– Söy•zê˛Δy•zê˛V  H2N–NO2 S•y•zˆÏ˛õyöy•zê˛Δy§ xƒy!§í˛V

 NH2OH S•y•zí»˛!:° xƒyüy•zöV → NH3 SxƒyˆÏüy!öÎ˚yV

xy!¡‘Ü˛ ˛õ!Ó˚ˆÏÓˆÏ¢ xƒyˆÏüy!öÎ˚y xƒyˆÏüy!öÎ˚yü xyÎ˚ˆÏö Ó˚)˛õyhsˇ!Ó˚ï˛ •Î˚–

3 2 4NH H O NH OH     

NO3
–  

ˆ≤Ãy!ê˛ö  NH3  NH4
+

•zí˛z!Ó˚Î˚y 

Óƒy!§°y§ û%˛°àƒy!Ó˚§ (Bacillus Vulgaris), !Ó. Ó˚ƒyˆÏüy§y§ (B. ramosus), !Ó. üy•zˆÏÜ˛y•z!í˛§

(B. micoides) ≤Ãû,˛!ï˛ xƒyˆÏüy!öú˛y•zÇ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y–

3. öy•z!ê˛Δ!ú˛ˆÏÜ˛¢ö (Nitrification) : ~•z ˛õÂô!ï˛ˆÏï˛ !Ó£Ïy=˛ xƒyˆÏüy!öÎ˚y àƒy§ öy•zˆÏê˛Δê˛ °ÓˆÏî

çy!Ó˚ï˛ •ˆÏÎ˚ üy!ê˛Ó˚ í˛zÓ≈Ó˚ï˛y Ó,!Âô Ü˛ˆÏÓ˚– öy•z!ê˛Δ!ú˛ˆÏÜ˛¢ö ~Ó˚ Ó˚y§yÎ˚!öÜ˛ !Ó!Ü ˛Î˚y !ö¡¨Ó˚)˛õ–

2 2 242NH 3O 2NO 4H 2H ONitrosomonas              

2 2 32NO O 2NO          Nitrobacter

4. öy•zˆÏê˛ΔyˆÏçö ˆüyã˛ö Óy !í˛öy•z!ê˛Δ!ú˛ˆÏÜ˛¢ö (Release of nitrogen or denitrification) :
~•z ˛õÂô!ï˛ˆÏï˛ !Ó!û˛ß¨ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y üy!ê˛Ó˚ öy•zˆÏê˛Δê˛ Ä öy•zê˛Δy•zê˛ ˆÎÔà Ü ˛üyàï˛ !Óçy!Ó˚ï˛ Ü˛ˆÏÓ˚ ATP
§Ç@ˇÃ• Ü˛ˆÏÓ˚ ~ÓÇ ˆ§•z §ˆÏAà àƒy§#Î˚ öy•zˆÏê˛ΔyˆÏçö Î%=˛ Ü˛ˆÏÓ˚– •z•y ÓyÎ˚%ü[˛ˆÏ° Î%=˛ •Î˚–

3 2 2 2NO NO NO N O N            [ öy•zˆÏê˛ΔyˆÏçö ]

öy•zˆÏê˛Δê˛     öy•zê˛Δy•zê˛    öy•z!ê˛ΔÜ˛    öy•zê˛Δy§

                 x:y•zí˛   x:y•zí˛

ÌyˆÏÎ˚yÓƒy!§°y§ !í˛öy•z!ê˛Δ!ú˛Ü˛™ (Thiobacillus denitificans), !§í˛zˆÏí˛yˆÏüyöy§ ~Ó˚%!çˆÏöy§y

(Pseudomonas aeruginosa), üy•zˆÏÜ ˛yÜ˛§y§ sp. (Micrococcus sp.) ≤Ãû,˛!ï˛ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y ~•z

!í˛öy•zˆÏê˛Δy!ú˛ˆÏÜ˛¢ˆÏö §y•yÎƒ Ü˛ˆÏÓ˚–

~•z ã˛ˆÏÜ ˛Ó˚ üyôƒˆÏü ç#ÓˆÏòˆÏ•Ó˚ xöƒï˛ü í˛z˛õyòyö öy•zˆÏê˛ΔyˆÏçö Óy›ï˛ˆÏsfÓ˚ §Ü˛° ç#ˆÏÓÓ˚ x!hflÏcñ

Ó,!Âô ~ÓÇ ˜çÓ!öÜ˛ !Ü ˛Î˚yÜ˛ü≈ ~ÓÇ à!ï˛¢#°ï˛y ≤Ãï˛ƒ«˛ Óy ˛õˆÏÓ˚y«˛û˛yˆÏÓ ÓçyÎ˚ Ó˚yˆÏá–
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~•z ã˛ˆÏÜ ˛Ó˚ üyôƒˆÏü Î%àÎ%à ôˆÏÓ˚ ˛õ!Ó˚ˆÏÓ¢ ~ÓÇ ç#ÓçàˆÏï˛Ó˚ üˆÏôƒ öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ û˛yÓ˚§yüƒ ÓçyÎ˚

ÌyÜ˛ˆÏåÈ–

3.2.3 ú˛§ú˛Ó˚y§ ã˛Ü ˛ (Phosphorus cycle)

~•z ã˛ˆÏÜ ˛Ó˚ üyôƒˆÏü ˛õ!Ó˚ˆÏÓ¢ Ä ç#ÓˆÏòˆÏ•Ó˚ üˆÏôƒ ú˛§ú˛Ó˚y§ xyÓ!ï≈˛ï˛ •Î˚ ~ÓÇ ˛õ!Ó˚ˆÏÓˆÏ¢ ú˛§ú˛Ó˚y§

~Ó˚ üyey §yüƒ xÓfiÌyÎ˚ ÌyˆÏÜ˛– öy•zˆÏê˛ΔyˆÏçöñ x!:ˆÏçöñ •y•zˆÏí»˛yˆÏçö Ä Ü˛yÓ≈ˆÏöÓ˚ öƒyÎ˚ ú˛§ú˛Ó˚y§ Ä

ç#ÓˆÏòˆÏ•Ó˚ xöƒï˛ü x˛õ!Ó˚•yÎ≈ í˛z˛õyòyö– ç#ÓˆÏòˆÏ•Ó˚ §Ü˛° ˜Ó!¢ˆÏT˛Ó˚ ôyÓ˚Ü˛ Ä Óy•Ü˛ ~ÓÇ §Ü˛° ˜çÓ!öÜ˛

Ü˛ˆÏü≈Ó˚ !öÎ˚sfÜ˛ DNA ~Ó˚ xöƒï˛ü í˛z˛õyòyö– ~åÈyí˛¸yÄ RNA, ATP, ADP Ä !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚

ú˛§ˆÏú˛yÓ˚y•zˆÏ°ˆÏê˛í˛ ˆÎÔˆÏàÓ˚ í˛z˛õyòyö– •z•y òÑyï˛ Ä •yí˛¸ àë˛ˆÏö §y•yÎƒ Ü˛ˆÏÓ˚– •z•yÓ˚ ≤Ãôyö û˛y[˛yÓ˚ !¢°y

Ä üy!ê˛– •z•yÓ˚ ˆÜ˛yö àƒy§#Î˚ ò¢y ˆö•z– ï˛ˆÏÓ xˆÏöÜ˛ §üÎ˚ «%˛o «%˛o Ü˛îyÓ˚ xyÜ˛yˆÏÓ˚ ÓyÎ˚%ü[˛ˆÏ° §yü!Î˚Ü˛

û˛y§üyö ò¢yÎ˚ ú˛§ú˛Ó˚y§ ˆòáy ÎyÎ˚– ~åÈyí˛¸y ç°ü[˛ˆÏ°Ä !Ü˛å%È ˛õ!Ó˚üyî oÓ#û)˛ï˛ ú˛§ˆÏú˛ê˛ ˆÎÔà ÌyˆÏÜ˛–

~•z ã˛Ü ˛ xŸªü[˛°ñ ç°ü[˛° Ä ç#Óü[˛ˆÏ° !Ü ˛Î˚y¢#°– ≤ÃÜ,˛!ï˛ˆÏï˛ ú˛§ú˛Ó˚y§ ≤Ãôyöï˛ xˆÏÌ≈yú˛§ú˛Ó˚y§

(PO4)3– xyÎ˚öÓ˚)ˆÏ˛õ ÌyˆÏÜ˛– û)˛!ü«˛ˆÏÎ˚Ó˚ §üÎ˚ xoyÓ ú˛§ˆÏú˛ê˛ oyÓ ú˛§ˆÏú˛ˆÏê˛ Ó˚)˛õyhsˇ!Ó˚ï˛ •Î˚– ç° ≤ÃÓyˆÏ•Ó˚

§üÎ˚ üy!ê˛Ó˚ ú˛§ú˛Ó˚y§ §ü%ˆÏo !àˆÏÎ˚ ˆüˆÏ¢ ˆÎ Ü˛yÓ˚ˆÏî üy!ê˛Ó˚ ú˛§ˆÏú˛ê˛ ô#ˆÏÓ˚ ô#ˆÏÓ˚ Ü˛ˆÏü xyˆÏ§–

üy!ê˛ Ä !¢°yhflÏˆÏÓ˚ ú˛§ú˛Ó˚y§ öyöy x˜ÏçÓ ˆÎÔà Ó˚)ˆÏ˛õ oÓî#Î˚ xÓfiÌyÎ˚ ÌyˆÏÜ˛– §Ó%ç í˛z!qˆÏòÓ˚y

üy!ê˛ ˆÌˆÏÜ˛ x˜ÏçÓ ú˛§ˆÏú˛ê˛ §Ç@ˇÃ• Ü˛ˆÏÓ˚ Îy ˛õÓ˚Óï≈˛#Ü˛yˆÏ° áyˆÏòƒÓ˚ üyôƒˆÏü §Ü˛° ˛õÓ˚ˆÏû˛yç# áyòˆÏÜ˛Ó˚

¢Ó˚#ˆÏÓ˚ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– §Ü˛° ç#ÓˆÏòˆÏ• §Çà,•#ï˛ ú˛§ú˛Ó˚y§ öyöy !Ó˛õyÜ˛ !Ü ˛Î˚yÎ˚ ÓƒÓ•,ï˛ •Î˚ ÎyÓ˚ ú˛ˆÏ°

ï˛yˆÏòÓ˚ Ó,!Âô Ä öyöy ˜çÓ!öÜ˛ Ü˛yˆÏÎ≈ ÓƒÓ•,ï˛ •Î˚– ≤Ã!ï˛!ê˛ ç#ÓˆÏò• ˆÌˆÏÜ˛ !Ü˛å%È xÇ¢ Óç≈ƒ ˛õòyÌ≈ !•ˆÏ§ˆÏÓ

!ö‹Òy!¢ï˛ •Î˚– !Ü˛å%Èê˛y ˛õÓ˚Óï≈˛# ˆ◊î#Ó˚ áyòˆÏÜ˛Ó˚ ˆòˆÏ• áyòƒ !•ˆÏ§ˆÏÓ fiÌyöyhsˇ!Ó˚ï˛ •Î˚– ç#ÓˆÏòˆÏ• §ÇˆÏŸ’!£Ïï˛

ú˛§ú˛Ó˚yˆÏ§Ó˚ xÓ!¢T˛ !§Ç•û˛yà ü,ï˛ˆÏòˆÏ•Ó˚ üyôƒˆÏü ˜çÓ ú˛§ˆÏú˛ê˛ !•ˆÏ§ˆÏÓ ˛õ!Ó˚ˆÏÓˆÏ¢ !ú˛ˆÏÓ˚ xyˆÏ§–

§ü%ˆÏoÓ˚ çˆÏ°Ó˚ oÓ#û)˛ï˛ ú˛§ú˛Ó˚y§ §yü%!oÜ˛ üyˆÏåÈÓ˚ ˆòˆÏ• ˜çÓ ú˛§ˆÏú˛ê˛ Ó˚)ˆÏ˛õ çüy •Î˚– §yü%!oÜ˛

˛õy!áÓ˚y ˙ üyåÈ ˆáˆÏ° ï˛yˆÏòÓ˚ ˆòˆÏ• ˙ ú˛§ú˛Ó˚y§ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– ~•z §Ü˛° ˛õy!áÓ˚ !Ó¤˛yˆÏï˛ öy•zˆÏê˛ΔyˆÏçö

Ä ˛õê˛y!§Î˚yˆÏüÓ˚ §ˆÏAà ≤Ãã%˛Ó˚ ˛õ!Ó˚üyˆÏî ú˛§ˆÏú˛ê˛ ˆÎÔà ÌyˆÏÜ˛– ~ˆÏÜ˛ à%Î˚yˆÏöy (guano) ÓˆÏ°– Îy•y ˜çÓ

§yÓ˚ !•ˆÏ§ˆÏÓ ç!üˆÏï˛ ≤ÃˆÏÎ˚yà û˛#£Ïî Ü˛yÎ≈Ü˛Ó˚#–

üy!ê˛ˆÏï˛ Ó§Óy§Ü˛yÓ˚# !Ü˛å%È !ÓˆÏÎ˚yçÜ˛ xö%ç#Ó ≤Ãyî# Ä í˛z!qˆÏòÓ˚ ü,ï˛ˆÏò•ñ ü°ÈÙÈü)e ≤Ãû,˛!ï˛ˆÏÜ˛ ˛õ!ã˛ˆÏÎ˚

Óy !Ó Ï̂Î˚y!çï˛ Ü˛ Ï̂Ó˚ ˜çÓ ú˛§ Ï̂ú˛ê˛ ˆÌ Ï̂Ü˛ x Ï̃çÓ ú˛§ Ï̂ú˛ê˛ í z̨Í˛õß¨ Ü˛ Ï̂Ó˚– ~ Ï̂Ü˛ á!öçû˛Óö (mineralisation)
ÓˆÏ°– ~•z x˜ÏçÓ ú˛§ˆÏú˛ê˛ xyÓyÓ˚ üy!ê˛ Óy !¢°yˆÏï˛ çüy •Î˚ ˆÎáyö ˆÌˆÏÜ˛ í˛z!qˆÏòÓ˚y oÓ#û)˛ï˛ xÓfiÌyÎ˚

ˆ¢y£Ïî Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚– !ã˛e 3.4 ~ ú˛§ú˛Ó˚y§ ã˛Ü ˛ í˛z˛õfiÌy!˛õï˛ •ˆÏÎ˚ˆÏåÈ–
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3.3 ˜ç!ÓÜ˛ !üÌ!fl;Î˚y (Biotic interactions)

Óy›ï˛ˆÏsf ˆÜ˛yö ç#Ó ≤Ãçy!ï˛ Ü˛áˆÏöy•z ~Ü˛yÜ˛# Ó§Óy§ Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ öy– xÌ≈yÍ áyòƒ ¢,C° Óy

áyòƒçy°ˆÏÜ˛Ó˚ Óy•zˆÏÓ˚ ˆÜ˛yö ç#ˆÏÓÓ˚ x!hflÏc ˆö•z– ï˛y•z ˆÜ˛yö xM˛ˆÏ°Ó˚ Óy›ï˛ˆÏsf ˛xÓ!fiÌï˛ ç#Ó§Ü˛°

~Ü˛!ê˛ !ö!ò≈T˛ !öÎ˚ˆÏü ˛õÓ˚flõˆÏÓ˚Ó˚ §ˆÏAà ~Ü˛ Óy ~Ü˛y!ôÜ˛ ≤Ãï˛ƒ«˛ Óy ˛õˆÏÓ˚y«˛ §¡õˆÏÜ≈˛ xyÓÂô ÌyˆÏÜ˛

ÎyÓ˚ ú˛ˆÏ° ï˛yˆÏòÓ˚ !öˆÏçˆÏòÓ˚ üˆÏôƒ ~ÓÇ x˜ÏçÓ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ §ˆÏAà ~Ü˛!ê˛ ò#â≈fiÌyÎ˚# §üï˛y (long term
equilibrium) ˛àˆÏí˛¸ ÄˆÏë˛– ç#Ó ≤Ãçy!ï˛ §ü)ˆÏ•Ó˚ öyöy ¢yÓ˚#Ó˚Ó,!_Î˚ Ä ˜çÓ!öÜ˛ !Ü ˛Î˚yÜ˛°yˆÏ˛õÓ˚ §ˆÏAà

!Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ xyhsˇÉ≤Ãçy!ï˛ (interspecific) ˛~ÓÇ xhsˇÉ≤Ãçy!ï˛ (Intraspecific) §•ˆÏÎy!àï˛yñ

§•ÓfiÌyöñ ≤Ã!ï˛ˆÏÎy!àï˛yñ !öû≈˛Ó˚¢#°ï˛y •zï˛ƒy!ò ˆòáy ÎyÎ˚– !öˆÏã˛ !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ ˜çÓ xyhsˇÉ≤Ãçy!ï˛Î˚

§¡õÜ≈˛ xyˆÏ°yã˛öy Ü˛Ó˚y •°–

3.3.1 !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ xhsˇÉ≤Ãçy!ï˛Î˚ !üÌ!fl;Î˚y (Intraspecific interractions)

ˆÜ˛yö fiÌyˆÏö ç#ˆÏÓÓ˚ §Çáƒy Ó,!ÂôÓ˚ !ö!ò≈T˛ §üÎ˚ ˛õˆÏÓ˚ ≤Ãçy!ï˛ âöˆÏcÓ˚ Ü˛yÓ˚ˆÏî ç#Óö §ÇfiÌyö

(resources for living) ô#ˆÏÓ˚ ô#ˆÏÓ˚ x≤Ãï%˛° •ˆÏÎ˚ ˛õˆÏí˛¸ ï˛áö ~Ü˛•z ≤Ãçy!ï˛Ó˚ §ò§ƒˆÏòÓ˚ üˆÏôƒ ò%•z

≤ÃÜ˛yÓ˚ ≤Ã!ï˛ˆÏÎy!àï˛y ¢%Ó˚% •Î˚ÈÙÙÙÈ

1. fl;yüˆÏÓ° Óy ˆë˛°yˆÏë˛!° ≤Ã!ï˛ˆÏÎy!àï˛y (Scramble competition) : ~ˆÏ«˛ˆÏe ˆÜ˛yö ≤Ãçy!ï˛Ó˚

!ã˛e 3.4 : ú˛§ú˛Ó˚y§ ã˛Ü ˛

(Source : Smith & Smith, Ecology and Field Bilogy; Benjamin Cummings, 2001)

Po =     xà≈y!öÜ˛ ú˛§ú˛Ó˚y§

Pi =     •zöxà≈y!öÜ˛ ú˛§ú˛Ó˚y§
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§Ü˛° §ò§ƒˆÏòÓ˚•z ç#Óö§ÇfiÌyˆÏö §üyö x!ôÜ˛yÓ˚ ÌyÜ˛yÎ˚ §Óy•z Ó˚§ˆÏòÓ˚ !Ü˛å%È xÇ¢ ˛õyÓyÓ˚ ˆã˛T˛y Ü˛ˆÏÓ˚–

ï˛#Ó  §ÇÜ˛ˆÏê˛Ó˚ ˆ«˛ˆÏe xˆÏöÜ˛ §ò§ƒ•z ≤ÃˆÏÎ˚yçö#Î˚ Ó˚§ˆÏòÓ˚ xû˛yˆÏÓ çöˆÏö ~ÓÇ ˆÓÑˆÏã˛ ÌyÜ˛ˆÏï˛ ÓƒÌ≈ •Î˚–

2. Ü˛öˆÏê˛fiê˛ Óy §Ç@ˇÃyü# ≤Ã!ï˛ˆÏÎy!àï˛y (Contest or competition) : ~ˆÏ«˛ˆÏe §ú˛° ≤Ã!ï˛ˆÏÎyà#

§ò§ƒÓ˚y Ó˚§ò §yü@ˇÃ# òá° Ü˛ˆÏÓ˚ ˆöÎ˚ ÎyÓ˚ ú˛ˆÏ° x§ú˛° §ò§ƒÓ˚y Ó˚§ò §yü@ˇÃ# §Ç@ˇÃˆÏ• Ó!M˛ï˛ •Î˚–

ˆÎ ≤Ãçy!ï˛Ó˚ ç#Ó ˆÜ˛yö Ó˚§ò §yü@ˇÃ# xöƒˆÏòÓ˚ ˆÌˆÏÜ˛ Ó˚«˛y (defend) Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ ï˛yˆÏòÓ˚ üˆÏôƒ §Ç@ˇÃyü#

≤Ã!ï˛ˆÏÎy!àï˛y ˆòáy ÎyÎ˚–

í˛z!qˆÏòÓ˚ xhsˇÉ≤Ãçy!ï˛ ≤Ã!ï˛ˆÏÎyà#ï˛yÎ˚ x!ï˛ âöˆÏcÓ˚ Ü˛yÓ˚ˆÏî §ò§ƒ §Çáƒy Ü˛ˆÏü xyˆÏ§ ~ÓÇ §ú˛°

§ò§ƒˆÏòÓ˚ àí˛¸ Äçö Ó,!Âô ˛õyÎ˚– ≤Ãyî#ˆÏòÓ˚ ˆ«˛ˆÏe x!ï˛ âöˆÏcÓ˚ Ü˛yÓ˚ˆÏî Ó,!ÂôÓ˚ •yÓ˚ ~ÓÇ çöö «˛üï˛y

(Fecundity) Ü˛ˆÏü xyˆÏ§ñ ô#Ó˚à!ï˛ ˛õ!Ó˚˛õE˛ï˛y (delayed maturity) Ä x˛õ!Ó˚îï˛ ü,ï%˛ƒ•yÓ˚ Ó,!Âô ˛õyÎ˚–

≤Ã!ï˛ˆÏÎyà#ï˛yÓ˚ Ü˛yÓ˚ˆÏî xˆÏöÜ˛ §üÎ˚ !Ó!û˛ß¨ ≤Ãçy!ï˛ˆÏï˛ Óy§fiÌyö ˛õ!Ó˚Óï≈˛ö ˆòáy ÎyÎ˚–

3.3.2 xyhsˇÉ≤Ãçy!ï˛Î˚ !üÌ!fl;Î˚y (Interspecific interactions) :

!û˛ß¨ !û˛ß¨ ≤Ãçy!ï˛Ó˚ ≤ÃˆÏÎ˚yçö#Î˚ ç#ÓöÓ˚§ò ~Ü˛•z ≤ÃÜ˛yÓ˚ (common resources) •ˆÏ° x˛õÎ≈yÆ

§Ó˚ÓÓ˚yˆÏ•Ó˚ Ü˛yÓ˚ˆÏî xyhsˇÉ≤Ãçy!ï˛Î˚ ≤Ã!ï˛ˆÏÎy!àï˛y ¢%Ó˚% •Î˚– Îy !öˆÏ¡¨y=˛ ≤ÃÜ˛yˆÏÓ˚Ó˚ •ˆÏï˛ ˛õyˆÏÓ˚–

Óy›ï˛ˆÏsf ~Ü˛•z Óy§fiÌyˆÏö Ó§Óy§Ü˛yÓ˚# !Ó!û˛ß¨ ≤Ãçy!ï˛Ó˚ xyhsˇÉ≤Ãçy!ï˛ !üÌ!fl;Î˚yÓ˚ ú˛°yú˛°

°yû˛çöÜ˛ (positive), «˛!ï˛Ü˛yÓ˚Ü˛ (negative) ~ÓÇ !öÓ˚ˆÏ˛õ«˛ (neutral) ≤ÃÜ,˛!ï˛Ó˚ •ˆÏï˛ ˛õyˆÏÓ˚–

1. ≤Ã!ï˛ˆÏÓ˚yô# Óy xy@ˇÃy§# ≤Ã!ï˛ˆÏÎy!àï˛y (Interference competition) : •z•y !Ó!û˛ß¨ ≤Ãçy!ï˛Ó˚

ç#ˆÏÓÓ˚ üˆÏôƒ §Ó˚y§!Ó˚ °í˛¸y•z Óy ˛xyÜ ˛üöydÜ˛ ≤Ã!ï˛ˆÏÎy!àï˛y– ˆÎáyˆÏö ˆÜ˛yö ~Ü˛!ê˛ ≤Ãçy!ï˛ x˛õÓ˚

≤Ãçy!ï˛ˆÏÜ˛ ˆÎÔÌ Óy§fiÌyˆÏöÓ˚ xÇ¢ !ÓˆÏ¢ˆÏ£Ï ï˛yˆÏòÓ˚ Ó§ÓyˆÏ§ •hflÏˆÏ«˛˛õ Ü˛ˆÏÓ˚ÈÙÙÙÈï˛yˆÏòÓ˚ ˆáyÓ˚yÜ˛ñ

ç#ÓöÎy˛õöñ ÓÇ¢Ó,!Âô ≤Ãû,˛!ï˛ˆÏï˛ Óyôyòyö Ü˛ˆÏÓ˚– ~Ó˚ ú˛ˆÏ° ˆÜ˛yö ≤Ãçy!ï˛Ó˚ x!hflÏc !Ó˛õß¨ •ˆÏÎ˚ ˛õˆÏí˛¸–

2. ˆ¢y£Ïîü)°Ü˛ ≤Ã!ï˛ˆÏÎy!àï˛y (Exploitation competition) : ~Ü˛•z ç#ÓöÓ˚§ò ˆÎüö

Ó§Óy§fiÌyöñ áyòƒ Óy !¢Ü˛yÓ˚ ≤Ãû,˛!ï˛Ó˚ x≤Ãï%˛°ï˛yÓ˚ Ü˛yÓ˚ˆÏî !Ó!û˛ß¨ ≤Ãçy!ï˛Ó˚ ç#ˆÏÓÓ˚ üˆÏôƒ §,!T˛ •ÄÎ˚y

~Ü˛ ˛õˆÏÓ˚y«˛ ≤Ã!ï˛ˆÏÎy!àï˛y– ~áyˆÏö ~Ü˛!ê˛ ç#ˆÏÓÓ˚ Ó˚§ò ÓƒÓ•yˆÏÓ˚Ó˚ Ü˛yÓ˚ˆÏî xöƒ ç#ˆÏÓÓ˚ ÓƒÓ•yÓ˚ ˆÎyàƒ

Ó˚§ˆÏò ê˛yö ˛õˆÏí˛¸–

3. !öÓ˚ˆÏ˛õ«˛ï˛y Óy !öí˛zê˛Δy!°çü (Neutralism) : ~Ü˛•z Óy§fiÌyˆÏö Ó§Óy§Ü˛yÓ˚# !Ó!û˛ß¨ ç#Ó

≤Ãçy!ï˛Ó˚ üˆÏôƒ §•ÓfiÌyö ç#Óö Ó˚§ò §Ç@ˇÃˆÏ•Ó˚ Ü˛yÓ˚ˆÏî ˆÜ˛yö Ü˛yÓ˚%Ó˚ ˆÜ˛yö °yû˛çöÜ˛ Óy «˛!ï˛Ó˚ ≤Ãû˛yÓ

˛õˆÏí˛¸ öy– ≤Ãôyöï˛ ç#Óö Ó˚§ˆÏòÓ˚ üyey ÎˆÏÌT˛ ÌyÜ˛ÓyÓ˚ Ü˛yÓ˚ˆÏî Óy §•ÓfiÌyöÜ˛yÓ˚# ç#ÓˆÏòÓ˚ ≤ÃˆÏÎ˚yçö#Î˚

Ó˚§ò §¡õ)î≈Ó˚)ˆÏ˛õ x!û˛ß¨ öy •ÄÎ˚yÎ˚ ~•z ≤ÃÜ˛yÓ˚ xyhsˇÉ!Ü ˛Î˚y ˆòáy ÎyÎ˚–

4. ˛õyÓ˚flõ!Ó˚Ü˛ Óy !üí˛zã%˛Î˚y!°çü (Mutualism) : ˛õyÓ˚flõ!Ó˚Ü˛ xyòyö ≤ÃòyˆÏöÓ˚ üyôƒˆÏü !Ü˛ÇÓy

ˆÜ˛Ó° §•ÓyfiÌyˆÏöÓ˚ Ü˛yÓ˚ˆÏî ò%•z!ê˛ !û˛ß¨ ≤Ãçy!ï˛Ó˚ xyhsˇÉ!Ü ˛Î˚yÎ˚ ˆÎ ˛õ!Ó˚ˆÏüˆÏ° Óy ˆçyê˛ (association)
§,!T˛ •Î˚ ï˛yÓ˚ ú˛ˆÏ° í˛zû˛ˆÏÎ˚•z í˛z˛õÜ,˛ï˛ •Î˚–
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5. ~Ü˛˛õ!«˛Î˚ í˛z˛õÜ˛yÓ˚#ï˛y Óy Ü˛ˆÏüö§y!°çü (Commensalism) : •z•y ~Ü˛≤ÃÜ˛yÓ˚ xyhsˇÉ≤Ãçy!ï˛

!üÌ!fl;Î˚y ˆÎáyˆÏö §•ÓfiÌyöÜ˛yÓ˚# ò%•z!ê˛ !û˛ß¨ ≤Ãçy!ï˛Ó˚ ç#ˆÏÓÓ˚ ~Ü˛!ê˛ x˛õÓ˚ !öÓ˚ˆÏ˛õ«˛ ≤Ãçy!ï˛ ˆÌˆÏÜ˛

°yû˛Óyö •Î˚– !öÓ˚ˆÏ˛õ«˛ ≤Ãçy!ï˛Ó˚ í˛z˛õÜ˛yÓ˚ Óy x˛õÜ˛yÓ˚ !Ü˛å%È •Î˚ öy– xÌ≈yÍ ≤Ãû˛yÓü%=˛ ÌyˆÏÜ˛– í˛zòy•Ó˚îÈÙÙÙÈ

˛õÓ˚y◊Î˚# ~ÓÇ xy◊Î˚òyï˛y í˛z!qò–

6. ~Ü˛ ˛õ!«˛Î˚ x˛õÜ˛yÓ˚#ï˛y Óy xƒyˆÏüö§y!°çü (Amensalism) : •z•yÄ ~Ü˛ ≤ÃÜ˛yÓ˚ ~Ü˛ü%á#

xyhsˇÉ≤Ãçy!ï˛ !üÌ!fl;Î˚y– §•ÓfiÌyöÜ˛yÓ˚# ~Ü˛!ê˛ ≤Ãçy!ï˛ x˛õÓ˚ ≤Ãçy!ï˛Ó˚ Ü˛yÓ˚ˆÏî «˛!ï˛@ˇÃfiÌ •Î˚ !Ü˛v

«˛!ï˛Ü˛yÓ˚# ≤Ãçy!ï˛ x≤Ãû˛y!Óï˛ (unaffected) Ìy Ï̂Ü˛– í z̨òy•Ó˚îÈÙÙÙÈxƒy!rê˛Óy Ï̂Î˚y!ê˛Ü˛ !Ü˛ÇÓy xƒy!° Ï̂°yÓ˚y§yÎ˚!öÜ˛

˛õòyÌ≈ (allelochemical susbstance) !öÉ§Ó˚îÜ˛yÓ˚# !Ü˛ÇÓy åÈyÎ˚y ≤ÃòyöÜ˛yÓ˚# Ó,«˛ !öˆÏçÓ˚y x≤Ãû˛y!Óï˛

ˆÌˆÏÜ˛ xöƒ í˛z!qˆÏòÓ˚ fl∫yû˛y!ÓÜ˛ Ó,!Âô Óƒ•ï˛ Ü˛ˆÏÓ˚–

7. ≤Ã!ï˛ˆÏÎyà#ï˛y Óy ˛õyÓ˚flõ!Ó˚Ü˛ «˛!ï˛Ü˛yÓ˚# xyhsˇÉ§¡õÜ≈˛ (competition) : ~ˆÏ«˛ˆÏe ˛õyÓ˚flõ!Ó˚Ü˛

~Ü˛!ê˛ §•Ó§yfiÌyöyÜ˛yÓ˚# ~Ü˛!ê˛ ≤Ãçy!ï˛Ó˚ çöƒ ≤ÃˆÏÎ˚yçö#Î˚ ~ÓÇ x˛õÓ˚ ≤Ãçy!ï˛Ó˚ ˛õˆÏ«˛ «˛!ï˛Ü˛yÓ˚Ü˛ •Î˚–

õyÓ˚flõ!Ó˚Ü˛ ˜mï˛ §¡õÜ≈˛ Óy !Ó˛õÓ˚#ï˛ xyhsˇÉ§¡õˆÏÜ≈˛ ≤Ã!ï˛ˆÏÎy!àï˛y !Ó!û˛ß¨ ≤ÃÜ˛yˆÏÓ˚Ó˚ •ˆÏÎ˚ ÌyˆÏÜ˛

ˆÎüöÈÙÙÙÈ

(a) !¢Ü˛yÓ˚# §¡õÜ≈˛ (Predation) : ~Ü˛!ê˛ !¢Ü˛yÓ˚# ≤Ãçy!ï˛Ó˚ ≤Ãyî# xˆÏ˛õ«˛yÜ,˛ï˛ ò%Ó≈° ≤Ãçy!ï˛Ó˚

≤Ãyî# !¢Ü˛yÓ˚ Ü˛ˆÏÓ˚ (killing) áyòƒ !•ˆÏ§ˆÏÓ @ˇÃ•î Ü˛ˆÏÓ˚–

(b) Ü˛#ê˛ˆÏû˛yç# §¡õÜ≈˛ (Insectivory) : ˛!Ü˛å%È !Ü˛å%È í˛z!qò ï˛yˆÏòÓ˚ ˆòˆÏ• öy•zˆÏê˛ΔyˆÏçö ˆÎÔˆÏàÓ˚

âyê˛!ï˛ ˆüê˛yˆÏï˛ ˛õyï˛yÓ˚ öyöy xÇ¢ öyöyû˛yˆÏÓ Ü˛#ê˛ ôÓ˚y úÑ˛yˆÏò Ó˚)˛õyhsˇ!Ó˚ï˛ Ü˛ˆÏÓ˚– úÑ˛yˆÏò ˛õí˛¸y Ü˛#ê˛˛õï˛ˆÏAàÓ˚

ˆò• ˆÌˆÏÜ˛ öy•zˆÏê˛ΔyçˆÏê˛Δyçö §Ç@ˇÃ• Ü˛ˆÏÓ˚ ˛õ%!T˛ §yôö Ü˛ˆÏÓ˚–

(c) ˛õÓ˚ç#!Óï˛y (Parasitism) : ò%•z!ê˛ ≤Ãçy!ï˛Ó˚ ˜çÓ ˛õ!Ó˚ˆÏüˆÏ° (Biotic associaton) : ~Ü˛!ê˛

≤Ãçy!ï˛ x˛õÓ˚ ~Ü˛!ê˛ ≤Ãçy!ï˛Ó˚ Ä˛õÓ˚ áyòƒ Ä xy◊ˆÏÎ˚Ó˚ çöƒ !öû≈˛Ó˚¢#°– ï˛áö ï˛y•yˆÏòÓ˚ üˆÏôƒ ˛õÓ˚ç#Ó#

Ä ˆ˛õy£ÏˆÏÜ˛Ó˚ xyhsˇ!Ü ˛Î˚yÓ˚ §¡õÜ≈˛ àˆÏí˛¸ ÄˆÏë˛– ~•z §¡õˆÏÜ≈˛ ˛õÓ˚ç#Ó# ˆ˛õy£ÏˆÏÜ˛Ó˚ «˛!ï˛§yôö Ü˛ˆÏÓ˚ !öˆÏçÓ˚y

í˛z˛õÜ,˛ï˛ •Î˚– í˛zòy•Ó˚î fl∫î≈°ï˛y Ä fl∫ˆÏû˛yç# í˛z!qˆÏòÓ˚ ¢§ƒ Ä ˆÓ˚yà§,!T˛Ü˛yÓ˚# åÈeyÜ˛ñ hflÏöƒ˛õyÎ˚#Ó˚ ˆòˆÏ•

Ó§Óy§Ü˛yÓ˚# Ü,˛!üñ üyöÓˆÏòˆÏ• ˆÓ˚yà§,!T˛Ü˛yÓ˚# ç#Óyî% ≤Ãû,˛!ï˛Ó˚ xyhsˇ§¡õÜ≈˛–

(d) ï,˛îˆÏû˛yç#ï˛y (Herbivory) : §Ó%ç í˛z!qò Ä §Ü˛° ï,˛îˆÏû˛yç# ≤Ãyî#Ó˚ üˆÏôƒ §,T˛

xyhsˇÉ§¡õÜ≈˛– ~ˆÏ«˛ˆÏe áyòÜ˛ !•ˆÏ§ˆÏÓ ï,˛îˆÏû˛yç# ≤Ãyî#Ó˚y í˛z!qò ˆÌˆÏÜ˛ í˛z˛õÜ,˛ï˛ •Î˚ !Ü˛v üyey!ï˛!Ó˚=˛

§Ó%ç áyòƒ xy•Ó˚ˆÏî í˛z!qò ≤Ãçy!ï˛Ó˚ ˆày¤˛#Ó˚ §Çáƒy Ä âöc Ü˛ˆÏü xyˆÏ§–
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3.4 §yÓ˚yÇ¢ (Summary)

I. ~•z ~Ü˛ˆÏÜ˛ !Ó!û˛ß¨ ˛õ%!T˛ã˛Ü ˛ S˜çÓÈÙÈû)˛Ó˚y§yÎ˚!öÜ˛ ã˛Ü ˛V ˆÎüö Ü˛yÓ≈ö ã˛Ü ˛ñ öy•zˆÏê˛ΔyˆÏçö ã˛Ü ˛ñ x!:ˆÏçö

ã˛Ü ˛ñ ú˛§ú˛Ó˚y§ ã˛Ü ˛ñ §y°ú˛yÓ˚ ã˛Ü ˛à%!°Ó˚ !Ó¢ò !ÓÓÓ˚î ˆòÄÎ˚y •ˆÏÎ˚ˆÏåÈ–

II. xyüÓ˚y ˛õ!Ó˚ˆÏ˛õy£ÏÜ˛ ˆüÔ°à%!°Ó˚ ≤Ãôyö í˛zÍ§ xŸ¬ü[˛°ñ ÓyÎ˚%ü[˛° ~ÓÇ ç°ü[˛° §¡∫ˆÏrô çyöˆÏï˛

˛õy!Ó˚–

III. ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ öyöy x˜ÏçÓ ˆüÔ° Óy ˆÎÔà ˆÎ Ó˚y§yÎ˚!öÜ˛ ≤Ã!Ü ˛Î˚yÓ˚ üyôƒˆÏü ç#ÓˆÏòˆÏ• à,•#ï˛ •Î˚

xyÓyÓ˚ !Ü˛û˛yˆÏÓ !ÓˆÏÎ˚y!çï˛ •ˆÏÎ˚ §Ó˚° x˜ÏçÓ xö%Ó˚)ˆÏ˛õ ˛õ!Ó˚ˆÏÓˆÏ¢ !ú˛ˆÏÓ˚ xyˆÏ§ ˆ§ §¡∫ˆÏrô !ÓhflÏy!Ó˚ï˛

xyˆÏ°yã˛öy •ˆÏÎ˚ˆÏåÈ– ~•z ≤Ã!Ü ˛Î˚yà%!° ˜çÓÈÙÈû)˛Ó˚y§yÎ˚!öÜ˛ ã˛Ü ˛ˆÏÜ˛ ˛õ!Ó˚˛õ)î≈ Ü˛ˆÏÓ˚–

IV. Ü˛yÓ≈öÈÙÈã˛ˆÏÜ ˛ í˛z!qˆÏòÓ˚ û)˛!üÜ˛yñ öy•zˆÏê˛ΔyˆÏçö ã˛ˆÏÜ ˛ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y Ä §yÎ˚yˆÏöy ÓƒyÜ˛ˆÏê˛!Ó˚Î˚yÓ˚ û)˛!üÜ˛y

§¡∫ˆÏrô xyˆÏ°yã˛öy Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– ~•z xyˆÏ°yã˛öy ˆÌˆÏÜ˛ ˜çÓ öy•zˆÏê˛ΔyˆÏçö §ÇÓrôˆÏöÓ˚ !Ó!û˛ß¨ ôy˛õà%!°

!ÓhflÏy!Ó˚ï˛ û˛yˆÏÓ çyöy ÎyÎ˚– xƒyˆÏüy!ö!ú˛ˆÏÜ˛¢öñ öy•z!ê˛Δ!ú˛ˆÏÜ˛¢öñ !í˛öy•z!ê˛Δ!ú˛ˆÏÜ˛¢ö ≤Ã!Ü ˛Î˚yà%!° ~ÓÇ ~•z

≤Ã!Ü ˛Î˚yÎ˚ !Ó!û˛ß¨ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚yÓ˚ û)˛!üÜ˛y ˆòÄÎ˚y xyˆÏåÈ–

V. Óy›ï˛ˆÏsf §Ü˛° ç#Ó•z áyòƒ¢,C° Ä áyòƒçy°ˆÏÜ˛Ó˚ myÓ˚y xöƒ §Ü˛° ç#ˆÏÓÓ˚ §yˆÏÌ ≤Ãï˛ƒ«˛ Óy

˛õˆÏÓ˚y«˛û˛yˆÏÓ ç!í˛¸ï˛–

VI. ˜çÓ xyhsˇÈÙÈ§¡õÜ≈˛ §¡∫ˆÏrô ˆÎ xyˆÏ°yã˛öy!ê˛ xyˆÏåÈ ï˛yÓ˚ ˆÌˆÏÜ˛ xyüÓ˚y ~•z !Ó£ÏÎ˚!ê˛ §¡∫ˆÏrô çyöˆÏï˛

˛õy!Ó˚– ~åÈyí˛¸yÄ !Ó!û˛ß¨ xyhsˇÉ≤Ãçy!ï˛Ä §¡õÜ≈˛ñ §Ç@ˇÃyü# ≤Ã!ï˛ˆÏÎyà#ï˛yñ xy@ˇÃy§# ≤Ã!ï˛ˆÏÎy!àï˛y ˛õyÓ˚flõ!Ó˚Ü˛

!öÓ˚ˆÏ˛õ«˛ï˛yñÈ !üí˛zã%˛Î˚y!°çüñ Ü˛ˆÏüö§y!°çüñ !¢Ü˛yÓ˚# §¡õÜ≈˛ Ü˛#ê˛ˆÏû˛yç# §¡õÜ≈˛ñ ˛õÓ˚ç#!Óï˛yÓ˚ ~ÓÇ

ï,˛îç#Ó#ï˛y §¡∫ˆÏrô ôyÓ˚öy ˛õyÄÎ˚y ÎyÎ˚–

3.5 ≤ÃŸ¿yÓ°# (Questions)

I. Ó•% !öÓ≈yã˛ö# ≤ÃŸ¿ (MCQ) ı

1. ˆÜ˛yö ˆüÔ!°!ê˛ ˛õy°!°Ü˛ ã˛ˆÏÜ ˛ xyÓ!ï≈˛ï˛ •Î˚⁄

(a) x!:ˆÏçö (b) Ü˛yÓ≈ö (c) ú˛§ú˛Ó˚y§ (d) öy•zˆÏê˛ΔyˆÏçö

2. ç#ÓˆÏòˆÏ•Ó˚ !Ü˛å%È à%Ó˚%c˛õ)î≈ ˆüÔˆÏ°Ó˚ ˛õÎ≈yÎ˚Ü ˛ˆÏü ç#Óü[˛° Ä ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ üˆÏôƒ ã˛Ü ˛yÜ˛yˆÏÓ˚

xyÓï≈˛ˆÏöÓ˚ ≤Ã!Ü ˛Î˚yˆÏÜ˛ ÓˆÏ°ÈÙÙÙÈ

(a) ˜çÓ Ó˚y§yÎ˚!öÜ˛ ã˛Ü ˛ (b) ç#ÓÈÙÈû)˛Ó˚y§yÎ˚!öÜ˛ ã˛Ü ˛

(c) û)˛Ó˚y§yÎ˚!öÜ˛ ã˛Ü ˛ (d) ç#ÓÈÙÈ˛õ!Ó˚ˆÏÓ¢ ã˛Ü ˛

3. ç°ç í˛z!qò CO2 §Ç@ˇÃ• Ü˛ˆÏÓ˚ÈÙÙÙÈ

(a) üy!ê˛ ˆÌˆÏÜ˛ (b) ÓyÎ˚%ü[˛° ˆÌˆÏÜ˛

(c) ç°ü[˛° ˆÌˆÏÜ˛ (d) çˆÏ° oÓ#û)˛ï˛ «˛yÓ˚#Î˚ °Óî ˆÌˆÏÜ˛
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4. í˛z!qò üy!ê˛ ˆÌˆÏÜ˛ ˆÎ ç° §Ç@ˇÃ• Ü˛ˆÏÓ˚ ï˛yÓ˚ ≤ÃÜ,˛!ï˛ •°ÈÙÙÙÈ

(a) û)˛!ö¡¨fiÌ ç° (b) ˆÜ˛Ô!¢Ü˛ ç°

(c) Ó˚y§yÎ˚!öÜ˛û˛yˆÏÓ xyÓÂô ç° (d) x!û˛Ü˛£Ï≈ç ç°

5. Ü˛yÓ≈ö ã˛ˆÏÜ ˛Ó˚ §ˆÏAà §¡õÜ≈˛ ˆö•z ˆÜ˛yö!ê˛Ó˚⁄

(a) Ÿª§ö (b) §yˆÏ°yÜ˛§ÇˆÏŸ’£Ïî (c) ˜ò!•Ü˛ ˛õ!Ó˚◊ü (d) ≤Ã!ï˛Óï≈˛ !Ü ˛Î˚y

6. ö#ˆÏã˛Ó˚ ˆÜ˛yö ≤Ã!Ü ˛Î˚y!ê˛Ó˚ üyôƒˆÏü ˛õ!Ó˚ˆÏÓˆÏ¢ CO2 üyey Ó,!Âô ˛õyÎ˚⁄

(a) §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï

(b) §yü%!oÜ˛ ≤Ãyî#Ó˚ ˆáy°Ü˛ àë˛ö

(c) ã%˛öy˛õyÌÓ˚ ˆÌˆÏÜ˛ ôyï˛Ó Ü˛yÓ≈ˆÏöê˛ í˛zÍ˛õyòö

(d) ü,ï˛ ç#ÓˆÏòˆÏ•Ó˚ !ÓˆÏÎ˚yçö

7. í˛z!qò ˛õ!Ó˚ˆÏÓ¢ ˆÌˆÏÜ˛ öy•zˆÏê˛ΔyˆÏçö §Ç@ˇÃ• Ü˛ˆÏÓ˚ ˆÎ xÓfiÌyÎ˚ ï˛y •°ÈÙÙÙÈ

(a) àƒy§#Î˚ öy•zˆÏê˛ΔyˆÏçö (b) öy•zˆÏê˛Δê˛ àƒy§

(c) öy•zˆÏê˛ΔyˆÏçö í˛y•z x:y•zí˛ (d) öy•zˆÏê˛Δê˛ ˆÎÔà

8. öy•zˆÏê˛ΔyˆÏçö í˛z!qò ˆòˆÏ•Ó˚ ˆÜ˛yö xÇˆÏ¢ ˆòáy ÎyÎ˚ öy⁄

(a) ˆÜ˛y£Ï ≤Ãyã˛#Ó˚ (b) ˆÜ˛y£Ï ˛õò≈y (c) ˆÜ˛y£ÏfiÌ ˆ≤Ãy!ê˛ö (d) !öí˛z!Üœ˛Ü˛ xƒy!§í˛

9. ˜çÓ öy•zˆÏê˛ΔyˆÏçö §ÇÓrôˆÏö §y•yÎƒ Ü˛ˆÏÓ˚ÈÙÙÙÈ

(a) ÌyˆÏÎ˚yÓƒy!§°y§ (b) !§í˛zˆÏí˛yˆÏüyöy§

(c) üy•zˆÏÜ ˛yÜ˛E˛y§ (d) ö#°yû˛ÈÙÈ§Ó%ç ˜¢Óy°

10. ˆÎÔà öy•zˆÏê˛ΔyˆÏçö ˆÌˆÏÜ˛ ü%=˛ öy•zˆÏê˛ΔyˆÏçöÈÙÈ~ Ó˚)˛õyhsˇˆÏÓ˚Ó˚ ˛õÂô!ï˛ •°ÈÙÙÙÈ

(a) öy•z!ê˛Δ!ú˛ˆÏÜ˛¢ö (b) xƒyˆÏüy!ö!ú˛ˆÏÜ˛¢ö

(c) !í˛öy•z!ê˛Δ!ú˛ˆÏÜ˛¢ö (d) öy•zˆÏê˛ΔyˆÏçö !ú˛ˆÏ:¢ö

11. !ö¡¨!°!áï˛ ˆÜ˛yö!ê˛ xƒyˆÏüy!öú˛y•zÇ ÓƒyÜ‰˛ˆÏê˛!Ó˚Î˚y⁄

(a) Ó˚y•zˆÏçy!ÓÎ˚yü (b) öy•zˆÏê˛ΔyÓƒyÜ˛ê˛yÓ˚

(c) Óƒy!§°y§ Ó˚ƒyˆÏüy§y§ (d) !§í˛zˆÏí˛yˆÏüyöy§ ~Ó˚%!çˆÏöy§y

12. Úà%Î˚yˆÏöyÛ ˆòáˆÏï˛ ˛õyÄÎ˚y ÎyÎ˚ÈÙÙÙÈ

(a) í˛z!qˆÏòÓ˚ ÓyÜ˛ˆÏ° (b) §yü%!oÜ˛ ˛õy!áÓ˚ !Ó¤˛yˆÏï˛

(c) §yü%!oÜ˛ üyˆÏåÈÓ˚ •yˆÏí˛¸ (d) §yü%!oÜ˛ üyˆÏåÈÓ˚ !°û˛yˆÏÓ˚

13. ú˛§ú˛Ó˚y§ ã˛Ü ˛ ˆÎáyˆÏö !Ü ˛Î˚y¢#° öÎ˚ÈÙÙÙÈ

(a) ÓyÎ˚%ü[˛° (b) xŸªü[˛° (c) ç#Óü[˛° (d) ç°ü[˛°
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14. •z•y !Ó!û˛ß¨ ≤Ãçy!ï˛Ó˚ ç#ˆÏÓÓ˚ ≤ÃˆÏÎ˚yçö#Î˚ ~Ü˛•z ≤ÃÜ˛yÓ˚ Ó˚§ˆÏòÓ˚ âyê˛!ï˛ˆÏï˛ !Ó!û˛ß¨ ç#ˆÏÓÓ˚ üˆÏôƒ

˛õˆÏÓ˚y«˛ ≤Ã!ï˛ˆÏÎyà#ï˛yÈÙÙÙÈ

(a) xy@ˇÃy§# ≤Ã!ï˛ˆÏÎyà#ï˛y (b) §Ç@ˇÃyü# ≤Ã!ï˛ˆÏÎyà#ï˛y

(c) fl;üˆÏÓ° ≤Ã!ï˛ˆÏÎyà#ï˛y (d) ˆ¢y£Ïîü)°Ü˛ ≤Ã!ï˛ˆÏÎyà#ï˛y

15. Ü˛ˆÏüö§y!°çüÈÙÈ~Ó˚ xÌ≈ •°ÈÙÙÙÈ

(a) ~Ü˛˛õ«˛ x˛õÜ˛yÓ˚#ï˛y (– 0) (b) ~Ü˛˛õ«˛ í˛z˛õÜ˛yÓ˚#ï˛y (+ 0)
(c) ˛õyÓ˚flõ!Ó˚Ü˛ ≤Ã!ï˛ˆÏÎyà#ï˛y (+ –) (d) ˛õyÓ˚flõ!Ó˚Ü˛ !öÓ˚ˆÏ˛õ«˛ï˛y (0 0)

II. §Ç!«˛Æ ≤ÃŸ¿yÓ°# É

1. ç#ÓÈÙÈû)˛Ó˚y§yÎ˚!öÜ˛ ã˛Ü ˛ Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚⁄

2. àƒy§#Î˚ ã˛Ü ˛ Ü˛yˆÏÜ˛ ÓˆÏ°⁄

3. ˛õy°!°Ü˛ ã˛Ü ˛ !Ü˛⁄

4. ˛õ!Ó˚ˆÏÓ¢ ˆÌˆÏÜ˛ Ü˛yÓ≈ö í˛y•z x:y•zˆÏí˛Ó˚ x˛õ§yÓ˚î ~ÓÇ ˛õ!Ó˚ˆÏÓˆÏ¢ •z•yÓ˚ §ÇˆÏÎyçˆÏöÓ˚ ò%•z!ê˛

Ü˛ˆÏÓ˚ í˛zòy•Ó˚î òyÄ–

5. ≤ÃyÜ,˛!ï˛Ü˛ í˛z˛õyˆÏÎ˚ Óyï˛yˆÏ§Ó˚ öy•zˆÏê˛ΔyˆÏçö !Ü˛û˛yˆÏÓ §ÇÓrôö •Î˚⁄

6. ˜çÓ öy•zˆÏê˛ΔyˆÏçö §ÇÓrôö !Ü˛û˛yˆÏÓ •Î˚⁄

7. !¢“çyï˛ öy•zˆÏê˛ΔyˆÏçö §ÇÓrôö !Ü˛ í˛z˛õyˆÏÎ˚ •Î˚⁄

8. xƒyˆÏüy!ö!ú˛ˆÏÜ˛¢ö Ü˛yˆÏÜ˛ ÓˆÏ°⁄

9. öy•z!ê˛Δ!ú˛ˆÏÜ˛¢ö !Ü˛⁄

10. !í˛öy•z!ê˛ΔˆÏú˛ˆÏÜ˛¢ö !Ü˛û˛yˆÏÓ âˆÏê˛⁄

11. ˛ç#ÓˆÏòˆÏ• ú˛§ú˛Ó˚yˆÏ§Ó˚ à%%Ó˚%c !°á%ö–

12. ˛õ!Ó˚ˆÏÓ¢ ˆÌˆÏÜ˛ ç#ÓˆÏòˆÏ• ú˛§ú˛Ó˚y§ !Ü˛ !Ü˛ í˛z˛õyˆÏÎ˚ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚⁄

13. ˜çÓ xyhsˇÉ§¡õÜ≈˛ Ü˛yˆÏÜ˛ ÓˆÏ°⁄

14. ˛õyÓ˚flõ!Ó˚Ü˛ !öÓ˚ˆÏ˛õ«˛ï˛y ~ÓÇ ˛õyÓ˚flõ!Ó˚Ü˛ í˛z˛õÜ˛yÓ˚#ï˛yÓ˚ ~Ü˛!ê˛ Ü˛ˆÏÓ˚ í˛zòy•Ó˚î !òö–

15. !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ ≤Ã!ï˛ˆÏÎyà#ï˛yÓ˚ ~Ü˛!ê˛ Ü˛ˆÏÓ˚ í˛zòy•Ó˚î !òö–

III. Ó˚ã˛öyôü≈# ≤ÃŸ¿ É

1. ç#Ó û)˛ÈÙÈÓ˚y§yÎ˚!öÜ˛ ã˛ˆÏe´Ó˚ ˜Ó!¢T˛ƒà%!° !°á%ö–

2. Ü˛yÓ≈ö ã˛Ü ˛!ê˛ §ÇˆÏ«˛ˆÏ˛õ Óî≈öy Ü˛Ó˚%ö–

3. öy•zˆÏê˛ΔyˆÏçö ã˛ˆÏe´Ó˚ !ã˛!•´ï˛ !ã˛e xAÜ˛ö Ü˛Ó˚%ö–

4. !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ ≤ÃyÜ,˛!ï˛Ü˛ öy•zˆÏê˛ΔyˆÏçö §ÇÓrôˆÏöÓ˚ ≤Ã!Ü ˛Î˚yà%!° !°á%ö–
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5. xƒyˆÏüy!ö!ú˛ˆÏÜ˛¢öñ öy•z!ê˛Δ!ú˛ˆÏÜ˛¢öö ~ÓÇ !í˛öy•z!ê˛Δ!ú˛ˆÏÜ˛¢ö §¡∫ˆÏrô §ÇˆÏ«˛ˆÏ˛õ !°á%ö–

6. ú˛§ú˛Ó˚y§ ã˛Ü ˛ §ÇˆÏ«˛ˆÏ˛õ Óî≈öy Ü˛Ó˚%ö–

7. !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ xyhsˇÉ≤Ãçy!ï˛Î˚ !üÌ!fl;Î˚yÓ˚ ˜Ó!¢T˛ƒ í˛zòy•Ó˚î§• !°á%ö–

8. !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ xhsˇÉ≤Ãçy!ï˛Î˚ !üÌ!fl;Î˚yÓ˚ ˜Ó!¢T˛ƒ í˛zòy•Ó˚î§• !°á%ö–

3.7 í˛z_Ó˚üy°y (Answers)

I. Ó•% !öÓ≈yã˛ö# ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚

§Çáƒy ı 1 2 3 4 5 6 7 8 9 10

í˛z_Ó˚ ı c b c b d d d a d c

≤ÃˆÏŸ¿Ó˚

§Çáƒy ı 11 12 13 14 15

í˛z_Ó˚ ı c b a d b

II. §Ç!«˛Æ ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5 6 7 8

xö%ˆÏFåÈò §Çáƒy ı 3.1 3.2(a) 3.2(b) 3.2.1 3.2.2(A) 3.2.2(B) 3.2.2 3.2.2

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 9 10 11 12 13 14 15

xö%ˆÏFåÈò §Çáƒy ı 3.2.2 3.2.2 3.2.3 3.2.3 3.3 3.3.2 3.3.2

III. Ó˚ã˛öyôü≈# ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5 6 7 8

xö%ˆÏFåÈò §Çáƒy ı 3.2 3.2.1 3.2.2 3.2.2 3.2.2 3.2.3 3.3.2 3.3.1
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62

~Ü˛Ü˛–4 : í˛z!qò §¡±òyÎ˚ ı §ÇK˛yñ •ƒy!Óê˛ƒyê˛ Ä !öã‰˛ñ •zˆÏÜ˛yˆÏê˛yö Ä

≤Ãy!hsˇÎ˚ ≤Ãû˛yÓñ Ü˛#ˆÏT˛yö ≤Ãçy!ï˛Ó˚ à%Ó˚%cñ í˛z!qò §¡±òyˆÏÎ˚Ó˚

à!ï˛üÎ˚ï˛y ~ÓÇ í˛z!qò ˛õÎ≈yÎ˚Ü ˛ˆÏüÓ˚ ≤ÃÜ˛yÓ˚ˆÏû˛òÈÙÙÙÈ≤ÃyÌ!üÜ˛

Ä ˆàÔî ˛õÎ≈yÎ˚Ü ˛ü (Plant communities : Definition,
Habitat and Niche, Ecotone and Edge effects,
Importance of Keystone species, Community
dynamics and Plant succession types – primary and
secondary succession)

àë˛ö (Structure)

4.0 í˛zˆÏj¢ƒ (Objectives)

4.1 ≤ÃhflÏyÓöy (Introduction)
4.2 §ÇK˛y (Definition)

4.2.1 í z̨!qò §¡±òy Ï̂Î˚Ó˚ ü%áƒ ˜Ó!¢T˛ƒ §ü)• (Salient Features of Plant Community)
4.2.2 ç#ÓÓy§fiÌyˆÏöÓ˚ xyÜ˛yÓ˚ Ä ≤ÃÜ,˛!ï˛ (Size and nature of habitat)

4.3 ç#ÓÓy§fiÌyö ~ÓÇ !öã‰˛ (Habitat and Niche)
4.3.1 ç#ÓÓy§fiÌyö (Habit)
4.3.2 !öã˛ (Niche)

4.3.2.1 •y•z˛õyÓ˚ û˛!°í˛zü Óy üy!Œê˛í˛y•zˆÏüö¢öy° !öã˛‰ (Hyper volume or
multidimentional Niche)

4.3.2.2 ˆüÔ!°Ü˛ !öã‰˛ (Fundamental Niche)
4.3.2.3 xö%û)˛ï˛ !öã˛‰ (Realised Niche)
4.3.2.4 !öã‰˛ §ü˛õyï˛ö (Niche overlap)
4.3.2.5 !öã‰˛ ≤Ã§yÓ˚ï˛y (Niche width)
4.3.2.6 !öã‰˛ ˛õ!Ó˚!ô (Niche circumfernace)
4.3.2.7 !öã‰˛ ≤Ã!ï˛!Ü ˛Î˚y (Niche Responses)
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4.4 •zˆÏÜ˛yˆÏê˛yö ~ÓÇ ≤Ãyhsˇ#Î˚ ≤Ãû˛yÓ (Ecotone and Edge Effects)
4.4.1 Ü ˛y!hsˇ xM˛° Óy •zˆÏÜ˛yˆÏê˛yˆÏöÓ˚ ˜Ó!¢T˛ƒ (Characteristics of ecotone)
4.4.2 ≤Ãy!hsˇÎ˚ xM˛ˆÏ°Ó˚ ≤ÃÜ˛yÓ˚ˆÏû˛ò (Types of edges)
4.4.3 ≤Ãy!hsˇÎ˚ ≤Ãû˛yÓ (Edge Effects)

4.5 Ü˛#ˆÏfiê˛yö ≤Ãçy!ï˛ (Keystone species)

4.6 í˛z!qò §¡±òyˆÏÎ˚Ó˚ à!ï˛üÎ˚ï˛y (Community dynamics)

4.7 í˛z!qò ˛õÎ≈yÎ˚Ü ˛ˆÏüÓ˚ ≤ÃÜ˛yÓ˚ˆÏû˛ò (Types of successions)

4.7.1 ≤ÃyÌ!üÜ˛ ˛õÎ≈yÎ˚Ü ˛ü (Primary succession)

4.7.2 ˆàÔî ˛õÎ≈yÎ˚Ü ˛ü (Secondary succession)

4.7.3 fl∫≤ÃˆÏîy!òï˛ ˛õÎ≈yÎ˚Ü ˛ü (Autogenic succession)

4.7.4 xƒyˆÏ°yˆÏç!öÜ˛ §yÜ˛ˆÏ§¢ö Óy ˛õÓ˚≤ÃˆÏîy!òï˛ ˛õÎ≈yÎ˚Ü ˛ü (Allogenic succession)

4.7.5 fl∫ˆÏû˛y!ç ˛õÎ≈yÎ˚Ü ˛ü (Autotrophic succession)

4.7.6 ˛õÓ˚ˆÏû˛yç# ˛õÎ≈yÎ˚Ü ˛ü (Heterotrophic succession)

4.7.7 Óy§fiÌyˆÏöÓ˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ í˛z!qˆÏòÓ˚ !§Ó˚y° §¡±òyÎ˚ Óy Ü ˛ü!ÓÜ˛y¢ (Seral
community or sere according to habitat)

4.8 Óy§fiÌyö !öû≈˛Ó˚ Ü˛ˆÏÎ˚Ü˛ ≤ÃÜ˛yÓ˚ ˆ§!Ó˚ Óy Ü ˛ü!ÓÜ˛y¢ (Some habitat dependant sere)

4.8.1 •yˆÏí»˛yˆÏ§!Ó˚ (Hydrosere)

4.8.2 ˆçˆÏÓ˚yˆÏ§!Ó˚ Óy !°ˆÏÌyˆÏ§!Ó˚ (Xerosere or Lithosere)

4.9 §yÓ˚yÇ¢ (Summary)

4.10 ≤ÃŸ¿yÓ°# (Questions)

4.11 í˛z_Ó˚üy°y (Answers)

4.0  í˛zˆÏj¢ƒ (Objectives)

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xyüÓ˚y !ö¡¨!°!áï˛ !Ó£ÏÎ˚à%!° §¡∫ˆÏrô §üƒÜ˛ ôyÓ˚îy ˜ï˛!Ó˚ Ü˛Ó˚ˆÏï˛ ˛õyÓ˚Ó–

●●●●● í˛z!qò §¡±òyÎ˚ Ä •z•yˆÏï˛ ÓƒÓ•,ï˛ ˛õ!Ó˚û˛y£Ïy–

●●●●● ˛í˛z!qò §¡±òyˆÏÎ˚Ó˚ ü%áƒ ˜Ó!¢T˛ƒà%!°–

●●●●● ç#ÓÓy§fiÌyö Ä !öã‰˛ §¡∫ˆÏrô ôyÓ˚îy–
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●●●●● ˜çÓñ x˜ÏçÓ Ä ˆû˛Ôï˛ í˛z˛õyòyöà%!°Ó˚ ≤Ãû˛yÓ–

●●●●● Ü˛#ˆÏfiê˛yö ≤Ãçy!ï˛ ~ÓÇ •z•yˆÏòÓ˚ à%Ó˚%c–

●●●●● í˛z!qò §¡±òyˆÏÎ˚Ó˚ à!ï˛üÎ˚ï˛y ~ÓÇ í˛z!qò ˛õÎ≈yÎ˚Ü ˛ˆÏüÓ˚ §ÇK˛y–

●●●●● ˛fiÌyöàï˛ ö!ï˛üyey ~ÓÇ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ í˛z˛õyòyö §ü)ˆÏ•Ó˚ ôyÓ˚îy–

●●●●● í˛z!qò ˛õÎ≈yÎ˚Ü ˛ˆÏüÓ˚ ˛õÂô!ï˛ Ä ≤ÃÜ˛yÓ˚ˆÏû˛ò–

●●●●● í˛z!qò §¡±òyˆÏÎ˚Ó˚ ã˛Ó˚ü§#üy–

●●●●● Óy§fiÌyö !öû≈˛Ó˚ !Ó!û˛ß¨ ≤ÃÜ,˛!ï˛Ó˚ !§Ó˚y° §¡±òyÎ˚

4.1 ≤ÃhflÏyÓöy (Introduction)

§Ó≈e•z ˆòáy ÎyÎ˚ ˆÎ !Ó!û˛ß¨ í˛z!qò ˆày!¤˛ Ü˛áˆÏöy•z ~Ü˛Ü˛ û˛yˆÏÓ Ó§Óy§ Ü˛ˆÏÓ˚ öy– ˆÜ˛yö !ö!ò≈T˛

xM˛ˆÏ° ~Ó˚y ˆåÈyê˛ Óy Óí˛¸ ˆày!¤˛ˆÏï˛ §AàÓÂô •ˆÏÎ˚ Ó§Óy§ Ü˛ˆÏÓ˚ í˛z!qò §¡±òyÎ˚ àë˛ö Ü˛ˆÏÓ˚–

ˆÎüöÈÙÙÙÈfiÌ°ç í˛z!qò §¡±òyÎ˚ñ Óöû)˛!üÓ˚ í˛z!qò §¡±òyÎ˚ñ üÓ˚%û)˛!üÓ˚ í˛z!qò §¡±òyÎ˚ñ fl∫yò% çˆÏ°Ó˚ í˛z!qò

§¡±òyÎ˚ñ §yü%!oÜ˛ í˛z!qò §¡±òyÎ˚ñ í˛z˛õÜ)˛° xM˛ˆÏ°Ó˚ í˛z!qò §¡±òyÎ˚ ≤Ãû,˛!ï˛–

§Ü˛° í˛z!qò §¡±òyÎ˚ fl∫yû˛y!ÓÜ˛ û˛yˆÏÓ•z !öçfl∫ xM˛ˆÏ°Ó˚ xöƒyöƒ §Ü˛° ç#ÓˆÏày!¤˛ Ä ˛õy!Ó˚˛õy!Ÿª≈Ü˛

˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ í˛z˛õyòyö §ü)ˆÏ•Ó˚ §ˆÏAà öyöy xyòyö ≤Ãòyö Ä xyhsˇÉ!Ü ˛Î˚yÓ˚ §¡õÜ≈˛ fiÌy˛õö Ü˛ˆÏÓ˚ ~Ü˛!ê˛

Óy›ï˛sf àˆÏí˛¸ ˆï˛yˆÏ°– í˛z!qò §¡±òyÎ˚ §)Î≈yˆÏ°yÜ˛ §ÇÓrôö Ü˛ˆÏÓ˚ ≤ÃyÌ!üÜ˛ í˛zÍ˛õyòÜ˛ !•ˆÏ§ˆÏÓ §Ü˛° ˆ◊î#Ó˚

áyòˆÏÜ˛Ó˚ çöƒ áyòƒ í˛zÍ˛õß¨ Ü˛ˆÏÓ˚– Îy Óy›ï˛ˆÏsfÓ˚ ¢!=˛ ≤ÃÓy• xÓƒy•ï˛ Ó˚yˆÏáñ ˛õ!Ó˚ˆÏÓˆÏ¢ x!:ˆÏçö Ä

Ü˛yÓ≈öÈÙÈí˛y•z x:y•zˆÏí˛Ó˚ üyey !öÎ˚sfî Ü˛ˆÏÓ˚ ~ÓÇ Óy›ï˛ˆÏsfÓ˚ û˛yÓ˚§yüƒ ÓçyÎ˚ Ó˚yˆÏá–

!Ó!û˛ß¨ áyòÜ˛ ≤Ãçy!ï˛ ˆày¤˛#Ó˚ öyöy xyhsˇÉ!Ü ˛Î˚yÈÙÙÙÈ•y!Ó≈ˆÏû˛yÓ˚#ñ !¢Ü˛yÓ˚# ≤ÃÜ,˛!ï˛ñ ˛õÓ˚ç#!Óï˛yñ

!üˆÏÌyç#!Óï˛y •zï˛ƒy!ò ~ÓÇ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ öyöy ˆû˛Ôï˛ Ä x˜ÏçÓ í˛z˛õyòyö §ü%ˆÏ•Ó˚ ≤Ãû˛yÓ ˆÜ˛yö xM˛ˆÏ°

í˛z!qò §¡±òyˆÏÎ˚Ó˚ àë˛ö Ä ≤ÃÜ,˛!ï˛ !öÎ˚sfî Ü˛ˆÏÓ˚–

ˆÜ˛yö fiÌyˆÏöÓ˚ í˛z!qò §¡±òyˆÏÎ˚Ó˚ ≤Ãçy!ï˛ ˆày¤˛#Ó˚ (population) ≤ÃÜ,˛!ï˛ Ä fiÌyÎ˚#c !öû≈˛Ó˚ Ü˛ˆÏÓ˚

ˆ§•z ˛õ!Ó˚ˆÏÓˆÏ¢ ï˛yˆÏòÓ˚ §%!fiÌ!ï˛Ó˚ Ä˛õÓ˚– ˆÜ˛yö fiÌyˆÏöÓ˚ x!û˛ß¨ ˜çÓ ~ÓÇ x˜ÏçÓ í˛z˛õyòyˆÏöÓ˚ §ˆÏAà

§Ü˛° ≤Ãçy!ï˛Ó˚ ç#ˆÏÓÓ˚ §%!fiÌ!ï˛Ó˚ üyey (degree of equilibrium) §üyö •Î˚ öy– §Ó≈yˆÏ˛õ«˛y §%!fiÌ!ï˛Ó˚

!û˛!_ˆÏï˛ ˆÜ˛yö ≤Ãçy!ï˛ ˆ§áyˆÏö §Ó≈yˆÏ˛õ«˛y í˛z˛õÎ%=˛ Ó˚)ˆÏ˛õ ≤ÃÜ˛ê˛ï˛y ≤ÃyÆ •Î˚– ˛õ,!ÌÓ#Ó˚ !û˛ß¨ !û˛ß¨ fiÌyˆÏöÓ˚

˛õ!Ó˚ˆÏÓˆÏ¢ ï˛yˆÏòÓ˚ ˜çÓ Ä x˜ÏçÓ í˛z˛õyòyö §ü)ˆÏ•Ó˚ !Ó!û˛ß¨ï˛y xö%ÎyÎ˚# !û˛ß¨ !û˛ß¨ ç#Ó§¡±òyÎ˚

(community) ≤ÃÜ˛ê˛ï˛y ≤ÃyÆ •Î˚– xyÓyÓ˚ ˆÜ˛yö ~Ü˛!ê˛ fiÌyˆÏöÓ˚ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ í˛z˛õyòyö §ü)• §üˆÏÎ˚Ó˚

§yˆÏÌ ˛õ!Ó˚Ó!ï≈˛ï˛ •Î˚– ï˛yÓ˚ ú˛ˆÏ° !û˛ß¨ !û˛ß¨ §üˆÏÎ˚ !û˛ß¨ !û˛ß¨ ≤Ãçy!ï˛ ˆÜ˛yö ~Ü˛fiÌyˆÏö fiÌy!Î˚cñ §%!fiÌ!ï˛
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Ä ≤ÃÜ˛ê˛ï˛y xç≈ö Ü˛ˆÏÓ˚– xÌ≈yÍ fiÌyö Ä Ü˛yˆÏ°Ó˚ ˛õyÌ≈ˆÏÜ˛ƒ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ˜çÓñ x˜ÏçÓ Ä ˆû˛Ôï˛ í˛z˛õyòyö

§ü)ˆÏ•Ó˚ ˆÎ ï˛yÓ˚ï˛üƒ •Î˚ ï˛yÓ˚ ≤Ãû˛yˆÏÓ ç#Ó§¡±òyˆÏÎ˚Ó˚ ˜Ó!ã˛e ~ÓÇ ≤ÃÜ˛ê˛ ≤Ãçy!ï˛Ó˚ (dominant species)
ï˛yÓ˚ï˛üƒ âˆÏê˛– •z•y•z í˛z!qò §¡±òyˆÏÎ˚Ó˚ à!ï˛üÎ˚ï˛y (community dynamics) !öˆÏò≈¢ Ü˛ˆÏÓ˚–

4.2  §ÇK˛y (Definition)

ˆÜ˛yö Óy§fiÌyˆÏö !Ó!û˛ß¨ ç#Ó ≤Ãçy!ï˛ ~ˆÏÜ˛ x˛õˆÏÓ˚Ó˚ §ˆÏAà öyöy xyhsˇÉ§¡õˆÏÜ≈˛ xyÓÂô •ˆÏÎ˚ ˆÎ

§•Óy§ àˆÏí˛¸ ˆï˛yˆÏ° ï˛yˆÏÜ˛ ç#Ó§¡±òyÎ˚ Óy Ü˛!üí˛z!ö!ê˛ ÓˆÏ° (Boutkin and Kellar, 1982)–

●●●●● ˆÓrÌö ~ÓÇ ÄÌyÓ˚‰öyÓ˚ (Benthon and Otherner), 1974ÈÙÈ~Ó˚ üˆÏï˛ ˆÜ˛yö !ö!ò≈T˛ Óy§fiÌyˆÏö

˛õyÓ˚flõ!Ó˚Ü˛ §•ˆÏÎy!àï˛yÓ˚ !û˛!_ˆÏï˛ fl∫yû˛y!ÓÜ˛ û˛yˆÏÓ Ó§Óy§Ü˛yÓ˚# §ühflÏ í˛z!qò ˆày!¤˛ˆÏÜ˛ (all
plant populations) ˛~Ü˛ˆÏe í˛z!qò §¡±òyÎ˚ ÓˆÏ°–

●●●●● •ƒyö§ö ~ÓÇ ã˛y!ã≈˛° (Hanson and Charchil), 1965 ~Ó˚ üˆÏï˛ í˛z!qò §¡±òyÎ˚ Ó°ˆÏï˛

ˆÎ ˆÜ˛yö í˛z!qò ˆày!¤˛Ó˚ ˆüyê˛ ˛õ!Ó˚üyîˆÏÜ˛ ˆÓyé˛yÎ˚–

4.2.1 ˛í˛z!qò §¡±òyˆÏÎ˚Ó˚ ü%áƒ ˜Ó!¢T˛ƒ §ü)• (Salient features of plant community) :

●●●●● í˛z!qò §¡±òyÎ˚ Óy›ï˛ˆÏsfÓ˚ ~üö ~Ü˛!ê˛ xÇ¢ ˆ§áyˆÏö ˜çÓ Ä x˜ÏçÓ ˛õòyˆÏÌ≈Ó˚ ˛õyÓ˚flõ!Ó˚Ü˛

!Ó!Ü ˛Î˚y Ä !Ó!öüÎ˚ §¡õß¨ •Î˚–

●●●●● ˆÜ˛yö í˛z!qò §¡±òyÎ˚û%˛=˛ ≤Ã!ï˛!ê˛ ≤Ãçy!ï˛ ˆày!¤˛Ó˚ (population) §•ö¢#°ï˛yÓ˚ «˛üï˛y !û˛ß¨

!û˛ß¨ •Î˚– ~Ó˚ ú˛ˆÏ° ~Ü˛ Óy§fiÌyö ˆÌˆÏÜ˛ xöƒ Óy§fiÌyˆÏö í˛z!qò §¡±òyˆÏÎ˚Ó˚ §y!Ó≈Ü˛ àë˛ö

!û˛ß¨ !û˛ß¨ •ˆÏÎ˚ ÌyˆÏÜ˛–

●●●●● ˆÜ˛yö ã˛Ó˚ü í˛z!qò §¡±òyˆÏÎ˚ (climax plant community) ~Ü˛y!ôÜ˛ xÓ˚#Î˚ hflÏÓ˚#û˛Óö

(vertical stratification) ˆòáy ÎyÎ˚–

ˆÜ˛yö xyÓy§fiÌˆÏ° üy•zˆÏÜ ˛yÜœ˛y•zˆÏüˆÏê˛Ó˚ ≤Ãyôyöƒ ~ÓÇ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ öyöy í˛z˛õyòyˆÏöÓ˚ ï˛yÓ˚ï˛üƒ í˛z!qò

§¡±òyˆÏÎ˚Ó˚ x§ü§_¥ï˛y ~ÓÇ fiÌy!öÜ˛ ˜Ó£Ïüƒ (heterogenity and patchiness) ≤Ãòyö Ü˛ˆÏÓ˚– •z•yÓ˚

ú˛ˆÏ° fiÌ°ç Ä !Ü˛å%È xàû˛#Ó˚ fl∫yò%çˆÏ°Ó˚ Óy›ï˛ˆÏsf í˛z!qò §¡±òyˆÏÎ˚Ó˚ xö%û)˛!üÜ˛ àë˛ö ˆòáy ÎyÎ˚– xÓ˚#Î˚

hflÏÓ˚#û˛Óö ~ÓÇ fiÌy!öÜ˛ ˜Ó£ÏüƒÎ%%=˛ í˛z!qò §¡±òyÎ˚ x!ôÜ˛ üyeyÎ˚ ≤Ãyî# ˜Ó£Ïüƒ (richest diversity
of animal life) ôyÓ˚ˆÏî §«˛ü–

ˆÜ˛yö í˛z!qò §¡±òyˆÏÎ˚Ó˚ ~Ü˛ Óy ~Ü˛y!ôÜ˛ !Ü˛å%È ≤Ãçy!ï˛Ó˚ í˛z!qò §ò§ƒ §Çáƒy ~ÓÇ ˜çÓ xyÎ˚ï˛ö

(number of individuals and biological volume) ˆüyê˛ x!ôÜ,˛ï˛ fiÌyö Óy û)˛°@¿ xM˛° (total
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occupied space or basal area) í˛zˆÏÕ‘áˆÏÎyàƒû˛yˆÏÓ xöƒˆÏòÓ˚ ˆÌˆÏÜ˛ ˆÓ¢# •ˆÏÎ˚ ÌyˆÏÜ˛– ~ˆÏòÓ˚ ≤ÃÜ˛ê˛

≤Ãçy!ï˛ (dominant species) ÓˆÏ°–

ˆÜ˛yö í˛z!qò §¡±òyˆÏÎ˚Ó˚ ˜çÓàë˛ö (structure) •z•yÓ˚ ≤Ãçy!ï˛ ≤Ãyã%˛Î≈ ~ÓÇ ≤Ãçy!ï˛ ˜Ó!ã˛ˆÏeÓ˚ Ä˛õÓ˚

xˆÏöÜ˛yÇˆÏ¢ !öû≈˛Ó˚ Ü˛ˆÏÓ˚– ~åÈyí˛¸yÄ ç°ÓyÎ˚% ~ÓÇ û)˛ÈÙÈ§ÇfiÌyöàï˛ öyöy ≤Ãû˛yÓÜ˛ myÓ˚yÄ û˛#£Ïîû˛yˆÏÓ

≤Ãû˛y!Óï˛ •Î˚–

4.2.2 ç#ÓÓy§fiÌyˆÏöÓ˚ xyÜ˛yÓ˚ Ä ≤ÃÜ,˛!ï˛ (Size and Nature of Habitat) :

ç°ÓyÎ˚% ˛õ!Ó˚§#üyñ ≤ÃÜ˛ê˛ ≤Ãçy!ï˛Ó˚ §Çáƒy Ä §ü§_¥ï˛yñ xyM˛!°Ü˛ï˛yñ fiÌy!öÜ˛ ˜Ó!ã˛eñ í˛z≤Ã≤ÃÜ˛ê˛

≤Ãçy!ï˛Ó˚ (subdominant species) §Çáƒy •zï˛ƒy!òÓ˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ í˛z!qò §¡±òyˆÏÎ˚Ó˚ !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚

Ü ˛ˆÏüyFã˛ ˆ◊î# (hierarchical classes) ˆòáy ÎyÎ˚– •z•yÓ˚y •°ÈÙÙÙÈ

1. í˛z!qò §Çàë˛ö (Plant Formation) : ~•z ≤ÃÜ˛yÓ˚ í˛z!qò §¡±òyÎ˚ !ÓhflÏ#î≈ ç°ÓyÎ˚% xM˛°

ç%ˆÏí˛¸ xÓ!fiÌï˛– ~áyˆÏö ~Ü˛y!ôÜ˛ ≤ÃÜ˛ê˛ í˛z!qò ≤Ãçy!ï˛ Óï≈˛üyö ~ÓÇ §Ü˛ˆÏ°Ó˚ ≤ÃyÎ˚ ~Ü˛•zÓ˚Ü˛ü

ç#Óö ôÓ˚î (Life Form) ˆòáy ÎyÎ˚– í˛zòy•Ó˚îÈÙÙÙÈí˛z£÷ü[˛°#Î˚ Ó,!T˛ÈÙÈÓöyM˛°ñ ˛õî≈ˆÏüyã˛# xÓ˚îƒñ

Ü˛!öˆÏú˛Ó˚y§ Óöû)˛!üñ ï,˛îû)˛!üñ üƒyöˆÏ@ˇÃyû˛ñ à%Õ√Ó˚y!ç xM˛° (scrubs) •zï˛ƒy!ò–

2. í˛z!qò §üß∫Î˚ (Plant Association) : !Óhfl,Ïî ç°ÓyÎ˚% xM˛ˆÏ°Ó˚ üˆÏôƒ xˆÏöÜ˛à%!°

í˛z˛õç°ÓyÎ˚% xM˛° ˆòáy ÎyÎ˚– ~áyöÜ˛yÓ˚ í˛z!qò §¡±òyÎ˚ˆÏÜ˛•z í˛z!qò §üß∫Î˚ ÓˆÏ°– ~áyˆÏöÄ

≤ÃÜ˛ê˛ í˛z!qò ≤Ãçy!ï˛Ó˚ §Çáƒy ~Ü˛y!ôÜ˛– í˛z!qò ˜Ó!ã˛ˆÏeÓ˚ !û˛!_ˆÏï˛ í˛z!qò §üß∫Î˚ !öˆÏ¡¨y=˛

í˛z˛õ!Ó˚û˛yˆÏàÓ˚ •Î˚– ÎÌyÈÙÙÙÈ

(a) ú˛ƒy!§ˆÏÎ˚¢ö (Faciation) : í˛z˛õç°ÓyÎ˚% xM˛ˆÏ° ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ xyo≈ï˛yñ ï˛y˛õüyeyÓ˚

ï˛yÓ˚ï˛ˆÏüƒ ~Ü˛y!ôÜ˛ ˛õ,ÌÜ˛ ˛õ,ÌÜ˛ xM˛° ˆòáy ÎyÎ˚– ~•z xM˛°à%!°ˆÏï˛ §yüyöƒ ˛õyÌ≈Ü˛ƒÎ%=˛

í˛z!qò §¡±òyÎ˚ àˆÏí˛¸ ÄˆÏë˛– ~ˆÏòÓ˚ ú˛ƒy!§ˆÏÎ˚¢ö ÓˆÏ°– ~áyˆÏöÄ ≤ÃÜ˛ê˛ í˛z!qò ≤Ãçy!ï˛Ó˚

§Çáƒy ~Ü˛y!ôÜ˛–

(b) Ü˛öˆÏ§y!§ˆÏÎ˚§ö (Consociation) : ü,!_Ü˛yñ Ó,!T˛˛õyï˛ ~ÓÇ ï˛y˛õüyeyÓ˚ fiÌyö#Î˚

ï˛yÓ˚ï˛üƒ ~Ü˛!ê˛ í˛z!qò §üß∫ˆÏÎ˚Ó˚ xû˛ƒhsˇˆÏÓ˚ ~Ü˛y!ôÜ˛ «%˛oï˛Ó˚ í˛z!qò §¡±òyÎ˚ °«˛ƒ Ü˛Ó˚y

ÎyÎ˚– ~áyˆÏö ≤ÃÜ˛ê˛ ≤Ãçy!ï˛ §Çáƒy üye ~Ü˛!ê˛– ~•z ≤ÃÜ˛yÓ˚ í˛z!qò §¡±òyÎ˚ˆÏÜ˛

Ü˛öˆÏ§y!§ˆÏÎ˚¢ö ÓˆÏ°–

(c) ˆ°y!§ˆÏÎ˚¢ö (Lociation) : xyM˛!°Ü˛ ï˛yÓ˚ï˛ˆÏüƒÓ˚ çöƒ í˛z!qò §üß∫ˆÏÎ˚Ó˚ ˆÜ˛yÌyÄ

ˆÜ˛yÌyÄ ˆÜ˛Ó° í˛z˛õ≤ÃÜ˛ê˛ ≤Ãçy!ï˛ ~ÓÇ ˆàÔî ≤Ãçy!ï˛Ó˚ ï˛yÓ˚ï˛ˆÏüƒÓ˚ Ü˛yÓ˚ˆÏî !û˛ß¨ !û˛ß¨

í˛z!qò §¡±òyÎ˚ °«˛ƒ Ü˛Ó˚y ÎyÎ˚– ~ˆÏòÓ˚ ˆ°y!§ˆÏÎ˚¢ö ÓˆÏ°–
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3. í˛z!qò §üyç (Plant Society) : ˆÎ §Ü˛° í˛z!qò §¡±òyˆÏÎ˚ Ü˛öˆÏ§y!§ˆÏÎ˚¢ö Óy ú˛ƒy!§Î˚ˆÏ¢ö

ˆòáy ÎyÎ˚ ˆ§áyˆÏö í˛!üöƒyrê˛ Óy §yÓÈ í˛!üöƒyrê˛ ≤Ãçy!ï˛ åÈyí˛¸yÄ xyˆÏÓ˚y xˆÏöÜ˛ ≤Ãçy!ï˛ ≤Ãã%˛Ó˚

§ÇáƒyÎ˚ (abundance) ˆòáy ÎyÎ˚– •z•yÓ˚y fiÌy!öÎ˚ à%Ó˚%c (local importance) åÈyí˛¸yÄ ˆ§•z

xM˛ˆÏ°Ó˚ í˛z!qò §¡±òyÎ˚ˆÏÜ˛ ≤Ãû˛y!Óï˛ Ü˛ˆÏÓ˚– ~•z §Ü˛° ≤Ãçy!ï˛Ó˚ §ü!T˛ˆÏÜ˛ Úí˛z!qò §üyçÛ

ÓˆÏ°– ~ˆÏòÓ˚ í˛z!qò §¡±òyˆÏÎ˚Ó˚ ≤ÃÜ˛ê˛ ≤Ãçy!ï˛à%!°Ó˚ üˆÏôƒ xyÓ˚ ~Ü˛ ≤ÃÜ˛yÓ˚ ≤Ãû˛yÓ¢y°# ≤ÃÜ˛ê˛

≤Ãçy!ï˛Ó˚ §üyç (Society as a dominance within the dominance) üˆÏö Ü˛Ó˚y •Î˚–

í˛z!qò §üyç ò%•z ≤ÃÜ˛yˆÏÓ˚Ó˚– ÎÌyÈÙÙÙÈ

(a) ò,¢ƒÓ˚)˛õ §üyç (Aspect society) : ˆÎ §Ü˛° xM˛ˆÏ° }ï%˛àï˛ ˜Ó!ã˛e !ÓˆÏ¢£Ïû˛yˆÏÓ °«˛î#Î˚

ˆ§áyˆÏö ~•z ≤ÃÜ˛yÓ˚ í˛z!qò §üyç ˆòáy ÎyÎ˚– !Ó!û˛ß¨ }ï%˛ˆÏï˛ !Ó!û˛ß¨ í˛z!qò ≤Ãçy!ï˛Ó˚ ≤Ãyã%˛Î≈ñ

xAàç Ó,!Âôñ ˛õ%‹õyÎ˚ö (Flowering) ≤Ãû,˛!ï˛Ó˚ Ü˛yÓ˚ˆÏî í˛z!qò §üß∫Î˚ (Plant association)
}ï%˛ xö%ÎyÎ˚# ò,¢ƒÓ˚)˛õ ≤ÃyÆ •Î˚– ˆÜ˛yö í˛z!qò §üß∫ˆÏÎ˚ ~Ü˛y!ôÜ˛ ò,¢ƒÓ˚)˛õ §üyç ÌyÜ˛ˆÏï˛ ˛õyˆÏÓ˚–

üÓ˚%û)˛!ü ~ÓÇ ï,˛îû)˛!ü (grassland) xM˛ˆÏ° ò,¢ƒÓ˚)˛õ §üyç •yˆÏü¢y•z ˆòáy ÎyÎ˚–

(b) hflÏÓ˚#Î˚ §üyç (Layer society) : ~Ü˛y!ôÜ˛ xÓ˚#Î˚hflÏÓ˚ Î%=˛ í˛z!qò ú˛Ó˚ˆÏü¢öÈÙÈ~ ~•z ≤ÃÜ˛yÓ˚

í˛z!qò §üyç ˆòáy ÎyÎ˚– ÓöyM˛°#Î˚ í˛z!qò ú˛Ó˚ˆÏü¢ˆÏö ˆÎáyˆÏö ≤ÃÜ˛ê˛ í˛z!qò !•ˆÏ§ˆÏÓ Óí˛¸ Óí˛¸

Ó,«˛ ˆòáy ÎyÎ˚ ˆ§áyˆÏö ~Ü˛ Óy ~Ü˛y!ôÜ˛ hflÏˆÏÓ˚ !ÓöƒhflÏ à%Õ√ ≤Ãçy!ï˛ñ !ÓÓ˚%Í ≤Ãçy!ï˛ ~ÓÇ

öyöy û)˛!ühflÏÓ˚#Î˚ í˛z!qò§ü)• (ground vegetation) ˆòáy ÎyÎ˚– ~•z û˛yˆÏÓ ˆÜ˛yö í˛z!qò

ú˛Ó˚ˆÏü¢öÈÙÈ~Ó˚ !Ó!û˛ß¨ xÇˆÏ¢ ~Ü˛y!ôÜ˛ xÓ˚#Î˚ §üyç ˆòáy ÎyÎ˚–

4.3 ç#Ó Óy§fiÌyö ~ÓÇ !öã‰˛ (Habitat and Niche)

4.3.1 ˛ç#ÓÓy§fiÌyö (Habitat)

•ƒy!Óê˛ƒyê˛ Óy ç#ÓÓy§fiÌyö •° ˆÜ˛yö ç#ˆÏÓÓ˚ Ó§Óy§ ~ÓÇ !Óã˛Ó˚ˆÏöÓ˚ fiÌyö– ˆÜ˛yö !ö!ò≈T˛ Óy›ï˛ˆÏsfÓ˚

xhsˇà≈ï˛ §Ü˛° ç#Ó ï˛yˆÏòÓ˚ Óy§fiÌyˆÏö §%§üû˛yˆÏÓ x!û˛ˆÏÎy!çï˛ •ˆÏÎ˚ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ §ˆÏAà §%!fiÌï˛ §¡õÜ≈˛

(equilibrium) ÓçyÎ˚ ˆÓ˚ˆÏá fl∫yû˛y!ÓÜ˛ û˛yˆÏÓ Ó§Óy§ Ü˛ˆÏÓ˚–

ˆÜ˛yö fiÌyˆÏöÓ˚ §Ü˛° ˜çÓñ x˜ÏçÓ ~ÓÇ ˆû˛Ôï˛ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ í˛z˛õyòyö §ü)• myÓ˚y ˆÎ §Ü˛° ç#Ó

≤Ãçy!ï˛ ï˛yˆÏòÓ˚ fl∫yû˛y!ÓÜ˛ ˜ç!ÓÜ˛ ã˛y!•òyà%!° ˛õ)Ó˚î Ü˛ˆÏÓ˚ fiÌyÎ˚#û˛yˆÏÓ x!hflÏc Ó˚«˛y Ü˛Ó˚ˆÏï˛ §«˛ü ˆÜ˛Ó°

ï˛yˆÏòÓ˚ Ü˛yˆÏåÈ•z ˆ§•z fiÌyö ÚÓy§fiÌyöÛ !•ˆÏ§ˆÏÓ àîƒ •Î˚–
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≤ÃÓy•üyö §üÎ˚ ôˆÏÓ˚ !ÓÓï≈˛ö ~ÓÇ ≤ÃˆÏÎ˚yçö#Î˚ x!û˛ˆÏÎyçö myÓ˚y ˆÜ˛yö fiÌyˆÏöÓ˚ §y!Ó≈Ü˛ ˛õ!Ó˚ˆÏÓ¢

Ä ç#ˆÏÓÓ˚ üˆÏôƒ fiÌyÎ˚# ˛õyÓ˚flõ!Ó˚Ü˛ §¡õÜ≈˛ àˆÏí˛¸ ÄˆÏë˛– ~Ó˚ ú˛ˆÏ° ˆ§áyˆÏö xö%Ó˚)˛õ Óy›ï˛sf ˆòáy ÎyÎ˚–

üy!ê˛ñ xyo≈ï˛yñ ï˛y˛õüyeyñ §)Î≈yˆÏ°yÜ˛ñ û)˛!ã˛ˆÏeÓ˚ (Lanscape) xÓfiÌyö Ä x!û˛ü%á •zï˛ƒy!ò ~Ü˛!ê˛

Óy§fiÌyˆÏö ç#Ó§¡±òyˆÏÎ˚Ó˚ àë˛öÈÙÈ≤ÃÜ,˛!ï˛Ó˚ !öî≈yÎ˚Ü˛–

≤ÃÜ,˛!ï˛ˆÏï˛ ü%áƒ 4ÈÙÈ≤ÃÜ˛yÓ˚ Óy§fiÌyö ˆòáy ÎyÎ˚ÈÙÙÙÈ

1. fl∫yò%çˆÏ°Ó˚ Óy§fiÌyö (Fresh water habitat) 2. §yü%!oÜ˛ Óy§fiÌyö (Marine habitat)
3. í˛z˛õÜ)˛°û)˛!ü (Estuarine) ~ÓÇ 4. fiÌ°ç Óy§fiÌyö (Terrestrial habitat)–

1. fl∫yò%çˆÏ°Ó˚ Óy§fiÌyö ı •z•y xyÓyÓ˚ (1a) !fiÌÓ˚ çˆÏ°Ó˚ (Lentic) Óy§fiÌyöñ ˆÎüöÈÙÙÙÈ˛õ%Ü%˛Ó˚ñ

ˆ°Ü˛ñ !é˛°ñ !Ó°ñ ç°y •zï˛ƒy!ò ~ÓÇ (1b) ≤ÃÓy!•ï˛ çˆÏ°Ó˚ (Lotic) Óy§fiÌyö ˆÎüöÈÙÙÙÈöò#ñ é˛Ó˚öyñ

áy°ñ öy°y •zï˛ƒy!ò ≤ÃÜ˛yˆÏÓ˚Ó˚ •ˆÏÎ˚ ÌyˆÏÜ˛–

2. §yü%!oÜ˛ Óy§fiÌyö ı •z•yˆÏÜ˛ xyÓyÓ˚ Ü˛ï˛à%!° xM˛ˆÏ° (zones) û˛yà Ü˛Ó˚y •Î˚– ˆÎüöÈÙÙÙÈ (2a)
ˆöˆÏÓ˚!ê˛Ü˛ (Neretic) Óy §ü%o ï˛#Ó˚Óï≈˛# xàû˛#Ó˚ xM˛° (2b) •zrê˛yÓ˚ê˛y•zí˛y° (Intertidal) Óy

ˆçyÎ˚yÓ˚ÈÙÈûÑ˛yê˛y xM˛°– (2c) ÄˆÏ§!öÜ˛ (Oceanic) Óy §yü%!oÜ˛ xM˛°– •z•y fiÌ°û˛yˆÏàÓ˚ ì˛y° ˛õÓ˚Óï≈˛#

xM˛°– (2d) Óƒy!ÌÎ˚yö xM˛° (Bathyal zone) Óy àû˛#Ó˚ §ü%o xM˛°– (2e) ˆÓ!rÌÜ˛ xM˛° (Benthic
zone) Óy §ü%o ï˛°ˆÏò¢– (2f) ˆ˛õ°y!çÜ˛ xM˛° (Pelagic zone) Óy ü%=˛ §ü%o xM˛°– •z•y fiÌ°ç

û)˛á[˛ ˆÌˆÏÜ˛ ò)Ó˚Óï≈˛# xÇˆÏ¢ §ü%o˛õ,¤˛ ˆÌˆÏÜ˛ §ü%o ï˛°ˆÏò¢ ˛õÎ≈hsˇ !Óhfl,Ïï˛ xM˛°–

3. í˛z˛õÜ)˛°û)˛!ü ı ~•z xM˛° xyÓyÓ˚ ò%•zû˛yˆÏà !Óû˛=˛– ˆÎüöÈÙÙÙÈ(3a) §yˆÏ°yÜ˛ §ÇˆÏŸ’£Ï# xM˛°

(Photosynthetic zone) •z•y xàû˛#Ó˚ §ü%o ï˛#Ó˚Óï≈˛# xM˛° ˆÎáyˆÏö öyöy í˛z!qˆÏòÓ˚ !ÓhflÏyÓ˚ Ó˚ˆÏÎ˚ˆÏåÈ–

(3b) xôÉˆÏ«˛˛õö¢#° xyû˛ƒhsˇÓ˚#î xM˛° (Sedimentary subsystem) ~áyˆÏö öò# Óy!•ï˛ •ˆÏÎ˚ Ü˛yòyñ

˛õ!° Ä öyöy ˜çÓ ˛õòyÌ≈ §ü%ˆÏoÓ˚ ì˛y° ÓÓ˚yÓÓ˚ çüy •Î˚–

4. fiÌ°ç Óy§fiÌyö ı ~•z ≤ÃÜ˛yÓ˚ Óy§fiÌyö û)˛ü[˛ˆÏ°Ó˚ öyöyfiÌyˆÏö öyöy ≤ÃÜ˛yˆÏÓ˚Ó˚ •ˆÏÎ˚ ÌyˆÏÜ˛

ˆÎüöÈÙÙÙÈÓöû)˛!üñ ï,˛îû)˛!üñ Ü,˛!£ÏˆÏ«˛eñ üÓ˚%û)˛!üñ ê%˛öí˛y ≤Ãû,˛!ï˛–

xö%Óy§fiÌyö Óy üy•zˆÏÜ ˛y•ƒy!Óê˛ƒyê˛ (Microhabitats) : •z•yÓ˚y ˆÜ˛yö Óy§fiÌyˆÏöÓ˚ xhsˇà≈ï˛ «%˛o

Óy§fiÌyö– ˆÜ˛yö ~Ü˛!ê˛ Óy§fiÌyˆÏöÓ˚ !Ó!û˛ß¨ xÇˆÏ¢ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ í˛z˛õyòyö §ü)ˆÏ•Ó˚ §yüyöƒï˛ü ˛õyÌ≈ˆÏÜ˛ƒ

~ÓÇ ˆ§áyöÜ˛yÓ˚ ç#Ó §¡±òyˆÏÎ˚Ó˚ àë˛ö Ä ˜Ó!ã˛eàï˛ !Ó!û˛ß¨ï˛yÎ˚ ~Ü˛y!ôÜ˛ xö%Óy§fiÌyö ˜ï˛Ó˚# •Î˚–

üy•zˆÏÜ ˛y•ƒy!Óê˛ƒyê˛ÈÙÈ~Ó˚ !öç !öç fl∫ï˛sf ˛õy!Ó˚ˆÏÓ!¢Ü˛ í˛z˛õyòyö §ü)•ˆÏÜ˛ üy•zˆÏÜ ˛yÜœ˛y•zˆÏüê˛ Óy xö%ç°ÓyÎ˚%

ÓˆÏ°–
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4.3.2 !öã‰˛ (Niche)

!öã‰˛ ¢∑!ê˛ ú˛Ó˚y!§ ¢∑ ‘Nicher’ ~ÓÇ •zê˛y!°Î˚ ¢∑ ‘Niche’ ˆÌˆÏÜ˛ í˛zq(ï˛ ÎyÓ˚ xÌ≈ ‘Nest’
Óy Óy§y– 1917ÈÙÈˆï˛ ˛õ«˛#!Óò ˆçyˆÏ§ú˛ @ˇÃ#ˆÏö° (Joseph Grinnell) !öã‰˛ ¢∑!ê˛ ≤ÃÌü ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ö–

1927ÈÙÈ~ ã˛y°≈§‰ ~°ê˛ö (Charls Elton) ≤ÃÌü !öã‰˛ÈÙÈ~Ó˚ §ÇK˛y ≤Ãòyö Ü˛ˆÏÓ˚ö– ˆÜ˛yö ≤Ãçy!ï˛ˆÏày!¤˛

(population) myÓ˚y x!ô@ˇÃ!•ï˛ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ xÇ¢!ÓˆÏ¢£Ï (subdivision) ˆÜ˛ !ï˛!ö !öã‰˛ Ó%!é˛ˆÏÎ˚ˆÏåÈö–

!ÓK˛yö# ~°ê˛ö ï˛yÓ˚ !Óáƒyï˛ xÓòyö “Animal Ecology” ˆï˛ ˆÜ˛yö ç#Ó§¡±òyÎ˚û%˛=˛ ~Ü˛!ê˛ ≤Ãçy!ï˛Ó˚

ç#ÓˆÏòÓ˚ áyòƒ §Ç@ˇÃ• ~ÓÇ fl∫ !Ü˛ÇÓy !Óçyï˛#Î˚ ¢e% ˆüyÜ˛yˆÏÓ°yÎ˚ ˆÎ §Ó çyÎ˚ày ç%ˆÏí˛¸ §Ü˛° ˆüÔ!°Ü˛

!Ü ˛Î˚y §¡õyòö Ü˛ˆÏÓ˚ ÌyˆÏÜ˛ ï˛y ˆÓyé˛yˆÏï˛•z !öã‰˛ ¢∑!ê˛ ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ö– •z•y ˆÜ˛yö ~Ü˛!ê˛ ç#Ó ≤Ãçy!ï˛Ó˚

ˆüÔ° !Ü ˛Î˚y §ü)• §¡õyòˆÏöÓ˚ çöƒ ˛õ!Ó˚ÓƒyÆ çyÎ˚ày (occupation space to perform fundamental
roles of life) ˆÓyé˛yÎ˚–

●●●●● !ÓK˛yö# @ˇÃ#ˆÏö° (1917, 1924, 1928)˛ÈÙÈ~Ó˚ §ÇK˛y xö%§yˆÏÓ˚ ˆÜ˛yö ~Ü˛!ê˛ ≤Ãçy!ï˛ ï˛yÓ˚

àë˛öàï˛ ~ÓÇ Ü˛yÎ≈Ü˛Ó˚# §#üyÓÂôï˛y xö%ÎyÎ˚# !ÓhflÏyˆÏÓ˚Ó˚ Ü˛yÓ˚ˆÏî Óy§fiÌyˆÏöÓ˚ ˆÎ ã)˛í˛¸yhsˇ ~Ü˛Ü˛

çyÎ˚àyÎ˚ ˛õ!Ó˚ÓƒyÆ •Î˚ ï˛y•y•z !öã‰˛ (Ultimate distributional unit within which each
species is held by its structural and functional limitations)–

●●●●● !ÓK˛yö# Äí˛yü (E. P. Odum), 1917-~Ó˚ üˆÏï˛ ˆÜ˛yö ≤Ãyî#Ó˚ x!ôà,•#ï˛ fiÌyö (occu-
pation) •° !öã‰˛–

●●●●● !ÓK˛yö# •%•zˆÏê˛Ü˛yÓ˚ (Whittaker), 1973ÈÙÈ~Ó˚ üˆÏï˛ !öã‰˛ •° ˆÜ˛yö ç#ˆÏÓÓ˚ ˆÜ˛Ó° Ü˛yÎ≈

§¡õ!Ü≈˛ï˛ xÓfiÌyö (Functional Position)–

●●●●● !ÓK˛yö# •y!ã˛ö§ö (Hutchinson) 1957ÈÙÈ~ !öã‰˛ÈÙÈ~Ó˚ §ˆÏAà ≤Ã!ï˛ˆÏÎy!àï˛yÓ˚ §¡õÜ≈˛ fiÌy˛õö

Ü˛ˆÏÓ˚ §ÇK˛y ˆòö– !ï˛!ö ÓˆÏ°öÈÙÙÙÈÚÚˆÜ˛yö ç#ˆÏÓÓ˚ !öã‰˛ Ó•%§ÇáƒÜ˛ ˆû˛Ôï˛ñ x˜ÏçÓ Ä ˜çÓ ˛õ!Ó˚ˆÏÓ¢

í˛z˛õyòyö myÓ˚y !öÎ˚!sfï˛ Ó•%üy!eÜ˛ çyÎ˚ày Îy ˆÜ˛yö Óy§fiÌyˆÏö ˆÜ˛yö ~Ü˛!ê˛ ≤Ãçy!ï˛ myÓ˚y

x!ôà,•#ï˛ •Î˚– !ï˛!ö •z•y x!ôxyÎ˚ï˛ö !öã‰˛ (hypervolume Niche) xy«˛y ˆòö–

ˆÜ˛yö ç#ˆÏÓÓ˚ ç#ÓöôyÓ˚ˆÏö ≤ÃˆÏÎ˚yçö#Î˚ ˆÎ ˆÜ˛yö í˛z˛õyòyˆÏöÓ˚ §ˆÏÓ≈yFã˛ Ä §Ó≈!ö¡¨ ≤Ãy!Æ !Ü˛ÇÓy

§•ö¢#°ï˛yÓ˚ !ö!Ó˚ˆÏá ï˛yÓ˚ x!ô@ˇÃ!•ï˛ fiÌyöÈÙÈ~Ó˚ ÓÜ ˛ˆÏÓ˚áy !ã˛ˆÏeÓ˚ í˛z˛õfiÌy˛õöy (graphical represen-
tation) â^ˇê˛yÜ,˛!ï˛Ó˚ •ˆÏÎ˚ ÌyˆÏÜ˛– ‘X’ x«˛ ÓÓ˚yÓÓ˚ ˆÓ˚á!ã˛ˆÏeÓ˚ ˜òâ≈ÈÙÈüyeyˆÏÜ˛ !öã‰˛ ≤Ã§yÓ˚ï˛y (Niche
width) ÓˆÏ°– •z•y §ÇÜ˛#î≈ Óy x!ï˛ ã˛Äí˛¸y •ˆÏï˛ ˛õyˆÏÓ˚– §ÇÜ˛#î≈ !öã‰˛ ç#Ó ≤Ãçy!ï˛Ó˚ ˛õ!Ó˚ˆÏÓ¢ ˆÌˆÏÜ˛

Ó˚§ò xy•Ó˚î ˛õåÈ®üy!ú˛Ü˛ •Î˚ (selective resource utilization)˛– x!ï˛ ã˛Äí˛¸y !öã‰˛ û%˛=˛ ç#Ó ≤Ãçy!ï˛Ó˚

˛õ!Ó˚ˆÏÓ¢ ˆÌˆÏÜ˛ Ó˚§ò xy•Ó˚î §yôyÓ˚î ≤ÃÜ,˛!ï˛Ó˚ (generalised) •Î˚ S!ã˛e 4.1V–
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4.3.2.1 x!ôxyÎ˚ï˛ö Óy üy!Œê˛í˛y•zˆÏüö¢öy° !öã˛‰ (Hypervolume or multidimentional niche)

Î!ò üˆÏö Ü˛Ó˚y ÎyÎ˚ ˆÜ˛yö ç#ˆÏÓÓ˚ !öã‰˛ !ï˛ö!ê˛ x!öÎ˚ï˛ ˛õ!Ó˚ˆÏÓ¢ í˛z˛õyòyö ˆÎüö áyòƒ xyÜ,˛!ï˛

(Food size), áyòƒ §Ç@ˇÃˆÏ•Ó˚ í˛zãï˛y (Foraging height) ~ÓÇ xyo≈ï˛y myÓ˚y ≤Ãû˛y!Óï˛– ˆÜ˛yö ≤Ãçy!ï˛Ó˚

ˆ«˛ˆÏe ˆòáy ÎyÎ˚ ˆÎ ≤Ã!ï˛!ê˛ x!öÎ˚ï˛ í˛z˛õyòyˆÏöÓ˚ !ö!ò≈T˛ üyˆÏöÓ˚ üˆÏôƒ•z ï˛yÓ˚ Ü˛ü≈ §ÇÜ ˛yhsˇ à!ï˛!Ó!ô

Ä fiÌyö x!ô@ˇÃ•î (occupation of space) §#üyÓÂô– •z•yÓ˚ ˆÓ˚á!ã˛e !eüy!eÜ˛ xyÎ˚ï˛ˆÏ«˛e •ˆÏÎ˚ ÌyˆÏÜ˛

S!ã˛e 4.2V– í˛z!Õ‘!áï˛ !ï˛ö!ê˛ í˛z˛õyòyˆÏöÓ˚ öƒyÎ˚ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ xyˆÏÓ˚y xˆÏöÜ˛ ˛õ!Ó˚!üï˛ ˜çÓ Óy x˜ÏçÓ

í˛z˛õyòyö §ü)• ~Ü˛!ê˛ ç#Ó ≤Ãçy!ï˛Ó˚ !öã‰˛ ≤Ãû˛y!Óï˛ Ü˛ˆÏÓ˚– §Óà%!° í˛z˛õyòyˆÏöÓ˚ §yˆÏ˛õˆÏ«˛ §!¡ø!°ï˛û˛yˆÏÓ

n-§ÇáƒÜ˛ x«˛ ÓÓ˚yÓÓ˚ ˆÜ˛yö ç#ˆÏÓÓ˚ fiÌyö x!ô@ˇÃ•ˆÏîÓ˚ ˆÓ˚á!ã˛e ÓyhflÏˆÏÓ §Ω˛Ó öÎ˚– !Ü˛v ÓyhflÏˆÏÓ ≤Ã!ï˛!ê˛

ç#ˆÏÓÓ˚ !öã‰˛ Ó•%§ÇáƒÜ˛ ˜çÓñ x˜ÏçÓ Ä ˆû˛Ôï˛ í˛z˛õyòyö myÓ˚y ≤Ãû˛y!Óï˛– ≤Ã!ï˛!ê˛ ç#Ó myÓ˚y x!ô@ˇÃ!•ï˛

!öã‰˛ ï˛y•z Ó•%üy!eÜ˛ x!ôxyÎ˚ï˛ö (multidimentional hypervolume) ≤ÃÜ,˛!ï˛Ó˚–

!ã˛e 4.1 : ã˛Äí˛¸y Ä §ÇÜ˛#î≈ !öã‰˛ ≤Ã§yÓ˚ï˛yÓ˚ â^ˇê˛yÜ,˛!ï˛Ó˚ ˆÓ˚áy !ã˛e

ç#Óö Ó˚§òÈÙÈ~Ó˚ ö!ï˛üyey
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!ã˛e 4.2 : !ï˛ö!ê˛ í˛z˛õyòyö !öû≈˛Ó˚ !eüy!eÜ˛ !öã‰˛ xyÎ˚ï˛ö– (a) fl∫yô#ö í˛z˛õyòyö !öû≈˛Ó˚ !öã‰˛

(b) ˛õyÓ˚flõ!Ó˚Ü˛ §¡õÜ≈˛ Î%=˛ í˛z˛õyòyö !öû≈˛Ó˚ !öã‰˛
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4.3.2.2 ˆüÔ!°Ü˛ !öã‰˛ (Fundamental Niche)

ˆÜ˛yö xM˛ˆÏ° ~Ü˛!ê˛ ≤Ãçy!ï˛Ó˚ ç#Ó§Ü˛° Î!ò x˛õÓ˚ §Ü˛° ≤Ãçy!ï˛Ó˚

ç#ˆÏÓÓ˚ ≤Ãû˛yÓñ ≤Ã!ï˛ˆÏÎy!àï˛y Óy §Çflõ¢≈ ˆÌˆÏÜ˛ ü%=˛ ÌyÜ˛ˆÏï˛ ˛õyˆÏÓ˚ ï˛ˆÏÓ

ˆ§•z ≤Ãçy!ï˛Ó˚ x!ôxyÎ˚ï˛ö !öã‰˛ˆÏÜ˛ ˆüÔ!°Ü˛ !öã‰˛ (Fundamental
niche) ÓˆÏ°– ~•z ˆ«˛ˆÏe ˆÜ˛yö ç#Ó Óy§fiÌyˆÏöÓ˚ ˆÜ˛yö ≤Ãçy!ï˛Ó˚ !öã‰˛

xöƒ ≤Ãçy!ï˛Ó˚ !öã˛‰ myÓ˚ xÇ¢#û)˛ï˛ (shared) •Î˚ öy Óy §yüyöƒï˛ü

§ü˛õy!ï˛ï˛ •Î˚ öy (not overlaped)– S!ã˛e 4.3(a))

4.3.2.3 xö%û)˛ï˛ !öã‰˛ (Realised niche)

ˆÜ˛yö ˛õ!Ó˚ˆÏÓˆÏ¢ Ó§Óy§Ü˛yÓ˚# §Ü˛° ç#Ó ˛õyÓ˚flõ!Ó˚Ü˛ xyhsˇ!Ü ˛Î˚yÎ˚ ˆÓÑˆÏã˛ ÌyˆÏÜ˛– ï˛yÓ˚y ~ˆÏÜ˛ x˛õˆÏÓ˚Ó˚

myÓ˚y ˆÜ˛yö öy ˆÜ˛yö û˛yˆÏÓ ≤Ãû˛y!Óï˛ Óy ≤Ã!ï˛ˆÏÎyà#ï˛yÓ˚ §¡ø%á#ö

•Î˚– •z•yÓ˚ ú˛ˆÏ° ˆÜ˛yö ç#Ó•z ï˛yÓ˚ ˆüÔ!°Ü˛ !öã‰˛ xöƒ ≤Ãçy!ï˛Ó˚

ç#Ó ˆÌˆÏÜ˛ xÇ¢#òyÓ˚ ü%=˛ Ó˚yáˆÏï˛ ˛õyˆÏÓ˚ öy– ≤Ã!ï˛ˆÏÎyà# !Ü˛ÇÓy

§•ˆÏÎyç# Ó•%§ÇáƒÜ˛ ç#ˆÏÓÓ˚ !öã‰˛ myÓ˚y !Ó!û˛ß¨ üyeyÎ˚ §ü˛õy!ï˛ï˛

•Î˚– ~•z Ü˛yÓ˚ˆÏî ˆÜ˛yöç#ˆÏÓÓ˚ !öã‰˛ ˆüÔ!°Ü˛ !öã‰˛ xˆÏ˛õ«˛y

xˆÏöÜ˛yÇˆÏ¢•z §ÇÜ%˛!ã˛ï˛ •Î˚– •z•y•z ÓyhflÏ!ÓÜ˛ ˛õˆÏ«˛ §Ü˛° ç#Ó

≤Ãçy!ï˛Ó˚ xö%û)˛ï˛ !öã‰˛ (Realised niche)– [!ã˛e 4.3(b)]

4.3.2.4 !öã˛‰ §ü˛õyï˛ö (Niche overlap)

Îáö ò%•z Óy ï˛yÓ˚ ˆÓ¢# ≤Ãçy!ï˛Ó˚ ç#Ó Îáö ~Ü˛•z

Óy§fiÌyˆÏö Ó§Óy§ Ü˛ˆÏÓ˚ ~Ü˛•z Ó˚§ò§ü)ˆÏ•Ó˚ (resources)
xÇ¢!ÓˆÏ¢£Ï ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ ï˛áö ï˛yˆÏòÓ˚ !öã‰˛ §ü˛õy!ï˛ï˛

•Î˚– Ó˚§ˆÏòÓ˚ ˛õ!Ó˚üyî Ä ˆÎyàyö !öû≈˛Ó˚ Ü˛ˆÏÓ˚ ~•z §Ü˛°

ç#Ó ≤ÃÜ,˛!ï˛Ó˚ üˆÏôƒ ≤Ã!ï˛ˆÏÎy!àï˛y ü)°Ü˛ !Óï˛yÓ˚î ≤Ã!Ü ˛Î˚yÄ

(competitive exclusion) ¢%Ó˚% •Î˚– •z•y §ü˛õyï˛ö

üyeyÓ˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ ~ÓÇ Ó˚§ˆÏòÓ˚ §üyö%˛õy!ï˛Ü˛ •yˆÏÓ˚

Ó,!Âô Óy •…y§ ˛õyÎ˚– xyÓyÓ˚ ˛õÓ˚flõÓ˚ §ü˛õy!ï˛ï˛ !öã‰˛ÈÙÈ~Ó˚

ò%•z Óy ï˛ˆÏï˛y!ôÜ˛ ≤Ãçy!ï˛Ó˚ üˆÏôƒ §•ˆÏÎy!àï˛yÓ˚ xyhsˇ!Ü ˛Î˚y

ÓçyÎ˚ ÌyÜ˛ˆÏ° xˆÏöÜ˛ˆÏ«˛ˆÏe ï˛yˆÏòÓ˚ §•ÓfiÌyö Ü˛Ó˚ˆÏï˛Ä

ˆòáy ÎyÎ˚– ~•z §ü˛õyï˛ö !Ó!û˛ß¨ ≤Ãçy!ï˛Ó˚ ÓƒÓ•yÓ˚àï˛

≤Ãû˛yÓ (behavioral influence) ~ÓÇ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚

≤Ãû˛yÓÈÙÈ~Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚–

!ã˛e 4.3(a) : ˆüÔ!°Ü˛ !öã‰˛

!ã˛e 4.3(b) : xö%û)˛ï˛ !öã‰˛

!ã˛e 4.4 : !öã‰˛ §üy˛õï˛öñ !öã‰˛ ˛õ!Ó˚!ô ~ÓÇ

!öã˛ ≤Ã§yÓ˚ï˛y– a, b ~ÓÇ c !ï˛ö!ê˛ !û˛ß¨

!û˛ß¨ ≤Ãçy!ï˛Ó˚ !öã‰˛–



72 NSOU 5CC-BT-02

D: \ Suvendu \ NSOU\NEP/ 5CC-BT-02
Unit- 1-4 \ 2nd Proof  \ (Dt. 19.03.2025)

4.3.2.5 !öã‰˛ ≤Ã§yÓ˚ï˛y (Niche width)

ˆÜ˛yö ≤Ãçy!ï˛Ó˚ ç#ˆÏÓÓ˚ !ÓhflÏyÓ˚ Î!ò §Ó≈!ö¡¨ ˆÌˆÏÜ˛ §ˆÏÓ≈yFã˛ Ó˚§ò §#üyÓ˚ ÓÜ ˛ˆÏÓ˚á!ã˛ˆÏeÓ˚ üyôƒˆÏü

≤ÃÜ˛y¢ Ü˛Ó˚y ÎyÎ˚ (graphical representation) ˛ˆ§ˆÏ«˛ˆÏe ÓÜ ˛ˆÏÓ˚áy!ê˛ Ó˚§ò !öˆÏò≈¢Ü˛ xˆÏ«˛Ó˚ ˆÎ xÇ¢

òá° Ü˛ˆÏÓ˚ ÌyˆÏÜ˛ (intersept length of the axis) ï˛yˆÏÜ˛ !öã‰˛ ≤Ã§yÓ˚ï˛y ÓˆÏ°–

4.3.2.6 !öã‰˛ ˛õ!Ó˚!ô (Niche circumferynce)

ˆÜ˛yö ç#Ó ≤Ãçy!ï˛Ó˚ xö%û)̨ ï˛ Óy !Ó˚Î˚y°y•zçí˛ !öã‰̨  ˛õ!Ó˚̂ ÏÓ Ï̂¢Ó˚ ˆÎ x!ôxyÎ˚ï˛ö fiÌyö (Hypervolume
space) òá° Ü˛ˆÏÓ˚ ÌyˆÏÜ˛ ï˛yˆÏÜ˛ !öã‰˛ ˛õ!Ó˚!ô ÓˆÏ°– •z•y !Ó!û˛ß¨ ç#ˆÏÓÓ˚ Ó˚§ò í˛z˛õyòyö (resource factor)
ÈÙÈ~Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚–

!ã˛e 4.4 !öã‰˛ §ü˛õyï˛öñ !öã‰˛ ≤Ã§yÓ˚ï˛y ~ÓÇ !öã‰˛ ˛õ!Ó˚!ô ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ–

4.3.2.7 !öã˛‰ ≤Ã!ï˛!Ü ˛Î˚y (Niche Responses)

ˆÜ˛yö Óy§fiÌyˆÏö Ó§Óy§Ü˛yÓ˚# ~Ü˛y!ôÜ˛ ç#Ó ≤Ãçy!ï˛Ó˚ ç#Óö Ó˚§ò (resources for living)
§Ç@ˇÃˆÏ•Ó˚ Ü˛yÓ˚ˆÏî Óy öyöy ≤Ãçy!ï˛Ó˚ ç#ˆÏÓÓ˚ x!û˛Óy§ö (immigration) ç!öï˛ !üÌ!fl;Î˚yÓ˚ Ü˛yÓ˚ˆÏî !Ó!û˛ß¨

≤ÃÜ˛yÓ˚ !öã˛ ≤Ã!ï˛!Ü ˛Î˚y ˆòáy ÎyÎ˚ÈÙÙÙÈ

A. ˛!öã‰˛ §ÇˆÏÜ˛yã˛ö (Niche contraction) : ≤Ã§y!Ó˚ï˛ !öã‰˛ Î%=˛ ˆÜ˛yö ≤Ãçy!ï˛Ó˚ Óy§fiÌyˆÏö Î!ò

~Ü˛ Óy ~Ü˛y!ôÜ˛ ≤Ã!ï˛ˆÏÎyà# ç#ˆÏÓÓ˚ xö%≤ÃˆÏÓ¢ âˆÏê˛ ˆ§ ˆ«˛ˆÏe !öã‰˛ §ÇˆÏÜ˛yã˛ˆÏöÓ˚ âê˛öy ˆòáy ÎyÎ˚–

ã˛Ó˚ü ≤Ã!ï˛ˆÏÎyà#ï˛yÓ˚ Ü˛yÓ˚ˆÏî xˆÏöÜ˛ ˆ«˛ˆÏe•z xy!ò Ó§Óy§Ü˛yÓ˚# ç#ˆÏÓÓ˚ à!ï˛!Ó!ôñ Ó˚§ò xy•Ó˚ˆÏîÓ˚ fiÌyöñ

Óy§fiÌyöñ Ä xöƒyöƒ !Ü ˛Î˚yÜ˛°y˛õ §#!üï˛ •ˆÏÎ˚ xyˆÏ§– ~Ó˚ ú˛ˆÏ° ï˛yˆÏòÓ˚ !öã‰˛ §ÇÜ%˛!ã˛ï˛ •Î˚–

B. !öã‰˛ ≤Ã§yÓ˚î (Niche expansion) : !Ó˛õÓ˚#ï˛ Ü ˛ˆÏü ˆÜ˛yö Óy§fiÌyˆÏö Ó§Óy§Ü˛yÓ˚# ç#Ó§ü)ˆÏ•Ó˚

üˆÏôƒ xyhsˇÉ≤Ãçy!ï˛ ≤Ã!ï˛m!®μï˛y öyöy Ü˛yÓ˚ˆÏî •…y§ ˆ˛õˆÏ° !öã‰˛ §¡±§yÓ˚ˆÏîÓ˚ âê˛öy ˆòáy ÎyÎ˚– ˛õ)ˆÏÓ≈

xÓƒÓ•,ï˛ §¡õ Ï̂òÓ˚ xyÎ˚ï˛ö (resource space) ç#Ó Ï̂òÓ˚ ÓƒÓ•y Ï̂Ó˚ §Ç Ï̂Îy!çï˛ • Ï̂°ñ !Ü˛ÇÓy xö%̂ Ï≤ÃÓ¢Ü˛yÓ˚#

Óy ≤Ã!ï˛ˆÏÎyà# ≤Ãçy!ï˛Ó˚ öyöy Ü˛yÓ˚ˆÏî ≤ÃÓy§ö (emigration) âê˛ˆÏ° xy!ò Ó§Óy§Ü˛yÓ˚# ç#Ó ≤Ãçy!ï˛Ó˚

!öã‰˛ §¡±§yÓ˚î (niche expansion) ˆòáy ÎyÎ˚–

C. !öã‰˛ fiÌyöyhsˇÓ˚ Óy !öã‰˛ ˛õ!Ó˚Óï≈˛ö (Niche shift) : §ü˛õy!ï˛ï˛ !öã‰˛ xyÎ˚ï˛ˆÏö §•ÓfiÌyöÜ˛yÓ˚#

~Ü˛y!ôÜ˛ ≤Ãçy!ï˛ !öˆÏçˆÏòÓ˚ üˆÏôƒ ≤Ã!ï˛ˆÏÎy!àï˛y ≤Ã¢üˆÏö xˆÏöÜ˛ §üÎ˚ öï%˛ö áyòƒyû˛ƒy§ Óy öï%˛ö

xyã˛Ó˚î!Ó!ôˆÏï˛ !öˆÏçˆÏòÓ˚ xû˛ƒhflÏ Ü˛ˆÏÓ˚ ˆï˛yˆÏ°– ~Ó˚ ú˛ˆÏ° ≤Ã!ï˛!ê˛ ≤Ãçy!ï˛Ó˚ §%!ÓôyˆÏÌ≈ !öç !öç !öã‰˛

fiÌyöyhsˇ!Ó˚ï˛ •Î˚– ~Ó˚ myÓ˚y !öã‰˛ §ü˛õyï˛ˆÏöÓ˚ üyey ˛õ!Ó˚Ó!ï≈˛ï˛ •Î˚– xˆÏöÜ˛ §üÎ˚ ≤ÃyÜ,˛!ï˛Ü˛ Ü˛yÓ˚ˆÏî Óy

üyö%ˆÏ£ÏÓ˚ Óƒy!ï˛ã˛yˆÏÓ˚Ó˚ Ü˛yÓ˚ˆÏî (human interference) !Ó!û˛ß¨ ç#ˆÏÓÓ˚ Óy§fiÌyö «˛!ï˛@ˇÃfiÌ •ˆÏ°ñ !Ü˛ÇÓy

ˆÜ˛yö xM˛ˆÏ°Ó˚ áyòƒû˛y[˛yÓ˚ !öÉˆÏ¢!£Ïï˛ Óy !ÓöT˛ •ˆÏ° !öã‰˛ fiÌyöyhsˇ Óy !öã‰˛ ˛õ!Ó˚Óï≈˛ö âˆÏê˛–
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4.4 •zˆÏÜ˛yˆÏê˛yö ~ÓÇ ≤Ãy!hsˇÎ˚ ≤Ãû˛yÓ (Ecotone and Edge Effects)

ˆÎ ˆÜ˛yö í˛z!qò §¡±òyˆÏÎ˚Ó˚ (plant community) ~Ü˛!ê˛ !ÓhflÏyÓ˚ §#üy (spatial limit) ÌyˆÏÜ˛–

˛õ,!ÌÓ# ˛õ,ˆÏ¤˛ !Óhfl,Ïï˛ ˆÎ ˆÜ˛yö û)˛!ã˛ˆÏe•z (landscape) öyöy Óy›ï˛sf ÌyˆÏÜ˛– ˆ§áyˆÏö ˆòáy ÎyÎ˚ ~Ü˛!ê˛

§¡±òyˆÏÎ˚Ó˚ !ÓhflÏyÓ˚ §#üy ˆ¢£Ï •ˆÏï˛•z Óy ˆ¢£Ï •ÓyÓ˚ xyˆÏà•z x˛õÓ˚ ~Ü˛!ê˛ í˛z!qò §¡±òyˆÏÎ˚Ó˚ !ÓhflÏyÓ˚

¢%Ó˚% •Î˚– ˛õy¢y˛õy!¢ !Óhfl,Ïï˛ ò%•z!ê˛ í˛z!qò §¡±òyˆÏÎ˚Ó˚ !Ü˛öyÓ˚y Ü˛áˆÏöy §%flõT˛û˛yˆÏÓ !ÓˆÏû˛!òï˛ (sharp
boundadry) xyÓyÓ˚ Ü˛áˆÏöy ~Ü˛!ê˛Ó˚ !Ü˛öyÓ˚y xM˛° x˛õÓ˚!ê˛Ó˚ !Ü˛öyÓ˚y xM˛° ˆÌˆÏÜ˛ xy°yòy Ü˛Ó˚y ÎyÎ˚

öy– ~•z Ó˚)˛õyhsˇÓ˚ xM˛°•z (transition zone) Ü ˛y!hsˇ xM˛° Óy •zˆÏÜ˛yˆÏê˛yö (ecotone) !•ˆÏ§ˆÏÓ !ã˛!•´ï˛–

~áyˆÏö ~Ü˛!ê˛ í˛z!qò §¡±òyˆÏÎ˚Ó˚ §#üyöy ˛õÓ˚Óï≈˛# í˛z!qò §¡±òyˆÏÎ˚Ó˚ §#üyöyÓ˚ §yˆÏÌ !üˆÏ¢ ÎyÎ˚ Óy í˛z˛õ!Ó˚˛õß¨

•Î˚– ~áyˆÏö í˛zû˛Î˚ §¡±òyˆÏÎ˚Ó˚ ≤Ãçy!ï˛ í˛z!qò ˆòáy ÎyÎ˚– ï˛y•z ~áyˆÏö ≤Ãçy!ï˛ ≤Ãyã%˛Î≈ (species richness)
ˆÓ¢# •Î˚– í˛zòy•Ó˚î !•ˆÏ§ˆÏÓ ˛õy¢y˛õy!¢ Óöû)˛!üÈÙÈï,˛îû)˛!üñ ç°yû)˛!üÈÙÈï,˛îû)˛!üñ Óöû)˛!üÈÙÈüÓ˚%û)˛!üÈ !Ü˛ÇÓy

§ü%ˆÏoÓ˚ ˆöyöyç° Ä öò#Ó˚ fl∫yò%çˆÏ°Ó˚ §ÇˆÏÎyàfiÌ° Óy ˆüy•öy •zˆÏÜ˛yˆÏê˛yˆÏöÓ˚ í˛zòy•Ó˚î–

~Ü˛!ê˛ í˛z!qò §¡±òyˆÏÎ˚Ó˚ ˛õ!Ó˚!ô ÓÓ˚yÓÓ˚ ˆÓT˛öÜ˛yÓ˚# ≤Ã§y!Ó˚ï˛ xM˛°ˆÏÜ˛ (land belt) !Ü˛öyÓ˚y Óy

≤Ãy!hsˇÎ˚ xM˛° (edge) ˛ÓˆÏ°– ~Ü˛!ê˛ í˛z!qò §¡±òyˆÏÎ˚Ó˚ !Ü˛öyÓ˚y Ä ˛õÓ˚Óï≈˛# í˛z!qò §¡±òyˆÏÎ˚Ó˚ !Ü˛öyÓ˚y

ˆÎáyˆÏö !ü!°ï˛ •Î˚ ï˛yˆÏÜ˛ §#üyhsˇ (border) ÓˆÏ°– !ÓK˛yö# ú˛Ó˚üƒyö (Forman, 1995) ~Ó˚ üˆÏï˛

ò%•z!ê˛ ˛õy¢y˛õy!¢ í˛z!qò §¡±òyˆÏÎ˚Ó˚ !Ü˛öyÓ˚ymÎ˚ (edges) ~ÓÇ ï˛yˆÏòÓ˚ üôƒÓï≈˛# §#üyhsˇ (border) ˆÜ˛

~Ü˛ˆÏe §#üyöy Óy Óyí˛zu˛yÓ˚# (boundary) Ó°y •Î˚–

4.4.1 Ü ˛y!hsˇ˛ xM˛° Óy •zˆÏÜ˛yˆÏê˛yˆÏöÓ˚ ˜Ó!¢T˛ƒ (Characteristics of ecotone)

●●●●● í˛zû˛Î˚ Óy›ï˛ˆÏsfÓ˚ Óy í˛z!qò §¡±òyˆÏÎ˚Ó˚ !Ü˛å%È !Ü˛å%È ˜Ó!¢T˛ƒyÓ!°Ó˚ ≤Ãû˛yÓ •zˆÏÜ˛yˆÏê˛yˆÏö ˆòáy

ÎyÎ˚–

●●●●● ~áyöÜ˛yÓ˚ ≤Ãçy!ï˛ ≤Ãyã%˛Î≈ Ä ≤Ãçy!ï˛ ˜Ó!ã˛eƒ xyû˛ƒhsˇÓ˚#î ≤Ãçy!ï˛ ≤Ãyã%˛Î≈ xˆÏ˛õ«˛y ˆÓ¢# •Î˚–

●●●●● •z•y fiÌyö#Î˚ Óy xyM˛!°Ü˛ (local or regional) ~ÓÇ §ÇÜ˛#î≈ (narrow) Óy §%!Óhfl,Ï!ï˛ (wide)
•ˆÏï˛ ˛õyˆÏÓ˚–

●●●●● ~áyöÜ˛yÓ˚ áyòƒ¢,C°ñ áyòƒçy°Ü˛ ~ÓÇ !Ó!û˛ß¨ Óy›ï˛y!sfÜ˛ !˛õÓ˚y!üí˛ ~ÓÇ !öã‰˛ ç!ê˛° ≤ÃÜ,˛!ï˛Ó˚

•Î˚–

●●●●● ~áyöÜ˛yÓ˚ í˛z!qò §¡±òyÎ˚ !ü◊ ≤ÃÜ,˛!ï˛Ó˚ •Î˚–

●●●●● Ü˛á Ï̂öy ˆÜ˛Ó°üye •ẑ ÏÜ˛y Ï̂ê˛y Ï̂öÓ̊ çöƒ !Ó Ï̂¢£Ï x!û˛ Ï̂Îy!çï˛ !Ü˛å%È öï%̨ ö ≤Ãçy!ï˛ ~áy Ï̂ö ˆòáy ÎyÎ̊–

≤Ãôyöï˛ !ï˛ö ≤ÃÜ˛yˆÏÓ˚Ó˚ Ü ˛y!hsˇ xM˛° ˆòáy ÎyÎ˚ÈÙÙÙÈ

(a) ˆû˛òÜ˛ Ü ˛y!hsˇ (abrupt ecotone) : ~áyˆÏö ≤Ãy!hsˇÎ˚ xM˛° á%Ó §ÇÜ˛#î≈ •ÄÎ˚yÎ˚ ~áyˆÏö

ˆÜ˛yö •zˆÏÜ˛yˆÏê˛yö ˆòáy ÎyÎ˚ öy– Óöû)˛!ü §Ç°@¿ ã˛yˆÏ£ÏÓ˚ ç!ü !Ü˛ÇÓy ã˛yˆÏ£ÏÓ˚ ç!ü §Ç°@¿ !¢“yM˛°–
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(b) §ÇÜ˛#î≈ Ü ˛y!hsˇ xM˛° (narrow ecotone) : ~Ü˛!ê˛ í˛z!qò §¡±òyˆÏÎ˚Ó˚ (X) ≤Ãy!hsˇÎ˚ xM˛°

x˛õÓ˚ §¡±òyˆÏÎ˚Ó˚ (Y) ≤Ãy!hsˇÎ˚ xM˛ˆÏ° x@ˇÃ§• •ˆÏÎ˚ (XY) •zˆÏÜ˛yˆÏê˛yö §,!T˛ Ü˛ˆÏÓ˚– S!ã˛e 4.5V

(c) xyò¢≈ Ü ˛y!hsˇ xM˛° (ideal ecotone) : í˛zû˛Î˚ í˛z!qò §¡±òyˆÏÎ˚Ó˚ ≤Ãy!hsˇÎ˚ xM˛°mÎ˚ ˛õÓ˚flõˆÏÓ˚Ó˚

xû˛ƒhsˇˆÏÓ˚ x@ˇÃ§Ó˚ •ˆÏÎ˚ ~Ü˛!ê˛ !Óhfl,Ïï˛ Ü ˛y!hsˇ xM˛° (XY) àë˛ö Ü˛ˆÏÓ˚– ~áyˆÏö §Óã˛y•zˆÏï˛ ˆÓ¢# ≤Ãy!hsˇÎ˚

≤Ãçy!ï˛ (edge species) ˆòáy ÎyÎ˚–

4.4.2 ≤Ãy!hsˇÎ˚ xM˛ˆÏ°Ó˚ ≤ÃÜ˛yÓ˚ˆÏû˛ò (Types of edges)
í˛zÍ˛õ!_àï˛û˛yˆÏÓ ≤Ãy!hsˇÎ˚ xM˛° ≤Ãôyöï˛ ò%•z ≤ÃÜ˛yÓ˚ ÎÌyÈÙÙÙÈ

(a) §•çyï˛ ≤Ãy!hsˇÎ˚ xM˛° (Inherent edge) : ü,!_Ü˛yÓ˚ ≤ÃÜ,˛!ï˛ñ û)˛ÈÙÈ§ÇfiÌyö (topography),

!ã˛e 4.5 : Ü ˛y!hsˇ xM˛ˆÏ°Ó˚ ≤ÃÜ˛yÓ˚ˆÏû˛ò– (a) ˆû˛òÜ˛ Ü ˛y!hsˇ xM˛° (b) §ÇÜ˛#î≈ Ü ˛y!hsˇ xM˛° ~ÓÇ

(c) xyò¢≈ Óy !Óhfl,Ïï˛ Ü ˛y!hsˇ xM˛°– (Source : Smith & Smith, Ecology and Field
Bilogy; Benjamin Cummings, 2001)

(a)

(b)

(c)
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û)˛≤ÃyÜ,˛!ï˛Ü˛ (geomorphic) ˛˜Ó!¢T˛ƒ ˆÎüöÈÙÙÙÈ!¢°yÓ˚ í˛zˆÏFåÈò (rock outcrops), xö%ç°ÓyÎ˚% (mi-
croclimate) ˛≤Ãû,˛!ï˛ ≤ÃyÜ,˛!ï˛Ü˛ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ xyÜ˛!fløÜ˛ ˛õ!Ó˚Óï≈˛ˆÏöÓ˚ Ü˛yÓ˚ˆÏî ≤Ãû˛y!Óï˛ í˛z!qò §¡±òyˆÏÎ˚Ó˚

≤Ãy!hsˇÎ˚ xM˛°ˆÏÜ˛ §•çyï˛ ≤Ãy!hsˇÎ˚ xM˛° ÓˆÏ°– •z•y fiÌyÎ˚# ≤ÃÜ,˛!ï˛Ó˚ ˛≤Ãy!hsˇÎ˚ xM˛°–

(b) ≤ÃˆÏîy!òï˛ Óy xy!ÓT˛ ≤Ãy!hsˇÎ˚ xM˛° (Induced edge) : ˛õÎ≈yÎ˚Ü ˛ˆÏü !Ó!û˛ß¨ ≤ÃyÜ,˛!ï˛Ü˛

!Ó˛õÎ≈ˆÏÎ˚Ó˚ Ü˛yÓ˚ˆÏî ˆÎüöÈÙÙÙÈòyÓyö°ñ é˛í˛¸é˛Pyñ Óöƒy Óy üö%£ÏƒÜ,˛ï˛ öyöy í˛z˛õoˆÏÓÓ˚ Ü˛yÓ˚ˆÏî S˛õ¢%ã˛yÓ˚îñ

xÓ˚îƒ•ööñ ã˛y£Ï xyÓyòñ ¢•Ó˚ï˛!°Ó˚ §¡±§yÓ˚î ≤Ãû,˛!ï˛V ≤Ãû˛y!Óï˛ í˛z!qò §¡±òyˆÏÎ˚Ó˚ ≤Ãy!hsˇÎ˚ xM˛°–

•z•y xfiÌyÎ˚# ≤ÃÜ,˛!ï˛Ó˚ñ Ü˛yÓ˚î ≤ÃyÜ,˛!ï˛Ü˛ !Ó˛õÎ≈Î˚ Óy üö%£ÏƒÜ,˛ï˛ í˛z˛õoÓ ˛õ%öÓ˚yÓ,!_ öy •ˆÏ° ≤Ãy!hsˇÎ˚ xM˛°

fiÌÎ˚# ÓöyM˛ˆÏ° Ó˚)˛õyhsˇ!Ó˚ï˛ •Î˚–

flõT˛ï˛yÓ˚ !û˛!_ˆÏï˛ ≤Ãy!hsˇÎ˚ xM˛° ò%•z ≤ÃÜ˛yÓ˚ •ˆÏï˛ ˛õyˆÏÓ˚ÈÙÙÙÈ

(a) xyÜ˛!fløÜ˛ Óy §%flõT˛ ≤Ãy!hsˇÎ˚ xM˛° (Abrupt or high contrast edge) :

ò%•z!ê˛ §¡õ)î≈ !û˛ß¨ ≤ÃÜ,˛!ï˛Ó˚ í˛z!qò §¡±òyÎ˚ ~ÓÇ ˛õ!Ó˚îï˛ Óöû)˛!üÓ˚ üˆÏôƒ •z•y ˆòáy ÎyÎ˚–

(b) xˆÏ˛õ!«˛ï˛ Óy xflõT˛ ≤Ãy!hsˇÎ˚ xM˛° (Gradual or low contrast edge) :

ò%•z!ê˛ fl∫“ !ÓˆÏû˛!òï˛ í˛z!qò ˛õÎ≈yÎ˚Ü ˛ˆÏüÓ˚ (less developmental successions) üˆÏôƒ ~•z ≤ÃÜ˛yÓ˚

≤Ãy!hsˇÎ˚ xM˛° ˆòáy ÎyÎ˚– í˛z!qò ˛õÎ≈yÎ˚Ü ˛ˆÏüÓ˚ Ó#Ó˚%Í ò¢y (herbaceous stage) ~ÓÇ ˛õyŸª≈Óï≈˛# xM˛ˆÏ°•z

í˛z!qò ˛õÎ≈yÎ˚Ü ˛ˆÏüÓ˚ à%Õ√ ò¢yÓ˚ (shrub stage) üôƒÓï≈˛# xM˛ˆÏ° ~•z ≤ÃÜ˛yÓ˚ ≤Ãy!hsˇÎ˚ xM˛° ˆòáy ÎyÎ˚–

S!ã˛e 4.6V

!ã˛e 4.6 : !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ ≤Ãy!hsˇÎ˚ xM˛° (Source : Thomas et al. 1979)

§%flõT˛ ≤Ãy!hsˇÎ˚ xM˛° xflõT˛ ≤Ãy!hsˇÎ˚ xM˛°

•zˆÏÜ˛y°!ç

xflõT˛ ≤Ãy!hsˇÎ˚ xM˛°

§•çyï˛ ≤Ãy!hsˇÎ˚ xM˛° ≤Ãî!òï˛ ≤Ãy!hsˇÎ˚ xM˛°
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4.4.3 ≤Ãy!hsˇÎ˚ ≤Ãû˛yÓ (Edge Effects) :

!Ó!û˛ß¨ í˛z!qò §¡±òyˆÏÎ˚Ó˚ üôƒÓï≈˛# ≤Ãy!hsˇÎ˚ xM˛° fiÌyö Ä Ü˛y° !ÓˆÏ¢ˆÏ£Ï ˛õ!Ó˚Óï≈˛ö¢#° (dynamic)–
≤Ãy!hsˇÎ˚ xM˛° àë˛öàï˛ Ä à%îàï˛ !òÜ˛ ˆÌˆÏÜ˛Ä §Ç°@¿ í˛z!qò §¡±òyÎ˚ ˆÌˆÏÜ˛ xy°yòy ≤ÃÜ,˛!ï˛Ó˚ •Î˚–

~áyöÜ˛yÓ˚ ˛õ!Ó˚ˆÏÓ¢Ä xööƒ ≤ÃÜ,˛!ï˛Ó˚ ˆÎáyˆÏö !Ó!û˛ß¨ í˛z!qò §¡±òyˆÏÎ˚Ó˚ öyöy ≤Ãçy!ï˛ §•ˆÏç•z xö%≤ÃˆÏÓ¢

Ü˛ˆÏÓ˚– ~áyöÜ˛yÓ˚ ≤Ãyî#ˆÏòÓ˚ x!ôÜ˛yÇ¢•z ~Ü˛y!ôÜ˛ í˛z!qò §¡±òyˆÏÎ˚Ó˚ (plant communities) ~Ó˚ Ä˛õÓ˚

!öû≈˛Ó˚¢#° •Î˚–

ò%•z!ê˛ í˛z!qò §¡±òyˆÏÎ˚Ó˚ §#üyöy xM˛ˆÏ°Ó˚ ˛õ!Ó˚ˆÏÓ¢ ˜Ó!ã˛eƒüÎ˚ •Î˚– •z•yÓ˚ ú˛ˆÏ° ~áyˆÏö ≤Ãçy!ï˛

≤Ãyã%˛Î≈ (species richness) ~ÓÇ ≤Ãçy!ï˛ ˜Ó!ã˛eƒ (species diversity) §Ó ã˛y•zˆÏï˛ ˆÓ¢# •Î˚– !ÓK˛yö#

!°ÄˆÏ˛õy”˛ (Leopold, 1933) ~•z âê˛öyˆÏÜ˛ ≤Ãy!hsˇÎ˚ ≤Ãû˛yÓ (Edge effect) xy«˛y ˆòö–

˛õƒyê˛ö (Patton, 1975), §#T˛ (Sist ≤Ãü%áñ 1997)ÈÙÈ~Ó˚ üˆÏï˛ ˆÜ˛yö í˛z!qò §¡±òyˆÏÎ˚Ó˚ ≤Ãy!hsˇÎ˚

≤Ãû˛yÓñ ≤Ãy!hsˇÎ˚ xM˛ˆÏ°Ó˚ ˜òâ≈ƒñ ≤ÃfiÌ ~ÓÇ ˛õyŸª≈Óï≈˛# í˛z!qò §¡±òyˆÏÎ˚Ó˚ üˆÏôƒ ˜Ó£ÏˆÏüƒÓ˚ üyey (contrast)
myÓ˚y ≤Ãû˛y!Óï˛ •Î˚–

● ● ● ● ● ˛õy¢y˛õy!¢ ò%•z!ê˛ í˛z!qò §¡±òyˆÏÎ˚Ó˚ üˆÏôƒ ˜Ó£Ïüƒ Îï˛ ˆÓ¢# •Î˚ •zˆÏÜ˛yˆÏê˛yö xM˛ˆÏ°Ó˚ ≤Ãçy!ï˛

˜Ó!ã˛eƒÄ ï˛ï˛ ˆÓ!¢ •Î˚– ˆ§•z Ü˛yÓ˚ˆÏî ~Ü˛!ê˛ ˛õ!Ó˚îï˛ Óöû)˛!ü Ä x˛õ!Ó˚îï˛ (young) Óöû)˛!üÓ˚ üôƒÜ˛yÓ˚

≤Ãy!hsˇÎ˚ xM˛° xˆÏ˛õ«˛y ~Ü˛!ê˛ Óöû)˛!ü Ä ï,˛îû)˛!üÓ˚ üˆÏôƒÜ˛yÓ˚ ≤Ãy!hsˇÎ˚ xM˛° x!ôÜ˛ï˛Ó˚ ˜Ó!ã˛eƒüÎ˚–

● ● ● ● ● í˛z!qò §¡±òyˆÏÎ˚Ó˚ xyÜ˛yÓ˚ Îï˛ ˆÓ¢# •Î˚ñ í˛zû˛Î˚ §¡±òyÎ˚ ˆÌˆÏÜ˛ ï˛ï˛ ˆÓ¢# §ÇáƒÜ˛ í˛z!qò Ä

≤Ãyî# ≤Ãy!hsˇÎ˚ xM˛ˆÏ° ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ ~ÓÇ ≤Ãy!hsˇÎ˚ ≤Ãçy!ï˛ˆÏòÓ˚ §ˆÏAà ˛õy¢y˛õy!¢ Ó§ÓyˆÏ§Ó˚ §%ˆÏÎyà ˛õyÎ˚–

ú˛ˆÏ° ~•z xM˛ˆÏ°Ó˚ ˜Ó!ã˛eƒ Ó,!Âô ˛õyÎ˚–

● ● ● ● ● í˛z!qò §¡±òyÎ˚ ò%•z!ê˛Ó˚ xyÜ˛yÓ˚ ˆåÈyê˛ •ˆÏ° ˆ§áyö ˆÌˆÏÜ˛ ≤Ãy!hsˇÎ˚ xM˛ˆÏ° xö%≤Ã!Ó¤˛ ≤Ãçy!ï˛Ó˚

§Çáƒy á%Ó Ü˛ü •ÄÎ˚yÎ˚ ≤Ãy!hsˇÎ˚ xM˛° ˆÜ˛Ó°üye ≤Ãy!hsˇÎ˚ ≤Ãçy!ï˛ˆÏòÓ˚ myÓ˚y•z ≤ÃÜ˛ê˛ï˛y ≤ÃyÆ •Î˚–

4.5  Ü˛#ˆÏfiê˛yö ≤Ãçy!ï˛ (Keystone species)

§ÇK˛y ı ˆ˛õ•zö 1995 §yˆÏ° Ü˛#ˆÏfiê˛yö ≤Ãçy!ï˛ˆÏÜ˛ Ó°ˆÏï˛ ~üö ~Ü˛!ê˛ ≤Ãçy!ï˛ §ÇK˛y!Î˚ï˛ Ü˛ˆÏÓ˚!åÈˆÏ°ö

ÎyÓ˚y ï˛yˆÏòÓ˚ ≤Ãyã%˛ˆÏÎ≈Ó˚ ï%˛°öyÎ˚ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ í˛z˛õÓ˚ x§yüO§ƒ˛õ)î≈û˛yˆÏÓ Óí˛¸ ≤Ãû˛yÓ ˆú˛ˆÏ°– ˆí˛!û˛Ü˛ 2003

§yˆÏ° Ü˛#ˆÏfiê˛yö ≤Ãçy!ï˛Ó˚ Ü˛yÎ≈Ü˛Ó˚# §ÇK˛y í˛zˆÏÕ‘á Ü˛ˆÏÓ˚ö ˆÎÈÈÙÙÙÈ •z•y ~Ü˛!ê˛ ò,ì˛¸û˛yˆÏÓ !üÌ!fl;˛Î˚yÜ˛yÓ˚# ≤Ãçy!ï˛

ÎyÓ˚ ê˛˛õÈÙÈí˛yí˛zö ≤Ãû˛yÓ ˆÜ˛yˆÏöy Óy›ï˛ˆÏsfÓ˚ ≤Ãçy!ï˛Ó˚ ˜Ó!ã˛eƒ ~ÓÇ ≤Ã!ï˛ˆÏÎy!àï˛yÓ˚ í˛z˛õÓ˚ ï˛yˆÏòÓ˚ ˜çÓ

xy!ô˛õˆÏï˛ƒÓ˚ ˆã˛ˆÏÎ˚ Ó•%à%î ˆÓ!¢–

à%Ó˚%c ı ~Ü˛!ê˛ Ü˛#ˆÏfiê˛yö ≤Ãçy!ï˛ ï˛yÓ˚ Óy›ï˛ˆÏsf ˆÎ û)˛!üÜ˛y ˛õy°ö Ü˛ˆÏÓ˚ ï˛y ~Ü˛!ê˛ !á°yˆÏö Ü˛#ˆÏfiê˛yˆÏöÓ˚

û)˛!üÜ˛yÓ˚ xö%Ó˚*˛õ– ~Ü˛!ê˛ !á°yˆÏöÓ˚ ˆÎˆÏÜ˛yˆÏöy ˛õyÌˆÏÓ˚Ó˚ !Ü˛ˆÏfiê˛yö!ê˛ §Ó≈!ö¡¨ ã˛yˆÏ˛õ ÌyÜ˛ˆÏ°Ä !á°yö!ê˛
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ï˛y åÈyí˛¸y•z ˆû˛ˆÏä ˛õˆÏí˛¸– ~Ü˛•zû˛yˆÏÓñ ~Ü˛!ê˛ Óy›ï˛sf Óƒy˛õÜ˛û˛yˆÏÓ !Ó˛õÎ≈hflÏ •ˆÏÎ˚ ˆÎˆÏï˛ ˛õyˆÏÓ˚ Î!ò ~Ü˛!ê˛

Ü˛#ˆÏfiê˛yö ≤Ãçy!ï˛ x˛õ§yÓ˚î Ü˛Ó˚y •Î˚ñ Î!òÄ ˆ§•z ≤Ãçy!ï˛!ê˛Ó˚ ˜çÓû˛Ó˚ !Ü˛ÇÓy í˛zÍ˛õyòö¢#°ï˛yÓ˚ ˛õ!Ó˚üyˆÏ˛õ

Óy›ï˛ˆÏsfÓ˚ ~Ü˛!ê˛ ˆåÈyê˛ xÇ¢Ä ˛õyˆÏÓ˚– Ü˛#ˆÏfiê˛yö ≤Ãçy!ï˛ Óy›ï˛ˆÏsf ç#Ó˜ÏÓ!ã˛eƒ ÓçyÎ˚ Ó˚yáˆÏï˛ §y•yÎƒ

Ü˛ˆÏÓ˚ ~ÓÇ •zˆÏÜ˛y!§ˆÏfiê˛ˆÏü xöƒ ˆÜ˛yö ˛õ!Ó˚Ó!ï˛≈ï˛ ≤Ãçy!ï˛ ˆö•z ÎyÓ˚y ï˛yˆÏòÓ˚ §üï%˛°ƒ ~•z Ü˛yç Ü˛Ó˚ˆÏï˛

˛õy Ï̂Ó˚–

í˛zòy•Ó˚î ı

●●●●● fl‘Ì û˛yÕ‘%Ü˛ •° ~Ü˛!ê˛ Ü˛#ˆÏfiê˛yö ≤Ãçy!ï˛ Ü˛yÓ˚î ï˛yˆÏòÓ˚ áyòƒñ ÎyÓ˚ ˆÓ!¢Ó˚û˛yà•z í˛z•zˆÏ˛õyÜ˛yñ

ú˛° ~ÓÇ Ü˛® ÌyˆÏÜ˛ñ ~Ü˛!ê˛ Óöû)˛!ü §ÇÓ˚«˛ˆÏî §y•yÎƒ Ü˛ˆÏÓ˚–

●●●●● Ü˛#ˆÏfiê˛yö ≤Ãçy!ï˛Ó˚ xöƒyöƒ í˛zòy•Ó˚ˆÏîÓ˚ üˆÏôƒ Ó˚ˆÏÎ˚ˆÏåÈ fiê˛yÓ˚!ú˛¢ñ §yü%!oÜ˛ Äê˛yÓ˚– ≤ÃÓy°ñ

í˛zòy•Ó˚îfl∫Ó˚*˛õñ ≤ÃÓy° ≤Ãyã˛#ˆÏÓ˚Ó˚ ≤Ãçy!ï˛à%!°ˆÏÜ˛ °%Ü˛yˆÏöyÓ˚ çöƒ xˆÏöÜ˛à%!° ö%Ü˛ ~ÓÇ e´y!ö

≤Ãòyö Ü˛ˆÏÓ˚–

●●●●● Óyâñ ˆöÜ˛ˆÏí˛¸ñ •y!ï˛ñ •zï˛ƒy!ò ~Ü˛!ê˛ Ü˛#ˆÏfiê˛yö ≤Ãçy!ï˛ !•§yˆÏÓ !ÓˆÏÓã˛öy Ü˛Ó˚y •Î˚ñ ÎyÓ˚ xÌ≈

ï˛yˆÏòÓ˚ í˛z˛õ!fli!ï˛ ï˛yˆÏòÓ˚ çö§ÇáƒyÓ˚ xyÜ˛yˆÏÓ˚Ó˚ ï%˛°öyÎ˚ ï˛yˆÏòÓ˚ Óy›ï˛ˆÏsfÓ˚ í˛z˛õÓ˚ ~Ü˛!ê˛

x§yüO§ƒ˛õ)î≈û˛yˆÏÓ Óí˛¸ ≤Ãû˛yÓ ˆú˛ˆÏ°–

●●●●● §%®Ó˚ÓˆÏöÓ˚ Ü%˛!üÓ˚ Ä Ó˚ˆÏÎ˚° ˆÓAà° ê˛y•zàyÓ˚ Ü˛#ˆÏfiê˛yö ≤Ãçy!ï˛ ˆÜ˛ööy •z•yÓ˚y öy ÌyÜ˛ˆÏ° ˆã˛yÓ˚y

!¢Ü˛yÓ˚# Ä üyö%ˆÏ£ÏÓ˚ í˛z˛õoˆÏÓ ˛õ%ˆÏÓ˚y ÓöyMÈ˛ˆÏ°Ó˚ xˆÏöÜ˛ í˛z!qò Ä ≤Ãyî# ≤Ãçy!ï˛ ôùÇ§ •ˆÏÎ˚

ˆÎï˛–

●●●●● Óê˛ Óy !ú˛Ü˛y§ àyåÈà%!° •° ú %˛!àˆÏû˛yÓ˚ˆÏòÓ˚ çöƒ Ü˛#ˆÏfiê˛yö !Ó˚ˆÏ§y§≈ ≤ÃòyöÜ˛yÓ˚# ~ÓÇ ~•z

ú %˛!àˆÏû˛yÓ˚à%!°ñ ú˛°fl∫Ó˚*˛õñ !Óhfl,Ïï˛ í˛z!qˆÏòÓ˚ çöƒ ≤ÃˆÏÎ˚yçö#Î˚ Ó#ç !ÓFå%ÈÓ˚î ~ˆÏçrê˛–

4.6 í˛z!qò §¡±òyˆÏÎ˚Ó˚ à!ï˛üÎ˚ï˛y (Community dynamics of plants)

í˛z!qò §¡±òyˆÏÎ˚Ó˚ à!ï˛üÎ˚ï˛yÓ˚ ≤ÃÜ˛yÓ˚ˆÏû˛ò (Types of community dynamics) ı

(a) fiÌy!öÜ˛ à!ï˛üÎ˚ï˛y (Spatial dynamics)

˛õ,!ÌÓ#Ó˚ ˆÎ ˆÜ˛yö ≤ÃˆÏòˆÏ¢•z û)˛!ã˛e (landsacpe)ÈÙÈ~ ˆòáy ÎyÎ˚ ˆÎ !û˛ß¨ !û˛ß¨ fiÌyˆÏöÓ˚ ò)Ó˚c !Ü˛ÇÓy

í˛zFã˛ï˛y ÓÓ˚yÓÓ˚ í˛z!qò §¡±òyˆÏÎ˚Ó˚ ≤Ãçy!ï˛ í˛z˛õyòyö Ä ≤Ãçy!ï˛ ˜Ó!ã˛e !û˛ß¨ !û˛ß¨ •ˆÏÎ˚ ÌyˆÏÜ˛– û)˛˛õ,ˆÏ¤˛Ó˚

ˆÜ˛yö ~Ü˛!ê˛ fiÌyö ˆÌˆÏÜ˛ !ö!ò≈T˛ x!û˛ü%ˆÏá fiÌyö ˛õ!Ó˚Óï≈˛ˆÏöÓ˚ §yˆÏÌ í˛z!qò §¡±òyˆÏÎ˚Ó˚Ä Ü ˛ü˛õ!Ó˚Óï≈˛ö

ˆòáy ÎyÎ˚– •z•yˆÏÜ˛ ˆçyˆÏö¢ö ÓˆÏ°– ç°çñ ç°yû)˛!ü !Ü˛ÇÓy fiÌ°û)˛!üÓ˚ §Ü˛° ˛õ!Ó˚ˆÏÓˆÏ¢•z öyöy x˜ÏçÓ

Ä ˆû˛Ôï˛ í˛z˛õyòyö §ü)ˆÏ•Ó˚ ö!ï˛üyeyÓ˚ §ˆÏAà (gradient wise) í˛z!qò §¡±òyˆÏÎ˚Ó˚ öyöy à%îàï˛ Ä
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˛õ!Ó˚üyöàï˛ (qualitative and quantitalive) ˜Ó!¢ˆÏT˛ƒÓ˚ ˛õ!Ó˚Óï≈˛ö âˆÏê˛– •z•y•z í˛z!qò §¡±òyˆÏÎ˚Ó˚

fiÌy!öÜ˛ à!ï˛üÎ˚ï˛y (spatial dynamics)–

!ÓK˛yö# Ó˚Óyê≈˛ •%•zˆÏê˛Ü˛yÓ˚ (Robert Whittaker), 1956ÈÙÈ~ ˆê˛ˆÏö§#Ó˚ ˆ@ˇÃê˛ ˆfløy!Ü˛ ˛õÓ≈ï˛ (The
Great smoky Mountain of Tennessee)ÈÙÈ~Ó˚ ò!«˛î ì˛y° ÓÓ˚yÓÓ˚ í˛zFã˛ï˛yÓ˚ §yˆÏÌ ≤ÃÜ˛ê˛ í˛z!qò

≤Ãçy!ï˛Ó˚ Ü ˛ü ˛õ!Ó˚Óï≈˛ö ˛õÎ≈ˆÏÓ«˛î Ü˛ˆÏÓ˚ö– !ö¡¨ í˛zFã˛ï˛yÎ˚ û˛y!ç≈!öÎ˚y ˛õy•zö (Pinus virgiana) ≤ÃÜ˛ê˛

ˆÎáyˆÏö ˛õ#ã˛ ˛õy•zö (P. rigida) fl∫“ §ÇáƒyÎ˚ Óï≈˛üyö– üyé˛y!Ó˚ í˛zFã˛ï˛yÎ˚ (2000–2500 Ft) ˛õ#ã˛ ˛õy•zö

û˛y!ç≈!öÎ˚y ˛õy•zöˆÏÜ˛ ≤Ã!ï˛fiÌy˛õö Ü˛ˆÏÓ˚– xyˆÏÓ˚y Ä˛õˆÏÓ˚Ó˚ !òˆÏÜ˛ û˛y!ç≈!öÎ˚y ˛õy•zö xyÓ˚ ˆòáy ÎyÎ˚ öy–

ˆ§áyˆÏö ˆê˛!Ó° üyí˛zˆÏrê˛ö ˛õy•zö (P. pungens) ˛õ#ã˛ ˛õy•zˆÏöÓ˚ §ˆÏAà §• ≤ÃÜ˛ê˛ï˛yÎ˚ (codominance)
ˆòáy ÎyÎ˚– ˆê˛!Ó° üyí˛zˆÏrê˛ö ˛õy•zˆÏöÓ˚ §Çáƒy xyˆÏÓ˚y í˛zFã˛ï˛yÓ˚ §ˆÏAà Óyí˛¸ˆÏï˛ ÌyˆÏÜ˛ !Ü˛v ˛õ#ã˛ ˛õy•zˆÏöÓ˚

§Çáƒy ˆ§áyˆÏö °%Æ •Î˚–

fiÌy!öÜ˛ ö!ï˛üyey (spatial gradient) ÓÓ˚yÓÓ˚ ˆÎˆÏÜ˛yö x!û˛ü%ˆÏá xÓfiÌyö ˛õ!Ó˚Óï≈˛ˆÏöÓ˚ §ˆÏAà

§ˆÏAà ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ öyöy í˛z˛õyòyö §ü)• ˆÎüö §)-û)˛§ÇfiÌyö (microgeomorphology), ç°ï˛ˆÏ°Ó˚

!öÓ˚«˛#Î
˚ xM˛°

ˆüÓ˚% xM˛°

!ö
Ó˚«

˛#Î
˚

˛Ó
,!T

˛

ÓöyM
˛°

ï,˛îû)˛!ü
 Óy

üÓ˚%û)˛!ü

˛õî≈ˆÏüyã˛# Ó,ˆÏ«˛Ó˚ Óö Ü˛!öˆÏú˛Ó˚y§ÓöyM˛° ï%˛wy Ó,«˛ˆÓ˚áy ï%˛£ÏyÓ˚ ÄÓÓ˚ú˛

ï%˛wy

Ü˛!öˆÏú˛Ó˚y§
ÓöyM˛°

˛õî≈ˆÏüyã˛# Ó,ˆÏ«˛Ó˚ xÓ˚îƒ

!öÓ˚!«˛Î˚ Ó,!T˛ ÓöyM˛°

ï,˛îû)˛!ü‡üÓ˚%û)˛!ü

13,000′

10,000′

6,500′
3,000′

1,300′

14,500′
12,000′

7,500′

4,000′

1,800′

(a)

(b)

!ã˛e 4.7 : í˛z!qò §¡±òyˆÏÎ˚Ó˚ fiÌy!öÜ˛ à!ï˛üÎ˚ï˛y (a) ˛õ,!ÌÓ#Ó˚ !öÓ˚«˛#Î˚ xM˛° ˆÌˆÏÜ˛ ˆüÓ˚% ˛õÎ≈hsˇ

í˛zFã˛ï˛Ó˚ oy!âüyÇˆÏ¢Ó˚ ˛õ!Ó˚Óï≈˛ö xö%ÎyÎ˚# (b) í˛zFã˛ï˛yàï˛ !Ó!û˛ß¨ï˛y xö%ÎyÎ˚#
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àû˛#Ó˚ï˛yñ °Óöy=˛ï˛yñ ü,!_Ü˛y pH, üy!ê˛Ó˚ öyöy á!öç°Óî ≤Ãû,˛!ï˛Ó˚ à%îàï˛ Ä ˛õ!Ó˚üyîàï˛ ˛õ!Ó˚Óï≈˛ö

âˆÏê˛– ˆ§•züï˛ xy°yòy xy°yòy ˛õ!Ó˚ˆÏÓˆÏ¢ xy°yòy xy°yòy ç#Ó§¡±òyÎ˚ àˆÏí˛¸ ÄˆÏë˛– ~•z §Ü˛° ç#Ó

§¡±òyˆÏÎ˚Ó˚ ≤Ãçy!ï˛ í˛z˛õyòyöñ ≤Ãçy!ï˛ ≤ÃÜ˛ê˛ï˛yñ ≤Ãçy!ï˛ í˛zFã˛ï˛yñ âöcñ !ÓhflÏyÓ˚ •zï˛ƒy!òÓ˚ ˛õyÌ≈Ü˛ƒ ˆòáy

ÎyÎ˚–

(b) í z̨!qò §¡±òy Ï̂Î˚Ó˚ Ü˛y° !Ó Ï̂¢£Ï à!ï˛üÎ˚ï˛y (Temporal dynamics of plant community)

í˛z!qò §¡±òyˆÏÎ˚Ó˚ àë˛ö ˆÜ˛Ó°üye fiÌyˆÏöÓ˚ §yˆÏ˛õˆÏ«˛•z !û˛ß¨ !û˛ß¨ •Î˚ öyñ §üˆÏÎ˚Ó˚ §yˆÏÌÄ !û˛ß¨ï˛Ó˚

•ˆÏÎ˚ ÌyˆÏÜ˛– Î!ò ˆÜ˛yö ~Ü˛!ê˛ !ö!ò≈T˛ fiÌyˆÏö §üˆÏÎ˚Ó˚ §yˆÏÌ Ü ˛üyàï˛ ˛õÎ≈ˆÏÓ«˛î Ü˛Ó˚y ÎyÎ˚ ï˛ˆÏÓ ˆòáy

ÎyÎ˚ ˆÎ ˆÜ˛yö ¢§ƒˆÏ«˛e Óy ã˛yÓ˚îû)˛!ü ò#â≈!òö ˛õ!Ó˚ã˛Î≈y•#ö ÌyÜ˛ˆÏ° ˆ§áyˆÏö Ü ˛ˆÏü ây§ñ ˆàyˆÏ”˛öÓ˚í˛ñ

Ó#Ó˚%Íçyï˛#Î˚ xyàyåÈyÎ˚ û˛ˆÏÓ˚ ÎyÎ˚– Ü˛ˆÏÎ˚Ü˛ ÓåÈˆÏÓ˚Ó˚ üˆÏôƒ•z xyàyåÈy û)˛!üˆÏï˛ à%Õ√çyï˛#Î˚ í˛z!qò ˆÎüö

ÓœyÜ˛ˆÏÓ!Ó˚ñ §%üyÜ˛ (sumac), •yí˛zÌö≈ (hawthorn) ≤Ãû,˛!ï˛ Óy•zˆÏÓ˚ ˆÌˆÏÜ˛ xö%≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– ~Ó˚˛õÓ˚ ˆ§áyˆÏö

ú˛yÎ˚yÓ˚ ˆã˛Ó˚# (fire cherry), ˛õy•zöñ xƒy§ˆÏ˛õö •zï˛ƒy!ò Ó,ˆÏ«˛Ó˚ xö%≤ÃˆÏÓ¢ âˆÏê˛– Ó•% ÓåÈÓ˚ ˛õˆÏÓ˚ ~•z

˛õ!Ó˚ï˛ƒ=˛ û)˛!üˆÏï˛•z üƒyˆÏ˛õ°ñ ÄÜ˛ñ ˆã˛Ó˚#ñ ˛õy•zö ≤Ãû,˛!ï˛ àyˆÏåÈÓ˚ Óö ˆòáy ÎyÎ˚– ö@¿û)˛!ü ˆÌˆÏÜ˛ Óöû)˛!üÓ˚

~•z ò#â≈§üˆÏÎ˚Ó˚ Ó˚)˛õyhsˇÓ˚ !Ü ˛Î˚y !ö!ò≈T˛ x!û˛ü%ˆÏá ˛õ!Ó˚ˆÏÓ¢ ˛õ!Ó˚Óï≈˛ˆÏöÓ˚ §ˆÏAà §üß∫Î˚ ˆÓ˚ˆÏá §¡õy!òï˛

•Î˚– §üˆÏÎ˚Ó˚ §yˆÏÌ Ü ˛ü˛õÎ≈yˆÏÎ˚ í˛z!qò §¡±òyˆÏÎ˚Ó˚ àë˛öàï˛ ˛õ!Ó˚Óï≈˛ˆÏöÓ˚ (structural change) üyôƒˆÏü

§Ó≈ˆÏ¢ˆÏ£Ï û˛yÓ˚§yüƒ Î%=˛ñ fl∫ÈÙÈ≤Ãçöö«˛üñ fiÌyÎ˚# Ü ˛y•züƒy: í˛z!qò §¡±òyˆÏÎ˚Ó˚ (Climax plant com-
munity) §,!T˛ •Î˚– ~•z §¡õ)î≈ ≤Ã!Ü ˛Î˚yˆÏÜ˛•z í˛z!qò ˛õÎ≈yÎ˚Ü ˛ü (plant succession) ÓˆÏ°–

!ÓK˛yö# !Üœ˛ˆÏürê˛§‰ (Clements) 1916ÈÙÈ~ •zˆÏÜ˛y°!çÜ˛ƒy° §yÜ˛‰ˆÏ§¢ö ~Ó˚ §ÇK˛y !•ˆÏ§ˆÏÓ ÓˆÏ°öÈÙÙÙÈ

•z•y ~Ü˛!ê˛ fl∫yû˛y!ÓÜ˛ ≤Ã!Ü ˛Î˚yñ ÎyÓ˚ myÓ˚y ~Ü˛•z ~°yÜ˛y Ü ˛üyß∫ˆÏÎ˚ (successively) !Ó!û˛ß¨ í˛z!qò §¡±òyÎ˚

(plant communities) myÓ˚y x!ôÜ,˛ï˛ •Î˚– •z•y ~Ü˛!ê˛ §üˆÏÎ˚Ó˚ §yˆÏ˛õˆÏ«˛ !Ü ˛Î˚y¢#° ≤Ã!Ü ˛Î˚y (temporal
dynamics)–

ˆÜ˛yö fiÌyˆÏö ~•z ≤Ã!Ü ˛Î˚y í˛z!qò ≤Ãçy!ï˛Ó˚ xö%≤ÃˆÏÓ¢ñ ¢yÓ˚#Ó˚Ó,_#Î˚ Ä ˜çÓ!öÜ˛ !Ü ˛Î˚yÓ˚ ≤ÃÜ,˛!ï˛ñ

˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ˛õ!Ó˚Óï≈˛öñ §üˆÏÎ˚Ó˚ ÓƒÓôyö (time lag) myÓ˚y ≤Ãû˛y!Óï˛ •Î˚– ~•z ˛õ!Ó˚Óï≈˛ö !Ü ˛Î˚y ã˛°ˆÏï˛

ÌyˆÏÜ˛ Îï˛«˛î ˛õÎ≈hsˇ öy ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ §ˆÏAà §üï˛y Ó˚«˛yÜ˛yÓ˚# fiÌyÎ˚# ˛õ)î≈ï˛y ≤ÃyÆ í˛z!qò §¡±òyÎ˚ (climax
community) àˆÏí˛¸ ÄˆÏë˛– ˛õ)î≈ï˛y ≤ÃyÆ ~•z ò¢yˆÏÜ˛ ã˛Ó˚ü ò¢y (climax condition) Ó°y •Î˚–

≤ÃyÌ!üÜ˛ í˛z!qò ˛õÎ≈yÎ˚Ü ˛ˆÏüÓ˚ §yôyÓ˚î ˛õÂô!ï˛ (General process of primary plant
succession) :

Ü ˛üyß∫ˆÏÎ˚ ˛õÓ˚˛õÓ˚ Ü˛ï˛à%!° ˛õÎ≈yÎ˚ (steps)ÈÙÈ~Ó˚ üyôƒˆÏü í˛z!qˆÏòÓ˚ ≤ÃyÌ!üÜ˛ ˛õÎ≈yÎ˚Ü ˛ü (succession)
§¡õß¨ •Î˚– ˛õÓ˚˛õÓ˚ ˛õÎ≈yÎ˚à%!° !ö¡¨Ó˚)˛õ ı

1. xöyÓ,ï˛Ü˛Ó˚î Óy ö!@¿û˛Óö (Nudation) : öyöy û)˛ï˛y!_¥Ü˛ Óy ˆû˛Ôà!°Ü˛ Ü˛yÓ˚ˆÏî ˆÜ˛yö xöyÓ,ï˛

ö@¿ û)˛!ü Óy hflÏÓ˚ ~Ó˚ í˛zˆÏß√yã˛ö Óy í˛zqÓ •Î˚– ô§‰ñ û)˛!ü«˛Î˚ñ ˛õ!° Óy °yû˛yÓ˚ xÓˆÏ«˛˛õî Óy xöƒ ˆÜ˛yö

≤ÃyÜ,˛!ï˛Ü˛ !Ó˛õÎ≈Î˚ myÓ˚y û)˛!ühflÏˆÏÓ˚Ó˚ ö!@¿û˛Óö âˆÏê˛ ÌyˆÏÜ˛–
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2. ˛õ!Ó˚Îyö (Migration) : í˛z!qˆÏòÓ˚ ˆÓ˚î%ñ Ó#çñ Óy xöƒyöƒ !ÓhflÏyÓ˚ xAà (propagules)

§yôyÓ˚îï˛ ç°ñ ÓyÎ˚%ñ ≤Ãû,˛!ï˛ ≤ÃyÜ,˛!ï˛Ü˛ Óy•Ü˛ myÓ˚y xöyÓ,ï˛ û)˛!üˆÏï˛ fl∫yû˛y!ÓÜ˛ û˛yˆÏÓ•z ˆ˛õÔåÈyÎ˚– ~•z

˛õ!Ó˚Îyö myÓ˚y !ÓhflÏyÓ˚ xˆÏAàÓ˚ xö%ˆÏ≤ÃˆÏÓ¢ ö!@¿û˛ÓˆÏöÓ˚ ¢%Ó˚% ˆÌˆÏÜ˛ Ü ˛üyß∫ˆÏÎ˚ ã˛°ˆÏï˛•z ÌyˆÏÜ˛–

3. ≤Ã!ï˛!¤˛ï˛Ü˛Ó˚î Óy ~!Ü˛!§§ (Ecesis) : öï%˛ö fiÌyˆÏö ˆ˛õÔÑåÈÓyÓ˚ ˛õˆÏÓ˚ xyÓ•yÄÎ˚yÓ˚ §yˆÏÌ

˛õyÓ˚flõ!Ó˚Ü˛ §yÎ%çƒ ˆÓ˚ˆÏá §ú˛°û˛yˆÏÓ ≤Ã!ï˛!¤˛ï˛ •ÄÎ˚yˆÏÜ˛ ≤Ã!ï˛!¤˛ï˛Ü˛Ó˚î Óy ~!Ü˛!§§ ÓˆÏ°– !Ó!û˛ß¨ í˛z!qò

≤Ãçy!ï˛Ó˚ !ÓhflÏyÓ˚ xAà§ü)• ~Ü˛!ê˛ xöyÓ,ï˛ fiÌyˆÏö ˆ˛õÔÑåÈÓyÓ˚ ˛õˆÏÓ˚ ˆ§à%!° xAÜ%˛ˆÏÓ˚yòàü myÓ˚y ç#Óö

¢%Ó˚% Ü˛ˆÏÓ˚ ô#ˆÏÓ˚ ô#ˆÏÓ˚ çöö«˛ü ˛õ!Ó˚îï˛ í˛z!qˆÏò Ó˚)˛õyhsˇ!Ó˚ï˛ •Î˚– öï%˛ö ˛õ!Ó˚ˆÏÓˆÏ¢ xö%≤Ã!ÓT˛ xˆÏöÜ˛ §˛õ%‹õÜ˛

í˛z!qò ≤Ãçy!ï˛•z fl∫yû˛y!ÓÜ˛ ÓÇ¢Ó,!ÂôˆÏï˛ §ú˛° •Î˚– ÓyÜ˛# x§ú˛° ≤Ãçy!ï˛Ó˚y ˆ§áyˆÏö ˆÌˆÏÜ˛ Ó,!ÂôÓ˚ öyöy

ò¢yÎ˚ !Ó°%Æ •Î˚–

4. ~Ü˛!eï˛Ü˛Ó˚î (Aggregation) : ˛õÎ≈yÎ˚Ü ˛ˆÏüÓ˚ öyöy ò¢yÎ˚ Ä öyöy §üˆÏÎ˚ öï%˛ö fiÌyˆÏö

xö%≤Ã!ÓT˛ §ú˛° ≤Ãçy!ï˛ §ü)• fl∫yû˛y!ÓÜ˛ çöö ≤Ã!Ü ˛Î˚y myÓ˚y §ÇáƒyÎ˚ Ä ≤Ãçy!ï˛ âöc Ó,!Âô Ü˛ˆÏÓ˚–

≤Ã!ï˛!¤˛ï˛Ü˛Ó˚î Ä ~Ü˛!eï˛Ü˛Ó˚ˆÏîÓ˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ ˆÜ˛yö ≤Ãçy!ï˛Ó˚ x!ô@ˇÃ•î (invation) «˛üï˛y–

5. ≤Ã!ï˛m!®μï˛y ~ÓÇ ≤Ã!ï˛!Ü ˛Î˚y (Competition and reaction) : x!ô@ˇÃ•ˆÏîÓ˚ ˛õÓ˚ Ü ˛üyàï˛

~Ü˛!eï˛Ü˛Ó˚î ~Ó˚ ú˛ˆÏ° !Ó!û˛ß¨ ≤Ãçy!ï˛Ó˚ §Çáƒy Ä âöc Ü ˛ˆÏü Ó,!Âô ˛õyÎ˚– ~Ó˚ ú˛ˆÏ° ÎÌy≤ÃˆÏÎ˚yçö#Î˚

