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~Ü˛Ü˛ 1 ˆÜ˛y£Ï ¢yÓ˚#Ó˚!Óòƒy

Unit 1 Cell Physiology

àë˛ö

1.0 í ẑ̨ Ïj¢ƒ

1.1 ≤ÃhflÏyÓöy

1.2 ˆÜ˛y£Ï ˛õò≈yÓ˚ ˛õÓ˚yî% àë˛ö
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1.3.1 Óƒy˛õˆÏöÓ˚ ˜Ó!¢‹Tƒ

1.3.2 í˛z!qòˆÏòˆÏ• Óƒy˛õˆÏöÓ˚ û)˛!üÜ˛y

1.4 x!û˛flÀÓî Óy x§ˆÏüy!§§

1.4.1 x!û˛flÀÓˆÏîÓ˚ =Ó˚&c

1.5 xydû)˛!ï˛ Óy •züÓy•zˆÏÓ¢ö

1.6 ≤’yçˆÏüy°y•z!§§

1.7 ç°!Óû˛Ó

1.7.1 ç°!ÓÏû˛ˆÏÓÓ˚ Óƒyáƒy

1.7.2 ç°!Óû˛ˆÏÓÓ˚ í˛z˛õyòyö

1.8 §yÓ˚yÇ¢
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1.10 í˛z_Ó˚üy°y
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1.0 í ẑ̨ Ïj¢ƒ

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xy˛õ!ö

 ˆÜ˛y£Ï ˛õò≈yÓ˚ àë˛ö §¡õ!Ü≈˛ï˛ !Ó!û˛ß¨ üˆÏí˛°=!° §¡õˆÏÜ≈˛ ôyÓ˚îy °yû˛ Ü˛Ó˚̂ ÏÓö–

 ˆÜ˛y£Ï ˛õò≈yÓ˚ Ó˚y§yÎ˚!öÜ˛ í˛z˛õyòyö=!° §¡õˆÏÜ≈˛ çyöˆÏï˛ ˛õyÓ˚ˆÏÓö–

 ˆÜ˛y£Ï ˛õò≈yÓ˚ !Ó!û˛ß¨ Ü˛yç=!°Ó˚ !Ó£ÏˆÏÎ˚ xyˆÏ°yã˛öy Ü˛Ó˚̂ Ïï˛ ˛õyÓ˚̂ ÏÓö–

 Óƒy˛õö ≤Ã!e´Î˚yÓ˚ üyôƒˆÏü Ü˛#û˛yˆÏÓ xî%Ó˚ àüöyàüö âˆÏê˛ ï˛y Ó%!é˛ˆÏÎ˚ !òˆÏï˛ ˛õyÓ˚̂ ÏÓö–

 ˆÜ˛y£Ï ˛õò≈yÓ˚ üyôƒˆÏü Ü˛#û˛yˆÏÓ x!û˛flÀyÓî Ä ≤’yçˆÏüy°y•z!§§ ≤Ã!e´Î˚y !öÎ˚!sfï˛ •Î˚ ï˛y Óƒyáƒy Ü˛Ó˚̂ Ïï˛

˛õyÓ˚ˆÏÓö–

1.1 ≤ÃhflÏyÓöy

ç#ÓˆÏòˆÏ•Ó˚ àë˛öàï˛ Ä Ü˛yÎ≈àï˛ ~Ü˛Ü˛ˆÏÜ˛ ˆÜ˛y£Ï ÓˆÏ°– ~Ü˛!ê˛ Óy!í ¸̨ ˆÎüö xˆÏöÜ˛=!° •zê˛ !òˆÏÎ˚ àÑyÌy •Î˚

ˆï˛ü!ö x!ôÜ˛yÇ¢ ç#Ó•z x§Çáƒ ˆÜ˛y£Ï !öˆÏÎ˚ à!ë˛ï˛– ç#ÓˆÏòˆÏ•Ó˚ xyÓÓ˚îˆÏÓ!‹Tï˛ñ ˆ≤ÃyˆÏê˛y≤’yçü !ö!ü≈ï˛ñ

fl∫≤Ãçöö¢#°ñ àë˛öü)°Ü˛ Ä ˜çÓ!öÜ˛ !e´Î˚yü)°Ü˛ ~Ü˛Ü˛ˆÏÜ˛ ˆÜ˛y£Ï Ó°y •Î˚– ≤Ã!ï˛!ê˛ ˆÜ˛yˆÏ£ÏÓ˚ üˆÏôƒ x§Çáƒ

˜çÓÓ˚y§yÎ˚!öÜ˛ !Ó!e´Î˚y §%!öÎ˚!sfï˛ û˛yˆÏÓ §¡õß¨ •Î˚ Îy ç#ÓˆÏÜ˛ ˆÓÑˆÏã˛ ÌyÜ˛ˆÏï˛ Ä !ÓÓ!ï˛≈ï˛ •ˆÏï˛ §y•yÎƒ Ü˛ˆÏÓ˚–

¢yÓ˚#Ó˚Ó,_#Î˚ ò,!‹TˆÏÜ˛yî ˆÌˆÏÜ˛ ˆÜ˛y£ÏˆÏÜ˛ Ú˜çÓ Ó˚y§yÎ˚!öÜ˛ Ü˛yÓ˚áyöyÛ Ó°y ÎyÎ˚–

ˆ≤ÃyˆÏê˛y≤’yçˆÏüÓ˚ Óy•zˆÏÓ˚ í˛z˛õ!fliï˛ ̂ Ü˛y£Ï ̨õò≈yñ ̨õ!Ó˚̂ ÏÓ¢ Ä ̂ Ü˛yˆÏ£ÏÓ˚ üˆÏôƒ !Ó!û˛ß¨ xî%Ó˚ àüöyàüöˆÏÜ˛ !öÎ˚sfî

Ü˛ˆÏÓ˚– ~•z ~Ü˛ˆÏÜ˛Ó˚ ≤ÃÌˆÏü xyüÓ˚y ˆÜ˛y£Ï ˛õò≈yÓ˚ àë˛ö Ä ˛õˆÏÓ˚ ˆÜ˛y£Ï ˛õò≈yÓ˚ !Ó!û˛ß¨ Ü˛yÎ≈Ü˛y!Ó˚ï˛y §¡õˆÏÜ≈˛ xyˆÏ°yã˛öy

Ü˛Ó̊Ó–

1.2 ˆÜ˛y£Ï ̨õò≈yÓ˚ ̨õÓ˚yî%àë˛ö (Ultrastructure of Cell Membrance)

~Ü˛!ê˛ §ç#Ó ˆÜ˛yˆÏ£ÏÓ˚ xï˛ƒyÓ¢ƒÜ˛ í˛z˛õyòyö ò%Û!ê˛ •° ˆÜ˛y£Ï ˛õò≈y Ä ˆ≤ÃyˆÏê˛y≤’yçü– ˆ≤ÃyˆÏê˛y≤’yçüˆÏÜ˛ xyÓ,ï˛

Ü˛ˆÏÓ˚ ̂ Î x!ï˛ §)- (5-8nm fli(°V ≤ÃˆÏû˛òÜ˛ ̂ û˛òƒ ̨ õò≈y!ê˛ í˛z˛õ!fliï˛ ÌyˆÏÜ˛ ï˛yˆÏÜ˛ ̂ Ü˛y£Ï ̨ õò≈y ÓˆÏ°– ̂ Ü˛y£Ï ̨ õò≈y §ç#Ó

Ü˛yÓ̊î ~Ó̊ !e´Î̊y¢#°ï˛y Óy!•ƒÜ˛ ̨õ!Ó̊ Ï̂Ó Ï̂¢Ó̊ í z̨̨ õÓ̊ !öû≈̨ Ó̊¢#°– ~ Ï̂Ü˛ !öÎ̊!sfï˛ ̂ û˛òƒ ̨õò≈y (Selectively Permeable)
ÓˆÏ° Ü˛yÓ˚î ˆÜ˛yˆÏ£ÏÓ˚ ã˛y!•òy xö%§yˆÏÓ˚ ~ÓÇ ˆÜ˛y£Ï ˛õò≈yÓ˚ Ó˚y§yÎ˚!öÜ˛ í˛z˛õyòyˆÏöÓ˚ ≤ÃÜ,˛!ï˛ xö%ÎyÎ˚# ˆÜ˛y£Ï ˛õò≈yÓ˚

üyôƒˆÏü xî%Ó˚ ã˛°yã˛° !öÎ˚sfî •Î˚–

•zˆÏ°Ü˛ê˛Δö xî%Ó#«˛î Îsf xy!Ó‹ÒyˆÏÓ˚Ó˚ ˛õÓ˚ ˆÌˆÏÜ˛•z xyüÓ˚y ˆÜ˛y£Ï ˛õò≈yÓ˚ ˛õÓ˚yî%àë˛ö §¡õˆÏÜ≈˛ ô#ˆÏÓ˚ ô#ˆÏÓ˚

ôyÓ˚îy °yû˛ Ü˛Ó˚!åÈ– ˆÜ˛y£Ï ˛õò≈yÓ˚ àë˛ö §¡õ!Ü≈˛ï˛ ≤Ãôyö ≤Ãôyö üˆÏí˛° (Model) Óy öÜ˛§y=!° ö#ˆÏã˛ xyˆÏ°yã˛öy

Ü˛Ó˚y •°–
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1) ˆí˛û˛§ö Ä í˛ƒy!öˆÏÎ˚!°Ó˚ öÜ˛§y (Davson and Danielli's model)

1935 §y Ï̂° ̂ í˛û˛§ö Ä í˛ƒy!ö Ï̂Î̊!° ̂ Ü˛y£Ï ̨õò≈yÓ̊ !mhflÏÓ̊# (Bilayer) Óy §ƒyu˛í z̨•zã˛ (Sandwich) öÜ˛§y!ê˛Ó̊

Óî≈öy Ü˛ˆÏÓ˚ö– ïÑ˛yˆÏòÓ˚ üˆÏï˛ ˆÜ˛y£Ï ˛õò≈y ò%!ê˛ ˆ≤Ãy!ê˛ö hflÏÓ˚ !öˆÏÎ˚ à!ë˛ï˛ ~ÓÇ ˆ≤Ãy!ê˛ö hflÏÓ˚ ò%!ê˛Ó˚ xhsˇÓ≈ï˛#≈ fliyˆÏö ~Ü˛!ê˛

!°!˛õí˛ hflÏÓ˚ ÌyˆÏÜ˛– ˆÜ˛y£Ï ˛õò≈yÓ˚ !°!˛õí˛ xM˛È°!ê˛ ≤Ãôyöï˛ ú˛§ˆÏú˛y!°!˛õí˛ !öˆÏÎ˚ à!ë˛ï˛– ~•z xî%!ê˛ xƒy!¡≥˛˛õƒy!ÌÜ˛

xÌ≈yÍ ~Ü˛ ≤Ãyhsˇ ç°yÜ˛£Ï#≈ Óy ˆ˛õy°yÓ˚ ~ÓÇ xöƒ ≤Ãyhsˇ!ê˛ ç°!ÓÜ˛£Ï#≈ Óy öö‰ ˆ˛õy°yÓ˚ (Non-polar)– ˆ≤Ãy!ê˛ö

hflÏÓ˚mˆÏÎ˚Ó˚ üôƒÓï˛#≈ ú˛§ Ï̂ú˛y!°!˛õí˛Ä !mhflÏÓ˚#– ≤Ã!ï˛!ê˛ ú˛§ˆÏú˛y!°!˛õí˛ hflÏ̂ ÏÓ˚Ó˚ ̂ ˛õy°yÓ˚ ≤Ãyhsˇ=!° Óy•ẑ ÏÓ˚Ó˚ Ä !û˛ï˛ˆÏÓ˚Ó˚

ˆ≤Ãy!ê˛ö hflÏˆÏÓ˚Ó˚ x!û˛ü%ˆÏá ÌyˆÏÜ˛ ~ÓÇ ööÈÙÈˆ˛õy°yÓ˚ ≤Ãyhsˇ=!° ˆÜ˛y£Ï ˛õò≈yÓ˚ üôƒû˛yˆÏà xÓfliyö Ü˛ˆÏÓ˚– ˆÜ˛y£Ï ˛õò≈yˆÏÜ˛

x§!˛õÎ˚yü ˆê˛ê˛ΔyÜ˛§y•zí˛ !òˆÏÎ˚ Ó˚!Oï˛ Ü˛ˆÏÓ˚ •zˆÏ°Ü˛ê˛Δö xî%Ó#«˛î ÎˆÏsf ˛õÎ≈ˆÏÓ«˛î Ü˛Ó˚̂ Ï° ˆòáy ÎyÎ˚ ˆÎ ˆÜ˛y£Ï ˛õò≈yÓ˚

àë˛ö ≤ÃÜ,˛ï˛˛õˆÏ«˛ !ehflÏÓ˚# ÈÙÙÙÈ ÎyÓ˚ !û˛ï˛Ó˚ Ä Óy•zˆÏÓ˚Ó˚ hflÏÓ˚ ò%Û!ê˛ •zˆÏ°Ü˛ê˛ΔöÈÙÈxfl∫FåÈñ !Ü˛v üôƒhflÏÓ˚!ê˛ •zˆÏ°Ü˛ê˛ΔöÈÙÈfl∫FåÈ–

˜ÓK˛y!öÜ˛mÎ˚ xyÓ˚Ä °«˛ƒ Ü˛ˆÏÓ˚!åÈˆÏ°ö ˆÎ ˆ˛õy°yÓ˚ ≤ÃyˆÏhsˇÓ˚ §yˆÏÌ ˆ@’y!Óí˛z°yÓ˚ ˆ≤Ãy!ê˛ö=!° xyÎ˚ö#Î˚ !e´Î˚y

≤Ã!ï˛!e´Î˚yÓ˚ üyôƒˆÏü §ÇÎ%_´ ÌyˆÏÜ˛– !°!˛õí˛ xî%=!° Ü˛ï˛Ü˛=!° §)- Ä §üyhsˇÓ˚y° §y!Ó˚̂ Ïï˛ §!Iï˛ ÌyˆÏÜ˛ ~ÓÇ

≤Ã!ï˛!ê˛ §y!Ó˚ 7Å ÓƒÓôyˆÏö §!Iï˛ ÌyˆÏÜ˛–

2) Ó˚Óyê≈̨ § Ï̂öÓ˚ ~Ü˛Ü˛ ̨õò≈y öÜ˛¢y     (Robertson's unit membrane model)

Ó˚Óyê≈˛§ö (1953) •zˆÏ°Ü˛ê˛Δö xî%Ó#«˛î ÎˆÏsf ̂ Ü˛y£Ï ̨õò≈yÓ˚ ̨õÓ˚yî% àë˛ˆÏöÓ˚ Óî≈öy ̂ òö– ̂ í˛û˛§ö Ä í˛ƒyˆÏö!°Ó˚

üˆÏí˛°!ê˛ !åÈ° çƒy!ü!ï˛Ü˛ ï˛°!Ó!¢‹T (Symmetric) !Ü˛v Ó˚Óyê≈˛§ˆÏöÓ˚ üˆÏï˛ ˆÜ˛y£Ï ˛õò≈yÓ˚ àë˛ö x≤Ã!ï˛§ü Óy

xƒy!§ˆÏü!ê˛ΔÜ˛ (Asymmetric)– ïÑ˛yÓ˚ üˆÏï˛Ä ̂ Ü˛y£Ï ̨ õò≈y !ehflÏÓ˚Î%_´ ÈÙÙÙÈ xÌ≈yÍ ̂ ≤Ãy!ê˛ö ÈÙÈ !°!˛õí˛ ÈÙÈ ̂ ≤Ãy!ê˛ö (PLP)
~•z !ÓöƒyˆÏ§ §!Iï˛– !ï˛!ö xyÓ˚Ä °«˛ƒ Ü˛ˆÏÓ˚ö ˆÎ ˆÜ˛y£Ï ˛õò≈yÓ˚ ˛õ%Ó˚&c (10nm) ˆÜ˛y£Ï#Î˚ xDyî%ˆÏï˛ í˛z˛õ!fliï˛

˛õò≈yÓ˚ (5-7nm) ˆã˛ˆÏÎ˚ ˆÓ!¢ •Î˚– S!ã˛e 1.1V

!ã˛e 1.1 ≠ Ó˚Óyê≈˛§ˆÏöÓ ̊(Robertson) ~Ü˛Ü˛ ̨õò≈y üˆÏí˛°

3) !§DyÓ̊ Ä !öÜ˛°§ Ï̂öÓ̊ xô≈ÈÙÈï˛Ó̊° ̂ üyçy•zÜ˛ öÜ˛§y     (Singer and Nicolson's Fluid Mosaic
Model)

!§DyÓ˚ Ä !öÜ˛°§ö (1972) ˆÜ˛y£Ï ˛õò≈yÓ˚ xyô%!öÜ˛ üˆÏí˛°!ê˛Ó˚ Óî≈öy ˆòö– ïÑ˛yˆÏòÓ˚ üˆÏï˛ ˆÜ˛y£Ï ˛õò≈yÓ˚

!mhflÏÓ˚# ú˛§ˆÏú˛y!°!˛õí˛ hflÏÓ˚!ê˛ xô≈ï˛Ó˚° Ä x!Ó!FåÈß¨– !°!˛õí˛ hflÏˆÏÓ˚Ó˚ üˆÏôƒ ˆ@’y!Óí˛z°yÓ˚ ˆ≤Ãy!ê˛ö=!° !öü!Iï˛

Óy û˛y§üyö xÓfliyÎ˚ ÌyˆÏÜ˛ ÎyˆÏòÓ˚ §ü%ˆÏo û˛y§üyö ÓÓ˚ú˛!¢°y Óy xy•z§ÓyˆÏà≈Ó ̊ (lceberg) §yˆÏÌ ï%˛°öy Ü˛Ó˚y

ã˛ˆÏ°– ˆÜ˛y£Ï ˛õò≈yÎ˚ !ï˛ö ôÓ˚ˆÏöÓ˚ ˆ≤Ãy!ê˛ˆÏöÓ˚ í˛z˛õ!fli!ï˛ °«˛ƒ Ü˛Ó˚y ÎyÎ˚ ≠
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A) •zö!ê˛Δö!§Ü˛ Óy xhsˇà≈ï˛ ˆ≤Ãy!ê˛ö ÈÙÙÙÈ ~•z ˆ≤Ãy!ê˛ö xî%=!° !°!˛õí˛ hflÏˆÏÓ˚Ó˚ üˆÏôƒ ˆ≤Ãy!Ìï˛ ÌyˆÏÜ˛ ~ÓÇ

!°!˛õí˛ xî%Ó˚ §yˆÏÌ Ó˚y§yÎ˚!öÜ˛û˛yˆÏÓ §ÇÎ%_´ ÌyÜ˛yÎ˚ ~•z ˆ≤Ãy!ê˛ö=!°ˆÏÜ˛ ˆÜ˛y£Ï ˛õò≈y ˆÌˆÏÜ˛ §•ˆÏç !Ó!FåÈß¨ Ü˛Ó˚y

ÎyÎ˚ öy–

B) ~Ü˛§!ê Δ̨ö!§Ü˛ Óy Ó!•Éfli ̂ ≤Ãy!ê˛ö ÈÙÙÙÈ ~•z ̂ ≤Ãy!ê˛ö=!° !°!˛õí˛ hflÏ̂ ÏÓ˚Ó˚ Óy•ẑ ÏÓ˚Ó˚ !ò Ï̂Ü˛ û˛y§üyö xÓfliyÎ˚

ÌyˆÏÜ˛ ~ÓÇ ~ˆÏÜ˛Ó˚ §•ˆÏç•z ˆÜ˛y£Ï ˛õò≈y ˆÌˆÏÜ˛ !Ó!FåÈß¨ Ü˛Ó˚y ÎyÎ˚–

C) ê˛Δy™ˆÏüüˆÏÓ ö Óy xyhsˇ≈˛õò≈y ˆ≤Ãy!ê˛ö ÈÙÙÙÈ ~•z ˆ≤Ãy!ê˛ö=!° ˆÜ˛y£Ï ˛õò≈yÓ˚ Ó!•Éfli xM˛È° ˆÌˆÏÜ˛ !°!˛õí˛

ôyˆÏeÓ˚ üôƒ !òˆÏÎ˚ ≤Ã°!¡∫ï˛ •ˆÏÎ˚ ˆÜ˛y£Ï ˛õò≈yÓ˚ xhsˇhflÏÓ˚ ˛õÎ≈hsˇ !Óhfl,Ïï˛ ÌyˆÏÜ˛–

!§DyÓ˚ Ä !öÜ˛°§ˆÏöÓ˚ üˆÏí˛° xö%§yˆÏÓ˚ ˆ≤Ãy!ê˛ö xî%=!°•z ˆÎ ÷ô%üye û˛y§üyö ï˛y•z öÎ˚ ˆÜ˛y£Ï ˛õò≈yÓ˚

ú˛§ˆÏú˛y!°!˛õí˛ xö%=!°Ó˚ üˆÏôƒÄ ̨õyŸª#≈Î˚ ã˛°ö (sμm ̂ §ˆÏÜ˛u˛-1V °«˛ƒ Ü˛Ó˚y ÎyÎ˚– ̂ Ü˛yö ̂ Ü˛yö §üˆÏÎ˚ ~•z xî%=!°

í˛z˛õ!Ó˚hflÏÓ˚ ˆÌˆÏÜ˛ !ö¡¨hflÏˆÏÓ˚Ó˚ !òˆÏÜ˛ fliyö Óò° Ü˛ˆÏÓ˚ñ ÎyˆÏÜ˛ !úœ˛˛õÈÙÈúœ˛˛õ ã˛°ö (Flip flop movement) Ó°y •Î˚–

Óï≈˛üyˆÏö !§DyÓ˚ Ä !öÜ˛°§ˆÏöÓ˚ üˆÏí˛°!ê˛•z S!ã˛e 1.2V !ÓK˛yö#ü•ˆÏ° §Ó≈y!ôÜ˛ fl∫#Ü,˛!ï˛ °yû˛ Ü˛ˆÏÓ˚̂ ÏåÈ–

1.2.1 ˆÜ˛y£Ï ˛õò≈yÓ˚ Ó˚y§yÎ˚!öÜ˛ í˛z˛õyòyö (Chemical Constituents of Cell
Membrance)

ˆÜ˛y£Ï ˛õò≈y Ó˚y§yÎ˚!öÜ˛û˛yˆÏÓ !ÓˆÏ¢£Ï ≤ÃÜ,˛!ï˛Ó˚ !°ˆÏ˛õyˆÏ≤Ãy!ê˛ö– ÷‹Ò ÄçˆÏöÓ˚ !û˛!_ˆÏï˛ §ã˛Ó˚yã˛Ó˚ ˆÜ˛y£Ï ˛õò≈yÎ˚

60% ˆ≤Ãy!ê˛öñ 40% !°!˛õí˛ ~ÓÇ §yüyöƒ ˛õ!Ó˚üyî ¢Ü≈˛Ó˚y ÌyˆÏÜ˛–

!ã˛e 1.2 ≠ !§DyÓ˚ Ä !öÜ˛°§ˆÏöÓ˚ úœ$˛•zí˛ ̂ üyçy•zÜ˛ üˆÏí˛°
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ˆ≤Ãy!ê˛ö ÈÙÙÙÈ ˆÜ˛y£Ï ˛õò≈yÓ˚ ¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚yÓ˚ í˛z˛õÓ˚ ˆ≤Ãy!ê˛ˆÏöÓ˚ ˛õ!Ó˚üyî !öû≈˛Ó˚¢#°– üyÎ˚y!°ö xyÓÓ˚î#ˆÏï˛

SÎy fl¨yÎ˚%ˆÏÜ˛yˆÏ£ÏÓ˚ xƒy:ö xÇˆÏ¢Ó˚ xyÓÓ˚Ü˛Ó˚*ˆÏ˛õ Ü˛yç Ü˛ˆÏÓ˚V üye 25% ˆ≤Ãy!ê˛ö ÌyˆÏÜ˛ xyÓyÓ˚ üy•zˆÏê˛yÜ˛ö!í»˛Î˚y Óy

ˆÜœ˛yˆÏÓ˚y≤’yˆÏfiê˛Ó˚ ˛õò≈y Îy ¢!_´ ≤ÃÓyˆÏ• §•yÎ˚ï˛y Ü˛ˆÏÓ˚ ï˛yˆÏï˛ 75% ˆ≤Ãy!ê˛ö ÌyˆÏÜ˛–

Ü˛yˆÏçÓ˚ !û˛!_ˆÏï˛ ˆÜ˛y£Ï ˛õò≈yÓ˚ ˆ≤Ãy!ê˛öˆÏÜ˛ ≤Ãôyöï˛ !ï˛ö û˛yˆÏà û˛yà Ü˛Ó˚y ÎyÎ˚–

a) àë˛öàï˛ ˆ≤Ãy!ê˛ö ÈÙÙÙÈ ~Ó˚y ≤Ãôyöï˛ •zö!ê˛Δö!§Ü˛ (Intrinsic protein) ˆ≤Ãy!ê˛ö ÎyÓ˚y !°!˛õí˛ xî%Ó˚

§yˆÏÌ ò,ì˛¸û˛yˆÏÓ §ÇÎ%_´ ˆÌˆÏÜ˛ ˆÜ˛y£Ï ˛õò≈yÓ˚ Ü˛yë˛yˆÏüy!ê˛ ˜ï˛!Ó˚ Ü˛ˆÏÓ˚– @’y•zˆÏÜ˛yˆÏú˛y!Ó˚öñ ˆflõÜ˛!ê˛Δöñ xƒyÜ˛!ê˛ö ≤Ãû,˛!ï˛

ˆÜ˛y£Ï ˛õò≈yÓ˚ àë˛öàï˛ ˆ≤Ãy!ê˛ö–

b) í z̨Í Ï̂§ã˛Ü˛ ÈÙÙÙÈ ̂ Ü˛y£Ï ̨õò≈yÎ̊ xyö%üy!öÜ˛ 30!ê˛ ̂ ≤Ãy!ê˛ö ̨õyÄÎ̊y ̂ à Ï̂åÈ (Sheeber and Binaichi 1987)
ÎyÓ˚y í˛zÍˆÏ§ã˛Ü˛Ó˚*ˆÏ˛õ Ü˛yç Ü˛ˆÏÓ˚ ̂ Ü˛yˆÏ£ÏÓ˚ !Ó!û˛ß¨ ¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚yˆÏÜ˛ !öÎ˚sfî Ü˛ˆÏÓ˚– ~fiê˛yˆÏÓ˚çñ Na+K+ATPase,
ú˛§ú˛yˆÏê˛ç ≤Ãû,˛!ï˛ í˛zˆÏÕ‘áˆÏÎyàƒ í˛zÍˆÏ§ã˛Ü˛–

c) @ˇÃy•Ü˛ ˆ≤Ãy!ê˛ö ÈÙÙÙÈ ~•z ˆ≤Ãy!ê˛ö=!° •ˆÏü≈yö çyï˛#Î˚ñ =Ó˚&c˛õ)î≈ ˆÎÔˆÏàÓ˚ §yˆÏÌ Î%_´ •ˆÏÎ˚ ï˛yˆÏòÓ˚

ˆÜ˛y£Ï ˛õò≈y ˆÌˆÏÜ˛ §y•zˆÏê˛y≤’yçˆÏü ˛õ!Ó˚Óy!•ï˛ •ˆÏï˛ §y•yÎƒ Ü˛ˆÏÓ˚–

~åÈyí ¸̨y ˆÜ˛y£Ï ˛õò≈yÎ˚ !Ó!û˛ß¨ Óy•Ü˛ ˆ≤Ãy!ê˛ö Ä xƒy!rê˛ˆÏçö °«˛ƒ Ü˛Ó˚y ÎyÎ˚–

!°!˛õí˛ ÈÙÙÙÈ

a) ú˛§ˆÏú˛y!°!˛õí˛ ÈÙÙÙÈ ̂ Ü˛y£Ï ̨õò≈yÓ˚ §ÓˆÏã˛ˆÏÎ˚ =Ó˚&c˛õ)î≈ !°!˛õí˛ •° ú˛§ˆÏú˛y!°!˛õí˛– í˛z!qòˆÏÜ˛yˆÏ£ÏÓ˚ ̨õò≈yÎ˚

ú˛§ˆÏú˛y!°!˛õí˛ ̂ Ü˛y!°ö Óy •zÌyö° xƒy!üöÎ%_´ •ˆÏÎ˚ ú˛§ú˛yê˛y•z!í˛° ̂ Ü˛y!°ö Óy ú˛§ú˛yê˛y•z!í˛° •zÌyö° xƒyüy•zö

àë˛ö Ü˛ Ï̂Ó̊– xö%Ó̊* Į̈̂ õ ≤Ãyî# ̂ Ü˛y Ï̂£Ï ú˛§ú˛yê˛y•z!í˛° ̂ §!Ó̊öñ !fl≥˛Ç Ï̂àyüy•z!°öñ Ü˛yÓ̊!í˛Ä!°!˛õí˛ ≤Ãû,̨ !ï˛ ú˛§ Ï̂ú˛y!°!˛õí˛

ˆòáy ÎyÎ˚–

b) ˆfiê˛Ó˚° ÈÙÙÙÈ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y åÈyí˛¸y §ühflÏ ç#ÓˆÏÜ˛yˆÏ£ÏÓ˚ ˛õò≈yÎ˚ !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ ˆfiê˛Ó˚° °«˛ Ü˛Ó˚y ÎyÎ˚– ˆÜ˛y£Ï

˛õò≈yÓ˚ í˛zˆÏÕ‘áˆÏÎyàƒ ˆfiê˛Ó˚°=!° •° xyÓ˚̂ ÏàyˆÏfiê˛Ó˚°ñ !fiê˛àüyˆÏfiê˛Ó˚° Ä ˆÜ˛yˆÏ°ˆÏfiê˛Ó˚° ÎyÓ˚y ÎÌye´ˆÏü åÈeyÜ˛ñ

í˛z!qò Ä ≤Ãyî#Ó˚ ˆÜ˛y£Ï ˛õò≈yÎ˚ Óï≈˛üyö–

Ü˛yˆÏÓ≈y•y•zˆÏí»˛ê˛ ÈÙÙÙÈ

ˆÜ˛y£Ï ˛õò≈yÎ˚ x!ï˛ x“ ˛õ!Ó˚üyˆÏî Ü˛yˆÏÓ≈y•y•zˆÏí»˛ê˛ ÌyˆÏÜ˛ Îy ≤Ãôyöï˛ «%˛o x!°ˆÏày§ƒyÜ˛yÓ˚y•zí˛ S¢yáyÎ%_´ Óy

¢yáy!Ó•#öV xî%Ó̊* Į̈̂ õ xÓfliyö Ü˛ Ï̂Ó̊– ̂ Ü˛y£Ï ̨õò≈yÎ̊ Ü˛y Ï̂Ó≈y•y•ẑ Ïí»̨ Ï̂ê˛Ó̊ ̨õ!Ó̊üyî ̨õ!Ó̊Óï≈̨ ö¢#° ̂ Îüö üy•ẑ Ïê˛yÜ˛ö!í»̨ Î̊yÓ̊

xhsˇÉ˛õò≈yÎ˚ Ü˛yˆÏÓ≈y•y•zˆÏí»˛ê˛ §¡õ)î≈ xö%˛õ!fliï˛ (Darnell et al, 1986) !Ü˛v ˆ°y!•ï˛ Ó˚_´Ü˛!îÜ˛yÓ˚ ˛õò≈yÎ˚ 8%
Ü˛yˆÏÓ≈y•y•zˆÏí»˛ê˛ ÌyˆÏÜ˛– x!°ˆÏày§ƒyÜ˛yÓ˚y•zí˛ ¢,C°=!° ≤Ãôyöï˛ D-@’%ˆÏÜ˛yçñ D-üƒyˆÏöy§ñ L-ú%˛ˆÏÜ˛yçñ  N-
xƒy!§ê˛y•z° !üí˛zÓ˚y!üÜ˛ x¡‘ñ N-xƒy!§ê˛y•z° D-@’%ˆÏÜ˛yçxƒy!üö Ä N-xƒy!§ê˛y•z° D-àƒy°yˆÏQyçxƒyüy•zö

!òˆÏÎ˚ à!ë˛ï˛–
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1.2.2 ˆÜ˛y£Ï ̨õò≈yÓ˚ Ü˛yÎ≈  (Function of Cell Membrance)

i) ˆÜ˛y£Ï˛õò≈y ˆÜ˛y£Ïüôƒfli ˆ≤ÃyˆÏê˛y≤’yçüˆÏÜ˛ xyÓ,ï˛ Ü˛ˆÏÓ˚ Ó˚yˆÏá ~ÓÇ Óy•zˆÏÓ˚Ó˚ xyâyï˛ ˆÌˆÏÜ˛ ˆÜ˛y£ÏˆÏÜ˛ Ó˚«˛y

Ü˛ Ï̂Ó̊–

ii) ˆÜ˛y£Ï ˛õò≈y ˆÜ˛y£ÏˆÏÜ˛ ~Ü˛!ê˛ !ö!ò≈‹T xyÜ,˛!ï˛ ≤Ãòyö Ü˛ˆÏÓ˚ Ä ˆÜ˛y£ÏˆÏÜ˛ §yüyöƒ ˛õ!Ó˚üyî ò,ì˛¸ï˛yÄ ˆòÎ˚–

iii) ˆÜ˛y£Ï ˛õò≈yÓ˚ üyôƒˆÏü !ö!‹;˛Î˚ Ä §!e´Î˚ ˛õ!Ó˚Ó•ö §¡õß¨ •Î˚– ˆÜ˛yˆÏöy xî% Óy xyÎ˚ö Óy•zˆÏÓ˚Ó˚ ˛õ!Ó˚ˆÏÓ¢

ˆÌˆÏÜ˛ ï˛ï˛«˛î ˛õÎ≈hsˇ ˆ≤ÃyˆÏê˛y≤’yçˆÏü xö%≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ Îï˛«˛î öy Ä•z ˛õòyÌ≈!ê˛Ó˚ âöc ˛õ!Ó˚̂ ÏÓ¢ Ä ˆ≤ÃyˆÏê˛y≤’yçˆÏü

§üyö •Î˚– ~•z ≤Ã!e´Î˚yˆÏÜ˛ !ö!‹;˛Î˚ ˛õ!Ó˚Ó•ö ÓˆÏ°– !ö!‹;˛Î˚ ˛õ!Ó˚Ó•ö ~Ü˛!ê˛ ˆû˛Ôï˛ ≤Ã!e´Î˚y ÎyˆÏï˛ ˆÜ˛yˆÏöy ¢!_´Ó˚

≤Ã Ï̂Î̊yçö •Î̊ öy– §!e´Î̊ ̨õ!Ó̊Ó• Ï̂öÓ̊ ̂ «˛ Ï̂e ̨õ!Ó̊Ó•ö !e´Î̊y âö Ï̂cÓ̊ !Ó˛õÓ̊#ï˛ !ò Ï̂Ü˛ (Against the concentration
gradient) ˛õ!Ó˚ã˛y!°ï˛ •Î˚– ˆÜ˛y£Ï ˛õò≈yÎ˚ í˛z˛õ!fliï˛ Na+K+ATPase í˛zÍˆÏ§ã˛Ü˛!ê˛ ATP xî%ˆÏÜ˛ !Ó!Ÿ’‹T Ü˛ˆÏÓ˚ ˆÎ

¢!_´ !öà≈ï˛ Ü˛ˆÏÓ˚ ï˛y §!e´Î˚ ˛õ!Ó˚Ó•ˆÏö ÓƒÓ•*ï˛ •Î˚–

iv) ˆÜ˛y£Ï ̨õò≈yÎ̊ í z̨̨ õ!fliï˛ @’y•ẑ ÏÜ˛y Ï̂≤Ãy!ê˛öñ @’y•ẑ ÏÜ˛y!°!˛õí˛ñ !§Î̊y Ï̂°y@’y•ẑ ÏÜ˛y Ï̂≤Ãy!ê˛ö xî%=!° xƒy!rê˛ Ï̂ç!öÜ˛

ôü≈ Ó•ö Ü˛ˆÏÓ˚–

v) ˆÜ˛y£Ï ˛õò≈yÎ˚ Ü˛ï˛Ü˛=!° @ˇÃy•Ü˛ xî% ÌyˆÏÜ˛ ÎyÓ˚y •Ó˚ˆÏüyöˆÏÜ˛ ˆÜ˛yˆÏ£ÏÓ˚ üˆÏôƒ ≤ÃˆÏÓ¢ Ü˛Ó˚ˆÏï˛ §y•yÎƒ

Ü˛ˆÏÓ˚– @ˇÃy•Ü˛ xî%=!° (Receptor molecule) xƒy!í˛öy•zˆÏ°ê˛ §y•zˆÏÜœ˛ç í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ §y•yˆÏÎƒ •Ó˚ˆÏüyö xî%Ó˚

§yˆÏÌ Î%_´ •Î˚–

vi) xƒy!üÓy çyï˛#Î˚ ≤Ãyî#Ó˚ ˆ«˛ˆÏe ˆÜ˛y£Ï ˛õò≈yñ áyòƒ@ˇÃ•î Óy ú˛ƒyˆÏày§y•zˆÏê˛y!§§ñ ï˛Ó˚° @ˇÃ•î Óy

!˛õˆÏöy§y•zˆÏê˛y!§§ ~ÓÇ ˆÜ˛y£Ï#Î˚ ˛õòyˆÏÌ≈Ó˚ Ó!•‹ÒÓ˚î Óy ~ˆÏÜ˛§y§y•zˆÏê˛y!§§ ≤Ã!e´Î˚yˆÏÜ˛ !öÎ˚sfî Ü˛ˆÏÓ˚–

vii) ≤Ãy!îˆÏòˆÏ• xˆÏsfÓ˚ ˆÜ˛y£Ï ˛õò≈y ≤Ã°!¡∫ï˛ Ä xyä%ˆÏ°Ó˚ üˆÏï˛y ûÑ˛yç Î%_´ •ˆÏÎ˚ !û˛!Õ‘ (Villi) àë˛ö Ü˛ˆÏÓ˚ Îy

áyòƒÓ˚§ ˆ¢y£ÏˆÏîÓ˚ •yÓ˚ Óy!í ¸̨̂ ÏÎ˚ ˆòÎ˚–

1.3 Óƒy˛õö (Diffusion)

ï˛y˛õà!ï˛!ÓòƒyÓ˚ ö#!ï˛ xö%§yˆÏÓ˚ ã˛Ó˚ü ï˛y˛õüyeyÓ˚ S-273oCV |ˆÏôù≈ ˛õòyˆÏÌ≈Ó˚ xî%ñ ˛õÓ˚üyî% Óy xyÎ˚ö=!°Ó˚

üˆÏôƒ ~Ü˛ôÓ˚ˆÏöÓ˚ fl∫ï˛Éfl≥)˛ï≈˛ ã˛°ö ˆòáy ÎyÎ˚– ~•z ã˛°ˆÏöÓ˚ ú˛ˆÏ° í˛z_´ Ü˛îy=!° §üò)Ó˚̂ Ïc åÈ!í˛¸̂ ÏÎ˚ ˆÎˆÏï˛ ˆã˛‹Ty

Ü˛ˆÏÓ˚– ~•z ã˛°ö ï˛ï˛«˛î•z Ü˛yÎ≈Ü˛Ó˚# •Î˚ Îï˛«˛î öy xî%=!° ~Ü˛!ê˛ !ö!ò≈‹T Óy §#üyÓk˛ xM˛ÈˆÏ° §üû˛yˆÏÓ Ó!^ˇê˛ï˛

•ˆÏÎ˚ §yüƒyÓfliyÎ˚ ˆ˛õÑÔåÈyÎ˚–

xî% ˛õÓ˚üyî% Óy xyÎ˚ˆÏöÓ˚ ˆÎ fl∫ï˛Éfl≥)˛ï≈˛ ã˛°ˆÏöÓ˚ ú˛ˆÏ° ï˛yÓ˚y ˆÓ!¢ âöcÎ%_´ xM˛È° ˆÌˆÏÜ˛ !ö¡¨ âöcÎ%_´

xM˛ÈˆÏ° åÈ!í˛¸ˆÏÎ˚ ˛õˆÏí˛¸ Ä ˛õ!Ó˚ˆÏ¢ˆÏ£Ï §yüƒyÓfliyÎ˚ ˆ˛õÑÔåÈyÎ˚ ï˛yˆÏÜ˛ Óƒy˛õö ÓˆÏ°–
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Ü˛!ë˛öñ ï˛Ó˚° Óy àƒy§#Î˚ ˆÎ ˆÜ˛yˆÏöy üyôƒˆÏü•z Óƒy˛õö ≤Ã!e´Î˚y Ü˛yÎ≈Ü˛Ó˚# •ˆÏï˛ ˛õyˆÏÓ˚– ~Ü˛!ê˛ ïÑ%˛ˆÏï˛Ó˚ ê%˛Ü˛ˆÏÓ˚y

çˆÏ° ˆú˛ˆÏ° !òˆÏ° !Ü˛å%È«˛ˆÏîÓ˚ üˆÏôƒ•z ïÑ%˛ˆÏï˛Ó˚ xî%=!° çˆÏ° !ü!◊ï˛ •ˆÏÎ˚ ~Ü˛!ê˛ §ü§_¥ oÓˆÏî ˛õ!Ó˚îï˛ •Î˚ S!ã˛e

öÇ 1.3)– •zÌyˆÏÓ˚Ó˚ ̂ Óyï˛° á%ˆÏ° !òˆÏ° §ühflÏ âÓ˚•z o&ï˛ •zÌyˆÏÓ˚Ó˚ ÓyˆÏ‹õ ̨õ!Ó˚̨ õ)î≈ •Î˚– ~ §Ó•z Óƒy˛õˆÏöÓ˚ í˛zòy•Ó˚î–

!ã˛e 1.3 - A !ÓÜ˛y Ï̂Ó̊ Îáö CuSO4

SÜ˛˛õyÓ̊ §y° Ï̂ú˛ê˛V òyöy=!° ̂ ú˛°y

•°– ï˛áö Ä•z xM Ę̀̂ Ï° í z̨Fã˛ Óƒy˛õö

ã˛yˆÏ˛õÓ˚ §,!‹T •ˆÏÎ˚̂ ÏåÈ–

Óƒy˛õö ≤Ã!e´Î˚yÓ˚ ú˛ˆÏ° CuSO4

xî%=!° §üò)Ó˚̂ Ïc åÈ!í ¸̨̂ ÏÎ˚ !àˆÏÎ˚

§ü§_¥ oÓî ˜ï˛!Ó˚ Ü˛ˆÏÓ˚̂ ÏåÈ–

!ã˛e öÇ ≠ 1.3

1.3.1 Óƒy˛õˆÏöÓ˚ ̃ Ó!¢‹Tƒ (Characteristics of Diffusion)

Óƒy˛õˆÏöÓ˚ !ö¡¨!°!áï˛ ˜Ó!¢‹Tƒ=!° !ÓˆÏ¢£Ïû˛yˆÏÓ í˛zˆÏÕ‘áˆÏÎyàƒ É

i) Óƒy˛õö ~Ü˛!ê˛ ˆû˛Ôï˛ ≤Ã!e´Î˚y–

ii) ˆÜ˛yˆÏöy !ö!ò≈‹T fliyˆÏö xî%=!° §üâöˆÏc ˆ˛õÑÔˆÏåÈ ˆàˆÏ° Óƒy˛õö!e´Î˚y Ó¶˛ •ˆÏÎ˚ ÎyÎ˚–

iii) Óƒy˛õˆÏöÓ˚ ú˛ˆÏ° ˆÎ fl∫ï˛Éfl≥)˛ï≈˛ ã˛yˆÏ˛õÓ˚ §,!‹T •Î˚ ï˛yˆÏÜ˛ Óƒy˛õö ã˛y˛õ ÓˆÏ°– ˆÓ°%ˆÏöÓ˚ üˆÏôƒ àƒy§ Óy

Óyï˛y§ ˛õ%Ó˚ˆÏ° Óƒy˛õö ã˛yˆÏ˛õÓ˚ ú˛ˆÏ°•z ˆÓ°%ö!ê˛ ú%˛ˆÏ° ÄˆÏë˛–

iv) Óƒy˛õˆÏöÓ˚ •yÓ˚ ˛õòyˆÏÌ≈Ó˚ à!ï˛¢!_´ñ üyôƒˆÏüÓ˚ âöc Ä í˛z£èï˛yÓ˚ §yˆÏÌ §üyö%˛õy!ï˛Ü˛ !Ü˛v ˛õòyˆÏÌ≈Ó˚

xyî!ÓÜ˛ ÄçˆÏöÓ˚ §yˆÏÌ ÓƒyhflÏyö%˛õy!ï˛Ü˛– HCI ~Ó˚ xyî!ÓÜ˛ Äçö NH3 ~Ó˚ ˆÌˆÏÜ˛ ˆÓ!¢ •ÄÎ˚yÎ˚ HCI ~Ó˚

Óƒy˛õö •yÓ˚ NH3 ~Ó˚ ˆÌˆÏÜ˛ Ü˛ü–

1.3.2 í˛z!qòˆÏòˆÏ•  Óƒy˛õˆÏöÓ˚  û)˛!üÜ˛y (Role of Diffusion in Plants)

i) Óƒy˛õˆÏöÓ˚ §y•yˆÏÎƒ ç° Ä á!öç °Óî üy!ê˛ ˆÌˆÏÜ˛ í˛z!qò ü)° myÓ˚y ˆ¢y!£Ïï˛ •Î˚–

ii) ˛õ!Ó˚̂ ÏÓ¢ Ä í˛z!qˆÏòÓ˚ üˆÏôƒ ç°#Î˚ Óy‹õñ CO2 Ä O2 àƒyˆÏ§Ó˚ xyòyö≤Ãòyö Óƒy˛õˆÏöÓ˚ ú˛ˆÏ°•z §Ω˛Ó

•Î˚–
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iii) í˛z!qò ˆòˆÏ•Ó˚ ~Ü˛ fliyö ˆÌˆÏÜ˛ xöƒfliyˆÏö (Source to Sink) á!öç °Óîñ ¢Ü≈˛Ó˚yñ •ˆÏü≈yö ≤Ãû,˛!ï˛Ó˚

˛õ!Ó˚Ó•öÄ Óƒy˛õö ≤Ã!e´Î˚yÓ˚ üyôƒˆÏü !öÎ˚!sfï˛ •Î˚–

xö%¢#°ö#     1

1. §Ç!«˛Æ í˛z_Ó˚ !òö ≠

a) ˆÜ˛y£Ï ˛õò≈yˆÏÜ˛ ˆÜ˛ö ≤ÃˆÏû˛òÜ˛ ˆû˛òƒ ˛õò≈y ÓˆÏ°⁄

b) ˆÜ˛y£Ï ˛õò≈yÓ˚ ≤Ãôyö !°!˛õí˛ xî%!ê˛Ó˚ öyü Ü˛#⁄

c) •zö!ê˛Δö!§Ü˛ ˆ≤Ãy!ê˛ö Ü˛yˆÏÜ˛ ÓˆÏ°⁄

d) Óƒy˛õˆÏöÓ˚ •yÓ˚ Ü˛# Ü˛# ≤Ãû˛yÓˆÏÜ˛Ó˚ í˛z˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚⁄

2. §!ë˛Ü˛ í˛z_Ó˚!ê˛Ó˚ ˛õyˆÏ¢     '  ' !òö ≠

a) Óƒy˛õö ö!ï˛üyeyÓ˚ !ÓÓ˚&ˆÏk˛ âˆÏê˛–

b) Óƒy˛õö ˛õòyˆÏÌ≈Ó˚ fl∫ï˛Éfl≥)˛ï≈˛ ã˛°ˆÏöÓ˚ üyôƒˆÏü •Î˚–

c) í˛z!qò ˆÜ˛y£Ï ˛õò≈yÓ˚ ≤Ãôyö ˆfiê˛Ó˚°!ê˛ •° !fiê˛àüyˆÏfiê˛Ó˚°–

d) ˆÜ˛y£Ï ˛õò≈y àë˛öàï˛ û˛yˆÏÓ !ehflÏÓ˚ Î%_´–

1.4 x!û˛flÀÓî (Osmosis)

ò%Û!ê˛ !û˛ß¨ âöˆÏcÓ˚ oÓîˆÏÜ˛ ~Ü˛!ê˛ xô≈ˆÏû˛òƒ ˛õò≈y myÓ˚y !Óû˛y!çï˛ Ü˛Ó˚̂ Ï° Ü˛ü âöˆÏcÓ˚ oÓî ˆÌˆÏÜ˛ oyÓÜ˛

xî% x!ôÜ˛ âöˆÏcÓ˚ oÓˆÏî ≤ÃˆÏÓ¢ Ü˛Ó˚̂ ÏÓ ~ÓÇ Îï˛«˛î ˛õÎ≈hsˇ ò%Û!ê˛ oÓˆÏîÓ˚ âöc §üyö öy •Î˚ ï˛ï˛«˛î ~•z ≤Ã!e´Î˚y

Ü˛yÎ≈Ü˛Ó˚# ÌyÜ˛ˆÏÓ– ~•z !ÓˆÏ¢£Ï ˆû˛Ôï˛ ˛õk˛!ï˛ˆÏÜ˛ x!û˛flÀÓî Ó°y •Î˚–

xô≈ˆÏû˛òƒ ˛õò≈y Ó°ˆÏï˛ ~Ü˛!ê˛ !ÓˆÏ¢£Ï ˛õò≈yˆÏÜ˛ ˆÓyé˛yÎ˚ ÎyÓ˚ üˆÏôƒ !òˆÏÎ˚ ˆÜ˛Ó°üye oyÓˆÏÜ˛Ó˚ ˛õ!Ó˚Ó•ö âˆÏê˛

!Ü˛v oyÓ ˛õ!Ó˚Óy!•ï˛ •ˆÏï˛ ˛õyˆÏÓ˚ öy– ≤ÃÜ,˛ï˛˛õˆÏ«˛ ˆÎ ˆÜ˛yˆÏöy ˛õò≈yÓ˚ üˆÏôƒ !òˆÏÎ˚•z §yüyöƒ ˛õ!Ó˚üyˆÏî oyÓ ˛õ!Ó˚Óy!•ï˛

•Î˚ñ ï˛y•z Ó°y •Î˚ ˆÎ xyò¢≈ xô≈ˆÏû˛òƒ ˛õò≈y ≤ÃÜ,˛!ï˛ˆÏï˛ ˛õyÄÎ˚y ÎyÎ˚ öy– ˆ§ˆÏ°yˆÏú˛ö Ü˛yàçñ ˛õyã≈˛ˆÏürê˛ ˛õò≈y ≤Ãû,˛!ï˛

Ü,˛!eüû˛yˆÏÓ í˛zÍ˛õß¨ xô≈ˆÏû˛òƒ ˛õò≈y=!°Ä ˆ§•z !•§yˆÏÓ xyò¢≈ xô≈ˆÏû˛òƒ ˛õò≈y öÎ˚–

Óƒy˛õö Ä x!û˛flÀÓˆÏîÓ˚ üˆÏôƒ ü)° ˛õyÌ≈Ü˛ƒ •° ˆÎ x!û˛flÀÓî ≤Ã!e´Î˚y §Ó≈òy•z ~Ü˛!ê˛ xô≈ˆÏû˛òƒ ˛õò≈yÓ˚ üyôƒˆÏü

§¡õß¨ •Î˚– Óƒy˛õö  ≤Ã!e´Î˚yÎ˚ xî%=!° x!ôÜ˛ âöcÎ%_´ fliyö ˆÌˆÏÜ˛ Ü˛ü âöcÎ%_´ fliyˆÏö ≤ÃÓy!•ï˛ •Î˚ !Ü˛v

x!û˛flÀÓˆÏî Ü˛ü âöˆÏcÓ˚ oÓî ˆÌˆÏÜ˛ oyÓÜ˛ x!ôÜ˛ âöˆÏcÓ˚ oÓˆÏîÓ˚ !òˆÏÜ˛ ≤ÃÓy!•ï˛ •Î˚– ï˛y•z xy˛õyï˛ò,!‹TˆÏï˛

x!û˛flÀÓîˆÏÜ˛ Óƒy˛õˆÏöÓ˚ !Ó˛õÓ˚#ï˛ü%á# ≤Ã!e´Î˚y ÓˆÏ° üˆÏö •Î˚– !Ü˛v ~Ü˛ê%˛ û˛yˆÏ°yû˛yˆÏÓ °«˛ƒ Ü˛Ó˚̂ Ï° ˆÓyé˛y ÎyÎ˚ ˆÎ
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x!û˛flÀÓˆÏî ≤Ãôyöï˛ oyÓˆÏÜ˛Ó˚ ˛õ!Ó˚Ó•ö âˆÏê˛– oÓˆÏî oyˆÏÓÓ˚ âöc Îï˛ ÓyˆÏí ¸̨ñ oyÓˆÏÜ˛Ó˚ xyˆÏ˛õ!«˛Ü˛ âöc ï˛ï˛

Ü˛üˆÏï˛ ÌyˆÏÜ˛– ï˛y•z °â%§yÓ˚Ü˛ oÓˆÏî oyÓˆÏÜ˛Ó˚ âöc x!ï˛§yÓ˚Ü˛ oÓˆÏîÓ˚ oyÓˆÏÜ˛Ó˚ âöˆÏcÓ˚ ˆã˛ˆÏÎ˚ ˆÓ!¢– xï˛~Óñ

x!û˛flÀÓˆÏîÄ Óƒy˛õˆÏöÓ˚ üˆÏï˛y•z oyÓÜ˛ x!ôÜ˛ âöc ˆÌˆÏÜ˛ Ü˛ü âöˆÏcÓ˚ !òˆÏÜ˛ ˛õ!Ó˚Óy!•ï˛ •Î˚– xyô%!öÜ˛ üï˛Óyò

xö%§yˆÏÓ˚ !ö¡¨ âöˆÏcÓ˚ oÓˆÏî ̂ ÎˆÏ•ï%˛ Ü˛ü ̨õ!Ó˚üyî oyÓ oÓ#û)˛ï˛ ÌyˆÏÜ˛ ï˛y•z ̂ §ˆÏ«˛ˆÏe oÓî üôƒfli çˆÏ°Ó˚ Óy‹õã˛y˛õ

Óy ü%_´¢!_´ x!ï˛§yÓ˚Ü˛ oÓˆÏîÓ˚ çˆÏ°Ó˚ ˆã˛ˆÏÎ˚ ˆÓ!¢ •Î˚– ~•z ú˛ˆÏ°•z ç° °â%§yÓ˚Ü˛ oÓî ˆÌˆÏÜ˛ x!ï˛§yÓ˚Ü˛

oÓˆÏîÓ˚ !òˆÏÜ˛ ôy!Óï˛ •Î˚– xöƒû˛yˆÏÓ Ó°y ÎyÎ˚ ˆÎ !Ó÷k˛ çˆÏ°Ó˚ Óƒy˛õö ã˛y˛õñ ˆÜ˛yˆÏöy oÓˆÏî í˛z˛õ!fliï˛ çˆÏ°Ó˚

Óƒy˛õö ã˛yˆÏ˛õÓ˚ ˆã˛ˆÏÎ˚ ˆÓ!¢ •Î˚–

x!û˛flÀÓî ≤Ã!e´Î˚y!ê˛ ~Ü˛!ê˛ §•ç ˛õÓ˚#«˛yÓ˚ üyôƒˆÏü ≤Ãüyî Ü˛Ó˚y ÎyÎ˚– ~Ü˛!ê˛ U öˆÏ°Ó˚ üôƒÓï˛#≈ fliyˆÏö ~Ü˛!ê˛

xô≈ˆÏû˛òƒ ˛õò≈y fliy˛õö Ü˛Ó˚y •°– A ö°!ê˛ˆÏï˛ 10% !ã˛!öÓ˚ oÓî Ä B ö°!ê˛ˆÏï˛ 50% !ã˛!öÓ˚ oÓî ì˛y°y •° S!ã˛e

1.4 A Ä B)– !Ü˛å%È«˛î ˛õÓ˚ ˆòáy ÎyˆÏÓ ˆÎ x!û˛flÀÓî ≤Ã!e´Î˚yÎ˚ A ö° ˆÌˆÏÜ˛ °â%§yÓ˚Ü˛ oÓˆÏîÓ˚ oyÓÜ˛ xÌ≈yÍ ç°

B öˆÏ° ≤ÃˆÏÓ¢ Ü˛Ó˚ˆÏï˛ ÌyÜ˛ˆÏÓ Ä ~Ó˚ ú˛ˆÏ° B öˆÏ° oÓˆÏîÓ˚ í˛zFã˛ï˛y Óyí˛¸̂ ÏÓ– A Ä B öˆÏ° oÓˆÏîÓ˚ âöc Îï˛«˛î

§üyö öy •ˆÏFåÈ ï˛ï˛«˛î x!û˛flÀÓî ≤Ã!e´Î˚y!ê˛ ã˛°ˆÏï˛ ÌyÜ˛ˆÏÓ–

!ã˛e  1.4A : A ö Ï̂° 10% !ã˛!öÓ̊ oÓî Ä B ö Ï̂° 50%

!ã˛!öÓ˚ oÓî ã˛y°y •ˆÏÎ˚̂ ÏåÈ– ò%Û!ê˛ ö°ˆÏÜ˛ xô≈ˆÏû˛òƒ ˛õò≈yÓ˚

myÓ˚y ˛õ,ÌÜ˛ Ü˛Ó˚y •ˆÏÎ˚̂ ÏåÈ–

!ã˛e 1.4B : A ö° ̂ Ì Ï̂Ü˛ xô≈̂ Ïû˛òƒ ̨õò≈yÓ̊ üyôƒ Ï̂ü ç°

SoyÓÜ˛V x!û˛flÀÓî ≤Ã!e´Î˚yÎ˚ B öˆÏ° ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ˆÏåÈ–

ú˛ Ï̂° B öˆÏ° oÓˆÏîÓ˚ í˛zFã˛ï˛y ̂ ÓˆÏí ¸̨ ̂ àˆÏåÈ–
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~áö U !ê˛í ẑ̨ ÏÓÓ̊ A ö Ï̂° !Ó÷k˛ ç° Ä B ö Ï̂° âö !ã˛!öÓ̊ oÓî Ó̊yá Ï̂°Ä xö%Ó̊*˛õû˛y Ï̂Ó B ö Ï̂° x!û˛flÀÓî

≤Ã!e´Î˚yÎ˚ ç° ≤ÃˆÏÓ¢ Ü˛Ó˚yÓ˚ ˆã˛‹Ty Ü˛Ó˚̂ ÏÓ– ~áö Î!ò xyüÓ˚y B oÓˆÏîÓ˚ í˛z˛õÓ˚ !˛õfiê˛ö fliy˛õö Ü˛ˆÏÓ˚ ~üö Äçö

ã˛y˛õy•z ÎyÓ˚ ú˛ˆÏ° B öˆÏ° oÓˆÏîÓ˚ í˛zFã˛ï˛y Óyí ¸̨̂ ÏÓ öy xÌ≈yÍ ˆÎ §Ó≈!ö¡¨ ã˛y˛õ ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ oÓî Ä !Ó÷k˛ çˆÏ°Ó˚

ï˛°ˆÏÜ˛ §üyö Ó˚yáy •° ày!î!ï˛Ü˛û˛yˆÏÓ ˆ§•z ã˛y˛õˆÏÜ˛•z x!û˛flÀÓî ã˛y˛õ Óy x!û˛flÀÓî !Óû˛Ó (Osmotic Pressure
or Osmotic Potential) Ó Ï̂°–

x!û˛flÀÓˆÏîÓ˚ §üÎ˚ ˆÜ˛yˆÏöy oÓˆÏîÓ˚ í˛z˛õÓ˚ §Ó≈!ö¡¨ ˆÎ ã˛y˛õ ≤ÃˆÏÎ˚yà ˆ§•z oÓˆÏî !Ó÷k˛ çˆÏ°Ó˚ ≤ÃˆÏÓ¢

ˆÓ˚yô Ü˛Ó˚y •Î˚ ˆ§•z ã˛y˛õˆÏÜ˛ oÓˆÏîÓ˚ x!û˛flÀÓî ã˛y˛õ Óy x!û˛flÀÓî !Óû˛Ó ÓˆÏ°–

~ˆÏ«˛ˆÏeñ ~Ü˛!ê˛ !Ó£ÏÎ˚ í˛zˆÏÕ‘áˆÏÎyàƒ ˆÎ Ó!•fli ã˛y˛õ ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ xyüÓ˚y Ü,˛!eüû˛yˆÏÓ x!û˛flÀÓî ã˛y˛õ !öî≈Î˚

Ü˛!Ó̊ ï˛yÓ̊ üyö ôöydÜ˛ •Î̊– !Ü˛v !Ó÷k˛ ç Ï̂°Ó̊ ï%̨ °öyÎ̊ oÓ Ï̂îÓ̊ ç Ï̂°Ó̊ Óƒy˛õö ã˛y˛õ §Ó≈òy•z Ü˛ü •ÄÎ̊yÎ̊ ≤ÃÜ,̨ ï˛˛õ Ï̂«˛

oÓˆÏîÓ˚ x!û˛flÀÓî ã˛y˛õÄ }îydÜ˛ •ˆÏÓ– oÓˆÏîÓ˚ âöc Îï˛ Óyí ¸̨̂ ÏÓñ x!û˛flÀÓî ã˛y˛õ Óy !Óû˛ÓÄ ï˛ï˛ }îydÜ˛

•ˆÏÓ–

x!û˛flÀÓî !Óû˛ÓˆÏÜ˛ ψn myÓ˚y !ã˛!•´ï˛ Ü˛Ó˚y •Î˚ ~ÓÇ !ö¡¨!°!áï˛ §ü#Ü˛Ó˚î myÓ˚y ~•z !Óû˛Ó ˛õ!Ó˚üy˛õ Ü˛Ó˚y

•Î˚ É

nn RT
V

  

ˆÎáyˆÏö n = oyˆÏÓÓ˚ @ˇÃyü xî%Ó˚ §Çáƒy V = oÓˆÏîÓ˚ ˛õ!Ó˚üyî–

R = àƒy§ ô &ÓÜ˛ (0.082), T = ã˛Ó˚ü í˛z£èï˛y S273oC + Ü˛«˛ í˛z£èï˛yV !Ó÷k˛ çˆÏ° oyˆÏÓÓ˚ ˛õ!Ó˚üyî Óy

n ~Ó˚ üyö 0 ÓˆÏ° x!û˛flÀÓî !Óû˛ˆÏÓÓ˚ üyöÄ 0 • Ï̂Ó–

Óï≈˛üyˆÏö x!û˛flÀÓî !Óû˛ÓˆÏÜ˛ (ψs) !òˆÏÎ˚ !ã˛!•´ï˛ Ü˛Ó˚y •Î˚ ~ÓÇ ~Ó˚ üyö ÓyÓ˚ (bar) Óy ˆüày˛õyflÒyˆÏ°

(MPa) ≤ÃÜ˛y¢ Ü˛Ó˚y •Î˚–

ˆÜ˛yö ˆÜ˛yˆÏ£ÏÓ˚ ˆ≤ÃyˆÏê˛y≤’yçü#Î˚ âöcˆÏÜ˛ ˆüy°Ó˚ âöˆÏc ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚Ä !öˆÏ¡¨y_´ §ü#Ü˛Ó˚̂ ÏîÓ˚ üyôƒˆÏü ˆ§•z

ˆÜ˛yˆÏ£ÏÓ˚ x!û˛flÀÓî ã˛y˛õ !öî≈Î˚ Ü˛Ó˚y ÎyÎ˚ ≠

ψn =  – CRT ÓyÓ˚

C = ˆ≤ÃyˆÏê˛y≤’yçü#Î˚ âöc Sˆüy°yˆÏÓ˚ ≤ÃÜ˛y!¢ï˛Vñ R = àƒy§ ô &ÓÜ˛ (0.082) Ä T ã˛Ó˚ü ï˛y˛õüyeyñ  ÓyÓ˚

•° ~Ü˛Ü˛–

~åÈyí˛¸yÄñ ˆÜ˛yˆÏöy ˆÜ˛yˆÏ£ÏÓ˚ x!û˛flÀÓî ã˛y˛õ û˛ƒyrê˛ •ˆÏú˛Ó˚ §)e xÓ°¡∫ˆÏöñ Óy‹õ ã˛y˛õ ˛õk˛!ï˛ˆÏï˛ Óy

e´yˆÏÎ˚yˆÏflÒy!˛õÜ˛ ˛õk˛!ï˛ˆÏï˛ !öî≈Î˚ Ü˛Ó˚y •Î˚–
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1.4.1 x!û˛flÀÓˆÏîÓ˚ =Ó˚&c (Significance of Osmosis)

i) ü)°ˆÏÓ˚yü x!û˛flÀÓî ˛õk˛!ï˛ˆÏï˛ üy!ê˛ ˆÌˆÏÜ˛ ç° ˆ¢y£Ïî Ü˛ˆÏÓ˚–

ii) ü)°ˆÏÓ˚yü !òˆÏÎ˚ ˆ¢y!£Ïï˛ ç° ˆÜ˛y£ÏyhsˇÓ˚ x!û˛flÀÓˆÏîÓ˚ üyôƒˆÏü ü)ˆÏ°Ó˚ !û˛ï˛ˆÏÓ˚ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚–

iii) x!û˛flÀÓˆÏîÓ˚ üyôƒˆÏü ~Ü˛ ˆÜ˛y£Ï ˆÌˆÏÜ˛ xöƒ ˆÜ˛yˆÏ£Ï áyòƒÓ› ˛õ!Ó˚Óy!•ï˛ •Î˚–

iv) x!û˛flÀÓˆÏîÓ˚ ú˛ˆÏ° ˆÜ˛yˆÏ£ÏÓ˚ Ó˚§fl≥˛#!ï˛ âˆÏê˛ñ Îy ˆÜ˛yˆÏ£ÏÓ˚ Ó,!k˛ˆÏï˛ñ ç°ç í˛z!qˆÏòÓ˚ ≤’Óï˛y Ó˚«˛yˆÏÌ≈

~ÓÇ Ó#Ó˚&Í çyï˛#Î˚ í˛z!qòˆÏÜ˛ ò,ì ¸̨ï˛y ≤ÃòyˆÏö §•yÎ˚ï˛y Ü˛ˆÏÓ˚–

v) ˛õeÓ˚ˆÏ¶…˛Ó˚ í˛zˆÏß√yã˛ö Ä !öü#°ö Ó˚«˛#ˆÏÜ˛yˆÏ£ÏÓ˚ x!û˛flÀÓî ã˛yˆÏ˛õÓ˚ üyôƒˆÏü !öÎ˚!sfï˛ •Î˚– ˛õeÓ˚ˆÏ¶…˛Ó˚

üyôƒˆÏü•z CO2 – O2 !Ó!öüÎ˚ Ä Óy‹õˆÏüyã˛ö §¡õß¨ •Î˚–

vi) ç°ç í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe ˛õy!Ó˚˛õy!Ÿª≈Ü˛ ï˛Ó˚ˆÏ°Ó˚ x!û˛flÀÓî ã˛y˛õ í˛z!qˆÏòÓ˚ ¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚yˆÏÜ˛

!ÓˆÏ¢£Ïû˛yˆÏÓ ≤Ãû˛y!Óï˛ Ü˛ˆÏÓ˚– çˆÏ° oÓ#û)˛ï˛ °ÓˆÏîÓ˚ âöc Óyí ¸̨yÓ˚ §yˆÏÌ §yˆÏÌ x!û˛flÀÓî ã˛y˛õÄ §üyö%˛õy!ï˛Ü˛

•yˆÏÓ˚ ˆÓˆÏí ¸̨ ÎyÎ˚– §ü%ˆÏoÓ˚ çˆÏ°Ó˚ x!û˛flÀÓî !Óû˛Ó 20oC ï˛y˛õüyeyÎ˚ ÈÙÙÙÈ 2.8 MPa ÎyÓ˚ üyey IM °ÓˆÏîÓ˚

x!û˛flÀÓî !Óû˛ Ï̂ÓÓ̊ ̂ ã˛ Ï̂Î̊Ä ̂ Ó!¢– fl∫yû˛y!ÓÜ˛û˛y Ï̂Ó•z í z̨Fã˛ x!û˛flÀÓî !Óû˛Ó Ï̂Ü˛ ≤Ã!ï˛•ï˛ Ü˛Ó̊yÓ̊ çöƒ §yü%!oÜ˛ í z̨!q Ï̂òÓ̊

ˆ≤ÃyˆÏê˛y≤’yçüˆÏÜ˛Ä !ÓˆÏ¢£Ïû˛yˆÏÓ x!û˛ˆÏÎy!çï˛ •ˆÏï˛ •Î˚–

~Ü˛•z í˛z!qˆÏò x!û˛flÀÓî ã˛y˛õ }ï%˛Ó˚ ï˛yÓ˚ï˛ˆÏüƒ ˛õ!Ó˚Ó!ï≈˛ï˛ •Î˚– ˛õy•zö çyï˛#Î˚ í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe üyã≈˛ üyˆÏ§

~•z ã˛y˛õ §Ó≈y!ôÜ˛ S24.9 ÓyÓ˚V ~ÓÇ xˆÏQyÓÓ˚ üyˆÏ§ §Ó≈!ö¡¨ S17.1 ÓyÓ˚V •Î˚– !ÓK˛yö# ˆ•!Ó˚̂ ÏÜ˛Ó˚ (Herrick)
üˆÏï˛ x!û˛flÀÓî#Î˚ ã˛yˆÏ˛õÓ˚ xy!•´Ü˛ Óƒ!ï˛e´üÄ °«˛ƒ Ü˛Ó˚y ÎyÎ˚ ̂ Îüö §Ü˛y° Ä §¶˛ƒyÎ˚ x!û˛flÀÓî ã˛y˛õ §ÓˆÏã˛ˆÏÎ˚ Ü˛ü

ÌyˆÏÜ˛ñ !Ü˛v x!ï˛!Ó˚_´ Óy‹õˆÏüyã˛ˆÏöÓ˚ ú˛ˆÏ° !m≤Ã•ˆÏÓ˚ í˛z!qòˆÏÜ˛yˆÏ£Ï §Ó≈y!ôÜ˛ x!û˛flÀÓî ã˛y˛õ °«˛ƒ Ü˛Ó˚y ÎyÎ˚–

˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ §yˆÏÌ x!û˛ˆÏÎy!çï˛ •ÓyÓ˚ çöƒ í˛z!qòˆÏÜ˛yˆÏ£ÏÓ˚ x!û˛flÀÓî ã˛y˛õ ˛õ!Ó˚Ó!ï≈˛ï˛ •Î˚– ¢y°%Ü˛ çyï˛#Î˚

û˛y§üyö í˛z!qˆÏòÓ˚ x!û˛flÀÓî ã˛y˛õ 18-21 ÓyÓ˚ •Î˚ !Ü˛v §%®Ó˚# çyï˛#Î˚ °Óîy¡∫% í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe °ÓˆÏîÓ˚ xÓy!N˛ï˛

xö%≤ÃˆÏÓ¢ Ó¶˛ Ü˛Ó˚yÓ˚ çöƒ x!û˛flÀÓî ã˛y˛õ 100 ÓyˆÏÓ˚Ó˚Ä ˆÓ!¢ •ˆÏï˛ ˆòáy ÎyÎ˚–

1.5 xydû)̨ !ï˛      (Imbibition)

ˆ≤ÃyˆÏê˛y≤’yçˆÏüÓ˚ Ü˛ˆÏ°yˆÏÎ˚í˛#Î˚ ˛õòyˆÏÌ≈Ó˚ ˆ≤ÃyˆÏê˛y≤’yçü ˆÌˆÏÜ˛ ç° Óy ï˛Ó˚° ˆ¢y£ÏˆÏîÓ˚ «˛üï˛y xyˆÏåÈ– ˜çÓ

˛õòyÌ≈=!°Ó˚ üˆÏôƒ ˆ≤Ãy!ê˛öñ fiê˛yã≈˛ñ àyü (Gum), xƒyàyÓ˚ ≤Ãû,˛!ï˛ ˆÎÔà=!° ï˛#Ó  ç°yÜ˛£Ï#≈– ç° ˆ¢y£ÏˆÏîÓ˚ ú˛ˆÏ°

ˆÎÔà=!° fl≥˛#ï˛ •Î˚ Ä Äçö ˆÓˆÏí ¸̨ ÎyÎ˚– ç° åÈyí ¸̨yÄ xöƒyöƒ ï˛Ó˚°Ä xö%Ó˚*˛õû˛yˆÏÓ ˆ¢y!£Ïï˛ •ˆÏï˛ ˛õyˆÏÓ˚ ÈÙÙÙÈ

ˆÎüö Ó˚yÓyÓ˚ ç° ˆ¢y£Ïî Ü˛ˆÏÓ˚ öy !Ü˛v •zÌyÓ˚ Óy xƒy°ˆÏÜ˛y•° ˆ¢y£Ïî Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚– ï˛ˆÏÓ í˛z!qò ¢yÓ˚#Ó˚!ÓòƒyÎ˚

xyüÓ˚y ˆÜ˛Ó°üye ç° ˆ¢y£ÏˆÏîÓ˚ !Ó£ÏÎ˚!ê˛•z xyˆÏ°yã˛öy Ü˛Ó˚Ó–
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ˆÎ ˛õk˛!ï˛ˆÏï˛ Ó#ç Óy í˛z!qˆÏòÓ˚ ÷‹Ò xD ˛õ!Ó˚̂ ÏÓ¢ ˆÌˆÏÜ˛ ç° ˆ¢y£Ïî Ü˛Ó˚yÓ˚ ú˛ˆÏ° fl≥˛#ï˛ •Î˚ Ä ÄçˆÏö

ˆÓ Ï̂í˛̧ ÎyÎ̊ ï˛y Ï̂Ü˛ xydû)̨ !ï˛ (Imbibition) Ó Ï̂°– ÷Ü˛ Ï̂öy Ü˛yë˛ Ó£Ï≈yÜ˛y Ï̂° !û˛ Ï̂ç ú%̨ Ï̂° Óy ̂ ÓÑ̂ ÏÜ˛ ÎyÄÎ̊yÓ̊ âê˛öy Ï̂Ü˛Ä

xydû)˛!ï˛ Ó°y ÎyÎ˚–

Ó#ˆÏçÓ˚ xB%˛ˆÏÓ˚yÂàˆÏüÓ˚ çöƒ ç° ˆ¢y£Ïî Óy xydû)˛!ï˛ §ÓˆÏã˛ˆÏÎ˚ =Ó˚&c˛õ)î≈ !Ó£ÏÎ˚– ~•z ˆ«˛ˆÏe xÓ¢ƒ

ˆÜ˛yöÄ xô≈ˆÏû˛òƒ ˛õò≈yÓ˚ ≤ÃˆÏÎ˚yçö •Î˚ öy ï˛ˆÏÓ xydû)˛!ï˛Ó˚ §üˆÏÎ˚Ä ç° ö!ï˛üyeyÓ˚ !òˆÏÜ˛ ˛õ!Ó˚Óy!•ï˛ •Î˚ xÌ≈yÍ

í˛zFã˛ ç°!Óû˛Ó xM˛È° ˆÌˆÏÜ˛ ç°ñ ÷‹Ò í˛z!qò xˆÏD xÌ≈yÍ !ö¡¨ç°!Óû˛Ó§¡õß¨ xM˛ÈˆÏ°Ó˚ !òˆÏÜ˛ ≤ÃÓy!•ï˛ •Î˚–

xydû)˛!ï˛Ó˚ ˆ«˛ˆÏe í˛z!qòˆÏÜ˛yˆÏ£ÏÓ˚ ˛õ,¤˛ï˛ˆÏ°Ó˚ !ÓˆÏ¢£Ï Ó° Ü˛yÎ≈Ü˛Ó˚# •Î˚ ÎyˆÏÜ˛ üƒy!ê˛ΔÜ˛ Ó° (Matric force) Ó Ï̂°–

ˆÜ˛y£Ï≤Ãyã˛#Ó˚ Ä ˆ≤ÃyˆÏê˛y≤’yçˆÏüÓ˚ ç°yÜ˛£Ï#≈ ˆÎÔà=!°Ó˚ §yˆÏÌ çˆÏ°Ó˚ Ó˚y§yÎ˚!öÜ˛ Ä •zˆÏ°Ü˛ˆÏê˛Δyfiê˛ƒy!ê˛Ü˛ xyÜ˛£Ï≈î•z

xydû)˛!ï˛Ó˚ ü)° Ü˛yÓ˚î–

xydû)˛!ï˛Ó˚ ú˛ˆÏ° Ó#ˆÏçÓ˚ xyÎ˚ï˛ö í˛zˆÏÕ‘áˆÏÎyàƒ û˛yˆÏÓ ˆÓˆÏí ¸̨ ÎyÎ˚– ÷‹Ò Ó#ç 1 ˆÌˆÏÜ˛ 6 â^ˇê˛y §Ó≈y!ôÜ˛

ç° ˆ¢y£Ïî Ü˛ˆÏÓ˚– ôyöñ û%˛Ry ≤Ãû,˛!ï˛ Ü˛yˆÏÓ≈y•y•zˆÏí»˛ê˛ §ü,k˛ Ó#ç=!°Ó˚ ˆã˛ˆÏÎ˚ üê˛Ó˚ñ Ó#ö •zï˛ƒy!ò ˆ≤Ãy!ê˛ö §ü,k˛

Ó#ç=!° xˆÏöÜ˛ ˆÓ!¢ ç° ˆ¢y£Ïî Ü˛ˆÏÓ˚– xyÓyÓ˚ ˜ï˛°Ó#ˆÏç xydû)˛!ï˛Ó˚ ˛õ!Ó˚üyî §Ó≈yˆÏ˛õ«˛y Ü˛ü– ç°ˆÏ¢y£Ïî

Ü˛Ó˚yÓ˚ ú˛ˆÏ° ˆ≤ÃyˆÏê˛y≤’yçü#Î˚ í˛z˛õyòyö=!° xˆÏöÜ˛ fl≥˛#ï˛ •Î˚ !Ü˛v Ó#çcˆÏÜ˛ ˆ§°%ˆÏ°yç ÌyÜ˛yÎ˚ ï˛y á%Ó Ü˛ü ç°

ˆ¢y£Ïî Ü˛ˆÏÓ˚ xÌ≈yÍ §ÓˆÏã˛ˆÏÎ˚ Ü˛ü fl≥˛#ï˛ •Î˚– ~•z x§ü fl≥˛#!ï˛Ó˚ ú˛ˆÏ°•z Ó#çcÜ˛!ê˛ ˆú˛ˆÏê˛ !àˆÏÎ˚ xB%˛ˆÏÓ˚yÂàˆÏü

§•yÎ˚ï˛y Ü˛ˆÏÓ˚–

xydû)˛!ï˛ç!öï˛ xyÎ˚ï˛öÓ,!k˛ üƒyÜ˛ÈÙÈˆí˛yàyˆÏ°Ó ̊ (Mac Dougal) xˆÏ:y@ˇÃyˆÏú˛Ó˚ üyôƒˆÏü ˛õ!Ó˚üy˛õ Ü˛Ó˚y

ÎyÎ˚– xydû)˛!ï˛Ó˚ ú˛ˆÏ° Ó#ˆÏçÓ˚ xhsˇÓ≈ï˛#≈ ï˛y˛õüyeyÄ Ó,!k˛ ˛õyÎ˚– ÷‹Ò Ó#çˆÏÜ˛ ÌyˆÏü≈yúœ˛yˆÏflÒ xyÓk˛ ˆÓ˚ˆÏá

ÌyˆÏü≈y!üê˛yˆÏÓ˚Ó˚ §y•yˆÏÎƒ ~•z !öà≈ï˛ ï˛y˛õˆÏÜ˛ ̨ õ!Ó˚üy˛õ Ü˛Ó˚y ÎyÎ˚– !ÓK˛yö# !ü°yˆÏÓ˚Ó˚ (Miller, 1953) üˆÏï˛ ̂ ¢y!£Ïï˛

çˆÏ°Ó˚ à!ï˛¢!_´•z ~•z ï˛y˛õüyey Ó,!k˛Ó˚ Ü˛yÓ˚î–

!Ü˛å%È ÷‹Ò Ó#çˆÏÜ˛ çˆÏ°Ó˚ üˆÏôƒ ˆÓ˚̂ Ïá ˆÓyï˛ˆÏ°Ó˚ ü%á!ê˛ xyÓk˛ Ü˛Ó˚̂ Ï° !Ü˛å%È«˛î ˛õÓ˚ ˆòáy ÎyÎ˚ ˆÎ ˆÓyï˛°!ê˛

ˆú˛ˆÏê˛ ˆàˆÏåÈ– xydû)˛!ï˛ç!öï˛ ã˛yˆÏ˛õÓ˚ ú˛ˆÏ°•z ~•z âê˛öy!ê˛ âˆÏê˛–

xö%¢#°ö# 2

1. •Ñƒy Óy öy !°á%ö ≠

a) x!û˛flÀÓˆÏî ≤Ãôyöï˛ oyÓÜ˛ ˛õ!Ó˚Óy!•ï˛ •Î˚–

b) x!û˛flÀÓî ö!ï˛üyeyÓ˚ !Ó˛õÓ˚#ï˛ !òˆÏÜ˛ âˆÏê˛–

c) e´yˆÏÎ˚yˆÏflÒy!˛õÜ˛ ˛õk˛!ï˛ x!û˛flÀÓî !Óû˛Ó üy˛õy §Ω˛Ó–

d) xydû)˛!ï˛Ó˚ ú˛ˆÏ° ï˛y˛õ Ä ã˛y˛õ í˛zû˛Î˚•z §,!‹T •Î˚–
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2. §Ç!«˛Æ í˛z_Ó˚ !òö ≠

a) xydû)˛!ï˛ ≤Ã!e´Î˚y!ê˛ Ü˛#û˛yˆÏÓ Ó#ˆÏçÓ˚ xB%˛ˆÏÓ˚yÂàˆÏü §y•yÎƒ Ü˛ˆÏÓ˚⁄

b) àƒy§ ô &ÓˆÏÜ˛Ó˚ üyö Ü˛ï˛⁄

c) x!û˛flÀÓˆÏîÓ˚ ò%Û!ê˛ ¢yÓ˚#Ó˚Ó,_#Î˚ =Ó˚&c í˛zˆÏÕ‘á Ü˛Ó˚&ö–

d) ˆ≤ÃyˆÏê˛y≤’yçˆÏüÓ˚ ò%Û!ê˛ ç°Ü˛£Ï#≈ ˆÎÔˆÏàÓ˚ öyü Ü˛Ó˚&ö–

1.6 ≤’yç Ï̂üy°y•z!§§‰     (Plasmolysis)

ˆÜ˛yˆÏöy ˆÜ˛y£ÏˆÏÜ˛ oÓˆÏî !öü!Iï˛ Ü˛Ó˚̂ Ï°ñ ˆ≤ÃyˆÏê˛y≤’yçˆÏüÓ˚ âöˆÏcÓ˚ ï%˛°öyÎ˚ oÓî!ê˛ !ï˛ö ≤ÃÜ˛yˆÏÓ˚Ó˚ •ˆÏï˛

˛õyˆÏÓ˚–

i) x!ï˛§yÓ˚Ü˛ Óy •y•z˛õyÓ˚ê˛!öÜ˛ oÓî É ~•z oÓˆÏîÓ˚ âöc ˆ≤ÃyˆÏê˛y≤’yçˆÏüÓ˚ âöˆÏcÓ˚ ˆã˛ˆÏÎ˚ ˆÓ!¢ •Î˚

~ÓÇ ˆÜ˛y£Ï ˆÌˆÏÜ˛ Ó!•Éx!û˛flÀÓî ≤Ã!e´Î˚yÎ˚ ç° !öà≈ï˛ •ˆÏ° ˆÜ˛y£Ï!ê˛Ó˚ ˆ≤ÃyˆÏê˛y≤’yçˆÏü !ÓˆÏ¢£Ï §ˆÏB˛yã˛ö ˆòáy

ÎyÎ˚–

ii) °â%§yÓ˚Ü˛ Óy •y•zˆÏ˛õyê˛!öÜ˛ oÓî É ~ˆÏ«˛ˆÏe ˆ≤ÃyˆÏê˛y≤’yçˆÏüÓ˚ ï%˛°öyÎ˚ oÓˆÏîÓ˚ âöc Ü˛ü •ÄÎ˚yÎ˚

xhsˇÉx!û˛flÀÓî ≤Ã!e´Î˚yÎ˚ ç° ˆÜ˛yˆÏ£Ï ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ Ä ú˛°fl∫Ó˚*˛õ ˆÜ˛y£Ï!ê˛ fl≥˛#ï˛ •ˆÏÎ˚ ÎyÎ˚–

iii) §ü§yÓ˚Ü˛ Óy xy•zˆÏ§yê˛!öÜ˛ oÓî É ˆÜ˛y£Ï#Î˚ ˆ≤ÃyˆÏê˛y≤’yçˆÏü Ä oÓˆÏîÓ˚ âöc §üyö •ÄÎ˚yÎ˚ ~ˆÏ«˛ˆÏe

ˆÜ˛yˆÏöy≤ÃÜ˛yÓ˚ x!û˛flÀÓî•z âˆÏê˛ öy ~ÓÇ ˆÜ˛y£Ï!ê˛Ó˚ xyÜ,˛!ï˛Ó˚Ä ˆÜ˛yˆÏöy ˛õ!Ó˚Óï≈˛ö •Î˚ öy–

ˆÜ˛y£ÏˆÏÜ˛ •y•z˛õyÓ˚ê˛!öÜ˛ Óy x!ï˛§yÓ˚ oÓˆÏî Ó˚yáˆÏ° ˆÜ˛y£Ï ˆÌˆÏÜ˛ Ó!•Éx!û˛flÀÓî ≤Ã!e´Î˚yÎ˚ ç° !öà≈ï˛

•ÓyÓ˚ ú˛ˆÏ° ˆ≤ÃyˆÏê˛y≤’yçˆÏüÓ˚ !ÓˆÏ¢£Ï §ˆÏB˛yã˛ö ˆòáy ÎyÎ˚ ~ÓÇ ˆÜ˛y£Ï ˛õò≈y §• ˆ≤ÃyˆÏê˛y≤’yçü ˆÜ˛y£Ï ≤Ãyã˛#Ó˚ ˆÌˆÏÜ˛

§ˆÏÓ˚ xyˆÏ§– ~•z âê˛öyˆÏÜ˛ ≤’yçˆÏüy°y•z!§§‰ ÓˆÏ°–

≤’yçˆÏüy°y•z!§ˆÏ§Ó˚ ˛õÎ≈yÎ˚=!° !ö¡¨Ó˚*˛õ É

i) Ó!•Éx!û˛flÀÓˆÏîÓ˚ ú˛ˆÏ° ̂ Ü˛y£Ï ̂ ÌˆÏÜ˛ ç° !öà≈ï˛ •Î˚ Ä ~Ó˚ ú˛ˆÏ° ̂ Ü˛yˆÏ£ÏÓ˚ Ó˚§fl≥˛#!ï˛Ó˚ ã˛y˛õ (Turgor
Pressure) Ü˛ Ï̂ü ÎyÎ̊–

ii) ≤’yçüy xyÓÓ˚î# Óy ˆÜ˛y£Ï ˛õò≈y §• ˆ≤ÃyˆÏê˛y≤’yçü ˆÜ˛y£Ï ≤Ãyã˛#Ó˚ ˆÌˆÏÜ˛ §ˆÏÓ˚ xyˆÏ§–

iii) ˆ≤ÃyˆÏê˛y≤’yçˆÏüÓ˚ Ü%˛M˛Èö °«˛ Ü˛Ó˚y ÎyÎ˚–

iv) ã)˛í ¸̨yhsˇ xÓfliyÎ˚ ˆ≤ÃyˆÏê˛y≤’yçü ˆÜ˛yˆÏ£ÏÓ˚ ˆÜ˛ˆÏw Óy ~Ü˛˛õyˆÏ¢ §ˆÏÓ˚ xyˆÏ§–

x!ï˛§yÓ˚ oÓˆÏî (Hypertonic Solution) Ó˚yáyÓ˚ ˛õˆÏÓ˚ !ë˛Ü˛ ˆÎ §üˆÏÎ˚ ≤’yçˆÏüy°y•z!§§ ÷Ó˚& •Î˚ ï˛áö

ˆ≤ÃyˆÏê˛y≤’yçü ˆÜ˛y£Ï!ê˛Ó˚ xyÎ˚ï˛ˆÏöÓ˚ !ë˛Ü˛ §üyö ÌyˆÏÜ˛ ~ÓÇ ˆ≤ÃyˆÏê˛y≤’yçü ˆÜ˛y£Ï ≤Ãyã˛#ˆÏÓ˚ ˆÜ˛yˆÏöy ã˛y˛õÄ ≤Ãòyö Ü˛ˆÏÓ˚
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öy xyÓyÓ˚ ˆÜ˛y£Ï ≤Ãyã˛#Ó˚ ˆÌˆÏÜ˛ ˛õ,ÌÜ˛ •ˆÏÎ˚ xyˆÏ§ öy– ~•z xÓfliyˆÏÜ˛ ≤ÃyÓ˚!Ω˛Ü˛ ≤’y§ˆÏüy°y•z!§§ (Incipient
Plasmolysis) Ó Ï̂°– S!ã˛e 1. 5)–

!ã˛e 1.5 ≠ fl∫yû˛y!ÓÜ˛ ̂ Ü˛y£Ï̂ ÏÜ˛ x!ï˛§yÓ̊ oÓ Ï̂î !öü!Iï˛ Ü˛Ó̊ Ï̂° ̂ Ü˛y Ï̂£ÏÓ̊ ≤’y§ Ï̂üy°y•z!§§ •Î̊– ≤’yç Ï̂üy°y•z!§ Ï̂§Ó̊  ú˛ Ï̂° ̂ ≤Ãy Ï̂ê˛y≤’yçü

Ü%˛!M˛Èï˛ •ˆÏÎ˚̂ ÏåÈ– ~•z ôÓ˚̂ ÏöÓ˚ ˆÜ˛y£ÏˆÏÜ˛ °â%§yÓ˚ oÓˆÏî !öü!Iï˛ Ü˛Ó˚̂ Ï° ˆÜ˛y£Ï!ê˛ ˛õ)î≈ Ó˚§fl≥˛#ï˛ •ˆÏÎ˚̂ ÏåÈ–

≤’yçˆÏüy°y•z!§§ •ÓyÓ˚ ˛õÓ˚ ˆÜ˛yˆÏöy ˆÜ˛y£ÏˆÏÜ˛ °â%§yÓ˚ oÓˆÏî !öü!Iï˛ Ü˛Ó˚̂ Ï° ˆÜ˛y£Ï!ê˛ xhsˇÉx!û˛flÀÓî

≤Ã!e´Î˚yÎ˚ ç° ˆ¢y£Ïî Ü˛ˆÏÓ˚ ˛õ%öÓ˚yÎ˚ fl∫yû˛y!ÓÜ˛ xÓfliyÎ˚ !ú˛ˆÏÓ˚ xyˆÏ§– ~•z ≤Ã!e´Î˚yˆÏÜ˛ !í˛≤’y§ˆÏüy°y•z!§§ ÓˆÏ°–

ˆÜ˛yˆÏ£ÏÓ˚ Ó˚§fl≥˛#ï˛ ã˛y˛õˆÏÜ˛ ψp, ç°!Óû˛ˆÏÜ˛ ψcell ~ÓÇ x!û˛flÀÓî !Óû˛ÓˆÏÜ˛ ψs myÓ˚y !ã˛!•´ï˛ Ü˛Ó˚y •Î˚–

≤ÃyÓ˚!Ω˛Ü˛ ≤’y§ˆÏüy°y•z!§ˆÏ§Ó˚ §üÎ˚ Ó˚§fl≥˛#ï˛ ã˛y˛õ xÌ≈yÍ ψp = 0 •Î˚– ~•z §üˆÏÎ˚ ˆÜ˛yˆÏ£ÏÓ˚ ç°!Óû˛Ó (ψCell) Ä
x!û˛flÀÓî !Óû˛ˆÏÓÓ˚ (ψs) üyö §üyö ÌyˆÏÜ˛– ~•z xÓfliyÎ˚ ˆÜ˛y£Ï!ê˛ˆÏÜ˛ !Ó÷k˛ çˆÏ° !öü!Iï˛ Ü˛Ó˚̂ Ï° ˆÜ˛y£Ï!ê˛

xhsˇÉx!û˛flÀÓî ≤Ã!e´Î˚yÎ˚ ç° ˆ¢y£Ïî Ü˛Ó˚̂ ÏÓ ~ÓÇ ˆÜ˛yˆÏ£ÏÓ˚ x!û˛flÀÓî !Óû˛Ó Óyí ¸̨̂ Ïï˛ ÌyÜ˛ˆÏÓ– ~ˆÏ«˛ˆÏe üˆÏö Ó˚yáy

òÓ˚Ü˛yÓ˚ ˆÎ ˆÜ˛yˆÏ£ÏÓ˚ x!û˛flÀÓî !Óû˛ˆÏÓÓ˚ üyö (ψs) §Ó≈òy•z }îydÜ˛ ~ÓÇ ç° ˆ¢y£ÏˆÏîÓ˚ §yˆÏÌ §yˆÏÌ ~•z üyö

Óyí˛¸ˆÏï˛ Óyí˛¸ˆÏï˛ '0' ~Ó˚ !òˆÏÜ˛ ÎyˆÏÓ– ç° ≤ÃˆÏÓˆÏ¢Ó˚ ú˛ˆÏ° Ó˚§fl≥˛#ï˛ ã˛y˛õÄ (ψp) Óyí ¸̨̂ Ïï˛ ÌyÜ˛ˆÏÓ– ψp ~Ó˚ üyö

§Ó≈òy•z ôöydÜ˛– ˆÎ•z §üˆÏÎ˚ ψs Ä ψp ~Ó˚ ˆÎyàú˛° xÌ≈yÍ ~Ü˛!ê˛ }îydÜ˛ Ä ôöydÜ˛ Ó˚y!¢Ó˚ ˆÎyàú˛° '0' •ˆÏÓ

ï˛áö ˆÜ˛yˆÏ£ÏÓ˚ ç°!Óû˛ˆÏÓÓ˚ üyö (ψcell) 0 •ˆÏÓ Ü˛yÓ˚î ày!î!ï˛Ü˛ û˛yˆÏÓ ÉÈÙÈ

ψCell = ψs + ψp

ç°!Óû˛ˆÏÓÓ˚ üyö 0 •ˆÏ°•z ˆÜ˛y£Ï!ê˛ ˛õ)î≈ Ó˚§fl≥˛#ï˛ •ˆÏÓ xÌ≈yÍ ˆÜ˛y£Ï!ê˛ˆÏï˛ xyÓ˚ ç° ≤ÃˆÏÓ¢ Ü˛Ó˚̂ ÏÓ öy–

=Ó˚&c É

≤’y§ˆÏüy°y•z!§§ ≤Ã!e´Î˚yÓ˚ xˆÏöÜ˛ ÓƒÓ•y!Ó˚Ü˛ =Ó˚&c °«˛ Ü˛Ó˚y ÎyÎ˚–

i) üy!ê˛ˆÏï˛ x!ï˛!Ó˚_´ ˛õ!Ó˚üyˆÏî §yÓ˚ ≤ÃˆÏÎ˚yà Ü˛Ó˚ˆÏ° ü,!_Ü˛yÓ˚ §yÓ˚!ü!◊ï˛ ç°#Î˚ oÓî ü)ˆÏ°Ó˚

ˆ≤ÃyˆÏê˛y≤’yçˆÏüÓ˚ ï%˛°öyÎ˚ x!ôÜ˛ âöc§¡õß¨ •Î˚– ~•z x!ï˛§yÓ˚ oÓˆÏîÓ˚ ≤Ãû˛yˆÏÓ í˛z!qòü)ˆÏ°Ó˚ ˆÜ˛y£Ï=!°Ó˚

≤’yçˆÏüy°y•z!§§ âˆÏê˛– ~Ó˚ ≤Ãû˛yˆÏÓ í˛z!qò!ê˛ ˆö!ï˛ˆÏÎ˚ ˛õˆÏí ¸̨ (wilting) ~üö!Ü˛ üyÓ˚yÄ ˆÎˆÏï˛ ˛õyˆÏÓ˚–

ii) üyåÈñ üyÇ§ ≤Ãû,˛!ï˛ °Óî üy!áˆÏÎ˚ Ó˚yáˆÏ° °Óö!§_´ hflÏÓ˚ ~Ü˛!ê˛ x!û˛§yÓ˚ oÓî Ó˚*ˆÏ˛õ Ü˛yç Ü˛ˆÏÓ˚ ÎyÓ˚

≤Ãû˛yˆÏÓ «˛!ï˛Ü˛yÓ˚Ü˛ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚yñ åÈeyÜ˛ ≤Ãû,˛!ï˛ çß√yˆÏï˛ ˛õyˆÏÓ˚ öy Ü˛yÓ˚î °Óî çˆÏ°Ó˚ ≤Ãû˛yˆÏÓ ~•z ç#Ó=!°Ó˚

≤’y§ˆÏüy°y•z!§§ âˆÏê˛– ~Ü˛•z Ü˛yÓ˚̂ Ïîñ çƒyüñ ˆç!° ≤Ãû,˛!ï˛ˆÏï˛ ˆÎ x!ï˛!Ó˚_´ ¢Ü≈˛Ó˚y !ü!◊ï˛ Ü˛Ó˚y •Î˚ ï˛yÓ˚ ≤Ãû˛yˆÏÓ

åÈeyÜ˛ñ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y ≤Ãû,˛!ï˛ §•ˆÏç xye´üî Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚ öy–

(A) ≤’yçˆÏüy°y•z§í˛ ̂ Ü˛y£Ï (B) ̨õ)î≈ Ó˚§fl≥˛#ï˛ ̂ Ü˛y£Ï
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iii) ˆòÄÎ˚yˆÏ°Ó˚ ú˛yê˛ˆÏ° Óy üy!ê˛Ó˚ ˆê˛!ö§ ˆÜ˛yˆÏê≈˛ (Clay Tennis Court) °Óî !åÈ!ê˛ˆÏÎ˚ !òˆÏ° xyàyåÈy

çß√yÎ˚ öy–

1.7 ç°!Óû˛Ó (Water Potential)

≤’y§ˆÏüy°y•z!§§ xyˆÏ°yã˛öy Ü˛Ó˚yÓ˚ §üÎ˚ xyüÓ˚y ç°!Óû˛Ó ¢∑!ê˛ §¡õˆÏÜ≈˛ ˛õ!Ó˚!ã˛ï˛ •ˆÏÎ˚!åÈ– ~•z xôƒyˆÏÎ˚Ó˚

ˆ¢£Ï ˛õÎ≈yˆÏÎ˚ xyüÓ˚y ç°!Óû˛Ó §¡õˆÏÜ≈˛ ôyÓ˚îy °yû˛ Ü˛Ó˚ÓyÓ˚ ˆã˛‹Ty Ü˛Ó˚Ó–

!ÓK˛yö# ̂ fl‘•zê˛yÓ˚ Ä ̂ ê˛°yÓ˚ (Slayter and Taylor, 1960) í˛z!qò ¢yÓ˚#Ó˚!ÓòƒyÎ˚ ≤ÃÌü ç°!Óû˛Ó (Water
potential) ¢∑!ê˛ ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ö– !fliÓ˚ ï˛y˛õ Ä ã˛yˆÏ˛õ ̂ Ü˛yˆÏöy !ö!ò≈‹T üyôƒˆÏü í˛z˛õ!fliï˛ çˆÏ°Ó˚ üˆÏôƒ ̂ Î ü%_´ ¢!_´

Óï≈˛üyö ÌyˆÏÜ˛ ï˛yˆÏÜ˛ ç°!Óû˛Ó ÓˆÏ°– ç°!Óû˛ÓˆÏÜ˛ !Ó!û˛ß¨ ˜ÓK˛y!öˆÏÜ˛Ó˚y ÓyÓ˚ñ í˛y•zö ˆ§!ü2, ˆüày˛õƒyflÒy°

(MPc), Cm-2 ≤Ãû,˛!ï˛ ~Ü˛ˆÏÜ˛ ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚̂ ÏåÈö– ç°!Óû˛ÓˆÏÜ˛ ψ S§y•zV myÓ˚y !ã˛!•´ï˛ Ü˛Ó˚y •Î˚–

ç°!Óû˛Ó Ó°ˆÏï˛ çˆÏ°Ó˚ Ó˚y§yÎ˚!öÜ˛ !Óû˛ÓˆÏÜ˛ ˆÓyé˛yÎ˚– ç° xî%Ó˚ üˆÏôƒ í˛z˛õ!fliï˛ ˆÎ ü%_´ ¢!_´Ó˚ §y•yˆÏÎƒ

ç° Ó˚y§yÎ˚!öÜ˛ !Ó!e´Î˚y âê˛yÎ˚ Óy ~Ü˛ fliyö ˆÌˆÏÜ˛ xöƒ fliyˆÏö ˛õ!Ó˚Óy!•ï˛ •Î˚ ï˛yˆÏÜ˛•z ç°!Óû˛Ó Ó°y ÎyÎ˚– !Ó÷k˛

çˆÏ°Ó˚ ˆ«˛ˆÏe ç°!Óû˛ˆÏÓÓ˚ üyö 0 S¢)öƒV ôÓ˚y •Î˚ Î!òÄ ˆ§ˆÏ«˛ˆÏe ü%_´ ¢!_´Ó˚ üyö §Ó≈y!ôÜ˛– Îáö•z !Ó÷k˛

çˆÏ° ˆÜ˛yˆÏöy oyÓ oÓ#û)˛ï˛ Ü˛Ó˚y •Î˚ ï˛áö•z ˆ§•z oÓˆÏîÓ˚ ç°!Óû˛Ó Ü˛ˆÏü ÎyÎ˚ xÌ≈yÍ üyö }îydÜ˛ •Î˚– çˆÏ°Ó˚

˛õ!Ó˚Ó•ö §Ó≈òy•z ö!ï˛üyeyÓ˚ !òˆÏÜ˛ âˆÏê˛ xÌ≈yÍ ç°ñ í˛zFã˛ ç°!Óû˛Ó ˆÌˆÏÜ˛ S°â%ï˛Ó˚ oÓîV !ö¡¨ ç°!Óû˛ˆÏÓÓ˚

!òˆÏÜ˛ Sâöï˛Ó˚ oÓîV ôy!Óï˛ •Î˚– ~•zû˛yˆÏÓ ç°!Óû˛ˆÏÓÓ˚ §y•yˆÏÎƒ x!û˛flÀÓˆÏîÓ˚ §!ë˛Ü˛ Óƒyáƒy Ü˛Ó˚y §Ω˛Ó Ü˛yÓ˚î

oyˆÏÓÓ˚ âöˆÏcÓ˚ §yˆÏÌ §yˆÏÌ ç°!Óû˛ˆÏÓÓ˚ üyö Ü˛üˆÏï˛ ÌyˆÏÜ˛–

1.7.1  ç°!Óû˛ˆÏÓÓ˚ Óƒyáƒy (Explanation of Water Potential)

ç°!Óû˛ÓˆÏÜ˛ §yôyÓ˚îï˛ ψ S§y•zV myÓ˚y !ã˛!•´ï˛ Ü˛Ó˚y •Î˚– ˆÜ˛yö ~Ü˛!ê˛ xô≈ˆÏû˛òƒ ˛õò≈yÓ˚ myÓ˚y ˛õ,ÌÜ˛ xÓfliyÎ˚

ÌyÜ˛yÏ ò%!ê˛ ç°#Î˚ üyôƒˆÏüÓ˚ ç°!Óû˛Ó ÎÌye´ˆÏü ψA Ä ψB •ˆÏ° ~•z ò%!ê˛ üyôƒˆÏüÓ˚ ç°!Óû˛ˆÏÓÓ˚ ≤ÃˆÏû˛ò (Δψ) •°

ψA – ψB.

~ˆÏ«˛ˆÏe A üyôƒˆÏüÓ˚ ç°!Óû˛Ó (ψA) Î!ò B üyôƒˆÏüÓ˚ ç°!Óû˛ˆÏÓÓ˚ (ψB) ã˛y•zˆÏï˛ ˆÓ!¢ •Î˚ñ ˆ§ˆÏ«˛ˆÏe

ç° A ˆÌˆÏÜ˛ B üyôƒˆÏü ≤ÃˆÏÓ¢ Ü˛Ó˚̂ ÏÓ– xyÓyÓ˚ ψB-Ó˚ üyö ψAÓ˚ ˆã˛ˆÏÎ˚ ˆÓ!¢ •ˆÏ° ç° B ˆÌˆÏÜ˛  A üyôƒˆÏü

≤ÃˆÏÓ¢ Ü˛Ó˚̂ ÏÓ–

ç°!Óû˛ÓˆÏÜ˛ ÓyÓ˚ (bar) !òˆÏÎ˚ ≤ÃÜ˛y¢ Ü˛Ó˚y •Î˚– ˆÎáyˆÏö 1 ÓyÓ ̊(bar) = 14.5 ˛õyí˛zu˛†!üê˛yÓ˚2 xÌÓy

0.987 ÓyÎ˚%ü[˛°#Î˚ ã˛y˛õ–

!Ó÷k˛ çˆÏ°Ó˚ ç°!Óû˛Ó §Ó§üÎ˚ 0 S¢)öƒV •Î˚ ~ÓÇ oÓˆÏî oyˆÏÓÓ˚ ˛õ!Ó˚üyî Îï˛ Óyí ¸̨̂ Ïï˛ ÌyˆÏÜ˛ ç°!Óû˛Ó

ï˛ï˛•z Ü˛üˆÏï˛ ÌyˆÏÜ˛ xÌ≈yÍ ψ ~Ó˚ üyö ï˛ï˛•z }îydÜ˛ •ˆÏï˛ ÌyˆÏÜ˛– Ü˛yˆÏç•z §Ó oÓˆÏîÓ˚•z ç°!Óû˛Ó }îydÜ˛ •Î˚–
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1.7.2 ç°!Óû˛ˆÏÓÓ˚ í˛z˛õyòyö

ç°!Óû˛ˆÏÓÓ˚ üyö !ï˛ö!ê˛ í˛z˛õyòyˆÏöÓ˚ Ä˛õÓ˚ !öû≈˛Ó˚¢#°–

i) ψm Süƒy!ê˛ΔÜ˛ !Óû˛ÓV ÈÙÙÙÈ üƒy!ê˛ΔÜ˛ Ü˛Ìy!ê˛Ó˚ xÌ≈ ˆÎ ˆÜ˛yö Ó›Ó˚ ˛õ,¤˛ï˛° Îy çˆÏ°Ó˚ xî%ˆÏÜ˛ ˆ¢y£Ïî

Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ñ ˆÎüö ˆÜ˛y£Ï≤Ãyã˛#Ó˚ñ ˆ≤ÃyˆÏê˛y≤’yçü •zï˛ƒy!ò– üƒy!ê˛ΔÜ˛ !Óû˛Ó •° ç°!Óû˛ˆÏÓÓ˚ ˆ§•z í˛z˛õyòyö Îy

üƒy!ê˛ΔÜ˛ myÓ˚y !öÎ˚!sfï˛ •Î˚ ~ÓÇ ~Ó˚ üyö }îydÜ˛ •Î˚– ˆÜ˛yˆÏ£ÏÓ˚ x!û˛flÀÓˆÏîÓ˚ ˆ«˛ˆÏe ψm ~Ó˚ üyö öàîƒ •Î˚ ÓˆÏ°

ç°!Óû˛ˆÏÓÓ˚ üyö !öî≈Î˚ Ü˛Ó˚yÓ˚ §üÎ˚ ψm ~Ó˚ üyöˆÏÜ˛ í˛zˆÏ˛õ«˛y Ü˛Ó˚y •Î˚–

ii) ψp Sã˛y˛õ !Óû˛ÓV ÈÙÙÙÈ Ó˚§fl≥˛#!ï˛ xÌ≈yÍ ç° ˆ¢y£ÏˆÏîÓ˚ ú˛ˆÏ° ˆÜ˛yˆÏ£ÏÓ˚ ˆ≤ÃyˆÏê˛y≤’yçü ˆÜ˛y£Ï≤Ãyã˛#ˆÏÓ˚Ó˚

Ä˛õÓ˚ ˆÎ ã˛y˛õ §,!‹T Ü˛ˆÏÓ˚ñ ï˛yˆÏÜ˛ Ó˚§fl≥˛#!ï˛ ã˛y˛õ (turgour pressure) ÓˆÏ°– ˆÜ˛y£Ï≤Ãyã˛#ˆÏÓ˚Ó˚ !fli!ï˛fliy˛õÜ˛ ôˆÏü≈Ó˚

ú˛ˆÏ° ˆÜ˛y£Ï≤Ãyã˛#Ó˚Ä §üyö Ä !Ó˛õÓ˚#ï˛ü%á# ã˛y˛õ ˆ≤ÃyˆÏê˛y≤’yçˆÏüÓ˚ Ä˛õÓ˚ ≤Ãòyö Ü˛ˆÏÓ˚ñ ÎyˆÏÜ˛ ˆÜ˛y£Ï≤Ãyã˛#Ó˚ ã˛y˛õ  (cell
wall pressure) ÓˆÏ°– ~•z ã˛yˆÏ˛õÓ˚ üyöˆÏÜ˛•z Ó°y •Î˚ ã˛y˛õ !Óû˛Ó–

ψp = Ó˚§fl≥˛#ï˛ ã˛y˛õ Óy ˆÜ˛y£Ï≤Ãyã˛#Ó˚ ã˛y˛õ–

iii) ψs SoyÓ !Óû˛ÓV ÈÙÙÙÈ ˆÜ˛yˆÏöy ˆÜ˛yˆÏ£Ï oyˆÏÓÓ˚ í˛z˛õ!fli!ï˛ç!öï˛ ã˛y˛õˆÏÜ˛ oyÓ ã˛y˛õ ÓˆÏ°– oyˆÏÓÓ˚ âöc

Ó,!k˛Ó˚ §yˆÏÌ §yˆÏÌ ç°!Óû˛ˆÏÓÓ˚ (ψ) üyö Ü˛ˆÏü ÎyÎ˚ ÓˆÏ° oyÓ ã˛yˆÏ˛õÓ˚ üyöˆÏÜ˛ }îydÜ˛ ôÓ˚y •Î˚– oyÓ !Óû˛ÓˆÏÜ˛

x!û˛flÀÓî !Óû˛Ó (osmotic potential) Ó°y •Î̊– Ü˛y Ï̂ç•z ψ = ψm + ψp + ψs, ψm ~Ó̊ üyö í ẑ̨ Į̈ õ«˛î#Î̊ Ó Ï̂°

ψ = ψs + ψp–

xÌ≈yÍ ̂ Ü˛yö ̂ Ü˛yˆÏ£ÏÓ˚ ç°!Óû˛Ó •° oyÓ !Óû˛Ó Ä ã˛y˛õ !Óû˛ˆÏÓÓ˚ ̂ Îyàú˛ˆÏ°Ó˚ §üyö– ̂ ÎˆÏ•ï%˛ oyÓ !Óû˛ÓˆÏÜ˛

x!û˛flÀÓî !Óû˛ÓÄ Ó°y •Î˚ñ ï˛y•z Ó°y ÎyÎ˚ ˆÎ ˆÜ˛yˆÏ£ÏÓ˚ ç°!Óû˛Ó = x!û˛flÀÓî !Óû˛Ó + ã˛y˛õ !Óû˛Ó–

1.8 §yÓ̊yÇ¢ (Summary)

í˛z!qò ̂ Ü˛y£Ï˛õò≈yÓ˚ ̨õÓ˚yî%àë˛ˆÏö !ÓˆÏŸ’£ÏˆÏî ~Ü˛y!ôÜ˛ üˆÏí˛° ≤ÃhflÏy!Óï˛ •ˆÏÎ˚̂ ÏåÈ– ï˛yÓ˚ üˆÏôƒ !§DyÓ˚ !öÜ˛°§ˆÏöÓ˚

xô≈ÈÙÈï˛Ó˚° ˆüyçy•zÜ˛ üˆÏí˛° §Ó≈y!ôÜ˛ à,•#ï˛– ˛õò≈yÓ˚ Ó˚y§yÎ˚!öÜ˛ àë˛ö !mhflÏÓ˚# !°!˛õí˛ Ä !ï˛ö ôÓ˚̂ ÏöÓ˚ ˆ≤Ãy!ê˛ö

myÓ˚y à!ë˛ï˛– ˆÜ˛y£Ï ˛õò≈y xô≈ˆÏû˛òƒ ~ÓÇ ~Ó˚ üôƒ !òˆÏÎ˚ Óƒy˛õö Ä x!û˛flÀÓˆÏöÓ˚ üyôƒˆÏü àƒy§#Î˚ Ä ï˛Ó˚° ˛õòyˆÏÌ≈Ó˚

Îyï˛yÎ˚yï˛ ¢!_´Ó˚ !Ó!öüÎ˚ åÈyí˛¸y•z âê˛ˆÏï˛ ˛õyˆÏÓ˚– xydû)˛!ï˛ ≤Ã!e´Î˚yÎ˚ í˛z!qòˆÏÜ˛y£Ï Ó˚§fl≥˛#ï˛ •Î˚ ~ÓÇ Ó#ˆÏöÓ˚

xB%˛ˆÏÓ˚yòàˆÏüÓ˚ çöƒ ï˛y xï˛ƒhsˇ òÓ˚Ü˛yÓ˚#– çˆÏ°Ó˚ üˆÏôƒ ü%_´ ¢!_´Ó˚ ˛õ!Ó˚üy˛õˆÏÜ˛ ç°!Óû˛Ó (ψ) myÓ˚y ≤ÃÜ˛y¢ Ü˛Ó˚y

•ˆÏÎ˚ ÌyˆÏÜ˛–

1.9 x!hsˇü ≤ÃŸ¿yÓ°# (Terminal Questions)

1. ê˛#Ü˛y !°á%ö ≠

a) x!û˛flÀÓî ã˛y˛õ
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b) ≤’yçˆÏüy°y•z!§ˆÏ§Ó˚ ÓƒÓ•y!Ó˚Ü˛ ≤ÃˆÏÎ˚yà

c) ç°!Óû˛Ó

2. •Ñƒy Óy öy !°á%ö ≠

a) ˆÜ˛yö oÓˆÏîÓ˚ ç°!Óû˛Ó §Ó≈òy•z }îydÜ˛–

b) àƒy§#Î˚ ˛õòyˆÏÌ≈Ó˚ üˆÏôƒÄ Óƒy˛õö §Ω˛Ó–

c) §ü%ˆÏoÓ˚ ç° xˆÏ˛õ«˛y öò#Ó˚ çˆÏ°Ó˚ ç°!Óû˛Ó Ü˛ü–

d) ˛õ)î≈ Ó˚§fl≥˛#ï˛ xÓfliyÎ˚ ˆÜ˛yˆÏ£ÏÓ˚ ç°!Óû˛Ó O–

3. ¢)öƒfliyö ˛õ)Ó˚î Ü˛Ó˚&ö ≠

a) !§DyÓ˚ Ä !öÜ˛°§ˆÏöÓ˚ ˆÜ˛y£Ï ˛õò≈yÓ˚ üˆÏí˛°!ê˛ˆÏÜ˛ ________ Ó Ï̂°–

b) Óƒy˛õˆÏöÓ˚ •yÓ˚ í˛z£èï˛yÓ˚ §yˆÏÌ ________–

c) 24 â^ˇê˛yÓ˚ üˆÏôƒ ________ x!û˛flÀÓî ã˛y˛õ §Ó≈!ö¡¨ •Î˚–

d) ç°!Óû˛Ó Ï̂Ü˛ _________ myÓ˚y !ã˛!•´ï˛ Ü˛Ó˚y •Î˚–

4. ç°!Óû˛ˆÏÓÓ˚ í˛z˛õyòyö=!°Ó˚ Óî≈öy !òö–

1.10 í˛z_Ó˚üy°y (Key to the Answers)

xö%¢#°ö# ÈÙÈ     1

1. a) 1.3.1 ~ xyˆÏ°y!ã˛ï˛

b) ú˛§ˆÏú˛y!°!˛õí˛

c) ˆÜ˛y£Ï ˛õò≈yÓ˚ ˆÎ ˆ≤Ãy!ê˛ö=!° !°!˛õí˛ xî%Ó˚ §yˆÏÌ ò,ì˛¸û˛yˆÏÓ §ÇÎ%_´ ÌyˆÏÜ˛ ï˛yˆÏòÓ˚ •zö!ê˛Δö!§Ü˛

ˆ≤Ãy!ê˛ö ÓˆÏ°–

d) ˛õòyˆÏÌ≈Ó˚ à!ï˛¢!_´ñ üyôƒˆÏüÓ˚ âöcñ ˛õòyˆÏÌ≈Ó˚ xyî!ÓÜ˛ Äçö ~ÓÇ í˛z£èï˛y–

2. a) (×)

b) ( )

c) ( )

d) (×)
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xö%¢#°ö# ÈÙÈ     2

1. a) •Ñƒy

b) öy

c) •Ñƒy

d) •Ñƒy

2. a) 1.6 ~ xyˆÏ°y!ã˛ï˛

b) 0.082

c) 1.5.1 ~ xyˆÏ°y!ã˛ï˛

d) fiê˛yã≈˛ Ä àü

§Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#

1. a) 1.5 ~ xyˆÏ°y!ã˛ï˛

b) 1.5 ~ xyˆÏ°y!ã˛ï˛

c) 1.8 o‹TÓƒ

2. a) •Ñƒy

b) •Ñƒy

c) öy

d) •Ñƒy

3. a) úœ$˛•zí˛ ˆüyçy•zÜ˛ üˆÏí˛°

b) §üyö%˛õy!ï˛Ü˛

c) §Ü˛y° Ä §¶˛ƒyÎ˚

d) ψ S§y•zV

4. 1.8.2 o‹TÓƒ
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~Ü˛Ü˛ 2 í˛z!qò ç° §¡õÜ≈˛

Unit 2 Water Relations in Plants

àë˛ö

2.0 í ẑ̨ Ïj¢ƒ

2.1 ≤ÃhflÏyÓöy

2.2 çˆÏ°Ó˚ xyî!ÓÜ˛ àë˛ö

2.3 çˆÏ°Ó˚ ˆû˛Ôï˛ÈÙÈÓ˚y§yÎ˚!öÜ˛ ôü≈

2.4 í˛z!qò ˆòˆÏ• çˆÏ°Ó˚ û)˛!üÜ˛y

2.5 üy!ê˛ˆÏï˛ í˛z˛õ!fliï˛ ç°

2.6 í˛z!qˆÏòÓ˚ ç°ÈÙÈˆ¢y£Ïî ˛õk˛!ï˛

2.6.1 !ö!‹;˛Î˚ ̂ ¢y£Ïî

2.6.2 §!e´Î˚ ˆ¢y£Ïî

2.6.3 §!e´Î˚ Ä !ö!‹;˛Î˚ ˆ¢y£ÏˆÏîÓ˚ ï%˛°öyü)°Ü˛ =Ó˚&c

2.7 ç°ÈÙÈˆ¢y£Ïî !öÎ˚sfîÜ˛yÓ˚# ≤Ãû˛yÓÜ˛

2.8 §yÓ˚yÇ¢

2.9 §Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#

2.10 í˛z_Ó˚üy°y

2.0 í ẑ̨ Ïj¢ƒ

~ xôƒyÎ˚!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xy˛õ!ö çyöˆÏï˛ ˛õyÓ˚ˆÏÓö

 çˆÏ°Ó˚ ˆû˛Ôï˛ Ä Ó˚y§yÎ˚!öÜ˛ ˆ§•z §ühflÏ ˜Ó!¢‹Tƒ§ü)• Îy ~!ê˛ˆÏÜ˛ ç#ÓˆÏöÓ˚ ˛õˆÏ«˛ xyÓ¢ƒÜ˛ í˛z˛õyòyö

Ü˛ˆÏÓ˚ ï%˛°ˆÏåÈ–

 üy!ê˛ˆÏï˛ í˛z˛õ!fliï˛ çˆÏ°Ó˚ !Ó!û˛ß¨ Ó˚*˛õˆÏû˛ò–
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 í˛z!qˆÏòÓ˚ ¢yÓ˚#Ó˚Ó,_#Î˚ ≤Ã!e´Î˚y=!°ˆÏï˛ çˆÏ°Ó˚ ≤ÃˆÏÎ˚yçö#Î˚ï˛y Ü˛#⁄

 í˛z!qò Ü˛ï≈,˛Ü˛ ç° ˆ¢y£ÏˆÏîÓ˚ ˛õk˛!ï˛ Ä ≤Ãû˛yÓÜ˛§ü)• Ü˛# Ü˛#⁄

2.1      ≤ÃhflÏyÓöy

í˛z!qˆÏòÓ˚ Ó,!k˛ˆÏï˛ Ä !ÓÜ˛yˆÏ¢ ˆÎ §ühflÏ ˛õòyÌ≈ x!ï˛ ≤ÃˆÏÎ˚yçö#Î˚ ÓˆÏ° !ÓˆÏÓ!ã˛ï˛ •Î˚ ï˛yˆÏòÓ˚ üˆÏôƒ çˆÏ°Ó˚

öyü §Ó≈yˆÏ@ˇÃ xyˆÏ§– ˆÜ˛ö öy ç° •° ˆ≤ÃyˆÏê˛y≤’yçˆÏüÓ˚ ~Ü˛!ê˛ xyÓ¢ƒÜ˛#Î˚ í˛z˛õyòyö– §ühflÏ í˛z!qòˆÏò• ç%ˆÏí ¸̨•z

Ó˚̂ ÏÎ˚̂ ÏåÈ ç°– ~Ü˛!ê˛ ï˛yçy í˛z!qˆÏòÓ˚ ÄçˆÏöÓ˚ 70 ¢ï˛yÇ¢•z çˆÏ°Ó˚ Äçö ~ÓÇ §!e´Î˚ Ó,!k˛Ó˚ ˆÜ˛yˆÏ£ÏÓ˚ 90% Äçö

ˆÜ˛Ó° ï˛yÓ˚ üˆÏôƒÜ˛yÓ˚ çˆÏ°Ó˚ Äçö •ÄÎ˚y !Ó!ã˛e öÎ˚– §%ï˛Ó˚yÇ ç° Ä í˛z!qˆÏòÓ˚ xyhsˇÉ§¡õÜ≈˛ í˛z!qˆÏòÓ˚ ¢yÓ˚#Ó˚Ó,_#Î˚

˛õë˛öÈÙÈ˛õyë˛ˆÏöÓ˚ ~Ü˛!ê˛ xöƒï˛ü ≤Ãôyö !ÓˆÏÓã˛ƒ !Ó£ÏÎ˚–

2.2 çˆÏ°Ó˚ xyî!ÓÜ˛ àë˛ö (Molecular Structure of Water)

çˆÏ°Ó˚ ̂ û˛Ôï˛ Ä Ó˚y§yÎ˚!öÜ˛ ôü≈=!° ~!ê˛ˆÏÜ˛ ç#ÓˆÏöÓ˚ ̨õˆÏ«˛ ~Ü˛!ê˛ x˛õ!Ó˚•yÎ≈ í˛z˛õyòyö Ü˛ˆÏÓ˚ àˆÏí ¸̨ ï%˛ˆÏ°ˆÏåÈ–

~•z ôü≈=!°Ó˚ xˆÏöÜ˛ê˛y•z çˆÏ°Ó˚ xyî!ÓÜ˛ àë˛ˆÏöÓ˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#°– ~Ü˛!ê˛ çˆÏ°Ó˚ xî%ˆÏï˛ xyˆÏåÈ ~Ü˛!ê˛ x!:ˆÏçö

˛õÓ˚üyî% ~ÓÇ ò%!ê˛ •y•zˆÏí»˛yˆÏçö ˛õÓ˚üyî%– •y•zˆÏí»˛yˆÏçö ˛õÓ˚üyî%mÎ˚ x!:ˆÏçˆÏöÓ˚ §yˆÏÌ §üˆÏÎyç# Ó¶˛ö# myÓ˚y Î%_´–

!ã˛e 2.1ÈÙÈ~ ≤Ãò!¢≈ï˛ !Óöƒy Ï̂§ ò%Û!ê˛ •y•z Ï̂í»̨ y Ï̂çö ̨õÓ˚üyî%Ó˚ üˆÏôƒÜ˛yÓ˚ ̂ Ü˛Ô!îÜ˛ ò)Ó˚c 105o– •y•ẑ Ïí»̨ y Ï̂çö ̨õÓ˚üyî%Óy•#

≤ÃyhsˇmÎ˚ ôöydÜ˛ ï˛!í ¸̨Í !Óû˛Ó Î%_´ ~ÓÇ x!:ˆÏçö ˛õÓ˚üyî%Óy•# ≤Ãyhsˇ!ê˛ }îydÜ˛ ï˛!í ¸̨Í !Óû˛Ó Î%_´– ~•z Ü˛yÓ˚̂ Ïî

ç°ˆÏÜ˛ Ó°y •Î˚ ˆ˛õy°yÓ˚ (Polar) Óy ˆüÓ˚&ôü#≈ xî%– ~•z ˆüÓ˚&ô!ü≈ï˛y ç°ˆÏÜ˛ ~Ü˛y!ôÜ˛ ˜çÓ §%!Óôy òyö Ü˛ˆÏÓ˚̂ ÏåÈ–

ˆÎüöñ ï˛!í˛¸ÍÈÙÈ}îydÜ˛ x!:ˆÏçö ˛õÓ˚üyî% x˛õÓ˚ ~Ü˛!ê˛ ï˛!í˛¸ÍÈÙÈôöydÜ˛ •y•zˆÏí»˛yˆÏçö ˛õÓ˚üyî%Óy•# xî%Ó˚ §ˆÏD

•y•zˆÏí»˛yˆÏçö Ó¶˛ö# ˜ï˛!Ó˚ Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚– !ë˛Ü˛ ï˛áö•z ~Ü˛!ê˛ §yôyÓ˚î •y•zˆÏí»˛yˆÏçö ˛õÓ˚üyî%Ó˚ üyôƒˆÏü ò%Û!ê˛ çˆÏ°Ó˚

xî% ̨õÓ˚flõ Ï̂Ó˚Ó˚ §y Ï̂Ì Î%_´ • Ï̂ï˛ ̨õy Ï̂Ó˚ S!ã˛e 2.1 o‹TÓƒV– ~û˛y Ï̂Ó §yôyÓ̊î •y•ẑ Ïí»̨ y Ï̂çö û˛yàyû˛y!à Ü˛ Ï̂Ó̊ Ó‡§ÇáƒÜ˛

çˆÏ°Ó˚ xî% çˆÏ°Ó˚ ï˛Ó˚°ô!ü≈ï˛y ÓçyÎ˚ Ó˚yˆÏá– çˆÏ°Ó˚ ÓyÎ˚Ó#Î˚ ò¢yÎ˚ xÌ≈yÍ ç°#Î˚ ÓyˆÏ‹õ ~•z xî%=!° ̨õÓ˚flõˆÏÓ˚Ó˚

!ã˛e 2.1 : çˆÏ°Ó˚ xî%Ó˚ àë˛ö ~ÓÇ ï˛yˆÏòÓ˚ üˆÏôƒ àˆÏí ¸̨ Äë˛y •y•zˆÏí»˛yˆÏçö Ó¶˛ö#
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ˆÌˆÏÜ˛ xˆÏöÜ˛ ò)ˆÏÓ˚ §ˆÏÓ˚ ÎyÎ˚ ÓˆÏ°•z ~!ê˛Ó˚ ï˛Ó˚° ò¢y xÓ°%Æ •Î˚– çˆÏ°Ó˚ ï˛Ó˚° ò¢y Îy ï˛yÓ˚ xyî!ÓÜ˛ ˜Ó!¢ˆÏ‹TƒÓ˚

≤ÃÜ˛y¢ñ ~!ê˛ˆÏÜ˛ ç#ÓˆÏÜ˛yˆÏ£ÏÓ˚ ˛õˆÏ«˛ §ÓˆÏã˛ˆÏÎ˚ í˛z˛õˆÏÎyà# üyôƒü Óy medium Ó˚*ˆÏ˛õ àˆÏí˛¸ ï%˛ˆÏ°ˆÏåÈ–

2.3 ç Ï̂°Ó̊ ̂ û˛Ôï˛ÈÙÈÓ̊y§yÎ̊!öÜ˛ ôü≈ (Physico-Chemical Properties of Water)

ï˛Ó˚° ò¢yÎ˚ ç° Óî≈ñ à¶˛ Ä fl∫yò!Ó•#ö– Ü˛!ë˛ö#û˛ÓˆÏöÓ˚ ú˛ˆÏ° ~!ê˛ xyÎ˚ï˛ˆÏö Ó,!k˛ ˛õyÎ˚ ~ÓÇ Ü˛!ë˛ö Ó˚*ˆÏ˛õ

xÌ≈yÍ ÓÓ˚ú˛Ó˚*ˆÏ˛õ çˆÏ°Ó˚ âöc ï˛Ó˚° çˆÏ°Ó˚ ˆÌˆÏÜ˛ Ü˛ˆÏü ÎyÓyÓ˚ ú˛ˆÏ° ÓÓ˚ú˛ çˆÏ° û˛yˆÏ§– çˆÏ°Ó˚ xî%=!°Ó˚ üˆÏôƒ

˛õyÓ˚flõ!Ó˚Ü˛ xyÜ˛£Ï≈î ò,ì ¸̨ •ÓyÓ˚ òÓ˚&ö çˆÏ°Ó˚ fl≥%˛ê˛öyB˛ ÎˆÏÌ‹T ˆÓ!¢ (100oC) çˆÏ°Ó˚ xyÓ˚ ~Ü˛!ê˛ ôü≈ •° ~•z ˆÎ

í˛z£èï˛yÓ˚ á%Ó ˆÓ!¢ ˆ•Ó˚ˆÏú˛Ó˚ öy â!ê˛ˆÏÎ˚Ä ç° ≤Ãã%˛Ó˚ ˛õ!Ó˚üyˆÏî ï˛y˛õ ˆ¢y£Ïî Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚– çˆÏ°Ó˚ ˛õ,¤˛ê˛yö xï˛ƒhsˇ

ˆÓ!¢ ~ÓÇ xöƒ ≤ÃyÎ˚ ˆÎ ˆÜ˛yˆÏöy x˜ÏçÓ ï˛Ó˚̂ Ï°Ó˚ ï%˛°öyÎ˚ ç° xˆÏöÜ˛ ˆÓ!¢ §ÇáƒÜ˛ ˛õòyˆÏÌ≈Ó˚ oyÓÜ˛Ó˚*ˆÏ˛õ Ü˛yç

Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚– x!ï˛ˆÏÓ=!ö Ó˚!Ÿ¬ ( UV ray), ò,¢ƒ Ó˚!Ÿ¬ Óy x!ï˛ °y° Ó˚!Ÿ¬Ó˚ ≤Ãû˛yÓ çˆÏ°Ó˚ í˛z˛õÓ˚ «˛#î– çˆÏ°Ó˚

xî% ˆÎüö !öˆÏç ˆû˛ˆÏä !àˆÏÎ˚ H+ Ä OH- xyÎ˚ˆÏö ˛õ!Ó˚îï˛ •ˆÏï˛ ˛õyˆÏÓ˚ !ë˛Ü˛ ˆï˛üöû˛yˆÏÓ•z ç° Ó‡§ÇáƒÜ˛

ˆÎÔàˆÏÜ˛ ç°ÈÙÈ!Óû˛yçö Óy hydrolysis-~Ó˚ üyôƒˆÏü ˆû˛ˆÏä !òˆÏï˛ ˛õyˆÏÓ˚– çˆÏ°Ó˚ xyî!ÓÜ˛ !Óû˛yçöçyï˛ ˛õòyÌ≈

H+ ~Ó˚ ˜çÓ=Ó˚&c x˛õ!Ó˚§#ü– ~!ê˛ ˆÜ˛yˆÏ£ÏÓ˚ •y•zˆÏí»˛yˆÏçö xyÎ˚ö âöc Óy pH !öÎ˚sfˆÏîÓ˚ çöƒ òyÎ˚#– ˆÜ˛yˆÏ£ÏÓ˚

~Ü˛y!ôÜ˛ =Ó˚&c˛õ)î≈ !Ó!e´Î˚yÎ˚ xÇ¢@ˇÃ•î Ü˛Ó˚y •° H+ xyÎ˚̂ ÏöÓ˚ x˛õÓ˚ =Ó˚&c–

§%!ö!ò≈‹T ˆüÓ˚&cÓy•# xî% ÓˆÏ° ç° ~Ü˛!ê˛ xï˛ƒhsˇ ã˛üÍÜ˛yÓ˚ oyÓÜ˛– oyÓƒ (Solute) xî%=!°Ó˚ üˆÏôƒ

˛õyÓ˚flõ!Ó˚Ü˛ ï˛!í ¸̨ÍÈÙÈ!Óû˛Ó çyï˛ xyÜ˛£Ï≈î ˆ§=!° §yôyÓ˚îï˛É oÓˆÏî ˛õ!Ó˚îï˛ •ˆÏï˛ Óyôy ˆòÎ˚– çˆÏ°Ó˚ xî%Ó˚ ò%•z

≤Ãyhsˇ ò%Û!ê˛ !Ó˛õÓ˚#ï˛ ï˛!í˛¸Í !Óû˛Ó Ó•ö Ü˛ˆÏÓ˚ ÓˆÏ° ç° oyÓƒ xî%=!°Ó˚ üˆÏôƒ ˛õyÓ˚flõ!Ó˚Ü˛ xyÜ˛£Ï≈î §•ˆÏç•z

≤Ã¢!üï˛ Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚– Ó›ï˛˛õˆÏ«˛ oyÓƒ xî%=!°ˆÏÜ˛ ˆÜ˛w Ü˛ˆÏÓ˚ çˆÏ°Ó˚ xî% ~Ü˛ÈÙÈ~Ü˛!ê˛ ˆáy°Ü˛ (Shell) ˜ï˛!Ó˚

Ü˛ˆÏÓ˚ ˆú˛ˆÏ° ÓˆÏ°•z oyÓƒ xî%=!°Ó˚ üˆÏôƒ ˛õyÓ˚flõ!Ó˚Ü˛ xyÜ˛£Ï≈î ÌyˆÏÜ˛ öyñ ú˛ˆÏ° ï˛yÓ˚y §•ˆÏç•z oÓˆÏî ˛õ!Ó˚îï˛ •Î˚–

xyˆÏà•z Ó°y •ˆÏÎ˚ˆÏåÈ çˆÏ°Ó˚ ˛õ,¤˛ê˛yö xï˛ƒhsˇ ˆÓ!¢– ~Ó˚ Ü˛yÓ˚î •° ÈÙÙÙÈ •y•zˆÏí»˛yˆÏçö Ó¶˛ö# §,!‹T •ÓyÓ˚

òÓ˚&ö çˆÏ°Ó˚ xî%=!° ˛õÓ˚flõÓ˚ˆÏÜ˛ ò,ì ¸̨û˛yˆÏÓ xyÜ˛£Ï≈î Ü˛ˆÏÓ˚– çˆÏ°Ó˚ ~•z ôü≈!ê˛ §ü§ÇˆÏÎyà# Ó° (Cohesion)
öyˆÏü ˛õ!Ó˚!ã˛ï˛– ~•z Ü˛yÓ˚̂ Ïî•z ç°!Ó®% ˆày°yÜ˛yÓ˚– çˆÏ°Ó˚ xî%Ó˚ x˛õÓ˚ ~Ü˛!ê˛ ôü≈ •° Ü˛!ë˛ˆÏöÓ˚ ≤Ã!ï˛ ~Ó˚ xyÜ˛£Ï≈î–

Ü˛!ë˛ö ï˛ˆÏ°Ó˚ ≤Ã!ï˛ çˆÏ°Ó˚ ~•z xyÜ˛£Ï≈î çˆÏ°Ó˚ x˛õÓ˚ ~Ü˛!ê˛ ôü≈ ÎyˆÏÜ˛ ÓˆÏ° x§ü§ÇˆÏÎyà# Ó° (adhesion)– ~•z

Ü˛yÓ˚ˆÏî ç°˛õ)î≈ ˛õye ˆÌˆÏÜ˛ ç° ˆú˛ˆÏ° !òˆÏ°Ä ˛õyˆÏeÓ˚ ày !û˛ˆÏç ÌyˆÏÜ˛– í˛z!qòˆÏòˆÏ• üy!ê˛ ˆÌˆÏÜ˛ í˛z˛õ!Ó˚û˛yˆÏà

!fliï˛ ¢#£Ï≈ü%Ü%˛° ˛õÎ≈hsˇ çˆÏ°Ó˚ ˆÎ x!Ó!FåÈß¨ hflÏΩ˛ ï˛y x!Ó!FåÈß¨ ÌyˆÏÜ˛ çˆÏ°Ó˚ ~•z ò%Û!ê˛ ôˆÏü≈Ó˚ Ü˛yÓ˚ˆÏî–

2.4 í˛z!qòˆÏòˆÏ• çˆÏ°Ó˚ û)˛!üÜ˛y (Role of Water in Plants)

í˛z!qòˆÏòˆÏ• ç° ~Ü˛y!ôÜ˛ í˛zˆÏÕ‘áˆÏÎyàƒ û)˛!üÜ˛y ˛õy°ö Ü˛ˆÏÓ˚– ~Ó˚*˛õ Ü˛ˆÏÎ˚Ü˛!ê˛ û)˛!üÜ˛y •° ≠

A) ç° •° ~Ü˛!ê˛ xyò¢≈ oyÓÜ˛– í˛z˛õˆÏÓ˚ ~ !Ó£ÏˆÏÎ˚ xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ– xyüÓ˚y ˆçˆÏö!åÈ «%˛o xî%

ˆÎüö @’%ˆÏÜ˛yçñ xƒyüy•zˆÏöy xƒy!§í˛ ˆÌˆÏÜ˛ ÷Ó˚& Ü˛ˆÏÓ˚ ï˛!í ¸̨Í xyôyö Î%_´ Ó,•Í xî% §•ˆÏç•z çˆÏ° oÓ#û)˛ï˛ •Î˚–
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~•z Ü˛yÓ˚̂ Ïî•z ˆÜ˛yˆÏ£ÏÓ˚ §ühflÏ ˜çÓ Ó˚y§yÎ˚!öÜ˛ !Ó!e´Î˚y ç°ÈÙÈüyôƒˆÏü §¡õß¨ •Î˚– §Ω˛Óï˛ ~•z Ü˛yÓ˚̂ Ïî•z ç#ÓˆÏöÓ˚

í˛zqÓ âˆÏê˛!åÈ° §ü%ˆÏoÓ˚ ç°#Î˚ xyôyˆÏÓ˚–

B) ç° •° ~Ü˛!ê˛ xyò¢≈ ˜çÓ !ÓÜ˛yÓ˚Ü˛– í˛z!qò ˆÜ˛yˆÏ£ÏÓ˚ Ó‡ í˛zˆÏÕ‘áˆÏÎyàƒ !Ó!e´Î˚yÎ˚ çˆÏ°Ó˚ û)˛!üÜ˛y

ˆÜ˛Ó° oyÓˆÏÜ˛Ó˚ öÎ˚ÈÙÙÙÈ!ÓÜ˛yÓ˚̂ ÏÜ˛Ó˚Ä– §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ §üÎ˚ çˆÏ°Ó˚ xyˆÏ°yÜ˛ çyÓ˚̂ ÏöÓ˚ ú˛ˆÏ° x!:ˆÏçˆÏöÓ˚ §,!‹T

•Î˚ ~ÓÇ •y•zˆÏí»˛yˆÏçö ˛õÓ˚üyî% Ü˛yÓ≈ö í˛y•zÈÙÈx:y•zˆÏí˛Ó˚ §ˆÏD !Ó!e´Î˚y Ü˛ˆÏÓ˚ ¢Ü≈˛Ó˚y àë˛ö Ü˛ˆÏÓ˚– xyÓyÓ˚ x˛õ!ã˛!ï˛

çyï˛#Î˚ !Ó!e´Î˚yÓ˚ §üÎ˚ Ü˛yˆÏÓ≈y•y•zˆÏí»˛ê˛ ˆ≤Ãy!ê˛ö Óy ˆfl¨• ˛õòyÌ≈ ç°ÈÙÈ!Óû˛yçˆÏöÓ˚ üyôƒˆÏü §Ó˚°#Ü,˛ï˛ •Î˚–

C) ç Ï̂°Ó˚ í z̨̨ õ!fli!ï˛ ̂ Ü˛y Ï̂£ÏÓ˚ Ó˚§fl≥˛#!ï˛Ó˚ çöƒ òyÎ˚#– í z̨!q Ï̂òÓ̊ §%!ö!ò≈‹T àë˛ö •° ï˛yÓ̊ ̂ Ü˛y Ï̂£ÏÓ̊ Ó̊§fl≥˛#ï˛

xÓfliyÓ˚ Ó!•É≤ÃÜ˛y¢– á%Ó ï˛y˛õò?˛ !òˆÏö í˛z!qˆÏòÓ˚ ö%ˆÏÎ˚ ˛õí˛¸y xÓfliy (wilting) xÌÓy flõˆÏ¢≈Ó˚ òÓ˚&ö °IyÓï˛#Ó˚

ö%ˆÏÎ˚ ˛õí ¸̨y xyüÓ˚y §Óy•z ˆòˆÏá!åÈ– ~Ó˚ Ü˛yÓ˚î ˆÜ˛y£Ï ˆÌˆÏÜ˛ ç° x˛õ§y!Ó˚ï˛ •ˆÏ° ˆÜ˛y£Ï Ó˚§¢)öƒ (flaccid) •ˆÏÎ˚

˛õˆÏí˛¸– §%ï˛Ó˚yÇ í˛z!qò ˆÜ˛y£Ï ï˛Ìy í˛z!qˆÏòÓ˚ §%!ö!ò≈‹T xyÜ˛yÓ˚ ÓçyÎ˚ ÌyˆÏÜ˛ ï˛yÓ˚ ˆÜ˛y£Ï!fliï˛ çˆÏ°Ó˚ òÓ˚&ö– ÷ô% ï˛y•z

öÎ˚ ˆÜ˛y£Ï ≤Ãyã˛#ˆÏÓ˚Ó˚ í˛z˛õÓ˚ çˆÏ°Ó˚ Ó˚§fl≥˛#!ï˛Ó˚ ã˛y˛õ ˆÜ˛yˆÏ£ÏÓ˚ Ó,!k˛ ï˛Ìy í˛z!qˆÏòÓ˚ Ó,!k˛Ó˚ çöƒ òyÎ˚#–

~åÈyí˛¸y ï˛y˛õ@ˇÃy•#Ó˚*ˆÏ˛õ í˛z!qòˆÏòˆÏ•Ó˚ í˛z_y˛õÈÙÈ§yüƒ ÓçyÎ˚ Ó˚yáˆÏï˛ñ ˛õeÓ˚ˆÏ¶…˛Ó˚ í˛zˆÏß√yã˛ö ï˛Ìy ≤ÃˆÏfl∫òˆÏöñ

§ÇˆÏŸ’!£Ïï˛ áyòƒ ˛õ!Ó˚Ó•ˆÏöÓ˚ üyôƒüÓ˚*ˆÏ˛õñ ˛õ%ˆÏ‹õÓ˚ ≤Ãfl≥%˛ê˛ˆÏöñ ú˛ˆÏ°Ó˚ ˛õ)î≈ï˛y≤Ãy!ÆˆÏï˛ ÈÙÙÙÈ •zï˛ƒÜ˛yÓ˚ öyöy Ü˛yˆÏç

ç° í˛z!qˆÏòÓ˚ ˆòˆÏ•Ó˚ xï˛ƒhsˇ ≤ÃˆÏÎ˚yçö#Î˚ ~ÓÇ xyÓ¢ƒÜ˛ í˛z˛õyòyö–

2.5 üy!ê˛ˆÏï˛ í˛z˛õ!fliï˛ ç° (Water Present in the Soil)

üy!ê˛ Ï̂ï˛ ç° ~Ü˛y!ôÜ˛ í z̨̨ õy Ï̂Î̊ §!M˛Èï˛ • Ï̂ï˛ ̨õy Ï̂Ó̊– üy!ê˛ Ï̂ï˛ ç Ï̂°Ó̊ ü%áƒ í z̨Í§ xÓ¢ƒ•z Ó,!‹T˛õyï˛– Ó,!‹T˛õy Ï̂ï˛Ó̊

òÓ˚&ö ˆÎ ç° üy!ê˛ˆÏï˛ ~ˆÏ§ ˆüˆÏ¢ ï˛yÓ˚ x!ôÜ˛yÇ¢•z çˆÏ°Ó˚ xöƒ í˛zÍ§=!° xÌ≈yÍ öò#ñ ç°ôyÓ˚y Óy §ü%ˆÏo

ôy!Óï˛ •Î˚– ~ˆÏÜ˛ ÓˆÏ° ôyÓüyö ç° (Run-off)– xÓ!¢‹T ç° ü,!_Ü˛yÎ˚ xyhsˇÜ˛!îÜ˛y ¢)öƒ fliyö (interparticle
free space) !òˆÏÎ˚ üy!ê˛ˆÏï˛ §!M˛Èï˛ çˆÏ°Ó˚ û˛y[˛yÓ˚!ê˛ §,!‹T Ü˛ˆÏÓ˚– üy!ê˛ˆÏï˛ §!M˛Èï˛ ç° Ü˛ˆÏÎ˚Ü˛ ≤ÃÜ˛yÓ˚–

A) x!û˛Ü˛£Ï≈ç ç°     (Gravitational water) É x!û˛Ü˛£Ï≈ç ê˛y Ï̂öÓ˚ ú˛ Ï̂° xyhsˇÜ˛!îÜ˛y ¢)öƒ fliyö ÓÓ˚yÓÓ˚

x!ôÜ˛yÇ¢ ç° û)˛ˆÏÜ˛ˆÏwÓ˚ !òˆÏÜ˛ ôy!Óï˛ •Î˚– ~•z ç° í˛z!qˆÏòÓ˚ ü)°ï˛ˆÏsfÓ˚ öyàyˆÏ°Ó˚ Óy•zˆÏÓ˚ ÌyÜ˛yÓ˚ òÓ˚&ö í˛z!qò

˛õ!Ó˚ˆÏ˛õy£ÏˆÏî ˆÜ˛yˆÏöy Ü˛yˆÏç xyˆÏ§ öy–

B) ˜Ü˛!¢Ü˛ ç°     (Capillary water) É û)̨ ˆÏÜ˛ˆÏwÓ˚ !òˆÏÜ˛ ôyÓüyö çˆÏ°Ó˚ !Ü˛å%Èê˛y ̨õ,¤˛ê˛yö ç!öï˛ Ü˛yÓ˚̂ Ïî

ü,!_Ü˛yÓ˚ Ü˛!îÜ˛yÓ˚ ã˛yÓ˚˛õyˆÏ¢ ˆ°ˆÏà ÌyˆÏÜ˛– çˆÏ°Ó˚ !öçfl∫ ôˆÏü≈Ó˚ Ü˛yÓ˚̂ Ïî•z ~ê˛y •ˆÏÎ˚ ÌyˆÏÜ˛– ~•z ç°ˆÏÜ˛ ÓˆÏ°

˜Ü˛!¢Ü˛  ç° ~ÓÇ í˛z!qˆÏòÓ˚ ˆ¢y£ÏîˆÏÎyàƒ çˆÏ°Ó˚ ~ê˛y•z ≤Ãôyö í˛zÍ§–

C) ç°yÜ˛£Ï#≈ ç°     (Hygroscopic water) É ü,!_Ü˛y!fliï˛ Ü˛ˆÏ°yˆÏÎ˚í˛#Î˚ Ü˛!îÜ˛y=!°ˆÏÜ˛ !âˆÏÓ˚ çˆÏ°Ó˚

~Ü˛!ê˛ xï˛ƒhsˇ ˛õyï˛°y xyhflÏÓ˚î Óï≈˛üyö ÌyˆÏÜ˛ Îy §•ˆÏç Ü˛!îÜ˛y=!° ˆÌˆÏÜ˛ ˛õ,ÌÜ˛ Ü˛Ó˚y ÎyÎ˚ öy– ~Ü˛!ê˛ í˛zòy•Ó˚î
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!òˆÏÎ˚ âê˛öy!ê˛ ˆÓyé˛y §•ç ≠ üƒyàˆÏö!§Î˚yü §y°ˆÏú˛ê˛ ~Ó˚ ≤Ã!ï˛ xî%Ó˚ §yˆÏÌ 7 xî% ç°yÜ˛£Ï#≈ ç° §ÇÎ%_´ ÌyÜ˛yÓ˚

Ü˛yÓ˚ˆÏî ˆÎÔà!ê˛Ó˚ §ÇˆÏÜ˛ï˛ •° MgSo4, 7H2O– ~•z ç° í˛z!qˆÏòÓ˚ ˛õˆÏ«˛ ˆ¢y£Ïî Ü˛Ó˚y §Ω˛Ó öÎ˚–

D) ç°#Î˚ Óy‹õ     (Water vapour) É ü,!_Ü˛yÓ˚ xyhsˇÜ˛!îÜ˛y ¢)öƒ fliyˆÏö Ä ü,!_Ü˛y §Ç°@¿ í˛z˛õ!Ó˚hflÏˆÏÓ˚

ˆÎ ç°#Î˚ Óy‹õ ÌyˆÏÜ˛ ï˛y x!ôÜ˛yÇ¢ ˆ«˛ˆÏe•z í˛z!qˆÏòÓ˚ Ü˛yˆÏç °yˆÏà öy– ˆÜ˛Ó°üye x“ !Ü˛å%È í˛z!qò ~•z Óy‹õ

ˆ¢y£ÏˆÏî §«˛ü–

xö%¢#°ö# ÈÙÈ     1

1) §Ç!«˛Æ í˛z_Ó˚ !òö ≠

1. çˆÏ°Ó˚ !ï˛ö!ê˛ ≤Ãôyö ˆû˛Ôï˛ ôˆÏü≈Ó˚ í˛zˆÏÕ‘á Ü˛Ó˚&ö–

2. çˆÏ°Ó˚ xyî!ÓÜ˛ àë˛ˆÏöÓ˚ §ˆÏD oyÓÜ˛Ó˚*ˆÏ˛õ çˆÏ°Ó˚ û)˛!üÜ˛yÓ˚ §¡õÜ≈˛ Ü˛#⁄

3. ç°ˆÏÜ˛ ~Ü˛!ê˛ xyò¢≈ !ÓÜ˛yÓ˚Ü˛ Ó°y •Î˚ ˆÜ˛ö⁄

4. í˛z!qˆÏòÓ˚ §%!ö!ò≈‹T xyÜ,˛!ï˛Ó˚ §yˆÏÌ çˆÏ°Ó˚ §¡õÜ≈˛ Ü˛#⁄

5. §ü§ÇˆÏÎyà# Ó° Ü˛yˆÏÜ˛ ÓˆÏ°⁄

2) !ö¡¨!°!áï˛=!°Ó˚ §ÇK˛y ≤Ãòyö Ü˛Ó˚&ö ≠

˜Ü˛!¢Ü˛ ç°ñ x!û˛Ü˛£Ï≈ç ç°ñ ç°yÜ˛£Ï#≈ ç°–

2.6 í˛z!qˆÏòÓ˚ ç°ÈÙÈˆ¢y£Ïî ̨õk˛!ï˛ (Absorption of Water by Plants)

í˛zFã˛ï˛Ó˚ í˛z!qò ç° ˆ¢y£Ïî Ü˛ˆÏÓ˚ ü)°ˆÏÓ˚yü myÓ˚y– ü)°ˆÏÓ˚yü •° ü)°yˆÏ@ˇÃÓ˚ §yüyöƒ ˛õÿ˛yˆÏï˛ xÓ!fliï˛ x!ï˛

«%˛o ~Ü˛ˆÏÜ˛y£Ï# Ó!•Ó≈,!k˛ñ ÎyÓ˚y ü,!_Ü˛yÓ˚ xyhsˇÉÜ˛!îÜ˛y fliyö ˆÌˆÏÜ˛ ç° §Ç@ˇÃ• Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚– í˛z!qò ü)ˆÏ°Ó˚ àë˛öàï˛

˜Ó!¢‹Tƒ=!° fløÓ˚̂ Ïî xyö%ö S!ã˛e 2.2 o‹TÓƒV– fliyÎ˚# xM˛ÈˆÏ°Ó˚ !ë˛Ü˛ ˛õˆÏÓ˚•z Ó˚̂ ÏÎ˚̂ ÏåÈ ~•z ü)°ˆÏÓ˚yü xM˛È° ˆÎáyˆÏö

Ó‡§ÇáƒÜ˛ ~Ü˛ˆÏÜ˛y£Ï# ü)°ˆÏÓ˚yü ˆòáy ÎyÎ˚– ü)°ˆÏÓ˚yüñ xyˆÏà•z Ó°y •ˆÏÎ˚ˆÏåÈñ ~Ü˛ˆÏÜ˛y£Ï# ~ÓÇ ~Ó˚ ˆÜ˛y£Ï ≤Ãyã˛#Ó˚

§¡õ)î≈û˛yˆÏÓ ˆû˛òƒ– ˆÜ˛y£Ï ≤Ãyã˛#Ó˚ñ xy˛õöyÓ˚y çyˆÏööñ ˆ§°%ˆÏ°yç Ä ˆ˛õÜ˛!ê˛Ü˛ ˛õòyÌ≈ myÓ˚y à!ë˛ï˛ •ÓyÓ˚ òÓ˚&ö

!ã˛e 2.2 : ü)ˆÏ°Ó˚ àë˛ö
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ï˛#Ó û˛yˆÏÓ ç°yÜ˛£Ï#≈ (hydrophilic)– ï˛ˆÏÓ ü)°ˆÏÓ˚yü !Ü˛v §ç#Ó ˆÜ˛y£Ïñ ˆÜ˛y£Ï ˛õò≈yÓ˚ xhsˇû≈˛yˆÏà §y•zˆÏê˛y≤’yçüñ

!öí˛z!Üœ̨ Î˚y§ Ä ˆÓ¢ ÓˆÏí ¸̨y §ˆÏí ¸̨y û˛ƒyÜ%˛Ä° Óy ˆÜ˛y£Ïà•¥Ó˚ ˆòáˆÏï˛ ˛õyÄÎ˚y ÎyÎ˚– ü)ˆÏ°Ó˚ Ó,!k˛Ó˚ §ˆÏD §ˆÏD ˛õ%Ó˚yˆÏöy

ü)°ˆÏÓ˚yü=!° !ö!‹;˛Î˚ •ˆÏÎ˚ üˆÏÓ˚ ÎyÎ˚ ~ÓÇ öï%˛ö ü)°ˆÏÓ˚yˆÏüÓ˚ §,!‹T •Î˚–

≤Ã!ï˛!ê˛ ü)°ˆÏÓ˚yüˆÏÜ˛ ~Ü˛ ~Ü˛!ê˛ x!û˛flÀÓîÈÙÈï˛sf (osmotic system) Ó°y ÎyÎ˚– ü)°ˆÏÓ˚yˆÏüÓ˚ ˆÜ˛y£ÏÓ˚̂ Ï§Ó˚

x!û˛flÀÓî#Î̊ ã˛y˛õ (2-5) ÓyÎ̊%ã˛y˛õ S= ÓyÓ̊V •ÄÎ̊y §Ω˛Ó– üy!ê˛ ̂ Ì Ï̂Ü˛ ̂ ¢y!£Ïï˛ ç Ï̂° 0.2% ~Ó̊ Ü˛yåÈyÜ˛y!åÈ á!öç°Óî

!ü!◊ï˛ ÌyˆÏÜ˛– x!û˛flÀÓî ˛õk˛!ï˛ˆÏï˛ ~•z ç° ˆÜ˛y£Ïyû˛ƒhsˇˆÏÓ˚ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– ~•z ≤ÃˆÏÓˆÏ¢Ó˚ ˛õˆÏÌ !Ü˛å%È Óyôy xyˆÏåÈ–

ˆÎüö çˆÏ°Ó˚ ˛õ,¤˛ê˛yö •zï˛ƒy!ò– !Ü˛v ü)°ˆÏÓ˚yˆÏüÓ˚ ˆ¢y£Ïî Ó° ~•z Óyôy x!ï˛e´ü Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚– ï˛ˆÏÓ Ü˛ˆÏ°yÎ˚í˛#Î˚

ç° Óy ç°yÜ˛£Ï#≈ ç° ˆ¢y£ÏˆÏîÓ˚ ˛õˆÏ«˛ ~•z Ó° ÎˆÏÌ‹T öÎ˚–

ò%û˛yˆÏÓ í˛z!qò myÓ˚y ç°ÈÙÈˆ¢y£Ïî ˛õk˛!ï˛ ˛õ!Ó˚ã˛y!°ï˛ •Î˚ ≠

2.6.1 !ö!‹;˛Î˚ ̂ ¢y£Ïî (Passive Absorption)
≤ÃˆÏfl∫òˆÏöÓ˚ •yÓ˚ Îáö á%Ó ˆÓ!¢ ï˛áö ~•z ˛õk˛!ï˛ˆÏï˛ í˛z!qò ç°ÈÙÈˆ¢y£Ïî Ü˛ˆÏÓ˚ ÌyˆÏÜ˛– ≤ÃˆÏfl∫òˆÏöÓ˚ ú˛ˆÏ°

˛õyï˛yÓ˚ ˆüˆÏ§y!ú˛° Ü˛°y ˆÌˆÏÜ˛ Óy‹õyÜ˛yˆÏÓ˚

ç° x˛õ§y!Ó˚ï˛ •ˆÏï˛ ÌyˆÏÜ˛– ~•z Ü˛yÓ˚ˆÏî

ˆüˆÏ§y!ú˛° ˆÜ˛yˆÏ£Ï Óƒy˛õö ã˛y˛õ âyê˛!ï˛Ó˚

(Diffusion Pressure Deficit) §,!‹T •Î̊– ~•z

DPD ç!öï˛ ê˛yö ˛õyï˛yÓ˚ çy•zˆÏ°ü Óy!•Ü˛yÎ˚

~ÓÇ e´ü¢ Ü˛y[˛ Ä ü)ˆÏ°Ó˚ §ÇÓy•# öy!°Ü˛yÎ˚

§M˛Èy!Ó̊ï˛ •Î̊– ú˛ Ï̂° ̂ Î ê˛yö §,!‹T •Î̊ ï˛yÓ̊ òÓ̊&ö

ç° ü)°ˆÏÓ˚yü myÓ˚y üy!ê˛ ˆÌˆÏÜ˛ ˆ¢y!£Ïï˛ •Î˚

~ÓÇ |ôù≈à!ï˛ °yû˛ Ü˛ˆÏÓ˚– ~•z ˛õk˛!ï˛ˆÏÜ˛

!ö!‹;˛Î˚ ˆ¢y£Ïî Ó°yÓ˚ Ü˛yÓ˚î ~•z ˆÎ ~•z

˛õk˛!ï˛ˆÏï˛ ç° ˆ¢y£ÏˆÏîÓ˚ çöƒ ü)°ˆÏÓ˚yüˆÏÜ˛

!Ó˛õyÜ˛#Î˚ ¢!_´ áÓ˚ã˛ Ü˛Ó˚ˆÏï˛ •Î˚ öy–

!ö!‹;˛Î˚ ˆ¢y£ÏˆÏîÓ˚ §üÌ≈ˆÏö ≤Ãüyî ≠

(i) ü)°ï˛ˆÏsfÓ˚ í˛z˛õ!fli!ï˛ Óƒ!ï˛ˆÏÓ˚ˆÏÜ˛Ä

í˛z!qò ç° ˆ¢y£Ïî Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ ~ÓÇ §!ï˛ƒ

Ü˛Ìy Ó° Ï̂ï˛ !Ü˛ ̂ § Ï̂«˛ Ï̂e ̂ ¢y!£Ïï˛ ç Ï̂°Ó̊ üyey

xˆÏöÜ˛ ̂ Ó!¢– (ii) í˛zFã˛ •yˆÏÓ˚ ≤ÃˆÏfl∫òˆÏöÓ˚ §üÎ˚

Ü˛yˆÏ[˛Ó˚ çy•zˆÏ°ü Óy!•Ü˛yÎ˚ }îydÜ˛ ã˛y˛õ §,‹T

• Ï̂ï˛ ̂ òáy ÎyÎ̊– (iii) í z̨!q Ï̂òÓ̊ myÓ̊y ≤Ã Ï̂fl∫ò Ï̂öÓ̊

≤Ãyhsˇ!°!˛õ ÈÙÈ     1

≤ÃˆÏfl∫òö Ä ç°ÈÙÈˆ¢y£ÏˆÏîÓ˚ •yˆÏÓ˚Ó˚ üˆÏôƒ §¡õÜ≈˛ §•ç ˛õÓ˚#«˛y myÓ˚y

≤Ãüyî Ü˛Ó˚y ÎyÎ˚– ~Ü˛!ê˛ ò%•z ü%á !Ó!¢‹T Ü˛yã˛˛õyˆÏeÓ˚ ~Ü˛ ü%ˆÏá Ü˛ˆÏÜ≈˛Ó˚

üôƒ !ò Ï̂Î̊ ~Ü˛!ê˛ ü)°§• § Ï̂ï˛ç ã˛yÓ̊y ≤Ã Ï̂Ó¢ Ü˛!Ó̊ Ï̂Î̊ ü%á!ê˛ Ï̂Ü˛ ̂ û˛§!°ö

myÓ˚y ÓyÎ˚%!öÓ˚&k˛ Ü˛ˆÏÓ˚ ̂ òÄÎ˚y •°– x˛õÓ˚ ü%ˆÏáÓ˚ ç°ï˛° !ã˛!•´ï˛ Ü˛Ó˚y

•°– ~•z ç°ï˛ Ï̂°Ó̊ í z̨̨ õÓ̊ §yüyöƒ ̂ ï˛° ̂ Ó̊ Ï̂á Óy‹õ#û˛Ó Ï̂öÓ̊ §Ω˛yÓöy

Ó˚&k˛ Ü˛Ó˚y •°– ~û˛yˆÏÓ §¡õ)î≈ Îsf!ê˛ˆÏÜ˛ Äçö Ü˛Ó˚y •°– ~Ü˛â^ˇê˛y

˛õˆÏÓ˚ xyÓyÓ˚ Äçö !öˆÏ° ˆòáy ÎyˆÏÓ Äçö Ü˛ˆÏü ˆàˆÏåÈ– ~ê˛yÄ ˆòáy

ÎyˆÏÓ ˛õyˆÏ¢Ó˚ ç°!ê˛ˆÏï˛ ç°ï˛° ˆöˆÏü ˆàˆÏåÈ– x˛õ§y!Ó˚ï˛ ç° ~ÓÇ

•…y§≤ÃyÆ Äçö ÎÌye´ Ï̂ü ̂ ¢y!£Ïï˛ ç° ~ÓÇ ≤Ã Ï̂fl∫!òï˛ ç Ï̂°Ó̊ ̨õ!Ó̊üy˛õ

˛õÓ˚#«˛y Ü˛Ó˚̂ Ï° ˆòáy ÎyˆÏÓ ˆÎ x˛õ§y!Ó˚ï˛ çˆÏ°Ó˚ Äçö ~ÓÇ ÎˆÏsfÓ˚

•…y§≤ÃyÆ Äçö ~Ü˛–
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üyôƒˆÏü x˛õ§y!Ó˚ï˛ ç° Ä ü)°ˆÏÓ˚yü myÓ˚y ˆ¢y!£Ïï˛ çˆÏ°Ó˚ ˛õ!Ó˚üyî ˛õÓ˚flõˆÏÓ˚Ó˚ §yˆÏÌ §¡õÜ≈˛Î%_´ÈÈÙÙÙÈ~ ï˛Ìƒ

˛õÓ˚#«˛y myÓ˚y ≤Ãüyî Ü˛Ó˚y ÎyÎ˚– S≤Ãyhsˇ!°!˛õÈÙÈ 1V

!ö!‹;˛Î˚ ˆ¢y£ÏˆÏîÓ˚ ≤Ãû˛yÓÜ˛§ü)• ≠

(i) í˛z!qˆÏòÓ˚ ü)°ï˛sf !ÓˆÏ¢£Ïï˛ ü)°ˆÏÓ˚yˆÏüÓ˚ ˜òâ≈ƒ Ä ˆ¢y£Ïîï˛ˆÏ°Ó˚ âöüyö ˆ¢y£ÏˆÏîÓ˚ •yÓ˚̂ ÏÜ˛ ≤Ãû˛y!Óï˛

Ü˛ Ï̂Ó̊–

(ii) û)̨ !üÓ̊ |ôù≈yÇ Ï̂¢Ó̊ ü)° Ï̂Ó̊yü=!° û)̨ !üÓ̊ àû˛# Ï̂Ó̊ ̂ ≤Ãy!Ìï˛ ü)° Ï̂Ó̊yü x Į̈̂ õ«˛y ç° Ï̂¢y£Ï̂ Ïî x!ôÜ˛ §«˛üï˛y

ˆòáyÎ˚–

(iii) ü)°ˆÏÓ˚yü fl∫“yÎ˚%– ú˛ˆÏ° öï%˛ö ü)°ˆÏÓ˚yü §,!‹TÓ˚ •yÓ˚ ˛õk˛!ï˛!ê˛ˆÏÜ˛ ≤Ãû˛y!Óï˛ Ü˛ˆÏÓ˚–

(iv) üy!ê˛Ó˚ çˆÏ°Ó˚ ˛õ!Ó˚üyî ˆ¢y£Ïî •yˆÏÓ˚Ó˚ §ˆÏD §Ó˚y§!Ó˚ §¡õ!Ü≈˛ï˛–

(v) üy!ê˛ˆÏï˛ çˆÏ°Ó˚ oÓ#û)˛ï˛ °ÓˆÏîÓ˚ ˛õ!Ó˚üyî Ó,!k˛ ˆ˛õˆÏ° ˆ¢y£ÏˆÏîÓ˚ üyey Ü˛ˆÏü ÎyÎ˚– x!û˛flÀÓî ã˛y˛õ ò%•z

ÓyÓ˚ Óy ï˛yÓ˚ ˆÓ!¢ •ˆÏ° ü)°ˆÏÓ˚yü myÓ˚y ˆ§•z ç° ˆ¢y£Ïî Ü˛Ó˚y §Ω˛Ó öÎ˚– ~•z üy!ê˛ ¢yÓ˚#Ó˚Ó,_#Î˚ ÷‹Ò ü,!_Ü˛y

öyˆÏü ˛õ!Ó˚!ã˛ï˛–

(vi) üy!ê˛ˆÏï˛ ÓyÎ˚%Ó˚ ˛õ!Ó˚üyî Ü˛ü •ˆÏ° ˆ¢y£Ïî•yÓ˚ •…y§ ˛õyÎ˚– ü,!_Ü˛y §¡õ)î≈ ç°ü@¿ xÓfliyÎ˚ í˛z!qˆÏòÓ˚

ç° ˆ¢y£ÏˆÏîÓ˚ •yÓ˚ öyüüyeñ Ü˛yÓ˚î ü,!_Ü˛yÎ˚ O2 âöc Ü˛ü ÌyÜ˛yÎ˚ ˆ¢y£Ïî Óyôy≤ÃyÆ •Î˚–

(vii)  ≤ÃˆÏfl∫òˆÏöÓ˚ •yÓ˚ !ö!‹;˛Î˚ ˆ¢y£Ïî ˛õk˛!ï˛ˆÏÜ˛ §Ó˚y§!Ó˚ !öÎ˚!sfï˛ Ü˛ˆÏÓ˚ ~ xyüÓ˚y xyˆÏà•z ˆçˆÏö!åÈ–

≤ÃˆÏfl∫òˆÏöÓ˚ •yÓ˚ Óyí˛¸ˆÏ° ˆ¢y£ÏˆÏîÓ˚ •yÓ˚Ä Ó,!k˛ ˛õyÎ˚–

(viii)  ü,!_Ü˛yÓ˚ í˛z£èï˛y Îáö 15-25oC ~Ó˚ üˆÏôƒ ÌyˆÏÜ˛ ï˛áö ˆ¢y£Ïî •yÓ˚ §ˆÏÓ≈yFã˛– x˛õÓ˚̨ õˆÏ«˛ ¢#ï˛°

ï˛y˛õüyeyÓ˚ üy!ê˛ ¢yÓ˚#Ó˚Ó,_#Î˚û˛yˆÏÓ ÷‹Ò ˆÜ˛ö öy ~ˆÏï˛ ü)°ˆÏÓ˚yˆÏüÓ˚ ˆû˛òƒï˛y Óyôy≤ÃyÆ •Î˚–

xö%¢#°ö# ÈÙÈ     2

1. §Ç!«˛Æ í˛z_Ó˚ !òö ≠

a) ü)°ˆÏÓ˚yˆÏüÓ˚ ˆÜ˛y£ÏÓ˚ˆÏ§Ó˚ x!û˛flÀÓî#Î˚ ã˛yˆÏ˛õÓ˚ üyö Ü˛ï˛⁄

b) ç° ˆÜ˛yö ˛õk˛!ï˛ˆÏï˛ ˆÜ˛y£Ï ˆÌˆÏÜ˛ ˆÜ˛y£ÏyhsˇˆÏÓ˚ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚⁄

c) ≤ÃˆÏfl∫òˆÏöÓ˚ •yÓ˚ Ä ç° ˆ¢y£ÏˆÏîÓ˚ üˆÏôƒ ˆÜ˛yˆÏöy §¡õÜ≈˛ xyˆÏåÈ !Ü˛⁄

d) ˆÜ˛yö ôÓ˚ˆÏöÓ˚ üy!ê˛ˆÏÜ˛ ¢yÓ˚#Ó˚Ó,_#Î˚ ÷‹Ò ü,!_Ü˛y ÓˆÏ°⁄

e) ç°ü@¿ üy!ê˛ˆÏï˛ ç° ˆ¢y£ÏˆÏîÓ˚ •yÓ˚ Ü˛ü •Î˚ ˆÜ˛ö⁄
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2. !ö¡¨!°!áï˛ ≤Ãû˛yÓÜ˛=!°Ó˚ !ö!‹;˛Î˚ ˆ¢y£ÏˆÏîÓ˚ í˛z˛õÓ˚ Ü˛# ≤Ãû˛yÓ xyˆÏåÈ⁄

a) üy!ê˛ˆÏï˛ °ÓˆÏîÓ˚ ˛õ!Ó˚üyî

b) üy!ê˛Ó˚ í˛z£èï˛y

c) ü)°ˆÏÓ˚yˆÏüÓ˚ àë˛ö Ä !Óöƒy§

2.6.2 §!e´Î˚ ̂ ¢y£Ïî ̨õk˛!ï˛ (Active absorption)

!Ó˛õyÜ˛#Î˚ ¢!_´Ó˚ myÓ˚y ˛õ!Ó˚ã˛y!°ï˛ ç° ˆ¢y£Ïî ˛õk˛!ï˛ˆÏÜ˛ ÓˆÏ° §!e´Î˚ ˆ¢y£Ïî– ò%Ûû˛yˆÏÓ §!e´Î˚ ˆ¢y£Ïî

˛õk˛!ï˛!ê˛ Óƒyáƒy Ü˛Ó˚y §Ω˛Ó ≠

(i) x!û˛flÀÓî#Î̊ ï˛_¥ (Osmotic absorption theory) : ü)° Ï̂Ó̊y Ï̂üÓ̊ ̂ Ü˛y£ÏÓ̊ Ï̂§Ó̊ x!û˛flÀÓî#Î̊ ã˛y˛õ (O.P)
ü,!_Ü˛y!fliï˛ çˆÏ°Ó˚ O.P. xˆÏ˛õ«˛y x!ôÜ˛– ü)°ˆÏÓ˚yˆÏüÓ˚ ˆ¢y£Ïî ã˛y˛õ xˆÏ˛õ«˛yÜ,˛ï˛ x!ôÜ˛– ~Ó˚ ≤Ãû˛yˆÏÓ ç° üy!ê˛

ˆÌˆÏÜ˛ ü)°ˆÏÓ˚yˆÏü ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ S!ã˛e 2.3V– ç° ü)°ˆÏÓ˚yˆÏü ≤ÃˆÏÓˆÏ¢Ó˚ ú˛ˆÏ° ˆÜ˛y£ÏÓ˚ˆÏ§Ó˚ âöc e´ü¢ Ü˛ˆÏü xy§ˆÏï˛

Ìy Ï̂Ü˛ ú˛ Ï̂° ~!ê˛Ó̊ O.P. Ü˛ Ï̂ü ÎyÎ̊ñ x˛õÓ̊˛õ Ï̂«˛ Ó̊§fl≥˛#!ï˛Ó̊ ã˛y˛õ (Turgor Pressure) Óy Ï̂í˛̧– ~áö ü)̂ Ï°Ó̊ Ó!•gflÏ̂ ÏÜ˛Ó̊

ˆÜ˛y£Ï Óy ü)°ˆÏÓ˚yˆÏüÓ˚ !ë˛Ü˛ xhsˇû≈˛yˆÏà•z xyˆÏåÈ Ó!•hflÏÜ˛ñ ˆ§!ê˛Ó˚ ˆÜ˛y£ÏÓ˚̂ Ï§Ó˚ âöc ü)°ˆÏÓ˚yˆÏüÓ˚ ï%˛°öyÎ˚ x!ôÜ˛–

fl∫yû˛y!ÓÜ˛û˛yˆÏÓ•z ~ÓyÓ˚ ü)°ˆÏÓ˚yü ˆÌˆÏÜ˛ ç° Ó!•gflÏˆÏÜ˛Ó˚ ˆÜ˛yˆÏ£Ï ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– ~•zû˛yˆÏÓ•z !ã˛ˆÏe ≤Ãò!¢≈ï˛ (→)
!ã˛!•´ï˛ ˛õˆÏÌ ç° e´ü¢ xhsˇhflÏˆÏÜ˛ ˆ˛õÑÔåÈyÎ˚– xhsˇgflÏÜ˛ ~Ü˛hflÏÓ˚# ~ÓÇ !ÓˆÏ¢£Ï ôÓ˚̂ ÏöÓ˚ àë˛ö !Ó!¢‹T ˆÜ˛y£Ï ≤Ãyã˛#Ó˚

myÓ˚y à!ë˛ï˛– ~•z àë˛ö  Îy Ü˛ƒy§˛õy!Ó˚Î˚yö ˛õ!ê˛ öyˆÏü ˛õ!Ó˚!ã˛ï˛ ï˛y ˆ¢y£ÏˆÏîÓ˚ ˛õˆÏ«˛ Óyôy fl∫Ó˚*˛õ– ï˛ˆÏÓ xhsˇhflÏˆÏÜ˛

!Ü˛å%È Óƒ!ï˛e´ü# ˆÜ˛y£Ï xyˆÏåÈ ÎyÓ˚y ˛õyÓ˚ö ˆÜ˛y£Ï (Passage cells) öyˆÏü ˛õ!Ó˚!ã˛ï˛– ç° xhsˇÉx!û˛flÀÓî ˛õk˛!ï˛ˆÏï˛

˛õyÓ˚ö ˆÜ˛yˆÏ£Ï ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– ˛õyÓ˚ö ˆÜ˛y£Ï ˆÌˆÏÜ˛ ~Ü˛•z !öÎ˚̂ Ïü ç° ˛õ!Ó˚ã˛ˆÏe´ ˆì˛yˆÏÜ˛ ~ÓÇ ˆ¢£Ï ˛õÎ≈hsˇ ç° çy•zˆÏ°ü

ˆÜ˛yˆÏ£Ï ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚–

!ã˛e 2.3 ≠ ˆ¢y!£Ïï˛ çˆÏ°Ó˚ ˛õÌ– !mÓ#ç˛õe# ü)ˆÏ°Ó˚ üôƒ !òˆÏÎ˚ ˆ¢y!£Ïï˛ çˆÏ°Ó˚ ˛õÌ (← ) !ã˛•´ myÓ˚y ≤Ãò!¢≈ï˛
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≤Ã!e´Î˚y!ê˛ˆÏÜ˛ !öÓ˚Ó!FåÈß¨ Ó˚yáˆÏï˛ ˆàˆÏ° ˆ¢y£Ïî ˛õk˛!ï˛!ê˛Ä !öÓ˚Ó!FåÈß¨ •ÄÎ˚y òÓ˚Ü˛yÓ˚– ~ê˛y §Ω˛Ó ~•z

Ü˛yÓ˚ˆÏî•z ˆÎ ~Ü˛!ê˛ Ó˚§fl≥˛#ï˛ ˆÜ˛y£Ï ˆÌˆÏÜ˛ ˆÎ•z ü%•)ˆÏï≈˛ ç° ˛õyŸª≈Óï˛#≈ ˆÜ˛yˆÏ£Ï ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ ˆ§•z ü%•)ˆÏï≈˛•z ˆÜ˛y£Ï!ê˛Ó˚

x!û˛flÀÓî#Î˚ ã˛y˛õ (O.P.) xyÓyÓ˚ ˆÓˆÏí ¸̨ ÎyÎ˚ ~ÓÇ xyÓyÓ˚ ˆ§!ê˛ Ü˛ü âöˆÏcÓ˚ oÓî ˆÌˆÏÜ˛ ç° ˆ¢y£Ïî Ü˛Ó˚̂ Ïï˛

˛õyˆÏÓ˚– ~•z e´üyß∫ˆÏÎ˚ Ó˚§fl≥˛#ï˛ ~ÓÇ Ÿ’Ì •ÓyÓ˚ ú˛ˆÏ° ˆÎ ã˛y˛õ §,!‹T •Î˚ ï˛yˆÏÜ˛ ÓˆÏ° ü)°ç ã˛y˛õ– çy•zˆÏ°ü

Óy!•Ü˛yÓ˚ ˆÜ˛y£Ï=!°ñ xy˛õöyÓ˚y çyˆÏööñ ü,ï˛– ~áyˆÏö ˆÜ˛y£ÏÓ˚§ ˆö•z– ï˛y•z xhsˇ x!û˛flÀÓˆÏîÓ˚ ú˛ˆÏ° Ó˚§fl≥˛#!ï˛

çy•zˆÏ°ˆÏü âˆÏê˛ öy ÓÓ˚Ç ü)°ç ã˛yˆÏ˛õÓ˚ ú˛ˆÏ° ç° çy•zˆÏ°ü Óy!•Ü˛yÎ˚ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– ~•z ã˛y˛õ !Ü˛å%Èê˛y í˛zFã˛ï˛y ˛õÎ≈hsˇ

ç°ˆÏÜ˛ |ôù≈ü%ˆÏá ã˛y!°ï˛ Ü˛Ó˚ˆÏï˛ ̨ õyˆÏÓ˚– !Ü˛v x!ôÜ˛

í˛zFã˛ï˛y §¡õß¨ ò#â≈ í˛z!qˆÏò üy!ê˛ ˆÌˆÏÜ˛ ˛õyï˛y ˛õÎ≈hsˇ

çˆÏ°Ó˚ x!Ó!FåÈß¨ hflÏΩ˛ ≤ÃˆÏfl∫òö ç!öï˛ ê˛yö Ä ü)°ç

ã˛yˆÏ˛õÓ˚ ˆÎÔÌ ú˛§°–

(ii) xÈÙÈx!û˛flÀÓî#Î˚ §!e´Î˚ ˆ¢y£Ïî ≠ Ü˛áöÄ

Ü˛áöÄ ü,!_Ü˛yfli çˆÏ°Ó˚ x!û˛flÀÓî#Î˚ ã˛y ˛õ

ˆÜ˛y£ÏÓ˚ˆÏ§Ó˚ x!û˛flÀÓî#Î˚ ã˛y˛õ xˆÏ˛õ«˛y x!ôÜ˛ï˛Ó˚

•ˆÏ°Ä ç° ü)°ˆÏÓ˚yü myÓ˚y ˆ¢y!£Ïï˛ •ˆÏï˛ ˛õyˆÏÓ˚–

fl∫yû˛y!ÓÜ˛û˛yˆÏÓ•z x!û˛flÀÓî ˛õk˛!ï˛ˆÏï˛ ~ âê˛öy âê˛y

§Ω˛Ó öÎ̊– ÓÓ̊Ç x!û˛flÀÓî#Î̊ e´üyÓ Ï̂ï≈̨ Ó̊ (osmotic
gradient) !Ó˛õÓ˚#ˆÏï˛ !Ó˛õyÜ˛çyï˛ ¢!_´ ÓƒÎ˚ Ü˛ˆÏÓ˚

~•z ç° ̂ ¢y!£Ïï˛ •Î̊– !Ìüƒyö (Thimann) (1951)
~Ó˚ üˆÏï˛ Ÿª§öçyï˛ ¢!_´•z ~•z ≤ÃÜ˛yÓ˚ ˆ¢y£ÏˆÏî

!e´Î˚y¢#°–

§!e´Î˚ ˆ¢y£ÏˆÏîÓ˚ ˛õˆÏ«˛ ≤Ãüyî ≠

(i) ï%˛°y àyˆÏåÈÓ˚ |ôù≈yÇ¢ ̂ Ü˛ˆÏê˛ ̂ ú˛ˆÏ° ̂ òáy ÎyÎ˚ ̂ Î çy•zˆÏ°ü Óy!•Ü˛y ̂ ÌˆÏÜ˛ ãÑ%˛•zˆÏÎ˚ ̨ õí˛¸y Ó˚̂ Ï§Ó˚ âöc ü,!_Ü˛yÓ˚

çˆÏ°Ó˚ âöc xˆÏ˛õ«˛y ˆÓ!¢ Îy x!û˛flÀÓî#Î˚ ï˛_¥ˆÏÜ˛ ≤Ãüy!îï˛ Ü˛ˆÏÓ˚–

(ii) Ä•z ˛õÓ˚#«˛yÎ˚ Ó˚§ ãÑ%˛•zˆÏÎ˚ ˛õí ¸̨yÓ˚ •yÓ˚ ~ÓÇ ˆÜ˛y£ÏÓ˚§ ~ÓÇ ü,!_Ü˛yfli çˆÏ°Ó˚ (O.P.) ~Ó˚ ï˛ú˛yˆÏï˛Ó˚ •yÓ˚

§Ó≈òy•z §üyö%˛õy!ï˛Ü˛– ~!ê˛Ä x!û˛flÀÓî#Î˚ ï˛_¥ˆÏÜ˛ ≤Ãüy!îï˛ Ü˛ˆÏÓ˚–

(iii) ˛õê˛y!§Î˚yü §yÎ˚yöy•zí˛ (KCN) Ÿª§ö ≤Ã!ï˛ˆÏÓ˚yôÜ˛ ~ÓÇ ~!ê˛Ó˚ ≤ÃˆÏÎ˚yˆÏà Ó˚§ ãÑ%˛•zˆÏÎ˚ ˛õí˛¸yÓ˚ •yÓ˚ Ü˛ˆÏü ÎyÎ˚–

~!ê˛ xÈÙÈx!û˛flÀÓî#Î˚ ï˛_¥ˆÏÜ˛ ≤Ãüy!îï˛ Ü˛ˆÏÓ˚–

(iv) xÈÙÈÓyï˛y!ß∫ï˛ ü,!_Ü˛yÎ˚ ü)ˆÏ°Ó˚ Ÿª§ö •yÓ˚ Ü˛ü ~ÓÇ ˆ§•z Ü˛yÓ˚̂ Ïî•z ˆ¢y£ÏˆÏîÓ˚ •yÓ˚ xˆÏöÜ˛ Ü˛ü– ~•z âê˛öy

ˆ¢y£ÏˆÏî Ÿª§öçyï˛ ¢!_´Ó˚ ≤ÃˆÏÎ˚yçö#Î˚ï˛y ≤Ãüyî Ü˛ˆÏÓ˚–

≤Ãyhsˇ!°!˛õ ÈÙÈ     2

ü)°ç ã˛y˛õ ~Ü˛!ê˛ xï˛ƒhsˇ §•ç ̨õÓ˚#«˛yÓ˚ üôƒ !òˆÏÎ˚ ≤Ãüyî Ü˛Ó˚y

ÎyÎ̊– ~Ü˛!ê˛ § Ï̂ï˛ç í z̨!qò§• ê˛Ó !ö Ï̂Î̊ í z̨!qò!ê˛Ó̊ ̂ àyí˛̧y ̂ Ì Ï̂Ü˛

!Ü˛å%Èê˛y í˛z˛õˆÏÓ˚ ˆÜ˛ˆÏê˛ ˆú˛°y •°– Ü˛!ï≈˛ï˛ xÇˆÏ¢Ó˚ §ˆÏD ~Ü˛!ê˛

Ó̊Óy Ï̂Ó̊Ó̊ ̨õ!ê˛Ó̊ §y•y Ï̂Îƒ ~Ü˛!ê˛ üƒy Ï̂ö!üê˛yÓ̊ Î%_´ Ü˛Ó̊y •°– ~û˛y Ï̂Ó

§ü@ˇÃ ÓƒÓfliy!ê˛ Ï̂Ü˛ Ü˛ Ï̂Î̊Ü˛ â ˇ̂ê˛y ̂ Ó̊ Ï̂á ̂ òÄÎ̊yÓ̊ ̨õÓ̊ ̂ òáy Îy Ï̂Ó ̂ Î

Ü˛y Ï̂[˛Ó̊ Ü˛!ï≈̨ ï˛ xÇ¢ ̂ Ì Ï̂Ü˛ ç° ãÑ%̨ •ẑ ÏÎ̊ üƒy Ï̂öy!üê˛yÓ̊ §ÇÎ%_´ ö Ï̂°

çüy • Ï̂FåÈ ~ÓÇ ~Ó̊ ≤Ãû˛y Ï̂Ó˛ üƒy Ï̂öy!üê˛y Ï̂Ó̊Ó̊ ̨õyÓ̊òhflÏ̂ ÏΩ˛Ó̊ í z̨Fã˛ï˛y

ˆÓ Ï̂í˛̧ ̂ à Ï̂åÈ–
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(v) x!:ö öyüÜ˛ Ó,!k˛ÈÙÈ≤Ãû˛yÓÜ˛ Îy í˛z˛õ!ã˛!ï˛Ó˚ •yÓ˚ Óy!í˛¸̂ ÏÎ˚ ˆòÎ˚ ï˛yÓ˚ í˛z˛õ!fli!ï˛ˆÏï˛ ç° ˆ¢y£ÏˆÏîÓ˚ •yÓ˚ Ó,!k˛

˛õyÎ˚–

(vi) !öç#≈Ó ̂ Ü˛y£Ï ̂ Îüö çy•zˆÏ°ü ~Ó˚ üyôƒˆÏü ç° ̨õ!Ó˚Ó•ö •ÄÎ˚y §Ω˛Ó !Ü˛v ç° ̂ ¢y£ÏˆÏîÓ˚ çöƒ ü)°ˆÏÓ˚yˆÏüÓ˚

üˆÏï˛y §ç#Ó ˆÜ˛y£Ï•z òÓ˚Ü˛yÓ˚– ~!ê˛ ˛õ%öÓ˚yÎ˚ !Ó˛õyÜ˛#Î˚ ¢!_´Ó˚ ≤ÃˆÏÎ˚yçö#Î˚ï˛y ≤Ãüyî Ü˛ˆÏÓ˚–

2.6.3 §!e´Î̊ Ä !ö!‹;̨ Î̊ ̂ ¢y£Ï̂ ÏîÓ̊ ï%̨°öyü)°Ü˛ =Ó̊&c (Comparative importance
of active and passive absorption)

˛õ)ˆÏÓ≈ Ó‡ í˛z!qòÈÙÈ!ÓK˛yö# üˆÏö Ü˛Ó˚̂ Ïï˛ö ˆÎ §!e´Î˚ ˆ¢y£Ïî•z •° ç° ˆ¢y£ÏˆÏîÓ˚ ≤Ãôyö ˛õk˛!ï˛– !Ü˛v !ÓK˛yö#

e´ƒyüyÓ˚ (Kramer) 1969 !á fiê˛yˆÏ∑ üï˛ ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚ö ˆÎ í˛z!qˆÏòÓ˚ myÓ˚y ˆ¢y!£Ïï˛ çˆÏ°Ó˚ üˆÏôƒ §!e´Î˚ ˆ¢y£Ïî

myÓ˚y à,•#ï˛ çˆÏ°Ó˚ ˛õ!Ó˚üyî ö)ƒöï˛ü– ü)°ç ã˛y˛õˆÏÜ˛ !ï˛!ö çy•zˆÏ°ˆÏü §!M˛Èï˛ á!öç °ÓˆÏîÓ˚ ˛õ!Ó˚üyˆÏîÓ˚ í˛z˛õÓ˚

!öû≈˛Ó˚¢#° ~Ü˛!ê˛ ¢yÓ˚#Ó˚Ó,_#Î˚ °«˛î ÓˆÏ° !ã˛!•´ï˛ Ü˛Ó˚ˆÏ°ö Îy ˆ¢y£ÏˆÏîÓ˚ Ü˛yÓ˚î öÎ˚ñ ú˛°yú˛° üye– §!e´Î˚

ˆ¢y£ÏîˆÏÜ˛ =Ó˚&c•#ö üˆÏö Ü˛Ó˚yÓ˚ !ï˛ö!ê˛ Ü˛yÓ˚î •° É

a) ≤ÃˆÏfl∫òˆÏöÓ˚ ú˛ˆÏ° ˆÎ ˛õ!Ó˚üyî ç° í˛z!qˆÏòÓ˚ ˛õyï˛y ˆÌˆÏÜ˛ x˛õ§y!Ó˚ï˛ •Î˚ ï˛yÓ˚ ˛õ!Ó˚üyî Ü˛!ï≈˛ï˛ àyˆÏåÈÓ˚

=Ñ!í˛¸Ó˚ çy•zˆÏ°ü ˆÌˆÏÜ˛ ãÑ%˛•zˆÏÎ˚ ˛õí˛¸y çˆÏ°Ó˚ ï%˛°öyÎ˚ xˆÏöÜ˛ ˆÓ!¢–

b) §!e´Î˚û˛yˆÏÓ ≤ÃˆÏfl∫òöÜ˛yÓ˚# í˛z!qò xˆÏöÜ˛ §•ˆÏç ~ÓÇ xˆÏöÜ˛ ˆÓ!¢ ˛õ!Ó˚üyˆÏî ç° ÷‹Ò ü,!_Ü˛y ˆÌˆÏÜ˛

§Ç@ˇÃ• Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ Îy Ü˛yê˛y àyˆÏåÈÓ˚ =Ñ!í˛¸ ˛õyˆÏÓ˚ öy–

c) §!e´Î˚û˛yˆÏÓ ≤ÃˆÏfl∫òöÜ˛yÓ˚# í˛z!qˆÏò ˆÜ˛yˆÏöy ü)°ç ã˛y˛õ ˆòáy ÎyÎ˚ öy– ÓÓ˚Ç Ü˛yê˛y àyˆÏåÈÓ˚ =Ñ!í ¸̨̂ Ïï˛ ç°

ˆåÈê˛yˆÏ° ˆ§•z ç° çy•zˆÏ°ü myÓ˚y ˆ¢y!£Ïï˛ •ˆÏï˛ ˆòáy ÎyÎ˚ ÈÙÙÙÈ xÌ≈yÍ }îydÜ˛ ã˛yˆÏ˛õÓ˚ §Ω˛yÓöyÄ ÌyˆÏÜ˛ Îy ü)°ç

ã˛yˆÏ˛õÓ˚ ôyÓ˚îyÓ˚ §¡õ)î≈ !Ó˛õÓ˚#ï˛– ï˛yåÈyí ¸̨y Óƒ_´Ó#ç# í˛z!qˆÏò ü)°ç ã˛y˛õ ˆòáy ÎyÎ˚ öy Ó°ˆÏ°•z ã˛ˆÏ°–

§%ï˛Ó˚yÇ í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe üy!ê˛ ˆÌˆÏÜ˛ ç° ˆ¢y£ÏˆÏîÓ˚ ü%áƒ ˛õk˛!ï˛!ê˛ ˆòáy ÎyˆÏFåÈ !ö!‹;˛Î˚ ˆ¢y£Ïî Îy ˛õyï˛y

ˆÌˆÏÜ˛ ≤ÃˆÏfl∫òˆÏöÓ˚ ú˛ˆÏ° §,‹T ê˛yˆÏöÓ˚ òÓ˚&ö •ˆÏÎ˚ ÌyˆÏÜ˛– ï˛ˆÏÓ xyò¢≈ xÓfliy öÎ˚ ~üö ò¢yÎ˚ xÌ≈yÍ ¢yÓ˚#Ó˚Ó,_#Î˚

û˛yˆÏÓ !ö!‹;˛Î˚ ü,!_Ü˛yÎ˚ñ í˛z£è ü,!_Ü˛yÎ˚ Óy ≤ÃˆÏfl∫òö §•yÎ˚Ü˛ öÎ˚ ~üö xÓfliyÎ˚ çy•zˆÏ°ˆÏü á!öç °ÓˆÏîÓ˚ âöc

ÓyˆÏí ¸̨ ~ÓÇ x!û˛flÀÓî#Î˚ ˛õk˛!ï˛ˆÏï˛ §!e´Î˚ ˆ¢y£Ïî âˆÏê˛ ÌyˆÏÜ˛–

2.7 ç°ÈÙÈ̂ ¢y£Ïî !öÎ̊sfîÜ˛yÓ̊# ≤Ãû˛yÓÜ˛ (Factors controlling water absorption)

ç° ˆ¢y£ÏˆÏî Ü˛yÎ≈Ü˛yÓ˚# ≤Ãû˛yÓÜ˛=!°ˆÏÜ˛ Ó!•É ~ÓÇ xhsˇÉñ ~•z ò%•z!ê˛ û˛yˆÏà û˛yà Ü˛Ó˚y ÎyÎ˚–

Ó!•É ≤Ãû˛yÓÜ˛     (External Factors) :

(i) üy!ê˛ˆÏï˛ çˆÏ°Ó˚ í˛z˛õ!fli!ï˛ ≠ §yôyÓ˚îû˛yˆÏÓ üy!ê˛ˆÏï˛ çˆÏ°Ó˚ ˛õ!Ó˚üyî ˆÓ!¢ ÌyÜ˛ˆÏ° ç° ˆ¢y£ÏˆÏîÓ˚

•yÓ˚Ä ˆÓ!¢ •ˆÏÓ– ˆÜ˛yˆÏöy ˆÜ˛yˆÏöy üy!ê˛ˆÏï˛ ÎˆÏÌ‹T ˛õ!Ó˚üyˆÏî ç° ÌyÜ˛ˆÏ°Ä á!öç °Óî x!ôÜ˛ ˛õ!Ó˚üyˆÏî ÌyÜ˛yÎ˚
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ï˛yˆÏòÓ˚ x!û˛flÀÓî#Î˚ àyì ¸̨c ˆÓˆÏí ¸̨ ÎyÎ˚ ÈÙÙÙÈ ~•z ôÓ˚̂ ÏöÓ˚ üy!ê˛ˆÏÜ˛ ¢yÓ˚#Ó˚Ó,_#Î˚ ÷‹Ò ü,!_Ü˛y (physilogically dry
soil) ÓˆÏ°– §%®Ó˚#ñ àÓ˚yö ≤Ãû,˛!ï˛ °Óîy¡∫% í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe ~ Ü˛yÓ˚̂ Ïî ç° ˆ¢y£ÏˆÏîÓ˚ •yÓ˚ Ü˛ü •Î˚– ÓöƒyÓ˚ Ü˛yÓ˚̂ Ïî

x!ï˛!Ó˚_´ ç° ÌyÜ˛ˆÏ° üy!ê˛Ó˚ ÓyÎ˚% ã˛°yã˛° •…y§ ˛õyÎ˚– x!:ˆÏçˆÏöÓ˚ xû˛yˆÏÓ í˛z!qˆÏòÓ˚ Ÿª§ö Óƒy•ï˛ •Î˚ ~ÓÇ ï˛yÓ˚

ú˛ˆÏ° ç° ˆ¢y£ÏˆÏîÓ˚ •yÓ˚Ä Ü˛ˆÏü ÎyÎ˚–

(ii) üy!ê˛Ó˚ í˛z£èï˛y ≠ üy!ê˛Ó˚ í˛z£èï˛y 25oC – 35oC ~Ó˚ üˆÏôƒ ÌyÜ˛ˆÏ° ç° ˆ¢y£ÏˆÏîÓ˚ •yÓ˚ §ÓˆÏã˛ˆÏÎ˚ û˛yˆÏ°y

•Î˚– ï˛y˛õüyey x!ï˛!Ó˚_´ ˆÓˆÏí ¸̨ ˆàˆÏ° Óy‹õyÎ˚̂ ÏöÓ˚ ú˛ˆÏ° üy!ê˛ ÷!Ü˛ˆÏÎ˚ ÎyÄÎ˚yÎ˚ ç°yû˛yÓ ˆòáy ˆòÎ˚– ~åÈyí ¸̨y

í˛zFã˛ ï˛y˛õüyeyÎ˚ ü)ˆÏ°Ó˚ ˆ≤ÃyˆÏê˛y≤’yçüÄ «˛!ï˛@ˇÃfli •Î˚–

(iii) üy!ê˛Ó˚ Óyï˛yß∫Î˚ö ≠ üy!ê˛ˆÏï˛ ÓyÎ˚% ã˛°yã˛° ≤Ã!e´Î˚y!ê˛ fl∫yû˛y!ÓÜ˛ •ÄÎ˚yÓ˚ òÓ˚Ü˛yÓ˚ñ Ü˛yÓ˚î ÓyÎ˚%Ó˚ x!:ˆÏçöˆÏÜ˛

ˆ¢y£Ïî Ü˛ˆÏÓ˚•z í˛z!qò ü)° Ÿªy§Ü˛yÎ≈ ã˛y°yÎ˚– ~ÑˆÏê˛° üy!ê˛ˆÏï˛ Óy ≤’y!Óï˛ üy!ê˛ˆÏï˛ ÓyÎ˚%Ó˚ ˛õ!Ó˚üyî Ü˛ˆÏü ÎyÄÎ˚yÎ˚ Ÿª§ö

≤Ã!e´Î˚y Óƒy•ï˛ •Î˚ Ä ú˛°fl∫Ó˚*˛õ !Ó˛õyÜ˛ !e´Î˚y •…y§ ˛õyÄÎ˚yÎ˚ ç° ˆ¢y£ÏˆÏîÓ˚ •yÓ˚ Ü˛ˆÏü ÎyÎ˚– üy!ê˛ˆÏï˛ CO2Ó˚

˛õ!Ó˚üyî ˆÓˆÏí˛¸ ˆàˆÏ°Ä ü)°ˆÏÓ˚yˆÏüÓ˚ ˆû˛òƒï˛y Ü˛ˆÏü ÎyÎ˚ñ ˆ≤ÃyˆÏê˛y≤’yçˆÏüÓ˚ §ywï˛y ˆÓˆÏí˛¸ ÎyÎ˚ ~ÓÇ ü)ˆÏ°Ó˚

ˆÜ˛y£Ï=!°ˆÏï˛ !Ó£Ï!e´Î˚y °«˛ƒ Ü˛Ó˚y ÎyÎ˚– ï˛y•z CO2Ó˚ âöc üy!ê˛ˆÏï˛ ˆÓˆÏí ¸̨ ˆàˆÏ° ü)° fl∫yû˛y!ÓÜ˛û˛yˆÏÓ ç°ˆÏ¢y£Ïî

Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ öy–

(iv) üy!ê˛Ó˚ oÓˆÏîÓ˚ àyì˛¸c ≠ üy!ê˛ˆÏï˛ x!ï˛!Ó˚_´ á!öç °Óî ÌyÜ˛ˆÏ° üy!ê˛Ó˚ çˆÏ°Ó˚ âöc ü)°ˆÏÓ˚yˆÏüÓ˚

ˆ≤ÃyˆÏê˛y≤’yçˆÏüÓ˚ âöˆÏcÓ˚ ˆã˛ˆÏÎ˚Ä ˆÓˆÏí˛¸ ÎyÎ˚– ~•z xÓfliyÎ˚ ü)° xhsˇÉx!û˛flÀÓî ≤Ã!e´Î˚yÎ˚ ç° ˆ¢y£Ïî Ü˛Ó˚ˆÏï˛

˛õyˆÏÓ˚ öy ~ÓÇ ~•z ôÓ˚ˆÏöÓ˚ ü,!_Ü˛yÎ˚ ç° ÌyÜ˛ˆÏ°Ä ï˛y ˆ¢y£ÏîˆÏÎyàƒ •Î˚ öy– ~•z ôÓ˚̂ ÏöÓ˚ ü,!_Ü˛yˆÏÜ˛ Ú¢yÓ˚#Ó˚Ó,_#Î˚

÷‹Ò ü,!_Ü˛yÛ (physiologically dry soil) Ó°y •Î̊–

xhsˇÉ≤Ãû˛yÓÜ˛     (Internal Factors) :

(i) ü)°ç ã˛y˛õ ≠ ü)°ç ã˛yˆÏ˛õÓ˚ üyôƒˆÏü ü)°ˆÏÓ˚yü ˆÌˆÏÜ˛ à,•#ï˛ ç° xhsˇÉhflÏˆÏÓ˚Ó˚ üˆÏôƒ !òˆÏÎ˚ çy•zˆÏ°ü

Óy!•Ü˛yÎ˚ ≤ÃÓy!•ï˛ •Î˚– ï˛y•z ç°ç ˆ¢y£ÏˆÏî ü)°ç ã˛yˆÏ˛õÓ˚ ≤Ãï˛ƒ«˛ û)˛!üÜ˛y xyˆÏåÈ–

(ii) Óy‹õˆÏüyã˛ö ≠ Óy‹õˆÏüyã˛ˆÏöÓ˚ ú˛ˆÏ° ˆÎ ˆ¢y£Ïî ã˛yˆÏ˛õÓ˚ (Suction Pressure) §,!‹T •Î˚ñ ï˛y !ö!‹;˛Î˚

˛õk˛!ï˛ˆÏï˛ ç° ˆ¢y£ÏˆÏî §•yÎ˚ï˛y Ü˛ˆÏÓ˚–

(iii) !Ó˛õyÜ˛ ≠ xˆÏöÜ˛ !ÓK˛yö#Ó˚y üˆÏö Ü˛ˆÏÓ˚ö ˆÎ Ÿª§öçyï˛ ¢!_´ ç° ˆ¢y£ÏˆÏîÓ˚ Ü˛yˆÏç ÓƒÓ•*ï˛ •Î˚– °«˛ƒ

Ü˛Ó˚y ˆàˆÏåÈ ˆÎñ !Ó˛õyÜ˛ñ !ÓˆÏ¢£Ïï˛ Ÿª§ˆÏöÓ˚ •yÓ˚ñ Ü˛ˆÏü ˆàˆÏ° ç° ˆ¢y£Ïî ≤Ã!e´Î˚yÄ •…y§≤ÃyÆ •Î˚–

(iv) ü)ˆÏ°Ó˚ àë˛ö ≠ ü)° Ä !Óê˛ˆÏ˛õÓ˚ xö%˛õyï˛ (root-shoot ratio) ˆÓ!¢ •ˆÏ°ñ ü)° àû˛#Ó˚ Ä ¢yáy!ß∫ï˛

•ˆÏ° ~ÓÇ ü)°ˆÏÓ˚yˆÏüÓ˚ §Çáƒy ˆÓ!¢ ÌyÜ˛ˆÏ° ç° ˆ¢y£Ïî Ó,!k˛ ˛õyÎ˚–  Ü˛!öú˛yÓ˚ çyï˛#Î˚ Óƒ_´Ó#ç# í˛z!qˆÏò ü)°ˆÏÓ˚yü

Ü˛ü ÌyÜ˛ˆÏ°Ä ~ˆÏòÓ˚ ü)°ï˛sf åÈeyˆÏÜ˛Ó˚ §ˆÏD §ü!ß∫ï˛ •ˆÏÎ˚ üy•zˆÏÜ˛yÓ˚y•zçy (Mycorrhiza) àë˛ö Ü˛ˆÏÓ˚ ˛õÎ≈yÆ

üyeyÎ˚ ç° ˆ¢y£Ïî Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚–
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2.8 §yÓ̊yÇ¢ (Summary)

çˆÏ°Ó˚ ˆû˛Ôï˛ Ó˚y§yÎ˚!öÜ˛ ôü≈•z ç°ˆÏÜ˛ ç#ÓˆÏöÓ˚ ˛õˆÏ«˛ x˛õ!Ó˚•yÎ≈ í˛z˛õyòyö Ü˛ˆÏÓ˚ ï%˛ˆÏ°ˆÏåÈ– í˛z!qòˆÏòˆÏ•

çˆÏ°Ó˚ ˛õ!Ó˚üyî ï˛yÓ˚ ÄçˆÏöÓ˚ ü%áƒ xÇ¢ ~ÓÇ ç° ~Ü˛!ê˛ xyò¢≈ oyÓÜ˛ Ä !ÓÜ˛yÓ˚Ü˛ Ó˚*ˆÏ˛õ Ü˛yç Ü˛ˆÏÓ˚– üy!ê˛ˆÏï˛

í˛z˛õ!fliï˛ !Ó!û˛ß¨ Ó˚Ü˛ü çˆÏ°Ó˚ üˆÏôƒ í˛z!qò ̂ Ü˛Ó°üye ̃ Ü˛!¢Ü˛ ç° ̂ ¢y£Ïî Ü˛Ó˚̂ Ïï˛ ̨ õyˆÏÓ˚– í˛z!qòˆÏòÓ˚ ö%ˆÏÎ˚ ̨ õí ¸̨y ò¢y

ü,!_Ü˛yÓ˚ ç°ôyÓ˚î «˛üï˛yÓ˚ í˛z˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚– í˛z!qò myÓ˚y ç° ˆ¢y£Ïî ü%áƒï˛ ò%•zû˛yˆÏÓ •ˆÏÎ˚ ÌyˆÏÜ˛– §!e´Î˚ Ä

!ö!‹;˛Î˚ ˆ¢y£Ïîñ !ö!‹;˛Î˚ ˆ¢y£Ïî ˆÜ˛y£Ï ˆÜ˛y£Ï#Î˚ ¢!_´ ÓƒÎ˚ öy Ü˛ˆÏÓ˚ ˆû˛Ôï˛ ôˆÏü≈Ó˚ ≤Ãû˛yˆÏÓ •ˆÏÎ˚ ÌyˆÏÜ˛– í˛z!qò ü%áƒï˛

~•z ˛õk˛!ï˛ˆÏï˛ ç° ˆ¢y£Ïî Ü˛ˆÏÓ˚– §!e´Î˚ ˆ¢y£Ïî ˆÜ˛y£Ï#Î˚ ¢!_´ ÓƒÎ˚ Ü˛ˆÏÓ˚ §¡õß¨ •Î˚ ~ÓÇ ~!ê˛ x!û˛flÀÓî#Î˚ Ä

xÈÙÈx!û˛flÀÓî#Î˚ ~•z ò%•zû˛yˆÏÓ §y!ôï˛ •Î˚– ç° ˆ¢y£Ïî ˛õk˛!ï˛Ó˚ ≤Ãû˛yÓÜ˛=!° Ó!•fli ÎÌy ç°ñ üy!ê˛ñ í˛z£èï˛y

•zï˛ƒy!ò ~ÓÇ xhsˇÉ≤Ãû˛yÓÜ˛=!° •° ü)°ˆÏÓ˚yˆÏüÓ˚ àë˛öñ í˛zÍˆÏ§ã˛Ü˛ï˛sf •zï˛ƒy!ò–

2.9 x!hsˇüÏ ≤ÃŸ¿yÓ°# (Terminal Questions)

1. çˆÏ°Ó˚ ˆÎ §ühflÏ ôü≈=!° ~!ê˛ˆÏÜ˛ ç#ÓˆÏÜ˛yˆÏ£ÏÓ˚ ˛õˆÏ«˛ §•yÎ˚Ü˛ Ü˛ˆÏÓ˚ ï%˛ˆÏ°ˆÏåÈ ˆ§=!°Ó˚ §¡õˆÏÜ≈˛ Îy çyˆÏöö

Ó°%ö– í˛z!qòˆÏòˆÏ• çˆÏ°Ó˚ û)˛!üÜ˛y Ü˛#⁄

2. §!e´Î˚ Ä !ö!‹;˛Î˚ ̂ ¢y£ÏˆÏîÓ˚ üˆÏôƒ ̨õyÌ≈Ü˛ƒ Ü˛#⁄ ~•z ò%•z≤ÃÜ˛yÓ˚ ̂ ¢y£Ïî ̨õk˛!ï˛Ó˚ ̃ çÓ ≤Ãüyî Ü˛#⁄ ~•z ò%•z≤ÃÜ˛yÓ˚

ˆ¢y£ÏˆÏîÓ˚ üˆÏôƒ ˆÜ˛yö!ê˛ ï%˛°öyü)°Ü˛ û˛yˆÏÓ =Ó˚&c˛õ)î≈ ~ÓÇ ˆÜ˛ö⁄

3. í˛z!qˆÏòÓ˚ ç° ˆ¢y£Ïî ˛õk˛!ï˛!ê˛ í˛z˛õÎ%_´ !ã˛ˆÏeÓ˚ §y•yˆÏÎƒ Óî≈öy Ü˛Ó˚&ö–

4. ˛õyÌ≈Ü˛ƒ !öî≈Î˚ Ü˛Ó˚&ö ≠

a) ˜Ü˛!¢Ü˛ ç° Ä ç°yÜ˛£Ï#≈ ç°ñ

b) x!û˛flÀÓî#Î˚ Ä xÈÙÈx!û˛flÀÓî#Î˚ ˆ¢y£Ïîñ

c) ç°ôyÓ˚î«˛üï˛y ~ÓÇ fliyÎ˚# ÷‹Òï˛yÓ˚ •yÓ˚ñ

5. ç°ˆÏ¢y£ÏˆÏîÓ˚ !öÎ˚sfîÜ˛yÓ˚# ≤Ãû˛yÓÜ˛=!° §¡õˆÏÜ≈˛ Îy çyˆÏöö !°á%ö–

2.10 í˛z_Ó˚üy°y (Key to the Answers)

xö%¢#°ö#È     1

a) 1. 2.3 xÇ¢y!B˛ï˛ !Ó£ÏˆÏÎ˚Ó˚ ≤ÃÌü ˛õ!Ó˚̂ ÏFåÈˆÏò ˆû˛Ôï˛ ôü≈=!°Ó˚ Ü˛Ìy Ó°y •ˆÏÎ˚̂ ÏåÈ–

2. §%!ö!ò≈‹T ˆüÓ˚&Óy•# ÓˆÏ° çˆÏ°Ó˚ xî%=!° oyÓƒ xî%=!°Ó˚ ˛õyÓ˚flõ!Ó˚Ü˛ xyÜ˛£Ï≈îˆÏÜ˛ ≤Ã¢!üï˛ Ü˛ˆÏÓ˚

≤Ã!ï˛!ê˛ oyÓƒ xî%ˆÏÜ˛ !âˆÏÓ˚ ~Ü˛!ê˛ ˆáy°Ü˛ ˜ï˛!Ó˚ Ü˛ˆÏÓ˚ ˆú˛ˆÏ°– ú˛ˆÏ° oyÓƒ xî%=!°Ó˚ ˛õÓ˚flõˆÏÓ˚Ó˚ ≤Ã!ï˛

xyÜ˛£Ï≈î ÌyˆÏÜ˛ öy Ä ï˛yÓ˚y §•ˆÏç•z ˆüˆÏ¢–
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3. 2.4 xÇˆÏ¢Ó˚ B !ã˛!•´ï˛ !Ó£ÏÎ˚!ê˛ ˆòá%ö–

4. Ä•z xÇˆÏ¢Ó˚ C-!ã˛!•´ï˛ !Ó£ÏÎ˚!ê˛ ˆòá%ö–

5. 2.3 xÇ¢y!B˛ï˛ !Ó£ÏˆÏÎ˚Ó˚ ï,˛ï˛#Î˚ ˛õ!Ó˚̂ ÏFåÈˆÏò §ü§ÇˆÏÎyà# ÓˆÏ°Ó˚ !Ó£ÏÎ˚!ê˛ í˛zˆÏÕ‘!áï˛ xyˆÏåÈ–

b) §ÇK˛y=!°Ó˚ xyˆÏ°yã˛öyÓ˚ §yüyöƒ Óƒyáƒy ˆòÄÎ˚y ÓyN˛ö#Î˚ÈÙÙÙÈ

ˆÎüöñ ˜Ü˛!¢Ü˛ çˆÏ°Ó˚ §ÇK˛y òyö Ü˛ˆÏÓ˚ Ó°%ö ˆÎ ~!ê˛•z ˆÜ˛Ó°üye í˛z!qò Ü˛ï≈,˛Ü˛ ˆ¢y£ÏîˆÏÎyàƒ ç°–

xö%¢#°ö#      2

1. a) 2 — 5 ÓyÓ˚

b) xhsˇ x!û˛flÀÓî

c) •Ñƒyñ ~=!° ˛õÓ˚flõˆÏÓ˚Ó˚ §üyö%˛õy!ï˛Ü˛

d) ˆÎ üy!ê˛ˆÏï˛ oÓ#û)˛ï˛ á!öç °ÓˆÏîÓ˚ ˛õ!Ó˚üyî xï˛ƒhsˇ ˆÓ!¢ ˆ§•z üy!ê˛ ˆÌˆÏÜ˛ í˛z!qˆÏòÓ˚ ü)°ˆÏÓ˚yü ç°

ˆ¢y£Ïî Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚ öy–

e) üy!ê˛ˆÏï˛ ÓyÎ˚%Ó˚ •…y§≤ÃyÆ ˛õ!Ó˚üyˆÏîÓ˚ çöƒ–

2. 2.7 xÇˆÏ¢ xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ–

2.10  §Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#

í˛z_Ó˚üy°y

1. 2.3 xÇˆÏ¢ xyˆÏ°y!ã˛ï˛ñ ü)°ï˛ ç° xî%Ó˚ §%!ö!ò≈‹T ˆüÓ˚&c ~ÓÇ ï˛yÓ˚ ≤Ãû˛yÓñ ç° !Óû˛yˆÏàÓ˚ ú˛ˆÏ° H+ Ä OH
xyÎ˚ö à!ë˛ï˛ •ÓyÓ˚ ˜çÓ =Ó˚&cñ §ü§ÇˆÏÎyà Ä ˛õ,¤˛ê˛yöñ ï˛y˛õˆÏ¢y£Ïî «˛üï˛yñ !Ó!Ü˛Ó˚î ˆ¢y£Ïî «˛üï˛yñ

í˛zFã˛ï˛Ó˚ fl≥%˛ê˛öyB˛ ~=!°Ó˚ Ü˛Ìy xyˆÏ°yã˛öy Ü˛Ó˚&ö–

í˛z!qòˆÏòˆÏ• çˆÏ°Ó˚ û)˛!üÜ˛y 2.4 xÇˆÏ¢ xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚̂ ÏåÈ–

2. §!e´Î˚ Ä !ö!‹;˛Î˚ ˆ¢y£ÏˆÏîÓ˚ üˆÏôƒ ˛õyÌ≈Ü˛ƒ ≠

!ö!‹;˛Î˚ ̂ ¢y£Ïî §!e´Î˚ ˆ¢y£Ïî

(i) !Ó˛õyÜ˛#Î˚ ¢!_´ ÓƒÎ˚ •Î˚ öy– (i) !Ó˛õyÜ˛#Î˚ ¢!_´ ÓƒÎ˚ Ü˛ˆÏÓ˚ í˛z!qò ç° ˆ¢y£Ïî Ü˛ˆÏÓ˚–

(ii) ü)°ï˛ ̂ û˛Ôï˛ ̨õk˛!ï˛– (ii) ü)°ï˛ ̃ ç!ÓÜ˛ ̨õk˛!ï˛–

(iii)  í˛z!qˆÏòÓ˚ ç° ˆ¢y£ÏˆÏîÓ˚ ü%áƒ ˛õk˛!ï˛– (iii) ç° Ï̂¢y£Ï̂ Ïî ~•z ̨õk˛!ï˛Ó̊ ̂ Ü˛Ó° §• Ï̂Îyà# û)̨ !üÜ˛y xy Ï̂åÈ–
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≤Ãüyî=!° 2.7 xÇˆÏ¢ xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚̂ ÏåÈ xy°yòy xy°yòy û˛yˆÏÓ– ~ˆÏòÓ˚ ï%˛°öyü)°Ü˛ =Ó˚&c 2.4 xÇˆÏ¢

xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ–

3. ç° ˆ¢y£Ïî ˛õk˛!ï˛ xyˆÏ°yã˛öy Ü˛Ó˚ˆÏï˛ ˆàˆÏ° ≤ÃÌˆÏü•z Ó°ˆÏï˛ •Î˚ ò%•z ≤ÃÜ˛yÓ˚ !û˛ß¨ !û˛ß¨ ˛õk˛!ï˛ xÌ≈yÍ !ö!‹;˛Î˚

Ä §!e´Î˚ ˆ¢y£ÏˆÏîÓ˚ Ü˛Ìy– ~•z ò%•z ˛õk˛!ï˛Ó˚ ü)° ï˛ú˛yÍ !Ü˛ §ÇˆÏ«˛ˆÏ˛õ Ó°%ö– ~Ó˚̨ õÓ˚ !ö!‹;˛Î˚ Ä §!e´Î˚ ˆ¢y£Ïî

˛õk˛!ï˛=!° =!åÈˆÏÎ˚ Ó°%ö– xÈÙÈx!û˛flÀÓî#Î˚ ˛õk˛!ï˛Ó˚ åÈ!Ó!ê˛ xÑyÜ%˛ö– ~•z xyˆÏ°yã˛öyÎ˚ ≤Ãû˛yÓÜ˛ Óy ≤ÃüyˆÏîÓ˚

Ü˛Ìy í˛zˆÏÕ‘ˆÏáÓ˚ òÓ˚Ü˛yÓ˚ ˆö•z– í˛zû˛Î˚ ˛õk˛!ï˛Ó˚ ï%˛°öyü)°Ü˛ =Ó˚&ˆÏcÓ˚ í˛zˆÏÕ‘á ÌyÜ˛ˆÏ° û˛yˆÏ°y •Î˚–

4. ˛õyÌ≈Ü˛ƒ !öî≈Î˚ Ü˛Ó˚ˆÏï˛ •ˆÏ° ÎÌye´ˆÏü §ÇK˛yñ =Ó˚&c ~ÓÇ xöƒ ˆÜ˛yˆÏöy ˛õyÌ≈Ü˛ƒ Î!ò ÌyˆÏÜ˛ ˆ§!ê˛Ó˚ í˛zˆÏÕ‘á

Ü˛Ó̊&ö–

5. ç° ˆ¢y£Ïî !öÎ˚sfîÜ˛yÓ˚# ≤Ãû˛yÓÜ˛ §¡õ!Ü≈˛ï˛ xyˆÏ°yã˛öy 2.7 xÇˆÏ¢ ˆòÄÎ˚y xyˆÏåÈ–
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~Ü˛Ü˛ 3 Ó˚̂ Ï§Ó˚ í˛zÍˆÏflÀyï˛

Unit 3 Ascent of Sap

àë˛ö

3.0 í ẑ̨ Ïj¢ƒ

3.1 ≤ÃhflÏyÓöy

3.2 §ÇK˛y

3.3 í˛z!aï˛ Ó˚ˆÏ§Ó˚ ˛õ!Ó˚üyî

3.4 Ó˚ˆÏ§Ó˚ ˛õ!Ó˚Ó•öÈÙÈ˛õÌ

3.5 Ó˚ˆÏ§Ó˚ ˛õ!Ó˚Ó•ö ˛õk˛!ï˛ Ä !Ó!û˛ß¨ üï˛Óyò

3.6 x!ô≤ÃyîÓyò

3.7 ü)°ç ã˛y˛õ ï˛_¥

3.8 ˆû˛Ôï˛ Ó° ï˛_¥yÓ!°

a) ˜Ü˛!¢Ü˛ ï˛_¥

b) ÓyÎ˚Ó#Î˚ ã˛y˛õ ï˛_¥

c) •züÓy•z!Ó¢ö ï˛_¥

d) §ü§ÇˆÏÎyàç!öï˛ Ó°

3.9 §yÓ˚yÇ¢

3.10 §Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ!°

3.11 í˛z_Ó˚üy°y

3.0 í ẑ̨ Ïj¢ƒ

xyüÓ˚y ~•z ˛õÎ≈yˆÏÎ˚ çyöˆÏï˛ ˛õyÓ˚Ó ≠

 Ó˚ˆÏ§Ó˚ í˛zÍˆÏflÀyï˛ í˛z!qò ˆòˆÏ• ˆÜ˛yö ˛õˆÏÌ •ˆÏÎ˚ ÌyˆÏÜ˛⁄

 Ó˚̂ Ï§Ó˚ í˛zÍˆÏflÀyï˛ §Çe´yhsˇ üï˛Óyò=!° Ü˛# Ü˛#⁄
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 üï˛Óyò=!°Ó˚ ≤Ã!ï˛!ê˛ˆÏÜ˛ @ˇÃ•î Óy Óç≈ˆÏöÓ˚ Ü˛yÓ˚î Ü˛#⁄

3.1 ≤ÃhflÏyÓöy

˛õ)Ó≈Óï˛#≈ xôƒyˆÏÎ˚ xyüÓ˚y çyöˆÏï˛ ˆ˛õˆÏÓ˚!åÈ Ü˛# Ü˛# ˛õk˛!ï˛ˆÏï˛ í˛z!qò ç° ˆ¢y£Ïî Ü˛ˆÏÓ˚– xyüÓ˚y çy!ö ç° Ä

á!öç °ÓˆÏîÓ˚ í˛z˛õ!fli!ï˛ˆÏï˛ í˛z!qˆÏòÓ˚ ˛õyï˛yÎ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ≤Ã!e´Î˚yÎ˚ áyòƒ §ÇˆÏŸ’!£Ïï˛ •Î˚– §%ï˛Ó˚yÇ á!öç°Óî

!ü!◊ï˛ Ó˚§ ˛õyï˛yÎ˚ ˆ˛õÑÔåÈyˆÏöy•z •° ˆ¢y£ÏˆÏîÓ˚ ≤Ãôyö í˛zˆÏj¢ƒ– Ó˚̂ Ï§Ó˚ ~•z |ôù≈à!ï˛Ó˚ ÓƒyáƒyÈÙÈòyˆÏö Ó‡˛õ)Ó≈ ˆÌˆÏÜ˛•z

!ÓK˛yö#Ó˚y §ˆÏã˛‹T !åÈˆÏ°ö–

3.2 §ÇK˛y (Definition)

í˛z!qò myÓ˚y ˆ¢y!£Ïï˛ ç° x!û˛Ü˛ˆÏ£Ï≈Ó˚ !Ó˛õÓ˚#ˆÏï˛ çy•zˆÏ°ü Óy!•Ü˛yÓ˚ üyôƒˆÏü ï˛Ó˚° Ó˚*ˆÏ˛õ ˛õ!Ó˚Óy!•ï˛ •ˆÏÎ˚

!Óê˛ˆÏ˛õÓ˚ x@ˇÃû˛yˆÏà ˆ˛õÑÔåÈyÎ˚– ~•z âê˛öyˆÏÜ˛ ÓˆÏ° Ó˚ˆÏ§Ó˚ í˛zÍˆÏflÀyï˛–

çy•zˆÏ°ˆÏüÓ˚ ç° !Ó÷k˛ ç° öÎ˚– öyöy Ó˚Ü˛ü á!öç °ÓˆÏîÓ˚ §ˆÏD !ü!◊ï˛ xÓfliyÎ˚ ~•z ï˛Ó˚°ˆÏÜ˛ Ó˚§

Ó˚*ˆÏ˛õ x!û˛!•ï˛ Ü˛Ó˚y •Î˚– ˛õ!Ó˚Ó•ö ˛õÌ çy•zˆÏ°ü §#üyÓk˛ÈÙÙÙÈï˛y•z ~ˆÏÜ˛ çy•zˆÏ°ü Ó˚§ öyˆÏüÄ !ã˛!•´ï˛ Ü˛Ó˚y ÎyÎ˚–

3.3 í˛z!aï˛ Ó˚̂ Ï§Ó˚ ̨õ!Ó˚üyî (Amount of water ascending)

!ÓK˛yö# §ƒyÜ˛§ (Sachs) í˛z!qˆÏòÓ˚ ü)°ˆÏÓ˚yü myÓ˚y ˆ¢y!£Ïï˛ !°!ÌÎ˚yü °ÓˆÏîÓ˚ í˛zayˆÏöÓ˚ •yÓ˚ °«˛ƒ Ü˛Ó˚ˆÏï˛

!àˆÏÎ˚ ˆòˆÏáˆÏåÈö Ó˚ˆÏ§Ó˚ í˛zÍˆÏflÀyˆÏï˛Ó˚ •yˆÏÓ˚ !òˆÏöÓ˚ !Ó!û˛ß¨ §üˆÏÎ˚ Óƒy˛õÜ˛ ï˛yÓ˚ï˛üƒ âˆÏê˛– ~Ó˚ •yÓ˚ 25-1230 cm
≤Ã!ï˛ â^ˇê˛yÎ˚ •ÄÎ˚y §Ω˛Ó xÌ≈yÍ û)˛ï˛° ˆÌˆÏÜ˛ ç°hflÏΩ˛ ~•z í˛zFã˛ï˛y ≤Ã!ï˛ â^ˇê˛yÎ˚ xç≈ö Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚– !ÓK˛yö# ‡˛õyÓ˚

(Huper) í˛z!qˆÏòÓ˚ fliyö !ÓˆÏ¢ˆÏ£Ï í˛z£èï˛y ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ ï˛y˛õÈÙÈï˛!í˛¸Í (thermoelectric) ˛õ!Ó˚Ó•ö •yÓ˚ üy˛õˆÏï˛

!àˆÏÎ˚ ˆòˆÏáˆÏåÈö !Ó˚ÇÈÙÈˆ˛õyÓ˚y§ (ring-porus) Ü˛y¤˛ xˆÏ˛õ«˛y !Ó!«˛Æ !åÈo!Ó!¢‹T (diffused porus) Ü˛yˆÏ¤˛ í˛z!aï˛

Ó˚̂ Ï§Ó˚ ˛õ!Ó˚üyî Ü˛ü– S≤Ãyhsˇ!°!˛õ ÈÙÈ 1  o‹TÓƒV

≤ÃÌü ˆ«˛ˆÏe ç° ≤Ã!ï˛ !ü!öˆÏê˛ 75cm ˛õÌ |ôù≈ü%ˆÏá ôy!Óï˛ •ˆÏï˛ ˛õyˆÏÓ˚ ~ÓÇ !mï˛#Î˚ ˆ«˛ˆÏe 500cm ≤Ã!ï˛

â^ˇê˛yÎ˚– §yôyÓ˚îû˛yˆÏÓ ~•z ˛õ!Ó˚üy˛õ ≤ÃˆÏfl∫òˆÏöÓ˚ •yˆÏÓ˚Ó˚ §yˆÏÌ §¡õÜ≈˛Î%_´–

3.4 Ó˚̂ Ï§Ó˚ ˛õ!Ó˚Ó•öÈÙÈ˛õÌ (Pathway of Ascent of Sap)

˛õ)ˆÏÓ≈•z Ó°y •ˆÏÎ˚̂ ÏåÈ Ó˚§ çy•zˆÏ°ˆÏüÓ˚ üyôƒˆÏü |ôù≈ü%ˆÏá ˛õ!Ó˚Óy!•ï˛ •Î˚– !Ü˛v í˛z!qˆÏòÓ˚ x˛õÓ˚ Ü˛°y=!°Ó˚

ˆÎ  ~ˆÏ«˛ˆÏe û)˛!üÜ˛y ˆö•z ï˛y !Ü˛ Ó°y ÎyÎ˚⁄ !öˆÏ¡¨Ó˚ ò%Û!ê˛ ˛õÓ˚#«˛yÓ˚ ú˛°yú˛° xyüÓ˚y °«˛ƒ Ü˛Ó˚ˆÏï˛ ˛õy!Ó˚ ≠

(i) ~Ü˛!ê˛ ˆòy˛õy!ê˛Ó˚ ã˛yÓ˚yˆÏÜ˛ •zÄ!§ö öyüÜ˛ ˆ°y!•ï˛ Ó˚OÜ˛ !Ó!¢‹T çˆÏ°Ó˚ üˆÏôƒ Ü˛yê˛y •ˆÏ° !Ü˛å%È«˛î

˛õˆÏÓ˚ ˆòy˛õy!ê˛Ó˚ xô≈fl∫FåÈ Ü˛yˆÏ[˛Ó˚ !û˛ï˛ˆÏÓ˚ ˆ°y!•ï˛ ÓˆÏî≈Ó˚ Ü˛ˆÏÎ˚Ü˛!ê˛ òyÓƒˆÏÜ˛ |ôù≈ü%ˆÏá í˛zë˛ˆÏï˛ ˆòáy ÎyˆÏÓ– ~•z

Ü˛yˆÏ[˛Ó˚ ~Ü˛!ê˛ ≤ÃfliˆÏFåÈò Ü˛Ó˚̂ Ï° ˆÜ˛Ó°üye çy•zˆÏ°ü xÇ¢ °y° ÓˆÏî≈Ó˚ ˛õ!Ó˚°!«˛ï˛ •ˆÏÓ–
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(ii) Ü˛yˆÏ[˛Ó˚ Ó°Î˚ ˛õÓ˚#«˛y ≠ ~Ü˛!ê˛ §ˆÏï˛ç ˛õyï˛y!Ó!¢‹T ¢yáyˆÏÜ˛ !ÓÜ˛yˆÏÓ˚ û˛!ï≈˛ çˆÏ°Ó˚ üˆÏôƒ ˆÓ˚ˆÏá

ˆàyí˛¸y ˆÌˆÏÜ˛ !Ü˛å%Èê˛y Ü˛yê˛y •°– ~ÓyÓ˚ Ü˛yˆÏ[˛Ó˚ çy•zˆÏ°ü Óƒï˛#ï˛ x˛õÓ˚ xÇ¢=!° Ó°ˆÏÎ˚Ó˚ xyÜ˛yˆÏÓ˚ x˛õ§y!Ó˚ï˛

Ü˛ˆÏÓ˚ ˆú˛°y •°– !Ü˛å%È §üÎ˚ ˛õˆÏÓ˚ ˆòáy ÎyˆÏÓ ˛õyï˛y=!° §ˆÏï˛ç xyˆÏåÈ ~ÓÇ §!e´Î˚û˛yˆÏÓ ≤ÃˆÏfl∫òö Ü˛Ó˚̂ ÏåÈ–

~ ò%Û!ê˛ ˛õÓ˚#«˛yÓ˚ myÓ˚y Ó˚ˆÏ§Ó˚ í˛zÍˆÏflÀyˆÏï˛Ó˚ ˛õÌ çy•zˆÏ°ü ≤Ãüy!îï˛ •ˆÏ°Ä í˛z!qˆÏòÓ˚ ¢#£Ï≈û˛yˆÏàÓ˚ ï%˛°öyÎ˚

!ö¡¨û˛yˆÏà x!û˛flÀÓî#Î˚ ã˛y˛õ ̂ Ó!¢ •ˆÏ° çˆÏ°Ó˚ !ö¡¨ü%á# ̨õ!Ó˚Ó•öÄ •ÄÎ˚y §Ω˛Ó– ≤Ãã%˛Ó˚ Ó,!‹T˛õyˆÏï˛Ó˚ §üÎ˚ñ !ÓˆÏ¢£Ïï˛

í˛zFã˛•yˆÏÓ˚ ≤ÃˆÏfl∫òˆÏöÓ˚ ˛õÓ˚ñ ˛õyï˛y myÓ˚y ˆ¢y!£Ïï˛ çˆÏ°Ó˚ !ö¡¨ü%á# ˛õ!Ó˚Ó•ö ˆòáy ÎyÎ˚– xyÓyÓ˚ fiê˛yí˛zê˛ Ä ˆ•yà°ƒyu˛

(Stout and Hoagland) 1939 !á fiê˛yˆÏ∑ ˆï˛ç!‹;˛Î˚ ˛õê˛y!¢Î˚yü myÓ˚y ≤Ãüy!îï˛ Ü˛ˆÏÓ˚̂ ÏåÈö ˆÎ çy•zˆÏ°ü ˆÌˆÏÜ˛

ˆúœ˛yˆÏÎ˚ˆÏü á!öç °ÓˆÏîÓ˚ ˛õyŸª#≈Î˚ ã˛°ö ˆòáˆÏï˛ ˛õyÄÎ˚y ÎyÎ˚–

xö%¢#°ö# ÈÙÈ     1

1. §Ç!«˛Æ í˛z_Ó˚ !òö ≠

a) Ó˚ˆÏ§Ó˚ í˛zÍˆÏflÀyˆÏï˛Ó˚ ˛õÌ ˆÜ˛yö!ê˛⁄

b) |ôù≈ü%ˆÏá ˛õ!Ó˚Óy!•ï˛ ˛õòyÌ≈!ê˛ˆÏÜ˛ ÚÓ˚§Û Ó°y •Î˚ ˆÜ˛ö⁄

c) ˆÜ˛yö‰ ôÓ˚ˆÏöÓ˚ Ü˛yˆÏ¤˛ Ó˚ˆÏ§Ó˚ ˛õ!Ó˚Ó•ˆÏöÓ˚ •yÓ˚ x!ôÜ˛⁄

d) Ó°Î˚ ˛õÓ˚#«˛y Ó°ˆÏï˛ Ü˛# ˆÓyé˛yÎ˚⁄

!ã˛e 3.1 ≠ Ü˛yˆÏ[˛Ó˚ Ó°Î˚ ˛õÓ˚#«˛y
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e) Ó°Î˚ ˛õÓ˚#«˛yÎ˚ ˛õyï˛y§• |ôù≈yÇ¢ x˛õ§y!Ó˚ï˛ Ü˛Ó˚̂ Ï° Ü˛# ú˛°yú˛° xy¢y Ü˛Ó˚y ÎyÎ˚ ~ÓÇ ˆÜ˛ö⁄

f) ˆÜ˛yö ˆ«˛ˆÏe !Ó˛õÓ˚#ï˛ü%á# ç° ˛õ!Ó˚Ó•ö •ÄÎ˚y §Ω˛Ó ~ÓÇ ˆÜ˛ö⁄

3.5 Ó˚§ ˛õ!Ó˚Ó•ö ˛õk˛!ï˛ Ä !Ó!û˛ß¨ üï˛Óyò (Mehtods and Theories)

í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe á!öç°Óî !ü!◊ï˛ ç°

˛õ!Ó ˚Ó•ˆ ÏöÓ˚ ≤Ã!e´Î ˚y!ê˛ ò#â≈Ü˛y° ÎyÓï˛

í˛z!qò!Óò Ï̂òÓ˚ àû˛#Ó˚ ü Ï̂öy Ï̂Îyà xyÜ˛£Ï≈î Ü˛ Ï̂Ó˚̂ ÏåÈ–

ïÑ˛yÓ˚y ü)°ï˛ ò%Û!ê˛ §Ω˛yÓöyˆÏÜ˛ §yüˆÏö ˆÓ˚ˆÏá

!Ó£ÏÎ̊!ê˛ Ï̂Ü˛ Ó%é˛ Ï̂ï˛ ̂ ã˛ Ï̂Î̊ Ï̂åÈö– a) •Î̊ ç° ü)° myÓ̊y

§,‹T ã˛yˆÏ˛õÓ˚ ú˛ˆÏ° ö#ã˛ ˆÌˆÏÜ˛ í˛z˛õˆÏÓ˚ ÄˆÏë˛ öï%˛Óy

b) ç° í˛z!qˆÏòÓ˚ |ôù≈yÇˆÏ¢ §,‹T Ó° myÓ˚y ö#ã˛

ˆÌˆÏÜ˛ |ôù≈ü%ˆÏá í˛z!aï˛ •Î˚– ˛õk˛!ï˛ Îy•z ˆ•yÜ˛

öy ̂ Ü˛ö ò#â≈ xÌ≈yÍ í˛zFã˛ï˛y§¡õß¨ í˛z!qˆÏòÓ˚ ̂ «˛ˆÏe

!Óê˛ˆÏ˛õÓ˚ ¢#ˆÏ£Ï≈ ç° ̂ ˛õÑÔåÈyˆÏöy §yôyÓ˚îû˛yˆÏÓ §Ω˛Ó

•Î˚ ˆÜ˛ö öy §yôyÓ˚î ÓyÎ˚%ü[˛°#Î˚ ã˛yˆÏ˛õ (1 atm)
ç°hflÏ̂ ÏΩ˛Ó̊ í z̨Fã˛ï˛y 10 !üê˛y Ï̂Ó̊Ó̊ ̂ Ó!¢ •Î̊ öy xÌã˛

70 !üê˛yÓ˚ í˛zFã˛ï˛y§¡õß¨ SÎÌy Sequoia sp.)
í˛z!qˆÏò xÓ°#°yÎ˚ ç° ¢#£Ï≈ï˛ü xÇˆÏ¢ ˆ˛õÑÔåÈyÎ˚–

~•z âê˛öyˆÏÜ˛ Óƒyáƒy Ü˛ˆÏÓ˚ Ó‡ üï˛Óyò

≤ÃÎ%_´ •ˆÏÎ˚̂ ÏåÈ– üï˛Óyò=!°ˆÏÜ˛ !ï˛ö û˛yˆÏà û˛yà

Ü˛Ó˚y ÎyÎ˚ ≠

3.6 x!ô≤ÃyîÓyò (Vital Force Theory)

~•z üï˛Óyò=!°Ó˚ ≤ÃÓ_´yÓ˚y üˆÏö Ü˛ˆÏÓ˚ö ˆÎ Î!òÄ ˛õ!Ó˚Ó•ˆÏöÓ˚ ˛õÌ!ê˛ çy•zˆÏ°ˆÏüÓ˚ ü,ï˛ ˆÜ˛y£Ï ê˛ΔƒyÜ˛#í˛ Ä

ê˛ΔƒyÜ˛#Î˚y !Ü˛v ˆ§=!° çy•zˆÏ°ˆÏüÓ˚ §ç#Ó ˆÜ˛y£Ï ˆÎüö çy•zˆÏ°ü ˛õƒyˆÏÓ˚öÜ˛y•züy Ä çy•zˆÏ°ü ˆÓ ̊(Ray) ˆÜ˛yˆÏ£ÏÓ˚

â!ö¤˛ §y!ß¨̂ Ïôƒ xyˆÏåÈ ~ÓÇ ç° ˛õ!Ó˚Ó•ö ˛õk˛!ï˛!ê˛ ~•z §ç#Ó ˆÜ˛y£Ï=!° myÓ˚y ˛õ!Ó˚ã˛y!°ï˛ •Î˚– ~•z üï˛Óyò=!°Ó˚

üˆÏôƒ Ü˛ˆÏÎ˚Ü˛!ê˛ !öˆÏ¡¨ xyˆÏ°y!ã˛ï˛ •° ≠

(i) àí˛!°í˛z!flÒ (Godlewski) [1884] üˆÏö Ü˛Ó˚̂ Ïï˛ö ˆÎ çy•zˆÏ°ü ˛õƒyˆÏÓ˚öÜ˛y•züyÓ˚ û)˛!üÜ˛y•z ~ˆÏ«˛ˆÏe

ü%áƒ– ïÑ˛yÓ˚ !Ó˚ˆÏ° ˛õy¡õ ï˛_¥ (Relay Pump theory) xö%ÎyÎ˚# çy•zˆÏ°ü ˛õƒyˆÏÓ˚öÜ˛y•züy Ä üIyÇ÷Ó˚ ˆÜ˛y£Ï=!°

Ó˚§fl≥˛#!ï˛Ó˚ ú˛ˆÏ° ï˛yˆÏòÓ˚ x!û˛flÀÓî#Î˚ ã˛y˛õ ê˛ΔƒyÜ˛y•zˆÏí˛Ó˚ ï%˛°öyÎ˚ •…y§ ˛õyÎ˚ ú˛ˆÏ° ç° ê˛ΔƒyÜ˛y•zˆÏí˛ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ ~ÓÇ

≤Ãyhsˇ!°!˛õ ÈÙÈ     1

ã˛yÓ˚̂ Ï¢y ÓåÈÓ˚ Óy ï˛yÓ˚Ä xy Ï̂à ̂ Ì Ï̂Ü˛ í z̨!qò!Óò Ï̂òÓ˚ çyöy !åÈ°

ˆÎ í˛z!qˆÏòÓ˚ ̂ Ü˛wfli çy•zˆÏ°ü Óy!•Ü˛y•z •° ç° ̨õ!Ó˚Ó•ˆÏöÓ˚

˛õÌ ~ÓÇ ˆúœ̨ yˆÏÎ˚̂ ÏüÓ˚ ~ˆÏï˛ ˆÜ˛yˆÏöy û)˛!üÜ˛y ˆö•z– üyˆÏ§≈ˆÏ°y

üƒy°!ú˛!ç 1679 !á fiê˛yˆÏ∑ Ü˛y[˛ ̂ ÌˆÏÜ˛ ̂ úœ̨ yˆÏÎ˚ü x˛õ§y!Ó˚ï˛

Ü˛ˆÏÓ˚ ˆòáˆÏ°ö ˆÎ ç° ˛õ!Ó˚Ó•ö x˛õ!Ó˚Ó!ï≈˛ï˛ •yˆÏÓ˚•z •ˆÏFåÈ–

1883 !á fiê˛yˆÏ∑ flT…y§Óyç≈yÓ˚ ÄÜ˛ àyˆÏåÈÓ˚ ã˛yÓ˚yˆÏÜ˛ ÎÌye´ˆÏü

!˛õÜ˛!Ó˚Ü˛ xƒy!§í˛ ~ÓÇ CuSo4  ~Ó˚ oÓˆÏî ˆÓ˚̂ Ïá ˆòáˆÏ°ö

ˆÎ Ó̊y§yÎ̊!öÜ˛ ̨õòyÌ≈=!° ÓÕÒ°ñ Ó!•gflÏÜ˛ ~ÓÇ ̂ Ü˛w#Î̊  xÇ Ï̂¢Ó̊

§ç#Ó ̂ Ü˛y£Ï=!° Ï̂Ü˛ ö‹T Ü˛ Ï̂Ó̊ !ò Ï̂°Ä ç° ̨õ!Ó̊Ó• Ï̂ö ̂ Ü˛y Ï̂öy

Óyôy í z̨̨ õ!fliï˛ •Î̊ öyñ 1883 !á fiê˛y Ï̂∑ ̂ çy Ï̂§ú˛ Óü ïÑ̨ yÓ̊ !Óáƒyï˛

ÚÚ§!åÈo ̨ õyeÛÛ ̨ õÓ˚#«˛yÓ˚ §y•yˆÏÎƒ ç°ˆÏÜ˛ S!ã˛e 3.2V Ü˛yã˛ö°

ÓÓ˚yÓÓ˚ ˆÓ¢ áy!öÜ˛ê˛y ï%˛°ˆÏï˛ §«˛ü •ö– 1895 !á fiê˛yˆÏ∑

!ÓK˛yö#mÎ˚ !í˛:ö Ä ç!° ~Ü˛•z ˛õÓ˚#«˛y ≤ÃˆÏfl∫òöÓ˚ï˛ ˛õy•zö

¢yáyÓ˚ §y•yˆÏÎƒ Ü˛ˆ ÏÓ ˚ ˆòáyö ~ÓÇ ïÑ˛yˆ ÏòÓ˚ !Óáƒyï˛

ÚÚ§ü§Ç Ï̂Îyç!öï˛ Ó° ï˛_¥ÛÛ ≤ÃÓï≈̨ ö Ü˛ Ï̂Ó̊ö–
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§ç#Ó ˆÜ˛y£Ï=!° ˛õ%öÓ≈yÓ˚ !¢!Ì° (flaccid) •ˆÏÎ˚ ˛õˆÏí ¸̨– xï˛É˛õÓ˚ ~=!° xyÓyÓ˚ xhsˇx!û˛flÀÓî ≤Ã!e´Î˚yÎ˚ ç°

ˆ¢y£Ïî Ü˛ˆÏÓ˚ ~Ü˛•zû˛yˆÏÓ ê˛ΔƒyÜ˛#Î˚yÎ˚ ˆ≤ÃÓ˚î Ü˛ˆÏÓ˚– ~•zû˛yˆÏÓ ˛õÎ≈yÎ˚e´!üÜ˛ Óy !Ó˚̂ Ï° ˛õk˛!ï˛ˆÏï˛ §ç#Ó ˆÜ˛y£Ï•z ç°ˆÏÜ˛

|ôù≈ü%ˆÏá ˆ≤ÃÓ˚î Ü˛ˆÏÓ˚–

~•z ï˛ˆÏ_¥Ó˚ §üÌ≈ˆÏö !ÓˆÏ¢£Ï Î%!_´ ˆö•z ˆÜ˛ö §¡õ)î≈û˛yˆÏÓ ü,ï˛ çy•zˆÏ°ü Ü˛°yÓ˚ üôƒ !òˆÏÎ˚ ç° ˛õ!Ó˚Ó•ö

§Ω˛Ó– !mï˛#Î˚ï˛É ~•z ˛õk˛!ï˛ˆÏï˛ çˆÏ°Ó˚ |ôù≈ü%á# ˛õ!Ó˚Ó•ö •ˆÏï˛ •ˆÏ° çy•zˆÏ°ü ˛õƒyˆÏÓ˚öÜ˛y•züyÓ˚ xÓfliyö ò%Û!ê˛

ê˛Δƒy!Ü˛í˛ÈÙÈ~Ó˚ xhsˇÓ≈ï˛#≈ fliyˆÏö •ÄÎ˚y í˛z!ã˛ï˛ !Ü˛v Ü˛yÎ≈ï˛ ï˛yÓ˚y ˛õy¢y˛õy!¢ xÓ!fliï˛–

(ii) §ƒyÓ˚ çàò#¢ã˛w Ó§% 1923 !á fiê˛yˆÏ∑ ~•z üï˛ ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚ö ˆÎ Ü˛yˆÏ[˛Ó˚ xhsˇgflÏˆÏÜ˛Ó˚ !ë˛Ü˛ Óy•zˆÏÓ˚

Ó!•gflÏÜ˛ (Cortex) ~Ó˚ ˆÎ hflÏÓ˚ xyˆÏåÈ ˆ§•z hflÏˆÏÓ˚Ó˚ ˆÜ˛y£Ï=!° flõ®ö¢#°ï˛y (pulsatory movement) Ó˚̂ Ï§Ó˚

í z̨Í Ï̂flÀy Ï̂ï˛Ó̊ çöƒ òyÎ̊#– ~ Ï̂«˛ Ï̂eÄ ~•z ̂ Ü˛y£Ï=!°Ó̊ ̨õÎ≈yÎ̊e´!üÜ˛ x!û˛flÀÓö#Î̊ ã˛y Į̈̂ õÓ̊ •…y§ Ä Ó,!k˛ ç° Ï̂Ü˛ çy•ẑ Ï° Ï̂üÓ̊

§ÇÓy•# öy!°Ü˛yÎ˚ ˆ≤ÃÓ˚î Ü˛ˆÏÓ˚–

˛õÓ˚Óï˛#≈Ü˛yˆÏ° ü!°¢ (Molisch ; 1928-29) fl¨ƒy˛õí»˛yàö öyüÜ˛ í˛z!qˆÏò ~Ü˛•z Ó˚Ü˛ü ̨õÓ˚#«˛y ã˛y!°ˆÏÎ˚ §ƒyÓ˚

ˆÓyˆÏ§Ó˚ ï˛_¥!ê˛ˆÏÜ˛ §üÌ≈ö çyöyö–

x!ô≤ÃyîÓyò ̨õÓ̊Óï˛#≈Ü˛y Ï̂° !ÓK˛yö# Ï̂òÓ̊ Ü˛y Ï̂åÈ @ˇÃ•î Ï̂Îyàƒ Ó Ï̂° !Ó Ï̂Ó!ã˛ï˛ •Î̊!ö– Ó‡ ̨õ)̂ ÏÓ≈•z !ÓK˛yö# flT…y§Óyç≈yÓ̊

(Strasburger 1883) ïÑ˛yÓ˚ ̨ õÓ˚#«˛yÎ˚ ̂ ò!áˆÏÎ˚!åÈˆÏ°ö ̂ Î í˛z!qˆÏòÓ˚ §ç#Ó Ü˛y[˛ˆÏÜ˛ Î!ò !˛õÜ˛!Ó˚Ü˛ xƒy!§ˆÏí˛Ó˚ oÓˆÏî

!ö¡¨yÇ¢ !öü!Iï˛ Ü˛ˆÏÓ˚ ˆÓ˚ˆÏá ˆòÄÎ˚y ÎyÎ˚ ï˛y•ˆÏ° §Ó §ç#Ó ˆÜ˛y£Ï ö‹T •ˆÏÎ˚ ÎyÓyÓ˚ ˛õÓ˚Ä Ó˚̂ Ï§Ó˚ í˛zÍˆÏflÀyï˛ çy!Ó˚

ÌyˆÏÜ˛– í˛z•z°§ö (1947) ç°ç í˛z!qˆÏòÓ˚ í˛z˛õÓ˚ ~Ü˛y!ôÜ˛ ˛õÓ˚#«˛yÎ˚ ˆòáyö ˆÎ §ç#Ó ˆÜ˛y£Ï §!e´Î˚û˛yˆÏÓ ç°

˛õ!Ó˚Ó•ö Ü˛ˆÏÓ˚ öy !ë˛Ü˛•z ï˛ˆÏÓ §ç#Ó ˆÜ˛y£Ï=!° !Óö‹T •ˆÏ° ê˛ΔƒyÜ˛#Î˚yÎ˚ ÓyÎ˚% xö%≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ ~ÓÇ ç°hflÏˆÏΩ˛Ó˚

x!Ó!FåÈß¨ï˛y ö‹T •Î˚– §%ï˛Ó˚yÇ §ç#Ó ˆÜ˛yˆÏ£ÏÓ˚ ≤Ãû˛yÓ ˆÌˆÏÜ˛ ÌyÜ˛ˆÏ°Ä ï˛y ˛õˆÏÓ˚y«˛–

3.7 ü)°ç ã˛y˛õ ï˛_¥ (Root Pressure Theory)

!ÓK˛yö# !fiê˛ˆÏú˛ö ˆ•°§ (Stephen Hales) 1727 !á fiê˛yˆÏ∑ ïÑ˛yÓ˚ Ü˛!ï≈˛ï˛ Ü˛yˆÏ[˛Ó˚ ˛õÓ˚#«˛yÎ˚ ˆòáyö ˆÎ

~Ü˛!ê˛ §%fli í˛z!qˆÏòÓ˚ Ü˛y[˛ˆÏÜ˛ üy!ê˛ ˆÌˆÏÜ˛ !Ü˛å%Èê˛y í˛z˛õˆÏÓ˚ Ü˛!ï≈˛ï˛ Ü˛Ó˚ˆÏ° Ü˛yˆÏ[˛Ó˚ çy•zˆÏ°ü xÇ¢ ˆÌˆÏÜ˛ Ó˚§ !ö§,ï˛

•Î˚– ~ˆÏÜ˛ !ï˛!ö ü)°ç ã˛y˛õ öyˆÏü x!û˛!•ï˛ Ü˛ˆÏÓ˚ö– Ü˛!ï≈˛ï˛ Ü˛yˆÏ[˛Ó˚ §ˆÏD ~Ü˛!ê˛ üƒyˆÏöy!üê˛yÓ˚ Î%_´ Ü˛ˆÏÓ˚ ˆòáy ÎyÎ˚

ˆÎ ü)°ç ã˛yˆÏ˛õÓ˚ üyö 2-3 ÓyÓ˚ •ÄÎ˚y §Ω˛Ó–

~!ê˛ ~Ü˛!ê˛ §!e´Î˚ ˛õk˛!ï˛– ˛õê˛y!§Î˚yü §yÎ˚yöy•zí˛ (KCN) çyï˛#Î˚ Ÿª§ö ≤Ã!ï˛ˆÏÓ˚yô ˛õòyˆÏÌ≈Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛

ü)°ç ã˛yˆÏ˛õÓ˚ üyey Ü˛ˆÏü ÎyÎ˚– ~•z ï˛_¥!ê˛Ó˚ @ˇÃ•îˆÏÎyàƒï˛yÓ˚ !Ó˛õˆÏ«˛ !ö¡¨!°!áï˛ Î%!_´=!° ≤Ã!îôyöˆÏÎyàƒ ≠

i) 2 - 3 ÓyÓ˚ ˛õ!Ó˚üyˆÏ˛õÓ˚ ü)°ç ã˛y˛õ §Ó≈y!ôÜ˛ 20-30 !üê˛yÓ˚ ˛õÎ≈hsˇ ç°hflÏΩ˛ˆÏÜ˛ ôˆÏÓ˚ Ó˚yáˆÏï˛ ˛õyˆÏÓ˚– !Ü˛v

Ó‡§ÇáƒÜ˛ í˛z!qˆÏòÓ˚ í˛zFã˛ï˛y 30 !üê˛yˆÏÓ˚Ó˚ x!ôÜ˛–

ii) ˛õy•zö çyï˛#Î˚ Óƒ_´Ó#ç# í˛z!qˆÏò ü)°ç˛ ã˛y˛õ ˆòáy ÎyÎ˚ öy– ~ˆÏ«˛ˆÏe Ü˛!ï≈˛ï˛ Ü˛yˆÏ[˛Ó˚ ˛õÓ˚#«˛y ÓƒÌ≈

≤Ãüy!îï˛ •ˆÏÎ˚̂ ÏåÈ–
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iii) ç°û˛!ï≈˛ !ÓÜ˛yˆÏÓ˚ ~Ü˛!ê˛ ã˛yÓ˚yàyˆÏåÈÓ˚ ü)° xÇ¢ˆÏÜ˛ Ü˛!ï≈˛ï˛ Ü˛Ó˚̂ Ï°Ä ˆ§!ê˛ˆÏï˛ ò#â≈«˛î Ó˚̂ Ï§Ó˚ í˛zÍˆÏflÀyï˛

ˆòáy ÎyÎ˚–

iv) @ˇÃ#‹øÜ˛yˆÏ° öy!ï˛¢#ˆÏï˛y£è xM˛ÈˆÏ°Ó˚ í˛z!qˆÏò ≤ÃˆÏfl∫òˆÏöÓ˚ •yÓ˚ ÓyˆÏí˛¸– ~•z §üÎ˚ ü)°ç ã˛yˆÏ˛õÓ˚ °«˛î

˛õ!Ó˚°!«˛ï˛ •Î˚ öy–

xö%¢#°ö# ÈÙÈ     2

2. §Ç!«˛Æ í˛z_Ó˚ !òö ≠

a) §yôyÓ˚î ÓyÎ˚%ã˛yˆÏ˛õÓ˚ §y•yˆÏÎƒ Ó˚ˆÏ§Ó˚ í˛zÍˆÏflÀyï˛ âê˛y §Ω˛Ó öÎ˚ ˆÜ˛ö⁄

b) x!ô≤ÃyîÓyò ï˛_¥ xö%ÎyÎ˚# ˆÜ˛yö ôÓ˚̂ ÏöÓ˚ ˆÜ˛y£Ï Ó˚̂ Ï§Ó˚ í˛zÍˆÏflÀyˆÏï˛Ó˚ çöƒ òyÎ˚#⁄

c) flõ®ö¢#°ï˛yÓ˚ Óƒyáƒy ˆÜ˛yö ôÓ˚̂ ÏöÓ˚ ˆÜ˛yˆÏ£ÏÓ˚ Ü˛yÎ≈Ü˛y!Ó˚ï˛yÓ˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#°⁄

d) ü)°ç ã˛yˆÏ˛õÓ˚ üyö Ü˛ï˛⁄

e) ˆÜ˛yö ôÓ˚̂ ÏöÓ˚ í˛z!qˆÏò ü)°ç ã˛y˛õ ˆòáy ÎyÎ˚ öy⁄

3.8 ˆû˛Ôï˛ Ó° ï˛_¥yÓ!° (Physical Force Theory)

•z!ï˛˛õ)ˆÏÓ≈ xyˆÏ°y!ã˛ï˛ ï˛_¥=!°Ó˚ ≤Ãôyö ò%Ó≈°ï˛y !åÈ° ~•z ˆÎ ˆ§=!°Ó˚ ˆÜ˛yˆÏöy!ê˛ myÓ˚y•z í˛zFã˛ï˛ü Ó,ˆÏ«˛

çˆÏ°Ó˚ |ôù≈ü%á# ̨ õ!Ó˚Ó•ö Óƒyáƒy Ü˛Ó˚y §Ω˛Ó öÎ˚– ~Ü˛çö xy•z!Ó˚¢ í˛z!qò!ÓK˛yö# ̂ çyˆÏ§ú˛ Óü (Joshef Bohm)
1883 !á fiê˛yˆÏ∑ ~Ü˛!ê˛ x!ï˛ §yôyÓ˚î ˛õÓ˚#«˛yÓ˚ §y•yˆÏÎƒ ˆòáyö ˆÎ ~Ü˛!ê˛ Ók˛ ç°ï˛ˆÏsfÓ˚ ¢#£Ï≈û˛yà ˆÌˆÏÜ˛ ç°

Óy‹õˆÏüyã˛ö ˛õk˛!ï˛ˆÏï˛ x˛õ§y!Ó˚ï˛ •ˆÏ° !ö¡¨≤Ãyhsˇ ˆÌˆÏÜ˛ ˛õyÓ˚ò hflÏˆÏΩ˛Ó˚ xyÜ˛yˆÏÓ˚ 100cm ~Ó˚ xˆÏöÜ˛ í˛z˛õˆÏÓ˚

í˛zë˛ˆÏï˛ ˛õyˆÏÓ˚ Îy fl∫yû˛y!ÓÜ˛ ÓyÎ˚%ã˛yˆÏ˛õ 76cm üye S!ã˛e 3.2 o‹TÓƒV–

!ã˛e ≠ 3.2 ˆû˛Ôï˛ Ó° ï˛_¥ ≤ÃüyˆÏîÓ˚ ˛õÓ˚#«˛y a) ˆçyˆÏ§ú˛ ÓˆÏüÓ˚ ˛õÓ˚#«˛y b) !í˛:ö Ä ç!°Ó˚ ˛õÓ˚#«˛y
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˛õÓ˚Óï˛#≈Ü˛yˆÏ° xyÎ˚y°≈ƒyˆÏu˛Ó˚ x˛õÓ˚ ò%•z !ÓK˛yö# !í˛:ö Ä ç!° (Dixon and Joley,1884) Ä•z ~Ü˛•z

˛õÓ˚#«˛yÎ˚ Óy‹õˆÏüyã˛öÓ˚ï˛ ç°˛õyˆÏeÓ˚ ÓòˆÏ° ≤ÃˆÏfl∫òöÓ˚ï˛ ˛õy•zö àyˆÏåÈÓ˚ ¢yáy ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ ~Ü˛•z ú˛°yú˛° ˆòáˆÏï˛

˛õyö– ~•z ˛õÓ˚#«˛yÓ˚ ÓƒyáƒyÎ˚ ~Ü˛y!ôÜ˛ í˛z!qò!ÓK˛yö# ~Ü˛y!ôÜ˛ ï˛_¥ ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚ö– ~•z ï˛_¥=!°Ó˚ §Ó Ü˛Î˚!ê˛Ó˚•z

ü)°Ü˛Ìy •° Ó˚ˆÏ§Ó˚ í˛zÍˆÏflÀyï˛ ~Ü˛yhsˇû˛yˆÏÓ•z ˆû˛Ôï˛ ≤Ã!e´Î˚y ~ÓÇ ~ˆÏï˛ §ç#Ó ˆÜ˛yˆÏ£ÏÓ˚ ˆÜ˛yˆÏöy û)˛!üÜ˛y ˆö•z–

ï˛_¥=!° !öˆÏ¡¨ xyˆÏ°y!ã˛ï˛ •° ≠

I. ˜Ü˛!¢Ü˛ ï˛_¥     (Capillary Theory)

x!ï˛§)- ÓƒyˆÏ§Ó˚ Ü˛yã˛ö°ˆÏÜ˛ ç°ï˛ˆÏ°Ó˚ §ÇflõˆÏ¢≈ Ó˚yáˆÏ° çˆÏ°Ó˚ ˛õ,¤˛ê˛yö ôˆÏü≈Ó˚ ≤Ãû˛yˆÏÓ Ü˛yã˛ö° myÓ˚y ç°

í˛z˛õˆÏÓ˚ ÄˆÏë˛– 0.01mm ÓƒyˆÏ§Ó˚ Ü˛yã˛öˆÏ° ~•z ç°hflÏˆÏΩ˛Ó˚ í˛zFã˛ï˛y 3 !üê˛yÓ˚ ˛õÎ≈hsˇ •ÄÎ˚y §Ω˛Ó– çy•zˆÏ°ü Ü˛°yÓ˚

§ÇÓy•# öy!°Ü˛y=!° ÎÌy ê˛Δƒy!Ü˛í˛ Ä ê˛Δƒy!Ü˛Î˚y ˜òâ≈ƒ ÓÓ˚yÓÓ˚ §!Iï˛ •ˆÏÎ˚ x!Ó!FåÈß¨ öy!°ï˛sf àë˛ö Ü˛ˆÏÓ˚ Îy ˜Ü˛!¢Ü˛

öˆÏ°Ó˚ §ˆÏD ï%˛°ö#Î˚– ˜Ü˛!¢Ü˛ ÓˆÏ°Ó˚ ≤Ãû˛yˆÏÓ ˆû˛Ôï˛ ˛õk˛!ï˛ˆÏï˛•z ç° çy•zˆÏ°ü Óy!•Ü˛yÓ˚ üyôƒˆÏü í˛z˛õˆÏÓ˚ ÄˆÏë˛–

~•z ï˛_¥ §üÌ≈öˆÏÎyàƒ öÎ˚ñ Ü˛yÓ˚î ≠

i) ˜Ü˛!¢Ü˛ Ó° ü%_´ ç°ï˛° åÈyí ¸̨y x§Ω˛Óñ üy!ê˛ ˆÌˆÏÜ˛ í˛z!qò Îáö ç° §Ç@ˇÃ• Ü˛ˆÏÓ˚ ï˛áö ü%_´ ç°ï˛°

ÌyÜ˛yÓ˚ ≤ÃŸ¿•z ˆö•z–

ii) çy•zˆÏ°ˆÏüÓ˚ §ÇÓy•# öy!°Ü˛yÓ˚ àí ¸̨ Óƒy§ 0.03mm Îy ˜Ü˛!¢Ü˛ ö° !•§yˆÏÓ Ü˛yç Ü˛Ó˚yÓ˚ ˛õˆÏ«˛ !ÓˆÏ¢£Ï

í˛z˛õˆÏÎyà# öÎ˚ ˆÜ˛ööy ç° ~Ó˚*˛õ öy!°Ü˛yÎ˚ ˜Ü˛!¢Ü˛ ÓˆÏ°Ó˚ ≤Ãû˛yˆÏÓ 1 !üê˛yˆÏÓ˚Ó˚ í˛z˛õˆÏÓ˚ Äë˛y §Ω˛Ó öÎ˚–

iii) Óƒ_´Ó#ç# í˛z!qˆÏò §yôyÓ˚îû˛yˆÏÓ ê˛Δƒy!Ü˛Î˚y ÌyˆÏÜ˛ öy– xyÓ˚ ê˛Δƒy!Ü˛Î˚y !û˛ß¨ x˛õÓ˚ çy•zˆÏ°ü Óy!•Ü˛y ê˛ΔƒyÜ˛#í˛

˜Ü˛!¢Ü˛ ö° Ó˚*ˆÏ˛õ Ü˛yç Ü˛Ó˚yÓ˚ ˛õˆÏ«˛ xyò¢≈ öÎ˚–

iv) çˆÏ°Ó˚ ˜Ü˛!¢Ü˛ öˆÏ°Ó˚ üyôƒˆÏü í˛zˆÏ_y!°ï˛ í˛zFã˛ï˛y öˆÏ°Ó˚ ÓƒyˆÏ§Ó˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#°– Óƒy§ Îï˛ Ü˛ü ç°

ï˛ï˛ ˆÓ!¢ í˛zFã˛ï˛yÎ˚ í˛zë˛ˆÏï˛ ˛õyˆÏÓ˚– §%ï˛Ó˚yÇ ï˛_¥àï˛û˛yˆÏÓ í˛zFã˛ï˛ü í˛z!qˆÏòÓ˚ çy•zˆÏ°ü Óy!•Ü˛y §)-ï˛ü Óƒy§ !Ó!¢‹T

•ÄÎ˚y òÓ˚Ü˛yÓ˚– Ü˛yÎ≈ï˛ ~!ê˛ ˆòáy ÎyÎ˚ öy–

v) ˜Ü˛!¢Ü˛ ö° xyÓ˚ ç°ï˛ˆÏ°Ó˚ §Ó˚y§!Ó˚ §ÇˆÏÎyà öy âê˛ˆÏ° ç°hflÏΩ˛˛ í˛z ˛õˆÏÓ˚ Äë˛yÓ˚ §%ˆÏÎyà ̂ ö•z– í˛z!qˆÏòÓ˚

çy•zˆÏ°ü Ä üy!ê˛Ó˚ çˆÏ°Ó˚ üˆÏôƒ ~Ó˚Ü˛ü §Ó˚y§!Ó˚ §ÇˆÏÎyà âˆÏê˛ öy–

vi) Ó§hsˇÜ˛yˆÏ° §,‹T çy•zˆÏ°ü Óy!•Ü˛y=!°Ó˚ Óƒy§ @ˇÃ#ˆÏ‹ø §,‹T Óy!•Ü˛y=!°Ó˚ Óƒy§ xˆÏ˛õ«˛y x!ôÜ˛– xÌã˛

Ó§hsˇÜ˛yˆÏ°•z ç° ˛õ!Ó˚Ó•ˆÏöÓ˚ •yÓ˚ §Ó≈y!ôÜ˛ Îy ˜Ü˛!¢Ü˛ ï˛_¥ myÓ˚y §üÌ≈öˆÏÎyàƒ öÎ˚–
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!ã˛e 3.3 ≠ ÓyÎ˚%ã˛y˛õñ ü)°ç ã˛y˛õ Ä ̃ Ü˛!¢Ü˛ ÓˆÏ°Ó˚ ç° í˛zˆÏ_y°ö «˛üï˛yÓ˚ ï%˛°öy

II. ÓyÎ˚Ó#Î˚ ã˛y˛õ ï˛_¥     (Atmospheric Pressure Theory)

xyüÓ˚y çy!ö ÓƒyˆÏÓ˚y!üê˛yˆÏÓ˚Ó˚ ˛õyÓ˚òhflÏΩ˛ ÓyÎ˚Ó#Î˚ ã˛yˆÏ˛õÓ˚ ú˛ˆÏ° ÓƒyˆÏÓ˚y!üê˛yˆÏÓ˚Ó˚ ö°!ê˛ ÓÓ˚yÓÓ˚ í˛zˆÏ_y!°ï˛

•Î˚– !Ü˛å%È í˛z!qò!ÓK˛yö#Ó˚ üˆÏï˛ çy•zˆÏ°ü Óy!•Ü˛y myÓ˚y ç° í˛zˆÏ_y°ˆÏöÓ˚ ˛õk˛!ï˛!ê˛Ä xö%Ó˚*˛õ– ˛õyï˛yÓ˚ ï˛° ˆÌˆÏÜ˛

≤ÃˆÏfl∫òˆÏöÓ˚ ú˛ˆÏ° Óy‹õyÜ˛yˆÏÓ˚ ç° x˛õ§y!Ó˚ï˛ •ˆÏ° ÓyÎ˚%ã˛y˛õ •…y§ ˛õyÎ˚ ~ÓÇ ˆ§•z Ü˛yÓ˚ˆÏî•z çy•zˆÏ°ü Óy!•Ü˛y

ÓÓ˚yÓÓ˚ ç° í˛z˛õˆÏÓ˚ ÄˆÏë˛– ~•z ï˛_¥Ä §üÌ≈öˆÏÎyàƒ öÎ˚ñ ˆÜ˛ööyÈÙÙÙÈ

i) §yôyÓ˚î xÓfliyÎ˚ ~Ü˛ ÓyÎ˚%ü[˛°#Î˚ ã˛y˛õ S1 ÓyÓ˚V ç°hflÏΩ˛ˆÏÜ˛ 34 ú%˛ê˛ ~Ó˚ x!ôÜ˛ í˛zˆÏ_y°ö §«˛ü öÎ˚

xÌã˛ Ó‡ §ÇáƒÜ˛ Ó,ˆÏ«˛Ó˚ í˛zFã˛ï˛y 34 ú%˛ê˛ ~Ó˚ xˆÏöÜ˛ ˆÓ!¢–

ii) ÓƒyˆÏÓ˚y!üê˛yˆÏÓ˚Ó˚ ˛õyÓ˚òÈÙÈxyôyÓ˚!ê˛Ó˚ ï˛° ü%_´ ï˛y•z ÓyÎ˚%ã˛y˛õ ~ˆÏ«˛ˆÏe Ü˛yÎ≈Ü˛Ó˚#– ü,!_Ü˛yfli çˆÏ°Ó˚ ˆÜ˛yˆÏöy

ü%_´ ï˛°!Ó!¢‹T xyôyÓ˚ ˆö•z–

III. •züÓy•z!Ó¢ö ï˛_¥ (Imbibition Theory)

!ÓK˛yö# §ƒyÜ‰˛§ (Sachs) ~Ó˚ üˆÏï˛ (1878) çy•zˆÏ°ˆÏüÓ˚ Óy!•Ü˛y ˆÜ˛y£Ï=!°Ó˚ ≤Ãyã˛#ˆÏÓ˚Ó˚ üôƒ !òˆÏÎ˚

•züÓy•z!Ó¢ö (Imbibition) ˛õk˛!ï˛ˆÏï˛ ç° e´ˆÏü í˛z˛õˆÏÓ˚ ÄˆÏë˛– ~Ü˛Ìy !ë˛Ü˛ ˆÎ •züÓy•z!Ó¢ö ç!öï˛ Ü˛yÓ˚̂ Ïî §,‹T

ÓˆÏ°Ó˚ ˛õ!Ó˚üy˛õ 100 ˆÌˆÏÜ˛ 1000 ÓyÓ˚ ˛õÎ≈hsˇ •ˆÏï˛ ˛õyˆÏÓ˚ !Ü˛v ~•z ˛õk˛!ï˛ ~ï˛ ô#Ó˚ ˆÎñ Ó˚ˆÏ§Ó˚ í˛zÍˆÏflÀyˆÏï˛Ó˚

à!ï˛Ó˚ •yˆÏÓ˚Ó˚ §ˆÏD ï˛y §yüO§ƒ˛õ)î≈ öÎ˚– ï˛yåÈyí˛¸y ~•z ï˛ˆÏ_¥Ó˚ !Ó˛õˆÏ«˛ §Ó ã˛y•zˆÏï˛ ÓˆÏí˛¸y Î%!_´!ê˛ •°ñ ç°

Óy!•Ü˛y=!°Ó˚ à•¥ˆÏÓ˚Ó˚ üôƒ !òˆÏÎ˚ |ˆÏôù≈ ôy!Óï˛ •Î˚ñ ≤Ãyã˛#Ó˚ x!ï˛e´ü Ü˛ˆÏÓ˚ öÎ˚–

(a) ÓyÎ˚% ã˛y˛õ (b) ü)°ç ã˛y˛õ (c) ̃ Ü˛!¢Ü˛ Ó°

46  NSOU  CC-BT-09



IV. ≤ÃˆÏfl∫òö ê˛yö xÌÓy §ü§ÇˆÏÎyà ç!öï˛ Ó° (Transpiration Pull or Cohesion
– Tension Theory)

!ÓK˛yö# !í˛:ö Ä ç!° (Dixon and Joley, 1884) myÓ˚y í˛z˛õfliy!˛õï˛ ~•z ï˛ˆÏ_¥Ó˚ ü)° Ü˛Ìy=!° •° ≠

a) í˛z!qˆÏòÓ˚ ü)° ˆÌˆÏÜ˛ ˛õyï˛yÓ˚ ˛õƒyˆÏÓ˚öÜ˛y•züy ˛õÎ≈hsˇ !Óhfl,Ïï˛ çˆÏ°Ó˚ ~Ü˛!ê˛ x!Ó!FåÈß¨ hflÏΩ˛ Óï≈˛üyö–

b) ˛õyï˛yÓ˚ í˛z˛õ!Ó˚ï˛° ˆÌˆÏÜ˛ ≤ÃˆÏfl∫òˆÏöÓ˚

ú˛ˆÏ° ˛õyï˛yÓ˚ ˛õƒyˆÏÓ˚öÜ˛y•züy ˆÜ˛y£Ï=!°Ó˚

ç°!Óû˛Ó (ψ) ÓyˆÏí˛¸ñ ú˛ˆÏ° ï˛yÓ˚y çy•zˆÏ°ü

ˆÌˆÏÜ˛ ç° ˆ¢y£Ïî Ü˛ˆÏÓ˚– ~Ó˚ ú˛ˆÏ° çy•zˆÏ°ü

Óy!•Ü˛yÎ˚ ~Ü˛!ê˛ ≤ÃˆÏfl∫òöç!öï˛ ê˛yö §,!‹T •Î˚–

c) ≤ÃˆÏfl∫òö ê˛yö ÌyÜ˛y §ˆÏ_¥Ä ç°hflÏΩ˛

x!Ó!FåÈß¨ ÌyˆÏÜ˛ ˆÜ˛ööy çˆÏ°Ó˚ xî%=!°Ó˚ ôü≈

•° ̨õÓ̊flõÓ̊ §ÇÓk˛ ÌyÜ˛y (Cohesion) ï˛yåÈyí˛̧y

çˆÏ°Ó˚ x˛õÓ˚ ôü≈ ˛õ,¤˛ê˛yˆÏöÓ˚ òÓ˚&ö ç°hflÏΩ˛

çy•zˆÏ°ˆÏüÓ˚ xhsˇà≈ye ˆÌˆÏÜ˛ !Ó!FåÈß¨ •ˆÏÎ˚ ÎyÎ˚

öy (Adhesion)– çˆÏ°Ó˚ xî%=!°Ó˚ üˆÏôƒ

•y•zˆ Ïí » ˛yˆ Ïçö Ó¶˛ö# §,‹T •ÓyÓ˚ ú˛ˆ Ï° ˆÎ

§ü§ÇˆÏÎyà Ó° çy•zˆÏ°ˆÏüÓ˚ ç°hflÏΩ˛ §,‹T •Î˚

ï˛yÓ˚ ˛õ!Ó˚üy˛õ 45-207 •ˆÏï˛ ˛õyˆÏÓ˚– ~Ü˛Ü˛

•y•zˆ Ïí » ˛yˆ Ïçö Ó¶˛ö#Ó˚ ¢!_´ xÓ¢ƒ öàîƒ

(5kCal üyeV !Ü˛v !Ó˛õ%° §ÇáƒÜ˛ çˆÏ°Ó˚ xî%Ó˚

~ÓÇ ï˛yˆÏòÓ˚ üˆÏôƒ àˆÏí˛¸ Äë˛y ˛õyÓ˚flõ!Ó˚Ü˛

Ó¶˛ö#Ó° ç°hflÏΩ˛ Ï̂Ü˛ ò,ì˛̧ ê˛yö§•ï˛y Ó° (Tensile
Strength) ≤Ãòyö Ü˛ˆÏÓ˚– í˛z˛õÓ˚v çˆÏ°Ó˚ xyôyÓ˚

àyˆÏe §Ç!Ÿ’‹T •ˆÏÎ˚ ÌyÜ˛yÓ˚ ôü≈ ~ˆÏÜ˛ çy•zˆÏ°ü

Óy!•Ü˛yÓ˚ xû˛ƒhsˇˆÏÓ˚ ~Ü˛!ê˛ hflÏˆÏΩ˛Ó˚ xyÜ˛yˆÏÓ˚ ôˆÏÓ˚

Ó˚yáˆÏï˛ Ä í˛zˆÏ_y!°ï˛ •ˆÏï˛ §y•yÎƒ Ü˛ˆÏÓ˚–

§%ï˛Ó˚yÇ ˆòáy ÎyˆÏFåÈ ˆÎ ~•z ï˛_¥ xö%ÎyÎ˚#

Ó˚̂ Ï§Ó˚ í˛zÍˆÏflÀyï˛ §Ω˛Ó •ˆÏï˛ •ˆÏ° Îy Îy ≤ÃˆÏÎ˚yçö

ï˛y •°ó

≤Ãyhsˇ!°!˛õ ÈÙÈ     2

í z̨̨ õ Ï̂Ó̊Ó̊ !ã˛ Ï̂e çy•ẑ Ï°ü §,‹T ê˛yö Û~Ó̊ Óƒy˛õyÓ̊!ê˛ ≤Ãò!¢≈ï˛ • Ï̂Î̊ Ï̂åÈ–

~Ü˛!ê˛ ≤ÃˆÏfl∫òöÓ˚ï˛ Ü˛yˆÏ[˛Ó˚ ¢yáy ˆåÈòö Ü˛Ó˚y •ˆÏ° ¢yáyÓ˚ Ü˛!ï≈˛ï˛

xÇ¢ ˆÌˆÏÜ˛ Ó˚§ ãÑ%˛•zˆÏÎ˚ öy ˛õˆÏí ¸̨ ˆÜ˛üöû˛yˆÏÓ ˛õyï˛yÓ˚ x!û˛ü%ˆÏá•z

§ Ï̂Ó̊ xy Ï̂§ °«˛ƒ Ü˛Ó̊&ö–

˛õyï˛yÓ̊ x!û˛ü%̂ Ïá § Ï̂Ó̊ xy§y

çy•ẑ Ï°ü Ó̊§

ˆåÈòö ï˛°

≤Ãyhsˇ!°!˛õ ÈÙÈ 3

í˛z˛õˆÏÓ˚Ó˚ çˆÏ°Ó˚ xî%§ü!‹TÓ˚ !ã˛!eï˛ Ó˚*˛õ!ê˛ °«˛ƒ Ü˛Ó˚&ö– çˆÏ°Ó˚

xî%=!° ̨õÓ̊flõ Ï̂Ó̊Ó̊ § Ï̂D ï˛!í˛̧Íã˛y°Ü˛ Ó° (electrostatic force)
myÓ˚y Î%_´ ÌyˆÏÜ˛– x!:ˆÏçö xyÇ!¢Ü˛ }îydÜ˛ xyôyö ~ÓÇ

•y•ẑ Ïí»̨ y Ï̂ç Ï̂öÓ̊ xyÇ!¢Ü˛ ôöydÜ˛ xyôyö ç Ï̂°Ó̊ xî%§ü!‹TÓ̊ ü Ï̂ôƒ

~•z Ó° §M˛Èy!Ó˚ï˛ Ü˛ˆÏÓ˚–
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 ˛õyï˛yÓ˚ ˛õƒyˆÏÓ˚öÜ˛y•züy ˆÜ˛yˆÏ£ÏÓ˚ ç°!Óû˛Ó (ψ) ~ï˛ê˛y •ÄÎ˚y í˛z!ã˛ï˛ Îy í˛zFã˛ï˛ü Ó,«˛¢#ˆÏ£Ï≈ ç° ï%˛°ˆÏï˛

˛õyˆÏÓ˚–

 çˆÏ°Ó˚ §ü§ÇˆÏÎyà ÓˆÏ°Ó˚ ˛õ!Ó˚üy˛õ ~ï˛ê˛y •ÄÎ˚y òÓ˚Ü˛yÓ˚ Îy ≤ÃˆÏfl∫òöç!öï˛ ê˛yˆÏöÓ˚ ÓyôyˆÏÜ˛ x!ï˛e´ü

Ü˛ˆÏÓ˚ ç°hflÏΩ˛ˆÏÜ˛ x!Ó!FåÈß¨ Ó˚yáˆÏï˛ ˛õyˆÏÓ˚–

 ç°hflÏˆÏΩ˛Ó˚ Óy!•Ü˛y öy!°=!° SxÌ≈yÍ ê˛Δy!Ü˛í˛ Ä ê˛Δƒy!Ü˛Î˚yV §Ç¢Î˚yï˛#ï˛û˛yˆÏÓ ò,ì˛¸ •ÄÎ˚y òÓ˚Ü˛yÓ˚ ÎyˆÏï˛

ï˛yÓ˚y ≤ÃˆÏfl∫òö ê˛yˆÏöÓ˚ ≤Ãû˛yˆÏÓ ÜÑ%˛Ü˛ˆÏí˛¸ öy ÎyÎ˚–

!í˛:ö Ä ç!°Ó˚ ï˛_¥ ~•z §Ó Ü˛!ê˛ ¢ï≈˛•z ˛õ)Ó˚î Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚–

i) ˛õyï˛y ˆÌˆÏÜ˛ ≤ÃˆÏfl∫òöÓ˚ï˛ ï˛ˆÏ°Ó˚ ˆÜ˛y£Ï=!°Ó˚ oyÓ !Óû˛Ó (Solute potential) ψs = 10-20 ÓyÓ˚–

xyüÓ˚y çy!ö 130 !üê˛yÓ˚ í˛zFã˛ï˛y§¡õß¨ Ó,«˛¢#ˆÏ£Ï≈ ç° í˛zˆÏ_y°ˆÏöÓ˚ çöƒ 13 ÓyÓ˚ ê˛yö•z ÎˆÏÌ‹T–

ii) í˛zFã˛ï˛ü Ó,«˛ Îy ≤ÃyÎ˚ 300 !üê˛yÓ˚ í˛zFã˛

ï˛yÓ̊ ¢# Ï̂£Ï≈ x!Ó!FåÈß̈ hflÏ̂ ÏΩ˛Ó̊ xyÜ˛y Ï̂Ó̊ ç° ̂ ˛õÑÔåÈy Ï̂ï˛

ˆàˆÏ° 30 ÓyÓ˚ ã˛y˛õ ≤ÃˆÏÎ˚yçö– ç°hflÏˆÏΩ˛Ó˚

çy•zˆÏ°ˆÏüÓ˚ xû˛ƒhsˇˆÏÓ˚ Ó° §•ï˛yÓ˚ ˛õ!Ó˚üy˛õñ

xyˆÏà•z Ó°y •ˆÏÎ˚̂ ÏåÈñ 30 ÓyÓ˚ ~Ó˚ x!ôÜ˛–

iii) çy•zˆÏ°ü Ü˛°y Óy!•Ü˛y ˆÜ˛y£Ï=!°Ó˚

≤Ãyã˛#Ó˚ ò,ì˛¸ !Ü˛v öüö#Î˚– !ÓK˛yö# e´ƒyüyÓ˚ Ä

Ü˛ç°%•z§!Ü˛  (Kramer and Kozlowski, 1960)
§!e´Î˚ í˛zÍˆÏflÀyˆÏï˛Ó˚ §üÎ˚ Óy!•Ü˛yÓ˚ ÓƒyˆÏ§Ó˚

˛õ!Ó˚Óï≈˛ö °«˛ƒ Ü˛ˆÏÓ˚ö– ~ˆÏï˛ hflÏˆÏΩ˛Ó˚ x!Ó!FåÈß¨ï˛y

xê%̨ ê˛ Ìy Ï̂Ü˛ ~ÓÇ ̨õ Ï̂Ó̊y Ï̂«˛ ~•z ï˛_¥̂ ÏÜ˛•z ≤Ãüyî Ü˛ Ï̂Ó̊–

iv) §ÓˆÏ¢ˆÏ£Ï ≤ÃˆÏfl∫òöÓ˚ï˛ §ç#Ó ¢yáyˆÏÜ˛

Ü˛yã˛öˆÏ°Ó˚ §y•yˆÏÎƒ ˛õyÓ˚òhflÏˆÏΩ˛Ó˚ §yˆÏÌ Î%_´ Ü˛ˆÏÓ˚

˛õyÓ˚òhflÏΩ˛ˆÏÜ˛ Ü˛yã˛ö° ÓÓ˚yÓÓ˚ í˛zˆÏ_y!°ï˛ Ü˛Ó˚y ÎyÎ˚–

~Ü˛y!ôÜ˛ !ÓK˛yö# ~•z ï˛ˆÏ_¥Ó˚ !ÓÓ˚&ˆÏk˛ üï˛ ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚̂ ÏåÈö– ïÑ˛yˆÏòÓ˚ §üyˆÏ°yã˛öy=!° •°≠

i) çy•zˆÏ°ü Óy!•Ü˛yÎ˚ ç°hflÏΩ˛ §Ó≈òy x!Ó!FåÈß¨ ÌyˆÏÜ˛ öyñ ÓyÎ˚% Ó%òÓ%ò ≤ÃˆÏÓˆÏ¢Ó˚ ú˛ˆÏ° çˆÏ°Ó˚ x!Ó!FåÈß¨ï˛y

!Óö‹T •ˆÏ° Ó˚ˆÏ§Ó˚ í˛zÍˆÏflÀyï˛ Ü˛#û˛yˆÏÓ §Ω˛Ó⁄ !í˛:ö ÓˆÏ°!åÈˆÏ°ö ˆÎ çy•zˆÏ°ü Óy!•Ü˛yÓ˚ §Çáƒy ~•z §ü§ƒyÓ˚

§üyôyö Ü˛ˆÏÓ˚– ~Ü˛!ê˛ Óy!•Ü˛yÎ˚ ÓyÎ˚% ≤ÃˆÏÓ¢ Ü˛Ó˚̂ Ï°Ä x˛õÓ˚ Óy!•Ü˛y=!° Ü˛yÎ≈Ü˛Ó˚# û)˛!üÜ˛y !öˆÏÎ˚ Ó˚̂ Ï§Ó˚ í˛zÍˆÏflÀyï˛

çy!Ó̊ Ó̊y Ï̂á– ̨õÓ̊Óï˛#≈Ü˛y Ï̂° ̂ ˛õyfiê˛°Ì Ï̂Î̊ê˛ Ä Ó̊çy§≈ (Postlethwalt and Rogers, 1958) ú˛§ú˛Ó̊y Ï̂§Ó̊ ̂ ï˛ç!fl;˛Î̊

≤Ãyhsˇ!°!˛õ ÈÙÈ 4

ç Ï̂°Ó̊ §ü§Ç Ï̂Îyà Ó Ï̂°Ó̊ ̨õ!Ó̊üy˛õ Ü˛ï˛ê˛y⁄ xy Ï̂à•z Ó°y • Ï̂Î̊ Ï̂åÈ

çy•zˆÏ°ü Óy!•Ü˛yÎ˚ ~Ó˚ üyö 45-207 ÓyÓ˚ •ÄÎ˚y §Ω˛Ó–

ï˛_¥àï˛û˛yˆÏÓ Óy xˆÏB˛Ó˚ !•§yˆÏÓ Óy‹õ#û˛ÓˆÏöÓ˚ ú˛ˆÏ° §,‹T ã˛y˛õ

xÓ¢ƒ §yôyÓ˚î ÓyÎ˚%ü[˛°#Î˚ ã˛yˆÏ˛õÓ˚ ï%˛°öyÎ˚ Ü˛ˆÏÎ˚Ü˛ •yçyÓ˚ =î

x!ôÜ˛– ~Ü˛!ê˛ ̨õÓ̊#«˛yÎ̊ !Ó !ê˛¢ !ÓK˛yö# Óy Ï̂çê˛ (H.M. Budget)
ˆò!á Ï̂Î̊ Ï̂åÈö ̂ Î ò%!ê˛ ã˛Ü˛ã˛ Ï̂Ü˛ !fiê˛° ̨õy Ï̂ï˛Ó̊ üyé˛áy Ï̂ö ~Ü˛!ê˛ ç Ï̂°Ó̊

˛õyï˛°y xyhflÏÓ̊î !ò Ï̂Î̊ Î!ò ï˛y Ï̂òÓ̊ ç%̂ Ïí˛̧ ̂ òÄÎ̊y ÎyÎ̊ ï˛y• Ï̂° ï˛y Ï̂òÓ̊

!Ó!FåÈß¨ Ü˛Ó˚̂ Ïï˛ 60kg/cm2 ê˛yö òÓ˚Ü˛yÓ˚– Óy‹õˆÏüyã˛ˆÏöÓ˚ ú˛ˆÏ°

§,‹T ê˛yö Ü˛á Ï̂öy•z ~ï˛ê˛y ̂ Ó!¢ öÎ̊– ï˛y•z ç°hflÏ̂ ÏΩ˛Ó̊ x!Ó!FåÈß̈ï˛y

ÓçyÎ̊ Ìy Ï̂Ü˛– Óy‹õ#û˛Óö Ï̂Ü˛ ~ Ï̂«˛ Ï̂e xy°yòyû˛y Ï̂Ó•z ̂ òá Ï̂ï˛ • Ï̂Ó–

˛õeï˛° ̂ Ì Ï̂Ü˛ x!ÓÓ̊ï˛ Óy‹õ#û˛Óö • Ï̂ï˛ ÌyÜ˛ Ï̂° ç°hflÏΩ˛ §Ω˛Óï˛

x!ÓFåÈß¨ ÌyÜ˛ˆÏï˛y öy ˆÜ˛ö öy ˆ§ˆÏ«˛ˆÏe §,‹T ã˛y˛õñ xyˆÏà•z Ó°y

• Ï̂Î̊ Ï̂åÈ– Ü˛ Ï̂Î̊Ü˛ •yçyÓ̊ ÓyÎ̊%ü[˛°#Î̊ ã˛y Į̈̂ õÓ̊ §üyö–
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xy•zˆÏ§yˆÏê˛y˛õ P32 myÓ˚y ˆò!áˆÏÎ˚ˆÏåÈö ˆÎ ÓyÎ˚% myÓ˚y ˆÜ˛yˆÏöy çy•zˆÏ°ü Óy!•Ü˛yÓ˚ ç°hflÏΩ˛ˆÏÜ˛ !Ó!FåÈß¨ Ü˛Ó˚y •ˆÏ°Ä

ç° í˛z˛õˆÏÓ˚ ÄˆÏë˛ñ xÌ≈yÍ ~Ü˛y!ôÜ˛ x!Ó!FåÈß¨ ç°hflÏˆÏΩ˛Ó˚ xyÜ˛yˆÏÓ˚ ç° í˛z˛õˆÏÓ˚ ÄˆÏë˛–

ii) §ü§ÇˆÏÎyàÓ° ï˛_¥ ̂ üˆÏö !öˆÏ° ̂ üˆÏö !öˆÏï˛ •Î˚ ̂ Îñ ê˛Δy!Ü˛í˛=!° ≤Ãfli≤Ãyã˛#ˆÏÓ˚Ó˚ í˛z˛õ!fli!ï˛Ó˚ òÓ˚&ö ê˛Δƒy!Ü˛Î˚y

xˆÏ˛õ«˛y §ÇÓy•#Ó˚*ˆÏ˛õ x!ôÜ˛ï˛Ó˚ Ü˛yÎ≈Ü˛Ó˚#– ï˛yÓ˚ Ü˛yÓ˚î ≤ÃˆÏfl∫òö ê˛yˆÏöÓ˚ ú˛ˆÏ° ï˛yˆÏòÓ˚ ÜÑ%˛Ü˛ˆÏí˛¸ (Collapse) ÎyÄÎ˚yÓ˚

§Ω˛yÓöy xˆÏ˛õ«˛yÜ,˛ï˛ Ü˛ü– xÌã˛ =ÆÓ#ç# í˛z!qˆÏò ê˛Δƒy!Ü˛Î˚y •° ≤Ãôyö §ÇÓy•# öy!°Ü˛yñ ê˛Δƒy!Ü˛í˛ öÎ˚–

Óï≈˛üyöÜ˛yˆÏ° ï˛y˛õà!ï˛Ó˚ §)e (Law of Thermodynamics) myÓ˚yÄ !í˛:ö Ä ç!°Ó˚ ï˛ˆÏ_¥Ó˚ Óƒyáƒy Ü˛Ó˚y

Ü˛!ë˛ö– !Ü˛v !Ü˛å%È !Ó˛õÓ˚#ï˛ x!û˛üï˛ ÌyÜ˛y §ˆÏ_¥Ä ~áöÄ ˛õÎ≈hsˇ ~•z ï˛_¥ myÓ˚y•z Ó˚ˆÏ§Ó˚ í˛zÍˆÏflÀyˆÏï˛Ó˚ §Ó≈yˆÏ˛õ«˛y

@ˇÃ•îˆÏÎyàƒ Óƒyáƒy ˛õyÄÎ˚y ÎyÎ˚–

!ã˛e 3.4 ≠ Ó˚ˆÏ§Ó˚ í˛zÍˆÏflÀyˆÏï˛Ó˚ !ã˛eÓ˚*˛õ– çy•zˆÏ°ü Óy!•Ü˛yÎ˚ §,‹T ê˛yö ç° §•àÓ˚*ˆÏ˛õ ≤Ãò!¢≈ï˛ •ˆÏÎ˚ˆÏåÈ– ˆòáy

ÎyˆÏFåÈ çˆÏ°Ó˚ í˛zÍ§ ̂ ÌˆÏÜ˛ çy•zˆÏ°ü Îï˛ ò)ˆÏÓ˚ ç°§•à ï˛ï˛ ̂ Ó!¢ ~ÓÇ Óy‹õˆÏüyã˛öÓ˚ï˛ ̨õˆÏe §ˆÏÓ≈yFã˛–

A) ≤ÃˆÏfl∫òöÓ˚ï˛ í˛z!qòñ B) Ä•z í˛z!qˆÏòÓ˚ xhsˇ≈û˛yˆÏà ≤Ãò!¢≈ï˛ ç° í˛zˆÏ_y°ˆÏöÓ˚ ̨õÌ–

(A) (B)
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3.9 §yÓ̊yÇ¢ (Summary)

çy•zˆÏ°ü Óy!•Ü˛yÓ˚ üyôƒˆÏü çˆÏ°Ó˚ í˛z˛õˆÏÓ˚ Äë˛yÓ˚ âê˛öyˆÏÜ˛ ÓˆÏ° Ó˚̂ Ï§Ó˚ í˛zÍˆÏflÀyï˛– ~û˛yˆÏÓ Ä˛õˆÏÓ˚ Äë˛y

çˆÏ°Ó˚ ˛õ!Ó˚üyî ï˛Ìy í˛zFã˛ï˛y 25-1230cm ≤Ã!ï˛ â^ˇê˛yÎ˚ •ÄÎ˚y §Ω˛Ó– ˆúœ˛yˆÏÎ˚ü Óy ÓyÜ˛° Ü˛!ï≈˛ï˛ Ü˛ˆÏÓ˚ ˛õÓ˚#«˛yÎ˚

ˆòáy ˆàˆÏåÈ ˆÎ çy•zˆÏ°ü•z •° Ó˚ˆÏ§Ó˚ í˛zÍˆÏflÀyˆÏï˛Ó˚ ˛õÌ– !ï˛ö ôÓ˚ˆÏöÓ˚ ï˛_¥ myÓ˚y ~•z âê˛öyÓ˚ Óƒyáƒy ˆòÄÎ˚y

•ˆÏÎ˚̂ ÏåÈ– x!ô≤ÃyîÓyò ï˛_¥ xö%ÎyÎ˚# ~ âê˛öyÓ˚ çöƒ òyÎ˚# §ç#Ó ˆÜ˛y£Ï– ≤ÃüyîˆÏÎyàƒï˛yÓ˚ xû˛yˆÏÓ ~•z ï˛_¥ üyöy

ÎyÎ˚!ö– ü)°ç ã˛y˛õ ï˛_¥ xö%ÎyÎ˚# ü)°ç ã˛y˛õ•z •° ~Ó˚ çöƒ òyÎ˚# !Ü˛v ˆÜ˛Ó° üye 2-3 ÓyÓ˚ ü)°ç ã˛y˛õ 300 ú%˛ê˛

í˛zFã˛ï˛yÓ˚ àyˆÏåÈÓ˚ ¢#ˆÏ£Ï≈ ç° ˆ˛õÑÔåÈyˆÏï˛ !öÿ˛Î˚•z ˛õyˆÏÓ˚ öy– ˆû˛Ôï˛ Ó° ï˛_¥ xö%ÎyÎ˚# Ó˚̂ Ï§Ó˚ í˛zÍˆÏflÀyï˛ •° ˆÜ˛Ó°üye

ˆû˛Ôï˛ âê˛öy Îy çy•zˆÏ°ü ˜Ü˛!¢Ü˛ Ó°Ó˚*ˆÏ˛õ Ü˛yç Ü˛Ó˚yÓ˚ ú˛ˆÏ° xÌÓy •züÓy•z!Ó¢ˆÏöÓ˚ ú˛ˆÏ° âˆÏê˛ ÌyˆÏÜ˛– ~•z ï˛ˆÏ_¥Ó˚

ÓƒyáƒyÎ˚ !ÓK˛yö# !í˛:ö Ä ç!° §•§ÇˆÏÎyà ï˛_¥ ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚ö Îy ~áöÄ ˛õÎ≈hsˇ Ó˚̂ Ï§Ó˚ í˛zÍˆÏflÀyˆÏï˛Ó˚ §ÓˆÏã˛ˆÏÎ˚

@ˇÃ•î Ï̂Îyàƒ Óƒyáƒy– ≤Ã Ï̂fl∫òöç!öï˛  ê˛y Ï̂öÓ̊ ≤Ãû˛y Ï̂Ó çy•ẑ Ï°ü Óy!•Ü˛y !ò Ï̂Î̊ ç° í z̨̨ õ Ï̂Ó̊ Ä Ï̂ë˛ ~ÓÇ ç Ï̂°Ó̊ §ü§Ç Ï̂Îyà

ÓˆÏ°Ó˚ ≤Ãû˛yˆÏÓ ç°hflÏΩ˛ x!Ó!FåÈß¨ ÌyˆÏÜ˛–

3.10 §Ó≈̂ Ï¢£Ï ≤ÃŸ¿yÓ°# (Terminal Questions)

1. Ó˚ˆÏ§Ó˚ í˛zÍˆÏflÀyï˛ Ü˛yˆÏÜ˛ ÓˆÏ°⁄ Ó˚ˆÏ§Ó˚ í˛zÍˆÏflÀyï˛ Ü˛#û˛yˆÏÓ âˆÏê˛ ï˛y Ó%!é˛ˆÏÎ˚ Ó°%ö–

2. §ü§ÇˆÏÎyà Ó° Ü˛yˆÏÜ˛ ÓˆÏ°⁄ ~•z ÓˆÏ°Ó˚ §y•yˆÏÎƒ Ü˛#û˛yˆÏÓ Ó˚̂ Ï§Ó˚ í˛zÍˆÏflÀyï˛ Óƒyáƒy Ü˛Ó˚y ÎyÎ˚–

3. x!ô≤ÃyîÓyò Ä ˆû˛Ôï˛ ï˛ˆÏ_¥Ó˚ üˆÏôƒ ˛õyÌ≈Ü˛ƒ Ü˛#⁄ ~•z ï˛_¥=!°Ó˚ §Ç!«˛Æ xyˆÏ°yã˛öy Ü˛Ó˚&ö ~ÓÇ

~=!°Ó˚ @ˇÃ•îˆÏÎyàƒï˛yÓ˚ §˛õˆÏ«˛ Î%!_´ !òö–

3.11 í˛z_Ó˚üy°y (Key to the Answers)

xö%¢#°ö# ÈÙÈ     1

a) çy•zˆÏ°ü

b) çˆÏ°Ó˚ §ˆÏD á!öç °Óî !ü!◊ï˛ ÌyˆÏÜ˛ ÓˆÏ° ~ˆÏÜ˛ ÓˆÏ° ÚÚÓ˚§ÛÛ–

c) Ó§hsˇÜ˛yˆÏ° §,‹T Ü˛yˆÏ¤˛–

d) ˛õyï˛y x˛õ§y!Ó˚ï˛ Ü˛Ó˚ˆÏ° ≤ÃˆÏfl∫òˆÏöÓ˚ xû˛yˆÏÓ Ó˚̂ Ï§Ó˚ í˛zÍˆÏflÀyï˛ •ˆÏÓ öy–

e) í˛z!qˆÏòÓ˚ ¢#£Ï≈û˛yˆÏàÓ˚ ï%˛°öyÎ˚ !ö¡¨û˛yˆÏà x!û˛flÀÓî#Î˚ ã˛y˛õ ˆÓ!¢ •ˆÏ° ~ âê˛öy âê˛ˆÏï˛ ˛õyˆÏÓ˚–

xö%¢#°ö# ÈÙÈ     2

1. a) §yôyÓ˚î ÓyÎ˚%ã˛yˆÏ˛õÓ˚ xÌ≈yÍ 1 ÓyÓ˚ ã˛yˆÏ˛õÓ˚ ú˛ˆÏ° ç°hflÏΩ˛ 34' ~Ó˚ ˆÓ!¢ ÄˆÏë˛ öy xÌã˛ Ó‡ í˛z!qˆÏòÓ˚

í˛zFã˛ï˛y ~Ó˚ xˆÏöÜ˛ ˆÓ!¢–
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b) §ç#Ó ˆÜ˛y£Ï ÎÌy çy•zˆÏ°ü üIy Ó˚!Ÿ¬ Óy ˛õ!Ó˚ã˛ˆÏe´Ó˚ ˆÜ˛y£Ï–

c) xhsˇgflÏˆÏÜ˛Ó˚ Ó!•Éfli Ó!•gflÏˆÏÜ˛Ó˚ ˆÜ˛y£Ï–

d) 2-3 ÓyÓ˚–

e) Óƒ_´Ó#ç# í˛z!qˆÏò–

§Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ!°

~•z ≤ÃˆÏŸ¿Ó˚ í˛z_ˆÏÓ˚ Ó˚§ í˛zÍˆÏflÀyˆÏï˛Ó˚ §ÇK˛y !òˆÏÎ˚ ~ˆÏÜ˛ ~ˆÏÜ˛ !ö¡¨!°!áï˛ !Ó£ÏÎ˚=!°Ó˚ xyˆÏ°yã˛öy Ü˛Ó˚̂ Ïï˛

•ˆÏÓÈÙÙÙÈ

i) í˛zÍˆÏflÀyˆÏï˛Ó˚ ˛õÌ

ii) í˛zÍˆÏflÀyˆÏï˛Ó˚ •yÓ˚

iii) í˛zÍˆÏflÀyˆÏï˛Ó˚ Óƒyáƒy ÈÈÙÙÙÈ ~•z ≤Ã§ˆÏD §ÇˆÏ«˛ˆÏ˛õ x!ô≤ÃyîÓyòñ ü)°ç ã˛y˛õ ï˛_¥ ~ÓÇ ˆû˛Ôï˛ Ó° ï˛_¥ §Ó

Ü˛Î˚!ê˛•z xyˆÏ°yã˛öy Ü˛Ó˚̂ Ïï˛ •ˆÏÓ ~ÓÇ ˆÜ˛ö §ü§ÇˆÏÎyà ï˛_¥ §ÓˆÏã˛ˆÏÎ˚ @ˇÃ•îˆÏÎyàƒ ï˛y Ó°ˆÏï˛ •ˆÏÓ–

2. çˆÏ°Ó˚ ˆû˛Ôï˛ ôˆÏü≈Ó˚ í˛zˆÏÕ‘á Ü˛ˆÏÓ˚ §ü§ÇˆÏÎyà ÓˆÏ°Ó˚ §ÇK˛y òyö Ü˛Ó˚&ö– §ü§ÇˆÏÎyà ï˛ˆÏ_¥Ó˚ !û˛!_ˆÏï˛

Ü˛#û˛yˆÏÓ Ü˛yã˛ö° ˆÓˆÏÎ˚ ˛õyÓ˚òhflÏΩ˛ í˛z˛õˆÏÓ˚ í˛zë˛ˆÏï˛ ˛õyˆÏÓ˚ ï˛y Ó°%ö– ï˛yÓ˚˛õÓ˚ í˛z!qˆÏò ≤ÃˆÏfl∫òˆÏöÓ˚ ≤Ãû˛yˆÏÓ

Ü˛#û˛yˆÏÓ ç° í˛zˆÏ_y!°ï˛ •Î˚ ï˛y Ó°%ö– !í˛:ö Ä ç!°Ó˚ ï˛ˆÏ_¥Ó˚ §˛õˆÏ«˛ Ä !Ó˛õˆÏ«˛ ≤Ãyüy!îÜ˛ Î%!_´ !òö–

3. x!ô≤ÃyîÓyò §ç#Ó ˆÜ˛yˆÏ£ÏÓ˚ û)˛!üÜ˛yˆÏÜ˛•z ü%áƒ üˆÏö Ü˛ˆÏÓ˚ !Ü˛v ˆû˛Ôï˛ ï˛_¥ xö%ÎyÎ˚# ˆû˛Ôï˛ÓˆÏ°Ó˚ ≤Ãû˛yˆÏÓ ~

âê˛öy âˆÏê˛ ÈÙÙÙÈ §ç#Ó ˆÜ˛yˆÏ£ÏÓ˚ ˆÜ˛yˆÏöy û)˛!üÜ˛y ˆö•z– ~•z •° ò%ÛˆÏÎ˚Ó˚ üˆÏôƒ ≤Ãôyö ˛õyÌ≈Ü˛ƒ– x!ô≤ÃyîÓyˆÏò

çy•zˆÏ°ü •° ˛õ!Ó˚Ó•ˆÏöÓ˚ ˛õÌ !Ü˛v ˛õ!Ó˚ã˛e´ Óy üIyÓ˚!Ÿ¬Ó˚ ˆÜ˛y£Ï •° ã˛y!°Ü˛y¢!_´– x˛õÓ˚̨ õˆÏ«˛ ˆû˛Ôï˛

Ó° xö%ÎyÎ˚# çy•zˆÏ°ü ˛õ!Ó˚Ó•ˆÏöÓ˚ ˛õÌ ÓˆÏê˛ !Ü˛v ˜Ü˛!¢Ü˛ Ó° Óy §ü§ÇˆÏÎyà Ó° •° ã˛y!°Ü˛y ¢!_´–

~ÓyÓ˚ x!ô≤ÃyîÓyò ï˛_¥=!° §ÇˆÏ«˛ˆÏ˛õ Óî≈öy Ü˛ˆÏÓ˚ ~=!°Ó˚ @ˇÃ•îˆÏÎyàƒï˛yÓ˚ xû˛yÓ ˆÜ˛yÌyÎ˚ ï˛y Ó°%ö–

ˆû˛Ôï˛Ó° ï˛_¥=!° §ÇˆÏ«˛ˆÏ˛õ Óî≈öy Ü˛Ó˚&ö ~ÓÇ ≤Ã!ï˛!ê˛Ó˚ §˛õˆÏ«˛ Ä !Ó˛õˆÏ«˛ Ü˛# ≤Ãüyî xyˆÏåÈ ï˛y Ó°%ö–
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~Ü˛Ü˛ 4 Óy‹õˆÏüyã˛ö Óy ≤ÃˆÏfl∫òö

Unit 4 Transpiration

àë˛ö

4.0 í ẑ̨ Ïj¢ƒ

4.1 ≤ÃhflÏyÓöy

4.2 §ÇK˛y

4.3 Óy‹õˆÏüyã˛ˆÏöÓ˚ ≤ÃÜ˛yÓ˚ˆÏû˛ò

4.3.1 ˛õeÓ˚¶…̨ #Î˚ Óy‹õˆÏüyã˛ö

4.3.2 cÜ˛#Î˚ Óy‹õˆÏüyã˛ö

4.3.3 ˆ°!rê˛!Ü˛í˛z°yÓ˚ Óy‹õˆÏüyã˛ö

4.4 ˛õeÓ˚¶…̨ #Î˚ Óy‹õˆÏüyã˛ö ˛õk˛!ï˛

4.5 Óy‹õˆÏüyã˛ö !öÎ˚sfîÜ˛yÓ˚# ¢ï≈˛§ü)•

4.5.1 Óy!•ƒÜ˛ ¢ï≈˛§ü)•

4.5.2 xhsˇ!ö≈!•ï˛  ¢ï≈˛§ü)•

4.6 Óy‹õˆÏüyã˛ö ≤Ã!ï˛ˆÏÓ˚yô# ˛õòyÌ≈§ü)•

4.7 !öÉflÀyÓî

4.8 §yÓ˚yÇ¢

4.9 §Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#

4.10 í˛z_Ó˚üy°y

4.0 í ẑ̨ Ïj¢ƒ

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xy˛õ!ö

 Óy‹õˆÏüyã˛ö Ü˛yˆÏÜ˛ ÓˆÏ° çyöˆÏï˛ ˛õyÓ˚̂ ÏÓö–

 Óy‹õˆÏüyã˛ö Ü˛ï˛ ≤ÃÜ˛yˆÏÓ˚Ó˚ •Î˚ ï˛yÓ˚ §¡∫̂ Ï¶˛ ôyÓ˚îy °yû˛ Ü˛Ó˚̂ Ïï˛ ˛õyÓ˚̂ ÏÓö–

 Óy‹õˆÏüyã˛ö ≤Ã!e´Î˚y !Ó¢òû˛yˆÏÓ Óƒyáƒy Ü˛Ó˚̂ Ïï˛ ˛õyÓ˚̂ ÏÓö–
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 ˛õeÓ˚ˆÏ¶…˛Ó˚ Ó¶˛ Ä í˛zˆÏß√yã˛ö ≤Ã!e´Î˚y §¡õˆÏÜ≈˛ xyˆÏ°yã˛öy Ü˛Ó˚ˆÏï˛ ˛õyÓ˚ˆÏÓö–

 Óy‹õˆÏüyã˛ˆÏöÓ˚ ¢yÓ˚#Ó˚Ó,_#Î˚ û)˛!üÜ˛y §¡õˆÏÜ≈˛ ôyÓ˚îy °yû˛ Ü˛Ó˚̂ ÏÓö–

 !öÉflÀyÓî ≤Ã!e´Î˚y!ê˛ ˆÓyé˛yˆÏï˛ ˛õyÓ˚ˆÏÓö–

4.1 ≤ÃhflÏyÓöy

xyˆÏàÓ˚ ~Ü˛Ü˛=!°ˆÏï˛ xyüÓ˚y ˆòˆÏá!åÈ ˆÎ í˛z!qò üy!ê˛ ˆÌˆÏÜ˛ ü)ˆÏ°Ó˚ §y•yˆÏÎƒ ç° Ä çˆÏ° oÓ#û)˛ï˛ á!öç

°Óî ˆ¢y£Ïî Ü˛ˆÏÓ˚– í˛z!qˆÏòÓ˚ öyöy ¢yÓ˚#Ó˚Ó,_#Î˚ Ü˛yˆÏç ~•z ˆ¢y!£Ïï˛ ç° ÓƒÓ•*ï˛ •Î˚– !Ü˛v §ühflÏ ç° í˛z!qˆÏòÓ˚

Ü˛yˆÏç °yˆÏà öy– ≤ÃˆÏÎ˚yçˆÏöÓ˚ x!ï˛!Ó˚_´ ç° í˛z!qò !öç ˆò• ˆÌˆÏÜ˛ ÓyÓ˚ Ü˛ˆÏÓ˚ ˆòÎ˚– ~•z ~Ü˛ˆÏÜ˛ xyüÓ˚y í˛z!qˆÏòÓ˚

~•z ç° !öà≈üˆÏöÓ˚ ˛õk˛!ï˛ Óy Óy‹õˆÏüyã˛ö !öˆÏÎ˚ xyˆÏ°yã˛öy Ü˛Ó˚Ó–

Óy‹õ Ï̂üyã˛ö ̂ Ü˛ö⁄

xöƒyöƒ ç# Ï̂ÓÓ̊ ü Ï̂ï˛y í z̨!q Ï̂òÓ̊Ä ç Ï̂°Ó̊ ≤Ã Ï̂Î̊yçö#Î̊ï˛y ≤ÃŸ¿yï˛#ï˛– ï˛Ó% Óy‹õ Ï̂üyã˛ Ï̂öÓ̊ üyôƒ Ï̂ü fli°ç í z̨!q Ï̂òÓ̊ ̂ ò• ̂ Ì Ï̂Ü˛

~ï˛ ˆÓ!¢ ˛õ!Ó˚üyˆÏî ç° ˆÓ!Ó˚̂ ÏÎ˚ ÎyÎ˚ ˆÎ Ó‡ í˛z!qò ¢Ó˚#Ó˚ï˛_¥!Óò Óy‹õˆÏüyã˛ˆÏöÓ˚ xyˆÏòÔ ≤ÃˆÏÎ˚yçö#Î˚ï˛y xyˆÏåÈ !Ü˛öy ˆ§

!Ó£Ï̂ ÏÎ̊ § Ï̂®• ̂ ˛õy£Ïî Ü˛ Ï̂Ó̊ Ï̂åÈö– üy!ê˛ Ï̂ï˛ ç Ï̂°Ó̊ ̨õ!Ó̊üyî Ü˛ü ÌyÜ˛y § Ï̂_¥Ä ̂ Ó!¢ ï˛y˛õüyeyÎ̊ Ä Ü˛ü xyo≈ï˛yÎ̊ Óy‹õ Ï̂üyã˛ Ï̂öÓ̊

•yÓ˚ ˆÓˆÏí ¸̨ ÎyÎ˚ ~ÓÇ ~Ó˚ ú˛ˆÏ° í˛z!qˆÏòÓ˚ ≤Ãû)˛ï˛ «˛!ï˛ •Î˚–

~áö ≤ÃŸ¿ •° ̂ Îñ ï˛y• Ï̂° Óy‹õ Ï̂üyã˛ö ̂ Ü˛ö •Î̊⁄ ̂ òáy ̂ à Ï̂åÈ ̂ Î Óy‹õ Ï̂üyã˛ö í z̨!q Ï̂òÓ̊ ç° Ä ç Ï̂° oÓ#û)̨ ï˛ á!öç °Óî

˛õ!Ó̊Ó• Ï̂ö §y•yÎƒ Ü˛ Ï̂Ó̊ Ä í z̨!q Ï̂òÓ̊ ̂ ò• ¢#ï˛° Ó̊yá Ï̂ï˛ §y•yÎƒ Ü˛ Ï̂Ó̊– ~åÈyí˛̧y x!ï˛!Ó̊_´ ç° ~•z ≤Ã!e´Î̊y Ï̂ï˛•z í z̨!qò ̂ ò Ï̂•Ó̊

Óy•ẑ ÏÓ̊ !öà≈ï˛ •Î̊–

§%ï˛Ó˚yÇ Óy‹õ Ï̂üyã˛ö •° ~Ü˛!ê˛ ≤Ã Ï̂Î˚yçö#Î˚ «˛!ï˛Ü˛Ó˚ ≤Ã!e´Î̊y–

4.2 Óy‹õˆÏüyã˛ˆÏöÓ˚ §ÇK˛y (Defination)

ˆÎ ¢yÓ˚#Ó˚Ó,_#Î˚ ≤Ã!e´Î˚yÎ˚ §ç#Ó í˛z!qò ≤ÃˆÏÎ˚yçˆÏö x!ï˛!Ó˚_´ ç° ÓyÎ˚Ó#Î˚ xÇˆÏ¢Ó˚ üyôƒˆÏü Óy‹õyÜ˛yˆÏÓ˚

˛õ!Ó˚ï˛ƒyà Ü˛ˆÏÓ˚ñ ï˛yˆÏÜ˛ Óy‹õˆÏüyã˛ö Óy ≤ÃˆÏfl∫òö ÓˆÏ°–

4.3 Óy‹õˆÏüyã˛ˆÏöÓ˚ ≤ÃÜ˛yÓ˚̂ Ïû˛ò (Types of Transpiration)

4.3.1 ˛õeÓ˚¶…̨ #Î˚ Óy‹õˆÏüyã˛ö (Stomatal Transpiration)

˛õyï˛yÓ˚ cˆÏÜ˛ í˛z˛õ!fliï˛ §)- !åÈo=!°ˆÏÜ˛ ˛õeÓ˚¶…̨  ÓˆÏ°– í˛z!qˆÏòÓ˚ ˆ¢y!£Ïï˛ çˆÏ°Ó˚ §Óê˛y Ü˛yˆÏç °yˆÏà öy–

˛õeÓ˚̂ Ï¶…̨ Ó˚ üyôƒˆÏü x!ï˛!Ó˚_´ ç° Óy‹õyÜ˛yˆÏÓ˚ !öà≈ï˛ •ˆÏ° ï˛yˆÏÜ˛ ˛õeÓ˚¶…̨ #Î˚ Óy‹õˆÏüyã˛ö ÓˆÏ°– ˛õeÓ˚̂ Ï¶…̨ Ó˚ üyôƒˆÏü

¢ï˛Ü˛Ó˚y 80-90% Óy‹õˆÏüyã˛ö •Î˚– S!ã˛e 4.1V
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!ã˛e 4.1 A — ˛õyï˛yÎ˚ åÈ!í ¸̨̂ ÏÎ˚ ÌyÜ˛y ˛õeÓ˚¶…̨ ó               B — ~Ü˛!ê˛ !ÓÓ!ô≈ï˛ ˛õeÓ˚¶…̨

˛õeÓ˚¶…̨  §Ç°@¿ Ó˚«˛#ˆÏÜ˛yˆÏ£ÏÓ˚ ˆ≤ÃyˆÏê˛y≤’yçˆÏüÓ˚ §!e´Î˚ï˛yÎ˚ ~•z Óy‹õˆÏüyã˛ö §¡õß¨ •Î˚–

4.3.2 cÜ˛#Î˚ Óy‹õˆÏüyã˛ö (Cuticular Transpiration)

˛õyï˛yÓ̊ c Ï̂Ü˛ í z̨̨ õ!fliï˛ ̂ Ü˛y£Ï=!°Ó̊ Ó!•≤Ãyã˛# Ï̂Ó̊ !Ü˛í z̨!ê˛ö öyüÜ˛ ̂ fl̈• ̨õòy Ï̂Ì≈Ó̊ ̂ Î xyÓÓ̊î Ìy Ï̂Ü˛ ï˛y Ï̂Ü˛ !Ü˛í z̨!ê˛Ü˛°

ÓˆÏ°– ~•z !Ü˛í˛z!ê˛Ü˛ˆÏ°Ó˚ hflÏÓ˚ á%Ó ˛õyï˛°y •ÄÎ˚yÎ˚ ~ÓÇ ~Ó˚ fliyˆÏö fliyˆÏö ú˛yê˛° ÌyÜ˛yÎ˚ ~•z hflÏˆÏÓ˚Ó˚ üôƒ !òˆÏÎ˚Ä

Óy‹õˆÏüyã˛ö âˆÏê˛– ~•z Óy‹õˆÏüyã˛öˆÏÜ˛ cÜ˛#Î˚ Óy‹õˆÏüyã˛ö ÓˆÏ°– §ü@ˇÃ Óy‹õˆÏüyã˛ˆÏöÓ˚ 10-15% cˆÏÜ˛Ó˚ üyôƒˆÏü

•Î˚–

4.3.3 ˆ°!rê˛ˆÏ§°#Î˚ Óy‹õˆÏüyã˛ö (Lenticular Transpiration)

xˆÏöÜ˛ í˛z!qˆÏòÓ˚ Ü˛yˆÏ[˛ ˆ°!rê˛ˆÏ§° öyüÜ˛ «%˛o Ó˚¶…˛ ÌyˆÏÜ˛– ~•z ˆ°!rê˛ˆÏ§° Óy Ü˛y[˛Ó˚ˆÏ¶…˛Ó˚ üyôƒˆÏü

Óy‹õˆÏüyã˛ö §¡õß¨ •Î˚ ï˛yˆÏÜ˛ ˆ°!rê˛ˆÏ§°#Î˚ Óy‹õˆÏüyã˛ö ÓˆÏ°– §ü@ˇÃ Óy‹õˆÏüyã˛ˆÏöÓ˚ üye 0.1% ˆ°!rê˛ˆÏ§ˆÏ°Ó˚

üyôƒˆÏü •Î˚– S!ã˛e 4.2V

!ã˛e 4.2 — ~Ü˛!ê˛ ̂ °!rê˛ Ï̂§°

4.4 ˛õeÓ˚¶…̨ #Î˚ Óy‹õˆÏüyã˛ö ̨õk˛!ï˛ (Porcess of Stomatal Transpiration)

Óy‹õˆÏüyã˛ö ̨õk˛!ï˛ x!ï˛üyeyÎ˚ ̨õyï˛yÓ˚ àë˛ˆÏöÓ˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#°– xyò¢≈ ̨õyï˛yÓ˚ cˆÏÜ˛ «%˛o «%˛o Ó˚¶…̨  Óï≈˛üyö–

~•z Ó˚¶…˛=!°ˆÏÜ˛ ˛õeÓ˚¶…˛ (Stomata) Ó°y •Î˚– ≤Ã!ï˛!ê˛ Ó˚¶…˛ ~Ü˛ˆÏçyí˛¸y !ÓˆÏ¢£Ï ôÓ˚ˆÏöÓ˚ Ó,_yÜ,˛!ï˛Ó˚ ˆÜ˛y£Ï myÓ˚y

ˆâÓ˚y ÌyˆÏÜ˛– ~ˆÏòÓ˚ Ó°y •Î˚ Ó˚«˛# ˆÜ˛y£Ï– S!ã˛e 4.3V
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!ã˛e  4.3 — ̨õeÓ˚ˆÏ¶…˛Ó˚ àë˛ö

~•z Ó˚«˛#ˆÏÜ˛y£ÏmÎ˚ û˛y°ˆÏû˛Ó˚ üˆÏï˛y Ü˛yç Ü˛ˆÏÓ˚ Ó˚ˆÏ¶…˛Ó˚ xyÜ,˛!ï˛ !öÎ˚sfî Ü˛ˆÏÓ˚– ̨õyï˛yÓ˚ xû˛ƒhsˇÓ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï

§«˛ü ˆüˆÏ§y!ú˛° ˆÜ˛y£Ï !òˆÏÎ˚ à!ë˛ï˛– x!ôÜ˛yÇ¢ ˛õyï˛yˆÏï˛ ˆüˆÏ§y!ú˛° ˆÜ˛y£Ï=!° xy°ày û˛yˆÏÓ !ÓöƒhflÏ ÌyÜ˛yÎ˚

ˆÜ˛y£Ï üôƒÓï˛#≈ ÓyÎ˚%à•¥Ó˚=!°Ó˚ üˆÏôƒ §ÇˆÏÎyà fliy!˛õï˛ •Î˚– ˛õyï˛yÎ˚ ˛õeÓ˚¶…̨  ~üö û˛yˆÏÓ xÓ!fliï˛ ÌyˆÏÜ˛ ˆÎ Îáö

˛õeÓ˚¶…˛ á%ˆÏ° ÎyÎ˚ ï˛áö !û˛ï˛ˆÏÓ˚Ó˚ ÓyÎ˚%à•¥Ó˚ ~ÓÇ Óy•zˆÏÓ˚Ó˚ Óyï˛yˆÏ§Ó˚ üˆÏôƒ àƒy§ Sü)°ï˛ Ü˛yÓ≈ö í˛y•zÈÙÈx:y•zí˛ñ

x!:ˆÏçö Ä ç°#Î˚ Óy‹õV !Ó!öüˆÏÎ˚Ó˚ Ó˚yhflÏy ˜ï˛!Ó˚ •Î˚– Óy‹õˆÏüyã˛ö Óy ≤ÃˆÏfl∫òö ≤Ã!e´Î˚y!ê˛ ò%Û!ê˛ ˛õÎ≈yˆÏÎ˚ §¡õß¨

•Î˚ ≠

1) xyo≈ ˆüˆÏ§y!ú˛° ˆÜ˛y£Ï ˆÌˆÏÜ˛ ç°#Î˚ Óy‹õ Óy‹õ#û˛ÓˆÏöÓ˚ üyôƒˆÏü ˛õeÓ˚̂ Ï¶…̨ Ó˚ ö#ˆÏã˛ xÓ!fliï˛ ÓyÎ˚%

≤ÃˆÏÜ˛yˆÏ¤˛ çüy •Î˚–

2) ÓyÎ˚% ≤ÃˆÏÜ˛yˆÏ¤˛ çüy ç°#Î˚ Óy‹õ ˛õeÓ˚̂ Ï¶…̨ Ó˚ üyôƒˆÏü Óyï˛yˆÏ§ ˛õ!Ó˚ï˛ƒ_´ •Î˚–

˛õeÓ˚̂ Ï¶…̨ Ó˚ Ó¶˛ Ä í˛zˆÏß√yã˛ö ≤Ã!e´Î˚y çyöˆÏï˛ ˆàˆÏ° ~•z xˆÏDÓ˚ !ï˛ö!ê˛ àë˛ö ˜Ó!¢‹Tƒ üˆÏö Ó˚yáy

òÓ˚Ü˛yÓ˚ ÈÙÙÙÈ

i) ≤Ã!ï˛!ê˛ ˛õeÓ˚¶…˛ ò%Û!ê˛ Ó˚«˛#ˆÏÜ˛y£Ï !òˆÏÎ˚ xyÓ,ï˛ ÌyˆÏÜ˛–

ii) ≤Ã!ï˛!ê˛ Ó˚«˛#ˆÏÜ˛yˆÏ£ÏÓ˚ Óy•zˆÏÓ˚Ó˚ !òˆÏÜ˛Ó˚ ˆÜ˛y£Ï ≤Ãyã˛#Ó˚!ê˛ ˛õyï˛°y ~ÓÇ !û˛ï˛ˆÏÓ˚Ó˚ !òˆÏÜ˛Ó˚ xÌ≈yÍ ˛õeÓ˚¶…˛

§Ç°@¿ ˆÜ˛y£Ï ≤Ãyã˛#Ó˚ ï%˛°öyü)°Ü˛ û˛yˆÏÓ ˛õ%Ó˚& •Î˚–

iii)  Ó˚«˛#ˆÏÜ˛yˆÏ£ÏÓ˚ xû˛ƒhsˇˆÏÓ˚ ˆÜœ˛yˆÏÓ˚y≤’yfiê˛ ˆòáy ÎyÎ˚ xÌ≈yÍ Ó˚«˛#ˆÏÜ˛y£ÏÄ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï §«˛ü–

˛õeÓ˚ˆÏ¶…˛Ó˚ í˛zˆÏß√yã˛ö Ä !öü#°ö §¡õˆÏÜ≈˛ ò%Û!ê˛ üï˛Óyò !ÓˆÏ¢£Ïû˛yˆÏÓ í˛zˆÏÕ‘áˆÏÎyàƒ–
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A) fiê˛yã≈̨ ÈÙÈ¢Ü≈̨ Ó̊y üï˛Óyò (Starch-Sugar theory)

§y•z!Ó˚ (Sayre, 1926), flÒyÌ≈ (Scarth, 1932) ≤Ãü%á ˜ÓK˛y!öˆÏÜ˛Ó˚y ~•z üï˛ÓyˆÏòÓ˚ §üÌ≈Ü˛– ~Ó˚y üˆÏö

Ü˛ˆÏÓ˚ö ̂ Î Ó˚«˛#ˆÏÜ˛yˆÏ£Ï fiê˛yã≈˛ Ä ¢Ü≈˛Ó˚yÓ˚ Ó˚*˛õyhsˇˆÏÓ˚Ó˚ üyôƒˆÏü•z ̨ õeÓ˚ˆÏ¶…˛Ó˚ í˛zˆÏß√yã˛ö Ä Ó¶˛ •ÄÎ˚yÓ˚ ≤Ã!e´Î˚y!ê˛ !öÎ˚!sfï˛

•Î˚– ~•z ¢yÓ˚#Ó˚Ó,_#Î˚ ˛≤Ã!e´Î˚y !ö¡¨!°!áï˛ ˛õÎ≈yˆÏÎ˚ §¡õß¨ •Î˚–

i) !òˆÏöÓ˚ ˆÓ°yÎ˚ xyˆÏ°yÓ˚ í˛z˛õ!fli!ï˛ˆÏï˛ Ó˚«˛#ˆÏÜ˛yˆÏ£ÏÓ˚ ˆÜœ˛yˆÏÓ˚y≤’yfiê˛!ê˛ˆÏï˛ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï §¡õy!òï˛ •Î˚–

ii) Ó˚«˛#ˆÏÜ˛y£Ï CO2 çˆÏ° oÓ#û)˛ï˛ xÓfliyÎ˚ Ü˛yÓ≈!öÜ˛ x¡‘ (H2CO3) Ó˚*ˆÏ˛õ ÌyˆÏÜ˛– §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚

§üÎ˚ Ü˛yÓ≈!öÜ˛ x¡‘ ˆÌˆÏÜ˛ CO2 !öà≈ï˛ •ÓyÓ˚ ú˛ˆÏ° Ó˚«˛#ˆÏÜ˛yˆÏ£ÏÓ˚ pH ˆÓˆÏí˛¸ !àˆÏÎ˚ ≤ÃyÎ˚ 7 ~Ó˚ Ü˛yåÈyÜ˛y!åÈ •Î˚–

iii) ~•z ≤Ã¢!üï˛ xÓfliyÎ̊ (pH = 7) ̂ Ÿªï˛§yÓ̊ ú˛§ Ï̂ú˛yÓ̊y•ẑ Ï°ç í z̨Í Ï̂§ã˛ Ï̂Ü˛Ó̊ üyôƒ Ï̂ü @’%̂ ÏÜ˛yçÈÙÈ1ÈÙÈ ú˛§ Ï̂ú˛ Ï̂ê˛

˛õ!Ó̊îï˛ •Î̊– @’%̂ ÏÜ˛yç -1- ú˛§ Ï̂ú˛ê˛ñ ú˛§ Ï̂ú˛y@’%̂ ÏÜ˛y!üí ẑ̨ Ïê˛ç Ä ú˛§ú˛y Ï̂ê˛ç í z̨Í Ï̂§ã˛ Ï̂Ü˛Ó̊ üyôƒ Ï̂ü ̨õÎ≈yÎ̊e´ Ï̂ü @’%̂ ÏÜ˛yç

-6- ú˛§ˆÏú˛ê˛ Ä @’%ˆÏÜ˛yˆÏç Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚–

iv) Ó˚«˛#ˆÏÜ˛yˆÏ£Ï xÓ!fliï˛ fiê˛yã≈˛ òyöy=!° ~•zû˛yˆÏÓ @’%ˆÏÜ˛yˆÏç ˛õ!Ó˚îï˛ •Î˚– fiê˛yã≈˛ çˆÏ° xoÓî#Î˚ !Ü˛v

@’%ˆÏÜ˛yç çˆÏ° oÓî#Î˚ •ÄÎ˚yÎ˚ Ó˚«˛#ˆÏÜ˛yˆÏ£ÏÓ˚ x!û˛flÀÓî ã˛y˛õ ˆÓˆÏí ¸̨ ÎyÎ˚ñ ~Ó˚ ú˛ˆÏ° ˛õyŸª≈Óï˛#≈ ˆÜ˛y£Ï=!° ˆÌˆÏÜ˛ ç°

ˆ¢y£Ïî Ü˛ˆÏÓ˚ Ó˚«˛#ˆÏÜ˛y£Ï Ó˚§fl≥˛#ï˛ •Î˚ xÌ≈yÍ Ó˚«˛#ˆÏÜ˛yˆÏ£ÏÓ˚ ≤Ãyã˛#ˆÏÓ˚Ó˚ í˛z˛õÓ˚ ã˛y˛õ Óyí˛¸ˆÏï˛ ÌyˆÏÜ˛–

!ã˛e 4.4 : ̨õeÓ˚̂ Ï¶…̨ Ó˚ í˛zß√#°öÈÙÈ!öü#°ˆÏöÓ˚ Óƒyáƒy– A-Ó˚§fl≥˛#ï˛ Ó˚«˛#ˆÏÜ˛y£Ïñ ̨õeÓ˚¶…̨  ̂ áy°yó B-!¢!Ì° Ó˚«˛#ˆÏÜ˛y£Ïñ ̨õeÓ˚¶…̨  Ó¶˛–
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v) Ó̊«˛# Ï̂Ü˛y Ï̂£ÏÓ̊ ̂ û˛ï˛ Ï̂Ó̊Ó̊ ̂ ã˛ Ï̂Î̊ Óy•ẑ ÏÓ̊Ó̊ !ò Ï̂Ü˛Ó̊ ̂ Ü˛y£Ï≤Ãyã˛#Ó̊ ï%̨ °öyü)°Ü˛ û˛y Ï̂Ó ̨õyï˛°y •ÄÎ̊yÎ̊ Ó̊«˛# Ï̂Ü˛y Ï̂£ÏÓ̊

Óy•zˆÏÓ˚Ó˚ !òˆÏÜ˛Ó˚ ≤Ãyã˛#Ó˚ Ó˚§fl≥˛#ï˛ ã˛yˆÏ˛õÓ˚ ú˛ˆÏ° ˆÓ!¢ ≤Ã§y!Ó˚ï˛ •Î˚– Ó˚«˛#ˆÏÜ˛y£Ï ≤Ãyã˛#ˆÏÓ˚Ó˚ ~•z x§ü ≤Ã§yÓ˚̂ ÏîÓ˚

ú˛ˆÏ° ˛õeÓ˚¶…˛ í˛zˆÏß√y!ã˛ï˛ •Î˚–

vi) xyÓyÓ˚ Ó˚yˆÏeñ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï Ó¶˛ •ÄÎ˚yÓ˚ ú˛ˆÏ° Ó˚«˛#ˆÏÜ˛y£Ï ˆÌˆÏÜ˛ CO2 x˛õ§y!Ó˚ï˛ •Î˚ öy ÓÓ˚Ç Ÿª§ö

ã˛°yÓ˚ ú˛ˆÏ° Ó˚«˛#ˆÏÜ˛yˆÏ£Ï CO2 ~ÓÇ H2CO3 Ó˚ ˛õ!Ó˚üyî ˆÓˆÏí˛¸ ÎyÎ˚– ~Ó˚ ú˛ˆÏ° Ó˚«˛#ˆÏÜ˛yˆÏ£ÏÓ˚ ˆ≤ÃyˆÏê˛y≤’yçü xy!¡‘Ü˛

(pH = 5.0) •ˆÏÎ˚ ˛õˆÏí ¸̨– ~•z xy!¡‘Ü˛ pH ~ @’%ˆÏÜ˛yç xî% ˆ•ˆÏ:yÜ˛y•zˆÏöç Ä ú˛§ˆÏú˛yÓ˚y•zˆÏ°ç í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚

üyôƒˆÏü ˛õÎ≈yÎ˚e´ˆÏü @’%ˆÏÜ˛yçÈÙÈ1ÈÙÈú˛§ˆÏú˛ê˛ Ä ˆŸªï˛§yˆÏÓ˚ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚– ˆŸªï˛§yÓ˚ çˆÏ° xoyÓƒ ÓˆÏ° Ó˚«˛#ˆÏÜ˛yˆÏ£Ï

x!û˛flÀÓî ã˛y˛õ Ü˛!üˆÏÎ˚ ˆòÎ˚– ú˛°fl∫Ó˚*˛õ Ó˚«˛#ˆÏÜ˛y£Ï!ê˛ Ÿ’Ì •Î˚ Ä Ó¶˛ •ˆÏÎ˚ ÎyÎ˚– ~•z Ü˛yÓ˚̂ Ïî xyüÓ˚y Ó°ˆÏï˛ ˛õy!Ó˚ñ

˛õÎ≈yÎ˚e´!üÜ˛ ˛õk˛!ï˛Ó˚ üyôƒˆÏü Ó˚«˛#ˆÏÜ˛y£Ï!ê˛ á%ˆÏ° ÎyÎ˚ñ ~ÓÇ ï˛yÓ˚ !ë˛Ü˛ !Ó˛õÓ˚#ï˛ ≤Ã!e´Î˚yÓ˚ üyôƒˆÏü•z Ó˚«˛#ˆÏÜ˛y£Ï Ó¶˛

•Î˚–

 ˛õeÓ˚¶…̨  Ó¶˛

˛õeÓ˚¶…˛ í˛zß√%_´

!ã˛e 4.5 : ˛õeÓ˚̂ Ï¶…̨ Ó˚ x!û˛flÀÓî ã˛y˛õ Ó,!k˛ Ä ̨õeÓ˚̂ Ï¶…̨ Ó˚ ̂ Ü˛y£Ï≤Ãyã˛#ˆÏÓ˚Ó˚ x§ü ≤Ã§yÓ˚î

fiê˛yã≈˛ÈÙÈ¢Ü≈˛Ó˚y üï˛Óyò xö%§yˆÏÓ˚ ˛õeÓ˚̂ Ï¶…̨ Ó˚ í˛zˆÏß√yã˛ö Ä ÓˆÏ¶˛Ó˚ ≤Ã!e´Î˚y

§üyˆÏ°yã˛öy ÈÙÙÙÈ fiê˛yã≈˛ÈÙÈ¢Ü≈˛Ó˚y üï˛Óyò!ê˛ ̨õÓ˚Óï˛#≈Ü˛yˆÏ° öyöy ôÓ˚̂ ÏöÓ˚ §üyˆÏ°yã˛öyÓ˚ §¡ø%á#ö •Î˚– ~•z üï˛ÓyˆÏòÓ˚

≤Ãôyö ò%Ó≈°ï˛y=!° •°ÈÙÙÙÈ

˛õeÓ̊ Ï̂¶…̨ Ó̊ x!û˛flÀÓî ˆŸªï˛§yÓ̊

ã˛y˛õ •…y§

ú˛§ Ï̂Ü˛yÓ̊y•ẑ Ï°ç ˆ• Ï̂:yÜ˛y•ẑ Ïöç

(PH = 5) (PH = 7)
x¶˛Ü˛yÓ˚ Ó˚y!e !òÓyˆÏ°yÜ˛

Ÿª§ö
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i) xˆÏöÜ˛ ˛õyï˛yÓ˚ Ó˚«˛#ˆÏÜ˛yˆÏ£Ï fiê˛yã≈˛ xö%˛õ!fliï˛ !Ü˛v ï˛yˆÏòÓ˚ ˆ«˛ˆÏeÄ ˛õeÓ˚ˆÏ¶…˛Ó˚ üyôƒˆÏü Óy‹õˆÏüyã˛ö •Î˚–

ii) fiê˛yã≈˛  @’%ˆÏÜ˛yç Ó˚*˛õyhsˇÓ˚ xˆÏöÜ˛ üsiÓ˚ ≤Ã!e´Î˚y– ˆòáy ˆàˆÏåÈ ˆÎ ~•z Ó˚*˛õyhsˇˆÏÓ˚Ó˚ ˆã˛ˆÏÎ˚ o&ï˛ ˛õeÓ˚¶…̨

á%°ˆÏï˛ Óy Ó¶˛ •ˆÏï˛ ˛õyˆÏÓ˚–

iii) Ó˚«˛#ˆÏÜ˛yˆÏ£Ï §yüyöƒ ˛õ!Ó˚üyî CO2 §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï ÓƒÓ•*ï˛ •Î˚ ~ÓÇ ~Ó˚ ú˛ˆÏ° pH ~Ó˚ ~ï˛ê˛y

˛õ!Ó˚Óï≈˛ö §Ω˛Ó öÎ˚–

B) üƒy!°Ü˛ x¡‘ üï˛ÓyòÈÙÙÙ (Malic acid theory)

~•z =Ó˚&c˛õ)î≈ üï˛Óyò!ê˛Ó˚ ≤ÃÓ_´y ˆ°!û˛ê˛È (Levitt, 1974)– ïÑ˛yÓ˚ üˆÏï˛ ˛õeÓ˚¶…˛ ˆáy°y Óy Ó¶˛ •ÄÎ˚yˆÏï˛

˛õê˛y!¢Î˚yü xyÎ˚ˆÏöÓ˚ (K+) §!e´Î˚ û)˛!üÜ˛y xyˆÏåÈ– !ï˛!ö ÓˆÏ°ö ˆÎ xyˆÏ°yÓ˚ ≤Ãû˛yˆÏÓ Ó˚«˛#ˆÏÜ˛yˆÏ£Ï ôöydÜ˛ (+)
˛õê˛y!¢Î˚yü xyÎ˚ö Ä }îydÜ˛ (-) üƒy!°Ü˛ xyÎ˚ˆÏöÓ˚ §Çáƒy Ó,!k˛ ˛õyÎ˚– ~Ó˚ ú˛ˆÏ° Ó˚«˛#ˆÏÜ˛yˆÏ£ÏÓ˚ x!û˛flÀÓî «˛üï˛y

ÓyˆÏí˛¸ ~ÓÇ ̂ Ü˛y£Ï Ó˚§fl≥˛#ï˛ •Î˚– Ó˚§fl≥˛#ï˛ Ó˚«˛#ˆÏÜ˛y£Ï ò%Û!ê˛ Óy•zˆÏÓ˚Ó˚ !òˆÏÜ˛ ̂ ÓÑˆÏÜ˛ ̂ àˆÏ° ̨õeÓ˚¶…̨  á%ˆÏ° ÎyÎ˚– ≤Ã!e´Î˚y!ê˛

!ö¡¨!°!áï˛ ˛õÎ≈yˆÏÎ˚ §¡õß¨ •Î˚ ≠

i) Ó˚«˛#ˆÏÜ˛yˆÏ£ÏÓ˚ ˆŸªï˛§yÓ˚ xyˆÏ°yÓ˚ myÓ˚y ≤Ãû˛y!Óï˛ •ˆÏÎ˚ üƒy!°Ü˛ xƒy!§ˆÏí˛ ˛õ!Ó˚îï˛ •Î˚–˛

ii) üƒy!°Ü˛ xƒy!§í˛ !ÓÎ%_´ •ˆÏÎ˚ ôöydÜ˛ (+) •y•zˆÏí»˛yˆÏçö xyÎ˚ö Ä }îydÜ˛ (-) üƒyˆÏ°ê˛ xyÎ˚̂ Ïö ̨ õ!Ó˚îï˛

•Î˚–

iii) •y•zˆÏí»˛yˆÏçö xyÎ˚ö (H+) Ó˚«˛#ˆÏÜ˛yˆÏ£ÏÓ˚ ˛õò≈yÎ˚ xÓ!fliï˛ •y•zˆÏí»˛yˆÏçö ˛õê˛y!¢Î˚yü ˛õyˆÏ¡õÓ˚ §y•yˆÏÎƒ

ˆÜ˛yˆÏ£ÏÓ˚ Óy•zˆÏÓ˚ ã˛ˆÏ° ÎyÎ˚– ˛õ!Ó˚ÓˆÏï≈˛ xyö%£Ï!DÜ˛ ˆÜ˛y£Ï ˆÌˆÏÜ˛ ôöydÜ˛ ˛õê˛y!¢Î˚yü xyÎ˚ö (K+) Ó˚«˛#ˆÏÜ˛yˆÏ£Ï ì%˛ˆÏÜ˛

ÎyÎ˚–

iv) Ó˚«˛#ˆÏÜ˛yˆÏ£Ï ˛õê˛y!¢Î˚yü xyÎ˚ö (K+) Ä üƒyˆÏ°ê˛ xyÎ˚ˆÏö !ü!°ï˛ •ˆÏÎ˚ ˛õê˛y!¢Î˚yü üƒyˆÏ°ê˛ ˜ï˛!Ó˚ •Î˚–

~•z ˆÎÔà!ê˛ Ó˚«˛#ˆÏÜ˛y£Ï à•¥ˆÏÓ˚ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ ˆÜ˛yˆÏ£ÏÓ˚ x!û˛flÀÓî «˛üï˛y Óy!í˛¸̂ ÏÎ˚ ˆòÎ˚–

v) Ó˚«˛#ˆÏÜ˛yˆÏ£ÏÓ˚ x!û˛flÀÓî «˛üï˛y Óyí˛¸yÓ˚ ú˛ˆÏ° xhsˇx!û˛flÀÓî ˛õk˛!ï˛ˆÏï˛ Ó˚«˛#ˆÏÜ˛yˆÏ£Ï ç° ˆì˛yˆÏÜ˛–

vi) Ó˚«˛#ˆÏÜ˛y£Ï ò%Û!ê˛ Ó˚§fl≥˛#ï˛ •ˆÏÎ˚ ôö%ˆÏÜ˛Ó˚ üˆÏï˛y Óy•zˆÏÓ˚Ó˚ !òˆÏÜ˛ ˆÓÑˆÏÜ˛ ÎyÎ˚ ~ÓÇ ˛õeÓ˚¶…˛ á%ˆÏ° ÎyÎ˚–

xö%¢#°ö# ÈÙÈ 1

1. §!ë˛Ü˛ í˛z_Ó˚!ê˛ˆÏï˛ òyà !òö ≠

a) Óy‹õˆÏüyã˛ö í˛z!qˆÏòÓ˚ SÜ˛y[˛†ü)°†˛õyï˛yV ÈÙÈ Î˚ •Î˚–

b) ˛õyï˛yÓ˚ ˛õeÓ˚¶…˛ˆÏÜ˛ ˆÓ‹Tö Ü˛ˆÏÓ˚ ÌyˆÏÜ˛ S~Ü˛!ê˛†ò%Û!ê˛†!ï˛ö!ê˛V Ó˚«˛#ˆÏÜ˛y£Ï–

58  NSOU  CC-BT-09



c) Ó˚«˛#ˆÏÜ˛y£Ï ò%Û!ê˛ Ó˚§fl≥˛#ï˛ •ˆÏ° ˛õeÓ˚¶…̨  Sá%ˆÏ° ÎyÎ˚†Ó¶˛ •ˆÏÎ˚ ÎyÎ˚V–

2. ¢)öƒfliyö ˛õ)Ó˚î Ü˛Ó˚&ö ≠

a) ˛õeÓ˚¶…˛ ~Ü˛ˆÏçyí˛¸y _______ ˆÜ˛y£Ï myÓ˚y xyÓ,ï˛ ÌyˆÏÜ˛ñ ~ˆÏòÓ˚ Ó°y •Î˚ _______

b) Ó˚y!eˆÏÓ°yÎ˚ Ó˚«˛#ˆÏÜ˛yˆÏ£Ï _______ çüy •Î˚ Ä ˛õeÓ˚¶…̨  Ó¶˛ •Î˚–

4.5 Óy‹õ Ï̂üyã˛ö !öÎ̊sfîÜ˛yÓ̊# ¢ï≈̨ §ü)• (Factors Controlling Transpiration)

Óy‹õˆÏüyã˛ö !öÎ˚sfÜ˛ Ü˛yÓ˚î=!°ˆÏÜ˛ Óy‹õˆÏüyã˛ˆÏöÓ˚ ¢ï≈˛ Ó°y •Î˚– ¢ï≈˛=!° ≤Ãôyöï˛ ò%•zû˛yˆÏà !Óû˛_´ ≠

A) Óy!•ƒÜ˛ ¢ï≈̨ §ü)• (External Factors)

B) xhsˇÉ ¢ï≈̨ §ü)• (Internal Factors)

ö#ˆÏã˛ Óy‹õˆÏüyã˛ˆÏöÓ˚ ¢ï≈˛=!° §ÇˆÏ«˛ˆÏ˛õ xyˆÏ°yã˛öy Ü˛Ó˚y •°–

A) Óy!•ƒÜ˛ ¢ï≈˛§ü)• ≠ ˛õ!Ó˚̂ ÏÓ¢àï˛ ˆÎ§Ó ≤Ãû˛yÓÜ˛=!° Óy‹õˆÏüyã˛ö !öÎ˚sfî Ü˛ˆÏÓ˚ ï˛yˆÏòÓ˚ Óy!•ƒÜ˛

¢ï≈˛§ü)• Ó°y •Î˚– Óy!•ƒÜ˛ ¢ˆÏï≈˛Ó˚ üˆÏôƒ xöƒï˛ü •° xyˆÏ°yñ xyo≈ï˛yñ í˛z£èï˛yñ Ü˛yÓ≈ö í˛y•zÈÙÈx:y•zˆÏí˛Ó˚ âöc ~ÓÇ

ÓyÎ˚%Ó˚ ˆÓà–

xy Ï̂°y     (Light) ÈÙÙÙÈ Óy‹õˆÏüyã˛ö ˛õk˛!ï˛ xyˆÏ°yã˛öy Ü˛Ó˚yÓ˚ §üÎ˚•z xyüÓ˚y ˆòˆÏá!åÈ ˆÎ xyˆÏ°yÓ˚ ≤Ãû˛yˆÏÓ

˛õeÓ˚¶…˛ ˆáyˆÏ° Óy Ó¶˛ •Î˚– ≤ÃáÓ˚ §)Î≈yˆÏ°yˆÏÜ˛ ˛õeÓ˚¶…˛ ˛õ%ˆÏÓ˚y˛õ%!Ó˚ ˆáy°y ÌyˆÏÜ˛ ~ÓÇ Óy‹õˆÏüyã˛ˆÏöÓ˚ •yÓ˚ ÓyˆÏí˛¸–

!Ü˛v Ó̊y Ï̂ï˛Ó̊ ̂ Ó°yÎ̊ ̂ Ó!¢Ó̊ û˛yà í z̨!q Ï̂òÓ̊ ̨õeÓ̊¶…̨  xy Ï̂°yÜ˛ xû˛y Ï̂Ó Ó¶˛ • Ï̂Î̊ ÎyÄÎ̊yÓ̊ ú˛ Ï̂° Óy‹õ Ï̂üyã˛ö ~ Ï̂Ü˛Óy Ï̂Ó̊•z

•Î˚ öy–

xyo≈ï˛y     (Humidity) ÈÙÙÙÈ xyo≈ï˛y •° Óyï˛yˆÏ§ ç°#Î˚ ÓyˆÏ‹õÓ˚ ˛õ!Ó˚üyî ÎyˆÏÜ˛ xyüÓ˚y ç°#Î˚ ÓyˆÏ‹õÓ˚

âöc (g/m3) xÌÓy ç°#Î˚ ÓyˆÏ‹õÓ˚ ã˛y˛õ (Kpa) myÓ˚y ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚ Ìy!Ü˛– !Ü˛v ÓƒÓ•y!Ó˚Ü˛ Ü˛yˆÏç xyüÓ˚y Óyï˛yˆÏ§Ó˚

ç°#Î˚ ÓyˆÏ‹õÓ˚ ̨ õ!Ó˚üyîˆÏÜ˛ xyˆÏ˛õ!«˛Ü˛ xyo≈ï˛y (Relative Humidity) xyÜ˛yˆÏÓ˚ ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚ Ìy!Ü˛–

xyÓ•ü[˛ˆÏ° ç°#Î˚ ÓyˆÏ‹õÓ˚ ã˛y˛õ (Vapour Pressure) Ó,!k˛ ˆ˛õˆÏ° Óy‹õˆÏüyã˛ˆÏöÓ˚ •yÓ˚ Ü˛ˆÏü ÎyÎ˚–

!Ó˛õÓ˚#ï˛ û˛yˆÏÓ ç°#Î˚ ÓyˆÏ‹õÓ˚ ã˛y˛õ Ü˛üˆÏ° Óy‹õˆÏüyã˛ˆÏöÓ˚ •yÓ˚ ÓyˆÏí˛¸– ~•z Ü˛yÓ˚̂ Ïî §)Î≈!Ü˛Ó˚̂ ÏîyIμ° !òˆÏö Óyï˛yˆÏ§

ç°#Î˚ ÓyˆÏ‹õÓ˚ ˛õ!Ó˚üyî Ü˛ü ÌyÜ˛yÎ˚ Óy‹õˆÏüyã˛ˆÏöÓ˚ •yÓ˚ ˆÓ!¢ •Î˚ ~ÓÇ ˆüâ°y !òˆÏö Óyï˛yˆÏ§ ç°#Î˚ ÓyˆÏ‹õÓ˚

˛õ!Ó˚üyî ˆÓ!¢ ÌyÜ˛yÎ˚ Óy‹õˆÏüyã˛ˆÏöÓ˚ •yÓ˚ Ü˛ü •Î˚–

í˛z£èï˛y     (Temperature) ÈÙÙÙÈ xyˆÏ°yÓ˚ §ˆÏD í˛z£èï˛y xDyD#û˛yˆÏÓ ç!í˛¸ï˛– xyˆÏ°yÓ˚ ï˛#Ó ï˛y Ó,!k˛Ó˚

§ˆÏD í˛z£èï˛yÓ˚ Ó,!k˛ fl∫yû˛y!ÓÜ˛– §yôyÓ˚îï˛ 30oC ˛õÎ≈hsˇ í˛z£èï˛yÎ˚ ˛õeÓ˚¶…̨  ≤Ã§y!Ó˚ï˛ •Î˚ ~ÓÇ ÎÌyÓ˚#!ï˛ Óy‹õˆÏüyã˛ö

âˆÏê˛– ˆÓ!¢ í˛z£èï˛yÎ˚ Óƒy˛õö •yÓ˚ (diffusion rate) Ó,!k˛ ˛õyÎ˚ ~ÓÇ Óy‹õˆÏüyã˛ö ˆÓ!¢ •Î˚–
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Ü˛yÓ≈ö í˛y•zÈÙÈx:y•zí˛     (CO2) — ÓyÎ˚%ü[˛ˆÏ°Ó˚ Ü˛yÓ≈ö í˛y•zÈÙÈx:y•zˆÏí˛Ó˚ fl∫yû˛y!ÓÜ˛ üyey 0.03%– ˛õÓ˚#«˛y

myÓ˚y ≤Ãüyî Ü˛Ó˚y ˆàˆÏåÈ ˆÎ Óyï˛yˆÏ§ Ü˛yÓ≈öÈ í˛y•zÈÙÈx:y•zˆÏí˛Ó˚ ˛õ!Ó˚üyî fl∫yû˛y!ÓÜ˛ üyeyÓ˚ ˆÓ!¢ •ˆÏ° Óy‹õˆÏüyã˛ö

•yÓ˚ Ü˛ˆÏü ÎyÎ˚ ~ÓÇ fl∫yû˛y!ÓÜ˛ üyeyÓ˚ ö#ˆÏã˛ ˆöˆÏü ˆàˆÏ° Óy‹õˆÏüyã˛ö •yÓ˚ ˆÓˆÏí ¸̨ ÎyÎ˚– !òˆÏöÓ˚ ˆÓ°yÎ˚ ˛õyï˛yÎ˚

§yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ≤Ã!e´Î˚y ã˛y°% ÌyˆÏÜ˛– ï˛áö Ü˛yÓ≈ö Èí˛y•zÈÙÈx:y•zí˛ !Óçy!Ó˚ï˛ •ˆÏÎ˚ ¢Ü≈˛Ó˚y çyï˛#Î˚ áyòƒ í˛zÍ˛õß¨ •Î˚–

fl∫û˛yÓï˛•z ï˛áö Ó˚«˛#ˆÏÜ˛yˆÏ£Ï Ü˛yÓ≈ö í˛y•zÈÙÈx:y•zˆÏí˛Ó˚ ˛õ!Ó˚üyî Ü˛ˆÏü ÎyÎ˚ ~ÓÇ ˛õeÓ˚¶…̨  á%ˆÏ° ÎyÎ˚ Ä Óy‹õˆÏüyã˛ˆÏöÓ˚

•yÓ˚ ÓyˆÏí˛¸– !Ü˛v Ó˚yˆÏï˛Ó˚ ˆÓ°yÎ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï Ó¶˛ ÌyÜ˛yÎ˚ ~ÓÇ fl∫yû˛y!ÓÜ˛ Ÿª§ö ≤Ã!e´Î˚y ÓçyÎ˚ ÌyÜ˛yÎ˚ ˆÜ˛yˆÏ£Ï

Ü˛yÓ≈ö Èí˛y•zÈÙÈx:y•zˆÏí˛Ó˚ üyey ÓyˆÏí ¸̨– ~Ó˚ ú˛ˆÏ° ˛õeÓ˚¶…̨  Ó¶˛ •ˆÏÎ˚ ÎyÎ˚ Ä Óy‹õˆÏüyã˛ö •Î˚ öy–

ÓyÎ˚%≤ÃÓy•     (Wind Flow) ÈÙÙÙÈ fl∫yû˛y!ÓˆÏÜ˛Ó˚ ˆã˛ˆÏÎ˚ ˆÓ!¢ ÓyÎ˚%≤ÃÓyˆÏ• Óy‹õˆÏüyã˛ö Ó,!k˛ ˛õyÎ˚– Ü˛yÓ˚î ~ˆÏï˛

˛õyï˛yÓ˚ í˛z˛õ!Ó˚û˛yˆÏàÓ˚ ç°#Î˚ Óy‹õ x˛õ§y!Ó˚ï˛ •Î˚– ï˛ˆÏÓ ÓyÎ˚%≤ÃÓy• xï˛ƒ!ôÜ˛ ˆÓˆÏí˛¸ ˆàˆÏ° ˛õyï˛yÓ˚ ˛õeÓ˚¶…̨  Ó¶˛

•ˆÏÎ˚ !àˆÏÎ˚ Óy‹õˆÏüyã˛ˆÏöÓ˚ •yÓ˚ Ü˛ˆÏü ÎyÎ˚ ÎyˆÏï˛ ˛õyï˛y ÷!Ü˛ˆÏÎ˚ öy ÎyÎ˚–

B) xhsˇÉ ¢ï≈˛§ü)• É

˛õyï˛yÓ˚ xhsˇà≈ë˛ö (Internal Stucture of Leaf) ÈÙÙÙÈ ̨ õyï˛yÓ˚ xhsˇà≈ë˛ˆÏöÓ˚ í˛z˛õˆÏÓ˚ Óy‹õˆÏüyã˛ˆÏöÓ˚ •yÓ˚

!öû≈˛Ó˚ Ü˛ˆÏÓ˚– ˛õyï˛yÎ˚ ˆüˆÏ§y!ú˛° ˆÜ˛yˆÏ£ÏÓ˚ §IyÓ˚#!ï˛ñ ˆÜ˛y£ÏyhsˇÓ˚ Ó˚ˆÏ¶…˛Ó˚ ˛õ!Ó˚üyîñ ˛õeÓ˚ˆÏ¶…˛Ó˚ xyÜ˛yÓ˚ ≤Ãû,˛!ï˛

Óy‹õˆÏüyã˛ˆÏöÓ˚ •yÓ˚ˆÏÜ˛ !öÎ˚sfî Ü˛ˆÏÓ˚– ~åÈyí ¸̨y ˛õeÓ˚̂ Ï¶…̨ Ó˚ §Çáƒyñ xÓfliyö ~ÓÇ !Ü˛í˛z!ê˛Ü˛° hflÏˆÏÓ˚Ó˚ ˛õ%Ó˚&c ≤Ãû,˛!ï˛

≤Ãû˛yÓÜ˛=!°Ó̊ í z̨̨ õÓ̊Ä Óy‹õ Ï̂üyã˛ Ï̂öÓ̊ •yÓ̊ !öû≈̨ Ó̊¢#°– !Ü˛å%È !Ü˛å%È çyD° í z̨!q Ï̂òÓ̊ (xerophytes) ̨õyï˛yÎ̊ !öü!Iï˛

˛õeÓ˚¶…˛ ÌyÜ˛yÎ˚ Sí˛zòy•Ó˚î Ü˛Ó˚Ó#ñ (Nerium odorum) Óy‹õˆÏüyã˛ˆÏöÓ˚ •yÓ˚ xï˛ƒhsˇ Ü˛ü •Î˚–

ú˛°Ü˛˛õ,ˆÏ¤˛ ̂ Ó˚yˆÏüÓ˚ í˛z˛õ!fli!ï˛ (Presence of hairs on lamina) ÈÙÙÙÈ ú˛°Ü˛˛õ,ˆÏ¤˛ ̂ Ó˚yü ̂ Ó!¢ üyeyÎ˚

ÌyÜ˛ˆÏ° ï˛yñ ú˛°ˆÏÜ˛Ó˚ í˛z˛õÓ˚ !òˆÏÎ˚ ≤ÃÓy!•ï˛ ÓyÎ˚%Ó˚ à!ï˛ˆÏÓàˆÏÜ˛ ≤Ã!ï˛•ï˛ Ü˛ˆÏÓ˚ ~ÓÇ ï˛yÓ˚ ú˛ˆÏ° Óy‹õˆÏüyã˛ö Ü˛ü •Î˚–

x˛õÓ˚!òˆÏÜ˛ ú˛°Ü˛˛õ,¤˛ ü§,î ÌyÜ˛ˆÏ° Óy‹õˆÏüyã˛ö •yÓ˚ ˆÓˆÏí˛¸ ÎyÎ˚–

•Ó˚̂ Ïüyö (Hormones) ÈÙÙÙÈ Ó‡ í˛z!qˆÏò xƒyÓ!§!§Ü˛ x¡‘  (Abscisic acid) öyüÜ˛ í˛z!qò •Ó˚̂ Ïüyö

˛õeÓ˚̂ Ï¶…̨ Ó˚ í ẑ̨ Ïß√yã˛ö Ï̂Ü˛ ≤Ã!ï˛•ï˛ Ü˛ Ï̂Ó˚ Óy‹õ Ï̂üyã˛ Ï̂öÓ˚ •yÓ˚ !öÎ˚sfî Ü˛ Ï̂Ó˚– §yôyÓ˚î xÓfliyÎ˚ í z̨!qò ̂ Ü˛y Ï̂£Ï xƒyÓ!§!§Ü˛

xˆÏ¡‘Ó˚ ˛õ!Ó˚üyî á%Ó x“ ÌyˆÏÜ˛ñ !Ü˛v ˆòáy ˆàˆÏåÈ ˆÎ Î!ò Óy•zˆÏÓ˚ ˆÌˆÏÜ˛ 10–3 — 10–4M xƒyÓ!§!§Ü˛ x¡‘

≤ÃˆÏÎ˚yà Ü˛Ó˚y •Î˚ ï˛áö ˛õeÓ˚¶…̨  §¡õ)î≈ Ó˚*ˆÏ˛õ Ó¶˛ •ˆÏÎ˚ ÎyÎ˚– xƒyÓ!§!§Ü˛ xƒy!§í˛ á%Ó x“ ˛õ!Ó˚üyˆÏî ˆüˆÏ§y!ú˛°

ˆÜ˛yˆÏ£Ï í˛zÍ˛õß¨ •Î˚ ~ÓÇ ˆÜ˛yˆÏ£ÏÓ˚ ˆÜœ̨ yˆÏÓ˚y≤’yˆÏfiê˛ çüy ÌyˆÏÜ˛– !Ü˛v Îáö í˛z!qˆÏò çˆÏ°Ó˚ xû˛yÓ ˆòáy ÎyÎ˚ñ ï˛áö

xƒyÓ!§!§Ü˛ x¡‘ Ó˚«˛#ˆÏÜ˛yˆÏ£Ï çüy •ˆÏÎ˚ Ó˚«˛#ˆÏÜ˛yˆÏ£ÏÓ˚ K+ xyÎ˚̂ ÏöÓ˚ àyì ¸̨cˆÏÜ˛ Ü˛!üˆÏÎ˚ ˆòÎ˚– ~Ó˚ çöƒ Ó˚«˛#ˆÏÜ˛y£Ï

ˆÌˆÏÜ˛ ç° x˛õ§yÓ˚̂ ÏîÓ˚ ú˛ˆÏ° ˛õeÓ˚¶…̨  Ó¶˛ •ˆÏÎ˚ ÎyÎ˚–

4.6 Óy‹õ Ï̂üyã˛ö ≤Ã!ï˛ Ï̂Ó˚yô# ̨õòyÌ≈§ü)•     (Antitranspirants)

§ÇK˛y ÈÙÙÙÈ Óy‹õˆÏüyã˛ö •yÓ˚ •…y§Ü˛yÓ˚# ˆÎˆÏÜ˛yˆÏöy ˛õòyÌ≈ˆÏÜ˛ Óy‹õˆÏüyã˛ö ≤Ã!ï˛ˆÏÓ˚yô# ˛õòyÌ≈

(Antitranspirants) Ó°y •Î̊–

60  NSOU  CC-BT-09



í˛z!qò ü)° !òˆÏÎ˚ ˆ¢y!£Ïï˛ çˆÏ°Ó˚ x!ôÜ˛yÇ¢•z Óy‹õˆÏüyã˛ˆÏöÓ˚ üyôƒˆÏü í˛z!qòˆÏòˆÏ•Ó˚ Óy•zˆÏÓ˚ !öà≈ï˛ •Î˚–

ˆÎ üy!ê˛ˆÏï˛ çˆÏ°Ó˚ ˛õ!Ó˚üyî Ü˛ü ˆ§•z§Ó ~°yÜ˛yÓ˚ í˛z!qòˆÏÜ˛ fl∫yû˛y!ÓÜ˛ Óy‹õˆÏüyã˛ˆÏöÓ˚ ú˛ˆÏ° ~Ü˛y!ôÜ˛ !Ó˛õyÜ˛#Î˚

§ü§ƒyÓ˚ Ä ç° §ÇÜ˛ˆÏê˛Ó˚ §¡ø%á#ö •ˆÏï˛ •Î˚– Ü,˛!eü í˛z˛õyˆÏÎ˚ Óy‹õˆÏüyã˛ö ≤Ã!ï˛ˆÏÓ˚yô# ˛õòyÌ≈ ≤ÃˆÏÎyà Ü˛ˆÏÓ˚ í˛z!qˆÏòÓ˚

§yôyÓ˚î Ó,!k˛ Ä xöƒyöƒ !Ó˛õyÜ˛#Î˚ !e´Î˚yˆÏÜ˛ xÓƒy•ï˛ ˆÓ˚̂ Ïá Óy‹õˆÏüyã˛ö •yÓ˚ Ü˛üyˆÏöy ÎyÎ˚– Óî≈•#ö ≤’y!fiê˛Ü˛ñ

!§!°Ü˛ö ˜ï˛°ñ x“ §ywï˛y (Viscosity) !Ó!¢‹T ˆüyü í˛z!qˆÏòÓ˚ ˛õyï˛yÎ˚ ≤ÃˆÏ°˛õÓ˚*ˆÏ˛õ ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ Óy‹õˆÏüyã˛ö

≤Ã!ï˛ Ï̂Ó̊yô Ü˛Ó̊y ÎyÎ̊– Óï≈̨ üy Ï̂ö Óy‹õ Ï̂üyã˛ö ≤Ã!ï˛ Ï̂Ó̊yô#Ó̊* Į̈̂ õ !ú˛öy•z° üyÓ̊!Ü˛í z̨!Ó̊Ü˛ xƒy!§ Ï̂ê˛ Ï̂ê˛Ó̊ (Phenyl Mercuric
Acetate) ÓƒÓ•yÓ˚ !ÓˆÏ¢£Ï í˛zˆÏÕ‘áˆÏÎyàƒ– ~Ó˚ °â% oÓî (10–4M) ÓƒÓ•yÓ˚ Ü˛Ó˚ˆÏ° ˛õeÓ˚¶…˛ xyÇ!¢Ü˛ û˛yˆÏÓ Ó¶˛ •Î˚

ÎyÓ˚ ú˛ˆÏ° Óy‹õˆÏüyã˛ö •yÓ˚ Ü˛ˆÏü ÎyÎ˚–

ˆÜ˛yˆÏöy ˆÜ˛yˆÏöy ˆ«˛ˆÏe xƒyÓ!§!§Ü˛ x¡‘ öyüÜ˛ •Ó˚̂ Ïüyö ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï°Ä Óy‹õˆÏüyã˛ö •yÓ˚ Ü˛ˆÏü ÎyÎ˚–

4.7 !öÉflÀyÓî (Guttation)

öy!ï˛¢#ˆÏï˛y£è (temperate) xM˛ÈˆÏ° ¢#ï˛° Ó˚y!e Ä í˛z£è !òÓyÓ˚ ˛õÎ≈yÎ˚ e´!üï˛yÓ˚ ú˛ˆÏ° Ó§hsˇ Ü˛yˆÏ°Ó˚

ˆ¢ˆÏ£Ï í˛z!qˆÏòÓ˚ ˛õe!Ü˛öyÓ˚y ˆÌˆÏÜ˛ «%˛o «%˛o ç°!Ó®% «˛!Ó˚ï˛ •Î˚– í˛z!qˆÏòÓ˚ ç°#Î˚ ˛õòyˆÏÌ≈Ó˚ ~•z «˛Ó˚îˆÏÜ˛ !öÉflÀyÓö

Óy àyˆÏê˛¢î (Guttation) ÓˆÏ°– !öÉflÀyÓî ÷ô% Ó#Ó˚&Í çyï˛#Î˚ í˛z!qˆÏò•z ˆòáy ÎyÎ˚– àyˆÏê˛¢ˆÏöÓ˚ ú˛ˆÏ° ˛õey@ˇÃ Óy

˛õe!Ü˛öyÓ˚y !òˆÏÎ˚ !öà≈ï˛ ç°ˆÏÜ˛ !¢!¢Ó˚ !Ó®% ÓˆÏ° û%˛° •Î˚– !Ü˛v ~•z çˆÏ°Ó˚ §yˆÏÌ ¢Ü≈˛Ó˚yñ !Ó!û˛ß¨ xƒyüy•zˆÏöy

x¡‘ñ á!öç °Óî oÓ#û)˛ï˛ xÓfliyÎ˚ ÌyˆÏÜ˛–

ˆÎ §Ó í z̨!q Ï̂ò !öÉflÀyÓî â Ï̂ê˛ ï˛y Ï̂òÓ̊ ̨õyï˛yÓ̊ !Ü˛öyÓ̊yÎ̊ •y•zí˛y Ï̂Ìyí˛ öyüÜ˛ ~Ü˛ !Ó Ï̂¢£Ï Ó̊¶…̨  Ìy Ï̂Ü˛– •y•zí˛y Ï̂Ìy Ï̂í˛Ó̊