(optimum) Ó§ÓyˆÏ§Ó˚ çyÎ˚ày Ä ˛õ%!T˛Ó˚ ˆÎyàyö !ö!ÿ˛ï˛ Ü˛Ó˚ˆÏï˛ xhsˇÉ ~ÓÇ xyhsˇÉ ≤Ãçy!ï˛Î˚ !üÌ!fl;Î˚y

(interations) ¢%Ó˚% •Î˚– ≤Ãçy!ï˛ çö§Çáƒy (population size) Ó,!Âô Ä ï˛yˆÏòÓ˚ ≤Ã!ï˛m!®μï˛yÓ˚ ≤Ãû˛yÓ

˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ Ä˛õÓ˚ ˛õˆÏí˛¸– ÎyÓ˚ ú˛ˆÏ° í˛z!qò Ä ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ˛õyÓ˚flõ!Ó˚Ü˛ §%!fiÌ!ï˛ (equilibrium) !ÓöT˛

•Î˚– ˛õ!Ó˚Ó!ï≈˛ï˛ ˛õ!Ó˚ˆÏÓ¢ Óï≈˛üyö í˛z!qò §¡±òyˆÏÎ˚Ó˚ çöƒ xö%˛õÎ%=˛ •ˆÏÎ˚ ˛õˆÏí˛¸– ô#ˆÏÓ˚ ô#ˆÏÓ˚ ˆ§áyˆÏö

˛õ!Ó˚Ó!ï≈˛ï˛ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ í˛z˛õÎ%=˛ öï%˛ö í˛z!qò §¡±òyÎ˚ àˆÏí˛¸ ÄˆÏë˛– ˆÜ˛yö fiÌyˆÏö ~Ü˛!ê˛ í˛z!qò §¡±òyˆÏÎ˚Ó˚

x!ô@ˇÃ•î ˆÌˆÏÜ˛ ¢%Ó˚% Ü˛ˆÏÓ˚ ≤Ã!ï˛!¤˛ï˛ •ÄÎ˚yñ ˆ§áyˆÏö ≤Ãçy!ï˛ Ä ˛õ!Ó˚ˆÏÓ¢àï˛ öyöy xyhsˇÉ!Ü ˛Î˚yñ ≤Ã!ï˛m!®μï˛yñ

≤Ã!ï˛!Ü ˛Î˚y ˆ¢ˆÏ£Ï fiÌyÎ˚# í˛z!qò §¡±òyÎ˚ myÓ˚y ≤Ã!ï˛fiÌy!˛õï˛ •ÄÎ˚yÓ˚ §¡õ)î≈ âê˛öyÜ ˛üˆÏÜ˛ ˆ§!Ó˚ (sere)
Óy Ü ˛ü!ÓÜ˛y¢ ≤Ã!Ü ˛Î˚y ÓˆÏ°– ˛õÎ≈yÎ˚Ü ˛ˆÏü ˆÎ §Ü˛° í˛z!qò §¡±òyÎ˚ ˆ§áyˆÏö ˛õÓ˚˛õÓ˚ ˆòáy ÎyÎ˚ ï˛yˆÏòÓ˚

!§Ó˚y° §¡±òyÎ˚ ÓˆÏ°– ~•z ˛õÎ≈yÎ˚Ü ˛ˆÏüÓ˚ (succession) ≤ÃÌü !òÜ˛Ü˛yÓ˚ x!ô@ˇÃ•îÜ˛yÓ˚# x@ˇÃàyü#

≤Ãçy!ï˛§ü)• (pioneer species) Ü˛ü ˛õ%!T˛@ˇÃy•# ~ÓÇ x!ôÜ˛ï˛Ó˚ à!ï˛¢#° (more dynamic) ≤ÃÜ,˛!ï˛Ó˚

•Î˚– ~Ó˚y «%˛oyÜ,˛!ï˛Ó˚ ~ÓÇ x!ôÜ˛ï˛Ó˚ ç!ê˛° á!öç ˛õ%!T˛ˆÏï˛ §«˛ü–

6. !fiÌ!ï˛¢#°ï˛y Ä ã˛Ó˚ü ò¢y (Stabilization or climax stage) : ˛õÎ≈yÎ˚Ü ˛ˆÏüÓ˚ ˆ¢£Ï ò¢yÎ˚

~üö í˛z!qò §¡±òyÎ˚ ˆ§áyˆÏö ≤Ã!ï˛fiÌy!˛õï˛ •Î˚ ÎyÓ˚ §ˆÏAà ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ò#â≈fiÌyÎ˚# û˛yÓ˚§yüƒ (stable
equilibrium) fiÌy!˛õï˛ •Î˚– ~•z í˛z!qò §¡±òyÎ˚ ~Ü˛!ê˛ fiÌyÎ˚# àë˛ö (stable structure) ≤ÃyÆ •Î˚–

•z•yÓ˚y fl∫≤Ã!ï˛fiÌy˛õö«˛ü (capable of self replacement) ~ÓÇ fl∫í˛zÍ˛õyòö«˛ü (self generating)–
•z•y•z ã˛Ó˚ü ò¢y Óy Üœ˛y•züƒy: í˛z!qò §¡±òyÎ˚ (climax plant community)–
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4.7  í˛z!qò ˛õÎ≈yÎ˚Ü ˛ˆÏüÓ˚ ≤ÃÜ˛yÓ˚ˆÏû˛ò (Types of succession)

4.7.1 ≤ÃyÌ!üÜ˛ ˛õÎ≈yÎ˚Ü ˛ü (Primary succession)

û)˛˛õ,ˆÏ¤˛Ó˚ ˆÜ˛yö xyöyÓ,ï˛ Óy ö@¿û)˛!üˆÏï˛ §Ó≈≤ÃÌü ~•z ≤ÃÜ˛yÓ˚ í˛z!qò ˛õÎ≈yÎ˚Ü ˛ü ˆòáy ÎyÎ˚– ÎyÓ˚

ú˛ˆÏ° ç#ˆÏÓÓ˚ §¡õ)î≈ x!hflÏc !Ó•#ö xM˛° Ü ˛ˆÏü í˛z!qò §¡±òyˆÏÎ˚Ó˚ x!ô@ˇÃ•îñ ≤Ã!ï˛m!®μï˛yñ ≤Ã!ï˛!Ü ˛Î˚y

Ä !fiÌ!ï˛¢#°ï˛yÓ˚ üyôƒˆÏü ≤ÃÌü ~Ü˛!ê˛ fiÌyÎ˚# í˛z!qò §¡±òyÎ˚ àˆÏí˛¸ ÄˆÏë˛– öÓà!ë˛ï˛ m#˛õñ í˛zß√%=˛¢#°yñ

Óy!°Î˚yÓ˚#ñ ¢#ï˛° xyˆÏ@¿Î˚¢#°y •zï˛ƒy!òˆÏï˛ ˆÎáyˆÏö í˛z!qˆÏòÓ˚ ˆÎ ˆÜ˛yö ≤ÃÜ˛yÓ˚ !ÓhflÏyÓ˚ xAàyö% (propagule)
§¡õ)î≈ xö%˛õ!fiÌï˛ ˆ§áyˆÏö ≤ÃyÌ!üÜ˛ ˛õÎ≈yÎ˚Ü ˛ü ¢%Ó˚% •Î˚–

4.7.2 ˆàÔî ˛õÎ≈yÎ˚Ü ˛ü (Secondary succession) :

ˆÜ˛yö xM˛° òyÓyö°ñ ˛Óöƒyñ ˛õ¢%ã˛yÓ˚îñ ≤ÃyÜ,˛!ï˛Ü˛ ò%ˆÏÎ≈yà Sô§‰ñ û)˛!üÜ˛¡õñ ÓöƒyV !Ü˛ÇÓy xyÓ•yÄÎ˚yÓ˚

xyÜ˛!fløÜ˛ ˛õ!Ó˚Óï≈˛ˆÏöÓ˚ ú˛ˆÏ° í˛z!qò Ó§!ï˛ §¡õ)î≈ öT˛ •ˆÏÎ˚ ˆàˆÏ° ˆ§áyˆÏö xyÓyÓ˚ öï%˛ö Ü˛ˆÏÓ˚ í˛z!qò

§¡±òyÎ˚ §,!T˛Ó˚ ˛õÎ≈yÎ˚Ü ˛!üÜ˛ ≤Ã!Ü ˛Î˚yˆÏÜ˛ ˆàÔî ˛õÎ≈yÎ˚ ÓˆÏ°– ~ˆÏ«˛ˆÏe ˛õ)Ó≈=˛ !fiÌ!ï˛¢#° í˛z!qò §¡±òyˆÏÎ˚Ó˚

í˛z˛õÎ%=˛ í˛zÓ≈Ó˚ ü,!_Ü˛y ¢%Ó˚%ˆÏï˛•z Óï≈˛üyö ÌyÜ˛yÎ˚ ~ÓÇ ï˛yˆÏòÓ˚ Ó•% ≤Ãçy!ï˛Ó˚ Ó#ç Óy öyöy !ÓhflÏyÓ˚ xAàyö%

ˆ§•z xM˛ˆÏ° Óy ˛õy!Ó˚˛õy!Ÿª≈Ü˛ xM˛ˆÏ° üç%ï˛ ÌyÜ˛yÎ˚ ˆàÔî ˛õÎ≈yÎ˚Ü ˛ü §¡õß¨ •ˆÏï˛ ÎˆÏÌT˛ Ü˛ü §üÎ˚ °yˆÏà–

!ã˛e 4.8 : ≤ÃyÌ!üÜ˛ ˛õÎ≈yÎ˚Ü ˛ü S!°ÌˆÏ§!Ó˚V
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4.7.3 fl∫≤ÃˆÏîy!òï˛ í˛z!qò ˛õÎ≈yÎ˚Ü ˛ü (Autogenic succession) :

~•z ≤ÃÜ˛yÓ˚ í˛z!qò ˛õÎ≈yˆÏÎ˚ (plant succession) !Ó!û˛ß¨ í˛z!qò §¡±òyÎ˚ ï˛yˆÏòÓ˚ ˜çÓ!öÜ˛ !Ü ˛Î˚y

Ä ï˛yˆÏòÓ˚ ˛õyÓ˚flõ!Ó˚Ü˛ xyhsˇÉ!Ü ˛Î˚yÓ˚ myÓ˚y !öˆÏçˆÏòÓ˚ ˛õ!Ó˚ˆÏÓ¢ Ó˚)˛õyhsˇÓ˚#ï˛ Ü˛ˆÏÓ˚– ÎyÓ˚ ú˛ˆÏ° ~Ü˛!ê˛ öï%˛ö

í˛z!qò §¡±òyÎ˚ myÓ˚y ˛õ)Ó≈Óï≈˛# §¡±òyÎ˚ ≤Ã!ï˛fiÌy!˛õï˛ •Î˚– ~•z ≤ÃÜ˛yÓ˚ à!ï˛üÎ˚ï˛yÓ˚ (dynamic) üyôƒˆÏü

Ü ˛ˆÏü ~Ü˛!ê˛ fiÌyÎ˚# í˛z!qò §¡±òyÎ˚ (Climax community) àˆÏí˛¸ ÄˆÏë˛–

4.7.4  ˛õÓ˚≤ÃˆÏîy!òï˛ í˛z!qò ˛õÎ≈yÎ˚Ü ˛ü (Allogenic succession) ı

~•z ≤ÃÜ˛yÓ˚ í˛z!qò ˛õÎ≈yˆÏÎ˚Ó˚ à!ï˛üÎ˚ï˛y xÌ≈yÍ í˛z!qò §¡±òyˆÏÎ˚Ó˚ Ü ˛ü ≤Ã!ï˛fiÌy˛õö Ä Ü ˛ü ˛õ!Ó˚Óï≈˛ö

˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ öyöy x˜ÏçÓ Óy ˆû˛Ôï˛ Ü˛yÓ˚ˆÏîÓ˚ ú˛ˆÏ° §¡õy!òï˛ •Î˚– ~à%!°Ó˚ üˆÏôƒ í˛zˆÏÕ‘áˆÏÎyàƒ •°ÈÙÙÙÈ

xyˆÏ@¿Î˚!à!Ó˚Ó˚ x@¿%ƒÍ˛õyï˛ñ í˛zÕÒy˛õyï˛ñ Óöƒyñ û)˛!üÜ˛¡õñ áÓ˚y ≤Ãû,˛!ï˛– ≤ÃyÜ,˛!ï˛Ü˛ Ü˛yÓ˚ˆÏî ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚

˛õ!Ó˚Óï≈˛ˆÏö Óy§fiÌyö í˛z˛õo%ï˛ Óy Óƒy˛õÜ˛û˛yˆÏÓ ˛õ!Ó˚Ó!ï≈˛ï˛ •ˆÏ° ˆ§áyˆÏö í˛z!qò ˛õÎ≈yÎ˚Ü ˛ü ¢%Ó˚% •Î˚–

•z•y•z xƒyˆÏ°yˆÏç!öÜ˛ ˛õÎ≈yÎ˚Ü ˛ü– ˆÎˆÏÜ˛yö û)˛ï˛y!_¥Ü˛ ≤ÃyÜ,˛!ï˛Ü˛ !Ó˛õÎ≈Î˚ xƒyˆÏ°yˆÏç!öÜ˛ ˛õÎ≈yÎ˚Ü ˛ˆÏüÓ˚

≤Ãû˛yÓÜ˛–

!ã˛e 4.9 : ˆàÔî ˛õÎ≈yÎ˚Ü ˛ü
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4.7.5 fl∫ˆÏû˛y!ç ˛õÎ≈yÎ˚Ü ˛ü (Autotrophic succession) :

~•z ˛õÎ≈yÎ˚Ü ˛ü ≤Ãôyöï˛ x˜ÏçÓ ˛õ!Ó˚ˆÏÓˆÏ¢ ¢%%Ó˚% •Î˚– ≤ÃyÓ˚!Ω˛Ü˛ ç#Ó ˆÌˆÏÜ˛ ¢%Ó˚% Ü˛ˆÏÓ˚ ≤Ã!ï˛ ˛õÎ≈yˆÏÎ˚

fl∫ˆÏû˛yç# §Ó%ç í˛z!qˆÏòÓ˚ ≤ÃÜ˛ê˛ï˛y ~•z ˛õÎ≈yÎ˚Ü ˛ˆÏü ˆòáy ÎyÎ˚–

4.7.6 ˛õÓ˚ˆÏû˛yç# ˛õÎ≈yÎ˚Ü ˛ü (Heterotrophic succession) :

~•z ˛õÎ≈yÎ˚Ü ˛ü ˜çÓ˛õòyÌ≈ ≤Ãôyö xM˛ˆÏ° ¢%Ó˚% •Î˚– ≤Ãôyöï˛ ˛õÓ˚ˆÏû˛yç#ˆÏòÓ˚ (heteropaphs) myÓ˚y

~•z ˛õÎ≈yÎ˚Ü ˛ü ¢%Ó˚% •Î˚–

!§Ó˚y° §¡±òyÎ˚ Óy ˆ§!Ó˚ (sere) Ó°ˆÏï˛ í˛z!qò ˛õÎ≈yÎ˚Ü ˛ˆÏü xhsˇÓ≈ï≈˛# xfiÌyÎ˚# í˛z!qò §¡±òyÎ˚ ˆÓyé˛yÎ˚

ÎyˆÏòÓ˚ Ü ˛ü˛õÎ≈yˆÏÎ˚Ó˚ à!ï˛ü%á ã˛Ó˚ü §¡±òyˆÏÎ˚Ó˚ (Climax community) !òˆÏÜ˛–

4.7.7 Óy§fiÌyˆÏöÓ˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ í˛z!qˆÏòÓ˚ !§Ó˚y° §¡±òyÎ˚ (Seral community or sere
based on habitat) !ö¡¨Ó˚)˛õ ı

•y•zˆÏí»˛yˆÏ§!Ó˚ (Hydrosere)ÈÙÙÙÈç°ç ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ í˛z!qò Ü ˛ü˛õÎ≈yÎ˚–

ˆçˆÏÓ˚yˆÏ§!Ó˚ (Xerosere)ÈÙÙÙÈ¢%‹Ò Óy§fiÌyˆÏöÓ˚ í˛z!qò Ü ˛ü˛õÎ≈yÎ˚–

!°ˆÏÌyˆÏ§!Ó˚ (Lithosere)ÈÙÙÙÈxöyÓ,ï˛ ˛õyÌÓ˚ ˛õ,ˆÏ¤˛Ó˚ í˛z!qò Ü ˛ü˛õÎ≈yÎ˚–

§ƒyˆÏüyˆÏ§!Ó˚ (Psammosere)ÈÙÙÙÈÓy°%û)˛!üˆÏï˛ ¢%Ó˚% •ÄÎ˚y í˛z!qò Ü ˛ü˛õÎ≈yÎ˚–

ˆ•ˆÏ°yˆÏ§!Ó˚ (Halosere)ÙÙÙÈ°Óöy=˛ ç° Óy ˆöyöy û)˛!üˆÏï˛ ¢%Ó˚% •ÄÎ˚y í˛z!qò Ü ˛ü˛õÎ≈yÎ˚–

ˆ§!öˆÏ° (Senile) ü,ï˛ˆÏò• Óy ü,ï˛ ˛õòyˆÏÌ≈Ó˚ Ä˛õÓ˚ xö%ç#Ó myÓ˚y ¢%Ó˚% •ÄÎ˚y Ü ˛ü˛õÎ≈yÎ˚–

4.8 Óy§fiÌyö !öû≈˛Ó˚ Ü˛ˆÏÎ˚Ü˛ ≤ÃÜ˛yÓ˚ ˆ§!Ó˚ Óy Ü ˛ü˛õÎ≈yÎ˚ (Some habitat
dependant sere)

4.8.1 •y•zˆÏí»˛yˆÏ§!Ó˚ (Hydrosere)

˛õ%Ü%˛Ó˚ñ ˆí˛yÓyñ •…ò •zï˛ƒy!ò ˆÎáyˆÏö çˆÏ°Ó˚ àû˛#Ó˚ï˛y üôƒfiÌˆÏ° §Óã˛y•zˆÏï˛ ˆÓ¢# ~ÓÇ ˛õ!Ó˚ô#Ó˚ !òˆÏÜ˛

Ü ˛ü¢ fiÌ°û˛yˆÏà ˆüˆÏ¢ ˆ§áyˆÏö ~•z ôÓ˚ˆÏîÓ˚ ˛õÎ≈yÎ˚Ü ˛ü ˆòáy ÎyÎ˚– ˛õ%Ü%˛ˆÏÓ˚ ¢%Ó˚% •ÄÎ˚y •y•zˆÏí»˛yˆÏ§!Ó˚ !Ü˛å%È

û˛y§üyö ú˛y•zˆÏê˛y≤’ƒyAÜ˛ê˛ö (phytoplanktons) çyï˛#Î˚ ≤ÃyÓ˚!Ω˛Ü˛ í˛z!qˆÏòÓ˚ í˛z˛õ!öˆÏÓ¢ö (colonisation)
myÓ˚y ¢%Ó˚% •Î˚ ~ÓÇ •z•y Ü ˛ü˛õÎ≈yˆÏÎ˚ ~Ü˛!ê˛ fiÌyÎ˚# Ä !fiÌ!ï˛¢#° ã˛Ó˚ü í˛z!qò §¡±òyÎ˚ Ó˚)ˆÏ˛õ Óöû)˛!üˆÏï˛

Ó˚)˛õyhsˇ!Ó˚ï˛ •Î˚–
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˛õ%Ü%˛ˆÏÓ˚Ó˚ ≤ÃyÌ!üÜ˛ fl∫ˆÏû˛yç# •y•zˆÏí»˛yˆÏ§!Ó˚ˆÏï˛ ˛õÓ˚ ˛õÓ˚ !öˆÏ¡¨y=˛ ˛õÎ≈yÎ˚à%!° ˆòáy ÎyÎ˚ÈÙÙÙÈ

1. û˛y§üyö í˛z!qò (Phytoplankton stage) : !Ó!û˛ß¨ ö#°yû˛ §Ó%ç ˜¢Óy°ñ §Ó%ç ˜¢Óy°ñ

í˛yÎ˚yê˛ü§‰ñ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y myÓ˚y ~•z Ü˛ˆÏ°yö# àë˛ö ¢%Ó˚% •Î˚– •z•yÓ˚y•z ≤ÃyÓ˚!Ω˛Ü˛ §¡±òyÎ˚ (pioneer
community) Ó˚)ˆÏ˛õ ˛õÎ≈yÎ˚Ü ˛ü ¢%Ó˚% Ü˛ˆÏÓ˚– ~•z §üÎ˚ ç°ï˛ˆÏ°Ó˚ üy!ê˛ x!ï˛ !Óçy!Ó˚ï˛ xÓfiÌyÎ˚ ÌyˆÏÜ˛–

pHÈÙÈ~Ó˚ üyö 5.00 ~Ó˚ Ä˛õÓ˚ ÌyˆÏÜ˛– •z•yÓ˚y ˆÓ¢ !Ü˛å%È!òö ÓÇ¢!ÓhflÏyÓ˚ Ä §Çáƒy Ó,!Âô Ü˛ˆÏÓ˚– ~áyˆÏö

ç°ï˛° á%Ó ˆÓ¢# •ÄÎ˚yÎ˚ §¡õ%‹ÒÜ˛ í˛z!qò çß√yÎ˚ öy–

2. ü%°Î%=˛ !öü!Iï˛ ò¢y (Rooted submersed stage) : ü,ï˛ ú˛y•zˆÏê˛y≤’yAÜ˛ê˛öÈÙÈ~Ó˚ ˆò•

!ÓˆÏÎ˚y!çï˛ (decomposed) •ˆÏÎ˚ çˆÏ°Ó˚ ï˛°ˆÏòˆÏ¢ çüy •Î˚– ˛õy!Ó˚˛õy!Ÿª≈Ü˛ fiÌ°û˛yà ˆÌˆÏÜ˛ Ó,!T˛Ó˚ çˆÏ°

Óy!•ï˛ ˛õ!°Ó˚ §ˆÏAà !üˆÏ¢ ï˛°ˆÏòˆÏ¢ öÓ˚ü Ü˛yòy ˜ï˛Ó˚# Ü˛ˆÏÓ˚– ~Ó˚ ú˛ˆÏ° çˆÏ°Ó˚ àû˛#Ó˚ï˛y Ü ˛ˆÏü Ü˛ˆÏü

xyˆÏ§ ~ÓÇ ~Ü˛§üÎ˚ ~áyöÜ˛yÓ˚ ï˛°ˆÏòˆÏ¢ xyˆÏ°y §•ˆÏç ˆ˛õÔÑåÈyˆÏï˛ ˛õyˆÏÓ˚– ~•z ˛õ!Ó˚ˆÏÓˆÏ¢ ≤Ã!Ìï˛ü)°ñ

!ã˛e 4.10 : !fiÌÓ˚ çˆÏ°Ó˚ Óy›ï˛sf
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!öü!Iï˛ ç°ç í˛z!qò ÎyÓ˚y ü)ˆÏ°Ó˚ §y•yˆÏÎƒ ï˛°ˆÏòˆÏ¢ xyÓÂô ÌyˆÏÜ˛ ˆÎüö üy•z!Ó˚Äú˛y•z°yü

(Myriophyllum sp.), •y•z!í»̨ °y (Hydrilla sp.), ˆ˛õyê˛y Ï̂üy Ï̂çÏê˛ö (Potamogeton sp.), û˛ƒy!°§‰̂ Ïö!Ó˚Î˚y

(Vallisneria sp.), •zí˛z!ê˛ΔÜ%˛°y!Ó˚Î˚y (Utricularia), ≤Ãû,˛!ï˛ í˛z!qò çß√yÎ˚– ~•z í˛z!qòˆÏòÓ˚ ü,ï˛ˆÏò• Óy

ˆò•yÇ¢ ˛õˆÏã˛ !àˆÏÎ˚ ï˛°ˆÏòˆÏ¢Ó˚ !•í˛züy§çyï˛#Î˚ ü,!_Ü˛y ï˛° Ó,!Âô Ü˛ˆÏÓ˚– ~åÈyí˛¸yÄ ˛õyˆÏí˛¸Ó˚ üy!ê˛ xÓ«˛Î˚

•ˆÏÎ˚Ä ï˛°ˆÏòˆÏ¢ çüy •Î˚– ÎyÓ˚ ú˛ˆÏ° ç° xàû˛#Ó˚ •ˆÏÎ˚ ˛õˆÏí˛¸– fl∫“àû˛#Ó˚ ~•z fiÌyö ˆ≤Ãy!Ìï˛ü)° !öü!Iï˛

í˛z!qˆÏòÓ˚ çöƒ xö%˛õÎ%=˛ •ˆÏÎ˚ ˛õˆÏí˛¸ ~ÓÇ ~Ó˚y ˆ≤Ãy!Ìï˛ü)° û˛y§üyö ç°ç í˛z!qò §¡±òyÎ˚ myÓ˚y

≤Ã!ï˛fiÌy!˛õï˛ •Î˚–

3. ≤Ã!Ìï˛ü)° û˛y§üyö ò¢y (Rooted floating stage) : ~áyˆÏö çˆÏ°Ó˚ àû˛#Ó˚ï˛y ≤ÃyÎ˚

2–5 ú%˛ê˛– ~áyˆÏö Ó˚y•zˆÏçyü Î%=˛ í˛z!qˆÏòÓ˚y Ü˛ˆÏ°yö# !ÓhflÏyÓ˚ Ü˛ˆÏÓ˚– ~Ó˚y ü)ˆÏ°Ó˚ §y•yˆÏÎƒ ï˛°ˆÏòˆÏ¢ xyÓÂô

ÌyˆÏÜ˛ ~ÓÇ ~ˆÏòÓ˚ ˛õyï˛y ç°ï˛ˆÏ° û˛y§üyö xÓfiÌyÎ˚ ÌyˆÏÜ˛– ~áyˆÏö ˛õp (Nelumbo sp), ¢y°%Ü˛

(Nymphaea), !°üöƒyöˆÏÌüyü (Limnanthemum), xƒyˆÏ˛õyˆÏöyˆÏçê˛ö (Aponogeton), ˛õy!öú˛°

(Trapa), üˆÏöyˆÏÜ˛y!Ó˚Î˚y (Monochoria), •zï˛ƒy!ò çß√yÎ˚– ~åÈyí˛¸yÄ ~áyöÜ˛yÓ˚ çˆÏ° ÎˆÏÌT˛ ˛õ!Ó˚üyî

á!öç ˛õòyÌ≈ ÌyÜ˛yÎ˚ !Ü˛å%È ü%=˛ û˛y§üyö í˛z!qò ˆÎüö xƒyˆÏçy°y (Azolla), ˆ°üöy (Lemna), í˛z°!ú˛Î˚y

(Wolffia), !˛õ§!ê˛Î˚y (Pistia), flõy•zˆÏÓ˚yˆÏí˛Õ‘y (Spirodella), §ƒy°!û˛!öÎ˚y (Salvinia) •zï˛ƒy!ò ü)°Î%=˛

û˛y§üyö í˛z!qòˆÏòÓ˚ ˛õy¢y˛õy!¢ ˆòáy ÎyÎ˚– ~•z §Ü˛° í˛z!qò üˆÏÓ˚ ÎyÄÎ˚yÓ˚ ˛õˆÏÓ˚ ï˛yˆÏòÓ˚ ˆò•çyï˛ ˜çÓ˛õòyÌ≈

!öˆÏã˛Ó˚ hflÏˆÏÓ˚ çüy •ˆÏÎ˚ çˆÏ°Ó˚ àû˛#Ó˚ï˛y ~Ü˛òü Ü˛!üˆÏÎ˚ ˆòÎ˚ÈÙÙÙÈˆ§áyˆÏö û˛y§üyö í˛z!qˆÏòÓ˚y xyÓ˚ ˆÓÑˆÏã˛

ÌyÜ˛ˆÏï˛ Óy çß√yˆÏï˛ ˛õyˆÏÓ˚ öy–

4. ˛¢Ó˚ÈÙÈç°y ò¢y (Reed swamp stage) : •z•y ≤ÃÜ,˛ï˛˛õˆÏ«˛ í˛zû˛ã˛Ó˚ ò¢y– ~áyˆÏö çˆÏ°Ó˚

àû˛#Ó˚ï˛y á%Ó Ü˛ü •ÄÎ˚yÎ˚ ~áyˆÏö xyo≈ç í˛z!qò (marshy plant) çß√yÎ˚– •z•yˆÏòÓ˚ ü)° çˆÏ°Ó˚ ö#ˆÏã˛

~ÓÇ ˛õyï˛y§• Ü˛yˆÏ[˛Ó˚ (shoot) x!ôÜ˛yÇ¢•z ç°ï˛ˆÏ°Ó˚ Ä˛õÓ˚ Óyï˛yˆÏ§ í˛zß√%=˛ ÌyˆÏÜ˛– ˆ•yà°y (Typha),
§ƒy!çˆÏê˛!Ó˚Î˚y (Sagittaria), !flÒÓ˚˛õy§ (Scirpus), ú ˛yàüy•z!ê˛§ (Phragmites) •zï˛ƒy!ò ~áyöÜ˛yÓ˚

≤Ãôyö í˛z!qò– ~ˆÏòÓ˚ myÓ˚y çˆÏ°Ó˚ àû˛#Ó˚ï˛y ~Ü˛òü Ü˛ˆÏü xyˆÏ§– ç°y¢ˆÏÎ˚Ó˚ ï˛°ˆÏòˆÏ¢ í˛z!qò !•í˛züy§

Ä ˛õ!° §!M˛ï˛ •ˆÏÎ˚ ˛¢Ó˚ò¢yÓ˚ í˛z!qˆÏòÓ˚ Ó§ÓyˆÏ§Ó˚ xö%˛õÎ%=˛ •ˆÏÎ˚ ˛õˆÏí˛¸–

5. xyo≈ç ï,˛îû)˛!ü ò¢y (Marsh meadow stage) : ~áyˆÏö ç°hflÏÓ˚ ~Ü˛òü Ü˛ˆÏü ÎyÄÎ˚yÎ˚

xyÓy§fiÌ° xyo≈ç üy!ê˛ˆÏï˛ ˛õ!Ó˚îï˛ •Î˚– ~áyˆÏö ˆ˛õyˆÏÎ˚§# Ä §y•z˛õyˆÏÓ˚§# ˆàyˆÏeÓ˚ ï,˛îây§ ˆÎüö Ü˛ƒyˆÏÓ˚:

(Carex), ç%AÜ˛y§ (Juncus), §y•zˆÏ˛õÓ˚y§ (Cyperus), •z!°ÄÜ˛ƒy!Ó˚§ (Eleocharis), ˛õ°y•zˆÏàyˆÏö§#

ˆàyˆÏeÓ˚ Ó˚%ˆÏü: (Rumex), ˛õ°y•zˆÏàyöyü (Polygonum), xy•zˆÏ˛õy!üÎ˚y (Ipomoea) ≤Ãû,˛!ï˛ í˛z!qò ˆòáy

ÎyÎ˚– ÎyÓ˚ ú˛ˆÏ° ~áyˆÏö ~Ü˛!ê˛ ày!°ã˛yÓ˚ öƒyÎ˚ í˛z!qò §¡±òyÎ˚ ˜ï˛Ó˚# •Î˚– ~•z §Ü˛° í˛z!qˆÏòÓ˚ Óy‹õˆÏüyã˛ö

(transpiration) !Ü ˛Î˚yÎ˚ üy!ê˛Ó˚ ç° o%ï˛ ¢%!Ü˛ˆÏÎ˚ ÎyÎ˚– Ü ˛ˆÏü Ü ˛ˆÏü xyo≈ç ï,˛î çyï˛#Î˚ í˛z!qò§ü)• !Ó°%Æ

•Î˚ ~ÓÇ ˙fiÌyˆÏö !•í˛züy§ çüy •ˆÏÎ˚ ï,˛îû)˛!ü (meadow) ~ÓÇ !ö¡¨û)˛!ü (lowland) ˆï˛ Ó˚)˛õyhsˇÓ˚#ï˛

•Î˚– ~Ó˚˛õˆÏÓ˚ ˙ fiÌyˆÏö Ü ˛ˆÏü à%Õ√ Ä Ó,«˛çyï˛#Î˚ í˛z!qˆÏòÓ˚ Ó,!Âô ¢%Ó˚%% •Î˚–
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6. à%Õ√Ó˚yç# ò¢y (Woodland stage) : xyo≈ç í˛z!qòÜ%˛° (marshy vegetation) ã˛ˆÏ° ÎyÄÎ˚yÓ˚

˛õˆÏÓ˚ ÓåÈˆÏÓ˚Ó˚ x!ôÜ˛yÇ¢ §üÎ˚ üy!ê˛ xˆÏ˛õ«˛yÜ,˛ï˛ ¢%Ü˛ˆÏöy ÌyˆÏÜ˛– ~áyˆÏö ˆÓ¢!Ü˛å%È fiÌ°ç í˛z!qò

(terrestrial plants) ˆÎüö §ƒy!°: (Salix) Ü˛Ó˚öy§ (Cornus) ≤Ãû,˛!ï˛ à%Õ√ ~ÓÇ ˛õ˛õ°y§ (Poplus),
xƒy°öy§ (Alnus) ≤Ãû,˛!ï˛ Ó,ˆÏ«˛Ó˚ Ó§!ï˛ fiÌy!˛õï˛ •Î˚– ~Ó˚y §yôyÓ˚îï˛ ü)ˆÏ°Ó˚ ã˛y!Ó˚!òÜ˛ xyÇ!¢Ü˛ ¢%‹Ò

xÓfiÌy §•zˆÏï˛ ˛õyˆÏÓ˚–

7. Óöû)˛!ü Óy ã˛Ó˚ü ò¢y (Forest or Climax stage) : §üˆÏÎ˚Ó˚ §yˆÏÌ ~áyöÜ˛yÓ˚ üy!ê˛ˆÏï˛

xyˆÏÓ˚y !•í˛züy§ çüy •Î˚ ˆ§•z §ˆÏAà x§Çáƒ xö%ç#ˆÏÓÓ˚ (microbes) §ü,!Âô âˆÏê˛– ÎyÓ˚ ú˛ˆÏ° üy!ê˛ˆÏï˛

o%ï˛ !üˆÏöÓ˚y°y•zˆÏç¢ö ˆòáy ÎyÎ˚– ˛õˆÏÓ˚ xyˆÏÓ˚y xˆÏöÜ˛ öï%˛ö Ó,«˛ ≤Ãçy!ï˛Ó˚ Ó§Óy§ ˆòáy ÎyÎ˚–

x!ôÜ˛ Ó,!T˛˛õyï˛Î%=˛ í˛z£÷ü[˛°#Î˚ xM˛ˆÏ° Úê˛Δ!˛õÜ˛y° ˆÓ˚ö ú˛ˆÏÓ˚fiê˛Û ~ÓÇ öy!ï˛¢#ˆÏï˛y£÷ü[˛ˆÏ° !ü◊

Óöû)˛!üÓ˚ §,!T˛ •Î˚– ~•z ò¢yÓ˚ Óöû)˛!ü Ä ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ üˆÏôƒ ~Ü˛ fiÌyÎ˚# û˛yÓ˚§yüƒ §,!T˛ •Î˚– Óöû)˛!üˆÏï˛

xÓ˚#Î˚ hflÏÓ˚#û˛Óö (vertical stratification) ˆòáy ÎyÎ˚– ö#ˆÏã˛Ó˚ hflÏÓ˚à%!°ˆÏï˛ !Ó!û˛ß¨ åÈyÎ˚y ˛õåÈ®Ü˛yÓ˚#

Ó,«˛ ≤Ãçy!ï˛Ä ˆòáy ÎyÎ˚–

4.8.2 ˆçˆÏÓ˚yˆÏ§!Ó˚ Óy !°ˆÏÌyˆÏ§!Ó˚ (Xerosere or Lithosere) :
çˆÏ°Ó˚ xû˛yÓ ~ÓÇ ˜çÓ ˛õòyÌ≈•#ö Ü˛!ë˛ö !¢°yüÎ˚ñ ≤ÃhflÏÓ˚˛õ)î≈ !Ü˛ÇÓy Óy°%üÎ˚ ö@¿û)˛!üˆÏï˛ (barren

land) í˛z!qˆÏòÓ˚ ≤ÃyÓ˚!Ω˛Ü˛ Ó§!ï˛ fiÌy˛õˆÏöÓ˚ üyôƒˆÏü ~•z ˆçˆÏÓ˚yˆÏ§!Ó˚ ¢%Ó˚% •Î˚– ~ˆÏÜ˛ !°ˆÏÌyˆÏ§!Ó˚Ä Ó°y

•Î˚– ˆçˆÏÓ˚yˆÏ§!Ó˚ Óy !°ˆÏÌyˆÏ§!Ó˚Ó˚ Ü ˛ü˛õÎ≈yÎ˚à%!° •° !ö¡¨Ó˚)˛õÈÙÙÙÈ

!ã˛e 4.11
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1. Ü ˛y§ˆÏê˛yç °y•zˆÏÜ˛ö ò¢y (Crustose lichen stage) : x@ˇÃî# Óy ˛õy•zÄ!öÎ˚yÓ˚ ≤Ãçy!ï˛ !•ˆÏ§ˆÏÓ

Ü ˛y§ˆÏê˛y§ °y•zˆÏÜ˛ö ~•z ˆ§!Ó˚Ó˚ §)ã˛öy Ü˛ˆÏÓ˚– Ó˚y•zˆÏçyÜ˛y˛õ≈ö (Rhizocarpon), ˆ°Ü˛yˆÏöyÓ˚y (Lecanora),
!Ó˚ˆÏöy!í˛öy (Rinodina), ≤Ãû,˛!ï˛ Ü ˛y§ˆÏê˛y§ °y•zˆÏÜ˛ˆÏöÓ˚ !Ó!û˛ß¨ ≤Ãçy!ï˛ ≤Ã!ï˛Ü)˛° ˛õ!Ó˚ˆÏÓˆÏ¢ ö@¿!¢°yÓ˚

Ä˛õÓ˚ fl∫yû˛y!ÓÜ˛ û˛yˆÏÓ•z Ü˛ˆÏ°yö# fiÌy˛õˆÏö §«˛ü– ~Ó˚y !Ü˛å%È !Ü˛å%È xƒy!§í˛ ˜ï˛Ó˚# Ü˛ˆÏÓ˚ Îy á%Ó ô#Ó˚ à!ï˛ˆÏï˛

≤ÃhflÏÓ˚ «˛Î˚#û˛ÓöÈÙÈ~ (withering) §y•yÎƒ Ü˛ˆÏÓ˚– ü,ï˛ °y•zˆÏÜ˛öçyï˛ ˜çÓ˛õòyÌ≈ ≤ÃhflÏÓ˚ ˛õ,ˆÏ¤˛Ó˚ §)- ≤ÃhflÏÓ˚

ã)˛ˆÏî≈Ó˚ §ˆÏAà !ü!◊ï˛ •ˆÏÎ˚ ü,!_Ü˛y §,!T˛Ó˚ §)e˛õyï˛ Ü˛ˆÏÓ˚– ˛õ!Ó˚Ó!ï≈˛ï˛ ≤ÃhflÏÓ˚ ˛õ,ˆÏ¤˛Ó˚ Ü ˛y§ˆÏê˛y§ °y•zˆÏÜ˛ö

ú˛!°Ä§ °y•zˆÏÜ˛ö myÓ˚y ≤Ã!ï˛fiÌy!˛õï˛ •ˆÏÎ˚ ˛õÓ˚Óï≈˛# ò¢yÓ˚ §)e˛õyï˛ Ü˛ˆÏÓ˚–

2. ú˛!°Ä§ °y•zˆÏÜ˛ö ò¢y (Foliose lichen stage) : ≤ÃhflÏÓ˚ ˛õ,ˆÏ¤˛ xyÇ!¢Ü˛ û˛yˆÏÓ •yÕÒy ü,!_Ü˛y

hflÏ̂ ÏÓ˚Ó˚ Ä˛õÓ˚ ú˛!°Ä§ @ˇÃ%̂ Į̈ õÓ˚ °y•ẑ ÏÜ˛ö ˆÎüö ˛õy Ï̂ü≈!°Î˚y (Parmelia), í˛yü≈y Ï̂ê˛yÜ˛y˛õ≈î (Darmatocarpon),
xy!¡∫!°Ü˛y˛õ≈ö (Umbilicarpon) ≤Ãû,˛!ï˛Ó˚ xy!Óû≈˛yÓ âˆÏê˛– ~Ó˚y Ü ˛y§ˆÏê˛y§‰ °y•zˆÏÜ˛ˆÏöÓ˚ Ä˛õˆÏÓ˚ ~Ü˛!ê˛

xyhflÏÓ˚î ˜ï˛Ó˚# Ü˛ˆÏÓ˚– ÎyÓ˚ ú˛ˆÏ° Ü ˛y§ˆÏê˛y§ °y•zˆÏÜ˛ö ô#ˆÏÓ˚ ô#ˆÏÓ˚ !Ó°%!Æ •Î˚– ~Ó˚y x!ôÜ˛ï˛Ó˚ ˆÓ¢# ç°

ˆ¢y£Ïî Ä ôyÓ˚î Ü˛ˆÏÓ˚ Ó˚yáˆÏï˛ ˛õyˆÏÓ˚ ÎyÓ˚ ú˛ˆÏ° ~Ó˚y xyˆÏÓ˚y ˆÓ¢# ô)!°Ü˛îy çüy Ü˛ˆÏÓ˚–

~ˆÏòÓ˚ ˆò• !ö§,ï˛ xƒy!§í˛ myÓ˚y «˛!Î˚ï˛ §)-!¢°yhflÏÓ˚ !•í˛züy§ !ü!◊ï˛ •ˆÏÎ˚ ¢#°y ˛õ,ˆÏ¤˛ §)- ü,!_Ü˛yÓ˚

~Ü˛!ê˛ ˛õyï˛°y xyhflÏÓ˚î ˜ï˛Ó˚# Ü˛ˆÏÓ˚– ~•zû˛yˆÏÓ ï˛yˆÏòÓ˚ xyÓy§fiÌ° ˛õ!Ó˚Ó!ï≈˛ï˛ •Î˚– ˆÎáyˆÏö !Ü˛å%È áÓ˚y

≤Ã!ï˛ˆÏÓ˚yô# ü§‰ÈÙÈ~Ó˚ Ó§!ï˛ àˆÏí˛¸ ÄˆÏë˛–

!ã˛e 4.12 : !°ˆÏÌyˆÏ§!Ó˚Ó˚ ˛õ!Ó˚Ü˛!“ï˛ !ã˛e– ˛õ!Ó˚!ô ˆÌˆÏÜ˛ ˆÜ˛w ˛õÎ≈hsˇ !Ó!û˛ß¨ §üˆÏÜ˛!wÜ˛ ˛õÎ≈yÎ˚Ü ˛ü xM˛°–

BC ö@¿!¢°y– 1. ö@¿!¢°yÓ˚ x@ˇÃî# Ü ˛y§ˆÏê˛y§ °y•zˆÏÜ˛ö ≤Ãçy!ï˛ 2. °y•zˆÏÜ˛ö Ä ü§ 3. ây§çyï˛#Î˚ í˛z!qˆÏòÓ˚

ã˛Äí ¸̨y xM˛° 4. !Ó!«˛Æ ã˛yÓ˚yÓ,̂ Ï«˛Ó˚ ˆÜ˛w#Î˚ xM˛°– T = Ó,«˛ñ G = ây§ñ L = °y•zˆÏÜ˛öñ M = ü§–



88 NSOU 5CC-BT-02

D: \ Suvendu \ NSOU\NEP/ 5CC-BT-02
Unit- 1-4 \ 2nd Proof  \ (Dt. 19.03.2025)

3. ü§ ò¢y (Moss stage) : !¢°y ˛õ,ˆÏ¤˛ Óy !¢°yÓ˚ áÑyˆÏç §,!¤˛ •ÄÎ˚y §)- ü,!_Ü˛yÓ˚ ˛õyï˛°y

hflÏˆÏÓ˚ ˛õ!°!ê˛ΔÜ˛yü (Polytrichum) ê˛Ó˚ê%˛°y (Tortula), @ˇÃ#!üÎ˚y (Grimmia) ≤Ãû,˛!ï˛ áÓ˚y ≤Ã!ï˛ˆÏÓ˚yô#

ü§ˆÏòÓ˚ Ó§!ï˛ àˆÏí˛¸ ÄˆÏë˛– ü§ ≤Ãçy!ï˛ §ü)• ï˛yˆÏòÓ˚ §ú˛° Ó,!ÂôÓ˚ myÓ˚y ˆ§•z Óy§û)˛!ü ˆÌˆÏÜ˛ ú˛!°Ä§

°y•zˆÏÜ˛öˆÏòÓ˚ ≤Ã!ï˛fiÌy!˛õï˛ Ü˛ˆÏÓ˚– ü§ÈÙÈ~Ó˚ Ó,!ÂôÓ˚ §yˆÏÌ §yˆÏÌ ï˛yˆÏòÓ˚ ü,ï˛ˆÏò• !ÓöT˛ Ä !ÓˆÏÎ˚y!çï˛ •ˆÏÎ˚

üy!ê˛ˆÏï˛ xyˆÏÓ˚y ˜çÓ˛õòyÌ≈ §ÇˆÏÎyà Ü˛ˆÏÓ˚– ÎyÓ˚ ú˛ˆÏ° üy!ê˛Ó˚ hflÏÓ˚ xyˆÏÓ˚y ˆÓ¢# ˛õ%Ó˚% •ˆÏï˛ ÌyˆÏÜ˛– ~•z

˛õ!Ó˚Ó!ï≈˛ï˛ Óy§fiÌyö Ó#Ó˚%Í çyï˛#Î˚ í˛z!qˆÏòÓ˚ Ó§ÓyˆÏ§Ó˚ xö%Ü)˛° •ˆÏÎ˚ ÄˆÏë˛–

4. Ó#Ó˚%Í ò¢y (Herbaceous stage) : üˆÏ§Ó˚ Ó,!ÂôÓ˚ §yˆÏÌ §yˆÏÌ ≤ÃhflÏÓ˚ ˛õ,ˆÏ¤˛ §!M˛ï˛ üy!ê˛

Ä ü%=˛  á!öç ˛õòyˆÏÌ≈Ó˚ ˛õ!Ó˚üyö Ó,!Âô ˆ˛õˆÏï˛ ÌyˆÏÜ˛– Ü ˛ˆÏü ˆ§áyˆÏö Ó#Ó˚%Í çyï˛#Î˚ í˛z!qˆÏòÓ˚ xyàyåÈy

òá° ˆöÎ˚– ~ˆÏòÓ˚ üˆÏôƒ ~Ü˛Ó£Ï≈ç#Ó# ˆÌˆÏÜ˛ Ó•%Ó£Ï≈ç#Ó# Ó#Ó˚%Í Ó•% ÓåÈÓ˚ ôˆÏÓ˚ Ó§Óy§ Ü˛Ó˚yÎ˚ ï˛yˆÏòÓ˚

ü)°ï˛ˆÏsfÓ˚ (root system) ≤Ãû˛yˆÏÓ ¢#°yhflÏˆÏÓ˚Ó˚ xyˆÏÓ˚y «˛Î˚ •ˆÏï˛ ÌyˆÏÜ˛– §)- ¢#°yã)˛ˆÏî≈Ó˚ §ˆÏAà Ó#Ó˚%Í

í˛z!qˆÏòÓ˚ ü,ï˛ ˆò•yÇ¢ üy!ê˛Ó˚ !•í˛züy§ÈÙÈ~Ó˚ ˛õ!Ó˚üyî Ó,!Âô Ü˛ˆÏÓ˚– ~•z ò¢yÓ˚ à%Ó˚%c˛õ)î≈ !ÓÓ˚%Í í˛z!qˆÏòÓ˚ üˆÏôƒ

ˆ˛õyÎ˚y (Poa), xƒy!Ó˚§‰!ê˛í˛y (Aristida), ˆú˛fiê%˛Ü˛y (Festuca), §!°í˛yˆÏày (Solidago) ≤Ãû,˛!ï˛

í˛zˆÏÕ‘áˆÏÎyàƒ– ~•z ò¢yÓ˚ ˛õÓ˚Óï≈˛#Ü˛yˆÏ° Óy§fiÌyö à%Õ√çyï˛#Î˚ í˛z!qˆÏòÓ˚ xö%Ü)˛° •ˆÏÎ˚ ÄˆÏë˛–

5. à%Õ√ ò¢y (Shrub) : §üˆÏÎ˚Ó˚ §yˆÏÌ xyˆÏÓ˚y ˆÓ!¢ ˛õ!Ó˚üyî üy!ê˛ çüy •ÓyÓ˚ ˛õÓ˚ ˛õyŸª≈Óï≈˛#

~°yÜ˛y ˆÌˆÏÜ˛ ≤Ã!ÓT˛ à%Õ√çyï˛#Î˚ í˛z!qˆÏòÓ˚ öyöy !ÓhflÏyÓ˚ xAà (propagules) ~•z xö%Ü)˛° ˛õ!Ó˚ˆÏÓ¢

ˆ˛õˆÏÎ˚ xAÜ%˛Ó˚!ï˛ •Î˚ ~ÓÇ §ú˛° Ó§!ï˛ àˆÏí˛¸ ˆï˛yˆÏ°– ~•z ò¢yÓ˚ í˛zˆÏÕ‘áˆÏÎyàƒ í˛z!qò •° Ó˚%§ (Rhus),
˛ú˛y•zˆÏê˛yÜ˛y˛õ≈y§ (Phytocarpus) ≤Ãû,˛!ï˛– ~Ó˚y Ó#Ó˚%Í çyï˛#Î˚ í˛z!qòˆÏòÓ˚ åÈyÎ˚yåÈß¨ (overshadow) Ü˛ˆÏÓ˚

ˆú˛ˆÏ°– ò#â≈Ü˛y° ~ˆÏòÓ˚ Ó§ÓyˆÏ§Ó˚ ú˛ˆÏ° üy!ê˛ xyˆÏÓ˚y §ü,Âô •Î˚ ~ÓÇ §ÓˆÏ¢ˆÏ£Ï Óí˛¸ Óí˛¸ Ó,ˆÏ«˛Ó˚ Ó§!ï˛

àˆÏí˛¸ ÄˆÏë˛ Îy•yÓ˚y ˆ§áyˆÏö ã˛Ó˚ü ÓöyM˛° (climax forest) àˆÏí˛¸ ˆï˛yˆÏ°–

6. ã˛Ó˚ü ÓöyM˛° (Climax forest) : ~•z ˛õÎ≈yˆÏÎ˚Ó˚ ≤ÃÌü!òˆÏÜ˛ !Ü˛å%È çyAà° Ó,ˆÏ«˛Ó˚ (xerophytic
trees) Ó§Óy§ àˆÏí˛¸ ÄˆÏë˛– ö#ˆÏã˛ !¢°yhflÏÓ˚ xyˆÏÓ˚y «˛Î˚#û˛Óö (weathering) ~ÓÇ x!ôÜ˛ï˛Ó˚ !•í˛züy§

§M˛ˆÏÎ˚Ó˚ myÓ˚y àû˛#Ó˚ï˛Ó˚ •Î˚ Ä xyˆÏÓ˚y Ó,ˆÏ«˛Ó˚ Ó§ÓyˆÏ§Ó˚ xö%Ü)˛° ˛õ!Ó˚ˆÏÓ¢ ˜ï˛Ó˚# Ü˛ˆÏÓ˚– §ÓˆÏ¢ˆÏ£Ï

ˆüˆÏ§yú˛y•zê˛ çyï˛#Î˚ í˛z!qò §¡±òyÎ˚ fiÌyÎ˚# ã˛Ó˚ü ÓöyM˛° ˜ï˛Ó˚# Ü˛ˆÏÓ˚–

4.9 §yÓ˚yÇ¢ (Summary)

I. ÓyhflÏÓƒ!ÓòƒyÎ˚ •ƒy!Óê˛ƒyê˛ Ä !öã‰˛ÈÙÈ~Ó˚ ~Ü˛ !ÓˆÏ¢£Ï û)˛!üÜ˛y Ó˚ˆÏÎ˚ˆÏåÈ– ~Ü˛•z §yˆÏÌ í˛z!qò §¡±òyÎ˚ Ä

ï˛yÓ˚ ü%áƒ ˜Ó!¢T˛ƒ §ü)ˆÏ•Ó˚ !Ó¢ò !ÓÓÓ˚î ˆòÄÎ˚y •ˆÏÎ˚ˆÏåÈ– ü%áƒ ˜Ó!¢T˛ƒ §ü)ˆÏ•Ó˚ üˆÏôƒ §%!fiÌï˛

í˛z!qò §¡±òyÎ˚ Ä xÓ˚#Î˚ hflÏÓ˚#û˛Óöñ x§ü§_¥ï˛y Ä fiÌy!öÜ˛ ˜Ó£Ïüƒ !ÓˆÏ¢£Ï í˛zˆÏÕ‘áˆÏÎyàƒ–
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II. í˛z!qò §¡±òyˆÏÎ˚Ó˚ !Ó!û˛ß¨ Ü ˛ˆÏüyFã˛ ˆ◊î#Ó˚ ÎÌyÈÙÙÙÈí˛z!qò §Çàë˛öñ í˛z!qò §üß∫Î˚ñ í˛z!qò §üyç Ä

ï˛yÓ˚ ≤ÃÜ˛yÓ˚ˆÏû˛ò ~ÓÇ ˆ§•z §ˆÏAà ü%áƒ ã˛yÓ˚ ≤ÃÜ˛yÓ˚ Óy§fiÌyö §¡∫ˆÏrô xyˆÏ°yã˛öy Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ–

III. !Ó!û˛ß¨ !ÓK˛yö#Ó˚ ˆòÄÎ˚y !öã‰˛ÈÙÈ~Ó˚ §ÇK˛yà%!° ˛õÎ≈yÎ˚Ü ˛ˆÏü í˛zˆÏÕ‘á Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– ç#ˆÏÓÓ˚ ç#ÓöôyÓ˚ˆÏîÓ˚

í˛z˛õyòyöà%!°Ó˚ ≤Ãy!Æ Ä ï˛yÓ˚ !öÓ˚#ˆÏá !öã˛ ~Ó˚ öyöy ˜Ó!¢T˛ƒ ÓÜ ˛ˆÏÓ˚áy!ã˛ˆÏeÓ˚ í˛z˛õfiÌy˛õöy !ÓˆÏŸ’£Ïî

Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– ~Ü˛•z §yˆÏÌ xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ !öã‰˛ÈÙÈ~Ó˚ ≤ÃÜ˛yÓ˚ˆÏû˛ò–

IV. •zˆÏÜ˛yˆÏê˛yö Ä ≤Ãyhsˇ#Î˚ ≤Ãû˛yˆÏÓÓ˚ §ÇK˛y ~ÓÇ ~•z §¡õˆÏÜ≈˛ xyˆÏ°yã˛öy Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– ≤Ãyhsˇ#Î˚ xM˛ˆÏ°Ó˚

≤ÃÜ˛yÓ˚ˆÏû˛ò ˆòÄÎ˚y •ˆÏÎ˚ˆÏåÈ–

V. í˛z!qò §¡±òyˆÏÎ˚Ó˚ à!ï˛üÎ˚ï˛y Ä ˛õÎ≈yÎ˚Ü ˛ˆÏüÓ˚ !Ó!û˛ß¨ !Ó£ÏÎ˚ !öˆÏÎ˚ ~•z ~Ü˛ˆÏÜ˛ xyˆÏ°yã˛öy •ˆÏÎ˚ˆÏåÈ–

~áyˆÏö ò%!ê˛ ≤Ãôyö ≤ÃÜ˛yˆÏÓ˚Ó˚ í˛z!qò à!ï˛üÎ˚ï˛yÈÙÙÙÈfiÌy!öÜ˛ à!ï˛üÎ˚ï˛y Ä Ü˛y° !ÓˆÏ¢ˆÏ£Ï à!üÎ˚ï˛yÓ˚

§ÇK˛y ˆòÄÎ˚y •ˆÏÎ˚ˆÏåÈ–

VI. !ÓK˛yö# Whittaker (1956) ̂ ê˛ Ï̂ö§#Ó˚ ̂ @ˇÃê˛ ̂ fløyÜ˛# ̨õÓ≈̂ Ïï˛ ̂ Î í z̨!qò ≤Ãçy!ï˛Ó˚ Ü ̨ ü ̨õ!Ó˚Óï≈̨ ö ̨õÎ≈̂ ÏÓ«˛î

Ü˛ˆÏÓ˚ö ï˛yÓ˚ Óî≈öy ~áyˆÏö ˆòÄÎ˚y •ˆÏÎ˚ˆÏåÈ– fiÌy!öÜ˛ à!ï˛üyeyÓ˚ §yˆÏÌ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ öyöy í˛z˛õyòyˆÏöÓ˚

à%îàï˛ Ä ˛õ!Ó˚üyîàï˛ ˛õ!Ó˚Óï≈˛ˆÏöÓ˚ §¡õÜ≈˛ !öˆÏÎ˚ xyˆÏ°yã˛öy Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– ~Ó˚ ú˛ˆÏ° ≤Ãçy!ï˛ í˛z˛õyòyöñ

≤Ãçy!ï˛ ≤ÃÜ˛ê˛ï˛yñ ≤Ãçy!ï˛ í˛zFã˛ï˛yñ âöcñ !ÓhflÏyÓ˚ •zï˛ƒy!òÓ˚ ˛õyÌ≈Ü˛ƒ ˆòáy ÎyÎ˚–

VII. ~Ü˛•z §yˆÏÌ xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ í˛z!qò ˛õÎ≈yÎ˚Ü ˛ˆÏüÓ˚ ã˛Ó˚ü ò¢y ~ÓÇ ~•z ò¢y !Ü˛û˛yˆÏÓ ≤ÃyÆ •Î˚ ï˛y !Ó¢ˆÏò

Ó°y •ˆÏÎ˚ˆÏåÈ–

VIII. ≤ÃyÌ!üÜ˛ñ ̂ àÔîñ fl∫≤Ã Ï̂îy!òï˛ñ ̨õÓ˚≤Ã Ï̂îy!òï˛ñ fl∫̂ Ïû˛yç#ñ ̨õÓ˚̂ Ïû˛yç# í z̨!qò ̨õÎ≈yÎ˚Ü ̨ Ï̂üÓ˚ ~•z §Ü˛° ≤ÃÜ˛yÓ˚̂ Ïû˛ò

~Ó˚ §ÇK˛y ˆòÄÎ˚y xyˆÏåÈ–

IX. ~Ü˛•z §yˆÏÌ ~•z ~Ü˛ˆÏÜ˛ !Ó!û˛ß¨ !§Ó˚y° §¡±òyˆÏÎ˚Ó˚ Óî≈öy ˆòÄÎ˚y •ˆÏÎ˚ˆÏåÈ– !ÓˆÏ¢£Ïû˛yˆÏÓ •y•zˆÏí»˛y!§!Ó˚ Ä

!°ˆÏÌ!§!Ó˚Ó˚ !Ó!û˛ß¨ Ü ˛ü˛õÎ≈yÎ˚à%!° xyˆÏ°yã˛öy Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ–

4.10 ≤ÃŸ¿yÓ°# (Questions)

I. Ó•% !öÓ≈yã˛ö# ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

1. ˆÜ˛yöfiÌyˆÏö xÓfiÌyöÜ˛yÓ˚# ~Ü˛y!ôÜ˛ ç#Ó ≤Ãçy!ï˛ˆÏày!¤˛ˆÏÜ˛ ~Ü˛ˆÏe ÓˆÏ°ÈÙÙÙÈ

(a) ˛õ˛õ%ˆÏ°¢ö (b) ˆúœ˛yÓ˚y (c) Ü˛!üí˛z!ö!ê˛ (d) Óy›ï˛sf

2. !Ó!û˛ß¨ §%!fiÌï˛ í˛z!qò §¡±òyˆÏÎ˚ ˆòáy ÎyÎ˚ öy ˆÜ˛yö!ê˛ÈÙÙÙÈ

(a) xÓ˚#Î˚ hflÏÓ˚#û˛Óö     (b) fiÌy!öÜ˛ ˜Ó¢üƒ

(c) ~Ü˛ Óy ~Ü˛y!ôÜ˛ ≤ÃÜ˛ê˛ ≤Ãçy!ï˛Ó˚ í˛z˛õ!fiÌ!ï˛ (d) ≤Ãçy!ï˛ ˆày!¤˛Ó˚ §ü§_¥ï˛y
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3. ˆÜ˛yö í˛z!qò §¡±òyˆÏÎ˚ ˆÜ˛yö ~Ü˛!ê˛ ≤Ãçy!ï˛Ó˚ í˛z!qò §Çáƒyñ ˜çÓ xyÎ˚ï˛ö ~ÓÇ ˆüyê˛ x!ôÜ,˛ï˛

fiÌyö í˛zˆÏÕ‘áˆÏÎyàƒû˛yˆÏÓ ˆÓ¢# •ˆÏ° ï˛yˆÏòÓ˚ ÓˆÏ°ÈÙÙÙÈ

(a) ≤Ãyã%˛Î≈ ≤Ãçy!ï˛ (b) ≤ÃÜ˛ê˛ ≤Ãçy!ï˛

(c) ˆ˛õÔöÉ˛õ%!öÜ˛ ≤Ãçy!ï˛ (d) à•ö ≤Ãçy!ï˛

4. ò%•z!ê˛ Óy›ï˛ˆÏsfÓ˚ §ÇˆÏÎyàfiÌˆÏ° °«˛ƒ Ü˛Ó˚y ÎyÎ˚ ˆÎ!ê˛ÈÙÙÙÈ

(a) !öã‰˛ (b) Óyú˛yÓ˚ˆÏçyö (c) •zˆÏÜ˛yˆÏê˛yö (d) Ü˛!Ó˚ˆÏí˛yÓ˚

5. •zˆÏÜ˛yˆÏê˛yö xM˛ˆÏ°Ó˚ ≤Ãçy!ï˛ ˜Ó!ã˛ˆÏeƒÓ˚ ≤ÃÜ,˛!ï˛ÈÙÙÙÈ

(a) ˆÎ ˆÜ˛yö ~Ü˛!ê˛ §¡±òyˆÏÎ˚Ó˚ ≤Ãçy!ï˛Ó˚ ≤Ãyã%˛Î≈

(b) í˛zû˛Î˚ §¡±òyÎ˚ ••zˆÏï˛ §¡õ)î≈ !û˛ß¨ ≤Ãçy!ï˛Ó˚ í˛z!qˆÏòÓ˚ ≤Ãyã%˛Î≈

(c) §Óã˛y•zˆÏï˛ Ü˛ü ≤Ãçy!ï˛ ˜Ó!ã˛eƒ

(d) §Óã˛y•zˆÏï˛ ˆÓ¢# ≤Ãçy!ï˛ ˜Ó!ã˛eƒ

6. xö%Óy§fiÌyö Ó°ˆÏï˛ ˆÓyé˛yÎ˚ÈÙÙÙÈ

(a) ˆÜ˛yö Óy§fiÌyˆÏöÓ˚ xhsˇà≈ï˛ ~Ü˛y!ôÜ˛ «%˛o Óy§fiÌyö ˆÎáyˆÏö ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ í˛z˛õyòyö §ü)•

Ä ç#Ó§¡±òyˆÏÎ˚Ó˚ üˆÏôƒ §yüyöƒ ˛õyÌ≈Ü˛ƒ ˆòáy ÎyÎ˚

(b) ˆÎáyˆÏö ˆÜ˛Ó° «%˛oyÜ,˛!ï˛Ó˚ ç#Ó Ó§Óy§ Ü˛ˆÏÓ˚

(c) ˆÎáyˆÏö !ÓˆÏÎ˚yçÜ˛ xö%ç#ˆÏÓÓ˚ §Çáƒy §Óã˛y•zˆÏï˛ ˆÓ¢#

(d) ˆÎáyˆÏö áyòƒ¢,C° á%Ó ˆåÈyê˛

7. ü,!_Ü˛yñ Ó,!T˛˛õyï˛ ~ÓÇ ï˛y˛õüyeyÓ˚ fiÌyö#Î˚ ï˛yÓ˚ï˛ˆÏüƒ ˆÜ˛yö í˛z!qò §üß∫ˆÏÎ˚Ó˚ üˆÏôƒ ~Ü˛!ê˛

≤ÃÜ˛ê˛ ≤Ãçy!ï˛Î%=˛ ~Ü˛y!ôÜ˛ «%˛oï˛Ó˚ í˛z!qò §¡±òyÎ˚ ˆòáy ˆàˆÏ° Ó°y •°ÈÙÙÙÈ

(a) ˆ°y!§ˆÏÎ˚¢ö (b) Ü˛öˆÏ§y!§ˆÏÎ˚¢ö (c) ú˛ƒy!§ˆÏÎ˚¢ö (d) ˆ§y§y•z!ê˛

8. ≤Ãy!hsˇÎ˚ ≤Ãû˛yÓ °«˛ƒ Ü˛Ó˚y ÎyÎ˚ÈÙÙÙÈ

(a) ò%•z!ê˛ Óy›ï˛ˆÏsfÓ˚ ˆÜ˛wfiÌ° (b) ò%•z!ê˛ í˛z!qò §¡±òyˆÏÎ˚Ó˚ !Ó˛õ#Ó˚ï˛ ≤ÃyˆÏhsˇ

(c) ò%•z!ê˛ Óy›ï˛ˆÏsfÓ˚ Óyú˛yÓ˚ xM˛ˆÏ° (d) ò%•z!ê˛ í˛z!qò §¡±òyˆÏÎ˚Ó˚ Ü ˛y!hsˇ xM˛ˆÏ°

9. !ÓK˛yö# •%•zˆÏê˛Ü˛yÓ˚ÈÙÈ~Ó˚ üˆÏï˛ ˆÜ˛yö ç#ˆÏÓÓ˚ Ü˛yÎ≈ §¡õ!Ü≈˛ï˛ xÓfiÌyöˆÏÜ˛ ÓˆÏ°ÈÙÙÙÈ

(a) •zˆÏÜ˛y!§§ (b) !öã‰˛ (c) Óy§fiÌyö (d) !§üÓyˆÏÎ˚y!§§
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10. ˆÜ˛yö ç#ˆÏÓÓ˚ §ˆÏÓ≈yFã˛ ~ÓÇ §Ó≈!ö¡¨ §•ö¢#° ˆÜ˛yö ˛õ!Ó˚ˆÏÓ¢ í˛z˛õyòyˆÏöÓ˚ §yˆÏ˛õˆÏ«˛ !öã‰˛ÈÙÈ~Ó˚

ÓÜ ˛ ˆÓ˚áy!ã˛e !ö¡¨!°!áï˛ xyÜ˛yˆÏÓ˚Ó˚ •Î˚ÈÙÙÙÈ

(a) âöÜ˛yÜ˛yÓ˚ (b) ˆày°yÜ˛ xyÜ˛yÓ˚ (c) â^ˇê˛yÜ˛yÓ˚ (d) í˛z˛õÓ,_yÜ˛yÓ˚

11. §ü%ˆÏoÓ˚ ˆöˆÏÓ˚!ê˛Ü˛ xM˛° Ó°ˆÏï˛ ˆÓyé˛yÎ˚ÈÙÙÙÈ

(a) ˆçyÎ˚yÓ˚ ûÑ˛yê˛y xM˛° (b) ï˛#Ó˚Óï≈˛# xàû˛#Ó˚ xM˛°

(c) ì˛y° ˛õÓ˚Óï≈˛# xM˛° (d) ü%=˛ §ü%o xM˛°

12. ˆÜ˛yö!ê˛ í˛z!qò §¡±òyÎ˚ ˆÓyé˛yÎ˚ öyÈÙÙÙÈ

(a) í˛z!qò ≤Ãyôyöƒ (b) í˛z!qò §üß∫Î˚ (c) í˛z!qò §Çàë˛ö (d) í˛z!qò §üyç

13. ˆÜ˛yö !ö!ò≈T˛ fiÌyˆÏöÓ˚ í˛z!qò §¡±òyˆÏÎ˚Ó˚ ˛õ!Ó˚Óï≈˛ö¢#°ï˛yˆÏÜ˛ Ó°y •Î˚ÈÙÙÙÈ

(a) í˛z!qò ˜Ó!ã˛eƒ (b) í˛z!qò ˛õÎ≈yÎ˚Ü ˛ü (c) í˛z!qò !˛õÓ˚y!üí˛ (d) í˛z!qò fiÌyöyhsˇÓ˚î

14. !°ˆÏÌyˆÏ§!Ó˚Ó˚ ≤ÃyÓ˚!Ω˛Ü˛ ò¢y ˆÎ fiÌyˆÏö ¢%Ó˚% •Î˚ ï˛y •°ÈÙÙÙÈ

(a) !¢°yá[˛ (b) Ü˛ò≈ü ü,!_Ü˛y (c) ç°yû)˛!ü (d) í˛z!qò ÓyÜ˛°

15. í˛z!qò ˛õÎ≈yÎ˚Ü ˛ˆÏüÓ˚ §ÓˆÏ¢ˆÏ£Ï Ó§Óy§Ü˛yÓ˚# í˛z!qò §¡±òyÎ˚ !ö¡¨!°!áï˛ ≤ÃÜ,˛!ï˛Ó˚ÈÙÙÙÈ

(a) ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ §ˆÏAà fiÌyÎ˚# §yüƒï˛y !Ó•#ö   (b) ˛õ!Ó˚Óï≈˛ö¢#°

(c) fiÌyÎ˚# ≤ÃÜ,˛!ï˛Ó˚ (d) ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ §ˆÏAà xyhsˇÉ§¡õÜ≈˛•#ö

16. ˆçˆÏÓ˚yˆÏ§!Ó˚Ó˚ ≤ÃÌü Ó§!ï˛ fiÌy˛õöÜ˛yÓ˚# ç#Ó •°ÈÙÙÙÈ

(a) ˜¢Óy° (b) Ü ˛y§ˆÏê˛y§ °y•zˆÏÜ˛ö

(c) ü§ çyï˛#Î˚ í˛z!qò (d) ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y

17. í˛z!qò ˛õÎ≈yÎ˚Ü ˛ˆÏüÓ˚ xÇ¢ öÎ˚ ˆÜ˛yö!ê˛⁄

(a) ö!@¿û˛Óö (b) ~ Ï̂Ü˛!§§ (c) ≤Ã!ï˛!Ü ˛Î˚y (d) ˛õÓ˚ç#Ó#ï˛y

18. í˛z!qò ˛õÎ≈yÎ˚Ü ˛ü Îáö Óy!•ƒÜ˛ ≤Ãû˛yÓÜ˛ myÓ˚y !öÎ˚!sfï˛ •Î˚ ï˛yˆÏÜ˛ ÓˆÏ°ÈÙÙÙÈ

(a) xƒyˆÏ°yˆÏç!öÜ˛ ˛õÎ≈yÎ˚Ü ˛ü (b) xˆÏê˛yˆÏç!öÜ˛ ˛õÎ≈yÎ˚Ü ˛ü

(c) ˆàÔî ˛õÎ≈yÎ˚Ü ˛ü (d) ≤ÃyÌ!üÜ˛ ˛õÎ≈yÎ˚Ü ˛ü

19. ˆÜ˛yö fiÌyˆÏöÓ˚ í˛z!qò ˛õÎ≈yÎ˚Ü ˛ü í˛z!qò §¡±òyˆÏÎ˚Ó˚ ˆÎ xÓfiÌy !öˆÏò≈¢ Ü˛ˆÏÓ˚ÈÙÙÙÈ

(a) !fiÌ!ï˛¢#°ï˛y (b) fiÌyöàï˛ à!ï˛üÎ˚ï˛y

(c) Ü˛y°àï˛ à!ï˛üÎ˚ï˛y (d) fiÌyöàï˛ !fiÌ!ï˛¢#°ï˛y
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20. ü,ï˛ˆÏòˆÏ•Ó˚ Ä˛õÓ˚ !Ó!û˛ß¨ xö%ç#Ó myÓ˚y ¢%Ó˚% •ÄÎ˚y ˛õÎ≈yÎ˚Ü ˛üˆÏÜ˛ ÓˆÏ°ÈÙÙÙÈ

(a) §ƒyüˆÏüy§!Ó˚ (b) ˆ§öy•z° (c) •ƒyˆÏ°y§!Ó˚ (d) ˆçˆÏÓ˚y§!Ó˚

21. •y•zˆÏí»˛yˆÏ§!Ó˚Ó˚ ˆ¢£Ï ôy˛õ •°ÈÙÙÙÈ

(a) à%Õ√Ó˚yî# ò¢y (b) ¢Ó˚ ò¢y

(c) ≤Ã!Ìï˛ ü)° û˛y§üyö ò¢y (d) Óöû)˛!ü ò¢y

22. §Ü˛° ≤ÃÜ˛yÓ˚ ˆ§!Ó˚Ó˚ §yôyÓ˚î ò¢y!ê˛ •°

(a) °y•zˆÏÜ˛ö ò¢y (b) ˛ú˛y•zˆÏê˛y≤’ƒyAÜ˛ê˛ö ò¢y

(c) ü§ ò¢y (d) ã˛Ó˚ü ÓöyM˛°

II. §Ç!«˛Æ ≤ÃŸ¿yÓ°# É

1. Ü˛!üí˛z!ö!ê˛Ó˚ §ÇK˛y !òö–

2. í˛z!qò §Çàë˛ö !Ü˛⁄

3. ˆ°ö!ê˛Ü˛ ~ÓÇ ˆ°y!ê˛Ü˛ Óy§fiÌyö Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚⁄

4. •zˆÏÜ˛yˆÏê˛yöÈÙÈ~Ó˚ §ÇK˛y !òö–

5. ˛•zˆÏÜ˛yˆÏê˛yöÈÙÈ~Ó˚ ò%•z!ê˛ ˜Ó!¢T˛ƒ í˛zˆÏÕ‘á Ü˛Ó˚%ö–

6. ≤Ãy!hsˇÎ˚ ≤Ãû˛yÓ Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚⁄

7. ˆÜ˛yö ~Ü˛çö !ÓK˛yö#Ó˚ üï˛ xö%ÎyÎ˚# !öã‰˛ÈÙÈ~ §ÇK˛y !°á%ö–

8. •y•z˛õyÓ˚û˛!°í˛zü !öã‰˛ !Ü˛⁄

9. !öã‰˛ ≤Ã§yÓ˚ï˛y Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚⁄

10. ˆû˛òÜ˛ •zˆÏÜ˛yˆÏê˛yö ~ÓÇ xyò¢≈ •zˆÏÜ˛yˆÏê˛yö !Ü˛⁄

11. §yü%!oÜ˛ Óy§fiÌyˆÏöÓ˚ Óƒy!ÌÎ˚y° ~ÓÇ ˆÓö!ÌÜ˛ xM˛° Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚⁄

12. §ü%ˆÏoÓ˚ §yˆÏ°yÜ˛ §ÇˆÏŸ’£Ï# xM˛° Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚⁄

13. í˛z!qò ˛õÎ≈yÎ˚Ü ˛ü Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚⁄

14. ≤ÃyÌ!üÜ˛ ~ÓÇ ˆàÔî ˛õÎ≈yÎ˚Ü ˛ˆÏüÓ˚ ò%•z!ê˛Ó˚ ˛õyÌ≈Ü˛ƒ !°á%ö–

15. xˆÏê˛yˆÏç!öÜ˛ ~ÓÇ xƒyˆÏ°yˆÏç!öÜ˛ §yÜ˛ˆÏ§¢ö Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚⁄

16. ˛õy•zÄ!öÎ˚yÓ˚ ≤Ãçy!ï˛§ü)ˆÏ•Ó˚ ≤ÃÜ,˛!ï˛ !Ü˛ ≤ÃÜ˛yˆÏÓ˚Ó˚ •Î˚–

17. Üœ˛ƒy•züƒy: í˛z!qò §¡±òyÎ˚ !Ü˛⁄
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18. •zˆÏÜ˛!§§ ò¢yÓ˚ ˜Ó!¢T˛ƒ !Ü˛⁄

19. •y•zˆÏí»˛yˆÏ§!Ó˚ ~ÓÇ ˆçˆÏÓ˚yˆÏ§!Ó˚Ó˚ ò%•z!ê˛ ˛õyÌ≈Ü˛ƒ !°á%ö–

20. •y•zˆÏí»˛yˆÏ§!Ó˚ ~ÓÇ ˆçˆÏÓ˚yˆÏ§!Ó˚Ó˚ ò%•z!ê˛ §yò,¢ƒ !°á%ö–

21. §ƒyü‰ˆÏüyˆÏ§!Ó˚ ~ÓÇ ˆ§öy•z° ~Ó˚ §ÇK˛y !°á%ö–

22. ò%•z!ê˛ í˛zòy•Ó˚î§• Ú¢Ó˚ ç°y ò¢yÛÓ˚ ò%•z!ê˛ ˜Ó!¢T˛ƒ !°á%ö–

III. Ó˚ã˛öyôü≈# ≤ÃŸ¿ É

1. í˛z!qò §¡±òyˆÏÎ˚Ó˚ ˜Ó!¢T˛ƒà%!° §ÇˆÏ«˛ˆÏ˛õ !°á%ö–

2. í˛z!qò §¡±òyˆÏÎ˚Ó˚ Ü ˛ˆÏüyFã˛ ˆ◊î#à%!°Ó˚ ˜Ó!¢T˛ƒ !°á%ö–

3. •y•z˛õyÓ˚û˛!°í˛zü !öã‰˛ñ ˆüÔ!°Ü˛ !öã‰˛ ~ÓÇ xö%û)˛ï˛ !öã‰˛ Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚⁄

4. !öã‰˛ ≤Ã§yÓ˚ï˛yñ !öã‰˛ ˛õ!Ó˚ô# ~ÓÇ !öã‰˛ §ü˛õyï˛ö Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚⁄

5. !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ !öã‰˛ ≤Ã!ï˛!Ü ˛Î˚y §¡∫ˆÏrô !°á%ö–

6. !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ ≤Ãy!hsˇÎ˚ xM˛° ~ÓÇ ï˛yˆÏòÓ˚ ˜Ó!¢T˛ƒ xyˆÏ°yã˛öy Ü˛Ó˚%ö–

7. ˛≤Ãy!hsˇÎ˚ ≤Ãû˛yÓ Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚ ï˛y §ÇˆÏ«˛ˆÏ˛õ xyˆÏ°yã˛öy Ü˛Ó˚%ö–

8. •zˆÏÜ˛yˆÏê˛yöÈÙÈ~Ó˚ ˜Ó!¢T˛ƒà%!° !°á%ö–

9. í˛z!qò §¡±òyˆÏÎ˚Ó˚ fiÌyö !ÓˆÏ¢£Ï à!ï˛üÎ˚ï˛y §¡∫ˆÏrô §ÇˆÏ«˛ˆÏ˛õ !°á%ö–

10. í˛z!qò §¡±òyˆÏÎ˚Ó˚ Ü˛y° !ÓˆÏ¢£Ï à!ï˛üÎ˚ï˛y §¡∫ˆÏrô §ÇˆÏ«˛ˆÏ˛õ !°á%ö–

11. ˛í˛z!qò ˛õÎ≈yÎ˚Ü ˛ˆÏüÓ˚ !Ó!û˛ß¨ ò¢yà%!°Ó˚ ˜Ó!¢T˛ƒ §ÇˆÏ«˛ˆÏ˛õ !°á%ö–

12. í˛z!qò ˛õÎ≈yÎ˚Ü ˛ˆÏüÓ˚ !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ˆÏû˛ò §ÇˆÏ«˛ˆÏ˛õ xyˆÏ°yã˛öy Ü˛Ó˚%ö–

13. §ÇˆÏ«˛ˆÏ˛õ •y•zˆÏí»˛yˆÏ§!Ó˚Ó˚ Óî≈öy !òö–

14. §ÇˆÏ«˛ˆÏ˛õ ˆçˆÏÓ˚yˆÏ§!Ó˚Ó˚ Óî≈öy !òö–

15. í˛zòy•Ó˚î§• Ü˛#ˆÏfiê˛yö ≤Ãçy!ï˛Ó˚ à%Ó˚%c !°á%ö–

4.11  í˛z_Ó˚üy°y (Answers)

I. xö%¢#°ö#Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚

§Çáƒy ı 1 2 3 4 5 6 7 8 9 10 11 12

í˛z_Ó˚ ı c d b c d a b d b c b a
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≤ÃˆÏŸ¿Ó˚

§Çáƒy ı 13 14 15 16 17 18 19 20 21 22

í˛z_Ó˚ ı b a c b d a c b d d

II. §Ç!«˛Æ ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5 6 7 8

xö%ˆÏFåÈò §Çáƒy ı 4.2 4.2.2 4.3.1 4.4 4.4.1 4.4.3 4.3.2 4.3.2.1

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 9 10 11 12

xö%ˆÏFåÈò §Çáƒy ı 4.3.2.5 4.4.1 4.3.1 4.3.1

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 13 14 15 16 17

xö%ˆÏFåÈò §Çáƒy ı 4.6 4.7.1-2 4.7.3-4 4.6.(b) 4.6 (b)

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 18 19 20 21 22

xö%ˆÏFåÈò §Çáƒy ı 4.6 4.8 4.8 4.7.7 4.8.1

III. Ó˚ã˛öyôü≈# ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5 6 7 8

xö%ˆÏFåÈò §Çáƒy ı 4.2.1 4.2.2 4.3.2.1 4.3.2.4-6 4.3.2.7 4.4.2 4.4 4.4.1

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 9 10 11 12 13 14 15

xö%ˆÏFåÈò §Çáƒy ı 4.6 4.6 4.6 4.7 4.8.1 4.8.2 4.5
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~Ü˛Ü˛–5 : Óy›§Çfliyöàï˛ ≤Ãû˛yÓÜ˛ §ü)• ≠ üy!ê˛ñ ç°ñ xyˆÏ°yÜ˛ ~ÓÇ

ï˛y˛õüyeyó §#üyhsˇ ≤Ãû˛yÓÜ˛ ï˛_¥ (Ecological Factors :
Soil, Water, Light and Temperature; Concept of
limiting Factors.)

àë˛ö (Structure)

5.0 í˛zˆÏj¢ƒ (Objectives)

5.1 ≤ÃhflÏyÓöy (Introduction)

5.2 üy!ê˛ (Soil)

5.2.1 üy!ê˛Ó˚ í˛zÍ˛õ!_ (Soil-origin)

5.2.2 üy!ê˛Ó˚ §Çàë˛ö (Solil formation)

5.2.2.1 üy!ê˛Ó˚ ç#ÓÜ)˛° ~ÓÇ ˜çÓ˛õòyÌ≈ (Soil biota and organic substances)

5.2.2.2 §Çàë˛ö ≤Ã!Ü ˛Î˚y (Formation process)

5.2.3 üy!ê˛Ó˚ í˛z˛õyòyö (Soil composition)

5.2.3.1 á!öç í˛z˛õyòyö (Mineral composition)

5.2.3.2 ˜çÓ ˛õòyÌ≈ (Organic matters)

5.2.3.3 ü,!_Ü˛y oÓî (Soil solution)

5.2.3.4 ü,!_Ü˛y ÓyÎ˚% (Soil air)

5.2.3.5 ü,!_Ü˛y ç° (Soil moisture)

5.2.4 û)˛!ã˛e (Soil profile)

5.3 ç° (Water)

5.3.1 ˛õ!Ó˚ˆÏÓˆÏ¢ çˆÏ°Ó˚ !Ó!û˛ß¨ ò¢y (States of water in the environment)

5.3.1.1 Ü˛!ë˛ö ò¢y (Solid state)

5.3.1.2 ï˛Ó˚° ò¢y (Liquid state)

5.3.1.3 Óy‹õ#Î˚ ò¢y (Vapour state)

5.3.2 çˆÏ°Ó˚ xôÉˆÏ«˛˛õö (Precipitation)
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5.4 xyˆÏ°yÜ˛ (Light)

5.4.1 xyˆÏ°yˆÏÜ˛Ó˚ ≤ÃÜ˛Ó˚î (Variation of light)

5.4.2 xyˆÏ°yˆÏÜ˛Ó˚ !Ó!û˛ß¨ ï˛Ó˚Aà ˜òâ≈ (Different wave lengths of light)

5.5 ï˛y˛õüyey (Temperature)

5.5.1 ï˛y˛õüyeyÓ˚ ≤ÃÜ˛Ó˚î (Variation of temperature)

5.5.2 í˛z!qˆÏòÓ˚ !ÓhflÏyˆÏÓ˚ ï˛y˛õüyeyÓ˚ ≤Ãû˛yÓ (Role of temperature in plant distribution)

5.5.3 ï˛y˛õ#Î˚ hflÏÓ˚!Óöƒy§ (Thermal stratitidication)

5.6 §#üyhs ˇ≤Ãû˛yÓÜ˛ ï˛_¥ (Concept of Limiting Factors)

5.7 §yÓ˚yÇ¢ (Summary)

5.8 ≤ÃŸ¿yÓ°# (Questions)

5.9 í˛z_Ó˚üy°y (Answers)

5.0 í˛zˆÏj¢ƒ (Objectives)

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xyüÓ˚y !ö¡¨!°!áï˛ !Ó£ÏÎ˚à%!° §¡∫ˆÏrô §üƒÜ˛ ôyÓ˚îy ˜ï˛!Ó˚ Ü˛Ó˚ˆÏï˛ ˛õyÓ˚Ó–

●●●●● üy!ê˛Ó˚ í˛zÍ˛õ!_ñ !¢°yhflÏˆÏÓ˚Ó˚ «˛Î˚#û˛Óöñ §Çàë˛ö ≤Ã!Ü ˛Î˚y ~ÓÇ ˆû˛Ôï˛ ≤Ãû˛yÓÜ˛à%!°–

●●●●● ˛üy!ê˛ˆÏï˛ ˜çÓ ˛õòyˆÏÌ≈Ó˚ í˛zÍ§ ~ÓÇ ≤ÃÜ˛yÓ˚ˆÏû˛ò–

●●●●● û)˛!ã˛ˆÏeÓ˚ §ÇK˛y Ä ≤ÃÜ˛yÓ˚ˆÏû˛ò–

●●●●● ˛õ,!ÌÓ# ˛õ,ˆÏ¤˛Ó˚ ˛õ!ï˛ï˛ xyˆÏ°yˆÏÜ˛Ó˚ ≤ÃÜ˛Ó˚î–

●●●●● ˛¢yÓ˚#Ó˚Ó,!_Î˚ !Ü ˛Î˚yÓ˚ í˛z˛õÓ˚ xyˆÏ°yˆÏÜ˛Ó˚ ≤Ãû˛yÓ–

●●●●● í˛z!qò Ä ≤Ãyî# çàˆÏï˛Ó˚ í˛z˛õÓ˚ ï˛y˛õüyeyÓ˚ ≤Ãû˛yÓ–

●●●●● ï˛y˛õüyey xö%ÎyÎ˚# !Ó!û˛ß¨ xM˛ˆÏ°Ó˚ §,!T˛ Ä í˛z!qò ˜Ó!ã˛ˆÏeƒÓ˚ í˛z˛õÓ˚ ~Ó˚ ≤Ãû˛yÓ–

●●●●● ï˛y˛õüyeyàï˛ hflÏÓ˚!Óöƒy§–

●●●●● §#!üï˛Ü˛yÓ˚# ≤Ãû˛yÓÜ˛ §ü)ˆÏ•Ó˚ §ˆÏÓ≈y_ü §#üy–

5.1 ≤ÃhflÏyÓöy (Introduction)

˛õ,!ÌÓ#Ó˚ !¢°yhflÏˆÏÓ˚Ó˚ Ä˛õÓ˚ öyöy û)˛≤ÃyÜ,˛!ï˛Ü˛ Ü˛yÓ˚ˆÏî §,T˛ xyhflÏÓ˚î !ÓˆÏ¢£Ï ÎyÓ˚ Ä˛õÓ˚ ˜Ó!ã˛eƒüÎ˚

fiÌ°ç ç#ˆÏÓÓ˚ ≤ÃyÌ!üÜ˛ Óy§fiÌyö àˆÏí˛¸ ÄˆÏë˛ ï˛y üy!ê˛ Óy ü,!_Ü˛y ÓˆÏ° ˛õ!Ó˚!ã˛ï˛– û)˛˛õ,ˆÏ¤˛Ó˚ ~•z hflÏˆÏÓ˚•z
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ç#Óçyï˛ öyöy ˜çÓ ˛õòyˆÏÌ≈Ó˚ !ÓˆÏÎ˚yçö âˆÏê˛ ~ÓÇ öyöy á!öç ˛õòyÌ≈ ˛õ%!T˛ ã˛ˆÏÜ ˛Ó˚ üyôƒˆÏü xyÓyÓ˚ ç#ÓˆÏòˆÏ•

!ú˛ˆÏÓ˚ xyˆÏ§– ~•z hflÏÓ˚ ˆÌˆÏÜ˛•z fiÌ°ç í˛z!qòÓ˚y §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï Ä xöƒyöƒ ¢yÓ˚#Ó˚ Ó,_#Î˚ !Ü ˛Î˚yÓ˚ çöƒ

ç° Ä á!öç ˛õòyÌ≈ §Ç@ˇÃ• Ü˛ˆÏÓ˚– üy!ê˛Ó˚ ö#ã˛ ˆÌˆÏÜ˛•z üyö%£Ï ˛õ!Ó˚◊%ï˛ ˛õyö#Î˚ ç° §Ç@ˇÃ• Ü˛ˆÏÓ˚– Óy›ï˛ˆÏsfÓ˚

§Ü˛° !ÓˆÏÎ˚yçÜ˛ ç#ˆÏÓÓ˚ ≤Ãôyöï˛ü xy◊Î˚ Ä ¢yÓ˚#Ó˚Ó,_#Î˚ !Ü ˛Î˚yÓ˚ fiÌ° •° üy!ê˛–

í˛z!qò Ä ≤Ãyî# §Ü˛ˆÏ°Ó˚ ç#Óö ôyÓ˚ˆÏöÓ˚ çöƒ ï˛y˛õüyeyÓ˚ ≤Ãû˛yÓ x˛õ!Ó˚§#ü–

ç#ÓˆÏòˆÏ•Ó˚ !Ó!û˛ß¨ !Ó˛õyÜ˛!Ü ˛Î˚yÎ˚ ≤ÃˆÏÎ˚yçö#Î˚ í˛zÍˆÏ§ã˛Ü˛ §ü)ˆÏ•Ó˚ Ü˛ü≈«˛üï˛y ï˛y˛õüyey myÓ˚y !öÎ˚!sfï˛

•Î˚– ~åÈyí˛¸yÄ ç#ˆÏÓÓ˚ áyòƒ@ˇÃ•îñ Ÿª§öñ Ó,!Âôñ çöö ~ÓÇ ˆû˛Ôà!°Ü˛ !ÓhflÏyÓ˚ ï˛y˛õüyey myÓ˚y ≤Ãû˛y!Óï˛–

xyˆÏ°yÜ˛ Ä ï˛y˛õüyey çˆÏ°Ó˚ §ˆÏAà ˆÎÔÌû˛yˆÏÓ ˆÜ˛yö xM˛ˆÏ°Ó˚ ç°ÓyÎ˚%Ó˚ ≤ÃÜ,˛!ï˛ !öô≈yÓ˚î Ü˛ˆÏÓ˚–

5.2 üy!ê˛ (Soil)

5.2.1 üy!ê˛Ó˚ í˛zÍ˛õ!_ (Soil-origin)

˛õ,!ÌÓ#Ó˚ !Ó!û˛ß¨ fiÌyˆÏö !¢°yhflÏÓ˚ ˛õ,¤˛ öyöy ˆû˛Ôï˛Ó˚y§yÎ˚!öÜ˛ ≤Ã!Ü ˛Î˚y Ä !Ó!û˛ß¨ ˜ç!ÓÜ˛ ≤Ãû˛yˆÏÓÓ˚

üyôƒˆÏü üy!ê˛ àë˛ö Ü˛ˆÏÓ˚– ≤Ãôyöï˛ !¢°yhflÏˆÏÓ˚Ó˚ «˛Î˚#û˛Óö myÓ˚y üy!ê˛Ó˚ í˛zÍ˛õ!_ •Î˚– !Óhfl,Ïï˛ !¢°y˛õ,ˆÏ¤˛

öyöy ≤ÃÜ˛yÓ˚ ˆû˛Ôï˛ ≤Ãû˛yÓÜ˛ ˆÎüö x!öÎ˚!üï˛ ï˛y˛õüyey (Fluctuating temperature), ï˛#Ó  ÓyÎ˚%≤ÃÓy•

Óy é˛í˛¸é˛Pyñ û)˛!üÜ˛¡õñ ï%˛£ÏyÓ˚˛õyï˛ (avalance), áÓ˚ˆÏflÀyï˛y öò#ñ x¡‘Ó,!T˛ ≤Ãû,˛!ï˛Ó˚ ≤Ãû˛yˆÏÓ ô#ˆÏÓ˚ ô#ˆÏÓ˚

«˛Î˚≤ÃyÆ •Î˚– •z•yÓ˚ ú˛ˆÏ° !¢°yÓ˚ ˛õ,¤˛ˆÏò¢ ô#ˆÏÓ˚ ô#ˆÏÓ˚ «%˛o «%˛o á!öç Ü˛îyÎ˚ (mineral particles)
˛õ!Ó˚îï˛ •Î˚– ~•z «˛Î˚#û˛Óö Óy xyÓ•!ÓÜ˛yÓ˚ (weathering) ~Ó˚ §ˆÏAà öyöy ≤ÃyÜ,˛!ï˛Ü˛ ¢!=˛Ó˚ ≤Ãû˛yÓ

ç!í˛¸ï˛– ï˛#Ó  ÓyÎ˚% ≤ÃÓy•ñ é˛í˛¸ñ Ó,!T˛˛õyï˛ñ !¢°yÓ,!T˛ñ áÓ˚ˆÏflÀyï˛y öò# !Ü˛ÇÓy é˛Ó˚öyÓ˚ Ó°≤Ãû˛yÓó x¡‘ Ó,!T˛Ó˚

Ü˛yÓ˚ˆÏî öyöy xƒy!§ˆÏí˛Ó˚ ≤Ãû˛yÓñ ç°ˆÏÎyçö (hydration), xyo≈ !ÓˆÏŸ’£Ïî (hydrolysis), xAàyÓ˚ ˆÎyçö

(carbonation) ≤Ãû,˛!ï˛ Ó˚y§yÎ˚!öÜ˛ !Ó!Ü ˛Î˚yÓ˚ ≤Ãû˛yÓ !¢°yÓ˚ «˛Î˚#û˛ÓˆÏö §y•yÎƒ Ü˛ˆÏÓ˚– ~åÈyí˛¸y Ü ˛y§ˆÏê˛y§

°y•zˆÏÜ˛öñ öyöy ÓƒyÜ˛ˆÏê˛!Ó˚Î˚yñ ˜¢Óy° ≤Ãû,˛!ï˛Ó˚ ¢yÓ˚#Ó˚Ó,_#Î˚ !Ü ˛Î˚yÜ˛°yˆÏ˛õÓ˚ Ü˛yÓ˚ˆÏî ˆÎ CO2 !öà≈ï˛ •Î˚

ï˛y Ü˛yÓ≈!öÜ˛ xƒy!§ˆÏí˛ Ó˚)˛õyhsˇ!Ó˚ï˛ •ˆÏÎ˚ !¢°yÓ˚ «˛Î˚#û˛ÓˆÏö à%Ó˚%c)˛õ)î≈ xÇ¢ ˆöÎ˚– Ü˛!ë˛ö !¢°y˛õ,ˆÏ¤˛ «˛Î˚û˛ÓˆÏö

í˛zq(ï˛ á!öç ã)˛ˆÏî≈Ó˚ x!ôÜ˛yÇ¢•z Úxy!ò í˛z˛õyòyöÛ (parent material) Ó˚)ˆÏ˛õ í˛zÍ˛õ!_fiÌˆÏ° ˆÌˆÏÜ˛ ÎyÎ˚

Ä ô#ˆÏÓ˚ ô#ˆÏÓ˚ öyöy ≤Ã!Ü ˛Î˚yÓ˚ üyôƒˆÏü ˆ§áyˆÏö•z ü,!_Ü˛yhflÏÓ˚ àë˛ö Ü˛ˆÏÓ˚ •z•yˆÏÜ˛ xÓ!¢T˛yÇ¢ ü,!_Ü˛y Óy

ˆÓ˚!§í%˛Î˚y° §ˆÏÎ˚° (residual soil) ÓˆÏ°– xy!ò í˛z˛õyòyˆÏöÓ˚ !Ü˛å%È xÇ¢ öyöy ˆû˛Ôï˛ Óy•Ü˛ (physical
carrier) myÓ˚y !¢°y˛õ,ˆÏ¤˛Ó˚ í˛zÍ˛õ!_ fiÌ° ˆÌˆÏÜ˛ xöƒe ˛õ!Ó˚Óy!•ï˛ •Î˚ ~ÓÇ ˆ§áyˆÏö ô#ˆÏÓ˚ ô#ˆÏÓ˚ ü,!_Ü˛yhflÏÓ˚

àë˛ö Ü˛ˆÏÓ˚– •z•yˆÏÜ˛ ˛õ!Ó˚Óy!•ï˛ ü,!_Ü˛y (transported soil) ÓˆÏ°–

Óy•ˆÏÜ˛Ó˚ ≤ÃÜ˛yÓ˚ xö%ÎyÎ˚# ˛õ!Ó˚Óy!•ï˛ ü,!_Ü˛y !û˛ß¨ !û˛ß¨ û˛yˆÏÓ öyüy!AÜ˛ï˛– ˆÎüö Ü˛°%!û˛Î˚y° Óy

x!û˛Ü˛£Ï≈ ï˛y!Ó˚ï˛ ü,!_Ü˛y (colluvial soil)ñ ˛õy°!°Ü˛ Óy xƒy°%!û˛Î˚y° ü,!_Ü˛y öò#Óy!•ï˛ ü,!_Ü˛y (alluvial
soil)ñ •zˆÏÓ˚y!°Î˚yö Óy ÓyÎ˚%Óy!•ï˛ ü,!_Ü˛y (aerolian soil)–
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üy!ê˛Ó˚ í˛zÍ˛õ!_ ç°ÓyÎ˚% myÓ˚y §Ó≈y!ôÜ˛ ≤Ãû˛y!Óï˛– •z•y xyÓ•!ÓÜ˛yˆÏÓ˚Ó˚ à!ï˛ (weathering
intensity) ~ÓÇ ˆ§áyöÜ˛yÓ˚ í˛z!qòÜ)˛° (vegetation) ~Ó˚ ≤ÃÜ,˛!ï˛ !öî≈Î˚ Ü˛ˆÏÓ˚– Úxy!ò í˛z˛õyòyöÛ ˆÌˆÏÜ˛

üy!ê˛ ˜ï˛Ó˚#ˆÏï˛ í˛z!qòÜ)˛ˆÏ°Ó˚ û)˛!üÜ˛y !ÓˆÏ¢£Ï à%Ó˚%c˛õ)î≈– ~åÈyí˛¸yÄ xyˆÏ°yÓ˚ x!û˛ü%áñ àí˛¸ xy˛õyï˛ö ˆÜ˛yîÈÙÈ~Ó˚

Ä˛õÓ˚ xyˆÏ°yÓ˚ ï˛#Ó ï˛y !öû≈˛Ó˚ Ü˛ˆÏÓ˚ Îy ˆ§áyöÜ˛yÓ˚ üy!ê˛Ó˚ xyo≈ï˛y Ä í˛z!qòÜ%˛ˆÏ°Ó˚ !ÓhflÏyÓ˚ Ä ≤ÃÜ,˛!ï˛Ó˚

Ä˛õÓ˚ ≤Ãû˛yÓ !ÓhflÏyÓ˚ Ü˛ˆÏÓ˚–

!Ó!û˛ß¨ ˜çÓ û)˛Ó˚y§yÎ˚!öÜ˛ !Ó!Ü ˛Î˚yÎ˚ (biogeochemical reactions) xö%£ÏAà# •° ç°– •z•y !Ó!û˛ß¨

xƒy!§ˆÏí˛Ó˚ fiÌyöyhsˇˆÏÓ˚Ó˚ üyôƒˆÏü !¢°yÓ˚ «˛Î˚#û˛ÓˆÏö §y•yÎƒ Ü˛ˆÏÓ˚– ç° ï˛Ó˚°yÜ˛yˆÏÓ˚ üy!ê˛ˆÏï˛ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚–

ˆ§áyö ˆÌˆÏÜ˛ xyÓyÓ˚ xö%flÀ%ï˛ •ˆÏÎ˚ ö#ˆÏã˛Ó˚ !òˆÏÜ˛ ã˛ˆÏ° ÎyÎ˚ Óy Óy‹õy!Î˚ï˛ •ˆÏÎ˚ ˆÓ!Ó˚ˆÏÎ˚ ÎyÎ˚– üy!ê˛Ó˚

Ü˛îy§ü)ˆÏ•Ó˚ üôƒ !òˆÏÎ˚ ≤ÃÓy!•ï˛ çˆÏ°Ó˚ !Ó°!¡∫ï˛ ˛õòyÌ≈§ü)• (suspended particles) üy!ê˛ˆÏï˛•z ˛õ!Ó˚ï˛ƒ=˛

•Î˚– ˛õ!Ó˚ÓˆÏï≈˛ üy!ê˛Ó˚ ü%=˛ á!öç °Óî §ü)• oyÓ !•ˆÏ§ˆÏÓ ÓˆÏÎ˚ !öˆÏÎ˚ ÎyÎ˚ ÎyˆÏÜ˛ üy!ê˛Ó˚ á!öç «˛Ó˚î

(leaching) ÓˆÏ°– •z•y §üï˛°û)˛!üˆÏï˛ !ö¡¨ü%á# ~ÓÇ ì˛y°% û)˛!üˆÏï˛ ˛õyŸª≈y!û˛ü%ˆÏá Óy!•ï˛ ˛õòyÌ≈§ü)•

§Ó˚ÓÓ˚y• Ü˛ˆÏÓ˚–

û)˛§ÇfiÌyö (topography) !Ó!û˛ß¨ !òÜ˛ ˆÌˆÏÜ˛ üy!ê˛Ó˚ àë˛ˆÏö (soil formation) Ä §ÇÓ˚«˛ˆÏî

à%Ó˚%c˛õ)î≈ û)˛!üÜ˛y @ˇÃ•î Ü˛ˆÏÓ˚– üy!ê˛Ó˚ ç#Óçàï˛ (biota) ÎÌy í˛z!qòÜ%˛°ñ ≤Ãyî#Ü%˛°ñ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y ~ÓÇ

åÈeyÜ˛ ˆ◊î#ñ °y•zˆÏÜ˛ö §Ü˛ˆÏ°Ó˚•z üy!ê˛Ó˚ àë˛ˆÏö !ÓˆÏ¢£Ï û)˛!üÜ˛y Ó˚ˆÏÎ˚ˆÏåÈ– üy!ê˛Ó˚ ˜çÓ í˛z˛õyòyö ~ÓÇ ˛õ%!T˛Ó˚

˛õ!Ó˚üyî (nutrient content) x!ôÜ˛yÇ¢•z í˛z!qòÜ)˛° !öÎ˚sfî Ü˛ˆÏÓ˚–

5.2.2 üy!ê˛Ó˚ §Çàë˛ö (Soil Formation)

ü,!_Ü˛yÓ˚ §Çàë˛ö ~Ü˛!ê˛ à!ï˛üÎ˚ ˛õÂô!ï˛ (dynamic process) Îy !Ó!û˛ß¨ fiÌyˆÏö !û˛ß¨ !û˛ß¨

˛õ!Ó˚ˆÏÓˆÏ¢ âˆÏê˛ ÌyˆÏÜ˛– ü,!_Ü˛yÓ˚ àë˛ö ≤Ãôyöï˛É «˛Î˚#û˛ÓˆÏö í˛zq(ï˛ xy!ò í˛z˛õyòyˆÏöÓ˚ (parent material)
≤ÃÜ,˛!ï˛ ~ÓÇ ç°ÓyÎ˚%Ó˚ öyöy í˛z˛õyòyö ˆÎüö ï˛y˛õüyeyñ ç°!Ó!öüÎ˚ñ û)˛§ÇfiÌyö (topography) ≤Ãû,˛!ï˛

myÓ˚y Óƒy˛õÜ˛û˛yˆÏÓ ≤Ãû˛y!Óï˛ •Î˚–

xy!ò í˛z˛õyòyˆÏöÓ˚ ~Ó˚ ≤ÃÜ,˛!ï˛ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ í˛zÍ˛õ!_fiÌˆÏ°Ó˚ û)˛ï˛y!_¥Ü˛ hflÏÓ˚ (bed rock)ÈÙÈ~Ó˚ Ä˛õÓ˚–

xy!ò í˛z˛õyòyö í˛zÍ˛õ!_fiÌˆÏ° !Ü˛ÇÓy !Ó!û˛ß¨ Óy•Ü˛ ˆÎüö ç°ˆÏflÀyï˛ñ ÓyÎ˚%≤ÃÓy•ñ !•üÓy•ñ x!û˛Ü˛£Ï≈ç Ó°

≤Ãû,˛!ï˛ myÓ˚y ˛õ!Ó˚Óy!•ï˛ •ˆÏÎ˚ xöƒˆÏÜ˛yö xM˛ˆÏ°Ó˚ û)˛ï˛y!_¥Ü˛ !¢°yhflÏˆÏÓ˚Ó˚ Ä˛õÓ˚ çüy •ˆÏÎ˚ öyöy ≤Ã!Ü ˛Î˚yÓ˚

üyôƒˆÏü üy!ê˛ (soil) àë˛ö Ü˛ˆÏÓ˚– Úxy!ò í˛z˛õyòyöÛÈÙÈ~Ó˚ í˛zÍ˛õ!_ !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ xy!ò !¢°y ˆÌˆÏÜ˛ (Parent
Rock) •ˆÏï˛ ˛õyˆÏÓ˚– ˆÎüöÈÙÙÙÈxyˆÏ@¿Î˚!¢°y (igneous rock), ˛õy°!°Ü˛ !¢°y (sedimentary rock)
~ÓÇ Ó˚)˛õyhsˇÓ˚#ï˛ !¢°y (metamorphic rock) •zï˛ƒy!ò–

5.2.2.1 üy!ê˛Ó˚ ç#ÓÜ)˛° ~ÓÇ ˜çÓ˛õòyÌ≈ (Soil biota and organic substances)

í˛zß√%=˛ !¢°yáˆÏ[˛ °y•zˆÏÜ˛ö ≤ÃyÓ˚!Ω˛Ü˛ ç#Ó !•ˆÏ§ˆÏÓ Ó§Óy§ ¢%Ó˚% Ü˛Ó˚yÓ˚ §yˆÏÌ §yˆÏÌ x:y!°Ü˛ xƒy!§í˛
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§• öyöy ≤ÃÜ˛yÓ˚ xy!¡‘Ü˛ í˛z˛õyòyö !öÉ§Ó˚î Ü˛ˆÏÓ˚ Îy !¢°y Ü˛!îÜ˛yà%!°Ó˚ !§!°ˆÏÜ˛ê˛ ˆÎÔˆÏàÓ˚ §ˆÏAà Î%=˛

•ˆÏÎ˚ Ü˛ƒyê˛yÎ˚ö §ü,Âô ~Ü˛ ç!ê˛° Ó˚y§yÎ˚!öÜ˛ ˛õòyˆÏÌ≈ ˛õ!Ó˚îï˛ •Î˚– °y•zˆÏÜ˛öÈÙÈ~Ó˚ ˜çÓ!öÜ˛ !Ü ˛Î˚y Úü§ÛÈÙÈ~Ó˚

Ó§Óy§ fiÌy˛õö §%àü Ü˛ˆÏÓ˚– ÎyÓ˚y ô#ˆÏÓ˚ ô#ˆÏÓ˚ !¢°y ˛õ,ˆÏ¤˛ ˜çÓ xyhflÏÓ˚î Ó,!Âô Ü˛ˆÏÓ˚– Ü˛y°Ü ˛ˆÏü ˆ§áyˆÏö

xyˆÏÓ˚y xˆÏöÜ˛ ≤ÃÜ˛yÓ˚ í˛z!qò Ó§Óy§ ¢%Ó˚% Ü˛ˆÏÓ˚ ~ÓÇ üy!ê˛Ó˚ hflÏÓ˚ xyˆÏÓ˚y Ó,!Âô Ü˛ˆÏÓ˚– í˛z!qò ü)° üy!ê˛Ó˚

àû˛#ˆÏÓ˚ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ ˆû˛ï˛Ó˚Ü˛yÓ˚ Úxy!ò ˛!¢°yÛ xyˆÏÓ˚y ã)˛î≈û)˛ï˛ Ü˛ˆÏÓ˚– ü)° ˆ§áyö ˆÌˆÏÜ˛ á!öç ˛õòyÌ≈

ˆ¢y£Ïî Ü˛ˆÏÓ˚ |ôù≈ §M˛°ö Ü˛ˆÏÓ˚– í˛z!qò myÓ˚y §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï í˛zÍ˛õß¨ ˜çÓ ˛õòyˆÏÌ≈Ó˚ ~Ü˛yÇ¢ ˜çÓ Ü˛yÓ≈ö

(organic carbon) !•ˆÏ§ˆÏÓ üy!ê˛ˆÏï˛ §ÇÎ%=˛ •Î˚– í˛z!qò Ó!ç≈ï˛ ˆò•yÇ¢ !Ü˛ÇÓy ï˛yˆÏòÓ˚ ü,ï˛ˆÏòˆÏ• xyÓÂô

¢!=˛ !Ó!û˛ß¨ xö%ç#Ó SÓƒyˆÏQ!Ó˚Î˚yñ åÈeyÜ˛ ≤Ãû,˛!ï˛V Ä öyöy ü,ï˛ˆÏû˛yç# ≤Ãyî# SˆÜÑ˛ˆÏã˛yñ !˛õ˛õˆÏí˛¸ñ í˛z•zˆÏ˛õyÜ˛y

≤Ãû,˛!ï˛V myÓ˚y ÓƒÓ•,ï˛ •ˆÏÎ˚ §¡õ)î≈ Óy xyÇ!¢Ü˛ !ÓˆÏÎ˚y!çï˛ •Î˚– ~åÈyí˛¸yÄ ˆÜ˛ˆÏß¨yñ !ÓˆÏåÈñ üy•zê˛ñ ú˛!í˛¸Çñ

˛õAà˛õy°ñ •zÑò%Ó˚ ≤Ãû,˛È!ï˛ ÎyÓ˚y ê˛yê˛Ü˛y ˜çÓáyòƒ Óy xyÇ!¢Ü˛ !ÓˆÏÎ˚y!çï˛ ˜çÓ˛õòyÌ≈ áyòƒ !•ˆÏ§ˆÏÓ @ˇÃ•î

Ü˛ˆÏÓ˚ ï˛yˆÏòÓ˚ ü,ï˛ ˆò•à%!°Ä üy!ê˛ˆÏï˛ Î%=˛ •ˆÏÎ˚ üy!ê˛Ó˚ ˜çÓ ˛õòyˆÏÌ≈Ó˚ ˛õ!Ó˚üyî Ó,!Âô Ü˛ˆÏÓ˚ S!ã˛e 5.2V–

~•z §Ü˛° ˜çÓ ˛õòyÌ≈ !Ó!û˛ß¨ xö%ç#Ó myÓ˚y !Óçy!Ó˚ï˛ •Î˚ ~ÓÇ ï˛yÓ˚ ˆÌˆÏÜ˛ ¢!=˛ í˛zq(ï˛ •Î˚–

~•z ¢!=˛ xö%ç#ÓˆÏòÓ˚ öyöy ˜çÓ!öÜ˛ !Ü ˛Î˚yÎ˚ ÓƒÓ•,ï˛ •Î˚– ~•z !Ü ˛Î˚yÓ˚ üyôƒˆÏü ç!ê˛° ˜çÓ ˛õòyÌ≈ !ÓˆÏÎ˚y!çï˛

•ˆÏÎ˚ ≤ÃÌˆÏü x!ôÜ˛ï˛Ó˚ §Ó˚° í˛z˛õyòyö ˆÎüöÈÙÙÙÈÜ˛yÓ≈•y•zˆÏí»˛ê˛ñ ˆ≤Ãy!ê˛öñ ú˛ƒyê˛ñ •zï˛ƒy!ò ~ÓÇ §Ó ˆ¢ˆÏ£Ï

!ã˛e 5.2 : !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ ü,!_Ü˛y ç#Ó (Source : Smith & Smith, Ecology and Field
Bilogy; Benjamin Cummings, 2001)
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H, O, N, C ˛≤Ãû,˛!ï˛Ó˚ x˜ÏçÓ ˆÎÔˆÏà Ó˚)˛õyhsˇ!Ó˚ï˛ •Î˚– •z•yÓ˚y ˛õ!Ó˚ˆÏÓˆÏ¢ ˛õ%öÓƒÓ•yÓ˚ˆÏÎyàƒ ò¢yÎ˚ ≤Ãï˛ƒyÓï≈˛ö

Ü˛ˆÏÓ˚–

˜çÓ ˛õòyˆÏÌ≈Ó˚ ˆÎ xÇ¢ üy!ê˛ˆÏï˛ xˆÏÜ˛y£Ï#Î˚ñ ç!ê˛° Ó˚y§yÎ˚!öÜ˛ ˛õòyÌ≈ !•ˆÏ§ˆÏÓ ˆÌˆÏÜ˛ ÎyÎ˚ ï˛yˆÏÜ˛

!•í˛züy§ (humus) ÓˆÏ°– •z•yÓ˚ ü)° í˛z˛õyòyö !•í˛z!üö Sí˛z!qò ˆò•yÇ¢ ˆÌˆÏÜ˛ ü%=˛V ~ÓÇ xöƒyöƒ ˜çÓ

ˆÎÔà ˆÎüö ú˛y°!û˛Ü˛ xƒy!§í˛ (Fulvic acid) Ä !•í˛z!üÜ˛ xƒy!§í˛ (Humic acid)– !•í˛züy§ÈÙÈ~Ó˚

!ÓˆÏÎ˚yçö û˛#£Ïî ô#Ó˚ à!ï˛ˆÏï˛ ã˛°ˆÏï˛ ÌyˆÏÜ˛–

üy!ê˛Ó˚ ˜çÓ ˛õòyÌ≈ í˛z!qˆÏòÓ˚ á!öç ˛õ%!T˛ ~ÓÇ xö%ç#Óà%!°Ó˚ ˛õ%!T˛Ó˚ à%Ó˚%c˛õ)î≈ í˛zÍ§– •z•y üy!ê˛Ó˚

ç°ôyÓ˚î «˛üï˛y Ó,!Âô Ü˛ˆÏÓ˚ ~ÓÇ á!öç xyÎ˚öà%!° ôˆÏÓ˚ Ó˚yáˆÏï˛ §y•yÎƒ Ü˛ˆÏÓ˚– !¢°yÓ˚ «˛Î˚û˛ÓˆÏö í˛zÍ˛õß¨

ÚÚxy!ò í˛z˛õyòyöà%!°Ó˚ (parent materials) ~Ü˛e#û˛ÓˆÏö (aggregation) §y•yÎƒ Ü˛ˆÏÓ˚ Îy•y üy!ê˛ˆÏÜ˛

Ó˚rô Ó•%° (porous) Ü˛ˆÏÓ˚ ~ÓÇ çˆÏ°Ó˚ ˆû˛òƒï˛yÎ˚ (infiltration) §•yÎ˚ï˛y Ü˛ˆÏÓ˚–

5.2.2.2 §Çàë˛ö ≤Ã!Ü ˛Î˚y (Formation process)

üy!ê˛ ˛õ,!ÌÓ#˛õ,ˆÏ¤˛Ó˚ ~Ü˛ ˛õ!Ó˚Óï≈˛ö¢#° ~ÓÇ !ÓÓï≈˛ö¢#° ˛õòyÌ≈ (entity) Óy ≤Ãîy°# (system)–
~áyˆÏö xöÓÓ˚ï˛ öyöy í˛z˛õyòyˆÏöÓ˚ §ÇˆÏÎyçö âˆÏê˛ ~ÓÇ ˆ§áyö ˆÌˆÏÜ˛ öyöy í˛z˛õyòyö ˛õ!Ó˚ˆÏÓˆÏ¢ x˛õ§y!Ó˚ï˛

•Î˚– ~•z xyhsˇ!Ü ˛Î˚yÓ˚ ú˛ˆÏ° û)˛cˆÏÜ˛Ó˚ xy!ò í˛z˛õyòyˆÏöÓ˚ (parent material) ˛õ!Ó˚Óï≈˛ö âˆÏê˛ ~ÓÇ üy!ê˛Ó˚

àë˛ö (soil formation) §¡õß¨ •Î˚– ˆ§áyˆÏö üy!ê˛ !ö!ò≈T˛ û)˛ö:y (soil profile) ≤ÃyÆ •Î˚–

ˆÓyí˛z° ≤Ãü%á (Boul et at. 1997) !ÓK˛y!öˆÏòÓ˚ üˆÏï˛ üy!ê˛Ó˚ àë˛ö !Ü ˛Î˚y (formation) ü)°ï˛

ã˛yÓ˚!ê˛ ü%áƒ ≤Ã!Ü ˛Î˚yÓ˚ ú˛ˆÏ° §¡õß¨ •Î˚ÈÙÙÙÈ

1. §ÇˆÏÎyçö (Addition) : !Ó!û˛ß¨ ˜çÓ ~ÓÇ x˜ÏçÓ˛õòyÌ≈ üy!ê˛Ó˚ xy!ò í˛z˛õyòyˆÏöÓ˚ §ˆÏAà Î%=˛

•Î˚– •z•y üy!ê˛Ó˚ ü)° xÇˆÏ¢Ó˚ (soil body) !Ó!û˛ß¨ hflÏˆÏÓ˚ !Ó!û˛ß¨ üyeyÎ˚ âˆÏê˛– •z•y •z!°í˛z!û˛ˆÏÎ˚¢ö

(illuviation) xÌ≈yÍ öyöy ˛õòyÌ≈ ~ˆÏ§ çüy •ÄÎ˚yñ Ü˛ƒy°!§!ú˛ˆÏÜ˛¢ö SÜ˛ƒy°!§Î˚yü Ü˛yÓ≈ˆÏöê˛ ˆÎÔà ~ˆÏ§

çüy •ÄÎ˚yVñ §ƒy!°öy•zˆÏç¢ö Sˆ§y!í˛Î˚yüñ ˛õê˛y!¢Î˚yüñ Ü˛ƒy°!§Î˚yü ~ÓÇ üƒyàˆÏö!¢Î˚yüÈÙÈ~Ó˚ ˆÜœ˛yÓ˚y•zí˛ñ

§y°ˆÏú˛ê˛ ~ÓÇ Óy•zÜ˛yÓ≈ˆÏöê˛ °Óî ≤Ãû,˛!ï˛ çüy •ÄÎ˚yV xƒy°Ü˛y°y•zˆÏç¢ö Süy!ê˛Ó˚ !¢°yã)˛ˆÏî≈Ó˚ §ˆÏAà

ˆ§y!í˛Î˚yü xyÎ˚ö Î%=˛ •ÄÎ˚yV ˛≤Ãû,˛!ï˛Ó˚ üyôƒˆÏü §¡õß¨ •Î˚–

2. x˛õ§yÓ˚î (Loss) : ~ˆÏ«˛ˆÏe üy!ê˛Ó˚ öyöy á!öç í˛z˛õyòyö ˛õ,!¤˛Î˚ «˛Î˚ (surface erosion)
myÓ˚y Óy ô%ˆÏÎ˚ ˆÓ!Ó˚ˆÏÎ˚ ÎyÎ˚ (leaching)– •z•y ~°%!û˛ˆÏÎ˚¢ö (eluviation) xÌ≈yÍ ü,!_Ü˛yhflÏÓ˚à%!° ˆÌˆÏÜ˛

öyöy ˛õòyÌ≈ x˛õ§yÓ˚îñ !í˛Ü˛ƒy°!§!ú˛ˆÏÜ˛¢ö Söyöy Ó˚y§yÎ˚!öÜ˛ !Ó!Ü ˛Î˚yÓ˚ üyôƒˆÏü üy!ê˛Ó˚ ~Ü˛ Óy ~Ü˛y!ôÜ˛

hflÏÓ˚ ˆÌˆÏÜ˛ Ü˛ƒy°!§Î˚yü Ü˛yÓ≈ˆÏöê˛ ˆÓ!Ó˚ˆÏÎ˚ ÎyÄÎ˚yVñ !í˛§ƒy!°öy•zˆÏç¢ö Söyöy oÓî#Î˚ °Óî üy!ê˛Ó˚ hflÏÓ˚

ˆÌˆÏÜ˛ ˆÓ!Ó˚ˆÏÎ˚ ÎyÄÎ˚yV ≤Ãû,˛!ï˛Ó˚ üyôƒˆÏü §¡õß¨ •Î˚–
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3. ˛õ!Ó˚Ó•ö (Transportation) : üy!ê˛Ó˚ öyöy í˛z˛õyòyö í˛z°¡∫ !Ü˛ÇÓy ˛õyŸª≈#Î˚ x!û˛ü%ˆÏá üy!ê˛Ó˚

üˆÏôƒ•z ~Ü˛ fiÌyö ˆÌˆÏÜ˛ xöƒ fiÌyˆÏö ˛õ!Ó˚Óy!•ï˛ •Î˚– •z•y ˆ°!§ˆÏû˛ç (lessivage) xÌ≈yÍ Îy!sfÜ˛ ≤Ã!Ü ˛Î˚yÎ˚

üy!ê˛Ó˚ á!öç ˛õòyÌ≈ A-•Ó˚y•zˆÏçyö ˆÌˆÏÜ˛ BÈÙÈ•Ó˚y•zˆÏçyˆÏö ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ñ ˛õí˛§°y•zˆÏç¢ö Sxƒy°%!ü!öÎ˚yüñ

ˆ°Ô•ñ ~ÓÇ öyöy ˜çÓ ˛õòyÌ≈ Ó˚y§yÎ˚!öÜ˛ ˛õ!Ó˚Ó•î ≤Ã!Ü ˛Î˚yÎ˚ x˛õ§y!Ó˚ï˛ •Î˚ ~ÓÇ ~Ó˚ ú˛ˆÏ° üy!ê˛Ó˚ §ÇˆÏÎyà

hflÏˆÏÓ˚ !§!°Ü˛yÓ˚ âöc Ó,!Âô ˛õyÎ˚Vñ !í˛§ƒy!°ˆÏÜ˛¢ö Süy!ê˛ ˆÌˆÏÜ˛ !§!°Ü˛yÓ˚ Ó˚y§yÎ˚!öÜ˛ ˛õ!Ó˚Ó•ö âˆÏê˛V

≤Ãû,˛!ï˛Ó˚ üyôƒˆÏü §¡õß¨ •Î˚–

4. Ó˚)˛õyhsˇÓ˚ (Transformation) : üy!ê˛Ó˚ öyöy á!öç ~ÓÇ ˜çÓ ˛õòyÌ≈ Ó˚)˛õyhsˇ!Ó˚ï˛ •ÄÎ˚yÎ˚

üy!ê˛Ó˚ §Ü˛° ˛õòyÌ≈ öï%˛ö §çƒyÎ˚ !ÓöƒhflÏ •Î˚ (rearrangement)– ~Ó˚ ú˛ˆÏ° üy!ê˛Ó˚ àë˛öàï˛ ~Ü˛Ü˛

Úˆ˛õí˛Û (soil ped) §,!T˛ •Î˚– •z•yÓ˚ ú˛ˆÏ° ˆü°yöy•zˆÏç¢ö Süy!ê˛Ó˚ A-•Ó˚y•zˆÏçyöÈÙÈ~ öyöy ˜çÓ ˛õòyÌ≈

çüy •ˆÏÎ˚ àyì˛¸ Óy ô)§Ó˚ Óî≈ ôyÓ˚î Ü˛ˆÏÓ˚V âˆÏê˛–

5.2.3  üy!ê˛Ó˚ í˛z˛õyòyö (Soil Composition)

5.2.3.1 á!öç í˛z˛õyòyö (Mineral composition)

!¢°yÓ˚ «˛!Î˚û˛ÓöÈÙÈ~Ó˚ ú˛ˆÏ° §,T˛ !Ó!û˛ß¨ xyÜ,˛!ï˛Ó˚ á!öç Ü˛îy ˆÎüöÈÙÙÙÈÜ˛yòy (0.002mm xˆÏ˛õ«˛y

«%˛oï˛Ó˚Vñ ˛õ!° (0.002 – 0.02 mm), §)-Óy!°Ü˛îy (0.02–0.2 mm), ˆüyê˛yÓy!°Ü˛îy (0.2–2 mm),
§)- ÜÑ˛yÜ˛Ó˚ (2–5 mm)ñ ˆüyê˛y ÜÑ˛yÜ˛Ó˚ (5mm xˆÏ˛õ«˛y ˆÓ¢#V üy!ê˛Ó˚ í˛zˆÏÕ‘áˆÏÎyàƒ í˛z˛õyòyö–

üy!ê˛ˆÏï˛ !Ó!û˛ß¨ xyÜ,˛!ï˛Ó˚ á!öçÜ˛îyÓ˚ ˛õyÓ˚flõ!Ó˚Ü˛ xö%˛õyï˛ÈÙÈ~Ó˚ Ä˛õÓ˚ üy!ê˛Ó˚ @ˇÃÌö (texture) ˛!öû≈˛Ó˚

Ü˛ˆÏÓ˚– ˆÎüöÈ ı È(a) Óy!°üy!ê˛È (sand)ÙÙÙÈÜ˛ü˛õˆÏ«˛ 85% Óy!° ~ÓÇ 15% ~Ó˚ Ü˛ü Ü˛yòy Ä ˛õ!°–

(b) ˆòÑyÎ˚y¢ Óy!° (Loamy sand)–80–85% Óy!° ~ÓÇ 15–20% Ü˛yòy Ä ˛õ!°– (c) ˆÓˆÏ° ˆòÑyÎ˚y§

(Sandy loam)– 50–80% Óy!° ~ÓÇ 20–50% Ü˛yòy Ä ˛õ!°– (d) ˆòÑyÎ˚y¢ Óy ˛õ!°ˆÏòÑyÎ˚y§ (Loam
or silt loam) 50% ~Ó˚ Ü˛ü Óy!° ~ÓÇ 50% Ä˛õÓ˚ ˛õ!° Ä Ü˛yòy– (e) Ü˛ò≈ü ˆòÑyÎ˚y¢ (Clay loam)
70–80% Óy!° ~ÓÇ 20–30% Ü˛yòy– ~ÓÇ (f) Ü˛yòy üy!ê˛ (clay soil) 70% xˆÏ˛õ«˛y Ü˛ü Óy!°

~ÓÇ 30% xˆÏ˛õ«˛y ˆÓ¢# Ü˛yòy–

5.2.3.2 ˜çÓ ˛õòyÌ≈ (Organic matter)˛

üy!ê˛Ó˚ ˜çÓ ˛õòyˆÏÌ≈Ó˚ í˛zÍ§ •° í˛z!qò Ä ≤Ãyî#Ó˚ ˆò• !ö‹,Òï˛ ˛õòyÌ≈ñ ü,ï˛ í˛z!qò Ä ≤Ãyî#Ó˚ ˆò•

Óy ˆò•yÇ¢– •z•y üy!ê˛Ó˚ ö#ˆÏã˛ çüy •Î˚– âö ÓöyM˛ˆÏ° ≤Ã!ï˛ ÓåÈÓ˚ ≤Ãã%˛Ó˚ ˛õ!Ó˚üyˆÏî í˛z!qòçyï˛ ˜çÓ xÓˆÏ¢£Ï

˛õòyÌ≈ Óy !°ê˛yÓ˚ (litter) çüy •Î˚– üy!ê˛Ó˚ ˜çÓ ˛õòyˆÏÌ≈Ó˚ §ˆÏAà ≤Ãã%˛Ó˚ ˛õ!Ó˚üyî ü,!_Ü˛y ç#Ó ~ÓÇ ü,!_Ü˛y

xö%ç#Ó ÌyˆÏÜ˛– Óï≈˛üyö ÓåÈˆÏÓ˚Ó˚ ˛õ!ï˛ï˛ ˜çÓ xÓˆÏ¢£ÏÈÙÈ~Ó˚ ö#ˆÏã˛ ˛õ)ˆÏÓ≈Ü˛yÓ˚ ÓåÈˆÏÓ˚Ó˚ ˛õã˛ö ¢%Ó˚% •ÄÎ˚y

˜çÓ xÓˆÏ¢£Ï Óy í˛yú˛ (Duff) Óï≈˛üyö– !Ó!û˛ß¨ xö%ç#Ó ˆÎüö ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y xƒyÜ˛!ê˛ˆÏöyüy•z!§!ê˛§ ~ÓÇ
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åÈeyÜ˛ myÓ˚y üy!ê˛Ó˚ Ä˛õÓ˚ hflÏˆÏÓ˚ çüy •ÄÎ˚y ˜çÓ xÓˆÏ¢£Ï xyÇ!¢Ü˛ !ÓˆÏÎ˚y!çï˛ •ˆÏÎ˚ àyì˛¸ ÓˆÏî≈Ó˚ !•í˛züy§

àë˛ö Ü˛ˆÏÓ˚ Îy Ü ˛ˆÏü üy!ê˛Ó˚ á!öç Ü˛îy §ü)ˆÏ•Ó˚ §ˆÏAà !üˆÏ¢ ÎyÎ˚– ˛õÓ˚Óï≈˛# Ü˛yˆÏ° §Ü˛° !•í˛züy§

!üˆÏöÓ˚y°y•zˆÏç¢ö myÓ˚y §¡õ)î≈û˛yˆÏÓ !ÓˆÏÎ˚y!çï˛ •ˆÏÎ˚ CO2, ç° ~ÓÇ á!öç ˛õòyˆÏÌ≈ Ó˚)˛õyhsˇ!Ó˚ï˛ •Î˚–

5.2.3.3 ü,!_Ü˛y oÓî (Soil solution)

ü,!_Ü˛y oÓî !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ á!öç °Óîñ ç° Ä àƒy§#Î˚ ˛õòyÌ≈ !öˆÏÎ˚ à!ë˛ï˛– í˛z!qˆÏòÓ˚ ≤ÃˆÏÎ˚yçö#Î˚

§Ü˛° ˆüÔ° ~•z oÓˆÏî Óï≈˛üyö– á!öç °ÓˆÏîÓ˚ üˆÏôƒ Ü˛ƒy°!§Î˚yüñ üƒyàˆÏö!¢Î˚yüñ ˆ§y!í˛Î˚yüñ ˛õê˛y!§Î˚yü

•zï˛ƒy!òÓ˚ Ü˛yÓ≈ˆÏöê˛ñ §y°ˆÏú˛ê˛ñ öy•zˆÏê˛Δê˛ñ ˆÜœ˛yÓ˚y•zí˛ ~Ó˚ x˜ÏçÓ °Óî Óï≈˛üyö–

5.2.3.4 ü,!_Ü˛y ÓyÎ˚% (Soil air)

ü,!_Ü˛y Ü˛!îÜ˛y §ü)ˆÏ•Ó˚ üˆÏôƒ §Ó≈òy•z ~Ü˛ x!Ó!FåÈß¨ ÓyÎ˚%fiÌyö Óy Ó˚rô fiÌyö ÌyˆÏÜ˛– ü,!_Ü˛yÓ˚ á!öç

Ü˛!îÜ˛yà%!°Ó˚ xyÜ,˛!ï˛ Óí˛¸ •ˆÏ° ~•z Ó˚rô fiÌyˆÏöÓ˚ ˆüyê˛ ˛õ!Ó˚üyîÄ Ü˛ü •Î˚– Î!òÄ Óí˛¸ ü,!_Ü˛y Ü˛!îÜ˛y§ü)ˆÏ•Ó˚

xhsˇÓ˚Óï≈˛# Ó˚rô fiÌyö xˆÏ˛õ«˛yÜ,˛ï˛ Óí˛¸– ü,!_Ü˛y ÓyÎ˚%Ó˚ í˛z˛õyòyö ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ÓyÎ˚%Ó˚ í˛z˛õyòyˆÏöÓ˚ xö%Ó˚)˛õ–

ˆÜ˛Ó° ü,!_Ü˛y ÓyÎ˚%ˆÏï˛ x!:ˆÏçö ~Ó˚ ˛õ!Ó˚üyî xˆÏ˛õ«˛yÜ,˛ï˛ Ü˛ü ~ÓÇ Ü˛yÓ≈ö í˛y•z x:y•zˆÏí˛Ó˚ ˛õ!Ó˚üyî

xˆÏ˛õ«˛yÜ,˛ï˛ ˆÓ¢# •Î˚–

ü,!_Ü˛y ÓyÎ˚%Ó˚ ˛õ!Ó˚üyî Ü˛ü •ˆÏ° í˛z!qò ü)ˆÏ° ü)ˆÏ°yˆÏÓ˚yü ~Ó˚ Ó,!Âô Óƒy•ï˛ •Î˚– ~ˆÏï˛ ü)ˆÏ°Ó˚ ç°

Ä á!öç °Óî ˆ¢y£ÏˆÏîÓ˚ •yÓ˚ Ü˛ˆÏü xyˆÏ§– üy!ê˛Ó˚ Ü˛yÓ≈ö í˛y•z x:y•zí˛ ü,!_Ü˛y çˆÏ° oÓ#û)˛ï˛ •ˆÏ°

üy!ê˛Ó˚ pH ~Ó˚ üyö Ü˛ˆÏü ÎyÎ˚ xÌ≈yÍ üy!ê˛ x!ôÜ˛ï˛Ó˚ xy!¡‘Ü˛ •Î˚– •z•y í˛z!qˆÏòÓ˚ Ó,!Âô ≤Ãû˛y!Óï˛ Ü˛ˆÏÓ˚–

5.2.3.5 ü,!_Ü˛y ç° (Soil moisture)

ü,!_Ü˛y çˆÏ°Ó˚ ≤Ãôyö í˛zÍ§ •° Ó,!T˛˛õyï˛ Óy ï%˛£ÏyÓ˚˛õyï˛– ~åÈyí˛¸yÄ ˛õy!Ó˚˛õy!Ÿª≈Ü˛ !Ó!û˛ß¨ ç°yôyÓ˚

üy!ê˛Ó˚ çˆÏ°Ó˚ í˛zÍ§– üy!ê˛ˆÏï˛ ˛õ!ï˛ï˛ Ó,!T˛Ó˚ çˆÏ°Ó˚ ~Ü˛!ê˛ xÇ¢ üy!ê˛ˆÏï˛ ˆ¢y!£Ïï˛ •Î˚– üy!ê˛Ó˚ çˆÏ°Ó˚

˛õ!Ó˚üyî üy!ê˛Ó˚ ≤ÃÜ,˛!ï˛ñ àë˛öñ @ˇÃrÌö (textue), öyöy ˆû˛Ôï˛Ó° ˆÎüöÈÙÙÙÈˆÜ˛Ô!¢Ü˛ xyÜ˛£Ï≈î (capillary
attraction), §ü§ÇÎ%!=˛ xyÜ˛£Ï≈î (cohesive attraction), x§ü§ÇÎ%!=˛ xyÜ˛£Ï≈î (adhesive attrac-
tion) ≤Ãû,˛!ï˛Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚–

!ã˛e 5.1 : üy!ê˛Ó˚ Ü˛!îÜ˛y ~ÓÇ çˆÏ°Ó˚ xî%Ó˚ üˆÏôƒ !ÓÓ˚yçüyö öyöy ˆû˛Ôï˛Ó°

x§ü§ÇÎ%!=˛

xyÜ˛£Ï≈î

§ü§ÇÎ%!=˛

xyÜ˛£Ï≈î
˜Ü˛!¢Ü˛ xyÜ˛£Ï≈î

ü,!_Ü˛y Ü˛!îÜ˛y

Ó˚rô fiÌ°

xyî!ÓÜ˛ ç°hflÏÓ˚
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5.2.4 û)˛!ã˛e (Soil profile)

ˆÜ˛yö û)˛áˆÏ[˛Ó˚ üy!ê˛ˆÏÜ˛ °¡∫û˛yˆÏÓ ˆåÈò Ü˛Ó˚ˆÏ° ˛õ,¤˛ˆÏò¢ ˆÌˆÏÜ˛ !öˆÏã˛Ó˚ !òˆÏÜ˛ ˛õÓ˚˛õÓ˚ !Ó!û˛ß¨ àû˛#Ó˚ï˛yÎ˚

Ü˛ï˛à%!° §üyhsˇÓ˚y° hflÏÓ˚ °«˛ƒ Ü˛Ó˚y ÎyÎ˚– ~•z xö%û)˛!üÜ˛ hflÏÓ˚à%!°ˆÏÜ˛ ~Ü˛ˆÏe ü,!_Ü˛y öÜ˛¢y Óy ü,!_Ü˛y

˛õ!Ó˚ˆÏ°á (soil profile) ÓˆÏ°– fiÌyö !ÓˆÏ¢ˆÏ£Ï ~ÓÇ û)˛áˆÏ[˛Ó˚ ≤ÃÜ,˛!ï˛ ~ÓÇ ˆ§áyöÜ˛yÓ˚ í˛z!qòÜ)˛ˆÏ°Ó˚

!Ó!û˛ß¨ï˛yÎ˚ ü,!_Ü˛y öÜ‰˛¢y !û˛ß¨ !û˛ß¨ •ˆÏÎ˚ ÌyˆÏÜ˛– ü,!_Ü˛y öÜ‰˛¢yÓ˚ ≤Ã!ï˛!ê˛ §üyhsˇÓ˚y° hflÏÓ˚ˆÏÜ˛ xö%û)˛!üÜ˛

hflÏÓ˚ Óy ü,!_Ü˛y •Ó˚y•zˆÏçyö (soil horizon) ÓˆÏ°– ≤Ã!ï˛!ê˛ ü,!_Ü˛y •Ó˚y•zˆÏçyö ~Ó˚ ˆû˛Ôï˛ ˜Ó!¢T˛ xÌ≈yÍ

ˆ§áyöÜ˛yÓ˚ Óî≈ñ @ˇÃrÌö (texture), àë˛öñ âöcñ §!åÈoï˛y (porosity), §ü§ÇˆÏÎyà (cohesion force),
xy§Oö Ó° (adhesion force), ˜çÓ ˛õòyˆÏÌ≈Ó˚ ˛õ!Ó˚üyîñ !ÓˆÏÎ˚y!çï˛ ò¢yÎ˚ (stage of decompo-
sition) xö%ç#Ó ~Ó˚ í˛z˛õ!fiÌ!ï˛ñ ≤ÃÜ,˛!ï˛ Ä âöc ≤Ãû,˛!ï˛ !û˛ß¨ !û˛ß¨ •ˆÏÎ˚ ÌyˆÏÜ˛–

A
•Ó˚y•zˆÏçyö

B
•Ó˚y•zˆÏçyö

C
•Ó˚y•zˆÏçyö

D
•Ó˚y•zˆÏçyö

¢
#£

Ï≈ 
ü

,!_
Ü
˛y

x
hs

ˇ 
ü

,!_
Ü
˛y

ˆ§
y°

yü

!ã˛e 5.3 : û)˛!ã˛e Ä üy!ê˛Ó˚ !Ó!û˛ß¨ hflÏÓ˚
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ü,!_Ü˛y öÜ‰˛¢yÓ˚ ˛õ,¤˛ˆÏò¢ ˆÌˆÏÜ˛ !ö¡¨ü%á# ˛õÓ˚ ˛õÓ˚ ü%áƒhflÏÓ˚à%!° •°ÈÙÙÙÈ

O– •Ó˚y•zˆÏçyö ı ~!ê˛ üy!ê˛Ó˚ §ÓˆÏã˛ˆÏÎ˚ Ä˛õˆÏÓ˚Ó˚ ˛õ,¤˛ï˛°#Î˚ xM˛°– ~áyˆÏö í˛z!qò Óy ≤Ãyî#Ó˚ Ó!ç≈ï˛

˜çÓ ˛õòyÌ≈ñ ˆò•yÇ¢ Óy ü,ï˛ˆÏò• !°ê˛yÓ˚ (litter) !•ˆÏ§ˆÏÓ Ó!ç≈ï˛ •Î˚– ~áyˆÏö•z ü,ï˛ ˜çÓ˛õòyˆÏÌ≈Ó˚ ˛õã˛ö

¢%Ó˚% •Î˚– ú˛ˆÏ° ~•z hflÏˆÏÓ˚ xyÇ!¢Ü˛ ˛õˆÏã˛ ÎyÄÎ˚y ˜çÓ xyÓç≈öy ÎˆÏÌT˛ ˛õ!Ó˚üyˆÏî ÌyˆÏÜ˛–

~•z •Ó˚y•zˆÏçyö ÓöyM˛ˆÏ°Ó˚ üy!ê˛ˆÏï˛ §%à!ë˛ï˛ (well developed) !Ü˛v üÓ˚% xM˛ˆÏ° ~•z xö%û)˛!üÜ˛

hflÏÓ˚ xö%˛õ!fiÌï˛– •z•y 0.5 •z!M˛ ÈÙÙÙÈ 2.5 •z!M˛ ˛õÎ≈hsˇ ˛õ%Ó˚% •Î˚– •z•yˆÏÜ˛ ò%•z!ê˛ í˛z˛õhflÏˆÏÓ˚ û˛yà Ü˛Ó˚y ÎyÎ˚–

ˆÎüöÈÙÙÙÈ

O1 Óy L– •Ó˚y•zˆÏçyö ı •z•y §Óã˛y•zˆÏï˛ Ä˛õˆÏÓ˚Ó˚ hflÏˆÏÓ˚ ˆÎáyˆÏö §òƒ Ó!ç≈ï˛ !°ê˛yÓ˚ S¢%Ü˛ˆÏöy

˛õyï˛yñ üÓ˚y í˛y°˛õy°yñ û)˛!ö¡¨fiÌ ü)°ñ åÈy°ÈÙÈÓyÜ˛°ñ ú˛°ñ ç#Ó ˆòˆÏ•Ó˚ öyöy Óç≈ƒ ˛õòyÌ≈ÈÙÙÙÈü°ñ ü)e •zï˛ƒy!ò

!Ü˛ÇÓy ç#Ó ˆò•yÇ¢ •zï˛ƒy!òV çüy •Î˚–

O2– •Ó˚y•zˆÏçyö‡ H-•Ó˚y•zˆÏçyö ıÈ ÈO1ÙÈ~Ó˚ !ë˛Ü˛ !öˆÏã˛ ~•z hflÏˆÏÓ˚ ˜çÓ xyÓç≈öyÓ˚ ˛õã˛ö ¢%Ó˚%

•Î˚ ~áyˆÏö x§Çáƒ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚yñ ü,ï˛ç#Ó# åÈeyÜ˛ñ xƒyÜ˛!ê˛ˆÏöyüy•z!§!ê˛§ ˆàyˆÏeÓ˚ xö%ç#Ó Óï≈˛üyö ï˛y•z

~áyˆÏö xyÇ!¢Ü˛ ˛õy!ã˛ï˛ ˜çÓ xÓˆÏ¢£Ï Sˆí˛!ê˛Δê˛y§V ˆòáy ÎyÎ˚– •z•yˆÏÜ˛ Duff •Ó˚y•zˆÏçyöÄ Ó°y •Î˚–

~•z hflÏˆÏÓ˚Ó˚ ö#ˆÏã˛Ó˚ xÇˆÏ¢ §¡õ)î≈ !ÓˆÏÎ˚y!çï˛ Óy ˛õˆÏã˛ ÎyÄÎ˚y x!öÎ˚ï˛yÜ˛yÓ˚ (amorphous) ˜çÓ

˛õòyÌ≈ Óy !•í˛züy§ çüy •Î˚– ï˛y•z ~•z hflÏÓ˚ˆÏÜ˛ !•í˛züy§ •Ó˚y•zˆÏçyö Óy ‘H’ •Ó˚y•zˆÏçyö ÓˆÏ°–

● ● ● ● ● A-•Ó˚y•zˆÏçyö (A-horizon) : •z•y á!öç ü,!_Ü˛yÓ˚ §Óã˛y•zˆÏï˛ Ä˛õˆÏÓ˚Ó˚ hflÏÓ˚ Óy ò#â≈ ü,!_Ü˛y

hflÏÓ˚ (Top soil)– ~áyˆÏö ≤Ãã%˛Ó˚ ˛õ!Ó˚üyˆÏî ˜çÓ˛õòyÌ≈ ÌyˆÏÜ˛– •z•y àyì˛¸ ÓˆÏî≈Ó˚ •Î˚– ~•z hflÏˆÏÓ˚ ~Ü˛!òˆÏÜ˛

ˆÎüö ˜çÓ˛õòyÌ≈ çüy •Î˚ñ ˆï˛üö öyöy x˜ÏçÓ á!öç ˛õòyÌ≈ñ öyöy oÓî#Î˚ ˛õòyÌ≈ñ Ü˛yòyÓ˚ Ü˛!îÜ˛y §ü)•

(clay particles) ≤Ãû,˛!ï˛ !ö¡¨ü%á# B-•Ó˚y•zˆÏçyˆÏö x˛õ§y!Ó˚ï˛ •Î˚ (eluviation) Óy ô%ˆÏÎ˚ ÎyÎ˚

(leaching)– ï˛y•z •z•yˆÏÜ˛ ~°%!û˛ˆÏÎ˚¢ö hflÏÓ˚Ä Ó°y •Î˚– ~•z hflÏÓ˚ˆÏÜ˛ xyÓyÓ˚ !ï˛ö!ê˛ í˛z˛õhflÏˆÏÓ˚ û˛yà Ü˛Ó˚y

ÎyÎ˚– ˆÎüöÈÙÙÙÈ

A1 hflÏÓ˚ ı •z•y A-•Ó˚y•zˆÏçyöÈÙÈ~Ó˚ §ÓyÓ˚ Ä˛õÓ˚Ü˛yÓ˚ hflÏÓ˚ ˆÎáyˆÏö üy!ê˛Ó˚ á!öç í˛z˛õyòyˆÏöÓ˚

§ˆÏAà !•í˛züy§ Ä !ÓˆÏÎ˚yçÜ˛ xö%ç#Ó x!Aàû)˛ï˛ •Î˚ (incorporation)– ~•z hflÏˆÏÓ˚Ó˚ Óî≈ àyì˛¸

•Î˚–

A2 Óy E hflÏÓ˚ ı üôƒÓï≈˛# ~•z hflÏÓ˚ ˆÌˆÏÜ˛ ü,!_Ü˛yÓ˚ öyöy ˛õòyˆÏÌ≈Ó˚ §Ó≈y!ôÜ˛ x˛õ§yÓ˚î

(eluviation) âˆÏê˛– ~•z hflÏÓ˚ ˆÌˆÏÜ˛ !•í˛züy§ñ !Ü˛å%È á!öç ˛õòyÌ≈ ˆÎüöÈÙÙÙÈFe, AlÈÙÈ~Ó˚ x:y•zí˛

§ü)•ñ SiÈÙÈ~Ó˚ ˆÎÔà ~ÓÇ Ü˛yòy o%ï˛ ~°%!û˛ˆÏÎ˚¢ö myÓ˚y x˛õ§y!Ó˚ï˛ •Î˚– ~áyˆÏö !Ü˛å%È òyöyòyÓ˚

(granular), ˆ≤’ˆÏê˛Ó˚ öƒyÎ˚ (plate like) Óy ò°yÓ˚ üï˛ (crumb like) àë˛ö ˆòáy ÎyÎ˚–
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A3 hflÏÓ˚ ı •z•y A2 ~ÓÇ !ö¡¨fiÌ B •Ó˚y•zˆÏçyö ~Ó˚ üôƒÓï≈˛# ~Ü˛ xflõT˛ Ü ˛y!hsˇ xM˛°

(transition zone)–

● ● ● ● ● B-•Ó˚y•zˆÏçyö (B-Horizon) : •z•y á!öç ü,!_Ü˛yÓ˚ A-•Ó˚y•zˆÏçyö !ö¡¨fiÌ hflÏÓ˚– •z•y

•z!°í˛z!û˛ˆÏÎ˚¢ö hflÏÓ˚ (illuviation layer) Óy §ÇˆÏÎyçö hflÏÓ˚– A˛ÈÙÈ•Ó˚y•zˆÏçyö ˆÌˆÏÜ˛ ˜çÓ Ä á!öç

˛õ%!T˛ ô%ˆÏÎ˚ ~ˆÏ§ ~•z hflÏˆÏÓ˚ ~ˆÏ§ çüy •Î˚– ~áyˆÏö !§!°ˆÏÜ˛ê˛ñ Ü˛yòyñ xyÎ˚Ó˚îñ xƒy°%!ü!öÎ˚yü ˆÎÔà ~ÓÇ

!•í˛züy§ A2 Óy E •Ó˚y•zˆÏçyö ˆÌˆÏÜ˛ ~ˆÏ§ ~•z hflÏˆÏÓ˚ çüy •Î˚– ~•z hflÏˆÏÓ˚ !Ü˛å%È !≤ÃçüÈÙÈ~Ó˚ öƒyÎ˚ñ °¡∫yˆÏê˛

Óy ÓœÜ˛ÈÙÈ~Ó˚ öƒyÎ˚ à!ë˛ö çüy •Î˚– ~•z •Ó˚y•zˆÏçyö xyÓyÓ˚ !ï˛ö!ê˛ í˛z˛õhflÏˆÏÓ˚ û˛yà Ü˛Ó˚y ÎyÎ˚– ˆÎüöÈÙÙÙÈ

B1–ÈÈ•z•y A–•Ó˚y•zˆÏçyö §Ç°@¿ Ü ˛y!hsˇ xM˛° (transition zone)– ~•z hflÏÓ˚ x!ôÜ˛ï˛Ó˚ ¢=˛

~ÓÇ àyì˛¸ ÓˆÏî≈Ó˚ •Î˚– AÈÙÈ•Ó˚y•zˆÏçyö ˆÌˆÏÜ˛ ô%ˆÏÎ˚ xy§y (leached out) !•í˛züy§ myÓ˚y ~•z

•Ó˚y•zˆÏçyö ë˛y§y–

B2–ÈÈ~•z hflÏˆÏÓ˚ Ä˛õÓ˚ hflÏÓ˚ ˆÌˆÏÜ˛ ô%ˆÏÎ˚ xy§y Fe, Al, MnÈÙÈ~Ó˚ öyöy á!öç ˛õòyÌ≈ ~ÓÇ ˜çÓ

˛õòyÌ≈ çüy •Î˚–

B3–ÈÈ•z•y C–•Ó˚y•zˆÏçyöÈÙÈ~Ó˚ í˛z˛õ!Ó˚!fiÌï˛ Ü ˛y!hsˇ xM˛° (transition zone)– ~•z hflÏˆÏÓ˚ xˆÏöÜ˛

˛õyÌˆÏÓ˚Ó˚ ê%˛Ü˛Ó˚y ˆòáˆÏï˛ ˛õyÄÎ˚y ÎyÎ˚– ~•z ˛õyÌÓ˚à%!°Ó˚ ã˛y!Ó˚˛õyˆÏ¢ í˛z˛õÓ˚ ˆÌˆÏÜ˛ ô%ˆÏÎ˚ xy§y

(leachets) á!öç ˛õòyˆÏÌ≈Ó˚ xyhflÏÓ˚î ÌyˆÏÜ˛–

ˆÜ˛yö ˆÜ˛yö xM˛ˆÏ°Ó˚ üy!ê˛ˆÏï˛–B •Ó˚y•zˆÏçyö ~Ó˚ ö#ˆÏã˛ ò%•z!ê˛ §%à!ë˛ï˛ ô#Ó˚ à!ï˛ˆÏï˛ ˆû˛òƒ (slowly
permeable) hflÏÓ˚ ˆòáy ÎyÎ˚– ~ˆÏòÓ˚ ~Ü˛!ê˛ ˆÜœ˛˛õƒyö (claypan) ~ÓÇ x˛õÓ˚!ê˛ ú ˛y!ç˛õƒyö (fragipan)–
ˆÜœ˛˛õƒyˆÏö ≤Ãã%˛Ó˚ ˛õ!Ó˚üyˆÏî Ü˛yòy ÌyˆÏÜ˛– ~•z hflÏÓ˚ ¢%Ü˛ˆÏöy xÓfiÌyÎ˚ û˛#£Ïî ¢=˛ ~ÓÇ ˆû˛çy xÓfiÌyÎ˚ á%Ó

ò,ì˛¸ •Î˚– ú ˛y!ç˛õƒyöÈÙÈ~ Ü˛yòy ~ÓÇ ˜çÓ ˛õòyˆÏÌ≈Ó˚ ˛õ!Ó˚üyî Ü˛ü !Ü˛v ˛õ!° ~ÓÇ §)- Óy!°Ó˚ ˛õ!Ó˚üyî

á%Ó ˆÓ¢# •Î˚– ¢%Ü˛ˆÏöy xÓfiÌyÎ˚ ~•z hflÏÓ˚ á%Ó ¢=˛ !Ü˛v ˆû˛çy xÓfiÌyÎ˚ x“ ã˛yˆÏ˛õ•z ˆû˛ˆÏä ÎyÎ˚–

çˆÏ°Ó˚ !ö¡¨ ≤ÃÓy• ~ÓÇ ü)ˆÏ°Ó˚ Ó,!ÂôˆÏï˛ ~•z hflÏÓ˚ ò%•z!ê˛ Óyôy §,!T˛ Ü˛ˆÏÓ˚–

● ● ● ● ● C-•Ó˚y•zˆÏçyö (C-Horizon) : ~•z hflÏÓ˚ˆÏÜ˛ ÚxôfiÌ üy!ê˛ÛÄ (sub soil) Ó°y •Î˚– ~•z hflÏÓ˚

ÎˆÏÌT˛ ˛õ%Ó˚% ~ÓÇ ~áyˆÏö ≤Ãã%˛Ó˚ ˛õ!Ó˚üyî «˛!Î˚ï˛ á!öç ˛õòyÌ≈ ˆÓ˚ˆÏày!°Ì (regolith) ˛çüy •Î˚– ~•z

hflÏÓ˚ ÎˆÏÌT˛ ˆû˛çy ≤ÃÜ,˛!ï˛Ó˚ ~ÓÇ ~áyˆÏö !Ó!û˛ß¨ ˜ç!ÓÜ˛ !Ü ˛Î˚yÜ˛°y˛õ á%Ó•z Ü˛ü– ~•z hflÏˆÏÓ˚ §yüyöƒ «˛Î˚#û˛Óö

ˆòáy ÎyÎ˚– !Ü˛v üy!ê˛Ó˚ àë˛ö !Ü ˛Î˚y myÓ˚y ~•z hflÏÓ˚ ≤Ãû˛y!Óï˛ •Î˚ öy–

● ● ● ● ● D-•Ó˚y•zˆÏçyö (D or R-Horizon) : •z•y ü,!_Ü˛y !ã˛ˆÏeÓ˚ §Óã˛y•zˆÏï˛ ö#ˆÏã˛Ó˚ xy!ò !¢°yhflÏÓ˚

(parent rock) Óy û)˛!ü !¢°yhflÏÓ˚ (bed rock)˛– ~•z hflÏˆÏÓ˚ ˆÜ˛yö ≤ÃÜ˛yÓ˚ ˜çÓ!öÜ˛ !Ü ˛Î˚yÜ˛°y˛õ ˆòáy

ÎyÎ˚ öy– ~üö!Ü˛ àyˆÏåÈÓ˚ §Óã˛y•zˆÏï˛ °¡∫y ü)°Ä ~•z hflÏˆÏÓ˚ ˆ˛õÔÑåÈyÎ˚ öy–
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5.3 ç° (Water)

5.3.1 ˛õ!Ó˚ˆÏÓˆÏ¢ çˆÏ°Ó˚ !Ó!û˛ß¨ ò¢y (States of water in the environment)

˛õ!Ó˚ˆÏÓˆÏ¢ ç° ≤Ãôyöï˛ !ï˛ö!ê˛ ò¢yÎ˚ (three states) xÓfiÌyö Ü˛ˆÏÓ˚– Ü˛!ë˛öñ ï˛Ó˚° Ä àƒy§#Î˚

ò¢y–

5.3.1.1 Ü˛!ë˛ö ò¢y (Solid state)

çˆÏ°Ó˚ Ü˛!ë˛ö ò¢y •° ÓÓ˚ú˛ (ice)– ç° 0°CÈÙÈ~ !•üy!Î˚ï˛ •ˆÏÎ˚ (freezes) ÓÓ˚ˆÏú˛ Ó˚)˛õyhsˇÓ˚#ï˛

•Î˚– ~•z ò¢yÎ˚ çˆÏ°Ó˚ xö%à%!°Ó˚ ò)Ó˚c ˆÓˆÏí˛¸ ÎyÄÎ˚yÎ˚ •z•yÓ˚ âöc ç° xˆÏ˛õ«˛y Ü˛ˆÏü ÎyÎ˚ ú˛ˆÏ° •z•y

ç° xˆÏ˛õ«˛y •yÕÒy •Î˚ ~ÓÇ çˆÏ° û˛y§üyö ò¢y ≤ÃyÆ •Î˚– ˛õÓ≈ï˛ ¢,ˆÏAàÓ˚ Óy ˆüÓ˚% xM˛ˆÏ°Ó˚ ÓÓ˚ú˛ñ

¢#ï˛Ü˛yˆÏ° ˛õyÓ≈ï˛ƒ •…ˆÏò çüy ÓÓ˚ú˛ñ ÓyÎ˚%ü[˛ˆÏ°Ó˚ x!ôÜ˛ í˛zFã˛ï˛yÎ˚ ç°Ü˛îyÓ˚ â!öû)˛ï˛ •ˆÏÎ˚ à!ë˛ï˛ ¢#°

(hail), ï%˛£ÏyÓ˚ (snow) ≤Ãû,˛!ï˛ çˆÏ°Ó˚ Ü˛!ë˛ö ò¢y–

5.3.1.2  ï˛Ó˚° ò¢y (Liquid state)

•z•y ç°#Î˚ ò¢y– û)˛áˆÏ[˛Ó˚ !Ó!û˛ß¨ xÇˆÏ¢ 0°C xˆÏ˛õ«˛y x!ôÜ˛ï˛Ó˚ ï˛y˛õüyeyÎ˚ Óy fl∫yû˛y!ÓÜ˛

ï˛y˛õüyeyÎ˚ ~•z ò¢y ˆòáy ÎyÎ˚– í˛z£÷ ≤ÃflÀÓˆÏîÓ˚ í˛zFã˛ ï˛y˛õyüyeyˆÏï˛Ä ç° ï˛Ó˚° ò¢yÎ˚ ˆòáy ÎyÎ˚– öò#ñ

öy°yñ •…òñ ˛õ%Ü%˛Ó˚ñ §ü%o ≤Ãû,˛!ï˛ ï˛Ó˚° ò¢yÓ˚ çˆÏ°Ó˚ xyôyÓ˚– ~åÈyí˛¸yÄ û)˛àû≈˛fiÌ ç°hflÏÓ˚ ~ÓÇ üy!ê˛Ó˚

Ü˛!îÜ˛y §ü)ˆÏ•Ó˚ xhsˇÓï≈˛# ÓyÎ˚%fiÌyˆÏö Ä ü,!_Ü˛y Ü˛!îÜ˛yà%!°ˆÏÜ˛ !âˆÏÓ˚ ï˛Ó˚°yÜ˛yˆÏÓ˚Ó˚ ç° xÓfiÌyö Ü˛ˆÏÓ˚–

Ó,!T˛Ó˚ ç°Ä çˆÏ°Ó˚ ï˛Ó˚° xÓfiÌyÓ˚ à%Ó˚%c˛õ)î≈ í˛z˛õyòyö Îy•y ü,!_Ü˛y çˆÏ°Ó˚ ≤Ãôyö í˛zÍ§– Óyï˛yˆÏ§Ó˚

ç°#Î˚ Óy‹õ â!öû)˛ï˛ •ˆÏÎ˚ §)- ï˛Ó˚° ç°Ü˛îy Ó˚)ˆÏ˛õ Óyï˛yˆÏ§ û˛y§üyö xÓfiÌyÎ˚ ÌyÜ˛ˆÏï˛ ˛õyˆÏÓ˚–

í˛zòy•Ó˚îÈÙÙÙÈÜ%˛Î˚y¢y Ä ˆüâ–

üy!ê˛ˆÏï˛ ˛õ!ï˛ï˛ Ó,!T˛Ó˚ çˆÏ°Ó˚ ~Ü˛!ê˛ xÇ¢ ≤ÃÓy!•ï˛ •ˆÏÎ˚ (runoff water) öyöy ç°yôyˆÏÓ˚ ˆ˛õÔÑåÈyÎ˚–

!Ü˛å%Èê˛y xÇ¢ Óy‹õ#û)˛ï˛ •ˆÏÎ˚ ÓyÎ˚Ó#Î˚ ˛õ!Ó˚ˆÏÓˆÏ¢ !üˆÏ¢ ÎyÎ˚– ÓyÜ˛# xÇ¢ üy!ê˛ˆÏï˛ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ñ •z•yˆÏÜ˛

ü,!_Ü˛y ç° Ó°y •Î˚ÈÙÙÙÈ•z•y ã˛yÓ˚!ê˛ û˛yˆÏà !Óû˛=˛–

!ã˛e 5.4 : !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ ü,!_Ü˛y ç°

x!û˛Ü˛£Ï≈ç ç° ˜Ü˛!¢Ü˛ ç° ç°@ˇÃy•# ç° xyÓrô ç°

Sí˛z!qò ü)° myÓ˚y @ˇÃ•îˆÏÎyàƒ ç°V
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1. x!û˛Ü˛£Ï≈ç ç° (Gravitational water) : x!û˛Ü˛ˆÏ£Ï≈Ó˚ ê˛yˆÏö ˆû˛çy üy!ê˛Ó˚ üôƒ !òˆÏÎ˚ ~•z

ç° !öˆÏã˛Ó˚ !òˆÏÜ˛ ≤ÃÓy!•ï˛ •ˆÏÎ˚ üy!ê˛Ó˚ àû˛#ˆÏÓ˚ ç° §¡õ,=˛ ü,!_Ü˛y hflÏˆÏÓ˚ Óy û)˛!üfiÌ ç°hflÏˆÏÓ˚

(ground water) ˆüˆÏ¢– ~•z ç°hflÏˆÏÓ˚ í˛z˛õ!Ó˚ï˛°ˆÏÜ˛ ç° ˆê˛!Ó° (Water table) ˛ÓˆÏ°–

2. ˜Ü˛!¢Ü˛ ç° (Capillary water) : üy!ê˛Ó˚ Ä˛õˆÏÓ˚Ó˚ hflÏÓ˚à%!°Ó˚ á!öç Ü˛îy §ü)ˆÏ•Ó˚ xhsˇÓ˚Ó!ï˛≈

§)- Ó˚ˆÏrô  Óy ˜Ü˛!¢Ü˛ fiÌyöà%!°ˆÏï˛ (capillary space) çˆÏ°Ó˚ ˛õyï˛°y xyhflÏÓ˚îÓ˚)ˆÏ˛õ ~•z

ç° xyÓÂô ÌyˆÏÜ˛– §yôyÓ˚îï˛É ü,!_Ü˛y Ü˛îyà%!°Ó˚ ˛õ,¤˛ê˛yö (surface tension) ~ÓÇ

ç°Ü˛îyà%!°Ó˚ ˛õyÓ˚flõ!Ó˚Ü˛ xyÜ˛£Ï≈ˆÏîÓ˚ (cohesive attraction) ú˛ˆÏ° üy!ê˛ ~•z ç° ôˆÏÓ˚

Ó˚yáˆÏï˛ ˛õyˆÏÓ˚–

3. ç°@ˇÃy•# Óy ç°yÜ˛£Ï≈ ç° (Hygroscopic water) : ü,!_Ü˛y ~ÓÇ ˜çÓ ˛õòyˆÏÌ≈Ó˚ Ü˛îyà%!°

˛õ,!¤˛Î˚ xyÜ˛£Ï≈î ¢!=˛Ó˚ (surface tension) üyôƒˆÏü xyo≈ ÓyÎ˚%ü[˛° ˆÌˆÏÜ˛ ç°#Î˚ Óy‹õ ˆ¢y£Ïî

Ü˛ˆÏÓ˚– ~•z ç° ü,!_Ü˛y Ü˛îy˛õ,ˆÏ¤˛ í˛zFã˛ ÓyÎ˚%ü[˛°#Î˚ ã˛yˆÏ˛õ xï˛ƒhsˇ ò,ì˛¸û˛yˆÏÓ xyÓÂô ÌyˆÏÜ˛– •z•y

§yôyÓ˚î xÓfiÌyÎ˚ ã˛°üyö •Î˚ öy Óy í˛z!qò myÓ˚y ˆ¢y!£Ïï˛ •ˆÏï˛ ˛õyˆÏÓ˚ öy– ~•z ç°ˆÏÜ˛ ç°@ˇÃy•#

ç° Óy ç°yÜ˛£Ï≈ ç° ÓˆÏ°– •z•y fl∫yû˛y!ÓÜ˛ ç°ÓyÎ˚%ˆÏï˛ §¡õ)î≈û˛yˆÏÓ í˛zmy!Î˚ï˛ •ˆÏï˛ ˛õyˆÏÓ˚ öy–

4. xyÓÂô ç° (Combined water) : ç°yÜ˛£Ï≈ ç° åÈyí˛¸yÄ !Ü˛å%È ˛õ!Ó˚üyî ç° xƒy°%!ü!öÎ˚yüñ

ˆ°Ô•ñ !§!°Ü˛ö •zï˛ƒy!òÓ˚ xyo≈ x:y•zí˛ Ó˚)ˆÏ˛õ ü,!_Ü˛y Ü˛îyÎ˚ xyÓÂô ÌyˆÏÜ˛– •z•y•z xyÓÂô ç°–

•z•yÄ í˛z!qò myÓ˚y ˆ¢y!£Ïï˛ •ˆÏï˛ ˛õyˆÏÓ˚ öy–

5.3.1.3 Óy!‹õÎ˚ ò¢y (Vapour state) :

í˛z˛õˆÏÓ˚Ó˚ !òˆÏÜ˛Ó˚ üy!ê˛Ó˚ hflÏÓ˚à%!°ˆÏï˛ ü,!_Ü˛y Ü˛îy§ü)ˆÏ•Ó˚ xyhsˇÉÓ˚ˆÏrô  ç° §Ó≈òy Óy‹õÓ˚)ˆÏ˛õ xÓfiÌyö

Ü˛ˆÏÓ˚ üy!ê˛ !§=˛ Ó˚yˆÏá– Óyï˛yˆÏ§Ó˚ ç°#Î˚ ÓyˆÏ‹õÓ˚ öƒyÎ˚ •z•y•z üy!ê˛Ó˚ xyo≈ï˛y (humidity) ≤Ãòyö Ü˛ˆÏÓ˚–

xö%Ó˚)ˆÏ˛õ Óyï˛yˆÏ§Ó˚ ç°#Î˚ Óy‹õ Óyï˛yˆÏ§Ó˚ xyo≈ï˛y ~ÓÇ xyˆÏ˛õ!«˛Ü˛ xyo≈ï˛yÓ˚ (humidity and relative
humidity) çöƒ òyÎ˚#–

5.3.2 çˆÏ°Ó˚ xôÉˆÏ«˛˛õî (Precipitation)

ç°ã˛ˆÏÜ ˛Ó˚ à%Ó˚%c˛õ)î≈ xÇ¢ •° çˆÏ°Ó˚ xôÉˆÏ«˛˛õî– öò#ñ öy°yñ áy°ñ !Ó°ñ ˛õ%Ü%˛Ó˚ñ •…òñ §ü%oñ

üy!ê˛ Ä àyåÈ˛õy°y ≤Ãû,˛!ï˛ ˆÌˆÏÜ˛ ç° Óy‹õ#û)˛ï˛ •ˆÏÎ˚ Óyï˛yˆÏ§ ˆüˆÏ¢– ˛õˆÏÓ˚ í˛zôù≈àyü# •ˆÏÎ˚ ˆüˆÏâ âö#û)˛ï˛

•Î˚– •z•y•z ˛õˆÏÓ˚ ¢#ï˛° Ä û˛yÓ˚# •ˆÏÎ˚ öyöyû˛yˆÏÓ ˛õ,!ÌÓ# ˛õ,ˆÏ¤˛ xôÉ!«˛Æ •Î˚– ~•z xôÉˆÏ«˛˛õî öyöy

≤ÃÜ˛yˆÏÓ˚Ó˚ ˆÎüöÈÙÙÙÈ

1. Ó,!T˛ (Rain) : •z•y çˆÏ°Ó˚ ï˛Ó˚° ò¢yÓ˚ «%˛o «%˛o xyÜ,˛!ï˛Ó˚ (0.5 !ü.!ü. Óy ï˛yÓ˚ ˆÓ¢#V

çˆÏ°Ó˚ ˆúÑ˛yê˛yÎ˚ (water drops) ÎˆÏÌT˛ ÓƒÓôyö ÓçyÎ˚ ˆÓ˚ˆÏá û)˛˛õ,ˆÏ¤˛ xôÉ!«˛Æ •Î˚– •z•y

ÓyÎ˚%Ó˚ à!ï˛ˆÏï˛ §yôyÓ˚îï˛É ≤Ãû˛y!Óï˛ •Î˚ öy–
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2. !é˛Ó˚ !é˛ˆÏÓ˚ •yÕÒy Ó,!T˛ (Drizzle) : çˆÏ°Ó˚ ï˛Ó˚° ò¢yÓ˚ §)- §)- (0.5 ˛!ü!°!üê˛yÓ˚ xˆÏ˛õ«˛y

«%˛oï˛Ó˚V ç°!Ó®% (water droplets) á%Ó Ü˛yåÈyÜ˛y!åÈ !ÓöƒhflÏ •ˆÏÎ˚ û)˛˛õ,ˆÏ¤˛ xôÉ!«˛Æ •Î˚–

•z•y ÓyÎ˚%Ó˚ à!ï˛ˆÏï˛ !Ü˛å%Èê˛y ≤Ãû˛y!Óï˛ •Î˚–

3. !¢°yÓ,!T˛ (Sleet) : Ó,!T˛Ó˚ ˆúÑ˛yê˛y âö#û)˛ï˛ •ˆÏÎ˚ «%˛o «%˛o ÓÓ˚ˆÏú˛Ó˚ fl∫FåÈ Óy xô≈fl∫FåÈ ˆày°yÜ˛yÓ˚

Óy x!öÎ˚ï˛yÜ˛yÓ˚ ˆåÈyê˛Ó˚y (ice pellets) !•ˆÏ§ˆÏÓ û)˛˛õ,ˆÏ¤˛ xôÉ!«˛Æ •Î˚–

4. ˛ÓL !Óò%ƒÍ§• !¢°yÓ,!T˛ (Hail) : ˆåÈyê˛ ˆåÈyê˛ ˆày°yÜ˛yÓ˚ ÓÓ˚ˆÏú˛Ó˚ ê%˛Ü˛ˆÏÓ˚y S5 !ü!°!üê˛yÓ˚

xˆÏ˛õ«˛y Ó,•_Ó˚V xy°yòy xy°yòy û˛yˆÏÓ Óy §ÇÎ%=˛ ò°y !•ˆÏ§ˆÏÓ ÓL !Óò%ƒÍ§• üy!ê˛ˆÏï˛

xôÉ!«˛Æ •Î˚–

5. ï%˛£ÏyÓ˚˛õyï˛ (Snow fall) : x!ï˛ «%˛o 6-ü%á# ï˛yÓ˚yÓ˚ öƒyÎ˚ (6-pointed star like)
fl≥˛!ê˛Ü˛yÜ˛yÓ˚ Ü˛!ë˛ö ç°Ü˛îy (crystals of solid water particles) ˆ˛õÑçy ï%˛ˆÏ°yÓ˚ xyÜ˛yˆÏÓ˚

üy!ê˛ˆÏï˛ xôÉ!«˛Æ •Î˚–

6. Ü%˛Î˚y¢y (Fog) : §)- §)- ò,¢ƒüyö ç°Ü˛îy üy!ê˛ˆÏï˛ xôÉ!«˛Æ öy •ˆÏÎ˚ Óyï˛yˆÏ§ ˆû˛ˆÏ§

ˆÓí˛¸yÎ˚– •z•y•z Ü%˛Î˚y¢y ÎyÓ˚ ú˛ˆÏ° Óyï˛yˆÏ§Ó˚ ò,¢ƒüyöï˛y •…y§ ˛õyÎ˚– Óyï˛yˆÏ§Ó˚ ï˛y˛õüyey Ó,!ÂôÓ˚

§yˆÏÌ §yˆÏÌ •z•y ç°#Î˚ ÓyˆÏ‹õ Ó˚)˛õyhsˇ!Ó˚ï˛ •ˆÏÎ˚ |ôù≈ü%á# ≤ÃÓy!•ï˛ •Î˚– !Ü˛ÇÓy Óyï˛yˆÏ§Ó˚ !ö¡¨ï˛y˛õ

!ã˛e 5.5 : çˆÏ°Ó˚ !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ xôÉˆÏ«˛˛õî
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üyey ~ÓÇ x!ôÜ˛ xyˆÏ˛õ!«˛Ü˛ xyo≈ï˛yÎ˚ •z•y üy!ê˛Ó˚ Ü˛yåÈyÜ˛y!åÈ ã˛ˆÏ° xyˆÏ§ ~ÓÇ §Ç°@¿ üy!ê˛

Ä í˛z!qò §Ü˛°ˆÏÜ˛ !§=˛ Ü˛ˆÏÓ˚ ˆòÎ˚–

§ühflÏ ≤ÃÜ˛yÓ˚ ç°#Î˚ xôÉˆÏ«˛˛õî üy!ê˛Ó˚ ç° Óy xyo≈ï˛yÓ˚ ˛õ!Ó˚üyî Ó,!Âô Ü˛ˆÏÓ˚– •z•y §Ü˛° í˛z!qò

Ä ≤Ãyî#Ó˚ çˆÏ°Ó˚ ã˛y!•òy ˛õ)Ó˚î Ü˛ˆÏÓ˚–

5.4  xyˆÏ°yÜ˛ (Light)

5.4.1 xyˆÏ°yˆÏÜ˛Ó˚ ≤ÃÜ˛Ó˚î (Variation of light)

˛õ,!ÌÓ# ˛õ,ˆÏ¤˛ ˛õ!ï˛ï˛ §)Î≈yˆÏ°yˆÏÜ˛Ó˚ ï˛#Ó ï˛yñ !fiÌ!ï˛Ü˛y°ñ fiÌy!öÜ˛ ˜Ó!ã˛ˆÏeÓ˚ (spatial diversity)
§ˆÏAà !û˛ß¨ !û˛ß¨ •ˆÏÎ˚ ÌyˆÏÜ˛–

!Ó!û˛ß¨ fiÌyˆÏöÓ˚ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ !ö¡¨!°!áï˛ í˛z˛õyòyöà%!° xy˛õ!ï˛ï˛ xyˆÏ°yÜ˛ Ó˚!Ÿ¬Ó˚ Ä˛õÓ˚ ≤Ãû˛yÓ !ÓhflÏyÓ˚

Ü˛ˆÏÓ˚ÈÙÙÙÈ

●●●●● ÓyÎ˚%ü[˛ˆÏ°Ó˚ àƒy§#Î˚ í˛z˛õyòyö§ü)• ˆÎüöÈÙÙÙÈöy•zˆÏê˛ΔyˆÏçö Ä x!:ˆÏçö xy˛õ!ï˛ï˛ xyˆÏ°yˆÏÜ˛Ó˚

«%˛oï˛Ó˚ ï˛Ó˚ˆÏAàÓ˚ ~Ü˛!ê˛ xÇ¢ ˆ¢y£Ïî Ä !ÓFå%È!Ó˚ï˛ Ü˛ˆÏÓ˚–

●●●●● Óyï˛yˆÏ§Ó˚ û˛y§üyö Ü˛îy§ü)• (suspended particles) ˆÎüöÈÙÙÙÈˆôÑyÎ˚yñ ô)!°Ü˛îyñ ç°#Î˚Óy‹õ

≤Ãû,˛!ï˛– ç°#Î˚ Óy§fiÌyˆÏö oÓ#û)˛ï˛ Ü˛yòyñ ˛õ!°ñ «%˛o «%˛o û˛y§üyö ˜¢Óy°ñ ˛õÑyÜ˛ Ü˛!îÜ˛y§ü)•

xyˆÏ°yˆÏÜ˛Ó˚ ~Ü˛!ê˛ Óí˛¸ xÇˆÏ¢Ó˚ Ä˛õÓ˚ åÈyÜ˛!öÓ˚ öƒyÎ˚ !Ü ˛Î˚y¢#° (screening effect)–

●●●●● çˆÏ°Ó˚ àû˛#Ó˚ï˛y Ó,!ÂôÓ˚ §yˆÏÌ §yˆÏÌ xyˆÏ°yˆÏÜ˛Ó˚ ˛õ!Ó˚üyî Ü˛ˆÏü xyˆÏ§–

●●●●● fiÌ°ç ˛õ!Ó˚ˆÏÓˆÏ¢ í˛z!qò Ü%˛ˆÏ°Ó˚ !Ó!û˛ß¨ xÓ˚#Î˚hflÏÓ˚ (vertical stratification) ~Ó˚ §yˆÏ˛õˆÏ«˛

xyˆÏ°yˆÏÜ˛Ó˚ üyey !û˛ß¨ï˛Ó˚ •ˆÏÎ˚ ÌyˆÏÜ˛–

●●●●● û)˛§ÇfiÌyˆÏöÓ˚ (topography) x!û˛ü%áñ ì˛y° ≤Ãû,˛!ï˛ xyˆÏ°yÜ˛ Ó˚!Ÿ¬Ó˚ ï˛#Ó ï˛y Ä Óƒy!ÆÜ˛y°

(duration) !öô≈yÓ˚î Ü˛ˆÏÓ˚–

xyˆÏ°yÜ˛ í˛z!qˆÏòÓ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ï˛Ìy ¢!=˛Ó˚ ≤Ãôyö í˛zÍ§– •z•y ç° Ä fiÌ°û)˛!üˆÏï˛ í˛z!qò Ä

≤Ãyî#Ó˚ ç#ÓöôyÓ˚î Ä !ÓhflÏyÓ˚ !öô≈yÓ˚î Ü˛ˆÏÓ˚– xyˆÏ°yÜ˛ §Ü˛° ç#ˆÏÓÓ˚ ˜ò!öÜ˛ !Ü ˛Î˚yÜ˛°y˛õ ~ÓÇ }ï%˛àï˛

˛õ!Ó˚Óï≈˛ö (seasonal variation) ≤Ãû˛y!Óï˛ Ü˛ˆÏÓ˚–

5.4.2 xyˆÏ°yˆÏÜ˛Ó˚ !Ó!û˛ß¨ ï˛Ó˚Aà ˜òâ≈ (Different wave lengths of light)

§)Î≈yˆÏ°yÜ˛ Ó°ˆÏï˛ §)Î≈!Ü˛Ó˚ˆÏîÓ˚ ò,¢ƒüyö §#üyÓ˚ ï˛Ó˚Aà ˜òâ≈§ü)• (400-740 nm) ˆÓyé˛yÎ˚– §ü!T˛àï˛