ö#ˆÏã˛ ˛õyï˛°y ˆÜ˛y£Ï ≤Ãyã˛#Ó˚ !Ó!¢‹T Ä ˆÜ˛y£ÏyhsˇÓ˚ Ó˚¶…˛ §¡õß¨ ~Ü˛ê˛y ˆÜ˛y£Ï hflÏÓ˚ ÌyˆÏÜ˛ Îy ~!˛õˆÏÌü öyˆÏü ˛õ!Ó˚!ã˛ï˛–

ü)°ç ã˛yˆÏ˛õÓ˚ ú˛ˆÏ° í˛z!aï˛ °Óî !ü!◊ï˛ çˆÏ°Ó˚ !Ü˛å%È xÇ¢ •y•zí˛yˆÏÌyí˛ Óy ç° ˛õeÓ˚̂ Ï¶…̨ Ó˚ üyôƒˆÏü ï˛Ó˚°yÜ˛yˆÏÓ˚

!öà≈ï˛ •Î˚–

xö%¢#°ö# ÈÙÈ     2

1. ¢)öƒfliyö ˛õ)Ó˚î Ü˛Ó˚&ö ≠

a) Óy‹õˆÏüyã˛ˆÏöÓ˚ Óy!•ƒÜ˛ ¢ï≈˛ •° ______ Ä ______–

b) !Ü˛å%È !Ü˛å%È çyD° í˛z!qˆÏòÓ˚ ˛õyï˛yÎ ̊_______ ÌyÜ˛yÎ˚ Óy‹õˆÏüyã˛ˆÏöÓ˚ •yÓ˚ Ü˛ü •Î˚–

c) ~Ü˛!ê˛ Óy‹õˆÏüyã˛ö ≤Ã!ï˛ˆÏÓ˚yô# ˛õòyÌ≈ •° _______–

2. §!ë˛Ü˛ í˛z_Ó˚!ê˛ !ã˛!•´ï˛ Ü˛Ó˚&ö ≠

a) xyÓ•ü[˛ˆÏ° ç°#Î˚ ÓyˆÏ‹õÓ˚ ã˛y˛õ ˆÓˆÏí ¸̨ ˆàˆÏ° Óy‹õˆÏüyã˛ˆÏöÓ˚ •yÓ˚ SÜ˛ˆÏü ÎyÎ˚†ˆÓˆÏí ¸̨ ÎyÎ˚V–
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b) Óy‹õˆÏüyã˛ˆÏöÓ˚ •yÓ˚ SÓ,!k˛Ü˛yÓ˚#†•…y§Ü˛yÓ˚#V ˆÎ ˆÜ˛yˆÏöy ˛õòyÌ≈ˆÏÜ˛ Óy‹õˆÏüyã˛ö ≤Ã!ï˛ˆÏÓ˚yô# ˛õòyÌ≈

ÓˆÏ°–

c) !öÉflÀyÓî S=Õ√ çyï˛#Î˚†Ó#Ó˚&Í çyï˛#Î˚†Ó,«˛ çyï˛#Î˚V í˛z!qˆÏò ˆòáy ÎyÎ˚–

4.8 §yÓ̊yÇ¢ (Summary)

ˆÎ ¢yÓ˚#Ó˚Ó,_#Î˚ ≤Ã!e´Î˚yÓ˚ üyôƒˆÏü í˛z!qò ˆòˆÏ•Ó˚ x!ï˛!Ó˚_´ ç° Óy‹õyÜ˛yˆÏÓ˚ !öà≈ï˛ •Î˚ ï˛yˆÏÜ˛ Óy‹õˆÏüyã˛ö

Ó Ï̂°– í z̨!qò ̨õeÓ̊¶…̨ ñ !Ü˛í z̨!ê˛Ü˛° Óy ̂ °!rê˛ Ï̂§ Ï̂°Ó̊ üyôƒ Ï̂ü Óy‹õ Ï̂üyã˛ö §¡õß̈ Ü˛ Ï̂Ó̊– Óy‹õ Ï̂üyã˛ö ≤Ãôyöï˛ ̨õeÓ̊ Ï̂¶…Ó̊

üyôƒˆÏü •ˆÏÎ˚ ÌyˆÏÜ˛– ˛õeÓ˚¶…˛ §Ç°@¿ ò%•z!ê˛ Ó˚«˛#ˆÏÜ˛yˆÏ£ÏÓ˚ §!e´Î˚ï˛yÓ˚ ú˛ˆÏ°•z Óy‹õˆÏüyã˛ö !öÎ˚!sfï˛ •Î˚– ˛õeÓ˚̂ Ï¶…̨ Ó˚

Ó¶˛ Ä í ẑ̨ Ïß√yã˛ö ≤Ã!e´Î̊y ≤Ãôyöï˛ fiê˛yã≈̨  ¢Ü≈̨ Ó̊y üï˛Óyò Ä üƒy!°Ü˛ x¡‘ üï˛Óy Ï̂òÓ̊ üyôƒ Ï̂ü Óƒyáƒy Ü˛Ó̊y •Î̊– xƒyÓ!§!§Ü˛

x¡‘ñ !ú˛öy•z°ñ üyÓ˚!Ü˛í˛z!Ó˚Ü˛ xƒy!§ˆÏê˛ê˛ ≤Ãû,˛!ï˛ í˛zˆÏÕ‘áˆÏÎyàƒ Óy‹õˆÏüyã˛ö ≤Ã!ï˛ˆÏÓ˚yô# ˛õòyÌ≈– Ó#Ó˚&Í çyï˛#Î˚ í˛z!qˆÏò

~Ü˛!ê˛ !ÓˆÏ¢£Ï ≤Ã!e´Î˚yÓ˚ §y•yˆÏÎƒ •y•zí˛yˆÏÌyí˛ Óy ç°˛õeÓ˚̂ Ï¶…̨ Ó˚ üyôƒˆÏü á!öç °Óî !ü!◊ï˛ ç° ï˛Ó˚°yÜ˛yˆÏÓ˚

˛õyï˛yÓ˚ !Ü˛öyÓ˚y !òˆÏÎ˚ !öà≈ï˛ •Î˚– ~•z ≤Ã!e´Î˚yˆÏÜ˛ !öÉflÀyÓî ÓˆÏ°–

4.9 §Ó≈̂ Ï¢£Ï ≤ÃŸ¿yÓ!° (Terminal Questions)

1. Óy‹õˆÏüyã˛ö Ü˛yˆÏÜ˛ ÓˆÏ°⁄ Óy‹õˆÏüyã˛ö Ü˛Î˚ ≤ÃÜ˛yÓ˚ Ä Ü˛# Ü˛#⁄

2. Óy‹õˆÏüyã˛ˆÏöÓ˚ x!û˛flÀÓî#Î˚ Óƒyáƒy §ÇˆÏ«˛ˆÏ˛õ xyˆÏ°yã˛öy Ü˛Ó˚&ö–

3. ê˛#Ü˛y !°á%ö ≠

a) !öÉflÀyÓî

b) Óy‹õˆÏüyã˛ˆÏöÓ˚ Óy!•ƒÜ˛ ¢ï≈˛–

4. Óy‹õˆÏüyã˛ˆÏöÓ˚ !Ó!û˛ß¨ ¢ï≈˛§ü)• §ÇˆÏ«˛ˆÏ˛õ xyˆÏ°yã˛öy Ü˛Ó˚&ö–

4.10 í˛z_Ó˚üy°y (Key to the Answers)

xö%¢#°ö# ÈÙÈ     1

1. a) ˛õyï˛yÎ˚–

b) ò%•z!ê˛–

c) á%ˆÏ° ÎyÎ˚–

2. a) Ó,E˛yÜ,˛!ï˛Ó˚ñ Ó˚«˛#ˆÏÜ˛y£Ï–

b) ˆŸªï˛§yÓ˚–
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xö%¢#°ö# ÈÙÈ     2

1. a) í˛z£èï˛y Ä xyˆÏ°y–

b) !öü!Iï˛ ˛õeÓ˚¶…̨ –

c) !§!°Ü˛ö ˜ï˛°–

2. a) Ü˛ˆÏü ÎyÎ˚–

b) •…y§Ü˛yÓ˚#–

c) Ó#Ó˚&Í çyï˛#Î˚–

§Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ!°

1. 4.2 Ä 4.3 xÇˆÏ¢ xyˆÏ°y!ã˛ï˛–

2. 4.4 ~Ó˚ (1) xÇˆÏ¢ xyˆÏ°y!ã˛ï˛–

3. a)  4.7 xÇˆÏ¢ xyˆÏ°y!ã˛ï˛–

b) 4.5 ~Ó˚ (B) xÇˆÏ¢ xyˆÏ°y!ã˛ï˛–

4. 4.5 xÇˆÏ¢ xyˆÏ°y!ã˛ï˛–
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~Ü˛Ü˛ 5 í˛z!qò á!öç ˛õ%!‹T

Unit 5 Miveral Nutrition in Plants

àë˛ö

5.0 í ẑ̨ Ïj¢ƒ

5.1 ≤ÃhflÏyÓöy

5.2 á!öç °ÓˆÏîÓ˚ §yôyÓ˚î û)˛!üÜ˛y

5.3 á!öç ˆüÔˆÏ°Ó˚ ˆ◊!î!Óû˛yà

5.4 ˆüÔ°=!°Ó˚ x˛õ!Ó˚•yÎ≈ï˛yÓ˚ ¢ï≈˛

5.5 !Ó!û˛ß¨ ˆüÔ°=!°Ó˚ ¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚y Ä xû˛yÓç!öï˛ ˆÓ˚yà°«˛î

5.5.1 x!ï˛üy!eÜ˛ ˆüÔ°

5.5.2 fl∫“üy!eÜ˛ ˆüÔ°

5.5.3 xöƒyöƒ á!öç ˆüÔ°

5.6 §yÓ˚yÇ¢

5.7 §Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#

5.8 í˛z_Ó˚üy°y

5.0 í ẑ̨ Ïj¢ƒ

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xy˛õ!ö

 í˛z!qˆÏòÓ˚ ˛õ%!‹TˆÏï˛ á!öç °ÓˆÏîÓ˚ ≤ÃˆÏÎ˚yçö#Î˚ï˛y §¡õˆÏÜ≈˛ xÓ!•ï˛ •ˆÏÓö–

 x!ï˛üy!eÜ˛ Ä fl∫“üy!eÜ˛ ˆüÔ°=!° §¡õˆÏÜ≈˛ ôyÓ˚îy °yû˛ Ü˛Ó˚̂ ÏÓö–

 !Ó!û˛ß¨ á!öç ˆüÔˆÏ°Ó˚ Ü˛yÎ≈Ü˛y!Ó˚ï˛y Óƒyáƒy Ü˛Ó˚̂ Ïï˛ ˛õyÓ˚̂ ÏÓö–

 á!öç ˆüÔˆÏ°Ó˚ xû˛yÓç!öï˛ ˆÓ˚yà=!° §¡õˆÏÜ≈˛ xyˆÏ°yã˛öy Ü˛Ó˚̂ Ïï˛ ˛õyÓ˚̂ ÏÓö–
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5.1 ≤ÃhflÏyÓöy

fl∫̂ Ïû˛yç# í z̨!qò Óyï˛y§ ̂ Ì Ï̂Ü˛ Ü˛yÓ≈ö í˛y•zÈÙÈx:y•zí˛ Ä üy!ê˛ ̂ Ì Ï̂Ü˛ ç° @ˇÃ•î Ü˛ Ï̂Ó̊ ̂ Üœ̨ y Ï̂Ó̊y!ú˛° Ä §)Î≈y Ï̂°y Ï̂Ü˛Ó̊

í˛z˛õ!fli!ï˛ˆÏï˛ @’%ˆÏÜ˛yç çyï˛#Î˚ áyòƒ í˛zÍ˛õß¨ Ü˛ˆÏÓ˚– ¢Ü≈˛Ó˚yˆÏÜ˛ í˛z!qˆÏòÓ˚ ≤Ãôyö áyòƒ í˛z˛õyòyö Ó°ˆÏ°Ä í˛z!qò ï˛yÓ˚

§y!Ó≈Ü˛ ˛õ%!‹TÓ˚ çöƒ üy!ê˛ ˆÌˆÏÜ˛ xhsˇï˛ 17!ê˛ ˆüÔ° á!öç °ÓîÓ˚*ˆÏ˛õ @ˇÃ•î Ü˛ˆÏÓ˚– ~•z ˆüÔ°=!° í˛z!qˆÏòÓ˚ ˛õ%!‹T Ä

˛õ!Ó˚fl≥)˛Ó˚̂ ÏîÓ˚ çöƒ x˛õ!Ó˚•yÎ≈ ÓˆÏ° ~ˆÏòÓ˚ xï˛ƒyÓ¢ƒÜ˛ ˆüÔ° ÓˆÏ°– ˆÎ ˛õk˛!ï˛ˆÏï˛ í˛z!qò á!öç °Óî ˆ¢y£Ïî Ä

xy_#Ü˛Ó˚î Ü˛ˆÏÓ˚ ï˛yˆÏÜ˛ á!öç ˛õ%!‹T (Mineral nutrition) ÓˆÏ°– ~•z xôƒyˆÏÎ˚ xyüÓ˚y í˛z!qò ˛õ%!‹TˆÏï˛ á!öç

°ÓˆÏîÓ˚ û)˛!üÜ˛y Ä ~ˆÏòÓ˚ xû˛yÓç!öï˛ ˆÓ˚yà°«˛î §¡õˆÏÜ≈˛ xyˆÏ°yã˛öy Ü˛Ó˚Ó–

5.2 á!öç °ÓˆÏîÓ˚ §yôyÓ˚î û)˛!üÜ˛y (General roles of Mineral Salts)

Ü˛yÓ≈öñ •y•zˆÏí»˛yˆÏçö Ä x!:ˆÏçö Óyò !òˆÏÎ˚ í˛z!qˆÏòÓ˚ ≤ÃˆÏÎ˚yçö#Î˚ xyˆÏÓ˚y xhsˇï˛ 17!ê˛ ˆüÔ°ñ í˛z!qˆÏòÓ˚ ü)°

!òˆÏÎ˚ á!öç °ÓîÓ˚*ˆÏ˛õ ˆ¢y!£Ïï˛ •Î˚– í˛z!qˆÏòÓ˚ üyôƒˆÏü•z á!öç °Óî=!° ç#ÓˆÏòˆÏ• ≤ÃÌü ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ ÓˆÏ°

í˛z!qòˆÏÜ˛ á!öç °Óî xy•Ó˚Ü˛ Óy í˛zˆÏ_y°Ü˛ Ó°y •Î˚– ~•z á!öç ˆüÔ°=!° ˆÎ ÷ô% í˛z!qˆÏòÓ˚ ˛õ%!‹TˆÏï˛•z xÇ¢@ˇÃ•î

Ü˛ˆÏÓ˚ ï˛y•z öÎ˚ñ !Ó!û˛ß¨ ˛õÎ≈yˆÏÎ˚Ó˚ áyòÜ˛ Óy ≤Ãyî#Ó˚yÄ í˛z!qˆÏòÓ˚ üyôƒˆÏü á!öç ˛õ%!‹ToÓƒ @ˇÃ•î Ü˛ˆÏÓ˚–

í˛z!qòˆÏòˆÏ•Ó˚ ÷‹Ò ÄçˆÏöÓ˚ ≤ÃyÎ˚ ¢ï˛Ü˛Ó˚y ˛õÑyã˛û˛yà •° á!öç °Óî– í˛z!qò!ÓK˛yö#Ó˚y xhsˇï˛ 17!ê˛ á!öç

ˆüÔ°ˆÏÜ˛ í˛z!qò ˛õ%!‹TÓ˚ ~Ü˛yhsˇ ≤ÃˆÏÎ˚yçö#Î˚ ï˛yˆÏòÓ˚ xï˛ƒyÓ¢ƒÜ˛ ˆüÔ° Ó°y •Î˚– !ÓK˛yö# ~˛õˆÏfiê˛•zˆÏöÓ˚ (Epstein,
1972) üˆÏï˛ ˆÜ˛yˆÏöy ˆüÔˆÏ°Ó˚ x˛õ!Ó˚•yÎ≈ï˛y ò%Û!ê˛ ü)° ö#!ï˛Ó˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#° ≠

1) ˆüÔ°!ê˛ˆÏÜ˛ í˛z!qˆÏòÓ˚ ˆÜ˛yˆÏöy xï˛ƒyÓ¢ƒÜ˛ ˜çÓ ˛õòyˆÏÌ≈Ó˚ í˛z˛õyòyöÓ˚*ˆÏ˛õ Ü˛yç Ü˛Ó˚̂ Ïï˛ •ˆÏÓ–

2) ˆ§•z ˆüÔˆÏ°Ó˚ xö%˛õ!fli!ï˛ˆÏï˛ í˛z!qò ï˛yÓ˚ ç#Óöã˛e´ §¡õ)î≈ Ü˛Ó˚̂ Ïï˛ ˛õyÓ˚̂ ÏÓ öy–

á!öç ˆüÔ° xyÎ˚öÓ˚*ˆÏ˛õ xÌÓy ˆÜ˛yˆÏöy ˜çÓ xî%Ó˚ xÇ¢Ó˚*ˆÏ˛õ xÓfliyöÜ˛yˆÏ° !öˆÏ¡¨y_´ ¢yÓ˚#Ó˚Ó,_#Î˚

Ü˛yç=!° §¡õß¨ Ü˛ˆÏÓ˚ ≠

1) ˆ≤ÃyˆÏê˛y≤’yçü àë˛öÜ˛yÓ˚# Ü˛yÎ≈ ≠ÈÙÈ !Ó!û˛ß¨ á!öç °Óî=!°Ó˚ üˆÏôƒ §y°ú˛yÓ˚ Ä ú˛§ˆÏú˛yÓ˚y§ ˆ≤Ãy!ê˛ö

Ä !öí z̨!Üœ̨ Ü˛ x Ï̂¡‘Ó̊ñ üƒyà Ï̂ö!§Î̊yü ̂ Üœ̨ y Ï̂Ó̊y!ú˛ Ï̂°Ó̊ Ä öy•ẑ Ïê Δ̨y Ï̂çö ̂ ≤Ãy!ê˛öñ !öí z̨!Üœ̨ Ü˛ x¡‘ Ä x§Çáƒ ̂ ≤Ãy Ï̂ê˛y≤’yçü#Î̊

˜çÓ Ó˚y§yÎ˚!öÜ˛ ˛õòyˆÏÌ≈Ó˚ ü%áƒ í˛z˛õyòyö !•§yˆÏÓ ÌyˆÏÜ˛–

2V ˆÜ˛y£Ï≤Ãyã˛#ˆÏÓ˚Ó˚ í˛z˛õyòyöÓ˚*ˆÏ˛õ á!öç ˆüÔ° ≠ÈÙÈ ˆÜ˛y£Ï≤Ãyã˛#Ó˚ àë˛ˆÏöÓ˚ xyˆÏà ˆÎ üôƒFåÈòy à!ë˛ï˛ •Î˚

ï˛y Ü˛ƒy°!§Î˚yü ̂ ˛õÜ˛ˆÏê˛ê˛ !òˆÏÎ˚ ̃ ï˛!Ó˚ •Î˚– Ü˛ƒy°!§Î˚yü ̂ Ü˛y£Ï ≤Ãyã˛#Ó˚ àë˛ˆÏö Óy ̂ Ü˛yˆÏ£ÏÓ˚ }ç%ï˛y ≤ÃòyˆÏö í˛zˆÏÕ‘áˆÏÎyàƒ

û)˛!üÜ˛y @ˇÃ•î Ü˛ˆÏÓ˚– !Ü˛å%È ây§çyï˛#Î˚ í˛z!qˆÏòÓ˚ ˆÜ˛y£Ï ≤Ãyã˛#ˆÏÓ˚ !§!°Ü˛öÄ §!M˛Èï˛ •Î˚–

3) x!û˛flÀÓî ã˛y˛õ !öÎ˚sfî ≠ÈÙÈ !Ó!û˛ß¨ á!öç °Óî ˆ≤ÃyˆÏê˛y≤’yçü Óy ˆÜ˛y£ÏÓ˚̂ Ï§ oÓ#û)˛ï˛ •ˆÏÎ˚ ˆÜ˛yˆÏ£ÏÓ˚

x!û˛flÀÓî ã˛y˛õ !öÎ˚sfî Ü˛ˆÏÓ˚–
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4) «˛yÓ˚ÈÙÈx¡‘ §yüƒ ≠ÈÙÈ ü)° myÓ˚y ̂ ¢y!£Ïï˛ Ü˛yÓ≈ˆÏöê˛ Ä ú˛§ˆÏú˛ê˛ ̂ ÎÔà=!° Óyú˛yÓ˚ (Buffer) !•§yˆÏÓ Ü˛yç

Ü˛ˆÏÓ˚ ˆÜ˛yˆÏ£ÏÓ˚ «˛yÓ˚ÈÙÈx¡‘ §yüƒ (Acid base balance) ÓçyÎ˚ Ó˚yˆÏá–

5) ˆÜ˛y£Ï ˛õò≈yÓ˚ ˆû˛òƒï˛y !öÎ˚sfî ≠ÈÙÈ Ca Ä xöƒyöƒ !mˆÏÎyç# Ä !eˆÏÎyç# Ü˛ƒyê˛yÎ˚ö=!° ˆÜ˛y£Ï ˛õò≈yÓ˚

ˆû˛òƒï˛y •…y§ Ü˛ˆÏÓ˚– x˛õÓ˚!òˆÏÜ˛ñ ~Ü˛ˆÏÎyç# Ü˛ƒyê˛yÎ˚ö=!° ˆÜ˛y£Ï ˛õò≈yÓ˚ ˆû˛òƒï˛y Óy!í˛¸̂ ÏÎ˚ ˆòÎ˚–

6) í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ ˆÜ˛yÈÙú˛ƒyQÓ˚ ≠ Ü˛ˆÏÎ˚Ü˛!ê˛ ˆüÔ° í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ ˆÜ˛yÈÙÈú˛ƒyQÓ˚Ó˚*ˆÏ˛õ Ü˛yç Ü˛ˆÏÓ˚ í˛zÍˆÏ§ã˛Ü˛ˆÏÜ˛

§!e´Î˚ Ü˛ˆÏÓ˚– ˆÎüö üƒyDy!öç xy!ç≈ˆÏöçñ üƒyàˆÏö!§Î˚yü ú˛§ú˛yˆÏê˛ç Ä Ü˛y•zˆÏöçñ ˆÜ˛yÓyŒê˛ xy!ç≈ˆÏöç Ä

ˆ˛õ˛õê˛y•ẑ Ïí˛çñ !çB˛ IAA x!: Ï̂í˛ç í z̨Í Ï̂§ã˛ Ï̂Ü˛Ó̊ ̂ Ü˛yÈÙÈú˛ƒyQÓ̊– ̂ Ü˛y£ÏÈ È˛õò≈yÓ̊ §!e´Î̊ ̨õ!Ó̊Ó•ö !öÎ̊sfîÜ˛yÓ̊# ATPase
í˛zÍˆÏ§ã˛Ü˛!ê˛Ó˚ !e´Î˚y ˆ§y!í˛Î˚yü Ä ˛õê˛y!§Î˚yü xyÎ˚̂ ÏöÓ˚ í˛z˛õÓ˚ §¡õ)î≈û˛yˆÏÓ !öû≈˛Ó˚¢#°–

7) á!öç ˆüÔˆÏ°Ó˚ ≤Ã!ï˛m!®μï˛yü)°Ü˛ ú˛° :- ˆ§y!í˛Î˚yü ˆÜœ̨ yÓ˚y•zí˛ §ü%ˆÏoÓ˚ çˆÏ° ˆÎ âöˆÏc í˛z˛õ!fliï˛

ÌyˆÏÜ˛ ˆ§•z ~Ü˛•z âöˆÏcÓ˚ ˆ§y!í˛Î˚yü ˆÜœ˛yÓ˚y•zˆÏí˛Ó˚ oÓˆÏî ˆÎ ˆÜ˛yˆÏöy §yü%!oÜ˛ ç#Ó Ó˚yáˆÏ° ï˛yÓ˚ ü,ï%˛ƒ •ˆÏÓ– ~Ó˚

Ü˛yÓ˚î •° ˆ§y!í˛Î˚yü ˆÜœ˛yÓ˚y•zí˛ ˆÜ˛y£Ï ˛õò≈yÓ˚ ˆû˛òƒï˛y xfl∫yû˛y!ÓÜ˛ û˛yˆÏÓ Óy!í˛¸̂ ÏÎ˚ ˆòÎ˚– !Ü˛v í˛z_´ oÓˆÏî x“

˛õ!Ó˚üyˆÏî Ü˛ƒy°!§Î˚yü ˆÜœ˛yÓ˚y•zí˛ Î%_´ Ü˛Ó˚ˆÏ° ˆÜ˛y£Ï ˛õò≈yÓ˚ ˆû˛òƒï˛y Ü˛ˆÏü xy§yÓ˚ ú˛ˆÏ° §yü%!oÜ˛ ç#Ó Ó§Óy§

Ü˛Ó˚yÓ˚ í˛z˛õÎ%_´ •ˆÏÎ˚ í˛zë˛ˆÏÓñ xÌ≈yÍ ~Ü˛!ê˛ °ÓˆÏîÓ˚ !Ó£Ï!e´Î˚y xöƒ °ÓˆÏîÓ˚ xyÎ˚̂ ÏöÓ˚ §y•yˆÏÎƒ ≤Ã¢!üï˛ •Î˚– ˆÎ

oÓˆÏî !Ó!û˛ß¨ ôÓ˚ˆÏöÓ˚ °ÓˆÏîÓ˚ xyÎ˚ö í˛z˛õ!fliï˛ ÌyˆÏÜ˛ ~ÓÇ ~Ü˛!ê˛ °Óî xöƒ °ÓˆÏîÓ˚ !Ó£Ï!e´Î˚yˆÏÜ˛ ≤Ã¢!üï˛ Ü˛ˆÏÓ˚

ç#ˆÏÓÓ˚ Ó§ÓyˆÏ§Ó˚ í˛z˛õÎ%_´ Ü˛ˆÏÓ˚ ̂ ï˛yˆÏ° ï˛yˆÏÜ˛ Balanced solution Óy §%£Ïü oÓî ÓˆÏ°– fl∫û˛yÓï˛•z §ü%ˆÏoÓ˚ ç°

•° ~Ó˚ ≤ÃÜ,˛‹T í˛zòy•Ó˚î– ~Ü˛!ê˛ °ÓˆÏîÓ˚ !Ó£Ï!e´Î˚y xöƒ °ÓˆÏîÓ˚ xyÎ˚̂ ÏöÓ˚ §y•yˆÏÎƒ ≤Ã¢!üï˛ •ÄÎ˚yÓ˚ âê˛öyˆÏÜ˛

Antagonism of salts Ó Ï̂°–

5.3 á!öç ̂ üÔˆÏ°Ó˚ ̂ ◊!î!Óû˛yà (Classification of Mineral Salts)

í˛z!qˆÏòÓ ̊17!ê˛ xï˛ƒyÓ¢ƒÜ˛ á!öç ˆüÔ°ˆÏÜ˛ ï˛yˆÏòÓ˚ xy˛õyï˛ âöc Ä ¢yÓ˚#Ó˚Ó,_#Î˚ ≤ÃˆÏÎ˚yçö#Î˚ï˛yÓ˚ !û˛!_ˆÏï˛

x!ï˛üy!eÜ˛ Ä fl∫“üy!eÜ˛ ˆüÔ°Ó˚*ˆÏ˛õ ˆ◊!î!Óû˛yà Ü˛Ó˚y •Î˚–

!ã˛e 5.1 : á!öç ̂ üÔˆÏ°Ó˚ §yï˛!ê˛ ≤Ãôyö Ü˛yç

(4) «˛yÓ˚ÈÙÈx¡‘ §yüƒ

(7) ≤Ã!ï˛m!®μï˛yü)°Ü˛ xyã˛Ó̊î

(3) x!û˛flÀÓî ã˛y˛õ !öÎ˚sfî
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x!ï˛üy!eÜ˛ ˆüÔ° ÈÙÙÙÈ xyüÓ˚y ˆ§•z ˆüÔ°=!°ˆÏÜ˛ x!ï˛üy!eÜ˛ ˆüÔ° Ó!° ˆÎ=!°ÈÙÙÙÈ

i) í˛z!qˆÏòÓ˚ ˛õ%!‹TˆÏï˛ ˆÓ!¢ ˛õ!Ó˚üyˆÏî ÓƒÓ•*ï˛ •Î˚ó

ii) í˛z!qˆÏòÓ˚ 1kg ÷‹Ò ÄçˆÏö ÎyˆÏòÓ˚ ˛õ!Ó˚üyî 10mmol ~Ó˚ ˆÓ!¢ ÌyˆÏÜ˛ó

iii) í˛z!qˆÏòÓ˚ ˆò•àë˛ˆÏö ≤Ãï˛ƒ«˛û˛yˆÏÓ xÇ¢@ˇÃ•î Ü˛ˆÏÓ˚–

í˛z!qˆÏòÓ˚ §Ó≈çöfl∫#Ü,˛ï˛ öÛ!ê˛ x!ï˛üy!eÜ˛ ˆüÔ° •° •y•zˆÏí»˛yˆÏçöñ Ü˛yÓ≈öñ x!:ˆÏçö S~•z !ï˛ö!ê˛ ü,!_Ü˛y

ˆÌˆÏÜ˛ á!öç °ÓîÓ˚*ˆÏ˛õ @ˇÃ•#ï˛ •Î˚ öyVñ öy•zˆÏê˛ΔyˆÏçöñ ˛õê˛y!§Î˚yüñ Ü˛ƒy°!§Î˚yüñ üƒyàˆÏö!§Î˚yüñ ú˛§ú˛Ó˚y§ Ä

§y°ú˛yÓ˚–

fl∫“üy!eÜ˛ ˆüÔ° ÈÙÙÙÈ xyüÓ˚y ˆ§•z ˆüÔ°=!°ˆÏÜ˛•z fl∫“üy!eÜ˛ ˆüÔ° Ó!°ñ ÎyÓ˚yÈÙÙÙÈ

i) í˛z!qò ˛õ%!‹TˆÏï˛ §yüyöƒ ˛õ!Ó˚üyˆÏî (Trace amount) ÓƒÓ•*ï˛ •Î˚–

ii) í˛z!qòˆÏòˆÏ•Ó˚ ≤Ã!ï˛ kg ÷‹Ò ÄçˆÏö ÎyˆÏòÓ˚ ˛õ!Ó˚üyî 3mmol Óy ï˛yÓ˚Ä Ü˛ü–

iii) ≤Ãï˛ƒ«˛û˛yˆÏÓ ˆÜ˛y£Ï#Î˚ í˛z˛õyòyö àë˛ˆÏö ÓƒÓ•*ï˛ •Î˚ öy–

xyê˛!ê˛ fl∫“üy!eÜ˛ ̂ üÔ° •° ̂ Üœ̨ y!Ó˚öñ ̂ ÓyÓ˚öñ ̂ °Ô•ñ üƒyDy!öçñ òhflÏyñ ï˛yüyñ !öˆÏÜ˛° Ä üˆÏ°Ó!Ïí˛öyü–

§yÓ˚!î ÈÙÈ     5-1 í˛z!qòˆÏòˆÏ• ÓƒÓ•*ï˛ !Ó!û˛ß¨ ̂ üÔ°=!°Ó˚ öyüñ §ˆÏB˛ï˛ñ ÷‹Ò Äçö!û˛!_Ü˛ ̨õ!Ó˚üyîñ ̨õyÓ˚üyî!ÓÜ˛

Äçöñ ˆ¢y£ÏîˆÏÎyàƒ Ó˚*˛õ Ä ˆÜ˛yˆÏ£Ï üˆÏ°Ó!í˛öyˆÏüÓ˚ ï%˛°öyÎ˚ ï˛yˆÏòÓ˚ xyˆÏ˛õ!«˛Ü˛ âöc ö#ˆÏã˛Ó˚

§yÓ˚!îˆÏï˛ ˆòÄÎ˚y •°– S§)eÈÙÈ~˛õ‰ˆÏfiê˛•zöñ     1994V

ˆüÔ° §ÇˆÏÜ˛ï˛ ˛õyÓ˚üyî!ÓÜ˛ ÷‹Ò Äçö !û˛!_Ü˛ ˆ¢y£ÏîˆÏÎyàƒ xyˆÏ˛õ!«˛Ü˛ âöc�

Äçö ˛õ!Ó˚üyî Ó˚*˛õ SüˆÏ°Ó!í˛öyˆÏüÓ˚

(μμμμμmol/g) ï%˛°öyÎ˚ ˛õÓ˚üyî%Ó˚

§Çáƒy

ç° Óy Óyï˛y§Ó˚*ˆÏ˛õ

@ˇÃ•#ï˛ x!ï˛üy!eÜ˛

1. •y•zˆÏí»˛yˆÏçö H 1.01 60,000 H2O 6×107

2. Ü˛yÓ≈ö C 12.01 40,000 CO2 4×107

3. x!:ˆÏçö O 16.01 30,000 O2,CO2, H2O 3×107

üÈ,!_Ü˛y ˆÌˆÏÜ˛ @ˇÃ•#ï˛

x!ï˛üy!eÜ˛

1. öy•zˆÏê˛ΔyˆÏçö N 14.01 1000 No3
–, NH4

+ 1×106
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ˆüÔ° §ÇˆÏÜ˛ï˛ ˛õyÓ˚üyî!ÓÜ˛ ÷‹Ò Äçö !û˛!_Ü˛ ˆ¢y£ÏîˆÏÎyàƒ xyˆÏ˛õ!«˛Ü˛ âöc�

Äçö ˛õ!Ó˚üyî Ó˚*˛õ SüˆÏ°Ó!í˛öyˆÏüÓ˚

(μμμμμmol/g) ï%˛°öyÎ˚ ˛õÓ˚üyî%Ó˚

§Çáƒy

2. ˛õê˛y!§Î˚yü K 39.01 250 K+ 2.5×105

3. Ü˛ƒy°!§Î˚yü Ca 40.08 125 Ca2+ 1.25×105

4. üƒyàˆÏö!§Î˚yü Mg 24.32 80 Mg2+ 8×104

5. ú˛§ˆÏú˛yÓ˚y§ P 30.98 60 HPO4
–, HPO4

–2 6×104

6. §y°ú˛yÓ˚ S 32.07 30 SO4
2– 3×104

7. !§!°Ü˛ö

 Si 28.09 30 üˆÏöy!§!°!§Ü˛ 3×104

fl∫“üy!eÜ˛ xƒy!§í˛

1. ˆÜœ˛y!Ó˚ö Cl 35.46 3.0 Cl 3×103

2. ˆÓyÓ˚î B 10.82 2.0 BO3
3– 2×103

3. ˆ°Ô• Fe 55.85 2.0 Fe2+, Fe3+ 2×103

4. üƒyDy!öç Mn 54.94 1.0 Mn2 1×103

5. ˆ§y!í˛Î˚yü

 Na 21.91 0.4 Na+ 4×102

6. òhflÏy Zn 65.38 0.3 Zn2+ 3×102

7. ï˛yüy Cu 63.54 0.1 Cu2+ 1×102

8. !ö Ï̂Ü˛° Ni 58.69 0.002 Ni2+ 2

9. üˆÏ°Ó!Ïí˛öyü Mo 95.95 0.001 Mo2- 1


  üˆÏ°Ó!í˛öyˆÏüÓ˚ âöc í˛z!qòˆÏòˆÏ• §ÓˆÏã˛ˆÏÎ Ü˛ü ÓˆÏ° ï˛yÓ˚ xyˆÏ˛õ!«˛Ü˛ âöc 1 ôÓ˚y •ˆÏÎ˚̂ ÏåÈ–



 xˆÏöÜ˛ ̃ ÓK˛y!öÜ˛ !§!°Ü˛ö Ä ̂ §y!í˛Î˚yüˆÏÜ˛ xï˛ƒyÓ¢ƒÜ˛ ̂ üÔ°Ó˚*ˆÏ˛õ àîƒ Ü˛ˆÏÓ˚ö !ö–

xˆÏöÜ˛ ˜ÓK˛y!öÜ˛ í˛z!qˆÏò ï%˛°öyü)°Ü˛ ˛õ!Ó˚üyˆÏîÓ˚ !û˛!_ˆÏï˛ §ühflÏ ˆüÔ°ˆÏÜ˛ ˛õÑyã˛ û˛yˆÏà û˛yà Ü˛ˆÏÓ˚̂ ÏåÈö–

1) x˛õ!Ó˚•yÎ≈ ≤ÃyÌ!üÜ˛ ˆüÔ° ÈÙÙÙÈ ˆÎ ˆüÔ°=!° §Ó≈y!ôÜ˛ ˛õ!Ó˚üyˆÏî ≤ÃˆÏÎ˚yçö ~ÓÇ í˛z!qòˆÏòˆÏ•Ó˚ ÷‹Ò

ÄçˆÏöÓ˚ 1-60% ~•z ˆüÔ°=!° myÓ˚y à!ë˛ï˛ •Î˚– í˛zòy•Ó˚î ÈÙÈ Ü˛yÓ≈öñ •y•zˆÏí»˛yˆÏçöñ x!:ˆÏçöñ ú˛§ú˛Ó˚y§ñ

öy•zˆÏê˛ΔyˆÏçö–

2) x˛õ!Ó˚•yÎ≈ ˆàÔî ˆüÔ° ÈÙÙÙÈ ~Ó˚yÄ í˛z!qˆÏòÓ˚ ˛õ%!‹TÓ˚ çöƒ xï˛ƒyÓ¢ƒÜ˛ ~ÓÇ í˛z!qòˆÏòˆÏ•Ó˚ ÷‹Ò ÄçˆÏöÓ˚
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0.05–1% ~•z ˆüÔ°=!° !òˆÏÎ˚ à!ë˛ï˛– ˆÎüö ÈÙÈ ˛õê˛y!§Î˚yüñ §y°ú˛yÓ˚ñ Ü˛ƒy°!§Î˚yüñ xyÎ˚Ó˚öñ üƒyàˆÏö!§Î˚yüñ

ˆ§y!í˛Î˚yü Ä ˆÜœ˛y!Ó˚ö–

3) x˛õ!Ó˚•yÎ≈ fl∫“üy!eÜ˛ ˆüÔ° ÈÙÙÙÈ ~Ó˚y xï˛ƒhsˇ Ü˛ü ˛õ!Ó˚üyˆÏî ÓƒÓ•*ï˛ •ˆÏ°Ä í˛z!qˆÏòÓ˚ ˛õ%!‹TÓ˚ çöƒ

xï˛ƒyÓ¢ƒÜ˛– í z̨!q Ï̂òÓ̊ ÷‹Ò Äç Ï̂öÓ̊ üye 0.005% ~•z ̂ üÔ°=!° !ò Ï̂Î̊ à!ë˛ï˛– ̂ ÓyÓ̊öñ Ü˛˛õyÓ̊ñ ̂ úœ̨ y!Ó̊öñ xy Ï̂Î̊y!í˛öñ

üƒyDy!öçñ !§!°Ü˛ö ≤Ãû,˛!ï˛ ~•z ˆ◊!îÓ˚ xhsˇû≈%˛_´–

4) ˛õ!Ó˚Óï≈˛ö¢#° ˆàÔî ˆüÔ° ÈÙÙÙÈ ~•z ˆüÔ°=!°Ó˚ ˛õ!Ó˚üyî í˛z!qòˆÏòˆÏ• ˛õ!Ó˚Óï≈˛ö¢#° Î!òÄ xˆÏöÜ˛

í˛z!qˆÏò ~Ó˚y í˛zˆÏÕ‘áˆÏÎyàƒ ˛õ!Ó˚üyˆÏî ÌyˆÏÜ˛ñ ˆÎüö ˆÓ y!üöñ ê˛y•zˆÏê˛!öÎ˚yüñ òhflÏyñ û˛ƒyöy!í˛Î˚yü ≤Ãû,˛!ï˛–

5) ˛õ!Ó˚Óï≈˛ö¢#° fl∫“üy!eÜ˛ ˆüÔ° ÈÙÙÙÈ ~Ó˚y í˛z!qòˆÏòˆÏ• xï˛ƒ“ ˛õ!Ó˚üyˆÏî ÌyˆÏÜ˛ ~ÓÇ §Ó í˛z!qˆÏò ~ˆÏòÓ˚

Ü˛yÎ≈Ü˛y!Ó˚ï˛y ≤Ãüy!îï˛ •Î˚!öñ ˆÎüö ÈÙÙÙÈ xƒy°%!ü!öÎ˚yüñ ˆÓ!Ó˚Î˚yüñ ˆÓ!Ó˚!°Î˚yüñ Ü˛ƒyí˛!üÎ˚yüñ !§!çÎ˚yüñ ˆe´y!üÎ˚yüñ

ˆÜ˛yÓyŒê˛ñ ˆçÓ˚y!öÎ˚yüñ üˆÏ°Ó!í˛öyüñ !öˆÏÜ˛°ñ Ó˚*˛õyñ flT…ö!§Î˚yü ≤Ãû,˛!ï˛–

á!öç ˆüÔ°ˆÏÜ˛ í˛z!qòˆÏòˆÏ• í˛z˛õ!fli!ï˛Ó˚ ˛õ!Ó˚üyî xö%§yˆÏÓ˚ fl∫“üy!eÜ˛ Ä x!ï˛üy!eÜ˛ ~•z ˆ◊!îˆÏï˛ !Óû˛_´

Ü˛Ó̊yÓ̊ ̨õk˛!ï˛!ê˛ x Ï̃ÓK˛y!öÜ˛ Ó Ï̂° ü Ï̂ö Ü˛Ó̊y ÎyÎ̊ ÈÙÙÙÈ Ü˛yÓ̊îñ 1) í z̨!q Ï̂òÓ̊ ¢yÓ̊#Ó̊Ó,!_Ü˛ ã˛y!•òy xö%§y Ï̂Ó̊ ≤Ãçy!ï˛ Ï̂û˛ Ï̂ò

ˆüÔ°=!°Ó˚ ˛õ!Ó˚üyî !ÓˆÏ¢£Ïû˛yˆÏÓ ˛õ!Ó˚Óï≈˛ö¢#° ˆÎüö !§!°Ü˛ö ây§çyï˛#Î˚ í˛z!qˆÏòÓ˚ àë˛öàï˛ í˛z˛õyòyö •ˆÏ°Ä

ç°ç í z̨!q Ï̂ò ~Ó̊y ≤ÃyÎ̊ xö%̨ õ!fliï˛– 2) í z̨!qòÜ˛°yÓ̊ ≤ÃÜ,̨ !ï˛ Ï̂û˛ Ï̂ò ̂ üÔ°=!°Ó̊ ̨õ!Ó̊üyîÄ !Ó Ï̂¢£Ïû˛y Ï̂Ó ̨õ!Ó̊Óï≈̨ ö¢#°

ˆÎüö Mg x!ï˛üy!eÜ˛ ~ÓÇ Fe Ä Mn fl∫“üy!eÜ˛ ˆüÔ° •ˆÏ°Ä ˆüˆÏ§y!ú˛° Ü˛°yÎ˚ ~ˆÏòÓ˚ âöc ≤ÃyÎ˚ Ü˛yåÈyÜ˛y!åÈ

ÌyˆÏÜ˛– ~•z Ü˛yÓ˚̂ Ïî•z xyô%!öÜ˛ í˛z!qò ¢yÓ˚#Ó˚!ÓK˛yö#Ó˚y ≤ÃˆÏÎ˚yçö#Î˚ ˆüÔ°=!°ˆÏÜ˛ ˜çÓÈÙÈÓ˚y§yÎ˚!öÜ˛ Ä ¢yÓ˚#Ó˚Ó,_#Î˚

!e´Î˚yÓ˚ !û˛!_ˆÏï˛ ˆ◊!î!Óû˛yà Ü˛ˆÏÓ˚̂ ÏåÈö–

§yÓ˚!î ÈÙÈ     5.2 í˛z!qˆÏòÓ˚ ≤ÃˆÏÎ˚yçö#Î˚ ̂ üÔ°=!°Ó˚ xyô%!öÜ˛ ̂ ◊!î!Óû˛yà S§)e ÈÙÈ ̂ üöˆÏç° Ä !Ü˛Ó˚!Ó     (Mengel
and Kirby, 1987)

!Óû˛yà Ü˛yÎ≈ ˆüÔˆÏ°Ó˚ í˛zòy•Ó˚î

1. ~•z !Óû˛yˆÏàÓ˚ xhsˇà≈ï˛ ˆüÔ°=!° ˜çÓ ˆÎÔà öy•zˆÏê˛ΔyˆÏçöñ §y°ú˛yÓ˚

àë˛ˆÏö xÇ¢@ˇÃ•î Ü˛ˆÏÓ˚–

2. ~•z !Óû˛yˆÏàÓ˚ ˆüÔ°=!° ¢!_´ §M˛ÈÎ˚ Ü˛ˆÏÓ˚ Ä ú˛§ú˛Ó˚y§ñ ˆÓyÓ˚öñ !§!°Ü˛ö

àë˛öàï˛ §Ç•!ï˛ ÓçyÎ˚ Ó˚yˆÏá–

3. ~•z !Óû˛yˆÏàÓ˚ ˆüÔ°=!° xyÎ˚öÓ˚*ˆÏ˛õ Óï≈˛üyö ÌyˆÏÜ˛– ˛õê˛y!¢Î˚yüñ ˆ§y!í˛Î˚yüñ üƒyàˆÏö!§Î˚yüñ

Ü˛ƒy°!§Î˚yüñ üƒyDy!öçñ ˆÜœ˛y!Ó˚ö

4. ~•z ˆüÔ°=!° •zˆÏ°Ü˛ê˛Δö ˛õ!Ó˚Ó•ˆÏö xÇ¢@ˇÃ•î Ü˛ˆÏÓ˚– ˆ°Ô•ñ ï˛yüyñ òhflÏyñ üˆÏ°Ó!í˛öyüñ !öˆÏÜ˛°–
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xö%¢#°ö# ÈÙÈ     1

A) §Ç!«˛Æ í˛z_Ó˚ !òö ≠

1. ˆÜ˛yö xï˛ƒyÓ¢ƒÜ˛ ˆüÔ°=!° í˛z!qò üy!ê˛ ˆÌˆÏÜ˛ §Ç@ˇÃ• Ü˛ˆÏÓ˚ öy⁄

2. ò%Û!ê˛ ˆüÔˆÏ°Ó˚ öyü Ü˛Ó˚&ö ÎyÓ˚y ˆÜ˛yˆÏ£ÏÓ˚ •zˆÏ°Ü˛ê˛Δö ˛õ!Ó˚Ó•ˆÏö xÇ¢@ˇÃ•î Ü˛ˆÏÓ˚–

3. ˆÜ˛y£Ï≤Ãyã˛#ˆÏÓ˚Ó˚ àë˛öàï˛ í˛z˛õyòyöÓ˚*ˆÏ˛õ ÓƒÓ•*ï˛ •Î˚ ~Ó˚*˛õ ò%Û!ê˛ ˆüÔˆÏ°Ó˚ öyü !°á%ö–

4. Ú÷ô% ˛õ!Ó˚üyî !û˛!_Ü˛ ò,!‹Tû˛!DˆÏï˛ ˆüÔ°=!°ˆÏÜ˛ x!ï˛üy!eÜ˛ Ä fl∫“üy!eÜ˛ ˆ◊!îˆÏï˛ !Óû˛yçˆÏöÓ˚

Ó˚#!ï˛ x˜ÏÓK˛y!öÜ˛Û ÈÙÙÙÈ ~•z ühsˇˆÏÓƒÓ˚ §üÌ≈ˆÏö ò%Û!ê˛ Î%!_´ !òö–

B) ¢)öƒfliyö ˛õ)Ó˚î Ü˛Ó˚&ö ≠

1. ______ ˆüÔ°!ê˛ í˛z!qòˆÏòˆÏ• §Ó≈y!ôÜ˛ ˛õ!Ó˚üyˆÏî ÌyˆÏÜ˛–

2. ______ Ä ______ ˆÎÔà=!° ˆÜ˛yˆÏ£Ï Óyú˛yÓ˚Ó˚*ˆÏ˛õ Ü˛yç Ü˛ˆÏÓ˚–

3. ˆÜ˛yˆÏ£ÏÓ˚ ˜çÓ í˛z˛õyòyö àë˛öÜ˛yÓ˚# ò%Û!ê˛ x˜ÏçÓ í˛z˛õyòyˆÏöÓ˚ öyü ______ Ä ______–

4. §Ó≈y!ôÜ˛ ˛õyÓ˚üyî!ÓÜ˛ ÄçöÎ%_´ xï˛ƒyÓ¢ƒÜ˛ ˆüÔ°!ê˛ •° ______–

C) Óyü Ä í˛yö!òˆÏÜ˛Ó˚ ÓƒyÜ˛yÇˆÏ¢Ó˚ xÌ≈ˆÏÓyôÜ˛ §üß∫Î˚ §yôö Ü˛Ó˚&ö ≠

Óyü!òÜ˛ í˛yö!òÜ˛

1. ¢!_´ í˛zÍ˛õyòöÜ˛yÓ˚# ˆÎÔà ATP Ä 1. Ca~Ó˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#°

2. ATP ase í˛zÍˆÏ§ã˛Ü˛!ê˛Ó˚ !e´Î˚y 2. ˆe´y!üÎ˚yü Ä ˆÜ˛yÓyŒê˛–

3. ˆÜ˛y£Ï ≤Ãyã˛#Ó˚ àë˛ö ≤Ãôyöï˛ 3. !§!°Ü˛ö Ä ˆ§y!í˛Î˚yü–

4. ò%Û!ê˛ ˛õ!Ó˚Óï≈˛ö¢#° fl∫“üy!eÜ˛ ˆüÔ° •° 4. ú˛§ˆÏú˛ê˛ ˆüÔ° Óï≈˛üyö–

5. ò%Û!ê˛ !Óï˛!Ü≈˛ï˛ x˛õ!Ó˚•yÎ≈ ˆüÔ° •° 5. Na Ä K ~Ó˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#°–

5.4 ˆüÔ°=!°Ó˚ x˛õ!Ó˚•yÎ≈ï˛yÓ˚ ¢ï≈˛     (Criteria of essentiality of elements)

!ÓK˛yö# xyÓ˚öö Ä fiê˛yí˛zê˛ (Arnon and Stout), 1939 !á fiê˛yˆÏ∑ ̂ üÔ°=!°Ó˚ x˛õ!Ó˚•yÎ≈ï˛yÓ˚ Ü˛ï˛Ü˛=!°

¢ï≈˛ ≤Ãòyö Ü˛ˆÏÓ˚öñ ïÑ˛yˆÏòÓ˚ üˆÏï˛ á!öç ˆüÔ°=!° ï˛áö•z x˛õ!Ó˚•yÎ≈ •ˆÏÓ Îáö ÈÙÙÙÈ
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(i) ˙ ˆüÔˆÏ°Ó˚ xû˛yˆÏÓ í˛z!qˆÏòÓ˚ fl∫yû˛y!ÓÜ˛ Ó,!k˛ Óƒy•ï˛ •ˆÏÓ–

(ii) í˛z!qò !Ó˛õyˆÏÜ˛ ˆüÔ°!ê˛Ó˚ ≤Ãï˛ƒ«˛ §ÇˆÏÎyà ÌyÜ˛ˆÏÓ–

(iii) ˆüÔ°!ê˛Ó˚ xû˛yˆÏÓ í˛z!qˆÏòÓ˚ xDç àë˛ö Ä çöö Óƒy•ï˛ •ˆÏÓ–

(iv) ˆüÔ°!ê˛Ó˚ xû˛yˆÏÓ í˛z!qˆÏò §%!ö!ò≈‹T xû˛yÓç!öï˛ °«˛î ˆòáy ÎyˆÏÓ ~ÓÇ ˙ ˆüÔ°!ê˛•z ˆ§•z

xû˛yÓç!öï˛ °«˛î=!° ò)Ó˚ Ü˛Ó˚̂ Ïï˛ ˛õyÓ˚̂ ÏÓ–

(v) í˛z!qò !Ó˛õyÜ˛ Óy Ó,!k˛ˆÏï˛ xöƒ ˆÜ˛yˆÏöy ˆüÔ° ï˛yÓ˚ !ÓÜ˛“ •ˆÏï˛ ˛õyÓ˚ˆÏÓ öy–

!ÓK˛yö# ~˛õˆÏfiê˛•zö (Epstein) ~Ó˚ üˆÏï˛ (1972), ˆÜ˛yˆÏöy ˆüÔˆÏ°Ó˚ x˛õ!Ó˚•yÎ≈ï˛y ò%Û!ê˛ !Ó£ÏˆÏÎ˚Ó˚

í˛z˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚–

(a) ˆüÔ°!ê˛Ó˚ xû˛yˆÏÓ í˛z!qò fl∫yû˛y!ÓÜ˛ ç#Óöã˛e´ §¡õß¨ Ü˛Ó˚̂ Ïï˛ ˛õyÓ˚̂ ÏÓ öy–

(b) í˛z!qòˆÏòˆÏ• í˛z˛õ!fliï˛ ≤ÃˆÏÎ˚yçö#Î˚ ̂ ÎÔˆÏà ̂ üÔ°!ê˛Ó˚ í˛z˛õ!fli!ï˛ xyÓ¢ƒÜ˛– ̂ Îüö ̂ ≤Ãy!ê˛ˆÏö öy•zˆÏê˛ΔyˆÏçö

Óy ˆÜœ˛yˆÏÓ˚y!ú˛ˆÏ° üƒyàˆÏö!§Î˚yˆÏüÓ˚ í˛z˛õ!fli!ï˛ ~Ü˛yhsˇ xyÓ¢ƒÜ˛–

5.5 ˆüÔ°=!°Ó˚ ¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚y Ä xû˛yÓç!öï˛ ˆÓ˚yà°«˛î (Physiological
roles and deficiency symptoms of minerals)

xyüÓ˚y ~•z ~Ü˛ˆÏÜ˛Ó˚ ≤ÃÌü ˛õÎ≈yˆÏÎ˚ !Ó!û˛ß¨ xï˛ƒyÓ¢ƒÜ˛ ˆüÔ°=!°Ó˚ öyü Ä ï˛yˆÏòÓ˚ ˆ◊!îÓk˛Ü˛Ó˚̂ ÏîÓ˚ !Ó!û˛ß¨

˛õk˛!ï˛ §¡∫ˆÏ¶˛ xyˆÏ°yã˛öy Ü˛Ó˚°yü– ~•z ˛õÎ≈yˆÏÎ˚ !Ó!û˛ß¨ ˆüÔ°=!°Ó˚ ˆ¢y£ÏîˆÏÎyàƒÓ˚*˛õñ ¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚y Ä

xû˛yÓç!öï˛ °«˛î=!° §¡õˆÏÜ≈˛ xÓ!•ï˛ •Ó–

5.5.1 x!ï˛üy!eÜ˛ ̂ üÔ° (Macroelements)

öy•zˆÏê˛ΔyˆÏçö     (N)

ˆ¢y£ÏîˆÏÎyàƒ Ó˚*˛õ ÈÙÙÙÈ x!ôÜ˛yÇ¢ í˛z!qò öy•zˆÏê˛ΔyˆÏçöˆÏÜ˛ ü,!_Ü˛y ˆÌˆÏÜ˛ öy•zˆÏê˛Δê˛ (NO3) Óy xƒyˆÏüy!öÎ˚yü

(NH4) xyÎ˚öÓ˚*ˆÏ˛õ ˆ¢y£Ïî Ü˛ˆÏÓ˚– Rhizobium çyï˛#Î˚ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y xÓ¢ƒ !¢¡∫ çyï˛#Î˚ í˛z!qòü)ˆÏ° Óyï˛yˆÏ§Ó˚

öy•zˆÏê˛ΔyˆÏçöˆÏÜ˛ §Ó˚y§!Ó˚ §ÇÓ¶˛ö Ü˛ˆÏÓ˚ xƒyˆÏüy!öÎ˚yˆÏï˛ Ó˚*˛õyhsˇ!Ó˚ï˛ Ü˛ˆÏÓ˚–

¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚y ÈÙÙÙÈ

1) í z̨!q Ï̂òÓ̊ xï˛ƒyÓ¢ƒÜ˛ ̃ çÓ ̂ ÎÔà=!°Ó̊ x!ôÜ˛yÇ¢•z öy•ẑ Ïê Δ̨y Ï̂çö â!ê˛ï˛ ̂ ÎÔà– !öí z̨!Üœ̨ Ü˛ x Ï̂¡‘Ó̊ !˛õí z̨!Ó̊ö

Ä !˛õ!Ó˚!ü!í˛ö xî%=!°ñ ˆ≤Ãy!ê˛ˆÏöÓ˚ ~Ü˛Ü˛ xƒyüy•zˆÏöy x¡‘=!° öy•zˆÏê˛ΔyˆÏçö â!ê˛ï˛ ˆÎÔà– ï˛y•z ~Ü˛ Ü˛ÌyÎ˚ Ó°y

ÎyÎ˚ ˆÎ §ühflÏ ¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚y !öÎ˚sfîÜ˛yÓ˚# DNA, RNA, ˆ≤Ãy!ê˛ö Ä í˛zÍˆÏ§ã˛Ü˛ í˛zÍ˛õyòö öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚

xö%˛õ!fli!ï˛ˆÏï˛ §Ω˛Ó öÎ˚–
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2) !Ó!û˛ß¨ !û˛ê˛y!üö Ä í˛z˛õ«˛yˆÏÓ˚Ó˚ xï˛ƒyÓ¢ƒÜ˛ í˛z˛õyòyö •° öy•zˆÏê˛ΔyˆÏçö–

3) í˛z!qˆÏòÓ˚ ˆÜœ˛yˆÏÓ˚y!ú˛° í˛zÍ˛õyòö ˆÜ˛yˆÏ£ÏÓ˚ öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ üyeyÓ˚ í˛z˛õÓ˚ !öû˛≈Ó˚¢#°– í˛z!qˆÏòÓ˚ Ü˛!ã˛

˛õyï˛y=!° ï%˛°öyü)°Ü˛û˛yˆÏÓ Ó,k˛ ˛õyï˛y ˆÌˆÏÜ˛ N2 Sxƒy!üö Ä xƒyüy•zí˛Ó˚*ˆÏ˛õV @ˇÃ•î Ü˛ˆÏÓ˚ ò#â≈!òö §Ó%ç Ä

§ç#Ó ÌyˆÏÜ˛–

4) öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ í˛z˛õ!fli!ï˛ˆÏï˛ ˛õe í˛zÍ˛õyòˆÏöÓ˚ •yÓ˚Ä ˆÓˆÏí˛¸ ÎyÎ˚–

5) ˛õÎ≈yÆ öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ í˛z˛õ!fli!ï˛ˆÏï˛ Ü˛y[˛ Ä ü)ˆÏ°Ó˚ xö%˛õyï˛ ̂ ÓˆÏí˛¸ ÎyÎ˚ xÌ≈yÍ Ü˛y[˛!ê˛ x!ôÜ˛ Ó,!k˛≤ÃyÆ

•Î˚ !Ü˛v ü)°ï˛sf áÓ≈ •ˆÏÎ˚ ÎyÎ˚–

xû˛yÓç!öï˛ °«˛îÈÙÙÙÈ

1) öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ xû˛yˆÏÓ í˛z!qˆÏòÓ˚ §yü!@ˇÃÜ˛ Ó,!k˛ •…y§ ˛õyÎ˚–

2) í˛z!qˆÏòÓ˚ ˛õyï˛yÎ˚ ˆÜœ˛yˆÏÓ˚y!ú˛ˆÏ°Ó˚ xû˛yÓ ˆòáy ÎyÎ˚ ÈÙÙÙÈ ~•z ˆÓ˚yà °«˛îˆÏÜ˛ ˆÜœ̨ yˆÏÓ˚y!§§ (Chlorosis)
ÓˆÏ°–

3) öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ xû˛yˆÏÓ xƒyˆÏsiy§yÎ˚y!öö Ó˚OÜ˛Ü˛îy §!M˛Èï˛ •ÓyÓ˚ ú˛ˆÏ° Ü˛y[˛ñ ˛õyï˛y Ä !¢Ó˚y=!°

•y°Ü˛y ˆày°y!˛õ Óî≈ ôyÓ˚î Ü˛ˆÏÓ˚–

4) öy•zˆÏê˛ΔyˆÏçö üy!ê˛ˆÏï˛ Ü˛ü ÌyÜ˛ˆÏ° ü)°ï˛sf xˆÏöÜ˛ §üÎ˚ Ó,!k˛≤ÃyÆ •Î˚ !Ü˛v !Óê˛˛õ xÇ¢!ê˛ áÓ≈yÜ˛yÓ˚

•ˆÏÎ˚ ÎyÎ˚–

ú˛§ú˛Ó˚y§     (P)

ˆ¢y£ÏîˆÏÎyàƒ Ó˚*˛õ ÈÙÙÙÈ x!ôÜ˛yÇ¢ í˛z!qò•z ü,!_Ü˛y ˆÌˆÏÜ˛ ú˛§ˆÏú˛ê˛ñ xyÎ˚öÓ˚*ˆÏ˛õ (H2PO4
- Ä H2PO4

2-)
ú˛§ú˛Ó˚y§ ̂ ¢y£Ïî Ü˛ˆÏÓ˚– üy!ê˛ˆÏï˛ x˜ÏçÓ ú˛§ú˛Ó˚y§ñ H3PO4 Óy ú˛§ˆÏú˛y!Ó˚Ü˛ x¡‘Ó˚*ˆÏ˛õ xÓfliyö Ü˛ˆÏÓ˚– üy!ê˛Ó˚ pH,
ú˛§ˆÏú˛y!Ó˚Ü˛ xƒy!§í˛ ̂ ¢y£ÏˆÏî í˛zˆÏÕ‘áˆÏÎyàƒ û)˛!üÜ˛y @ˇÃ•î Ü˛ˆÏÓ˚– pH 6.8 ~Ó˚ ö#ˆÏã˛ xÌ≈yÍ xy!¡‘Ü˛ •ˆÏ° ú˛§ˆÏú˛y!Ó˚Ü˛

xƒy!§í˛ üˆÏöyû˛ƒyˆÏ°rê˛ Óy ~Ü˛ˆÏÎyç# xyÎ˚öÓ˚*ˆÏ˛õ (H2PO4) xÓfliyö Ü˛ˆÏÓ˚ Îy ü)° !òˆÏÎ˚ o&ï˛ ˆ¢y!£Ïï˛ •Î˚–

§yüyöƒ «˛yÓ̊#Î̊ ü,!_Ü˛yÎ̊ (pH 7.2) ~•z x¡‘ í˛y•zû˛ƒy Ï̂°rê˛ Ó̊* Į̈̂ õ (H2PO4
2-) xÓfliyö Ü˛ Ï̂Ó̊ Îy í z̨!qò ï%̨ °öyü)°Ü˛û˛y Ï̂Ó

Ü˛ü ˆ¢y£Ïî Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚– ü,!_Ü˛y xyÓ˚Ä «˛yÓ˚#Î˚ •ˆÏ° ~•z x¡‘ ê˛Δy•zû˛ƒyˆÏ°rê˛Ó˚*ˆÏ˛õ (H2PO4
3-) ÌyˆÏÜ˛ Îy xyˆÏòÔ

ˆ¢y£ÏîˆÏÎyàƒ öÎ˚– ~Ü˛Ü˛ÌyÎ˚ñ «˛yÓ˚#Î˚ ü,!_Ü˛yÎ˚ ú˛§ú˛Ó˚y§ ü)° !òˆÏÎ˚ §•ˆÏç ˆ¢y!£Ïï˛ •Î˚ öy ÓˆÏ° ~•z ü,!_Ü˛yÎ˚

Ó§Óy§Ü˛yÓ˚# í˛z!qˆÏò ú˛§ú˛Ó˚yˆÏ§Ó˚ xû˛yÓ ̂ òáy ÎyÎ˚– üy!ê˛Ó˚ pH 6-7 ~Ó˚ üˆÏôƒ ÌyÜ˛ˆÏ° ú˛§ú˛Ó˚y§ ̂ ¢y£Ïî §ÓˆÏã˛ˆÏÎ˚

û˛yˆÏ°yû˛yˆÏÓ •Î˚–

¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚y ÈÙÙÙÈ

1) ú˛§ú˛Ó˚y§ñ !öí˛z!Üœ˛Ä§y•zˆÏí˛Ó˚ §yˆÏÌ Î%_´ •ˆÏÎ˚ !öí˛z!Üœ˛Äê˛y•zí˛ àë˛ö Ü˛ˆÏÓ˚ Îy !öí˛z!Üœ˛Ü˛ xˆÏ¡‘Ó˚ ˛õ!Ó˚Ü˛yë˛yˆÏüy

àë˛ˆÏöÓ˚ çöƒ ~Ü˛yhsˇ xyÓ¢ƒÜ˛–
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2) ˛õy•z!Ó̊í˛Ü˛§y° ú˛§ Ï̂ú˛ Ï̂ê˛Ó̊ (pyridoxal phosphate) üyôƒ Ï̂ü í z̨!qò Ï̂Ü˛y Ï̂£Ï ê Δ̨y™xƒyüy•ẑ Ïö¢ö Óy xƒyüy•ẑ Ïöy

xˆÏ¡‘Ó˚ Ó˚*˛õyhsˇÓ˚û˛Óö âˆÏê˛–

3) Ÿª§öçyï˛ ¢!_´ ˆÎ ATP xî%Ó˚ üˆÏôƒ xyÓk˛ •Î˚ ï˛y •° ~Ü˛!ê˛ ú˛§ˆÏú˛ê˛ â!ê˛ï˛ ˜çÓ xî%–

4) ú˛§ú˛Ó˚y§ ˆ≤Ãy!ê˛ö §ÇˆÏŸ’£Ï ≤Ã!e´Î˚yˆÏÜ˛ cÓ˚y!ß∫ï˛ Ü˛ˆÏÓ˚–

5) ˆÜ˛y£Ï ˛õò≈yÓ˚ ú˛§ˆÏú˛y!°!˛õí˛ àë˛ˆÏö ~•z ˆüÔˆÏ°Ó˚ û)˛!üÜ˛y xï˛ƒyÓ¢ƒÜ˛–

6) ú˛° Ä Ó#ç í˛zÍ˛õyòˆÏöÓ˚ §üÎ˚ ú˛§ú˛Ó˚yˆÏ§Ó˚ !Ó˛õyÜ˛ °«˛ƒ Ü˛Ó˚y ÎyÎ˚–

7) ˆÜ˛y£Ï !Óû˛yçö ã˛e´ (cell cycle) !öÎ˚sfˆÏî ú˛§ˆÏú˛ê˛ â!ê˛ï˛ í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ û)˛!üÜ˛y xyÓ¢ƒÜ˛–

xû˛yÓç!öï˛ °«˛î ÈÙÙÙÈ

1) í˛z!qòˆÏòˆÏ• ú˛§ú˛Ó˚yˆÏ§Ó˚ xû˛yÓ âê˛ˆÏ° ~•z ˆüÔ°!ê˛ o&ï˛ ˛õyï˛y ˆÌˆÏÜ˛ xöƒe fliyöyhsˇ!Ó˚ï˛ •Î˚– §Ω˛Óï˛ ~•z

Ü˛yÓ˚ˆÏî•z àyˆÏåÈÓ˚ ˛õyï˛yˆÏï˛•z ú˛§ú˛Ó˚y§ â!ê˛ï˛ xû˛yÓ §ÓˆÏã˛ˆÏÎ˚ xyˆÏà °«˛ƒ Ü˛Ó˚y ÎyÎ˚– ú˛§ú˛Ó˚yˆÏ§Ó˚ xû˛yˆÏÓ ˛õyï˛yÓ˚

Ó˚Ç àyì˛¸ §Ó%ç •Î˚– x!ï˛!Ó˚_´ xû˛yÓ âê˛ˆÏ°  ˛õyï˛y !ÓÜ,˛ï˛ Ä Ü%˛!M˛Èï˛ •Î˚ ~ÓÇ ˛õyï˛yÎ˚ ˛õã˛öç!öï˛  òyà ˆòáy ÎyÎ˚–

Ü˛ˆÏÎ˚Ü˛!ê˛ ≤Ãçy!ï˛ˆÏï˛ xƒyˆÏsiy§yÎ˚y!öö §!M˛Èï˛ •ÓyÓ˚ ú˛ˆÏ° ˛õyï˛y ö#°ˆÏã˛ ˆÓ=!ö ÓˆÏî≈Ó˚ •Î˚–

2) ú˛§ú˛Ó˚yˆÏ§Ó˚ xû˛yˆÏÓ àyˆÏåÈÓ˚ Ó,!k˛ Óƒy•ï˛ •Î˚ ~ÓÇ Ü˛y[˛ §Ó˚& •ˆÏÎ˚ ÎyÎ˚–

3) ú%˛° Ä ú˛ˆÏ°Ó˚ í˛zÍ˛õyòö Ü˛ˆÏü ÎyÎ˚–

4) ú˛§ú˛Ó˚y§ xû˛yÓ@ˇÃhflÏ í˛z!qˆÏò ˆ≤Ãy!ê˛ö §ÇˆÏŸ’£Ï Óƒy•ï˛ •Î˚ ~ÓÇ x!ôÜ˛üyeyÎ˚ ¢Ü˛≈Ó˚y §!M˛Èï˛ •Î˚–

˛õê˛y!¢Î˚yü     (K)

ˆ¢y£ÏîˆÏÎyàƒ Ó˚*˛õ ÈÙÙÙÈ ˛õê˛y!¢Î˚yü ~Ü˛ˆÏÎyç# (monovalent) Ü˛ƒyê˛yÎ˚öÓ˚*ˆÏ˛õ (K+) ü)° !òˆÏÎ˚ ˆ¢y!£Ïï˛ •Î˚–

˛õê˛y!§Î˚yˆÏüÓ˚ °Óî çˆÏ° x!ï˛!Ó˚_´ üyeyÎ˚ oÓî#Î˚ ÓˆÏ° ü)° §•ˆÏç•z ~•z ˆüÔ°ˆÏÜ˛ ˆ¢y£Ïî Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚–

1) K+ xyÎ˚ˆÏöÓ˚ ≤Ãû˛yˆÏÓ ˆÜ˛yˆÏ£ÏÓ˚ Ó˚§fl≥˛#!ï˛Ó˚ ã˛y˛õ ˛õ!Ó˚Ó!ï≈˛ï˛ •Î˚– K+ xyÎ˚ˆÏöÓ˚ xö%≤ÃˆÏÓˆÏ¢Ó˚ ú˛ˆÏ°

Ó˚«˛#ˆÏÜ˛yˆÏ£ÏÓ˚ Ó˚§fl≥˛#!ï˛Ó˚ ã˛y˛õ ˆÓˆÏí ¸̨ ÎyÎ˚ Ä ˛õeÓ˚¶…̨  í˛zß√%_´ •Î˚–

2) §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï Ä Ÿª§ˆÏöÓ˚ çöƒ òyÎ˚# !Ó!û˛ß¨ í˛zÍˆÏ§ã˛Ü˛ K+ xyÎ˚̂ ÏöÓ˚ ≤Ãû˛yˆÏÓ §!e´Î˚ •Î˚– ˛õy•zÓ˚&ˆÏû˛ê˛

Ü˛y•zˆÏöç Ä ú %˛ˆÏQyÜ˛y•zˆÏöç !e´Î˚y K+ xyÎ˚̂ ÏöÓ˚ myÓ˚y §ÓˆÏã˛ˆÏÎ˚ ˆÓ!¢ ≤Ãû˛y!Óï˛ •Î˚–

3) ˛õê˛y!§Î˚yü  40!ê˛Ó˚ ˆã˛ˆÏÎ˚Ä ˆÓ!¢ í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ §•ˆÏÎyà# í˛z˛õyòyö Óy ˆÜ˛yÈÙÈú˛ƒyQÓ˚ !•§yˆÏÓ Ü˛yç Ü˛ˆÏÓ˚–

4) ˛K+ xyÎ˚ö §!e´Î˚ ˛õ!Ó˚Ó•ˆÏö í˛zˆÏÕ‘áˆÏÎyàƒ û)˛!üÜ˛y @ˇÃ•î Ü˛ˆÏÓ˚–

xû˛yÓç!öï˛ °«˛î ÈÙÙÙÈ

1) ˛õê˛y!¢Î˚yˆÏüÓ˚ xû˛yˆÏÓ !mÓ#ç˛õe# í˛z!qˆÏòÓ˚ ˛õyï˛yÎ˚ !Ó!«˛Æ ˆÜœ˛yˆÏÓ˚y!§§ (mottled chlorosis) °«˛ƒ
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Ü˛Ó˚y ÎyÎ˚ Ä xû˛yÓ ò#â≈fliyÎ˚# •ˆÏ° ˛õã˛ö ˆòáy ÎyÎ˚– ~Ü˛Ó#ç˛õe# í˛z!qˆÏòÓ˚ ˛õyï˛yÎ˚ ~•z ˆüÔˆÏ°Ó˚ xû˛yˆÏÓ ˛õyï˛yÓ˚

x@ˇÃfli Ä ≤Ãyhsˇ#Î˚ ˆÜ˛y£Ï=!°Ó˚ §ÓˆÏã˛ˆÏÎ˚ xyˆÏà ü,ï%˛ƒ âˆÏê˛ ~ÓÇ ˛õˆÏÓ˚ ˛õyï˛yÓ˚ !ö¡¨yÇˆÏ¢ ˛õã˛ö ˆòáy ÎyÎ˚–

2) ôyöñ àü ≤Ãû,˛!ï˛ òyöy¢ˆÏ§ƒÓ˚ Ü˛y[˛ ò%Ó≈° •Î˚ ~ÓÇ ü)°=!° §•ˆÏç•z ç#Óyî% myÓ˚y xye´yhsˇ •Î˚–

3) ~•z ˆüÔˆÏ°Ó˚ âyê˛!ï˛ •ˆÏ° ~Ü˛Ó#ç˛õe# í˛z!qò=!° ò%Ó≈° •ˆÏÎ˚ üy!ê˛ˆÏï˛ °%!ê˛ˆÏÎ˚ (Lodging) ˛õˆÏí ¸̨–

4) ~•z ˆüÔˆÏ°Ó˚ ˛õ!Ó˚üyî Ü˛ü •ˆÏ° í˛yÎ˚y§ˆÏê˛ç Ä Ü˛ƒyê˛yˆÏ°ˆÏçÓ˚ !e´Î˚yÓ˚ •yÓ˚ Ü˛ˆÏü ÎyÎ˚–

5) K+ xû˛yÓ@ˇÃhflÏ ˆÜ˛yˆÏ£Ï §y•zˆÏê˛yˆÏe´yˆÏüÓ˚ üyôƒˆÏü •zˆÏ°Ü˛ê˛Δö ˛õ!Ó˚Ó•ö !e´Î˚y ÓƒyÓ•ï˛ •Î˚–

6) K+ ~Ó˚ xû˛yˆÏÓ ˆúœ̨ yˆÏÎ˚̂ ÏüÓ˚ üyôƒˆÏü áyòƒ §ÇÓ•ˆÏöÓ˚ •yÓ˚ Ü˛ˆÏü ÎyÎ˚–

7) ˆÜ˛yˆÏ£Ï ˛õê˛y!¢Î˚yˆÏüÓ˚ xû˛yˆÏÓ ˆ≤Ãy!ê˛ö o&ï˛ xyo≈ !ÓˆÏŸ’!£Ïï˛ •Î˚ ~ÓÇ ˆ≤ÃyˆÏê˛y≤’yçˆÏüÓ˚ fl∫yû˛y!ÓÜ˛ àë˛ö

!Óö‹T •Î˚–

Ü˛ƒy°!§Î˚yü     (Ca)

ˆ¢y£ÏîˆÏÎyàƒ Ó˚*˛õ ÈÙÙÙÈ Ü˛ƒy°!§Î˚yü !mˆÏÎyç# (divalent) Ü˛ƒyê˛yÎ˚ö (Ca2+) Ó˚*ˆÏ˛õ ˆ¢y!£Ïï˛ •Î˚– ü,!_Ü˛yÎ˚

≤Ãã%˛Ó˚ ˛õ!Ó˚üyˆÏî Ca ÌyÜ˛yÎ˚ ~•z ˆüÔ° §yôyÓ˚îï˛ ≤Ãã%˛Ó˚ ˛õ!Ó˚üyˆÏî ˆ¢y!£Ïï˛ •Î˚–

¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚y ÈÙÙÙÈ

1) Ü˛ƒy°!§Î˚yü ˆüÔ° ˆ˛õÜ˛!ê˛Ü˛ xˆÏ¡‘Ó˚ §yˆÏÌ Î%_´ •ˆÏÎ˚ Ü˛ƒy°!§Î˚yü ˆ˛õÜ˛ˆÏê˛ê˛ àë˛ö Ü˛ˆÏÓ˚– ˆÜ˛y£Ï ≤Ãyã˛#ˆÏÓ˚Ó˚

üôƒFåÈòy Ü˛ƒy°!§Î̊yü ̂ ˛õÜ˛ Ï̂ê˛ê˛ !ò Ï̂Î̊ à!ë˛ï˛ •Î̊ Ó Ï̂° Ca ̂ Ü˛y£Ï̂ ÏÜ˛ }ç%ï˛y ≤Ãòyö Ü˛ Ï̂Ó̊– í z̨!q Ï̂òÓ̊ @ˇÃ•#ï˛ Ü˛ƒy°!§Î̊y Ï̂üÓ̊

≤ÃyÎ˚ 70 û˛yà ˆÜ˛y£Ï ≤Ãyã˛#Ó˚ ˜ï˛!Ó˚̂ Ïï˛ ÓƒÓ•*ï˛ •Î˚–

2) Ca2+ xƒyüy•zˆÏ°ç í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ !e´Î˚yˆÏÜ˛ cÓ˚y!ß∫ï˛ Ü˛ˆÏÓ˚ ˆŸªï˛§yÓ˚ ˛õ!Ó˚˛õyˆÏÜ˛ §•yÎ˚ï˛y Ü˛ˆÏÓ˚–

3) öy•zˆÏê˛Δê˛ !ÓçyÓ˚ˆÏî Ca2+ í˛zˆÏÕ‘áˆÏÎyàƒ û)˛!üÜ˛y @ˇÃ•î Ü˛ˆÏÓ˚–

4) ATP Ä ú˛§ˆÏú˛y!°!˛õˆÏí˛Ó˚ xyo≈!ÓˆÏŸ’£ÏˆÏî §•yÎ˚ï˛y Ü˛ˆÏÓ˚–

5) Ca2+ ˆÓüï˛v àë˛ˆÏö §•yÎ˚ï˛y Ü˛ˆÏÓ˚–

6) Ü˛ƒy°!§Î˚yü xyÎ˚öñ Ü˛ƒy°ü!í˛í˛z!°ö öyüÜ˛ ˆ≤Ãy!ê˛ˆÏöÓ˚ §yˆÏÌ Î%_´ •ˆÏÎ˚ Ü˛ƒy°ü!í˛í˛z!°ö Ü˛ƒy°!§Î˚yü

Ü˛üˆÏ≤’: àë˛ö Ü˛ˆÏÓ˚ ˆÜ˛yˆÏ£ÏÓ˚ !Ó!û˛ß¨ !Ó˛õyÜ˛!e´Î˚y !öÎ˚sfî Ü˛ˆÏÓ˚–

7) ~•z ˆüÔ° ˆÜ˛yˆÏ£ÏÓ˚ xyÎ˚ï˛ö Ó,!k˛ˆÏï˛ §•yÎ˚ï˛y Ü˛ˆÏÓ˚–

8) ˛õÓ˚yàˆÏÓ˚î% ˆÌˆÏÜ˛ ˛õÓ˚yàöy!° àë˛ˆÏö §y•yÎƒ Ü˛ˆÏÓ˚–

xû˛yÓç!öï˛ °«˛î ÈÙÙÙÈ

1) Ü˛ƒy°!§Î˚yü ˆÎˆÏ•ï%˛ ˆÜ˛y£Ï !Óû˛yçö Ä ˆÜ˛y£Ï ≤Ãyã˛#Ó˚ àë˛ˆÏö í˛zˆÏÕ‘áˆÏÎyàƒ û)˛!üÜ˛y @ˇÃ•î Ü˛ˆÏÓ˚ ï˛y•z û˛yçÜ˛
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Ü˛°yÎ˚ ~•z ˆüÔˆÏ°Ó˚ xû˛yÓ §ÓˆÏã˛ˆÏÎ˚ xyˆÏà ≤ÃÜ˛y¢ ˛õyÎ˚– ~Ó˚ xû˛yˆÏÓ ˆÜ˛yˆÏ£ÏÓ˚ Ó,!k˛ Óƒy•ï˛ •Î˚ ~ÓÇ x!ôÜ˛

xû˛yˆÏÓ ü)° Ä Ü˛yˆÏ[˛Ó˚ x@ˇÃû˛yˆÏàÓ˚ Ü˛°yhflÏˆÏÓ˚ ˛õã˛ö ˆòáy ÎyÎ˚–

2) x˛õ!Ó˚îï˛ ˛õyï˛yÓ˚ àë˛ö!ÓÜ,˛!ï˛ Ä ˛õã˛ö ˆòáy ÎyÎ˚–

3) ü)° Óyòy!ü Óî≈ ôyÓ˚î Ü˛ˆÏÓ˚ ~ÓÇ áÓ≈yÜ,˛!ï˛ Ä ≤Ãã%˛Ó˚ ¢yáy§ü!ß∫ï˛ •Î˚– Ca ~Ó˚ xö%˛õ!fli!ï˛ˆÏï˛ ü)ˆÏ°Ó˚ Ó,!k˛

§¡õ)î≈Ó˚*ˆÏ˛õ Óƒy•ï˛ •ˆÏï˛ ˛õyˆÏÓ˚–

4) Ü˛ƒy°!§Î˚yˆÏüÓ˚ xû˛yˆÏÓ ˛õyï˛yÎ˚ ¢Ü≈˛Ó˚yÓ˚ ˛õ!Ó˚üyî ˆÓˆÏí˛¸ ÎyÎ˚ !Ü˛v xöƒyöƒ í˛z!qò xˆÏD Ü˛ƒy°!§Î˚yˆÏüÓ˚

üyey Ü˛ˆÏü ÎyÎ˚– xˆÏöˆÏÜ˛ üˆÏö Ü˛ˆÏÓ˚ö ˆÎ ~Ó˚ xû˛yÓç!öï˛ Ü˛yÓ˚̂ Ïî ¢Ü≈˛Ó˚yÓ˚ ˛õ!Ó˚Ó•ö Óƒy•ï˛ •ÓyÓ˚ ú˛ˆÏ°•z í˛z!qò

xˆÏD ¢Ü≈˛Ó˚yÓ˚ û˛yÓ˚§yüƒ ö‹T •Î˚–

üƒyàˆÏö!§Î˚yü     (Mg)

ˆ¢y£ÏîˆÏÎyàƒ Ó˚*˛õ ÈÙÙÙÈ ~•z ˆüÔ°!ê˛ !mˆÏÎyç# (divalent) Ü˛ƒyê˛yÎ˚ö (Mg2+) Ó˚*ˆÏ˛õ ˆ¢y!£Ïï˛ •Î˚–

¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚y ÈÙÙÙÈ

1) üƒyàˆÏö!§Î˚yü ˆÜœ̨ yˆÏÓ˚y!ú˛° í˛zÍ˛õyòˆÏö ü%áƒ û)˛!üÜ˛y @ˇÃ•î Ü˛ˆÏÓ˚–

2) Mg2+ xyÎ˚ö Ü˛yÓ≈!:ˆÏ°çñ ~ˆÏöyˆÏ°çñ ˆ•ˆÏ:yÜ˛y•zˆÏöçñ ú˛§ˆÏú˛y@’%ˆÏÜ˛yÜ˛y•zˆÏöç ≤Ãû,˛!ï˛ í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚

ˆÜ˛yÈÙÈú˛ƒyQÓ˚Ó˚*ˆÏ˛õ Ü˛yç Ü˛ˆÏÓ˚– ˆÎ §ühflÏ í˛zÍˆÏ§ã˛Ü˛ ú˛§ˆÏú˛ê˛ @ˇÃ&ˆÏ˛õÓ˚ fliyöyhsˇÓ˚î âê˛yÎ˚ Mg2+ ï˛yˆÏòÓ˚ !e´Î˚yˆÏÜ˛

!ÓˆÏ¢£Ïû˛yˆÏÓ cÓ˚y!ß∫ï˛ Ü˛ˆÏÓ˚–

3) ~•z ˆüÔ°!ê˛ ˆfl¨• ˛õòyˆÏÌ≈Ó˚ !Ó˛õyÜ˛ !öÎ˚sfî Ü˛ˆÏÓ˚–

4) DNA Ä RNA §ÇˆÏŸ’ˆÏ£Ï üƒyàˆÏö!§Î˚yü !ÓˆÏ¢£Ïû˛yˆÏÓ Ü˛yÎ≈Ü˛Ó˚# •Î˚–

5) Mg2+ ˆ≤Ãy!ê˛ö §ÇˆÏŸ’ˆÏ£ÏÓ˚ §üÎ˚ ˛õ!°Ó˚y•zˆÏÓyˆÏçü àë˛ˆÏö Ä Z-RNA ˆÜ˛ §!e´Î˚ Ü˛Ó˚̂ Ïï˛ §y•yÎƒ Ü˛ˆÏÓ˚–

6) í˛z!qˆÏòÓ˚ ú˛§ˆÏú˛ê˛ !Ó˛õyˆÏÜ˛ ~•z ˆüÔˆÏ°Ó˚ û)˛!üÜ˛y !ÓˆÏ¢£Ï =Ó˚&c˛õ)î≈–

xû˛yÓç!öï˛ °«˛î ÈÙÙÙÈ

1) üƒyà Ï̂ö!§Î̊y Ï̂üÓ̊ xû˛y Ï̂Ó ̂ Üœ̨ y Ï̂Ó̊y!ú˛° í z̨Í˛õyòö !Ó Ï̂¢£Ïû˛y Ï̂Ó Óƒy•ï˛ •Î̊ Ä ú˛°fl∫Ó̊*˛õ ̨õyï˛yÎ̊ ̂ Üœ̨ y Ï̂Ó̊y!§§

°«˛ƒ Ü˛Ó˚y ÎyÎ˚– ˆÜœ̨ yˆÏÓ˚y!§§ ≤Ãôyöï˛ xyhsˇÉ!¢Ó˚y° ≤ÃÜ,˛!ï˛Ó˚ •Î˚–

2) ~•z ˆüÔˆÏ°Ó˚ xû˛yˆÏÓ xƒyˆÏsiy§yÎ˚y!öˆÏöÓ˚ ˛õ!Ó˚üyî ˆÓˆÏí˛¸ ÎyÄÎ˚yÎ˚ ˛õyï˛y Ä Ü˛y[˛ ˆÓ=!ö Óy ˆày°y!˛õ

Óî≈ ôyÓ˚î Ü˛ˆÏÓ˚–

3) ˛õyï˛yÓ˚ xÜ˛y°˛õï˛ö °«˛ƒ Ü˛Ó˚y ÎyÎ˚–

NSOU  CC-BT-09  75



§y°ú˛yÓ˚     (S)

ˆ¢y£ÏîˆÏÎyàƒ Ó˚*˛õ ÈÙÙÙÈ !mˆÏÎyç# (divalent) Ü˛ƒyê˛yÎ˚öÓ˚*ˆÏ˛õ §y°ú˛yÓ˚ (S2+) üy!ê˛ ˆÌˆÏÜ˛ @ˇÃ•#ï˛ •Î˚– üy!ê˛ˆÏï˛

§y°ú˛yˆÏÓ˚Ó˚ xû˛yÓ §yôyÓ˚îï˛ ˆòáy ÎyÎ˚ öy Ü˛yÓ˚î ü,!_Ü˛y!fliï˛ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y ˜çÓ §y°ú˛yÓ˚ Ä §y°ú˛y•zí˛ˆÏÜ˛

çy!Ó˚ï˛ Ü˛ˆÏÓ˚ ü,!_Ü˛yÎ˚ x˜ÏçÓ §y°ú˛yÓ˚ ü%_´ Ü˛ˆÏÓ˚– ~åÈyí˛¸y ÓyÎ˚%ò)£ÏˆÏîÓ˚ ú˛ˆÏ° Óyï˛yˆÏ§Ó˚ SO2, SO3 §Ó˚y§!Ó˚

˛õyï˛yÓ˚ üôƒ !òˆÏÎ˚ í˛z!qòˆÏòˆÏ• ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚–

¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚y ÈÙÙÙÈ

1) !§§!ê˛öñ !§§ê˛y•zö Ä !ü!ÌÄ!öö öyüÜ˛ xƒyüy•zˆÏöy x¡‘ !ï˛ö!ê˛Ó˚ í˛z˛õyòyö !•§yˆÏÓ §y°ú˛yÓ˚ í˛z˛õ!fliï˛

ÌyˆÏÜ˛–

2) ÓyˆÏÎ˚y!ê˛öñ !°ˆÏ˛õy!Î˚Ü˛ x¡‘ñ ÌyÎ˚y!üö ˛õy•zˆÏÓ˚yú˛§ˆÏú˛ê˛ ≤Ãû,˛!ï˛ ˆÎÔà=!°Ó˚ í˛z˛õyòyöÓ˚*ˆÏ˛õ Ü˛yç Ü˛ˆÏÓ˚–

3) Ÿª§ˆÏö x˛õ!Ó˚•yÎ≈ CoA ~Ü˛!ê˛ §y°ú˛yÓ˚ â!ê˛ï˛ ˆÎÔà–

4) ˆ˛õÑÎ˚yçñ Ó˚§%ö ≤Ãû,˛!ï˛ˆÏï˛ ç#Óyî% ≤Ã!ï˛ˆÏÓ˚yôÜ˛ !§!ö!@ˇÃö öyüÜ˛ ˆÎÔà!ê˛ ~Ü˛!ê˛ §y°ú˛yÓ˚ §ü!ß∫ï˛

@’y•zˆÏÜ˛y§y•zí˛–

5) §y°ú˛yÓ˚ !¢¡∫çyï˛#Î˚ í˛z!qˆÏòÓ˚ öy•zˆÏê˛ΔyˆÏçö §ÇÓ¶˛ˆÏöÓ˚ •yÓ˚ Óy!í˛¸̂ ÏÎ˚ ˆòÎ˚–

6) §Î˚y!Óöñ Óyòyü ≤Ãû,˛!ï˛ ˜ï˛°Ó#ˆÏç ~•z ˆüÔ°!ê˛ ˆfl¨• ˛õòyˆÏÌ≈Ó˚ ˛õ!Ó˚üyî Óy!í ¸̨̂ ÏÎ˚ ˆòÎ˚–

7) ˆÜœ˛yˆÏÓ˚y!ú˛° §ÇˆÏŸ’ˆÏ£Ï §•yÎ˚ï˛y Ü˛ˆÏÓ˚–

xû˛yÓç!öï˛ °«˛î ÈÙÙÙÈ

1) §y°ú˛yˆÏÓ˚Ó˚ xû˛yÓç!öï˛ °«˛î ≤Ãôyöï˛ Ü˛!ã˛ ̨õyï˛yÎ˚ °«˛ƒ Ü˛Ó˚y ÎyÎ˚– ̂ ≤Ãy!ê˛ˆÏöÓ˚ xû˛yˆÏÓ !¢Ó˚yÓ˚ ã˛yÓ˚̨ õyˆÏ¢

ˆÜœ̨ yˆÏÓ˚y!§§ ˆòáy ÎyÎ˚–

2) í˛z!qò áÓ≈yÜ,˛!ï˛Ó˚ •Î˚ ~ÓÇ Ü˛ˆÏÎ˚Ü˛!ê˛ àyˆÏåÈÓ˚ ˛õyï˛yÎ˚ ˛õã˛ö ˆòáy ÎyÎ˚–

3) §y°ú˛yˆÏÓ˚Ó˚ xû˛yˆÏÓ ˆ°Ó% çyï˛#Î˚ ú˛ˆÏ°Ó˚ Ó˚§y° xÇ¢!ê˛ ÷!Ü˛ˆÏÎ˚ ÎyÎ˚–

xö%¢#°ö#

A. §!ë˛Ü˛ í˛z_Ó˚!ê˛Ó˚ ˛õyˆÏ¢  !ã˛•´ !òöÈ ≠

1. üƒyàˆÏö!§Î˚yˆÏüÓ˚ xû˛yˆÏÓ ˆÜœ˛yˆÏÓ˚y!§§ ˆòáy ÎyÎ˚  –

2. xy!¡‘Ü˛ ü,!_Ü˛yÎ˚ ú˛§ú˛Ó˚yˆÏ§Ó˚ ˆ¢y£Ïî Óƒy•ï˛ •Î˚  –

3. Ü˛ƒy°!§Î˚yˆÏü ≤Ãôyöï˛ (Ca2+) xyÎ˚öÓ˚*ˆÏ˛õ ˆ¢y!£Ïï˛ •Î˚ –
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4. Óyï˛y§ ˆÌˆÏÜ˛Ä ≤Ãï˛ƒ«˛û˛yˆÏÓ öy•zˆÏê˛ΔyˆÏçö ˆ¢y£Ïî §Ω˛Ó –

5. ˛õê˛y!§Î˚yˆÏüÓ˚ xû˛yˆÏÓ Ü˛ƒyê˛yˆÏ°ˆÏçÓ˚ §!e´Î˚ï˛y Ü˛ˆÏü ÎyÎ˚ –

B. §ÇˆÏ«˛ˆÏ˛õ í˛z_Ó˚ !òö ≠

1. á!öç ˆüÔˆÏ°Ó˚ xû˛yÓ x!ôÜ˛yÇ¢ ˆ«˛ˆÏe•z ˆÜ˛ö àyˆÏåÈÓ˚ x@ˇÃû˛yˆÏà ˆòáy ÎyÎ˚⁄

2. ˆÜœ˛yˆÏÓ˚y!§§ Ü˛yˆÏÜ˛ ÓˆÏ°⁄

3. öy•zˆÏê˛ΔyˆÏçöˆÏÜ˛ ˆ≤ÃyˆÏê˛y≤’yçü àë˛öÜ˛yÓ˚# í˛z˛õyòyö Ó°y •Î˚ ˆÜ˛ö⁄

4. !ï˛ö!ê˛ §y°ú˛yÓ˚ â!ê˛ï˛ xƒyüy•zˆÏöy xˆÏ¡‘Ó˚ öyü !°á%ö–

C. §!ë˛Ü˛ í˛z_Ó˚!ê˛Ó˚ ö#ˆÏã˛ òyà !òö ≠

1. §!e´Î˚ ˛õ!Ó˚Ó•ˆÏö xÇ¢@ˇÃ•î Ü˛ˆÏÓ˚ K/N/S

2. ˆÎ Ó˚OÜ˛˛õòyÌ≈!ê˛ ≤ÃyÎ˚•z Mg Ä P ~Ó˚ xû˛yˆÏÓ ˆÓ!¢ ˛õ!Ó˚üyˆÏî §Ç!Ÿ’‹T •Î˚ ˆ§!ê˛ •° Ü˛ƒyˆÏÓ˚y!ê˛ö

xƒyˆÏsiy§yÎ˚y!öö † ˆü°y!öö–

3. üy!ê˛ ˆÌˆÏÜ˛ ú˛§ˆÏú˛ê˛ §Ó≈y!ôÜ˛ ˆ¢y!£Ïï˛ •Î˚ H2PO4/H2PO4
2/H2PO4

3 Ó˚*ˆÏ˛õ–

5.5.2 fl∫“üy!eÜ˛ ̂ üÔ° (Trace elements)

ˆ°Ô•     (Fe)

ˆ¢y£ÏîˆÏÎyàƒ Ó˚*˛õ ÈÙÙÙÈ ˆ°Ô• ˆú˛!Ó˚Ü˛ (Fe3+) Ä ˆú˛Ó˚y§ (Fe2+) xyÎ˚öÓ˚*ˆÏ˛õ ˆ¢y!£Ïï˛ •Î˚ ï˛ˆÏÓ ˆÓ!¢Ó˚ û˛yà

ˆüÔ°•z Fe2+ Ó̊* Į̈̂ õ í z̨!qò Ï̂ò Ï̂• ≤Ã Ï̂Ó¢ Ü˛ Ï̂Ó̊ñ Ü˛yÓ̊î Fe3+ x Į̈̂ õ«˛y Fe2+ ̂ Ó!¢ oÓî#Î̊– §ühflÏ fl∫“üy!eÜ˛ ̂ üÔ°=!°Ó̊

üˆÏôƒ ˆ°Ô• §ÓˆÏã˛ˆÏÎ˚ ˆÓ!¢ üyeyÎ˚ ≤ÃˆÏÎ˚yçö •Î˚ ï˛y•z ˆ°y•yˆÏÜ˛ xˆÏöˆÏÜ˛ x!ï˛üy!eÜ˛ ˆüÔ°Ó˚*ˆÏ˛õ xyáƒy ˆòö–

¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚y ÈÙÙÙÈ

1) §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ Ä Ÿª§ˆÏöÓ˚ ò%Û!ê˛ =Ó˚&c˛õ)î≈ ˆÎÔà ˆú˛!Ó˚í˛!:ö Ä §y•zˆÏê˛yˆÏe´yü ˆ°Ô•â!ê˛ï˛ í˛z˛õyòyö

ÈÙÙÙÈ ï˛y•z ~•z ˆüÔ° Ä•z ò%Û!ê˛ xï˛ƒyÓ¢ƒÜ˛ ¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚yˆÏÜ˛ ≤Ãû˛y!Óï˛ Ü˛ˆÏÓ˚– ~•z ˆÎÔà ò%Û!ê˛ •zˆÏ°Ü˛ê˛Δö

˛õ!Ó˚Ó•öï˛ˆÏsf ü%áƒ û)˛!üÜ˛y @ˇÃ•î Ü˛ˆÏÓ˚–

2) ˆ°Ô• ˆÜœ̨ yˆÏÓ˚y!ú˛° §ÇˆÏŸ’ˆÏ£ÏÓ˚ çöƒ !ÓˆÏ¢£Ïû˛yˆÏÓ ≤ÃˆÏÎ˚yçö–

3) Ÿª§ˆÏöÓ˚ ò%Û!ê˛ =Ó˚&c˛õ)î≈ í˛zÍˆÏ§ã˛Ü˛ ÈÙÙÙÈ ~ˆÏÜ˛yöy•zˆÏê˛ç (aconitase) Ä §yÜ˛!§ˆÏöê˛ !í˛•y•zˆÏí»˛ˆÏçˆÏö§

(succinate dehydrogenase) í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ ˆÜ˛yÈÙÈ ú˛ƒyQÓ˚ Ó˚*ˆÏ˛õ Ü˛yç Ü˛ˆÏÓ˚– ~åÈyí˛¸y ˆ°Ô• öy•zˆÏê˛ΔyˆÏçˆÏö§

(nitrogenase) Ä öy•ẑ Ïê Δ̨ê˛ !Ó̊í˛yÜ˛ Ï̂ê˛ç (nitrate reductase) í z̨Í Ï̂§ã˛ Ï̂Ü˛Ó̊ í z̨̨ õyòyö Ó Ï̂° ~•z ̂ üÔ° öy•ẑ Ïê Δ̨y Ï̂çö

§ÇÓ¶˛ˆÏöÄ §•yÎ˚ï˛y Ü˛ˆÏÓ˚–
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xû˛yÓç!öï˛ °«˛î ÈÙÙÙÈ

1) ~•z ˆüÔˆÏ°Ó˚ xû˛yˆÏÓ xyhsˇÉ!¢Ó˚y° ˆÜœ̨ yˆÏÓ˚y!§§ ˆòáy ˆòÎ˚–

2) ˆ°ÔˆÏ•Ó˚ xû˛yˆÏÓ ˆÜœ˛yˆÏÓ˚y≤’yˆÏfiê˛Ó˚ xyÎ˚ï˛ö •…y§ ˛õyÎ˚–

3) ~•z ˆüÔ°!ê˛Ó˚ ˛õ!Ó˚üyî Ü˛ü •ˆÏ° !Ü˛å%È !¢¡∫ çyï˛#Î˚ í˛z!qˆÏòÓ˚ û˛yçÜ˛ Ü˛°yÓ˚ ˆÜ˛y£Ï !Óû˛yçö Óƒy•ï˛ •ˆÏï˛

ˆòáy ÎyÎ˚–

4) ˆ°ÔˆÏ•Ó˚ xû˛yˆÏÓ ü)ˆÏ°Ó˚ Ó!•gflÏÜ˛ ˆÌˆÏÜ˛ ê˛Δy™ú˛yÓ˚ ˆÜ˛y£Ï öyüÜ˛ ~Ü˛≤ÃÜ˛yÓ˚ ˆÜ˛y£Ï ˜Ïï˛!Ó˚ •Î˚ Îy üy!ê˛ˆÏï˛

≤Ãã%˛Ó˚ ˛õ!Ó˚üyˆÏî (H+), Ü˛ƒyˆÏú˛•zÜ˛ xƒy!§í˛ Ä !ÓçyÓ˚î ôü#≈ í˛zÍˆÏ§ã˛Ü˛ !öÉ§,ï˛ Ü˛ˆÏÓ˚– !öÉ§,ï˛ H+ üy!ê˛Ó˚ pH ˆÜ˛

Ü˛!üˆÏÎ˚ ˆòÎ˚ ~ÓÇ xy!¡‘Ü˛ ˛õ!Ó˚ˆÏÓˆÏ¢ Fe3+ xyÎ˚ö Ü˛ƒyˆÏú˛•zÜ˛ xƒy!§ˆÏí˛Ó˚ §yˆÏÌ Î%_´ •ˆÏÎ˚ ç!ê˛° ˆÎÔà Óy !ã˛ˆÏ°ê˛

(chelate) àë˛ö Ü˛ˆÏÓ˚– ü)° ~•z !ã˛ˆÏ°ˆÏê˛Ó˚ §ÇflõˆÏ¢≈ xy§ˆÏ° !ÓçyÓ˚îôü#≈ í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ §y•yˆÏÎƒ Fe3+ ˆÜ˛ Fe2+

xyÎ˚ˆÏö Ó˚*˛õyhsˇ!Ó˚ï˛ Ü˛ˆÏÓ˚ ˆ¢y£Ïî Ü˛ˆÏÓ˚– ~•z !ÓˆÏ¢£Ï ≤Ã!e´Î˚yÓ˚ üyôƒˆÏü í˛z!qò !öˆÏç•z ˆ°ÔˆÏ•Ó˚ xû˛yÓ ò)Ó˚ Ü˛Ó˚̂ Ïï˛

˛õyˆÏÓ˚–

5) ˆ°ÔˆÏ•Ó˚ xû˛yˆÏÓ üê˛Ó˚ ü)ˆÏ°Ó˚ û˛yçÜ˛ Ü˛°yÎ˚ ˆÜ˛y£Ï !Óû˛yçˆÏöÓ˚ •yÓ˚ !ÓˆÏ¢£Ïû˛yˆÏÓ Ü˛ˆÏü ˆÎˆÏï˛ ˆòáy ˆàˆÏåÈ–

ˆÜœ̨ y!Ó˚ö     (Cl)

ˆ¢y£ÏîˆÏÎyàƒ Ó˚*˛õ ÈÙÙÙÈ ˆÜœ˛y!Ó˚ö üy!ê˛ ˆÌˆÏÜ˛ ˆÜœ˛yÓ˚y•zí˛ (Cl-) xyÎ˚öÓ˚*ˆÏ˛õ ˆ¢y!£Ïï˛ •Î˚ ~ÓÇ ~•z xyÎ˚öÓ˚*ˆÏ˛õ•z

í˛z!qˆÏò xÓfliyö Ü˛ˆÏÓ˚– ˆÓ!¢Ó˚ û˛yà ≤Ãçy!ï˛Ó˚ í˛z!qò•z ï˛yˆÏòÓ˚ ≤ÃˆÏÎ˚yçˆÏöÓ˚ ï%˛°öyÎ˚ 10 ˆÌˆÏÜ˛ 100 =î ˆÓ!¢

ˆÜœ˛yÓ˚y•zí˛ ˆ¢y£Ïî Ü˛ˆÏÓ˚–

¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚y ÈÙÙÙÈ

1) çˆÏ°Ó˚ xyˆÏ°yÜ˛ !ÓˆÏŸ’£ÏˆÏîÓ˚ (Photolysis) §üÎ˚ ˆÜœ˛y!Ó˚ˆÏöÓ˚ í˛z˛õ!fli!ï˛ xï˛ƒyÓ¢ƒÜ˛–

2) §y¡±!ï˛Ü˛Ü˛y Ï̂° í z̨!qò Ï̂ò Ï̂• 130!ê˛ ̂ Üœ̨ y!Ó̊ö â!ê˛ï˛ ̃ çÓ ̂ ÎÔà xy!Ó‹,Òï˛ • Ï̂Î̊ Ï̂åÈÈÙÙÙÈ̂ Îüö 4- ̂ Üœ̨ y Ï̂Ó̊y•zö Ï̂í˛y°

xƒy!§!ê˛Ü˛ xƒy!§í˛ ~Ü˛!ê˛ Ó,!k˛ §•yÎ˚Ü˛ ≤ÃyÜ,˛!ï˛Ü˛ x!:ö–

3) ~•z ˆüÔˆÏ°Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ ˆÜ˛y£Ï !Óû˛yçö cÓ˚y!ß∫ï˛ •Î˚–

4) ˆÜœ˛y!Ó˚ö ˆ«˛e!ÓˆÏ¢ˆÏ£Ï x!û˛flÀÓî ã˛y˛õ !öÎ˚sfî Ü˛ˆÏÓ˚–

xû˛yÓç!öï˛ °«˛î ÈÙÙÙÈ

1) ˛õyï˛yÓ˚ Ó,!k˛ Óƒy•ï˛ •Î˚ Ä ˛õyï˛y ö%•zˆÏÎ˚ (Wilting) ˛õˆÏí ¸̨–

2) ˛õyï˛yÎ˚ ˆÜœ˛yˆÏÓ˚y!ê˛Ü˛ Ä ˆöˆÏe´y!ê˛Ü˛ «˛ï˛!ã˛•´ ˆòáy ÎyÎ˚–

3) ü)ˆÏ°Ó˚ Ó,!k˛ Óƒy•ï˛ •Î˚ Ä ü)ˆÏ°Ó˚ x@ˇÃû˛yà àòyÜ,˛!ï˛Ó˚ •Î˚–
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ˆÓyÓ˚ö     (B)

ˆ¢y£ÏîˆÏÎyàƒ Ó˚*˛õ ÈÙÙÙÈ ˆÓyÓ˚öñ ˆÓy!Ó˚Ü˛ x¡‘ [B(OH)3] Ó˚*ˆÏ˛õ §Ó˚y§!Ó˚ ü)° !òˆÏÎ˚ ˆ¢y!£Ïï˛ •Î˚–

¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚y ÈÙÙÙÈ ˆÓyÓ˚ˆÏöÓ˚ §!ë˛Ü˛ Ü˛yÎ≈Ü˛°y˛õ ~áöÄ çyöy ÎyÎ˚!ö– ï˛ˆÏÓ ~•z ˆüÔ°!ê˛ ˆÜ˛y£Ï !Óû˛yçö Ä

!öí˛z!Üœ˛Ü˛ xˆÏ¡‘Ó˚ §ÇˆÏŸ’ˆÏ£Ï §•yÎ˚ï˛y Ü˛ˆÏÓ˚– ~åÈyí˛¸y ˆÓyÓ˚ö xƒyüy•zˆÏöy x¡‘ Ä !Ó!û˛ß¨ xƒyüy•zí˛ í˛zÍ˛õyòˆÏö §y•yÎƒ

Ü˛ Ï̂Ó̊–

xû˛yÓç!öï˛ °«˛î ÈÙÙÙ

È1) ü%áƒ Ä ˆàÔî ü)ˆÏ°Ó˚ Ó,!k˛ Óƒy•ï˛ •Î˚ Ü˛yÓ˚î ~•z ˆüÔˆÏ°Ó˚ xû˛yˆÏÓ û˛yçÜ˛ Ü˛°y !Óö‹T •Î˚–

2) x˛õ!Ó˚îï˛ ˛õyï˛y Ä ˛õeü%Ü%˛ˆÏ° ˛õã˛ö ˆÓ˚yà ˆòáy ÎyÎ˚–

3) ~•z ˆüÔˆÏ°Ó˚ xû˛yˆÏÓ ˛õƒyˆÏÓ˚öÜ˛y•züy Ü˛°yÓ˚ ˛õã˛ö âˆÏê˛ Ä Ü˛y[˛ û˛D%Ó˚ •Î˚–

4) ú˛°ñ Ó˚§y° ü)° Ä Ü˛ˆÏ®Ó˚ xhsˇ˛õ≈ã˛ö °«˛ƒ Ü˛Ó˚y ÎyÎ˚–

5) x@ˇÃfli ≤ÃÜ˛ê˛ï˛y Óƒy•ï˛ •Î˚–

6) ˆÓyÓ˚ˆÏöÓ˚ xû˛yˆÏÓ Ó#ˆÏê˛ 'heart rot' ~ÓÇ xyˆÏ˛õˆÏ° 'drought spot' ˆòáy ÎyÎ˚–

üƒyDy!öç     (Mn)

ˆ¢y£ÏîˆÏÎyàƒ Ó˚*˛õ ÈÙÙÙÈ ~•z ˆüÔ°!ê˛ ≤Ãôyöï˛ !mˆÏÎyç# (divalent) Ü˛ƒyê˛yÎ˚ö (Mn2+) Ó˚*ˆÏ˛õ ˆ¢y!£Ïï˛ •Î˚–

¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚y ÈÙÙÙÈ

1) çˆÏ°Ó˚ xyˆÏ°yÜ˛!ÓˆÏŸ’£ÏˆÏîÓ˚ §üˆÏÎ˚ ~•z ˆüÔ°!ê˛Ó˚ í˛z˛õ!fli!ï˛ x˛õ!Ó˚•yÎ≈–

2) üƒyDy!öç ˆ°Ô• â!ê˛ï˛ çyÓ˚î !ÓçyÓ˚î ≤Ã!e´Î˚yÎ˚ !ÓˆÏ¢£Ï û)˛!üÜ˛y @ˇÃ•î Ü˛ˆÏÓ˚–

3) !í˛•y•zˆÏí»˛yˆÏçˆÏö§ñ Ü˛yÓ≈!:ˆÏ°ç çyï˛#Î˚ í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ ˆÜ˛yÈÙÈú˛ƒyQÓ˚ Ó˚*ˆÏ˛õ Ü˛yç Ü˛ˆÏÓ˚–

4) ~•z ˆüÔ°!ê˛ ú˛ƒy!ê˛ x¡‘ Ä !öí˛z!Üœ˛Ü˛ xˆÏ¡‘Ó˚ §ÇˆÏŸ’£Ï ≤Ã!e´Î˚yˆÏÜ˛ §!e´Î˚ Ü˛ˆÏÓ˚–

xû˛yÓç!öï˛ °«˛î ÈÙÙÙÈ

1) ÎˆÏÓ Úô)§Ó˚ ú%˛ê˛!Ü˛Û (Grey speck), Ó#ˆÏê˛ ÈÙÈ Ú•°ˆÏò ú%˛ê˛!Ü˛Û (Yellow speck) ~ÓÇ üê˛ˆÏÓ˚ Úç°y òyàÛ

(Marsh spot) ˛õ!Ó˚°!«˛ï˛ •Î˚–

2) xhsˇÉ!¢Ó˚y° ˆÜœ˛yˆÏÓ˚y!§§ °«˛ƒ Ü˛Ó˚y ÎyÎ˚ñ Îy xÓˆÏ¢ˆÏ£Ï ˛õã˛ö ç!öï˛ «˛ˆÏï˛Ó˚ §,!‹T Ü˛ˆÏÓ˚–
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òhflÏy     (Zn)

ˆ¢y£ÏîˆÏÎyàƒ Ó˚*˛õ ÈÙÙÙÈ Zn2+ xyÎ˚öÓ˚*ˆÏ˛õ ˆ¢y!£Ïï˛ •Î˚–

¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚y ÈÙÙÙÈ

1) òhflÏyÓ˚ §ÓˆÏã˛ˆÏÎ˚ =Ó˚&c˛õ)î≈ Ü˛yç •°ñ ~•z ˆüÔ°!ê˛ x!:ö §ÇˆÏŸ’ˆÏ£Ï §•yÎ˚ï˛y Ü˛ˆÏÓ˚– x!:ˆÏöÓ˚ §ÇˆÏŸ’£Ï

!ê˛ΔˆÏ≤Wzyú˛ƒyö öyüÜ˛ ~Ü˛!ê˛ xƒyüy•zˆÏöy x¡‘ ˆÌˆÏÜ˛ ÷Ó˚& •Î˚– òhflÏy !ê˛ΔˆÏ≤Wzyú˛ƒyö í˛zÍ˛õyòˆÏöÓ˚ •yÓ˚ Óy!í˛¸ˆÏÎ˚ !òˆÏÎ˚ IAA
öyüÜ˛ =Ó˚&c˛õ)î≈ •ˆÏü≈yˆÏöÓ˚ §ÇˆÏŸ’ˆÏ£ÏÓ˚ •yÓ˚ Ó,!k˛ Ü˛ˆÏÓ˚–

2) xƒy° Ï̂Ü˛y•° !í˛•y•ẑ Ïí»̨ y Ï̂ç Ï̂ö§ñ Ü˛yÓ≈!öÜ˛ xƒyö•y•ẑ Ïí»̨ §ñ §%̨ õyÓ̊ x:y•zí˛ !í˛§!üí ẑ̨ Ïê˛ç ≤Ãû,̨ !ï˛ í z̨Í Ï̂§ã˛ Ï̂Ü˛Ó̊

ˆÜ˛yÈÙÈú˛ƒyQÓ˚ !•§yˆÏÓ Ü˛yç Ü˛ˆÏÓ˚–

3) ú˛° Ä Ó#çˆÏÜ˛ §%à!ë˛ï˛ Ü˛Ó˚yÓ˚ çöƒ ~•z ˆüÔˆÏ°Ó˚ xÓòyö xyˆÏåÈ–

4) òhflÏy RNA Ä ˆ≤Ãy!ê˛ö §ÇˆÏŸ’£Ï ≤Ã!e´Î˚yˆÏÜ˛ cÓ˚y!ß∫ï˛ Ü˛ˆÏÓ˚–

xû˛yÓç!öï˛ °«˛îÈÙÙÙÈ

1) òhflÏyÓ˚ xû˛yˆÏÓ ̨ õÓ≈üˆÏôƒÓ˚ Ó,!k˛ Óƒy•ï˛ •Î˚ ~ÓÇ í˛z!qò=!° ̂ ày°y˛õyÜ˛yÓ˚ Óy ̂ Ó˚yˆÏ§ê˛ (Rosette) xyÜ,˛!ï˛

ôyÓ˚î Ü˛ˆÏÓ˚– x!:ˆÏöÓ˚ xû˛yˆÏÓÓ˚ çöƒ í˛z!qˆÏòÓ˚ §yü!@ˇÃÜ˛ Ó,!k˛Ä Óƒy•ï˛ •Î˚–

2) ˛õyï˛y xyÜ˛yˆÏÓ˚ «%˛o Ä !ÓÜ,˛ï˛ !Ü˛öyÓ˚yÎ%_´ •Î˚– òhflÏyÓ˚ xû˛yˆÏÓ ˆ°Ó%Ó˚ mottle leaf ˆÓ˚yà ~ÓÇ !˛õˆÏã˛Ó˚

little leaf ̂ Ó̊yà ̂ òáy ÎyÎ̊–

3) òhflÏyÓ˚ âyê˛!ï˛ ÌyÜ˛yÎ˚ xyhsˇÉ!¢Ó˚y° ˛õy[%˛Ó˚ ˆÓ˚yà Ä ˛õyï˛yÓ˚ §yòy ˛õã˛ö ˆòáy ÎyÎ˚.

ï˛yüy     (Cu)

ˆ¢y£ÏîˆÏÎyàƒ Ó˚*˛õ ÈÙÙÙÈ ï˛yüy ≤Ãôyöï˛ !Ü˛í˛z!≤ÃÜ˛ xyÎ˚ö (Cu2+) Ó˚*ˆÏ˛õ ˆ¢y!£Ïï˛ •Î˚–

¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚y ÈÙÙÙÈ

1) ï˛yüy ≤’yˆÏfiê˛y§yÎ˚y!öö öyüÜ˛ =Ó˚&c˛õ)î≈ ˆ≤Ãy!ê˛ˆÏöÓ˚ ôyï˛Ó xÇ¢– ~•z ˆÎÔà!ê˛ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ xyˆÏ°yÜ˛

ò¢yÎ˚ •zˆÏ°Ü˛ê˛Δö ˛õ!Ó˚Ó•ˆÏö §•yÎ˚ï˛y Ü˛ˆÏÓ˚–

2) ˆÜœ˛yˆÏÓ˚y!ú˛ˆÏ°Ó˚ ˛õ)Ó≈Óï˛#≈ ˆÎÔà xyÎ˚Ó˚ö ˛õÓ˚ú˛y•z!Ó˚ˆÏöÓ˚ §ÇˆÏŸ’£Ï ~•z ˆüÔ°!ê˛ !öÎ˚sfî Ü˛ˆÏÓ˚– ú˛ˆÏ° ï˛yüy

ˆÜœ̨ yˆÏÓ˚y!ú˛° í˛zÍ˛õyòö Ä §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ §•yÎ˚Ü˛–

3) ï˛yüy ˆú˛ö° ˆÌˆÏÜ˛ Ü%˛•zˆÏöyö í˛zÍ˛õyòˆÏö §•yÎ˚ï˛y Ü˛ˆÏÓ˚–

xû˛yÓç!öï˛ °«˛î ÈÙÙÙÈ

1) ï˛yüyÓ˚ xû˛yˆÏÓ ˛õyï˛y àyì ¸̨ §Ó%ç Óî≈ ôyÓ˚î Ü˛ˆÏÓ˚ Ä Ü%˛!M˛Èï˛ •Î˚–
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2) ï˛yüyÓ˚ xû˛yˆÏÓ ˆ°Ó%Ó˚ ˛õyï˛y ÷!Ü˛ˆÏÎ˚ ÎyÎ˚ Ä die back ˆÓ˚yà ˆòáy ˆòÎ˚–

3) ~•z ˆüÔˆÏ°Ó˚ âyê˛!ï˛ •ˆÏ° ˛õyï˛yÓ˚ x@ˇÃû˛yà ˆÌˆÏÜ˛ ˛õã˛ö ÷Ó˚& •Î˚ Îy ˛õˆÏÓ˚ ˛õyï˛yÓ˚ !Ü˛öyÓ˚y Ä ˛õeÓ,ˆÏhsˇ

åÈ!í˛¸ˆÏÎ˚ ˛õˆÏí ¸̨– ˛õyï˛yÓ˚ xÜ˛y°˛õï˛öÄ ~•z ˆüÔˆÏ°Ó˚ xû˛yÓç!öï˛ °«˛î–

üˆÏ°Ó!í˛öyü     (Mo)

ˆ¢y£ÏîˆÏÎyàƒ Ó˚*˛õ ÈÙÙÙÈ ~•z ˆüÔ°!ê˛ MoO4
2- Ä MoS2 Ó˚*ˆÏ˛õ üy!ê˛ˆÏï˛ ÌyˆÏÜ˛ ï˛ˆÏÓ ≤Ãôyöï˛ üˆÏ°ÓˆÏí˛ê˛ °Óî

(MoO4
2-) Ó˚*ˆÏ˛õ•z ˆ¢y!£Ïï˛ •Î˚–

¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚y ÈÙÙÙÈ

1) ~•z ˆüÔ°!ê˛ öy•zˆÏê˛ΔyˆÏçˆÏö§ í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ ≤Ãôyö ˆ≤Ãy!ê˛ö ˆÎÔà Mo-Fe ˆ≤Ãy!ê˛ö àë˛ö Ü˛ˆÏÓ˚–

2) üˆÏ°Ó!í˛öyü xƒy§Ü˛Ó˚!ÓÜ˛ xˆÏ¡‘Ó˚ §ÇˆÏŸ’ˆÏ£Ï §•yÎ˚ï˛y Ü˛ˆÏÓ˚–

3) öy•zˆÏê˛Δê˛ !Ó˚í˛yÜ˛ˆÏê˛çñ §yÜ˛!§!§!öÜ˛ !í˛•y•zˆÏí»˛yˆÏçˆÏö§ñ xƒy°!í˛•y•zí˛ x!:ˆÏí˛ç ≤Ãû,˛!ï˛ í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚

ˆÜ˛yÈÙÈú˛ƒyQÓ˚Ó˚*ˆÏ˛õ Ü˛yç Ü˛ˆÏÓ˚–

xû˛yÓç!öï˛ °«˛î ÈÙÙÙÈ

1) ~•z ˆüÔˆÏ°Ó˚ xû˛yˆÏÓ ˛õ!Ó˚îï˛ ˛õyï˛yÎ˚ xyhsˇÉ!¢Ó˚y° ˆÜœ˛yˆÏÓ˚y!§§ Ä ˛õã˛ö ˆòáy ÎyÎ˚–

2) ˛õ%‹õ ≤Ãfl≥%˛ê˛ö Óƒy•ï˛ •Î˚ Óy ú%˛° ú%˛ê˛ˆÏ°Ä ï˛yÓ˚ ˆÌˆÏÜ˛ ú˛° í˛zÍ˛õyòö •Î˚ öy–

3) ü Ï̂°Ó!í˛öy Ï̂üÓ˚ xû˛y Ï̂Ó !¢¡∫ çyï˛#Î˚ ày Ï̂åÈÓ˚ öy•ẑ Ïê Δ̨y Ï̂çö §ÇÓ¶˛ö Óƒy•ï˛ •Î˚ Ä ú˛°fl∫Ó˚*˛õ í z̨!qò=!° Ï̂ï˛

öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ âyê˛!ï˛ ˆòáy ÎyÎ˚–

4) ÓÑyôyÜ˛!˛õÓ˚ whiptail ˆÓ˚yà Ä ˆ°Ó%Ó ̊yellow spot ˆÓ˚yà üˆÏ°Ó!í˛öyˆÏüÓ˚ xû˛yˆÏÓ §,!‹T •Î˚–

!öˆÏÜ˛°     (Ni)

ˆ¢y£ÏîˆÏÎyàƒ Ó˚*˛õ ÈÙÙÙÈ §y¡±!ï˛Ü˛Ü˛yˆÏ° !öˆÏÜ˛°ˆÏÜ˛Ä xï˛ƒyÓ¢ƒÜ˛ ˆüÔ° !•§yˆÏÓ àîƒ Ü˛Ó˚y •ˆÏÎ˚̂ ÏåÈ– ôyï˛Ó

ˆüÔ°Ó˚*ˆÏ˛õ•z !öˆÏÜ˛° ü)° !òˆÏÎ˚ ˆ¢y!£Ïï˛ •Î˚–

¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚y ÈÙÙÙÈ !öˆÏÜ˛° ̂ üÔ°!ê˛ •zí˛z!Ó˚̂ ÏÎ˚ç Ä •y•zˆÏí»˛yˆÏçˆÏö§ ~•z ò%Û!ê˛ í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ !e´Î˚yˆÏÜ˛ ≤Ãû˛y!Óï˛

Ü˛ˆÏÓ˚ ~ÓÇ ~ ˛õÎ≈hsˇ ~•z ò%Û!ê˛ í˛zÍˆÏ§ã˛ˆÏÜ˛•z !öˆÏÜ˛ˆÏ°Ó˚ ˆÜ˛yÈÙÈú˛ƒyQÓ˚ Ó˚*ˆÏ˛õ ˛õyÄÎ˚y ˆàˆÏåÈ– ~•z ˆüÔ°!ê˛ •zí˛z!Ó˚Î˚y

öyüÜ˛ !Ó˛õyÜ˛çyï˛ Óç≈ƒ ˛õòyÌ≈ˆÏÜ˛ o&ï˛ ˆÜ˛y£Ï ˆÌˆÏÜ˛ x˛õ§y!Ó˚ï˛ Ü˛ˆÏÓ˚–

xû˛yÓç!öï˛ °«˛î ÈÙÙÙÈ

1) !öˆÏÜ˛ˆÏ°Ó˚ xû˛yˆÏÓ §Î˚y!ÓˆÏöÓ˚ ü)ˆÏ° öy•zˆÏê˛ΔyˆÏçö §ÇÓ¶˛ˆÏöÓ˚ •yÓ˚ Ü˛ˆÏü ÎyÎ˚–
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2) !¢¡∫ çyï˛#Î˚ í˛z!qò •zí˛zÓ˚y•zí˛ (Ureide) öyüÜ˛ öy•zˆÏê˛ΔyˆÏçö â!ê˛ï˛ ˆÎÔà àë˛ö Ü˛ˆÏÓ˚– !öˆÏÜ˛ˆÏ°Ó˚ xû˛yˆÏÓ

~•z ˆÎÔà!ê˛ o&ï˛ !Ó!Ÿ’‹T •ˆÏÎ˚ ˆÜ˛yˆÏ£Ï !Ó£Ïy_´ •zí˛z!Ó˚Î˚y §!M˛Èï˛ Ü˛ˆÏÓ˚– ú˛ˆÏ° í˛z!qˆÏòÓ˚ ˛õã˛ö ˆÓ˚yà ˆòáy ÎyÎ˚–

5.5.3 xöƒyöƒ á!öç ̂ üÔ° (Other mineral elements)

í˛z˛õˆÏÓ˚ xyˆÏ°y!ã˛ï˛ xï˛ƒyÓ¢ƒÜ˛ á!öç ˆüÔ°=!° åÈyí˛¸yÄ Ü˛ˆÏÎ˚Ü˛!ê˛ ˆüÔˆÏ°Ó˚ ¢yÓ˚#Ó˚Ó,_#Î˚ Ü˛yç !ö!ò≈‹T !Ü˛å%È

í˛z!qˆÏò ˛õ!Ó˚°!«˛ï˛ •Î˚– Artiplex vesicaria öyüÜ˛ °Óîy¡∫% í˛z!qˆÏò ˆ§y!í˛Î˚yü (Na) xï˛ƒyÓ¢ƒÜ˛ ˆüÔ°Ó˚*ˆÏ˛õ

Ü˛yç Ü˛ˆÏÓ˚– ~•z àyåÈ ˛õê˛y!§Î˚yˆÏüÓ˚ xû˛yÓ xˆÏöÜ˛ §üˆÏÎ˚ ˆ§y!í˛Î˚yü !òˆÏÎ˚ ˛õ)Ó˚î Ü˛ˆÏÓ˚– C4 í˛z!qˆÏò ˆ§y!í˛Î˚yˆÏüÓ˚

xû˛yˆÏÓ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï Ä í˛z!qˆÏòÓ˚ Ó,!k˛ Óƒy•ï˛ •Î˚– ˆ§y!í˛Î˚yü ˆüÔ°!ê˛ §Ω˛Óï˛ ˛õy•zÓ˚&ˆÏû˛ê˛ˆÏÜ˛ Óy![˛° !§ò

(bundle sheath) ˆÌˆÏÜ˛ ˆüˆÏ§y!ú˛° Ü˛°yÎ˚ ˛õ!Ó˚Óy!•ï˛ •ˆÏï˛ §y•yÎƒ Ü˛ˆÏÓ˚–

Astragalus í˛z!qò!ê˛ ˆ§ˆÏ°!öÎ˚yü §ü,k˛ üy!ê˛ˆÏï˛ çß√yÎ˚ Ä ˛õÎ≈yÆ ˛õ!Ó˚üyˆÏî ˆ§ˆÏ°!öÎ˚yü ˆ¢y£Ïî Ü˛ˆÏÓ˚–

Astragalus racemosus í˛z!qò!ê˛Ó˚ ≤Ã!ï˛  Kg ÷‹Ò ÄçˆÏö 5.6mg ˆ§ˆÏ°!öÎ˚yü ˛õyÄÎ˚y ÎyÎ˚– ˆ§ˆÏ°!öÎ˚yü

§Ω˛Óï˛ í z̨!q Ï̂òÓ̊ ú˛§ Ï̂ú˛ê˛ !Ó˛õy Ï̂Ü˛ §y•yÎƒ Ü˛ Ï̂Ó̊ ï˛ Ï̂Ó ̂ § Ï̂°!öÎ̊yü §ü,k˛ àyåÈ û˛«˛î Ü˛Ó̊ Ï̂° àÓy!ò ̨õ÷Ó̊ xƒy°Ü˛y!°

ˆÓ˚yà (Alkali disease) ̂ òáy ̂ òÎ̊–

û%˛Ry çyï˛#Î˚ ˆ˛õyˆÏÎ˚§# (Poaceae) ˆàyˆÏeÓ˚ í˛z!qˆÏò ÷‹Ò ÄçˆÏöÓ˚ !û˛!_ˆÏï˛ 1-2% ~ÓÇ Equisetum
arvense öyüÜ˛ ˆê˛!Ó˚ˆÏí˛yú˛y•zˆÏê˛ 10% !§!°Ü˛ö ˛õyÄÎ˚y ÎyÎ˚– !§!°Ü˛ö ≤Ãôyöï˛ ˆÜ˛y£Ï ≤Ãyã˛#ˆÏÓ˚ §!M˛Èï˛ •ˆÏÎ˚

Ü˛y[˛ˆÏÜ˛ ò,ì ¸̨ï˛y ≤Ãòyö Ü˛ˆÏÓ˚ ~ÓÇ åÈeyˆÏÜ˛Ó˚ xye´üî ˆÌˆÏÜ˛ àyåÈˆÏÜ˛ Ó˚«˛y Ü˛ˆÏÓ˚–

5.6 §yÓ̊yÇ¢ (Summary)

ü,!_Ü˛yÎ˚ ˛õÎ≈yÆ ˛õ!Ó˚üyˆÏî á!öç °Óî ÌyÜ˛ˆÏ°•z §Ó §üˆÏÎ˚ ï˛y ˆ¢y£ÏîˆÏÎyàƒ •ˆÏÎ˚ ÄˆÏë˛ öy– Ü˛ƒy°!§Î˚yüñ

§y°ú˛yÓ˚ ≤Ãû,˛!ï˛ ˆüÔ°=!°Ó˚ ˆ¢y£Ïî•yÓ˚ xy!¡‘Ü˛ ü,!_Ü˛yÎ˚ í˛zˆÏÕ‘áˆÏÎyàƒû˛yˆÏÓ Ü˛ˆÏü ÎyÎ˚ÈÙÙÙÈxyÓyÓ˚ òhflÏyñ üƒyDy!öç

≤Ãû,˛!ï˛ ˆüÔ°=!°ˆÏÜ˛ í˛z!qò «˛yÓ˚#Î˚ ü,!_Ü˛yÎ˚ ˆ¢y£Ïî Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚ öy– ï˛y•z Ó°y ÎyÎ˚ ˆÎ ˆÜ˛yˆÏöy á!öç ˆüÔˆÏ°Ó˚

ˆ¢y£ÏˆÏîÓ˚ •yÓ˚ ü,!_Ü˛yÓ˚ pH ~Ó˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#°– §%!ö!ò≈‹T ˆüÔˆÏ°Ó˚ xû˛yˆÏÓ í˛z!qˆÏò §%!ö!ò≈‹T ˆÓ˚yà °«˛î

ˆòáˆÏï˛ ˛õyÄÎ˚y ÎyÎ˚–

5.7 §Ó≈̂ Ï¢£Ï ≤ÃŸ¿yÓ!° (Terminal Questions)

A. §ÇˆÏ«˛ˆÏ˛õ í˛z_Ó˚ !òö ≠

1. ò%Û!ê˛ ˆüÔˆÏ°Ó˚ öyü í˛zˆÏÕ‘á Ü˛Ó˚&ö ÎyÓ˚y Ü˛ˆÏÎ˚Ü˛!ê˛ !ö!ò≈‹T í˛z!qˆÏò•z ¢yÓ˚#Ó˚Ó,_#Î˚ û)˛!üÜ˛y ˛õy°ö Ü˛ˆÏÓ˚–

2. fl∫“üy!eÜ˛ ˆüÔˆÏ°Ó˚ üˆÏôƒ ˆÜ˛yö ˆüÔ°!ê˛Ó˚ ã˛y!•òy í˛z!qˆÏò §ÓˆÏã˛ˆÏÎ˚ ˆÓ!¢⁄

3. á!öç x¡‘Ó˚*ˆÏ˛õ ÓƒÓ•*ï˛ •Î˚ ~üö ~Ü˛!ê˛ xï˛ƒyÓ¢ƒÜ˛ ˆüÔˆÏ°Ó˚ öyü Ó°%ö–

4. òhflÏyÓ˚ §ÓˆÏã˛ˆÏÎ˚ =Ó˚&c˛õ)î≈ Ü˛yç Ü˛#⁄
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B. ê˛#Ü˛y !°á%ö ≠

1. öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ ¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚y– 2. ú˛§ú˛Ó˚yˆÏ§Ó˚ xû˛yÓç!öï˛ °«˛î–

3. ˆÜœ˛y!Ó˚ˆÏöÓ˚ ¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚y– 4. üˆÏ°Ó!í˛öyˆÏüÓ˚ xû˛yÓç!öï˛ °«˛î–

5. á!öç °Óî ˆ¢y£ÏˆÏî ü,!_Ü˛yÓ˚ pH ~Ó˚ û)˛!üÜ˛y–

C. ¢)öƒfliyö ˛õ)Ó˚î Ü˛Ó˚ö ≠

1. ˆÎ ˆüÔ°!ê˛ ÷ô%üye xyÎ˚öÓ˚*ˆÏ˛õ•z í˛z!qòˆÏòˆÏ• xÓfliyö Ü˛ˆÏÓ˚ ˆ§!ê˛ •° _______ –

2. x!ï˛üy!eÜ˛ ˆüÔ°=!°Ó˚ ˛õ!Ó˚üyî ≤Ã!ï˛ Kg ÷‹Ò ÄçˆÏö _______ mmol Óy ï˛yÓ˚ ˆÓ!¢–

3. Equisetum öyüÜ˛ ˆê˛!Ó˚ˆÏí˛yú˛y•zˆÏê˛ í˛z˛õ!fliï˛ !ÓˆÏ¢£Ï ˆüÔ°!ê˛ •° _______–

4. Heart rot _______ ~Ó˚ xû˛yˆÏÓ ~ÓÇ Marsh spot ________ ~Ó˚ xû˛yˆÏÓ ˆòáy ÎyÎ˚–

5.8 í˛z_Ó˚üy°y (Key to the Answers)

xö%¢#°ö# ÈÙÈ 1

A. 1. Ü˛yÓ≈öñ •y•zˆÏí»˛yˆÏçö Ä x!:ˆÏçö– 2. ˆ°Ô• Ä ï˛yüy– 3. Ü˛ƒy°!§Î˚yü Ä !§!°Ü˛ö– 4.  5.4 o‹TÓƒ–

B. 1. •y•zˆÏí»˛yˆÏçö– 2. Ü˛yˆÏÓ≈yˆÏöê˛ Ä ú˛§ˆÏú˛ê˛ ˆÎÔà– 3. öy•zˆÏê˛ΔyˆÏçöñ §y°ú˛yÓ˚– 4. üˆÏ°Ó!í˛öyü–

C. 1–4; 2–5; 3–1; 4–-2; 5–3

xö%¢#°ö# ÈÙÈ      2

A. 1, 3, 4, 5

B. 5.4.1 Ä 5.5.2 o‹TÓƒ–

C. 1. K; 2. xƒyˆÏsiy§yÎ˚y!ööó 3. H2PO4

xö%¢#°ö# ÈÙÈ     3

A. 1. ˆ§ˆÏ°!öÎ˚yü Ä !§!°Ü˛ö– 2. ˆ°Ô• Ä !§!°Ü˛ö– 3. x!:ö §ÇˆÏŸ’ˆÏ£Ï §y•yÎƒ Ü˛Ó˚y–

B. 5.5.1 Ä 5.5.2 o‹TÓƒ–

C. 1. ˆÜœ˛y!Ó˚öó 2. 10; 3. !§!°Ü˛öó 4. ˆÓyÓ˚ö üƒyDy!öç–

§Ó≈ˆÏ¢£Ï xö%¢#°ö#

~Ü˛Ü˛ ˆÌˆÏÜ˛ !öˆÏÎ˚ !öˆÏç Ü˛Ó˚&ö–
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~Ü˛Ü˛ 6 oyˆÏÓÓ˚ ̨ õ!Ó˚Ó•ö (Conduction of solutes)

àë˛ö

6.0 í ẑ̨ Ïj¢ƒ

6.1 ≤ÃhflÏyÓöy

6.2 ˆúœ̨ yˆÏÎ˚ü ÈÙÙÙÈ oyˆÏÓÓ˚ ˛õ!Ó˚Ó•ö Ü˛°y

6.3 P - ˆ≤Ãy!ê˛ö

6.4 ˆ§y§≈ Ä !§B˛

6.5 ˛õ!Ó˚Óy!•ï˛ oyˆÏÓÓ˚ í˛z˛õÜ˛Ó˚î

6.6 ˛õ!Ó˚Ó•ö §Çe´yhsˇ ï˛_¥ ≠ û˛Ó˚ ≤ÃÓy• ≤ÃÜ˛“

6.7 ˆúœ̨ yˆÏÎ˚ü ˆ°y!í˛Ç Ä xyöˆÏ°y!í˛Ç

6.8 §yÓ˚yÇ¢

6.0 §Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#

6.10 í˛z_Ó˚üy°y

6.0 í ẑ̨ Ïj¢ƒ

~•z xôƒyÎ˚!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xy˛õ!ö

 ¢Ü≈˛Ó˚y ˛õ!Ó˚Ó•öÜ˛yÓ˚# xD ˆúœ˛yˆÏÎ˚ˆÏüÓ˚ !§û˛öˆÏ°Ó˚ àë˛ö ≤ÃÜ,˛!ï˛ §¡õˆÏÜ≈˛ ôyÓ˚îy °yû˛ Ü˛Ó˚̂ Ïï˛ ˛õyÓ˚̂ ÏÓö–

 ˆÎ í˛z˛õyòyö=!° ˆúœ˛yˆÏÎ˚ˆÏüÓ˚ üyôƒˆÏü ˛õ!Ó˚Óy!•ï˛ •Î˚ ˆ§=!°Ó˚ Ó˚y§yÎ˚!öÜ˛ ≤ÃÜ,˛!ï˛ §¡∫̂ Ï¶˛ çyöˆÏï˛

˛õyÓ˚ˆÏÓö–

 ˆúœ˛yˆÏÎ˚ü ˛õ!Ó˚Ó•ˆÏöÓ˚ !Ó!û˛ß¨ ï˛_¥=!° §¡õˆÏÜ≈˛ xyˆÏ°yã˛öy Ü˛Ó˚̂ Ïï˛ §«˛ü •ˆÏÓö–

 x!û˛flÀÓî ã˛y˛õ Ü˛#û˛yˆÏÓ ˆúœ˛yˆÏÎ˚ˆÏüÓ˚ !§û˛öˆÏ° oyˆÏÓÓ˚ ˛õ!Ó˚Ó•ö ≤Ã!e´Î˚yˆÏÜ˛ !öÎ˚sfî Ü˛ˆÏÓ˚ ï˛y Óƒyáƒy

Ü˛Ó˚ˆÏï˛ ˛õyÓ˚ˆÏÓö–

 ˆúœ˛yˆÏÎ˚ˆÏü oyˆÏÓÓ˚ ˆ°y!í˛Ç Ä xyöˆÏ°y!í˛Ç §¡õˆÏÜ≈˛ K˛yï˛ •ˆÏÓö–
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6.1 ≤ÃhflÏyÓöy

§yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ ú˛ˆÏ° ˛õyï˛yÎ˚ ˆÎ ¢Ü≈˛Ó˚y çyï˛#Î˚ áyòƒ í˛zÍ˛õß¨ •Î˚ñ ï˛y ˛õyï˛y Óy §ÇˆÏŸ’£Ïfliyö ˆÌˆÏÜ˛

í˛z!qòˆÏòˆÏ•Ó˚ !Ó!û˛ß¨ xˆÏD fliyöyhsˇ!Ó˚ï˛ •ÄÎ˚yÓ˚ ˛õk˛!ï˛ˆÏÜ˛ oyˆÏÓÓ˚ ˛õ!Ó˚Ó•ö ÓˆÏ°– öy!°Ü˛y Óy![˛ˆÏ° xÓ!fliï˛

ˆúœ˛yˆÏÎ˚ü Ü˛°yÓ˚ !§û˛öˆÏ°Ó˚ üyôƒˆÏü ¢Ü≈˛Ó˚y çyï˛#Î˚ áyˆÏòƒÓ˚ ˛õ!Ó˚Ó•ö âˆÏê˛– Óï≈˛üyˆÏö üy•zˆÏe´y!§!Ó˚̂ ÏOÓ˚ §y•yˆÏÎƒ

~ÓÇ Aphid S~!ú˛í˛V çyï˛#Î˚ ˛õï˛DˆÏÜ˛ ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ ˆúœ̨ yˆÏÎ˚̂ ÏüÓ˚ !Ó!û˛ß¨ Ó˚y§yÎ˚!öÜ˛ í˛z˛õyòyö=!°ˆÏÜ˛ ¢öy_´

Ü˛Ó˚y §Ω˛Ó •ˆÏÎ˚ˆÏåÈ– ˆúœ˛yˆÏÎ˚ˆÏüÓ˚ üyôƒˆÏü Ü˛#û˛yˆÏÓ áyòƒÓ› ˛õ!Ó˚Óy!•ï˛ •ˆÏÎ˚ xöƒyöƒ xˆÏD ˆ˛õÑyåÈyÎ˚ ˆ§ §¡õˆÏÜ≈˛

!Ó!û˛ß¨ ¢yÓ˚#Ó˚Ó,_#Î˚ Óƒyáƒy Ó˚̂ ÏÎ˚̂ ÏåÈ ÈÙÙÙÈ ~•z üï˛Óyò=!°Ó˚ üˆÏôƒ Úû˛Ó˚ ≤ÃÓy• üï˛ÓyòÛ §Ó≈y!ôÜ˛ @ˇÃ•îˆÏÎyàƒ–

6.2 ˆúœ̨ yˆÏÎ˚ü ÈÙÙÙÈ oyˆÏÓÓ˚ ˛õ!Ó˚Ó•ö Ü˛°y (Phloem — conducting tissue of
Solutes)

!ÓK˛yö#Ó˚y !Ó!û˛ß¨ ˛õÓ˚#«˛yÓ˚ üyôƒˆÏü ≤Ãüyî Ü˛ˆÏÓ˚̂ ÏåÈö ˆÎ ˆúœ̨ yˆÏÎ˚ü Ü˛°yÓ˚ üyôƒˆÏü•z oyˆÏÓÓ˚ ˛õ!Ó˚Ó•ö âˆÏê˛–

!ÓK˛yö# Ó̊ƒy!Óí%̨  Ä ÓyÓ̊ (Rabideau and Burr) !Óö ày Ï̂åÈÓ̊ ̨õyï˛yÎ̊ 13CO2 ≤Ã Ï̂Î̊yà Ü˛ Ï̂Ó̊ö– ~•z ̂ ï˛ç!‹;˛Î̊

CO2 §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ≤Ã!e´Î˚yÎ˚ ˆÎ ¢Ü≈˛Ó˚y í˛zÍ˛õß¨ Ü˛ˆÏÓ˚ ˆ§!ê˛ ˆï˛ç!‹;˛Î˚ Ü˛yÓ≈öÎ%_´ •Î˚– fl∫yû˛y!ÓÜ˛ í˛z!qˆÏò 13CO2

≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ ˆòáy ÎyÎ˚ ˆÎ x!ôÜ˛yÇ¢ 13C §ü!ß∫ï˛ ˜çÓ ˛õòyÌ≈ Ü˛yˆÏ[˛Ó˚ Ó!ô≈£%è xM˛ÈˆÏ° ˛õ!Ó˚Óy!•ï˛ •Î˚ ~ÓÇ

!Ü˛å%Èê˛y ˜çÓ ˛õòyÌ≈ ü)ˆÏ°Ó˚ !òˆÏÜ˛Ä ≤ÃÓy!•ï˛ •Î˚– ~Ó˚˛õÓ˚ ïÑ˛yÓ˚y ˆÎ ˛õyï˛yÎ˚ 13CO2 ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚!åÈˆÏ°ö ï˛yÓ˚

í˛z˛õˆÏÓ˚Ó˚ xÇˆÏ¢Ó˚ ˆúœ˛yˆÏÎ˚üˆÏÜ˛ à°hsˇ ˆüyü !òˆÏÎ˚ xÓÓ˚&k˛ Ü˛ˆÏÓ˚ö– ~Ó˚ ú˛ˆÏ° xÓÓ˚&k˛ ˆúœ˛yˆÏÎ˚ˆÏüÓ˚ í˛z˛õˆÏÓ˚Ó˚ xÇˆÏ¢

ˆÜ˛yˆÏöy ˆï˛ç!‹;˛Î˚ï˛y ˆòáy ˆà° öy– ˛õÓ˚Óï˛#≈ ˛õÓ˚#«˛yÎ˚ ˛õyï˛yÓ˚ ö#ˆÏã˛Ó˚ ˆúœ̨ yˆÏÎ˚üˆÏÜ˛ ˆüyü ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ ˆòáy ˆà°

ˆÎ xÓÓ˚&k˛ ˆúœ˛yˆÏÎ˚ˆÏüÓ˚ ö#ˆÏã˛Ó˚ xÇˆÏ¢ ˆÜ˛yˆÏöy ˆï˛ç!‹;˛Î˚ï˛y °«˛ƒ Ü˛Ó˚y ÎyˆÏFåÈ öy– §Ó≈ˆÏ¢£Ï ˛õÓ˚#«˛yÎ˚ ˆÎ ˛õyï˛y!ê˛ˆÏï˛

13CO2 ≤ÃˆÏÎ˚yà Ü˛Ó˚y •° ï˛yÓ˚ í˛z˛õÓ˚ Ä ö#ˆÏã˛Ó˚ ˆúœ̨ yˆÏÎ˚üˆÏÜ˛ ˆüyüÈÙÈÓ˚&k˛ Ü˛ˆÏÓ˚ ˆòáy ˆà° ˆÎ xÓÓ˚&k˛ xÇˆÏ¢Ó˚ Óy•zˆÏÓ˚

ˆï˛ç!‹;˛Î˚ï˛y °«˛ƒ Ü˛Ó˚y ÎyˆÏFåÈ öy– ~•z ˛õÎ≈yÎ˚e´!üÜ˛ ˛õÓ˚#«˛yÓ˚ üyôƒˆÏü ïÑ˛yÓ˚y ≤Ãüyî Ü˛Ó˚ˆÏ°ö ˆÎ ˆúœ˛yˆÏÎ˚üˆÏÜ˛

xÓÓ˚&k˛ Ü˛Ó˚ˆÏ°•z ¢Ü≈˛Ó˚yÓ˚ ˛õ!Ó˚Ó•ö Óyôy≤ÃyÆ •Î˚ ÈÙÙÙÈ xÌ≈yÍñ ˆúœ̨ yˆÏÎ˚ü•z oyˆÏÓÓ˚ ˛õ!Ó˚Ó•öÜ˛yÓ˚# xD S!ã˛e 6.1V–

!ã˛e 6.1 É ˆï˛ç!fl;˛Î˚ 13CO2 ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ !Ó!û˛ß¨ xM˛ÈˆÏ° 13C ~Ó˚ ˛õ!Ó˚Ó•ˆÏöÓ˚

˛õÓ˚#«˛y A) fl∫yû˛y!ÓÜ˛ í˛z!qòñ B, C Ä D !ã˛ˆÏe !ã˛!•´ï˛ fliyö!ê˛ !öˆÏò≈¢ Ü˛Ó˚ˆÏåÈ ˆÎ

ˆÜ˛yˆÏöy xM˛ÈˆÏ°Ó˚ ˆúœ˛yˆÏÎ˚üˆÏÜ˛ à°hsˇ ˆüyü !òˆÏÎ˚ xÓÓ˚&k˛ Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ–
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!ÓK˛yö# •y!ê≈˛à (Hartig, 1837) ~Ü˛!ê˛ àyˆÏåÈÓ˚ ̨õÓ≈üôƒ ̂ ÌˆÏÜ˛ ̂ úœ˛yˆÏÎ˚ü Ü˛°yÓ˚ !Ü˛å%Èê˛y xÇ¢ ̂ Ü˛ˆÏê˛ Óyò ̂ òö

!Ü˛v ˆúœ˛yˆÏÎ˚ˆÏüÓ˚ xhsˇà≈ï˛ çy•zˆÏ°ü Ü˛°yˆÏÜ˛ x«˛ï˛ Ó˚yˆÏáö– !Ü˛å%È!òö ˛õÓ˚ °«˛ƒ Ü˛Ó˚y ˆà° ˆÎ Ü˛!ï≈˛ï˛ xÇˆÏ¢Ó˚

ö#ˆÏã˛Ó˚ !òÜ˛ê˛y áyˆÏòƒÓ˚ xû˛yˆÏÓ ÷!Ü˛ˆÏÎ˚ ˆàˆÏåÈ !Ü˛v Ü˛!ï≈˛ï˛ xÇˆÏ¢Ó˚ í˛z˛õˆÏÓ˚Ó˚ xÇ¢ áyòƒ §M˛ÈˆÏÎ˚Ó˚ ú˛ˆÏ° ˛õ!Ó˚˛õ%‹T Ä

fl≥˛#ï˛ •ˆÏÎ˚ˆÏåÈ ~üö!Ü˛ñ ˆÜ˛yˆÏöy ˆÜ˛yˆÏöy ˆ«˛ˆÏe ~•z xM˛È° ˆÌˆÏÜ˛ xfliy!öÜ˛ ü)°Ä §,!‹T •ˆÏÎ˚̂ ÏåÈ– ~•z ˛õÓ˚#«˛yÓ˚ myÓ˚y

≤Ãüy!îï˛ •Î˚ ˆÎ ˆúœ˛yˆÏÎ˚ˆÏüÓ˚ üyôƒˆÏü•z áyòƒÓ› !Ó!û˛ß¨ xˆÏD ˛õ!Ó˚Óy!•ï˛ •Î˚ Ü˛yÓ˚î ˆúœ˛yˆÏÎ˚ü xM˛È°!ê˛ ˆÜ˛ˆÏê˛

ˆú˛°ˆÏ° ï˛yÓ˚ ̨õÓ˚Óï˛#≈ xÇˆÏ¢ áyˆÏòƒÓ˚ ̨õ!Ó˚Ó•ö âˆÏê˛ öy– ~•z ̨õÓ˚#«˛yˆÏÜ˛ ÚÓ°Î˚ ̨õÓ˚#«˛yÛ (Ringing experiment)
Ó°y •Î˚ S!ã˛e 6.2V–

!ã˛e 6.2 É Ó°Î˚ ̨ õÓ˚#«˛y

ˆúœ˛yˆÏÎ˚ˆÏüÓ˚ üyôƒˆÏü áyòƒ ˛õ!Ó˚Ó•ö ≤Ã!e´Î˚y!ê˛ û˛yˆÏ°yû˛yˆÏÓ Ó%é˛ˆÏï˛ ˆàˆÏ° ˆúœ̨ yˆÏÎ˚üñ !ÓˆÏ¢£Ïï˛ !§û˛öˆÏ°Ó˚

xD§Çfliyö §¡õˆÏÜ≈˛ ôyÓ˚îy ÌyÜ˛y òÓ˚Ü˛yÓ˚– ˆúœ̨ yˆÏÎ˚ü Ü˛°yÎ˚ í˛z˛õ!fliï˛ °¡∫yñ !öí˛z!Üœ̨ Î˚y§!Ó•#ö ˆÎ ö°yÜ˛yÓ˚ ˆÜ˛y£Ï

ÌyˆÏÜ˛ ï˛yˆÏÜ˛ !§û˛ ö° ˆÜ˛y£Ï Óy Sieve-tube cell ÓˆÏ°– !§û˛ ö° ˆÜ˛y£Ï=!° ˛õÓ˚flõÓ˚ Î%_´ •ˆÏÎ˚ !§û˛ ö° àë˛ö

Ü˛ˆÏÓ˚ ÎyÓ˚ üyôƒˆÏü•z §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ ú˛ˆÏ° í˛zÍ˛õß¨ oyÓ ˛õ!Ó˚Óy!•ï˛ •Î˚– ≤Ã!ï˛!ê˛ !§û˛ ö° 100-500μm °¡∫y

~ÓÇ 20-40mm ˛õ!Ó˚!ô!Ó!¢‹T •Î˚– ≤Ã!ï˛!ê˛ !§û˛ ö° ˆÜ˛˛yˆÏ£ÏÓ˚ ò%•z≤ÃyˆÏhsˇÓ˚ ≤Ãfli≤Ãyã˛#ˆÏÓ˚Ó˚ àyˆÏÎ˚ ã˛y°%!öÓ˚ üˆÏï˛y

x Ï̂öÜ˛=!° !åÈo Ìy Ï̂Ü˛ Îy Ï̂òÓ̊ !§û˛ !åÈo˛ (Sieve pore) Ó Ï̂°– ≤Ã!ï˛!ê˛ !åÈ Ï̂oÓ̊ Óƒy§ 0.1–0.5μm •Î̊– x Ï̂öÜ˛=!°

!§û ˛!åÈo ~Ü˛!eï˛ •ˆÏÎ˚ !§û˛ ˆ«˛e (Sieve area) àë˛ö Ü˛ˆÏÓ˚– ≤Ã!ï˛!ê˛ !§û˛ ö° ˆÜ˛yˆÏ£ÏÓ˚ ≤Ãyhsˇ ≤Ãyã˛#ˆÏÓ˚ í˛z˛õ!fliï˛

!§û˛ ˆ«˛e ã˛y°%!öFåÈòy Óy Sieve plate àë˛ö Ü˛ˆÏÓ˚– ≤Ã!ï˛!ê˛ !§û˛ öˆÏ°Ó˚ üôƒÓï˛#≈ fliyˆÏö ~Ü˛!ê˛ §%ò#â≈ ˆÜ˛y£Ïà•¥Ó˚

ÌyˆÏÜ˛– §y•zˆÏê˛y≤’yçü ˆÜ˛yˆÏ£ÏÓ˚ ˛õ!Ó˚!ô ÓÓ˚yÓÓ˚ xÓfliyö Ü˛ˆÏÓ˚ ÎyÓ˚ üˆÏôƒ Óî≈•#ö ≤’y!fiê˛í˛ Ä fiê˛yã≈˛ òyöy !Ó!«˛Æ

xÓfliyÎ˚ ÌyˆÏÜ˛– ã˛y°%!öFåÈòyÓ˚ !åÈo˛õÌ=!°Ó˚ üyôƒˆÏü ~Ü˛!ê˛ !§û˛ ö° ˆÜ˛y£Ï ˆÌˆÏÜ˛ ˛õÓ˚Óï˛#≈ !§û˛ ö° ˆÜ˛yˆÏ£Ï

oyˆÏÓÓ˚ ˛õ!Ó˚Ó•ö âˆÏê˛– ≤Ã!ï˛!ê˛ !§û˛ !åÈˆÏoÓ˚ üôƒ !òˆÏÎ˚ §y•zˆÏê˛y≤’yçü Ó˚I%Ó˚ üˆÏï˛y xÇ¢ àë˛ö Ü˛ˆÏÓ˚ ~Ü˛!ê˛ ˆÜ˛y£Ï

ˆÌˆÏÜ˛ xöƒ ˆÜ˛yˆÏ£Ï ≤ÃÓy!•ï˛ •Î˚– ≤Ã!ï˛!ê˛ §y•zˆÏê˛y≤’yçü#Î˚ Ó˚I% xyÓyÓ˚ Ü˛ƒyˆÏ°y§ !ö!ü≈ï˛ Ó°Î˚ !òˆÏÎ˚ xyÓ,ï˛ ÌyˆÏÜ˛–

Ó̊y§yÎ̊!öÜ˛û˛y Ï̂Ó Ü˛ƒy Ï̂°y§ •° ~Ü˛!ê˛ ç Ï̂° xoÓî#Î̊ ̨õ!°§ƒyÜ˛yÓ̊y•zí˛ Îy Ï̂ï˛ @’%̂ ÏÜ˛yç xî%=!° 1–3 @’y•ẑ ÏÜ˛y§y•z!í˛Ü˛

Ó¶˛ö#Ó˚ myÓ˚y Î%_´ ÌyˆÏÜ˛– !§û˛ ö° ˛õ!Ó˚îï˛ Óy ÓÎ˚É≤ÃyÆ •ˆÏ° !§û˛ ö° ˆÜ˛y£Ï=!°Ó˚ ã˛y°%!öFåÈòy xM˛ÈˆÏ° ≤Ãã%˛Ó˚
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˛õ!Ó˚üyˆÏî Ü˛ƒyˆÏ°y§ §!M˛Èï˛ •Î˚ Ä ~Ó˚ ú˛ˆÏ° ã˛y°%!ö!FåÈòy=!° Ó¶˛ •ˆÏÎ˚ Ü˛ƒyˆÏ°y§ ˛õƒyí˛ (Callose pad) à!ë˛ï˛

•Î˚– Ü˛ƒyˆÏ°y§ ˛õƒyí˛ àë˛ˆÏöÓ˚ §yˆÏÌ §yˆÏÌ•z !§û˛ ö° áyòƒ ˛õ!Ó˚Ó•ˆÏöÓ˚ «˛üï˛y •yÓ˚yÎ˚–

!ÓK˛yö# xƒyˆÏ°y!ö Ä §yã˛ (Aloni and Sach, 1973) °«˛ƒ Ü˛ˆÏÓ˚̂ ÏåÈö ˆÎ xˆÏöÜ˛§üÎ˚ ~Ü˛!ê˛ öy!°Ü˛y

Óy![˛° ˆÌˆÏÜ˛ í˛zÍ˛õß¨ !§û˛ ö° xyí ¸̨yxy!í ¸̨û˛yˆÏÓ xöƒ öy!°Ü˛y Óy![˛ˆÏ°Ó˚ §yˆÏÌ Î%_´ •Î˚– ~•z àë˛ö !Óöƒy§ˆÏÜ˛

xƒyöyˆÏfiê˛yˆÏüy!§§ (Anastomosis = cross linking) ÓˆÏ° Îy Ü˛yˆÏ[˛Ó˚ !Ó!û˛ß¨ xM˛ÈˆÏ° o&ï˛ áyòƒ ˛õ!Ó˚Ó•ˆÏö

§•yÎ˚ï˛y Ü˛ˆÏÓ˚–

!§û˛ öˆÏ°Ó˚ §yˆÏÌ ˆÎ ~Ü˛ Óy ~Ü˛y!ôÜ˛ ˛õyï˛°y ≤Ãyã˛#Ó˚!Ó!¢‹T !öí˛z!Üœ̨ Î˚y§Î%_´ ˆÜ˛y£Ï §Ç°@¿ ÌyˆÏÜ˛ ï˛yˆÏÜ˛

§D#ˆÏÜ˛y£Ï (Companion cell) ÓˆÏ°– §D#ˆÏÜ˛y£Ï Ä !§û˛ ö° x§Çáƒ ≤’yçˆÏüyˆÏí˛çüyê˛yÓ˚ üyôƒˆÏü ˛õÓ˚flõÓ˚ Î%_´

ÌyˆÏÜ˛– ˛õyï˛yÎ˚ í˛zÍ˛õy!òï˛ áyˆÏòƒÓ˚ ~Ü˛yÇ¢ ≤’yçˆÏüyˆÏí˛çüyê˛yÓ˚ üyôƒˆÏü §D#ˆÏÜ˛y£Ï ˆÌˆÏÜ˛ !§û˛ öˆÏ° ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚–

~åÈyí˛¸yñ §D#ˆÏÜ˛yˆÏ£Ï í˛zÍ˛õß¨ ATP !§û˛ öˆÏ° áyòƒ ˛õ!Ó˚Ó•ˆÏöÓ˚ çöƒ ≤ÃˆÏÎ˚yçö#Î˚ ¢!_´ §Ó˚ÓÓ˚y• Ü˛ˆÏÓ˚–

6.3 P-ˆ≤Ãy!ê˛ö (P-protein)

ˆúœ˛yˆÏÎ˚ˆÏüÓ˚ !§û˛ öˆÏ° Ü˛ï˛=!° ö°yÜ˛yÓ˚ Óy òyöyòyÓ˚ fl‘y•zü á[˛ (Slime body) °«˛ƒ Ü˛Ó˚y ÎyÎ˚– Ü˛yê˛yÓ˚

(Cutter) Ä xöƒyöƒ ˜ÓK˛y!öˆÏÜ˛Ó˚y ˆò!áˆÏÎ˚!åÈˆÏ°ö ˆÎ ~=!° ˆúœ̨ yˆÏÎ˚̂ ÏüÓ˚ ~Ü˛ !ÓˆÏ¢£Ï ≤ÃÜ,˛!ï˛Ó˚ ˆ≤Ãy!ê˛ö ÈÙÙÙÈ ï˛y•z

~ˆÏòÓ˚ ˆúœ˛yˆÏÎ˚ü ˆ≤Ãy!ê˛ö Óy P - ˆ≤Ãy!ê˛ö öyˆÏü x!û˛!•ï˛ Ü˛Ó˚y •Î˚– Cucurbita í˛z!qò ˆÌˆÏÜ˛ ò%ÛôÓ˚̂ ÏöÓ˚ P -
ˆ≤Ãy!ê˛ö ˛õyÄÎ˚y ÎyÎ˚ ÎyˆÏòÓ˚ PP1 Sˆúœ˛yˆÏÎ˚ü !ú˛°yˆÏürê˛ ˆ≤Ãy!ê˛öV Ä PP2 Sˆúœ˛yˆÏÎ˚ü ˆ°Ü˛!ê˛ö ˆ≤Ãy!ê˛öV ÓˆÏ°–

P - ̂ ≤Ãy!ê˛ö=!° §D# Ï̂Ü˛y Ï̂£Ï §Ç Ï̂Ÿ’!£Ïï˛ Óy í z̨Í˛õy!òï˛ • Ï̂Î̊ ≤’yç Ï̂üy Ï̂í˛çüyê˛yÓ̊ üyôƒ Ï̂ü !§û˛ ö Ï̂° ̨õ!Ó̊Óy!•ï˛

•Î˚ (Clark et al, 1997)– §ühflÏ !mÓ#ç˛õe# í˛z!qò Ä x!ôÜ˛yÇ¢ ~Ü˛Ó#ç˛õe# í˛z!qˆÏò P - ̂ ≤Ãy!ê˛ö ̂ òáy ̂ àˆÏ°Ä

=ÆÓ#ç# í˛z!qˆÏò ~Ó˚y xö%˛õ!fliï˛ ÌyˆÏÜ˛– SDS ˆç° •zˆÏ°Ü˛ˆÏê˛ΔyˆÏú˛yˆÏÓ˚!§§ ≤Ã!e´Î˚yÎ˚ !Ó!û˛ß¨ P - ˆ≤Ãy!ê˛ö=!°ˆÏÜ˛

˛õ,ÌÜ˛ Ü˛Ó˚y §Ω˛Ó •ˆÏÎ˚̂ ÏåÈ ~ÓÇ ˆòáy ˆàˆÏåÈ ˆÎ ~ˆÏòÓ˚ xyî!ÓÜ˛ Äçö 15-220KD (Kilo Dalton) •Î˚– oyˆÏÓÓ˚

˛õ!Ó˚Ó•ˆÏö P - ˆ≤Ãy!ê˛ö=!° í˛zˆÏÕ‘áˆÏÎyàƒ û)˛!üÜ˛y @ˇÃ•î Ü˛ˆÏÓ˚– !§û˛ öˆÏ°Ó˚ ˆÜ˛yˆÏöy xÇˆÏ¢ !åÈˆÏoÓ˚ §,!‹T •ˆÏ° P -
ˆ≤Ãy!ê˛ö=!° ˆç!°Ó˚ üˆÏï˛y ˛õòyˆÏÌ≈ Ó˚*˛õyhsˇ!Ó˚ï˛ •ˆÏÎ˚ ˆ§•z !åÈo˛õÌ Ó¶˛ Ü˛ˆÏÓ˚– ~Ó˚ ú˛ˆÏ°ñ !§û˛ öˆÏ°Ó˚ oyÓ í˛z_´

!åÈo˛õˆÏÌÓ˚ üyôƒˆÏü ˆÓ!Ó˚ˆÏÎ˚ ˆÎˆÏï˛ ˛õyˆÏÓ˚ öy– ~•z Ü˛yÓ˚ˆÏî P - ˆ≤Ãy!ê˛öˆÏÜ˛ ˆúœ˛yˆÏÎ˚ˆÏüÓ˚ !åÈo xÓˆÏÓ˚yôÜ˛yÓ˚# ˆ≤Ãy!ê˛ö

(Pholem puncture sealing protein) Ó°y •Î̊–

6.4 ˆ§y§≈ Ä !§B˛ (Source and Sink)

§yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ ú˛ˆÏ° ˆÎ xD=!°ˆÏï˛ áyòƒ í˛zÍ˛õß¨ •Î˚ Óy ˆÎ fliyö ˆÌˆÏÜ˛ ≤ÃˆÏÎ˚yçˆÏöÓ˚ x!ï˛!Ó˚_´ áyòƒ

xöƒe ̨õ!Ó˚Óy!•ï˛ •Î˚ ï˛yˆÏÜ˛ ̨õ!Ó˚ÓˆÏ•ˆÏöÓ˚ í˛zÍ§fli° (Source) ÓˆÏ°– fl∫yû˛y!ÓÜ˛ Ü˛yÓ˚̂ Ïî•z ̨õ!Ó˚îï˛ ̨õyï˛y•z í˛z!qˆÏòÓ˚

≤Ãôyö ˆ§y§≈– x˛õÓ˚!òˆÏÜ˛ñ í˛z!qòˆÏòˆÏ•Ó˚ ˆÎ xD=!° í˛zÍ§fli° xÌ≈yÍ §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# xD ˆÌˆÏÜ˛ ¢Ü˛≈Ó˚y

çyï˛#Î˚ áyòƒoÓƒ @ˇÃ•î Ü˛ˆÏÓ˚ ï˛yˆÏòÓ˚ !§B˛ (Sink) Óy @ˇÃy•Ü˛ ÓˆÏ°– ü)°ñ Ü˛y[˛ Ä ú˛°ˆÏÜ˛ í˛z!qòˆÏòˆÏ•Ó˚ !§B˛ Ó°y •Î˚
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ï˛ˆÏÓ ü,òàï˛ Ü˛y[˛ Ä ü)° §Ó≈y!ôÜ˛ áyòƒ §M˛ÈÎ˚ Ü˛ˆÏÓ˚ ÓˆÏ° ~Ó˚y•z í˛zz!qˆÏòÓ˚ §ÓˆÏã˛ˆÏÎ˚ §!e´Î˚ !§B˛Ó˚*ˆÏ˛õ Ü˛yç Ü˛ˆÏÓ˚–

ˆòáy ˆàˆÏåÈ ~Ü˛•z í˛z!qò xD Ü˛áöÄ ˆ§y§≈ Ä Ü˛áöÄ !§B˛Ó˚*ˆÏ˛õ Ü˛yç Ü˛ˆÏÓ˚– ~Ü˛!ê˛ Ü˛!ã˛ Óy x˛õ!Ó˚îï˛ ˛õyï˛y ï˛yÓ˚

Ó,!k˛Ó˚ çöƒ ˛õÎ≈yÆ ˛õ!Ó˚üyˆÏî áyòƒ í˛zÍ˛õß¨ Ü˛Ó˚ˆÏï˛ öy ˛õyÓ˚yÎ˚ ˛õ!Ó˚îï˛ ˛õyï˛y ˆÌˆÏÜ˛ áyòƒoÓƒ §Ç@ˇÃ• Ü˛ˆÏÓ˚ xÌ≈yÍ

!§B˛Ó˚*ˆÏ˛õ Ü˛yç Ü˛ˆÏÓ˚– ˆ§•z Ü˛!ã˛ ˛õyï˛y!ê˛•z Îáö ˛õ!Ó˚î!ï˛ °yû˛ Ü˛ˆÏÓ˚ ï˛áö ˆ§!ê˛•z ˛õÎ≈yÆ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ ú˛ˆÏ°

í˛zÍ˛õß¨ áyòƒoÓƒ xöƒ xˆÏD ˛õ!Ó˚Óy!•ï˛ Ü˛ˆÏÓ˚ xÌ≈yÍ ˆ§y§≈Ó˚*ˆÏ˛õ Ü˛yç Ü˛ˆÏÓ˚– çÇ!° Ó#ê˛àyˆÏåÈÓ˚ (Beta maritima)
ü)° ≤ÃÌü ÓåÈÓ˚ !§B˛ !•§yˆÏÓ ˛õyï˛y ˆÌˆÏÜ˛ ≤Ãã%˛Ó˚ ˛õ!Ó˚üyˆÏî ¢Ü≈˛Ó˚y §Ç@ˇÃ• Ü˛ˆÏÓ˚– ~•z !mÓ£Ï≈ç#Ó# í˛z!qò!ê˛Ó˚ ü)°•z

xyÓyÓ˚ !mï˛#Î˚ ÓåÈˆÏÓ˚ ˛õ%‹õ ≤Ãfl≥%˛ê˛ˆÏöÓ˚ §üÎ˚ ≤Ãçöö xˆÏD ¢Ü≈˛Ó˚y §Ó˚ÓÓ˚y• Ü˛ˆÏÓ˚ xÌ≈yÍ ˆ§y§≈ !•§yˆÏÓ Ü˛yÎ≈Ü˛Ó˚#

•Î˚– ~Ü˛!ê˛ àyˆÏåÈÓ˚ í˛z˛õˆÏÓ˚Ó˚ !òˆÏÜ˛Ó˚ ˛õ!Ó˚îï˛ ˛õyï˛yñ Ü˛yˆÏ[˛Ó˚ x@ˇÃû˛yà Ä Ü˛!ã˛ ˛õyï˛yˆÏÜ˛ ¢Ü≈˛Ó˚y Ó˚Æy!ö Ü˛ˆÏÓ˚ !Ü˛v

Ü˛yˆÏ[˛Ó˚ ö#ˆÏã˛Ó˚ !òˆÏÜ˛Ó˚ ˛õyï˛y=!° ≤Ãôyöï˛ ü)°ˆÏÜ˛ áyòƒ §Ó˚ÓÓ˚y• Ü˛ˆÏÓ˚– ~•z Ü˛yÓ˚̂ Ïî Ó°y •Î˚ ˆÎ í˛z!qˆÏòÓ˚ ˆÜ˛yˆÏöy

í˛zÍ§ xD Óy ˆ§y§≈ ï˛yÓ˚ !öÜ˛ê˛Óï˛#≈ !§B˛ xM˛ÈˆÏ°•z áyòƒ Óy oyÓ ˛õ!Ó˚Ó•ö Ü˛ˆÏÓ˚–

6.5 ˛õ!Ó˚Óy!•ï˛ oyˆÏÓÓ˚ í˛z˛õÜ˛Ó˚î (Composition of solutes conducted)

üy•zˆÏe´y!§!Ó˚ˆÏOÓ˚ §y•yˆÏÎƒ §Ó˚y§!Ó˚ !§û˛ö° ˆÌˆÏÜ˛ ï˛Ó˚° ˛õòyÌ≈ˆÏÜ˛ ˆÓÓ˚ Ü˛ˆÏÓ˚ ~ˆÏö ï˛yÓ˚ Ó˚y§yÎ˚!öÜ˛

í z̨̨ õyòyö=!° Ï̂Ü˛ ¢öy_´ Ü˛Ó̊y §Ω˛Ó • Ï̂Î̊ Ï̂åÈ– §y¡±!ï˛Ü˛Ü˛y Ï̂° ~!ú˛í˛ (Aphid) öyüÜ˛ «%̨ o ̨õï˛D Ï̂Ü˛ ÓƒÓ•yÓ̊ Ü˛ Ï̂Ó̊Ä

ˆúœ˛yˆÏÎ˚ü ˆÌˆÏÜ˛ oyÓ !ö‹Òy¢ö Ü˛Ó˚y §Ω˛Ó •ˆÏÎ˚ˆÏåÈ– ~!ú˛í˛ ˆúœ̨ yˆÏÎ˚ü ˆÌˆÏÜ˛ §Ó˚y§!Ó˚ áyòƒÓ˚§ ˆ¢y£Ïî Ü˛ˆÏÓ˚– áyòƒÓ˚§

ˆ¢y£ÏˆÏîÓ˚ ˛õÓ˚ ~!ú˛í˛ˆÏÜ˛ CO2 àƒyˆÏ§Ó˚ §y•yˆÏÎƒ xˆÏã˛ï˛ö Ü˛ˆÏÓ˚ ˆ°§yÓ˚ Ó˚!Ÿ¬ !òˆÏÎ˚ ï˛yÓ˚ fiê˛y•zˆÏ°ê˛ ˆÜ˛ˆÏê˛ ˆú˛°y

•Î˚– ~Ó˚˛õÓ˚ fiê˛y•zˆÏ°ê˛ ̂ ÌˆÏÜ˛ ̂ úœ˛yˆÏÎ˚ü Ó˚§ §Ç@ˇÃ• Ü˛ˆÏÓ˚ GLC Ä HPLC ̨õk˛!ï˛Ó˚ §y•yˆÏÎƒ !ÓˆÏŸ’£Ïî Ü˛ˆÏÓ˚ ̂ úœ˛yˆÏÎ˚ü

Ó˚̂ Ï§Ó˚ !Ó!û˛ß¨ Ó˚y§yÎ˚!öÜ˛ í˛z˛õyòyö=!°ˆÏÜ˛ ¢öy_´ Ü˛Ó˚y §Ω˛Ó •ˆÏÎ˚̂ ÏåÈ–

ˆúœ˛yˆÏÎ˚ü Ó˚ˆÏ§ í˛z˛õ!fliï˛ oyÓ=!° çˆÏ° oÓ#û)˛ï˛ xÓfliyÎ˚ ÌyˆÏÜ˛– ˆúœ˛yˆÏÎ˚ˆÏüÓ˚ ¢ï˛Ü˛Ó˚y 90 û˛yà oyÓ•z ¢Ü≈˛Ó˚y

ï˛ˆÏÓ ~Ü˛!ê˛ í˛zˆÏÕ‘áˆÏÎyàƒ !Ó£ÏÎ˚ •° ˆÎ oyˆÏÓ @’%ˆÏÜ˛yç ú %˛Ü˛ˆÏê˛yç ≤Ãû,˛!ï˛ !ÓçyÓ˚îôü#≈ ¢Ü≈˛Ó˚y (Reducing sugar)
˛õyÄÎ˚y ÎyÎ˚ öy– ˆúœ˛yˆÏÎ˚ü Ó˚ˆÏ§ ≤ÃyÆ ¢Ü≈˛Ó˚y=!° ≤Ãôyöï˛ Ó˚ƒy!ú˛ˆÏöyç !§!Ó˚ˆÏçÓ˚ ¢Ü≈˛Ó˚yñ ˆÎüö ÈÙÙÙÈ §%ˆÏe´yçñ

Ó˚ƒy!ú˛ˆÏöyçñ fiê˛ƒy!ú˛ˆÏÎ˚yç ≤Ãû,˛!ï˛– ~=!° åÈyí˛¸yÄ üƒy!öê˛°ñ §Ó˚‰!Óê˛°ñ üyˆÏÎ˚yÈÙÈ•zˆÏöy!§ê˛° ≤Ãû,˛!ï˛ ¢Ü≈˛Ó˚y

xƒy°ˆÏÜ˛y•°=!°Ä (Sugar alcohols) ̂ úœ˛yˆÏÎ˚ü Ó˚̂ Ï§ ̨ õyÄÎ˚y ̂ àˆÏåÈ– §ühflÏ oyÓ í˛z˛õyòyö=!°Ó˚ üˆÏôƒ §%ˆÏe´yç•z

≤Ãôyö í˛z˛õyòyö ~ÓÇ ˆúœ˛yˆÏÎ˚ü Ó˚ˆÏ§ §%ˆÏe´yˆÏçÓ˚ âöc 0.3–0.9M ˛õÎ≈hsˇ •Î˚– §%ˆÏe´yç xyò¢≈ ˛õ!Ó˚Ó•öˆÏÎyàƒ

¢Ü≈˛Ó˚y Ü˛yÓ˚î ~!ê˛ o&ï˛ çˆÏ° oÓ#û)˛ï˛ •Î˚ ~ÓÇ «%˛o xî% •ˆÏ°Ä ~!ê˛ fliyÎ˚# ≤ÃÜ,˛!ï˛Ó˚ ˆÎÔà– @’%ˆÏÜ˛yç çyï˛#Î˚

!ÓçyÓ˚îôü#≈ ¢Ü≈˛Ó˚y ˆúœ˛yˆÏÎ˚ü Ó˚ˆÏ§ öy ÌyÜ˛yÓ˚ §Ω˛yÓƒ ò%Û!ê˛ Ü˛yÓ˚î •° (i) ~•z ¢Ü≈˛Ó˚y=!° !§û˛ öˆÏ° í˛z˛õ!fliï˛

í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ ≤Ãû˛yˆÏÓ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚ ~ÓÇ (ii) !§û˛ öˆÏ°Ó˚ §yüyöƒ «˛yÓ˚#Î˚ üyôƒˆÏü•z !ÓçyÓ˚îôü#≈ ¢Ü≈˛Ó˚y=!°

!Óö‹T •Î˚–

!ÓK˛yö#Ó˚y xyÓ˚Ä °«˛ƒ Ü˛ˆÏÓ˚ˆÏåÈö ˆÎñ !û˛ß¨ !û˛ß¨ ˆàyˆÏeÓ˚ í˛z!qˆÏòÓ˚ ˆúœ˛yˆÏÎ˚ü Ó˚ˆÏ§ ˛õ,ÌÜ˛ ˛õ,ÌÜ˛ ≤ÃÜ,˛!ï˛Ó˚

¢Ü≈˛Ó˚y ˛õyÄÎ˚y ÎyÎ˚ñ ˆÎüö ˆÓê%˛ˆÏ°!§ (Betulaceae) ˆàyˆÏe Ó˚ƒy!ú˛ˆÏöyçñ ˆ§°y§ˆÏê˛Δ!§ (Celastraceae) ˆàyˆÏe
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fiê˛ƒy!ú˛ Ï̂Î̊yç Ä í%̨ °!§ê˛°ñ x!° Ï̂Î̊!§ (Oleaceae) ̂ ày Ï̂e û˛yÓ̊Óƒy§ Ï̂Ü˛y§ñ Ü˛ü Ï̂Ó ̂ Ïê˛!§ (Combretaceae) ̂ ày Ï̂e

üƒy!öê˛°ñ ˆÓ˚yˆÏç!§ (Rosaceae) ˆàyˆÏe §Ó˚!Óê˛° Ä ˆüyˆÏÓ˚!§ (Moraceae) ˆàyˆÏe üyˆÏÎ˚y•zˆÏöy!§ê˛° çyï˛#Î˚

¢Ü≈˛Ó˚y ˛õyÄÎ˚y ÎyÎ˚–

ˆúœ˛yˆÏÎ˚ü Ó˚ˆÏ§ !Ü˛å%È öy•zˆÏê˛ΔyˆÏçö çyï˛#Î˚ ˛õòyÌ≈Ä °«˛ƒ Ü˛Ó˚y ÎyÎ˚– í˛z!qˆÏòÓ˚ Óyô≈Ü˛ƒ Óy ˛õeˆÏüyã˛ˆÏöÓ˚ §üÎ˚

öy•zˆÏê˛ΔyˆÏçö â!ê˛ï˛ ̂ Ó˚ã˛ö ̨õòyÌ≈ ̂ úœ˛yˆÏÎ˚ü Ó˚ˆÏ§ §!M˛Èï˛ •Î˚– ~åÈyí˛¸y öy•zˆÏê˛ΔyˆÏçö §ÇÓ¶˛öÜ˛yÓ˚# !¢¡∫ çyï˛#Î˚ í˛z!qˆÏòÓ˚

ˆúœ˛yˆÏÎ˚ü Ó˚ˆÏ§ @’%ê˛y!üÜ˛ x¡‘ñ @’%ê˛y!üö Ä •zí˛zÓ˚y•zí˛§ ˛õyÄÎ˚y ÎyÎ˚–

≤Ã!ï˛ !°ê˛yÓ˚ ̂ úœ˛yˆÏÎ˚ü Ó˚ˆÏ§ 100-125mg Ü˛!ë˛ö ̨õòyÌ≈ (Dry matter) ̨õyÄÎ˚y ÎyÎ˚ ~ÓÇ §ühflÏ í˛z˛õyòyˆÏöÓ˚

≤ÃyÎ˚ 10 ¢ï˛yÇ¢ x˜ÏçÓ ˛õòyÌ≈ ÌyˆÏÜ˛– x˜ÏçÓ í˛z˛õyòyö=!°Ó˚ üˆÏôƒ Mg, K ≤Ãû,˛!ï˛ Ü˛ƒyê˛yÎ˚ö ~ÓÇ ú˛§ˆÏú˛ê˛ñ

ˆÜœ˛yÓ˚y•zí˛ ≤Ãû,˛!ï˛ xƒyöyÎ˚ö §Ó≈y!ôÜ˛ ˛õ!Ó˚üyˆÏî ÌyˆÏÜ˛–

x!:öñ !çÓùyˆÏÓ˚!°Ü˛ x¡‘ñ xƒyÓ!§!§Ü˛ x¡‘ ≤Ãû,˛!ï˛ ≤ÃyÜ,˛!ï˛Ü˛ •ˆÏü≈yö=!°Ó˚ ~Ü˛yÇ¢Ä ˆúœ̨ yˆÏÎ˚̂ ÏüÓ˚ üyôƒˆÏü

˛õ!Ó˚Óy!•ï˛ •Î˚–

§yÓ˚!î     6.1 ÈÙÈ ˆÓ˚!í˛¸ àyˆÏåÈÓ˚     (Ricinus communis) ˆúœ̨ yˆÏÎ˚ü Ó˚̂ Ï§Ó˚ Ó˚y§yÎ˚!öÜ˛ í˛z˛õyòyö

A. ˜çÓ í˛z˛õyòyö mg/L
§%ˆÏe´yç 100.0

ˆ≤Ãy!ê˛ö 2.0

xƒyüy•zˆÏöy x¡‘ 5.0

üƒy!°Ü˛ x¡‘ 3.0

B. x˜ÏçÓ í˛z˛õyòyö mg/L
˛õê˛y!§Î˚yü 2.3-4.4

ˆÜœ˛yÓ˚y•zí˛ 0.3-0.6

ú˛§ Ï̂ú˛ê˛ 0.3-0.5

üƒyàˆÏö!¢Î˚yü 0.1-0.12

xö%¢#°ö# ÈÙÈ     1

1. §!ë˛Ü˛ í˛z_Ó˚!ê˛Ó˚ ö#ˆÏã˛ òyà !òö ≠

a) áyòƒ ˛õ!Ó˚Óy!•ï˛ •Î˚ çy•zˆÏ°ü Óy!•Ü˛yÓ˚†!§û˛ ö°†ˆúœ̨ yˆÏÎ˚ü ˛õƒyˆÏÓ˚öÜ˛y•züyÓ˚ üyôƒˆÏü

b) Ü˛ƒyˆÏ°yç ~Ü˛!ê˛ ˆ≤Ãy!ê˛ö†ˆfl¨•˛õòyÌ≈†˛õ!°§ƒyÜ˛yÓ˚y•zí˛ çyï˛#Î˚ ˛õòyÌ≈–

c) P-ˆ≤Ãy!ê˛ˆÏöÓ˚ §¡õ)î≈ öyü ˆúœ̨ yˆÏÎ˚ü ˆ≤Ãy!ê˛ö†≤’yçüy ˆ≤Ãy!ê˛ö†ú˛§ˆÏú˛yˆÏ≤Ãy!ê˛ö–
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d) ˆúœ̨ yˆÏÎ˚̂ Ïü ≤ÃyÆ ¢Ü≈˛Ó˚y=!° ≤Ãôyöï˛ üˆÏöy§ƒyÜ˛yÓ˚y•zí˛†ˆ˛õˆÏrê˛yç ¢Ü≈˛Ó˚y † Ó˚ƒy!ú˛ˆÏöyç !§!Ó˚̂ ÏçÓ˚ ¢Ü≈˛Ó˚y–

2. ¢)öƒfliyö ˛õ)Ó˚î Ü˛Ó˚&ö ≠

a) _________ ˛õÓ˚#«˛yÓ˚ üyôƒˆÏü ≤Ãüyî Ü˛Ó˚y ÎyÎ˚ ˆÎ ˆúœ̨ yˆÏÎ˚̂ ÏüÓ˚ üyôƒˆÏü áyòƒ ˛õ!Ó˚Óy!•ï˛ •Î˚–

b) _________ ˆúœ˛yˆÏÎ˚ˆÏüÓ˚ !åÈo=!° xÓˆÏÓ˚yô Ü˛Ó˚̂ Ïï˛ §y•yÎƒ Ü˛ˆÏÓ˚–

c) _________ çyï˛#Î˚ !ÓçyÓ˚îôü#≈ ¢Ü≈˛Ó˚y ˆúœ̨ yˆÏÎ˚ü Ó˚̂ Ï§ xö%˛õ!fliï˛ ÌyˆÏÜ˛–

d) ˆúœ˛yˆÏÎ˚ü üyôƒˆÏü _________ ¢Ü≈˛Ó˚y §Ó≈y!ôÜ˛ ˛õ!Ó˚üyˆÏî ˛õ!Ó˚Óy!•ï˛ •Î˚–

3. §Ç!«˛Æ í˛z_Ó˚ !òö ≠

a) !§û˛ ˆ«˛ˆÏeÓ˚ ˜Ó!¢‹Tƒ Ü˛#⁄  b) xƒyöyˆÏfiê˛yˆÏüy!§§ Ó°ˆÏï˛ Ü˛# ˆÓyˆÏé˛ö⁄

c) ~Ü˛•z xD Ü˛#û˛yˆÏÓ ˆ§y§≈ Ä !§B˛ !•§yˆÏÓ Ü˛yç Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚⁄

d) PP1 Ä PP2 ~Ó˚ §¡õ)î≈ öyü Ü˛#⁄

6.6 oyˆÏÓÓ˚ ˛õ!Ó˚Ó•ö §Çe´yhsˇ ï˛_¥ (Theories on Conduction of Solutes)

ˆúœ˛yˆÏÎ˚ˆÏüÓ˚ üyôƒˆÏü oyˆÏÓÓ˚ ˛õ!Ó˚Ó•ö ~Ü˛!ê˛ ç!ê˛° ¢yÓ˚#Ó˚Ó,_#Î˚ ≤Ã!e´Î˚y– ~•z ç!ê˛° ≤Ã!e´Î˚y!ê˛ Óƒyáƒy

Ü˛Ó˚yÓ˚ çöƒ û˛Ó˚ ≤ÃÓy• ≤ÃÜ˛“!ê˛ ö#ˆÏã˛ xyˆÏ°yã˛öy Ü˛Ó˚y •°–

û˛Ó̊ ≤ÃÓy• ≤ÃÜ˛“ (Mass flow theory) ÈÙÙÙÈ !ÓK˛yö# •y!ê≈̨ à (Hartwig, 1860) §Ó≈≤ÃÌü ~•z ≤ÃÜ˛“!ê˛ í z̨̨ õfliy!˛õï˛

Ü˛Ó˚̂ Ï°Ä ü%M˛È (Munch, 1930) ~•z ≤ÃÜ˛“!ê˛Ó˚ !ÓK˛yö§¡øï˛ Óƒyáƒy ˆòö– ~•z ≤ÃÜ˛“!ê˛ Úü%_´ ≤ÃÓy• ≤ÃÜ˛“Û Óy

Úã˛y˛õ#Î˚ ≤ÃÓy• üï˛ÓyòÛ (Pressure flow hypothesis) öyˆÏüÄ ˛õ!Ó˚!ã˛ï˛– ~•z üï˛ÓyˆÏòÓ˚ ü)° ï˛_¥!ê˛ •° ˆÎ

§y Ï̂°Ü˛§Ç Ï̂Ÿ’£ÏÜ˛yÓ˚# ̨õyï˛y í z̨Í§ Óy ̂ §y§≈ !•§y Ï̂Ó Ü˛yç Ü˛ Ï̂Ó˚ ~ÓÇ ̂ §áy Ï̂ö ¢Ü≈̨ Ó˚yÓ˚ ̨õ!Ó˚üyî ̂ Ó!¢ ÌyÜ˛yÎ˚ x!û˛flÀÓî

ã˛yˆÏ˛õÓ˚ ≤Ãû˛yˆÏÓ ¢Ü≈˛Ó˚y §• xöƒyöƒ oyÓ ˆúœ̨ yˆÏÎ˚̂ ÏüÓ˚ üyôƒˆÏü ï%˛°öyü)°Ü˛û˛yˆÏÓ Ü˛ü âöcÎ%_´ xM˛È° xÌ≈yÍ @ˇÃy•Ü˛

Óy !§B˛ xM˛ÈˆÏ° ≤ÃÓy!•ï˛ •Î˚–

!ÓK˛yö# Munch ïÑ˛yÓ˚ ≤ÃÜ˛“!ê˛ ~Ü˛!ê˛ öÜ˛¢yÓ˚ üyôƒˆÏü Óƒyáƒy Ü˛ˆÏÓ˚ö– ~Ü˛!ê˛ xô≈ˆÏû˛òƒ ˆày°Ü˛ Óy

í˛yÎ˚y°y•z!§§ ÓƒyˆÏà âö !ã˛!öÓ˚ oÓî Ó˚yáy •° ~ÓÇ ï˛yˆÏï˛ ˆÜ˛yˆÏöy Ó˚OÜ˛ !ü!◊ï˛ Ü˛Ó˚y •°– xö%Ó˚*˛õû˛yˆÏÓ x˛õÓ˚

~Ü˛!ê˛ ÓƒyˆÏà x!ï˛ °â% !ã˛!öÓ˚ oÓî Ó˚yáy •° !Ü˛v ï˛yˆÏï˛ Ó˚OÜ˛ !ü!◊ï˛ Ü˛Ó˚y •° öy– ~•z ò%Û!ê˛ Ì!°ˆÏÜ˛ ˛õ,ÌÜ˛

ç°˛õ)î≈ !ÓÜ˛yÓ˚ Óy úœ˛yˆÏflÒ Ó˚yáy •°– úœ˛yflÒ ò%Û!ê˛Ó˚ ü%á Ü˛Ü≈˛ !òˆÏÎ˚ Ó¶˛ Ü˛Ó˚y •° ~ÓÇ Ü˛Ü≈˛ ò%Û!ê˛ˆÏï˛ !åÈo Ü˛ˆÏÓ˚ ~Ü˛!ê˛

Ü˛yã˛öˆÏ°Ó˚ ò%•z ≤ÃyhsˇˆÏÜ˛ í˛yÎ˚y°y•z!§§ Ì!°mˆÏÎ˚Ó˚ üˆÏôƒ ≤Ã!Ó‹T Ü˛Ó˚yˆÏöy •°– xyÓ˚ ~Ü˛!ê˛ Ü˛yã˛ö°ˆÏÜ˛ úœ̨ yflÒ ò%Û!ê˛Ó˚

§yˆÏÌ Î%_´ Ü˛Ó˚y •° ÎyÓ˚ üyôƒˆÏü úœ˛yˆÏflÒÓ˚ ç° ~ÓÇ x!ï˛ °â% !ã˛!öÓ˚ oÓˆÏîÓ˚ üˆÏôƒ §ÇˆÏÎyà fliy!˛õï˛ •°– ~•z

xÓfliyÎ˚ A úœ˛yflÒ!ê˛ˆÏï˛ S!ã˛e 6.3) Ó˚yáy ç° x!û˛flÀÓî ≤Ã!e´Î˚yÎ˚ xô≈ˆÏû˛òƒ í˛yÎ˚y°y•z!§§ Ì!°ˆÏï˛ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ Ä

~Ó˚ ú˛ˆÏ° Ì!°!ê˛Ó˚ Ó˚§fl≥˛#!ï˛Ó˚ ã˛y˛õ ˆÓˆÏí˛¸ ÎyÎ˚– ~•z Ü˛yÓ˚ˆÏî A úœ̨ yˆÏflÒÓ˚ í˛yÎ˚y°y•z!§§ Ì!° ˆÌˆÏÜ˛ âö !ã˛!öÓ˚ oÓî

B úœ˛yˆÏflÒÓ˚ Ì!°ˆÏï˛ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– Ó˚OÜ˛ ˛õòyÌ≈ A úœ˛yflÒ ˆÌˆÏÜ˛ B úœ̨ yˆÏflÒÓ˚ !òˆÏÜ˛ ≤ÃÓy!•ï˛ •Î˚ ÓˆÏ° !ã˛!öÓ˚ oÓˆÏîÓ˚

90  NSOU  CC-BT-09



≤ÃÓy•˛õÌˆÏÜ˛ ¢öy_´ Ü˛Ó˚y ÎyÎ˚– ˛õÓ˚Óï˛#≈ ˛õÎ≈yˆÏÎ˚ B úœ˛yˆÏflÒ !ã˛!öÓ˚ oÓî ≤ÃˆÏÓ¢ Ü˛Ó˚yÓ˚ ú˛ˆÏ° ~Ó˚ í˛yÎ˚y°y•z!§§

Ì!°!ê˛ fl≥˛#ï˛ •Î˚ ~ÓÇ Ó˚§fl≥˛#ï˛ ã˛yˆÏ˛õÓ˚ ú˛ˆÏ° B úœ̨ yˆÏflÒ Ó˚yáy ç° Óy x!ï˛ °â% !ã˛!öÓ˚ oÓî ˆ§yçy Ü˛yã˛öˆÏ°Ó˚

üyôƒˆÏü A úœ˛yˆÏflÒÓ˚ !òˆÏÜ˛ ≤ÃÓy!•ï˛ •Î˚– ~•z ˛õÓ˚#«˛y ã˛°ˆÏï˛ ÌyÜ˛ˆÏ° âö !ã˛!öÓ˚ oÓî A úœ˛yflÒ ˆÌˆÏÜ˛ B úœ˛yˆÏflÒÓ˚

!òˆÏÜ˛ ~ÓÇ B úœ̨ yˆÏflÒÓ˚ ç° SxÌÓy x!ï˛ °â% !ã˛!öÓ˚ oÓîV B úœ˛yflÒ ˆÌˆÏÜ˛ A úœ˛yˆÏflÒÓ˚ !òˆÏÜ˛ xÌ≈yÍ !Ó˛õÓ˚#ï˛

x!û˛ü%ˆÏá ≤ÃÓy!•ï˛ •ˆÏï˛ ÌyÜ˛ˆÏÓ–

!ã˛e 6.3 : ü%̂ ÏM˛ÈÓ̊ û˛Ó̊≤ÃÓy• üï˛Óy Ï̂òÓ̊ ̂ û˛Ôï˛ ̨õÓ̊#«˛y

Munch-~Ó˚ üˆÏï˛ í˛z!qòˆÏòˆÏ• oyˆÏÓÓ˚ ˛õ!Ó˚Ó•öÄ ~•z ö#!ï˛ xö%§yˆÏÓ˚ •Î˚– §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# ˛õyï˛yÎ˚

¢Ü≈˛Ó˚yÓ˚ âöc ˆÓ!¢ ÌyÜ˛yÎ˚ ˛õyŸª≈Óï˛#≈ ˆÜ˛y£Ï=!° ˆÌˆÏÜ˛ ç° x!û˛flÀÓî ≤Ã!e´Î˚yÎ˚ ˆüˆÏ§y!ú˛° Ü˛°yÎ˚ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚–

í˛zÍ§ xM˛ÈˆÏ° Ó˚§fl≥˛#!ï˛Ó˚ ã˛y˛õ ˆÓˆÏí ¸̨  ÎyÄÎ˚yÎ˚ ¢Ü≈˛Ó˚y çyï˛#Î˚ oyÓ ˆúœ̨ yˆÏÎ˚̂ ÏüÓ˚ !§û˛ öˆÏ°Ó˚ üyôƒˆÏü ï%˛°öyü)°Ü˛

Ü˛ü ¢Ü≈˛Ó˚yÎ%_´ xM˛È° Óy !§ˆÏB˛ ≤ÃÓy!•ï˛ •Î˚– x˛õÓ˚!òˆÏÜ˛ ü)° myÓ˚y ˆ¢y!£Ïï˛ ç° çy•zˆÏ°ü Óy!•Ü˛yÓ˚ üyôƒˆÏü

!Ó˛õÓ˚#ï˛ x!û˛ü%ˆÏá ≤ÃÓy!•ï˛ •ˆÏÎ˚ ˛õeˆÏÜ˛yˆÏ£Ï ˆ˛õÑÔåÈyÎ˚– ~åÈyí˛¸yñ ˆúœ̨ yˆÏÎ˚ü Ó˚§ ˆÌˆÏÜ˛ ç° Ü˛ƒyü!ÓÎ˚yˆÏüÓ˚ üyôƒˆÏü

çy•zˆÏ°ˆÏü ~ˆÏ§ |ôù≈ü%ˆÏá ≤ÃÓy!•ï˛ •Î˚– S!ã˛e 6.4V–

Munch-~Ó˚ ≤ÃÜ˛“ §Ó≈y!ôÜ˛ @ˇÃ•îˆÏÎyàƒ •ˆÏ°Ä ~!ê˛Ä §¡õ)î≈ e&!ê˛ü%_´ öÎ˚ñ Ü˛yÓ˚îÈÙÙÙÈ

1) ~•z üï˛Óyò xö%§yˆÏÓ˚ oyÓ §Ó≈òy•z í˛zÍ§ (Source) ˆÌˆÏÜ˛ @ˇÃy•Ü˛ (Sink) x!û˛ü%ˆÏá ≤ÃÓy!•ï˛ •ˆÏÓ Ü˛yÓ˚î

~•z ≤ÃÓy• x!û˛flÀÓî ã˛yˆÏ˛õÓ˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#°– xyüÓ˚y !Ü˛v °«˛ƒ Ü˛ˆÏÓ˚!åÈ ˆÎ oyˆÏÓÓ˚ ˛õ!Ó˚Ó•ö í˛zû˛ü%á# Îy

~•z ï˛ˆÏ_¥Ó˚ §y•yˆÏÎƒ Óƒyáƒy Ü˛Ó˚y ÎyÎ˚ öy–

2) ˛õÓ˚#«˛yÓ˚ üyôƒˆÏü ≤Ãüy!îï˛ •ˆÏÎ˚ˆÏåÈ ˆÎ §Ó §üÎ˚ í˛zÍ§ xM˛ÈˆÏ°Ó˚ ˆÜ˛yˆÏ£ÏÓ˚ Ó˚§fl≥˛#!ï˛Ó˚ ã˛y˛õ ˆÓ!¢ •Î˚ öyñ

~üö!Ü˛ xˆÏöÜ˛ˆÏ«˛ˆÏe !§B˛ xM˛ÈˆÏ°Ó˚ ˆã˛ˆÏÎ˚ Ü˛üÄ •Î˚– ˆ§ˆÏ«˛ˆÏe û˛Ó˚ ≤ÃÓy• üï˛Óyò oyˆÏÓÓ˚ ˛õ!Ó˚Ó•ö

≤Ã!e´Î˚yˆÏÜ˛ Óƒyáƒy Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ öy–

3) ~•z üï˛Óyò!ê˛ §¡õ)î≈û˛yˆÏÓ ˆû˛Ôï˛ ˛õk˛!ï˛Ó˚ §y•yˆÏÎƒ Óƒyáƒy Ü˛Ó˚y •ˆÏÎ˚̂ ÏåÈ– ˛õê˛y!¢Î˚yü §yÎ˚yöy•zí˛ Óy 2, 4-
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í˛y•zöy•zˆÏê˛ΔyˆÏú˛ö° (DNP) çyï˛#Î˚ Ÿª§ö ≤Ã!ï˛ˆÏÓ˚yô# ˛õòyÌ≈ ÓƒÓ•yÓ˚ Ü˛Ó˚̂ Ï° oyˆÏÓÓ˚ ˛õ!Ó˚Ó•ˆÏöÓ˚ •yÓ˚ ˆÜ˛ö

Ü˛ˆÏü ÎyÎ˚ ~•z üï˛Óyò ï˛yÓ˚ Óƒyáƒy Ü˛Ó˚̂ Ïï˛ x˛õyÓ˚à–

4) Munch-~Ó˚ ï˛_¥!ê˛ !ë˛Ü˛ •ˆÏ° í˛zÍ§ˆÏÜ˛yˆÏ£ÏÓ˚ §%ˆÏe´yˆÏçÓ˚ âöcñ !§û˛ öˆÏ° í˛z˛õ!fliï˛ §%ˆÏe´yˆÏçÓ˚ âöˆÏcÓ˚

ˆã˛ˆÏÎ˚ ˆÓ!¢ •ˆÏï˛ •ˆÏÓ !Ü˛v ÄÎ˚yÓ˚üyÓ ̊(Warmer, 1953) ˆò!áˆÏÎ˚̂ ÏåÈö ˆÎ !§û˛öˆÏ° §%ˆÏe´yˆÏçÓ˚ âöc

ˆüˆÏ§y!ú˛° ˆÜ˛yˆÏ£ÏÓ˚ xÌ≈yÍ í˛zÍ§ ˆÜ˛yˆÏ£ÏÓ˚ §%ˆÏe´yˆÏçÓ˚ âöˆÏcÓ˚ ˆã˛ˆÏÎ˚ ≤ÃyÎ ̊25 =î ˆÓ!¢–

5) Munch-~Ó˚ üˆÏï˛ !§û˛ öˆÏ°Ó˚ ˆÜ˛yˆÏöy §!e´Î˚ û)˛!üÜ˛y ˆö•z xÌ≈yÍ ~!ê˛ ~Ü˛!ê˛ ü,ï˛ ˛õ!Ó˚Ó•öÜ˛yÓ˚# xD

!•§yˆÏÓ Ü˛yç Ü˛ˆÏÓ˚ !Ü˛v ≤ÃÜ,˛ï˛˛õˆÏ«˛ !§û˛ öˆÏ°Ó˚ ˆ≤ÃyˆÏê˛y≤’yçü#Î˚ ã˛°öÄ oyˆÏÓÓ˚ ≤ÃÓy•ˆÏÜ˛ !öÎ˚sfî Ü˛ˆÏÓ˚–

6) §ˆÏÓ≈y˛õ!Ó˚ñ Munch-~Ó˚ ï˛_¥ xö%§yˆÏÓ˚ ˆúœ˛yˆÏÎ˚ü ˛õ!Ó˚Ó•ˆÏöÓ˚ •yˆÏÓ˚Ó˚ §yˆÏÌ ≤ÃÜ,˛ï˛ oyÓ ˛õ!Ó˚Ó•ö •yˆÏÓ˚Ó˚

ˆÜ˛yˆÏöy §yüO§ƒ ˆö•z–

!ãe 6.4 : ̂ úœ̨ y Ï̂Î˚̂ ÏüÓ˚ ̂ °y!í˛Ç Ä xyö Ï̂°y!í˛Ç ≤Ã!e´Î˚y

!§û˛ ö°
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6.7 ˆúœ̨ y Ï̂Î̊ü ̂ °y!í˛Ç Ä xyö Ï̂°y!í˛Ç     (Phloem loading and unloading)

ˆÎ ˛õk˛!ï˛ˆÏï˛ §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# ˆüˆÏ§y!ú˛° Ü˛°y ˆÌˆÏÜ˛ í˛zÍ˛õy!òï˛ ¢Ü≈˛Ó˚y !§û˛öˆÏ° ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ ï˛yˆÏÜ˛

ˆúœ˛yˆÏÎ˚ü ˆ°y!í˛Ç ÓˆÏ°– ˆüˆÏ§y!ú˛° Ü˛°y ˆÌˆÏÜ˛ ˆúœ˛yˆÏÎ˚ü ˛õƒyˆÏÓ˚öÜ˛y•züyÓ˚ üyôƒˆÏü ¢Ü≈˛Ó˚y çyï˛#Î˚ oyÓ

!§û˛ö°ÈÙÈ§D#ˆÏÜ˛yˆÏ£Ï (Sieve tube - companion cell complex Óy ST-CC complex) ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– ò%Û!ê˛

˛õ,ÌÜ˛ ˛õˆÏÌ ¢Ü≈˛Ó˚y ˆüˆÏ§y!ú˛° Ü˛°yÓ˚ ˆÜ˛y£Ï ˆÌˆÏÜ˛ ST-CC Ü˛üˆÏ≤’ˆÏ: ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚–

A) xƒy Į̈̂ õy≤’y!fiê˛Ü˛ ̨õÌ     (Apoplastic pathway) — ̂ ü Ï̂§y!ú˛° ̂ Ü˛y Ï̂£Ï í z̨Í˛õß̈ ¢Ü≈̨ Ó̊y Îáö §Ó̊y§!Ó̊

ˆÜ˛y£Ï ≤Ãyã˛# Ï̂Ó̊Ó̊ üyôƒ Ï̂ü !öà≈ï˛ • Ï̂Î̊ ST-CC Ü˛ü Ï̂≤’ Ï̂:Ó˚ ̂ Ü˛y£Ï ≤Ãyã˛#Ó˚ myÓ˚y ̂ ¢y!£Ïï˛ •Î˚ ï˛áö ï˛y Ï̂Ü˛ xƒy Į̈̂ õy≤’y!fiê˛Ü˛

˛õÌ ÓˆÏ°– ~•z ˛õˆÏÌÓ˚ üyôƒˆÏü ≤Ãôyöï˛ §%ˆÏe´yç•z !§û˛ öˆÏ° ~ˆÏ§ ˆ˛õÑÔåÈyÎ˚– °«˛ƒ Ü˛Ó˚y ˆàˆÏåÈ !§û˛ ö° Ä

§D#ˆÏÜ˛yˆÏ£ÏÓ˚ ˆÜ˛y£Ï˛õò≈yÎ˚ í˛z˛õ!fliï˛ Ü˛ï˛=!° ˆ≤Ãy!ê˛ö Óy•Ü˛ ¢Ü≈˛Ó˚y ˆ¢y£ÏˆÏî §•yÎ˚ï˛y Ü˛ˆÏÓ˚– ˆüˆÏ§y!ú˛° Ü˛°yˆÏÜ˛y£Ï

ˆÌˆÏÜ˛ !§û˛ ö° ¢Ü≈˛Ó˚y §ü,k˛ •ÄÎ˚yÎ˚ !§û˛ öˆÏ°Ó˚ ˆ≤ÃyˆÏê˛y≤’yçˆÏüÓ˚ âöc ˆÓ!¢ •Î˚– ï˛y §ˆÏ_¥Ä ˆüˆÏ§y!ú˛° ˆÜ˛y£Ï

ˆÌˆÏÜ˛ ¢Ü˛≈Ó˚yñ âöˆÏcÓ˚ !Ó˛õÓ˚#ï˛ !òˆÏÜ˛ xÌ≈yÍ !§û˛ öˆÏ° ˛õ!Ó˚Óy!•ï˛ •Î˚– ~•z Ü˛yÓ˚ˆÏî ˆúœ˛yˆÏÎ˚ü ˆÜ˛yˆÏ£Ï oyˆÏÓÓ˚

˛õ!Ó˚Ó•öˆÏÜ˛ §!e´Î˚ ˛õ!Ó˚Ó•ö ÓˆÏ°– ~•z ˛õ!Ó˚Ó•ö §Ó≈òy•z ATP ç!öï˛ ¢!_´Ó˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#°–

B) !§ü≤’y!fiê˛Ü˛ ˛õÌ     (Symplastic pathway) — ~•z ˛õˆÏÌ ˆüˆÏ§y!ú˛° Ü˛°yÓ˚ ˆÜ˛yˆÏ£ÏÓ˚ §yˆÏÌ !§û˛

í˛z˛õyòyˆÏöÓ˚ (Sieve element) ≤Ãï˛ƒ«˛ §ÇˆÏÎyà ÌyˆÏÜ˛ öy– ˆüˆÏ§y!ú˛° Ü˛°y ˆÌˆÏÜ˛ ¢Ü≈˛Ó˚yñ Óy![˛° xyÓÓ˚î# ˆÜ˛y£Ï

Ä Ü˛ˆÏÎ˚Ü˛!ê˛ xhsˇÓ≈ï˛#≈ ˆÜ˛yˆÏ£ÏÓ˚ üyôƒˆÏü !§û˛ öˆÏ° ~ˆÏ§ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– ~•z ˛õˆÏÌÓ˚ ≤Ãôyö ˜Ó!¢‹Tƒ •° ˆÎ ¢Ü≈˛Ó˚y

!Ó!û˛ß¨ hflÏˆÏÓ˚Ó˚ ˆÜ˛y£Ï=!°Ó˚ üôƒÓï˛#≈ ≤’yçˆÏüyˆÏí˛çüyê˛yÓ˚ üyôƒˆÏü ˛õ!Ó˚Óy!•ï˛ •Î˚– ~åÈyí˛¸yñ !§ü≤’y!fiê˛Ü˛ ˛õˆÏÌ

§%ˆÏe´yç åÈyí ¸̨yÄ Ó˚ƒy!ú˛ˆÏöyçñ fiê˛ƒy!ú˛ˆÏÎ˚yç ≤Ãû,˛!ï˛ x!°ˆÏày§ƒyÜ˛yÓ˚y•zí˛=!°Ä !§û˛ í˛z˛õyòyˆÏö ~ˆÏ§ ˆ˛õÑÔåÈyÎ˚–

!ÓK˛yö# û˛ƒyö ̂ Ó° (Van Bel, 1992) ̨õ!°üyÓ̊ ê Δ̨ƒy!˛õÇ ü Ï̂í˛ Ï̂°Ó̊ üyôƒ Ï̂ü (Polymer trapping model)
ˆò!áˆÏÎ˚̂ ÏåÈö ˆÎ ˆüˆÏ§y!ú˛° Ü˛°yÎ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ üyôƒˆÏü ˆÎ @’%ˆÏÜ˛yç Óy ú %˛Ü˛ˆÏê˛yç çyï˛#Î˚ üˆÏöy§ƒyÜ˛yÓ˚y•zí˛

í˛zÍ˛õß¨ •Î˚ ˆ§=!° Óy![˛° xyÓÓ˚î# ˆÜ˛yˆÏ£Ï Î%_´ •ˆÏÎ˚ §%ˆÏe´yç àë˛ö Ü˛ˆÏÓ˚– ~Ó˚̨ õˆÏÓ˚ Óy![˛° xyÓÓ˚î# Ä !§û˛ öˆÏ°

xhsˇÓ≈ï˛#≈ ˆÜ˛yˆÏ£Ï ~ˆÏ§ §%ˆÏe´yç àƒy°yÜ˛ˆÏê˛yˆÏçÓ˚ §yˆÏÌ Î%_´ •ˆÏÎ˚ Ó˚ƒy!ú˛ˆÏöyç Ä xöƒyöƒ x!°ˆÏày§ƒyÜ˛yÓ˚y•zí˛

àë˛ö Ü˛ˆÏÓ˚– ~•z ¢Ü≈˛Ó˚y=!° ˛õ!Ó˚ˆÏ¢ˆÏ£Ï !§û˛ ö° Ä §D#ˆÏÜ˛yˆÏ£Ï oyÓÓ˚*ˆÏ˛õ ˛õ!Ó˚Óy!•ï˛ •Î˚ S!ã˛e 6.5V–

6.5 : û˛ƒyö ̂ Ó° ~Ó˚ ̨õ!°üyÓ˚ ê Δ̨ƒy!˛õÇ ü Ï̂í˛°
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xƒyˆÏ˛õy≤’yfiê˛ Ä !§ü≤’yˆÏfiê˛Ó˚ üˆÏôƒ !ï˛ö!ê˛ ≤Ãôyö ≤ÃˆÏû˛ò í˛zˆÏÕ‘áˆÏÎyàƒ ÉÈÙ

xƒyˆÏ˛õy≤’y!fiê˛Ü˛ ˛õÌ !§ü≤’y!fiê˛Ü˛ ˛õÌÈ

1. ˆÜ˛y£Ï ≤Ãyã˛#ˆÏÓ˚Ó˚ üyôƒˆÏü §Ó˚y§!Ó˚ oyˆÏÓÓ˚ 1. ≤’yçˆÏüyˆÏí˛çüyê˛yÓ˚ üyôƒˆÏü oyˆÏÓÓ˚ ˛õ!Ó˚Ó•ö âˆÏê˛–

˛õ!Ó˚Ó•ö âˆÏê˛–

2. ÷ô% §%ˆÏe´yç•z ~•z ˛õˆÏÌÓ˚ üyôƒˆÏü 2. §%ˆÏe´yç åÈyí ¸̨yÄ !Ó!û˛ß¨ x!°ˆÏày§ƒyÜ˛yÓ˚•zí˛

˛õ!Ó˚Óy!•ï˛ •Î˚– SÓ˚ƒy!ú˛ˆÏöyçñ fiê˛ƒy!ú˛ˆÏÎ˚yç ≤Ãû,˛!ï˛V ~•z ˛õˆÏÌ

˛õ!Ó˚Óy!•ï˛ •Î˚–

3. Óy![˛° xyÓÓ˚î# ˆÜ˛y£Ï Ä !§û˛ í˛z˛õyòyˆÏöÓ˚ 3. xhsˇÓ≈ï˛#≈ ̂ Ü˛y£Ï í˛z˛õ!fliï˛–

üˆÏôƒ xhsˇÓ≈ï˛#≈ ˆÜ˛y£Ï ÌyˆÏÜ˛ öy–

ˆÎ ˛õk˛!ï˛ˆÏï˛ !§û˛ í˛z˛õyòyö ˆÌˆÏÜ˛ @ˇÃy•Ü˛ ˆÜ˛y£Ï Óy !§ˆÏB˛ ¢Ü≈˛Ó˚y çyï˛#Î˚ oyˆÏÓÓ˚ ˛õ!Ó˚Ó•ö âˆÏê˛ ï˛yˆÏÜ˛

ˆúœ˛yˆÏÎ˚ü xyöˆÏ°y!í˛Ç (Phloem unloading) ÓˆÏ°– ~•z ≤Ã!e´Î˚y!ê˛Ä !§ü≤’y!fiê˛Ü˛ Óy ~!Ï˛õ≤’y!fiê˛Ü˛ ˛õˆÏÌ §¡õß¨

•ˆÏï˛ ̨ õyˆÏÓ˚– §ã˛Ó˚yã˛Ó˚ ̂ òáy ̂ àˆÏåÈ ̂ Î !§ü≤’y!fiê˛Ü˛ ̨ õˆÏÌ !§û˛ ö° ̂ ÌˆÏÜ˛ §Ó˚y§!Ó˚ §%ˆÏe´yç @ˇÃy•Ü˛ ̂ Ü˛yˆÏ£Ï ̨ õ!Ó˚Óy!•ï˛

•Î˚– ~!˛õ≤’y!fiê˛Ü˛ ˛õˆÏÌ §%ˆÏe´yç ˆÎüö §Ó˚y§!Ó˚ @ˇÃy•Ü˛ ˆÜ˛yˆÏ£Ï ˆ˛õÑÔåÈyÎ˚ ˆï˛ü!ö ˆÜ˛y£Ï ≤Ãyã˛#Ó˚ ˆû˛ò Ü˛Ó˚yÓ˚ §üÎ˚

xƒy!§í˛ •zöû˛yÓ˚̂ Ïê˛yˆÏçÓ˚ üyôƒˆÏü §%ˆÏe´yç xyo≈ !ÓˆÏŸ’!£Ïï˛ •ˆÏÎ˚ @’%ˆÏÜ˛yç Ä ú %˛ˆÏQyˆÏç !Ó!Ÿ’‹T •ˆÏÎ˚Ä í˛zÍ§ ˆÜ˛yˆÏ£Ï

≤Ã Ï̂Ó¢ Ü˛Ó̊ Ï̂ï˛ ̨õy Ï̂Ó̊– xyö Ï̂°y!í˛Ç ≤Ã!e´Î̊y!ê˛ Ü˛ï˛Ü˛=!° ¢!_´ !öû≈̨ Ó̊ Óy• Ï̂Ü˛Ó̊ myÓ̊y (Energy dependent carrier)
!öÎ˚!sfï˛ •Î˚ Ü˛yÓ˚î !ö¡¨ ï˛y˛õüyeyñ x!:ˆÏçö âyê˛!ï˛ñ Ÿª§ö ≤Ã!ï˛ˆÏÓ˚yôÜ˛ ˛õòyˆÏÌ≈Ó˚ ≤Ãû˛yˆÏÓ xyöˆÏ°y!í˛Ç ≤Ã!e´Î˚y!ê˛

Óƒy•ï˛ •ˆÏï˛ ˆòáy ˆàˆÏåÈ (Thorne, 1986)–

6.9 §yÓ̊yÇ¢ (Summary)

˛õyï˛yÓ˚ ̂ üˆÏ§y!ú˛° Ü˛°yÎ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ ú˛ˆÏ° ¢Ü≈˛Ó˚y çyï˛#Î˚ áyòƒ í˛zÍ˛õß¨ •Î˚– ~•z Ü˛°y•z ̨ õ!Ó˚Ó•ˆÏöÓ˚

í˛zÍ§ Óy ˆ§y§≈– ~•z xM˛È° ˆÌˆÏÜ˛ ˆúœ˛yˆÏÎ˚ü ˆÜ˛y£Ï !§û˛ö° üyôƒˆÏü ¢Ü≈˛Ó˚y Ä xöƒyöƒ oyÓ !Ó!û˛ß¨ xD Óy !§ˆÏB˛

!àˆÏÎ˚ ˆ˛õÑÔåÈyÎ˚– ˆúœ˛yˆÏÎ˚ˆÏüÓ˚ üyôƒˆÏü ≤Ãôyöï˛ §%ˆÏe´yç ˛õ!Ó˚Óy!•ï˛ •ˆÏ°Ä fiê˛ƒy!ú˛ˆÏÎ˚yçñ Ó˚ƒy!ú˛ˆÏöyç çyï˛#Î˚

x!° Ï̂ày§ƒyÜ˛yÓ̊y•zí˛ñ !Ü˛å%È ̂ ≤Ãy!ê˛öñ xƒyüy•ẑ Ïöy x¡‘ñ ̨õê˛y!§Î̊yüñ ̂ Üœ̨ yÓ̊y•zí˛ ≤Ãû,̨ !ï˛ x Ï̃çÓ í z̨̨ õyòyö=!°Ä ̨õ!Ó̊Óy!•ï˛

•Î˚– ˛õÓ˚flõÓ˚ §ÇÎ%_´ !§û˛ ö°=!°Ó˚ ≤Ãyhsˇ≤Ãyã˛#ˆÏÓ˚ xÓ!fliï˛ !§û˛ !åÈˆÏoÓ˚ üôƒ !òˆÏÎ˚ oyˆÏÓÓ˚ ˛õ!Ó˚Ó•ö âˆÏê˛–

Ü˛ƒyˆÏ°yç §M˛ÈˆÏÎ˚Ó˚ ú˛ˆÏ° !åÈo=!° Ó¶˛ •ˆÏÎ˚ ˆàˆÏ° oyˆÏÓÓ˚ ˛õ!Ó˚Ó•öÄ ˆ§•z !§û˛ ö°=!°ˆÏï˛ Ó¶˛ •ˆÏÎ˚ ÎyÎ˚– !§û˛

öˆÏ°Ó˚ ̃ Ó!¢‹Tƒ§)ã˛Ü˛ ̂ ≤Ãy!ê˛öˆÏÜ˛ P ̂ ≤Ãy!ê˛ö ÓˆÏ° Îy !§û˛öˆÏ°Ó˚ üˆÏôƒ !åÈo §,!‹T •ˆÏ° ï˛y xÓˆÏÓ˚yô Ü˛ˆÏÓ˚– ̨õ!Ó˚Ó•ˆÏöÓ˚

!Ó!û˛ß¨ ï˛_¥=!°Ó˚ üˆÏôƒ ü%ˆÏM˛ÈÓ˚ Úû˛Ó˚ ≤ÃÓy• ≤ÃÜ˛“Û §ÓˆÏã˛ˆÏÎ˚ @ˇÃ•îˆÏÎyàƒ– ~•z ï˛_¥ xö%§yˆÏÓ˚ x!û˛flÀÓî ã˛yˆÏ˛õÓ˚

ú˛ˆÏ°•z í˛zÍ§ Óy ˆ§y§≈ xM˛È° ˆÌˆÏÜ˛ @ˇÃy•Ü˛ Óy !§B˛ xM˛ÈˆÏ° oyÓ ˛õ!Ó˚Óy!•ï˛ •Î˚– oyÓ Îáö ˆüˆÏ§y!ú˛° ˆÜ˛yˆÏ£ÏÓ˚

≤Ãyã˛#Ó˚ ˆÌˆÏÜ˛ !§û˛ öˆÏ°Ó˚ ≤Ãyã˛#ˆÏÓ˚Ó˚ myÓ˚y ˆ¢y!£Ïï˛ •Î˚ ï˛áö oyˆÏÓÓ˚ ˛õ!Ó˚Ó•ö ˛õÌˆÏÜ˛ xƒyˆÏ˛õy≤’y!fiê˛Ü˛ ˛õÌ ÓˆÏ°–
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x˛õÓ˚!òˆÏÜ˛ñ ˆüˆÏ§y!ú˛° Ü˛°y ˆÌˆÏÜ˛ Óy![˛° xyÓÓ˚î# ˆÜ˛y£Ï ~ÓÇ xhsˇÓ≈ï˛#≈ ˆÜ˛yˆÏ£ÏÓ˚ ≤’yçˆÏüyˆÏí˛çüyê˛yÓ˚ üyôƒˆÏü

oyÓ ˛õ!Ó˚Óy!•ï˛ •Î˚ ï˛áö ˆ§•z ˛õÌˆÏÜ˛ !§ü≤’y§!ê˛Ü˛ ˛õÌ ÓˆÏ°–

6.9 §Ó≈̂ Ï¢£Ï ≤ÃŸ¿yÓ!° (Terminal Questions)

1. ¢)öƒfliyö ˛õ)Ó˚î Ü˛Ó˚&ö ≠

a) ________ çyï˛#Î˚ ˛õï˛DˆÏÜ˛ ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ ˆúœ˛yˆÏÎ˚ü Ó˚ˆÏ§Ó˚ í˛z˛õyòyö !öî≈Î˚ Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ–

b) ________ !§û˛ö° §ò§ƒ ˆÜ˛yˆÏ£ÏÓ˚ ò%Û≤ÃyˆÏhsˇÓ˚ ≤Ãfli ≤Ãyã˛#ˆÏÓ˚ _______ ÌyˆÏÜ˛–

c) ≤’y§ˆÏüyˆÏí˛çüyê˛yÓ˚ üyôƒˆÏü ˆúœ˛yˆÏÎ˚ü Ó˚̂ Ï§Ó˚ ˛õ!Ó˚Ó•öˆÏÜ˛ ________ ˛õÌ ÓˆÏ°–

d) !ÓK˛yö# ~§!Ó˚ã˛ oyˆÏÓÓ˚ ________ ˛õ!Ó˚Ó•ö ˛õk˛!ï˛ xy!Ó‹ÒyÓ˚ Ü˛ˆÏÓ˚ö–

2. A hflÏˆÏΩ˛Ó˚ ÓyÜ˛ƒyÇˆÏ¢Ó˚ §yˆÏÌ     B hflÏˆÏΩ˛Ó˚ ÓyÜ˛ƒyÇˆÏ¢Ó˚ §ÇˆÏÎyà fliy˛õö Ü˛Ó˚&ö ≠

A hflÏΩ˛ B hflÏΩ˛

1. !§û˛öˆÏ°Ó˚ ≤Ãôyö myÓ˚ 1. §D#ˆÏÜ˛y£Ï–

2. !§û˛ö° §Ç°@¿ ˆÜ˛y£Ï!ê˛ •° 2. !§ü≤’y!fiê˛Ü˛ ˛õÌ ÓˆÏ°–

3. ˆúœ˛yˆÏÎ˚ˆÏüÓ˚ üyôƒˆÏü oyˆÏÓÓ˚ ˛õ!Ó˚Ó•ö •° 3. !ÓK˛yö# ü%M˛È–

4. ˆÎ ˛õˆÏÌ ≤’y§ˆÏüyˆÏí˛çüyê˛yÓ˚ 4. !ÓK˛yö# ~§!Ó˚ã˛–

üyôƒˆÏü oyÓ ˛õ!Ó˚Óy!•ï˛ •Î˚ ï˛yˆÏÜ˛

5. û˛Ó˚ ≤ÃÓy• ≤ÃÜ˛ˆÏ“Ó˚ Óƒyáƒy ˆòö 5. §%ˆÏe´yç–

6. ˆúœ˛yˆÏÎ˚ˆÏüÓ˚ üyôƒˆÏü oyˆÏÓÓ˚ 6. !mü%á#–

í˛zû˛ü%á# ˛õ!Ó˚Ó•ö ≤Ã!e´Î˚y!ê˛

≤Ãüyî Ü˛ˆÏÓ˚ö–

3. !ö¡¨!°!áï˛ ˜ÓK˛y!öÜ˛ §ï˛ƒ=!°Ó˚ Ü˛yÓ˚î Óƒyáƒy Ü˛Ó˚&ö ≠

a) !§û˛öˆÏ°Ó˚ üyôƒˆÏü oyÓ ˛õ!Ó˚Óy!•ï˛ •Î˚–

b) §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ ú˛ˆÏ° @’%ˆÏÜ˛yç í˛zÍ˛õß¨ •ˆÏ°Ä ï˛y ˆúœ̨ yˆÏÎ˚̂ ÏüÓ˚ üyôƒˆÏü ˛õ!Ó˚Óy!•ï˛ •Î˚ öy–

c) P - ˆ≤Ãy!ê˛öˆÏÜ˛ ˆúœ˛yˆÏÎ˚ˆÏüÓ˚ !åÈo xÓˆÏÓ˚yôÜ˛yÓ˚# ˆ≤Ãy!ê˛ö Ó°y •Î˚–
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4. §Ç!«˛Æ í˛z_Ó˚ !òö ≠

a) ˆÜ˛yö ˆ◊!îÓ˚ ¢Ü≈˛Ó˚y ˆúœ˛yˆÏÎ˚ˆÏüÓ˚ üyôƒˆÏü §Ó≈y!ôÜ˛ ˛õ!Ó˚Óy!•ï˛ •Î˚⁄

b) ˆúœ̨ yˆÏÎ˚ü Ó˚̂ Ï§ §%ˆÏe´yˆÏçÓ˚ âöc Ü˛ï˛⁄

c) ò%Û!ê˛ •ˆÏü≈yˆÏöÓ˚ öyü !°á%ö ˆÎ=!° ˆúœ˛yˆÏÎ˚ˆÏüÓ˚ üyôƒˆÏü ˛õ!Ó˚Óy!•ï˛ •Î˚–

d) ~Ü˛!ê˛ §%àyÓ˚ ÈÙÈ xƒy°ˆÏÜ˛y•ˆÏ°Ó˚ öyü !°á%ö Îy ˆúœ̨ yˆÏÎ˚ü Ó˚̂ Ï§ ˛õyÄÎ˚y ÎyÎ˚–

6.10 í˛z_Ó˚üy°y (Key to the Answers)

§Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#

1. a) xƒy!ú˛í˛ñ  b)  ã˛y°%!öFåÈòyñ c) !§ü≤’y!fiê˛Ü˛ñ  d) !mü%á#

2. A hflÏΩ˛ B hflÏΩ˛

1 5
2 1
3 6
4 2
5 3
6 4

3. a) 6.2 xÇˆÏ¢ xyˆÏ°y!ã˛ï˛ñ b) 6.5 xÇˆÏ¢ xyˆÏ°y!ã˛ï˛ñ c) 6.3 xÇˆÏ¢ xyˆÏ°y!ã˛ï˛–

4. a) Ó˚ƒy!ú˛ˆÏöyçñ b) 0.3.-0.9M, c) GA Ä ABA. d) üƒy!öê˛°–
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~Ü˛Ü˛ 7 Ó,!k˛ ¢yÓ˚#Ó˚!Óòƒy (Growth Physiology)

àë˛ö

7.0 í ẑ̨ Ïj¢ƒ

7.1 ≤ÃhflÏyÓöy

7.2 Ó,!k˛Ó˚ §ÇK˛y

7.3 Ó,!k˛ñ !ÓˆÏû˛ò Ä !ÓÜ˛y¢

7.4 ˆÜ˛y£Ï#Î˚ Ó,!k˛

7.5 Ó,!k˛Ó˚ fliyö

7.6 Ó,!k˛Ó˚ ˛õÎ≈yÎ˚

7.7 Ó,!k˛Ó˚ ˆÓ˚áy!ã˛e

7.8 Ó,!k˛Ó˚ ≤Ãû˛yÓÜ˛

7.9 Ó,!k˛Ó˚ ˛õ!Ó˚üyˆÏ˛õÓ˚ ˛õÓ˚#«˛y

7.10 §yÓ˚yÇ¢

7.11 §Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#

7.12 í˛z_Ó˚üy°y

7.0 í ẑ̨ Ïj¢ƒ

~•z xôƒyˆÏÎ˚ xy˛õöyÓ˚y çyöˆÏï˛ ˛õyÓ˚ˆÏÓö ≠

 Ó,!k˛ Ü˛yˆÏÜ˛ ÓˆÏ°⁄

 Ó,!k˛ !ÓˆÏû˛ò Ä !ÓÜ˛y¢ ÈÙÙÙÈ ~•z !ï˛ˆÏöÓ˚ üˆÏôƒ §¡õÜ≈˛ Óy ˛õyÌ≈Ü˛ƒ Ü˛#⁄

 í˛z!qˆÏòÓ˚ Ó,!k˛ ˆÜ˛yÌyÎ˚ •Î˚⁄

 í˛z!qˆÏòÓ˚ Ó,!k˛Ó˚ ˛õÎ≈yÎ˚=!° Ü˛# Ü˛#⁄

 í˛z!qˆÏòÓ˚ Ó,!k˛ˆÏÜ˛ ày!î!ï˛Ü˛ í˛z˛õyˆÏÎ˚ Ü˛#û˛yˆÏÓ ≤ÃÜ˛y¢ Ü˛Ó˚y ÎyÎ⁄

 í˛z!qòÈÙÈÓ,!k˛Ó˚ ≤Ãû˛yÓÜ˛=!° Ü˛# Ü˛#⁄
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7.1 ≤ÃhflÏyÓöy

Ó,!k˛ •° §ç#Ó Ó›Ó˚ ~Ü˛!ê˛ ≤Ãôyö ˜Ó!¢‹Tƒ– x!ï˛ !ö¡¨̂ Ï◊!îÓ˚ ≤Ãyî# Óy xö%ç#ˆÏÓÓ˚ ˆ«˛ˆÏe Ó,!k˛ xyÓ˚

§ÇáƒyÓ,!k˛ §üyÌ≈Ü˛– !Ü˛v í˛zFã˛ï˛Ó˚ ≤Ãyî# Óy í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe ~Ü˛!ê˛ ˆÜ˛y£Ï !Óû˛y!çï˛ •ˆÏÎ˚ ò%Û!ê˛ •ÄÎ˚y üyˆÏö•z Ó,!k˛

öÎ˚– ~Ü˛!ê˛ ~Ü˛ˆÏÜ˛y£Ï# º*î ˛õ%öÉ ˛õ%öÉ !Óû˛y!çï˛ •Î˚ ÓˆÏê˛ !Ü˛v ï˛yÓ˚ §ˆÏD §ˆÏD ü)°ñ Ü˛y[˛ñ ˛õyï˛y Ä ˛õˆÏÓ˚ ú%˛° Ä

ú˛° Ó˚*ˆÏ˛õ !ÓÜ˛!¢ï˛ •Î˚– §%ï˛Ó˚yÇ !ÓÜ˛y¢ (development) ̂ òáy ÎyˆÏFåÈ Ó,!k˛Ó˚ §ˆÏD xDyD#û˛yˆÏÓ ç!í ¸̨ï˛– ~Ü˛=FåÈ

x!ÓÜ˛!¢ï˛ ˆÜ˛y£Ï §%§Ç•ï˛ !ÓÜ˛!¢ï˛ í˛z!qˆÏòÓ˚ Ó˚*˛õ ˆ˛õˆÏï˛ ˆàˆÏ° ˆÜ˛y£Ï=!°Ó˚ üˆÏôƒ =îàï˛ ˛õ!Ó˚Óï≈˛ö §y!ôï˛

•ÄÎ˚y òÓ˚Ü˛yÓ˚– ~•z ̨õ!Ó˚Óï≈˛öˆÏÜ˛ Ó°y •Î˚ !ÓˆÏû˛ò (differentiation)– §%ï˛Ó˚yÇ Ó,!k˛ñ !ÓˆÏû˛ò Ä !ÓÜ˛y¢ ~•z !ï˛ˆÏöÓ˚

§üß∫ˆÏÎ˚ xyˆÏ§ ˛õ!Ó˚˛õ)î≈ï˛y–

7.2 Ó,!k˛Ó˚ §ÇK˛y (Definition of growth)

ç#ˆÏÓÓ˚ xˆÏDÓ˚ Óy ˆÜ˛yˆÏ£ÏÓ˚ xyÜ˛yÓ˚ñ Äçöñ xyÎ˚ï˛ö Óy ÷‹Ò ÄçˆÏöÓ˚ fliyÎ˚# Ä x˛õ!Ó˚Óï≈˛ö#Î˚ Ó,!k˛ˆÏÜ˛ Ó,!k˛

öyˆÏü x!û˛!•ï˛ Ü˛Ó˚y •Î˚–

~•z §ÇK˛y ÎˆÏÌ‹T öüö#Î˚ ~•z xˆÏÌ≈ ˆÎ !û˛ß¨ !û˛ß¨ xyôyˆÏÓ˚Ó˚ ˛õ!Ó˚̂ Ï≤Ã!«˛ˆÏï˛ Ó,!k˛ˆÏÜ˛ ~•z §ÇK˛y xö%ÎyÎ˚#

Óƒyáƒy Ü˛Ó˚y ÎyÎ˚– ˆÎüö xyÎ˚ï˛ˆÏöÓ˚ §yˆÏ˛õˆÏ«˛ Ó,!k˛ (Growth, G)

G = Vτ – V0 (Îáö V0 = Ó,!k˛Ó˚ ˛õ)ˆÏÓ≈Ó˚ xyÎ˚ï˛öó Vτ = t §üÎ˚ ˛õˆÏÓ˚ xyÎ˚ï˛öV–

ÄçˆÏöÓ˚ §yˆÏ˛õˆÏ«˛ñ

G = Wτ – W0 (W0 = Ó,!k˛Ó˚ ˛õ)ˆÏÓ≈Ó˚ Äçöñ Wτ = t §üÎ˚ ˛õˆÏÓ˚ ÄçöV–

Óyñ ˜òˆÏâ≈ƒÓ˚ §yˆÏ˛õˆÏ«˛

G = Lτ – L0 (L0 = Ó,!k˛Ó˚ ˛õ)ˆÏÓ≈Ó˚ ˜òâ≈ƒó Lτ = t §üÎ˚ ˛õˆÏÓ˚ ˜òâ≈ƒV–

ˆÎˆÏ•ï%˛ Ó,!k˛Ó˚ =îàï˛ ̨õ!Ó˚Óï≈˛öˆÏÜ˛ ~•z §ÇK˛yÎ˚ Ó˚*˛õy!Î˚ï˛ Ü˛Ó˚y ÎyÎ˚ öy ̂ §ˆÏ•ï%˛ !û˛ß¨ !û˛ß¨ !Ó£ÏˆÏÎ˚Ó˚ §yˆÏ˛õˆÏ«˛

Ó,!k˛ˆÏÜ˛ ˆòáy ã˛ˆÏ° ~ÓÇ ï˛yÓ˚ ˛õ!Ó˚üy˛õÄ Ü˛Ó˚y ã˛ˆÏ°– §Ω˛Óï˛ ~Ü˛!ê˛ üye !Ó£ÏÎ˚̂ ÏÜ˛ fliyÎ˚#û˛yˆÏÓ Ó,!k˛Ó˚ ˛õ!Ó˚üyˆÏ˛õÓ˚

xyôyÓ˚ !•§yˆÏÓ !ã˛!•´ï˛ Ü˛Ó˚ˆÏï˛ •ˆÏ° ÷‹Ò ÄçöˆÏÜ˛•z Ü˛Ó˚y í˛z!ã˛ï˛–

7.3 Ó,!k˛ñ !ÓˆÏû˛ò Ä !ÓÜ˛y¢ (Growth, Differentiation and Development)

~Ü˛!ê˛ Ó#ˆÏçÓ˚ xB%˛ˆÏÓ˚yÂàˆÏüÓ˚ ˛õÓ˚ ã˛yÓ˚yàyˆÏåÈÓ˚ àë˛ö Ä Ó,!k˛ñ ú%˛° ˆú˛yê˛y ~ÓÇ ú˛° §,!‹T •zï˛ƒy!ò ˛õÎ≈yÎ˚=!°

§%!ö!ò≈‹T e´ü ˆüˆÏö âˆÏê˛ ÌyˆÏÜ˛– ~•z §ühflÏ ˛õÎ≈yÎ˚ í˛z!qˆÏòÓ˚ !ÓÜ˛yˆÏ¢Ó˚ xhsˇà≈ï˛– ~Ü˛!ê˛ §yôyÓ˚î º*ˆÏîÓ˚ ˆÜ˛y£Ï=!°Ó˚

üˆÏôƒ fliy!öÜ˛ (localised) ˛õyÌ≈Ü˛ƒ ÌyˆÏÜ˛– ~•z ˛õyÌ≈Ü˛ƒ xÓ¢ƒ•z !çö !öô≈y!Ó˚ï˛– ˆÜ˛y£Ï=!°Ó˚ !û˛ß¨ !û˛ß¨ ˜çÓ
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Ó˚y§yÎ˚!öÜ˛ !e´Î˚yÜ˛°yˆÏ˛õÓ˚ üˆÏôƒ !òˆÏÎ˚ ~•z ˛õyÌ≈Ü˛ƒ ˛õ!Ó˚fl≥%˛ê˛ •Î˚– ÎyÓ˚ çöƒ ~Ü˛=FåÈ x!ÓÜ˛!¢ï˛ ˆÜ˛yˆÏ£ÏÓ˚ üˆÏôƒ

ˆÜ˛yö!ê˛ Ü˛y[˛ xyÓyÓ˚ ˆÜ˛yö!ê˛ ü)ˆÏ°Ó˚ àë˛ˆÏö xÇ¢@ˇÃ•î Ü˛ˆÏÓ˚– §yôyÓ˚îû˛yˆÏÓ §ü xyÜ,˛!ï˛ !Ó!¢‹T ~ÓÇ §ü í˛zÍ§

ˆÌˆÏÜ˛ í˛zq(ï˛ ˆÜ˛y£Ï=!°Ó˚ üˆÏôƒ ˆÎ ≤Ã!e´Î˚yÎ˚ ~•z fliy!öÜ˛ ˛õyÌ≈ˆÏÜ˛ƒÓ˚ ≤ÃÜ˛y¢ âˆÏê˛ ÌyˆÏÜ˛ ï˛yˆÏÜ˛ ÓˆÏ° !ÓˆÏû˛ò

(differentiation)– Ó,!k˛ Ä !Ó Ï̂û˛ò í z̨û˛ Ï̂Î̊Ó̊ §üß∫̂ ÏÎ̊ í z̨!q Ï̂òÓ̊ !ÓÜ˛y¢ (development) • Ï̂Î̊ Ìy Ï̂Ü˛– ̂ Ü˛y£Ï !Óû˛yçö

Ä ˆÜ˛yˆÏ£ÏÓ˚ xyÎ˚ï˛ö Ó,!k˛ !öÉ§ˆÏ®ˆÏ• Ó,!k˛Ó˚ xD– !Óû˛yçöçyï˛ ˆÜ˛yˆÏ£ÏÓ˚ Ó,!k˛Ó˚ ˛õÓ˚ !ÓˆÏû˛ò ˛õÎ≈yˆÏÎ˚ í˛z!qò ˆÜ˛y£Ï

í˛z!qˆÏòÓ˚ ˆòˆÏ• §%!ö!ò≈‹T xyÜ˛yÓ˚ Ä Ü˛yˆÏÎ≈Ó˚ !û˛!_ˆÏï˛ xD#û)˛ï˛ •Î˚ ~ÓÇ í˛z!qˆÏòÓ˚ ˛õ!Ó˚˛õ)î≈ !ÓÜ˛yˆÏ¢ xÇ¢ ˆöÎ˚–

7.4 ˆÜ˛y£Ï#Î˚ hflÏˆÏÓ˚ Ó,!k˛ (Growth at the cellular level)

ˆÜ˛yˆÏ£ÏÓ˚ Ó,!k˛ xyˆÏà•z Ó°y •ˆÏÎ˚ˆÏåÈñ ˆÜ˛y£Ï !Óû˛yçˆÏöÓ˚ ˛õÓ˚Óï˛#≈ ˛õÎ≈yÎ˚– Ó›ï˛ ˆÜ˛yˆÏ£ÏÓ˚ Ó,!k˛ §yü!@ˇÃÜ˛û˛yˆÏÓ

í˛z!qˆÏòÓ˚ Ó,!k˛Ó˚*ˆÏ˛õ ≤Ã!ï˛û˛yï˛ •Î˚– ˆÜ˛yˆÏ£ÏÓ˚ xyÎ˚ï˛ö Ó,!k˛Ó˚ §ÓˆÏÌˆÏÜ˛ fl∫yû˛y!ÓÜ˛ Ü˛yÓ˚î •° ˆÜ˛yˆÏ£ÏÓ˚ Ó˚§fl≥˛#!ï˛–

Ó˚§fl≥˛#!ï˛Ó˚ ã˛y˛õ Óyí ¸̨yÓ˚ ú˛ˆÏ° ˆÜ˛y£Ï ≤Ãyã˛#ˆÏÓ˚Ó˚ í˛z˛õÓ˚ ã˛y˛õ ÓyˆÏí˛¸ ~ÓÇ ˆÜ˛y£Ï ≤Ãyã˛#Ó˚ ≤Ã§y!Ó˚ï˛ •Î˚– §yôyÓ˚î xÓfliyÎ˚

~•z xyÎ˚ï˛ö Ó,!k˛Ó˚ ˛õ!Ó˚üy˛õ 15 =î ˛õÎ≈hsˇ •ÄÎ˚y §Ω˛Ó– ç° Ä oyÓƒ ˆ¢y£Ïî åÈyí ¸̨yÄ ˆÜ˛yˆÏ£ÏÓ˚ Ó,!k˛Ó˚ §ˆÏD §ˆÏD

Ó‡ §ÇˆÏŸ’£Ïî# Ü˛yÎ≈ §¡õß¨ •ˆÏï˛ ÌyˆÏÜ˛– öï%˛ö ˆÜ˛y£Ï ≤Ãyã˛#Ó˚ àë˛öÜ˛yÓ˚# ˛õòyÌ≈ ˆï˛y §ÇˆÏŸ’!£Ïï˛ •Î˚•zñ ï˛yåÈyí˛¸y xyÓ˚Ä

öï%˛ö ˆ≤Ãy!ê˛öñ !öí˛z!Üœ˛Ü˛ xƒy!§í˛ñ ú˛§ˆÏú˛y!°!˛õí˛ •zï˛ƒy!ò ˜ï˛!Ó˚ •ˆÏï˛ ÌyˆÏÜ˛– ˆÜ˛yˆÏ£Ï xDyî%Ó˚ §ÇáƒyÄ SˆÎüö

Ó˚y•zˆÏÓyˆÏçyüñ üy•zˆÏê˛yÜ˛ö!í»˛Î˚yñ ˆÜœ˛yˆÏÓ˚y≤’yfiê˛ •zï˛ƒy!òV ÓyˆÏí˛¸– ~•z ˜çÓ Ó˚y§yÎ˚!öÜ˛ ≤Ã!e´Î˚y§ü)ˆÏ•Ó˚ çöƒ ¢!_´

≤ÃˆÏÎ˚yçöñ ú˛ˆÏ° ATP §ÇˆÏŸ’ˆÏ£ÏÓ˚ •yÓ˚Ä ÓyˆÏí˛¸– §%ï˛Ó˚yÇ ˆÜ˛yˆÏ£ÏÓ˚ Ó,!k˛ˆÏÜ˛ xyüÓ˚y ~û˛yˆÏÓ ï˛y!°Ü˛yÓk˛ Ü˛Ó˚ˆÏï˛

˛õy!Ó˚ ÈÙÙÙÈ

ˆÜ˛y Ï̂£ÏÓ̊ Ó,!k˛

ˆÜ˛y£Ï#Î̊ ̨õòy Ï̂Ì≈Ó̊ Ó,!k˛ ¢!_´Ó̊ §Ç Ï̂Ÿ’£Ï

ç° ̂ ¢y£Ïîñ ˆÜ˛y£Ï ≤Ãyã˛#Ó˚ ˆ≤Ãy Ï̂ê˛y≤’yçü#Î̊ ¢Ü≈̨ Ó̊y ú˛ Ï̂ê˛yú˛§ Ï̂ú˛yÓ̊y•ẑ Ï°¢ö

û˛ƒyÜ%̨Ä° ˛õòy Ï̂Ì≈Ó̊ Ó,!k˛ ˛õòyÌ≈ ÎÌy myÓ̊y §Óyï˛ Ÿª§ö myÓ̊y

oyÓƒ ̨õòyÌ≈ ˆÜ˛y£Ï#Î̊ xDyî%

ÎÌyñ ¢Ü≈̨ Ó̊y ˆ≤Ãy!ê˛öñ !öí z̨!Üœ̨ Ü˛

°Óî •zï˛ƒy!òÓ̊ xƒy!§í˛ •zï˛ƒy!ò ATP
˛õ!Ó̊üyî Ó,!k˛

§!e´Î̊ ̂ ¢y£Ïî ˆÜ˛y£Ï#Î̊ í z̨̨ õyòyö

˛õk˛!ï˛Ó̊ çöƒ ÓƒÓ•yÓ̊ §Ç Ï̂Ÿ’ Ï̂£ÏÓ̊ çöƒ ÓƒÓ•yÓ̊
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xö%¢#°ö# ÈÙÈ     1

1. ö#ˆÏã˛Ó˚ ≤ÃŸ¿=!°Ó˚ §Ç!«˛Æ í˛z_Ó˚ !òö ≠

a) ~Ü˛!ê˛ §ü#Ü˛Ó˚̂ ÏîÓ˚ §y•yˆÏÎƒ ÷‹Ò ÄçˆÏöÓ˚ §yˆÏ˛õˆÏ«˛ Ó,!k˛ˆÏÜ˛ ≤ÃÜ˛y¢ Ü˛Ó˚y ÎyÎ˚ !Ü˛û˛yˆÏÓ⁄

b) º*îˆÏÜ˛y£Ï=!°Ó˚ üˆÏôƒ fliy!öÜ˛ ˛õyÌ≈Ü˛ƒ Ó°ˆÏï˛ Ü˛# ˆÓyé˛yÎ˚⁄

c) ˆÜ˛yˆÏ£ÏÓ˚ xyÎ˚ï˛ö Ó,!k˛Ó˚ ü%áƒ Ü˛yÓ˚î Ü˛#⁄

d) Ó,!k˛Ó˚ §yˆÏÌ ATP §ÇˆÏŸ’£Ï •yˆÏÓ˚Ó˚ §¡õÜ≈˛ Ü˛#⁄

e) !ÓˆÏû˛ò Ä !ÓÜ˛yˆÏ¢Ó˚ üˆÏôƒ §¡õÜ≈˛ Ü˛#⁄

f) ˆÜ˛y£Ï !Óû˛yçˆÏöÓ˚ üyôƒˆÏü ˆÜ˛yˆÏ£ÏÓ˚ §Çáƒy Ó,!k˛ ˛õyÄÎ˚yˆÏÜ˛•z xyüÓ˚y í˛z!qˆÏòÓ˚ Ó,!k˛ Ó°ˆÏï˛ ˛õy!Ó˚

!Ü˛⁄

7.5 Ó,!k˛Ó˚ fliyö     (Site of growth)

í˛z!qˆÏòÓ˚ Ó,!k˛ x!öÎ˚ï˛ xÌ≈yÍ í˛z!qò §ü@ˇÃ ç#ÓÍÜ˛y° ôˆÏÓ˚•z Ó,!k˛ ˆ˛õˆÏï˛ ˛õyˆÏÓ˚– ï˛ˆÏÓ í˛z!qˆÏòÓ˚ Ó,!k˛ fliy!öÜ˛

xÌ≈yÍ §%!ö!ò≈‹T xM˛ÈˆÏ° §#üyÓk˛– §˛õ%‹õÜ˛ í˛z!qˆÏò ü)° Ä Ü˛yˆÏ[˛Ó˚ x@ˇÃû˛yˆÏà xyˆÏåÈ x@ˇÃfli û˛yçÜ˛ Ü˛°y (apical
meristem)– ~Ó˚ Ü˛yÎ≈Ü˛y!Ó˚ï˛yÓ˚ òÓ˚&ö ˆÎ Ó,!k˛ •Î˚ ï˛yˆÏÜ˛ í˛z!qˆÏòÓ˚ ≤ÃyÌ!üÜ˛ Ó,!k˛ ÓˆÏ°– ~Ó˚ ú˛ˆÏ° ü)° Ä Ü˛yˆÏ[˛Ó˚

x@ˇÃû˛yˆÏà Ó,!k˛ ˛õ!Ó˚°!«˛ï˛ •Î˚– !mÓ#ç˛õe# í˛z!qˆÏòÓ˚ Ü˛yˆÏ[˛ ü%_´ öy!°Ü˛y Óy![˛° ˆòáy ÎyÎ˚– ~ˆÏ«˛ˆÏe çy•zˆÏ°ü

Ä ˆúœ˛yˆÏÎ˚ˆÏüÓ˚ xhsˇÓ≈ï˛#≈ fliyˆÏö Ü˛ƒy!¡∫Î˚yü ˆòáy ÎyÎ˚– Ü˛ƒy!¡∫Î˚yü •° ~Ü˛!ê˛ û˛yçÜ˛ Ü˛°y ~ÓÇ ~ˆÏÜ˛ ÓˆÏ° ˛õyŸª≈fli

û˛yçÜ˛ Ü˛°y (lateral meristem)– ~Ó˚ Ü˛yÎ≈Ü˛y!Ó˚ï˛yÎ˚ í˛z!qˆÏòÓ˚ ̂ òˆÏ• ̂ àÔî Ü˛°yÓ˚ §üyˆÏÓ¢ âˆÏê˛ ~ÓÇ ~ˆÏÜ˛ ÓˆÏ°

ˆàÔî Ó,!k˛–

~åÈyí ¸̨y !Ü˛å%È !Ü˛å%È í˛z!qˆÏò x@ˇÃfli û˛yçÜ˛ Ü˛°y Ä ̨õyŸª≈fli û˛yçÜ˛ Ü˛°yÓ˚ xhsˇÓï˛#≈ fliyˆÏö !öˆÏÓ!¢ï˛ û˛yçÜ˛ Ü˛°y

(Intercalary meristem) ˆòáy ÎyÎ˚ SÎÌy Mentha) ÎyÓ˚ ≤Ãû˛yˆÏÓ ˜òˆÏâ≈ƒ Ó,!k˛ âˆÏê˛ ÌyˆÏÜ˛– xyòˆÏï˛ !öˆÏÓ!¢ï˛

û˛yçÜ˛ Ü˛°y •° x@ˇÃfli û˛yçÜ˛ Ü˛°yÓ˚•z xÇ¢ Îy fliyÎ˚# Ü˛°yÓ˚ ã˛yˆÏ˛õ ü)° xÇ¢ ˆÌˆÏÜ˛ !Ó!FåÈß¨ •ˆÏÎ˚ ˆàˆÏåÈ–

7.6 Ó,!k˛Ó˚ ˛õÎ≈yÎ˚     (Phases of growth)

ˆÜ˛y£Ï#Î˚ Ó,!k˛Ó˚ Óƒy˛õyÓ˚!ê˛ xyˆÏ°yã˛öy ≤Ã§ˆÏD xyüÓ˚y ˆòˆÏá!åÈ ˆÎ ˆÜ˛y£Ï !Óû˛yçö Ä ï˛yÓ˚ ˛õÓ˚Óï˛#≈ Ó,!k˛Ó˚

§üß∫ˆÏÎ˚ ~Ü˛!ê˛ ˆÜ˛y£Ï ˛õ)î≈ï˛y≤ÃyÆ •Î˚– í˛z!qˆÏòÓ˚ Ó,!k˛ ˆÎˆÏ•ï%˛ û˛yçÜ˛ Ü˛°yÓ˚ Ü˛yÎ≈Ü˛y!Ó˚ï˛yÓ˚ ú˛ˆÏ°•z âˆÏê˛ ÌyˆÏÜ˛

ˆ§ˆÏ•ï%˛ Ó,!k˛Ó˚ ˛õÎ≈yÎ˚=!°ˆÏÜ˛ xyüÓ˚y ˆÜ˛y£Ï=!°Ó˚ ˛õ!Ó˚̂ Ï≤Ã!«˛ˆÏï˛ !ö¡¨!°!áï˛û˛yˆÏÓ û˛yà Ü˛Ó˚̂ Ïï˛ ˛õy!Ó˚ÈÙÙÙÈ

a) ˆÜ˛y£Ï àë˛ö ò¢y É ~•z ò¢yÎ˚ û˛yçÜ˛ ˆÜ˛y£Ï=!° !Óû˛y!çï˛ •Î˚ ~ÓÇ x˛õï˛ƒ ˆÜ˛y£Ï àë˛ö Ü˛ˆÏÓ˚– x˛õï˛ƒ
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ˆÜ˛y£ÏmˆÏÎ˚Ó˚ üˆÏôƒ ~Ü˛!ê˛ !ÓˆÏû˛ò ≤Ã!e´Î˚yÓ˚ üyôƒˆÏü !ÓÜ˛y¢ °yû˛ Ü˛ˆÏÓ˚ ~ÓÇ fliyÎ˚# Ü˛°yÎ˚ xD#û)˛ï˛ •Î˚– x˛õÓ˚!ê˛

û˛yçÜ˛ ˜Ó!¢‹Tƒ ÓçyÎ˚ ˆÓ˚̂ Ïá Ó,!k˛Ó˚ Ü˛yç!ê˛ ÓçyÎ˚ Ó˚yˆÏá–

b) ò#â#≈Ü˛Ó˚î ò¢y É fliyÎ˚# Ü˛°yÓ˚ xD#û)˛ï˛ ˆÜ˛y£Ï xyÜ˛yˆÏÓ˚ Ó,!k˛ ˛õyÎ˚– ≤Ã!e´Î˚y!ê˛ x!û˛flÀÓî#Î˚ ã˛yˆÏ˛õÓ˚

§ˆÏD §¡õÜ≈˛Î%_´– ~Ó˚ ú˛ˆÏ° ˆÜ˛yˆÏ£ÏÓ˚ ç° ˆ¢y£Ïî •yÓ˚ Ó,!k˛ ˛õyÎ˚ ~ÓÇ ˆÜ˛y£Ï ≤Ãyã˛#ˆÏÓ˚Ó˚ xyÎ˚ï˛ö Ó,!k˛ ˛õyÎ˚–

c) ˛õ!Ó˚î!ï˛ ò¢y É ò#â#≈Ü˛Ó˚î §¡õß¨ •ÓyÓ˚ ̨ õÓ˚•z xyˆÏ§ ̨õ!Ó˚î!ï˛Ó˚ ̨ õÎ≈yÎ˚– ̂ Ü˛y£Ï=!° !çöàï˛ ̃ Ó!¢ˆÏ‹TƒÓ˚

!ö!Ó˚̂ Ïá §%!ö!ò≈‹T ¢yÓ˚#ÓÓ,_#Î˚ ˜Ó!¢‹Tƒ °yû˛ Ü˛ˆÏÓ˚ xÌ≈yÍ ï˛yˆÏòÓ˚ !ÓˆÏû˛ò §¡õ)î≈ •Î˚ ~ÓÇ !Ü˛å%È Óƒ!ï˛e´ü åÈyí ¸̨y

˛õ!Ó˚î!ï˛ ≤ÃyÆ ˆÜ˛yˆÏ£ÏÓ˚ xyÓ˚ ˆÜ˛yˆÏöy àë˛öàï˛ ˛õ!Ó˚Óï≈˛ö §y!ôï˛ •Î˚ öy–

≤Ãyhsˇ!°!˛õ ÈÙÈ     1

˛õyˆÏ¢Ó˚ !ã˛e=!°ˆÏï˛ Ó,!k˛Ó˚ !Ó!û˛ß¨ ˛õÎ≈yˆÏÎ˚Ó˚ ~Ü˛!ê˛ xyû˛y§ ˆòÄÎ˚y

•ˆÏÎ˚̂ ÏåÈ– !ï˛Ó˚!ã˛ˆÏ•´Ó˚ e´ü °«˛ Ü˛ˆÏÓ˚ ˆòá%ö ≤ÃÌˆÏü ~Ü˛!ê˛ û˛yçÜ˛

ˆÜ˛y£Ï (m) !Óû˛y!çï˛ •ˆÏÎ˚ ò%Û!ê˛ x˛õï˛ƒ ̂ Ü˛yˆÏ£Ï (m1, m2) ̨õ!Ó˚îï˛

•Î˚– ~ˆÏòÓ˚ üˆÏôƒ ~Ü˛!ê˛ û˛yçÜ˛ ˆÜ˛yˆÏ£ÏÓ˚ ôü≈ ÓçyÎ˚ Ó˚yˆÏá ~ÓÇ

!Óû˛y!çï˛ •ˆÏÎ˚ ˛õ%öÓ˚yÎ˚ ò%Û!ê˛ x˛õï˛ƒ (m1a. ~Ó˚ m1b) ˆÜ˛y£Ï §,!‹T

Ü˛ˆÏÓ˚– x˛õÓ˚!ê˛ (m2) xyÜ˛yˆÏÓ˚ ÓˆÏí˛¸y •Î˚ñ ˆÜ˛y£Ï ≤Ãyã˛#Ó˚ ˛õ%Ó˚& •Î˚ñ

û˛ƒyÜ%˛Ä° xç≈ö Ü˛ˆÏÓ˚– ~!ê˛ •° m2 ~Ó˚ ò#â#≈Ü˛Ó˚î ò¢y– e´ü¢

m2 ˛õ!Ó˚î!ï˛ °yû˛ Ü˛ˆÏÓ˚ ~Ü˛!ê˛ çy•zˆÏ°ü Óy!•Ü˛yÓ˚*ˆÏ˛õ ~ÓÇ ~!ê˛Ó˚

§y•zˆÏê˛y≤’yçü Ä !öí˛z!Üœ˛Î˚y§ xÓ°%Æ •Î˚– m2b ˆÜ˛ xyüÓ˚y

ò#â#≈Ü˛Ó˚̂ ÏîÓ˚ ˛õÎ≈yˆÏÎ˚ ˆòáˆÏï˛ ˛õy!FåÈ– m1a !Ü˛v ï˛yÓ˚ û˛yçÜ˛ ôü≈

ÓçyÎ˚ ˆÓ˚̂ Ïá!åÈ° ~ÓÇ xyÓyÓ˚ !Óû˛y!çï˛ •ˆÏÎ˚ m1aa Ä m1ab
ˆÜ˛y£ÏmÎ˚ àë˛ö Ü˛ˆÏÓ˚̂ ÏåÈ– ~û˛yˆÏÓ !Óû˛yçöe´ü Ä ˛õ!Ó˚î!ï˛ ≤Ãy!ÆÓ˚

üˆÏôƒ û˛yÓ˚§yüƒ ÓçyÎ˚ ÌyˆÏÜ˛–

7.7 Ó,!k˛Ó˚ ˆ°á!ã˛e     (Growth curve)

í˛z!qˆÏòÓ˚ Ó,!k˛Ó˚ •yÓ˚ ç#ÓÍÜ˛yˆÏ° §Ó≈òy §üyö •Î˚ öy– ~Ü˛Ü˛ ˆÜ˛yˆÏ£ÏÓ˚ Ó,!k˛Ó˚ ˆÓ°yÎ˚ ~Ü˛•z âê˛öy ˛õ!Ó˚°!«˛ï˛

•Î˚– ˆÜ˛y£Ï àë˛ö ò¢yÎ˚ Ó,!k˛Ó˚ •yÓ˚ xˆÏ˛õ«˛yÜ,˛ï˛ Ü˛ü •ˆÏ°Ä ˆÜ˛y£Ï ≤Ã§yÓ˚î ò¢yÎ˚ o&ï˛ •yˆÏÓ˚ Ó,!k˛ ˛§¡õß¨ •Î˚ ~ÓÇ
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˛õ!Ó˚î!ï˛Ó˚ ò¢yÎ˚ Ó,!k˛Ó˚ •yÓ˚ ô &ÓˆÏÜ˛ ˛õ!Ó˚îï˛ •Î˚– í˛z!qˆÏòÓ˚ Ó,!k˛Ó˚ ˆÎ ˛õÎ≈yˆÏÎ˚ §ˆÏÓ≈yFã˛ Ó,!k˛ •yÓ˚ ˛õ!Ó˚°!«˛ï˛ •Î˚

xÌÓy ̂ Î ̨õÎ≈y Ï̂Î˚ Ó,!k˛ ày!î!ï˛Ü˛ •y Ï̂Ó˚ (arithmetic proportion) §¡õß¨ •Î˚ ï˛y Ï̂Ü˛ Ó Ï̂° ü%áƒ Ó,!k˛ Ü˛y° (grand
period of growth).

Ó,!k˛Ó˚ ~Ü˛!ê˛ ˆ°á!ã˛e S!ã˛e 7.1 o‹TÓƒV §üˆÏÎ˚Ó˚ ˛õ!Ó˚̂ Ï≤Ã!«˛ˆÏï˛ Ó,!k˛Ó˚ •yÓ˚ !ã˛!•´ï˛ Ü˛Ó˚y •ˆÏ° ˆòáy ÎyÎ˚ ˆÎ

!Ü˛ ~Ü˛Ü˛ ˆÜ˛y£Ïñ !Ü˛ xD!ÓˆÏ¢£Ï xÌÓy §ü@ˇÃ í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe ˆ°á!ã˛ˆÏeÓ˚ öÜ˛¢y!ê˛ ~Ü˛•z Ó˚Ü˛ü xÌ≈yÍ •zÇÓ˚y!ç  'S'
~Ó˚ xö%Ó˚*˛õ ~ˆÏÜ˛ !§àüˆÏÎ˚í˛ (Sigmoid) ̂ °á!ã˛e ÓˆÏ°–

!ã˛e  7.1 ≠ í˛z!qò Ó,!k˛Ó˚ ̂ °á!ã˛e

~•z ˆ°á!ã˛ˆÏeÓ˚ !ï˛ö!ê˛ ˛õÎ≈yÎ˚ °«˛î#Î˚– ≤ÃÌü ˛õÎ≈yˆÏÎ˚ Ó,!k˛Ó˚ •yÓ˚ ô#Ó˚ xÌÓy Ü˛áöÄ Ü˛áöÄ }îydÜ˛– ~ˆÏÜ˛

ÓˆÏ° °ƒyà (lag) ˛õÎ≈yÎ˚– !mï˛#Î˚ ˛õÎ≈yˆÏÎ˚ Ó,!k˛Ó˚ •yÓ˚ o&ï˛– ~•z ˛õÎ≈yˆÏÎ˚ Ó,!k˛ çƒy!ü!ï˛Ü˛ e´üüyöï˛yÎ ̊(geometric
progression) §¡õß¨ •Î˚ ÓˆÏ° Ó,!k˛Ó˚ •yÓ˚̂ ÏÜ˛ log ~ ˛í˛z˛õfliy!˛õï˛ Ü˛Ó˚ˆÏ° ~Ü˛!ê˛ e´üyˆÏÓ˚y•# ˆ°á ˛õyÄÎ˚y ÎyÎ˚–

~ˆÏÜ˛ ÓˆÏ° Ó,!k˛Ó˚ °à (log) ò¢y– ï,˛ï˛#Î˚ ˛õÎ≈yˆÏÎ˚ Ó,!k˛Ó˚ •yÓ˚ •…y§ ˛õyÎ˚ ~ÓÇ ˆ°á!ã˛e xö%û)˛!üÜ˛ ˆ°á Ó˚*ˆÏ˛õ

≤ÃÜ˛y!¢ï˛ •Î̊– ~ Ï̂Ü˛ Ó Ï̂° Óyô≈Ü˛ƒ (Senescence Phase) Óy fliyÎ̊# ò¢y (Steady state)– ÓœƒyÜ˛üƒyö (Blackman,
1919) Ó,!k˛ˆÏÜ˛ !ö¡¨!°!áï˛ §ü#Ü˛Ó˚î myÓ˚y ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚!åÈˆÏ°ö–

Wt = W0 . e
r t

ˆÎáyˆÏö Wt = Ó,!k˛Ó˚ ã)˛í ¸̨yhsˇ ò¢y

W0 = Ó,!k˛Ó˚ ≤ÃyÌ!üÜ˛ ò¢y

e = °ày!Ó˚òˆÏüÓ˚ û)˛!ü

r = ï%˛°öyü)°Ü˛ Ó,!k˛Ó˚ •yÓ˚

t = §üÎ˚ Sx!ï˛e´yhsˇV
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~•z §ü#Ü˛Ó˚î xö%ÎyÎ˚# ˆòáy ÎyˆÏFåÈ °ày!Ó˚òˆÏüÓ˚ !û˛!_ˆÏï˛ Ó,!k˛Ó˚ •yÓ˚̂ ÏÜ˛ ≤ÃÜ˛y¢ Ü˛Ó˚̂ Ïï˛ ˆàˆÏ° fl∫yû˛y!ÓÜ˛

Ó,!k˛Ó˚ •yÓ˚ öÎ˚ñ ï%˛°öyü)°Ü˛ Ó,!k˛Ó˚ •yÓ˚ xˆÏ˛õ«˛yÜ,˛ï˛ ˆÓ!¢ =Ó˚&c˛õ)î≈– xï˛~Ó ày!î!ï˛Ü˛ ˛õ!Ó˚üyˆÏ˛õÄ Ó,!k˛Ó˚ •yÓ˚

§Ó˚°˜ÏÓ˚!áÜ˛ •ÄÎ˚y §Ω˛Ó öÎ˚– ï˛y•z Ó,!k˛Ó˚ !§àüˆÏÎ˚í˛ ˆ°á!ã˛e!ê˛•z Ó,!k˛Ó˚ §!ë˛Ü˛ ≤ÃÜ˛y¢–

ˆ°á!ã˛ˆÏeÓ˚ !ï˛ö!ê˛ ˛õÎ≈yÎ˚ˆÏÜ˛ ~Ü˛!ê˛ í˛z!qˆÏòÓ˚ Ó,!k˛Ó˚ ˛õ!Ó˚̂ Ï≤Ã!«˛ˆÏï˛ ˆòáˆÏ° ˆòáy ÎyˆÏÓ ˆÎ xB%˛ˆÏÓ˚yÂàˆÏüÓ˚

§üˆÏÎ˚ Ó#ˆÏç §!M˛Èï˛ ¢Ü≈˛Ó˚y Ä ˆfl¨•˛õòyÌ≈ Ÿª§ˆÏö ÓƒÓ•*ï˛ •Î˚– ~Ó˚ ú˛ˆÏ° ¢!_´ í˛zÍ˛õy!òï˛ •Î˚– !Ü˛v ˆ§•z ¢!_´

xB%˛ˆÏÓ˚yÂàˆÏüÓ˚ çöƒ ≤ÃˆÏÎ˚yçö#Î˚ í˛zÍˆÏ§ã˛Ü˛ §ÇˆÏŸ’£ÏˆÏî Óƒ!Î˚ï˛ •Î˚– ï˛y•z xB%˛ˆÏÓ˚yÂàˆÏüÓ˚ ˛õÎ≈yˆÏÎ˚ ÷‹Ò Äçö •…y§

˛õyÎ˚ ~ÓÇ ˆ°á!ã˛e ï˛y•z °ƒyà ˛õÎ≈yÎ˚ Ó˚*ˆÏ˛õ ≤ÃÜ˛y!¢ï˛–

~Ó̊˛õÓ̊ §y Ï̂°yÜ˛§Ç Ï̂Ÿ’ Ï̂£ÏÓ̊ •yÓ̊ Óy Ï̂í˛̧– áyòƒÓ› §!M˛Èï˛ •Î̊ ~ÓÇ í z̨!q Ï̂òÓ̊ ~Ü˛Ü˛ ̂ Ü˛y Ï̂£ÏÓ̊ ï˛Ìy §ü@ˇÃ í z̨!qò Ï̂ò Ï̂•Ó̊

÷‹Ò Äçö Ó,!k˛ ˛õyÎ˚– Ó,!k˛Ó˚ •yÓ˚!ê˛ çƒy!ü!ï˛Ü˛ e´üyÓï≈˛ö (logarithmic) ˆüˆÏö ã˛ˆÏ°– ~Ó˚ ˛õÓ˚Óï˛#≈ ˛õÎ≈yˆÏÎ˚

í˛z!qˆÏòÓ˚ x˛õ!ã˛!ï˛ Ä í˛z˛õ!ã˛!ï˛ !Ó˛õyˆÏÜ˛Ó˚ •yÓ˚ ˆüyê˛yü%!ê˛ §üï˛y ÓçyÎ˚ Ó˚yˆÏá ÓˆÏ° ˆ°á!ã˛e xö%û)˛!üÜ˛–

7.8 Ó,!k˛Ó˚ ≤Ãû˛yÓÜ˛     (Factors affecting growth)

Ó,!k˛Ó˚ ≤Ãû˛yÓÜ˛=!°ˆÏÜ˛ Ó!•É Ä xhsˇÉ ≤Ãû˛yÓÜ˛ ~•z ò%•zû˛yˆÏà û˛yà Ü˛Ó˚y ÎyÎ˚–

1. Ó!•É≤Ãû˛yÓÜ˛     (External Factors) É

ç°ñ ÓyÎ˚%ñ í˛z£èï˛y •zï˛ƒy!òÓ˚ üˆÏï˛y ≤ÃyÜ,˛!ï˛Ü˛ ¢ï≈˛yÓ°# í˛z!qˆÏòÓ˚ Ó,!k˛ˆÏÜ˛ ≤Ãû˛y!Óï˛ Ü˛ˆÏÓ˚–

A) í˛z£èï˛y (Temperature) É í˛z!qˆÏòÓ˚ ç#Óç !e´Î˚yÜ˛°y˛õ=!° ≤Ãôyöï˛ OoC ˆÌˆÏÜ˛ 35oC ~Ó˚

üˆÏôƒ §¡õß¨ •Î˚– ~•z í˛z£èï˛yˆÏ«˛ˆÏeÓ˚ üˆÏôƒ ≤Ã!ï˛ 10oC í˛z£èï˛y Ó,!k˛ˆÏï˛ Ó,!k˛Ó˚ •yÓ˚ !m=î Ó,!k˛ ˛õyÎ˚– !ÓK˛yö#

û˛ƒyrê˛ •ú˛ (Vant Hoff) ~Ó˚ §)e xö%ÎyÎ˚# í˛z˛õ!Ó˚!°!áï˛ ˛õÎ≈ˆÏÓ«˛ˆÏîÓ˚ !û˛!_ˆÏï˛ í˛z£èï˛y §•à Q10 ~Ó˚ üyö 2,
!Ü˛v 35oC ~Ó˚ í˛z˛õˆÏÓ˚ ~•z §)e ≤ÃˆÏÎyçƒ •Î˚ öy ˆÜ˛ööy x!ôÜ˛yÇ¢ í˛zÍˆÏ§ã˛Ü˛•z 35oC ~Ó˚ ˆÌˆÏÜ˛ x!ôÜ˛ í˛z£èï˛yÎ˚

!ö!‹;˛Î˚ •ˆÏÎ˚ ÎyÎ˚– Ó,!k˛Ó˚ í˛z£èï˛y ̂ «˛ˆÏeÓ˚ üˆÏôƒ !ï˛ö!ê˛ üyö =Ó˚&c˛õ)î≈ ÈÙÈ §Ó≈!ö¡¨ (minimum) ÎyÓ˚ ï˛°yÎ˚ Ó,!k˛ •Î˚

öyñ § Ï̂Ó≈yÍÜ,̨ ‹T (optimum) - ̂ Î í z̨£èï˛yÎ̊ Ó,!k˛Ó̊ •yÓ̊ §Ó≈y!ôÜ˛ ~ÓÇ § Ï̂Ó≈yFã˛ (maximum) — ̂ Î í z̨£èï˛yÓ̊ | Ï̂ôù≈

Ó,!k˛ •…y§ ̨õyÎ̊– ~•z üyö=!°Ó̊ ̨õ!Ó̊üy˛õ í z̨!qò!Ó Ï̂¢ Ï̂£Ï !û˛ß̈ !û˛ß̈ ~ÓÇ Ó,!k˛Ó̊ ò¢yÓ̊ í z̨̨ õ Ï̂Ó̊Ä x Ï̂öÜ˛yÇ Ï̂¢ !öû≈̨ Ó̊¢#°–

ï˛y•z ̂ üÓ˚& xM˛È° Óy öy!ï˛¢#ˆÏï˛y£è xM˛ÈˆÏ°Ó˚ í˛z!qˆÏòÓ˚ Ó,!k˛ §•yÎ˚Ü˛ í˛z£èï˛y ̂ «˛e @ˇÃ#‹ø≤Ãôyö xM˛ÈˆÏ°Ó˚ í˛z£èï˛yˆÏ«˛e

xˆÏ˛õ«˛y !û˛ß¨ï˛Ó˚–

xî%¢#°ö# ÈÙÈ     1

1. §Ç!«˛Æ í˛z_Ó˚ !òö ≠

a) Ó,!k˛Ó˚ ˛õÎ≈yÎ˚=!°ˆÏÜ˛ !Ü˛Ó˚*ˆÏ˛õ e´üyö%§yˆÏÓ˚ §yçyˆÏöy ÎyÎ˚⁄

b) °ƒyà ò¢y Ü˛# ~ÓÇ ~•z ò¢yÓ˚ ï˛yÍ˛õÎ≈ Ü˛#⁄
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c) °à ˛õÎ≈yˆÏÎ˚Ó˚ ~•zÓ˚*˛õ öyüÜ˛Ó˚ˆÏîÓ˚ Ü˛yÓ˚î Ü˛#⁄

d) ü%áƒ Ó,!k˛Ü˛y° Ü˛yˆÏÜ˛ ÓˆÏ°⁄

e) ~Ü˛!ê˛ §ü#Ü˛Ó˚î myÓ˚y Ó,!k˛Ó˚ •yÓ˚̂ ÏÜ˛ ≤ÃÜ˛y¢ Ü˛Ó˚&ö–

B) xy Ï̂°yÜ˛ (Light) É Î!òÄ xyˆÏ°yÜ˛ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ≤Ã!e´Î˚yÓ˚ ≤Ãï˛ƒ«˛ í˛z˛õyòyö ï˛Ó%Ä ~•z ≤Ãû˛yÓÜ˛!ê˛Ó˚

Ó,!k˛Ó˚ §ˆÏD §Ó˚y§!Ó˚ §ÇˆÏÎyà Ü˛ü– ˆÜ˛yˆÏ£Ï Ó,!k˛ í˛z˛õˆÏÎyà# í˛z˛õyòyö í˛z˛õ!fliï˛ ÌyÜ˛ˆÏ° xyˆÏ°y Óƒ!ï˛ˆÏÓ˚̂ ÏÜ˛Ä Ó,!k˛

•ˆÏï˛ ̨ õyˆÏÓ˚– x¶˛Ü˛yˆÏÓ˚ Ó,!k˛≤ÃyÆ í˛zFã˛ï˛Ó˚ í˛z!qˆÏòÓ˚ ̨ õe !˛õD°ñ Ó,•_Ó˚ ~ÓÇ ̨ õÓ≈üôƒ ò#â≈ •Î˚– x˛õÓ˚̨ õˆÏ«˛ xyˆÏ°yÜ˛

Ó,!k˛≤ÃyÆ í˛z!qˆÏòÓ˚ ˛õÓ≈üôƒ áÓ≈ ~ÓÇ ˛õyï˛y §Ó%ç •Î˚– !˛õD° í˛z!qˆÏò §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ •yÓ˚ •…y§≤ÃyÆ •ÄÎ˚yÓ˚

òÓ˚&ö ˆÜ˛yˆÏ£Ï §!M˛Èï˛ Ó,!k˛ §•yÎ˚Ü˛ í˛z˛õyòyö=!°Ó˚ ˛õ!Ó˚üyî Ü˛ü •Î˚ ~ÓÇ Ó,!k˛Ó˚ •yÓ˚ ˛õˆÏÓ˚y«˛û˛yˆÏÓ Ü˛ˆÏü ÎyÎ˚–

x!ï˛!Ó˚_´ ˆ«˛eú˛° !Ó!¢‹T ˛õe Óy ò#â≈ ˛õÓ≈üôƒ í˛z!qˆÏòÓ˚ ˜ç!ÓÜ˛ xfl∫yû˛y!ÓÜ˛ï˛yˆÏÜ˛•z !ã˛!•´ï˛ Ü˛ˆÏÓ˚–

!ï˛öû˛yˆÏÓ xyˆÏ°yÜ˛ ¢yÓ˚#Ó˚Ó,_#Î˚ Ü˛yÎ≈yÓ!°ˆÏÜ˛ ≤Ãû˛y!Óï˛ Ü˛ˆÏÓ˚–

xyˆÏ°yÓ˚ ≤ÃáÓ˚ï˛y     (Intensity) É Ü˛ü ≤ÃáÓ˚ï˛yÓ˚ xyˆÏ°yÎ˚ ˛õˆÏeÓ˚ xyˆÏ°yÜ˛§ÇˆÏÓò# í˛z˛õ!Ó˚ï˛ˆÏ°Ó˚ ˛õ!Ó˚üyî

Ó,!k˛Ó˚ ≤ÃˆÏÎ˚yçö •Î˚ ú˛ˆÏ° ˛õe xyÜ˛yˆÏÓ˚ ÓyˆÏí ¸̨– ï˛yåÈyí˛¸y «˛#î xyˆÏ°yˆÏÜ˛ etiolin öyüÜ˛ ~Ü˛!ê˛ ˆÎÔà §ÇˆÏŸ’!£Ïï˛ •Î˚

ú˛ˆÏ° ˛õe !˛õD° •Î˚–

xyˆÏ°yÓ˚ =îàï˛ ≤ÃÜ,˛!ï˛     (Quality) É ˆ°y!•ï˛ ï˛Ó˚D !Ó!¢‹T xyˆÏ°yÎ˚ Ó,!k˛Ó˚ •yÓ˚ ÓyˆÏí˛¸ ˆÜ˛ööy ~•z xyˆÏ°y

§yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ ˛õˆÏ«˛ §•yÎ˚Ü˛– xyÓyÓ˚ ö#°ÈÙÈˆÓ=!ö ÓˆÏî≈Ó˚ xyˆÏ°yÎ˚ ˛õÓ≈üˆÏôƒÓ˚ Ó,!k˛ ˆòáˆÏï˛ ˛õyÄÎ˚y ÎyÎ˚–

xyˆÏ°yÓ˚ !fli!ï˛Ü˛y°     (Duration) É çöö xˆÏDÓ˚ Ó,!k˛ Ä !ÓÜ˛y¢ ÎÌy ˛õ%‹õ ≤Ãfl≥%˛ê˛öñ ú˛° §,!‹T •zï˛ƒy!ò

≤Ã!e´Î˚y xyˆÏ°yÓ˚ !fli!ï˛Ü˛y° myÓ˚y ≤Ãû˛y!Óï˛ •Î˚– !fli!ï˛Ü˛yˆÏ°Ó˚ !û˛!_ˆÏï˛ í˛z!qˆÏòÓ˚ §ÇˆÏÓòö¢#°ï˛y !û˛ß¨ !û˛ß¨– ï˛y•z

ˆÜ˛yˆÏöy í˛z!qˆÏòÓ˚ @ˇÃ#‹øÜ˛yˆÏ° xyÓyÓ˚ ˆÜ˛yˆÏöy!ê˛Ó˚ ¢#ï˛Ü˛yˆÏ° ˛õ%‹õ§M˛ÈyÓ˚ •Î˚–

C) ç°     (Water) É Ó,!k˛Ó˚ §ˆÏD ̂ Ü˛yˆÏ£ÏÓ˚ ≤Ã§yÓ˚î (elongation) ~Ü˛yhsˇû˛yˆÏÓ §¡õÜ≈˛Î%_´– ̂ Ü˛yˆÏ£ÏÓ˚ üˆÏôƒ

ç° ≤ÃˆÏÓ¢ Ü˛Ó˚yÓ˚ ˛õÓ˚•z ˆÜ˛yˆÏ£Ï Ó˚§fl≥˛#!ï˛Ó˚ ã˛y˛õ ÓyˆÏí ¸̨ ú˛ˆÏ° ˆÜ˛y£Ï ≤Ãyã˛#Ó˚ ≤Ã§y!Ó˚ï˛ •Î˚– çˆÏ°Ó˚ xû˛yˆÏÓ Ó,!k˛Ó˚

•yÓ˚ fl∫yû˛y!ÓÜ˛û˛yˆÏÓ•z Ü˛ˆÏü ÎyÎ˚– xyÓyÓ˚ x!ï˛!Ó˚_´ çˆÏ°Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ Ó,!k˛Ó˚ •yÓ˚ Ü˛ˆÏü ÎyÎ˚ñ ˛õyï˛yÓ˚ Ó,!k˛ ò%Ó≈°

û˛yˆÏÓ •Î˚ ~ÓÇ ̂ Ü˛yˆÏ£ÏÓ˚ !ÓˆÏû˛ò (differentiation) Óƒy•ï˛ •Î˚–

D) x!: Ï̂çö (Oxygen) É Ó,!k˛ •° ~Ü˛y!ôÜ˛ ˜çÓÈÙÈÓ˚y§yÎ˚!öÜ˛ ≤Ã!e´Î˚yÓ˚ §üß∫Î˚ ÎyÓ˚ §ÓÜ˛Î˚!ê˛•z ˆÜ˛y£Ï#Î˚

¢!_´ ÓƒÎ˚ Ü˛ˆÏÓ˚ §¡õß¨ •Î˚– ˆÜ˛y£Ï#Î˚ ¢!_´ í˛zÍ˛õy!òï˛ •Î˚ x!:ˆÏçˆÏöÓ˚ í˛z˛õ!fli!ï˛ˆÏï˛ §Óyï˛ Ÿª§ö ≤Ã!e´Î˚yÎ˚– ï˛y•z

x!:ˆÏçˆÏöÓ˚ xû˛yˆÏÓ Ó,!k˛ Óƒy•ï˛ •Î˚–

E) ü,!_Ü˛y (Soil) É ü,!_Ü˛y ˜çÓ !Ó˛õyˆÏÜ˛Ó˚ çöƒ ≤ÃˆÏÎ˚yçö#Î˚ Ó˚§ò ˆçyàyÎ˚– üy!ê˛Ó˚ ç° Ä á!öç °ÓˆÏîÓ˚

û˛y[˛yÓ˚ fl∫yû˛y!ÓÜ˛û˛yˆÏÓ•z Ó,!k˛ˆÏÜ˛ ≤Ãû˛y!Óï˛ Ü˛ˆÏÓ˚– üy!ê˛ˆÏï˛ í˛z˛õ!fliï˛ ˜çÓ Óy x˜ÏçÓ Ó˚y§yÎ˚!öÜ˛ Ü˛#ê˛ Óy

xyàyåÈyöy¢ˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ Ó,!k˛Ó˚ •yÓ˚ Ü˛ˆÏü ÎyÎ˚–
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F) ÓyÎ˚%ò)£ÏÜ˛     (Air pollutants) É xyô%!öÜ˛Ü˛yˆÏ° öyöy ̃ ÓK˛y!öÜ˛ ̨ õÓ˚#«˛yÎ˚ ̂ òáy ̂ àˆÏåÈ ̂ Î !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚

ÓyÎ˚%ò)£ÏÜ˛ ˆÎüö ˛õyÓ˚x!:xƒy!§ê˛y•z° öy•zˆÏê˛Δê˛ (PAN), §y°ú˛yÓ˚ í˛y•zÈÙÈx:y•zí˛ñ Ü˛yÓ≈ö üˆÏöyx:y•zí˛ñ ÄˆÏçyö

•zï˛ƒy!ò Ó,!k˛Ó̊ í z̨̨ õÓ̊ «˛!ï˛Ü˛Ó̊ ≤Ãû˛yÓ ̂ ú˛ Ï̂°– ̂ Îüöñ @’ƒy!í˛Ä°y§ çyï˛#Î̊ ú%̨ ° ~ÓÇ ̂ °Ó% çyï˛#Î̊ ú˛° úœ$̨ ÄÓ̊y•zí˛ÈÙÈ˛õ)î≈

(fluoride-enriched) xyÓ•yÄÎ̊yÎ̊ û˛y Ï̂°y •Î̊ öy– Ä Ï̂çyöÈÙÈ˛õ)î≈ xyÓ•yÄÎ̊yÎ̊ ï˛yüyÜ˛ ã˛y£Ï °yû˛çöÜ˛ öÎ̊– ÓyÎ̊Ó#Î̊

!Ó!û˛ß¨ çyÓ˚ˆÏÜ˛Ó˚ ≤Ãû˛yˆÏÓ ˛õy•zö àyåÈ «˛!ï˛@ˇÃhflÏ •Î˚ •zï˛ƒy!ò–

II. xhsˇÉ≤Ãû˛yÓÜ˛     (Internal factors) É

A) !çöàï˛ !öÎ˚sfî     (Genetic control) É xyüÓ˚y çy!ö ˆÎ ˆÜ˛yˆÏöy í˛z!qò ˆÜ˛y£Ï•z ~Ü˛!ê˛ ˛õ)î≈yD í˛z!qˆÏò

Ó˚*˛õyhsˇ!Ó˚ï˛ •ˆÏï˛ ˛õyˆÏÓ˚– xÌ≈yÍ í˛z!qˆÏòÓ˚ ˆÎ ˆÜ˛yˆÏöy ˆÜ˛y£Ïñ ˆ§ ˛õ!Ó˚˛õ)î≈ !ÓÜ˛!¢ï˛ ˆÜ˛y£Ï Óy û˛yçÜ˛ ˆÜ˛y£Ïñ Îy•z

ˆ•yÜ˛ öy ˆÜ˛öñ ˆ§!ê˛Ó˚ üˆÏôƒ ~Ü˛!ê˛ ˛õ!Ó˚˛õ)î≈ í˛z!qˆÏò ˛õ!Ó˚îï˛ •ÓyÓ˚ §ühflÏ ÚÚï˛ÌƒÛÛ xyˆÏåÈ– í˛z!qò ˆÜ˛yˆÏ£ÏÓ˚ ~•z

˜Ó!¢‹TƒˆÏÜ˛ ÓˆÏ° ̂ ê˛y!ê˛ˆÏ˛õyˆÏê˛!™ (totipotency), ~ï˛ò‰ §ˆÏ_¥Ä ̂ Ü˛y£Ï=!°Ó˚ üˆÏôƒ xÓfliyöàï˛ñ Ü˛yÎ≈àï˛ñ àë˛öàï˛

Ä ¢yÓ˚#Ó˚Ó,_#Î˚ fl∫yï˛sfƒ ÓçyÎ˚ ÌyˆÏÜ˛– ï˛y•z Ü˛°yÓ˚ àë˛ö Ä Ü˛yç !û˛ß¨ !û˛ß¨ñ xyÜ,˛!ï˛ Ä ˆÜ˛yˆÏ£ÏÓ˚ !û˛!_ˆÏï˛ ü)°ñ Ü˛y[˛ñ

˛õyï˛y ~ˆÏÜ˛ xˆÏöƒÓ˚ ˆÌˆÏÜ˛ ˛õ,ÌÜ˛– xï˛~Ó ˆüˆÏö !öˆÏï˛•z •ˆÏÓ ˆÎ Ó,!k˛Ó˚ §ühflÏ ˛õÎ≈yˆÏÎ˚•z !Ü˛å%È !çö !öˆÏçˆÏÜ˛ ≤ÃÜ˛y¢

Ü˛ˆÏÓ˚ ~ÓÇ !Ü˛å%È !çö xÓò!üï˛ ÌyˆÏÜ˛– !Ó£ÏÎ˚!ê˛ §yü!@ˇÃÜ˛û˛yˆÏÓ xyÓyÓ˚ !Ü˛å%È !öÎ˚sfÜ˛ !çˆÏöÓ˚ xô#ö ÎyÓ˚ §%!ö!ò≈‹T

e´ü ̂ üˆÏö•z ≤ÃÜ˛y!¢ï˛ •Î˚– ï˛y•z xB%˛ˆÏÓ˚ ̨ õ%ˆÏ‹õyò‰àü •Î˚ öy xÌÓy Ó#ç §%ÆyÓfliy Ü˛y!ê˛ˆÏÎ˚ Äë˛yÓ˚ xyˆÏà xB%˛ˆÏÓ˚yò‰àü

•Î˚ öy–

B) •Ó˚̂ Ïüyöàï˛ !öÎ˚sfî     (Hormonal control) É Ó,!k˛ xÌ≈yÍ ˆÜ˛y£Ï !Óû˛yçö Ä !ÓˆÏû˛ˆÏò •Ó˚ˆÏüyˆÏöÓ˚

û)˛!üÜ˛y ≤Ãüy!îï˛ §ï˛ƒ– Ü˛°y Ü,˛!‹T (tissue culture) ˛õk˛!ï˛ˆÏï˛ ~Ü˛Ü˛ ˆÜ˛y£Ï Óy Ü˛°y §ü!‹TˆÏÜ˛ í˛z˛õÎ%_´ ˛õ%!‹T Ä

•Ó˚̂ Ïüy Ï̂öÓ˚ ≤Ãû˛y Ï̂Ó ̨õ)î≈ï˛y≤ÃyÆ ã˛yÓ˚yÎ˚ Ó˚*˛õyhsˇ!Ó˚ï˛ Ü˛Ó˚y ÎyÎ˚– Ó,!k˛ Ï̂Ü˛ •Ó˚̂ Ïüyö=!° ôöydÜ˛ Óy }îydÜ˛ í z̨û˛Î˚û˛y Ï̂Ó•z

≤Ãû˛y!Óï˛ Ü˛ˆÏÓ˚– ~ˆÏòÓ˚ Ü˛yç Ü˛Ó˚yÓ˚ ˛õk˛!ï˛ ~Ü˛Ü˛û˛yˆÏÓ Óy ~Ü˛y!ôÜ˛ •Ó˚̂ ÏüyˆÏöÓ˚ ~Ü˛ˆÏe §üß∫̂ ÏÎ˚Ó˚ üyôƒˆÏü •ˆÏï˛

˛õyˆÏÓ˚– ~ §¡õˆÏÜ≈˛ ˛õÎ≈yÎ˚ ~Ü˛Ü˛ 8 ~ !Óhfl,Ïï˛ xyˆÏ°yã˛öy Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ–

C) í˛zÍˆÏ§ã˛Ü˛     (Enzymes) É Ó,!k˛ •° ~Ü˛y!ôÜ˛ í˛z˛õ!ã˛!ï˛ Ä x˛õ!ã˛!ï˛ !Ó˛õyÜ˛!e´Î˚yÓ˚ §üß∫̂ ÏÎ˚ §y!ôï˛

fliyÎ˚# ˛õ!Ó˚Óï≈˛ö– §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ≤Ã!e´Î˚y ˆÎüö ˆÜ˛yˆÏ£ÏÓ˚ ¢!_´ §M˛ÈˆÏÎ˚Ó˚ çöƒ ÜÑ˛yã˛yüy° ˆÎyàyÎ˚ñ Ÿª§ö ≤Ã!e´Î˚yÓ˚

ú˛ˆÏ° ̂ ï˛üö•z Ó,!k˛Ó˚ çöƒ òÓ˚Ü˛y!Ó˚ ¢!_´ í˛zÍ˛õy!òï˛ •Î˚– ~•z !Ó˛õyÜ˛!e´Î˚y=!° ~Ü˛y!ôÜ˛ ̃ çÓ Ó˚y§yÎ˚!öÜ˛ !Ó!e´Î˚yÓ˚

§M˛ÈÎ˚ ~ÓÇ ≤Ã!ï˛!ê˛ !Ó!e´Î˚y í˛zÍˆÏ§ã˛Ü˛ myÓ˚y !öÎ˚!sfï˛– ï˛y•z í˛zÍˆÏ§ã˛Ü˛ ï˛sf Ó,!k˛Ó˚ §ÓˆÏã˛ˆÏÎ˚ §•yÎ˚Ü˛ xhsˇÉ≤Ãû˛yÓÜ˛–

xö%¢#°ö# ÈÙÈ     3

1. §Ç!«˛Æ í˛z_Ó˚ !òö ≠

a) Ó,!k˛Ó˚ §ˆÏÓ≈yÍÜ,˛‹T ï˛y˛õüyey Ó°ˆÏï˛ Ü˛# ˆÓyé˛yÎ˚⁄

b) Ü˛ü ≤ÃáÓ˚ï˛yÓ˚ xyˆÏ°yÓ˚ ≤Ãû˛yˆÏÓ ˛õyï˛yÓ˚ Ó,!k˛ç!öï˛ Ü˛# ≤Ã!ï˛!e´Î˚y •Î˚ ~ÓÇ ˆÜ˛ö⁄

c) •z!ê˛ÄˆÏ°¢ö Ü˛yˆÏÜ˛ ÓˆÏ°⁄
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d) Ó,!k˛Ó˚ í˛z˛õÓ˚ «˛!ï˛Ü˛yÓ˚Ü˛ ≤Ã!ï˛!e´Î˚y xyˆÏåÈ ~üö ò%Û!ê˛ ˆÎÔˆÏàÓ˚ öyü !°á%ö–

e) Ó,!k˛Ó˚ í˛z˛õÓ˚ •Ó˚ˆÏüyˆÏöÓ˚ ≤Ãû˛yÓ Ü˛#û˛yˆÏÓ ˛õÓ˚#«˛yàyˆÏÓ˚ ≤Ãüyî Ü˛Ó˚y ÎyÎ˚⁄

7.9 Ó,!k˛Ó˚ ̨ õ!Ó˚üyˆÏ˛õÓ˚ ̨ õÓ˚#«˛y     (Measurement of growth)

Ü˛y[˛ Óy ü)̂ Ï°Ó̊ ̃ òâ≈ƒ (length) Óy ̂ Óí˛̧ (circumference) °«˛ƒ Ü˛ Ï̂Ó̊ Ó,!k˛Ó̊ ̨õ!Ó̊üy˛õ Ü˛Ó̊y xyüy Ï̂òÓ̊ ≤Ãyï˛ƒ!•Ü˛

˛õk˛!ï˛=!°Ó˚ üˆÏôƒ•z ˛õˆÏí˛¸– ˛õÓ˚#«˛yü)°Ü˛û˛yˆÏÓ ~•z Ó,!k˛Ó˚ §!ë˛Ü˛ ˛õ!Ó˚üy˛õ Ü˛Ó˚ˆÏï˛ •ˆÏ° xÓ¢ƒ x:yˆÏöy!üê˛yÓ˚

(Auxanometer) öyüÜ˛ ÎˆÏsfÓ˚ §y•yÎƒ ̂ öÄÎ˚y •Î˚–

1. Ü˛yˆÏ[˛Ó˚ ˜Ó˚!áÜ˛ Ó,!k˛Ó˚ ˛õ!Ó˚üy˛õ

i) xyÜ≈˛ x:yˆÏöy!üê˛yÓ˚ † •z!u˛ˆÏÜ˛ê˛Ó˚ myÓ˚y É ÈÙÙÙÈ xyÜ≈˛ •z!u˛ˆÏÜ˛ê˛Ó˚ Sx:yˆÏöy!üê˛yÓ˚V •° ~Ü˛!ê˛ Ó,ˆÏ_Ó˚

1/4 xÇˆÏ¢Ó˚ ~Ü˛!ê˛ ˆÓ˚áy!B˛ï˛ Ó˚*˛õ S!ê˛e 7.2)– Ó,ˆÏ_Ó˚ ˆÜ˛w xÇˆÏ¢ ~Ü˛!ê˛ =!° ã˛e´ (pulley wheel) xyˆÏåÈ–

ã˛ˆÏe´Ó˚ §ˆÏD Î%_´ xyˆÏåÈ ~Ü˛!ê˛ §)ã˛Ü˛ Îy Ó,_yÇˆÏ¢Ó˚ ˆÓ˚áy!B˛ï˛ xÇ¢ˆÏÜ˛ !ã˛!•´ï˛ Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚–

˛õÓ˚#«˛yÓ˚ §üÎ˚ ~Ü˛!ê˛ ã˛yÓ˚yàyˆÏåÈÓ˚ Ü˛yˆÏ[˛Ó˚ x@ˇÃû˛yˆÏàÓ˚ §ˆÏD ~Ü˛!ê˛ §)ˆÏï˛y ÓÑyôy •° ~ÓÇ §%ˆÏï˛y!ê˛Ó˚ x˛õÓ˚

≤Ãyhsˇ ~Ü˛!ê˛ û˛ˆÏÓ˚Ó˚ §ˆÏD ˆÓÑˆÏô §%ˆÏï˛y!ê˛ˆÏÜ˛ ˛õ%!°ã˛ˆÏe´Ó˚ üôƒ !òˆÏÎ˚ â%!Ó˚̂ ÏÎ˚ ˆòÄÎ˚y •°– §)ã˛Ü˛!ê˛Ó˚ ≤ÃyÌ!üÜ˛ xÓfliyö

°«˛ƒ Ü˛Ó˚y •° ~ÓÇ ~û˛yˆÏÓ Îsf!ê˛ˆÏÜ˛ ˆÓ˚̂ Ïá ˆòÄÎ˚y •°– Ó,!k˛Ó˚ §ˆÏD §ˆÏD §)ã˛ˆÏÜ˛Ó˚ xÓfliyˆÏöÓ˚ ˛õ!Ó˚Óï≈˛ö °«˛ƒ

Ü˛Ó˚y •°– Î!ò ˛õ%!°ã˛ˆÏe´Ó˚ Óƒy§yô≈ 2´´ •Î˚ ~ÓÇ §)ã˛ˆÏÜ˛Ó˚ ˜òâ≈ƒ 20´´ •Î˚ ï˛y•ˆÏ° ˜òâ≈ƒ ÎˆÏsf 10 =î !ÓÓ!ô≈ï˛

ˆòáyˆÏÓ–

üˆÏö Ü˛Ó˚y ÎyÜ˛ 24 â^ˇê˛yÎ˚ §)ã˛ˆÏÜ˛Ó˚ ˛õ!Ó˚Óï≈˛ö 36 cm
§)ã˛ˆÏÜ˛Ó˚ ˛õ!Ó˚Óï≈˛ö

≤ÃÜ,˛ï˛ Ó,!k˛ =
!ÓÓô≈ö «˛üï˛y

= 36/10 cm
= 3.6cm / 24h
= 1.5mm / 1 â^ˇê˛yÎ˚

7.2 ≠ xyÜ≈˛ •z!u˛ˆÏÜ˛ê˛Ó˚

106  NSOU  CC-BT-09



ii) ü)ˆÏ°Ó˚ ˜Ó˚!áÜ˛ Ó,!k˛Ó˚ ˛õ!Ó˚üy˛õ ≠ xB%˛!Ó˚ï˛ §ˆÏï˛ç ˆåÈy°yÓ˚ º*îü)ˆÏ°Ó˚ í˛z˛õÓ˚ 1mm ÓƒÓôyˆÏö ˆflõ§

üyÜ≈˛yÓ˚ ã˛ˆÏe´Ó˚ (space marker wheel) §y•yˆÏÎƒ !ÓˆÏ¢£Ï ôÓ˚̂ ÏöÓ˚ Ü˛y!°Ó˚ §y•yˆÏÎƒ òyà ̂ òÄÎ˚y •° ÎyˆÏï˛ òyà=!°

ô%ˆÏÎ˚ öy ÎyÎ˚– Ó#ç!ê˛ˆÏÜ˛ ~Ü˛!ê˛ xy°!˛õˆÏöÓ˚ §y•yˆÏÎƒ ~Ü˛!ê˛ Ü˛ˆÏÜ≈˛Ó˚ !åÈ!˛õÓ˚ ö#ˆÏã˛ xyê˛Ü˛yˆÏöy •°– ~Ü˛!ê˛ ~Ü˛ü%á

!Ó!¢‹T ˆÓyï˛ˆÏ° !Ü˛å%Èê˛y ç° !öˆÏÎ˚ ~•z ˆÓyï˛ˆÏ°Ó˚ ü%á!ê˛ ~•z !åÈ!˛õÓ˚ §y•yˆÏÎƒ xyê˛Ü˛yˆÏöy •°– ÓyÎ˚% ã˛°yã˛ˆÏ°Ó˚

çöƒ !åÈ!˛õ!ê˛Ó˚ üôƒ !òˆÏÎ˚ ~Ü˛!ê˛ Ü˛yã˛ö° ≤ÃˆÏÓ¢ Ü˛Ó˚yˆÏöy •°– ü)ˆÏ°Ó˚ Ó,!k˛ ÎyˆÏï˛ §Ó˚°˜ÏÓ˚!áÜ˛ •Î˚ ï˛y !ö!ÿ˛ï˛

Ü˛Ó˚yÓ˚ çöƒ ~Ü˛!ê˛ Ü˛yˆÏ°y Ü˛yàç myÓ˚y ˆÓyï˛°!ê˛ˆÏÜ˛ xyÓ,ï˛ Ü˛ˆÏÓ˚ Ü˛ˆÏÎ˚Ü˛!òö ˆÓ˚̂ Ïá ˆòÄÎ˚y •°–

˛õÓ˚#«˛yÓ˚ ˆ¢ˆÏ£Ï ˆòáy ÎyˆÏÓ ˆÎ º*îü)ˆÏ°Ó˚ x@ˇÃ Ä ˛õÿ˛yÍû˛yˆÏàÓ˚ xhsˇÓ≈ï˛#≈ fliyˆÏöÓ˚ òyà=!° ˛õÓ˚flõˆÏÓ˚Ó˚

ˆÌˆÏÜ˛ xˆÏöÜ˛ ò)ˆÏÓ˚ §ˆÏÓ˚ ˆàˆÏåÈ– ~ˆÏï˛ ≤Ãüy!îï˛ •Î˚ ˆÎ ü)ˆÏ°Ó˚ §!e´Î˚ Ó,!k˛Ó˚ xM˛È°!ê˛ ü)°yˆÏ@ˇÃÓ˚ !ë˛Ü˛ !˛õåÈˆÏö

xÓ!fliï˛–

7.10 §yÓ̊yÇ¢ (Summary)

ç#ˆÏÓÓ˚ ÷‹Ò ÄçˆÏöÓ˚ fliyÎ˚# ~ÓÇ x˛õ!Ó˚Óï≈˛ö#Î˚ Ó,!k˛ˆÏÜ˛ Ó,!k˛ öyˆÏü x!û˛!•ï˛ Ü˛Ó˚y •Î˚– Ó,!k˛ñ !ÓˆÏû˛ò Ä

!ÓÜ˛y¢ ˛õÓ˚flõˆÏÓ˚Ó˚ §ˆÏD §¡õÜ≈˛Î%_´– ˆÜ˛yˆÏ£ÏÓ˚ Ó,!k˛ ü)°ï˛ âˆÏê˛ Ó˚§fl≥˛#!ï˛Ó˚ ã˛y˛õ Óyí˛¸yÓ˚ òÓ˚&ö– ï˛yÓ˚ §ˆÏD §ˆÏD

ˆÜ˛y£Ï#Î˚ ˛õòyÌ≈Ä §ÇˆÏŸ’!£Ïï˛ •ˆÏï˛ ÌyˆÏÜ˛– í˛z!qˆÏòÓ˚ Ó,!k˛ ü)° Ä Ü˛y[˛ x@ˇÃû˛yˆÏà xÓ!fliï˛ x@ˇÃfliÈÙÈû˛yçÜ˛ Ü˛°yÓ˚

§y•yˆÏÎƒ •ˆÏÎ˚ ÌyˆÏÜ˛– ˛õyŸª≈fli û˛yçÜ˛ Ü˛°yÓ˚ §y•yˆÏÎƒ í˛z!qò ≤ÃˆÏfli ÓyˆÏí˛¸– Ó,!k˛Ó˚ ˆ°á!ã˛e!ê˛ ~Ü˛!ê˛ !§àüˆÏÎ˚í˛

ˆ°á!ã˛ˆÏeÓ˚ xyÜ˛yÓ˚ ˆöÎ˚– ~Ó˚ !ï˛ö!ê˛ ˛õÎ≈yÎ˚ ÎÌye´ˆÏü °ƒyàñ °à ~ÓÇ fliyÎ˚# ˛õÎ≈yÎ˚– Ó,!k˛Ó˚ ≤Ãû˛yÓÜ˛=!°ˆÏÜ˛ Ó!•É

Ä xhsˇÉ ~•z ò%•z û˛yˆÏà û˛yà Ü˛Ó˚y ÎyÎ˚– Ó!•É≤Ãû˛yÓÜ˛=!°Ó˚ üˆÏôƒ xyˆÏ°yñ í˛z£èï˛yñ ç°ñ x!:ˆÏçöñ ü,!_Ü˛y

•zï˛ƒy!ò =Ó˚&c˛õ)î≈– xhsˇÉ≤Ãû˛yÓÜ˛=!°Ó˚ üˆÏôƒ •Ó˚̂ Ïüyö Ä í˛zÍˆÏ§ã˛Ü˛ ~Ó˚ û)˛!üÜ˛y åÈyí ¸̨yÄ §ü@ˇÃ Ó,!k˛Ó˚ âê˛öy!ê˛ ç#ö

myÓ˚y !öÎ˚!sfï˛–

7.11 §Ó≈̂ Ï¢£Ï ≤ÃŸ¿yÓ°# (Terminal Questions)

1. Ó,!k˛ Ü˛yˆÏÜ˛ ÓˆÏ°⁄ ˆÜ˛y£Ï#Î˚ Ó,!k˛ Ó°ˆÏï˛ Ü˛# ˆÓyé˛yÎ˚⁄ ˆÜ˛y£Ï#Î˚ Ó,!k˛Ó˚ !Ó!û˛ß¨ ˛õÎ≈yÎ˚=!° xyˆÏ°yã˛öy

Ü˛Ó̊&ö–

2. ~Ü˛!ê˛ ˆ°á!ã˛ˆÏeÓ˚ §y•yˆÏÎƒ Ó,!k˛ˆÏÜ˛ ≤ÃÜ˛y!¢ï˛ Ü˛Ó˚&ö– ˆ°á!ã˛e!ê˛ !§àüˆÏÎ˚í˛ •ÓyÓ˚ Ü˛yÓ˚î Ü˛#⁄

3. Ó,!k˛ˆÏÜ˛ ≤Ãû˛y!Óï˛ Ü˛ˆÏÓ˚ ~üö ≤Ãû˛yÓÜ˛=!°Ó˚ !e´Î˚y §¡õˆÏÜ≈˛ xyˆÏ°yã˛öy Ü˛Ó˚&ö–

7.12 í˛z_Ó˚üy°y (Key to the Answers)

xö%¢#°ö# ÈÙÈ 1

1. a) ÷‹Ò ÄçöˆÏÜ˛ Î!ò W ôÓ˚y •Î˚ ï˛ˆÏÓ

G = Wt – W0 (7.2 o‹TÓƒ )
b) 7.3 ˆòá%ö
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c) 7.4 ˆòá%ö

d) 7.4 ˆòá%ö

e) !Óû˛yç Ï̂öÓ̊ ̨õÓ̊ §,‹T ̂ Ü˛y£Ï=!°Ó̊ ç#ö !öÎ̊!sfï˛ fliy!öÜ˛ ̨õyÌ≈̂ ÏÜ˛ƒÓ̊ !û˛!_ Ï̂ï˛ !û˛ß̈ !û˛ß̈ û˛y Ï̂Ó ̨õ!Ó̊î!ï˛Ó̊

!òˆÏÜ˛ ÎyÎ˚– ~•z âê˛öyˆÏÜ˛ ÓˆÏ° !ÓˆÏû˛ò– Ó,!k˛ Ä !ÓˆÏû˛ò ~•z ò%ÛˆÏÎ˚Ó˚ §üß∫̂ ÏÎ˚Ó˚ !ÓÜ˛y¢ §¡õß¨ •Î˚–

f) ˆÜ˛y£Ï !Óû˛yçˆÏöÓ˚ ú˛ˆÏ° §,‹T ˆÜ˛y£Ï !ÓˆÏû˛ò ˛õÎ≈yˆÏÎ˚Ó˚ üôƒ !òˆÏÎ˚ öy ˆàˆÏ° !ÓÜ˛y¢ âˆÏê˛ öy– !ÓÜ˛y¢ öy

âê˛ˆÏ° ÎÌyÌ≈ Ó,!k˛ Ó°y ÎyÎ˚ öy–

xö%¢#°ö#     – 2
1. a) 7.6 ˆòá%ö

b) 7.7 ˆòá%ö

c) ~•z ˛õÎ≈yˆÏÎ˚ Ó,!k˛Ó˚ •yÓ˚ °ày!Ó˚òü ˆüˆÏö ã˛ˆÏ° xÌ≈yÍ çƒy!ü!ï˛Ü˛ e´üüyöï˛yÎ˚ §¡õß¨ •Î˚–

d) 7.7 ˆòá%ö

e) 7.7 ~ ≤Ãò_ ÓœƒyÜ˛üƒyöÈÙÈ~Ó˚ §ü#Ü˛Ó˚î!ê˛ ˆòá%ö–

xö%¢#°ö#     – 3
1. a) 7.8 ~Ó˚ xyˆÏ°yÜ˛ xÇ¢ ˆòá%ö–

b) ˛õyï˛yÓ˚ xyÎ˚ï˛ö Ó,!k˛ ̨õyÎ˚ ̂ Ü˛ö öy x!ï˛!Ó˚_´ xyˆÏ°yÜ˛§ÇˆÏÓò# ̨õeï˛° ≤ÃˆÏÎ˚yçö •ˆÏÎ˚ ̨õˆÏí˛¸ í˛z˛õÎ%_´

˛õ!Ó˚üyî áyòƒ ˜ï˛!Ó˚Ó˚ çöƒ–

c) Ü˛ü xyˆÏ°yÎ˚ ˛õyï˛yÎ˚ •z!ê˛Ä!°ö öyˆÏü ~Ü˛!ê˛ ˆÎÔà çüy •Î˚ ~ÓÇ ˛õyï˛y !˛õD° Óî≈ ôyÓ˚î Ü˛ˆÏÓ˚–

~ˆÏÜ˛ ÓˆÏ° •z!ê˛ÄˆÏ°¢ö–

d) ÓyÎ˚%ò)£Ïî xÇ¢ ˆòá%ö–

e) !ê˛§%ƒ Ü˛y°ã˛yÓ˚ ˛õk˛!ï˛ˆÏï˛ ˆÜ˛y£Ï Óy Ü˛°yˆÏÜ˛ •Ó˚ˆÏüyˆÏöÓ˚ §y•yˆÏÎƒ í˛z˛õÎ%_´ ˛õ%!‹T üyôƒˆÏü ˛õ)î≈yD

í˛z!qòã˛yÓ˚yÎ˚ Ó˚*˛õyhsˇ!Ó˚ï˛ Ü˛Ó˚y ÎyÎ˚–

§Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#

1. Ó,!k˛Ó˚ §ÇK˛y !òö–

7.4 xÇˆÏ¢ ˆÜ˛y£Ï#Î˚ Ó,!k˛ xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚̂ ÏåÈ–

7.6 xÇˆÏ¢ Ó,!k˛Ó˚ !Ó!û˛ß¨ ˛õÎ≈yÎ˚ xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚̂ ÏåÈ–

2. 7.7 ~ ≤Ãò_ Ó,!k˛Ó˚ ˆ°á!ã˛e!ê˛ xB˛ö Ü˛Ó˚&ö–

°ƒyàñ °à Ä fliyÎ˚# ˛õÎ≈yÎ˚ ~Ó˚*˛õ •ÓyÓ˚ Ü˛yÓ˚î !Ü˛ ï˛y Ó°%ö– Ó,!k˛Ó˚ §ü#Ü˛Ó˚î ˆÎ ~•z ˆ°á!ã˛eˆÏÜ˛ §üÌ≈ö

Ü˛ˆÏÓ˚ ï˛y Ó°%ö– ~Ü˛!ê˛ í˛z!qˆÏòÓ˚ xB%˛ˆÏÓ˚yÂàü ˆÌˆÏÜ˛ ˛õ!Ó˚̨ õ)î≈ï˛y ˛õÎ≈yÎ˚=!°Ó˚ í˛zòy•Ó˚î !òˆÏÎ˚ ˆ°á!ã˛e!ê˛Ó˚

ÎÌyÌ≈ ˆÓyé˛yö–

3. 7.8 xÇˆÏ¢ xyˆÏ°y!ã˛ï˛–
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~Ü˛Ü˛ 8 í˛z!qˆÏòÓ˚ Ó,!k˛ (Plant growth)

àë˛ö

8.0 í ẑ̨ Ïj¢ƒ

8.1 ≤ÃhflÏyÓöy

8.2 •Ó˚ˆÏüyˆÏöÓ˚ ˆ◊!î!Óû˛yà

8.3 x!:ö

8.3.1 x!:ˆÏöÓ˚ Ó˚y§yÎ˚!öÜ˛ àë˛ö Ä §ÇˆÏŸ’£Ï

8.3.2 x!:ˆÏöÓ˚ ¢yÓ˚#Ó˚Ó,_#Î˚ Ü˛yÎ≈yÓ°#

8.3.3 x!:ˆÏöÓ˚ ˜çÓÈÙÈ˛õÓ˚#«˛y

8.4 !çÓùyˆÏÓ˚!°ö

8.4.1 ¢yÓ˚#Ó˚Ó,_#Î˚ Ü˛yÎ≈yÓ°#

8.4.2 !çÓùyˆÏÓ˚!°ˆÏöÓ˚ ˜çÓÈÙÈ˛õÓ˚#«˛y

8.5 §y•ẑ Ïê˛yÜ˛y•z!öö

8.5.1 ¢yÓ˚#Ó˚Ó,_#Î˚ Ü˛yÎ≈yÓ°#

8.6 •z!Ì!°ö

8.7 xƒyÓ!§!§Ü˛ x¡‘

8.8 §yÓ˚yÇ¢

8.9 §Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#

8.10 í˛z_Ó˚üy°y
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8.0 í ẑ̨ Ïj¢ƒ

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xy˛õ!ö ÈÙÙÙÈ

 •Ó˚̂ ÏüyˆÏöÓ˚ ≤ÃÜ,˛!ï˛ §¡∫̂ Ï¶˛ ~Ü˛!ê˛ §yôyÓ˚î ôyÓ˚îy °yû˛ Ü˛Ó˚̂ ÏÓö–

 !Ó!û˛ß¨ ≤ÃÜ,˛!ï˛Ó˚ í˛z!qò •Ó˚ˆÏüyˆÏöÓ˚ í˛zòy•Ó˚î !òˆÏï˛ ˛õyÓ˚̂ ÏÓö–

 x!: Ï̂öÓ̊ Ó̊y§yÎ̊!öÜ˛ àë˛öñ §Ç Ï̂Ÿ’£Ï ≤Ã!e´Î̊y Ä ¢yÓ̊#Ó̊Ó,_#Î̊ !e´Î̊y §¡õ Ï̂Ü≈̨  xy Ï̂°yã˛öy Ü˛Ó̊ Ï̂ï˛ ̨õyÓ̊ Ï̂Óö–

 !çÓùyˆÏÓ˚!°Ü˛ x¡‘ í˛z!qˆÏòÓ˚ Ó,!k˛ åÈyí˛¸yÄ Ü˛#û˛yˆÏÓ xB%˛ˆÏÓ˚yòàü Ä xöƒyöƒ ¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚y=!°

!öÎ˚sfî Ü˛ˆÏÓ˚ ï˛y Óƒyáƒy Ü˛Ó˚ˆÏï˛ ˛õyÓ˚̂ ÏÓö–

 §y•zˆÏê˛yÜ˛y•z!ööñ •z!Ì!°ö Ä xƒyÓ!§!§Ü˛ x¡‘ ÈÙÙÙÈ ~•z !ï˛ö!ê˛ •Ó˚ˆÏüyö ˆ◊!îÓ˚ Ü˛yÎ≈Ü˛y!Ó˚ï˛y §¡õˆÏÜ≈˛

ôyÓ˚îy °yû˛ Ü˛Ó˚̂ ÏÓö–

8.1 ≤ÃhflÏyÓöy

í˛z!qˆÏòÓ˚ Ó,!k˛ Ä ˛õ!Ó˚flõ)Ó˚î xï˛ƒhsˇ ç!ê˛° ≤Ã!e´Î˚y •ˆÏ°Ä ~Ó˚y §%!öÎ˚!sfï˛û˛yˆÏÓ §¡õß¨ •Î˚– !ÓK˛yö#

§ƒyÜ˛˛ (J Sach 1880) ÓˆÏ°ö ˆÎ !ÓˆÏ¢£Ï Ü˛ˆÏÎ˚Ü˛!ê˛ ≤ÃyÜ,˛!ï˛Ü˛ Ó˚y§yÎ˚!öÜ˛ ˛õòyÌ≈ í˛z!qˆÏòÓ˚ §yü!@ˇÃÜ˛ Ó,!k˛ !öÎ˚sfî

Ü˛ˆÏÓ˚– ˛õÓ˚Óï˛#≈Ü˛yˆÏ° ~•z Ó˚y§yÎ˚!öÜ˛ í˛z˛õyòyö=!°•z •Ó˚̂ ÏüyöÓ˚*ˆÏ˛õ !ÓK˛yö#ü•ˆÏ° ˛õ!Ó˚!ã˛ï˛ •Î˚– í˛z!qòˆÏòˆÏ• í˛zÍ˛õß¨

ˆÎ Ó̊y§yÎ̊!öÜ˛ ̨õòyÌ≈=!° í z̨Í˛õ!_ fliyö ̂ Ì Ï̂Ü˛ ò)Ó̊Óï˛#≈ xM˛È Ï̂° !à Ï̂Î̊ x!ï˛ x“ ̨õ!Ó̊üy Ï̂î S§yôyÓ̊îï˛É ng  öƒy Ï̂öy@ˇÃyü

˛õ!Ó˚üyˆÏ˛õV Ü˛yÎ≈Ü˛Ó˚# •ˆÏÎ˚ í˛z!qˆÏòÓ˚ Ó,!k˛ Ä xöƒyöƒ ¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚y !öÎ˚sfî Ü˛ˆÏÓ˚ ï˛yˆÏòÓ˚ í˛z!qò •Ó˚ˆÏüyö

(phytohormone) Ó Ï̂°–

í˛z!qòˆÏòˆÏ• x!:ö Ä !çÓùyˆÏÓ˚!°öÈÈÙÙÙÈÈ~•z ò%Û!ê˛ •Ó˚̂ Ïüyö ̂ ◊!î ü%áƒ û)˛!üÜ˛y @ˇÃ•î Ü˛Ó˚̂ Ï°Ä §y•zˆÏê˛yÜ˛y•z!ööñ

•z!Ì!°ö Ä xƒyÓ!§!§Ü˛ xˆÏ¡‘Ó˚ û)˛!üÜ˛yÄ !ÓˆÏ¢£Ïû˛yˆÏÓ í˛zˆÏÕ‘áˆÏÎyàƒ ~ÓÇ ~ˆÏòÓ˚ í˛z!qò •Ó˚̂ Ïüyö Ó°y •Î˚– ˆÎ

•Ó̊ Ï̂üyö=!° í z̨!qò Ï̂ò Ï̂• §,‹T •Î̊ öy xÌ≈yÍ Ü,̨ !eüû˛y Ï̂Ó í z̨Í˛õß̈ •Î̊ !Ü˛v í z̨!q Ï̂ò ≤Ã Ï̂Î̊yà Ü˛Ó̊ Ï̂° ≤ÃyÜ,̨ !ï˛Ü˛ •Ó̊ Ï̂üy Ï̂öÓ̊

üˆÏï˛y Ü˛yç Ü˛ˆÏÓ˚ñ ï˛yˆÏòÓ˚ ˆ@ˇÃyÌ ˆÓ˚=ˆÏ°ê˛Ó˚ Ó°y •Î˚– ˆÎüö 2, 4 í˛y•zˆÏÜœ˛yˆÏÓ˚yˆÏú˛ö!: xƒy!§!ê˛Ü˛ xƒy!§í˛ Óy 2, 4,
D ~Ü˛!ê˛ í˛z!qˆÏòÓ˚ ˆ@ˇÃyÌ ˆÓ˚=ˆÏ°ê˛Ó˚ñ !Ü˛v í˛z!qò •Ó˚̂ Ïüyö öÎ˚–
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8.2 í˛z!qò •Ó˚̂ ÏüyˆÏöÓ˚ ̂ ◊!î!Óû˛yà (Classification of Plant hormones)

Ó˚y§yÎ˚!öÜ˛ àë˛ö Ä !e´Î˚y˛õk˛!ï˛Ó˚ !û˛!_ˆÏï˛ •Ó˚̂ ÏüyöˆÏÜ˛ !ö¡¨!°!áï˛ û˛yˆÏÓ û˛yà Ü˛Ó˚y ÎyÎ˚ ≠ÈÙÈ

í z̨!qò •Ó̊ Ï̂üyö

≤ÃyÜ,̨ !ï˛Ü˛ S~•z •Ó̊ Ï̂üyö=!° Ü,̨ !eü S~•z ̂ ÎÔà=!° í z̨!q Ï̂ò ≤ÃÜ˛!“ï˛ S~ Ï̂òÓ̊ Ó̊y§yÎ̊!öÜ˛

í z̨!qò Ï̂ò Ï̂• ̨õyÄÎ̊y ÎyÎ̊V ˛õyÄÎ̊y ÎyÎ̊ öy xÌ≈yÍ Ü,̨ !eüû˛y Ï̂Ó àë˛ö xK˛yï˛ • Ï̂°Ä

§Ç!Ÿ’‹T •Î˚ !Ü˛v ~ˆÏòÓ˚ Ü˛yÎ≈Ü˛y!Ó˚ï˛y !e´Î̊y¢#°ï˛y ≤Ãüy!îï˛ • Ï̂Î̊ Ï̂åÈV

≤ÃyÜ,̨ !ï˛Ü˛ •Ó̊ Ï̂üy Ï̂öÓ̊ üï˛öV í z̨òy•Ó̊î ≠

í˛zòy ≠ 1. NAA Söƒy˛õÌy!°ö 1. ̂ úœ̨ y!Ó̊ Ï̂çö

•zö Ï̂í˛y° •Ó̊ Ï̂üyö •zö Ï̂í˛y° !Ó•#ö xƒy!§!ê˛Ü˛ xƒy!§í˛V 2. û˛yö≈y!°ö

SˆÓö!pö Ä ̨õy•ẑ ÏÓ̊y Ï̂°Ó̊ S•zö Ï̂í˛y° 2. 2, 4-D (2, 4 - í˛y•zˆÏÜœ˛yˆÏÓ˚yÈÙÈ

§üß∫̂ ÏÎ̊ à!ë˛ï˛ ̃ çÓ ˆÎÔà Ìy Ï̂Ü˛ öyV ˆú˛ö!: xƒy!§!ê˛Ü˛ xƒy!§í˛V

ˆÎÔà Ï̂Ü˛ •zö Ï̂í˛y° Ó Ï̂°V

í z̨òy ≠ •zö Ï̂í˛y° xƒy!§!ê˛Ü˛

xƒy!§í˛

öy•ẑ Ïê Δ̨y Ï̂çö Î%_´ öy•ẑ Ïê Δ̨y Ï̂çö !Ó•#ö

í z̨òy ≠ §y•ẑ Ïê˛yÜ˛y•z!öö í z̨òy ≠ !çÓùy Ï̂Ó̊!°öñ •z!Ì!°ö

8.3 x!:ö (Auxin)

!ÓŸªáƒyï˛ !ÓK˛yö# í˛yÓ˚í˛z•zö ≤ÃÌü í˛zˆÏÕ‘á (1886 !á ÉV Ü˛ˆÏÓ˚ö ̂ Î ~Ü˛!ê˛ !ÓˆÏ¢£Ï Ó˚y§yÎ˚!öÜ˛ ̨ õòyÌ≈ í˛z!qˆÏòÓ˚

xy Ï̂°yÜ˛Ó,!_ ã˛° Ï̂öÓ̊ çöƒ òyÎ̊#– !ÓK˛yö# Ä Ï̂Î̊rê˛ (Went) ç•z (Oat/Avena) ày Ï̂åÈÓ̊ ü%Ü%̨ °yÓÓ̊î#Ó̊ (Coleoptile)
Óe´ï˛yç!öï˛ ã˛°ˆÏöÓ˚ çöƒ §%!ö!ò≈‹T Ó˚y§yÎ˚!öÜ˛ ˛õòyˆÏÌ≈Ó˚ í˛z˛õ!fli!ï˛ˆÏÜ˛ òyÎ˚# Ü˛ˆÏÓ˚ö– ˛õÓ˚Óï˛#≈Ü˛yˆÏ° ~•z !ÓˆÏ¢£Ï

Ó˚y§yÎ˚!öÜ˛ ˛õòyÌ≈!ê˛ Úx!:öÛ öyˆÏü x!û˛!•ï˛ •Î˚–

!@ˇÃÜ˛ û˛y£ÏyÎ˚ 'auxein' ¢∑!ê˛Ó˚ xÌ≈ •° ÚÓ,!k˛ âê˛yˆÏöyÛ– ˆÜ˛y° Ä ïÑ˛yÓ˚ §•Ü˛ü#≈Ó˚y (Kogl et al 1934)
ˆòáyö ˆÎ Ó˚y§yÎ˚!öÜ˛û˛yˆÏÓ x!:ö •° •zöˆÏí˛y° xƒy!§!ê˛Ü˛ xƒy!§í˛– Óï≈˛üyˆÏö •zöˆÏí˛y° í˛z˛õyòyö!ê˛Ó˚ í˛z˛õ!fli!ï˛

Ä xö%˛õ!fli!ï˛Ó˚ í˛z˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ x!:öˆÏÜ˛ ò%Û!ê˛ í˛z˛õˆÏ◊î#ˆÏï˛ S•zöˆÏí˛y° x!:ö Ä öö‰ •zöˆÏí˛y° x!:öV û˛yà

Ü˛Ó˚y •Î˚–
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..

8.3.1 x!: Ï̂öÓ̊ Ó̊y§yÎ̊!öÜ˛ àë˛ö Ä §Ç Ï̂Ÿ’£Ï (Chemical structure of Auxin and their
synthesis)

í˛z!qòˆÏòˆÏ• ≤Ãôyö x!:ö!ê˛ •zöˆÏí˛y° xƒy!§!ê˛Ü˛ xƒy!§í˛ (IAA) •ˆÏ°Ä Óï≈˛üyˆÏö xˆÏöÜ˛=!° ≤ÃyÜ,˛!ï˛Ü˛ Ä

Ü,˛!eü x!:ö xy!Ó‹,Òï˛ •ˆÏÎ˚ˆÏåÈ– ≤ÃyÜ,˛!ï˛Ü˛ x!:ˆÏöÓ˚ üˆÏôƒ •zöˆÏí˛y° ˆ≤Ãy!˛õÎ˚!öÜ˛ xƒy!§í˛ (IPA), •zöˆÏí˛y°

!Óí˛zê˛y•z!Ó˚Ü˛ xƒy!§í˛ (IBA) ≤Ãû,˛!ï˛ í˛zˆÏÕ‘áˆÏÎyàƒ– x˛õÓ˚!òˆÏÜ˛ñ öƒy˛õÌy!°ö xƒy!§!ê˛Ü˛ xƒy!§í˛ (NAA), 2,4-
í˛y•zˆÏÜœ˛yˆÏÓ˚yˆÏú˛ö!: xƒy!§!ê˛Ü˛ xƒy!§í˛ (2,4-D) Ü,˛!eü x!:ö •ˆÏ°Ä ~ˆÏòÓ˚ Ü˛yÎ≈Ü˛y!Ó˚ï˛yÓ˚ xˆÏöÜ˛ê˛y ≤ÃyÜ,˛!ï˛Ü˛

x!:ˆÏöÓ˚ üï˛ö S!ã˛e 8.1 Ä 8.2)–

!ã˛e  8.1 ≠ Ü˛ˆÏÎ˚Ü˛!ê˛ ≤ÃyÜ,˛!ï˛Ü˛ x!:ö

!ã˛e 8.2 ≠ Ü˛ˆÏÎ˚Ü˛!ê˛ Ü,˛!eü x!:ö

8.3.2 x!:ˆÏöÓ˚ ¢yÓ˚#Ó˚Ó,_#Î˚ Ü˛yÎ≈yÓ°# (Physiological roles of Ausin)

A) í z̨!q Ï̂òÓ̊ Ó,!k˛  (Plant growth) ≠

x!:ö •° í˛z!qˆÏòÓ˚ Ó,!k˛ !öÎ˚sfîÜ˛yÓ˚# ü%áƒ •Ó˚ˆÏüyö– x!:ö ≤Ãôyöï˛ !Óê˛˛õ xÇˆÏ¢Ó˚ x@ˇÃû˛yˆÏà

§ÇˆÏŸ’!£Ïï˛ •Î˚ ~ÓÇ !ö¡¨y!û˛ü%ˆÏá ˛õ!Ó˚Óy!•ï˛ •ˆÏÎ˚ í˛z!qˆÏòÓ˚ §yü!@ˇÃÜ˛ Ó,!k˛ˆÏÜ˛ !öÎ˚sfî Ü˛ˆÏÓ˚– x!:ˆÏöÓ˚ ˛õ!Ó˚üyî

Ó,!k˛ ˆ˛õˆÏ° !Óê˛˛õ xÇˆÏ¢Ó˚ Ó,!k˛ cÓ˚y!ß∫ï˛ •Î˚ !Ü˛v x!:ˆÏöÓ˚ x!ôÜ˛ âöˆÏc ü)ˆÏ°Ó˚ Ó,!k˛ Óƒy•ï˛ •Î˚– x!:ö û˛yçÜ˛

Ü˛°y Ä Ü˛ƒyü!ÓÎ˚yˆÏüÓ˚ Ó,!k˛ Óy!í ¸̨ˆÏÎ˚ àyåÈˆÏÜ˛ ˜òâ≈ƒ Ä ≤ÃˆÏfli Óyí˛¸yˆÏï˛ §y•yÎƒ Ü˛ˆÏÓ˚– x!:ö ˆÜ˛yˆÏ£ÏÓ˚ !Óû˛yçö Ä

ˆÜ˛yˆÏ£ÏÓ˚ xyÎ˚ï˛ö Óy!í˛¸ˆÏÎ˚ í˛z!qˆÏòÓ˚ §yü!@ˇÃÜ˛ Ó,!k˛ âê˛yÎ˚–È

Ï̂ú˛ö!:
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B) ê Δ̨!˛õÜ˛ ã˛°ö (Tropic movement) :

ˆÎ ã˛°ö í˛zj#˛õˆÏÜ˛Ó˚ à!ï˛˛õÌ myÓ˚y ≤Ãû˛y!Óï˛ •Î˚ ï˛yˆÏÜ˛ ê˛Δ!˛õÜ˛ ã˛°ö ÓˆÏ°– x!:ö xyˆÏ°yÜ˛Ó,!_ Ä

x!û˛Ü˛£Ï≈Ó,!_ ÈÙÈ í˛zû˛Î˚ ≤ÃÜ˛yÓ˚ ã˛°ö•z !öÎ˚sfî Ü˛ˆÏÓ˚–

i) xy Ï̂°yÜ˛Ó,!_ ã˛°ö Óy     Phototropism

í˛z!qˆÏòÓ˚ ÓyÎ˚Ó#Î˚ xÇ¢ xyˆÏ°yÓ˚ !òˆÏÜ˛ ~ÓÇ ü)° xyˆÏ°yÓ˚ !Ó˛õÓ˚#ï˛ !òˆÏÜ˛ ˛õ!Ó˚ã˛y!°ï˛ •Î˚– ~•z Ü˛yÓ˚ˆÏî

í˛z!qˆÏòÓ˚ !Óê˛˛õ xÇˆÏ¢Ó˚ ã˛°öˆÏÜ˛ xyˆÏ°yÜ˛ xö%Óï˛#≈ Ä ü)ˆÏ°Ó˚ ã˛°öˆÏÜ˛ xyˆÏ°yÜ˛ ≤Ã!ï˛Ü)˛°Óï˛#≈ ã˛°ö ÓˆÏ°– !ÓK˛yö#

ÄˆÏÎ˚rê˛ (Went, 1928) Avena àyˆÏåÈÓ˚ Ó#ç˛õeyÓÜ˛yˆÏ[˛Ó˚ x@ˇÃû˛yà!ê˛ !öˆÏÎ˚ !ö¡¨!°!áï˛ ˛õÓ˚#«˛yÓ˚ üyôƒˆÏü ≤Ãüyî

Ü˛ˆÏÓ˚ö ˆÎ x!:ö xyˆÏ°yÜ˛ xö%Óï˛#≈ ã˛°ˆÏöÓ˚ çöƒ òyÎ˚#– A) Ó#ç˛õeyÓÜ˛y[˛!ê˛ˆÏÜ˛ x¶˛Ü˛yˆÏÓ˚ ˆÓ˚̂ Ïá !òˆÏ° ï˛yÓ˚

x@ˇÃû˛yˆÏà x!:ö §!M˛Èï˛ •Î˚– Ü˛!ï≈˛ï˛ Ó#ç˛õeyÓÜ˛yˆÏ[˛Ó˚ ï˛°yÎ˚ ~Ü˛!ê˛ xyàyÓ˚ ÓœÜ˛ Ó˚yáˆÏ° ï˛yˆÏï˛ x!:ö §!M˛Èï˛

•Î˚– B) Ó#ç˛õeyÓÜ˛yˆÏ[˛Ó˚ ~Ü˛y˛õyˆÏŸª≈ xyˆÏ°y ≤Ãòyö Ü˛Ó˚̂ Ï° ˛õ)ˆÏÓ≈Ó˚ §ü˛õ!Ó˚üyî x!:ö §!M˛Èï˛ •Î˚ Îy ≤Ãüyî Ü˛ˆÏÓ˚

ˆÎ x!:ö xyˆÏ°yÓ˚ ≤Ãû˛yˆÏÓ !Óö‹T •Î˚ öy– C) ˛õyï˛°y xº (Mica) !òˆÏÎ˚ Ó#ç˛õeyÓÜ˛y[˛ˆÏÜ˛ °¡∫y°!¡∫û˛yˆÏÓ

˛õ,ÌÜ˛ Ü˛Ó˚ˆÏ° x!:ˆÏöÓ˚ ˛õyŸª#≈Î˚ ã˛°ö §Ω˛Ó •Î˚ öy ~ÓÇ üy•zÜ˛yÓ˚ ò%Û!òˆÏÜ˛•z SxyˆÏ°yÜ˛!ï˛ xÇ¢ Ä ï˛yÓ˚ !Ó˛õÓ˚#ï˛

!òˆÏÜ˛V §ü˛õ!Ó˚üyî x!:ö §!M˛Èï˛ •Î˚– D) ˛õÓ˚Óï˛#≈ ˛õÓ˚#«˛yÎ˚ñ ~Ü˛!ê˛ üy•zÜ˛yÓ˚ ˆ≤’ê˛ !òˆÏÎ˚ Ó#ç˛õeyÓÜ˛y[˛ˆÏÜ˛

§¡õ)î≈û˛yˆÏÓ !Óû˛_´ Ü˛Ó˚ˆÏ° ˆòáy ÎyÎ˚ ˆÎ xyˆÏ°yÓ˚ !Ó˛õÓ˚#ï˛ !òˆÏÜ˛ x!:ˆÏöÓ˚ âöc ˆÓˆÏí˛¸ ÎyÎ˚ xÌ≈yÍ xyˆÏ°y!Ü˛ï˛

xÇ¢ ˆÌˆÏÜ˛ x¶˛Ü˛yˆÏÓ˚Ó˚ !òˆÏÜ˛ x!:ˆÏöÓ˚ ˛õyŸª#≈Î˚ ã˛°ö •Î˚– S!ã˛e 8.3V–

!ã˛e 8.3 ≠ Ó#ç˛õeyÓÜ˛y Ï̂[˛ xy Ï̂°yÜ˛!öÎ̊!sfï˛ x!:ö §M˛ÈÎ̊ Ä ̨õyŸª#≈Î̊ §M˛Èy°ö

~•z ˛õÓ˚#«˛y=!° ˆÌˆÏÜ˛ ~•z !§k˛yˆÏhsˇ xy§y ÎyÎ˚ ˆÎ xyˆÏ°yÓ˚ !Ó˛õÓ˚#ï˛ !òˆÏÜ˛ x!:ˆÏöÓ˚ ˛õ!Ó˚üyî Ó,!k˛ ˛õyÎ˚–

ˆÎˆÏ•ï%˛ x!:ˆÏöÓ˚ xy!ôˆÏÜ˛ƒ !Óê˛˛õ xÇˆÏ¢Ó˚ Ó,!k˛ ˆÓ!¢ •Î˚ ï˛y•z xyˆÏ°yÓ˚ !òˆÏÜ˛ Ü˛yˆÏ[˛Ó˚ Ü˛ü Ó,!k˛ Ä !Ó˛õÓ˚#ï˛ !òˆÏÜ˛

ˆÓ!¢ Ó,!k˛ •Î˚– ~•z x§ü ≤Ã§yÓ˚̂ ÏîÓ˚ ú˛ˆÏ°•z Ü˛y[˛ xyˆÏ°yÓ˚ !òˆÏÜ˛ ˆÓÑˆÏÜ˛ ÎyÎ˚–
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ii) x!û˛Ü˛£Ï≈Ó,!_ ã˛°ö Óy     Geotropism

ü)ˆÏ°Ó˚ Óe´ã˛°ö Ü˛#û˛yˆÏÓ x!:ö myÓ˚y !öÎ˚!sfï˛ •Î˚ !ÓK˛yö#Ó˚y ï˛yÓ˚ƒ Óƒyáƒy Ü˛ˆÏÓ˚ö– ü)ˆÏ°

xƒyüy•zˆÏ°y≤’yfiê˛ §ü,k˛ ~Ü˛≤ÃÜ˛yÓ˚ !ÓˆÏ¢£Ï Ü˛!îÜ˛y °«˛ƒ Ü˛Ó˚y ÎyÎ˚ ÎyˆÏÜ˛ fiê˛ƒyˆÏê˛y!°Ì ÓˆÏ°– fiê˛ƒyˆÏê˛y!°Ì=!°

fiê˛ƒyˆÏê˛y§y•zê˛ öyüÜ˛ ˆÜ˛yˆÏ£Ï §!M˛Èï˛ •Î˚– ü)° üy!ê˛ˆÏï˛ xö%û)˛!üÜ˛û˛yˆÏÓ ÌyÜ˛ˆÏ° fiê˛ƒyˆÏê˛y§y•zê˛ ü)°y@ˇÃ ˆÌˆÏÜ˛ ü)ˆÏ°Ó˚

ö#ˆÏã˛Ó˚ !òˆÏÜ˛ fliyöyhsˇ!Ó˚ï˛˛ •Î˚ñ ~Ó˚ ú˛ˆÏ° Ca2 ü)ˆÏ°Ó˚ ï˛°ˆÏòˆÏ¢ §!M˛Èï˛ •Î˚ ~ÓÇ Ca2 ~Ó˚ í˛zFã˛ âöˆÏcÓ˚ ú˛ˆÏ°

ü)ˆÏ°Ó˚ !ö¡¨û˛yˆÏà x!:ˆÏöÓ˚ ˛õ!Ó˚üyî Ó,!k˛ ˛õyÎ˚ S!ã˛e 8.4)– ˆÎˆÏ•ï%˛ x!ôÜ˛ x!:ˆÏöÓ˚ ≤Ãû˛yˆÏÓ ü)ˆÏ°Ó˚ Ó,!k˛ Ü˛ˆÏü

ÎyÎ˚ SÜ˛yˆÏ[˛Ó˚ !Ó˛õÓ˚#ï˛V ï˛y•z ü)ˆÏ°Ó˚ !ö¡¨ï˛° ˆÌˆÏÜ˛ í˛z˛õ!Ó˚ï˛ˆÏ°Ó˚ Ó,!k˛ ˆÓ!¢ •Î˚ ~ÓÇ ü)° ~•z x§üÓ,!k˛Ó˚ ú˛ˆÏ°

ö#ˆÏã˛Ó˚ !òˆÏÜ˛ ̂ ÓÑˆÏÜ˛ ÎyÎ˚ xÌ≈yÍ ü)ˆÏ°Ó˚ x!û˛Ü˛£Ï≈ xö%Ü)˛°Óï˛#≈ ã˛°ö ̂ òáy ÎyÎ˚– üƒyÜ˛°%Ó˚ Ä =•z°ˆÏú˛y° (McClure
and Guilfoyle, 1989) ≤Ãüyî Ü˛ˆÏÓ˚ö ̂ Î x!:ˆÏöÓ˚ ≤Ãû˛yˆÏÓ SAUR (Small Auxin up Regulated) !ç Ï̂öÓ̊

Ü˛yÎ≈Ü˛y!Ó˚ï˛y Ó,!k˛ ˛õyÎ˚ ~ÓÇ !çö•z ü)ˆÏ°Ó˚ Óe´ã˛°ö !öÎ˚sfî Ü˛ˆÏÓ˚– Arabidopsis í˛z!qˆÏòÓ˚ Ü˛ï˛Ü˛=!° !üí˛zê˛ƒyrê˛

(axr l, aux2 ≤Ãû,˛!ï˛V ÎÍ§yüyöƒ x!:ö §ÇˆÏŸ’£Ï Ü˛ˆÏÓ˚ ~ÓÇ ~•z !üí˛zê˛ƒyrê˛=!°ˆÏï˛ x!û˛Ü˛£Ï≈ç ã˛°öÄ °«˛ƒ Ü˛Ó˚y

ÎyÎ˚ öy– §%ï˛Ó˚yÇ ≤Ãüy!îï˛ •Î˚ ˆÎ x!:ö x!û˛Ü˛£Ï≈ç ã˛°ö !öÎ˚sfî Ü˛ˆÏÓ˚ (Hobbie and Estelle, 1994)–

!ã˛e 8.4 ≠ ü)̂ Ï°Ó̊ x!:ö !öÎ̊!sfï˛ Óe´ã˛°ö

C) x@ˇÃfli ≤ÃÜ˛ê˛ï˛y Óy     Apical dominance

!ÓK˛yö# fl%Òà Ä !Ìüƒyö (Skoog and Thimann, 1934) ≤Ãüyî Ü˛ Ï̂Ó̊ö ̂ Î x!:ö í z̨!q Ï̂òÓ̊ x@ˇÃû˛y Ï̂à

§ÇˆÏŸ’!£Ïï˛ •Î˚ ~ÓÇ ~•z x!:ö !ö¡¨y!û˛ü%ˆÏá ˛õ!Ó˚Óy!•ï˛ •ˆÏÎ˚ Ü˛y!«˛Ü˛ ü%Ü%˛ˆÏ°Ó˚ Ó,!k˛ •…y§ Ü˛ˆÏÓ˚– x!:ˆÏöÓ˚ x!ôÜ˛

âöˆÏc x@ˇÃü%Ü%˛ˆÏ°Ó˚ Ó,!k˛Ó˚ •yÓ˚ ̂ Ó!¢ •ˆÏ°Äñ ̨õyŸª#≈Î˚ ü%Ü%˛ˆÏ°Ó˚ Ó,!k˛ x!:ˆÏöÓ˚ ≤Ãû˛yˆÏÓ Óƒy•ï˛ •Î˚– ~•z ̃ ÓK˛y!öÜ˛mÎ˚

ˆòáyö ˆÎ 1) x@ˇÃü%Ü%˛°=!° ˆÌˆÏÜ˛ ˛õ!Ó˚Óy!•ï˛ x!:ö ˛õyŸª#≈Î˚ ü%Ü%˛ˆÏ°Ó˚ Ó,!k˛ˆÏÜ˛ Óyôy òyö Ü˛ˆÏÓ˚– 2) x@ˇÃü%Ü%˛°

ˆÜ˛ˆÏê˛ ˆú˛°ˆÏ°ñ ˛õ!Ó˚Óy!•ï˛ x!:ˆÏöÓ˚ ˛õ!Ó˚üyîÄ Ü˛ˆÏü ÎyÎ˚ ~ÓÇ ˆ§•z ˆ«˛ˆÏe ˛õyŸª#≈Î˚ ü%Ü%˛°=!° Ó,!k˛≤ÃyÆ •ˆÏÎ˚

¢yáy≤Ã¢yáy §,!‹T Ü˛ˆÏÓ˚– 3) x@ˇÃü%Ü%˛° Ü˛!ï≈˛ï˛ Ü˛ˆÏÓ˚ ˆ§áyˆÏö xyàyÓ˚ Óœ̂ ÏÜ˛Ó˚ üyôƒˆÏü x!:ö ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï° ˆ§•z

x!:ö ˛õ%öÓ˚yÎ˚ ˛õyŸª#≈Î˚ ü%Ü%˛ˆÏ°Ó˚ Ó,!k˛ˆÏÜ˛ Óƒy•ï˛ Ü˛ˆÏÓ˚–

ˆÎ ¢yÓ˚#Ó˚Ó,_#Î˚ ≤Ã!e´Î˚yÎ˚ x@ˇÃü%Ü%˛° ˆÌˆÏÜ˛ í˛zÍ˛õß¨ x!:ö !ö¡¨y!û˛ü%ˆÏá ˛õ!Ó˚Óy!•ï˛ •ˆÏÎ˚ ˛õyŸª#≈Î˚ ü%Ü%˛ˆÏ°Ó˚

Ó,!k˛ˆÏÜ˛ Óyôy òyö Ü˛ˆÏÓ˚ ï˛yˆÏÜ˛ x@ˇÃfli ≤ÃÜ˛ê˛ï˛y (Apical dominance) Ó Ï̂°–
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D) ˆüyã˛ö ≤Ã!ï˛ˆÏÓ˚yô Óy     Abscission

˛õyï˛yñ ú%˛°ñ ú˛° ≤Ãû,˛!ï˛ xD=!°Ó˚ í˛z!qò ˆò• ˆÌˆÏÜ˛ !Óã%˛ƒï˛ •ÓyÓ˚ âê˛öyˆÏÜ˛ ˆüyã˛ö ÓˆÏ°– ~•z xD=!°Ó˚

ˆüyã˛ˆÏöÓ˚ xyˆÏà Ó,ˆÏhsˇÓ˚ Ü˛yˆÏåÈ ~Ü˛!ê˛ ˆüyã˛ö hflÏÓ˚ §,!‹T •Î˚– ~•z xM˛ÈˆÏ°Ó˚ ˆÜ˛y£Ï=!° oÓ#û)˛ï˛ •ÓyÓ˚ ú˛ˆÏ° xÌÓy

ˆÜ˛yˆÏ£ÏÓ˚ üôƒFåÈòy xï˛ƒhsˇ öÓ˚ü •ˆÏÎ˚ ÎyÄÎ˚yÓ˚ çöƒ Ó,hsˇ í˛z!qò xD!ê˛ˆÏÜ˛ xyÓ˚ Ó•ö Ü˛Ó˚̂ Ïï˛ ̨ õyˆÏÓ˚ öy ~ÓÇ ú˛°fl∫Ó˚*˛õ

ˆ§•z xD ˛õ!ï˛ï˛ •Î˚– °«˛ƒ Ü˛Ó˚y ˆàˆÏåÈ ˆÎ §%!ö!ò≈‹T üyeyÎ˚ x!:ö ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï° í˛z!qò xˆÏDÓ˚ xÜ˛y° ˛õï˛ö Óy

ˆüyã˛ö ˆÓ˚yô Ü˛Ó˚y ÎyÎ˚–

E) ˛õyˆÏÌ≈ˆÏöyÜ˛y!˛õ≈ (Pathenocarpy) Óy Ó#ç•#ö ú˛° í˛zÍ˛õyòö

§yôyÓ̊îû˛y Ï̂Ó ̨õÓ̊yà§Ç Ï̂Îyà Ä !ö Ï̂£Ï̂ ÏÜ˛Ó̊ ̨õÓ̊ àû≈̨ y¢Î̊!ê˛ ú˛ Ï̂° ̨õ!Ó̊îï˛ •Î̊– =hflÏyú˛§ö (Gustafson,
1936) °«˛ƒ Ü˛ˆÏÓ˚!åÈˆÏ°ö ˆÎ ˛õÓ˚yàˆÏÎyˆÏàÓ˚ ˛õ)ˆÏÓ≈ flf#hflÏÓˆÏÜ˛ x!:ö ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï° àû≈˛y¢ˆÏÎ˚Ó˚ ˆÜ˛y£Ï=!° o&ï˛

!Óû˛y!çï˛ •ˆÏÎ˚ ú˛ˆÏ° ̨õ!Ó˚îï˛ •Î˚– !öˆÏ£ÏÜ˛!Ó•#öû˛yˆÏÓ ~•z ú˛°=!° í˛zÍ˛õß¨ •Î˚ ÓˆÏ° ~Ó˚y Ó#ç•#ö •Î˚– Ó#ç!Ó•#ö

ú˛° í˛zÍ˛õyòˆÏöÓ˚ ˛õk˛!ï˛ˆÏÜ˛ ˛õyˆÏÌ≈ˆÏöyÜ˛y!˛õ≈ (Parthenocarpy) ÓˆÏ°– Óy!•ƒÜ˛û˛yˆÏÓ x!:ö ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ Ó#ç•#ö

Ü˛°yñ xyˆÏ˛õ°ñ xyD%Ó˚ í˛zÍ˛õß¨ Ü˛Ó˚y §Ω˛Ó •ˆÏÎ˚̂ ÏåÈ ÎyˆÏòÓ˚ xÌ≈˜Ïö!ï˛Ü˛ =Ó˚&c §yôyÓ˚î ú˛ˆÏ°Ó˚ ˆã˛ˆÏÎ˚ xˆÏöÜ˛ ˆÓ!¢–

F) Ü˛ƒy°y§ í z̨Í˛õyòö (Formation of Callus)

Ü,̨ È!‹T üyôƒ Ï̂ü x!:ö ≤Ã Ï̂Î̊yà Ü˛Ó̊ Ï̂° S!Ó Ï̂¢£Ïï˛ §y•ẑ Ïê˛yÜ˛y•z!ö Ï̂öÓ̊ §üß∫̂ ÏÎ̊V o&ï˛ Ü˛ƒy°y§ hflÏÓ̊ (Callus)
í˛zÍ˛õyòö Ä ˆÜ˛°y§ ˆÌˆÏÜ˛ !Ó!û˛ß¨ xˆÏDÓ˚ ˛õ!Ó˚fl≥)˛Ó˚î âˆÏê˛– Ü˛ƒy°y§ •Î˚ x!ÓˆÏû˛!òï˛ û˛yçÜ˛ Ü˛°yhflÏÓ˚ Îy !ê˛§%ƒ

Ü˛y°ã˛yˆÏÓ˚ !ÓˆÏ¢£Ï §•yÎ˚Ü˛–

G) ˛õ%‹õ í z̨Í˛õyòö (Flowering)

§yôyÓ˚îû˛yˆÏÓ x!:ö ˛õ%‹õ ≤Ãfl≥%˛ê˛ˆÏö Óyôy òyö Ü˛ˆÏÓ˚ ï˛ˆÏÓ xyöyÓ˚§ñ ï˛yüyÜ˛ ≤Ãû,˛!ï˛ àyˆÏåÈ x!:ö

˛õ%‹õ ≤Ãfl≥%˛ê˛ˆÏöÓ˚ §•yÎ˚Ü˛– àü àyˆÏåÈ x!:ö ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï° xî%üOÓ˚#Ó ̊(Spikelet) §Çáƒy Óyí ¸̨̂ Ïï˛ ˆòáy ˆàˆÏåÈ–

H) xyàyåÈy !öÎ˚sfî (Deweeding)

2, 4-D ( 2, 4- í˛y•zˆÏÜœ˛yˆÏÓ˚yˆÏú˛ö!: xƒy!§!ê˛Ü˛ xƒy!§í˛Vñ NAA Söƒy˛õÌy!°ö xƒy!§!ê˛Ü˛ xƒy!§í˛V

≤Ãû,˛!ï˛ Ü,˛!eü x!:ö ˆfl± Ü˛Ó˚ˆÏ° !mÓ#ç˛õe# xyàyåÈy !Óö‹T •Î˚– ~•z •Ó˚̂ Ïüyö=!° ã˛Äí˛¸y ˛õyï˛yÎ%_´ xyàyåÈyˆÏÜ˛•z

ˆÜ˛Ó° òüö Ü˛ˆÏÓ˚–

8.3.3 x!:ˆÏöÓ˚ ̃ çÓÈÙÈ§öy_´Ü˛Ó˚î ̨õÓ˚#«˛y (Bioassay of Auxin)

x!:ˆÏöÓ˚ §öy_´Ü˛Ó˚î Ä ˛õ!Ó˚üy˛õˆÏöÓ˚ ~Ü˛y!ôÜ˛ Ó˚y§yÎ˚!öÜ˛ Ä ˆû˛Ôï˛ ˛õk˛!ï˛ çyöy ÌyÜ˛ˆÏ°Ä x!ôÜ˛yÇ¢

§%ˆÏÓò# (Sensitive) Ó˚y§yÎ˚!öÜ˛ ˛õÓ˚#«˛yÓ˚ üyôƒˆÏü x!:ˆÏöÓ˚ §öy_´Ü˛Ó˚î Ä ˛õ!Ó˚üy˛õö §!ë˛Ü˛û˛yˆÏÓ §Ω˛Ó •Î˚ öy–

í˛z!qòÈÙÈˆÜ˛yˆÏ£Ï x!:ˆÏöÓ˚ í˛z˛õ!fli!ï˛ Ä ˛õ!Ó˚üy˛õ !öô≈yÓ˚î !Ó!û˛ß¨ ç#ÓçÈÙÈ˛õÓ˚#«˛y (biological test) ~Ó˚ §y•yˆÏÎƒ

≤Ãüyî Ü˛Ó˚y ÎyÎ˚–
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x!:ˆÏöÓ˚ ˜çÓ ˛õÓ˚#«˛y=!°Ó˚ üˆÏôƒ ÓöyÓ˚ (Bonner) ≤ÃÓ!ï≈˛ï˛ ç•z (Avena sativa) í˛z!qˆÏòÓ˚

º*îü%Ü%˛°yÓÓ˚ö#Ó˚ }ç% Ó,!k˛Ó˚ (straight growth) ˛õÓ˚#«˛y !ÓˆÏ¢£Ïû˛yˆÏÓ í˛zˆÏÕ‘áˆÏÎyàƒ– ~•z ˛õÓ˚#«˛yÎ˚ ç•z Ó#çˆÏÜ˛

!Ü˛å%È«˛î çˆÏ° !û˛!çˆÏÎ˚ ˆÓ˚ˆÏá fl∫“ °y° xyˆÏ°yˆÏÜ˛ xB%˛ˆÏÓ˚yÂàü Ü˛Ó˚yˆÏöy •Î˚– Ü˛ˆÏÎ˚Ü˛!òö ˛õÓ˚ ç•zˆÏÎ˚Ó˚

º*îü%Ü%˛°yÓÓ˚ö#ˆÏÜ˛ í˛z˛õˆÏÓ˚Ó˚ 2mm xÇ¢ Óyò !òˆÏÎ˚ §üyö Ü˛ï˛=!° 6mm xÇˆÏ¢ Ü˛yê˛y •Î˚– Ü˛ï˛=!° ˆ˛õ!ê˛Δ!í˛ˆÏ§

!Ó!û˛ß¨ âöˆÏcÓ˚ x!:ö !öÎ≈y§ ˜ï˛!Ó˚ Ü˛ˆÏÓ˚ ~•z Ü˛yê˛y xÇ¢=!°ˆÏÜ˛ 24 â^ˇê˛y í%˛!ÓˆÏÎ˚ Ó˚yáy •Î˚– 24 â^ˇê˛y ˛õˆÏÓ˚ K˛yï˛

!Ó!û˛ß¨ âöˆÏcÓ˚ x!:ö oÓî ≤ÃˆÏÎ˚yˆÏàÓ˚ ú˛ˆÏ° º*îü%Ü%˛ˆÏ°Ó˚ Ü˛!ï≈˛ï˛ xÇ¢ Ü˛ï˛ê˛y ˜òˆÏâ≈ƒ Ó,!k˛ ˆ˛õˆÏÎ˚̂ ÏåÈ ï˛y ˛õ!Ó˚üy˛õ

Ü˛Ó˚y •Î˚– ~áö ~Ü˛!ê˛ ̂ °á!ã˛ˆÏe (graph) K˛yï˛ x!:ˆÏöÓ˚ âöc ~ÓÇ ¢ï˛Ü˛Ó˚y ̃ òâ≈ƒ Ó,!k˛ xB˛ö Ü˛Ó˚̂ Ï° ~Ü˛!ê˛ }ç%

Ó,!k˛ ˆ°á!ã˛e (straight growth curve) ˛õyÄÎ˚y ÎyÎ˚– ~!ê˛ˆÏÜ˛ Ó°y •Î˚ Standard Growth Curve. ~•z

ˆ°á!ã˛ˆÏeÓ˚ §y•yˆÏÎƒ ˆÜ˛yˆÏöy xK˛yï˛ x!:ö !öÎ≈yˆÏ§ Ü˛ï˛ê˛y º*îü%Ü%˛°yÓÓ˚ö# Ó,!k˛ ˆ˛õ° ï˛y §•ˆÏç•z çyöy ÎyÎ˚

~ÓÇ xK˛yï˛ x!:ˆÏöÓ˚ ˛õ!Ó˚üy˛õ !öô≈yÓ˚î Ü˛Ó˚y ÎyÎ˚– Óï≈˛üyˆÏö HPLC, UPLC ≤Ãû,˛!ï˛ xyô%!öÜ˛ ÎˆÏsfÓ˚ §y•yˆÏÎƒ

ˆÜ˛yˆÏöy x!:ö !öÎ≈yˆÏ§Ó˚ âöc xï˛ƒhsˇ §!ë˛Ü˛û˛yˆÏÓ !öÓ˚&˛õî Ü˛Ó˚y ÎyÎ˚–

xö%¢#°ö# ÈÙÙÙÈ     1

a) ò%!ê˛ Ü,˛!eü x!:ˆÏöÓ˚ öyü !°á%ö–

b) x@ˇÃfli ≤ÃÜ˛ê˛ï˛y Ü˛yˆÏÜ˛ ÓˆÏ°⁄

c) §ÇÎ%_´ x!:ö Ü˛#⁄

d) fiê˛ƒyˆÏê˛y§y•zê˛ Ä fiê˛ƒyˆÏê˛y!°Ì Ü˛yˆÏÜ˛ ÓˆÏ°⁄

e) ~Ü˛!ê˛ xyàyåÈy !öˆÏÓ˚yôÜ˛ x!:ˆÏöÓ˚ öyü í˛zˆÏÕ‘á Ü˛Ó˚&ö–

8.4 !çÓùy Ï̂Ó̊!°ö (Gibberelin)

x!:ˆÏöÓ˚ ˛õˆÏÓ˚ ˆÎ •Ó˚ˆÏüyö ˆ◊!îÓ˚ ≤Ãû˛yÓ í˛z!qòˆÏòˆÏ• §Ó≈y!ôÜ˛ ˛õ!Ó˚°!«˛ï˛ •Î˚ ï˛yÓ˚ öyü !çÓùyˆÏÓ˚!°ö Óy

!çÓùy Ï̂Ó̊!°Ü˛ xƒy!§í˛ (GA)– çy˛õy!ö ã˛y!£ÏÓ̊y ̂ ò Ï̂á!åÈ Ï̂°ö ̂ Î ~Ü˛!ê˛ åÈeyÜ˛â!ê˛ï˛ ̂ Ó̊y Ï̂àÓ̊ (Bakanae disease)
ôyöàyåÈ=!° ˆÓ˚yày !Ü˛v xfl∫yû˛y!ÓÜ˛ °¡∫y Ä Ó#ç•#ö •Î˚– ˛õÓ˚Óï˛#≈Ü˛yˆÏ° ≤Ãüy!îï˛ •Î˚ ˆÎ ~•z ˆÓ˚yˆÏàÓ˚ çöƒ

xƒy§ˆÏÜ˛yüy•zˆÏ§!ê˛§ ̂ ◊!îÓ˚ ~Ü˛!ê˛ åÈeyÜ˛ òyÎ˚# ÈÙÙÙÈ ÎyÓ˚ öyü Gibberella fujikuroi– Ü%˛ˆÏÓ˚yˆÏ§yÎ˚y (Kurosawa,
1926) ˆÓ˚yàye´yhsˇ àyåÈ ˆÌˆÏÜ˛ Ó,!k˛Óô≈Ü˛ Ó˚y§yÎ˚!öÜ˛ ˛õòyÌ≈!ê˛ ˛õ,ÌÜ˛ Ü˛ˆÏÓ˚ö ~ÓÇ 1938 §yˆÏ° •zÎ˚yÓ%ï˛y Ä §%ü%!Ü˛

(Yabuta and Sumuki) í˛z_´ ˆÎÔà!ê˛ˆÏÜ˛ ˛õƒyˆÏÌyˆÏçˆÏöÓ˚ öyüyö%§yˆÏÓ˚ !çÓùyˆÏÓ˚!°ö öyˆÏü x!û˛!•ï˛ Ü˛ˆÏÓ˚ö–

Óï≈˛üyˆÏö xhsˇï˛ 138!ê˛ !Ó!û˛ß¨ (GA1, GA2, GA3 ... GA138) Ä ~Ó˚ xˆÏöÜ˛=!° @’%ˆÏÜ˛y§y•zí˛ xy!Ó‹,Òï˛ •ˆÏÎ˚̂ ÏåÈ

ÎyÓ˚ üˆÏôƒ GA1, GA3, GA7, GA20 ≤Ãû,˛!ï˛ !çÓùyˆÏÓ˚!°ˆÏöÓ˚ Ü˛yÎ≈Ü˛y!Ó˚ï˛y §Ó≈y!ôÜ˛ (Moore, 1994)– Ü˛yÓ≈ö

§ÇáƒyÓ˚ í˛z˛õÓ˚ !û˛!_ Ü˛ˆÏÓ˚ §ühflÏ !çÓùyˆÏÓ˚!°öˆÏÜ˛ ò%Û!ê˛ í˛z˛õˆÏ◊!îˆÏï˛ SC19 GA ~ÓÇ C20 GA) û˛yà Ü˛Ó˚y •Î˚

~ÓÇ ~ˆÏòÓ˚ üˆÏôƒ C19 í˛z˛õˆÏ◊!îÓ˚ !çÓùyˆÏÓ˚!°ˆÏöÓ˚ §!e´Î˚ï˛y ˆÓ!¢–
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8.4.1 GA-~Ó˚ ¢yÓ˚#Ó˚Ó,_#Î˚ Ü˛yÎ≈yÓ°# (Physiological roles of GA)

A) í z̨!q Ï̂òÓ˚ Ó,!k˛ (Plant growth)ÈÙÙÙÈ í z̨!q Ï̂òÓ˚ Ó,!k˛ ̂ Ü˛y£Ï !Óû˛yçö Ä ̂ Ü˛y£Ï !ÓÓô≈̂ ÏöÓ˚ üyôƒ Ï̂ü §¡õß¨

•Î˚– GA í˛zû˛Î˚ ≤Ã!e´Î˚yˆÏÜ˛•z cÓ˚y!ß∫ï˛ Ü˛ˆÏÓ˚ í˛z!qˆÏòÓ˚ Ó,!k˛ âê˛yÎ˚– GA ~Ó˚ ≤Ãû˛yˆÏÓ ˆÜ˛y£Ï !Óû˛yçˆÏöÓ˚ S ò¢yÎ˚

DNA §ÇˆÏŸ’ˆÏ£ÏÓ˚ •yÓ˚ Ó,!k˛ ˛õyÎ˚– GA3 ~Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ ˆÜ˛y£Ï ã˛ˆÏe´Ó˚ §üÎ˚Ü˛y° ≤ÃyÎ˚ 30% Ü˛ˆÏü ÎyÎ˚ xÌ≈yÍ

ˆÜ˛y£Ï !Óû˛yçˆÏöÓ˚ •yÓ˚ o&ï˛ •Î˚– γ Ó˚!Ÿ¬ ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï° ˆÜ˛y£Ï !Óû˛yçö Ó¶˛ •ˆÏï˛ ˆòáy ÎyÎ˚ !Ü˛v ~•z xÓfliyÎ˚

GA ≤ÃˆÏÎ˚yà Ü˛Ó˚ˆÏ° ˆÜ˛y£Ï=!°Ó˚ fl∫yû˛y!ÓÜ˛ !Óû˛yçö «˛üï˛y !ú˛ˆÏÓ˚ xyˆÏ§– x!ôÜ˛yÇ¢ ˜ÓK˛y!öˆÏÜ˛Ó˚ üˆÏï˛ GA
≤ÃyÌ!üÜ˛ xÓfliyÎ˚ ˆÜ˛yˆÏ£Ó˚ Ó,!k˛ˆÏÜ˛ ~ÓÇ ˛õÓ˚Óï˛#≈ hflÏˆÏÓ˚ ˆÜ˛y£Ï !Óû˛yçˆÏöÓ˚ •yÓ˚̂ ÏÜ˛ Óy!í˛¸̂ ÏÎ˚ !òˆÏÎ˚ í˛z!qˆÏòÓ˚ Ó,!k˛

âê˛yÎ˚–

!üí˛zê˛ƒyrê˛ û%˛Ry àyˆÏåÈÓ˚ ˛õÓ≈üôƒ xï˛ƒhsˇ áÓ≈ •ÄÎ˚yÎ˚ àyåÈ=!° ˆÓ˚yˆÏçê˛ (Rosette) xyÜ,˛!ï˛Ó˚ •Î˚– ˆòáy

ˆàˆÏåÈ ~•z ôÓ˚ˆÏöÓ˚ !üí˛zê˛ƒyrê˛ û%˛Ry àyˆÏåÈ GA §Ç!Ÿ’‹T •Î˚ öy !Ü˛v Óy•zˆÏÓ˚ ˆÌˆÏÜ˛ GA ˆfl± Ü˛Ó˚̂ Ï° áÓ≈ àyåÈ=!°ˆÏï˛

xyÓyÓ˚ fl∫yû˛y!ÓÜ˛ Ó,!k˛ °«˛ƒ Ü˛Ó˚y ÎyÎ˚– GA-~Ó˚ ≤Ãû˛yˆÏÓ ˛õÓ≈üˆÏôƒÓ˚ §Ó≈y!ôÜ˛ Ó,!k˛ ˛õ!Ó˚°!«˛ï˛ •Î˚– ÓÑyôyÜ˛!˛õ

àyˆÏåÈ GA ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï° ˛õÓ≈üôƒ !ÓÓ!ô≈ï˛ •ˆÏÎ˚ àyåÈ 6-8 !üê˛yÓ˚ ˛õÎ≈hsˇ °¡∫y •Î˚–

Ü˛yˆÏ[˛Ó˚ Ó,!k˛ åÈyí˛¸yÄ GA ~Ó˚ ≤Ãû˛yˆÏÓ ú%˛° Ä ú˛ˆÏ°Ó˚ xyÎ˚ï˛ö Ó,!k˛ ̨ õyÎ˚– xˆÏöÜ˛ ̂ «˛ˆÏe xÓ¢ƒ GA í z̨!qò

ü)ˆÏ°Ó˚ Ó,!k˛ˆÏÜ˛ Óyôy òyö Ü˛ˆÏÓ˚– û˛y•zÓ˚y§ xye´yhsˇ ˆã˛!Ó˚ àyˆÏåÈÓ˚ (Prunus cerasus) fl∫yû˛y!ÓÜ˛ Ó,!k˛ Óƒy•ï˛ •Î˚–

GA ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï° àyåÈ=!° û˛y•zÓ˚y§ü%_´ •Î˚ öy ÓˆÏê˛ !Ü˛v àyˆÏåÈÓ˚ fl∫yû˛y!ÓÜ˛ Ó,!k˛ °«˛ƒ Ü˛Ó˚y ÎyÎ˚–