û˛yˆÏÓ •z•yˆÏòÓ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏˆÏî §!Ü ˛Î˚ !Ó!Ü˛Ó˚î (photosynthetically active radiation) Óy PAR
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ÓˆÏ°– 740 nm xˆÏ˛õ«˛y Ó,•_Ó˚ ï˛Ó˚Aà ˜òˆÏâ≈ƒÓ˚ xyˆÏ°yÜ˛ (740–5000 nm) xÓˆÏ°y!•ï˛ xyˆÏ°yÜ˛

(infrared light) ~ÓÇ 5000–10,000 nm x!ï˛ xÓˆÏ°y!•ï˛ xyˆÏ°yÜ˛ (Far infrared light) ÓˆÏ°–

ò,¢ƒüyö ï˛Ó˚Aà˜Ïòâ≈ƒ xˆÏ˛õ«˛y «%˛oï˛Ó˚ ï˛Ó˚Aà˜ÏòˆÏâ≈ƒÓ˚ xyˆÏ°yÜ˛ (100–400 nm) x!ï˛ˆÏÓà%ö# Ó˚!Ÿ¬

(ultraviolet ray) öyˆÏü ˛õ!Ó˚!ã˛ï˛– ~Ó˚ üˆÏôƒ 315–400 nm UV-A, 280–315 nm UV-B ~ÓÇ

100–280 nm UV-C !•ˆÏ§ˆÏÓ Ü˛yÎ≈Ü˛Ó˚–

§)Î≈!Ü˛Ó˚ˆÏîÓ˚ x!ôÜ˛yÇ¢ UV-xyˆÏ°yÜ˛ Ó˚!Ÿ¬ xyhsˇÓ˚ xyÜ˛yˆÏ¢ (stratosphere) ˆ¢y!£Ïï˛ •Î˚– !öÓ˚!«˛Î˚

í˛z£÷ü[˛° ˆÌˆÏÜ˛ ˆüÓ˚% ≤ÃˆÏòˆÏ¢Ó˚ !òÜ˛ ÓÓ˚yÓÓ˚ x«˛yÇˆÏ¢Ó˚ ö!ï˛üyeyÎ˚ (latitudinal gradient) UV-BÈÙÈ~Ó˚

˛õ!Ó˚üyî Ü˛üˆÏï˛ ÌyˆÏÜ˛– xyÓyÓ˚ ≤Ã!ï˛ 1000 !üê˛yÓ˚ í˛zFã˛ï˛y Ó,!ÂôÓ˚ §yˆÏÌ UV-B ~Ó˚ ˛õ!Ó˚üyî 14–18%
•yˆÏÓ˚ Ó,!Âô ˛õyÎ˚–

ï˛Ó˚Aà ˜òâ≈ƒ åÈyí˛¸yÄ ï˛#Ó ï˛yñ Óƒy!ÆÜ˛y° Ä x!û˛ü%ˆÏáÓ˚ §yˆÏ˛õˆÏ«˛Ä xyˆÏ°yˆÏÜ˛Ó˚ !Ó!û˛ß¨ï˛y ˆòáy ÎyÎ˚–

˛õ,!ÌÓ# ˛õ,ˆÏ¤˛Ó˚ x«˛yÇ¢ Ä oy!âüyÇ¢àï˛ xÓfiÌyö (latitudinal and logitudinal position)
xyˆÏ°yˆÏÜ˛Ó˚ ï˛#Ó ï˛yñ ˜ò!öÜ˛ Ä ÓyÍ§!Ó˚Ü˛ Óƒy!ÆÜ˛yˆÏ°Ó˚ !Ó!û˛ß¨ï˛yÓ˚ xöƒï˛ü Ü˛yÓ˚î–

~åÈyí˛¸yÄ !öÜ˛ê˛fiÌ Óöyö#ñ ˛õy•yí˛¸ÈÙÈ˛õÓ≈ˆÏï˛Ó˚ í˛z˛õ!fiÌ!ï˛ Ä í˛zFã˛ï˛y ˆÜ˛yö xM˛ˆÏ°Ó˚ xyˆÏ°yˆÏÜ˛Ó˚ ˜ò!öÜ˛

§üÎ˚Ü˛y° xˆÏöÜ˛yÇˆÏ¢ !öô≈yÓ˚î Ü˛ˆÏÓ˚–

§)Î≈yˆÏ°yˆÏÜ˛Ó˚ ~Ü˛!ê˛ Óí˛¸ xÇ¢ ˆÎˆÏ•ï%˛ ÓyÎ˚%ü[˛° myÓ˚y ˆ¢y!£Ïï˛ •Î˚ ï˛y•z §ü%o˛õ,¤˛ xˆÏ˛õ«˛y í˛zFã˛ï˛Ó˚

fiÌyöà%!°ˆÏï˛ Óyï˛yˆÏ§Ó˚ âöc xˆÏ˛õ«˛yÜ,˛ï˛ Ü˛ü •Î˚ ~ÓÇ xyˆÏ°yˆÏÜ˛Ó˚ ï˛#Ó ï˛y ˆÓ¢# •Î˚– ˆüâ°y !òˆÏö

xyˆÏ°yˆÏÜ˛Ó˚ ï˛#Ó ï˛y fl∫yû˛y!ÓÜ˛ !òö xˆÏ˛õ«˛y 4% Ü˛ü •Î˚–

ˆÜ˛yö ˛õy•yí˛¸ Óy ˛õÓ≈ˆÏï˛Ó˚ !Ó!û˛ß¨ í˛zFã˛ï˛yÎ˚ !Ó!û˛ß¨ âöˆÏcÓ˚ Óöyö#Ó˚ Ü˛yÓ˚ˆÏî ˆ§áyˆÏö í˛zFã˛ï˛yÓ˚ §ˆÏAà

ï˛Ó˚Aà˜Ïòâ≈ƒñ (nm)

û)˛˛õ,¤˛#Î˚ !Ó!Ü˛Ó˚î

x!ï˛ xÓˆÏ°y!•ï˛ xyˆÏ°yÜ˛xÓˆÏ°y!•ï˛ xyˆÏ°yÜ˛x!ï˛ˆÏÓà%ö# Ó˚!Ÿ¬
ò,¢ƒüyö

xyˆÏ°yÜ˛

§)Î≈yˆÏ°yÜ˛

!ã˛e 5.6 : §)Î≈yˆÏ°yˆÏÜ˛Ó˚ !Ó!û˛ß¨ ï˛Ó˚Aà˜Ïòâ≈ƒ ~ÓÇ PAR (Source : Halverson & Smitk 1979 : 6)
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xyˆÏ°yˆÏÜ˛Ó˚ ï˛#Ó ï˛y Ä fiÌyÎ˚#Ü˛y° (duration) !û˛ß¨ !û˛ß¨ •Î˚– ˆÜ˛yö Óöyö#Ó˚ í˛zFã˛ Ó,«˛à%!° myÓ˚y

§)Î≈yˆÏ°yˆÏÜ˛Ó˚ x!ôÜ˛yÇ¢ ˆ¢y!£Ïï˛ •ÄÎ˚yÓ˚ ˛õÓ˚ Óöyö#Ó˚ û)˛!üˆÏòˆÏ¢Ó˚ í˛z!qòà%!° ≤ÃyÎ˚ 90–95% Ü˛ü ï˛#Ó ï˛yÓ˚

xyˆÏ°yÜ˛ ˆ˛õˆÏÎ˚ ÌyˆÏÜ˛– ï˛°ˆÏòˆÏ¢ ≤ÃyÆ xyˆÏ°yÓ˚ ˛õ!Ó˚üyî Óí˛¸ Ó,«˛à%!°Ó˚ í˛zFã˛ï˛yñ ¢yáy ≤Ã¢yáyÓ˚ !ÓhflÏyÓ˚

(crown), ˛õî≈ˆÏüyã˛ö ≤ÃÜ,˛!ï˛ñ ÓˆÏÎ˚§ñ Ó,ˆÏ«˛Ó˚ xyÜ˛yÓ˚ •zï˛ƒy!òÓ˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚– ~•zû˛yˆÏÓ xy˛õ!ï˛ï˛

xyˆÏ°yˆÏÜ˛Ó˚ §¡õ)î≈ xÇ¢•z ≤ÃyÎ˚ Óí˛¸ Ó,«˛à%!°Ó˚ Ä˛õˆÏÓ˚ ˛õˆÏí˛¸– xôÉhflÏÓ˚#Î˚ à%Õ√çyï˛#Î˚ í˛z!qˆÏòÓ˚y

(understoried shrubs) ÓƒyÆ xyˆÏ°yÜ˛ (diffused or subdued illumination) ˛ˆ˛õˆÏÎ˚ ÌyˆÏÜ˛– Ó#Ó˚%Í

(herbs) Ä û)˛!ü¡¨fiÌ Ü˛y[˛Î%=˛ í˛z!qˆÏòÓ˚y (plants with underground rhizomes) «˛#î xyˆÏ°yˆÏÜ˛

çß√yÎ˚–

xyˆÏ°yˆÏÜ˛Ó˚ ï˛#Ó ï˛yÓ˚ Ä˛õÓ˚ çˆÏ°Ó˚ hflÏˆÏÓ˚Ó˚ àû˛#Ó˚ï˛yÓ˚ !ÓˆÏ¢£Ï û)˛!üÜ˛y Ó˚ˆÏÎ˚ˆÏåÈ– ˆÎ ˆÜ˛yö ≤ÃÜ˛yÓ˚

ç°yôyˆÏÓ˚Ó˚ ~Ü˛!ê˛ !ö!ò≈T˛ xM˛ˆÏ°•z í˛z!qò çß√yˆÏï˛ ˆòáy ÎyÎ˚– ~áyˆÏö !Ó!û˛ß¨ àû˛#Ó˚ï˛yÎ˚ !Ó!û˛ß¨ ≤Ãçy!ï˛Ó˚

Ä ≤ÃÜ,˛!ï˛Ó˚ í˛z!qò çß√yÎ˚– çˆÏ°Ó˚ í˛z˛õ!Ó˚ï˛° ˆÌˆÏÜ˛ xyˆÏ°yˆÏÜ˛Ó˚ ~Ü˛!ê˛ xÇ¢ ≤Ã!ï˛ú˛!°ï˛ •ˆÏÎ˚ !ú˛ˆÏÓ˚

ÎyÎ˚– xÓ!¢T˛yÇˆÏ¢Ó˚ x!ôÜ˛yÇ¢ çˆÏ°Ó˚ í˛z˛õˆÏÓ˚Ó˚ hflÏÓ˚à%!°ˆÏï˛ ˆ¢y!£Ïï˛ •Î˚– çˆÏ° xyˆÏ°yÓ˚ ≤ÃˆÏÓ¢ çˆÏ°

xfl∫FåÈï˛yÓ˚ (turbidity) üyeyñ oyÓƒ˛õòyˆÏÌ≈Ó˚ ˛õ!Ó˚üyî (solute content), çˆÏ°Ó˚ à!ï˛ñ çˆÏ°Ó˚ û˛y§üyö

ç#ˆÏÓÓ˚ Ó,!Âô •zï˛ƒy!òÓ˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚– àû˛#Ó˚ï˛y Ó,!ÂôÓ˚ §yˆÏÌ çˆÏ° ≤Ã!ÓT˛ xyˆÏ°yˆÏÜ˛Ó˚ ï˛#Ó ï˛y •…y§

˛õyÎ˚– ï˛y•z çˆÏ°Ó˚ í˛z˛õˆÏÓ˚Ó˚ í˛zß√%=˛ (exposed) í˛z!qò xˆÏ˛õ«˛y çˆÏ° !öü!Iï˛ í˛z!qˆÏòÓ˚y ü,ò% xyˆÏ°yÜ˛

(weaker light) ˛˛õyÎ˚–

§yôyÓ˚îï˛ ˛§)ˆÏÎ≈yòÎ˚ñ §)Î≈yˆÏhflÏÓ˚ §üÎ˚ ~ÓÇ Óyï˛yˆÏ§Ó˚ xï˛ƒy!ôÜ˛ xyo≈ï˛yÎ˚ çˆÏ° xyˆÏ°yˆÏÜ˛Ó˚ ï˛#Ó ï˛y

Ü˛ü •Î˚– ˛õ,!ÌÓ#Ó˚ !öÓ˚«˛#Î˚ xM˛ˆÏ° !òˆÏöÓ˚ xyˆÏ°yÜ˛ 12 ˛â^ˇê˛y ôˆÏÓ˚ fiÌyÎ˚# •Î˚– ˆüÓ˚% xM˛ˆÏ° @ˇÃ#‹øÜ˛yˆÏ°

!òö 12 ˛â^ˇê˛y xˆÏ˛õ«˛y ˆÓ¢# •Î˚–

5.5 ï˛y˛õüyey (Temperature)

˛õ!Ó˚ˆÏÓˆÏ¢ ï˛y˛õüyeyÓ˚ ≤Ãï˛ƒ«˛ ~ÓÇ ˛õˆÏÓ˚y«˛ í˛zÍ§ •° §)Î≈!Ü˛Ó˚î– ˛õ,!ÌÓ# ˛õ,ˆÏ¤˛Ó˚ ˆÜ˛yö ~Ü˛!ê˛ xM˛ˆÏ°Ó˚

xy˛õ!ï˛ï˛ §)Î≈!Ü˛Ó˚î ˆÎ §Ü˛° !Ó£ÏˆÏÎ˚Ó˚ í˛z˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ ï˛y •°ÈÙÙÙÈÓÍ§ˆÏÓ˚Ó˚ !Ó!û˛ß¨ §üÎ˚ Óy }ï%˛ñ

û)˛˛õ,ˆÏ¤˛Ó˚ ì˛y°ñ xyÜ,˛!ï˛ñ ˆüˆÏâÓ˚ xyhflÏÓ˚î (cloud cover), !òˆÏöÓ˚ §üÎ˚ !ÓˆÏ¢£Ïñ ÓyÎ˚% ≤ÃÓyˆÏ•Ó˚ à!ï˛ñ

Ó,!T˛˛õyˆÏï˛Ó˚ ˛õ!Ó˚üyî Ä Óyï˛yˆÏ§Ó˚ xyˆÏ˛õ!«˛Ü˛ xyo≈ï˛y ≤Ãû,˛!ï˛– ï˛y•z û)˛˛õ,ˆÏ¤˛Ó˚ fiÌyö Ä §üÎ˚ !ÓˆÏ¢ˆÏ£Ï

ï˛y˛õüyeyÓ˚ ≤ÃÜ˛Ó˚î ˆòáy ÎyÎ˚–

5.5.1 ï˛y˛õüyeyÓ˚ ≤ÃÜ˛Ó˚î (Variation of temperature)

}ï%˛àï˛ ï˛y˛õüyeyÓ˚ Äë˛yöyüy (fluctuation) û)˛˛õ,ˆÏ¤˛Ó˚ ˆÜ˛yÌyÄ ˆÜ˛yÌyÄ ã˛Ó˚ü§#üyÎ˚ (extreme
point) ˆ˛õÔå%ÈˆÏï˛ ˆòáy ÎyÎ˚ xyÓyÓ˚ ˆÜ˛yÌyÄ ˆÜ˛yÌyÄ ï˛y˛õüyeyÓ˚ Äë˛yöyüy á%Ó §yüyöƒ ˆòáy ÎyÎ˚– í˛z_Ó˚

í˛yˆÏÜ˛yï˛yÎ˚ (North Dacota) ˛¢#ï˛Ü˛y°#ö Óy @ˇÃ#‹øÜ˛y°#ö ï˛y˛õüyey ÎÌyÜ ˛ˆÏü –43°C ~ÓÇ 49°C ˛õÎ≈hsˇ
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ˆ˛õÔÑåÈyÎ˚– ˛õ!ÿ˛ü û˛y!ç≈!öÎ˚yˆÏï˛ •z•y ÎÌyÜ ˛ˆÏü –37°C ~ÓÇ 44°C– û˛yÓ˚ï˛ÓˆÏ£Ï≈Ä Óƒy!ÆfiÌyö Ä §üˆÏÎ˚Ó˚

!ö!Ó˚ˆÏá ï˛y˛õüyeyÓ˚ ≤ÃÜ˛Ó˚î (spatial and temporal variation) ˆòáy ÎyÎ˚– í˛z_ˆÏÓ˚Ó˚ !•üy°Î˚

˛õÓ≈ï˛üy°yñ ˛õÓ≈ˆÏï˛Ó˚ ˛õyòˆÏòˆÏ¢ñ ˛õ!ÿ˛ˆÏü üÓ˚% xM˛ˆÏ°ñ àyˆÏAàÎ˚ §üû)˛!üñ òy!«˛îyˆÏï˛ƒÓ˚ üy°û)˛!üñ ˛õ)Ó≈ Ä

˛õ!ÿ˛üâyê˛ ˛õÓ≈ï˛üy°yÎ˚ Ä ï˛yˆÏòÓ˚ ˛õyòˆÏòˆÏ¢ñ í˛z_Ó˚ÈÙÈ˛õ)Ó≈ û˛yÓ˚ˆÏï˛Ó˚ ˛õy•y!í˛¸ xM˛ˆÏ° !û˛ß¨ !û˛ß¨ ï˛y˛õüyey

ˆòáy ÎyÎ˚– ~•z §Ü˛° xM˛ˆÏ° !òö Ó˚yˆÏï˛Ó˚ ï˛y˛õüyey Äë˛yöyüyÓ˚ §#üy ~ÓÇ }ï%˛ ˛õ!Ó˚Óï≈˛öàï˛ ï˛y˛õüyeyÓ˚

Äë˛yöyüyÓ˚ §#üy !û˛ß¨ !û˛ß¨ •ˆÏÎ˚ ÌyˆÏÜ˛–

ˆÜ˛yö xM˛ˆÏ°Ó˚ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ï˛y˛õüyey §)Î≈yˆÏ°y!Ü˛ï˛ û)˛!ü ~ÓÇ åÈyÎ˚y xM˛ˆÏ° xy°yòy •Î˚ xyÓyÓ˚

!òö Ä Ó˚y!eˆÏÓ°yÎ˚ xy°yòy •Î˚– öy!ï˛¢#ˆÏï˛y£÷ xM˛ˆÏ° xyˆÏ°y!Ü˛ï˛ û)˛!üÓ˚ ï˛y˛õüyey åÈyÎ˚yÓ,ï˛ xM˛°

xˆÏ˛õ«˛y 30°C ˆÓ¢# •ˆÏï˛ ˛õyˆÏÓ˚– xyÓyÓ˚ !òˆÏöÓ˚ ï˛y˛õüyey Ó˚yˆÏï˛Ó˚ ï˛y˛õüyey xˆÏ˛õ«˛y 17°C ˆÓ¢#

•ˆÏï˛ ˛õyˆÏÓ˚– üÓ˚% xM˛ˆÏ° !òˆÏöÓ˚ ï˛y˛õüyey Ó˚yˆÏï˛Ó˚ ã˛y•zˆÏï˛ 40°C ˛õÎ≈hsˇ ˆÓ¢# •ˆÏï˛ ˛õyˆÏÓ˚– ˆÓ˚Ôoò#Æ

§ü%ˆÏoÓ˚ í˛zß√%=˛ ï˛ê˛û)˛!üÓ˚ ï˛y˛õüyey 38°C ˛ˆï˛ ˆ˛õÔÑåÈyˆÏï˛ ˛õyˆÏÓ˚ Óy ç°≤’y!Óï˛ •ˆÏ° ï˛y Ü˛ˆÏÎ˚Ü˛ â^ˇê˛yÓ˚

üˆÏôƒ 10°CÈÙÈ~ ˆöˆÏü xyˆÏ§–

üy!ê˛Ó˚ ï˛y˛õüyeyÓ˚ xöƒï˛ü Ü˛yÓ˚î §)Î≈!Ü˛Ó˚î ˆ¢y£Ïî– ˆÜ˛yö xM˛ˆÏ°Ó˚ üy!ê˛Ó˚ ï˛y˛õüyey ˆ§áyöÜ˛yÓ˚

x«˛yÇˆÏ¢Ó˚ Ä˛õÓ˚ xÌ≈yÍ !öÓ˚«˛#Î˚ xM˛° ˆÌˆÏÜ˛ ò)Ó˚ˆÏcÓ˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚– ˆ§•z Ü˛yÓ˚ˆÏî ï˛y˛õüyey !öÓ˚!«˛Î˚

xM˛ˆÏ° §Óã˛y•zˆÏï˛ ˆÓ¢# ~ÓÇ ˆüÓ˚% xM˛ˆÏ°Ó˚ !òˆÏÜ˛ ô#ˆÏÓ˚ ô#ˆÏÓ˚ •…y§ ˛õyÎ˚– x«˛ˆÏÓ˚áyÓ˚ ~•z ˛õyÌ≈Ü˛ƒ xö%ÎyÎ˚#

!öÓ˚«˛#Î˚ xM˛°ñ í˛z£÷ü[˛°ñ öy!ï˛¢#ˆÏï˛y£÷ ü[˛° ~ÓÇ xƒy°˛õy•zö xM˛ˆÏ° !û˛ß¨ !û˛ß¨ í˛z!qò §¡±òyÎ˚

(vegetation) ˆòáy ÎyÎ˚–

~•zÓ˚Ü˛üû˛yˆÏÓ ˆÜ˛yö xM˛ˆÏ°Ó˚ §ü%oï˛ˆÏ°Ó˚ §yˆÏ˛õˆÏ«˛ í˛zFã˛ï˛y (altitude) ï˛y˛õüyeyÓ˚ ˛õ!Ó˚Óï≈˛ö âê˛yÎ˚–

~•z Ü˛yÓ˚ˆÏî ˛õy•yˆÏí˛¸Ó˚ Îï˛ Ä˛õˆÏÓ˚ Äë˛y ÎyÎ˚ ï˛y˛õüyey ï˛ï˛ •…y§ ˛õyÎ˚– §yôyÓ˚îï˛ !öÓ˚«˛#Î˚ xM˛° ˆÌˆÏÜ˛

ˆüÓ˚% ≤ÃˆÏòˆÏ¢Ó˚ !òˆÏÜ˛ x«˛yÇˆÏ¢Ó˚ ≤Ã!ï˛ 1° xÓfiÌyö Ó,!ÂôˆÏï˛ ï˛y˛õüyey –12.12°C •…y§ ˛õyÎ˚– xyÓyÓ˚

˛õy•yˆÏí˛¸Ó˚ Ä˛õÓ˚ í˛zFã˛ï˛yÓ˚ ≤Ã!ï˛ 100 !üê˛yÓ˚ Ó,!ÂôˆÏï˛ ï˛y˛õüyey 0.65°C •…y§ ˛õyÎ˚– §yôyÓ˚îï˛ ˛õyÓ≈ï˛ƒ

í˛z˛õï˛ƒÜ˛y ~ÓÇ ö#ã%˛û)˛!üˆÏï˛ û˛yÓ˚# ¢#ï˛° ÓyÎ˚% ö#ˆÏã˛ ˆöˆÏü xy§yÎ˚ (sinking) ï˛y˛õüyey ˛õÓ≈ï˛ ã)˛í˛¸y xˆÏ˛õ«˛y

Ü˛ü •Î˚–

~åÈyí˛¸yÄ üy!ê˛Ó˚ Óî≈ñ í˛z˛õyòyöñ í˛z!qò xyhflÏÓ˚îñ ü,!_Ü˛y çˆÏ°Ó˚ ˛õ!Ó˚üyî û)˛ÈÙÈ˛õ,ˆÏ¤˛Ó˚ ì˛yˆÏ°Ó˚ áyí˛¸y•z

(steepness of the slope), ì˛yˆÏ°Ó˚ í˛zß√%=˛ï˛y (exposure), ˛õÓ≈ï˛üy°yÓ˚ x!û˛ü%á (direction) ≤Ãû,˛!ï˛

ˆÜ˛yö xM˛ˆÏ°Ó˚ ï˛y˛õüyey !öÎ˚sfî Ü˛ˆÏÓ˚–

5.5.2  í˛z!qˆÏòÓ˚ !ÓhflÏyˆÏÓ˚ ï˛y˛õüyeyÓ˚ ≤Ãû˛yÓ (Role of temperature in plant distribution)

§Ü˛° ç#ˆÏÓÓ˚•z ï˛yˆÏòÓ˚ fl∫yû˛y!ÓÜ˛ !Ó˛õyÜ˛ !Ü ˛Î˚y §¡õyòyˆÏöÓ˚ çöƒ !ö!ò≈T˛ §#üyÓ˚ ï˛y˛õüyey (range
of temperature) ≤ÃˆÏÎ˚yçö •Î˚– x!ï˛ !ö¡¨ ï˛y˛õüyeyÎ˚ !Ó˛õyÜ˛ !Ü ˛Î˚yÓ˚ à!ï˛ ô#ˆÏÓ˚ ô#ˆÏÓ˚ Ü˛ˆÏü xyˆÏ§–

xyÓyÓ˚ §•ö x!ï˛!Ó˚=˛ ï˛y˛õüyeyÎ˚ !Ó˛õyÜ˛!Ü ˛Î˚yÎ˚ ≤ÃˆÏÎ˚yçö#Î˚ í˛zÍˆÏ§ã˛Ü˛ §ü)• ˆû˛ˆÏä ÎyÎ˚ Óy Ü˛ü≈«˛üï˛y

•yÓ˚yÎ˚– ~•z ò%•z ã˛Ó˚ü ï˛y˛õüyeymˆÏÎ˚Ó˚ üyˆÏé˛Ó˚ xö%Ü)˛° ï˛y˛õüyeyÓ˚ ˛õ!Ó˚§ˆÏÓ˚ (optimal temperature
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range) ç#ˆÏÓÓ˚ !Ó˛õyÜ˛!Ü ˛Î˚y ~ÓÇ xöƒyöƒ ¢Ó˚#Ó˚Ó,_#Î˚ Óy ¢yÓ˚#!Ó˚Ü˛ !Ü ˛Î˚y §Óã˛y•zˆÏï˛ û˛y° •Î˚– ˆÎ §Ü˛°

ç#ˆÏÓÓ˚ §•ö#Î˚ ï˛y˛õüyeyÓ˚ Óƒy!Æ Óy ˛õ!Ó˚§Ó˚ ˆÓ¢# ï˛yˆÏòÓ˚ •zí˛z!Ó˚Ìyü≈§ (Eurytherms) ˛~ÓÇ ˆÎ §Ü˛°

ç#Ó ˆÜ˛Ó° fl∫“˛õ!Ó˚§Ó˚ ï˛y˛õüyeyÎ˚ ç#Óö ôyÓ˚î Ü˛ˆÏÓ˚ ï˛yˆÏòÓ˚ ˆfiê˛ˆÏöyÌyü≈§ (Stenotherms) ÓˆÏ°–

ã˛Ó˚ü ï˛y˛õüyeyÎ˚ ç#ÓöôyÓ˚ˆÏöÓ˚ «˛üï˛y §Ü˛° ç#ˆÏÓÓ˚ §üyö öÎ˚– xÌ≈yÍ ã˛Ó˚ü !ö¡¨ï˛ü ï˛y˛õüyey

~ÓÇ ã˛Ó˚ü í˛zFã˛ï˛ü ï˛y˛õüyey ≤Ãçy!ï˛ !ÓˆÏ¢ˆÏ£Ï !û˛ß¨ !û˛ß¨ •ˆÏÎ˚ ÌyˆÏÜ˛– öy!°Ü˛yÓy![˛° Î%=˛ í˛z!qˆÏòÓ˚

(vascular plants)ÈÙÈ~Ó˚ çöƒ ç#ÓöôyÓ˚ö ˆÎyàƒ ã˛Ó˚ü ï˛y˛õüyey + 50°C  – 25 ˆÌˆÏÜ˛ 28°CÈÙÈ~Ó˚

xyˆÏ¢˛õyˆÏ§ §#üyÓÂô– !Ü˛å%È í˛z£÷ ≤Ã◊ÓˆÏîÓ˚ ˜¢Óy° 73°C ~ÓÇ !Ü˛å%È §%ˆÏüÓ˚% xM˛ˆÏ°Ó˚ (Arctic) ˜¢Óy°

0° ~Ó˚ ö#ˆÏã˛ ç#Óö ã˛Ü ˛ §¡õß¨ Ü˛ˆÏÓ˚– !Ü˛v !Ü˛å%È ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y í˛z£÷ ≤ÃflÀÓˆÏîÓ˚ 90°C ï˛y˛õüyey §•zˆÏï˛

˛õyˆÏÓ˚– ã˛Ó˚ü ï˛y˛õüyeyÎ˚ Ó§Óy§Ü˛yÓ˚# í˛z!qˆÏòÓ˚ !ÓˆÏ¢£Ï x!û˛ˆÏÎyçö ≤ÃˆÏÎ˚yçö •Î˚–

x«˛yÇˆÏ¢Ó˚ Ü ˛ü˛õ!Ó˚Óï≈˛ö ~ÓÇ í˛zFã˛ï˛yÓ˚ Ü ˛ü˛õ!Ó˚Óï≈˛ö í˛z!qòÜ%˛ˆÏ°Ó˚ àë˛ö ≤ÃÜ,˛!ï˛ Ä !ÓhflÏyˆÏÓ˚ xö%Ó˚)˛õ

≤Ãû˛yÓ !ÓhflÏyÓ˚ Ü˛ˆÏÓ˚– í˛zû˛Î˚ ˆ«˛ˆÏe•z ï˛y˛õüyey xö%ÎyÎ˚# í˛z!qˆÏòÓ˚ !û˛ß¨ !û˛ß¨ ˛õ!Ó˚ü[˛° (zonation) ˆòáy

ÎyÎ˚– !Ó!û˛ß¨ ÓyhflÏÓƒ!ÓòàˆÏîÓ˚ üˆÏï˛ ï˛y˛õüyeyÓ˚ §ˆÏAà Ó,!T˛˛õyï˛ñ üy!ê˛Ó˚ ≤ÃÜ,˛!ï˛ Ä í˛z!qÏò ˛õ!Ó˚ü[˛ˆÏ°Ó˚

!Ó!û˛ß¨ï˛y §¡õ!Ü≈˛ï˛–

!•üy°Î˚ ˛õÓ≈ˆÏï˛Ó˚ !Ó!û˛ß¨ í˛zFã˛ï˛yÎ˚ !Ó!û˛ß¨ ï˛y˛õüyeyÎ˚ í˛z!qˆÏòÓ˚ !ÓhflÏyÓ˚àï˛ ˛õ!Ó˚ü[˛° ˆòáy ÎyÎ˚–

˛õÓ≈ˆÏï˛Ó˚ ˛õyòˆÏòˆÏ¢ @ˇÃ#‹øü[˛°# í˛z!qòÜ)˛° (tropical vegetation) ˆÌˆÏÜ˛ Ü ˛üÓô≈üyö í˛zFã˛ï˛yÎ˚ñ ≤ÃyÎ˚

@ˇÃ#‹øü[˛°#Î˚ (subtropical), öy!ï˛¢#ˆÏï˛y£÷ (temperate), xï%˛ƒFã˛ Óy xƒy°˛õy•zö (alpine) çyï˛#Î˚ í˛z!qò

ˆòáy ÎyÎ˚– í˛zFã˛ï˛yàï˛ !Ó!û˛ß¨ í˛z!qò ˛õ!Ó˚ü[˛° ~Ó˚ üˆÏôƒ §%flõT˛ ˆÜ˛yö §#üyöy ˆòáy ÎyÎ˚ öy–

ˆÓê%̨ °yñ ç%!ö˛õyÓ˚ñ ˆÓ˚y Ï̂í˛y Ï̂í˛öí»̨ î ≤Ãçy!ï˛Ó˚

§¡±òyÎ˚

!Ó!û˛ß¨ Ü˛!öú˛yÓ˚ ≤Ãçy!ï˛Ó˚ Ó,«˛ ~ÓÇ

!Ó!û˛ß¨ ã˛Äí˛¸y˛õe# Ó,ˆÏ«˛Ó˚ Óöû)˛!ü

!ü◊ ˛õî≈ˆÏüyã˛#ñ ¢%‹Ò ¢y°

ÓÑyˆÏ¢Ó˚ Óöû)˛!ü ~ÓÇ öyòƒ ¢%‹Ò

§yû˛yöy

ˆÓ˚y Ï̂í˛y Ï̂í˛öí»̨ î ~ÓÇ ç%!ö Į̈̂ õÓ˚y§ ≤Ãçy!ï˛Ó˚

§¡±òyÎ˚

!Ó!û˛ß¨ Ü˛!öú˛yÓ˚ ≤Ãçy!ï˛Ó˚ Ó,«˛ ~ÓÇ

!Ó!û˛ß¨ ã˛Äí˛¸y˛õe# Ó,ˆÏ«˛Ó˚ Óöû)˛!ü

!ü◊ ˛õî≈ˆÏüyã˛#ñ ¢%‹Ò ¢y°

ÓÑyˆÏ¢Ó˚ Óöû)˛!ü ~ÓÇ öyòƒ ¢%‹Ò

§yû˛yöy
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!ã˛e 5.7 : ˛õ!ÿ˛ü Ä ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ !Ó!û˛ß¨ í˛zFã˛ï˛yÓ˚ ï˛y˛õüyeyÓ˚ ï˛yÓ˚ï˛ˆÏüƒ !Ó!û˛ß¨ í˛z!qò §¡±òyÎ˚
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5.5.3  ï˛y˛õ#Î˚ hflÏÓ˚!Óöƒy§ (Thermal stratification)˛

§Ü˛° ç°ç Óy§fiÌyˆÏöÓ˚ !öü!Iï˛ ç#ÓÜ%˛° çˆÏ°Ó˚ ï˛y˛õüyeyÓ˚ Äë˛yöyüy (fluctuation) á%Ó ˆÓ¢#

xö%û˛Ó Ü˛ˆÏÓ˚ öy– Óí˛¸ ç°y¢ˆÏÎ˚ çˆÏ°Ó˚ ≤ÃÓy• ~ÓÇ í˛zFã˛ °#öï˛yˆÏ˛õÓ˚ Ü˛yÓ˚ˆÏî !òöÈÙÈÓ˚yˆÏï˛Ó˚ ï˛y˛õüyey

˛õyÌ≈Ü˛ƒ á%Ó ˆÓ¢# •Î˚ öy–

àû˛#Ó˚ ç°y¢Î˚ Óy •…ˆÏò @ˇÃ#‹øÜ˛yˆÏ° ï˛y˛õüyeyÓ˚ hflÏÓ˚!Óöƒy§ ˆòáy ÎyÎ˚– @ˇÃ#‹øÜ˛yˆÏ° Óyï˛yˆÏ§Ó˚ ï˛y˛õüyey

Îáö 27°CÈÙÈ~ ÄˆÏë˛ ï˛áö çˆÏ°Ó˚ Ä˛õÓ˚ hflÏÓ˚à%!°Ó˚ ï˛y˛õüyey 22°C—23°C ~ ÄˆÏë˛– !Ü˛v ï˛áöÄ

ö#ˆÏã˛Ó˚ ç°hflÏˆÏÓ˚Ó˚ ï˛y˛õüyey 5°C öƒyÎ˚ ÎˆÏÌT˛ Ü˛ü ÌyˆÏÜ˛– 5°C—22°CÙÈ~Ó˚ üˆÏôƒ ï˛y˛õüyey xö%ÎyÎ˚#

!ï˛ö!ê˛ xÓ˚#Î˚ hflÏÓ˚ ˆòáy ÎyÎ˚– 1. ~!˛õ!°ü!öÎ˚ö (Epilimnion) : §Óã˛y•zˆÏï˛ Ä˛õˆÏÓ˚ ≤ÃÌü ç°hflÏÓ˚

ˆÎáyˆÏö çˆÏ°Ó˚ ï˛y˛õüyey àû˛#Ó˚ï˛y Ó,!ÂôÓ˚ §yˆÏÌ ô#ˆÏÓ˚ ô#ˆÏÓ˚ Ü˛ˆÏü xyˆÏ§– 2. ˆüê˛y!°ü!öÎ˚ö

(Metalimnion) : •z•y !mï˛#Î˚ ç°hflÏÓ˚ ~áyˆÏö ÌyˆÏü≈yÜœ˛y•zö ˆòáy ÎyÎ˚– xÌ≈yÍ àû˛#Ó˚ï˛y Ó,!ÂôÓ˚ §yˆÏÌ

ï˛y˛õüyey x!ï˛ o%ï˛ Ü˛ˆÏü xyˆÏ§– 3. •y•zˆÏ˛õy!°ü!öÎ˚ö (Hypolimnion) : •z•y àû˛#Ó˚ ï˛°ˆÏòˆÏ¢Ó˚

¢#ï˛°ï˛ü ç°hflÏÓ˚– ~áyˆÏö ï˛y˛õüyey §Ó≈e §%£Ïü •Î˚ ~ÓÇ çˆÏ°Ó˚ âöc §Óã˛y•zˆÏï˛ ˆÓ¢# •Î˚–

5.6 §#üyhsˇ ≤Ãû˛yÓÜ˛ ï˛_¥ (Concept of Limiting Factors)

!Ó!û˛ß¨ ç#ˆÏÓÓ˚ ç#ÓöôyÓ˚ˆÏöÓ˚ §ˆÏAà ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ öyöy ≤Ãû˛yÓÜ˛ !ö!Óí˛¸ §¡õˆÏÜ≈˛ xyÓÂô– •z•yˆÏòÓ˚

üˆÏôƒ ˆÎ §Ü˛° í˛z˛õyòyö Óy ≤Ãû˛yÓÜ˛ ç#ˆÏÓÓ˚ Ó,!Âôñ !ÓhflÏyÓ˚ñ âöc Óy xy!ôÜ˛ƒ (abundance) !öÎ˚sfˆÏî

§«˛ü ï˛yˆÏòÓ˚ §#!üï˛Ü˛yÓ˚# ≤Ãû˛yÓÜ˛ Óy !°!ü!ê˛Ç ú˛ƒyQÓ˚ ÓˆÏ°– •z•y ˜çÓñ x˜ÏçÓ !Ü˛ÇÓy ˆû˛Ôï˛ (physical)
ˆÎ ˆÜ˛yö ≤ÃÜ,˛!ï˛Ó˚ •ˆÏï˛ ˛õyˆÏÓ˚– ˆÎ ˆÜ˛yö §#!üï˛Ü˛yÓ˚# ≤Ãû˛yÓÜ˛ ~Ü˛Ü˛ û˛yˆÏÓ•z (individually) ˆÜ˛yö

ç#ˆÏÓÓ˚ ˜çÓ!öÜ˛ ˜Ó!¢T˛ƒà%!° !öÎ˚sfˆÏî §«˛ü–

!öÎ˚sfîÜ˛yÓ˚# ≤Ãû˛yÓÜ˛ §ü)• !°!Óà‰ÈÙÈ~Ó˚ ö)ƒöï˛ü §)ˆÏeÓ˚ (Liebig’s Law of Minimum) üyôƒˆÏü

ôyÓ˚îy Ü˛Ó˚y ÎyÎ˚– ~•z §)e xö%ÎyÎ˚# ˆÜ˛yö í˛z!qò ˆày!¤˛Ó˚ (population) Ó,!Âô §Ü˛° ≤Ãû˛yÓÜ˛à%!°Ó˚

~!˛õ!°ü!öÎ˚ö

ˆ§ê˛y!°ü!öÎ˚ö

•y•zˆÏ˛õy!°ü!öÎ˚ö

Sx!:ˆÏçö

âyê˛!ï˛

xM˛°V

à
û

˛#Ó
˚ï
˛y 

(m
)

à
û

˛#Ó
˚ï
˛y 

(m
)

ÓÓ˚ú˛ hflÏÓ˚

!ã˛e 5.8 : àû˛#Ó˚ ç°y¢Î˚ Óy •…ˆÏòÓ˚ !Ó!û˛ß¨ í˛zFã˛ï˛yhflÏˆÏÓ˚ ï˛y˛õüyey xö%ÎyÎ˚# hflÏÓ˚!Óöƒy– A. ¢#ï˛Ü˛y°#ö

B. @ˇÃ#‹øÜ˛y°#ö xÓfiÌy
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ˆüyê˛ ˛õ!Ó˚üyî ~Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ öy– !Ü˛v •z•y §Óã˛y•zˆÏï˛ fl∫“üy!eÜ˛ ≤Ãû˛yÓÜ˛ (scarcest resource)
myÓ˚y !öÎ˚!sfï˛ •Î˚–

ˆÜ˛yö ≤Ãçy!ï˛ ˆày!¤˛Ó˚ (population) Ó,!Âô Ä ç#Óö ôyÓ˚î ~Ü˛y!ôÜ˛ §#!üï˛Ü˛yÓ˚# ≤Ãû˛yÓÜ˛

(Limiting factor) myÓ˚y ≤Ãû˛y!Óï˛ •Î˚– ≤ÃˆÏÎ˚yçö#Î˚ ~Ü˛!ê˛ í˛z˛õyòyö SÓ˚§òV Óƒy!ï˛ï˛ xyÓ˚ §Ü˛° í˛z˛õyòyö

≤ÃˆÏÎ˚yçöy!ï˛!Ó˚=˛ ÌyÜ˛ˆÏ°Ä ˆ§•z ˛õ˛õ%ˆÏ°¢ˆÏöÓ˚ Ó,!Âô x˛õÎ≈yÆ í˛z˛õyòyÏö!ê˛Ó˚ Ü˛yÓ˚ˆÏî Óƒy•ï˛ •Î˚ xÌ≈yÍ •z•y•z

~ˆÏ«˛ˆÏe ˆ§•z ≤Ãçy!ï˛Ó˚ Ó,!ÂôÓ˚ !öÎ˚sfÜ˛ í˛z˛õyòyö– ~•z !öÎ˚sfÜ˛ í˛z˛õyòyˆÏöÓ˚ üyey Ó,!Âô Ü˛Ó˚y •ˆÏ° ˆ§•z

˛õ˛õ%ˆÏ°¢ˆÏöÓ˚ Ó,!ÂôÓ˚ •yÓ˚ (growth rate) Ó,!Âô ˛õyÎ˚– ï˛áö •z•y xyÓ˚ !öÎ˚sfÜ˛ (limiting) ÌyˆÏÜ˛ öy

˛õ!Ó˚ÓˆÏï≈˛ xöƒ ˆÜ˛yö ˛í˛z˛õyòyˆÏöÓ˚ âyê˛!ï˛ ˆòáy !òˆÏ° ï˛y !öÎ˚sfÜ˛ !•ˆÏ§ˆÏÓ Ü˛yç Ü˛ˆÏÓ˚–

ç#ˆÏÓÓ˚ !Ó!û˛ß¨ !öÎ˚sfîÜ˛yÓ˚# ≤Ãû˛yÓÜ˛ à%!° •°ÈÙÙÙÈáyòƒñ ç°ñ xyˆÏ°yÜ˛ñ Óƒy!ÆfiÌyö (space), xy◊Î˚

≤Ãû,˛!ï˛– Î!ò ˆÜ˛yö ≤Ãçy!ï˛ ˆày!¤˛ (population) ï˛yˆÏòÓ˚ ˆÓÑˆÏã˛ ÌyÜ˛yÓ˚ çöƒ ˛õÎ≈yÆ Óy ≤ÃˆÏÎ˚yçö#Î˚

Ó˚§ò öy ˛õyÎ˚ ï˛ˆÏÓ ï˛yÓ˚y ˛õ%!T˛Ó˚ xû˛yˆÏÓñ çˆÏ°Ó˚ xû˛yˆÏÓ ¢%!Ü˛ˆÏÎ˚ ÎyÎ˚ !Ü˛ÇÓy ˛õ#í˛¸ö (stress) ˛ç!öï˛

Ü˛yÓ˚ˆÏî ç#Óö ôyÓ˚ˆÏîÓ˚ «˛üï˛y •yÓ˚yÎ˚–

í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe ~Ü˛!ê˛ à%Ó˚%c˛õ)î≈ !öÎ˚sfîÜ˛yÓ˚# ≤Ãû˛yÓÜ˛ •° xyˆÏ°y– Îy ï˛yˆÏòÓ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ~ÓÇ

Ó,!ÂôÓ˚ çöƒ ≤ÃˆÏÎ˚yçö– Óí˛¸ Ó,ˆÏ«˛Ó˚ xyFåÈyòˆÏö çß√yˆÏöy í˛z!qò (understory plants) ≤ÃˆÏÎ˚yçö#Î˚ xyˆÏ°yÜ˛

˛õyÎ˚ öy– ï˛yÓ˚ ú˛ˆÏ° xˆÏöÜ˛ í˛z!qò ˆ§•z xM˛ˆÏ° çß√yˆÏï˛ ˛õyˆÏÓ˚ öy– !Ü˛v !Ü˛å%È !Ü˛å%È !Óhfl,Ïï˛ xyˆÏ°yÜ˛

Óƒy!ÆÓ˚ í˛z!qò (wide range of light) fl∫°‰˛õyˆÏ°yˆÏÜ˛Ä §%®Ó˚û˛yˆÏÓ x!û˛ˆÏÎy!çï˛– !Ó!û˛ß¨ í˛z!qˆÏòÓ˚

§Ó≈y!ôÜ˛ Ó,!Âô Ä öyöy ¢yÓ˚#Ó˚Ó,!_Î˚ !Ü ˛Î˚yÜ˛°yˆÏ˛õÓ˚ çöƒ xö%Ü)˛° ≤Ã!ï˛!ê˛ Ó˚§ˆÏòÓ˚ §ˆÏÓ≈y_ü Óƒy!Æ (optimal
range of resources) !û˛ß¨ !û˛ß¨ •ˆÏÎ˚ ÌyˆÏÜ˛– xö%Ü)˛° Óƒy!˛õ xˆÏ˛õ«˛y Ü˛ü !Ü˛ÇÓy ˆÓ¢# üyeyÎ˚ ˆÎ

ˆÜ˛yö í˛z˛õyòyˆÏöÓ˚ ≤Ãû˛yˆÏÓ í˛z!qˆÏòÓ˚ !Ó˛õyÜ˛!Ü ˛Î˚yñ Ó,È!Âô Ä öyöy ¢yÓ˚#Ó˚Ó,_#Î˚ !Ü ˛Î˚yÓ˚ üyey Ü˛üˆÏï˛ ÌyˆÏÜ˛–

ˆÜ˛yö ç#Ó §ˆÏÓ≈yFã˛ Óy §ˆÏÓ≈y!ö¡¨ ~Ü˛!ê˛ !ö!ò≈T˛ üyeyÓ˚ Sã˛Ó˚ü §#üyV Ó˚§ò ˛õÎ≈hs §•ö¢#°– ~•z üyeyÓ˚

ã˛y•zˆÏï˛ Ü˛ü !Ü˛ÇÓy ˆÓ¢# üyeyÎ˚ ˆ§•z §Ü˛° ≤Ãçy!ï˛ ç#Óö ôyÓ˚yˆÏï˛ x«˛ü–

xyˆÏ°yˆÏÜ˛Ó˚ öƒyÎ˚ í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe !öÎ˚sfÜ˛ í˛z˛õyòyöà%!° •°ÈÙÙÙÈöy•zˆÏê˛ΔyˆÏçö (N), ú˛§ú˛Ó˚y§ (P),
˛õê˛y!§Î˚yü (K) ~ÓÇ §y°ú˛yÓ˚ (S), ≤Ã!ï˛!ê˛ í˛z!qˆÏòÓ˚ çöƒ ~•z í˛z˛õyòyö§ü)• ~Ü˛!ê˛ §%£Ïü xö%˛õyï˛

≤ÃˆÏÎ˚yçö– ˆ§•z ˛õ!Ó˚üyö•z ï˛yˆÏòÓ˚ çöƒ ÎˆÏÌT˛ (optimal) üyey– ˆÜ˛yö ˛õ!Ó˚ˆÏÓˆÏ¢ ≤Ã!ï˛!ê˛ ≤Ãçy!ï˛Ó˚

çöƒ ˆÜ˛yö ~Ü˛!ê˛ í˛z˛õyòyö Ü˛ü •ˆÏ° ï˛y ˆ§•z í˛z!qˆÏòÓ˚ Ó,!ÂôÓ˚ çöƒ !öÎ˚!sfï˛ í˛z˛õyòyö (limiting factor)
•ˆÏÎ˚ ÄˆÏë˛–

ˆÜ˛yö Óy›ï˛ˆÏsf ˆÜ˛yö ~Ü˛!ê˛ !°!ü!ê˛Ç ú˛ƒyQÓ˚ Óy §#üyhsˇ ≤Ãû˛yÓÜ˛ !Ó!û˛ß¨ ≤Ãçy!ï˛Ó˚ §ˆÏÓ≈yFã˛

ôyÓ˚î«˛üï˛y (carrying capacity) !öô≈yÓ˚î Ü˛ˆÏÓ˚–

!ÓK˛yö# ÓœƒyÜ˛üƒyö (F. F. Blackman, 1905)ÈÙÈ~Ó˚ üˆÏï˛ ˛õ%!T˛ !Ü˛ÇÓy ˆÎ ˆÜ˛yö ç#Óö Ó˚§ˆÏòÓ˚

(resources) üyey á%Ó ˆÓ!¢ Ü˛ü ˆÎüö «˛!ï˛Ü˛yÓ˚Ü˛ xyÓyÓ˚ üyey!ï˛!Ó˚=˛ Ó˚§ˆÏòÓ˚ ≤Ãû˛yÓÄ áyÓ˚y˛õ •ˆÏï˛
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˛õyˆÏÓ˚– !Ó!û˛ß¨ ç#ˆÏÓÓ˚ x!ï˛!Ó˚=˛ üyeyÓ˚ Ó˚§ˆÏò §,çö«˛üï˛y §#üyÓÂô– •z•y•z ÓœƒyÜ˛üƒyöÈÙÈ~Ó˚ §#üyhsˇ ≤Ãû˛yÓÜ˛

ï˛_¥ Óy Ü˛öˆÏ§≤Wz xÓ !°!ü!ê˛Ç ú˛ƒyQÓ˚§ (The Concept of limiting factors)˛–

ç#ˆÏÓÓ˚ Ó,!Âôñ çöö Ä ç#Óö ôyÓ˚ˆÏîÓ˚ Ä˛õÓ˚ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ !Ó!û˛ß¨ í˛z˛õyòyö §ü)ˆÏ•Ó˚ §#üyÓÂô Ü˛Ó˚ˆÏîÓ˚

ôyÓ˚îy !ÓK˛yö# ˆ¢ƒ°ˆÏú˛yí≈˛ (V. E. Shelford, 1913) ïÑ˛yÓ˚ Ú§•ö¢#°ï˛y ï˛_¥ (The Law of
Tolerance)ÈÙÈ~Ó˚ üyôƒˆÏü ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚ö– •z•yÓ˚ myÓ˚y !ï˛!ö Ó%!é˛ˆÏÎ˚ˆÏåÈö ˆÎ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ !Ó!û˛ß¨ í˛z˛õyòyö

§ü%ˆÏ•Ó˚ §Ó≈!ö¡¨ ˆÌˆÏÜ˛ §ˆÏÓ≈yFã˛ üyeymˆÏÎ˚Ó˚ Óy•zˆÏÓ˚ ˆÜ˛yö ç#Ó ç#Óö ôyÓ˚ˆÏî §«˛ü öÎ˚– ï˛yÓ˚y ˆÜ˛Ó°

§•ö¢#° !ö¡¨ï˛ü ˆÌˆÏÜ˛ í˛zFã˛ï˛ü ã˛Ó˚ü§#üyÓ˚ üôƒÓï≈˛# ˆÜ˛yö Óƒy!ÆÓ˚ (range) üˆÏôƒ ≤Ãçy!ï˛ xö%ÎyÎ˚#

§Óã˛y•zˆÏï˛ §ú˛°û˛yˆÏÓ ç#ÓöôyÓ˚î Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚– •z•y•z ˆÜ˛yö §#üyhsˇ ≤Ãû˛yÓˆÏÜ˛Ó˚ §yˆÏ˛õˆÏ«˛ ˆÜ˛yö ≤Ãçy!ï˛Ó˚

§Ó≈y!ôÜ˛ xö%Ü)˛° Óƒy!Æ (optimal range)–

!öˆÏ¡¨ ≤Ãò_ â^ˇê˛yÜ,˛!ï˛Ó˚ ˆÓ˚á!ã˛ˆÏeÓ˚ üyôƒˆÏü ÚÚ!òƒ °ƒ xÓ ê˛°yˆÏÓ˚™ÛÛ ï˛_¥ Óƒ=˛ Ü˛Ó˚y •°–

~áyˆÏö XÈÙÈx«˛ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ˆÜ˛yö !öÎ˚sfÜ˛ í˛z˛õyòyˆÏöÓ˚ §ˆÏÓ≈y!ö¡¨ ˆÌˆÏÜ˛ §ˆÏÓ≈yFã˛ §#üy ˛õÎ≈hsˇ ö!ï˛üyey

(gradient) ~ÓÇ YÈÙÈx«˛ ÓÓ˚yÓÓ˚ ˆÜ˛yö ≤Ãçy!ï˛Ó˚ xö%Ó˚)˛õ ≤Ã!ï˛!Ü ˛Î˚y SˆÎüö Ó,!Âôñ ÓyˆÏÎ˚yüy§ñ •zï˛ƒy!òV

ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ– ÓÜ ˛ ˆÓ˚á!ã˛ˆÏeÓ˚ (response graph against any limitng factor) Ä˛õˆÏÓ˚Ó˚ !Ü˛ÇÓy

üôƒÓï≈˛# xÇ¢ ˆ§•z ≤Ãçy!ï˛Ó˚ çöö Ä ç#Óö §yú˛ˆÏ°ƒÓ˚ (reproduction and fitness) §Óã˛y•zˆÏï˛

í˛z˛õÎ%=˛ ò¢y (optimal state) !öˆÏò≈¢ Ü˛ˆÏÓ˚–

!ã˛e 5.9 : ˆ¢ƒ°ˆÏú˛yí≈˛ ~Ó˚ §•ö¢#°ï˛y ï˛_¥

˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ !öÎ˚yüÜ˛ §ü)•

§ˆÏÓ≈y_ü ç#ÓöôyÓ˚ö

«˛üï˛y
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Ãç
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˛!Ü
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§Ó≈!ö¡¨ üyey §ˆÏÓ≈yFã˛ üyey
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˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ˆ§•z !öÎ˚sfÜ˛ í˛z˛õyòyˆÏöÓ˚ §Óã˛y•zˆÏï˛ xö%Ü)˛° Óƒy!Æ§#üyˆÏÜ˛ !öÎ˚sfÜ˛ í˛z˛õyòyˆÏöÓ˚ í˛z˛õÎ%=˛

Óƒy!Æ§#üy Óy x˛õ!ê˛üy° !°!ü!ê˛Ç ú˛ƒyQÓ˚ (optimal limiting factor) ÓˆÏ°–

•z•yÓ˚ üyö ˆÜ˛yö‰ ˛≤Ãçy!ï˛ !Ü˛ÇÓy ˆÜ˛yö !öÎ˚sfÜ˛ í˛z˛õyòyöÈÙÈ~Ó˚ §yˆÏ˛õˆÏ«˛ !fiÌï˛ •Î˚– xÓfiÌyñ §üÎ˚

Óy }ï%˛ ˛õ!Ó˚Óï≈˛ˆÏöÓ˚ §ˆÏAà â^ˇê˛yÜ,˛!ï˛Ó˚ ˆÓ˚áy!ã˛e í˛y•zˆÏö Óy Óy!òˆÏÜ˛ fiÌyöyhsˇ!Ó˚ï˛ •ˆÏï˛ ˛õyˆÏÓ˚– !Ü˛v }ï%˛àï˛

~•z fiÌyöyhsˇÓ˚ (shifting) ˆÜ˛yö ç#ˆÏÓÓ˚ ¢yÓ˚#Ó˚Ó,_#Î˚ x!û˛ˆÏÎyçö §#üyÓ˚ (physiological adaptation
limit) üˆÏôƒ•z xyÓÂô– ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ˛õ!Ó˚Óï≈˛ˆÏö ˆÜ˛yö ç#ˆÏÓÓ˚ ~•z fl∫“§yü!Î˚Ü˛ (short-term) §yí˛¸y

ˆòÄÎ˚yˆÏÜ˛ xyÓ•yÄÎ˚yàï˛ xû˛ƒhflÏÜ˛Ó˚î (acclimatization) ÓˆÏ°–

5.7 §yÓ˚yÇ¢ (Summary)

~•z ~Ü˛ˆÏÜ˛ Óy›§ÇfiÌyöàï˛ ≤Ãû˛yÓÜ˛à%!°ñ üy!ê˛Ó˚ í˛zÍ˛õ!_ñ ˛õ!Ó˚ˆÏÓˆÏ¢ çˆÏ°Ó˚ öyöy ç°#Î˚ ò¢y Ä

xôÉˆÏ«˛˛õî !öˆÏÎ˚ !ÓhflÏy!Ó˚ï˛ xyˆÏ°yã˛öy Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– ˛õ,!ÌÓ#Ó˚ !¢°yhflÏˆÏÓ˚Ó˚ Ä˛õÓ˚ !Ó!û˛ß¨ û)˛≤ÃyÜ,˛!ï˛Ü˛ Ü˛yÓ˚ˆÏî

§,T˛ xyhflÏÓ˚î ÎyÓ˚ Ä˛õˆÏÓ˚ ˜Ó!ã˛eüÎ˚ fiÌ°ç ç#ˆÏÓÓ˚ ≤ÃyÌ!üÜ˛ Óy§fiÌyö àˆÏí˛¸ ÄˆÏë˛ ï˛y•y•z ü,!_Ü˛y ÓˆÏ°

˛õ!Ó˚!ã˛ï˛– ç#ÓˆÏòˆÏ•Ó˚ !ÓˆÏÎ˚yçˆÏöÓ˚ ú˛ˆÏ° ˆÎ ˜çÓ ˛õòyÌ≈ í˛zÍ˛õß¨ •Î˚ ï˛y ~•z hflÏˆÏÓ˚•z !ü!°ï˛ •Î˚ ~ÓÇ

˛õ%!T˛ã˛ˆÏÜ ˛Ó˚ üyôƒˆÏü xyÓyÓ˚ ç#ÓˆÏòˆÏ• !ú˛ˆÏÓ˚ xyˆÏ§– fl∫ˆÏû˛yç# fiÌ°ç í˛z!qò §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ çöƒ ç°

Ä á!öç ˛õòyÌ≈ ~•z üy!ê˛ ˆÌˆÏÜ˛•z §Ç@ˇÃ• Ü˛ˆÏÓ˚– !¢°yhflÏˆÏÓ˚Ó˚ «˛Î˚#û˛Óö Ä !¢°y˛õ,ˆÏ¤˛Ó˚ í˛z˛õÓ˚ !Ó!û˛ß¨

≤Ãû˛yÓˆÏÜ˛Ó˚ ˆÎüöÈÙÙÙÈx!öÎ˚!üï˛ ï˛y˛õüyeyñ ï˛#Ó  ÓyÎ˚%≤ÃÓy•ñ û)˛!üÜ˛¡õñ ï%˛£ÏyÓ˚˛õyï˛ñ x¡‘Ó,!T˛Ó˚ ≤Ãû˛yÓ

!ÓhflÏy!Ó˚ï˛û˛yˆÏÓ xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ– ~åÈyí˛¸y °y•zˆÏÜ˛öñ öyöy ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y Ä ˜¢ÓyˆÏ°Ó˚ ¢yÓ˚#Ó˚Ó,_#Î˚

!Ü ˛Î˚yÜ˛°yˆÏ˛õÓ˚ Ü˛yÓ˚ˆÏî ˆÎ xƒy!§í˛ í˛zÍ˛õß¨ •Î˚ ï˛y•yÄ !¢°y«˛Î˚ §yôö Ü˛ˆÏÓ˚ ü,!_Ü˛y ˜ï˛Ó˚#ˆÏï˛ §y•yÎƒ

Ü˛ˆÏÓ˚– §%ï˛Ó˚yÇ xyüÓ˚y ~áyˆÏö üy!ê˛Ó˚ ç#ÓÜ)˛° ~ÓÇ ˜çÓ˛õòyˆÏÌ≈Ó˚ í˛z˛õÓ˚ !ÓhflÏy!Ó˚ï˛ xyˆÏ°ã˛öy ˛õy•z– üy!ê˛Ó˚

§Çàë˛ö ≤Ã!Ü ˛Î˚y Ä ˜çÓ Ä x˜ÏçÓ ˛õòyˆÏÌ≈Ó˚ §ÇˆÏÎyçö !ÓhflÏy!Ó˚ï˛ û˛yˆÏÓ xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ– §Ó≈ˆÏ¢ˆÏ£Ï

û)˛!ã˛eñ ü,!_Ü˛y öÜ˛¢y Ä !ö¡¨Ü ˛ˆÏü ü%áƒ hflÏÓ˚à%!° !Ó¢ˆÏò Óƒyáƒy Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– üy!ê˛ˆÏï˛ ˛õ!ï˛ï˛ Ó,!T˛Ó˚

ç° Îy üy!ê˛ˆÏï˛ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ ï˛y•yÓ˚ ˆ◊î# !Óû˛yà ÎÌyÈÙÙÙÈx!û˛Ü˛£Ï≈ ç°ñ ˜Ü˛!¢Ü˛ ç°ñ ç°Ü˛£Ï≈ ç°ñ

xyÓÂô ç°ñ Óy!‹õÎ˚ ò¢y Óî≈öy Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– ~åÈyí˛¸yÄ ˛õ!Ó˚ˆÏÓˆÏ¢ çˆÏ°Ó˚ !Ó!û˛ß¨ ò¢y ~ÓÇ çˆÏ°Ó˚

!Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ xôÉˆÏ«˛˛õî xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ–

~•z ~Ü˛ˆÏÜ˛ öyöy ¢yÓ˚#Ó˚Ó,!_Î˚ !Ü ˛Î˚y ˆÎüö §yˆÏ°yÜ˛§ÇˆÏŸ’£Ïñ Óy‹õˆÏüyã˛öñ Ó#ˆÏçÓ˚ xAÜ%˛ˆÏÓ˚yÂàüñ

Ü%˛§%üyÎ˚ˆÏöÓ˚ í˛z˛õÓ˚ xyˆÏ°yÓ˚ Ä ï˛y˛õüyeyÓ˚ ˜Ó!ã˛ˆÏeÓ˚ ≤Ãû˛yÓ !ÓhflÏy!Ó˚ï˛û˛yˆÏÓ xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ– Óƒ˛õöfiÌ°

˜Ó!ã˛ˆÏeÓ˚ §yˆÏÌ ˛õ,!ÌÓ# ˛õ,ˆÏ¤˛ ˛õ!ï˛ï˛ §)Î≈yˆÏ°yˆÏÜ˛Ó˚ ï˛#Ó ï˛y !û˛ß¨ !û˛ß¨ •Î˚– ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ˆÎ í˛z˛õyòyöà%!°

xy˛õ!ï˛ï˛ xyˆÏ°yÜ˛ Ó˚!Ÿ¬Ó˚ Ä˛õÓ˚ ≤Ãû˛yÓ !ÓhflÏyÓ˚ Ü˛ˆÏÓ˚ ˆ§à%!° !°!˛õÓÂô •ˆÏÎ˚ˆÏåÈ– xyˆÏ°yˆÏÜ˛Ó˚ à%Ó˚%c xö%ôyÓö

Ü˛ˆÏÓ˚ §)Î≈yˆÏ°yˆÏÜ˛Ó˚ !Ó!û˛ß¨ ï˛Ó˚Aà˜Ïòâ≈ƒà%!° !ÓˆÏ¢£ÏÜ˛ˆÏÓ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï §!Ü ˛Î˚ !Ó!Ü˛Ó˚îà%!°Ó˚ !ÓÓÓ˚î

ˆòÄÎ˚y •ˆÏÎ˚ˆÏåÈ– x«˛yÇˆÏ¢Ó˚ ö!ï˛üyey xö%ÎyÎ˚# !Ó!û˛ß¨ ï˛Ó˚Aà ˜òˆÏâ≈ƒÓ˚ xyˆÏ°yÜ˛ Ó˚!Ÿ¬Ó˚ ˛õ!Ó˚üyˆÏîÓ˚ !Ü˛

û˛yˆÏÓ ï˛yÓ˚ï˛üƒ âˆÏê˛ ï˛yÄ xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ– xyˆÏ°yˆÏÜ˛Ó˚ ï˛#Ó ï˛yÓ˚ Ä˛õÓ˚ çˆÏ°Ó˚ hflÏˆÏÓ˚Ó˚ àû˛#Ó˚ï˛yÓ˚ û)˛!üÜ˛y
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!ÓˆÏŸ’£Ïî Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– ï˛Ó˚Aà ˜òˆÏâ≈ƒÓ˚ ï˛yÓ˚ï˛ˆÏüƒÓ˚ §yˆÏÌ ï˛y˛õüyeyÓ˚ ˜Ó!ã˛e Ä ç#ÓˆÏòˆÏ•Ó˚ !Ó˛õyÜ˛ !Ü ˛Î˚yÓ˚

í˛z˛õÓ˚ !ÓˆÏ¢£Ï ≤Ãû˛yÓ ˆú˛ˆÏ°– û)˛˛õ,ˆÏ¤˛Ó˚ fiÌyö Ä §üÎ˚ !ÓˆÏ¢ˆÏ£Ï ï˛y˛õüyeyÓ˚ ˜Ó!ã˛e ˆòáy ÎyÎ˚– û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚

Óƒy!ÆfiÌyö Ä §üˆÏÎ˚Ó˚ !öÓ˚#ˆÏá ˆÎ ˜Ó!ã˛e ˆòáy ÎyÎ˚ ï˛y xyˆÏ°yã˛öy Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– x«˛ˆÏÓ˚áyÓ˚ ˛õyÌ≈Ü˛ƒ

xö%ÎyÎ˚# ˆÎ !û˛ß¨ !û˛ß¨ í˛z!qò §¡±òyÎ˚ ˆòáy ÎyÎ˚ ï˛yÄ ï˛y˛õüyeyÓ˚ ï˛yÓ˚ï˛ˆÏüƒÓ˚ Ü˛yÓ˚ˆÏî âˆÏê˛– ï˛y˛õüyey

!öÎ˚sfˆÏî üy!ê˛Ó˚ Óî≈ñ í˛z˛õ§à≈ñ í˛z!qò xyhflÏÓ˚îñ ü,!_Ü˛y çˆÏ°Ó˚ ˛õ!Ó˚üyîñ û)˛ÈÙÈ˛õ,ˆÏ¤˛Ó˚ ì˛yˆÏ°Ó˚ áyí˛¸y•zñ í˛zß√%=˛ï˛yñ

˛õÓ≈ï˛üy°yÓ˚ x!û˛ü%ˆÏá ~•z §ˆÏÓÓ˚ û)˛!üÜ˛y xyˆÏåÈ– àû˛#Ó˚ ç°y¢ˆÏÎ˚ ˆÎüö •…ˆÏò ï˛y˛õüyeyÓ˚ ˆÎ hflÏÓ˚!Óöƒy§

ˆòáy ÎyÎ˚ ï˛y xyˆÏ°yã˛öy Ü˛ˆÏÓ˚ ~!˛õ!°ü!öÎ˚öñ ˆüê˛y!°ü!öÎ˚öñ •y•zˆÏ˛õy!°ü!öÎ˚ö ~Ó˚ §ÇK˛y ˆòÄÎ˚y •ˆÏÎ˚ˆÏåÈ–

§#!üï˛Ü˛yÓ˚# ≤Ãû˛yÓÜ˛ §ü)ˆÏ•Ó˚ í˛z˛õÎ%=˛ §#üyÓ˚ í˛z˛õÓ˚ !ÓhflÏ!Ó˚ï˛ xyˆÏ°yã˛öy Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– ~Ü˛•z §yˆÏÌ ˆÎ

ˆÜ˛yö ≤Ãçy!ï˛ ˆày¤˛#Ó˚ Ó,!Âô Ä ç#Óö ôyÓ˚ˆÏî ~Ü˛y!ôÜ˛ !öÎ˚sfÜ˛ í˛z˛õyòyˆÏöÓ˚ ≤Ãû˛yÓ !ÓhflÏy!Ó˚ï˛ û˛yˆÏÓ

xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ ~ÓÇ !Ó!û˛ß¨ !ÓK˛yö#Ó˚ üï˛yüï˛ ï%˛ˆÏ° ôÓ˚y •ˆÏÎ˚ˆÏåÈ–

5.8 ≤ÃŸ¿yÓ°# (Questions)

I. Ó•% !öÓ≈yã˛ö# ≤ÃŸ¿ (MCQ) ı

1. Ü˛!ë˛ö !¢°y ˛õ,ˆÏ¤˛ «˛Î˚û˛ÓˆÏö í˛zq(ï˛ ˆÎ á!öç ã)˛î≈ í˛zÍ˛õ!_ fiÌˆÏ°•z öyöy ≤Ã!Ü ˛Î˚yÓ˚ üyôƒˆÏü

ü,!_Ü˛y ˜ï˛Ó˚# Ü˛ˆÏÓ˚ ï˛yˆÏÜ˛ ÓˆÏ°ÈÙÙÙÈ

(a) xy!ò !¢°yí˛z˛õyòyö (b) xÓ!¢T˛yÇ¢ ü,!_Ü˛y

(c) Ü˛°%!û˛Î˚y° ü,!_Ü˛y (d) xƒy°%!û˛Î˚y° ü,!_Ü˛y

2. üy!ê˛Ó˚ í˛zÍ˛õ!_ˆÏï˛ §y•yÎƒ Ü˛ˆÏÓ˚ öy ˆÜ˛yö!ê˛⁄

(a) xyÓ•!ÓÜ˛yÓ˚ (b) í˛z!qòÜ)˛°

(c) û)˛!ü §ÇfiÌyö (d) ≤Ãyî#Ü%˛ˆÏ°Ó˚ áyòƒyû˛ƒy§

3. ÓyÎ˚%Óy!•ï˛ ü,!_Ü˛yÓ˚ öyü •°ÈÙÙÙÈ

(a) Ü˛°%!û˛Î˚y° üy!ê˛ (b) •zˆÏÓ˚y!°Î˚yö üy!ê˛ (c) xƒy°%!û˛Î˚y° üy!ê˛ (d) ˆÓ˚!§í%˛Î˚y° üy!ê˛

4. üy!ê˛Ó˚ á!öç °Óî «˛Ó˚îÈÙÈ~Ó˚ xÌ≈ •°ÈÙÙÙÈ

(a) ç° Óy!•ï˛ !Ó°!¡∫ï˛ ˛õòyÌ≈§ü)• üy!ê˛ˆÏï˛ çüy •ÄÎ˚y

(b) üy!ê˛Ó˚ á!öç °ÓˆÏîÓ˚ ˛õ!Ó˚üyî Ó,!Âô ˛õyÄÎ˚y

(c) üy!ê˛Ó˚ oyÓ á!öç°Óî §ü)• xöƒe Óy!•ï˛ •ÄÎ˚y

(d) üy!ê˛Ó˚ ˜çÓ˛õòyÌ≈ §ü)• xöƒe ˛õ!Ó˚Óy!•ï˛ •ÄÎ˚y
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5. üy!ê˛ ˆÌˆÏÜ˛ í˛z!qò ˆÎ ç° ˆ¢y£Ïî Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ ï˛y •°ÈÙÙÙÈ

(a) x!û˛Ü˛£Ï≈ç ç° (b) ç°yÜ˛£Ï≈# ç°

(c) Ó˚y§yÎ˚!öÜ˛û˛yˆÏÓ xyÓÂô ç° (d) ˜Ü˛!¢Ü˛ ç°

6. ˆÎ üy!ê˛ˆÏï˛ ˜çÓ˛õòyÌ≈ á%Ó ˆÓ¢# ÌyˆÏÜ˛ ï˛yˆÏÜ˛ ÓˆÏ°ÈÙÙÙÈ

(a) ˛õ!°üy!ê˛ (b) !•í˛züy§ üy!ê˛ (c) Ü˛yòy üy!ê˛ (d) ˆòÑyÎ˚y§ üy!ê˛

7. ü,!_Ü˛y ˆ≤Ãyú˛y•zˆÏ°Ó˚ §Óã˛y•zˆÏï˛ í˛z˛õˆÏÓ˚Ó˚ hflÏÓ˚ˆÏÜ˛ ÓˆÏ°ÈÙÙÙÈ

(a) AÈÙÈ•!Ó˚ˆÏçyö (b) BÈÙÈ•!Ó˚ˆÏçyö (c) OÈÙÈ•!Ó˚ˆÏçyö (d) RÈÙÈ•!Ó˚ˆÏçyö

8. üy!ê˛Ó˚ ˜çÓ í˛z˛õyòyö !•í˛züy§ •°ÈÙÙÙÈ˛

(a) xyÇ!¢Ü˛ !ÓˆÏÎ˚y!çï˛ §Ó˚° ˜çÓ ˆÎÔà

(b) xyÇ!¢Ü˛ !ÓˆÏÎ˚y!çï˛ ˆÜ˛y£ÏÎ%=˛ ˜çÓ˛õòyÌ≈

(c) xyÇ!¢Ü˛ !ÓˆÏÎ˚y!çï˛ xˆÏÜ˛y£Ï#Î˚ ç!ê˛° ˜çÓ ˆÎÔà

(d) §¡õ)î≈ !ÓˆÏÎ˚y!çï˛ ˜çÓ ˛õòyÌ≈ §ü)•

9. §Óã˛y•zˆÏï˛ ˆÓ¢# ˜çÓ ˛õòyÌ≈ ÌyˆÏÜ˛ üy!ê˛Ó˚ ~•z •!Ó˚ˆÏçyˆÏöÈÙÙÙÈ

(a) AÈÙÈ•Ó˚y•zˆÏçyö (b) BÈÙÈÈ•Ó˚y•zˆÏçyö (c) CÙÈÈ•Ó˚y•zˆÏçyö (d) OÈÙÈ•Ó˚y•zˆÏçyö

10. üy!ê˛Ó˚ §Óã˛y•zˆÏï˛ «%˛oï˛ü á!öç Ü˛îy •°ÈÙÙÙÈ

(a) ˛õ!° (b) Óy!° (c) ÜÑ˛yÜ˛Ó˚ (d) Ü˛yòy

11. ˆÎ üy!ê˛ˆÏï˛ 50–80% Óy!° ~ÓÇ 20–50% Ü˛yòy Ä ˛õ!° ÌyˆÏÜ˛ ï˛yˆÏÜ˛ ÓˆÏ°ÈÙÙÙÈ

(a) ˆòÑyÎ˚y§ (b) ˆÓˆÏ° ˆòÑyÎ˚y§ (c) Ü˛ò≈ü ˆòÑÎ˚y§ (d) ˆòÑyÎ˚y§ Óy!°

12. Óï≈˛üyö ÓåÈˆÏÓ˚Ó˚ ˛õ!ï˛ï˛ !°ê˛yÓ˚ ~Ó˚ ö#ˆÏã˛ ˛õ)ˆÏÓ≈Ü˛yÓ˚ ÓåÈˆÏÓ˚Ó˚ ˛õã˛ö ¢%Ó˚% •ÄÎ˚y !°ê˛yÓ˚ˆÏÜ˛ ÓˆÏ°ÈÙÙÙÈ

(a) í˛yú˛ (b) üí˛yÓ˚ (c) ü%ƒ° (d) ˆüyÓ˚

13. ü,!_Ü˛y Ä ˜çÓ ˛õòyˆÏÌ≈Ó˚ Ü˛îy˛õ,ˆÏ¤˛ ˆ¢y!£Ïï˛ ç°#Î˚Óy‹õ ˛õ,!ÌÓ#Ó˚ xyÜ˛£Ï≈î ~ÓÇ í˛zFã˛ ÓyÎ˚%ü[˛°#Î˚

ã˛yˆÏ˛õ xï˛ƒhsˇ ò,ì˛¸û˛yˆÏÓ xyÓÂô ÌyˆÏÜ˛ ˆÎ ≤ÃÜ˛yÓ˚ ç°ÈÙÙÙÈ

(a) ˜Ü˛!¢Ü˛ ç° (b) xyÓÂô ç° (c) ç°y@ˇÃy•# ç° (d) x!û˛Ü˛£Ï≈ç ç°

14. •z•y çˆÏ°Ó˚ Ü˛!ë˛ö ò¢yÈÙÙÙÈ

(a) !é˛Ó˚ !é˛ˆÏÓ˚ Ó,!T˛ (b) Ü%˛Î˚y¢y (c) Ó,!T˛ (d) !¢°yÓ,!T˛

15. åÈÎ˚ü%á# ï˛yÓ˚yÓ˚ öƒyÎ˚ fl≥˛!ê˛Ü˛yÜ˛yÓ˚ Ü˛!ë˛ö ç°Ü˛îy !òˆÏÎ˚ ˜ï˛Ó˚# xôÉˆÏ«˛˛õö •°ÈÙÙÙÈ

(a) ï%˛£ÏyÓ˚˛õyï˛ (b) Ü%˛Î˚y¢y (c) !é˛Ó˚!é˛ˆÏÓ˚ Ó,!T˛ (d) !¢°y Ó,!T˛
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16. xyˆÏ°yÜ˛ˆÏ≤Ãü# í˛z!qˆÏò ˆòáˆÏï˛ ˛õyÄÎ˚y ÎyÎ˚ÈÙÙÙÈ

(a) ò#â≈˛õÓ≈ üôƒ

(b) xˆÏ˛õ«˛yÜ,˛ï˛ Óí˛¸ Ä ã˛Äí˛¸y ˛õyï˛y

(c) ˆüˆÏ§y!ú˛ˆÏ° x!ôÜ˛ ˛õ!Ó˚üyî flõ!O ˛õƒyˆÏÓ˚öÜ˛y•züy

(d) ˛õyï˛yÓ˚ Ó!•ÉhflÏÜ˛ fiÌ)° Ä Ó•%hflÏÓ˚#Î˚

17. xyˆÏ°yÜ˛ !ÓˆÏm£Ï# í˛z!qˆÏò ˆòáˆÏï˛ ˛õyÄÎ˚y ÎyÎ˚ÈÙÙÙÈ

(a) ˆåÈyê˛ Ä âö ˛õÓ≈üôƒ

(b) xˆÏ˛õ«˛yÜ,˛ï˛ ˆåÈyê˛ Ä §ÇÜ˛#î≈ ˛õyï˛y

(c) Ü˛ü ˛õ!Ó˚üyî flõ!O ˛õƒyˆÏÓ˚öÜ˛y•züy Ü˛°y

(d) ˛õyï˛yÓ˚ Ó!•hflÏÜ˛ ˛õyï˛°y Ä ~Ü˛hflÏÓ˚#Î˚

18. ˆÜ˛yö fiÌyˆÏöÓ˚ xy˛õ!ï˛ï˛ xyˆÏ°yÜ˛Ó˚!Ÿ¬Ó˚ Ä˛õÓ˚ ÎyÓ˚ ≤Ãï˛ƒ«˛ ≤Ãû˛yÓ ˆö•zÈÙÙÙÈ

(a) ÓyÎ˚%ü[˛ˆÏ°Ó˚ x!:ˆÏçö Ä öy•zˆÏê˛ΔyˆÏçö (b) Óyï˛yˆÏ§ û˛y§üyö ˆôÑyÎ˚y Ä ô)!°Ü˛îy

(c) Óyï˛yˆÏ§Ó˚ à!ï˛ˆÏÓà (d) û)˛ö:yÓ˚ x!û˛ü%á Ä ì˛y°

19. §Óã˛y•zˆÏï˛ Ü˛ü ï˛Ó˚Aà˜Ïòâ≈ƒ §)Î≈!Ü˛Ó˚ˆÏîÓ˚ ˆÜ˛yö xÇˆÏ¢ Ó˚ˆÏÎ˚ˆÏåÈ⁄

(a) xÓˆÏ°y!•ï˛ xyˆÏ°yÜ˛ (b) PAR xyˆÏ°yÜ˛

(c) x!ï˛ˆÏÓà%!ö Ó˚!Ÿ¬–A (d) x!ï˛ˆÏÓà%!ö Ó˚!Ÿ¬–C

20. xyˆÏ°yˆÏÜ˛Ó˚ ï˛#Ó ï˛yÓ˚ §ˆÏAà §¡õÜ≈˛ ˆö•z ˆÜ˛yö!ê˛Ó˚ÈÙÙÙÈ

(a) ÓyÎ˚% ≤ÃÓyˆÏ•Ó˚ x!û˛ü%á (b) ˜ò!öÜ˛ Ä ÓyÍ§!Ó˚Ü˛ Óƒy!ÆÜ˛y°

(c) ˛õy•yˆÏí˛¸Ó˚ í˛zFã˛ï˛y Ä ì˛y° (d) x«˛yÇ¢ ~ÓÇ oy!âüyÇ¢àï˛ xÓfiÌyö

21. ˆÎ í˛z!qò x!ï˛ !ö¡¨ ï˛y˛õüyey §•zˆÏï˛ ˛õyˆÏÓ˚ ï˛yˆÏòÓ˚ ÓˆÏ°ÈÙÙÙÈ

(a) ˆ•!Ü˛§‰ˆÏê˛yÌyü≈§‰ (b) ˆüˆÏ§yÌyü≈§‰ (c) ˆüàyÌyü≈§‰ (d) üy•zˆÏÜ ˛yÌyü≈§‰

22. ˆÜ˛yö •…ˆÏòÓ˚ ˆÎ ç°hflÏˆÏÓ˚ ï˛y˛õüyey §%§ü •Î˚ÈÙÙÙÈ

(a) ~!˛õ!°ü!öÎ˚ö (b) •y•zˆÏ˛õy!°ü!öÎ˚ö (c) ˆüê˛y!°ü!öÎ˚ö (d) ˆüˆÏ§y!°ü!öÎ˚ö

23. ˆÜ˛yö xM˛ˆÏ°Ó˚ ï˛y˛õüyey ÎyÓ˚ Ä˛õÓ˚ !öû≈˛Ó˚¢#° öÎ˚ÈÙÙÙÈ

(a) }ï%˛ ˛õ!Ó˚Óï≈˛ö (b) û)˛˛õ,ˆÏ¤˛Ó˚ ì˛y° Ä í˛zFã˛ï˛y

(c) üy!ê˛Ó˚ á!öç °ÓˆÏîÓ˚ üyey (d) x«˛yÇ¢
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24. ï˛y˛õüyey §Óã˛y•zˆÏï˛ ˆÓ¢# ˆÎ xM˛°!ê˛ˆÏï˛ÈÙÙÙÈ

(a) ê˛Δ!˛õÜ˛y° (b) §yÓê˛Δ!˛õÜ˛y° (c) ˆê˛ü‰˛õyˆÏÓ˚ê˛ (d) xƒy°˛õy•zö

25. !°!Óà‰ÈÙÈ~Ó˚ ö%ƒöï˛ü §)e xö%ÎyÎ˚# ˆÜ˛yö í˛z!qò ˆày!¤˛Ó˚ Ó,!Âô !öû≈˛Ó˚ Ü˛ˆÏÓ˚ ÎyÓ˚ Ä˛õÓ˚ÈÙÙÙÈ

(a) §Ü˛° ≤Ãû˛yÓÜ˛§ü)ˆÏ•Ó˚ ˆüyê˛ ˛õ!Ó˚üyî (b) §Óã˛y•zˆÏï˛ Ü˛ü üyeyÓ˚ ≤Ãû˛yÓÜ˛

(c) ~Ü˛y!ôÜ˛ ≤Ãû˛yÓˆÏÜ˛Ó˚ x˛õÎ≈yÆ ˛õ!Ó˚üyî (d) ö)ƒöï˛ü í˛z!qò §Çáƒy

26. °Û xÓ !°!ü!ê˛Ç ú˛ƒyQÓ˚ ˆÎ !ÓK˛yö# ÓˆÏ°!åÈˆÏ°öÈÙÙÙÈ

(a) ÓœƒyÜ˛üƒyö (b) ˆ¢ƒ°ˆÏú˛yí≈˛ (c) !°!Óà (d) !Üœ˛ˆÏürê˛§‰

II. §Ç!«˛Æ ≤ÃŸ¿yÓ°# É

1. üy!ê˛Ó˚ xyÓ•!ÓÜ˛yÓ˚ !Ü˛⁄

2. ˆÓ˚!§í%˛Î˚y° Óy xÓ!¢T˛yÇ¢ ü,!_Ü˛y !Ü˛⁄

3. üy!ê˛Ó˚ ç#Óçàï˛ Óy ÓyˆÏÎ˚yê˛y !Ü˛ !Ü˛ !öˆÏÎ˚ à!ë˛ï˛⁄

4. xy!ò !¢°yí˛z˛õyòyö Óy ˛õƒyˆÏÓ˚rê˛ ˆüˆÏê˛!Ó˚Î˚y° !Ü˛⁄

5. ˆÜ˛yö ˆÜ˛yö ≤ÃÜ˛yÓ˚ !¢°y ˆÌˆÏÜ˛ üy!ê˛ ˜ï˛Ó˚# •ˆÏï˛ ˛õyˆÏÓ˚⁄

6. !•í˛züy§ !Ü˛⁄

7. üy!ê˛Ó˚ !•í˛züy§ÈÙÈ~Ó˚ à%Ó˚%c !Ü˛ !Ü˛⁄

8. •z!°í˛z!û˛ˆÏÎ˚¢ö ~ÓÇ §ƒy!°öy•zˆÏç¢ö !Ü˛⁄

9. xyÜ˛yÓ˚ xö%ÎyÎ˚# üy!ê˛Ó˚ !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ á!öç Ü˛îyà%!°Ó˚ öyü !°á%ö–

10. ü,!_Ü˛y oÓî !Ü˛⁄

11. üy!ê˛Ó˚ !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ ç° !Ü˛ !Ü˛⁄

12. û)˛!ã˛e !Ü˛⁄

13. çˆÏ°Ó˚ !Ó!û˛ß¨ Ü˛!ë˛ö ò¢yà%!° !Ü˛ !Ü˛⁄

14. üy!ê˛Ó˚ !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ xö%ç#Óà%!°Ó˚ öyü !°á%ö–

15. Ú!í»˛çˆÏ°Û !Ü˛⁄

16. ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ˆÜ˛yö ˆÜ˛yö í˛z˛õyòyö ˆÜ˛yö fiÌyˆÏöÓ˚ xy˛õ!ï˛ï˛ xyˆÏ°yÜ˛Ó˚!Ÿ¬Ó˚ Ä˛õÓ˚ ≤Ãû˛yÓ !ÓhflÏyÓ˚

Ü˛ˆÏÓ˚⁄

17. §)Î≈!Ü˛Ó˚ˆÏîÓ˚ !Ó!û˛ß¨ ï˛Ó˚Aà ˜òâ≈ƒ xö%ÎyÎ˚# xyˆÏ°yˆÏÜ˛Ó˚ ≤ÃÜ˛yÓ˚à%!° !Ü˛ !Ü˛⁄

18. ˛õ,!ÌÓ#Ó˚ !Ó!û˛ß¨ fiÌyˆÏö !Ó!û˛ß¨ xyˆÏ°yÜ˛ ï˛#Ó ï˛yÓ˚ Ü˛yÓ˚îà%!° !°á%ö–
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19. ç°yôyˆÏÓ˚Ó˚ !Ó!û˛ß¨ àû˛#Ó˚ï˛yÎ˚ xyˆÏ°yÜ˛ ï˛#Ó ï˛yÓ˚ !Ó!û˛ß¨ï˛yÓ˚ Ü˛yÓ˚îà%!° !°á%ö–

20. ˆÜ˛yö ˆÜ˛yö Ü˛yÓ˚ˆÏî ˆÜ˛yö fiÌyˆÏöÓ˚ ï˛y˛õüyey §Ó§üÎ˚ ~Ü˛ •Î˚ öy⁄

21. •zí˛z!Ó˚Ìyü§‰ ~ÓÇ ˆfiê˛ˆÏöyÌyü§≈‰ Ü˛yˆÏòÓ˚ ÓˆÏ°⁄

22. ˆÜ˛yö ˆÜ˛yö xM˛ˆÏ°Ó˚ ˜¢Óy° §Óã˛y•zˆÏï˛ ˆÓ¢# ~ÓÇ §Óã˛y•zˆÏï˛ Ü˛ü ï˛y˛õüyey §•zˆÏï˛ ˛õyˆÏÓ˚⁄

23. àû˛#Ó˚ ç°y¢Î˚ Óy •…ˆÏòÓ˚ ï˛y˛õüyeyàï˛ hflÏÓ˚à%!° !Ü˛ !Ü˛⁄

24. !°!ü!ê˛Ç ú˛ƒyQÓ˚ Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚⁄

25. !°!Óà ~Ó˚ ö)öƒï˛ü §)e!ê˛ !°á%ö–

III. Ó˚ã˛öyôü≈# ≤ÃŸ¿ É

1. üy!ê˛Ó˚ í˛zÍ˛õ!_ §¡∫ˆÏrô ê˛#Ü˛y !°á%ö–

2. üy!ê˛Ó˚ §Çàë˛ö ≤Ã!Ü ˛Î˚y §ÇˆÏ«˛ˆÏ˛õ Óî≈öy Ü˛Ó˚%ö–

3. üy!ê˛Ó˚ í˛z˛õyòyöà%!°Ó˚ Óî≈öy !òö–

4. !ã˛!•´ï˛ !ã˛ˆÏeÓ˚ §y•yˆÏÎƒ û)˛!ã˛ˆÏeÓ˚ ≤Ãôyö hflÏÓ˚à%!°Ó˚ ˜Ó!¢T˛ƒ !°á%ö–

5. çˆÏ°Ó˚ !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ xôÉˆÏ«˛˛õˆÏöÓ˚ Óî≈öy !òö–

6. û)˛≤ÃÜ,˛!ï˛ Ä ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ öyöy í˛z˛õyòyö !Ü˛û˛yˆÏÓ xyˆÏ°yˆÏÜ˛Ó˚ Ä˛õÓ˚ ≤Ãû˛yÓ !ÓhflÏyÓ˚ Ü˛ˆÏÓ˚⁄

7. Óöû)˛!üÓ˚ ~ÓÇ ç°yôyˆÏÓ˚Ó˚ !Ó!û˛ß¨ hflÏˆÏÓ˚ xyˆÏ°yˆÏÜ˛Ó˚ Óƒy!Æ ˆÜ˛üö ï˛y Ü˛yÓ˚î§• !°á%ö–

8. ˆÜ˛yö ~Ü˛!ê˛ !ö!ò≈T˛ xM˛ˆÏ°Ó˚ ï˛y˛õüyey ˆÜ˛yö ˆÜ˛yö Ü˛yÓ˚ˆÏî ˛õ!Ó˚Ó!ï≈˛ï˛ •Î˚⁄

9. ˆÜ˛yö ˆÜ˛yö Ü˛yÓ˚ˆÏî ˛õ,!ÌÓ#Ó˚ !Ó!û˛ß¨ fiÌyˆÏö ï˛y˛õüyeyÓ˚ ˛õyÌ≈Ü˛ƒ ˆò¢y ÎyÎ˚⁄

10. !ÓK˛yö# ˆ¢ƒ°ˆÏú˛yí≈˛ÈÙÈ~Ó˚ §•ö¢#°ï˛y ï˛_¥ ˆÓ˚á!ã˛e§• Óî≈öy Ü˛Ó˚%ö–

5.9 í˛z_Ó˚üy°y (Answers)

I. Ó•% !öÓ≈yã˛ö# ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚

§Çáƒy ı 1 2 3 4 5 6 7 8 9 10

í˛z_Ó˚ ı a d b c d b c c d d
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≤ÃˆÏŸ¿Ó˚

§Çáƒy ı 11 12 13 14 15

í˛z_Ó˚ ı b a c d a

≤ÃˆÏŸ¿Ó˚

§Çáƒy ı 16 17 18 19 20 21 22 23 24 25 26

í z̨_Ó˚ ı d d c d a a b c a b a

II. §Ç!«˛Æ ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5 6 7 8

xö%ˆÏFåÈò §Çáƒy ı 5.2.1 5.2.1 5.2.2.1 5.2.2 5.2.2 5.2.2.1 5.2.2.1 5.2.2.2

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 9 10 11 12 13 14 15

xö%ˆÏFåÈò §Çáƒy ı 5.2.3.1 5.2.3.3 5.2.3.5 5.2.4 5.3.1.1 5.2.2.1 5.3.2

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 16 17 18 19 20 21 22 23 24 25

xö%ˆÏFåÈò §Çáƒy ı 5.4.1 5.4.2 5.4.2 7.2 5.4.2 5.5.1 5.5.2 5.5.2 5.6 5.6

III. Ó˚ã˛öyôü≈# ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5

xö%ˆÏFåÈò §Çáƒy ı 5.2.1 5.2.2.2 5.2.3.1 5.2.4 5.3.2

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 6 7 8 9 10

xö%ˆÏFåÈò §Çáƒy ı 5.4.1 5.4.2 5.5.1 5.5.1 5.6

5.9 í˛z_Ó˚üy°y (Answers)
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124

~Ü˛Ü˛–6 : xyÓ•ü[˛° ~ÓÇ í˛z!qˆÏòÓ˚ ≤Ã!ï˛!Ü ˛Î˚y–I ı °Óöy¡∫% í˛z!qò

~ÓÇ çyAà° í˛z!qˆÏòÓ˚ xAà§ÇfiÌy!öÜ˛ñ ¢yÓ˚#Ó˚fliy!öÜ˛ ~ÓÇ

¢yÓ˚#Ó˚Ó,_#Î˚ x!û˛ˆÏÎyçö (Atmosphere and plant
responses–I : Morphological, anatomical and
physiological adaptations of Halophytes and
Xerophytes)

àë˛ö (Structure)

6.0 í˛zˆÏj¢ƒ (Objectives)

6.1 ≤ÃhflÏyÓöy (Introduction)

6.2 xyÓ•ü[˛°ÈÙÈ§yôyÓ˚î ôyÓ˚îy (Atmosphere–a general idea)

6.3 xyÓ•ü[˛ˆÏ°Ó˚ !Ó!û˛ß¨ ≤Ãû˛yÓÜ˛ §ü)ˆÏ• í˛z!qò ≤Ã!ï˛!Ü ˛Î˚y (Plant responses to different)

6.4 °Óöy¡∫% í˛z!qˆÏòÓ˚ x!û˛ˆÏÎyçö (Adaptations of Halophytes)

6.4.1 xAà§ÇfiÌy!öÜ˛ x!û˛ˆÏÎyçö (Morphotogical adaptations)

6.4.2 ¢yÓ˚#Ó˚ fiÌy!öÜ˛ x!û˛ˆÏÎyçö (Anatomical adaptations)

6.4.3 ¢yÓ˚#Ó˚Ó,_#Î˚ x!û˛ˆÏÎyçö (Physiological adaptations)

6.5 çyAà° í˛z!qˆÏòÓ˚ x!û˛ˆÏÎyçö (Adaptations of Xerophytes)

6.5.1 xAà§ÇfiÌy!öÜ˛ x!û˛ˆÏÎyçö (Morphological adaptations)

6.5.2 ¢yÓ˚#Ó˚fiÌy!öÜ˛ x!û˛ˆÏÎyçö (Anatomical adaptations)

6.5.3 ¢yÓ˚#Ó˚Ó,_#Î˚ x!û˛ˆÏÎyçö (Physiological adaptations)

6.6 §yÓ˚yÇ¢ (Summary)

6.7 ≤ÃŸ¿yÓ°# (Questions)

6.8 í˛z_Ó˚üy°y (Answers)
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6.0  í˛zˆÏj¢ƒ (Objectives)

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xyüÓ˚y !ö¡¨!°!áï˛ !Ó£ÏÎ˚à%!° §¡∫ˆÏrô §üƒÜ˛ ôyÓ˚îy ˜ï˛!Ó˚ Ü˛Ó˚ˆÏï˛ ˛õyÓ˚Ó–

●●●●● xyÓ•ü[˛° ~ÓÇ •z•yÓ˚ xyhflÏÓ˚î !Óöƒy§–

●●●●● ˛xyÓ•ü[˛ˆÏ°Ó˚ ≤Ãû˛yÓÜ˛à%!°Ó˚ §yˆÏ˛õˆÏ«˛ !Ó!û˛ß¨ í˛z!qò ≤Ãçy!ï˛Ó˚ ≤Ã!ï˛!Ü ˛Î˚y–

●●●●● °Óöy¡∫% í˛z!qˆÏòÓ˚ !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ x!û˛ˆÏÎyçöàï˛ ˜Ó!¢T˛ƒ–

●●●●● çyAà° í˛z!qˆÏòÓ˚ ü%áƒ ≤ÃÜ˛yÓ˚ˆÏû˛ò Ä !Ó!û˛ß¨ x!û˛ˆÏÎyçöàï˛ ˜Ó!¢T˛ƒ–

6.1 ≤ÃhflÏyÓöy (Introduction)

˛õ,!ÌÓ#ˆÏÜ˛ xyÓ,ï˛ Ü˛ˆÏÓ˚ ÓyÎ˚%Ó˚ !Ó!û˛ß¨ í˛z˛õyòyö !öˆÏÎ˚ ˆÎ §%Ó˚«˛y Ó°Î˚ Óy xyhflÏÓ˚î Ó˚ˆÏÎ˚ˆÏåÈ ï˛y•y•z

xyÓ•ü[˛°– •z•yÓ˚ ã˛yÓ˚!ê˛ ≤Ãôyö í˛z˛õyòyö •° xyˆÏ°yÜ˛ñ ï˛y˛õüyeyñ Óyï˛y§ Ä ç°– ˛õ,!ÌÓ#Ó˚ ˆÜ˛yö fiÌyˆÏöÓ˚

ˆû˛ÔˆÏày!°Ü˛ xÓfiÌyöñ û)˛!ã˛e Ä û)˛≤ÃÜ,˛!ï˛Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ ˆ§áyöÜ˛yÓ˚ xy˛õ!ï˛ï˛ xyˆÏ°yˆÏÜ˛Ó˚ ï˛#Ó ï˛yñ

ï˛y˛õüyeyñ Óyï˛yˆÏ§Ó˚ à!ï˛ Ä x!û˛ü%áñ ÓyÎ˚%Ó˚ xyo≈ï˛y ~ÓÇ ü,!_Ü˛y çˆÏ°Ó˚ ˛õ!Ó˚üyö– ÓyÎ˚%ü[˛ˆÏ°Ó˚ ~•z

í˛z˛õyòyöà%!° ~ˆÏÜ˛ Ä˛õÓ˚ˆÏÜ˛ ≤Ãï˛ƒ«˛ Óy ˛õˆÏÓ˚y«˛ û˛yˆÏÓ ≤Ãû˛y!Óï˛ Ü˛ˆÏÓ˚– ˆÎüöñ xyˆÏ°yÜ˛ ï˛y˛õüyeyˆÏÜ˛

≤Ãû˛y!Óï˛ Ü˛ˆÏÓ˚ñ ï˛y˛õüyey xyÓyÓ˚ Óyï˛yˆÏ§Ó˚ xyo≈ï˛yˆÏÜ˛ xˆÏöÜ˛yÇˆÏ¢ ≤Ãû˛y!Óï˛ Ü˛ˆÏÓ˚– ˆÜ˛yö xM˛ˆÏ°

Ó,!T˛˛õyˆÏï˛Ó˚ •yÓ˚ ˆÓ!¢ •ˆÏ° ï˛y ÓyÎ˚%Ó˚ Ä üy!ê˛Ó˚ xyo≈ï˛y Ó,!Âô Ü˛ˆÏÓ˚ ~ÓÇ ˛õˆÏÓ˚y«˛û˛yˆÏÓ ï˛y˛õüyeyÓ˚ Ä˛õˆÏÓ˚

≤Ãû˛yÓ !ÓhflÏyÓ˚ Ü˛ˆÏÓ˚– ~•z í˛z˛õyòyöà%!° §ü!T˛àï˛û˛yˆÏÓ ˆÜ˛yˆÏöy xM˛ˆÏ°Ó˚ í˛z!qò §¡±òyˆÏÎ˚Ó˚ àë˛ö Ä

≤ÃÜ,˛!ï˛ !öô≈yÓ˚ˆÏî Ü˛ˆÏÓ˚–

§ü%o í˛z˛õÜ)˛°Óï≈˛# xM˛°ñ !Ó!û˛ß¨ m#˛õñ û)˛á[˛ñ xyhsˇÉˆÏò¢#Î˚ °Óîy=˛ ç°yû)˛!üÓ˚ ¢yÓ˚#Ó˚Ó,_#Î˚ ¢%‹Ò

ü,!_Ü˛yÎ˚ ˆÎ §Ü˛° °Óöy¡∫% Ä üƒyöˆÏ@ˇÃyû˛ í˛z!qò çß√yÎ˚ ï˛yˆÏòÓ˚ fl∫yû˛y!ÓÜ˛ !Ó˛õyÜ˛!Ü ˛Î˚yñ Ó,!Âô˛ Ä xöƒyöƒ

¢yÓ˚#Ó˚Ó,_#Î˚ !Ü ˛Î˚y ˆöyöy çˆÏ°Ó˚ Ü˛yÓ˚ˆÏî Óƒy˛õÜ˛û˛yˆÏÓ ≤Ãû˛y!Óï˛ •Î˚– ÓyÎ˚%!Ó•#ö ˆöyöy Ü˛ò≈ü ü,!_Ü˛yÎ˚

çß√yˆÏöy í˛z!qˆÏò öyöy ≤ÃÜ˛yÓ˚ xAà§ÇfiÌy!öÜ˛ñ ¢yÓ˚#Ó˚Ó,_#Î˚ x!û˛ˆÏÎyçö ˆòáy ÎyÎ˚– ~Ó˚ ú˛ˆÏ° ~•z§Ü˛°

í˛z!qˆÏòÓ˚y ˛õy!Ó˚˛õy!Ÿª≈Ü˛ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ §ˆÏAà !öˆÏçˆÏòÓ˚ §%!fiÌ!ï˛ ÓçyÎ˚ ˆÓ˚ˆÏá !öˆÏçˆÏòÓ˚ x!hflÏc ÓçyÎ˚ Ó˚yáˆÏï˛

§«˛ü–

xyÓyÓ˚ñ üÓ˚% xM˛ˆÏ°Ó˚ ã˛Ó˚ü ï˛y˛õüyey Ä Ó,!T˛˛õyï˛ Ü˛ü •ÄÎ˚yÓ˚ Ü˛yÓ˚ˆÏî Ä Óy°%≤Ãôyö ü,!_Ü˛yÓ˚ ç°

ôyÓ˚î «˛üï˛y Ü˛ü •ÄÎ˚yÓ˚ ú˛ˆÏ° ˆ§áyöÜ˛yÓ˚ ˛õ!Ó˚ˆÏÓ¢ ¢%‹Ò ≤ÃÜ,˛!ï˛Ó˚– ~•z xM˛ˆÏ° ˆÎ §Ü˛° í˛z!qò çß√yÎ˚

ï˛yˆÏòÓ˚ ≤Ãçy!ï˛ Ä ≤ÃÜ,˛!ï˛ xö%ÎyÎ˚# !ÓˆÏ¢£Ï Óy›§ÇfiÌyöàï˛ x!û˛ˆÏÎyçö ˆòáy ÎyÎ˚–
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6.2 xyÓ•ü[˛°ÈÙÙÙÈ§yôyÓ˚î ôyÓ˚îy (Atmosphere–a general idea)

û)˛˛õ,¤˛ ˆÌˆÏÜ˛ 300 !Ü˛ˆÏ°y!üê˛yÓ˚ í˛zFã˛ï˛y ˛õÎ≈hsˇ xyÓ•ü[˛° Óy ÓyÎ˚%Ó˚ xyhflÏÓ˚î !Óòƒüyö– §ü@ˇÃ ÓyÎ˚%Ó˚

(total air) 95% xÓfiÌyö Ü˛ˆÏÓ˚ ˛õ,!ÌÓ# ˛õ,ˆÏ¤˛Ó˚ 20 !Ü˛ˆÏ°y!üê˛yˆÏÓ˚Ó˚ üˆÏôƒ– xÓ!¢T˛ 5% ÓyÎ˚% ÌyˆÏÜ˛

20 !Ü˛ˆÏ°y!üê˛yÓ˚ ˆÌˆÏÜ˛ 300 !Ü˛ˆÏ°y!üê˛yÓ˚ xyhflÏÓ˚ˆÏîÓ˚ üˆÏôƒ– xÌ≈yÍ ~áyˆÏö ÓyÎ˚%Ó˚ âöc xfl∫yû˛y!ÓÜ˛

Ü˛ü– ÓyÎ˚%ü[˛°ˆÏÜ˛ §yôyÓ˚îï˛ ã˛yÓ˚!ê˛ û˛yˆÏà û˛yà Ü˛Ó˚y ÎyÎ˚ñ ˆÎüöÈÙÙÙÈ

1. !ö¡¨yÜ˛y¢ «%˛kôü[˛° Óy ê˛ΔˆÏ˛õy!fl≥˛Î˚yÓ˚ (Troposphere) : û)˛˛õ,¤˛ ˆÌˆÏÜ˛ 12 !Ü˛ˆÏ°y!üê˛yÓ˚

í˛zFã˛ï˛y xÓ!ô ÓƒÆ ~•z ê˛ΔˆÏ˛õy!fl≥˛Î˚yÓ˚– ~áyˆÏö !öÓ˚hsˇÓ˚ é˛í˛¸ ~ÓÇ ô%ˆÏ°yÓ˚ ≤ÃÓy• ˆòáy ÎyÎ˚–

2. üôƒyÜ˛y¢ ü[˛° Óy fiê˛ΔyˆÏê˛y!fl≥˛Î˚yÓ˚ (Stratosphere) : 12 !Ü˛ˆÏ°y!üê˛yÓ˚ ˆÌˆÏÜ˛ 60
!Ü˛ˆÏ°y!üê˛yÓ˚ ˛õÎ≈hsˇ ÓƒyÆ ~•z fiê˛ΔyˆÏê˛y!fl≥˛Î˚yÓ˚– ~áyöÜ˛yÓ˚ ÓyÎ˚% ˛õyï˛°yñ ô%ˆÏ°yÈÙÈˆôyÎ˚y !Ó•#ö–

~áyˆÏö í˛z£÷ï˛y 90°C ˛õÎ≈hsˇ ÄˆÏë˛– fiê˛ΔyˆÏê˛y!fl≥˛Î˚yÓ˚ ~Ó˚ 10–25km ˛õÎ≈hsˇ ÄˆÏçyö hflÏÓ˚

(O
3
 hflÏÓ˚V !Óhfl,Ïï˛– •z•y §Ü˛° ç#ÓÜ)˛°ˆÏÜ˛ UV Ó˚!Ÿ¬Ó˚ «˛!ï˛Ü˛Ó˚ ≤Ãû˛yÓ ˆÌˆÏÜ˛ Ó˚«˛y Ü˛ˆÏÓ˚–

3. í˛zFã˛yÜ˛y¢ ü[˛° Óy ˆüˆÏ§y!fl≥˛Î˚yÓ˚ (Mesorphere) : ˛õ,!ÌÓ# ˛õ,ˆÏ¤˛Ó˚ Ä˛õÓ˚ 60 !Ü˛ˆÏ°y!üê˛yÓ˚

!ã˛e 6.1 : xyÓ•ü[˛ˆÏ°Ó˚ !Ó!û˛ß¨ hflÏÓ˚ ~ÓÇ ï˛yˆÏòÓ˚ í˛zFã˛ï˛yñ ï˛y˛õüyey Ä ÓyÎ˚%ã˛y˛õ

ï˛y˛õüyey

Ìy Ï̂ü≈y!fl≥˛Î˚yÓ˚

ˆüˆÏ§yˆÏ˛õç

ˆüˆÏ§y!fl≥˛Î˚yÓ˚

fiê˛ΔyˆÏê˛y˛õç

fiê˛ΔyˆÏê˛y!fl≥˛Î˚yÓ˚

Äçö myÓ˚y

ï˛y˛õüyey Ó,!Âô

ˆê˛ΔyˆÏ˛õy˛õç

Äçö hflÏÓ˚

û)˛˛õ,¤˛ ˆÌˆÏÜ˛ ï˛y˛õyüyey Ó,!Âô

ˆê Δ̨y Į̈̂ õy!fl≥˛Î˚yÓ˚
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ˆÌˆÏÜ˛ 100 !Ü˛ˆÏ°y!üê˛yÓ˚ ˛õÎ≈hsˇ ÓƒÆ ~•z ˆüˆÏ§y!fl≥˛Î˚yÓ˚– í˛zFã˛ï˛yÓ˚ §yˆÏÌ ~•z xM˛ˆÏ° ï˛y˛õüyey

•…y§ ˆ˛õˆÏï˛ ÌyˆÏÜ˛– ˆüˆÏ§y!fl≥˛Î˚yÓ˚ ~Ó˚ §Ó≈!ö¡¨ §#üyÓ˚ ï˛y˛õüyey –2°C ~ÓÇ §ˆÏÓ≈yFã˛ §#üyÓ˚

ï˛y˛õüyey –80°C ˛õÎ≈hsˇ •…y§ ˛õyÎ˚– •z•yÓ˚ Ä˛õˆÏÓ˚Ó˚ §#üy Óy Óyí˛zu˛yÓ˚# (Boundary) ˆÜ˛

ˆüˆÏ§y˛õç (Mesopause) ÓˆÏ°– ˆüÓ˚% xM˛ˆÏ° ~•z Óyí˛zu˛yÓ˚#Ó˚ ï˛y˛õüyey –109°CÈÙÈ~ öyˆÏü–

4. Ìy Ï̂ü≈y!fl≥˛Î˚yÓ˚ Óy xyÎ˚̂ Ïöy!fl≥˛Î˚yÓ˚ (Thermosphere or ionosphere) : ˆüˆÏ§y!fl≥˛Î˚yÓ˚ÈÙÈ~Ó˚

Ä˛õÓ˚ ˆÌˆÏÜ˛ ≤ÃyÎ˚ 500 !Ü˛ˆÏ°y!üê˛yÓ˚ ˛õÎ≈hsˇ ÓƒyÆ ~•z ÌyˆÏü≈y!fl≥˛Î˚yÓ˚– •z•y §¡õ)î≈ §)Î≈!Ü˛Ó˚ˆÏî

í˛zß√%=˛– ~áyˆÏö ï˛y˛õüyey í˛zFã˛ï˛yÓ˚ §ˆÏAà xyÓyÓ˚ o%ï˛ Ó,!Âô ˛õyÎ˚– ˆüˆÏ§y!fl≥˛Î˚yˆÏÓ˚Ó˚ §ˆÏÓ≈yFã˛

hflÏˆÏÓ˚Ó˚ –80°C ï˛y˛õüyey Ü ˛ˆÏü Ó,!Âô ˆ˛õˆÏÎ˚ ÌyˆÏü≈y!fl≥˛Î˚yÓ˚ ~Ó˚ Óy•zˆÏÓ˚Ó˚ Óyí˛z[˛yÓ˚# ÌyˆÏü≈y˛õç

(thermopause)ÈÙÈ~ ï˛y˛õüyey 1500°C ~ ˆ˛õÔÑåÈyÎ˚– §)Î≈!Ü˛Ó˚î ~ÓÇ ü•yçyà!ï˛Ü˛ Ó˚!Ÿ¬

(cosmic ray) ~áyöÜ˛yÓ˚ x!:ˆÏçöñ !•!°Î˚yü ~ÓÇ •y•zˆÏí»˛yˆÏçöˆÏÜ˛ ï˛yˆÏòÓ˚ ˛õyÓ˚üyö!ÓÜ˛

(atomic form) Ó˚)ˆÏ˛õ ˆû˛ˆÏä ˆòÎ˚– ~•z Ü˛yÓ˚ˆÏî ~•z ü[˛°ˆÏÜ˛ xyÎ˚ˆÏöy!fl≥˛Î˚yÓ˚Ä ÓˆÏ°–

6.3 xyÓ•ü[˛ˆÏ°Ó˚ !Ó!û˛ß¨ ≤Ãû˛yÓˆÏÜ˛ í˛z!qò ≤Ã!ï˛!Ü ˛Î˚y (Plant responses to

different atmospheric factors)

xyÓ•ü[˛° Óy ÓyÎ˚Ó#Î˚ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ (atmosphere) ≤Ãôyö ≤Ãû˛yÓÜ˛à%!° •° xyˆÏ°yÜ˛ñ í˛z£÷ï˛yñ ÓyÎ˚%Ó˚

à!ï˛ˆÏÓà Ä xyo≈ï˛yñ Ó,!T˛˛õyï˛ •zï˛ƒy!ò– ~•z §Ü˛° ≤Ãû˛yÓÜ˛à%!°Ó˚ üyey Ä fiÌy!Î˚c ˆÜ˛yö fiÌyˆÏöÓ˚ û)˛!ã˛ˆÏeÓ˚

≤ÃÜ,˛!ï˛ ˆÎüö í˛zFã˛ï˛yñ ˛õy•yí˛¸ñ §ü%o Ä üÓ˚%û)˛!ü ˆÌˆÏÜ˛ ò)Ó˚c Ä x!û˛ü%áñ §üï˛° Óy ì˛y°% ˛õ,¤˛ï˛°ñ

x«˛yÇ¢ ~ÓÇ oy!âüyÇ¢àï˛ xÓfiÌyö •zï˛ƒy!òÓ˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚– ü,!_Ü˛yÓ˚ öƒyÎ˚ xyÓ•ü[˛° ˆÜ˛yö

xM˛ˆÏ°Ó˚ í˛z!qò §¡±òyˆÏÎ˚Ó˚ xyÜ,˛!ï˛ñ ≤ÃÜ,˛!ï˛ Ä àë˛ö !öÎ˚sfî Ü˛ˆÏÓ˚– ï˛y•z ˛õ,!ÌÓ# ˛õ,ˆÏ¤˛Ó˚ !Ó!û˛ß¨ xÇˆÏ¢

!û˛ß¨ !û˛ß¨ ˛õ!Ó˚ˆÏÓ¢ ˆÎüö ¢%‹ÒÈÙÈí˛z£÷ xM˛°ñ xyoÈÈÈÙÈí˛z£÷ñ ¢%‹ÒÈÙÈ¢#ï˛°ñ xyo≈ÈÙÈ¢#ï˛° öy!ï˛¢#ˆÏï˛y£÷ñ x!ï˛ ¢#ï˛°

≤Ãû,˛!ï˛ xM˛ˆÏ° !û˛ß¨ !û˛ß¨ í˛z!qò §¡±òyÎ˚ ˆòáy ÎyÎ˚–

˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ≤Ã!ï˛!ê˛ ≤Ãû˛yÓˆÏÜ˛Ó˚ §yˆÏ˛õˆÏ«˛ ≤Ã!ï˛!ê˛ í˛z!qò ≤Ãçy!ï˛Ó˚ ã˛Ó˚ü §•!öÎ˚ï˛y (maximum
tolerance), ~ÓÇ §ˆÏÓ≈y_üüyey (optimum level) !û˛ß¨ !û˛ß¨ •Î˚– !Ó!û˛ß¨ í˛z!qò ≤Ãçy!ï˛Ó˚ öyöy

!ÓhflÏyÓ˚xAà (propagules) ç°ñ ÓyÎ˚%ñ ˛≤Ãyî# ≤Ãû,˛!ï˛ Óy•ˆÏÜ˛Ó˚ üyôƒˆÏü Óƒy˛õÜ˛û˛yˆÏÓ öyöyfiÌyˆÏö åÈ!í˛¸ˆÏÎ˚

˛õˆÏí˛¸–

~•zû˛yˆÏÓ ˆÜ˛yö fiÌyˆÏö !Ó!û˛ß¨ í˛z!qò ≤Ãçy!ï˛Ó˚ !ÓhflÏyÓ˚xAà xö%≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ öyöy

≤Ãû˛yÓˆÏÜ˛Ó˚ §yˆÏ˛õˆÏ«˛ xö%Ü)˛° (favourable) ≤Ãçy!ï˛ §ü)• ˆ§•z xM˛ˆÏ° Ó§Óy§ ~ÓÇ ÓÇ¢!ÓhflÏyÓ˚ Ü˛Ó˚ˆÏï˛

§ú˛° •Î˚– Ó§Óy§ Ä ˛ÓÇ¢!ÓhflÏyˆÏÓ˚ xyÇ!¢Ü˛ û˛yˆÏÓ §ú˛° !Ü˛å%È !Ü˛å%È ≤Ãçy!ï˛ ÓÇ¢yö%Ü ˛ü ô#ˆÏÓ˚ ô#ˆÏÓ˚

x!û˛ˆÏÎy!çï˛ •Î˚–
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~•zû˛yˆÏÓ ˆòáy ÎyÎ˚ ˆÎ í˛z!qò §¡±òyˆÏÎ˚Ó˚ xˆÏöÜ˛ ≤Ãçy!ï˛ ˆÜ˛yö xM˛ˆÏ°Ó˚ ÓyÎ˚!ÓÎ˚ ˛õ!Ó˚ˆÏÓ¢Ó˚ §ˆÏAà

ï˛yÍ«˛!îÜ˛ û˛yˆÏÓ §yí˛¸y ˆòÎ˚– xyÓyÓ˚ ˆÓ¢!Ü˛å%È ≤Ãçy!ï˛ ô#ˆÏÓ˚ ô#ˆÏÓ˚ x!ç≈ï˛ x!û˛ˆÏÎyçöàï˛ ≤ÃÜ˛Ó˚ˆÏîÓ˚

(adaptive variation) üyôƒˆÏü ˛õ!Ó˚ˆÏÓˆÏ¢ ~üöû˛yˆÏÓ §yí˛¸y ˆòÎ˚ ÎyÓ˚ ú˛ˆÏ° í˛z!qò §¡±òyÎ˚ Ä

ÓyÎ˚%ü[˛ˆÏ°Ó˚ üˆÏôƒ fiÌyÎ˚# û˛yÓ˚§yüƒ (stable equilibrium) àˆÏí˛¸ ÄˆÏë˛– ~•zû˛yˆÏÓ û)˛˛õ,ˆÏ¤˛Ó˚ !û˛ß¨ !û˛ß¨

xM˛ˆÏ° ˆ§áyöÜ˛yÓ˚ ÓyÎ˚%ü[˛° ˜Ó!¢T˛ §)ã˛Ü˛ (characteristic) í˛z!qò §¡±òyÎ˚ àˆÏí˛¸ ÄˆÏë˛– xÌ≈yÍ û)˛˛õ,ÈˆÏ¤˛

í˛z!qˆÏòÓ˚ Órê˛ˆÏö ç°ÓyÎ˚%Ó˚ ≤Ãû˛yÓ !ÓˆÏ¢£Ï à%Ó˚%c˛õ)î≈–

6.4 °Óöy¡∫% í˛z!qˆÏòÓ˚ x!û˛ˆÏÎyçö (Adaptations of Halophytes)

ˆÎ §Ü˛° í˛z!qò xï˛ƒy!ôÜ˛ °ÓîoÓˆÏî §¡õ,=˛ üy!ê˛ˆÏï˛ ç#Óö ôyÓ˚î Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ ï˛yˆÏòÓ˚ °Óîy¡∫%

í˛z!qò Óy •ƒyˆÏ°yú˛y•zê˛ ÓˆÏ°– ~•z üy!ê˛ˆÏï˛ í˛zFã˛ âöˆÏcÓ˚ °Óîy=˛ ç° ≤Ãã%˛Ó˚ ˛õ!Ó˚üyˆÏî ÌyÜ˛ˆÏ°Ä

xyhsˇÉx!û˛flÀyÓî ≤Ã!Ü ˛Î˚yÎ˚ í˛z!qò ï˛y ˆ¢y£Ïî Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ öy– ï˛y•z •z•yˆÏÜ˛ ¢yÓ˚#Ó˚Ó,_#Î˚ ¢%‹Ò üy!ê˛Ä

(physiologically dry soil) ÓˆÏ°– í˛z˛õÓ˚v ~•z ˛õ!Ó˚ˆÏÓˆÏ¢ ç#ÓöôyÓ˚ˆÏîÓ˚ çöƒ ~ˆÏòÓ˚ ˆÜ˛y£ÏÓ˚ˆÏ§Ó˚

(cell sap) x!û˛◊Óî ã˛y˛õ (osmotic pressure) fl∫yû˛y!ÓÜ˛ ˆüˆÏ§yú˛y•zê˛ˆÏòÓ˚ ˆÌˆÏÜ˛ ˆÓ¢ Ü˛ˆÏÎ˚Ü˛à%ö

ˆÓ¢# •Î˚– ~ˆÏòÓ˚ í˛z˛õÜ)˛°Óï≈˛# ˆüy•öy ˆÌˆÏÜ˛ ¢%Ó˚% Ü˛ˆÏÓ˚ xhsˇÉˆÏò¢#Î˚ ¢%‹Òû)˛!üÓ˚ ò)Ó˚ï˛ü °Óî •…ò (salt
lake) ˛õÎ≈hsˇ ≤ÃyÜ,˛!ï˛Ü˛ û˛yˆÏÓ•z çß√yˆÏï˛ ˆòáy ÎyÎ˚–

°Óîy¡∫% í˛z!qò ≤Ãôyöï˛ öy!°Ü˛yÓy![˛° Î%=˛ Ó#Ó˚%Íñ à%Õ√ ~ÓÇ Ó,«˛ çyï˛#Î˚ í˛z!qò– °Óîy=˛ Óy§fiÌyˆÏö

(saline habitat) !Ó!û˛ß¨ fl∫˛õ%‹õÜ˛ í˛z!qòˆÏàye ˆÎüöÈÙÙÙÈÓ˚y•zˆÏçyˆÏú˛yˆÏÓ˚§#ñ (Rhizophoraceae),
!ã˛ˆÏöyˆÏ˛õy!í˛ˆÏÎ˚§# (Chenopodiaceae), xy•zˆÏçyˆÏÎ˚§# (Aizoaceae), Ü˛ü!Ó ˆÏê˛§# (Combretaceae),
xƒy!û˛!§!ö Ï̂Î˚§# (Avicenniaceae), !° Ï̂Ì §# (Lythraceae), xƒyÜ˛yö Ï̂Ì§# (Acanthaceae), ~!Ó˚̂ ÏÜ˛§#

(Arecaceae), ˆ˛õyˆÏÎ˚§# (Poaceae) ≤Ãû,˛!ï˛Ó˚ ≤Ã¢hflÏ !ÓhflÏyÓ˚ ˆòáy ÎyÎ˚–

6.4.1 xAà§ÇfiÌyöàï˛ x!û˛ˆÏÎyçö (Morphological adaptations)

●●●●● °Óîy¡∫% í˛z!qˆÏòÓ˚ ü)°ï˛sf á%Ó í˛zß¨ï˛ ≤ÃÜ,˛È!ï˛Ó˚– ≤Ãôyöï˛ Ó,«˛çyï˛#Î˚ í˛z!qˆÏòÓ˚ ü)° Ü˛ò≈üy=˛ üy!ê˛ˆÏÜ˛

xÑyÜ˛ˆÏí˛¸ çy!°Ü˛yÓ˚ öƒyÎ˚ xö%û)˛!üÜ˛ ü)° ã˛yÓ˚!òˆÏÜ˛ !ÓhflÏyÓ˚ °yû˛ Ü˛ˆÏÓ˚ ~ÓÇ Îy ~Ü˛!òˆÏÜ˛ ò,ì˛¸ï˛y

≤ÃyÆ •Î˚ xöƒ!òˆÏÜ˛ üy!ê˛Ó˚«˛Î˚ ˆÓ˚yô Ü˛ˆÏÓ˚– ~åÈyí˛¸yÄ ˆëÑ˛§ ü)° (stilt root), Ó˚%ê˛ Óy!ê˛Δ§ (root
buttresses) í˛z!qˆÏòÓ˚ ˆ•ˆÏ° ÎyÄÎ˚y ˆÓ˚yô Ü˛ˆÏÓ˚–
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●●●●● °Óöy=˛ ç°y üy!ê˛ˆÏï˛ ÓyÎ˚% ã˛°yã˛° öy ÌyÜ˛yÎ˚ ü)ˆÏ°Ó˚ Ÿª§öÜ˛yˆÏÎ≈Ó˚ çöƒ ˆÓ¢ !Ü˛å%È ü)°

x!û˛Ü˛ˆÏ£Ï≈Ó˚ !Ó˛õÓ˚#ˆÏï˛ Ó,!Âô ˛õyÎ˚– ~ˆÏòÓ˚ Ó!•cˆÏÜ˛ x§Çáƒ Ó˚rô  ˆÌˆÏÜ˛ ÎyÓ˚ üôƒ !òˆÏÎ˚ ÓyÎ˚%Ó˚

xyòyö≤Ãòyö âˆÏê˛– ~•z ü)°ˆÏÜ˛ Ÿªy§ü)° Óy !öí˛züyˆÏê˛yˆÏú˛yÓ˚ (Pneumatophores) ˛ÓˆÏ°–

í˛zòy•Ó˚îÈÙÙÙÈÓ˚y•zˆÏçyú˛yÓ˚y (Rhizophora sp), ˆ§yˆÏöˆÏÓ˚!§Î˚y (Sonneratia sp) ≤Ãû,˛!ï˛–

!ã˛e 6.2 (a), (b), (c) : °Óöy¡∫% í˛z!qòˆÏÜ˛ ò,ì˛¸ï˛y ≤ÃòyöÜ˛yÓ˚# ü)°

(b) ˆëÑ˛§ ü%°

(a) Ó˚%ê˛ Óy!ê˛Δ§

(c) çy!°Ü˛yÓ˚ öƒyÎ˚ xö%û)˛!üÜ˛ ü)°
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●●●●● Ó#Ó˚%Í çyï˛#Î˚ °Óîy¡∫% í˛z!qò ˆÎüö ~!ê˛ΔˆÏ≤’: (Atriplex sp.), §%ˆÏÎ˚í˛y (Suaeda sp.)
˛≤Ãû,˛!ï˛Ó˚ ˆ«˛ˆÏe Ü˛y[˛ ¢y!Î˚ï˛ ¢yáy!ß∫ï˛ •Î˚ Îy í˛z!qˆÏòÓ˚ üy!ê˛Ó˚ §ˆÏAà §ÇˆÏÎyà ò,ì˛¸ï˛Ó˚ Ü˛ˆÏÓ˚–

~Ó˚y Ó˚§yˆÏ°y ≤ÃÜ,˛!ï˛Ó˚ í˛z!qò •Î˚–

●●●●● ˛õ!Ó˚ˆÏÓ¢ á%Ó ˆÓ¢# §•yÎ˚Ü˛ öy •ÄÎ˚yÎ˚ í˛z!qòà%!°Ó˚ í˛zFã˛ï˛y Ü˛ü •Î˚– ~Ó˚y áÓ≈yÜ˛yÓ˚ Ä à¡∫%çyÜ˛yÓ˚

•ˆÏÎ˚ ÌyˆÏÜ˛–

ˆ°!rê˛ˆÏ§°§

!öí z̨üy Ï̂ê˛y Ï̂ú˛yÓ˚

ü)°

!ã˛e 6.3 (a), (b) : °Óöy¡∫% í˛z!qˆÏòÓ˚ Ÿªy§ü)°

(a) (b)

!ã˛e 6.4 (a), (b) : Ó#Ó˚%Í çyï˛#Î˚ Ó˚§yˆÏ°y °Óöy¡∫% í˛z!qò

(a) Sueada sp. (b) Atriplex sp.
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●●●●● !Ü˛å%È !Ü˛å%È °Óîy¡∫% í˛z!qò Ó˚§yˆÏ°y •ˆÏÎ˚ ÌyˆÏÜ˛–

●●●●● °Óîy¡∫% í˛z!qˆÏòÓ˚ ˛õyï˛y ˛õ%Ó˚%ñ xyÜ,˛!ï˛ ˆÓ˚áyÜ˛yÓ˚ñ ã˛ü§yÜ˛yÓ˚ñ !í˛¡∫yÜ˛yÓ˚ñ ˆày°yÜ˛yÓ˚ •Î˚– ˆÜ˛yö

ˆ«˛ˆÏe ˛õyï˛y ã˛Ü˛ã˛ˆÏÜ˛ ü§,î •Î˚ ˆÎüöñ Ó˚y•zˆÏçyˆÏú˛yÓ˚y (Rhizophora sp.)– xˆÏöÜ˛ ˆ«˛ˆÏe

˛õyï˛yÓ˚ xyÜ,˛!ï˛ «%˛o Óy ¢ˆÏÕÒÓ˚ öƒyÎ˚ •Î˚ (Tamarix gallica)– xˆÏöˆÏÜ˛Ó˚ ˛õyï˛yÎ˚ ˆüyˆÏüÓ˚

xyhflÏÓ˚î ÌyˆÏÜ˛ ˆÎüö Ó˚y•zˆÏçyˆÏú˛yÓ˚y (Rhizophora sp.), Ó %à%!Î˚Ó˚y (Bruguiera sp.),
flõy•z!öˆÏú˛: (Spinifex sp.) ˛≤Ãû,˛!ï˛–

6.4.2 ¢yÓ˚#Ó˚fiÌy!öÜ˛ x!û˛ˆÏÎyçö (Anatomical adaptations)

(a) °Óîy¡∫% í˛z!qˆÏòÓ˚ ˛õyï˛yÎ˚ ˆÜ˛y£ÏÓ˚ˆÏ§Ó˚ ˛õ!Ó˚üyî ˆÓ¢#ñ ˆÜœ˛yˆÏÓ˚y!ú˛ˆÏ°Ó˚ ˛õ!Ó˚üyî Ü˛ü ~ÓÇ ˆÜ˛y£ÏyhsˇÓ˚

fiÌyöà%ˆÏ°y ˆåÈyê˛ •ÄÎ˚yÎ˚ ~ˆÏòÓ˚ ˛õyï˛yà%ˆÏ°y á§áˆÏ§ñ ˛õ%Ó˚% ~ÓÇ Ó˚§y° •Î˚ (succulent)˛–
(b) ~ˆÏòÓ˚ ˛õyï˛yÎ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# Ü˛°yÓ˚ üˆÏôƒ !üí˛z!§ˆÏ°ç ˆÜ˛y£Ï ÌyˆÏÜ˛– ˆÎüöÈÙÙÙÈxƒy!çˆÏ§Ó˚y§

(Aegiceras)–
(c) ˛!Ü˛å%È í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe ˛õƒy!°ˆÏ§í˛ Ü˛°yÎ˚ ˆfiê˛yö ˆ§° ≤ÃÜ,˛!ï˛Ó˚ •z!í˛ÄÓœyfiê˛ (idiolbasts) ˆòáy

ÎyÎ˚ñ ˆÎüöÈÙÙÙÈÓ˚y•zˆÏçyˆÏú˛yÓ˚y (Rhizophora), ˆ§yˆÏöˆÏÓ˚y!ê˛Î˚y (Sonneratia) •zï˛ƒy!ò–

(d) ˛õyï˛yÓ˚ ˛õeÓ˚rô à%ˆÏ°y !ö¡¨#û)˛ï˛ (sunken) xÌÓy cˆÏÜ˛Ó˚ ~Ü˛•z ï˛ˆÏ° ÌyˆÏÜ˛–

(e) í˛z!qˆÏòÓ˚ cÜ˛ ˆüyˆÏüÓ˚ xyhflÏÓ˚î xÌÓy ˆÓ˚yü !òˆÏÎ˚ xyÓ,ï˛ ÌyˆÏÜ˛–

(f) °Óîy¡∫% í˛z!qˆÏò !°à!ööÎ%=˛ Ü˛y¤˛° ˆÜ˛y£Ï x!ï˛ ò%Ó≈° üyeyÎ˚ ÌyˆÏÜ˛–
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˛õ%Ó˚% !Ü˛í˛z!ê˛Ü˛°

~!˛õí˛y!ü≈§

˛õ%Ó˚%•y•zˆÏ˛õyí˛y!ü≈§ SˆÜ˛yˆÏ°öÜ˛y•züyV

!flõ!Ü˛í˛z°

°ƒÜ%˛öy

ˆï˛y° ˆÜ˛y£Ï

ê˛ƒy!öö ˆÜ˛y£Ï

ˆflœÒÓ˚y•zí˛

~ˆÏu˛yí˛y!ü≈§

ˆ˛õ!Ó˚§y•zˆÏÜ˛° SˆflœÒˆÏÓ˚öÜ˛y•züyV

ˆúœ˛yˆÏÎ˚ü

Ü˛ƒy!¡∫Î˚yü

ˆüê˛yçy•zˆÏ°ü

ˆ≤Ãy Ï̂ê˛yçy•ẑ Ï°ü

ˆüí%˛°y!Ó˚ Ó˚!Ÿ¬

˜ï˛° ˆÜ˛y£Ï

!flõ!Ü˛í˛z°

ê˛ƒy!öö ˆÜ˛y£Ï

°ƒyÜ%˛öy

üIy

Ó!•É Ü˛ˆÏê≈˛:

xhsˇ Ü˛ˆÏê≈˛:

(a) Rhizophora : x@ˇÃfiÌ Ü˛yˆÏ[˛Ó˚ ≤ÃfiÌˆÏFåÈò

!ã˛e 6.5 (a) : °Óöy¡∫% í˛z!qˆÏòÓ˚ ¢yÓ˚#Ó˚fiÌy!öÜ˛ x!û˛ˆÏÎyçö
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6.4.3 ¢yÓ˚#Ó˚Ó,_#Î˚ x!û˛ˆÏÎyçö (Physiological adaptations)

(a) Ÿªy§Ü˛yÎ≈ (Respiration) : ç°ü@¿ °Óîy=˛ üy!ê˛ˆÏï˛ x!:ˆÏçˆÏöÓ˚ ˛õ!Ó˚üyî á%Ó Ü˛ü ÌyÜ˛yÎ˚

°Óîy¡∫% í˛z!qˆÏòÓ˚ üy!ê˛Ó˚ !öˆÏã˛Ó˚ xÇˆÏ¢Ó˚ ˆÜ˛y£Ïà%ˆÏ°yÓ˚ üˆÏôƒ Ÿªy§Ü˛yˆÏÎ≈Ó˚ x§%!Óôy •Î˚–

Ÿªy§Ü˛yˆÏÎ≈Ó˚ ~•z x§%!Óôy ò)Ó˚ Ü˛Ó˚ÓyÓ˚ çöƒ ~ˆÏòÓ˚ !Ü˛å%È ¢yáyü)° üy!ê˛ ˆû˛ò Ü˛ˆÏÓ˚ í˛z˛õˆÏÓ˚Ó˚

!òˆÏÜ˛ ü%=˛ ÓyÎ˚%ˆÏï˛ áyí˛¸yû˛yˆÏÓ í˛zˆÏë˛ xyˆÏ§– ~•z ôÓ˚ˆÏöÓ˚ ü)°ˆÏÜ˛ Ÿªy§ü)° (pneumatophores)
ÓˆÏ°– ˆÎüöÈÙÙÙ ÈÓ˚y•zˆÏçyˆÏú˛yÓ˚y (Rhizophora), ˆ§yˆÏöˆÏÓ˚!§Î˚y (Sonneratia), §%®Ó˚#

(Heritiera littoralis) •zï˛ƒy!ò– Ü˛áöÄ Ü˛áöÄ Ó˚y•zˆÏçyˆÏú˛yÓ˚yÓ˚ hflÏΩ˛ü)° xyÓyÓ˚ Ÿªy§ü)ˆÏ°Ó˚

Ü˛yç Ü˛ˆÏÓ˚–

(b) Ó#ˆÏçÓ˚ xAÜ%˛ˆÏÓ˚yòàü (Germination of seeds) : Ó•% °Óîy¡∫% í˛z!qˆÏòÓ˚ Ó#ç °Óîy=˛

Ä x“ x!:ˆÏçöÎ%=˛ üy!ê˛ˆÏï˛ xAÜ%˛!Ó˚ï˛ •ˆÏï˛ ˛õyˆÏÓ˚ öy– •z•yˆÏòÓ˚ ú˛°à%ˆÏ°y í˛z!qˆÏòÓ˚ ¢yáyÎ˚

Î%=˛ ÌyÜ˛y xÓfiÌyÎ˚ ú˛ˆÏ°Ó˚ üˆÏôƒ•z Ó#ˆÏçÓ˚ xAÜ%˛ˆÏÓ˚yòàü ¢%Ó˚% •Î˚– ~•z §üÎ˚ ≤ÃÌü º)îü)°

ˆÓÓ˚ •Î˚ ~ÓÇ ˆ¢ˆÏ£Ï º)îü)°!ê˛ ò#â≈ñ ¢=˛ñ §Ó˚°ñ fiÌ)° Ä §)Ñã˛y° x@ˇÃû˛yàÎ%=˛ Ó#ç˛õeÜ˛yˆÏ[˛

!Ü˛í˛z!ê˛Ü˛°

xy˛õyÓ˚ ~!˛õí˛y!ü≈§

ê˛ƒy!öö

ˆÜ˛y£Ï

˜ï˛°

ˆÜ˛y£Ï

!üí z̨!§ Ï̂°ç

ˆÜ˛y£Ï

§yÓ ~!˛õí˛y!ü≈§

ˆüˆÏ§y!ú˛°

˛õƒy!°ˆÏ§í˛

ˆÜ˛y£Ï

flõO

•y•zˆÏ˛õyí˛y!ü≈§

ˆ°yÎ˚yÓ˚ ~!˛õí˛y!ü≈§

!Ü˛í˛z!ê˛Ü˛°
ˆfiê˛yüyê˛y§•yÎ˚Ü˛ ˆÜ˛y£ÏÓ˚!«˛ ˆÜ˛y£Ï

!ã˛e 6.5 (b) : °Óöy¡∫% í˛z!qˆÏòÓ˚ ¢yÓ˚#Ó˚fiÌy!öÜ˛ x!û˛ˆÏÎyçö

(b) Rhizophora : ˛õy!Ÿª≈Î˚ ˛õeú˛°ˆÏÜ˛Ó˚ ≤ÃfiÌˆÏFåÈò
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(Hypocotyle) ˛õ!Ó˚îï˛ •Î˚– ~•z xÓfiÌyÎ˚ ú˛° í˛z!qò ¢yáy ˆÌˆÏÜ˛ áˆÏ§ ˛õˆÏí˛¸ Ó#ç˛õeÜ˛yˆÏ[˛Ó˚

§y•yˆÏÎƒ üy!ê˛ˆÏï˛ ˆàÑˆÏÌ ÎyÎ˚ ~ÓÇ §ˆÏAà §ˆÏAà xAÜ%˛!Ó˚ï˛ Ó#ç!ê˛ üy!ê˛ˆÏï˛ fiÌy!˛õï˛ •Î˚– ~Ó˚˛õÓ˚•z

º)îü%Ü%˛° (Plumule) ˆÓÓ˚ •Î˚– ~•z ˛õÂô!ï˛ˆÏÜ˛ çÓ˚yÎ˚%ç xAÜ%˛ˆÏÓ˚yòàü (Viviparous
germination or Vivipary) ÓˆÏ°– ˆÎüöÈÙÙÙÈÓ˚y•zˆÏçyˆÏú˛yÓ˚y (Rhizophora), Ó %à%•zˆÏÎ˚Ó˚y

(Bruguiera), àÓ˚yö (Ceriops) •zï˛ƒy!ò–

(c) Óy‹õˆÏüyã˛ö (Transpiration) : ¢yÓ˚#Ó˚Ó,_#Î˚ ¢%‹Ò ü,!_Ü˛yÎ˚ çß√yˆÏöyÎ˚ ~ˆÏòÓ˚ Óy‹õˆÏüyã˛ö

•yÓ˚ Ü˛ü •Î˚–

(d) °Óö ~!í˛¸ˆÏÎ˚ ã˛°y ~ÓÇ °Óö §!•£÷$ï˛yÓ˚ ≤Ã!Ü ˛Î˚y (Salt avoidance and salt tolerance
mechanism) : !Ü˛å%È !Ü˛å%È °Óîy¡∫% í˛z!qò °Óöy=˛ ˛õ!Ó˚ˆÏÓˆÏ¢ çß√yˆÏ°Ä ï˛yˆÏòÓ˚ çöö Ä

ç#Óö ã˛Ü ˛ á%Ó x“ §üˆÏÎ˚Ó˚ üˆÏôƒ §¡õß¨ Ü˛ˆÏÓ˚– ≤Ãôyöï˛ Ó£Ï≈yÜ˛yˆÏ° Îáö °ÓˆÏîÓ˚ âöc Ü˛ü

ÌyˆÏÜ˛ ï˛áö •z•y §¡õß¨ •Î˚– ~•zû˛yˆÏÓ ï˛yÓ˚y !öˆÏçˆÏòÓ˚ °Óö ≤Ãû˛yÓ ü%=˛ Ó˚yˆÏá Óy °Óî

~!í˛¸ˆÏÎ˚ ã˛ˆÏ° (salt avoidance)–

!Ü˛å%È °Óîy¡∫% í˛z!qò ¢Ó˚#ˆÏÓ˚Ó˚ x!ï˛!Ó˚=˛ °Óö ˛õyï˛yÓ˚ ç°Ó˚rô  Óy •y•zí˛yˆÏÌyí˛ (hydathode)ÈÙÈ~Ó˚

üyôƒˆÏü ˆÓÓ˚ Ü˛ˆÏÓ˚ ˆòÎ˚– Ü˛áˆÏöy ˛õyï˛yÎ˚ °Óö @ˇÃrÌ# (salt glands)ÈÙÓ˚ üˆÏôƒ ≤Ãã%˛Ó˚ ˛õ!Ó˚üyˆÏî

!ã˛e 6.6 (a), (b) : çÓ˚yÎ˚%ç xAÜ%˛ˆÏÓ˚yÂàü

(a) (b)
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≤ÃˆÏÎ˚yçöy!ï˛!Ó˚=˛ °Óö §M˛Î˚ Ü˛ˆÏÓ˚ Îy ˛õÓ˚Óï≈˛#Ü˛yˆÏ° ˛õe ˆüyã˛ˆÏöÓ˚ üyôƒˆÏü ˛õ!Ó˚ï˛ƒ=˛ •Î˚–

~•zû˛yˆÏÓ í˛z!qˆÏòÓ˚ xyû˛ƒhsˇÓ˚#î ˛õ!Ó˚ˆÏÓˆÏ¢ °ÓˆÏöÓ˚ fl∫yû˛y!ÓÜ˛ üyey ÓçyÎ˚ ÌyˆÏÜ˛–

(e) ˆÜ˛y£ÏÓ˚ˆÏ§Ó˚ í˛zFã˛ x!û˛flÀÓî âöc ÓçyÎ˚ Ó˚yáy (Maintenance of high osmotic
concentration within cell sap) ı °Óîy¡∫% í˛z!qˆÏòÓ˚ ˆò•ˆÏÜ˛y£Ïà%!° Óy!•ƒÜ˛ °Óöy=˛

˛õ!Ó˚ˆÏÓˆÏ¢ Ó!•Éx!û˛flÀÓî ≤Ã!Ü ˛Î˚yÎ˚ ≤’yçˆÏüy°y•z!§§ myÓ˚y ÎyˆÏï˛ Ü%˛!M˛ï˛ öy •ˆÏÎ˚ ÎyÎ˚ ˆ§•zçöƒ

ˆÜ˛y£ÏÓ˚ˆÏ§Ó˚ x!û˛flÀÓî âöc ÎˆÏÌT˛ ˛õ!Ó˚üyî Ó,!Âô ˛õyÎ˚–

ˆÜ˛y£Ïà•ùÓ˚ ~ÓÇ xöƒyöƒ §y•zˆÏê˛y≤’yçü ~Ó˚ ≤ÃˆÏÜ˛y¤˛ˆÏï˛ Na+ ~ÓÇ Cl– §M˛Î˚ Ü˛ˆÏÓ˚ ˆÜ˛yˆÏ£ÏÓ˚

x!û˛flÀÓî ã˛y˛õ (osmotic pressure) Ó,!Âô Ü˛ˆÏÓ˚– ~Ó˚ ú˛ˆÏ° ˆÜ˛y£Ï °Óöy=˛ Óy!•ƒÜ˛ ˛õ!Ó˚ˆÏÓˆÏ¢Ä

ï˛yÓ˚ fl≥˛#ï˛ ò¢y ÓçyÎ˚ Ó˚yˆÏá Ä fl∫yû˛y!ÓÜ˛ !Ó˛õyÜ˛Ü ˛#Î˚y x«%˛] Ó˚yˆÏá– ~Ó˚ myÓ˚y °Óöy=˛ üy!ê˛

!Ü˛ÇÓy §ü%o ˆÌˆÏÜ˛ ç° ˆ¢y£Ïî Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚– °Óîy¡∫% í˛z!qˆÏòÓ˚ ˆÜ˛y£ÏÓ˚ˆÏ§Ó˚ x!û˛flÀÓî âöc

fl∫yû˛y!ÓÜ˛ fiÌ°ç í˛z!qò (mesophyte) xˆÏ˛õ«˛y ≤ÃyÎ˚ 12 à%î (12 times) ˛õÎ≈hsˇ ˆÓ¢#

•ˆÏï˛ ˛õyˆÏÓ˚–

(f) CO2 âöc Ó,!ÂôÓ˚ ≤Ã!Ü ˛Î˚y (Increase of CO2 concenantration mechanism) :
ˆÓ¢ !Ü˛å%È °Óîy¡∫% í˛z!qˆÏò SˆÎüö Spartina anglica) C4 ã˛Ü ˛ ˆòáy ÎyÎ˚– ~Ó˚y

§yˆÏ°yÜ˛§ÇˆÏŸ’£Ï •yÓ˚ Ó,!Âô Ü˛Ó˚ˆÏï˛ RubiscoÈÙÈ~Ó˚ ã˛y!Ó˚˛õyˆÏŸª≈ CO2ÈÙÈ~Ó˚ üyey Ó,!Âô Ü˛ˆÏÓ˚–

(g) !Ó˛õyÜ˛ !Ü ˛Î˚y §ÇÓ˚«˛Ü˛ ˜çÓ oyÓÜ˛ §ÇˆÏŸ’£Ïî (Synthesis of some organic solute
as metabolic protectants) : x!ôÜ˛yÇ¢ °Óîy¡∫% í˛z!qò ÚÚ§•yÎ˚Ü˛ oyÓÜ˛ÛÛ (Compatible
solute) Ó˚)ˆÏ˛õ ˆÓ¢ !Ü˛å%È ˜çÓ˛õòyÌ≈ ˆÎüö @’%ˆÏÜ˛yçñ §%ˆÏÜ ˛yçñ !@’ˆÏ§Ó˚°ñ üƒy!öê˛°ñ !˛õ!öê˛°ñ

!ã˛e 6.7 (a), (b) : °Óöy¡∫% í˛z!qˆÏòÓ˚ ˛õyï˛yÎ˚ °Óî@ˇÃ!rÌ

(a) ˛õyï˛yÓ˚ ≤ÃfiÌˆÏFåÈˆÏòÓ˚ ò,¢ƒ (b) ˛õyï˛yÓ˚ í˛z˛õ!Ó˚ï˛ˆÏ°Ó˚ ò,¢ƒ



136 NSOU 5CC-BT-02

D: \ Suvendu \ NSOU\NEP/ 5CC-BT-02
Unit- 5-8 \ 2ndProof  \ (Dt. 19.03.2025)

ˆ≤Ãy!°öñ ~§˛õƒyÓ˚y!çöñ !ÓˆÏê˛•zö§‰ñ !üÌy•z° Î%=˛ §y°ú˛yÓ˚ ˆÎÔà DMSP (Dimethyl
sulphoniopropionate) ≤Ãû,˛!ï˛ §ÇˆÏŸ’£Ï Ä §M˛Î˚ Ü˛ˆÏÓ˚– ~•z §Ü˛° x§ˆÏüy°y•zê˛ oyÓÜ˛§ü)•

í˛zFã˛ x!û˛flÀÓî ã˛y˛õ §,!T˛ Ü˛ˆÏÓ˚ ˆÜ˛yˆÏ£ÏÓ˚ §Ü˛° í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ Ü˛ü≈«˛üï˛y fl∫yû˛y!ÓÜ˛ Ó˚yˆÏá–

~åÈyí˛¸yÄ ~Ó˚y öyöyû˛yˆÏÓ ˆÜ˛yˆÏ£ÏÓ˚ !Ó˛õyÜ˛ !Ü ˛Î˚yÓ˚ fl∫yû˛y!ÓÜ˛ï˛y ÓçyÎ˚ Ó˚yˆÏá–

6.5 çyAà° í˛z!qˆÏòÓ˚ x!û˛ˆÏÎyçö (Adaptations of Xerophytes)

§yôyÓ˚îû˛yˆÏÓ ˆçˆÏÓ˚yú˛y•zê˛ Óy çyAà° í˛z!qò Ó°ˆÏï˛ ¢%‹Ò ü,!_Ü˛yÓ˚ í˛z!qò ˆÓyé˛yÎ˚– ~•z xM˛ˆÏ°Ó˚

í˛z!qˆÏòÓ˚y ˆòˆÏ•Ó˚ ˆÜ˛yö «˛!ï˛ öy Ü˛ˆÏÓ˚ !öˆÏçˆÏòÓ˚ ˆòˆÏ•Ó˚ xAà§ÇfiÌyˆÏöÓ˚ Ä ¢yÓ˚#Ó˚Ó,_#Î˚ !Ü ˛Î˚yÓ˚ ˛õ!Ó˚Óï≈˛ö

â!ê˛ˆÏÎ˚ ¢%Ü˛ˆÏöy ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ §ˆÏAà ˆüyÜ˛y!Ó°y Ü˛ˆÏÓ˚ ˆÓÑˆÏã˛ ÌyÜ˛ˆÏï˛ ˛õyˆÏÓ˚ (Oppenheimer, 1960)–
í˛yí˛zˆÏÓöüyÎ˚yÓ˚ ~Ó˚ üˆÏï˛ (Doubenmiere 1950) ~Ó˚ üˆÏï˛ ˆÎ üy!ê˛ˆÏï˛ fl∫yû˛y!ÓÜ˛ §üˆÏÎ˚•z (normal
season) í˛z!qˆÏòÓ˚ Ó,!ÂôÓ˚ ≤ÃˆÏÎ˚yçö#Î˚ çˆÏ°Ó˚ (growth water) ˛àû˛#Ó˚ï˛y 2 ˆí˛!§!üê˛yÓ˚ Óy ï˛yÓ˚ ˆÓ¢#

Ü˛ˆÏü ÎyÎ˚ ˆ§•z üy!ê˛ˆÏï˛ ˆÎ §Ü˛° í˛z!qò ˆÓÑˆÏã˛ ÌyˆÏÜ˛ ï˛yˆÏòÓ˚ ˆçˆÏÓ˚yú˛y•zê˛ ÓˆÏ°– ˆ§•z !•ˆÏ§ˆÏÓ ¢%‹Ò

xM˛ˆÏ°Ó˚ §Ü˛° í˛z!qòñ ˆÓˆÏ° üy!ê˛ xM˛ˆÏ°Ó˚ xàû˛#Ó˚ ü)° Î%=˛ í˛z!qòñ ≤Ãû,˛!ï˛ çyAà° í˛z!qò !•ˆÏ§ˆÏÓ

àîƒ •Î˚–

xAà§ÇfiÌy!öÜ˛ àë˛ö ~ÓÇ ç#ÓöôyÓ˚ˆÏöÓ˚ ≤ÃÜ,˛!ï˛Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ çyAà° í˛z!qò ≤Ãôyöï˛ !ï˛ö

≤ÃÜ˛yˆÏÓ˚Ó˚ ÎÌyÈÙÙÙÈÈ

1. ˛áÓ˚y ~!í˛¸ˆÏÎ˚ã˛°y «˛îç#Ó# í˛z!qò Óy ~!ú˛ˆÏüÓ˚y° (Drought escaping shortliving or
ephemerals) : ~Ó˚y ≤Ãôyöï˛ áÓ˚y xM˛ˆÏ° ÓÍ§ˆÏÓ˚Ó˚ fl∫“!òˆÏöÓ˚ xö%Ü)˛° ˛õ!Ó˚ˆÏÓ¢ ˆ˛õˆÏ°•z çß√yˆÏï˛

˛õyˆÏÓ˚– 6-8 §ÆyˆÏ• ~ˆÏòÓ˚ ˆòáy ÎyÎ˚– ~Ó˚ üˆÏôƒ•z ~Ó˚y ç#Óöã˛Ü ˛ §¡õß¨ Ü˛Ó˚ˆÏï˛ §«˛ü–

~Ó˚y «%˛oy xyÜ,˛!ï˛Ó˚ Ó£Ï≈ç#Ó# í˛z!qò– ~ˆÏòÓ˚ ü)ˆÏ°Ó˚ ï%˛°öyÎ˚ Ó#ê˛˛õ xÇ¢ xˆÏöÜ˛ Óí˛¸ •Î˚– ~•z

í˛z!qˆÏòÓ˚y ≤ÃÜ,˛ï˛˛õˆÏ«˛ áÓ˚y §•ƒ Ü˛Ó˚yÓ˚ ã˛y•zˆÏï˛ áÓ˚y ~!í˛¸ˆÏÎ˚ ã˛ˆÏ°– í˛zòy•Ó˚îÈÙÙÙÈˆ¢Î˚y°Ü˛yê˛y (Argemone
mexicana), ˆê˛ Ï̂ú ̨ y!¢Î̊y ˛õyÓ̊!˛õí z̨!Ó̊Î̊y (Tephrosia purpurea), Ü˛!rê˛Ü˛y!Ó̊ (Solanum xanthocarpum)
•zï˛ƒy!ò–

2. ˛áÓ˚y ≤Ã!ï˛ˆÏÓ˚yôÜ˛yÓ˚# Ó˚§yˆÏ°y í˛z!qò (Drought resistant succulent plants) : ~•z

çyï˛#Î˚ í˛z!qˆÏòÓ˚y Óy!•ƒÜ˛ ¢%‹Ò ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ≤Ã!ï˛Ü%˛°ï˛yÎ˚ ˆÓÑˆÏã˛ ÌyÜ˛ˆÏï˛ §«˛ü– ~ˆÏòÓ˚ fiÌ)° Ä Ó˚§yˆÏ°y

ü)°ñ Ü˛y[˛ Ä ˛õyï˛y ç° §M˛Î˚Ü˛yÓ˚# xAà !•ˆÏ§ˆÏÓ Ó£Ï≈yÜ˛yˆÏ° ≤ÃyÆ ≤Ãã%˛Ó˚ ç° ôˆÏÓ˚ Ó˚yˆÏá ~ÓÇ áÓ˚y

≤Ã!ï˛ˆÏÓ˚yô Ü˛ˆÏÓ˚– ~ˆÏòÓ˚ ü)° xàû˛#Ó˚ •Î˚ ÎyˆÏï˛ Ó,!T˛Ó˚ ç° §•ˆÏç•z ˆ¢y£Ïî Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚– Ü˛y[˛ fl≥˛#ï˛

~ÓÇ ˛õyï˛y ˛õ%Ó%̊ñ ã˛ü≈ÓÍ ~ÓÇ Ó˚§y Ï̂°y •Î˚– Ü˛y Ï̂Ó˚yÓ˚ ˆ«˛ Ï̂e ˛õyï˛y Ü˛rê˛ Ï̂Ü˛ Ó)̨̊ õyhsˇ!Ó˚ï˛ •Î˚– í z̨òy•Ó˚îÈÙÙÙÈú˛î#üö§y

(Opuntia dillenii), ˛•zí˛zˆÏú˛yÓ˚!ÓÎ˚y ˆflõœöˆÏí˛™ (Euphorbia splendens), ˛xƒyˆÏàû˛ (Agave sp.)
•zï˛ƒy!òÓ˚ Ó˚§yˆÏ°y Ü˛y[˛ ç° §M˛Î˚ Ü˛ˆÏÓ˚ Ó˚yˆÏá– ˛õyÌÓ˚Ü%˛!ã˛ (Bryophyllum sp.), â,ï˛Ü%˛üyÓ˚# (Aloe
vera), xƒyˆÏàû˛ (Agave sp), ˛•zï˛ƒy!òÓ˚ ˛õyï˛yÎ˚ ~ÓÇ ¢ï˛ü%°# (Asparagus racemosus), ˛ˆ§•zÓy
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˛õ%‹õ

˛õyï˛y

í˛z˛õ˛õe Ü˛^ˇê˛Ü˛

Ü˛y[˛

˛õ%‹õ

ˆÓ˚yü¢ ˛õyï˛y

Ü˛y[˛

Ü˛y[˛

í˛z˛õ˛õe

Ü˛^ˇê˛Ü˛

(a) áÓ˚y ~!í˛¸ˆÏÎ˚ ã˛°y ~!ú˛ˆÏüÓ˚y° í˛z!qò

(Argemone mexicana)

(b) áÓ˚y ≤Ã!ï˛ˆÏÓ˚yôÜ˛yÓ˚# Ó˚§yˆÏ°y í˛z!qò

(Euphorbia splendens)

(c) áÓ˚y §•ƒÜ˛yÓ˚# xÓ˚§yˆÏ°y Ó•%Ó£Ï≈ç#Ó# í˛z!qò (i) Capparis aphylla (ii) Calotropis procera

(i) (ii)

!ã˛e 6.8 : çyAà° í˛z!qˆÏòÓ˚ ˆ◊î# !Óû˛yà
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(Ceiba parviflora)Ó˚ ˆ«˛ˆÏe ü)ˆÏ° ç° §!M˛ï˛ ÌyˆÏÜ˛– üy!ê˛ ˆÌˆÏÜ˛ ç° öy ˆ˛õˆÏ° §!M˛ï˛ ç° í˛z!qˆÏòÓ˚y

≤ÃˆÏÎ˚yçö xö%§yˆÏÓ˚ ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ ˆÓÑˆÏã˛ ÌyˆÏÜ˛– Ó˚§y° í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe •z•y ~Ü˛ !ÓˆÏ¢£Ï ≤ÃÜ˛yÓ˚ x!û˛ˆÏÎyçö

ÎyÓ˚ ú˛ˆÏ° ~ˆÏòÓ˚ ¢%‹Òï˛y §•zˆÏï˛ •Î˚ öy– ï˛y•z xˆÏöˆÏÜ˛•z ~ˆÏòÓ˚ ≤ÃÜ,˛ï˛ çyAà° í˛z!qò !•ˆÏ§ˆÏÓ xhsˇû%˛≈=˛

Ü˛Ó˚yÓ˚ ˛õ«˛˛õy!ï˛ öö–

3. ˛áÓ˚y §•ƒÜ˛yÓ˚# xÓ˚§yˆÏ°y Ó•%Ó£Ï≈ç#Ó# í˛z!qò (Drought enduring non succulant
perennials) : ˛~Ó˚y•z ≤ÃÜ,˛ï˛ ˆçˆÏÓ˚yú˛y•zê˛ Óy çyAà° í˛z!qò– ~ˆÏòÓ˚ xAà§ÇfiÌy!öÜ˛ñ ¢yÓ˚#Ó˚fiÌy!öÜ˛

Ä ¢yÓ˚#Ó˚Ó,_#Î˚ ~üö !Ü˛å%È x!û˛ˆÏÎy!çï˛ ˜Ó!¢T˛ƒ ÌyˆÏÜ˛ ÎyÓ˚ §y•yˆÏÎƒ ~Ó˚y ≤Ãã˛[˛ áÓ˚yˆÏï˛Ä !öˆÏçˆÏòÓ˚

x!hflÏc ÓçyÎ˚ Ó˚yáˆÏï˛ §«˛ü– ~ˆÏòÓ˚ ü)° ¢yáy ≤Ã¢yáy Î%=˛ §%à!ë˛ï˛ Îy á%Ó o%ï˛ ò#â≈ •ˆÏï˛ ˛õyˆÏÓ˚– ¢%‹Òï˛yÎ˚

§•ƒ «˛üï˛yñ fl∫“ Óy‹õˆÏüyã˛ö •yÓ˚ñ «%˛oyÜ,˛!ï˛Ó˚ ˛õyï˛yñ §%à!ë˛ï˛ ˛õ%Ó˚ !Ü˛í˛z!ê˛Ü˛° ˆüyü çyï˛#Î˚ ˛õòyˆÏÌ≈Ó˚

xyhflÏÓ˚îñ âöˆÏÓ˚yü xyÓ,ï˛ Ó!•ÉcÜ˛ ≤Ãû,˛!ï˛ ~ˆÏòÓ˚ áÓ˚y ˆüyÜ˛y!Ó°yÎ˚ §y•yÎƒ Ü˛ˆÏÓ˚– üy!ê˛Ó˚ ç° á%Ó Ü˛ˆÏü

ˆàˆÏ° ~ˆÏòÓ˚ ˛õyï˛y é˛ˆÏí˛¸ ˛õˆÏí˛¸– üy!ê˛Ó˚ ˆû˛çy xÓfiÌy !ú˛ˆÏÓ˚ ~ˆÏ° xyÓyÓ˚ öï%˛ö ˛õyï˛y ˆÓÓ˚ •Î˚– ~•z

≤ÃÜ˛yÓ˚ çyAà° í˛z!qˆÏòÓ˚ í˛zòy•Ó˚î •°È xyÜ˛® (Calotropis procera), ˛Ü%˛° (Zizyphus jujuba),
xƒyÜ˛y!§Î˚y ˆöˆÏ°y!ê˛Ü˛y (Acacis nelotica), ˛Ü˛ƒyØy!Ó˚§ xyú˛y•z°y (Capparis aphyla) ≤Ãû,˛È!ï˛–

6.5.1  xAà§ÇfiÌy!öÜ˛ x!û˛ˆÏÎyçö (Morphological adaptation)

ü)° ı áÓ˚y ≤Ã!ï˛ˆÏÓ˚yô# Ó˚§yˆÏ°y çyAà° í˛z!qˆÏòÓ˚ ü)° ˛õ%Ó˚% ~ÓÇ Ó˚§yˆÏ°y •Î˚ Îy Ó£Ï≈yÜ˛yˆÏ° ≤Ãã%˛Ó˚

˛õ!Ó˚üyˆÏî ç° ôˆÏÓ˚ Ó˚yˆÏá Ä ç° §M˛Î˚Ü˛yÓ˚# xAà !•§yˆÏÓ Ü˛yç Ü˛ˆÏÓ˚– ï˛yˆÏòÓ˚ !¢Ü˛í˛¸ ¢yáyÈÙÈ≤Ã¢yáy

!Ó!¢T˛ ~ÓÇ xàû˛#Ó˚ ÎyˆÏï˛ ï˛yÓ˚y Ó,!T˛Ó˚ ç° §•ˆÏç ˆ¢y£Ïî Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚–

í˛zòy•Ó˚îÈÙÙÙÈ ú˛î#üö§y (Opungtia dillenii), ˆï˛!¢ˆÏÓ˚üö§y (Euphorbia splendens),

â,ï˛Ü%˛üyÓ˚# (Aloe vera), ¢ï˛ü)°# (Asparagus racemosus), •zï˛ƒy!ò–

áÓ˚y §•ƒÜ˛yÓ˚# xÓ˚§yˆÏ°y Ó•%Ó£Ï≈ç#Ó# çyAà° í˛z!qˆÏòÓ˚ !¢Ü˛í˛¸ ÎˆÏÌT˛ ¢yáyÈÙÈ≤Ã¢yáy !Ó!¢T˛ ~ÓÇ

≤Ãôyö ü)° üy!ê˛Ó˚ xˆÏöÜ˛ àû˛#ˆÏÓ˚ ≤Ã§y!Ó˚ï˛ •ˆÏÎ˚ ç° ˆ¢y£ÏˆÏî §«˛ü–

Ü˛yu˛ ı áÓ˚y ≤Ã!ï˛ˆÏÓ˚yô# Ó˚§yˆÏ°y í˛z!qˆÏòÓ˚ Ü˛yu˛ ˛õ%Ó˚%ñ Ó˚§yˆÏ°y ~ÓÇ ˛õyï˛yÓ˚ öƒyÎ˚ §Ó%ç ˆÜœ˛yˆÏÓ˚y!ú˛°

Î%=˛– ú˛!öüö§yÓ˚ˆÏï˛ Ü˛yu˛ ã˛ƒy≤Wzy í˛z˛õÓ,_yÜ˛yÓ˚ñ ˆï˛!¢ˆÏÓ˚üö§yÓ˚ Ü˛yu˛ °¡∫y Ä í˛z°¡∫ !¢Ó˚y Î%=˛ñ ¢ï˛ü)°#Ó˚

Ü˛y[˛ §Ó˚%ñ °¡∫y ˛õy•zˆÏöÓ˚ §)ã˛yÜ,˛!ï˛Ó˚ ˛õyï˛yÓ˚ öƒyÎ˚ñ ≤Ã!ï˛ ˛õyÓ˚ˆÏÓy ˆÌˆÏÜ˛ §Ó%ç ÓˆÏî≈Ó˚ ˆåÈyê˛ Ä §Ó˚% ¢yáy

Óy ú˛y•z°Üœ˛yí˛ ã˛Ü ˛yÜ˛yˆÏÓ˚ í˛zÍ˛õß¨ •Î˚–

˛õyï˛y ı ˛õyï˛y ˛õ%Ó˚% Ä Ó˚§yˆÏ°yñ ˆÎüö â,ï˛Ü%˛üyÓ˚#

!Ü˛å%È ˆ«˛ˆÏe ˛õyï˛yà%!° Ü˛yÑê˛yˆÏï˛ ˛õ!Ó˚îï˛ •Î˚– í˛zòy•Ó˚îÈÙÙÙÈ ú˛!öüö§y (Opuntia dillenii),

ˆï˛!¢ˆÏÓ˚üö§y •zï˛ƒy!ò– ˛õy•zöy§ (Pinus sp.)ÈÙÈÓ˚ ˛õyï˛y §Ó˚%ñ °¡∫y Ä §)ã˛yÜ,˛!ï˛Ó˚ •Î˚–
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áÓ˚y §•ƒÜ˛Ó˚#  xÓ˚§yˆÏ°y Ó•%Ó£Ï≈ç#Ó# ≤ÃÜ,˛ï˛ ˆçˆÏÓ˚yú˛y•zê˛ Óy çyAà° í˛z!qˆÏòÓ˚ ˛õyï˛yÓ˚ ò,ì˛¸ àë˛öñ

§%à!ë˛ï˛ !Ü˛í˛z!ê˛Ü˛°ñ x!ôÜ˛yÇ¢ ˆ«˛ˆÏe âö ˆÓ˚yüÎ%=˛ •Î˚– ~•z §Ü˛° x!û˛ˆÏÎyçöàï˛ ˜Ó!¢T˛ƒ ï˛yˆÏòÓ˚

áÓ˚y ≤Ã!ï˛ˆÏÓ˚yˆÏô §y•yÎƒ Ü˛ˆÏÓ˚– í˛zòy•Ó˚îı Ü˛Ó˚!Ó (Nerium indicum), xyÜ˛® (Calotropis procera),

Ü%˛° (Zizyphus jujuba), ÓyÓ°y (Acacia nelotica), •zï˛ƒy!ò– Ü˛y§%Î˚y!Ó˚öy ~Ü%˛•zˆÏ§!ê˛ú˛!°Î˚yÛÓ˚

(Casuarina equisetifolia) ˛õyï˛y «%˛oyÜ,˛!ï˛Ó˚ Ä ¢ˆÏÕÒÓ˚ öƒyÎ˚ •Î˚–

í˛zôù≈ ~!˛õí˛y!ü§

ˆfiê˛yüyê˛y

xôÉ ˆfiê˛yüyê˛y à•ùÓ˚

Ó˚«˛#ˆÏÜ˛y£Ï

fiÌ)° !Ü˛í˛z!ê˛Ü˛° hflÏÓ˚

ˆ§°%ˆÏ°yç hflÏÓ˚

öy!°Ü˛y Ó!u˛°

˛õƒy!°ˆÏ§í˛ Ü˛°y

Ó° §M˛Î˚ Ü˛°y

˛õƒy!°ˆÏ§í˛ Ü˛°y

fiÌ)° !Ü˛í˛z!ê˛Ü˛° hflÏÓ˚

!ö¡¨ ~!˛õí˛y!ü≈§

(a)

(b)

fiÌ)° !Ü˛í˛z!ê˛Ü˛° hflÏÓ˚

~!˛õí˛y!ü≈§

˛õƒy!°ˆÏ§í˛ Ü˛°y

Ó° §M˛Î˚ Ü˛°y

öy!°Ü˛y Ó!u˛°

!ã˛e 6.9A : â,ï˛Ü%˛üyÓ˚# SáÓ˚y ≤Ã!ï˛ˆÏÓ˚yô# çyAà° í˛z!qòV ˛õyï˛yÓ˚ ≤ÃfiÌˆÏFåÈˆÏòÓ˚ í˛yÎ˚y@ˇÃyüy!ê˛Ü˛

(a) ~ÓÇ ˆÜ˛y£Ï#Î˚ !ã˛ˆÏeÓ˚ xÇ¢ !ÓˆÏ¢£Ï (b)
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!¢Ó˚y

ˆfiê˛yüyê˛y xyÓÓ˚Ü˛

ˆÓ˚yü
ˆfiê˛yüyê˛y à•ùÓ˚ !Ü˛í˛z!ê˛Ü˛°

~!˛õí˛y!§≈§

ˆflœÒˆÏÓ˚ö Ü˛y•züy çyï˛#Î˚

xôÉhflÏÜ˛ ST-xyÜ,˛!ï˛Ó˚V

!öü!Iï˛ ˆfiê˛yüyê˛y

˛õƒy!°ˆÏ§í˛ Ü˛°y

Óy!u˛° ˆflÒˆÏÓ˚ö Ü˛y•züy

Ü˛ˆÏê˛ˆÏ:Ó˚ öy!°Ü˛y Óy!u˛°

fiê˛yã≈˛ ¢#Ì

ˆúœ˛yˆÏÎ˚ü

Ü˛ƒy!¡∫Î˚yü

çy•zˆÏ°ü

ˆÜ˛w#Î˚ öy!°Ü˛y

Óy!u˛°

üIy

!ã˛e 6.9B : CasuariaÙÈ~Ó˚ ≤Ãy!hsˇÎ˚ ¢yáyÓ˚ ≤ÃfiÌˆÏFåÈˆÏòÓ˚ xÇ¢ SáÓ˚y §•ƒÜ˛yÓ˚# çyAà° í˛z!qòV
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çy•zˆÏ°ü

 ˆúœ˛yˆÏÎ˚ü

Óy!u˛° xyÓÓ˚î#

˛õyŸª≈#Î˚ öy!°Ü˛y Óy!u˛°

flõ!O

˛õƒyˆÏÓ˚öÜ˛y•züy

˛õƒy!°ˆÏ§í˛

˛õƒyˆÏÓ˚öÜ˛y•züy

˛õƒyˆÏÓ˚öÜ˛y•züy
Ü˛ƒy°!§Î˚yü

x:yˆÏ°ê˛ !Ü ˛fiê˛y°

Ó•%hflÏÓ˚#Î˚ í˛zôù≈

~!˛õí˛y!ü≈§

!Ü˛í z̨!ê˛Ü˛°

!öü!Iï˛

ˆfiê˛yüyê˛y

ˆfiê˛yüyê˛y

à•ùÓ˚

ˆfiê˛yüyê˛y

xyÓÓ˚Ü˛ ˆÓ˚yü
Ü˛y•zˆÏ°ü

 ˆúœ˛yˆÏÎ˚ü

üôƒ !¢Ó˚yÓ˚

öy!°Ü˛y Óy!u˛°

fiê˛yã≈˛Î%=˛

Óy!u˛° xyÓÓ˚î#

!ö¡¨

~!˛õí˛y!ü≈§

!Ü˛í z̨!ê˛Ü˛°

!ã˛e 6.9C : Nerium ˛õyï˛yÓ˚ ≤ÃfiÌˆÏFåÈò SxÓ˚§yˆÏ°y áÓ˚y §•ƒÜ˛yÓ˚# çyAà° í˛z!qòV

6.5.2  ¢yÓ˚#Ó˚fiÌy!öÜ˛ x!û˛ˆÏÎyçö (Anatomical adaptations)

ˆçˆÏÓ˚yú˛y•zê˛à%!°Ó˚ Ó!•ÉcˆÏÜ˛ ˛õ%Ó˚% !Ü˛í˛z!ê˛Ü˛°ñ ˆüyüÎ%=˛ ˛õòyÌ≈ ˆòáyÎ˚– ˛õyï˛yÎ˚ !öü!Iï˛ ˛õeÓ˚rô 

Îy ¢%ô%üye ö#ˆÏã˛Ó˚ ~!˛õí˛y!ü≈§ˆÏ§Ó˚ üˆÏôƒ §#üyÓÂô– ˛õeÓ˚rô  à•ùÓ˚ ˆÓ˚yˆÏü xyÓ,ï˛– Ü˛ƒy§%Î˚y!Ó˚öyÓ˚ Ü˛yˆÏ[˛

˛õÓ˚˛õÓ˚ ò%•z!ê˛ !¢Ó˚yÓ˚ üôƒÓï≈˛# áyÑˆÏçÓ˚ ˆ¢£Ï ≤ÃyˆÏhsˇ ˆÓ˚yüyÓ,_ àû˛#Ó˚ !öü!Iï˛ ˛õeÓ˚rô  (deeply sunken

stomata) Ó˚ˆÏÎ˚ˆÏåÈ– ~ˆÏòÓ˚ §Ü˛ˆÏ°Ó˚ ˛õ)î≈ !ÓÜ˛!¢ï˛ û˛yfl%Ò°yÓ˚ Óy!u˛° ˆòáy ÎyÎ˚–

~•z §yôyÓ˚î ˜Ó!¢T˛ƒà%!° åÈyí˛¸yÄ ˆö!Ó˚Î˚yü ˛õyï˛yÎ˚ Ó•%§y!Ó˚ ~!˛õí˛y!ü≈§ §• í˛zû˛Î˚ ˛õyˆÏ¢ ˛õ%Ó˚%

!Ü˛í˛z!ê˛Ü˛° ˆòáyÎ˚– Ü˛ƒy§%Î˚y!Ó˚öyÓ˚ §)ã˛yÜ,˛!ï˛Ó˚ §Ó%ç ¢yáyˆÏï˛ !¢Ó˚yà%!°Ó˚ ö#ˆÏã˛ ˛õ%Ó˚% ˆflœÒˆÏÓ˚öÜ˛y•züy ˆòáy

ÎyÎ˚ ~ÓÇ •z•yˆÏòÓ˚ xû˛ƒhsˇˆÏÓ˚ §%à!ë˛ï˛ Ó!•É û˛yfl%Ò°yÓ˚ Óy•zu˛° Ú!ê˛ÛÈÙÈ~Ó˚ öƒyÎ˚ xÓfiÌyö Ü˛ˆÏÓ˚– Ü˛yˆÏ[˛Ó˚

ˆû˛ï˛Ó˚!òˆÏÜ˛ fiÌ)° ˆ˛õ!Ó˚§y•zˆÏÜ˛°Î%=˛ xhsˇÉû˛yfl%Ò°yÓ˚ Óy!u˛°à%!° ã˛Ü ˛yÜ˛yˆÏÓ˚ xÓfiÌyö Ü˛ˆÏÓ˚–
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Ü˛yˆÏ[˛Ó˚ !¢Ó˚yà%!°Ó˚ ˆflœÒˆÏÓ˚öÜ˛y•züyÓ˚ hflÏˆÏÓ˚Ó˚ !öˆÏã˛ Ó!•É û˛yfl%Ò°yÓ˚ Óy!u˛°à%!°ˆÏÜ˛ !âˆÏÓ˚ Ä !öü!Iï˛

˛õyeÓ˚ˆÏrô Ó˚ ˆû˛ï˛Ó˚ !òˆÏÜ˛ ˆÜœ˛yˆÏÓ˚öÜ˛y•züy Ü˛°y ÌyÜ˛yÎ˚ ~•z ¢yáy Ü˛y[˛à%!° §Ó%ç •Î˚ Ä §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏÄ

§«˛ü–

!ã˛e 6.9A, 6.9B, 6.9CÈÙÈˆÏï˛ çyAà° í˛z!qˆÏòÓ˚ ¢yÓ˚#Ó˚fiÌy!öÜ˛ x!û˛ˆÏÎyçöàï˛ ˜Ó!¢T˛ƒ ˆòáyˆÏöy

• Ï̂Î˚̂ ÏåÈ–

6.5.3  ¢yÓ˚#Ó˚Ó,_#Î˚ x!û˛ˆÏÎyçö (Physiological adaptations)

¢%‹Ò Ä ï˛Æ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ çyAà° í˛z!qˆÏò öyöy ¢yÓ˚#Ó˚Ó,!_Î˚ ˛õ#í˛¸ö xö%û)˛ï˛ •Î˚– •z•yÓ˚ ú˛ˆÏ°

ˆÜ˛y£Ïyû˛ƒhsˇˆÏÓ˚ öyöy!Óô Ü˛yÎ≈Ü˛Ó˚# ˆ≤Ãy!ê˛ö xö%Ó˚ àë˛öàï˛ !fiÌ!ï˛¢#°ï˛y Ä Ü˛yÎ≈Ü˛y!Ó˚ï˛y •…y§ ˛õyÎ˚– ≤’y!fiê˛í˛

xyÓÓ˚î#Ó˚ !fiÌ!ï˛¢#°ï˛y Ä ˆû˛òƒï˛y Ü˛ˆÏü xyˆÏ§– ˆÜ˛yˆÏ£ÏÓ˚ §yü!@ˇÃÜ˛ !Ó˛õyÜ˛!Ü ˛Î˚y «˛!ï˛@ˇÃhflÏ •Î˚– !Ó!û˛ß¨

çyAà° í˛z!qˆÏò ~•z§ü° ≤Ã!ï˛Ü)˛°ï˛y ˆüyÜ˛y!Ó°yÎ˚ öyöy ≤ÃÜ˛yÓ˚ ¢yÓ˚#Ó˚Ó,_#Î˚ x!û˛ˆÏÎyçö ˆòáy ÎyÎ˚–

ˆÎüöÈÙÙÙÈ

ç° §M˛Î˚ (Water Storatge) : !Ü˛å%È àyåÈ˛õy°y ï˛yˆÏòÓ˚ à%Ñ!í˛¸ñ Ü˛y[˛ ~ÓÇ ˛õyï˛yÎ˚ ç° §M˛Î˚

Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚– í˛z!qˆÏòÓ˚ ç° §!M˛ï˛ xÇ¢ !fl≥˛ï˛ •ˆÏÎ˚ ÄˆÏë˛– çyAà° í˛z!qˆÏòÓ˚ ü,!_Ü˛y §Ç°@¿ !fl≥˛ï˛

Ü˛y[˛ Óy !¢Ü˛í˛¸ˆÏÜ˛ Ü˛ˆÏí˛: Ó°y •Î˚ ~ÓÇ í˛z!qˆÏòÓ˚ !fl≥˛ï˛ !ö¡¨yÇ¢ˆÏÜ˛ Ü˛!í˛!§ú˛ü≈ Ó°y •Î˚– ç° §M˛Î˚Ü˛yÓ˚#

~•z §Ü˛° í˛z!qòˆÏòÓ˚ §yÜ%˛ˆÏ°rê˛ Óy Ó˚§yˆÏ°y çyAà° í˛z!qò ÓˆÏ°–

≤Ã!ï˛Ó˚«˛yü)°Ü˛ xî% í˛zÍ˛õyòö (Production of protective molecules) : àyåÈ˛õy°y ï˛yˆÏòÓ˚

Ó!•É˛õ,ˆÏ¤˛Ó˚ í˛z˛õÓ˚ Ó˚çö ~ÓÇ ˆüyü S~!˛õ!Ü˛í˛z!ê˛Ü%˛°yÓ˚ ˆüyüV !öÉ§Ó˚î Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ñ Îy Ÿªy§ö Ä ≤ÃˆÏfl∫òö

≤Ã!Ü ˛Î˚y •…y§ Ü˛ˆÏÓ˚– Ü ˛üyàï˛ §)Î≈yˆÏ°yˆÏÜ˛Ó˚ §ÇflõˆÏ¢≈ ÌyÜ˛y xM˛°à%!°ˆÏï˛ UV Ó˚!Ÿ¬ í˛z!qˆÏòÓ˚ ˜çÓ Ó˚y§y!Î˚öÜ˛