í˛z!qò Ó,!k˛ˆÏï˛ Ü˛yÎ≈Ü˛y!Ó˚ï˛yÓ˚ !û˛!_ˆÏï˛ !Ó!û˛ß¨ GA =!°ˆÏÜ˛ ≤Ãôyöï˛ ˛õÑyã˛!ê˛ û˛yˆÏà û˛yà Ü˛Ó˚y •Î˚ÈÙÙÙÈ

i) xï˛ƒhsˇ !ö¡¨ «˛üï˛y §¡õß¨ ÈÙÙÙÈ GA8, GA11 ≤Ãû,̨ !ï˛–

ii) !ö¡¨ «˛üï˛y §¡õß¨ ÈÙÙÙÈ GA10, GA15 •zï˛ƒy!ò–

iii) üyé˛y!Ó˚ «˛üï˛y §¡õß¨ ÈÙÙÙÈ GA2, GA6, GA23 ≤Ãû,̨ !ï˛–

iv) í˛zFã˛ «˛üï˛y §¡õß¨ ÈÙÙÙÈ  GA1, GA4, GA5–

v) xï˛ƒhsˇ í˛zFã˛ «˛üï˛y §¡õß¨ ÈÙÙÙÈ GA3, GA7–

B) Ó#ˆÏçÓ˚ xB%˛ˆÏÓ˚yÂàü (Germination of seed) ÈÙÙÙÈ GA ~Ó˚ ≤Ãû˛yˆÏÓ Ó#ˆÏçÓ˚ xB%˛ˆÏÓ˚yÂàü cÓ˚y!ß∫ï˛

•Î˚ Ü˛yÓ˚î GA •° xB%˛ˆÏÓ˚yÂàˆÏüÓ˚ ~Ü˛!ê˛ ≤ÃyÌ!üÜ˛ ~ÓÇ xï˛ƒyÓ¢ƒÜ˛ í˛z˛õyòyö– òyöy¢ˆÏ§ƒ (cereal) GA ~Ó˚

≤Ãû˛yÓ !ÓˆÏ¢£Ïû˛yˆÏÓ °«˛ƒî#Î˚– ~•z Ó#ç=!°Ó˚ º*î¢§ƒ ˆÌˆÏÜ˛ áyòƒ@ˇÃ•î Ü˛ˆÏÓ˚– ¢ˆÏ§ƒÓ˚ ã˛y!Ó˚!òˆÏÜ˛ 2-4 hflÏÓ˚Î%_´

xƒy°í˛zˆÏÓ˚yö hflÏÓ˚ ÌyˆÏÜ˛– GA xƒy°í˛zˆÏÓ˚yö hflÏˆÏÓ˚ !Ó!û˛ß¨ xyo≈ !ÓˆÏŸ’£ÏÜ˛ í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ §ÇˆÏŸ’ˆÏ£ÏÓ˚ •yÓ˚ Óy!í˛¸ˆÏÎ˚ ˆòÎ˚

Ä ~Ó˚ ú˛°fl∫Ó˚*˛õ ¢ˆÏ§ƒÓ˚ ç!ê˛° áyòƒ §Ó˚°#Ü,˛ï˛ •Î˚– ~•z §Ó˚° áyòƒ=!° @ˇÃ•î Ü˛ˆÏÓ˚ º*î o&ï˛ Ó,!k˛°yû˛ Ü˛ˆÏÓ˚

xÌ≈yÍ Ó#ˆÏçÓ˚ xB%˛ˆÏÓ˚yÂàü •Î˚– xƒyüy•zˆÏ°çñ ú˛§ú˛yˆÏê˛ç RNase ≤Ãû,˛!ï˛ xhsˇï˛ 15!ê˛ xyo≈!ÓˆÏŸ’£ÏÜ˛ í˛zÍˆÏ§ã˛Ü˛

GA ~Ó˚ ≤Ãû˛yˆÏÓ §!e´Î˚ •Î˚– !•!àö§ñ ã˛ƒy[˛°yÓ˚ (Higgins et al 1976, Chandler et al 1984) ≤Ãü%á

˜ÓK˛y!öˆÏÜ˛Ó˚y ̂ ò!áˆÏÎ˚̂ ÏåÈö ̂ Î GA •Ó˚ˆÏüyö!ê˛ xƒy!°í˛zˆÏÓ˚yö hflÏˆÏÓ˚ αÈÙÈxƒyüy•zˆÏ°ç m RNA ~Ó˚ §ÇˆÏŸ’£Ï Óy!í ¸̨̂ ÏÎ˚
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ˆòÎ˚– ~Ó˚ ú˛ˆÏ° αÈÙÈxƒyüy•zˆÏ°ç öyˆÏü ˆÎ í˛zÍˆÏ§ã˛Ü˛ í˛zÍ˛õß¨ •Î˚ ï˛y Ó#ˆÏçÓ˚ xhsˇÓ≈ï˛#≈ ¢ˆÏ§ƒÓ˚ fiê˛yã≈˛ˆÏÜ˛ !Ó!Ÿ’‹T

Ü˛ˆÏÓ˚ ü°ˆÏê˛yç í˛zÍ˛õß¨ Ü˛ˆÏÓ˚– ~•z ü°ˆÏê˛yç xyÓyÓ˚ ˛õÓ˚Óï˛#≈ ˛õÎ≈yˆÏÎ˚ ˆÎ @’%ˆÏÜ˛yç í˛zÍ˛õß¨ Ü˛ˆÏÓ˚ ï˛y @ˇÃ•î Ü˛ˆÏÓ˚ º*î

o&ï˛ xB%˛!Ó˚ï˛ •Î˚– GA !öÎ˚!sfï˛ α xƒyüy•zˆÏ°ç §ÇˆÏŸ’£Ï ≤Ã!e´Î˚y!ê˛ 8.5 öÇ Ä 8.6 öÇ !ã˛ˆÏeÓ˚ üyôƒˆÏü Óƒyáƒy

Ü˛Ó˚y •°–

!ã˛e 8.5 ≠ xƒy°í ẑ̨ ÏÓ̊yö hflÏ̂ ÏÓ̊ GA ≤Ã Ï̂Î̊y Ï̂àÓ̊ §üÎ̊Ü˛y° Sâ ˇ̂ê˛yV

Óy!°≈ xƒy!°í ẑ̨ ÏÓ̊yö hflÏ̂ ÏÓ̊Ó̊ αÈÙÈxƒyüy•ẑ Ï°ç í z̨Í˛õyò Ï̂öÓ̊ í z̨̨ õÓ̊ GA ~Ó̊ ≤Ãû˛yÓ–

!ã˛e 8.6 ≠ GA ≤Ãû˛y!Óï˛ αÈÙÈxƒyüy•zˆÏ°ç §ÇˆÏŸ’£Ï

Ó̊¶…̨
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1) GA ≤ÃÌˆÏü xƒy!°í˛zˆÏÓ˚yö ˆÜ˛y£Ï ˛õò≈y §Ç°@¿ ~Ü˛!ê˛ @ˇÃy•ˆÏÜ˛Ó˚  (Receptor) §yˆÏÌ Î%_´ •ˆÏÎ˚ xƒy!°í˛zˆÏÓ˚yö

ˆÜ˛yˆÏ£Ï ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚–

2) GA ~Ó˚ ≤Ãû˛yˆÏÓ !öí˛z!Üœ˛Î˚yˆÏ§ GA-MYB !çö!ê˛ §!e´Î˚ •Î˚ ~ÓÇ ~•z !çö §y•zˆÏê˛y≤’yçˆÏü GA-MYB
ˆ≤Ãy!ê˛ö §ÇˆÏŸ’£Ï Ü˛ˆÏÓ˚–

3) ~•z ˆ≤Ãy!ê˛ö!ê˛ xyÓyÓ˚ !öí˛z!Üœ˛Î˚yˆÏ§ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ α xƒyüy•zˆÏ°ç !çöˆÏÜ˛ í˛zj#Æ Ü˛ˆÏÓ ̊ αÈÙÈxƒyüy•zˆÏ°ç

mRNA àë˛ö Ü˛ˆÏÓ˚– ~•z mRNA Ó˚y•zˆÏÓyˆÏçyˆÏü α xƒyüy•zˆÏ°ç §ÇˆÏŸ’£Ï Ü˛ˆÏÓ˚ Ä à°!à Ó›Ó˚ üyôƒˆÏü

xƒy!°í˛zˆÏÓ˚yö ˆÜ˛y£Ï ˆÌˆÏÜ˛ α xƒyüy•zˆÏ°çˆÏÜ˛ ¢ˆÏ§ƒ «˛Ó˚î Ü˛ˆÏÓ˚–

C) ̨õ%‹õ ≤Ãfl≥%̨ ê˛ö (Flowering) ÈÙÙÙÈ ò#â≈ !òÓy í z̨!qò Ï̂Ü˛ (long day plant Óy LDP) Îáö §ÇÜ˛ê˛ xy Ï̂°yÜ˛

˛õÎ≈yˆÏÎ˚Ó˚ (Critical Photoperiod) ̂ Ó!¢ §üÎ˚ xyˆÏ°yÎ˚ Ó˚yáy •Î˚ ï˛áö•z ï˛yˆÏï˛ ú%˛° ̂ ú˛yˆÏê˛– ò#â≈ !òÓy í˛z!qòˆÏÜ˛

§ÇÜ˛ê˛ xyˆÏ°yÜ˛ ˛õÎ≈yˆÏÎ˚Ó˚ Ü˛ü §üÎ˚ xyˆÏ°yÎ˚ Ó˚yáˆÏ° ú%˛° ˆú˛yˆÏê˛ öy !Ü˛v ~•z ≤Ã!ï˛Ü)˛° xÓfliyÎ˚ GA ≤ÃˆÏÎ˚yà

Ü˛Ó˚ˆÏ° Ä•z àyˆÏåÈ ú%˛° ú%˛ê˛ˆÏï˛ ˆòáy ÎyÎ˚– ~•z Ü˛yÓ˚ˆÏî ôyÓ˚îy Ü˛Ó˚y •Î˚ ˆÎ GA ò#â≈ !òÓy í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe xyˆÏ°yÜ˛

˛õÎ≈yˆÏÎ˚Ó˚ ˛õ!Ó˚˛õ)Ó˚Ü˛ Ó˚*ˆÏ˛õ Ü˛yç Ü˛ˆÏÓ˚ ~ÓÇ ˆúœ˛y!Ó˚ˆÏçö çyï˛#Î˚ ˛õ%‹õ≤Ãfl≥%˛ê˛öÜ˛yÓ˚# •Ó˚ˆÏüyˆÏöÓ˚  §ÇˆÏŸ’£Ï âê˛yÎ˚– •…fl∫

!òÓy í˛z!qˆÏò xÓ¢ƒ GA~Ó˚ ≤Ãû˛yˆÏÓ ≤Ã!ï˛Ü)˛° ˛õÎ≈yˆÏÎ˚ ú%˛° ú%˛ê˛ˆÏï˛ ˆòáy ÎyÎ˚ öy– !ÓK˛yö# !çû˛yê≈˛ (Zeevart) üˆÏö

Ü˛ˆÏÓ˚ö ̂ Î GA ≤Ãï˛ƒ«˛ û˛yˆÏÓ ̨õ%‹õ ≤Ãfl≥%˛ê˛ˆÏö §•yÎ˚ï˛y Ü˛ˆÏÓ˚ Ü˛yÓ˚î xˆÏöÜ˛ í˛z!qˆÏò•z GA §ÇˆÏŸ’ˆÏ£ÏÓ˚ ≤Ã!ï˛Ó¶˛Ü˛Ü˛yÓ˚#

Ó˚y§yÎ˚!öÜ˛ ˆÎÔà (AMO-1618, CCC ˛≤Ãû,˛!ï˛V ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï° ≤Ãfl≥%˛ê˛ö Óƒy•ï˛ •Î˚– !ÓK˛yö# °ƒyÇ (Lang) ~Ó˚

üˆÏï˛ ˛õ%‹õ ≤Ãfl≥%˛ê˛ˆÏö GA ~Ó˚ ≤Ãû˛yÓ ˛õˆÏÓ˚y«˛ Ü˛yÓ˚î ≠ÈÙÈ

i) GA ≤Ãôyöï˛ ò#â≈ !òÓy í˛z!qˆÏò (LDP) ú%˛° ˆú˛yê˛yˆÏï˛ §y•yÎƒ Ü˛ˆÏÓ˚–

ii) GA Ü˛yˆÏ[˛Ó˚ x@ˇÃû˛yˆÏà ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï° ˛õ%‹õ ≤Ãfl≥%˛ê˛ö §Ó≈y!ôÜ˛ •Î˚ !Ü˛v xyüÓ˚y çy!ö ˆÎ x!ôÜ˛yÇ¢

àyˆÏåÈ•z xDç Ó,!k˛ Ä ˛õ%‹õ í˛zÍ˛õyòˆÏöÓ˚ §üÎ˚ GA ~Ó˚ ˛õ!Ó˚üyˆÏîÓ˚ ˆÜ˛yˆÏöy ï˛yÓ˚ï˛üƒ ˛õ!Ó˚°!«˛ï˛ •Î˚ öy– xÓ¢ƒ

Chrysanthemum í˛z!qˆÏò ˛õ%‹õ ≤Ãfl≥%˛ê˛öÜ˛yˆÏ° GA5 xï˛ƒhsˇ o&ï˛ §Ç!Ÿ’‹T •ˆÏï˛ ˆòáy ˆàˆÏåÈ–

D) ˛õyˆÏÌ≈ˆÏöyÜ˛y!˛õ≈ (Parthenocarpy) ÈÙÙÙÈ x!ö!£Ï_´ !í˛¡∫ˆÏÜ˛ GA ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï° !í˛¡∫y¢ˆÏÎ˚Ó˚ ̂ Ü˛y£Ï o&ï˛

!Óû˛y!çï˛ •ˆÏÎ˚ ú˛ˆÏ° ˛õ!Ó˚îï˛ •Î˚ ~ÓÇ !í˛¡∫Ü˛ !ö!£Ï_´ öy •ÄÎ˚yÎ˚ ú˛°!ê˛ Ó#ç!Ó•#ö (parthenocarpic) •Î˚–

ê˛ˆÏüˆÏê˛yñ xyä%Ó˚ñ ≤Ãû,˛!ï˛ í˛z!qò §•ˆÏç•z GA ~Ó˚ ≤Ãû˛yˆÏÓ Ó#ç•#ö ú˛° í˛zÍ˛õß¨ Ü˛ˆÏÓ˚ ÎyÓ˚ Óy!î!çƒÜ˛ ü)°ƒ ˆÓ!¢

•Î˚–

E) ú˛° í z̨Í˛õyòö (fruiting)È ÙÙÙ È˛õÓ̊yà§Ç Ï̂Îy Ï̂àÓ̊ ̨õÓ̊ GA ̂ fl± Ü˛Ó̊ Ï̂° o&ï˛ ú˛° í z̨Í˛õyòö •Î̊ ~ÓÇ xy Į̈̂ õ°

çyï˛#Î˚ í˛z!qˆÏò GA4
+ §y•zˆÏê˛yÜ˛y•z!öˆÏöÓ˚ !ü◊î ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï° ú˛ˆÏ°Ó˚ xyÎ˚ï˛ö Ó,!k˛ ˛õyÎ˚– Ó#ç•#ö xyä%ˆÏÓ˚Ó˚

ˆ«˛ˆÏe ú˛°Ó•öÜ˛yÓ˚# Ó,hsˇ!ê˛ GA ~Ó˚ ≤Ãû˛yˆÏÓ xˆÏöÜ˛ ò#â≈ •ÄÎ˚yÎ˚ ≤Ã!ï˛!ê˛ =ˆÏFåÈ ú˛ˆÏ°Ó˚ §Çáƒy ˆÓˆÏí ¸̨ ÎyÎ˚–

F) GA Ä Óy§hsˇ#Ü˛Ó˚î     (Vernalization) ~Ó˚ §¡õÜ≈˛ ÈÙÙÙÈ Hyoscyamus niger, Lactuca sativa
≤Ãû,̨ !ï˛ ày Ï̂åÈ Óy§hsˇ#Ü˛Ó̊ Ï̂îÓ̊ (Vernalization) ú˛ Ï̂° ̨õ%‹õ ≤Ãfl≥%̨ ê˛ö cÓ̊y!ß∫ï˛ •Î̊– !ö¡̈ ï˛y˛õüyeyÎ̊ (40C) Ó#ç=!° Ï̂Ü˛
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Óy§hsˇ#Ü˛Ó˚î öy Ü˛ˆÏÓ˚ GA ≤ÃˆÏÎ˚yà Ü˛Ó˚ˆÏ°Ä o&ï˛ ú%˛° ú%˛ê˛ˆÏï˛ ˆòáy ÎyÎ˚– ˜ÓK˛y!öˆÏÜ˛Ó˚y üˆÏö Ü˛ˆÏÓ˚ö ˆÎ •Î ̊GA
û˛yö≈y!°ˆÏöÓ˚ !ÓÜ˛“Ó˚*ˆÏ˛õ Ü˛yç Ü˛ˆÏÓ˚ xÌÓy GA ~Ó˚ ≤Ãû˛yˆÏÓ o&ï˛ û˛yö≈y!°ˆÏöÓ˚ SxÓ¢ƒ ~•z ≤ÃÜ˛!“ï˛ •Ó˚̂ Ïüyö!ê˛Ó˚

í˛z˛õ!fli!ï˛ §¡∫̂ Ï¶˛•z §ˆÏ®ˆÏ•Ó˚ xÓÜ˛y¢ xyˆÏåÈV §ÇˆÏŸ’£Ï âˆÏê˛–

G) !°D ˛õ!Ó˚Óï≈˛ö (Change of Sex) ÈÙÙÙÈ ~Ü˛!°D ú%˛ˆÏ° GA ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï° ú%˛ˆÏ°Ó˚ !°D ˛õ!Ó˚Ó!ï≈˛ï˛

•ˆÏï˛ ˆòáy ÎyÎ˚– Begonia àyˆÏåÈ GA flf#˛õ%ˆÏ‹õÓ˚ §Çáƒy Ó,!k˛ Ü˛ˆÏÓ˚ ~ÓÇ Ü%˛üˆÏí˛¸yÓ˚ (Cucurbita moschata)
ˆ«˛ˆÏeÄ GA flf#˛õ%ˆÏ‹õÓ˚ §Çáƒy Óy!í˛¸ˆÏÎ˚ ú˛ˆÏ°Ó˚ í˛zÍ˛õyòö Ó,!k˛ Ü˛ˆÏÓ˚– û%˛Ry àyˆÏåÈÄ ~•z •Ó˚ˆÏüyö ˛õ%Ç˛õ%‹õ àë˛ˆÏö

Óyôy òyö Ü˛ˆÏÓ˚– Ü%˛üˆÏí˛¸yÓ˚ Ü˛ˆÏÎ˚Ü˛!ê˛ û˛ƒyÓ˚y•z!ê˛ˆÏï˛ xÓ¢ƒ GA flf#˛õ%‹õü%Ü%˛°ˆÏÜ˛ ˛õ%Ç˛õ%ˆÏ‹õ Ó˚*˛õyhsˇ!Ó˚ï˛ Ü˛ˆÏÓ˚–

H) x!ï˛!Ó̊_´ ¢Ü≈̨ Ó̊y í z̨Í˛õyòö Ä ú˛°c Ï̂Ü˛ xÓy!N˛ï˛ ú˛yê˛° ̂ Ó̊yô (Increased production of sugar)
ÈÙÙÙÈ xyá àyˆÏåÈ (Saccharum afficinarum) GA ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï° ÷ô% ˆÎ Ü˛yˆÏ[˛Ó˚ ˛õÓ≈üôƒ•z Ó,!k˛ ˛õyÎ˚ ï˛y öÎ˚

~•z àyåÈ ˆÌˆÏÜ˛ ≤Ã!ï˛ ~Ü˛ˆÏÓ˚ ò%Ûê˛ö x!ï˛!Ó˚_´ ¢Ü≈˛Ó˚y ˛õyÄÎ˚y ÎyÎ˚– !ü!‹T ˆã˛!Ó˚ ú˛ˆÏ° (Sweet Cherry) ú˛°

˛õyí˛¸ÓyÓ˚ xyˆÏà GA ≤ÃˆÏÎ˚yà Ü˛Ó˚ˆÏ° ú˛°cˆÏÜ˛ xÓy!N˛ï˛ ú˛yê˛° (Crack) ˆòáy ˆòÎ˚ öy–

xö%¢#°ö# ÈÙÙÙÈ     2

a) ˆÜ˛yö åÈeyÜ˛ GA §ÇˆÏŸ’ˆÏ£ÏÓ˚ çöƒ òyÎ˚#⁄

b) xƒy!°í˛zˆÏÓ˚yö hflÏˆÏÓ˚ GA ≤Ãôyöï˛ ˆÜ˛yö í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ §ÇˆÏŸ’£Ï !öÎ˚sfî Ü˛ˆÏÓ˚⁄

c) ~Ü˛!ê˛ í˛zFã˛ «˛üï˛y§¡õß¨ GA ~Ó˚ öyü í˛zˆÏÕ‘á Ü˛Ó˚&ö–

d) ˆÜ˛yö ˆÎÔà ˆÌˆÏÜ˛ GA §ÇˆÏŸ’£Ï ÷Ó˚& •Î˚⁄

e) GA Ü˛#û˛yˆÏÓ ˛õ%‹õ ≤Ãfl≥%˛ê˛ˆÏö §•yÎ˚ï˛y Ü˛ˆÏÓ˚⁄

8.4.2 !çÓùyˆÏÓ˚!°ˆÏöÓ˚ ˜çÓ˛õÓ˚#«˛y (Bioassay of Gibberellins)

!çÓùyˆÏÓ˚!°ˆÏöÓ˚ ¢öy_´Ü˛Ó˚î Ä ˛õ!Ó˚üy˛õˆÏöÓ˚ ~Ü˛y!ôÜ˛ ˛õk˛!ï˛ çyöy ÌyÜ˛ˆÏ°Ä x!ôÜ˛yÇ¢ §%ˆÏÓò# (Sensitive)
Ó˚y§yÎ˚!öÜ˛ ˛õÓ˚#«˛yÓ˚ myÓ˚y !çÓùyˆÏÓ˚!°ö ¢öy_´Ü˛Ó˚î Ä ˛õ!Ó˚üy˛õö §!ë˛Ü˛û˛yˆÏÓ §Ω˛Ó •Î˚ öy– í˛z!qò ˆÜ˛yˆÏ£Ï

!çÓùyˆÏÓ˚!°ˆÏöÓ˚ ˛õ!Ó˚üy˛õ !Ó!û˛ß¨ ç#Óç ˛õÓ˚#«˛y (biological test) myÓ˚y ≤Ãüy!îï˛ •Î˚–

xyüÓ˚y ˛õ)ˆÏÓ≈•z ˆò!á!åÈ ˆÎ !çÓùyˆÏÓ˚!°ˆÏöÓ˚ ≤Ãû˛yˆÏÓ Ó#ˆÏçÓ˚ xB%˛ˆÏÓ˚yÂàü cÓ˚y!ß∫ï˛ •Î˚ Ü˛yÓ˚î !çÓùyˆÏÓ˚!°ö

•Ó̊ Ï̂üyö!ê˛ •° Ó#ç xB%̨ Ï̂Ó̊yÂà Ï̂üÓ̊ ~Ü˛!ê˛ ≤ÃyÌ!üÜ˛ Ä xï˛ƒyÓ¢Ü˛#Î̊ í z̨̨ õyòyö– òyöy¢ Ï̂§ƒ (cereals) α-xƒyüy•ẑ Ï°ç

öyüÜ˛ ˆŸªï˛§yÓ˚ !Ó!Ÿ’‹TÜ˛yÓ˚# í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ Ü˛yÎ≈Ü˛y!Ó˚ï˛y !çÓùyˆÏÓ˚!°ˆÏöÓ˚ ˛õ!Ó˚üyˆÏîÓ˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#° •ˆÏÎ˚ ÌyˆÏÜ˛–

§yôyÓ˚î xÓfliyÎ˚ Ó#ˆÏçÓ˚ xB%˛ˆÏÓ˚yÂàüÜ˛yˆÏ° º*î ˆÌˆÏÜ˛ ≤ÃyÜ,˛!ï˛Ü˛ !çÓùyˆÏÓ˚!°ö !öÉ§,ï˛ •ˆÏÎ˚ §ˆÏ§ƒÓ˚

(endosperm) áyòƒ ˛õ!Ó˚̨ õyˆÏÜ˛Ó˚ çöƒ α-xƒyüy•zˆÏ°ç í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ Ü˛yÎ≈Ü˛y!Ó˚ï˛y Ó,!k˛ Ü˛ˆÏÓ˚– xyô%!öÜ˛ !ÓK˛yö#Ó˚y
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ˆÎüö °yû˛@ˇÃû˛ (Lovegrove et.al., 1998) Óy!°≈Ó̊ Ó# Ï̂ç xƒy!°í z̨Ó̊î hflÏ̂ ÏÓ̊ !çÓùy Ï̂Ó̊!°ö !Ü˛û˛y Ï̂Ó α xƒyüy•ẑ Ï°ç

Ó#ˆÏçÓ˚ §!M˛Èï˛ áyòƒ fiê˛yã≈˛ˆÏÜ˛ !Ó!Ÿ’‹T Ü˛ˆÏÓ˚ üˆÏŒê˛yç öyüÜ˛ §Ó˚° !m¢Ü≈˛Ó˚y àë˛ö Ü˛ˆÏÓ˚ ï˛y ˆò!áˆÏÎ˚̂ ÏåÈö– ˆòáy ˆàˆÏåÈ

ˆÎ òyöy¢ˆÏ§ƒÓ˚ Ó#ç ˆÌˆÏÜ˛ º*î Óy embryo x˛õ§yÓ˚î Ü˛Ó˚̂ Ï° GA í˛zÍ˛õyòö Ó¶˛ •Î˚ñ ú˛ˆÏ° α xƒyüy•zˆÏ°ç

«˛Ó˚î •Î˚ öy– ~•zÓ˚*˛õ Ó#çˆÏÜ˛ xô≈Ó#ç Óy half seed Ó°y •Î˚– ~•zÓ˚*˛õ xô≈Ó#ˆÏç Óy•zˆÏÓ˚ ˆÌˆÏÜ˛ !çÓùyˆÏÓ˚!°ö

•Ó˚̂ Ïüyö ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï° α-xƒyüy•zˆÏ°ç Ü˛yÎ≈Ü˛Ó˚# •Î˚ ~ÓÇ fiê˛yã≈˛ ˆû˛ˆÏä üˆÏŒê˛yç í˛zÍ˛õyòö •ˆÏÎ˚ ÌyˆÏÜ˛–

~•z ˜çÓ ˛õÓ˚#«˛yÎ˚ òyöy¢§ƒ ˆÌˆÏÜ˛ º*î x˛õ§yÓ˚î Ü˛ˆÏÓ˚ xô≈Ó#ç=!°ˆÏÜ˛ Ü˛ï˛=!° ˆ˛õ!ê˛Δ!í˛ˆÏ§ !Ó!û˛ß¨

âöˆÏcÓ˚ !çÓùyˆÏÓ˚!°ö !öÎ≈yˆÏ§ 24 â^ˇê˛y í%˛!ÓˆÏÎ˚ Ó˚yáy •Î˚– 24 â^ˇê˛y ˛õÓ˚ ≤Ã!ï˛!ê˛ ˆ˛õ!ê˛Δ!í˛ˆÏ§ Ü˛ï˛ê˛y üˆÏŒê˛yç

!öÉ§,ï˛ •ˆÏÎ˚ˆÏåÈ ï˛yÓ˚ ˛õ!Ó˚üyî !öô≈yÓ˚î Ü˛ˆÏÓ˚ ~Ü˛!ê˛ ˆ°á!ã˛ˆÏe K˛yï˛ !çÓùyˆÏÓ˚!°ˆÏöÓ˚ âöc Óöyü üˆÏŒê˛yˆÏçÓ˚

˛õ!Ó˚üyî xB˛ö Ü˛Ó˚y •Î˚– xB˛ˆÏö ≤ÃyÆ }ç% ˆ°á!ã˛e!ê˛ˆÏÜ˛ Standard curve Ó°y •Î˚– ~•z ˆ°á!ã˛ˆÏeÓ˚ §y•yˆÏÎƒ•z

xK˛yï˛ !çÓùyˆÏÓ˚!°ö !öÎ≈yˆÏ§ Ü˛ï˛ê˛y üˆÏŒê˛yç í˛zÍ˛õß¨ •° ï˛y !öô≈yÓ˚î Ü˛Ó˚y ÎyÎ˚ ~ÓÇ ~û˛yˆÏÓ•z xK˛yï˛

!çÓùyˆÏÓ˚!°ˆÏöÓ˚ ˛õ!Ó˚üy˛õ çyöy ÎyÎ˚–

8.5 §y•ẑ Ïê˛yÜ˛y•z!öö (Cytokinins)

ï˛yüyÜ˛ àyˆÏåÈÓ˚ üIy !öˆÏÎ˚ Ü˛°y Ü˛£Ï≈î (Tissue Culture) Ü˛Ó˚yÓ˚ §üÎ˚ !ÓK˛yö# fl%Òà Ä ïÑ˛yÓ˚ §•Ü˛yÓ˚#Ó˚y

(Skoog et al, 1941) °«˛ƒ Ü˛ˆÏÓ˚!åÈˆÏ°ö ˆÎ Ü,˛!‹T üyôƒˆÏü !Ü˛å%È!òö ˛õˆÏÓ˚•z ˆÜ˛y£Ï=!°Ó˚ !Óû˛yçö Ó¶˛ •ˆÏÎ˚ ÎyÎ˚–

Ä•z üyôƒˆÏü Î!ò IAA ~Ó˚ §yˆÏÌ {ˆÏfiê˛Ó˚ !öÎ≈y§ Óy öyÓ˚̂ ÏÜ˛° ò%ô (Coconut milk) !ü!◊ï˛ Ü˛ˆÏÓ˚ ˆòÄÎ˚y •Î˚

ï˛y•ˆÏ° ˆÜ˛y£Ï=!° ˛õ%öÓ˚yÎ˚ !Óû˛yçö«˛ü •ˆÏÎ˚ ÄˆÏë˛– ~ ˆÌˆÏÜ˛ ôyÓ˚îy Ü˛Ó˚y •Î˚ ˆÎ í˛z_´ !öÎ≈yˆÏ§ !öÿ˛Î˚•z ˆÜ˛yˆÏ£ÏÓ˚

!Óû˛yçˆÏöÓ˚ §•yÎ˚Ü˛ !Ü˛å%È í˛z˛õyòyö ÌyˆÏÜ˛– !ü°yÓ˚ Ä ïÑ˛yÓ˚ §•Ü˛ü#≈Ó˚y (Miller et al 1956) ̂ •!Ó˚Ç üyˆÏåÈÓ˚ ÷e´yî%Ó˚

!öí˛z!Üœ˛Ü˛ x¡‘ ˆÌˆÏÜ˛ ˆÜ˛y£Ï !Óû˛yçöÜ˛yÓ˚# Ó˚y§yÎ˚!öÜ˛ í˛z˛õyòyö!ê˛ˆÏÜ˛ ˛õ,ÌÜ˛ Ü˛ˆÏÓ˚ö– ˆÜ˛y£Ï !Óû˛yçö !ÓˆÏ¢£Ïï˛

§y•zˆÏê˛yÜ˛y•zˆÏö!§§ ≤Ã!e´Î˚yˆÏÜ˛ cÓ˚y!ß∫ï˛ Ü˛ˆÏÓ˚ ÓˆÏ° ~!ê˛ §y•zˆÏê˛yÜ˛y•z!öö Óy ú˛y•zˆÏê˛yÜ˛y•z!öö öyˆÏü ˛õ!Ó˚!ã˛!ï˛ °yû˛

Ü˛ˆÏÓ˚– Óï≈˛üyˆÏö xƒy!í˛!öö °∏˛ ˆÎ ˆÎÔà=!° ˆÜ˛y£Ï !Óû˛yçˆÏö §•yÎ˚ï˛y Ü˛ˆÏÓ˚ ï˛yˆÏòÓ˚ §y•zˆÏê˛yÜ˛y•z!öö ˆày¤˛#Ó˚

•Ó˚ˆÏüyˆÏöÓ˚ üˆÏôƒ xhsˇû≈%˛_´ Ü˛Ó˚y •Î˚– Ó˚y§yÎ˚!öÜ˛ àë˛ö  ÈÙÈ Ó˚y§yÎ˚!öÜ˛û˛yˆÏÓ §y•zˆÏê˛yÜ˛y•z!ööˆÏÜ˛ !ï˛ö!ê˛ ˆ◊!îˆÏï˛

û˛yà Ü˛Ó˚y ÎyÎ˚ ≠ a) ≤ÃyÜ,˛!ï˛Ü˛ §y•zˆÏê˛yÜ˛y•z!öö ÈÙÙÙÈ ~•z •Ó˚̂ Ïüyö=!° í˛z!qò ˆòˆÏ• ˛õyÄÎ˚y ÎyÎ˚ñ ˆÎüö !çÎ˚y!ê˛ö [6-
(4 •y•zí»˛!: -3 !üÌy•z°!Óí˛z!ê˛ ê˛Δy™ - 2 ~öy•z° xƒyüy•zˆÏöyV !˛õí˛z!Ó˚ö] •Ó˚̂ Ïüyö!ê˛ û%˛RyÓ˚ §ˆÏ§ƒ ˛õyÄÎ˚y ÎyÎ˚–

b) Ü,̨ !eü §y•ẑ Ïê˛yÜ˛y•z!öö ÈÙÙÙÈ ̂ Óöçy•z° xƒyüy•ẑ Ïöy!˛õí z̨!Ó̊ö (BAP), Ü˛y•z!ê˛ö S6 ú%̨ Ó̊ú%̨ Ó̊y•z° xƒyüy•ẑ Ïöy !˛õí z̨!Ó̊öV

≤Ãû,˛!ï˛ •Ó˚ˆÏüyö=!° í˛z!qòˆÏòˆÏ• xö%˛õ!fliï˛– ~=!° Ü,˛!eüû˛yˆÏÓ í˛zÍ˛õß¨ Ü˛Ó˚y •Î˚ ~ÓÇ ~ˆÏòÓ˚ !e´Î˚y ˛õk˛!ï˛

≤ÃyÜ,˛!ï˛Ü˛ •Ó˚ˆÏüyˆÏöÓ˚ üï˛ö– c) §y•zˆÏê˛yÜ˛y•z!öö ˆÎÔà ÈÙÙÙÈ ~•z ˆÎÔà=!° !˛õí˛z!Ó˚ö!Ó•#ö !Ü˛v §y•zˆÏê˛yÜ˛y•z!öˆÏöÓ˚

Ü˛yÎ≈Ü˛y!Ó˚ï˛y ≤Ãò¢≈ö Ü˛ˆÏÓ˚– í˛zòy•Ó˚î ˆÓö!ç!üí˛yˆÏçy°– S!ã˛e 8.7V
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8.5.1 §y•zˆÏê˛yÜ˛y•z!öˆÏöÓ˚ ¢yÓ˚#Ó˚Ó,_#Î˚ Ü˛yÎ≈yÓ°# (Physiological roles of Cytokinins)È

A) ˆÜ˛y£Ï !Óû˛yçö (Cell Division) ÈÙÙÙÈ §y•ẑ Ïê˛yÜ˛y•z!öö ̂ Ü˛y£Ï !Óû˛yç Ï̂öÓ˚ •yÓ˚ Óy!í ¸̨̂ ÏÎ˚ !ò Ï̂Î˚ í z̨!q Ï̂òÓ˚

Ó,!k˛ˆÏÜ˛ cÓ˚y!ß∫ï˛ Ü˛ˆÏÓ˚– Vinca ˆÜ˛yˆÏ£Ï §y•zˆÏê˛yÜ˛y•z!öö ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï° ˆÜ˛y£Ï=!° o&ï˛ !Óû˛y!çï˛ •ˆÏÎ˚ Ü˛ƒy°y§

í˛zÍ˛õß¨ Ü˛ˆÏÓ˚– Ü˛°y Ü˛£Ï≈ˆÏîÓ˚ (Tissue Culture) §üÎ˚ x!:ö Ä §y•zˆÏê˛yÜ˛y•z!öˆÏöÓ˚ !ü◊î ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï° o&ï˛

Ü˛ƒy°y§ (Callus) í z̨Í˛õß¨ •Î˚– öyÓ˚̂ ÏÜ˛° ò%ô (Coconut milk) Ü˛ƒy°y§ üyôƒˆÏü ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï° ̂ Ü˛y£Ï !Óû˛yçˆÏöÓ˚

•yÓ˚ o&ï˛ •Î˚ ~ÓÇ Ü˛ƒy°y§!ê˛ ü)°ñ ˛õyï˛y ≤Ãû,˛!ï˛ xˆÏD !ÓˆÏû˛!òï˛ •Î˚– ˆòáy ˆàˆÏåÈ ˆÎ öyÓ˚ˆÏÜ˛° ò%ˆÏô ˛õÎ≈yÆ

˛õ!Ó˚üyˆÏî §y•zˆÏê˛yÜ˛y•z!öö ÌyˆÏÜ˛ Îy Ü˛ƒy°y§ í˛zÍ˛õyòö Óy ˆÜ˛°y§ ˆÌˆÏÜ˛ ˛õ)î≈yD í˛z!qò àë˛ˆÏö §•yÎ˚ï˛y Ü˛ˆÏÓ˚–

ˆÜ˛yˆÏöy í˛z!qò Agrobacteriium tumefaciens öyüÜ˛ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y myÓ˚y xye´yhsˇ •ˆÏ° ˆÜ˛y£Ï !Óû˛yçˆÏöÓ˚

•yÓ˚ o&ï˛ •Î˚ ~ÓÇ í˛z!qò xˆÏD !ê˛í˛züyˆÏÓ˚Ó˚ üˆÏï˛y í˛z˛õÓ,!k˛ à!ë˛ï˛ •Î˚ ÎyˆÏÜ˛ e´yí˛zö à°‰ (Crown gall) ÓˆÏ°– ̂ òáy

ˆàˆÏåÈ ˆÎ ~•z ÓƒyÜ˛ˆÏê˛!Ó˚Î˚yÎ˚ Ti ≤’y§!üí˛ ÌyˆÏÜ˛ ÎyÓ˚ ~Ü˛!ê˛ !ö!ò≈‹T xÇˆÏ¢ T-DNA í˛z˛õ!fliï˛– DNA ~Ó˚ ~•z

xM˛È°!ê˛ !çÎ˚y!ê˛ö Ä x!:ö §ÇˆÏŸ’£ÏÜ˛yÓ˚# !çö Ó•ö Ü˛ˆÏÓ˚– ~•z •Ó˚̂ Ïüyö=!°Ó˚ ≤Ãû˛yˆÏÓ•z ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y xye´yhsˇ

í˛z!qò xˆÏD !ê˛í˛züyÓ˚ §ò,¢ í˛z˛õÓ,!k˛ à!ë˛ï˛ •Î˚ (Chilton 1983)–

!ü°yÓ˚ñ ˆ°Ìyü (Miller 1956, Letham 1960) ≤Ãü%á !ÓK˛yö#Ó˚y ≤Ãüyî Ü˛ˆÏÓ˚̂ ÏåÈö ˆÎ §y•zˆÏê˛yÜ˛y•z!öö

ˆÜ˛yˆÏ£ÏÓ˚ xyÎ˚ï˛ö Ó,!k˛ˆÏï˛Ä §•yÎ˚ï˛y Ü˛ˆÏÓ˚– Ü˛y•zˆÏö!ê˛ˆÏöÓ˚ ≤Ãû˛yˆÏÓ §%ˆÏe´yç o&ï˛ xyo≈ !ÓˆÏŸ’!£Ïï˛ •ˆÏÎ˚ @’%ˆÏÜ˛yˆÏç

Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚– x!ï˛!Ó˚_´ @’%ˆÏÜ˛yç ˆÜ˛yˆÏ£ÏÓ˚ x!û˛flÀÓî ã˛y˛õ Óy!í˛¸ˆÏÎ˚ ç° ˆ¢y£ÏˆÏîÓ˚ üyey Óy!í˛¸ˆÏÎ˚ ˆòÎ˚– ~Ó˚

ú˛ˆÏ°•z ˆÜ˛y£Ï=!° xyÎ˚ï˛ˆÏö Ó,!k˛ ˛õyÎ˚– Ü˛y•zˆÏö!ê˛ˆÏöÓ˚ ≤Ãû˛yˆÏÓ ï˛yüyÜ˛ ü)ˆÏ°Ó˚ Ó!•hflÏˆÏÓ˚Ó˚ ˆÜ˛y£Ï=!°Ó˚ xyÎ˚ï˛ö ≤ÃyÎ˚

4 =î Ó,!k˛ ˛õyÎ˚–

B) í˛z!qò xˆÏDÓ˚ !ÓÜ˛y¢ (Differentiation of plant tissues) ÈÙÙÙÈ í˛z!qò xˆÏDÓ˚ ˛õ!Ó˚fl≥%˛ê˛ˆÏöÄ

§y•zˆÏê˛yÜ˛y•z!öö xï˛ƒhsˇ =Ó˚&c˛õ)î≈ û)˛!üÜ˛y @ˇÃ•î Ü˛ˆÏÓ˚– ï˛yüyÜ˛ ˛õyï˛yÓ˚ üIy ˆÌˆÏÜ˛ Ü˛°yÜ˛£Ï≈î Ü˛Ó˚yÓ˚ §üÎ˚ IAA Ä
Ü˛y•zˆÏö!ê˛ö 2mg/ !°ê˛yÓ˚ ≠ 0.02mg/!°ê˛yÓ˚ ÈÙÙÙÈ ~•z xö%˛õyˆÏï˛ ÌyÜ˛ˆÏ° o&ï˛ ˆÜ˛y£Ï!Óû˛yçˆÏöÓ˚ üyôƒˆÏü Ü˛ƒy°y§

í˛zÍ˛õß¨ •Î˚ ÓˆÏê˛ !Ü˛v Ü˛ƒy°y§!ê˛ˆÏï˛ í˛z!qò xˆÏDÓ˚ §,!‹T •Î˚ öy– Ü,˛!‹T üyôƒˆÏü ~•z •Ó˚ˆÏüyö ò%Û!ê˛ !Ó˛õÓ˚#ï˛ xö%˛õyˆÏï˛

ÌyÜ˛ˆÏ° SxÌ≈yÍ Ü˛y•zˆÏö!ê˛ˆÏöÓ˚ üyey Ó,!k˛ Ü˛Ó˚ˆÏ°V Ü˛ƒy°y§ ˆÌˆÏÜ˛ o&ï˛ ü)° §,!‹T •Î˚– Peperomia, Acer ≤Ãû,˛!ï˛

Ü˛y•ẑ Ïö!ê˛ö SÜ,̨ !eüV !çÎ̊!ê˛ö S≤ÃyÜ,̨ !ï˛Ü˛V

ˆÓö!ç!üí˛y Ï̂çy° S§y•ẑ Ïê˛yÜ˛y•z!ööV §ò,¢V

!ã˛e 8.7 ≠ Ü˛ Ï̂Î̊Ü˛!ê˛ ≤Ãôyö §y•ẑ Ïê˛yÜ˛y•z!ö Ï̂öÓ̊ àë˛ö
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§˛õ%‹õÜ˛ í˛z!qˆÏò ~üö!Ü˛ !Ó!û˛ß¨ ú˛yî≈ Ä üˆÏ§Ä §y•zˆÏê˛yÜ˛y•z!öö ü)°ñ ˛õyï˛yñ Ó˚y•zçˆÏÎ˚í˛ ≤Ãû,˛!ï˛Ó˚ Ó,!k˛ˆÏÜ˛ ï˛Ó˚y!ß∫ï˛

Ü˛ˆÏÓ˚– Psycomitrella patens öyüÜ˛ üˆÏ§Ó˚ OVE !üí˛zê˛ƒyrê˛ x!ï˛ o&ï˛ ü%Ü%˛° í˛zÍ˛õyòˆÏö §«˛ü ~ÓÇ ~Ü˛•z

§yˆÏÌ !üí˛zê˛ƒyrê˛!ê˛ ≤Ãã%˛Ó˚ ˛õ!Ó˚üyˆÏî §y•zˆÏê˛yÜ˛y•z!öö í˛zÍ˛õyòˆÏö §«˛ü–

§y•zˆÏê˛yÜ˛y•z!öö ˆÜ˛y£Ï ≤Ãyã˛#ˆÏÓ˚ !°à!öö §ÇˆÏŸ’£Ï Óy!í˛¸ˆÏÎ˚ !òˆÏÎ˚ ê˛Δƒy!Ü˛í˛ àë˛ˆÏö §•yÎ˚ï˛y Ü˛ˆÏÓ˚–

C) Óyô≈ˆÏÜ˛ƒÓ˚ !Ó°¡∫ï˛y (Delayed Senescence) ÈÙÙÙÈ ÓÎ˚̂ Ï§Ó˚ §yˆÏÌ §yˆÏÌ ç#ÓˆÏòˆÏ• ˆÎ «˛Î˚§)ã˛Ü˛

¢yÓ˚#Ó˚Ó,_#Î˚ Ä ˜çÓ Ó˚y§yÎ˚!öÜ˛ ˛õ!Ó˚Óï≈˛ö=!° ˛õ!Ó˚°!«˛ï˛ •Î˚ ï˛yˆÏòÓ˚ §yü!@ˇÃÜ˛û˛yˆÏÓ Óyô≈ˆÏÜ˛ƒÓ˚ §)ã˛Ü˛ (Index of
senescence) ÓˆÏ°– !Ó˚ã‰˛ü[˛ Ä °ƒyÇ (Richmond and Lang 1957) Xanthium ˛õyï˛yÓ˚ !Ó!FåÈß¨ ã˛yÜ˛!ï˛ˆÏï˛

(Isolated leaf disc) ˆÜœ˛yˆÏÓ˚y!ú˛ˆÏ°Ó˚ o&ï˛ û˛yäö °«˛ƒ Ü˛ˆÏÓ˚ö ~ÓÇ ~Ó˚ §yˆÏÌ ˆ≤Ãy!ê˛ˆÏöÓ˚ ˛õ!Ó˚üyîÄ

í˛zˆÏÕ‘áˆÏÎyàƒû˛yˆÏÓ Ü˛ˆÏü ÎyÎ˚– Ä•z ˛õyï˛y=!°ˆÏÜ˛ §y•zˆÏê˛yÜ˛y•z!öö oÓˆÏî Ó˚yáˆÏ° ˆÜœ˛yˆÏÓ˚y!ú˛° «˛ˆÏÎ˚Ó˚ •yÓ˚

í˛zˆÏÕ‘áˆÏÎyàƒû˛yˆÏÓ Ü˛ˆÏü ÎyÎ˚ S!ã˛e 8.8V– ˛õÓ˚Óï˛#≈Ü˛yˆÏ° °«˛ƒ Ü˛Ó˚y ˆàˆÏåÈ Óyô≈ˆÏÜ˛ƒÓ˚ §yˆÏÌ §yˆÏÌ ˆÜœ̨ yˆÏÓ˚yú˛y•zˆÏ°çñ

RNase, DNase ≤Ãû,˛!ï˛ xyo≈ !ÓˆÏŸ’£ÏÜ˛ í˛zÍˆÏ§ã˛Ü˛=!°Ó˚ !e´Î˚y cÓ˚y!ß∫ï˛ •Î˚ ÎyÓ˚y í˛z!qòˆÏòˆÏ• §!M˛Èï˛

üƒyˆÏe´yü!°!Ü˛í˛z°=!°Ó˚ û˛yäö âê˛yÎ˚– §y•zˆÏê˛yÜ˛y•z!öö ~•z í˛zÍˆÏ§ã˛Ü˛=!°Ó˚ !e´Î˚yˆÏÜ˛ ü®#û)˛ï˛ Ü˛ˆÏÓ˚ ˛õyï˛yÓ˚

ˆÜœ˛yˆÏÓ˚y!ú˛°ñ !öí˛z!Üœ˛Ü˛ x¡‘ Óy ̂ ≤Ãy!ê˛ˆÏöÓ˚ xÓ«˛Î˚ ̂ Ó˚yô Ü˛ˆÏÓ˚– ~•z ≤Ã!ï˛!e´Î˚yˆÏÜ˛ Richmond and Lang effect
Ó°y •Î˚–

!ã˛e 8.8 ≠ §y•ẑ Ïê˛yÜ˛y•z!öö (CK) ~Ó˚ ≤Ãû˛y Ï̂Ó !Ó!FåÈß¨ ̨õeã˛yÜ˛!ï˛ Ï̂ï˛ ̂ Üœ̨ y Ï̂Ó˚y!ú˛ Ï̂°Ó˚ «˛Î˚ ̂ Ó˚yô

D) x@ˇÃfli ≤ÃÜ˛ê˛ï˛y (Apical dominance) ÈÙÙÙÈ x@ˇÃü%Ü%˛ˆÏ°Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ x!:ˆÏöÓ˚ ≤Ãû˛yˆÏÓ ˛õyŸª≈ü%Ü%˛°

Ó,!k˛≤ÃyÆ • Ï̂ï˛ ̨õy Ï̂Ó̊ öy– ~•z ¢yÓ̊#Ó̊Ó,_#Î̊ !e´Î̊y Ï̂Ü˛ x@ˇÃfli ≤ÃÜ˛ê˛ï˛y Ó Ï̂°– Sach Ä Thimann (1964) ̂ ò!á Ï̂Î̊ Ï̂åÈö

ˆÎ §ü@ˇÃ !Óê˛˛õ xÇ¢ Ï̂Ü˛ Ü˛y•ẑ Ïö!ê˛ö !ò Ï̂Î̊ !§_´ Ü˛Ó̊ Ï̂°ñ x@ˇÃü%Ü%̨ Ï̂°Ó̊ í z̨̨ õ!fli!ï˛ Ï̂ï˛Ä ̨õyŸª#≈Î̊ ü%%Ü%̨ °=!° fl∫yû˛y!ÓÜ˛û˛y Ï̂Ó

ˆÓˆÏí˛¸ ÄˆÏë˛– ~•z ˛õÓ˚#«˛y!ê˛ ≤Ãüyî Ü˛ˆÏÓ˚ ˆÎ Ü˛y•zˆÏö!ê˛ö x@ˇÃfli ≤ÃÜ˛ê˛ï˛yˆÏÜ˛ ≤Ã!ï˛•ï˛ Ü˛ˆÏÓ˚ ˛õyŸª≈ü%Ü%˛ˆÏ°Ó˚ ˛õ!Ó˚fl≥%˛ê˛ö

âê˛yˆÏï˛ §y•yÎƒ Ü˛ˆÏÓ˚–
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E) ≤’y§!ê˛ Ï̂í˛Ó̊ ̨õ!Ó̊fl≥)̨ Ó̊î Ä ̂ Üœ̨ y Ï̂Ó̊y!ú˛° §Ç Ï̂Ÿ’£Ï (Synthesis of Chlorophyll and Maturation
of Plastids) ÈÙÙÙÈ ˆÜ˛yˆÏöy àyåÈˆÏÜ˛ x¶˛Ü˛yˆÏÓ˚ ò#â≈ §üÎ˚ Ó˚yáˆÏ° ˆ≤Ãy≤’y§!ê˛í˛ ≤’y§!ê˛ˆÏí˛ Ó˚*˛õyhsˇ!Ó˚ï˛ •ˆÏï˛ ˛õyˆÏÓ˚ öy

~ÓÇ ˆÜœ˛yˆÏÓ˚y!ú˛° §ÇˆÏŸ’£ÏÄ §Ω˛Ó •Î˚ öy– ~•z ôÓ˚̂ ÏöÓ˚ ˆÜœ̨ yˆÏÓ˚y!ú˛°!Ó•#ö (Etiolated plant) í˛z!qˆÏò Ü˛y•zˆÏö!ê˛ö

≤ÃˆÏÎ˚yà Ü˛Ó˚ˆÏ° o&ï˛ ˆÜœ˛yˆÏÓ˚y!ú˛ˆÏ°Ó˚ §ÇˆÏŸ’£Ï âˆÏê˛ ~ÓÇ ˆÜœ̨ yˆÏÓ˚y!ú˛°!Ó•#ö ≤’y§!ê˛í˛ Óy •z!ê˛Ä≤’yfiê˛ (Etioplast)
≤’y§!ê˛ˆÏí˛ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚–

F) ˛õ%‹õ ≤Ãfl≥%˛ê˛ö (Flowering) ÈÙÙÙÈ Pharbitis nil öyüÜ˛ •…fl∫ !òÓy í˛z!qòˆÏÜ˛ (Short day plant) ò#â≈

!òÓyÜ˛yˆÏ° Ó˚yáˆÏ° ú%˛° ˆú˛yˆÏê˛ öy !Ü˛v Ä•z xÓfliyÎ˚ §y•zˆÏê˛yÜ˛y•z!öö ≤ÃˆÏÎ˚yà Ü˛Ó˚ˆÏ° ú%˛° ú%˛ê˛ˆÏï˛ ˆòáy ÎyÎ˚– xyä%Ó˚

àyˆÏåÈ 100ppm Ü˛y•zˆÏö!ê˛ö ≤ÃˆÏÎ˚yà Ü˛Ó˚ˆÏ° ˛õ%Ç˛õ%‹õ=!° í˛zû˛!°D ˛õ%ˆÏ‹õ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚–

G) Ó#ˆÏçÓ˚ xB%˛ˆÏÓ˚yò‰àü (Gemination) ÈÙÙÙÈ §y•zˆÏê˛yÜ˛y•z!öˆÏöÓ˚ ≤Ãû˛yˆÏÓ Ó#ˆÏçÓ˚ xB%˛ˆÏÓ˚yò‰àü cÓ˚y!ß∫ï˛

•Î˚– ˆ°ê%˛§ Ó#ˆÏçÓ˚ ˆÎ ≤ÃÜ˛Ó˚î=!°Ó˚ xB%˛ˆÏÓ˚yò‰àˆÏüÓ˚ çöƒ °y° xyˆÏ°yÓ˚ ≤ÃˆÏÎ˚yçö •Î˚ñ ˆ§•z Ó#ç=!°ˆÏï˛

§y•zˆÏê˛yÜ˛y•z!öö ≤ÃˆÏÎ˚yà Ü˛Ó˚ˆÏ° °y° xyˆÏ°yÓ˚ í˛z˛õ!fli!ï˛ åÈyí˛¸y•z xB%˛ˆÏÓ˚yò‰àü §¡õß¨ •Î˚– ˛õ%Ó˚yˆÏöy Ó#ˆÏç ABA
~Ó˚ üyey ˆÓˆÏí ¸̨ ÎyÎ˚ Îy xB%˛ˆÏÓ˚yòàüˆÏÜ ≤Ã!ï˛•ï˛ Ü˛ˆÏÓ˚ !Ü˛v ˆ§•z Ó#ˆÏç §y•zˆÏê˛yÜ˛y•z!öö ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï° ˆòáy ÎyÎ˚

ˆÎ ~•z •Ó˚̂ Ïüyö ABA ~Ó˚ !e´Î˚yˆÏÜ˛ xyÇ!¢Ü˛û˛yˆÏÓ !ö!‹;˛Î˚ Ü˛ˆÏÓ˚ Ó#ˆÏçÓ˚ xB%˛ˆÏÓ˚yò‰àü âê˛yÎ˚– òyöy¢ˆÏ§ƒ GA ~Ó˚

üï˛ö §y•zˆÏê˛yÜ˛y•z!ööÄ α xƒyüy•zˆÏ°ˆÏçÓ˚ !e´Î˚yˆÏÜ˛ Óy!í˛¸ˆÏÎ˚ !òˆÏÎ˚ xB%˛ˆÏÓ˚yò‰àˆÏü §•yÎ˚ï˛y Ü˛ˆÏÓ˚– ~•z Ü˛yÓ˚ˆÏî

§y•zˆÏê˛yÜ˛y•z!ööˆÏÜ˛ xB%˛ˆÏÓ˚yò‰àˆÏüÓ˚ 'promoting factor' Ó°y •Î˚–

8.6 •z!Ì!°ö (Ethylene)

≤ÃÜ,˛!ï˛ ≠ÈÙÈ •z!Ì!°ö ~Ü˛!ê˛ §Ó˚° x§¡õ,_´ •y•zˆÏí»˛yÜ˛yÓ≈ö (CH2=CH2)– í˛z!qòˆÏòˆÏ• !ü!ÌÄ!öö ˆÌˆÏÜ˛ ~•z

àƒy§#Î˚ •Ó˚̂ Ïüyö!ê˛ §Ç!Ÿ’‹T •Î˚– •z!Ì!°ˆÏöÓ˚ ¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚y=!° !ö¡¨Ó˚*˛õ ÉÈÙÈ

A) ú˛ Ï̂°Ó̊ ̨õ!Ó̊˛õE˛ï˛y (Maturation of fruits) ÈÙÙÙÈ •z!Ì!°ö o&ï˛ ú˛° ̨õyÜ˛y Ï̂ï˛ §y•yÎƒ Ü˛ Ï̂Ó̊– •z!Ì!° Ï̂öÓ̊

≤Ãû˛yˆÏÓ Ü˛V ú˛ˆÏ°Ó˚ §!M˛Èï˛ áyòƒÓ›Ó˚ o&ï˛ xyo≈ !ÓˆÏŸ’£Ïî âˆÏê˛ñ áV ú˛°cˆÏÜ˛Ó˚ Óî≈ ˛õ!Ó˚Ó!ï≈˛ï˛ •Î˚ñ àV ˆ˛õÜ˛!ê˛ˆÏöç

çyï˛#Î˚ í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ !e´Î˚y Ó,!k˛ ˛õyÎ˚ Îy ˆÜ˛y£Ï ≤Ãyã˛#Ó˚̂ ÏÜ˛ öÓ˚ü Ü˛ˆÏÓ˚ o&ï˛ ú˛ˆÏ°Ó˚ ˛õ!Ó˚̨ õE˛ï˛y xyöÎ˚ö Ü˛ˆÏÓ˚–

B) !°D ˛õ!Ó˚Óï≈˛ö (Change of sexes) ÈÙÙÙÈ !Ü˛í˛zÜ˛yÓ˚!ÓˆÏê˛§# ˆàyˆÏeÓ˚ SÜ%˛üí˛¸yñ ú%˛!ê˛ ≤Ãû,˛!ï˛V í˛z!qˆÏòÓ˚

˛õ%‹õü%Ü%˛ˆÏ° •z!Ì!°ö ≤ÃˆÏÎ˚yà Ü˛Ó˚ˆÏ° ˛õ%Ç˛õ%‹õ=!°ˆÏÜ˛ flf#˛õ%ˆÏ‹õ Ó˚*˛õyhsˇ!Ó˚ï˛ •ˆÏï˛ ˆòáy ÎyÎ˚–

C) !Óê˛˛õ xÇˆÏ¢Ó˚ Óe´ï˛y (Bending of Shoot) ÈÙÙÙÈ x¶˛Ü˛yˆÏÓ˚ Ó,!k˛≤ÃyÆ (etiolated) àyˆÏåÈ •z!Ì!°ö

≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï° Ü˛yˆÏ[˛Ó˚ x@ˇÃû˛yà ˆÓÑˆÏÜ˛ ÎyÎ˚ ~ÓÇ ~•z Óe´ï˛yÓ˚ •yÓ˚ •z!Ì!°ˆÏöÓ˚ âöˆÏcÓ˚ §yˆÏÌ §üyö%˛õy!ï˛Ü˛–

D) ü)ˆÏ°Ó˚ Ó,!k˛ (Grouth of root) ÈÙÙÙÈ •z!Ì!°ö §ã˛Ó˚yã˛Ó˚ ü)ˆÏ°Ó˚ Ó,!k˛ ≤Ã!ï˛•ï˛ Ü˛ˆÏÓ˚– Arabidopsis
àyˆÏåÈ xÓ¢ƒ •z!Ì!°ˆÏöÓ˚ ≤Ãû˛yˆÏÓ x!ôÜ˛ ü)°ˆÏÓ˚yü í˛zÍ˛õß¨ •ˆÏï˛ ˆòáy ÎyÎ˚ (Dolan, 1994)–
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E) xÜ˛y° Ï̂üyã˛ö (Premature senescence) ÈÙÙÙÈ •z!Ì!°ö ̨õyï˛y Ä ú˛ˆÏ°Ó˚ xÜ˛y°ˆÏüyã˛ö âê˛yÎ˚– ̂ ã˛!Ó˚ñ

ï%˛°y ≤Ãû,˛!ï˛ àyˆÏåÈ •z!ÌˆÏú˛yö (Ethephon) öyüÜ˛ •z!Ì!°ö í˛zÍ˛õyòöÜ˛yÓ˚# ˆÎÔà ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï° o&ï˛ ú˛° é˛ˆÏÓ˚

ÎyÎ˚–

F) Óyô≈Ü˛ƒ xyöÎ̊ö (Senescence) ÈÙÙÙÈ •z!Ì!°ö Óy ACC S 1 - xƒyüy•ẑ Ïöy §y•ẑ ÏÜœ̨ y≤Ã Į̈̂ õö 1 - Ü˛yÓ≈!:!°Ü˛

x¡‘ ÈÙÙÙÈ •z!Ì!°ö í˛zÍ˛õyòöÜ˛yÓ˚# ˆÎÔàV ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï° ˛õyï˛yÓ˚ Óyô≈Ü˛ƒ cÓ˚y!ß∫ï˛ •Î˚–

G) Ó#ˆÏçÓ˚ xB%˛ˆÏÓ˚yÂàü (Germination) ÈÙÙÙÈ Óyòyü çyï˛#Î˚ àyˆÏåÈ •z!Ì!°ˆÏöÓ˚ ≤Ãû˛yˆÏÓ Ó#ˆÏçÓ˚ §%ÆyÓfliy

û˛D •Î˚ Ä º*î o&ï˛ Ó,!k˛ °yû˛ Ü˛ˆÏÓ˚–

8.7 xƒyÓ!§!§Ü˛ x¡‘ (Abscisic Acid)

xƒyÓ!§!§Ü˛ x¡‘ (ABA) ~Ü˛!ê˛ ê˛yÓ˚!˛õöˆÏÎ˚í˛ ˆÎÔà Îy í˛z!qˆÏòÓ˚ ≤Ãôyö Ó,!k˛ ≤Ã!ï˛ˆÏÓ˚yôÜ˛ •Ó˚ˆÏüyöÓ˚*ˆÏ˛õ

Ü˛yç Ü˛ˆÏÓ˚– ˛õeˆÏüyã˛ˆÏöÓ˚ §üÎ˚ ˆüyã˛öhflÏˆÏÓ˚ ˆÎ Ó˚y§yÎ˚!öÜ˛ ˛õòyÌ≈!ê˛ §!M˛Èï˛ •Î˚ ï˛y xƒyÓ!§!§ö öyˆÏü ˛õ!Ó˚!ã˛ï˛

!åÈ°– xyÓyÓ˚ñ Ó#ˆÏçÓ˚ xB%˛ˆÏÓ˚yÂàü ≤Ã!ï˛ˆÏÓ˚yôÜ˛yÓ˚# Óy §%ÆyÓfliyÓ˚ §ˆÏD §¡õÜ≈˛Î%_´ ˆÎÔà!ê˛ˆÏÜ˛ í˛Ó˚!üö Ó°y •ï˛–

˛õÓ˚Óï˛#≈Ü˛yˆÏ° xƒyÓ!§!§ö Óy í˛Ó˚!üö•z Ó˚y§yÎ˚!öÜ˛û˛yˆÏÓ xƒyÓ!§!§Ü˛ x¡‘Ó˚*ˆÏ˛õ fl∫#Ü,˛ï˛ •Î˚–

¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚y ≠

A) Ó#ˆÏçÓ˚ §%ÆyÓfliy xyöÎ˚ˆÏö (Dormancy of Seeds) ÈÙÙÙÈ ˆÜ˛yˆÏöy Ó#çˆÏÜ˛ ò#â≈!òö ôˆÏÓ˚ ˆú˛ˆÏ°

Ó˚yáˆÏ° ô#ˆÏÓ˚ ô#ˆÏÓ˚ ï˛yÓ˚ xB%˛ˆÏÓ˚yÂàˆÏüÓ˚ «˛üï˛y ˆ°y˛õ ~ÓÇ Ó#ç!ê˛ §%ÆyÓfliyÎ˚ (Dormant) í˛z˛õö#ï˛ •Î˚– ˆòáy

ˆà Ï̂åÈ ̂ Î Ó# Ï̂çÓ̊ Óyô≈̂ ÏÜ˛ƒÓ̊ §y Ï̂Ì §y Ï̂Ì ABA ~Ó̊ ̨õ!Ó̊üyî ô# Ï̂Ó̊ ô# Ï̂Ó̊ Óyí˛̧ Ï̂ï˛ Ìy Ï̂Ü˛– ~•z •Ó̊ Ï̂üyö!ê˛ xB%̨ Ï̂Ó̊yÂà Ï̂üÓ̊

§•yÎ˚Ü˛ GA ~Ó˚ !e´Î˚y«˛üï˛y ö‹T Ü˛ˆÏÓ˚ ˆòÎ˚ ÈÙÙÙÈ ú˛°fl∫Ó˚*˛õ GA !öÎ˚!sfï˛ xyo≈ !ÓˆÏŸ’£ÏÜ˛ í˛zÍˆÏ§ã˛Ü˛=!°Ó˚ Sα -
xƒyüy•zˆÏ°çñ ú˛§ú˛yˆÏê˛ç ≤Ãû,˛!ï˛V §ÇˆÏŸ’ˆÏ£ÏÓ˚ •yÓ˚ Ü˛ˆÏü ÎyÎ˚– ~•zçöƒ•z Ó#ˆÏç §!M˛Èï˛ ç!ê˛° áyòƒÓ›=!°Ä

§Ó˚°#Ü,̨ ï˛ •Î˚ öy Ä º*î!ê˛ Ó,!k˛°yû˛ Ü˛ Ï̂Ó˚ öy– ~•z Ü˛yÓ˚̂ Ïî•z xB%̨ Ï̂Ó˚yÂà Ï̂üÓ˚ ̂ «˛ Ï̂e ABA ̂ Ü˛ Ú≤Ã!ï˛ Ï̂Ó˚yôÜ˛ í z̨̨ õyòyöÛ

Óy 'Preventing factor' Ó°y •Î̊–

xˆÏöÜ˛ Ó#ç•z ˛õ!Ó˚˛õE˛ï˛y °yû˛ Ü˛Ó˚yÓ˚ §yˆÏÌ §yˆÏÌ xB%˛!Ó˚ï˛

•Î˚ öy xÌ≈yÍ ú˛§° ˆï˛y°yÓ˚ §üÎ˚ Ó#ç=!° §%ÆyÓfliyÎ˚ (Post
harvest dormancy) ÌyˆÏÜ˛– ôyö çyï˛#Î˚ òyöy¢ˆÏ§ƒ °«˛ƒ Ü˛Ó˚y

ˆàˆÏåÈ Ä•z §üˆÏÎ˚ Ó#ˆÏç ˛õÎ≈yÆ ˛õ!Ó˚üyî ABA ÌyˆÏÜ˛ Îy

xB%˛ˆÏÓ˚yÂàˆÏü Óyôyòyö Ü˛ˆÏÓ˚– !Ü˛å%È!òˆÏöÓ˚ üˆÏôƒ•z ABA ô#ˆÏÓ˚ ô#ˆÏÓ˚

ˆú˛!§Ü˛ Ä í˛y•zˆÏú˛!§Ü˛ xˆÏ¡‘ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚– ~Ó˚ ú˛ˆÏ° ú˛§°

ˆï˛y°yÓ˚ !Ü˛å%È!òö ̨õ Ï̂Ó˚ Ó#ç=!° xB%̨ Ï̂Ó˚yÂà Ï̂üÓ˚ «˛üï˛y °yû˛ Ü˛ Ï̂Ó˚–

B) ˛õeÓ̊ Ï̂¶…̨ Ó̊ !öü#≈°ö Ä Óy‹õ Ï̂üyã˛ö ̂ Ó̊yô  (Opening
and Closing of Stomata) ÈÙÙÙÈ ABA ~Ó˚ ≤Ãû˛yˆÏÓ ˛õeÓ˚¶…̨

!ã˛e 8N : ABA ~Ó˚ Ó˚y§yÎ˚!öÜ˛ àë˛ö
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í˛zˆÏß√y!ã˛ï˛ •Î˚ öy ~ÓÇ ~Ó˚ ú˛ˆÏ° Óy‹õˆÏüyã˛ˆÏöÓ˚ •yÓ˚Ä Ü˛ˆÏü ÎyÎ˚– ~•z Ü˛yÓ˚̂ Ïî ABAˆÏÜ˛ Óy‹õˆÏüyã˛ö ≤Ã!ï˛ˆÏÓ˚yô#

í z̨̨ õyòyö (Antitranspirant) Ó°y •Î̊–

ˆòáy ˆàˆÏåÈ ˆÎ ü,!_Ü˛yÎ˚ ç°yû˛yÓ âê˛ˆÏ° àyˆÏåÈ ˛õyï˛yÎ˚ ABA ~Ó˚ ˛õ!Ó˚üyî o&ï˛ Ó,!k˛ ˛õyÎ˚– áÓ˚yÜ˛y°#ö

xÓfliyÎ˚ ABA ~Ó˚ ˛õ!Ó˚üyî ≤ÃyÎ˚ ˛õM˛Èy¢=î ˛õÎ≈hsˇ Óyí˛¸ˆÏï˛ ˛õyˆÏÓ˚– ~•z x!ï˛!Ó˚_´ ABA o&ï˛ ˛õeÓ˚¶…˛ˆÏÜ˛ Ó¶˛ Ü˛ˆÏÓ˚

Óy‹õˆÏüyã˛ö ≤Ã!ï˛ˆÏÓ˚yô Ü˛ˆÏÓ˚ Ä áÓ˚yç!öï˛ ˛õ#í ¸̨ö Óy ç°yû˛yÓ (Water stress) ˆÌˆÏÜ˛ í˛z!qòˆÏÜ˛ Ó˚«˛y Ü˛ˆÏÓ˚–

áÓ̊yÜ˛y°#ö xÓfliyÎ̊ ̨õyï˛yÎ̊ 1μmol âö Ï̂cÓ̊ ABA !§M˛Èö Ü˛Ó̊ Ï̂°

3 ˆÌˆÏÜ˛ 9 !ü!öˆÏê˛Ó˚ üˆÏôƒ ˛õeÓ˚¶…˛ Ó¶˛ •ˆÏï˛ ˆòáy ÎyÎ˚–

C) ü)̂ Ï°Ó̊ Ó,!k˛  (Rott growth) ÈÙÙÙÈ ABA ~Ó̊ ≤Ãû˛y Ï̂Ó

Ü˛y Ï̂[˛Ó̊ Ó,!k˛ Óƒy•ï˛ • Ï̂°Ä û%̨ Ryçyï˛#Î̊ ày Ï̂åÈ ü)̂ Ï°Ó̊ Ó,!k˛ cÓ̊y!ß∫ï˛

•Î˚– ~•z Ó!ô≈ï˛ ü)° ÷‹Ò ü,!_Ü˛yÎ˚ í˛z!qòˆÏÜ˛ ç° ̂ ¢y£ÏˆÏî §•yÎ˚ï˛y

Ü˛ Ï̂Ó̊–

D) ˆüyã˛ö hflÏÓ˚ §,!‹T (Formation of abscission
layer) ÈÙÙÙÈ ú%˛°ñ ˛õyï˛y Óy ú˛ˆÏ°Ó˚ ˆüyã˛ˆÏöÓ˚ §üÎ˚ Ó,ˆÏhsˇ ˆÎ

ˆüyã˛öhflÏÓ˚ §,!‹T •Î˚ ˆ§•z fliyˆÏö ˛õÎ≈yÆ ˛õ!Ó˚üyˆÏî ABA §,!‹T •Î˚

(Milborrow 1984)– !ÓK˛yö# x§ˆÏÓyö≈ (Osborne 1989)
ˆò!á Ï̂Î̊ Ï̂åÈö ̂ Î ̂ üyã˛öhflÏ̂ ÏÓ̊ í z̨Í˛õß̈ ABA, •z!Ì!°ö §Ç Ï̂Ÿ’£Ï̂ ÏÜ˛Ä

cÓ˚y!ß∫ï˛ Ü˛ˆÏÓ˚– ABA Ó,ˆÏhsˇÓ˚ ˆÜ˛y£Ï ≤Ãyã˛#Ó˚ˆÏÜ˛ öÓ˚ü Ü˛Ó˚yÓ˚ çöƒ

ˆ˛õÜ˛!ê˛ˆÏöçñ ˆ§°%ˆÏ°ç ≤Ãû,˛!ï˛ í˛zÍˆÏ§ã˛Ü˛=!° §ÇˆÏŸ’ˆÏ£ÏÓ˚ •yÓ˚ Óy!í˛¸̂ ÏÎ˚ !òˆÏÎ˚ ˛õyï˛y Ä ú˛ˆÏ°Ó˚ xÜ˛y° ˆüyã˛ˆÏö

§•yÎ˚ï˛y Ü˛ˆÏÓ˚–

8.8 §yÓ̊yÇ¢ (Summary)

í˛z!qˆÏòÓ˚ Ó,!k˛ñ !Ó˛õyÜ˛ Ä xöƒyöƒ ¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚yÎ˚ •Ó˚ˆÏüyˆÏöÓ˚ =Ó˚&c §Ó≈y!ôÜ˛– x!:öˆÏÜ˛ §ÓˆÏã˛ˆÏÎ˚

=Ó˚&c˛õ)î≈ Ó,!k˛ •Ó˚̂ Ïüyö Ó°y •ˆÏ°Ä í˛z!qˆÏòÓ˚ Ó,!k˛ˆÏï˛ !çÓùyˆÏÓ˚!°ö Ä §y•zˆÏê˛yÜ˛y•z!öˆÏöÓ˚Ä í˛zˆÏÕ‘áˆÏÎyàƒ û)˛!üÜ˛y

xyˆÏåÈ– !ê˛ΔˆÏ≤Wzyú˛ƒyö öyüÜ˛ xƒyüy•zˆÏöy x¡‘ ̂ ÌˆÏÜ˛ x!:ö (IAA) í˛zÍ˛õß¨ •Î˚ ~ÓÇ ~•z •Ó˚ˆÏüyö!ê˛ ≤Ãôyöï˛ ̂ Ü˛yˆÏ£ÏÓ˚

!Óû˛yçö Ä xyÎ˚ï˛ö Ó,!k˛ˆÏï˛ §•yÎ˚ï˛y Ü˛ˆÏÓ˚– í˛z!qˆÏòÓ˚ ê˛Δ!˛õÜ˛ ã˛°öñ x@ˇÃfli ≤ÃÜ˛ê˛ï˛y ≤Ãôyöï˛ ~•z •Ó˚̂ Ïüyö myÓ˚y

!öÎ˚!sfï˛ •Î˚–

!çÓùyˆÏÓ˚!°ö ~Ü˛!ê˛ í˛y•zê˛yÓ˚!˛õöˆÏÎ˚í˛ •Ó˚ˆÏüyö Îy í˛z!qˆÏòÓ˚ ̨ õÓ≈üˆÏôƒÓ˚ Ó,!k˛ âê˛yÎ˚– òyöy¢ˆÏ§ƒÓ˚ xƒy!°í˛zˆÏÓ˚yö

hflÏˆÏÓ˚ GA !Ó!û˛ß¨ xyo≈!ÓˆÏŸ’£ÏÜ˛ í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ §ÇˆÏŸ’£Ï â!ê˛ˆÏÎ˚ xB%˛ˆÏÓ˚yÂàˆÏü §•yÎ˚ï˛y Ü˛ˆÏÓ˚– ~•z •Ó˚̂ Ïüyö Ó#ç!Ó•#ö

ú˛° í˛zÍ˛õyòö Ä ˛õ%‹õ ≤Ãfl≥%˛ê˛öˆÏÜ˛ !öÎ˚sfî Ü˛ˆÏÓ˚–

§y•zˆÏê˛yÜ˛y•z!öö •° xƒy!í˛!ööÈÙÈ°∏˛ •Ó˚̂ ÏüyöˆÏày¤˛# Îy o&ï˛ ˆÜ˛yˆÏ£ÏÓ˚ !Óû˛yçö âê˛yÎ˚– !Ó!û˛ß¨ í˛z!qò xˆÏDÓ˚

˛õ!Ó˚fl≥%˛ê˛ö Ä Ó#ç xB%˛ˆÏÓ˚yò‰àˆÏü ~•z •Ó˚̂ Ïüyö §•yÎ˚ï˛y Ü˛ˆÏÓ˚–

á!Ó̊ç!öï˛ ç°yû˛yÓ

˛õyï˛yÎ˚ x!ï˛!Ó˚_´ ABA §ÇˆÏŸ’£Ï

Ó˚«˛# ̂ Ü˛y£Ï ̂ ÏÌˆÏÜ˛ K+ x˛õ§yÓ˚î

Ó̊«˛# Ï̂Ü˛y Ï̂£ÏÓ̊ Ó̊§fl≥˛#ï˛ ã˛y˛õ •…y§

˛õeÓ̊ Ï̂¶…̨ Ó̊ !öü#°ö

Óy‹õ Ï̂üyã˛ö •…y§

ABA ~Ó˚ §y•y Ï̂Îƒ áÓ˚yÜ˛y°#ö xÓfliyÎ˚

í z̨!q Ï̂òÓ̊ Óy‹õ Ï̂üyã˛ö ̂ Ó̊yô–
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•z!Ì!°ö í˛z!qòˆÏòˆÏ• ≤ÃyÆ ~Ü˛üye ≤ÃyÜ,˛!ï˛Ü˛ àƒy§#Î˚ •Ó˚̂ Ïüyö Îy ú˛° ˛õyÜ˛yˆÏï˛ §y•yÎƒ Ü˛ˆÏÓ˚– í˛z!qò xˆÏDÓ˚

ˆüyã˛ö hflÏˆÏÓ˚ xƒyÓ!§!§Ü˛ x¡‘ §,!‹T •Î˚ Îy ˛õyï˛yñ ú%˛° Ä ú˛ˆÏ°Ó˚ xÜ˛y°ˆÏüyã˛ö âê˛yÎ˚– ~•z •Ó˚̂ Ïüyö xB%˛ˆÏÓ˚yÂàˆÏü

Óyôyòyö Ü˛ˆÏÓ˚– áÓ˚yÜ˛y°#ö xÓfliyÎ˚ Ó˚«˛#ˆÏÜ˛yˆÏ£Ï ~•z •Ó˚̂ Ïüyö!ê˛ o&ï˛ §Ç!Ÿ’‹T •Î˚ ~ÓÇ ˛õeÓ˚¶…̨ ˆÏÜ˛ !öü#≈!°ï˛ Ü˛ˆÏÓ˚

Óy‹õˆÏüyã˛ö ˆÓ˚yô Ü˛ˆÏÓ˚–

8.9 §Ó≈̂ Ï¢£Ï ≤ÃŸ¿yÓ°# (Terminal Questions)

a) ˆÜ˛yö xƒyüy•zˆÏöy x¡‘ ˆÌˆÏÜ˛ x!:ˆÏöÓ˚ §ÇˆÏŸ’£Ï âˆÏê˛⁄

b) ˛õyˆÏÌ≈ˆÏöyÜ˛y!˛õ≈ Ü˛yˆÏÜ˛ ÓˆÏ°⁄

c) ~Ü˛!ê˛ ≤ÃyÜ,˛!ï˛Ü˛ Ä ~Ü˛!ê˛ Ü,˛!eü §y•zˆÏê˛yÜ˛y•z!öˆÏöÓ˚ öyü í˛zˆÏÕ‘á Ü˛Ó˚&ö–

d) ˆÜ˛yö ˆÎÔàˆÏÜ˛ ÚÓy‹õˆÏüyã˛ö ≤Ã!ï˛ˆÏÓ˚yôÜ˛Û •Ó˚̂ Ïüyö ÓˆÏ°⁄

e) •z!Ì!°ö Ü˛#û˛yˆÏÓ ú˛° ˛õyÜ˛yˆÏï˛ §y•yÎƒ Ü˛ˆÏÓ˚⁄

8.10 í˛z_Ó˚üy°y (Key to the answers)

xö%¢#°ö# ÈÙÈ     1

a) öƒy˛õÌy!°ö xƒy!§!ê˛Ü˛ xƒy!§í˛ (NAA) Ä 2, 4, í˛y•zˆÏÜœ˛yˆÏÓ˚yˆÏú˛ö!: xƒy!§!ê˛Ü˛ xƒy!§í˛ (2,4-D)

b) 8.3.2 (C) ˆòá%ö–

c) x!:ö xöƒ ˆÜ˛yö Ó˚y§yÎ˚!öÜ˛ ˛õòyˆÏÌ4Ó˚ §yˆÏÌ Î%_´ •ˆÏÎ˚ ˆÎ ç!ê˛° ˆÎÔà àë˛ö Ü˛ˆÏÓ˚ ï˛yˆÏÜ˛ §ÇÎ%_´

x!:ö ÓˆÏ°– ˆÎüö •zöˆÏí˛y°ÈÙÈxƒy!§ê˛y•z° β - D @’%ˆÏÜ˛yç–

d) ü)ˆÏ°Ó˚ x@ˇÃû˛yˆÏà xƒyüy•zˆÏ°y≤’yfiê˛ §ü,k˛ Ü˛!îÜ˛yˆÏÜ˛ fiê˛ƒyˆÏê˛y!°Ì ÓˆÏ°–

ˆÎ ˆÜ˛yˆÏ£Ï fiê˛ƒyˆÏê˛!°Ì=!° §!M˛Èï˛ •Î˚ ï˛yˆÏÜ˛ fiê˛ƒyˆÏê˛y§y•zê˛ ÓˆÏ°–

e) 2,4-D 2, 4 - í˛y•zˆÏÜœ˛yˆÏÓ˚yˆÏú˛ö!: xƒy!§!ê˛Ü˛ xƒy!§í˛–

xö%¢#°ö# ÈÙÙÙÈ     2

a) Gibberella fujikuroi öyüÜ˛ xƒy§ˆÏÜ˛yüy•zˆÏ§!ê˛§ ˆ◊!îÓ˚ åÈeyÜ˛–

b) α - xƒyüy•zˆÏ°ç

c) GA1 Ä GA3

d) ˆüû˛y°!öÜ˛ x¡‘

e) 8.4.2 (F) ˆòá%ö–
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§Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#

a) !ê˛ΔˆÏ≤Wzyú˛ƒyö–

b) 8.3.2 (E) ̂ òá%ö–

c) !çÎ˚y!ê˛ö ~Ü˛!ê˛ ≤ÃyÜ,˛!ï˛Ü˛ Ä Ü˛y•zˆÏö!ê˛ö ~Ü˛!ê˛ Ü,˛!eü §y•zˆÏê˛yÜ˛y•z!öˆÏöÓ˚ í˛zòy•Ó˚î–

d) xƒyÓ!§!§Ü˛ x¡‘ (ABA)

e) 8.6 (A) ˆòá%ö–
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~Ü˛Ü˛ 9 §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï (Photsynthesis)

àë˛ö

9.0 í ẑ̨ Ïj¢ƒ

9.1 ≤ÃhflÏyÓöy

9.2 §yˆÏ°yÜ˛§ˆÏŸ’£Ï §Çe´yhsˇ ≤ÃyÌ!üÜ˛ ôyÓ˚îy

9.2.1 §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ §Çâê˛öfli°     (Locale)

9.2.2 §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# Ó˚OÜ˛ ˛õòyÌ≈     (Pigments)

9.2.3 §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï xyˆÏ°yˆÏÜ˛Ó˚ û)˛!üÜ˛y Ä ¢!_´ §¡õÜ≈˛

9.3 í˛zß¨ï˛ í˛z!qˆÏò §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ̨ õk˛!ï˛     (Mechanism of Photosynthesis)

9.3.1 §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï ò%!ê˛ !û˛ß¨ ò¢yÓ˚ í˛z˛õ!fli!ï˛

9.3.2 xy Ï̂°yÜ˛ ò¢y

 !•° !Ó!e´Î˚y Ä x!:ˆÏçö !öà≈üö

 ˆ°y!•ï˛ ã%˛ƒ!ï˛     (Red Drop) Ä ~üyÓ˚§ö ≤Ãû˛yÓ     (Emerson effect)

9.3.3 !mÈÙÈÓ˚OÜ˛ï˛sf     (Two Photosystems)

 ≤ÃÌü Ó˚OÜ˛ï˛sf Óy     PS I

 !mï˛#Î˚ Ó˚OÜ˛ï˛sf Óy     PS II

9.3.4 •zˆÏ°Ü˛ê˛Δö fliyöyhsˇÓ˚î Ä     NADP !ÓçyÓ˚î

9.3.5 ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö

 xã˛e´yÜ˛yÓ˚ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö

 ã˛e´yÜ˛yÓ˚ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö

 xã˛e´yÜ˛yÓ˚ Ä ã˛e´yÜ˛yÓ˚ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ˆÏöÓ˚ ˛õyÌ≈Ü˛ƒ

9.3.6 x¶˛Ü˛yÓ˚ ò¢yñ Ü˛yÓ≈ö xö%Ó˚ §ÇÓ¶˛ö Ä ˆÜ˛°!û˛ö ã˛e´ Óy     C3 ã˛e´

9.3.7 •ƒyã‰˛ Ä fl‘ƒyÜ‰˛ ã˛e´ Óy     C4 ã˛e´
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 C4 í˛z!qˆÏòÓ˚ ˜Ó!¢‹Tƒ

 ≤Ãçy!ï˛ !ÓˆÏ¢ˆÏ£Ï     C4 í˛z!qˆÏò Ü˛yÓ≈ö §ÇÓ¶˛ö ˛õk˛!ï˛

 C4 í˛z!qˆÏòÓ˚ ï˛yÍ˛õÎ≈

 C3 ~ÓÇ     C4 í˛z!qˆÏòÓ˚ üˆÏôƒ ˛õyÌ≈Ü˛ƒ

9.3.8 e´ƒy§%ˆÏ°!§Î˚yö xƒy!§í˛ !Ó˛õyÜ˛ Óy     CAM

 CAM í˛z!qˆÏòÓ˚ ˜Ó!¢‹Tƒ

 CAM í˛z!qˆÏò Ü˛yÓ≈ö §ÇÓ¶˛ö ˛õk˛!ï˛ SCAM ã˛e´V

 CAMÈÙÈ~Ó˚ ï˛yÍ˛õÎ≈

9.4 ÓƒyÜ‰˛!ê˛!Ó˚Î˚yÎ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï

9.4.1 ÓƒyÜ˛‰!ê˛!Ó˚Î˚yÎ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ §Çâê˛öfli°     (Locale)

9.4.2 ÓƒyÜ‰˛!ê˛!Ó˚Î˚yÎ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ˛õk˛!ï˛

9.4.3 ÓƒyÜ˛‰!ê˛!Ó˚Î˚y Ä í˛zß¨ï˛ í˛z!qˆÏò §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ ï%˛°öy

9.5 §#üyfli ≤Ãû˛yÓÜ˛     (Limiting Factor)

9.5.1 ÓœƒyÜ‰˛üƒyˆÏöÓ˚ !öÎ˚sfÜ˛ ≤Ãû˛yÓÜ˛yÓ˚# §)e

9.6 §yÓ˚yÇ¢

9.7 §Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#

9.8 í˛z_Ó˚üy°y

9.0 í ẑ̨ Ïj¢ƒ

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xy˛õ!öÈÙÙÙÈ

 §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï Ü˛#û˛yˆÏÓ âˆÏê˛ ~ÓÇ ˆ§ÔÓ˚¢!_´ Ü˛#û˛yˆÏÓ Ó˚y§yÎ˚!öÜ˛ ¢!_´ˆÏï˛ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚ ï˛y

!ÓhflÏy!Ó˚ï˛û˛yˆÏÓ çyöˆÏï˛ ˛õyÓ˚ˆÏÓö–

 §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï ≤ÃˆÏÎ˚yçö#Î˚ !Ó!û˛ß¨ Ó˚OˆÏÜ˛Ó˚ àë˛ö Ä ï˛yˆÏòÓ˚ Ü˛yÎ≈Ü˛y!Ó˚ï˛y §¡õˆÏÜ≈˛ Ó°ˆÏï˛ ˛õyÓ˚̂ ÏÓö–

 xyˆÏ°yˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ ~ÓÇ xö%˛õ!fli!ï˛ˆÏï˛ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ ˆÜ˛yö ˆÜ˛yö ˛õÎ≈yÎ˚=!° §üyôy •Î˚ ï˛y

Óƒyáƒy Ü˛Ó˚ˆÏï˛ ˛õyÓ˚ˆÏÓö–
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 í˛zß¨ï˛ ˆ◊!îÓ˚ í˛z!qˆÏò ˆÜ˛yö !ÓˆÏ¢£Ï ˛õk˛!ï˛=!°Ó˚ üyôƒˆÏü Ü˛yÓ≈ö xî% §ÇÓ¶˛ö •Î˚ ï˛y !öô≈yÓ˚î Ü˛Ó˚̂ Ïï˛

˛õyÓ˚ˆÏÓö–

 C3, C4 ~ÓÇ CAM í˛z!qò Ü˛yˆÏòÓ˚ ÓˆÏ°ñ ï˛y í˛zòy•Ó˚î§• Ó%!é˛ˆÏÎ˚ !òˆÏï˛ ˛õyÓ˚̂ ÏÓö–

 ÓƒyÜ˛!ê˛!Ó˚Î˚yÎ˚ Ü˛#û˛yˆÏÓ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï âˆÏê˛ñ ï˛y Óƒyáƒy Ü˛Ó˚ˆÏï˛ ˛õyÓ˚ˆÏÓö–

 §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ §#üyfli ≤Ãû˛yÓÜ˛ Ó°ˆÏï˛ Ü˛# ˆÓyé˛yÎ˚ ˆ§ §¡∫̂ Ï¶˛ ôyÓ˚îy Ü˛Ó˚̂ Ïï˛ ˛õyÓ˚̂ ÏÓö–

9.1 ≤ÃhflÏyÓöy

xyüÓ˚y §Ü˛ˆÏ°•z çy!ö ˆÎ §)Î≈yˆÏ°yÜ˛ åÈyí ¸̨y §Ó%ç í˛z!qò ÓÑyˆÏã˛ öy ~ÓÇ ~Ó˚ ≤Ãôyö Ü˛yÓ˚î •° §)Î≈yˆÏ°yˆÏÜ˛Ó˚

í˛z˛õ!fli!ï˛ˆÏï˛•z ~•z í˛z!qˆÏòÓ˚y ï˛yˆÏòÓ˚ !öˆÏçˆÏòÓ˚ áyòƒ ≤Ã›ï˛ Ü˛ˆÏÓ˚ ÌyˆÏÜ˛– ~•z áyòƒ ˜ï˛!Ó˚Ó˚ ≤Ã!e´Î˚yÎ˚ í˛z!qò

ˆÜœ˛yˆÏÓ˚y!ú˛ˆÏ°Ó˚ §y•yˆÏÎƒ §)Î≈yˆÏ°yˆÏÜ˛Ó˚ ˆú˛yê˛ö Ü˛îy @ˇÃ•î Ü˛ˆÏÓ˚ ~ÓÇ ÓyÎ˚% ˆÌˆÏÜ˛ à,•#ï˛ Ü˛yÓ≈öÈÙí˛y•zÈÙÈx:y•zí˛ Ä üy!ê˛

ˆÌˆÏÜ˛ ˆ¢y!£Ïï˛ ç°ÈÙÙÙÈ~•z ò%•z x˜ÏçÓ (inorganic) ˆÎÔˆÏàÓ˚ §•ˆÏÎyˆÏà §Ó%ç ˛õyï˛yÎ˚ §Ó˚° ¢Ü≈˛Ó˚y çyï˛#Î˚ áyòƒ

≤Ã›ï˛ Ü˛ˆÏÓ˚ ~ÓÇ x!:ˆÏçö àƒy§ ÓyÎ˚%ü[˛ˆÏ° ï˛ƒyà Ü˛ˆÏÓ˚– ~Ó˚•z öyü §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï– ≤ÃÜ,˛ï˛˛õˆÏ«˛ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï

•° xyˆÏ°yÜ˛ xyÓk˛#Ü˛Ó˚ˆÏîÓ˚ ~Ü˛ !ÓˆÏ¢£Ï úÑ˛yò (trap) ˆÎáyˆÏö ˆ§ÔÓ˚¢!_´ (solar energy), Ó˚y§yÎ˚!öÜ˛ ¢!_´

(chemical energy)-ˆï˛ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚ ~ÓÇ ï˛y ̃ fli!ï˛Ü˛ ¢!_´ (potential energy) Ó˚*ˆÏ˛õ §!M˛Èï˛ ÌyˆÏÜ˛– ~•z

¢!_´•z í˛z!qò ~ÓÇ ≤Ãï˛ƒ«˛ Óy ˛õˆÏÓ˚y«˛û˛yˆÏÓ ≤Ãyî#Ó˚ §Ü˛° ¢!_´Ó˚ í˛zÍ§– ç#Óü[˛ˆÏ°Ó˚ (biosphere) §Ü˛° ç#Ó•z

Ü˛yÓ≈ö xy_#Ü˛Ó˚î myÓ˚y §,‹T ~•z áyˆÏòƒÓ˚ Ä˛õÓ˚ !öû≈˛Ó˚¢#°–

~•z ~Ü˛ˆÏÜ˛ ≤ÃÌüï˛ xyüÓ˚y ~•z !ÓˆÏ¢£Ï ˛õk˛!ï˛!ê˛ í˛z!qˆÏòÓ˚ ˆÜ˛yÌyÎ˚ ~ÓÇ !Ü˛û˛yˆÏÓ âˆÏê˛ ˆ§ §¡∫ˆÏ¶˛

!ÓhflÏy!Ó̊ï˛û˛y Ï̂Ó xy Ï̂°yã˛öy Ü˛Ó̊Ó– !mï˛#Î̊ï˛ §y Ï̂°yÜ˛§Ç Ï̂Ÿ’£Ï ≤Ã!e´Î̊y!ê˛ §¡õß̈ Ü˛Ó̊ Ï̂ï˛ í z̨!q Ï̂ò ̂ Ü˛yö ̂ Ü˛yö Ó̊OÜ˛˛õòyÌ≈

(Pigment) ≤ÃˆÏÎ˚yçö •Î˚ñ ï˛y çyöˆÏï˛ ˛õyÓ˚Ó– ~åÈyí˛¸y §)Î≈ ˆÌˆÏÜ˛ xyàï˛ Ó˚!Ÿ¬Ó˚ Ü˛ï˛ê%˛Ü%˛ xÇ¢ áyòƒ ≤Ã›!ï˛ˆÏï˛

ÓƒÓ•*ï˛ •Î˚ñ xyÓyÓ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ Ü˛ï˛ê˛y xÇ¢ xyˆÏ°yˆÏÜ˛Ó˚ xö%˛õ!fli!ï˛ˆÏï˛ âˆÏê˛ñ ˆ§ !Ó£ÏˆÏÎ˚Ä xyüÓ˚y

xyˆÏ°yÜ˛˛õyï˛ Ü˛Ó˚Ó– §ˆÏÓ≈y˛õ!Ó˚ Ü˛yÓ≈ö xî%Ó˚ §ÇÓ¶˛ˆÏöÓ˚ !Ó!û˛ß¨ ˛õk˛!ï˛=ˆÏ°y !öˆÏÎ˚Ä xyüÓ˚y !Ó¢òû˛yˆÏÓ xyˆÏ°yã˛öy

Ü˛Ó̊Ó–

9.2 §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï §Çe´yhsˇ ≤ÃyÌ!üÜ˛ ôyÓ˚îy (Primary Concepts on
Photosynthesis)

§yˆÏ°yÜ˛§ÇˆÏŸ’£Ï §Çe´yhsˇ ˆÎ §Ó xy!Ó‹ÒyÓ˚ ö!Ìû%˛_´ (recorded) xyˆÏåÈ ï˛y ˆÌˆÏÜ˛ çyöy ÎyÎ˚ ˆÎ §Æò¢

¢ï˛y∑#ˆÏï˛ û˛ƒyö ̂ •°ürê‰˛ (Van Helmont, 1577-1644) ̨õÓ˚#«˛yÓ˚ üyôƒˆÏü §Ó≈≤ÃÌü ≤Ãüyî Ü˛ˆÏÓ˚ö ̂ Î í˛z!qˆÏòÓ˚y

üy!ê˛ ˆÌˆÏÜ˛ §Ó˚y§!Ó˚ áyòƒ @ˇÃ•î Ü˛ˆÏÓ˚ öy– 1727 !á fiê˛yˆÏ∑ !fiê˛ˆÏú˛ö ˆ•°‰§ (Stephen Hales) ˆòáyö ˆÎ í˛z!qò

xyˆÏ°yˆÏÜ˛Ó˚ §•yÎ˚ï˛yÎ˚ ÓyÎ˚%ü[˛° ˆÌˆÏÜ˛ ï˛yÓ˚ áyòƒ @ˇÃ•î Ü˛ˆÏÓ˚– ˆçyˆÏ§ú˛ !≤Ãfiê˛ˆÏ° (Joseph Priestley)  1772
!á fiê˛yˆÏ∑ ˛õÓ˚#«˛yàyˆÏÓ˚ ≤Ãüyî Ü˛ˆÏÓ˚ ˆòáyö ˆÎñ §Ó%ç í˛z!qˆÏòÓ˚ üyôƒˆÏü ÓyÎ˚%ü[˛ˆÏ° x!:ˆÏçö !ú˛ˆÏÓ˚ xyˆÏ§–

•ẑ ÏDö•yí z̨§ (Ingenhousz), 1779 !á fiê˛y Ï̂∑ !ö!ÿ˛ï˛û˛y Ï̂Ó ≤Ãüyî Ü˛ Ï̂Ó̊ö ̂ Î !òÓy Ï̂°y Ï̂Ü˛ §Ó%ç í z̨!qò ~•z x!: Ï̂çö

NSOU  CC-BT-09  131



í˛zÍ˛õyòö Ü˛ˆÏÓ˚ñ Î!òÄ ~•z ≤Ã!e´Î˚yÎ˚ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ ˆÎ ÓyÎ˚%ü[˛° ˆÌˆÏÜ˛ à,•#ï˛ •Î˚ ï˛y ïÑ˛yˆÏòÓ˚ xçyöy !åÈ°–

~Ó˚˛õÓ˚ x‹Tyò¢ Ä |ö!ÓÇ¢ ¢ï˛y∑# ç%ˆÏí˛¸ ˛õ,!ÌÓ#Ó˚ !Ó!û˛ß¨ ≤ÃyˆÏhsˇ í˛z!qò!ÓK˛yö#Ó˚y §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï §Çe´yhsˇ

!Ó!û˛ß̈ ̨õÓ̊#«˛yü)°Ü˛ Ü˛yçÜ˛ü≈ Ü˛Ó̊ Ï̂°Ä !ÓÇ¢ ¢ï˛y∑#Ó̊ üôƒû˛y Ï̂àÓ̊ xy Ï̂à §y Ï̂°yÜ˛§Ç Ï̂Ÿ’ Ï̂£ÏÓ̊ Ó̊y§yÎ̊!öÜ˛ !Ó!e´Î̊y=!°

§!ÓhflÏyˆÏÓ˚ Óƒyáƒy Ü˛Ó˚ˆÏï˛ ïÑ˛yÓ˚y §üÌ≈ •ö!ö–

!ÓÇ¢ ¢ï˛y∑#ˆÏï˛ ˆÎÈÙÈ§Ó !ÓK˛yö#Ó˚y §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ Ä˛õÓ˚ ã˛yM˛È°ƒÜ˛Ó˚ Ü˛yçÜ˛ü≈ Ü˛ˆÏÓ˚̂ ÏåÈö ïÑ˛yˆÏòÓ˚ üˆÏôƒ

í˛zˆÏÕ‘áˆÏÎyàƒ •ˆÏ°ö ÓœƒyÜ˛üƒyö (Blackman), !Î!ö 1905 !á fiê˛yˆÏ∑ ≤Ãüyî Ü˛ˆÏÓ˚ö ˆÎ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ïñ xyˆÏ°yÜ˛

ò¢y ~ÓÇ x¶˛Ü˛yÓ˚ ò¢yÈÙÙÙÈ~•z ò%Û!ê˛ ˛õÎ≈yˆÏÎ˚ §¡õß¨ •Î˚– Ó˚!Óö !•° (Robin Hill) 1937 !á fiê˛yˆÏ∑ §Ó%ç ˛õyï˛y

ˆÌˆÏÜ˛ ˆÜœ˛yˆÏÓ˚y≤’yfiê˛ xy°yòy Ü˛ˆÏÓ˚ ≤Ãüyî Ü˛ˆÏÓ˚ö ˆÎ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï í˛zq%ï˛ x!:ˆÏçˆÏöÓ˚ í˛zÍ§ ç°– !ÓK˛yö#

Ó˚&ˆÏÓö Ä Ü˛yˆÏüö (Ruben and Kamen) !•ˆÏ°Ó˚ ~•z ˛õÎ≈ˆÏÓ«˛î §üÌ≈ö Ü˛ˆÏÓ˚ö ~ÓÇ ˆï˛ç!fl;˛Î˚ x!:ˆÏçö

18O-Ó˚ §y•yˆÏÎƒ ~!ê˛ §Ó≈§üˆÏ«˛ ≤Ãüyî Ü˛ˆÏÓ˚ö Ä 1941 !á fiê˛yˆÏ∑ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ §!ë˛Ü˛ §ü#Ü˛Ó˚î!ê˛ ~û˛yˆÏÓ

í˛z˛õfliy˛õöy Ü˛ˆÏÓ˚öÈÙÙÙÈ

§)Î≈yˆÏ°yÜ˛

6CO2 + 12H2O C6H12O6 + 6H2O + 6O2↑
ˆÜœ˛yˆÏÓ˚y!ú˛° S¢Ü≈˛Ó˚yV

~Ó˚˛õÓ˚ 1950 ˆÌˆÏÜ˛ 1956 !á fiê˛y∑ ˛õÎ≈hsˇ ˆÜ˛°!û˛ö (Calvin) Ä ïÑ˛yÓ˚ §•Ü˛ü#≈Ó˚y 14C ˆï˛ç!fl;˛Î˚

xy•zˆÏ§yˆÏê˛yˆÏ˛õÓ˚ §y•yˆÏÎƒ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ Ó˚y§yÎ˚!öÜ˛ !Ó!e´Î˚y=!°Ó˚ ≤ÃyÌ!üÜ˛ ôyÓ˚îy ˆòö–

9.2.1 §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ §Çâê˛öfli°     (Locale of photosynthesis)

§yôyÓ˚îï˛ í˛zß¨ï˛ˆÏ◊!îÓ˚ §Ó í˛z!qò ~ÓÇ !ö¡¨ˆÏ◊!îÓ˚ ˜¢Óy°ñ í˛yÎ˚yê˛ü Ä Ü˛ˆÏÎ˚Ü˛≤ÃÜ˛yÓ˚ ÓƒyÜ˛!ê˛!Ó˚Î˚yÎ˚

§yˆÏ°yÜ˛§ÇˆÏŸ’£Ï §Çâ!ê˛ï˛ •Î˚– ~ˆÏòÓ˚ üˆÏôƒ §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# ÓƒyÜ˛!ê˛!Ó˚Î˚yˆÏÜ˛•z ˛õ,!ÌÓ#Ó˚ §Ó≈≤ÃÌü

§yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# ç#Ó ÓˆÏ° àîƒ Ü˛Ó˚y •Î˚– §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# ÓƒyÜ˛!ê˛!Ó˚Î˚y (photosynthetic bacteria) Ä
ö#°yû˛ÈÙÈ§Ó%ç ˜¢Óy° (blue-green algae)-~Ó˚ ˆ«˛ˆÏe §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ xÜ%˛fli° •° ˆÜ˛y£Ïüôƒfli Ü˛ï˛Ü˛=!°

°ƒyˆÏü°yÎ%_´ ̨õò≈yñ ÎyˆÏÜ˛ ̂ e´yüyˆÏê˛yˆÏú˛yÓ˚ (chromatophore) Ó°y •Î˚– í˛zß¨ï˛ í˛z!qˆÏò ≤’y§!ê˛í˛ öyüÜ˛ ~Ü˛ !ÓˆÏ¢£Ï

ˆÜ˛y£ÏÈÙÈxDyî%ˆÏï˛ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï §¡õß¨ •Î˚– §Ó%ç í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe ≤’y§!ê˛ˆÏí˛ ˆÜœ˛yˆÏÓ˚y!ú˛° ÌyÜ˛yÎ˚ ~!ê˛ˆÏÜ˛

ˆÜœ˛yˆÏÓ˚y≤’y§!ê˛í˛ Óy §ÇˆÏ«˛ˆÏ˛õ ˆÜœ˛yˆÏÓ˚y≤’yfiê˛ (chloroplast) ÓˆÏ°– ˆÜœ̨ yˆÏÓ˚y≤’yˆÏfiê˛Ó˚ ˆû˛ï˛ˆÏÓ˚Ó˚ ôyeˆÏÜ˛ (matrix),
ˆflT…yüy (stroma) ~ÓÇ ˆflT…yüyÓ˚ üˆÏôƒ !ö!•ï˛ x§Çáƒ ã˛yÜ˛!ï˛Ó˚ üˆÏï˛y xÇ¢ˆÏÜ˛ @ˇÃyöy (grana) ÓˆÏ°– ˆòáy ˆàˆÏåÈ

§yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ xyˆÏ°yÜ˛ ò¢yÎ˚ çˆÏ°Ó˚ xyˆÏ°yÜ˛ !ÓˆÏŸ’£Ïî (photolysis of water) ~ÓÇ •zˆÏ°Ü˛ê˛Δö fliyöyhsˇÓ˚î

(electron transport) ˆÜœ˛yˆÏÓ˚y≤’yˆÏfiê˛Ó˚ @ˇÃyöy xÇˆÏ¢ ~ÓÇ x¶˛Ü˛yÓ˚ ò¢yÎ˚ Ü˛yÓ≈ö xî%Ó˚ §ÇÓ¶˛ö (fixation) ~ÓÇ

¢Ü≈˛Ó˚y (carbohydrate) ≤Ã›!ï˛ ˆÜœ˛yˆÏÓ˚y≤’yˆÏfiê˛Ó˚ ˆflT…yüy xÇˆÏ¢ §Çâ!ê˛ï˛ •Î˚–
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9.2.2 §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# Ó˚OÜ˛ ˛õòyÌ≈     (Pigments of photosynthesis)

í˛z!qòˆÏÜ˛yˆÏ£Ï ˆÎÈÙÈ§Ó ˆÎÔà xyˆÏ°yÜ˛ ˆ¢y£Ïî Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚ñ ï˛yˆÏòÓ˚ Ó˚OÜ˛˛õòyÌ≈ Ó°y •Î˚– §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚

§üÎ̊ í z̨!qò Ï̂Ü˛y Ï̂£Ï ̂ Üœ̨ y Ï̂Ó̊y≤’yfiê˛ Óy ̂ e´yüy Ï̂ê˛y Ï̂ú˛y Ï̂Ó̊ §!M˛Èï˛ Ó̊OÜ˛˛õòyÌ≈•z xy Ï̂°yÜ˛ ̂ ¢y£Ïî Ü˛ Ï̂Ó̊ ~ÓÇ §y Ï̂°yÜ˛§Ç Ï̂Ÿ’ Ï̂£Ï

xÇ¢@ˇÃ•îÜ˛yÓ˚# !Ó!û˛ß¨ Ó˚OÜ˛˛õòyÌ≈=ˆÏ°y •°ÈÙÙÙÈ

A. ˆÜœ˛yˆÏÓ˚y!ú˛°     (Chlorophyll) : ~!ê˛ ˆÜœ̨ yˆÏÓ˚y≤’yˆÏfiê˛ §!M˛Èï˛ ≤Ãôyö §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# Ó˚OÜ˛˛õòyÌ≈–

í˛zß¨ï˛ í˛z!qòˆÏÜ˛yˆÏ£Ï ˆÜœ˛yˆÏÓ˚y!ú˛° -a, -b, -c, -d, -e åÈyí˛¸yÄ ÓƒyÜ‰˛!ê˛!Ó˚Î˚y ˆÜ˛yˆÏ£Ï ÓƒyÜ˛!ê˛!Ó˚ÄˆÏÜœ˛yˆÏÓ˚y!ú˛°

(bacteriochlorophyll) Ä ̂ Üœ̨ y Ï̂Ó̊y!ÓÎ̊yü ̂ Üœ̨ y Ï̂Ó̊y!ú˛° (Chlorobium chlorophyll) ̂ òáy ÎyÎ̊–

~•z !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ ˆÜœ˛yˆÏÓ˚y!ú˛ˆÏ°Ó˚ ˆüÔ!°Ü˛ àë˛ö ~Ü˛•z Ó˚Ü˛ˆÏüÓ˚ ~ÓÇ ~!ê˛ ~Ü˛!ê˛ ˛õÓ˚‰ú˛y•zö (prophyrin)
ˆÎÔà– ˆÎÔà!ê˛ ã˛yÓ˚!ê˛ ˛õy•zˆÏÓ˚y° (pyrrole) Ó°Î˚ !òˆÏÎ˚ ˜ï˛!Ó˚– ˆÜœ̨ yˆÏÓ˚y!ú˛° xî%Ó˚ ˆÜ˛ˆÏw xÓ!fliï˛ üƒyà‰ˆÏö!§Î˚yü

(Mg) ôyï%˛!ê˛ ã˛yÓ˚!ê˛ ˛õy•zˆÏÓ˚y° Ó°ˆÏÎ˚Ó˚ §ˆÏD ò%Û!ê˛ §•ˆÏÎyç# (covalent) Ä ò%Û!ê˛ §•ˆÏÎy!çï˛ (coordinate)
Ó¶˛ö#Ó˚ §y•yˆÏÎƒ Î%_´ ÌyˆÏÜ˛– ~•z ã˛yÓ˚!ê˛ ˛õy•zˆÏÓ˚y° Ó°Î˚ åÈyí˛¸yÄ ~Ü˛!ê˛ §üã˛e´yÜ˛yÓ˚ (isocyclic) Ó°Î˚ ÌyˆÏÜ˛–

ˆÜœ˛yˆÏÓ˚y!ú˛ö xî%Ó˚ ã˛ï%˛Ì≈ Ó°ˆÏÎ˚Ó˚ §ˆÏD ~Ü˛!ê˛ ˆ°ˆÏçÓ˚ üˆÏï˛y ú˛y•zê˛° (phytol) xÇ¢ Î%_´ ÌyˆÏÜ˛– !ã˛e öÇ 9.1 ̂ ï˛

ˆÜœ˛yˆÏÓ˚y!ú˛° xî%‰Ó˚ Ó˚y§yÎ˚!öÜ˛ àë˛ö ˆòáyö •°–

!ã˛e öÇ 9.1 : ~Ü˛!ê˛ ̂ Üœ̨ y Ï̂Ó˚y!ú˛°ÈÙÈa xî%Ó˚ àë˛ö (I-IV ã˛yÓ˚!ê˛ ̨õy•zˆÏÓ˚y° Ó°Î˚ !öˆÏò≈¢ Ü˛Ó˚̂ ÏåÈV ̂ Üœ̨ yˆÏÓ˚y!ú˛°-b
xî%Ó˚ àë˛ö ~Ó˚•z üï˛öñ ï˛ˆÏÓ CH3 !ã˛!•´ï˛ Ó,_yÜ˛yÓ˚ fliyˆÏö CHO ÌyˆÏÜ˛–
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B. Ü˛ƒyˆÏÓ˚y!ê˛öˆÏÎ˚í˛§‰     (Carotenoids) : ˆÜœ̨ yˆÏÓ˚y≤’yˆÏfiê˛ §Ó%ç ˆÜœ̨ yˆÏÓ˚y!ú˛ˆÏ°Ó˚ §ˆÏD !üˆÏ¢ °y°ñ Ü˛ü°yñ

•°%òñ Óyòy!ü çyï˛#Î˚ öyöy Ó˚̂ ÏäÓ˚ ˆÎÈÙÈ§Ó Ó˚OÜ˛˛õòyÌ≈ ~Ü˛§yˆÏÌ ÌyˆÏÜ˛ ï˛yˆÏòÓ˚̂ ÏÜ˛ Ü˛ƒyˆÏÓ˚y!ê˛öˆÏÎ˚í˛§‰ Ó°y •Î˚–

Ü˛ƒyˆÏÓ˚y!ê˛öˆÏÎ˚í˛§‰ ü%áƒï˛ Ü˛ü°y Ó˚ˆÏäÓ˚ Ü˛ƒyˆÏÓ˚y!ê˛ö (carotene) ~ÓÇ •°%ò Ó˚̂ ÏäÓ˚ çƒyˆÏsiy!ú˛° (xanthophyll)-
~Ó˚ !ü◊ˆÏî ˜ï˛!Ó˚– Ü˛ƒyˆÏÓ˚y!ê˛öˆÏÎ˚í˛§‰ÈÙÈ~Ó˚ xî%=!° çˆÏ° xoÓî#Î˚ ~ÓÇ •zÌyÓ˚ñ ˆÓ!Oö Ä xƒy°ˆÏÜ˛y•ˆÏ° oÓî#Î˚–

Ü˛ƒyˆÏÓ˚y!ê˛öˆÏÎ˚í˛ xî% 40!ê˛ Ü˛yÓ≈ö §ü!ß∫ï˛ ~Ü˛≤ÃÜ˛yÓ˚ •y•zˆÏí»˛yÜ˛yÓ≈ö ~ÓÇ ~Ó˚ Ó˚y§yÎ˚!öÜ˛ §ÇˆÏÜ˛ï˛ C40H56–

!Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ Ü˛ƒyˆÏÓ˚y!ê˛ˆÏöÓ˚ üˆÏôƒ xy°ú˛y (α) ~ÓÇ !Óê˛y (β) Ü˛ƒyˆÏÓ˚y!ê˛ö í˛zˆÏÕ‘áˆÏÎyàƒ– Ü˛ƒyˆÏÓ˚y!ê˛ö xî%Ó˚ Ó°Î˚yÜ˛yÓ˚

xÇ¢=!°ˆÏÜ˛ xyˆÏÎ˚yˆÏöyö Ó°Î˚ (ionone ring) ÓˆÏ° ~ÓÇ ~•z xyˆÏÎ˚yˆÏöyö Ó°ˆÏÎ˚ ò%!ê˛ x!:ˆÏçö Î%_´ •ˆÏÎ˚

çƒyˆÏsiy!ú˛° (xanthophyll) xî% àë˛ö Ü˛ˆÏÓ˚ ÎyÓ˚ Ó˚y§yÎ˚!öÜ˛ §ÇˆÏÜ˛ï˛ C48H56O2 S!ã˛e öÇ 9.2 ˆòá%öV– !Ó!û˛ß¨

≤ÃÜ˛yÓ̊ çƒy Ï̂siy!ú˛ Ï̂°Ó̊ ü Ï̂ôƒ !°í z̨!ê˛ö (leutein), !çÎ̊yçƒy!siö (zeaxanthin) ~ÓÇ !ú˛í ẑ̨ ÏÜ˛yçƒy!siö fucoxanthin)
í˛zˆÏÕ‘áˆÏÎyàƒ–

!ã˛e öÇ 9.2 : ~Ü˛!ê˛ β-Ü˛ƒyˆÏÓ˚y!ê˛ö xî%Ó˚ àë˛ö–

§y Ï̂°yÜ˛§Ç Ï̂Ÿ’ Ï̂£Ï Ü˛ƒy Ï̂Ó̊y!ê˛ö Ï̂Î̊ Ï̂í˛Ó̊ û)̨ !üÜ˛y !Ó Ï̂¢£Ïû˛y Ï̂Ó fl∫#Ü,̨ ï˛– xy Ï̂°yÜ˛ ̂ ¢y£Ïî Ü˛Ó̊ÓyÓ̊ ̨õÓ̊ Ü˛ƒy Ï̂Ó̊y!ê˛ö Ï̂Î̊í˛

ï˛y Ï̂òÓ̊ í ẑ̨ Ï_!çï˛ ¢!_´ (excited energy) ̂ Üœ̨ y Ï̂Ó̊y!ú˛°ÈÙÈa xî%̂ Ïï˛ fliyöyhsˇ!Ó̊ï˛ Ü˛ Ï̂Ó̊ Ìy Ï̂Ü˛– ~åÈyí˛̧yÄ Ü˛ƒy Ï̂Ó̊y!ê˛ö Ï̂Î̊í˛

xyˆÏ°yÜ˛ Ä x!:ˆÏçˆÏöÓ˚ í˛z˛õ!fli!ï˛ˆÏï˛ ˆÜœ˛yˆÏÓ˚y!ú˛°ˆÏÜ˛ xyˆÏ°yÜ˛ÈÙÈçyÓ˚î (photo-oxidation)-~Ó˚ •yï˛ ˆÌˆÏÜ˛

Ó˚«˛y Ü˛ˆÏÓ˚–

C. ú˛y•ẑ ÏÜ˛y!Ó!°ö§‰     (Phycobilins) : ~•z !Ó Ï̂¢£Ï Ó̊OÜ˛˛õòyÌ≈!ê˛ ö#°yû˛ÈÙÈ§Ó%ç Ä °y° ̃ ¢Óy Ï̂° í z̨̨ õ!fliï˛

ÌyˆÏÜ˛– °y° ú˛y•zˆÏÜ˛y~!Ó˚!Ì ö (phycoerythrin) ~ÓÇ ö#° ú˛y•zˆÏÜ˛y§yÎ˚y!öö (phycocyanin) Ó˚OÜ˛˛õòyÌ≈ˆÏÜ˛

~Ü˛§yˆÏÌ ú˛y•zˆÏÜ˛y!Ó!°ö ÓˆÏ°– ~ê˛y í˛z!qò ˆÜ˛yˆÏ£Ï ˆ≤Ãy!ê˛ˆÏöÓ˚ §yˆÏÌ Î%_´ •ˆÏÎ˚ Ó˚OÜ˛ÈÙÈˆ≤Ãy!ê˛ö ˆÎÔà (pigment-
protein complex) ̃ ï˛!Ó̊ Ü˛ Ï̂Ó̊–

ˆÜœ˛yˆÏÓ˚y!ú˛ˆÏ°Ó˚ üˆÏï˛y ú˛y•zˆÏÜ˛y!Ó!°öÄ ã˛yÓ˚!ê˛ ˛õy•zˆÏÓ˚y° Ó°Î˚ !òˆÏÎ˚ ≤Ã›ï˛ •ˆÏ°Ä ~ˆÏ«˛ˆÏe Ó°Î˚=!° Ók˛

(close) öy ˆÌˆÏÜ˛ ü%_´ (open) xÓfliyÎ˚ ÌyˆÏÜ˛– ú˛y•zˆÏÜ˛y~!Ó˚!Ì ö Ä ú˛y•zˆÏÜ˛y§yÎ˚y!öˆÏöÓ˚ Ó˚y§yÎ˚!öÜ˛ §ÇˆÏÜ˛ï˛

ÎÌye´ˆÏü C34H46O8N4 ~ÓÇ C34H44O8N4 S!ã˛e öÇ 9.3 ˆòá%öV–
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!ã˛e öÇ 9.3 : ~Ü˛!ê˛ ú˛y•ẑ ÏÜ˛y§yÎ̊y!öö xî%Ó̊ àë˛ö–

ú˛y•zˆÏÜ˛y!Ó!°ö çˆÏ° oÓî#Î˚ Ó˚OÜ˛˛õòyÌ≈ ~ÓÇ ~!ê˛ ò,¢ƒüyö xyˆÏ°yˆÏÜ˛Ó˚ §Ó%ç xÇ¢ ˆ¢y£Ïî Ü˛ˆÏÓ˚ ÓˆÏ°

ˆ¢y!£Ïï˛ xyˆÏ°yÜ˛ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ≤Ã!e´Î˚yÎ˚ §Ó˚y§!Ó˚ ÓƒÓ•*ï˛ •Î˚ öy– ˆÜœ˛yˆÏÓ˚y!ú˛° -b, -c, -d, -e ~ÓÇ

Ü˛ƒy Ï̂Ó̊!ê˛ö Ï̂Î̊í˛ Ä ú˛y•ẑ ÏÜ˛y!Ó!°ö ≤Ãû,̨ !ï˛ Ó̊OÜ˛˛õòyÌ≈=!° myÓ̊y ̂ ¢y!£Ïï˛ xy Ï̂°yÜ˛ §Ó̊y§!Ó̊ §y Ï̂°yÜ˛§Ç Ï̂Ÿ’ Ï̂£Ï ÓƒÓ•*ï˛

öy •ÄÎ̊yÎ̊ ~ Ï̂òÓ̊ ̂ ¢y!£Ïï˛ xy Ï̂°yÜ˛¢!_´ ̂ Üœ̨ y Ï̂Ó̊y!ú˛° -a xî%̂ Ïï˛ fliyöyhsˇ!Ó̊ï˛ •Î̊– ~•z Ü˛yÓ̊ Ï̂î ~•z Ó̊OÜ˛˛õòyÌ≈=!° Ï̂Ü˛

§•yÎ̊Ü˛ Ó̊OÜ˛˛õòyÌ≈ (accessory pigments) Ó°y •Î̊–

9.2.3 §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï xyˆÏ°yˆÏÜ˛Ó˚ û)˛!üÜ˛y Ä ¢!_´ §¡õÜ≈˛ (Light and energy
relationship in photosynthesis)

xyˆÏ°yÜ˛ Ó°ˆÏï˛ xyüÓ˚y Ó%!é˛ñ §)Î≈ ˆÌˆÏÜ˛ !ÓFå%È!Ó˚ï˛ Óî≈y°#Ó˚ (spectrum) ~Ü˛!ê˛ xÇ¢ Îy xyüyˆÏòÓ˚ ˆã˛yˆÏáÓ˚

xö%û)˛!ï˛ˆÏï˛ ôÓ˚y ˛õˆÏí˛¸– ~•z xyˆÏ°yÜ˛ ü•y¢)ˆÏöƒ (space) ï˛Ó˚D Óy ˆì˛í˛z (wave)-~Ó˚ üï˛ö ≤ÃÓy!•ï˛ •Î˚ ~ÓÇ

~Ó̊*˛õ ò%!ê˛ ï˛Ó̊ Ï̂DÓ̊ ò%•z ≤Ãy!hsˇÜ˛ !Ó®%Ó̊ ü Ï̂ôƒÜ˛yÓ̊ ò)Ó̊c Ï̂Ü˛ ï˛Ó̊D Ï̃òâ≈ƒ (wavelength) Ó°y •Î̊– xy Ï̂°y Ï̂Ü˛Ó̊ ï˛Ó̊D Ï̃òâ≈ƒ

0.01 öƒyˆÏöy!üê˛yÓ ̊ (nanometer Óy nm) ˆÌˆÏÜ˛ 10,000 öƒyˆÏöy!üê˛yÓ˚ SnmV ˛õÎ≈hsˇ •ˆÏï˛ ˛õyˆÏÓ˚ ~ÓÇ ~•z

ï˛!í˛¸Íã%˛¡∫Ü˛#Î˚ (electromagnetic) Óî≈y°#Ó˚

(spectrum) xhsˇà≈ï˛ àyüy Ó˚!Ÿ¬ (gamma
rays), ~: Ó˚!Ÿ¬ (X-rays), x!ï˛ Ï̂Ó=ö# Ó˚!Ÿ¬

(ultraviolet Óy UV rays), ò,¢ƒüyö Óî≈y°#

(visible spectrum), xÓˆÏ°y!•ï˛ Ó˚!Ÿ¬

(infrared rays Óy IR rays) ~ÓÇ ̂ Óï˛yÓ̊ Ó̊!Ÿ¬

(radio wave) ≤Ãû,˛!ï˛ ≤ÃˆÏï˛ƒˆÏÜ˛Ó˚ !öçfl∫

ï˛Ó˚D˜Ïòâ≈ƒ xyˆÏåÈ– ~Ó˚ üˆÏôƒ ò,¢ƒüyö Óî≈y°#

Óy áy!° ˆã˛yˆÏá ˆòáy ÎyÎ˚ ~üö xyˆÏ°yˆÏÜ˛Ó˚

ï˛Ó˚D˜Ïòâ≈ƒ §yôyÓ˚îû˛yˆÏÓ 400 nm ˆÌˆÏÜ˛ 700
nm ˛õÎ≈hsˇ •ˆÏÎ˚ ÌyˆÏÜ˛– xyÓyÓ˚ ~•z ò,¢ƒüyö

Óî≈y°#Ó ˚Ä §yüyöƒ ~Ü˛ê˛y xÇ¢ í˛ z !qò

§yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ §üÎ˚ ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ S!ã˛e öÇ

9.4 ˆòá%öV– !ã˛e öÇ 9.4 : §)Î≈ ̂ Ì Ï̂Ü˛ !ÓFå%È!Ó̊ï˛ xy Ï̂°yÜ˛ÈÙÈÓî≈y°#

ò,¢ƒ Óî≈y°#

(visible
spectrum)
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ˆòáy ̂ à Ï̂åÈ ̂ Î ~•z xy Ï̂°yÜ˛ ~Ü˛yôy Ï̂Ó̊ ï˛Ó̊D (continuous wave) ~ÓÇ x˛õÓ̊!ò Ï̂Ü˛ Ü˛îy (discrete particles)
— ~•z ò%•z ôü≈•z ≤Ãò¢≈ö Ü˛ˆÏÓ˚– ü•y¢)ˆÏöƒÓ˚ üôƒ !òˆÏÎ˚ ̂ ≤Ã!Ó˚ï˛ •ÓyÓ˚ §üÎ˚ Óy ̂ Ü˛yˆÏöy Ó› (object) myÓ˚y ≤Ã!ï˛ú˛!°ï˛

(reflected) •ˆÏ° Óy ˆÜ˛yˆÏöy ÜÑ˛yã˛ (lens) Ü˛ï≈,˛Ü˛ ≤Ã!ï˛§y!Ó˚ï˛ (refracted) •ÓyÓ˚ §üÎ˚ xyˆÏ°yÜ˛ ï˛yÓ˚ ï˛Ó˚Dôü≈

≤Ãò¢≈ö Ü˛ˆÏÓ˚– x˛õÓ˚!òˆÏÜ˛ xyˆÏ°yÜ˛ !ÓFå%È!Ó˚ï˛ (emitted) xÌÓy ˆ¢y!£Ïï˛ (absorbed) •ÓyÓ˚ §üÎ˚ xyˆÏ°yÜ˛ ï˛yÓ˚

Ü˛îy (particle) ôü≈ ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚ ÌyˆÏÜ˛– ~ˆÏ«˛ˆÏe xyˆÏ°yÜ˛ˆÏÜ˛ Ü˛ï˛=!° ¢!_´¢y°# xyˆÏ°yÜ˛ Ü˛îy Óy Úˆú˛yê˛öÛ

(photon)-~Ó˚ §ü!‹TÓ˚*ˆÏ˛õ !ã˛!•´ï˛ Ü˛Ó˚y •Î˚– ≤Ã!ï˛!ê˛ ˆú˛yê˛ˆÏö ˆÎÈÙÈ˛õ!Ó˚üyî ¢!_´ §!M˛Èï˛ ÌyˆÏÜ˛ñ ï˛yˆÏÜ˛ ˆÜ˛yÎ˚yrê˛yü

(quantum) Ó°y •Î˚– ˆòáy ˆàˆÏåÈ ˆÎ ≤Ã!ï˛!ê˛ ˆú˛yê˛ö Ü˛îyÎ˚ ≤ÃyÎ ̊43 !Ü˛ˆÏ°y Ü˛ƒy°!Ó˚ (Kcal) ¢!_´ !öÓk˛ ÌyˆÏÜ˛–

˛õÓ˚#«˛yÓ˚ üyôƒˆÏü ˆòáy ˆàˆÏåÈ ˆÎ ≤Ã!ï˛ xî% Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ˆÏÜ˛ çˆÏ°Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ !Óçy!Ó˚ï˛ •ˆÏÎ˚

Ü˛y Ï̂Ó≈y•y•ẑ Ïí»̨ ê˛ ≤Ã›!ï˛ Ï̂ï˛ 8 ̂ Ì Ï̂Ü˛ 10!ê˛ ̂ ú˛yê˛ö Ü˛îyÓ̊ ≤Ã Ï̂Î̊yçö •Î̊ ~ÓÇ ̂ ú˛yê˛ Ï̂öÓ̊ ~•z §Çáƒy Ï̂Ü˛ §y Ï̂°yÜ˛§Ç Ï̂Ÿ’ Ï̂£ÏÓ̊

≤ÃˆÏÎ˚yçö#Î˚ ˆÜ˛yÎ˚yrê˛yü‰ (quantum requirement) Ó°y •Î˚– xyüÓ˚y ~Ü˛Ìy çy!ö ˆÎ ≤Ã!ï˛!ê˛ ˆÜœ̨ yˆÏÓ˚y!ú˛° xî%

ˆú˛yê˛ö Ü˛îy ˆ¢y£Ïî Ü˛ˆÏÓ˚ í˛zˆÏ_!çï˛ •Î˚ ~ÓÇ ~•z í˛zˆÏ_!çï˛ xÓfliy 0.01 ˆ§ˆÏÜ˛ˆÏu˛Ó˚ ˆÓ!¢ fliyÎ˚# •Î˚ öy– Ü˛yˆÏç•z

ˆÜœ˛yˆÏÓ˚y≤’yˆÏfiê˛ xyˆÏ°yÜ˛ ˛õí˛¸y üye ˆÜœ˛yˆÏÓ˚y!ú˛° Ä §•yÎ˚Ü˛ Ó˚OÜ˛˛õòyÌ≈=!° xyˆÏ°yˆÏÜ˛Ó˚ ˆú˛yê˛ö Ü˛îy ˆ¢y£Ïî Ü˛ˆÏÓ˚

~ÓÇ x!Ó°ˆÏ¡∫ ˆ§•z ˆ¢y!£Ïï˛ xyˆÏ°yÜ˛ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ !Ó!e´Î˚yˆÏÜ˛ˆÏw (reaction centre) fliyöyhsˇ!Ó˚ï˛ Ü˛ˆÏÓ˚–

≤Ã!ï˛!ê˛ !Ó!e´Î˚yˆÏÜ˛ˆÏw ≤ÃyÎ˚ 300!ê˛ ̂ Üœ˛yˆÏÓ˚y!ú˛° xî%ñ !Ü˛å%È §•yÎ˚Ü˛ (accessory) Ó˚OÜ˛ xî% ~ÓÇ Ü%˛•zˆÏöyöñ !°!˛õí˛

•zï˛ƒy!ò ÌyˆÏÜ˛– ¢ï˛y!ôÜ˛ Ó˚OÜ˛ xî%Ó˚ §üß∫ˆÏÎ˚ à!ë˛ï˛ ~•z ~Ü˛ ~Ü˛ê˛y !Ó!e´Î˚yˆÏÜ˛wˆÏÜ˛ §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# ~Ü˛Ü˛

!ã˛e öÇ 9.5 : ~Ü˛!ê˛ @ˇÃyöyÈÙÈÌy•z°yÜ˛ˆÏÎ˚̂ Ïí˛Ó˚ üˆÏôƒ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï#Î˚ ~Ü˛Ü˛ SˆÜ˛yÎ˚yrê˛yˆÏçyüVÈÙÈ~Ó˚ xÓfliyö ~ÓÇ ˆ¢y!£Ïï˛

xy Ï̂°yÜ˛¢!_´Ó̊ !Ó!e´Î̊y Ï̂Ü˛ Ï̂w fliyöyhsˇÓ̊î ~ÓÇ í ẑ̨ Ï_!çï˛ P700 ̂ Üœ̨ y Ï̂Ó̊y!ú˛° xî% Ü˛ï≈,̨ Ü˛ •ẑ Ï°Ü˛ê Δ̨ö !öà≈üö Sxy Ï̂°yÜ Ę̀ÙÈÓ̊y§yÎ̊!öÜ˛

!Ó!e´Î̊yV

@ˇÃyöy
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(photosynthetic unit) Ó°y •Î˚– Ü˛yˆÏç•z §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï#Î˚ ~Ü˛Ü˛ Ó°ˆÏï˛ xyüÓ˚y Ó%!é˛ Ü˛ˆÏÎ˚Ü˛ ¢ï˛ Ó˚OÜ˛ xî%

§ü!ß∫ï˛ ~üö ~Ü˛!ê˛ ~Ü˛Ü˛ (unit) Îy xyˆÏ°yˆÏÜ˛Ó˚ ˆÜ˛yÎ˚yrê˛yü‰ ˆ¢y£Ïî Ü˛Ó˚ÓyÓ˚ ˛õÓ˚ ˆ§ê˛yˆÏÜ˛ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚

!Ó!e´Î˚yˆÏÜ˛ˆÏw fliyöyhsˇ!Ó˚ï˛ Ü˛ˆÏÓ˚ ~ÓÇ S~Ü˛!ê˛ !ÓˆÏ¢£Ï ˆÜœ˛yˆÏÓ˚y!ú˛°ÈÙÈa xî%V ˆÌˆÏÜ˛ ~Ü˛ê˛y •zˆÏ°Ü˛ê˛ΔöˆÏÜ˛ í˛zFã˛ï˛Ó˚

¢!_´hflÏˆÏÓ˚ í˛z!aï˛ Ü˛ˆÏÓ˚– ~•z ~Ü˛Ü˛!ê˛ ˆÜœ˛yˆÏÓ˚y≤’yˆÏfiê˛Ó˚ @ˇÃyöy hflÏˆÏÓ˚Ó˚ Ä˛õÓ˚ ˆåÈyê˛ ˆåÈyê˛ Ü˛îy (particle)-~Ó˚ üˆÏï˛y

§yçyˆÏöy ÌyˆÏÜ˛– ˛õyÜ≈˛ (Park) 1964 !á fiê˛yˆÏ∑ @ˇÃyöy hflÏˆÏÓ˚Ó˚ Ä˛õˆÏÓ˚ 300!ê˛ ˆÜœ˛yˆÏÓ˚y!ú˛° xî% myÓ˚y à!ë˛ï˛ fl≥˛#ï˛

xÇ¢!ê˛ °«˛ƒ Ü˛ˆÏÓ˚ö– ~•z fl≥˛#ï˛ xÇ¢=!°ˆÏÜ˛ !ï˛!ö ˆÜ˛yÎ˚yrê˛yˆÏçyü‰ (quantasome) öyüÜ˛Ó˚î Ü˛ˆÏÓ˚ö ~ÓÇ ïÑ˛yÓ˚

üˆÏï˛ ~•z ~Ü˛ ~Ü˛!ê˛ ˆÜ˛yÎ˚yrê˛yˆÏçyˆÏü ~Ü˛ ~Ü˛!ê˛ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï#Î˚ ~Ü˛Ü˛ !ö!•ï˛ ÌyˆÏÜ˛ SxyˆÏàÓ˚ ˛õyï˛yÎ˚ !ã˛e öÇ

9.5 ˆòá%öV–

9.3 í˛zß¨ï˛ í˛z!qˆÏò §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ̨ õk˛!ï˛     (Mechanism of Photosynthesis in
higher Plants)

!ÓÇ¢ ¢ï˛y∑#Ó˚ ≤ÃÌüyô≈ ˛õÎ≈hsˇ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ ç!ê˛° ˛õk˛!ï˛Ó˚ §!ë˛Ü˛ Óƒyáƒy !ÓK˛yö#ˆÏòÓ˚ Ü˛yˆÏåÈ ˛õ%ˆÏÓ˚y˛õ%!Ó˚

çyöy !åÈ° öy– ˆÎˆÏ•ï%˛ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï fiê˛yã≈˛ (starch) Ä §%ˆÏe´yç (sucrose) ≤Ã›ï˛ •Î˚ ~ÓÇ x!:ˆÏçö !öà≈ï˛

•Î̊ñ ï˛y•z §y Ï̂°yÜ˛§Ç Ï̂Ÿ’£Ï̂ ÏÜ˛ Ÿª§ Ï̂öÓ̊ (respiration) !Ó˛õÓ̊#ï˛ ≤Ã!e´Î̊yÓ̊* Į̈̂ õ !ã˛!•´ï˛ Ü˛Ó̊y •ï˛ ~ÓÇ ~!ê˛ Ï̂Ü˛ !ö¡̈!°!áï˛

§ü#Ü˛Ó˚î (reaction) myÓ˚y ≤ÃÜ˛y¢ Ü˛Ó˚y •ï˛ÈÙÙÙÈ

§)Î≈yˆÏ°yÜ˛

6CO2 + 12H2O C6H12O6 + 6O2

                   ˆÜœ˛yˆÏÓ˚y!ú˛°    S@’%ˆÏÜ˛yçV

~Ü˛§üÎ˚ !ÓK˛yö#ˆ ÏòÓ˚ ~Ü˛ê˛y ôyÓ˚îy !åÈ° ˆÎ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆ Ï£ Ï !öà≈ï˛ x!:ˆÏçˆÏöÓ˚ í˛ zÍ§

Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛– Ó˚!Óö !•° (Robin Hill) 1940 !á fiê˛yˆÏ∑ xhsˇ!Ó˚ï˛ (isolated) ̂ Üœ̨ yˆÏÓ˚y≤’yˆÏfiê˛ xyˆÏ°yÜ˛ Ä

•y•zˆÏí»˛yˆÏçö @ˇÃ•#ï˛yÓ˚ í˛z˛õ!fli!ï˛ˆÏï˛ ç° !ÓˆÏÎ˚y!çï˛ •ˆÏÎ˚ ˆÎ x!:ˆÏçö í˛zÍ˛õß¨ •Î˚ ï˛y ˛õÓ˚#«˛y Ü˛ˆÏÓ˚ ˆòáyö ~ÓÇ

~Ó˚ ˆÌˆÏÜ˛ ≤Ãüyî Ü˛ˆÏÓ˚ö ˆÎ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ≤Ã!e´Î˚yÎ˚ í˛zq(ï˛ x!:ˆÏçˆÏöÓ˚ í˛zÍ§ ç° ~ÓÇ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛

öÎ˚– !ÓK˛yö# Ó˚&ˆÏÓöñ Ó˚ƒyöí˛° Ä Ü˛ƒyˆÏüö (Ruben, Randall and Kamen) 1941 !á fiê˛yˆÏ∑ çˆÏ°Ó˚ ̂ ï˛ç!fl;˛Î˚

xy•ẑ Ï§y Ï̂ê˛y Į̈̂ õÓ̊ (H2O
18) myÓ̊y !• Ï̂°Ó̊ ~•z ̨õÎ≈̂ ÏÓ«˛î Ï̂Ü˛ xyÓ̊Ä flõ‹Tû˛y Ï̂Ó ≤Ãüyî Ü˛ Ï̂Ó̊ö– ú˛ Ï̂° §y Ï̂°yÜ˛§Ç Ï̂Ÿ’ Ï̂£ÏÓ̊

§yü!@ˇÃÜ˛ ≤Ã!e´Î˚y!ê˛Ó˚ (overall reaction) §ü#Ü˛Ó˚î!ê˛ ~û˛yˆÏÓ ≤ÃÜ˛y¢ Ü˛Ó˚y •°ÈÙÙÙÈ

§)Î≈yˆÏ°yÜ˛

6CO2 + 12H2O
18 C6H12O6 + 6O2

18 + 6H2O
ˆÜœ˛yˆÏÓ˚y!ú˛°

Ü˛yˆÏç•z ˆòáy ÎyˆÏFåÈ ˆÎ !ÓˆÏ¢£Ï ˛õk˛!ï˛ˆÏï˛ §Ó%ç í˛z!qò ˆ§ÔÓ˚¢!_´ˆÏÜ˛ Ó˚y§yÎ˚!öÜ˛ ¢!_´ˆÏï˛ Ó˚*˛õyhsˇ!Ó˚ï˛

Ü˛ Ï̂Ó̊ ¢Ü≈̨ Ó̊y çyï˛#Î̊ áyòƒ ≤Ã›!ï˛Ó̊ üyôƒ Ï̂ü ï˛y ̃ fli!ï˛Ü˛ ¢!_´Ó̊* Į̈̂ õ §!M˛Èï˛ Ü˛Ó̊ Ï̂åÈ ï˛y ~Ü˛!ê˛ xï˛ƒhsˇ ç!ê˛° (complex)
≤Ã!e´Î˚y–
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öyöy!Óô ̂ ï˛ç!fl;˛Î̊ (radioactive) xy•ẑ Ï§y Ï̂ê˛y Į̈̂ õÓ̊ (isotope) §y•y Ï̂Îƒ ~ê˛y !ö!ÿ˛û˛y Ï̂Ó ≤Ãüy!îï˛ • Ï̂Î̊ Ï̂åÈ

ˆÎ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ~Ü˛!ê˛ çyÓ˚îÈÙÈ!ÓçyÓ˚î (oxidation-reduction) ≤Ã!e´Î˚y ~ÓÇ ~•z ≤Ã!e´Î˚yÎ˚ ç° (H2O)
çy!Ó˚ï˛ (oxidised) •ˆÏÎ˚ x!:ˆÏçö ü%_´ •Î˚ ~ÓÇ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ (CO2) !Óçy!Ó˚ï˛ (reduced) •ˆÏÎ˚

¢Ü≈˛Ó˚y (carbohydrate) ≤Ã›ï˛ Ü˛ˆÏÓ˚– ̂ òáy ̂ àˆÏåÈ ̂ Îñ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ !Óçy!Ó˚ï˛ •ˆÏÎ˚ ¢Ü≈˛Ó˚y ≤Ã›ï˛ •ˆÏï˛ ̂ Î

xy_#Ü˛Ó̊î#Î̊ ¢!_´ (assimilatory power) xÌ≈yÍ ATP Sxƒy!í˛ Ï̂öy!§öÈÙÈê Δ̨y•zÈÙÈú˛§ Ï̂ú˛ê˛V Ä NADPH S!Óçy!Ó̊ï˛

!öˆÏÜ˛y!ê˛öyüy•zí˛ÈÙÈxƒyˆÏí˛öy•zöÈÙÈí˛y•zÈÙÈ!öí˛z!Üœ˛Äê˛y•zí˛ÈÙÈú˛§ˆÏú˛ê˛VÈÙÈ~Ó˚ ≤ÃˆÏÎ˚yçö •Î˚ñ ï˛y ≤ÃÌˆÏü ˆÜœ̨ yˆÏÓ˚y≤’yˆÏfiê˛ ˜ï˛!Ó˚

•Î˚ ~ÓÇ ~•z Ó˚y§yÎ˚!öÜ˛ ¢!_´ ˛õÓ˚Óï˛#≈ ˛õÎ≈yˆÏÎ˚ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ˆÏÜ˛ !Óçy!Ó˚ï˛ Ü˛ˆÏÓ˚ Ä ¢Ü≈˛Ó˚y ≤Ã›!ï˛ˆÏï˛

ÓƒÓ•*ï˛ •Î˚–

9.3.1 §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï ò%!ê˛ !û˛ß¨ ò¢yÓ˚ í˛z˛õ!fli!ï˛ (Two stages of photosynthesis)

§y Ï̂°yÜ˛§Ç Ï̂Ÿ’£Ï ~Ü˛!ê˛ çyÓ̊îÈÙÈ!ÓçyÓ̊î ≤Ã!e´Î̊y ~ÓÇ ~ Ï̂ï˛  ç° çy!Ó̊ï˛ (oxidised) Ä Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛

!Óçy!Ó˚ï˛ (reduced) •ˆÏ°Ä ~•z §yü!@ˇÃÜ˛ !Ó!e´Î˚y!ê˛Ó˚ ˆÜ˛yö xÇ¢ xyˆÏ°yˆÏÜ˛Ó˚ myÓ˚y !öÎ˚!sfï˛ •Î˚ ï˛y !öˆÏÎ˚

!ÓK˛yö#Ó˚y !ã˛hsˇyû˛yÓöy ÷Ó˚& Ü˛ˆÏÓ˚ö– ÓœƒyÜ˛üƒyö (Blackman) 1905 !á fiê˛yˆÏ∑ §Ó≈≤ÃÌü ≤Ãüyî Ü˛ˆÏÓ˚ö ˆÎ

§yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ˛õk˛!ï˛!ê˛ xyˆÏ°yÜ˛ Ä x¶˛Ü˛yÓ˚ÈÙÙÙÈ~•z ò%Û!ê˛ ˛õÎ≈yˆÏÎ˚ §¡õß¨ •Î˚– ≤ÃÌˆÏü xyˆÏ°yÜ˛ !Ó!e´Î˚y!ê˛ (light
reaction) âˆÏê˛ ~ÓÇ ~•z !Ó!e´Î˚yÎ˚ xyˆÏ°yÜ˛ x˛õ!Ó˚•yÎ≈ (essential) ~ÓÇ ~Ó˚˛õˆÏÓ˚ x¶˛Ü˛yÓ˚ !Ó!e´Î˚y!ê˛ (dark
reaction) â Ï̂ê˛ñ Îy Ï̂ï˛ xy Ï̂°y Ï̂Ü˛Ó̊ ̂ Ü˛yö ≤Ã Ï̂Î̊yçö •Î̊ öy (light independent)–

1920 !á fiê˛yˆÏ∑ û˛yÓ˚Óyà≈ (Warburg) ˆòˆÏáö ˆÎ ˆÜœ˛yˆÏÓ˚Õ‘y û˛y°‰ày!Ó˚§ (Chlorella vulgaris) ~ÓÇ

ˆ§ Ï̂ö Ï̂í˛§‰üy§ xÓ‰!°Ü˛y§ (Scenedesmus obliquous)-~ 
1

16
 ̂ § Ï̂Ü˛u˛ xhsˇÓ̊ xhsˇÓ̊ e´üyàï˛ xy Ï̂°yÜ˛ !ÓFå%ÈÓ̊î

(emission) âê˛yˆÏ° ≤Ã!ï˛ ˆ§ˆÏÜ˛ˆÏu˛ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ •yÓ˚ ÓÈ,!k˛ ˛õyÎ˚ ~ÓÇ ÷ô% xyˆÏ°yÜ˛ Óy ÷ô%•z x¶˛Ü˛yˆÏÓ˚

Ó˚yáyÓ˚ ˆã˛ˆÏÎ˚ ~•z Ó,!k˛ í˛zˆÏÕ‘áˆÏÎyàƒû˛yˆÏÓ ˆÓ!¢ •Î˚– ~Ó˚ ˆÌˆÏÜ˛ !ï˛!ö ~•z !§k˛yˆÏhsˇ xyˆÏ§ö ˆÎ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚

~•z ̨õÎ≈yÎ̊ xy Ï̂°yÜ˛ÈÙÈ!öû≈̨ Ó̊ (light dependent) • Ï̂°Ä ~Ü˛!ê˛ ̨õÎ≈yÎ̊ xy Ï̂°yÜ˛ÈÙÈ!öÓ̊ Į̈̂ õ«˛ (Light independent)–
~Ó˚˛õÓ˚ 1932 !á fiê˛yˆÏ∑ xyÓ˚‰ö”˛ (Arnold) §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï ò%!ê˛ !û˛ß¨ ò¢yÓ˚ x!hflÏc !ö!ÿ˛ï˛û˛yˆÏÓ ≤Ãüyî Ü˛ˆÏÓ˚ö–

ˆï˛ç!fl;˛Î˚ Ü˛yÓ≈ö xy•zˆÏ§yˆÏê˛y˛õ (14C)-~Ó˚ §y•yˆÏÎƒ ≤Ãüy!îï˛ •ˆÏÎ˚̂ ÏåÈ ˆÎ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ xyˆÏ°yÜ˛ !Ó!e´Î˚yÎ˚

!Óçy!Ó˚ï˛ NADP+ ~ÓÇ ATP ≤Ã›ï˛ •Î˚– ~Ó˚̨ õÓ˚ x¶˛Ü˛yÓ˚ ˛õÎ≈yˆÏÎ˚ ~•z  ATP Ä NADPH-ˆÜ˛ ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚

Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛Ó˚ !ÓçyÓ˚î âˆÏê˛ ~ÓÇ ~!ê˛ §¡õ)î≈ Ó˚y§yÎ˚!öÜ˛ !Ó!e´Î˚y Îy ~Ü˛y!ôÜ˛ í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ üyôƒˆÏü

§Çâ!ê˛ï˛ •Î˚ ~ÓÇ ~•z !Ó!e´Î˚y xyˆÏ°yˆÏÜ˛Ó˚ §ˆÏD §¡õÜ≈˛•#ö– ~•z Ü˛yÓ˚̂ Ïî x¶˛Ü˛yÓ˚ !Ó!e´Î˚yˆÏÜ˛ xyˆÏ°yÜ˛ÈÙÈ!öÓ˚̂ Ï˛õ«˛

˛õÎ≈yÎ˚ (light-independent phase) Ó°y ˆÓ!¢ Î%!_´Î%_´– ˆòáy ˆàˆÏåÈ ˆÎ xyˆÏ°yÜ˛ !Ó!e´Î˚y!ê˛ ˆÜœ̨ yˆÏÓ˚y≤’yˆÏfiê˛Ó˚

@ˇÃyöy xÇˆÏ¢ xyˆÏ°yˆÏÜ˛Ó˚ myÓ˚y ~ÓÇ xyˆÏ°yÜ˛ÈÙÈ!öÓ˚ˆÏ˛õ«˛ !Ó!e´Î˚y!ê˛ ˆÜœ˛yˆÏÓ˚y≤’yˆÏfiê˛Ó˚ ˆflT…yüy xÇˆÏ¢ í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚

myÓ˚y §Çâ!ê˛ï˛ •Î˚ S!ã˛e öÇ 9.6 ˆòá%öV–
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!ã˛e öÇ 9.6 : ~Ü˛!ê˛ ̂ Üœ̨ y Ï̂Ó̊y≤’y Ï̂fiê˛ xy Ï̂°yÜ˛ ò¢y ~ÓÇ xy Ï̂°yÜ˛ÈÙÈ!öÓ̊ Į̈̂ õ«˛ ò¢yÓ̊ ̨õyÓ̊flõ!Ó̊Ü˛ §¡∫¶˛

ï˛ˆÏÓ §y¡±!ï˛Ü˛Ü˛yˆÏ° ≤Ãüyî Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ ˆÎ xyˆÏ°yÓ˚ í˛z˛õ!fli!ï˛ˆÏï˛ x¶˛Ü˛yÓ˚ ò¢yÎ˚ xÇ¢@ˇÃ•îÜ˛yÓ˚# Ü˛ˆÏÎ˚Ü˛!ê˛

í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ !Ó!e´Î˚yÓ˚ •yÓ˚ í˛zˆÏÕ‘áˆÏÎyàƒû˛yˆÏÓ Ó,!k˛ ˛õyÎ˚–

9.3.2 xy Ï̂°yÜ˛ ò¢y     (Light Phase)

§yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ xyˆÏ°yÜ˛ ò¢y!ê˛ xï˛ƒhsˇ ç!ê˛° Ä =Ó˚&c˛õ)î≈ ~ÓÇ ~!ê˛ ˆÜœ̨ yˆÏÓ˚y≤’yˆÏfiê˛Ó˚ @ˇÃyöy xÇˆÏ¢ §¡õß¨

•Î˚– ~•z ò¢yÓ˚ ü)° í˛zÍ˛õy!òï˛ ˛õòyÌ≈=!° (products) •° x!:ˆÏçö ~ÓÇ NADPH Ä ATP Îy xy_#Ü˛Ó˚î

¢!_´  (assimilatory power) !•§yˆÏÓ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ !ÓçyÓ˚̂ Ïî ÓƒÓ•*ï˛ •Î˚–

xyˆÏ°yÜ˛ ò¢yÓ˚ ÷Ó˚&ˆÏï˛ §)Î≈yˆÏ°yˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ ̂ Üœ˛yˆÏÓ˚y!ú˛° Ä §•Ü˛yÓ˚# Ó˚OÜ˛ xî%=!° xyˆÏ°yˆÏÜ˛Ó˚ ̂ ú˛yê˛ö

Ü˛îy ˆ¢y£Ïî Ü˛ˆÏÓ˚ ~ÓÇ ~•z ˆ¢y!£Ïï˛ xyˆÏ°yÜ˛¢!_´ !Ó!e´Î˚yˆÏÜ˛ˆÏw (reaction centre) xÓ!fliï˛ ~Ü˛!ê˛ !ÓˆÏ¢£Ï

ˆÜœ˛yˆÏÓ˚y!ú˛° xî%ˆÏï˛ fliyöyhsˇ!Ó˚ï˛ Ü˛ˆÏÓ˚– ~Ó˚ ú˛ˆÏ° ˙ !ÓˆÏ¢£Ï ˆÜœ˛yˆÏÓ˚y!ú˛° xî%!ê˛ í˛zˆÏ_!çï˛ •Î˚ S~•z í˛zˆÏ_çöy

á%Ó•z «˛îfliyÎ˚# ~ÓÇ ï˛Í«˛îyÍ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï ÓƒÓ•*ï˛ öy •ˆÏ° !Ó!Ü˛Ó˚̂ ÏîÓ˚ ú˛ˆÏ° ~!ê˛ !Óö‹T •ˆÏÎ˚ ÎyÎ˚– ~•z

í˛zˆÏ_!çï˛ ˆÜœ̨ yˆÏÓ˚y!ú˛° ˆÌˆÏÜ˛ ˆÎ •zˆÏ°Ü˛ê˛Δö !öà≈ï˛ •Î˚ ï˛y çyÓ˚îÈÙÈ!ÓçyÓ˚î !Óû˛Ó (redox potential)-~Ó˚ ú˛ˆÏ°

§,‹T ~Ü˛y!ôÜ˛ òyï˛y (donor) Ä @ˇÃ•#ï˛y (receiver) Ü˛ï≈,˛Ü˛ fliyöyhsˇ!Ó˚ï˛ •ˆÏï˛ ÌyˆÏÜ˛ Ä ̨õ!Ó˚ˆÏ¢ˆÏ£Ï NADP+ xî%ˆÏÜ˛

!Óçy!Ó˚ï˛ Ü˛ˆÏÓ˚ NADPH ≤Ã›ï˛ Ü˛ˆÏÓ˚– ~û˛yˆÏÓ •zˆÏ°Ü˛ê˛Δö !öà≈ï˛ •ÓyÓ˚ ú˛ˆÏ° !ÓˆÏ¢£Ï ˆÜœ˛yˆÏÓ˚y!ú˛° xî%!ê˛ˆÏï˛ ˆÎ

•zˆÏ°Ü˛ê˛Δö ¢)öƒï˛yÓ˚ §,!‹T •Î˚ ï˛y çˆÏ°Ó˚ xyˆÏ°yÜ˛ !ÓˆÏÎ˚yçö (phocatalysed splitting of water)-~Ó˚ ú˛ˆÏ°

í˛zq(ï˛ •zˆÏ°Ü˛ê˛Δö myÓ˚y ˛õ)Ó˚î •Î˚– ~•z fliyÎ˚# (stable) ˆÜœ˛yˆÏÓ˚y!ú˛° xî%!ê˛ ~Ó˚˛õˆÏÓ˚ xyÓyÓ˚ öï%˛ö Ü˛ˆÏÓ˚ xyˆÏ°yÜ˛

ˆ¢y£Ïî Ü˛Ó˚yÓ˚ ¢!_´ xç≈ö Ü˛ˆÏÓ˚– xyˆÏ°yˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ çˆÏ°Ó˚ ~•z !ÓˆÏŸ’£ÏîˆÏÜ˛ ̂ ú˛yˆÏê˛y°y•z!§§ (photolysis)

Ü˛yÓ≈ö

§ÇÓ¶˛ö

ã˛e´
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ÓˆÏ° ~ÓÇ ~•z ˛õk˛!ï˛Ó˚ üyôƒˆÏü í˛zq(ï˛ x!:ˆÏçö ˛õ!Ó˚ü[˛ˆÏ° !üˆÏ¢ ÎyÎ˚– ~åÈyí˛¸yÄ xyˆÏ°yÜ˛ ò¢yÎ˚ •zˆÏ°Ü˛ê˛Δö

≤ÃÓy!•ï˛ •ÓyÓ˚ §üÎ˚ í˛zq(ï˛ ¢!_´Ó˚ §y•yˆÏÎƒ ADP-Ó˚ §ˆÏD x˜ÏçÓ ú˛§ú˛Ó˚yˆÏ§Ó˚ (Pi) §ÇˆÏÎyçö âˆÏê˛ ~ÓÇ ATP
≤Ã›ï˛ •Î˚– xyˆÏ°yˆÏÜ˛Ó˚ í˛ z ˛õ!fli!ï˛ˆÏï˛ ~•z ATP ≤Ã›ï˛ •ÓyÓ˚ ˛õk˛!ï˛ˆÏÜ˛ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆ Ï°¢ö

(photophosphorylation) Ó°y •Î˚– xyˆÏ°yÜ˛ ò¢yÓ˚ ~•z §yü!@ˇÃÜ˛ âê˛öy=!° ˛õÎ≈yÎ˚e´ˆÏü Óƒyáƒy Ü˛Ó˚y •°–

!•° !Ó!e´Î˚y     (Hill Reaction) Ä x!:ˆÏçö !öà≈üö (Oxygen emission)

1940 !á fiê˛y Ï̂∑ Ó̊!Óö !•° (Robin Hill) xhsˇ!Ó̊ï˛ (isolated) ̂ Üœ̨ y Ï̂Ó̊y≤’y Ï̂fiê˛ §)Î≈y Ï̂°yÜ˛ Ä •ẑ Ï°Ü˛ê Δ̨ö @ˇÃ•#ï˛yÓ̊

SˆÎüö ˛õê˛y!§Î˚yü ˆú˛!Ó˚§yÎ˚yöy•zí˛V í˛z˛õ!fli!ï˛ˆÏï˛ ç°ˆÏÜ˛ !ÓˆÏÎ˚y!çï˛ Ü˛ˆÏÓ˚ x!:ˆÏçö í˛zÍ˛õyòˆÏö §«˛ü •ö ~ÓÇ

~Ó˚ ˆÌˆÏÜ˛ !ï˛!ö §Ó≈§üˆÏ«˛ ≤Ãüyî Ü˛ˆÏÓ˚ö ˆÎ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ ú˛ˆÏ° í˛zq(ï˛ x!:ˆÏçˆÏöÓ˚ í˛zÍ§ ç° ~ÓÇ

Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ öÎ˚– !Ó!e´Î˚yÓ˚ ˆ¢ˆÏ£Ï ˆú˛!Ó˚§yÎ˚yöy•zí˛ !Óçy!Ó˚ï˛ •ˆÏÎ˚ ˆú˛ˆÏÓ˚y§yÎ˚yöy•zí˛ í˛zÍ˛õß¨ Ü˛ˆÏÓ˚–

§)Î≈y Ï̂°yÜ˛

2H2O + 4Fe3+ O2 + 4Fe2+ + 4H+

ˆÜœ˛yˆÏÓ˚y≤’yfiê˛

í˛z˛õˆÏÓ˚Ó˚ ~•z !Ó!e´Î˚y!ê˛ !ÓK˛yö# !•ˆÏ°Ó˚ öyüyö%§yˆÏÓ˚ !•° !Ó!e´Î˚y (Hill reaction) öyˆÏü ˛õ!Ó˚!ã˛ï˛–

!ÓK˛yö# !•ˆÏ°Ó˚ ~•z xy!Ó‹ÒyÓ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï ~Ü˛!ê˛ ï˛yÍ˛õÎ≈˛õ)î≈ ˛õòˆÏ«˛˛õÓ˚*ˆÏ˛õ !ã˛!•´ï˛ Ü˛Ó˚y •Î˚– ~Ó˚

≤Ãôyö Ü˛yÓ˚î=!° •°ÈÙÙÙÈ

1. !•° !Ó!e´Î˚y !ö!ÿ˛ï˛û˛yˆÏÓ ≤Ãüyî Ü˛ˆÏÓ˚ ˆÎ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï í˛zq(ï˛ x!:ˆÏçˆÏöÓ˚ í˛zÍ§ ç°–

2. §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï x!:ˆÏçö !öà≈üö ˆÎ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛Ó˚ í˛z˛õ!fli!ï˛ åÈyí˛¸y âˆÏê˛ ï˛y çyöy ÎyÎ˚

~ÓÇ x!:ˆÏçö !öà≈üö Ä Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ !ÓçyÓ˚î ̂ Î ò%Û!ê˛ §¡õ)î≈ !û˛ß¨ ≤Ã!e´Î˚y ï˛y ̨ õ!Ó˚‹ÒyÓ˚û˛yˆÏÓ

ˆÓyé˛y ÎyÎ˚–

3. §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï ˆÜœ̨ yˆÏÓ˚y≤’yˆÏfiê˛Ó˚ û)˛!üÜ˛y Ü˛ï˛ê˛y =Ó˚&c˛õ)î≈ ï˛y !•° !Ó!e´Î˚yÓ˚ üyôƒˆÏü ≤ÃÌü çyöy ÎyÎ˚–

4. §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ ≤ÃyÌ!üÜ˛ !Ó!e´Î˚y!ê˛ ˆÎ xyˆÏ°yˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ âˆÏê˛ ï˛y ôyÓ˚îy Ü˛Ó˚y ÎyÎ˚ ~ÓÇ

xyˆÏ°yˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ ˆú˛!Ó˚Ü˛ (Fe3+) ˆÌˆÏÜ˛ ˆú˛Ó˚y§ (Fe2+) xyÎ˚̂ ÏöÓ˚ !ÓçyÓ˚̂ ÏîÓ˚ üyôƒˆÏü•z ˆÎ

xyˆÏ°yÜ˛¢!_´ Ó˚y§yÎ˚!öÜ˛ ¢!_´ˆÏï˛ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚ ï˛y xö%üyö Ü˛Ó˚y ÎyÎ˚–

ˆ°y!•ï˛ ã%˛ƒ!ï˛     (Red Drop) Ä ~üyÓ˚§ö ≤Ãû˛yÓ     (Emerson effect)

~üyÓ˚§ö ~ÓÇ °%•z§ (Emerson and Lewis) 1943 !á fiê˛yˆÏ∑ §Ó%ç ̃ ¢Óy° ˆÜœ̨ yˆÏÓ˚Õ‘y (Chlorella)-ˆï˛

§yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# §!e´Î˚ Óî≈y°# (action spectrum)* ˛õÓ˚#«˛yÓ˚ §üÎ˚ ˆòˆÏáö ˆÎ 680 nm-~Ó˚ ˆÓ!¢

ï˛Ó˚D˜Ïòâ≈ƒÎ%_´ x!ï˛ °y° (far red) xyˆÏ°yÜ˛ ˆÜœ˛yˆÏÓ˚y!ú˛°ÈÙÈa Ü˛ï≈,˛Ü˛ ˆ¢y!£Ïï˛ •ˆÏ°Ä ï˛y §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï ˆÜ˛yˆÏöy
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Ó˚Ü˛ü Ü˛yÎ≈Ü˛Ó˚# û)˛!üÜ˛y @ˇÃ•î Ü˛ˆÏÓ˚ öy– ÷ô% ï˛y•zÈÙÈ•z öÎ˚ñ ~•z ò#â≈ ï˛Ó˚D˜Ïòâ≈ƒÎ%_´ xyˆÏ°yˆÏÜ˛ x!:ˆÏçö í˛zÍ˛õyòˆÏöÓ˚

•yÓ˚ !ÓfløÎ˚Ü˛Ó˚û˛yˆÏÓ Ü˛ˆÏü ÎyÎ˚– í˛zß¨ï˛ í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe 680 nm-~Ó˚ ˆÓ!¢ ï˛Ó˚D˜Ïòâ≈ƒ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ ~•z

xÓö!ï˛ˆÏÜ˛•z ˆ°y!•ï˛ ã%˛ƒ!ï˛ Óy ˆÓ˚í˛ í»˛˛õ (Red Drop) Ó°y •Î˚ S!ã˛e öÇ 9.7 ˆòá%öV–

!ã˛e öÇ 9.7 : §Ó%ç ̃ ¢Óy° ̂ Üœ̨ y Ï̂Ó˚Õ‘yÎ˚ ̂ °y!•ï˛ ã%̨ ƒ!ï˛ ~ÓÇ ò%Û!ê˛ ̨õ!Ó˚̨ õ)Ó˚Ü˛ xy Ï̂°y Ï̂Ü˛Ó˚

xy Ï̂Ó̊y!˛õï˛ ~üyÓ̊§ Ï̂öÓ̊ ≤Ãû˛yÓ

� ˆ¢y£Ïî Óî≈y°#     (action spectrum) : ˆÜ˛yˆÏöy Ó›Ó˚ !Ó!û˛ß¨ ï˛Ó˚D˜ÏòˆÏâ≈ƒÓ˚ xyˆÏ°yÜ˛ ˆ¢y£Ïî Ü˛Ó˚ÓyÓ˚ «˛üï˛yˆÏÜ˛ ï˛yÓ˚

ˆ¢y£Ïî Óî≈y°# Ó°y •Î˚– Óî≈y°#Ó#«˛î (spectrophotometer) öyüÜ˛ ÎˆÏsf ̂ Üœ̨ yˆÏÓ˚y!ú˛°ÈÙÈa Óy ̂ Üœ˛yˆÏÓ˚y!ú˛°ÈÙÈb çyï˛#Î˚ Ó˚OÜ˛˛õòyˆÏÌ≈Ó˚

ò,¢ƒüyö Óî≈y°#Ó˚ (visible spectrum) !Ó!û˛ß¨ xyˆÏ°yÜ˛ ï˛Ó˚D˜Ïòâ≈ƒ ˆ¢y£Ïî Ü˛Ó˚ÓyÓ˚ «˛üï˛yˆÏÜ˛ ~Ü˛!ê˛ ˆ°á!ã˛ˆÏeÓ ̊(graph paper)

üyôƒˆÏü ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚ ˙ !ÓˆÏ¢£Ï Ó˚OÜ˛˛õòyˆÏÌ≈Ó˚ ˆ¢y£Ïî Óî≈y°#ˆÏÜ˛ ≤ÃÜ˛y¢ Ü˛Ó˚y •Î˚– ˆòáy ˆàˆÏåÈ ˆÜœ˛yˆÏÓ˚y!ú˛°ÈÙÈa ~ÓÇ ˆÜœ˛yˆÏÓ˚y!ú˛°ÈÙÈb
xyˆÏ°yˆÏÜ˛Ó˚ §yï˛!ê˛ Óî≈≤ÃÓyˆÏ•Ó˚ üˆÏôƒ ö#°ñ ̂ Ó=ö# Ä °y° xÇ¢=!°ˆÏÜ˛•z §Ó≈yˆÏ˛õ«˛y ̂ Ó!¢ ̂ ¢y£Ïî Ü˛ˆÏÓ˚– ~•z Ü˛yÓ˚ˆÏî•z ö#°ÈÙÈˆÓ=ö#

xÇ¢ (435 nm) ~ÓÇ °y° xÇˆÏ¢Ó ̊(660 nm) ˆ¢y!£Ïï˛ xyˆÏ°yÜ˛•z §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï ü%áƒ û)˛!üÜ˛y @ˇÃ•î Ü˛ˆÏÓ˚–

xy Ï̂°yÜ˛ ã%̨ ƒ!ï˛Ó̊ Ü˛yÓ̊î xö%§¶˛yö Ü˛Ó̊ Ï̂ï˛ !à Ï̂Î̊ ~üyÓ̊§ö Ä ïÑ̨ yÓ̊ §ï˛#Ì≈Ó̊y (Emerson et al.) 1957 !á fiê˛y Ï̂∑

°«˛ƒ Ü˛ˆÏÓ˚ö ˆÎ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï !ö!‹;˛Î˚ (inefficient) 680 nm-~Ó˚ ˆÓ!¢ xyˆÏ°yÜ˛ ï˛Ó˚D˜Ïòâ≈ƒÎ%_´ x!ï˛ °y°

(far red) xyˆÏ°yˆÏÜ˛Ó˚ §yˆÏÌ 650 nm •…fl∫ xyˆÏ°yÜ˛ ~Ü˛ˆÏe ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï° ~•z !ö!‹;˛Î˚ï˛y ˆÎ ÷ô%üye ò)Ó˚ •Î˚

ï˛y•zÈÙÈ•z öÎ˚ñ í˛z˛õÓ˚v §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ à!ï˛ Ó,!k˛ ˆ˛õˆÏÎ˚ ÌyˆÏÜ˛– ïÑ˛yÓ˚y ≤Ãüyî Ü˛ˆÏÓ˚ ˆòˆÏáö ˆÎ ò#â≈ ~ÓÇ •…fl∫ñ ~•z

ò%•z ï˛Ó˚D˜ÏòˆÏâ≈ƒÓ˚ xyˆÏ°yˆÏÜ˛Ó˚ ˛õ,ÌÜ˛ ≤Ãû˛yˆÏÓ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ §üÎ˚ ˆÎ ˛õ!Ó˚üyî x!:ˆÏçö í˛zq(ï˛ •Î˚ñ ò%Û!ê˛

˛õ!Ó˚˛õ)Ó˚Ü˛ xyˆÏ°yÜ˛ ~Ü˛ˆÏe xyˆÏÓ˚y!˛õï˛ (superimposed) Ü˛Ó˚ˆÏ° x!:ˆÏçö í˛zÍ˛õyòˆÏöÓ˚ üyey xˆÏöÜ˛ ˆÓ!¢ •Î˚

S!ã˛e öÇ 9.7 ˆòá%öV– x!ï˛ °y° xyˆÏ°yÜ˛ (700 nm)-~Ó˚ §ˆÏD Ü˛ü°yÈÙÈ°y° xyˆÏ°yˆÏÜ˛Ó˚ (653 nm) ~Ü˛e

≤ÃˆÏÎ˚yˆÏà §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ ~•z •yÓ˚ Ó,!k˛ ˛õyÓyÓ˚ âê˛öyˆÏÜ˛ ~üyÓ˚§ˆÏöÓ˚ ≤Ãû˛yÓ (Emerson effect) Ó°y •Î˚– ~•z

≤Ãû˛yÓ (E)-ˆÜ˛ !ö¡¨!°!áï˛ §ü#Ü˛Ó˚̂ ÏîÓ˚ üyôƒˆÏü ≤ÃÜ˛y¢ Ü˛Ó˚y •Î˚ÈÙÙÙÈ
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ΔO2 SxyˆÏÓ˚y!˛õï˛ ï˛Ó˚D˜ÏòˆÏâ≈ƒÓ˚ xyˆÏ°yÜ˛V ÈÙÙÙÈ ΔO2 S•…fl∫ ï˛Ó˚D˜ÏòˆÏâ≈ƒÓ˚ xyˆÏ°yÜ˛V

E =
ΔO2 Sò#â≈ ï˛Ó˚D˜ÏòˆÏâ≈ƒÓ˚ xyˆÏ°yÜ˛V

ˆÎáyˆÏö ΔO2 •° x!:ˆÏçö !öà≈üˆÏîÓ˚ •yÓ˚–

~Ó˚ ˆÌˆÏÜ˛ ~üyÓ˚§ö ~•z !§k˛yˆÏhsˇ xyˆÏ§ö ˆÎ ò%Û!ê˛ !û˛ß¨ ï˛Ó˚D˜ÏòˆÏâ≈ƒÓ˚ xyˆÏ°yÜ˛ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ •yÓ˚̂ ÏÜ˛

!öÎ˚sfî Ü˛ˆÏÓ˚ ~ÓÇ ~ˆÏòÓ˚ §!¡ø!°ï˛ ≤Ãû˛yˆÏÓ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ò«˛ï˛y (photosynthetic efficiency) Ó‡=î Ó,!k˛

˛õyÎ˚–

9.3.3 !mÈÙÈÓ˚OÜ˛ï˛sf     (Two photosystems)

~üyÓ̊§ Ï̂öÓ̊ xy!Ó‹ÒyÓ̊ ̂ Ì Ï̂Ü˛ xö%üyö Ü˛Ó̊y ÎyÎ̊ ̂ Î §y Ï̂°yÜ˛§Ç Ï̂Ÿ’ Ï̂£ÏÓ̊ xy Ï̂°yÜ˛ ò¢y ò%!ê˛ !û˛ß̈ xy Ï̂°yÜ˛ÈÙÈÓ̊§yÎ̊ö

(photo-chemical) !Ó!e´Î˚yÓ˚ üyôƒˆÏü §¡õß¨ •Î˚ñ ÎyÓ˚ ~Ü˛!ê˛ 680 nm-~Ó˚ ̂ Ó!¢ ï˛Ó˚D˜Ïòâ≈ƒÎ%_´ xyˆÏ°yˆÏÜ˛ ~Ó

x˛õÓ˚!ê˛ 680 nm-~Ó˚ xˆÏ˛õ«˛yÜ,˛ï˛ Ü˛ü ï˛Ó˚D˜Ïòâ≈ƒÎ%_´ xyˆÏ°yˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ âˆÏê˛– ˛õÓ˚#«˛yÓ˚ üyôƒˆÏü ˆòáy

ˆàˆÏåÈ ̂ Î ~•z !Ó!e´Î˚y ò%Û!ê˛ ̨ õ,ÌÜ˛û˛yˆÏÓ ò%Û!ê˛ Ó˚OÜ˛ ï˛ˆÏsfÓ˚ (pigment system) §ˆÏD Î%_´ñ ÎyˆÏòÓ˚ ÎÌye´ˆÏü ≤ÃÌü

Ó˚OÜ˛ ï˛sf (Pigment System I Óy PS I) ~ÓÇ !mï˛#Î˚ Ó˚OÜ˛ ï˛sf (Pigment System II Óy PS II) öyüÜ˛Ó˚î

Ü˛Ó˚y •Î˚– 680 nm-~Ó˚ Ü˛ü ï˛Ó˚D˜ÏòˆÏâ≈ƒÓ˚ xyˆÏ°yÜ˛ PS I Ä PS II ò%Û!ê˛ˆÏÜ˛•z §!e´Î˚ Ü˛ˆÏÓ˚–

~•z Ó˚OÜ˛ ï˛sf ò%Û!ê˛ xÌ≈yÍ PS I ~ÓÇ PS II ˆÜœ̨ yˆÏÓ˚y≤’yˆÏfiê˛Ó˚ Ìy•z°yÜ˛ˆÏÎ˚í˛ °ƒyˆÏü°#Ó˚ Ä˛õÓ˚ xy°yòyû˛yˆÏÓ

Ó̊OÜ˛ÈÙÈ˛ˆ≤Ãy!ê˛ö ̂ ÎÔà (Pigment-protein complex) Ó̊* Į̈̂ õ §!Iï˛ Ìy Ï̂Ü˛ S!ã˛e öÇ 9.8 ̂ òá%öV– ̂ Üœ̨ y Ï̂Ó̊y≤’yfiê˛ Ï̂Ü˛

~Ü˛!ê˛ ̨õÓ̊y˛õ Ï̂Ü˛wÜ˛ (ultracentrifuge) Î Ï̂sfÓ̊ §y•y Ï̂Îƒ ̨õ,ÌÜ˛ Ü˛ Ï̂Ó̊ Ä˛õ Ï̂Ó̊Ó̊ x Į̈̂ õ«˛yÜ,̨ ï˛ •yÕÒy xÇ Ï̂¢ PS I ~ÓÇ

ö#ˆÏã˛Ó˚ û˛yÓ˚# xÇˆÏ¢ PS II-Ó˚ í˛z˛õ!fli!ï˛ °«˛ƒ Ü˛Ó˚y ÎyÎ˚– •zˆÏ°Ü˛ê˛Δö xî%Ó#«˛î (electron microscope) ÎˆÏsfÓ˚

§y•yˆÏÎƒ ˆòáy ˆàˆÏåÈ ˆÎ ≤Ã!ï˛!ê˛ Ó˚OÜ˛ ï˛ˆÏsf 40-60!ê˛ ˆÜœ̨ yˆÏÓ˚y!ú˛° xî%ñ ~Ü˛!ê˛ !Ó!e´Î˚yˆÏÜ˛wfli° (reaction
centre), •zˆÏ°Ü˛ê˛Δö òyï˛y (electron donor) Ä •zˆÏ°Ü˛ê˛Δö @ˇÃ•#ï˛y (electron receiver) §!¡ø!°ï˛ ~Ü˛!ê˛ üIy

ˆÎÔà (core complex) ~ÓÇ xÓ!¢‹T !Ü˛å%È ˆÜœ˛yˆÏÓ˚y!ú˛° xî% Ä §•Ü˛yÓ˚# Ó˚OÜ˛ xî%Ó˚ §üß∫ˆÏÎ˚ à!ë˛ï˛ ~Ü˛!ê˛

xƒyö Ï̂ê˛öy ̂ ÎÔà (antenna complex) Óy light harvesting complex (LHC) Ìy Ï̂Ü˛– ~•z xƒyö Ï̂ê˛öy ̂ ÎÔ Ï̂àÓ̊

Ü˛yç •° !Ó!û˛ß̈ ï˛Ó̊D Ï̃òâ≈ƒÎ%_´ xy Ï̂°yÜ˛ ̂ ¢y£Ïî Ü˛Ó̊y ~ÓÇ ~•z ̂ ¢y!£Ïï˛ ¢!_´ (absorved energy) !Ó!e´Î̊y Ï̂Ü˛ Ï̂w

(reacion centre)-~ ˛õ!Ó˚Ó•ö Ü˛Ó˚y– üIy ˆÎÔà!fliï˛ ~•z !Ó!e´Î˚yˆÏÜ˛ˆÏw•z ≤ÃÜ,˛ï˛˛õˆÏ«˛ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚

xyˆÏ°yÜ˛ÈÙÈÓ˚y§yÎ˚!öÜ˛ !Ó!e´Î˚y=!° (photochemical act) §Çâ!ê˛ï˛ •Î˚ S!ã˛e öÇ 9.7 ˆòá%öV–

≤ÃÌü Ó˚OÜ˛ï˛sf     (Pigment System I Óy     PS I)

~•z Ó˚OÜ˛ ï˛sf!ê˛ˆÏï˛ xyö%üy!öÜ˛ 200 ˆÌˆÏÜ˛ 300 !ê˛ ˆÜœ˛yˆÏÓ˚y!ú˛° xî% Ä 50!ê˛ Ü˛ƒyˆÏÓ˚y!ê˛öˆÏÎ˚í˛ xî% Sü)°ï˛

Ü˛ƒy Ï̂Ó̊y!ê˛öV Ìy Ï̂Ü˛– ~åÈyí˛̧yÄ §y•ẑ Ïê˛y Ï̂e´yü b6(cytb6), §y•ẑ Ïê˛y Ï̂e´yü f(cyt  f), ≤’y Ï̂fiê˛y§yÎ̊y!öö‰ (plastocyanin)
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Ä ˆú˛ˆÏÓ˚í˛!:ö (ferredoxin) çyï˛#Î˚ •zˆÏ°Ü˛ê˛Δö @ˇÃ•#ï˛y ÌyˆÏÜ˛– PS I-~Ó˚ üIy ˆÎÔà!ê˛ˆÏï˛ (core complex)
!Ó!e´Î˚yÓ˚ ˆÜ˛wfliˆÏ° (reaction centre) P700 öyüÜ˛ ~Ü˛!ê˛ !ÓˆÏ¢£Ï ˆÜœ˛yˆÏÓ˚y!ú˛° xî% ÌyˆÏÜ˛– ~•z Ó˚OÜ˛ ï˛sf!ê˛

ˆÜœ˛yˆÏÓ˚y≤’yˆÏfiê˛Ó˚ ˆflT…yüy °ƒyˆÏü°# ~ÓÇ @ˇÃyöy xÇˆÏ¢Ó˚ Óy•zˆÏÓ˚Ó˚ !òˆÏÜ˛ xÓfliyö Ü˛ˆÏÓ˚ S!ã˛e öÇ 9.8 ˆòá%öV–

!ã˛e öÇ 9.8 : @ˇÃyöy Ìy•z°yÜ˛ˆÏÎ˚í˛ÈÙÈ~Ó˚ Ä˛õˆÏÓ˚ ò%Û!ê˛ Ó˚OÜ˛ï˛sf PS I ~ÓÇ PS II-~Ó˚ xÓfliyö

PS I-~Ó˚ ≤Ãôyö Ü˛yç •° ~Ü˛!ê˛ ¢!_´¢y°# !ÓçyÓ˚Ü˛ (strong reductant) ≤Ã›ï˛ Ü˛Ó˚y Îy NADP-ˆÜ˛

!Óçy!Ó˚ï˛ Ü˛Ó˚̂ ÏÓ– ~•z Ó˚OÜ˛ e´ˆÏü 680 nm-~Ó˚ ˆÓ!¢ ï˛Ó˚D˜Ïòâ≈ƒÎ%_´ xyˆÏ°yÜ˛ xƒyöˆÏê˛öy ˆÎÔˆÏàÓ˚ Ó˚OÜ˛ xî%

Ü˛ï≈,˛Ü˛ ˆ¢y!£Ïï˛ •Î˚ ~ÓÇ ~•z xyˆÏ°yÜ˛ ¢!_´ !Ó!e´Î˚yÓ˚ ˆÜ˛wfliˆÏ° P700 ˆÜœ̨ yˆÏÓ˚y!ú˛° xî%ˆÏï˛ ~ˆÏ§ §!M˛Èï˛ •ÄÎ˚yÎ˚

~!ê˛ í˛zj#!˛õï˛ (excited) •Î˚ ~ÓÇ ~Ü˛!ê˛ •zˆÏ°Ü˛ê˛Δö ̨õ!Ó˚ï˛ƒyà Ü˛ˆÏÓ˚– ~Ü˛y!ôÜ˛ •zˆÏ°Ü˛ê˛Δö @ˇÃ•#ï˛y Ä òyï˛yÓ˚ üyôƒˆÏü

≤ÃÓy!•ï˛ •ˆÏÎ˚ ~•z •zˆÏ°Ü˛ê˛Δö!ê˛ ˛õ!Ó˚ˆÏ¢ˆÏ£Ï NADP+-ˆÜ˛ !Óçy!Ó˚ï˛ Ü˛ˆÏÓ˚ ~ÓÇ NADPH ˜ï˛!Ó˚ Ü˛ˆÏÓ˚– PS I-~
ã˛e´yÜ˛yÓ˚ (cyclic) ~ÓÇ xã˛e´yÜ˛Ó˚ (non-cyclic) ~•z ò%Û•z ̨õk˛!ï˛Ó˚ üyôƒˆÏü•z •zˆÏ°Ü˛ê˛Δö ≤ÃÓy!•ï˛ (transfer) •Î˚

S!ã˛e öÇ 9.9 ˆòá%öV–
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!ã˛e öÇ 9.9 : §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ xyˆÏ°yÜ˛ò¢yÎ˚ •zˆÏ°Ü˛ê˛Δö fliyöyhsˇÓ˚̂ ÏîÓ ̊ Z öÜ‰˛¢yÓ˚ !ã˛eÓ˚*˛õ

SöÜ˛¢y!ê˛ !•°ÈÙÈˆÓöí˛y° ≤ÃhflÏy!Óï˛ 'Z' öÜ˛¢yÓ˚ §yüyöƒ ˛õ!Ó˚Ó!ï≈˛ï˛ Ó˚*˛õV [öÜ˛¢yÎ˚ Q = Ü%˛•zˆÏöyöñ

PQ = ≤’y Ï̂fiê˛yÜ%̨ •ẑ Ïöyöñ cyt b6 = §y•ẑ Ïê˛y Ï̂e´yü b6, cyt  f = §y•ẑ Ïê˛y Ï̂e´yüñ f,  PC = ≤’y Ï̂fiê˛y§yÎ̊y!ööñ

FRS = ̂ ú˛ˆÏÓ˚í˛!:ö !ÓçyÓ˚Ü˛ ̂ ÎÔàñ Fd = ̂ ú˛ˆÏÓ˚í˛!:ö ~ÓÇ PS I Ä II ÎÌye´ˆÏü Ó˚OÜ˛ï˛sf I Ä
II ̂ Óyé˛yˆÏFåÈ ]

!mï˛#Î˚ Ó˚OÜ˛ï˛sf     (Pigment System II Óy     PS II)

~•z Ó˚OÜ˛ ï˛sf!ê˛ˆÏï˛ xyö%üy!öÜ˛ 100-200!ê˛ ̂ Üœ˛yˆÏÓ˚y!ú˛° Ä 50!ê˛ Ü˛ƒyˆÏÓ˚y!ê˛öˆÏÎ˚í˛ xî% Sü)°ï˛ çƒyˆÏsiy!ú˛°V