«˛!ï˛Ó˚ Ü˛yÓ˚î •ˆÏï˛ ˛õyˆÏÓ˚ ~ÓÇ xÓˆÏ¢ˆÏ£Ï ò#â≈ˆÏüÎ˚yò !í˛~ö~ !üí˛zˆÏê˛¢ö •ˆÏï˛ ˛õyˆÏÓ˚– •z•yÓ˚y UV

ˆ¢y£ÏîÜ˛yÓ˚# úœ˛ƒyˆÏû˛yöˆÏÎ˚í˛ çyï˛#Î˚ xö% ~ÓÇ ˆüyˆÏüÓ˚ üˆÏï˛y §%Ó˚«˛yÜ˛yÓ˚# xî%à%!°Ó˚ §ÇˆÏŸ’£Ïî Ü˛ˆÏÓ˚– ˆ≤Ãy!°ö

!ö!ò≈T˛ x§ˆÏüy!ê˛Ü˛ ˆ≤Ã§yÓ˚ ÓçyÎ˚ Ó˚yáˆÏï˛ §y•yÎƒ Ü˛ˆÏÓ˚– !•ê˛ ¢Ü˛ ˆ≤Ãy!ê˛ö SHSPV •° í˛z!qò ˆ≤Ãy!ê˛ˆÏöÓ˚

~Ü˛!ê˛ ≤Ãôyö ˆ◊!î Îy ï˛yˆÏ˛õÓ˚ ˛õ#í˛¸ö ≤Ã!ï˛!Ü ˛Î˚y !•§yˆÏÓ ï˛y˛õüyey Ó,!ÂôÓ˚ §yˆÏÌ §yˆÏÌ ˆÜ˛yˆÏ£Ï §ÇˆÏŸ’!£Ïï˛

•Î˚– •z•y í˛zFã˛ ï˛y˛õüyeyÎ˚ ˆ≤Ãy!ê˛ö í˛zÂâyê˛ö ≤Ã!ï˛ˆÏÓ˚yô Ü˛Ó˚ˆÏï˛ §y•yÎƒ Ü˛ˆÏÓ˚ ~ÓÇ ˆ≤Ãy!ê˛öˆÏÜ˛ !ÓÜ,˛ï˛Ü˛Ó˚î

ˆÌˆÏÜ˛ Ó˚«˛y Ü˛ˆÏÓ˚ ~ÓÇ !ÓÜ,˛ï˛ ˆ≤Ãy!ê˛ö ˛õ%öÓ˚yÎ˚ §ÇflÒyÓ˚ Ü˛Ó˚ˆÏï˛ §y•yÎƒ Ü˛ˆÏÓ˚– ã˛ƒyˆÏ˛õˆÏÓ˚y!öö •° ~üö

~Ü˛!ê˛ !•ê˛ ¢Ü˛ ˆ≤Ãy!ê˛ˆÏöÓ˚ í˛zòy•Ó˚î–

Óy‹õ#û)˛ï˛ ¢#ï˛°Ü˛Ó˚î (Evaporatory cooling) : Óy‹õ#û˛ÓˆÏöÓ˚ üyôƒˆÏü ¢#ï˛°Ü˛Ó˚î í˛z!qˆÏòÓ˚

í˛z˛õÓ˚ ï˛yˆÏ˛õÓ˚ ˛õ#í˛¸ö ≤Ãû˛yÓˆÏÜ˛ !Ó°!¡∫ï˛ Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚– Î!ò çˆÏ°Ó˚ xû˛yÓ ÌyˆÏÜ˛ ï˛ˆÏÓ §yôyÓ˚îï˛ çyAà°

í˛z!qˆÏòÓ˚ çöƒ ~!ê˛ ~Ü˛!ê˛ û˛y° ˆÜ˛Ô¢° öÎ˚–

ˆfiê˛yüyê˛y Órô Ü˛Ó˚ÓyÓ˚ «˛üï˛y (Control on stomatal closure) : ˆÓ!¢Ó˚û˛yà àyåÈ˛õy°y

çˆÏ°Ó˚ ˛õ#í˛¸ö ¢%Ó˚%ˆÏï˛ ï˛yˆÏòÓ˚ ˆfiê˛yüyê˛y Ó® Ü˛Ó˚yÓ˚ «˛üï˛y Ó˚yˆÏáñ xhsˇï˛ xyÇ!¢Ü˛û˛yˆÏÓñ Ÿªy§ÈÙÈ≤ÃŸªyˆÏ§Ó˚

•yÓ˚ §#!üï˛ Ü˛Ó˚ˆÏï˛– !¢Ü˛í˛¸à%!° ¢%Ü˛ˆÏöy üy!ê˛Ó˚ xÓfiÌy §öy=˛ Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚– ï˛yÓ˚y !¢Ü˛í˛¸ ˆÌˆÏÜ˛ •Ó˚ˆÏüyö
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myÓ˚y §ï˛Ü≈˛ï˛y §ÇˆÏÜ˛ï˛ ˆfiê˛yüyê˛yˆÏï˛ ˆ≤ÃÓ˚î Ü˛ˆÏÓ˚–

xöƒyöƒ í˛z!qˆÏòÓ˚ ï%˛°öyÎ˚ñ ˆçˆÏÓ˚yú˛y•zˆÏê˛Ó˚ ~Ü˛!ê˛ !Ó˛õÓ˚#ï˛ ˆfiê˛yüyê˛y åÈ® Ó˚ˆÏÎ˚ˆÏåÈ– ~ˆÏòÓ˚ xˆÏöˆÏÜ˛Ó˚

!òˆÏöÓ˚ ï%˛°öyÎ˚ Ó˚yˆÏï˛ ˆfiê˛yüyê˛y ˆáy°yÓ˚ Óy !åÈˆÏoÓ˚ xyÜ˛yÓ˚ Óí˛¸ •Î˚– Ü˛ƒyÜ˛ˆÏê˛§# (Cactaceae)ñ Ü ˛y§%ˆÏ°§#

(Crassulaceae) ~ÓÇ !°!°ˆÏÎ˚§# (Liliaceae)ÈÙÈ~Ó˚ ˆçˆÏÓ˚yüÓ˚!ú˛Ü˛ ≤Ãçy!ï˛ˆÏï˛ ~•z âê˛öy!ê˛ ˛õ!Ó˚°!«˛ï˛

•Î˚–

ú˛§ˆÏú˛y!°!˛õí˛ §ƒyã%˛ˆÏÓ˚¢ö (Phospholipdi saturation) : ˆÜ˛yˆÏ£ÏÓ˚ ≤’yçüy ˆüüˆÏÓ ˆÏöÓ˚

ú˛§ˆÏú˛y!°!˛õí˛ ï˛y˛õüyey Ó,!Âô ˆ˛õˆÏ° xyÓ˚Ä ï˛Ó˚° •ˆÏÎ˚ ÎyÎ˚– §¡õ,=˛ !°!˛õí˛à%!° x§¡õ,=˛ !°!˛õí˛à%!°Ó˚

ˆã˛ˆÏÎ˚ ˆÓ!¢ Ü˛ˆÏë˛yÓ˚ Ä §•ˆÏç ï˛Ó˚°#Ü,˛ï˛ •Î˚öy– í˛z!qò ˆÜ˛y£Ïà%!° ˜çÓ Ó˚y§yÎ˚!öÜ˛ ˛õ!Ó˚Óï≈˛ˆÏöÓ˚ üôƒ

!òˆÏÎ˚ ï˛yˆÏòÓ˚ ˆÜ˛y£Ï ˛õò≈yÓ˚ §¡õ,=˛ !°!˛õí˛ xî%Ó˚ §Çáƒy Ó,!Âô Ü˛ˆÏÓ˚ ÎyˆÏï˛ àÓ˚ü xyÓ•yÄÎ˚yÎ˚ •z•yÓ˚ xá[˛ï˛y

ÓçyÎ˚ ÌyˆÏÜ˛–

CAM ≤Ã!Ü ˛Î˚y (CAM process) : xˆÏöÜ˛ Ó˚§yˆÏ°y ˆçˆÏÓ˚yú˛y•zê˛ Ü ˛ƒy§%ˆÏ°!§Î˚yö xƒy!§í˛

ˆüê˛yÓ!°çü Óy CAM §yˆÏ°yÜ˛§ÇˆÏŸ’£Ïî §¡õß¨ Ü˛ˆÏÓ˚– ~!ê˛ˆÏÜ˛ ÚxrôÜ˛yÓ˚Û Ü˛yÓ≈!:ˆÏ°¢ö ≤Ã!Ü ˛Î˚yÄ Ó°y

•Î˚ Ü˛yÓ˚î ¢%‹Ò xM˛ˆÏ°Ó˚ àyåÈ˛õy°y Ó˚yˆÏï˛ Ü˛yÓ≈ö í˛y•z x:y•zí˛ §Ç@ˇÃ• Ü˛ˆÏÓ˚ Îáö ˆfiê˛yüyê˛y á%ˆÏ° ÎyÎ˚

~ÓÇ !òˆÏöÓ˚ ˆÓ°y xyˆÏ°yÓ˚ í˛z˛õ!fiÌ!ï˛ˆÏï˛ §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏˆÏîÓ˚ çöƒ ÓƒÓ•yÓ˚ Ü˛Ó˚y àƒy§à%!°ˆÏÜ˛ §M˛Î˚ Ü˛ˆÏÓ˚–

CAM ˆüÜ˛y!öçü Î%=˛ í˛z!qˆÏòÓ˚ í˛zòy•Ó˚î •° xyöyÓ˚§ñ ~ˆÏàû˛ ≤Ãû,˛!ï˛– Î!òÄ !Ü˛å%È ˆçˆÏÓ˚yú˛y•zê˛ ~•z

≤Ã!Ü ˛Î˚y!ê˛ ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ïî §¡õyòö Ü˛ˆÏÓ˚ñ ï˛Ó%Ä ¢%‹Ò xM˛ˆÏ°Ó˚ ˆÓ!¢Ó˚û˛yà í˛z!qò C3

~ÓÇ C4 í˛zû˛Î˚ §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏˆÏîÓ˚ ˛õÌ•z ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚–

!Ó°!¡∫ï˛ xAÜ%˛ˆÏÓ˚yòàü ~ÓÇ Ó,!Âô (Delayed germination and growth) : ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚

xyo≈ï˛y Ó#ˆÏçÓ˚ xAÜ%˛ˆÏÓ˚yòàü !öÎ˚sfˆÏî à%Ó˚%c˛õ)î≈ û)˛!üÜ˛y ˛õy°ö Ü˛ˆÏÓ˚– üÓ˚%û)˛!üÓ˚ ˆçˆÏÓ˚yú˛y•zê˛ˆÏòÓ˚ ~Ü˛!ê˛

!ÓÓï≈˛ö#Î˚ ˆÜ˛Ô¢° •° Ó#ˆÏçÓ˚ xAÜ%˛ˆÏÓ˚yòàˆÏüÓ˚ •yÓ˚ •…y§ Ü˛Ó˚y– xAÜ%˛Ó˚ Ó,!Âô ürÌÓ˚ Ü˛ˆÏÓ˚ñ Ó,!Âô ~ÓÇ

Ÿªy§ÈÙÈ≤Ã¢fl∫yˆÏ§Ó˚ çöƒ Ü˛ü ç° ÓƒÓ•,ï˛ •Î˚– ~•zû˛yˆÏÓñ Ó#ç ~ÓÇ í˛z!qò ˆüˆÏ§yú˛y•z!ê˛Ü˛ í˛z!qˆÏòÓ˚ ï%˛°öyÎ˚

fl∫“ÈÙÈfiÌyÎ˚# Ó,!T˛˛õyï˛ ˆÌˆÏÜ˛ ˛õyÄÎ˚y ç°ˆÏÜ˛ xˆÏöÜ˛ ˆÓ!¢ §üˆÏÎ˚Ó˚ çöƒ ÓƒÓ•yÓ˚ Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚–

˛õeˆÏüyã˛ö (Defoliation) : !Ü˛å%È xÓ˚§yˆÏ°y ≤ÃÜ,˛ï˛ çyAà° í˛z!qˆÏò ≤Ãã˛[˛ áÓ˚yÎ˚ üy!ê˛ Îáö ¢%!áˆÏÎ˚

ÎyÎ˚ ï˛áö àyˆÏåÈÓ˚ §ühflÏ ˛õyï˛y é˛ˆÏí˛¸ ˛õˆÏí˛¸– ~•zû˛yˆÏÓ x!ôÜ˛ ¢%‹Ò ˛õ!Ó˚ˆÏÓˆÏ¢ Óy‹õˆÏüyã˛ö ≤Ã!ï˛•ï˛ Ü˛ˆÏÓ˚–

˛õÓ˚Óï≈˛# Ó£Ï≈yÎ˚ üy!ê˛ !û˛ˆÏç ˆàˆÏ° xyÓyÓ˚ öï%˛ö ˛õyï˛y ˜ï˛!Ó˚ •Î˚–

˛õ%öÓ˚%ayö àyåÈ˛õy°y (Regenerative Plants) : ¢%‹Ò §üˆÏÎ˚ñ ˛õ%öÓ˚%ayö àyåÈ˛õy°y ü,ï˛ ˆòáyÎ˚ñ

!Ü˛v xy§ˆÏ° ç#!Óï˛– !Ü˛å%È ˆçˆÏÓ˚yú˛y•z!ê˛Ü˛ í˛z!qˆÏòÓ˚ Ó,!Âô Órô •ˆÏÎ˚ ˆÎˆÏï˛ ˛õyˆÏÓ˚ ~ÓÇ §%Æ •ˆÏÎ˚ ˆÎˆÏï˛

˛õyˆÏÓ˚– ~•z í˛z!qòà%!° ï˛yˆÏòÓ˚ çˆÏ°Ó˚ ˛õ!Ó˚üyî 80% ~Ó˚Ä ˆÓ!¢ •y!Ó˚ˆÏÎ˚ ˆú˛°ˆÏ°Ä §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏˆÏîÓ˚

§yˆÏÌ ç!í˛¸ï˛ xî%à%!°ˆÏÜ˛ ôùÇ§ öy Ü˛ˆÏÓ˚•z ï˛yˆÏòÓ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï# ≤Ã!Ü ˛Î˚y!ê˛ §ü!ß∫ï˛û˛yˆÏÓ Órô Ü˛Ó˚ˆÏï˛

§«˛ü •ÄÎ˚yÓ˚ çöƒ !ÓÓ!ï≈˛ï˛ •ˆÏÎ˚ˆÏåÈ– ¢%‹Òï˛yÓ˚ xÓ§yˆÏö ~•z í˛z!qòà%!° ÚÚü,ï˛ xÓfiÌy ˆÌˆÏÜ˛ ˛õ%Ó˚%!aï˛ÛÛ

•Î˚ ~ÓÇ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ïî ˛õ%öÓ˚yÎ˚ ¢%Ó˚% Ü˛ˆÏÓ˚–
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6.6 §yÓ˚yÇ¢ (Summary)

~•z ~Ü˛ˆÏÜ˛ xyÓ•ü[˛° §¡∫ˆÏ® §yôyÓ˚î ôyÓ˚îy ˆòÄÎ˚y •ˆÏÎ˚ˆÏåÈ– xyÓ•ü[˛ˆÏ°Ó˚ ü%áƒ í˛z˛õyòyöà%!°Ó˚

í˛zˆÏÕ‘á Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– ÓyÎ˚%üu˛ˆÏ°Ó˚ !Ó!û˛ß¨ hflÏÓ˚ñ ï˛yˆÏòÓ˚ í˛zFã˛ï˛yàï˛ §#üyöyñ í˛z˛õyòyö Ä ˜Ó!¢T˛ƒ §ÇˆÏ«˛ˆÏ˛õ

xyˆÏ°yã˛öy Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– xyÓ•ü[˛ˆÏ°Ó˚ !Ó!û˛ß¨ í˛z˛õyòyöà%!°Ó˚ §yˆÏ˛õˆÏ«˛ í˛z!qˆÏòÓ˚ !ÓhflÏyÓ˚ ã˛!Ó˚eàï˛ ˜Ó!¢T˛ƒ

xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ–

~•z ~Ü˛ˆÏÜ˛ °Óîy¡∫% í˛z!qò Ä üƒyöˆÏ@ˇÃyû˛ ÓöyM˛ˆÏ°Ó˚ ÓyhflÏÓƒ x!û˛ˆÏÎyçö §¡∫ˆÏrô !ÓhflÏy!Ó˚ï˛ xyˆÏ°yã˛öy

Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– •ƒyˆÏ°yú˛y•zê˛ í˛z!qò í˛zFã˛ âöˆÏcÓ˚ °Óîy=˛ ç°Î%=˛ üy!ê˛ˆÏï˛ S¢yÓ˚#Ó˚Ó,_#Î˚ ¢%‹Ò üy!ê˛ˆÏï˛V

!Ü˛û˛yˆÏÓ ç#ÓöôyÓ˚î Ü˛ˆÏÓ˚ ï˛y !ÓhflÏy!Ó˚ï˛ û˛yˆÏÓ xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ– °Óîy=˛ ˛õ!Ó˚ˆÏÓˆÏ¢ xÓfiÌyöàï˛ °Óîy¡∫%

í˛z!qˆÏòÓ˚ !ÓhflÏyÓ˚ Ä ï˛y•yˆÏòÓ˚ ˆ◊î#!Óû˛yà xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ– ~•z §¡õˆÏÜ≈˛ !Ó!û˛ß¨ !ÓK˛yö# ˆÎüö

Chapman (1942) ~ÓÇ Stocker (1993)ÈÙÈ~Ó˚ üï˛Óyò í˛zˆÏÕ‘á Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– °Óîçyï˛ !Ó£Ï!Ü ˛Î˚y

Ä °Óî ˛õ#í˛¸ö ˆÌˆÏÜ˛ Ó˚«˛y ˆ˛õˆÏï˛ °Óîy¡∫% í˛z!qˆÏò ˆÎ àë˛öàï˛ñ xAà§ÇfiÌyöàï˛ñ ¢yÓ˚#Ó˚fiÌyöàï˛ñ

¢yÓ˚#Ó˚Ó,_#Î˚ ˛õ!Ó˚Óï≈˛ö âˆÏê˛ ï˛yÄ !ÓhflÏy!Ó˚ï˛ û˛yˆÏÓ !ÓˆÏŸ’£Ïî Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ–

~•z xôƒyˆÏÎ˚ ¢%‹Ò xM˛ˆÏ°Ó˚ í˛z!qò Óy çyAà° í˛z!qˆÏòÓ˚ ü%áƒ ≤ÃÜ˛yÓ˚ˆÏû˛ò ~ÓÇ ï˛y•yˆÏòÓ˚ ÓyhflÏÓƒ

x!û˛ˆÏÎyçö àï˛ ˜Ó!¢T˛ xyˆÏ°yã˛öy Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– í˛zòy•Ó˚î §• ~•z §Ü˛° í˛z!qˆÏòÓ˚ xAà§ÇfiÌy!öÜ˛ñ

¢yÓ˚#Ó˚fiÌy!öÜ˛ ~ÓÇ ¢yÓ˚#Ó˚Ó,!_#Î˚ x!û˛ˆÏÎyçöàï˛ ˜Ó!¢T˛ƒ xyˆÏ°yã˛öy Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– ~•z §Ü˛° ˜Ó!¢ˆÏT˛ƒÓ˚

üyôƒˆÏü çyAà° í˛z!qˆÏòÓ˚y !Ü˛ í˛z˛õyˆÏÎ˚ ï˛y˛õ ~ÓÇ ¢%‹Òï˛y ç!öï˛ ˛õ#í˛¸ö ˆÌˆÏÜ˛ !öˆÏçˆÏòÓ˚ ç#Óö ≤ÃÜ,˛Î˚y

ÓçyÎ˚ Ó˚yˆÏá ï˛y §ÇˆÏ«˛ˆÏ˛õ xyˆÏ°yã˛öy Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ–

6.7 ≤ÃŸ¿yÓ°# (Questions)

I. Ó•% !öÓ≈yã˛ö# ≤ÃŸ¿ (MCQ) ı

1. ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ !Ó!û˛ß¨ ≤Ãû˛yÓÜ˛à%!° ÎyÓ˚ myÓ˚y !öÎ˚!sfï˛ •Î˚ öyÈÙÙÙÈ

(a) ˛õy•yˆÏí˛¸Ó˚ í˛zFã˛ï˛y (b) §ü%o Ä üÓ˚%û)˛!ü ˆÌˆÏÜ˛ ò)Ó˚c

(c) x«˛yÇ¢ Ä oy!âüyÇ¢ (d) ˆÜ˛yö fiÌyˆÏö Ó§Óy§Ü˛yÓ˚# ≤Ãyî#Ü)˛°

2. ˆÎ í˛z˛õyòyö í˛z!qˆÏòÓ˚ ÓyÎ˚Ó#Î˚ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ xÇ¢ öÎ˚ÈÙÙÙÈ

(a) xyˆÏ°yÜ˛ (b) í˛z£÷ï˛y (c) ÓyÎ˚% (d) ˆáã˛Ó˚ ≤Ãyî#

3. ÓyÎ˚%ü[˛ˆÏ°Ó˚ ˆÜ˛yö hflÏˆÏÓ˚ ï˛y˛õüyey í˛zFã˛ï˛y Ó,!ÂôÓ˚ §ˆÏAà Ü ˛ˆÏü Ó,!Âô ˛õyÎ˚ÈÙÙÙÈ

(a) ê˛ΔˆÏ˛õy!fl≥˛Î˚yÓ˚ (b) fiê˛ΔyˆÏê˛y!fl≥˛Î˚yÓ˚ (c) xyˆÏÎ˚yˆÏöy!fl≥˛Î˚yÓ˚ (d) ˆüˆÏ§y!fl≥˛Î˚yÓ˚
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4. ÓyÎ˚%ü[˛ˆÏ°Ó˚ §Ó≈!ö¡¨ hflÏÓ˚!ê˛ •°ÈÙÙÙÈ

(a) fiê˛ΔyˆÏê˛y!fl≥˛Î˚yÓ˚ (b) ê˛ΔˆÏ˛õy!fl≥˛Î˚yÓ˚ (c) ˆüˆÏ§y!fl≥˛Î˚yÓ˚ (d) ÌyˆÏü≈!fl≥˛Î˚yÓ˚

5. ÄˆÏçyöhflÏÓ˚ xÓfiÌyö Ü˛ˆÏÓ˚ ˆÎ xyÓ•ü[˛ˆÏ°ÈÙÙÙÈ

(a) ê˛ΔˆÏ˛õy!fl≥˛Î˚yÓ˚ (b) ˆüˆÏ§y!fl≥˛Î˚yÓ˚ (c) fiê˛ΔyˆÏê˛y!fl≥˛Î˚yÓ˚ (d) xyˆÏÎ˚yˆÏöy!fl≥˛Î˚yÓ˚

6. ˆÜ˛yö Ó›ï˛y!sfÜ˛ Óy§fiÌyˆÏö ~Ü˛!ê˛ ≤Ãçy!ï˛Ó˚ çöƒ ˆÎ!ê˛ ≤ÃˆÏÎ˚yçö#Î˚ öÎ˚ÈÙÙÙÈ

(a) í˛z˛õÎ%=˛ üyeyÓ˚ §•!öÎ˚ï˛y (b) xyÓ•üu˛ˆÏ°Ó˚ §!•ï˛ fiÌyÎ˚# û˛yÓ˚§yüƒ

(c) ÓyhflÏÓƒ x!û˛ˆÏÎyçö (d) ≤Ã!ï˛ˆÏÎyà# ≤Ãçy!ï˛Ó˚ í˛z˛õ!fiÌ!ï˛

7. °Óîy¡∫% í˛z!qò çß√yÎ˚ÈÙÙÙÈ

(a) ≤ÃÜ,˛ï˛ ¢%‹Ò üy!ê˛ˆÏï˛ (b) fl∫yò% ç°yû)˛!üˆÏï˛

(c) ¢yÓ˚#Ó˚Ó,_#Î˚ ¢%‹Ò üy!ê˛ˆÏï˛ (d) öò# ï˛#Ó˚Óï≈˛# ˆû˛çy üy!ê˛ˆÏï˛

8. °Óîy¡∫% í˛z!qˆÏòÓ˚ ˆÜ˛y£ÏfiÌ x!û˛◊Óî ã˛y˛õÈÙÙÙÈ

(a) fl∫yû˛y!ÓÜ˛ fiÌç° í˛z!qˆÏòÓ˚ öƒyÎ˚

(b) fl∫yû˛y!ÓÜ˛ fiÌç° í˛z!qˆÏòÓ˚ ˆÌˆÏÜ˛ Ü˛ˆÏÎ˚Ü˛à%î ˆÓ¢#

(c) fl∫yû˛y!ÓÜ˛ fiÌç° í˛z!qˆÏòÓ˚ ˆÌˆÏÜ˛ xˆÏöÜ˛ Ü˛ü

(d) fl∫yû˛y!ÓÜ˛ ç°ç í˛z!qˆÏòÓ˚ öƒyÎ˚

9. °Óîy¡∫% í˛z!qˆÏòÓ˚ xhsˇà≈ï˛ ˆàye!ê˛ •°ÈÙÙÙÈ

(a) Ó˚y•zˆÏçyˆÏú˛yˆÏÓ˚§# (b) üƒy°ˆÏû˛§# (c) üƒyàˆÏöy!°ˆÏÎ˚§# (d) xƒy§ˆÏê˛ˆÏÓ˚§#

10. ˆüˆÏ§y•ƒyˆÏ°yú˛y•zê˛ ï˛yˆÏòÓ˚ ÓˆÏ° ˆÎ §Ü˛° •ƒyˆÏ°yú˛y•zˆÏê˛Ó˚ Óy§fiÌyöÈÙÙÙÈ

(a) °Óîy=˛ ç°yû)˛!ü (b) °Óîy=˛ öy!ï˛¢%‹Ò û)˛!ü

(c) °Óîy=˛ ¢%‹Ò û)˛!ü (d) °Óîy=˛ ˛õyÌ%ˆÏÓ˚ xM˛°

11. !ÓK˛yö# ã˛ƒy¡õüƒyö ~Ó˚ üï˛ xö%ÎyÎ˚# 1–5% °Óö üyeyÎ˚ çß√yˆÏöy °Óöy=˛ í˛z!qòˆÏòÓ˚ ÓˆÏ°ÈÙÙÙÈ

(a) ~!öí˛z•ƒyˆÏ°yú˛y•zê˛ (b) !üÄ•ƒyˆÏ°yú˛y•zê˛

(c) ˆüˆÏ§y•ƒyˆÏ°yú˛y•zê˛ (d) ˆüˆÏ§y•zí˛z•ƒyˆÏ°yú˛y•zê˛

12. ˆÜ˛yö x!û˛ˆÏÎyçö °Óîy¡∫% í˛z!qˆÏò ˆòáy ÎyÎ˚ öyÈÙÙÙÈ

(a) ˆëÑ˛§ü)° (b) Ÿªy§ü)° (c) °Óî @ˇÃrÌ (d) !§ˆÏfiê˛y!°Ì

13. °Óîy¡∫% í˛z!qˆÏòÓ˚ í˛zFã˛ x!û˛◊Óîã˛y˛õ §,!T˛ˆÏï˛ §y•yÎƒ Ü˛ˆÏÓ˚ öy ˆÎ!ê˛ÈÙÙÙÈ

(a) @’%ˆÏÜ˛yç (b) !@’ˆÏ§Ó˚° (c) üƒy!öê˛° (d) !üí˛z!§ˆÏ°ç
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14. çyAà° í˛z!qˆÏòÓ˚ ˛õeÓ˚rô  !Ó£ÏˆÏÎ˚ ˆÎ Ü˛Ìy!ê˛ §!ï˛ƒ öÎ˚ÈÙÙÙÈ

(a) •z•yˆÏòÓ˚ ˛õeÓ˚rô  ˛õyï˛yÓ˚ í˛z˛õ!Ó˚ ï˛ˆÏ° xÓfiÌyö Ü˛ˆÏÓ˚

(b) •z•yÓ˚y !öü!Iï˛ ≤ÃÜ,˛!ï˛Ó˚ •Î˚

(c) •z•yˆÏòÓ˚ ˛õeÓ˚rô  ˆÓ˚yüyÓ,ï˛ ÌyˆÏÜ˛

(d) Ü˛yÓ˚%Ó˚ ˆ«˛ˆÏe ˛õeÓ˚rô  Ó˚y!eÓ˚ ˆÓ°yÎ˚ ˆáyˆÏ° ~ÓÇ !òˆÏöÓ˚ ˆÓ°yÎ˚ Órô ÌyˆÏÜ˛–

15. çyAà° í˛z!qˆÏò ˆÎ ¢yÓ˚#Ó˚fiÌy!öÜ˛ ˜Ó!¢T˛ƒ ˆòáy ÎyÎ˚ÈÙÙÙÈ

(a) fli(° !Ü˛í˛z!ê˛Ü˛° ~ÓÇ ˆflÒˆÏÓ˚öÜ˛y•züy çyï˛#Î˚ Ó•%hflÏÓ˚#Î˚ •y•zˆÏ˛õyí˛y!ü≈§

(b) ~Î˚yˆÏÓ˚öÜ˛y•züy çyï˛#Î˚ Ü˛ˆÏê≈˛: ~ÓÇ «˛#î öy°#Ü˛yÓ≈y!u˛°

(c) !üí˛z!§ˆÏ°çÎ%_´ ç°§M˛yÓ˚# ˆÜ˛yˆÏ£ÏÓ˚ xö%˛õ!fli!ï˛

(d) !Ü˛í˛z!ê˛Ü˛° xö%˛õ!fliï˛ Ä •y•zˆÏ˛õyí˛y!ü≈§ ~Ü˛hflÏÓ˚#Î˚

16. çyAà° í˛z!qˆÏò ã˛ƒyˆÏ˛õˆÏÓ˚y!ööÈÙÈ~Ó˚ û)˛!üÜ˛y •°ÈÙÙÙÈ

(a) ˆÜ˛yˆÏ£ÏÓ˚ x§ˆÏüy!ê˛Ü˛ ˆ≤Ã§yÓ˚ !öÎ˚sfî Ü˛ˆÏÓ˚

(b) ¢%‹Òï˛yÓ˚ §yˆÏÌ §yˆÏÌ ˆfiê˛yüyê˛y Órô •ˆÏï˛ §y•yÎƒ Ü˛ˆÏÓ˚

(c) ˛õeˆÏüyã˛ˆÏö §y•yÎƒ Ü˛ˆÏÓ˚

(d) ˆ≤Ãy!ê˛ö !ÓÜ,˛ï˛Ü˛Ó˚î ≤Ã!ï˛•ï˛ Ü˛ˆÏÓ˚

17. ˆÜ˛yö!ê˛ çyAà° í˛z!qˆÏòÓ˚ ˜Ó!¢T˛ öÎ˚ÈÙÙÙÈ

(a) ï˛y˛õüyey Ó,!ÂôÓ˚ §yˆÏÌ ≤’yçüy ˆüüˆÏÓ ˆÏö §¡õ,=˛ ú˛§ˆÏú˛y!°!˛õí˛ÈÙÈ~Ó˚ ˛õ!Ó˚üyö Ó,!Âô

(b) ˛õeˆÏüyã˛ö ~ÓÇ ˛õ%öÓ˚%ayö

(c) •y•zí˛yˆÏÌyí˛ myÓ˚y àyˆÏê˛¢ö §¡õyòö

(d) !Ó°!¡∫ï˛ xAÜ%˛ˆÏÓ˚yÂàü Ä ürÌÓ˚ xAÜ%˛Ó˚ Ó,!Âô

18. ≤ÃÜ,˛ï˛ ˆçˆÏÓ˚yú˛y•zê˛ •°ÈÙÙÙÈ

(a) áÓ˚y ~!í˛¸ˆÏÎ˚ ã˛°y «˛îfiÌyÎ˚# í˛z!qò (b) áÓ˚y ≤Ã!ï˛ˆÏÓ˚yô# Ó˚§yˆÏ°y í˛z!qò

(c) áÓ˚y §•ƒÜ˛yÓ˚# xÓ˚§yˆÏ°y í˛z!qò (d) í˛z£÷ü[˛°#Î˚ í˛z!qò

II. §Ç!«˛Æ ≤ÃŸ¿yÓ°# É

1. ˆÜ˛yö ˆÜ˛yö í˛z˛õyòyö í˛z!qˆÏòÓ˚ ÓyÎ˚!ÓÎ˚ ˛õ!Ó˚ˆÏÓ¢ àë˛ö Ü˛ˆÏÓ˚⁄

2. ê˛ΔˆÏ˛õy!fl≥˛Î˚yÓ˚ ~ÓÇ fiê˛ΔyˆÏê˛y!fl≥˛Î˚yÓ˚ ~Ó˚ üˆÏôƒ ò%•z!ê˛ ˛õyÌ≈Ü˛ƒ !°á%ö–

3. ˆüˆÏ§y!fl≥˛Î˚yˆÏÓ˚Ó˚ ˜Ó!¢T˛ƒ !°á%ö–

4. ÌyˆÏü≈y!fl≥˛Î˚yÓ˚ˆÏÜ˛ xyÎ˚ˆÏöy!fl≥˛Î˚yÓ˚ ˆÜ˛ö Ó°y •Î˚⁄

5. ˆüˆÏ§y!fl≥˛Î˚yÓ˚ ~ÓÇ ÌyˆÏü≈y!fl≥˛Î˚yÓ˚ÈÙÈ~Ó˚ ï˛y˛õüyey ï%˛°öy Ü˛Ó˚%ö–
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6. ˆÜ˛yö xM˛ˆÏ°Ó˚ xyÓ•ü[˛ˆÏ°Ó˚ §yˆÏÌ ~Ü˛!ê˛ í˛z!qò ≤Ãçy!ï˛ !Ü˛ !Ü˛ í˛z˛õyˆÏÎ˚ û˛yÓ˚§yüƒ fiÌy˛õö

Ü˛ˆÏÓ˚ ï˛y §ÇˆÏ«˛ˆÏ˛õ !°á%ö–

7. ~!ú˛ˆÏüÓ˚y° í˛z!qˆÏòÓ˚ ü%áƒ ˜Ó!¢T˛ƒà%!° !°á%ö–

8. ¢yÓ˚#Ó˚Ó,_#Î˚ ¢%‹Ò ü,!_Ü˛y !Ü˛⁄ ~áyˆÏö ˆÜ˛yö ≤ÃÜ˛yÓ˚ í˛z!qò ˆòáy ÎyÎ˚⁄

9. Ü˛ˆÏÎ˚Ü˛!ê˛ °Óöy¡∫% í˛z!qò ˆàyˆÏeÓ˚ öyü !°á%ö–

10. ˆë˛§ü)° ~ÓÇ Ÿªy§ ü)ˆÏ°Ó˚ û)˛!üÜ˛y !Ü˛ !Ü˛⁄

11. °Óöy¡∫% í˛z!qˆÏòÓ˚ ˛õyï˛yÓ˚ ¢yÓ˚#Ó˚fiÌy!öÜ˛ x!û˛ˆÏÎyçö §ÇˆÏ«˛ˆÏ˛õ !°á%ö–

12. ò%•z!ê˛ Ó#Ó˚%Í çyï˛#Î˚ °Óöy¡∫% í˛z!qˆÏòÓ˚ öyü !°á%ö–

13. °Óöy¡∫% í˛z!qò !Ü˛ í˛z˛õyˆÏÎ˚ !öˆÏçˆÏòÓ˚ °ÓöÈÙÈ≤Ãû˛yÓ ü%=˛ Ó˚yˆÏá ï˛y §ÇˆÏ«˛ˆÏ˛õ !°á%ö–

14. °Óöy¡∫% ~ÓÇ çyAà° í˛z!qˆÏòÓ˚ ò%•z!ê˛ Ü˛ˆÏÓ˚ §yò,¢ƒ Ä ˜Ó§yò,¢ƒ í˛zˆÏÕ‘á Ü˛Ó˚%ö–

15. áÓ˚y ≤Ã!ï˛ˆÏÓ˚yô# çyAà° í˛z!qˆÏòÓ˚ ü%áƒ ˜Ó!¢T˛ƒà%!° !°á%ö–

16. ≤ÃÜ,˛ï˛ çyAà° í˛z!qˆÏòÓ˚ áÓ˚y §•ƒÜ˛yÓ˚# ˆÜ˛Ô¢°à%!° !Ü˛ !Ü˛⁄

17. çyAà° í˛z!qˆÏòÓ˚ ò%•z!ê˛ ¢yÓ˚#Ó˚fiÌy!öÜ˛ ˜Ó!¢T˛ƒ !°á%ö–

18. áÓ˚y §•ƒÜ˛yÓ˚# çyAà° í˛z!qˆÏòÓ˚ ò%•z!ê˛ ¢yÓ˚#Ó˚Ó,_#Î˚ x!û˛ˆÏÎyçö í˛zˆÏÕ‘á Ü˛Ó˚%ö–

III. Ó˚ã˛öyôü≈# ≤ÃŸ¿ É

1. ÓyÎ˚%ü[˛ˆÏ°Ó˚ !Ó!û˛ß¨hflÏÓ˚à%!°Ó˚ í˛zFã˛ï˛y Ä ˜Ó!¢T˛ƒ §ÇˆÏ«˛ˆÏ˛õ !°á%ö–

2. ÓyÎ˚%ü[˛ˆÏ°Ó˚ ê˛ΔyˆÏ˛õy!fl≥˛Î˚yÓ˚ ~ÓÇ fiê˛ΔyˆÏê˛y!fl≥˛Î˚yÓ˚ÈÙÈ~Ó˚ í˛zFã˛ï˛yàï˛ xÓfiÌyöñ ˜Ó!¢T˛ƒ ~ÓÇ à%Ó˚%c

xyˆÏ°yã˛öy Ü˛Ó˚%ö–

3. ˆÜ˛yö xM˛ˆÏ°Ó˚ xyÓ•ü[˛ˆÏ° í˛z!qˆÏòÓ˚ ≤Ã!ï˛!Ü ˛Î˚y §ÇˆÏ«˛ˆÏ˛õ xyˆÏ°yã˛öy Ü˛Ó˚%ö–

4. °Óöy¡∫% í˛z!qˆÏòÓ˚ xAà§ÇfiÌyöàï˛ x!û˛ˆÏÎyçö §ÇˆÏ«˛ˆÏ˛õ !°á%ö–

5. °Óöy¡∫% í˛z!qˆÏòÓ˚ !ÓˆÏ¢£Ï !ÓˆÏ¢£Ï ü)°à%!°Ó˚ ˜Ó!¢T˛ƒ ~ÓÇ û)˛!üÜ˛y §ÇˆÏ«˛ˆÏ˛õ xyˆÏ°yã˛öy Ü˛Ó˚%ö–

6. °Óöy=˛ ˛õ!Ó˚ˆÏÓˆÏ¢ ç#ÓöôyÓ˚ˆÏöÓ˚ çöƒ °Óöy¡∫% í˛z!qˆÏòÓ˚ !Ó!û˛ß¨ ¢yÓ˚#Ó˚Ó,_#Î˚ !Ü ˛Î˚yÜ˛°y˛õ

§ÇˆÏ«˛ˆÏ˛õ !°á%ö–

7. çyAà° í˛z!qˆÏòÓ˚ ü%áƒ ≤ÃÜ˛yÓ˚ˆÏû˛ò ~ÓÇ ï˛yˆÏòÓ˚ áÓ˚y ˆüyÜ˛y!Ó°yÓ˚ ˛õÂô!ï˛àï˛ ˜Ó!¢T˛ƒà%!° í˛zˆÏÕ‘á

Ü˛Ó˚%ö–

8. Ó˚§yˆÏ°y çyAà° í˛z!qòˆÏòÓ˚ xAà§ÇfiÌyöàï˛ ~ÓÇ ¢yÓ˚#Ó,_#Î˚ x!û˛ˆÏÎyçöà%!° !°á%ö–

9. xÓ˚§yˆÏ°y ~ÓÇ Ó˚§yˆÏ°y çyAà° í˛z!qˆÏòÓ˚ ¢yÓ˚#Ó˚fiÌy!öÜ˛ x!û˛ˆÏÎyçöà%!° !°á%ö–

10. xÓ˚§yˆÏ°y çyAà° í˛z!qˆÏòÓ˚ ¢yÓ˚#Ó˚Ó,_#Î˚ x!û˛ˆÏÎyçöà%!° §ÇˆÏ«˛ˆÏ˛õ !°á%ö–
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6.8 í˛z_Ó˚üy°y (Answers)

I. Ó•%!öÓ≈yã˛ö# ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚

§Çáƒy ı 1 2 3 4 5 6 7 8 9 10

í z̨_Ó˚ ı d d c b c d c b a a

≤ÃˆÏŸ¿Ó˚

§Çáƒy ı 11 12 13 14 15 16 17 18

í z̨_Ó˚ ı a d d a a d c c

II. §Ç!«˛Æ ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5 6

xö%ˆÏFåÈò §Çáƒy ı 6.3 6.2 6.2(3) 6.2(4) 6.2(3-4) 6.3

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 7 8 9 10 11 12

xö%ˆÏFåÈò §Çáƒy ı 6.5(1) 6.4 6.4 6.4.1 6.4.2 6.4.1

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 13 14 15 16 17 18

xö%ˆÏFåÈò §Çáƒy ı 6.4.3(5-e) 6.4.3, 6.5.3 6.5(3) 6.5(3) 6.5.2 6.5.3

III. Ó˚ã˛öyôü≈# ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5

xö%ˆÏFåÈò §Çáƒy ı 6.2 6.2 6.3 6.4.1 6.4.1

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 6 7 8 9 10

xö%ˆÏFåÈò §Çáƒy ı 6.4.3 6.5 6.5, 6.5.1 6.5.2 6.5.3
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~Ü˛Ü˛–7 : xyÓ•ü[˛° ~ÓÇ í˛z!qˆÏòÓ˚ ≤Ã!ï˛!Ü ˛Î˚y–II ı ç°ç í˛z!qˆÏòÓ˚

xAà§ÇfiÌy!öÜ˛ñ ¢yÓ˚#Ó˚fiÌy!öÜ˛ ~ÓÇ ¢yÓ˚#Ó˚Ó ,_#Î˚

x!û˛ˆÏÎyçö (Atmosphere and plant responses–II :
Morphological, anatomical and physiological
adaptations of Hydrophytes)

àë˛ö (Structure)

7.0 í˛zˆÏj¢ƒ (Objectives)

7.1 ≤ÃhflÏyÓöy (Introduction)

7.2 xyÓ•üu˛ˆÏ°Ó˚ ≤Ãû˛yÓÜ˛ ç°ÈÙÈ~Ó˚ §yˆÏ˛õˆÏ«˛ í˛z!qò ≤Ã!ï˛!Ü ˛Î˚y (Plant response to water

factor of atmosphere)

7.3 ç°ç í˛z!qˆÏòÓ˚ xAà§ÇfiÌy!öÜ˛˛ x!û˛ˆÏÎyçö (Morphological adaptations of
aquatic plants)

7.4 ¢yÓ˚#Ó˚fiÌy!öÜ˛ x!û˛ˆÏÎyçö (Anatomical adaptations)

7.5 ¢yÓ˚#Ó˚Ó,_#Î˚ x!û˛ˆÏÎyçö (Physiological adaptations)

7.6 §yÓ˚yÇ¢ (Summary)

7.7 ≤ÃŸ¿yÓ°# (Questions)

7.8 í˛z_Ó˚üy°y (Answers)

7.0  í˛zˆÏj¢ƒ (Objectives)

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xyüÓ˚y !ö¡¨!°!áï˛ !Ó£ÏÎ˚à%!° §¡∫ˆÏrô §üƒÜ˛ ôyÓ˚îy °yû˛ Ü˛Ó˚ˆÏï˛ ˛õyÓ˚Ó–

●●●●● xyÓ•ü[˛ˆÏ°Ó˚ xöƒï˛ü ≤Ãû˛yÓÜ˛ çˆÏ°Ó˚ §yˆÏ˛õˆÏ«˛ í˛z!qˆÏòÓ˚ ≤Ã!ï˛!Ü ˛Î˚y–

●●●●● ˛ç°ç í˛z!qˆÏòÓ˚ xAà§ÇfiÌyöàï˛ x!û˛ˆÏÎyçö–

●●●●● ç°ç í˛z!qˆÏòÓ˚ ¢yÓ˚#Ó˚fiÌy!öÜ˛ Ä ¢yÓ˚#Ó˚Ó,_#Î˚ x!û˛ˆÏÎyçö–

149
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7.1 ≤ÃhflÏyÓöy (Introduction)

xyÓ•ü[˛ˆÏ°Ó˚ xöƒï˛ü í˛z˛õyòyö Óy ˛õ!Ó˚ˆÏÓ¢ ≤Ãû˛yÓÜ˛ à%!°Ó˚ üˆÏôƒ ç° ~Ü˛!ê˛– ç#ˆÏÓÓ˚ öyöy

˜çÓ!öÜ˛ !Ü ˛Î˚y Ä ç#Óö ôyÓ˚ˆÏîÓ˚ çöƒ ç° xï˛ƒyÓ¢ƒÜ˛#Î˚– ˛õ!Ó˚ˆÏÓˆÏ¢ çˆÏ°Ó˚ í˛zÍ§ •° ˛õ%Ü%˛Ó˚ñ öò#ñ

öy°yñ ˆ°Ü˛ñ §ü%o ~ÓÇ ü,!_Ü˛y ï˛°ˆÏòˆÏ¢Ó˚ ç°hflÏÓ˚ (water table)˛– ~•z §Ü˛°˛ fiÌyˆÏöÓ˚ çˆÏ°Ó˚ ≤ÃÜ˛yÓ˚

xö%ÎyÎ˚# í˛z!qò Ä ≤Ãyî#Ó˚ fl∫ï˛sf ˜Ó!¢ˆÏT˛ƒÓ˚ !ÓÜ˛y¢ Ä !ÓhflÏyÓ˚ âˆÏê˛ ÌyˆÏÜ˛– ç° ã˛ˆÏÜ ˛ çˆÏ°Ó˚ x˛õÓ˚

í˛zÍ§ •° Ó,!T˛˛õyï˛ Óy !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ ç°#Î˚ xôÉˆÏ«˛˛õö Sï%˛£ÏyÓ˚˛õyï˛ñ ¢#°yÓ,!T˛ñ Ü%˛Î˚y¢yñ •zï˛ƒy!òV– ˆÜ˛yö

xM˛ˆÏ°Ó˚ Ó,!T˛˛õyˆÏï˛Ó˚ ˛õ!Ó˚üyöñ ˆ§áyöÜ˛yÓ˚ !Ó!û˛ß¨ ç°yôyˆÏÓ˚Ó˚ í˛z˛õ!fiÌ!ï˛ñ §ü%o ˆÌˆÏÜ˛ ò)Ó˚cñ ï˛y˛õüyeyñ

ÓyÎ˚%≤ÃÓyˆÏ•Ó˚ ≤ÃÜ,˛!ï˛Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ ˆ§áyöÜ˛yÓ˚ Óyï˛y§ Ä üy!ê˛Ó˚ xyo≈ï˛y– çˆÏ°Ó˚ §Ü˛° ≤ÃÜ˛yÓ˚

í˛zÍ§ §ü!T˛àï˛û˛yˆÏÓ ˆÜ˛yö xM˛ˆÏ°Ó˚ í˛z!qˆÏòÓ˚ !ÓhflÏyÓ˚ Ä ≤ÃÜ,˛!ï˛ !öô≈yÓ˚î Ü˛ˆÏÓ˚ ÌyˆÏÜ˛–

§yôyÓ˚î ç°ÈÙÈ§¡õ,=˛ Óy§fiÌyˆÏö ˆÎ§Ü˛° í˛z!qò çß√yÎ˚ ï˛yˆÏòÓ˚ ç°ç í˛z!qò ÓˆÏ°– ~Ó˚y §¡õ)î≈

Ó˚)ˆÏ˛õ !öü!Iï˛ !Ü˛ÇÓy xyÇ!¢Ü˛ !öü!Iï˛ ≤ÃÜ,˛!ï˛Ó˚– xÌ≈yÍ í˛z!qˆÏòÓ˚ ö#ˆÏã˛Ó˚ xÇ¢ ˆÎüö ü)°ñ Ó˚y•zˆÏçyü

≤Ãû,˛!ï˛ çˆÏ°Ó˚ ö#ˆÏã˛ ÌyˆÏÜ˛ !Ü˛v §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï# xÇ¢ çˆÏ°Ó˚ ö#ˆÏã˛ !Ü˛ÇÓy Ä˛õˆÏÓ˚ ÌyˆÏÜ˛– xyÓyÓ˚ ˆÜ˛í˛z

ç°˛õ,ˆÏ¤˛ û˛y§üyö xÓfiÌyÎ˚ ÌyˆÏÜ˛– ç°ç ˛õ!Ó˚ˆÏÓˆÏ¢ !û˛ß¨!û˛ß¨ ç#Óö ˛õÂô!ï˛ ~ÓÇ àë˛ö˜Ï¢°# (way

of life and developmental pattern) ÌyÜ˛y §ˆÏ_¥Ä §Ü˛° ç°ç í˛z!qˆÏòÓ˚ xAà§ÇfiÌy!öÜ˛ñ

¢yÓ˚#Ó˚fiÌy!öÜ˛ ~ÓÇ ¢yÓ˚#Ó˚Ó,_#Î˚ !Ü˛v §yôyÓ˚î x!û˛ˆÏÎyçöàï˛ ˜Ó!¢T˛ƒ ˆòáy ÎyÎ˚– Îy ~•z xôƒyˆÏÎ˚

xyˆÏ°y!ã˛ï˛ •ˆÏ°y–

7.2 xyÓ•ü[˛ˆÏ°Ó˚ ≤Ãû˛yÓÜ˛ ç°ÈÙÈ~Ó˚ §yˆÏ˛õˆÏ«˛ í˛z!qˆÏòÓ˚ ≤Ã!ï˛!Ü ˛Î˚y (Plant
responses to water factor of atmosphere)

ˆÜ˛yö xM˛ˆÏ°Ó˚ í˛z!qˆÏòÓ˚ Ó,!Âôñ ≤ÃÜ,˛!ï˛ Ä !ÓhflÏyÓ˚ Ó,!T˛˛õyï˛ñ ÓyÎ˚% ~ÓÇ üy!ê˛Ó˚ xyo≈ï˛yÓ˚ Ä˛õÓ˚

xˆÏöÜ˛yÇˆÏ¢ !öû≈˛Ó˚¢#°–

Ó,!T˛˛õyï˛ (Rainfall) : û)˛˛õ,ˆÏ¤˛Ó˚ ˆÎ §Ü˛° xM˛ˆÏ° ÓÍ§ˆÏÓ˚Ó˚ x!ôÜ˛yÇ¢ §üˆÏÎ˚ ÎˆÏÌT˛ ˛õ!Ó˚üyî

Ó,!T˛˛õyï˛ •Î˚ ˆ§•z xM˛ˆÏ° !ã˛Ó˚•!Ó˚Í Ó,ˆÏ«˛Ó˚ Óöyö# ~ÓÇ ˆ§•z§ˆÏAà öyöy ôÓ˚ˆÏöÓ˚ ü§ñ ú˛yö≈ñ °y•zˆÏÜ˛ö

•zï˛ƒy!ò çß√yÎ˚– ˆÎ §Ü˛° xM˛ˆÏ° }ï%˛ ˛õ!Ó˚Óï≈˛ˆÏöÓ˚ §ˆÏAà Ó,!T˛˛õyˆÏï˛Ó˚ ï˛yÓ˚ï˛üƒ âˆÏê˛ ˆ§•z xM˛ˆÏ° }ï%˛

xö%ÎyÎ˚# Óöyö#Ó˚ ≤ÃÜ,˛!ï˛ˆÏï˛Ä ˛õ!Ó˚Óï≈˛ö âˆÏê˛–

Ó,!T˛˛õyˆÏï˛Ó˚ •yÓ˚ Ä Órê˛ö ≤Ãîy°#Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ ≤Ãôyöï˛ !ï˛ö ≤ÃÜ˛yˆÏÓ˚Ó˚ Óöyö# ˆòáy ÎyÎ˚–

ˆÎüöÈÙÙÙÈ(1) ÓöyM˛° Óöyö# (Forest vegetation), (2) ï,˛îû)˛!üÓ˚ Óöyö# (Grassland vegetation)
(3) üÓ˚%û)˛!üÓ˚ Óöyö# (Desert vegetation)–

çyü≈yö !ÓK˛yö# flÒ#¡õyÓ˚ (A. F. W. Schimper, 1903)ÈÙÈ~Ó˚ üˆÏï˛ ˆÜ˛yö xM˛ˆÏ°Ó˚ í˛z!qò ˆày!¤˛Ó˚
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≤ÃÜ,˛!ï˛ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ ˆ§•z xM˛ˆÏ°Ó˚ Ó,!T˛˛õyˆÏï˛Ó˚ ˛õ!Ó˚üyîñ }ï%˛ xö%§yˆÏÓ˚ Ó,!T˛Ó˚ ï˛yÓ˚ï˛üƒ ~ÓÇ ÓyÎ˚%Ó˚

xyo≈ï˛yÓ˚ Ä˛õÓ˚–

üy!ê˛Ó˚ xyo≈ï˛y (Soil moisture) :

Ó,!T˛˛õyˆÏï˛Ó˚ ú˛ˆÏ° üy!ê˛ˆÏï˛ ˆÎ ç° ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ ï˛yÓ˚ ~Ü˛!ê˛ xÇ¢ üy!ê˛Ó˚ Ü˛îyˆÏÜ˛ !âˆÏÓ˚ ~Ü˛!ê˛

˛õyï˛°y hflÏÓ˚ §,!T˛ Ü˛ˆÏÓ˚– •z•y í˛zò@ˇÃy•# ç°– ~åÈyí˛¸yÄ !Ó!û˛ß¨ üy!ê˛Ó˚ Ü˛îyÓ˚˛ üˆÏôƒ ˆÎ §yüyöƒ úÑ˛yÜ˛ Óy

Ó˚rô fiÌyö ÌyˆÏÜ˛ ˆ§•z xÇ¢ ˆÎ çˆÏ° ˛õ%î≈ ÌyˆÏÜ˛ ï˛y ˆÜ˛Ô!¢Ü˛ ç° (capillary water)– ~•z ç° í˛z!qò

ˆ¢y£Ïî Ü˛Ó˚ˆÏï˛ §«˛ü– üy!ê˛Ó˚ ≤ÃÜ,˛!ï˛ xö%ÎyÎ˚# ~•z çˆÏ°Ó˚ ˛õ!Ó˚üyîàï˛ ï˛yÓ˚ï˛üƒ ˆòáy ÎyÎ˚– ˆÜ˛yö xM˛ˆÏ°Ó˚

í˛z!qˆÏòÓ˚ Ó,!Âôñ !ÓhflÏyÓ˚ Ä ≤ÃÜ,˛!ï˛ üy!ê˛Ó˚ xyo≈ï˛yÓ˚ Ä˛õÓ˚ !öû≈˛Ó˚¢#°–

ÓyÎ˚%Ó˚ xyo≈ï˛y (Atmospheric humidity)

ÓyÎ˚%Ó˚ xyo≈ï˛y ÓyÎ˚%Ó˚ ç°#Î˚ Óy‹õ ~ÓÇ ï˛y˛õüyeyÓ˚ Ü˛yÓ˚ˆÏî Ü˛ü ˆÓ¢# •ˆÏÎ˚ ÌyˆÏÜ˛–

ˆÜ˛yö xM˛ˆÏ°Ó˚ ˛õy!Ó˚˛õy!Ÿª≈Ü˛ ÓyÎ˚% §ˆÏÓ≈yFã˛ ˆÎ ˛õ!Ó˚üyî ç°#Î˚ Óy‹õ ôˆÏÓ˚ Ó˚yáˆÏï˛ §«˛ü ï˛yˆÏÜ˛ ˛õÓ˚ü

xyo≈ï˛y (absolute humidity) ÓˆÏ°– ˛õ!Ó˚˛õy!Ÿª≈Ü˛ ÓyÎ˚% ~Ü˛!ê˛ !ö!ò≈T˛ ï˛y˛õüyeyÎ˚ ˆÎ ç°#Î˚Óy‹õ ôˆÏÓ˚

Ó˚yˆÏá ï˛yˆÏÜ˛ xyˆÏ˛õ!«˛Ü˛ xyo≈ï˛y (Relative humidity) ÓˆÏ°– ˛õÓ˚ü xyo≈ï˛y ~ÓÇ xyˆÏ˛õ!«˛Ü˛ xyo≈ï˛yÓ˚

˛õyÌ≈Ü˛ƒˆÏÜ˛ ÓyÎ˚%Ó˚ §¡õ,!=˛ âyê˛!ï˛ (saturation deficit) ÓˆÏ°– •z•y í˛z!qˆÏòÓ˚ §¡õ,!=˛ âyê˛!ï˛ !öÎ˚sfî

Ü˛ˆÏÓ˚– ˆ§•z Ü˛yÓ˚ˆÏî xˆÏ˛õ«˛yÜ,˛ï˛ xyo≈ xM˛ˆÏ°Ó˚ í˛z!qˆÏòÓ˚ Ü˛yˆÏ[˛Ó˚ ˛õÓ≈üôƒà%!° °¡∫y ~ÓÇ ˛õyï˛yà%!°

xˆÏ˛õ«˛yÜ,˛ï˛ §Ó˚% •Î˚– xyo≈ ÓyÎ˚% ˛õÓ˚y◊Î˚# °y•zˆÏÜ˛öñ åÈeyÜ˛ñ ü§ñ ú˛yö≈ ≤Ãû,˛!ï˛ í˛z!qˆÏòÓ˚ Ó,!Âô §•yÎ˚Ü˛–

ˆÜ˛yö xM˛ˆÏ° Ó,!T˛˛õyˆÏï˛Ó˚ •yÓ˚ ˆÓ¢# •ˆÏ° ï˛y ÓyÎ˚%Ó˚ xyo≈ï˛y Ä üy!ê˛Ó˚ xyo≈ï˛y Ó,!Âô Ü˛ˆÏÓ˚ ~ÓÇ

˛õˆÏÓ˚y«˛û˛yˆÏÓ xyˆÏ°yÜ˛ Ä ï˛y˛õüyeyÓ˚ ˛Ä˛õˆÏÓ˚Ä ≤Ãû˛yÓ !ÓhflÏyÓ˚ Ü˛ˆÏÓ˚–

ˆÜ˛yö xM˛ˆÏ°Ó˚ í˛z!qˆÏòÓ˚ Ó,!Âô Ä ≤ÃÜ,˛!ï˛Ó˚ Ä˛õÓ˚ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ xyˆÏ°yÜ˛ñ ï˛y˛õüyeyñ ÓyÎ˚%≤ÃÓy• ~ÓÇ

ç° ≤Ãû˛yÓÜ˛ §ü)• §yü!@ˇÃÜ˛ ~ÓÇ xAày!Aà û˛yˆÏÓ §¡õ!Ü≈˛ï˛–

7.3 ç°ç í˛z!qˆÏòÓ˚ xAà§ÇfiÌy!öÜ˛˛ x!û˛ˆÏÎyçö (Morphological
adapations of aquatic plants)

(a) ü)°ï˛sf ı ~•z ≤ÃÜ˛yÓ˚ í˛z!qˆÏòÓ˚ ã˛y!Ó˚˛õyˆÏ¢ ≤Ãã%˛Ó˚ ˛õ!Ó˚üyˆÏî ç° ÌyÜ˛yÓ˚ çöƒ ü)ˆÏ°Ó˚ ç°ˆÏ¢y£ÏˆÏîÓ˚

à%Ó˚%c á%Ó•z Ü˛ü– ü)ˆÏ°Ó˚ àë˛ö á%Ó•z ò%Ó≈° ≤ÃÜ,˛!ï˛Ó˚ Ä ü)°ˆÏÓ˚yü !Ó•#ö xyÓyÓ˚ !Ü˛å%È í˛z!qò ü)°!Ó•#ö–

ˆÎüö ˛õyï˛y éÑ˛y!é˛ (Utricularia)– ~ˆÏòÓ˚ ˛õyï˛yà%!° ç°ˆÏ¢y£Ïî Ü˛yç §¡õyòö Ü˛ˆÏÓ˚–

●●●●● §¡õ)î≈ !öü!Iï˛ í˛z!qˆÏòÓ˚ ˛õ%ˆÏÓ˚y ˆò••z ç° ˆ¢y£ÏˆÏî §«˛ü–

●●●●● ˛xˆÏöÜ˛ ç°ç í˛z!qˆÏò ü)°e ÌyˆÏÜ˛ öy– ˆÎüö xƒyˆÏçy°y (Azola)– xyÓyÓ˚ Ü˛ã%˛Ó˚# ˛õyöyÓ˚

(Eichhornia) ˆ«˛ˆÏe ü)ˆÏ°Ó˚ xˆÏ@ˇÃ ~Ü˛!ê˛ áyˆÏ˛õÓ˚ öƒyÎ˚ Ó˚%ê˛ ˛õˆÏÜ˛ê˛ (root pocket) ÌyˆÏÜ˛–
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●●●●● ˆÎ §Ü˛° í˛z!qˆÏòÓ˚ ü)° ÌyˆÏÜ˛ ˆ§ˆÏ«˛ˆÏe ü)° ò)Ó≈° Ä à%FåÈyÜ˛yˆÏÓ˚ ÌyˆÏÜ˛– ˆÎüöÈÙÙÙÈˆ°üöy

(Lemna) ~åÈyí˛¸yÄ ü)° í˛z!qˆÏòÓ˚ û˛yÓ˚§yüƒ Ó˚«˛y Ü˛ˆÏÓ˚–

(b) ˛Ü˛y[˛ ı öyöy ç°ç í˛z!qˆÏò öyöy ≤ÃÜ˛yÓ˚ x!û˛ˆÏÎyçö ˆòáy ÎyÎ˚– ˆÎüöÈÙÙÙÈ•y•z!í»˛°y (Hydrilla)
~ÓÇ ˆ˛õyê˛yˆÏüyˆÏçê˛ö (Potamogeton) ~Ó˚ ˆ«˛ˆÏe Ü˛y[˛ ò#â≈ ~ÓÇ flõˆÏOÓ˚ üˆÏï˛y •Î˚– Ü˛ã%˛Ó˚# ˛õyöyÓ˚

Ü˛y[˛ ˛õ%Ó˚% Ä flõˆÏOÓ˚ üˆÏï˛y •Î˚– Ü˛yˆÏÓ˚yÓ˚ ˆ«˛ˆÏe í˛z!qò ˆò• çˆÏ°Ó˚ ï˛°ˆÏòˆÏ¢ xÑyÜ˛ˆÏí˛¸ Ó˚yáˆÏï˛ Ü˛y[˛

@ˇÃ!rÌÜ˛y[˛ Ó˚)ˆÏ˛õ üy!ê˛Ó˚ ö#ˆÏã˛ xö%û)˛!üÜ˛ û˛yˆÏÓ ÓyˆÏí˛¸– ~ˆÏòÓ˚ ö#ˆÏã˛Ó˚ !òÜ˛ ˆÌˆÏÜ˛ xfiÌy!öÜ˛ ü)° ˆÓÓ˚

•Î˚– ˆÎüöÈÙÙÙÈ˛õpñ ¢y°%Ü˛ •zï˛ƒy!ò– •zí˛z!ê˛ΔÜ%˛°y!Ó˚Î˚y (Utricularia), ˆ˛õyê˛yˆÏüyˆÏçê˛ö (Potamogeton)
≤Ãû,˛!ï˛ ≤Ãçy!ï˛Ó˚ ˆ«˛ˆÏe ¢#ï˛Ü˛y°#ö ≤Ã!ï˛Ü)˛°ï˛yÓ˚ •yï˛ ˆÌˆÏÜ˛ ÓÑyã˛ˆÏï˛ ¢yáyÓ˚ x@ˇÃû˛yˆÏà ¢#ï˛Ü˛y°#ö ü%Ü%˛°

(winter bud) ˆÓÓ˚ •Î˚– @ˇÃ#‹øÜ˛yˆÏ° •z•yÓ˚y xAÜ%˛!Ó˚ï˛ •ˆÏÎ˚ öï%˛ö í˛z!qò §,!T˛ Ü˛ˆÏÓ˚–

(c) ˛õyï˛y ı ˛õyï˛yÓ˚ ˆ«˛ˆÏe öyöyÓ˚Ü˛ü x!û˛ˆÏÎyçö ˆòáy ÎyÎ˚– ˆÎüöÈÙÙÙÈ

●●●●● û˛y§üyö í˛z!qò ˛õy!öú˛° (Trapa), Ü˛ã%˛Ó˚#˛õyöy í˛z!qˆÏòÓ˚ ˛õeÓ,hsˇ °¡∫yñ fl≥˛#ï˛ Ä flõˆÏOÓ˚ üˆÏï˛y

•Î˚– Îy•y ~ˆÏÓ˚öÜ˛y•züy Ü˛°yÎ˚ (aerenchyma tissue) ˛õ!Ó˚˛õ)î≈ ÌyˆÏÜ˛– •z•y í˛z!qòˆÏÜ˛ û˛y§ˆÏï˛

§y•yÎƒ Ü˛ˆÏÓ˚–

●●●●● ˛çˆÏ° !öü!Iï˛ í˛z!qò ˆÎüö ˛õyï˛y¢ƒyÄ°y (Vallisneria) Ó˚ ˆ«˛ˆÏe ˛õyï˛y °¡∫y !ú˛ˆÏï˛Ó˚ öƒyÎ˚

Óy ˆ˛õyê˛yˆÏüy!çê˛ö (Potamogeton)ÈÙÈ~Ó˚ ˆ«˛ˆÏe ˆåÈyê˛ñ ˛õyï˛°y Ä xÑyˆÏ¢Ó˚ öƒyÎ˚–

●●●●● (Ceratophyllum)ÈÙÈ~Ó˚ ˆ«˛ˆÏe ˛õyï˛y á![˛ï˛ Ä ¢yáy!ß∫ï˛ •Î˚–

●●●●● ˛õp Ä ¢y°%ˆÏÜ˛Ó˚ ˆ«˛ˆÏe ÓyÎ˚Ó#Î˚ Ü˛°y˛õ)î≈ °¡∫y Ó,ˆÏhsˇÓ˚ Ä˛õÓ˚ çˆÏ° û˛y§üyö ˛õyï˛yà%!° Óí˛¸ñ

ˆày°yÜ˛yÓ˚ñ ã˛ƒy˛õê˛yñ ˆ˛õˆÏŒê˛ê˛ (Peltate) •Î˚– ˛õyï˛yÓ˚ í˛z˛õ!Ó˚ï˛ˆÏ° ˆüyüçyï˛#Î˚ ˛õòyˆÏÌ≈Ó˚ xyhflÏÓ˚î

ÌyˆÏÜ˛–

●●●●● ˛!Ü˛å%È !Ü˛å%È í˛z!qˆÏò ˆÎüö §ƒy!çˆÏê˛!Ó˚Î˚y (Sagittaria), ˛Ó˚ƒyöyö!Ü˛í˛z°y§ (Ranunculus) ~

ˆ•ˆÏê˛ˆÏÓ˚yú˛y•z!° ˆòáy ÎyÎ˚– ~áyˆÏö çˆÏ°Ó˚ í˛z˛õ!Ó˚ï˛ˆÏ°Ó˚ ˛õyï˛yà%!° Óí˛¸ Ä xá![˛ï˛ •Î˚ ~ÓÇ

çˆÏ°Ó˚ ï˛°yÜ˛yÓ˚ ˛õyï˛y §Ó˚% Ä á![˛ï˛ •Î˚ Îy ç°≤ÃÓyˆÏ•Ó˚ ã˛y˛õ ≤Ã¢üˆÏö §y•yÎƒ Ü˛ˆÏÓ˚–

(d) ú%˛° Ä Ó#ç ı çˆÏ° !öü!Iï˛ í˛z!qˆÏòÓ˚ ú%˛° Ä Ó#ç §yôyÓ˚îï˛ Ü˛ü •Î˚– ˛õyï˛y¢ƒyÄ°y

(Vallisneria) ~ÓÇ •y•z!í»˛°yÓ˚ (Hydrilla) ˆ«˛ˆÏe çˆÏ°Ó˚ §y•yˆÏÎƒ ˛õÓ˚yà§ÇˆÏÎyà (hydrophyly) ˛•Î˚–

˛õ%Ç˛õ%‹õüOÓ˚# «%˛o Ó,hsˇ Î%=˛ Ä çˆÏ°Ó˚ ö#ˆÏã˛ ÌyˆÏÜ˛– ˛õ!Ó˚îï˛ ú%˛° §Ü˛° !Ó!FåÈß¨ •ˆÏÎ˚ çˆÏ°Ó˚ Ä˛õÓ˚

í˛zˆÏë˛ ~ˆÏ§ çˆÏ°Ó˚ í˛z˛õ!Ó˚ï˛ˆÏ° û˛y§ˆÏï˛ ÌyˆÏÜ˛– °¡∫y Ó,hsˇ Î%=˛ flf# ú%˛ˆÏ°Ó˚ àû≈˛ü%[˛ çˆÏ°Ó˚ í˛z˛õ!Ó˚ï˛ˆÏ°

í˛zß√%=˛ •Î˚– û˛y§üyö ˛õ%Ç ú%˛ˆÏ°Ó˚ §yˆÏÌ ç° í˛z˛õ!Ó˚ï˛ˆÏ° ˛õÓ˚yà!ü°ö §¡õß¨ •Î˚– ~Ó˚˛õÓ˚ flf#ú%˛ˆÏ°Ó˚ Ó,hsˇ

˛õÑƒyã˛yˆÏï˛ ÌyˆÏÜ˛ ~ÓÇ çˆÏ°Ó˚ ö#ˆÏã˛ í%˛ˆÏÓ ÎyÎ˚– §%- §)- ú˛° ~ÓÇ Ó#ç çˆÏ°Ó˚ ö#ˆÏã˛•z ˛õ!Ó˚îï˛ •Î˚–

§yôyÓ˚îï˛ ç°ç í˛z!qˆÏòÓ˚ Ó#çà%!° Ü˛yòyÈÙÈüy!ê˛ˆÏï˛ fl∫“ x!:ˆÏçö Î%=˛ ˛õ!Ó˚ˆÏÓˆÏ¢ xAÜ%˛ˆÏÓ˚yÂàˆÏü

§«˛ü– !ã˛e 7.1 ~ ç°ç í˛z!qˆÏòÓ˚ xAà§ÇfiÌy!öÜ˛ x!û˛ˆÏÎyçö ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ–
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!ã˛e 7.1 : ç°ç í˛z!qˆÏòÓ˚ xAà§ÇfiÌy!öÜ˛ x!û˛ˆÏÎyçö– a. Wolffia–ü)° !Ó•#ö û˛y§üyö b. Azolla–ü)°e !Ó•#ö

ü)° Ä û˛y§üyö Ó˚y•zˆÏçyü c. Spirodilla–ò%Ó≈° ü)°ï˛sf d. Jussiaea–flõˆÏOÓ˚ öƒyÎ˚ û˛y§üyö ü)° e. Eichhornia–
˛õeÓ,hsˇ flõˆÏOÓ˚ öƒyÎ˚ ~ÓÇ ü)° Ó˚%ê˛˛õˆÏÜ˛ê˛ Î%=˛ f. Salainia–!öü!Iï˛ §)eÓÍ ˛õyï˛y Ä ã˛Äí˛¸y û˛y§üyö ˛õyï˛y g.
Potamogeton–¢ÕÒÓÍ !öü!Iï˛ ˛õyï˛y ~ÓÇ xö%û)˛!üÜ˛ @ˇÃ!rÌÜ˛y[˛ h. Ranunculus–!öü!Iï˛ ˛á![˛ï˛ ˛õyï˛y Ä xá![˛ï˛

ÓyÎ˚Ó#Î˚ ˛õyï˛y i. Vallisneria–!öü!Iï˛ !ú˛ˆÏï˛Ó˚ öƒyÎ˚ ˛õyï˛yñ ˆfiê˛y°ö ~ÓÇ •y•zˆÏí»˛yú˛y•z!° j. Sagittaria–ˆ•ˆÏê˛ˆÏÓ˚yú˛y•z!°ñ

ˆfiê˛y°ö ≤Ãû,˛!ï˛–

a. Wolffia

b. Azolla

g. Potamogeton

d. Jussiaea

c. Spirodilla

e. Eichhornia

f. Salvinia

h. Ranunculus i. Vallisneria j. Sagittaria
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7.4 ¢yÓ˚#Ó˚fiÌy!öÜ˛ x!û˛ˆÏÎyçö (Anatomical adaptation)

(a) ü)° ı

●●●●● ü)ˆÏ°Ó˚ !Ü˛í˛z!ê˛Ü˛° ˛õyï˛°yñ ò%Ó≈° •Î˚ !Ü˛ÇÓy xö%˛õ!fiÌï˛ ÌyˆÏÜ˛–

●●●●● ü)ˆÏ°Ó˚ Ó!•ÉhflÏÓ˚ ÓyÎ˚%à•ùÓ˚ Î%=˛ ~ˆÏÓ˚öÜ˛y•züy (Aerenchyma) Ü˛°y myÓ˚y ˛õ)î≈ ÌyˆÏÜ˛– •z•y

çˆÏ°Ó˚ ã˛y˛õ §•ˆÏöñ û˛y§üyö Ä àƒy§#Î˚ xyòyö ≤ÃòyˆÏö §y•yÎƒ Ü˛ˆÏÓ˚–

●●●●● ˆ•yà°y (Typha), Ó˚ƒyöyöy!Ü˛í˛z°y§ ≤Ãû,˛!ï˛ ˆ«˛ˆÏe §ÇÓ•öÜ˛°y §%à!ë˛ï˛ •ˆÏ°Ä x!ôÜ˛yÇ¢ˆÏ«˛ˆÏe

§ÇÓ•ö Ü˛°y ï˛sf á%Ó•z ò%Ó≈° •Î˚–

(b) Ü˛y[˛ ı Ü˛y[˛ §yôyÓ˚îï˛ !Ü˛í˛z!ê˛Ü˛° !Ó•#ö •Î˚ !Ü˛ÇÓy á%Ó ˛õyï˛°y hflÏˆÏÓ˚ !ÓöƒhflÏ ÌyˆÏÜ˛– ˆ•yà°y

Óy ê˛y•zú˛yÓ˚ ˆ«˛ˆÏe •z•y §%à!ë˛ï˛–

●●●●● Ó!•ÉcÜ˛ ~Ü˛ ˆÜ˛y£ÏhflÏÓ˚#Î˚ñ ˛õyï˛°y ˛õƒyˆÏÓ˚öÜ˛y•züy ˆÜ˛y£Ï !òˆÏÎ˚ ˜ï˛Ó˚#–

●●●●● û˛y§üyö Ä xô≈!öü!Iï˛ í˛z!qˆÏò ˛õyï˛°y ˆÜ˛y£Ï≤Ãyã˛#Ó˚ Î%=˛ ˛õƒyˆÏÓ˚öÜ˛y•züy Óy ˆÜ˛yˆÏ°öÜ˛y•züy

!òˆÏÎ˚ à!ë˛ï˛ xôcÜ˛ (Hypodermis) ÌyˆÏÜ˛– ˆ˛õyê˛yˆÏüyˆÏçê˛ö ~ÓÇ •y•z!í»˛°yÓ˚ öƒyÎ˚ !öü!Iï˛

í˛z!qˆÏò xôÉcÜ˛ ÌyˆÏÜ˛ öy–

●●●●● Ü˛yˆÏ[˛Ó˚ Ó!•ÉhflÏÓ˚ (cortex) ˛üçÓ%ï˛ñ ˛õyï˛°y ˛õƒyˆÏÓ˚öÜ˛y•züy ˆÜ˛y£Ï !òˆÏÎ˚ à!ë˛ï˛ ~ÓÇ Óyï˛yÓÜ˛y¢

(air cavity) Î%=˛–

●●●●● ˆ˛õyê˛yˆÏüyˆÏçê˛öÈÙÈ~Ó˚ Ó!•ÈÉcˆÏÜ˛ ˆÜœ˛yˆÏÓ˚y!ú˛° í˛z˛õ!fiÌï˛–

●●●●● ÓyÎ˚%à•ùÓ˚à%!° x!:ˆÏçö Ä Ü˛yÓ≈öí˛y•z x:y•zí˛ ˛õ)î≈ ÌyˆÏÜ˛ Îy•y í˛z!qˆÏòÓ˚ Ÿªy§Ü˛yÎ≈ Ä

§yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï §y•yÎƒ Ü˛ˆÏÓ˚– ~åÈyí˛¸y ç°ç ˛õ!Ó˚ˆÏÓˆÏ¢ ç#Óö Îy˛õˆÏö Ä û˛y§üyˆÏö §y•yÎƒ

Ü˛ˆÏÓ˚–

(c) ˛õyï˛y ı

●●●●● ˛õyï˛yÓ˚ Ó!•ÉcÜ˛ (epidermis) ˛~Ü˛hflÏÓ˚#Î˚ ~ÓÇ ≤Ãã%˛Ó˚ ˆÜœ˛yˆÏÓ˚y≤’yfiê˛ Î%=˛– ¢y°%Ü˛ñ ˛õp •zï˛ƒy!ò

û˛y§üyö í˛z!qˆÏò í˛zôù≈cÜ˛ ˛õyï˛°y Ä ò%Ó≈° !Ü˛í˛z!ê˛Ü˛° Î%=˛– xyÓyÓ˚ ˆ˛õyÏê˛yˆÏüyˆÏçˆÏê˛yöÈÙÈ~

!Ü˛í˛z!ê˛Ü˛° ÌyˆÏÜ˛ öy–

●●●●● !öü!Iï˛ í˛z!qˆÏò ˛õeÓ˚rô ÌyˆÏÜ˛ öyñ ¢y°%Ü˛ Óy ˛õˆÏpÓ˚ öƒyÎ˚ û˛y§üyö ˛õyï˛yÓ˚ ˛õeÓ˚rô  ˆÜ˛Ó°üye

í˛zôù≈cˆÏÜ˛ Óï≈˛üyö–

●●●●● ˛õyï˛yÓ˚ ˆüˆÏ§y!ú˛° Ü˛°y Óyï˛y§Î%=˛ ~ˆÏÓ˚öÜ˛y•züyÎ˚ (aerenchyma) ˛õ)î≈–

●●●●● !öü!Iï˛ í˛z!qˆÏòÓ˚ ˛õyï˛yÎ˚ ˆÎüö xƒyöyˆÏÜ˛!Ó˚§ (Anacharis) ~ §ÇÓ•ö Ü˛°y á%Ó ˆåÈyê˛ñ

çy•zˆÏ°ü Ä ˆúœ˛yˆÏÎ˚ü ˛õ,ÌÜ˛û˛yˆÏÓ !ã˛!•´ï˛ Ü˛Ó˚y ÎyÎ˚ öy–

●●●●● ˛õpñ ¢y°%Ü˛ ≤Ãû,˛!ï˛Ó˚ ˛õeÓ,ˆÏhsˇ ÓyÎ˚%˛õ)î≈ ~ˆÏÓ˚öÜ˛y•züy ÌyˆÏÜ˛–
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ÓyÎ˚% ≤ÃˆÏÜ˛y¤˛

~ˆÏu˛yí˛y!ü≈§

ˆú
œ˛yˆÏÎ

˚ü˛õƒyˆÏÓ˚ö

Ü˛y•züy

§#û˛

!ê˛í˛zÓ

çy•ẑ Ï°ü

à•ùÓ˚

Ü˛ Ï̂ê≈̨ :

!Ü˛í˛z!ê˛Ü˛° •#ö

~!˛õí˛y!ü≈§

(a) Potamogeton : ü)ˆÏ°Ó˚ ≤ÃfiÌˆÏFåÈò

çy•zˆÏ°ü à•ùÓ˚

~ˆÏu˛yí˛y!ü≈§

ˆ˛õ!Ó˚§y•zˆÏÜ˛°
˛õƒyˆÏÓ˚ö

Ü˛y•züy

§#û˛ !ê˛í˛zÓ

Ü˛ Ï̂ê≈̨ :

ÓyÎ˚%

≤ÃˆÏÜ˛y¤˛

•y•z˛õ

í˛y!ü≈§

!Ü
˛í

˛z!ê
˛Ü

˛°
 

•
#ö

~
!˛õ

í
˛y!

ü
≈§

{
(b) Hydrilla : Ü˛yˆÏu˛Ó˚ ≤ÃfiÌˆÏFåÈò

!ã˛e 7.2 (a), (b) : ç°ç í˛z!qˆÏòÓ˚ ¢yÓ˚#Ó˚fiÌy!öÜ˛ x!û˛ˆÏÎyçö

ˆúœ˛yˆÏÎ˚ü
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Potamogeton : ü)ˆÏ°Ó˚ ≤ÃfiÌˆÏFåÈò

ˆÓ˚yü

~!˛õí˛y!ü≈§

•y•zˆÏ˛õyí˛y!ü≈§

ˆflÜœ˛Ó˚y•zí˛

ÓyÎ˚% ≤ÃˆÏÜ˛y¤˛

ˆúœ˛yˆÏÎ˚ü

çy•ẑ Ï°ü

öy!°Ü˛y

Óy![˛°

(c) Nymphaea : ˛õeÓ,ˆÏhsˇÓ˚ ≤ÃfiÌˆÏFåÈò

(d) Potamogeton : ˛õyï˛yÓ˚ ˛õyŸª≈#Î˚ ú˛°ˆÏÜ˛Ó˚ ≤ÃfiÌˆÏFåÈò

(e)  Anacharis : ˛õyï˛yÓ˚ üôƒ !¢Ó˚y ÓÓ˚yÓÓ˚ ≤ÃfiÌˆÏFåÈò

xy˛õyÓ˚ ~!˛õí˛y!ü≈§ ˆüˆÏ§y!ú˛° ˆÜ˛y£Ï

ˆ°yÎ˚yÓ˚ ~!˛õí˛y!ü≈§

öy!°Ü˛y Óy![˛°
xy˛õyÓ˚ ~!˛õí˛y!ü≈§ ˛õƒyˆÏÓ˚öÜ˛y•züy

ˆ°yÎ˚yÓ˚ ~!˛õí˛y!ü≈§

!ã˛e 7.2 (c), (d) (e) : ç°ç í˛z!qˆÏòÓ˚ ¢yÓ˚#Ó˚fiÌy!öÜ˛ x!û˛ˆÏÎyçö
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7.5 ¢yÓ˚#Ó˚Ó,_#Î˚ x!û˛ˆÏÎyçö (Physiological adaptation)

●●●●● ç°ç í˛z!qˆÏòÓ˚ §yôyÓ˚î Ó,!ÂôÓ˚ •yÓ˚ á%Ó•z Ü˛ü–

●●●●● í˛z!qˆÏòÓ˚ §ü@ˇÃ ˆû˛òƒ ˛õ,¤˛ï˛ˆÏ°Ó˚ üyôƒˆÏü á!öç°Óî Ä ç° ˆ¢y£Ïî âˆÏê˛–

●●●●● ≤ÃˆÏfl∫òˆÏöÓ˚ (transpiration) •yÓ˚ á%Ó•z Ü˛ü •Î˚ñ !Ü˛v àyˆÏê˛¢yö ≤Ã!Ü ˛Î˚yÎ˚ x!ï˛!Ó˚=˛ ç°

•y•zí˛yˆÏÌyˆÏí˛Ó˚ üyôƒˆÏü !öà≈ï˛ •Î˚–

●●●●● ç°ç í˛z!qˆÏò ÓÇ¢!ÓhflÏyÓ˚ xAàç çöˆÏöÓ˚ üyôƒˆÏü ˆÓ¢# •Î˚–

●●●●● ç°ç í˛z!qˆÏòÓ˚ !ÓhflÏyÓ˚ xAà !•ˆÏ§ˆÏÓ ≤Ãã%˛Ó˚ Ó˚y•zˆÏçyüñ ôyÓÜ˛ (runner), ÓÜ ˛ôyÓÜ˛ (stolon)
í˛zÍ˛õß¨ •Î˚– ~•z §Ü˛° xˆÏAà ≤Ãã%˛Ó˚ áyòƒ §!M˛ï˛ ÌyˆÏÜ˛– ˆ˛õyê˛yˆÏüyˆÏçê˛öñ (Potamogeton),
§ƒy°!û˛!öÎ˚y (Salvinia) ≤Ãû,˛!ï˛Ó˚ ÓÜ ˛ôyÓˆÏÜ˛Ó˚ x@ˇÃû˛yˆÏà ˆåÈyê˛ ˆåÈyê˛ Ü˛® (tuber) §,!T˛ •Î˚–

~Ó˚y ≤Ã!ï˛Ü)˛° xÓfiÌyÎ˚ í˛z!qòˆÏÜ˛ ÓÑy!ã˛ˆÏÎ˚ Ó˚yáˆÏï˛ §y•yÎƒ Ü˛ˆÏÓ˚–

ç°ç í˛z!qò ï˛yˆÏòÓ˚ xyÓy§fiÌˆÏ° (habitat) í˛z˛õÎ%=˛ xAà§ÇfiÌy!öÜ˛ñ ¢yÓ˚#Ó˚fiÌy!öÜ˛ ~ÓÇ

¢yÓ˚#Ó˚Ó,_#Î˚ x!û˛ˆÏÎyçˆÏöÓ˚ myÓ˚y ç°ç ˛õ!Ó˚ˆÏÓˆÏ¢ §%®Ó˚û˛yˆÏÓ x!û˛ˆÏÎy!çï˛– ~Ó˚y ç°ç Óy§fiÌyˆÏö

Ó§ÓyˆÏ§ §«˛ü •ÄÎ˚yÓ˚ Ü˛yÓ˚ˆÏî ˆ§áyˆÏö ~Ü˛!ê˛ Óy›ï˛sf (aquatic ecosystem) àˆÏí˛¸ ÄˆÏë˛– ≤ÃyÌ!üÜ˛

í˛zÍ˛õyòÜ˛ !•ˆÏ§ˆÏÓ ç°ç í˛z!qˆÏòÓ˚y ˛§Ü˛° ˆ◊î#Ó˚ áyòˆÏÜ˛Ó˚ çöƒ ≤Ãï˛ƒ«˛ Óy ˛õˆÏÓ˚y«˛ û˛yˆÏÓ áyòƒ §Ó˚ÓÓ˚yˆÏ•Ó˚

ÓƒÓfiÌy Ü˛ˆÏÓ˚ ~ÓÇ Óy›ï˛ˆÏsf ¢!=˛ ≤ÃÓy• x«%˛] Ó˚yˆÏá–

7.6  §yÓ˚yÇ¢ (Summary)

~•z ~Ü˛ˆÏÜ˛ xyÓ•ü[˛ˆÏ°Ó˚ xöƒï˛ü í˛z˛õyòyö ç°ÈÙÙÙÈ•z•yÓ˚ !Ó!û˛ß¨ í˛zÍ§ Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– Ó,!T˛˛õyï˛ñ

üy!ê˛Ó˚ xyo≈ï˛y ~ÓÇ Óyï˛yˆÏ§Ó˚ xyo≈ï˛y !Ü˛ Ü˛ˆÏÓ˚ í˛z!qòˆÏÜ˛ ≤Ãû˛y!Óï˛ Ü˛ˆÏÓ˚ ï˛y §ÇˆÏ«˛ˆÏ˛õ xyˆÏ°yã˛öy Ü˛Ó˚y

• Ï̂Î˚̂ ÏåÈ–

~•z ~Ü˛ˆÏÜ˛ ç°ç í˛z!qˆÏòÓ˚ xAà§ÇfiÌyöàï˛ x!û˛ˆÏÎyçˆÏöÓ˚ xyˆÏ°yã˛öyÎ˚ ~•z §Ü˛° í˛z!qˆÏòÓ˚

ü)°ï˛sfñ Ü˛y[˛ñ ˛õyï˛yñ ú%˛° Ä Ó#ˆÏçÓ˚ !ÓˆÏ¢£Ï x!û˛ˆÏÎyçöàï˛ ˜Ó!¢T˛ƒà%!° ï%˛ˆÏ° ôÓ˚y •ˆÏÎ˚ˆÏåÈ– ü)°ˆÏÓ˚yü

!Ó•#ö ò%Ó≈° ü)°ñ ò#â≈ Ä flõˆÏOÓ˚ öƒyÎ˚ Ü˛y[˛ñ ¢#ï˛Ü˛y°#ö ü%Ü%˛ˆÏ°Ó˚ í˛z˛õ!fiÌ!ï˛ñ °¡∫y ˛õeÓ,hsˇñ ~ˆÏÓ˚öÜ˛y•züy

Î%=˛ fl≥˛#ï˛ flõˆÏOÓ˚ üï˛ ˛õeÓ,hsˇ ≤Ãû,˛!ï˛ !ÓˆÏ¢£Ï í˛zˆÏÕ‘áˆÏÎyàƒ– ¢yÓ˚#Ó˚fiÌy!öÜ˛ ˜Ó!¢T˛ ˆÎüö ò%Ó≈°

!Ü˛í˛z!ê˛Ü˛°ñ ÓyÎ˚%à•ùÓ˚ Î%=˛ ~ˆÏÓ˚öÜ˛y•züyñ ò%Ó≈° §ÇÓ•ö Ü˛°yñ !öü!Iï˛ í˛z!qˆÏò xôÉcÜ˛ ~ÓÇ ˛õeÓ˚ˆÏrôÓ˚

xö%˛õ!fiÌ!ï˛ñ Ó!•ÉcˆÏÜ˛ ˆÜœ˛yÓ˚!ú˛ˆÏ°Ó˚ í˛z˛õ!fiÌ!ï˛ !ÓˆÏ¢£Ï í˛zˆÏÕ‘áˆÏÎyàƒ– ¢yÓ˚#Ó˚Ó,_#Î˚ x!û˛ˆÏÎyçöÈÙÈ~Ó˚ ˆ«˛ˆÏe

ˆÎ §Ü˛° !Ó£ÏÎ˚à%!°ˆÏÜ˛ à%Ó˚%c ˆòÄÎ˚y •ˆÏÎ˚ˆÏåÈ ï˛y ˆ•y°ÈÙÙÙÈÜ˛ü Ó,!ÂôÓ˚ •yÓ˚ñ ˆû˛òƒ ˛õ,¤˛ï˛ˆÏ°Ó˚ üyôƒˆÏü á!öç

°Óî Ä çˆÏ° ˆ¢y£Ïîñ xAàç çöˆÏöÓ˚ ≤Ãyôyöƒñ àyˆÏê˛¢ö ≤Ã!Ü ˛Î˚yÎ˚ x!ï˛!Ó˚=˛ çˆÏ°Ó˚ !öà≈üöñ !ÓhflÏyÓ˚

xAà Ó˚y•zˆÏçyü Ä ôyÓÜ˛ ~ ≤Ãã%˛Ó˚ áyòƒ §M˛Î˚–



158 NSOU 5CC-BT-02

D: \ Suvendu \ NSOU\NEP/ 5CC-BT-02
Unit- 5-8 \ 2ndProof  \ (Dt. 19.03.2025)

7.7  ≤ÃŸ¿yÓ°# (Questions)

I. Ó•% !öÓ≈yã˛ö# ≤ÃŸ¿ (MCQ) :

1. ˆÜ˛yö!ê˛ ç°ç í˛z!qò öÎ˚⁄

(a) !°í˛zÜ˛y§ (b) ˆ°üöy (c) xƒyˆÏçy°y (d) ˆ˛õyê˛yˆÏüyˆÏçˆÏê˛yö

2. ¢#ï˛ü%Ü%˛° ˆòáy ÎyÎ˚ ˆÎ ç°ç í˛z!qˆÏòÈÙÙÙÈ

(a) Ó˚ƒyöyö!Ü˛í˛z°y§ (b) •y•z!í»˛°y (c) •zí˛z!ê˛ΔÜ%˛°y!Ó˚Î˚y (d) §ƒy!çˆÏê˛!Ó˚Î˚y

3. §¡õ)î≈ !öü!Iï˛ í˛z!qò!ê˛ •°ÈÙÙÙÈ

(a) ê˛y•zú˛y (b) ê˛Δy˛õy (c) xy•zÜ˛Ó˚!öÎ˚y (d) •y•z!í»˛°y

4. ü)ˆÏ°Ó˚ x@ˇÃû˛yˆÏà Ó˚%ê˛ ˛õˆÏÜ˛ê˛ ˆòáy ÎyÎ˚ ˆÎ í˛z!qò!ê˛ˆÏï˛ÈÙÙÙÈ

(a) Ü˛ã%˛Ó˚#˛õyöy (b) xƒyˆÏçy°y (c) ˆ˛õyˆÏê˛yˆÏüy!çˆÏê˛yö (d) ¢y°%Ü˛

5. °¡∫y !ú˛ˆÏï˛Ó˚ öƒyÎ˚ ˛õyï˛y ˆòáy ÎyÎ˚ ˆÎ í˛z!qò!ê˛ˆÏï˛ÈÙÙÙÈ

(a) û˛ƒy!°§ˆÏö!Ó˚Î˚y (b) ˆ§Ó˚yˆÏê˛yú˛y•z°yü (c) ê˛Δy˛õy (d) ˆ˛õyê˛yˆÏüyˆÏçˆÏê˛yö

6. ˆ•ˆÏê˛ˆÏÓ˚yú˛y•z!° ˆòáy ÎyÎ˚ ˆÎ ç°ç í˛z!qò!ê˛ˆÏï˛ÈÙÙÙÈ

(a) Ó˚ƒyöyö!Ü˛í˛z°y§ (b) •y•z!í»˛°y (c) §ƒy!çˆÏê˛!Ó˚Î˚y (d) ê˛y•zú˛y

7. ˆ˛õ°ˆÏê˛ê˛ ˛õyï˛y ˆòáy ÎyÎ˚ÈÙÙÙÈ

(a) Ü˛ã%˛Ó˚#˛õyöy (b) •zí˛z!ê˛ΔÜ%˛°y!Ó˚Î˚y (c) ˛õyï˛y ¢ƒyÄ°y (d) ¢y°%Ü˛

8. ç°ç í˛z!qˆÏò ~ˆÏÓ˚öÜ˛y•züy Ü˛°y ≤Ãôyöï˛ §y•yÎƒ Ü˛ˆÏÓ˚ÈÙÙÙÈ

(a) çˆÏ°Ó˚ ï˛°ˆÏòˆÏ¢Ó˚ xÇˆÏ¢Ó˚ ˛õã˛ö ˆÓ˚yˆÏô

(b) çˆÏ°Ó˚ ã˛y˛õ §•ö ~ÓÇ û˛y§üyöï˛yÎ˚

(c) çˆÏ°Ó˚ ö#ˆÏã˛Ó˚ xÇˆÏ¢ çˆÏ°Ó˚ ˛≤ÃˆÏÓ¢ ˆÓ˚yˆÏô

(d) Óyï˛yˆÏ§Ó˚ ≤ÃˆÏÓ¢ ˆÓ˚yô Ü˛Ó˚ˆÏï˛

9. ç°ç í˛z!qˆÏòÓ˚ ˆòˆÏ•Ó˚ x!ï˛!Ó˚=˛ ç° ˆÎ ˛õÂô!ï˛ˆÏï˛ §Óã˛y•zˆÏï˛ ˆÓ¢# ˛õ!Ó˚üyî !öà≈ï˛ •Î˚ÈÙÙÙÈ

(a) ê˛Δy™!˛õˆÏÓ˚¢ö (b) •zû˛yˆÏ˛õyˆÏÓ˚¢ö (c) àyˆÏê˛¢ö (d) Ó!•Éx!û˛◊Óî

10. ç°ç í˛z!qˆÏòÓ˚ fl∫yû˛y!ÓÜ˛ ˜Ó!¢T˛ƒ öÎ˚ ˆÎ!ê˛ÈÙÙÙÈ

(a) ~ˆÏÓ˚öÜ˛y•züy Ü˛°y (b) xˆÏöˆÏÜ˛Ó˚ ˛õeÓ˚ˆÏrô Ó˚ xö%˛õ!fiÌ!ï˛

(c) û˛yçÜ˛ Ü˛°y ò%Ó≈° ≤ÃÜ,˛!ï˛Ó˚ (d) !öü!Iï˛ ˛õeÓ˚rô 
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II. §Ç!«˛Æ ≤ÃŸ¿yÓ°# É

1. ç°ç í˛z!qˆÏòÓ˚ ü)ˆÏ°Ó˚ ò%•z!ê˛ ˜Ó!¢T˛ƒ !°á%ö–

2. flõOÈÙÈ~Ó˚ öƒyÎ˚ Ü˛y[˛ ~ÓÇ flõˆÏOÓ˚ öƒyÎ˚ Ó,ˆÏhsˇÓ˚ ~Ü˛!ê˛ Ü˛ˆÏÓ˚ í˛zòy•Ó˚î !òö–

3. ç°ç í˛z!qˆÏòÓ˚ ˆ•ˆÏê˛ˆÏÓ˚yú˛y•z!° ~ÓÇ ˆ˛õ°ˆÏê˛ê˛ ˛õyï˛yÓ˚ ~Ü˛!ê˛ Ü˛ˆÏÓ˚ í˛zòy•Ó˚î !òö–

4. û˛ƒy!°§ˆÏö!Ó˚Î˚yÓ˚ ˛õÓ˚yà!ü°ö !Ü˛ í˛z˛õyˆÏÎ˚ •Î˚⁄

5. Ó˚%ê˛ ˛õˆÏÜ˛ê˛ !Ü˛ ~ÓÇ ˆÜ˛yÌyÎ˚ ˆòáy ÎyÎ˚⁄

6. ç°ç í˛z!qˆÏòÓ˚ xAàç !ÓhflÏyÓ˚ !Ü˛ !Ü˛ í˛z˛õyˆÏÎ˚ •Î˚⁄

III. Ó˚ã˛öyôü≈# ≤ÃŸ¿ É

1. Óy›ï˛ˆÏsf ç°ç í˛z!qˆÏòÓ˚ û)˛!üÜ˛y §ÇˆÏ«˛ˆÏ˛õ Óî≈öy Ü˛Ó˚%ö–

2. ç°ç í˛z!qˆÏòÓ˚ xAà§ÇfiÌyöàï˛ x!û˛ˆÏÎyçö §ÇˆÏ«˛ˆÏ˛õ Óî≈öy Ü˛Ó˚%ö–

3. ç°ç í˛z!qˆÏòÓ˚ !Ó!û˛ß¨ ¢yÓ˚#Ó˚fiÌy!öÜ˛ x!û˛ˆÏÎyçö §ÇˆÏ«˛ˆÏ˛õ Óî≈öy Ü˛Ó˚%ö–

7.8  í˛z_Ó˚üy°y (Answers)

I. Ó•% !öÓ≈yã˛ö# ≤ÃˆÏŸ¿Ó˚ (MCQ) í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚

§Çáƒy ı 1 2 3 4 5 6 7 8 9 10

í z̨_Ó˚ ı a c d a a a d b c d

II. §Ç!«˛Æ ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5 6

xö%ˆÏFåÈò §Çáƒy ı 7.3 (a) 7.3 (b) 7.3 (c) 7.3 (d) 7.3 (a) 7.5

III. Ó˚ã˛öyôü≈# ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3

xö%ˆÏFåÈò §Çáƒy ı 7.5 7.3 7.4
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~Ü˛Ü˛–8 : xyÓ•ü[˛° ~ÓÇ í˛z!qò ≤Ã!ï˛!Ü ˛Î˚y-III : §yüˆÏüyú˛y•zê˛ñ

!°ˆÏÌyú˛y•zê˛ñ §y•zˆÏÜ ˛yú˛y•zê˛ñ §yÜ%˛ƒˆÏ°rê˛ Óy Ó˚§yˆÏ°y í˛z!qò

~ÓÇ ï˛yˆÏòÓ˚ xAà§ÇfiÌyöàï˛ x!û˛ˆÏÎyçö (Atmosphere
and plant responses-III : Psammophytes,
Lithophytes, Psychrophytes, Succulents and their
morphological adaptations)

àë˛ö (Structure)

8.0 í˛zˆÏj¢ƒ (Objectives)

8.1 ≤ÃhflÏyÓöy (Introduction)

8.2 §yüˆÏüyú˛y•zê˛ (Psammophytes)

8.3 !°ˆÏÌyú˛y•zê˛ (Lithophytes)

8.4 §y•zˆÏÜ ˛yú˛y•zê˛ (Psychrophyte)

8.5 Ó˚§y° çyAà° í˛z!qò Óy §yÜ%˛ˆÏ°ê˛ ˆçˆÏÓ˚yú˛y•zê˛ (Succutents xerophytes)

8.6 §yÓ˚yÇ¢ (Summary)

8.7 üˆÏí˛° ≤ÃŸ¿yÓ°# (Questions)

8.8 í˛z_Ó˚üy°y (Answers)

8.0 í˛zˆÏj¢ƒ (Objectives)

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xyüÓ˚y !ö¡¨!°!áï˛ !Ó£ÏÎ˚à%!° §¡∫ˆÏrô §üƒÜ˛ ôyÓ˚îy ˜ï˛!Ó˚ Ü˛Ó˚ˆÏï˛ ˛õyÓ˚Ó–

●●●●● ÓyÎ˚Ó#Î˚ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ≤Ã!ï˛ !Ó!û˛ß¨ fiÌ°ç Óy§fiÌyˆÏöÓ˚ í˛z!qò ˆÎüöñ Óy!°ç í˛z!qò

(Psammophyte), ≤ÃhflÏÓ˚#Î˚ í˛z!qò (Lithophyte), ¢#ï˛° í˛z!qò (Psychrophyte), Ó˚§y°

çyAà° í˛z!qò (Succulent xerophyte) ≤Ãû,˛!ï˛Ó˚ ≤Ã!ï˛!Ü ˛Î˚y–

160
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8.1 ≤ÃhflÏyÓöy (Introduction)

û)˛˛õ,ˆÏ¤˛Ó˚ !Ó!û˛ß¨ xÇˆÏ¢ fiÌ°ç Óy§fiÌyˆÏöÓ˚ !Ó!û˛ß¨ï˛yÎ˚ !û˛ß¨ !û˛ß¨ ≤ÃÜ,˛!ï˛Ó˚ í˛z!qˆÏòÓ˚ Ó§Óy§ ˆòáy

ÎyÎ˚– fl∫yû˛y!ÓÜ˛ fiÌ°ç Óy§fiÌyˆÏöÓ˚ í˛z!qò Óy ˆüˆÏ§yú˛y•zê˛ (mesophytes) xˆÏ˛õ«˛y Óy°%üÎ˚ fiÌyˆÏöÓ˚

§yˆÏ¡øyú˛y•zê˛ñ ˛õyÌ%ˆÏÓ˚ fiÌyˆÏöÓ˚ !°ˆÏÌyú˛y•zê˛ñ x!ï˛ ¢#ï˛° fiÌyˆÏöÓ˚ §y•zˆÏÜ ˛yú˛y•zê˛ ~ÓÇ ¢%‹Ò ü,!_Ü˛yÓ˚ Ó˚§yˆÏ°y

ˆçˆÏÓ˚yú˛y•zê˛ §Ü˛ˆÏ°•z ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ öyöy ≤Ã!ï˛Ü)˛°ï˛yÓ˚ üˆÏôƒ ç#ÓöôyÓ˚î Ü˛ˆÏÓ˚–

öyöy ˆû˛Ôï˛ ~ÓÇ x˜ÏçÓ í˛z˛õyòyˆÏöÓ˚ §yˆÏ˛õˆÏ«˛ ~•z §Ü˛° Óy§fiÌyˆÏöÓ˚ í˛z!qˆÏòÓ˚ öyöy ≤ÃÜ˛yÓ˚

x!û˛ˆÏÎyçö ˆòáy ÎyÎ˚– ~Ó˚y §Ü˛ˆÏ°•z !öç !öç Óy§fiÌyˆÏö í˛z˛õÎ%=˛ û˛yˆÏÓ x!û˛ˆÏÎy!çï˛ •ˆÏÎ˚ öyöy

¢yÓ˚#Ó˚Ó,_#Î˚ Ä ˜çÓ!öÜ˛ !Ü ˛Î˚yÜ˛°y˛õ §¡õyòö Ü˛Ó˚ˆÏï˛ §«˛ü– !ö!ò≈T˛ §#üyÓ˚ Ó,!Âô ~ÓÇ í˛z˛õÎ%=˛ çöö

!Ü ˛Î˚yÓ˚ üyôƒˆÏü ~Ó˚y !öç ˛õ!Ó˚ˆÏÓˆÏ¢ ˆÓÑˆÏã˛ ÌyˆÏÜ˛– •z•y•z ~•z xôƒyˆÏÎ˚ xyˆÏ°yã˛öyÓ˚ ü%áƒ !Ó£ÏÎ˚–

8.2 §yüˆÏüyú˛y•zê˛ (Psammophytes)

~Ó˚y ≤Ãôyöï˛ üÓ˚%û)˛!üÓ˚ fiÌyöyhsˇÓ˚àyü# Óy°%ˆÏï˛ (shifting sands) ç#ÓöôyÓ˚ˆÏî §«˛ü í˛z!qò §ü)•–

ÓyÎ˚%Óy!•ï˛ Óy°%ˆÏï˛ ç#ÓöôyÓ˚ˆÏöÓ˚ í˛z˛õˆÏÎyà# ~Ü˛y!ôÜ˛ x!û˛ˆÏÎyçö ~ˆÏòÓ˚ ˆòáˆÏï˛ ˛õyÄÎ˚y ÎyÎ˚– Ü˛áˆÏöy

~Ó˚y §¡õ)î≈û˛yˆÏÓ Óy°%ˆÏï˛ ã˛y˛õy ˛õˆÏí˛¸ ÎyÎ˚ xyÓyÓ˚ Ü˛áˆÏöy ~ˆÏòÓ˚ ü)°ï˛sf Óy°%Ó˚ Óy•zˆÏÓ˚ í˛zß√%=˛ •ˆÏÎ˚ ˛õˆÏí˛¸–

~áyˆÏö ~ˆÏòÓ˚ Ó#ˆÏçÓ˚ xAÜ%˛ˆÏÓ˚yÂàü ÎˆÏÌT˛ Ü˛!ë˛ö Óƒy˛õyÓ˚– ~•z ≤ÃÜ˛yÓ˚ í˛z!qò xˆÏöÜ˛ §üÎ˚ Óy°%üy!ê˛Ó˚

!fiÌ!ï˛Ü˛Ó˚ˆÏî (stabilization) §y•yÎƒ Ü˛ˆÏÓ˚–

!ã˛e 8.1 : §yˆÏ¡øyú˛y•zê˛ (Aristida)
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~ˆÏòÓ˚ xAà§ÇfiÌyöàï˛ x!û˛ˆÏÎyçöà%!° (morphological adaptations) •°ÈÙÙÙÈ

●●●●● xˆÏöÜ˛ §yüˆÏüyú˛y•zê˛ Ó£Ï≈ç#Ó# Óy fl∫“fiÌyÎ˚# }ï%˛ç#Ó# (ephemeral) ≤ÃÜ,˛!ï˛Ó˚– Ó•%Ó£Ï≈ç#Ó#

í˛z!qò «%˛o ~ÓÇ §Ç!«˛Æ (reduced) ˛õyï˛yÎ%=˛ Óy Ü˛áˆÏöy ˛õyï˛y !Ó•#ö •ˆÏÎ˚ ÌyˆÏÜ˛– ~ˆÏòÓ˚

§yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ~ÓÇ Óy‹õˆÏüyã˛ö Ü˛y[˛ myÓ˚y §¡õß¨ •Î˚–

●●●●● ú˛°ÈÙÈ~ ˛õyáyÓ˚ öƒyÎ˚ (wing like) í˛z˛õÓ,!Âô ÌyˆÏÜ˛ Ü˛yÓ˚%Ó˚ ˆ«˛ˆÏe ≤ÃˆÏ˛õ°yÓ˚ ÌyˆÏÜ˛ SˆÎüö

Haloxylon ammondendron), ˛Ü˛yÓ˚%Ó˚ ˆ«˛ˆÏe ˛õƒyÓ˚y¢%ê˛ Î%=˛ SˆÎüö Aristida)– ~à%!°

ï˛yˆÏòÓ˚ !ÓhflÏyÓ˚ ~ÓÇ ˆÓ˚Ôoï˛Æ Óy°%Ó˚ Ä˛õÓ˚ ˆÓÑˆÏã˛ ÌyÜ˛yÓ˚ ˆÜ˛Ô¢° ≤Ãòyö Ü˛ˆÏÓ˚–

●●●●● §yôyÓ˚îï˛ ≤ÃÌü ˛Ó§ˆÏhsˇ (early spring) ~ˆÏòÓ˚ Ó#ç xAÜ%˛!Ó˚ï˛ •Î˚ñ á%Ó x“§üˆÏÎ˚ ~ˆÏòÓ˚

ü)° Ó,!Âô≤ÃyÆ •ˆÏÎ˚ ≤ÃyÎ˚ 50 cm àû˛#Ó˚ï˛y ˛õÎ≈hsˇ ˆ˛õÔåÈyÎ˚–

8.3 !°ˆÏÌyú˛y•zê˛ (Lithophytes)

~•z çyï˛#Î˚ í˛z!qˆÏòÓ˚y ˛õyÌˆÏÓ˚Ó˚ Ä˛õÓ˚ !Ü˛ÇÓy ˛õyÌˆÏÓ˚Ó˚ áÑyˆÏçÓ˚ ˆû˛ï˛Ó˚ ˆÌˆÏÜ˛ çß√yÎ˚– ˆ§•z xÓfiÌyö

xö%ÎyÎ˚# ~ˆÏòÓ˚ ~!˛õ!°!ÌÜ˛ Óy ~!˛õˆÏ˛õ!ê˛ΔÜ˛ (epilithic or epipetric) ~ÓÇ ~ˆÏu˛y!°!ÌÜ˛ Óy

Ü˛ƒy§ˆÏüyú˛y•zê˛ (endolithic or chasmophytes) !•ˆÏ§ˆÏÓ !ÓˆÏû˛!òï˛ Ü˛Ó˚y •Î˚–

!Ü˛å%È !Ü˛å%È !°ˆÏÌyú˛y•zê˛ ≤Ãçy!ï˛ §¡õ)î≈Ó˚)ˆÏ˛õ ˆÜ˛Ó° ˛õyÌÓ˚ Óy !¢°yüÎ˚ xyÓy§fiÌˆÏ°•z çß√yˆÏï˛ ˛õyˆÏÓ˚

~ˆÏòÓ˚ x˛õ!Ó˚•yÎ≈ !°ˆÏÌyú˛y•zê˛ (obligate lithophyte) ÓˆÏ°– ˆÎ §Ü˛° !°ˆÏÌyú˛y•zê˛ ˛õyÌÓ˚ Óy !¢°yüÎ˚

xyÓy§fiÌ° åÈyí˛¸yÄ xöƒe çß√yˆÏï˛ ˛õyˆÏÓ˚ ï˛yˆÏòÓ˚ xö%£ÏAà# !°ˆÏÌyú˛y•zê˛ (Facultative lithophytes)
ÓˆÏ°–

!°ˆÏÌyú˛y•zê˛ÈÙÈ~Ó˚ í z̨òy•Ó˚î !• Ï̂§ Ï̂Ó xyˆÏåÈ xˆÏöÜ˛ °y•ẑ ÏÜ˛öñ ˜¢Óy°ñ !°û˛yÓ˚ÄÎ˚yê≈̨  çyï˛#Î˚ Ó yˆÏÎ˚yú˛y•zê˛yñ

ˆ§°y!çˆÏö°y (Selaginella), •zÜ%˛•z!çê˛yü (Equisetum) !ã˛e (8.2), ˛!Ó!û˛ß¨ ú˛yö≈ñ ˛õƒy!ú˛ÄˆÏ˛õ!í˛°yü

(Paphiopedilum) ~Ó˚ !Ó!û˛ß¨ ≤Ãçy!ï˛Ó˚ x!Ü≈˛í˛– ~åÈyí˛¸yÄ !°!°ˆÏÎ˚§#ñ xƒyüyÓ˚y•z!°ˆÏí˛§#ñ !ÓˆÏày!öˆÏÎ˚§#ñ

ÓyÓ˚ˆÏÓ!Ó˚ˆÏí˛§#ñ Ü ˛y§%ˆÏ°§#ñ ˛õy•z˛õyˆÏÓ˚§#ñ Ü˛ƒy¡õyö%ƒˆÏ°§#ñ ≤Ãy•zü%ˆÏ°§# ≤Ãû,˛!ï˛ ˆàyˆÏeÓ˚ ˆÓ¢ !Ü˛å%È ≤Ãçy!ï˛Ó˚

öyüÄ Ü˛Ó˚y ÎyÎ˚– ~åÈyí˛¸yÄ xyˆÏåÈ ˆÓ¢ !Ü˛å%È ˛õï˛Aàû)˛Ü˛ í˛z!qò ˆÎüö !öˆÏ˛õö!Ì§‰ (Nepenthes),
ˆ•!°Î˚yüˆÏú˛yÓ˚y (Heliamphora), !˛õö‰à%•zÜ%˛°y (Pinguicula), •zí˛z!ê˛ΔÜ%˛ƒ°y!Ó˚Î˚y (Uticularia) ≤Ãçy!ï˛Ó˚

!Ó!û˛ß¨ ≤Ãçy!ï˛–

!°ˆÏÌyú˛y•zê˛ çyï˛#Î˚ í˛z!qˆÏòÓ˚ ü)° ÎˆÏï˛y•z Ó,!Âô ˆ˛õˆÏï˛ ÌyˆÏÜ˛ ˛õyÌˆÏÓ˚Ó˚ áÑyç ï˛ˆÏï˛y•z àû˛#Ó˚ Ä ã˛Äí˛¸y

•ˆÏï˛ ÌyˆÏÜ˛– ~•zû˛yˆÏÓ ˛õyÌÓ˚ «˛Î˚≤ÃyÆ •Î˚ ~ÓÇ ˆ§áyˆÏö xyˆÏÓ˚y Óí˛¸ í˛z!qò çß√yˆÏï˛ §y•yÎƒ Ü˛ˆÏÓ˚– !Ó!û˛ß¨

!°ˆÏÌyú˛y•zê˛ ÎyÓ˚y !öˆÏçˆÏòÓ˚ˆÏÜ˛ ˛õyÌ%ˆÏÓ˚ xyÓy§fiÌˆÏ° ≤Ã!Ìï˛ Ü˛ˆÏÓ˚ (implant themselves) ~ÓÇ ô#ˆÏÓ˚

ô#ˆÏÓ˚ ï˛yˆÏòÓ˚ ü)°ï˛ˆÏsfÓ˚ Ó,!ÂôÓ˚ §yˆÏÌ ˛õyÌˆÏÓ˚Ó˚ «˛Î˚ §yôö Ü˛ˆÏÓ˚ ï˛yˆÏòÓ˚ !°ˆÏÌyú˛ƒyày§ í˛z!qò

(lithophagous plants) ÓˆÏ°–
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~•z í˛z!qˆÏòÓ˚y Ó,!T˛Ó˚ ç° ~ÓÇ ˛õy!Ó˚˛õyˆÏŸª≈Ó˚ !ÓˆÏÎ˚y!çï˛ ˜çÓ ˛õòyÌ≈ ˆÌˆÏÜ˛ ˛õ%!T˛ §Ç@ˇÃ• Ü˛ˆÏÓ˚–

≤ÃyÎ˚ §ühflÏ !°ˆÏÌyú˛y•zê˛ˆÏòÓ˚ öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ ü)° í˛zÍ§ •° Óyï˛yˆÏ§Ó˚ àƒy§#Î˚ xƒyˆÏüy!öÎ˚y (NH3)– •z•y

xƒyˆÏ˛õy≤’yfiê˛ SˆÜ˛y£Ï˛õò≈yÓ˚ !ë˛Ü˛ Óy•zˆÏÓ˚ ˆÜ˛y£Ï ≤Ãyã˛#ˆÏÓ˚Ó˚ üôƒ !òˆÏÎ˚ !Ó!û˛ß¨ oÓî Ä àƒy§#Î˚ ˛õòyˆÏÌ≈Ó˚ ü%=˛

Óƒy˛õö Ä ≤ÃÓy•fiÌyöVÈÙÈ~Ó˚ üôƒ !òˆÏÎ˚ âöˆÏcÓ˚ ö!ï˛üyeyÎ˚ (concentration gradient) Óƒy˛õö ≤Ã!Ü ˛Î˚yÎ˚

ˆû˛ï˛Ó˚ü%á# ˆ˛õÔÑåÈyÎ˚– ˆ§áyö ˆÌˆÏÜ˛ @’%ê˛yˆÏüê˛ !§ˆÏrÌˆÏê˛ç (Glutamate synthetase) öyüÜ˛ í˛zÍˆÏ§ã˛Ü˛

˛~Ó˚ §y•yˆÏÎƒ ˆÜ˛y£Ï xû˛ƒhsˇˆÏÓ˚ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚–

˛õyÌÓ˚ Ä !¢°yüÎ˚ û)˛áˆÏ[˛ fl∫“ ˛õ%!T˛Ó˚ ˆÎyàyöÈÙÈ~ ò«˛ï˛yÓ˚ §ˆÏAà ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ ˆÓÑˆÏã˛ ÌyÜ˛yÓ˚ çöƒ

!°ˆÏÌyú˛y•zê˛ÈÙÈ~ !Ü˛å%È xAà§ÇfiÌyöàï˛ x!û˛ˆÏÎyçö (morphological adaptation) ˆòáy ÎyÎ˚ ˆÎüöÈÙÙÙ

●●●●● ~ˆÏòÓ˚ ü)° xˆÏ˛õ«˛yÜ,˛ï˛ ˆÓ¢# ã˛Äí˛¸y •Î˚ ~ÓÇ ü)°ˆÏÓ˚yüÈÙÈ~Ó˚ §Çáƒy Ü˛ü •Î˚–

●●●●● ˛õ%!T˛ §Ç@ˇÃˆÏ•Ó˚ çöƒ ~ˆÏòÓ˚ xyÓ≈y§Ü%˛°yÓ˚ üy•zˆÏÜ˛yÓ˚y•zçy ≤ÃÜ,˛!ï˛Ó˚ åÈeyÜ˛ (arbuscular
micorrhizal fungi) ~ÓÇ !ÓˆÏû˛òÜ˛ Î%=˛ xhsˇç≈#Ó# åÈeyÜ˛ (septate endophytic
fungi)ÈÙÈ~Ó˚ §ˆÏAà xyhsˇÉ§¡õÜ≈˛ fiÌy!˛õï˛ •Î˚–

●●●●● ~åÈyí˛¸y ˛õyÌ%ˆÏÓ˚ Óy§û)˛!üˆÏï˛ çˆÏ°Ó˚ ˛õ!Ó˚üyˆÏîÓ˚ Ä˛õÓ˚ !û˛!_ Ü˛ˆÏÓ˚ ˛õyï˛yÓ˚ xyÜ˛yÓ˚ñ xyÜ,˛!ï˛ Ä

Ó!•ÉhflÏ!Ó˚Î˚ ˆÓ˚yü (epidermal hair) ~Ó˚ í˛z˛õ!fiÌ!ï˛ !û˛ß¨ !û˛ß¨ •Î˚–

!ã˛e 8.2 : !°ˆÏÌyú˛y•zê˛ (Equisetum)
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8.4 §y•zˆÏÜ ˛yú˛y•zê˛ (Psychrophyte)

§y•zˆÏÜ ˛yú˛y•zê˛ (Psychrophyte) Ü˛Ìy!ê˛Ó˚ í˛zÍ˛õ!_ •ˆÏÎ˚ˆÏåÈ ≤Ãyã˛#ö @ˇÃ#Ü˛ ¢∑ ‘Psychro’ xÌ≈yÍ

‘Cold’ Óy ë˛y[˛y ~ÓÇ ‘phyte’ xÌ≈yÍ plant Óy í˛z!qò ˆÌˆÏÜ˛– ˆÎ §Ü˛° í˛z!qò ë˛y[˛y ~ÓÇ §Ñƒyï˛ˆÏ§ÑˆÏï˛

üy!ê˛ˆÏï˛ çß√yÎ˚ ï˛yˆÏòÓ˚ §y•zˆÏÜ ˛yú˛y•zê˛ ÓˆÏ°– ~áyˆÏö !Ó!û˛ß¨ ç#Óö xyÜ˛yÓ˚ Óy °y•zú˛ ú˛ü≈ (life forms)ÈÙÈ~Ó˚

í˛z!qò çß√yÎ˚– ~ˆÏòÓ˚ üˆÏôƒ í˛zˆÏÕ‘áˆÏÎyàƒ à%Õ√ñ xôÉà%Õ√ (undershrubs) ~ÓÇ !Ó!û˛ß¨ Ó•%Ó£Ï≈ç#Ó# ây§

çyï˛#Î˚ í˛z!qò– !ö¡¨ˆÏ◊î#Ó˚ í˛z!qˆÏòÓ˚ (lower plants) üˆÏôƒ ~Ü˛y!ôÜ˛ ˜¢Óy°ñ Ó˚)!˛õˆÏÜ˛y°y§ °y•zˆÏÜ˛ö

(rupicolous lichens) ˆòáy ÎyÎ˚– áÓ≈yÜ,˛!ï˛Ó˚ ˛õyÌ%ˆÏÓ˚ ˛õy•zöñ Ü˛yüã˛yê˛Ü˛y ˆÓ˚yˆÏí˛yˆÏí˛öí»˛ö (Rhodo-
dendron camtschaticum)È í˛zˆÏÕ‘áˆÏÎyàƒ– ~Ó˚y xöƒöƒ ã˛Ó˚ü ˛õ!Ó˚ˆÏÓˆÏ¢ xööƒ ç#ÓöÎy˛õˆÏö §«˛ü

ˆÎüöÈÙÙÙÈò#â≈¢#ï˛Ü˛y°ñ §Ç!«˛Æ xAàç Ó,!ÂôÜ˛y° (short vegetative periods), ÓyÎ˚% ~ÓÇ üy!ê˛Ó˚ x!ï˛

!ö¡¨ ï˛y˛õüyeyñ @ˇÃ#‹øÜ˛y°#ö ï˛#Ó  ÓyÎ˚%≤ÃÓy• Îy xyo≈ üy!ê˛ˆÏÜ˛ §•ˆÏç•z ¢%‹Ò Ü˛ˆÏÓ˚ ˆï˛yˆÏ°– ~åÈyí˛¸yÄ

¢#ï˛yÜ˛y°#ö ï%˛£ÏyÓ˚˛õyï˛ñ x!ï˛§yüyöƒ Ó,!T˛˛õyï˛ñ öàöƒ ï%˛£ÏyÓ˚ xyÓÓ˚î (poor snow cover), xï˛ƒy!ôÜ˛

Óyï˛yˆÏ§Ó˚ xyo≈ï˛yñ §ˆÏÓ≈y˛õ!Ó˚ ˛õ%!T˛ §Ó˚ÓÓ˚yˆÏ•Ó˚ x≤Ãï%˛°ï˛y– Îy §yôyÓ˚îï˛ ˆüÓ˚% xM˛° Óy ~°˛õy•zö xM˛ˆÏ°

ˆòáy ÎyÎ˚– ~ˆÏòÓ˚ ü)°ï˛sf üy!ê˛Ó˚ 0°C ~Ó˚ Ü˛yåÈyÜ˛y!åÈ ï˛y˛õüyeyˆÏï˛Ä fl∫yû˛y!ÓÜ˛ !Ü ˛Î˚y ÓçyÎ˚ Ó˚yáˆÏï˛ §«˛ü–

~ˆÏòÓ˚ !öˆÏ¡¨y=˛ xAà§ÇfiÌyöàï˛ x!û˛ˆÏÎyçö (morphological adaptations) ˆòáy ÎyÎ˚ÈÙÙÙÈ

●●●●● ~áyˆÏö í˛z!qˆÏòÓ˚ Ó#ˆÏçÓ˚ üyôƒˆÏü ÓÇ¢!ÓhflÏyÓ˚ Óyôy≤ÃyÆ •Î˚– ˆÜ˛ööy ~áyˆÏö Ó#ç ˛õ!Ó˚îï˛ •ÓyÓ˚

çöƒ ≤ÃˆÏÎ˚yçö#Î˚ í˛z˛õÎ%=˛ §üÎ˚ ˛õyÎ˚ öy– ï˛y•z ~áyˆÏö xAàç çöö !ÓÓ˚yçüyö–

●●●●● ~ˆÏòÓ˚ ˛õyï˛y «%˛oyÜ,˛!ï˛Ó˚ Óy ¢ÕÒÓÍñ ˆÓ˚yüÎ%=˛ •Î˚ ÎyˆÏï˛ Óy‹õˆÏüyã˛ö ≤Ã!ï˛•ï˛ •Î˚–

í˛zòy•Ó˚îÈÙÙÙÈÓà‰ü§‰ (Sphagnum sp.), ˆ≤ÃyˆÏ§y!˛õ§ (Prosopis sp.), ú˛ƒyˆÏ§!°Î˚y (Phacelia
sericea), Ü%˛¢ö ≤’yrê˛ (Silene aqualis) ≤Ãû,˛È!ï˛–

!ã˛e 8.3 : §y•zˆÏÜ ˛yú˛y•zê˛ (Phacelia)
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8.5  Ó˚§y° çyAà° í˛z!qò Óy §yÜ%˛ˆÏ°rê˛ ˆçˆÏÓ˚yú˛y•zê˛ (Succulent xerophytes)

~Ó˚y ≤Ãôyöï˛ áÓ˚y ≤Ã!ï˛ˆÏÓ˚yô# çyAà° í˛z!qò (drought resistant xerophytes)– ~ˆÏòÓ˚ ≤Ãôyöï˛

xï˛ƒy!ôÜ˛ ¢%‹Ò ~ÓÇ í˛z£÷ xyÓy§fiÌˆÏ° çß√yˆÏï˛ ˆòáy ÎyÎ˚– ~•z §Ü˛° í˛z!qˆÏòÓ˚ ˆÜ˛yö xAà fl≥˛#ï˛ ~ÓÇ

Ó˚§y° •Î˚ Îy ç°§M˛Î˚# Ü˛°y (water storing tissue) myÓ˚y ˛õ)î≈ ÌyˆÏÜ˛– ã˛Ó˚ü xyÓ•yÄÎ˚yÎ˚ üy!ê˛ˆÏï˛

ˆ¢y£ÏîˆÏÎyàƒ ç° ˆ¢£Ï •ˆÏÎ˚ ˆàˆÏ° í˛z!qò ~•z §!M˛ï˛ ç° ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚–

Ó˚§y°Ü˛y[˛ çyAà° í˛z!qòÈÙÈ~Ó˚ ~Ü˛!ê˛ ç° §M˛Î˚# xAà •° Ü˛y[˛– ˆÎüöÈÙÙÙÈú˛!îüö§y (Opuntia
sp.), !°!öÎ˚y xy!ê≈˛Ü%˛ˆÏ°ê˛y (Kleinia articulata), §y°ˆÏ§y°y (Salsola sp.)– Ó˚§y° ˛õˆÏeÓ˚ çyAà°

í˛z!qˆÏòÓ˚ í˛zòy•Ó˚î !•ˆÏ§ˆÏÓ â,ï˛Ü%˛üyÓ˚# (Aloe sp.) ˆüˆÏ§ü!Ó Î˚yöˆÏÌüyü (Mesembryanthemum sp.),
ˆÜœ˛•z!öÎ˚y !ú˛ˆÏÜ˛y•z!í˛§ (Kleinia ficoides) ≤Ãû,˛!ï˛ í˛zˆÏÕ‘áˆÏÎyàƒ–

~ˆÏòÓ˚ xAà§ÇfiÌy!öÜ˛ x!û˛ˆÏÎyçö (morphological adaptations) !ö¡¨ ≤ÃÜ˛yˆÏÓ˚Ó˚ •Î˚ÈÙÙÙÈ

●●●●● üy!ê˛ˆÏï˛ çˆÏ°Ó˚ âyê˛!ï˛Ó˚ çöƒ Ó˚§y° çyAà° í˛z!qˆÏòÓ˚ ü)° §%ò,ì˛¸ñ ≤Ãã%˛Ó˚ ¢yáyÈÙÈ≤Ã¢yáy Î%=˛ •Î˚

~ÓÇ üy!ê˛Ó˚ àû˛#ˆÏÓ˚ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– ü%°yˆÏ@ˇÃ ü)°ˆÏÓ˚yü âö§!ß¨!ÓT˛ ÌyˆÏÜ˛–

●●●●● Ü˛y[˛ fl≥˛#ï˛ñ Ó˚§yˆÏ°yñ §Ó%ç ã˛ƒy≤Wzy Óy ï,˛ˆÏÜ˛yîyÜ,˛!ï˛Ó˚ •Î˚– ~ˆÏòÓ˚ ˛õî≈Ü˛y[˛ Óy ú˛y•zˆÏ°yÜœ˛ƒyí˛

(phylloclade) ˛ÓˆÏ°–

●●●●● ˛õyï˛yà%!° ˆåÈyê˛ ˆåÈyê˛ ÜÑ˛yê˛yÎ˚ Ó˚)˛õyhsˇ!Ó˚ï˛ •Î˚– ~ˆÏòÓ˚ ˛õeÜ˛^ˇê˛Ü˛ (Leaf spine) ÓˆÏ°–

●●●●● Ü˛yˆÏ[˛ §yôyÓ˚îï˛ ˆüyüçyï˛#Î˚ ˛õòyˆÏÌ≈Ó˚ xyhflÏÓ˚î !Ü˛ÇÓy âö ˆÓ˚yü ÌyˆÏÜ˛–

●●●●● Ó˚§y°˛õˆÏeÓ˚ çyAà° í˛z!qˆÏò ˛õyï˛yà%!° ÎˆÏÌT˛ ˛õ!Ó˚üyˆÏî fl≥˛#ï˛ Ä Ó˚§yˆÏ°y •ˆÏÎ˚ ÄˆÏë˛– ~ˆÏòÓ˚

˛õyï˛yÎ˚ ˛õ%Ó˚% !Ü˛í˛z!ê˛Ü˛° !Ü˛ÇÓy ˆüyˆÏüÓ˚ xyhflÏÓ˚î ÌyˆÏÜ˛–

●●●●● Ó˚§y°˛õe çyAà° í˛z!qˆÏòÓ˚ Ü˛y[˛ •…fl∫ Óy §ÇÜ%˛!ã˛ï˛ (reduced) •Î˚–

!ã˛e 8.4 : Ó˚§yˆÏ°y çyAà° í˛z!qò (Mesembryanthemum sp.)

xƒyˆÏ°y (Aloe sp.)ú˛!öüö§y (Opuntia sp.)ˆüˆÏ§üÓ yÎ˚yöˆÏÌöyü

(Mesembryanthemum sp.)
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8.6  §yÓ˚yÇ¢ (Summary)

~•z ~Ü˛ˆÏÜ˛ §yüˆÏüyú˛y•zê˛ñ !°ˆÏÌyú˛y•zê˛ñ §y•zˆÏÜ ˛yú˛y•zê˛ ~ÓÇ §yÜ%˛ƒˆÏ°rê˛ í˛z!qˆÏòÓ˚ ÓyÎ˚%ü[˛ˆÏ°Ó˚ §yˆÏÌ

≤Ã!ï˛!Ü ˛Î˚yÎ˚ xAà§ÇfiÌyöàï˛ x!û˛ˆÏÎyçö xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ– §yüˆÏüyú˛y•zê˛ í˛z!qˆÏòÓ˚y üÓ˚%û)˛!üÓ˚ Óy°%ˆÏï˛

ç#ÓöôyÓ˚ˆÏî §«˛ü– ~Ó˚y «˛îfiÌyÎ˚# }ï%˛ç#!Ó •Î˚– ~ˆÏòÓ˚ ü)°ï˛sf í˛zß√%=˛ •Î˚ñ ˛õyï˛y §Ç!«˛Æ Óy xö%˛õ!fiÌï˛ñ

§yˆÏ°yÜ˛§ÇˆÏŸ’£Ï Ü˛y[˛ myÓ˚y §Çà!ë˛ï˛ •Î˚ñ ˆÓ˚Ôoï˛Æ Óy°%ˆÏï˛ ÓÑyã˛yÓ˚ çöƒ ú˛°ÈÙÈ~ ˛õyáyÓ˚ öƒyÎ˚ í˛z˛õÓ,!Âô

Óy ≤ÃˆÏ˛õ°yÓ˚ ÌyˆÏÜ˛– !°ˆÏÌyú˛y•zˆÏê˛Ó˚ ˆ«˛ˆÏe xÓ!°ˆÏàê˛ Ä ú˛ƒyÜ˛y°ˆÏê˛!ê˛û˛ !°ˆÏÌyú˛y•zˆÏê˛Ó˚ §ÇK˛y ˆòÄÎ˚y

xyˆÏåÈ– ˛õyÌˆÏÓ˚Ó˚ áÑyˆÏç ~ˆÏòÓ˚ Ó,!Âôñ !ÓˆÏÎ˚y!çï˛ ˜çÓ ˛õòyÌ≈ ˆÌˆÏÜ˛ ˛õ%!T˛ §Ç@ˇÃ•ñ Óyï˛yˆÏ§Ó˚ xƒyˆÏüy!öÎ˚y

@ˇÃ•î «˛üï˛yñ xyÓ≈y§Ü%˛°yÓ˚ üy•zˆÏÜ˛yÓ˚y•zçyÓ˚ §ˆÏAà xyhsˇÉ§¡õÜ≈˛ ≤Ãû,˛!ï˛ xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ– §yüˆÏöyú˛y•zê˛ñ

!°ˆÏÌyú˛y•zê˛ñ §y•zˆÏÜ ˛yú˛y•zê˛ñ Ä §yÜ%˛ƒˆÏ°rê˛ ˆçˆÏÓ˚yú˛y•zê˛ í˛z!qˆÏòÓ˚ xAà§ÇfiÌyöàï˛ x!û˛ˆÏÎyçö §ÇˆÏ«˛ˆÏ˛õ

í˛zˆÏÕ‘á Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ–

8.7 ≤ÃŸ¿yÓ°# (Questions)

I. Ó•% !öÓ≈yã˛ö# ≤ÃŸ¿ (MCQ) :

1. Óy°%ˆÏï˛ Ó§Óy§Ü˛yÓ˚# í˛z!qòˆÏòÓ˚ ÓˆÏ°ÈÙÙÙÈ

(a) §yü‰ˆÏüyú˛y•zê˛ (b) !°ˆÏÌyú˛y•zê˛ (c) !§Äú˛y•zê˛ (d) §y•zˆÏÜ ˛yú˛y•zê˛

2. §yü‰ˆÏüyú˛y•zê˛ÈÙÈ~ ˆòáy ÎyÎ˚ öy ˆÜ˛yö ˜Ó!¢T˛ƒ⁄

(a) «˛îfiÌyÎ˚# }ï%˛ç#Ó#ï˛y (b) «%˛oyÜ,˛!ï˛Ó˚ ˛õyï˛y

(c) ú˛ˆÏ° ˛õyáöy Óy ≤ÃˆÏ˛õ°yÓ˚ ÌyˆÏÜ˛ (d) Ü˛y[˛ Ä ˛õyï˛yÎ˚ ≤Ãã%˛Ó˚ ~ˆÏÓ˚öÜ˛y•züy

3. Ü˛ƒy§ˆÏüyú˛y•zê˛ Ó°ˆÏï˛ ˆÓyé˛yÎ˚ÈÙÙÙÈ

(a) Óy°%Ó˚ ˆû˛ï˛Ó˚ çß√yˆÏöy í˛z!qò (b) ˛õyÌˆÏÓ˚Ó˚ áÑyˆÏç çß√yˆÏöy í˛z!qò

(c) ˛õyÌˆÏÓ˚Ó˚ Ä˛õˆÏÓ˚ çß√yˆÏöy í˛z!qò (d) Óy°%Ó˚ í˛z˛õ!Ó˚ï˛ˆÏ° çß√yˆÏöy í˛z!qò

4. !°ˆÏÌyú˛y•zê˛ çyï˛#Î˚ í˛z!qˆÏòÓ˚ öy•zˆÏê˛ΔyˆÏçöÈÙÈ~Ó˚ ü)° í˛zÍ§ •°ÈÙÙÙÈ

(a) üy!ê˛Ó˚ öy•zˆÏê˛Δê˛ (b) üy!ê˛Ó˚ öy•zê˛Δy•zê˛

(c) Óyï˛yˆÏ§Ó˚ xƒyˆÏüy!öÎ˚y (d) ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ü%=˛ öy•zˆÏê˛ΔyˆÏçö

5. ˆÎ §Ü˛° í˛z!qò ô#ˆÏÓ˚ ô#ˆÏÓ˚ ˛õyÌÓ˚ «˛Î˚ Ü˛ˆÏÓ˚ ü)ˆÏ°Ó˚ ˜òâ≈ƒ Ó,!Âô Ü˛ˆÏÓ˚ ï˛yˆÏòÓ˚ ÓˆÏ°ÈÙÙÙÈ

(a) !°ˆÏÌyú˛ƒyày§ (b) ~!˛õ!°!ÌÜ˛ (c) §yüˆÏüy!ú˛°y§ (d) ~ˆÏu˛yú˛y•zê˛
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6. §y•zˆÏÜ ˛yú˛y•zê˛ Ó°ˆÏï˛ ˆÓyé˛yÎ˚ÈÙÙÙÈ

(a) í˛z£÷ ç°yû)˛!üÓ˚ í˛z!qò (b) öy!ï˛¢#ˆÏï˛y£÷ ç°yû)˛!üÓ˚ í˛z!qò

(c) §Ñƒyï˛ˆÏ§ÑˆÏï˛ åÈyÎ˚yÎ˚ çß√yˆÏöy í˛z!qò (d) ë˛y[˛y §Ñƒyï˛ˆÏ§ÑˆÏï˛ üy!ê˛Ó˚ í˛z!qò

7. ÓÇ¢ !ÓhflÏyˆÏÓ˚Ó˚ ≤Ãôyö üyôƒü •° xAàç çöö ÎyˆÏòÓ˚ ˆ«˛ˆÏeÈÙÙÙÈ

(a) !°ˆÏÌyú˛y•zê˛ (b) §yüˆÏüyú˛y•zê˛ (c) §y•zˆÏÜ ˛yú˛y•zê˛ (d) •y•zˆÏí»˛yú˛y•zê˛

8. §yÜ%˛ˆÏ°rê˛ í˛z!qòÓ˚y ≤Ãôyöï˛ ˆÎ ≤ÃÜ,˛!ï˛Ó˚ÈÙÙÙÈ

(a) !°ˆÏÌyú˛y•zê˛ (b) ˆçˆÏÓ˚yú˛y•zê˛ (c) •y•zˆÏí»˛yú˛y•zê˛ (d) ˆüˆÏ§yú˛y•zê˛

II. §Ç!«˛Æ ≤ÃŸ¿yÓ°# É

1. §yüˆÏüyú˛y•zê˛ Ü˛yˆÏòÓ˚ ÓˆÏ°⁄ ò%•z!ê˛ í˛zòy•Ó˚î !òö–

2. §yüˆÏüyú˛y•zê˛ ~ÓÇ §yÜ%˛ˆÏ°rê˛ÈÙÈ~Ó˚ ò%•z!ê˛ Ü˛ˆÏÓ˚ í˛zòy•Ó˚î !°á%ö–

3. ~!˛õ!Ì!°Ü˛ ~ÓÇ ~ˆÏu˛y!°!ÌÜ˛ í˛z!qò Ü˛yˆÏòÓ˚ ÓˆÏ°⁄

4. !°ˆÏÌyú˛y•zê˛ÈÙÈ~ à%ê˛yˆÏüê˛ !§ˆÏrÌˆÏê˛ç í˛zÍˆÏ§ã˛Ü˛ !Ü˛ Ü˛yç Ü˛ˆÏÓ˚–

5. ò%•z!ê˛ í˛zòy•Ó˚î§• §y•zˆÏÜ ˛yú˛y•zê˛ Ü˛yˆÏòÓ˚ ÓˆÏ° !°á%ö–

6. ˛ú˛y•zˆÏ°yÜœ˛ƒyí˛ !Ü˛ ~ÓÇ !Ü˛ Ü˛yç Ü˛ˆÏÓ˚⁄

III. Ó˚ã˛öyôü≈# ≤ÃŸ¿ É

1. í˛zòy•Ó˚î§• §yü‰ˆÏüyú˛y•zê˛ ~ÓÇ §y•zˆÏÜ ˛yú˛y•zê˛ÈÙÈ~Ó˚ ï%˛°öyü)°Ü˛ xyˆÏ°yã˛öy Ü˛Ó˚%ö–

2. í˛zòy•Ó˚î§• !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ !°ˆÏÌyú˛y•zê˛ÈÙÈ~Ó˚ ˜Ó!¢T˛ƒ xyˆÏ°yã˛öy Ü˛Ó˚%ö–

3. í˛zòy•Ó˚î§• §y•zˆÏÜ ˛yú˛y•zê˛ Ä §yÜ%˛ˆÏ°rê˛ í˛z!qˆÏòÓ˚ xAà§ÇfiÌy!öÜ˛ x!û˛ˆÏÎyçö Óî≈öy Ü˛Ó˚%ö–

8.8  í˛z_Ó˚üy°y (Answers)

I. Ó•% !öÓ≈yã˛ö# ≤ÃˆÏŸ¿Ó˚ (MCQ) í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚

§Çáƒy ı 1 2 3 4 5 6 7 8

í z̨_Ó˚ ı a d b c a d c b



168 NSOU 5CC-BT-02

D: \ Suvendu \ NSOU\NEP/ 5CC-BT-02
Unit- 5-8 \ 2ndProof  \ (Dt. 19.03.2025)

II. §Ç!«˛Æ ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5 6

xö%ˆÏFåÈò §Çáƒy ı 8.2 8.2 & 8.5 8.3 8.3 8.4 8.5

III. Ó˚ã˛öyôü≈# ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3

xö%ˆÏFåÈò §Çáƒy ı 8.2 & 8.4 8.3 8.4 & 8.5
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~Ü˛Ü˛–9 : ˛õ!Ó˚ˆÏÓ¢ ò)£Ïî ı ÓyÎ˚%ò)£Ïîñ ç° ò)£Ïî ~ÓÇ í˛z!qˆÏòÓ˚ Ä˛õÓ˚

•z•yˆÏòÓ˚ ≤Ãû˛yÓ (Environmental pollution : Air
pollution, water pollution and their impact on plants)

àë˛ö (Structure)

9.0 í˛zˆÏj¢ƒ (Objectives)

9.1 ≤ÃhflÏyÓöy (Introduction)

9.2 ˛õ!Ó˚ˆÏÓ¢ ò)£Ïî (Environmental Pollution)

9.2.1 ˛õ!Ó˚ˆÏÓ¢ ò)£ÏˆÏîÓ˚ ≤Ãôyö Ü˛yÓ˚î§ü)• (Primary causes of Environmental
Pollution)

9.2.2 ˛õ!Ó˚ˆÏÓ¢ ò)£ÏˆÏîÓ˚ ≤ÃÜ˛yÓ˚§ü)• (Types of Environmental Pollution)

9.3 ÓyÎ˚% ò)£Ïî (Air Pollution)

9.3.1 ÓyÎ˚% ò)£ÏˆÏîÓ˚ í˛zÍ§ (Source of Air Pollution)

9.3.2 ÓyÎ˚%ò)£Ïî Ü˛yÓ˚ˆÏÜ˛Ó˚ ˆ◊î#!Óöƒy§ (Classification of Air Pollutants)

9.3.3 ÓyÎ˚%ò)£Ïî !öÎ˚sfî (Control of Air Pollution)

9.3.3.1  í˛z!qˆÏòÓ˚ í˛z˛õÓ˚ ÓyÎ˚% ò)£ÏˆÏîÓ˚ ≤Ãû˛yÓ (Impact of air pollution
on plants)

9.3.3.2 í˛z!qˆÏòÓ˚ í˛z˛õÓ˚ !Ó!û˛ß¨ ÓyÎ˚% ò)£ÏîÜ˛yÓ˚ˆÏÜ˛Ó˚ ≤Ãû˛yÓ (Impact of
different Air pollutants on Plants)

9.4 ç° ò)£Ïî (Water Pollution)

9.4.1 ˛ç° ò)£ÏˆÏîÓ˚ í˛zÍ§ (Sources of Water Pollution)

9.4.2 í˛z!qˆÏòÓ˚ Ä˛õÓ˚ ç° ò)£ÏˆÏîÓ˚ ≤Ãû˛yÓ (Effect of Water Pollution of plants)

9.4.3 ç°ò)£Ïî !öÎ˚sfî (Control of Water Pollution)

9.5 §yÓ˚yÇ¢ (Summary)

9.6 ≤ÃŸ¿yÓ°# (Questions)

9.7 í˛z_Ó˚üy°y (Answers)
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9.0 í˛zˆÏj¢ƒ (Objectives)

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xyüÓ˚y !ö¡¨!°!áï˛ !Ó£ÏÎ˚à%!° §¡∫ˆÏrô §üƒÜ˛ ôyÓ˚îy ˜ï˛!Ó˚ Ü˛Ó˚ˆÏï˛ ˛õyÓ˚Ó–

●●●●● ˛õ!Ó˚ˆÏÓ¢ ò)£ÏˆÏîÓ˚ §ÇK˛y Ä ≤Ãôyö Ü˛yÓ˚î §ü)•–

●●●●● ˛õ!Ó˚ˆÏÓ¢ ò)£ÏˆÏîÓ˚ ≤ÃÜ˛yÓ˚ §ü)•–

●●●●● !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ ò)£ÏˆÏîÓ˚ í˛zÍ§ Ä !öÎ˚sfî–

●●●●● Ü,˛!£ÏˆÏ«˛ˆÏeÓ˚ Ó˚y§yÎ˚!öÜ˛ ò)£Ïî–

●●●●● í˛z!qˆÏòÓ˚ í˛z˛õÓ˚ ç°ò)£ÏˆÏîÓ˚ ≤Ãû˛yÓ–

9.1 ≤ÃhflÏyÓöy (Introduction)

üyöÓ §û˛ƒï˛yÓ˚ x@ˇÃà!ï˛Ó˚ §yˆÏÌ §yˆÏÌ Ü,˛!£Ï Ä !¢ˆÏ“Ó˚ xû)˛ï˛˛õ)Ó≈ í˛zß¨Î˚ö âˆÏê˛ˆÏåÈ– ~Ó˚ ú˛ˆÏ° ≤Ãã%˛Ó˚

˛õ!Ó˚üyî ≤ÃyÜ,˛!ï˛Ü˛ §¡õò !ÓöT˛ •ˆÏÎ˚ˆÏåÈ Óy !öÉˆÏ¢!£Ïï˛ •ˆÏÎ˚ ˛õí˛¸ˆÏåÈ– ~Ó˚ «˛!ï˛Ü˛Ó˚ ≤Ãû˛yˆÏÓ ˛õ!Ó˚ˆÏÓ¢

ò)!£Ïï˛ •ˆÏFåÈ ~ÓÇ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ û˛yÓ˚§yüƒ öT˛ •ˆÏFåÈ– û˛yÓ˚ï˛ xyç !¢ˆÏ“yß¨ï˛ ˆò¢à%!°Ó˚ xöƒï˛ü •ˆÏÎ˚

í˛zˆÏë˛ˆÏåÈñ xöƒï˛ü •ˆÏÎ˚ í˛zë˛ˆÏåÈ ˛õ!Ó˚ˆÏÓ¢ ò)£ÏˆÏîÓ˚ üy˛õÜ˛y!ë˛ˆÏï˛Ä– !Ü˛v ò)£Ïî !öÎ˚sfˆÏîÓ˚ !ÓK˛yö§¡øï˛

§Çfl,Ò!ï˛Ó˚ xû˛yˆÏÓ ï˛y üyey åÈyí˛¸yˆÏFåÈ– ò)£ÏˆÏîÓ˚ ≤Ãû˛yÓ §ü@ˇÃ ç#Óçy!ï˛Ó˚ í˛z˛õˆÏÓ˚•z û˛Î˚yÓ• •ˆÏÎ˚ í˛zë˛ˆÏåÈ–

Óyï˛y§ñ üy!ê˛ Ä çˆÏ°Ó˚ ~•z xö!û˛ˆÏ≤Ãï˛ ˛õ!Ó˚Óï≈˛öñ ˛õ!Ó˚ˆÏÓ¢ Ó˚«˛yÓ˚ ≤Ã•Ó˚#ÈÙÈí˛z!qˆÏòÓ˚ ç#ÓöˆÏÜ˛Ä Ü˛ˆÏÓ˚

ï%˛ˆÏ°ˆÏåÈ §ÇÜ˛ˆÏê˛Ó˚ §¡ø%á#ö–

9.2 ˛õ!Ó˚ˆÏÓ¢ ò)£Ïî (Environmental Pollution)

Óy›!ÓK˛yö# Äí˛yˆÏüÓ˚ (Odum, 1983) üˆÏï˛ñ ÚÚÓyÎ˚%ñ ç°ñ üy!ê˛ ≤Ãû,˛!ï˛Ó˚ ˆû˛Ôï˛ñ Ó˚y§yÎ˚!öÜ˛ Ä

˜çÓ ˜Ó!¢ˆÏT˛ƒÓ˚ ˆÎ xö!û˛ˆÏ≤Ãï˛ ˛õ!Ó˚Óï≈˛ö üyöÓ §û˛ƒï˛yˆÏÜ˛ xÌÓy ˆÜ˛yö ≤Ãçy!ï˛Ó˚ ç#ÓöˆÏÜ˛ñ ˆÜ˛yö

!¢ˆÏ“Ó˚ ≤Ã!Ü ˛Î˚yˆÏÜ˛ñ ˆÜ˛yö §ç#Ó x!hflÏcˆÏÜ˛ ~ÓÇ ˆÜ˛yö §yÇfl,Ò!ï˛Ü˛ Óy ≤ÃyÜ,˛!ï˛Ü˛ §¡õòˆÏÜ˛ «˛!ï˛@ˇÃhflÏ Ü˛Ó˚ˆÏåÈ

Óy  Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ñ ï˛yˆÏÜ˛•z ò)£Ïî (Pollution) ÓˆÏ°–ÛÛ

9.2.1 ˛õ!Ó˚ˆÏÓ¢ ò)£ÏˆÏîÓ˚ ≤Ãôyö Ü˛yÓ˚î§ü)• (Primary causes of Environmental Pollution)

≤ÃyÜ,˛!ï˛Ü˛ ò)£Ïî xy˛õöyÈÙÈxy˛õ!ö•z âˆÏê˛ ~ÓÇ ≤ÃÜ,˛!ï˛ !öˆÏç•z ü)°ï˛É í˛z!qˆÏòÓ˚ üyôƒˆÏü ˆ§•z ò)£Ïî

Ü˛y!ê˛ˆÏÎ˚ ÄˆÏë˛– §,!T˛Ó˚ xy!ò ˆÌˆÏÜ˛ xyç ˛õÎ≈hsˇ ~•z ò)£Ïî Ä !ÓˆÏ¢yôö ˛õy¢y˛õy!¢ ã˛ˆÏ° ≤ÃyÜ,˛!ï˛Ü˛ û˛yÓ˚§yüƒ

Ó˚«˛y Ü˛ˆÏÓ˚ˆÏåÈ– !Ü˛v üyöÓ §,T˛ §Ó%ç!Ó≤’Ó SÜ,˛!£ÏV Ä !¢“ !Ó≤’ˆÏÓÓ˚ üyôƒˆÏü•z xyç ~•z ò)£ÏˆÏîÓ˚ ≤ÃÜ˛ê˛ï˛y

üyey!ï˛!Ó˚=˛ •ˆÏÎ˚ˆÏåÈ– ˛õ!Ó˚ˆÏÓ¢!ÓòˆÏòÓ˚ üˆÏï˛ ò)£Ïî í˛zÍ˛õ!_Ó˚ Ü˛yÓ˚îà%!° •° ı
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1. x˜ÏÓK˛y!öÜ˛ ˛õÂô!ï˛ˆÏï˛ öàÓ˚yÎ˚ö–

2. Óöç §¡õˆÏòÓ˚ !öü)≈°#Ü˛Ó˚î–

3. çö§Çáƒy Ó,!ÂôÓ˚ ú˛ˆÏ° ç#ÓçàˆÏï˛Ó˚ û˛yÓ˚§yüƒ•#öï˛y–

4. !¢“ÈÙÈ§ü,!ÂôÓ˚ ˛õˆÏÌ Îeï˛e Ü˛°Ü˛yÓ˚áyöy fiÌy˛õö–

5. xï˛ƒy!ôÜ˛ §yÓ˚ Ä Ü˛#ê˛öy¢Ü˛ ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ Ü,˛!£ÏˆÏ«˛ˆÏe §Ó%ç !Ó≤’Ó–

6. Ü˛°Ü˛yÓ˚áyöy Ä ày•≈fiÌƒ Óç≈ƒ˛õòyÌ≈ Ä xyÓç≈öy Îeï˛e x˛õ!Ó˚Ü˛!“ï˛û˛yˆÏÓ !öˆÏ«˛˛õî–

7. ÎyöÓy•ˆÏöÓ˚ x!ï˛Ó,!Âô–

8. ˛õyÓ˚üyî!ÓÜ˛ !ÓˆÏfl≥˛yÓ˚î Ä ˛õyÓ˚üyî!ÓÜ˛ ¢!=˛ í˛zÍ˛õyòö–

9. ÎˆÏÌFåÈ xyï˛§Óy!çÓ˚ í˛zÍ§Ó–

10. !ö!Ó≈ã˛yˆÏÓ˚ ˆÓyüyñ ˆ«˛˛õöyflf ÓƒÓ•yÓ˚ Ä Î%Âô–

Äí˛yˆÏüÓ˚ (Odum, 1983) üï˛ xö%ÎyÎ˚# ≤ÃÜ,˛!ï˛àï˛û˛yˆÏÓ ò)£ÏîˆÏÜ˛ ò%Ûû˛yˆÏà !Óû˛=˛ Ü˛Ó˚y ÎyÎ˚ ı

SÜ˛V Ü ˛ü«˛Î˚# (Degradable) ˆÎ §Ü˛° ò)£ÏîÜ˛yÓ˚# ˛õòyÌ≈ ≤ÃyÜ,˛!ï˛Ü˛ ˛õ!Ó˚ˆÏÓˆÏ¢ «˛Î˚≤ÃyÆ •ˆÏÎ˚ !ö!Ó≈£Ï

(Nontoxic) •ˆÏÎ˚ ÎyÎ˚ ~ÓÇ «˛!ï˛Ü˛yÓ˚Ü˛ Ó›Ó˚)ˆÏ˛õ xÓfiÌyö Ü˛ˆÏÓ˚ öyñ ï˛yˆÏòÓ˚ Ü ˛ü«˛Î˚# ˛õòyÌ≈ ÓˆÏ°–

≤Ãôyöï˛É ˜çÓ Óç≈ƒ ˛õòyÌ≈ñ à,•fiÌy°#Ó˚ Óç≈ƒ ˛õòyÌ≈Ó˚ ~Ó˚ üˆÏôƒ ˛õˆÏí˛¸– ï˛ˆÏÓ ~Ó˚yÄ §ü§ƒy §,!T˛ Ü˛ˆÏÓ˚

Îáö ~Ó˚y !ÓˆÏÎ˚yçˆÏöÓ˚ (Decomposition) üyeyÓ˚ x!ï˛!Ó˚=˛ çüy •Î˚–

SáV Ü ˛ü«˛Î˚•#ö (Non-degradable) ≤ÃyÜ,˛!ï˛Ü˛ ˛õ!Ó˚ˆÏÓˆÏ¢ ˆÎ §ühflÏ ò)£ÏîÜ˛yÓ˚# !Ó£Ïy=˛ ˛õòyÌ≈à%!°Ó˚

Ü ˛ü«˛Î˚ âˆÏê˛ öy Óy âê˛ˆÏ°Ä x!ï˛ ürÌÓ˚ à!ï˛ˆÏï˛ âˆÏê˛ ï˛yˆÏòÓ˚ Ü ˛ü«˛Î˚•#ö ˛õòyÌ≈ ÓˆÏ°– ~ˆÏòÓ˚ üˆÏôƒ

öyöy ≤ÃÜ˛yÓ˚ ôyï%˛ñ Ü˛#ê˛öy¢Ü˛ñ ≤’y!fiê˛Ü˛ Ä ˆï˛ç!fl;Î˚ ˛õòyÌ≈à%!° xöƒï˛ü– ~à%!° çüy öy •ˆÏ°Ä

áyòƒ¢,ÇáˆÏ°Ó˚ üyôƒˆÏü ˜çÓÈÙÈ!ÓÓô≈ö (Bio-magnification) ~ÓÇ ˜çÓÈ û)˛ÈÙÈÓ˚y§yÎ˚!öÜ˛ ã˛ˆÏÜ ˛Ó˚ (Bio-
geochemical cycles) üyôƒˆÏü ˛õ!Ó˚ˆÏÓˆÏ¢ Ó•%Ü˛y° ôˆÏÓ˚ ˆÌˆÏÜ˛ ÎyÎ˚ ~ÓÇ ≤Ãû)˛ï˛ «˛!ï˛§yôö Ü˛ˆÏÓ˚–

9.2.2 ˛õ!Ó˚ˆÏÓ¢ ò)£ÏˆÏîÓ˚ ≤ÃÜ˛yÓ˚§ü)• (Types of Environmental Pollution)

ò)!£Ïï˛ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ≤ÃÜ˛yÓ˚ ~ÓÇ ò)£Ïî Ü˛yÓ˚ˆÏÜ˛Ó˚ (pollutant nature) ≤ÃÜ,˛!ï˛Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚

˛õ!Ó˚ˆÏÓ¢ ò)£Ïî !ö¡¨!°!áï˛ û˛yˆÏÓ !ã˛!•´ï˛ Ü˛Ó˚y ÎyÎ˚–

1. ÓyÎ˚%ò)£Ïî (Air Pollution)

2. ç°ò)£Ïî (Water Pollution)
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3. ü,!_Ü˛yò)£Ïî (Soil Pollution)

4. §yü%!oÜ˛ ò)£Ïî (Marine Pollution)

5. ¢∑ò)£Ïî (Sound Pollution)

9.3 ÓyÎ˚% ò)£Ïî (Air Pollution)

ç#ˆÏÓÓ˚ ç#ÓöôyÓ˚ˆÏîÓ˚˛ xöƒï˛ü í˛z˛õyòyö ÓyÎ˚%ˆÏï˛ üyöÓ §û˛ƒï˛yçyï˛ öyöy «˛!ï˛Ü˛yÓ˚Ü˛ ˛õòyÌ≈à%!°

!ü!◊ï˛ •ˆÏ° !Ü˛ÇÓy ÓyÎ˚%Ó˚ fl∫yû˛y!ÓÜ˛ í˛z˛õyòyöà%!°Ó˚ üyeyÓ˚ x!ï˛!Ó˚=˛ ˆ•Ó˚ˆÏú˛Ó˚ •ˆÏ° ï˛yˆÏÜ˛ ÓyÎ˚%ò)£Ïî ÓˆÏ°–

§ü@ˇÃ ÓyÎ˚%ü[˛° ~Ü˛!ê˛ x˛õ!Ó˚Óy•# ã˛yòˆÏÓ˚Ó˚ üˆÏï˛y ˛õ,!ÌÓ#ˆÏÜ˛ Ó˚«˛y Ü˛ˆÏÓ˚– •z•y•z ≤ÃÜ,˛!ï˛Ó˚ ÎyÓï˛#Î˚

≤ÃˆÏÎ˚yçö#Î˚ àƒy§ §ü)• ˆÎyàyö ˆòÎ˚ñ !òö ~ÓÇ Ó˚yˆÏï˛Ó˚ ï˛y˛õüyey !öÎ˚sfî Ü˛ˆÏÓ˚ ~ÓÇ Óï≈˛üyö Î%ˆÏàÓ˚

§ÓˆÏã˛ˆÏÎ˚ ≤ÃˆÏÎ˚yçö#Î˚ ò)Ó˚yû˛y£Ï ˆ≤ÃÓ˚ˆÏîÓ˚ üyôƒü !•§yˆÏÓÄ Ü˛yç Ü˛ˆÏÓ˚– üyÓ˚ydÜ˛ x!ï˛ˆÏÓà%ö# Ó˚!Ÿ¬ (UV)

~ÓÇ ü•yçyà!ï˛Ü˛ í˛zÕÒy˛õyï˛ ˆÌˆÏÜ˛ ˛õ,!ÌÓ#ˆÏÜ˛ Ó˚«˛y Ü˛ˆÏÓ˚– xï˛~Óñ ~•z ÓyÎ˚%ü[˛° !Ó˛õÎ≈hflÏ •ˆÏ° ˛õ,!ÌÓ#Ó˚

§Ü˛° ç#ˆÏÓÓ˚ x!hflÏcÄ öyöyû˛yˆÏÓ !Ó˛õÎ≈hflÏ •ˆÏÎ˚ ˛õˆÏí˛¸–

9.3.1 ÓyÎ˚% ò)£ÏˆÏîÓ˚ í˛zÍ§ (Source of Air Pollution)

(1) ÎyöÓy•ö ˛õ!Ó˚ï˛ƒ=˛ ˆôÑyÎ˚y (Automobile exhausts) : ÓyÎ˚%ò)£ÏˆÏîÓ˚ çöƒ ~•z ˆôÑyÎ˚y ¢ï˛Ü˛Ó˚y

60 û˛yà òyÎ˚#– ~Ó˚ üˆÏôƒ ÌyˆÏÜ˛ Ü˛yÓ≈ö üˆÏöy:y•zí˛ñ öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ x:y•zí˛ñ •y•zˆÏí»˛yÜ˛yÓ≈ö Ä û˛y§üyö

!öü!Iï˛ Ü˛îy (Suspended Particulate Matter-SPM)– ~Ü˛!ê˛ ày!í˛¸ 1000 !°ê˛yÓ˚ çμy°yö# ˆÌˆÏÜ˛

350 kg CO2, 0.6 kg SO2, 0.1 kg !§§y Ä 1.5 kg SPM !ö!«˛Æ Ü˛ˆÏÓ˚– û˛yÓ˚ï˛ÓˆÏ£Ï≈ Óï≈˛üyˆÏö

≤ÃyÎ˚ 4 !ü!°Î˚ö àyí˛¸# ã˛ˆÏ° ~ÓÇ ÎyˆÏòÓ˚ x!ôÜ˛yÇ¢•z ã˛ˆÏ° ü•yöàÓ˚#à%!°ˆÏï˛– •z•y §•ˆÏç•z xö%ˆÏüÎ˚ñ

!Ü˛ !Ó˛õ%° ˛õ!Ó˚üyî ÓyÎ˚% ~•zû˛yˆÏÓ ≤Ã!ï˛!öÎ˚ï˛ ò%!£Ïï˛ •ˆÏFåÈ–

(2) Ü˛°Ü˛yÓ˚áyö ˆÌˆÏÜ˛ !öà≈ï˛ ˆôÑyÎ˚y (Industrial chimney emission) : ÓyÎ˚%ò)£ÏˆÏîÓ˚ ¢ï˛Ü˛Ó˚y

10–15 û˛yà ~•z ≤ÃÜ˛yÓ˚ ˆôÑyÎ˚yÓ˚ üyôƒˆÏü âˆÏê˛– ˆ˛õˆÏê˛Δy!°Î˚yü ˆ¢yôöyàyÓ˚ñ !§ˆÏürê˛ Ü˛yÓ˚áyöyñ §yÓ˚ Ü˛yÓ˚áyöyñ

Ó˚y§yÎ˚!öÜ˛ Ü˛yÓ˚áyöyñ Ü˛#ê˛öy¢Ü˛ Ü˛yÓ˚áyöy ~Ó˚ í˛zòy•Ó˚î–

(3) ï˛y˛õ!Óò%ƒÍ ˆÜ˛w í˛z˛õçyï˛ oÓƒ (By product from theremal power stations) : Ü˛Î˚°y

•zï˛ƒy!ò ç#ÓyŸ¬ çμy°yö#Ó˚ (fossil fuel) ò•ˆÏö §,T˛ í˛zí˛¸hs åÈy•z (fly ash), §y°ú˛yÓ˚ í˛y•z x:y•zí˛ñ

öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ x:y•zí˛–
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(4) xyˆÏ°yÜ˛ Ó˚y§yÎ˚!öÜ˛ ˆÎÔà (Photochemical compounds) : öyöy ôÓ˚ˆÏöÓ˚ Ó˚y§yÎ˚!öÜ˛ Óy‹õ

Ä ˆôÑyÎ˚yÓ˚ §Ç!ü◊ˆÏîñ UV Ó˚!Ÿ¬Ó˚ ≤Ãû˛yˆÏÓ §yü!@ˇÃÜ˛û˛yˆÏÓ (Synergistically) ~Ü˛ ˆôÑyÎ˚y¢yÓ˚ §,!T˛ •Î˚

Îy !¢“§ü,Âô ¢•Ó˚à%!°Ó˚ §rôƒyÓ˚ xyÜ˛yˆÏ¢ ≤ÃyÎ˚¢•z ˆòáy ÎyÎ˚ ï˛yˆÏÜ˛ xyˆÏ°yÜ˛Ó˚y§yÎ˚!öÜ˛ ˆôÑyÎ˚y¢y

(Photochemical smog) ÓˆÏ°–

                           UV
•y•zˆÏí»˛yÜ˛yÓ≈ö + NOx ––––––––––––––––––––––––PAN + O3
                                   S˛õyÓ˚x!: xƒy!§° öy•zˆÏê˛Δê˛V

!Ó!û˛ß¨ •y•zˆÏí»˛yÜ˛yÓ≈ö (HC) ÓyÎ˚%ü[˛ˆÏ°Ó˚ O2, ç°#Î˚ Óy‹õñ öy•zˆÏê˛ΔyˆÏçö x:y•zí˛ (NOx) ≤Ãû,˛!ï˛

öyöy xyˆÏ°yÜ˛ Ó˚y§yÎ˚!öÜ˛ !Ó!Ü ˛Î˚yÎ˚ PAN Ä O3 åÈyí˛¸yÄ HNO3 Óy‹õñ ú˛ü≈y°!í˛•y•zí˛ Ä xöƒyöƒ

xƒy°!í˛•y•zí˛ÈÙÈ~ Ó˚)˛õyhsˇÓ˚#ï˛ •Î˚ ~ÓÇ xyˆÏ°yÜ˛Ó˚y§yÎ˚!öÜ˛ ˆôÑyÎ˚y¢y Ó,!Âô Ü˛ˆÏÓ˚–

!ã˛e 9.1 : xyˆÏ°yÜ˛ Ó˚y§yÎ˚!öÜ˛ ˆôÑyÎ˚y§y (Photochemical smog)

ˆ§ÔÓ˚ ¢!=˛

ú˛Ó˚üy°!í˛•y•zí˛ Ä xöƒyöƒ

xƒ°!í˛•y•zí˛

PANs
ˆ˛õˆÏÓ˚y!:xƒy!§° öy•zˆÏê˛Δê˛§

ÄˆÏçyö

(O3)
öy•z!ê˛ΔÜ˛ xƒy!§í˛

(HNO3)

öy•zˆÏê˛ΔyˆÏçö

í˛y•zx:y•zí˛

(NO2)

Ü˛yÓ≈ö í˛y•zx:y•zí˛

(CO2)
•y•zˆÏí»˛yÜ˛yÓ≈ö

(HC)
öy•z!ê˛ΔÜ˛ x:y•zí˛

(NO)

NO +  x!:ˆÏçö

xö% (O)

x!:ˆÏçö àƒy§ (O2)
+ O (HC NOx Ó˚

í˛z˛õ!fiÌ!ï˛ˆÏï˛V

HC

xyˆÏ°yÜ˛ Ó˚y§yÎ˚!öÜ˛

ˆôÑyÎ˚y§y

ÓyÎ˚%ü[˛ˆÏ°Ó˚ !ÓÜ ˛Î˚y§ü)•

˛õ!°í˛z¢ö ~Ó˚ í˛zÍ§
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9.3.2 ÓyÎ˚%ò)£Ïî Ü˛yÓ˚ˆÏÜ˛Ó˚ ˆ◊î#!Óöƒy§ (Classification of Air Pollutants) :

A. ü%áƒ ÓyÎ˚%ò)£Ïî Ü˛yÓ˚Ü˛ (Primary Air Pollutants) ı ~•z §Ü˛° «˛!ï˛Ü˛yÓ˚Ü˛ ˛õòyÌ≈ öyöy

í˛zÍ§ ˆÌˆÏÜ˛ !öà≈ï˛ •ˆÏÎ˚ §Ó˚y§!Ó˚ ÓyÎ˚%ˆÏï˛ ˆüˆÏ¢– •z•yˆÏòÓ˚ ˆ◊î#ñ í˛zòy•Ó˚î Ä í˛zÍ§ !ö¡¨Ó˚)˛õ–

ü%áƒ í˛z˛õyòyö ˆ◊î# í˛zòy•Ó˚î í˛zÍ§

fiÌ!àï˛ Ü˛îy ˛õòyÌ≈ Ü˛!ë˛ö ô)°yñ flyash ï˛y˛õ!Óò%ƒÍ ˆÜ˛w

(Suspended Particulate ï˛Ó˚°˛ !¢!¢Ó˚ñ Spray ÓyÎ˚%ü[˛°

matter)

ÓyÎ˚Ó#Î˚ ÈÙÈ ˜çÓ ˛õòyÌ≈ •y•zˆÏí»˛yÜ˛yÓ≈ö ˆÓ!Oöñ !üˆÏÌöñ ç#ÓyŸ¬ çμy°y!ö ÎyöÓy•ö

•z!Ì!°öñ ˆÓˆÏOy˛õy•z!Ó˚ö

ÓyÎ˚Ó#Î˚ ÈÙÈ x˜ÏçÓ ˛õòyÌ≈ Ü˛yÓ≈ˆÏöÓ˚ x:y•zí˛ CO, CO2 ç#ÓyŸ¬ çμy°y!ö ÎyöÓy•ö

§y°ú˛yˆÏÓ˚Ó˚ x:y•zí˛ SO2, SO3 ç#ÓyŸ¬ çμy°y!ö ÎyöÓy•ö ôyï%˛

!ö‹Òy¢öñ !¢“yÎ˚ö

öy•zˆÏê˛ΔyˆÏçö x:y•zí˛ NO, NO2 ˆ˛õˆÏê˛Δy!°Î˚yü ò•öñ §yÓ˚ Ü˛yÓ˚áyöy

xöƒyöƒ H2S, HF, Cl2 Br2, Ó˚y§yÎ˚!öÜ˛ Ü˛yÓ˚áyöy

HF, Hg2,
NH3

CFC CFC ¢#ï˛ï˛y˛õ !öÎ˚sfî Îsfñ Ó˚äñ ˆú˛yü

§ü!ß∫ï˛ ˛õòyÌ≈ xyˆÏ°yÜ˛ Ó˚y§yÎ˚!öÜ˛ PAN, PBzN ÎyöÓy•ö

 (Synergeatic matter)

!ã˛e 9.2 : ü%áƒ ~ÓÇ ˆàÔî ÓyÎ˚%ò)£ÏîÜ˛yÓ˚Ü˛ §ü)• ~ÓÇ ï˛yˆÏòÓ˚ í˛zÍ§
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B. ˆàÔî ÓyÎ˚%ò)£Ïî Ü˛yÓ˚Ü˛ (Secondary Air Pollutants) ı ~•z §Ü˛° «˛!ï˛Ü˛yÓ˚Ü˛ ˛õòyÌ≈

ü%áƒ ÓyÎ˚% ò)£Ïî Ü˛yÓ˚ˆÏÜ˛Ó˚ §!•ï˛ Óyï˛yˆÏ§Ó˚ öyöy í˛z˛õyòyˆÏöÓ˚ Ó˚y§yÎ˚!öÜ˛ !Ó!Ü ˛Î˚yÎ˚ í˛zÍ˛õß¨ •Î˚–

í˛zòy•Ó˚îÈÙÙÙÈO3, H2O2, SO3, HNO3, H2SO4, PANs, x!:ˆÏçö Î%=˛ HC •zï˛ƒy!ò–

9.3.3 ÓyÎ˚%ò)£Ïî !öÎ˚sfî (Control of Air Pollution) :

ÓyÎ̊%ò)£Ï̂ ÏîÓ̊ §yü!@ˇÃÜ˛ xy Ï̂°yã˛öy ˆÌ Ï̂Ü˛ ˆÓyé˛y ˆà° ˆÎ ÓyÎ̊%̂ ÏÜ˛ §Ó≈òy !öü≈° Ä !Ó¢%Âô Ó̊yáy ≤Ã Ï̂Î̊yçö–

Óï≈̨ üyö í z̨ß̈ï˛ ≤ÃÎ%!=˛Ó̊ myÓ̊yñ §Ó̊Ü˛yÓ̊# !öÎ̊sf̂ ÏîÓ̊ üyôƒ Ï̂ü Ä § Ï̂Ó≈y˛õ!Ó̊ çö Ï̂ã˛ï˛öyÓ̊ í ẑ̨ Ïß√£Ï â!ê˛ Ï̂Î̊•z ï˛y §Ω˛Ó–

1. ÎyöÓy•ö ˛õ!Ó˚ï˛ƒ=˛ ˆôÑyÎ˚y !öÎ˚sfö (Control of automobile exhausts) :

~•z ò%£Ïî !öÎ˚sfˆÏîÓ˚ çöƒ ÎyöÓy•ˆÏö í˛zß¨ï˛ ≤ÃÎ%!=˛Ó˚ myÓ˚y §,T˛ çμy°yö#ñ ˆÎüö !§§y !Ó•#öñ

í˛zFã˛ xˆÏQö (Octane) !Ó!¢T˛ ˆ˛õê˛Δ° ÓƒÓ•yÓ˚ Ü˛Ó˚y ≤ÃˆÏÎ˚yçö– àyí˛¸#Ó˚ !öÎ˚!üï˛ ˛õÓ˚#«˛y !öÓ˚#«˛y

(Tune-up), ê˛yˆÏÓ≈y •z!Oöñ !ÓˆÏ¢£Ï ôÓ˚ˆÏöÓ˚ Ü%˛M˛ö Óyï˛yÎ˚ö (Crankage ventilation), ˆôÑyÎ˚y

!öÎ˚sfÜ˛ xö%âê˛Ü˛ Ü˛öû˛yê≈˛yÓ˚ (Catalytic converter) ÓƒÓ•yÓ˚ Ü˛Ó˚y òÓ˚Ü˛yÓ˚– §yˆÏÌ §yˆÏÌ

ç#ÓyŸ¬ çμy°y!öÓ˚ §y◊Î˚ Ü˛Ó˚yÓ˚ çöƒ !ÓˆÏ¢£Ïû˛yˆÏÓ ˜ï˛!Ó˚ Ü˛Ó˚y Ü˛üˆÏ≤Ã§í˛ ≤ÃyÜ,˛!ï˛Ü˛ àƒy§ (CNG)
ÓƒÓ•yˆÏÓ˚Ä ò)£Ïî Ü˛ˆÏü– !öÎ˚!üï˛ àyí˛¸#Ó˚ ò)£ÏˆÏîÓ˚ üyey ˛õÓ˚#«˛y Ü˛Ó˚yÓ˚ §Ó˚Ü˛yÓ˚# hflÏˆÏÓ˚ !öÎ˚üö#!ï˛Ä

ã˛y°% •ˆÏÎ˚ˆÏåÈ ~ÓÇ ü)°ï˛ ò)£Ïî §ü§ƒyˆÏÜ˛ üyÌyÎ˚ ˆÓ˚ˆÏá•z §Ó˚Ü˛yÓ˚# !öÎ˚sfˆÏî àyí˛¸#Ó˚ çöƒ û˛yÓ˚ˆÏï˛

ˆfiê˛ç V, VI (B.S V, VI) •zï˛ƒy!ò ÓƒÓfiÌy Ü˛yˆÏÎ˚ü Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– ~•z §Ü˛° xy•zˆÏöÓ˚ ÎÌyÎÌ

ÓƒÓ•yˆÏÓ˚ ò)£ÏˆÏîÓ˚ üyey Ü˛üyˆÏöy ÎyˆÏFåÈ–

2. ˛!¢“yÎ˚ˆÏöÓ˚ ò)£Ïî !öÎ˚sfî (Control of industrial pollution) :

˛õ!Ó˚ˆÏÓ¢ ò)£Ïî ˛õ£Ï≈ò (Pollution Control Board) Ü˛ï,,˛Ü˛ öyöy !öÎ˚üö#!ï˛Ó˚ üyôƒˆÏü !¢“

ˆ«˛ˆÏeÄ ò)£Ïî !öÎ˚sfˆÏîÓ˚ ˆã˛T˛y ã˛y°yˆÏöy •ˆÏFåÈ– ~•z ˆ«˛ˆÏe ≤Ãôyö §ü§ƒy •° ÓyÎ˚% ˆÌˆÏÜ˛

ô%°y Ä xöƒyöƒ fiÌ!àï˛ Ü˛îy (Suspended particles) Ó› x˛õ§yÓ˚î– ~•z Ü˛yˆÏç §y•zˆÏÜœ˛yö

Ü˛yˆÏ°QÓ˚ (Cyclone Collector) ˛~ÓÇ !fiÌÓ˚ÈÙÈï˛!í˛¸Í xôÉˆÏ«˛˛õÜ˛ (Electro-static
Precipitator)ÈÙÈ~Ó˚ ÓƒÓ•yÓ˚ í˛zˆÏÕ‘áˆÏÎyàƒñ ~åÈyí˛¸yÄ !ÓˆÏ¢£Ï Ó%Ó˚%¢ (Scrubber) Ä åÈÑyÜ˛!ö

(Filter) ÓƒÓ•,ï˛ •Î˚ ~•z Ü˛yˆÏç–

!¢“ˆÏ«˛ˆÏeÓ˚ àƒy§ Óy‹õ !öÎ˚sfˆÏî «˛yÓ˚#Î˚ çˆÏ°Ó˚ ÄÎ˚y!¢Ç ê˛yÄÎ˚yÓ˚ (Washing Tower) Îy

CO2 ˆÜ˛ xôÉˆÏ«˛!˛õï˛ Ü˛ˆÏÓ˚– !Ó!û˛ß¨ ˆ¢y£ÏÜ˛ (Absorbents) ˆÎüö ã%˛öñ í˛ˆÏ°yüy•zê˛ •zï˛ƒy!òÄ

ÓƒÓ•yÓ˚ Ü˛Ó˚y •Î˚–

3. !ÓÜ˛“ ÓƒÓfiÌyÓ˚ üyôƒ Ï̂ü ò)£Ïî !öÎ˚sfî (Pollution control by alternative measures) :

SO2 ò)£Ïî §,!T˛Ó˚ ü)° Ü˛yÓ˚î Ü˛Î˚°y !öû≈˛Ó˚ !¢“ Ä ˆ°y•y !ö‹Òy¢ö !¢“– ~ˆÏ«˛ˆÏe ˆÓ¢#

§y°ú˛yÓ˚ Î%=˛ çμy°yö#Ó˚ ˛õ!Ó˚ÓˆÏï≈˛ Ü˛ü §y°ú˛yÓ˚ Î%=˛ ≤ÃyÜ,˛!ï˛Ü˛ àƒyˆÏ§Ó˚ ÓƒÓ•yÓ˚ §üˆÏÎ˚y˛õˆÏÎyà#ñ
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Ü˛ü ÓƒÎ˚Ó•%° Ä ò)£Ïî ü%!=˛Ó˚ í˛z˛õyÎ˚ •ˆÏï˛ ˛õyˆÏÓ˚– xyÜ˛!Ó˚Ü˛ ˆÌˆÏÜ˛ ˆ°y•y !ö‹Òy¢ˆÏö