ÌyˆÏÜ˛– ~åÈyí ¸̨yÄ ~•z e´ˆÏü Q öyüÜ˛ ≤’yˆÏfiê˛yÜ%˛•zöö (Plastoquinone Óy PQ)ñ §y•zˆÏê˛yˆÏe´yü b6(cyt  b6),
§y•zˆÏê˛yˆÏe´yü f(cyt  f), ≤’yˆÏfiê˛y§yÎ˚y!öö (Plastocyanine Óy PC), üƒyDy!öç (Mn+2) Ä ̂ Üœ̨ yÓ˚y•zí˛ (Cl–) xî%
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í˛z˛õ!fliï˛ ÌyˆÏÜ˛– PS II-Ó˚ üIy ˆÎÔà!ê˛ˆÏÜ˛ (core complex) !Ó!e´Î˚yÓ˚ ˆÜ˛wfliˆÏ° (reaction centre) P680

öyüÜ˛ ~Ü˛!ê˛ !ÓˆÏ¢£Ï ˆÜœ˛yˆÏÓ˚y!ú˛° xî% ÌyˆÏÜ˛– ~•z Ó˚OÜ˛ ï˛sf!ê˛ ü)°ï˛ ˆÜœ˛yˆÏÓ˚y≤’yˆÏfiê˛Ó˚ @ˇÃyöy xÇˆÏ¢Ó˚ !û˛ï˛ˆÏÓ˚Ó˚

!òˆÏÜ˛ xÓfliyö Ü˛ˆÏÓ˚ S!ã˛e öÇ 9.8 ˆòá%öV–

PS II-Ó˚ ≤Ãôyö Ü˛yç •° ~Ü˛!ê˛ ¢!_´¢y°# çyÓ˚Ü˛ (strong oxidant) ≤Ã›ï˛ Ü˛Ó˚y Îy ç° xî%ˆÏÜ˛ çy!Ó˚ï˛

Ü˛ˆÏÓ˚ x!:ˆÏçö í˛zÍ˛õyòˆÏö §«˛ü •ˆÏÓ– PS II Ó˚OÜ˛e´ˆÏü xƒyˆÏrê˛öy ˆÎÔˆÏàÓ˚ Ó˚OÜ˛ xî% 680 nm-~Ó˚ Ü˛ü

ï˛Ó˚D˜ÏòˆÏâ≈ƒÓ˚ xyˆÏ°yÜ˛ ˆ¢y£Ïî Ü˛ˆÏÓ˚ ~ÓÇ ~•z ˆ¢y!£Ïï˛ ¢!_´ !Ó!e´Î˚yÓ˚ ˆÜ˛wfliˆÏ° P680 ˆÜœ˛yˆÏÓ˚y!ú˛° xî%ˆÏï˛ ~ˆÏ§

§!M˛Èï˛ •ÄÎ˚yÎ˚ ~!ê˛ í˛zj#!˛õï˛ (excited) •Î˚ ~ÓÇ ~Ü˛!ê˛ •zˆÏ°Ü˛ê˛Δö ˛õ!Ó˚ï˛ƒyà Ü˛ˆÏÓ˚– ~Ü˛y!ôÜ˛ •zˆÏ°Ü˛ê˛Δö @ˇÃ•#ï˛y

Ä òyï˛yÓ˚ üyôƒˆÏü ≤ÃÓy!•ï˛ •ˆÏÎ˚ ~•z •zˆÏ°Ü˛ê˛Δö!ê˛ ˛õ!Ó˚ˆÏ¢ˆÏ£Ï PS I-~ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– ~Ó˚ ú˛ˆÏ° P680 ˆÏÜœ˛yˆÏÓ˚y!ú˛ˆÏ°

ˆÎ •zˆÏ°Ü˛ê˛Δö ¢)öƒï˛yÓ˚ (electron deficiency) §,!‹T •Î˚ ï˛y ç° (H2O) ˆÌˆÏÜ˛ à,•#ï˛ •zˆÏ°Ü˛ê˛Δö myÓ˚y ˛õ)î≈ •Î˚

~ÓÇ ~Ó˚ ú˛ˆÏ° çˆÏ°Ó˚ xyˆÏ°yÜ˛ !ÓˆÏÎ˚yçö (photolysis of water) âˆÏê˛ ~ÓÇ ~Ó˚•z ú˛°fl∫Ó˚*˛õ ç° ˆÌˆÏÜ˛

•zˆÏ°Ü˛ê˛Δö !öà≈ï˛ •Î˚– P680 ~•zû˛yˆÏÓ •zˆÏ°Ü˛ê˛Δö @ˇÃ•î Ü˛ˆÏÓ˚ !fliï˛yÓfliyÎ˚ (ground state) !ú˛ˆÏÓ˚ xyˆÏ§– Ü˛yˆÏç•z PS
II-ˆï˛ •ẑ Ï°Ü˛ê Δ̨ö ≤ÃÓy• ~Ü˛ü%á# (unidirectional) Ä xã˛e´yÜ˛yÓ̊ (non-cyclic) S!ã˛e öÇ 9.9 ̂ òá%öV–

9.3.4 •zˆÏ°Ü˛ê˛Δö fliyöyhsˇÓ˚î Ä     NADP !ÓçyÓ˚î (Electron transport and reduction
of NADP)

PS I ~ÓÇ PS II Ó˚OÜ˛ ï˛ˆÏsfÓ˚ üyôƒˆÏü Ü˛#û˛yˆÏÓ •zˆÏ°Ü˛ê˛Δö ≤ÃÓy!•ï˛ •Î˚ñ ï˛y !öˆÏÎ˚ !ÓK˛yö#ˆÏòÓ˚ üˆÏôƒ

üï˛˛õyÌ≈Ü˛ƒ ÌyÜ˛ˆÏ°Ä !•° Ä ˆÓöí˛y° (Hill and Bendall) 1960 !á fiê˛yˆÏ∑ ˆÎ ˆçí‰˛ öÜ˛¢yÓ˚ (Z scheme)
§!ã˛e Óƒyáƒy ˆòöñ ï˛y xyô%!öÜ˛ !ÓK˛yö#ˆÏòÓ˚ ≤ÃhflÏy!Óï˛ öÜ˛¢yÓ˚ xö%Ó˚*˛õ •ÄÎ˚yÎ˚ ~!ê˛ @ˇÃ•î Ü˛Ó˚y •Î˚– ~•z 'Z'
öÜ˛¢yÎ˚ ò%Û!ê˛ Ó˚OÜ˛ e´ü•z (PS I ~ÓÇ PS II) Ü˛yÎ≈Ü˛Ó˚# û)˛!üÜ˛y ˆöÎ˚– ~Ó˚ üˆÏôƒ ≤ÃÌü Ó˚OÜ˛ e´ü!ê˛ (PS I) 680
nm-~Ó˚ ˆÓ!¢ ~ÓÇ !mï˛#Î˚ Ó˚OÜ˛ e´ü!ê˛ (PS II) 680 nm-~Ó˚ Ü˛ü ï˛Ó˚D˜Ïòâ≈ƒÎ%_´ xyˆÏ°yÜ˛ ˆ¢y£Ïî Ü˛ˆÏÓ˚ ÌyˆÏÜ˛

~ÓÇ PS II-Ó˚ ≤Ãyhsˇû˛yà ~Ü˛!ê˛ ˆ§ï%˛ (bridge)-~Ó˚ üˆÏï˛y Ü˛yç Ü˛ˆÏÓ˚ Ä PS I-~Ó˚ §ˆÏD PS II-ˆÜ˛ Î%_´ Ü˛ˆÏÓ˚

Ó˚yˆÏá–

'Z' öÜ‰˛¢y xö%§yˆÏÓ˚ PS II-ˆï˛ xyˆÏ°yÜ˛ ˆ¢y!£Ïï˛ •ˆÏÎ˚ !Ó!e´Î˚yˆÏÜ˛ˆÏwÓ ̊P680 ˆÜœ˛yˆÏÓ˚y!ú˛° xî%ˆÏï˛ ≤ÃˆÏÓ¢ Ü˛Ó˚y

üye P680 í˛zˆÏ_!çï˛ •ˆÏÎ˚ ̂ Î •zˆÏ°Ü˛ê˛Δö !öà≈ï˛ Ü˛ˆÏÓ˚ ̂ §!ê˛ ≤ÃÌˆÏü Q öyüÜ˛ ~Ü˛ xK˛yï˛ ≤ÃÜ,˛!ï˛Ó˚ •zˆÏ°Ü˛ê˛Δö Óy•Ü˛ˆÏÜ

!Óçy!Ó˚ï˛ Ü˛ˆÏÓ˚–˛ û˛ƒyö ̂ àyÓ˚Ü˛üñ [Van Gorkom] 1974 !á fiê˛yˆÏ∑ Q-ˆÜ˛ Ü%˛•zˆÏöyö Ó˚*ˆÏ˛õ !ã˛!•´ï˛ Ü˛ˆÏÓ˚öV ~Ó˚˛õÓ˚

•ẑ Ï°Ü˛ê Δ̨̂ ÏöÓ˚ !ö¡¨y!û˛ü%á# (downhill reaction) ú˛ Ï̂° •ẑ Ï°Ü˛ê Δ̨ö!ê˛ ÎÌye´ Ï̂ü ≤’y Ï̂fiê˛yÜ%̨ •zöö (PQ), §y•ẑ Ïê˛y Ï̂e´yü

b6(cyt b6), §y•ẑ Ïê˛y Ï̂e´yü f(cyt f) Ä ≤’y Ï̂fiê˛y§yÎ̊y!öö (PC)-~Ó̊ üyôƒ Ï̂ü  PS I-~ fliyöyhsˇ!Ó̊ï˛ •Î̊– ~•zÓ̊Ü˛üû˛y Ï̂Ó

•zˆÏ°Ü˛ê˛Δö ≤ÃÓyˆÏ•Ó˚ §üÎ˚ çyÓ˚îÈÙÈ!ÓçyÓ˚î !Óû˛Ó (redox potential)-~Ó˚ ú˛ˆÏ° ATP xî% ≤Ã›ï˛ •Î˚ (˛õÓ˚Óï˛#≈

xÇˆÏ¢ xã˛e´yÜ˛yÓ˚ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö ˆòá%öV– ~!òˆÏÜ˛ •zˆÏ°Ü˛ê˛Δö !öà≈ï˛ •ˆÏÎ˚ ÎyÓyÓ˚ ú˛ˆÏ° P680 ˆÜœ˛yˆÏÓ˚y!ú˛°

xî%!ê˛ ôöydÜ˛ (positive) xyôyöÎ%_´ (charged) •ˆÏÎ˚ ÎyÎ˚ ~ÓÇ ~!ê˛ üƒyDy!öç ̂ ≤Ãy!ê˛ö (Mn protein) ̂ ÌˆÏÜ˛
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~Ü˛!ê˛ •zˆÏ°Ü˛ê˛Δö @ˇÃ•î Ü˛ˆÏÓ˚– ~•z Mn ˆ≤Ãy!ê˛ö xyÓyÓ˚ ç° ˆÌˆÏÜ˛ •zˆÏ°Ü˛ê˛Δö!ê˛ @ˇÃ•î Ü˛Ó˚̂ Ï° ç° !ÓˆÏÎ˚y!çï˛ •Î˚

~ÓÇ ~û˛yˆÏÓ P680 xî%!ê˛ •zˆÏ°Ü˛ê˛Δö ¢)öƒï˛y ˛õ)î≈ •Î˚–

§)Î≈yˆÏ°yÜ˛

4H2O 4H+ + 4e + 2H2O + O2  ↑
Mn2+, Cl–

xyˆÏ°yˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ çˆÏ°Ó˚ ~•z !ÓˆÏÎ˚yçöˆÏÜ˛•z ú˛ˆÏê˛y!°!§§ (photolysis) Ó°y •Î˚ ~ÓÇ çˆÏ°Ó˚ ~•z

çyÓ˚î ≤Ã!e´Î˚yÎ˚ üƒyDy!öç (Mn2+) Ä ˆÜœ˛yÓ˚y•zí˛ (Cl–) xyÎ˚ö !ÓˆÏ¢£Ï =Ó˚&c˛õ)î≈ û)˛!üÜ˛y ˛õy°ö Ü˛ˆÏÓ˚– •zˆÏ°Ü˛ê˛Δö

˛õ)î≈ï˛y≤ÃyÆ •ÄÎ˚y üye P680 ˆÜœ˛yˆÏÓ˚y!ú˛° xî%!ê˛ ˛õ%öÓ˚yÎ˚ fliyÎ˚# (stable) xÓfliy ≤ÃyÆ •Î˚ Ä ˛õ%öÓ˚yÎ˚ xyˆÏ°yÜ˛

ˆ¢y£Ïî Ü˛Ó˚ÓyÓ˚ ¢!_´ xç≈ö Ü˛ˆÏÓ˚– ú˛ˆÏê˛y°y•z!§ˆÏ§Ó˚ ú˛ˆÏ° í˛zq(ï˛ H+ xyÎ˚ö NADP-ˆÜ˛ !Óçy!Ó˚ï˛ Ü˛Ó˚yÓ˚ §üÎ˚

ÓƒÓ•*ï˛ •Î˚–

x˛õÓ˚!òˆÏÜ˛ PS I ï˛ˆÏsf xyˆÏ°yÜ˛ ˆ¢y!£Ïï˛ •Î˚ Ä ˆ§!ê˛ !Ó!e´Î˚yˆÏÜ˛ˆÏwÓ˚ P700 ˆÜœ˛yˆÏÓ˚y!ú˛° xî%ˆÏï˛ ≤ÃˆÏÓ¢ Ü˛Ó˚y

üye ˆ§áyö ˆÌˆÏÜ˛ ~Ü˛!ê˛ •zˆÏ°Ü˛ê˛Δö !öà≈ï˛ •Î˚ ~ÓÇ ˆ§!ê˛ ≤ÃÌˆÏü ˆú˛!Ó˚í˛!:ö !ÓçyÓ˚Ü˛ ˆÎÔà (Feredoxin
Reducing Substance Óy Fd)-~Ó˚ üyôƒˆÏü NADP+-~ fliyöyhsˇ!Ó˚ï˛ •Î˚– çˆÏ°Ó˚ xyˆÏ°yÜ˛ÈÙÈ!ÓˆÏŸ’£ÏˆÏîÓ˚ ú˛ˆÏ°

í˛zq(ï˛ H+-~Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ NADP+ !Óçy!Ó˚ï˛ •Î˚–

!•° Ä ˆÓöí˛y° ≤ÃhflÏy!Óï˛ •zˆÏ°Ü˛ê˛Δö fliyöyhsˇÓ˚̂ ÏîÓ˚ ~•z !ã˛eÓ˚*˛õ •zÇÓ˚y!ç Óî≈üy°yÓ˚ (alphabets) 'Z' ÓˆÏî≈Ó˚

üï˛ö •ÄÎ˚yÎ˚ ~!ê˛ˆÏÜ˛ 'Z' öÜ˛¢y (Z scheme) Ó°y •Î˚– !ã˛e öÇ 9.9-ˆï˛ Ó!î≈ï˛ öÜ˛¢y!ê˛ !•°ÈÙÈˆÓöí˛y° ≤ÃhflÏy!Óï˛

'Z' öÜ˛¢yÓ˚•z §yüyöƒ ˛õ!Ó˚Ó!ï≈˛ï˛ Ó˚*˛õ (modified form)– !ã˛ˆÏe ˆòáy ÎyˆÏFåÈ ˆÎ PS II e´ˆÏüÓ˚ !Óçy!Ó˚ï˛ ≤Ãyhsˇ!ê˛

~Ü˛!ê˛ ˆ§ï%˛Ó˚ (bridge) üˆÏï˛y Ü˛yç Ü˛ˆÏÓ˚ ~ÓÇ PS II-Ó˚ §ˆÏD PS I-ˆÜ˛ §ÇˆÏÎyà Ü˛ˆÏÓ˚–

'Z' öÜ˛¢yÎ˚ ˆÎ !Ó£ÏÎ˚!ê˛ ï˛yÍ˛õÎ≈˛õ)î≈ ï˛y •° ~•z ˆÎ PS II e´ü ˆÌˆÏÜ˛ PS I-~ •zˆÏ°Ü˛ê˛Δö fliyöyhsˇÓ˚î §Ó˚y§!Ó˚

•ˆÏ°Ä üˆÏö Ó˚yáy òÓ˚Ü˛yÓ˚ ˆÎ PS I-~Ó˚ P700 ˆÜœ˛yˆÏÓ˚y!ú˛° xî%!ê˛ PS II ˆÌˆÏÜ˛ ï˛áö•z ~Ü˛!ê˛ •zˆÏ°Ü˛ê˛Δö @ˇÃ•î

Ü˛Ó̊ Ï̂ï˛ ̨õy Ï̂Ó̊ Îáö ~Ó̊ !öçfl∫ ~Ü˛!ê˛ •ẑ Ï°Ü˛ê Δ̨ö âyê˛!ï˛ Ìy Ï̂Ü˛ñ xÌ≈yÍ ~!ê˛ ôöydÜ˛ xyôyöÎ%_´ (positively charged)
•Î˚– xyüÓ˚y çy!ö ˆÎ ~•z PS I myÓ˚y xyˆÏ°yÜ˛ ˆ¢y!£Ïï˛ •ˆÏ° ï˛y P700 ˆÜœ˛yˆÏÓ˚y!ú˛° xî%ˆÏï˛ fliyöyhsˇ!Ó˚ï˛ •ÄÎ˚y üye

ˆ§!ê˛ í˛zˆÏ_!çï˛ •ˆÏÎ˚ ~Ü˛!ê˛ •zˆÏ°Ü˛ê˛Δö ˛õ!Ó˚ï˛ƒyà Ü˛ˆÏÓ˚ ~•z ôöydÜ˛ xyôyö≤ÃyÆ •Î˚– Ü˛yˆÏç•z ~!ê˛ §•ˆÏç•z PS II
ˆÌˆÏÜ˛ xyàï˛ •zˆÏ°Ü˛ê˛ΔöˆÏÜ˛ @ˇÃ•î Ü˛Ó˚̂ Ïï˛ §«˛ü •Î˚–

Ü˛yˆÏç•z ˆòáy ÎyˆÏFåÈ ˆÎ PS II Ó˚OÜ˛ï˛ˆÏsf xyˆÏ°yÜ˛ ˆ¢y!£Ïï˛ •ˆÏ° ò%Û!ê˛ Ó˚OÜ˛ e´ü•z §ã˛° ÌyˆÏÜ˛ ~ÓÇ

ˆ§ˆÏ«˛ˆÏe ç° (H2O) çy!Ó˚ï˛ •ˆÏÎ˚ •zˆÏ°Ü˛ê˛Δö ≤ÃÓyˆÏ•Ó˚ òyï˛y (donor) ~ÓÇ NADP+ ≤Ãyhsˇ#Î˚ •zˆÏ°Ü˛ê˛Δö @ˇÃ•#ï˛y

(acceptor) Ó˚*ˆÏ˛õ Ü˛yç Ü˛ˆÏÓ˚– ≤Ã!ï˛!ê˛ x!:ˆÏçö í˛zÍ˛õß¨Ü˛yÓ˚# §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï#Î˚ ÓƒyÜ˛!ê˛!Ó˚Î˚yÎ˚ (photosynthetic
bacteria) ÷ô%üye PS I í˛z˛õ!fliï˛ ÌyÜ˛yÎ˚ ~Ó˚y PS II Ó˚OÜ˛ e´ˆÏüÓ˚ üyôƒˆÏü x!:ˆÏçö í˛zÍ˛õyòö Ü˛Ó˚ˆÏï˛ ̨ õyˆÏÓ˚ öy–

ˆ§ˆÏöˆÏí˛§üy§ (Scenedesmus) öyüÜ˛ ˜¢ÓyˆÏ° !üí˛zê˛ƒyrê˛ PS I Ä PS II ≤Ãçy!ï˛ˆÏï˛ ˛õÓ˚#«˛yÓ˚ üyôƒˆÏü ˆòáy

ˆàˆÏåÈ ˆÎ PS II xû˛yÓç!öï˛ !üí˛zê˛ƒyrê˛Ó˚y Ü˛yÓ≈ö xy_#Ü˛Ó˚î Ü˛Ó˚̂ Ïï˛ ˛õyÓ˚̂ Ï°Ä x!:ˆÏçö í˛zÍ˛õyòˆÏö x«˛ü •Î˚ñ

x˛õÓ˚!òˆÏÜ˛ PS I xû˛yÓç!öï˛ !üí˛zê˛ƒyrê˛Ó˚y ˆÜ˛Ó° PS II ÓƒÓ•yÓ˚ Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚–
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Ü˛yˆÏç•z í˛zß¨ï˛ í˛z!qˆÏò PS I ~ÓÇ PS II ò%Û!ê˛ Ó˚OÜ˛ ï˛sf•z Î%@¬û˛yˆÏÓ Ü˛yç Ü˛ˆÏÓ˚ ~ÓÇ ~Ü˛y!ôÜ˛ Óy•ˆÏÜ˛Ó˚

üyôˆÏü •zˆÏ°Ü˛ê˛ΔöˆÏÜ˛ ç° ˆÌˆÏÜ˛ NADP-ˆï˛ fliyöyhsˇ!Ó˚ï˛ Ü˛ˆÏÓ˚– ~•z •zˆÏ°Ü˛ê˛Δö fliyöyhsˇÓ˚î ˛õˆÏÌÓ˚ ò%Û!ê˛ fliyˆÏö

ÎÌye´ˆÏü PS I ~ÓÇ PS II xÓfliyö Ü˛ˆÏÓ˚ ~ÓÇ ~Ó˚y ≤ÃˆÏÎ˚yçö#Î˚ ¢!_´ §Ó˚ÓÓ˚y• (supply) Ü˛ˆÏÓ˚ñ ÎyÓ˚ §y•yˆÏÎƒ

•zˆÏ°Ü˛ê˛Δö §Ó≈òy•z ï˛!í ¸̨ÍÈÙÈÓ˚y§yÎ˚!öÜ˛ xÓe´ü  (electro-chemical gradient) ÓÓ˚yÓÓ˚ ≤ÃÓy!•ï˛ •ˆÏÎ˚ ÌyˆÏÜ˛–

9.3.5 ú˛ Ï̂ê˛yú˛§ Ï̂ú˛yÓ˚y•ẑ Ï°¢ö     (Photophosphorylation)

xyˆÏ°yˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ ATP ̃ ï˛!Ó˚ •ÄÎ˚yÓ˚ ̨ õk˛!ï˛ˆÏÜ˛ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö ÓˆÏ°– xyÓ˚öö (Arnon) Ä
ïÑ̨ yÓ̊ §ÇÜ˛ü#≈Ó̊y 1957 !á fiê˛y Ï̂∑ xhsˇ!Ó̊ï˛ (isolated) ̂ Üœ̨ y Ï̂Ó̊y≤’y Ï̂fiê˛ xy Ï̂°yÓ̊ í z̨̨ õ!fli!ï˛ Ï̂ï˛ ADP Ä x Ï̃çÓ ú˛§ú˛Ó̊y§

(Pi) Î%_´ •ˆÏÎ ̊ATP xî%Ó˚ §,!‹T ≤Ãüyî Ü˛ˆÏÓ˚ ˆòáyö–

§)Î≈yˆÏ°yÜ˛

ADP + Pi ATP
xyˆÏ°yÜ˛

~•z ~Ü˛•zû˛yˆÏÓ ADP Ä Pi-~Ó˚ §•ˆÏÎyˆÏà üy•zˆÏê˛yÜ˛!u»˛Î˚yˆÏï˛ ˆÎ ATP ˜ï˛!Ó˚ •Î˚ ï˛yˆÏÜ˛ çyÓ˚Ü˛#Î˚

ú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö (oxidative phosphorylation) Ó°y •Î˚ ~ÓÇ ~!ê˛ xyˆÏ°yˆÏÜ˛Ó˚ ̨õ!Ó˚ÓˆÏï≈˛ x!:ˆÏçˆÏöÓ˚ Ä˛õÓ˚

!öû≈˛Ó˚¢#°ñ Ü˛yˆÏç•z ~!ê˛ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö ˆÌˆÏÜ˛ §¡õ)î≈ !û˛ß¨–

9.3.4 xÇˆÏ¢ xyüÓ˚y ˆçˆÏö!åÈ ˆÎ 'Z' öÜ‰˛¢yÓ˚ üyôƒˆÏü ~Ü˛y!ôÜ˛ Óy•ˆÏÜ˛Ó˚ üˆÏôƒ !òˆÏÎ˚ •zˆÏ°Ü˛ê˛Δö ç° ˆÌˆÏÜ˛

NADP+ ˆï˛ ≤ÃÓy!•ï˛ •Î˚– ~•z •zˆÏ°Ü˛ê˛Δö ≤ÃÓyˆÏ•Ó˚ §üÎ˚ ≤Ã!ï˛!ê˛ ôyˆÏ˛õ•z !Ü˛å%È ˛õ!Ó˚üyˆÏî ¢!_´ [•zˆÏ°Ü˛ê˛Δö ˆû˛yŒê˛

(electron volt Óy eV)] í z̨q(ï˛ •Î̊–

•zˆÏ°Ü˛ê˛Δö fliyöyhsˇÓ˚ˆÏîÓ˚ ˆÎ ôy˛õ=!°ˆÏï˛ í˛zq(ï˛ ¢!_´ ADP-Ó˚ §ˆÏD x˜ÏçÓ ú˛§ú˛Ó˚y§ (Pi)-ˆÜ˛ §ÇÓ¶˛ö

Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ öyñ ˆ§áyˆÏö ¢!_´ §!M˛Èï˛ •ˆÏï˛ •ˆÏï˛ ˆÎ ôy˛õ=!°ˆÏï˛ çyÓ˚îÈÙÈ!ÓçyÓ˚î !Óû˛Ó (redox potential)
˛õyÌ≈Ü˛ƒ 0.33 eV S•zˆÏ°Ü˛ê˛Δö ˆû˛yŒê˛VÈÙÈ~Ó˚ ˆÓ!¢ •Î˚ñ ˆ§áyˆÏö ADP-Ó˚ §ˆÏD Pi-ˆÜ˛ Î%_´ Ü˛ˆÏÓ˚ ATP §,!‹T Ü˛ˆÏÓ˚–

xy Ï̂°y Ï̂Ü˛Ó̊ í z̨̨ õ!fli!ï˛ Ï̂ï˛ ~•zû˛y Ï̂Ó ATP ̃ ï˛!Ó̊ •ÄÎ̊y Ï̂Ü˛•z ú˛ Ï̂ê˛yú˛§ Ï̂ú˛yÓ̊y•ẑ Ï°¢ö Ó Ï̂° ~ÓÇ ~!ê˛ ã˛e´yÜ˛yÓ̊ (cyclic)
~ÓÇ xã˛e´yÜ˛yÓ˚ (non-cyclic) ~•z ò%•zû˛yˆÏÓ âˆÏê˛ ÌyˆÏÜ˛–

xã˛e´yÜ˛yÓ˚ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö     (Non-cyclic Photophosphorylation)

§Ó%ç í z̨!q Ï̂ò PS I ~ÓÇ PS II-~Ó̊ üyôƒ Ï̂ü xã˛e´yÜ˛yÓ̊ ú˛ Ï̂ê˛yú˛§ Ï̂ú˛yÓ̊y•ẑ Ï°¢ö â Ï̂ê˛ ~ÓÇ ~ Ï̂«˛ Ï̂e •ẑ Ï°Ü˛ê Δ̨ö

≤ÃÓy• •Î˚ ~Ü˛ü%á#– xã˛e´yÜ˛yÓ˚ •zˆÏ°Ü˛ê˛Δö fliyöyhsˇÓ˚ˆÏîÓ˚ ˆ«˛ˆÏe PS I ~ÓÇ PS II ò%Û!ê˛ Ó˚OÜ˛ï˛sf•z Î%à˛õÍ

(simultaneous) xyˆÏ°yÜ˛ ˆ¢y£Ïî Ü˛ˆÏÓ˚ ~ÓÇ ò%Û!ê˛ !Ó!e´Î˚yˆÏÜ˛ˆÏwÓ˚ í˛zˆÏ_!çï˛ ˆÜœ˛yˆÏÓ˚y!ú˛° ˆÌˆÏÜ˛ ˛õ,ÌÜ˛û˛yˆÏÓ

•ẑ Ï°Ü˛ê Δ̨ö !öà≈ï˛ •Î̊– ≤ÃÌ Ï̂ü PS II ̂ Ì Ï̂Ü˛ !öà≈ï˛ •ẑ Ï°Ü˛ê Δ̨ö ~Ü˛ü%á# ̨õ Ï̂Ì ̨õÎ≈yÎ̊e´ Ï̂ü Q SxK˛yï˛≤ÃÜ,̨ !ï˛Ó̊ •ẑ Ï°Ü˛ê Δ̨ö

Óy•Ü˛Vñ ≤’yˆÏfiê˛yÜ%˛•zöö (PQ), §y•zˆÏê˛yˆÏe´yü b6(cyt b6), §y•zˆÏê˛yˆÏe´yü f(cyt f) Ä ≤’yˆÏfiê˛y§yÎ˚y!öö (PC)-~Ó˚
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üyôƒˆÏü PS I-~ fliyöyhsˇ!Ó˚ï˛ •Î˚ ~ÓÇ PS I-~Ó˚ •zˆÏ°Ü˛ê˛Δö ¢)öƒï˛y (vacancy) ˛õ)î≈ Ü˛ˆÏÓ˚– PS I ˆÌˆÏÜ˛ !öà≈ï˛

•zˆÏ°Ü˛ê˛Δö ˆú˛!Ó˚í˛!:ˆÏöÓ˚ (Fd) üyôƒü NADP+-ˆÜ˛ !Óçy!Ó˚ï˛ Ü˛ˆÏÓ˚– ~•z ˛õˆÏÌ ≤ÃÓyˆÏ•Ó˚ §üÎ˚ cyt b6 Ä cyt f-
~Ó˚ çyÓ˚îÈÙÈ!ÓçyÓ˚î !Óû˛ÓÈÙÈ˛õyÌ≈Ü˛ƒ 0.33 eV S•zˆÏ°Ü˛ê˛Δö ˆû˛yŒê˛VÈÙÈ~Ó˚ ˆÓ!¢ •ÄÎ˚yÎ˚ ~•z ¢!_´Ó˚ §y•yˆÏÎƒ ADP
xî%Ó˚ §yˆÏÌ x˜ÏçÓ ú˛§ú˛Ó˚y§ (Pi) Î%_´ •Î˚ Ä ~Ü˛ xî% ATP ≤Ã›ï˛ •Î˚–

Ü˛yˆÏç•z ˆòáy ÎyˆÏFåÈ ˆÎ ~•z ~Ü˛ü%á# •zˆÏ°Ü˛ê˛Δö ≤ÃÓyˆÏ•Ó˚ Ü˛yÓ˚̂ Ïî PS II ˆÌˆÏÜ˛ !öà≈ï˛ •zˆÏ°Ü˛ê˛Δö ˛õ%öÓ˚yÎ˚ PS
II ˆï˛ ˆú˛Ó˚ï˛ xy§ˆÏï˛ ˛õyˆÏÓ˚ öyñ ï˛y•z ~•z •zˆÏ°Ü˛ê˛Δö ≤ÃÓyˆÏ•Ü˛ xã˛e´yÜ˛yÓ˚ •zˆÏ°Ü˛ê˛Δö fliyöyhsˇÓ˚î ~ÓÇ ~•z ˛õˆÏÌ

ATP §,!‹T •ÓyÓ˚ âê˛öyˆÏÜ˛ xã˛e´yÜ˛yÓ˚ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö ÓˆÏ° S!ã˛e öÇ 9.10 ˆòá%öV–

!ã˛e öÇ 9.10 : xã˛e´yÜ˛yÓ˚ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö

ã˛e´yÜ˛yÓ˚ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö     (Cyclic Photophosphorylation)

÷ô%üye PS IÈÙÈ~Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ ã˛e´yÜ˛yÓ˚ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö §¡õß¨ •Î˚ ~ÓÇ ~ˆÏ«˛ˆÏe PS II í˛z˛õ!fliï˛

öy ÌyÜ˛yÎ˚ fliyöyhsˇÓ˚ˆÏîÓ˚ §üÎ˚ •zˆÏ°Ü˛ê˛Δö!ê˛ ã˛e´yÜ˛yÓ˚ ˛õˆÏÌ xyÓ!ï≈˛ï˛ •ˆÏÎ˚ ATP ≤Ã›ï˛ Ü˛ˆÏÓ˚ ~ÓÇ ˛õ%öÓ˚yÎ ̊PS I-~

!Ó
û
˛Ó
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≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– ˆÓ˚yˆÏí˛yflõy•z!Ó˚°yü Ó˚&Ó yü (Rhodospirillum rubrum) §• x!ôÜ˛yÇ¢ ÓƒyÜ˛!ê˛!Ó˚Î˚y ~ÓÇ !Ü˛å%È

˜¢ÓyˆÏ° ã˛e´yÜ˛yÓ˚ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö °«˛ƒ Ü˛Ó˚y ÎyÎ˚–

~ Ï̂«˛ Ï̂e PS I ̂ Ì Ï̂Ü˛ !öà≈ï˛ •ẑ Ï°Ü˛ê Δ̨ö ≤ÃÌ Ï̂ü ̂ ú˛ Ï̂Ó̊í˛!:ö !ÓçyÓ̊Ü˛ ̂ ÎÔà (Feredoxin Reducing Substance
Óy FRS)-ˆÜ˛ !Óçy!Ó˚ï˛ Ü˛ˆÏÓ˚ ˆú˛ˆÏÓ˚í˛!:ö (Fd)-~ fliyöyhsˇ!Ó˚ï˛ •Î˚ñ ï˛ˆÏÓ ~!ê˛ Fd-ˆÜ˛ !Óçy!Ó˚ï˛ öy Ü˛ˆÏÓ˚

çyÓ̊îÈÙÈ!ÓçyÓ̊î !Óû˛ Ï̂ÓÓ̊ (Redox potential) !ö¡¨hflÏ̂ ÏÓ ̊(downhill) §y•ẑ Ïê˛y Ï̂e´yü b6(cyt b6) Ä §y•ẑ Ïê˛y Ï̂e´yü

f(cyt f)-~Ó˚ üyôƒˆÏü fliyöyhsˇ!Ó˚ï˛ •ˆÏÎ˚ ˛õ%öÓ˚yÎ˚ PS I-~ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– ~•z ˛õˆÏÌ •zˆÏ°Ü˛ê˛Δö ≤ÃÓy!•ï˛ •ÓyÓ˚ §üÎ˚

Fd ˆÌˆÏÜ˛ cyt b6 ~ÓÇ cyt b6 ˆÌˆÏÜ˛ cyt f ~•z ò%Û!ê˛ ôyˆÏ˛õ í˛zq(ï˛ ¢!_´ 0.33 •zˆÏ°Ü˛ê˛Δö ˆû˛yŒê˛ (eV) ˆÓ!¢

•ÄÎ˚yÎ˚ ~•z ò%Û!ê˛ fliyˆÏö 2 xî% ATP ≤Ã›ï˛ •Î˚– ~û˛yˆÏÓ ÷ô%üye PS I Ü˛ï≈,˛Ü˛ ã˛e´yÜ˛yÓ˚ ̨ õˆÏÌ •zˆÏ°Ü˛ê˛Δö xyÓï≈˛ˆÏöÓ˚

§üÎ˚ ATP xî% ˜ï˛!Ó˚ •ÄÎ˚yˆÏÜ˛ ã˛e´yÜ˛yÓ˚ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö ÓˆÏ° S!ã˛e öÇ 9.11 ˆòá%öV–

!ã˛e öÇ 9.11 : ã˛e´yÜ˛yÓ˚ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö
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§yÓ˚!î 9.1 ≠ xã˛e´yÜ˛yÓ˚ Ä ã˛e´yÜ˛yÓ˚ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•ẑ Ï°¢ˆÏöÓ˚ ̨õyÌ≈Ü˛ƒ

xã˛e´yÜ˛yÓ˚ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö ã˛e´yÜ˛yÓ˚ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö

1. PS I ~ÓÇ PS II ò%Û!ê˛ Ó˚OÜ˛ï˛sf•z xÇ¢@ˇÃ•î Ü˛ˆÏÓ˚– 1. ÷ô%üye PS I xÇ¢@ˇÃ•î Ü˛ˆÏÓ˚–

2. ü%_´ •zˆÏ°Ü˛ê˛Δö òyï˛yÓ˚ (donor) ≤ÃˆÏÎ˚yçö •Î˚– ç° 2. ü%_´ •zˆÏ°Ü˛ê˛Δö òyï˛yÓ˚ (donor) ≤ÃˆÏÎ˚yçö •Î˚ öyñ

•zˆÏ°Ü˛ê˛Δö òyï˛y (donor) ~ÓÇ NADP+ ≤Ãy!hsˇÜ˛ Ü˛yÓ˚î P700 ˆÜœ̨ yˆÏÓ˚y!ú˛° ˆÌˆÏÜ˛ !öà≈ï˛ •zˆÏ°Ü˛ê˛Δö

•zˆÏ°Ü˛ê˛Δö @ˇÃ•#ï˛y (receiver) !•§yˆÏÓ Ü˛yç Ü˛ˆÏÓ˚ ã˛e´yÜ˛yˆÏÓ˚ xyÓ!ï≈˛ï˛ •ˆÏÎ˚ xyÓyÓ˚ ~Ü˛•z çyÎ˚àyÎ˚

ˆú˛Ó˚ï˛ xyˆÏ§ öy– ˆú˛Ó˚ï˛ ã˛ˆÏ° xyˆÏ§–

3. NADP !Óçy!Ó˚ï˛ •Î˚ ÓˆÏ° Ü˛yÓ≈ö xy_#Ü˛Ó˚î 3. NADP+ !Óçy!Ó˚ï˛ öy •ÓyÓ˚ ú˛ˆÏ° Ü˛yÓ≈ö

§•ˆÏç•z âˆÏê˛– xy_#Ü˛Ó˚̂ ÏîÓ˚ •yÓ˚ Ü˛ˆÏü ÎyÎ˚–

4. çˆÏ°Ó˚ xyˆÏ°yÜ˛ÈÙÈ!ÓˆÏÎ˚yçö (photolysis) âê˛yÓ˚ ú˛ˆÏ° 4. ˛ú˛ˆÏê˛y!°!§§ öy •ÄÎ˚yÎ˚ x!:ˆÏçö í˛zÍ˛õß¨ •ˆÏï˛ ˛õyˆÏÓ˚

x!: Ï̂çö í z̨Í˛õß̈ •Î̊– öy–

5. ÷ô%üye §Ó%ç í˛z!qˆÏò âˆÏê˛– 5. ˆÓ!¢Ó̊ û˛yà §y Ï̂°yÜ˛§Ç Ï̂Ÿ’£ÏÜ˛yÓ̊# ÓƒyÜ˛!ê˛!Ó̊Î̊y Ä ̃ ¢Óy Ï̂°

ˆòáy ÎyÎ˚–

6. DCMU Sí˛y•zÈÙÈˆÜœ̨ yˆÏÓ˚y!ú˛öy•z°ÈÙÈí˛y•zÈÙÈ!üÌy•z° 6. DCMU-~Ó̊ í z̨̨ õ!fli!ï˛ ã˛e´yÜ˛yÓ̊ ú˛ Ï̂ê˛yú˛§ Ï̂ú˛yÓ̊y•ẑ Ï°¢öÈÙ

•zí˛z!Ó˚Î˚yVÈÙÈ~Ó˚ í˛z˛õ!fli!ï˛ xã˛e´yÜ˛yÓ˚ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢öˆÏÜ˛ ~Ó˚ Ä˛õÓ˚ ˆÜ˛yˆÏöy ≤Ãû˛yÓ  ˆú˛°ˆÏï˛ ˛õyˆÏÓ˚ öy–

≤Ã!ï˛ Ï̂Ó̊yô È(inhibit) Ü˛ Ï̂Ó̊–

7. •zˆÏ°Ü˛ê˛Δö ̨õ!Ó˚Ó•ö ~Ó˚*ˆÏ˛õ âˆÏê˛ P680 → Q → PQ → 7. •zˆÏ°Ü˛ê˛Δö ̨õ!Ó˚Ó•ö ~û˛yˆÏÓ âˆÏê˛ P700 → FRS → FD
 cyt  b6 → cyt  f → PC → P700 → FRS → Fd → cyt b6 → cyt f → PC → P700–

 → NADP+–

8. ≤Ã!ï˛!ê˛ ã˛ˆÏe´ ~Ü˛!ê˛ üye ATP xî% í˛zÍ˛õß¨ •Î˚– 8. ≤Ã!ï˛!ê˛ ã˛e´yÜ˛yÓ̊ xyÓï≈̨ Ï̂ö ò%•z xî% Ü˛ Ï̂Ó̊ ATP í z̨Í˛õß̈ •Î̊–

xö%¢#°ö# ≠     1

í˛z˛õˆÏÓ˚Ó˚ xÇ¢=!° Î!ò xy˛õ!ö !ë˛Ü˛üï˛ö ˛õˆÏí˛¸ ÌyˆÏÜ˛öñ ï˛y•ˆÏ° !öˆÏã˛Ó˚ ≤ÃŸ¿=!°Ó˚ í˛z_Ó˚ !òˆÏï˛ xy˛õöyÓ˚

x§%!Óôy •ÓyÓ˚ Ü˛Ìy öÎ˚–

1. §!ë˛Ü˛ í˛z_Ó˚!ê˛ˆÏï˛ òyà !òö ≠

(a) çˆÏ° oÓî#Î˚ Ó˚OÜ˛˛õòyÌ≈ (prigment) •° ˆÜœ˛yˆÏÓ˚y!ú˛°†Ü˛ƒyˆÏÓ˚y!ê˛ö†ú˛y•zˆÏÜ˛y!Ó!°ö–

(b) xy Ï̂°yÓ̊ í z̨̨ õ!fli!ï˛ Ï̂ï˛ ̂ Üœ̨ y Ï̂Ó̊y!ú˛° Ü˛ï≈,̨ Ü˛ ç Ï̂°Ó̊ !Ó Ï̂Î̊yçö Ï̂Ü˛ @’y•ẑ ÏÜ˛y!°!§§‰†ú˛ Ï̂ê˛y!°!§§‰†•y•ẑ Ïí»̨ y!°!§§‰

Ó°y •Î˚–
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(c) §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# ÓƒyÜ‰˛!ê˛!Ó˚Î˚yÎ˚ ÷ô%üye PS I/÷ô%üye PS II/PS I Ä PS II í˛zû˛Î˚ Ó˚OÜ˛ e´ü•z

í˛z˛õ!fliï˛ ÌyˆÏÜ˛–

2. ¢)öƒfliyö ˛õ)Ó˚î Ü˛Ó˚&ö ≠

(a) ö#°yû˛ÈÙÈ§Ó%ç ˜¢ÓyˆÏ° §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ xÜ%˛fli° •° _______–

(b) ≤Ã!ï˛!ê˛ ˆú˛yê˛ˆÏö ˆÎ ˛õ!Ó˚üyî ¢!_´ §!M˛Èï˛ ÌyˆÏÜ˛ñ ï˛yˆÏÜ˛ _______ Ó Ï̂°–

(c) xyˆÏ°yÜ˛ ¢!_´Ó˚ §y•yˆÏÎƒ ˆÜœ˛yˆÏÓ˚y≤’yˆÏfiê˛ ATP §,‹T •ÓyÓ˚ âê˛öyÓ˚ öyü ______–

(d) §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï í˛zq(ï˛ x!:ˆÏçˆÏöÓ˚ í˛zÍ§ _______–

(e) §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ xyˆÏ°yÜ˛ ò¢yÎ˚ !Óçy!Ó˚ï˛ ______ ~ÓÇ ________ ≤Ã›ï˛ •Î˚ ~ÓÇ x¶˛Ü˛yÓ˚

ò¢yÎ˚ ________ ~Ó˚ !ÓçyÓ˚î âˆÏê˛–

3. Óyü!òˆÏÜ˛Ó˚ xÇˆÏ¢Ó˚ §ˆÏD í˛yö!òˆÏÜ˛Ó˚ xÇ¢ §!ë˛Ü˛û˛yˆÏÓ ˆü°yö ≠

(a) Ü˛ƒyˆÏÓ˚y!ê˛öˆÏÎ˚í˛ (i) çƒyˆÏsiy!ú˛°

(b) xyˆÏ°yÜ˛ ò¢y (ii) ÓƒyÜ˛!ê˛!Ó˚Î˚y

(c) x¶˛Ü˛yÓ˚ ò¢y (iii) ˆflT…yüy

(d) §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï#Î˚ ~Ü˛Ü˛ (iv) @ˇÃyöy

(e) ã˛e´yÜ˛yÓ˚ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö (v) §Ó%ç í˛z!qò

(f) xã˛e´yÜ˛yÓ˚ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö (vi) ˆÜ˛yÎ˚yrê˛yˆÏçyü

9.3.6 x¶˛Ü˛yÓ˚ ò¢yñ Ü˛yÓ≈ö xî%Ó˚ §ÇÓ¶˛ö Ä ˆÜ˛°!û˛ö ã˛e´ Óy     C3 ã˛e´ (Dark phase,
CO2 fixation and Calvin or C3 cycle)

~•z !Ó!e´Î˚y=!° âê˛ÓyÓ˚ §üÎ˚ xyˆÏ°yˆÏÜ˛Ó˚ ≤ÃˆÏÎ˚yçö#Î˚ï˛y öy ÌyÜ˛yÎ˚ ~•z ò¢yˆÏÜ˛ x¶˛Ü˛yÓ˚ !Ó!e´Î˚y (dark
phase) Ó°y •ï˛ñ ï˛ˆÏÓ ~áöÜ˛yÓ˚ !ÓK˛yö#ˆÏòÓ˚ üˆÏï˛ ~!ê˛ˆÏÜ˛ xyˆÏ°yÜ˛ !öÓ˚ˆÏ˛õ«˛ !Ó!e´Î˚y (light independant
phase) Ó°y ˆÓ!¢ Î%!_´@ˇÃy•ƒ– ~•z ò¢yÎ˚ !Ó!e´Î˚y=!°Ó˚ üyôƒˆÏü Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛Ó˚ §ÇÓ¶˛ö (fixation) Ä
!ÓçyÓ˚î (reduction) âˆÏê˛ ÌyˆÏÜ˛ ~ÓÇ ≤Ãôyöï˛ ˆÎ !ï˛ö!ê˛ ˛õk˛!ï˛Ó˚ üyôƒˆÏü ~!ê˛ âˆÏê˛ ÌyˆÏÜ˛ ˆ§=!° •°ÈÙÙÙÈ

(a) ˆÜ˛°!û˛ö ã˛e´ (Calvin cycle) Óy C3 ã˛e´

(b) •ƒyã‰˛ ~ÓÇ fl‘ƒyÜ‰˛ ã˛e´ (Hatch and Slack cycle) Óy C4 ã˛e´

(c) e´y§%̂ Ï°!§Î̊yö xƒy!§í˛ !Ó˛õyÜ˛ (Crassulacean Acid Metabolism) Óy CAM ã˛e´
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!ÓK˛yö# ̂ Ü˛°!û˛ö (Calvin), ̂ Óö§ö (Benson) ~ÓÇ Óƒy§yü (Bassham) ̂ ï˛ç!fl;˛Î˚ Ü˛yÓ≈ö (14C) xî%Ó˚

§y•yˆÏÎƒ í˛zß¨ï˛ í˛z!qò Ü˛ï≈,˛Ü˛ ÓyÎ˚%ü[˛ˆÏ°Ó˚ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:yy•zí˛ §ÇÓ¶˛ˆÏöÓ˚ ˆÎ ˛õk˛!ï˛!ê˛ xy!Ó‹ÒyÓ˚ Ü˛ˆÏÓ˚öñ ˆ§!ê˛•z

ˆÜ˛°!û˛ö ã˛e´ öyˆÏü ˛õ!Ó˚!ã˛ï˛ ~ÓÇ ~•z ã˛e´!ê˛ˆÏÜ˛ ü)°ï˛ ò%Û!ê˛ û˛yˆÏà xyˆÏ°yã˛öy Ü˛Ó˚y ÎyÎ˚ÈÙÙÙÈ

I. Ü˛yˆÏÓ≈y•y•zˆÏí»˛ê˛ §ÇˆÏŸ’£Ï (Synthesis of Carbohydrate) : ~!ê˛ xyÓyÓ˚ Ü˛ˆÏÎ˚Ü˛!ê˛ ôyˆÏ˛õ §¡õß¨ •Î˚–

(i) ÓyÎ˚%ü[˛ˆÏ°Ó˚ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ Ó˚y•z!Óí˛zˆÏ°yç !Ó§ÈÙÈú˛§ˆÏú˛ê˛ Ü˛yÓ≈y!:ˆÏ°ç í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛

Ó˚y•z!Óí˛zˆÏ°yç ÈÙÈ1, 5-!Ó§ú˛§ˆÏú˛ˆÏê˛Ó˚ (RuBP) §ˆÏD Î%_´ •Î˚ ~ÓÇ ~Ü˛!ê˛ 6-Ü˛yÓ≈ö xî%!Ó!¢‹T xfliyÎ˚# (un-
stable) ˆÎÔà ˜ï˛!Ó˚ Ü˛ˆÏÓ˚– ~•z xfliyÎ˚# ˆÎÔà!ê˛ çˆÏ°Ó˚ §ˆÏD Î%_´ •ˆÏÎ˚ 2 xî% ú˛§ˆÏú˛y!@’§yˆÏÓ˚ê˛ ≤Ã›ï˛ Ü˛ˆÏÓ˚–

Ó˚y•z!Óí˛zˆÏ°yç !Ó§ú˛§ˆÏú˛ê˛ Ü˛yÓ≈!:ˆÏ°ç H2O
Ó˚y•z!Óí˛zˆÏ°yç +  CO2 xfliyÎ˚# ˆÎÔà 2 ú˛§ˆÏú˛y!@’§yˆÏÓ˚ê˛

-1, 5 !Ó§ÈÙÈú˛§ˆÏú˛ê˛

~•z 3 Ü˛yÓ≈ö xî%!Ó!¢‹T (3C) ú˛§ˆÏú˛y!@’§yˆÏÓ˚ê˛ ˆÎÔà!ê˛•z •° ˆÜ˛°!û˛ö ã˛ˆÏe´Ó˚ ≤ÃÌü fliyÎ˚# ˆÎÔà (stable
compound) ~ÓÇ ~•z Ü˛yÓ˚̂ Ïî•z ~•z ã˛e´ˆÏÜ˛ C3 ã˛e´ Ó°y •Î˚–

(ii) ú˛§ˆÏú˛y!@’§yˆÏÓ˚ê˛ ATP Ä í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ §y•yˆÏÎƒ 1,3 í˛y•zú˛§ˆÏú˛y!@’§yˆÏÓ˚̂ Ïê˛ ˛õ!Ó˚îï˛ •Î˚–

ATP
3 ú˛§ˆÏú˛y!@’§yˆÏÓ˚ê˛ 1,3 í˛y•zú˛§ˆÏú˛y!@’§yˆÏÓ˚ê˛

ú˛§ˆÏú˛y!@’§yˆÏÓ˚ê˛

Ü˛y•ẑ Ïöç

(iii) !@’§yÓ̊ƒy°!í˛•y•zí˛ 3-ú˛§ Ï̂ú˛ê˛ !í˛•y•ẑ Ïí»̨ y!ç Ï̂öç í z̨Í Ï̂§ã˛ Ï̂Ü˛Ó̊ í z̨̨ õ!fli!ï˛ Ï̂ï˛ Ä NADPH-~Ó̊ §•yÎ̊ï˛yÎ̊

1, 3 í˛y•zú˛§ˆÏú˛y!@’§yˆÏÓ˚ê˛ñ !@’§yÓ˚ƒy°!í˛•y•zí˛ 3-ú˛§ˆÏú˛ˆÏê˛ ˛õ!Ó˚üï˛ •Î˚–

NADPH + H
1, 3 í˛y•zú˛§ˆÏú˛y!@’§yˆÏÓ˚ê˛ !@’§yÓ˚ƒy°!í˛•y•zí˛ 3ÈÙÈú˛§ˆÏú˛ê˛

!@’§yÓ˚ƒy°!í˛•y•zí˛ 3P
!í˛•y•ẑ Ïí»̨ y!ç Ï̂öç

(iv) !@’§yÓ˚ƒy°!í˛•y•zí˛ 3-ú˛§ˆÏú˛ê˛ñ ê˛ ΔyˆÏÎ˚yç ú˛§ˆÏú˛ê˛ xy•zˆÏ§yüyˆÏÓ˚ç í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ ≤Ãû˛yˆÏÓ

í˛y•z•y•zí»˛!:xƒy!§ˆÏê˛yö ú˛§ˆÏú˛ˆÏê˛ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚–

ê˛ΔyˆÏÎ˚yç ú˛§ˆÏú˛ê˛ xy•zˆÏ§yüyˆÏÓ˚ç

!@’§yÓ˚ƒy°!í˛•y•zí˛ 3ÈÙÈú˛§ˆÏú˛ê˛ í˛y•z•y•zí»˛!:xƒy!§ˆÏê˛yöÈÙÈú˛§ˆÏú˛ê˛
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(v) í˛z˛õˆÏÓ˚Ó˚ ~•z ̂ ÎÔà ò%Û!ê˛ xƒy°ˆÏí˛yˆÏ°ç í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ ú ˛yÜ˛ˆÏê˛yçÈÙÈ1, 6 í˛y•zú˛§ˆÏú˛ê˛ ≤Ã›ï˛

Ü˛ Ï̂Ó̊–

xƒy° Ï̂í˛y Ï̂°ç

!@’§yÓ̊ƒy°!í˛•y•zí˛ 3ÈÙÈú˛§ Ï̂ú˛ê˛ + í˛y•z•y•zí»̨ !:xƒy!§ Ï̂ê˛yöÈÙÈú˛§ Ï̂ú˛ê˛ ú ̨ yÜ˛ Ï̂ê˛yç 1, 6-
!Ó§ÈÙÈú˛§ Ï̂ú˛ê˛

(vi) ú ̨ yÜ˛ Ï̂ê˛yçÈÙÈ1, 6-!Ó§ÈÙÈú˛§ Ï̂ú˛ê˛ ̂ ÎÔà!ê˛ ú˛§‰̂ Ïú˛ Ï̂ê˛ç í z̨Í Ï̂§ã˛ Ï̂Ü˛Ó̊ §y•y Ï̂Îƒ ú ̨ yÜ˛ Ï̂ê˛yçÈÙÈ6 ú˛§ Ï̂ú˛ê˛ ≤Ã›ï˛

Ü˛ˆÏÓ˚ ~ÓÇ ~•z ˆÎÔà!ê˛ ˆÌˆÏÜ˛•z ˛õÓ˚Óï˛#≈ ˛õÎ≈yˆÏÎ˚ §%ˆÏe´yç ¢Ü≈˛Ó˚y ~ÓÇ fiê˛yã≈˛ ˆŸªï˛§yÓ˚ çyï˛#Î˚ áyòƒ ≤Ã›ï˛ •Î˚–

II. Ó̊y•z!Óí ẑ̨ Ï°yç !Ó§‰ú˛§ Ï̂ú˛ê˛ (RuBP)-~Ó̊ ̨õ%öÓ̊&Í˛õyòö (Regeneration of RuBP)

ˆÜœ̨ y Ï̂Ó̊y≤’y Ï̂fiê˛ RuBP-Ó̊ ̨õ!Ó̊üyî §#!üï˛ ÌyÜ˛yÎ̊ §y Ï̂°yÜ˛§Ç Ï̂Ÿ’£Ï̂ ÏÜ˛ xÓƒy•ï˛ Ó̊yá Ï̂ï˛ RuBP-Ó̊ ̨õ%öÓ̊&Í˛õyòö

xyÓ¢ƒÜ˛ •Î˚ ~ÓÇ ~!ê˛ Ü˛ˆÏÎ˚Ü˛!ê˛ ôyˆÏ˛õ §¡õß¨ •Î˚–

(vii) ú ˛yÜ˛ˆÏê˛yçÈÙÈ6-ú˛§ˆÏú˛ê˛ (6C), !@’§yÓ˚ƒy°!í˛•y•zí˛ÈÙÈ3-ú˛§ˆÏú˛ê˛ (3C)-~Ó˚ §ˆÏD Î%_´ •Î˚ ~ÓÇ

ê Δ̨ƒy™!Ü˛ Ï̂ê˛y Ï̂°ç í z̨Í Ï̂§ã˛ Ï̂Ü˛Ó˚ §y•y Ï̂Îƒ çy•z!°í ẑ̨ Ï°yçÈÙÈ5-ú˛§ˆÏú˛ê˛ (5C) ~ÓÇ ~!Ó˚̂ ÏÌ yçÈÙÈ4-ú˛§ˆÏú˛ê˛ (4C) ≤Ã›ï˛

•Î˚–

ê Δ̨ƒy™!Ü˛ Ï̂ê˛y Ï̂°ç

ú ̨ yÜ˛ Ï̂ê˛yçÈÙÈ6ÈÙÈú˛§ Ï̂ú˛ê˛ + !@’§yÓ̊ƒy°!í˛•y•zí Ę̀ÙÈ3ÈÙÈú˛§ Ï̂ú˛ê˛ çy•z!°í ẑ̨ Ï°yçÈÙÈ5ÈÙÈú˛§ Ï̂ú˛ê˛ +
~!Ó̊ Ï̂Ì yçÈÙÈ4ÈÙÈú˛§ Ï̂ú˛ê˛

(viii) ~!Ó˚̂ ÏÌ yçÈÙÈ4ÈÙÈú˛§ˆÏú˛ê˛ (4C), xƒy°ˆÏí˛yˆÏ°ç í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ í˛y•z•y•zí»˛!:xƒy!§ˆÏê˛yö

ú˛§ˆÏú˛ê˛ (3C)-~Ó˚ §ˆÏD Î%_´ •ˆÏÎ˚ 7C xî% !Ó!¢‹T ˆ§ˆÏí˛yˆÏ•≤Wz%ˆÏ°yç ÈÙÈ1, 7 í˛y•zú˛§ˆÏú˛ê˛ ˜ï˛!Ó˚ Ü˛ˆÏÓ˚–

xƒy° Ï̂í˛y Ï̂°ç
~!Ó̊ Ï̂Ì yçÈÙÈ4ÈÙÈú˛§ Ï̂ú˛ê˛ + í˛y•z•y•zí»̨ !:xƒy!§ Ï̂ê˛yöÈÙÈú˛§ Ï̂ú˛ê˛ ˆ§ Ï̂í˛y Ï̂•≤Wz%̂ Ï°yçÈÙÈ1, 7 í˛y•zÈÙÈú˛§ Ï̂ú˛ê˛

(ix) ú˛§ˆÏú˛ˆÏê˛ç í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ §y•yˆÏÎƒ ˆ§ˆÏí˛yˆÏ•≤Wz%ˆÏ°yç ÈÙÈ 1, 7 í˛y•zú˛§ˆÏú˛ê˛ñ ˆ§ˆÏí˛yˆÏ•≤Wz%ˆÏ°yçÈÙÈ7-
ú˛§ˆÏú˛ˆÏê˛ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚–

ú˛§ Ï̂ú˛ Ï̂ê˛ç
ˆ§ Ï̂í˛y Ï̂•≤Wz%̂ Ï°yçÈÙÈ1, 7-!Ó§‰ÈÙÈú˛§ Ï̂ú˛ê˛ ˆ§ Ï̂í˛y Ï̂•≤Wz%̂ Ï°yçÈÙÈ7-ú˛§ Ï̂ú˛ê˛

(x) ˆ§ˆÏí˛yˆÏ•≤Wz%ˆÏ°yçÈÙÈ7ÈÙÈú˛§ˆÏú˛ê˛ (7C) ~Ó˚˛õÓ˚ !@’§yÓ˚ƒy°!í˛•y•zí˛ÈÙÈ3ÈÙÈú˛§ˆÏú˛ê˛ (3C)-~Ó˚ §ˆÏD

ê Δ̨ƒy™!Ü˛ Ï̂ê˛y Ï̂°ç í z̨Í Ï̂§ã˛ Ï̂Ü˛Ó̊ í z̨̨ õ!fli!ï˛ Ï̂ï˛ !Ó!e´Î̊y Ü˛ Ï̂Ó̊ Ó̊y•ẑ ÏÓyçÈÙÈ5ÈÙÈú˛§ Ï̂ú˛ê˛ (5C) ̨Ä çy•z!°í ẑ̨ Ï°yç 5-ú˛§ Ï̂ú˛ê˛

(5C) ˛õ!Ó˚îï˛ •Î˚–
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ê Δ̨ƒy™!Ü˛ Ï̂ê˛y Ï̂°ç

ˆ§ Ï̂í˛y•≤Wz%̂ Ï°yç-7-ú˛§ Ï̂ú˛ê˛ + !@’§yÓ̊ƒy°!í˛•y•zí Ę̀ÙÈ3ÈÙÈú˛§ Ï̂ú˛ê˛

Ó̊y•ẑ ÏÓyçÈ 5ÈÙÈú˛§ Ï̂ú˛ê˛ + çy•z!°í ẑ̨ Ï°yç 5-ú˛§ Ï̂ú˛ê˛

(xi) xy•zˆÏ§yüyˆÏÓ˚ç í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ §y•yˆÏÎƒ Ó˚y•zˆÏÓyçÈÙÈ5ÈÙÈú˛§ˆÏú˛ê˛ñ Ó˚y•z!Óí˛zˆÏ°yç 5ÈÙÈú˛§ˆÏú˛ˆÏê˛ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚–

xy•ẑ Ï§yüy Ï̂Ó̊ç

Ó̊y•ẑ ÏÓyçÈÙÈ5ÈÙÈú˛§ Ï̂ú˛ê˛ Ó̊y•z!Óí ẑ̨ Ï°yçÈÙÈ5ÈÙÈú˛§ Ï̂ú˛ê˛

(xii)  ~!˛õüy Ï̂Ó̊ç í z̨Í Ï̂§ã˛ Ï̂Ü˛Ó̊ í z̨̨ õ!fli!ï˛ Ï̂ï˛ çy•z!°í ẑ̨ Ï°yçÈÙÈ5ÈÙÈú˛§ Ï̂ú˛ê˛ñ Ó̊y•z!Óí ẑ̨ Ï°yç 5ÈÙÈú˛§ Ï̂ú˛ Ï̂ê˛ ̨õ!Ó̊Ó!ï≈̨ ï˛

•Î˚–

~!˛õüy Ï̂Ó̊ç

çy•z!°í ẑ̨ Ï°yçÈÙÈ5ÈÙÈú˛§ Ï̂ú˛ê˛ Ó̊y•z!Óí ẑ̨ Ï°yçÈÙÈ5ÈÙÈú˛§ Ï̂ú˛ê˛

(xiii)  ~•zû˛yˆÏÓ §,‹T Ó˚y•z!Óí˛zˆÏ°yç 5ÈÙÈú˛§ˆÏú˛ê˛ ˛õ!Ó˚ˆÏ¢ˆÏ£Ï ATP-Ó˚ §ˆÏD Î%_´ •Î˚ ~ÓÇ Ó˚y•z!Óí˛zˆÏ°yçÈÙÈ1, 5-
ú˛§ˆÏú˛ê˛ Ü˛y•zˆÏöç í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ §•yÎ˚ï˛yÎ˚ ˛õ%öÓ˚yÎ˚ Ó˚y•z!Óí˛zˆÏ°yçÈÙÈ1, 5-!Ó§ú˛§ˆÏú˛ê˛ (RuBP) í˛zÍ˛õß¨ •Î˚–

Ó̊y•z!Óí ẑ̨ Ï°yç 5ÙÈú˛§ Ï̂ú˛ê˛ Ü˛y•ẑ Ïöç
Ó̊y•z!Óí ẑ̨ Ï°yç 5ÈÙÈú˛§ Ï̂ú˛ê˛ + ATP Ó̊y•z!Óí ẑ̨ Ï°yçÈÙÈ1, 5ÈÙÈ!Ó§ú˛§ Ï̂ú˛ê˛

~•zû˛yˆÏÓ ≤Ã›ï˛ RuBP ˛õ%öÓ˚yÎ˚ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ §ÇÓ¶˛ö Ü˛Ó˚̂ Ïï˛ §«˛ü •Î˚ ~ÓÇ ˆÜ˛°!û˛ö ã˛e´!ê˛

xyÓ!ï≈˛ï˛ •ˆÏï˛ ÌyˆÏÜ˛ S!ã˛e öÇ 9.12V

9.3.7  •ƒyã‰˛ Ä fl‘ƒyÜ‰˛ ã˛e´ Óy C4 ã˛e´

1965 !á fiê˛yˆÏ∑Ó˚ xyˆÏà ˛õÎ≈hsˇ ˆÜ˛°!û˛ö ã˛e´ˆÏÜ˛•z §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ §ÇÓ¶˛ˆÏöÓ˚ ~Ü˛üye

˛õÌ Ó˚*ˆÏ˛õ àîƒ Ü˛Ó˚y •ï˛– ~Ó˚ ˛õÓ˚ ˆï˛ç!fl;˛Î˚ 14C-~Ó˚ §y•yˆÏÎƒ ‡ˆÏày Ü˛ê˛§‰ã˛Ü‰˛ (Hugo Kortschak), •ƒyê≈˛

(Hartt) ~ÓÇ çö Ó%ƒÓ˚ (John Burr) ˆòˆÏáö ˆÎ xyá àyˆÏåÈÓ˚ (Saccharum of officinarum) ˛õyï˛yÎ˚

§yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ •yÓ˚ÈÙÈÓ,!k˛Ó˚ §yˆÏÌ §yˆÏÌ 4ÈÙÈÜ˛yÓ≈öÎ%_´ xƒy!§í˛ Süƒy!°Ü˛ Óy xƒy§˛õyÓ˚!ê˛Ü˛V ~Ó˚ ˛õ!Ó˚üyî

o&ï˛à!ï˛ˆÏï˛ Óyí ¸̨ˆÏï˛ ÌyˆÏÜ˛ ~ÓÇ xyá åÈyí ¸̨y û%˛Ryñ ây§ñ ü%Ìyây§ çyï˛#Î˚ ˆÓ¢ !Ü˛å%È ˆ˛õyˆÏÎ˚§# (Poaceae) Ä

§y•z˛õyˆÏÓ˚§# (Cyperaceae) ˆàye#Î˚ ~Ü˛Ó#ç˛õe# í˛z!qˆÏòÄ ~•z ~Ü˛•z âê˛öy âˆÏê˛– ~ÑˆÏòÓ˚ ~•z ˛õÎ≈ˆÏÓ«˛îˆÏÜ˛

1966 !á fiê˛yˆÏ∑ •ƒyã‰˛ (Hatch) ~ÓÇ fl‘ƒyÜ‰˛ (Slack) öyˆÏü ò%•z !ÓK˛yö# ò,ì˛¸û˛yˆÏÓ §üÌ≈ö Ü˛ˆÏÓ˚ö Ä ïÑ˛yÓ˚y ˆòˆÏáö

ˆÎñ ÷ô%üye ú˛§ˆÏú˛y!@’§y!Ó˚Ü˛ xƒy!§í˛•z (3C) §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï ~Ü˛üye ≤ÃÌü fliyÎ˚# í˛zÍ˛õy!òï˛ ˆÎÔà (First
stable compound) öÎ˚ ~ÓÇ ˆÓ¢ !Ü˛å%È ~Ü˛Ó#ç˛õe# Ä Ü˛ˆÏÎ˚Ü˛!ê˛ !mÓ#ç˛õe# í˛z!qˆÏò ~Ü˛ !ÓˆÏ¢£Ï ˛õk˛!ï˛ˆÏï˛

Ü˛yÓ≈ö §ÇÓ¶˛ö •Î˚ñ ˆÎáyˆÏö 4C xî%!Ó!¢‹T ˜çÓ xƒy!§í˛ ≤ÃyÌ!üÜ˛ fliyÎ˚# ˆÎÔàÓ˚*ˆÏ˛õ ≤Ã›ï˛ •Î˚–

154  NSOU  CC-BT-09



!ã
˛e

 ö
Ç 9

.1
2 ≠

 ˆ
Ü
˛°

!û
˛ö

 ã
˛e

´ 
Ó
y 
§

yˆ
Ï°

yÜ
˛§

Çˆ
ÏŸ
’£

Ï#Î
˚ ç

yÓ
˚î

 ã
˛e

´ 
Ó
y C

3 ã
˛e

´ [
ˆç

. 
~

. 
Ó
ƒy
§

yü
 ~

Ó
Ç 

~
ü

. 
ˆÜ

˛°
!û

˛ö
ÈÙÈ
~

Ó
˚ ˆ

§
ÏÔç

ˆÏö
ƒ 
≤
ÃyÆ

]

(i)
 ̂ Ì

ˆÏÜ
˛ (x

iii
) !

ö
Ï̂ò
≈!¢

ï
˛ §

Çá
ƒy
=

!°
 í

z̨Í
Ï̂§

ã˛
Ü
˛ !

ã˛
!•

´ï
˛ Ü

˛
Ï̂Ó̊
– 

ö
yü

=
!°

Ó̊
 ç

ö
ƒ 1

0.
3.

6 
x

Ç
Ï̂¢

 ̂
Ü
˛°

!û
˛ö

 ã
˛e

´ ̂
ò
á

%ö
–

NSOU  CC-BT-09  155



Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ÈÙÈ~Ó˚ ~•z !ÓÜ˛“ §ÇÓ¶˛ö ˛õk˛!ï˛!ê˛ˆÏÜ˛ ~•z ò%•z !ÓK˛yö#Ó˚ öyüyö%§yˆÏÓ˚ •ƒyã‰˛ Ä fl‘ƒyÜ‰˛ Ü˛yÓ≈ö

§ÇÓ¶˛ö (Hatch and Slack carbon fixation) ̨õÌ ~ÓÇ ≤ÃÌü fliyÎ̊# ̂ ÎÔà C4 xƒy!§í˛ •ÄÎ̊yÎ̊ ~!ê˛ Ï̂Ü˛ C4 ã˛e´

(C4cycle) Ó°y •Î˚– ˆÎ §ühflÏ í˛z!qˆÏò ~•z ã˛ˆÏe´Ó˚ üyôƒˆÏü Ü˛yÓ≈ö §ÇÓ¶˛ö âˆÏê˛ñ ï˛yˆÏòÓ˚ ÚC4 í˛z!qòÛ öyˆÏü !ã˛!•´ï˛

Ü˛Ó˚y •Î˚–

C4 í˛z!qˆÏòÓ˚ ˜Ó!¢‹Tƒ (Charactertics of C4 plants)

1. C4 í z̨!q Ï̂òÓ̊ ̨õyï˛yÎ̊ öy!°Ü˛y Óy![˛° (vascular bundle) ̨õ!Ó̊ Ï̂Ó!‹Tï˛ Óy![˛° xyÓÓ̊î# (bundle sheath)
ˆÜ˛yˆÏ£Ï ˛õÎ≈yÆ ˛õ!Ó˚üyˆÏî ˆÜœ˛yˆÏÓ˚y≤’yfiê˛ í˛z˛õ!fliï˛ ÌyˆÏÜ˛– xyÓyÓ˚ ~ˆÏÜ˛ !âˆÏÓ˚ ÌyˆÏÜ˛ Ü˛ˆÏÎ˚Ü˛ hflÏÓ˚ ˆüˆÏ§y!ú˛°

ˆÜ˛y£Ï– C4 í z̨!q Ï̂òÓ̊ ̨õyï˛yÓ̊ ~•z !Ó Ï̂¢£Ï Ü˛°y!Óöƒy§ (anatomical arrangement)ÈÙÈˆÜ˛ e´yö‰ç‰ xƒyöyê˛!ü

(Kranz anatomy) Ó°y •Î˚ S!ã˛e öÇ 9.13 ̂ òá%öV–

2. Óy![˛° xyÓÓ˚î# Ä ̂ üˆÏ§y!ú˛° ̂ Ü˛yˆÏ£ÏÓ˚ ̂ Üœ̨ yˆÏÓ˚y≤’yˆÏfiê˛ !mÓ˚*˛õï˛y (dimorphism) °«˛ƒ Ü˛Ó˚y ÎyÎ˚– Óy![˛°

xyÓÓ˚î#Ó˚ ˆÜœ˛yˆÏÓ˚y≤’yfiê˛=!° ˆüˆÏ§y!ú˛° ˆÜ˛yˆÏ£ÏÓ˚ ˆÜœ̨ yˆÏÓ˚y≤’yfiê˛ ˆÌˆÏÜ˛ xyÜ˛yˆÏÓ˚ Óí˛¸ •Î˚– ~åÈyí˛¸y Óy![˛°

xyÓÓ˚î# ̂ Ü˛yˆÏ£ÏÓ˚ ̂ Üœ˛yˆÏÓ˚y≤’yˆÏfiê˛ @ˇÃyöy xö%˛õ!fliï˛ ÌyˆÏÜ˛ ~ÓÇ ̂ üˆÏ§y!ú˛° ̂ Ü˛yˆÏ£ÏÓ˚ ̂ Üœ˛yˆÏÓ˚y≤’yˆÏfiê˛ §%§!Iï˛

@ˇÃyöy °«˛ƒ Ü˛Ó˚y ÎyÎ˚– §ˆÏÓ≈y˛õ!Ó˚ ˆüˆÏ§y!ú˛° ˆÜ˛y£Ï xˆÏ˛õ«˛y Óy![˛° xyÓÓ˚î# ˆÜ˛yˆÏ£Ï ˆŸªï˛§yÓ ̊(starch)
xˆÏöÜ˛ ˆÓ!¢ §%§!Iï˛ ÌyˆÏÜ˛ ~ÓÇ Óy![˛° xyÓÓ˚î# ˆÜ˛yˆÏ£Ï ˆŸªï˛§yÓ˚=!° ˆÜ˛wy!û˛ü%á# û˛yˆÏÓ

(centripetally) xÓfliyö Ü˛ Ï̂Ó̊– S!ã˛e öÇ 9.3.7.1 ̂ òá%öV–

!ã˛e öÇ 9.13 : C4 í˛z!qˆÏòÓ˚ ~Ü˛!ê˛ ̨ õyï˛yÓ˚ ≤ÃfliˆÏFåÈò Se´yö‰ç‰ Ü˛°y§ÇfliyöV

Söy!°Ü˛y Óy![˛°ˆÏÜ˛ ˆÓ‹Tö Ü˛ˆÏÓ˚ Óy![˛° xyÓÓ˚î# ˆÜ˛y£Ï ~ÓÇ ~ˆÏÜ˛ ˆÓ‹Tö Ü˛ˆÏÓ˚ ˆüˆÏ§y!ú˛° ˆÜ˛yˆÏ£ÏÓ˚ xÓfliyö °«˛î#Î˚V
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3. C4 í˛z!qˆÏòÓ˚ ˛õyï˛yÎ˚ ˆüˆÏ§y!ú˛° ˆÜ˛yˆÏ£Ï ú˛§ˆÏú˛y ~ö° ˛õy•zÓ˚&ˆÏû˛ê˛ (PEP) ~ÓÇ Óy![˛° xyÓÓ˚î# ˆÜ˛yˆÏ£Ï

Ó˚y•z!Óí˛zˆÏ°yç !Ó§‰ÈÙÈú˛§ˆÏú˛ê˛ (RuBP)— ~•z ò%ÛôÓ˚ˆÏöÓ ̊CO2 @ˇÃ•#ï˛y ÌyˆÏÜ˛–

4. í˛zFã˛ ï˛y˛õyÇˆÏÜ˛ (30o–45oC) C4 í˛z!qò û˛yˆÏ°y çß√yÎ˚ñ ú˛ˆÏ° @ˇÃ#‹ø≤Ãôyö xM˛ÈˆÏ° x!ôÜ˛ xyˆÏ°yÜ˛ ï˛#Ó ï˛yÎ˚

~ˆÏòÓ˚ o&ï˛ Ó,!k˛ âˆÏê˛ ÌyˆÏÜ˛–

5. C4 í˛z!qˆÏò §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï#Î˚ ò«˛ï˛y ~ÓÇ Ó,!k˛Ó˚ •yÓ˚ C3 í˛z!qò ˆÌˆÏÜ˛ xˆÏöÜ˛ ˆÓ!¢ •Î˚–

6. C3 í˛z!qò ˆÌˆÏÜ˛ ≤Ã!ï˛ Óà≈ ~Ü˛ˆÏÜ˛ C4 í˛z!qò xˆÏöÜ˛ Ü˛ü ç° ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚–

7. C4 í˛z!qˆÏò xyˆÏ°yÜ˛Ÿª§ö (photorespiration) §¡õ)î≈ xö%˛õ!fliï˛ !Ü˛ÇÓy ~Ó˚ •yÓ˚ (rate) á%Ó•z öàîƒ

8. ÓyÎ˚%ü[˛ˆÏ° x!:ˆÏçö àyì ¸̨c (oxygen concentration)-~Ó˚ Ä˛õÓ˚ ≤Ã!e´Î˚y!ê˛ !öû≈˛Ó˚¢#° öÎ˚ñ ú˛ˆÏ°

x!:ˆÏçˆÏöÓ˚ í˛z˛õ!fli!ï˛ C4 í˛z!qˆÏò §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï ˆÜ˛yöÓ˚Ü˛ü Óyôy ≤Ãòyö Ü˛ˆÏÓ˚ öy–

!ÓK˛yö# ˆã˛yˆÏ°ê˛ (Cholet) Ä ÄˆÏ@ˇÃö (Ogren) C4 í˛z!qòˆÏÜ˛ Ü˛ï˛=!° ˜Ó!¢ˆÏ‹TƒÓ˚ !û˛!_ˆÏï˛ 3 ôÓ˚̂ ÏîÓ˚

≤Ãçy!ï˛ˆÏï˛ û˛yà Ü˛ˆÏÓ˚ö– ~•z ˜Ó!¢‹Tƒ=!° •°ÈÙÙÙÈ

(a) ã˛yÓ˚ÈÙÈÜ˛yÓ≈ö xî%!Ó!¢‹T (4C) xƒy!§ˆÏí˛Ó˚ ≤ÃÜ,˛!ï˛ SüƒyˆÏ°ê˛ Óy xƒy§˛õyÓ˚ˆÏê˛ê˛Vñ Îy ˆüˆÏ§y!ú˛° ˆÜ˛y£Ï ˆÌˆÏÜ˛

Óy![˛° xyÓÓ˚î# ˆÜ˛yˆÏ£ÏÓ˚ ˆÜœ̨ yˆÏÓ˚y≤’yˆÏfiê˛ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚–

(b) !ï˛öÈÙÈÜ˛yÓ≈ö xî% (3C) !Ó!¢‹T ˆÎÔˆÏàÓ˚ ≤ÃÜ,˛!ï˛ S˛õy•zÓ˚&ˆÏû˛ê˛ Óy xƒy°y!ööVñ Îy Óy![˛° xyÓÓ˚î# ˆÜ˛y£Ï

ˆÌˆÏÜ˛ ˆüˆÏ§y!ú˛° ˆÜ˛yˆÏ£Ï ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚–

(c) Óy![˛° xyÓÓ˚î# ˆÜ˛yˆÏ£Ï ˆÎ í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛Ó˚ !ÓÎ%!_´Ü˛Ó˚î âˆÏê˛ñ ï˛yÓ˚

≤ÃÜ,˛!ï˛ ~ÓÇ ~•z !ÓÎ%!_´Ü˛Ó˚î (decarboxylation)-~Ó˚ xÜ%˛fli°ÈÙÙÙÈ§y•zˆÏê˛y≤’yçüñ üy•zˆÏê˛yÜ˛!u»˛Î˚y Óy

ˆÜœ˛yˆÏÓ˚y≤’yfiê˛–

≤Ãçy!ï˛ !ÓˆÏ¢ˆÏ£Ï     C4 í˛z!qˆÏò Ü˛yÓ≈ö §ÇÓ¶˛ö ˛õk˛!ï˛ (Species specific CO2 fixation in
C4 plants)

C4 ã˛ˆÏe´ ≤ÃyÌ!üÜ˛ !Ó!e´Î˚y=!° e´ü˛õÎ≈yˆÏÎ˚ Óƒyáƒy Ü˛Ó˚y •°– !Ó!e´Î˚yÓ˚ ÷Ó˚&ˆÏï˛ ú˛§ˆÏú˛yÈÙÈ~ö° ˛õy•zÓ˚&ˆÏû˛ê˛

(Phospho enol pyruvate Óy PEP)  ÓyÎ˚%ü[˛° ˆÌˆÏÜ˛ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ (CO2) @ˇÃ•î Ü˛ˆÏÓ˚ Ä 4-
Ü˛yÓ≈ö xî% (4C) !Ó!¢‹T x:yˆÏ°yxƒy!§ˆÏê˛ˆÏê˛ (oxaloacetate Óy OAA) Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚ ~ÓÇ ~•z !Ó!e´Î˚y!ê˛

ú˛§ Ï̂ú˛yÈÙÈ~ö° ̨õy•zÓ̊& Ï̂û˛ê˛ Ü˛yÓ≈!: Ï̂°ç (phospho enol pyruvate carboxylase Óy PEP carboxylase) öyüÜ˛

í z̨Í Ï̂§ã˛Ü˛ (enzyme)-~Ó̊ í z̨̨ õ!fli!ï˛ Ï̂ï˛ â Ï̂ê˛–
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x:yˆÏ°yxƒy!§ˆÏê˛ˆÏê˛Ó˚ fliyÎ˚#c Ü˛ü •ÄÎ˚yÎ˚ ≤Ãçy!ï˛ !ÓˆÏ¢ˆÏ£Ï ~!ê˛ •Î˚ üƒyˆÏ°ê˛ (malate) xÌÓy xƒy§˛õyÓ˚ˆÏê˛ˆÏê˛

(aspartate) ˛õ!Ó˚îï˛ •Î˚– NADP üƒy!°Ü˛ í˛zÍˆÏ§ã˛Ü˛ ≤Ãçy!ï˛ˆÏï˛ üƒy!°Ü˛ !í˛•y•zˆÏí»˛y!çˆÏöç (malic de-
hydrogenase) í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ ≤Ãû˛yˆÏÓ ~ÓÇ NADPH-~Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ OAA üƒyˆÏ°ˆÏê˛ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚–

xyÓyÓ̊ NAD üƒy!°Ü˛ í z̨Í Ï̂§ã˛Ü˛ ~ÓÇ PCK (Phosphoenol pyruvate carboxykinase) ≤Ãçy!ï˛û%̨ _´ C4

í˛z!qˆÏò xƒy§‰˛õyÓ˚!ê˛Ü˛ xƒyüy•zˆÏöyê˛Δy™ú˛yˆÏÓ˚ç  (aspartic aminotransferase) í˛zÍˆÏ§ã˛Ü˛ ~ÓÇ @’%ê˛yˆÏüê˛

(glutamate)-~Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ OAA xƒy§‰˛õyÓ˚̂ Ïê˛ê‰˛ (aspartate)-~ ̨õ!Ó˚îï˛ •Î˚–

ˆü Ï̂§y!ú˛° ̂ Ü˛y Ï̂£Ï ≤Ã›ï˛ ~•z C4 xƒy!§í˛=!° Süƒy Ï̂°ê˛ Óy xƒy§˛õyÓ̊ Ï̂ê˛ê˛V Óy![˛° xyÓÓ̊î# (bundle sheath)
ˆÜ˛yˆÏ£ÏÓ˚ ˆÜœ˛yˆÏÓ˚y≤’yˆÏfiê˛ fliyöyhsˇ!Ó˚ï˛ •Î˚–

C
 |
C  =  O O
 |  |
C — O — P  = O
 |  |
C — H — O
 |
H
ú˛§ˆÏú˛y~ö°

˛õy•zÓ˚&ˆÏû˛ê˛ (PEP)
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NADP üƒy!°Ü˛ í˛zÍˆÏ§ã˛Ü˛ ≤Ãçy!ï˛Ó˚ C4 í˛z!qˆÏò Óy![˛° xyÓÓ˚î# ̂ Ü˛yˆÏ£Ï xyàï˛ üƒyˆÏ°ê˛ñ NADP+ Ä üƒy!°Ü˛

í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ ˛õy•zÓ˚&ˆÏû˛ê˛ ~ÓÇ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛ ˆû˛ˆÏä ÎyÎ˚– üƒy!°Ü˛ í˛zÍˆÏ§ã˛Ü˛ •° üƒy!°Ü˛

xƒy!§í˛ Ü˛yÓ≈!:ˆÏ°ç !í˛•y•zˆÏí»˛yˆÏçˆÏöç–

~•z í˛zq(ï˛ CO2, ˆÜ˛°!û˛ö ã˛ˆÏe´ (C3 ã˛ˆÏe´V ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ ¢Ü≈˛Ó˚y ≤Ã›!ï˛ˆÏï˛ ÓƒÓ•*ï˛ •Î˚–

NAD üƒy!°Ü˛ í˛zÍˆÏ§ã˛Ü˛ ~ÓÇ PCK ≤Ãçy!ï˛û%˛_´ C4 í˛z!qˆÏò xƒy§˛õyÓ˚̂ Ïê˛ê˛ ê˛Δy™xƒyüy•zˆÏöç í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚

§y•yˆÏÎƒ xƒy§˛õyÓ˚ˆÏê˛ê˛ OAA-ˆï˛ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚–

~•z xƒy§˛õyÓ˚ˆÏê˛ê˛ ˆüˆÏ§y!ú˛° ˆÜ˛y£Ï ˆÌˆÏÜ˛ §Ó˚y§!Ó˚ Óy![˛°ÈÙÈxyÓÓ˚î# ˆÜ˛yˆÏ£Ï ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ x:yˆÏ°yxƒy!§ˆÏê˛ˆÏê˛

(OAA) ˛õ!Ó˚îï˛ •Î˚–

NAD üƒy!°Ü˛ í˛zÍˆÏ§ã˛Ü˛ ≤Ãçy!ï˛Ó˚ C4 í˛z!qˆÏò Óy![˛° xyÓÓ˚î# ̂ Ü˛yˆÏ£Ï ≤ÃÌˆÏü OAA ̂ ÌˆÏÜ˛ ≤ÃÌˆÏü üƒyˆÏ°ê˛ Ä

˛õˆÏÓ˚ ˛õy•zÓ˚&ˆÏû˛ê˛ Ä CO2 í˛zÍ˛õß¨ •Î˚ ~ÓÇ PCK ≤Ãçy!ï˛Ó˚ C4 í˛z!qˆÏò OAA ˆÌˆÏÜ˛ ≤ÃÌˆÏü ú˛§ˆÏú˛y ~ö°

˛õy•zÓ˚&ˆÏû˛ê˛ (PEP) Ä ˛õˆÏÓ˚ ˛õy•zÓ˚&ˆÏû˛ê˛ Ä CO2 í˛zÍ˛õß¨ •Î˚– ~•zû˛yˆÏÓ Óy![˛°ÈÙÈxyÓÓ˚î# ˆÜ˛yˆÏ£Ï §,‹T ˛õy•zÓ˚&ˆÏû˛ê˛

@’%ê˛yˆÏüˆÏê˛Ó˚ §ˆÏD !Ó!e´Î˚yÎ˚ xƒy°y!öö í˛zÍ˛õß¨ Ü˛ˆÏÓ˚ ~ÓÇ ~!ê˛ ≤’yçˆÏüyˆÏí˛§üyê˛y (plasmodesmata)-~Ó˚ üˆÏôƒ

!òˆÏÎ˚ ˛õ!Ó˚Óy!•ï˛ •ˆÏÎ˚ ˛õ%öÓ˚yÎ˚ ˆüˆÏ§y!ú˛° ˆÜ˛yˆÏ£Ï ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ ~ÓÇ α-!Ü˛ˆÏê˛y@’%ê˛yˆÏÓ˚ˆÏê˛Ó˚ §ˆÏD !Ó!e´Î˚y Ü˛ˆÏÓ˚

xƒy°y!öö xƒyüy•zˆÏöyê˛Δy™ú˛yˆÏÓ˚ç í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ §y•yˆÏÎƒ ˛õ%öÓ˚yÎ˚ ˛õy•zÓ˚&ˆÏû˛ˆÏê˛ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚– ~•z ˛õy•zÓ˚&ˆÏû˛ê˛

ˆÌˆÏÜ˛ PEP í˛zÍ˛õß¨ •Î˚ Óy ˛õ%öÓ˚yÎ˚ CO2 @ˇÃ•î Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚– ~•zû˛yˆÏÓ ˆüˆÏ§y!ú˛° ˆÜ˛y£Ï Ä Óy![˛°ÈÙÈxyÓÓ˚î#

ˆÜ˛yˆÏ£ÏÓ˚ üˆÏôƒ C4 ã˛e´!ê˛ xyÓ!ï≈˛ï˛ •ˆÏï˛ ÌyˆÏÜ˛– S!ã˛e öÇ 9.14 ˆòá%öV–
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!ã˛e öÇ 9.14 : !ï˛ö!ê˛ !û˛ß¨ ≤Ãçy!ï˛Ó˚ C4 í˛z!qˆÏò Ü˛yÓ≈ö !fli!ï˛Ü˛Ó˚î

˛õk˛!ï˛ S•ƒyã˛ ~ÓÇ fl‘ƒyÜ˛ ã˛e´ Óy C4 ã˛e´V

xƒy§˛õyÓ̊ Ï̂ê˛ê˛ xƒy§˛õyÓ̊ Ï̂ê˛ê˛

!Ü˛ Ï̂ê˛y@’%ê˛y Ï̂Ó˚ê˛!Ü˛ Ï̂ê˛y@’%ê˛y Ï̂Ó˚ê˛

ú˛§ Ï̂ú˛y~ö°

ú˛§ Ï̂ú˛y~ö°

xƒy§˛õyÓ̊ Ï̂ê˛ê˛xƒy§˛õyÓ̊ Ï̂ê˛ê˛

!Ü˛ Ï̂ê˛y@’%ê˛y Ï̂Ó˚ê˛
!Ü˛ Ï̂ê˛y@’%ê˛y Ï̂Ó˚ê˛

ú˛§ Ï̂ú˛y~ö°
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xyá (Saccharum), û%˛Ry (Zea mays) ≤Ãû,˛!ï˛ ˆ˛õyˆÏÎ˚§# (Poaceae) ˆàye#Î˚ ˆÓ¢ !Ü˛å%È í˛z!qò NADP
üƒy!°Ü˛ í˛zÍˆÏ§ã˛Ü˛ ≤Ãçy!ï˛Ó˚ C4 í˛z!qò– ~åÈyí ¸̨yÄ xy!ê≈˛ˆÏ≤’: flõ!OÄ§y (Artiplex spongiosa), ˛õƒy!öÜ˛yü‰

!ü Ï̂°y!§Î̊yü‰ (Panicum miliaceum)-§• ̂ Ó¢ !Ü˛å%È !°!° Ï̂Î̊§# (Liliaceae), ̂ Ó y Ï̂ü!° Ï̂Î̊§# (Bromeliaceae)
~ÓÇ xƒy§‰̂ ÏÜœ̨ !˛õ Ï̂Î̊ Ï̂í˛§# (Asclepiadaceae)-Ó̊ x!ôÜ˛yÇ¢ í z̨!qò•z NAD üƒy!°Ü˛ í z̨Í Ï̂§ã˛Ü˛ ≤Ãçy!ï˛Ó̊ C4 í z̨!qò–

xyÓyÓ˚ ˛õƒy!öÜ˛yü‰ üƒy!:üyü ‰ (Panicum maximum) Ä ˆÜœ˛y!Ó˚§ àyÎ˚yöy (Chloris gayana)-§•

•zí˛zú˛Ó˚!ÓˆÏÎ˚§#Ó˚ !Ü˛å%È í˛z!qò•z PCK ≤Ãçy!ï˛Ó˚ xhsˇà≈ï˛–

~áyˆÏö ˆÎ !Ó£ÏÎ˚!ê˛ §ÓˆÏã˛ˆÏÎ˚ =Ó˚&c˛õ)î≈ ï˛y •° ~•z ˆÎ C4 í˛z!qˆÏò ˆüˆÏ§y!ú˛° ˆÜ˛yˆÏ£ÏÓ˚ ˆÜœ˛yˆÏÓ˚y≤’yˆÏfiê˛ RuBP
Ü˛yÓ≈!:ˆÏ°ç§• Ü˛ˆÏÎ˚Ü˛!ê˛ í˛zÍˆÏ§ã˛Ü˛ öy ÌyÜ˛yÎ˚ C3 ã˛e´!ê˛ ˆüˆÏ§y!ú˛° ˆÜ˛yˆÏ£Ï §¡õ)î≈ xö%˛õ!fliï˛ ÌyˆÏÜ˛– ú˛ˆÏ° ~•z

ˆÜ˛y£Ï=!°ˆÏï˛ Ü˛yÓ≈ö §ÇÓ¶˛ö ~ÓÇ ¢Ü≈˛Ó˚y ≤Ã›!ï˛ §Ω˛Ó˛õÓ˚ •Î˚ öy ~ÓÇ ~•z Ü˛yÓ˚̂ Ïî ˆüˆÏ§y!ú˛° ˆÜ˛yˆÏ£Ï ÷ô%üye

§yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ xyˆÏ°yÜ˛ÈÙÈò¢y (light phase) §¡õß¨ •Î˚– x˛õÓ˚!òˆÏÜ˛ Óy![˛°ÈÙÈxyÓÓ˚î# ˆÜ˛yˆÏ£Ï Ü˛yÎ≈Ü˛Ó˚# C3

ˆÜ˛°!û˛ö ã˛e´ í˛z˛õ!fliï˛ ÌyÜ˛yÎ˚ ~ÓÇ ≤ÃˆÏÎ˚yçö#Î˚ ATP Ä NADPH ˆüˆÏ§y!ú˛° ˆÜ˛yˆÏ£Ï í˛zÍ˛õß¨ •ÄÎ˚yÎ˚ §•ˆÏç•z

Óy![˛°ÈÙÈxyÓÓ˚î# ˆÜ˛yˆÏ£Ï Ü˛yÓ≈ö §ÇÓ¶˛ö §¡õß¨ •ˆÏï˛ ˛õyˆÏÓ˚–

C4 í˛z!qˆÏòÓ˚ ï˛yÍ˛õÎ≈ (Significance of C4 plants)

1. C4 í˛z!qˆÏò Ü˛yÓ≈ö §ÇÓ¶˛öÜ˛yÓ˚# í˛zÍˆÏ§ã˛Ü˛ ú˛§ˆÏú˛y•zö° Ü˛yÓ≈!:ˆÏ°ç (PEP carboxylase) C3 í˛z!qˆÏòÓ˚

RuBP Ü˛yÓ≈!:ˆÏ°ç xˆÏ˛õ«˛y ˆÓ!¢ Ü˛yÎ≈Ü˛Ó˚# •ÄÎ˚yÎ˚ C4 í˛z!qˆÏòÓ˚y á%Ó Ü˛ü CO2-Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛Ä

§yˆÏ°yÜ˛§ÇˆÏŸ’£Ï Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚–

2. x!:ˆÏçˆÏöÓ˚ í˛z˛õ!fli!ï˛ C4 í˛z!qˆÏòÓ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï ˆÜ˛yöÓ˚Ü˛ü ÓyôyÓ˚ §,!‹T Ü˛ˆÏÓ˚ öy–

3. xyˆÏ°yÜ˛Ÿª§ö xö%˛õ!fliï˛ Óy öàîƒ •ÄÎ˚yÎ˚ C4 í˛z!qˆÏòÓ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï «˛üï˛y C3 í˛z!qˆÏòÓ˚ ˆÌˆÏÜ˛

ˆÓ!¢ •Î˚– ~Ó˚ ú˛ˆÏ° ~Ó˚y ò%•z ˆÌˆÏÜ˛ !ï˛ö=î ˆÓ!¢ ú˛°ö í˛zÍ˛õyòö Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚–

4. C4 í˛z!qˆÏòÓ˚y ˆÓ!¢ ï˛y˛õüyey (30o–45oC) Ä xyˆÏ°yÜ˛ ï˛#Ó ï˛y (light intensity) §•ö Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚

ÓˆÏ° @ˇÃ#‹ø≤Ãôyö (tropical) xM˛ÈˆÏ° ~Ó˚y û˛yˆÏ°y çß√yÎ˚ Ä o&ï˛ Ó,!k˛ ˆ˛õˆÏÎ˚ ÌyˆÏÜ˛–

5. á%Ó•z Ü˛ü ôö Ï̂cÓ̊ (concentration) CO2-Ó̊ í z̨̨ õ!fli!ï˛ Ï̂ï˛ S≤ÃyÎ̊ 10 ppm ̨õÎ≈hsˇV §y Ï̂°yÜ˛§Ç Ï̂Ÿ’£Ï Ü˛Ó̊ Ï̂ï˛

˛õyˆÏÓ˚ ÓˆÏ° üÓ˚& xM˛ÈˆÏ° ˆÎ C4 çyD° í˛z!qò çß√yÎ˚ñ ï˛yÓ˚y ˛õeÓ˚¶…̨  Ó¶˛ ÌyÜ˛y §ˆÏ_¥Ä §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï

Ü˛Ó˚̂ Ïï˛ §«˛ü •Î˚–
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§yÓ˚î# 9.2 : C3 ~ÓÇ     C4 í˛z!qˆÏòÓ˚ üˆÏôƒ ˛õyÌ≈Ü˛ƒ (Difference betwee C3 and C4

plants)

C3 í˛z!qò C4 í˛z!qò

1. x!ôÜ˛yÇ¢ §Ó%ç í˛z!qò•z C3 ≤Ãçy!ï˛Ó˚ ~ÓÇ ~Ó˚y

ˆÜ˛°!û˛ö ã˛ˆÏe´Ó˚ üyôƒˆÏü Ü˛yÓ≈ö §ÇÓ¶˛ö Ü˛ˆÏÓ˚–

2. ≤ÃyÌ!üÜ˛ CO2 @ˇÃy•Ü˛ 5C xî%!Ó!¢‹T Ó˚y•z!Óí˛zˆÏ°yç

!Ó§ÈÙÈú˛§ˆÏú˛ê˛ Óy RuBP–

3. ≤ÃyÌ!üÜ˛ fliyÎ̊# ̂ ÎÔà 3C xî%!Ó!¢‹T ú˛§ Ï̂ú˛y!@’§y Ï̂Ó̊ê˛

Óy PGA–

4. ˆÜœ̨ y Ï̂Ó˚y≤’yfiê˛ ~Ü˛•z ôÓ˚̂ ÏöÓ˚ (monomorphic) •Î̊–

5. ˛õyï˛yÓ˚ Ü˛°y§Çfliyö (anatomy) fl∫yû˛y!ÓÜ˛–

6. ≤Ã!ï˛!ê˛ ̂ Üœ̨ y Ï̂Ó̊y≤’y Ï̂fiê˛ ò%•z!ê˛ Ó̊OÜ˛e´ü PS I Ä PS II
í˛z˛õ!fliï˛ ÌyˆÏÜ˛–

7. ˆÜ˛°!û˛ö ã˛e´ ̂ ü Ï̂§y!ú˛° ̂ Üœ̨ y Ï̂Ó̊y≤’y Ï̂fiê˛ §¡õß̈ •Î̊–

8. ÷ô%üye C3 ã˛e´ í˛z˛õ!fliï˛–

9. xyˆÏ°yÜ˛Ÿª§ö í˛z˛õ!fliï˛ ~ÓÇ ~Ó˚ •yÓ˚ ˆÓ!¢–

10. CO2 «˛Î˚˛õ)Ó˚î !Ó®% (compensation point)
50–150 ppm CO2–

11. ˛õyïyÓ˚ !û˛ï˛ˆÏÓ˚ CO2 âöc (concentration)  ≤ÃyÎ˚

200 ppm Ìy Ï̂Ü˛–

12. ÓyÎ̊%ü[˛ Ï̂° CO2-Ó̊ âöc Ü˛ü ÌyÜ˛ Ï̂° Ü˛ü CO2 à,•#ï˛

•Î˚ñ ú˛ˆÏ° ~•z çyï˛#Î˚ í˛z!qˆÏò §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï#Î˚

ò«˛ï˛y (photosynthetic efficiency) Ü˛ü •Î˚

Ü˛yÓ˚î RuBPase-~Ó˚ Ü˛yÎ≈Ü˛Ó˚# «˛üï˛y Ü˛ü–

13. O2-~Ó˚ âöc (concentration) Ó,!k˛ ˆ˛õˆÏ°

§yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ •yÓ˚ (rate) Ü˛ˆÏü ÎyÎ˚–

1. ˆ˛õyˆÏÎ˚§# (Poaecae) Ä §y•z˛õyˆÏÓ˚!§ (Cyperaceae)
§• !Ó Ï̂¢£Ï Ü˛ Ï̂Î˚Ü˛!ê˛ í z̨!qò C4 ≤Ãçy!ï˛Ó̊ ~ÓÇ ~Ó̊y •ƒyã˛

Ä fl‘ƒyÜ˛ ã˛ˆÏe´Ó˚ üyôƒˆÏü Ü˛yÓ≈ö §ÇÓ¶˛ö Ü˛ˆÏÓ˚–

2. ≤ÃyÌ!üÜ˛ CO2 @ˇÃy•Ü˛ 3C xö%!Ó!¢‹T ú˛§ˆÏú˛y~ö°

˛õy•zÓ̊& Ï̂û˛ê˛ Óy PEP–

3. ≤ÃyÌ!üÜ˛ fliyÎ̊# ̂ ÎÔà 4C xö%!Ó!¢‹T x:y Ï̂°yxƒy!§ Ï̂ê˛ê˛

Óy OAA–

4. Óy![˛°ÈÙÈxyÓÓ˚î# ˆÜœ˛yˆÏÓ˚y≤’yfiê˛ ~ÓÇ ˆüˆÏ§y!ú˛°

ˆÜœ̨ y Ï̂Ó̊y≤’y Ï̂fiê˛ !mÓ̊*˛õï˛y (dimorphism) °«˛ƒ Ü˛Ó̊y ÎyÎ̊–

5. ˛õyï˛yÓ˚ Ü˛°y§Çfliyö (anatomy) e´yöç ≤ÃÜ,˛!ï˛Ó˚

(Kranz type)–

6. Óy![˛°ÈÙÈxyÓÓ˚î# ̂ Ü˛yˆÏ£Ï PS II xö%˛õ!fliï˛ ÌyˆÏÜ˛–

7. ˆÜ˛°!û˛ö ã˛e´ Óy![˛°ÈÙÈxyÓÓ˚î# ˆÜœ̨ yˆÏÓ˚y≤’yˆÏfiê˛ §¡õß¨

•Î˚–

8. C3 ~ÓÇ C4 í˛zû˛Î˚ ã˛e´•z í˛z˛õ!fliï˛–

9. xy Ï̂°yÜ˛Ÿª§ö §¡õ)î≈ xö%̨ õ!fliï˛ Óy ~Ó˚ •yÓ˚ á%Ó•z Ü˛ü–

10. CO2 «˛Î̊˛õ)Ó̊î !Ó®% 0–10 ppm CO2–

11. ˛õyï˛yÓ˚ !û˛ï˛ˆÏÓ˚ CO2 âöc ≤ÃyÎ˚ 100 ppm ÌyˆÏÜ˛–

12. ÓyÎ˚%ü[˛ˆÏ° á%Ó Ü˛ü CO2 âöˆÏcÄ PEP Ü˛yÎ≈Ü˛Ó˚# •Î˚ñ

ú˛ Ï̂° ~•z çyï˛#Î̊ í z̨!q Ï̂ò §y Ï̂°yÜ˛§Ç Ï̂Ÿ’£Ï#Î̊ ò«˛ï˛y ̂ Ó!¢

•Î˚–

13. O2-~Ó˚ âöc Óyí ¸̨y Óy Ü˛üyÓ˚ §ˆÏD §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚

•yˆÏÓ˚ ï˛yÓ˚ï˛üƒ •Î˚ öy–
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14. xyò¢≈ ï˛y˛õüyey (optinum temperature) 10 –
25oC–

15. ˛õ)î≈ §)Î≈yˆÏ°yˆÏÜ˛ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ •yÓ˚ (rate) •°

15-25 !ü!°@Ã̌yü CO2 / ̂ í˛!§!üê˛yÓ̊2 ̨õyï˛yÓ̊ xyÎ̊ï˛ö

(leaf area)/ â ˇ̂ê˛y (hour)–

16. ≤Ã!ï˛ xö% @’%ˆÏÜ˛yç ≤Ã›!ï˛ˆÏï˛ 18!ê˛ ATP ≤ÃˆÏÎ˚yçö

•Î˚–

14. xyò¢≈ ï˛y˛õüyey 30–45oC Sú˛ Ï̂° í z̨£è xM˛È Ï̂° û˛y°

çß√yÎ̊V–

15. ˛õ)î≈ §)Î≈yˆÏ°yˆÏÜ˛ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ •yÓ˚ •° 30–40
!ü!°@ˇÃyü CO2/ ˆí˛!§!üê˛yÓ˚2 ˛õyï˛yÓ˚ xyÎ˚ï˛ö (leaf
area)/ â^ˇê˛y (hour)–

16. ≤Ã!ï˛ xö% @’%ˆÏÜ˛yç ≤Ã›!ï˛ˆÏï˛ 30!ê˛ ATP ≤ÃˆÏÎ˚yçö

•Î˚–

C3 í˛z!qò C4 í˛z!qò

9.3.8 e´ƒy§%ˆÏ°!§Î˚yö xƒy!§í˛ !Ó˛õyÜ˛ Óy CAM (Crussulacean Acid Metabolism)

÷‹Ò ≤ÃyÎ˚ (semi-arid) xM˛ÈˆÏ° !Ü˛å%È Ó˚§y°ÈÙÈ˛õe (succulent) í˛z!qò çß√yÎ˚ñ ÎyÓ˚y ~Ü˛ !ÓˆÏ¢£Ï ˛õk˛!ï˛ˆÏï˛

§yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yˆÏ° Ü˛yÓ≈ö §ÇÓ¶˛ö Ü˛ˆÏÓ˚ ÌyˆÏÜ˛– ̂ òáy ̂ àˆÏåÈ ̂ Î ~•z§Ó í˛z!qˆÏòÓ˚ ̨õeÓ˚¶…̨  (stomata) !òÓy Ï̂°y Ï̂Ü˛

Ó¶˛ Ä Ó˚y!eÜ˛yˆÏ° ˆáy°y ÌyˆÏÜ˛ ~ÓÇ ÷ô% ï˛y•zÈÙÈ•z öÎ˚ §¶˛ƒy ~ÓÇ Ó˚y!eÜ˛yˆÏ° ~ˆÏòÓ˚ ˛õyï˛yÎ˚ ˜çÓ xƒy!§ˆÏí˛Ó˚

(organic acid) üyey Ó,!k˛ ̨õyÎ˚ ~ÓÇ !òˆÏöÓ˚ ̂ Ó°yÎ˚ ï˛y fl∫yû˛y!ÓÜ˛ •ˆÏÎ˚ xyˆÏ§– ~•z í˛zˆÏÕ‘áˆÏÎyàƒ âê˛öy!ê˛ §Ó≈≤ÃÌü

e´ƒy§%ˆÏ°§# ˆàyˆÏeÓ˚ (Crassulaceae family) xhsˇà≈ï˛ !Ü˛å%È í˛z!qˆÏò ˆÎüö Ó yˆÏÎ˚yú˛y•z°yü (Bryophyllum),
Ü˛ƒy°yö‰̂ Ïã˛y (Kalanchoe) ≤Ãû,̨ !ï˛ Ï̂ï˛ ̨õ!Ó̊°!«˛ï˛ •Î̊ Ó Ï̂° §y Ï̂°yÜ˛§Ç Ï̂Ÿ’ Ï̂£ÏÓ̊ ~•z !Ó Ï̂¢£Ï ̨õk˛!ï˛!ê˛ e´ƒy§%̂ Ï°!§Î̊yö

xƒy!§í˛ !Ó˛õyÜ˛ (Crassulacean Acid Metabolism Óy CAM) Ó°y •Î̊ ~ÓÇ ̂ Î §ühflÏ í z̨!qò ~•z CAM-~Ó̊

üyôƒˆÏü Ü˛yÓ≈ö §ÇÓ¶˛ö Ü˛ˆÏÓ˚ ï˛yˆÏòÓ˚ CAM í˛z!qò Ó°y •Î˚– e´ƒy§%ˆÏ°!§ (Crassulaceae) åÈyí˛¸yÄ Ü˛ƒyÜ‰˛ˆÏê˛!§

(Cactaceae), x!Ü≈˛ˆÏí˛!§ (Orchidaceae), ˆÓ yˆÏü!°ˆÏÎ˚!§ (Bromeliaceae), !°!°ˆÏÎ˚!§ (Liliaceae),
xƒy§ˆÏÜœ˛!˛õˆÏÎ˚ˆÏí˛!§ (Asclepiadaceae), û˛y•zˆÏê˛!§ (Vitaceae) ~ÓÇ •zí˛zú˛Ó˚!ÓˆÏÎ˚!§ (Euphorbiaceae)-Ó˚

xhsˇà≈ï˛ ˆÓ¢ !Ü˛å%È í˛z!qˆÏò CAM-~Ó˚ üyôƒˆÏü §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï §¡õß¨ •Î˚–

CAM í˛z!qˆÏòÓ˚ ˜Ó!¢‹Tƒ (Characteristics of CAM plants)

1. CAM í˛z!qò Ó˚y!eˆÏÓ°yÎ˚ CO2 @ˇÃ•î Ü˛ˆÏÓ˚ ~ÓÇ ≤Ãã%˛Ó˚ ˛õ!Ó˚üyˆÏî üƒyˆÏ°ê˛ §!M˛Èï˛ Ü˛ˆÏÓ˚ Ó˚yˆÏá–

2. x!ôÜ˛yÇ¢ CAM í˛z!qò•z Ó˚§y° ˛õe!Ó!¢‹T (succulent type) •Î˚ ~ÓÇ §yôyÓ˚îï˛ ~ˆÏòÓ˚ ˛õyï˛y ˛õ%Ó˚&

(fleshy) •ˆÏÎ˚ ÌyˆÏÜ˛– xÓ¢ƒ üˆÏö Ó˚yáy òÓ˚Ü˛yÓ˚ ˆÎ §Ó Ó˚§y° í˛z!qò•z (succulent)-•z CAM í z̨!qò

öÎ˚ñ ˆÎüö §ƒy!°Ü˛!ö≈Î˚y (Salicornia)–
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3. CAM í z̨!q Ï̂òÓ̊ ̨õyï˛yÓ̊ ̂ Ü˛y Ï̂£ÏÓ̊ !û˛ï˛ Ï̂Ó̊ Óí˛̧ Óí˛̧ à•¥Ó̊ (vacuole) Ìy Ï̂Ü˛ ~ÓÇ ~=!°Ó̊ ü Ï̂ôƒ Ó̊y!e Ï̂Ó°yÎ̊

üƒy!°Ü˛ xƒy!§í˛ (malate) §!M˛Èï˛ •ÓyÓ˚ ú˛ˆÏ° Ó˚yˆÏe ˆÜ˛yˆÏ£ÏÓ˚ Ó˚§ (sap)-~Ó˚ pH í˛zˆÏÕ‘áˆÏÎyàƒû˛yˆÏÓ

Ü˛ˆÏü ÎyÎ˚–

4. ˛õeÓ˚¶…˛ (stomata) ˆáy°y Ä ÓˆÏ¶˛ !òÓyã˛Ó˚ ≤ÃÜ,˛!ï˛ (diurnal pattern) °«˛ƒ Ü˛Ó˚y ÎyÎ˚ ~ÓÇ ~=!°

!òˆÏöÓ˚ ˆÓ°yÎ˚ Ó¶˛ Ä Ó˚yˆÏe ˆáy°y ÌyˆÏÜ˛–

5. ˛õeÓ˚¶…˛ !òÓyˆÏ°yˆÏÜ˛ Ó¶˛ ÌyÜ˛yÎ˚ CAM í˛z!qˆÏòÓ˚y ç° §ÇÓ˚«˛ˆÏî (conservation) =Ó˚&c˛õ)î≈ û)˛!üÜ˛y

˛õy°ö Ü˛ˆÏÓ˚ ~ÓÇ @ˇÃ#‹ø≤Ãôyö xM˛ÈˆÏ° (tropical climate) xï˛ƒhsˇ ÷‹Ò (dry) xyÓ•yÄÎ˚yÎ˚ !öˆÏçˆÏòÓ˚

û˛y°û˛yˆÏÓ áy˛õ áy•zˆÏÎ˚ !öˆÏï˛ ˛õyˆÏÓ˚–

6. CAM í˛z!qˆÏòÓ˚ ˛õyï˛yÎ˚ Ó˚y!eˆÏÓ°yÎ˚ xƒy!§ˆÏí˛Ó˚ ˛õ!Ó˚üyî Óyí˛¸yÓ˚ §yˆÏÌ §yˆÏÌ §!M˛Èï˛ ¢Ü≈˛Ó˚yÓ˚ ˛õ!Ó˚üyî

•…y§ ˛õyÎ˚ñ x˛õÓ˚!òˆÏÜ˛ !òˆÏöÓ˚ ˆÓ°yÎ˚ xƒy!§ˆÏí˛Ó˚ ˛õ!Ó˚üyî •…y§ Ä ¢Ü≈˛Ó˚yÓ˚ ˛õ!Ó˚üyî Ó,!k˛ ˛õyÎ˚–

7. çyD° í z̨!qò (xerophytes)-~Ó̊ !Ü˛å%È ̃ Ó!¢‹Tƒ ̂ Îüö ̨õ%Ó̊& Ó!•gflÏÜ˛ (thick cuticle), !öü!Iï˛ ̨õeÓ̊¶…̨

(sunken stomata), ÜÑ̨ yê˛y (thorn), x Į̈̂ õ«˛yÜ,̨ ï˛ Ü˛ü Óy‹õ Ï̂üyã˛ Ï̂öÓ̊ •yÓ̊ (transpiration rate) CAM
í˛z!qˆÏò °«˛ƒ Ü˛Ó˚y ÎyÎ˚–

CAM í˛z!qˆÏò Ü˛yÓ≈ö §ÇÓ¶˛ö ˛õk˛!ï˛ SCAM ã˛e´V (CO2 fixation in CAM plants)

CAM í˛z!qò Ü˛ï≈,˛Ü˛ Ü˛yÓ≈ö §ÇÓ¶˛ö xˆÏöÜ˛yÇˆÏ¢•z C4 ã˛e´ Óy •ƒyã˛ Ä fl‘ƒyÜ˛ ˛õˆÏÌÓ˚ (Hatch & Slack
pathway) xö%Ó̊*˛õ–

1. CAM í˛z!qò ˛õeÓ˚¶…̨  (stomata) !òˆÏöÓ˚ ˆÓ°yÎ˚ Ó¶˛ ÌyˆÏÜ˛ ~ÓÇ Ó˚yˆÏe ˛õeÓ˚¶…˛ ˆáy°yüye CO2 ̂ Ü˛yˆÏ£Ï

≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– ú˛§ˆÏú˛y•zö° Ü˛yÓ≈!:ˆÏ°ç í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ PEP Óy ú˛§ˆÏú˛y•zö° ˛õy•zÓ˚&ˆÏû˛ê˛

~•z CO2-ˆÜ˛ @ˇÃ•î Ü˛ˆÏÓ˚ Ä x:yˆÏ°yxƒy!§ˆÏê˛ˆÏê˛ (oxaloacetate Óy OAA) ˛õ!Ó˚îï˛ •Î˚–

C
 |
C  =  O O
 |  |
C — O — P  = O
 |  |
C — H — O
 |
H

(PEP)
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2. üƒy!°Ü˛ !í˛•y•zˆÏí»˛y!çˆÏöç í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ ~ÓÇ NADPH-~Ó˚ §y•yˆÏÎƒ x:yˆÏ°yxƒy!§ˆÏê˛ê˛

(OAA) üƒyˆÏ°ˆÏê˛ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚–

3. ~•zû˛yˆÏÓ ˛õyï˛yÎ˚ Ó˚y!eˆÏÓ°yÎ˚ ˆÎ üƒyˆÏ°ê˛ ≤Ã›ï˛ •Î˚ñ ï˛y ˛õyï˛yÓ˚ ˆÜ˛y£Ïà•¥Ó˚ (vacuole) §!M˛Èï˛ ÌyˆÏÜ˛–

!òˆÏöÓ˚ ˆÓ°yÎ˚ ~•z §!M˛Èï˛ üƒyˆÏ°ê˛ ˆÜ˛y£Ïà•¥Ó˚ ˆÌˆÏÜ˛ Óy•zˆÏÓ˚ xyˆÏ§ ~ÓÇ !í˛Ü˛yÓ≈!:ˆÏ°¢ˆÏöÓ˚ (decar-
boxylation) ú˛ˆÏ° ˛õy•zÓ˚&ˆÏû˛ˆÏê˛ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚ ~ÓÇ CO2 !öà≈ï˛ •Î˚–

4. ~•z í˛zq(ï˛ CO2 ˆÜœ˛yˆÏÓ˚y≤’yˆÏfiê˛ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ ~ÓÇ ˆÜ˛°!û˛ö ã˛ˆÏe´Ó˚ í˛zÍˆÏ§ã˛Ü˛ÈÙÈ~Ó˚ §•yÎ˚ï˛yÎ˚ CO3

ã˛ˆÏe´Ó˚ üyôƒˆÏü ¢Ü≈˛Ó˚y í˛zÍ˛õyòö Ü˛ˆÏÓ˚– x˛õÓ˚!òˆÏÜ˛ ˛õy•zÓ˚&ˆÏû˛ê˛ ˆÌˆÏÜ˛ ú˛§ˆÏú˛y ~ö° ˛õy•zÓ˚&ˆÏû˛ê˛ (PEP)
˜ï˛!Ó˚ •Î˚ñ Îy xyÓyÓ˚ Ó˚y!eˆÏÓ°yÎ˚ CO2ÈÙÈˆÜ˛ @ˇÃ•ö Ü˛Ó˚ˆÏï˛ ÓƒÓ•*ï˛ •Î˚ ~ÓÇ ¢Ü≈˛Ó˚y ≤Ã›ˆÏï˛ §y•yÎƒ

Ü˛ˆÏÓ˚– !ã˛e öÇ 9.15ÈÙÈˆï˛ CAM ã˛e´ !ÓhflÏy!Ó˚ï˛û˛yˆÏÓ ˆòáyö •°–

Ü˛yˆÏç•z ˆòáy ÎyÎ˚ ˆÎ C4 ~ÓÇ CAM í˛zû˛Î˚≤ÃÜ˛yÓ˚ í˛z!qˆÏò•z CO2 §ÇÓ¶˛ˆÏöÓ˚ §üÎ˚ C3 ˆÜ˛°!û˛ö ã˛e´

~ÓÇ C4 ã˛e´ ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ ÌyˆÏÜ˛– C4 í˛z!qˆÏòÓ˚ ˛õyï˛yÎ˚ ˆüˆÏ§y!ú˛° ~ÓÇ Óy![˛° xyÓÓ˚î# ~•z ò%Û!ê˛ ˛õ,ÌÜ˛

ˆÜ˛yˆÏ£Ï ÎÌye´ˆÏü ã˛e´ ò%Û!ê˛ xyÓ!ï≈˛ï˛ •Î˚– x˛õÓ˚!òˆÏÜ˛ CAM í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe ~•z ~Ü˛•z ≤Ã!e´Î˚y SxÌ≈yÍ C4

~ÓÇ C3 ã˛e´V ˛õyï˛yÓ˚ ~Ü˛•z ˆüˆÏ§y!ú˛° ˆÜ˛yˆÏ£Ï §¡õß¨ •Î˚ ~ÓÇ ~•z ã˛e´ ò%Û!ê˛Ó˚ ~Ü˛!ê˛ Ó˚yˆÏe Ä ~Ü˛!ê˛

!òˆÏöÓ˚ ˆÓ°yÎ˚ âˆÏê˛ ï˛yˆÏÜ˛– ~•z Ü˛yÓ˚ˆÏî CAM í˛z!qòˆÏÜ˛ xˆÏöÜ˛ §üÎ˚ Ó˚y!eÜ˛y°#ö C4 í z̨!qò (night C4 plant)
xyáƒy ˆòÄÎ˚y •Î˚–
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!ã˛e öÇ 9.15 : ˆ°á!ã˛ˆÏeÓ˚ üyôƒˆÏü ˆòáy ÎyˆÏFåÈ ˆÎ CAM í˛z!qò !òÓyˆÏ°yˆÏÜ˛ Ä Ó˚y!eÜ˛yˆÏ° CO2-~Ó˚ @ˇÃ•ˆÏîÓ˚

˛õ!Ó˚üyî Ä ˆÜ˛y£Ïà•¥ˆÏÓ˚ §!M˛Èï˛ xƒy!§ˆÏí˛Ó˚ ˛õ!Ó˚üyî Ü˛#û˛yˆÏÓ •…y§Ó,!k˛ âê˛ˆÏåÈ– !öˆÏã˛Ó˚ xÇˆÏ¢ ˆÎ ˛õk˛!ï˛ˆÏï˛ CAM
í˛z!qˆÏò Ü˛yÓ≈ö §ÇÓ¶˛ö •Î˚ ï˛y !ÓhflÏy!Ó˚ï˛û˛yˆÏÓ ˆÓyé˛yˆÏöy •ˆÏFåÈ–

x¶˛Ü˛yÓ̊
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CAM-~Ó˚ ï˛yÍ˛õÎ≈     (Significance of CAM)

x!ôÜ˛yÇ¢ CAM í˛z!qò•z üÓ˚& xM˛ÈˆÏ° (desert area) Óy!°ˆÏï˛ Ä üy!ê˛ˆÏï˛ çß√yÎ˚ñ ˆÎáyˆÏö ç° ≤ÃyÎ˚ x!ü°

Ó°ˆÏ°•z ã˛ˆÏ°– Ü˛yˆÏç•z CAM í˛z!qˆÏòÓ˚y ç° §ÇÓ˚«˛ˆÏîÓ˚ çöƒ ÷ô%üye ë˛y[˛y Ó˚yˆÏï˛Ó˚ ˆÓ°yÎ˚ ˛õeÓ˚¶…̨  ˆáy°y

Ó˚yˆÏá ~ÓÇ ÷‹Ò (dry) àÓ˚ü !òÓyˆÏ°yˆÏÜ˛ Ó¶˛ Ü˛ˆÏÓ˚ ˆòÎ˚– ~û˛yˆÏÓ ˛õeÓ˚&¶…˛ Ó¶˛ Ó˚yáyÓ˚ ú˛ˆÏ° !òˆÏöÓ˚ ˆÓ°yÎ˚

Óy‹õˆÏüyã˛ö (transpiration)-~Ó˚ üyôƒˆÏü ç° !öà≈ï˛ •ÓyÓ˚ §Ω˛yÓöy Ü˛ˆÏü ÎyÎ˚– ~åÈyí ¸̨yÄ CAM í˛z!qˆÏòÓ˚

˛õyï˛yÓ˚ xhsˇgflÏÜ˛ (cuticle) Ó˚§y° Ä ˛õyï˛y ˛õ%Ó˚& •ÄÎ˚yÎ˚ ~ÓÇ !öü!Iï˛ ˛õeÓ˚¶…̨  (sunken stomata) ÌyÜ˛yÎ˚

Óy‹õˆÏüyã˛ˆÏöÓ˚ •yÓ˚ C3 Óy C4 í˛z!qˆÏòÓ˚ ˆÌˆÏÜ˛ xˆÏöÜ˛ Ü˛ü •Î˚– ˆòáy ˆàˆÏåÈ ˆÎ CAM í˛z!qò ˆÎáyˆÏö

§yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï ≤Ã!ï˛ @ˇÃyü Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ @ˇÃ•î Ü˛Ó˚̂ Ïï˛ 50-100g ç° ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ñ ˆ§áyˆÏö C3 Ä C4

í˛z!qˆÏò ~Ó˚ ˛õ!Ó˚üyî •° ÎÌye´ˆÏü 400-500g ~ÓÇ 250-300g–

CAM í z̨!q Ï̂ò Ü˛yÓ≈ö xy_#Ü˛Ó̊î (assimilation)-~Ó̊ •yÓ̊ C3 í z̨!q Ï̂òÓ̊ x Ï̂ô≈Ü˛ ~ÓÇ C4 í z̨!q Ï̂òÓ̊ ~Ü Ę̀ÙÈï,̨ ï˛#Î̊yÇ¢

•ˆÏ°Ä ~ˆÏòÓ˚ ˜Ó!¢‹Tƒ ~•z ˆÎ çˆÏ°Ó˚ xû˛yˆÏÓ Îáö C3 Ä C4 í˛z!qˆÏò §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ≤ÃyÎ˚ Ó¶˛ •ˆÏÎ˚ ÎyÎ˚ñ

CAM í˛z!qò ï˛áöÄ CO2 @ˇÃ•î Ü˛ˆÏÓ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ã˛y°yˆÏï˛ §«˛ü •Î˚– ~åÈyí ¸̨yÄ ~Ó˚y Ÿª§ˆÏöÓ˚ §üÎ˚ !öà≈ï˛

CO2 ˆÜ˛ ôˆÏÓ˚ Ó˚yˆÏá (retain) ~ÓÇ Ü˛yÓ≈ö xö%ˆÏÜ˛ !Óö‹T öy •ˆÏï˛ !òˆÏÎ˚ ï˛yˆÏÜ˛ ÓƒÓ•yÓ˚ Ü˛Ó˚ˆÏï˛ ˛õyÓ˚yÓ˚ çöƒ ò#â≈

§üÎ˚ ôˆÏÓ˚ áÓ˚y (drought) ã˛°ˆÏ°Ä §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ üyôƒˆÏü ~Ó˚y ~Ü˛ê˛y !ö!ò≈‹T ÷‹Ò Äçö (dry weight)
ÓçyÎ˚ Ó˚yáˆÏï˛ §«˛ü •Î˚–

Ü˛ƒyÜ‰˛ê˛y§ (Cactus) çyï˛#Î˚ !Ü˛å%È çyD° í˛z!qò (xerophytes) CAM ã˛ˆÏe´Ó˚ üyôƒˆÏü Ü˛yÓ≈ö xö% §ÇÓ¶˛ö

Ü˛Ó˚̂ Ï°Ä ˆÓ¢ !Ü˛å%È Ó˚§y° í˛z!qò (succulent) xyˆÏåÈñ ÎyˆÏòÓ˚ §¡õ)î≈Ó˚*ˆÏ˛õ CAM (obiligatory CAM) Ó°y

ã˛ˆÏ° öy– ˆÎüö ˆüˆÏ§öÓ yˆÏÎ˚ö!Ìüyü !e´fiê˛y!°öyü (Mesenbryantheumum crystallinum) öyüÜ˛ ~Ü˛!ê˛

Ó˚§y° í z̨!qò §y Ï̂°yÜ˛§Ç Ï̂Ÿ’ Ï̂£ÏÓ˚ Ü˛yÓ≈ö §ÇÓ¶˛ Ï̂öÓ˚ §üÎ˚ ~Ü˛ xq$ï˛ xyã˛Ó˚î Ü˛ Ï̂Ó˚– ç Ï̂°Ó˚ ≤Ãyã%̨ Î≈ï˛y (sufficiency)
ÌyÜ˛ˆÏ° ~•z í˛z!qò!ê˛ C3 í˛z!qˆÏòÓ˚ üˆÏï˛y xyã˛Ó˚î Ü˛ˆÏÓ˚ ~ÓÇ C3 ˆÜ˛°!û˛ö ã˛ˆÏe´Ó˚ üyôƒˆÏü Ü˛yÓ≈ö xî% §ÇÓ¶˛ö

Ü˛ Ï̂Ó̊– ~ Ï̂«˛ Ï̂e ̨õeÓ̊¶…̨  ̂ áy°y Óy Ó¶˛ ~ÓÇ Ó̊y Ï̂e ̨õyï˛yÎ̊ xƒy!§!í˛Ü˛Ó̊î (acidification)-§Çe´yhsˇ ̂ Ü˛y Ï̂öy ̃ Ó!¢‹Tƒ•z

~Ó˚y ˆòáyÎ˚ öy– xyÓyÓ˚ ~•z ~Ü˛•z í˛z!qò ÷‹Ò @ˇÃ#‹ø≤Ãôyö (tropical) xM˛ÈˆÏ° çß√yˆÏ° !Ü˛ÇÓy üy!ê˛ˆÏï˛ ö%ˆÏöÓ˚ û˛yà

ˆÓ!¢ ~Ó˚Ü˛ü ¢yÓ˚#Ó˚Ó,_#Î˚ ÷‹Ò (physiologically dry) üy!ê˛ˆÏï˛ çß√yˆÏ° ~Ó˚y CAM í˛z!qˆÏòÓ˚ üˆÏï˛y ÓƒÓ•yÓ˚

Ü˛ Ï̂Ó̊ ~ÓÇ CAM ã˛ Ï̂e´Ó̊ üyôƒ Ï̂ü Ü˛yÓ≈ö xö% §ÇÓ¶˛ö Ü˛ Ï̂Ó̊– !ÓK˛yö# í z̨•zrê˛yÓ̊ Ä ê Δ̨yÄê˛ö (Winter and Troughton),
1978 !á fiê˛y Ï̂∑ ̨õÓ̊#«˛yÓ̊ üyôƒ Ï̂ü ≤Ãüyî Ü˛ Ï̂Ó̊ ̂ ò!á Ï̂Î̊ Ï̂åÈö ̂ Î ̂ Ü˛yö ~Ü˛!ê˛ í z̨!q Ï̂ò CAM-~Ó̊ ̃ Ó!¢‹Tƒ ç#öÈÙÈÓy!•ï˛

•ˆÏÎ˚ ÓÇ¢yö%e´ˆÏü x!ç≈ï˛ (hereditary) •ˆÏ°Ä !Ü˛å%È ˆ«˛ˆÏe ~!ê˛ ˛õ!Ó˚ˆÏÓ¢Ó˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#° •Î˚ ~ÓÇ ~üö !Ü˛å%È

CAM í z̨!qò (facultative) xyˆÏåÈ ÎyÓ˚y !òˆÏöÓ˚ ˆÓ°yÎ˚ Ó,!‹TÓ˚ ç° ˆ˛õˆÏ° ï˛yˆÏòÓ˚ ˛õeÓ˚¶…̨  ˆáy°y Ó˚yˆÏá ~ÓÇ

ï˛áö ï˛yÓ˚y C3 ã˛ˆÏe´Ó˚ üyôƒˆÏü Ü˛yÓ≈ö §ÇÓ¶˛ö Ü˛ˆÏÓ˚–
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xy Ï̂°yÜ˛ !öÎ̊!sfï˛ í z̨Í Ï̂§ã˛Ü˛ (Light Regulated Enzymes)

§y Ï̂°yÜ˛§Ç Ï̂Ÿ’ Ï̂£ÏÓ̊ xy Ï̂°yÜ˛ !öÓ̊ Į̈̂ õ«˛ ò¢yÎ̊ (dark phase Óy light independent) ~üö Ü˛ Ï̂Î̊Ü˛!ê˛ í z̨Í Ï̂§ã˛Ü˛

ÓƒÓ•*ï˛ •Î˚ñ ÎyÓ˚y ˆÜ˛Ó°üye xyˆÏ°yˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛•z §!e´Î˚ (activated) •Î˚ ~ÓÇ xyˆÏ°yˆÏÜ˛Ó˚ xö%˛õ!fli!ï˛ˆÏï˛

~Ó˚y Ü˛yç Ü˛Ó˚ˆÏï˛ x«˛ü •Î˚– ~Ó˚Ü˛ü ˛õÑyã˛!ê˛ í˛zÍˆÏ§ã˛Ü˛ •°ÈÙÙÙ

1. Ó˚y•z!Óí ẑ̨ Ï°yç !Ó§ú˛§ Ï̂ú˛ê˛ Ü˛yÓ≈!: Ï̂°ç (RuBP carboxylase)

2. !@’§yÓ˚ƒy°!í˛•y•zí˛ 3-ú˛§ˆÏú˛ê˛ !í˛•y•zˆÏí»˛y!çˆÏöç (glyceraldehyde 3-phosphate dehydrogenase)

3. ú %˛Ü˛ˆÏê˛yç Óy•zú˛§ˆÏú˛ê˛ ú˛§ˆÏú˛ˆÏê˛ç  (fructose bi-phosphate phosphatase)

4. ˆ§ˆÏí˛yˆÏ•≤Wz%ˆÏ°yç Óy•zú˛§ˆÏú˛ê˛ ú˛§ˆÏú˛ˆÏê˛ç  (sedoheptulose bi-phosphate phosphatase)

5. ú˛§ˆÏú˛yÓ˚y•z!Óí˛zˆÏ°yÈÙÈÜ˛y•zˆÏöç  (phosphoribulo kinase)

§y Ï̂°yÜ˛§Ç Ï̂Ÿ’£Ï ≤Ã!ï˛ Ï̂Ó̊yôÜ˛ (Inhibitors of Photosynthesis)

!Ü˛å%È •zí˛z!Ó˚Î˚yçyï˛ ˛õòyÌ≈ ˆÎüö ˆÜœ̨ yˆÏÓ˚y!ú˛öy•z° í˛y•z!üÌy•z°•zí˛z!Ó˚Î˚y (chlorophenyl dimethylurea Óy

CMU) ~ÓÇ í˛y•zˆÏÜœ˛yˆÏÓ˚y!ú˛öy•z° í˛y•z!üÌy•z°•zí˛z!Ó˚Î˚y (dichlorophenyl dimethylurea Óy DCMU)
§yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ xyˆÏ°yÜ˛ ò¢yÎ˚ PS II e´ˆÏü Q ˆÌˆÏÜ˛ PQ-~ •zˆÏ°Ü˛ê˛Δö fliyöyhsˇÓ˚î Ó¶˛ Ü˛ˆÏÓ˚ ˆòÎ˚– ~åÈyí ¸̨yÄ

!§üy!çö (simazine), xƒyê Δ̨y!çö (atrazine), ̂ Ó yüy!§° (bromacil) Ä xy•ẑ Ï§y!§° (isocyl) öyüÜ˛ ̂ ÎÔàÓ˚yÄ

~Ü˛•z Ü˛yç Ü˛ Ï̂Ó̊ Ìy Ï̂Ü˛– ≤ÃyÎ̊ ~Ü˛•zû˛y Ï̂Ó í˛y•ẑ ÏÜ˛yÎ̊yê˛ (diquat) ~ÓÇ ̨õƒyÓ̊y Ï̂Ü˛yÎ̊yê˛ (paraquat) ̂ ÎÔà ò%Û!ê˛ §yôyÓ̊îû˛y Ï̂Ó

û˛yÎ˚yˆÏ°yˆÏçö Ó˚OÜ˛ (viologen dye) öyˆÏü ˛õ!Ó˚!ã˛ï˛ ~ÓÇ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ xyˆÏ°yÜ˛ ò¢y ã˛°y Ü˛yˆÏ° ~Ó˚y PS I
ˆÌˆÏÜ˛ ˆú˛ˆÏÓ˚í˛!:ö (Fd)-~ •zˆÏ°Ü˛ê˛Δö ≤ÃˆÏÓˆÏ¢Ó˚ §üÎ˚ ˆ§!ê˛ˆÏÜ˛ @ˇÃ•î Ü˛ˆÏÓ˚ Ä «˛!ï˛Ü˛Ó˚ (harmful) §%˛õyÓ˚x:y•zí˛

(superoxide) ≤Ã›ï˛ Ü˛ˆÏÓ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï Ó¶˛ Ü˛ˆÏÓ˚ ̂ òÎ˚–

xö%¢#°ö# ≠     2

1. ¢)öƒfliyö ˛õ)Ó˚î Ü˛Ó˚&ö ≠

(a) ˆÜ˛°!û˛ö ã˛ˆÏe´ 3C xî%!Ó!¢‹T ≤ÃyÌ!üÜ˛ fliyÎ˚# ˆÎÔà!ê˛ •° È______–

(b) •ƒyã˛ Ä fl‘ƒyÜ˛ ã˛ˆÏe´ 4C xî%!Ó!¢‹T ≤ÃyÌ!üÜ˛ fliyÎ˚# ˆÎÔà!ê˛ •° ______–

(c) C3 ã˛ Ï̂e´ _____ ˆÎÔà!ê˛ ˆÌˆÏÜ˛ @’%ˆÏÜ˛yçñ §%ˆÏe´yç§• xöƒyöƒ ˆŸªï˛§yÓ˚ çyï˛#Î˚ áyòƒ ≤Ã›ï˛ •Î˚–

(d) 7C xî%!Ó!¢‹T ~Ü˛!ê˛ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï#Î˚ ˆÎÔà •° ______–

(e) C3 í˛z!qˆÏòÓ ̊ ______ ˆÜ˛yˆÏ£Ï ˆÜ˛°!û˛ö ã˛e´ âˆÏê˛–
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2. §!ë˛Ü˛ í˛z_Ó˚!ê˛ !ã˛!•´ï˛ Ü˛Ó˚&ö ≠

(a) C4 í˛z!qˆÏòÓ˚ ˆÜœ˛yˆÏÓ˚y≤’yˆÏfiê˛ S~Ü˛ † ò%•zV ôÓ˚̂ ÏöÓ˚ CO2 @ˇÃ•#ï˛y ÌyˆÏÜ˛–

(b) e´yöç Ü˛°yfliyö (Kranz anatomy) °«˛ƒ Ü˛Ó˚y ÎyÎ˚ C3/ C4/ CAM í˛z!qˆÏòÓ˚ ˛õyï˛yÎ˚

(c) §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï#Î˚ ò«˛ï˛y ˆÓ!¢ •Î˚ C3 / C4 í˛z!qˆÏò–

(d) CAM í˛z!qˆÏò Óy‹õˆÏüyã˛ˆÏöÓ˚ •yÓ˚ Söàîƒ † ˆÓ!¢ † fl∫yû˛y!ÓÜ˛V–

(e) Ü˛ƒyÜ˛ê˛y§ àyåÈ C3 / C4 / CAM ã˛ˆÏe´Ó˚ üyôƒˆÏü C xî% §ÇÓ¶˛ö Ü˛ˆÏÓ˚ ÌyˆÏÜ˛–

3. í˛yö!òˆÏÜ˛Ó˚ xÇˆÏ¢Ó˚ §ˆÏD Óyü!òˆÏÜ˛Ó˚ xÇ¢ §!ë˛Ü˛û˛yˆÏÓ xÇ¢ §!ë˛Ü˛û˛yˆÏÓ ˆü°yö ≠

(a) ˆÜœ˛yˆÏÓ˚y≤’yfiê˛ !mÓ˚*˛õï˛y (i) CAM í˛z!qˆÏò

(b) xyˆÏ°yÜ˛ÈÙÈŸª§ö ˆÓ!¢ •Î˚ (ii) DCMU

(c) §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ≤Ã!ï˛ˆÏÓ˚yôÜ˛ ˆÎÔà (iii) C4 í˛z!qˆÏò

(d) Ó˚yˆÏe ˛õeÓ˚¶…˛ ˆáy°y ÌyˆÏÜ˛ (iv) RuBp Ü˛yÓ≈!: Ï̂°ç

(e) xyˆÏ°yÜ˛ !öÎ˚sfÜ˛ í˛zÍˆÏ§ã˛Ü˛ (v) C3 í z̨!qò

9.4 ÓƒyÜ˛!ê˛!Ó˚Î˚yÎ˚  §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï (Bacterial photosynthesis)

~Ü˛ôÓ˚ˆÏöÓ˚ ÓƒyÜ˛!ê˛!Ó˚Î˚y xyˆÏåÈñ ÎyÓ˚y ÓƒyÜ˛!ê˛!Ó˚ÄˆÏÜœ˛yˆÏÓ˚y!ú˛° (bacteriochlorophyll), ˆÜœ˛yˆÏÓ˚y!ÓÎ˚yü

ˆÜœ˛yˆÏÓ˚y!ú˛° (chlorobium chlorophyll), Ü˛ƒyˆÏÓ˚y!ê˛öˆÏÎ˚í˛ ≤Ãû,˛!ï˛ Ó˚OÜ˛˛õòyÌ≈=!° xyˆÏ°yÜ˛ ̂ ¢y£Ïî Ü˛ˆÏÓ˚ ~ÓÇ

~•z ˆ¢y!£Ïï˛ xyˆÏ°yÜ˛¢!_´Ó˚ §y•yˆÏÎƒ ~Ó˚y §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ üyôƒˆÏü áyòƒ ≤Ã›ï˛ Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚– ~•zçyï˛#Î˚

ÓƒyÜ˛!ê˛!Ó˚Î˚yˆÏòÓ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# ÓƒyÜ˛!ê˛!Ó˚Î˚y (photosynthetic bacteria) Ó°y •Î˚–

§yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# ÓƒyÜ˛!ê˛!Ó˚Î˚y=!°Ó˚ áyòƒ ≤Ã›ï˛ Ü˛Ó˚ÓyÓ˚ ≤Ãîy°# xˆÏöÜ˛yÇˆÏ¢•z í˛zFã˛ˆÏ◊!îÓ˚ í˛z!qˆÏòÓ˚

üï˛ö– ÓƒyÜ˛!ê˛!Ó˚Î˚yÓ˚ ̂ «˛ˆÏe çˆÏ°Ó˚ ̨õ!Ó˚ÓˆÏï≈˛ •y•zˆÏí»˛yˆÏçö §y°ú˛y•zí˛ (H2S) •zˆÏ°Ü˛ê˛Δö òyï˛y (electron donor)
Ó˚*ˆÏ˛õ Ü˛yç Ü˛ˆÏÓ˚ñ ú˛ˆÏ° ÓƒyÜ˛!ê˛!Ó˚Î˚yÓ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏˆÏÜ˛ §yôyÓ˚îû˛yˆÏÓ ~û˛yˆÏÓ ≤ÃÜ˛y¢ Ü˛Ó˚y ÎyÎ˚ÈÙÙÙÈ

xyˆÏ°yÜ˛

6CO2 + 12H2S 12S + 6H2O + C6H12O6 + ¢!_´

~ˆÏ«˛ˆÏe x!:ˆÏçö í˛zÍ˛õß¨ •Î˚ öyñ ~Ó˚ ˛õ!Ó˚ÓˆÏï≈˛ §y°ú˛yÓ˚ (S) ~ÓÇ ¢!_´ Senergy) !öà≈ï˛ •Î˚– í˛zq$ï˛ ~•z

¢!_´Ó˚ §y•yˆÏÎƒ•z CO2 !Óçy!Ó˚ï˛ •Î˚ ~ÓÇ ¢Ü≈˛Ó˚y çyï˛#Î˚ áyòƒ ≤Ã›ï˛ •Î˚–
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~Ü˛!ê˛ ÓƒyÜ˛!ê˛!Ó˚Î˚yÓ˚ ˆe´yüyˆÏê˛yˆÏú˛yˆÏÓ˚ Ó˚OˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ ~ÓÇ ˆÜ˛yö ˆÎÔà CO2 !ÓçyÓ˚̂ Ïî xÇ¢@ˇÃ•î Ü˛Ó˚̂ ÏåÈ

ï˛yÓ˚ Ä˛õÓ˚ !û˛!_ Ü˛ˆÏÓ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# ÓƒyÜ˛!ê˛!Ó˚Î˚yˆÏÜ˛ §yôyÓ˚îû˛yˆÏÓ !ï˛ö û˛yˆÏà û˛yà Ü˛Ó˚y ÎyÎ˚ÈÙÙÙÈ

(a) §Ó%çÈÙÈ§y°ú˛yÓ˚ ÓƒyÜ˛!ê˛!Ó˚Î˚y     (Green-Sulphur Bacteria) :

ˆÜœ˛yˆÏÓ˚y!ÓÎ˚yü (Chlorobium), ˆÜœ˛yˆÏÓ˚y!§í˛zˆÏí˛yˆÏüyöy§ (Chloropseudomonas), ˆÜœ˛yˆÏÓ˚yÓƒyÜ˛!ê˛!Ó˚Î˚yü

(Chlorobacterium) çyï˛#Î˚ !Ü˛å%È ÓƒyÜ˛!ê˛!Ó˚Î˚y ~•z ˆ◊!îû%˛_´– ~Ó˚y §yôyÓ˚îï˛ xyˆÏ°y!Ü˛ï˛ çyÎ˚àyÎ˚ H2S
§ü!ß∫ï˛ üyôƒˆÏü çß√yÎ˚– ~•z §Ó%çÈÙÈ§y°ú˛yÓ˚ ÓƒyÜ˛!ê˛!Ó˚Î˚yÎ˚ ˆÜœ˛yˆÏÓ˚y!ú˛ˆÏ°Ó˚ üˆÏï˛y Ó˚OÜ˛ (pigment)
ÓƒyÜ˛!ê˛!Ó˚Ä!û˛!Ó˚!í˛ö (bacterioviridin) Óy ÓƒyÜ‰˛!ê˛!Ó˚Ä˛õyÓ˚!˛õí˛z!Ó˚ö (bacteriopurpurin) ÌyˆÏÜ˛ ~ÓÇ ~ˆÏòÓ˚

ˆÜœ̨ y Ï̂Ó̊y!ú˛° Ï̂Ü˛ ̂ Üœ̨ y Ï̂Ó̊y!ÓÎ̊yü ̂ Üœ̨ y Ï̂Ó̊y!ú˛° (Chlorobium chlorophyll) Ó°y •Î̊–

~•z ˆ◊!îû%˛_´ ÓƒyÜ˛!ê˛!Ó˚Î˚y Ü˛yÓ≈ö !ÓçyÓ˚̂ ÏîÓ˚ çöƒ H2SÈÙÈˆÜ˛ ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚– §Ó%ç ˜¢Óy° (green algae)
Ä í z̨Fã˛ Ï̂◊!îÓ̊ í z̨!q Ï̂òÓ̊ ü Ï̂ï˛y ~•z ÓƒyÜ˛!ê˛!Ó̊Î̊yÓ̊ !Ó!û˛ß̈ ̂ Üœ̨ y Ï̂Ó̊y!ú˛° xî%=!° ~Ü˛!eï˛ xÓfliyÎ̊ §y Ï̂°yÜ˛§Ç Ï̂Ÿ’£ÏÜ˛yÓ̊#

~Ü˛Ü˛ (photosynthetic unit) àë˛ö Ü˛ˆÏÓ˚– !Ó!û˛ß¨ ˆÜœ˛yˆÏÓ˚y!ú˛° xî% Ü˛ï≈,˛Ü˛ ˆ¢y!£Ïï˛ •ÓyÓ˚ ˛õÓ˚ xyˆÏ°yÜ˛¢!_´

!Ó!e´Î˚yˆÏÜ˛ˆÏw (reaction centre) fliyöyhsˇ!Ó˚ï˛ •Î˚ ~ÓÇ ~áyˆÏö•z H2S-~Ó˚ §y•yˆÏÎƒ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛Ó˚

xyˆÏ°yÜ˛ !ÓçyÓ˚î âˆÏê˛ÈÙÙÙ

§)Î≈y Ï̂°yÜ˛È

6CO2 + 12H2S C2H12O6 + 12S + 6H2O + ¢!_´
ˆe´yüyˆÏê˛yˆÏú˛yÓ˚

~ˆÏ«˛ˆÏe °«˛ƒ Ü˛Ó˚yÓ˚ !Ó£ÏÎ˚ •° ~•z ˆÎ §Ó%çÈÙÈ§y°ú˛yÓ˚ ÓƒyÜ˛!ê˛!Ó˚Î˚yÎ˚ x!:ˆÏçˆÏöÓ˚ ˛õ!Ó˚ÓˆÏï≈˛ §y°ú˛yÓ˚

≤Ã›ï˛ •Î˚ ~ÓÇ ¢Ü≈˛Ó˚y ≤Ã›!ï˛Ó˚ §üÎ˚ ¢!_´ !öà≈ï˛ •Î˚ÈÙÙÙÈÎy í˛zß¨ï˛ í˛z!qˆÏòÓ˚ ˆÌˆÏÜ˛ ~ˆÏòÓ˚ !û˛ß¨ï˛y ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚–

(b) ˆÓ=ö#ÈÙÈˆ°y!•ï˛ §y°ú˛yÓ˚ ÓƒyÜ‰̨ !ê˛!Ó˚Î˚y     (Purple-Sulphur Bacteria) :

ˆe´yüƒy!§Î˚yü (Chromatium) ~ÓÇ ÌyˆÏÎ˚y!flõ!Ó˚°yü (Thiospirillum) ~•z ˆ◊!îû%˛_´ ÓƒyÜ˛!ê˛!Ó˚Î˚y–

~Ó˚y §Ó%çÈÙÈ§y°ú˛yÓ˚ ÓƒyÜ˛!ê˛!Ó˚Î˚yÓ˚ §yˆÏÌ ~Ü˛•z §ˆÏD ~Ü˛•z ˛õ!Ó˚̂ ÏÓˆÏ¢ xÌ≈yÍ H2S §ü!ß∫ï˛ üyôƒˆÏü xyˆÏ°y!Ü˛ï˛

fliyˆÏö çß√yÎ˚– ~•z ö#°yû˛ÈÙÈ§Ó%ç ÓƒyÜ˛!ê˛!Ó˚Î˚yÎ˚ ÓƒyÜ˛!ê˛!Ó˚ÄˆÏÜœ̨ yˆÏÓ˚y!ú˛° (bacteriochlorophyll) -a Ä -b öyˆÏü

ò%!ê˛ Ó˚OÜ˛˛õòyÌ≈ (pigment) åÈyí˛¸yÄ ≤Ãã%˛Ó˚ ˛õ!Ó˚üyˆÏî Ü˛ƒyˆÏÓ˚y!ê˛öˆÏÎ˚í˛ (carotenoid) ˆÎÔà í˛z˛õ!fliï˛ ÌyˆÏÜ˛–

ˆe´yüƒy!ê˛Î˚yü (Chromatium) !Ó!û˛ß¨ §y°ú˛yÓ˚ ˆÎÔàñ ˆÎüö ˆ§y!í˛Î˚yü ÌyˆÏÎ˚y§y°ˆÏú˛ê˛ (Na2S2O2) xÌÓy

ˆ§ˆÏ°!öÎ˚yü (Selenium) çyï˛#Î˚ ˆÎÔˆÏàÓ˚ §ˆÏD !Ó!e´Î˚y Ü˛ˆÏÓ˚ Ä CO2ÈÙÈˆÜ˛ !Óçy!Ó˚ï˛ Ü˛ˆÏÓ˚–

§)Î≈y Ï̂°yÜ˛

2CO2 + 5H2O + Na2S2O3 2(CH2O) + 2H2O + 2NaHSO4 + ¢!_´
ˆe´yüyˆÏê˛yˆÏú˛yÓ˚
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(c) §y°ú˛yÓ˚!Ó•#ö ÓƒyÜ‰˛!ê˛!Ó˚Î˚y     (Non-sulphur Bacteria) :

ˆÓ˚yˆÏí˛yflõy•z!Ó˚°yü (Rhodospirillum) ~ÓÇ ˆÓ˚yˆÏí˛y!§í˛zˆÏí˛yˆÏüyöy§ (Rhodopseudomonas)
~•z ˆ◊!îû%˛_´ ÓƒyÜ˛!ê˛!Ó˚Î˚y– ~ˆÏòÓ˚ ˆe´yˆÏüyˆÏê˛yˆÏú˛yˆÏÓ˚ ÓƒyÜ˛!ê˛!Ó˚ÄˆÏÜœ˛yˆÏÓ˚y!ú˛° -a Ä -b ÌyˆÏÜ˛– ~•z ≤Ãçy!ï˛Ó˚

ÓƒyÜ˛!ê˛!Ó˚Î˚yÓ˚y ˜çÓ xƒy!§í˛ Ä xƒy°ˆÏÜ˛y•ˆÏ°Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ ÓÑyã˛ˆÏï˛ ˛õyˆÏÓ˚ ~ÓÇ H2S-~Ó˚ ˛õ!Ó˚ÓˆÏï≈˛ xƒy°ˆÏÜ˛y•°

(alcohol) xÌÓy üƒy!°Ü˛ (malic) Óy §yÜ˛!§!öÜ˛ (succinic) xƒy!§í˛ˆÏÜ˛ çy!Ó˚ï˛ Ü˛ˆÏÓ˚ CO2-~Ó˚ !ÓçyÓ˚î

âê˛yÎ˚– !Ó!e´Î˚yÓ˚ §üÎ˚ ÓƒyÜ˛!ê˛!Ó˚ÄˆÏÜœ˛yˆÏÓ˚y!ú˛° §)Î≈yˆÏ°yˆÏÜ˛Ó˚ xÓˆÏ°y!•ï˛ (infra-red) xyˆÏ°yÜ˛ ˆ¢y£Ïî Ü˛ˆÏÓ˚

~ÓÇ ˙ ˆ¢y!£Ïï˛ ¢!_´Ó˚ §y•yˆÏÎƒ Ü˛yÓ≈ˆÏöÓ˚ !ÓçyÓ˚î âê˛yÎ˚–

§)Î≈y Ï̂°yÜ˛

2CH3CHOHCH3 + CO2 CH2O + 2CH3COCH3 + H2O + ¢!_´
ˆe´yüyˆÏê˛yˆÏú˛yÓ˚

Sxy•ẑ Ï§y Ï̂≤Ãy˛õy•z° Sxƒy!§ Ï̂ê˛yöV

xƒy° Ï̂Ü˛y•°V

9.4.1  ÓƒyÜ˛!ê˛!Ó˚Î˚yÎ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ §Çâê˛öfli°     (Locale of photosynthesis)

≤ÃÜ,̨ ï˛ ̂ Üœ̨ y Ï̂Ó˚y≤’y Ï̂fiê˛Ó˚ ü Ï̂ï˛y xyò¢≈ ̂ Ü˛y£ÏÈÙÈxDyî% (organalle) ÓƒyÜ˛!ê˛!Ó˚Î˚yÎ˚ öy ÌyÜ˛ Ï̂°Ä §y Ï̂°yÜ˛§Ç Ï̂Ÿ’ Ï̂£ÏÓ˚

çöƒ ≤ÃˆÏÎ˚yçö#Î˚ Ó˚OÜ˛˛õòyÌ≈ (pigment) ˆ≤Ãy!ê˛ˆÏöÓ˚ §yˆÏÌ Î%_´ •ˆÏÎ˚ 500 – 600 Å Óƒy§Î%_´ Ì!°Ó˚ üˆÏï˛y

ˆû˛!§Ü‰˛° (vesicle) àë˛ö Ü˛ˆÏÓ˚– !ÓK˛yö# fiê˛ƒy!öÎ˚Ó˚ (Stanier) Ä ïÑ˛yÓ˚ §•ü#≈Ó˚y (coworkers) 1952 !á fiê˛yˆÏ∑

~•z ˆû˛!§Ü‰˛°=!°ˆÏÜ˛ Úˆe´yüyˆÏê˛yˆÏú˛yÓ˚Û (Chromatophore) xyáƒy ˆòö ~ÓÇ ~•z ˆe´yüyˆÏê˛yˆÏú˛yÓ˚•z •°

ÓƒyÜ˛!ê˛!Ó˚Î˚yÎ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ ≤Ãôyö xÜ%˛fli°– ≤Ãçy!ï˛ˆÏû˛ˆÏò ˆe´yˆÏüyˆÏê˛yˆÏú˛yÓ˚=!°Ó˚ àë˛ö ã˛yÜ‰˛!ï˛ (saucer),
ˆ˛õÎ˚y°y (cup) xÌÓy !í˛¡∫yÜ,˛ï˛ (oval) •ˆÏÎ˚ ÌyˆÏÜ˛– ≤Ã!ï˛!ê˛ ˆe´yüyˆÏê˛yˆÏú˛yÓ˚ Ü˛ï˛=!° §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï#Î˚ ~Ü˛Ü˛

(photosynthetic unit)-~Ó̊ §üß∫̂ ÏÎ̊ à!ë˛ï˛– ̂ Ó̊y Ï̂í˛yflõy•z!Ó̊°yü !fl≥˛Ó̊ Ï̂Î̊í‰̨ §‰ (Rhodospirillum sphaeroids)-
~Ó̊ ̂ e´y Ï̂üy Ï̂ê˛y Ï̂ú˛yÓ̊ ̨õ,ÌÜ˛ Ü˛ Ï̂Ó̊ ̂ òáy ̂ à Ï̂åÈ ̂ Î ~ Ï̂ï˛ 40!ê˛ !Ó!e´Î̊y Ï̂Ü˛w (reaction centre complex), 500!ê˛

xy Ï̂°yÜ˛ @Ã̌•î ̂ ÎÔà (light harvesting complex) ~ÓÇ ≤ÃyÎ̊ 1000!ê˛ Ü˛ƒy Ï̂Ó̊y!ê˛ö Ï̂Î̊í˛ ~ÓÇ 1000!ê˛  •zí z̨!ÓÜ%̨ •ẑ Ïöyö

xö% ÌyˆÏÜ˛–

9.4.2  ÓƒyÜ˛!ê˛!Ó ˚Î ˚ yÎ ˚ §yˆ Ï°yÜ˛§Çˆ ÏŸ’£ Ï ˛õk˛!ï ˛ (Mechanism of Bacterial
Photosynthesis)

§Ó%ç ̃ ¢Óy° (green algae) Ä í z̨Fã˛ Ï̂◊!îÓ̊ í z̨!qò  (higher plants)-Ó̊ ü Ï̂ï˛y ÓƒyÜ˛!ê˛!Ó̊Î̊yÓ̊ !Ó!û˛ß̈ ̂ Üœ̨ y Ï̂Ó̊y!ú˛°

SÓƒyÜ˛!ê˛!Ó˚ÄˆÏÜœ˛yˆÏÓ˚y!ú˛°ñ ˆÜœ˛yˆÏÓ˚y!ÓÎ˚yü ˆÜœ˛yˆÏÓ˚y!ú˛° •zï˛ƒy!òV xî%=!° ~Ü˛!eï˛ •ˆÏÎ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# ~Ü˛Ü˛

(photosynthetic unit) àë˛ö Ü˛ˆÏÓ˚– ~•z ~Ü˛ˆÏÜ˛ ~Ü˛y!ôÜ˛ ˆÜœ˛yˆÏÓ˚y!ú˛° xî% myÓ˚y xyˆÏ°yÜ˛ ˆ¢y!£Ïï˛ •ÓyÓ˚ ˛õÓ˚

ˆ§!ê˛ !Ó!e´Î˚yˆÏÜ˛ˆÏw (reaction centre) fliyöyhsˇ!Ó˚ï˛ •Î˚–

ˆÓ˚yˆÏí˛yflõy•z!Ó˚°yü Ó˚&Ó yü (Rhodospirillum rubrùm) öyüÜ˛ ÓƒyÜ˛!ê˛!Ó˚Î˚yÓ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ̨õk˛!ï˛ ~ÓÇ

§y Ï̂°yÜ˛§Ç Ï̂Ÿ’ Ï̂£ÏÓ̊ xy Ï̂°yÜ˛ ò¢yÎ̊ (light phase)-~ •ẑ Ï°Ü˛ê Δ̨ö ≤ÃÓy• Ü˛#û˛y Ï̂Ó â Ï̂ê˛ñ ï˛y !ÓK˛yö# û˛yö≈ö (Vernon)
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1964 !á fiê˛yˆÏ∑ Óƒyáƒy Ü˛ˆÏÓ˚ö– ïÑ˛yÓ˚ üˆÏï˛ ÓƒyÜ˛!ê˛!Ó˚ÄˆÏÜœ˛yˆÏÓ˚y!ú˛ˆÏ° xyˆÏ°yÜ˛ ˛õí˛¸y üye ~Ü˛y!ôÜ˛ ˆÜœ˛yˆÏÓ˚y!ú˛°

xö% Ü˛ï≈,˛Ü˛ ˆ¢y!£Ïï˛ xyˆÏ°yÜ˛¢!_´ ~Ó˚ !Ó!e´Î˚yˆÏÜ˛ˆÏw xÓ!fliï˛ P890 ˆÜœ˛yˆÏÓ˚y!ú˛° xö%ˆÏï˛ ~ˆÏ§ ˆ˛õÑÔåÈyÎ˚– í˛zˆÏ_!çï˛

P890 ̂ Üœ˛yˆÏÓ˚y!ú˛° xö%!ê˛ ú˛ˆÏ° í˛zˆÏ_!çï˛ (excited) •Î˚ ~ÓÇ ~Ü˛!ê˛ •zˆÏ°Ü˛ê˛Δö !öà≈ï˛ Ü˛ˆÏÓ˚– ~•z !öà≈ï˛ •zˆÏ°Ü˛ê˛Δö

(e–) ̂ ú˛ Ï̂Ó̊í˛!:ö (ferredoxin) ~ÓÇ úœ̨ ƒy Ï̂û˛y Ï̂≤Ãy!ê˛ö (flavoprotein Óy FMN)-~Ó̊ üyôƒ Ï̂ü ≤ÃÓy!•ï˛ •Î̊ NAD+

ˆÜ˛ !Óçy!Ó˚ï˛ Ü˛ˆÏÓ˚– ˆú˛ˆÏÓ˚í˛!:ö NAD !Ó˚í˛yÜ˛ˆÏê˛ç (ferredoxin NAD reductase) öyüÜ˛ í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚

í˛z˛õ!fli!ï˛ˆÏï˛ ~•z !ÓçyÓ˚î âˆÏê˛ ~ÓÇ NAD ˆÌˆÏÜ˛ NADH+H+ í˛zÍ˛õß¨ •Î˚–

xyˆÏ°yÜ˛ xˆÏöÜ˛ §üÎ˚ •zí˛z!ÓÜ%˛•zˆÏöyö (ubiquinone) öyüÜ˛ xöƒ ~Ü˛!ê˛ •zˆÏ°Ü˛ê˛Δö@ˇÃ•#ï˛y ˆú˛ˆÏÓ˚í˛!:ö Óy

FMN ˆÌˆÏÜ˛ •zˆÏ°Ü˛ê˛Δö!ê˛ @ˇÃ•î Ü˛ˆÏÓ˚ ˆöÎ˚ ~ÓÇ ˆ§ˆÏ«˛ˆÏe •zˆÏ°Ü˛ê˛Δö!ê˛ NAD+ ˆÜ˛ !Óçy!Ó˚ï˛ öy Ü˛ˆÏÓ˚

ˆÓ˚yˆÏí˛yflõy•z!Ó˚°yü !•ü ˆ≤Ãy!ê˛ö (Rhodospirillum Haeme Protein Óy RHP) ˆÎÔˆÏà fliyöyhsˇ!Ó˚ï˛ •Î˚– ~•z

RHP ̂ Ì Ï̂Ü˛ ~Ü˛y!ôÜ˛ §y•ẑ Ïê˛y Ï̂e´yü (cytochrome b Óy cyt b ~ÓÇ cytochrome C2 Óy eyt C2)-~Ó̊ üyôƒ Ï̂ü

•zˆÏ°Ü˛ê˛Δö!ê˛ ÓƒyÜ˛!ê˛!Ó˚ÄˆÏÜœ˛yˆÏÓ˚y!ú˛ˆÏ° (Bchl.) !ú˛ˆÏÓ˚ xyˆÏ§– ˆÎ ã˛e´Ü˛yÓ˚ ˛õˆÏÌ •zˆÏ°Ü˛ê˛Δö!ê˛ ≤ÃÓy!•ï˛ •Î˚ ï˛y

•°ÈÙÙÙÈBChl(P890) → Fd →  •zí˛z!ÓÜ%˛•zöö → RHP → cyt b → cyt C2 → P890 S!ã˛e öÇ 9.16 ˆòá%öV

!ã˛e öÇ 9.16 : ÓƒyÜ˛!ê˛!Ó˚Î˚yÎ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ §üÎ˚ •zˆÏ°Ü˛ê˛Δö fliyöyhsˇÓ˚î ̂ Îû˛yˆÏÓ âˆÏê˛ ï˛y ̂ òáyö •ˆÏFåÈ–

~áyˆÏö FMN = úœ˛ƒyˆÏû˛yˆÏ≤Ãy!ê˛öñ RHP = ̂ Ó˚yˆÏí˛yflõy•z!Ó˚°yü !•ü ̂ ≤Ãy!ê˛ö ~ÓÇ cyt b Ä cyt c ÎÌye´ˆÏü

§y•zˆÏê˛yˆÏe´yü b Ä §y•zˆÏê˛yˆÏe´yü c !öˆÏò≈¢ Ü˛Ó˚ˆÏåÈ–
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x Ï̂öÜ˛ §üÎ̊ H2S åÈyí˛̧yÄ !Ü˛å%È ̃ çÓ xƒy!§í˛ (organic acid) ̂ Îüö §yÜ˛!§ Ï̂öê˛ (succinate), !ú˛í˛züyˆÏÓ˚ê˛

(fumarate) xÌÓy ÌyˆÏÎ˚y§y°ˆÏú˛ê˛ (thiosulphate) •zˆÏ°Ü˛ê˛Δöòyï˛y (donor) Ó˚*ˆÏ˛õ Ü˛yç Ü˛ˆÏÓ˚– ~ˆÏ«˛ˆÏe ˆÎ

xã˛e´yÜ˛yÓ̊ ̨õ Ï̂Ì •ẑ Ï°Ü˛ê Δ̨ö fliyöyhsˇ!Ó̊ï˛ •Î̊ ï˛y •°ÈÙÙÙÈ§y!: Ï̂öê˛ † !ú˛í z̨üy Ï̂Ó̊ê˛ † Ìy Ï̂Î̊y§y° Ï̂ú˛ê˛ † H2S→ •zí z̨!ÓÜ%̨ •zöö

→ RHP → cyt b → cyt C2 → Bchl → Fd → FMN → NAD+ S!ã˛e öÇ 9.17 ˆòá%öV–

!ÓK˛yö# ˆú ˛ˆÏB˛° (Frenkel) 1954 !á fiê˛yˆÏ∑ §Ó≈≤ÃÌü ˆòáyö ˆÎ í˛zß¨ï˛ í˛z!qˆÏòÓ˚ üˆÏï˛y ÓƒyÜ˛!ê˛!Ó˚Î˚yˆÏï˛Ä

ú˛ Ï̂ê˛yú˛§ Ï̂ú˛yÓ̊y•ẑ Ï°¢ö (photophosphorylation) â Ï̂ê˛ ~ÓÇ ÓƒyÜ˛ Ï̂ê˛!Ó̊Î̊y Ï̂ï˛Ä ã˛e´yÜ˛yÓ̊ ú˛ Ï̂ê˛yú˛§ Ï̂ú˛yÓ̊y•ẑ Ï°¢ö•z

≤Ãôyö (dominant)– §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# ÓƒyÜ˛!ê˛!Ó˚Î˚yˆÏï˛ x!:ˆÏçö í˛zq(ï˛ •Î˚ öy ÓˆÏ° ˛õ)ˆÏÓ≈ !ÓK˛yö#ˆÏòÓ˚ ~üö

~Ü˛ê˛y ôyÓ˚îy !åÈ° ˆÎ ÓƒyÜ˛!ê˛!Ó˚Î˚yÎ˚ xã˛e´yÜ˛yÓ˚ (non-cyclic) ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö xö%˛õ!fliï˛ ÌyÜ˛yÓ˚ çöƒ•z

~ê˛y âˆÏê˛– ï˛ˆÏÓ 1961 !á fiê˛yˆÏ∑ ˆöyçyÜ˛# Ä ïÑ˛yÓ˚ §•Ü˛ü#≈Ó˚y (Nozaki et al.) ˛õÓ˚#«˛yÓ˚ üyôƒˆÏü ÓƒyÜ˛!ê˛!Ó˚Î˚yÎ˚

xã˛e´yÜ˛yÓ˚ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö ~Ó˚ x!hflÏc ≤Ãüyî Ü˛ˆÏÓ˚ö– Ü˛yˆÏç•z ˆòáy ÎyˆÏFåÈ ˆÎ í˛zß¨ï˛ˆÏ◊!îÓ˚ í˛z!qˆÏòÓ˚

üˆÏï˛y §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# ÓƒyÜ˛!ê˛!Ó˚Î˚yÄ xyˆÏ°yˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ ATP Ä NADPH ≤Ã›ï˛ Ü˛ˆÏÓ˚ñ Îy ï˛yÓ˚y

Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ !fli!ï˛Ü˛Ó˚ˆÏî ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚– ã˛e´yÜ˛yÓ˚ Ä xã˛e´yÜ˛yÓ˚ ˛õˆÏÌ •zˆÏ°Ü˛ê˛Δö fliyöyhsˇÓ˚î ~ÓÇ

ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö S!ã˛e öÇ 9.17 ˆòá%öV–

!ã˛e öÇ 9.17
A.     ÓƒyÜ˛!ê˛!Ó˚Î˚yÎ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ ã˛e´yÜ˛yÓ˚ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö

B.     ÓƒyÜ˛!ê˛!Ó˚Î˚yÎ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ xã˛e´yÜ˛yÓ˚ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö
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x!ôÜ˛yÇ¢ ÓƒyÜ˛!ê˛!Ó˚Î˚yÎ˚ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ñ Ü˛yÓ≈ˆÏöÓ˚ ≤Ãôyö í˛zÍ§ •ˆÏ°Ä xˆÏöÜ˛ˆÏ«˛ˆÏe !Ó!û˛ß¨ ˜çÓ ˆÎÔà

(organic compound) Ü˛yÓ≈ˆÏöÓ˚ í˛zÍ§ (source) Ó˚*ˆÏ˛õ ÓƒÓ•*ï˛ •Î˚– !ÓK˛yö# ú˛à (Fog) 1968 !á fiê˛yˆÏ∑

ˆï˛ç!fl;˛Î˚ Ü˛yÓ≈ö (14C)-~Ó˚ §y•yˆÏÎƒ ≤Ãüyî Ü˛ˆÏÓ˚ ˆòáyö ˆÎñ ˆÓ˚yˆÏí˛yflõy•z!Ó˚°yü Ó˚&Ó yü (Rhodospirillum
rubrum) ~ÓÇ ÌyˆÏÎ˚yÓƒy!§°y§ (Thiobacillus)-§• ~Ü˛y!ôÜ˛ ÓƒyÜ˛!ê˛!Ó˚Î˚yÎ˚ Ü˛yÓ≈ö !ÓçyÓ˚î í˛zß¨ï˛ í˛z!qˆÏòÓ˚

üï˛ö ˆÜ˛°!û˛ö ã˛ˆÏe´Ó˚ üyôƒˆÏü §¡õß¨ •Î˚ ~ÓÇ ~•z ˛õk˛!ï˛ˆÏï˛ xyˆÏ°yÜ˛ ò¢yÎ˚ í˛zq(ï˛ ATP Ä NADPH ÓƒÓ•*ï˛

•Î˚–

9.4.3  ÓƒyÜ‰˛!ê˛!Ó˚Î˚y Ä í˛zß¨ï˛ í˛z!qˆÏò §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ ï%˛°öy (Comparison between
Photosynthesis of Bacteria and higher plants)

§y Ï̂°yÜ˛§Ç Ï̂Ÿ’£ÏÜ˛yÓ̊# ÓƒyÜ˛!ê˛!Ó̊Î̊y ~ÓÇ í z̨Fã˛ Ï̂◊!îÓ̊ í z̨!qòñ í z̨û˛ Ï̂Î̊Ó̊ ü Ï̂ôƒ §y Ï̂°yÜ˛§Ç Ï̂Ÿ’£Ï#Î̊ ̨õk˛!ï˛ Ï̂ï˛ ~Ü˛y!ôÜ˛

§yò,¢ƒ °«˛ƒ Ü˛Ó̊y ÎyÎ̊ ~ÓÇ ~Ó̊ í z̨̨ õÓ̊ !û˛!_ Ü˛ Ï̂Ó̊ Ó°y ã˛ Ï̂° ̂ Î §y Ï̂°yÜ˛§Ç Ï̂Ÿ’£ÏÜ˛yÓ̊# ÓƒyÜ˛!ê˛!Ó̊Î̊y•z (photosynthetic
bacteria) •° ≤ÃÌü fl∫̂ Ïû˛yç# í˛z!qòñ ÎyˆÏòÓ˚ e´ü!ÓÓï≈˛ö (evolution)-~Ó˚ ú˛ˆÏ° í˛zß¨ï˛ §Ó%ç í˛z!qˆÏòÓ˚ §,!‹T

•ˆÏÎ˚ˆÏåÈ–

§yˆÏ°yÜ˛§ÇˆÏŸ’£Ï#Î˚ ˛õk˛!ï˛ˆÏï˛ §Ó%ç ÓƒyÜ˛!ê˛!Ó˚Î˚y ~ÓÇ í˛zß¨ï˛ í˛z!qˆÏò °«˛î#Î˚ §yò,¢ƒ=!° •°ÈÙÙÙÈ

1. ÓƒyÜ˛!ê˛!Ó˚Î˚y ~ÓÇ §Ó%ç í˛z!qòñ í˛zû˛Î˚ ˆ«˛ˆÏe•z ˆ¢y!£Ïï˛ xyˆÏ°yÜ˛¢!_´ ~Ü˛!ê˛ !ö!ò≈‹T !Ó!e´Î˚yˆÏÜ˛ˆÏw

(reaction centre) ~ Ï̂§ ̂ ˛õÑÔåÈyÎ̊–

2. í˛zû˛Î˚ ≤ÃÜ˛yÓ˚ í˛z!qˆÏò•z §•yÎ˚Ü˛ Ó˚OÜ˛˛õòyˆÏÌ≈Ó˚ (accessory pigment) üˆÏôƒ §yò,¢ƒ xyˆÏåÈ–

3. ã˛e´yÜ˛yÓ˚ Ä xã˛e´yÜ˛yÓ˚ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö í˛zû˛Î˚ í˛z!qˆÏò•z ˛õ!Ó˚°!«˛ï˛ •Î˚–

4. •zˆÏ°Ü˛ê˛Δö fliyöyhsˇÓ˚̂ ÏîÓ˚ §üÎ˚ •zˆÏ°Ü˛ê˛Δö @ˇÃ•#ï˛yÓ˚ ≤ÃÜ,˛!ï˛àï˛ !ü° áÑ%ˆÏç ˛õyÄÎ˚y ÎyÎ˚–

5. í z̨û˛Î̊ Ï̂«˛ Ï̂e•z ATP ~ÓÇ NADPH Óy NADH ≤Ã›ï˛ •Î̊ ~ÓÇ ~ Ï̂ï˛ xy Ï̂°y Ï̂Ü˛Ó̊ í z̨̨ õ!fli!ï˛ x˛õ!Ó̊•yÎ≈–

§yÓ˚î# 9.3 : ÓƒyÜ˛!ê˛!Ó˚Î˚y Ä í˛zß¨ï˛ í˛z!qˆÏò §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ ï˛ú˛yï˛

ÓƒyÜ˛!ê˛!Ó˚Î˚y §Ó%ç í˛z!qò

1. ˆÜ˛yˆÏöy !ö!ò≈‹T ̂ Üœ̨ yˆÏÓ˚y≤’yfiê˛ ̂ ö•z–

2. ≤Ãôyö Ó˚OÜ˛˛õòyÌ≈ ÓƒyÜ˛!ê˛!Ó˚ÄˆÏÜœ̨ yˆÏÓ˚y!ú˛° (bacte-
riochlorophyll), ÓƒyÜ˛!ê˛!Ó ˚Ä!û˛!Ó ˚ !í˛ö

(bacteriovitidin) Ä Ü˛ƒyˆÏÓ˚y!ê˛öˆÏÎ˚í˛ (caroten-
oid)–

3. ˆ¢y!£Ïï˛ xy Ï̂°yÜ˛ í z̨Fã˛ ï˛Ó̊D Ï̃òâ≈ƒ§¡õß̈ (800-900
nm) xÌ≈yÍ xÓ Ï̂°y!•ï˛ (infra-red)–

1. §%à!ë˛ï˛ ˆÜœ̨ yˆÏÓ˚y≤’yfiê˛ ÌyˆÏÜ˛–

2. ≤Ãôyö Ó˚OÜ˛˛õòyÌ≈=!° •° ˆÜœ˛yˆÏÓ˚y!ú˛° a Ä -b
(chlorophyll -a and -b), Ü˛ƒyˆÏÓ˚y!ê˛öˆÏÎ˚í˛ (caro-
tenoid) Ä ú˛y•zˆÏÜ˛y!Ó!°ö (phycobilin)–

3. xˆÏ˛õ«˛yÜ,˛ï˛ Ü˛ü ï˛Ó˚D˜Ïòâ≈ƒÎ%_´ xyˆÏ°yÜ˛ (450 – 700
nm) ˆ¢y!£Ïï˛ •Î˚–
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ÓƒyÜ˛!ê˛!Ó˚Î˚y §Ó%ç í˛z!qò

4. !Ó!e´Î̊y Ï̂Ü˛w (reaction centre) ~Ü˛!ê˛ ~ÓÇ ~!ê˛ Ï̂Ü˛

P890 xyáƒy ˆòÄÎ˚y •Î˚–

5. §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yˆÏ° x!:ˆÏçö í˛zÍ˛õß¨ •Î˚ öy–

6. ≤ÃyÌ!üÜ˛ •ẑ Ï°Ü˛ê Δ̨ö òyï˛y •° •y•ẑ Ïí»̨ y Ï̂çö §y°ú˛y•zí˛

(H2S) xÌÓy !Ü˛å%È ̃ çÓ ~ÓÇ x˜ÏçÓ ̂ ÎÔà–

7. çˆÏ°Ó˚ çyÓ˚î âˆÏê˛ öy–

8. Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ åÈyí˛̧yÄ xöƒ ̃ çÓ ̂ ÎÔà Ü˛yÓ≈̂ ÏöÓ̊

í˛zÍ§ (source) !•§yˆÏÓ ÓƒÓ•*ï˛ •Î˚–

9. CO2-~Ó̊ !ÓçyÓ̊Ü˛ •° NADH–

10. xyˆÏ°yˆ ÏÜ˛Ó ˚ í˛ z ˛õ!fli!ï˛ ~ÓÇ x!:ˆÏçˆÏöÓ˚

xö%˛õ!fli!ï˛ˆÏï˛ ≤Ã!e´Î˚y!ê˛ âˆÏê˛–

11. ~üyÓ˚§ˆÏöÓ˚ ≤Ãû˛yÓ (Emerson effect) °«˛ƒ Ü˛Ó˚y

ÎyÎ˚ öy–

12. ã˛e´yÜ˛yÓ̊ Ä xã˛e´yÜ˛yÓ̊ ú˛ Ï̂ê˛yú˛§ Ï̂ú˛yÓ̊y•ẑ Ï°¢öÈÙÈ~Ó̊

ü Ï̂ôƒ ã˛e´yÜ˛yÓ̊•z ≤Ãôyö (dominant)–

4. P680 Ä P700 öyˆÏü ò%•z!ê˛ ˛õ,ÌÜ˛ !Ó!e´Î˚yˆÏÜ˛w í˛z˛õ!fliï˛

Ìy Ï̂Ü˛–

5. §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yˆÏ° x!:ˆÏçö í˛zq(ï˛ •Î˚––

6. ≤ÃyÌ!üÜ˛ •ẑ Ï°Ü˛ê Δ̨ö òyï˛y •° ç° (H2O)–

7. çˆÏ°Ó˚ çyÓ˚î âˆÏê˛ x!:ˆÏçö í˛zÍ˛õß¨ •Î˚–

8. ÷ô%üye Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛•z (CO2) Ü˛yÓ≈ˆÏöÓ˚

í˛zÍ§Ó˚*ˆÏ˛õ ÓƒÓ•*ï˛ •Î˚–

9. CO2-~Ó̊ !ÓçyÓ̊Ü˛ •° NADPH–

10. xy Ï̂°yÜ˛ ~ÓÇ x!: Ï̂çö í z̨û˛ Ï̂Î̊Ó̊•z í z̨̨ õ!fli!ï˛ Ï̂ï˛ ≤Ã!e´Î̊y!ê˛

â Ï̂ê˛–

11. ~üyÓ̊§ Ï̂öÓ̊ ≤Ãû˛yÓ (Emerson's effect) °«˛ƒ Ü˛Ó̊y ÎyÎ̊–

12. í˛zû˛Î˚ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢öÈÙÈ~Ó˚ üˆÏôƒ xã˛e´yÜ˛yÓ˚

(non-cyclic)-•z ≤Ãòyö–

9.5 §#üyfli ≤Ãû˛yÓÜ˛     (Limiting Factor)

xöƒyöƒ ¢yÓ̊#Ó̊Ó,_#Î̊ (physiological) !e´Î̊yÓ̊ ü Ï̂ï˛y §y Ï̂°yÜ˛§Ç Ï̂Ÿ’£Ï ̨õk˛!ï˛!ê˛ ~Ü˛y!ôÜ˛ ≤Ãû˛yÓÜ˛ (factors)
myÓ˚y !öÎ˚!sfï˛ •Î˚– ~•z ≤Ãû˛yÓÜ˛=!°Ó˚ üˆÏôƒ xyˆÏ°yÜ˛ñ CO2, ï˛y˛õüyey (temperature) ~•z !ï˛ö!ê˛ •° ≤Ãôyö

Ó!•É≤Ãû˛yÓÜ˛ (external factors)– ~åÈyí˛̧yÄ ̨õyï˛yÓ̊ xû˛ƒhsˇÓ̊#î àë˛ö (internal structure of leaves), ̨õyï˛yÎ̊

ˆÜœ˛yˆÏÓ˚y!ú˛ˆÏ°Ó˚ ˛õ!Ó˚üyî (chlorophyll content) •zï˛ƒy!ò xhsˇÉ≤Ãû˛yÓÜ˛ (internal factor)-~Ó˚ Ä˛õÓ˚

§y Ï̂°yÜ˛§Ç Ï̂Ÿ’ Ï̂£ÏÓ̊ •yÓ̊ (rate of photosynthesis) !öû ≈̨Ó̊ Ü˛ Ï̂Ó̊–

~áö ~Ü˛!ê˛ í˛z!qˆÏò §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ •yÓ˚ Ü˛ï˛ê˛y ˆÓ!¢ Óy Ü˛ü •ˆÏÓ ï˛y ~•z !Ó!û˛ß¨ ≤Ãû˛yÓˆÏÜ˛Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚

Ü˛ˆÏÓ˚ !ë˛Ü˛•zñ !Ü˛v !ÓK˛yö#Ó˚y ~•z ≤Ãû˛yÓˆÏÜ˛Ó˚ ú˛°yú˛°=!° ~Ü˛§ˆÏD !ÓˆÏÓã˛öy (consider) öy Ü˛ˆÏÓ˚ ≤Ã!ï˛!ê˛ ≤Ãû˛yÓÜ˛

§yˆÏ°yÜ˛§ÇˆÏŸ’£ÏˆÏÜ˛ ˛õ,ÌÜ˛ ˛õ,ÌÜ˛û˛yˆÏÓ Ü˛#û˛yˆÏÓ !öÎ˚sfî Ü˛ˆÏÓ˚ ï˛y ˛õÎ≈yˆÏ°yã˛öy Ü˛ˆÏÓ˚̂ ÏåÈö– ïÑ˛yÓ˚y ~•z ≤Ãû˛yÓÜ˛=!°ˆÏÜ˛

§Ó≈y!ôÜ˛ (maximum)ñ §Ó≈!ö¡̈ (minimum) ~ÓÇ ̨õÓ̊ü (optimum)—~•z !ï˛ö!ê˛ ò¢yÎ̊ û˛yà Ü˛ Ï̂Ó̊ö– !ÓK˛yö# Ï̂òÓ̊

üˆÏï˛ Îáö ˆÜ˛yˆÏöy ≤Ãû˛yÓˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛Ó˚ ú˛ˆÏ° ≤Ã!e´Î˚y!ê˛ ÷Ó˚& •Î˚ñ ï˛áö ≤Ãû˛yÓˆÏÜ˛Ó˚ ˆ§•z xÓfliyˆÏÜ˛ §Ó≈!ö¡¨
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≤Ãû˛yÓÜ˛ §#üy ~ÓÇ Îáö ˙ ≤Ãû˛yÓˆÏÜ˛Ó˚ ú˛ˆÏ° ≤Ã!e´Î˚y!ê˛ xyÓ˚ âê˛ˆÏï˛ öy ˆ˛õˆÏÓ˚ Ó¶˛ •ˆÏÎ˚ ÎyÎ˚ñ ï˛áö ≤Ãû˛yÓˆÏÜ˛Ó˚

ˆ§•z xÓfliyˆÏÜ˛ §Ó≈y!ôÜ˛ ≤Ãû˛yÓÜ˛ §#üy ÓˆÏ°– xyÓyÓ˚ ˙ ≤Ãû˛yÓˆÏÜ˛Ó˚ ≤Ãû˛yˆÏÓ Îáö ≤Ã!e´Î˚y!ê˛Ó˚ •yÓ˚ §ˆÏÓ≈yFã˛ §#üyÎ˚

ˆ˛õÑÔåÈyÎ˚ñ ï˛áö ≤Ãû˛yÓˆÏÜ˛Ó˚ ˆ§•z xÓfliyˆÏÜ˛ ˛õÓ˚ü ≤Ãû˛yÓÜ˛ üyey ÓˆÏ°– §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï§• ˆÎ ˆÜ˛yˆÏöy ¢yÓ˚#Ó˚Ó,_#Î˚

≤Ã!e´Î˚yÎ˚ ̂ Î ̂ Ü˛yˆÏöy ~Ü˛!ê˛ ≤Ãû˛yÓˆÏÜ˛Ó˚ §Ó≈y!ôÜ˛ Ä §Ó≈!ö¡¨ xÓfliy §•ˆÏç•z ÓyÓ˚ Ü˛Ó˚y §Ω˛Ó •ˆÏ°Ä ̨õÓ˚ü ≤Ãû˛yÓÜ˛ˆÏÜ˛

ˆÜ˛w Ü˛ˆÏÓ˚ !ÓK˛yö#ˆÏòÓ˚ üï˛!ÓˆÏÓ˚yô ÷Ó˚& •Î˚ ~ÓÇ ~•z ̨ õÓ˚ü ≤Ãû˛yÓÜ˛ˆÏÜ˛ !ÓˆÏ¢£Ïû˛yˆÏÓ Óƒyáƒy Ü˛Ó˚ÓyÓ˚ çöƒ ÓœƒyÜ˛üƒyö

1905 !á fiê˛yˆÏ∑ ~Ü˛!ê˛ ï˛_¥ í˛z˛õfliy˛õö Ü˛ˆÏÓ˚ö–

9.5.1 ÓœƒyÜ‰̨ üƒy Ï̂öÓ̊ !öÎ̊sfÜ˛ ≤Ãû˛yÓÜ˛yÓ̊# §)e     (Blackman's Law of Limiting Factors)

ˆÜ˛y Ï̂öy ~Ü˛!ê˛ ¢yÓ̊#Ó̊Ó,_#Î̊ ≤Ã!e´Î̊yÎ̊ (physiological process) ̂ Ü˛y Ï̂öy ~Ü˛!ê˛ !Ó Ï̂¢£Ï ≤Ãû˛yÓ Ï̂Ü˛Ó̊ (factor)
˛õÓ˚ü ò¢y (optimum point) ˆÓyé˛yÓyÓ˚ çöƒ ÓœƒyÜ˛üƒyö (Blackman) 1905 !á fiê˛yˆÏ∑ ~Ü˛!ê˛ §)e (law)-~Ó˚

xÓï˛yÓ˚îy Ü˛ˆÏÓ˚ö ~ÓÇ ~•z §)e!ê˛Ó˚ §y•yˆÏÎƒ !ï˛!ö !Ó£ÏÎ˚!ê˛ !Ó¢òû˛yˆÏÓ Óƒyáƒy Ü˛ˆÏÓ˚ ˆòáyö– ÓœƒyÜ˛üƒyˆÏöÓ˚ ~•z

§)e!ê˛ !öÎ̊sfÜ˛ ≤Ãû˛yÓÜ˛yÓ̊# §)e Óy Laws of Limiting Factor öy Ï̂ü ̨õ!Ó̊!ã˛ï˛– ïÑ̨ yÓ̊ ~•z §)e!ê˛ •°ÈÙÙÙÈÚÚÎáö ̂ Ü˛yö

~Ü˛!ê˛ ¢yÓ˚#Ó˚Ó,_#Î˚ ≤Ã!e´Î˚y ~Ü˛y!ôÜ˛ ˛õy!Ó˚˛õy!Ÿª≈Ü˛ ≤Ãû˛yÓˆÏÜ˛Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚¢#° •Î˚ñ ï˛áö ˆ§•z ≤Ã!e´Î˚y!ê˛Ó˚ •yÓ˚

˛õ!Ó˚̂ ÏÓˆÏ¢ Óï≈˛üyö §Ó≈yˆÏ˛õ«˛y Ü˛ü fliyÎ˚#ˆÏcÓ˚ ≤Ãû˛yÓÜ˛ myÓ˚y !öÎ˚!sfï˛ •Î˚–ÛÛ ("When a process is conditioned
as to its rapidity by a number of separate factors, the rate of the process is limited by the pace of
slowest factor.")