ÓyˆÏÎ˚yˆÏê˛Ü˛ˆÏöy°!ç (Biotechnology)ÈÙÈÓ˚ §%ˆÏÎyà ˆöÄÎ˚y ˆÎˆÏï˛ ˛õyˆÏÓ˚– ÌƒyˆÏÎ˚yÓƒy!§°y§

(Thiobacillus)ÈÙÈöyüÜ˛ ç#Óyî% !Ó!û˛ß¨ ôÓ˚ˆÏöÓ˚ ôyï%˛Ó˚ xyÜ˛!Ó˚Ü˛ ˆÌˆÏÜ˛ §y°ú˛yÓ˚ˆÏÜ˛ x˛õ§yÓ˚ö

Ü˛ˆÏÓ˚ ~ÓÇ ~•z ˛õÂô!ï˛ˆÏï˛ ò)£Ïî •Î˚ öy ÓˆÏ° í˛zß¨ï˛ ˆò¢à%!°ˆÏï˛ ~ˆÏòÓ˚ ÓƒÓ•yÓ˚ Óyí˛¸ˆÏåÈ– ~ˆÏÜ˛

ÓˆÏ° á!öç «˛Ó˚î (Mineral leaching)–

4. Ó,«˛ Ï̂Ó˚y˛õî Ó,!Âô Ü˛ Ï̂Ó˚ ÓyÎ%̊ ò)£Ïî ò%Ó˚#Ü˛Ó˚î (Control of air pollution by aforestation):

í˛z!qò áyòƒñ Ÿªy§ÓyÎ˚%ñ çμy°yö#ñ xy◊Î˚ •zï˛ƒy!ò ≤Ãòyö Ü˛Ó˚y åÈyí˛¸yÄ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ò)£Ïî ò)Ó˚#Ü˛Ó˚î

Ü˛ˆÏÓ˚ xyüyˆÏòÓ˚ §•yÎ˚ï˛y Ü˛ˆÏÓ˚– xyçˆÏÜ˛Ó˚ !¢“yÎ˚ˆÏöÓ˚ §yˆÏÌ ˛õ!Ó˚ˆÏÓ¢ §ˆÏã˛ï˛öï˛yÓ˚ ≤Ãû˛yÓ

í˛zˆÏÕ‘áˆÏÎyàƒ– ≤Ã!ï˛!ê˛ ˆò¢ Ä çy!ï˛•z ˆ§•z §%fiÌyÎ˚# í˛zß¨Î˚ö (Sustainable Development)ÈÙÈÓ˚

˛õˆÏÌ xÌ≈˜Ïö!ï˛Ü˛ Ä ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ í˛zß¨!ï˛Ó˚ §üß∫Î˚ §yôˆÏöÓ˚ ˆã˛T˛y Ü˛Ó˚ˆÏåÈ– û˛yÓ˚ï˛Ó£Ï≈Ä Óƒ!ï˛Ü ˛ü

öÎ˚– §Ó%ç ˆÓT˛ö# Óy Green Belt §,!T˛Ó˚ í˛zˆÏjˆÏ¢ƒ û˛yÓ˚ˆÏï˛Ó˚ !¢“öàÓ˚#à%!°ˆÏï˛ ò)£Ïî≤Ã•Ó˚#

!•§yˆÏÓ !ÓˆÏ¢£Ï ôÓ˚ˆÏöÓ˚ Ó,«˛ˆÏÓ˚y˛õö Ü˛Ó˚y •ˆÏFåÈ– ï˛yÓ˚ Ü˛ˆÏÎ˚Ü˛!ê˛Ó˚ öyü !öˆÏã˛ ˆòÄÎ˚y •°–

öyü !ÓK˛yö§¡øï˛ öyü

ˆÓ° Aegle marmelos
Ü˛yç% Anacardium occidentale
ö#ü Azadirachta indica
xü°ï˛y§ Cassia fistula
!¢¢% Dalbergia sisoo
à%°ˆÏüy•Ó˚ Delonix regia
xyü Mangifera indica
ˆïÑ˛ï%˛° Tamarindus indica
Ó˚yôyã)˛í˛¸y Peltophorum petrocarpum
Óê˛ Ficus bengalensis

9.3.3.1 í˛z!qˆÏòÓ˚ í˛z˛õÓ˚ ÓyÎ˚% ò)£ÏˆÏîÓ˚ ≤Ãû˛yÓ (Impact of air pollution on plants) :

í˛z!qò ÓyÎ˚%ü[˛ˆÏ°Ó˚ ÓyÎ˚% @ˇÃ•î Ü˛ˆÏÓ˚– ~•z ÓyÎ˚%Ó˚ öyöy ò)!£Ïï˛ í˛z˛õyòyö CO2 ˛Óy O2ÈÙÈ~Ó˚ üï˛ í˛z!qˆÏòÓ˚

!Ó˛õyÜ˛#Î˚ !Ü ˛Î˚y ÎÌy §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï Óy Ÿª§ˆÏö xÇ¢@ˇÃ•î Ü˛ˆÏÓ˚ öy– í˛z!qˆÏòÓ˚ üˆÏôƒ ~•zû˛yˆÏÓ ò)!£Ïï˛ ˛õòyÌ≈

çüy •ˆÏÎ˚ öyöy ¢yÓ˚#Ó˚Ó,_#Î˚ !Ü ˛Î˚yÜ˛°yˆÏ˛õÓ˚ Óƒyâï˛ âê˛yÎ˚– ˆÎüöÈÙÙÙÈ

●●●●● §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ~ÓÇ Ó,!ÂôÓ˚ •yÓ˚ •…y§

●●●●● ˛õyï˛yÓ˚ ˆüˆÏ§y!ú˛° Ü˛°yÓ˚ !ÓöT˛Ü˛Ó˚î
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●●●●● Ó#ç xAÜ%˛ˆÏÓ˚yÂàˆÏüÓ˚ •yÓ˚ ~ÓÇ §ç#Óï˛yÓ˚ •yÓ˚ •…y§

●●●●● ü)ˆÏ°Ó˚ fl∫yû˛y!ÓÜ˛ Ó,!Âô Ä !Ü ˛Î˚yÜ˛°y˛õ «˛!ï˛@ˇÃfiÌ •ÄÎ˚y

●●●●● ˆÓ˚yà ≤Ã!ï˛ˆÏÓ˚yô«˛üï˛y Ü˛ˆÏü xy§y •zï˛ƒy!ò í˛z!qˆÏòÓ˚ Ä˛õÓ˚ ÓyÎ˚%ò)£ÏˆÏîÓ˚ üyey ÓyÎ˚% ò)£Ïî

§•ö¢#°ï˛y§)ã˛Ü˛ (Air pollution Tolerance Index–APTI) myÓ˚y !öô≈yÓ˚î Ü˛Ó˚y ÎyÎ˚–

APTI = [A (T+P) + R] / 10
ˆÎáyˆÏö A = xƒy§Ü˛!Ó≈Ü˛ xƒy!§ˆÏí˛Ó˚ ˛õ!Ó˚yüö (mg/g), T = ˆüyê˛ ˆÜœ˛yˆÏÓ˚y!ú˛ˆÏ°Ó˚ ˛õ!Ó˚üyî (mg/

g), P = pH S˛õyï˛y ˆÌˆÏÜ˛ §Çà,•#ï˛ Ü˛°yÓ˚ˆÏ§Ó˚Vñ ~ÓÇ R = ˛õyï˛yÓ˚ xyˆÏ˛õ!«˛Ü˛ çˆÏ°Ó˚ ˛õ!Ó˚üyî–

!Ó!û˛ß¨ Ó,«˛çyï˛#Î˚ í˛z!qò ≤Ãçy!ï˛Ó˚ APTA üyö 11 Óy ï˛yÓ˚ Ü˛ü •ˆÏ° ï˛y•y ÎˆÏÌT˛ «˛!ï˛Ü˛Ó˚–

•z•yÓ˚ üyö 12 - 16 ÈÙÈ~Ó˚ üˆÏôƒ í˛z!qˆÏòÓ˚ «˛!ï˛Ó˚ üye üyé˛y!Ó˚ ≤ÃÜ,˛!ï˛Ó˚–˛ APTAÈÙÈ~Ó˚ üye 17 Óy

ï˛yÓ˚ ˆÓ!¢ •ˆÏ° í˛z!qˆÏòÓ˚ Ü˛yåÈ §•ö#Î˚–

9.3.3.2 í˛z!qˆÏòÓ˚ í˛z˛õÓ˚ !Ó!û˛ß¨ ÓyÎ˚%ò)£ÏîÜ˛yÓ˚ˆÏÜ˛Ó˚ ≤Ãû˛yÓ (Impact of different air
pollutants on plants) :

Ü˛yÓ≈ö üˆÏöy:y•zí˛ Ä Ü˛yÓ≈öí˛y•zx:y•zí˛ (CO and CO2)

üy!ê˛Ó˚ åÈeyÜ˛ Ä í˛zFã˛Óà≈#Î˚ í˛z!qò CO ˆ¢y£Ïî Ü˛ˆÏÓ˚– §)Î≈yˆÏ°yˆÏÜ˛Ó˚ í˛z˛õ!fiÌ!ï˛ˆÏï˛ ~•z CO !Óçy!Ó˚ï˛

•ˆÏÎ˚ ú˛Ó˚!ü°ˆÏê˛ê˛Δy•y•zˆÏí»˛yˆÏú˛yˆÏ°ê‰˛ öyüÜ˛ ˆÎÔà ˜ï˛Ó˚# Ü˛ˆÏÓ˚– ~•z §!M˛ï˛ CO xyÓyÓ˚ ˆ≤Ãy!ê˛ö Ä

Ü˛yˆÏÓ≈y•y•zˆÏí»˛ê˛ !Ó˛õyˆÏÜ˛Ä xÇ¢@ˇÃ•î Ü˛ˆÏÓ˚– xrôÜ˛yˆÏÓ˚ CO çy!Ó˚ï˛ •ˆÏÎ˚ CO2 ˜ï˛Ó˚# Ü˛ˆÏÓ˚ Îy ÓyÎ˚%ü[˛ˆÏ°

í˛zß√%=˛ •Î˚– ÓyÎ˚%ü[˛ˆÏ°Ó˚ CO2 ü)°ï˛ í˛z!qˆÏòÓ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ≤Ã!Ü ˛Î˚yÎ˚ ˆ¢y!ôï˛ •ˆÏÎ˚ O2 í˛zÍ˛õß¨ Ü˛ˆÏÓ˚–

Óöyö# ~•zû˛yˆÏÓ ≤Ãû)˛ï˛ CO2 ÓyÎ˚% ˆÌˆÏÜ˛ ˆ¢y£Ïî Ü˛ˆÏÓ˚– !Ü˛v Ü ˛ü•…y§üyö Óö çAà° ~ÓÇ x!ï˛!Ó˚=˛

ç#ÓyŸ¬ çμy°yö#Ó˚ ÓƒÓ•yÓ˚ ÓyÎ˚%ü[˛ˆÏ°Ó˚ CO2ÈÙÈ~Ó˚ ˛õ!Ó˚üyî Ó,!Âô Ü˛Ó˚ˆÏåÈ–

§y°ú˛yÓ˚ í˛y•zÈÙÈx:y•zí˛ (SO2)

SO2 ˛í z̨!q Ï̂òÓ̊ ü Ï̂ôƒ ≤Ã Ï̂Ó¢ Ü˛ Ï̂Ó̊ ˛õeÓ̊rô  Óy Stomata ˛!ò Ï̂Î̊– xy°ú˛y xy°ú˛yñ Óy!°≈ñ ï%̨ °y Ä

àü •zï˛ƒy!ò Ï̂ï˛ SO2ÈÙÈÓ̊ ≤Ãû˛yÓ ˆÓ¢#– ˛õ«˛yhsˇ̂ ÏÓ̊ xy°%ñ ˆ˛õÑÎ̊yç •zï˛ƒy!ò Ï̂ï˛ ~Ó̊ ≤Ãû˛yÓ §yüyöƒ•z– ~Ü˛öyày Ï̂í˛̧

Ü˛ Ï̂Î̊Ü˛â ˇ̂ê˛y SO2ÈÙÈÓ̊ §Çflõ Ï̂¢≈ ÌyÜ˛ Ï̂° ày Ï̂åÈÓ̊ ˛õyï˛yÓ̊ ˛õã˛ö Ä «˛!ï˛ •Î̊– SO2 ˛õyï˛yÎ̊ ≤Ã Ï̂Ó¢ Ü˛ Ï̂Ó̊ SO3

~ÓÇ ï˛y•y ç Ï̂°Ó̊ §Çflõ Ï̂¢≈ §y°!ú˛í z̨!Ó̊Ü˛ xƒy!§í˛ àë˛ö Ü˛ Ï̂Ó̊ !Ó˛õyÜ˛#Î̊ Ü˛y Ï̂Î≈ Óyôy ˆòÎ̊– xy Ï̂°yÜ˛Ÿª§ö

(Photorespiration)ÈÙÈ~ @’y•ẑ ÏÜ˛y!°Ü˛ (Glycolic) x!: Ï̂í˛ç öyüÜ˛ í z̨Í Ï̂§ã˛ Ï̂Ü˛Ó̊ Ü˛y Ï̂ç Óyôy §,!T˛ Ü˛ Ï̂Ó̊

SO2– ˆö!Ó̊Î̊yü •z!u˛Ü˛yü (Nerium indicum) SO2 ò)£Ï̂ ÏîÓ̊ !ö Ï̂j≈¢Ü˛ !• Ï̂§ Ï̂Ó ÓƒÓ•,ï˛ •Î̊–

öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ x:y•zí˛ (NO ~ÓÇ NO2)

í˛z!qˆÏòÓ˚ NO2 ˆ¢y£ÏˆÏîÓ˚ •yÓ˚ NOÈÙÈÓ˚ ˆÌˆÏÜ˛ xˆÏöÜ˛à%î ˆÓ¢#– 0.6 mg/kgÈÙÈÓ˚ ˆÓ¢# üyeyÎ˚ NO2

í˛z!qˆÏòÓ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï Óyôy ˆòÎ˚ ~ÓÇ 2 mg/kg-Ó˚ ˆÓ¢# üyeyÎ˚ NO2 ˛õyï˛yÓ˚ «˛!ï˛ Ü˛ˆÏÓ˚–
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˛õyÓ˚x!: xƒy!§° öy•zˆÏê˛Δê˛ (PAN)

•y•zˆÏí»˛yÜ˛yÓ≈ö ÓyÎ˚%ü[˛ˆÏ° í˛z˛õ!fiÌï˛ ÄˆÏçyˆÏöÓ˚ §ˆÏAà xyˆÏ°yÓ˚ §y•yˆÏÎƒ ~Ü˛!ê˛ ˆàÔî xyˆÏ°yÜ˛

Ó˚y§yÎ˚!öÜ˛ ÓyÎ˚%ò)£ÏÜ˛ peroxyacylnitrate Óy PAN àë˛ö Ü˛ˆÏÓ˚– PAN ˛õyï˛yÓ˚ Ü˛°yï˛ˆÏsfÓ˚ ~ÓÇ ˛õeÓ˚ˆÏrô Ó˚

«˛!ï˛ Ü˛ˆÏÓ˚– ú˛ˆÏ° ˛õyï˛yÓ˚ Ó,!Âô •…y§ ˛õyÎ˚ Ä ˛õeˆÏüyã˛ö âˆÏê˛–

Ä Ï̂çyö (O3)

˛õ,!ÌÓ#˛õ,ˆÏ¤˛Ó˚ Ü˛yˆÏåÈ O3ÈÙÈ~Ó˚ âöc Ó,!Âô ˆ˛õˆÏ° ¢§ƒ í˛zÍ˛õyòö Ü˛ˆÏü ÎyÎ˚– ˛õyï˛yÓ˚ «˛!ï˛ Ü˛ˆÏÓ˚ ~ÓÇ

í˛z!qˆÏòÓ˚ í˛zÍ˛õyòö •yÓ˚ •…y§ ˛õyÎ˚– ¢%ô%üye ¢ˆÏ§ƒÓ˚ «˛!ï˛•z öÎ˚ x!ï˛!Ó˚=˛ O3 âöc xy°%ñ !¢üñ ˛õy°ÇÈÙÈ~Ó˚

üï˛ §Ó!ç Ä ï%˛°y •zï˛ƒy!òÓ˚ üï˛ ï˛vÓ˚ «˛!ï˛ Ü˛ˆÏÓ˚– O3 Ó˚yÓyÓ˚ˆÏÜ˛Ä ¢=˛ Ü˛ˆÏÓ˚ ˆòÎ˚–

•ƒyˆÏ°yˆÏçö (Cl, Fl •zï˛ƒy!òV

ˆÜœ˛y!Ó˚ö àƒy§ ˛õeÓ˚ˆÏrô Ó˚ ü%á Órô Ü˛ˆÏÓ˚– ˆúœ˛y!Ó˚öÄ ˛õyï˛yÓ˚ üyôƒˆÏü ˆ¢y!£Ïï˛ •ˆÏÎ˚ í˛z!qˆÏòÓ˚

«˛!ï˛§yôö Ü˛ˆÏÓ˚–

9.4 ç° ò)£Ïî (Water Pollution)

ÓyÎ˚%Ó˚ öƒyÎ˚ ç°Ä !ÓŸª §¡õò ~ÓÇ ç#ÓöôyÓ˚ˆÏöÓ˚ xöƒï˛ü í˛z˛õyòyö– Ü,˛!£Ïñ üÍ§ƒã˛y£Ïñ !¢“ ~ÓÇ

xyÓç≈öy ò)Ó˚#Ü˛Ó˚ˆÏîÄ ≤Ãã%˛Ó˚ çˆÏ°Ó˚ ≤ÃˆÏÎ˚yçö •Î˚– ÓyÎ˚%ü[˛ˆÏ°Ó˚ üˆÏï˛y çˆÏ°Ó˚ üˆÏôƒÄ öyöy!Óô xÓy!N˛ï˛

˜çÓ ~ÓÇ x˜ÏçÓ ˛õòyÌ≈ !üˆÏ¢ ç°ˆÏÜ˛ Ü˛ˆÏÓ˚ ï%˛°ˆÏåÈ ò)!£Ïï˛– áy°ÈÙÈ!Ó°ñ ˛õ%‹Ò!Ó˚ö#ñ öò# ~üö!Ü˛ §ü%ˆÏoÓ˚

ç°Ä !¢“yÎ˚öñ öàÓ˚yÎ˚ö ~ÓÇ xöƒyöƒ üyöÓÈÙÈ§,T˛ Ü˛yÓ˚ˆÏî ò)!£Ïï˛ •ˆÏÎ˚ §ü@ˇÃ üyöÓ §û˛ƒï˛yˆÏÜ˛ §ü§ƒyÓ˚

§¡ø%á#ö Ü˛ˆÏÓ˚ ï%˛ˆÏ°ˆÏåÈ– ˆ§•z§ˆÏAà í˛z!qò§• §Ü˛° ç#ÓÜ%˛ˆÏ°Ó˚ Ä˛õÓ˚ «˛!ï˛Ü˛Ó˚ ≤Ãû˛yÓ ˛õí˛¸ˆÏåÈ– ~•z !ÓˆÏŸªÓ˚

97% ç° °Óîy=˛ ~ÓÇ §yüyöƒ•z fl∫yò% ç°– ≤ÃÜ,˛!ï˛ˆÏï˛ ~•z çˆÏ°Ó˚ í˛zÍ§à%!° •°ÈÙÙÙÈÓ,!T˛˛õyï˛ñ í˛z˛õ!Ó˚ï˛ˆÏ°Ó˚

ç° (Surface water), û)˛àû≈˛fiÌ ç° (Ground water) ~ÓÇ §ü%ˆÏoÓ˚ ç°–

xyüyˆÏòÓ˚ ˆòˆÏ¢Ó˚ ç° §¡õò 14!ê˛ ≤Ãôyö öò#ï˛ˆÏsfÓ˚ üyôƒˆÏü ≤ÃÓy!•ï˛– Ó y·î#ñ Ó ·˛õ%eñ Ü˛yˆÏÓÓ˚#ñ

àAàyñ ˆàyòyÓÓ˚#ñ !§rô%ñ Ü,˛£÷yñ ü•yöò#ñ üy•#ñ öü≈òyñ ˆ˛õ!Ó˚Î˚yÓ˚ñ §ÓÓ˚üï˛#ñ §%Óî≈ˆÏÓ˚áy ~ÓÇ ï˛yÆ#– ~åÈyí˛¸y

xyˆÏåÈ 44!ê˛ üôƒü Ä 55!ê˛ ˆåÈyˆÏê˛yüyˆÏ˛õÓ˚ öò#ï˛sfñ ÎyÓ˚y ü)°ï˛É Ó,!T˛˛õyˆÏï˛Ó˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#°– û˛yÓ˚ˆÏï˛Ó˚

û)˛àû≈˛fiÌ ç°§¡õˆÏòÓ˚ ˛õ!Ó˚üyî xyö%üy!öÜ˛ 210 !Ó!°Î˚ö !Ü˛í˛z!ÓÜ˛ !üê˛yÓ˚– ~•z§Ó ç°§¡õˆÏòÓ˚ 70
¢ï˛yÇ¢ Ü,˛!£ÏˆÏï˛ ÓƒÓ•,ï˛ •Î˚– ày•≈fiÌƒ Ü˛yçÜ˛ˆÏü≈ Ä !¢ˆÏ“ ÎÌyÜ ˛ˆÏü 3.5 Ä 3.2 ¢ï˛yÇ¢ ÓƒÓ•,ï˛ •Î˚–

üyöÓ §û˛ƒï˛yÓ˚ ˜òö!®ö !Ü ˛Î˚yÜ˛°yˆÏ˛õ §,T˛ öyöy ò)!£Ïï˛ Ä Óç≈ƒ˛õòyÌ≈ çˆÏ° !öˆÏ«˛ˆÏ˛õÓ˚ ú˛ˆÏ° çˆÏ°Ó˚

ˆû˛Ôï˛ Ä Ó˚y§yÎ˚!öÜ˛ ˜Ó!¢ˆÏT˛ƒÓ˚ í˛zˆÏÕ‘áˆÏÎyàƒ (significant) ˛õ!Ó˚Óï≈˛ö âˆÏê˛– •z•yÓ˚ ú˛ˆÏ° Î!ò ç° ç#ˆÏÓÓ˚

ÓƒÓ•yˆÏÓ˚Ó˚ ˛õˆÏ«˛ «˛!ï˛Ü˛Ó˚ •ˆÏÎ˚ ÄˆÏë˛ ï˛yˆÏÜ˛ ç°ò)£Ïî ÓˆÏ°–



179NSOU 5CC-BT-02

D: \ Suvendu \ NSOU\NEP/ 5CC-BT-02
Unit- 9-12 \ 2nd Proof  \ (Dt. 19.03.2025)

9.4.1 ç° ò)£ÏˆÏîÓ˚ í˛zÍ§ (Source of water Pollution)˛
ç° ò)£ÏˆÏîÓ˚ ü%áƒ í˛zÍ§à%!° •° (1) ˛õÎ˚É≤Ãîy°# xyÓç≈öy Ä Óç≈ƒ ˛õòyÌ≈§ü)• (Sewage & other

wastes) (2) !¢“ˆÏ«˛ˆÏeÓ˚ ï˛Ó˚° Ä Ü˛!ë˛ö Óç≈ƒ (Industrial effluents) ~ÓÇ (3) Ü,˛!£ÏˆÏ«˛ˆÏeÓ˚

Ó˚y§yÎ˚!öÜ˛ ˛õòyÌ≈§ü)• myÓ˚y ò)£Ïî–

(1) ˛õÎ˚É≤Ãîy°#Ó˚ !ö‹Òy!£Ïï˛ xyÓç≈öy myÓ˚y ò)£Ïî (Pollution by sewage disposal) :

x!ôÜ˛yÇ¢ ¢•ˆÏÓ˚Ó˚ ˛õÎ˚É≤Ãîy°#Ó˚ xyÓç≈öy ≤ÃyÎ˚•z öò#ñ §ü%oñ ˛õ%‹Ò!Ó˚ö# Óy ç°y¢ˆÏÎ˚ !öˆÏ«˛˛õ Ü˛Ó˚y

•Î˚– ~Ó˚ üˆÏôƒ ¢yü%ˆÏÜ˛Ó˚ ˆÓ˚ã˛ö â!ê˛ï˛ Óç≈ƒ ˛õòyÌ≈ñ Ü˛yàçñ Ü˛y˛õí˛¸ñ §yÓyö •zï˛ƒy!ò ÌyˆÏÜ˛– çˆÏ°Ó˚ fl∫yû˛y!ÓÜ˛

!ÓˆÏÎ˚yçö «˛üï˛y Îy ç#Óyî%Ó˚ üyôƒˆÏü âˆÏê˛ñ ~•z§Ó xyÓç≈öyÓ˚ üyeyÓ,!ÂôˆÏï˛ ï˛y •…y§ ˛õyÎ˚ xÌ≈yÍ BOD
˛ˆÓˆÏí˛¸ ÎyÎ˚– xyÓyÓ˚ §yÓyˆÏöÓ˚ üˆÏôƒ ÌyÜ˛y ú˛§ˆÏú˛ê˛ ˆÎÔà ç°ç ˜¢ÓyˆÏ°Ó˚ x!ï˛ Ó,!ÂôˆÏï˛ üòï˛ ˆÎyàyÎ˚

ÎyˆÏÜ˛ xƒy°ày° Óœ$ü (Algal bloom) ÓˆÏ°– ~•z x!ï˛ ˜¢Óy° Ó,!Âô çˆÏ°Ó˚ O2ÈÙÈ~Ó˚ ˛õ!Ó˚üyî Ü˛!üˆÏÎ˚

ˆòÎ˚ñ ú˛ˆÏ° xöƒyöƒ í˛z˛õÜ˛yÓ˚# ç#Ó§ü)• ˆ§•z çˆÏ° Ó§Óy§ Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ öy– ï˛yˆÏòÓ˚ «˛Î˚ •ˆÏ° çˆÏ°

ò%à≈rô •Î˚– !Ü˛å%È !Ü˛å%È !ÓˆÏÎ˚y!çï˛ í˛z!qò xyÓyÓ˚ !fiê˛ΔÜ˛!öö (Strychnine) ˆàye#Î˚ !Ó£Ï (Toxin) ˜ï˛Ó˚#

Ü˛ˆÏÓ˚ Îy ç°ç ≤Ãyî#Ó˚ ü,ï%˛ƒÓ˚ Ü˛yÓ˚î •ˆÏÎ˚ ÄˆÏë˛–

ày•≈fiÌƒ xyÓç≈öyñ ú˛§ˆÏú˛ê˛ñ öy•zˆÏê˛Δê˛ •zï˛ƒy!òÓ˚ öyöy ˜çÓ ~ÓÇ x˜ÏçÓ ˆÎÔà çˆÏ° !öˆÏ«˛˛õˆÏöÓ˚

Ü˛yÓ˚ˆÏî ≤ÃÌü!òˆÏÜ˛ çˆÏ°Ó˚ í˛zÓ≈Ó˚ï˛y ÓyˆÏí˛¸– •z•yˆÏÜ˛ •zí˛zˆÏê˛Δy!ú˛ˆÏÜ˛¢ö (Eutrophication) ÓˆÏ°– ˆ§•z §üÎ˚•z

§yôyÓ˚îï˛É Algal bloom ˛âê˛ˆÏï˛ ˆòáy ÎyÎ˚– ~•z ˜¢ÓyˆÏ°Ó˚ üˆÏôƒ ö#°yû˛ §Ó%ç ˜¢ÓyˆÏ°Ó˚ xy!ôÜ˛ƒ

ÌyˆÏÜ˛– ~•z §Ó ˜¢Óy° çˆÏ° oÓ#û)˛ï˛ xöƒyöƒ í˛z!qˆÏòÓ˚ §yˆÏÌ ≤Ã!ï˛ˆÏÎyà#ï˛y ¢%Ó˚% Ü˛ˆÏÓ˚ñ ú˛ˆÏ° çˆÏ°

oÓ#û)˛ï˛ O2ÈÙÈ~Ó˚ ˛õ!Ó˚üyî Ü ˛ü¢ Ü˛üˆÏï˛ ÌyˆÏÜ˛– ≤Ã!ï˛ 400 gm ú˛§ˆÏú˛ê˛ (PO4) 350 ˛ê˛ö ˛õÎ≈hsˇ ˜¢Óy°

Ó,!ÂôˆÏï˛ §«˛ü– •zí˛zˆÏê˛Δy!ú˛ˆÏÜ˛¢ö ¢%Âô çˆÏ°Ó˚ ≤Ãû)˛ï˛ «˛!ï˛ §yôö Ü˛ˆÏÓ˚–

ç#Óyî%Ó̊ myÓ̊y ç Ï̂°Ó̊ ˜çÓ çyÓ̊î (Biological oxidation) Ü˛Ó̊ Ï̂ï˛ ˆÎ ˛õ!Ó̊üyî O2 ˛≤Ã Ï̂Î̊yçö •Î̊ñ

ï˛y Ï̂Ü˛ BOD Ó Ï̂°– ç Ï̂° !Ü˛ ˛õ!Ó̊üyî çyÓ̊î Ï̂Îyàƒ ˜çÓ ˛õòyÌ≈ oÓ#û)̨ ï˛ xy Ï̂åÈ BOD ï˛yÓ̊ xyö%üy!öÜ˛

˛õ!Ó̊üyî !öÓ̊)̨ õî Ü˛ Ï̂Ó̊– xöƒû˛y£ÏyÎ̊ñ ~ê˛y ç Ï̂°Ó̊ ò)£Ï̂ ÏîÓ̊ üyey !öÓ̊)̨ õÜ˛– ç Ï̂°Ó̊ BOD ˛üyey Î!ò 4 ˆÌ Ï̂Ü˛

5 ppm (Parts Per Million) •Î̊ ï˛ Ï̂Ó ˆ§•z ç° ˛õy Ï̂öÓ̊ x Ï̂Îyàƒ ~ÓÇ ˆ§•z ç Ï̂° üyåÈ ÓÑy Ï̂ã˛ öy–

(2) ˛!¢“ˆÏ«˛ˆÏeÓ˚ Óç≈ƒ (Industrial waste) :

Óí˛¸ Óí˛¸ ¢•ˆÏÓ˚ x!ôÜ˛yÇ¢ !¢“•z àˆÏí˛¸ í˛zˆÏë˛ˆÏåÈ öò#Ó˚ ôyˆÏÓ˚– ~ˆÏòÓ˚ üˆÏôƒ ã˛ü≈!¢“ñ Ó˚äñ Ü˛yàçñ

˛õyê˛ñ ˆ˛õˆÏê˛ΔyˆÏÜ˛!üÜ˛ƒy°ñ ˆ¢yôöyàyÓ˚ñ Ó˚y§yÎ˚!öÜ˛ §yÓ˚ñ ≤’y!T˛Ü˛ñ Ó˚yÓyÓ˚ •zï˛ƒy!ò Ü˛yÓ˚áyöy ˆÌˆÏÜ˛ ˛õ!Ó˚ï˛ƒ=˛

~Ü˛y!ôÜ˛ Ó˚y§yÎ˚!öÜ˛ ˛õòyÌ≈ ç°ò)£ÏˆÏîÓ˚ xöƒï˛ü ≤Ãôyö í˛zÍ§– Ü˛Î˚°yá!ö ˆÌˆÏÜ˛ !öà≈ï˛ §y°!ú˛í˛z!Ó˚Ü˛

xƒy!§í˛ çˆÏ°Ó˚ áÓ˚ï˛y (hardness) Ó,!Âô Ü˛ˆÏÓ˚– ˛õy!°¢ Ä ã˛ü≈!¢ˆÏ“Ó˚ ˆÌˆÏÜ˛ !öà≈ï˛ û˛yÓ˚# ôyï%˛ (Heavy
Metals) ÎÌy ï˛yüyñ ˆÜ ˛y!üÎ˚yüñ Ü˛ƒyí˛!üÎ˚yüñ ˛õyÓ˚òñ §#§y •zï˛ƒy!ò û˛Î˚yöÜ˛ !Ó£Ïy=˛ (Toxic)–
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û˛yÓ˚# ôyï%˛Ó˚ !Ó£Ï!Ü ˛Î˚yÓ˚ §yÓ˚î#

 ôyï%˛ í˛zÍ§ !Ó£Ï!Ü ˛Î˚y (Toxicity)

˛õyÓ˚ò (Hg) !¢“ç !öˆÏ«˛˛õö ˆÜ˛w#Î˚ Ä ≤Ãyhsˇ#Î˚ fl¨yÎ˚%ï˛ˆÏsfÓ˚ «˛!ï˛ñ Ó,ˆÏE˛Ó˚

«˛!ï˛ñ ò,!T˛¢!=˛Ó˚ xfl∫FåÈï˛y çy˛õy Ï̂öÓ˚ !Óáƒyï˛

!üöyüyê˛y öyüÜ˛ üyÓ˚Ü˛ ˆÓ˚yˆÏàÓ˚ Ü˛yÓ˚î–

§#§y (Pb) !¢“çñ ô)°yñ Ó˚ä fl¨yÎ%̊ Ü˛yÎ≈Ü˛y!Ó˚ï˛y !ÓÜ˛°ñ Ó˚=˛y“ï˛yñ üyÌyÓƒÌyñ

§yü!@ˇÃÜ˛û˛yˆÏÓ ˆ°í˛˛°ƒy˛õ!§ öyüÜ˛ ˆÓ˚yà

Ü˛ƒyí˛!üÎ˚yü (Cd) !¢“çñ Ü˛#ê˛öy¢Ü˛ ˆÓ˚ã˛öï˛sf Ä ú%˛§ú%˛ˆÏ§Ó˚ «˛!ï˛ ~ÓÇ •yˆÏí˛¸Ó˚

xyˆÏ§≈!öÜ˛ (As) ˛!¢“çñ û)˛àû≈˛fiÌ ç°hflÏˆÏÓ˚ ˆÓ˚yà Ÿª§öï˛ˆÏsfÓ˚ Ä cˆÏÜ˛Ó˚ Ü˛ƒyö§yÓ˚

§ÇˆÏÜ˛yã˛ˆÏöÓ˚ ú˛ˆÏ° §,T˛

ˆÜ ˛y!üÎ˚yü (Cr) !¢“ç ü)°ï˛É ã˛ü≈!¢“ Ÿª§öï˛ˆÏsfÓ˚ Ü˛ƒyö§yÓ˚

ˆúœ˛yÓ˚y•zí˛ (Fl) û)˛àû≈˛fiÌ ç° úœ$˛ˆÏÓ˚y!§§ñ öÜ˛ÈÙÈ!ö !§öˆÏí»˛yü (Knock-
knee syndrome) S•Ñyê%˛Ó˚ ˆû˛ï˛Ó˚!òˆÏÜ˛

ˆÓÑˆÏÜ˛ ÎyÄÎ˚y Ä ˛õÓ˚˛õÓ˚ ë˛E˛Ó˚ °yàyV

(3) ˛Ü,˛!£ÏˆÏ«˛ˆÏeÓ˚ Ó˚y§yÎ˚!öÜ˛ ˛õòyÌ≈ myÓ˚y ò)£Ïî (Use of chemical fertilizers in
agriculture) :

Óï˛≈üyˆÏö ¢§ƒˆÏ«˛ˆÏe ~Ü˛y!ôÜ˛ üyÓ˚ydÜ˛ Ü˛#ê˛öy¢Ü˛ñ xyàyåÈyöy¢Ü˛ Ä Ó˚y§yÎ˚!öÜ˛ §yÓ˚ ÓƒÓ•,ï˛ •Î˚–

ˆ§à%!° Ó,!T˛Ó˚ çˆÏ° ô%ˆÏÎ˚ öò# Óy ç°y¢ˆÏÎ˚Ó˚ çˆÏ° !ü!◊ï˛ •ˆÏÎ˚ ç°ˆÏÜ˛ Ü˛ˆÏÓ˚ ˆï˛yˆÏ° ò)!£Ïï˛–

xyàyåÈyöy¢Ü˛ (Weedicides)

ˆÎ §Ü˛° ˛õòyÌ≈§ü)• Ü,˛!£ÏˆÏ«˛ˆÏeÓ˚ ú˛§° í˛z!qò (crop plant) Îy•yÓ˚y ü)°ï˛É ~Ü˛Ó#ç˛õe#

(Monocotyledonous) Óƒï˛#ï˛ xöƒyöƒ xyàyåÈy í˛z!qò Îy•yÓ˚y ü)°ï˛É !mÓ#ç˛õe# (Dicotyledonous)
ï˛yˆ ÏòÓ˚ Ó , !Âôˆ ÏÜ˛ Óƒ•ï˛ Ü˛ˆ ÏÓ ˚ ~ÓÇ ôùÇ§ Ü˛ˆ ÏÓ ˚ ï˛yˆ ÏòÓ ˚ xyàyåÈyöy¢Ü˛ Óˆ Ï°–

í˛zòy•Ó˚îÈÙÙÙÈí˛y•zˆÏÜœ˛yˆÏÓ˚yˆÏú˛ö!:~!§!ê˛Ü˛ xƒy!§í˛ñ öƒy˛õˆÏÌ!°ö xƒyˆÏ§!ê˛Ü˛ xƒy!§í˛ñ ~ê˛Δy!çöñ !§üy!çöñ

ˆü!ê˛ΔÓ%!çö í˛yÓœ$ !˛õñ @’y•zˆÏÜ˛yú˛§ˆÏú˛ê˛ í˛yÓœ$ !˛õ ≤Ãû,˛!ï˛–

åÈeyÜ˛ öy¢Ü˛ (Fungicides)

í˛zòy•Ó˚îÈÙÙÙÈxà≈yˆÏöy üyÜ≈˛yÓ˚# à!ë˛ï˛ ˆÎÔàñ ˆú˛ö°ñ Ü%˛•zööñ ú˛Ó˚üƒy°!í˛•y•zí˛ñ ETO, •zï˛ƒy!ò–
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Ü˛#ê˛öy¢Ü˛ (Pesticide)

ˆÜ˛yö ˛õòyÌ≈ Óy ˛õòyÌ≈§ü)ˆÏ•Ó˚ !ü◊î Îáö ˆÜ˛yö ˆ˛õT˛ (Pest) ÎÌy ˛õï˛Aàñ Ü,˛!üñ •zÑò%Ó˚ñ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y

Óy û˛y•zÓ˚yˆÏ§Ó˚ Ó,!ÂôˆÏÜ˛ ≤Ã!ï˛•ï˛ Ü˛ˆÏÓ˚ñ ôùÇ§ Ü˛ˆÏÓ˚ ï˛áö ˆ§•z§Ó ˛õòyÌ≈§ü)•ˆÏÜ˛ Ü˛#ê˛öy¢ˆÏÜ˛Ó˚ ˛õÎ≈yˆÏÎ˚

ˆú˛°y •Î˚–

Ü˛#ê˛öy¢ˆÏÜ˛Ó˚ ˆ◊î#!Óû˛yà Ä í˛zòy•Ó˚î

SÜ˛V xà≈yˆÏöyˆÏÜœ˛y!Ó˚ö (Organochlorine) BHC, DDT, xƒy°!í»˛öñ ˆÜœ˛yÓ˚ˆÏí˛ö •zï˛ƒy!ò–

SáV xà≈yˆÏöyú˛§ˆÏú˛ê˛ (Organophosphate) üƒy°y!ÌÎ˚yöñ ˛õƒyÓ˚y!ÌÎ˚yöñ í˛yÎ˚y!çöö–

SàV Ü˛yÓ≈yˆÏüê˛ (Carbamate) Ü˛yÓ≈y!Ó˚öñ xƒy°!í˛Ü˛yÓ≈

SâV •yÓ≈y° Sí˛z!qIV ˆÓ˚yˆÏê˛öˆÏÎ˚í˛ñ !öˆÏÜ˛y!ê˛ö

~åÈyí˛¸yÄ çˆÏ°Ó˚ öyöy ç#Óyî%Ó˚ (microorganisms) Ó,È!Âô Ä öyöy ˜çÓ!öÜ˛ !Ü ˛Î˚yÜ˛°yˆÏ˛õÓ˚ ú˛ˆÏ°

ç° ò%!£Ïï˛ •Î˚– !öˆÏ¡¨ í˛zˆÏÕ‘!áï˛ !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ ˜¢Óy°ñ åÈeyÜ˛ñ ç%ƒ≤’ƒyÇê˛öñ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y Ä û˛y•zÓ˚yˆÏ§Ó˚

í˛z˛õ!fiÌ!ï˛ˆÏï˛ ç° ò)!£Ïï˛ •Î˚–

1. ˛˜¢Óy° (Algae) x!§ˆÏ°ˆÏê˛y!Ó˚Î˚y (Oscillatoria)
í˛yÎ˚yê˛ü (Diatom)
û˛°û˛: (Volvox)
ˆÜœ˛yˆÏÓ˚Õ‘y (Chlorella)

2. åÈeyÜ˛ (Fungi) xƒy§˛õyÓ˚!ç°y§ (Aspergillus)
Ü˛ƒyö!í˛í˛y (Candida)
Üœ˛ƒyˆÏí˛yˆÏflõy!Ó˚Î˚yü (Cladosporium)
ˆ˛õ!ö!§!°Î˚yü (Penicillium)
Ó˚y•zˆÏçy˛õy§ (Rhizopus)
!ú˛í˛zˆÏ§!Ó˚Î˚yü (Fusarium)

3. ç%≤’ƒyÇÜ˛ê˛ö ˛õƒyÓ˚yˆÏü!§Î˚yü (Paramoecium)
(Zooplankton) ~rê˛y!üÓy (Entamoeba)

Ü,˛!ü (Worms)
•z. ˆÜ˛y!° (E. coli)

4. ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y !û˛!Ó Ä (Vibrio)
(Bacteria) §y°ˆÏüyˆÏöÕ‘y (Salmonella)

!§ˆÏàÕ‘y (Shigella)

5. û˛y•zÓ˚y§ (Virsu) ˆ•˛õyê˛y•z!ê˛§ (Hepatitis)
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9.4.2 í˛z!qˆÏòÓ˚ í˛z˛õÓ˚ ç° ò)£ÏˆÏîÓ˚ ≤Ãû˛yÓ (Effects of water pollution on plants)

ç° ç#Óö §ü@ˇÃ ç#Óï˛ˆÏsfÓ˚ (living system) çöƒ ~Ü˛ í˛z_ü oyÓÜ˛ (solvent)– ç#ÓˆÏòˆÏ•Ó˚

§Ü˛° ˜çÓ Ó˚y§yÎ˚!öÜ˛ !Ó!Ü ˛Î˚yÓ˚ çöƒ ç° x˛õ!Ó˚•yÎ≈– ï˛y•z çˆÏ°Ó˚ ˆÎ ˆÜ˛yö ≤ÃÜ˛yÓ˚ ò)£Ïî Óy Ü˛°%!£Ïï˛Ü˛Ó˚î

(contamination) ç#Óï˛ˆÏsfÓ˚ Ä˛õÓ˚ «˛!ï˛Ü˛Ó˚ ≤Ãû˛yÓ !ÓhflÏyÓ˚ Ü˛ˆÏÓ˚– í˛z!qˆÏòÓ˚ Ä˛õÓ˚ ç° ò)£ÏˆÏîÓ˚ öyöy

≤Ãû˛yÓ ˆòáy ÎyÎ˚– ˆÎüöÈÙÙÙÈ

1. ôyö àyˆÏåÈÓ˚ Ó,!Âô Ä í˛zÍ˛õyòö ç° ò)£ÏˆÏîÓ˚ Ü˛yÓ˚ˆÏî 60–80% ˛õÎ≈hsˇ Ü˛ˆÏü ÎyÎ˚ (Chow et
al. 1978)

2. ï˛yüy (copper), Ü˛ƒyí˛!üÎ˚yü ~ÓÇ !öˆÏÜ˛° ò)£ÏˆÏîÓ˚ ú˛ˆÏ° !Ü˛å%È !Ü˛å%È í˛z!qˆÏò !Ó£Ï!Ü ˛Î˚yÓ˚

(phytotoxic effects) ˆòáy ÎyÎ˚– í˛zòy•Ó˚î ú˛ƒy!§Ä°y§ û˛y°ˆÏà!Ó˚§ (Phaseolus
vulgaris)– ~•z §Ü˛° ôyï%˛Ó˚ §!¡ø!°ï˛ ≤Ãû˛yˆÏÓ (combining effect) í˛z!qˆÏòÓ˚ ¢yÓ˚#Ó˚Ó,_#Î˚

!Ü ˛Î˚yÎ˚ «˛!ï˛ •Î˚ (Wallace and Romney, 1977)–

3. Ü˛yàç !¢ˆÏ“ !ö‹Ò!¢ï˛ ˛õòyÌ≈ É üy§Ü˛°y•z (Blackgram), ê˛ˆÏüˆÏê˛yñ ôyö ≤Ãû,˛!ï˛Ó˚ Ó#ç

xAÜ%˛ˆÏÓ˚yÂàˆÏüÓ˚ üyey û˛#£Ïî Ü˛!üˆÏÎ˚ ˆòÎ˚– ê˛ˆÏüˆÏê˛yÓ˚ ˛õyï˛yÓ˚ xyÜ˛yÓ˚ !Óhfl,Ïï˛ •Î˚ (Chowdhury
et al. 1984)–

4. ç° ò)£ÏˆÏîÓ˚ ú˛ˆÏ° !ÓˆÏ¢£Ïï˛ ôyï˛Ó ò)£ÏˆÏîÓ˚ Ü˛yÓ˚ˆÏî xˆÏöÜ˛ ç°ç í˛z!qò ˆÎüö ¢y°%Ü˛

(Nymphaea)ñ •zí z̨!ê Δ̨Ü%˛°y!Ó˚Î˚y (Utricularia), ¢%£Ï!ö (Marsilea), xy•ẑ Ï§y•z!ê˛§ (Isoetes)
≤Ãû,˛!ï˛ x“ §üˆÏÎ˚Ó˚ üˆÏôƒ !ÓöT˛ •Î˚–

ˆÜ˛Ó°ñ §ƒy°!û˛!öÎ˚y (Salvinia) öyüÜ˛ ~Ü˛ ≤ÃÜ˛yÓ˚ û˛y§üyö ú˛yö≈ ˆòˆÏ• ôyï˛Ó ˛õòyÌ≈ §M˛Î˚ Ü˛ˆÏÓ˚

ˆÓÑˆÏã˛ ÌyˆÏÜ˛ ~üö!Ü˛ ~ˆÏòÓ˚ Ó,!ÂôÓ˚ •yÓ˚ xfl∫yû˛y!ÓÜ˛ ˆÓˆÏí˛¸ ÎyÎ˚ (vigorous growth)–

●●●●● ûÑ˛y!ê˛áyöy (distillary or brewhouse) ˆÌˆÏÜ˛ !ö‹Òy!¢ï˛ x˛õ!Ó˚ˆÏ¢y!ôï˛ ~ÓÇ ç°!ü!◊ï˛

(diluted) Óç≈ƒï˛Ó˚° ˛õòyÌ≈ ˛õy!Ó˚˛õy!Ÿª≈Ü˛ ç!üÓ˚ x¡‘cÓ,!Âô Ü˛ˆÏÓ˚ COD (chemical oxygen
demand), ˆ§y!í˛Î˚yüñ ˛õê˛y!§Î˚yü ≤Ãû,˛!ï˛Ó˚ üyey Ó,!Âô Ü˛ˆÏÓ˚ üy!ê˛Ó˚ fl∫yû˛y!ÓÜ˛ ã˛!Ó˚e ˛õ!Ó˚Óï≈˛ö

Ü˛ˆÏÓ˚ ˆòÎ˚– •z•y üy!ê˛Ó˚ öy•zˆÏê˛ΔyˆÏçö §ÇˆÏŸ’£ÏÜ˛yÓ˚# !üˆÏÌyç#Ó# ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y ˆÎüö Ó˚y•zˆÏçy!ÓÎ˚yü

(Rhizobium)ÈÙÈ~Ó˚ Ó,!Âô xfl∫yû˛y!ÓÜ˛ üyeyÎ˚ Ü˛!üˆÏÎ˚ ˆòÎ˚– •z•yÓ˚ ú˛ˆÏ° !¢¡∫çyï˛#Î˚ í˛z!qò

ˆÎüö !ã˛öyÓyòyü (peanut), üê˛Ó˚ñ ˆåÈy°y •zï˛ƒy!òÓ˚ ü)ˆÏ° xÓ%≈ò §,!T˛ (nodulations) ≤Ã!ï˛•ï˛

•Î˚–

●●●●● ç° ò)£ÏˆÏîÓ˚ ú˛ˆÏ° üy!ê˛Ó˚ oÓˆÏîÓ˚ pH Ü˛ˆÏü ÎyÎ˚ xÌ≈yÍ üy!ê˛Ó˚ x¡‘ï˛y Ó,!Âô ˛õyÎ˚ ÎyÓ˚ ú˛ˆÏ°

!Ó!û˛ß¨ ˛õ%!T˛ xyÎ˚ö (nutrient ions) ˆÎüö ˆ°Ô•ñ üƒyàˆÏö!§Î˚yüñ ˛õê˛y!¢Î˚yüñ Ü˛ƒy°!§Î˚yü

≤Ãû,˛!ï˛Ó˚ oÓ!öÎ˚ï˛y (solubility) Ü˛ˆÏü ÎyÎ˚– •z•y í˛z!qˆÏòÓ˚ §yü!@ˇÃÜ˛ Ó,!Âô Óƒy•ï˛ Ü˛ˆÏÓ˚–
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●●●●● fl∫yû˛y!ÓÜ˛ Óy›ï˛sf !ÓöT˛ Ü˛ˆÏÓ˚– çˆÏ° û˛y§üyö ˜¢ÓyˆÏ°Ó˚ x!öÎ˚!sfï˛ Ó,!ÂôÓ˚ (unbriddled
prolification) ú˛ˆÏ° •zí˛zˆÏê˛Δy!ú˛ˆÏÜ˛¢ö ˆòáy ˆòÎ˚– •z•y çˆÏ°Ó˚ áyòƒ ¢,C° !ÓöT˛ Ü˛ˆÏÓ˚–

9.4.3 ç°ò)£Ïî !öÎ˚sfî (Control of Water Pollution)

BOD üyey myÓ˚y !öˆÏò≈!¢ï˛ ç°ò)£Ïî Ü˛yÓ˚ˆÏÜ˛Ó˚y Ü ˛ü«˛Î˚# ≤ÃÜ,˛!ï˛Ó˚– ~ˆÏòÓ˚ !öÎ˚sfî Ü˛Ó˚yÓ˚ çöƒ

≤ÃyÌ!üÜ˛ hflÏˆÏÓ˚ Óy í˛zÍ§fiÌˆÏ° ˆ¢yôö Óy çˆÏ°Ó˚ ˛õ%öÉÓƒÓ•yÓ˚ •zï˛ƒy!ò ˛õÂô!ï˛ Ü˛yÎ≈Ü˛Ó˚– !Ü˛v Ü ˛ü«˛Î˚•#ö

û˛yÓ˚#ôyï%˛ñ Ü˛#ê˛öy¢Ü˛ñ ˆï˛°ñ ≤’y!T˛Ü˛ ~•z§ˆÏÓÓ˚ çöƒ !ÓˆÏ¢£Ï ÓƒÓfiÌy ˆöÄÎ˚y ≤ÃˆÏÎ˚yçö–

(1) Ü˛°Ü˛yÓ˚áyöyÓ˚ ò)!£Ïï˛ Ó˚y§yÎ˚!öÜ˛ ˛õòyÌ≈ ÎyˆÏï˛ öò# Óy ç°y¢ˆÏÎ˚ §Ó˚y§!Ó˚ ˆú˛°y öy •Î˚ ˆ§çöƒ

§Ó˚Ü˛yÓ˚# ˛õÎ≈yˆÏÎ˚ Ü˛ˆÏë˛yÓ˚ xy•zö ≤ÃîÎ˚ö Ä xy•zˆÏöÓ˚ ≤Ã!ï˛ ◊Âôy¢#° ÌyÜ˛y ≤ÃˆÏÎ˚yçö– ˙ §Ü˛° ˛õòyÌ≈à%!°ˆÏÜ˛

!ÓˆÏ¢yôö Ü˛ˆÏÓ˚ñ Ü˛ü «˛!ï˛Ü˛Ó˚ ˛õÎ≈yˆÏÎ˚ !öˆÏÎ˚ ~ˆÏ§ í˛z˛õÎ%=˛ fiÌyˆÏö !öˆÏ«˛˛õ Ü˛Ó˚y ≤ÃˆÏÎ˚yçö– Ü˛°ÈÙÈÜ˛yÓ˚áyöyÓ˚

Ü˛ˆÏÎ˚Ü˛!ê˛ ò)£ÏîÜ˛yÓ˚ˆÏÜ˛Ó˚ !ÓˆÏ¢yôö ˛õÂô!ï˛ !ö¡¨Ó˚)ˆÏ˛õ Ü˛Ó˚y ˆÎˆÏï˛ ˛õyˆÏÓ˚ É

●●●●● xƒyˆÏüy!öÎ˚y xyÎ˚ö ~:ˆÏã˛M˛ (Ion exchange) ˛õÂô!ï˛ˆÏï˛ Ü˛ü «˛!ï˛Ü˛Ó˚ xƒyˆÏüy!öÎ˚yü

§y°ˆÏú˛ê˛ °Óî §,!T˛Ó˚ üyôƒˆÏü–

●●●●● ˛õyÓ˚ò ˛õyÓ˚òÈÙÈ!ö!ò≈T˛ (Mercury selective) xyÎ˚ö ~:ˆÏã˛O ˛õÂô!ï˛ˆÏï˛–

●●●●● ˆú˛ö° â!ê˛ï˛ ˛õ!°ˆÏü!Ó˚Ü˛ ˆ¢y£ÏÜ˛ (Polymeric Absorbent) myÓ˚y–

●●●●● Ó˚ä •zˆÏ°ˆÏQ…y°y•zê˛ !ÓˆÏÎ˚yçö (Electrolyte decomposition) myÓ˚y–

●●●●● ˆ§y!í˛Î˚yü °Óî ˛õ!Ó˚Óï≈˛ x!û˛flÀÓî (Reserve Osmosis) ˛õÂô!ï˛ˆÏï˛–

●●●●● Ü˛#ê˛öy¢Ü˛ §)Î≈yˆÏ°yÜ˛ Ä xö%âê˛Ü˛ ÎÌyÈÙÙÙÈê˛y•zê˛y!öÎ˚yü x:y•zí˛ myÓ˚y–

(2) ¢•Ó˚ñ öàˆÏÓ˚Ó˚ ày•≈fiÌƒ ˛õÎ˚É≤Ãîy°#Ó˚ ç° §Ó˚y§!Ó˚ ç°y¢Î˚ Óy öò#ˆÏï˛ ˆú˛°yÓ˚ xyˆÏà !ö!ò≈T˛

˛õÂô!ï˛ˆÏï˛ !ÓˆÏ¢yôö Ü˛Ó˚y ≤ÃˆÏÎ˚yçö–

(3) á!öç ˆï˛° í˛zÍ˛õyòˆÏöÓ˚ §üÎ˚ñ çy•yç Óy fiê˛#üyÓ˚ ˆÌˆÏÜ˛ ˛õ!Ó˚ï˛ƒ=˛ ˆï˛° ÎyˆÏï˛ §ü%ˆÏo Óy

öò#ˆÏï˛ öy ˆüˆÏ¢ ˆ§!òˆÏÜ˛ öçÓ˚ Ó˚yáˆÏï˛ •ˆÏÓ– ~•z ˆï˛ˆÏ°Ó˚ çˆÏ° !ü◊î xÓ¢ƒΩ˛yÓ# •ˆÏ° !ÓˆÏ¢£Ï ôÓ˚ˆÏöÓ˚

ç#Óyî% ÎyÓ˚y ~•z ˆï˛° ˆ¢yôö Ü˛Ó˚ˆÏï˛ §«˛ü ˆÎüö !§í˛zˆÏí˛yˆÏüyöy§ ˛õ%!ê˛í˛y (Pseudomonous putida)
í˛zß¨ï˛ ˆò¢à%!°ˆÏï˛ ~•z Ü˛yˆÏç ÓƒÓ•yÓ˚ Ü˛Ó˚y •Î˚–

(4) öò# öy°yñ ˛õ%‹Ò!Ó˚î#ˆÏï˛ fl¨yöñ Ü˛y˛õí˛¸ Ü˛yã˛yñ àÓyò# ˛õ¢%Ó˚ fl¨yö •zï˛ƒy!ò !ö!£ÏÂô Ü˛Ó˚y ≤ÃˆÏÎ˚yçö–

~•z Ü˛yˆÏç çöˆÏã˛ï˛öyÓ˚ í˛zˆÏß√£Ï âê˛yˆÏöyÓ˚ çöƒ öyöy ˛õ!Ó˚Ü˛“öy ˆöÄÎ˚y ≤ÃˆÏÎ˚yçö–

(5) Ü˛#ê˛öy¢ˆÏÜ˛Ó˚ ÓƒÓ•yˆÏÓ˚ §Ó˚Ü˛y!Ó˚ !öÎ˚sfˆÏîÓ˚ ≤ÃˆÏÎ˚yçö– !ÓˆÏŸªÓ˚ §ü@ˇÃ í˛zß¨ï˛ ˆòˆÏ¢ DDT ˆàyˆÏeÓ˚

Ü˛#ê˛öy¢ˆÏÜ˛Ó˚ ÓƒÓ•yÓ˚ !ö!£ÏÂô •ˆÏÎ˚ˆÏåÈ–
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(6) û)˛àû≈˛fiÌ çˆÏ°Ó˚ ˛õ!Ó˚üyî !ö!ò≈T˛ ÌyÜ˛yÎ˚ x!ï˛!Ó˚=˛ öàÓ˚yÎ˚ö Ä çö§ÇáƒyÓ,!ÂôÓ˚ çöƒ ï˛yÓ˚

x≤Ãï%˛°ï˛y ˆòˆÏ¢Ó˚ !Ó!û˛ß¨ xÇˆÏ¢ xö%û)˛ï˛ •ˆÏFåÈ– ~Ó˚ ú˛ˆÏ° û)˛àû≈˛fiÌ !¢°yhflÏˆÏÓ˚ ã˛y˛õ ˛õí˛¸ˆÏåÈ ~ÓÇ xyˆÏ§≈!öÜ˛

•zï˛ƒy!ò ˛õyö#Î˚ çˆÏ° !ü!◊ï˛ •ˆÏFåÈ– ~•z Óƒy˛õyˆÏÓ˚ §Ó˚Ü˛y!Ó˚ !öÎ˚sfî ≤ÃˆÏÎ˚yçö– çˆÏ°Ó˚ ~•z x≤Ãï%˛°ï˛y

ˆüê˛yˆÏöyÓ˚ xyÓ˚Ä ~Ü˛!ê˛ ˛õÌ xyüyˆÏòÓ˚ ˆòˆÏ¢ Óï≈˛üyˆÏö !ÓˆÏ¢£Ïû˛yˆÏÓ xyˆÏ°y!ã˛ï˛ •ˆÏFåÈñ ˆ§!ê˛ •° Ó,!T˛Ó˚

ç° §M˛Î˚ (Rain water harvesting)–

9.5 §yÓ˚yÇ¢ (Summary)

~•z ~Ü˛ˆÏÜ˛ ˛õ!Ó˚ˆÏÓ¢ ò)£ÏˆÏîÓ˚ Ü˛yÓ˚î ~ÓÇ í˛z!qˆÏòÓ˚ Ä˛õÓ˚ Ä•z §Ü˛° ò)£ÏˆÏîÓ˚ ≤Ãû˛yÓ xyˆÏ°y!ã˛ï˛

•ˆÏÎ˚ˆÏåÈ– Óy› !ÓK˛yö# Äí˛yˆÏüÓ˚ §ÇK˛y í˛zˆÏÕ‘á Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– ≤ÃÌˆÏü•z ˛õ!Ó˚ˆÏÓ¢ ò)£ÏˆÏîÓ˚ Ü˛yÓ˚îà%!° ˆÎüö

x˜ÏÓK˛y!öÜ˛ öàÓ˚yÎ˚îñ Óöç §¡õò !öü)≈°#Ü˛Ó˚îñ çö§Çáƒy Ó,!ÂôˆÏï˛ ç#ÓçàˆÏï˛Ó˚ û˛yÓ˚§yüƒ•#öï˛yñ !¢ˆÏ“Ó˚

§yˆÏÌ ≤ÃyÜ,˛!ï˛Ü˛ §¡õˆÏòÓ˚ !ÓˆÏÓ˚yôñ Ü˛#ê˛öy¢ˆÏÜ˛Ó˚ Ü%˛≤Ãû˛yÓñ ÎyöÓy•ˆÏöÓ˚ myÓ˚y ò)£Ïî ≤Ãû,˛!ï˛ !°!˛õÓÂô Ü˛Ó˚y

•ˆÏÎ˚ˆÏåÈ– ˛õ!Ó˚ˆÏÓ¢ ò)£ÏˆÏîÓ˚ ≤ÃÜ˛yÓ˚à%ˆÏ°y •ˆÏ°yÈÙÙÙÈÓyÎ˚%ò)£Ïîñ ç°ò)£Ïîñ ü,!_Ü˛y ò)£Ïîñ §yü%!oÜ˛ ò)£Ïî– ≤Ã!ï˛!ê˛

ò)£Ïî Ü˛yÓ˚ˆÏÜ˛Ó˚ í˛zÍ§ ~ÓÇ ü)° í˛z˛õyòyöà%!° !ÓhflÏy!Ó˚ï˛û˛yˆÏÓ !ÓˆÏŸ’!£Ïï˛ •ˆÏÎ˚ˆÏåÈ– í˛z!qˆÏòÓ˚ í˛z˛õÓ˚ ò)£ÏˆÏîÓ˚

≤Ãû˛yÓ !ÓˆÏ¢£Ïû˛yˆÏÓ xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ– ~Ü˛•z §yˆÏÌ xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ ≤Ã!ï˛!ê˛ ò)£ÏˆÏîÓ˚ í˛z˛õÓ˚ !öÎ˚sfˆÏîÓ˚

í˛z˛õyÎ˚à%!°– ç°ò)£ÏˆÏîÓ˚ ˆ«˛ˆÏe •zí˛zˆÏê˛Δy!ú˛ˆÏÜ˛¢ˆÏöÓ˚ Ü˛yÓ˚î ~ÓÇ ˛õÎ≈yÎ˚à%!° Ó°y •ˆÏÎ˚ˆÏåÈ– í˛z!qˆÏòÓ˚ Ä˛õÓ˚

ç°ò)£ÏˆÏîÓ˚ ≤Ãû˛yÓà%!° í˛zòy•Ó˚î §• !°!˛õÓÂô •ˆÏÎ˚ˆÏåÈ–

9.6  ≤ÃŸ¿yÓ°# (Questions)

I. Ó•% !öÓ≈yã˛ö# ≤ÃŸ¿ (MCQ) :

1. ˛õ!Ó˚ˆÏÓ¢ ò)£ÏˆÏîÓ˚ xöƒï˛ü Ü˛yÓ˚î öÎ˚ ˆÜ˛yö!ê˛ÈÙÙÙÈ

(a) x˜ÏÓK˛y!öÜ˛ ˛õÂô!ï˛ˆÏï˛ öàÓ˚yÎ˚ö

(b) Óöç §¡õò •öö

(c) ˜çÓ §yÓ˚ ~ÓÇ ˜çÓ Ü˛#ê˛öy¢Ü˛ ÓƒÓ•yÓ˚

(d) !¢“ Ä Ü˛°Ü˛yÓ˚áyöyÓ˚ Ó,!Âô

2. ˆôyÎ˚y¢yÓ˚ xöƒï˛ü í˛z˛õyòyö •°ÈÙÙÙÈ

(a) PAN (b) HF (c) CO (d) CFC

3. CFC-~Ó˚ xöƒï˛ü í˛zÍ§ •°ÈÙÙÙÈ

(a) ˆ˛õˆÏê˛Δy!°Î˚yü ò•ö (b) ¢#ï˛ï˛y˛õ !öÎ˚sfî Îsf

(c) §yÓ˚ Ü˛yÓ˚áyöy (d) ôyï%˛ !ö‹Òy£Ïî
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4. CNGÈÙÈ~Ó˚ §¡õ)î≈ Ü˛Ìy •°

(a) Ü˛yÓ≈ö ~u˛ öy•zˆÏê˛ΔyˆÏçö àƒy§ (b) Ü˛öû˛yˆÏê≈˛í˛ öƒyã˛yÓ˚y° àƒy§

(c) Ü˛üˆÏ≤Ã§‰í˛ öy•zˆÏê˛ΔyˆÏçö àƒy§ (d) Ü˛üˆÏ≤Ã§í‰˛ öƒyã˛yÓ˚y° àƒy§

5. !üˆÏöÓ˚y° !°!ã˛Ç Ó°ˆÏï˛ ˆÓyé˛yÎ˚ÈÙÙÙÈ

(a) üy!ê˛Ó˚ !üˆÏöÏÓ˚y° ˛õòyˆÏÌ≈Ó˚ ô%ˆÏÎ˚ ÎyÄÎ˚y

(b) ÌyˆÏÎ˚yÓƒy!§°y§ myÓ˚y ôyï%˛Ó˚ xyÜ˛!Ó˚Ü˛ ˆÌˆÏÜ˛ §y°ú˛yÓ˚ x˛õ§yÓ˚î

(c) Óyï˛yˆÏ§Ó˚ !öü!Iï˛ ô)!°Ü˛îyÓ˚ xôÉˆÏ«˛˛õî

(d) ˆ°y•y çyï˛#Î˚ ˛õòyˆÏÌ≈Ó˚ ü!Ó˚ã˛y ˛õˆÏí˛¸ «˛Î˚ •ÄÎ˚y

6. !¢“yM˛ˆÏ°Ó˚ ò)£Ïî ≤Ã•Ó˚# !•ˆÏ§ˆÏÓ ˆòáy •Î˚ öy ˆÎ í˛z!qòÈÙÙÙÈ

(a) !öü (b) à%°ˆÏüy•Ó˚ (c) !¢¢% (d) öÎ˚öï˛yÓ˚y

7. ˛õ,!ÌÓ# ˛õ,ˆÏ¤˛Ó˚ Ü˛yˆÏåÈ ÄˆÏçyöÈÙÈ~Ó˚ âöc Ó,!Âô ˆ˛õˆÏ° ï˛yÓ˚ §!ë˛Ü˛ ≤Ãû˛yÓ ˆÜ˛yö!ê˛⁄

(a) í˛z!qˆÏòÓ˚ çöƒ «˛!ï˛Ü˛Ó˚ (b) ú˛§ˆÏ°Ó˚ í˛zÍ˛õyòö Ó,!Âô

(c) í˛z!qˆÏòÓ˚ Ä˛õÓ˚ ˆÜ˛yö ≤Ãû˛yÓ ˆö•z (d) Óy›ï˛ˆÏsf xyhsˇÉ≤Ãçy!ï˛Î˚ ≤Ã!ï˛ˆÏÎyà#ï˛y Ó,!Âô

8. ç° ò)£ÏˆÏîÓ˚ §ˆÏAà §¡õÜ≈˛ ˆö•z ˆÜ˛yö!ê˛ˆÏï˛ÈÙÙÙÈ

(a) çˆÏ°Ó˚ BOD (b) çˆÏ°Ó˚ à!ï˛˛õÌ Ä ≤ÃÓy• ˛õ!Ó˚Óï≈˛ö

(c) xƒy°ày° Óœ$ü (d) ç°ç ≤Ãyî#Ó˚ !fiê˛ΔÜ˛!öö !Ó£Ï!Ü ˛Î˚y

9. çy˛õyˆÏöÓ˚ !Óáƒyï˛ Ú!üöyüyê˛yÛ öyüÜ˛ üyÓ˚ö ˆÓ˚yˆÏàÓ˚ Ü˛yÓ˚î •°ÈÙÙÙÈ

(a) §#§y ò)£Ïî (b) xyˆÏ§≈!öÜ˛ ò)£Ïî (c) ˛õyÓ˚òçyï˛ ò)£Ïî (d) Ü˛ƒyí˛!üÎ˚yü ò)£Ïî

10. û˛yÓ˚# ôyï%˛ ò)£Ïî §¡õ!Ü≈˛ï˛ öÎ˚ ˆÜ˛yö‰!ê˛⁄

(a) ˆÜ ˛y!üÎ˚yü (b) xyÎ˚Ó˚ö (c) §#§y (d) ˛õyÓ˚ò

11. ç° ò)£ÏˆÏîÓ˚ §ˆÏAà ç!í˛¸ï˛ öÎ˚ ˆÎ xî%ç#Ó!ê˛ÈÙÙÙÈ

(a) xƒy§˛õyÓ˚!ç°y§ (b) ~rê˛y!üÓy (c) §y°ˆÏüyˆÏöÕ‘y (d) xƒyöyˆÏÓöy

12. çˆÏ°Ó˚ ôyï˛Ó ˛õòyÌ≈ ˆòˆÏ• §M˛Î˚ Ü˛ˆÏÓ˚ ˆÓˆÏã˛ ÌyÜ˛ˆÏï˛ ˛õyˆÏÓ˚ ~ÓÇ ÎˆÏÌT˛ Ó,!Âô ≤ÃyÆ •Î˚ ˆÎ

í˛z!qò!ê˛ÈÙÙÙÈ

(a) •zí˛z!ê˛ΔÜ%˛°y!Ó˚Î˚y (b) ú˛ƒy!§Ä°y§ û˛y°ˆÏà!Ó˚§

(c) üy!§≈!°Î˚y (d) §ƒy°!û˛!öÎ˚y
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II. §Ç!«˛Æ ≤ÃŸ¿yÓ°# É

1. ˛õ!Ó˚ˆÏÓ¢ ò)£Ïî Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚⁄

2. Ü ˛ü«˛Î˚# ~ÓÇ Ü ˛ü«˛Î˚•#ö ò)£Ïî !Ü˛⁄

3. ˛õ!Ó˚ˆÏÓ¢ ò)£ÏˆÏîÓ˚ ≤Ãôyö ≤ÃÜ˛yÓ˚à%!° !Ü˛ !Ü˛⁄

4. ÓyÎ˚% ò)£Ïî Ü˛yÓ˚ˆÏÜ˛Ó˚ ˜çÓ Ä x˜ÏçÓ ˆ◊î#Ó˚ ≤ÃÜ˛yÓ˚ñ ~Ü˛!ê˛ Ü˛ˆÏÓ˚ í˛zòy•Ó˚î Ä í˛zÍ§ í˛zˆÏÕ‘á

Ü˛Ó˚%ö–

5. PAN, CFC, í˛zí˛¸hsˇ åÈy•z ~ÓÇ H2SÈÙÈ~Ó˚ í˛zÍ§à%!° !°á%ö–

6. !¢“yM˛ˆÏ°Ó˚ ò)£Ïî !öÎ˚sfîÜ˛yÓ˚# ã˛yÓ˚!ê˛ Ó,ˆÏ«˛Ó˚ !ÓK˛yö§¡øï˛ öyü !°á%ö–

7. í˛z!qˆÏò ÓyÎ˚%ò)£Ïî §•ö¢#°ï˛y §)ã˛Ü˛ (APTI) !öÓ˚)˛õˆÏîÓ˚ §ü#Ü˛Ó˚î!ê˛ !°á%ö–

8. xƒy°ày° Óœ$ü !Ü˛⁄

9. BODÈÙÈ~Ó˚ à%Ó˚%c !°á%ö–

10. §#§y Ä Ü˛ƒyí˛!üÎ˚yüÈÙÈ~Ó˚ ~Ü˛!ê˛ Ü˛ˆÏÓ˚ í˛zÍ§ ~ÓÇ !Ó£Ï!Ü ˛Î˚y í˛zˆÏÕ‘á Ü˛Ó˚%ö–

11. ˛õyÓ˚ò Ä xyÓ˚ˆÏ§!öÜ˛ÈÙÈ~Ó˚ ~Ü˛!ê˛ Ü˛ˆÏÓ˚ í˛zÍ§ ~ÓÇ !Ó£Ï!Ü ˛Î˚y !°á%ö–

12. öÜ˛ÈÙÈ!öÈÙÈ!§öˆÏí»˛yü Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚⁄

13. ò%•z!ê˛ ç°ò)£ÏîÜ˛yÓ˚# xyàyåÈyöy¢Ü˛ Ä Ü˛#ê˛öy¢Ü˛ÈÙÈ~Ó˚ öyü !°á%ö–

14. ç° ò)£ÏîÜ˛yÓ˚# ò%•z!ê˛ åÈeyÜ˛ ~ÓÇ ò%•z!ê˛ ç%ÈÙÈ≤’ƒyAÜ˛ê˛ö ~Ó˚ öyü !°á%ö–

15. ¢y°%Ü˛ ~ÓÇ §ƒy°!û˛!öÎ˚yÓ˚ Ä˛õÓ˚ ôyï˛Ó ò)£ÏˆÏîÓ˚ ≤Ãû˛yÓ ˆÜ˛üö ï˛y !°á%ö–

III. Ó˚ã˛öyôü≈# ≤ÃŸ¿ É

1. ÓyÎ˚% ò)£ÏˆÏîÓ˚ !Ó!û˛ß¨ í˛zÍ§ ~ÓÇ !Ó!û˛ß¨ ò)£ÏîÜ˛yÓ˚ˆÏÜ˛Ó˚ ˆ◊î#!Óöƒy§ !°á%ö–

2. ÓyÎ˚% ò)£Ïî !öÎ˚sfˆÏîÓ˚ !Ó!û˛ß¨ í˛z˛õyÎ˚ §ÇˆÏ«˛ˆÏ˛õ xyˆÏ°yã˛öy Ü˛Ó˚%ö–

3. í˛z!qˆÏòÓ˚ Ä˛õÓ˚ !Ó!û˛ß¨ ÓyÎ˚%ò)£Ïî Ü˛yÓ˚ˆÏÜ˛Ó˚ ≤Ãû˛yÓ §ÇˆÏ«˛ˆÏ˛õ xyˆÏ°yã˛öy Ü˛Ó˚%ö–

4. ˛õÎ˚É≤Ãîy°# !ö‹Ò!£Ïï˛ ò)!£Ïï˛ ˛õòyÌ≈ ~ÓÇ !¢“ Óç≈ƒ ˛õòyÌ≈ myÓ˚y ç° ò)£Ïî !Ü˛û˛yˆÏÓ •Î˚ ï˛y

xyˆÏ°yã˛öy Ü˛Ó˚%ö–

5. Ü,˛!£ÏˆÏ«˛ˆÏe Ó˚y§yÎ˚!öÜ˛ ˛õòyˆÏÌ≈Ó˚ ÓƒÓ•yÓ˚ myÓ˚y ç° ò)£Ïî !Ü˛û˛yˆÏÓ •Î˚ ï˛y §ÇˆÏ«˛ˆÏ˛õ !°á%ö–

ç° ò)£ÏîÜ˛yÓ˚# ò%•z ≤ÃÜ˛yÓ˚ ç#Óyî%Ó˚ öyü !°á%ö–

6. í˛z!qˆÏòÓ˚ Ä˛õÓ˚ ç° ò%£ÏˆÏîÓ˚ ≤Ãû˛yÓ §ÇˆÏ«˛ˆÏ˛õ Óî≈öy Ü˛Ó˚%ö–

7. ç°ò)£Ïî !öÎ˚sfˆÏîÓ˚ !Ó!û˛ß¨ í˛z˛õyÎ˚ xyˆÏ°yã˛öy Ü˛Ó˚%ö–
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9.7  í˛z_Ó˚üy°y (Answers)

I. Ó•% !öÓ≈yã˛ö# ≤ÃˆÏŸ¿Ó˚ (MCQ) í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚

§Çáƒy ı 1 2 3 4 5 6 7 8 9 10 11 12

í˛z_Ó˚ ı c a b d b d a b c b d d

II. §Ç!«˛Æ ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5

xö%ˆÏFåÈò §Çáƒy ı 9.2 9.2.1 9.2.2 9.3.2 9.3.1 &
9.3.2

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 6 7 8 9 10

xö%ˆÏFåÈò §Çáƒy ı 9.3.3 9.3.3.1 9.4.1 9.4.1(1) 9.4.1(2)

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 11 12 13 14 15

xö%ˆÏFåÈò §Çáƒy ı 9.4.1(2) 9.4.1(2) 9.4.1(3) 9.4.1(2) 9.4.2

III. Ó˚ã˛öyôü≈# ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ É

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5 6 7

xö%ˆÏFåÈò §Çáƒy ı 9.3.1 9.3.3 9.3.3.2 9.4.1(1) 9.4.1 9.4.2 9.4.3
& 9.3.2 & (3)

9.4.1(2)
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188

~Ü˛Ü˛–10 : !ÓŸª ˛õ!Ó˚ˆÏÓ¢ §ü§ƒy ı @ˇÃ#ö•yí˛z§ àƒy§ §ü)•ñ !ÓŸª í˛z£÷yÎ˚öñ

ÄçöhflÏÓ˚ •…y§ñ x¡‘Ó,!T˛ñ ~° !öˆÏöy ~ÓÇ °yÈÙÈ!ööy (Global
environmental issues : green house gases, global
warming, ozone depletion, acid rain, EL-nino and
La-nina)

àë˛ö (Structure)

10.0 í˛zˆÏj¢ƒ (Objectives)

10.1 ≤ÃhflÏyÓöy (Introduction)

10.2 ˛@ˇÃ#ö•yí˛z§ ~ˆÏú˛Q (Greenhouse Effect)

10.2.1 @ˇÃ#ö •yí˛z§ ~ˆÏú˛QÈÙÈ~Ó˚ Ü˛yÓ˚î (Causes of greenhouse effects)

10.2.2 ˛õ!Ó˚ˆÏÓˆÏ¢ @ˇÃ#ö•yí˛z§ àƒy§§ü)ˆÏ•Ó˚ ≤Ãû˛yÓ (Effects of Greenhouse Gases
on environment)

10.3 !ÓŸª í˛z£÷yÎ˚ö (Global warming)

10.4 ÄˆÏçyöhflÏÓ˚ •…y§ (Ozone depletion)

10.4.1 ÄçöhflÏÓ˚ •…yˆÏ§Ó˚ Ü˛yÓ˚î (Causes of Ozone layer depletion)

10.4.2 ÄˆÏçyöhflÏÓ˚ •…yˆÏ§Ó˚ «˛!ï˛Ü˛Ó˚ Ü˛yÓ˚î §ü)• (Harmful effects of ozone
depletion)

10.4.3 ÄˆÏçyö •…y§ÈÙÈ~Ó˚ ≤Ã!ï˛Ü˛yÓ˚ (Remedial measure for ozone depletion)

10.5 x¡‘ Ó,!T˛ (Acid Rain)

10.5.1 x¡‘ Ó,!T˛Ó˚ Ü˛yÓ˚î Ä §ü§ƒy (Causes and effects of acid rain)

10.5.2 û˛yÓ˚ï˛Ó Ï̂£Ï≈Ó˚ ü•yöàÓ˚# ~ÓÇ !¢“öàÓ˚#à%!° Ï̂ï˛ x¡‘Ó,!T˛Ó˚ §ü§ƒy Ó˚̂ ÏÎ˚̂ ÏåÈ (Scerario
of Indian urban & industrial areas)

10.5.3 x¡‘Ó,!T˛ ≤Ã¢üˆÏöÓ˚ Ü˛ˆÏÎ˚Ü˛!ê˛ í˛zˆÏÕ‘áˆÏÎyàƒ í˛z˛õyÎ˚ (Some important
measures to reduce acid rain)

10.6 ~°ÈÙÈ!öˆÏöy Óy ò!«˛î# ï˛Ó˚Aàüy°y ~ÓÇ °yÈÙÈ!ööy (El-Nino or Southern Oscillation
and La-nina)
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10.6.1 ~öÈÙÈ!öˆÏöyÓ˚ Ü˛yÓ˚î Ä ˛õ!Ó˚Óƒy!Æ (Causes and area of occurance)

10.6.2 °yÈÙÈ!ööyÓ˚ Ü˛yÓ˚î Ä ˛õ!Ó˚Óƒy!Æ (Causes of La-nina and area of
occurance)

10.7 §yÓ˚yÇ¢ (Summary)

10.8 ≤ÃŸ¿yÓ°# (Questions)

10.9 í˛z_Ó˚üy°y (Answers)

10.0  í˛zˆÏj¢ƒ (Objectives)

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xyüÓ˚y !ö¡¨!°!áï˛ !Ó£ÏÎ˚à%!° §¡∫ˆÏrô §üƒÜ˛ ôyÓ˚îy ˜ï˛!Ó˚ Ü˛Ó˚ˆÏï˛ ˛õyÓ˚Ó–

●●●●● @ˇÃ#î•yí˛z§ ~ˆÏú˛ˆÏQÓ˚ §ÇK˛y Ä ~Ó˚ Ü˛yÓ˚î–

●●●●● ˛!ÓŸª í˛z£÷yÎ˚î Ä @ˇÃ#î •yí˛z§ §ü)ˆÏ•Ó˚ ≤Ãû˛yÓ–

●●●●● Äçö hflÏˆÏÓ˚Ó˚ •…y§ Ä ï˛yÓ˚ Ü˛yÓ˚î–

●●●●● x¡‘Ó,!T˛ñ Ü˛yÓ˚î Ä §ü§ƒy–

●●●●● x¡‘Ó,!T˛Ó˚ ≤Ã¢üö–

10.1 ≤ÃhflÏyÓöy (Introduction)

!Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ ò)£Ïî Ä ï˛yÓ˚ öyöyü%á# !ÓhflÏyÓ˚ Ä ≤Ãû˛yˆÏÓÓ˚ Ü˛yÓ˚ˆÏî !ÓŸª ˛õ!Ó˚ˆÏÓ¢ xyç ~Ü˛ û˛Î˚yÓ•

§ÇÜ˛ˆÏê˛Ó˚ §¡ø%ˆÏá– ï˛y•z xyç §,!T˛ •ˆÏÎ˚ˆÏåÈ ~Ü˛y!ôÜ˛ !ÓŸª ˛õ!Ó˚ˆÏÓ¢ §ü§ƒyÈ ˆÎüöÈÙÙÙÈ@ˇÃ#ö•yí˛z§ ~ˆÏú˛Qñ

!ÓŸªí˛z£÷yÎ˚îñ ÄçöhflÏÓ˚ •…y§ñ x¡‘Ó,!T˛ñ ~°!öˆÏöy ï˛y•z ˛õ,!ÌÓ#Óƒy˛õ# üyö%£Ï xyç xò)Ó˚ û˛!Ó£ÏƒˆÏï˛Ó˚ ã˛Ó˚ü

˛õ!Ó˚î!ï˛Ó˚ Ü˛Ìy xö%û˛Ó Ü˛Ó˚ˆÏï˛ ˛õyÓ˚ˆÏåÈ ~ÓÇ !ü!°ï˛û˛yˆÏÓ í˛zqyÓö Ü˛Ó˚ˆÏï˛ ã˛y•zˆÏåÈ ˛õ!Ó˚ˆÏÓ¢ Ó˚«˛yÓ˚ öyöy

≤Ã!ï˛Ü˛yÓ˚–

xyˆÏü!Ó˚Ü˛yö •zˆÏÜ˛y°!çT˛ !˛õê˛yÓ˚ ˆü!Ó˚§ö !û˛ˆÏê˛yˆÏ§Ü˛ (Peter Morrison Vitousek, 1994)

!ÓŸªÓƒy˛õ# Óy›ï˛ˆÏsfÓ˚ öyöy ˛õ!Ó˚Óï≈˛ö í˛z˛õ°!kô Ü˛ˆÏÓ˚ ÓˆÏ°ˆÏåÈö ˆÎ xyüÓ˚y•z ≤ÃÌü ≤Ãçß√ ÎyÓ˚y §%ˆÏÎyà

˛õy!FåÈ ~ê˛y Ó%ˆÏé˛ ˆöÄÎ˚yÓ˚ ˆÎ üyöÓ§û˛ƒï˛y !Ü˛û˛yˆÏÓ ôùÇ§ Ü˛ˆÏÓ˚ ã˛ˆÏ°ˆÏåÈ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ û˛yÓ˚§yüƒ– ~Ü˛•z

§ˆÏAà !ï˛!ö ÓˆÏ°ˆÏåÈöñ xyüÓ˚y•z ˆÓyô •Î˚ ˆ¢£Ï ≤Ãçß√ ÎyˆÏòÓ˚ •yˆÏï˛ §%ˆÏÎyà xyˆÏåÈ ˆ§•z û˛yÓ˚§yüƒ !ú˛!Ó˚ˆÏÎ˚

xyöyÓ˚–
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˛õ,!ÌÓ#Ó˚ ÓyÎ˚%ü[˛°ñ û)˛ü[˛° ~ÓÇ ˛Óy!Ó˚ü[˛ˆÏ°Ó˚ ü%áƒhflÏÓ˚à%!°Ó˚ xÓfiÌyö !ö¡¨Ó˚)˛õ É

ÓyÎ˚%ü[˛°ñ Îy ˛õ,!ÌÓ#ˆÏÜ˛ !âˆÏÓ˚ xyˆÏåÈñ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ öyöy!Óô ˛õ!Ó˚Óï≈˛ˆÏöñ ˛õ!Ó˚ˆÏÓ¢ Ó˚«˛yÎ˚ Ä û˛yÓ˚§yüƒ

!öÎ˚sfˆÏî ï˛yÓ˚ x˛õ!Ó˚§#ü û)˛!üÜ˛y Ó˚ˆÏÎ˚ˆÏåÈ– í˛zòy•Ó˚î !•§yˆÏÓ Ó°y ÎyÎ˚ fiê˛ΔyˆÏê˛y!fl≥˛Î˚yˆÏÓ˚ ÌyÜ˛y âö ÄˆÏçyö

hflÏˆÏÓ˚Ó˚ Ü˛Ìy– ~•z àƒy§hflÏÓ˚ §)Î≈yˆÏ°yˆÏÜ˛Ó˚ û˛Î˚yöÜ˛ x!ï˛ˆÏÓà%ö# Ó˚!Ÿ¬ Óy Ultra Violet rays (UV)ÙÈˆÜ˛

˛õ,!ÌÓ# ˛õ,ˆÏ¤˛ ˛õí˛¸ˆÏï˛È öy !òˆÏÎ˚ ì˛y°ÈÙÈ~Ó˚ üï˛ Ó˚«˛y Ü˛ˆÏÓ˚ ã˛ˆÏ°ˆÏåÈ ~•z ôÓ˚yˆÏÜ˛– ~•z ÓyÎ˚%ü[˛°•z xyÓyÓ˚

˛õ,!ÌÓ#ˆÏÜ˛ í˛z£÷ï˛y !òˆÏÎ˚ §Ü˛° ç#ˆÏÓÓ˚ ç#ÓöôyÓ˚îˆÏÜ˛ §Ω˛Ó Ü˛ˆÏÓ˚ ˆï˛yˆÏ°– ˜çÓÈÙÈû)˛Ó˚y§yÎ˚!öÜ˛ ã˛Ü ˛

!ã˛e 10.1 : ˛õ,!ÌÓ# ˛õ,ˆÏ¤˛Ó˚ ÓyÎ˚%ü[˛ˆÏ°Ó˚ ü%áƒhflÏÓ˚à%!°Ó˚ xÓfiÌyö Ä ≤Ãôyö ˜Ó!¢T˛ƒ (Source : Raven,
Berg and Hassenzahl, Environment, John Wiley & Sons Inc. 2010.)

ÓyÎ˚%ü[˛ˆÏ°Ó˚ hflÏÓ˚§ü)•

ÌyˆÏü≈y!fl≥˛Î˚yÓ˚

S480 Km í z̨Fã˛ï˛y ˛õÎ≈hsˇV

ˆüˆÏ§y!fl≥˛Î˚yÓ˚

S80 Km í˛zFã˛ï˛y ˛õÎ≈hsˇV

fiê˛ΔyˆÏê˛y!fl≥˛Î˚yÓ˚

S50 Km í˛zFã˛ï˛y ˛õÎ≈hsˇV

ˆê˛ΔyˆÏ˛õy!fl≥˛Î˚yÓ˚

S!öÓ˚!«˛Î˚ xM˛° 50 Km
ˆüÓ˚% xM˛° 50 Km
í˛zFã˛ï˛y ˛õÎ≈hsˇV
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(Biogeochemical cycle)ÈÙÈ~Ó˚ üyôƒˆÏü ÓyÎ˚%ü[˛°ñ û)˛ü[˛° ~ÓÇ Óy!Ó˚ü[˛° ~Ü˛ !ö!Óí˛¸ §¡õˆÏÜ≈˛

xyÓÂô– ï˛y•z ÓyÎ˚%ü[˛° ˆÜ˛yöÓ˚Ü˛ü û˛yˆÏÓ «˛!ï˛@ˇÃfiÌ •ˆÏ° ï˛yÓ˚ ≤Ãû˛yˆÏÓ û)˛ü[˛° Ä Óy!Ó˚ü[˛° «˛!ï˛@ˇÃfiÌ

•Î˚– ÎyÓ˚ ≤Ãû˛yÓ ˛õˆÏí˛¸ §ü@ˇÃ ç#Óü[˛ˆÏ°Ó˚ í˛z˛õÓ˚–

10.2 @ˇÃ#ö •yí˛z§ ~ˆÏú˛Q  (Greenhouse Effect)

10.2.1 ˛@ˇÃ#ö •yí˛z§ ~ˆÏú˛QÈÙÈ~Ó˚ Ü˛yÓ˚î (Causes of Greenhouse Effect)

˛õ,!ÌÓ#˛õ,¤˛ ˆÌˆÏÜ˛ ˆÎ ï˛Ó˚Aà ˜òâ≈ƒ ~ÓÇ ï˛#Ó ï˛yÓ˚ !ÓFå%ÈÓ˚î ≤Ã!ï˛ú˛!°ï˛ •ˆÏÎ˚ ü•yÜ˛yˆÏ¢Ó˚ !òˆÏÜ˛ ôy!Óï˛

•Î˚ ˛õÓ˚#«˛y !ö!Ó˚«˛yÎ˚ ˆòáy ˆàˆÏåÈ ï˛yÓ˚ ï˛y˛õüyey ≤ÃyÎ˚ÈÙÙÙÈ18°C– !Ü˛v ˛õ,È!ÌÓ#ï˛ˆÏ°Ó˚ àí˛¸ ï˛y˛õüyey

ˆüyê˛yü%!ê˛ 15°C– ï˛y•ˆÏ° ~•z ˆÌˆÏÜ˛ 18°C + 15°C = 33°CÈÙÈ~Ó˚ ˛õyÌ≈Ü˛ƒ àˆÏí˛¸ !òˆÏFåÈ ˛õ,!ÌÓ#Ó˚

û)˛ü[˛° Ä Óy!Ó˚ü[˛°ˆÏÜ˛ !âˆÏÓ˚ Ó˚yáy ÓyÎ˚%ü[˛ˆÏ°Ó˚ !Ó!û˛ß¨ àƒy§#Î˚ í˛z˛õyòyö §ü)•–

ÎyˆÏòÓ˚ üˆÏôƒ Ó˚ˆÏÎ˚ˆÏåÈ ç°#Î˚ Óy‹õñ CO2, !üˆÏÌöñ O3, NO2 ˆÜœ˛yˆÏÓ˚yúœ$˛ˆÏÓ˚y Ü˛yÓ≈ö •zï˛ƒy!ò– •z•yÓ˚y

@ˇÃ#ö•yí˛z§ àƒy§ !•ˆÏ§ˆÏÓ ˛õ!Ó˚!ã˛ï˛– ~ˆÏòÓ˚ ˆÓ¢#Ó˚ û˛yà•z üyöÓ§û˛ƒï˛yÓ˚ Óï≈˛üyö !Ü ˛Î˚yÜ˛°yˆÏ˛õ Ü ˛üÓô≈üyö

~ÓÇ ò)£ÏîÜ˛yÓ˚Ü˛ üyeyÎ˚ ˆ˛õÑÔˆÏåÈ ÎyˆÏFåÈ ~ÓÇ ˛õ,!ÌÓ#˛õ,ˆÏ¤˛Ó˚ àí˛¸ ï˛y˛õüyey í˛z_ˆÏÓ˚y_Ó˚ Ó,!Âô ˛õyˆÏFåÈ–

@ˇÃ#ö •yí˛zˆÏ§Ó˚ ÜÑ˛yˆÏã˛Ó˚ åÈyˆÏòÓ˚ üï˛ ~•z§Ó àƒy§ §)Î≈yˆÏ°yˆÏÜ˛Ó˚ •zöú ˛yˆÏÓ˚í˛ (Infrared) Ó˚!Ÿ¬ Óy

!ÓÜ˛#Ó˚îˆÏÜ˛ ˆ¢y£Ïî Ü˛ˆÏÓ˚ ï˛yÓ˚ ï˛y˛õˆÏÜ˛ ˛õ,!ÌÓ#˛õ,ˆÏ¤˛ ˆ˛õÔÑˆÏåÈ !òˆÏFåÈ– ~•zû˛yˆÏÓ •zöú ˛yˆÏÓ˚í˛ !ÓÜ˛#Ó˚ˆÏîÓ˚ üyôƒˆÏü

@ˇÃ#ö•yí˛z§ àƒy§à%!° ï˛y˛õ¢!=˛ˆÏÜ˛ §ÇÓrôö Ü˛Ó˚ˆÏåÈ ÎyÓ˚ ú˛ˆÏ° ˛õ,!ÌÓ# ˛õ,ˆÏ¤˛Ó˚ í˛z£÷ï˛y Ü ˛ˆÏü Ó,!Âô ˆ˛õˆÏÎ˚

!ÓŸª í˛z£÷yÎ˚ö âê˛yˆÏFåÈ– §%ï˛Ó˚yÇ @ˇÃ#ö•yí˛z§ àƒy§hflÏÓ˚ ≤ÃyÎ˚ ~Ü˛!ê˛ ~Ü˛ü%á# åÈÑyÜ˛!öÓ˚ (one way filter)
Ü˛yç Ü˛Ó˚ˆÏåÈñ Îy §)Î≈yˆÏ°yÜ˛ ˛õ,!ÌÓ#˛õ,ˆÏ¤˛ xy§ˆÏï˛ !òˆÏFåÈ !Ü˛v •zöú ˛yˆÏÓ˚í˛ Ó˚!Ÿ¬ˆÏÜ˛ (infrared ray) §üüyeyÎ˚

≤Ã!ï˛ú˛!°ï˛ •ˆÏÎ˚ 100% !ú˛ˆÏÓ˚ ˆÎˆÏï˛ !òˆÏFåÈ öy– @ˇÃ#ö•yí˛z§Ä ~Ü˛•zû˛yˆÏÓ §)Î≈yˆÏ°yÜ˛ˆÏÜ˛ ≤ÃˆÏÓ¢ Ü˛Ó˚ˆÏï˛

ˆòÎ˚ ï˛yÓ˚ xy!◊ï˛ ã˛yÓ˚yàyåÈˆÏòÓ˚ Ü˛yˆÏåÈ !Ü˛v í˛zFã˛ÈÙÈï˛Ó˚Aà˜ÏòˆÏâ≈ƒÓ˚ ï˛y˛õ¢!=˛ˆÏÜ˛ !ú˛ˆÏÓ˚ ˆÎˆÏï˛ ˆòÎ˚ öy– ï˛y•z

á%Ó ¢#ï˛° !òˆÏöÄ @ˇÃ#ö•yí˛zˆÏ§Ó˚ !û˛ï˛Ó˚ xyüÓ˚y í˛z£÷ ˆÓyô Ü˛!Ó˚– ˆï˛üö•z ˛õ,!ÌÓ#˛õ,¤˛ •Î˚ï˛ •#ü¢#ï˛°

•ˆÏÎ˚ çˆÏü•z ˆÎï˛ Î!ò öy ≤ÃyÜ,˛!ï˛Ü˛ @ˇÃ#ö•yí˛z§ ~ˆÏú˛Q ~•z ˛õ,!ÌÓ#ˆÏÜ˛ Ó˚«˛y Ü˛Ó˚ï˛–

~áöÄ ˛õÎ≈hsˇ !Ü˛å%È ˛õ!Ó˚üyî •zöú ˛yˆÏÓ˚í˛ ï˛y˛õ¢!=˛ !ú˛ˆÏÓ˚ !àˆÏÎ˚ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ï˛y˛õüyeyÓ˚ û˛yÓ˚§yüƒ

Ó˚«˛y Ü˛Ó˚ˆÏåÈ– !Ü˛v üyö%ˆÏ£ÏÓ˚ !Ü ˛Î˚yÜ˛°yˆÏ˛õÓ˚ ú˛ˆÏ° ï˛y Î!ò xyˆÏÓ˚y ˆÓ¢# üyeyÎ˚ ÓyÎ˚%ü[˛ˆÏ° §!M˛ï˛Î˚ •Î˚

ï˛y•ˆÏ° û˛Î˚yöÜ˛ !Ó˛õÎ≈ˆÏÎ˚Ó˚ §¡ø%á#ö •ˆÏÓ !ÓŸª ˛õ!Ó˚ˆÏÓ¢–
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10.2.2 ˛õ!Ó˚ˆÏÓˆÏ¢ @ˇÃ#ö•yí˛z§ àƒy§§ü)ˆÏ•Ó˚ ≤Ãû˛yÓ (Effects of Greenhouse gases on environment)

!ÓŸª í˛z£÷yÎ˚ˆÏö @ˇÃ#ö•yí˛z§ àƒy§ §ü)ˆÏ•Ó˚ ≤Ãû˛yÓ

@ˇÃ#ö•yí˛z§ àƒy§          ü%áƒ í˛zÍ§à%!° ≤Ãû˛yÓ S¢ï˛yÇˆÏ¢V

CO2 ç#ÓyŸ¬ çμy°y!öÓ˚ ò•öñ Óöyö# ôùÇ§ 50%
CFC ú ˛#ç Ä xöƒyöƒ ¢#ï˛ï˛y˛õ !öÎ˚sfî Îsfñ ~ˆÏÓ˚y§° 20%

(aerosol), ˆú˛yüñ §%à!rô

!üˆÏÌö ˜çÓ ˛õòyˆÏÌ≈Ó˚ xÓyï˛ Ÿª§öñ ü)°ï˛É Ü,˛!£ÏˆÏ«˛ˆÏeñ ÓÂô 16%
ç°y¢ˆÏÎ˚

O3 ç#ÓyŸ¬ çμy°y!öÓ˚ ò•ö 8%
öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ x:y•zí˛ ç#ÓyŸ¬ çμy°y!öÓ˚ ò•öñ §yÓ˚ñ üy!ê˛ñ Ü,˛!£ÏˆÏ«˛ˆÏeÓ˚ 6%

Óç≈ƒ˛õòyˆÏÌ≈Ó˚ ò•ö

ç°#Î˚ Óy‹õ §ü%oñ öò# öy°yÓ˚ fl∫yû˛y!ÓÜ˛ Óy‹õ#û˛Óö !Ó˛õ%° ˛õ!Ó˚üyî

§)Î≈yˆÏ°yˆÏÜ˛Ó˚ !Ü˛å%È xÇ¢

˛õ,!ÌÓ# Ä ÓyÎ˚%ü[˛ˆÏ° ≤Ã!ï˛ú˛!°ï˛

•ˆÏÎ˚ !ú˛ˆÏÓ˚ ÎyÎ˚

•zöú ˛yˆÏÓ˚í˛ Ó˚!Ÿ¬ ~•z hflÏˆÏÓ˚

@ˇ Ã#ö•yí˛ z§ àƒy§à%!° myÓ˚y

ˆ¢y!£Ïï˛ •Î˚– ú˛ˆÏ° ˛õ,!ÌÓ# Ä

!ö¡¨ ˛õ!Ó˚ü[˛° ï˛Æ •Î˚–

§)Î≈yˆÏ°yˆÏÜ˛Ó˚ ˆÎ xÇ¢

ÓyÎ˚%ü[˛° ˆû˛ò Ü˛ˆÏÓ˚

≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚–

§)Î≈y Ï̂°y Ï̂Ü˛Ó˚ ˆÓ¢#Ó˚ û˛yà xÇ¢

˛õ,!ÌÓ# ˛õ,ˆÏ¤˛ ˆ¢y!£Ïï˛ •Î˚ ~ÓÇ

˛õ,!ÌÓ#˛õ,¤˛ ï˛Æ •Î˚–

•zöú ˛yˆÏÓ˚í˛ Ó˚!Ÿ¬ ˛õ,!ÌÓ# ˛õ,¤˛ ˆÌˆÏÜ˛

§¡õ)î≈ ≤Ã!ï˛ú˛!°ï˛ •Î˚ öy–
˛õ,!ÌÓ#

§)Î≈

ÓyÎ˚% ü[˛°

≤ÃyÜ,˛È!ï˛Ü˛ @ˇÃ#ö•yí˛z§ ~ˆÏú˛Q
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§ÓˆÏã˛ˆÏÎ˚ í˛zˆÏÕ‘áˆÏÎyàƒ @ˇÃ#ö•yí˛z§ àƒy§ •° CO2– ~•z àƒy§ ˆÎüö §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ≤Ã!Ü ˛Î˚yÎ˚ xöƒï˛ü

í˛z˛õyòyöñ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ï˛y˛õüyey !öÎ˚sfˆÏîÄ ~Ó˚ û)˛!üÜ˛y !ÓˆÏ¢£Ï à%Ó˚%c˛õ)î≈– 100 ÓåÈÓ˚ xyˆÏà ÓyÎ˚%ü[˛ˆÏ°Ó˚

CO2ÈÙÈÓ˚ üyey !åÈ° 275 ppm– Óï˛≈üyˆÏö ï˛y ≤ÃyÎ˚ 360 ppm– xö%üyö Ü˛Ó˚y •ˆÏFåÈ 2040 §yˆÏ°Ó˚

Ü˛yåÈyÜ˛y!åÈ ˙ üyey 450 ppm •ˆÏï˛ ˛õyˆÏÓ˚– ≤Ã!ï˛ÓåÈÓ˚ ˛õ,!ÌÓ#Ó˚ ÓyÎ˚%ü[˛ˆÏ° ≤ÃyÎ˚ 18 !Ó!°Î˚ö ê˛ö CO2

Î%=˛ •ˆÏFåÈ ÓˆÏ° xöƒ ~Ü˛ §ü#«˛yÎ˚ ≤ÃÜ˛y¢–

ç#ÓyŸ¬ çμy°y!öÓ˚ ò•ˆÏöÓ˚ üyôƒˆÏü•z ÓyÎ˚%ü[˛ˆÏ°Ó˚ CO2ÈÙÈÓ˚ üyey ~ï˛ ˆÓˆÏí˛¸ í˛zˆÏë˛ˆÏåÈ– ~Ó˚ üˆÏôƒ

˛õ,!ÌÓ#Ó˚ çö§ÇáƒyÓ˚ 25 ¢ï˛yÇ¢ S!¢“§ü,Âô ˆò¢à%!°V ˆüyê˛ ç#ÓyŸ¬ çμy°y!öÓ˚ 70 ¢ï˛yÇ¢ ò•ö Ü˛ˆÏÓ˚–

USA ˛~•z Óƒy˛õyˆÏÓ˚ §ÓˆÏã˛ˆÏÎ˚ ~!àˆÏÎ˚ xyˆÏåÈ ~ÓÇ ˛õ,!ÌÓ#Ó˚ ˆüyê˛ CO2 ˛§,!T˛Ó˚ 20 ¢ï˛yÇ¢ ˆ§•z ˆò¢

ˆÌˆÏÜ˛•z ˆÎáyˆÏö çö§Çáƒy ˛õ,!ÌÓ#Ó˚ ˆüyê˛ çö§ÇáƒyÓ˚ üye 4.25 ¢ï˛yÇ¢ S≤ÃyÎ˚ 0.33 !Ó!°Î˚öV– ~•z

Óƒy˛õyˆÏÓ˚ û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ çö§Çáƒy !mï˛#Î˚ Îy ˛õ,!ÌÓ#Ó˚ çö§Çáƒy 17.7% xÌ≈yÍ ≤ÃyÎ˚ 1.38 !Ó!°Î˚ˆÏöÓ˚

Ä˛õˆÏÓ˚– !ã˛ˆÏöÓ˚ çö§Çáƒy ≤ÃÌüñ ˆüyê˛ çö§ÇáƒyÓ˚ 18.5% Îy ≤ÃyÎ˚ 1.44 !Ó!°Î˚ö– çö§ÇáƒyÓ˚ !Óã˛yˆÏÓ˚

˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ «˛!ï˛ §yôˆÏö û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ û)˛!üÜ˛y ï˛y•z §yüyöƒ•z Ó°y ˆÎˆÏï˛ ˛õyˆÏÓ˚–

˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ CO2ÈÙÈÓ˚ üyeyÓ,!ÂôÓ˚ xöƒ Ó,•_ü Ü˛yÓ˚î •° !ö!Ó≈ã˛yˆÏÓ˚ Óöyö# •…y§– ç#ÓyŸ¬ çμy°y!öÓ˚

üï˛•zñ Óöyö#Ä Ü˛yÓ≈ˆÏöÓ˚ Ó,•Í §M˛Î˚– xöƒ!òˆÏÜ˛ !öï˛ƒ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ üyôƒˆÏü CO2 ˆ¢y£Ïî Ü˛ˆÏÓ˚

Ä ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ û˛yÓ˚§yüƒ Ó˚«˛y Ü˛ˆÏÓ˚ Óöyö#– ï˛y•z !öÎ˚!sfï˛ Ó,«˛ˆÏüyã˛ˆÏöÓ˚ §yˆÏÌ §yˆÏÌ Î!ò o%ï˛ Óö§,çö

öy Ü˛Ó˚y •Î˚ ï˛ˆÏÓ ÓyÎ˚%ü[˛ˆÏ° CO2ÈÙÈÓ˚ ˛õ!Ó˚üyî Ó,!Âô ˆ˛õˆÏï˛•z ÌyÜ˛ˆÏÓ– §yˆÏÌ §yˆÏÌ Ó,!Âô ˛õyˆÏÓ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚

ï˛y˛õüyey–

Î!òÄ CO2 ˆÜ˛•z ü)°ï˛É ~•z ˆ@’yÓy° ÄÎ˚y!ü≈ÇÈÙÈ~Ó˚ çöƒ òyÎ˚# Ü˛Ó˚y •ˆÏÎ˚ ÌyˆÏÜ˛ñ ~•z Ü˛yˆÏç xyÓ˚

~Ü˛ §•ˆÏÎyà# @ˇÃ#ö•yí˛z§ àƒy§ •° ˆÜœ˛yˆÏÓ˚yúœ$˛ˆÏÓ˚yÜ˛yÓ≈ö (CFC)– ~•z àƒyˆÏ§Ó˚ ˛õ%ˆÏÓ˚yê˛y•z üyöÓ §,T˛– CFC
¢%ô%üye ˆ@’yÓy° ÄÎ˚y!ü≈Ç Ü˛ˆÏÓ˚ ï˛y•z öÎ˚ T˛ΔyˆÏê˛y!fl≥˛Î˚yˆÏÓ˚Ó˚ xï˛ƒhsˇ à%Ó˚%c˛õ)î≈ O3 hflÏÓ˚ˆÏÜ˛Ä «˛!ï˛@ˇÃhflÏ Ü˛ˆÏÓ˚–

CFCÈÙÈÓ˚ xyÓ˚ ~Ü˛ §ü§ƒy •° ˛õ!Ó˚ˆÏÓˆÏ¢ ~Ó˚ fiÌy!Î˚c– ≤ÃyÎ˚ 100 ÓåÈÓ˚ ~Ó˚y ÓyÎ˚%ü[˛ˆÏ° x!ÓÜ,˛ï˛

û˛yˆÏÓ ˆÌˆÏÜ˛ «˛!ï˛§yôö Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚– CFC @ˇÃ#ö•yí˛z§ àƒy§ !•§yˆÏÓ ï˛y˛õ¢!=˛Ó˚ ü•yÜ˛yˆÏ¢ !ú˛ˆÏÓ˚ ÎyÄÎ˚yÓ˚

˛õˆÏÌ Óyôy §,!T˛Ó˚ Ü˛yˆÏç CO2 ˆÌˆÏÜ˛ 15000 à%î ˆÓ¢# Ü˛yÎ≈Ü˛Ó˚– ï˛y•z ¢ï˛yÇˆÏ¢ ~Ó˚ í˛zÍ˛õyòö CO2ÈÙÈÓ˚

ï%˛°öyÎ˚ xˆÏô≈Ü˛ •ˆÏ°Ä ~Ó˚ û)˛!üÜ˛y xöfl∫#Ü˛yÎ≈– USA, Ü˛yöyí˛yñ öÓ˚ÄˆÏÎ˚ñ §%•zˆÏí˛ö ~ÓÇ •zí˛zˆÏÓ˚y˛õ#Î˚yö

xÌ≈˜Ïö!ï˛Ü˛ çy!ï˛§ü)• ~ˆÏÓ˚yˆÏ§y° ˆfl± (Aerosol spray) !•§yˆÏÓ CFCÈÙÈÓ˚ ÓƒÓ•yÓ˚ xy•zöï˛ !ö!£ÏÂô

Ü˛ˆÏÓ˚ !òˆÏÎ˚ˆÏåÈ– !Ü˛v ï,˛ï˛#Î˚ !ÓˆÏŸªÓ˚ ˆò¢à%!°ˆÏï˛ ÎˆÏÌFåÈ ˛õ!Ó˚üyî CFC §ü,Âô ~ˆÏÓ˚y§ˆÏ°Ó˚ ÓƒÓ•yÓ˚ ã˛°ˆÏåÈ

¢#ï˛ï˛y˛õ !öÎ˚sfˆÏî Óy §%à!rô í˛zÍ˛õyòˆÏö–



194 NSOU 5CC-BT-02

D: \ Suvendu \ NSOU\NEP/ 5CC-BT-02
Unit- 9-12 \ 2nd Proof  \ (Dt. 19.03.2025)

Óï≈˛üyˆÏö USA ~ÓÇ çy˛õyö CFCÈÙÈ~Ó˚ í˛zÍ˛õyòö Órô Ü˛ˆÏÓ˚ !òˆÏÎ˚ˆÏåÈ– ¢#ï˛ï˛y˛õ !öÎ˚sfˆÏîÓ˚ ˛õ!Ó˚Óï≈˛

í˛zFã˛ ≤ÃÎ%!=˛Ó˚ í˛zqyÓö •ˆÏÎ˚ˆÏåÈ– ~Ó˚ çöƒ 1987ÈÙÈ~Ó˚ üö!ê˛Δ° ˆ≤ÃyˆÏê˛yÜ˛° (Montreal Protocol),
1989ÈÙÈ~Ó˚ ˆ•°!§!AÜ˛ !í˛ˆÏÜœ˛ˆÏÓ˚¢ö (Helsinki Declaration), 1990ÈÙÈÓ˚ °[˛ö §ˆÏ¡ø°ö (London
Conference)ÈÙÈ~Ó˚ û)˛!üÜ˛y !ÓˆÏ¢£Ï à%Ó˚%c˛õ)î≈– ~•zû˛yˆÏÓ !ÓŸª˛õ!Ó˚ü[˛ˆÏ° !Ó£ÏÓyˆÏ‹õÓ˚ üyey !öÎ˚sfˆÏîÓ˚

≤ÃˆÏã˛T˛y ã˛°ˆÏåÈ– @ˇÃ#ö•yí˛z§ àƒy§à%!°Ó˚ üˆÏôƒ ç°#Î˚ Óy‹õ xï˛ƒhsˇ à%Ó˚%c˛õ)î≈– ≤ÃyÜ,˛!ï˛Ü˛ û˛yˆÏÓ !öÎ˚!sfï˛

•ˆÏ°Ä xˆÏöÜ˛yÇˆÏ¢ ~Ó˚ üyey Ó,!ÂôˆÏï˛ !ÓŸª í˛z£÷yÎ˚ˆÏöÓ˚ û)˛!üÜ˛y !ÓˆÏ¢£Ï à%Ó˚%c˛õ)î≈–

10.3 !ÓŸª í˛z£÷yÎ˚ö (Global Warming)

1980ÈÙÈÓ̊ ò¢ Ï̂Ü˛•z !ÓK˛yö#ñ !Ó!û˛ß̈ ˆò Ï̂¢Ó̊ §Ó̊Ü˛yÓ̊ §• §ü@ˇÃ !ÓŸªÓy§# ˆç Ï̂ö ÎyÎ̊ ˆÎ ≤ÃÜ,̨ !ï˛Ó̊ ~•z

§ühflÏ @ˇÃ#ö•yí z̨§ àƒy§•z í z̨£÷ï˛y Ó,!ÂôÓ̊ Ü˛yÓ̊î– Ó̊yT Δ̨§ Ï̂AâÓ̊ (United Nations) ˛õ!Ó̊ Ï̂Ó¢ Ü˛yÎ≈Ü ̨ ü ~Ó̊ ˛õÓ̊•z

fiÌy˛õö Ü˛ Ï̂Ó̊ •zrê˛yÓ̊àû˛ Ï̂ü≈rê˛y° ˛õƒy Ï̂ö° xö Üœ̨ y•ẑ Ïüê˛ ˆã˛O (IPCC)– Îy Ï̂òÓ̊ ü Ï̂ôƒ ≤ÃyÎ̊ 200 çö ˛õ!Ó̊ Ï̂Ó¢

!ÓK˛yö#Ó̊ òy!Î̊c •Î̊ ~•z §ÇÜ ̨ yhsˇ ÎyÓï˛#Î̊ !öÎ̊üö#!ï˛ Ä !ö Ï̂£ÏôyK˛y ≤ÃÓï≈̨ Ï̂öÓ̊– ï˛y Ï̂òÓ̊ ≤ÃÌü §ü#«˛y 1990
§y Ï̂° !mï˛#Î̊ §ü#«˛y 1996 §y Ï̂° ≤ÃÜ˛y!¢ï˛ •Î̊– ~ Ï̂ï˛ ï˛yÓ̊y !§Âôy Ï̂hsˇ ˆ˛õÑÔåÈyö ˆÎÈÙÙÙÈ
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(1) ˛õ,!ÌÓ#Ó˚ àí˛¸ ï˛y˛õüyey àï˛ 100 ÓåÈˆÏÓ˚ 0.3–0.6°C Ó,!Âô ˆ˛õˆÏÎ˚ˆÏåÈ–

(2) ˆÎû˛yˆÏÓ Óï≈˛üyˆÏö @ˇÃ#ö•yí˛z§ àƒy§ ÓyÎ˚%ü[˛ˆÏ° !ö!«˛Æ •ˆÏFåÈ ï˛yˆÏï˛ 50 ¢ï˛yÇ¢ §Ω˛yÓöy xyˆÏåÈ

ˆÎ ˛õ,!ÌÓ#Ó˚ ï˛y˛õüyey 1.6°C ˆÌˆÏÜ˛ 5.5°C Sàí˛¸ 2.8°C) Ó,!Âô ˛õyˆÏÓ 2050 §yˆÏ°Ó˚ üˆÏôƒ•z–

(3) ~•z§Ó ˛õ!Ó˚Óï≈˛ˆÏöÓ˚ òyÎ˚ üyöÓ§û˛ƒï˛yÓ˚–

xy˛õyï˛ò,!T˛ˆÏï˛ Óï≈˛üyö ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ˙ §yüyöƒ ï˛y˛õüyeyÓ˚ Ó,!Âô ˆï˛üö !Ü˛å%È í˛zˆÏÕ‘áˆÏÎyàƒ üˆÏö

öy •ˆÏ°Äñ ~•z •yˆÏÓ˚ ˙ Ó,!Âô ã˛°ˆÏï˛ ÌyÜ˛ˆÏ° !ÓŸª˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ í˛z˛õÓ˚ ï˛y !Ü˛ û˛Î˚yöÜ˛ ≤Ãû˛yÓ ˆú˛°ˆÏÓ

ï˛y ˆòˆÏá ˆöÄÎ˚y ÎyÜ˛–

SÜ˛V §ü%oï˛ˆÏ°Ó˚ í˛zFã˛ï˛y ÓÈ,!Âô (Rising Sea level) É

!ÓŸª í˛z£÷Î˚ˆÏöÓ˚ ú˛ˆÏ° !•üÓyˆÏ•Ó˚ à°ö ~ÓÇ §ü%o çˆÏ°Ó˚ xyÎ˚ï˛ö Ó,!ÂôÓ˚ Ü˛yÓ˚ˆÏî §ü@ˇÃ ˛õ,!ÌÓ#Ó˚

àí˛¸ ç°ï˛ˆÏ°Ó˚ í˛zFã˛ï˛y 1993ÈÙÈÓ˚ §yˆÏ˛õˆÏ«˛ xyàfiê˛ 2022ÈÙÈ~ 10.3 cm Ó,!Âô ˆ˛õˆÏÎ˚ˆÏåÈ (NASAÈÙÈ~Ó˚

§ƒyˆÏê˛°y•zê˛ ˆÓ˚Ü˛í≈˛V– IPCCÈÙÈÓ˚ §ü#«˛y xö%ÎyÎ˚# 2100 §yˆÏ° ˛õ,!ÌÓ#Ó˚ àí˛¸ §ü%oï˛ˆÏ°Ó˚ í˛zFã˛ï˛y Ó,!Âô

67 cm xö%üyö Ü˛Ó˚y •ˆÏÎ˚åÈ– ~Ó˚ ú˛ˆÏ° í˛z˛õÜ)˛°û˛yˆÏàÓ˚ !ÓhflÏ#î≈ xM˛ˆÏ°Ó˚ û)˛û˛yà ≤’y!Óï˛ •ˆÏÓ–

m#˛õ˛õ%Oà%!°Ó˚ Ä ÓyÇ°yˆÏòˆÏ¢Ó˚ üï˛ ˆò¢à%!° ã˛Ó˚ü !Ó˛õÎ≈Î˚ •ˆÏÓ– ü•y§ü%oà%!° ï˛y˛õüyey ˛õÓ˚Óï≈˛#Ü˛yˆÏ°

û˛yÓ˚§yˆÏüƒ !ú˛Ó˚ˆÏ°Ä xöhsˇÜ˛y° ôˆÏÓ˚ Óyí˛¸ˆÏï˛•z ÌyÜ˛ˆÏÓ– ú˛ˆÏ° CO2ÈÙÈ~Ó˚ üyey ≤ÃyÎ˚ 500 ppm ˆÓˆÏí˛¸

ÎyˆÏÓñ ç°#Î˚ÓyˆÏ‹õÓ˚ üyeyÄ x!ôÜ˛ •yˆÏÓ˚ Óyí˛¸ˆÏÓ– xÌ≈yÍ ~•z @ˇÃ#ö•yí˛z§ àƒy§ Ó,!ÂôÓ˚ üyôƒˆÏü ˆ@’yÓy°

ÄÎ˚y!ü≈Ç ≤ÃyÎ˚ ã˛Ü ˛Ó,!Âô •yˆÏÓ˚ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ û˛yÓ˚§yüƒ öT˛ Ü˛ˆÏÓ˚•z ã˛°ˆÏÓ– §yü%!oÜ˛ é˛í˛¸ñ §%öyü# •zï˛ƒy!òÓ˚

!öï˛ƒ xyfl≥˛y°ö !Ü˛v ~•z û˛Î˚ÇÜ˛Ó˚ û˛!Ó£ÏƒˆÏï˛Ó˚•z §ÇˆÏÜ˛ï˛ üye–

SáV ˆüÓ˚%Ó˚ ÓÓ˚ˆÏú˛Ó˚ à°ö (Melting of Ice Caps) É

~•z ï˛y˛õüyey Ó,!ÂôÓ˚ §yˆÏÌ §yˆÏÌ @ˇÃ#ö°ƒyu˛ ~ÓÇ xƒyrê˛yÜ≈˛!ê˛Ü˛yÓ˚ ÓÓ˚ú˛ à°ˆÏï˛ ¢%Ó˚% Ü˛ˆÏÓ˚ˆÏåÈ– û˛!Ó£ÏƒˆÏï˛

ˆ§•z üyey xyˆÏÓ˚y Ó,!Âô ˛õyˆÏÓ–

ú˛°fl∫Ó˚)˛õ ˆüÓ˚%Ó˚ ÓÓ˚ú˛ àˆÏ° §ü%o˛õ,¤˛ xyˆÏÓ˚y Ó,!Âô ˛õyˆÏÓ ¢#ï˛° çˆÏ°– Ó•% !•üÓy• ôy!ï˛Ó •ˆÏÓ

û)˛û˛yˆÏàÓ˚ !òˆÏÜ˛ ~ÓÇ ¢#ï˛° ˆüˆÏâ ˆì˛ˆÏÜ˛ ÎyÓyÓ˚ §Ω˛yÓöyÄ ˆòáy ˆÎˆÏï˛ ˛õyˆÏÓ˚ ˛õ!Ó˚ü[˛ˆÏ°–

SàV ç°ã˛ˆÏÜ ˛Ó˚ !Ó˛õÎ≈Î˚ (Disruption of water cycle) É

xyÓ•yÄÎ˚yÓ˚ ~•z §Ó ˛õ!Ó˚Óï≈˛ˆÏöÓ˚ ≤Ãû˛yÓ ˛õˆÏí˛¸ ç°ã˛ˆÏÜ ˛– áÓ˚y Ä ÓöƒyÓ˚ ˛õÎ≈yÎ˚Ü ˛ü Ä fiÌy!Î˚c

û˛#£Ïî û˛yˆÏÓ ≤Ãû˛y!Óï˛ •ˆÏÓ– ~Ü˛!òˆÏÜ˛ ˆÎüö ÓöƒyÓ˚ Ü˛ÓˆÏ° Óyí˛¸ˆÏÓ !ÓŸª û)˛û˛yàñ ˛õyˆÏ¢ ˛õyˆÏ¢•z xöƒ

ˆÜ˛yÌyÄ ã˛°ˆÏï˛ ÌyÜ˛ˆÏÓ ≤ÃÓ° áÓ˚y– üÓ˚% xM˛ˆÏ°Ó˚ ˛õ!Ó˚!fiÌ!ï˛ •ˆÏÎ˚ í˛zë˛ˆÏÓ xyˆÏÓ˚y §Aà#ö–

SâV Óöy!ö Ä ≤ÃyÜ,˛!ï˛Ü˛ xM˛ˆÏ°Ó˚ ˛õ!Ó˚Óï≈˛ö (Changing forests and natural areas) É

ç°ÓyÎ˚%Ó˚ ~•z ˛õ!Ó˚Óï≈˛ö xyÓ!¢ƒÜ˛û˛yˆÏÓ í˛z!qò§¡ÀyˆÏçƒÓ˚ ˆû˛ÔˆÏày!°Ü˛ xÓfiÌyöˆÏÜ˛ ≤Ãû˛y!Óï˛ Ü˛Ó˚ˆÏÓ•z–
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CO2ÙÈ~Ó˚ üyey 500 ppmÈÙÈ~Ó˚ ˆÓ¢# •ˆÏ° Óöy!öÓ˚ §ÇˆÏÜ˛yã˛ö •ˆÏÓ ˛õ,!ÌÓ# ç%ˆÏí˛¸•z– ˆÎüöñ ˛õ!ÿ˛üÓˆÏAàÓ˚

§%®Ó˚Óö §ˆÏÓ˚ ÎyˆÏFåÈ– û)˛!ü«˛Î˚ ~Ó˚ ú˛ˆÏ° x!öÓyÎ≈ ç°yû)˛!üÓ˚ «˛Î˚Ä– §yˆÏÌ §yˆÏÌ !Ó˛õˆÏòÓ˚ §¡ø%á#ö

•ˆÏÓ ~•z§Ü˛° Ó,•Í Óöy!öÓ˚ xy◊ˆÏÎ˚ ÌyÜ˛y §ü@ˇÃ ç#Óçv Ä •zˆÏÜ˛y!§ˆÏfiê˛ü–

SäV Ü,˛!£ÏˆÏ«˛ˆÏe Ä áyòƒ í˛zÍ˛õyòˆÏö §ü§ƒy (Challenges to agriculture and food
supply) É

ç°ÓyÎ˚%Ó˚ ˛õ!Ó˚Óï≈˛öñ ÎÌy CO2ÈÙÈÓ˚ üyey 500 ppm Ó,!Âô ˆÜ˛yöÄ fiÌyˆÏöÓ˚ í˛zÍ˛õyòö xˆÏöÜ˛yÇˆÏ¢

Óy!í˛¸ˆÏÎ˚ ï%˛ˆÏ° §Ó%ç !Ó≤’Ó âê˛yˆÏ°Ä xöƒ çyÎ˚àyÎ˚ ˙ ~Ü˛•z ¢ˆÏ§ƒÓ˚ ˆ«˛ˆÏeÄ í˛zÍ˛õyòö •…yˆÏ§Ó˚ Ü˛yÓ˚î

âê˛ˆÏÓ– ¢%‹Òñ Ó•%!òöÓƒy˛õ# @ˇÃ#ˆÏ‹ø ˆ§ˆÏã˛Ó˚ ≤ÃˆÏÎ˚yçö#Î˚ï˛y Óyí˛¸ˆÏÓ– ú˛ˆÏ° xyˆÏÓ˚y ç°hflÏÓ˚ •…y§ñ ¢!=˛Ó˚ ÓƒÓ•yÓ˚

Óyí˛¸ˆÏÓñ xyˆÏÓ˚y ò)£Ïî Óyí˛¸ˆÏÓ– ˙ ôÓ˚ˆÏöÓ˚ xyÓ•yÄÎ˚y Ü˛#ê˛ ˛õï˛AàˆÏòÓ˚ ˆ«˛ˆÏe í˛z˛õˆÏÎyà# ÓˆÏ° ï˛yˆÏòÓ˚

≤Ãyò%û≈˛yÓ Óyí˛¸ˆÏÓ– §yˆÏÌ §yˆÏÌ•z Ü˛#ê˛öy¢Ü˛ Ä ò)£ÏˆÏîÓ˚ üyey Óyí˛¸ˆÏÓ–

Sã˛V çöfl∫yˆÏfiÌƒÓ˚ í˛z˛õÓ˚ !ÓÓ˚%˛õ ≤Ãû˛yÓ (Worsening public health) É

ˆÓ¢# ï˛y˛õüyeyÎ˚ ï˛y˛õ#Î˚ ã˛yˆÏ˛õ (Heat stress) ü,ï%˛ƒÓ˚ •yÓ˚ Óyí˛¸ˆÏÓ– ÓyÎ˚%Ó˚ ò)£Ïî Óyí˛¸ˆÏ° Ÿªy§ˆÏÓ˚yàñ

xƒy°y!ç≈ •zï˛ƒy!ò Óyí˛¸ˆÏï˛ ÌyÜ˛ˆÏÓ– @ˇÃ#‹ø≤Ãôyö ˆò¢à%!°Ó˚ ˆÓ˚yà§ü)• ˆÎüö üƒyˆÏ°!Ó˚Î˚yñ ˆí˛Aà%ñ ˛õ#ï˛çμÓ˚ñ

~öˆÏ§ˆÏú˛°y•z!ê˛§ñ Ü˛ˆÏ°Ó˚y •zï˛ƒy!òÓ˚ Ó,!Âô !Ü˛v ˆ§•z û˛!Ó£ÏƒˆÏï˛Ó˚•z §ÇÜ˛ˆÏï˛ !òˆÏFåÈ–

!öˆÏ¡¨ 1880 ˆÌˆÏÜ˛ 2020 §y° ˛õÎ≈hsˇ ˛õ,!ÌÓ#Ó˚ ï˛y˛õüyey ˛õ!Ó˚Óï≈˛ˆÏöÓ˚ ~Ü˛!ê˛ ˆÓ˚á!ã˛e ˆòÄÎ˚y •°–

!ã˛e 10.2 : ˛õ,!ÌÓ# ˛õ,ˆÏ¤˛Ó˚ àí˛¸ ï˛y˛õüyey Ó,!ÂôÓ˚ 140 ÓÍ§ˆÏÓ˚Ó˚ ˆÓ˚á!ã˛e

!ÓˆÏŸª àí˛¸ û)˛˛õ,¤˛ ï˛y˛õüyeyÓ˚ ˛õ!Ó˚Óï≈˛ö
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10.4 ÄˆÏçyöhflÏÓ˚ •…y§  (Ozone depletion)

ÓyÎ˚%ü[˛ˆÏ°Ó˚ fiê˛ΔyˆÏê˛y!fl≥˛Î˚yˆÏÓ˚Ó˚ ö#ˆÏã˛Ó˚ !òˆÏÜ˛ ≤ÃyÎ˚ 10 km–25 km í˛zFã˛ï˛y ˛õÎ≈hsˇ !Óhfl,Ïï˛ ÄˆÏçyöhflÏÓ˚

(O3 hflÏÓ˚V ~Ü˛!ê˛ à%Ó˚%c˛õ)î≈ xÇ¢– ~áyˆÏö 20–25km í˛zFã˛ï˛yÎ˚ ÄˆÏçyö §Óã˛y•zˆÏï˛ âöû˛yˆÏÓ ÌyˆÏÜ˛–

§)Î≈!Ü˛Ó˚ˆÏîÓ˚ x!ï˛ˆÏÓà%ö# Ó˚!Ÿ¬ (UV-ray) ÓyÎ˚%ü[˛ˆÏ°Ó˚ O2 xî%ˆÏÜ˛ ˆû˛ˆÏä ˛õyÓ˚üyî!ÓÜ˛ x!:ˆÏçö

(O) ˜ï˛Ó˚# Ü˛ˆÏÓ˚– ˆ§•z O ï˛áö xyî!ÓÜ˛ O2ÈÙÈ~Ó˚ §ˆÏAà Î%=˛ •ˆÏÎ˚ ÄˆÏçyö (O3) ˜ï˛Ó˚# Ü˛ˆÏÓ˚– O3

xyÓyÓ˚ UV ˆ¢y£Ïî Ü˛ˆÏÓ˚ O2 ~ÓÇ O ˆï˛˛ !ÓˆÏÎ˚y!çï˛ •Î˚–

O2 + UV  O + O

O + O2 + UV  O3

O3 + UV  O + O2

≤ÃÜ,˛!ï˛ˆÏï˛ ~•zû˛yˆÏÓ O3 §,!T˛ ~ÓÇ !ÓˆÏÎ˚yçˆÏöÓ˚ üyôƒˆÏü ~Ü˛!òˆÏÜ˛ ˆÎüö O2 ~ÓÇ O3ÈÙÈÓ˚ û˛yÓ˚§yüƒ

ÓçyÎ˚ ÌyˆÏÜ˛ xöƒ!òˆÏÜ˛ «˛!ï˛Ü˛Ó˚ UV Ó˚!Ÿ¬ ˆ¢y!£Ïï˛ •Î˚ ú˛ˆÏ° ≤ÃÜ,˛!ï˛ˆÏï˛ §ü@ˇÃ ç#Óçàï˛ §%Ó˚!«˛ï˛ ÌyÜ˛ˆÏåÈ–

!ã˛e 10.3 : fiê˛ΔˆÏê˛y!fl≥˛Î˚yÓ˚ÈÙÈ~ ÄˆÏçyö hflÏÓ˚ •…yˆÏ§Ó˚
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~•z ÄˆÏçyö hflÏˆÏÓ˚ UV Ó˚!Ÿ¬ Îy §)Î≈yˆÏ°yÜ˛ ˆÌˆÏÜ˛ xyˆÏ§ ï˛y ≤Ã!ï˛•ï˛ •ˆÏFåÈ– UV Ó˚!Ÿ¬ !ï˛ö ôÓ˚ˆÏöÓ˚ñ

UV-A-B ~ÓÇ C– ~•z !Óû˛yçö ï˛yˆÏòÓ˚ ï˛Ó˚Aà˜ÏòˆÏâ≈ƒÓ˚ ï˛yÓ˚ï˛ˆÏüƒÓ˚ çöƒ– ~ˆÏòÓ˚ üˆÏôƒ §ÓˆÏã˛ˆÏÎ˚ «˛!ï˛Ü˛Ó˚

•° 320 mmÈÙÈ~Ó˚ ˆã˛ˆÏÎ˚ ˆåÈyê˛ ï˛Ó˚Aà˜ÏòˆÏâ≈ƒÓ˚ UV-B– ~•z UV-B ˆÜ˛ ˆ¢y£Ïî Ü˛ˆÏÓ˚ !öˆÏç xyˆÏ°yÜ˛

!ÓˆÏÎ˚y!çï˛ •ˆÏÎ˚ ÄˆÏçyö ˛õ,!ÌÓ# ˛õ,ˆÏ¤˛ ~Ó˚ ˛≤ÃˆÏÓ¢ Ó˚%Âô Ü˛Ó˚ˆÏåÈ– ~•z Ó˚!Ÿ¬ ç#ÓçàˆÏï˛Ó˚ í˛z˛õÓ˚ ~ˆÏ§ ˛õí˛¸ˆÏ°

˛õ!Ó˚Óƒ!=˛ Óy MutationÈÙÈ~Ó˚ •yÓ˚ ~ÓÇ ï˛yÓ˚ ˆÌˆÏÜ˛ cˆÏÜ˛Ó˚ Ü˛ƒy™yÓ˚ñ ˆã˛yˆÏáÓ˚ åÈy!ö (cataract), ˛xrôc

≤Ãû,˛!ï˛Ó˚ ≤Ãyò%û≈˛yÓ û˛#£Ïî û˛yˆÏÓ Ó,!Âô ˛õyˆÏÓ– 1970 ÈÙÈ~Ó˚ ˆ¢ˆÏ£ÏÓ˚ !òˆÏÜ˛ !ÓK˛yö#ˆÏòÓ˚ öçˆÏÓ˚ xyˆÏ§ ˆÎ

fiê˛ΔyˆÏê˛y!fl≥˛Î˚yˆÏÓ˚Ó˚ ÄˆÏçyöhflÏˆÏÓ˚Ó˚ ˆüyê˛ ÄˆÏçö (O3)ÈÙÈ~Ó˚ ô#ˆÏÓ˚ ô#ˆÏÓ˚ ≤ÃyÎ˚ 4% Ü˛ˆÏü ˆàˆÏåÈ– ~åÈyí˛¸yÄ

ˆüÓ˚% xM˛ˆÏ°Ó˚ ¢#ï˛Ü˛y°#ö ~ÓÇ Ó§hsˇÜ˛y°#ö (Winter and Spring) ÄˆÏçyö •…y§ Óƒy˛õÜ˛ üyeyÎ˚ ˆòáy

ˆàˆÏåÈ– •z•yˆÏÜ˛ ÄˆÏçyö à•ùÓ˚ Óy ÄˆÏçyö ˆ•y° (ozone hole) xy«˛y ˆòÄÎ˚y •ˆÏÎ˚ˆÏåÈ– í˛z_Ó˚ˆÏüÓ˚%

(Arctic) ~ÓÇ ò!«˛îˆÏüÓ˚% (Antarctic) xM˛ˆÏ° ÄçˆÏöÓ˚ üyey 30%ÈÙÈ~ ˆöˆÏü xyˆÏ§ xÌ≈yÍ ≤ÃyÎ˚ 70%
•…y§ ˛õyÎ˚– 1987˛ÈÙÈ~ ~Ü˛!ê˛ !ÓˆÏ¢£Ï àˆÏÓ£ÏîyÎ˚ ˆòáy ˆàˆÏåÈ ˆÎ ÄˆÏçyöhflÏˆÏÓ˚Ó˚ ˆÎáyˆÏö•z O3ÈÙÈ~Ó˚ âöc

Ü˛üˆÏåÈ ˆ§áyˆÏö ï˛ï˛•z ˆÜœ˛y!Ó˚ˆÏîÓ˚ âöc Óyí˛¸ˆÏåÈ– ~Ó˚ ˆÌˆÏÜ˛•z ÄˆÏçyöhflÏÓ˚ •…yˆÏ§ ˆÜœ˛yˆÏÓ˚yˆÏúœ˛yˆÏÓ˚yÜ˛yÓ≈ˆÏöÓ˚

(CFCs) xÓòyˆÏöÓ˚ Óƒy˛õyˆÏÓ˚ !ÓK˛yö#Ó˚y !ö!ÿ˛ï˛ •ö–

10.4.1 ÄˆÏçyöhflÏÓ˚ •…yˆÏ§Ó˚ Ü˛yÓ˚î (Causes of ozone layer depletion)

ÄˆÏçyöhflÏÓ˚ •…yˆÏ§Ó˚ xöƒï˛ü Ü˛yÓ˚î •° !¢“ í˛zÍ˛õy!òï˛ Ó˚y§yÎ˚!öÜ˛ ˛õòyÌ≈§ü)•– !ÓˆÏ¢£Ï í˛zˆÏÕ‘áˆÏÎyàƒ

Ó˚y§yÎ˚!öÜ˛ ˛õòyÌ≈ ˆÎüö ˆÓ˚!ú ̨ çy Ï̂Ó˚ê˛ Ï̂Ó˚ ÓƒÓ•,ï˛ •ƒy Ï̂°yÜ˛yÓ≈öñ !Ó!û˛ß¨ §° Ï̂û˛rê˛ñ ˆ≤Ãy Į̈̂ õ°ƒyrê˛ñ ˆú˛yüÈÙÈ≤ÃÓy• Ï̂ö

§•yÎ˚Ü˛ ˛õòyÌ≈ (Foam blowing agents)– ˆÜœ̨ y Ï̂Ó˚yúœ%̨ Ï̂Ó˚yÜ˛yÓ≈ö§ü)• (CFCs), •y•ẑ Ïí»̨ y Ï̂Üœ̨ y Ï̂Ó˚y Ï̂úœ̨ y Ï̂Ó˚yÜ˛yÓ≈ö

HCFCs, •ƒy°ö §ü)• (Halons) ≤Ãû,˛!ï˛ˆÏÜ˛ ÄˆÏçyö •…y§Ü˛yÓ˚# ˛õòyÌ≈ (ozone depleting substances)
Óy ODS ÓˆÏ°– ~•z àƒy§§ü)• !ö‹Òy£ÏˆÏöÓ˚ ˛õÓ˚ ô#ˆÏÓ˚ ô#ˆÏÓ˚ Óyï˛yˆÏ§Ó˚ xyˆÏ°yí˛¸ˆÏî fiê˛ΔyˆÏê˛y!fl≥˛Î˚yˆÏÓ˚ ˆ˛õÔÑåÈyÎ˚–

~áyˆÏö •ƒyˆÏ°yˆÏçö ˆày!¤˛Ó˚ xî%§Ü˛° xyˆÏ°yÜ˛ !ÓˆÏÎ˚yçˆÏöÓ˚ (photodissociation) ú˛ˆÏ° ˛õÓ˚üyî%ˆÏï˛

!Ó!Ÿ’T˛ •Î˚– Îy ÄˆÏçyö •…yˆÏ§ xö%âê˛ˆÏÜ˛Ó˚ Ü˛yç Ü˛ˆÏÓ˚–

~Ü˛y!ôÜ˛ ü%=˛ ü)°Ü˛ (Free radicals) ÄˆÏçyö !ÓˆÏÎ˚yçˆÏö xö%âê˛ˆÏÜ˛Ó˚ Ü˛yç Ü˛ˆÏÓ˚– §Óã˛y•zˆÏï˛

à%Ó˚%c˛õ)î≈ ü%=˛ ü)°Ü˛à%!° •°ÈÙÙÙÈ•y•zí»˛!:° ü)°Ü˛ (OH–), öy•z!ê˛ΔÜ˛ x:y•zí˛ ü)°Ü˛ (NO–), ˛ˆÜœ˛y!Ó˚ö ü)°Ü˛

(Cl–), ˆÓ y!üö ü)°Ü˛ (Br–) ≤Ãû,˛!ï˛– ~Ó˚y ≤ÃˆÏï˛ƒˆÏÜ˛•z û˛#£Ïî !Ü ˛Î˚y¢#° (reactive)– üö%£Ïƒ !Ü ˛Î˚yÜ˛°yˆÏ˛õ

Cl– ~ÓÇ Br–ÈÙÈ~Ó˚ üyey xfl∫yû˛y!ÓÜ˛ û˛yˆÏÓ Ó,!Âô ˆ˛õˆÏÎ˚ˆÏåÈ– ÎyÓ˚ ≤Ãôyö í˛zÍ§ •° ˆÜœ˛yˆÏÓ˚yúœ$˛ˆÏÓ˚yÜ˛yÓ≈ö–

•z•y ˆê˛ΔyˆÏ˛õy!fl≥˛Î˚yˆÏÓ˚ x!Ó!Ü ˛ï˛ ÌyÜ˛ˆÏ°Ä fiê˛ΔyˆÏê˛y!fl≥˛Î˚yˆÏÓ˚ UV Ó˚!Ÿ¬Ó˚ !Ü ˛Î˚yÎ˚ o%ï˛ ˆû˛ˆÏä ÎyÎ˚–

CFCs + UV  Cl– + CFCl2

x!ï˛§!Ü ˛Î˚ O3 xî% Cl– xö%âê˛ˆÏÜ˛Ó˚ í˛z˛õ!fiÌ!ï˛ˆÏï˛ñ ˆû˛ˆÏä x!ôÜ˛ï˛Ó˚ fiÌyÎ˚# O2 xî%ˆÏï˛ Ó˚)˛õyhsˇ!Ó˚ï˛

•Î˚–
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Cl– + O3  ClO + O2

ClO + O3  Cl– + 2O2

Cl– ü)°Ü˛ ~•zû˛yˆÏÓ xçflÀ ÓyÓ˚ ~•z ò%•z ôy˛õ Ó˚y§yÎ˚!öÜ˛ !Ó!Ü ˛Î˚y ˛õ%öÓ˚yÓ,!_ Ü˛ˆÏÓ˚ ≤Ãã%˛Ó˚ §ÇáƒÜ˛

O3 ˆû˛ˆÏä ˆòÎ˚– •z•y•z ÄˆÏçyöhflÏÓ˚ •…yˆÏ§Ó˚ xöƒï˛ü Ü˛yÓ˚î–

~Ü˛!ê Cl– ü)°Ü˛ ≤ÃyÎ˚ 100 ÓåÈÓ˚ Ü˛y° ôˆÏÓ˚ 100,000 ÄˆÏçyö xî% ôùÇ§ Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚– ˛õˆÏÓ˚

•z•y •y•zˆÏí»˛yˆÏçö ˆÜœ˛yÓ˚y•zí˛ (HCl) ~ÓÇ ˆÜœ˛y!Ó˚ö öy•zˆÏê˛Δê˛ (ClONO2)ÈÙÈ~ Ó˚)˛õyhsˇ!Ó˚ï˛ •ˆÏÎ˚ O3 xö%âê˛ö

ã˛Ü ˛ ˆÌˆÏÜ˛ ˆÓ!Ó˚ˆÏÎ˚ ~ˆÏ§ xyÓyÓ˚ ˆê˛ΔyˆÏ˛õy!fl≥˛Î˚yˆÏÓ˚ !ú˛ˆÏÓ˚ xyˆÏ§– ~ˆÏ«˛ˆÏe Br– ~Ó˚ xö%âê˛ö «˛üï˛y xyˆÏÓ˚y

ˆÓ¢# !Ü˛v fiê˛ΔyˆÏê˛y!fl≥˛Î˚yˆÏÓ˚ ~Ó˚ ˛õ!Ó˚üyî á%Ó•z Ü˛ü–

¢%ô%üye CFCÈÙÈ•z öÎ˚ öï%˛ö ≤ÃçˆÏß√Ó˚ !Óüyöñ !ü§y•z° Óy ü•yÜ˛y¢Îyöà%!°Ó˚ ˆÌˆÏÜ˛ !öà≈ï˛

öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ x:y•zí˛ñ •y•zˆÏí»˛yˆÏÜœ˛y!Ó˚Ü˛ xƒy!§í˛ •zï˛ƒy!òÄ ~•z ÄˆÏçyö hflÏÓ˚ Ü˛üyÓ˚ í˛zˆÏÕ‘áˆÏÎyàƒ Ü˛yÓ˚î

!•§yˆÏÓ ≤Ãüy!îï˛ •ˆÏÎ˚ˆÏåÈ– í˛zß¨ï˛ ˆòˆÏ¢Ó˚ §%˛õyÓ˚ˆÏ§y!öÜ˛ ê˛Δy™ˆÏ˛õyê≈˛ (SST) ˆÎüö ú ˛yˆÏ™Ó˚ Ü˛öÜ˛í˛≈ !Óüyöñ

USAÈÙÈÓ˚ ˆ«˛˛õöyflf ÎÌy Ó˚ˆÏÜ˛ê˛ñ !ü§y•zˆÏ°Ó˚ Ü˛!ë˛ö çμy°yö# •zï˛ƒy!ò ˆÌˆÏÜ˛ !öà≈ï˛ !Ó!û˛ß¨ Ó˚y§yÎ˚!öÜ˛ O3

˛ˆ•y° §,!T˛Ó˚ ü)ˆÏ°–

● ● ● ● ● ˆÜœ˛yˆÏÓ˚yúœ$˛ˆÏÓ˚yÜ˛yÓ≈ö§ (Chloroflurocarbons) :

Ìüy§ !üí‰̨ Ï̂@’ñ ç%!öÎ˚Ó˚ñ (Thomas Midgley) 1930 §y Ï̂° ˆÓ˚!ú ̨ çy Ï̂Ó˚rê˛ !• Ï̂§ Ï̂Ó ˆÜœ̨ y Ï̂Ó˚yúœ$̨ Ï̂Ó˚yÜ˛yÓ≈ö§

(CFCs) xy!Ó‹ÒyÓ˚ Ü˛ˆÏÓ˚ö– í%˛ ˛õrê˛ (Du Pont) öyüÜ˛ ~Ü˛!ê˛ §ÇfiÌy ~Ó˚ Óy!î!çƒÜ˛ ˛öyüÜ˛Ó˚î Ü˛ˆÏÓ˚

!ú ˛Äö (Freon)– ~•z CFC «˛!ï˛Ü˛Ó˚ öÎ˚ñ çˆÏ° xoyÓƒñ òy•ƒ öÎ˚ñ fiÌyÎ˚# ~ÓÇ Ü˛ü !Ó!Ü ˛Î˚y¢#° •ÄÎ˚yÎ˚

!Ó!û˛ß¨ Ü˛yˆÏç ~ˆÏòÓ˚ ÓƒÓ•yÓ˚ ≤ÃyÎ˚ !öÎ˚ˆÏü ~ˆÏ§ òÑy!í˛¸ˆÏÎ˚!åÈ°– ú ˛#çñ ¢#ï˛ï˛y˛õ !öÎ˚sfî åÈyí˛¸yÄ !Ó£Ï!Ü ˛Î˚y•#ö

~ˆÏÓ˚y§° !•§yˆÏÓ §%à!rôñ Ó˚%ü ˆú ˛¢öyÓ˚ •zï˛ƒy!òñ ˆú˛yü Óy ≤’y!T˛Ü˛ !¢ˆÏ“Ä ~ˆÏòÓ˚ ÓƒÓ•yÓ˚ Óyí˛¸ˆÏï˛ °yà°–

!Ü˛v ˆÎ fiÌy!Î˚c ~ˆÏòÓ˚ ÓƒÓ•yˆÏÓ˚Ó˚ xöƒï˛ü Ü˛yÓ˚î !åÈ°ñ ˆ§•z fiÌy!Î˚ˆÏcÓ˚ çöƒ•z xyÓ˚ ÄˆÏçyö hflÏˆÏÓ˚

üyÓ˚ydÜ˛ «˛!ï˛ Ü˛Ó˚yÓ˚ çöƒ•z !ÓˆÏŸªÓ˚ í˛zß¨ï˛ ˆò¢à%!°ˆÏï˛ xyç CFCsÈÙÈÓ˚ í˛z˛õÓ˚ ã˛Ó˚ü !öˆÏ£ÏôyK˛y–

~åÈyí˛ ¸yÄ CFC-113a (1, 1, 1-ê˛ Δy•zˆ ÏÜœ˛yÓ˚y ÈÙ È 2, 2, 2- ê˛ Δy•zúœ $ ˛ˆ ÏÓ˚y•zˆ ÏÌöVñ CFC-11
SˆÜœ˛yˆÏÓ˚yúœ$˛ˆÏÓ˚yÜ˛yÓ≈öÈÙÈ11) ≤Ãû,˛!ï˛ üyöÓ §,T˛ ˛õòyˆÏÌ≈Ó˚ ˛õ!Ó˚üyî ÓyÎ˚%ü[˛ˆÏ° x˜ÏÓô û˛yˆÏÓ (illegally) Ó,!Âô

˛õyˆÏFåÈ– !ÓK˛yö#ˆÏòÓ˚ xö%üyö xö%ÎyÎ˚# ~áö•z ÎÌyÎÌ ÓƒÓfiÌy öy !öˆÏ° ˛õ,!ÌÓ#Ó˚ ÄˆÏçö à•ùÓ˚ !öÓ˚yüÎ˚

!Ó°!¡∫ï˛ •ˆÏÎ˚ ˛õÓ˚ˆÏÓ–

10.4.2 ÄˆÏçyöhflÏÓ˚ •…yˆÏ§Ó˚ «˛!ï˛Ü˛Ó˚ ≤Ãû˛yÓ§ü)• (Harmful effects of ozone depletion)

•zÜ%˛ƒÎ˚yˆÏí˛y!Ó˚Î˚yö ˆflõ§ ~ˆÏç!™ (Ecuadorian Space Agancy), 2008˛ÈÙÈ~Ó˚ !Ó˚ˆÏ˛õyê≈˛ xö%ÎyÎ˚#

!öÓ˚«˛#Î˚ xM˛ˆÏ°Ó˚ öyöyfiÌyö ˆÎüö •zÜ%˛ƒÎ˚yˆÏí˛yÓ˚ÈÙÈ~Ó˚ Ü%˛•zˆÏê˛y (Quito) ¢•ˆÏÓ˚ UV Ó˚!Ÿ¬Ó˚ xï˛ƒy!ôÜ˛
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üyeyÎ˚ Ó,!Âô ˛ˆ˛õˆÏÎ˚ˆÏåÈ ÎyÓ˚ •zˆÏu˛: üyö 24– ˆÎáyˆÏö WHO !fiÌÓ˚Ü,˛ï˛ UV •zˆÏu˛: (UV-Index)ÈÙÈ~Ó˚

ã˛Ó˚ü üyö 11, Îy fl∫yˆÏfiÌƒÓ˚ ˛õˆÏ«˛ ÎˆÏÌT˛ é%˛!Ü˛Ó˚ Ü˛yÓ˚î– üôƒü x«˛yÇ¢ (mid latitudes) ÓÓ˚yÓÓ˚ ~•z

x!ï˛!Ó˚=˛ UV Ó˚!Ÿ¬ •z!ï˛üˆÏôƒ•z !Ó˛õ%° §ÇáƒÜ˛ çöàˆÏîÓ˚ ÎˆÏÌT˛ !Ó˛õò ˆí˛ˆÏÜ˛ ~ˆÏöˆÏåÈ– ò!«˛îˆÏüÓ˚% (South
Pole) ≤ÃˆÏòˆÏ¢Ó˚ Äçö à•ùˆÏÓ˚Ó˚ Ó,!ÂôÓ˚ §yˆÏÌ §yˆÏÌ §Ç°@¿ xˆÏfiê˛Δ!°Î˚yñ !öí˛z!ç°ƒyu˛ñ !ã˛!°ñ xyˆÏç≈!rê˛öy

~ÓÇ ò!«˛î xy!ú ˛Ü˛yÓ˚ xˆÏöÜ˛ xÇˆÏ¢•z UVÈÙÈÓ˚!Ÿ¬Ó˚ ÎˆÏÌT˛ ≤Ãû˛yÓ ˛õˆÏí˛¸ˆÏåÈ–

í˛z˛õˆÏÓ˚Ó˚ xyˆÏ°yã˛öyÎ˚ ÄˆÏçyöhflÏÓ˚ •…yˆÏ§Ó˚ ~Ü˛y!ôÜ˛ «˛!ï˛Ó˚ ≤Ãû˛yˆÏÓÓ˚ Ü˛Ìy í˛zˆÏÕ‘á Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ–

~åÈyí˛¸yÄ í˛zˆÏÕ‘á Ü˛Ó˚y ÎyÎ˚ ˆÎ üyey!ï˛!Ó˚=˛ UV-B Ó˚!Ÿ¬Ó˚ í˛z˛õ!fiÌ!ï˛ˆÏï˛ ¢Ó˚#ˆÏÓ˚ üyey!ï˛!Ó˚=˛ !û˛ê˛y!üöÈÙÈD
˜ï˛Ó˚# •Î˚– Ó˚ˆÏ=˛ !û˛ê˛y!üöÈÙÈD ~Ó˚ üyey 100mg/ml xˆÏ˛õ«˛y ˆÓ¢# •ˆÏ° Ó˚ˆÏ=˛ Ü˛ƒy°!§Î˚yü x!ï˛!Ó˚=˛

üyeyÎ˚ Ó,!Âô ˛õyÎ˚– Î!òÄ ¢Ó˚#ˆÏÓ˚ ≤ÃˆÏÎ˚yçöy!ï˛!Ó˚=˛ !û˛ê˛y!üö-D §ÇˆÏŸ’£Ïî !öÎ˚!sfï˛ •Î˚– ï˛Ó% xˆÏöÜ˛ ˆ«˛ˆÏe•z

•z•y !Ó!â¯ï˛ •ˆÏ° üyö%ˆÏ£ÏÓ˚ ü,ï%˛ƒ•yÓ˚ Ó,!Âô ˛õyÎ˚–

●●●●● üyö%£Ï Óƒï˛#ï˛ xˆÏöÜ˛ fiÌ°ç ≤Ãyî# ˆÎüö Ü%˛Ü%˛Ó˚ñ ˆÓí˛¸y°ñ ˆû˛í˛¸y ≤Ãû,˛!ï˛ ~ÓÇ !ï˛!ü §• !Ó!û˛ß¨

ç°ç ≤Ãyî#Ó˚ Ä˛õÓ˚ UV-B Ó˚!Ÿ¬Ó˚ «˛!ï˛Ü˛Ó˚ ≤Ãû˛yÓ ˆòáy ÎyÎ˚–

●●●●● xyÓy!ò ç!üÓ˚ üy!ê˛ˆÏï˛ Ó§Óy§Ü˛yÓ˚# öy•zˆÏê˛ΔyˆÏçö ÓrôöÜ˛yÓ˚# §yÎ˚yˆÏöy ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y x!ï˛!Ó˚=˛

UVÈÙÈÓ˚!Ÿ¬ˆÏï˛ «˛!ï˛@ˇÃfiÌ •Î˚– ú˛ˆÏ° ç!üÓ˚ í˛zÍ˛õyòö¢#°ï˛y Ü˛ˆÏü ÎyÎ˚–

●●●●● í˛z!qˆÏò UV-B ˆ¢y£ÏîÜ˛yÓ˚# úœ˛ƒyˆÏû˛yöˆÏÎ˚í˛ çyï˛#Î˚ ˛õòyÌ≈ ÌyÜ˛yÎ˚ í˛z!qˆÏòÓ˚ Ó,!Âô UV-B Ó˚!Ÿ¬Ó˚

myÓ˚y ≤Ãû˛y!Óï˛ •Î˚ öy– Î!òÄ üyey!ï˛!Ó˚=˛ UVÈÙÈBÈÙÈÓ˚ ≤Ãû˛yˆÏÓ ú˛ˆÏê˛y!§ˆÏfiê˛ü IIÈÙÈ~Ó˚ ˆÜ˛yÎ˚yrê˛yü

í˛z˛õyòyö •…y§ ˛õyÎ˚– ÎyÓ˚ ú˛ˆÏ° í˛z!qˆÏòÓ˚ fl∫yû˛y!ÓÜ˛ Ó,!Âô «˛!ï˛@ˇÃfiÌ •ˆÏï˛ ˛õyˆÏÓ˚– àˆÏÓ£ÏîyÎ˚

ˆòáy ˆàˆÏåÈ ˆÎ UV-B Ó˚!Ÿ¬Ó˚ «˛!ï˛Ü˛Ó˚ ≤Ãû˛yÓ ~Ü˛!ê˛ ≤Ãçy!ï˛Ó˚ í˛z!qò xˆÏ˛õ«˛y xyhsˇÉ≤Ãçy!ï˛Î˚

!üˆÏÌy!fl;Î˚yÓ˚ Ä˛õÓ˚ xˆÏ˛õ«˛yÜ,˛ï˛ ˆÓ¢#–

10.4.3 ÄˆÏçyö •…y§ÈÙÈ~Ó˚ ≤Ã!ï˛Ü˛yÓ˚ (Remedial measures for ozone depletion)

●●●●● ÄˆÏçyö àƒyˆÏ§Ó˚ ˛õˆÏ«˛ «˛!ï˛Ü˛Ó˚ ˛õòyÌ≈§ü)•Ó˚ ˆÎüö CFCs, •ƒyˆÏ°yˆÏçö Î%=˛ •y•zˆÏí»˛yÜ˛yÓ≈öñ

!üÌy•z° ˆÓ yüy•zí˛ñ öy•zê˛Δy§ x:y•zí˛ ≤Ãû,˛!ï˛Ó˚ ÓƒÓ•yÓ˚ Îï˛ê˛y §Ω˛Ó ~!í˛¸ˆÏÎ˚ ã˛°y–

●●●●● ˆ˛õˆÏê˛Δy!°Î˚yü ã˛y!°ï˛ ÎyöÓy•ö ÓƒÓ•yÓ˚ Ü˛!üˆÏÎ˚ ˆú˛°y–

●●●●● ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ˛õˆÏ«˛ «˛!ï˛Ü˛Ó˚ !Ó!û˛ß¨ !Üœ˛!öÇ §°ˆÏû˛rê˛ ÓƒÓ•yÓ˚ öy Ü˛ˆÏÓ˚ ˛õ!Ó˚ˆÏÓ¢ ÓyrôÓ öyöy

˛õòyÌ≈ ˆÎüö !û˛!öàyÓ˚ñ Óy•zÜ˛yˆÏÓ≈yˆÏöê˛ ≤Ãû,˛!ï˛ ÓƒÓ•yÓ˚ Ü˛Ó˚y–

●●●●● Ó˚Æy!öÜ,˛ï˛ oÓƒ ÓƒÓ•yÓ˚ Ü˛!üˆÏÎ˚ fiÌy!öÎ˚ oÓƒ ÓƒÓ•yˆÏÓ˚ ÎyöÓy•ˆÏöÓ˚ ≤ÃˆÏÎ˚yç!öï˛y •…y§ ˛õyÎ˚–

~Ó˚ ú˛ˆÏ° ˛õ!Ó˚ˆÏÓˆÏ¢ öy•zê˛Δy§ x:y•zˆÏí˛Ó˚ ˛õ!Ó˚üyî •…y§ ˛õyÎ˚– Îy ÄˆÏçyö •…yˆÏ§ §•yÎ˚Ü˛–

●●●●● ~Î˚yÓ˚ Ü˛!u˛¢öyÓ˚ ~Ó˚ ˛õ!Ó˚ÓˆÏï≈˛ °#öï˛yˆÏ˛õÓ˚ (latent heat) ï˛ˆÏ_¥Ó˚ !û˛!_ˆÏï˛ !ö!ü≈ï˛ ~Î˚yÓ˚

Ü%˛°yÓ˚ ÓƒÓ•yÓ˚ í˛zÍ§y!•ï˛ Ü˛Ó˚y– ~Î˚yÓ˚ Ü˛!u˛¢öyÓ˚ñ ˆÓ˚!ú ˛çyˆÏÓ˚ê˛Ó˚ñ ày!í˛¸ ≤Ãû,˛!ï˛ !ë˛Ü˛üˆÏï˛y

Ó˚«˛îyˆÏÓ«˛î Ü˛Ó˚y ÎyÓ˚ ú˛ˆÏ° «˛!ï˛Ü˛Ó˚ àƒy§ ˛õ!Ó˚ˆÏÓˆÏ¢ öy !üˆÏ¢ ÎyÎ˚–
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●●●●● Ü%˛!°Ç ~ˆÏçˆÏrê˛ !•ˆÏ§ˆÏÓ •y•zˆÏí»˛yˆÏÜœ˛yˆÏÓ˚yúœ$˛ˆÏÓ˚yÜ˛yÓ≈ö§ (HCFCs) ~ÓÇ •y•zˆÏí»˛yúœ$˛ˆÏÓ˚yÜ˛yÓ≈ö

(HFCs) ÓƒÓ•yÓ˚ Ü˛Ó˚y– ~Ó˚yÄ ÄˆÏçyöhflÏÓ˚ ôùÇ§ Ü˛ˆÏÓ˚ !Ü˛v CFCs xˆÏ˛õ«˛y xˆÏöÜ˛yÇˆÏ¢

Ü˛ü üyeyÎ˚–

ü!rê˛Δ° ˆ≤ÃyˆÏê˛yÜ˛° (Montreal Protocol) ˆò¢à%!° 1987 §yˆÏ°Ó˚ ˆÜ˛yˆÏ˛õö•yˆÏàö §üyˆÏÓˆÏ¢Ó˚

˛õÓ˚ CFC ˛≤Ã›!ï˛ Ä ÓƒÓ•yˆÏÓ˚Ó˚ í˛z˛õÓ˚ §¡õ)î≈ !öˆÏ£ÏôyK˛y çy!Ó˚ Ü˛Ó˚ˆÏ° í˛zFã˛ ≤ÃÎ%!=˛Ó˚ ˆò¢à%!° ï˛yˆÏï˛

§yí˛¸y ˆòÎ˚– í˛zß¨Î˚ö¢#° ˆò¢à%!°ˆÏï˛ 1996ÈÙÈ~Ó˚ ˛õÓ˚ ˆÌˆÏÜ˛ 10 ÓåÈˆÏÓ˚Ó˚ åÈyí˛¸ ˆòÄÎ˚y •Î˚– ï˛yÓ˚ üˆÏôƒ

~Ó˚ ÓƒÓ•yˆÏÓ˚ §¡õ)î≈ !öÎ˚sfî Ü˛Ó˚yÓ˚ Ü˛Ìy Ó°y •ˆÏÎ˚!åÈ°– ÄˆÏçyö •…yˆÏ§ ~•z ˆ≤ÃyˆÏê˛yÜ˛° ÎˆÏÌT˛ Ü˛yÎ≈Ü˛Ó˚#

• Ï̂Î˚̂ ÏåÈ–

1994ÈÙÈ~ •zí˛zöy•zˆÏê˛í˛ ˆö¢ö§‰ ˆçöyˆÏÓ˚° xƒyˆÏ§ü!Óœ 16 ˆ§ˆÏ≤Wz¡∫Ó˚ (16 September) !ÓŸª

ÄˆÏçyöhflÏÓ˚ §ÇÓ˚«˛î !òÓ§ Óy !ÓŸª ÄˆÏçyö !òÓ§ !•ˆÏ§ˆÏÓ !ã˛!•´ï˛ Ü˛ˆÏÓ˚ˆÏåÈö– ~•z !òö!ê˛ˆÏï˛ ü!rê˛Δ°

ˆ≤ÃyˆÏê˛yÜ˛° !ÓˆÏ¢£Ïû˛yˆÏÓ fløÓ˚î Ü˛Ó˚yÓ˚ çöƒ–

10.5 x¡‘ Ó,!T˛ (Acid Rain)

10.5.1 x¡‘ Ó,!T˛Ó˚ Ü˛yÓ˚î Ä §ü§ƒy (Causes and effects of acid rain)

˛õ!Ó˚ˆÏÓˆÏ¢ x¡‘ôü≈# Óy x¡‘ í˛zÍ˛õß¨ Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ ~üö Ó›à%!° çüy •ˆÏ° ï˛yˆÏÜ˛ x¡‘§M˛Î˚ Óy

Acid deposition ÓˆÏ°– ≤ÃyÜ,˛!ï˛Ü˛ Ü˛yÓ˚î ˆÎüö àyåÈ˛õy°yñ xyˆÏ@¿Î˚!à!Ó˚ñ ÓL˛õyï˛ Óy üyö%£Ï myÓ˚y ç#ÓyŸ¬

çμy°y!öÓ˚ ò•ö Óy !Ó!û˛ß¨ •z!OˆÏö xhsˇÉò•ö (internal combustion) ˆÌˆÏÜ˛•z ≤ÃÜ,˛!ï˛ˆÏï˛ xˆÏ¡‘Ó˚ §,!T˛

•Î˚– ~ˆÏòÓ˚ üˆÏôƒ í˛zˆÏÕ‘áˆÏÎyàƒ •° SO2, NO2, O3, H2O2, OH •zï˛ƒy!ò–

!ã˛e 10.4 : x¡‘Ó,!T˛Ó˚ ˛õ!Ó˚Ü˛!“ï˛ !ã˛e
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~•z x¡‘ôü≈# !ÓÜ˛yÓ˚à%!°ˆÏÜ˛ xyÓyÓ˚ ò%•zû˛yˆÏà û˛yà Ü˛Ó˚y ÎyÎ˚ÈÙÙÙÈ!û˛ˆÏç (Wet) ~ÓÇ ¢%‹Ò (Dry)–
~•z !û˛ˆÏç !ÓÜ˛yÓ˚Ü˛à%!° ÓyÎ˚%ü[˛ˆÏ° !ÓÜ ˛#Î˚yÓ˚ ˛õÓ˚ ˛õ,!ÌÓ#˛õ,ˆÏ¤˛ x¡‘Ó,!T˛ñ x¡‘ï%˛£ÏyÓ˚ (Acid Snow) Óy

x¡‘ !¢!¢Ó˚ (Acid Dew) Ó˚)ˆÏ˛õ ˆöˆÏü xyˆÏ§– ¢%‹Ò x¡‘ôü≈# ˛õòyÌ≈à%!° çˆÏ°Ó˚ §ˆÏAà !ü◊ˆÏîÓ˚ xyˆÏà

xÓ!ô ˙ xÓfiÌyÎ˚ ˛õˆÏí˛¸ ÌyˆÏÜ˛– ~•z §Ó Ü˛yÓ˚ˆÏî ≤ÃÜ,˛!ï˛ˆÏï˛ ˆÎ x¡‘Ó,!Âô •Î˚ ï˛yˆÏÜ˛•z §yü!@ˇÃÜ˛ û˛yˆÏÓ

x¡‘Ó,!T˛ ÓˆÏ°–

Î!òÄ ~!ê˛ ~Ü˛!ê˛ !ÓŸªÈÙÈ§ü§ƒyñ x¡‘Ó,!T˛Ó˚ ú˛ˆÏ° «˛Î˚«˛!ï˛Ó˚ ˆÓ¢#Ó˚û˛yà ï˛Ìƒ xyˆÏ§ Ü˛yöyí˛yñ •zÇ°ƒyu˛ñ

çyü≈yö#ñ ú ˛y™ñ flÒƒy!u˛ˆÏö!û˛Î˚y Ä xyˆÏü!Ó˚Ü˛y ˆÌˆÏÜ˛•z–

Ó,!T˛ §yôyÓ˚îû˛yˆÏÓ ~Ü˛ê%˛ xy!¡‘Ü˛– Ó,!T˛Ó˚ pH ÓyÎ˚%ˆÏï˛ xy!¡‘Ü˛ àƒyˆÏ§Ó˚ üyey !öô≈yÓ˚î Ü˛ˆÏÓ˚– Ü˛yÓ˚î

ÓyÎ˚%ü[˛ˆÏ°Ó˚ öyöy xy!¡‘Ü˛ àƒy§ ç°#Î˚ ÓyˆÏ‹õ oÓ#û)˛ï˛ •ˆÏÎ˚ xƒy!§í˛ ˜ï˛Ó˚# Ü˛ˆÏÓ˚– ú˛ˆÏ° x¡‘Ó,!T˛Ó˚ §üÎ˚

~•z pHÈÙÈ~Ó˚ üyey xˆÏöÜ˛ ˆöˆÏü ÎyÎ˚– Ó,!T˛Ó˚ çˆÏ°Ó˚ pHÈÙÈ~Ó˚ üyey 5.65 ~Ó˚ ö#ˆÏã˛ ˆöˆÏü ÎyÄÎ˚y

üyˆÏö x¡‘Ó,!T˛–

üy!ê˛Ó˚ñ

ç°yû)˛!üÓ˚

ç°

¢%‹Ò x¡‘ôü≈#

˛õòyÌ≈

!û˛ˆÏç x¡‘ôü≈# ˛õòyÌ≈

Ü˛°Ü˛yÓ˚áyöyñ

ÎyöÓy•öñ ç#ÓyŸ¬

çμy°y!öÓ˚ ò•ö

û˛y§üyö !öü!Iï˛

Ü˛öy §ü)•

x¡‘ Ó,!T˛ñ x¡‘ÓÓ˚ú˛ñ

x¡‘!¢!¢Ó˚

x¡‘ôü≈#

àƒy§

ÓyÎ˚%

ü[˛ˆÏ°Ó˚

O3

ÓyÎ˚%

ü[˛Ï°#Î˚

H2O

x¡‘
x¡‘

SO2

NO2

CO2

SO3

NO3

N2O5

H2SO4

HNO3

H2CO3

x¡‘Ó,!T˛ §,!T˛Ó˚ üyöÓ§,T˛ Ó˚y§yÎ˚!öÜ˛ Ü˛yÓ˚î§ü)•

§
)Î

≈yˆ
Ï°

yÜ
˛

§
)Î

≈yˆ
Ï°

yÜ
˛
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1969 §yˆÏ° !öí˛z •ƒy¡õ¢yÎ˚yˆÏÓ˚ ˆÎ x¡‘Ó,!T˛ •Î˚ ï˛yÓ˚ pH !åÈ° 2.1– 1974ÈÙÈ~ flÒê˛°ƒyˆÏu˛ ï˛y

!åÈ° 2.4– í˛z_Ó˚˛õ)Ó≈ USAÈÙÈ~Ó˚ §yôyÓ˚î Ó,È!T˛˛õyˆÏï˛Ó˚ àí˛¸ pH 4.0, xÌ≈yÍ ï˛y ˆÓ¢ xy!¡‘Ü˛–

●●●●● ~•z x¡‘Ó,!T˛Ó˚ ú˛ˆÏ° ˆÎ «˛Î˚«˛!ï˛ •Î˚ ï˛y öyöyÓ˚Ü˛ü– Óyí˛¸#âÓ˚ñ flø,!ï˛ˆÏ§Ôô •zï˛ƒy!òˆÏï˛ ã%˛ö

Óy CaCO3 ÌyˆÏÜ˛– x¡‘Ó,!T˛Ó˚ H2SO4 ~•z ã%˛öˆÏÜ˛ !ç˛õ§yü (Gypsum) ˛Óy CaSO4ÈÙÈ~

˛õ!Ó˚îï˛ Ü˛ˆÏÓ˚ Îy §•ˆÏç•z çˆÏ° oÓ#û)˛ï˛ •Î˚– ~•zû˛yˆÏÓ Óyí˛¸#âÓ˚ Óy ˆ§ÔˆÏô «˛ï˛ §,!T˛ •Î˚–

ôyï%˛Ä ~Ü˛•zû˛yˆÏÓ xyÜ ˛yhsˇ •Î˚–

●●●●● Óöyö# ÓyhflÏï˛ˆÏsfÓ˚ í˛z˛õÓ˚ ~Ó˚ ≤Ãû˛yÓÄ í˛zˆÏÕ‘áˆÏÎyàƒ– Ó,«˛!öôˆÏö x¡‘Ó,!T˛Ó˚ ≤Ãû˛yÓ §•ˆÏç•z

xö%ˆÏüÎ˚– üôƒ •zí˛zˆÏÓ˚yˆÏ˛õñ í˛z_Ó˚˛õ)Ó≈ xyˆÏü!Ó˚Ü˛yÎ˚ Ä ˛õ,!ÌÓ#Ó˚ xöƒyöƒ xÇˆÏ¢ ÓöôùÇˆÏ§Ó˚ xöƒï˛ü

Ü˛yÓ˚î !•§yˆÏÓ x¡‘Ó,!T˛ˆÏÜ˛ !ã˛!•´ï˛ Ü˛Ó˚y •ˆÏFåÈ–

●●●●● §Ó˚y§!Ó˚ àyåÈ˛õy°yÎ˚ §!M˛ï˛ •ˆÏÎ˚ í˛z!qˆÏòÓ˚ «˛!ï˛§yôö Ü˛Ó˚y åÈyí˛¸yÄ üy!ê˛ˆÏï˛ §!M˛ï˛ •ˆÏÎ˚ !¢Ü˛ˆÏí˛¸Ó˚

ˆ¢y£Ïî «˛üï˛y öT˛ Ü˛ˆÏÓ˚Ä í˛z!qˆÏòÓ˚ «˛!ï˛ Ü˛ˆÏÓ˚ ~•z x¡‘Ó,!T˛– ~•zû˛yˆÏÓ üy!ê˛ˆÏï˛ ≤ÃˆÏÎ˚yçö#Î˚

xƒy°%!ü!öÎ˚yüñ Ü˛ƒy°!§Î˚yˆÏüÓ˚ üyeyÓ˚ ï˛yÓ˚ï˛üƒ âê˛yÎ˚– üy!ê˛ˆÏï˛ Ó§Óy§Ü˛yÓ˚# í˛z!qˆÏòÓ˚ í˛z˛õˆÏÎyà#

ç#Óyî% ôùÇ§Ä •Î˚ ~•z xˆÏ¡‘Ó˚ ≤Ãû˛yˆÏÓ– ˛õˆÏÓ˚yˆÏ«˛ í˛z!qˆÏòÓ˚ «˛!ï˛ §yôö Ü˛ˆÏÓ˚–

●●●●● ç°yû)˛!üÓ˚ Óy›ï˛ˆÏsfÄ x¡‘Ó,!T˛Ó˚ ≤Ãû˛yÓ Ó˚ˆÏÎ˚ˆÏåÈ– xˆÏöÜ˛ •…ˆÏòÓ˚ áyòƒçy°ˆÏÜ˛Ó˚ ˛õ!Ó˚Óï≈˛ö

âˆÏê˛ˆÏå–È pH 5.5ÈÙÈ~Ó˚ ö#ˆÏã˛ ã˛ˆÏ° ˆàˆÏ° xˆÏöÜ˛ xÌ≈˜Ïö!ï˛Ü˛û˛yˆÏÓ à%Ó˚%c˛õ)î≈ ç°ç ≤Ãyî# ˆÎüö

üyˆÏåÈÓ˚ í˛zÍ˛õyòö •…y§ ˛õyÎ˚– Ü˛yöyí˛yÓ˚ ≤ÃyÎ˚ 14,000 •…ò ~ÓÇ USAÈÙÈ~Ó˚ ≤ÃyÎ˚ 11,000 •…ò

~•zû˛yˆÏÓ û˛#£Ïî «˛!ï˛@ˇÃhflÏ •ˆÏÎ˚ˆÏåÈ–

10.5.2 û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ ü•yöàÓ˚# ~ÓÇ !¢“öàÓ˚#à%!°ˆÏï˛Ä x¡‘Ó,!T˛Ó˚ §ü§ƒy (Scerario of Indian
urban & industrial areas)

Ó,!T˛Ó˚ çˆÏ°Ó˚ öü%öy !ÓˆÏŸ’£Ïî Ü˛ˆÏÓ˚ öyà˛õ%Ó˚ñ xy§yˆÏüÓ˚ ˆüy•öÓyí˛¸# (Mohanbari, Assam),
~°y•yÓyòñ !Ó¢yáy˛õ_öü ~ÓÇ ˆÜ˛yí˛y•zÜ˛yöy°ÈÙÈ~Ó˚ !Óàï˛ ò¢ˆÏÜ˛Ó˚ (2001–2012) pHÈÙÈ~Ó˚ üyö 4.77
ˆÌˆÏÜ˛ 5.32ÈÙÈÓ˚ üˆÏôƒ ˛õyÄÎ˚y ˆàˆÏåÈ– Îy ˆ§áyöÜ˛yÓ˚ x¡‘Ó,!T˛Ó˚ üyey !öˆÏò≈¢ Ü˛ˆÏÓ˚– [í˛zÍ§ ı ê˛y•zü§‰

xÓ •z!u˛Î˚yñ 4 üyã≈˛ñ 2017]

~•z §Ü˛° ¢•Ó˚à%!°ˆÏï˛ ~ÓÇ ï˛yÓ˚ ˛õy!Ó˚˛õyˆÏŸª≈ ˆÎ •yˆÏÓ˚ ï˛y˛õ!Óò%ƒÍ í˛zÍ˛õyòöñ Ü˛Î˚°yÓ˚ ò•öñ

ˆ˛õˆÏê˛Δy!°Î˚yü !öû≈˛Ó˚ ÎyöÓy•ˆÏöÓ˚ ˛õ!Ó˚üyî Óyí˛¸ˆÏåÈ ï˛yˆÏï˛ xò)Ó˚ û˛!Ó£ÏƒˆÏï˛ üyöÓç#Óö Ä ˛õ!Ó˚ˆÏÓˆÏ¢ xyˆÏÓ˚y

û˛Î˚yöÜ˛ ≤Ãû˛yÓ ˛õí˛¸ˆÏÓ–

10.5.3 x¡‘Ó,!T˛ ≤Ã¢üˆÏöÓ˚ Ü˛ˆÏÎ˚Ü˛!ê˛ í˛zˆÏÕ‘áˆÏÎyàƒ í˛z˛õyÎ˚ (Some important measures to
reduce acid rain)

Óyï˛yˆÏ§ Ü˛yÓ≈öí˛y•zÈÙÈx:y•zí˛ñ §y°ú˛yÓ˚í˛y•zÈÙÈx:y•zí˛ ~ÓÇ öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ !Ó!û˛ß¨ x:y•zí˛ Óç≈ö

!öÎ˚sfˆÏî xyöy– ~Ó˚ çöƒ ≤ÃˆÏÎ˚yçö (a) çμy°yö#Ó˚ x˛õã˛Î˚ Órô Ü˛Ó˚y– (b) ˛õ!Ó˚ˆÏ¢y!ôï˛ çμy°yö# ÓƒÓ•yÓ˚
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Ü˛Ó˚y– (c) §y°ú˛yÓ˚ ~ÓÇ öy•zˆÏê˛ΔyˆÏçöÈÈÙÈ~Ó˚ x:y•zí˛ §ü)• ü%=˛ Ü˛ˆÏÓ˚ çμy°yö#Ü,˛ï˛ ˆôÑyÎ˚y ˛õ!Ó˚ˆÏÓˆÏ¢ Óç≈ö

Ü˛ˆÏÓ˚– (d) çμy°yö# àƒy§ˆÏÜ˛ §y°ú˛yÓ˚ ü%=˛ Ü˛ˆÏÓ˚ ÓƒÓ•yÓ˚ Ü˛Ó˚y– (e) ç#ÓyŸ¬ çμy°yö#Ó˚ xhsˇÉò•ˆÏöÓ˚ çöƒ

Ü˛ƒyê˛y°y•z!ê˛Ü˛ Ü˛öû˛yê≈˛yÓ˚ ÓƒÓ•yÓ˚ Ü˛Ó˚y– (f) §y°ú˛yÓ˚ ~Ó˚ üyey Ü˛üyˆÏï˛ Ü˛Î˚°y ô%ˆÏÎ˚ ÓƒÓ•yÓ˚ Ü˛Ó˚y–

(g) Ü˛°Ü˛yÓ˚áyöyÓ˚ !ã˛ü!öˆÏï˛ ˛õyï˛°y Ü˛y•z (slurry) !•ˆÏ§ˆÏÓ °y•züˆÏfiê˛yö Óy ã%˛öy˛õyÌÓ˚ SÜ˛ƒy°!§Î˚yü

Ü˛yÓ≈ˆÏöê˛V ÓƒÓ•yÓ˚ Ü˛Ó˚y Îy ˆôÑyÎ˚yˆÏÜ˛ §y°ú˛yÓ˚ í˛y•z x:y•zí˛ ü%=˛ Ü˛Ó˚ˆÏï˛ §y•yÎƒ Ü˛ˆÏÓ˚– (h) !ÓÜ˛“ ¢!=˛Ó˚

í˛zÍ§ !•ˆÏ§ˆÏÓ ç°!Óò%ƒÍñ ÓyÎ˚%¢!=˛ñ û)˛ÈÙÈï˛y˛õ#Î˚ ¢!=˛ (geothermal power), ˆ§ÔÓ˚¢!=˛ ~ÓÇ xyö!ÓÜ˛

¢!=˛ (nucler power) ≤Ãû,˛!ï˛ ÓƒÓ•yÓ˚ Ü˛Ó˚y–

10.6 ~°ÈÙÈ!öˆÏöy Óy ò!«˛î# ï˛Ó˚Aàüy°y ~ÓÇ °yÈÙÈ!ööy (El-Nino or
Southern Oscillation and La-nina)

10.6.1 ~°ÈÙÈ!öˆÏöyÓ˚ Ü˛yÓ˚î Ä ˛õ!Ó˚Óƒy!Æ (Causes and area of occurance of El-Nino)

~°!öˆÏöy •° ~Ü˛!ê˛ í˛z£÷ §yü%!oÜ˛ é˛Py Îy ˆ˛õÓ˚%Ó˚ ˛õ!ÿ˛üï˛ˆÏê˛ ü)°ï˛É !Ü ˛§‰üyˆÏ§Ó˚ §üÎ˚ ˆòáy

ÎyÎ˚– (El Nino ¢ˆÏ∑Ó˚ xÌ≈ Î#¢%á,ˆÏT˛Ó˚ §hsˇyöV– ≤Ã¢yhsˇ ü•y§yàÓ˚ Óƒy˛õ# ÓyÎ˚%ü[˛ˆÏ°Ó˚ ã˛yˆÏ˛õÓ˚ ú˛ˆÏ°

§,T˛ ~•z ò!«˛î# é˛PyÓyï≈˛y §¡∫ˆÏrô 1904 §yˆÏ° !à°Óyê≈˛ ÄÎ˚yÜ˛yÓ˚ (Gilbert Walker) ~ÓÇ 1966
Ä 1969 §yˆÏ° çƒyÜ˛Ó çyÜ≈˛ˆÏö§ (Jacob Bjerknes) üyö%£ÏˆÏÜ˛ xÓ!•ï˛ Ü˛Ó˚yö– !à°ÓyˆÏê≈˛Ó˚ üˆÏï˛ ≤Ã¢yhsˇ

ü•y§yàˆÏÓ˚Ó˚ ˛õ)Ó≈ï˛ˆÏê˛ ÓyÎ˚% ã˛y˛õ Ó,!Âô ˆ˛õˆÏ° ˛õ!ÿ˛üï˛ˆÏê˛ ï˛y Ü˛ˆÏü ÎyÎ˚– xöƒ!òˆÏÜ˛ñ ˛õ!ÿ˛üï˛ˆÏê˛ ÓyÎ˚% ã˛yˆÏ˛õÓ˚

Ó,!Âô ˛õ)Ó≈ï˛ˆÏê˛ ÓyÎ˚% ã˛y˛õ Ü˛ˆÏü ÎyÄÎ˚yÓ˚ Ü˛yÓ˚î– í˛z!ö ~ˆÏÜ˛•z Oscillation öyˆÏü x!Ó!•ï˛ Ü˛ˆÏÓ˚ö– çyÜ≈˛ˆÏö§

ÓˆÏ°öñ §ü%oï˛ˆÏ°Ó˚ ï˛y˛õüyey üôƒ ≤Ã¢yhsˇ ü•y§yàˆÏÓ˚ â)î≈yÓˆÏï≈˛Ó˚ §,!T˛ Ü˛ˆÏÓ˚– ˛õ!ÿ˛ü ≤Ã¢yhsˇ ü•y§yàˆÏÓ˚Ó˚

ï˛Æ ÓyÎ˚% í˛z˛õˆÏÓ˚ ÄˆÏë˛ñ ˛õ)Ó≈!òˆÏÜ˛ ôy!Óï˛ •Î˚ ~ÓÇ ˛õ)Ó≈ ≤Ã¢yhsˇ ü•y§yàˆÏÓ˚Ó˚ àˆÏû≈˛ xy◊Î˚ ˆöÎ˚– ~•z ˛õˆÏÌ

ˆ§•z ÓyÎ˚% Ü ˛ü¢É xyˆÏÓ˚y ï˛Æ •ˆÏÎ˚ ÄˆÏë˛ ~ÓÇ ç°#Î˚ Óy‹õ §Ç@ˇÃ• Ü˛ˆÏÓ˚– ~•zû˛yˆÏÓ Ó,!T˛ˆÏüâ (Rain
Cloud) §È,!T˛ •ˆÏÎ˚ ï˛Æ §yü%!oÜ˛ é˛Py Óy ~°ÈÙÈ!öˆÏöyÓ˚ §,!T˛ •Î˚–

~Ó˚ ú˛ˆÏ° ~Ü˛!òˆÏÜ˛ í˛z_Ó˚ Ä ˛õ)Ó≈ xyˆÏü!Ó˚Ü˛yÓ˚ ï˛ê˛û)˛!üˆÏï˛ ˆÎüö é˛í˛¸é˛Py §,!T˛ •Î˚ ˛õ!ÿ˛ü ≤Ã¢yhsˇ

ü•y§yàÓ˚#Î˚ ˆò¢§ü)•ñ ˆÎüö xˆÏfiê˛Δ!°Î˚yÎ˚ ï˛áö áÓ˚y §,!T˛ Ü˛ˆÏÓ˚– ~°ÈÙÈ!öˆÏöyÓ˚ ú˛ˆÏ° ò)Ó˚Óï≈˛#

xM˛°à%!°ˆÏï˛Ä ˆÎüö ˛õ!ÿ˛ü xyˆÏü!Ó˚Ü˛y Ä ˆü!:ˆÏÜ˛yˆÏï˛ Ó,!T˛˛õyï˛ ˆÓˆÏí˛¸ ÎyÎ˚– xyÓyÓ˚ ~•z é˛PyÓˆÏï≈˛Ó˚

§üÎ˚ USA, Ü˛yöyí˛y Ä xy°yflÒyÓ˚ ï˛y˛õüyey àí˛¸ ï˛y˛õüyeyÓ˚ ˆã˛ˆÏÎ˚ ˆÓ¢# •ˆÏÎ˚ ÎyÎ˚–

~°ÈÙÈ!öˆÏöyÓ˚ §ü§ƒy (Consequences of El-Nino) :

●●●●● fl∫yû˛y!ÓÜ˛û˛yˆÏÓ•z ~•z ≤ÃyÜ,˛!ï˛Ü˛ ˛õ!Ó˚Óï≈˛ˆÏö Óy›ï˛sf ≤Ãû˛y!Óï˛ •Î˚– ï˛ê˛Óï≈˛# üyˆÏåÈÓ˚ í˛zÍ˛õyòö

•…y§ ˛õyÎ˚– ˆÎ §ühflÏ ï˛ê˛Óï≈˛# ˛õy!áÓ˚y ~ˆÏòÓ˚ ˆáˆÏÎ˚ ˆÓÑˆÏã˛ ÌyˆÏÜ˛ ï˛yÓ˚y «˛!ï˛@ˇÃhflÏ •Î˚–

ú˛y•zˆÏê˛y≤’ƒyÇÜ˛ê˛ˆÏöÓ˚ §Çáƒy í˛zˆÏÕ‘áˆÏÎyàƒû˛yˆÏÓ •…y§ ˆ˛õˆÏÎ˚ §yü%!oÜ˛ í˛zÍ˛õyòö •yÓ˚ Óy Pro-
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ductivity Ü˛ˆÏü ÎyÎ˚– !§rô%ˆÏâyê˛Ü˛ Ä §#° üyˆÏåÈÓ˚ §Çáƒy ~•zÜ˛yÓ˚ˆÏî Ü˛ˆÏü ÎyÎ˚– ~•zû˛yˆÏÓ

ò!«˛î xyˆÏü!Ó˚Ü˛yÓ˚ §ü%o Ä §ü%oï˛ˆÏê˛Ó˚ Óy›ï˛ˆÏsfÓ˚ í˛zˆÏÕ‘áˆÏÎyàƒ ˛õ!Ó˚Óï≈˛ö âˆÏê˛ El-Nino Ó˚

≤Ãû˛yˆÏÓ–

●●●●● ~°!öˆÏöyÓ˚ ú˛° ò)Ó˚Óï≈˛# ü•yˆÏò¢Ä ≤Ãû˛y!Óï˛ •Î˚– 1982-83 ÈÓ˚ ~°!öˆÏöy í˛z_Ó˚ xyˆÏü!Ó˚Ü˛yÓ˚

Ó•% é˛í˛¸é˛PyÓ˚ Ü˛yÓ˚î– xyˆÏü!Ó˚Ü˛yÎ˚ í˛zq(ï˛ Ü˛ƒyê˛!Ó˚öyñ !Ó˚ê˛y ≤Ãû,˛!ï˛ §yü%!oÜ˛ é˛ˆÏí˛¸Ó˚ Ü˛yÓ˚î

xö%§rôyö Ü˛ˆÏÓ˚ NASA ~°!öˆÏöyˆÏÜ˛•z §yü!@ˇÃÜ˛û˛yˆÏÓ òyÎ˚# Ü˛Ó˚ˆÏåÈ–

●●●●● í˛z_Ó˚ Ä ò!«˛î xyˆÏü!Ó˚Ü˛yÓ˚ ~°!öˆÏöyÓ˚ ú˛ˆÏ° í˛zˆÏŒê˛y!òˆÏÜ˛ xˆÏfiê˛Δ!°Î˚yˆÏï˛ û˛Î˚yÓ• áÓ˚yÓ˚ §,!T˛

•Î˚– ~Ó˚ ≤Ãû˛yÓ ˙ xM˛ˆÏ°Ó˚ í˛z!qò Ä ≤Ãyî#Ó˚ í˛z˛õÓ˚ ÎˆÏÌT˛ ˛õˆÏí˛¸– ˆö!û˛ˆÏ° !öˆÏÜ˛y°§ (Neville
Nicholls) 1992 ˆò!áˆÏÎ˚ˆÏåÈö ˙ xM˛ˆÏ°Ó˚ §ÓˆÏã˛ˆÏÎ˚ ˆÓ¢# §ÇáƒyÎ˚ ÌyÜ˛y °y° Ü˛ƒyäyÓ˚%ñ

üyˆÏÜ ˛y˛õy§ Ó˚%ú˛y§ÈÙÈ~Ó˚ §hsˇyö í˛zÍ˛õyòö «˛üï˛y ~ÓÇ x˛õï˛ƒ §hsˇyˆÏöÓ˚ Óí˛¸ •ˆÏÎ˚ Äë˛y û˛#£Ïîû˛yˆÏÓ

~•z áÓ˚yÓ˚ çöƒ ≤Ãû˛y!Óï˛ •Î˚– 1982 §yˆÏ° xÌ≈yÍ 1982ÈÙÈÓ˚ ~°ÈÙÈ!öˆÏöy ˛õ)Ó≈Óï≈˛# §üˆÏÎ˚ ~•z

°y° Ü˛ƒyäyÓ˚%Ó˚ §Çáƒy 22 °ˆÏ«˛Ó˚ üï˛ !åÈ°ñ Îy ~°ÈÙÈ!öˆÏöyÓ˚ ˛õÓ˚ 1984 §yˆÏ° üye 7 °ˆÏ«˛

ˆöˆÏü xyˆÏ§–

●●●●● ˛õ!Ó˚ˆÏ¢ˆÏ£Ï í˛zˆÏÕ‘áƒ ˆÎ !à°Óyê≈˛ ÄÎ˚yÜ˛yˆÏÓ˚Ó˚ àˆÏÓ£ÏîyÓ˚ üyôƒˆÏü ≤ÃÜ˛y¢ ˛õyÎ˚ ˆÎ 1899–1900
§yˆÏ° û˛yÓ˚ï˛ÓˆÏ£Ï≈ ˆÎ û˛Î˚yÓ• áÓ˚yÓ˚ ú˛ˆÏ° ¢§ƒ í˛zÍ˛õyòö ã˛Ó˚üû˛yˆÏÓ Óƒ•ï˛ •Î˚ ï˛yÓ˚ Ü˛yÓ˚îÄ

~!¢Î˚y ü•yˆÏòˆÏ¢Ó˚ ˆüÔ§%ü# ÓyÎ˚%Ó˚ í˛z˛õÓ˚ ˙ ≤Ã¢yhsˇ ü•y§yàÓ˚#Î˚ ~°ÈÙÈ!öˆÏöyÓ˚ ≤Ãû˛yÓ–

10.6.2 °yÈÙÈ!ööyÓ˚ Ü˛yÓ˚î Ä ˛õ!Ó˚Óƒy!Æ (Causes and area of occurance of La-Nina)

flõƒy!ö¢ û˛y£ÏyÎ˚ ÚÚ°yÈÙÈ!ööyÛÛ Ü˛ÌyÓ˚ xÌ≈ ˆåÈyê˛ ˆüˆÏÎ˚– §•çû˛yˆÏÓ ÚÚ°y°ÈÙÈ!ööyÛÛ •ˆÏ°y ÚÚ@ˇÃ#‹øü[˛°#Î˚

≤Ã¢yhsˇ ü•y§yàÓ˚#Î˚ xM˛ˆÏ°Ó˚ ~Ü˛!ê˛ x!ï˛ ˜¢ï˛ƒ≤ÃÓyˆÏ•Ó˚ âê˛öyÛÛ– {•y !öÓ˚«˛#Î˚ ≤Ã¢yhsˇ ü•y§yàÓ˚#Ä

xM˛ˆÏ°Ó˚ xfl∫yû˛y!ÓÜ˛ ë˛yu˛y ï˛y˛õüyey !ã˛!•´ï˛ Ü˛ˆÏÓ˚–

°yÈÙÈ!ööy xÓfiÌyÓ˚ §üÎ˚ñ ˆçê˛ !fiê˛Δüà%!° ≤ÃÓy!•ï˛ ÓyÎ˚%ˆÏflÀyï˛ xˆÏöÜ˛ ˆÓ!¢ ˛õ!Ó˚Óï≈˛ö¢#° ~ÓÇ

˛õ!Ó˚Ó!ô≈ï˛ •Î˚– ~Ó˚ ú˛ˆÏ° ~•z xM˛ˆÏ° âö âö xˆÏöÜ˛ ˆÓ!¢ ë˛y[˛y Óyï˛yˆÏ§Ó˚ ≤Ãyò%û≈˛yÓ ˆòáy ˆòÎ˚– ~•z

˛õÎ≈yˆÏÎ˚ñ ç° fl∫yû˛y!ÓˆÏÜ˛Ó˚ ˆã˛ˆÏÎ˚ ¢#ï˛° ~ÓÇ ˛õ)Ó≈!òˆÏÜ˛Ó˚ Óyï˛y§ xyÓ˚Ä ¢!=˛¢y°# •Î˚–

§yôyÓ˚îï˛ñ ~Ü˛!ê˛ °yÈÙÈ!ööyÓ˚ ú˛ˆÏ° @ˇÃ#‹øü[˛°#Î˚ ≤Ã¢yhsˇ ü•y§yàÓ˚#Î˚ xM˛ˆÏ° §ü%ˆÏoÓ˚ xôÉ˛õ,ˆÏ¤˛Ó˚

ç° fl∫yû˛y!ÓˆÏÜ˛Ó˚ ˆã˛ˆÏÎ˚ x!ôÜ˛ï˛Ó˚ ¢#ï˛° •Î˚– ï˛yÓ˚˛õˆÏÓ˚ñ ˛õ)Ó≈ !òˆÏÜ˛Ó˚ Óy!îçƒ ÓyÎ˚% ¢!=˛¢y°# •Î˚ñ ò!«˛î

xyˆÏü!Ó˚Ü˛yÓ˚ ˛õ!ÿ˛ü í˛z˛õÜ)˛ˆÏ° ~ÓÇ !öÓ˚«˛ˆÏÓ˚áy ÓÓ˚yÓÓ˚ ë˛yu˛y Ó,!Âô ˛õyÎ˚ ~ÓÇ §ü%oÈÙÈ˛õ,ˆÏ¤˛Ó˚ ï˛y˛õüyey

S~§~§!ê˛V fl∫yû˛y!ÓˆÏÜ˛Ó˚ !öˆÏã˛ ˆöˆÏü ÎyÎ˚– ≤Ã¢yhsˇ ü•y§yàˆÏÓ˚Ó˚ ~•z ë˛yu˛y xM˛ˆÏ°Ó˚ ˆçê˛ §ü%ˆÏoÓ˚ ˆflÀyï˛ˆÏÜ˛

í˛z_Ó˚ !òˆÏÜ˛ ˆë˛ˆÏ° ˆòÎ˚– ~!ê˛ ò!«˛î üy!Ü≈˛ö Î%=˛Ó˚yˆÏT˛Δ áÓ˚y ~ÓÇ ≤Ã¢yhsˇ ü•y§yàÓ˚#Î˚ í˛z_Ó˚ÈÙÈ˛õ!ÿ˛ü Ä

Ü˛yöyí˛yÎ˚ û˛yÓ˚# Ó,!T˛ Ä ÓöƒyÓ˚ !òˆÏÜ˛ ˛õ!Ó˚ã˛y!°ï˛ Ü˛ˆÏÓ˚– °yÈÙÈ!ööyÓ˚ ÓåÈˆÏÓ˚ñ ¢#ˆÏï˛Ó˚ ï˛y˛õüyey ò!«˛ˆÏî
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fl∫yû˛y!ÓˆÏÜ˛Ó˚ ˆã˛ˆÏÎ˚ ˆÓ!¢ ~ÓÇ í˛z_ˆÏÓ˚ fl∫yû˛y!ÓˆÏÜ˛Ó˚ ˆã˛ˆÏÎ˚ ¢#ï˛°– °y°ÈÙÈ!ööy xyÓ˚Ä üyÓ˚ydÜ˛ •y!Ó˚ˆÏÜ˛ö

ˆüÔ§%ˆÏüÄ Ó˚)˛õyhsˇ!Ó˚ï˛ ˛õyˆÏÓ˚–

°yÈÙÈ!ööyÓ˚ §üÎ˚ñ ≤Ã¢yhsˇ ü•y§yàÓ˚#Î˚ í˛z˛õÜ)˛ˆÏ°Ó˚ ç°à%!° ë˛yu˛y ÌyˆÏÜ˛ ~ÓÇ fl∫yû˛y!ÓˆÏÜ˛Ó˚ ˆã˛ˆÏÎ˚ ˆÓ!¢

˛õ%!T˛ ÌyˆÏÜ˛– ~•z ˛õ!Ó˚ˆÏÓ¢!ê˛ xyÓ˚Ä §yü%!oÜ˛ ç#ÓöˆÏÜ˛ §üÌ≈ö Ü˛ˆÏÓ˚ ~ÓÇ Ü˛ƒy!°ˆÏú˛y!ö≈Î˚yÓ˚ í˛z˛õÜ)˛ˆÏ°Ó˚

üˆÏï˛y çyÎ˚àyÎ˚ fl%Ò•zí˛ ~ÓÇ §ƒy°üˆÏöÓ˚ üˆÏï˛y xyÓ˚Ä ë˛yu˛y çˆÏ°Ó˚ ç#Ó ≤Ãçy!ï˛ˆÏÜ˛ xyÜ˛£Ï≈î Ü˛ˆÏÓ˚–

10.7 §yÓ˚yÇ¢ (Summary)

~•z ~Ü˛ˆÏÜ˛ !ÓŸª ˛õ!Ó˚ˆÏÓ¢ §ü§ƒy §¡∫ˆÏrô xyˆÏ°yã˛öy Ü˛Ó˚ˆÏï˛ !àˆÏÎ˚ @ˇÃ#ö•yí˛z§ àƒy§ñ !ÓŸªÈÙÈí˛z£÷yÎ˚öñ

ÄçöhflÏÓ˚ •…y§ñ x¡‘Ó,!T˛ ~ÓÇ ~°ÈÙÈ!öˆÏöyÓ˚ !Ó!û˛ß¨ !òÜ˛ xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ– @ˇÃ#ö•yí˛z§ àƒy§ ~ˆÏú˛Q

ˆÓyé˛yˆÏï˛ !àˆÏÎ˚ xyˆÏà ÓyÎ˚%ü[˛ˆÏ°Ó˚ !Ó!û˛ß¨ hflÏÓ˚à%!° §¡∫ˆÏrô ~Ü˛!ê˛ §üƒÜ˛ ôyÓ˚îy ˆòÄÎ˚y •ˆÏÎ˚ˆÏåÈ– @ˇÃ#ö•yí˛z§

àƒy§ ~Ó˚ Ü˛yÓ˚î ~ÓÇ ~Ó˚ ≤ÃˆÏÎ˚yçö#Î˚ï˛y !Ó¢ˆÏò xyˆÏ°yã˛öy Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– ~•z xyˆÏ°yã˛öy xyüyˆÏòÓ˚

!ÓŸªí˛z£÷yÎ˚ˆÏö @ˇÃ#ö •yí˛z§ àƒy§ §ü)ˆÏ•Ó˚ (CO2, CFC, CH4, O3, NO, H2O vapour) ≤Ãû˛yÓ Ó%é˛ˆÏï˛

§y•yÎƒ Ü˛ˆÏÓ˚– !ÓŸª í˛z£÷yÎ˚ˆÏöÓ˚ Ü˛yÓ˚î ~ÓÇ ~Ó˚ ≤Ãû˛yÓà%!° !ÓhflÏy!Ó˚ï˛ û˛yˆÏÓ xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ– §ü%oï˛ˆÏ°Ó˚

Ó,!Âôñ ˆüÓ˚%Ó˚ ÓÓ˚ˆÏú˛Ó˚ à°öñ ç°ã˛ˆÏÜ ˛Ó˚ !Ó˛õÎ≈Î˚ñ ≤ÃyÜ,˛!ï˛Ü˛ xM˛ˆÏ°Ó˚ ˛õ!Ó˚Óï≈˛öñ Ü,˛!£Ï Ä áyòƒ §ü§ƒy

~ÓÇ çöfl∫yˆÏfiÌƒÓ˚ í˛z˛õÓ˚ ~Ó˚ ≤Ãû˛yÓ– ~•z xyˆÏ°yã˛öyÓ˚ üyôƒˆÏü ÄçöhflÏÓ˚ •…yˆÏ§Ó˚ Ü˛yÓ˚îà%!° xyüÓ˚y

û˛y°û˛yˆÏÓ Ó%é˛ˆÏï˛ ˛õy!Ó˚– ÄçöhflÏÓ˚ •…yˆÏ§Ó˚ Ü˛yÓ˚î Ó˚y§yÎ˚!öÜ˛ !Ó!Ü ˛Î˚yÓ˚ üyôƒˆÏü ˆÓyé˛yˆÏöy •ˆÏÎ˚ˆÏåÈ– ÄöçhflÏÓ˚

•…yˆÏ§Ó˚ «˛!ï˛Ü˛Ó˚ ≤Ãû˛yÓà%!° !°!˛õÓÂô •ˆÏÎ˚ˆÏåÈ ~ÓÇ ~Ü˛•z §yˆÏÌ ÄçöhflÏÓ˚ •…yˆÏ§Ó˚ ≤Ã!ï˛Ü˛yÓ˚à%!° §¡∫ˆÏrô

xÓàï˛ Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– x¡‘Ó,!T˛Ó˚ Ü˛yÓ˚î SÓ˚y§yÎ˚!öÜ˛ !Ó!Ü ˛Î˚yÓ˚ üyôƒˆÏüVñ ~Ó˚ ≤Ãû˛yÓ Ä ≤Ã¢üˆÏöÓ˚ í˛z˛õyÎ˚à%!°

xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ– ~°ÈÙÈ!öˆÏöyñ Îy •ˆÏ°y ~Ü˛!ê˛ í˛z£÷ §yü%!oÜ˛ é˛Pyñ ï˛yÓ˚ í˛zÍ˛õ!_ñ ˛õ!Ó˚Óƒ!Æ ~ÓÇ §ü§ƒy

§¡∫ˆÏrô !Ó¢ˆÏò xyˆÏ°yã˛öy •ˆÏÎ˚ˆÏåÈ– ~åÈyí˛¸yÄ °yÈÙÈ!ööy Óy !öÓ˚«˛#Î˚ ≤Ã¢yhsˇü•y§yàÓ˚#Î˚ x!ï˛ ˜¢ï˛ƒ≤ÃÓyˆÏ•Ó˚

âê˛öyÓ˚ Ü˛yÓ˚î Ä ≤Ãû˛yÓ §¡∫ˆÏrô §yôyÓ˚î ôyÓ˚îy í˛z˛õfiÌy˛õö Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ–

10.8  ≤ÃŸ¿yÓ°# (Questions)

I. Ó•% !öÓ≈yã˛ö# ≤ÃŸ¿ (MCQ) :

1. ˛õ,!ÌÓ#˛õ,¤˛ §Ç°@¿ ÓyÎ˚%ü[˛ˆÏ°Ó˚ hflÏÓ˚ˆÏÜ˛ ÓˆÏ°ÈÙÙÙÈ

(a) ÌyˆÏü≈y!fl≥˛Î˚yÓ˚ (b) fiê˛ΔyˆÏê˛y!fl≥˛Î˚yÓ˚ (c) ê˛ΔˆÏ˛õy!fl≥˛Î˚yÓ˚ (d) ˆüˆÏ§y!fl≥˛Î˚yÓ˚

2. âö ÄˆÏçyöhflÏÓ˚ ÓyÎ˚%ü[˛ˆÏ°Ó˚ ˆÎ hflÏˆÏÓ˚ xÓfiÌyö Ü˛ˆÏÓ˚ ï˛y •°ÈÙÙÙÈ

(a) fiê˛ΔˆÏê˛y!fl≥˛Î˚yÓ˚ (b) ˆüˆÏ§y!fl≥˛Î˚yÓ˚ (c) ÌyˆÏü≈y!fl≥˛Î˚yÓ˚ (d) ê˛ΔˆÏ˛õy!fl≥˛Î˚yÓ˚
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3. @ˇÃ#ö•yí˛z§ ~ˆÏú˛QÈÙÈ~Ó˚ çöƒ òyÎ˚# öÎ˚ ˆÎ àƒy§!ê˛ÈÙÙÙÈ

(a) CO2 (b) CH4 (c) CFC (d) H2S

4. @ˇÃ#ö•yí˛z§ ~ˆÏú˛Q ~Ó˚ Ü˛yÓ˚ˆÏî ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ˆÎ ˛õ!Ó˚Óï≈˛ö ˆòáy ÎyÎ˚ÈÙÙÙÈ

(a) ï˛y˛õüyeyÓ˚ Ü ˛ü •…y§ (b) ï˛y˛õüyeyÓ˚ Ü ˛ü ÓÈ,!Âô

(c) Ü,˛!£Ï í˛zÍ˛õyòö Ó,!Âô (d) üy!ê˛Ó˚ pHÈÙÈ~Ó˚ üyö Ó,!Âô

5. ˆÎ ≤ÃÜ˛yÓ˚ xyˆÏ°yÜ˛ !Ó!û˛ß¨ àƒy§ myÓ˚y ˆ¢y!£Ïï˛ •ÄÎ˚yÓ˚ ú˛ˆÏ° !ÓŸª í˛z£÷yÎ˚ö âˆÏê˛ÈÙÙÙÈ

(a) x!ï˛ ˆÓà%ö# Ó˚!Ÿ¬ (b) ö#° Ä ˆÓà%ö# Ó˚!Ÿ¬

(c) °y° xyˆÏ°yÜ˛ Ó˚!Ÿ¬ (d) •zöú ˛yˆÏÓ˚í˛ xyˆÏ°yÜ˛ Ó˚!Ÿ¬

6. @ˇÃ#ö•yí˛z§ ~ˆÏú˛Q ~Ó˚ çöƒ §Ó≈y!ôÜ˛ òyÎ˚# ˆÎ!ê˛ÈÙÙÙÈ

(a) !üˆÏÌö (b) Ü˛yÓ≈ö í˛y•zÈÙÈx:y•zí˛

(c) öy•zˆÏê˛ΔyˆÏçöÈÙÈ~Ó˚ x:y•zí˛ (d) CFC

7. üyö%ˆÏ£ÏÓ˚ §,T˛ @ˇÃ#ö•yí˛z§ àƒy§!ê˛ •°ÈÙÙÙÈ

(a) CFC (b) CH4 (c) CO2 (d) O3

8. !ÓŸª í˛z£÷yÎ˚ˆÏö ˆÎ!ê˛ ≤Ãû˛y!Óï˛ •Î˚ öyÈÙÙÙÈ

(a) ˆüÓ˚% ≤ÃˆÏòˆÏ¢Ó˚ ÓÓ˚ú˛ à°ö (b) §ü%oï˛ˆÏ°Ó˚ í˛zFã˛ï˛y Ó,!Âô

(c) áyòƒ¢,CˆÏ°Ó˚ ˜òâ≈ƒ (d) ç°ã˛ˆÏÜ ˛Ó˚ !Ó˛õÎ≈Î˚

9. ˆÎ ≤ÃÜ˛yÓ˚ UVÈÙÈÓ˚!Ÿ¬ ÄˆÏçyö ôùÇˆÏ§Ó˚ çöƒ §Óã˛y•zˆÏï˛ ˆÓ¢# òyÎ˚#ÈÙÙÙÈ

(a) UV-A (b) UV-B (c) UV-C (d) §Ü˛ˆÏ°•z §üyö òyÎ˚#

10. ˛õ,!ÌÓ#Ó˚ ˆÎ xM˛ˆÏ°Ó˚ O3ÈÙÈhflÏÓ˚ §Óã˛y•zˆÏï˛ ˆÓ¢# ôùÇ§ •Î˚ÈÙÙÙÈ

(a) !öÓ˚«˛#Î˚ xM˛° (b) öy!ï˛¢#ˆÏï˛y£÷ xM˛°

(c) x!ï˛ í˛zFã˛ ˛õyÓ≈ï˛ƒ xM˛° (d) ˆüÓ˚% xM˛°

11. UVÈÙÈÓ˚!Ÿ¬Ó˚ çöƒ ˆÎ!ê˛ §ï˛ƒ öÎ˚ÈÙÙÙÈ

(a) ÄˆÏçyö UVÈÙÈÓ˚!Ÿ¬Ó˚ ≤ÃˆÏÓ¢ ≤Ã!ï˛•ï˛ Ü˛ˆÏÓ˚

(b) UVÈÙÈÓ˚!Ÿ¬ ç!üÓ˚ í˛zÍ˛õyòö •…y§ Ü˛ˆÏÓ˚

(c) ç#ÓçàˆÏï˛Ó˚ çöƒ UVÈÙÈÓ˚!Ÿ¬ á%Ó•z x˛õÜ˛yÓ˚#

(d) UVÈÙÈÓ˚!Ÿ¬ CFC myÓ˚y ôùÇ§ •Î˚
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12. ÄˆÏçyö àƒyˆÏ§Ó˚ ˛õˆÏ«˛ «˛!ï˛Ü˛Ó˚ öÎ˚ ˆÎ!ê˛ÈÙÙÙÈ

(a) •y•zˆÏí»˛yˆÏçö §y°ú˛y•zí˛ (b) ˆÜœ˛yˆÏÓ˚yˆÏúœ˛yˆÏÓ˚y Ü˛yÓ≈ö

(c) !üÌy•z° ˆÜœ˛yÓ˚y•zí˛ (d) öy•zê˛Δy§ x:y•zí˛

13. !ÓŸª ÄˆÏçyö !òÓ§ Óy!°ï˛ •Î˚ ˆÎ !òö!ê˛ˆÏï˛ÈÙÙÙÈ

(a) 5 ç%ö (b) 21 üyã≈˛ (c) 22 ~!≤Ã° (d) 16 ˆ§ˆÏ≤Wz¡∫Ó˚

14. x¡‘Ó,!T˛Ó˚ Ü˛yÓ˚î öÎ˚ ˆÎ àƒy§!ê˛ÈÙÙÙÈ

(a) SO2 (b) NO2 (c) CH4 (d) H2O2

15. Ú~° !öˆÏöyÛ •°ÈÙÙÙÈ

(a) ˆüÓ˚% xM˛ˆÏ°Ó˚ ï%˛£ÏyÓ˚ é˛í˛¸ (b) í˛z£÷ §yàÓ˚#Î˚ é˛Py

(c) ˆüÓ˚% xM˛ˆÏ°Ó˚ é˛í˛¸ é˛Py (d) x!ï˛ í˛zFã˛ ˛õÓ≈ï˛¢,ˆÏAàÓ˚ ÓÓ˚ˆÏú˛Ó˚ ôù§

II. §Ç!«˛Æ ≤ÃŸ¿yÓ°# É

1. @ˇÃ#ö•yí˛z§ ~ˆÏú˛Q Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚⁄

2. !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ @ˇÃ#ö•yí˛z§ àƒyˆÏ§Ó˚ öyü !°á%ö–

3. ÓyÎ˚%ü[˛ˆÏ° ÄˆÏçyöhflÏÓ˚ ˆÜ˛yÌyÎ˚ ˆòáy ÎyÎ˚⁄ ~Ó˚ û)˛!üÜ˛y !Ü˛⁄

4. !ÓŸª í˛z£÷yÎ˚ˆÏö !Ó!û˛ß¨ @ˇÃ#ö•yí˛z§ àƒyˆÏ§Ó˚ ¢ï˛Ü˛Ó˚y û)˛!üÜ˛y !°á%ö–

5. @ˇÃ#ö•yí˛z§ àƒy§ !öÎ˚sfˆÏî üyöÓ çyï˛#Ó˚ Ü˛ˆÏÎ˚Ü˛!ê˛ í˛zˆÏòƒyà !°á%ö–

6. !ÓŸª í˛z£÷yÎ˚ˆÏö çöfl∫yˆÏfiÌƒÓ˚ Ä˛õÓ˚ ≤Ãû˛yÓà%!° !°á%ö–

7. ÓyÎ˚%ü[˛ˆÏ°Ó˚ x!:ˆÏçö ~ÓÇ ÄˆÏçyö ~Ó˚ Ä˛õÓ˚ UVÈÙÈÓ˚!Ÿ¬Ó˚ ≤Ãû˛yÓ Ó˚y§yÎ˚!öÜ˛ §ü#Ü˛Ó˚ˆÏîÓ˚

§y•yˆÏÎƒ !°á%ö–

8. x¡‘Ó,!T˛ Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚⁄ •z•yˆÏï˛ «˛!ï˛@ˇÃfiÌ ò%•z!ê˛ !¢“öàÓ˚#Ó˚ öyü !°á%ö–

9. x¡‘Ó,!T˛ ≤Ã¢üˆÏöÓ˚ Ü˛ˆÏÎ˚Ü˛!ê˛ !ÓÜ˛“ ÓƒÓfiÌy !°á%ö–

10. Ú~°ÈÙÈ!öˆÏöyÛ !Ü˛⁄

11. Ú°yÈÙÈ!öˆÏöyÛ Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚⁄
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III. Ó˚ã˛öyôü≈# ≤ÃŸ¿ É

1. @ˇÃ#ö•yí˛z§ ~ˆÏú˛Q §ÇˆÏ«˛ˆÏ˛õ Óî≈öy Ü˛Ó˚%ö–

2. !ÓŸª í˛z£÷yÎ˚ˆÏö @ˇÃ#ö•yí˛z§ àƒy§à%!°Ó˚ ≤Ãû˛yÓ §ÇˆÏ«˛ˆÏ˛õ Óî≈öy Ü˛Ó˚%ö–

3. !ÓŸª ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ Ä˛õÓ˚ í˛z£÷yÎ˚ˆÏöÓ˚ ≤Ãû˛yÓ §ÇˆÏ«˛ˆÏ˛õ !°á%ö–

4. ÄˆÏçyöhflÏÓ˚ •…yˆÏ§Ó˚ Ü˛yÓ˚î §ü#Ü˛Ó˚î§• !°á%ö–

5. ÄˆÏçyö •…yˆÏ§Ó˚ «˛!ï˛Ü˛Ó˚ ≤Ãû˛yÓà%!° !°á%ö–

6. ÄˆÏçyöhflÏÓ˚ •…yˆÏ§Ó˚ ≤Ã!ï˛Ü˛yÓ˚ §¡∫ˆÏrô !°á%ö–

7. x¡‘Ó,!T˛Ó˚ Ü˛yÓ˚î Ä §ü§ƒy §ÇˆÏ«˛ˆÏ˛õ Óî≈öy Ü˛Ó˚%ö–

8. Ú~°ÈÙÈ!öˆÏöyÛÓ˚ Ü˛yÓ˚îñ ˛õ!Ó˚Óƒy!Æ Ä §ü§ƒy §ÇˆÏ«˛ˆÏ˛õ !°á%ö–

8. Ú°yÈÙÈ!öˆÏöyÛÓ˚ Ü˛yÓ˚î Ä ≤Ãû˛yÓ §ÇˆÏ«˛ˆÏ˛õ xyˆÏ°yã˛öy Ü˛Ó˚%ö–

10.9  í˛z_Ó˚üy°y (Answers)

I. Ó•% !öÓ≈yã˛ö# ≤ÃˆÏŸ¿Ó˚ (MCQ) í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚

§Çáƒy ı 1 2 3 4 5 6 7 8

í z̨_Ó˚ ı c a d b d c a c

≤ÃˆÏŸ¿Ó˚

§Çáƒy ı 9 10 11 12 13 14 15

í z̨_Ó˚ ı b d d a d c b
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II. §Ç!«˛Æ ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5

xö%ˆÏFåÈò §Çáƒy ı 10.2 10.2 10.2.2 & 10.2.2 10.2.2
10.4

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 6 7 8 9 10 11

xö%ˆÏFåÈò §Çáƒy ı 10.3 10.4 10.5.1 10.5.3 10.6.1 10.6.2

III. Ó˚ã˛öyôü≈# ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4

xö%ˆÏFåÈò §Çáƒy ı 10.2.1 10.2.2 10.3 10.4.1

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 5 6 7 8 9

xö%ˆÏFåÈò §Çáƒy ı 10.4.2 10.4.3 10.5 10.6.1 10.6.2
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MODULE–II

í˛z!qòû)˛ˆÏày°

(Phytogeography)





213

~Ü˛Ü˛–11 : ˛û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ í˛z!qò ˆû˛ÔˆÏày!°Ü˛ xM˛°§ü)• ı Ó˚çyÓ˚ ~ÓÇ

˛õyöÄÎ˚yÓ˚ (1988) ≤Ãò_ ç#Ó Ï̂û˛Ô Ï̂ày!°Ü˛ xM˛ Ï̂°Ó˚ !Óû˛yçö

(Phytogeographical zones of India : Biogeographical
divisions according to Rodger and Panwar, 1988)

àë˛ö (Structure)

11.0 í˛zˆÏj¢ƒ (Objectives)

11.1 ≤ÃhflÏyÓöy (Introduction)

11.2 û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ í˛z!qò ˆû˛ÔˆÏày!°Ü˛ xM˛° !Ü˛å%È §ü)ˆÏ•Ó˚ í˛zˆÏÕ‘áˆÏÎyàƒ !Óû˛yçö

(Some important divisions of Phytogeographical regions of India)

11.3 Ó˚çyÓ˚ Ä ˛õyöÄÎ˚yÓ˚ ≤Ãò_ û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ ç#Ó ˆû˛ÔˆÏày!°Ü˛ xM˛° §ü)•

(Biogeographical Zones according to Rodger and Panwar of India)

11.4 §yÓ˚yÇ¢ (Summary)

11.5 ≤ÃŸ¿yÓ°# (Questions)

11.6 í˛z_Ó˚üy°y (Answers)

11.0 í˛zˆÏj¢ƒ (Objectives)

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xyüÓ˚y !ö¡¨!°!áï˛ !Ó£ÏÎ˚à%!° §¡∫ˆÏrô §üƒÜ˛ ôyÓ˚îy ˜ï˛!Ó˚ Ü˛Ó˚ˆÏï˛ ˛õyÓ˚Ó–

●●●●● í˛z!qò û)˛ˆÏày°!ÓòƒyÓ˚ §)ã˛öy Ä ï˛yÓ˚ !Ó!û˛ß¨ ¢yáy–

●●●●● ç#Ó û)˛ˆÏày° §¡∫ˆÏrô §yôyÓ˚î ôyÓ˚îy–

●●●●● û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ í˛z!qò ˆû˛ÔˆÏày!°Ü˛ xM˛°§ü)• §¡õˆÏÜ≈˛ !Ó!û˛ß¨ !ÓK˛yö#Ó˚ üï˛yüï˛–

●●●●● Ó˚çyÓ˚ ~ÓÇ ˛õyöÄÎ˚yÓ˚ ≤Ãò_ û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ ç#ÓˆÏû˛ÔˆÏày!°Ü˛ xM˛°§ü)ˆÏ•Ó˚ !ÓhflÏyÓ˚ ~ÓÇ ï˛yˆÏòÓ˚

ç#ÓÜ%˛ˆÏ°Ó˚ ˛õ!Ó˚ã˛Î˚–
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11.1  ≤ÃhflÏyÓöy (Introduction)

í˛z!qò û)˛ˆÏày°!Óòƒy (Phytogeography) : •z•y ˜çÓû)˛ˆÏày°!ÓòƒyÓ˚ (Biogeography) ~Ü˛!ê˛

¢yáy ˆÎáyˆÏö í˛z!qòÜ%˛ˆÏ°Ó˚ ˆû˛Ôà!°Ü˛ !ÓhflÏyÓ˚ ~ÓÇ ˛õ,!ÌÓ#˛õ,ˆÏ¤˛Ó˚ !Ó!û˛ß¨ ˆû˛Ôà!°Ü˛ xM˛ÈˆÏ°Ó˚ §!•ï˛

í˛z!qòÜ%˛ˆÏ°Ó˚ ˛õyÓ˚flõ!Ó˚Ü˛ ≤Ãû˛yÓ xyˆÏ°y!ã˛ï˛ •Î˚–

@ˇÃ#Ü˛ ¢∑mÎ˚ Phyton = Plant Óy í˛z!qò ~ÓÇ Geographia = Geography Óy û)˛ˆÏày° ••zˆÏï˛

ú˛y•zˆÏê˛y!çÄ@ˇÃy!ú˛ Óy í˛z!qòû)˛ˆÏày° ¢ˆÏ∑Ó˚ í˛zÍ˛õ!_–

1895 ~ !ÓK˛yö# •zí˛zˆÏçö ÄÎ˚yÓ˚‰!üÇ (Eugen Warming, 1895) ˜çÓû)˛!Óòƒy ¢yáyÓ˚ (Bio-
geography discipline)ÈÙÈ~Ó˚ §)ã˛öy Ü˛ˆÏÓ˚ö– ~áyˆÏö !Ó!û˛ß¨ ç#ˆÏÓÓ˚ ˆû˛Ôà!°Ü˛ !ÓhflÏyÓ˚ §¡∫ˆÏrô xyˆÏ°yã˛öy

Ü˛Ó˚y •Î˚–

≤Ã%!¢Î˚yÓ˚ Ó•%!ÓòƒyK˛ÈÙÈ≤ÃyÜ,˛!ï˛!Óòñ û)˛ˆÏày°!Óòñ xö%§rôyöÜ˛yÓ˚# (Explorer), ˛òy¢≈!öÜ˛ ~ÓÇ !ÓK˛yö#

xyˆÏ°Ü˛çu˛yÓ˚ û˛ö •yüˆÏÓy”˛ê˛ (Alexander von Humboldt, 1769–1859) ~Ó˚ §Çáƒy!û˛!_Ü˛

àˆÏÓ£Ïîyü)°Ü˛ Ü˛yç ÚÚˆÓê˛y!öÜ˛ƒy° !çÄ@ˇÃy!ú˛ÛÛ (Quantitative work on Botanical Geography)
!ÓˆÏ¢£Ï í˛zˆÏÕ‘áˆÏÎyàƒ– ~áyö ˆÌˆÏÜ˛•z ˜çÓû)˛!ÓòƒyÓ˚ !û˛!_ fiÌy!˛õï˛ •Î˚–

!ÓK˛yö# Ü˛ƒy¡õˆÏÓ° (Campbell, 1926)ÈÙÈ~Ó˚ üˆÏï˛ ˛õ,!ÌÓ#Ó˚ !û˛ß¨ !û˛ß¨ xM˛ˆÏ°Ó˚ û)˛ÈÙÈ≤ÃÜ,˛!ï˛ Ä

˛õ!Ó˚ˆÏÓˆÏ¢ !Óhfl,Ïï˛ ~ÓÇ x!û˛ˆÏÎy!çï˛ xï˛#ï˛ Ä Óï≈˛üyö í˛z!qòÜ)˛ˆÏ°Ó˚ §yò,§ƒ Ä ˜Ó¢yò,¢ƒ !öî≈Î˚ Ü˛Ó˚y•z

˜çÓû)˛ˆÏàyˆÏ°Ó˚ ü%áƒ xyˆÏ°yã˛ƒ !Ó£ÏÎ˚–

!ÓK˛yö# xyÓ˚ à%í˛ (R. Good, 1974)ÈÙÈ~Ó˚ üˆÏï˛ ˆû˛Ôà!°Ü˛ í˛z!qò !ÓòƒyÎ˚ û)˛˛õ,ˆÏ¤˛Ó˚ öyöy xM˛ˆÏ°

xï˛#ï˛ ~ÓÇ Óï≈˛üyö í˛z!qò Ü)˛ˆÏ°Ó˚ í˛zÍ˛õ!_ñ Órê˛ö ~ÓÇ xM˛°àï˛ §¡õÜ≈˛ (area based affinity)
˛xyˆÏ°yã˛öy Ü˛Ó˚y •Î˚–

˜Ó!ã˛eƒüÎ˚ û)˛ÈÙÈ≤ÃÜ,˛!ï˛ ~ÓÇ Órô% Óy§fiÌyˆÏöÓ˚ §yˆÏ˛õˆÏ«˛ í˛z!qò Ä ≤Ãyî#Ó˚ Órê˛ö Ä !ÓhflÏyˆÏÓ˚Ó˚ !û˛!_ˆÏï˛

Ó˚çyÓ˚ ~ÓÇ ˛õyöÄÎ˚yÓ˚ñ 1998 û˛yÓ˚ï˛Ó£Ï≈ˆÏÜ˛ 10!ê˛ ç#ÓˆÏû˛Ôà!°Ü˛ xM˛ˆÏ° û˛yà Ü˛ˆÏÓ˚ö–

~•z xôƒyˆÏÎ˚ ˆ§•z xM˛°à%!° !ÓhflÏy!Ó˚ï˛ xyˆÏ°yã˛öy Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ–

11.2 û˛yÓ̊ï˛Ó Ï̂£Ï≈Ó̊ í z̨!qò ˆû˛Ô Ï̂ày!°Ü˛ xM˛° §ü)̂ Ï•Ó̊ !Ü˛å%È í ẑ̨ ÏÕ‘á Ï̂Îyàƒ !Óû˛yçö

(Some important divisions of Phytogeographical regions of India)

˛õ,!ÌÓ#Ó˚ !Ó!û˛ß¨ ü•yˆÏò¢ !Ü˛ÇÓy ˆòˆÏ¢Ó˚ !û˛ß¨ !û˛ß¨ ˆû˛Ôà!°Ü˛ xM˛ˆÏ° !öçfl∫ ≤ÃyÜ,˛!ï˛Ü˛ ˛õ!Ó˚ˆÏÓ¢

!ÓÓ˚yçüyö– ˆ§áyöÜ˛yÓ˚ öyöy ˜çÓ Ä x˜ÏçÓ í˛z˛õyòyö §ü)ˆÏ•Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ !Ó!û˛ß¨ í˛z!qò Ä
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≤Ãyî# ˆày!¤˛Ó˚ x!û˛ˆÏÎyçö §yú˛°ƒ Ä !ÓhflÏyÓ˚ °yû˛ Ü˛Ó˚y– ~•zû˛yˆÏÓ !Ó!û˛ß¨ í˛z!qò ˆû˛Ôà!°Ü˛ xM˛° !öçfl∫

ã˛!Ó˚eàï˛ ˛õ!Ó˚!ã˛!ï˛ °yû˛ Ü˛ˆÏÓ˚–

û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ §ü@ˇÃ û)˛áˆÏ[˛Ó˚ !Ó!û˛ß¨ xM˛ˆÏ°Ó˚ xÓfiÌyöñ û)˛≤ÃÜ,˛!ï˛ñ ˛õy•yí˛¸ÈÙÈ˛õÓ≈ï˛ñ üy°û)˛!üñ §üû)˛!üñ

§ü%o í˛z˛õÜ)˛ˆÏ°Ó˚ !ÓhflÏyÓ˚ñ x!û˛ü%áñ í˛zFã˛ï˛y (altitude) •zï˛ƒy!òÓ˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ ˆÜ˛yö !Óhfl,Ïî≈ xM˛ˆÏ°Ó˚

û)˛!ã˛e (topography) ~ÓÇ ç°ÓyÎ˚%Ó˚ fiÌyöàï˛ ˜Ó!ã˛e (spatial diversity)– ~•z §Ó!Ü˛å%ÈÓ˚ !û˛!_ˆÏï˛•z

û˛yÓ˚ï˛#Î˚ û)˛á[˛ˆÏÜ˛ ~Ü˛y!ôÜ˛ í˛z!qò ˆû˛Ôà!°Ü˛ xM˛ˆÏ° û˛yà Ü˛Ó˚y ÎyÎ˚–

!Ó!û˛ß¨ í˛z!qò!ÓK˛yö#ñ û)˛ˆÏày°!Óòñ ≤ÃÜ,˛È!ï˛!Óò (naturalist), ÓyhflÏÓƒ!Óòƒy !ÓˆÏ¢£ÏK˛ (ecologist)
≤Ãü%á !Ó!û˛ß¨ §üˆÏÎ˚ ï˛yˆÏòÓ˚ !öçfl∫ üï˛ xö%ÎyÎ˚# û˛yÓ˚ï˛#Î˚ í˛z˛õü•yˆÏò¢ˆÏÜ˛ (Indian Subcontinent)
!û˛ß¨ !û˛ß¨ û˛yˆÏÓ !Ó!û˛ß¨ í˛z!qò ˆû˛Ôà!°Ü˛ xM˛ˆÏ° !Óû˛=˛ Ü˛ˆÏÓ˚ˆÏåÈö–

!Ó!¢T˛ Ü˛ˆÏÎ˚Ü˛çö !ÓK˛yö#ˆÏòÓ˚ ≤Ãò_ á§í˛¸y xö%ÎyÎ˚# û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ !Ó!û˛ß¨ í˛z!qò ˆû˛Ôà!°Ü˛

xM˛°§ü)• (Phytogeographical regions of India according to the scheme of some
renowned scientists)

I. !§. !Ó. Üœ˛yÜ≈˛ (C. B. Clarke) 1898ÈÙÈ~ !°!öÎ˚yö ˆ§y§y•z!ê˛Ó˚ çyö≈y°ÈÙÈ~ (Journal of
Linnaean Society) û˛yÓ˚ï˛#Î˚ í˛z˛õü•yˆÏò¢ˆÏÜ˛ 11!ê˛ í˛z!qò xM˛ˆÏ° !Óû˛=˛ Ü˛ˆÏÓ˚ö– ~à%!° •°ÈÙÙÙÈ

1. ˛õ!ÿ˛ü !•üy°Î˚ (Western Himalayas)

2. û˛yÓ˚ï˛#Î˚ üÓ˚% xM˛° (Indian Desert)

3. üy°yÓyÓ˚ (Malabar)

4. !§ˆÏ°yö (Ceylon)

5. Ü˛Ó˚ü[˛° (Coromandel)

6. àyˆÏAàÎ˚ §üû)˛!ü (Gangetic Plain)

7. ˛õ)Ó≈ !•üy°Î˚ (Eastern Himalayas)

8. xy§yü (Assam)

9. í˛z_Ó˚ Ä í˛z_Ó˚ÈÙÈ˛õ)Ó≈ Ó ·ˆÏò¢ Sçyû˛yV [North and North-Eastern Mayanmer (Java)]

10. ò!«˛î Ó ·ˆÏò¢ Sˆ˛õà%V [Southern Mayanmar (Pegu)]

11. üy°Î˚ í˛z˛õm#˛õ (Malaya Penninsula)–

II. ˆç. !í˛. •%Ü˛yÓ˚ (J. D. Hooker) 1907-~ û˛yÓ˚ï˛#Î˚ •züˆÏ˛õ!Ó˚Î˚y° ˆàˆÏçê˛ (Imperial Gazette
of India)ÈÙÈ~ û˛yÓ˚ï˛Ó£Ï≈ˆÏÜ˛ 9!ê˛ í˛z!qò xM˛ˆÏ° û˛yà Ü˛ˆÏÓ˚ˆÏåÈö– !ï˛!ö ï˛òy!öhsˇö û˛yÓ˚ï˛Ó£Ï≈ˆÏÜ˛ !Ó!û˛ß¨

í˛z!qò §üß∫Î˚ (floristic elements)ÈÙÈ~Ó˚ !û˛!_ˆÏï˛ !ö¡¨!°!áï˛ í˛z!qò xM˛ˆÏ° !Óû˛=˛ Ü˛ˆÏÓ˚ö–
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1. ˛õ)Ó≈ !•üy°Î˚ (Eastern Himalaya)

2. ˛õ!ÿ˛ü !•üy°Î˚ (Western Himalaya)

3. !§rô% í˛z˛õï˛ƒÜ˛y (The Indus Plain)

4. àyˆÏAàÎ˚ í˛z˛õï˛ƒÜ˛y (Gangetic Plain)

5. üy°yÓyÓ˚ (Malabar)

6. òy!«˛îyï˛ƒ (Deccan)

7. xy§yü (Assam)

8. ◊#°ÇÜ˛y Ä üy°m#˛õ˛õ%O (Ceylon and Maldives)

III. !§. !§. Ü˛ƒy°í˛yÓ˚ (C. C. Calder) 1937ÈÙÈ~ ç°ÓyÎ˚% Ä û)˛≤ÃÜ,˛!ï˛Ó˚ ˜Ó!ã˛e ~ÓÇ ˆ§áyöÜ˛yÓ˚

!öçfl∫ í˛z!qò §üß∫Î˚ (Floristic features) ÈÙÈ~Ó˚ Ä˛õÓ˚ !û˛!_ Ü˛ˆÏÓ˚ ï˛òy!öhsˇö û˛yÓ˚ï˛Ó£Ï≈ˆÏÜ˛ 6!ê˛ í˛z!qò

xM˛ˆÏ° û˛yà Ü˛ˆÏÓ˚ˆÏåÈö– ˆÎüöÈÙÙÙÈ

1. ˛õ)Ó≈ !•üy°Î˚ (Eastern Himalaya)

2. ˛õ!ÿ˛ü !•üy°Î˚ (Western Himalaya)

3. !§rô% í˛z˛õï˛ƒÜ˛y (Indus Plain)

4. àyˆÏAàÎ˚ í˛z˛õï˛ƒÜ˛y (Gangetic Plain)

5. üy°yÓyÓ˚ (Malabar)

6. òy!«˛îyï˛ƒ (Deccan)

IV. !í˛. ã˛ƒyê˛yç≈# (D. Chatterjee) 1939ÈÙÈ~ fl∫yô#öï˛y ˛õ)Ó≈Óï≈˛# xá[˛ û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ ~ÓÇ 1960,
1962 ˆï˛ fl∫yô#ö û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ í˛z!qò ˆû˛Ôà!°Ü˛ xM˛ˆÏ°Ó˚ !Óû˛yà ~ÓÇ Óî≈öy Ü˛ˆÏÓ˚ˆÏåÈö– ˆ§•z§ˆÏAà !ï˛!ö

í˛z!qò ˆû˛Ôà!°Ü˛ xM˛°à%!°Ó˚ í˛z!qòÜ%˛ˆÏ°Ó˚ !ÓhflÏy!Ó˚ï˛ Óî≈öyÄ Ü˛ˆÏÓ˚ˆÏåÈö– 1962 !í˛. ã˛ƒyê˛yç≈# ≤Ãò_ í˛z!qò

ˆû˛Ôà!°Ü˛ xM˛°§ü)• !ö¡¨Ó˚)˛õ–

1. ˛õ!ÿ˛ü !•üy°Î˚ (Western Himalayas)

2. ˛õ)Ó≈ !•üy°Î˚ (Eastern Himalayas)

3. !§rô% §üû)˛!ü (Indus Plain)

4. àyˆÏAàÎ˚ §üû)˛!ü (Gangetic Plain)
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5. üôƒ û˛yÓ˚ï˛Ó£Ï≈ (Central India)

6. òy!«˛îyï˛ƒ (Deccan)

7. üy°yÓyÓ˚ ˛õ!ÿ˛ü í˛z˛õÜ)˛° (Western Coast of Malabar)

8. xy§yü (Assam)

9. xy®yüyö ~ÓÇ !öˆÏÜ˛yÓÓ˚ÈÙÈ~Ó˚ í˛z˛õ§yàÓ˚#Î˚ m#˛õ˛õ%O (Bay Islands of Andaman and
Nicobar)

11.3 Ó˚çyÓ˚ Ä ˛õyöÄÎ˚yÓ˚ ≤Ãò_ û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ ç#Ó ˆû˛ÔˆÏày!°Ü˛ xM˛° §ü)•

(Biogeo-graphical Zone of India according to Rodger and Panwar, 1988)

ç#ÓÈÙÈû)˛ˆÏày° •° ˆû˛Ôà!°Ü˛ ˜Ó!¢T˛ fiÌyö ~ÓÇ û)˛ï˛y!_¥Ü˛ §üˆÏÎ˚Ó˚ §yˆÏ˛õˆÏ«˛ ç#Ó ≤Ãçy!ï˛ ~ÓÇ

Óy›ï˛ˆÏsfÓ˚ Órê˛ö !Ó£ÏˆÏÎ˚ xôƒÎ˚ö– û˛yÓ˚ï˛Ó£Ï≈ ≤ÃyÜ,˛!ï˛Ü˛ ˜Ó!ã˛ˆÏeƒ §ü,Âô– !ÓˆÏŸªÓ˚ ¢#£Ï≈ 17!ê˛ ˆüàyÈÙÈ˜ÏÓ!ã˛eƒ

ˆòˆÏ¢Ó˚ üˆÏôƒ û˛yÓ˚ï˛ ~!¢Î˚yÎ˚ ã˛ï%˛Ì≈ ~ÓÇ !ÓˆÏŸªÓ˚ ò¢ü fiÌyˆÏö Ó˚ˆÏÎ˚ˆÏåÈ– 17500 ö!Ìû%˛=˛ §˛õ%‹õÜ˛ í˛z!qòñ

7500!ê˛ Å£Ï!ô àyåÈ ~ÓÇ 246!ê˛ !ÓŸªÓƒy˛õ# !Ó˛õß¨ ≤Ãçy!ï˛Ó˚ !öˆÏÎ˚ û)˛û˛yˆÏàÓ˚ üye 2.4% xÇ¢ !öˆÏÎ˚

!ÓˆÏŸªÓ˚ §˛õ%‹õÜ˛ í˛z!qò ˜Ó!ã˛ˆÏeƒÓ˚ ≤ÃyÎ˚ 11% û˛yÓ˚ï˛Ó£Ï≈ˆÏÜ˛ xy◊Î˚ Ü˛ˆÏÓ˚ Ó˚ˆÏÎ˚ˆÏåÈ–

~åÈyí˛¸yÄ û˛yÓ˚ˆÏï˛ ã˛yÓ˚!ê˛ ç#Ó˜ÏÓ!ã˛ˆÏeƒÓ˚ •ê˛flõê˛ ÎÌy xy®yüyö Ä !öˆÏÜ˛yÓÓ˚ m#˛õ˛õ%Oñ ˛õ)Ó≈ !•üy°Î˚ñ

•zˆÏ®yÈÙÈÓyü≈y xM˛° ~ÓÇ ˛õ!ÿ˛üâyê˛– ï˛y•z û˛yÓ˚ˆÏï˛Ó˚ ≤ÃyÜ,˛!ï˛Ü˛ ˙!ï˛ˆÏ•ƒÓ˚ Ü˛yÓ˚ˆÏî ç#ÓÈÙÈû)˛ˆÏày° xôƒÎ˚ˆÏöÓ˚

à%Ó˚%c Ó˚ˆÏÎ˚ˆÏåÈ–

û˛yÓ˚ˆÏï˛Ó˚ Óöû)˛!üˆÏÜ˛ ˆ◊î#ÓÂô Ü˛Ó˚yÓ˚ ≤ÃÌü í˛zˆÏòƒyà!ê˛ 1936 §yˆÏ° ~•zã˛. ˆç. ã˛ƒy!¡õÎ˚ö (H.

J. Champion) myÓ˚y Ü˛Ó˚y •ˆÏÎ˚!åÈ° ~ÓÇ 1968 §yˆÏ° ~§ ˆÜ˛ ˆ¢ë˛ (S. K. Seth) myÓ˚y §ÇˆÏ¢y!ôï˛

•ˆÏÎ˚!åÈ°– ˛õÓ˚Óï≈˛#Ü˛yˆÏ° 1974 §yˆÏ° ~ü.~§. ü!îÓ˚ û˛yÓ˚ˆÏï˛Ó˚ ˜çÓ û)˛ˆÏàyˆÏ°Ó˚ í˛z˛õÓ˚ x@ˇÃî# Ü˛yç myÓ˚y

xö%§Ó˚î Ü˛ˆÏÓ˚ Ü˛Ó˚y •ˆÏÎ˚!åÈ°–

!Ó!û˛ß¨ ˛õƒyÓ˚y!üê˛yˆÏÓ˚Ó˚ !û˛!_ˆÏï˛ !ÓŸª ˛õ!Ó˚Ü˛“öyÓ˚ xÇ¢ !•§yˆÏÓ !Ó!û˛ß¨ !flÒü û˛yÓ˚ï˛ˆÏÜ˛ ˜çÓÈÙÈˆÏû˛Ôà!°Ü˛

xM˛ˆÏ° !Óû˛=˛ Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ–

û˛yÓ˚ˆÏï˛Ó˚ Óöƒ≤Ãyî# •zö!fiê˛!ê˛í˛zˆÏê˛Ó˚ Ó˚çy§ ~ÓÇ ˛õyöÄÎ˚yÓ˚ 1986 §yˆÏ° û˛yÓ˚ˆÏï˛Ó˚ çöƒ ~Ü˛!ê˛ §%Ó˚!«˛ï˛

~°yÜ˛y ˆöê˛ÄÎ˚yˆÏÜ≈˛Ó˚ ˛õ!Ó˚Ü˛“öy Ü˛Ó˚yÓ˚ §üÎ˚ û˛yÓ˚ï˛ˆÏÜ˛ ç%!çÄ@ˇÃy!ú˛Ü˛ xM˛ˆÏ° !Óû˛=˛ Ü˛Ó˚yÓ˚ ~Ü˛!ê˛

˛õ!Ó˚Ü˛“öyÓ˚ Ó˚)˛õˆÏÓ˚áy ˆòö– ˆ§•z ˛õ!Ó˚Ü˛“öyÓ˚ Ó˚)˛õˆÏÓ˚áyÓ˚ xö%ÎyÎ˚# Ó˚çy§ ~ÓÇ ˛õyöÄÎ˚yÓ˚ (1988)

û˛yÓ˚ï˛ˆÏÜ˛ 10!ê˛ ç#ÓÈÙÈˆû˛Ôà!°Ü˛ xM˛ˆÏ° !Óû˛=˛ Ü˛Ó˚yÓ˚ ~Ü˛!ê˛ ˛õ!Ó˚Ü˛“öy !òˆÏÎ˚ˆÏåÈö Îy•y !ö¡¨Ó˚)˛õÈÙÙÙÈ 1.

ê˛Δy™ !•üy°Î˚yö ˆçyöñ 2. !•üy°Î˚ xM˛°ñ 3. üÓ˚%û)˛!ü xM˛°ñ 4. ˆ§!ü~!Ó˚í˛ ˆçyöñ 5. ˛õ!ÿ˛üâyê˛
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xM˛°ñ 6. òy!«˛îyˆÏï˛ƒÓ˚ üy°û)˛!ü xM˛°ñ 7. àyˆÏAàÎ˚ §üï˛° xM˛°ñ 8. í˛z˛õÜ)˛°#Î˚ xM˛°ñ 9. í˛z_Ó˚

˛õ)Ó≈ xM˛°ñ 10. m#˛õ˛õ%O– S!ã˛e ı 11.1V

~Ü˛•zû˛yˆÏÓ ú˛ˆÏÓ˚fiê˛ §yˆÏû≈˛ xú˛ •z!u˛Î˚y 2011 §yˆÏ° ã˛ƒy!¡õÎ˚ö Ä ˆ¢ë˛ (1968) ~Ó˚ í˛z˛õÓ˚ !û˛!_

Ü˛ˆÏÓ˚ Óöç í˛z!qò §¡±òyˆÏÎ˚Ó˚ ≤ÃÜ,˛!ï˛ !û˛!_Ü˛ ~Ü˛!ê˛ xƒyê˛°y§ ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚ö–

ˆçyö 1 : ê˛Δy™ÈÙÈ!•üy°Î˚yö xM˛°

ˆ@ˇÃê˛ !•üy°Î˚ ˆÓ˚ˆÏOÓ˚ xÓƒÓ!•ï˛ í˛z_ˆÏÓ˚ xÓ!fiÌï˛ !•üy°Î˚ ˛õÓ≈ï˛üy°yˆÏÜ˛ ê˛Δy™ !•üy°Î˚ Ó°y •Î˚–

~!ê˛ !ï˛ö!ê˛ ˜çÓÈÙÈˆû˛ÔˆÏày!°Ü˛ ≤ÃˆÏò¢ !öˆÏÎ˚ à!ë˛ï˛ÈÙÙÙÈ °yòyá ˛õÓ≈ï˛üy°yñ !ï˛Óùï˛ üy°û)˛!ü ~ÓÇ !§!Ü˛ü

!ã˛e 11.1 : û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ ç#ÓˆÏû˛Ôà!°Ü˛ xM˛° SÓ˚çyÓ˚ ~ÓÇ ˛õyöÄÎ˚yÓ˚ñ 1988 xö%§yˆÏÓ˚V
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!•üy°Î˚– ~!ê˛ ˆòˆÏ¢Ó˚ fiÌ°û˛yˆÏàÓ˚ ≤ÃyÎ˚ 5.6% xÇ¢ !öˆÏÎ˚ à!ë˛ï˛– ~•z xM˛°!ê˛ ˆÓ!¢Ó˚û˛yà•z 4,500

ˆÌˆÏÜ˛ 6,000 !üê˛yÓ˚ S14,800 ˆÌˆÏÜ˛ 19,700 ú%˛ê˛V ~Ó˚ üˆÏôƒ xÓ!fiÌï˛ ~ÓÇ ~!ê˛ á%Ó ë˛yu˛y ~ÓÇ

¢%‹Ò– ~Ü˛üye àyåÈ˛õy°y Ó°ˆÏï˛ ˆÜ˛Ó° !ÓÓ˚° xy“y•zö ˆfiê˛˛õ ˆòáˆÏï˛ ˛õyÄÎ˚y ÎyÎ˚– !Óhfl,Ïï˛ ~°yÜ˛y í˛zß√%=˛

!¢°y ~ÓÇ !•üÓy• !öˆÏÎ˚ à!ë˛ï˛–

!ÓÓ˚° àyåÈ˛õy°y §• ê˛Δy™ÈÙ!•üy°Î˚yö xM˛ˆÏ° !ÓˆÏŸªÓ˚ ≤Ãyôyöƒ Î%=˛ Óöƒ ˆû˛í˛¸y ~ÓÇ åÈyà° §¡±òyÎ˚

Ó˚ˆÏÎ˚ˆÏåÈ– ï%˛£ÏyÓ˚ !ã˛ï˛yñ Ü˛yˆÏ°y ~ÓÇ Óyòyü# û˛y°%Ü˛ñ ˆöÜ˛ˆÏí˛¸ñ üyÓ˚ˆÏüyê˛ñ üyˆÏÓ≈° !Óí˛¸y°ñ xy•zˆÏÓ: ~ÓÇ

!Ü˛Î˚yÇ ≤Ãû,˛!ï˛ ~ÓÇ ˛õ!Ó˚ÎyÎ˚# Ü˛yˆÏ°yÈÙÈà°yÓ˚ §yÓ˚§ ~áyˆÏö ˛õyÄÎ˚y ÎyÎ˚–

ˆçyö 2 : !•üy°Î˚

!•üy°Î˚ !ÓˆÏŸªÓ˚ ö!Óöï˛ü ~ÓÇ §ÓˆÏã˛ˆÏÎ˚ í˛zFã˛ï˛ü ˛õÓ≈ï˛ ¢,C° !öˆÏÎ˚ à!ë˛ï˛– !•üy°Î˚ ˛õÓ≈ï˛üy°yÓ˚

~•z xMÈ˛°!ê˛ 2,400 !Ü˛ˆÏ°y!üê˛yÓ˚ ˜òâ≈ƒ ÓÓ˚yÓÓ˚ !Óhfl,Ïï˛– x!ï˛ í˛zFã˛ï˛yñ áyí˛¸y ö!ï˛üyey S!fiê˛˛õ @ÈÃy!í˛ˆÏÎ˚rê˛V

~ÓÇ §ü,Âô öy!ï˛¢#ˆÏï˛y£è í˛z!qò §üy•yÓ˚ Sˆúœ˛yÓ˚yV ~Ó˚ Ü˛yÓ˚ˆÏî ~•z xMÈ˛° ~Ü˛!ê˛ xööƒ ç#Ó˜ÏÓ!ã˛ˆÏeƒÓ˚

xyôyÓ˚ó !•üy°ˆÏÎ˚Ó˚ !ï˛ö!ê˛ ˜çÓÈÙÈˆû˛ÔˆÏày!°Ü˛ ≤ÃˆÏò¢ Ó˚ˆÏÎ˚ˆÏåÈ ÎÌyÈÙÙÙÈ í˛z_Ó˚ÈÙÈ˛õ!ÿ˛ü !•üy°Î˚ñ ˛õ!ÿ˛ü

!•üy°Î˚ñ üôƒ !•üy°Î˚ ~ÓÇ ˛õ)Ó≈ !•üy°Î˚– ˆÎà%!° ~Ü˛§ˆÏAà ˆòˆÏ¢Ó˚ ≤ÃyÎ˚ 6.4% xyÎ˚ï˛ˆÏö x!ôÜ˛yÓ˚

Ü˛ˆÏÓ˚–

@ÈÃ#‹øüu˛°#Î˚ ˆÓ˚•zöú˛ˆÏÓ˚fiê˛ ˛õ)Ó≈ !•üy°ˆÏÎ˚ ≤Ãyôyöƒ ˛õyÎ˚ó Îáö âö í˛z˛õe´yhs#Î˚ ~ÓÇ xy“y•zö Óö

üôƒ ~ÓÇ ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ ˜Ó!¢T˛ƒ !öî≈Î˚ Ü˛ˆÏÓ˚– ÄÜ˛ñ ˆã˛fiê˛öyê˛ñ Ü˛!öú˛yÓ˚ñ xƒy¢ñ ˛õy•zö ~ÓÇ ˆòÓòyÓ˚

Óy §#í˛yÓ˚ ≤Ãû,˛!ï˛ í˛z!qò !•üy°ˆÏÎ˚ ≤Ãã%˛Ó˚ ˛õ!Ó˚üyˆÏî Ó˚ˆÏÎ˚ˆÏåÈ– !•üy°Î˚ ˛õÓ≈ï˛üy°yÎ˚ Ó§Óy§Ü˛yÓ˚# à%Ó˚&c˛õ)î≈

≤Ãyî#Ó˚ üˆÏôƒ Ó˚ˆÏÎ˚ˆÏåÈ Óöƒ ˆû˛í˛¸yñ ˛õy•y!í˛¸ åÈyà°ñ xy•zˆÏÓ:ñ Ü˛›Ó˚# •!Ó˚î ~ÓÇ ˆ§ˆÏÓ˚y– ˆÓ˚í˛ ˛õyu˛yñ

Ü˛yˆÏ°y û˛yÕ‘%Ü˛ñ ˆì˛y°ñ ˆöÜ˛ˆÏí˛¸ñ üyˆÏê˛≈öñ í˛z•zˆÏ§°ñ !ã˛ï˛yÓyâ ~ÓÇ ï%˛£ÏyÓ˚ !ã˛ï˛yÄ ~áyˆÏö ˛õyÄÎ˚y ÎyÎ˚–

ï˛ˆÏÓ ò%‹±y˛õƒ üyÇ§y¢# ≤Ãyî#Ó˚y ≤ÃyÎ˚•z fliyö#Î˚û˛yˆÏÓ !Ó˛õß¨–

ˆçyö 3 : û˛yÓ˚ï˛#Î˚ üÓ˚%û)˛!ü

~•z xMÈ˛° ò%!ê˛ ç#ÓÈˆÏû˛Ôà!°Ü˛ ≤ÃˆÏò¢ !öˆÏÎ˚ à!ë˛ï˛– Ó,•_ü xÇ¢!ê˛ •° ÌÓ˚ Óy ˆ@ÈÃê˛ •z!u˛Î˚yö

üÓ˚&û)˛!üÓ˚ ˛õy!Ü˛hflÏyö §Ç°@¿ û˛yÓ˚ï˛#Î˚ xÇ¢– •z•y Ó˚yçfliyö ≤ÃˆÏò¢ ~ÓÇ ˛õyOyÓ Ä •!Ó˚Î˚yöyÓ˚ !Ü˛å%È xÇ¢

!öˆÏÎ˚ à!ë˛ï˛– û˛yÓ˚ï˛#Î˚ xÇˆÏ¢ ÌÓ˚ üÓ˚&û)˛!ü 170,000 Óyà≈ !Ü˛.!ü. çyÎ˚ày ç%ˆÏí˛¸ !Óhfl,Ïï˛– ~áyöÜ˛yÓ˚ ç°ÓyÎ˚%

ï˛Æ ~ÓÇ ¢%‹Ò ≤ÃÜ,˛!ï˛Ó˚– @ÈÃ#‹øÜ˛yˆÏ°Ó˚ xï˛ƒ!ôÜ˛ ï˛y˛õüyey ~ÓÇ ¢#ï˛Ü˛yˆÏ° xï˛#Ó ¢#ï˛°ï˛y ~áyöÜ˛yÓ˚

˜Ó!¢T˛ƒ– Ó,!T˛˛õyï˛ 70 ˆ§!rê˛!üê˛yˆÏÓ˚Ó˚ Ü˛ü– àyåÈ˛õy°y ˆÓ!¢Ó˚û˛yà•z ˆçˆÏÓ˚yú˛y•z!ê˛Ü˛– ÓyÓ%°ñ !Ü˛Ü˛Ó˚ ~ÓÇ

Óöƒ ˆáç%Ó˚ üyé˛y!Ó˚ Ó,!T˛˛õyˆÏï˛Ó˚ ~°yÜ˛yÎ˚ çˆÏß√– û˛yÓ˚ï˛#Î˚ Óyfiê˛yí˛≈ñ ~Ü˛!ê˛ xï˛ƒhs !Ó˛õß¨ ˛õy!á ~áyˆÏö

˛õyÄÎ˚y ÎyÎ˚– üÓ˚&û)˛!üÓ˚ í˛z£è ¢%‹Ò xÇˆÏ¢ í˛zê˛ñ àyˆÏç°ñ !¢Î˚y°ñ Ü˛Ñyê˛yÈÙÈ ˆ°çÎ%_´ !ê˛Ü˛!ê˛!Ü˛ ~ÓÇ §y˛õ

˛õyÄÎ˚y ÎyÎ˚–
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!mï˛#Î˚ xÇ¢!ê˛ •ˆÏ°y à%çÓ˚yˆÏê˛ xÓ!fliï˛ Ü˛ˆÏFåÈÓ˚ Ó˚yî– Ó˚yî •° ˛õy!Ü˛hflÏyö Ä û˛yÓ˚ˆÏï˛Ó˚ §#üyhs üˆÏôƒ

!ÓhflÏ#î≈ ~°yÜ˛y ç%ˆÏí˛¸ !Óhfl,Ïï˛ ~Ü˛!ê˛ °ÓˆÏîÓ˚ ç°yû)˛!ü– Ó,•_Ó˚ xÇ¢!ê˛ ˆÓ!¢Ó˚û˛yà à%çÓ˚yˆÏê˛ S≤Ãôyöï˛

Ü˛FåÈ ˆç°yV xÓ!fliï˛– ~!ê˛ ˆ@ÈÃê˛ Ó˚yî ~ÓÇ !°ê˛° Ó˚ˆÏî !Óû˛_´– •zˆÏ®yÈÙÈüy°Î˚ xMÈ˛ˆÏ° Ü˛ˆÏFåÈÓ˚ Ó˚yî ~Ü˛üye

Óí˛¸ ≤’y!Óï˛ ï,˛îû)˛!ü xMÈ˛°– ~°yÜ˛y!ê˛Ó˚ ~Ü˛!òˆÏÜ˛ üÓ˚&û)˛!ü Ó˚ˆÏÎ˚ˆÏåÈ ~ÓÇ xöƒ!òˆÏÜ˛ §ü%o– üƒyöˆÏ@ÈÃyû˛

~ÓÇ üÓ˚&û)˛!üÓ˚ àyåÈ˛õy°y §• !Ó!û˛ß¨ Óy›ï˛sf ~áyˆÏö Óï˛≈üyö– Ü˛ˆÏë˛yÓ˚ xÓfliyÓ˚ §yˆÏÌ áy˛õ áy•zˆÏÎ˚

~áyöÜ˛yÓ˚ ï,˛îû)˛!ü ~ÓÇ üÓ˚&û)˛!ü ~•z xMÈ˛ˆÏ°Ó˚ Óöƒ≤Ãyî#Ó˚ xyÓy§fli° •ˆÏÎ˚ í˛zˆÏë˛ˆÏåÈ– ~Ó˚ üˆÏôƒ Ó˚ˆÏÎ˚ˆÏåÈ

~ˆÏu˛!üÜ˛ ~ÓÇ !Ó˛õß¨ ≤Ãçy!ï˛Ó˚ ≤Ãyî# ˆÎüö û˛yÓ˚ï˛#Î˚ Óöƒ àyôy ~ÓÇ í˛z!qò– Ó˚yî Ó,•_Ó˚ úœ˛ƒy!üˆÏAàyñ

«%˛oï˛Ó˚ úœ˛ƒy!üˆÏAàyñ «%˛oï˛Ó˚ ˆúœ˛y!Ó˚Ü˛yö ~ÓÇ •yí˛zÓyÓ˚y Óyfiê˛yí˛≈ §• xˆÏöÜ˛ Óy!§®y ~ÓÇ ˛õ!Ó˚ÎyÎ˚# ˛õy!áÓ˚

xyÓy§fli°– !°ê˛° Ó˚yö SThe Little RannV •° !ÓˆÏŸªÓ˚ Ó,•_ü çö§ÇáƒyÓ˚ û˛yÓ˚ï˛#Î˚ Óöƒ àyôyÓ˚

xÓfliyö– Ó˚yˆÏö ˛õyÄÎ˚y xöƒyöƒ hflÏöƒ˛õyÎ˚# ≤Ãyî#Ó˚ üˆÏôƒ Ó˚ˆÏÎ˚ˆÏåÈ û˛yÓ˚ï˛#Î˚ ˆöÜ˛ˆÏí˛¸ñ üÓ˚&û)˛!üÓ˚ !¢Î˚y°ñ

!ã˛AÜ˛yÓ˚yñ ö#°ày•zñ Ü,˛£è§yÓ˚ •!Ó˚î ~ÓÇ xöƒyöƒ ≤Ãyî#§Ü˛°–

ˆçyö 4 : xyôyÈÙÈ¢%‹Ò ~°yÜ˛y

•z•y ÌÓ˚ üÓ˚&û)˛!ü ˆÌˆÏÜ˛ ˛õ!ÿ˛üâyˆÏê˛Ó˚ âö ÓöyMÈ˛ˆÏ°Ó˚ üôƒÓï˛≈# e´y!hs xMÈ˛° ç%ˆÏí˛¸ !Óhfl,Ïï˛ ~Ü˛!ê˛

xyôyÈÙÈ¢%‹Ò ç#ÓˆÏû˛ÔˆÏày!°Ü˛ xMÈ˛°– ü,!_Ü˛y çˆÏ°Ó˚ âyê˛!ï˛ S§ˆÏÎ˚° ÄÎ˚yê˛yÓ˚ ˆí˛!ú˛!§ê˛V ~ÓÇ í˛zß√%_´ üy!ê˛Ó˚

SÓƒyˆÏÓ˚ö §ˆÏÎ˚° V !ÓhflÏ#ö≈ ~°yÜ˛yÓ˚ üyˆÏé˛ üyˆÏé˛ !Ó!FåÈß¨ çAà° ~•z xMÈ˛ˆÏ°Ó˚ fl∫yû˛y!ÓÜ˛ ã˛!Ó˚e– ~•z

xyôyÈÙÈ¢%‹Ò xMÈ˛ˆÏ° Ü˛Ñyê˛yÎ%_´ ˆé˛y˛õé˛yí˛¸ñ ây§ ~ÓÇ !Ü˛å%È ≤Ãçy!ï˛Ó˚ ÓÑy¢ Ó˚ˆÏÎ˚ˆÏåÈ– Ü˛ˆÏÎ˚Ü˛ ≤Ãçy!ï˛Ó˚ çyAà°

í˛z!qò ~ÓÇ !Ü˛å%È «˛îfliyÎ˚# ˆû˛£Ïç í˛z!qòÄ ~áyˆÏö ˆòáy ÎyÎ˚– ~•z xMÈ˛ˆÏ° ˆöÜ˛ˆÏí˛¸ñ ˆ¢Î˚y°ñ !ã˛ï˛yÓyâñ

§y˛õñ ü!•ˆÏ£ÏÓ˚ •zï˛ƒy!ò Óöƒçv Ó§Óy§ Ü˛ˆÏÓ˚– ˛õy¢y˛õy!¢ ˆ@ÈÃê˛ •z!u˛Î˚yö Óyfiê˛yí˛≈ñ ~!¢Î˚yö •yí˛zÓyÓ˚yñ §yòy

Ü˛yˆÏöÓ˚ Ó%°Ó%°ñ !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ §ƒyu˛@ÈÃyí˛z§ñ ˆí˛çyê˛≈ °yÜ˛≈ñ Ó˚&ú˛y§ÈÙÈˆÏê˛•z°í˛ fl;yÓÈÙÈÓ˚!Óöñ •z§yˆÏÓ!°ö

•%•z!ê˛Î˚yÓ˚ñ ~!¢Î˚yö ˆí˛çyê˛≈ ÄÎ˚yÓ˚ÓœyÓ˚ ≤Ãû,˛!ï˛Ó˚ ˜Ó!ã˛eüÎ˚ ˛õy!á ~áyˆÏö ˛õyÄÎ˚y ÎyÎ˚–

ˆçyö 5 : ˛õ!ÿ˛üâyê˛

û˛yÓ˚ï˛ í˛z˛õü•yˆÏòˆÏ¢Ó˚ ˛õ!ÿ˛üâyê˛ ˛õÓ≈ï˛ üy°y ~ÓÇ ˛õ!ÿ˛ü í˛z˛õÜ)˛° xMÈ˛° ç%ˆÏí˛¸ xÓfliyö Ü˛ˆÏÓ˚

!ÓˆÏŸªÓ˚ ~Ü˛ xööƒ ç#Ó˜ÏÓ!ã˛eƒ xMÈ˛°– ˛õ!ÿ˛üâyê˛ ç#ÓˆÏû˛ÔˆÏày!°Ü˛ xMÈ˛°!ê˛Ó˚ ò!«˛î ≤Ãyhs í˛z˛õü•yˆÏòˆÏ¢Ó˚

4°N ˆÌˆÏÜ˛ ≤ÃyÎ˚ 1600 !Ü˛!ü í˛z_Ó˚ !òˆÏÜ˛ 21°N ~ ï˛y!Æ öò#Ó˚ ü%á ˛õÎ≈hs !Óhfl,Ïï˛–

˛õÓ≈ï˛à%!°Ó˚ àí˛¸ í˛zFã˛ï˛y §ü%o˛õ,¤˛ ˆÌˆÏÜ˛ 900 ~ÓÇ ˛1500 !üê˛yˆÏÓ˚Ó˚ ˛õÎ≈hs– ò!«˛îÈÙÈ˛õ!ÿ˛ü ˆÌˆÏÜ˛

ˆüÔ§%!ü ÓyÎ˚%ˆÏÜ˛ Óyôy ˆòÎ˚ ~Ó˚ ú˛ˆÏ° ˛õ!ÿ˛ü í˛z˛õÜ)˛ˆÏ° ≤Ãã%˛Ó˚ Ó,!T˛˛õyï˛ •Î˚ ~ÓÇ ˛õ!ÿ˛üâyê˛ ˛õÓ≈ï˛ üy°yÓ˚

˛õ)Ó≈!òˆÏÜ˛ Ó,!T˛Ó˚ åÈyÎ˚y xMÈ˛° ˜ï˛!Ó˚ •Î˚–
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˜Ó!ã˛eƒüÎ˚ ç°ÓyÎ˚% ~ÓÇ ˆû˛ÔˆÏày!°Ü˛ !Óhfl,Ï!ï˛ ~•z xMÈ˛ˆÏ° Ó•%≤ÃÜ,˛!ï˛Ó˚ xyÓy§fli° ˜ï˛!Ó˚ Ü˛ˆÏÓ˚ Îy

í˛z!qò Ä ≤Ãyî# ≤Ãçy!ï˛Ó˚ xööƒ ˜Ó!ã˛e §,!T˛Ó˚ §•yÎ˚Ü˛– ˜ç!ÓÜ˛ ˜Ó!ã˛eƒ åÈyí˛¸yÄñ xMÈ˛°!ê˛ í˛zFã˛ hflÏˆÏÓ˚Ó˚

§yÇfl,Ò!ï˛Ü˛ ˜Ó!ã˛ˆÏeƒÓ˚ çöƒ à!Ó≈ï˛– Ü˛yÓ˚î xˆÏöÜ˛ xy!òÓy§# üyö%£Ï ~•z ÓˆÏö Ó§Óy§ Ü˛ˆÏÓ˚–

~•z xMÈ˛° §,!T˛ Ü˛ˆÏÓ˚ˆÏåÈ !ÓŸªÓƒy˛õ# fl∫#Ü,˛ï˛ 36!ê˛ ç#Ó˜ÏÓ!ã˛ˆÏeƒÓ˚ •ê˛flõê˛ ÚÄˆÏÎ˚fiê˛yö≈âyê˛ Ä ◊#°ÇÜ˛yÛ–

˛õ!ÿ˛üâyˆÏê˛Ó˚ !ã˛Ó˚•!Ó˚Í í˛z!qˆÏòÓ˚ Óöû)˛!üˆÏï˛ x˛õ%‹õÜ˛ Ä fl∫˛õ%‹õÜ˛ ˆ◊î#Ó˚ ≤Ãã%˛Ó˚ §ÇáÜ˛ xyMÈ˛!°Ü˛ Óy

~ˆÏu˛!üÜ˛ ≤Ãçy!ï˛ Ó˚ˆÏÎ˚ˆÏåÈ–

í˛zFã˛ í˛zFã˛ï˛yÓ˚ Óöà%!° í˛z˛õçyï˛#Î˚ ˆ°yÜ˛ˆÏòÓ˚ myÓ˚y á%Ó Ü˛ü çöÓ§!ï˛˛õ)î≈– í˛zÓ≈Ó˚ í˛z˛õï˛ƒÜ˛yÎ˚ ôyˆÏöÓ˚

ã˛y£Ïñ Óy!î!çƒÜ˛ ú˛§ˆÏ°Ó˚ Óyàyö ˆÎüö §%˛õ%!Ó˚ ~ÓÇ ˆày° ü!Ó˚ã˛– ˛õ!ÿ˛üâyˆÏê˛Ó˚ í˛z˛õï˛ƒÜ˛yÓ˚ ï˛°ˆÏòˆÏ¢

100 !üê˛yˆÏÓ˚Ó˚ Ü˛ü í˛zFã˛ï˛yÎ˚ üsiÓ˚ ˆflÀyï˛ ≤ÃÓyˆÏ• çyÎ˚ú˛° àyåÈ §• xy!ò í˛z!qò §¡±òyˆÏÎ˚Ó˚ !ÓˆÏ¢£Ï

ç°yû)˛!ü ˆòáy ÎyÎ˚–

˙!ï˛•ƒÓy•# Ü,˛!£ÏÓ˚ §¡±§yÓ˚î ~ÓÇ !ÓˆÏ¢£Ï Ü˛ˆÏÓ˚ Ó˚yÓyÓ˚ñ ã˛yñ Ü˛!ú˛ ~ÓÇ Óöç Ó,«˛ˆÏÓ˚y˛õˆÏîÓ˚ Sú˛ˆÏÓ˚fiê˛

≤’yöˆÏê˛¢öV !ÓhflÏyÓ˚ í˛z˛õï˛ƒÜ˛yÓ˚ xy!ò Óöû)˛!üÓ˚ ü%áƒ çyÎ˚àyà%!° ôÇ§ Ü˛ˆÏÓ˚ ˆú˛°ˆÏï˛ ˛õyˆÏÓ˚– ˛õ!ÿ˛üâyê˛

xMÈ˛ˆÏ° ~áöÄ ˛õÎ≈hs !ÓˆÏŸªÓ˚ ˆÓ˚Ü˛í˛≈ Ü˛Ó˚y 15!ê˛Ó˚ üˆÏôƒ 14!ê˛ xyMÈ!°Ü˛ !§!§!°Î˚yö ≤Ãçy!ï˛Ó˚ ˛õy !Ó•#ö

í˛zû˛ã˛Ó˚ ≤Ãyî#Ó˚ xy◊ˆÏÎ˚Ó˚ fli°–

ˆçyö 6 : òy!«˛îyï˛ƒ üy°û)˛!ü

˛õ!ÿ˛üâyˆÏê˛Ó˚ Ä˛õyˆÏÓ˚ Ó,!T˛Ó˚ åÈyÎ˚yÎ˚ ˆÎ xyôyÈÙÈ¢%‹Ò xMÈ˛°!ê˛ xÓ!fliï˛ ï˛y•y•z ˆí˛Ü˛yö Óy òy!«˛îyï˛ƒ

üy°û)˛!ü âyˆÏê˛Ó˚– ~!ê˛ û˛yÓ˚ï˛ í˛z˛õü•yˆÏòˆÏ¢Ó˚ Ó,•_ü üy°û)˛!ü– üy°û)˛!üÓ˚ í˛zFã˛û)˛!ü !Ó!û˛ß¨ ôÓ˚ˆÏöÓ˚ Óö

myÓ˚y xyFåÈy!òï˛– Îy ˆÌˆÏÜ˛ ≤Ãã%˛Ó˚ ˛õ!Ó˚üyˆÏö öyöy ˜Ó!ã˛eƒÓ˚ Óöçyï˛ ˛õîƒ í˛zÍ˛õß¨ •Î˚– òy!«˛îyˆÏï˛ƒÓ˚ üy°û)˛!ü

§yï˛˛õ%Ó˚y ˛õÓ≈ï˛üy°yÓ˚ ò!«˛î ≤Ãyhs ˆÌˆÏÜ˛ û˛yÓ˚ï˛ í˛z˛õü•yˆÏòˆÏ¢Ó˚ ò!«˛î ≤Ãyhs ˛õÎ≈hs !ÓhflÏ#î≈ xMÈ˛° ç%ˆÏí˛¸

!Óhfl,Ïï˛– xyöy•z ü%!ò ~•z xMÈ˛ˆÏ°Ó˚ §ˆÏÓy≈Fã˛ ¢,Aà– òy!«˛îyˆÏï˛ƒÓ˚ üy°û)˛!ü ˛õ!ÿ˛ü Ä ˛õ)Ó≈âyê˛ ˛õÓ≈ï˛üy°y

myÓ˚y ˆÓ!T˛ï˛ Îy•yÓ˚y ò!«˛î ≤ÃyˆÏhs ö#°!à!Ó˚ ˛õy•yˆÏí˛¸ ~ˆÏÜ˛ x˛õˆÏÓ˚Ó˚ §yˆÏÌ !ü!°ï˛ •ˆÏÎ˚ˆÏåÈ– ˛õ!ÿ˛ü âyˆÏê˛Ó˚

üˆÏôƒ Ó˚ˆÏÎ˚ˆÏåÈ §•ƒy!oñ ö#°!à!Ó˚ñ xyöyüy°y•z ~ÓÇ Ü˛yí˛≈yüü ˛õy•yí˛¸– ü•yöò#ñ ˆàyòyÓÓ˚#ñ Ü,˛£èy ~ÓÇ

Ü˛yˆÏÓ!Ó˚Ó˚ üˆÏï˛y xˆÏöÜ˛ öò# ˛õ!ÿ˛ü âyê˛ ˆÌˆÏÜ˛ í˛zÍ˛õß¨ •Î˚ ~ÓÇ ˛õ)Ó≈ !òˆÏÜ˛ ≤ÃÓy!•ï˛ •Î˚– ˛õ!ÿ˛ü âyê˛

ˆÌˆÏÜ˛ xy§y öò# myÓ˚y ˛õ)Ó≈âyê˛ ˛õÓ≈ï˛üy°y ˆåÈyê˛ ˆåÈyê˛ ˛õy•y!í˛¸ ˆ◊î#ˆÏï˛ !Óû˛_´ •Î˚– ~§Ó öò#Ó˚ ˆÓ!¢Ó˚

û˛yà•z ÓˆÏAày˛õ§yàˆÏÓ˚ !üˆÏ¢ˆÏåÈ– ˆàyòyÓÓ˚# òy!«˛îyˆÏï˛ƒÓ˚ üy°û)˛!üÓ˚ ò#â≈ï˛ü öò#– öü≈òy Ä ï˛y!Æ ˛õ!ÿ˛ü

!òˆÏÜ˛ ≤ÃÓy!•ï˛ •ˆÏÎ˚ xyÓ˚Ó §yàˆÏÓ˚ ˛õ!ï˛ï˛ •ˆÏÎ˚ˆÏåÈ–

~áyöÜ˛yÓ˚ ˆí˛y!üöƒyrê˛ àyåÈ˛õy°y ü)°ï˛ áÓ˚y ≤Ã!ï˛ˆÏÓ˚yô# ~ÓÇ à%Õ√ çyï˛#Î˚ Îy ¢%‹Ò ˆüÔ§%ˆÏü ç°

§ÇÓ˚«˛ˆÏîÓ˚ çöƒ ˛õeˆÏüyã˛ö Ü˛ˆÏÓ˚– §yôyÓ˚îï˛ ÓyÓ°y SAcaciaVñ Ü%˛° SZiziphusVñ ¢ü# SProsopisVÓ˚
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üï˛ Ü˛Ñyê˛yÎ%_´ ≤Ãçy!ï˛ åÈyí˛¸yÄ ~•z xMÈ˛° ê˛y!ü≈öy!°Î˚y S•Ó˚#ï˛Ü˛#ñ ÓˆÏ•Ó˚y ≤Ãû,˛!ï˛Vñ Ü˛ƒy!§Î˚yñ !¢!Ó˚£Ïñ !¢¢%ñ

ˆfiê˛!Ó˚ÄflõyÓ˚üyüñ ˆê˛ˆÏÓ˚yÜ˛y˛õ≈y§ñ ¢y°ñ í˛yˆÏÎ˚yflõy•zˆÏÓ˚y§ ≤Ãû,˛!ï˛ í˛zˆÏÕ‘áˆÏÎyàƒ ≤Ãçy!ï˛Ó˚ àyåÈ˛õy°y myÓ˚y

!ã˛!•´ï˛ Ü˛Ó˚y ÎyÎ˚– û˛yÓ˚ï˛#Î˚ ã˛®ö SSantalum albumV ~Ü˛!ê˛ ü)°ƒÓyö Óöç §¡õò–

üy°û)˛!üˆÏï˛ xÓ!¢T˛ ÓöyMÈ˛ˆÏ°Ó˚ !ÓhflÏ#î≈ ~°yÜ˛yÎ˚ ã˛yÓ˚ !¢ÇÄÎ˚y°y xƒy!rê˛ˆÏ°y˛õ STetracerus

quadricornisVñ !ã˛AÜ˛yÓ˚y SGazella bennettiiV ~ÓÇ Ü,˛£è§yÓ˚ •!Ó˚î SAntilope cervicapraV ˆÌˆÏÜ˛

¢%Ó˚% Ü˛ˆÏÓ˚ Ó,•Í àyí˛zÓ˚ SBos gaurusVñ Óöƒ ç° ü!•£Ï ≤Ãû,˛!ï˛ !Ó!û˛ß¨ ≤Ãyî#Ó˚ xyÓy§ Ä ã˛yÓ˚îfli°–

~•z xMÈ˛ˆÏ° •°%òÈÙÈà°y Ó%°Ó%°ñ •°%ò í˛zòÓ˚ ÓyÓ°yÓ˚ñ §y•zÜ˛§ °yÜ˛≈ñ ˆçí˛≈ˆÏöÓ˚ Ó%¢°yÜ˛≈ñ ˆe´ˆÏfiê˛í˛ Óyçñ

{à°ñ ≤Ãû,˛!ï˛ öyöy ˜Ó!ã˛eˆÏƒÓ˚ ˛õy!á ˆòáy ÎyÎ˚–

üy°û)˛!üˆÏï˛ xÓ!¢T˛ ÓöyMÈ˛ˆÏ°Ó˚ !ÓhflÏ#ö≈ ~°yÜ˛yÎ˚ ã˛yÓ˚ !¢ÇÄÎ˚y°y xƒy!rê˛ˆÏ°y˛õ STetracerus

quadricornisVñ !ã˛AÜ˛yÓ˚y SGazella bennettiiV ~ÓÇ Ü,˛£è§yÓ˚ •!Ó˚î SAntilope cervicapraV ˆÌˆÏÜ˛

¢%Ó˚& Ü˛ˆÏÓ˚ Ó,•Í àyí˛zÓ˚ SBos gaurusVñ Óöƒ ç° ü!•£Ï SBubalusarnceV ≤Ãû,˛!ï˛ !Ó!û˛ß¨ ≤Ãyî#Ó˚ xyÓy§

Ä ã˛yÓ˚îfli°– ~•z xMÈ˛ˆÏ° •°%òÈÙÈà°y Ó%°Ó%°ñ •°%ò í˛zòÓ˚ ÓyÓ°yÓ˚ñ §y•zÜ˛§ °yÜ˛≈ñ ˆçí˛≈ˆÏöÓ˚ Ó%¢°yÜ˛≈ñ

ˆe´ˆÏfiê˛í˛ Óyçñ {à°ñ ≤Ãû,˛!ï˛ öyöy ˜Ó!ã˛ˆÏeƒÓ˚ ˛õy!á ˆòáy ÎyÎ˚–

ˆçyö 7 : àyˆÏAàÎ˚ §üû)˛!ü

˛õ!ÿ˛ˆÏü Îü%öy öò#ñ ò!«˛îÈÙÈ˛õ)Ó≈!òˆÏÜ˛ àAàyÓ˚ ˆüy•yöyñ í˛z_ˆÏÓ˚ !•üy°Î˚ ˛õyÓ≈ï˛ƒ xMÈ˛° ~ÓÇ ò!«˛ˆÏî

í˛z˛õm#˛õ#Î˚ üy°û)˛!ü ~Ó˚ üôƒÓï˛≈# !Ó¢y° §üï˛°ñ xMÈ˛°!ê˛Ó˚ öyü àyˆÏAàÎ˚ §üû)˛!ü– •z•y !ò!Õ‘Ó˚ !Ü˛å%È

xÇ¢ñ í˛z_Ó˚ ≤ÃˆÏò¢ñ !Ó•yÓ˚ñ ˛õ!ÿ˛üÓAà ~ÓÇ í˛z!í˛¸£ÏƒyÓ˚ !Ü˛å%È xÇ¢ ç%ˆÏí˛¸ !Óhfl,Ïï˛ ~•z §üû)˛!üÓ˚ ˆüyê˛

xyÎ˚ï˛ö ≤ÃyÎ˚ 3 °«˛ 75 •yçyÓ˚ Óà≈!Ü˛!ü–

~•z §üû)˛!ü xMÈ˛°!ê˛ˆÏÜ˛ fliyö#Î˚ ˜Ó!¢ˆÏT˛ƒÓ˚ ˛õyÌ≈Ü˛ƒ xö%§yˆÏÓ˚ !ö¡¨!°!áï˛ !ï˛ö!ê˛ í˛z˛õÈÙÈxMÈ˛ˆÏ° û˛yà

Ü˛Ó˚y ÎyÎ˚ÈÙÙÙÈ

í˛zFã˛ àyˆÏAàÎ˚ §üû)˛!ü xMÈ˛°ÈÙÙÙÈ

 xMÈ˛°!ê˛ ˛õ!ÿ˛ˆÏü Îü%öy öò# ˆÌˆÏÜ˛ ˛õ)ˆÏÓ≈ ~°y•yÓyò ˛õÎ≈hs ≤Ã§y!Ó˚ï˛–

 ˛õ!ÿ˛ˆÏü xMÈ˛°!ê˛Ó˚ àí˛¸ í˛zFã˛ï˛y 220 !ü ~ÓÇ ˛õ)ˆÏÓ≈ 100 !ü–

 xMÈ˛°!ê˛ í˛z_Ó˚ÈÙÈ˛õ!ÿ˛ü ˆÌˆÏÜ˛ ò!«˛îÈÙÈ˛õ)ˆÏÓ≈ ì˛y°%– í˛z_Ó˚yÇˆÏ¢ §ÇÜ˛#î≈ û˛yÓÓ˚ Ä ï˛Ó˚y•zû)˛!ü ˆòáy

ÎyÎ˚–

 ~•z xMÈ˛ˆÏ°Ó˚ ≤Ãyã˛#ö ˛õ!° myÓ˚y à!ë˛ï˛ ü,!_Ü˛y û˛yAàÓ˚ öyˆÏü Ä öÓ#ö ˛õ!° myÓ˚y à!ë˛ï˛ ü,!_Ü˛y

áyòyÓ˚ öyˆÏü ˛õ!Ó˚!ã˛ï˛–
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üôƒ àyˆÏAàÎ˚ §üû)˛!ü xMÈ˛°ÈÙÙÙÈ

 ˛õ)Ó≈!òˆÏÜ˛ ~Ó˚ í˛zFã˛ï˛y e´ü•…y§üyö S≤ÃyÎ˚ 35 !üV–

 ~•z xMÈ˛°!ê˛Ó˚ ˛õ)Ó≈yÇ¢ !Ó•yÓ˚ Ó˚yˆÏçƒ ~ÓÇ ˛õ!ÿ˛üyÇ¢ í˛z_Ó˚≤ÃˆÏòˆÏ¢Ó˚ üˆÏôƒ xÓ!fliï˛–

 xMÈ˛°!ê˛Ó˚ ˛õ!ÿ˛ü!òˆÏÜ˛ Ó˚yçü•° ˛õy•yí˛¸ xyˆÏåÈ–

 !¢Óy!°ˆÏÜ˛Ó˚ ˛õyòˆÏòˆÏ¢ ≤ÃhflÏÓ˚üÎ˚ñ ö%!í˛¸ Ä Óy!°˛õ)î≈ û)˛!üû˛yà û˛yÓÓ˚ öyˆÏü ˛õ!Ó˚!ã˛ï˛–

 û˛yÓˆÏÓ˚Ó˚ ò!«˛ˆÏî çAà°üÎ˚ñ ç°yÜ˛#î≈ñ xˆÏ˛õ«˛yÜ,˛ï˛ §)- ˛õ!° Ä Óy!° myÓ˚y à!ë˛ï˛ xMÈ˛°ˆÏÜ˛

ï˛Ó˚y•z Ó°y •Î˚–

!ö¡¨ àyˆÏAàÎ˚ §üû)˛!ü xMÈ˛°ÈÙÙÙÈ

 û˛yÓ˚ˆÏï˛ ~•z xÇ¢!ê˛ !Ó•yˆÏÓ˚Ó˚ ˛õ)Ó≈ §#üy ˆÌˆÏÜ˛ •%à!° öò#Ó˚ ˆüy•yöy ˛õÎ≈hs !Óhfl,Ïï˛–

 ~•z xÇ¢!ê˛ˆÏÜ˛ !ï˛ö û˛yˆÏà û˛yà Ü˛Ó˚y ÎyÎ˚ÈÙÙÙÈ 1. í˛z_Ó˚ÓˆÏAàÓ˚ §üû)˛!ü S!•üy°Î˚ ˛õyÓ≈ï˛ƒ xMÈ˛ˆÏ°

í˛zÍ˛õß¨ àAàyÈÙÈ˛õpyÓ˚ í˛z˛õöò#à%!° myÓ˚y à!ë˛ï˛Vñ 2. Ó˚yì˛¸ §üû)˛!ü SˆåÈyˆÏê˛yöyà˛õ%Ó˚ üy°û)˛!ü

xMÈ˛ˆÏ° í˛zÍ˛õß¨ àAàyÓ˚ í˛z˛õöò#à%!° myÓ˚y à!ë˛ï˛V Ä 3. Óm#˛õ §üû)˛!ü SàAàyÈÙÈ˛õpy Ä ï˛yÓ˚

¢yáy≤Ã¢yáy öò#à%!° myÓ˚y à!ë˛ï˛V–

 Óm#˛õ §üû)˛!üÓ˚ !ï˛ö!ê˛ xÇ¢ •°ÈÙÙÙÈ 1. ü,ï˛≤ÃyÎ˚ Óm#˛õñ 2. ˛õ!Ó˚îï˛ Óm#˛õ Ä 3. §!e´Î˚ Óm#˛õ–

àyˆÏAàÎ˚ §üû)˛!ü xMÈ˛ˆÏ°Ó˚ ç°ÓyÎ˚% xyo≈ Ä í˛z£èü[˛°#Î˚ ≤ÃÜ,˛!ï˛Ó˚– ¢%‹Ò ˛õ!ÿ˛ü Ó˚yçfliyö åÈyí˛¸y

ê˛ˆÏ˛õy@ÈÃy!ú˛Ü˛ x!û˛ß¨ï˛y ~•z §üû)˛!ü ç%ˆÏí˛¸ ~Ü˛!ê˛ §yôyÓ˚î ˜Ó!¢T˛ƒ– ~áyöÜ˛yÓ˚ àí˛¸ Óy!£Ï≈Ü˛ Ó,!T˛˛õyï˛ 50-

150 cm ~ÓÇ ü,!_Ü˛y ˆòyxÑy¢ Óy ˛õ!° §ü,Âô– ~áyöÜ˛yÓ˚ Óöyö# !§=˛ í˛z£÷ü[˛°#Î˚ ≤ÃÜ,˛!ï˛Ó˚ ˆÌˆÏÜ˛

¢%‹Ò ˛õî≈ˆÏüyã˛# ≤ÃÜ,˛!ï˛Ó˚– ~áyöÜ˛yÓ˚ ÓöyM˛ˆÏ°Ó˚ àyåÈà%ˆÏ°yÓ˚ üˆÏôƒ ÓyÓ°y (Vachellia Nilotica)ñ

Ü˛ƒyØy!Ó˚§ (Capparis sp.)ñ •Ó˚#ï˛Ü˛# (Terminalia Chebula)ñ !¢ü%° (Bombax Ceiba)ñ !¢¢%

(Dalbergia Sissoo)ñ çyÓ˚%° (Lagerstroemia Speciosa)ñ ¢y° (Shorea robusta)ñ ˆ§à%ö

(Tectona grandis)ñ ü•%Î˚y (Madhuca longifolia)ñ áyˆÏÎ˚Ó˚ (Sengalia catechu), çyü

(Syzygium cumini),  ˆòÓòyÓ˚% (Polyalthia longifolia), Ü˛Ó˚O (Pongamia pinnata),

˛õ%eyö!çû˛y (Putranjiva roxburghii), ÓÜ˛ú%˛° (Sesbania grandiflora), xç≈%ö (arjuna), Ü˛yM˛ö

(Bauhinia purpurea), °y° !¢ü%° (Bombax malabaricum), ˛õ°y¢ (Butea monosperma),

ÓyÑòÓ˚°y!ë˛‡xü°ï˛y§ (Cassia fistula), !üö!ç!Ó˚ ú%˛° (Cassia siamea), Ó˚=˛ü®yÓ˚ (Erythrina

blackeii), Óê˛ñ xŸªañ í%˛ü%Ó˚ñ xyüñ !°ã%˛ñ Ü˛yÑë˛y°ñ Ü%˛°ñ ï˛y°ñ §%˛õy!Ó˚ñ öyÓ˚ˆÏÜ˛°ñ ÓyÑ¢ñ Ü˛°y ≤Ãû,˛!ï˛

≤ÃyÎ˚ §Ó≈e•z ˆòáy ÎyÎ˚–

~áyöÜ˛yÓ˚ ÓöƒçvÓ˚ üˆÏôƒ ~!¢Î˚yö •y!ï˛ñ Óyâñ Ó,•_Ó˚ ~Ü˛ÈÙÈ!¢Ç àu˛yÓ˚ñ û˛yÓ˚ï˛#Î˚ Óy•z§öñ Óöƒ

ç° ü!•£Ïñ ç°y •!Ó˚î ~ÓÇ fl‘Ì û˛yÕ‘%ˆÏÜ˛Ó˚ í˛zˆÏÕ‘áˆÏÎyàƒ–
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§üï˛° ~•z xMÈ˛° §¡õ)î≈Ó˚*ˆÏ˛õ Ü,˛!£Ï!û˛!_Ü˛ xÌ≈ö#!ï˛Ó˚ í˛z˛õÓ˚ !öû˛≈Ó˚ Ü˛ˆÏÓ˚ §Ó≈y!ôÜ˛ çö§ÇáƒyÓ˚

âöcˆÏÜ˛ §üÌ≈ö Ü˛ˆÏÓ˚–

ˆçyö 8 : í˛z˛õÜ)˛°

û˛yÓ˚ˆÏï˛Ó˚ ~Ü˛!ê˛ í˛z˛õÜ)˛°ˆÏÓ˚áy 7,516.4 km ÈÙÈ~Ó˚ ˆÓ!¢ xMÈ˛° ç%ˆÏí˛¸ !Óhfl,Ïï˛– û˛yÓ˚ï˛#Î˚ í˛z˛õÜ)˛°à%!°

ï˛yˆÏòÓ˚ ˜Ó!¢T˛ƒ ~ÓÇ Ü˛yë˛yˆÏüyˆÏï˛ !û˛ß¨– Ü˛ƒyˆÏ¡∫ í˛z˛õ§yàÓ˚ ~ÓÇ Ü˛FåÈ í˛z˛õ§yàÓ˚ åÈyí˛¸y ˛õ!ÿ˛ü í˛z˛õÜ)˛°!ê˛

§ÇÜ˛#î≈– §Ó≈ ò!«˛î ≤ÃyˆÏhs §•ƒy!o ÓÓ˚yÓÓ˚ •z•y !Ü˛å%Èê˛y ≤Ã¢hflÏ– ÓƒyÜ˛ÄÎ˚yê˛yÓ˚ ≤ÃÓy• ~•z í˛z˛õÜ)˛ˆÏ°Ó˚ ˜Ó!¢T˛ƒ–

~Ó˚ !Ó˛õÓ˚#ˆÏï˛ ˛õ)Ó≈ í˛z˛õÜ)˛°#Î˚ §üû)˛!ü ˛õ)Ó≈ÈÙÈ≤ÃÓy!•ï˛ öò#à%!°Ó˚ ˛õ!° §MÈ˛ˆÏÎ˚Ó˚ Ü˛yÓ˚ˆÏî xˆÏöÜ˛ê˛y !Óhfl,Ïï˛–

í˛z˛õÜ)˛°#Î˚ xMÈ˛ˆÏ°Ó˚ ≤Ãôyö Ó˚yçƒà%!° •°ÈÙÈ à%çÓ˚yê˛ñ ü•yÓ˚yT˛Δñ ˆàyÎ˚yñ Ü˛î≈yê˛Ü˛ñ ˆÜ˛Ó˚y°yñ xrô ≤ÃˆÏò¢ñ

ï˛y!ü°öyí˛Y ~ÓÇ ˛õ%ò%ˆÏã˛!Ó˚ñ Ä!í˛¸¢y Ä ˛õ!ÿ˛üÓAà–

˛õ!ÿ˛ü ü%á# ≤ÃÓy!•ï˛ öò#à%ˆÏ°y ˛õ!ÿ˛ü í˛z˛õÜ)˛ˆÏ°Ó˚ í˛z˛õÓ˚ !òˆÏÎ˚ ≤ÃÓy!•ï˛ •ˆÏÎ˚ xyÓ˚Ó §yàˆÏÓ˚ ˛õ!ï˛ï˛

•ˆÏÎ˚ˆÏåÈ– öü≈òy ~ÓÇ ï˛y!Æ •° §%˛õ!Ó˚!ã˛ï˛ ˛õ!ÿ˛üÈÙÈ≤ÃÓy!•ï˛ öò#ñ ˆÎáyˆÏö §ÓÓ˚ü!ï˛ñ üy!•ñ û˛Ó˚ï˛˛õ%é˛y

~ÓÇ ˆ˛õ!Ó˚Î˚yÓ˚ •° xöƒyöƒ ˆåÈyê˛ ˛õ!ÿ˛üÈÙÈ≤ÃÓy!•ï˛ öò#– ˛õ)Ó≈ü%á# ≤ÃÓy!•ï˛ ˛õ)Ó≈ í˛z˛õÜ)˛ˆÏ°Ó˚ í˛zˆÏÕ‘áˆÏÎyàƒ

öò# ˆàyòyÓÓ˚#ñ Ü,˛£èy ~ÓÇ Ü˛yˆÏÓ!Ó˚Ó˚ !Óhfl,Ïï˛ ÓÈÙÈm#˛õ ~•z í˛z˛õÜ)˛ˆÏ°Ó˚ ˜Ó!¢T˛ƒ– í˛z˛õÜ)˛° ÓÓ˚yÓÓ˚ üƒyöˆÏ@ÈÃyû˛

àyåÈ˛õy°yñ °Óî ç°yû)˛!üñ §ü%o ây§ñ üƒyˆÏe´yxƒy°!à •zï˛ƒy!ò ˆüy•öyÓ˚ ˜Ó!¢T˛ƒ– í˛z˛õÜ)˛°#Î˚ §üû)˛!üÓ˚

Óí˛¸ xÇ¢ í˛zÓ≈Ó˚ üy!ê˛ myÓ˚y xyÓ,ï˛ ˆÎáyˆÏö !Ó!û˛ß¨ ú˛§° çˆÏß√– ôyö ~§Ó ~°yÜ˛yÓ˚ ≤Ãôyö ú˛§°–

í˛z˛õÜ)˛ˆÏ°Ó˚ ˆçyÎ˚yÓ˚ ÓöyMÈ˛ˆÏ°Ó˚ (Tidal forests) à%Ó˚&c˛õ)î≈ àyåÈ •° ˆ•yà°yñ àÓ˚yöñ ˛õy¢%Ó˚ •zï˛ƒy!ò–

öyöy ≤Ãçy!ï˛Ó˚ ˛õyüñ öyÓ˚ˆÏÜ˛° ~ÓÇ Ó˚yÓyÓ˚ í˛z˛õÜ)˛°#Î˚ xMÈ˛ˆÏ°Ó˚ ≤Ãôyö àyåÈ˛õy°y ÎyÓ˚y ~•z xMÈ˛ˆÏ°Ó˚

≤ÃyÜ,˛!ï˛Ü˛ ˆ¢yû˛yÄ Ó,!Âô˛ Ü˛ˆÏÓ˚––

üƒyöˆÏ@ÈÃyû˛ ç°yû)˛!ü xï˛ƒhs í˛zÍ˛õyòö¢#° ~ÓÇ üyåÈñ Ü˛ÑyÜ˛í˛¸y ~ÓÇ !ã˛Ç!í˛¸Ó˚ çöƒ ~Ü˛!ê˛ à%Ó˚&c˛õ)î≈

öy§≈y!Ó˚ fli°– ~à%!° §yü%!oÜ˛ üyåÈñ !Ó˛õß¨ ˛õ!Ó˚ÎyÎ˚# ˛õy!áñ ˆüy•öy Ü%˛!üÓ˚ñ í%˛àÇñ í˛°!ú˛öñ Ó˚Î˚ƒy° ˆÓAà°

ê˛y•zàyÓ˚ñ x!°û˛ !Ó˚í˛!° Ü˛FåÈ˛õ ~ÓÇ §yü%!oÜ˛ Äê˛yˆÏÓ˚Ó˚ öy§≈y!Ó˚ ˆÓˆÏí˛Ó˚ çöƒ ~Ü˛!ê˛ x˛õ!Ó˚•yÎ≈ xyÓy§fli°–

ˆçyö 9 : í˛z_Ó˚ÈÙÈ˛õ)Ó≈ û˛yÓ˚ï˛

û˛yÓ˚ˆÏï˛Ó˚ í˛z_Ó˚ÈÙÈ˛õ)Ó≈yMÈ˛ˆÏ°Ó˚ xy§yüñ xÓ˚&îyã˛° ≤ÃˆÏò¢ñ ˆüây°Î˚ñ ü!î˛õ%Ó˚ñ öyày°ƒyu˛ñ !üˆÏçyÓ˚yü

Ä !e˛õ%Ó˚y §yï˛ Ó˚yçƒ Óy Ú§Æû˛!àö#Û ~ÓÇ Úºyï˛yÓ˚yçƒÛ !§!Ü˛ü !öˆÏÎ˚ ~•z xMÈ˛°!ê˛ à!ë˛ï˛– xMÈ˛°!ê˛Ó˚

xyÎ˚ï˛ö 2,62,184 Óà≈!Ü˛ˆÏ°y!üê˛yÓ˚ Îy û˛yÓ˚ˆÏï˛Ó˚ ˆüyê˛ xyÎ˚ï˛ˆÏöÓ˚ ≤ÃyÎ˚ 8%–

≤ÃyÜ,˛!ï˛Ü˛û˛yˆÏÓ í˛z_Ó˚ÈÙÈ˛õ)Ó≈ xMÈ˛°ˆÏÜ˛ ˛õ)Ó≈ !•üy°Î˚ñ ˛õ)Ó≈yMÈ˛° ˛õÓ≈ï˛üy°yñ Ó ·˛õ%e í˛z˛õï˛ƒÜ˛y Ä ÓÓ˚yÜ˛

í˛z˛õï˛ƒÜ˛yÎ˚ û˛yà Ü˛Ó˚y ÎyÎ˚–

~•z xMÈ˛ˆÏ° xyo≈ ˛õî≈ˆÏüyã˛# ÓˆÏöÓ˚ Ó,•_ü ~°yÜ˛y S33900 Óà≈ !Ü˛!üVñ ï˛yÓ˚ í˛z˛õˆÏÓ˚ í˛z˛õe´yhs#Î˚
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!Óhfl,Ïï˛ ˛õyï˛yÓ˚ Óö S62241 Óà≈ !Ü˛!üVñ !•üy°Î˚ xyo≈ öy!ï˛¢#ˆÏï˛y£è S24559 Óà≈ !Ü˛!üVñ ~ÓÇ

xyôyÈÙÈ!ã˛Ó˚§Ó%ç Óö S13942 Óà≈ !Ü˛!üV–

í˛z_Ó˚ÈÙÈ˛õ)Ó≈ xMÈ˛°!ê˛ˆÏï˛ ¢_´ Ü˛yë˛ ~ÓÇ Ü˛!öú˛yÓ˚ çyï˛#Î˚ í˛z!qò !öˆÏÎ˚ í˛zFã˛ ≤Ãçy!ï˛ ˜Ó!ã˛ˆÏeƒÓ˚ ≤Ãã%˛Ó˚

Óöû)˛!ü Ó˚ˆÏÎ˚ˆÏåÈ– §%àyÓ˚ üƒyˆÏ˛õ° SAcer SaccharumVñ xyˆÏü!Ó˚Ü˛yö !Óã˛ SFagus grandifolliaVñ

•°%ò ˆÓê%˛° SBetula alleghanesisV Óyã˛≈ SB. utilisV ÄÜ˛ SQuercus sp.V ~ÓÇ ˛õy•zö àyˆÏåÈÓ˚

!ü◊ xy!ô˛õï˛ƒ ˆòáy ÎyÎ˚– ~åÈyí˛¸yÄ ˆã˛fiê˛öyê˛ ÄÜ˛ (Quercus prinus), û˛y!ç≈!öÎ˚y ˛õy•zö (Pinus

virginiana), ~ÓÇ §yòy ˛õy•zö (Pinus strobus), §yòy ÄÜ˛ (Quercus alba) Óy flÒyÓ˚ˆÏ°ê˛ ÄÜ˛

(Quercus coccinea) í˛z!qˆÏòÓ˚ âö ÓöyM˛° ˆòáy ÎyÎ˚– !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ ÓyÑˆÏ¢Ó˚ Óö ~ÓÇ ï,˛îû)˛!ü

Ó˚yçƒà%!° ç%ˆÏí˛¸ åÈ!í˛¸ˆÏÎ˚ Ó˚ˆÏÎ˚ˆÏåÈ–

~•z xM˛ˆÏ° hflÏöƒ˛õyÎ˚# ≤Ãyî#Ó˚ ï˛y!°Ü˛y §Ç!«˛Æ– í˛zˆÏÕ‘áˆÏÎyàƒ !Ü˛å%È ≤Ãyî#Ó˚ üˆÏôƒ Ó˚ˆÏÎ˚ˆÏåÈ §y¡∫yÓ˚ñ

Óy!Ü˛≈Ç !í˛Î˚yÓ˚ñ Ó%ˆÏöy ¢)Ü˛Ó˚ñ ~!¢Î˚y!ê˛Ü˛ Ü˛yˆÏ°y û˛yÕ‘%Ü˛ ~ÓÇ ˆ§ˆÏÓ˚y– ~áyˆÏö ˛õy!áÓ˚yÄ Ü˛ü ˜Ó!ã˛eƒüÎ˚–

ˆçyö 10 : m#˛õ˛õ%O

í˛zÍ˛õ!_ ~ÓÇ àë˛ö ˜Ó!¢ˆÏT˛ƒ í˛zˆÏÕ‘áˆÏÎyàƒ ˛õyÌ≈Ü˛ƒ xö%ÎyÎ˚# m#˛õ˛õ%O ò%•z!ê˛ !Óû˛yˆÏà !ÓˆÏû˛!òï˛ ı

(a) xyÓ˚Ó §yàÓ˚#Î˚ m#˛õ˛õ%O ~ÓÇ (b) í˛z˛õ§yàÓ˚#Î˚ m#˛õ˛õ%O–

(a) xyÓ˚Ó §yàÓ˚#Î˚ m#˛õ˛õ%O

°y«˛ym#˛õñ !ü!öÜ˛Î˚ m#˛õñ •zï˛ƒy!ò !öˆÏÎ˚ xyÓ˚Ó §yàÓ˚ m#˛õ˛õ%O– •z•yÓ˚y ˛õ%Ó˚yˆÏöy û)˛áu˛ ~ÓÇ ˛õÓ˚Óï˛≈#ˆÏï˛

à!ë˛ï˛ ≤ÃÓy° m#ˆÏ˛õÓ˚ xÓ!¢T˛yÇ¢– xyÓ˚Ó §yàˆÏÓ˚Ó˚ °y«˛ym#ˆÏ˛õÓ˚ m#˛õ ÓöyMÈ˛ˆÏ° §Ó≈y!ôÜ˛ 58 !Ü˛ˆÏ°y!üê˛yÓ˚

≤ÃˆÏfliÓ˚ §yˆÏÌ û˛yÓ˚ˆÏï˛Ó˚ !Ü˛å%È ˆ§Ó˚yÈÙÈ§ÇÓ˚!«˛ï˛ !ã˛Ó˚•!Ó˚Í Óö Ó˚ˆÏÎ˚ˆÏåÈ– ü)° û)˛áˆÏu˛Ó˚ !öÜ˛ê˛ï˛ü !Ó®% ˆÌˆÏÜ˛

ò)ˆÏÓ˚ ~ÓÇ ≤ÃyÎ˚ 590 !Ü˛!ü ≤Ã§y!Ó˚ï˛ ~ÓÇ ˛220 !Ü˛!ü !Óhfl,Ïï˛– !Ü˛å%È m#˛õ ≤ÃÓy° ≤Ãyã˛#Ó˚ !òˆÏÎ˚ ˆâÓ˚y–

ï˛yˆÏòÓ˚ xˆÏöÜ˛à%!° âö ÓˆÏö xyFåÈy!òï˛ ~ÓÇ !Ü˛å%È xï˛ƒhs !Ó!FåÈß¨– m#ˆÏ˛õÓ˚ í˛z!qˆÏòÓ˚ üˆÏôƒ Ó˚ˆÏÎ˚ˆÏåÈ Ü˛°y

SMusa paradisiacaVñ Ü˛ˆÏ°yˆÏÜ˛!§Î˚y SColocasia antiquorumV ˆ§yçˆÏö SMoringa oleiferaVñ

!ÓˆÏ¢£Ï ≤Ãçy!ï˛Ó˚ Ü˛Ñyë˛y° Óy ã˛yE˛y SArtocarpus incisaV Ü˛yë˛ Óyòyü STerminalia catappaV

Îy ~áyˆÏö ≤Ãã%˛Ó˚ çß√yÎ˚–

~•z m#˛õà%!° !Ó!û˛ß¨ ≤Ãçy!ï˛Ó˚ !ï˛!ü S!˛õà!ü Óœ% ˆ•yˆÏÎ˚°ñ Ó y•zí˛§ ˆ•yˆÏÎ˚°ñ flõyü≈ ˆ•yˆÏÎ˚°ñ ÄÓ˚Ü˛y

~ÓÇ ˛õy•z°ê˛ ˆ•yˆÏÎ˚°V ~ÓÇ í˛°!ú˛ˆÏöÓ˚ çöƒÄ ˛õ!Ó˚!ã˛ï˛– §y˛õ ~ÓÇ Ü%˛Ü%˛ˆÏÓ˚Ó˚ üˆÏï˛y ≤Ãyî# °y«˛ym#ˆÏ˛õ

§¡õ)î≈ xö%˛õ!fliï˛– Î!òÄ !Óí˛¸y° Ä •zÑò%Ó˚ §yôyÓ˚îï˛ ˆòáy ÎyÎ˚– ~áyˆÏö §y•zˆÏ≤Ãí˛ çyï˛#Î˚ §yü%!oÜ˛ ¢yü%Ü˛ñ

•yÓ˚!üê˛ Ü˛ÑyÜ˛í˛¸yñ Ó˚!äö ≤ÃÓy° üyåÈ ˆÎüö ˛õƒyÓ˚ê˛ !ú˛¢ SCallyodon sordidusVñ Óyê˛yÓ˚úœ˛y•z !ú˛¢

SChaetodon aurigaVñ §yç≈ö !ú˛¢ SAcanthurus lineatusV Ä ≤Ãã%˛Ó˚ ˛õ!Ó˚üyˆÏî ˛õyÄÎ˚y ÎyÎ˚–
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≤ÃyÜ,˛!ï˛Ü˛ °ƒyu˛ˆÏflÒ˛õñ Óy°%Ü˛yüÎ˚ ˜§Ü˛ï˛ñ í˛z!qò Ä ≤Ãyî#Ó˚ ≤Ãyã%˛Î≈ ~ÓÇ o&ï˛ ç#ÓöÎyeyÓ˚ xö%˛õ!fli!ï˛

~•z §Ü˛° m#˛õ˛õ%ˆÏOÓ˚ ˜Ó!¢T˛ƒ–

(b) í˛z˛õ§yàÓ˚#Î˚ m#˛õ˛õ%O

xy®yüyˆÏöÓ˚ ≤ÃyÜ,˛!ï˛Ü˛ àyåÈ˛õy°y e´yhs#Î˚ Óöñ í˛z˛õÜ)˛ˆÏ° üƒyöˆÏ@ÈÃyû˛ Ó˚ˆÏÎ˚ˆÏåÈ– ˆÓ!¢Ó˚û˛yà Óö !ã˛Ó˚•!Ó˚Íñ

ï˛ˆÏÓ !Ü˛å%È xÇˆÏ¢ xyo≈ ˛õî≈ˆÏüyã˛# ÓˆÏöÓ˚ ~°yÜ˛y Ó˚ˆÏÎ˚ˆÏåÈ– !öˆÏÜ˛yÓÓ˚ üôƒ Ä ò!«˛î m#˛õ˛õ%ˆÏO ≤Ãôyöï˛

!ã˛Ó˚§Ó%ç Óöû)˛!ü Ä ï,˛îû)˛!ü ˆòáy ÎyÎ˚–

~áö ˛õÎ≈hsñ ≤ÃyÎ˚ 2200!ê˛ í˛z!qˆÏòÓ˚ çyï˛ ˆÓ˚Ü˛í˛≈ Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ ÎyÓ˚ üˆÏôƒ ˛200!ê˛ fliyö#Î˚– Úò!«˛î

xy®yüyˆÏöÓ˚ ÓˆÏö ~!˛õú˛y•z!ê˛Ü˛ àyåÈ˛õy°yñ ˆÓ!¢Ó˚û˛yà ú˛yö≈ ~ÓÇ x!Ü˛≈ˆÏí˛Ó˚ ≤Ãã%˛Ó˚ Ó,!Âô Ó˚ˆÏÎ˚ˆÏåÈ–

Ó•%§ÇáƒÜ˛ !Ó˛õß¨ í˛z!qò ˆÎüö ˆí˛öˆÏí»˛y!ÓÎ˚yü SDendrobium tenuicauleVñ •zí˛zˆÏ°y!ú˛Î˚y

SEulophia nicobaricaVñ üyˆÏÕ‘Ä°y SMalleola andamanicaVñ ˆê˛!öÄú˛y•z°yü STaeniophyllum

andamanicumV ≤Ãû,˛!ï˛ ≤Ãçy!ï˛Ó˚ x!Ü˛≈í˛ñ !e´˛õˆÏê˛yÜ˛ƒy!Ó˚Î˚y SCryptocarya ferreaVñ !àöyˆÏ°yÎ˚y

SGinalloa andamanicaV ÄˆÏÎ˚u˛°ƒy!u˛Î˚y SWendlandia andamanicaV •° m#˛õ˛õ%ˆÏO ˛õyÄÎ˚y !Ü˛å%È

!Ó˛õß¨ ≤Ãçy!ï˛– ~åÈyí˛¸yÄ öyöy ≤Ãçy!ï˛Ó˚ !çö!çÓyÓ˚ñ ˆÓï˛ñ Ü˛°yñ ú˛yö≈ •zï˛ƒy!ò §• xˆÏöÜ˛ à%Ó˚&c˛õ)î≈

fliyö#Î˚ í˛z!qˆÏòÓ˚ ~Ü˛!ê˛ ≤ÃyÜ,˛!ï˛Ü˛ xyÓy§– §à≈˛õ«˛# ú%˛° SStrelitzia reginaeVñ §yôyÓ˚î öyÓ˚ˆÏÜ˛°

SCocos nuciferaV §• !Ó!û˛ß¨ ≤Ãçy!ï˛Ó˚ ˛õyüñ ˆÓ˚Aà%ö °ï˛y SCombretum indicumVñ °ƒy¡∫§ Ï̂Ü˛yÎ˚yê ≈̨yÓ˚

SChenopodium albumVñ !ü!T˛ xƒy!°§yü SLobularia maritimaV ˛õyÄÎ˚y ÎyÎ˚–

üyí˛zrê˛ •ƒy!Ó˚ˆÏÎ˚ê˛ öƒy¢öy° ˛õyÜ˛≈ xy®yüyö Ä !öˆÏÜ˛yÓÓ˚ m#˛õ˛õ%ˆÏOÓ˚ ~Ü˛!ê˛ •zí˛zˆÏöˆÏflÒy !ÓŸª ˙!ï˛•ƒÓy•#

fliyö– ˛õyÜ˛≈!ê˛ •y!ï˛ñ Óyâñ ï˛y!˛õÓ˚ ~ÓÇ !ã˛ï˛yÓyâ §• !Ó!û˛ß¨ ôÓ˚ˆÏîÓ˚ Óöƒ≤Ãyî#Ó˚ xyÓy§fli°– ~åÈyí˛¸yÄ

~áyˆÏö òyàÎ%_´ •!Ó˚î SAxis axisVñ˛xy®yüyö flõy•z!ö ◊% (Crocidura andamanensis), !öˆÏÜ˛yÓÓ˚

ˆàåÈ ◊% (Tupaia nocobarica), xy®yüyö xŸªá%Ó˚yÜ,˛!ï˛ Óyò%í˛¸ (Rhinophus cognatus)˛ ≤Ãû,˛!ï˛

≤Ãã%˛Ó˚ ˆòáy ÎyÎ˚– §yü%!oÜ˛ ≤Ãyî#Ó˚ üˆÏôƒ í˛°!ú˛ö (Delphinus delphis), !ï˛!ü (Balenoptera

musculus), ï,˛îˆÏû˛yç# hflÏöƒ˛õyÎ˚# §yü%!o àyû˛# Óy í%˛àÇ (Dugong dugon) í˛zˆÏÕ‘áˆÏÎyàƒ–

11.4 §yÓ˚yÇ¢ (Summary)

~•z ~Ü˛ˆÏÜ˛ û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ í˛z!qò ~ÓÇ ç#Ó ˆû˛Ôà!°Ü˛ xM˛°à%!° §¡∫ˆÏrô ~Ü˛!ê˛ §Ç!«˛Æ ôyÓ˚îy

ˆòÄÎ˚y •ˆÏÎ˚ˆÏåÈ– ~áyˆÏö í˛z!qòÜ)˛ˆÏ°Ó˚ ˆû˛Ôà!°Ü˛ !ÓhflÏyÓ˚ ~ÓÇ ˛õ,!ÌÓ# ˛õ,ˆÏ¤˛Ó˚ !Ó!û˛ß¨ ˆû˛Ôà!°Ü˛ xM˛ˆÏ°Ó˚

§!•ï˛ í˛z!qòÜ)˛ˆÏ°Ó˚ ˛õyÓ˚flõ!Ó˚Ü˛ ≤Ãû˛yÓ xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ– xyˆÏ°yã˛öyÓ˚ ¢%Ó˚%ˆÏï˛ ˜çÓû)˛!ÓòƒyÓ˚ ¢yáyà%!°Ó˚

˙!ï˛•y!§Ü˛ ˛õê˛û)˛!ü §¡õˆÏÜ≈˛ ï˛Ìƒ ˆòÄÎ˚y •ˆÏÎ˚ˆÏåÈ– í˛z!qò ˆû˛Ôà!°Ü˛ xM˛°ÈÙÈ~Ó˚ §ÇK˛yÎ˚ Ó°y •ˆÏÎ˚ˆÏåÈ
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!ÓˆÏ¢£Ï ÓyhflÏÓƒ ˛õ!Ó˚ã˛Î˚Î%=˛ !ö!ò≈T˛ ≤ÃÜ,˛!ï˛Ó˚ fiÌyÎ˚# í˛z!qò §¡±òyÎ˚ myÓ˚y xyÓ,ï˛ !ÓˆÏ¢£Ï ç°ÓyÎ˚%Î%=˛ û)˛á[˛ˆÏÜ˛

í˛z!qò ˆû˛Ôà!°Ü˛ xM˛° ÓˆÏ°– ç#Ó ˆû˛Ôà!°Ü˛ xM˛ˆÏ°Ó˚ ç°ÓyÎ˚%ñ ü,!_Ü˛yÓ˚ ≤ÃÜ,˛!ï˛ Ä û)˛ö:yñ ˆ§•z

xM˛ˆÏ°Ó˚ í˛z!qò Ä ≤Ãyî# ˆày¤˛#§ü)ˆÏ•Ó˚ !ÓhflÏyÓ˚ñ Órê˛ö ≤Ãîy°#ñ §Çáƒy!ôÜ˛ƒ ≤ÃÜ˛ê˛ï˛y ≤Ãû,˛!ï˛ !öô≈yÓ˚î Ü˛ˆÏÓ˚–

!Ó!û˛ß¨ !ÓK˛yö# û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ í˛z!qò ˆû˛Ôà!°Ü˛ xM˛° §ü)ˆÏ•Ó˚ §Ç!«˛Æ !Óû˛yçˆÏöÓ˚ Ó˚)˛õˆÏÓ˚áy ˆòÄÎ˚y

•ˆÏÎ˚ˆÏåÈ– Ó˚çyÓ˚ ~ÓÇ ˛õyöÄÎ˚yÓ˚ myÓ˚y Ó!î≈ï˛ û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ ç#Ó ˆû˛Ôà!°Ü˛ xM˛ˆÏ°Ó˚ !ÓhflÏyÓ˚ Ä Óî≈öy §Ç!«˛Æ˛

û˛yˆÏÓ ˆòÄÎ˚y •ˆÏÎ˚ˆÏåÈ– ≤Ã!ï˛!ê˛ xM˛ˆÏ°Ó˚ ç°ÓyÎ˚% Ä Óöû)˛!üÓ˚ ≤ÃÜ,˛!ï˛ñ í˛zˆÏÕ‘áˆÏÎyàƒ í˛z!qò Ä ≤Ãyî#Ó˚

!Ü˛å%È !Ü˛å%È í˛zˆÏÕ‘á Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ–

11.5  ≤ÃŸ¿yÓ°# (Questions)

I. Ó•% !öÓ≈yã˛ö# ≤ÃŸ¿ (MCQ) :

1. ÓyˆÏÎ˚y!çÄ@ˇÃy!ú˛ ¢yáyÓ˚ §)ã˛öy Ü˛ˆÏÓ˚ö !Î!öÈÙÙÙÈ

(a) •yüˆÏÓyŒê˛ (b) ÄÎ˚yÓ˚!üÇ (c) à%í‰˛ (d) Ü˛ƒy¡õˆÏÓ°

2. í˛z!qò û)˛ˆÏày° !ÓòƒyÓ˚ §ˆÏAà ˆÎ !Ó£ÏˆÏÎ˚Ó˚ §¡õÜ≈˛ ˆö•zÈÙÙÙÈ

(a) í˛z!qò §¡±òyˆÏÎ˚Ó˚ ˆû˛Ôà!°Ü˛ !ÓhflÏyÓ˚ Ä Órê˛ö

(b) í˛z!qò §¡±òyˆÏÎ˚Ó˚ xM˛° !û˛!_Ü˛ àÑyÌö !Óöƒy§

(c) í˛z!qˆÏòÓ˚ xyM˛!°Ü˛ï˛y

(d) í˛z!qò ˛õÓ˚ç#Ó# §¡õÜ≈˛

3. í˛z!qò ˆû˛Ôà!°Ü˛ xM˛° §¡õ!Ü≈˛ï˛ öÎ˚ ˆÎ !Ó£ÏˆÏÎ˚ÈÙÙÙÈ

(a) ç°ÓyÎ˚% (b) û)̨ ö:y (c) í˛z!qò §¡±òyÎ˚ (d) ˛õÓ˚ç#Ó#ï˛y

4. !ÓK˛yö# Ó˚çyÓ˚ ~ÓÇ ˛õyöÄÎ˚yÓ˚ 1988ÈÙÈ~ û˛yÓ˚ï˛#Î˚ í˛z˛õü•yˆÏò¢ˆÏÜ˛ Îï˛à%!° ç#Ó ˆû˛Ôà!°Ü˛

xM˛ˆÏ° û˛yà Ü˛ˆÏÓ˚ö ï˛y•°ÈÙÙÙÈ

(a) 10 (b) 8 (c) 6 (d) 9

5. û˛yÓ˚ï˛#Î˚ í˛z˛õü•yˆÏòˆÏ¢Ó˚ ç#Ó ˆû˛Ôà!°Ü˛ xM˛°à%!°ˆÏï˛ ÚÚm#˛õ˛õ%OÛÛÈÙÈ~Ó˚ í˛zˆÏÕ‘á Ó˚ˆÏÎ˚ˆÏåÈ ˆÎ

!Óû˛yçˆÏöÈÙÙÙÈ

(a) !í˛. ã˛ƒyê˛yç≈#ñ 1962 (b) Ó˚çyÓ˚ ~ÓÇ ˛õyöÄÎ˚yÓ˚ñ 1988
(c) ˆç. !í˛. •%Ü˛yÓ˚ñ 1907 (d) Ü˛ƒyí˛°yÓ˚ñ 1937
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6. ˆÜ˛yö û)˛áˆÏ[˛Ó˚ ç°ÓyÎ˚%Ó˚ §ˆÏAà §¡õÜ≈˛ ˆö•z ˆÎ !Ó£ÏˆÏÎ˚Ó˚ÈÙÙÙÈ

(a) û)˛áˆÏ[˛Ó˚ í˛zFã˛ï˛y (b) û)˛áˆÏ[˛Ó˚ x!û˛ü%á

(c) ≤ÃyÜ,˛!ï˛Ü˛ !Ó˛õÎ≈Î˚ (d) §ü%o Óy üÓ˚%û)˛!ü ˆÌˆÏÜ˛ ò)Ó˚c

7. û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ !Ó!û˛ß¨ í˛z!qò Óy ç#Ó ˆû˛Ôà!°Ü˛ xM˛° !öˆÏÎ˚ xyˆÏ°yã˛öyÎ˚ öyü ˆö•z ˆÎ

!ÓK˛yö#Ó˚ÈÙÙÙÈ

(a) •zí˛ˆÏçö ÄÎ˚y!ü≈Ç (b) !§. !Ó. Üœ˛yÜ≈˛ (c) ~ú˛.•z. !Üœ˛ˆÏürê˛§‰ (d) !§. !§. Ü˛ƒyí˛°yÓ˚

8. xyôy ¢%‹Ò ÓöyM˛° ˆòáy ÎyÎ˚ ˆÎ ç#ÓˆÏû˛yà!°Ü˛ xM˛ˆÏ°ÈÙÙÙÈ

(a) û˛yÓ˚ï˛#Î˚ üÓ˚%û)˛!ü (b) í˛z˛õÜ)˛° xM˛°

(c) !•üy°Î˚ (d) û˛yÓ˚ï˛ üÓ˚%û)˛!ü Ä üy°û)˛!üÓ˚ üôƒÓ≈ï˛# xM˛°

9. §Óã˛y•zˆÏï˛ ˆÓ¢# Ó,!T˛˛õyï˛ •Î˚ û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ ~•z ç#Ó ˆû˛Ôà!°Ü˛ xM˛!°ˆÏï˛ÈÙÙÙÈ

(a) àyˆÏAàÎ˚ §üû)˛!ü (b) í˛z_Ó˚˛õ)Ó≈ û˛yÓ˚ï˛ (c) òy!«˛îyï˛ƒ üy°û)˛ü (d) í˛z˛õÜ)˛° xM˛°

10. üyí˛zrê˛ •ƒy!Ó˚ˆÏÎ˚ê˛ çyï˛#Î˚ í˛zòƒyö xÓ!fiÌï˛ÈÙÙÙÈ

(a) !•üy°Î˚ (b) í˛z_Ó˚ÈÙÈ˛õ)Ó≈ û˛yÓ˚ï˛

(c) àyˆÏAàÎ˚ §üû)˛!ü (d) í˛z˛õ§yàÓ˚#Î˚ m#˛õ˛õ%O

II. §Ç!«˛Æ ≤ÃŸ¿yÓ°# É

1. ˜çÓ û)˛!Óòƒy ~ÓÇ ˆÓyê˛y!öÜ˛y° !çÄ@ˇÃy!ú˛ ÎÌyÜ ˛ˆÏü ˆÜ˛yö ˆÜ˛yö !ÓK˛yö# §)ã˛öy Ü˛ˆÏÓ˚ö⁄

2. !ÓK˛yö# Ü˛ƒy¡õˆÏÓ° Ú˜çÓû)˛!ÓƒyÛ ~ÓÇ !ÓK˛yö# à%í‰˛ Úˆû˛Ôà!°Ü˛ í˛z!qò !ÓòƒyÓ˚Û xyˆÏ°yã˛ƒ !Ó£ÏˆÏÎ˚

!Ü˛ ÓˆÏ°ˆÏåÈö⁄

3. ç#Ó û)˛ˆÏày° !ÓòƒyÓ˚ xyˆÏ°yã˛ƒ !Ó£ÏÎ˚à%!° !°á%ö–

4. ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ˆÜ˛yö ˆÜ˛yö í˛z˛õyòyö myÓ˚y ~Ü˛!ê˛ ˆû˛Ôà!°Ü˛ xM˛ˆÏ°Ó˚ ç°ÓyÎ˚% ≤Ãû˛y!Óï˛ •Î˚⁄

5. !ÓK˛yö# Ó˚çyÓ˚ ~ÓÇ ˛õyöÄÎ˚yÓ˚ Ó!î≈ï˛ ç#Ó ˆû˛Ôà!°Ü˛ xM˛°à%!°Ó˚ öyü §!ë˛Ü˛ Ü ˛ˆÏü !°á%ö–

6. û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ í˛z˛õÜ)˛° ˆÜ˛yö ˆÜ˛yö xM˛° ç%ˆÏí˛¸ xÓ!fiÌï˛ ï˛y !°á%ö–

7. ê˛Δy™ !•üy°ˆÏÎ˚Ó˚ ˆû˛Ôà!°Ü˛ xÓfiÌyö Ä àyåÈ˛õy°yÓ˚ ≤ÃÜ,˛!ï˛ !°Ü%˛ö–

8. !•üy°Î˚ xM˛ˆÏ°Ó˚ í˛zˆÏÕ‘áˆÏÎyàƒ í˛z!qò Ä ≤Ãyî#Ó˚ öyü !°á%ö–

9. û˛yÓ˚ï˛#Î˚ üÓ˚%û)˛!üÓ˚ ≤Ãôyö ò%•z!ê˛ xÇˆÏ¢Ó˚ öyü Ä ˆ§áyöÜ˛yÓ˚ í˛zˆÏÕ‘áˆÏÎyàƒ í˛z!qˆÏòÓ˚ öyü !°á%ö–

˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ !ï˛ö!ê˛ í˛z˛õ xM˛ˆÏ°Ó˚ ò%•z!ê˛ Ü˛ˆÏÓ˚ í˛z!qˆÏòÓ˚ öyü !°á%ö–
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10. ˛õ!ÿ˛üâyˆÏê˛Ó˚ ˆû˛Ôà!°Ü˛ !ÓhflÏyÓ˚ Ä í˛zˆÏÕ‘áˆÏÎyàƒ í˛z!qˆÏòÓ˚ öyü !°á%ö– ˛õ!ÿ˛ü !•üy°Î˚ ~ÓÇ

˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ ç°ÓyÎ˚%Ó˚ ï%˛°öy Ü˛Ó˚%ö–

11. xyÓ˚Ó §yàÓ˚#Î˚ m#˛õ˛õ%ˆÏOÓ˚ í˛zˆÏÕ‘áˆÏÎyàƒ í˛z!qò Ä ≤Ãyî#Ó˚ öyü !°á%ö–

12. í˛z˛õ§yàÓ˚#Î˚ m#˛õ%ˆÏOÓ˚ ˆû˛Ôà!°Ü˛ !ÓhflÏyÓ˚ Ä ˆ§áyöÜ˛yÓ˚ xyM˛!°Ü˛ í˛z!qòà%!°Ó˚ öyü !°á%ö–

13. û˛yÓ˚ï˛#Î˚ ˛õ)Ó≈ ~ÓÇ ˛õ!ÿ˛ü í˛z˛õÜ)˛ˆÏ°Ó˚ í˛zˆÏÕ‘áˆÏÎyàƒ öò# Ä ≤Ãyî#ˆÏòÓ˚ öyü !°á%ö–

III. Ó˚ã˛öyôü≈# ≤ÃŸ¿ É

1. í˛z!qò ˆû˛Ôà!°Ü˛ xM˛° Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚⁄ ˆç. !í˛. •%Ü˛yÓ˚ ~ÓÇ !§. !§. Ü˛ƒy°í˛yÓ˚ Ü˛ï,˛≈Ü˛

û˛yÓ˚ˆÏï˛Ó˚ fl∫yô#öï˛y ˛õ)Ó≈Óï≈˛# ~ÓÇ fl∫yô#öï˛y ˛õÓ˚Óï≈˛# í˛z!qò ˆû˛Ôà!°Ü˛ xM˛°à%!° Ü ˛üyö%§yˆÏÓ˚

í˛zˆÏÕ‘á Ü˛Ó˚%ö–

2. òy!«˛öyˆÏï˛ƒ üy°û)˛!üÓ˚ ˆû˛Ôà!°Ü˛ ˜Ó!¢T˛ƒñ ÓöyM˛° ≤ÃÜ,˛!ï˛ ~ÓÇ í˛zˆÏÕ‘áˆÏÎyàƒ í˛z!qò Ä

≤Ãyî#ˆÏòÓ˚ öyü !°á%ö–

3. àyˆÏAàÈÎ˚ §üû)˛!üÓ˚ ≤Ãôyö !ï˛ö!ê˛ !Óû˛yà Ä ˆ§áyöÜ˛yÓ˚ ˆû˛Ôà!°Ü˛ ÓöyM˛ˆÏ° ≤ÃÜ,˛!ï˛ §ÇˆÏ«˛ˆÏ˛õ

xyˆÏ°yã˛öy Ü˛Ó˚%ö–

4. Ó˚çyÓ˚ ~ÓÇ ˛õyöÄÎ˚yÓ˚ Ó!î≈ï˛ ˆû˛Ôà!°Ü˛ xM˛°à%!° ~Ü˛!ê˛ !ã˛!•´ï˛ !ã˛ˆÏeÓ˚ üyôƒˆÏü !öˆÏò≈¢

Ü˛Ó˚%ö– ≤Ã!ï˛!ê˛ xM˛ˆÏ°Ó˚ ˆû˛Ôà!°Ü˛ xÓfiÌyö ~ÓÇ ÓöyM˛ˆÏ° §ÇˆÏ«˛ˆÏ˛õ Óî≈öy Ü˛Ó˚%ö–

5. Ó˚çyÓ˚ ~ÓÇ ˛õyöÄÎ˚yÓ˚ xö%ÎyÎ˚# û˛yÓ˚ï˛#Î˚ m#˛õ˛õ%ˆÏOÓ˚ í˛z!qò Ä ≤Ãyî#Ó˚ §Ç!«˛Æ !ÓÓÓ˚î !òö–

6. ê˛Δy™ !•üy°Î˚ ~ÓÇ !•üy°Î˚ ç#ÓˆÏû˛Ôà!°Ü˛ xM˛° ò%•z!ê˛Ó˚ §Ç!«˛Æ !ÓÓÓ˚î !òö–

7. xy®yüyö Ä !öˆÏÜ˛yÓÓ˚ m#˛õ˛õ%ˆÏOÓ˚ ç°ÓyÎ˚% Ä ÓöyM˛ˆÏ°Ó˚ §Ç!«˛Æ Óî≈öy !òö–

11.6  í˛z_Ó˚üy°y (Answers)

I. Ó•% !öÓ≈yã˛ö# ≤ÃˆÏŸ¿Ó˚ (MCQ) í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚

§Çáƒy ı 1 2 3 4 5 6 7 8 9 10

í z̨_Ó˚ ı b d d a b c c d b d
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II. §Ç!«˛Æ ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5 6 7

xö%ˆÏFåÈò §Çáƒy ı 11.2 11.2 11.2 11.2 11.5 11.3(8) 11.3.(1)

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 8 9 10 11 12 13

xö%ˆÏFåÈò §Çáƒy ı 11.3.(2) 11.3.(3) 11.3(5) 11.3(10) 11.3(10) 11.3(8)

III. Ó˚ã˛öyôü≈# ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5 6 7

xö%ˆÏFåÈò §Çáƒy ı 11.2, 11.3(6) 11.3(7) 11.3 11.3 (10)11.3 (1&2) 11.3 (10)
11.2.1
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~Ü˛Ü˛–12 : ˛§#üyÓÂôï˛y ı §ÇK˛yñ §#üyÓÂôï˛yÓ˚ Ü˛yÓ˚î§ü)•ñ ≤ÃÜ˛yÓ˚ˆÏû˛òñ

û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ §#üyÓÂô í˛z!qò§ü)• (Endemism : Defini-
tion, types, causes of endemism, endemic flora of
India)

àë˛ö (Structure)

12.0 í˛zˆÏj¢ƒ (Objectives)

12.1 ≤ÃhflÏyÓöy (Introduction)

12.2 §#üyÓÂôï˛yÓ˚ §ÇK˛y (Definition of endemism)

12.3 ≤ÃÜ˛yÓ˚ˆÏû˛ò (Types of endemism)

12.4 §#üyÓÂôï˛yÓ˚ Ü˛yÓ˚î§ü)• (Causes of endemism)

12.4.1 §#üyÓÂôï˛y §¡∫ˆÏrô üï˛Óyò (Theories of endemism)

12.4.2 §#üyÓÂôï˛y §,!T˛Ó˚ çöƒ òyÎ˚# ¢ï≈˛à%!° (Factors responsible for endemism)

12.5 û˛yÓ˚ˆÏï˛Ó˚ §#üyÓÂôï˛y (Endemism in India)

12.5.1 û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ §#üyÓÂô í˛z!qò§ü)• (Endemic flora of India)

12.5.2 û˛yÓ˚Ïï˛ÓˆÏ£Ï≈Ó˚ Ü˛ˆÏÎ˚Ü˛!ê˛ ~öˆÏí˛!üÜ˛ ≤Ãçy!ï˛Ó˚ öyü (Some endemic plant
species of India)

12.6 §yÓ˚yÇ¢ (Summary)

12.7 ≤ÃŸ¿yÓ°# (Questions)

12.8 í˛z_Ó˚üy°y (Answers)

12.0  í˛zˆÏj¢ƒ (Objectives)

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xyüÓ˚y !ö¡¨!°!áï˛ !Ó£ÏÎ˚à%!° §¡∫ˆÏrô §üƒÜ˛ ôyÓ˚îy ˜ï˛!Ó˚ Ü˛Ó˚ˆÏï˛ ˛õyÓ˚Ó–

●●●●● §#üyÓÂôï˛yÓ˚ §ÇK˛yñ Ü˛yÓ˚î§ü)• Ä ≤ÃÜ˛yÓ˚ˆÏû˛ò–

●●●●● û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ í˛zˆÏÕ‘áˆÏÎyàƒ §#üyÓÂô í˛z!qò ≤Ãçy!ï˛à%!°Ó˚ öyü–
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12.1  ≤ÃhflÏyÓöy (Introduction)

!Ü˛å%È ≤Ãçy!ï˛Ó˚ í˛z!qò xyˆÏåÈ ÎyÓ˚y ˆÜ˛Ó°üye ~Ü˛!ê˛ !ö!ò≈T˛ ~°yÜ˛yÎ˚ çß√yÎ˚ ~ÓÇ !Ó!û˛ß¨ Ü˛yÓ˚ˆÏî

ï˛yˆÏòÓ˚ !ÓhflÏyÓ˚ ˆ§áyˆÏö•z §#üyÓÂô ÌyˆÏÜ˛– §#üyÓÂôï˛yÓ˚ Ü˛yÓ˚ˆÏî ~ˆÏòÓ˚ üˆÏôƒ xM˛°àï˛ ˜Ó!ã˛eƒ á%Ó Ü˛ü

•Î˚– ú˛ˆÏ° ~ˆÏòÓ˚ ˆçˆÏö!ê˛Ü˛ ˜Ó!ã˛eƒÄ Ü˛ü– ~•z §Ü˛° ≤Ãçy!ï˛Ó˚ ≤Ãyî¢!=˛Ä (vigour) ô#ˆÏÓ˚ ô#ˆÏÓ˚ Ü˛ˆÏü

xyˆÏ§– §#üyÓÂô Óy§fiÌyˆÏö ~ˆÏòÓ˚ ˆÜ˛yö Ü˛yÓ˚ˆÏî xÓ°%!Æ •ˆÏ° ˛õ,!ÌÓ# ˆÌˆÏÜ˛•z !öÉ!ÿ˛•´ •ˆÏÎ˚ ÎyˆÏÓ

~Ó˚y– ~•z Ü˛yÓ˚ˆÏî ~Ó˚y ÎˆÏÌT˛ §ÇÜ˛ê˛y˛õß¨ ≤Ãçy!ï˛– ~ˆÏu˛!üÜ˛ Ü˛Ìy!ê˛ ~ˆÏ§ˆÏåÈ ò%!ê˛ @ˇÃ#Ü˛ ¢∑ ~ö (en)
[xÌ≈ §#üyÓ˚ üˆÏôƒ (within) ~ÓÇ í˛ü§ (domos) SxÌ≈ ˛õ˛õ%ˆÏ°¢öV]– xÌ≈yÍ ˆÜ˛yö §#üyÓ˚ üˆÏôƒ xyÓÂô

≤Ãçy!ï˛ˆÏày!¤˛ ˆÓyé˛yÎ˚–

12.2 §#üyÓÂôï˛yÓ˚ §ÇK˛y (Definition of Endemism)

~ˆÏu˛y!üçü •° ˆÜ˛yö ç#Óö ≤Ãçy!ï˛Ó˚ !ÓhflÏyÓ˚ ˛õ!Ó˚ˆÏÓ¢àï˛ !Ü˛ÇÓy !çöàï˛ öyöy Ü˛yÓ˚ˆÏî §üˆÏÎ˚Ó˚

!ö!Ó˚ˆÏá !ö!ò≈T˛ ˆÜ˛yö ˆû˛ÔˆÏày!°Ü˛ xM˛ˆÏ° §#üyÓÂô •ˆÏÎ˚ ˛õí˛¸yÓ˚ ≤ÃyÜ,˛!ï˛Ü˛ âê˛öy– ~•z §Ü˛° ≤Ãçy!ï˛ˆÏòÓ˚

§#üyÓÂô ≤Ãçy!ï˛ (Endemic species) Ó°y •Î˚–

§#üyÓÂôï˛yÓ˚ Ü˛yÓ˚ˆÏî ˆÜ˛yö ≤Ãçy!ï˛ Ä ï˛yÓ˚ !öÜ˛ê˛ï˛ü â!ö¤˛ ≤Ãçy!ï˛ !Ü˛ÇÓy ≤ÃÜ˛Ó˚ˆÏîÓ˚ üˆÏôƒ ≤Ãçöö

!Ó!FåÈß¨ï˛y §,!T˛ •Î˚– •z•y ≤Ãçy!ï˛ !ÓÓï≈˛ˆÏö í˛zˆÏÕ‘áˆÏÎyàƒ û)˛!üÜ˛y ˛õy°ö Ü˛ˆÏÓ˚–

12.3 ≤ÃÜ˛yÓ˚ˆÏû˛ò (Types of Endemism)

~ˆÏu˛!üÜ˛ ≤Ãçy!ï˛ ≤Ãôyöï˛ ò%•z ≤ÃÜ˛yˆÏÓ˚Ó˚ ÎÌyÈÙÙÙÈ

(a) ˛õƒy!°Ä~ˆÏu˛!üÜ˛§‰ (Palaeoendemics)

(b) !öÄ~ˆÏu˛!üÜ˛§‰ (Neoendemics)

~åÈyí˛¸yÄ xyˆÏÓ˚y ò%•z ≤ÃÜ˛yÓ˚ ~ˆÏu˛!üÜ˛ ≤Ãçy!ï˛ !ÓˆÏÓ!ã˛ï˛ •Î˚– ÎÌyÈÙÙÙÈ

(c) •ˆÏ°y~ˆÏu˛!üÜ˛§‰ (Holoendemics)

(d) ˆÓ˚!°Ü˛ ~ˆÏu˛!ü: (Relic endemics)

(a) ˛õƒy!°Ä~ˆÏu˛!üÜ˛§‰ (Palaeoendemics) : ~•z ˆ◊î#Ó˚ ~ˆÏu˛!üÜ˛ ≤Ãçy!ï˛Ó˚ §yˆÏÌ ˆ§•z ~Ü˛•z

fiÌyˆÏöÓ˚ xöƒ ˆÜ˛yˆÏöy ≤Ãçy!ï˛Ó˚ àyì˛¸ §¡õÜ≈˛ ˛õyÄÎ˚y ÎyÎ˚ öy– Ü˛áˆÏöy Ü˛áˆÏöy ï˛yÓ˚y ˆ◊î#!Óöƒy§àï˛û˛yˆÏÓ

fl∫ï˛sf Óy !öÉ§Aà– ~•z ≤ÃÜ˛yÓ˚ ≤Ãçy!ï˛ ~Ü˛§üÎ˚ !Óhfl,Ïî≈ xM˛° ç%ˆÏí˛¸ xÓfiÌyö Ü˛Ó˚ˆÏ°Ä xÓ°%!ÆÓ˚ Ü˛yÓ˚ˆÏî



233NSOU 5CC-BT-02

D: \ Suvendu \ NSOU\NEP/ 5CC-BT-02
Unit- 9-12 \ 2nd Proof  \ (Dt. 19.03.2025)

Óï≈˛üyˆÏö §Ç!«˛Æ !Ü˛å%È fiÌyˆÏö §#üyÓÂô •ˆÏÎ˚ ˛õˆÏí˛¸ˆÏåÈ– ~•z ˆ◊î#Ó˚ ü%áƒ ã˛!Ó˚eà%!° •° ı

(i) fl∫ï˛sf ˆÜ˛yˆÏöy ≤Ãçy!ï˛Ó˚ fl∫çyï˛#Î˚ !Ü˛ÇÓy !öÜ˛ê˛ §¡õˆÏÜ≈˛Ó˚ ≤Ãçy!ï˛ ÌyˆÏÜ˛ öy–

(ii) Ü˛y¤˛° ≤Ãçy!ï˛Ó˚ ~ˆÏu˛!üÜ˛ í˛z!qò !Ó!û˛ß¨ m#˛õ Óy ˛õÓ≈ï˛üy°yÎ˚ x!ôÜ˛ §ÇáƒyÎ˚ ˆòáy ÎyÎ˚–

(iii) ~•z ~ˆÏu˛y!üÜ˛ í˛z!qò ≤Ãçy!ï˛Ó˚ á%Ó Ü˛ü üyeyÎ˚ ˛õ!°≤’ˆÏÎ˚!í˛ (polyploidy) ˆòáy ÎyÎ˚–

(iv) ≤Ãã˛[˛ !Ó!FåÈß¨û˛yˆÏÓ ~•z ≤ÃÜ˛yÓ˚ ~öˆÏí˛!üÜ˛ ≤Ãçy!ï˛à%ˆÏ°y ˆòáy ÎyÎ˚–

(b) !öÄ~ˆÏu˛!üÜ˛§‰ (Neoendemics) ı ~•z ˆ◊î#Ó˚ ~ˆÏu˛!üÜ˛ ≤Ãçy!ï˛ xˆÏ˛õ«˛yÜ,˛ï˛ §y¡±!ï˛Ü˛

í˛zqˆÏÓÓ˚ ú˛ˆÏ° ~Ü˛!ê˛ !ö!ò≈T˛ •zˆÏÜ˛yˆÏê˛yˆÏö (Ecotone) xyd ≤ÃÜ˛y¢ ˛Ü˛ˆÏÓ˚– â!ö¤˛û˛yˆÏÓ §¡õÜ≈˛Î%=˛ ≤Ãçy!ï˛

§Ü˛° ~Ü˛•z fiÌyˆÏö çˆÏß√– ~ˆÏï˛ x!ôÜ˛yÇ¢ !ÓÓ˚%Í ~ÓÇ à%Õ√ ˆ◊î#Ó˚ í˛z!qò ≤Ãçy!ï˛ ˆòáy ÎyÎ˚– ~Ó˚y

§yôyÓ˚îï˛ xyÓ•yÄÎ˚y ~ÓÇ ˛õ!Ó˚ˆÏÓ¢àï˛ ≤Ã!ï˛Ü)˛°ï˛yÓ˚ üˆÏôƒ çß√yÎ˚– ~•z ≤ÃÜ˛yÓ˚ ˛~ˆÏu˛!üÜ˛ ≤Ãçy!ï˛Ó˚ üˆÏôƒ

˛õ!°≤’ˆÏÎ˚!í˛Ó˚ xy!ôÜ˛ƒ ˆòáy ÎyÎ˚–

(c) •ˆÏ°y~ˆÏu˛!üÜ˛§‰ (Holoendemics) ı !öÄ~ˆÏu˛!üÜ˛§‰ ˆ◊î#Ó˚ ≤Ãçy!ï˛ §yôyÓ˚îï˛ ˛õ!Ó˚ˆÏÓ¢àï˛

xö%Ü)˛° xÓfiÌyÎ˚ ~ˆÏ°•z •ˆÏ°y~ˆÏu˛!üÜ˛§‰ ~Ó˚ xhsˇà≈ï˛ •ˆÏÎ˚ ÎyÎ˚– ~ÓÇ ˛õÓ˚Óï≈˛#Ü˛yˆÏ° ~!ê˛ xyÓyÓ˚

˛õƒy!°Ä~ˆÏu˛!üÜ˛§‰ ~ ˛õ!Ó˚îï˛ •ˆÏï˛ ˛õyˆÏÓ˚–

(d) ˆÓ˚!°Ü˛ ~ˆÏu˛!ü: (Relic endemics) ı û)˛ï˛y!_¥Ü˛ Î%ˆÏà ≤ÃyôyöƒÜ˛yÓ˚# (dominant) Ó•%

≤Ãçy!ï˛Ó˚ xÓ!¢T˛ Óï≈˛üyˆÏö ç#Ó#ï˛ ≤Ãçy!ï˛•z •° (extant species) ˆÓ˚!°Ü˛ ~ˆÏu˛!üÜ˛– í˛zòy•Ó˚î !•ˆÏ§ˆÏÓ

!àÇˆÏày Óy•zˆÏ°yÓy (Ginkgo biloba) í˛zˆÏÕ‘áˆÏÎyàƒ–

12.4 §#üyÓÂôï˛yÓ˚ Ü˛yÓ˚î§ü)• (Causes of Endemism)

12.4.1 §#üyÓÂôï˛y §¡∫ˆÏrô üï˛Óyò (Theories of endemism)

(i) ~!˛õÓyˆÏÎ˚y!ê˛Ü˛ üï˛Óyò (Epibiotic hypothesis)

(ii) ~ç ~ÓÇ ~!Ó˚Î˚y üï˛Óyò (Age and area hypothesis)

(i) ~!˛õÓyˆÏÎ˚y!ê˛Ü˛ üï˛Óyò ı !Ó˚í˛ˆÏ° (Ridley), 1922, üˆÏö Ü˛ˆÏÓ˚ö ˆÎ §#üyÓÂô ≤Ãçy!ï˛Ó˚

˛õ)Ó≈˛õ%Ó˚%£Ïàî §%ò)Ó˚ xï˛#ˆÏï˛ !ÓhflÏ#î≈ ~°yÜ˛y x!ôÜ˛yÓ˚ Ü˛ˆÏÓ˚ ˆÓ˚ˆÏá!åÈ°– !Ü˛v Óï≈˛üyˆÏö ï˛yÓ˚y ôùÇ§ ≤ÃyÎ˚–

~•z üï˛ÓyˆÏòÓ˚ §üÌ≈Ü˛ ≤Ãôyöï˛ û)˛ˆÏày°!Óòàî– í˛zòy•Ó˚îfl∫Ó˚)˛õ Ü˛ƒy!°ˆÏú˛y!ö≈Î˚y Ä ÄˆÏÓ˚àyˆÏöÓ˚ (Oregan)
üˆÏôƒ í˛z˛õï˛ƒÜ˛yÓ˚ !§ˆÏÜ˛y•zÎ˚y ˆ§ü˛õyÓ˚Ïû˛y•zˆÏÓ˚™ (Sequoia sempervirens) ~ÓÇ !§ˆÏÎ˚Ó˚yˆÏöû˛yí˛yÓ˚

(Siaranevada) xM˛ˆÏ°Ó˚ !§ˆÏÜ˛y•zÎ˚y çy•zˆÏàö!ê˛Î˚y (Sequoia gigantea) !öç !öç ~°yÜ˛yÎ˚ Óï≈˛üyˆÏö
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˛õ%ˆÏÓ˚y˛õ%!Ó˚û˛yˆÏÓ fiÌyö#Î˚ ≤Ãçy!ï˛ !•ˆÏ§ˆÏÓ Óy§ Ü˛Ó˚ˆÏ°Ä !Ü ˛ˆÏê˛!§Î˚y§ (Cretaceous) Ä ê˛y!§≈Î˚y!Ó˚

(Tertiary) Î%ˆÏà §%!ÓhflÏ#î≈ xM˛° ç%ˆÏí˛¸ åÈí˛¸yˆÏöy !åÈ°– ~Ü˛•zû˛yˆÏÓ xyÓ˚ ~Ü˛ ≤Ãçy!ï˛ !àÇˆÏày Óy•zˆÏ°yÓy

(Ginkgo biloba) ã˛#ö Ä çy˛õyˆÏö ~ˆÏu˛!üÜ˛ ≤Ãçy!ï˛ !•ˆÏ§ˆÏÓ Óï≈˛üyˆÏö ˛õ!Ó˚!ã˛ï˛–

(ii) ~ç ~ÓÇ ~!Ó˚Î˚y üï˛Óyò ı í˛z•z!°§ (Willis, 1915, 1916) ~Ó˚ üˆÏï˛ §#üyÓÂô Óy ~ˆÏu˛!üÜ˛

í˛z!qò§ü)• xˆÏ˛õ«˛yÜ,˛ï˛ öÓyàï˛ ~ÓÇ ô#ˆÏÓ˚ ô#ˆÏÓ˚ Ü ˛ü¢ åÈ!í˛¸ˆÏÎ˚ ˛õˆÏí˛¸ˆÏåÈ– ~•z üˆÏï˛Ó˚ §üÌ≈ˆÏÜ˛Ó˚y •züˆÏ˛õ§y™

(Impatiens), !≤Ãü%°y (Primula), ˆçö!§ˆÏÎ˚öy (Gentiana), ˆÓ˚yˆÏí˛yˆÏí˛öí»˛ö (Rhoddendron)
•zï˛ƒy!ò ~ˆÏu˛y!üÜ˛ ≤Ãçy!ï˛Ó˚ í˛zˆÏÕ‘á Ü˛ˆÏÓ˚ö– í˛z•z!°§ í˛zòy•Ó˚î !•ˆÏ§ˆÏÓ í˛zˆÏÕ‘á Ü˛ˆÏÓ˚ˆÏåÈö ◊#°AÜ˛yÓ˚ !Ó˚!ê˛ày°

˛õyÓ≈ï˛ƒ xM˛ˆÏ° ~Ü˛!ê˛ í˛z!qò ˆÜ˛y!°Î˚y§ (Coleus) ÎyÓ˚ ò%!ê˛ ≤Ãçy!ï˛ ˆÜ˛y!°Î˚y§ •z°ÇˆÏàê˛y§ (C.
elongatus) ~ÓÇ ˆÜ˛y!°Î˚y§ ÓyÓ˚ˆÏÓê˛y§ (C. barbatus) çß√yÎ˚ñ ≤ÃÌü!ê˛ ~öˆÏí˛!üÜ˛ !•ˆÏ§ˆÏÓ ˛õ!Ó˚!ã˛ï˛

~ÓÇ !mï˛#Î˚!ê˛ ~!¢Î˚y Ä xy!ú ˛Ü˛yÓ˚ !Óhfl,Ïï˛ xM˛ˆÏ° xÓfiÌyö Ü˛ˆÏÓ˚– í˛z•z!°ˆÏ§Ó˚ üˆÏï˛ ˆÜ˛y!°Î˚y§ •z°ÇˆÏàê˛y§

◊#°AÜ˛yÓ˚ !Ó˚!ê˛ày° ˛õ!Ó˚ˆÏÓˆÏ¢ öÓyàï˛ñ §#üyÓÂô í˛z!qò öÎ˚ xÌ≈yÍ ~ˆÏu˛!üÜ˛ öÎ˚ñ •z•y ˆÜ˛y!°Î˚y§

ÓyÓ˚ˆÏÓê˛y§ÈÙÈ~Ó˚ ˛õ!Ó˚Óï≈˛ö¢#° xÓfiÌyÓ˚ (evolutionary stage) ~Ü˛!ê˛ í˛z!qò–

!ÓK˛yö# !í˛. ã˛ƒyê˛y!ç≈Ó˚ (1939) üˆÏï˛ ~ˆÏu˛!üÜ˛ ≤Ãçy!ï˛ ≤ÃÜ,˛ï˛˛õˆÏ«˛ öÓyàï˛ ~ÓÇ ~ˆÏòÓ˚ ~Ü˛fiÌyö

ˆÌˆÏÜ˛ xöƒfiÌyˆÏö fiÌyöyhsˇˆÏÓ˚ §%ˆÏÎyà öy •ÄÎ˚yÓ˚ çöƒ ~Ü˛•z fiÌyˆÏö §#üyÓÂô ˆÌˆÏÜ˛ ÎyÎ˚– x˛õÓ˚!òˆÏÜ˛

!ÓK˛yö# à%í˛ (Good, 1931) ~Ó˚ üˆÏï˛ ~ˆÏu˛!üÜ˛ ≤Ãçy!ï˛ ˛õy!Ó˚˛õy!Ÿª≈Ü˛ xyÓ•yÄÎ˚yÎ˚ üy!öˆÏÎ˚ ˆöÓyÓ˚

˜Ó!¢T˛ƒ ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚– ~•z üï˛ÓyòˆÏÜ˛ §•ö¢#°ï˛yÓ˚ üï˛Óyò (Theory of tolerance) Ó°y

•Î˚–

12.4.2 §#üyÓÂôï˛y §,!T˛Ó˚ çöƒ òyÎ˚# ¢ï≈˛à%!° (Factors responsible for endemism)

§#üyÓÂô Óy ~ˆÏu˛!üÜ˛ ≤Ãçy!ï˛ öï%˛ö fiÌyö xˆÏ˛õ«˛y ˛õ%Ó˚yï˛ö fiÌyˆÏö ˆÓ!¢ çß√yÎ˚– xyÓ•yÄÎ˚yÓ˚

û)˛!üÜ˛y ~ˆÏu˛!üçü §,!T˛Ó˚ ˛õˆÏ«˛ !ÓˆÏ¢£Ï ï˛yÍ˛õÎ≈˛õ)î≈– ~•z ~ˆÏu˛!üÜ˛ ≤Ãçy!ï˛ §,!T˛Ó˚ çöƒ xöƒï˛ü ¢ï≈˛

•° fl∫yû˛y!ÓÜ˛ xÓfiÌyÎ˚ çß√yˆÏöy !öÜ˛ê˛fiÌ í˛z!qò ≤Ãçy!ï˛Ó˚ üˆÏôƒ ≤ÃyÜ,˛!ï˛Ü˛ §ÇÜ˛Ó˚ ≤Ãçöö (Cross
breeding) ~ÓÇ ˛õ!Ó˚Óƒ!=˛ (mutation)– ~•z ¢ï≈˛à%!° ≤ÃôyöÓ˚)ˆÏ˛õ ˆòáy ÎyÎ˚ Îáö í˛z!qò xÓfiÌyÎ˚

˛õ,ÌÜ˛ (isolated) xÓfiÌyö Ü˛ˆÏÓ˚ xÌ≈yÍ Óy•zˆÏÓ˚Ó˚ ˆÜ˛yˆÏöy ≤Ãû˛yˆÏÓ ≤Ãû˛y!Óï˛ •Î˚ öy– ï˛y•z ÓÈÙÈm#˛õ xM˛ˆÏ°

(Islands) ˛§Ó≈yˆÏ˛õ«˛y ˆÓ¢# ~ˆÏu˛!üÜ˛ ≤Ãçy!ï˛ ˆòáy ÎyÎ˚– ˆç!ö í˛zÕ≥˛ (Janie Wulff), 1937, 1943
~Ó˚ üˆÏï˛ ˆ§rê˛ ˆ•ˆÏ°öy m#ˆÏ˛õ ¢ï˛Ü˛Ó˚y 85 û˛yàñ •yÄÎ˚y•z m#ˆÏ˛õ ¢ï˛Ü˛Ó˚y 80 û˛yàñ ~ÓÇ !öí˛z!ç°ƒyu˛

xM˛ˆÏ° ¢ï˛Ü˛Ó˚y 72 û˛yà í˛z!qò •ˆÏ°y ~ˆÏu˛!üÜ˛– xyÓyÓ˚ ˛õ,!ÌÓ# ˛õ,ˆÏ¤˛Ó˚ ˛õyÓ≈ï˛ƒû)˛!ü ˛õ,ÌÜ˛ í˛z!qò xM˛°

§,!T˛ Ü˛ˆÏÓ˚ ˆ§•z xM˛ˆÏ°Ó˚ ˛õ,ÌÜ˛ xyÓ•yÄÎ˚y Ä í˛zFã˛ï˛yÓ˚ Ü˛yÓ˚ˆÏî– !•üy°Î˚ xM˛ˆÏ° ¢ï˛Ü˛Ó˚y 70 û˛yà

í˛z!qò ~ˆÏu˛!üÜ˛– !•üy°ˆÏÎ˚Ó˚ ò!«˛îû˛yà û˛yÓ˚ˆÏï˛Ó˚ í˛z_Æ xƒy°%!û˛Î˚y° xM˛° ~ÓÇ í˛z_ˆÏÓ˚ !ï˛ÓùˆÏï˛Ó˚
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¢%‹Ò üy°û)˛!ü– ~Ó˚ ú˛ˆÏ° !•üy°ˆÏÎ˚Ó˚ öy!ï˛¢#ˆÏï˛y£÷ ~ÓÇ xƒy°˛õy•zö ≤Ãçy!ï˛Ó˚ üˆÏôƒ §ÇÜ˛Ó˚yÎ˚ˆÏöÓ˚ ú˛ˆÏ°

öï%˛ö ≤Ãçy!ï˛ !ö!ò≈T˛ §#üyˆÏÓ˚áyÓ˚ üˆÏôƒ çˆÏß√ ~ÓÇ ÎyÓ˚y í˛z_ˆÏÓ˚ Ä ò!«˛ˆÏî fiÌyö ˛õ!Ó˚Óï≈˛ö Ü˛Ó˚ˆÏï˛ §«˛ü

•Î˚ öy– ~•z Ü˛yÓ˚ˆÏî ~•z ≤Ãçy!ï˛à%!° ~ˆÏu˛!üÜ˛ ≤Ãçy!ï˛Ó˚)ˆÏ˛õ àîƒ •Î˚–

12.5 û˛yÓ˚ˆÏï˛Ó˚ §#üyÓÂôï˛y (Endemism in India)

û˛yÓ˚ï˛ !Óû˛yˆÏàÓ˚ ˛õÓ˚ 1960 !á fiê˛yˆÏ∑ !í˛. ã˛ƒyê˛yI≈#Ó˚ ˛õÎ≈yˆÏ°yã˛öy üˆÏï˛y !mÓ#ç˛õe# í˛z!qˆÏòÓ˚ ≤ÃyÎ˚