ÓœƒyÜ˛üƒyö (Blackman) ïÑ̨ yÓ̊ ~•z §)e!ê˛ ̂ Îû˛y Ï̂Ó ~Ü˛!ê˛ ̂ °á!ã˛ Ï̂eÓ̊ (graph) §y•y Ï̂Îƒ Óƒyáƒy Ü˛ Ï̂Ó̊ Ó%!é˛ Ï̂Î̊ Ï̂åÈö

ï˛y !ã˛e öÇ 9.18(a)-~ ˆòáyö •°– ~•z ˆ°á!ã˛ˆÏe !ï˛!ö û%˛ç (abscissa)-ˆï˛ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ (CO2)-
~Ó̊ !Ó!û˛ß̈ âöc (concentration) ~ÓÇ ̂ Ü˛y!ê˛ (ordinate)-ˆï˛ §y Ï̂°yÜ˛§Ç Ï̂Ÿ’̂ Ï£ÏÓ̊ •yÓ̊ (rate of photosynthesis)
≤ÃÜ˛y¢ Ü˛ˆÏÓ˚ö– ïÑ˛yÓ˚ ~•z ̂ °á!ã˛e ̂ ÌˆÏÜ˛ ̂ òáy ÎyÎ˚ ̂ Î ̂ Ü˛yˆÏöy ~Ü˛!ê˛ !ÓˆÏ¢£Ï xyˆÏ°yÜ˛ ï˛#Ó ï˛yÎ˚ (light intensity)
ÓyÎ˚%ü[˛ˆÏ° CO2-Ó˚ xö%˛õ!fli!ï˛ˆÏï˛ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï §¡õ)î≈ Ó¶˛ ÌyˆÏÜ˛– ~ÓyÓ˚ ˙ ~Ü˛•z xyˆÏ°yÜ˛ ï˛#Ó ï˛yÎ˚ Î!ò

â^ˇê˛y≤Ã!ï˛ 1 mg CO2 ≤ÃˆÏÓ¢ Ü˛Ó˚yˆÏöy •Î˚ñ ï˛ˆÏÓ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ÷Ó˚& •Î˚– xyˆÏ°yÜ˛ ï˛#Ó ï˛y ~Ü˛•z (same) ˆÓ˚̂ Ïá

CO2-Ó˚ ˛õ!Ó˚üyî ≤Ã!ï˛ â^ˇê˛yÎ˚ 1 ˆÌˆÏÜ˛ 5 mg ˛õÎ≈hsˇ Óyí ¸̨yˆÏöy •ˆÏ° §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ •yÓ˚ ˆ°á!ã˛ˆÏeÓ˚ AB xÇ¢

ÓÓ˚yÓÓ˚ §üyöû˛yˆÏÓ Ó,!k˛ ˆ˛õˆÏï˛ ÌyˆÏÜ˛– ˙ ~Ü˛•z xyˆÏ°yÜ˛ ï˛#Ó ï˛yÎ˚ CO2-Ó˚ ˛õ!Ó˚üyî xyÓ˚Ä Óyí˛¸yˆÏ°

§yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ •yÓ˚ !Ü˛v xyÓ˚ Ó,!k˛ ˛õyÎ˚ öy ~ÓÇ ~•z •yÓ˚ ˆ°á!ã˛ˆÏe BC xÌ≈yÍ û%˛ˆÏçÓ˚ §üyhsˇÓ˚y° ÓÓ˚yÓÓ˚

•Î̊– Ü˛y Ï̂ç•z ̂ òáy Îy Ï̂FåÈ ̂ Î ̂ °á!ã˛ Ï̂eÓ̊ ~•z xÇ Ï̂¢ (BC) xy Ï̂°yÜ˛ ï˛#Ó ï˛y (intensity) §#üyfli ≤Ãû˛yÓÜ˛ (limiting
factor) Ó˚*ˆÏ˛õ Ü˛yç Ü˛ˆÏÓ˚– §%ï˛Ó˚yÇ ~•z xÓfliyÎ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ •yÓ˚ Ó,!k˛ Ü˛Ó˚ˆÏï˛ •ˆÏ° xyˆÏ°yˆÏÜ˛Ó˚ ï˛#Ó ï˛y

Óyí ¸̨yˆÏöyÓ˚ ≤ÃˆÏÎ˚yçö •Î˚– ˆòáy ˆàˆÏåÈ ˆÎ xyˆÏ°yÜ˛ ï˛#Ó ï˛y !m=î (double) Ü˛Ó˚̂ Ï° §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ •yÓ˚ ~Ü˛!ê˛

!ö!ò≈‹T §#üyˆÏÓ˚áy (certain limit) ̨õÎ≈hsˇ Ó,!k˛ ̨õyÎ˚ñ Îy ̂ °á!ã˛ˆÏe BD xÇˆÏ¢ ̂ òáyö •ˆÏÎ˚ˆÏåÈñ !Ü˛v ̇  •yÓ˚ ̨õ%öÓ˚yÎ˚

û)˛ˆÏçÓ˚ §üyhsˇÓ˚y° ÓÓ˚yÓÓ˚ (DE) •ˆÏÎ˚ ÎyÎ˚–
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!ã˛e öÇ 9.18 : §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï §#üyfli ≤Ãû˛yÓÜ˛ Ä ÓƒyÜ˛üƒyˆÏöÓ˚ §)e

(a) ÓœƒyÜ˛üƒyˆÏöÓ˚ §)e xö%§yˆÏÓ˚ (b) ˆçü§ ~ÓÇ •yí≈˛yˆÏÓ˚Ó˚ ˛õ!Ó˚Ó!ï≈˛ï˛ ˆ°á!ã˛e

Ü˛yˆÏç•z ˆ°á!ã˛e ˆÌˆÏÜ˛ ˆòáy ÎyˆÏFåÈ ˆÎ AB Ä BD xÇˆÏ¢ CO2 Ü˛ü ÌyÜ˛yÎ˚ ˙ ò%•z xÇˆÏ¢ CO2-Ó˚ ˛õ!Ó˚üyî

Ó,!k˛ˆÏï˛ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï Ó,!k˛ ˆ˛õˆÏÎ˚ˆÏåÈñ xyÓyÓ˚ BC Ä DE xÇˆÏ¢ xyˆÏ°yÜ˛ ï˛#Ó ï˛y Ü˛ü ÌyÜ˛yÎ˚ ˙ ò%•z xÇˆÏ¢

§yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ •yÓ˚ Ó,!k˛Ó˚ çöƒ xyˆÏ°yˆÏÜ˛Ó˚ ï˛#Ó ï˛y Ó,!k˛Ó˚ ≤ÃˆÏÎ˚yçö •ˆÏÎ˚̂ ÏåÈ–

ˆçü§ (James) Ä •yí≈˛yÓ˚ (Harder), 1921 !á fiê˛yˆÏ∑ ÓœƒyÜ˛üƒyˆÏöÓ˚ ~•z ï˛ˆÏ_¥Ó˚ §üyˆÏ°yã˛öy (criticism)
Ü˛ˆÏÓ˚ö– ïÑ˛yÓ˚y ÓœƒyÜ‰˛üƒyˆÏöÓ˚ §)ˆÏeÓ˚ ˆÜ˛yˆÏöy §ÇˆÏ¢yôö öy Ü˛ˆÏÓ˚ ïÑ˛yÓ˚ ≤ÃhflÏy!Óï˛ ˆ°á!ã˛ˆÏeÓ˚ (a)-Ó˚ §yüyöƒ ˛õ!Ó˚Óï≈˛ö

Ü˛ˆÏÓ˚ö (b)– ïÑ˛yˆÏòÓ˚ üˆÏï˛ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï Ó,!k˛Ó˚ •yÓ˚ •ë˛yÍ Ó¶˛ •ˆÏÎ˚ Sˆ°á!ã˛ˆÏeÓ˚ A Ä D fliyˆÏöV §üyhsˇÓ˚y°

(parallel) xÓfliyÎ˚ öy ~ˆÏ§ Ó,!k˛Ó˚ •yÓ˚ e´ü¢ Ü˛üˆÏï˛ Ü˛üˆÏï˛ §üyhsˇÓ˚y° xÓfliyÎ˚ ~ˆÏ§ ˆ˛õÑÔåÈÎ˚– ïÑ˛yˆÏòÓ˚ ~•z

˛õ!Ó˚Ó!ï≈˛ï˛ ˆ°á!ã˛e öÇ 9.18ÈÙÈ~Ó˚ (b) xÇˆÏ¢ ˆòáyö •°–

9.6 §yÓ̊yÇ¢ (Summary)

§yˆÏ°yÜ˛§ÇˆÏŸ’£Ï •° ~Ü˛üye ˛õk˛!ï˛ ÎyÓ˚ §y•yˆÏÎƒ §Ó%ç í˛z!qò ˆ§ÔÓ˚¢!_´ˆÏÜ˛ §Ó˚y§!Ó˚ Ó˚y§yÎ˚!öÜ˛ ¢!_´ˆÏï˛

Ó˚*˛õyhsˇ!Ó˚ï˛ Ü˛Ó˚̂ Ïï˛ §«˛ü •Î˚– í˛zß¨ï˛ í˛z!qˆÏòÓ˚y ̂ Üœ̨ yˆÏÓ˚y!ú˛° (chlorophyll) §• xöƒyöƒ Ó˚OÜ˛ ̨õòy Ï̂Ì≈Ó˚ §•yÎ˚ï˛yÎ˚

§)Î≈yˆÏ°yˆÏÜ˛Ó˚ Úˆú˛yê˛öÛ Ü˛îy @ˇÃ•î Ü˛ˆÏÓ˚ ~ÓÇ ç°ñ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛Ó˚Ä ~Ü˛y!ôÜ˛ í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ §y•yˆÏÎƒ ¢Ü≈˛Ó˚y

(carbohydrate) çyï˛#Î˚ áyòƒ ≤Ã›ï˛ Ü˛ˆÏÓ˚ Ä x!:ˆÏçö (O2) àƒy§ ÓyÎ˚%ü[˛ˆÏ° ï˛ƒyà Ü˛ˆÏÓ˚– ç#Óü[˛ˆÏ°Ó˚

(biosphere) §Ü˛° ç# Ï̂ÓÓ̊ ç#Óö•z ≤Ãï˛ƒ«˛ (direct) Óy ̨õ Ï̂Ó̊y«˛ (indirect) û˛y Ï̂Ó í z̨!q Ï̂òÓ̊ ~•z §y Ï̂°yÜ˛§Ç Ï̂Ÿ’ Ï̂£ÏÓ̊

ú˛ˆÏ° §,‹T ˜çÓ ˆÎÔˆÏàÓ˚ Ä˛õÓ˚ !öû≈˛Ó˚¢#°– ~•z ˆ§ÔÓ˚¢!_´ ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ ˆÎ x!ôÜ˛ ¢!_´§¡õß¨ ATP ~ÓÇ

!Óçy!Ó˚ï˛ NADPH ≤Ã›ï˛ •Î˚ñ ï˛yˆÏòÓ˚ §y•yˆÏÎƒ ÓyÎ˚% ˆÌˆÏÜ˛ à,•#ï˛ CO2ÈÙÈ~Ó˚ !ÓçyÓ˚î âˆÏê˛ ~ÓÇ ¢Ü≈˛Ó˚y ˜ï˛!Ó˚

•Î˚–
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!ÓK˛yö# ÓœƒyÜ‰˛üƒyö (Blackman), 1905 !á fiê˛yˆÏ∑ §Ó≈≤ÃÌü ≤Ãüyî Ü˛ˆÏÓ˚ ̂ òáyö ̂ Î §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ̨õk˛!ï˛!ê˛

ò%Û•z!ê˛ ˛õ,ÌÜ˛ ˛õÎ≈yˆÏÎ˚ §¡õß¨ •Î˚– ~Ó˚ ~Ü˛!ê˛ öyü xyˆÏ°yÜ˛ ò¢y (light phase)—~!ê˛ ˆÜœ˛yˆÏÓ˚y≤’yˆÏfiê˛Ó˚ @ˇÃyöyÎ˚

§Çâ!ê˛ï˛ •Î˚ ~ÓÇ ~•z ò¢yÎ˚ x!:ˆÏçö ~ÓÇ ATP Ä !Óçy!Ó˚ï˛ NADPS ≤Ã›ï˛ •Î˚ ~ÓÇ ˛õˆÏÓ˚Ó˚ ò¢y!ê˛ •°

x¶˛Ü˛yÓ˚ ò¢y (dark phase)—~!ê˛ ˆÜœ˛yˆÏÓ˚y≤’yˆÏfiê˛Ó˚ ˆflT…yüy xÇˆÏ¢ âˆÏê˛ ~ÓÇ ~•z ò¢yÎ˚ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛

!Óçy!Ó˚ï˛ •ˆÏÎ˚ ¢Ü≈˛Ó˚y (carbohydrate) ≤Ã›ï˛ •ˆÏÎ˚ ÌyˆÏÜ˛–

~Ó˚̨ õÓ˚ ~üyÓ˚§ö §Ó%ç ˜¢ÓyˆÏ° (green algae) §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# Ü˛yÎ≈Óî≈y°# (action spectrum)
˛õÓ˚#«˛y Ü˛Ó˚ÓyÓ˚ §üÎ˚ ˆòˆÏáö ˆÎ 680 nm-~Ó˚ ˆÓ!¢ ï˛Ó˚D˜Ïòâ≈ƒ§¡õß¨ xyˆÏ°yÜ˛ ˆÜœ̨ yˆÏÓ˚y!ú˛° Ü˛ï≈,˛Ü˛ ˆ¢y!£Ïï˛

•ˆÏ°Ä ~!ê˛ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ xÓö!ï˛ âê˛yÎ˚ ~ÓÇ ~•z âê˛öyˆÏÜ˛ !ï˛!ö ˆ°y!•ï˛ ã%˛ƒ!ï˛ (Red Drop) xyáƒy ˆòö–

˛õˆÏÓ˚ !ï˛!ö ˆòˆÏáö ˆÎ 680 nm-~Ó˚ ˆÓ!¢ ˜òˆÏâ≈ƒÓ˚ xyˆÏ°yˆÏÜ˛Ó˚ (far-red) §ˆÏD 650 nm-~Ó˚ Ü˛ü ˜òˆÏâ≈ƒÓ˚

xyˆÏ°yˆÏÜ˛Ó˚ ~Ü˛e ≤ÃˆÏÎ˚yˆÏà ~•z !ö!‹;˛Î˚ï˛y ò)Ó˚ •Î˚ ~ÓÇ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ à!ï˛ Ó,!k˛ ˛õyÎ˚ ~ÓÇ ~•z âê˛öyˆÏÜ˛

~üyÓ̊§ Ï̂öÓ̊ ≤Ãû˛yÓ (Emerson's Enhancement Effect) Ó°y •Î̊– ~•z âê˛öy ̂ Ì Ï̂Ü˛ ~•z ôyÓ̊îy ̨õ!Ó̊‹ÒyÓ̊ •Î̊ ̂ Î

§yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï xyˆÏ°yÜ˛ ò¢yÎ˚ ò%Û•z!ê˛ Ó˚OÜ˛ï˛sf (photosystem) ˛õ,ÌÜ˛û˛yˆÏÓ Ü˛yç Ü˛ˆÏÓ˚– ~Ó˚ ~Ü˛!ê˛ 680 nm
~Ó˚ ̂ Ó!¢ ï˛Ó˚D˜Ïòâ≈ƒÎ%_´ xyˆÏ°yˆÏÜ˛ SÓ˚OÜ˛ï˛sf I Óy photosystem I Óy PS I) ~ÓÇ x˛õÓ˚!ê˛ 680 nm-~Ó˚ §üyö

ï˛Ó̊D Ï̃òâ≈ƒÎ%_´ xy Ï̂°y Ï̂Ü˛ SÓ̊OÜ˛ï˛sf II Óy photosystem II Óy PS II) §!e´Î̊ •Î̊– ~•z ò%•z!ê˛ Ó̊OÜ˛ï˛ Ï̂sf •ẑ Ï°Ü˛ê Δ̨ö

≤ÃÓy!•ï˛ •ÓyÓ˚ §üÎ˚ !öà≈ï˛ ¢!_´Ó˚ §y•yˆÏÎƒ ATP-Ó˚ §ˆÏD Pi Sx˜ÏçÓ ú˛§ú˛Ó˚y§VÈÙÈ~Ó˚ §ÇÎ%!_´ âˆÏê˛ ~ÓÇ ATP
˜ï˛!Ó˚ •Î˚– xyˆÏ°yÜ˛ ¢!_´ˆÏÜ˛ ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ ATP ≤Ã›!ï˛Ó˚ ~•z âê˛öyˆÏÜ˛ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö

(photophosphorylation) Ó°y •Î˚– §yôyÓ˚îï˛ ò%Ûû˛yˆÏÓ ~•z ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö âˆÏê˛ ÌyˆÏÜ˛– ~Ó˚ ≤ÃÌü!ê˛

•° xã˛e´yÜ˛yÓ˚ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö (non-cylic photo-phosphorylation) ˆÎ!ê˛Ó˚ üyôƒˆÏü PS II ˆÌˆÏÜ˛

PS I ÓÓ˚yÓÓ˚ •zˆÏ°Ü˛ê˛Δö ~Ü˛ü%ˆÏá fliyöyhsˇ!Ó˚ï˛ •Î˚ ~ÓÇ !mï˛#Î˚!ê˛ ã˛e´yÜ˛yÓ˚ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö (cyclic
photophosphorylation), Îy ÷ô%üye PS I-ˆÜ˛ !öˆÏÎ˚ à!ë˛ï˛ ~ÓÇ ~áyˆÏö •zˆÏ°Ü˛ê˛Δö ~Ü˛!ê˛ Ók˛ ~ÓÇ ã˛e´yÜ˛yÓ˚

˛õˆÏÌ fliyöyhsˇ!Ó˚ï˛ •Î˚– ~û˛yˆÏÓ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ xyˆÏ°yÜ˛ ò¢yÎ˚ ˆ¢y!£Ïï˛ xyˆÏ°yÜ˛ ¢!_´Ó˚ !Ü˛å%Èê˛y xÇ¢ ATP
≤Ã›!ï˛ˆÏï˛ ÓƒÓ•*ï˛ •Î˚ ~ÓÇ Óy!Ü˛ ¢!_´ NADP-ˆÜ˛ !Óçy!Ó˚ï˛ Ü˛ˆÏÓ˚ NADPH ˜ï˛!Ó˚ Ü˛ˆÏÓ˚ ~ÓÇ ~•z ò%Û!ê˛Ó˚

(ATP Ä NADPH) §y•yˆÏÎƒ•z í˛z!qò CO2-ˆÜ˛ !Óçy!Ó˚ï˛ Ü˛ˆÏÓ˚ ~ÓÇ ¢Ü≈˛Ó˚y ≤Ã›ï˛ Ü˛ˆÏÓ˚– ~åÈyí˛¸yÄ xyˆÏ°yˆÏÜ˛Ó˚

í˛z˛õ!fli!ï˛ˆÏï˛ çˆÏ°Ó˚ çyÓ˚î âˆÏê˛ ~ÓÇ ç° ˆû˛ˆÏä •y•zˆÏí»˛yˆÏçö (H+), •zˆÏ°Ü˛ê˛Δö (e) ~ÓÇ x!:ˆÏçö í˛zÍ˛õß¨ •Î˚–

light
2H2O O2 + 4H+ + 4e–

ˆÜœ̨ yˆÏÓ˚y≤’yˆÏfiê˛ ATP Ä !Óçy!Ó˚ï˛ NADPH ÎˆÏÌ‹T ˛õ!Ó˚üyî ≤Ã›!ï˛Ó˚ ˛õÓ˚ Ü˛yÓ≈ö xö% §ÇÓ¶˛ö (fixation)
Ä xy_#Ü˛Ó˚î (assimilation) ÷Ó˚& •Î˚– ~•z !Ó!e´Î˚y xyˆÏ°yˆÏÜ˛Ó˚ xö%˛õ!fli!ï˛ˆÏï˛ âˆÏê˛ ÓˆÏ° ~ˆÏÜ˛ xyˆÏà x¶˛Ü˛yÓ˚

ò¢y (dark phase) Ó°y •ˆÏ°Ä §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï CO2 !ÓçyÓ˚̂ ÏîÓ˚ ~•z !ÓˆÏ¢£Ï ò¢y!ê˛ˆÏÜ˛ xyˆÏ°yÜ˛ÈÙÈ!öÓ˚̂ Ï˛õ«˛
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ò¢y (light independent phase) Ó°y •Î˚– !ï˛ö!ê˛ ˛õk˛!ï˛Ó˚ üyôƒˆÏü í˛zß¨ï˛ í˛z!qˆÏò ~•z Ü˛yÓ≈ö §ÇÓ¶˛ö âˆÏê˛

Ìy Ï̂Ü˛– ~Ó̊ ≤ÃÌü!ê˛ •° ̂ Ü˛°!û˛ö ã˛e´ (Calvin cycle), ̂ Îáy Ï̂ö ≤ÃyÌ!üÜ˛ fliyÎ̊# í z̨Í˛õy!òï˛ ̂ ÎÔà 3 Ü˛yÓ≈ö xî%!Ó!¢‹T

(3C) 3 ú˛§ˆÏú˛y!@’§y!Ó˚Ü˛ xƒy!§í˛ (3 phosphoglyceric acid Óy 3 PGA) •ÄÎ˚yÎ˚ ~!ê˛ˆÏÜ˛ C3 ã˛e´Ä (C3,
cycle) Ó°y •Î̊– !mï˛#Î̊!ê˛ •° •ƒyã˛ ~ÓÇ fl‘ƒyÜ˛ ã˛e´ (Hatch and Slack cycle) ~ÓÇ ~•z ̨õ Ï̂Ì Ü˛yÓ≈ö §ÇÓ¶˛ Ï̂öÓ̊

§üÎ˚ 4 Ü˛yÓ≈ö xî%!Ó!¢‹T (4C) ˜çÓ xƒy!§í˛ (organic acid) ˆÎüö x:yˆÏ°yxƒy!§ˆÏê˛ê˛ (oxaloacetate Óy

OAA), üƒyˆÏ°ê˛ (malate) •zï˛ƒy!ò ≤ÃyÌ!üÜ˛ fliyÎ˚# ˆÎÔàÓ˚*ˆÏ˛õ ≤Ã›ï˛ •Î˚ ÓˆÏ° ã˛e´!ê˛ˆÏÜ˛ C4 ã˛e´ (C4 cycle)
xyáƒy ˆòÄÎ˚y •Î˚ñ ã˛ˆÏe´Ó˚ ≤Ãyhsˇû˛yˆÏà xyÓyÓ˚ ˆÜ˛°!û˛ö ã˛ˆÏe´Ó˚ !Ó!e´Î˚y âˆÏê˛– ï,˛ï˛#Î˚ ˆÎ ˛õk˛!ï˛ˆÏï˛ Ü˛yÓ≈ö xö%

§ÇÓ¶˛ö â Ï̂ê˛ ï˛yÓ̊ öyü e´y§%̂ Ï°!¢Î̊yö xƒy!§í˛ !Ó˛õyÜ˛ (Crassulacean Acid Metabolism Óy CAM), ̂ Îáy Ï̂ö

Ó˚yˆÏe CO2 à,•#ï˛ •Î˚ ~ÓÇ ˆ§!ê˛ üƒy!°Ü˛ xƒy!§í˛ (malate) Ó˚*ˆÏ˛õ ˛õyï˛yÓ˚ à•¥ˆÏÓ˚ (vacuole) ~ §!M˛Èï˛ ÌyˆÏÜ˛

~ÓÇ !òˆÏöÓ˚ xyˆÏ°yˆÏÜ˛ !í˛Ü˛yÓ≈!:ˆÏ°¢ˆÏöÓ˚ ú˛ˆÏ° CO2 í˛zq(ï˛ •ˆÏ° ˆ§!ê˛ ˆÜ˛°!û˛ö ã˛ˆÏe´Ó˚ üyôƒˆÏü ¢Ü≈˛Ó˚y ≤Ã›ï˛

Ü˛ˆÏÓ˚ ÌyˆÏÜ˛–

~•z !ï˛ö ôÓ˚ˆÏöÓ˚ Ü˛yÓ≈ö §ÇÓ¶˛ö ˛õk˛!ï˛Ó˚ öyü xö%§yˆÏÓ˚ í˛zß¨ï˛ í˛z!qòˆÏòÓ˚Ä ÎÌye´ˆÏü C3 í˛z!qòñ C4 í z̨!qò

~ÓÇ CAM í˛z!qò xyáƒy ˆòÄÎ˚y •Î˚– öy!ï˛¢#ˆÏï˛y£è (temperate) xM˛ÈˆÏ° çß√yˆÏöy x!ôÜ˛yÇ¢ í˛z!qò•z C3

≤Ãçy!ï˛û%˛ç– ̂ ˛õyˆÏÎ˚§# (Poaceae) ~ÓÇ §y•z˛õyˆÏÓ˚!§ (Cyperaceae) ̂ àyeû%˛_´ (family) ̂ Ó¢ !Ü˛å%È í˛z!qò C4

≤Ãçy!ï˛Ó˚ ~ÓÇ üÓ˚& xM˛ÈˆÏ° (desert) çß√yˆÏöy x!ôÜ˛yÇ¢ Ó˚§y° (succulent) í˛z!qò•z CAM ≤Ãçy!ï˛Ó˚– ~ˆÏòÓ˚

üˆÏôƒ C4 í˛z!qˆÏòÓ˚ ˛õyï˛yÓ˚ Ü˛°yfliyö (anatomy) ˜Ó!ã˛eƒ˛õ)î≈– C4 í˛z!qˆÏòÓ˚ ˛õyï˛yÎ˚ öy!°Ü˛y Óy![˛° (vascular
bundle) ˛õ!Ó˚̂ ÏÓ!‹Tï˛ Óy![˛° xyÓÓ˚î# (bundle sheath) ˆÜ˛yˆÏ£Ï ˛õÎ≈yÆ ˛õ!Ó˚üyˆÏî ˆÜœ˛yˆÏÓ˚y≤’yfiê˛ ÌyˆÏÜ˛ñ xyÓyÓ˚

~ˆÏÜ˛ !âˆÏÓ˚ ÌyˆÏÜ˛ Ü˛ˆÏÎ˚Ü˛ hflÏÓ˚ (layer) ˆüˆÏ§y!ú˛° ˆÜ˛yˆÏ£ÏÓ˚ ˆÓ‹Tö#ÈÙÙÙÈÎy e´yöç Ü˛°yfliyö Óy Kranz anatomy
öyˆÏü ˛õ!Ó˚!ã˛ï˛– C4 í˛z!qˆÏòÓ˚y @ˇÃ#‹ø≤Ãôyö xM˛ÈˆÏ° û˛y° çß√yÎ˚ ~ÓÇ xyˆÏ°yÜ˛Ÿª§ˆÏö (photorespiration) ~Ó˚

•yÓ˚ á%Ó Ü˛ü •ÄÎ˚yÎ˚ ~ˆÏòÓ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï#Î˚ ò«˛ï˛y (efficiency) ~ÓÇ Ó,!k˛Ó˚ •yÓ˚ C3 í˛z!qˆÏòÓ˚ ˆÌˆÏÜ˛ ˆÓ!¢–

≤Ã!ï˛ Óà≈ ~Ü˛ Ï̂Ü˛ (unit area) ú˛°öÄ (productivity) ̂ Ó!¢ •ÄÎ̊yÎ̊ Ü,̨ !£Ï̂ Ï«˛ Ï̂e C4 í z̨!q Ï̂òÓ̊ û)̨ !üÜ˛y í ẑ̨ ÏÕ‘á Ï̂Îyàƒ–

x˛õÓ˚!òˆÏÜ˛ CAM í˛z!qˆÏò Ü˛yÓ≈ö §ÇÓ¶˛ö (fixation) ~Ó˚ •yÓ˚ C3 ~ÓÇ C4 í˛z!qˆÏòÓ˚ ˆÌˆÏÜ˛ xˆÏöÜ˛ Ü˛ü •ˆÏ°Ä

~ˆÏòÓ˚ !ÓˆÏ¢£Ïc ~•z ˆÎ çˆÏ°Ó˚ xû˛yˆÏÓ C3 Ä C4 í˛z!qˆÏòÓ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ≤ÃyÎ˚ Ó¶˛ •ˆÏÎ˚ ˆàˆÏ°Ä CAM í z̨!qò

§yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ã˛y°yˆÏï˛ §üÌ≈ •Î˚ ~ÓÇ ò#â≈§üÎ˚ ôˆÏÓ˚ áÓ˚y (drought) ã˛°ˆÏ°Ä ~Ó˚y ~Ü˛!ê˛ !ö!ò≈‹T ÷‹Ò Äçö

(dry weight) ÓçyÎ˚ Ó˚yáˆÏï˛ §«˛ü •Î˚– ~üö !Ü˛å%È í˛z!qò (Mesenbryanthemum) xyˆÏåÈ ÎyÓ˚y §¡õ)î≈

(obligatory) CAM í z̨!qò öÎ̊ ~ÓÇ ç Ï̂°Ó̊ ≤Ãyã%̨ Î≈ï˛y ̂ ˛õ Ï̂° ~Ó̊y C3 í z̨!q Ï̂òÓ̊ ü Ï̂ï˛y xyã˛Ó̊î Ü˛ Ï̂Ó̊ ~ÓÇ ̂ Ü˛°!û˛ö

ã˛ˆÏe´Ó˚ üyôƒˆÏü Ü˛yÓ≈ö §ÇÓ¶˛ö Ü˛ˆÏÓ˚– C4 ~ÓÇ CAM ~•z ò%Û≤ÃÜ˛yÓ˚ í˛z!qˆÏò•z Ü˛yÓ≈ö §ÇÓ¶˛ˆÏöÓ˚ ˛õk˛!ï˛ˆÏï˛ ~Ü˛

!ÓˆÏ¢£Ï §yò,¢ƒ (similarity) °«˛ƒ Ü˛Ó˚y ÎyÎ˚– CAM Ä CO2 @ˇÃ•î (carboxylation) ~ÓÇ ¢Ü≈˛Ó˚y í˛zÍ˛õyòö

(carbohydrate synthesis) ò%Û!ê˛ !û˛ß¨ §üˆÏÎ˚ SÎÌye´ˆÏü Ó˚yˆÏe ~ÓÇ !òÓyˆÏ°yˆÏÜ˛V âˆÏê˛ñ x˛õÓ˚!òˆÏÜ˛ C4 í˛z!qˆÏò

í˛z˛õˆÏÓ˚y_´ ˙ ~Ü˛•z âê˛öy ò%Û!ê˛ ò%Û!ê˛ !û˛ß¨ ≤ÃˆÏÜ˛yˆÏ¤˛ (compartment)-~ SÎÌye´ˆÏü ˆüˆÏ§y!ú˛° ˆÜ˛yˆÏ£Ï ~ÓÇ

Óy![˛° xyÓÓ˚î# ˆÜ˛yˆÏ£ÏV §Çà!ë˛ï˛ •Î˚–
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í˛zß¨ï˛ ˆ◊!îÓ˚ í˛z!qò åÈyí˛¸y !ö¡¨ˆÏ◊!îÓ˚ !Ü˛å%È ÓƒyÜ˛!ê˛!Ó˚Î˚yÄ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚– ~ˆÏòÓ˚ §%à!ë˛ï˛

ˆÜœ̨ y Ï̂Ó̊y≤’yfiê˛ öy ÌyÜ˛ Ï̂°Ä ̂ e´yüy Ï̂ê˛y Ï̂ú˛y Ï̂Ó̊ ÓƒyÜ˛!ê˛!Ó̊Ä Ï̂Üœ̨ y Ï̂Ó̊y!ú˛° Óy ̂ Üœ̨ y Ï̂Ó̊y!ÓÎ̊yü ̂ Üœ̨ y Ï̂Ó̊y!ú˛° Ä Ü˛ƒy Ï̂Ó̊y!ê˛ö Ï̂Î̊í˛

çyï˛#Î˚ Ó˚OÜ˛˛õòyÌ≈ ÌyˆÏÜ˛ñ ÎyÓ˚ §y•yˆÏÎƒ ~Ó˚ 800 - 900 mm í˛zFã˛ ï˛Ó˚D˜ÏòˆÏâ≈ƒÓ˚ xyˆÏ°yÜ˛ (infra-red) ˆ¢y£Ïî

Ü˛ˆÏÓ˚ ~ÓÇ í˛zß¨ï˛ í˛z!qˆÏòÓ˚ üï˛ö •zˆÏ°Ü˛ê˛Δö fliyöyhsˇÓ˚î (electron transfer) ˛õk˛!ï˛Ó˚ üyôƒˆÏü ATP Ä !Óçy!Ó˚ï˛

NADH ≤Ã›ï˛ Ü˛ˆÏÓ˚– ÓƒyÜ˛!ê˛!Ó˚Î˚yˆÏï˛ ã˛e´yÜ˛yÓ˚ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö (cyclic photophosphorylation) •z

≤Ãôyö (dominant)– í˛zq(ï˛ ~•z ATP Ä NADH-~Ó˚ §y•yˆÏÎƒ ˆÜ˛°!û˛ö ã˛ˆÏe´Ó˚ üyôƒˆÏü ~Ó˚y Ü˛yÓ≈ö !fli!ï˛Ü˛Ó˚î

Ü˛ˆÏÓ˚ ÌyˆÏÜ˛– ÓƒyÜ˛!ê˛!Ó˚Î˚yÎ˚ CO2 Ü˛yÓ≈ˆÏöÓ˚ ≤Ãôyö í˛zÍ§ •ˆÏ°Ä xˆÏöÜ˛ §üÎ˚ !Ó!û˛ß¨ ˜çÓ ˆÎÔà Ü˛yÓ≈ˆÏöÓ˚ í˛zÍ§Ó˚*ˆÏ˛õ

(source) ÓƒÓ•*ï˛ •Î˚– ÓƒyÜ‰˛!ê˛!Ó˚Î˚yÓ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï çˆÏ°Ó˚ çyÓ˚î öy âê˛yÎ˚ x!:ˆÏçö í˛zqÓ •Î˚ öy–

9.7 §Ó≈̂ Ï¢£Ï ≤ÃŸ¿yÓ!° (Terminal Questions)

1. §y Ï̂°yÜ˛§Ç Ï̂Ÿ’£Ï Ó° Ï̂ï˛ Ü˛# ̂ Óyé˛yÎ˚⁄ í z̨ß¨ï˛ í z̨!q Ï̂ò §y Ï̂°yÜ˛§Ç Ï̂Ÿ’£Ï •ÓyÓ˚ çöƒ ̂ Î ≤Ãôyö Ó˚OÜ˛ÈÙÈ˛õòyÌ≈=!°Ó˚

≤ÃˆÏÎ˚yçö •Î˚ñ ï˛yˆÏòÓ˚ àë˛ö xyˆÏ°yã˛öy Ü˛Ó˚&ö–

2. §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# ~Ü˛Ü˛ Ü˛yˆÏÜ˛ ÓˆÏ°⁄ !ã˛e§• ~ˆÏòÓ˚ àë˛ö §¡∫̂ Ï¶˛ xyˆÏ°yã˛öy Ü˛Ó˚&ö–

3. §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï í˛zq(ï˛ x!:ˆÏçö ˆÎ ç° ˆÌˆÏÜ˛ !öà≈ï˛ •Î˚ñ ï˛yÓ˚ §!ë˛Ü˛ Óƒyáƒy §Ó≈≤ÃÌü ˆÜ˛ ~ÓÇ Ü˛#û˛yˆÏÓ

Ü˛ˆÏÓ˚ö⁄ ~•z âê˛öy!ê˛Ó˚ ï˛yÍ˛õÎ≈ Óƒyáƒy Ü˛Ó˚&ö–

4. ˆ°y!•ï˛ ã%˛ƒ!ï˛ Ä ~üyÓ˚§ˆÏöÓ˚ ≤Ãû˛yÓ Ó°ˆÏï˛ Ü˛# ˆÓyˆÏé˛ö⁄ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ≤Ã!e´Î˚y !öô≈yÓ˚̂ Ïî ~ˆÏòÓ˚ û)˛!üÜ˛y

Ü˛#⁄

5. í˛z˛õÎ%_´ öÜ˛¢yÓ˚ üyôƒˆÏü í˛zß¨ï˛ í˛z!qˆÏò •zˆÏ°Ü˛ê˛Δö fliyöyhsˇÜ˛Ó˚̂ ÏîÓ˚ ˛õk˛!ï˛!ê˛ !Ó¢òû˛yˆÏÓ Óƒyáƒy Ü˛Ó˚&ö–

6. ú˛ Ï̂ê˛yú˛§ Ï̂ú˛yÓ̊y•ẑ Ï°¢ö Ü˛Ìy!ê˛Ó̊ xÌ≈ Ü˛#⁄ í z̨Fã˛ Ï̂◊!îÓ̊ í z̨!q Ï̂ò ã˛e´yÜ˛yÓ̊ Ä xã˛e´yÜ˛yÓ̊ ú˛ Ï̂ê˛yú˛§ Ï̂ú˛yÓ̊y•ẑ Ï°¢ö

Ü˛#û˛yˆÏÓ âˆÏê˛ ï˛y Ó%!é˛ˆÏÎ˚ !òö–

7. ˆÜ˛°!û˛ö ã˛e´ Ó°ˆÏï˛ xyüÓ˚y Ü˛# Ó%!é˛⁄ ~•z ã˛ˆÏe´Ó˚ üyôƒˆÏü í˛z!qˆÏò Ü˛#û˛yˆÏÓ Ü˛yˆÏÓ≈y•y•zˆÏí»˛ê˛ §ÇˆÏŸ’£Ï ~ÓÇ

RuBP-Ó˚ ˛õ%öÓ˚&Í˛õyòö âˆÏê˛ ï˛y í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ öyü Ä !Ó!e´Î˚y§• !Ó¢òû˛yˆÏÓ Óƒyáƒy Ü˛Ó˚&ö– xyˆÏ°yÜ˛

!öÎ˚!sfï˛ í˛zÍˆÏ§ã˛Ü˛ Ü˛yˆÏòÓ˚ Ó°y •Î˚⁄

8. ˆ˛õyˆÏÎ˚§# ˆàye#Î˚ ˆÜ˛yö ˆÜ˛yö ~Ü˛Ó#ç˛õe# í˛z!qˆÏò ˆÜ˛yö ˛õk˛!ï˛Ó˚ üyôƒˆÏü Ü˛yÓ≈ö §ÇÓ¶˛ö âˆÏê˛⁄ Ü˛yÓ≈ö

!fli!ï˛Ü˛Ó˚ˆÏîÓ˚ ~•z !ÓˆÏ¢£Ï ã˛e´!ê˛ !ÓhflÏy!Ó˚ï˛û˛yˆÏÓ xyˆÏ°yã˛öy Ü˛Ó˚&ö–

9. CAM í˛z!qò Ü˛yˆÏòÓ˚ Ó°y •Î˚⁄ ~•z í˛z!qˆÏòÓ˚ ˜Ó!¢‹Tƒ Ü˛#⁄ ˆÎ ˛õk˛!ï˛Ó˚ üyôƒˆÏü CAM í˛z!qˆÏò Ü˛yÓ≈ö

§ÇÓ¶˛ö âˆÏê˛ ï˛y !Ó!e´Î˚y§• Óƒyáƒy Ü˛Ó˚&ö–
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10. xyÇ!¢Ü˛ CAM (facultative CAM) í˛z!qò Ü˛yˆÏòÓ˚ Ó°y •Î˚⁄ ~ˆÏòÓ˚ ~Ó˚*˛õ öyü ˆòÓyÓ˚ Ü˛yÓ˚î !Ü˛⁄

11. ÓƒyÜ˛!ê˛!Ó˚Î˚yÎ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ §üÎ˚ ˆÎ ˛õk˛!ï˛ˆÏï˛ •zˆÏ°Ü˛ê˛Δö fliyöyhsˇÓ˚î âˆÏê˛ñ ï˛y !ã˛e§• Óî≈öy !òö–

xyˆÏ°yÜ˛ ¢!_´Ó˚ §y•yˆÏÎƒ ç° åÈyí˛¸y xöƒ Ó˚y§yÎ˚!öÜ˛ˆÏÜ˛ •zˆÏ°Ü˛ê˛Δö òyï˛y !•§yˆÏÓ Ü˛yˆÏç °y!àˆÏÎ˚

Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛Ó˚ !ÓçyÓ˚î â!ê˛ˆÏÎ˚ áyòƒ ≤Ã›ï˛ Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚ ~Ó˚Ü˛ü ò%Û!ê˛ ÓƒyÜ˛!ê˛!Ó˚Î˚yÓ˚ öyü !°á%ö–

12. §#üyfli ≤Ãû˛yÓÜ˛ Ó°ˆÏï˛ Ü˛# ˆÓyé˛yÎ˚⁄ ÓœƒyÜ˛üƒyˆÏöÓ˚ !öÎ˚sfÜ˛ ≤Ãû˛yÓÜ˛yÓ˚# §)e!ê˛ í˛zòy•Ó˚î§• Óƒyáƒy Ü˛Ó˚&ö–

13. ˛õyÌ≈Ü˛ƒ !°á%ö ≠

(a) C3 ~ÓÇ C4 í z̨!qò

(b) ã˛e´yÜ˛yÓ˚ Ä xã˛e´yÜ˛yÓ˚ ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö

(c) ÓƒyÜ˛!ê˛!Ó˚Î˚y Ä í˛zß¨ï˛ í˛z!qˆÏò §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï

14. §Ç!«˛Æ ê˛#Ü˛y !°á%ö ≠

(a) ˆe´yüyˆÏê˛yˆÏú˛yÓ˚

(b) ˆÜ˛yÎ˚yrê˛yˆÏçyü

(c) ≤ÃˆÏÎ˚yçö#Î˚ ˆÜ˛yÎ˚yrê˛yü

(d) Ü˛ƒyˆÏÓ˚y!ê˛öˆÏÎ˚ˆÏí˛Ó˚ Ü˛yç

(e) !•° !Ó!e´Î˚y

(f) ˆ¢y£Ïî Óî≈y°#

(g) ò,¢ƒüyö xyˆÏ°yÜ˛ Óî≈y°#

(h) §•yÎ˚Ü˛ Ó˚OÜ˛˛õòyÌ≈

(i) CAM ~Ó˚ ï˛yÍ˛õÎ≈

(j) §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ≤Ã!ï˛ˆÏÓ˚yôÜ˛

9.8 í˛z_Ó˚üy°y (Key to the Answers)

xö%¢#°ö# ≠     1

1. (a) ú˛y•zˆÏÜ˛y!Ó!°ö (b) ú˛ˆÏê˛y°y•z!§§ (c) ÷ô%üye PS I
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2. (a) ˆe´yüyˆÏê˛yˆÏú˛yÓ˚ (b) ˆÜ˛yÎ˚yrê˛yü (c) ú˛ˆÏê˛yú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö

(d) ç° (e) NADP+, ATP, CO2

3. (a) (i) (b) (iv) (c) (iii)

(d) (vi) (e) (ii) (f) (v)

xö%¢#°ö# ≠     2

1. (a) 3-ú˛§ˆÏú˛y!@’§yˆÏÓ˚ê˛ (b) x:yˆÏ°yxƒy!§ˆÏê˛ê˛

(c) ú ˛yÜ‰˛ˆÏê˛yç –1, 6-í˛y•zú˛§‰ˆÏú˛ê˛ (d) ˆ§ˆÏí˛yˆÏ•≤Wz%ˆÏ°yç – 7 – ú˛§ˆÏú˛ê˛

(e) ˆüˆÏ§y!ú˛°

2. (a) ò%•z (b) C4 (c) C4

(d) öàîƒ (e) CAM

3. (a) (iii) (b) (v) (c) (ii)

(d) (i) (e) (iv)

§Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°# ≠

1. ≤ÃÌü xÇˆÏ¢Ó˚ çöƒ 9.1-~Ó˚ ≤ÃÌü xö%ˆÏFåÈò ˆòá%ö– Ó˚OÜ˛˛õòyˆÏÌ≈Ó˚ àë˛ö 9.2.2 xÇˆÏ¢ ˛õyÄÎ˚y ÎyˆÏÓ–

2. 9.2.3 xÇ¢y!B˛ï˛ xyˆÏ°yã˛öyÓ˚ ˆ¢£Ï xö%ˆÏFåÈˆÏò ˛õyÄÎ˚y ÎyˆÏÓ– §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# ~Ü˛ˆÏÜ˛Ó˚ àë˛ˆÏöÓ˚

çöƒ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£Ï xyˆÏ°yˆÏÜ˛Ó˚ û)˛!üÜ˛y xÇ¢ ˆòá%ö–

3. 9.3.2. xÇˆÏ¢ xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ–

4. ≤ÃÌü xÇˆÏ¢Ó˚ çöƒ Úˆ°y!•ï˛ ã)˛ƒ!ï˛ Ä ~üyÓ˚§ö ≤Ãû˛yÓÛ xÇ¢ ˆòá%ö– §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ≤Ã!e´Î˚y !öô≈yÓ˚̂ Ïî

ˆ°y!•ï˛ ã%˛ƒ!ï˛ Ä ~üyÓ˚§ˆÏöÓ˚ ≤Ãû˛yˆÏÓÓ˚ û)˛!üÜ˛y 9.3.3 xÇˆÏ¢Ó˚ ≤ÃÌü xö%ˆÏFåÈˆÏò Ó°y xyˆÏåÈ–

5. !ã˛e§• 9.3.4 xÇ¢y!B˛ï˛ xyˆÏ°yã˛öy ˆòá%ö–

6. ≤ÃÌü xÇ¢!ê˛ 9.3.5-~Ó˚ ≤ÃÌü xö%ˆÏFåÈˆÏò xyˆÏ°y!ã˛ï˛– ˛õÓ˚Óï˛#≈ í˛z_ˆÏÓ˚Ó˚ çöƒ 9.10 Ä 9.11 xÇ¢y!B˛ï˛

!ã˛e Ä xyˆÏ°yã˛öy ˆòá%ö–

7. ≤ÃÌü xÇˆÏ¢Ó˚ í˛z_ˆÏÓ˚Ó˚ çöƒ 9.3.6-~Ó˚ !mï˛#Î˚ xö%ˆÏFåÈò ˆòá%ö– ˛õÓ˚Óï˛#≈ xÇ¢ 9.3.6-~Ó˚ xÓ!¢‹T

xÇˆÏ¢Ó˚ !ã˛e Ä xyˆÏ°yã˛öyÎ˚ ˛õyÄÎ˚y ÎyˆÏÓ–
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8. •ƒyã Ä fl‘ƒyÜ˛ ã˛e´ Óy C4 ã˛ˆÏe´Ó˚ !ÓhflÏy!Ó˚ï˛ Ä §!ã˛e xyˆÏ°yã˛öy 9.3.7 xÇˆÏ¢ ˛õyˆÏÓö–

9. ≤ÃÌü xÇ¢!ê˛Ó˚ çöƒ 9.3.8 ̂ òá%ö– CAM í˛z!qˆÏòÓ˚ ̃ Ó!¢‹Tƒ 9.3.8 xÇˆÏ¢•z Ó°y xyˆÏåÈ– CAM í˛z!qˆÏò

Ü˛yÓ≈ö §ÇÓ¶˛ö ˛õk˛!ï˛Ó˚ §!ã˛e !Ó!e´Î˚y§• Óƒyáƒy 'CAM ã˛e´Û §¡õˆÏÜ≈˛  xyˆÏ°yã˛öyÎ˚ ˛õyˆÏÓö– !ã˛e

9.15 ˆòá%ö

10. 'CAM ~Ó˚ ï˛yÍ˛õÎ≈ xÇˆÏ¢Ó˚ ˆ¢£Ï xö%ˆÏFåÈò ˆòá%ö–

11. ≤ÃÌü xÇˆÏ¢Ó˚ çöƒ 9.4.2 xyˆÏ°y!ã˛ï˛ xÇ¢ ˆòá%ö– xyˆÏ°yÜ˛ ¢!_´ åÈyí˛¸y Ó˚y§yÎ˚!öÜ˛ ¢!_´ˆÏÜ˛ Ü˛yˆÏç

°y!àˆÏÎ˚ CO2 !ÓçyÓ˚î â!ê˛ˆÏÎ˚ áyòƒ ≤Ã›!ï˛ˆÏï˛ §«˛ü Ü˛ˆÏÎ˚Ü˛!ê˛ ÓƒyÜ˛!ê˛!Ó˚Î˚y •°ÈÙÙÙÈ öy•zˆÏê˛ΔyˆÏ§yˆÏüyöy§

(Nitrosomonas), öy•zˆÏê˛ΔyÓƒyÜ˛ê˛Ó ̊(Nitrobactor), ÌyˆÏÎ˚yÓƒy!§°y§ (Thiobacillus), ÌyˆÏÎ˚y!Ì :

(Thiothrix), ˆ°˛õ‰ˆÏê˛y!Ì : (Leptothrix) ˆú˛ˆÏÓ˚yÓƒy!§°y§ (Ferrobacillus) •zï˛ƒy!ò–

12. 9.5-~ ≤ÃÌü xÇˆÏ¢Ó˚ í˛z_Ó˚ ~ÓÇ 9.5.1ÈÙÈ~ !mï˛#Î˚ xÇˆÏ¢Ó˚ í˛z_Ó˚ ˛õyÄÎ˚y ÎyˆÏÓ–

13. (a) §yÓ˚!î 9.2 xÇˆÏ¢ ˆòá%ö–

(b) §yÓ˚!î 9.1 xÇˆÏ¢ ˆòá%ö–

(c) 9.4.3 xÇˆÏ¢ ˆòá%ö–

14. (a) 9.4.1 ˆòá%ö–

(b) 9.2.3 xÇˆÏ¢Ó˚ ˆ¢£Ï xö%ˆÏFåÈˆÏò ˆòá%ö–

(c) 9.2.3 xÇˆÏ¢Ó˚ ï,˛ï˛#Î˚ xö%ˆÏFåÈˆÏòÓ˚ ≤ÃÌüyÇˆÏ¢ ˛õyˆÏÓö–

(d) 9.2.2 xÇ¢y!B˛ï˛ B-~Ó˚ ˆ¢£Ï xö%ˆÏFåÈò ˆòá%ö–

(e) 9.3.2  Ú!•° !Ó!e´Î˚yÛ ˛õÎ≈yˆÏÎ˚ xÇ¢!ê˛ˆÏï˛ ˛õyˆÏÓö–

(f) 9.3.2.ÈÙÈ~Ó˚ ˛õyòê˛#Ü˛y ˆòá%ö–

(g) 9.2.3 xÇˆÏ¢Ó˚ !ã˛e Ä xyˆÏ°yã˛öy ˆòá%ö–

(h) 9.2.2-~Ó˚ ˆ¢£ÏyÇˆÏ¢ ˛õyˆÏÓö–

(i) 9.3.8ÈÙÈ~Ó˚ 'CAM-~Ó˚ ï˛yÍ˛õÎ≈ xÇ¢ ˆòá%ö–

(j) 9.3.8 xÇˆÏ¢Ó˚ !mï˛#Î˚ ˛õyòê˛#Ü˛yÎ˚ xyˆÏ°y!ã˛ï˛–
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~Ü˛Ü˛ 10 Ÿª§ö (Respiration)

àë˛ö

10.0 í ẑ̨ Ïj¢ƒ

10.1 ≤ÃhflÏyÓöy

10.2 Ÿª§ˆÏöÓ˚ ≤ÃÜ˛yÓ˚̂ Ïû˛ò

10.2.1 xÓyï˛ Ÿª§ö

10.2.2 §¶˛yö ≤Ã!e´Î˚y

10.2.3 §Óyï˛ Ÿª§ö

10.3 @’y•zˆÏÜ˛y°y•z!§§

10.4 ˆe´Ó§‰ ã˛e´

10.5 •zˆÏ°Ü˛ê˛Δö ̨õ!Ó˚Ó•öï˛sf

10.6 ˆ˛õˆÏrê˛yç ú˛§ˆÏú˛ê˛ ˛õÌ

10.7 Ÿªy§ xö%˛õyï˛

10.8 §yÓ˚yÇ¢

10.9 §Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#

10.10 í˛z_Ó˚üy°y

10.2 í ẑ̨ Ïj¢ƒ

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xy˛õ!ö

 Ÿª§ˆÏöÓ˚ ≤ÃÜ˛yÓ˚̂ Ïû˛ò §¡õˆÏÜ≈˛ ôyÓ˚îy °yû˛ Ü˛Ó˚̂ ÏÓö–

 @’%ˆÏÜ˛yç xî% Ü˛#û˛yˆÏÓ @’y•zˆÏÜ˛y°y•z!§§ ≤Ã!e´Î˚yÓ˚ üyôƒˆÏü !Ó!Ÿ’‹T •ˆÏÎ˚ ˛õy•zÓ˚&!û˛Ü˛ x¡‘ í˛zÍ˛õß¨ Ü˛ˆÏÓ˚ ï˛y

çyöˆÏï˛ ˛õyÓ˚̂ ÏÓö–

 ˆe´Ó§ ã˛ˆÏe´Ó˚ !Ó!û˛ß¨ ˛õÎ≈yÎ˚=!° §¡õˆÏÜ≈˛ çyöˆÏï˛ ˛õyÓ˚̂ ÏÓö–

 •zˆÏ°Ü˛ê˛Δö ˛õ!Ó˚Ó•îï˛sf Ü˛#û˛yˆÏÓ ATP í˛zÍ˛õyòö Ü˛ˆÏÓ˚ ï˛y Óƒyáƒy Ü˛Ó˚ˆÏï˛ ˛õyÓ˚ˆÏÓö–
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 Ÿª§ˆÏöÓ˚ !ÓÜ˛“ ˛õÌ=!°Ó˚ í˛zòy•Ó˚î !òˆÏï˛ ˛õyÓ˚̂ ÏÓö–

 !Ó!û˛ß¨ áyòƒÓ› çyÓ˚̂ ÏîÓ˚ §ˆÏD Ÿªy§ xö%˛õyˆÏï˛Ó˚ §¡õÜ≈˛ !öî≈Î˚ Ü˛Ó˚̂ Ïï˛ ˛õyÓ˚̂ ÏÓö–

 ˛õ!Ó˚̂ Ï¢ˆÏ£Ïñ Ÿª§ˆÏöÓ˚ §y!Ó≈Ü˛ =Ó˚&c §¡õˆÏÜ≈˛ ôyÓ˚îy °yû˛ Ü˛Ó˚̂ ÏÓö–

10.1 ≤ÃhflÏyÓöy

ç#ÓöôyÓ˚ˆÏîÓ˚ çöƒ ¢!_´Ó˚ ~Ü˛yhsˇ ≤ÃˆÏÎ˚yçö– ~•z ¢!_´Ó˚ í˛zÍ§ •° §)Î≈yˆÏ°yÜ˛– §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ §üÎ˚

í˛z!qò ˆ§ÔÓ˚¢!_´ˆÏÜ˛ Ó˚y§yÎ˚!öÜ˛ ¢!_´ˆÏï˛ Ó˚*˛õyhsˇ!Ó˚ï˛ Ü˛ˆÏÓ˚ ¢Ü≈˛Ó˚y Ä ˆŸªï˛§yÓ˚ çyï˛#Î˚ ˜çÓ ˛õòyÌ≈ §ÇˆÏŸ’£Ï Ü˛ˆÏÓ˚

ˆò•ˆÏÜ˛yˆÏ£Ï §!M˛Èï˛ Ó˚yˆÏá– Ÿª§ö ~Ü˛!ê˛ í˛zÍˆÏ§ã˛Ü˛ !öÎ˚!sfï˛ çyÓ˚î ≤Ã!e´Î˚y ÎyÓ˚ üyôƒˆÏü ç#ÓˆÏòˆÏ•Ó˚ §!M˛Èï˛ áyòƒÓ›

çy!Ó˚ï˛ •Î˚ ~ÓÇ ~•z ˛õk˛!ï˛Ó˚ üyôƒˆÏü ˆÎ ¢!_´ !öà≈ï˛ •Î˚ ï˛y í˛z!qò !Ó!û˛ß¨ ˜ç!ÓÜ˛y !e´Î˚y ˛õ!Ó˚ã˛y°öy Ü˛Ó˚yÓ˚

§üÎ˚ ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚–

§yôyÓ˚îû˛yˆÏÓ Ÿª§ö Ó°ˆÏï˛ xyüÓ˚y §Óyï˛ Ÿª§öˆÏÜ˛•z Ó%!é˛– @’y•zˆÏÜ˛y°y•z!§§ Ä ˆe´Ó§‰ ã˛ˆÏe´Ó˚ üyôƒˆÏü ~•z

Ÿª§ö!e´Î˚y §¡õß¨ •Î˚– ~åÈyí˛¸y !ö¡¨ˆÏ◊!îÓ˚ !Ü˛å%È ç#ˆÏÓ Ä í˛zß¨ï˛ ç#ˆÏÓ x!:ˆÏçˆÏöÓ˚ xû˛yÓ âê˛ˆÏ° ÎÌye´ˆÏü

§¶˛yö ≤Ã!e´Î˚y Ä xÓyï˛ Ÿª§ö ˆòáy ÎyÎ˚– ˆ˛õˆÏrê˛yç ú˛§ˆÏú˛ê˛ ˛õˆÏÌÓ˚ üyôƒˆÏüÄ ~Ü˛!ê˛ !ÓÜ˛“ ˛õˆÏÌ Ÿª§ö âê˛ˆÏï˛

˛õyˆÏÓ˚–

~•z ~Ü˛ˆÏÜ˛ xyüÓ˚y Ÿª§ˆÏöÓ˚ ˜çÓÓ˚y§yÎ˚!öÜ˛ ≤Ã!e´Î˚y=!° §¡õˆÏÜ≈˛ xyˆÏ°yã˛öy Ü˛Ó˚Ó– ~åÈyí˛¸y çyÓ˚Ü˛#Î˚

ú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö ˛õk˛!ï˛ˆÏï˛ Ü˛#û˛yˆÏÓ í˛zFã˛¢!_´§¡õß¨ ATP xî%Ó˚ §ÇˆÏŸ’£Ï âˆÏê˛ ï˛yÄ ~•z ~Ü˛ˆÏÜ˛Ó˚ xyˆÏ°yã˛ƒ

!Ó£ÏÎ˚– ˛õ!Ó˚̂ Ï¢ˆÏ£Ï xyüÓ˚y Ÿª§ˆÏöÓ˚ ˜çÓ!öÜ˛ =Ó˚&c §¡õˆÏÜ≈˛ §Ç!«˛Æ xyˆÏ°yã˛öy Ü˛Ó˚Ó–

10.2 Ÿª§ˆÏöÓ˚ ≤ÃÜ˛yÓ˚̂ Ïû˛ò (Types of Respiration)

Ÿª§ö ≤Ã!e´Î̊yÎ̊ @’%̂ ÏÜ˛yç çyï˛#Î̊ áyòƒÓ› çy!Ó̊ï˛ • Ï̂Î̊ ï˛y˛õ¢!_´ Ä í z̨Fã˛¢!_´§¡õß̈ ATP í z̨Í˛õß̈ •Î̊– x!: Ï̂ç Ï̂öÓ̊

í˛z˛õ!fli!ï˛ Ä xö%˛õ!fli!ï˛ Ä @’%ˆÏÜ˛yç xî%Ó˚ !ÓˆÏŸ’£Ïî ≤Ã!e´Î˚yÓ˚ üyôƒˆÏü í˛zÍ˛õß¨ ˜çÓ ˆÎÔˆÏàÓ˚ ≤ÃÜ,˛!ï˛Ó˚ í˛z˛õÓ˚ !öû≈˛Ó˚

Ü˛ˆÏÓ˚ Ÿª§öˆÏÜ˛ ≤Ãôyöï˛ !ï˛ö û˛yˆÏà û˛yà Ü˛Ó˚y •Î˚–

10.2.1 xÓyï˛ Ÿª§ö (Anaerobic respiration)

í˛zFã˛ˆÏ◊!îÓ˚ ç#ˆÏÓ O2-~Ó˚ xö%˛õ!fli!ï˛ˆÏï˛ áyòƒÓ› ˆÎÈÙÈ≤Ã!e´Î˚yÎ˚ xyÇ!¢Ü˛û˛yˆÏÓ çy!Ó˚ï˛ •ˆÏÎ˚ °ƒyÜ˛!ê˛Ü˛ x¡‘ Ä

fl∫“ ˛õ!Ó˚üyî ï˛y˛õ¢!_´ !öà≈ï˛ Ü˛ˆÏÓ˚ ï˛yˆÏÜ˛ xÓyï˛ Ÿª§ö ÓˆÏ°–

~Ü˛ê˛y !Ó£ÏÎ˚ xyüyˆÏòÓ˚ üˆÏö Ó˚yáˆÏï˛ •ˆÏÓ ˆÎ §ühflÏ ≤ÃÜ˛yÓ˚ Ÿª§ˆÏö•z @’y•zˆÏÜ˛y°y•z!§§ ~Ü˛!ê˛ §yôyÓ˚î ≤Ã!e´Î˚y

ÎyÓ˚ üyôˆÏü @’%ˆÏÜ˛yç xî% (6C Î%_´V !Ó!Ÿ’‹T •ˆÏÎ˚ ò%•z xî% ˛õy•zÓ˚&!û˛Ü˛ x¡‘ (3C Î%_´V í˛zÍ˛õß¨ •Î˚– ~•z ˛õy•zÓ˚&!û˛Ü˛

x¡‘ O2-~Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ üy•zˆÏê˛yÜ˛!u»˛Î˚yÎ˚ ç!ê˛° ˆe´Ó§‰ ã˛ˆÏe´Ó˚ üyôƒˆÏü !Ó!û˛ß¨ ˜çÓ xˆÏ¡‘ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚–
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O2-~Ó˚ xö%˛õ!fli!ï˛ˆÏï˛ ˆÜ˛yˆÏ£ÏÓ˚ §y•zˆÏê˛y≤’yçˆÏü ˛õy•zÓ˚&!û˛Ü˛ x¡‘ xÓyï˛ Ÿª§ö ≤Ã!e´Î˚yÎ˚ §Ó˚y§!Ó˚ °ƒyÜ˛!ê˛Ü˛ xˆÏ¡‘

Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚– °ƒyÜ˛ˆÏê˛ê˛ !í˛•y•zˆÏí»˛yˆÏçˆÏö§ í˛zÍˆÏ§ã˛Ü˛!ê˛ ˛õy•zÓ˚&!û˛Ü˛ x¡‘ˆÏÜ˛ NADH + H+ !òˆÏÎ˚ !Óçy!Ó˚ï˛

Ü˛ˆÏÓ˚ °ƒyÜ˛!ê˛Ü˛ x¡‘ í˛zÍ˛õß¨ Ü˛ˆÏÓ˚–

~•z °ƒyÜ˛!ê˛Ü˛ x¡‘ ˆÜ˛yˆÏ£Ï !Ó£Ï!e´Î˚yÓ˚ §,!‹T Ü˛ˆÏÓ˚ ˆÎüö ˆ˛õ!¢ˆÏÜ˛yˆÏ£ÏÓ˚ x!ï˛!Ó˚_´ !e´Î˚yÓ˚ ú˛ˆÏ° Îáö O2-~Ó˚

âyê˛!ï˛ ˆòáy ÎyÎ˚ ï˛áö ~•z ˆÜ˛y£Ï=!° xÓyï˛ Ÿª§ˆÏöÓ˚ üyôƒˆÏü ˆÎ °ƒyÜ˛!ê˛Ü˛ x¡‘ í˛zÍ˛õß¨ Ü˛ˆÏÓ˚ ï˛y ˆ˛õ!¢ˆÏÜ˛yˆÏ£Ï

§!M˛Èï˛ •Î˚ ~ÓÇ ~Ó˚ !Ó£Ï!e´Î˚yÎ˚ ̂ ˛õ!¢Ó˚ Üœ˛y!hsˇ ̂ òáy ÎyÎ˚– xÓyï˛ Ÿª§öÜ˛yÓ˚# ̂ Ü˛y£Ï§ü)• xyÓyÓ˚ fl∫yû˛y!ÓÜ˛ ̨ õ!Ó˚üyˆÏî

O2 ˆ˛õˆÏ° §Óyï˛ Ÿª§ö ÷Ó˚& Ü˛ˆÏÓ˚ ~ÓÇ ˆÜ˛y£Ï ˆÌˆÏÜ˛ ô#ˆÏÓ˚ ô#ˆÏÓ˚ !Ó£Ïy_´ °ƒyÜ˛!ê˛Ü˛ x¡‘ x˛õ§y!Ó˚ï˛ •Î˚–

10.2.2  §¶˛yö ≤Ã!e´Î˚y     (Fermentation)

!Ü˛å%È ÓƒyÜ˛ˆÏê˛!Ó˚Îyñ {fiê˛ öyüÜ˛ åÈeyÜ˛ xÓyï˛ ˛õ!Ó˚̂ ÏÓˆÏ¢ @’%ˆÏÜ˛yç çyï˛#Î˚ áyòƒÓ›ˆÏÜ˛ xyÇ!¢Ü˛û˛yˆÏÓ çy!Ó˚ï˛

Ü˛ Ï̂Ó̊ xƒy° Ï̂Ü˛y•° xÌÓy !Ó!û˛ß̈ ≤ÃÜ,̨ !ï˛Ó̊ ̃ çÓ x¡‘ àë˛ö Ü˛ Ï̂Ó̊ÈÙÙÙÈ~•z ≤Ã!e´Î̊y Ï̂Ü˛ ̂ Ü˛y•°†x¡‘ §¶˛yö Óy ú˛yÓ̊ Ï̂üö Ï̂ê˛¢ö

Ó Ï̂°– í z̨Í˛õy!òï˛ ̨õòy Ï̂Ì≈Ó̊ í z̨̨ õÓ̊ !öû≈̨ Ó̊ Ü˛ Ï̂Ó̊ §¶˛yö ≤Ã!e´Î̊y Ï̂Ü˛ !Ó!û˛ß̈ ̂ ◊!î Ï̂ï˛ û˛yà Ü˛Ó̊y ÎyÎ̊– ̂ ÎüöÈÙÙÙÈxƒy° Ï̂Ü˛y•°

§¶˛yöñ °ƒyÜ˛!ê˛Ü˛ x¡‘ §¶˛yöñ !Óí˛z!ê˛!Ó˚Ü˛ x¡‘ §¶˛yö ≤Ãû,˛!ï˛– {fiê˛ öyüÜ˛ åÈeyÜ˛!ê˛ ˆÎ xƒy°ˆÏÜ˛y•° §¶˛yö âê˛yÎ˚

í z̨!qòçà Ï̂ï˛ ̂ §•z ≤Ã!e´Î̊y!ê˛•z §Ó Ï̂ã˛ Ï̂Î̊ =Ó̊&c˛õ)î≈– Ó%Ü˛öyÓ̊ (Buchner, 1897) { Ï̂fiê˛Ó̊ ~•z §¶˛yö ≤Ã!e´Î̊y xy!Ó‹ÒyÓ̊

Ü˛ Ï̂Ó̊ö–

§yÓ˚!î 10.1 : !Ó!û˛ß¨ §¶˛yöÜ˛yÓ˚# xî%ç#ˆÏÓÓ˚ öyü Ä í˛zÍ˛õy!òï˛ ̃ çÓ ̂ ÎÔà

xî%ç#ˆÏÓÓ˚ öyü í˛zÍ˛õy!òï˛ ˜çÓ ˆÎÔà

(i) Saccharomyces cerevisiae •zÌy•z° xƒy°ˆÏÜ˛y•°

(ii) Bacillus sp., Lactobacillus sp. °ƒyÜ˛!ê˛Ü˛ x¡‘

(iii) Propionibacterium sp. ˆ≤Ãy!˛õˆÏÎ˚y!öÜ˛ x¡‘

(iv) Clostridium sp. !Óí˛z!ê˛!Ó˚Ü˛ x¡‘

(v) Escherichia coli xƒy!§!ê˛Ü˛ x¡‘ñ °ƒyÜ˛!ê˛Ü˛ x¡‘ñ ú˛Ó˚!üÜ˛ x¡‘

CH3 CH3

C=O + NADH + H+ H—C—OH + NAD+

COOH COOH

˛õy•zÓ˚&!û˛Ü˛ x¡‘ °ƒyÜ˛!ê˛Ü˛ x¡‘

°ƒyÜ˛ Ï̂ê˛ê˛

!í˛•y•ẑ Ïí»̨ y Ï̂ç Ï̂ö§
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xƒy°ˆÏÜ˛y•° §¶˛yˆÏöÓ˚ §yü!@ˇÃÜ˛ !Ó!e´Î˚y!ê˛ !ö¡¨Ó˚*˛õ ≠

C6H12O6 → 2C2H5OH + 2CO2 + 27 Kcal

xÓyï˛ Ÿª§ˆÏöÓ˚ üï˛ö §¶˛yö ≤Ã!e´Î˚yˆÏï˛Ä ≤ÃÌˆÏü @’y•zˆÏÜ˛y°y•z!§ˆÏ§Ó˚ §yôyÓ˚î ˛õÎ≈yÎ˚!ê˛ §¡õß¨ •Î˚– í˛zÍ˛õy!òï˛

˛õy•zÓ˚&!û˛Ü˛ x¡‘ !ö¡¨!°!áï˛ !Ó!e´Î˚yÓ˚ üyôƒˆÏü {ˆÏfiê˛ •zÌy•z° xƒy°ˆÏÜ˛y•° í˛zÍ˛õß¨ Ü˛ˆÏÓ˚ ≠

ˆÎ §¶˛yö ≤Ã!e´Î˚yÎ˚ ̂ Ü˛Ó°üye °ƒyÜ˛!ê˛Ü˛ x¡‘ í z̨Í˛õß¨ •Î˚ ï˛y Ï̂Ü˛ ̂ •y Ï̂üy°ƒyÜ˛!ê˛Ü˛ §¶˛yö Ó Ï̂° ~ÓÇ ̂ Î ̨õk˛!ï˛ Ï̂ï˛

°ƒyÜ˛!ê˛Ü˛ x¡‘ åÈyí˛¸yÄ xöƒyöƒ ˜çÓ x¡‘ Óy xƒy°ˆÏÜ˛y•° í˛zÍ˛õß¨ •Î˚ ï˛yˆÏÜ˛ ˆ•ê˛yˆÏÓ˚y°ƒyÜ˛!ê˛Ü˛ §¶˛yö ÓˆÏ°–

Lactobacillus ~ÓÇ Leuconostoc ÓƒyÜ˛ˆÏê˛!Ó˚Î˚yÎ˚ ÎÌye´ˆÏü ˆ•yˆÏüy°ƒyÜ˛!ê˛Ü˛ Ä ˆ•ê˛yˆÏÓ˚y°ƒyÜ˛!ê˛Ü˛ §¶˛yö

≤Ã!e´Î˚y ˆòáy ÎyÎ˚–

xÓyï˛ Ÿª§ö Ä ̂ Ü˛y•° §¶˛yö í z̨û˛Î̊ ≤Ã!e´Î̊y•z O2-~Ó̊ xö%̨ õ!fli!ï˛ Ï̂ï˛ §¡õy!òï˛ • Ï̂°Ä ~ Ï̂òÓ̊ ü Ï̂ôƒ !ö¡̈!°!áï˛

˛õyÌ≈Ü˛ƒ=!° í˛zˆÏÕ‘áˆÏÎyàƒ ≠

(i) xÓyï˛ Ÿª§ö §ã˛Ó˚yã˛Ó˚ í˛zß¨ï˛ ̂ ◊!îÓ˚ ç#ˆÏÓ •Î˚ !Ü˛v §¶˛yö ≤Ã!e´Î˚y åÈeyÜ˛ñ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y ≤Ãû,˛!ï˛ !ö¡¨̂ Ï◊!îÓ˚

ç#ˆÏÓ °«˛ƒ Ü˛Ó˚y ÎyÎ˚–

(ii) O2-~Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ xÓyï˛ Ÿª§öÜ˛yÓ˚# ç#Ó §Óyï˛ Ÿª§ö ÷Ó˚& Ü˛ˆÏÓ˚ !Ü˛v §¶˛yö ≤Ã!e´Î˚y!ê˛ O2 !öÓ˚̂ Ï˛õ«˛

xÌ≈yÍ O2-~Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛Ä §¶˛yö ≤Ã!e´Î˚y ã˛°ˆÏï˛ ÌyˆÏÜ˛–

(iii) xÓyï˛ Ÿª§ˆÏöÓ˚ ú˛ˆÏ° í˛zÍ˛õy!òï˛ °ƒyÜ˛!ê˛Ü˛ x¡‘ ˆÜ˛yˆÏ£Ï §!M˛Èï˛ •ÓyÓ˚ ú˛ˆÏ° ˆÜ˛yˆÏ£Ï !Ó£Ï!e´Î˚y °«˛ƒ Ü˛Ó˚y

ÎyÎ˚ SˆÎüöÈÙÙÙÈˆ˛õ!¢ˆÏï˛ °ƒyÜ˛!ê˛Ü˛ x¡‘ §M˛ÈˆÏÎ˚Ó˚ ú˛ˆÏ° ̂ ˛õ!¢Ó˚ Üœ̨ y!hsˇ Óy muscular fatigue) !Ü˛v §¶˛yö

≤Ã!e´Î˚yÎ˚ xƒy°ˆÏÜ˛y•°ñ °ƒyÜ˛!ê˛Ü˛ x¡‘ñ !Óí˛zê˛y!Ó˚Ü˛ x¡‘ ≤Ãû,˛!ï˛ í˛zÍ˛õy!òï˛ ˆÎÔà ˆÜ˛yˆÏ£ÏÓ˚ Óy•zˆÏÓ˚ !öà≈ï˛

•ÄÎ˚yÎ˚ ˆÜ˛yˆÏ£Ï ˆÜ˛yˆÏöy !Ó£Ï!e´Î˚y ˆòáy ÎyÎ˚ öy– ~åÈyí˛¸y §¶˛yö ≤Ã!e´Î˚yÎ˚ í˛zÍ˛õß¨ ˆÎÔà=!°ˆÏÜ˛ xyüÓ˚y

!¢“çyï˛ ˛õòyÌ≈Ó˚*ˆÏ˛õ ÓƒÓ•yÓ˚ Ü˛Ó˚ˆÏï˛ ˛õy!Ó˚ Îy xÓyï˛ Ÿª§ˆÏöÓ˚ ˆ«˛ˆÏe §Ω˛Ó öÎ˚–

xƒy!§ê˛ƒy°!í˛•y•zí˛

xƒy!§ê˛ƒy°!í˛•y•zí˛
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10.2.3 §Óyï˛ Ÿª§ö (Aerobic respiration)

x!:ˆÏçˆÏöÓ˚ í˛z˛õ!fli!ï˛ˆÏï˛ @’%ˆÏÜ˛yç çyï˛#Î˚ ¢Ü≈˛Ó˚y §¡õ)î≈û˛yˆÏÓ çy!Ó˚ï˛ •ˆÏÎ˚ ˆÎ Ÿª§ö §¡õß¨ Ü˛ˆÏÓ˚ ï˛yˆÏÜ˛

§Óyï˛ Ÿª§ö ÓˆÏ°– §Óyï˛ Ÿª§ö ≤Ã!e´Î˚y!ê˛ @’y•zˆÏÜ˛y°y•z!§§ Ä ˆe´Ó§‰ ã˛ˆÏe´Ó˚ üyôƒˆÏü §¡õß¨ •Î˚– @’y•zˆÏÜ˛y°y•z!§§

ˆÜ˛yˆÏ£ÏÓ˚ §y•zˆÏê˛y≤’yçˆÏü Ä ˆe´Ó§‰ ã˛e´ üy•zˆÏê˛yÜ˛!u»˛Î˚yÎ˚ xö%!¤˛ï˛ •Î˚–

§Óyï˛ Ÿª§ˆÏöÓ˚ §yü!@ˇÃÜ˛ !Ó!e´Î˚y!ê˛ !ö¡¨Ó˚*˛õ ≠

C6H12O6 + 6O2 → 6CO2 + 6H2O + 673 kcal

~•z ≤Ã!e´Î˚yÎ˚ @’%ˆÏÜ˛yç xö% §¡õ)î≈û˛yˆÏÓ çy!Ó˚ï˛ •Î˚ ÓˆÏ° xÓyï˛ Ÿª§ö Óy §¶˛yö ≤Ã!e´Î˚yÓ˚ ˆã˛ˆÏÎ˚ xˆÏöÜ˛ ˆÓ!¢

¢!_´ !öà≈ï˛ •Î˚–

10.3 @’y•ẑ ÏÜ˛y°y•z!§§ (Glycolysis)

ˆÜ˛yˆÏ£ÏÓ˚ §y•zˆÏê˛y≤’yçˆÏü ˆÎ í˛zÍˆÏ§ã˛Ü˛ !öÎ˚!sfï˛ ˛õÎ≈yÎ˚e´!üÜ˛ !Ó!e´Î˚yÓ˚ üyôƒˆÏü @’%ˆÏÜ˛yç Óy ú %˛Ü˛ˆÏê˛yç çyï˛#Î˚

åÈÎ˚ Ü˛yÓ≈öÎ%_´ ¢Ü≈˛Ó˚y x!:ˆÏçö !öÓ˚ˆÏ˛õ«˛ ≤Ã!e´Î˚yÎ˚ !Ó!Ÿ’‹T •ˆÏÎ˚ ò%•z xö% !ï˛ö Ü˛yÓ≈öÎ%_´ ˛õy•zÓ˚&!û˛Ü˛ x¡‘ í˛zÍ˛õß¨

Ü˛ˆÏÓ˚ ï˛yˆÏÜ˛ @’y•zˆÏÜ˛y°y•z!§§ ÓˆÏ°– ~•z ˛õk˛!ï˛Ó˚ xy!Ó‹Òï≈˛y Embden, Meyerhof Ä Parnas-~Ó˚ öyˆÏüÓ˚

xyòƒ«˛Ó˚ xö%§yˆÏÓ˚ ~ˆÏÜ˛ EMP ˛õÌÄ Ó°y •Î˚– @’%ˆÏÜ˛yç ˆÌˆÏÜ˛ ˛õy•zÓ˚&!û˛Ü˛ x¡‘ í˛zÍ˛õyòˆÏöÓ˚ ˛õÎ≈yÎ˚=!°

!ö¡¨Ó˚*˛õ ≠

1. ≤ÃÌü ˛õÎ≈yˆÏÎ˚ @’%ˆÏÜ˛yç xö% ~Ü˛!ê˛ ATP xî%Ó˚ §yˆÏÌ Î%_´ •ˆÏÎ˚ @’%ˆÏÜ˛yçÈÙÈ6 ú˛§ˆÏú˛ê˛ Ä ADP í˛zÍ˛õß¨

Ü˛ˆÏÓ˚– ˆ•ˆÏ:yÜ˛y•zˆÏöç í˛zÍˆÏ§ã˛Ü˛!ê˛ ~•z !Ó!e´Î˚yˆÏÜ˛ !öÎ˚sfî Ü˛ˆÏÓ˚–
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2. ˛õÓ˚Óï˛#≈ ̨ õÎ≈yˆÏÎ˚ @’%ˆÏÜ˛yçÈÙÈ6-ú˛§ˆÏú˛ê˛ñ ú˛§ˆÏú˛y@’%ˆÏÜ˛yxy•zˆÏ§yüyˆÏÓ˚ç í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ üyôƒˆÏü ú %˛Ü˛ˆÏê˛yçÈÙÈ6-
ú˛§ˆÏú˛ˆÏê˛ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚– ~•z !Ó!e´Î˚yÎ˚ @’%ˆÏÜ˛yˆÏçÓ˚ xƒy°ˆÏí˛yç ü)°Ü˛ ú %˛Ü˛ˆÏê˛yˆÏçÓ˚ !Ü˛ˆÏê˛y ü)°ˆÏÜ˛

Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚–

3. ï,˛ï˛#Î˚ ˛õÎ≈yˆÏÎ˚ ú %˛Ü˛ˆÏê˛yçÈÙÈ6ÈÙÈú˛§ˆÏú˛ê˛ ˛õ%öÓ˚yÎ˚ ~Ü˛ xî% ATP-~Ó˚ §yˆÏÌ Î%_´ •ˆÏÎ˚ ú %˛Ü˛ˆÏê˛yçÈÙÈ1-6-
!Ó§ú˛§ˆÏú˛ê˛ àë˛ö Ü˛ˆÏÓ˚– ú˛§ˆÏú˛yú %˛Ü˛ˆÏê˛yÜ˛y•zˆÏöç ~•z !Ó!e´Î˚y !öÎ˚sfî Ü˛ˆÏÓ˚– ~•z ˛õÎ≈yˆÏÎ ̊ATP ˆÌˆÏÜ˛

≤ÃyÆ ú˛§ˆÏú˛ê˛ xî%!ê˛ ú %˛Ü˛ˆÏê˛yˆÏçÓ˚ ≤ÃÌü Ü˛yÓ≈ˆÏöÓ˚ §yˆÏÌ Î%_´ •Î˚–

ú %̨ Ü˛ Ï̂ê˛yç

ú %̨

ú %̨ Ü˛ Ï̂ê˛yç
ú %̨ Ü˛ Ï̂ê˛yç

NSOU  CC-BT-09  189



4. @’y•ẑ ÏÜ˛y°y•z!§ Ï̂§Ó̊ ~•z ̨õÎ≈y Ï̂Î̊ ú %̨ Ü˛ Ï̂ê˛yçÙÈ1, 6-!Ó§‰ú˛§ Ï̂ú˛ê˛ (6C) xƒy° Ï̂í˛y Ï̂°ç í z̨Í Ï̂§ã˛ Ï̂Ü˛Ó̊ üyôƒ Ï̂ü

!Ó!Ÿ’‹T • Ï̂Î˚ ò%Û!ê˛ !ï˛ö Ü˛yÓ≈öÎ%_´ ̂ ÎÔà ̃ ï˛!Ó˚ Ü˛ Ï̂Ó˚– ~•z ̂ ÎÔà ò%Û!ê˛Ó˚ ~Ü˛!ê˛ 3-ú˛§ Ï̂ú˛y!@’§yÓ˚ƒy°!í˛•y•zí˛

öyüÜ˛ xƒy°ˆÏí˛yç ¢Ü≈˛Ó˚y Ä x˛õÓ˚!ê˛ í˛y•z•y•zí»˛!: xƒy!§ˆÏê˛yö ú˛§ˆÏú˛ê˛ öyüÜ˛ !Ü˛ˆÏê˛y ¢Ü≈˛Ó˚y–

5. ~•z ôy˛õ!ê˛ˆÏï˛ 3ÈÙÈú˛§ˆÏú˛y!@’§yÓ˚ƒy°!í˛•y•zí˛ Ä í˛y•z•y•zí»˛!:xƒy!§ˆÏê˛yö ú˛§ˆÏú˛ê˛ !öˆÏçˆÏòÓ˚ üˆÏôƒ

˛õyÓ˚flõ!Ó˚Ü˛ û˛yˆÏÓ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚– ú˛§ˆÏú˛yê˛ΔyˆÏÎ˚yç xy•zˆÏ§yüyˆÏÓ˚ç í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ üyôƒˆÏü ~•z Ó˚*˛õyhsˇÓ˚

â Ï̂ê˛–

ú˛§ˆÏú˛yê˛ΔyˆÏÎ˚yç

3PGAld                                  DHAP
xy•zˆÏ§yüyˆÏÓ˚ç

@’y•zˆÏÜ˛y°y•z!§ˆÏ§Ó˚ ˛õÓ˚Óï˛#≈ ˛õÎ≈yÎ˚=!° 3PGAld ˆÌˆÏÜ˛ §¡õß¨ •Î˚– ~Ü˛!ê˛ !Ó£ÏÎ˚ üˆÏö Ó˚yáy òÓ˚Ü˛yÓ˚ ˆÎ ~Ü˛

xî% @’%ˆÏÜ˛yç (6C) ˆÌˆÏÜ˛ ò%Ûxî% 3PGAld (3C) í˛zÍ˛õß¨ •Î˚– Ü˛yˆÏç•z 3PGAld ˆÌˆÏÜ˛ ˛õÓ˚Óï˛#≈ ˛õÎ≈yˆÏÎ˚ ˆÎ

ˆÎÔà=!° í˛zÍ˛õß¨ •ˆÏÓ ~Ü˛ xî% @’%ˆÏÜ˛yç ˆÌˆÏÜ˛ !•§yÓ Ü˛Ó˚̂ Ï° ï˛yˆÏòÓ˚ ˛õ!Ó˚üyî §Ó≈òy•z !m=î •ˆÏÓ–

6. @’y•zˆÏÜ˛y°y•z!§ˆÏ§Ó˚ ~•z ˛õÎ≈yÎ˚!ê˛ !ÓˆÏ¢£Ï =Ó˚&c˛õ)î≈ Ü˛yÓ˚î ~áyˆÏö ≤ÃÌü çyÓ˚îÈÙÈ!ÓçyÓ˚î ≤Ã!e´Î˚y!ê˛

§¡õß¨ •Î˚ ~ÓÇ ~Ü˛!ê˛ í˛zFã˛¢!_´!Ó!¢‹T ú˛§ˆÏú˛ê˛ ˆÎÔà í˛zÍ˛õß¨ •Î˚– !@’§yÓ˚ƒy°!í˛•y•zí˛ 3-ú˛§ˆÏú˛ê˛

!í˛•y•zˆÏí»˛yˆÏçˆÏöç í˛zÍˆÏ§ã˛Ü˛!ê˛ NAD+-Ó˚ §•yÎ˚ï˛yÎ˚ ~•z !Ó!e´Î˚y âê˛yÎ˚–

!@’§yÓ̊ƒy°!í˛•yí z̨í˛ 3-P !í˛•y•ẑ Ïí»̨ yç Ï̂öç

3PGAID + NAD+ + H3PO4 1, 3-!Ó§ú˛§ˆÏú˛y!@’§y!Ó˚Ü˛ x¡‘ + NADH+H+

ú %̨ Ü˛ Ï̂ê˛yç
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~•z !Ó!e´Î˚y!ê˛ ò%Û!ê˛ ˛õˆÏÓ≈ âˆÏê˛– ≤ÃÌˆÏü 3ÈÙÈú˛§ˆÏú˛y!@’§yÓ˚ƒy°!í˛•y•zí˛ çy!Ó˚ï˛ •ˆÏÎ ̊3ÈÙÈú˛§ˆÏú˛y!@’§y!Ó˚Ü˛ x¡‘

˜ï˛!Ó˚ Ü˛ˆÏÓ˚– ~Ó˚ ˛õˆÏÓ˚Ó˚ ˛õˆÏÓ≈ ~•z çyÓ˚î ≤Ã!e´Î˚yÎ˚ í˛zq(ï˛ ¢!_´Ó˚ !Ü˛å%Èê˛y xÇˆÏ¢Ó˚ §y•yˆÏÎƒ ~Ü˛ xî% H3PO4-~Ó˚

§ˆÏD !Ó!e´Î˚yÓ˚ ú˛ˆÏ° í˛zFã˛¢!_´§¡õß¨ 1, 3-!Ó§ú˛§ˆÏú˛y!@’§y!Ó˚Ü˛ x¡‘ ≤Ã›ï˛ •Î˚–

7. @’y•zˆÏÜ˛y°y•z!§ˆÏ§Ó˚ ˛õÓ˚Óï˛#≈ ˛õÎ≈yˆÏÎ˚ñ 1, 3-!Ó§ú˛§ˆÏú˛y!@’§y!Ó˚Ü˛ x¡‘ ~Ü˛ xî% ADP-~Ó˚ §yˆÏÌ Î%_´

•ˆÏÎ˚ ~Ü˛!ê˛ ú˛§ˆÏú˛ê˛ ï˛ƒyà Ü˛ˆÏÓ ̊3ÈÙÈú˛§ˆÏú˛y!@’§y!Ó˚Ü˛ xˆÏ¡‘ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚ ~ÓÇ ~•z !Ó!e´Î˚yÎ˚ 1 xî%

ATP í˛zÍ˛õß¨ •Î˚– ú˛§ˆÏú˛y!@’§yˆÏÓ˚ê˛ Ü˛y•zˆÏöç í˛zÍˆÏ§ã˛Ü˛!ê˛ ~•z !Ó!e´Î˚yˆÏÜ˛ !öÎ˚sfî Ü˛ˆÏÓ˚–

8. ~•z ̨õÎ≈y Ï̂Î̊ 3ÈÙÈú˛§ Ï̂ú˛y!@’§y!Ó̊Ü˛ x Ï̂¡‘ í z̨̨ õ!fliï˛ ï,̨ ï˛#Î̊ Ü˛yÓ≈̂ ÏöÓ̊ ú˛§ Ï̂ú˛ê˛ xî%!ê˛ !mï˛#Î̊ Ü˛yÓ≈̂ Ïö fliyöyhsˇ!Ó̊ï˛

• Ï̂Î̊ 2ÈÙÈú˛§ Ï̂ú˛y!@’§y!Ó̊Ü˛ x Ï̂¡‘ ̨õ!Ó̊îï˛ •Î̊– ú˛§ Ï̂ú˛y!@’§y Ï̂Ó̊y!üí ẑ̨ Ïê˛ç í z̨Í Ï̂§ã˛Ü˛ ~•z !Ó!e´Î̊y Ï̂Ü˛ !öÎ̊sfî

Ü˛ Ï̂Ó̊–
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9. ~ˆÏöyˆÏ°ç í˛zÍˆÏ§ã˛Ü˛!ê˛ 2ÈÙÈú˛§ˆÏú˛y!@’§y!Ó˚Ü˛ x¡‘ˆÏÜ˛ !öÓ˚&!òï˛ Ü˛ˆÏÓ˚ ú˛§ˆÏú˛y~ˆÏöy° ˛õy•zÓ˚&!û˛Ü˛ x¡‘

í˛zÍ˛õß¨ Ü˛ˆÏÓ˚–

10. @’y•ẑ ÏÜ˛y°y•z!§ Ï̂§Ó̊ ã)̨ í˛̧yhsˇ ̨õÎ≈y Ï̂Î̊ ̨õy•zÓ̊& Ï̂û˛ê˛ Ü˛y•ẑ Ïöç í z̨Í Ï̂§ã˛ Ï̂Ü˛Ó̊ §y•y Ï̂Îƒ ú˛§ Ï̂ú˛y~ Ï̂öy° ̨õy•zÓ̊&!û˛Ü˛

x¡‘ñ ~Ü˛ xî% ADP-ˆÜ˛ ï˛yÓ˚ ú˛§ˆÏú˛ê˛!ê˛ ≤Ãòyö Ü˛ˆÏÓ˚ ˛õy•zÓ˚&!û˛Ü˛ xˆÏ¡‘ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚ ~ÓÇ ADP
xî%!ê˛ ATP-ˆï˛ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚–

~•zû˛y Ï̂Ó @’y•ẑ ÏÜ˛y°y•z!§§ ≤Ã!e´Î̊yÓ̊ üyôƒ Ï̂ü ~Ü˛ xî% åÈÎ̊ Ü˛yÓ≈öÎ%_´ @’%̂ ÏÜ˛yç !Ó!Ÿ’‹T • Ï̂Î̊ ò%•z xî% !ï˛ö Ü˛yÓ≈öÎ%_´

˛õy•zÓ˚&!û˛Ü˛ x¡‘ í˛zÍ˛õß¨ Ü˛ˆÏÓ˚–
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!ã˛e 10.1 : @’y•ẑ ÏÜ˛y°y•z!§ Ï̂§Ó̊ ôyÓ̊yÓy!•Ü˛ ̨õÎ≈yÎ̊=!°Ó̊ !ã˛e

ú %̨ Ü˛ Ï̂ê˛yç

ú˛Ü˛ Ï̂ú˛yú %̨ Ü˛ Ï̂ê˛yÜ˛y•ẑ Ïöç

ú %̨ Ü˛ Ï̂ê˛yç

!Ó!e´Î̊y ̨õk˛!ï˛ í z̨Í˛õy!òï˛ ̨õòyÌ≈ í z̨Í Ï̂§ã˛Ü˛
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xö%¢#°ö# 1 ≠

1. §!ë˛Ü˛ í˛z_ˆÏÓ˚Ó˚ ö#ˆÏã˛     (  ) òyà !òö ≠

SÜ˛V  ˆ•ê˛yˆÏÓ˚y°ƒyÜ˛!ê˛Ü˛ §¶˛yˆÏö í˛zÍ˛õß¨ •Î˚

(i) •zÌy•z° xƒy°ˆÏÜ˛y•°

(ii) °ƒyÜ˛!ê˛Ü˛ x¡‘

(iii) °ƒyÜ˛!ê˛Ü˛ x¡‘ Ä xöƒyöƒ ˜çÓ ˆÎÔà

SáV  §ÓˆÏã˛ˆÏÎ˚ ˆÓ!¢ ¢!_´ !öà≈ï˛ •Î˚

(i) xÓyï˛ Ÿª§ö

(ii) ˆÜ˛y•° §¶˛yˆÏö

(iii) §Óyï˛ Ÿª§ˆÏö

SàV  •zÌy•z° xƒy°ˆÏÜ˛y•° í˛zÍ˛õyòöÜ˛yÓ˚# {fiê˛ ~Ü˛!ê˛

(i) åÈeyÜ˛

(ii) û˛y•zÓ˚y§

(iii) ˜¢Óy°

2. ¢)öƒfliyö ˛õ)Ó˚î Ü˛Ó˚&ö ≠

SÜ˛V ______ í˛zÍˆÏ§ã˛Ü˛!ê˛ @’y•zˆÏÜ˛y°y•z!§ˆÏ§Ó˚ ≤ÃÌü í˛zÍˆÏ§ã˛Ü˛–

SáV ~Ü˛ xî% @’%ˆÏÜ˛yç ˆÌˆÏÜ˛ ______ xî% ˛õy•zÓ˚&!û˛Ü˛ x¡‘ §,!‹T •Î˚–

SàV 3ÈÙÈú˛§ˆÏú˛y!@’§yÓ˚ƒy°!í˛•y•zí˛ Ä ______ ˛õÓ˚flõÓ˚ xy•zˆÏ§yüyÓ˚–

3. §Ç!«˛Æ í˛z_Ó˚ !òö ≠

SÜ˛V §Óyï˛ Ÿª§ˆÏöÓ˚ ò%Û!ê˛ xï˛ƒyÓ¢ƒÜ˛ ˛õÎ≈yÎ˚ Ü˛# Ü˛#⁄

SáV xÓyï˛ Ÿª§ö ˆÜ˛ö «˛!ï˛Ü˛Ó˚ ≤Ã!e´Î˚y⁄

SàV @’y•zˆÏÜ˛y°y•z!§ˆÏ§Ó˚ ã)˛í ¸̨yhsˇ ˛õÎ≈yˆÏÎ˚ ˆÜ˛yö‰ í˛zÍˆÏ§ã˛Ü˛ Ü˛yÎ≈Ü˛Ó˚# •Î˚⁄
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10.4 ˆe´Ó§‰ ã˛e´     (Krebs cycle)

§Óyï˛ Ÿª§ö §¡õy!òï˛ Ü˛Ó˚yÓ˚ çöƒ ˛õy•zÓ˚&!û˛Ü˛ xƒy!§í˛ˆÏÜ˛ üy•zˆÏê˛yÜ˛!u»˛Î˚yÎ˚ xy§ˆÏï˛ •Î˚– ˛õy•zÓ˚&!û˛Ü˛ x¡‘

!Ü˛v §Ó˚y§!Ó˚ üy•zˆÏê˛yÜ˛!u»˛Î˚yÎ˚ ~ˆÏ§ ˆe´Ó§‰ ã˛ˆÏe´ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ öy– ≤ÃÌˆÏü ~•z x¡‘!ê˛ ~Ü˛!ê˛ ç!ê˛° ≤Ã!e´Î˚yÎ˚

çy!Ó̊ï˛ • Ï̂Î̊ xƒy!§ê˛y•z°ÈÙÈˆÜ˛y~öçy•zü A (Acetyl CoA) í z̨Í˛õß̈ Ü˛ Ï̂Ó̊– !ö¡̈!°!áï˛ ̨õÎ≈y Ï̂Î̊ ~•z !Ó!e´Î̊y §¡õy!òï˛

•Î˚ ≠

~•z ˛õk˛!ï˛ˆÏï˛ ˆÎ xƒy§ê˛y•z° CoA í˛zÍ˛õß¨ •Î˚ ï˛y üy•zˆÏê˛yÜ˛!u»˛Î˚yÎ˚ ˆe´Ó§‰ ã˛e´ §¡õyòˆÏöÓ˚ çöƒ ≤ÃˆÏÓ¢

Ü˛ˆÏÓ˚– x˛õÓ˚!òˆÏÜ˛ !Óçy!Ó˚ï˛ !°ˆÏ˛õy•zÜ˛ xƒy!§í˛ ≤ÃÌü ˛õÎ≈yˆÏÎ˚ FAD myÓ˚y çy!Ó˚ï˛ •Î˚– ~•z !Ó!e´Î˚yÓ˚ ú˛ˆÏ°

!Óçy!Ó˚ï˛ FAD (FADH2) xyÓyÓ˚ NAD ˆÜ˛ !Óçy!Ó˚ï˛ Ü˛ˆÏÓ˚ !öˆÏç ˛õ%öç≈y!Ó˚ï˛ •Î˚ ~ÓÇ NAD !Óçy!Ó˚ï˛ •ˆÏÎ˚

NADH + H+ í˛zÍ˛õß¨ Ü˛ˆÏÓ˚–

(iv) !Óçy!Ó˚ï˛ !°ˆÏ˛õy•zÜ˛ xƒy!§í˛ + FAD !°ˆÏ˛õy•zÜ˛ xƒy!§í˛ + FADH2

(v) FADH2 + NAD+ FAD + NADH + H+

~•z Ü˛yÓ˚ˆÏî xyüÓ˚y Ó°ˆÏï˛ ˛õy!Ó˚ ˆÎ ~•z ˛õÎ≈yˆÏÎ˚ ˛õy•zÓ˚&!û˛Ü˛ xƒy!§í˛ xƒy!§ê˛y•z°È CoA-ˆï˛ Ó˚*˛õyhsˇ!Ó˚ï˛

•ÓyÓ˚ §üÎ˚ ~Ü˛ xî% NADH + H+ í˛zÍ˛õß¨ •Î˚–
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xƒy!§í˛

xƒy!§í˛

•y•zˆÏí»˛y!:•zÌy•z° ÈÙÈ TPP + CO2

xƒy!§ê˛y•z°ÈÙÈí˛y•z•y•zˆÏí»˛y°y•zˆÏ˛õy~üy•zí˛ + TPP

CH3CO—S—CoA

Sxƒy!§ê˛y•z°ÈÙÈCoA)
+ !Óçy!Ó̊ï˛ !° Į̈̂ õy•zÜ˛ xƒy!§í˛



ˆÎ ≤Ã!e´Î˚yÎ˚ ˛õy•zÓ˚&!û˛Ü˛ xƒy!§í˛ x!:ˆÏçˆÏöÓ˚ í˛z˛õ!fli!ï˛ˆÏï˛ çy!Ó˚ï˛ •ˆÏÎ˚ ã˛e´yÜ˛yÓ˚ ˛õk˛!ï˛ˆÏï˛ !Ó!û˛ß¨ ˜çÓ

xƒy!§í˛ §,!‹T Ü˛ˆÏÓ˚ ï˛yˆÏÜ˛ ˆe´Ó§‰ ã˛e´ ÓˆÏ°– •ƒyö§ ˆe´Ó§‰ (1937) ~•z ã˛e´yÜ˛yÓ˚ !Ó!e´Î˚y ˛õÌ!ê˛ xy!Ó‹ÒyÓ˚

Ü˛ˆÏÓ˚ö ÓˆÏ° ~ˆÏÜ˛ ˆe´Ó§‰ ã˛e´ ÓˆÏ°– ~•z ã˛ˆÏe´Ó˚ ≤ÃÌü í˛zÍ˛õy!òï˛ ˆÎÔà §y•z!ê˛ΔÜ˛ xƒy!§í˛ ÓˆÏ° ~ˆÏÜ˛ §y•z!ê˛ΔÜ˛

xƒy!§í˛ ã˛e´Ä Ó°y •Î˚– xyÓyÓ˚ §y•z!ê˛ΔÜ˛ xƒy!§í˛ çyï˛#Î˚ ˆÎÔà=!°ˆÏÜ˛ !ï˛ö!ê˛ Ü˛yÓ≈!:° Óà≈ (–COOH) ÌyÜ˛yÎ˚

~ˆÏÜ˛ ê˛Δy•zÜ˛yÓ≈!:!°Ü˛ xƒy!§í˛ ã˛e´Ä (TCA cyle) Ó°y •Î˚–

ˆe´Ó§‰ ã˛ˆÏe´Ó˚ ˛õÎ≈yÎ˚e´!üÜ˛ !Ó!e´Î˚y=!° !ö¡¨Ó˚*˛õ ≠

1. §Ó≈≤ÃÌü xƒy!§ê˛y•z°ÈÙÈCoA ˆÎÔà!ê˛ x:yˆÏ°yxƒy!§!ê˛Ü˛ xƒy!§ˆÏí˛Ó˚ §yˆÏÌ Î%_´ •ˆÏÎ˚ §y•z!ê˛ΔÜ˛ xƒy!§í˛

àë˛ö Ü˛ˆÏÓ˚ ~ÓÇ HSCoA ˆÜ˛ ü%_´ Ü˛ˆÏÓ˚–

2. §y•z!ê Δ̨Ü˛ xƒy!§í˛ ~Ü˛ xî% ç° x˛õ§y!Ó̊ï˛ Ü˛ Ï̂Ó̊ !§§‰ÈÙÈxƒy Ï̂Ü˛yöy•z!ê˛Ü˛ xƒy!§ Ï̂í˛ ̨õ!Ó̊îï˛ •Î̊– ~•z !Ó!e´Î̊y!ê˛

xƒyˆÏÜ˛yöy•zˆÏê˛ç í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ üyôƒˆÏü •Î˚–

xƒy!§í˛

xƒy Ï̂Ü˛yöy•ẑ Ïê˛ç

xƒy!§í˛

xƒy!§í˛
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3. ˛õÓ˚Óï˛#≈ ˛õÎ≈yˆÏÎ˚ !§§‰ÈÙÈxƒyˆÏÜ˛yöy•z!ê˛Ü˛ xƒy!§í˛ ˛õ%öÓ˚yÎ˚ ç° @ˇÃ•î Ü˛ˆÏÓ˚ xy•zˆÏ§y§y•z!ê˛ΔÜ˛ xƒy!§ˆÏí˛

Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚– ~•z !Ó!e´Î˚y!ê˛Ä xƒyˆÏÜ˛yöy•zˆÏê˛ç í˛zÍˆÏ§ã˛Ü˛ !öÎ˚sfî Ü˛ˆÏÓ˚–

4. ˆe´Ó§‰ ã˛ˆÏe´Ó˚ ã˛ï%˛Ì≈ ˛õÎ≈yˆÏÎ˚ xy•zˆÏ§y§y•z!ê˛ΔÜ˛ xƒy!§í˛ NAD+ myÓ˚y çy!Ó˚ï˛ •Î˚– ~•z ˛õÎ≈yˆÏÎ˚

xy•ẑ Ï§y§y•z!ê Δ̨Ü˛ xƒy!§í˛ ̂ Ì Ï̂Ü˛ ~Ü˛ xî% CO2 !öà≈ï˛ •Î̊– xy•ẑ Ï§y§y•ẑ Ïê Δ̨ê˛ !í˛•y•ẑ Ïí»̨ y Ï̂ç Ï̂öç í z̨Í Ï̂§ã˛ Ï̂Ü˛Ó̊

üyôƒˆÏü ~•z !Ó!e´Î˚y §¡õy!òï˛ •Î˚ ~ÓÇ α-!Ü˛ˆÏê˛y@’%ê˛y!Ó˚Ü˛ xƒy!§í˛ í˛zÍ˛õß¨ •Î˚–

5. α-!Ü˛ˆÏê˛y@’%ê˛y!Ó˚Ü˛ xƒy!§í˛ ̨õ%öÓ˚yÎ˚ NAD+ myÓ˚y çy!Ó˚ï˛ •Î˚– ~•z ̨õÎ≈yˆÏÎ˚ ̇  xƒy!§ˆÏí˛Ó˚ §yˆÏÌ ̂ Ü˛y~öçy•zü

A(HSCoA) Î%_´ •Î̊ Ä ~Ü˛ xî% CO2 !öà≈ï˛ •Î̊– α-!Ü˛ Ï̂ê˛y@’%ê˛y Ï̂Ó̊ê˛ ~•z !Ó!e´Î̊yÓ̊ üyôƒ Ï̂ü §yÜ˛!§öy•z°

CoA-ˆï˛ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚– α-!Ü˛ˆÏê˛y@’%ê˛yˆÏÓ˚ê˛ !í˛•y•zˆÏí»˛yˆÏçˆÏöç ~•z !Ó!e´Î˚y !öÎ˚sfî Ü˛ˆÏÓ˚–

xƒy Ï̂Ü˛yöy•ẑ Ïê˛ç

xƒy!§í˛ xƒy!§í˛

xƒy!§í˛ xƒy!§í˛

ç

xƒy!§í˛

ç
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6. ˛õÓ˚Óï˛#≈ ˛õÎ≈yˆÏÎ˚ §yÜ˛!§öy•z°ÈÙÈCoA ~Ü˛ xî% GDP-ˆÜ˛ GTP-ˆï˛ Ó˚*˛õyhsˇ!Ó˚ï˛ Ü˛ˆÏÓ˚ ~ÓÇ HSCoA
ü%_´ Ü˛ˆÏÓ˚ §yÜ˛!§!öÜ˛ xƒy!§ˆÏí˛ ̨ õ!Ó˚îï˛ •Î˚– ~•z !Ó!e´Î˚yÎ˚ í˛zÍ˛õß¨ GTP xyÓyÓ˚ ADP xî%Ó˚ §yˆÏÌ Î%_´

•ˆÏÎ ̊ATP í˛zÍ˛õß¨ Ü˛ˆÏÓ˚– §yÜ˛!§öy•z° ÌyˆÏÎ˚yÜ˛y•zˆÏöç ~•z !Ó!e´Î˚yˆÏÜ˛ ˛õ!Ó˚ã˛y!°ï˛ Ü˛ˆÏÓ˚–

7. §yÜ˛!§!öÜ˛ xƒy!§í˛ FAD myÓ̊y çy!Ó̊ï˛ • Ï̂Î̊ !ú˛í z̨üy!Ó̊Ü˛ xƒy!§ Ï̂í˛ Ó̊*˛õyhsˇ!Ó̊ï˛ •Î̊– ~•z !Ó!e´Î̊y §yÜ˛!§öy•z°

!í˛•y•zˆÏí»˛yˆÏçˆÏöç í˛zÍˆÏ§ã˛Ü˛ myÓ˚y !öÎ˚!sfï˛ •Î˚–

8. !ú˛í˛züy!Ó˚Ü˛ xƒy!§í˛ ~Ü˛ xî% çˆÏ°Ó˚ §yˆÏÌ Î%_´ •ˆÏÎ˚ üƒy!°Ü˛ xƒy!§ˆÏí˛ ˛õ!Ó˚îï˛ •Î˚– !ú˛í˛züyˆÏÓ˚§

í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ üyôƒˆÏü ~•z !Ó!e´Î˚y §¡õy!òï˛ •Î˚–

xƒy!§í˛

xƒy!§í˛ xƒy!§í˛

ç

xƒy!§í˛ xƒy!§í˛

ç
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9. ˆe´Ó§‰ ã˛ˆÏe´Ó˚ ˛õÓ˚Óï˛#≈ ˛õÎ≈yˆÏÎ˚ üƒy!°Ü˛ xƒy!§í˛ NAD+  myÓ˚y çy!Ó˚ï˛ •ˆÏÎ˚ x:yˆÏ°yxƒy!§!ê˛Ü˛ xƒy!§ˆÏí˛

Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚– üƒyˆÏ°ê˛ !í˛•y•zˆÏí»˛yˆÏçˆÏö§ ~•z !Ó!e´Î˚yˆÏÜ˛ !öÎ˚sfî Ü˛ˆÏÓ˚–

10. x:yˆÏ°yxƒy!§!ê˛Ü˛ xƒy!§í˛ ˛õ%öÓ˚yÎ˚ xƒy!§ê˛y•z°ÈÙÈCoAÈÙÈ~Ó˚ §yˆÏÌ Î%_´ •ˆÏÎ˚ xyÓyÓ˚ §y•z!ê˛ΔÜ˛ xƒy!§í˛

àë˛ö Ü˛ˆÏÓ˚– ~•zû˛yˆÏÓ ã˛e´yÜ˛yÓ˚ ˛õˆÏÌ ˆe´Ó§‰ ã˛e´ §¡õy!òï˛ •Î˚–

!ã˛e 10.2 : ̂ e´Ó§‰ ã˛e´

xƒy!§í˛

xƒy!§í˛

xƒy!§í˛

xƒy!§í˛

xƒy!§í˛

xƒy!§í˛

xƒy!§í˛

xƒy!§í˛

ç

xƒy!§í˛ xƒy!§í˛
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10.5 •ẑ Ï°Ü˛ê Δ̨ö ̨õ!Ó̊Ó•öï˛sf     (Electron transport system)

@’y•zˆÏÜ˛y°y•z!§§ Ä ˆe´Ó§‰ ã˛e´ˆÏÜ˛ û˛yˆÏ°yû˛yˆÏÓ °«˛ƒ Ü˛Ó˚̂ Ï° ˆòáy ÎyˆÏÓ ˆÎ ~•z ò%Û!ê˛ ˛õÎ≈yˆÏÎ˚ !Ó!û˛ß¨ ˆÎÔà

çy!Ó˚ï˛ •ˆÏ°Ä ˆÜ˛yˆÏöy ˆ«˛ˆÏe•z xyî!ÓÜ˛ O2-~Ó˚ ≤ÃˆÏÎ˚yçö •Î˚ öy– ˆÎ ˆÜ˛yˆÏöy !Óçy!Ó˚ï˛ ˆÎÔà (ôÓ˚y ÎyÜ˛ AH2),
NAD+ Óy FAD öyüÜ˛ §•ÈÙÈí˛zÍˆÏ§ã˛Ü˛ !òˆÏÎ˚ çy!Ó˚ï˛ •Î˚– ú˛°fl∫Ó˚*˛õ í˛z_´ §•ÈÙÈí˛zÍˆÏ§ã˛Ü˛=!° !öˆÏçÓ˚y !Óçy!Ó˚ï˛

• Ï̂Î˚ NADH+H+ Óy FADH2-ˆï˛ ̨õ!Ó̊îï˛ •Î̊– üy•ẑ Ïê˛yÜ˛!u»̨ Î̊yÓ̊ xhsˇÉxyÓÓ̊î# Ï̂ï˛ ̂ Î ≤Ã!e´Î̊yÓ̊ üyôƒ Ï̂ü !Óçy!Ó̊ï˛

§•ÈÙÈí˛zÍˆÏ§ã˛Ü˛=!° Ü˛ï˛=!° •zˆÏ°Ü˛ê˛Δö Óy•ˆÏÜ˛Ó˚ §y•yˆÏÎƒ !öˆÏçÓ˚y çy!Ó˚ï˛ •Î˚ ~ÓÇ í˛zFã˛¢!_´§¡õß¨ ATP xî%

í˛zÍ˛õyòö Ü˛ˆÏÓ˚ ï˛yˆÏÜ˛ •zˆÏ°Ü˛ê˛Δö ˛õ!Ó˚Ó•öï˛sf ÓˆÏ°– §y•zˆÏê˛yˆÏe´yü öyüÜ˛ Ü˛ï˛=!° ˆ°Ô•â!ê˛ï˛ ˆe´yˆÏüyˆÏ≤Ãy!ê˛ö

•zˆÏ°Ü˛ê˛Δö Óy•ˆÏÜ˛Ó˚ Ü˛yç Ü˛ˆÏÓ˚– •zˆÏ°Ü˛ê˛Δö ̨õ!Ó˚Ó•öï˛ˆÏsfÓ˚ (ETS) ≤Ãôyö Óy•Ü˛=!° •° §y•zˆÏê˛yˆÏe´yü b (cyt b),
§y•zˆÏê˛yˆÏe´yü c (cyt c), §y•zˆÏê˛yˆÏe´yü a (cyt a) Ä §y•zˆÏê˛yˆÏe´yü a3 (cyt a3)– ≤Ã!ï˛!ê˛ §y•zˆÏê˛yˆÏe´yˆÏü í˛z˛õ!fliï˛

ˆ°Ô• ˛õÓ˚üyî%ñ çy!Ó˚ï˛ (Fe3+) Óy !Óçy!Ó˚ï˛ (Fe2+) xÓfliyÎ˚ ÌyÜ˛ˆÏï˛ ˛õyˆÏÓ˚– •zˆÏ°Ü˛ê˛Δö ˛õ!Ó˚Ó•öï˛ˆÏsf

§y•zˆÏê˛yˆÏe´yü=!° ˛õÓ˚˛õÓ˚ ï˛yˆÏòÓ˚ çyÓ˚îÈÙÈ!ÓçyÓ˚î «˛üï˛y (Redox potential) xö%§yˆÏÓ˚ §!Iï˛ ÌyˆÏÜ˛– ˆÜ˛yˆÏöy

!Óçy!Ó˚ï˛ §•ÈÙÈí˛zÍˆÏ§ã˛Ü˛ ˆÌˆÏÜ˛ •zˆÏ°Ü˛ê˛Δö @ˇÃ•î Ü˛ˆÏÓ˚ çy!Ó˚ï˛ §y•zˆÏê˛yˆÏe´yü (Fe3+) !öˆÏç•z !Óçy!Ó˚ï˛ •Î˚ Ä í˛z_´

§•ÈÙÈ í˛zÍˆÏ§ã˛Ü˛!ê˛ˆÏÜ˛ çy!Ó˚ï˛ Ü˛ˆÏÓ˚– ~•z !Óçy!Ó˚ï˛ §y•zˆÏê˛yˆÏe´yü xyÓyÓ˚ ï˛yÓ˚ •zˆÏ°Ü˛ê˛Δö ˛õÓ˚Óï˛#≈ §y•zˆÏê˛yˆÏe´yü

xî%ˆÏÜ˛ ≤Ãòyö Ü˛ˆÏÓ˚ !öˆÏç çy!Ó˚ï˛ •Î˚ Ä ˛õÓ˚Óï˛#≈ §y•zˆÏê˛yˆÏe´yüˆÏÜ˛ !Óçy!Ó˚ï˛ Ü˛ˆÏÓ˚– ~•zû˛yˆÏÓ ETS-~ §!Iï˛

§y•zˆÏê˛yˆÏe´yü=!° ˛õÎ≈yÎ˚e´!üÜ˛û˛yˆÏÓ !Óçy!Ó˚ï˛ Ä çy!Ó˚ï˛ •ˆÏï˛ ÌyˆÏÜ˛ ~ÓÇ •zˆÏ°Ü˛ê˛Δö ~•z Óy•Ü˛=!°Ó˚ üyôƒˆÏü

!ö!ò≈‹T ˛õˆÏÌ ˛õ!Ó˚Óy!•ï˛ •Î˚– ETS-~ í˛z˛õ!fliï˛ §Ó≈ˆÏ¢£Ï §y•zˆÏê˛yˆÏe´yü!ê˛ (cyt a3 Fe2+) !Óçy!Ó˚ï˛ •ÓyÓ˚ ˛õÓ˚

•zˆÏ°Ü˛ê˛Δö ETS-~Ó˚ ≤Ãyhsˇû˛yˆÏà ~ˆÏ§ í˛z˛õ!fliï˛ •Î˚– NADH + H+ xÌÓy FADH2 ̂ ÌˆÏÜ˛ !öà≈ï˛ ò%Û!ê˛ H+ xyÎ˚ö

~•z ˆ¢£Ï ˛õÎ≈yˆÏÎ˚ ò%Û!ê˛ •zˆÏ°Ü˛ê˛Δö (e–) Ä 
1
2

 O2-~Ó˚ §yˆÏÌ Î%_´ •ˆÏÎ˚ H2O àë˛ö Ü˛ˆÏÓ˚– S˛õˆÏÓ˚Ó˚ ˛õyï˛yÎ˚ !ã˛e 10.3

ˆòáyˆÏöy •°V–

•zˆÏ°Ü˛ê˛Δö ˛õ!Ó˚Ó•öï˛ˆÏsfÓ˚ §Ó≈ˆÏ¢£Ï ˛õÎ≈yˆÏÎ˚ O2-~Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ ~•z çyÓ˚î ≤Ã!e´Î˚yˆÏÜ˛ ≤Ãyhsˇ#Î˚ Ÿª§ö ÓˆÏ°–

xyÓ˚ ~Ü˛!ê˛ !Ó£ÏÎ˚ °«˛ƒî#Î˚ ˆÎ •zˆÏ°Ü˛ê˛Δö ˛õ!Ó˚Ó•öï˛ˆÏsfÓ˚ ≤Ã!ï˛!ê˛ ˛õÎ≈yˆÏÎ˚ ~Ü˛ˆÏçyí˛¸y Ü˛ˆÏÓ˚ •zˆÏ°Ü˛ê˛Δö ˛õ!Ó˚Óy!•ï˛

•Î˚ ~ÓÇ ≤ÃˆÏï˛ƒÜ˛ ˆ«˛ˆÏe  ò%Û!ê˛ Ü˛ˆÏÓ˚ §y•zˆÏê˛yˆÏe´yü xî% !Óçy!Ó˚ï˛ •Î˚–

•zˆÏ°Ü˛ê˛Δö ˛õ!Ó˚Ó•ˆÏöÓ˚ üyôƒˆÏü ATP í˛zÍ˛õyòö ~Ü˛!ê˛ í˛zˆÏÕ‘áˆÏÎyàƒ âê˛öy– NADH+H+ çy!Ó˚ï˛ •ˆÏ° ˆüyê˛

!ï˛ö xî% ATP ~ÓÇ FADH2 çy!Ó˚ï˛ •ˆÏ° ò%•z xî% ATP í˛zÍ˛õß¨ •Î˚– üy•zˆÏê˛yÜ˛!u»˛Î˚yÓ˚ xhsˇÉxyÓÓ˚î#ˆÏï˛ O2-~Ó˚

í z̨̨ õ!fli!ï˛ Ï̂ï˛ ~•z ATP í z̨Í˛õyòö ≤Ã!e´Î̊y Ï̂Ü˛ çyÓ̊Ü˛#Î̊ ú˛§ Ï̂ú˛yÓ̊y•ẑ Ï°¢ö (Oxidative Phosphorylation) Ó Ï̂°–

˜ÓK˛y!öˆÏÜ˛Ó˚y °«˛ƒ Ü˛ˆÏÓ˚ˆÏåÈö ˆÎ üy•zˆÏê˛yÜ˛!u»˛Î˚yÓ˚ xhsˇÉxyÓÓ˚î#ˆÏï˛ í˛z˛õ!fliï˛ F0-F1 öyüÜ˛ Ü˛îyÎ˚ ATPase
í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ üyôƒˆÏü ~•z ú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ö §¡õß¨ •Î˚–
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ˆòáy ̂ àˆÏåÈ ̂ Î !Ó!û˛ß¨ °ÓˆÏîÓ˚ í˛z˛õ!fli!ï˛ˆÏï˛ Ÿª§ˆÏöÓ˚ •yÓ˚ Ó,!k˛≤ÃyÆ •Î˚– ~ˆÏÜ˛ °Óî Ÿª§ö(salt respiration)
ÓˆÏ°– í˛z!qˆÏòÓ˚ Ÿª§ˆÏöÓ˚ §üÎ˚ í˛y•zöy•zˆÏê˛ΔyˆÏú˛ö° ˆÎÔà ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï° ~•z ˆÎÔàñ Ÿª§öçyï˛ ATP-ˆÜ˛ ̂ û˛ˆÏä ̂ òÎ˚

Ä ADP ~ÓÇ Pi í˛zÍ˛õß¨ Ü˛ˆÏÓ˚– ~•z ADP Ä Pi xyÓyÓ˚ ETS-~ ÓƒÓ•*ï˛ •ˆÏÎ˚ ATP àë˛ö Ü˛ˆÏÓ˚ ~ÓÇ Ÿª§ˆÏöÓ˚ •yÓ˚

Óy!í˛¸ˆÏÎ˚ ˆòÎ˚– ï˛ˆÏÓ í˛y•zöy•zˆÏê˛ΔyˆÏú˛öˆÏ°Ó˚ ≤Ãû˛yˆÏÓ ATP xî% ÓyÓ˚ÓyÓ˚ !Ó!Ÿ’‹T •Î˚ ÓˆÏ°ñ ~Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ Ÿª§ˆÏöÓ˚

•yÓ˚ xÌ≈yÍ O2-~Ó˚ ÓƒÓ•yÓ˚ Óyí ¸̨̂ Ï°Ä ATP xî%Ó˚ §ÇˆÏŸ’ˆÏ£ÏÓ˚ •yÓ˚ ÓyˆÏí˛¸ öy–

x˛õÓ˚!òˆÏÜ˛ñ x!°ˆÏàyüy•z!§ö öyüÜ˛ ~!rê˛ÓyˆÏÎ˚y!ê˛Ü˛ Ÿª§ö Ä ATP í˛zÍ˛õyòöÈÙÙÙÈí˛zû˛ˆÏÎ˚Ó˚•z •yÓ˚ Ü˛!üˆÏÎ˚ ˆòÎ˚

~Ü˛ xî% @’%ˆÏÜ˛yç ˆÌˆÏÜ˛ ˆÎ ˛õ!Ó˚üyî ï˛y˛õ¢!_´ !öà≈ï˛ •Î˚ñ ï˛yÓ˚ ˆÓ¢ !Ü˛å%È xÇˆÏ¢Ó˚ x˛õã˛Î˚ âˆÏê˛ Ä Óy!Ü˛ xÇ¢

ATP-~Ó˚ üˆÏôƒ Ó˚y§yÎ˚!öÜ˛ ¢!_´Ó˚*ˆÏ˛õ xyÓk˛ •Î˚–

~Ü˛ xî% @’%ˆÏÜ˛yç §Óyï˛ Ÿª§ˆÏö ¢!_´ í˛zÍ˛õyòö Ü˛ˆÏÓ ̊686 kcal. ~Ü˛ xî% @’%ˆÏÜ˛yç ̂ ÌˆÏÜ˛ 36 xö% ATP í˛zÍ˛õß¨

•Î˚– ~Ü˛ xî% ATP ˆÌˆÏÜ˛ xyo≈ !ÓˆÏŸ’£ÏˆÏîÓ˚ ú˛ˆÏ° ¢!_´ í˛zÍ˛õy!òï˛ •Î˚ 7.3 kcal. §%ï˛Ó˚yÇ 36 xö% ATP ˆÌˆÏÜ˛

¢!_´ í˛zÍ˛õy!òï˛ •Î˚ 262.8 kcal.

∴ Ÿª§ˆÏöÓ˚ ü)° Ü˛ü≈«˛üï˛y = 100 38%
262.8
686

 

§Óyï˛ Ÿª§ˆÏö ATP í˛zÍ˛õyòˆÏöÓ˚ !•§yÓ ≠

xyüÓ˚y •z!ï˛üˆÏôƒ•z çyöˆÏï˛ ˆ˛õˆÏÓ˚!åÈ ˆÎñ Ÿª§ö ≤Ã!e´Î˚yÎ˚ ò%Ûû˛yˆÏÓ ATP í˛zÍ˛õß¨ •ˆÏï˛ ˛õyˆÏÓ˚–

1. §Ó˚y§!Ó˚ ú˛§ˆÏú˛yÓ˚y•zˆÏ°¢ˆÏöÓ˚ üyôƒˆÏü ADP Ä Pi Î%_´ •ˆÏÎ˚ ATP ˜ï˛!Ó˚ •ˆÏï˛ ˛õyˆÏÓ˚–

2. !Óçy!Ó˚ï˛ NADP Óy NAD ˆÎÔà ETS-~ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ !ï˛ö xö% ATP Ä !Óçy!Ó˚ï˛ FAD ò%•z xö%

ATP í z̨Í˛õß̈ Ü˛ Ï̂Ó̊–

~ÓyÓ˚ xyüÓ˚y ˆòáÓ @’y•zˆÏÜ˛y°y•z!§§ Ä ˆe´Ó§‰ ã˛ˆÏe´Ó˚ §üß∫̂ ÏÎ˚ §Óyï˛ Ÿª§ˆÏö ˆüyê˛ Ü˛ï˛ xö% ATP ˜ï˛!Ó˚ •Î˚–

§yÓ˚!î     10.2 : @’y•zˆÏÜ˛y°y•z!§ˆÏ§     ATP xyÎ˚ÈÙÈÓƒˆÏÎ˚Ó˚ !•§yÓ

!Ó!e´Î˚yÓ˚ ˛õÎ≈yÎ˚ ÓƒÓ•*ï˛     ATP í z̨Í˛õy!òï˛ ATP

1. @’%ˆÏÜ˛yç → @’%ˆÏÜ˛yçÈÙÈ6ÈÙÈú˛§ˆÏú˛ê˛ 1 0
2. ú %˛Ü˛ˆÏê˛yçÈÙÈ6ÈÙÈú˛§ˆÏú˛ê˛ → ú %˛˛Ü˛ˆÏê˛yçÈÙÈ1, 6-!Ó§ú˛§ˆÏú˛ê˛ 1 0
3. 1, 3-!Ó§ú˛§ˆÏú˛y!@’§y!Ó˚Ü˛ xƒy!§í˛ → ú˛§ˆÏú˛y!@’§y!Ó˚Ü˛ xƒy!§í˛ 2
4. ú˛§ˆÏú˛y~ˆÏöy° ˛õy•zÓ˚&!û˛Ü˛ xƒy!§í˛ → ˛õy•zÓ˚&!û˛Ü˛ xƒy!§í˛ 2
5. 3ÈÙÈú˛§ˆÏú˛y!@’§yÓ˚ƒy°!í˛•y•zí˛ → ú˛§ˆÏú˛y!@’§y!Ó˚Ü˛ xƒy!§í˛

(NADH + H+ ETS-~ çy!Ó˚ï˛ •ˆÏÎ˚V 2×2=4

2 8
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xï˛~Óñ @’y•zˆÏÜ˛y°y•z!§ˆÏ§ í˛zÍ˛õy!òï˛ ATP-Ó˚ §Çáƒy = 8 xö%

ÓƒÓ•*ï˛ ATP-Ó˚ §Çáƒy = 2 xö%

§%ï˛Ó˚yÇ ≤ÃÜ,˛ï˛ ATP í˛zÍ˛õyòö (Net gain) = 8 – 2 = 6 xö%

§yÓ˚!î     10.3 : ˆe´Ó§‰ ã˛ˆÏe´Ó˚     ATP í˛zÍ˛õyòˆÏöÓ˚ !•§yÓ

˛õÎ≈yÎ̊ ATP í˛zÍ˛õyòˆÏöÓ˚ ≤Ã!e´Î˚y í z̨Í˛õy!òï˛     ATP
§Çáƒy

1. ˛õy•zÓ˚&!û˛Ü˛ xƒy!§í˛ → xƒy!§ê˛y•z°È-CoA NADH+H+ í z̨Í˛õyò Ï̂öÓ̊

üyôƒˆÏü 3

2. xy•zˆÏ§y§y•z!ê˛ΔÜ˛ xƒy!§í˛ → α-!Ü˛ˆÏê˛y@’%ê˛y!Ó˚Ü˛ xƒy!§í˛ ññ 3

3. α-!Ü˛ˆÏê˛y@’%ê˛y!Ó˚Ü˛ xƒy!§í˛ → §yÜ˛!§öy•z°-CoA ,, 3

4. §yÜ˛!§öy•z°-CoA → §yÜ˛!§!öÜ˛ xƒy!§í˛ GTP í˛zÍ˛õyòˆÏöÓ˚ üyôƒˆÏü 1

5. §yÜ˛!§!öÜ˛ xƒy!§í˛ → !ú˛í˛züy!Ó˚Ü˛ xƒy!§í˛ FADH2 í˛zÍ˛õyòˆÏöÓ˚ üyôƒˆÏü 2

6. üƒy!°Ü˛ xƒy!§í˛ → x:yˆÏ°yxƒy!§!ê˛Ü˛ xƒy!§í˛ NADH + H+ í˛zÍ˛õyòˆÏöÓ˚

üyôƒˆÏü 3

ˆüyê˛ í˛zÍ˛õy!òï˛ ATP =    15 xö%

ˆÎˆÏ•ï%˛ @’%ˆÏÜ˛yç ˆÌˆÏÜ˛ 2 xö% ˛õy•zÓ˚&!û˛Ü˛ xƒy!§í˛ í˛zÍ˛õß¨ •Î˚ ~ÓÇ 1 xö% ˛õy•zÓ˚&!û˛Ü˛ xƒy!§í˛ ˆe´Ó§‰ ã˛ˆÏe´

15 xö% ATP í˛zÍ˛õß¨ Ü˛ˆÏÓ˚ ï˛y•z @’%ˆÏÜ˛yç ̂ e´Ó§‰ ã˛ˆÏe´ 15 × 2 = 30 xö% ATP ̃ ï˛!Ó˚ Ü˛ˆÏÓ˚– §%ï˛Ó˚yÇ 1 xö% @’%ˆÏÜ˛yç

@’y•zˆÏÜ˛y°y•z!§ˆÏ§ (8 – 2) = 6 xö% Ä ˆe´Ó§‰ ã˛ˆÏe´ 30 xö% xÌ≈yÍ ˆüyê˛ 36 xö% ATP í˛zÍ˛õß¨ Ü˛ˆÏÓ˚–
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•zˆÏ°Ü˛ê˛Δö ̨ õ!Ó˚Ó•ˆÏöÓ˚ üyôƒˆÏü NADH çy!Ó˚ï˛ •ˆÏÎ˚ NAD+ ̂ ï˛ ̨ õ!Ó˚îï˛ •ÄÎ˚yÓ˚ ú˛ˆÏ° ̂ Î ATP í˛zÍ˛õß¨ •Î˚ñ

ï˛yÓ˚ §ÇáƒyÎ˚ ~Ü˛ê˛y x§Çà!ï˛ °«˛ƒ Ü˛Ó˚y ÎyÎ˚– Îáö NADH üy•zˆÏê˛yÜ˛!u»˛Î˚yÎ˚ í˛zÍ˛õß¨ •Î˚ñ ï˛áö ~!ê˛ çy!Ó˚ï˛

•ˆÏÎ˚ !ï˛ö!ê˛ Ü˛ˆÏÓ˚ ATP ≤Ã›ï˛ Ü˛ˆÏÓ˚– ˛õ«˛yhsˇˆÏÓ˚ñ §y•zˆÏê˛y§ˆÏ° í˛zÍ˛õß¨ NADH çy!Ó˚ï˛ •ÄÎ˚yÓ˚ ú˛ˆÏ° ò%Û!ê˛ üye

NADH ≤Ã›ï˛ •Î˚– ~Ó˚ Ü˛yÓ˚î @’y•zˆÏÜ˛y°y•z!§ˆÏ§ 3-ú˛§ˆÏú˛y!@’§yÓ˚ƒy°!í˛•y•zí˛ çyÓ˚̂ ÏîÓ˚ ú˛ˆÏ° §y•zˆÏê˛y≤’yçˆÏü

í˛zÍ˛õß¨ NADH üy•zˆÏê˛yÜ˛!u»˛Î˚yˆÏï˛ ≤ÃˆÏÓ¢ Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ öy– üy•zˆÏê˛yÜ˛ö!u»˛Î˚yÓ˚ xyÓÓ˚î# NADH ~ÓÇ NAD-
~Ó˚ ̂ «˛ˆÏe xˆÏû˛òƒ (impermeable) •ÄÎ˚yÓ˚ ú˛ˆÏ° ~•z §ü§ƒy ̂ òáy ̂ òÎ˚– Ü˛yˆÏç•z ~Ó˚ §üyôyˆÏöÓ˚ çöƒ NADH
!öˆÏç ˛õ!Ó˚Óy!•ï˛ öy •ˆÏÎ˚ !@’§yÓ˚° ú˛§ˆÏú˛ê˛ ¢yê‰˛ˆÏ°Ó˚ (Shuttle) üyôƒˆÏü ò%Û!ê˛ •zˆÏ°Ü˛ê˛Δö üy•zˆÏê˛yÜ˛!u»˛Î˚yÓ˚ !û˛ï˛Ó˚

≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ ~ÓÇ FADH2 çy!Ó˚ï˛ •ÄÎ˚yÓ˚ ú˛ˆÏ° ò%Û!ê˛ Ü˛ˆÏÓ˚ ATP í˛zÍ˛õß¨ •Î˚– ö#ˆÏã˛ !@’§yÓ˚° ú˛§ˆÏú˛ê˛ ¢yê‰˛°

ˆòáyˆÏöy •° ≠

xö%¢#°ö# 2 ≠

1. §!ë˛Ü˛ í˛z_Ó˚!ê˛Ó˚ ˛õyˆÏ¢ òyà     (  ) !ã˛•´ !òö ≠

SÜ˛V ˛õy•zÓ˚&!û˛Ü˛ xƒy!§í˛ ˆe´Ó§‰ ã˛ˆÏe´ ≤ÃˆÏÓ¢ Ü˛Ó˚yÓ˚ xyˆÏà

(i) §y•z!ê˛ΔÜ˛ xƒy!§í˛

(ii) xƒy!§ê˛y•z°È CoA

(iii) üƒy!°Ü˛ xƒy!§í˛

öyüÜ˛ ˆÎÔˆÏà Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚

üy•zˆÏê˛yÜ˛!u»˛Î˚y

üy•ẑ Ïê˛yÜ˛!u»̨ Î̊y

üy•ẑ Ïê˛yÜ˛!u»̨ Î̊y Ï̂ï˛
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SáV NADH + H+ •zˆÏ°Ü˛ê˛Δö ˛õ!Ó˚Ó•öï˛ˆÏsf çy!Ó˚ï˛ •ˆÏÎ˚

(i) ò%•z xö%

(ii) ã˛yÓ˚ xö%

(iii) !ï˛ö xî% ATP í˛zÍ˛õß¨ Ü˛ˆÏÓ˚

SàV ATP í˛zÍ˛õyòˆÏöÓ˚ §yˆÏÌ ç!í ¸̨ï˛ í˛zÍˆÏ§ã˛Ü˛!ê˛ •°

(i) !í˛•y•zˆÏí»˛yˆÏçˆÏö§

(ii) Ü˛y•zˆÏöç

(iii) •y•zˆÏí»˛yˆÏ°ç

2.  ¢)öƒfliyö ˛õ)Ó˚î Ü˛Ó˚&ö ≠

SÜ˛V !ú˛í˛züy!Ó˚Ü˛ xƒy!§ˆÏí˛Ó˚ §yˆÏÌ ~Ü˛ xö% ______ Î%_´ •ˆÏÎ˚ üƒy!°Ü˛ xƒy!§í˛ à!ë˛ï˛ •Î˚–

SáV ˆe´Ó§‰ ã˛ˆÏe´ ˆüyê˛ ______ xö% ATP í˛zÍ˛õß¨ •Î˚–

SàV §yÜ˛!§!öÜ˛ xƒy!§í˛ ______ myÓ˚y çy!Ó˚ï˛ •ˆÏÎ˚ !ú˛í˛züy!Ó˚Ü˛ xƒy!§ˆÏí˛ ˛õ!Ó˚îï˛ •Î˚–

3.  §Ç!«˛Æ í˛z_Ó˚ !òö ≠

SÜ˛V FADH2 çy!Ó˚ï˛ •ˆÏÎ˚ Ü˛ï˛ xö% ATP §,!‹T Ü˛ˆÏÓ˚⁄

SáV ~Ü˛ xö% @’%ˆÏÜ˛yç çy!Ó˚ï˛ •ˆÏÎ˚ ˆüyê˛ Ü˛ï˛ xö% ATP í˛zÍ˛õß¨ Ü˛ˆÏÓ˚⁄

SàV §y•zˆÏê˛yˆÏe´yˆÏüÓ˚ ˆÜ˛yö ˛õÓ˚üyî% çyÓ˚îÈÙÈ!ÓçyÓ˚î !e´Î˚yˆÏÜ˛ !öÎ˚sfî Ü˛ˆÏÓ˚⁄

10.6 ˆ˛õˆÏrê˛yç ú˛§ˆÏú˛ê˛ ̨õÌ

@’y•zˆÏÜ˛y°y•z!§§ ≤Ã!e´Î˚y åÈyí ¸̨yÄ xyÓ˚Ä ~Ü˛!ê˛ ˛õk˛!ï˛ˆÏï˛ @’%ˆÏÜ˛yç xî% !Ó!¢‹T •ˆÏï˛ ˛õyˆÏÓ˚– ~•z ˛õˆÏÌ @’%ˆÏÜ˛yç

xî% @’y•ẑ ÏÜ˛y°y•z!§ Ï̂§Ó̊ ≤ÃÌü ̨õÎ≈y Ï̂Î̊Ó̊ üï˛ö•z @’%̂ ÏÜ˛yçÈÙÈ6ÈÙÈú˛§ Ï̂ú˛ê˛ àë˛ö Ü˛ Ï̂Ó̊– ~•z @’%̂ ÏÜ˛yçÈÙÈ6ÈÙÈú˛§ Ï̂ú˛ê˛ NADP+

myÓ˚y çy!Ó˚ï˛ •ˆÏÎ˚ 6ÈÙÈú˛§ˆÏú˛y@’%ˆÏÜ˛y!öÜ˛ xƒy!§í˛ ˜ï˛!Ó˚ Ü˛ˆÏÓ˚– ~•z x¡‘!ê˛ xˆÏöÜ˛=!° ç!ê˛° ˛õÎ≈yˆÏÎ˚Ó˚ üyôƒˆÏü

Ó˚y•zˆÏÓyçÈÙÈ 5ÈÙÈú˛§ˆÏú˛ê˛ñ Ó˚y•zÓ%ˆÏ°yçÈÙÈ5ÈÙÈú˛§ˆÏú˛ê˛ñ çy•z°%ˆÏ°yçÈÙÈ5ÈÙÈú˛§ˆÏú˛ê˛ ≤Ãû,˛!ï˛ 5 Ü˛yÓ≈öÎ%_´ ˆ˛õˆÏrê˛yç ¢Ü≈˛Ó˚y

àë˛ö Ü˛ˆÏÓ˚ ÓˆÏ° ~ˆÏÜ˛ ˆ˛õˆÏrê˛yç ú˛§ˆÏú˛ê˛ ˛õÌ ÓˆÏ°– fl∫yû˛y!ÓÜ˛ @’y•zˆÏÜ˛y°y•z!§§ ˆÌˆÏÜ˛ !Óã%˛ƒï˛ ~•z ˛õÌ!ê˛ ˆ•ˆÏ:yç
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üˆÏöyú˛§ˆÏú˛ê˛ ¢yrê˛ (Hexose monophosphate shunt) öyˆÏüÄ ˛õ!Ó˚!ã˛ï˛ Ü˛yÓ˚î @’%ˆÏÜ˛yç xî% ≤ÃÌˆÏü

@’y•zˆÏÜ˛y°y•z!§ˆÏ§Ó˚ üï˛ö @’%ˆÏÜ˛yçÈÙÈ6ÈÙÈú˛§ˆÏú˛ê˛ S~Ü˛≤ÃÜ˛yÓ˚ ˆ•ˆÏ:yç üˆÏöyú˛§ˆÏú˛ê˛V ˜ï˛!Ó˚ Ü˛Ó˚ˆÏ°Ä ˛õÓ˚Óï˛#≈

˛õÎ≈yÎ˚=!° @’y•zˆÏÜ˛y°y•z!§ˆÏ§Ó˚ ˆÌˆÏÜ˛ ˛õ,ÌÜ˛ •ˆÏÎ˚ ÎyÎ˚– û˛yÓ˚Ó%à≈ (Warburg, 1935) Ä !í˛ˆÏÜ˛™ (Dickens,
1938) ~•z ˛õˆÏÌÓ˚ í˛z˛õ!fli!ï˛ !ö!ÿ˛ï˛û˛yˆÏÓ ≤Ãüyî Ü˛ˆÏÓ˚ö–

ˆ˛õˆÏrê˛yç ú˛§ˆÏú˛ê˛ ˛õˆÏÌÓ˚ ˜Ó!¢‹Tƒ=!° !ö¡¨Ó˚*˛õ ≠

1. ~•z ˛õˆÏÌÓ˚ !Ó!û˛ß¨ ˛õÎ≈yˆÏÎ˚ NADP+ !òˆÏÎ˚ ¢Ü≈˛Ó˚y xî%=!° ≤Ãï˛ƒ«˛û˛yˆÏÓ çy!Ó˚ï˛ •Î˚–

2. ~•z ˆ«˛ˆÏe xˆÏöÜ˛=!° ˆ˛õˆÏrê˛yç ¢Ü≈˛Ó˚y (5C) í˛zÍ˛õß¨ •Î˚–

3. ˆòáy ˆàˆÏåÈ ˆÎ 6ÈÙÈxî% @’%ˆÏÜ˛yç ~•z ˛õˆÏÌ ≤ÃˆÏÓ¢ Ü˛Ó˚̂ Ï° 5ÈÙÈxî% @’%ˆÏÜ˛yç ˛õ%öÓ˚&Í˛õy!òï˛ •Î˚ ~ÓÇ 1 xî%

@’%ˆÏÜ˛yç çy!Ó˚ï˛ •ˆÏÎ˚ ç°ñ CO2 Ä ¢!_´ !öà≈ï˛ Ü˛ˆÏÓ˚–

4. ~•z ˛õˆÏÌÓ˚ üyôƒˆÏü Ó˚y•zˆÏÓyç öyüÜ˛ ˆÎ 5C Î%_´ ¢Ü≈˛Ó˚y í˛zÍ˛õß¨ •Î˚ ï˛y !öí˛z!Üœ˛Ü˛ xƒy!§í˛ í˛zÍ˛õyòˆÏö

ÓƒÓ•*ï˛ •Î˚–

5. ~•z ≤Ã!e´Î˚yÎ˚ §yôyÓ˚îï˛ ¢!_´ §!M˛Èï˛ •ˆÏÎ˚ ATP í˛zÍ˛õß¨ •Î˚ öy–

6. ≤Ãyî#ˆÏòˆÏ•Ó˚ ˛õ!Ó˚îï˛ ˆÜ˛yˆÏ£Ï !ÓˆÏ¢£Ïï˛ ÎÜ,˛Í Ä xƒy!í»˛öy° Ü˛ˆÏê≈˛: ˆ˛õˆÏrê˛yç ú˛§ˆÏú˛ê˛ ˛õÌ !ÓˆÏ¢£Ïû˛yˆÏÓ

Ü˛yÎ≈Ü˛Ó˚#–

7. ~•z ã˛ˆÏe´Ó˚ üyôƒˆÏü !@’§yÓ˚ƒy°!í˛•y•zí˛ÈÙÈ3ÈÙÈú˛§ˆÏú˛ê˛ í˛zÍ˛õß¨ •Î˚ Îy @’y•zˆÏÜ˛y°y•z!§§ ≤Ã!e´Î˚yÎ˚ ˛õy•zÓ˚&!û˛Ü˛

x¡‘ í˛zÍ˛õß¨ Ü˛ˆÏÓ˚–

8. ˆ˛õ Ï̂rê˛yç ¢Ü≈̨ Ó̊y åÈyí˛̧yÄ ~•z ̨õ Ï̂Ì 4C Î%_´ ~!Ó̊ Ï̂Ì yçÈÙÈ4ÈÙÈú˛§ Ï̂ú˛ê˛ñ 7C Î%_´ ̂ § Ï̂í˛y Ï̂•≤Wz%̂ Ï°yçÈÙÈ7ÈÙÈú˛§ Ï̂ú˛ê˛

≤Ãû,˛!ï˛ í˛zÍ˛õß¨ •Î˚–
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� !Ó!û˛ß¨ ¢Ü≈˛Ó˚y=!°Ó˚ §ÇÎ%!_´ Ä !ÓˆÏŸ’£Ïî ê˛Δy™!Ü˛ˆÏê˛yˆÏ°ç í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ üyôƒˆÏü •Î˚

!ã˛e 10.4 : ̂ ˛õ Ï̂rê˛yç ú˛§ Ï̂ú˛ê˛ ̨õ Ï̂ÌÓ̊ !Ó!û˛ß̈ ̨õÎ≈yÎ̊

ú %̨ Ü˛ Ï̂ê˛yç

ú %̨ Ü˛ Ï̂ê˛yç

ú %̨ Ü˛ Ï̂ê˛yç

ú %̨ Ü˛ Ï̂ê˛yç

xƒy!§í˛
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10.8 Ÿªy§ xö%̨ õyï˛     (Respiratory Quotient)

Ÿª§ö ≤Ã!e´Î˚yÎ˚ ̂ Î @’%ˆÏÜ˛yç çyï˛#Î˚ ̂ •ˆÏ:yç ¢Ü≈˛Ó˚y•z çy!Ó˚ï˛ •Î˚ñ ï˛y öÎ˚ñ ̂ Ü˛yˆÏ£Ï §!M˛Èï˛ !Ó!û˛ß¨ x¡‘ñ ̂ fl¨•˛õòyÌ≈

≤Ãû,˛!ï˛ ˆÎÔàÄ çy!Ó˚ï˛ •ˆÏï˛ ˛õyˆÏÓ˚– áyòƒÓ›Ó˚ Ó˚y§yÎ˚!öÜ˛ àë˛ˆÏöÓ˚ í˛z˛õÓ˚ !û˛!_ Ü˛ˆÏÓ˚ Ÿª§ö ≤Ã!e´Î˚yÎ˚ @ˇÃ•#ï˛ O2

xî% Ä !öà≈ï˛ CO2 xî%Ó˚ §ÇáƒyÄ ˛õ!Ó˚Ó!ï≈˛ï˛ •Î˚– ˆÜ˛yˆÏöy Ó›Ó˚ Ÿª§ˆÏöÓ˚ ú˛ˆÏ° í˛zÍ˛õy!òï˛ CO2ÈÙÈ~Ó˚ ˛õ!Ó˚üyî Ä

Ÿª§ˆÏöÓ˚ çöƒ à,•#ï˛ O2ÈÙÈ~Ó˚ ˛õ!Ó˚üyˆÏîÓ˚ xö%˛õyï˛ˆÏÜ˛ Ÿªy§ xö%˛õyï˛ (Respiratory Quotient) Ó Ï̂°–

Ÿª§ˆÏöÓ˚ ú˛ˆÏ° !öà≈ï˛ CO2ÈÙÈ~Ó˚ ˛õ!Ó˚üyî
Ÿªy§ xö%˛õyï˛

(RQ)
=

Ÿª§ˆÏöÓ˚ çöƒ à,•#ï˛ O2ÈÙÈ~Ó˚ ˛õ!Ó˚üyî

~ÓyÓ˚ xyüÓ˚y ˆòáÓ ˆÎñ Ÿª§ö í˛z˛õyòyö=!°Ó˚ ≤ÃÜ˛yÓ˚̂ Ïû˛ˆÏò Ü˛#û˛yˆÏÓ RQ-~Ó˚ üyö ˛õ!Ó˚Ó!ï≈˛ï˛ •Î˚–

1) @’%ˆÏÜ˛yˆÏçÓ˚ ˆ«˛ˆÏe ≠ @’%ˆÏÜ˛yççyï˛#Î˚ ¢Ü≈˛Ó˚y çy!Ó˚ï˛ •ˆÏ° RQ-~Ó˚ üyö 1 •ˆÏÓ– Ü˛yÓ˚îñ §Óyï˛ Ÿª§ˆÏö

@’%ˆÏÜ˛yç çyÓ˚ˆÏîÓ˚ !Ó!e´Î˚y!ê˛ !ö¡¨Ó˚*˛õ ≠

C6H12O6 + 6O2 → 6CO2 + H2O

RQ = 
2

2

6(CO )
1

6(O )


2) ˆÜ˛y•° §¶˛yˆÏöÓ˚ ˆ«˛ˆÏe ≠ @’%ˆÏÜ˛yççyï˛#Î˚ áyòƒÓ› O2-~Ó˚ xö%˛õ!fli!ï˛ˆÏï˛ Îáö •zÌy•z° xƒy°ˆÏÜ˛y•°

í z̨Í˛õß̈ Ü˛ Ï̂Ó̊ ï˛áö RQ = ∝ (infinity, x§#üV • Ï̂Ó–

ˆÜ˛y•°
C6H12O6 2CO2 + 2C2H5OH

§¶˛yö

RQ = 
2

2

2(CO )
0(O )

 ∝ (infinity, x§#üV

3) ˜çÓ xˆÏ¡‘Ó˚ ˆ«˛ˆÏe ≠ Îáö ˜çÓ x¡‘ S§y•z!ê˛ΔÜ˛ x¡‘ñ x:y!°Ü˛ x¡‘ ≤Ãû,˛!ï˛V Ÿª§ö!e´Î˚yÓ˚ üyôƒˆÏü çy!Ó˚ï˛

•Î˚ ï˛áö RQ > 1 • Ï̂Ó–

2(COOH)2 + O2 → 4CO2 + 2H2O
x:y!°Ü˛ x¡‘

2

2

4(CO )
RQ 4

1(O )
 
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4) ˆfl¨• ˛õòyˆÏÌ≈Ó˚ ˆ«˛ˆÏe ≠ ú˛ƒy!ê˛ xƒy!§í˛ Óy ˆfl¨•ç x¡‘ çy!Ó˚ï˛ •ˆÏ° RQ < 1 • Ï̂Ó–

2C91H98O6  + 145O2  → 102CO2 + 98H2O
Sê˛Δy•z˛õyˆÏü!ê˛öV

2

2

102(CO )
RQ 0.7

145(O )
 

5) e´y§%ˆÏ°!§Î˚yö x¡‘ !Ó˛õyˆÏÜ˛ ≠ Ü˛ƒyÜ˛ê˛y§ çyï˛#Î˚ Ó˚§y° í˛z!qˆÏò e´y§%ˆÏ°!§Î˚yö x¡‘ !Ó˛õyÜ˛ °«˛ƒ Ü˛Ó˚y

ÎyÎ˚– ~ˆÏ«˛ˆÏe @’%ˆÏÜ˛yç xî%Ó˚ x§¡õ)î≈ çyÓ˚î âˆÏê˛ ~ÓÇ CO2 !öà≈ï˛ •Î˚ öy ÓˆÏ° RQ = 0 • Ï̂Ó–

2C6H12O6 + 3O2  →  3C4H6O5 + 3H2O
üƒy!°Ü˛ x¡‘

2

2

0(CO )
RQ 0

3(O )
 

RQ-~Ó˚ =Ó˚&c ≠ ˆÜ˛yˆÏ£Ï ˆÜ˛yö ôÓ˚̂ ÏöÓ˚ áyòƒÓ› çy!Ó˚ï˛ •ˆÏFåÈ ï˛y çyöyÓ˚ çöƒ Ÿª§öÜ˛yÓ˚# í˛z!qò xˆÏDÓ ̊RQ
üy˛õy •Î˚– x!ôÜ˛yÇ¢ ˆ«˛ˆÏe•z @’%ˆÏÜ˛yç çy!Ó˚ï˛ •Î˚ ÓˆÏ° RQ = 1 •Î˚– Î!ò RQ-~Ó˚ üyö 1 ~Ó˚ ˆÓ!¢ •Î˚ñ

ï˛y•ˆÏ° Ó%é˛ˆÏï˛ •ˆÏÓ ˆÜ˛y£Ï Óy í˛z!qòxˆÏD ˜çÓ x¡‘ çy!Ó˚ï˛ •ˆÏFåÈ– xyüÓ˚&° (Oxalis) çyï˛#Î˚ àyˆÏåÈ ~•z ôÓ˚̂ ÏöÓ˚

Ÿª§ö ˆòáy ÎyÎ˚ñ Ü˛yÓ˚î ˆ§ˆÏ«˛ˆÏe x:y!°Ü˛ x¡‘ çy!Ó˚ï˛ •Î˚– RQ < 1 •ˆÏ° Ó%é˛ˆÏï˛ •ˆÏÓ ˆÎ ˆÜ˛yˆÏ£ÏÓ˚ Ÿª§ö

í˛z˛õyòyö ˆfl¨• ˛õòyÌ≈– ˆÎüö ˆÓ˚!í ¸̨ Ó#ç (Ricinus) xB%˛!Ó˚ï˛ •ÓyÓ˚ §üÎ˚ ~•z ˜ï˛°Ó#ˆÏçÓ˚ ˆfl¨•ç x¡‘ ˛õòyÌ≈

çy!Ó˚ï˛ •Î˚ ÓˆÏ° ~•z Ÿª§öÜ˛yÓ˚# Ó#ˆÏçÓ˚ RQ < 1 •Î˚– ~•zû˛yˆÏÓ ˆÜ˛yˆÏöy Ÿª§öÓ˚ï˛ í˛z!qòxˆÏDÓ˚ Ÿªy§ xö%˛õyï˛

˛õ!Ó˚üy˛õ Ü˛ˆÏÓ˚ xyüÓ˚y ˆ§•z xˆÏDÓ˚ Ÿª§öÜ˛yÓ˚# í˛z˛õyòyˆÏöÓ˚ Ó˚y§yÎ˚!öÜ˛ ≤ÃÜ,˛!ï˛ §¡∫ˆÏ¶˛ ôyÓ˚îy °yû˛ Ü˛Ó˚ˆÏï˛ ˛õy!Ó˚–

10.8 §yÓ˚yÇ¢

ç#ÓçàˆÏï˛ Ÿª§ˆÏöÓ˚ =Ó˚&c x˛õ!Ó˚§#ü– !Ó!û˛ß¨ áyòƒ í˛z˛õyòyˆÏöÓ˚ üˆÏôƒ ˜fli!ï˛Ü˛ ¢!_´ xyÓk˛ ÌyˆÏÜ˛– Ÿª§ö

≤Ã!e´Î˚yÎ˚ ̂ §•z ̃ fli!ï˛Ü˛ ¢!_´ ï˛y˛õ¢!_´ˆÏï˛ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚ ~ÓÇ ¢!_´Ó˚ ̂ Ó¢ !Ü˛å%È xÇ¢ í˛zFã˛¢!_´§¡õß¨ Ó˚y§yÎ˚!öÜ˛

xî% ATPÈÙÈ~Ó˚ üˆÏôƒ xyÓk˛ •Î˚– í˛z˛õ!ã˛!ï˛ü)°Ü˛ !e´Î˚yñ ã˛°öñ àüö ≤Ãû,˛!ï˛ ˛õ!Ó˚ã˛y°öy Ü˛Ó˚yÓ˚ çöƒ Îáö ¢!_´Ó˚

≤ÃˆÏÎ˚yçö •Î˚ ï˛áö ATP xî% !Ó!Ÿ’‹T •ˆÏÎ˚ ≤ÃˆÏÎ˚yçö#Î˚ ¢!_´ !öà≈ï˛ Ü˛ˆÏÓ˚–
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§Ó Ÿª§ö ≤Ã!e´Î˚yˆÏï˛•z @’y•zˆÏÜ˛y°y•z!§§ ~Ü˛!ê˛ xï˛ƒyÓ¢ƒÜ˛ ˛õÎ≈yÎ˚– xÓyï˛ Ÿª§ö Óy ˆÜ˛y•° §¶˛yˆÏö

@’y•zˆÏÜ˛y°y•z!§§ ≤Ã!e´Î˚yÎ˚ í˛zÍ˛õß¨ ˛õy•zÓ˚&!û˛Ü˛ x¡‘ §Ç!«˛Æ Ó˚y§yÎ˚!öÜ˛ !Ó!e´Î˚yÓ˚ üyôƒˆÏü °ƒyÜ˛!ê˛Ü˛ x¡‘ñ •zÌy•z°

xƒy°ˆÏÜ˛y•° ≤Ãû,˛!ï˛ í˛zÍ˛õß¨ Ü˛ˆÏÓ˚– ~•z ≤Ã!e´Î˚y=!°ˆÏÜ˛ x“ ˛õ!Ó˚üyî ¢!_´ !öà≈ï˛ •ˆÏ°Ä !ö¡¨̂ Ï◊!îÓ˚ ç#ˆÏÓÓ˚

!Ó˛õyÜ˛!e´Î˚y ˛õ!Ó˚ã˛y°öy Ü˛Ó˚yÓ˚ çöƒ ï˛y ÎˆÏÌ‹T–

§Óyï˛ Ÿª§ö ˛õy•zÓ˚&!û˛Ü˛ x¡‘ üy•zˆÏê˛yÜ˛!u»˛Î˚yÎ˚ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ xƒy!§ê˛y•z° CoA-ˆï˛ Ó˚*˛õyhsˇ!Ó˚ï˛ •ˆÏÎ˚ ˆe´Ó§

ã˛e´ §¡õyòö Ü˛ Ï̂Ó̊– ~•z ≤Ã!e´Î̊yÎ̊ x Ï̂öÜ˛=!° ̃ çÓ x Ï̂¡‘Ó̊ §Ç Ï̂Ÿ’£Ï â Ï̂ê˛– NAD+, FAD ≤Ãû,̨ !ï˛ §•ÈÙÈí z̨Í Ï̂§ã˛Ü˛=!°

ˆe´Ó§‰ ã˛ˆÏe´Ó˚ çyÓ˚î ≤Ã!e´Î˚y=!° §¡õß¨ Ü˛ˆÏÓ˚ ~ÓÇ !öˆÏçÓ˚y !Óçy!Ó˚ï˛ •Î˚– ~•z !Óçy!Ó˚ï˛ ˆÎÔà=!° ˛õ!Ó˚̂ Ï¢ˆÏ£Ï

•zˆÏ°Ü˛ê˛Δö §ÇÓ•öï˛ˆÏsf ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ !Ó!û˛ß¨ •zˆÏ°Ü˛ê˛Δö Óy•ˆÏÜ˛Ó˚ üyôƒˆÏü !öˆÏçÓ˚y çy!Ó˚ï˛ •Î˚ Ä ATP xî%Ó˚ §ÇˆÏŸ’£Ï

âê˛yÎ˚–

@’y•zˆÏÜ˛y°y•z!§ˆÏ§ 6 xî% Ä ˆe´Ó§ ã˛ˆÏe´ 30 xî% ATP í˛zÍ˛õß¨ •Î˚ xÌ≈yÍ §Óyï˛ Ÿª§ˆÏö 1 xî% @’%ˆÏÜ˛yˆÏçÓ˚

§¡õ)î≈ çyÓ˚î ˆÌˆÏÜ˛ ˆüyê˛ 36 xî% ATP-Ó˚ §ÇˆÏŸ’£Ï âˆÏê˛–

÷ô%üye ATP í˛zÍ˛õyòö•z öÎ˚ñ §¶˛yö ≤Ã!e´Î˚yÎ˚ ˆÎ ˜çÓ ˆÎÔà=!° à!ë˛ï˛ •Î˚ S°ƒyÜ˛!ê˛Ü˛ x¡‘ñ •zÌy•z°

xƒy°ˆÏÜ˛y•°V ï˛yˆÏòÓ˚ ÎˆÏÌ‹T Óy!î!çƒÜ˛ ü)°ƒ xyˆÏåÈ– ~åÈyí˛¸y Ÿª§ˆÏöÓ˚ !ÓÜ˛“ ˛õÌ xÌ≈yÍ ˆ˛õˆÏrê˛yç ú˛§ˆÏú˛ê˛ ˛õˆÏÌÓ˚

üyôƒˆÏü xˆÏöÜ˛=!° ≤ÃˆÏÎ˚yçö#Î˚ ¢Ü≈˛Ó˚yÓ˚ §ÇˆÏŸ’£Ï âˆÏê˛–

Ÿªy§ xö%˛õyï˛ ˛õ!Ó˚üy˛õ Ü˛ˆÏÓ˚ Ÿª§ˆÏöÓ˚ §üÎ˚ !Ü˛ ôÓ˚̂ ÏöÓ˚ áyòƒÓ› çy!Ó˚ï˛ •ˆÏFåÈ ï˛yÓ˚ §¡õˆÏÜ≈˛ xyüÓ˚y ôyÓ˚îy

°yû˛ Ü˛Ó˚ˆÏï˛ ˛õy!Ó˚–

10.9 §Ó≈̂ Ï¢£Ï ≤ÃŸ¿yÓ!° (Terminal Questions)

1. §Ç!«˛Æ í˛z_Ó˚ !òö ≠

SÜ˛V §¶˛yö ≤Ã!e´Î˚yÎ˚ í˛zÍ˛õß¨ ò%Û!ê˛ ˜çÓ ˛õòyˆÏÌ≈Ó˚ öyü í˛zˆÏÕ‘á Ü˛Ó˚&ö ÎyˆÏòÓ˚ Óy!î!çƒÜ˛ ü)°ƒ xyˆÏåÈ–

SáV ˆe´Ó§‰ ã˛ˆÏe´Ó˚ x˛õÓ˚ ~Ü˛!ê˛ öyü !°á%ö–

SàV ò%Û!ê˛ 5 Ü˛yÓ≈öÎ%_´ ¢Ü≈˛Ó˚yÓ˚ öyü í˛zˆÏÕ‘á Ü˛Ó˚&ö–

2. ¢)öƒfliyö ˛õ)Ó˚î Ü˛Ó˚&ö ≠

SÜ˛V ˆ˛õˆÏrê˛yç ú˛§ˆÏú˛ê˛ ˛õˆÏÌÓ˚ x˛õÓ˚ öyü _______–

SáV ˜çÓ x¡‘ Ÿª§ˆÏö çy!Ó˚ï˛ •ˆÏ° RQ _______ • Ï̂Ó–

SàV @’%ˆÏÜ˛yçÈÙÈ6-ú˛§ˆÏú˛ê˛ _______ í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ §y•yˆÏÎƒ ú %˛Ü˛ˆÏê˛yçÈÙÈ6-ú˛§ˆÏú˛ˆÏê˛ ˛õ!Ó˚îï˛ •Î˚–
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3. §!ë˛Ü˛ í˛z_Ó˚!ê˛Ó˚ ˛õyˆÏ¢ òyà     (  ) !ã˛•´ !òö ≠

SÜ˛V @’y•zˆÏÜ˛y°y•z!§§ ≤Ã!e´Î˚yÎ˚ ÓƒÓ•*ï˛ ATP xî%Ó˚ §Çáƒy

(i) 2

(ii) 4

(iii) 8

SáV ˆ˛õˆÏrê˛yç ú˛§ˆÏú˛ê˛ ˛õˆÏÌ í˛zÍ˛õß¨ ≤ÃÌü x¡‘!ê˛ •°

(i) ˛õy•zÓ˚&!û˛Ü˛ x¡‘

(ii) 6 ú˛§ˆÏú˛y@’%ˆÏÜ˛y!öÜ˛ x¡‘

(iii) §y•z!ê˛ΔÜ˛ x¡‘

SàV ˆÜ˛y•° §¶˛yˆÏö RQ-~Ó˚ üyö

(i) 1

(ii) 0

(iii) ∝

10.10 í˛z_Ó˚üy°y (Key to the Answers)

xö%¢#°ö# ÈÙÈ 1

1. SÜ˛V °ƒyÜ˛!ê˛Ü˛ x¡‘ Ä xöƒyöƒ ˜çÓ ˆÎÔà

SáV §Óyï˛ Ÿª§ˆÏö

SàV åÈeyÜ˛

2. SÜ˛V ˆ•ˆÏ:yÜ˛y•zˆÏöç

SáV 2

SàV í˛y•z•y•zí»˛!:xƒy!§ˆÏê˛yö ú˛§ˆÏú˛ê˛

3. SÜ˛V @’y•zˆÏÜ˛y°y•z!§§ Ä ˆe´Ó§‰ ã˛e´

SáV !Ó£Ïy_´ °ƒyÜ˛!ê˛Ü˛ x¡‘ ˆÜ˛yˆÏ£Ï §!M˛Èï˛ •Î˚ ÓˆÏ°

SàV ˛õy•zÓ˚&ˆÏû˛ê˛ Ü˛y•zˆÏöç
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..

xö%¢#°ö# ÈÙÈ 2

1. SÜ˛V xƒy!§ê˛y•z° CoA

SáV !ï˛ö xî%

SàV Ü˛y•zˆÏöç

2. SÜ˛V H2O

SáV 15

SàV FAD

3. SÜ˛V 2 xî%

SáV 38 xî%

SàV xyÎ˚Ó˚î (Fe)

x!hsˇü ≤ÃŸ¿yÓ°#

1. SÜ˛V °ƒyÜ˛!ê˛Ü˛ x¡‘ Ä !Óí˛zê˛y!Ó˚Ü˛ x¡‘

SáV §y•z!ê˛ΔÜ˛ x¡‘ ã˛e´

SàV Ó˚y•zˆÏÓyç Ä Ó˚y•zÓ%ˆÏ°yç

2. SÜ˛V ˆ•ˆÏ:yç üˆÏöyú˛§ˆÏú˛ê˛ ¢yrê˛

SáV RQ > 1

SàV ú˛§ˆÏú˛yˆÏ•ˆÏ:yxy•zˆÏ§yüyˆÏÓ˚ç

3. SÜ˛V 2

SáV 6 ú˛§ˆÏú˛y@’%ˆÏÜ˛y!öÜ˛ x¡‘

SàV ∝
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~Ü˛Ü˛ 11 xy Ï̂°yÜ˛Ÿª§ö (Photrespiration)

àë˛ö

11.0 í ẑ̨ Ïj¢ƒ

11.1 ≤ÃhflÏyÓöy

11.2 xyˆÏ°yÜ˛Ÿª§öÈÙÈ§Çe´yhsˇ ≤ÃyÌ!üÜ˛ ôyÓ˚îy

11.2.1 xyˆÏ°yÜ˛Ÿª§ö ˆÜ˛yÌyÎ˚ âˆÏê˛† xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ !Ó!e´Î˚yfli°

11.2.2 xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ !Ó!û˛ß¨ ˛õÎ≈yÎ˚ Ä Ó˚y§yÎ˚!öÜ˛ !Ó!e´Î˚y§ü)•

11.2.3 xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ û)˛!üÜ˛y

11.3 xyˆÏ°yÜ˛Ÿª§ö Ä í˛z!qˆÏòÓ˚ ú˛°ö¢#°ï˛y

11.4 C4 í˛z!qˆÏò xyˆÏ°yÜ˛Ÿª§ö Ü˛ü •ÓyÓ˚ Ü˛yÓ˚î

11.5 xyˆÏ°yÜ˛Ÿª§ö ≤Ã!e´Î˚y!ê˛Ó˚ ï˛yÍ˛õÎ≈

11.6 §yÓ˚yÇ¢

11.7 §Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#

11.8 í˛z_Ó˚üy°y

11.1 í ẑ̨ Ïj¢ƒ

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xy˛õ!öÈÙÙÙÈ

 xyˆÏ°yÜ˛Ÿª§ö Ü˛# ~ÓÇ Ü˛#û˛yˆÏÓ âˆÏê˛ ï˛y çyöˆÏï˛ ˛õyÓ˚̂ ÏÓö–

 ≤Ã!e´Î˚y!ê˛ ˆÜ˛ö ÷ô% !òˆÏöÓ˚ ˆÓ°yÎ˚ âˆÏê˛ ï˛y Ó°ˆÏï˛ ˛õyÓ˚̂ ÏÓö–

 xyˆÏ°yÜ˛Ÿª§öˆÏÜ˛ ˆÜ˛ö C2 ã˛e´ Ó°y •Î˚ ï˛y Óƒyáƒy Ü˛Ó˚̂ Ïï˛ ˛õyÓ˚̂ ÏÓö–

 ≤Ã!e´Î˚y!ê˛ˆÏÜ˛ ˆÜ˛ö ÚŸª§öÛ Ó°y •ˆÏFåÈ ï˛yÓ˚ Ü˛yÓ˚î Ó°ˆÏï˛ ˛õyÓ˚̂ ÏÓö–

 Ÿª§ö Ä xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ ï˛ú˛yï˛ Ü˛# Ü˛# ï˛y !öˆÏò≈¢ Ü˛Ó˚ˆÏï˛ ˛õyÓ˚ˆÏÓö–

 x!ôÜ˛ ú˛°ö¢#° í z̨!q Ï̂ò xy Ï̂°yÜ˛Ÿª§ Ï̂öÓ̊ •yÓ̊ í ẑ̨ ÏÕ‘á Ï̂Îyàƒû˛y Ï̂Ó Ü˛ü •Î̊ ̂ Ü˛ö ï˛y Ó%!é˛ Ï̂Î̊ !ò Ï̂ï˛ ̨õyÓ̊ Ï̂Óö–

 ≤Ã!e´Î˚y!ê˛ í˛z!qˆÏòÓ˚ ˛õˆÏ«˛ §¡õ)î≈•z x≤ÃˆÏÎ˚yçö#Î˚ñ öy!Ü˛ ~Ó˚ ˆÜ˛yˆÏöy =Ó˚&c˛õ)î≈ !òÜ˛ xyˆÏåÈ ï˛y çyöˆÏï˛

˛õyÓ˚ˆÏÓö–
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11.1 ≤ÃhflÏyÓöy

xyˆÏàÓ˚ ~Ü˛ˆÏÜ˛ xyüÓ˚y ˆòˆÏá!åÈ ˆÎ Ÿª§ö Ü˛yˆÏÜ˛ ÓˆÏ° ~ÓÇ ï˛yÓ˚ §yˆÏÌ !Ó¢òû˛yˆÏÓ Ÿª§ö ≤Ã!e´Î˚yÓ˚ ç!ê˛°

¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚y §¡õˆÏÜ≈˛ ôyÓ˚îy °yû˛ Ü˛ˆÏÓ˚!åÈ–

~Ü˛Ìy xy˛õöyÓ˚y çyˆÏöö ˆÎñ ç#ÓˆÏòˆÏ•Ó˚ ≤Ã!ï˛!ê˛ §ç#Ó ˆÜ˛yˆÏ£Ï !òÓyÓ˚ye Ÿª§ö ≤Ã!e´Î˚y!ê˛ §Çâ!ê˛ï˛ •Î˚ ~ÓÇ

~•z Ÿª§ˆÏöÓ˚ ú˛ˆÏ°•z ç!ê˛° Ó˚y§yÎ˚!öÜ˛ ˆÎÔà=!° ˆû˛ˆÏä §Ó˚° ˛õòyˆÏÌ≈ ˛õ!Ó˚îï˛ •Î˚ Ä ¢!_´ !öà≈ï˛ •Î˚– ï˛ˆÏÓ ~•z

!öÎ˚!üï˛ Ÿª§ö åÈyí ¸̨yÄ §Ó%ç í˛z!qˆÏòÓ˚ !Ü˛å%È ˆÜ˛yˆÏ£Ï §)Î≈yˆÏ°yˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ ~Ü˛ !ÓˆÏ¢£Ï ôÓ˚̂ ÏöÓ˚ Ÿª§ö °«˛ƒ Ü˛Ó˚y

ÎyÎ˚– ~Ó˚ ú˛ˆÏ° ˙§Ó ˆÜ˛yˆÏ£Ï !òˆÏöÓ˚ ˆÓ°yÎ˚ ˆÓ!¢ ˛õ!Ó˚üyˆÏî Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ í˛zÍ˛õß¨ •ˆÏÎ˚ ÌyˆÏÜ˛– ~•z !ÓˆÏ¢£Ï

ôÓ˚̂ ÏöÓ˚ Ÿª§öñ Îy !Ü˛öy §Ó%ç í˛z!qˆÏòÓ˚ ˛õyï˛yÎ˚ Óy §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# xˆÏD ÷ô%üye §)Î≈yˆÏ°yˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛

§Çâ!ê˛ï˛ •Î˚ñ ï˛yˆÏÜ˛ xyˆÏ°yÜ˛Ÿª§ö (photorespiration) Ó°y •Î˚– ~•z ~Ü˛ˆÏÜ˛ xyüÓ˚y ~•z !ÓˆÏ¢£Ï ˛õk˛!ï˛!ê˛

§¡∫ˆÏ¶˛ !ÓhflÏy!Ó˚ï˛ xyˆÏ°yã˛öy Ü˛Ó˚Ó–

~åÈyí ¸̨yÄ xyüyˆÏòÓ˚ çyöˆÏï˛ •ˆÏÓ ̂ Î ~•z xyˆÏ°yÜ˛Ÿª§ö ≤Ã!e´Î˚y!ê˛ Ü˛#û˛yˆÏÓ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ ̂ Ü˛°!û˛ö ã˛ˆÏe´Ó˚

§ˆÏD ç!í ¸̨ï˛ ~ÓÇ Ü˛#û˛yˆÏÓ ~!ê˛ §yôyÓ˚î Ÿª§ö ≤Ã!e´Î˚y ˆÌˆÏÜ˛ !û˛ß¨–

11.2 xyˆÏ°yÜ˛Ÿª§öÈÙÈ§Çe´yhsˇ ≤ÃyÌ!üÜ˛ ôyÓ˚îy (Preliminary Ideas on
Photorespiration)

1950 §ˆÏöÓ˚ ˛õ)ˆÏÓ≈ xyüyˆÏòÓ˚ ôyÓ˚îy !åÈ° ˆÎñ §Ó%ç í˛z!qˆÏò Ÿª§ˆÏöÓ˚ •yÓ˚ !òˆÏö Ä Ó˚yˆÏe ~Ü˛•z ÌyˆÏÜ˛– !Ü˛v

˛õˆÏÓ˚ ˛õÓ˚#«˛yÓ˚ üyôƒˆÏü ≤Ãüy!îï˛ •Î˚ ˆÎñ Ü˛ˆÏÎ˚Ü˛!ê˛ ~Ü˛Ó#ç˛õe# í˛z!qò åÈyí˛¸y í˛zß¨ï˛üyˆÏöÓ˚ ˆÓ¢ !Ü˛å%È í˛z!qˆÏòÓ˚

ˆÜœ̨ yˆÏÓ˚y!ú˛°Î%_´ §Ó%ç xÇˆÏ¢ Ÿª§ˆÏöÓ˚ •yÓ˚ !òˆÏöÓ˚ ˆÓ°yÎ˚ í˛zˆÏÕ‘áˆÏÎyàƒû˛yˆÏÓ ˆÓˆÏí ¸̨ ÎyÎ˚– âê˛öy!ê˛ !ÓK˛yö#ˆÏòÓ˚

ò,!‹T xyÜ˛£Ï≈î Ü˛ˆÏÓ˚ ~ÓÇ 1955 §ˆÏö !ÓK˛yö# ˆí˛Ü˛yÓ˚ (Deeker) í˛z˛õˆÏÓ˚y_´ âê˛öy!ê˛ˆÏÜ˛ xyˆÏ°yÜ˛Ÿª§ö Óy

Photorespiration öyüÜ˛Ó˚î Ü˛ˆÏÓ˚ö ~ÓÇ ~•z !Ó£ÏÎ˚!ê˛ Óî≈öy Ü˛ˆÏÓ˚ö–

xyˆÏ°yÜ˛Ÿª§ö Ó°ˆÏï˛ ≤ÃyÌ!üÜ˛û˛yˆÏÓ xyüÓ˚y Ó%!é˛ ~Ü˛!ê˛ !ÓˆÏ¢£Ï ôÓ˚̂ ÏöÓ˚ Ÿª§ö ≤Ã!e´Î˚y Îy ÷ô%üye í˛z!qˆÏòÓ˚

§yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# xˆÏD âˆÏê˛ ~ÓÇ ~Ó˚ ú˛ˆÏ° í˛z_´ ˆÜ˛y£Ï=!° ˆÌˆÏÜ˛ ≤Ãû)˛ï˛ ˛õ!Ó˚üyˆÏî Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛

!öà≈ï˛ •Î˚– ~Ü˛Ìy üˆÏö Ó˚yáˆÏï˛ •ˆÏÓ ˆÎñ ~•z ≤Ã!e´Î˚yÓ˚ üyôƒˆÏü ˆÜœ˛yˆÏÓ˚y!ú˛°Î%_´ ˆÜ˛yˆÏ£Ï x!:ˆÏçö à,•#ï˛ Ä

Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ Ó!ç≈ï˛ •Î˚ ÓˆÏ° ~!ê˛ˆÏÜ˛ Ÿª§ö xyáƒy ˆòÄÎ˚y •Î˚ñ Î!òÄ fl∫yû˛y!ÓÜ˛ Ÿª§ˆÏöÓ˚ §ˆÏD

xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ !Ó!e´Î˚yàï˛ xöƒ ˆÜ˛yˆÏöy !ü°•z ˆö•z ~ÓÇ ~ˆÏ«˛ˆÏe ˆÜ˛yˆÏöy ¢!_´ Óy ATP í˛zÍ˛õß¨ •Î˚ öy–

xyˆÏàÓ˚ 9.10 ~Ü˛ˆÏÜ˛ xyüÓ˚y ˆòˆÏá!åÈ ˆÎñ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ ˆÎ ≤Ãã˛!°ï˛ ≤ÃÌyÎ˚ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛Ó˚

§ÇÓ¶˛ö (fixation) Ä !ÓçyÓ˚î (reduction) §¡õß¨ •Î˚ñ ï˛yˆÏÜ˛ ˆÜ˛°!û˛ö ã˛e´ Óy C3 Óy §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï#Î˚

Ü˛yÓ≈öÈÙÈ!ÓçyÓ˚î ã˛e´ Óy Photosynthetic Carbon Reduction Cycle Ó°y •Î˚– xyˆÏ°yÜ˛Ÿª§ö ≤Ã!e´Î˚y!ê˛ ~•z
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ˆÜ˛°!û˛ö ã˛ˆÏe´Ó˚ §ˆÏD ç!í ¸̨ï˛ ~ÓÇ ~•z ≤Ã!e´Î˚yÎ˚ §)Î≈yˆÏ°yˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ x!:ˆÏçö myÓ˚y ¢Ü≈˛Ó˚y çy!Ó˚ï˛ •ˆÏÎ˚

Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ í˛zq(ï˛ •Î˚ ÓˆÏ° ~ˆÏÜ˛ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï#Î˚ Ü˛yÓ≈öÈÙÈçyÓ˚î ã˛e´ Óy Photosynthetic Carbon
Oxidation Cycle Ó°y •Î̊–

~•z Ü˛yÓ≈öÈÙÈçyÓ˚î Ä Ü˛yÓ≈öÈÙÈ!ÓçyÓ˚î ò%Û•z ˛õ,ÌÜ˛ ã˛ˆÏe´Ó˚ üˆÏôƒ ˆÎyà§)e Ó˚«˛y Ü˛ˆÏÓ˚ ~Ü˛!ê˛üye í˛zÍˆÏ§ã˛Ü˛– ~•z

í z̨Í Ï̂§ã˛Ü˛!ê˛ •° Ó˚y•z!Óí ẑ̨ Ï°yç !Ó§‰ÈÙÈú˛§ Ï̂ú˛ê˛ ~•z ̂ ÎÔà!ê˛ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ ~ÓÇ x!: Ï̂çö í z̨û˛Î˚̂ ÏÜ˛•z §ÇÓ¶˛ö

Ü˛Ó˚yˆÏï˛ ̨õyˆÏÓ˚ ~ÓÇ ~•z ̃ mï˛ û)˛!üÜ˛y ÌyÜ˛yÎ˚ í˛zÍˆÏ§ã˛Ü˛!ê˛ˆÏÜ˛ Ó˚y•z!Óí˛zˆÏ°yç !Ó§‰ÈÙÈú˛§ˆÏú˛ê˛ Ü˛yÓ≈!:ˆÏ°ç x!:!çˆÏöç

Óy §ÇˆÏ«˛ˆÏ˛õ Ó˚&!Ó§ˆÏÜ˛y (Rubisco) Ó°y •Î˚– ~•z Ó˚&!Ó§ˆÏÜ˛y í˛zÍˆÏ§ã˛Ü˛!ê˛ Ó˚y•z!Óí˛zˆÏ°yç !Ó§‰ÈÙÈú˛§ˆÏú˛ˆÏê˛Ó˚ §ˆÏD

Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛Ó˚ §ÇÓ¶˛ö âê˛yˆÏ° C3 ˆÜ˛°!û˛ö ã˛ˆÏe´Ó˚ üyôƒˆÏü §Ó˚y§!Ó˚ ¢Ü≈˛Ó˚y çyï˛#Î˚ áyòƒ ≤Ã›ï˛ •Î˚–

x˛õÓ˚!òˆÏÜ˛ Ó˚&!Ó§ˆÏÜ˛y í˛zÍˆÏ§ã˛Ü˛!ê˛ Ó˚y•z!Óí˛zˆÏ°yç !Ó§‰ÈÙÈú˛§ˆÏú˛ˆÏê˛Ó˚ §ˆÏD x!:ˆÏçöˆÏÜ˛ Î%_´ Ü˛Ó˚̂ Ï° !òÓyˆÏ°yˆÏÜ˛