50% xyM˛!°Ü˛– ~•z xyM˛!°Ü˛ ≤Ãçy!ï˛à%!° ≤Ãôyöï˛ ò%•z!ê˛ xM˛ˆÏ° ˆÜ˛w#û)˛ï˛ ••zÎ˚y!åÈ°– ˆÎüöÈÙÙÙÈ

(i) !•üy°Î˚ ~ÓÇ (ii) ò!«˛î û˛yÓ˚ˆÏï˛– û˛yÓ˚ï˛#Î˚ àyˆÏAàÎ˚ í˛z˛õï˛ƒÜ˛yÎ˚ xyM˛!°Ü˛ ≤Ãçy!ï˛Ó˚ §Çáƒy

ï%˛°öyü)°Ü˛û˛yˆÏÓ Ü˛ü– í˛z_ˆÏÓ˚ §%í˛zFã˛ !•üy°Î˚ ˛õÓ≈ï˛üy°y Ä ò!«˛ˆÏî §ü%o ≤Ã!ï˛ÓrôÜ˛ï˛y §,!T˛ Ü˛Ó˚yÎ˚

û˛yÓ˚ˆÏï˛ x§Çáƒ xyM˛!°Ü˛ í˛z!qò ≤Ãçy!ï˛Ó˚ í˛zÍ˛õ!_ âˆÏê˛ˆÏåÈ– !°!àí˛z!üˆÏöy!§ S˛õƒy!˛õ!°ÄöÎ˚!í˛ í˛z˛õÈÙÈˆàyeVñ

Ó˚%!ÓˆÏÎ˚§#ñ ˆç§ˆÏö!Ó˚ˆÏÎ˚§#ñ Ü˛üˆÏ˛õy!ç!ê˛ Sxƒy§ê˛yˆÏÓ˚!§Vñ xƒy§!Üœ˛!˛õÎ˚yˆÏí˛§#ñ •zí˛zú˛Ó˚!ÓˆÏÎ˚§#ñ ~Ü˛yˆÏrÌ§#ñ

≤Ãy•zü%ˆÏ°§#ñ Óy°§y!üˆÏö§#ñ ˆÓ˚yˆÏç§# ≤Ãû,˛!ï˛ ˆàyˆÏeÓ˚ xhsˇà≈ï˛ x!ôÜ˛§ÇáƒÜ˛ xyM˛!°Ü˛ àö (genera)
ˆòáy ÎyÎ˚– Ó˚ƒyöyöÜ%˛ˆÏ°§# ˆàyˆÏeÓ˚ x!ôÜ˛ §ÇáƒÜ˛ àî•z !•üy°Î˚ Ä ò!«˛î û˛yÓ˚ˆÏï˛Ó˚ ˛õy•yí˛¸# xM˛ˆÏ°

§#üyÓÂô– Ó˚ƒyöyöÜ%˛ˆÏ°§# ˆàyˆÏeÓ˚ Ü˛ï˛Ü˛à%!° àˆÏîÓ˚ xyM˛!°Ü˛ï˛yÓ˚ ¢ï˛Ü˛Ó˚y •yÓ˚ !ö¡¨Ó˚)˛õ ı

Ranunculus - 36%, Clematis - 76%, Thalictricum - 79%, Delphinium – 71%,
~ÓÇ Aconitum – 90%– Ü %˛!§ˆÏú˛Ó˚# SÓ y!§ˆÏÜ˛§#V ˆàyˆÏeÓ˚ xyM˛!°Ü˛ ≤Ãçy!ï˛à%!° ˛õ!ÿ˛ü !•üy°Î˚ Ä

í˛z_Ó˚ ˛õ!ÿ˛ü û˛yÓ˚ˆÏï˛Ó˚ ¢%‹Ò xM˛ˆÏ° §#üyÓÂô– ˛õ)Ó≈ !•üy°Î˚ Ä û˛yÓ˚ˆÏï˛Ó˚ §üû)˛!ü xM˛ˆÏ° Ü˛!ï˛˛õÎ˚

xyM˛!°Ü˛ ≤Ãçy!ï˛ Óï≈˛üyö Îy•y §ü@ˇÃ xyM˛!°Ü˛ ≤Ãçy!ï˛Ó˚ ¢ï˛Ü˛Ó˚y •yÓ˚ üye 56– Óy°§y!üˆÏö§# ˆàyˆÏeÓ˚

xhsˇà≈ï˛ñ ˆÎüö Impatiens ~Ó˚ x!ôÜ˛ §ÇáƒÜ˛ xyM˛!°Ü˛ ≤Ãçy!ï˛ ˆòáy ÎyÎ˚ (241 ~Ó˚ üˆÏôƒ 220!ê˛

xÌ≈yÍ ¢ï˛Ü˛Ó˚y •yÓ˚ 91%)– í˛z•yÓ˚y ò!«˛î û˛yÓ˚ï˛ Ä xyo≈ ˛õ)Ó≈ !•üy°ˆÏÎ˚ §#üyÓÂô– !Ü˛v !§rô% Ä àyˆÏAàÎ˚

í˛z˛õï˛ƒÜ˛yÎ˚ Impatiens ~Ó˚ Ó•% ≤Ãçy!ï˛ §¡õ)î≈û˛yˆÏÓ xö%˛õ!fiÌï˛ÈÙÙÙÈ•z•y ••zˆÏï˛ ≤Ãüy!îï˛ •Î˚ ˆÎñ !•üy°Î˚

Ä ò!«˛î û˛yÓ˚ï˛ í˛zû˛ˆÏÎ˚•z Ó•% ÓÍ§Ó˚ ÎyÓÍ ˛õÓ˚flõÓ˚ ••zˆÏï˛ !Ó!FåÈß¨ !åÈ°– ˛õƒy!˛õ!°ÄöÎ˚í˛# í˛z˛õˆÏàyˆÏe

S!°!àí˛z!üˆÏöy§# ˆàyˆÏeÓ˚V x!ôÜ˛ §ÇáƒÜ˛ xyM˛!°Ü˛ ≤Ãçyï˛# ˆòáy ÎyÎ˚– í˛z•yˆÏòÓ˚ üˆÏôƒ 495 xyM˛!°Ü˛

~ÓÇ 372 !ÓhflÏ#î≈ xM˛° Óƒy˛õ# !Óhfl,Ïï˛ (widespread) xÌ≈yÍ xyM˛!°Ü˛ï˛yÓ˚ ¢ï˛Ü˛Ó˚y •yÓ˚ 57–

DalbergiaÈÙÈÓ˚ Ó•% ≤Ãçy!ï˛ !•üy°ˆÏÎ˚ §#üyÓÂô– Crotalaria Ä TephrosiaÙÈÓ˚ ≤Ãçy!ï˛ ò!«˛î û˛yÓ˚ˆÏï˛

x!ôÜ˛ §ÇáƒÜ˛ ˆòáy ÎyÎ˚– MilletiaÈÙÈÓ˚ 16!ê˛ xyM˛!°Ü˛ ≤Ãçy!ï˛ x§ˆÏü ˆòáy ÎyÎ˚– ˆÓ˚yˆÏç§# ˆàyˆÏeÓ˚

xyM˛!°Ü˛ ≤Ãçy!ï˛Ó˚ ¢ï˛Ü˛Ó˚y •yÓ˚ 70– ˆüyê˛ ≤Ãçy!ï˛Ó˚ §Çáƒy 257, ï˛ß√ˆÏôƒ 179!ê˛ ≤Ãçy!ï˛ xyM˛!°Ü˛

~ÓÇ x!ôÜ˛yÇ¢ ≤Ãçy!ï˛•z xy“#Î˚ !•üy°ˆÏÎ˚Ó˚ !Ó!û˛ß¨ fiÌyˆÏö §#üyÓÂô– û˛yÓ˚ˆÏï˛ Ó˚%!ÓˆÏÎ˚§# ˆàyˆÏeÓ˚ 552!ê˛

≤Ãçy!ï˛ Óï≈˛üyö– ï˛ß√ˆÏôƒ 365!ê˛ xyM˛!°Ü˛ ~ÓÇ 187!ê˛ xM˛ˆÏ° !Óhfl,Ïï˛ (wides), ~ˆÏ«˛ˆÏe xyM˛!°Ü˛
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≤Ãçy!ï˛Ó˚ ¢ï˛Ü˛Ó˚y •yÓ˚ 67– Ó˚%!Ó Ï̂Î˚§# ˆày Ï̂eÓ˚ !ö¡¨!°!áï˛ àö à%!° û˛yÓ˚̂ Ïï˛ xyM˛!°Ü˛– ˆÎüöÈÙÙÙÈClarkella
S˛õ!ÿ˛ü !•üy°ˆÏÎ˚Vñ Polyura Sáy!§Î˚yñ ˛õ)Ó≈ !•üy°ˆÏÎ˚Vñ Silvianthus Sáy!§Î˚yV ~ÓÇ Octotropis
Sò!«˛î û˛yÓ˚ˆÏï˛V– Ü˛ˆÏ¡õy!ç!ê˛ SxƒyT˛yˆÏÓ˚§#V ˆàye!ê˛ û˛yÓ˚ï˛#Î˚ í˛z!qòÜ)˛ˆÏ° (flora) Ó,•_ü Ä ≤ÃÜ˛ê˛

••zˆÏ°Ä xyM˛!°Ü˛ ≤Ãçy!ï˛Ó˚ ¢ï˛Ü˛Ó˚y •yÓ˚ üye 52– ~•z ˆàyˆÏeÓ˚ xyM˛!°Ü˛ ≤Ãçy!ï˛à%!° @ˇÃ#‹ø≤Ãôyö xM˛°

••zˆÏï˛ §%í˛zFã˛ xy“#Î˚ xM˛° ˛õÎ≈hsˇ !Óhfl,Ïï˛ ÌyˆÏÜ˛– Aster, Anaphalis, Centratherum ~ÓÇ Vernonia
≤Ãû,˛!ï˛ àîà%!°ˆÏï˛ §Ó≈yˆÏ˛õ«˛y x!ôÜ˛ xyM˛!°Ü˛ ≤Ãçy!ï˛ ˆòáy ÎyÎ˚– ~!Ó˚ˆÏÜ˛§# ˆàyˆÏeÓ˚ xhsˇà≈ï˛

Rhododendron àö!ê˛Ó˚ 64!ê˛ ≤Ãçy!ï˛•z !•üy°ˆÏÎ˚ S˛õ)Ó≈ Ä í˛z_Ó˚ÈÙÈ˛õ!ÿ˛üV xyM˛!°Ü˛ñ Primulaceae
ˆàyˆÏeÓ˚ Primula àî!ê˛ ˛õ)Ó≈ !•üy°ˆÏˆÏÎ˚ §#üyÓÂô– í˛z•yˆÏòÓ˚ üˆÏôƒ 148!ê˛ ≤Ãçy!ï˛ xyM˛!°Ü˛ •ÄÎ˚yÎ˚

≤Ãçy!ï˛Ó˚ ¢ï˛Ü˛Ó˚y •yÓ˚ 91– ~Ü˛yˆÏrÌ§# ˆàyˆÏeÓ˚ Strobilanthes àîÈÙÈ~Ó˚ 152!ê˛ ≤Ãçy!ï˛Ó˚ üˆÏôƒ 146!ê˛

òy!«˛îyˆÏï˛ƒ xyM˛!°Ü˛– •zí˛zú˛Ó˚!ÓˆÏÎ˚!§ ˆàyˆÏeÓ˚ Euphorbia àî!ê˛Ó˚ 63˛!ê˛ ≤Ãçy!ï˛Ó˚ üˆÏôƒ 41!ê˛•z

xyM˛!°Ü˛ Ä•z §Ü˛° ≤Ãçy!ï˛à%!° û˛yÓ˚ˆÏï˛Ó˚ ¢%‹Ò Ä @ˇÃ#‹ø≤Ãôyö xM˛ˆÏ° !Óhfl,Ïï˛ ÌyÜ˛ˆÏï˛ ˆòáy ÎyÎ˚–

12.5.1 û˛yÓ˚ˆÏï˛ §#üyÓÂô í˛z!qò ≤Ãçy!ï˛ (Endemic flora in India)

û˛yÓ˚ï˛ÓˆÏ£Ï≈ §Ü˛° ≤ÃÜ˛yÓ˚ í˛z!qò !öˆÏÎ˚ 50,000˛ÈÙÈ~Ó˚ Ä˛õÓ˚ ≤Ãçy!ï˛ Ó˚ˆÏÎ˚ˆÏåÈ– ~ü. xyüyò%Õ‘y ~ÓÇ

~ü. !˛õ. öyÎ˚yÓ˚ (1987)ÈÙÈ~Ó˚ üˆÏï˛ û˛yÓ˚ˆÏï˛Ó˚ 17,500 §˛õ%‹õÜ˛ í˛z!qò ≤Ãçy!ï˛Ó˚ üˆÏôƒ ≤ÃyÎ˚ ˛õÑyã˛ •yçyÓ˚

≤Ãçy!ï˛•z •° ~öˆÏí˛!üÜ˛– ã˛yÓ˚ •yçyÓ˚ àˆÏîÓ˚ üˆÏôƒ 140!ê˛ àî ~ÓÇ 315!ê˛ ˆàyˆÏeÓ˚ üˆÏôƒ 47!ê˛ ˆàye

•° ~öˆÏí˛!üÜ˛– ~•z ˛õÑyã˛ •yçyÓ˚ ~öˆÏí˛!üÜ˛ ≤Ãçy!ï˛Ó˚ §Çáƒy §yÓ˚y ˛õ,!ÌÓ#ˆÏï˛ !mï˛#Î˚ Ó,•_ü– xˆÏfiê˛Δ!°Î˚yÎ˚

§ÓˆÏã˛ˆÏÎ˚ ˆÓ!¢ §ÇáƒÜ˛ ~öˆÏí˛!üÜ˛ ê˛ƒy:y xyˆÏåÈ ÓˆÏ° çyöy ˆàˆÏåÈ– û˛yÓ˚ˆÏï˛ ˛í˛z_Ó˚ÈÙÈ˛õ)Ó≈ xM˛ˆÏ° §Ó≈yˆÏ˛õ«˛y

ˆÓ!¢ §ÇáƒyÎ˚ ~öˆÏí˛!üÜ˛ ≤Ãçy!ï˛ xyˆÏåÈ– ~•z xM˛ˆÏ° ˆüyê˛ xyê˛ •yçyÓ˚ ≤Ãçy!ï˛Ó˚ üˆÏôƒ ~öˆÏí˛!üÜ˛

≤Ãçy!ï˛Ó˚ §Çáƒy 3500– §ÇáƒyÓ˚ !òÜ˛ !òˆÏÎ˚ û˛yÓ˚ï˛ ~Ü˛!ê˛ Ó,•_ü ~öˆÏí˛!üÜ˛ í˛z!qò ~°yÜ˛y– û˛yÓ˚ˆÏï˛

˛õ!ÿ˛üâyˆÏê˛ 5000 ≤Ãçy!ï˛Ó˚ üˆÏôƒ 1600 ≤Ãçy!ï˛ ~öˆÏí˛!üÜ˛– í˛z_Ó˚ÈÙÈ˛õ!ÿ˛ü !•üy°ˆÏÎ˚ 4500 ≤Ãçy!ï˛Ó˚

üˆÏôƒ 1600 ≤Ãçy!ï˛ ~öˆÏí˛!üÜ˛– xyÓ˚ xy®yüyö !öˆÏÜ˛yÓÓ˚ m#˛õ˛õ%ˆÏO 2200 ≤Ãçy!ï˛Ó˚ üˆÏôƒ 195!ê˛

~öˆÏí˛!üÜ˛–

í˛z!qò §ü,Âô xM˛ˆÏ° Óy§fiÌyˆÏöÓ˚ xÓ«˛Î˚ •ÄÎ˚yÎ˚ ~ÓÇ ~öˆÏí˛!üÜ˛ ≤Ãçy!ï˛ ˆÓ!¢üyeyÎ˚ ÌyÜ˛yÎ˚

öÓ˚üƒyö üyÎ˚yÓ˚ (Norman Myers) ~Ó˚ ¢ï≈˛ ˆüˆÏö û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ !•üy°Î˚ ˛õÓ≈ï˛üy°yÓ˚ ˛õ)Ó≈ xÇ¢ñ xy§yü

ÓyˆÏò í˛z_Ó˚ÈÙÈ˛õ)Ó≈ û˛yÓ˚ï˛ñ !öˆÏÜ˛yÓÓ˚ ~ÓÇ ˛õ!ÿ˛üâyê˛ xM˛° ç#Ó ˜Ó!ã˛eƒ •ê˛flõê˛ (Biodiversity hotspot)
ÓˆÏ° ˛õ!Ó˚!ã˛ï˛– •z•yÓ˚y ÎÌyÜ ˛ˆÏü ˛õ,!ÌÓ#Ó˚ 36!ê˛ ç#Ó ˜Ó!ã˛e •ê˛flõê˛ ~Ó˚ ~!¢Î˚yÈÙÈˆ˛õ!§!ú˛Ü˛ xM˛ˆÏ°Ó˚

xhsˇà≈ï˛ 4!ê˛ •ê˛flõê˛ ~Ó˚ xÇ¢#òyÓ˚– ˆ§à%!° •° (1) ˛õ)Ó≈ !•üy°Î˚ñ (2) •zˆÏ®yÈÙÈÓyü≈yñ (3) §%®y°ƒyu˛§‰

~ÓÇ (4) ÄˆÏÎ˚fiê˛yö≈ âyê˛§‰ ~u˛ ◊#°AÜ˛y–
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12.5.2 û˛yÓ˚ˆÏï˛ Ü˛ˆÏÎ˚Ü˛!ê˛ ~öˆÏí˛!üÜ˛ ≤Ãçy!ï˛Ó˚ öyü (Some endemic plant species of India) É

(i) ~öyú˛y•z°yü ˆ•yÎ˚y•z!ê˛ (Anaphyllum wightii Schott) ò!«˛î ˛õ!ÿ˛üâyê˛–

(ii) ˆí˛Ü˛yˆÏ°!˛õ§ •ƒy!ü°ˆÏê˛yöy•z (Decalepis hamitonii Wight & Arn.) ö#°!à!Ó˚–

(iii) ~!Ó˚ˆÏöyÜ˛yÓ˚˛õy§ !öüˆÏüyöy•z (Erinocarpus nimmonii J. Graham) Ü˛î≈yê˛Ü˛–

(iv) ê˛ˆÏ:yÜ˛yÓ˚˛õy§ Ó˚:ÓyÓ˚çy•z (Toxocarpas roxburghii Wight. and Arn.) !§Ó˚Ü˛yÓ˚§ñ

xrô ≤ÃˆÏò¢–

(v) Ü˛Ó˚!í˛Î˚y ˆí˛yˆÏü§!ê˛Ü˛y (Cordia domestica Roth) x!üÄ Ü˛yüÓyÜ˛yü !•°ñ ï˛y!ü°öyí˛¸%–

(vi) üy•z!ÏÓ˚§!ê˛Ü˛y üy°yÓy!Ó˚Ü˛y (Myristica malabarica Lam.) í˛z_Ó˚ Ü˛yöyí˛¸yñ ˛õ!ÿ˛üâyê˛–

(vii) !fiê˛ΔÜ˛ö§ ~•z!öÎ˚y (Strychnos aenea A. W. Hill) ˛õ!ÿ˛üâyê˛–

(viii) •zí˛zˆÏç!öÎ˚y xyÓ˚ˆÏçö!ê˛Î˚y (Eugenia argentea Bedd.) ò!«˛î ˛õ!ÿ˛ü âyê˛–

(ix) xƒyÓ˚y!°Î˚y üy°yÓy!Ó˚Ü˛y (Aralia malabarica Bedd.) ò!«˛î ˛õ!ÿ˛ü âyê˛–

(x) Ó˚yí˛z°!ú˛Î˚y !ÓˆÏí˛y!ü (Rauvolfia beddomei Hook. f.) ˆÜ˛Ó˚y°yñ ï˛y!ü°öyí˛¸%–

(xi) Ó˚y•z!ê˛Î˚y •zö!í˛Ü˛y (Wrightia indica Ngau) ˆ˛õ!öö§%°yÓ˚ •z!u˛Î˚y–

1969 §yˆÏ° !í˛. ã˛ƒyê˛y!ç≈Ó˚ (D. Chatterjee) ˛õÎ≈yˆÏ°yã˛öy ˆÌˆÏÜ˛ çyöy ÎyÎ˚ ˆÎñ û˛yÓ˚ï˛ÓˆÏ£Ï≈

S◊#°AÜ˛yñ Óyü≈yñ ÓyÇ°yˆÏò¢ Ä ˛õy!Ü˛hflÏyö ÓyˆÏòV !mÓ#ç˛õe# (Dictyledons)ÈÙÈÓ˚ üˆÏôƒ ~ˆÏu˛!üÜ˛ í˛z!qˆÏòÓ˚

§Çáƒy ¢ï˛Ü˛Ó˚y 50 û˛yˆÏàÓ˚ ˆÓ!¢– í˛z˛õ§Ç•yˆÏÓ˚ Ó°y ÎyÎ˚ñ §ÓˆÏã˛ˆÏÎ˚ ˆÓ!¢ ~öˆÏí˛!üÜ˛ í˛z!qò !Óhfl,Ïï˛

Ó˚ˆÏÎ˚ˆÏåÈ !•üy°Î˚ ~ÓÇ ò!«˛î û˛yÓ˚ï˛ xM˛ˆÏ° ~ÓÇ àyˆÏAàÎ˚ í˛z˛õï˛ƒÜ˛yÎ˚ ~ˆÏu˛!üÜ˛ í˛z!qò §Çáƒy §ÓˆÏã˛ˆÏÎ˚

Ü˛ü–

12.6  §yÓ˚yÇ¢ (Summary)

~•z ~Ü˛ˆÏÜ˛ §#üyÓÂôï˛yÓ˚ (Endemism) §ÇK˛yñ Ü˛yÓ˚îñ ≤ÃÜ˛yÓ˚ˆÏû˛ò ~ÓÇ û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ §#üyÓÂô

!Ü˛å%È í˛z!qˆÏòÓ˚ ï˛y!°Ü˛y ˆòÄÎ˚y •ˆÏÎ˚ˆÏåÈ– §#üyÓÂôï˛yÓ˚ §ÇK˛yÎ˚ Ó°y •ˆÏÎ˚ˆÏåÈ ~Ü˛!ê˛ !ö!ò≈T˛ ~°yÜ˛yÎ˚ çˆÏß√

ˆÜ˛yö ~Ü˛!ê˛ ≤Ãçy!ï˛ Î!ò ˆ§•z !ö!ò≈T˛ xM˛ˆÏ° §#üyÓÂô •ˆÏÎ˚ ˛õˆÏí˛¸ ï˛yˆÏÜ˛ ~öˆÏí˛!üÜ˛ Óy §#üyÓÂô ≤Ãçy!ï˛

Ó°y •Î˚– ~•z ˛õÂô!ï˛ˆÏÜ˛ §#üyÓÂôï˛y Óy ~öˆÏí˛!üçü öyˆÏü x!û˛!•ï˛ Ü˛Ó˚y ÎyÎ˚– §#üyÓÂôï˛y §¡∫ˆÏrô

Ú~!˛õÓyˆÏÎ˚y!ê˛Ü˛Û Ä Ú~ç ~ÓÇ ~!Ó˚Î˚yÛ üï˛Óyò !Ó¢ˆÏò !ÓˆÏŸ’!£Ïï˛ •ˆÏÎ˚ˆÏåÈ– §#üyÓÂôï˛yÓ˚ ≤ÃÜ˛yÓ˚ ˆû˛òà%ˆÏ°y

ˆ•y°ÈÙÙÙÈ˛õƒy!°Ä~ˆÏu˛!ü:ñ !öÄ~ˆÏu˛!ü: Ä •ˆÏ°y~ˆÏu˛!ü: ~ÓÇ ˆÓ˚!°Ü˛ ~ˆÏu˛!ü: ~Ó˚˛õÓ˚ û˛yÓ˚ˆÏï˛Ó˚ !Ü˛å%È

§#üyÓÂô í˛z!qò ≤Ãçy!ï˛Ó˚ öyü xM˛°§• !°!˛õÓÂô Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ–
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12.7  ≤ÃŸ¿yÓ°# (Questions)

I. Ó•% !öÓ≈yã˛ö# ≤ÃŸ¿ (MCQ) :

1. ~ˆÏu˛!üÜ˛ í˛z!qò Ó°ˆÏï˛ ˆÓyé˛yÎ˚ÈÙÙÙÈ

(a) Ó!•Ó˚yàï˛ í˛z!qò (b) §Ó≈e !ÓÓ˚yçüyö í˛z!qò

(c) !ö!ò≈T˛ xM˛ˆÏ° §#üyÓÂô í˛z!qò (d) x!ï˛ xy@ˇÃy§# í˛z!qò

2. ~ˆÏu˛!üÜ˛ í˛z!qò §¡∫ˆÏrô ˆÜ˛yö üï˛yüï˛ ˆö•z ˆÎ !ÓK˛yö#Ó˚ÈÙÙÙÈ

(a) !Ó˚í‰˛ˆÏ° (b) í˛z•z!°§‰ (c) !í˛. ã˛ƒyçyê≈˛# (d) Ó˚yí˛zö!Ü˛Î˚yÓ˚

3. ~!˛õÓyˆÏÎ˚y!ê˛Ü˛ üï˛Óyò ˆÎ !ÓK˛yö#Ó˚ÈÙÙÙÈ

(a) !Ó˚í‰˛ˆÏ° (b) à%í‰˛ (c) !í˛. ã˛ƒyê˛yç≈# (d) í˛z•z!°§‰

4. ~ç ~ÓÇ ~!Ó˚Î˚y •y•zˆÏ˛õyˆÏÌ!§§ ˆÎ !ÓK˛yö#Ó˚ÈÙÙÙÈ

(a) à%í‰˛ (b) !Ó˚í‰˛ˆÏ° (c) í˛z•z!°§‰ (d) !í˛. ã˛ƒyê˛yç≈#

5. ~!˛õÓyˆÏÎ˚y!ê˛Ü˛ üï˛Óyò xö%ÎyÎ˚# ~ˆÏu˛!üÜ˛ ≤Ãçy!ï˛ •°ÈÙÙÙÈ

(a) öÓyàï˛ ~ÓÇ !Óhfl,Ïî≈ ~°yÜ˛yÎ˚ !ÓhflÏyÓ˚ §üˆÏÎ˚Ó˚ xˆÏ˛õ«˛yÎ˚

(b) öÓyàï˛ ~ÓÇ ~Ü˛!ê˛ !ö!ò≈T˛ fiÌyˆÏö §#üyÓÂô

(c) öÓyàï˛ !Ü˛v ~Ü˛y!ôÜ˛ ~°yÜ˛yÎ˚ §#!üï˛ §ÇáƒyÎ˚ Óï≈˛üyö

(d) §%ò)Ó˚ xï˛#ˆÏï˛ !Óhfl,Ïî≈ ~°yÜ˛yÎ˚ !Óhfl,Ïï˛ !åÈ° !Ü˛v Óï≈˛üyˆÏö ~Ü˛!ê˛ ~°yÜ˛yÎ˚ §#üyÓÂô

6. !ö¡¨!°!áï˛ xM˛°à%!°Ó˚ üˆÏôƒ §Óã˛y•zˆÏï˛ Ü˛ü ~ˆÏu˛!üÜ˛ í˛z!qò ≤Ãçy!ï˛ Ó˚ˆÏÎ˚ˆÏåÈÈÙÙÙÈ

(a) xy®yüyö ~ÓÇ !öˆÏÜ˛yÓÓ˚ m#˛õ˛õ%ˆÏO (b) ò!«˛î û˛yÓ˚ˆÏï˛

(c) àyˆÏAàÎ˚ í˛z˛õï˛ƒÜ˛yÎ˚ (d) !•üy°Î˚ ˛õyÓ≈ï˛ƒ xM˛ˆÏ°

7. §Óã˛y•zˆÏï˛ ˆÓ¢# ~ˆÏu˛!üÜ˛ ≤Ãçy!ï˛ Óï≈˛üyö û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ ~•z xM˛ˆÏ°ÈÙÙÙÈ

(a) í˛z_Ó˚ÈÙÈ˛õ)Ó≈ û˛yÓ˚ï˛ (b) í˛z_Ó˚ÈÙÈ˛õ!ÿ˛ü !•üy°Î˚

(c) ˛õ!ÿ˛üâyê˛ xM˛ˆÏ° (d) xy®yüyö Ä !öˆÏÜ˛yÓÓ˚ m#˛õ˛õ%O

8. û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ ˆÎ xM˛° ç#Ó˜ÏÓ!ã˛eƒ •ê˛flõê˛ ÚÚ§%®y°ƒyu˛§ÛÛÈÙÈ~Ó˚ xhsˇà≈ï˛ÈÙÙÙÈ

(a) xy®yüyö (b) !öˆÏÜ˛yÓÓ˚ òÛ#˛õ˛õ%O

(c) °y«˛ym#˛õ (d) í˛z_Ó˚ÈÙÈ˛õ)Ó≈ ˛õyÓ≈ï˛ƒ xM˛°
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9. í˛z!qˆÏòÓ˚ ~ˆÏu˛!üÜ˛ ≤Ãçy!ï˛ ≤Ãôyöï˛ ˆÎ xM˛ˆÏ° x!ôÜ˛ §ÇáƒyÎ˚ ˆòáy ÎyÎ˚ ï˛y •°ÈÙÙÙÈ

(a) ˆüày ç#Ó ˜Ó!ã˛eƒ xM˛° (b) ç#Ó ˜Ó!ã˛eƒ •ê˛flõê˛

(c) §ÇÓ˚!«˛ï˛ xM˛° (d) öy!ï˛¢#ˆÏï˛y£÷ !ã˛Ó˚•!Ó˚Í ÓöyM˛°

10. !ÓK˛yö# ˆç!ö í˛zÕ≥˛ÈÙÈ~Ó˚ üˆÏï˛ ¢ï˛Ü˛Ó˚y xö%˛õyˆÏï˛ §Óã˛y•zˆÏï˛ ˆÓ¢# ~ˆÏu˛!üÜ˛ ≤Ãçy!ï˛ xyˆÏåÈÈÙÙÙÈ

(a) •yÄÎ˚y•z m#ˆÏ˛õ (b) !öí˛z!ç°ƒyu˛ xM˛°

(c) ˆ•ˆÏ°öy m#ˆÏ˛õ (d) !•üy°ˆÏÎ˚

II. §Ç!«˛Æ ≤ÃŸ¿yÓ°# É

1. ~ˆÏu˛y!üçü Ü˛yˆÏÜ˛ ÓˆÏ°⁄

2. ~ˆÏu˛!üçü ~Ó˚ ò%•z!ê˛ üï˛Óyò !Ü˛ !Ü˛⁄

3. !öÄ ~ˆÏu˛y!üÜ˛ ≤Ãçy!ï˛ !•ˆÏ§ˆÏÓ ˛õ!Ó˚!ã˛ï˛ ã˛yÓ˚!ê˛ í˛z!qò àˆÏîÓ˚ öyü !°á%ö–

4. §•ö¢#°ï˛y üï˛Óyò!ê˛ !Ü˛⁄

5. §#üyÓÂôï˛yÓ˚ çöƒ òyÎ˚# ò%•z!ê˛ ¢ï≈˛ í˛zˆÏÕ‘á Ü˛Ó˚%ö–

6. •ˆÏ°y~ˆÏu˛y!üÜ˛§‰ Ü˛#⁄

7. ò%•z!ê˛ ~ˆÏu˛!üÜ˛ í˛z!qˆÏòÓ˚ ˆàye ~ÓÇ àî ~Ó˚ öyü !°á%ö–

8. û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ ˆÜ˛yö ˆÜ˛yö xM˛ˆÏ° ~ˆÏu˛!üÜ˛ ≤Ãçy!ï˛ ˆÓ¢# xyˆÏåÈ⁄

9. û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ í˛z_Ó˚˛õ)Ó≈ xM˛° ~ÓÇ ˛õ!ÿ˛üâyê˛ xM˛ˆÏ° ˆüyê˛ §˛õ%‹õÜ˛ í˛z!qò ~ÓÇ ~ˆÏu˛!üÜ˛

§˛õ%‹õÜ˛ í˛z!qˆÏòÓ˚ §Çáƒy !°á%ö–

10. û˛yÓ˚ˆÏï˛Ó˚ û)˛á[˛ˆÏÜ˛ xhsˇû%˛≈=˛Ü˛yÓ˚# ã˛yÓ˚!ê˛ ç#Ó ˜Ó!ã˛e •ê˛flõê˛ÈÙÈ~Ó˚ öyü !°á%ö–

III. Ó˚ã˛öyôü≈# ≤ÃŸ¿ É

1. §#üyÓÂôï˛y Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚⁄ •z•yÓ˚ çöƒ òyÎ˚# ¢ï≈˛à%!° !°á%ö–

2. §#üyÓÂôï˛yÓ˚ üï˛Óyò ò%•z!ê˛ xyˆÏ°yã˛öy Ü˛Ó˚%ö–

3. §#üyÓÂôï˛yÓ˚ ≤ÃÜ˛yÓ˚ˆÏû˛ò §ÇˆÏ«˛ˆÏ˛õ xyˆÏ°yã˛öy Ü˛Ó˚%ö–

4. û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ §#üyÓÂôï˛y §ÇˆÏ«˛ˆÏ˛õ xyˆÏ°yã˛öy Ü˛Ó˚%ö–

5. û˛yÓ˚ˆÏï˛Ó˚ ~ˆÏu˛!üÜ˛ í˛z!qò ≤Ãçy!ï˛Ó˚ ~Ü˛!ê˛ ôyÓ˚îy !òö– •z•yˆÏòÓ˚ ˆÜ˛yö ˆÜ˛yö ˜çÓ˜ÏÓ!ã˛eƒ

•ê˛flõˆÏê˛ ˆÓ¢# §ÇáƒyÎ˚ ˆòáy ÎyÎ˚ ï˛y í˛zˆÏÕ‘á Ü˛Ó˚%ö–
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12.8  í˛z_Ó˚üy°y (Answers)

I. Ó•% !öÓ≈yã˛ö# ≤ÃˆÏŸ¿Ó˚ (MCQ) í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚

§Çáƒy ı 1 2 3 4 5 6 7 8 9 10

í z̨_Ó˚ ı c d a c d c a b b c

II. §Ç!«˛Æ ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5

xö%ˆÏFåÈò §Çáƒy ı 12.2 12.4.1 12.4.1 12.4.1 12.4.2

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 6 7 8 9 10

xö%ˆÏFåÈò §Çáƒy ı 12.3(c) 12.5 12.5.1 12.5.1 12.5.2

III. Ó˚ã˛öyôü≈# ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5

xö%ˆÏFåÈò §Çáƒy ı 12.2 & 12.4.1 12.3 12.5 12.5.1 &
12.4.2 12.5.2
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~Ü˛Ü˛–13 : ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ í˛z!qòÜ%˛° §üy•yÓ˚ (Flora of Eastern
Himalayas)

àë˛ö (Structure)

13.0 í˛zˆÏj¢ƒ (Objectives)

13.1 ≤ÃhflÏyÓöy (Introduction)

13.2 ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ í˛z!qòÜ%˛° (Flora of Eastern Himalayas)

13.3 §yÓ˚yÇ¢ (Summary)

13.4 ≤ÃŸ¿yÓ°# (Questions)

13.5 í˛z_Ó˚üy°y (Answers)

13.0  í˛zˆÏj¢ƒ (Objectives)

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xyüÓ˚y !ö¡¨!°!áï˛ !Ó£ÏÎ˚à%!° §¡∫ˆÏrô §üƒÜ˛ ôyÓ˚îy ˜ï˛!Ó˚ Ü˛Ó˚ˆÏï˛ ˛õyÓ˚Ó–

●●●●● ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ ã˛yÓ˚!ê˛ í˛zFã˛ï˛y §ÇÜ ˛yhsˇ xM˛°–

●●●●● ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ í˛z!qò §üy•yÓ˚ Ä ≤Ãçy!ï˛ Órê˛ö–

13.1 ≤ÃhflÏyÓöy (Introduction)

ˆû˛!çˆÏê˛¢ö •° ˆÜ˛yˆÏöy xM˛ˆÏ° çß√yˆÏöy xˆÏöÜ˛à%!° í˛z!qò ≤Ãçy!ï˛Ó˚ ÓˆÏí˛¸y Ä ˆåÈyˆÏê˛y !Ó!û˛ß¨

˛õ˛õ%ˆÏ°¢ö (Populations) Óy í˛z!qò ˆày¤˛#Ó˚ §Ç!áƒÜ˛ §üy•yÓ˚ (quantitative assemblage)– ˆÜ˛yö

xM˛ˆÏ°Ó˚ ˆû˛!çˆÏê˛¢ö (Vegetation) ˆ§áyöÜ˛yÓ˚ í˛z!qò §¡±òyÎ˚ Óy Ü˛!üí˛z!ö!ê˛ !öˆÏò≈¢ Ü˛ˆÏÓ˚– ˛õ˛õ%ˆÏ°¢ö

(Population) •° ˆÜ˛yˆÏöy ~Ü˛ê˛y xM˛ˆÏ°Ó˚ ˆÜ˛yˆÏöy ~Ü˛!ê˛ ≤Ãçy!ï˛Ó˚ §Ü˛° §ò§ƒ ç#Ó !öˆÏÎ˚ à!ë˛ï˛

~Ü˛ê˛y §yÇ!áƒÜ˛ §üy•yÓ˚– xyÓyÓ˚ ˆÜ˛yˆÏöy ~Ü˛!ê˛ !ö!ò≈T˛ xM˛ˆÏ°Ó˚ ˆüyê˛ í˛z!qò ≤Ãçy!ï˛Ó˚ à%îàï˛ §üy•yÓ˚ˆÏÜ˛

(qualitative assemblage) ÓˆÏ° í˛z!qòÜ%˛° Óy ˆúœ˛yÓ˚y (Flora)˛– ~•z ˆúœ˛yÓ˚y •ˆÏï˛ ˛õyˆÏÓ˚ ~Ü˛ê˛y ˆç°yÓ˚,
Ó˚yˆÏçƒÓ˚, ˆòˆÏ¢Ó˚, ~üö!Ü˛ í˛z˛õü•yˆÏò¢ Ä ü•yˆÏòˆÏ¢Ó˚Ä–
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13.2 ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ í˛z!qòÜ%˛° (Flora of Eastern Himalayas)

˛õ)Ó≈ !•üy°Î˚ ˆö˛õyˆÏ°Ó˚ ˛õ)Ó≈ §#üyˆÏhsˇÓ˚ !§Aày°#°y ˛õÓ≈ï˛üy°y ˆÌˆÏÜ˛ xÓ˚%îyã˛° ≤ÃˆÏòˆÏ¢Ó˚ ˆ°y!•ï˛

öò# ˛õÎ≈hsˇ !Óhfl,Ïï˛– !§!Ü˛ˆÏüÓ˚ !Ó!û˛ß¨ xM˛° ~ÓÇ ˛õ)Ó≈!òˆÏÜ˛ •z•y í˛z_Ó˚ ˛õ)Ó≈ §#üyhsˇ xM˛° SNEFA˛V

Óï≈˛üyˆÏö xÓ˚%îyã˛Ó˚ ≤ÃˆÏò¢ õÎ≈hsˇ !Óhfl,Ïï˛– ˛õ)Ó≈ !•üy°ˆÏÎ˚ ≤Ãã%˛Ó˚ Ó,!T˛˛õyï˛ ~ÓÇ í˛z£÷ ÓyÎ˚%ü[˛° Ä ˆÓ!¢

xyo≈ï˛y ˆòáy ÎyÎ˚– ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ üˆÏôƒ !§!Ü˛ü §ÓˆÏã˛ˆÏÎ˚ xyo≈ xM˛°– ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ ö#ˆÏã˛Ó˚ !òˆÏÜ˛Ó˚

ˆÌˆÏÜ˛ Ä˛õˆÏÓ˚Ó˚ !òˆÏÜ˛ Ü ˛ü¢ ô#ˆÏÓ˚ ô#ˆÏÓ˚ ≤Ãçy!ï˛Ó˚ (Species) §Çáƒy Ä í˛z!qˆÏòÓ˚ Ó,!Âô Ü˛üˆÏï˛ ÌyˆÏÜ˛–

˛õ)Ó≈ÈÙÈ!•üy°ˆÏÎ˚Ó˚ í˛z_ˆÏÓ˚ !ï˛Óùï˛ ~ÓÇ ò!«˛ˆÏî ˛õ!ÿ˛üÓAà Ä !ö¡¨ xy§yü xÓ!fiÌï˛– ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚

í˛z!qòà%!°ˆÏÜ˛ ã˛yÓ˚!ê˛ í˛zFã˛ï˛y §ÇÜ ˛yhsˇ xM˛ˆÏ° û˛yà Ü˛Ó˚y •Î˚ñ ˆÎüöÈÙÙÙÈ

(i) @ˇÃ#‹øü[˛°#Î˚ Óy Ü ˛yhsˇ#Î˚ (Tropical) ˛xM˛°

(ii) í˛z˛õÈÙÈ@ˇÃ#‹øü[˛°#Î˚ Óy í˛z˛õÈÙÈÜ ˛yhsˇ#Î˚ (Sub-tropical) xM˛°

(iii) öy!ï˛¢#ˆÏï˛y£÷ (Temperate) xM˛°

(iv) xy°˛õy•zö (Alpine) xM˛°

(i) @ˇÃ#‹øü[˛°#Î˚ Óy Ü ˛yhsˇ#Î˚ xM˛° (Tropical) : ˛õ!ÿ˛üÓˆÏAàÓ˚ §üï˛° û)˛!ü ˆÌˆÏÜ˛ ô#ˆÏÓ˚ ô#ˆÏÓ˚

Ä˛õˆÏÓ˚Ó˚ !òˆÏÜ˛ 200 !üê˛yÓ˚ í˛zFã˛ï˛y ˛õÎ≈hsˇ !§!Ü˛ˆÏüÓ˚ @ˇÃ#‹øü[˛°#Î˚ xM˛° !Óhfl,Ïï˛– ~•z @ˇÃ#‹øü[˛ˆÏ°Ó˚

˛õyòˆÏò¢ˆÏÜ˛ ï˛Ó˚y•z xM˛° (Terai region) Ó°y •Î˚– ~•z xM˛° ≤Ãôyöï˛ ¢y° (Shorea robusta)
Óö myÓ˚y à!ë˛ï˛– ~Ó˚ §ˆÏAà !üˆÏ¢ Ó˚ˆÏÎ˚ˆÏåÈ ˛õî≈ˆÏüyã˛# í˛z!qò §ü)• (deciduous plants), ây§çyï˛#Î˚

§yû˛yöy (Savannahs) ~ÓÇ ç°yû)˛!üÓ˚ (Swamps) í˛z!qò– x˛õÓ˚!òˆÏÜ˛ !•üy°Î˚ ˛õÓ≈ˆÏï˛Ó˚ ˛õyòˆÏò¢ ˆÌˆÏÜ˛

700 !üê˛yÓ˚ ˆÌˆÏÜ˛ 900 !üê˛yÓ˚ ˛õÎ≈hsˇ ˛õî≈ˆÏüyã˛# í˛z!qˆÏòÓ˚ ≤Ãyôyöƒ ˆòáy ÎyÎ˚– ~áyˆÏö í˛zˆÏÕ‘áˆÏÎyàƒñ

ˆÎüöÈÙÙÙÈˆ§à%ö (Tectona grandis), çyÓ˚%° (Lagerstroemia parviflora), ã˛y°ï˛y (Dillenia
indica), !¢¢% (Dalbergia sisoo), !¢ü)° (Bombax malabaricum), çyüÓ˚%° (Syzygium
wallichii), í%˛ü%Ó˚ (Ficus hispida), xƒy!í˛öy (Adina cordifolia), ÄÜ‰˛ (Quercus lancifolia)
•zï˛ƒy!ò çß√yÎ˚– çAàˆÏ°Ó˚ ˆû˛ï˛ˆÏÓ˚ à%Õ√ Ä Ó#Ó˚%Íñ ˆÎüöÈÙÙÙÈfiê˛ΔÓy•z°yö!Ì§ (Strobilanthes sp.), ü%§y[˛y

(Mussaenda sp.), Ü˛ƒy!°Ü˛yÓ˚˛õy (Callicarpa arborea), ˛Óyí˛z!•!öÎ˚y (Bauhinia purpurea),
ˆÜœ˛ˆÏÓ˚yˆÏí˛öí»˛yü (Clerodendrum infortunatum), •zí˛z˛õƒyˆÏê˛y!Ó˚Î˚yü ÄˆÏí˛yˆÏÓ˚ê˛yü (Eupatoruim
odoratum) •zï˛ƒy!ò çß√yˆÏï˛ ˆòáy ÎyÎ˚– çAàˆÏ°Ó˚ Óy•zˆÏÓ˚Ó˚ !òˆÏÜ˛ xy!ê≈˛!ü!§Î˚y (Artemisia vulgaris),
ˆü°yˆÏfiê˛yüy (Melastoma malabathricum), x§‰ˆÏÓ!Ü˛Î˚y (Osbeckia sp.), ≤Ãû,˛!ï˛ í˛z!qò ˆòáˆÏï˛

˛õyÄÎ˚y ÎyÎ˚– °ï˛yˆÏöy Óy ˆÓ˚y!•ö# (Climbers) í˛z!qˆÏòÓ˚ üˆÏôƒ fløy•z°y: (Smilax macrophylla),
•Î˚y (Hoya sp.), Óyí˛z!•!öÎ˚y (Bauhinia vahlii), ˛õy•z˛õyÓ˚ (Piper sp.) í˛zˆÏÕ‘áˆÏÎyàƒ–
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(ii) í˛z˛õÈÙÈ@ˇÃ#‹øü[˛°#Î˚ Óy í˛z˛õÜ ˛yhsˇ#Î˚ xM˛° (Sub-tropical) : ~•z xM˛ˆÏ°Ó˚ í˛z!qòˆÏòÓ˚ 1500
!üê˛yÓ˚ ˆÌˆÏÜ˛ 1700 !üê˛yÓ˚ í˛zFã˛ï˛yÎ˚ çß√yˆÏï˛ ˆòáy ÎyÎ˚– ~áyöÜ˛yÓ˚ í˛zˆÏÕ‘áˆÏÎyàƒ Ó,«˛çyï˛#Î˚ í˛z!qòà%!°

•°ÈÙÙÙÈ!flÒüy (Schima wallichii), üy•ẑ ÏÜ˛!°Î˚y (Michelia kisopa), •z!Ó˚!Ì öy (Erythrina variegata),
!°ê˛!§Î˚y (Litsea oblonga), ÄÜ˛ (Quercus glauca), ~öˆÏç°•yÓ˚!í˛ê˛y (Engelhardtia spicata)
•zï˛ƒy!ò– ~åÈyí˛¸y ~•z xM˛ˆÏ°Ó˚ ≤Ãôyö à%Õ√ (Shrubs) Ä Ó#Ó˚%Í (herbs) ˆ◊!îÓ˚ í˛z!qòà%!° •° ˆü°yˆÏfiê˛yüy

(Melastoma normale), Ü˛ƒy!§Î˚y (Cassia mimosoides), §yí z̨Ó˚í z̨•zÎ˚y (Saurauia napaulensis),
§yÓ˚ˆÏÜ˛yÜ˛E˛y (Sarcococca coriacea) •zï˛ƒy!ò– çAàˆÏ°Ó˚ üˆÏôƒ ˛õˆÏÌÓ˚ ˛õyˆÏ¢ çß√yÎ˚ •zí˛z˛õƒyˆÏê˛y!Ó˚Î˚yü

(Eupatorium adenophorum) ~ÓÇ xyo≈ åÈyÎ˚yÎ%=˛ xM˛ˆÏ° çß√yÎ˚ ˆÓˆÏày!öÎ˚y (Begonia sp.)–
ˆÓ!¢ í˛zFã˛ï˛yÎ˚ ˆòáy ÎyÎ˚ üƒyˆÏ°yê˛y§ (Mallotus philippensis), Ó˚%§ (Rhus succedanea),
Óyí z̨!•!öÎ˚y (Bauhinia purpurea), Ü˛ƒy!°Ü˛yÓ˚̨ õy (Callicarpa arborea), ê˛yÓ˚!ü Ï̂ö!°Î˚y (Terminalia
myriocarpa) •zï˛ƒy!ò í˛z!qòà%!°ˆÏÜ˛–

(iii) öy!ï˛¢#ˆÏï˛y£÷ xM˛° (Temperate) : öy!ï˛¢#ˆÏï˛y£÷ xM˛° ≤Ãôyöï˛ !ã˛Ó˚•!Ó˚Í ÄÜ˛ (
Quercus sp.), ≤Ãçy!ï˛Ó˚ í˛z!qò ~ÓÇ °ˆÏÓ˚!§ (Lauraceae) ˆàyˆÏeÓ˚ Ä xöƒyöƒ í˛z!qòÜ)˛° !öˆÏÎ˚ à!ë˛ï˛–

~ˆÏ«˛ˆÏe ü)°ï˛ 2100 ˛ˆÌˆÏÜ˛ 2300 !üê˛yÓ˚ í˛zFã˛ï˛y ˛õÎ≈hsˇ ˆÎ í˛z!qò ≤Ãçy!ï˛à%!° ˆÓ!¢ ˆòáy ÎyÎ˚ ï˛yÓ˚y

•° Ü˛ƒy§ê˛yö˛õ!§§ (Castanopsis tribuloides, C. hystrix), üƒy!ã˛°y§ (Machilus edulis),
xƒyÜ˛!ê˛ˆÏöyí˛yú˛!ö (Actinodaphne reticulata), !§öyˆÏüyüyü (Cinnamomum glanduliferum),
ˆÜ˛y Ï̂Î˚Ó˚Ü˛y§ (Quercus fenestrata), !§ü Ï̂≤’yÜ˛§ (Symplocos theifola), §yÓ˚̂ ÏÜ˛yÜ˛E˛y (Sarcococca
wallichii), ˆ˛õyˆÏê˛ö!ê˛°y (Potentilla fruticosa), Ó˚%oy«˛ (Elaeocarpus sp.), û˛y•zÓyÓ˚öyü

(Viburnum coriaceum), xy•zˆÏ°: (Ilex insignis), ˛ˆÓê%˛°y (Betula alnoides), x§ˆÏÓ!Ü˛Î˚y

(Osbeckia sikkimensis), ˆç§!üöyü (Jasminum dispermum),
Ó˚%Óy§ (Rubus ellipticus), üy•zˆÏÜ˛!°Î˚y (Michelia doltsopa), xƒy§yÓ˚ (Acer oblongum),
!í˛Ü‰˛!°˛õˆÏê˛Ó˚y (Dicliptera roxburghiana), ˆÓ˚yˆÏí˛yˆÏí˛öí»˛ö (Rhododendron griffithianum)
•zï˛ƒy!ò–

xyÓ˚Ä ~Ü˛ê%˛ í˛z˛õˆÏÓ˚Ó˚ !òˆÏÜ˛Ó˚ 2300 ˆÌˆÏÜ˛ 2800 !üê˛yÓ˚ í˛zFã˛ï˛y ˛õÎ≈hsˇ ü)°ï˛ ÄÜ˛ (Quercus)
xM˛°– ~áyˆÏö QuercusÈÙÈ~Ó˚ !Ó!û˛ß¨ ≤Ãçy!ï˛ñ ˆÎüöÈÙÙÙÈQuercus lamellosa, Q. semecarpifolia,
Q. lineata åÈyí˛¸yÄ !°ê˛!§Î˚y (Litsea elongata), !§üˆÏ≤’yÜ˛§ (Symplocos glomerata), xy•zˆÏ°:

(Ilex fragilis), !°öˆÏí˛Ó˚y (Lindera assamica) •zï˛ƒy!ò í˛z!qò ≤Ãçy!ï˛ ˆÓ!¢ ˛õ!Ó˚üyˆÏî çß√yÎ˚–

~•z xM˛ˆÏ°Ó˚ xöƒyöƒ ˆÎ ≤Ãçy!ï˛à%!° öçˆÏÓ˚ xyˆÏ§ ˆ§à%!° •° !°öˆÏí˛Ó˚y (Lindera heterophylla),
üƒyàˆÏöy!°Î˚y (Magnolia campbellii), •zí˛zöy•züy§ (Euonymus frigidus), xƒy!Ó˚!§üy (Arisaema
griffithii), öyöyÓ˚Ü˛ˆÏüÓ˚ x!Ü≈˛í˛ Ä ú˛yö≈ñ ˆòy˛õy!ê˛ (Impatiens sp.), !ú ˛!ê˛ˆÏÕ‘!Ó˚Î˚y (Fritillaria sp.),
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û˛y!:!öÎ˚yü (Vaccinium sp.), ˆü°y§ˆÏê˛yüy (Melastoma malabathricum), ˛õyü (palm) Ä !Ü˛å%È

áÓ≈Ü˛yÓ˚ ÓÑy¢çyï˛#Î˚ í˛z!qò •zï˛ƒy!ò–

(iv) xy°˛õy•zö xM˛° (Alpine) : ~•z xy°˛õy•zö xM˛ˆÏ° §yôyÓ˚îï˛ 2800 !üê˛yÓ˚ í˛zFã˛ï˛yÓ˚

Ä˛õˆÏÓ˚ Ü˛!öˆÏú˛Ó˚y§ (coniferus) ÓöyM˛° ˆòáy ÎyÎ˚– ~áyˆÏö 2800–3000 !üê˛yÓ˚ ˛õÎ≈hsˇ xM˛ˆÏ°Ó˚ ö#ˆÏã˛Ó˚

!òÜ˛ê˛yÎ˚ ˆÓ˚yˆÏí˛yˆÏí˛öˆÏí»˛yˆÏöÓ˚ (Rhododendron) !ö¡¨!°!áï˛ ≤Ãçy!ï˛à%!°ˆÏÜ˛ çß√yˆÏï˛ ˆòáy ÎyÎ˚ñ ˆÎüö

Rhododendron barbatum, R. thomsonii, R. hodgsonii, R. grande •zï˛ƒy!ò– ~åÈyí˛¸yÄ

Rhododendron˛ÈÙÈ~Ó˚ !Ó!û˛ß¨ ≤Ãçy!ï˛à%!°Ó˚ §ˆÏAà !üˆÏ¢ ÌyˆÏÜ˛ xöƒyöƒ !Ü˛å%È í˛z!qò ≤Ãçy!ï˛ñ ˆÎüöÈÙÙÙÈ

û˛y•zÓyÓ˚öyü (Viburnum cordifolium), û˛ƒy!:öÎ˚yü (Vaccinium nummularia), ≤Ãy•zü%°y (Primula
petiolaris), ≤Ã%ö%§ (Prunus undulata), §Ó˚Óy§ (Sorbus foliolosa) •zï˛ƒy!ò–

Ä˛õˆÏÓ˚Ó˚ í˛zFã˛ï˛yÎ˚ Óï≈˛üyö ˆÓ˚yˆÏí˛yˆÏí˛öí»˛ˆÏöÓ˚ (Rhododendron) ≤Ãçy!ï˛à%!° •° Rhododen-
dron campanulatum, R. lanatum, R. wightii •zï˛ƒy!ò– ~åÈyí˛¸yÄ ˆáy°y çyÎ˚àyÎ˚ ˆÎ ≤Ãçy!ï˛à%!°

çß√yÎ˚ ˆ§à%!° •° R. setosum Ä R. anthopogon •zï˛ƒy!ò– ~Ó˚ §ˆÏAà ~áyˆÏö ÄáyˆÏö åÈ!í˛¸ˆÏÎ˚

ÌyÜ˛y xöƒyöƒ í˛z!qò ≤Ãçy!ï˛à%!° •° ≤Ãy•zü%°y (Primula sp.), ~!Ó˚!§üy (Arisaema sp.), ≤Ã%ö%§

(Prunus rufa), §Ó˚Óy§ (Sorbus microphylla) •zï˛ƒy!ò– x˛õÓ˚!òˆÏÜ˛ ˛õy•yˆÏí˛¸Ó˚ ì˛yˆÏ° !Ó!û˛ß¨Ó˚Ü˛ˆÏüÓ˚

ü§ (moss) Ä °y•zˆÏÜ˛ö (lichens) Ó,«˛ çyï˛#Î˚ í˛z!qˆÏòÓ˚ Ä˛õˆÏÓ˚ ˛õÓ˚y◊Î˚# !•ˆÏ§ˆÏÓ çß√yÎ˚– ~•z xM˛ˆÏ°Ó˚

xhsˇà≈ï˛ ÚÚ!§!°Ç ˆçyÜ%˛˛õyÛÛ (Silling Tzokupa) ~°yÜ˛yÓ˚ ≤ÃyÎ˚ 3000 !üê˛yÓ˚ í˛zFã˛ï˛yÎ˚ ˆÓ˚yˆÏí˛yˆÏí˛öí»˛ˆÏöÓ˚

(Rhododendron) Ü˛ˆÏÎ˚Ü˛!ê˛ í˛zˆÏÕ‘áˆÏÎyàƒ ≤Ãçy!ï˛Ó˚ §ˆÏAà xöƒyöƒ ˆÎ í˛z!qò ≤Ãçy!ï˛ í˛z˛õ!fiÌï˛ ÌyˆÏÜ˛

ˆ§à%!° •° Rhododendron ciliatum, R. barbatum, R. lepidotum, ˆ˛õyˆÏê˛ö!ê˛°y (Potentilla
kleiniana), xƒyöyˆÏú˛!°§ (Anaphalis margaritaceae), Ó˚%Óy§ (Rubus splendidissimus),
ú ˛yà!Ó˚Î˚y (Fragaria sp.) •zï˛ƒy!ò– ~Ó˚ §ˆÏAà í˛z˛õˆÏÓ˚Ó˚ í˛zFã˛ï˛yÎ˚ Ü˛!îú˛yÓ˚ çyï˛#Î˚ í˛z!qò xƒy!Ó§ (Abies
spectabilis) ~ÓÇ ö#ˆÏã˛Ó˚ í˛zFã˛ï˛yÎ˚ §%ày (Tsuga dumosa) çß√yˆÏï˛ ˆòáy ÎyÎ˚–

Ü˛!öú˛yˆÏÓ˚Ó˚ ÓöyM˛° (Coniferous forests) !Óhfl,Ïï˛ Ó˚ˆÏÎ˚ˆÏåÈ 3000 !üê˛yÓ˚ ˆÌˆÏÜ˛ 3800 !üê˛yÓ˚

í˛zFã˛ï˛yÓ˚ üˆÏôƒ– Ó˚yüyü Ä ú˛y°%ê˛ (Ramam and Phalut) ~ÓÇ ú˛y°%ê˛ Ä §y®yÜ˛ú%˛ (Phalut and
Sandakphu)ÈÙÈÓ˚ üˆÏôƒ çß√yˆÏï˛ ˆòáy ÎyÎ˚ ˆÓ˚yˆÏí˛yˆÏí˛öí»˛ö (Rhododendron sp.) §• xƒy!Ó§ (Abies
sp.)– xyÓyÓ˚ ÄÎ˚y°%äã%˛ä ˆày°y (Walunchung gola)ÈÙÈ~Ó˚ !òˆÏÜ˛ 3500 !üê˛yÓ˚ í˛zFã˛ï˛yÎ˚ ˆòáy ÎyÎ˚

xƒy!Ó§ (Abies sp.), ç%!öˆÏ˛õÓ˚y§ (Juniperus sp.), ˆÓ˚yˆÏí˛yˆÏí˛öí»˛ö (Rhododendron sp.),
ÓyÓ˚ˆÏÓ!Ó˚§ (Berberis sp.), ˆÓê%˛°y (Betula sp.) •zï˛ƒy!ò–

3800 !üê˛yÓ˚ ˆÌˆÏÜ˛ 5000 !üê˛yÓ˚ í˛zFã˛ï˛yÓ˚ üˆÏôƒ ˆÓ˚yˆÏí˛yˆÏí˛öí»˛ö (Rhododendron)˛ÈÙÈ~Ó˚ !Ó!û˛ß¨

≤Ãçy!ï˛Ó˚ §ˆÏAà ç%!öˆÏ˛õÓ˚y§ (Juniperus squamata) çß√yˆÏï˛ ˆòáy ÎyÎ˚–
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x˛õÓ˚!òˆÏÜ˛ ÚÚ!§!°Ç ˆçyÜ%˛˛õy (Silling Tzokupa)ÈÙÈÓ˚ ≤ÃyÎ˚ 3800 !üê˛yÓ˚ í˛zFã˛ï˛yÎ˚ ˛õy•y!í˛¸ ì˛yˆÏ°

!Ü˛å%È !Ü˛å%È fiÌyˆÏö ï,˛îû)˛!ü xM˛° ˆòáy ÎyÎ˚ñ ˆ§áyˆÏöÓ˚ í˛zˆÏÕ‘áˆÏÎyàƒ í˛z!qòà%!° •°ÈÙÙÙÈxƒyÓ˚yö!í˛ˆÏö°y

(Arundinella sp.), !§üˆÏÓyˆÏ˛õyàö (Cymbopogon sp.), Ü˛ƒy°yüy@ˇÃ§!ê˛§ (Calamagrostis sp.),
í˛yöˆÏÌy!öÎ˚y (Danthonia sp.) ≤Ãû,˛!ï˛–

13.3 ˛§yÓ˚yÇ¢ (Summary)

~•z ~Ü˛ˆÏÜ˛ ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ í˛z!qòÜ%˛ˆÏ°Ó˚ §Ç!«˛Æ !ÓÓÓ˚î ˆòÄÎ˚y •ˆÏÎ˚ˆÏåÈ– ˛õ)Ó≈ !•üy°Î˚ ˆö˛õyˆÏ°Ó˚

˛õ)Ó≈ §#üyˆÏhsˇÓ˚ !§Aày°#°y ˛õÓ≈ï˛üy°y ˆÌˆÏÜ˛ xÓ˚%îyã˛° ≤ÃˆÏòˆÏ¢Ó˚ ˆ°y!•ï˛ öò# ˛õÎ≈hsˇ !Óhfl,Ïï˛– !§!Ü˛ˆÏüÓ˚

!Ó!û˛ß¨ xM˛° ~ÓÇ ˛õ)Ó≈!òˆÏÜ˛ •z•y xÓ˚%îyã˛° ≤ÃˆÏò¢ ˛õÎ≈hsˇ !Óhfl,Ïï˛– ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ í˛z!qòà%!°ˆÏÜ˛ ã˛yÓ˚!ê˛

í˛zFã˛ï˛y §ÇÜ ˛yhsˇ xM˛ˆÏ° û˛yà Ü˛Ó˚y •Î˚ ˆÎüöÈÙÙÙÈ(i) @ˇÃ#‹øü[˛°#Î˚ Óy Ü ˛yhsˇ#Î˚ (Tropical) xM˛°ñ (ii)
í˛z˛õÈÙÈ@ˇÃ#‹øü[˛°#Î˚ Óy í˛z˛õÈÙÈÜ ˛y!hsˇÎ˚ (Sub-Tropical) xM˛°ñ (iii) öy!ï˛¢#ˆÏï˛y£÷ (Temperate) xM˛°ñ

(iv) xy°˛õy•zö (Alpine) xM˛°– ≤Ã!ï˛!ê˛ xM˛ˆÏ°Ó˚ !Ó!¢T˛ í˛z!qòà%!° §¡∫ˆÏrô !ÓhflÏy!Ó˚ï˛ Ó°y •ˆÏÎ˚ˆÏåÈ–

13.4 ˛≤ÃŸ¿yÓ°# (Questions)

I. Ó•% !öÓ≈yã˛ö# ≤ÃŸ¿ (MCQ) :

1. ˆÜ˛yö xM˛ˆÏ°Ó˚ ˆúœ˛yÓ˚y Ó°ˆÏï˛ ˆÓyé˛yÎ˚ ˆ§áyöÜ˛yÓ˚ÈÙÙÙÈ

(a) §Ü˛° í˛z!qò ≤Ãçy!ï˛Ó˚ §yÇ!áƒÜ˛ §üy•yÓ˚

(b) ~Ü˛!ê˛ ≤Ãçy!ï˛Ó˚ §Ü˛° í˛z!qˆÏòÓ˚ §ü!T˛

(c) §Ü˛° í˛z!qò ≤Ãçy!ï˛Ó˚ à%îàï˛ §üy•yÓ˚

(d) ˆû˛!çˆÏê˛¢ö

2. ˛õ)Ó≈!•üy°ˆÏÎ˚Ó˚ xhsˇà≈ï˛ öÎ˚ ˆÎ xM˛°!ê˛ÈÙÙÙÈ

(a) í˛z_Ó˚yá[˛ (b) !§!Ü˛ü (c) xÓ˚îyã˛° ≤ÃˆÏò¢ (d) NEFA

3. ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ §ˆÏÓ≈yFã˛ xM˛°!ê˛Ó˚ öyü •°ÈÙÙÙÈ

(a) ˆê˛ü˛õyˆÏÓ˚ê˛ xM˛° (b) ê˛Δ!˛õÜ˛y° xM˛°

(c) xƒy°˛õy•zö xM˛° (d) §yÓê˛Δ!˛õÜ˛y° xM˛°

4. ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ ~•z xM˛°!ê˛ˆÏÜ˛ ï˛Ó˚y•z xM˛° Ó°y •Î˚ÈÙÙÙÈ

(a) @ˇÃ#‹øü[˛°#Î˚ ˛õyÓ≈ï˛ƒ ˛õyòˆÏò¢
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(b) öy!ï˛¢#ˆÏï˛y£÷ xM˛ˆÏ°Ó˚ í˛z˛õˆÏÓ˚Ó˚ xÇ¢

(c) í˛z˛õ @ˇÃ#‹øü[˛°#Î˚ xM˛ˆÏ°Ó˚ !Óhfl,Ïî≈ xM˛°

(d) xƒy°˛õy•zö xM˛ˆÏ°Ó˚ ˛õyòˆÏò¢

5. ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ ê˛Δ!˛õÜ˛y°ÈÙÈ§yÓê˛Δ!˛õÜ˛y° xM˛ˆÏ° ~•z ≤ÃÜ˛yÓ˚ ÓöyM˛ˆÏ°Ó˚ ≤Ãyôyöƒ Ó˚ˆÏÎ˚ˆÏåÈÈÙÙÙÈ

(a) !ã˛Ó˚•!Ó˚Í Ó,ˆÏ«˛Ó˚ Óö (b) ˛õî≈ˆÏüyã˛# Ó,ˆÏ«˛Ó˚ Óö

(c) Ü˛!öˆÏú˛Ó˚y§ Ó,ˆÏ«˛Ó˚ Óö (d) ˆÓ˚yˆÏí˛yˆÏí˛öí»˛ö ≤Ã%ö%§ÈÙÈ~Ó˚ ÓöyM˛°

6. ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ ~•z xM˛°!ê˛ˆÏï˛ ¢y°àyˆÏåÈÓ˚ ≤Ãyôyöƒ ˆÓ¢#ÈÙÙÙÈ

(a) Ü ˛yhsˇ#Î˚ ï˛Ó˚y•z xM˛° (b) ˆê˛¡õyˆÏÓ˚ê˛ xM˛°

(c) xƒy°˛õy•zö ˛õyòˆÏò¢ (d) í˛z˛õÜ ˛ysf#Î˚ öy!ï˛¢#ˆÏï˛y£÷ xM˛°

7. ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ öy!ï˛¢#ˆÏï˛y£÷ ü[˛ˆÏ°Ó˚ 2100 !üê˛yÓ˚ ~Ó˚ í˛z˛õÓ˚ ˆÌˆÏÜ˛ xƒy°˛õy•zö xM˛ˆÏ°Ó˚

5000 !üê˛yÓ˚ í˛zFã˛ï˛y ˛õÎ≈hsˇ ~•z ≤ÃÜ˛yÓ˚ í˛z!qˆÏòÓ˚ ≤Ãçy!ï˛ ˆòáy ÎyÎ˚ÈÙÙÙÈ

(a) ˆê˛Ü‰˛ˆÏê˛yöy (b) üy•zˆÏÜ˛!°Î˚y (c) ê˛y!ü≈ˆÏö!°Î˚y (d) ˆÓ˚yˆÏí˛yˆÏí˛öí»˛ö

8. ˛õÓ≈ !•üy°ˆÏÎ˚Ó˚ §yû˛yöy çyï˛#Î˚ í˛z!qò ˆòáy ÎyÎ˚ ~•z xM˛°!ê˛ˆÏï˛ÈÙÙÙÈ

(a) xƒy°˛õy•zö xM˛ˆÏ°Ó˚ !§!°Ç ˆçyÜ%˛öyÓ˚ ˛õyÓ≈ï˛ƒ ì˛yˆÏ°

(b) §yÓê˛Δ!˛õÜ˛y° xM˛ˆÏ°

(c) ˛õyÓ≈ï˛ƒ ˛õyòˆÏòˆÏ¢Ó˚ ï˛Ó˚y•z xM˛ˆÏ°

(d) ˆê˛ü‰˛õyˆÏÓ˚ê˛ xM˛ˆÏ°Ó˚ ˛õyÓ≈ï˛ƒ ì˛yˆÏ°

9. ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ 2100–2800 !üê˛yÓ˚ í˛zFã˛ï˛yÎ˚ !Óhfl,Ïï˛ xM˛°!ê˛ •°ÈÙÙÙÈ

(a) xƒy°˛õy•zö xM˛° (b) ê˛Δ!˛õÜ˛y° xM˛°

(c) §yÓê˛Δ!˛õÜ˛y° xM˛° (d) ˆê˛ü‰˛õyˆÏÓ˚ê˛ xM˛°

10. !öˆÏã˛Ó˚ ~•z ˛í˛z!qˆÏòÓ˚ ≤Ãçy!ï˛ ˛õ)Ó≈!•üy°ˆÏÎ˚Ó˚ ê˛Δ!˛õÜ˛y°ñ §yÓê˛Δ!˛õÜ˛y° ~ÓÇ ˆê˛¡õyˆÏÓ˚ê˛ xM˛ˆÏ°

ˆòáy ÎyÎ˚ÈÙÙÙÈ

(a) ÄÜ˛ (b) ≤Ãy•zü%°y (c) ˆ§à%ö (d) çyÓ˚%°

II. §Ç!«˛Æ ≤ÃŸ¿yÓ°# É

1. ˆû˛!çˆÏê˛¢ö ~ÓÇ ˆúœ˛yÓ˚y Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚⁄

2. ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ !Óhfl,Ï!ï˛ ~ÓÇ ç°ÓyÎ˚%àï˛ ≤Ãôyö ˜Ó!¢T˛ƒà%!° !°á%ö–
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3. ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ í˛zFã˛ï˛y xö%§yˆÏÓ˚ xM˛à%!° !°á%ö–

4. ï˛Ó˚y•z xM˛° Ü˛yˆÏÜ˛ ÓˆÏ°⁄ ~áyˆÏö !Ü˛ ≤ÃÜ,˛!ï˛Ó˚ í˛z!qò ˆòáy ÎyÎ˚⁄

5. ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ í˛z˛õÜ ˛yhsˇ#Î˚ xM˛ˆÏ°Ó˚ ò%•z!ê˛ Ó,«˛ ~ÓÇ ò%•z!ê˛ à%Õ√ çyï˛#Î˚ í˛z!qˆÏòÓ˚ !ÓK˛yö§¡øï˛

öyü !°á%ö–

6. ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ öy!ï˛¢#ˆÏï˛y£÷ xM˛ˆÏ° ö#ˆÏã˛Ó˚ !òˆÏÜ˛Ó˚ ~ÓÇ í˛z˛õˆÏÓ˚Ó˚ !òˆÏÜ˛Ó˚ ò%•z!ê˛ Ü˛ˆÏÓ˚ í˛z!qòÓ˚

!ÓK˛yö§¡øï˛ öyü !°á%ö–

7. ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ xƒy°˛õy•zö xM˛ˆÏ°Ó˚ ã˛yÓ˚!ê˛ Ó,ˆÏ«˛Ó˚ !ÓK˛yö§¡øï˛ öyü !°á%ö⁄

8. ˛õ)Ó≈ÈÙÈ!•üy°ˆÏÎ˚Ó˚ xƒy°˛õy•zö xM˛ˆÏ°Ó˚ ˆÜ˛yÌyÎ˚ ï,˛îû)˛!ü ˆòáy ÎyÎ˚⁄ ˆ§áyöÜ˛yÓ˚ ò%•z!ê˛ í˛z!qˆÏòÓ˚

öyü !°á%ö–

9. ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ ˆÓ˚yˆÏí˛yˆÏí˛öí»˛ˆÏöÓ˚ ã˛yÓ˚!ê˛ ≤Ãçy!ï˛Ó˚ öyü !°á%–

10. ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ í˛z˛õÜ ˛yhsˇ#Î˚ xM˛ˆÏ°Ó˚ ã˛yÓ˚!ê˛ ˆÓ˚y!•ö# í˛z!qˆÏòÓ˚ öyü !°á%ö–

III. Ó˚ã˛öyôü≈# ≤ÃŸ¿ É

1. ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ @ˇÃ#‹øü[˛°#Î˚ ~ÓÇ í˛z˛õ@ˇÃ#‹ø ü[˛°#Î˚ xM˛ˆÏ°Ó˚ í˛z!qò §¡∫ˆÏrô §ÇˆÏ«˛ˆÏ˛õ

xyˆÏ°yã˛öy Ü˛Ó˚%ö–

2. ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ öy!ï˛¢#ˆÏï˛y£÷ xM˛ˆÏ°Ó˚ í˛z!qò §üy•yÓ˚ §¡∫ˆÏrô §ÇˆÏ«˛ˆÏ˛õ !°á%ö–

3. xƒy°˛õy•zö xM˛ˆÏ°Ó˚ í˛z!qò §üy•yˆÏÓ˚Ó˚ Óî≈öy !òö–

4. ˛õ)Ó≈ !•üy°ˆÏÎ˚Ó˚ í˛zFã˛ï˛y !û˛!_Ü˛ !Ó!û˛ß¨ xM˛°à%!° öyü í˛zˆÏÕ‘á Ü˛Ó˚%ö– ≤Ã!ï˛ xM˛ˆÏ°Ó˚ ã˛yÓ˚!ê˛

Ü˛ˆÏÓ˚ í˛z!qˆÏòÓ˚ !ÓK˛yö§¡øï˛ öyü !°á%ö–

13.5 ˛í˛z_Ó˚üy°y (Answers)

I. Ó•% !öÓ≈yã˛ö# ≤ÃˆÏŸ¿Ó˚ (MCQ) í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚

§Çáƒy ı 1 2 3 4 5 6 7 8 9 10

í z̨_Ó˚ ı c a c a b a d c d a
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II. §Ç!«˛Æ ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5

xö%ˆÏFåÈò §Çáƒy ı 13.1 13.2 13.2 13.2(i) 13.2(i)

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 6 7 8 9 10

xö%ˆÏFåÈò §Çáƒy ı 13.2(iii) 13.2(iv) 13.2(iv) 13.2(iii & iv) 13.2(i)

III. Ó˚ã˛öyôü≈# ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4

xö%ˆÏFåÈò §Çáƒy ı 13.2 (i & ii) 13.2 (iii) 13.2 (iv) 13.2 (i – iv)
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249

~Ü˛Ü˛–14 : ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ í˛ z!qòÜ%˛° (Flora of Western
Himalayas)

àë˛ö (Structure)

14.0 í˛zˆÏj¢ƒ (Objectives)

14.1 ≤ÃhflÏyÓöy (Introduction)

14.2 ˛˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ í˛z!qòÜ%˛° (Flora of Western Himalaya)

14.2.1 ˛˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ xÓxy“#Î˚ Ü˛!öú˛yÓ˚ Óöû)˛!ü (Western Himalayan
Subapline conifer forests)

14.2.2 ˛˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ xy“#Î˚ à%Õ√ ~ÓÇ ï,˛îû)˛!ü (Western Himalayan
Alpine shrubs and meadows)

14.2.3 ˛˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ ã˛Äí˛¸y˛õe# Ó,ˆÏ«˛Ó˚ Óöû)˛!ü (Western Himalayan broad
leaf forests)

14.3 §yÓ˚yÇ¢ (Summary)

14.4 ≤ÃŸ¿yÓ°# (Questions)

14.5 í˛z_Ó˚üy°y (Answers)

14.0  í˛zˆÏj¢ƒ (Objectives)

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xyüÓ˚y !ö¡¨!°!áï˛ !Ó£ÏÎ˚à%!° §¡∫ˆÏrô §üƒÜ˛ ôyÓ˚îy ˜ï˛!Ó˚ Ü˛Ó˚ˆÏï˛ ˛õyÓ˚Ó–

●●●●● ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ ˆû˛Ôà!°Ü˛ xÓfiÌyö ~ÓÇ ~áyöÜ˛yÓ˚ öò# Ä í˛z˛õöò# §ü)•–

●●●●● ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ í˛z!qò ≤Ãçy!ï˛Ó˚ §üy•yÓ˚–

●●●●● ˛˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ ˛õÑyã˛!ê˛ ˛õÓ≈ï˛ ˆ◊î# xö%ÎyÎ˚# í˛z!qò ≤Ãçy!ï˛Ó˚!Óöƒy§–

14.1 ≤ÃhflÏyÓöy (Introduction)

!•üy°Î˚ ˛õÓ≈ï˛üy°yÓ˚ ˛õ!ÿ˛ü xô≈ Ú˛õ!ÿ˛ü !•üy°Î˚Û ÓˆÏ° ˛õ!Ó˚!ã˛ï˛– •z•y xyú˛ày!öfiÌyˆÏöÓ˚

í˛z_Ó˚˛õ)Ó≈fiÌ ÚÓyòyá¢yöÛ (Badakshan) ˆÌˆÏÜ˛ ¢%Ó˚% •ˆÏÎ˚ñ ï˛y!ç!Ü˛fiÌyˆÏöÓ˚ ò!«˛î xÇ¢ñ ˛õy!Ü˛hflÏyöñ í˛z_Ó˚
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û˛yÓ˚ˆÏï˛Ó˚ ç¡ø% Ä Ü˛yŸ¬#Ó˚ñ °yòyÜ˛ ~ÓÇ !•üyã˛° ≤ÃˆÏò¢ÈÙÈ~Ó˚ üôƒ !òˆÏÎ˚ !Óhfl,Ïï˛– ˛õyOyÓ xM˛ˆÏ°Ó˚ !§rô%

öˆÏòÓ˚ ˛õÑyã˛!ê˛ í˛z˛õöò# !Óï˛hflÏyñ !Ó˛õy¢yñ •zÓ˚yÓï˛#ñ ã˛wû˛yày ~ÓÇ ¢ï˛o%Ó˚ (Jhelum, Chenab, Ravi,
Beas and Sutlej) í˛zÍ˛õ!_fiÌ° ~•z ˛õ!ÿ˛ü !•üy°Î˚–

˛õ!ÿ˛ü !•üy°ˆÏÎ˚ ˛õÑyã˛!ê˛ ˛õÓ≈ï˛ ˆ◊î# Ó˚ˆÏÎ˚ˆÏåÈÈÙÙÙÈ(i) çy§Ü˛Ó˚ ˛õÓ≈ï˛ ˆ◊î# àí˛¸ í˛zFã˛ï˛y 6000 m
(ii) ˛õ#Ó˚˛õyOy° ˛õÓ≈ï˛ ˆ◊î# í˛zFã˛ï˛y 1400 m–4100 m (iii) ô_°yôÓ˚ ˛õÓ≈ï˛ ˆ◊î# àí˛¸ í˛zFã˛ï˛y

3500 m–6000 m (iv) !¢Óy!°Ü˛ ˛õÓ≈ï˛ˆÏ◊î#Ó˚ xÇ¢ í˛zFã˛ï˛y 1500 m–2000 m ~ÓÇ (v) ˆ@ˇÃê˛ !•üy°Î˚

àí˛¸ í˛zFã˛ï˛y 6000 m– ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ û˛yÓ˚ï˛#Î˚ xÇˆÏ¢ í˛z_Ó˚ ˛õ!ÿ˛ˆÏü §ˆÏÓ≈yFã˛ ¢,Aà •° öyAày

˛õÓ≈ï˛ (Nanga Parbat) •z•yÓ˚ í˛zFã˛ï˛y 8126 !üê˛yÓ˚–

14.2 ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ í˛z!qòÜ%˛° (Flora of Western Himalaya)

ˆû˛ÔˆÏày!°Ü˛ xÓfiÌyöñ í˛zFã˛ï˛yñ ~ÓÇ í˛z!qò ≤Ãçy!ï˛Ó˚ !ÓöƒyˆÏ§Ó˚ !Ó!û˛ß¨ï˛yÎ˚ ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚

í˛z!qòÜ%˛° !öß√!°!áï˛ !ï˛ö!ê˛ Óöû)˛!ü xM˛° Óy •zˆÏÜ˛y !Ó˚!çÎ˚ö !•ˆÏ§ˆÏÓ xyˆÏ°yã˛öy Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ–

14.2.1 ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ xÓxy“#Î˚ Ü˛!öú˛yÓ˚ Óöû)˛!ü (Western Himalayan Subalpine
conifer forests)

•z•y öy!ï˛¢#ˆÏï˛y£÷ Ü˛!öú˛yÓ˚ ≤ÃÜ,˛!ï˛Ó˚ Óöû)˛!ü– ˆö˛õyˆÏ°Ó˚ ˛õ!ÿ˛ü xÇ¢ñ û˛yÓ˚ï˛ ~ÓÇ ˛õy!Ü˛fiÌyˆÏö

!Óhfl,Ïï˛ ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ üyé˛y!Ó˚ ˆÌˆÏÜ˛ x!ï˛ í˛zFã˛ï˛yÎ˚ ~•z Óöû)˛!ü ˆòáy ÎyÎ˚–

~•z Óy›xM˛° Óy •zˆÏÜ˛y!Ó˚!çÄˆÏö (Ecoregion) ˆÓ¢ Ü˛ˆÏÎ˚Ü˛ ≤ÃÜ˛yÓ˚ ÓöyM˛° ˆòáy ÎyÎ˚– !Ü˛å%È

!Ü˛å%È çyÎ˚àyÎ˚ ¢%%ô%üye ú˛yÓ˚ àyˆÏåÈÓ˚ (Abies spectabilis) !ÓhflÏyÓ˚ ˆòáy ÎyÎ˚– !Ü˛å%È !Ü˛å%È çyÎ˚àyÎ˚ ú˛yÓ˚

~ÓÇ ÄÜ˛ àyˆÏåÈÓ˚ (Quercus semecarpifolia) !ü◊ !ÓhflÏyÓ˚ ˆòáy ÎyÎ˚– xyÓyÓ˚ xyˆÏÓ˚y !Ü˛å%È çyÎ˚àyÎ˚

ú˛yÓ˚ñ ÄÜ˛ ~ÓÇ Óyã˛≈ àyˆÏåÈÓ˚ (Betula utilis) ~Ü˛!eû˛Óö (assemblage) ˆòáy ÎyÎ˚– ~åÈyí˛¸yÄ Îeï˛e

ú˛yÓ˚ñ Óœ$ÈÙÈ˛õy•zö (Pinus wallichiana) ~ÓÇ ≤Ã%¢ (Picea smithiana) !öˆÏÎ˚ à!ë˛ï˛ !ü◊ Ü˛!öú˛yÓ˚

ÓöyM˛° ˆòáy ÎyÎ˚– §y•z≤Ãy§ (Cupressus torulosa) ~ÓÇ ˆ§í»˛y§ (Cedrus deodara) ˛õ!ÿ˛ü

!•üy°ˆÏÎ˚ ˆòáy ÎyÎ˚– ~•z xM˛ˆÏ°Ó˚ xyˆÏÓ˚y !Ü˛å%È í˛zˆÏÕ‘áˆÏÎyàƒ Ü˛!öú˛yÓ˚ •°ÈÙÙÙÈ~!Ó§ !˛õöˆÏí»˛y (Abies
pindrow) ~!Ó§ àƒyüÓœ# (A. gamblei), ˛õy•zöy§ Ó˚:Óyç≈# (Pinus roxburghii), ˛õy•zöy§

!çÓ˚yÓ˚!í˛Î˚yöy (P. gerardiana), ç%!ö˛õyÓ˚ (Juniperus communis, J. indica, J. recurva),
ê˛ƒy:y§ (Taxus contorta, T. wallichiana), ~!ú˛í»˛y (Ephedra gerardiana) ≤Ãû,˛!ï˛–
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14.2.2 ˛˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ xy“#Î˚ à%Õ√ ~ÓÇ ï,˛îû)˛!ü (Western Himalayan subalpine shrubs
and meadows)

ˆö˛õy°ñ û˛yÓ˚ï˛ ~ÓÇ !ï˛Óùï˛ÈÙÈ~ !Óhfl,Ïï˛ ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ x!ï˛ í˛zFã˛ ˛õyÓ≈ï˛ƒ xM˛°˛~ÓÇ ~áyöÜ˛yÓ˚

à%Õ√Ó˚y!ç Ä ï,˛îû)˛!ü !öˆÏÎ˚ ~•z •zˆÏÜ˛y!Ó˚!çÄö à!ë˛ï˛–

xy“#Î˚ xM˛ˆÏ°Ó˚ ö#ˆÏã˛Ó˚ !òˆÏÜ˛ Ó,«˛ ˆÓ˚áy (tree line) ˆÎáyˆÏö ˆ¢£Ï •Î˚ ≤ÃyÎ˚ ˆ§áyö ˆÌˆÏÜ˛ à%Õ√

çyï˛#Î˚ í˛z!qˆÏòÓ˚ !ÓhflÏyÓ˚ ¢%Ó˚% •Î˚– ~áyˆÏö !Ó!û˛ß¨ áÓ≈yÜ,˛!ï˛Ó˚ ˆÓ˚yˆÏí˛yˆÏí˛öí»˛ö ≤Ãçy!ï˛ ˆòáy ÎyÎ˚– Ü ˛ˆÏü

Ä˛õÓ˚!òˆÏÜ˛Ó˚ û)˛!üˆÏï˛ à%Õ√çyï˛#Î˚ í˛z!qò Ü˛ˆÏü xyˆÏ§ ~ÓÇ xyˆÏÓ˚y Ä˛õÓ˚!òˆÏÜ˛ xy“#Î˚ ï,˛îû)˛!ü ˆòáy ÎyÎ˚–

~•z xy“#Î˚ Óy xƒy°˛õy•zö ï,˛îû)˛!üˆÏÜ˛ ÚÓ%!àÎ˚y°§Û Óy ÚÓy!âÎ˚y°§Û (Bugyals or Bughiyals) ÓˆÏ°–

~áyˆÏö !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ Ó#Ó˚%Í çyï˛#Î˚ í˛z!qò ˆòáy ÎyÎ˚– ˆÎüöÈÙÙÙÈxƒyöyú˛ƒy!°§ (Anaphalis), §yÎ˚yöƒyöÌy§

(Cyananthus), ç%!Ó˚!öÎ˚y (Jurinea), ˆüy!Ó˚öy (Morina), ˆ˛õyˆÏê˛ö!ê˛°y (Poteneilla), ˆçö!§Î˚yöy

(Gentiana), ˆí˛°!ú˛!öÎ˚yü (Delphinium), ˆüˆÏÜ˛yö˛õ!§§ (Meconopsis), ˆ˛õ!í˛Ü%˛°y!Ó˚§

(Pedicularis), xƒy!öˆÏüyö (Anemone), xƒyfiê˛yÓ˚ (Aster), ˛§í˛z§%!Ó˚Î˚y (Saussurea), !≤Ãü%°y

(Primula), ˛õ°y•zˆÏàyöyü (Polygonum), ≤Ãû,˛!ï˛Ó˚ !Ó!û˛ß¨ ≤Ãçy!ï˛– Ó§hsˇ (Spring) ~ÓÇ @ˇÃ#‹ø

(Summer) ˛Ü˛yˆÏ° ~•z ï,˛îû)˛!ü öyöy í˛zIμ° Ó˚ˆÏäÓ˚ ú˛ˆÏ° û˛ˆÏÓ˚ ÎyÎ˚–

Ä˛õˆÏÓ˚Ó˚ !òˆÏÜ˛ ˛õyÓ≈ï˛ƒ ì˛yˆÏ° ˆåÈyê˛ ˆåÈyê˛ í˛z!qò ˆÎüöÈÙÙÙÈ§ƒy!:ú ˛ƒyày (Saxifraga), xƒy!°Î˚yü

(Allium), ~!Ó˚Äú˛y•zê˛ö (Eriophyton), !fiê˛°y!Ó˚Î˚y (Stellaria), !Ü ̨ üyö Ï̂Ìy!í˛Î˚yü (Cremanthodium)
≤Ãû,˛!ï˛Ó˚ öyöy ≤Ãçy!ï˛ Óí˛¸ Óí˛¸ ˛õyÌˆÏÓ˚Ó˚ ãÑ˛y•z (boulder)ÈÙÈ~Ó˚ Ä˛õÓ˚ !Ü˛ÇÓy ˆåÈyê˛ ˆåÈyê˛ xy°ày ö%!í˛¸

˛õyÌˆÏÓ˚Ó˚ (scree)È Ä˛õÓ˚ çß√yÎ˚–

~°˛õy•zö xM˛ˆÏ°Ó˚ ¢%‹Ò ≤ÃyhsˇˆÏÓ˚ Ü˛ƒyÓ˚yàyöy !˛õàüyÎ˚y (Caragana pygmaea), Ü˛ƒyÓ˚yàƒyöy

!çÓ˚yÓ˚!í˛Î˚yöy (Caragana gerardiana) °!öˆÏ§Ó˚y flõy•zˆÏöy§y (Lonicera spinosa), ç%!öˆÏ˛õÓ˚y§

ˆflÒyÎ˚yüyê˛y (Juniperus squamata), ç%!öˆÏ˛õÓ˚y§ •z!u˛Ü˛y (Juniperus indica), ~!ú˛í»˛y !çÓ˚yÓ˚!í˛Î˚yöy

(Ephedra gerardiana),˛ÓyˆÏÓ≈!Ó˚§ (Berberis sp.) ≤Ãû,˛!ï˛ !Óhfl,Ïî≈ xM˛° ç%ˆÏí˛¸ ˆòáy ÎyÎ˚–

14.2.3 ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ ã˛Äí˛¸y˛õe# Ó,ˆÏ«˛Ó˚ Óöû)˛!ü (Western Himalayan broad leaf
forests)

ˆö˛õy°ñ û˛yÓ˚ï˛ Ä ˛õy!Ü˛hflÏyˆÏöÓ˚ üˆÏôƒ !Óhfl,Ïï˛ ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ xÇˆÏ¢ üyé˛yüy!é˛ í˛zFã˛ï˛yÎ˚ ~•z

•zˆÏÜ˛y!Ó˚!çÄöÈÙÈ~ öy!ï˛¢#ˆÏï˛y£÷ ã˛Äí˛¸y˛õe# Ó,ˆÏ«˛Ó˚ Óöû)˛!ü ˆòáy ÎyÎ˚– ~ˆÏòÓ˚ ˛õyï˛y §)ã˛yˆÏ°y öy •ˆÏÎ˚ ã˛ƒy≤Wzy

Ä ã˛Äí˛¸y ≤ÃÜ,˛!ï˛Ó˚ •Î˚– ~•z ÓöyM˛°ˆÏÜ˛ ò%•zû˛yˆÏà û˛yà Ü˛Ó˚y ÎyÎ˚– (i) !ã˛Ó˚•!Ó˚Í Ó,ˆÏ«˛Ó˚ Óö ~ÓÇ

(ii) ˛õî≈ˆÏüyã˛# Ó,ˆÏ«˛Ó˚ Óö–
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(i) !ã˛Ó˚•!Ó˚Í Ó,ˆÏ«˛Ó˚ ÓöyM˛° (Evergreen forests) : ~•z ÓöyM˛ˆÏ°Ó˚ í˛zˆÏÕ‘áˆÏÎyàƒ ≤ÃÜ˛ê˛

(dominant) í˛z!qò •° !Ó!û˛ß¨ ≤Ãçy!ï˛Ó˚ ÚÄÜ˛Û (Quercus semecarpifolia, Q. leucotrichophora,
Q. floribunda, Q. lanata, Q. glauca ~ÓÇ Q. baloot)˛– ~•z ÄÜ˛ ≤Ãôyö ÓöyM˛° ˛õ!ÿ˛ü

!•üy°ˆÏÎ˚Ó˚ !§=˛ ò!«˛î ì˛y° ÓÓ˚yÓÓ˚ ˆòáy ÎyÎ˚ ˆÎáyˆÏö xˆÏ˛õ«˛yÜ,˛ï˛ ˆÓ¢# Ó,!T˛˛õyï˛ •Î˚– ~•z ÓöyM˛ˆÏ°

°í˛zˆÏÓ˚§# (Lauraceae) ˆàyˆÏeÓ˚ öyöy ≤Ãçy!ï˛ ˆÎüö üƒy!ã˛°y§ ÄˆÏí˛yˆÏÓ˚y!ê˛!§üy§ (Machilus
odoratissimus), !°ê˛!§Î˚y xyüˆÏÓ y§y (Litsea umbrosa), !°ê‰˛!§Î˚y °ƒyö%!çˆÏöy§y (L. lanuginosa),
ˆú˛yˆÏÓ (Phoebe sp.) •zï˛ƒy!ò– ~•z Óöû)˛!üÓ˚ ï˛°ˆÏòˆÏ¢ !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ ü§ñ ú˛yö≈ Ä ˛õÓ˚y◊Î˚# í˛z!qˆÏòÓ˚

âö ~Ü˛!eû˛Óö (rich assemblage) ˆòáy ÎyÎ˚– x!ôÜ˛ï˛Ó˚ ¢%‹Ò ~ÓÇ í˛zFã˛ï˛Ó˚ í˛z_ˆÏÓ˚Ó˚ ˛õyÓ≈ï˛ƒ ì˛yˆÏ°

!Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ Ü˛!öú˛yÓ˚ ˆÎüöÈÙÙÙÈ~!Ó§ (Abies), !˛õ!§Î˚y (Picea), ˆ§í»˛y§ (Cedrus) ~ÓÇ ˛õy•zö

(Pinus)ÈÙÈ~Ó˚ !Ó!û˛ß¨ ≤Ãçy!ï˛ §yú˛ˆÏ°ƒÓ˚ §ˆÏAà Ó,!Âô ˛õyÎ˚ Ä Ó§Óy§ Ü˛ˆÏÓ˚– ~áyˆÏö ~Ü˛ ≤ÃÜ˛yÓ˚ ÚÓ%ˆÏöy

x!°û˛Û (Olea cuspidata) ˛≤Ãã%˛Ó˚ ˆòáy ÎyÎ˚–

(ii) ˛õî≈ˆÏüyã˛# Ó,ˆÏ«˛Ó˚ ÓöyM˛° (Deciduous Forests) : à[˛Ü˛# öò#Ó˚ (Gandaki River)
˛õ!ÿ˛ü !òˆÏÜ˛ ~•z ÓöyM˛° ˆòáy ÎyÎ˚– ~•z ÓöyM˛ˆÏ°Ó˚ í˛zˆÏÕ‘áˆÏÎyàƒ í˛z!qò •°ÈÙÙÙÈ~§Ü%˛ƒ°y§ •z!u˛Ü˛y

(Aesculus indica), xyáˆÏÓ˚yê˛ (Juglans regia), ˛Ü˛y!˛õ≈öy§ !û˛!ü!öÎ˚y (Carpinus viminea),
xƒy°öy§ ˆö˛õyˆÏ°ö!§§ (Alnus nepalensis) ~ÓÇ !Ó!û˛ß¨ ≤Ãçy!ï˛Ó˚ üƒyˆÏ˛õ° (Acer caesium, A.
acuminatum, A. cappadocicum, A. oblongum) ≤Ãû,˛!ï˛– âyâyÓ˚y öò#Ó˚ (Ghaghara River)
˛í˛z˛õÓ˚ !òÜ˛Ü˛yÓ˚ (Upper elevation) í˛z˛õï˛ƒÜ˛yÎ˚ ¢%‹Òï˛Ó˚ xM˛ˆÏ° ˛õ˛õ%°y§ !§!°ˆÏÎ˚ê˛y (Populus ciliata)
xy°üy§ ÄÎ˚y!°!ã˛Î˚yöy (Ulmus wallichiana), ˛Ü˛!Ó˚°y§ Ü˛°yö≈y (Corylus colurna) ≤Ãû,˛!ï˛

≤Ãã%˛Ó˚ ˆòáy ÎyÎ˚– öò#Ó˚ !Ü˛öyÓ˚y ÓÓ˚yÓÓ˚ !•üy°Î˚yö û)˛ç≈çyï˛#Î˚ Ó,«˛ (Alnus nitida) !ÓˆÏ¢£Ï

í˛zˆÏÕ‘áˆÏÎyàƒ–

14.3 §yÓ˚yÇ¢ (Summary)

~•z ~Ü˛ˆÏÜ˛ ˛õ!ÿ˛ˆÏü !•üy°ˆÏÎ˚Ó˚ í˛z!qò ≤Ãçy!ï˛Ó˚ !ÓöƒyˆÏ§Ó˚ !ÓÓÓ˚î ˆòÄÎ˚y •ˆÏÎ˚ˆÏåÈ– ˛õ!ÿ˛ü !•üy°Î˚

xyú˛ày!öfiÌyˆÏöÓ˚ í˛z_Ó˚˛õ)Ó≈fiÌ ÚÓyòyá¢yöÛ ˆÌˆÏÜ˛ ¢%Ó˚% •ˆÏÎ˚ ï˛y!çÜ˛yhflÏyˆÏöÓ˚ ò!«˛î xÇ¢ñ ˛õy!Ü˛hflÏyöñ í˛z_Ó˚

û˛yÓ˚ˆÏï˛Ó˚ ç¡ø% Ä Ü˛yŸ¬#Ó˚ñ °yòyá ~ÓÇ !•üy°ã˛ ≤ÃˆÏò¢ÈÙÈ~Ó˚ üôƒ !òˆÏÎ˚ !Óhfl,Ïï˛– ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ í˛z!qò

§üy•yÓ˚ˆÏÜ˛ !ï˛ö!ê˛ û˛yˆÏà û˛yà Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈÈÙÙÙÈ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ xÓÈÙÈxy“#Î˚ Ü˛!öú˛yÓ˚ Óöû)˛!üñ ˛õ!ÿ˛ü

!•üy°ˆÏÎ˚Ó˚ xy“#Î˚ à%Õ√ ~ÓÇ ï,˛îû)˛!üñ ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ ã˛Äí˛¸y˛õe# Ó,ˆÏ«˛Ó˚ Óöû)˛!ü– ≤Ã!ï˛!ê˛ û˛yˆÏàÓ˚

í˛zˆÏÕ‘áˆÏÎyàƒ í˛z!qò ≤Ãçy!ï˛à%!° !°!˛õÓÂô Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ–
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14.4 ≤ÃŸ¿yÓ°# (Questions)

I. Ó•% !öÓ≈yã˛ö# ≤ÃŸ¿ (MCQ) :

1. ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ û˛yÓ˚ï˛#Î˚ xÇˆÏ¢Ó˚ §ˆÏÓ≈yFã˛ ˛õÓ≈ï˛ ¢,Aà •°ÈÙÙÙÈ

(a) üyí˛zrê˛ ~û˛yˆÏÓ˚fiê˛ (b) K2 (c) Óyòyá¢yö (d) öyAày ˛õÓ≈ï˛

2. ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ xhsˇû%˛≈=˛ öÎ˚ ˆÎ ˛õÓ≈ï˛ˆÏ◊î#ÈÙÙÙÈ

(a) ˛õ#Ó˚˛õyOy° (b) ôÄ°yôÓ˚ (c) !¢Aày!ö°y (d) !¢Óy!°Ü˛

3. ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ xÓÈÙÈxy“#Î˚ Ü˛!öú˛yÓ˚ Óöû)˛!üÓ˚ ≤ÃÜ,˛!ï˛ •°ÈÙÙÙÈ

(a) öy!ï˛¢#ˆÏï˛y£÷ (b) í˛z£÷ü[˛°#Î˚ (c) xÓí˛z£÷ü[˛°#Î˚ (d) xƒy°˛õy•zö

4. ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ à%Õ√ çyï˛#Î˚ í˛z!qò Ä ï,˛îû)˛!ü ˆòáy ÎyÎ˚ ˆÎ xM˛ˆÏ°ÈÙÙÙÈ

(a) í˛z£÷ü[˛°#Î˚ xM˛° (b) xy“#Î˚ xM˛°

(c) öy!ï˛¢#ˆÏï˛y£÷ xM˛° (d) xÓí˛z£÷ü[˛°#Î˚ xM˛°

5. xƒy°˛õy•zö xM˛ˆÏ°Ó˚ ¢%‹Ò ≤ÃyhsˇˆÏÓ˚ ˆÎ í˛z!qò ˆòáy ÎyÎ˚ öyÈÙÙÙÈ

(a) Ü˛ƒyÓ˚yàyöy !˛õàüy (b) ç%!öˆÏ˛õÓ˚y§ ˆflÒyÎ˚yüyê˛y

(c) °!öˆÏ§Ó˚y flõy•zö%ˆÏ°y§y (d) ˆê˛Ü˛ˆÏê˛yöy @ˇÃyö‰!í˛§‰

6. ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ à[˛Ü˛# öò#Ó˚ ˛õ!ÿ˛ü !òˆÏÜ˛ ~•z ÓöyM˛° ˆòáy ÎyÎ˚ÈÙÙÙÈ

(a) ã˛Äí˛¸y˛õe# !ã˛Ó˚•!Ó˚Í Ó,ˆÏ«˛Ó˚ Óöû)˛!ü (b) xy“#Î˚ à%Õ√ Ä ï,˛îû)˛!ü

(c) ã˛Äí˛¸y˛õe# ˛õî≈ˆÏüyã˛# Ó,ˆÏ«˛Ó˚ Óöû)˛!ü (d) xÓ xy“#Î˚ Ü˛!öú˛yÓ˚ Óöû)˛!ü

II. §Ç!«˛Æ ≤ÃŸ¿yÓ°# É

1. ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ ≤Ãôyö ˛Óöû)˛!üà%!°Ó˚ öyü !°á%ö–

2. ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ xÓ xy“#Î˚ xM˛ˆÏ°Ó˚ Óöû)˛!üÓ˚ ≤ÃÜ,˛!ï˛ ~ÓÇ ~áyöÜ˛yÓ˚ ò%•z!ê˛ í˛z!qˆÏòÓ˚

öyü !°á%ö–

3. ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ xy“#Î˚ xM˛ˆÏ°Ó˚ ã˛yÓ˚!ê˛ Ó#Ó˚%Íçyï˛#Î˚ í˛z!qˆÏòÓ˚ öyü !°á%ö–

4. ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ xƒy°˛õy•zö xM˛ˆÏ°Ó˚ ¢%‹Ò ≤ÃyhsˇˆÏÓ˚Ó˚ ã˛yÓ˚!ê˛ í˛z!qˆÏòÓ˚ öyü !°á%ö–

5. ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ ˆÜ˛yö ˛õ!Ó˚ˆÏÓˆÏ¢ !ã˛Ó˚•!Ó˚Í Ó,ˆÏ«˛Ó˚ ÓöyM˛° ~ÓÇ ˛õî≈ˆÏüyã˛# Ó,ˆÏ«˛Ó˚ ÓöyM˛°

ˆòáy ÎyÎ˚⁄

6. ã˛Äí˛¸y˛õe# !ã˛Ó˚•!Ó˚Í Ó,«˛ ~ÓÇ ã˛Äí˛¸y˛õe# ˛õî≈ˆÏüyã˛# Ó,ˆÏ«˛Ó˚ ò%•z!ê˛ Ü˛ˆÏÓ˚ í˛zòy•Ó˚î !°á%ö–
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III. Ó˚ã˛öyôü≈# ≤ÃŸ¿ É

1. ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ !Ó!û˛ß¨ ÓöyM˛ˆÏ°Ó˚ xÓfiÌyöñ ≤ÃÜ,˛!ï˛ ~ÓÇ ò%•z!ê˛ Ü˛ˆÏÓ˚ í˛z!qˆÏòÓ˚ !ÓK˛yö§¡øï˛

öyü !°á%ö–

2. ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ xy“#Î˚ à%Õ√ Ä ï,˛îû)˛!üÓ˚ í˛z!qòÜ)˛ˆÏ°Ó˚ §Ç!«˛Æ !ÓÓÓ˚î !°á%ö–

3. ˛õ!ÿ˛ü !•üy°ˆÏÎ˚Ó˚ ã˛Äí˛¸y˛õe# Ó,ˆÏ«˛Ó˚ Óöû)˛!üÓ˚ í˛z!qòÜ)˛ˆÏ°Ó˚ §Ç!«˛Æ !ÓÓÓ˚î !°á%ö–

15.5 í˛z_Ó˚üy°y (Answers)

I. Ó•% !öÓ≈yã˛ö# ≤ÃˆÏŸ¿Ó˚ (MCQ) í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5 6

í z̨_Ó˚ ı d c a b d c

II. §Ç!«˛Æ ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5 6

í z̨_Ó˚ ı 14.2 14.2.1 14.2.2 14.2.2 14.2.3 14.2.3

III. Ó˚ã˛öyôü≈# ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3

í z̨_Ó˚ ı 14.2 14.2.2 14.2.3
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~Ü˛Ü˛–15 : §%®Ó˚ÓˆÏöÓ˚ í˛z!qòÜ%˛° (Flora of Sundarbans)

àë˛ö (Structure)

15.0 í˛zˆÏj¢ƒ (Objectives)

15.1 ≤ÃhflÏyÓöy (Introduction)

15.2 ≤ÃÜ,˛!ï˛àï˛û˛yˆÏÓ §%®Ó˚ÓˆÏöÓ˚ í˛z!qˆÏòÓ˚ ü%áƒ ≤ÃÜ˛yÓ˚ˆÏû˛ò (Major types of plants of
Sundarbans by nature)

15.3 §%®Ó˚Óö xM˛ˆÏ°Ó˚ °Óîy=˛ ˛õ!Ó˚ˆÏÓˆÏ¢ í˛z!qˆÏòÓ˚ ü%áƒ x!û˛ˆÏÎyçö (Primary adap
tations of plants against the saline environment of Sundarbans)

15.4 §%®Ó˚ÓˆÏöÓ˚ í˛zˆÏÕ‘áˆÏÎyàƒ !Ü˛å%È í˛z!qò ≤Ãçy!ï˛ (Some important plant species of
Sundarbans)

15.5 §yÓ˚yÇ¢ (Summary)

15.6 ≤ÃŸ¿yÓ°# (Questions)

15.7 í˛z_Ó˚üy°y (Answers)

15.0  í˛zˆÏj¢ƒ (Objectives)

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xyüÓ˚y !ö¡¨!°!áï˛ !Ó£ÏÎ˚à%!° §¡∫ˆÏrô §üƒÜ˛ ôyÓ˚îy ˜ï˛!Ó˚ Ü˛Ó˚ˆÏï˛ ˛õyÓ˚Ó–

●●●●● §%®Ó˚ÓˆÏöÓ˚ m#˛õà%!°Ó˚ !ÓhflÏyÓ˚ Ä üƒyöˆÏ@ˇÃyû˛ xÓ˚ˆÏîƒÓ˚ xÓ!fiÌ!ï˛–

●●●●● ˛§%®Ó˚ÓˆÏöÓ˚ àyåÈà%!°Ó˚ ≤ÃÜ,˛ï˛àï˛ û˛yà–

●●●●● ˛˛°Óîy=˛ ˛õ!Ó˚ˆÏÓˆÏ¢ ü%áƒ x!û˛ˆÏÎyçö–

●●●●● ˛§%®Ó˚ÓˆÏöÓ˚ í˛zˆÏÕ‘áˆÏÎyàƒ í˛z!qò ≤Ãçy!ï˛Ó˚ öyü–

15.1 ≤ÃhflÏyÓöy (Introduction)

§%®Ó˚Óö !ö¡¨àyˆÏAàÎ˚ í˛z˛õï˛ƒÜ˛yÎ˚ ÓˆÏAày˛õ§yàˆÏÓ˚Ó˚ §ÇˆÏÎyàfiÌˆÏ° xÓ!fiÌï˛ Ó,•_ü ÓÈÙÈm#˛õ˛õ%O

(Delta)˛– §%®Ó˚ÓˆÏöÓ˚ m#˛õà%!° ˛õ!ÿ˛üÓAà Ä ÓyÇ°yˆÏòˆÏ¢ !Óhfl,ï˛– 10,000 Óà≈!Ü˛!ü xyÎ˚ï˛ö !Ó!¢T˛
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~•z xM˛ˆÏ° ˛õ,!ÌÓ#Ó˚ Ó,•_ü °Óîy¡∫% í˛z!qˆÏòÓ˚ Óy üƒyöˆÏ@ˇÃyû˛ xÓ˚îƒ xÓ!fiÌï˛– ˛õ!ÿ˛üÓˆÏAàÓ˚ í˛z_Ó˚ ã˛!Óù¢

˛õÓ˚àöyñ ò!«˛î ã˛!Óù¢ ˛õÓ˚àöy Ä ˆü!òö#˛õ%ˆÏÓ˚Ó˚ !Ü˛å%Èê˛y xÇ¢ !öˆÏÎ˚ §%®Ó˚ÓˆÏöÓ˚ ÓöyM˛°!ê˛ à!ë˛ï˛– ~•z

xÓ˚ˆÏîƒÓ˚ 40 ¢ï˛yÇ¢ û˛yÓ˚ˆÏï˛ ~ÓÇ 60 ¢ï˛yÇ¢ ÓyÇ°yˆÏòˆÏ¢ xÓ!fiÌï˛– §%®Ó˚Óö Ä §%®Ó˚ÓˆÏöÓ˚ çyï˛#Î˚

í˛zòƒyö UNESCO WORLD HERITAGE SITE ˛~Ó˚ ï˛y!°Ü˛yû%˛=˛ Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– ~•z xÓ˚ˆÏîƒÓ˚

≤Ãôyö öòÈÙÈöò#à%!° •° •zåÈyüï˛#ñ üyï˛°yñ Ó˚yÎ˚üAà°ñ ˆày§yÓyñ §Æü%á# ≤Ãû,˛!ï˛– §%®Ó˚Óö Ü˛Ü≈˛ê˛Ü ˛y!hsˇÓ˚

§yüyöƒ ò!«˛ˆÏî xÓ!fiÌï˛– ~áyöÜ˛yÓ˚ àí˛¸ §ˆÏÓ≈yFã˛ Ä §Ó≈!ö¡¨ ï˛y˛õüyey ÎÌyÜ ˛ˆÏü 31°C Ä 13.7°C–

ÓåÈˆÏÓ˚ àí˛¸ Ó,!T˛˛õyï˛ 165 cm Ä àí˛¸ xyˆÏ˛õ!«˛Ü˛ xyo≈ï˛y 90 ¢ï˛yÇˆÏ¢Ó˚ Ü˛yåÈyÜ˛y!åÈ– §%®Ó˚ÓˆÏöÓ˚ ü,!_Ü˛y

°Óîy=˛ Ä Óy!°Ó˚ û˛yà ˆÓ!¢– ~áyöÜ˛yÓ˚ üy!ê˛ˆÏï˛ öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ ˛õ!Ó˚üyî Ü˛ü Ä !•í˛züy§ ≤ÃyÎ˚

xö%˛õ!fiÌï˛–

x!ï˛!Ó˚=˛ °ÓˆÏîÓ˚ Ü˛yÓ˚ˆÏî ~áyöÜ˛yÓ˚ ü,!_Ü˛y!fiÌï˛ ç° í˛z!qˆÏòÓ˚ fl∫yû˛y!ÓÜ˛ ¢yÓ˚#Ó˚Ó,_#Î˚ ≤Ã!Ü ˛Î˚yÎ˚

ü)° myÓ˚y ˆ¢y£ÏîˆÏÎyàƒ öÎ˚– ï˛y•z ~•z ü,!_Ü˛yˆÏÜ˛ ¢yÓ˚#Ó˚Ó,_# ¢%‹Ò ü,!_Ü˛y (Physiologically dry soil)
ÓˆÏ°– x!ôÜ˛yÇ¢ í˛z!qò•z ~•z ü,!_Ü˛yÎ˚ !ÓˆÏ¢£Ïû˛yˆÏÓ x!û˛ˆÏÎy!çï˛– ˆí˛!û˛í˛ ˆ≤Ã•zö (David Prain, 1903)
~•z xM˛ˆÏ° 224!ê˛ àî Ä 334!ê˛ ≤Ãçy!ï˛Ó˚ àyˆÏåÈÓ˚ öyü í˛zˆÏÕ‘á Ü˛ˆÏÓ˚ö–

§%®Ó˚Ó Ï̂öÓ˚ ≤Ãôyö !mÓ#ç˛õe# í z̨!q Ï̂òÓ˚ ˆàyeà%!° •° ˆ°à%!ü Ï̂öy!§ (Leguminosae), •zí z̨ú˛Ó˚!Ó Ï̂Î˚!§

(Euphorbiaceae), û˛y!Ó≈ˆÏö!§ (Verbenaceae), üy°ˆÏû˛!§ (Malvaceae), Ó˚%!ÓˆÏÎ˚!§ (Rubiaceae),

!ã˛e 15.1 : §%®Ó˚ ÓöyM˛ˆÏ°Ó˚ üyö!ã˛e
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˛xƒyÜ˛yöˆÏÌ!§ (Acanthaceae), Ó˚y•zˆÏçyˆÏú˛yˆÏÓ˚!§ (Rhizophoraceae), xƒy!û˛!§!öˆÏÎ˚!§

(Avicenniaceae) ≤Ãü%á–

~Ü˛Ó#ç˛õe# ≤Ãôyö í˛z!qòˆÏàyeà%!° •°ÈÙÙÙÈˆ˛õyˆÏÎ˚!§ (Poaceae), §y•z˛õyˆÏÓ˚!§ (Cyperaceae),
~!Ó˚ˆÏÜ˛!§ (Arecaceae) Ä x!Ü≈˛ˆÏí˛!§ (Orchidaceae)– ˆ§ö Ä §•Ü˛yÓ˚# !ÓK˛yö#Ó˚y (Sen et al,
2010) ˛§%®Ó˚Óö xM˛ˆÏ° 31!ê˛ ú˛yö≈ çyï˛#Î˚ í˛z!qˆÏòÓ˚ í˛zˆÏÕ‘á Ü˛ˆÏÓ˚ö– §%®Ó˚ÓˆÏöÓ˚ ò%!ê˛ ≤Ãôyö ˛õyü çyï˛#Î˚

í˛z!qò •° ˆày°˛õyï˛y (Nypa fruticans) Ä ˆ•Ñï˛y° (Phoenix paludosa)˛–

û˛yÓ˚ï˛ÓˆÏ£Ï≈ §%®Ó˚ÓˆÏöÓ˚ à%Ó˚%c x˛õ!Ó˚§#ü– ~áyöÜ˛yÓ˚ üƒyöˆÏ@ˇÃyû˛ xÓ˚îƒ §yü%!oÜ˛ é˛í˛¸é˛Py ~ÓÇ

û)˛!ü«˛Î˚ ˆÌˆÏÜ˛ xyû˛ƒhsˇÓ˚#î û)˛á[˛ˆÏÜ˛ Ó˚«˛y Ü˛ˆÏÓ˚– §%®Ó˚Óö Ó•% §ÇÜ˛ê˛y˛õß¨ ≤Ãyî# ˆÎüö Ó˚ˆÏÎ˚° ˆÓAà°

ê˛y•zàyÓ˚ñ àyˆÏAàÎ˚ Ä •zÓ˚yÓï˛# í˛°!ú˛öñ ˆöyöyçˆÏ°Ó˚ Ü%˛!üÓ˚ ~ÓÇ !Ó°%Æ ≤ÃyÎ˚ !Ó˚û˛yÓ˚ ˆê˛Ó˚y˛õy•zö (river
terrapine)ÈÙÈ~Ó˚ Óy§fiÌyö– ~åÈyí˛¸yÄ ~áyˆÏö öyöy Óöç §¡õò fiÌyö#Î˚ üyö%ˆÏ£ÏÓ˚ ç#Ó#Ü˛yÓ˚ í˛zÍ§–

15.2 ≤ÃÜ,˛!ï˛àï˛û˛yˆÏÓ §%®Ó˚ÓˆÏöÓ˚ í˛z!qˆÏòÓ˚ ü%áƒ ≤ÃÜ˛yÓ˚ˆÏû˛ò (Major types
of plants of Sundarbans by nature)

1. xö%̨ õÜ)̨ °Óï≈̨ # í z̨!qò (Non-littoral plants) : ˆÓy°y (Hibiscus tiliaceus), Ó=̊˛Ü˛ÓÓ̊#

(Nerium indicum), !ö!§®y (Vitex negundoV–

2. ˛õÓ̊y◊Î̊# (Epiphytes) : üyöòy°y (Viscum orientale), üÜ˛Ó̊òyöy (Dischidia nummularia)–

!ã˛e 15.2 : §%®Ó˚ÓˆÏöÓ˚ üƒyöˆÏ@ˇÃyû˛ ÓöyM˛°
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3. ¢yÓ˚#Ó˚Ó,_#Î˚ ¢%‹Ò ü,!_Ü˛yÓ˚ çöƒ çyAà° í˛z!qò (Xerophyte) ı •yÓ˚ÈÙÈˆàÑyçy (Acanthus
ilicifolius)ó åÈyà°Ü%˛Ó˚# (Ipomoea pes-caprae)–

4. xô≈ÈÙÈ!öü!Iï˛ (Submerged) í z̨!qò : !òˆÏö ò%ÓyÓ˚ ˆçyÎ˚yˆÏÓ˚Ó˚ §üÎ˚ àyˆÏåÈÓ˚ xˆÏöÜ˛ê˛y•z °Óîy=˛

çˆÏ° !öü!Iï˛ •ˆÏÎ˚ ÌyˆÏÜ˛ ~•z §Ü˛° í˛z!qòñ (Excoecaria agallocha) SˆàÄÎ˚yVñ (Phoenix
paludosa) Sˆ•Ñï˛y°V ≤Ãû,˛!ï˛–

5. xyò¢≈ üƒyöˆÏ@ˇÃyû˛ í˛z!qò (Typical mangrove plant) : ˆàÓ˚%Î˚y ¢yÜ˛ (Suaeda maritima),
ˆÓyí˛¸y (Rhizophora mucronata)ñ àç≈ö (Rhizophora apiculata), ˆÜ˛Äí˛¸y (Sonneratia
apetala)–

6. Ü˛y¤˛° °ï˛yˆÏöy í˛z!qò (Lianas) ı xy°Ü%˛!¢ (Mucuna gigantea)–

7. ˛~Ü˛Ó#ç˛õe# í˛z!qò (Monocot plants) : ôy!ö ây§ (Oryza coarctata)ñ ˆ•yà°y (Typha
angustata)ñ ˆày°˛õyï˛y (Nypa fruticans)–

15.3 §%®Ó˚Óö xM˛ˆÏ°Ó˚ °Óîy=˛ ˛õ!Ó˚ˆÏÓˆÏ¢ í˛z!qˆÏòÓ˚ ü%áƒ x!û˛ˆÏÎyçö

(Primary adaptations of plants against the saline environment
of Sundarbans)

§ü%o í˛z˛õÜ)˛°Óï≈˛# ~•z xM˛ˆÏ°Ó˚ üy!ê˛ §yôyÓ˚îï˛ Ü˛ò≈üy=˛ ~ÓÇ ç° °Óîy=˛– ú˛ˆÏ° çˆÏ°Ó˚ ≤Ãyã%˛Î≈

ÌyÜ˛y §ˆÏ_¥Ä °ÓˆÏîÓ˚ û˛yà ˆÓ!¢ ÌyÜ˛yÓ˚ Ü˛yÓ˚ˆÏî ~áyˆÏö !Ü˛å%È !Ü˛å%È í˛z!qˆÏòÓ˚y !öˆÏçˆÏòÓ˚ ¢yÓ˚#Ó˚Ó,_#Î˚

Ü˛yˆÏçÓ˚ çöƒ ≤ÃˆÏÎ˚yçö#Î˚ ç° §Ç@ˇÃ• Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ öy– ˆ§•z Ü˛yÓ˚ˆÏî ï˛yˆÏòÓ˚ x!hflÏc ÓçyÎ˚ Ó˚yáyÓ˚ çöƒ

≤ÃÜ,˛!ï˛ˆÏï˛ Ä•z §Ü˛° í˛z!qˆÏòÓ˚ üˆÏôƒ !Ü˛å%È !Ü˛å%È x!û˛ˆÏÎyçöàï˛ ˜Ó!¢T˛ƒ ˆòáy ÎyÎ˚ñ ˆÎüö Ÿªy§ü)°ñ

çÓ˚yÎ˚%ç xAÜ%˛ˆÏÓ˚yÂàüñ ˆë˛§ü)° •zï˛ƒy!ò– §%®Ó˚ÓˆÏöÓ˚ ~•z ôÓ˚ˆÏöÓ˚ °Óîy=˛ üy!ê˛ˆÏÜ˛ ¢yÓ˚#Ó˚Ó,_#Î˚ ¢%‹Ò ü,!_Ü˛y

ÓˆÏ° (Physiologically dry soil)–

~áyöÜ˛yÓ˚ üy!ê˛ ˆÓ!¢ °Óîy=˛ •ÄÎ˚yÓ˚ Ü˛yÓ˚ˆÏî í˛z!qˆÏòÓ˚ Ÿªy§Ü˛yˆÏÎ≈Ó˚ x§%!Óôy •Î˚ñ ú˛ˆÏ° Ÿªy§Ü˛yÎ≈

§¡õß¨ Ü˛Ó˚yÓ˚ çöƒ !Ü˛å%È !Ü˛å%È í˛z!qˆÏòÓ˚ Ÿªy§ü)° (pneumatophores) üy!ê˛ ú%˛ÑˆÏí˛¸ üy!ê˛Ó˚ í˛z˛õÓ˚ ã˛ˆÏ°

xyˆÏ§– ~•z Ÿªy§ü)°à%!° x§Çáƒ Ÿªy§!åÈo ÌyÜ˛yÎ˚ Ÿªy§Ü˛yˆÏÎ≈ §%!Óôy •Î˚– xyÓyÓ˚ñ °Óîy=˛ Ü˛ò≈ü üy!ê˛ˆÏï˛

Ó#ˆÏçÓ˚ xAÜ%˛ˆÏÓ˚yÂàˆÏüÓ˚ x§%!ÓôyÓ˚ çöƒ !Ü˛å%È !Ü˛å%È °Óîy¡∫% í˛z!qò ≤Ãçy!ï˛ˆÏï˛ ˆÎüöñ Ó˚y•zˆÏçyˆÏú˛yÓ˚y

!üí˛zˆÏÜ ˛yöyê˛yñ Ó˚y•zˆÏçyˆÏú˛yÓ˚y ~!˛õÜ%˛ˆÏ°ê˛yñ Ó %à%•zˆÏÎ˚Ó˚y !çüˆÏöyÓ˚y•zçyñ ˆ§!Ó˚Ä˛õ§‰ Ó˚:Óy!ç≈Î˚yöyñ Ü˛ƒyöˆÏí˛!°Î˚y

ˆÓ˚•z!í˛ ≤Ãû,˛!ï˛ Ó˚y•zˆÏçyˆÏú˛yˆÏÓ˚§#Ó˚ í˛z!qò ~ÓÇ !ö˛õy ú %˛!ê˛Ü˛ƒy™ Ä ˆú˛y!ö: ˛õƒy°%ˆÏí˛y§yñ ~!Ó˚ˆÏÜ˛§#Ó˚ í˛z!qò

ò%•z!ê˛ˆÏï˛ !û˛!û˛ˆÏ˛õÓ˚# (vivipary) Óy çÓ˚yÎ˚%ç xAÜ%˛ˆÏÓ˚yÂàü ˆòáy ÎyÎ˚– ~ˆÏ«˛ˆÏe àyˆÏåÈ ÌyÜ˛yÜ˛y°#ö•z ú˛ˆÏ°Ó˚
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üˆÏôƒ Ó#ˆÏçÓ˚ xAÜ%˛ˆÏÓ˚yÂàü ¢%Ó˚% •Î˚– §Ó≈≤ÃÌü º)îü)° !öà≈ï˛ •Î˚ ~ÓÇ xÓˆÏ¢ˆÏ£Ï º)îü)°!ê˛ (radicle)
ò#â≈ñ ¢=˛ñ §Ó˚°ñ fiÌ)° Ä §)ãÑ˛yˆÏ°y x@ˇÃû˛yà §¡õß¨ Ó#ç˛õeyÓÜ˛yˆÏ[˛ (hypocotyl)ÈÙÈ~ ˛õ!Ó˚îï˛ •Î˚– ~•z

xÓfiÌyÎ˚ ú˛° í˛z!qˆÏòÓ˚ ¢yáy ˆÌˆÏÜ˛ áˆÏ§ ˛õˆÏí˛¸– §%à!ë˛ï˛ Ó#ç˛õeyÓ Ü˛yˆÏ[˛Ó˚ §y•yˆÏÎƒ •z•y Ü˛ò≈üy=˛ üy!ê˛Ó˚

üˆÏôƒ ˛õÑ%ˆÏï˛ ÎyÎ˚ ~ÓÇ ï˛yí˛¸yï˛y!í˛¸ x˛õ!Ó˚îï˛ ã˛yÓ˚y!ê˛ˆÏÜ˛ üy!ê˛ˆÏï˛ ≤Ã!ï˛!¤˛ï˛ Ü˛ˆÏÓ˚– ~Ó˚˛õÓ˚ º)îü%Ü%˛°

(Plumule) !öà≈ï˛ •Î˚ ~ÓÇ ô#ˆÏÓ˚ ô#ˆÏÓ˚ ˆ§áyˆÏö•z í˛z!qò!ê˛ ˆÓˆÏí˛¸ ÄˆÏë˛–

àç≈ö (Rhizophora sp.,  ˆÜ˛Î˚y (Pardanus sp.) ≤Ãû,˛!ï˛ !Ü˛å%È í˛z!qˆÏòÓ˚ Ü˛yˆÏu˛Ó˚ !öˆÏã˛Ó˚ !òˆÏÜ˛Ó˚

˛õÓ≈à%!° ˆÌˆÏÜ˛ ˆÓ¢ !Ü˛å%È §ÇáƒÜ˛ ò,ì˛¸ xfiÌy!öÜ˛ ü)° !öà≈ï˛ •ˆÏÎ˚ ï˛#Î≈Ü˛û˛yˆÏÓ !ö¡¨ü%á# Ó,!Âô ˆ˛õˆÏï˛ ÌyˆÏÜ˛–

~ˆÏòÓ˚ öÓ˚ü x§rÌ û˛yçÜ˛ Ü˛°y ˆÎÔ!àÜ˛ ü)°e (multiple root cap) myÓ˚y §%Ó˚!«˛ï˛ ÌyˆÏÜ˛– ~•z ü)°à%!°

xÓˆÏ¢ˆÏ£Ï xˆÏöÜ˛ê˛y çyÎ˚ày ç%ˆÏí˛¸ Ü˛ò≈ü üy!ê˛Ó˚ àû˛#ˆÏÓ˚ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ ~ÓÇ §ü@ˇÃ í˛z!qòˆÏÜ˛ Îy!sfÜ˛ §•yÎ˚ï˛y

≤Ãòyö Ü˛ˆÏÓ˚– ~•z ü)°à%!° ˆë˛§ ü)° öyˆÏü ˛õ!Ó˚!ã˛ï˛– ~•z ü)°à%!°Ó˚ xˆÏöÜ˛ê˛y Ü˛ò≈ü üy!ê˛Ó˚ Ä˛õˆÏÓ˚ ÌyÜ˛yÓ˚

Ü˛yÓ˚ˆÏî ˆçyÎ˚yˆÏÓ˚Ó˚ §üÎ˚ Óƒ!ï˛ˆÏÓ˚ˆÏÜ˛ !òˆÏöÓ˚ x!ôÜ˛yÇ¢ §üÎ˚ ü)ˆÏ°Ó˚ ÓyÎ˚% ã˛°yã˛ˆÏ° §y•yÎƒ Ü˛ˆÏÓ˚–

ˆë˛§ ü)° åÈyí˛¸yÄ hflÏΩ˛ ü)° Ä Óy!ê˛Δ§ ü)° (prop root and root butrices) §%®Ó˚ÓˆÏöÓ˚ xˆÏöÜ˛

üƒyöˆÏ@ˇÃyû˛ í˛z!qˆÏòÓ˚ Îy!sfÜ˛ §•yÎ˚ï˛y ≤Ãòyö Ü˛ˆÏÓ˚–

15.4 §%®Ó˚ÓˆÏöÓ˚ í˛zˆÏÕ‘áˆÏÎyàƒ !Ü˛å%È í˛z!qò ≤Ãçy!ï˛ (Some important plant
species of Sundarbans)

§%®Ó˚Óö xM˛ˆÏ°Ó˚ °Óîy=˛ ç°yû)˛!üÓ˚ ì˛yˆÏ° xƒy!û˛!§!öÎ˚y (Avicennia officinalis) ˛Ä

xƒyÜ˛yöÌy§ (Acanthus ilicifolicus) í˛z!qˆÏòÓ˚ ≤Ãyôyöƒ ˆòáy ÎyÎ˚– Ü˛yòyÎ%=˛ öò#Ó˚ ï˛#ˆÏÓ˚ ˆòáy ÎyÎ˚

ˆ§yˆÏöˆÏÓ˚!ê˛Î˚y (Sonneratia apetala)– ˆåÈyˆÏê˛y ˆåÈyˆÏê˛y áyˆÏ°Ó˚ ˛õyˆÏí˛¸ çß√yˆÏöy í˛z!qò ≤Ãçy!ï˛à%!°

•°ÈÙÙÙÈxƒy!û˛!§!öÎ˚y (Avicennia alba), xy!ç Ï̂§Ó˚y§ (Aegiceras majus), ˛í˛y°ÓyÓ˚!çÎ˚y (Dalbergia
spinosa), ˆ§!Ó˚Ä˛õ§ (Ceriops roxburghiana), ˆ§yˆÏöˆÏÓ˚!ê˛Î˚y (Sonneratia acida),˛!•!Ó§Ü˛y§

(Hibicus tiliaceus), Ü˛ƒyˆÏu˛!°Î˚y (Kandelia rheedii) ˛≤Ãû,˛!ï˛– á%Ó §Ó˚% áyˆÏ°Ó˚ ˛õyˆÏí˛¸ ˆòáy ÎyÎ˚

ÚÚ§%®Ó˚#ÛÛ (Heritiera minor)˛ÈÙÈ~Ó˚ Óö– ~Ó˚ §ˆÏAà ˆòáy ÎyÎ˚ !ö˛õy (Nypa fruticans), xƒyÜ˛yöÌy§

(Acanthus ilicifolius), ˛õƒyöí˛yöy§ (Pandanus sp.) ≤Ãû,˛!ï˛–

öò#Ó˚ ˆüy•öyÎ˚ ˆÎáyˆÏö !öÎ˚!üï˛ ˆçyÎ˚yÓ˚ÈÙÈûÑ˛yê˛y §Çâ!ê˛ï˛ •Î˚ñ ˆ§áyˆÏö Ü˛y¤˛° ˆÓ˚y!•ö# (Lianas)
≤ÃÜ,˛!ï˛Ó˚ í˛z!qò ≤Ãçy!ï˛à%!° ˆòáy ÎyÎ˚ ˆÎüöÈÙÙÙÈˆí˛!Ó˚§ (Derris sinuata), ˛õyö°ï˛y (Derris
uliginosa), ˛ˆÓy°y  (Hibiscus tiliaceus), ü%Ü%˛öy (Mucuna gigantea), !í˛§!Ü˛!í˛Î˚y (Dischidia
nummularia), í˛y°ÓyÓ˚!çÎ˚y (Dalbergia spinosa), !ú˛öˆÏ°ˆÏ§y!öÎ˚y (Finlaysonia obovata)
˛≤Ãû,˛!ï˛– üƒyöˆÏ@ˇÃyû˛ ≤Ãçy!ï˛ åÈyí˛¸yÄ ~•z xM˛ˆÏ°Ó˚ §yôyÓ˚î xÇˆÏ¢ ˆÎ §Ü˛° í˛z!qò ˆòáy ÎyÎ˚ ˆ§à%!°



260 NSOU 5CC-BT-02

D: \ Suvendu \ NSOU\NEP/ 5CC-BT-02
Unit- 13-17 \ 2nd Proof  \ (Dt. 19.03.2025)

•° !ö!§®y (Vitex negundo), !•ç° (Barringtonia acutangula), Ó˚Aàö (Ixora parviflora),
ˆ¢Äí˛¸y (Streblus asper), ˆÓï˛ (Calamus rotang), ˆÓ° (Aegle marmelos), ÓyÓ°y (Acacia
arabica), ÓÑyòÓ˚ °y!ë˛ (Cassia fistula), !ê˛Δí˛zÎ˚y (Trewia nudiflora), ˆ˛õyAày!üÎ˚y (Pongamia
glabra) ≤Ãû,˛!ï˛–

~•z xM˛ˆÏ°Ó˚ í˛zˆÏÕ‘áˆÏÎyàƒ ˛õÓ˚y◊Î˚# (epithytic) x!Ü≈˛í˛ ≤Ãçy!ï˛à%!° •° !ã˛Ó˚ˆÏ•yˆÏ˛õê˛y°yü

(Cirrhopetalum roxburghii), ˛xƒyÜ˛yü!˛õ (Acampe dentata), (A. longifolia), ÄˆÏÓˆÏÓ˚y!öÎ˚y

(Oberonia gammiei) •zï˛ƒy!ò– ~Ó˚ üˆÏôƒ Cirrhopetalum roxburghii ˛•° ~ˆÏu˛!üÜ˛ (Endemic)
Óy fiÌyö#Î˚ ≤Ãçy!ï˛– ˛õÓ˚ç#Ó# (Parasitic) í˛z!qò ≤Ãçy!ï˛à%!°Ó˚ üˆÏôƒ Ó˚ˆÏÎ˚ˆÏåÈÈÙÙÙÈfl∫î≈°ï˛y (Cuscuta
reflexa), !û˛§Ü˛yü (Viscum album, V. orientale), ˆ°yÓ˚yöÌy§ (Loranthus sp.), Ü˛ƒy!¢Ìy

(Cassytha sp.) •zï˛ƒy!ò–

§%®Ó˚Óö xM˛ˆÏ°Ó˚ í˛z!qòÜ%˛ˆÏ°Ó˚ üˆÏôƒ !Ó!û˛ß¨ ôÓ˚ˆÏöÓ˚ ây§ !ÓˆÏ¢£Ï í˛zˆÏÕ‘áˆÏÎyàƒñ ˆÎüö ú ˛yàüy•z!ê˛§

(Phragmites karka), xƒyöˆÏí»˛yˆÏ˛õyàö (Andropogon intermedius), •züˆÏ˛õÓ˚yê˛y (Imperata
arundinacea), §ƒyÜ˛yÓ˚yü (Saccharum spontaneum), !flÒÓ˚˛õy§ (Scirpus grossus), §y•zˆÏ˛õÓ˚y§

(Cyperus exaltatus), Üœ˛y!í˛Î˚yü (Cladium riparium), üy•z!Ó˚Äfiê˛y!Ü˛Î˚y (Myriostachya
wightiana) ˛≤Ãû,˛!ï˛– ï˛ˆÏÓ ~•z xM˛ˆÏ° §yôyÓ˚îï˛ ˆÜ˛yöÄ ÓÑy¢ çß√yˆÏï˛ ˆòáy ÎyÎ˚ öy–

~•z xM˛ˆÏ°Ó˚ ç°ç í˛z!qò §ü)ˆÏ•Ó˚ üˆÏôƒ §yôyÓ˚îï˛ éÑ˛y!é˛ (Ultricularia sp.), Ü˛°!§ (Ipomoea
batatas), Ü˛ã%̨ !Ó˚̨ õyöy (Eichhornia crassipes), öƒyçy§ (Najas sp.), •y•ẑ Ïí»̨ yÜ˛ƒy!Ó˚§ (Hydrocharis
sp.) ˆê˛y˛õy ˛õyöy (Pistia sp.) •zï˛ƒy!ò çß√yˆÏï˛ ˆòáy ÎyÎ˚– ï˛ˆÏÓ ~•z xM˛ˆÏ° §yôyÓ˚îï˛ ˆ°üˆÏö!§

(Lemnaceae) Ä !ö!¡≥˛ˆÏÎ˚!§ (Nymphaeaceae) ˆàyˆÏeÓ˚ ˆÜ˛yˆÏöy í˛z!qò ˆòáy ÎyÎ˚ öy–

15.5 §yÓ˚yÇ¢ (Summary)

~•z ~Ü˛ˆÏÜ˛ §%®Ó˚ÓˆÏöÓ˚ í˛z!qò §üy•yˆÏÓ˚Ó˚ !ÓÓÓ˚î ˆòÄÎ˚y •ˆÏÎ˚ˆÏåÈ– §%®Ó˚Óö !ö¡¨àyˆÏAàÎ˚ í˛z˛õï˛ƒÜ˛yÎ˚

ÓˆÏAày˛õ§yàˆÏÓ˚Ó˚ §ÇˆÏÎyàfiÌˆÏ° xÓ!fiÌï˛ Ó,•_ü ÓÈÙÈm#˛õ ˛õ%O– ~•z xM˛ˆÏ° ˛õ,!ÌÓ#Ó˚ Ó,•_ü °Óîy¡∫%

í˛z!qˆÏòÓ˚ Óy üƒyöˆÏ@ˇÃyû˛ xÓ˚îƒ xÓ!fiÌï˛– §%®Ó˚Óö Ä §%®Ó˚ÓˆÏöÓ˚ çyï˛#Î˚ í˛zòƒyö UNESCO ‘WORLD
HERITAGE SITE’ ~Ó˚ ï˛y!°Ü˛yû%˛=˛ Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– ≤ÃÜ,˛!ï˛àï˛û˛yˆÏÓ §%®Ó˚ÓˆÏöÓ˚ àyåÈà%!°ˆÏÜ˛ Ü˛ˆÏÎ˚Ü˛!ê˛

û˛yˆÏà û˛yà Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– (i) xö%˛õÜ)˛°Ó_≈# í˛z!qòñ (ii) ˛˛õÓ˚y◊Î˚#ñ (iii) ¢yÓ˚#Ó˚Ó,_#Î˚ ¢%‹Ò ü,!_Ü˛yÓ˚ çöƒ

çyAà° í˛z!qòñ (iv) xô≈!öü!Iï˛ñ (v) xyò¢≈ üƒyöˆÏ@ˇÃyû˛ í˛z!qòñ (vi) Ü˛y¤˛° °ï˛yˆÏöy í˛z!qòñ

(vii) ~Ü˛Ó#ç˛õe# í˛z!qò– §%®Ó˚ÓˆÏö °Óyîy=˛ ˛õ!Ó˚ˆÏÓˆÏ¢ í˛z!qˆÏòÓ˚ ü%áƒ x!û˛ˆÏÎyçö ~Ó˚ ˜ÓK˛y!öÜ˛ Ü˛yÓ˚î

!ÓˆÏŸ’£Ïî Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– ≤Ã!ï˛!ê˛ !Óû˛yˆÏàÓ˚ ~ÓÇ !ÓˆÏ¢£Ï !ÓˆÏ¢£Ï °Óîy¡∫% í˛z!qˆÏòÓ˚ ï˛y!°Ü˛y ˆòÄÎ˚y •ˆÏÎ˚ˆÏåÈ–



261NSOU 5CC-BT-02

D: \ Suvendu \ NSOU\NEP/ 5CC-BT-02
Unit- 13-17 \ 2nd Proof  \ (Dt. 19.03.2025)

15.6  ≤ÃŸ¿yÓ°# (Questions)

I. Ó•% !öÓ≈yã˛ö# ≤ÃŸ¿ (MCQ) :

1. ö#ˆÏã˛ í˛zˆÏÕ‘!áï˛ ˆÎ xM˛°!ê˛ ˛õ!ÿ˛üÓˆÏAàÓ˚ §%®Ó˚ÓˆÏöÓ˚ üˆÏôƒ ˛õˆÏÓ˚ öyÈÙÙÙÈ

(a) í˛z_Ó˚ 24 ˛õÓ˚àöy (b) ò!«˛î 24 ˛õÓ˚àöy

(c) •%à!° (d) àAày§yàÓ˚

2. §%®Ó˚ÓˆÏöÓ˚ ˆÎ í˛z!qò!ê˛Ó˚ öyü §%®Ó˚#ÈÙÙÙÈ

(a) Heritiera minor (b) Rhizophora mucronata
(c) Sonneratia apetala (d) Excoecaria agallocha

3. ˆÎ ˆàye!ê˛Ó˚ í˛z!qò §%®Ó˚ÓˆÏö ˆòáy ÎyÎ˚ öyÈÙÙÙÈ

(a) ~!Ó˚ˆÏÜ˛§# (b) xƒyÜ˛yö‰ˆÏÌ§# (c) Ó˚y•zˆÏçyˆÏú˛yˆÏÓ˚§# (d) xƒyfiê˛yˆÏÓ˚§#

4. §%®Ó˚ÓˆÏöÓ˚ í˛zˆÏÕ‘áˆÏÎyàƒ ~Ü˛!ê˛ ˛õyüçyï˛#Î˚ í˛z!qò •°ÈÙÙÙÈ

(a) Phoenix sylvestris (b) Cacos nucifera
(c) Borassus flabellifer (d) Nipa fruticans

5. §%®Ó˚Óö xM˛ˆÏ°Ó˚ ~Ü˛!ê˛ ˛õÓ˚y◊Î˚# í˛z!qò •°ÈÙÙÙÈ

(a) Hoya acuminata (b) Viburnum acerifolinum
(c) Viscum orientale (d) Aeschinanthus acuminatus

6. §%®Ó˚Óö xM˛ˆÏ°Ó˚ í˛z!qˆÏò ˆòáy ÎyÎ˚ öy ˆÎ ˜Ó!¢T˛ƒÈÙÙÙÈ

(a) !öí˛züƒyˆÏê˛yˆÏú˛yÓ˚ (b) ˛õî≈Ü˛y[˛ (c) !û˛!û˛ˆÏ˛õ!Ó˚ (d) ˆëÑ˛§ü)°

7. üƒyöˆÏ@ˇÃyû˛ í˛z!qˆÏòÓ˚ çöƒ §!ë˛Ü˛ !ÓÓ,!ï˛!ê˛ •°ÈÙÙÙÈ

(a) ˆÎ ˆÜ˛yö °Óöy¡∫%  í˛z!qò üyˆÏe•z üƒyöˆÏ@ˇÃyû˛

(b) í˛z˛õÜ)˛ˆÏ°Ó˚ ˆçyÎ˚yÓ˚ ≤’y!Óï˛ xM˛ˆÏ°Ó˚ í˛z!qò

(c) ¢yÓ˚#Ó˚Ó,!_Î˚ ¢%‹Ò ü,!_Ü˛yÎ˚ çß√yˆÏöy §Ü˛° í˛z!qò

(d) ˆÎ ˆÜ˛yö Ü˛ò≈ü ü,!_Ü˛yÎ˚ çß√yˆÏöy í˛z!qò

8. °Óîy¡∫% í˛z!qò öÎ˚ ˆÎ!ê˛ÈÙÙÙÈ

(a) Oryza coarctata (b) Typha angustata
(c) Nymphaea nucifera (d) Nypa fruticans
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9. !öí˛züyˆÏê˛yˆÏú˛yÓ˚y ≤ÃÜ,˛ï˛˛õˆÏ«˛ÈÙÙÙÈ

(a) ˛õ!Ó˚Ó!ï≈˛ï˛ ü)° (b) ˛õ!Ó˚Ó!ï≈˛ï˛ Ü˛y[˛

(c) ˛õ!Ó˚Ó!ï≈˛ï˛ Ó#ê˛˛õ (d) xAÜ%˛!Ó˚ï˛ çÓ˚yÎ˚%ç º)î

10. §%®Ó˚ÓöyM˛ˆÏ°Ó˚ Ü˛y¤˛° ˆÓ˚y!•ö# çyï˛#Î˚ í˛z!qò öÎ˚ ˆÎ!ê˛ÈÙÙÙÈ

(a) Deris sinuata (b) Hibiscus tiliaceous
(c) Discidia nummularia (d) Acanthus ilicifolius

II. §Ç!«˛Æ ≤ÃŸ¿yÓ°# É

1. §%®Ó˚ÓˆÏöÓ˚ ò%•z!ê˛ í˛zˆÏÕ‘áˆÏÎyàƒ à%Ó˚%c !°á%ö–

2. §%®Ó˚Óö xM˛ˆÏ°Ó˚ ç°ÓyÎ˚% Ä ü,!_Ü˛yÓ˚ ≤ÃÜ,˛!ï˛ !°á%ö–

3. §%®Ó˚Óö xM˛ˆÏ°Ó˚ ò%•z!ê˛ Ü˛ˆÏÓ˚ !mÓ#ç˛õe# ~ÓÇ ~Ü˛Ó#ç˛õe# í˛z!qÏò ˆàyˆÏeÓ˚ öyü !°á%ö–

4. §%®Ó˚Óö xM˛ˆÏ°Ó˚ ò%•z!ê˛ ˛õÓ˚y◊Î˚# ~ÓÇ ò%•z!ê˛ ˛õyüçyï˛#Î˚ í˛z!qˆÏòÓ˚ !ÓK˛yö§¡øï˛ öyü !°á%ö–

5. §%®Ó˚ÓöyM˛ˆÏ°Ó˚ üƒyöˆÏ@ˇÃyû˛ í˛z!qˆÏòÓ˚ Ü˛ˆÏÎ˚Ü˛!ê˛ x!û˛ˆÏÎyçö í˛zˆÏÕ‘á Ü˛Ó˚%ö–

6. çÓ˚yÎ˚%ç xAÜ%˛ˆÏÓ˚yÂàü !Ü˛⁄ ò%•z!ê˛ °Óîy¡∫% í˛z!qˆÏòÓ˚ í˛zòy•Ó˚î !òö ˆÎáyˆÏö •z•y ˆòáy ÎyÎ˚–

7. §%®Ó˚ÓöyM˛ˆÏ°Ó˚ ã˛yÓ˚!ê˛ ây§ ≤Ãçy!ï˛Ó˚ öyü !°á%ö–

8. §%®Ó˚Óö xM˛ˆÏ°Ó˚ ã˛yÓ˚!ê˛ ç°ç í˛z!qˆÏòÓ˚ öyü !°á%ö–

9. §%®Ó˚#ñ ˆÓyí˛¸yñ ˆ•Ñï˛y° ~ÓÇ ˆÜ˛Äí˛¸y í˛z!qò ã˛yÓ˚!ê˛Ó˚ !ÓK˛yö§¡øï˛ öyü !°á%ö–

10. §%®Ó˚Óö xM˛ˆÏ°Ó˚ ˆûÑ˛çyñ Ü˛ò≈ü ü,!_Ü˛yˆÏÜ˛Ä ˆÜ˛ö ¢yÓ˚#Ó˚Ó,_#Î˚ ¢%‹Ò ü,!_Ü˛y Ó°y •Î˚⁄

III. Ó˚ã˛öyôü≈# ≤ÃŸ¿ É

1. §%®ÓÓ˚Óö xM˛ˆÏ°Ó˚ ˆû˛Ôà!°Ü˛ xÓfiÌyöñ ç°ÓyÎ˚%ñ ü,!_Ü˛y ~ÓÇ ÓöyM˛ˆÏ°Ó˚ ≤ÃÜ,˛!ï˛ §ÇˆÏ«˛ˆÏ˛õ

í˛zˆÏÕ‘á Ü˛Ó˚%ö–

2. ≤ÃÜ,˛!ï˛ xö%ÎyÎ˚# §%®Ó˚Óö xM˛ˆÏ°Ó˚ í˛z!qˆÏòÓ˚ !Ó!û˛ß¨ û˛yàà%!° í˛zˆÏÕ‘á Ü˛Ó˚%ö ~ÓÇ ~Ü˛!ê˛ Ü˛ˆÏÓ˚

í˛zòy•Ó˚î !òö–

3. §%®Ó˚Óö xM˛ˆÏ°Ó˚ í˛z!qˆÏòÓ˚ ü%áƒ x!û˛ˆÏÎyçöà%!° §ÇˆÏ«˛ˆÏ˛õ !°á%ö–



263NSOU 5CC-BT-02

D: \ Suvendu \ NSOU\NEP/ 5CC-BT-02
Unit- 13-17 \ 2nd Proof  \ (Dt. 19.03.2025)

15.7 í˛z_Ó˚üy°y (Answers)

I. Ó•% !öÓ≈yã˛ö# ≤ÃˆÏŸ¿Ó˚ (MCQ) í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚

§Çáƒy ı 1 2 3 4 5 6 7 8 9 10

í z̨_Ó˚ ı c a d d c b b c a d

II. §Ç!«˛Æ ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5

xö%ˆÏFåÈò §Çáƒy ı 15.1 15.1 15.1 15.4 15.3

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 6 7 8 9 10

xö%ˆÏFåÈò §Çáƒy ı 15.3 15.4 15.4 15.2 & 15.4 15.1

III. Ó˚ã˛öyôü≈# ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3

í z̨_Ó˚ ı 15.1 15.3 15.3
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~Ü˛Ü˛–16 : ç#Ó Ï̃Ó!ã˛eƒ É §ÇK˛yñ üyeyñ à%Ó%̊cñ ç#Ó Ï̃Ó!ã˛eƒ •…y Ï̂§Ó˚ Ü˛yÓ˚îñ

ç#Ó˜ÏÓ!ã˛ˆ ÏeƒÓ˚ •ê˛flõê˛ó xy•z.• zí˛ z . !§.~öñ !Ó˛õß¨

≤Ãçy!ï˛§ü)ˆÏ•Ó˚ °y° ï˛y!°Ü˛yñ û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ !Ó˛õß¨ í˛z!qò

§ü)•ó ˆÓ˚í˛ ˆí˛ê˛y Ó•z (Biodiversity : Definition, levels,
importance, causes of depletion of Biodiversity,
Biodiversity hotspots; I.U.C.N., Red list of threat-
ened species. Threatened plants of India; Red Data
Book)

àë˛ö (Structure)

16.0 í˛zˆÏj¢ƒ (Objectives)

16.1 ≤ÃhflÏyÓöy (Introduction)

16.2 §ÇK˛y (Definition)

16.3 ç#Ó˜ÏÓ!ã˛ˆÏeƒÓ˚ hflÏÓ˚§ü)• (Levels of Biodiversity)

16.4 ˜çÓ ˜Ó!ã˛ˆÏeƒÓ˚ à%Ó˚%c (Importance of Biodiversity)

19.5 ç#Ó˜ÏÓ!ã˛eƒ •…yˆÏ§Ó˚ Ü˛yÓ˚î §ü)• (Causes of depletion of biodiversity)

16.6 ç#Ó ˜Ó!ã˛ˆÏeƒÓ˚ •ê˛flõê˛ (Biodiversity Hotspots)

16.6.1 ü•yˆÏò¢ xö%ÎyÎ˚# 10!ê˛ ≤Ãã˛[˛ !Ó˛õß¨ Óy •ˆÏê˛fiê˛ •ê˛flõê˛ §• 36!ê˛ ç#Ó˜ÏÓ!ã˛e

•ê˛flõê˛ÈÙÈ~Ó˚ ï˛y!°Ü˛y (Continent wise list of 36 Biodiversity hotspots
including 10 hottest hotspots)

16.6.2 û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ ç#Ó˜ÏÓ!ã˛eƒ •ê˛flõê˛ (Biodiversity Hotspots in India)

16.7 xy•z. •zí˛z. !§. ~ö. (IUCN)

16.8 °y° ï˛y!°Ü˛yû%˛=˛ !Ó˛õß¨ ≤Ãçy!ï˛Ó˚ !Óû˛yà (Red List of threatened species)

16.9 û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ !Ó˛õß¨ í˛z!qò (Threatened plants of India)

16.10 §yÓ˚yÇ¢ (Summary)

16.11 ≤ÃŸ¿yÓ°# (Questions)

16.12 í˛z_Ó˚üy°y (Answers)
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16.0  í˛zˆÏj¢ƒ (Objectives)

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xyüÓ˚y !ö¡¨!°!áï˛ !Ó£ÏÎ˚à%!° §¡∫ˆÏrô §üƒÜ˛ ôyÓ˚îy ˜ï˛!Ó˚ Ü˛Ó˚ˆÏï˛ ˛õyÓ˚Ó–

●●●●● ç#Ó ˜Ó!ã˛ˆÏeÓ˚ §ÇK˛y Ä ≤ÃÜ˛yÓ˚ˆÏû˛ò–

●●●●● ˛ç#Ó˜ÏÓ!ã˛ˆÏeÓ˚ à%Ó˚%c–

●●●●● ˛˛ç#Ó˜ÏÓ!ã˛ˆÏeÓ˚ •ê˛flõê˛–

●●●●● ˛!Ó!û˛ß¨ ü•yˆÏòˆÏ¢ ç#Ó˜ÏÓ!ã˛e •ê˛flõê˛ ~ÓÇ •ˆÏê˛fiê˛ •ê˛flõê˛à%!°Ó˚ ï˛y!°Ü˛y–

●●●●● ˛û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ ç#Ó˜ÏÓ!ã˛e •ê˛flõˆÏê˛Ó˚ ï˛y!°Ü˛y–

●●●●● ˛û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ !ÓÓ˚° Ä !Ó˛õß¨ í˛z!qò–

●●●●● ˛ˆÓ˚í˛ í˛yê˛y Ó%Ü˛–

16.1 ≤ÃhflÏyÓöy (Introduction)

ÚÚÓyˆÏÎ˚y°!çÜ˛ƒy° í˛y•zû˛y!§≈!ê˛ÛÛ (Biological diversity) ¢∑!ê˛ ≤ÃÌü ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ö !ÓK˛yö#

ˆÓ˚üu˛ ~ú˛. òy§üƒyö (Raymond F. Dasman) 1968ÈÙÈ~ ïÑ˛yÓ˚ §ÇÓ˚«˛î §ÇÜ ˛yhsˇ Ó•z “A different
kind of country”ÈÙÈˆï˛– ~Ó˚˛õÓ˚ ÚÓyˆÏÎ˚yí˛y•zû˛y!§≈!ê˛Û (Biodiversity) ¢∑!ê˛ ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ö !ÓK˛yö#

•z. Ä. í˛z•z°§ö ~ÓÇ ~ú˛. ~ü. !˛õê˛y§≈ (E.O. Wilson and F. M. Peters) 1988ÈÙÈ~ ï˛yˆÏòÓ˚ §¡õy!òï˛

Ó•z ÚÓyˆÏÎ˚yí˛y•zû˛y!§≈!ê˛Û (Biodiversity) ˆï˛– ~ˆÏï˛ 1986ÈÙÈ~ ÄÎ˚y!¢Çê˛öÈÙÈ~ xö%!¤˛ï˛ ÚÚöƒy¢öy° ˆú˛yÓ˚yü

xÓ ÓyˆÏÎ˚y°!çÜ˛ƒy° í˛y•zû˛!§≈!ê˛ÛÛÈÙÈ~Ó˚ ≤ÃˆÏ§!í˛Ç§È ≤ÃÜ˛y!¢ï˛ •ˆÏÎ˚!åÈ°–

16.2 §ÇK˛y (Definition)

●●●●● ˛W.W.F.ÈÙÈ~Ó˚ í˛zˆÏÕ‘á xö%ÎyÎ˚# ç#Ó˜ÏÓ!ã˛eƒ Óy ÓyˆÏÎ˚yí˛y•zû˛y!§≈!ê˛ Ó°ˆÏï˛ öyöy xyÜ˛yÓ˚ Óy Ó˚)ˆÏ˛õÓ˚ñ

öyöy hflÏˆÏÓ˚Ó˚ ~ÓÇ öyöy §üß∫ˆÏÎ˚Ó˚ ç#ÓÜ)˛° ˆÓyé˛yÎ˚ (Variety of life in all its form,
levels and combination)

●●●●● ˛•zí˛zöy•zˆÏê˛í˛ ˆö¢yö§‰ xyˆÏÎ˚y!çï˛ 1992 §yˆÏ° !Ó˚Ä !í˛ ˆçˆÏö•zˆÏÓ˚yˆÏï˛ ˛õ,!ÌÓ# §ˆÏ¡ø°ˆÏö

(United Nations Earth Summit held at Rio de Janeiro in 1992) ç#Ó˜ÏÓ!ã˛ˆÏeƒÓ˚

§ÇK˛y Ó°ˆÏï˛ÈÙÙÙÈfiÌ°ñ §ü%o ~ÓÇ xöƒyöƒ ç°ç Óy›ï˛sf !öˆÏÎ˚ §Ü˛° fiÌyˆÏöÓ˚ ~ÓÇ §ü@ˇÃ

Óy›§ÇfiÌyö §ü!T˛Ó˚ xhsˇà≈ï˛ §Ü˛° ≤ÃÜ˛yÓ˚ ç#ˆÏÓÓ˚ üˆÏôƒ !ÓÓ˚yçüyö ˛õ!Ó˚Óï≈˛ö¢#°ï˛yˆÏÜ˛ (the
variability among living organisms from all sources including terrestrial,



266 NSOU 5CC-BT-02

D: \ Suvendu \ NSOU\NEP/ 5CC-BT-02
Unit- 13-17 \ 2nd Proof  \ (Dt. 19.03.2025)

marine and other aquatic ecosystems and the ecological complexes of which
they are part) ˆÓyé˛yö •ˆÏÎ˚ˆÏåÈ–

●●●●● ˛û˛yÓ˚ï˛ÓˆÏ£Ï≈ ≤Ãî#ï˛ ÓyˆÏÎ˚yí˛y•zû˛y!§≈!ê˛ xƒyQÈñ 2002ÙÈ~ ç#Ó˜ÏÏÓ!ã˛e Ó°ˆÏï˛ÈÙÙÙÈ§Ü˛° Óy›§ÇfiÌyö

§ü!T˛Ó˚ (ecological complex) xhsˇà≈ï˛ §Ü˛° ≤ÃÜ˛yÓ˚ ç#ˆÏÓÓ˚ ˜Ó!ã˛eƒ ~ÓÇ ˛õ!Ó˚Óï≈˛ö¢#°ï˛y

ˆÓyé˛yˆÏöy •ˆÏÎ˚ˆÏåÈ– •z•y xyhsˇÉ ≤Ãçy!ï˛ñ xhsˇÓ˚ ≤Ãçy!ï˛ ~ÓÇ !Ó!û˛ß¨ Óy›ï˛ˆÏsfÓ˚ üˆÏôƒ !ÓÓ˚yçüyö

˜Ó!ã˛e §Ü˛° xhsˇû%˛≈=˛ Ü˛ˆÏÓ˚–

●●●●● ˛§Ü˛° ôyÓ˚îyÓ˚ ü)° Ó=˛Óƒ xö%ÎyÎ˚# ç#Ó ˜Ó!ã˛eƒ Ó°ˆÏï˛ §yü!@ˇÃÜ˛û˛yˆÏÓ §Ü˛° Óy›ï˛sfñ §Ü˛°

≤Ãçy!ï˛ ~ÓÇ ï˛yˆÏòÓ˚ §ü@ˇÃ !çö û˛y[˛yÓ˚ (gene pool)ÈÙÈ~Ó˚ üˆÏôƒ !ÓÓ˚yçüyö ˜Ó!ã˛eƒˆÏÜ˛

ˆÓyé˛yÎ˚–

16.3 ç#Ó˜ÏÓ!ã˛ˆÏeƒÓ˚ ≤ÃÜ˛yÓ˚ˆÏû˛ò (Types of Biodiversity)

ç#Ó ˜Ó!ã˛ˆÏeƒÓ˚ ≤Ãôyö !ï˛ö!ê˛ !Óû˛yà (Three divisions of Biodiversity)

1. !çöàï˛ ˜Ó!ã˛eƒ (Genetic diversity) :

ç#ˆÏÓÓ˚ §Ü˛° ˜Ó!¢ˆÏT˛ƒÓ˚ ôyÓ˚Ü˛ Ä Óy•Ü˛ ˆÎˆÏ•ï%˛ !çö ï˛y•z ≤Ã!ï˛!ê˛ !û˛ß¨ !û˛ß¨ ≤Ãçy!ï˛Ó˚ çöƒ

!û˛ß¨ !û˛ß¨ !çö §ü!T˛ Óy !çˆÏöyü ÌyˆÏÜ˛– ò%•z!ê˛ !û˛ß¨ ≤Ãçy!ï˛Ó˚ !çö˛õ%° Ü˛áˆÏöy•z §¡õ)î≈ (100%)
§ü˛õy!ï˛ï˛ •Î˚ öy– ï˛y•yˆÏòÓ˚ ˜Ó§yò,ˆÏ¢ƒÓ˚ üyeyÓ˚ §yˆÏÌ !çö˛õ%ˆÏ°Ó˚ §ü˛õyï˛ö (overlapping)˛ÈÙÈ~Ó˚ üyey

Ü˛üˆÏï˛ ÌyˆÏÜ˛– ï˛y•z ˆÜ˛yö Óy§fiÌyˆÏö ≤Ãçy!ï˛Ó˚ §Çáƒy Ó,!ÂôÓ˚ §yˆÏÌ §yˆÏÌ §ü@ˇÃ !çö˛õ%° (sum total
of genes)ÈÙÈ~Ó˚ xyÜ˛yÓ˚ Ó,!Âô ˆ˛õˆÏï˛ ÌyˆÏÜ˛– xyÓyÓ˚ ˆÜ˛yö ~Ü˛!ê˛ ≤Ãçy!ï˛Ó˚ xhsˇà≈ï˛ §Ü˛°ç#ˆÏÓÓ˚ §Ü˛°

ã˛!Ó˚e ~Ü˛Ó˚Ü˛ü •Î˚ öy– ~•z Ü˛yÓ˚ˆÏî ~Ü˛•z ≤Ãçy!ï˛Ó˚ xhsˇà≈ï˛ öyöy §ò§ƒˆÏòÓ˚ üˆÏôƒ !Ó!û˛ß¨ï˛y ˆòáy

ÎyÎ˚– •z•y xhsˇÉ ≤Ãçy!ï˛Î˚ ˜Ó!ã˛eƒ– xhsˇÉ≤Ãçy!ï˛Î˚ !Ó!û˛ß¨ï˛yÓ˚ §yˆÏÌÄ ˆÜ˛yö ~Ü˛!ê˛ ≤Ãçy!ï˛Ó˚ !çö˛õ%°ÈÙÈ~Ó˚

xyÜ˛yÓ˚ Ó,!Âô ˛õyÎ˚– ï˛y•z !çöàï˛ ˜Ó!ã˛eƒ Ó°ˆÏï˛ xyhsˇÉ≤Ãçy!ï˛Î˚ ~ÓÇ xhsˇÉ≤Ãçy!ï˛Î˚ (interspecific
and intraspecific) ˜Ó!ã˛ˆÏeƒÓ˚ §yü!@ˇÃÜ˛ ò¢yˆÏÜ˛ ˆÓyé˛yÎ˚– !Ó!û˛ß¨ xhsˇÉ≤Ãçy!ï˛Î˚ ˆày¤˛#Ó˚ üˆÏôƒ ≤Ãçööàï˛

!ü◊îñ x!û˛Óy§ö (immigration), ò%Ó≈°ñ !ÓÓ˚° Ä §ÇÜ˛ê˛y˛õß¨ ≤Ãçy!ï˛ ˆày¤˛#Ó˚ ÎÌyÎÌ §ÇÓ˚«˛îñ

˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ò#â≈fiÌyÎ˚# ˛õ!Ó˚Óï≈˛öñ ≤Ãû,˛!ï˛ Ü˛yÓ˚ˆÏî !çöàï˛ ˜Ó!ã˛eƒ Ó,!Âô ˛õyÎ˚–

2. ˛≤Ãçy!ï˛ ˜Ó!ã˛eƒ (Species diversity) :

ˆÜ˛yö fiÌyˆÏö xÓfiÌyöÓ˚ï˛ §Ü˛° ≤Ãçy!ï˛Ó˚ ç#ˆÏÓÓ˚ §ü!T˛ ~ÓÇ ï˛yˆÏòÓ˚ §ÇáƒyÓ˚ xö%˛õyï˛ ~Ü˛ˆÏe

ˆ§áyöÜ˛yÓ˚ ≤Ãçy!ï˛ ˜Ó!ã˛eƒ !öˆÏò≈¢ Ü˛ˆÏÓ˚– !Ó!û˛ß¨ fiÌyˆÏö ˆüyê˛ ≤Ãçy!ï˛ §Çáƒy Óy ≤Ãçy!ï˛ ≤Ãyã%˛Î≈ (species
richness) ~ÓÇ !Ó!û˛ß¨ ≤Ãçy!ï˛û%˛=˛ ç#ˆÏÓÓ˚ §ÇáƒyÓ˚ xö%˛õyˆÏï˛Ó˚ (ratio of interspecific individuals)
!ö!Ó˚ˆÏá ≤Ãçy!ï˛ ˜Ó!ã˛eƒ !û˛ß¨ !û˛ß¨ •ˆÏÎ˚ ÌyˆÏÜ˛– ≤Ãçy!ï˛ §Çáƒy Ó,!ÂôÓ˚ §yˆÏÌ §yˆÏÌ §Ü˛° ≤Ãçy!ï˛Ó˚ §ò§ƒ

Îï˛ §%§ü û˛yˆÏÓ !ÓhflÏyÓ˚°yû˛ Ü˛Ó˚ˆÏÓ (evenness in distribution) ˆ§•z xM˛ˆÏ°Ó˚ x!ôÜ˛ §ÇáƒÜ˛
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ˆ«˛eyÇˆÏ¢Ó˚~ üˆÏôƒ ≤Ãçy!ï˛àï˛ í˛z˛õyòyˆÏöÓ˚ !Ó!û˛ß¨ï˛y ˆòáˆÏï˛ ˛õyÄÎ˚y ÎyˆÏÓ– ~•zû˛yˆÏÓ §ü@ˇÃ xM˛ˆÏ°Ó˚

≤Ãçy!ï˛ ˜Ó!ã˛eƒ Ó,!Âô ˛õyÎ˚– ˆÜ˛yö !ÓhflÏ,î≈ xM˛ˆÏ°Ó˚ û)˛!ã˛ˆÏeÓ˚ ˜Ó!ã˛eƒ Îï˛ ˆÓ¢# •ˆÏÓ ü,!_Ü˛y Ä ç°ÓyÎ˚%Ó˚

xyM˛!°Ü˛ ˜Ó!ã˛eƒ ~ÓÇ Óy›§ÇfiÌyöàï˛ Óy§fiÌyˆÏöÓ˚ ˜Ó!ã˛eƒ Ä (diversity of ecological habitats)
ï˛ï˛ ˆÓ¢# •ˆÏÓ– xyÓyÓ˚ ˆ§áyˆÏö !Ó!û˛ß¨ ≤Ãçy!ï˛Ó˚ x!û˛Óy§ö Îï˛ ˆÓ¢# •ˆÏÓ ≤Ãçy!ï˛ ˜Ó!ã˛eƒ ï˛ï˛ ˆÓ¢#

•ˆÏÓ– ~Ü˛•z §yˆÏÌ ò%Ó≈°ñ !ÓÓ˚° Ä !Ó˛õß¨ ≤Ãçy!ï˛à%!°Ó˚ ÎÌyÎÌ §ÇÓ˚«˛î myÓ˚y ˆÜ˛yö xM˛ˆÏ°Ó˚ ≤Ãçy!ï˛

˜Ó!ã˛e ÓçyÎ˚ Ó˚yáy ÎyÎ˚–

(a) xy°ú˛y ˜Ó!ã˛eƒ (alpha diversity) : •z•y ˆÜ˛yö xM˛ˆÏ°Ó˚ ≤Ãçy!ï˛ ≤Ãyã%˛Î≈ (species richness)
xÌ≈yÍ ˆüyê˛ ≤Ãçy!ï˛ §Çáƒy ˆÓyé˛yÎ˚–

(b) ˛!Óê˛y ˜Ó!ã˛eƒ (Beta diversity) : •z•y ò%•z!ê˛ xy°yòy xy°yòy xM˛ˆÏ°Ó˚ üˆÏôƒ ï%˛°öyü)°Ü˛

≤Ãçy!ï˛ ˜Ó!ã˛eƒˆÏÜ˛ ˆÓyé˛yÎ˚– xM˛° ò%•z!ê˛Ó˚ xy°ú˛y ˜Ó!ã˛e Óy ≤Ãçy!ï˛ ≤Ãyã%˛Î≈ ÎÌyÜ ˛ˆÏü S1 ~ÓÇ S2

~ÓÇ í˛zû˛ˆÏÎ˚Ó˚ üˆÏôƒ ~Ü˛•z ≤ÃÜ˛yÓ˚ (common) ≤Ãçy!ï˛Ó˚ §Çáƒy C •ˆÏ° xM˛° ò%•z!ê˛Ó˚ üˆÏôƒ !Óê˛y ˜Ó!ã˛e

= (S1 – C) + (S2 – C)–

(c) àyüy ˜Ó!ã˛eƒ (Gamma diversity) : ˆÜ˛yö !Óhfl,Ïî≈ û)˛áˆÏ[˛Ó˚ !û˛ß¨ !û˛ß¨ Óy›ï˛y!sfÜ˛ Óy§fiÌyö

(ecological habitats) ~ÓÇ ˆ§áyˆÏö Ó§Óy§Ü˛yÓ˚# §Ü˛° ≤ÃÜ˛yÓ˚ ç#Ó§¡±òyÎ˚ !öˆÏÎ˚ §yü!@ˇÃÜ˛ ≤Ãçy!ï˛

˜Ó!ã˛eƒˆÏÜ˛ àyüy ˜Ó!ã˛eƒ ÓˆÏ°– •z•y ≤Ã!ï˛!ê˛ Óy›ï˛y!sfÜ˛ Óy§fiÌyˆÏöÓ˚ xy°ú˛y ˜Ó!ã˛eƒ ~ÓÇ ï˛y•yˆÏòÓ˚

˛õyÓ˚flõ!Ó˚Ü˛ !Óê˛y ˜Ó!ã˛ˆÏeƒÓ˚ §üß∫ˆÏÎ˚ à!ë˛ï˛–

ˆÜ˛yö û)˛áˆÏ[˛Ó˚ àyüy ˜Ó!ã˛ˆÏeƒÓ˚ §)ã˛Ü˛ = S1 + S2 + S3 – (C1 + C2 + C3) ˆÎáyˆÏöñ S1,
S2, ˛~ÓÇ S3 •° í˛zòy•Ó˚î !•ˆÏ§ˆÏÓ ˆöÄÎ˚y !ï˛ö!ê˛ xM˛°ÈÙÈ~Ó˚ xy°ú˛y ˜Ó!ã˛eƒñ C1, C2 ~ÓÇ C3

•° xM˛° !ï˛ö!ê˛Ó˚ SxöƒˆÏòÓ˚ §yˆÏ˛õˆÏ«˛V §yôyÓ˚î (common) ≤Ãçy!ï˛Ó˚ §Çáƒy– !ã˛e 16.1 ~ ≤Ãçy!ï˛

˜Ó!ã˛ˆÏeƒÓ˚ hflÏÓ˚à%!°Ó˚ §¡õÜ≈˛ ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ–

!ã˛e 16.1 : ≤Ãçy!ï˛ ˜Ó!ã˛ˆÏeÓ˚ !ï˛ö!ê˛ hflÏÓ˚ ÙÈ˜Ó!ã˛eñ Ù˜Ó!ã˛e ~ÓÇ Ù˜Ó!ã˛e–
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3. Óy›ï˛y!sfÜ˛ ˜Ó!ã˛e (Ecosystem diversity) :

ˆÜ˛yö !ö!ò≈T˛ §üˆÏÎ˚ ˆÜ˛yö xM˛ˆÏ° §Ü˛°ç#Ó ~ÓÇ ˆ§áyöÜ˛yÓ˚ x˜ÏçÓ ~ÓÇ ˆû˛Ôï˛˛õ!Ó˚ˆÏÓˆÏ¢Ó˚

˛õyÓ˚flõ!Ó˚Ü˛ !Ü ˛Î˚y¢#° §¡õˆÏÜ≈˛ ~Ü˛!ê˛ Óy›ï˛sf (ecosystem) àˆÏí˛¸ ÄˆÏë˛– í˛z£÷ü[˛°#Î˚ Ó,!T˛ Óöû)˛!ü

(tropical rain forest), í˛z˛õÜ)˛°Óï≈˛# ç°yû)˛!üÓ˚ Óöyö# (coastal wetland forest), ˛≤ÃÓy° m#˛õ

(coral island)ñ ï,˛îû)˛!ü (grass land), üÓ˚%û)˛!üÓ˚ Óöyö#ñ ˛õ%Ü%˛Ó˚ñ öò#ñ •…òñ §ü%oñ ˛õy•yˆÏí˛¸Ó˚ öy!ï˛¢#ˆÏï˛y£÷

!ã˛Ó˚•!Ó˚Í Óöû)˛!üñ xƒy°˛õy•zö ÓöyM˛°ñ ≤Ãû,˛!ï˛ öyöy Óy›ï˛ˆÏsfÓ˚ í˛zòy•Ó˚î– ˆÜ˛yö !ÓhflÏ#î≈ xM˛ˆÏ° ~Ü˛y!ôÜ˛

Óy›ï˛ˆÏsfÓ˚ !Ó!û˛ß¨ !ÓhflÏyÓ˚fiÌ° Óy !öã‰˛ ~ Ó§Óy§Ü˛yÓ˚# ç#Ó§¡±òyÎ˚ (community) !öˆÏÎ˚ Óy›ï˛y!sfÜ˛

˜Ó!ã˛eƒ àˆÏí˛¸ ÄˆÏë˛– Óy›ï˛y!sfÜ˛ ˜Ó!ã˛eƒ ≤ÃÜ,˛ï˛˛õˆÏ«˛ ç#Ó§¡±òyˆÏÎ˚Ó˚ ˜Ó!ã˛e (community diversity)
!öˆÏò≈¢ Ü˛ˆÏÓ˚– ï˛y•z ˆÜ˛yö !Óhfl,Ïî≈ xM˛ˆÏ°Ó˚ Óy›ï˛y!sfÜ˛ ˜Ó!ã˛eƒ •…y§ ˆ˛õˆÏ° ˆ§áyöÜ˛yÓ˚ !çöàï˛ ˜Ó!ã˛e

~ÓÇ ≤Ãçy!ï˛ ˜Ó!ã˛eƒÄ •…y§ ˛õyÎ˚–

16.4 ˜çÓ ˜Ó!ã˛ˆÏeƒÓ˚ à%Ó˚%c (Importance of Biodiversity)

●●●●● ≤ÃyÜ,˛!ï˛Ü˛ û˛yÓ˚§yüƒ Ó˚«˛yÎ˚ ç#Ó˜ÏÓ!ã˛ˆÏeƒÓ˚ à%Ó˚%c x˛õ!Ó˚§#ü–

●●●●● §%Ó˚!«˛ï˛ ç#Ó˜ÏÓ!ã˛eƒÈÙÈ~Ó˚ xÌ≈ §%Ó˚!«˛ï˛ ç#ÓˆÏöÓ˚ x!hflÏc– §Ü˛° ç#ˆÏÓÓ˚ ç#ÓöôyÓ˚ˆÏîÓ˚ xö%Ü)˛°

˛õ!Ó˚ˆÏÓˆÏ¢ ~ÓÇ û)˛ÈÙÈ≤ÃÜ,˛!ï˛ x«%˛] Ó˚yáˆÏï˛ ç#Ó˜ÏÓ!ã˛ˆÏe û)˛!üÜ˛y x˛õ!Ó˚§#ü–

●●●●● §Ü˛° ç#ˆÏÓÓ˚ §¡õ)î≈ ç#Óö Ó˚§ò (complete resource for living) ~Ó˚ ò#â≈fiÌyÎ˚# §Ó˚ÓÓ˚y•

ÓçyÎ˚ Ó˚yáˆÏï˛ ç#Ó˜ÏÓ!ã˛eƒ §•yÎ˚ï˛y Ü˛ˆÏÓ˚–

●●●●● ˛õ,!ÌÓ#Ó˚ !Ó!û˛ß¨ ≤ÃyˆÏhsˇÓ˚ ç#Ó˜ÏÓ!ã˛eƒ üyöÓ §û˛ƒï˛yÓ˚ fl∫yfiÌƒñ xÌ≈ö#!ï˛ñ !ÓK˛yö àˆÏÓ£Ïîyñ

!ÓˆÏöyòö ≤Ãû,˛!ï˛ ~Ü˛Ü˛ÌyÎ˚ §y!Ó≈Ü˛ !ÓÜ˛yˆÏ¢Ó˚ §yˆÏÌ ≤Ãï˛ƒ«˛ Óy ˛õˆÏÓ˚y«˛û˛yˆÏÓ ç!í˛¸ï˛–

16.5 ç#Ó Ï̃Ó!ã˛eƒ •…y Ï̂§Ó˚ Ü˛yÓ˚î §ü)•È (Causes of depletion of Biodiversity)

1. ç#Ó Óy§fiÌyö ôùÇ§ (destruction of habitats) 2. ò%£Ïî ~ÓÇ ˛õ!Ó˚ˆÏÓ¢ !ÓöT˛Ü˛Ó˚î

(pollution and environmental degradation), 3. ˆã˛yÓ˚y!¢Ü˛yÓ˚ (Poaching) 4. ˛õ!Ó˚ˆÏÓˆÏ¢

˛õ!Ó˚Óï≈˛ö (climate change) ˛≤Ãû,˛!ï˛–

16.6 ç#Ó ˜Ó!ã˛ˆÏeƒÓ˚ •ê˛flõê˛ (Biodiversity hotspots)

˛õ,!ÌÓ#Ó˚ !Ó!û˛ß¨ Óy›xM˛ˆÏ° (endangered ecoregions) ˛í˛z!qòÜ)˛° ~ÓÇ x§Çáƒ §ÇÜ˛ê˛y˛õß¨

§#üyÓÂô ç#Ó≤Ãçy!ï˛Ó˚ (threatened endemic species) §ÇÓ˚«˛ˆÏîÓ˚ ≤ÃˆÏã˛T˛yÎ˚ !ÓK˛yö# öÓ˚üƒyö üyÎ˚y§≈



269NSOU 5CC-BT-02

D: \ Suvendu \ NSOU\NEP/ 5CC-BT-02
Unit- 13-17 \ 2nd Proof  \ (Dt. 19.03.2025)

(Norman Myres), 1988 ~ÓÇ 1990ÈÙÈˆï˛ ç#Ó˜ÏÓ!ã˛e •ê˛flõê˛ (Biodiversity hotspot)ÈÙÈ~Ó˚ ôyÓ˚îy

“The Environmentalist” öyüÜ˛ !ÓK˛yö ˛õ!eÜ˛yÎ˚ (Journal) ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚ö– ~Ó˚˛õÓ˚ 2000ÈÙÈ~

Úˆöã˛yÓ˚ÛÈÙÈ~ (Nature) ï˛yÓ˚ àˆÏÓ£Ïîy ˛õe “Biodiversity hotspots for conservation priorities.”
xÌ≈yÍ ÚÚ§ÇÓ˚«˛ˆÏîÓ˚ à%Ó˚%c !òˆÏï˛ ç#Ó˜ÏÓ!ã˛eƒ •ê˛flõê˛ÛÛÈÙÈ~Ó˚ ôyÓ˚öy ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚ö–

ˆüÎ˚yÓ˚ §¡õy!òï˛ ç#Ó˜ÏÓ!ã˛eƒ •ê˛flõê˛ üƒy˛õÈÙÈ~ xhsˇû%%˛≈!=˛Ó˚ çöƒ ˆÜ˛yö Óy›xM˛ˆÏ°Ó˚ (ecoregion)
2!ê˛ üyöò[˛ xï˛ƒyÓ¢ƒÜ˛#Î˚ (strict criteria) !•ˆÏ§ˆÏÓ àîƒ Ü˛ˆÏÓ˚ö– (1) ~•z xM˛°à%!°ˆÏï˛ ö)ƒöï˛ü

˛õ,!ÌÓ#Ó˚ 0.5% Óy 1500!ê˛ ~ˆÏu˛!üÜ˛ öy°#Ü˛yÓy![˛°Î%=˛ í˛z!qˆÏòÓ˚ ≤Ãçy!ï˛ (endemic vascular plant
species) ÌyÜ˛ˆÏï˛ •ˆÏÓ ~ÓÇ (2) !Ó!û˛ß¨ Ü˛yÓ˚ˆÏî ~•z xM˛°à%!°Ó˚ ≤ÃyÌ!üÜ˛ Óöyö#ÈÙÈÓy§fiÌyö (Primary
habit of vegetation) 70% ~Ó˚ ˆÓ¢# !ÓöT˛ xÓfiÌy •ˆÏï˛ •ˆÏÓ–

üyÎ˚y§≈ ~Ó˚ üyöò[˛ xö%ÎyÎ˚# §yÓ˚y ˛õ,!ÌÓ# ç%ˆÏí˛¸ Óï≈˛üyˆÏö 36˛!ê˛ ç#Ó˜ÏÓ!ã˛eƒ •ê˛flõê˛ !ã˛!•´ï˛ •ˆÏÎ˚ˆÏåÈ–

~•z xM˛°à%!° ˛õ,!ÌÓ#Ó˚ ≤ÃyÎ˚ 60 ¢ï˛yÇ¢ í˛z!qòñ ˛õy!áñ hflÏöƒ˛õyÎ˚#ñ §Ó˚#§,˛õ ~ÓÇ í˛zû˛ã˛Ó˚ ≤Ãçy!ï˛ ˆòáy

ÎyÎ˚– ~ˆÏòÓ˚ üˆÏôƒ x!ôÜ˛yÇ¢•z ~ˆÏu˛!üÜ˛ ≤Ãçy!ï˛– ~ˆÏòÓ˚ üˆÏôƒ ˆÜ˛yö ˆÜ˛yö •ê˛flõê˛ÈÙÈ~ 15,000 ˛õÎ≈hsˇ

~ˆÏu˛!üÜ˛ ≤Ãçy!ï˛ Ó˚ˆÏÎ˚ˆÏåÈ ~ÓÇ ˆÜ˛yö ˆÜ˛yö •ê˛flõê˛ÈÙÈ~Ó˚ 95% fl∫yû˛y!ÓÜ˛ Óy§fiÌyö (natural habitat)
!ÓöT˛ •ˆÏÎ˚ ˆàˆÏåÈ–

≤ÃÌˆÏü !ã˛!•´ï˛ 25!ê˛ ç#Ó˜ÏÓ!ã˛e •ê˛flõê˛ ˛õ,!ÌÓ#Ó˚ 11.8% û)˛˛õ,¤˛ x!ôÜ˛yÓ˚ Ü˛ˆÏÓ˚!åÈ°– •z•y Óï≈˛üyˆÏö

36!ê˛ ˆï˛ Ó,!Âô ˆ˛õˆÏÎ˚ §ü@ˇÃ ˛õ,!ÌÓ# ˛õ,ˆÏ¤˛Ó˚ 15.7% ˛xˆÏ˛õ«˛y ˆÓ¢# xM˛° ç%ˆÏí˛¸ !Óhfl,Ïï˛– !Ü˛v •z•yÓ˚

85% xM˛° !Ó°%Æ •ˆÏÎ˚ ˆàˆÏåÈ– •z•yÓ˚ ú˛ˆÏ° ˛õ,!ÌÓ#Ó˚ ≤ÃyÎ˚ 60% fiÌ°ç ç#Ó ≤Ãçy!ï˛ ˆÜ˛Ó° üye

2.4% fiÌ°û)˛!üˆÏï˛ Ó§Óy§ Ü˛ˆÏÓ˚–

üyÎ˚y§≈ÈÙÈ~Ó˚ üyöò[˛ (Myer’s criteria) ~ÓÇ 2000ÈÙÈ~ ïÑ˛yÓ˚ §¡õy!òï˛ •ê˛flõê˛ üƒy˛õ xö%ÎyÎ˚#

!üê˛yÓ˚!üÎ˚yÓ˚ ≤Ãü%á !ÓK˛yö#Ó˚y (Mittermeier et al., 2011)ÈÙÈ~ •y•zˆÏí˛°Óyà≈ ‘Springer’ !ÓK˛yö

˛õ!eÜ˛yÎ˚ !Ó!û˛ß¨ ü•yˆÏò¢ xö%ÎyÎ˚# 36!ê˛ ç#Ó˜ÏÓ!ã˛eƒ •ê˛flõê˛ÈÙÈ~Ó˚ ï˛y!°Ü˛y ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚ö– ˆ§•z §ˆÏAà

10!ê˛ §Óã˛y•zˆÏï˛ !Ó˛õß¨ •ê˛flõê˛ÈÙÈ~Ó˚ í˛zˆÏÕ‘áÄ Ü˛ˆÏÓ˚ö–

16.6.1 ö#ˆÏã˛ !Ó!û˛ß¨ ü•yˆÏò¢ xö%ÎyÎ˚# 10!ê˛ ≤Ãã˛[˛ !Ó˛õß¨ •ê˛flõê˛ S*ï˛yÓ˚y!ã˛•´ !öˆÏò≈!¢ï˛V §• 36!ê˛

ç#Ó˜ÏÓ!ã˛e •ê˛flõê˛ÈÙÈ~Ó˚ ï˛y!°Ü˛y ˆòÄÎ˚y •° ı

I. í˛z_Ó˚ ~ÓÇ üôƒ xƒyˆÏü!Ó˚Ü˛y (North and Central America) :

1. Ü˛ƒy!°ˆÏú˛y!ö≈Î˚y ˆúœ˛y!Ó˚§!ê˛Ü˛ ≤Ã!û˛™ (California Floristic Province)

*2. üƒy!í»˛Î˚yö ˛õy•zöÈÙÈÄÜ˛ í˛zí˛°ƒyu˛§‰ (Madrian Pine-Oak Woodlands)
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3. Ü˛ƒy!Ó˚!ÓÎ˚yö xy•z°ƒyu˛§ (Caribbean Islands)

*4. ˆüˆÏ§yxƒyˆÏü!Ó˚Ü˛y (Mesoamerica)

5. ˛öÌ≈ xƒyˆÏü!Ó˚Ü˛yö ˆÜ˛yfiê˛y° ˆ≤’ö (North American Coastal Plain)

II. ò!«˛î xƒyˆÏü!Ó˚Ü˛y (South America) :

*6. ˆ§Ó˚yˆÏí˛y (Cerrado)

7. ê˛Δ!˛õÜ˛ƒy° xƒyˆÏu˛§ (Tropical Andes)

*8. xƒyê˛°y!rê˛Ü˛ ú˛ˆÏÓ˚fiê˛ (Atlantic Forest)

9. !ã˛!°Î˚yö í z̨•zrê˛yÓ˚ ˆÓ˚öú˛° û˛ƒy°!í˛!û˛Î˚yö ú˛ Ï̂Ó˚fiê˛ (Chilean Winter-Rainfall-Valdivian
Forests)

10. ê˛yˆÏ¡∫§ÈÙÈˆã˛yˆÏÜ˛y üƒyàí˛yˆÏ°öy (Tumbes-Choco-Magdalena)

III. ~!¢Î˚y ˆ˛õƒ!§!ú˛Ü˛ (Asia Pacific) :

*11. ˛˛õ)Ó≈ !•üy°Î˚ (Eastern Himalaya)

12. û˛yÓ˚ˆÏï˛Ó˚ ˛õ!ÿ˛üâyê˛ ~ÓÇ ◊#°AÜ˛y (Western Ghats of India and Srilanka)

*13. •zˆÏ®yÓyü≈yñ û˛yÓ˚ï˛ ~ÓÇ üyÎ˚yöüyÓ˚ (Indo-Burma, India and Mayanmar)

14. !öí˛z Ü˛ƒyˆÏ°ˆÏí˛y!öÎ˚y (New Caledonia)

15. !öí˛z!ç°ƒyu˛ (New Zealand)

*16. ˛õ!°ˆÏö!¢Î˚yÈÙÈüy•zˆÏÜ ˛yˆÏö!¢Î˚y (Polynesia-Micronesia)

17. çy˛õyö (Japan)

18. •zfiê˛ ˆü°yˆÏö!¢Î˚yö xy•z°ƒyu˛§‰ (East Melanesian Islands)

*19. !ú˛!°!˛õö‰§ (Philippines)

20. §%®y°ƒyu˛ (Sundaland)

21. §y•zÌÈÙÈÄˆÏÎ˚fiê˛ xˆÏfiê˛Δ!°Î˚y (South-West Australia)

22. •zfiê˛yö≈ xˆÏfiê˛Δ!°Î˚y (Eastern Australia)

23. ÄÎ˚y°y!§Î˚y (Wallacea)

24. xí˛zˆÏÜ˛¢y§ (Aucasus)

25. •zÓ˚yˆÏöyÈÙÈxƒyöyˆÏê˛y!°Î˚yö (Irano-Anatolian)

26. üyí˛zˆÏrê˛•zö§‰ xÓ §yí˛zÌ ÄˆÏÎ˚fiê˛ ã˛yÎ˚öy (Mountains of South West China)



271NSOU 5CC-BT-02

D: \ Suvendu \ NSOU\NEP/ 5CC-BT-02
Unit- 13-17 \ 2nd Proof  \ (Dt. 19.03.2025)

IV. ˆ§rê˛Δy° ~!¢Î˚y (Central Asia) :

27. üyí˛zˆÏrê˛•zö‰§ xÓ ˆ§rê˛Δy° ~!¢Î˚y (Mountains of Central Asia)

V. •zí˛zˆÏÓ˚y˛õ (Europe) :

28. ˆü!í˛ˆÏê˛Ó˚y!öÎ˚yö ˆÓ!§ö (Mediterranean Basin)

VI. xy!ú ˛Ü˛y (Africa) :

*29. ˆÜ˛yfiê˛y° ú˛ˆÏÓ˚fiê˛ xÓ xy!ú ˛Ü˛y (Coastal Forests of Africa)

30. •zfiê˛yö≈ xyˆÏú ˛yüöˆÏê˛ö (Eastern Afromontane)

31. !à!öÎ˚yö ú˛ˆÏÓ˚fiê˛ xÓ ÄˆÏÎ˚fiê˛ xy!ú ˛Ü˛y (Guinean Forests of West Africa)

32. •ö≈ xÓ xy!ú ˛Ü˛y (Horn of Africa)

33. üyòyàyflÒyÓ˚ xƒyu˛ òƒ •z!u˛Î˚yö Ä¢yö xy•z°ƒyu˛§‰ (Madagascar and the Indian
Ocean Islands)

34. §yÜ%˛ˆÏ°rê˛ Ü˛yÓ˚% (Succulent Karoo)

*35. ˆÜ˛˛õ ˆúœ˛yÓ˚y° !Ó˚!çÎ˚ö (Cape Floral Region)

36. üƒy˛õ%ê˛y°ƒyu˛ÈÙÈ˛õˆÏu˛y°ƒyu˛ÈÙÈxƒy°Óy!ö (Maputaland-Pondaland-Albuny)

16.6.2 û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ ç#Ó˜ÏÓ!ã˛e •ê˛flõê˛ (Biodiversity Hotspots in India)

Ü˛öçyÓ˚ˆÏû˛¢ö •zrê˛yÓ˚öƒy¢öy° (Conservation International)ÈÙÈ~Ó˚ ï˛y!°Ü˛y xö%§yˆÏÓ˚ !ÓˆÏŸªÓ˚

36!ê˛ ç#Ó˜ÏÓ!ã˛e •ê˛flõê˛ÈÙÈ~Ó˚ üˆÏôƒ 4!ê˛ û˛yÓ˚ï˛#Î˚ û)˛ÈÙÈáˆÏ[˛Ó˚ xÇ¢ !ÓˆÏ¢£Ï xhsˇû%%˛≈=˛ Ü˛ˆÏÓ˚ˆÏåÈ S!ã˛e 19.2V–

~à%!° •°ÈÙÙÙÈ

1. ˛õ)Ó≈ÈÙÈ!•üy°Î˚ Sˆö˛õy°ñ û˛yÓ˚ï˛ñ û)˛ê˛yöñ !ã˛ö ~ÓÇ üyÎ˚yöüyÓ˚ÈÙÈ~ xÓ!fiÌï˛ !•üy°Î˚V–

2. ˛õ!ÿ˛üâyê˛ Ä ◊#°AÜ˛y S˛õ!ÿ˛üâyê˛ ~ÓÇ ◊#°AÜ˛yV

3. •zˆÏ®yÈÙÈÓyü≈y Sí˛z_Ó˚ÈÙÈ˛õ)Ó≈ û˛yÓ˚ï˛ ~ÓÇ üyÎ˚yöüyÓ˚V–

4. §%®y°ƒyu˛§ S!öˆÏÜ˛yÓÓ˚ m#˛õ˛õ%Oñ •zˆÏ®yˆÏö!¢Î˚yñ !§Aày˛õ%Ó˚ñ Ó %ˆÏö•z ~ÓÇ !ú˛!°!˛õˆÏÎ˚™V–

1. ˛õ)Ó≈ !•üy°Î˚ (Eastern Himalaya) : !Óhfl,Ï!ï˛ û˛yÓ˚ï˛ÓˆÏ£Ï≈ !§!Ü˛üñ òy!ç≈!°Ç •ˆÏÎ˚ í˛z_Ó˚˛õ)Ó≈

Ó˚yçƒ ˆÎüö í˛zFã˛ xy§yüñ ˆüây°Î˚ñ xÓ˚%îyã˛° ≤ÃˆÏòˆÏ¢Ó˚ ˆ°y!•ï˛ öò# ˛õÎ≈hsˇ !Óhfl,Ïï˛– ~áyˆÏö xˆÏöÜ˛

àû˛#Ó˚ ~ÓÇ xô≈!Ó!FåÈß¨ í˛z˛õï˛ƒÜ˛y (deep and semi-isolated valleys) ˛õ,!ÌÓ#Ó˚ í˛zFã˛ï˛ü ˛õÓ≈ï˛¢,Aà

üyí˛zrê˛ ~û˛yˆÏÓ˚fiê˛ åÈyí˛¸yÄ ˆÓ¢!Ü˛å%È í˛zFã˛ ˛õÓ≈ï˛¢,Aà ˆÎüö K2, Ü˛yOöçAâyñ !§Aày!°°y ˛õÓ≈ï˛üy°y ~áyˆÏö

xÓ!fiÌï˛– ~áyˆÏö 10,000 ~Ó˚ x!ôÜ˛ ≤Ãçy!ï˛Ó˚ í˛z!qò Ó˚ˆÏÎ˚ˆÏåÈ ÎyÓ˚ ~Ü˛ ï,˛ï˛#Î˚yÇ¢•z ~ˆÏu˛!üÜ˛ ≤ÃÜ,˛!ï˛Ó˚–
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2. ˛õ!ÿ˛üâyê˛ Ä ◊#°AÜ˛y (Western Ghat and Srilanka) : û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ ˛õ!ÿ˛üâyê˛ xM˛°

û˛yÓ˚ï˛#Î˚ í˛z˛õm#˛õ (Indian Peninsula)ÈÙÈÓ˚ ˛õ!ÿ˛ü í˛z˛õÜ)˛° ÓÓ˚yÓÓ˚ ü•yÓ˚yT˛Δñ Ü˛î≈yê˛Ü˛ñ ï˛y!ü°öyí˛¸% Ä

!ã˛e 16.2 : û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ 4!ê˛ ç#Ó˜ÏÓ!ã˛e •ê˛flõê˛

û˛yÓ˚ˆÏï˛Ó˚ üyö!ã˛e

û˛yÓ˚ˆÏï˛Ó˚ ç#Ó˜ÏÓ!ã˛e xM˛° §ü)•

!•üy°Î˚

•zˆÏ®yÈÙÈÓyü≈y

§%®y°ƒyu˛

ÄˆÏÎ˚T˛yö≈âyê˛ ~ÓÇ ◊#°AÜ˛y



273NSOU 5CC-BT-02

D: \ Suvendu \ NSOU\NEP/ 5CC-BT-02
Unit- 13-17 \ 2nd Proof  \ (Dt. 19.03.2025)

ˆÜ˛Ó˚y°yÓ˚ 1,60,000 Óà≈!Ü˛ˆÏ°y!üê˛yÓ˚ !Óhfl,Ïï˛ xÇ¢ !öˆÏÎ˚ à!ë˛ï˛– xàhflÏƒüy°y•z ˛õy•yí˛¸ (Agasthyamalai
hills), §y•zˆÏ°rê˛ û˛ƒy!° (Silent valley) ~ÓÇ !öí˛z xüÓ˚yüÓy°yü (New Amrambalam) !Ó˚çyû≈˛

~áyöÜ˛yÓ˚ !ï˛ö!ê˛ ≤Ãôyö ç#Ó˜ÏÓ!ã˛eƒ ˆÜ˛w–

◊#°AÜ˛yÓ˚ û)˛á[˛!ê˛ ò!«˛î û˛yÓ˚ˆÏï˛Ó˚ ü)° û)˛á[˛ ˆÌˆÏÜ˛ 48 !Ü˛!ü °¡∫yñ ≤ÃyÎ˚ 39.6 × 61.7 Óà≈!Ü˛!ü

xM˛° ç%ˆÏí˛¸ !Óhfl,Ïï˛ ˆ§ï%˛Órô (Adama bridge) Óy ¢,C° ˆ§ï%˛ (Chain bridge) myÓ˚y §ÇÎ%=˛–

~áyöÜ˛yÓ˚ ˆû˛Ôà!°Ü˛ ˛õ!Ó˚ˆÏÓ¢ñ ç°ÓyÎ˚% í˛z!qˆÏòÓ˚ x!û˛Óƒ!=˛ ≤ÃyÎ˚ ˛õ!ÿ˛üâyê˛ xM˛ˆÏ°Ó˚ xö%Ó˚)˛õ– ~•z

•ê˛flõˆÏê˛ ≤ÃyÌ!üÜ˛ í˛z!qò xM˛ˆÏ° !Óhfl,Ïï˛ ÓöyM˛ˆÏ°Ó˚ 22.6% ˛˛õ!ÿ˛üâyê˛ xM˛ˆÏ° ~ÓÇ üye 1.5%
◊#°AÜ˛yˆÏï˛ xÓ!¢T˛ xyˆÏåÈ–

˛õ!ÿ˛üâyê˛ Ä ◊#°AÜ˛y •ê˛flõê˛ xM˛ˆÏ° 6000ÈÙÈ~Ó˚Ä ˆÓ¢# û˛yfl%Ò°yÓ˚ í˛z!qò ≤Ãçy!ï˛ Ó˚ˆÏÎ˚ˆÏåÈ– •z•yˆÏòÓ˚

52% ~Ó˚ Ä˛õˆÏÓ˚ ~ˆÏu˛!üÜ˛ í˛z!qò–

3. •zˆÏ®yÓyü≈y xM˛° (Indo-Burma Region) : û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ í˛z_Ó˚˛õ)Ó≈ Ó ·˛õ%e öˆÏòÓ˚ ò!«˛îyÇ¢ñ

ÓyÇ°yˆÏòˆÏ¢Ó˚ ˛õ)Ó≈ xÇ¢ñ üyÎ˚yöüyÓ˚ ~ÓÇ ã˛#ˆÏöÓ˚ •zí˛zöyö ≤ÃˆÏòˆÏ¢Ó˚ ò!«˛î xÇ¢ ≤Ãû,˛!ï˛ !öˆÏÎ˚ 2 !ü!°Î˚ö

Óà≈!Ü˛ˆÏ°y!üê˛yÓ˚ ~°yÜ˛y ç%ˆÏí˛¸ !Óhfl,Ïï˛ ~•z ç#Ó˜ÏÓ!ã˛eƒ •ê˛flõê˛–

~•z xM˛° ç#Ó˜ÏÓ!ã˛ˆÏeƒ ˛õ!Ó˚)˛õî≈ •ˆÏ°Ä !Óàï˛ ˆÓ¢ !Ü˛å%È ò¢ˆÏÜ˛ ~áyöÜ˛yÓ˚ ç#Ó˜ÏÓ!ã˛eƒ !Ó˛õß¨

•ˆÏÎ˚ˆÏåÈ– ~•z xM˛ˆÏ° 13,500 í˛z!qò ≤Ãçy!ï˛Ó˚ üˆÏôƒ ≤ÃyÎ˚ xˆÏô≈Ü˛•z ~ˆÏu˛!üÜ˛–

4. §%®y°ƒyu˛ (Sundaland) : ò!«˛îÈÙÈ˛õ)Ó≈ ~!¢Î˚yÓ˚ ò%•z!ê˛ Ó,•Í m#˛õ˛õ%O §%üyey ~ÓÇ ˆÓy!ö≈Ä

~ÓÇ !öÓ˚«˛#Î˚ xM˛ˆÏ°Ó˚ 17,000 ˆåÈyê˛ ˆåÈyê˛ m#˛õ˛õ%O !öˆÏÎ˚ ~•z xM˛° à!ë˛ï˛– û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ !öˆÏÜ˛yÓÓ˚

m#˛õ˛õ%O ~•z •ê˛flõˆÏê˛Ó˚ xhsˇà≈ï˛– í˛z˛õÜ)˛°Óï≈˛# Óy°%ÈÙÈö%!í˛¸üÎ˚ xM˛ˆÏ° Ó,!T˛ xÓ˚îƒ (Rain forest) ~ÓÇ

xyo≈ Ü˛ò≈üy=˛ fiÌyˆÏö üƒyöˆÏ@ˇÃyû˛ xÓ˚îƒ ˆòáy ÎyÎ˚– ~áyˆÏö fiÌ°ç ~ÓÇ §yü%!oÜ˛ Óy›ï˛ˆÏsf ≤Ãã%˛Ó˚

ç#Ó˜ÏÓ!ã˛eƒ ˆòáy ÎyÎ˚– §ü@ˇÃ •ê˛flõê˛ xM˛° ç%ˆÏí˛¸ ≤ÃyÎ˚ 25000 û˛yfl%Ò°yÓ˚ í˛z!qò ≤Ãçy!ï˛ Ó˚ˆÏÎ˚ˆÏåÈ ÎyÓ˚

60% ~ˆÏu˛!üÜ˛–

16.7  xy•z. •zí˛z. !§. ~ö. (IUCN)

•zrê˛yÓ˚öƒy¢öy° •zí˛z!öÎ˚ö ú˛Ó˚ Ü˛öçyÓ˚ˆÏû≈˛¢yö xÓ ˆöã˛yÓ˚ ~u˛ öƒyã˛yÓ˚y° !Ó˚ˆÏ§yˆÏ§≈§ (IUCN) ÈÙÈ~Ó˚

!flõ!§§ §yû≈˛y•zÓy° Ü˛!ü¢ö (SSC) ÄÎ˚y°≈í˛ Ü˛öçyˆÏû≈˛¢yö ü!öê˛!Ó˚Ç ˆ§rê˛yÓ˚ (WCMC) ~Ó˚ §!•ï˛

Î%@¬û˛yˆÏÓ !ÓˆÏŸªÓ˚ !Ó!û˛ß¨ !Ó˛õß¨ ç#Ó ≤Ãçy!ï˛§ü)ˆÏ•Ó˚ ~Ü˛!ê˛ §Ó≈yAà#ö (comprehensive) ï˛y!°Ü˛y ≤Ã›ï˛

Ü˛ˆÏÓ˚ö– •z•y•z IUCN ˛ˆÓ˚í˛ !°fiê˛ Óy ˆÓ˚í˛ í˛yê˛y Ó%Ü˛ !•ˆÏ§ˆÏÓ ˛õ!Ó˚!ã˛ï˛–

§Ü˛° ç#Ó ≤Ãçy!ï˛Ó˚ °ˆÏ«˛ƒ !ÓŸª §ÇÓ˚«˛ˆÏîÓ˚ xÓfiÌyö (status) !öˆÏò≈!¢ï˛ §Óã˛y•zˆÏï˛ !Óhfl,Ïï˛ (most
comprehensive inventory) ~•z ˆÓ˚í˛ í˛yê˛y Ó%Ü˛– ï˛y•z •z•y ≤ÃÜ,˛ï˛˛õˆÏ«˛ !Ó˛õß¨ í˛z!qò ~ÓÇ ≤Ãyî#
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≤Ãçy!ï˛ §ü)ˆÏ•Ó˚ ö!Ìí˛zÍ§ Ó•z (source book)– xy•z. •zí˛z. !§. ~ö (IUCN) 1964ÈÙÈ~ •z•y ≤ÃÌü

≤ÃÜ˛y¢ Ü˛ˆÏÓ˚–

í˛É ˆÓ˚yöy”˛ ˆü°!û˛ˆÏÕ‘ñ 1970È ~ ˆÎ í˛yê˛y Ó%Ü˛ ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚ö ï˛y•yÓ˚ xyÓÓ˚î ˛õyï˛yÓ˚ (cover
page) ˛Ó˚Ç °y° ˆòÄÎ˚y •ˆÏÎ˚!åÈ°– §üˆÏÎ˚Ó˚ x@ˇÃà!ï˛Ó˚ §yˆÏÌ §yˆÏÌ xyˆÏÓ˚y xˆÏöÜ˛ IUCN ˆÓ˚í˛ í˛yê˛y

Ó%Ü˛ ≤ÃÜ˛y!¢ï˛ •ˆÏÎ˚ˆÏåÈ– ~ˆÏòÓ˚ üˆÏôƒ 1978ÈÙÈ~ !°í˛zÜ˛y§ ~ÓÇ §#öˆÏç (Lucas and Synge) Ü˛ï,≈˛Ü˛

≤ÃÜ˛y!¢ï˛ ‘IUCN ≤’yrê˛ ˆÓ˚í˛ í˛yê˛y Ó%Ü˛Ûñ 1989ÈÙÈ~ fiê˛Δy· (Strahm) Ü˛ï,≈˛Ü˛ ≤ÃÜ˛y!¢ï˛ ÚÚòƒ ≤’yrê˛ ˆÓ˚í˛

í˛yê˛y Ó%Ü˛ xÓ Ó˚!í»˛à§Û (The Plant Red Data Book of Rodrigues), 1995ÈÙÈ~ IUCN Ü˛ï,≈˛Ü˛

≤ÃÜ˛y!¢ï˛ ÚÚí»˛y˝˛ IUCN ˆÓ˚í˛ !°fiê˛ Ü˛ƒyê˛yˆÏày!Ó˚§ (Draft IUCN Red List categories) !ÓˆÏ¢£Ï

í˛zˆÏÕ‘áˆÏÎyàƒ– !Ó!û˛ß¨ !Ó˛õß¨ í˛z!qˆÏòÓ˚ ï˛y!°Ü˛y ÚÚòƒ ˆÓ˚í˛ !°fiê˛ÛÛ ≤ÃÌü ≤ÃÜ˛y!¢ï˛ •Î˚ 1997ÈÙÈ~– ˛õÓ˚Óï≈˛#ˆÏï˛

2006 ˆÌˆÏÜ˛ ≤Ã!ï˛ ÓåÈÓ˚ ò%ÈÙÈÓyÓ˚ •z•yÓ˚ §ÇflÒÓ˚î §ü)• (editions) ˛≤ÃÜ˛y!¢ï˛ •ˆÏÎ˚ xy§ˆÏåÈ– 2020 ˛õÎ≈hsˇ

41415 ≤Ãçy!ï˛Ó˚ í˛z!qò Ä ≤Ãyî# IUCN ˆÓ˚í˛ !°ˆÏfiê˛ xhsˇû%˛≈=˛ •ˆÏÎ˚ˆÏåÈ– •z•yˆÏòÓ˚ üˆÏôƒ 16306!ê˛ !Ó˛õß¨

≤Ãçy!ï˛ ≤ÃyÎ˚ !Ó°%!ÆÓ˚ ˛õˆÏÌ–

í˛É ~ü. !˛õ. öyÎ˚yÓ˚ ~ÓÇ ¢yflf# (1987, 1988, 1990) !ï˛öáˆÏ[˛ ï˛yˆÏòÓ˚ ˆÓ˚í˛ í˛yê˛y Ó%Ü˛ ~

û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ 619!ê˛ !Ó˛õß¨ í˛z!qˆÏòÓ˚ í˛zˆÏÕ‘á Ü˛ˆÏÓ˚ö–

16.8 °y° ï˛y!°Ü˛yû%˛=˛ !Ó˛õß¨ ≤Ãçy!ï˛Ó˚ !Óû˛yà (Red List of threatened
species)

!Ó!û˛ß¨ !Ó˛õß¨ ≤Ãçy!ï˛Ó˚ (Threatended species) !Ó˛õÎ≈ˆÏÎ˚Ó˚ xÓfiÌy!öÜ˛ üyö ≤ÃÜ˛yˆÏ¢Ó˚ çöƒ ˆÓ˚í˛

í˛yê˛y Ó%Ü˛ÈÙÈ~ Ü˛ï˛à%!° IUCN !Ó˛õß¨ ≤Ãçy!ï˛ ˆ◊î#Ó˚ (IUCN threatened categories) í˛zˆÏÕ‘á Ü˛Ó˚y

•ˆÏÎ˚ˆÏåÈ– ~à%!° •°ÈÙÙÙÈ

1. xÓ°%Æ (Extinct) ˛Óy EX : ~•z ˆ◊î#û%˛=˛ ç#Ó ÓyÓ˚ ÓyÓ˚ áÑ%ˆÏçÄ ˆÜ˛yö ~°yÜ˛y ˆÌˆÏÜ˛

xyÓ˚ ˛õyÄÎ˚y ÎyˆÏFåÈ öy– ôˆÏÓ˚ ˆöÄÎ˚y •Î˚ ˆÎ ~Ó˚y Óï≈˛üyˆÏö xÓ°%Æ •ˆÏÎ˚ ˆàˆÏåÈ– í˛zòy•Ó˚îÈÙÙÙÈÜ˛ƒy§!˛õÎ˚yö

Óyâ (Caspian tiger), ˆí˛yˆÏí˛y (Dodo), xƒyê˛°y§ û˛y°%Ü˛ (Atlas bear) ˛≤Ãû,˛!ï˛–

2. §ÇÜ˛ê˛y˛õß¨ (Endangered) Óy EN : ~•z §Ü˛° ≤Ãçy!ï˛ !Ó°%!ÆÓ˚ ˛õˆÏÌ– Óï≈˛üyö ≤Ã!ï˛Ü)˛°

ÓƒÓfiÌy Óy !Ü ˛Î˚yÜ˛°y˛õ ã˛°ˆÏï˛ ÌyÜ˛ˆÏ° ˆÎ ˆÜ˛yö §üˆÏÎ˚ ~Ó˚y !Ó°%Æ •ˆÏÎ˚ ˆÎˆÏï˛ ˛õyˆÏÓ˚– ≤ÃyÜ,˛!ï˛Ü˛ Ü˛yÓ˚ˆÏî

Óy üyö%ˆÏ£ÏÓ˚ !Ü ˛Î˚yÜ˛°yˆÏ˛õÓ˚ Ü˛yÓ˚ˆÏî ˛õ!Ó˚Ó!ï≈˛ï˛ ˛õ!Ó˚ˆÏÓˆÏ¢ ~üö ˛õÎ≈yˆÏÎ˚ ~ˆÏ§ ˆàˆÏåÈ ˆÎ ï˛yˆÏòÓ˚ ≤ÃyÜ,˛!ï˛Ü˛

ÓÇ¢Ó,!Âô §ÇÜ%˛!ã˛ï˛ •ˆÏÎ˚ ˆàˆÏåÈ–

í˛zòy•Ó˚îÈ ı È~!¢Î˚y!ê˛Ü˛ •y!ï˛ (Asiatic elephants), ~!¢Î˚y!ê˛Ü˛ !§Ç• (Asiatic lion), ö#°
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!ï˛!ü (Blue whale) ≤Ãû,˛!ï˛ ≤Ãyî# ~ÓÇ xy°ú˛y°ú˛y xyˆÏÓ≈y!Ó˚Î˚y (Alfalfa arborea), xƒyˆÏrÌyˆÏ§Ó˚§

ˆö§# (Anthoceros nessii), Ó˚ƒyüöy§ •zöˆÏê˛!@ˇÃˆÏú˛y!°Î˚y§ (Rhamnas integrifolius) ≤Ãû,˛!ï˛ í˛z!qò–

3. xÓ˚!«˛ï˛ Óy û˛y°öyˆÏÓ˚Ó° (Vulnerable) Óy ‘V’ : Óy§fiÌyö !ÓöT˛ •ˆÏÎ˚ ÎyÓyÓ˚ Ü˛yÓ˚ˆÏî

~ÓÇ ˛õ!Ó˚ˆÏÓ¢ ˛õ!Ó˚Ó!ï≈˛ï˛ •ÓyÓ˚ Ü˛yÓ˚ˆÏî ~•z §Ü˛° ≤Ãçy!ï˛ ï˛yˆÏòÓ˚ fl∫yû˛y!ÓÜ˛ Óöƒ Óy§fiÌyö (wild
habitat) ˆÌˆÏÜ˛ Ü ˛üyß∫ˆÏÎ˚ !Ó°%!ÆÓ˚ ˛õˆÏÌ ~!àˆÏÎ˚ ÎyˆÏFåÈ–

í˛zòy•Ó˚î ı û˛yÓ˚ï˛#Î˚ à[˛yÓ˚ (Indian Rhinoceros), ˆÓ˚í˛ ˛õyu˛y (Red Panda), ˛ˆ˛õy°yÓ˚ !ÓÎ˚yÓ˚

(Polar Bear) ˛≤Ãû,˛!ï˛ ≤Ãyî# ~ÓÇ xƒyÜ˛y!§Î˚y Ü˛•zÎ˚y (Acacia koaia), ~!Ó§ ˆflÒyÎ˚yüyê˛y (Abies
squamata), Ü˛ƒy°yüy§ ˆê˛ö%•z§ (Calamus tenuis) ≤Ãû,˛!ï˛ í˛z!qò–

4. !ÓÓ˚° (Rare) Óy ‘R’ : ~•z !Óû˛yˆÏàÓ˚ xhsˇû%˛≈=˛ ç#Ó ≤Ãçy!ï˛Ó˚y ~áˆÏöy í˛z˛õˆÏÓ˚Ó˚ í˛z!Õ‘!áï˛

ˆ◊î#û%˛=˛ •Î˚!ö– !Ü˛v ~Ó˚y ˆÜ˛yö !ö!ò≈T˛ ˆû˛Ôà!°Ü˛ ~°yÜ˛yÎ˚ §#üyÓÂô •ˆÏÎ˚ xy§ˆÏåÈ– !Óhfl,Ïï˛ xM˛ˆÏ°

á%Ó•z fl∫“ §ÇáƒyÎ˚ ˆÜ˛Ó° !Ó!«˛Æ û˛yˆÏÓ ˆòáy ÎyÎ˚–

í˛zòy•Ó˚î ı çyˆÏÎ˚rê˛ ˛õyu˛y (Giant Panda), ÄÎ˚y•z”˛ ÓƒyÜ˛!ê˛ΔÎ˚yö Ü˛ƒyˆÏü° (Wild Bactrian
Camel), !ã˛ï˛y (Cheetah), ˛!ú˛!°˛õy•zö {à° (Philippine Eagle), üyí˛z•z í˛°!ú˛ö (Maui
dolphin) ˛≤Ãû,˛!ï˛ ≤Ãyî# ~ÓÇ Ó˚yˆÏúœ˛!§Î˚y xyÓ˚ö!”˛ (Rafflesia arnoldii), !öˆÏ˛õö!Ì§ ˆê˛öy:

(Nepenthes tenax), xƒyüÓ˚ˆÏú˛yú˛ƒy°y§ !ê˛ê˛yöyü (Amorphophalus titanum) ≤Ãû,˛!ï˛ í˛z!qò–

5. x!öî≈#ï˛ (Indeterminate) Óy ‘I’ : ˆÜ˛yö ˛≤Ãçy!ï˛ Ï̂Ü˛ !ö!ÿ˛ï˛û˛y Ï̂Ó §ÇÜ˛ê˛y˛õß̈ñ xÓ̊!«˛ï˛ñ !ÓÓ̊°

ü Ï̂ö Ü˛Ó̊y • Ï̂°Ä ~ Ï̂òÓ̊ §¡õ Ï̂Ü≈̨  !ö!ò≈T˛ !Ó˛õß̈ ˆ◊î# Ï̂ï˛ xhsˇû%̨ ≈!=˛Ó̊ ü Ï̂ï˛y ˛õÎ≈yÆ ï˛Ìƒ çyöy ˆö•z–

6. Óöƒò¢yÎ˚ xÓ°%Æ (Extinct in the wild) Óy EW : ~•z ˆ◊î#û%˛=˛ ≤Ãçy!ï˛Ó˚y Óöƒ ò¢yÎ˚

xÓ°%Æ– !Ü˛å%È !Ü˛å%È ç#!Óï˛ §ò§ƒ ˆÜ˛Ó° §Çà,!•ï˛ xÓfiÌyÎ˚ (captivity) Óy xM˛°#û)˛ï˛ (naturalised)
xÓfiÌyÎ˚ ï˛yˆÏòÓ˚ ≤ÃÜ,˛ï˛ !ÓhflÏyÓ˚ §#üyÓ˚ Óy•zˆÏÓ˚ ÓÑy!ã˛ˆÏÎ˚ Ó˚yáy •ˆÏÎ˚ˆÏåÈ–

í˛zòy•Ó˚î ı í˛z•zÄ!ü≈Ç Óƒyä (Wyoming toad), Ü˛ƒyê˛y!Ó˚öy !Ü˛í˛zxy˛õ üyåÈ (Catarina Qup Fish)
≤Ãû,˛!ï˛ ≤Ãyî# ~ÓÇ Ü˛!Ó˚ú˛y ê˛ƒ!°ˆÏÎ˚Ó˚y (Corypha taliera), ˛ˆÓ˚yˆÏí˛yˆÏí˛öí»˛ö Ü˛yˆÏö!•!Ó˚ (Rhododendron
kanehirae), ˆÓê%˛°y §‰çyˆÏú˛ö (Betula Szaferi), üƒy!çˆÏú˛Ó˚y Ü˛ƒy§ê˛yü (Mangifera casturi)
≤Ãû,˛!ï˛ í˛z!qò–

7.     ˛ã˛Ó˚ü §ÇÜ˛ê˛y˛õß¨ (Critically Endangered) Óy ‘CE’ : ~•z §Ü˛° ≤Ãçy!ï˛ Óöƒ ò¢yÎ˚

(wild condition) ã˛Ó˚ü §ÇÜ˛ê˛y˛õß¨ ÎyÓ˚ ú˛ˆÏ° xò)Ó˚ û˛!Ó£ÏƒˆÏï˛ ~Ó˚y !Ó°%!ÆÓ˚ ˛õˆÏÌ–

í˛zòy•Ó˚î ı xy!ú ˛Ü˛yö Ó%ˆÏöy àyôy (African wild Ass), ˛~!¢Î˚y!ê˛Ü˛ !ã˛ï˛y (Asiatic Cheetah),
ˆây!Ó˚Î˚y° (Gharial) ≤Ãû,˛!ï˛ ≤Ãyî# ~ÓÇ xy•zˆÏ§y•z!ê˛§ §y•zˆÏöö!§§ (Isoetes sinensis), ~!Ó§

ˆöˆÏÓ yˆÏí˛ö!§§ (Abies nebrodensis), ˛õƒy!ú˛ÄˆÏ˛õ!í˛Î˚yü ê˛y•z!@ˇÃöyü (Paphiopedium tigrinum),
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!fiê˛ΔÜ˛ö§ ˆê˛ê˛ΔyˆÏàyöy (Strychnos tetragona) ˛˛≤Ãû,˛!ï˛ í˛z!qò–

8.     ˛≤ÃyÎ˚ §ÇÜ˛ê˛y˛õß¨ (Near Threatende) ˛Óy ‘NT’ : ~•z ≤Ãçy!ï˛ §Ü˛° xò)Ó˚ û˛!Ó£Ïƒï˛

§ÇÜ˛ê˛y˛õß¨ •ˆÏÎ˚ ÎyÓyÓ˚ §Ω˛yÓöy Î%=˛–

í˛zòy•Ó˚î ı ~!¢Î˚yö ˆ§yöy°# ˆÓí˛¸y° (Asian golden cat), çyà%Î˚yÓ˚ (Jaguar), §yòy à[˛yÓ˚

(White Rhinoceros), ˆ°˛õyí≈˛ (Leopard) ˛≤Ãû,˛!ï˛ ≤Ãyî# ~ÓÇ xƒyày!Ì§ üƒyˆÏÜ ˛yú˛y•z°y (Agathis
macrophylla), ê˛ƒy:y§ ˆÓ !û Į̈ú˛!°Î˚y (Taxus brevifolia), í˛y Ï̂Î˚yflõy•zÓ˚§ Ä Ï̂Î˚!ç Ï̂Ó˚!™§ (Diospyros
wajirensis) ≤Ãû,˛!ï˛ í˛z!qò–

9.     ˛ö%ƒöï˛ü !ÓˆÏÓã˛öyô#ö (Least concern) Óy ‘LC’ : ~•z §Ü˛° ≤Ãçy!ï˛Ó˚ !Ó˛õß¨ï˛yÓ˚ §Ω˛yÓöy

á%Ó•z §yüyöƒ (lowest risk)– ï˛y•z ~Ó˚y !Ó˛õß¨ï˛yÓ˚ ˆ◊î#û%˛!=˛ˆÏï˛ @ˇÃ•îˆÏÎyàƒ öÎ˚– ~ˆÏòÓ˚ ≤Ãyã%˛Î≈ §Ó≈e

ˆòáy ÎyÎ˚–

í˛zòy•Ó˚î ı •z!u˛Î˚yö ˛õ# ú˛yí˛z° (Indian Pea Fowl), ˛ˆÓÓ%ö (Baboon), ç#Ó˚ú˛ (Giraffe),
≤’y!ê˛˛õy§ (Platipus), ≤Ãû,˛!ï˛ ≤Ãyî# ~ÓÇ ~!Ó§ xƒy°Óy (Abies alba), ˛ˆ§í»˛y§ !í˛ÄòyÓ˚y (Cedrus
deodara), ày!§≈!öÎ˚y Ä˛õy°y (Garcinia opala), ˆÜ˛Î˚yÓ˚Ü˛y§ ˆí˛öˆÏê˛ê˛y (Quercus dentata) ˛≤Ãû,˛!ï˛

í˛z!qò–

10. ˆí˛ê˛y x§¡õ)î≈ (Data deficient) Óy ‘DD’ : ~•z §Ü˛° ≤Ãçy!ï˛ˆÏòÓ˚ !Ó˛õß¨ï˛y §¡õ!Ü≈˛ï˛

ö!Ì x§¡õ)î≈ï˛yÓ˚ Ü˛yÓ˚ˆÏî ~ˆÏòÓ˚ §ÇÜ˛ê˛y˛õß¨ï˛yÓ˚ ü)°ƒyÎ˚ö Ü˛Ó˚y ÎyÎ˚ !ö–

11. ü)°ƒyÎ˚ö !Ó•#ö (Not evaluated) ˛Óy NE : ~•z §Ü˛° ≤Ãçy!ï˛ˆÏòÓ˚ !Ó˛õß¨ï˛yÓ˚ !öÓ˚#ˆÏá

ˆÜ˛yö ü)°ƒyÎ˚ö •Î˚!ö–

16.9 û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ !Ó˛õß¨ í˛z!qò (Rare and threatened plants of India)

û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ ç°ÓyÎ˚% û)˛!ã˛e ~ÓÇ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ !ÓhflÏÓ˚ ˜Ó!ã˛ˆÏeƒÓ˚ (wide diversity) Ü˛yÓ˚ˆÏî

û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ í˛z!qò§üy•yÓ˚ (Flora) ÎˆÏÌT˛ §ü,Âô ~ÓÇ ˜Ó!ã˛eƒ˛õ)î≈– ~áyˆÏö 15,000ÈÙÈ~Ó˚ Ä˛õÓ˚ §˛õ%‹ÒÜ˛

í˛z!qò§• ≤ÃyÎ˚ 50,000 !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ í˛z!qò ≤Ãçy!ï˛ Ó˚ˆÏÎ˚ˆÏåÈ– !ö!Ó≈ã˛yˆÏÓ˚ ôùÇˆÏ§Ó˚ Ü˛yÓ˚ˆÏî xˆÏöÜ˛ ≤Ãçy!ï˛•z

xyç !Ó˛õß¨ •ˆÏÎ˚ ˛õˆÏí˛¸ˆÏåÈ– ò)£Ïîñ !ÓŸª í˛z£÷yÎ˚ö ~ÓÇ Óy§fiÌyö !ÓöˆÏT˛Ó˚ (global warming and habitat
loss) Ü˛yÓ˚ˆÏî xˆÏöÜ˛ í˛z!qò ≤Ãçy!ï˛ xyç !Ó°%Æ •ˆÏÎ˚ˆÏåÈ– xˆÏöÜ˛ í˛z!qò•z xyç !ÓÓ˚° ~ÓÇ !Ó˛õß¨

(rare and endangered)–

xyç ˆÌˆÏÜ˛ ≤ÃyÎ˚ Ü˛ˆÏÎ˚Ü˛ •yçyÓ˚ ÓåÈÓ˚ xyˆÏà ˛õ,!ÌÓ#Ó˚ xÓ˚îƒ xM˛ˆÏ°Ó˚ xyÎ˚ï˛ö !åÈ° 800 ˆÜ˛y!ê˛

ˆ•QÓ˚ñ ÎyÓ˚ ˛õ!Ó˚üyö xyç 304.2 ˆÜ˛y!ê˛ ˆ•QÓ˚– û˛yÓ˚ï˛ÓˆÏ£Ï≈Ä xÓ˚ˆÏîƒÓ˚ ˛õ!Ó˚üyî Ü˛ˆÏü ~Ü˛ÈÙÈï,˛ï˛#Î˚yÇˆÏ¢

òy!í˛¸ˆÏÎ˚ˆÏåÈ– !ö!Ó≈ã˛yˆÏÓ˚ ~•z xÓ˚îƒ ôùÇˆÏ§Ó˚ Ü˛yÓ˚ˆÏî xˆÏöÜ˛ ≤Ãçy!ï˛ !Ó°%Æ •ˆÏÎ˚ˆÏåÈ– ~åÈyí˛¸yÄ xyˆÏÓ˚y xˆÏöÜ˛
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í˛z!qò ≤Ãçy!ï˛ xyç !ÓÓ˚°ñ !Ó˛õß¨ !Ü˛ÇÓy ~áˆÏöy !Ó°%!ÆÓ˚ ˛õˆÏÌ– ˆÎ §Çáƒy xyç 450-~Ó˚ Ä ˆÓ¢#

~ˆÏ§ òy!í˛¸ˆÏÎ˚ˆÏåÈ– ï˛y•z ~ˆÏòÓ˚ !Ó°%!ÆÓ˚ •yï˛ ˆÌˆÏÜ˛ ÓÑyã˛yˆÏï˛ ÎÌyÎÌ §ÇÓ˚«˛î x!ï˛ o%ï˛ ≤ÃˆÏÎ˚yçö–

ˆÓ¢ !Ü˛å%È í˛z!qò ≤Ãçy!ï˛Ó˚ §Çáƒy É

Óï≈˛üyö ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ §yˆÏ˛õˆÏ«˛ û˛#£Ïîû˛yˆÏÓ Ü˛ˆÏü !àˆÏÎ˚ˆÏåÈ– ~Ó˚y ~Ü˛!ê˛ !ö!ò≈T˛ ˆû˛Ôà!°Ü˛ ~°yÜ˛yÎ˚

§#üyÓÂô •ˆÏÎ˚ ˛õˆÏí˛¸ˆÏåÈ– ˆÜ˛yö ˆÜ˛yö ≤Ãçy!ï˛Ó˚ x“ Ü˛ˆÏÎ˚Ü˛!ê˛ üye í˛z!qò !Ó!«˛Æû˛yˆÏÓ åÈí˛¸yˆÏöy xyˆÏåÈ–

ï˛y•z •z•yÓ˚y !ÓÓ˚°–

xyÓyÓ˚ ˆÓ¢ !Ü˛å%È í˛z!qˆÏòÓ˚ ÓÇ¢!ÓhflÏyÓ˚ ≤ÃyÜ,˛!ï˛Ü˛ xÓfiÌyÎ˚ !Ü˛ÇÓy ˛õ!Ó˚ˆÏÓ¢ ôùÇˆÏ§Ó˚ Ü˛yÓ˚ˆÏî Ü ˛ˆÏü

§#!üï˛ •ˆÏÎ˚ xy§ˆÏåÈ– ~Ó˚ ú˛ˆÏ° ~Ó˚y Óï≈˛üyö ˛õ!Ó˚ˆÏÓˆÏ¢ ÎˆÏÌT˛ !Ó˛õß¨ ~ÓÇ ÎÌyÎÌ ÓƒÓfiÌy myÓ˚y §ÇÓ˚«˛î

öy Ü˛Ó˚y •ˆÏ° ~Ó˚y á%Ó x“ §üˆÏÎ˚Ó˚ üˆÏôƒ•z !Ó°%Æ •ˆÏÎ˚ ˆÎˆÏï˛ ˛õyˆÏÓ˚–

!öˆÏ¡¨ û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ !Ü˛å%È !ÓÓ˚° Ä !Ó˛õß¨ í˛z!qˆÏòÓ˚ öyü í˛zˆÏÕ‘á Ü˛Ó˚y •°ÈÙÙÙÈ

§yôyÓ˚î öyü !ÓK˛yö§¡øï˛ öyü Óï≈˛üyö xÓfiÌy

1. x!@¿!¢áy Gloriosa superba !ÓÓ˚°

2. §˛õ≈àrôy Rauvolfia serpentina !Ó˛õß¨

3. !à°yú˛° Entada rheedii !Ó˛õß¨

4. ˛õyã˛Ü˛ Saussura lappa !Ó˛õß¨

5. çê˛yüy™# Nardostachys Jatamansi !Ó˛õß¨

6. !ã˛Ó˚ï˛y Swertia chirata Buch-Ham !ÓÓ˚°

7. ã˛®ö Santalum album !Ó˛õß¨

8. Ó˚=˛ã˛®ö Pterocarpus santalinum !ÓÓ˚°

9. ~ˆÏÜ˛y!öê˛yü Aconitum heterophyllum !Ó˛õß¨

10. !üÕÒÄÎ˚yê≈˛ Polygala irregularis !ÓÓ˚°

11. ˆüyÎ˚y Óy !ã˛üˆÏê˛ ú˛yî≈ Psilotum nudum !ÓÓ˚°

12. ˛•zÓ!ö Diospyros celibica !Ó˛õß¨

13. üy°yÓyÓ˚ !°!° Chlorophytum malabaricum !Ó˛õß¨

14. flõy•zí˛yÓ˚ ÄÎ˚yê≈˛ Belosynapsis vivipara !ÓÓ˚° Ä !Ó˛õß¨

15. üy°yû)˛Ó˚yü Pterospermum reticulatum !ÓÓ˚° Ä !Ó˛õß¨
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16.10  §yÓ˚yÇ¢ (Summary)

~•z ~Ü˛ˆÏÜ˛ ç#Ó˜ÏÓ!ã˛eñ ç#Ó˜ÏÓ!ã˛ˆÏeÓ˚ •ê˛flõê˛ñ ˆÓ˚í˛ í˛yê˛y Ó%Ü˛ñ û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ !ÓÓ˚° Ä !Ó˛õß¨ í˛z!qò

≤Ãçy!ï˛ §ü)ˆÏ•Ó˚ !ÓÓÓ˚î ˆòÄÎ˚y •ˆÏÎ˚ˆÏåÈ– 1992 §yˆÏ° !Ó˚Ä !í˛ ˆçˆÏö•zˆÏÓ˚yˆÏï˛ xö%!¤˛ï˛ ˛õ,!ÌÓ# §ˆÏ¡ø°ˆÏö

(Earth Summit) ç#Ó˜ÏÓ!ã˛e Ó°ˆÏï˛ÙÙÙÈfiÌ°ñ §ü%o ~ÓÇ xöƒyöƒ ç°ç Óy›ï˛sf !öˆÏÎ˚ §Ü˛° fiÌyˆÏöÓ˚

~ÓÇ §ü@ˇÃ Óy›§ÇfiÌyö §ü!T˛Ó˚ xhsˇà≈ï˛ §Ü˛° ≤ÃÜ˛yÓ˚ ç#ˆÏÓÓ˚ üˆÏôƒ !ÓÓ˚yçüyö ˛õ!Ó˚Óï≈˛ö¢#°ï˛yˆÏÜ˛

ˆÓyé˛yˆÏöy •ˆÏÎ˚ˆÏåÈ– ç#Ó˜ÏÓ!ã˛eƒˆÏÜ˛ !ï˛öû˛yˆÏà û˛yà Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈÈÙÙÙÈ(i) !çöàï˛ ˜Ó!ã˛eƒñ (ii) ≤Ãçy!ï˛ ˜Ó!ã˛e

~ÓÇ (iii) Óy›ï˛y!sfÜ˛ ˜Ó!ã˛e– ≤Ãçy!ï˛ ˜Ó!ã˛e ˆÜ˛ xyÓyÓ˚ !ï˛ö û˛yˆÏà û˛yà Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈÈÙÙÙÈ(i) xy°ú˛y

˜Ó!ã˛eñ (ii) !Óê˛y ˜Ó!ã˛e ~ÓÇ (iii) àyüy ˜Ó!ã˛e– ~•z !Ó!û˛ß¨ hflÏˆÏÓ˚Ó˚ ˜Ó!ã˛ˆÏeÓ˚ §yˆÏÌñ ç#Ó˜ÏÓ!ã˛ˆÏeÓ˚

à%Ó˚%c !°!˛õÓÂô Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– ~Ó˚˛õˆÏÓ˚ xy§ˆÏåÈ ç#Ó˜ÏÓ!ã˛ˆÏeÓ˚ •ê˛flõê˛ ~Ó˚ ôyÓ˚îy– ~•z Óƒy˛õyˆÏÓ˚ !ÓK˛yö#

ˆüÎ˚yˆÏÓ˚Ó˚ ôyÓ˚îy !ÓhflÏy!Ó˚ï˛û˛yˆÏÓ xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ– ˛õ,!ÌÓ# ç%ˆÏí˛¸ Óï≈˛üyˆÏö 36!ê˛ ç#Ó˜ÏÓ!ã˛e •ê˛flõê˛

!ã˛!•´ï˛Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– !Ó!û˛ß¨ ü•yˆÏòˆÏ¢Ó˚ Ä û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ ç#Ó˜ÏÓ!ã˛e •ê˛flõê˛ à%!° !°!˛õÓÂô Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ–

ˆÓ˚í˛ í˛yê˛y Ó%Ü˛ §¡∫ˆÏrô !ÓhflÏy!Ó˚ï˛ xyˆÏ°yã˛öy Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– ˆÓ˚í˛ í˛yê˛y Ó%Ü˛ÈÙÈ~ !°!˛õÓÂô IUCN !öô≈y!Ó˚ï˛

!Ó˛õß¨ ≤Ãçy!ï˛ ˆ◊î#à%!° •ˆÏ°yÈÙÙÙÈ(i) xÓ°%Æñ (ii) §ÇÜ˛ê˛y˛õß¨ñ (iii) ˛xÓ˚!«˛ï˛ Ä û˛y°öyˆÏÓ˚Ó°ñ

(iv) !ÓÓ˚°ñ (v) x!öî≈#ï˛ñ (vi) Óöƒò¢yÎ˚ xÓ°%Æñ (vii) ã˛Ó˚ü §ÇÜ˛ê˛y˛õß¨ñ (viii) ˛≤ÃyÎ˚ §ÇÜ˛ê˛y˛õß¨ñ

(ix) ö)ƒöï˛ü !ÓˆÏÓã˛öyô#öñ (x) ˆí˛ê˛y x§¡õ)î≈ñ (xi) ü)°ƒyÎ˚ö !Ó•#ö– §ÓˆÏ¢ˆÏ£Ï û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ !Ü˛å%È

í˛zˆÏÕ‘áˆÏÎyàƒ !ÓÓ˚° Ä !Ó˛õß¨ í˛z!qò ≤Ãçy!ï˛Ó˚ öyü í˛zˆÏÕ‘á Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ–

16.11  ≤ÃŸ¿yÓ°# (Questions)

I. Ó•% !öÓ≈yã˛ö# ≤ÃŸ¿ (MCQ) :

1. ÓyˆÏÎ˚y°!çÜ˛y° í˛y•zû˛y!§≈!ê˛ ¢∑!ê˛ ≤ÃÌü ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚öÈÙÙÙÈ

(a) ˆÓ˚üu˛ ~ú˛. òy§üƒyö (b) öÓ˚üƒyö üyÎ˚yÓ˚

(c) xyÓ˚. ~. !üê˛yÓ˚!üÎ˚yÓ˚ (d) ˆú˛ˆÏí˛!Ó˚Ü˛ !Üœ˛ˆÏürê˛§

2. ç#Ó˜ÏÓ!ã˛eƒ §¡∫ˆÏrô ˆÜ˛yö Ó=˛Óƒ!ê˛ §!ë˛Ü˛ öÎ˚⁄

(a) §Ü˛° fiÌyö ~ÓÇ §ü@ˇÃ Óy›§ÇfiÌyˆÏöÓ˚ §Ü˛° ≤ÃÜ˛yÓ˚ ç#ˆÏÓÓ˚ üˆÏôƒ !ÓÓ˚yçüyö

˛õ!Ó˚Óï≈˛ö¢#°ï˛y (b) §Ü˛° Óy›§ÇfiÌyö §ü!T˛Ó˚ xhsˇà≈ï˛ §Ü˛° ç#ˆÏÓÓ˚ ˜Ó!ã˛eƒ Ä

˛õ!Ó˚Óï≈˛ö¢#°ï˛y

(c) §Ü˛° Óy›ï˛sfñ §Ü˛° ≤Ãçyï˛Ó˚ §ü@ˇÃ !çö û˛y[˛yˆÏÓ˚Ó˚ üˆÏôƒ !ÓÓ˚yçüyö ˜Ó!ã˛eƒ

(d) ˆÜ˛yö Óy›ï˛ˆÏsf !û˛ß¨ !û˛ß¨ ç#ˆÏÓÓ˚ !ÓhflÏyˆÏÓ˚Ó˚ ~ÓÇ ã˛°yˆÏú˛Ó˚yÓ˚ üˆÏôƒ !Óòƒüyö ˜Ó!ã˛eƒ
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3. ò%•z!ê˛ !û˛ß¨ !û˛ß¨ ≤Ãçy!ï˛Ó˚ ç#ˆÏÓÓ˚ üˆÏôƒ §yò,¢ƒ Ó,!ÂôÓ˚ §yˆÏÌ Îy ˛õÎ≈ˆÏÓ«˛î Ü˛Ó˚y ÎyÎ˚ÈÙÙÙÈ

(a) ç#ö˛õ%° §ü˛õyï˛ˆÏöÓ˚ üyey •…y§ (b) ç#ö˛õ%° §üy˛õyï˛ˆÏöÓ˚ üyey Ó,!Âô

(c) xyhsˇÉ≤Ãçy!ï˛Î˚ ≤Ã!ï˛ˆÏÎyà#ï˛y •…y§ (d) !û˛ß¨ï˛Ó˚ Óy§fiÌyö Ä áyòƒyû˛ƒy§ àˆÏí˛¸ Äë˛y

4. ˆÜ˛yö ~Ü˛!ê˛ ≤Ãçy!ï˛Ó˚ !çö ˛õ%ˆÏ°Ó˚ xyÜ˛yÓ˚ Ó,!Âô ˛õyÎ˚ ö#ˆÏã˛Ó˚ ˆÎ Ü˛yÓ˚ˆÏîÈÙÙÙÈ

(a) ˆÜ˛yö Óy›ï˛ˆÏsf ç#Ó ≤Ãçy!ï˛Ó˚ §Çáƒy Ó,!Âô ˆ˛õˆÏ°

(b) xyhsˇÉ≤Ãçy!ï˛Î˚ ≤Ã!ï˛ˆÏÎyà#ï˛y Ó,!Âô ˆ˛õˆÏ°

(c) xhsˇÉ≤Ãçy!ï˛Î˚ ˜Ó!ã˛eƒ Ó,!Âô ˆ˛õˆÏ°

(d) xyhsˇÉ≤Ãçy!ï˛Î˚ ˜Ó!ã˛eƒ Ó,!Âô ˆ˛õˆÏ°

5. ˆÜ˛yö ~Ü˛!ê˛ xM˛ˆÏ°Ó˚ !çöàï˛ ˜Ó!ã˛eƒ Ó°ˆÏï˛ ˆÓyé˛yÎ˚ÈÙÙÙÈ

(a) xhsˇÉ≤Ãçy!ï˛Î˚ ˜Ó!ã˛eƒ

(b) xyhsˇÉ≤Ãçy!ï˛Î˚ ˜Ó!çeƒ

(c) ~Ü˛y!ôÜ˛ !çö˛õ%ˆÏ°Ó˚ x!ôÜ˛üyeyÎ˚ §ü˛õyï˛ö

(d) xhsˇÉ≤Ãçy!ï˛Î˚ ~ÓÇ xyhsˇÉ≤Ãçy!ï˛Î˚ ˜Ó!ã˛eƒ

6. ˆÜ˛yö xM˛ˆÏ°Ó˚ ≤Ãçy!ï˛ ˜Ó!ã˛eƒ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ ˆ§áyöÜ˛yÓ˚ ˆÎ í˛z˛õyòyˆÏöÓ˚ Ä˛õÓ˚ÈÙÙÙÈ

(a) ≤Ãçy!ï˛ ≤Ãyã%˛Î≈

(b) !Ó!û˛ß¨ ≤Ãçy!ï˛Ó˚ ç#Ó§ÇáƒyÓ˚ xö%)˛õyï˛

(c) ˛≤Ãçy!ï˛ ≤Ãyã%˛Î≈ ~ÓÇ §Ü˛° ≤Ãçy!ï˛Ó˚ ç#Ó§ÇáƒyÓ˚ xö%˛õyï˛

(d) !çö˛õ%ˆÏ°Ó˚ xyÜ˛yÓ˚

7. ˆÜ˛yö !Óhfl,Ïî≈ xM˛ˆÏ°Ó˚ Óy›ï˛y!sfÜ˛ ˜Ó!ã˛eƒÈÙÈ~Ó˚ §ˆÏAà §¡õÜ≈˛ ˆö•z ˆÎ !Ó£ÏˆÏÎ˚Ó˚ÈÙÙÙÈ

(a) ˆ§•z xM˛ˆÏ°Ó˚ !Ó!û˛ß¨ Óy›ï˛ˆÏsfÓ˚ !Ó!û˛ß¨ !öã‰˛ÈÙÈ~ Ó§Óy§Ü˛yÓ˚# ç#Ó§¡±òyÎ˚

(b) !çöàï˛ ˜Ó!ã˛eƒ

(c) ≤Ãçy!ï˛ ˜Ó!ã˛eƒ

(d) ≤Ãçy!ï˛Ó˚ xyÜ˛yÓ˚ Ä ≤ÃÜ,˛!ï˛

8. xy°ú˛y ˜Ó!ã˛eƒ Ó°ˆÏï˛ ˆÓyé˛yÎ˚ÈÙÙÙÈ

(a) ˆÜ˛yö xM˛ˆÏ°Ó˚ ≤Ãçy!ï˛ ≤Ãyã%˛Î≈

(b) ˆÜ˛yö xM˛ˆÏ°Ó˚ ≤Ãçy!ï˛ âöc

(c) ˆÜ˛yö xM˛ˆÏ°Ó˚ ≤Ãçy!ï˛Ó˚ !ÓhflÏyÓ˚

(d) xy°yòy xy°yòy ò%•z!ê˛ xM˛ˆÏ°Ó˚ üˆÏôƒ ï%˛°öyü)°Ü˛ ≤Ãçy!ï˛ ˜Ó!ã˛eƒ
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9. ç#Ó ˜Ó!ã˛ˆÏeƒÓ˚ •ê˛flõê˛ÈÙÈ~Ó˚ ôyÓ˚îy ≤ÃÌü !òˆÏÎ˚!åÈˆÏ°ö ˆÎ !ÓK˛yö#ÈÙÙÙÈ

(a) Äí˛yü (b) !Üœ˛ˆÏürê˛§‰ (c) üyÎ˚yÓ˚ (d) òy§üƒyö

10. öÓ˚üƒyö üyÎ˚yÓ˚ÈÙÈ~Ó˚ ç#Ó˜ÏÓ!ã˛eƒ •ê˛flõê˛ÈÙÈ~Ó˚ üyöòˆÏ[˛ ˆÜ˛yö ÓyÜ˛ƒ!ê˛ §!ë˛Ü˛ öÎ˚⁄

(a) ö)ƒöï˛ü 1500 ˜Ó!ã˛ˆÏeƒÓ˚ ≤Ãçy!ï˛Ó˚ í˛z˛õ!fiÌ!ï˛

(b) ö)ƒöï˛ü 1500 öy°#Ü˛yÓy![˛° Î%=˛ ~ˆÏu˛!üÜ˛ ≤Ãçy!ï˛Ó˚ í˛z˛õ!fiÌ!ï˛

(c) fl∫yû˛y!ÓÜ˛ Óy§fiÌyˆÏöÓ˚ 70%ÈÙÈ~Ó˚ ˆÓ¢# !ÓöT˛ •ˆÏÎ˚ ˆàˆÏåÈ

(d) ~•z xM˛°à%!° §ÇÓ˚«˛ˆÏîÓ˚ çöƒ !ÓˆÏ¢£Ï ˆçyÓ˚ ˆòÄÎ˚y ≤ÃˆÏÎ˚yçö

11. ç#Ó ˜Ó!ã˛eƒ •ê˛flõê˛ Ú§%®y°ƒyu˛§ÛÈÙÈ~Ó˚ xhsˇà≈ï˛ û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ ˆÎ xM˛°!ê˛ÈÙÙÙÈ

(a) xy®yüyö (b) xÓ˚%îyã˛° ≤ÃˆÏò¢ (c) °y«˛ym#˛õ (d) !öˆÏÜ˛yÓÓ˚ m#˛õ˛õ%O

12. ~•z ≤ÃÜ˛yÓ˚ í˛z!qˆÏòÓ˚ ˛õ!Ó˚ˆÏÓ¢ ôùÇˆÏ§Ó˚ Ü˛yÓ˚ˆÏî ≤ÃyÜ,˛!ï˛Ü˛ xÓfiÌyÎ˚ ÓÇ¢!ÓhflÏyÓ˚ §ÇÜ%˛!ã˛ï˛ •ˆÏÎ˚

~ˆÏ§ˆÏåÈ ÎyÓ˚ ú˛ˆÏ° ~Ó˚y !Ó°%!ÆÓ˚ ˛õˆÏÌÈÙÙÙÈ

(a) !ÓÓ˚° í˛z!qò (b) !Ó˛õß¨ í˛z!qò (c) xyM˛!°Ü˛ í˛z!qò (d) xÓ˚!«˛ï˛ í˛z!qò

II. §Ç!«˛Æ ≤ÃŸ¿yÓ°# É

1. ÓyˆÏÎ˚y°!çÜ˛y° í˛y•zû˛y!§≈!ê˛ ~ÓÇ ÓyˆÏÎ˚yí˛y•zû˛y!§≈!ê˛ ¢∑ ò%•z!ê˛ ÎÌyÜ ˛ˆÏü ˆÜ˛yö ˆÜ˛yö !ÓK˛yö#

Ü˛ï˛ §yˆÏ° ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚!åÈˆÏ°ö⁄

2. ç#Ó˜ÏÓ!ã˛eƒ Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚⁄

3. ç#öàï˛ ˜Ó!ã˛eƒ !Ü˛⁄

4. xy°ú˛y ˜Ó!ã˛eƒ ~ÓÇ !Óê˛y ˜Ó!ã˛eƒ Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚⁄

5. ç#Ó ˜Ó!ã˛ˆÏeƒÓ˚ ã˛yÓ˚!ê˛ à%Ó˚%c í˛zˆÏÕ‘á Ü˛Ó˚%ö–

6. ç#Ó ˜Ó!ã˛eƒ •ê˛flõˆÏê˛Ó˚ ò%•z!ê˛ üyöò[˛ !Ü˛ !Ü˛⁄ •z•y Ü˛yÓ˚ myÓ˚y ≤ÃÌü !öˆÏò≈!¢ï˛ •ˆÏÎ˚!åÈ°⁄

7. Óï≈˛üyˆÏö ç#Ó˜ÏÓ!ã˛eƒ •ê˛flõê˛ ~Ó˚ §Çáƒy Ü˛ï˛⁄ §Óã˛y•zˆÏï˛ !Ó˛õß¨ ò%•z!ê˛ •ê˛flõê˛ÈÙÈ~Ó˚ öyü !°á%ö–

8. ò¢!ê˛ §Óã˛y•zˆÏï˛ !Ó˛õß¨ ç#Ó˜ÏÓ!ã˛eƒ •ê˛flõê˛à%!° ˆÜ˛yö ˆÜ˛yö ü•yˆÏòˆÏ¢ xÓ!fiÌï˛⁄

9. û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ !Ó!û˛ß¨ ˆû˛Ôà!°Ü˛ xM˛°ˆÏÜ˛ xhsˇû≈%˛=˛Ü˛yÓ˚# ã˛yÓ˚!ê˛ ç#Ó˜ÏÓ!ã˛eƒ •ê˛flõê˛ÈÙÈ~Ó˚ öyü

!°á%ö–

10. ç#Ó˜ÏÓ!ã˛eƒ •ê˛flõê˛à%!°ˆÏï˛ ç#Ó˜ÏÓ!ã˛eƒ •…yˆÏ§Ó˚ ã˛yÓ˚!ê˛ Ü˛yÓ˚î !°á%ö–

11. Ú§%®y°ƒyu˛§Û Ó°ˆÏï˛ ˆÜ˛yö ˆÜ˛yö xM˛° ˆÓyé˛yÎ˚⁄ •z•y ˆÜ˛ö à%Ó˚%c˛õ)î≈⁄
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12. û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ ã˛yÓ˚!ê˛ §ÇÜ˛ê˛y˛õß¨ í˛z!qˆÏòÓ˚ öyü !°á%ö–

13. û˛y°öyˆÏÓ˚Ó° í˛z!qò Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚⁄

14. EN ~ÓÇ CEÈÙÈ~Ó˚ xÌ≈ !°á%ö–

III. Ó˚ã˛öyôü≈# ≤ÃŸ¿ É

1. ç#Ó ˜Ó!ã˛ˆÏeƒÓ˚ ≤ÃÜ˛yÓ˚ˆÏû˛ò §ÇˆÏ«˛ˆÏ˛õ xyˆÏ°yã˛öy Ü˛Ó˚%ö–

2. ≤Ãçy!ï˛ ˜Ó!ã˛ˆÏeƒÓ˚ hflÏÓ˚à%!° §ü#Ü˛Ó˚î§• §ÇˆÏ«˛ˆÏ˛õ !°á%ö–

3. ç#Ó˜ÏÓ!ã˛eƒ •ê˛flõê˛ §¡∫ˆÏrô §ÇˆÏ«˛ˆÏ˛õ xyˆÏ°yã˛öy Ü˛Ó˚%ö– !Ó!û˛ß¨ ü•yˆÏòˆÏ¢Ó˚ ~Ü˛!ê˛ Ü˛ˆÏÓ˚

ç#Ó˜ÏÓ!ã˛eƒ •ê˛flõê˛ÈÙÈ~Ó˚ öyü !°á%ö–

4. ò¢!ê˛ §Óã˛y•zˆÏï˛ !Ó˛õß¨ ç#Ó˜ÏÓ!ã˛eƒ •ê˛flõê˛ÈÙÈ~Ó˚ öyü !°á%ö– û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ ˛õ!ÿ˛üâyê˛ xM˛°

~ÓÇ !öˆÏÜ˛yÓÓ˚ m#˛õ˛õ%O ˆÜ˛yö ˆÜ˛yö ç#Ó˜ÏÓ!ã˛eƒ •ê˛flõˆÏê˛Ó˚ xhsˇà≈ï˛⁄

5. û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ ç#Ó˜ÏÓ!ã˛eƒ •ê˛flõê˛ÈÙÈ~Ó˚ §Ç!«˛Æ !ÓÓÓ˚î !òö–

6. û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ !ÓÓ˚° ~ÓÇ !Ó˛õß¨ í˛z!qò §¡∫ˆÏrô §ÇˆÏ«˛ˆÏ˛õ !°á%ö–

7. ÚˆÓ˚í˛ í˛yê˛y Ó%Ü˛Û §¡∫ˆÏrô §ÇˆÏ«˛ˆÏ˛õ !°á%ö–

8. IUCNÈÙÈí˛z!Õ‘!áï˛ !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ !Ó˛õß¨ ≤Ãçy!ï˛ ˆ◊î#à%!° §ÇˆÏ«˛ˆÏ˛õ !ã˛!•´ï˛ Ü˛Ó˚%ö–

16.12 í˛z_Ó˚üy°y (Answers)

I. Ó•% !öÓ≈yã˛ö# ≤ÃˆÏŸ¿Ó˚ (MCQ) í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5 6

í z̨_Ó˚ ı a d b c d c

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 7 8 9 10 11 12

í z̨_Ó˚ ı d a c a d b

II. §Ç!«˛Æ ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5 6 7

xö%ˆÏFåÈò §Çáƒy ı 16.1 16.2 16.3(1) 16.3(3) 16.4 16.6 16.6.1
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≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 8 9 10 11 12 13 14

xö%ˆÏFåÈò §Çáƒy ı 16.6.1 16.6.2 16.5 16.6.2(4) 16.9 16.8(3) 16.8
(2 & 7)

III. Ó˚ã˛öyôü≈# ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4

xö%ˆÏFåÈò §Çáƒy ı 16.3.1 16.3.2 16.6 16.6.1

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 5 6 7 8

xö%ˆÏFåÈò §Çáƒy ı 16.6.2 16.9 16.7 16.8(1-11)
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~Ü˛Ü˛–17 : í˛z!qò §ÇÓ˚«˛î : §ÇÓ˚«˛ˆÏîÓ˚ à%Ó˚%cñ ~:ÈÙÈ!§ê%˛ ~ÓÇ •zöÈÙÈ!§ê%˛

§ÇÓ˚«˛îó ÓyˆÏÎ˚yfl≥˛#Î˚yÓ˚ !Ó˚çyû≈˛ó xû˛Î˚yÓ˚îƒó çyï˛#Î˚ í˛zòƒyö

(Plant conservation : Significance of conservaton, ex-
situ and in-situ conservation; biosphere reserve; sanc-
tuary; national park)

àë˛ö (Structure)

17.0 í˛zˆÏj¢ƒ (Objectives)

17.1 ≤ÃhflÏyÓöy (Introduction)

17.2 í˛z!qò §ÇÓ˚«˛ˆÏîÓ˚ à%Ó˚%c (Significance of plant conservation)

17.3 Ó!•ÉfiÌyˆÏö ~ÓÇ fl∫fiÌyˆÏö §ÇÓ˚«˛î Óy ~:ÈÙÈ!§ê%˛ ~ÓÇ •zöÈÙÈ!§ê%˛ Ü˛yöçyˆÏû≈˛§ö (Ex-situ
and in-situ conservation)

17.3.1 ~:ÈÙÈ!§ê%˛ Ü˛öçyˆÏû≈˛¢ˆÏöÓ˚ ˆÜ˛Ô¢° (Ex-situ conservation strategies)

17.3.2 •zöÈÙÈ!§ê%˛ Ü˛öçyˆÏû≈˛¢ˆÏöÓ˚ ˆÜ˛Ô¢° (In-situ conservation strategies)

17.4 ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ (Biosphere Reserves)

17.4.1 ≤ÃÜ,˛!ï˛Ó˚ §ÇÓ˚!«˛ï˛ û)˛!ü !•ˆÏ§ˆÏÓ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ §ÇÓ˚«˛ˆÏîÓ˚ ≤ÃyÌ!üÜ˛

í˛zˆÏj¢ƒ §ü)• (Primary objectives for preservation of Nature
Reserves : Biosphere Reserves)

17.4.2 ÓyˆÏÎ˚yfl≥˛#Î˚yÓ˚ !Ó˚çyû≈˛ÈÙÈ~Ó˚ §yú˛°ƒ ~ÓÇ ö:yÓ˚ Ü˛ˆÏÎ˚Ü˛!ê˛ à%Ó˚%c˛õ)î≈ !òÜ˛ (Some
important aspects of success and design of Biosphere Reserve)

17.4.3 ˛õ,!ÌÓ#Ó˚ í˛zˆÏÕ‘áˆÏÎyàƒ !Ü˛å%È ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ (Some significant
Biosphere Reserves of the world)

17.4.4 û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ !Ó!û˛ß¨ xM˛ˆÏ° 18!ê˛ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ (Eighteen Bio
sphere Reserves in India)

17.5 xû˛Î˚yÓ˚îƒ (Wild Life Sanctuary)

17.6 çyï˛#Î˚ í˛zòƒyö (National Parks)
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17.7 §yÓ˚yÇ¢ (Summary)

17.8 ≤ÃŸ¿yÓ°# (Questions)

17.9 í˛z_Ó˚üy°y (Answers)

17.0  í˛zˆÏj¢ƒ (Objectives)

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xyüÓ˚y !ö¡¨!°!áï˛ !Ó£ÏÎ˚à%!° §¡∫ˆÏrô §üƒÜ˛ ôyÓ˚îy ˜ï˛!Ó˚ Ü˛Ó˚ˆÏï˛ ˛õyÓ˚Ó–

●●●●● í˛z!qò §ÇÓ˚«˛î Ä ï˛yÓ˚ à%Ó˚%c–

●●●●● ˛í˛z!qò §ÇÓ˚«˛ˆÏîÓ˚ ≤ÃÜ˛yÓ˚ ˆû˛ò–

●●●●● ˛Ü˛ˆÏë˛yÓ˚û˛yˆÏÓ ˆöã˛yÓ˚ !Ó˚çyˆÏû≈˛Ó˚ Óy›ï˛sf–

●●●●● ˛çyï˛#Î˚ í˛zòƒyöñ öƒyã%˛Ó˚y° üö%ˆÏürê˛ñ ≤Ãçy!ï˛ ï˛òyÓ˚!Ü˛ xM˛°ñ §ÇÓ˚!«˛ï˛ û)˛ò,¢ƒñ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚

!Ó˚çyû≈˛ÈÙÈ~Ó˚ §ÇK˛y–

●●●●● ˛ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyˆÏû≈˛Ó˚ ö:y–

●●●●● ˛û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛à%!°Ó˚ §)ã˛#–

17.1 ≤ÃhflÏyÓöy (Introduction)

§ü@ˇÃ ç#ÓÜ)˛° ï˛yˆÏòÓ˚ !öˆÏçˆÏòÓ˚ ≤ÃˆÏÎ˚yçˆÏö ≤Ãï˛ƒ«˛ Óy ˛õˆÏÓ˚y«˛û˛yˆÏÓ í˛z!qòˆÏÜ˛ ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ ~ˆÏ§ˆÏåÈ–

üyöÓ §û˛ƒï˛yÓ˚ x@ˇÃà!ï˛Ó˚ §ˆÏAà §ˆÏAà ~Ü˛!òˆÏÜ˛ í˛z!qòÜ%˛° xöƒ!òˆÏÜ˛ ˛õ!Ó˚ˆÏÓ¢ !ö!Ó≈ã˛yˆÏÓ˚ ôùÇ§≤ÃyÆ

•ˆÏÎ˚ˆÏåÈ– «˛!ï˛@ˇÃfiÌ •ˆÏÎ˚ˆÏåÈ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ û˛yÓ˚§yüƒ– í˛zß¨ï˛ üyöÓ §û˛ƒï˛y•z xyç üyö%£Ï Ä §ü@ˇÃ ç#Ó çàˆÏï˛Ó˚

x!hflÏc Ó˚«˛yÓ˚ ˛õ!Ó˚˛õ!rÌ •ˆÏÎ˚ í˛zˆÏë˛ˆÏåÈ– ï˛y•z xyç üyö%£Ï §%!fiÌï˛ í˛zß¨Î˚ˆÏöÓ˚ (sustainable development)
˛≤ÃˆÏÎ˚yçö#Î˚ï˛y í˛z˛õ°!kô Ü˛Ó˚ˆÏï˛ ˆ˛õˆÏÓ˚ˆÏåÈ– ~Ó˚ çöƒ ≤ÃÌü ˛õòˆÏ«˛˛õ•z •° í˛z!qò §ÇÓ˚«˛î (Plant
conservation)– ˆ§•z §ˆÏAà §yü!@ˇÃÜ˛ ˛õ!Ó˚ˆÏÓ¢ˆÏÜ˛ öyöyû˛yˆÏÓ !Ó˛õß¨ï˛yÓ˚ •yï˛ ˆÌˆÏÜ˛ Ó˚«˛y Ü˛Ó˚ˆÏï˛ §ÓÓ˚Ü˛ü

≤ÃˆÏã˛T˛y ã˛y!°ˆÏÎ˚ ÎyˆÏFåÈ §Ü˛° ˆòˆÏ¢Ó˚ !ÓK˛yö# ~ÓÇ ˛õ!Ó˚ˆÏÓ¢ ˆ≤Ãü# üyöÓ ˆày¤˛#–

ˆÎ ˛õÂô!ï˛ˆÏï˛ ˆòˆÏ¢Ó˚ í˛z!qò Óy Óöç §¡õò !öÎ˚!sfï˛ ÓƒÓ•yˆÏÓ˚Ó˚ ˛õy¢y˛õy!¢ §%Ó˚!«˛ï˛ Ü˛Ó˚y •Î˚

ï˛yˆÏÜ˛ í˛z!qò Óy Óö§ÇÓ˚«˛î (Plant conservation) Ó°y •Î˚– xÌ≈yÍ í˛z!qò §ÇÓ˚«˛î Ó°ˆÏï˛ ~üö

ˆÜ˛Ô¢°àï˛ ÓƒÓfiÌy˛õöy (management) ˆÓyé˛yÎ˚ ÎyÓ˚ ú˛ˆÏ° í˛z!qò §¡õò §Ç@ˇÃ• Ä ÓƒÓ•yÓ˚ §ˆÏ_¥Ä

ï˛y «˛!ï˛@ˇÃfiÌñ «˛Î˚≤ÃyÆ Óy !öÉˆÏ¢!£Ïï˛ •ˆÏÎ˚ ÎyˆÏÓ öy ~ÓÇ •z•yˆÏòÓ˚ ˜Ó!ã˛eƒÄ •…y§ ˛õyˆÏÓ öy–
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17.2 í˛z!qò §ÇÓ˚«˛ˆÏîÓ˚ à%Ó˚%c (Significance of plant conservation)

í˛z!qò §ÇÓ˚«˛ˆÏîÓ˚ à%Ó˚%c §Ó≈ü%á# ~ÓÇ §Ó≈çö xö%ôy!Óï˛– •z•yÓ˚ !Ü˛å%È !öˆÏã˛ í˛zˆÏÕ‘á Ü˛Ó˚y •°ÈÙÙÙÈ

1. ÓyÎ˚%ü[˛ˆÏ° àƒy§#Î˚ û˛yÓ˚§yüƒñ û)˛!ü«˛Î˚ ˆÓ˚yôñ Ó,!T˛˛õyˆÏï˛Ó˚ §üï˛y Ó˚«˛y–

2. §Ü˛° ≤ÃÜ˛yÓ˚ Óy›ï˛sf ~ÓÇ áyòƒçy°ˆÏÜ˛Ó˚ §ˆÏAà í˛z!qò ~ÓÇ í˛z!qò ˜Ó!ã˛eƒ §¡õ!Ü≈˛ï˛– ï˛y•z

§Ü˛° ç#Ó Ä ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ §%Ó˚«˛yÓ˚ çöƒ í˛z!qò §ÇÓ˚«˛î ≤ÃˆÏÎ˚yçö–

3. §Ü˛° ≤ÃÜ˛yÓ˚ ˛õ%!T˛ã˛ˆÏÜ ˛Ó˚ §ˆÏAà í˛z!qòÜ)˛° ç!í˛¸ï˛– ï˛y•z ˛õ,!ÌÓ#ˆÏï˛ ç#ÓˆÏöÓ˚ à!ï˛üÎ˚ï˛y ÓçyÎ˚

Ó˚yáˆÏï˛ í˛z!qò §ÇÓ˚«˛î ≤ÃˆÏÎ˚yçö–

4. ˛x§Çáƒ Óöƒ≤Ãyî#ñ ˆáã˛Ó˚ ≤Ãyî#ñ !Ó!û˛ß¨ ¢yÜ˛y¢# ≤Ãyî#ñ Ü˛#ê˛˛õï˛Aà ≤Ãû,˛!ï˛Ó˚ Óy§fiÌyö Ä xy◊Î˚

fiÌyö í˛z!qò Óy Óöû)˛!üñ ï˛y•z í˛z!qˆÏòÓ˚ Ä˛õÓ˚ !öû≈˛Ó˚¢#° x§Çáƒ ≤Ãyî#Ó˚ x!hflÏc !öû≈˛Ó˚ Ü˛ˆÏÓ˚

í˛z!qò §ÇÓ˚«˛ˆÏîÓ˚ Ä˛õÓ˚–

5. §Ü˛° ç#ˆÏÓÓ˚ áyˆÏòƒÓ˚ ≤Ãôyö í˛zÍ§ í˛z!qò– Îy ≤Ãï˛ƒ«˛û˛yˆÏÓ Óy ˛õˆÏÓ˚y«˛ û˛yˆÏÓ §Ü˛° ˆ◊î#Ó˚

áyòˆÏÜ˛Ó˚ çöƒ ¢!=˛Ó˚ í˛zÍ§–

6. §Ü˛° ≤Ãyî#Ó˚ çöƒ x!:ˆÏçöÈÙÈ~Ó˚ ˆÎyàyö í˛z!qò ˆÌˆÏÜ˛•z xyˆÏ§–

7. ˛õyÓ≈ï˛ƒñ §üï˛°û)˛!ü !Ü˛ÇÓy í˛z˛õÜ)˛°Óï≈˛# xM˛° ≤Ãû,˛!ï˛ û)˛á[˛ §%Ó˚!«˛ï˛ Ó˚yáˆÏï˛ í˛z!qò §ÇÓ˚«˛î

≤ÃˆÏÎ˚yçö–

8. §ˆÏÓ≈y˛õ!Ó˚ üyöÓ §û˛ƒï˛yÓ˚ Ü˛°ƒyî Ä !ÓÜ˛yˆÏ¢Ó˚ çöƒ í˛z!qò §ÇÓ˚«˛ˆÏîÓ˚ ≤ÃˆÏÎ˚yçö#Î˚ï˛y x˛õ!Ó˚§#ü–

17.3 Ó!•ÉfiÌy Ï̂ö ~ÓÇ fl∫fiÌy Ï̂ö §ÇÓ˚«˛î Óy ~:ÈÙÈ!§ê%̨  ~ÓÇ •zöÈÙÈ!§ê%̨  Ü˛öçy Ï̂û≈̨ §ö

(ex-situ and in-situ conservation)

ç#Ó ˜Ó!ã˛ˆÏeƒÓ˚ í˛z˛õyòyö §ü)• xÌ≈yÍ !Ó!û˛ß¨ ç#Ó ≤Ãçy!ï˛ˆÏÜ˛ ï˛yˆÏòÓ˚ ü)° Óy§fiÌyö Óy fl∫yû˛y!ÓÜ˛

≤ÃyÜ,˛!ï˛Ü˛ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ Óy•zˆÏÓ˚ ÓÑy!ã˛ˆÏÎ˚ ˆÓ˚ˆÏá ï˛yˆÏòÓ˚ §Çáƒy Ó,!Âô âê˛yˆÏöy•z •° Ó!•ÈÉfiÌyˆÏö §ÇÓ˚«˛î Óy

~:ÈÙÈ!§ê%˛ Ü˛öçyˆÏû≈˛§ö– ~çöƒ §yôyÓ˚îï˛ ü)° Óy§fiÌyö ˆÌˆÏÜ˛ §%!Óôyüï˛ öü%öy í˛z!qò Óy í˛z!qˆÏòÓ˚

!ÓhflÏyÓ˚xAà (propagule) §Ç@ˇÃ• Ü˛ˆÏÓ˚ !û˛ß¨ fiÌyˆÏöñ !û˛ß¨ ˛õ!Ó˚ˆÏÓˆÏ¢ üyö%ˆÏ£ÏÓ˚ ï˛_¥ÓôyˆÏöñ öyöy !ÓK˛yö

§¡øï˛ ˆÜ˛Ô¢° ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ !Ó!û˛ß¨ í˛z!qò Ä ≤Ãyî#Ó˚ Ó˚«˛îyˆÏÓ«˛î Ä §ÇÓ˚«˛î Ü˛Ó˚y •Î˚–
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17.3.1 ~:ÈÙÈ!§ê%˛ §ÇÓ˚«˛ˆÏîÓ˚ ˆÜ˛Ô¢° (Ex-situ conservation strategies)

(a) ˆÓyê˛y!öÜ˛ƒy° àyˆÏí≈˛ö (Botanical Gardens) : §yÓ˚y !ÓˆÏŸª ≤ÃyÎ˚ 1600 ˆÓyê˛y!öÜ˛ƒy°

àyˆÏí≈˛ˆÏö ˛õ,!ÌÓ#Ó˚ !Ó!û˛ß¨ ≤ÃyˆÏhsˇÓ˚ ò%°≈û˛ñ xÌ≈˜Ïö!ï˛Ü˛ à%Ó˚%c Î%=˛ñ !Ü˛ÇÓy ê˛ƒyˆÏ:yö!üÜ˛ !òÜ˛ ˆÌˆÏÜ˛

à%Ó˚%c˛õ)î≈ ≤Ãçy!ï˛Ó˚ öyöy í˛z!qò §ÇÓ˚«˛î Ä ˛õ!Ó˚ã˛Î≈y Ü˛Ó˚y •Î˚– !ÓˆÏŸªÓ˚ ≤ÃyÎ˚ ~Ü˛ ã˛ï%˛Ì≈yÇ¢

§˛õ%‹õÜ˛ í˛z!qò ˛õ,!ÌÓ#Ó˚ !Ó!û˛ß¨ ˆÓyê˛y!öÜ˛ƒy° àyˆÏí≈˛öà%!°ˆÏï˛ ˛õ!Ó˚ã˛!Î≈ï˛ •ˆÏFåÈ– ï˛y•z !Ó°%!ÆÓ˚

•yï˛ ˆÌˆÏÜ˛ xˆÏöÜ˛ í˛z!qò ≤Ãçy!ï˛ˆÏÜ˛ §ÇÓ˚«˛ˆÏîÓ˚ çöƒ ˆÓyê˛y!öÜ˛ƒy° àyˆÏí≈˛ö •° ~Ü˛!ê˛ !ÓÓ˚yê˛

fiÌyö– •zÇ°ƒyˆÏu˛Ó˚ Ú!Ü˛í˛zÛˆÏï˛ Ó˚Î˚y° ˆÓyê˛y!öÜ˛ àyˆÏí≈˛ˆÏö (Royal Botanic Garden)ÈÙÈ~ !Ó!û˛ß¨

ˆòˆÏ¢Ó˚ ≤ÃyÎ˚ 27,000 í˛z!qò ≤Ãçy!ï˛ Ó˚ˆÏÎ˚ˆÏåÈ ÎyÓ˚y IUCN ˆÓ˚í˛í˛yê˛y Ó%Ü˛ÈÙÈ~ §ÇÜ˛ê˛y˛õß¨

(Endangered) Óy xööƒ (unique) ≤ÃÜ,˛!ï˛Ó˚ !•ˆÏ§ˆÏÓ !ã˛!•´ï˛–

(b) Ó#ç ÓƒyÇÜ˛ (Seed Bank) : ~áyˆÏö !ö!ò≈T˛ ï˛y˛õüyeyÎ˚ í˛zß¨ï˛ ≤ÃÎ%!=˛Ó˚ üyôƒˆÏü !Ó!û˛ß¨

í˛z!qˆÏòÓ˚ Ó#ç §ÇÓ˚«˛î Ü˛Ó˚y •Î˚– Ó#ç ÓƒyÇÜ˛ÈÙÈ~Ó˚ üyôƒˆÏü x§Çáƒ í˛z!qò ˆày!¤˛Ó˚ (Plant
population) ç#öàï˛ ˜Ó!ã˛e §ÇÓ˚«˛î Ü˛Ó˚y ÎyÎ˚– ˆÜ˛yÌyÄ ˆÜ˛yö Ó#çû˛y[˛yÓ˚ (seed
reserves) öT˛ •ˆÏÎ˚ ˆàˆÏ° Ó#çû˛y[˛yÓ˚ ˆÌˆÏÜ˛ ˆÓ˚y˛õö ˆÎyàƒ §ç#Ó Ó#ç (viable seeds)
§Ç@ˇÃ• Ü˛Ó˚y ÎyÎ˚– ~•z Ü˛yÓ˚ˆÏî ˆÎ Ó#çà%!° ò#â≈!òö §ÇÓ˚«˛î Ü˛Ó˚y §Ω˛Ó öÎ˚ ï˛yˆÏòÓ˚ ˆÌˆÏÜ˛

àyåÈ ˜ï˛Ó˚# Ü˛ˆÏÓ˚ xyÓyÓ˚ ˆ§•z Ó#ç Óy çyü≈≤’yçü §ÇÓ˚«˛î Ü˛Ó˚y •Î˚– Ó#ç ÓƒyÇˆÏÜ˛ ~áö ~üö

xˆÏöÜ˛ í˛z!qò xyˆÏåÈ Îy ï˛yˆÏòÓ˚ ÓyhflÏÓ ˛õ!Ó˚ˆÏÓˆÏ¢ !Ó°%Æ •ˆÏÎ˚ ˆàˆÏåÈ– ˆÎüö Bromus
interruptus (Hack.) Druce ~ÓÇ Schoenoplectus triqueter (L) Palla– Ó#ç ÓƒyÇˆÏÜ˛

xˆÏÌ≈yí˛: (Orthodox) ≤ÃÜ,˛!ï˛Ó˚ Ó#ç•z xÌ≈yÍ ÎyÓ˚y ¢%!Ü˛ˆÏÎ˚ ˆàˆÏ°Ä Ó•%!òö ˛õÎ≈hsˇ

xAÜ%˛ˆÏÓ˚yÂàü«˛ü ÌyˆÏÜ˛ ï˛yˆÏòÓ˚ §ÇÓ˚«˛î Ü˛Ó˚y •Î˚–

(c) ˆ«˛e !çö ÓƒyÇÜ˛ (Field Gene Bank) : !Ü˛å%È !Ü˛å%È í˛z!qˆÏòÓ˚ Ó#ç ¢%!Ü˛ˆÏÎ˚ ˆàˆÏ°

xAÜ%˛ˆÏÓ˚yÂàü «˛üï˛y öT˛ •ˆÏÎ˚ ÎyÎ˚– ~ˆÏòÓ˚ !Ó˚Ü˛ƒy°!§ê˛Δyrê˛ (Recalcitrant) Ó#ç ÓˆÏ°– ˆüyê˛

§Ó#ç# (seeded) í˛z!qˆÏòÓ˚ 30% •z•yÓ˚ xhsˇà≈ï˛– ~•z §Ü˛° ≤Ãçy!ï˛Ó˚ ç#Óhsˇ öü%öy ï˛y•yˆÏòÓ˚

fl∫yû˛y!ÓÜ˛ Óy§fiÌyˆÏöÓ˚ Óy•zˆÏÓ˚ xöƒ ˆ«˛ˆÏe §ÇÓ˚«˛î Ü˛Ó˚y •Î˚–

(d) !í˛.~ö.~ ÓƒyÇÜ˛ (DNA Bank) : •z•y ≤ÃÜ,˛ï˛ ˛õˆÏ«˛ !çö °y•zˆÏÓ Ó˚#– ~áyˆÏö !Ó!û˛ß¨ í˛z!qò

ˆÌˆÏÜ˛ DNA §Ç@ˇÃ• Ü˛ˆÏÓ˚ §ÇÓ˚«˛î Ü˛Ó˚y •Î˚– !ï˛öÓ˚Ü˛ü û˛yˆÏÓ DNA §ÇÓ˚«˛î Ü˛Ó˚y •Î˚ÈÙÙÙÈ

(i) DNA °y•zˆÏÓ Ó˚# !•ˆÏ§ˆÏÓñ (ii) §¡õ)î≈ !çˆÏöy!üÜ˛ DNA ~ÓÇ (iii) ˆÜ˛yö ˛õ,ÌÜ˛ DNA
˛xÇˆÏ¢Ó˚ ≤Ã!ï˛!°!˛õ (individual cloned DNA fragments) !•ˆÏ§ˆÏÓ– DNA §ÇÓ˚«˛ˆÏîÓ˚

çöƒ x§Çáƒ xyhsˇˆÏò≈¢#Î˚ ˆöê˛ÄÎ˚yÜ≈˛ àˆÏí˛¸ í˛zˆÏë˛ˆÏåÈ– DNA ÓƒyÇÜ˛ !Ó!û˛ß¨ !ÓK˛yö §üyçˆÏÜ˛

!çö §ÇÜ ˛yhsˇ ˆí˛ê˛y §Ó˚ÓÓ˚y• Ü˛ˆÏÓ˚ ï˛yˆÏòÓ˚ àˆÏÓ£ÏîyÎ˚ öyöyû˛yˆÏÓ §y•yÎƒ Ü˛ˆÏÓ˚–
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(e) ˛õÓ˚yàˆÏÓ˚î% ÓƒyÇÜ˛ (Pollen Bank) : §%!ö!ò≈T˛ ï˛y˛õüyeyÎ˚ !Ó!û˛ß¨ í˛z!qˆÏòÓ˚ ˛õÓ˚yàˆÏÓ˚î%ˆÏÜ˛

~áyˆÏö ò#â≈!òö §ç#Ó xÓfiÌyÎ˚ (viable state) §ÇÓ˚«˛î Ü˛Ó˚y •Î˚– ˛õˆÏÓ˚ ≤ÃˆÏÎ˚yçö üï˛ ~ˆÏòÓ˚

ç#Óhsˇ í˛z!qˆÏòÓ˚ §yˆÏÌ §ÇÜ˛Ó˚yÎ˚ˆÏî (crossing) ÓƒÓ•yÓ˚ Ü˛Ó˚y •Î˚– •zöÈÙÈ!û˛ˆÏê˛Δy çy!ü≈ˆÏö¢ˆÏöÓ˚

üyôƒˆÏü ˆ˛õyˆÏ°ö çy!ü≈ˆÏöê˛ Ü˛!Ó˚ˆÏÎ˚ •ƒy≤’ˆÏÎ˚í˛ í˛z!qò ˜ï˛Ó˚# Ü˛Ó˚y ÎyÎ˚ ˆÎáyˆÏö §Ü˛°

ˆú˛ˆÏöyê˛y•z!˛õÜ˛ ˜Ó!¢T˛ ≤ÃÜ˛y¢ ˛õyÎ˚– ï˛y•z ˆ˛õyˆÏ°ö ÓƒyÇˆÏÜ˛Ó˚ à%Ó˚%c öyöy ü%á#–

(f) Ü ˛yˆÏÎ˚y!≤ÃçyˆÏû≈˛¢ö (Cryopreservation) : ~•z xyô%!öÜ˛ ˛õÂô!ï˛ˆÏï˛ ç#ˆÏÓÓ˚ !Ó!û˛ß¨ xÇ¢

ˆÎüöÈÙÙÙÈˆÜ˛y£Ïñ Ü˛°yñ çöö ˆÜ˛y£Ïñ º)îñ Ó#ç ≤Ãû,˛!ï˛ x!ï˛ !ö¡¨ ï˛y˛õüyeyÎ˚ §ÇÓ˚!«˛ï˛ Ü˛Ó˚ˆÏ°

ò#â≈!òö §ç#Ó xÓfiÌyÎ˚ §ÇÓ˚!«˛ï˛ Ó˚yáy ÎyÎ˚– ˛õÓ˚#«˛yàyˆÏÓ˚ –196°C ï˛y˛õüyeyÎ˚ ï˛Ó˚°

öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ üˆÏôƒ !ö!ò≈T˛ ˛õÂô!ï˛ˆÏï˛ Ü ˛yˆÏÎ˚y!≤ÃçyˆÏû≈˛¢ö Ü˛Ó˚y •Î˚– ~•z ˛õÂô!ï˛ xAàç

çööÜ˛yÓ˚# í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe û˛#£Ïî Ü˛yÎ≈Ü˛Ó˚#–

(g) •zöÈÙÈ!û˛ˆÏê˛Δy í˛zÍ˛õyòö (In-vitro culture) : ˛õÓ˚#«˛yàyˆÏÓ˚ !Ó˚Ü˛ƒy°!§ê˛Δƒyrê˛ ≤Ãçy!ï˛Ó˚ í˛z!qˆÏòÓ˚

ˆÜ˛y£Ï Óy Ü˛°y ˆÌˆÏÜ˛ !ê˛§%ƒÜ˛y°ã˛yÓ˚ ˛õÂô!ï˛ˆÏï˛ Ü˛ƒy°y§ (Callus) í˛zÍ˛õyòö Ü˛ˆÏÓ˚ ï˛y §ÇÓ˚«˛î

Ü˛Ó˚y •Î˚– ˛õˆÏÓ˚ Ü˛ƒy°y§ ˆÌˆÏÜ˛ !ê˛§% !í˛ú˛yˆÏÓ˚!§ˆÏÎ˚¢yö â!ê˛ˆÏÎ˚ xçflÀ í˛z!qò ˜ï˛Ó˚# Ü˛Ó˚y ÎyÎ˚

~ÓÇ •yˆÏí≈˛!öÇ myÓ˚y Óy•zˆÏÓ˚Ó˚ ˛õ!Ó˚ˆÏÓˆÏ¢ ˆÓ˚y˛õî Ä Óí˛¸ Ü˛Ó˚y ÎyÎ˚– ï˛ˆÏÓ •z•y áÓ˚ã˛ Ä ò«˛ï˛y

!öû≈˛Ó˚–

17.3.2 fl∫fiÌyˆÏö §ÇÓ˚«˛î Óy •zöÈÙÈ!§ê%˛ Ü˛öçyˆÏû≈˛¢ˆÏöÓ˚ (In-situ conservation strategies)

ü)° Óy§fiÌyˆÏöÓ˚ ≤ÃyÜ,˛!ï˛Ü˛ ˛õ!Ó˚ˆÏÓˆÏ¢ Ó§Óy§Ü˛yÓ˚# !Ó!û˛ß¨ ç#Ó ≤Ãçy!ï˛ˆÏòÓ˚ ï˛yˆÏòÓ˚ !öçfl∫ Óy›ï˛ˆÏsfÓ˚

üˆÏôƒ ˆÓ˚ˆÏá•z §ÇÓ˚«˛î Ü˛Ó˚yˆÏÜ˛ fl∫fiÌyˆÏö §ÇÓ˚«˛î Óy •zöÈÙÈ!§ê%˛ Ü˛öçyˆÏû≈˛¢ö ÓˆÏ°– ç#Ó˜ÏÓ!ã˛ˆÏeƒÓ˚ çöƒ

•zöÈÙÈ!§ê%˛ Ü˛öçyˆÏû≈˛¢ˆÏöÓ˚ ú˛ˆÏ° ≤Ãçy!ï˛ §ÇÓ˚«˛ˆÏîÓ˚ §ˆÏAà §ˆÏAà •zˆÏÜ˛y!§ˆÏfiê˛üÄ §ÇÓ˚!«˛ï˛ •Î˚– xÌ≈yÍ

fl∫fiÌyˆÏö §ÇÓ˚!«˛ï˛ •ˆÏ° ˆ§•z ≤Ãçy!ï˛Ó˚ üˆÏôƒ §¡õ!Ü≈˛ï˛ xyˆÏÓ˚y ~Ü˛y!ôÜ˛ ≤Ãçy!ï˛Ó˚ Óy›ï˛y!sfÜ˛ xyhsˇÉ§¡õÜ≈˛

ÓçyÎ˚ ÌyˆÏÜ˛ ~ÓÇ §Ü˛ˆÏ°•z §%Ó˚!«˛ï˛ ÌyÜ˛ÓyÓ˚ §%ˆÏÎyà ˛õyÎ˚–

•zöÈÙÈ!§ê%˛ §ÇÓ˚«˛ˆÏî ï˛y•z Óy›ï˛sfà%!°Ó˚ §%Ó˚«˛yÓ˚ Ä˛õÓ˚ ˆçyÓ˚ ˆòÄÎ˚y •ˆÏÎ˚ˆÏåÈ– •z•y !Ó!û˛ß¨ §ÇÓ˚!«˛ï˛

~°yÜ˛yÓ˚ xyhsˇÉ§ÇˆÏÎyˆÏàÓ˚ üyôƒˆÏü (network of protected areas) §¡õy!òï˛ •Î˚–

IUNCÈÙÈ~Ó˚ !öˆÏò≈!¢Ü˛y xö%ÎyÎ˚# §ÇÓ˚!«˛ï˛ ~°yÜ˛y Ó°ˆÏï˛ ˆ§•z §Ü˛° xM˛° ˆÓyé˛yÎ˚ ˆÎáyˆÏö

≤ÃyÜ,˛!ï˛Ü˛ñ Óy›ï˛y!sfÜ˛ Ä §yÇfl,Ò!ï˛Ü˛ í˛zÍ§à%!°ˆÏÜ˛ fl∫yû˛y!ÓÜ˛ Óy xy•zö§¡øï˛ í˛z˛õyˆÏÎ˚ Ó˚«˛îyˆÏÓ«˛î Ü˛Ó˚y

•Î˚–

ÄÎ˚y”≈˛ Ü˛öçyÓ˚ˆÏû˛¢ö ü!öê˛!Ó˚Ç ˆ§rê˛yÓ˚ (WCMC) §yÓ˚y !ÓŸªÓƒy˛õ# 37000 §ÇÓ˚!«˛ï˛ ~°yÜ˛yÓ˚

í˛zˆÏÕ‘á Ü˛ˆÏÓ˚ˆÏåÈö– 2002ÈÙÈ~Ó˚ !•ˆÏ§Ó xö%ÎyÎ˚# û˛yÓ˚ï˛ÓˆÏ£Ï≈ 581 §ÇÓ˚!«˛ï˛ ~°yÜ˛y Ó˚ˆÏÎ˚ˆÏåÈñ ÎyÓ˚ üˆÏôƒ
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89 çyï˛#Î˚ í˛zòƒyö (National Park) ~ÓÇ 492 Óöƒ≤Ãyî# xû˛Î˚yÓ˚îƒ Ó˚ˆÏÎ˚ˆÏåÈ– !çü Ü˛Ó˚ˆÏÓê˛ öƒy¢öy°

˛õyÜ≈˛ û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ ≤ÃÌü çyï˛#Î˚ í˛zòƒyö–

!Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ §ÇÓ˚!«˛ï˛ ~°yÜ˛yÎ˚ (protected areas) §ÇÓ˚«˛ˆÏîÓ˚ üyey (degree of protection)
~ÓÇ §ÇÓ˚«˛ˆÏîÓ˚ í˛zˆÏj¢ƒ xy°yòy– !Ó!û˛ß¨ ≤ÃÜ˛yˆÏÓ˚Ó˚ §ÇÓ˚!«˛ï˛ ~°yÜ˛y ö#ˆÏã˛ í˛zˆÏÕ‘á Ü˛Ó˚y •°ÈÙÙÙÈ

1. Ü˛ˆÏë˛yÓ˚ ˆöã˛yÓ˚ !Ó˚çyû≈˛ (Strict Nature Reserve) : ~áyöÜ˛yÓ˚ Óy›ï˛sf àû˛#Ó˚ñ âö Ä

fl∫ÈÙÈfiÌyö#Î˚ (dense native ecosystem)– ˆÜ˛Ó°üye !ÓK˛yö ã˛ã≈˛yñ ˛õ!Ó˚ˆÏÓ¢ ˛õÎ≈ˆÏÓ«˛î

(environmental monitoring) ~ÓÇ !¢«˛yü)°Ü˛ ã˛ã≈˛y Óƒy!ï˛ˆÏÓ˚ˆÏÜ˛ üyö%ˆÏ£ÏÓ˚ myÓ˚y ˆÜ˛yö

í˛z˛õoÓ ~áyˆÏö ˆö•z– fiÌyö#Î˚ ˆ°yÜ˛ ˆày¤˛#Ó˚ Ü˛yˆÏåÈ •z•y xyôƒy!dÜ˛ (spiritual) !òÜ˛ ˆÌˆÏÜ˛

ÎˆÏÌT˛ à%Ó˚%c˛õ)î≈–

2. çö•#ö xM˛° (Wilderness Area) : ~•z ≤ÃÜ˛yÓ˚ §ÇÓ˚!«˛ï˛ ~°yÜ˛y xˆÏöÜ˛ Óí˛¸ ~°yÜ˛y

ç%ˆÏí˛¸ xÓ!fiÌï˛ ~ÓÇ §ÇÓ˚«˛ˆÏîÓ˚ üyey Ü˛ˆÏë˛yÓ˚ ˆöã˛yÓ˚ !Ó˚çyû≈˛ xˆÏ˛õ«˛y !Ü˛å%Èê˛y Ü˛ü– üyö%ˆÏ£ÏÓ˚

≤ÃˆÏÓ¢ ~áyˆÏö §#!üï˛ (limited visitation)– üyö%ˆÏ£ÏÓ˚ ~áyˆÏö ˛õyˆÏÎ˚ ˆ•ÑˆÏê˛ !Ü˛ÇÓy ˆüyê˛Ó˚

!Ó•#ö Óy•ˆÏö !öçfl∫ í˛z˛õyˆÏÎ˚ â%ˆÏÓ˚ ˆòáÓyÓ˚ §%ˆÏÎyà ˛õyÎ˚– í˛zòy•Ó˚îÈÙÙÙÈï˛yöçy!öÎ˚yÓ˚ ˆ§ˆÏÓ˚öˆÏà!ê˛

öƒy¢öy° ˛õyÜ≈˛ (Serengeti National Park–

3. çyï˛#Î˚ í˛zòƒyö (National Park) ı •z•yÄ xˆÏöÜ˛ Óí˛¸ ~°yÜ˛y ç%ˆÏí˛¸ !Óhfl,Ïï˛ §ÇÓ˚!«˛ï˛ fiÌyö–

Óy›ï˛sf §ÇÓ˚«˛î ~áyöÜ˛yÓ˚ ≤Ãôyö í˛zˆÏj¢ƒ– üyö%ˆÏ£ÏÓ˚ ≤ÃˆÏÓ¢ ~áyˆÏö xˆÏöÜ˛ê˛y•z §•ç§yôƒ–

~áyˆÏö §ÇÓ˚«˛ˆÏîÓ˚ §yˆÏÌ §yˆÏÌ !¢«˛y ~ÓÇ !ÓˆÏöyòˆÏöÓ˚ ≤Ã§yÓ˚ â!ê˛ˆÏÎ˚ fiÌyö#Î˚ xÌ≈ö#!ï˛ˆÏÜ˛

!Ü˛å%Èê˛y §•yÎ˚ï˛y Ü˛Ó˚y •Î˚–

4. öƒyã˛yÓ˚y° üö%ˆÏürê˛ Óy !ú˛ã˛yÓ˚ (Natural Monuments or Features) : xˆÏ˛õ«˛yÜ,˛ï˛

ˆåÈyê˛ xM˛° ç%ˆÏí˛¸ ˆÜ˛yö ≤ÃyÜ,˛!ï˛Ü˛ üö%ˆÏürê˛ˆÏÜ˛ !âˆÏÓ˚ ç#ÓÓy§fiÌyö (habitat) !öˆÏÎ˚ ~•z ≤ÃÜ˛yÓ˚

§ÇÓ˚!«˛ï˛ ~°yÜ˛y à!ë˛ï˛ •Î˚– ˆû˛Ôà!°Ü˛ Óy û)˛§ÇfiÌy!öÜ˛ (geomorphological) ˜Ó!¢T˛ƒ

Î%=˛ ≤ÃyÜ,˛!ï˛Ü˛ xM˛°ñ §yÇfl,Ò!ï˛Ü˛û˛yˆÏÓ xö%≤Ãy!îï˛ (culturally influenced) ˆÜ˛yö ≤ÃyÜ,˛!ï˛Ü˛

xyÜ,˛!ï˛ (Natural Features), ≤ÃyÜ,˛!ï˛Ü˛ Ü,˛!T˛Ï xM˛° (Natural cultural sites) ˆÜ˛

˛õ!Ó˚ˆÏÓT˛ö Ü˛ˆÏÓ˚ ~•z ≤ÃÜ˛yÓ˚ §ÇÓ˚!«˛ï˛ ~°yÜ˛y–

5. ç#Ó Óy§fiÌyö Óy ≤Ãçy!ï˛ ï˛òyÓ˚!Ü˛ xM˛° (Habitat or species management area) :
~ˆÏ«˛ˆÏe x!ôÜ˛ï˛Ó˚ §ÇÜ˛ê˛y˛õß¨ §%!ö!ò≈T˛ !Ü˛å%È xM˛ˆÏ°Ó˚ Ä˛õÓ˚ !ÓˆÏ¢£Ï à%Ó˚%c ˆòÄÎ˚y •Î˚–

§öy=˛Ü,˛ï˛ !Ü˛å%È !Ó˛õß¨ ≤Ãçy!ï˛ Óy ç#ÓÓy§fiÌyö ÎyÓ˚ çöƒ !öÓ˚!Ó!FåÈß¨ §%Ó˚«˛y (continuous
protection) ≤ÃˆÏÎ˚yçö– ~•z §Ü˛° xM˛ˆÏ° §ÇÓ˚«˛ˆÏîÓ˚ à%Ó˚%c ≤ÃyÜ,˛!ï˛Ü˛ üö%ˆÏürê˛ Óy ˜Ó!¢T˛Î%=˛
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xM˛° (Natural Monuments or Features) xˆÏ˛õ«˛y ˆÓ¢#– ç#Ó Óy§fiÌyö Óy ≤Ãçy!ï˛

ï˛òyÓ˚!Ü˛ xM˛° xˆÏöÜ˛ ˆ«˛ˆÏe•z ˆÜ˛yö !Óhfl,Ïï˛ §ÇÓ˚!«˛ï˛ xM˛ˆÏ°Ó˚ xÇ¢ !ÓˆÏ¢£Ï– ï˛y §ˆÏ_¥Ä

~•z §%!ö!ò≈T˛ xM˛°à%!°ˆÏÜ˛ !ÓˆÏ¢£Ï §!Ü ˛Î˚ï˛yÓ˚ §ˆÏAà §%Ó˚!«˛ï˛ (Active protection) Ü˛Ó˚y

•Î˚– ~áyˆÏö ˆã˛yÓ˚y!¢Ü˛yÓ˚ñ x˜ÏÓô àyåÈÜ˛yê˛yñ Ü,˛!eü Óy§fiÌyö (Artificial habitat) ˜ï˛Ó˚#ñ

ç#Ó çvˆÏòÓ˚ xö%˛õ)Ó˚Ü˛ áyòƒ §Ó˚ÓÓ˚y• (supplementary feeding practice), í˛z!qˆÏòÓ˚

˛õˆÏ«˛ «˛!ï˛Ü˛Ó˚ öyöy Ü˛yçÜ˛ü≈ ≤Ãû,˛!ï˛ §¡õ)î≈û˛yˆÏÓ !ö!£ÏÂô Ü˛Ó˚y •Î˚ (Completely
prohibited)–

6. §ÇÓ˚!«˛ï˛ û)˛ò,¢ƒ‡§ü%o ò,¢ƒ (Protected Landscape/Seascape) : à%Ó˚%c˛õ)î≈ ≤ÃyÜ,˛!ï˛Ü˛

û)˛ò,¢ƒ‡§ü%o ò,¢ƒà%!°ˆÏÜ˛ §%Ó˚!«˛ï˛ Ü˛ˆÏÓ˚ !ê˛!Ü˛ˆÏÎ˚ Ó˚yáˆÏï˛ ~ÓÇ •z•yˆÏòÓ˚ ˛õy!Ó˚˛õy!Ÿª≈Ü˛ ≤ÃÜ,˛!ï˛ˆÏÜ˛

§ÇÓ˚!«˛ï˛ Ü˛Ó˚ˆÏï˛ ˆ§áyöÜ˛yÓ˚ üyö%£ÏÈÙÈ≤ÃÜ,˛!ï˛ §¡õˆÏÜ≈˛Ó˚ ˛õÓ˚¡õÓ˚yÎ˚ àˆÏí˛¸ Äë˛y öyöy üyö§ü)•ˆÏÜ˛

(values) !ÓˆÏ¢£Ï à%Ó˚%ˆÏcÓ˚ §ˆÏAà §%Ó˚!«˛ï˛ Ü˛Ó˚y •Î˚– ~•z §Ü˛° xM˛ˆÏ°Ó˚ ≤ÃÜ,˛!ï˛Ó˚ §ˆÏAà

üyö%ˆÏ£ÏÓ˚ Óy›Ó˚#!ï˛ñ ç#Ó!ÓK˛yöñ §Çfl,Ò!ï˛ Ä üˆÏöyÓ˚ü ò,¢ƒ !âˆÏÓ˚ ˙!ï˛•ƒàï˛ ï˛òyÓ˚!Ü˛ ≤ÃÌyÓ˚

(traditional management practice) ~Ü˛ x!ÓˆÏFåÈòƒ §¡õÜ≈˛ àˆÏí˛¸ ÄˆÏë˛– ~•z §¡õˆÏÜ˛≈Ó˚

ü)°ƒ à%Ó˚%ˆÏcÓ˚ §ˆÏAà §%Ó˚!«˛ï˛ ˆÓ˚ˆÏá ˆ§áyöÜ˛yÓ˚ ç#Ó˜ÏÓ!ã˛eƒ §ÇÓ˚!«˛ï˛ Ü˛Ó˚y •Î˚–

7. §ÇÓ˚!«˛ï˛ xM˛° ˆÎáyˆÏö ≤ÃyÜ,˛!ï˛Ü˛ §¡õˆÏòÓ˚ §%!fiÌï˛ ÓƒÓ•yÓ˚ ã˛ˆÏ° (Protected area
with sustainable use of natural resources) : ~•z ≤ÃÜ˛yÓ˚ §ÇÓ˚«˛ˆÏîÓ˚ xyÄï˛yÎ˚

Ó˚ˆÏÎ˚ˆÏåÈ !Ü˛å%È xM˛° ÎyˆÏÜ˛ §¡∫° Ü˛ˆÏÓ˚ fiÌyö#Î˚ üyöÓˆÏày¤˛#Ó˚ (local community) x!ï˛

§yôyÓ˚î üyeyÓ˚ öyöy !Ü ˛Î˚yÜ˛°y˛õ (low level of human activities) x!ï˛ï˛ Ü˛y° ˆÌˆÏÜ˛•z

ã˛ˆÏ° xy§ˆÏåÈ– ~•z §Ü˛° xM˛° !âˆÏÓ˚ ï˛yˆÏòÓ˚ ˛õÓ˚¡õÓ˚yàï˛ Ó˚#!ï˛ö#!ï˛Ó˚ (traditional
practices) ˆÜ˛yö ò#â≈fiÌyÎ˚# ≤Ãû˛yÓ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ Ä˛õÓ˚ ˛õˆÏí˛¸ öy–

IUCN, 1994ÈÙÈ~Ó˚ ˆ≤ÃyˆÏê˛Ü˛ˆÏê˛í˛ ~!Ó˚Î˚y üƒyˆÏöçˆÏürê˛ Ü˛ƒyê˛yˆÏày!Ó˚§ÈÙÈ~Ó˚ Ó˚)˛õˆÏÓ˚áy (Guideline
for protected area management categories) xö%ÎyÎ˚# •zöÈÙÈ!§ê%˛ §ÇÓ˚«˛ˆÏîÓ˚ xô#ö ≤ÃÜ,˛!ï˛Ó˚

§ÇÓ˚!«˛ï˛ û)˛!ü (Nature Reserve)˛ÈÙÈ~Ó˚ üˆÏôƒ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ñ xû˛Î˚ xÓ˚îƒ (Sanctuary),
çyï˛#Î˚ í˛zòƒyö (National park) ≤Ãû,˛!ï˛ !ÓˆÏ¢£Ï à%Ó˚%c˛õ)î≈–

17.4 ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ (Biosphere Reserves) Óy BRs

ç#Ó˜ÏÓ!ã˛e §ÇÓ˚«˛ˆÏîÓ˚ çöƒ UNESCOÈÙÈÓ˚ üƒyö ~u˛ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ (MAB) ˆ≤Ãy@ˇÃyüÈÙÈ~Ó˚ xhsˇà≈ï˛

xyhsˇç≈y!ï˛Ü˛û˛yˆÏÓ fl∫#Ü,˛ï˛ !ÓˆÏ¢£Ï ˜Ó!¢T˛ Î%=˛ fiÌ°ç Óy ç°ç Óy›ï˛y!sfÜ˛ xM˛°ˆÏÜ˛ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛
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ÓˆÏ°– !ÓK˛yö§¡øï˛ K˛yö Ä ò«˛ï˛yÓ˚ ≤ÃˆÏÎ˚yà myÓ˚y ç#Ó˜ÏÓ!ã˛e §ÇÓ˚«˛î ~ÓÇ ≤ÃyÜ,˛!ï˛Ü˛ §¡õò §%!fiÌï˛

ˆÓ˚ˆÏá fiÌyö#Î˚ xy!òÓy§# §¡±òyˆÏÎ˚Ó˚ üyö%ˆÏ£ÏÓ˚ í˛zß¨Î˚ö í˛zû˛Î˚•z ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyˆÏû≈˛Ó˚ ≤Ãôyö Ü˛yç–

~åÈyí˛¸yÄ ≤ÃyÜ,˛!ï˛Ü˛ §¡õò §ÇÓ˚«˛îñ ˆ§•z §¡õ!Ü≈˛ï˛ !¢«˛y Ä ≤Ã!¢«˛î òyö ~ÓÇ ˛õÎ≈ˆÏÓ«˛ö ~Ü˛!eï˛û˛yˆÏÓ

ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ÈÙÈ~Ó˚ §ˆÏAà §¡õ!Ü≈˛ï˛–

Ü˛!ü¢ö xö •zˆÏÜ˛y!§ˆÏfiê˛ü üƒyˆÏöçˆÏürê˛ (CEM) !ÓŸªÓƒy˛õ# §Ü˛° ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛à%!°ˆÏÜ˛

ˆöê˛ÄÎ˚yÜ≈˛ÈÙÈ~Ó˚ üyôƒˆÏü §ÇÎ%=˛ Ü˛ˆÏÓ˚ˆÏåÈ– ú˛ˆÏ° !Ó!û˛ß¨ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛à%!°Ó˚ öyöy!òÜ˛ (Issues)

Óy›ï˛y!sfÜ˛ ü)°ƒyÎ˚öñ ˛õ!Ó˚ã˛y°ö (management), ˛õ%öÓ˚%ÂôyÓ˚ (restoration) ˛≤Ãû,˛!ï˛ !Ó£ÏˆÏÎ˚ ~•z Ü˛!ü¢ö

ÄÎ˚y!Ü˛Ó•y° •ˆÏï˛ ˛õyˆÏÓ˚ ~ÓÇ ˆ§•z xö%ÎyÎ˚# ÓƒÓfiÌy Ä §•yÎ˚ï˛y Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚– ~•z xööƒ ˆöê˛ÄÎ˚yÜ≈˛ÈÙÈ~Ó˚

üyôƒˆÏü ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛à%!°Ó˚ §%!fiÌï˛ í˛zß¨Î˚ö (sustainable development) Ä §ÇÓ˚«˛î ≤Ã!Ü ˛Î˚y

!Ó¢òû˛yˆÏÓ §ÇÎ%=˛– !ÓŸªÓƒy˛õ# ˆöê˛ÄÎ˚y!Ü≈˛ÇÈÙÈ~Ó˚ üyôƒˆÏü Óï≈˛üyˆÏö 20˛!ê˛ ˆòˆÏ¢Ó˚ UNESCO fl∫#Ü,˛ï˛ 669!ê˛

BRs xM˛° §ÇÎ%=˛–

UNESCO˛ÈÙÈÓ˚ MAB ˆ≤Ãy@ˇÃyü !ÓŸªÓƒy˛õ# ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛à%!°ˆÏÜ˛ §%!fiÌï˛˛ í˛zß¨Î˚ö (sustain-

able development)ÈÙÈ~Ó˚ üˆÏí˛° Óy ö:y !•ˆÏ§ˆÏÓ ï%˛ˆÏ° ôˆÏÓ˚ˆÏåÈ (2015-2016)– Îy §ü@ˇÃ !ÓˆÏŸª

≤ÃˆÏÎyçƒ–

ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛à%!°Ó˚ ˆÜ˛yÓ˚ xM˛° (core zone) ~ÓÇ ˆÜ˛yö ˆÜ˛yö ˆ«˛ˆÏe Óyú˛yÓ˚ xM˛°Ä

(buffer zone) IUCN ˛!öˆÏò≈!¢ï˛ §ÇÓ˚«˛ˆÏîÓ˚ xhsˇû%˛≈=˛ !Ü˛v ê˛Δyö!ç¢ö xM˛° (transition zone)

§ÇÓ˚!«˛ï˛ xM˛° !•ˆÏ§ˆÏÓ üyöy •Î˚ öy– ~•z xM˛ˆÏ° üyö%ˆÏ£ÏÓ˚ Ó§Óy§ñ öyöy !Ü ˛Î˚yÜ˛°y˛õñ ¢•Ó˚ Ä öàÓ˚˛õ_ö

ˆòáy ÎyÎ˚– ~•z xM˛° fiÌyö#Î˚ üyö%ˆÏ£ÏÓ˚ í˛zß¨Î˚ˆÏö ÓƒÓ•,ï˛ •Î˚– xÌ≈yÍ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ xM˛ˆÏ°

~Ü˛•z§ˆÏAà §ÇÓ˚«˛î Ä ≤ÃÜ,˛!ï˛ˆÏÜ˛ x«˛ï˛ ˆÓ˚ˆÏá üyö%ˆÏ£ÏÓ˚ í˛zß¨Î˚ö §Çâ!ê˛ï˛ •Î˚–

ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ˆÏÜ˛ ˆ§•z Ü˛yÓ˚ˆÏî ÚÚ§yˆÏÎ˚™ ú˛Ó˚ §y§ˆÏê˛•zö~!Ó!°!ê˛ §yˆÏ˛õyê≈˛ §y•zê˛ÛÛ (Science
for sustainability support sites) !•ˆÏ§ˆÏÓ àîƒ Ü˛Ó˚y •Î˚– BRs à%!°ˆÏï˛•z üyöÓ §üyç Ä Óy›ï˛ˆÏsfÓ˚

xhsˇÉ!Ü ˛Î˚y xö%ôyÓö Ü˛Ó˚y ÎyÎ˚–

17.4.1 ≤ÃÜ,˛!ï˛Ó˚ §ÇÓ˚!«˛ï˛ û)˛!ü !•ˆÏ§ˆÏÓ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ §ÇÓ˚«˛ˆÏîÓ˚ ≤ÃyÌ!üÜ˛ í˛zˆÏj¢ƒ§ü)•

(Primary objectives for preservation of Biosphere Reserves)

1. Óy›ï˛ˆÏsfÓ˚ fl∫yû˛y!ÓÜ˛ !Ü ˛Î˚y¢#°ï˛y ~ÓÇ ò#â≈ fiÌyÎ˚#c Ó˚çyÎ˚ Ó˚yáy–

2. §ˆÏÓ≈yFã˛ §ÇáƒyÎ˚ ç#Ó ≤Ãçy!ï˛ §ÇÓ˚«˛î Ü˛ˆÏÓ˚ ˜çÓ ˜Ó!ã˛eƒ ÓçyÎ˚ Ó˚yáy–

3. §ÇÜ˛ê˛y˛õß¨ ç#Ó ≤Ãçy!ï˛§ü)• §ÇÓ˚!«˛ï˛ Ü˛Ó˚y–
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4. í˛z!qò ≤Ãçy!ï˛ §ü)ˆÏ•Ó˚ fiÌy!Î˚c !ö!ÿ˛ï˛ Ü˛ˆÏÓ˚ Óöç §¡õò §Ç@ˇÃ• ~ÓÇ ˆ§•züï˛ ÎÌyÎÌ ÓƒÓfiÌy

Ü˛Ó˚y–

!ÓK˛yö# üƒyÜ‰˛ ö#°# ≤Ãü%á (Mc. Neely et al. 1987)ÈÙÈ~ ~Ó˚ §ˆÏAà §ÇˆÏÎyçö Ü˛ˆÏÓ˚öÈÙÙÙÈ

(a) ˆçˆÏö!ê˛Ü˛ í˛y•zû˛y!§≈!ê˛ §ÇÓ˚«˛î Ä Ó,!Âô–

(b) Óöƒ≤Ãyî# §ÇÓ˚«˛î–

(c) üy!ê˛ Ä ç° §ÇÓ˚«˛î–

(d) §yüy!çÜ˛ Ä §yÇfl,Ò!ï˛Ü˛ ˙!ï˛•ƒ §ÇÓ˚«˛î–

(e) !¢«˛y Ä àˆÏÓ£ÏîyÓ˚ ≤Ã§yÓ˚–

(f) !ÓˆÏöyòö Ä ºüˆÏî §•yÎ˚ï˛y–

(g) üˆÏöyÓ˚ü ≤ÃyÜ,˛!ï˛Ü˛ ò,¢ƒ ~ÓÇ ˆ§Ô®Î≈ˆÏÓyô §ÇÜ ˛yhsˇ !ÓˆÏ¢£Ï à%Ó˚%c xyˆÏÓ˚y˛õ–

(h) û˛!Ó£ÏƒˆÏï˛Ó˚ çöƒ !Ü˛å%È !ÓÜ˛“ !fiÌÓ˚ Ü˛Ó˚y (to promote options for future)

(i) ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚à%!°Ó˚ xû˛ƒhsˇÓ˚#î Ä ˛õyÓ˚flõ!Ó˚Ü˛ §Ó≈y!Aàö í˛zß¨Î˚ö §yôö–

17.4.2 ÓyˆÏÎ˚yfl≥˛#Î˚yÓ˚ !Ó˚çyû≈˛ÈÙÈ~Ó˚ §yú˛°ƒ ~ÓÇ ö:yÓ˚ Ü˛ˆÏÎ˚Ü˛!ê˛ à%Ó˚%c˛õ)î≈ !òÜ˛ (Some important
aspects of success and design of Biosphere Reserve)

ú ˛ƒyˆÏAÜ˛° Ä ˆ¢yˆÏ° (Frankel and Soulé 1981), üyà%≈°‰§ Ä !öˆÏÜ˛y°‰§ (Margules and
Nicholls 1988), ˆflõ°yÓ˚Óyà≈ (Spellerberg 1991), ≤Ãü%ˆÏáÓ˚ üˆÏï˛ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ÈÙÈ~Ó˚ §yú˛°ƒ

•z•yÓ˚ ö:yÓ˚ (design) Ä˛õÓ˚ û˛#£Ïîû˛yˆÏÓ !öû≈˛Ó˚¢#°– ï˛yˆÏòÓ˚ üˆÏï˛ ~•z ö:yÓ˚ 6!ê˛ !ÓˆÏ¢£Ï à%Ó˚%c˛õ)î≈

!òÜ˛ •°ÈÙÙÙÈ

1. !Ó˚çyû≈˛ xyÎ˚ï˛ö (Reserve size) : ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ÈÙÈ~Ó˚ !Ó¢y°ï˛yÓ˚ §ˆÏAà •z•yÓ˚ ≤Ãçy!ï˛

~ÓÇ Óy›ï˛sf x!ôÜ˛ï˛Ó˚ §%Ó˚!«˛ï˛ ÌyˆÏÜ˛– Ó!•Ó˚yàï˛ í˛z˛õoÓ Ä ≤Ãy!hsˇÎ˚ ≤Ãû˛yˆÏÓÓ˚ üyey •…y§

˛õyÎ˚–

2. fiÌyö Ä Ü˛y°àï˛ !Ó!û˛ß¨ï˛y ~ÓÇ à!ï˛¢#°ï˛y (Spatial and temporal heterogeneity
and dynamics) : ~•z ≤ÃÜ˛yÓ˚ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛à%!° x!ôÜ˛ï˛Ó˚ ç#Ó˜ÏÓ!ã˛eƒ ~ÓÇ

û)˛ÈÙÈ˜Ó!ã˛eƒ Ó•ö Ü˛ˆÏÓ˚– ˜çÓ ~ÓÇ x˜ÏçÓ í˛z˛õoÓà%!°Ó˚ (disturbances) §!•ï˛ §•ˆÏç•z

§üß∫Î˚ §yôˆÏö §«˛ü ~•z ≤ÃÜ˛yÓ˚ xM˛°– ~áyˆÏö !Ó!û˛ß¨ ≤Ãçy!ï˛Ó˚ ˆüê˛y˛õ˛õ%ˆÏ°¢ö ˜ï˛Ó˚# •Î˚

Îy xhsˇÉ≤Ãçy!ï˛Î˚ !Ó!û˛ß¨ï˛y (intraspecific diversity) Ó,!Âô Ü˛ˆÏÓ˚–
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3. xyò¢≈ ˆû˛Ôà!°Ü˛ ≤ÃÜ˛Ó˚î (Ideal geographic contex) : •z•y ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛à%!°Ó˚

xyÜ,˛!ï˛ Ä !çÄ@ˇÃy!ú˛Ü˛ xÓfiÌyö ˆÓyé˛yÎ˚– !Ó˚çyû≈˛ xM˛ˆÏ°Ó˚ xyÜ˛yÓ˚ ≤Ãy!hsˇÎ˚ ≤Ãû˛yˆÏÓÓ˚ §ˆÏAà

§¡õ!Ü≈˛ï˛– !çÄˆÏü!ê˛ΔÜ˛ xyÜ˛yÓ˚ Îï˛ ˆÓ¢# ˆày°yÜ˛yÓ˚ •Î˚ ≤Ãy!hsˇÎ˚ ≤Ãû˛yÓ ï˛ï˛ Ü˛ü •Î˚– §yôyÓ˚îï˛

~Ü˛!ê˛ x!Ó!FåÈß¨ Ó,•Í §ÇÓ˚«˛î xM˛° xˆÏ˛õ«˛y ~Ü˛!ê˛ Ó,•Í ~ÓÇ ˆÓ¢ !Ü˛å%È ˆåÈyê˛ ˆåÈyê˛ xM˛°

!öˆÏÎ˚ àˆÏí˛¸ Äë˛y ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ §ÇÓ˚«˛ˆÏîÓ˚ !òÜ˛ ˆÌˆÏÜ˛ x!ôÜ˛ï˛Ó˚ §%Ó˚!«˛ï˛–

4. !Ó!û˛ß¨ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛à%!°Ó˚ üˆÏôƒ §ÇˆÏÎyà (Connections of different Bio-
sphere reserves) : ò%•z Óy ï˛yÓ˚ ˆÓ¢# ÓyˆÏÎ˚y!fl≥˛Î˚yˆÏÓ˚ !Ó˚çyû≈˛ Ü˛!Ó˚ˆÏí˛yÓ˚ ~Ó˚ üyôƒˆÏü §ÇÎ%=˛

ÌyÜ˛ˆÏ° §Ü˛ˆÏ°Ó˚ ˆû˛Ôï˛ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ üˆÏôƒ ~Ü˛ xá[˛ï˛y fiÌy!˛õï˛ •Î˚ S!ã˛e 20.1V– !Ó!û˛ß¨

≤Ãçy!ï˛Ó˚ !Óã˛°ö (movement) §•ç •Î˚– ~Ó˚ ú˛ˆÏ° ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛à%!°Ó˚ ≤Ãçy!ï˛

≤Ãyã%˛Î≈ï˛y Ó,!Âô ˛õyÎ˚–

5. ≤ÃyÜ,˛!ï˛Ü˛ û)˛ò,¢ƒÈÙÈí˛z˛õyòyö (Natural Landscape elements) : í˛z˛õï˛ƒÜ˛yñ ˜¢°!¢Ó˚yñ

˛õyÓ≈ï˛ƒ ì˛y°ñ àû˛#Ó˚ áyò (canyon), ˛˛õyÓ≈ï˛ƒ ôyÓ˚yñ öò#Ó˚ xÓÓy!•Ü˛y (drainage basins)
≤Ãû,˛!ï˛ !öˆÏÎ˚ !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ û)˛ò,¢ƒ (Landscape) ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛à%!°Ó˚ ü)°ƒüyö

(values) ˛Ó,!Âô Ü˛ˆÏÓ˚–

!ã˛e 17.1 : ~Ü˛y!ôÜ˛ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ÈÙÈ~Ó˚ §ÇˆÏÎyàÜ˛yÓ˚# Ü˛!Ó˚ˆÏí˛yÓ˚

ê˛Δyö!ç¢ö xM˛°

ï˛_¥yÓôyö xM˛°

ç#Ó˜ÏÓ!ã˛ˆÏeƒÓ˚ à%Ó˚%c˛õ)î≈ xM˛°

ˆöã˛yÓ˚ !Ó˚çyû≈˛‡ÄÎ˚y”≈˛ ˆ•!Ó˚ˆÏê˛ç xM˛°

˛Óyú˛yÓ˚ xM˛°

üö%£Ïƒ Ó§!ï˛

•zˆÏÜ˛y°!çÜ˛y° Ü˛!Ó˚ˆÏí˛yÓ˚

ˆÜ˛yÓ˚ xM˛°

°ƒu˛ˆÏflÒy˛õ Ü˛!Ó˚ˆÏí˛yÓ˚
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6. ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛à%!°Ó˚ üˆÏôƒ ~Ü˛y!ôÜ˛ xM˛° §,çö (Creation of zones within
Biosphere Reserves) : ˆÎ ˆÜ˛yö ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ÈÙÈ~Ó˚ §%!ö!ò≈T˛ !ï˛ö!ê˛ xM˛° ÌyÜ˛y

≤ÃˆÏÎ˚yçö– ~à%!° •°ÈÙÙÙÈ

(a) ˆÜ˛yÓ˚ xM˛° (Core zone) : ~!ê˛ !Ó˚çyû≈˛ÈÙÈ~Ó˚ ˆÜ˛wfiÌ°– §Ó≈y!ôÜ˛ §%Ó˚!«˛ï˛

~áyöÜ˛yÓ˚ Óy›ï˛sf !Ó!û˛ß¨ ç#Ó ≤Ãçy!ï˛Ó˚ §Óã˛y•zˆÏï˛ í˛z˛õÎ%=˛ Óy§fiÌyö ~ÓÇ û)˛ò,¢ƒ

í˛z˛õyòyö !öˆÏÎ˚ à!ë˛ï˛– ~•z xM˛°!ê˛ xy•zöàï˛û˛yˆÏÓ §ÇÓ˚!«˛ï˛ ~ÓÇ ~áyˆÏö üyö%ˆÏ£ÏÓ˚

≤ÃˆÏÓ¢ ~ÓÇ öyöy !Ü ˛Î˚yÜ˛°y˛õ í˛z˛õoÓ §¡õ)î≈ !ö!£ÏÂô–

(b) Óyú˛yÓ˚ xM˛° (Buffer zone) : ˆÜ˛yÓ˚ ˆçyöˆÏÜ˛ ˆÓT˛ö Ü˛ˆÏÓ˚ ~•z xM˛ˆÏ°Ó˚ xÓfiÌyö–

~•z xM˛° öyöy ≤Ãy!hsˇÎ˚ ≤Ãû˛yÓ ˆÎüöÈÙÙÙÈï˛y˛õüyeyñ xyˆÏ˛õ!«˛Ü˛ xyo≈ï˛yñ xyˆÏ°yÜ˛ñ

≤Ãû,˛!ï˛Ó˚ öyöy ˛õ!Ó˚Óï≈˛öñ Óyï˛yˆÏ§Ó˚ §Ó˚y§!Ó˚ ≤Ãû˛yÓ ˆ¢y£Ïî Ü˛ˆÏÓ˚– !Ó!û˛ß¨ ç#Ó

≤Ãçy!ï˛ˆÏày¤˛#Ó˚ xyÜ˛yÓ˚ (population size) ~áyˆÏö Ü˛ˆÏü xyˆÏ§– Ó,ˆÏ«˛Ó˚ ˛õeˆÏüyã˛ö

(leaf fall), Ó,«˛ ü,ï%˛ƒÓ˚ •yÓ˚ ~áyˆÏö ˆÓ¢# •Î˚–

Óöç §¡õˆÏòÓ˚ ˛õÓ˚¡õÓ˚yàï˛ ÓƒÓ•yÓ˚ (Tradiational use of forests), !¢«˛yü)°Ü˛

öyöy !Ü ˛Î˚yÜ˛ü≈ñ àˆÏÓ£Ïîy ≤Ãû,˛!ï˛ Ü˛yÓ˚ˆÏî §#!üï˛ §ÇáÜ˛ üyö%ˆÏ£ÏÓ˚ xö%≤ÃˆÏÓ¢ ~áyˆÏö

xö%ˆÏüy!òï˛–

(c) fiÌyöyhsˇÓ˚ Óy ê˛Δyö!ç¢ö xM˛° (Transition zone) : •z•y ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ÈÙÈ~Ó˚

§Óã˛y•zˆÏï˛ Óy•zˆÏÓ˚Ó˚ xM˛°– ~áyˆÏö fiÌyö#Î˚ üyö%£ÏçˆÏöÓ˚ Ó§Óy§ñ ¢§ƒ í˛zÍ˛õyòöñ

§yüy!çÜ˛ Óö§,çöñ !ÓˆÏöyòö ≤Ãû,˛!ï˛ !Ü ˛Î˚yÜ˛ü≈ xö%ˆÏüy!òï˛–

!ã˛e 17.2 : ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ÈÙÈ~Ó˚ !Ó!û˛ß¨ xM˛°

üö%£Ïƒ Ó§!ï˛

ê˛Δyö!ç¢ö xM˛°

˛Óyú˛yÓ˚ xM˛°

ˆÜ˛yÓ˚ xM˛°
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17.4.3 ˛õ,!ÌÓ#Ó˚ í˛zˆÏÕ‘áˆÏÎyàƒ !Ü˛å%È ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ (Some significant Biosphere
Reserves of the World)

1. Ü˛yöyí˛yÓ˚ í˛z_Ó˚ÈÙÈ˛õ!ÿ˛ü xM˛ˆÏ°Ó˚ ˆ@ˇÃê˛ !ÓÎ˚yÓ˚ ˆ°Ü˛ Ä ï˛yÓ˚ ˛õy!Ó˚˛õy!Ÿª≈Ü˛ xM˛° !âˆÏÓ˚ !Óhfl,Ïî≈

ç°!Óû˛y!çÜ˛y Ä §ÇÓ˚!«˛ï˛ ~°yÜ˛y§ü)• (Great Bear Lake, its surrounding water-
shed and protected areas) !öˆÏÎ˚ !ÓˆÏŸªÓ˚ ~•z §Ó≈≈Ó,•Í ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛–

2. ˛û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ xã˛yöÜ˛üyÓ˚ÈÙÈxüÓ˚Ü˛rê˛Ü˛ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ (Achanakmar-Amarkantak
Biosphere Reserves of India)

3. Ü˛ˆÏ°y!¡∫Î˚yÓ˚ !ã˛öê%˛Ó˚ö xƒy!®ˆÏöy ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ (Cinturon-Andino Biosphere
Reserve of Colombia)˛

4. àƒy°y˛õyˆÏày§ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ñ •zÜ%˛ƒÎ˚yˆÏí˛yÓ˚ (Galapagos Biosphere Reserve,
Ecuador)

5. çy˛õyöÈÙÈ~Ó˚ ˆÜ˛yÓ%¢# ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ (Kobushi Biosphere Reserve, Japan)

6. •zÇ°ƒyˆÏu˛Ó˚ xy•z° xÓ í˛z•zê˛ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ (Isle of Wight Biosphere Reserve,
UK)

7. °ƒy˛õ°ƒyu˛ ˆöã˛yÓ˚ !Ó˚çyû≈˛ñ Ó˚y!¢Î˚y (Lapland Nature Reserve, Russia)

8. USÈÙÈ~Ó˚ xà≈yö !˛õˆÏ˛õ Ü˛ƒyÜ˛ê˛y§ öƒy¢öy° üö%ˆÏürê˛ (Organ Pipe Cactus National
Monument, U.S.)

9. •zˆÏÎ˚ÄöˆÏã˛Äö •zü!çö !Ó˚û˛yÓ˚ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ñ ˆÜ˛y!Ó˚Î˚yö !Ó˚˛õyÓ!°Ü˛ (Yeoncheon
Imjin River Biosphere Reserve, Republic of Korea)

10. ˆ@ˇÃê˛ §ƒy!u˛ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ñ xˆÏfiê˛Δ!°Î˚y (Great Sandy Biosphere Reserve,
Queensland, Australia)

17.4.4. û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ !Ó!û˛ß¨ xM˛ˆÏ° 18!ê˛ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ ˜ï˛Ó˚# •ˆÏÎ˚ˆÏåÈ– ~à%!° •°ÈÙÙÙÈ

1. ö#°!à!Ó˚ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ñ ï˛y!ü°öyí˛¸ %ñ ˆÜ˛Ó˚y°y ~ÓÇ Ü˛î≈yê˛Ü˛ (Nilgiri Biosphere
Reserve, Tamil Nadu, Kerala and Karnataka)

2. í˛z_Ó˚yáˆÏ[˛Ó˚ ö®yˆÏòÓ# çyï˛#Î˚ í˛zòƒyö ~ÓÇ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ (Nanda Devi National
Park and Biosphere Reserve, Uttarakhand)
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3. ˆüây°ˆÏÎ˚Ó˚ ÚöÜ˛ˆÏÓ˚Ü˛Û (Nokrek, Meghalaya)

4. àyÕ≥˛ xÓ üyß¨yÓ˚ñ ï˛y!ü°öyí˛¸ % (Gulf of Mannar, Tamil Nadu)

5. ˛õ!ÿ˛üÓˆÏAàÓ˚ Ú§%®Ó˚ÓöÛ (Sundarbans of West Bengal)

6. xy§yˆÏüÓ˚ üyö§ (Manas, Assam)

7. Ä!í˛¸¢yÓ˚ Ú!§ü!°˛õy°Û (Simlipal, Orisha)

8. xÓ˚%îyã˛° ≤ÃˆÏòˆÏ¢Ó˚ !ò•yÇÈÙÈ!í˛ÓyÇ (Dihang-Dibang, Arunachal Pradesh)

9. üôƒ≤ÃˆÏòˆÏ¢Ó˚ ˛õÑyã˛üy!Ó˚ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ (Pachmarhi Biosphere Reserve, Madhya
Pradesh)

10. üôƒ≤ÃˆÏò¢ñ åÈ!_¢àí˛¸ÈÙÈ~Ó˚ xã˛yöyÜ˛üyÓ˚ xüÓ˚Ü˛rê˛Ü˛ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ (Achamakmar-
Amarkantak Biossphere Reserve, Madhya Pradesh and Chhattisgarh)

11. Ü˛ˆÏFåÈÓ˚ ˆ@ˇÃê˛ Ó˚yöñ à%çÓ˚yê˛ (Great Rann of Kutch, Gujrat)

12. ˆÜ˛y”˛ ˆí˛§yê≈˛ñ !•üyã˛° ≤ÃˆÏò¢ (Cold Desert, Himachal Pradesh)

13. !§!Ü˛üÈÙÈ~Ó˚ Ü˛yM˛öçAây çyï˛#Î˚ í˛zòƒyö (Khangchendzonga National Park, Sikkim)

14. ˆÜ˛Ó˚y°y Ä ï˛y!ü°öyí˛¸ %Ó˚ xàhflÏƒüy°y•z ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ (Agasthyamalai Biosphere
Reserve, Kerala and Tamil Nadu)

15. ˆ@ˇÃê˛ !öˆÏÜ˛yÓÓ˚ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ñ xy®yüyöÈÙÈ!öˆÏÜ˛yÓÓ˚ m#˛õ˛õ%O (Great Nicobar
Biosphere Reserve, Andaman and Nicobar Islands)

16. !í˛Ó % §y•zˆÏáyÎ˚yñ xy§yü (Dibru-Saikhowa, Assam)

17. xrô ≤ÃˆÏòˆÏ¢Ó˚ ˆ¢£Ïyã˛°ü !•°§‰ (Seshachalam Hills of Andhra Pradesh)

18. üôƒ≤ÃˆÏò¢ÈÙÈ~Ó˚ ˛õyß¨y ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ (Panna Biosphere Reserve, Madhya
Pradesh)

Óï≈˛üyˆÏö (2022) UNESCOÈÙÈ~Ó˚ !ÓŸªÓƒy˛õ# ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ §ü)ˆÏ•Ó˚ ˆöê˛ÄÎ˚yÜ≈˛ (world
Network of Biosphere Reserves) ~Ó˚ üyôƒˆÏü !ÓˆÏŸªÓ˚ 738 ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ §ÇÎ%=˛ •ˆÏÎ˚ˆÏåÈ–

•z•yÓ˚y !ÓˆÏŸªÓ˚ 22!ê˛ ê˛Δy™Óyí˛zu˛yÓ˚# xM˛° (transboundary zones) §• 134 ˆòˆÏ¢Ó˚ !Óhfl,Ïî≈ xM˛ˆÏ°

!Óhfl,Ïï˛– ~•z §ÇÓ˚!«˛ï˛ xM˛°à%!°Ó˚ §ˆÏAà 250 !ü!°Î˚öÈÙÈ~Ó˚Ä ˆÓ¢# §ÇáƒÜ˛ üyö%ˆÏ£ÏÓ˚ ç#ÓöÎyey ç!í˛¸ï˛–
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17.5 xû˛Î˚yÓ˚îƒ (Wild Life Sanctuary)

Ó˚yçƒ §Ó˚Ü˛yÓ˚ Ü˛ï,˛≈Ü˛ xû˛Î˚yÓ˚îƒ !•ˆÏ§ˆÏÓ ˆây!£Ïï˛ ~ÓÇ !öÎ˚sfîyô#ö ÓöyM˛ˆÏ° ~áˆÏöy !Ó°%Æ ≤ÃyÎ˚

ˆÓ¢ !Ü˛å%È Óöƒ ≤Ãyî#Ó˚ !öû≈˛ˆÏÎ˚ !Óã˛Ó˚î Ä Ó§Óy§ ˆòáy ÎyÎ˚– ~•z §Ü˛° Óöƒ≤Ãyî#Ó˚y ~áyˆÏö fl∫yô#ö û˛yˆÏÓ

áyòƒ @ˇÃ•î Ä ≤Ãçöö §¡õß¨ Ü˛ˆÏÓ˚– ~áyˆÏö àyåÈ Ü˛yê˛yñ Óöƒ≤Ãyî# !¢Ü˛yÓ˚ §¡õ)î≈ û˛yˆÏÓ !ö!£ÏÂô– Óö

òÆˆÏÓ˚Ó˚ xö%ü!ï˛ Óƒy!ï˛ï˛ ~áyˆÏö üyö%ˆÏ£ÏÓ˚ ≤ÃˆÏÓ¢ !ö!£ÏÂô– xû˛Î˚yÓ˚ˆÏîƒÓ˚ xyÜ˛yÓ˚ çyï˛#Î˚ í˛zòƒyö xˆÏ˛õ«˛y

ˆåÈyê˛– ˛õ!ÿ˛üÓˆÏAàÓ˚ Ó:y (Buxa) xöƒï˛ü à%Ó˚%c˛õ)ü≈ xû˛Î˚yÓ˚îƒ ˆÎáyˆÏö !Ó°%Æ ≤ÃyÎ˚ ≤Ãyî# !•ˆÏ§ˆÏÓ

~Ü˛ ¢,Aà à[˛yÓ˚ §ÇÓ˚!«˛ï˛ •Î˚– ~åÈyí˛¸yÄ û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ Ü˛ˆÏÎ˚Ü˛!ê˛ à%Ó˚%c˛õ)î≈ xû˛Î˚yÓ˚îƒ •°ÈÙÙÙÈ●●●●●     xy§yˆÏüÓ˚

ÚÜ˛y!çÓ˚yAàyÛñ ● ● ● ● ● ˛õ!ÿ˛üÓˆÏAàÓ˚ Úã˛y˛õí˛¸yüyÓ˚#Ûñ ˆÓÌ%Î˚yí˛•!Ó˚ñ ● ● ● ● ● í˛z_Ó˚ ≤ÃˆÏòˆÏ¢Ó˚ Úã˛w≤Ãû˛yÛñ ● ● ● ● ● à%çÓ˚yˆÏê˛Ó˚

Ú!àÓ˚ xÓ˚îƒÛñ ● ● ● ● ● ï˛y!ü°öyí˛¸ %Ó˚ Úüô%üy°y•zÛñ ● ● ● ● ● í˛z!í˛¸£ÏƒyÓ˚ Ú!§ü!°˛õy°Ûñ ● ● ● ● ● é˛yí˛¸á[˛ÙÈ~Ó˚ Ú˛õy°yüyí˛zÛ !ÓˆÏ¢£Ï

í˛zˆÏÕ‘áˆÏÎyàƒ–

17.6 çyï˛#Î˚ í˛zòƒyö (National Parks)

Óöƒ≤Ãyî# §ÇÓ˚«˛ˆÏîÓ˚ í˛zˆÏjˆÏ¢ƒ !Ü˛å%È !ö!ò≈T˛ Ó,•òyÜ˛yÓ˚ xÓ˚îƒ û˛yÓ˚ï˛ §Ó˚Ü˛yÓ˚ Ü˛ï,˛≈Ü˛ !öÎ˚!sfï˛ ~ÓÇ

çyï˛#Î˚ í˛zòƒyö (National Park) !•ˆÏ§ˆÏÓ ˆây!£Ïï˛– ~•z ≤ÃÜ˛yÓ˚ í˛zòƒyö Óy Óöû)˛!üˆÏï˛ Óöƒ≤Ãyî# !¢Ü˛yÓ˚ñ

àyåÈÜ˛yê˛yñ üyåÈôÓ˚y !Ü˛ÇÓy !Óöy xö%ü!ï˛ˆÏï˛ ≤ÃˆÏÓ¢ §¡õ)î≈ !ö!£ÏÂô– ˆÜ˛Ó° xö%ü!ï˛ §yˆÏ˛õ«˛ ˛õÎ≈ê˛Ü˛ˆÏòÓ˚

≤ÃˆÏÓˆÏ¢Ó˚ ÓƒÓfiÌy Ó˚yáy •Î˚–

û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ çyï˛#Î˚ í˛zòƒyö§ü)• IUCN Ü˛ƒyê˛yˆÏày!Ó˚-IIÈÙÈ~Ó˚ xhsˇû%˛≈=˛ §ÇÓ˚!«˛ï˛ xM˛°§ü)•

(Protected Areas)ÙÙÙ û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ 106!ê˛ çyï˛#Î˚ í˛zòƒyö 44,372 Óà≈ !Ü˛ˆÏ°y!üê˛yÓ˚ ~Ó˚Ä ˆÓ¢# xM˛°

ç%ˆÏí˛¸ (2022) xÌ≈yÍ û˛yÓ˚ï˛#Î˚ û)˛áˆÏ[˛Ó˚ 1.35% xM˛° ç%ˆÏí˛¸ xÓ!fiÌï˛–

û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ ≤ÃÌü çyï˛#Î˚ í˛zòƒyö 1936ÈÙÈ~ fiÌy!˛õï˛ ÚÚˆ••zˆÏ° (Hailey) çyï˛#Î˚ í˛zòƒyö– Îy Óï≈˛üyˆÏö

í˛z_Ó˚yáˆÏ[˛Ó˚ !çü Ü˛Ó˚ˆÏÓê˛ çyï˛#Î˚ í˛zòƒyö (Jim Corbett National Park) ÓˆÏ° ˛õ!Ó˚!ã˛ï˛–

û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ Ü˛ˆÏÎ˚Ü˛!ê˛ í˛zˆÏÕ‘áˆÏÎyàƒ çyï˛#Î˚ í˛zòƒyö •°ÈÙÙÙÈ

1. ˆí˛çyê≈˛ öƒy¢öy° ˛õyÜ≈˛ñ Ó˚yçfiÌyö (Desert National Park, Rajasthan)

2. àˆÏAàye# öƒy¢öy° ˛õyÜ≈˛ñ í˛z_Ó˚yá[˛ (Gangotri National Park, Uttarakhand)

3. öyüòyú˛y öƒy¢öy° ˛õyÜ≈˛ñ xÓ˚%îyã˛° ≤ÃˆÏò¢ (Namdapha National Park, Arunachan
Pradesh)
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4. !§ü!°˛õy° öƒy¢öy° ˛õyÜ≈˛ñ Ä!í˛¸£Ïƒy (Simlipal National Park, Orisha)

5. ˛õy!˛õˆÏÜ˛yu˛y öƒy¢öy° ˛õyÜ≈˛ñ xrô ≤ÃˆÏò¢ (Papikonda National Park, Andhra Pradesh)

6. •zwÓï˛# öƒy¢öy° ˛õyÜ≈˛ñ åÈ!_¢àí˛¸ (Indravati National Park, Chhattisgarh)

7. Ü˛yö‰•y öƒy¢öy° ˛õyÜ≈˛ñ üôƒ≤ÃˆÏò¢ (Kanha National Park, Madhya Pradesh)

8. ü•ydy àyrô# ˆüÓ˚y•zö öƒy¢öy° ˛õyÜ≈˛ñ xy®yüyö Ä !öˆÏÜ˛yÓÓ˚ m#˛õ˛õ%O (Mahatma Gandhi
Marine National Park, Andaman and Nicobar Islands)

9. !Ü˛ˆÏhflÏyÎ˚yÓ˚ öƒy¢öy° ˛õyÜ≈˛ñ ç¡ø% Ä Ü˛yŸ¬#Ó˚ (Kishtwar National Park, Jammu and
Kashmir)

10. àÓ˚%üyÓ˚y öƒy¢öy° ˛õyÜ≈˛ñ ˛õ!ÿ˛üÓAà (Garumara National Park, West Bengal)

11. ˆöÄÓ˚y û˛ƒy!° öƒy¢öy° ˛õyÜ≈˛ñ ˛õ!ÿ˛üÓAà (Neora Valley National Park, West Bengal)

12. ç°òy˛õyí˛¸y öƒy¢öy° ˛õyÜ≈˛ñ ˛õ!ÿ˛üÓAà (Jaldapara National Park, West Bengal)

13. ˆ•!ü¢ öƒy¢öy° ˛õyÜ≈˛ñ °yòyá (Hemis National Park, Ladakh)

14. üyö§ öƒy¢öy° ˛õyÜ≈˛ñ xy§yü (Manas National Park, Assam)

15. ˆ˛õ!Ó˚Î˚yÓ˚ öƒy¢öy° ˛õyÜ≈˛ñ ˆÜ˛Ó˚y°y (Periyar National Park, Kerala)

16. !˛õöû˛ƒy!° öƒy¢öy° ˛õyÜ≈˛ñ !•üyã˛° ≤ÃˆÏò¢ (Pinvalley National Park, Himachal
Pradesh)

17.7 §yÓ˚yÇ¢ (Summary)

~•z ~Ü˛ˆÏÜ˛ í˛z!qò §ÇÓ˚«˛îñ §ÇÓ˚«˛ˆÏîÓ˚ à%Ó˚%cñ ~:ÈÙÈ!§ê%˛ ~ÓÇ •zöÈÙÈ!§ê%˛ §ÇÓ˚«˛îñ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚

!Ó˚çyû≈˛ñ xû˛Î˚yÓ˚îƒ Ä çyï˛#Î˚ í˛zòƒyö §¡õˆÏÜ≈˛ xyˆÏ°yã˛öy Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– §ü@ˇÃ ç#ÓÜ%˛ˆÏ°Ó˚ ≤ÃˆÏÎ˚yçˆÏö

í˛z!qòˆÏÜ˛ ÓƒÓ•yÓ˚ Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ !Ü˛v §û˛ƒï˛yÓ˚ x@ˇÃà!ï˛Ó˚ §yˆÏÌ §yˆÏÌ í˛z!qòÜ)˛°ˆÏÜ˛ ôùÇ§ Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ–

~Ó˚ ú˛ˆÏ° ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ û˛yÓ˚§yüƒ !ÓˆÏ¢£Ïû˛yˆÏÓ «˛!ï˛@ˇÃhflÏ •ˆÏÎ˚ˆÏåÈ– ~•z «˛!ï˛ xö%ôyÓö Ü˛ˆÏÓ˚ !ÓK˛yö#Ó˚y §%!fiÌï˛

í˛zß¨Î˚ö (sustainable development)ÈÙÈ~Ó˚ Ü˛Ìy Ó°ˆÏåÈö ~ÓÇ í˛z!qò §ÇÓ˚«˛ˆÏîÓ˚ çöƒ !ÓˆÏ¢£Ï í˛zˆÏòƒyà

ˆöÄÎ˚y •ˆÏFåÈ– ~•z ~Ü˛ˆÏÜ˛ í˛z!qò §ÇÓ˚«˛ˆÏîÓ˚ à%Ó˚%cà%!° !°!˛õÓÂô Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– í˛z!qò Óy Óö §ÇÓ˚«˛ˆÏîÓ˚

ˆÎ §Ü˛° ˛õÂô!ï˛ xyˆÏåÈ ï˛yˆÏòÓ˚ ≤Ãôyö ò%•z û˛yˆÏà û˛yà Ü˛Ó˚y •Î˚ÈÙÙÙÈÓ!•ÉÈÙÈfiÌyˆÏö ~ÓÇ fl∫ÈÙÈfiÌyˆÏö §ÇÓ˚«˛î–

Ó!•ÉÈÙÈfiÌyˆÏö §ÇÓ˚«˛ˆÏîÓ˚ xyÓyÓ˚ xˆÏöÜ˛à%!° ˆÜ˛Ô¢° xyˆÏåÈÈÙÙÙÈˆÓyê˛y!öÜ˛y° àyˆÏí≈˛öñ Ó#ç ÓƒyÇÜ˛ñ !ú˛”˛
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!çö ÓƒyÇÜ˛ñ !í˛. ~ö. ~. ÓƒyÇÜ˛ñ ˛õÓ˚yàˆÏÓ˚î% ÓƒyÇÜ˛ñ Ü ˛yˆÏÎ˚y!≤ÃçyÓ˚ˆÏû˛¢öñ •zöÈÙÈ!û˛ˆÏê˛Δy Ü˛y°ã˛yÓ˚ •zï˛ƒy!ò–

fl∫ÈÙÈfiÌyˆÏö §ÇÓ˚«˛ˆÏîÓ˚ çöƒ !Ó!û˛ß¨ §ÇÓ˚!«˛ï˛ ~°yÜ˛y §,!T˛ Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈÈÙÙÙÈÜ˛ˆÏë˛yÓ˚û˛yˆÏÓ ˆöã˛yÓ˚ !Ó˚çyû≈˛ñ

çö•#ö xM˛°ñ çyï˛#Î˚ í˛zòƒyöñ öƒyã˛yÓ˚y° üö%ˆÏürê˛ñ ç#ÓÓy§fiÌyöñ §ÇÓ˚!«˛ï˛ û)˛ò,§ƒñ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛

≤Ãû,˛!ï˛– ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyˆÏû≈˛Ó˚ ö:y Ä ï˛yÓ˚ !ÓˆÏ¢£Ï à%Ó˚%c˛õ)î≈ !òÜ˛à%!° !°!˛õÓÂô Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– ~Ü˛•z

§yˆÏÌ !°!˛õÓÂô •ˆÏÎ˚ˆÏåÈ ˛õ,!ÌÓ# Ä û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ í˛zˆÏÕ‘áˆÏÎyàƒ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛à%!°ñ xû˛Î˚yÓ˚îƒ ~ÓÇ

çyï˛#Î˚ í˛zòƒyö §ü)ˆÏ•Ó˚ öyü–

17.8  ≤ÃŸ¿yÓ°# (Questions)

I. Ó•% !öÓ≈yã˛ö# ≤ÃŸ¿ (MCQ) :

1. Óö§ÇÓ˚«˛î Ó°ˆÏï˛ ˆÓyé˛yÎ˚ÈÙÙÙÈ

(a) í˛z!qò §¡õò §Ç@ˇÃ• §¡õ)î≈ ˆÓ˚yô Ü˛Ó˚y

(b) ÓöyM˛ˆÏ° ï,˛îˆÏû˛yç# Óöƒ≤Ãyî#Ó˚ §Çáƒy !öÎ˚sfî Ü˛Ó˚y

(c) !öÎ˚!sfï˛ Óöç§¡õò §Ç@ˇÃ• Ä ÓƒÓ•yÓ˚ Ü˛Ó˚y

(d) ÓöyM˛ˆÏ° üyö%£Ï ~ÓÇ àÓy!ò˛õ¢%Ó˚ ≤ÃˆÏÓ¢ §¡õ)î≈ !ö!£ÏÂô Ü˛Ó˚y

2. í˛z!qò §ÇÓ˚«˛ˆÏîÓ˚ §ˆÏAà ˆÎ !Ó£ÏˆÏÎ˚Ó˚ §¡õÜ≈˛ ˆö•zÈÙÙÙÈ

(a) ÓyÎ˚%ü[˛ˆÏ°Ó˚ àƒy§#Î˚ û˛yÓ˚§yüƒ (b) û)˛!ü«˛Î˚ ˆÓ˚yô

(c) Ó,!T˛˛õyˆÏï˛Ó˚ §üï˛y Ó˚«˛y (d) û)˛!üÜ˛ˆÏ¡õÓ˚ ≤ÃÓîï˛y Ó,!Âô

3. Óöû)˛!ü ~ÓÇ í˛z!qò §ÇÓ˚«˛ˆÏîÓ˚ !Ó£ÏˆÏÎ˚ ˆÎ í˛z!=˛!ê˛ §ï˛ƒ öÎ˚ÈÙÙÙÈ

(a) §Ü˛° ç#ˆÏÓÓ˚ áyˆÏòƒÓ˚ í˛zÍ§ ≤Ãï˛ƒ«˛ Óy ˛õˆÏÓ˚y«˛û˛yˆÏÓ §%Ó˚!«˛ï˛ •ÄÎ˚y

(b) ü•yüy!Ó˚ Ä x!ï˛üy!Ó˚ ≤Ã!ï˛ˆÏÓ˚yˆÏô §•yÎ˚ï˛y Ü˛Ó˚y

(c) ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ û˛yÓ˚§yüƒ Ó˚«˛y

(d) áyòƒ¢,C° ~ÓÇ áyòƒ çy°ˆÏÜ˛Ó˚ üyôƒˆÏü ¢!=˛ ≤ÃÓy• x«%˛] Ó˚yáy

4. •zöÈÙÈ!§ê%˛ Ü˛öçyÓ˚ˆÏû˛¢ˆÏöÓ˚ xÌ≈ •°ÈÙÙÙÈ

(a) !Ó!û˛ß¨ ç#Ó ≤Ãçy!ï˛ˆÏÜ˛ ï˛yˆÏòÓ˚ Óy›ï˛y!sfÜ˛ Óy§fiÌyˆÏö ˆÓ˚ˆÏá•z öyöy ≤ÃÎ%!=˛ Óy !ÓK˛yö!û˛!_Ü˛

ˆÜ˛Ô¢ˆÏ°Ó˚ üyôƒˆÏü §ÇÓ˚«˛î

(b) !Ó!û˛ß¨ ç#Ó ≤Ãçy!ï˛ˆÏÜ˛ ï˛yˆÏòÓ˚ Óy›ï˛y!sfÜ˛ Óy§fiÌyˆÏö Óy•zˆÏÓ˚ ~ˆÏö ˆÜ˛yö í˛z˛õÎ%=˛ fiÌyö

!Ü˛ÇÓy àˆÏÓ£ÏîyàyˆÏÓ˚ öyöy ≤ÃÎ%!=˛Ó˚ §•yÎ˚ï˛yÓ˚ §ÇÓ˚«˛î

(c) °ƒyÓˆÏÓ˚ê˛!Ó˚ !Ü˛ÇÓy öy§≈y!Ó˚ˆÏï˛ ˆ§•z ç#ˆÏÓÓ˚ x§Çáƒ x˛õï˛ƒ §,!T˛ Ü˛Ó˚y

(d) ˆÜ˛yö ≤Ãçy!ï˛Ó˚ ç#Óà%!°ˆÏÜ˛ !û˛ß¨ !û˛ß¨ fiÌyˆÏö ˆÓ˚ˆÏá §Óã˛y•zˆÏï˛ í˛z˛õÎ%=˛ ˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ fiÌyˆÏö
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fiÌyöyhsˇÓ˚ö Ü˛Ó˚y

5. •zöÈÙÈ!§ê%˛ Ü˛öçyˆÏû≈˛¢ˆÏöÓ˚ xyÄï˛yÎ˚ ˛õˆÏÓ˚ öy ˆÎ!ê˛ÈÙÙÙÈ

(a) xû˛Î˚yÓ˚îƒ (b) çyï˛#Î˚ í˛zòƒyö

(c) ˆÓyê˛y!öÜ˛y° àyˆÏí≈˛ö (d) öƒyã˛yÓ˚y° üö%ˆÏürê˛

6. ˆÜ˛yö!ê˛ ~:ÈÙÈ!§ê%˛ Ü˛öçyˆÏû≈˛¢ˆÏöÓ˚ üˆÏôƒ ˛õˆÏí˛¸ öy⁄

(a) ˆÓyê˛y!öÜ˛y° àyˆÏí≈˛ö (b) Ó#ç ÓƒyAÜ˛

(c) DNA ÓƒyAÜ˛ (d) ≤Ãçy!ï˛Ó˚ ï˛òyÓ˚!Ü˛ xM˛°

7. •zöÈÙÈ!§ê%˛ §ÇÓ˚«˛ˆÏîÓ˚ §yˆÏÌ §yˆÏÌ ~•z §ÇÓ˚!«˛ï˛ xM˛° !¢«˛yñ !ÓˆÏöyòö ≤Ãû,˛!ï˛Ó˚ ≤Ã§yÓ˚ â!ê˛ˆÏÎ˚

fiÌyö#Î˚ xÌ≈ö#!ï˛ˆÏÜ˛ §y•yÎƒ Ü˛ˆÏÓ˚ÈÙÙÙÈ

(a) öƒyã˛yÓ˚y° üö%ˆÏürê˛ (b) çyï˛#Î˚ í˛zòƒyö

(c) çö•#ö xM˛° (d) ≤Ãçy!ï˛ ï˛òyÓ˚!Ü˛ xM˛°

8. Ó˚yçƒ §Ó˚Ü˛yˆÏÓ˚Ó˚ !öÎ˚sfyöyô#ö ~•z §ÇÓ˚!«˛ï˛ ÓöyM˛ˆÏ° ˆÓ¢ !Ü˛å%È !Ó°%Æ ≤ÃyÎ˚ Óöƒ≤Ãyî# !öû≈˛ˆÏÎ˚

Ó§Óy§ Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ÈÙÙÙÈ

(a) çyï˛#Î˚ í˛zòƒyö (b) ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛

(c) xû˛Î˚yÓ˚îƒ (d) öƒyã˛yÓ˚y° !ú˛ã˛yÓ˚

9. ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ §¡∫ˆÏrô ˆÎ ï˛Ìƒ!ê˛ §!ë˛Ü˛ öÎ˚ÈÙÙÙÈ

(a) !ÓˆÏŸªÓ˚ §Ü˛° ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ CEM ˆöê˛ÄÎ˚yÜ≈˛ ~Ó˚ üyôƒˆÏü §ÇÎ%=˛

(b) §Ü˛° ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛à%!° UNESCOÈÙÓ˚ MABÈÙÈ~Ó˚ xöy•ï˛ í˛zß¨Î˚ˆÏöÓ˚ xyò¢≈

öÜ˛¢y

(c) ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ÈÙÈ~Ó˚ ˆÜ˛yÓ˚ ˆçyöñ Óyú˛yÓ˚ ˆçyö ~ÓÇ ê˛Δyö!ç¢ö ˆçyö §Óà%!°•z

IUCNÈÙÈ~Ó˚ §ÇÓ˚«˛ˆÏîÓ˚ xhsˇà≈ï˛

(d) ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ üyöÓ §üyç Ä Óy›ï˛ˆÏsfÓ˚ xyhsˇ!Ü ˛Î˚yÓ˚ xyò¢≈ öÜ‰˛¢y

10. ÓyˆÏÎ˚y!fl≥˛Î˚yˆÏÓ˚Ó˚ ~•z xM˛°!ê˛ˆÏï˛ !¢«˛yü)°Ü˛ !Ü ˛Î˚yÜ˛°y˛õ Ä àˆÏÓ£ÏîyÓ˚ çöƒ §#!üï˛ §ÇáƒÜ˛

üyö%ˆÏ£ÏÓ˚ ≤ÃˆÏÓ¢ xö%ˆÏüy!òï˛ÈÙÙÙÈ

(a) ˆÜ˛yÓ˚ ˆçyö (b) Óyú˛yÓ˚ ˆçyö

(c) ê˛Δyö!ç¢ö ˆçyö (d) ˆÜ˛yÓ˚ ˆÜ˛yöÈÙÈ~Ó˚ !Ü˛å%È !Ü˛å%È xÇ¢

II. §Ç!«˛Æ ≤ÃŸ¿yÓ°# É

1. Óö §ÇÓ˚«˛î Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚⁄

2. •zöÈÙÈ!§ê%˛ ~ÓÇ ~:ÈÙÈ!§ê%˛ §ÇÓ˚«˛î !Ü˛⁄
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3. Ó#ç ÓƒyÇÜ˛ !Ü˛⁄

4. Ü ˛yˆÏÎ˚y!≤ÃçyˆÏû≈˛¢ö Ü˛yˆÏÜ˛ ÓˆÏ°⁄

5. ÄÎ˚y•z”˛yÓ˚ˆÏö§ xM˛° Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚⁄

6. öƒyã˛yÓ˚y° üö%ˆÏürê˛ !Ü˛⁄

7. UNESCOÈÙÈÓ˚ MABÈÙÈ~Ó˚ í˛zˆÏj¢ƒ !Ü˛⁄

8. ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ÈÙÈ~Ó˚ ˆçyöà%!°Ó˚ öyü Ä xÓfiÌyö !°á%ö–

9. ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ Ä Ü˛!Ó˚ˆÏí˛yÓ˚ÈÙÈ~Ó˚ §¡õÜ≈˛ !Ü˛⁄

10. û˛yÓ˚ï˛Ó£Ï≈ ~ÓÇ û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ Óy•zˆÏÓ˚Ó˚ ~Ü˛!ê˛ Ü˛ˆÏÓ˚ í˛zˆÏÕ‘áˆÏÎyàƒ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ÈÙÈ~Ó˚ öyü

!°á%ö–

III. Ó˚ã˛öyôü≈# ≤ÃŸ¿ É

1. í˛z!qò §ÇÓ˚«˛ˆÏîÓ˚ à%Ó˚%cà%!° §ÇˆÏ«˛ˆÏ˛õ !°á%ö–

2. ~:ÈÙÈ!§ê%˛ Ü˛öçyˆÏû≈˛¢ˆÏöÓ˚ ˆÎ ˆÜ˛yö ò%•z!ê˛ ˆÜ˛Ô¢° §¡∫ˆÏrô !°á%ö–

3. •zöÈÙÈ!§ê%˛ Ü˛öçyˆÏû≈˛¢ˆÏöÓ˚ ˆÎ ˆÜ˛yö ò%•z ≤ÃÜ˛yÓ˚ ~°yÜ˛yÓ˚ ˜Ó!¢T˛ƒÏ §¡∫ˆÏrô !°á%ö–

4. ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ ˆöê˛ÄÎ˚yÜ≈˛ÈÙÈ~Ó˚ í˛zˆÏj¢ƒà%!° xyˆÏ°yã˛öy Ü˛Ó˚%ö–

5. ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ÈÙÈ~Ó˚ §yú˛°ƒ ˆÎ !Ó£ÏÎ˚à%!°Ó˚ Ä˛õÓ˚ !öû˛≈Ó˚ Ü˛ˆÏÓ˚ ï˛y §ÇˆÏ«˛ˆÏ˛õ xyˆÏ°yã˛öy

Ü˛Ó˚%ö–

6. ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ÈÙÈ~Ó˚ !Ó!û˛ß¨ xM˛°à%!°Ó˚ ˜Ó!¢T˛ƒ §ÇˆÏ«˛ˆÏ˛õ !°á%ö–

7. Óï≈˛üyˆÏö û˛yÓ˚ï˛Ó£Ï≈ ~ÓÇ §ü@ˇÃ ˛õ,!ÌÓ#Ó˚ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyˆÏû≈˛Ó˚ §Çáƒy !°á%ö– û˛yÓ˚ï˛Ó£Ï≈ ~ÓÇ

˛õ,!ÌÓ#Ó˚ ã˛yÓ˚!ê˛ Ü˛ˆÏÓ˚ ÓyˆÏÎ˚y!fl≥˛Î˚yÓ˚ !Ó˚çyû≈˛ÈÙÈ~Ó˚ öyü ~ÓÇ xÓfiÌyö í˛zˆÏÕ‘á Ü˛Ó˚%ö–

8. xû˛Î˚yÓ˚îƒ ~ÓÇ çyï˛#Î˚ í˛zòƒyö Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚⁄ û˛yÓ˚ï˛ÓˆÏ£Ï≈ •z•yˆÏòÓ˚ ò%•z!ê˛ Ü˛ˆÏÓ˚ í˛zòy•Ó˚î

!òö–
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17.9 í˛z_Ó˚üy°y (Answers)

I. Ó•% !öÓ≈yã˛ö# ≤ÃˆÏŸ¿Ó˚ (MCQ) í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚

§Çáƒy ı 1 2 3 4 5 6 7 8 9 10

í z̨_Ó˚ ı c d b a c d b c c b

II. §Ç!«˛Æ ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4 5

xö%ˆÏFåÈò §Çáƒy ı 17.1 17.3 17.3.1(b) 17.3.1(f) 17.3.2(2)

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 6 7 8 9 10

xö%ˆÏFåÈò §Çáƒy ı 17.3.2(4) 17.4 17.4.2(6) 17.4.2(4) 17.4.3 &
17.4.4

III. Ó˚ã˛öyôü≈# ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ı

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 1 2 3 4

xö%ˆÏFåÈò §Çáƒy ı 17.2 17.3.1 17.3.2 17.4.1

≤ÃˆÏŸ¿Ó˚ §Çáƒy ı 5 6 7 8

xö%ˆÏFåÈò §Çáƒy ı 17.4.2 17.4.2(6) 17.4.3 & 17.5 & 17.6
17.4.4
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