≤Ãû)˛ï˛ ˛õ!Ó˚üyˆÏî Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ !öà≈ï˛ •Î˚ ~ÓÇ 2 Ü˛yÓ≈ö xî%!Ó!¢‹T (C2) ≤ÃyÌ!üÜ˛ fliyÎ˚# ˆÎÔà @’y•zˆÏÜ˛yˆÏ°ê˛

Sú˛§ˆÏú˛y@’y•zˆÏÜ˛yˆÏ°ê˛ Ó˚*ˆÏ˛õV ≤Ã›ï˛ •Î˚– ~•z ≤Ã!e´Î˚y!ê˛ˆÏÜ˛•z xyˆÏ°yÜ˛Ÿª§ö ÓˆÏ° ~ÓÇ ˆÎ ã˛ˆÏe´Ó˚ üyôƒˆÏü

xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ !Ó!û˛ß¨ ôy˛õ=!° §¡õß¨ •Î˚ñ ï˛yˆÏÜ˛ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï#Î˚ Ü˛yÓ≈öÈÙÈçyÓ˚î ã˛e´ Óy §ÇˆÏ«˛ˆÏ˛õ C2 ã˛e´

ÓˆÏ°–

11.2.1 xyˆÏ°yÜ˛Ÿª§ö ˆÜ˛yÌyÎ˚ âˆÏê˛ † xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ !e´Î˚yfliyö (Locale of
Photorespiration)

1968 § Ï̂ö !•í z̨ ~ÓÇ e´ê‰̨ Ü˛û‰̨  (Hew and Krotkov) ≤ÃÌü ̨õÓ̊#«˛yÓ̊ üyôƒ Ï̂ü ≤Ãüyî Ü˛ Ï̂Ó̊ö ̂ Î xy Ï̂°yÜ˛Ÿª§ Ï̂ö

ˆÜœ̨ y Ï̂Ó̊y≤’yfiê˛ x˛õ!Ó̊•yÎ≈– 1966 § Ï̂ö ü%̂ Ï°ö‡ Ï̂Î̊Ó̊ Ä ïÑ̨ yÓ̊ §D#Ó̊y (Mollenhauer et al.) ̨õyÓ̊x!: Ï̂çyü xy!Ó‹ÒyÓ̊

Ü˛ Ï̂Ó̊ö ~ÓÇ 1968-ˆï˛ ê˛°Óyê≈̨  Ä ïÑ̨ yÓ̊ §D#Ó̊y (Tolbert et al.) ̨õyÓ̊x!: Ï̂çy Ï̂ü @’y•ẑ ÏÜ˛y Ï̂°ê˛ !Ó˛õyÜ˛#Î̊ í z̨Í Ï̂§ã˛ Ï̂Ü˛Ó̊

í˛z˛õ!fli!ï˛ °«˛ƒ Ü˛ˆÏÓ˚ xy°yÜ˛Ÿª§ˆÏöÓ˚ §ˆÏD ˛õyÓ˚x!:ˆÏçyˆÏüÓ˚ üˆÏôƒ ˆÎ ~Ü˛ê˛y §•ç ˆÎyà§)e Ó˚̂ ÏÎ˚̂ ÏåÈ ï˛y ÓyÓ˚

Ü˛ˆÏÓ˚ö ~ÓÇ ˛õyÓ˚x!:ˆÏçyüˆÏÜ˛ xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ xöƒï˛ü Ü˛yÎ≈fli° Ó˚*ˆÏ˛õ !ã˛!•´ï˛ Ü˛ˆÏÓ˚ö– ~Ó˚ ˛õˆÏÓ ̊1971 §ˆÏö

ê˛°Óyê˛≈ (Tolbert) ≤Ãüyî Ü˛ˆÏÓ˚ ˆòáyö ˆÎ xyˆÏ°yÜ˛Ÿª§ˆÏö í˛zq(ï˛ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛Ó˚ í˛zÍ˛õ!_fli° •°

üy•zˆÏê˛yÜ˛!u»˛Î˚y– §Ó âê˛öy=!° ~Ü˛!eï˛ Ü˛Ó˚̂ Ï° ˆòáy ÎyÎ˚ ˆÎñ xyˆÏ°yÜ˛Ÿª§ˆÏö ˆÜœ̨ yˆÏÓ˚y≤’yfiê˛ñ ˛õyÓ˚x!:ˆÏçyü ~ÓÇ

üy•zˆÏê˛yÜ˛!u»˛Î˚y ~•z !ï˛ö!ê˛ ˆÜ˛y£ÏÈÙÈxDyî%•z x˛õ!Ó˚•yÎ≈– xˆÏöÜ˛ ˛õÓ˚#«˛y!öÓ˚#«˛yÓ˚ ˛õˆÏÓ˚ Óï≈˛üyˆÏö !ÓK˛yö#Ó˚y ~•z

!§k˛y Ï̂hsˇ ~ Ï̂§ Ï̂åöÈ ̂ Îñ ̂ Ü˛y Ï̂öy ~Ü˛!ê˛ í z̨!qò Ï̂Ü˛y Ï̂£Ï ~•z !ï˛ö!ê˛ ̂ Ü˛y£ÏÈÙÈxDyî%Ó̊ §•yÓfliyö âê˛ Ï̂°•z ̂ Ü˛y£Ï!ê˛ xy Ï̂°yÜ˛Ÿª§ö

§¡õß¨ Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚– Ü˛yˆÏç•z xyˆÏ°yÜ˛Ÿª§ˆÏö ˆÜœ˛yˆÏÓ˚y≤’yfiê˛ñ ˛õyÓ˚x!:ˆÏçyü ~ÓÇ üy•zˆÏê˛yÜ˛!u»˛Î˚y ~•z !ï˛ö!ê˛

ˆÜ˛y£ÏÈÙÈxDyî%•z =Ó˚&c˛õ)î≈ û)˛!üÜ˛y ˛õy°ö Ü˛ˆÏÓ˚ ÌyˆÏÜ˛–

!ÓˆÏ¢£Ï Ü˛ˆÏÓ˚ ≤Ãôyö áyòƒ í˛zÍ˛õyòöÜ˛yÓ˚# ¢§ƒ ˆÎüö ôyöñ àüñ ü%àñ üê˛Ó˚ñ §Î˚yÓ#öñ ï˛yüyÜ˛ñ §)Î≈ü%á# •zï˛ƒy!ò

ˆÓ¢ !Ü˛å%È C3 í˛z!qˆÏò xyˆÏ°yÜ˛Ÿª§ö •Î˚– x˛õÓ˚!òˆÏÜ˛ ÓyçÓ˚yñ xyá Ä û%˛Ry§• x!ôÜ˛ ú˛°ö¢#° ây§çyï˛#Î˚ !Ü˛å%È

C4 í˛z!qˆÏò xyˆÏ°yÜ˛Ÿª§ö ≤ÃyÎ˚ xö%˛õ!fliï˛ Ó°ˆÏ°•z ã˛ˆÏ°–
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˛õyÓ˚x!:ˆÏçyü ≠ ~!ê˛ ~Ü˛!ê˛ «%˛o í˛z!qò ˆÜ˛y£ÏÈÙÈxDyî% Îy §yôyÓ˚îï˛ ˆÜœ̨ yˆÏÓ˚y≤’yˆÏfiê˛Ó˚ !öÜ˛ê˛Óï˛#≈

fliyˆÏö xÓfliyö Ü˛ˆÏÓ˚ ~ÓÇ C3 í˛z!qˆÏòÓ˚ ˆüˆÏ§y!ú˛° ˆÜ˛yˆÏ£Ï ~•z xDyî% ≤Ãã%˛Ó˚ ˛õ!Ó˚üyˆÏî ˛õ!Ó˚°!«˛ï˛

•Î˚– ~!ê˛ !í˛¡∫yÜ˛yÓ˚ñ ò%•z!ê˛ ˆÜ˛y£Ï ˛õò≈yÎ%_´ñ Óƒy§ 0.6 – 0.7 μm– í˛z!qòˆÏÜ˛yˆÏ£Ï ˆÜœ̨ yˆÏÓ˚y!ú˛° Ä

˛õyÓ˚x!:ˆÏçyü xDyî% ò%Û!ê˛ Ü˛yåÈyÜ˛y!åÈ ÌyÜ˛yÎ˚ í˛zÍˆÏ§ã˛Ü˛ñ á!öç °Óî Ä !Óe´Î˚yçyï˛ ˆÎÔà=!°

§• Ï̂ç•z xDyî% ò%Û!ê˛Ó̊ ü Ï̂ôƒ xyòyöÈÙÈ≤Ãòyö Ü˛Ó̊ Ï̂ï˛ ̨õy Ï̂Ó̊– ̨õyÓ̊x!: Ï̂í˛çñ Ü˛ƒyê˛y Ï̂°ç§• @’y•ẑ ÏÜ˛y Ï̂°ê˛

!Ó˛õyˆÏÜ˛Ó˚ Ü˛ˆÏÎ˚Ü˛!ê˛ =Ó˚&c˛õ)î≈ í˛zÍˆÏ§ã˛Ü˛ ÌyÜ˛yÎ˚ xyˆÏ°yÜ˛Ÿª§ö ≤Ã!e´Î˚y ˛õyÓ˚x!:ˆÏçyü åÈyí˛¸y §¡õß¨

•ˆÏï˛ ˛õyˆÏÓ˚ öy–

11.2.2 xy Ï̂°yÜ˛Ÿª§ Ï̂öÓ̊ !Ó!û˛ß¨ ̨õÎ≈yÎ̊ Ä Ó̊y§yÎ̊!öÜ˛ !Ó!e´Î̊y§ü)•

xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ Ó˚y§yÎ˚!öÜ˛ !Ó!e´Î˚y=!° ~Ü˛y!ôÜ˛ !ÓK˛yö# ˛õÎ≈yˆÏ°yã˛öy Ü˛ˆÏÓ˚̂ ÏåÈö– ~ÑˆÏòÓ˚ üˆÏôƒ í˛zˆÏÕ‘áˆÏÎyàƒ

• Ï̂°ö !ÓK˛yö# ê˛°Óyê≈̨  (Tolbet, 1980), °!Ó̊üyÓ̊ Ä xƒyu»̨ $ç (Lorimer and Andrews, 1981) ~ÓÇ !Óí˛Ä Ï̂Î̊°

(Bidwel, 1983)– ~ÑÓ̊y ̂ ò Ï̂á Ï̂åÈö ̂ Îñ xy Ï̂°yÜ˛Ÿª§ Ï̂öÓ̊ C2 ã˛e´!ê˛ §¡õß̈ Ü˛Ó̊ Ï̂ï˛ ~Ü˛!ê˛ í z̨!qò Ï̂Ü˛y Ï̂£Ï ̂ Üœ̨ y Ï̂Ó̊y≤’yfiê˛ñ

˛õyÓ˚x!:ˆÏçyü Ä üy•zˆÏê˛yÜ˛!u»˛Î˚yÈÙÙÙÈ~•z !ï˛ö!ê˛ ˆÜ˛y£ÏÈÙÈxDyî%Ó˚ §•yÓfliyö xï˛ƒhsˇ =Ó˚&c˛õ)î≈– xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚

Ó˚y§yÎ˚!öÜ˛ !Ó!e´Î˚y=!° e´ü˛õÎ≈yˆÏÎ˚ ˆòáyö •°ÈÙÙÙÈ

(A) xyˆÏ°yÜ˛Ÿª§ˆÏö ≤ÃÌü ~ÓÇ ≤Ãôyö !Ó!e´Î˚yfliyö •° ̂ Üœ̨ yˆÏÓ˚y≤’yfiê˛ñ ̂ ÎáyˆÏö Ó˚y•z!Óí˛zˆÏ°yç 1,5 !Ó§‰ÈÙÈú˛§ˆÏú˛ê˛

ˆÎÔà!ê˛ x!:ˆÏçöˆÏÜ˛ §ÇÓ¶˛ö Ü˛ˆÏÓ˚ ~ÓÇ í˛z_´ ˆÎÔà!ê˛ çy!Ó˚ï˛ •ˆÏÎ˚ ≤ÃyÌ!üÜ˛ fliyÎ˚# C2 ˆÎÔà @’y•zˆÏÜ˛yˆÏ°ê˛

Sú˛§ˆÏú˛y@’y•zˆÏÜ˛yˆÏ°ê˛ !•§yˆÏÓV ≤Ã›ï˛ Ü˛ˆÏÓ˚– ~áyˆÏö üˆÏö Ó˚yáy òÓ˚Ü˛yÓ˚ ˆÎñ Óyï˛yˆÏ§ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛Ó˚

âöc 1% ~Ó˚ Ü˛ü ÌyÜ˛ˆÏ°•z Ó˚&!Ó§ˆÏÜ˛y í˛zÍˆÏ§ã˛Ü˛!ê˛ ~•z !Ó!e´Î˚y!ê˛ âê˛yˆÏï˛ §«˛ü •Î˚ ~ÓÇ ~Ó˚ ú˛ˆÏ° 2 xî%

ú˛§ˆÏú˛y@’y•zˆÏÜ˛yˆÏ°ê˛ Ä  1 xî% ú˛§ˆÏú˛y!@’§yˆÏÓ˚ê˛ í˛zÍ˛õß¨ •Î˚–

(B)  ̂ Üœ̨ y Ï̂Ó̊y≤’y Ï̂fiê˛ ≤Ã›ï˛ ú˛§ Ï̂ú˛y@’y•ẑ ÏÜ˛y Ï̂°ê˛ ̂ Ì Ï̂Ü˛ ú˛§ Ï̂ú˛ê˛ Ó!ç≈ï˛ • Ï̂Î̊ @’y•ẑ ÏÜ˛y Ï̂°ê˛ í z̨Í˛õß̈ •Î̊– ú˛§ Ï̂ú˛ Ï̂ê˛ç

í˛zÍˆÏ§ã˛Ü˛ ~•z !Ó!e´Î˚yˆÏÜ˛ cÓ˚y!ß∫ï˛ Ü˛ˆÏÓ˚–

Ó̊&!Ó§ Ï̂Ü˛y
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ˆÜœ̨ yˆÏÓ˚y≤’yˆÏfiê˛ ≤Ã›ï˛ ~•z @’y•zˆÏÜ˛yˆÏ°ê˛•z •° xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ ≤ÃÌü fliyÎ˚# ˆÎÔà SC2 ˆÎÔàV– @’y•zˆÏÜ˛yˆÏ°ê˛

í˛zÍ˛õyòˆÏöÓ˚ •yÓ˚ ˛õ!Ó˚ˆÏÓˆÏ¢ í˛z˛õ!fliï˛ x!:ˆÏçˆÏöÓ˚ âöˆÏcÓ˚ §yˆÏÌ §üyö%˛õy!ï˛Ü˛–

(C) ~Ó˚˛õÓ˚ @’y•zˆÏÜ˛yˆÏ°ê˛ ˆÜœ˛yˆÏÓ˚y≤’yfiê˛ ˆÌˆÏÜ˛ ˛õyÓ˚x!:ˆÏçyˆÏü ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ ~ÓÇ ˆ§áyˆÏö §)Î≈yˆÏ°yˆÏÜ˛Ó˚

í˛z˛õ!fli!ï˛ˆÏï˛ @’y•zˆÏÜ˛yˆÏ°ê˛ x!:ˆÏí˛ç í˛zÍˆÏ§ã˛Ü˛ myÓ˚y çy!Ó˚ï˛ •ˆÏÎ˚ @’y•zx:yˆÏ°ˆÏê˛ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚– ~Ó˚•z §ˆÏD ~Ü˛

xî% •y•zˆÏí»˛yˆÏçö ˛õyÓ˚ÈÙÈx:y•zí˛ ˜ï˛!Ó˚ •Î˚ñ Îy Ü˛ƒyê˛yˆÏ°ç í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ §ˆÏD !Ó!e´Î˚yÓ˚ ú˛ˆÏ° ç° Ä x!:ˆÏçö

í˛zÍ˛õyòö Ü˛ˆÏÓ˚–

(d) @’yÄ:yˆÏ°ê˛ ˛õyÓ˚x!:ˆÏçyü!fliï˛ @’%ê˛yˆÏüê˛ @’y•zx:yˆÏ°ê˛ xƒyüy•zˆÏöyê˛Δy™ú˛yˆÏÓ˚ç í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛

@’y•z!§ˆÏö ˛õ!Ó˚îï˛ •Î˚–

(e) ˛õÓ˚Óï˛#≈ ˛õÎ≈yˆÏÎ˚ @’y•z!§öñ ˛õyÓ˚x!:ˆÏçyü ˆÌˆÏÜ˛ üy•zˆÏê˛yÜ˛!u»˛Î˚yÎ˚ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ ~ÓÇ @’y•z!§ö !§ˆÏsiˆÏê˛ç

í˛zÍˆÏ§ã˛Ü˛ myÓ˚y 2 xî% @’y•z!§öñ 1 xî% ˆ§!Ó˚ˆÏö Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚– ~•z !Ó!e´Î˚yÓ˚ ú˛ˆÏ° xƒyˆÏüy!öÎ˚y Ä Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈ

x:y•zí˛ í˛zÍ˛õß¨ •Î˚– Ó°y Óy‡°ƒ í˛zq(ï˛ ~•z Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛•z xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ §üˆÏÎ˚ ÓyÎ˚%ü[˛ˆÏ° !öà≈ï˛

•Î˚– xƒyˆÏüy!öÎ˚y ˆÜ˛yˆÏ£ÏÓ˚ ˛õˆÏ«˛ «˛!ï˛Ü˛Ó˚ ~ÓÇ ˆÜ˛yˆÏ£Ï xƒyˆÏüy!öÎ˚yÓ˚ ˛õ!Ó˚üyî Ó,!k˛ ˆ˛õˆÏ° ï˛y x!ã˛ˆÏÓ˚•z ˆÜ˛y£Ï!ê˛ˆÏÜ˛

!Óö‹T Ü˛ˆÏÓ˚ ˆú˛ˆÏ°– ú˛ˆÏ° ˆÜœ˛yˆÏÓ˚y≤’yˆÏfiê˛ í˛z˛õ!fliï˛ @’%ê˛yˆÏüê˛ !§ˆÏsiˆÏê˛ç í˛zÍˆÏ§ã˛Ü˛ myÓ˚y í˛zq(ï˛ ~•z xƒyˆÏüy!öÎ˚yÓ˚

xy_#Ü˛Ó̊î (assimilation) â Ï̂ê˛–

@’y•zx:y Ï̂°ê˛

NSOU  CC-BT-09  217



(f) üy•zˆÏê˛yÜ˛!u»˛Î˚yÎ˚ ≤Ã›ï˛ ˆ§!Ó˚ö ˛õ%öÓ˚yÎ˚ ˛õyÓ˚x!:ˆÏçyˆÏü ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ ~ÓÇ ˆ§áyˆÏö ~!ê˛ ˆ§!Ó˚ö

•y•zí»˛!:!üÌy•z° ê˛Δy™ú˛yˆÏÓ˚ç í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ •y•zí»˛!:˛õy•zÓ˚&ˆÏû˛ˆÏê˛ ˛õ!Ó˚îï˛ •Î˚ ~ÓÇ ~!ê˛ ˆÌˆÏÜ˛ ˛õˆÏÓ˚

!@’§yˆÏÓ˚ê˛ í˛zÍ˛õß¨ •Î˚–

(g) !@’§yˆÏÓ˚ê˛ ≤Ã›ï˛ •ÓyÓ˚ ˛õÓ˚ ˆ§!ê˛ ˆÜœ˛yˆÏÓ˚y≤’yˆÏfiê˛ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ ~ÓÇ !@’§yˆÏÓ˚ê˛ Ü˛y•zöˆÏçÓ˚ í˛z˛õ!fli!ï˛ˆÏï˛ ATP
ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ ú˛§ˆÏú˛y!@’§yˆÏÓ˚ê˛ í˛zÍ˛õyòö Ü˛ˆÏÓ˚– ~•z ú˛§ˆÏú˛y!@’§yˆÏÓ˚ê˛ §Ó˚y§!Ó˚ ˆÜ˛°!û˛ö ã˛ˆÏe´ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ ~ÓÇ

¢Ü≈˛Ó˚y çyï˛#Î˚ áyòƒ ≤Ã›ï˛ Ü˛Ó˚̂ Ïï˛ ÷Ó˚& Ü˛ˆÏÓ˚–

xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ §¡õ)î≈ ˛õk˛!ï˛!ê˛ ˛õÎ≈yÎ˚e´ˆÏü !öÓ˚#«˛î Ü˛Ó˚ˆÏ° ˆòáy ÎyˆÏFåÈ ˆÎñ ~•z C2 ã˛ˆÏe´Ó˚ üyôƒˆÏü

Ó˚y•z!Óí˛zˆÏ°yç !Ó§‰ÈÙÈú˛§ˆÏú˛ê˛ çy!Ó˚ï˛ •ˆÏÎ˚ ˆÎ 2 xî% ú˛§ˆÏú˛y@’y•zˆÏÜ˛yˆÏ°ê˛ (2 × 2C = 4C) í˛zÍ˛õyòö •Î˚ñ ï˛y 1
xî% ú˛§ˆÏú˛y!@’§yˆÏÓ˚ê˛ (3C) Ä 1 xî% Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛ (1C) Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚– §%ï˛Ó˚yÇ xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚

~Ü˛!ê˛ ã˛e´ §¡õß¨ Ü˛Ó˚̂ Ïï˛ 1!ê˛ Ü˛yÓ≈ö xî%Ó˚ üˆÏôƒ ÷ô%üye 4!ê˛ Ü˛yÓ≈ö xî% Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ àƒy§Ó˚*ˆÏ˛õ !öà≈ï˛
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•ˆÏÎ˚ ÎyÎ˚ñ !Ü˛v Óy!Ü˛ 3!ê˛ Ü˛yÓ≈ö xî% ˛õ%öÓ˚yÎ˚ ˆÜœ˛yˆÏÓ˚y≤’yˆÏfiê˛ !ú˛ˆÏÓ˚ xyˆÏ§ Ä ˆÜ˛°!û˛ö ã˛ˆÏe´ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– xÌ≈yÍ

4!ê˛ Ü˛yÓ≈ö xî%Ó˚ 3!ê˛ xÌ≈yÍ 75% Óy ¢ï˛Ü˛Ó˚y 75 û˛yà Ü˛yÓ≈ö xî% xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ @’y•zˆÏÜ˛yˆÏ°ê˛ ˛õˆÏÌÓ˚ üyôƒˆÏü

˛õ%öÓ˚&Í˛õy!òï˛ •ˆÏÎ˚ ÌyˆÏÜ˛–

xyˆÏ°yÜ˛Ÿª§ö ~ÓÇ C2 ã˛e´

!ã˛e öÇ ≠ 11.1

@’y•zx:y Ï̂°ê˛
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11.2.3 xyˆÏ°yÜ˛Ÿª§ˆÏö xyˆÏ°yˆÏÜ˛Ó˚ û)˛!üÜ˛y (Role of right in photorespiration)

xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ ≤Ãôyö í˛zÍˆÏ§ã˛Ü˛ñ Ó˚&!ÓˆÏflÒy xÌ≈yÍ Ó˚y•z!Óí˛zˆÏ°yç !Ó§‰ÈÙÈú˛§ˆÏú˛ê˛ Ü˛yÓ≈!:ˆÏ°çÈÙÈx!:!çˆÏöçñ

÷ô%üye xyˆÏ°yˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛•z §!e´Î˚ •Î˚ ~ÓÇ §)Î≈yˆÏ°yˆÏÜ˛Ó˚ xö%˛õ!fli!ï˛ˆÏï˛ ~!ê˛ x!:ˆÏçö Óy

Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ Ï̂Ü˛ §ÇÓ¶˛ö (fixation) Ü˛Ó̊ Ï̂ï˛ §¡õ)î≈ x«˛ü •ÄÎ̊yÎ̊ xy Ï̂°yÜ˛Ÿª§öÜ˛y Ï̂° xy Ï̂°yÜ˛ x˛õ!Ó̊•yÎ≈–

~åÈyí ¸̨yÄ §)Î≈yˆÏ°yˆÏÜ˛Ó˚ ≤Ãû˛yˆÏÓ ̂ Üœ̨ yˆÏÓ˚y≤’yˆÏfiê˛ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ xyˆÏ°yÜ˛ ò¢yÎ˚ !•° !Ó!e´Î˚yÎ˚ ç° !ÓˆÏÎ˚y!çï˛

•ˆÏÎ˚ x!:ˆÏçö í˛zÍ˛õß¨ •Î˚ S7.10 ~Ü˛ˆÏÜ˛ o‹TÓƒV– ÎyÓ˚ ú˛ˆÏ° !òˆÏöÓ˚ ˆÓ°yÎ˚ ˆÜœ̨ yˆÏÓ˚y≤’yˆÏfiê˛ x!:ˆÏçˆÏöÓ˚ üyey

ï%˛°öyü)°Ü˛û˛yˆÏÓ ˆÓ!¢ •Î˚ ~ÓÇ Óƒy˛õö ≤Ã!e´Î˚yÓ˚ üyôƒˆÏü x!:ˆÏçö xyˆÏ°yÜ˛Ÿª§ö ã˛°y Ü˛yˆÏ° ˛õyï˛yÓ˚ cˆÏÜ˛Ó˚

xû˛ƒhsˇˆÏÓ˚ §•ˆÏç•z ≤ÃˆÏÓ¢ Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚–

xö%¢#°ö# ≠     1

í˛z˛õˆÏÓ˚Ó˚ xÇ¢=!° Î!ò !ë˛Ü˛üï˛ö ˛õˆÏí ¸̨ ÌyˆÏÜ˛öñ ï˛y•ˆÏ° ö#ˆÏã˛Ó˚ ≤ÃŸ¿=!°Ó˚ í˛z_Ó˚ !òˆÏï˛ xy˛õöyÓ˚ x§%!Óôy

•ÓyÓ˚ Ü˛Ìy öÎ˚–

1. §!ë˛Ü˛ í˛z_Ó˚!ê˛ˆÏï˛ òyà !òö ≠

(a) xyˆÏ°yÜ˛Ÿª§ˆÏö ≤ÃÌü fliyÎ˚# C2 ˆÎÔà!ê˛ •°ÈÙÙÙÈ@’y•zx:yˆÏ°ê˛ †@’y•zˆÏÜ˛yˆÏ°ê˛ † !@’§yˆÏÓ˚ê˛–

(b) xyˆÏ°yÜ˛Ÿª§ˆÏö !öà≈ï˛ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛Ó˚ í˛zÍ§fli° •°ÈÙÙÙÈˆÜœ˛yˆÏÓ˚y≤’yfiê˛ † ˛õyÓ˚x!:ˆÏçyü†

üy•zˆÏê˛yÜ˛!u»˛Î˚y–

(c) xyˆÏ°yÜ˛Ÿª§ö ≤Ã!e´Î˚yÎ˚ÈÙÙÙÈATP í˛zq(ï˛ •Î˚† ATP ÓƒÓ•*ï˛ •Î˚ † ATP í˛zq(ï˛ Óy ÓƒÓ•*ï˛ ˆÜ˛yöê˛y•z •Î˚

öy–

2. ¢)öƒfliyö ˛õ)Ó˚î Ü˛Ó˚&ö ≠

(a) xyˆÏ°yÜ˛Ÿª§ö §¡õß¨ Ü˛Ó˚̂ Ïï˛ ~Ü˛!ê˛ í˛z!qò ˆÜ˛yˆÏ£Ï ˆÎ !ÓˆÏ¢£Ï !ï˛ö!ê˛ ˆÜ˛y£ÏÈÙÈxDyî%Ó˚ ≤ÃˆÏÎ˚yçöñ ˆ§=!°

•° ______, _______ Ä _______–

(b) _______ í˛zÍˆÏ§ã˛Ü˛!ê˛ Ó˚y•z!Óí˛zˆÏ°yç !Ó§‰ÙÈú˛§ˆÏú˛ˆÏê˛Ó˚ §ˆÏD x!:ˆÏçö ~ÓÇ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛

í˛zû˛ˆÏÎ˚̂ ÏÜ˛•z §ÇÓ¶˛ö Ü˛Ó˚̂ Ïï˛ §«˛ü–

(c) xyˆÏ°yÜ˛Ÿª§ˆÏö ÓƒÓ•*ï˛ Ü˛yÓ≈ö xî%Ó˚ ¢ï˛Ü˛Ó˚y ______ û˛yà ˛õ%öÓ˚yÎ˚ í˛zÍ˛õy!òï˛ •Î˚ Ä ˆÜ˛°!û˛ö ã˛ˆÏe´

≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚–

3. ÓyÜ˛ƒ!ê˛ §!ë˛Ü˛ !ÓˆÏÓ!ã˛ï˛ •ˆÏ°      Ä û%˛° •ˆÏ°     × !°á%ö ≠

(a) C3 í˛z!qˆÏòÓ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# xˆÏD í˛zq(ï˛ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛Ó˚ üyey !òˆÏö Ä Ó˚yˆÏe ~Ü˛•z ÌyˆÏÜ˛–
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(b) Ó˚&!Ó§ˆÏÜ˛y í˛zÍˆÏ§ã˛Ü˛!ê˛ §)Î≈yˆÏ°yÜ˛ åÈyí˛¸y §!e´Î˚ •Î˚ öy–

(c) Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛Ó˚ âöc Ó,!k˛ ˆ˛õˆÏ° xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ •yÓ˚Ä Ó,!k˛ ˛õyÎ˚–

(d) xyˆÏ°yÜ˛Ÿª§ˆÏö @’y•z!§ö ˆ§!Ó˚̂ Ïö Ó˚*˛õyhsˇ!Ó˚ï˛ •ÓyÓ˚ §üÎ˚ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ í˛zq(ï˛ •Î˚–

11.3 xy Ï̂°yÜ˛Ÿª§ö Ä í z̨!q Ï̂òÓ̊ ú˛°ö¢#°ï˛y (Photorespiration and yeild)

í z̨!q Ï̂òÓ˚ §y Ï̂°yÜ˛§Ç Ï̂Ÿ’£ÏÜ˛yÓ˚# x Ï̂D !ò Ï̂öÓ˚ ̂ Ó°yÎ˚ xy Ï̂°yÜ˛Ÿª§ö §¡õß¨ •Î˚– ~Ó˚ ú˛ Ï̂° ̂ Üœ̨ y Ï̂Ó˚y≤’y Ï̂fiê˛ í z̨̨ õ!fliï˛

Ó˚y•z!Óí˛zˆÏ°yç !Ó§‰ÈÙÈú˛§ˆÏú˛ê˛ ˆÎÔà!ê˛Ó˚ §ˆÏD Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛Ó˚ §ÇÓ¶˛ö öy âˆÏê˛ ~!ê˛ x!:ˆÏçöˆÏÜ˛ §ÇÓ¶˛ö

Ü˛ˆÏÓ˚ Ä çy!Ó˚ï˛ •ˆÏÎ˚ @’y•zˆÏÜ˛yˆÏ°ê˛ ≤Ã›ï˛ Ü˛ˆÏÓ˚– ~Ó˚ ú˛ˆÏ° Îï˛ê˛y Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï#Î˚ ˆÜ˛°!û˛ö

ã˛ˆÏe´Ó˚ üyôƒˆÏü §Ó˚y§!Ó˚ ¢Ü≈˛Ó˚y çyï˛#Î˚ áyòƒ ≤Ã›!ï˛ˆÏï˛ ÓƒÓ•*ï˛ •ï˛ñ ï˛yÓ˚ !Ü˛å%Èê˛y xÇ¢ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛

àƒy§Ó˚*ˆÏ˛õ ÓyÎ˚%ü[˛ˆÏ° !öà≈ï˛ •ˆÏÎ˚ ÎyÎ˚–

~Ü˛Ìy xyüÓ˚y §Ü˛ˆÏ°•z çy!ö ˆÎñ í˛z!qˆÏòÓ˚ ú˛°ö¢#°ï˛y !öû≈˛Ó˚ Ü˛ˆÏÓ˚ ˛õyï˛yÓ˚ ≤Ã!ï˛ Óà≈ ~Ü˛ˆÏÜ˛ Ü˛ï˛ê˛y ¢Ü≈˛Ó˚y

çyï˛#Î˚ áyòƒ ≤Ã›ï˛ •ˆÏFåÈ ï˛yÓ˚ Ä˛õÓ˚– xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ ú˛ˆÏ° Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛Ó˚ ˛õ!Ó˚ÓˆÏï≈˛ Ó˚y•z!Óí˛zˆÏ°yç

!Ó§‰ÈÙÈú˛§ˆÏú˛ˆÏê˛Ó˚ §ˆÏD x!:ˆÏçˆÏöÓ˚ §ÇÓ¶˛ö âˆÏê˛ Ä Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ àƒy§Ó˚*ˆÏ˛õ !Ü˛å%Èê˛y Ü˛yÓ≈ö !Óö‹T •ÄÎ˚yÎ˚

fl∫û˛yÓï˛•z ≤Ã!ï˛ Óà≈ ~Ü˛ Ï̂Ü˛ ̂ Ÿªï˛§yÓ̊ í z̨Í˛õyò Ï̂öÓ̊ üyey •…y§ ̨õyÎ̊– ~Ó̊ ú˛ Ï̂° xy Ï̂°yÜ˛Ÿª§öÜ˛yÓ̊# í z̨!q Ï̂òÓ̊ ú˛°ö¢#°ï˛y

Ó‡°yÇˆÏ¢ Ü˛ü •Î˚– !ë˛Ü˛ ~Ü˛•z Ü˛yÓ˚̂ Ïî x!ôÜ˛ ú˛°ö¢#° áyòƒÓ˚*ˆÏ˛õ !ã˛!•´ï˛ û%˛Ry (maize), ÓyçÓ˚y (sorghum) Óy

xyá (sugarcane) §• ˆÓ¢ Ü˛ˆÏÎ˚Ü˛!ê˛ C4 í˛z!qˆÏò xyˆÏ°yÜ˛Ÿª§ö xö%˛õ!fliï˛ ÌyˆÏÜ˛ ~ÓÇ xˆÏöÜ˛ ˆ«˛ˆÏe

xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ •yÓ˚ ~ï˛ Ü˛ü •Î˚ ˆÎñ ï˛y ¢öy_´ Ü˛Ó˚y ò%Ó˚*• •Î˚– x˛õÓ˚!òˆÏÜ˛ ôyö (rice), àü (wheat), ü%à

(mung), üê˛Ó̊ (pea), §Î̊yÓ#ö (soyabean), §)Î≈ü%á# (sunflower) ≤Ãû,̨ !ï˛ ̂ Ó¢ !Ü˛å%È =Ó̊&c˛õ)î≈ áyòƒ í z̨Í˛õyòöÜ˛yÓ̊#

C3 í˛z!qˆÏò xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ •yÓ˚ í˛zˆÏÕ‘áˆÏÎyàƒû˛yˆÏÓ ˆÓ!¢ •Î˚ ~ÓÇ fl∫û˛yÓï˛•z ˙§Ó í˛z!qˆÏò ú˛°ö¢#°ï˛y Ü˛ü

•Î˚–

11.4 C4 í˛z!qˆÏò xyˆÏ°yÜ˛Ÿª§ö Ü˛ü •ÓyÓ˚ Ü˛yÓ˚î (Why rate of photo-
respiration is low in C4 plants ?)

C4 í˛z!qˆÏò ̂ Ü˛°!û˛ö ã˛ˆÏe´Ó˚ í˛zÍˆÏ§ã˛Ü˛=!° Óy![˛°ÈÙÈxyÓÓ˚î# ̂ Ü˛yˆÏ£Ï (bundle-sheath cell) í˛z˛õ!fliï˛ ÌyˆÏÜ˛–

~•z ˆÜ˛y£Ï=!°ˆÏï˛ !òˆÏöÓ˚ ˆÓ°yÎ˚ Óy §)Î≈yˆÏ°yˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ üƒyˆÏ°ê˛ñ xƒy§˛õyÓ˚ˆÏê˛ê˛ •zï˛ƒy!ò ˆÌˆÏÜ˛

Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ !Ó!Ÿ’‹T •Î˚ (decarboxylation) ~ÓÇ ~Ó˚ ú˛ˆÏ° í˛z_´ ̂ Ü˛yˆÏ£Ï í˛zq(ï˛ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛Ó˚

âöc ~ï˛ ˆÓ!¢ •ˆÏÎ˚ ÎyÎ˚ ˆÎ x!:ˆÏçö Ü˛áö•z Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛Ó˚ §ˆÏD ≤Ã!ï˛ˆÏÎy!àï˛y (compete) Ü˛ˆÏÓ˚

í z̨ë˛ Ï̂ï˛ ̨õy Ï̂Ó̊ öy– ~•z Ü˛yÓ̊ Ï̂î Ó̊y•z!Óí ẑ̨ Ï°yç !Ó§‰ÈÙÈú˛§ Ï̂ú˛ê˛ §• Ï̂ç•z Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•ẑ Ïí˛Ó̊ § Ï̂D Î%_´ • Ï̂Î̊ ̂ Ü˛°!û˛ö

ã˛ˆÏe´ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– ˆÜ˛yˆÏ£Ï x!:ˆÏçˆÏöÓ˚ âöc ï%˛°öyü)°Ü˛û˛yˆÏÓ Ü˛ü ÌyˆÏÜ˛ ÓˆÏ° Ó˚y•z!Óí˛zˆÏ°yç !Ó§‰ÈÙÈú˛§ˆÏú˛ê˛

x!:ˆÏçˆÏöÓ˚ §ˆÏD Î%_´ •ˆÏÎ˚ @’y•zˆÏÜ˛yˆÏ°ê˛ ≤Ã›ï˛ Ü˛Ó˚̂ Ïï˛ x«˛ü •Î˚ ~ÓÇ C2 ã˛e´ Óy xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ ≤ÃÓîï˛y
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á%Ó•z Ü˛ˆÏü ÎyÎ˚– ~•z Ü˛yÓ˚ˆÏî•z xyáñ û%˛Ryñ ÓyçÓ˚y çyï˛#Î˚ ˛õ!Ó˚!ã˛ï˛ C4 í˛z!qˆÏò xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ •yÓ˚ öàîƒ •ˆÏÎ˚

ÌyˆÏÜ˛–

˛õÓ˚#«˛yÓ˚ üyôƒˆÏü ≤Ãüy!îï˛ •ˆÏÎ˚̂ ÏåÈ ˆÎñ C4 í˛z!qˆÏò Óy![˛°ÈÙÈxyÓÓ˚î# ˆÜ˛y£Ï!ê˛ˆÏÜ˛ ˆüˆÏ§y!ú˛° ˆÜ˛y£Ï ˆÌˆÏÜ˛ ˛õ,ÌÜ˛

Ü˛ˆÏÓ˚ ˆú˛°ˆÏ° ~ÓÇ C4 xƒy!§í˛ ˆÎüö üƒyˆÏ°ê˛ñ xƒy§˛õyÓ˚ˆÏê˛ê˛ •zï˛ƒy!ò ˆÜ˛y£Ï ˆÌˆÏÜ˛ x˛õ§yÓ˚î Ü˛Ó˚ˆÏ° C4 í˛z!qˆÏò

˛õ%öÓ˚yÎ˚ xyˆÏ°yÜ˛Ÿª§ö ˛õ!Ó˚°!«˛ï˛ •Î˚–

§yÓ˚!î 11.1 ≠ xyˆÏ°yÜ˛Ÿª§ö Ä Ÿª§ˆÏöÓ˚ üˆÏôƒ ˛õyÌ≈Ü˛ƒ

xyˆÏ°yÜ˛Ÿª§ö Ÿª§ö

1. ≤Ã!e´Î˚y!ê˛ C3 í˛z!qˆÏòÓ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚#

xˆÏD ÷ô%üye !òˆÏöÓ˚ ˆÓ°yÎ˚ âˆÏê˛–

2. ≤Ã!e´Î˚y!ê˛ §¡õß¨ •ˆ Ïï˛ ˆÜ œ ˛ yˆ ÏÓ ˚ y≤’yfiê˛ñ

˛õyÓ˚x!:ˆÏçyü Ä üy•zˆÏê˛yÜ˛!u»˛Î˚y ~•z !ï˛ö!ê˛

ˆÜ˛y£ÏÈÙÈxDyî% xyÓ¢ƒÜ˛–

3. !Ó!e´Î˚yÜ˛yÓ˚# ̂ ÎÔà (substrate) §Ó≈òy•z §òƒ

≤Ã›ï˛ @’y•zˆÏÜ˛yˆÏ°ê˛–

4. x!:ˆÏçö @ˇÃ•î Ä Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛

!öà≈üö xy Ï̂°y Ï̂Ü˛Ó˚ í z̨˛õ!fli!ï˛ !û˛ß¨ §Ω˛Ó öÎ˚–

5. Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛Ó˚ âöc Ó,!k˛ ˆ˛õˆÏ°

xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ •yÓ˚ •…y§ ˛õyÎ˚–

6. x!:ˆÏçöÓ˚ âöc Ó,!k˛ ˆ˛õˆÏ° (0 – 100%
˛õÎ≈hsˇV xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ •yÓ˚ ˆÓˆÏí ¸̨ ÎyÎ˚–

7. NADH çy!Ó˚ï˛ •ˆÏÎ ̊NAD •Î˚–

8. ˆÜ˛yö ATP xî% í˛zÍ˛õyòö •Î˚ öyñ í˛z˛õÓ˚v

≤Ã!ï˛ÓyÓ˚ C2 ã˛e´ xyÓï≈˛ˆÏöÓ˚ çöƒ 1 xî% Ü˛ˆÏÓ˚

ATP ÓƒÓ•*ï˛ •Î˚–

1. ≤Ã!e´Î˚y!ê˛ ≤Ã!ï˛!ê˛ ç#!Óï˛ ˆÜ˛yˆÏ£Ï !òÓyÓ˚ye âˆÏê˛–

2. ≤Ã!e´Î˚y!ê˛Ó˚ çöƒ ÷ô%üye §y•zˆÏê˛y≤’yçü Ä

üy•zˆÏê˛yÜ˛!u»˛Î˚y xyÓ¢ƒÜ˛–

3. !Ó!e´Î˚yÜ˛yÓ˚# ˆÎÔà (substrate) ˆŸªï˛§yÓ˚ñ

ˆ≤Ãy!ê˛ö Óy ̂ fl̈•˛õòyÌ≈ Îy §òƒ≤Ã›ï˛ xÌÓy §!M˛Èï˛

•ˆÏï˛ ˛õyˆÏÓ˚–

4. x!: Ï̂çö @ˇÃ•î Ä Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•ẑ Ïí˛ !öà≈üö

xyˆÏ°yˆÏÜ˛Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚¢#° öÎ˚–

5. Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛Ó˚ âöc Ó,!k˛ˆÏï˛ Ÿª§ˆÏöÓ˚

•yÓ˚Ä Ó,!k˛ ˛õyÎ˚ñ ï˛ˆÏÓ ˆÓ!¢ Ó,!k˛ ˆ˛õˆÏ° ˛õeÓ˚¶…˛

(stomata) Ó¶˛ •ˆÏÎ˚ ÎyÎ˚–

6. x!: Ï̂ç Ï̂öÓ̊ âöc 2-3% • Ï̂° ≤Ã!e´Î̊y!ê˛ §¡õ,_´

(saturated) •ˆÏÎ˚ ÎyÎ˚ñ ï˛y•z ~Ó˚ x!ôÜ˛ï˛Ó˚ O2

âöˆÏc Ÿª§ˆÏöÓ˚ ˛õ!Ó˚Óï≈˛ö •Î˚ öy–

7. NAD+ !ÓçyÓ˚ï˛ •ˆÏÎ˚ NADH •Î˚–

8. ˆÓ¢ !Ü˛å%È ATP xî% ≤Ã›ï˛ •Î˚ ~ÓÇ í˛zÍ˛õy!òï˛

¢!_´Ó˚ ≤ÃyÎ ̊40% ATP Ó˚*ˆÏ˛õ §!M˛Èï˛ ÌyˆÏÜ˛–
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xyˆÏ°yÜ˛Ÿª§ö Ÿª§ö

9. ~Ü˛!ê˛üye ôyˆÏ˛õñ @’y•z!§ö ˆÌˆÏÜ˛ ˆ§!Ó˚ö

≤Ã›ï˛Ü˛yˆÏ° Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ !öà≈ï˛ •Î˚–

10. CO2 í˛zÍ˛õyòˆÏöÓ˚ •yÓ˚ Ÿª§ˆÏöÓ˚ •yˆÏÓ˚Ó˚ ≤ÃyÎ˚

!m=î–

11. •y•zˆÏí»˛yˆÏçö ˛õyÓ˚ÈÙÈx:y•zí˛ (H2O2) !öà≈ï˛

•Î˚–

12. xƒyˆÏüy!öÎ˚y í˛zq(ï˛ •Î˚–

9. Ÿª§ˆÏöÓ˚ §üÎ˚ !Ó!û˛ß¨ ôyˆÏ˛õ CO2 !öà≈ï˛ •ˆÏÎ˚

ÌyˆÏÜ˛–

10. CO2 í˛zÍ˛õyòˆÏöÓ˚ •yÓ˚ xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ •yˆÏÓ˚Ó˚

≤ÃyÎ˚ xˆÏô≈Ü˛–

11. H2O2 !öà≈ï˛ •Î˚ öy–

12. xƒyˆÏüy!öÎ˚y í˛zq(ï˛ •Î˚ öy–

11.5 xy Ï̂°yÜ˛Ÿª§ö ≤Ã!e´Î̊y!ê˛Ó̊ ï˛yÍ˛õÎ≈ (Significance of photorespiration)

ˆÓ¢ !Ü˛å%È í˛z!qˆÏò §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ ò«˛ï˛y ï˛yˆÏòÓ˚ xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ Ä˛õÓ˚ !öû≈˛Ó˚¢#°– §yôyÓ˚îû˛yˆÏÓ ˆòáy

ˆàˆÏåÈ ̂ Îñ í˛z£è xM˛ÈˆÏ° (tropical) í˛z!qˆÏò xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ •yÓ˚ öy!ï˛¢#ˆÏï˛y£è xM˛ÈˆÏ°Ó ̊(temperate) í˛z!qˆÏòÓ˚

ˆÌˆÏÜ˛ ≤ÃyÎ˚ ã˛yÓ˚=î ˆÓ!¢ •Î˚– Ü˛yˆÏç•z öy!ï˛¢#ˆÏï˛y£è xM˛ÈˆÏ° Ü,˛!£Ïçyï˛ ¢ˆÏ§ƒ xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ í˛z˛õ!fli!ï˛ ~Ó˚

ú˛°ö Óyí ¸̨yˆÏï˛ x«˛ü •Î˚– xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ ú˛ˆÏ° ˆÎ ÷ô%•z Ü˛yÓ≈ö xî% §ÇÓ¶˛ö •Î˚ öy ï˛y•zÈÙÈ•z öÎ˚ñ ATP xî%Ó˚

!Óã˛yˆÏÓ˚Ä ≤Ã!e´Î˚y!ê˛ í˛z!qˆÏòÓ˚ ˛õˆÏ«˛ •y!öÜ˛Ó˚– Ü˛yÓ˚î ˆ§ˆÏ«˛ˆÏe xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ ≤Ã!ï˛!ê˛ ã˛e´ §¡õß¨ Ü˛Ó˚̂ Ïï˛ 1 xî%

Ü˛ˆÏÓ˚ ATP ÓƒÓ•*ï˛ •Î˚–

ˆòáy ˆàˆÏåÈ ˆÎñ ~Ü˛!ê˛ C3 ¢ˆÏ§ƒÓ˚ ç!üˆÏï˛ òyÓ˚&î @ˇÃ#ˆÏ‹ø Óyï˛y§!Ó•#ö !òˆÏö §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ •yÓ˚ ˆÓ!¢ •Î˚

~ÓÇ ˆÓ!¢ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ ÓƒÓ•*ï˛ •ÄÎ˚yÓ˚ ú˛ˆÏ° ˛õyï˛yÓ˚ !öÜ˛ê˛Óï˛#≈ xM˛ÈˆÏ° Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛Ó˚ âöc

0.05% ̂ Ì Ï̂Ü˛ Ü˛ Ï̂ü ~Ü˛§üÎ̊ ≤ÃyÎ̊ 0.03%-~ ã˛ Ï̂° xy Ï̂§– ~•zû˛y Ï̂Ó Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ Ä x!: Ï̂ç Ï̂öÓ̊ xö%̨ õyï˛

Ü˛ˆÏü ÎyÄÎ˚yÎ˚ x!:ˆÏçö á%Ó §•ˆÏç•z Ó˚y•z!Óí˛zˆÏ°yç !Ó§‰ÈÙÈú˛§ˆÏú˛ˆÏê˛Ó˚ §ˆÏD Î%_´ •Î˚ Ä @’y•zˆÏÜ˛yˆÏ°ê˛ í˛zÍ˛õß¨ Ü˛ˆÏÓ˚–

~ˆÏï˛ fl∫yû˛y!ÓÜ˛û˛yˆÏÓ•z Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ §ÇÓ¶˛ö •…y§≤ÃyÆ •Î˚– ~û˛yˆÏÓ xyˆÏ°yÜ˛Ÿª§ö ≤ÃyÎ˚ 50% ˛õÎ≈hsˇ

ú˛°ö¢#°ï˛y Ü˛!üˆÏÎ˚ !òˆÏï˛ ˛õyˆÏÓ˚– Ü˛yˆÏç•z ~Ü˛Ìy §Ó˚y§!Ó˚û˛yˆÏÓ Ó°y ÎyÎ˚ ˆÎñ xyˆÏ°yÜ˛Ÿª§öˆÏÜ˛ !öÎ˚sfî Ü˛Ó˚̂ Ïï˛

˛õyÓ˚̂ Ï° C3 í˛z!qˆÏò ú˛°ö Óyí ¸̨yˆÏöy §Ω˛Ó–

xy˛õyï˛ò,!‹TˆÏï˛ ~Ü˛Ìy üˆÏö •ÄÎ˚y á%Ó•z fl∫yû˛y!ÓÜ˛ ˆÎñ xyˆÏ°yÜ˛Ÿª§ö ~ÓÇ C2 ã˛e´!ê˛ í˛z!qˆÏòÓ˚ ˛õˆÏ«˛ ÷ô%

•y!öÜ˛yÓ˚Ü˛– ï˛ˆÏÓ !Ó¢òû˛yˆÏÓ °«˛ƒ Ü˛Ó˚̂ Ï° xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ ˆÎ !ÓˆÏ¢£Ï Ü˛ˆÏÎ˚Ü˛!ê˛ =Ó˚&c˛õ)î≈ !òÜ˛ öçˆÏÓ˚ ˛õí ¸̨̂ ÏÓ

ˆ§=!° •°ÈÙÙÙÈ
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1. xyˆÏ°yÜ˛Ÿª§ˆÏö Ü˛yÓ≈ö xî% §ÇÓ¶˛ö öy •ˆÏÎ˚ x!ï˛!Ó˚_´ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ àƒy§Ó˚*ˆÏ˛õ !öà≈ï˛ •ˆÏÎ˚

ˆàˆÏ°Ä ~Ü˛!ê˛ C2 ã˛ˆÏe´Ó˚ ˆ¢ˆÏ£Ï ˆòáy ˆàˆÏåÈ ˆÎ !öà≈ï˛ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛Ó˚ ¢ï˛Ü˛Ó˚y 75 û˛yà Ü˛yÓ≈ö

xî% ˆÜ˛°!û˛ö ã˛ˆÏe´ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ üyôƒˆÏü ˆŸªï˛§yÓ˚ ≤Ã›ï˛ Ü˛Ó˚̂ Ïï˛ ˛õyÓ˚̂ ÏåÈ– Ü˛yˆÏç•z

≤Ã!e´Î˚y!ê˛ §¡õ)î≈ •y!öÜ˛Ó˚ Ó°y !ë˛Ü˛ öÎ˚–

2. @’y•z!§öñ ˆ§!Ó˚ö§• xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ C2 ã˛ˆÏe´Ó˚ ˆÓ¢ Ü˛ˆÏÎ˚Ü˛!ê˛ xhsˇÓ≈ï˛#≈ ˆÎÔà (intermediate
compound) í˛z!qˆÏòÓ˚ !Ó!û˛ß¨ ¢yÓ˚#Ó˚Ó,_#Î˚ !Ó!e´Î˚yÎ˚ ÓƒÓ•*ï˛ •Î˚–

3. xyô%!öÜ˛ !ÓK˛yö#Ó˚y üˆÏö Ü˛ˆÏÓ˚ö ̂ Îñ xyˆÏ°yÜ˛Ÿª§ö ≤ÃˆÏÎ˚yçˆÏö Ú§%Ó˚«˛y Ü˛˛õyê˛Û (safety valve)ÈÙÈ~Ó˚ üˆÏï˛y

Ü˛yç Ü˛ˆÏÓ˚ ÌyˆÏÜ˛– 1972 §ˆÏö x§üu˛ (Osmond) Ä ˆçyÓ˚Ü‰˛üƒyö (Bjorkman) ˆòˆÏáö ˆÎñ

Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛Ó˚ xö%˛õ!fli!ï˛ˆÏï˛ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ •yÓ˚ í˛zˆÏÕ‘áˆÏÎyàƒû˛yˆÏÓ •…y§ ˛õyÎ˚ ~ÓÇ ˛õyï˛yÓ˚

ˆÜ˛y£Ï=!° xyˆÏ°yÜ˛ÈÙÈçyÓ˚îâ!ê˛ï˛ !e´Î˚yÎ˚ «˛!ï˛@ˇÃhflÏ •Î˚– xyˆÏ°yÜ˛Ÿª§ˆÏö í˛zq(ï˛ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛

í˛z!qò!ê˛ˆÏÜ˛ xyˆÏ°yÜ˛ÈÙÈçyÓ˚î§Çe´yhsˇ «˛!ï˛Ó˚ (photooxidative damage) •yï˛ ˆÌˆÏÜ˛ Ó˚«˛y Ü˛ˆÏÓ˚ ~ÓÇ

ˆÜ˛°!û˛ö ã˛e´!ê˛ˆÏÜ˛ §!e´Î˚ Ó˚yáˆÏï˛ §«˛ü •Î˚–

í˛z£è≤Ãôyö xM˛ÈˆÏ° x!ôÜ˛ xyˆÏ°yÜ˛ñ §#!üï˛ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ ~ÓÇ ç°#Î˚ ÓyˆÏ‹õÓ˚ xû˛yˆÏÓ ̨ õeÓ˚¶…̨  xˆÏöÜ˛

§üÎ˚ Ó¶˛ •ˆÏÎ˚ ÎyÎ˚– ~•z xÓfliyÎ˚ C3 í˛z!qˆÏòÓ˚y C2 ã˛ˆÏe´Ó˚ üyôƒˆÏü àyåÈ!ê˛ˆÏÜ˛ ÓÑy!ã˛ˆÏÎ˚ ˆÓ˚̂ Ïá ˆ§ú‰˛!ê˛ û˛y°‰û˛ÈÙÈ~Ó˚

Ü˛yç Ü˛ˆÏÓ˚– Ü˛yˆÏç•z Óy›Óƒ!ÓòƒyÓ˚ !Óã˛yˆÏÓ˚ (ecologically) xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ =Ó˚&c x˛õ!Ó˚§#ü–

û˛yÓ˚ÓyˆÏà≈Ó˚ xyˆÏÓ˚y!˛õï˛ ≤Ãû˛yÓ (Warburg Effect) : 1920 §ˆÏö !Óáƒyï˛ çyü≈yö ˜çÓÈÙÈÓ˚§yÎ˚ö!Óò

xˆÏê˛y û˛yÓ˚Óyà≈ (Otto Warburg) ≤ÃÌü ˆòˆÏáö ˆÎñ x!:ˆÏçˆÏöÓ˚ ≤Ãû˛yˆÏÓ §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï Óƒy•ï˛ •Î˚

~ÓÇ ïÑ˛yÓ˚ ~•z ˛õÎ≈ˆÏÓ«˛î §Ü˛° C3 í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe•z ≤ÃˆÏÎ˚yçƒ– ~Ó˚•z Ü˛yÓ˚î xö%§¶˛yö Ü˛Ó˚̂ Ïï˛ !àˆÏÎ˚

!ÓK˛yö#Ó˚y ˆòˆÏáö ˆÎñ C3 í˛z!qˆÏò ~•z âê˛öy!ê˛Ó˚ ü)ˆÏ° Ó˚ˆÏÎ˚ˆÏåÈ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ ü%áƒ í˛zÍˆÏ§ã˛Ü˛

Ó̊&!Ó§ Ï̂Ü˛yÓ̊ §y Ï̂Ì x!: Ï̂çö Ä Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•ẑ Ïí˛Ó̊ §ÇÓ¶˛ö •ÓyÓ̊ ~Ü˛ ≤Ã!ï˛ Ï̂Îy!àï˛y– ~Ü˛Ìy xçyöy

öÎ˚ ˆÎñ ÓyÎ˚%ü[˛ˆÏ° Óy ˛õyï˛yÓ˚ !öÜ˛ê˛Óï˛#≈ xM˛ÈˆÏ° Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ xˆÏ˛õ«˛y x!:ˆÏçˆÏöÓ˚ âöc

ˆÓ!¢ •ˆÏ° Ó˚y•z!Óí˛zˆÏ°yç !Ó§‰ÈÙÈú˛§ˆÏú˛ê˛ ˆÎÔà!ê˛ x!:ˆÏçö §ÇÓ¶˛ö Ü˛ˆÏÓ˚ @’y•zˆÏÜ˛yˆÏ°ê˛ ≤Ã›ï˛ Ü˛ˆÏÓ˚ñ Îy

xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ ü%áƒ ˆÎÔà (substrate)– xyˆÏ°yÜ˛Ÿª§ö x!:ˆÏçˆÏöÓ˚ ≤Ãû˛yˆÏÓ cÓ˚y!ß∫ï˛ Ä

Ü˛yÓ≈öÈÙÈí˛y•z ÈÙÈx:y•zí˛ÈÙÈ~Ó˚ ≤Ãû˛yˆÏÓ !hflÏ!üï˛ •ˆÏÎ˚ ÎyÎ˚– ˛õ«˛yhsˇˆÏÓ˚ñ §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ •yÓ˚

Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ÈÙÈ~Ó˚  ≤Ãû˛yˆÏÓ Ó,!k˛ Ä x!:ˆÏçˆÏöÓ˚ í˛z˛õ!fli!ï˛ˆÏï˛ •…y§ ˛õyÎ˚– x!:ˆÏçö Ü˛ï≈,˛Ü˛

§yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ ~•z ˛õˆÏÓ˚y«˛ •…y§ ˛õyÄÎ˚yÓ˚ âê˛öyˆÏÜ˛•z ≤ÃÜ,˛ï˛˛õˆÏ«˛ û˛yÓ˚Óyà≈ ~ˆÏú˛Q Óy ÄÎ˚yÓ˚ÓyˆÏà≈Ó˚

xyˆÏÓ˚y!˛õï˛ ≤Ãû˛yÓ Ó°y •Î˚–
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11.7 §yÓ̊yÇ¢ (Summary)

§)Î≈yˆÏ°yˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ í˛z!qˆÏòÓ˚ §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# xˆÏD Ÿª§ˆÏöÓ˚ •yÓ˚ Ó,!k˛ ˛õyÎ˚ Ä x!ôÜ˛ ˛õ!Ó˚üyˆÏî

Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ !öà≈ï˛ •ÓyÓ˚ âê˛öyˆÏÜ˛ xyˆÏ°yÜ˛Ÿª§ö ÓˆÏ°– ~Ü˛!ê˛ í˛z!qò ̂ Ü˛yˆÏ£Ï xyˆÏ°yÜ˛Ÿª§ö §¡õß¨ Ü˛Ó˚̂ Ïï˛

ˆÜœ˛yˆÏÓ˚y≤’yfiê˛ñ ˛õyÓ˚x!:ˆÏçyü Ä üy•zˆÏê˛yÜ˛!u»˛Î˚y ~•z !ï˛ö!ê˛ ˆÜ˛y£ÏÈÙÈxDyî%Ó˚ §•yÓfliyö xï˛ƒhsˇ =Ó˚&c˛õ)î≈– ˆÎ §ühflÏ

í˛zß¨ï˛ í˛z!qˆÏòÓ˚y ˆÜ˛°!û˛ö ã˛ˆÏe´Ó˚ üyôƒˆÏü Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ §ÇÓ¶˛ö Ü˛ˆÏÓ˚ ÌyˆÏÜ˛ñ ˆ§•z§Ó C3 í˛z!qˆÏòÓ˚ üˆÏôƒ•z

xyˆÏ°yÜ˛Ÿª§ö ˛õ!Ó˚°!«˛ï˛ •Î˚–

2 Ü˛yÓ≈ö xî%!Ó!¢‹T @’y•zˆÏÜ˛yˆÏ°ê˛•z •° xyˆÏ°yÜ˛Ÿª§ˆÏö ≤ÃÌü fliyÎ˚# ˆÎÔà– Ü˛yˆÏç•z ˆÎ ã˛ˆÏe´Ó˚ üyôƒˆÏü

xyˆÏ°yÜ˛Ÿª§ö §¡õß¨ •Î˚ñ ï˛yˆÏÜ˛ C2 ã˛e´ Ó°y •Î˚– í˛z!qˆÏò ~•z C2 ã˛e´ !öÎ˚!sfï˛ •Î˚ ÓyÎ˚%ü[˛ˆÏ° í˛z˛õ!fliï˛

Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ Ä x!:ˆÏçö àƒyˆÏ§Ó˚ xö%˛õyˆÏï˛Ó˚ Ä˛õÓ˚– ~ˆÏ«˛ˆÏe §ÓˆÏã˛ˆÏÎ˚ =Ó˚&c˛õ)î≈ !Ó£ÏÎ˚!ê˛ •° ~•z ˆÎñ

Ó˚y•z!Óí˛zˆÏ°yç !Ó§‰ÈÙÈú˛§ˆÏú˛ê˛ ˆÎÔà!ê˛ x!:ˆÏçö Ä Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ í˛zû˛Î˚̂ ÏÜ˛•z §ÇÓ¶˛ö (fixation) Ü˛Ó˚̂ Ïï˛

§«˛ü ~ÓÇ ~Ü˛•z í˛zÍˆÏ§ã˛Ü˛ ~•z ˜mï˛ û)˛!üÜ˛y ˛õy°ö Ü˛ˆÏÓ˚– ~•z !ÓˆÏ¢£Ï í˛zÍˆÏ§ã˛Ü˛!ê˛ Ó˚y•z!Óí˛zˆÏ°yç !Ó§‰ÈÙÈú˛§ˆÏú˛ê˛

Ü˛yˆÏÓ≈y!:ˆÏ°çÈÙÈx!:!çˆÏöç Óy §ÇˆÏ«˛ˆÏ˛õ Ó˚&!Ó§ˆÏÜ˛y (Rubisco) öyˆÏü ˛õ!Ó˚!ã˛ï˛– Óyï˛yˆÏ§ Óy ˛õyï˛yÓ˚ !öÜ˛ê˛Óï˛#≈

xM˛ÈˆÏ° Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ xˆÏ˛õ«˛y x!:ˆÏçˆÏöÓ˚ ï%˛°öyü)°Ü˛ âöc ˆÓ!¢ ÌyÜ˛ˆÏ° Ó˚&!Ó§ˆÏÜ˛y í˛zÍˆÏ§ã˛Ü˛!ê˛

Ó˚y•z!Óí˛zˆÏ°yç !Ó§‰ÈÙÈú˛§ˆÏú˛ˆÏê˛Ó˚ §ˆÏD Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛Ó˚ §ÇÓ¶˛ö öy Ü˛ˆÏÓ˚ x!:ˆÏçˆÏöÓ˚ §ÇÓ¶˛ö âê˛yÎ˚ ~ÓÇ

Ó̊y•z!Óí ẑ̨ Ï°yç !Ó§‰ÈÙÈú˛§ Ï̂ú˛ê˛ Ï̂Ü˛ çy!Ó̊ï˛ Ü˛ Ï̂Ó̊ ̂ Üœ̨ y Ï̂Ó̊y≤’y Ï̂fiê˛Ó̊ xû˛ƒhsˇ̂ ÏÓ̊ @’y•ẑ ÏÜ˛y Ï̂°ê˛ Sú˛§ Ï̂ú˛y@’y•ẑ ÏÜ˛y Ï̂°ê˛ !• Ï̂§ Ï̂ÓV

≤Ã›˛ï˛ Ü˛ Ï̂Ó̊– ~•z Ü˛yÓ̊ Ï̂î C2 ã˛e´ Ï̂Ü˛ §y Ï̂°yÜ˛§Ç Ï̂Ÿ’£Ï#Î̊ Ü˛yÓ≈öÈÙÈçyÓ̊î ã˛e´ Óy Photosynthetic Carbon Oxidation
Cycle Óy PCO ã˛e´Ä Ó°y •Î˚–

xyˆÏ°yÜ˛Ÿª§öˆÏÜ˛ xy˛õyï˛ò,!‹TˆÏï˛ í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe ~Ü˛!ê˛ •y!öÜ˛yÓ˚Ü˛ ≤Ã!e´Î˚yÓ˚*ˆÏ˛õ !ã˛!•´ï˛ Ü˛Ó˚y •Î˚– Ü˛yÓ˚î

xyˆÏ°yÜ˛Ÿª§ö •ÓyÓ˚ ú˛ˆÏ° Ü˛yÓ≈ö §ÇÓ¶˛ö öy •ˆÏÎ˚ ï˛y ÓyÎ˚%ü[˛ˆÏ° Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zí˛ àƒy§Ó˚*ˆÏ˛õ !öà≈ï˛ •ˆÏÎ˚

ÎyÎ˚– ˆòáy ˆàˆÏåÈ ˆÎñ C2 ã˛ˆÏe´Ó˚ üyôƒˆÏü ≤ÃyÎ˚ 75% Ü˛yÓ≈ö ˛õ%öÓ˚&k˛yÓ˚ Ü˛Ó˚y §Ω˛Ó •ˆÏ°Ä C2 ã˛ˆÏe´Ó˚ ≤Ã!ï˛!ê˛

xyÓï≈˛ˆÏö ≤ÃyÎ˚ 25% Ü˛yÓ≈ö !Óö‹T •Î˚– ~åÈyí ¸̨yÄ xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ §üÎ˚ ATP í˛zq(ï˛ öy •ˆÏÎ˚ ÓƒÓ•*ï˛ •ÓyÓ˚

ú˛ˆÏ° ATP xî%Ó˚ !Óã˛yˆÏÓ˚Ä ≤Ã!e´Î˚y!ê˛ í˛z!mˆÏòÓ˚ ˛õˆÏ«˛ «˛!ï˛Ü˛yÓ˚Ü˛ Ó°y •Î˚– ~•z Ü˛yÓ˚ˆÏî x!ôÜ˛ ú˛°ö¢#°Ó˚*ˆÏ˛õ

!ã˛!•´ï˛ û%˛Ryñ ï˛yüyÜ˛ñ xyáñ ÓyçÓ˚y •zï˛ƒy!ò ˆÓ¢ Ü˛ˆÏÎ˚Ü˛!ê˛ C4 í˛z!qˆÏò xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ x!hflÏc ≤ÃyÎ˚ ˆÏö•z Ó°ˆÏ°•z

ã˛ˆÏ°– xyô%!öÜ˛ !ÓK˛yö#Ó˚y xÓ¢ƒ xyˆÏ°yÜ˛Ÿª§ö ~ÓÇ C2 ã˛e´ˆÏÜ˛ ˆüyˆÏê˛•z x≤ÃˆÏÎ˚yçö#Î˚ üˆÏö Ü˛Ó˚̂ Ïï˛ Ó˚y!ç öö–

ïÑ˛yˆÏòÓ˚ üˆÏï˛ C2 ã˛ˆÏe´Ó˚ üyôƒˆÏü í˛zq(ï˛ @’y•z!§öñ ˆ§!Ó˚ö§• Ü˛ˆÏÎ˚Ü˛!ê˛ xhsˇÓ≈ï˛#≈ ˆÎÔà !Ó!û˛ß¨ ˜çÓÓ˚y§yÎ˚!öÜ˛

!Ó!e´Î˚yÎ˚ í˛z!qò ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ ÌyˆÏÜ˛– ~åÈyí˛¸yÄ !ÓK˛yö#Ó˚y ˆòˆÏáˆÏåÈö ˆÎñ í˛z£è≤Ãôyö xM˛ÈˆÏ° (tropical) Ó‡

í˛z!qˆÏò xyˆÏ°yÜ˛Ÿª§ö ~Ü˛!ê˛ Ú§%Ó˚«˛y Ü˛˛õyê˛Û (safety valve)-~Ó˚ üˆÏï˛y Ü˛yç Ü˛ˆÏÓ˚ ~ÓÇ Óyï˛yˆÏ§

Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛Ó˚ ˛õ!Ó˚üyî •…y§ ˆ˛õˆÏ° xÌÓy Ü˛ü xyo≈ï˛yÓ˚ òÓ˚&ö Óy xöƒ ˆÜ˛yˆÏöy Ü˛yÓ˚ˆÏî ˛õeÓ˚¶…˛ Ó¶˛
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ÌyÜ˛ˆÏ° xyˆÏ°yÜ˛Ÿª§ˆÏö í˛zq(ï˛ Ü˛yÓ≈öÈÙÈí˛y•zÈÙÈx:y•zˆÏí˛Ó˚ üyôƒˆÏü í˛z!qò!ê˛ xyˆÏ°yÜ˛ÈÙÈçyÓ˚î§Çe´yhsˇ «˛!ï˛Ó˚

(photooxidative damage) •yï˛ ̂ Ì Ï̂Ü˛ Ó̊«˛y ̨õyÎ̊ ~ÓÇ ̂ Ü˛°!û˛ö ã˛e´!ê˛ Ï̂Ü˛ §ã˛° Ó̊y Ï̂á– Ü˛y Ï̂ç•z ~•z§Ó !òÜ˛=!°

!ÓˆÏÓã˛öy Ü˛Ó˚̂ Ï° xyˆÏ°yÜ˛Ÿª§ö ˆÎ í˛z!qˆÏòÓ˚ ˛õˆÏ«˛ ÷ô% «˛!ï˛Ü˛yÓ˚Ü˛ ï˛y §üÌ≈ö Ü˛Ó˚y ÎyÎ˚ öy–

11.7 §Ó≈̂ Ï¢£Ï ≤ÃŸ¿yÓ!° (Terminal Questions)

1. xyˆÏ°yÜ˛Ÿª§ö Ü˛#⁄ §¡õ)î≈ ≤Ã!e´Î˚y!ê˛ !Ó!e´Î˚y §•ˆÏÎyˆÏà !Ó¢òû˛yˆÏÓ xyˆÏ°yã˛öy Ü˛Ó˚&ö–

2. xyˆÏ°yÜ˛Ÿª§ˆÏö Ü˛yÓ≈ö xî%Ó˚ ˛õ%öÓ˚&Í˛õyòö Ü˛#û˛yˆÏÓ âˆÏê˛ ï˛y ~Ü˛!ê˛ åÈÜ˛ÈÙÈxB˛ˆÏöÓ˚ üyôƒˆÏü !ÓÓ,ï˛ Ü˛Ó˚&ö–

3. xyˆÏ°yÜ˛Ÿª§ö Ä Ÿª§ˆÏöÓ˚ üˆÏôƒ ü)° ˛õyÌ≈Ü˛ƒ=!° !ÓhflÏy!Ó˚ï˛û˛yˆÏÓ Óî≈öy Ü˛Ó˚&ö–

4. ê˛#Ü˛y !°á%ö ≠

(a) xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ ï˛yÍ˛õÎ≈

(b) ˛õyÓ˚x!:ˆÏçyü

(c) xyˆÏ°yÜ˛Ÿª§ˆÏö xyˆÏ°yˆÏÜ˛Ó˚ û)˛!üÜ˛y

(d) û˛yÓ˚Óyà≈ ~ˆÏú˛Q Óy û˛yÓ˚ÓyˆÏà≈Ó˚ xyˆÏÓ˚y!˛õï˛ ≤Ãû˛yÓ–

5. x!ôÜ˛ ú˛°ö¢#° C4 í˛z!qˆÏò xyˆÏ°yÜ˛Ÿª§ö Ü˛ü •Î˚ ˆÜ˛ö⁄

6. xyˆÏ°yÜ˛Ÿª§ö !Ü˛ í˛z!qˆÏòÓ˚ ˛õˆÏ«˛ ÷ô%•z •y!öÜ˛yÓ˚Ü˛⁄ Î%!_´§• xyˆÏ°yã˛öy Ü˛Ó˚&ö–

11.8 í˛z_Ó˚üy°y (Key to the Answers)

xö%¢#°ö# ≠     1

1. (a) @’y•zˆÏÜ˛yˆÏ°ê˛

(b) üy•zˆÏê˛yÜ˛!u»˛Î˚y

(c) ATP ÓƒÓ•*ï˛ •Î˚

2. (a) ˆÜœ˛yˆÏÓ˚y≤’yfiê˛ñ ˛õyÓ˚x!:ˆÏçyüñ üy•zˆÏê˛yÜ˛!u»˛Î˚y

(b) Ó̊&!Ó§ Ï̂Ü˛y (Rubisco)

(c) 75
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3. (a) 

(b) 

(c) ×

(d) 

§Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°# ≠

1. ≤ÃÌü xÇ¢!ê˛ 11.2 xÇ¢y!B˛ï˛ xyˆÏ°yã˛öyÎ˚ ≤ÃÌü ò%•z ˛õä‰!_´ˆÏï˛ ˛õyÄÎ˚y ÎyˆÏÓ– !mï˛#Î˚ xÇ¢!ê˛Ó˚ çöƒ

11.2.2 ˆòá%ö–

2. !ã˛e öÇ 11.2 o‹TÓƒ–

3. 11.5 xÇˆÏ¢ xyˆÏ°y!ã˛ï˛–

4. (a) 11.6 xÇ¢y!B˛ï˛ xyˆÏ°yã˛öyÎ˚ ˛õyÄÎ˚y ÎyˆÏÓ–

(b) 11.2 xÇˆÏ¢Ó˚ ê˛#Ü˛y ˆòá%ö–

(c) 11.2.3 xÇ¢!ê˛ˆÏï˛ xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚̂ ÏåÈ–

(d) 11.6 xÇˆÏ¢Ó˚ ê˛#Ü˛y ˆòá%ö–

5. 11.4 xÇ¢y!B˛ï˛ xyˆÏ°yã˛öy o‹TÓƒ–

6. 11.6 xÇˆÏ¢Ó˚ ˆ¢£Ïû˛yà xÌ≈yÍ xyô%!öÜ˛ !ÓK˛yö#Ó˚y ˆÜ˛ö xyˆÏ°yÜ˛Ÿª§öˆÏÜ˛ x≤ÃˆÏÎ˚yçö#Î˚ Ó°ˆÏï˛ Ó˚y!ç

öö ~ÓÇ ïÑ˛yˆÏòÓ˚ üï˛ xö%ÎyÎ˚# xyˆÏ°yÜ˛Ÿª§ˆÏöÓ˚ C2 ã˛ˆÏe´Ó˚ =Ó˚&c˛õ)î≈ !òÜ˛=!° !öˆÏÎ˚ !ÓhflÏy!Ó˚ï˛ xyˆÏ°yã˛öy

Ü˛Ó˚̂ Ïï˛ •ˆÏÓ–
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~Ü˛Ü˛ 12 öy•zˆÏê˛ΔyˆÏçö §ÇÓ¶˛ö (Nitrogen fixation)

àë˛ö

12.0 í ẑ̨ Ïj¢ƒ

12.1 ≤ÃhflÏyÓöy

12.2 í˛z!qòˆÏòˆÏ• öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ =Ó˚&c

12.3 öy•zˆÏê˛ΔyˆÏçö xyÓk˛Ü˛Ó˚î

12.3.1 ˆû˛Ôï˛ öy•zˆÏê˛ΔyˆÏçö xyÓk˛Ü˛Ó˚î ≤Ã!e´Î˚y

12.3.2 öy•zˆÏê˛ΔyˆÏçö §ÇÓ¶˛öÜ˛yÓ˚# ç#Ó§¡±òyÎ˚

12.4 Rhizobium-~Ó˚ öy•zˆÏê˛ΔyˆÏçö §ÇÓ¶˛ö

12.4.1 ¢yÓ˚#Ó˚Ó,_#Î˚ ≤Ã!e´Î˚y

12.4.2 öy•zˆÏê˛ΔyˆÏçö §ÇÓ¶˛öÈÙÙÙÈ˜çÓ Ó˚y§yÎ˚!öÜ˛ ≤Ã!e´Î˚y

12.5 öy•zˆÏê˛ΔyˆÏçö §ÇÓ¶˛ˆÏöÓ˚ ˛õÓ˚Óï˛#≈ ˛õÎ≈yÎ˚

12.6 öy•zˆÏê˛ΔyˆÏçö §ÇÓ¶˛ˆÏöÓ˚ =Ó˚&c

12.7 öí‰˛ ú˛ƒyÜ˛ê˛Ó˚ñ öí‰˛ !çö Ä !öú˛‰ !çö

12.8 §yÓ˚yÇ¢

12.9 §Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#

12.10 í˛z_Ó˚üy°y

12.0 í ẑ̨ Ïj¢ƒ

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xy˛õ!öÈÙÙÙÈ

 í˛z!qòˆÏòˆÏ• öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ ≤ÃˆÏÎ˚yçö#Î˚ï˛y §¡õˆÏÜ≈˛ ôyÓ˚îy °yû˛ Ü˛Ó˚̂ ÏÓö–

 öy•zˆÏê˛ΔyˆÏçö §ÇÓ¶˛öÜ˛yÓ˚# !Ó!û˛ß¨ ç#ˆÏÓÓ˚ í˛zòy•Ó˚î !òˆÏï˛ ˛õyÓ˚̂ ÏÓö–

 !¢¡∫çyï˛#Î˚ í˛z!qò Ä Rhizobium-~Ó˚ !üˆÏÌyç#Óc §¡õˆÏÜ≈˛ ôyÓ˚îy °yû˛ Ü˛Ó˚̂ ÏÓö–

 öy•zˆÏê˛ΔyˆÏçö §ÇÓ¶˛ˆÏöÓ˚ ¢yÓ˚#Ó˚Ó,_#Î˚ Ä ˜çÓ Ó˚y§yÎ˚!öÜ˛ ≤Ã!e´Î˚y §¡õˆÏÜ≈˛ xyˆÏ°yã˛öy Ü˛Ó˚̂ Ïï˛ ˛õyÓ˚̂ ÏÓö–
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 öy•zˆÏê˛ΔyˆÏçö §ÇÓ¶˛ˆÏöÓ˚ =Ó˚&c í˛z˛õ°!∏˛ Ü˛Ó˚̂ Ïï˛ ˛õyÓ˚̂ ÏÓö–

12.1 ≤ÃhflÏyÓöy

ˆ≤ÃyˆÏê˛y≤’yçˆÏüÓ˚ ~Ü˛ xï˛ƒyÓ¢ƒÜ˛ í˛z˛õyòyö •° öy•zˆÏê˛ΔyˆÏçö– Óyï˛yˆÏ§ öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ ˛õ!Ó˚üyî §Ó≈y!ôÜ˛

S¢ï˛Ü˛Ó˚y ≤ÃyÎ˚ 78%V •ˆÏ°Ä ~•z àƒy§!ê˛ §•ˆÏç !Ó!e´Î˚y¢#° •Î˚ öy ÓˆÏ° §yôyÓ˚î Ó˚y§yÎ˚!öÜ˛ !Ó!e´Î˚yÓ˚ üyôƒˆÏü

í˛z!qòˆÏÜ˛y£Ï Óyï˛yˆÏ§Ó˚ öy•zˆÏê˛ΔyˆÏçöˆÏÜ˛ ˆ≤ÃyˆÏê˛y≤’yçˆÏü xD#û)˛ï˛ Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚ öy– ˆÎ !ÓˆÏ¢£Ï ˛õk˛!ï˛ˆÏï˛ í˛z!qòˆÏòˆÏ•

öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ xy_#Ü˛Ó˚î âˆÏê˛ ï˛yˆÏÜ˛ öy•zˆÏê˛ΔyˆÏçö §ÇÓ¶˛ö ÓˆÏ°– û)˛˜ÏçÓ Ó˚y§yÎ˚!öÜ˛ ã˛ˆÏe´ ˆû˛Ôï˛ Ä ˜çÓ

Ó˚y§yÎ˚!öÜ˛ ≤Ã!e´Î˚yÎ˚ öy•zˆÏê˛ΔyˆÏçö !Óçy!Ó˚ï˛ •ˆÏÎ˚ xƒyˆÏüy!öÎ˚y (NH3) Ä !Ó!û˛ß¨ öy•zˆÏê˛ΔyˆÏçöâ!ê˛ï˛ ˆÎÔˆÏà

˛õ!Ó˚îï˛ •Î˚– !¢¡∫çyï˛#Î˚ í˛z!qò Ä Rhizobium ÓƒyÜ˛ˆÏê˛!Ó˚Î˚yÓ˚ !üˆÏÌyç#Ó# !e´Î˚yÓ˚ üyôƒˆÏü öy•zˆÏê˛ΔyˆÏçö xy_#Ü˛Ó˚î

≤Ã!e´Î̊y!ê˛ §Ó Ï̂ã˛ Ï̂Î̊ xyÜ˛£Ï≈î#Î̊– ~•z ~Ü˛ Ï̂Ü˛ xyüÓ̊y í z̨!q Ï̂òÓ̊ öy•ẑ Ïê Δ̨y Ï̂çö xy_#Ü˛Ó̊ Ï̂îÓ̊ !Ó!û˛ß̈ ≤Ã!e´Î̊y=!° §¡õ Ï̂Ü≈̨

xyˆÏ°yã˛öy Ü˛Ó˚Ó–

12.2 í z̨!qò Ï̂ò Ï̂• öy•ẑ Ïê Δ̨y Ï̂ç Ï̂öÓ̊ =Ó̊&c (Importance of N2 in plants)

ç#ÓˆÏòˆÏ• öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ =Ó˚&c x˛õ!Ó˚§#ü– ˆ≤ÃyˆÏê˛y≤’yçˆÏü í˛z˛õ!fliï˛ !Ó!û˛ß¨ ˆüÔ°=!°Ó˚ ≤ÃyÎ˚ 12% •°

öy•zˆÏê˛ΔyˆÏçö– !Ó!û˛ß¨ í˛zÍˆÏ§ã˛Ü˛ñ ˆ≤Ãy!ê˛öñ !öí˛z!Üœ˛Ü˛ x¡‘ñ ˆÜœ˛yˆÏÓ˚y!ú˛° xî%ñ í˛z˛õ«˛yÓ˚ñ !û˛ê˛y!üö Ä !Ü˛å%È í˛z!qò

•Ó˚ˆÏüyˆÏöÓ˚ Sx!:öñ §y•zˆÏê˛yÜ˛y•z!ööV ≤Ãôyö í˛z˛õyòyö •° öy•zˆÏê˛ΔyˆÏçö– öy•zˆÏê˛ΔyˆÏçö í˛z!qˆÏòÓ˚ !Ó˛õyÜ˛ñ Ó,!k˛ Ä

çööÈÙÙÙÈ~•z !ï˛ö!ê xï˛ƒyÓ¢ƒÜ˛ !e´Î˚yˆÏÜ˛•z ≤Ãû˛y!Óï˛ Ü˛ˆÏÓ˚–

12.3 öy•zˆÏê˛ΔyˆÏçö xyÓk˛Ü˛Ó˚î (Fixation of N2)

û)˛˜ÏçÓ Ó˚y§yÎ˚!öÜ˛ ã˛e´ °«˛ƒ Ü˛Ó˚̂ Ï° xyüÓ˚y ˆòáˆÏï˛ ˛õyÓ ˆÎ ˛õ!Ó˚̂ ÏÓˆÏ¢ ˆû˛Ôï˛ Ä ˜ç!ÓÜ˛ í˛zû˛Î˚ ≤Ã!e´Î˚yˆÏï˛•z

Óyï˛yˆÏ§Ó˚ öy•zˆÏê˛ΔyˆÏçö í˛z!qòˆÏòˆÏ• xyÓk˛ •ˆÏï˛ ˛õyˆÏÓ˚– ~Ü˛!ê˛ !Ó£ÏÎ˚ °«˛ƒî#Î˚ ˆÎ öy•zˆÏê˛ΔyˆÏçö àƒy§ (N ≡ N)
fl∫yû˛y!ÓÜ˛û˛yˆÏÓ !Ó!e´Î˚y¢#° öy •ÄÎ˚yÎ˚ x˜ÏçÓû˛yˆÏÓ ˆÜ˛Ó° í˛zFã˛ ï˛y˛õ Ä ã˛yˆÏ˛õ xÌÓy ç#!Óï˛ ˆÜ˛yˆÏ£Ï !ÓˆÏ¢£Ï

í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ !e´Î˚y¢#°ï˛yÓ˚ üyôƒˆÏü•z í˛z!qˆÏòÓ˚ @ˇÃ•îˆÏÎyàƒ öy•zˆÏê˛ΔyˆÏçöâ!ê˛ï˛ ˆÎÔˆÏà Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚– ˆû˛Ôï˛ Óy

Ó̊y§yÎ̊!öÜ˛ ≤Ã!e´Î̊yÎ̊ ≤ÃyÜ,̨ !ï˛Ü˛ Óy Ü,̨ !eüû˛y Ï̂Ó ≤ÃÌ Ï̂ü öy•ẑ Ïê Δ̨y Ï̂çöâ!ê˛ï˛ !Ó!û˛ß̈ ̂ ÎÔà ̃ ï˛!Ó̊ •Î̊ ~ÓÇ ̨õ Ï̂Ó̊ í z̨!qò Ï̂ò Ï̂•

ˆ§•z ˆÎÔà=!°Ó˚ xy_#Ü˛Ó˚î âˆÏê˛– x˛õÓ˚!òˆÏÜ˛ñ ˜çÓ Ó˚y§yÎ˚!öÜ˛ ≤Ã!e´Î˚yÎ˚ í˛z!qò öy•zˆÏê˛ΔyˆÏçˆÏöç í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚

üyôƒˆÏü Óyï˛yˆÏ§Ó˚ öy•zˆÏê˛ΔyˆÏçöˆÏÜ˛ §Ó˚y§!Ó˚ xƒyˆÏüy!öÎ˚yˆÏï˛ (NH3) Ó˚*˛õyhsˇ!Ó˚ï˛ Ü˛ˆÏÓ˚ ˆ≤ÃyˆÏê˛y≤’yçˆÏü xD#û)˛ï˛

Ü˛ˆÏÓ˚ Îy ˛õÎ≈yÎ˚e´ˆÏü xöƒyöƒ ≤ÃˆÏÎ˚yçö#Î˚ öy•zˆÏê˛ΔyˆÏçöâ!ê˛ï˛ ˆÎÔˆÏà Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚–

12.3.1 ˆû˛Ôï˛ öy•zˆÏê˛ΔyˆÏçö xyÓk˛Ü˛Ó˚î ≤Ã!e´Î˚y (Physical process of N2 fixation)

ˆÎ ˆû˛Ôï˛ÈÙÈÓ˚y§yÎ˚!öÜ˛ ≤Ã!e´Î˚yÎ˚ Óyï˛yˆÏ§Ó˚ öy•zˆÏê˛ΔyˆÏçö !Ó!û˛ß¨ ˆÎÔˆÏà xyÓk˛ •Î˚ ï˛yˆÏï˛ í˛z!qˆÏòÓ˚ ˆÜ˛yˆÏöy

û)˛!üÜ˛y ˆö•z– ~•z ≤Ã!e´Î˚y!ê˛ §¡õ)î≈ ≤ÃyÜ,˛!ï˛Ü˛ Óy Ü,˛!eü ˛õk˛!ï˛ˆÏï˛ §¡õß¨ •ˆÏï˛ ˛õyˆÏÓ˚–
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ÓL!Óò%ƒÍ§• Ó,!‹T˛õyˆÏï˛Ó˚ §üÎ˚ í˛zFã˛ ï˛y˛õ Ä ã˛yˆÏ˛õ N2 àƒy§ O2-~Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ ≤ÃÌˆÏü öy•zê˛Δy§ x:y•zí˛

(NO) Ä ˛õˆÏÓ˚ öy•zˆÏê˛ΔyˆÏçö í˛y•zx:y•zí˛ (NO2) í˛zÍ˛õß¨ Ü˛ˆÏÓ˚–

í˛zFã˛ ï˛y˛õ Ä ã˛y˛õ
N2 + O2 2NO

í˛zFã˛ ï˛y˛õ Ä ã˛y˛õ

2N + O2 2NO2

~•z NO2 Ó,!‹T˛õyˆÏï˛Ó˚ §üÎ˚ çˆÏ°Ó˚ §yˆÏÌ Î%_´ •ˆÏÎ˚ öy•zê˛Δy§ x¡‘ (HNO2) Ä öy•z!ê˛ΔÜ˛ x¡‘ (HNO3) àë˛ö

Ü˛ˆÏÓ˚– ~•z ò%Û!ê˛ x¡‘ üy!ê˛ˆÏï˛ ~ˆÏ§ !Ó!û˛ß¨ °ÓˆÏîÓ˚ §yˆÏÌ !Ó!e´Î˚y Ü˛ˆÏÓ˚ öy•zê˛Δy•zê˛ Ä öy•zˆÏê˛Δê˛ °Óî ˜ï˛!Ó˚ Ü˛ˆÏÓ˚–

~•zû˛yˆÏÓ Óyï˛yˆÏ§Ó˚ N2 !Ó!û˛ß¨ öy•zˆÏê˛ΔyˆÏçöÎ%_´ °ÓˆÏî ˛õ!Ó˚îï˛ •Î˚ ~ÓÇ í˛z!qò ü,!_Ü˛y!fliï˛ ˆ§•z °Óî=!° ü)°

!òˆÏÎ˚ ˆ¢y£Ïî Ü˛ˆÏÓ˚ ˆòˆÏ• öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ âyê˛!ï˛ ˛õ)Ó˚î Ü˛ˆÏÓ˚–

Ó,!‹T˛õyï˛
2NO2 + H2O HNO2 + HNO3

CaSO4 + 2HNO3 → Ca(NO3)2 + H2SO4

Sü,!_Ü˛y!fliï˛V

~•z ≤ÃyÜ,˛!ï˛Ü˛ ˛õk˛!ï˛ åÈyí ¸̨yÄ Ü,˛!eü í˛z˛õyˆÏÎ˚ öy•zˆÏê˛ΔyˆÏçö àƒy§ˆÏÜ˛ xyÓk˛Ü˛Ó˚î §Ω˛Ó– ˆ•ÓyÓ˚ÈÙÈ~Ó˚ ˛õk˛!ï˛ˆÏï˛

(Haber's process) N2 Ä H2 àƒyˆÏ§Ó˚ §Ç!ü◊î â!ê˛ˆÏÎ˚ S200 ÓyÎ˚%ü[˛°#Î˚ ã˛yˆÏ˛õñ 550oC ï˛y˛õüyeyÎ˚ ˆ°Ô•

xö%âê˛ˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛V xƒyˆÏüy!öÎ˚y (NH3) í˛zÍ˛õß¨ Ü˛Ó˚y •Î˚– ~•z NH3 ˆÌˆÏÜ˛•z !Ó!û˛ß¨ Ó˚y§yÎ˚!öÜ˛ Ü˛yÓ˚áyöyÎ˚

xƒyˆÏüy!öÎ˚yü §y°ˆÏú˛ê˛ [(NH4)2SO4], xƒyˆÏüy!öÎ˚yü öy•zˆÏê˛Δê˛ (NH4NO3), xƒyˆÏüy!öÎ˚yü ú˛§ˆÏú˛ê˛

[(NH4)3PO4] ≤Ãû,˛!ï˛ x˜ÏçÓ §yÓ˚ Ä •zí˛z!Ó˚Î˚yÓ˚ [CO(NH2)2] üˆÏï˛y ˜çÓ §yÓ˚ í˛zÍ˛õß¨ Ü˛Ó˚y •Î˚–

12.3.2 öy•zˆÏê˛ΔyˆÏçö §ÇÓ¶˛öÜ˛yÓ˚# ç#Ó§¡±òyÎ˚ (Organisms fixing atmospheric
nitrogen)

~Ü˛!ê˛ !Ó£ÏÎ˚ °«˛î#Î˚ ˆÎ öy•zˆÏê˛ΔyˆÏçö §ÇÓ¶˛öÜ˛yÓ˚# ç#ˆÏÓÓ˚ ≤Ãôyöï˛ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y Ä ö#°yû˛ §Ó%ç ˜¢Óy°–

~Ó˚y öy•zˆÏê˛ΔyˆÏçˆÏöç öyüÜ˛ í˛zÍˆÏ§ã˛Ü˛ˆÏÜ˛Ó˚ üyôƒˆÏü §Ó˚y§!Ó˚ N2-ˆÜ˛ NH3 ̂ ï˛ Ó˚*˛õyhsˇ!Ó˚ï˛ Ü˛ˆÏÓ˚ ~ÓÇ ~•z ≤Ã!e´Î˚y!ê˛

ˆÜ˛yˆÏ£ÏÓ˚ xû˛ƒhsˇˆÏÓ˚ §¡õy!òï˛ •Î˚– ˛õ%!‹Tàï˛ !òÜ˛ !òˆÏÎ˚ ~•z xy!ò !öí˛z!Üœ̨ Î˚y§Î%_´ ç#Ó=!° xyÓyÓ˚ fl∫yô#öç#Ó# Óy

!üˆÏÌyç#Ó# •ˆÏï˛ ˛õyˆÏÓ˚–

SÜ˛V fl∫yô#öç#Ó# ÓƒyÜ‰˛ˆÏê˛!Ó˚Î˚y ≠ í˛z•zˆÏöy@ˇÃyí˛!flÒ (Winogradsky) 1893 §yˆÏ° §Ó≈≤ÃÌü °«˛ƒ Ü˛ˆÏÓ˚ö ˆÎ

Clostridium pasteurianum öyüÜ˛ fl∫yô#öç#Ó# xÓyï˛ Ÿª§öÜ˛yÓ˚# (anaerobic) ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y Óyï˛yˆÏ§Ó˚ N2
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§ÇÓ¶˛ˆÏö §«˛ü– 1901 §yˆÏ° ˆÓ•zˆÏç!Ó˚öÜ‰˛ (Beijerinck) í˛zˆÏÕ‘á Ü˛ˆÏÓ˚ö ˆÎ Azotobacter öyüÜ˛ ÓyÎ˚%ç#Ó#

(aerobic) ÓƒyÜ˛ˆÏê˛!Ó˚Î˚yÄ xö%Ó˚*˛õ ̨ õk˛!ï˛ˆÏï˛ N2 §ÇÓ¶˛ö Ü˛ˆÏÓ˚– Azotobacter chroococcum, A. agilis Ä
A. vinelandii ~•z !ï˛ö!ê˛ ≤Ãçy!ï˛ í˛zˆÏÕ‘áˆÏÎyàƒû˛yˆÏÓ N2 §ÇÓ¶˛ˆÏö §«˛ü–

Chlorobium, Chromatium, Rhodospirillum  ≤Ãû,̨ !ï˛ §y Ï̂°yÜ˛§Ç Ï̂Ÿ’£ÏÜ˛yÓ̊# ÓƒyÜ˛ Ï̂ê˛!Ó̊Î̊yÄ N2 §ÇÓ¶˛ö

Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚–

SáV !üˆÏÌyç#Ó# ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y ≠ ~•z ôÓ˚ˆÏöÓ˚ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y fl∫ï˛sfû˛yˆÏÓ N2 §ÇÓ¶˛ˆÏö x«˛ü– ~Ó˚y Îáö

ˆÜ˛yˆÏöy í˛z!qˆÏòÓ˚ §yˆÏÌ !üˆÏÌyç#Ó#Ó˚*ˆÏ˛õ xÓfliyö Ü˛ˆÏÓ˚ ï˛áö•z ï˛yˆÏòÓ˚ üˆÏôƒ N2 xyÓk˛#Ü˛Ó˚̂ ÏîÓ˚ «˛üï˛y °«˛ƒ Ü˛Ó˚y

ÎyÎ˚– §ühflÏ !üˆÏÌyç#Ó# ÓƒyÜ˛ˆÏê˛!Ó˚Î˚yÓ˚ üˆÏôƒ Rhizobium §ÓˆÏã˛ˆÏÎ˚ =Ó˚&c˛õ)î≈– ~Ó˚y Óyï˛yˆÏ§Ó˚ N2ÈÙÈˆÜ˛ NH3ÙÈˆï˛

Ó˚*˛õyhsˇ!Ó˚ï˛ Ü˛ˆÏÓ˚ !¢¡∫çyï˛#Î˚ (Fabaceae) í˛z!qˆÏò §Ó˚ÓÓ˚y• Ü˛ˆÏÓ˚– x˛õÓ˚!òˆÏÜ˛ !¢¡∫çyï˛#Î˚ í˛z!qòü)ˆÏ°Ó˚

xÓ%≈ˆÏò Ó§Óy§Ü˛yÓ˚# ~•z ÓƒyÜ˛ˆÏê˛!Ó˚Î˚yü xy◊Î˚òyï˛y í˛z!qò ˆÌˆÏÜ˛ ¢Ü≈˛Ó˚y çyï˛#Î˚ áyòƒ §Ç@ˇÃ• Ü˛ˆÏÓ˚– í˛z!qò Óy

Rhizobium ˆÜ˛í˛z•z ˛õ,ÌÜ˛ Óy fl∫ï˛sfû˛yˆÏÓ N2 §ÇÓ¶˛ö Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚ öy– ï˛y•z ~ˆÏòÓ˚ §•yÓfliyö !üˆÏÌyç#!ÓˆÏcÓ˚

~Ü˛ xyò¢≈ í˛zòy•Ó˚î– üƒyÜ˛Ü˛¡∫ (McComb) Ä ïÑ˛yÓ˚ §•Ü˛ü#≈Ó˚y (1975) xÓ¢ƒ Rhizobium-~Ó˚ ~Ü˛

!ÓˆÏ¢£Ï ˆflT…ö (strain) xy!Ó‹ÒyÓ˚ Ü˛ˆÏÓ˚ˆÏåÈö Îy ˆ˛õˆÏrê˛yç ¢Ü≈˛Ó˚yÓ˚ í˛z˛õ!fli!ï˛ˆÏï˛ fl∫yô#ö Óy fl∫ï˛sfû˛yˆÏÓ N2 §ÇÓ¶˛ˆÏö

§«˛ü–

SàV xƒyÜ˛!ê˛ˆÏöyüy•zˆÏ§!ê˛§ ≠ Frankia öyüÜ˛ xƒyÜ˛!ê˛ˆÏöyüy•zˆÏ§!ê˛§ (Actinomycetes), Myrica,
Casuarina ≤Ãû,˛!ï˛ Ó‡Ó£Ï≈ç#Ó#ñ =Æç#Ó# Ü˛y¤˛° í˛z!qˆÏòÓ˚ ü)ˆÏ° xÓ≈%ò §,!‹T Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚–

SâV ö#°yû˛ §Ó%ç ̃ ¢Óy° ≠ ö#°yû˛ §Ó%ç ̃ ¢Óy° (Cyanophyceae) ≤Ãôyöï˛ fl∫yô#öç#Ó# N2 §ÇÓ¶˛öÜ˛yÓ˚#

í˛z!qò– ˆï˛ç!fl;˛Î˚ N15 ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ ˆòáy ˆàˆÏåÈ ˆÎ ~•z ˜¢Óy° xö%§)ˆÏeÓ˚ ˆ•ê˛yˆÏÓ˚y!§fiê˛ (heterocyst) öyüÜ˛

!ÓˆÏ¢£Ï ˆÜ˛yˆÏ£Ï N2 §ÇÓ¶˛ö !e´Î˚y §¡õy!òï˛ •Î˚– N2 §ÇÓ¶˛öÜ˛yÓ˚# ö#°yû˛ §Ó%ç ˜¢ÓyˆÏ°Ó˚ üˆÏôƒ Nostoc,
Anabaena, Gloeocapsa ≤Ãû,˛!ï˛ í˛zˆÏÕ‘áˆÏÎyàƒ– ˛õ!ÿ˛üÓD Ä ÓyÇ°yˆÏòˆÏ¢Ó˚ ôyöˆÏ«˛ˆÏï˛ Anabaena
gelatinosa, Aulosira fertilisima ≤Ãû,˛!ï˛ ˜¢Óy° ≤Ãã%˛Ó˚ ˛õ!Ó˚üyˆÏî N2 xyÓk˛ Ü˛ˆÏÓ˚– ~Ó˚ ú˛ˆÏ° üy!ê˛ˆÏï˛

xƒyˆÏüy!öÎ˚y Ä xöƒyöƒ öy•zˆÏê˛ΔyˆÏçöâ!ê˛ï˛ °ÓˆÏîÓ˚ ̨ õ!Ó˚üyî ̂ ÓˆÏí˛¸ !àˆÏÎ˚ üy!ê˛ˆÏÜ˛ í˛zÓ≈Ó˚ Ü˛ˆÏÓ˚– Óï≈˛üyˆÏö fl∫yô#öç#Ó#

ÓƒyÜ˛ˆÏê˛!Ó˚Îy Ä ~•z ôÓ˚ˆÏöÓ˚ ˜¢Óy°ˆÏòÓ˚ ç#Óç §yÓ˚Ó˚*ˆÏ˛õ (Biofertilizer) ÓƒÓ•yÓ˚ Ü˛Ó˚y •ˆÏFåÈ–

ö#°yû˛ §Ó%ç ˜¢Óy° ÷ô% fl∫yô#öç#Ó# !•§yˆÏÓ•z öÎ˚ñ !üˆÏÌyç#Ó# ≤Ã!e´Î˚yˆÏï˛Ä N2 §ÇÓ¶˛ö Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚–

Azolla öyüÜ˛ ˆåÈyê˛ Ü˛ã%˛!Ó˚˛õyöyÎ˚ Anabaena, !Ó!û˛ß¨ °y•zˆÏÜ˛ö Ä Anthoceros öyüÜ˛ Ó yˆÏÎ˚yú˛y•zˆÏê˛ Nostoc
xhsˇÉÓy§#Ó˚*ˆÏ˛õ (Endophyte) ÌyˆÏÜ˛ ~ÓÇ N2 §ÇÓ¶˛ö Ü˛ˆÏÓ˚ xy◊Î˚òyï˛y í˛z!qòˆÏÜ˛ §Ó˚ÓÓ˚y• Ü˛ˆÏÓ˚– Cycas
öyüÜ˛ Óƒ_´ç#Ó# í˛z!qˆÏòÓ˚ ü)ˆÏ° Anabaena xhsˇÉÓy§#Ó˚*ˆÏ˛õ N2 §ÇÓ¶˛ö Ü˛ˆÏÓ˚– û˛ö !Óí˛zˆÏ°y Ä ˆòyˆÏÓÓ˚y•zöyÓ˚

(Von Bulow and Dobereiner) 1975 §yˆÏ° û%Ry ü)ˆÏ° Spirillum öyüÜ˛ ̃ ¢ÓyˆÏ°Ó˚ üyôƒˆÏü N2 §ÇÓ¶˛ˆÏöÓ˚
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Ü˛Ìy í˛zˆÏÕ‘á Ü˛ˆÏÓ˚ö– ¢#”˛§ Ä í%˛ˆÏÓ˚° (Shields and Durrel) 1964 §yˆÏ° ühsˇÓƒ Ü˛ˆÏÓ˚̂ ÏåÈö ˆÎ ö#°yû˛ §Ó%ç

˜¢Óy° üÓ˚&û)˛!ü xM˛ÈˆÏ°Ó˚ ç!üˆÏÜ˛Ä í˛zÓ≈Ó˚ Ü˛Ó˚̂ Ïï˛ §üyö §«˛ü–

SäV åÈeyÜ˛ ≠ xˆÏöÜ˛ ˜ÓK˛y!öˆÏÜ˛Ó˚ üˆÏï˛ {fiê˛ ˆÜ˛y£Ï fl∫“ ˛õ!Ó˚üyî N2 §ÇÓ¶˛ˆÏö §«˛ü– Pinus
çyï˛#Î˚ àyˆÏåÈÓ˚ ü)ˆÏ° üy•zˆÏÜ˛yÓ˚y•zçy àë˛öÜ˛yÓ˚# Rhizopogon roseolus åÈeyÜ˛!ê˛Ä x“!ÓhflÏÓ˚ N2 xyÓk˛

Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚–

xö%¢#°ö# ≠     1

1. §!ë˛Ü˛ í˛z_Ó˚!ê˛ˆÏï˛ òyà !òö ≠

SÜ˛V  Azotobacter ~Ü˛!ê˛

(i) !üˆÏÌyç#Ó# ÓƒyÜ‰˛ˆÏê˛!Ó˚Î˚y

(ii) ö#°yû˛ §Ó%ç ˜¢Óy°

(iii) fl∫yô#öç#Ó# ÓƒyÜ‰˛ˆÏê˛!Ó˚Î˚y

SáV öy•zˆÏê˛ΔyˆÏçö §ÇÓ¶˛ˆÏöÓ˚ üyôƒˆÏü

(i) •zí˛z!Ó˚Î˚y í˛zÍ˛õß¨ •Î˚

(ii) xƒyˆÏü!öÎ˚y §,!‹T •Î˚

(iii) xƒyüy•zˆÏöy x¡‘ à!ë˛ï˛ •Î˚

SàV Frankia ~Ü˛!ê˛

(i) åÈeyÜ˛

(ii) xƒyÜ˛!ê˛ˆÏöyüy•zˆÏ§!ê˛§

(iii) ÓƒyÜ˛ˆÏê˛!Ó˚Î˚yü

2. ¢)öƒfliyö ˛õ)Ó˚î Ü˛Ó˚&ö ≠

SÜ˛V _____ ~Ü˛!ê˛ !üˆÏÌyç#Ó# ÓƒyÜ‰˛ˆÏê˛!Ó˚Î˚y Îy _____ çyï˛#Î˚ í˛z!qˆÏòÓ˚ ü)ˆÏ° _____ §,!‹T Ü˛ˆÏÓ˚–

SáV ______ §Ó≈≤ÃÌü ______ §yˆÏ° ______  ______ öyüÜ˛ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚yˆÏü N2 §ÇÓ¶˛ö

≤Ã!e´Î˚y °«˛ƒ Ü˛ˆÏÓ˚ö–
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SàV ______ ~Ü˛!ê˛ N2 â!ê˛ï˛ ̂ Ó˚ã˛ö ̨õòyÌ≈ ~ÓÇ ______ ~Ü˛!ê˛ öy•zˆÏê˛ΔyˆÏçöÎ%_´ í˛z!qò •Ó˚̂ Ïüyö–

12.4 Rhizobium-~Ó˚ öy•ẑ Ïê Δ̨y Ï̂çö §ÇÓ¶˛ö (N2 fixation by Rhizobium)

xyüÓ˚y •z!ï˛˛õ)ˆÏÓ≈•z çyöˆÏï˛ ˆ˛õˆÏÓ˚!åÈ ˆÎ !¢¡∫çyï˛#Î˚ í˛z!qˆÏò Rhizobium öyüÜ˛ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y !üˆÏÌyç#Ó#

(symbiosis) ≤Ã!e´Î˚yÎ˚ N2 §ÇÓ¶˛ö Ü˛ˆÏÓ˚– ~•z ̨ õÎ≈yˆÏÎ˚ xyüÓ˚y xyˆÏ°yã˛öy Ü˛Ó˚Ó ̂ Î Ü˛#û˛yˆÏÓ ~•z ≤Ã!e´Î˚yÓ˚ üyôƒˆÏü

ÓyÎ˚%Ó˚ N2 !Óçy!Ó˚ï˛ •ˆÏÎ˚ NH3ÈÙÈˆï˛ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚–

Rhizobium •° ü,!_Ü˛y!fliï˛ @ˇÃyü ˆöˆÏà!ê˛û˛ (Gram –ve), ÓyÎ˚%ç#Ó#ñ ò[˛yÜ˛yÓ˚ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚yü– ~•z

ÓƒyÜ˛ˆÏê˛!Ó˚Î˚yü !Ó!û˛ß¨ !¢¡∫çyï˛#Î˚ í˛z!qòü)ˆÏ° ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ ~ÓÇ ü)ˆÏ° xÓ≈%ò §,!‹T Ü˛ˆÏÓ˚ ï˛yÓ˚ üˆÏôƒ Ó§Óy§ Ü˛ˆÏÓ˚–

≤Ã§Dï˛ í˛zˆÏÕ‘áˆÏÎyàƒ ˆÎ Bradyrhizobium §Î˚yÓ#öñ Ó˚yçüy (Cowpea) ≤Ãû,˛!ï˛ í˛z!qˆÏò ~ÓÇ Rhizobium
üê˛Ó˚ñ xy°ú˛y°ú˛y (Alfalfa) í˛z!qˆÏò N2 §ÇÓ¶˛ö Ü˛ˆÏÓ˚– §Î˚yÓ#ö N2 §ÇÓ¶˛öÜ˛yÓ˚# ÓƒyÜ‰˛ˆÏê˛!Ó˚Î˚yü!ê˛ •°

Bradyrhizobium japonicum ~ÓÇ üê˛Ó˚ àyˆÏåÈÓ˚ ü)ˆÏ° ≤ÃyÆ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚yˆÏüÓ˚ öyü Rhizobium
leguminosarum–

12.4.1 ¢yÓ̊#Ó̊Ó,_#Î̊ ≤Ã!e´Î̊y

Rhizobium ≤ÃÌˆÏü üy!ê˛ˆÏï˛ ü,ï˛ç#Ó# ÓƒyÜ˛ˆÏê˛!Ó˚Î˚yüÓ˚*ˆÏ˛õ xÓfliyö Ü˛ˆÏÓ˚– í˛z!qòü)° ˆÌˆÏÜ˛ !öÉ§,ï˛

ˆ°Ü˛!ê˛öçyï˛#Î˚ @ˇÃy•Ü˛ (receptor) ˛õòyÌ≈ !ö!ò≈‹T ≤Ãçy!ï˛Ó˚ Rhizobium-ˆÜ˛ xyÜ,˛‹T Ü˛ˆÏÓ˚– ~Ó˚ ú˛ˆÏ° í˛z!qˆÏòÓ˚

ü)°ˆÏÓ˚yˆÏüÓ˚ §yˆÏÌ Rhizobium ÓƒyÜ˛ˆÏê˛!Ó˚Î˚yˆÏüÓ˚ §ÇˆÏÎyà fliy!˛õï˛ •Î˚– ü)°ˆÏÓ˚yˆÏü xö%≤ÃˆÏÓ¢ Ü˛Ó˚yÓ˚ ˛õÓ˚ ü)ˆÏ°

IAA çyï˛#Î˚ x!:ˆÏöÓ˚ !öÉ§Ó˚î ˆÓˆÏí ¸̨ ÎyÎ˚ ~ÓÇ ~Ó˚ ú˛ˆÏ° í˛z!qò ü)°ˆÏÓ˚yü!ê˛ Ü%˛!M˛Èï˛ •Î˚– ~Ó˚̨ õÓ˚ Rhizobium
ü)°ˆÏÓ˚yü ˆÌˆÏÜ˛ Ó!•ÉhflÏˆÏÓ˚Ó˚ !òˆÏÜ˛ ˆÎˆÏï˛ ÌyˆÏÜ˛– ~•z §üÎ˚ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y xye´yhsˇ Ó!•ÉhflÏˆÏÓ˚Ó˚ ˆÜ˛y£Ï=!°ˆÏï˛

à°!à Ó›Ó˚ ˆû˛!§Ü‰˛°=!° (vesicles) Î%_´ •ˆÏÎ˚ ˆÜ˛y£Ï˛õò≈yÎ˚ ö°yÜ˛yÓ˚ í˛z˛õÓ,!k˛ §,!‹T Ü˛ˆÏÓ˚ ÎyˆÏÜ˛ ü)ˆÏ°Ó˚

≤ÃfliˆÏFåÈˆÏò §)eyÜ˛yÓ˚ üˆÏö •Î˚– Ó!•ÉhflÏˆÏÓ˚Ó˚ ˆÎ ˛õÌ !òˆÏÎ˚ Rhizobium ü)ˆÏ°Ó˚ xû˛ƒhsˇˆÏÓ˚ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ ˆ§•z

çyÎ̊àyÎ̊ í z̨̨ õ!fliï˛ §)eyÜ˛yÓ̊ xM˛È° Ï̂Ü˛ §Çe´üî §)e (Infection thread) Ó Ï̂°– §Çe´üî §)̂ Ïe xyÓk˛ ÓƒyÜ‰̨ Ï̂ê˛!Ó̊Î̊y

xï˛ƒhsˇ o&ï˛ !Óû˛y!çï˛ •ˆÏÎ˚ ÓÇ¢Ó,!k˛ Ü˛ˆÏÓ˚– ü)ˆÏ°Ó˚ Ó!•ÉhflÏˆÏÓ˚ §Çe´üî §)e ¢yáy!ß∫ï˛ •ˆÏÎ˚ Rhizobium-ˆÜ˛

!Ó!û˛ß¨ fliyˆÏö åÈ!í ¸̨ˆÏÎ˚ ˆòÎ˚– o&ï˛ !Óû˛yçöÜ˛yÓ˚# ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y ~Ó˚̨ õÓ˚ ˆÜ˛y£Ï!Óû˛yçö «˛üï˛y •y!Ó˚̂ ÏÎ˚ ˆú˛ˆÏ° ~ÓÇ

ˆ˛õ!Ó˚ÓƒyÜ˛!ê˛Ó˚ˆÏÎ˚í˛ xyÓÓ˚î#Ó˚ üˆÏôƒ xyÓ,ï˛ ÌyˆÏÜ˛– ~•z xÓfliyÎ˚ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y xyÜ,˛!ï˛ˆÏï˛ Óí˛¸ Ä x!öÎ˚ï˛yÜ˛yÓ˚ñ

!öÿ˛° Ä !Óû˛yçˆÏö x«˛ü •Î˚ ~ÓÇ ~ˆÏòÓ˚ ÓƒyÜ˛!ê˛!Ó˚ÄˆÏÎ˚í˛ (Bacteriod) Ó Ï̂°–
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!ã˛e 12.1 : !¢¡∫çyï˛#Î˚ í˛z!qˆÏò Rhizobium Ü˛ï≈,˛Ü˛ xÓ≈%ò àë˛ˆÏöÓ˚ !Ó!û˛ß¨ ̨ õÎ≈yÎ˚

~•z §üˆÏÎ˚ ü)ˆÏ° IAA •Ó˚ˆÏüyˆÏöÓ˚ üyey ˆÓˆÏí˛¸ ÎyÄÎ˚yÎ˚ ü)ˆÏ°Ó˚ fliyˆÏö fliyˆÏö xÓ≈%ò (nodule) §,!‹T •Î˚– ~•z

xÓ≈%ˆÏòÓ˚ üˆÏôƒ•z ˛õ!Ó˚îï˛ Rhizobium ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y N2 §ÇÓ¶˛ö ÷Ó˚& Ü˛ˆÏÓ˚– ~•z §üˆÏÎ˚ xÓ≈%ˆÏò •y°Ü˛y °y° Ó˚̂ ÏäÓ˚

~Ü˛!ê˛ !ÓˆÏ¢£Ï Ó˚OÜ˛ í˛zÍ˛õß¨ •Î˚– ≤Ãyî#ˆÏòˆÏ• í˛z˛õ!fliï˛ !•ˆÏüyˆÏ@’y!ÓˆÏöÓ˚ üï˛ö !¢¡∫çyï˛#Î˚ í˛z!qòü)ˆÏ° ≤ÃyÆ Ó˚OÜ˛

(a) (b)

(c) (d)

(e) (f)
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Ü˛îy!ê˛Ä °y°ñ ˆ°Ô•â!ê˛ï˛ ~ÓÇ O2 ˛õ!Ó˚Ó•ˆÏö §«˛ü ÓˆÏ° ~ˆÏÜ˛ ˆ°à!•ˆÏüyˆÏ@’y!Óö (Leghaemoglobin) Ó°y

•Î˚– ˆ°à!•ˆÏüyˆÏ@’y!ÓˆÏöÓ˚ !ö¡¨!°!áï˛ ˜Ó!¢‹Tƒ=!° í˛zˆÏÕ‘áˆÏÎyàƒ ≠

(i) ~•z Ó˚OˆÏÜ˛Ó˚ x!:ˆÏçö ˆ¢y£Ïî «˛üï˛y !•ˆÏüyˆÏ@’y!ÓˆÏöÓ˚ xö%Ó˚*˛õ–

(ii) §!e´Î˚ xÓ≈%ˆÏò ˆ°à‰!•ˆÏüyˆÏ@’y!ÓˆÏöÓ˚ ˛õ!Ó˚üyî Óy âöc 1-5 × 10–4 M Sˆüy°yÓ˚V–

(iii) !•ˆÏüyˆÏ@’y!ÓˆÏöÓ˚ üï˛ö ˆ°à!•ˆÏüyˆÏ@’y!ÓˆÏö ¢ï˛Ü˛Ó˚y 0.34% Fe ÌyˆÏÜ˛–

(iv) ˆ°à!•ˆÏüyˆÏ@’y!ÓˆÏöÓ˚ xyî!ÓÜ˛ Äçö 34,000 xÌ≈yÍ Ó˚̂ Ï_´Ó˚ !•ˆÏüyˆÏ@’y!ÓˆÏöÓ˚ xˆÏô≈Ü˛–

(v) ˆÜ˛Ó°üye !¢¡∫çyï˛#Î˚ í˛z!qò Ä Rhizobium-~Ó˚ !üˆÏÌyç#!ÓˆÏcÓ˚ ú˛ˆÏ°•z ˆ°à!•ˆÏüyˆÏ@’y!Óö §,!‹T

•Î˚ xÌ≈yÍ ̨ õ,ÌÜ˛ ̨ õ,ÌÜ˛û˛yˆÏÓ í˛z!qò Óy ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y ̂ Ü˛í˛z•z ~Ü˛Ü˛û˛yˆÏÓ ~•z Ó˚OÜ˛ Ü˛îy í˛zÍ˛õß¨ Ü˛Ó˚ˆÏï˛

˛õyˆÏÓ˚ öy– xyÓ˚Ä °«˛ƒ Ü˛Ó˚y ˆàˆÏåÈ ˆÎ ~•z Ó˚OÜ˛ Ü˛îyÓ˚ !•ü xÇ¢!ê˛ Rhizobium DNA ~ÓÇ

ˆ@’y!Óö xÇ¢!ê˛ í˛z!qˆÏòÓ˚ DNA myÓ˚y §Ç!Ÿ’‹T •Î˚–

(vi) Rhizobium ˆÜ˛y£Ï˛õò≈y xM˛ÈˆÏ° Ä ˆ˛õy£ÏÜ˛ í˛z!qòü)ˆÏ°Ó˚ §y•zˆÏê˛y≤’yçˆÏü ~•z Ó˚OÜ˛ Ü˛îyÓ˚ í˛z˛õ!fli!ï˛

°«˛ƒ Ü˛Ó˚y ÎyÎ˚–

(vii) !û˛ß¨ !û˛ß¨ ÓƒyÜ˛ˆÏê˛!Ó˚Î˚yÓ˚ ≤Ãçy!ï˛Ó˚ myÓ˚y §,‹T xÓ≈%ˆÏò ˆ°à!•ˆÏüyˆÏ@’y!ÓˆÏöÓ˚ xƒyüy•zˆÏöy xˆÏ¡‘Ó˚

àë˛ö!Óöƒy§ (Amino acid sequence) ̨õ,ÌÜ˛ ̨õ,ÌÜ˛ •Î̊–

(viii) Rhizobium ~Ü˛!ê˛ ÓyÎ˚%ç#Ó# ÓƒyÜ‰˛ˆÏê˛!Ó˚Î˚yü xÌ≈yÍ ~Ó˚ Ÿª§öÜ˛yˆÏÎ≈Ó˚ çöƒ O2-~Ó˚ ≤ÃˆÏÎ˚yçö–

x˛õÓ˚!òˆÏÜ˛ñ N2 §ÇÓ¶˛ö ~Ü˛!ê˛ !ÓçyÓ˚îôü#≈ !e´Î˚y Îy O2-~Ó˚ §ÇflõˆÏ¢≈ Ó¶˛ •ˆÏÎ˚ ÎyÎ˚–

ˆ°à‰!•ˆÏüyˆÏ@’y!Óö Óyï˛yˆÏ§Ó˚ O2ÈÙÈˆÜ˛ xyÓk˛ Ü˛ˆÏÓ˚ §%!ö!ò≈‹Tû˛yˆÏÓ ˆ˛õ!Ó˚ÓƒyÜ˛ˆÏê˛Ó˚ˆÏÎ˚í˛ ˛õò≈yÓ˚ Óy•zˆÏÓ˚

fliyöyhsˇ!Ó˚ï˛ Ü˛ˆÏÓ˚ ~ÓÇ ~Ó˚ ú˛ˆÏ° Rhizobium'~Ó˚ N2 §ÇÓ¶˛öÜ˛yÓ˚# í˛zÍˆÏ§ã˛Ü˛=!° xhsˇï˛ ~Ü˛

ò¢üyÇ¢ O2 âöˆÏc §!e´Î˚ï˛y xç≈ö Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚–

12.4.2 öy•zˆÏê˛ΔyˆÏçö §ÇÓ¶˛öÈÙÙÙÈ˜çÓ Ó˚y§yÎ˚!öÜ˛ ≤Ã!e´Î˚y (Biochemical process of N2

fixation)

~•z ˛õÎ≈yˆÏÎ˚ xyüÓ˚y ˆòáÓ Ü˛# ôÓ˚ˆÏöÓ˚ ˜çÓ Ó˚y§yÎ˚!öÜ˛ ≤Ã!e´Î˚yÓ˚ üyôƒˆÏü Óyï˛yˆÏ§Ó˚ N2 àƒy§ NH3ÈÙÈˆï˛

Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚– öy•zˆÏê˛ΔyˆÏçö §ÇÓ¶˛ˆÏöÓ˚ ≤ÃˆÏÎ˚yçö#Î˚ Ó˚y§yÎ˚!öÜ˛ í˛z˛õÜ˛Ó˚î=!° •°ÈÙÙÙÈ SÜ˛V •y•zˆÏí»˛yˆÏçöñ

SáV •zˆÏ°Ü˛ê˛Δö òyï˛yñ SàV •zˆÏ°Ü˛ê˛Δö ̨õ!Ó˚Ó•öï˛sfñ SâV öy•zˆÏê˛ΔyˆÏçö S•zˆÏ°Ü˛ê˛Δö @ˇÃy•Ü˛Vñ SäV ATP Ä Mg2+ ~ÓÇ

Sã˛V §!e´Î˚ öy•zˆÏê˛ΔyˆÏçˆÏöç í˛zÍˆÏ§ã˛Ü˛–
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˜ÓK˛y!öˆÏÜ˛Ó˚y ≤Ãüyî Ü˛ˆÏÓ˚ˆÏåÈö ˆÎñ ˛õy•zÓ˚&!û˛Ü˛ xƒy!§í˛ ˆÎ !Ó!e´Î˚y ˛õk˛!ï˛Ó˚ üyôƒˆÏü xƒy!§ˆÏê˛ˆÏê˛ Ó˚*˛õyhsˇ!Ó˚ï˛

•Î˚ ï˛yÓ˚ üyôƒˆÏü•z öy•zˆÏê˛ΔyˆÏçö §ÇÓ¶˛ˆÏöÓ˚ çöƒ ≤ÃˆÏÎ˚yçö#Î ̊H2 Ä ATP í˛zÍ˛õy!òï˛ •Î˚– ~•z !Ó!e´Î˚y !ï˛ö!ê˛

˛õÎ≈yˆÏÎ˚ §¡õy!òï˛ •Î˚ÈÙÙÙÈ

ú˛§ˆÏú˛yê˛Δy™xƒy!§ê˛y•zˆÏ°ç
(ii) CH3CO—SCoA + H3PO4 xƒy!§ê˛y•z° ú˛§ˆÏú˛ê˛

+CoA

xƒy!§!ê˛Ü˛ Ü˛y•zˆÏöç
(iii) xƒy!§ê˛y•z° ú˛§ˆÏú˛ê˛ + ADP xƒy!§ˆÏê˛ê˛ + ATP

öy•zˆÏê˛ΔyˆÏçˆÏöç •° ~Ü˛!ê˛ í˛zÍˆÏ§ã˛Ü˛ï˛sf ÎyÓ˚ ò%•z!ê˛ í˛z˛õyòyö •° ÎÌye´ˆÏü í˛y•zöyˆÏê˛ΔyˆÏçˆÏöç !Ó˚í˛yÜ˛ˆÏê˛ç

(Dinitrogenase reductase) ~ÓÇ í˛y•zöy•ẑ Ïê Δ̨y Ï̂ç Ï̂öç (Dinitrogenase)– ≤ÃÌü!ê˛ FeS ̂ ≤Ãy!ê˛ö ~ÓÇ !mï˛#Î̊!ê˛

Fe Mo – CO ˆ≤Ãy!ê˛ö öyˆÏü §ü!ôÜ˛ ˛õ!Ó˚!ã˛ï˛–

§yˆÏ°yÜ˛§ÇˆÏŸ’£Ï Óy Ÿª§ˆÏöÓ˚ •zˆÏ°Ü˛ê˛Δö §ÇÓ•öï˛ˆÏsfÓ˚ üyôƒˆÏü !öà≈ï˛ •zˆÏ°Ü˛ê˛Δö (e–) öy•zˆÏê˛ΔyˆÏçö §ÇÓ¶˛ö

≤Ã!e´Î˚yÎ˚ ÓƒÓ•*ï˛ •Î˚– ~•z •zˆÏ°Ü˛ê˛Δö ≤ÃÌˆÏü ˆú˛!Ó˚í˛!:öˆÏÜ˛ !Óçy!Ó˚ï˛ Ü˛ˆÏÓ˚– ~Ó˚̨ õÓ˚ !Óçy!Ó˚ï˛ ˆú˛!Ó˚í˛!:ö (Fd)
öy•zˆÏê˛ΔyˆÏçˆÏöˆÏ§Ó˚ Fe ˆ≤Ãy!ê˛öˆÏÜ˛ !Óçy!Ó˚ï˛ Ü˛ˆÏÓ˚– ~•z !ÓçyÓ˚î !e´Î˚y 8 ÓyÓ˚ §¡õß¨ •Î˚ ~ÓÇ ≤Ã!ï˛ÓyÓ˚ 2!ê˛ Ü˛ˆÏÓ˚

ATP xî% ÓƒÓ•*ï˛ •Î˚– ~Ó˚ ú˛ˆÏ°ñ ~•z ̨ õÎ≈yˆÏÎ˚ 2 × 8 = 16 xî% ATP ÓƒÓ•*ï˛ •Î˚ Ä 8!ê˛ e– à,•#ï˛ •Î˚– ̨ õÓ˚Óï˛#≈

(i)

xƒy!§í˛

!ã˛e 12.2 : öy•zˆÏê˛ΔyˆÏçˆÏöç í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ üyôƒˆÏü N2-~Ó˚ !ÓçyÓ˚î ≤Ã!e´Î˚y Ä NH3 í˛zÍ˛õyòö
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˛õÎ≈yˆÏÎ˚ !Óçy!Ó˚ï˛ Fe ˆ≤Ãy!ê˛ö Mo-Fe ˆ≤Ãy!ê˛öˆÏÜ˛ !Óçy!Ó˚ï˛ Ü˛ˆÏÓ˚ !öˆÏç çy!Ó˚ï˛ •Î˚– ~•z !Ó!e´Î˚yÓ˚ ˆ¢£Ï ˛õÎ≈yˆÏÎ˚

Mo-Fe ˆ≤Ãy!ê˛ö ˆÌˆÏÜ˛ !öà≈ï˛ •zˆÏ°Ü˛ê˛Δö öy•zˆÏê˛ΔyˆÏçö Ä H+ xyÎ˚̂ ÏöÓ˚ §yˆÏÌ Î%_´ •ˆÏÎ˚ NH3 Ä H2 í˛zÍ˛õß¨ Ü˛ˆÏÓ˚–

~Ü˛!ê˛ í˛zˆÏÕ‘áˆÏÎyàƒ !Ó£ÏÎ˚ •° ˆÎ Óyï˛yˆÏ§Ó˚ N2 ˛õÎ≈yÎ˚e´!üÜ˛ !Ó!e´Î˚yÓ˚ üyôƒˆÏü ≤ÃÌˆÏü í˛y•zÈÙÈ•züy•zö (HN =
NH), •y•zí»˛y!çö (H2N – NH2) í˛zÍ˛õß¨ Ü˛ˆÏÓ˚ ˛õ!Ó˚ˆÏ¢ˆÏ£Ï NH3 §,!‹T Ü˛ˆÏÓ˚–

§ü@ˇÃ ≤Ã!e´Î˚y!ê˛ ˛õÎ≈yˆÏ°yã˛öy Ü˛Ó˚̂ Ï° ˆòáy ÎyˆÏÓ ≤Ã!ï˛ xî% N2ÈÙÈˆÜ˛ NH3ÈÙÈˆï˛ ˛õ!Ó˚îï˛ Ü˛Ó˚ˆÏï˛ 8!ê˛ e– Ä 16
ˆÌˆÏÜ˛ 18 xö% ATP °yˆÏà– ~Ü˛•z §ˆÏD 8 xö% H+ °yˆÏàñ ÎyÓ˚ 6!ê˛ NH3 í˛zÍ˛õyòˆÏö ÓƒÓ•*ï˛ •Î˚ ~ÓÇ H2

àƒy§Ó˚*ˆÏ˛õ ˛õ!Ó˚ˆÏÓˆÏ¢ !öà≈ï˛ •Î˚– ú˛°ï˛ñ ~•z Óyí˛¸!ï˛ H2 í˛zÍ˛õyòö ATP ~Ó˚ !Ó!öüˆÏÎ˚ xy˛õyï˛û˛yˆÏÓ xyÓ!¢ƒÜ˛

xÌã˛ Óyí˛¸!ï˛ áÓ˚ã˛ ÓˆÏ°•z üˆÏö •Î˚ S!ã˛e 12.2V– ï˛y•z Ó°y ÎyÎ˚ ˆÎ öy•zˆÏê˛ΔyˆÏçö xy_#Ü˛Ó˚î ˛õk˛!ï˛!ê˛ ~Ü˛!ê˛

ÓƒÎ˚Ó‡° ≤Ã!e´Î˚y– ~•z !Ó!e´Î˚y ≤Ãã%˛Ó˚ ï˛y˛õ¢!_´Ä @ˇÃ•î Ü˛ˆÏÓ˚ (ΔGo = –27 kJ mol–1)– ˜ÓK˛y!öˆÏÜ˛Ó˚y xyÓ˚Ä

°«˛ƒ Ü˛ˆÏÓ˚ˆÏåÈö ˆÎ ~•z !Ó!e´Î˚yÎ˚ ÓƒÓ•*ï˛ ¢!_´Ó˚ 30-60% í˛z˛õçyï˛ ˛õòyÌ≈ H2 í˛zÍ˛õß¨ Ü˛Ó˚̂ Ïï˛•z ÓƒÓ•*ï˛ •Î˚–

ï˛ Ï̂Ó Rhizobium-~Ó̊ Ü˛ Ï̂Î̊Ü˛!ê˛ ≤Ãçy!ï˛ xy˛õ Ï̂ê˛Ü˛ •y•ẑ Ïí»̨ y Ï̂ç Ï̂ö§ (uptake hydrogenase) í z̨Í Ï̂§ã˛ Ï̂Ü˛Ó̊ üyôƒ Ï̂ü

H2ÈÙÈˆÜ˛ ̂ û˛ˆÏä ATP í˛zÍ˛õß¨ Ü˛ˆÏÓ˚ ~ÓÇ e– ü%_´ Ü˛ˆÏÓ˚ Îy N2 §ÇÓ¶˛ö ≤Ã!e´Î˚yÎ˚ ̨ õ%öÓ˚yÎ˚ ÓƒÓ•*ï˛ •Î˚ (Marschner,
1995)– öy•zˆÏê˛ΔyˆÏçˆÏöç í˛zÍ§ˆÏã˛Ü˛ ï˛sf §üö ò«˛ï˛yÎ˚ öy•zˆÏê˛ΔyˆÏçöñ •y•zˆÏí»˛yˆÏçö ~ÓÇ xƒy!§!ê˛!°ö (C2H2) ˆÜ˛

!Óçy!Ó˚ï˛ Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚–

~•z Ü˛yÓ˚ˆ Ïî öy•zˆ Ïê˛ Δyˆ ÏçˆÏöˆÏçÓ˚ ÓyˆÏÎ˚y°!çÜ˛ƒy°

§!e´Î˚ï˛yÓ˚ ≤Ãüyî ˆÎ ˛õÓ˚#«˛yÓ˚ myÓ˚y •Î˚ ï˛yˆÏÜ˛ ÓˆÏ°

Úxƒy!§!ê˛!°ö !Ó˚í˛yÜ˛¢ö ˆê˛fiê˛Û– àƒy§ÈÙÈ!°Ü%˛ƒ•zí˛ÈÙÈ

ˆe´yüy Ï̂ê˛y@ˇÃy!ú˛ (GLC) ̨õk˛!ï˛ Ï̂ï˛ ~•z ̨õÓ̊#«˛y Ü˛Ó̊y ÎyÎ̊–

xyÓ˚ ~Ü˛!ê˛ !Ó£ÏÎ˚Ä ˆçˆÏö Ó˚yáy òÓ˚Ü˛yÓ˚– ˆ§!ê˛ •°ñ

Fe – Mo – Co ~Ü˛!ê˛ ü!°ÓˆÏí˛öyü (Mo) !öû≈˛Ó˚

ˆ≤Ãy!ê˛öñ üy!ê˛ˆÏï˛ Mo âyê˛!ï˛ ÌyÜ˛ˆÏ° öy•zˆÏê˛ΔyˆÏçˆÏöç

~Ü˛!ê˛ !ÓÜ˛“ í˛y•zÈÙÈöy•zˆÏê˛ΔyˆÏçˆÏöç àë˛ö Ü˛ˆÏÓ˚ ˆÎáyˆÏö Mo, û˛ƒyöy!í˛Î˚yü (Va) myÓ˚y ≤Ã!ï˛fliy!˛õï˛ •Î˚– ~ˆÏÜ˛ ÓˆÏ°

Fe –Va – Co ˆ≤Ãy!ê˛ö–

12.5 öy•ẑ Ïê Δ̨y Ï̂çö §ÇÓ¶˛ Ï̂öÓ˚ ̨õÓ˚Óï˛#≈ ̨õÎ≈yÎ˚ (Importance of N2 fixation)

Óyï˛y Ï̂§Ó̊ N2, öy•ẑ Ïê Δ̨y Ï̂ç Ï̂öç í z̨Í Ï̂§ã˛ Ï̂Ü˛Ó̊ üyôƒ Ï̂ü NH3-ˆï˛ Ó̊*˛õyhsˇ!Ó̊ï˛ • Ï̂°•z ≤ÃÜ,̨ ï˛ öy•ẑ Ïê Δ̨y Ï̂çö xy_#Ü˛Ó̊î

≤Ã!e´Î˚y!ê˛ §¡õy!òï˛ •Î˚– !Ü˛v xyüÓ˚y çy!ö ˆÎ NH3 SÎy í˛z!qòˆÏÜ˛yˆÏ£Ï 4NH  xyÎ˚öÓ˚*ˆÏ˛õ ÌyˆÏÜ˛V ~Ü˛!ê˛ ï˛#Ó 

C2H2 H+ N2

C2H4 H2 2NH+
4

2e– 8e–
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!Ó£Ïy_´ ˛õòyÌ≈– í˛z!qòˆÏÜ˛y£Ï ï˛y•z ~•z 4NH -ˆÜ˛ o&ï˛ !Ó!û˛ß¨ xƒyüy•zˆÏöy xˆÏ¡‘ Ó˚*˛õyhsˇ!Ó˚ï˛ Ü˛ˆÏÓ˚– í˛z!qòˆÏÜ˛yˆÏ£Ï

2-xˆÏ:y@’%ê˛yˆÏÓ˚ê˛ ˆÎÔà 4NH  xyÎ˚ˆÏöÓ˚ §yˆÏÌ Î%_´ •ˆÏÎ˚ @’%ê˛yˆÏüê˛ x¡‘ ˜ï˛!Ó˚ Ü˛ˆÏÓ˚– ~•z ≤Ã!e´Î˚y!ê˛ @’%ê˛yˆÏüê˛

!í˛•y•zˆÏí»˛yˆÏçˆÏö§ í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ !öÎ˚sfîyô#ö– ˆÜ˛yˆÏ£ÏÓ˚ üy•zˆÏê˛yÜ˛!u»˛Î˚y NADH-~Ó˚ §y•yˆÏÎƒ ~ÓÇ ˆÜœ̨ yˆÏÓ˚y≤’yfiê˛

NADPH-~Ó˚ üyôƒˆÏü 2-xˆÏ:y@’%ê˛yˆÏÓ˚ê˛ˆÏÜ˛ !Óçy!Ó˚ï˛ Ü˛ˆÏÓ˚–

~•z @’%ê˛yˆÏüê˛ xyÓyÓ˚ 4NH  @ˇÃ•î Ü˛ˆÏÓ˚ @’%ê˛y!üö xƒyüy•zí˛ §,!‹T Ü˛ˆÏÓ˚– @’%ê˛y!üö !§ˆÏsiˆÏê˛ç í˛zÍˆÏ§ã˛Ü˛!ê˛ ~•z

!e´Î˚y !öÎ˚sfî Ü˛ˆÏÓ˚– ~•z !Ó!e´Î˚y ¢!_´!öû≈˛Ó˚ ~ÓÇ Mg2+, Mn2+ ≤Ãû,˛!ï˛ Ü˛ƒyê˛yÎ˚ö í˛zÍˆÏ§ã˛Ü˛!ê˛Ó˚ ˆÜ˛yÈÙÈú˛ƒyÜ˛ê˛Ó˚ Óy

§•ÈÙÈí˛z˛õyòö Ó˚*ˆÏ˛õ Ü˛yç Ü˛ˆÏÓ˚–

ç

N2 §ÇÓ¶˛öÜ˛yÓ˚# í˛z!qˆÏòÓ˚ çy•zˆÏ°ü Ó˚§ !ÓˆÏŸ’£Ïî Ü˛ˆÏÓ˚ ˆòáy ˆàˆÏåÈ ˆÎ öy!ï˛¢#ˆÏï˛y£è xM˛ÈˆÏ°Ó˚ í˛z!qˆÏòÓ˚y

(Pisum, Vicia, Lens ≤Ãû,˛!ï˛V çy•zˆÏ°ˆÏüÓ˚ üyôƒˆÏü @’%ê˛y!üö Óy xƒy§˛õyÓ˚y!çö çyï˛#Î˚ xƒyüy•zí˛ §Ó˚ÓÓ˚y•

Ü˛ˆÏÓ˚ !Ü˛v @ˇÃ#‹øü[˛ˆÏ°Ó˚ í˛z!qˆÏòÓ˚y (Glycine, Arachis, Phaseolus •zï˛ƒy!òV 4NH
ÈÙÈˆÜ˛ •zí˛zÓ˚y•zí˛ ˆÎÔˆÏà

Ó˚*˛õyhsˇ!Ó˚ï˛ Ü˛ˆÏÓ˚ çy•zˆÏ°ˆÏüÓ˚ üyôƒˆÏü ˛õ!Ó˚Ó•ö Ü˛ˆÏÓ˚– ~•zû˛yˆÏÓ•z Óyï˛yˆÏ§Ó˚ N2 ≤ÃÌ Ï̂ü NH3 Ä ˛õÓ˚Óï˛#≈ ˛õÎ≈yˆÏÎ˚

!Ó!û˛ß¨ xƒyüy•zˆÏöy x¡‘ Ä xöƒyöƒ öy•zˆÏê˛ΔyˆÏçöÎ%_´ ˆÎÔˆÏà Ó˚*˛õyhsˇ!Ó˚ï˛ •ˆÏÎ˚ í˛z!qˆÏòÓ˚ ˛õ%!‹T§yôö Ü˛ˆÏÓ˚–
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12.6 öy•ẑ Ïê Δ̨y Ï̂çö §ÇÓ¶˛ Ï̂öÓ̊ =Ó̊&c (Importance of N2 fixation)

Óyï˛yˆÏ§ ˛õÎ≈yÆ ˛õ!Ó˚üyˆÏî N2 ÌyÜ˛ˆÏ°Ä ~•z àƒy§ §•ˆÏç !Ó!e´Î˚y¢#° öy •ÄÎ˚yÓ˚ çöƒ í˛z!qò N2ÈÙÈˆÜ˛

§yôyÓ˚îû˛yˆÏÓ ˆÜ˛yˆÏöy ˜çÓ xî%ˆÏï˛ Ó˚*˛õyhsˇ!Ó˚ï˛ Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ öy– N2 §ÇÓ¶˛ö •° ~Ü˛ !ÓˆÏ¢£Ï ≤Ã!e´Î˚y ÎyÓ˚

üyôƒˆÏü N2 xî% NH3-ˆï˛ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚– fl∫yô#öç#Ó# ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y Ä ö#°yû˛ §Ó%ç ˜¢Óy° ~•z ˛õk˛!ï˛ˆÏï˛ N2

xyÓk˛ Ü˛ˆÏÓ˚ üy!ê˛Ó˚ í˛zÓ≈Ó˚y¢!_´ Óy!í˛¸ˆÏÎ˚ ˆòÎ˚– Anabaena, Aulosira ≤Ãû,˛!ï˛ ö#°yû˛ §Ó%ç ˜¢Óy° ˛õ,!ÌÓ#Ó˚

e´y!hsˇü[˛°#Î˚ xM˛ÈˆÏ°Ó˚ ôyöˆÏ«˛ï˛=!°ˆÏï˛ ˛õÎ≈yÆ ˛õ!Ó˚üyˆÏî N2 xyÓk˛ Ü˛ˆÏÓ˚– ~üö!Ü˛ üÓ˚&û)˛!ü xM˛ÈˆÏ°Ó˚ ç!üˆÏÜ˛

í˛zÓ≈Ó˚ Ü˛Ó˚̂ Ïï˛Ä ~•z ˆ◊!îÓ˚ ˜¢Óy° !ÓˆÏ¢£Ïû˛yˆÏÓ Ü˛yÎ≈Ü˛Ó˚#– ~•z Ü˛yÓ˚̂ Ïî !Ó!û˛ß¨ fl∫yô#öç#Ó# ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y Ä ö#°yû˛

§Ó%ç ˜¢Óy°ˆÏÜ˛ Óï≈˛üyˆÏö ˜çÓ§yÓ˚ (Biofertilizer) !•§yˆÏÓ ÓƒÓ•yÓ˚ Ü˛Ó˚y •Î˚–

Rhizobium çyï˛#Î˚ !üˆÏÌyç#Ó# ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y !¢¡∫çyï˛#Î˚ í˛z!qˆÏò §Ó˚y§!Ó˚ NH3 §Ó˚ÓÓ˚y• Ü˛ˆÏÓ˚– ~•z

!üˆÏÌyç#!ÓˆÏcÓ˚ üyôƒˆÏü•z §yÓ˚y ˛õ,!ÌÓ#ˆÏï˛ ÓåÈˆÏÓ˚ ≤ÃyÎ˚  5.46 × 106 ê˛ö xyî!ÓÜ˛ N2-~Ó˚ Ó¶˛ö âˆÏê˛–

≤Ã§Dï˛ í˛zˆÏÕ‘áˆÏÎyàƒ ̂ Î N2 §ÇÓ¶˛ˆÏöÓ˚ üyôƒˆÏü ≤ÃyÌ!üÜ˛ ̨õÎ≈yˆÏÎ˚ ̂ Î NH3 í˛zÍ˛õß¨ •Î˚ ï˛y !Ó£Ïy_´ Óy «˛!ï˛Ü˛Ó˚–

ï˛y•z ˜çÓ Ó˚y§yÎ˚!öÜ˛ !Ó!e´Î˚yÓ˚ üyôƒˆÏü NH3, @’%ê˛y!üö x¡‘ Ä @’%ê˛y!üöÓ˚*ˆÏ˛õ ˆ≤ÃyˆÏê˛y≤’yçˆÏü xD#û)˛ï˛ •Î˚– C3

í˛z!qˆÏòÓ˚y NH3 ˆÌˆÏÜ˛ xƒy§˛õyÓ˚!ê˛Ü˛ x¡‘ñ xƒy°y!öö ≤Ãû,˛!ï˛ xƒyüy•zˆÏöy x¡‘ §ÇˆÏŸ’£Ï Ü˛ˆÏÓ˚– xyˆÏ°yÜ˛Ÿª§öÜ˛yÓ˚#

í˛z!qˆÏò NH3, @’y•zx:y•z!°Ü˛ xˆÏ¡‘Ó˚ §yˆÏÌ Î%_´ •ˆÏÎ˚ @’y•z!§ö Ä ˆ§!Ó˚ö öyüÜ˛ xƒyüy•zˆÏöy x¡‘ àë˛ö Ü˛ˆÏÓ˚–

fl∫yû˛y!ÓÜ˛û˛yˆÏÓ•z ~•z xƒyüy•z~ˆÏöy x¡‘=!° í˛z!qòˆÏòˆÏ• ˆ≤Ãy!ê˛ö í˛zÍ˛õyòˆÏöÓ˚ •yÓ˚ Óy!í˛¸ˆÏÎ˚ ˆòÎ˚– ~åÈyí˛¸y

ˆ≤ÃyˆÏê˛y≤’yçˆÏü xD#û)˛ï˛ N2, !Ó!û˛ß¨ ˜çÓ Ó˚y§yÎ˚!öÜ˛ !Ó!e´Î˚yÓ˚ üyôƒˆÏü !öí˛z!Üœ̨ Ü˛ x¡‘ñ x!:ö çyï˛#Î˚ •Ó˚̂ Ïüyö

í˛zÍ˛õyòˆÏö §•yÎ˚ï˛y Ü˛ˆÏÓ˚– ~•zû˛yˆÏÓ•z öy•zˆÏê˛ΔyˆÏçö §ÇÓ¶˛ö ≤Ã!e´Î˚y í˛z!qòˆÏòˆÏ• ≤ÃˆÏÎ˚yçö#Î ̊N2 §Ó˚ÓÓ˚y• Ü˛ˆÏÓ˚

xï˛ƒyÓ¢ƒÜ˛ ˜çÓ xî% §ÇˆÏŸ’£Ï §•yÎ˚ï˛y Ü˛ˆÏÓ˚–

12.7 öí‰˛ ú˛ƒyÜ˛ê˛Ó˚ñ öí‰˛ !çö Ä !öú‰˛ !çö (Nod factor, nod gene and nif
gene)

(a) öí‰˛ ú˛ƒyÜ˛ê˛Ó˚     (Nod factor) : í˛z!qòü)ˆÏ°Ó˚ !öÜ˛ê˛Óï˛#≈ •ÄÎ˚yÓ˚ §yˆÏÌ §yˆÏÌ Rhizobium ˆÎ !ÓˆÏ¢£Ï

xÓ≈%ò í z̨Í˛õyòöÜ˛yÓ̊# í z̨̨ õyòyö=!° §,!‹T Ü˛ Ï̂Ó̊ ï˛y Ï̂òÓ̊ öí%̨ Ï̂°¢ö ú˛ƒyÜ˛ê˛Ó̊§‰ Óy öí‰̨  ú˛ƒyÜ˛ê˛Ó̊§‰ (Nodulation factors
or nod factors) ÓˆÏ°– ~=!° Ó˚y§yÎ˚!öÜ˛û˛yˆÏÓ °y•zˆÏ˛õyÈÙÈÜ˛y•zˆÏê˛yx!°ˆÏàyÈÙÈ§ƒyÜ˛yÓ˚y•zí˛ xÌ≈yÍ Ü˛y•z!ê˛ˆÏöÓ˚ ~Ü˛!ê˛

í˛z˛õçyï˛ ˛õòyÌ≈– Ü˛y•z!ê˛ˆÏö N-xƒy!§ê˛y•z°ÈÙÈD-@’%ˆÏÜ˛yçƒyüy•zö ~Ü˛Ü˛=!° β – 1 → 4 @’y•zˆÏÜ˛y§y•z!í˛Ü˛ Ó¶˛ö#Ó˚

üyôƒˆÏü ˛õ!°üyÓ˚ àë˛ö Ü˛ˆÏÓ˚– öí‰˛ ú˛ƒyÜ˛ê˛Ó˚=!°Ó˚ àë˛öÄ xö%Ó˚*˛õ !Ü˛v ~•z xî%=!°Ó˚ ~Ü˛≤ÃyˆÏhsˇ ˆfl¨•ç x¡‘

(Fatty acid) ≤Ã!ï˛fliy!˛õï˛ •ˆÏÎ˚ xƒy!§ê˛y•z° @ˇÃ&ˆÏ˛õÓ˚ §ÇˆÏÎyçö •Î˚– Rhizobium !öÉ§,ï˛ öí‰˛ ú˛ƒyÜ˛ê˛Ó˚§‰ üy!ê˛ˆÏï˛

~ˆÏ§ í˛z!qòü)ˆÏ°Ó˚ ü)°ˆÏÓ˚yˆÏüÓ˚ §Çáƒy Ó,!k˛ Ü˛ˆÏÓ˚ñ ü)°ˆÏÓ˚yˆÏü Óe´ï˛y âê˛yÎ˚ Ä ̂ °Ü˛!ê˛ö í˛zÍ˛õyòö Ü˛ˆÏÓ˚ Rhizobium
ˆÜ˛ ü)ˆÏ°Ó˚ §yˆÏÌ xyÓk˛ Ü˛Ó˚̂ Ïï˛ §•yÎ˚ï˛y Ü˛ˆÏÓ˚–
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(b) öí‰˛ !çö     (nod gene) : öí‰˛ ú˛ƒyÜ˛ê˛Ó˚§‰ Óy öí‰˛ í˛z˛õyòyö=!°Ó˚ §ÇˆÏŸ’£Ï ˆÎ !çö=!°Ó˚ üyôƒˆÏü !öÎ˚!sfï˛

•Î˚ ï˛yˆÏòÓ˚ ~Ü˛ˆÏe öí%˛ˆÏ°¢ö !çö Óy §ÇˆÏ«˛ˆÏ˛õ öí‰˛ (nod)  !çö ÓˆÏ°–

§y¡±!ï˛Ü˛Ü˛yˆÏ° Rhizobium ˆÌˆÏÜ˛ 24!ê˛ öí‰˛ !çö (nod gene) xy!Ó‹,Òï˛ •ˆÏÎ˚̂ ÏåÈ– ~ˆÏòÓ˚ üˆÏôƒ nod A,
nod B, nod C !çö !ï˛ö!ê˛ Rhizobium, Azorhizobium, Bradyrhizobium-~Ó˚ §ühflÏ ≤Ãçy!ï˛ˆÏï˛•z

˛õyÄÎ˚y ÎyÎ˚– ï˛y•z ~•z !ï˛ö!ê˛ !çöˆÏÜ˛ §yôyÓ˚î öí‰˛ !çö ÓˆÏ°– nod D öyüÜ˛ xyˆÏÓ˚Ü˛!ê˛ !ÓˆÏ¢£Ï =Ó˚&c˛õ)î≈

!çö xy!Ó‹,Òï˛ •ˆÏÎ˚ˆÏåÈ– nod D !çö ˆÌˆÏÜ˛ í˛zÍ˛õy!òï˛ ˆ≤Ãy!ê˛ö §yôyÓ˚î öí‰˛ !çö=!°Ó˚ ê˛Δy™!e´˛õ¢ö

(Transcription) ≤Ã!e´Î˚yˆÏÜ˛ cÓ˚y!ß∫ï˛ Ü˛ˆÏÓ˚ !Ó!û˛ß¨ öí‰˛ ú˛ƒyÜ˛ê˛Ó˚=!° í˛zÍ˛õß¨ Ü˛ˆÏÓ˚– !Ó!û˛ß¨ öí˛‰ !çö=!°Ó˚

Ü˛yÎ≈Ü˛y!Ó˚ï˛y !ö¡¨!°!áï˛û˛yˆÏÓ Óƒyáƒy Ü˛Ó˚y ÎyÎ˚ ≠

(c) !öú˛ !çö     (nif gene) : ̂ Î !ÓˆÏ¢£Ï !çö öy•zˆÏê˛ΔyˆÏçö §ÇÓ¶˛ö ≤Ã!e´Î˚yˆÏÜ˛ !öÎ˚sfî Ü˛ˆÏÓ˚ ï˛yˆÏÜ˛ !öú˛ !çö

ÓˆÏ°– ~•z nif !çö ≤Ãôyöï˛ öy•zˆÏê˛ΔyˆÏçˆÏö§ í˛zÍˆÏ§ã˛Ü˛!ê˛ §ÇˆÏŸ’£Ï Ü˛ˆÏÓ˚– Klebsiella pheumoniae öyüÜ˛

ÓƒyÜ˛ Ï̂ê˛!Ó̊Î̊y Ï̂ï˛ xhsˇï˛˛õ Ï̂«˛ 17!ê˛ nif !ç Ï̂öÓ̊ x!hflÏc ̨õyÄÎ̊y ̂ à Ï̂åÈ ÎyÓ̊y 7!ê˛ Ä Į̈̂ õÓ̊ Ï̂ö §!Iï˛ Ìy Ï̂Ü˛– öy•ẑ Ïê Δ̨y Ï̂çö

§ÇÓ¶˛öÜ˛yÓ̊# ÓƒyÜ˛ Ï̂ê˛!Ó̊Î̊yÎ̊ nif !çö=!° ò°Ók˛ xÓfliyÎ̊ Ìy Ï̂Ü˛ ~ÓÇ §Ó Ï̂«˛ Ï̂e•z ~•z nif !çö=FåÈ his Ä Į̈̂ õÓ̊ö!ê˛Ó̊

(Histidine Operon) §Ç°@¿Óï˛#≈ •Î̊– ÓƒyÜ˛ Ï̂ê˛!Ó̊Î̊yÓ̊ DNA-~Ó̊ nif !çö xM Ę̀°!ê˛ 24 kb S!Ü˛ Ï̂°y Ï̂Ó§V ̃ òâ≈ƒ§¡õß̈

•Î˚–
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≤ÃÌü nif !çö=!° !ö¡¨!°!áï˛ ≤Ã!e´Î˚yÎ˚ §!¡ø!°ï˛û˛yˆÏÓ öy•zˆÏê˛ΔyˆÏçˆÏö§ í˛zÍˆÏ§ã˛Ü˛!ê˛Ó˚ §ÇˆÏŸ’£Ï Ü˛ˆÏÓ˚ ≠

xö%¢#°ö# ≠     2

1. ¢)öƒfliyö ˛õ)Ó˚î Ü˛Ó˚&ö ≠

SÜ˛V !¢¡∫çyï˛#Î˚ í˛z!qòü)ˆÏ°Ó˚ xÓ≈%ˆÏò ______ öyüÜ˛ ˛Ó˚OÜ˛ Ü˛îy ˛õyÄÎ˚y ÎyÎ˚–

SáV ˆ°à!•ˆÏüyˆÏ@’y!ÓˆÏöÓ˚ xyî!ÓÜ˛ Äçö _______ ~ÓÇ ~•z xî%ˆÏï˛ ¢ï˛Ü˛Ó˚y ______ û˛yà Fe
ÌyˆÏÜ˛–

2. §!ë˛Ü˛ í˛z_Ó˚!ê˛Ó˚ ˛õyˆÏ¢     '  ' !ã˛•´ !òö ≠

SÜ˛V Nod ú˛ƒyÜ˛ê˛Ó˚ ~Ü˛!ê˛

(i)  Ü˛y•z!ê˛öçyï˛#Î˚ ˛õòyÌ≈ó  (ii)  ˆ≤Ãy!ê˛öçyï˛#Î˚ ˛õòyÌ≈ó  (iii)  ¢Ü≈˛Ó˚y–

SáV Bradyrhizobium

(i)  ˆ§yÎ˚yÓ#öó  (ii)  üê˛Ó˚ó  (iii)  xy°ú˛y°ú˛y àyˆÏåÈ N2 §ÇÓ¶˛ö Ü˛ˆÏÓ˚–

SàV Rhizobium ~Ü˛!ê˛

(i)  xÓyÎ˚%ç#Ó# ÓƒyÜ˛ˆÏê˛!Ó˚Î˚yó  (ii)  ü,ï˛ç#Ó# ÓƒyÜ˛ˆÏê˛!Ó˚Î˚yó  (iii)  ÓyÎ˚%ç#Ó# ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y
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12.8 §yÓ̊yÇ¢ (Summary)

N2 §ÇÓ¶˛ö ≤Ã!e´Î˚yÓ˚ üyôƒˆÏü Óyï˛yˆÏ§Ó˚ N2 xƒyˆÏüy!öÎ˚yˆÏï˛ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚– ˆÜ˛Ó°üye ÓƒyÜ˛ˆÏê˛!Ó˚Î˚y Ä

ö#°yû˛ §Ó%ç ˜¢Óy° ~•z ≤Ã!e´Î˚y §¡õyòö Ü˛ˆÏÓ˚ Î!òÄ Óƒ!ï˛e´ü !•§yˆÏÓ Ü˛ˆÏÎ˚Ü˛!ê˛ xƒy!QˆÏöyüy•zˆÏ§!ê˛§ ˆàyˆÏeÓ˚

í˛z!qò Ä {fiê˛ çyï˛#Î˚ åÈeyˆÏÜ˛Ó˚ öyü Ü˛Ó˚y ÎyÎ˚–

í˛z!qòçàˆÏï˛ Rhizobium !¢¡∫ˆÏàye#Î˚ í˛z!qˆÏòÓ˚ !üˆÏÌyç#!ÓˆÏcÓ˚ üyôƒˆÏü N2 §ÇÓ¶˛ö ≤Ã!e´Î˚y §ÓˆÏã˛ˆÏÎ˚

xyÜ˛£Ï≈î#Î˚– Rhizobium !Ó!û˛ß¨ nod !çˆÏöÓ˚ üyôƒˆÏü Ü˛ï˛Ü˛=!° Nod factor í˛zÍ˛õß¨ Ü˛ˆÏÓ˚ ÎyÓ˚y í˛z!qòü)ˆÏ°

xÓ≈%ò àë˛ˆÏö §•yÎ˚ï˛y Ü˛ˆÏÓ˚– xÓ%≈ˆÏò ˆ°à‰!•ˆÏüyˆÏ@’y!Óö öyˆÏü ~Ü˛!ê˛ °y°ˆÏã˛ ˆày°y˛õ# ÓˆÏî≈Ó˚ Ó˚OÜ˛ Ü˛îy í˛zÍ˛õß¨

•Î˚– ˆ°à!•ˆÏüyˆÏ@’y!Óö Óyï˛yˆÏ§Ó˚ O2ÈÙÈˆÜ˛ xyÓk˛ Ü˛ˆÏÓ˚ ÓyÎ˚%ç#Ó# Rhizobium-~Ó˚ Ÿª§öfliˆÏ° §%!ö!ò≈‹Tû˛yˆÏÓ

ˆ˛õÑÔˆÏåÈ ˆòÎ˚ ÎyˆÏï˛ !ÓçyÓ˚îôü#≈ NH3 í˛zÍ˛õyòö ≤Ã!e´Î˚y!ê˛ Óƒy•ï˛ öy •Î˚– öy•zˆÏê˛ΔyˆÏçˆÏö§ í˛zÍˆÏ§ã˛Ü˛ N2ÈÙÈˆÜ˛

NH3ÈÙÈˆï˛ Ó˚*˛õyhsˇ!Ó˚ï˛ Ü˛ˆÏÓ˚– ~•z í˛zÍˆÏ§ã˛Ü˛!ê˛ Fe ˆ≤Ãy!ê˛ö Ä MoFe ˆ≤Ãy!ê˛ˆÏöÓ˚ §üß∫̂ ÏÎ˚ à!ë˛ï˛–

≤ÃyÌ!üÜ˛û˛yˆÏÓ §ÇÓ¶˛ö ≤Ã!e´Î˚yÎ˚ ˆÎ NH3 í˛zÍ˛õß¨ •Î˚ ï˛y !Ó!û˛ß¨ xƒyüy•zˆÏöy xˆÏ¡‘ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚– ~åÈyí˛¸y

ˆ≤ÃyˆÏê˛y≤’yçˆÏü xD#û)˛ï˛ N2 ˆ≤Ãy!ê˛öñ x!:ö çyï˛#Î˚ •Ó˚̂ Ïüyöñ !öí˛z!Üœ̨ Ü˛ x¡‘ ≤Ãû,˛!ï˛ xï˛ƒyÓ¢ƒÜ˛ N2 Ù Èâ!ê˛ï˛

˜çÓ xî% §ÇˆÏŸ’ˆÏ£Ï ≤Ãï˛ƒ«˛û˛yˆÏÓ §•yÎ˚ï˛y Ü˛ˆÏÓ˚– ~•z Ü˛yÓ˚̂ Ïî•z í˛z!qò˛õ%!‹TˆÏï˛ N2 §ÇÓ¶˛ˆÏöÓ˚ =Ó˚&c x˛õ!Ó˚§#ü–

12.9 §Ó≈̂ Ï¢£Ï ≤ÃŸ¿yÓ!° (Terminarl Questions)

1. ~Ü˛ Ü˛ÌyÎ˚ í˛z_Ó˚ !òö ≠

SÜ˛V ~Ü˛!ê˛ x˜ÏçÓ ≤Ã!e´Î˚yÓ˚ öyü !°á%ö ÎyÓ˚ §y•yˆÏÎƒ NH3 í˛zÍ˛õß¨ •Î˚–

SáV ~Ü˛!ê˛ fl∫yô#öç#Ó# ÓƒyÜ‰˛ˆÏê˛!Ó˚Î˚yÓ˚ öyü !°á%ö–

SàV ~Ü˛!ê˛ ö#°yû˛ §Ó%ç ˜¢ÓyˆÏ°Ó˚ öyü í˛zˆÏÕ‘á Ü˛Ó˚&ö Îy ôyöˆÏ«˛ˆÏï˛ N2 §ÇÓ¶˛ö Ü˛ˆÏÓ˚–

SâV O2-~Ó˚ ≤Ãû˛yˆÏÓ Fe ˆ≤Ãy!ê˛ˆÏöÓ˚ xô≈«˛Î˚Ü˛y° Ü˛ï˛⁄

2. ¢)öƒfliyö ˛õ)Ó˚î Ü˛Ó˚&ö ≠

SÜ˛V nif !çö §Ó≈òy•z ______ ÄˆÏ˛õÓ˚ˆÏöÓ˚ !öÜ˛ê˛Óï˛#≈ xÓfliyÎ˚ ÌyˆÏÜ˛–

SáV ~Ü˛ xî% NH3 í˛zÍ˛õyòö Ü˛Ó˚ˆÏï˛ ______ xî% ATP °yˆÏà–

SàV N2 ≤ÃÌ Ï̂ü _____, ˛õˆÏÓ˚ ______ í˛zÍ˛õß¨ Ü˛ˆÏÓ˚ ˛õ!Ó˚ˆÏ¢ˆÏ£Ï NH3 §,!‹T Ü˛ˆÏÓ˚–

SâV _____ í˛zÍˆÏ§ã˛Ü˛!ê˛ @’%ê˛yˆÏüê˛ ˆÌˆÏÜ˛ @’%ê˛y!üö ˜ï˛!Ó˚ Ü˛ˆÏÓ˚–
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3. §!ë˛Ü˛ í˛z_ˆÏÓ˚Ó˚ ˛õyˆÏ¢     '  ' !ã˛•´ !òö ≠

SÜ˛V  Rhizobium ü)ˆÏ°Ó˚ §yˆÏÌ xyÓk˛ Ü˛Ó˚yÓ˚ çöƒ !ö¡¨!°!áï˛ ˆÎÔà!ê˛ òyÎ˚#

(i) ˆ°Ü˛!ê˛ö

(ii) ˆ≤Ãy!ê˛ö

(iii) ˆ°à!•ˆÏüyˆÏ@’y!Óö

SáV §Çe´üî §)e ˆòáy ÎyÎ˚

(i) àyˆÏåÈÓ˚ ˛õyï˛yÎ˚

(ii) ü)ˆÏ°Ó˚ Ó!•ÉhflÏˆÏÓ˚

(iii) çy•zˆÏ°ˆÏü

SàV N2 §ÇÓ¶˛ˆÏöÓ˚ çöƒ ≤ÃˆÏÎ˚yçö#Î˚ ATP Ä H2 ˛õyÄÎ˚y ÎyÎ˚

(i) @’%ê˛yˆÏüê˛ ˆÌˆÏÜ˛ @’%ê˛y!üö í˛zÍ˛õyòˆÏöÓ˚ §üˆÏÎ˚

(ii) 4NH  ˆÌˆÏÜ˛ •zí˛zÓ˚y•zí˛ ˆÎÔà àë˛ˆÏöÓ˚ §üˆÏÎ˚

(iii) ˛õy•zÓ˚&!û˛Ü˛ x¡‘ ˆÌˆÏÜ˛ xƒy!§ˆÏê˛ê˛ í˛zÍ˛õyòˆÏöÓ˚ §üˆÏÎ˚–

12.10  í˛z_Ó˚üy°y (Key of the Answers)

xö%¢#°ö#ÈÙÙÙÈ1

1. SÜ˛V fl∫yô#öç#Ó# ÓƒyÜ‰˛ˆÏê˛!Ó˚Î˚y

SáV xƒyˆÏüy!öÎ˚y §,!‹T •Î˚

SàV xƒyÜ˛!ê˛ˆÏöyüy•zˆÏ§!ê˛§

2. SÜ˛V Rhizobium, !¢¡∫çyï˛#Î˚ñ xÓ≈%ò

SáV í˛z•zˆÏöy@ˇÃyí˛!flÒñ 1893, Clostridium pasteurianum

SàV í z̨̨ õ«˛yÓ̊ñ IAA
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xö%¢#°ö#ÈÙÙÙÈ2

1. SÜ˛V ˆ°à!•ˆÏüyˆÏ@’y!Óö

SáV 34,000, 0.34

SàV nif  H, nif  K

2. SÜ˛V Ü˛y•z!ê˛öçyï˛#Î˚ ˛õòyÌ≈

SáV §Î˚yÓ#ö

SàV ÓyÎ˚%ç#Ó# ÓƒyÜ‰˛ˆÏê˛!Ó˚Î˚y

§Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°# ≠

1. SÜ˛V ˆ•ÓyÓ˚ÈÙÈ~Ó˚ ˛õk˛!ï˛

SáV Azotobacter agilis

SàV Aulosira fertilisima

SâV 30-45 ˆ§ˆÏÜ˛u˛

2. SÜ˛V !•!fiê˛!í˛ö

SáV 16

SàV í˛y•zÈÙÈ•züy•zöñ •y•zí»˛y!çö

SâV @’%ê˛y!üö !§ˆÏsiˆÏê˛ç

3. SÜ˛V ˆ°Ü˛!ê˛ö

SáV ü)ˆÏ°Ó˚ Ó!•ÉhflÏˆÏÓ˚

SàV ˛õy•zÓ˚&!û˛Ü˛ x¡‘ ˆÌˆÏÜ˛ xƒy!§ˆÏê˛ê˛ í˛zÍ˛õyòˆÏöÓ˚ §üˆÏÎ˚
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~Ü˛Ü˛ 13 í˛z!qò ã˛°ö (Plant Movement)

àë˛ö

13.0 í ẑ̨ Ïj¢ƒ

13.1 ≤ÃhflÏyÓöy

13.2 í˛z!qˆÏòÓ˚ ã˛°ö

13.3 §yü!@ˇÃÜ˛ ã˛°ö

13.4 Óe´ã˛°ö

13.5 !òà!öî#≈ï˛ ã˛°ö Óy ê˛Δ!˛õÜ˛ ã˛°ö

13.6 ≤ÃÓ,_ Óy xy!Ó‹T Óe´ã˛°ö xÌÓy öƒy!fiê˛Ü˛ ã˛°ö

13.7 ö%̂ Ïê˛¢ö

13.8 Ó˚§fl≥˛#!ï˛ç!öï˛ ã˛°ö

13.9 §yÓ˚yÇ¢

13.10 §Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#

13.11 í˛z_Ó˚üy°y

13.0 í ẑ̨ Ïj¢ƒ

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xy˛õ!öÈÙÙÙÈ

 í˛z!qò ã˛°ö Ü˛ï˛ Ó˚Ü˛ˆÏüÓ˚ •Î˚ ˆ§ §¡∫̂ Ï¶˛ çyöˆÏï˛ ˛õyÓ˚̂ ÏÓö–

 !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ í˛z!qò ã˛°ö Ü˛#û˛yˆÏÓ •Î˚ ï˛y Óƒyáƒy Ü˛Ó˚̂ Ïï˛ ˛õyÓ˚̂ ÏÓö–

 ≤Ãôyö í˛z!qò ã˛°ö ≤Ã!e´Î˚y=!° Ü˛#û˛yˆÏÓ •Ó˚̂ Ïüyö myÓ˚y !öÎ˚!sfï˛ •Î˚ ï˛y ˆÓyé˛yˆÏï˛ ˛õyÓ˚̂ ÏÓö–

 !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ í˛z!qò ã˛°ˆÏöÓ˚ üˆÏôƒ Ü˛# ˛õyÌ≈Ü˛ƒ ï˛y Óƒyáƒy Ü˛Ó˚̂ Ïï˛ ˛õyÓ˚̂ ÏÓö–

13.1 ≤ÃhflÏyÓöy

ç#Óö#¢!_´Ó˚ xöƒï˛ü Ó!•É≤ÃÜ˛y¢ •° ã˛°ö– ¢yÓ˚#Ó˚Ó,_#Î˚ ≤ÃˆÏÎ˚yçˆÏö í˛z!qò ~Ü˛ fliyˆÏö !fliÓ˚ ̂ ÌˆÏÜ˛ ̂ Î ≤Ã!e´Î˚yÎ˚

ˆò•yÇˆÏ¢Ó˚ §M˛Èy°ö âê˛yÎ˚ ï˛yˆÏÜ˛ ã˛°ö ÓˆÏ°– !Ü˛å%È !ö¡¨ ˆ◊!îÓ˚ í˛z!qò xÓ¢ƒ ~Ü˛ fliyö ˆÌˆÏÜ˛ xöƒ
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fliyˆÏö àüö Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚– xyˆÏ°yñ ç° ≤Ãû,˛!ï˛ xï˛ƒyÓ¢ƒÜ˛ í˛z˛õyòyˆÏöÓ˚ §¶˛yˆÏö ~ÓÇ ≤ÃçöˆÏöÓ˚ ≤ÃˆÏÎ˚yçˆÏö í˛z!qˆÏò

ã˛°ö Ä àüö !e´Î˚y ˛õ!Ó˚°!«˛ï˛ •Î˚– ~•z ~Ü˛ˆÏÜ˛ xyüÓ˚y í˛z!qˆÏòÓ˚ !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ ã˛°ö Ä àüö §¡õˆÏÜ≈˛

xyˆÏ°yã˛öy Ü˛Ó˚Ó–

13.2 í z̨!q Ï̂òÓ̊ ã˛°ö (Movement in plants)

ã˛°ö í˛z!qˆÏòÓ˚ ~Ü˛!ê˛ !ÓˆÏ¢£Ï ˜Ó!¢‹Tƒ– ˜¢Óy°ñ åÈeyÜ˛ ≤Ãû,˛!ï˛ !ö¡¨̂ Ï◊!îÓ˚ í˛z!qˆÏò §yôyÓ˚îï˛ §ü@ˇÃ ˆòˆÏ•Ó˚

ã˛°ö ˆòáy ÎyÎ˚– í˛zFã˛ˆÏ◊!îÓ˚ í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe í˛z!qˆÏòÓ˚ ã˛°ö !ÓˆÏ¢£Ï Ü˛ï˛Ü˛=!° xˆÏD §#üyÓk˛ ÌyˆÏÜ˛– ~Ü˛ fliyˆÏö

!fliÓ˚ ˆÌˆÏÜ˛ í˛z!qò Îáö ï˛yÓ˚ ˆò•yÇà •zFåÈyüˆÏï˛y §M˛Èy!°ï˛ Óy xyˆÏ®y!°ï˛ Ü˛ˆÏÓ˚ ï˛yˆÏÜ˛ ã˛°ö ÓˆÏ°–

!Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ í˛z!qò ã˛°ö

í˛z!qˆÏòÓ˚ ã˛°öˆÏÜ˛ ò%Û!ê˛ ≤Ãôyö û˛yˆÏà û˛yà Ü˛Ó˚y ÎyÎ˚ÈÙÙÙÈ

1. §yü!@ˇÃÜ˛ ã˛°ö (Movement of locomotion)

2. Óe´ ã˛°ö (Movement of curvature)

í˛z!qˆÏòÓ˚ !Ó!û˛ß¨ ôÓ˚̂ ÏöÓ˚ ã˛°ö ˛õk˛!ï˛ Ä ≤ÃÜ˛yÓ˚̂ Ïû˛ò §¡õˆÏÜ≈˛ xyˆÏ°yã˛öy Ü˛Ó˚y •° S~Ü˛öçˆÏÓ˚ ã˛°ˆÏöÓ˚ åÈÜ˛!ê˛

˛õˆÏÓ˚Ó˚ ˛õyï˛yÎ˚ xyˆÏåÈñ !ã˛e 13.1V–

13.3 §yü!@ˇÃÜ˛ ã˛°ö     (Movement of locomotion)

§ÇK˛y ≠ Îáö ˆÜ˛yö í˛z!qò Óy í˛z!qòyÇà §yü!@ˇÃÜ˛û˛yˆÏÓ fliyö ˛õ!Ó˚Óï≈˛ö Ü˛ˆÏÓ˚ ï˛yˆÏÜ˛ §yü!@ˇÃÜ˛ ã˛°ö ÓˆÏ°–

§yü!@ˇÃÜ˛ ã˛°ö ò%Û≤ÃÜ˛yÓ˚ÈÙÙÙÈ

(A) fl∫ï˛Éfl≥)˛ï≈˛ ã˛°öÈÙÙÙÈ ˆÜ˛yˆÏöy ˆÜ˛yˆÏöy ~Ü˛ˆÏÜ˛y£Ï# í˛z!qò Îáö Óy•zˆÏÓ˚Ó˚ í˛zj#˛õˆÏÜ˛Ó˚ ≤Ãû˛yÓ åÈyí˛¸y•z ˆfl∫FåÈyÎ˚

fliyö ˛õ!Ó˚Óï≈˛ö Ü˛ˆÏÓ˚ ï˛yˆÏÜ˛ fl∫ï˛Éfl≥)˛ï≈˛ §yü!@ˇÃÜ˛ ã˛°ö Óy àüö ÓˆÏ°– ~•z ã˛°ö !ö¡¨!°!áï˛ ≤ÃÜ,˛!ï˛Ó˚ •Î˚–

(a) !§!°Î̊y!Ó̊ (ciliary) àüö ≠ !Ü˛å%È ~Ü˛ Ï̂Ü˛y£Ï# ̂ ¢Ä°y Ä ï˛yÓ̊ ã˛° Ï̂Ó̊î% xÌÓy ÷e´yî%çyï˛#Î̊ çöö Ï̂Ü˛y£Ï

!§!°Î˚yÓ˚ §y•yˆÏÎƒ fl∫ï˛Éfl≥)˛ï≈˛û˛yˆÏÓ fliyöyhsˇˆÏÓ˚ àüöyàüö Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚–

(b) úœ̨ y Ï̂ç°y!Ó̊ (flagellary) àüö ≠ Üœ̨ ƒyüy•ẑ Ïí˛y Ï̂üyöy§ (Chlamydomonas), û˛°û˛: (Volvox)
≤Ãû,˛!ï˛ ˆ¢Ä°yÓ˚ ˆòˆÏ• úœ˛yˆÏç°y öyüÜ˛ ã˛yÓ%ˆÏÜ˛Ó˚ üï˛ö ò#â≈ í˛z˛õyD ÌyˆÏÜ˛– úœ̨ yˆÏç°y !ÓˆÏ«˛ˆÏ˛õÓ˚

myÓ˚y ~Ó˚y fliyö ˆÌˆÏÜ˛ fliyöyhsˇˆÏÓ˚ àüö Ü˛ˆÏÓ˚– S!ã˛eÈÙÙÙÈ13.2)
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!ã˛e 13.1 ≠ !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ ã˛°ˆÏöÓ˚ åÈÜ˛

≤ÃÜ˛Ó˚î
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(c) xƒy!üÓˆÏÎ˚í˛ (Amoeboid) àüö ≠ !üˆÏ:yüy•z!§!ê˛§ öyüÜ˛ ~Ü˛˛≤ÃÜ˛yÓ˚ ̂ Ü˛y£Ï≤ÃyÜ˛yÓ˚!Ó•#ö í˛z!qˆÏò

xƒy!üÓyÓ˚ üï˛ö ˆÎÈÙÈàüö °«˛ƒ Ü˛Ó˚y ÎyÎ˚ ï˛yˆÏÜ˛ xƒy!üÓˆÏÎ˚í˛ àüö ÓˆÏ°– ˆÜ˛y£ÏyÓÓ˚î•#ö ~•z

í˛z!qò «˛î˛õˆÏòÓ˚ üˆÏï˛y í˛z˛õyD ˜ï˛!Ó˚ Ü˛ˆÏÓ˚ ˆ≤ÃyˆÏçy≤’yçüˆÏÜ˛ !ö!ò≈‹T !òˆÏÜ˛ §M˛Èy!°ï˛ Ü˛ˆÏÓ˚ S!ã˛e

13.3V–

(d) §y•zˆÏÜœ˛y!§§ (cyclosis) ≠ xˆÏöÜ˛ í˛z!qˆÏòÓ˚ ç#!Óï˛ ˆÜ˛yˆÏ£ÏÓ˚ ≤ÃyÜ˛yÓ˚Ók˛ ˆ≤ÃyˆÏê˛y≤’yçˆÏü !ÓˆÏ¢£Ï

~Ü˛ ôÓ˚̂ ÏöÓ˚ ã˛°ö ˆòáy ÎyÎ˚– ~•z ˛õk˛!ï˛ˆÏÜ˛ §y•zˆÏÜœ̨ y!§§ ã˛ˆÏ°– ˆ≤ÃyˆÏê˛y≤’yçˆÏüÓ˚ ã˛°ö ~Ü˛!ê˛ Óí ¸̨

ˆÜ˛y£Ï à•¥Ó˚ˆÏÜ˛ !âˆÏÓ˚ ~Ü˛•z !òˆÏÜ˛ •ˆÏï˛ ˛õyˆÏÓ˚ Sâ)î≈à!ï˛V xÌÓy !Ó!û˛ß¨ Ó,ˆÏ_ x!ö!ò≈‹T ˛õˆÏÌ •ˆÏï˛

˛õyˆÏÓ˚ SxyÓï≈˛à!ï˛V S!ã˛e 13.4)–

(B) ≤ÃÓ,_ §yü!@ˇÃÜ˛ ã˛°ö Óy xy!Ó‹T §yü!@ˇÃÜ˛ ã˛°ö Óy ê˛ƒyÜ˛!ê˛Ü˛ ã˛°ö     (Paratonic movement of
locomotion or Tactic movement) : í˛z!qˆÏòÓ˚ §yü!@ˇÃÜ˛ ã˛°ö Îáö Óy•zˆÏÓ˚Ó˚ í˛zj#˛õˆÏÜ˛Ó˚ myÓ˚y ≤Ãû˛y!Óï˛

•ˆÏÎ˚ ÌyˆÏÜ˛ ï˛áö ï˛yˆÏÜ˛ ≤ÃÓ,_ §yü!@ˇÃÜ˛ ã˛°ö Óy xy!Ó‹T §yü!@ˇÃÜ˛ ã˛°ö Óy ê˛ƒyÜ˛!ê˛Ü˛ ã˛°ö ÓˆÏ°–

~•z ≤ÃÜ˛yÓ˚ ã˛°öˆÏÜ˛ !ö¡¨!°!áï˛ Ü˛ˆÏÎ˚Ü˛!ê˛ û˛yˆÏà û˛yà Ü˛Ó˚y ÎyÎ˚ÈÙÙÙÈ

(a) ˆú˛y Ï̂ê˛yê˛ƒyÜ˛!ê˛Ü˛ (Phototactic) ã˛°ö ≠ í z̨!q Ï̂òÓ̊ §ü@ˇÃ ̂ ò•!ê˛ xy Ï̂°yÜ˛ í z̨j#˛õ Ï̂Ü˛Ó̊ ≤ÃÓy Ï̂Ó Îáö

~Ü˛ fliyö ˆÌˆÏÜ˛ xöƒ fliyˆÏö ÎyÎ˚ ï˛yˆÏÜ˛ ˆú˛yˆÏê˛yê˛ƒyÜ˛!ê˛Ü˛ ã˛°ö ÓˆÏ°– í˛zòy•Ó˚îÈÙÙÙÈ!Ü˛å%È ˆ¢Ä°y ï˛#Ó 

xyˆÏ°y ˆÌˆÏÜ˛ ò)ˆÏÓ˚ §ˆÏÓ˚ !àˆÏÎ˚ «˛#î xyˆÏ°yÓ˚ !òˆÏÜ˛ àüö Ü˛ˆÏÓ˚–

(b) ˆÜ˛ Ï̂üyê˛ƒyÜ˛!ê˛Ü˛ (Chemotactic) ã˛°ö ≠ §ü@ˇÃ í z̨!qò ̂ ò•!ê˛ Îáö Ó̊y§yÎ̊!öÜ˛ ̨õòy Ï̂Ì≈Ó̊ xyÜ˛£Ï≈̂ Ïî

~Ü˛ fliyö ̂ ÌˆÏÜ˛ xöƒ fliyˆÏö ÎyÎ˚ ï˛áö ï˛yˆÏÜ˛ ̂ Ü˛ˆÏüyê˛ƒyÜ˛!ê˛Ü˛ ã˛°ö ÓˆÏ°– í˛zòy•Ó˚îÈÙÙÙÈú˛yˆÏî≈Ó˚ flf#ôyö#

ˆÌˆÏÜ˛ üƒy!°Ü˛ xƒy!§í˛ öyüÜ˛ Ó˚y§yÎ˚!öÜ˛ ˛õòyÌ≈ !öÉ§,ï˛ •Î˚ ~ÓÇ ú˛yˆÏî≈Ó˚ ÷e´yî% ~•z Ó˚y§yÎ˚!öÜ˛

˛õòyÌ≈ myÓ˚y xyÜ,˛‹T •ˆÏÎ˚ flf#ôyö#Ó˚ !òˆÏÜ˛ ÎyÎ˚–

!ã˛e 13.3 : !ü Ï̂:yüy•z!§!ê˛ Ï̂§Ó̊ xƒy!üÓ Ï̂Î̊í˛ àüö

!ã˛e 13.2 : Üœ̨ ƒyüy•ẑ Ïí˛y Ï̂üyöy Ï̂§Ó̊ úœ̨ y Ï̂ç°y!Ó̊ àüö
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(c) ÌyˆÏü≈yê˛ƒyÜ˛!ê˛Ü˛ (Thermotactic) ã˛°ö ≠ Îáö í˛z£èï˛y í˛zj#˛õˆÏÜ˛Ó˚ Ü˛yç Ü˛ˆÏÓ˚ ~ÓÇ ÎyÓ˚ ú˛ˆÏ°

§ü@ˇÃ í˛z!qò!ê˛ ~Ü˛ fliyö ˆÌˆÏÜ˛ xöƒ fliyˆÏö ÎyÎ˚ ï˛áö ï˛yˆÏÜ˛ ÌyˆÏü≈yê˛ƒyÜ˛!ê˛Ü˛ ã˛°ö ÓˆÏ°–

í z̨òy•Ó̊îÈÙÙÙÈÜœ̨ ƒyüy•ẑ Ïí˛y Ï̂üyöy§ (Chlamydomonas) ̃ ¢Óy°!ê˛ ¢#ï˛° ç° ̂ Ì Ï̂Ü˛ fl∫“ àÓ̊ü ç Ï̂°Ó̊

x!û˛ü%ˆÏá àüö Ü˛ˆÏÓ˚–

!ã˛e 13.5 : Ó,!k˛ç ã˛°ö

!ã˛e 13.4. A : §y•ẑ ÏÜœ̨ y!§§ Sâ)î≈öà!ï˛V

!ã˛e 13.4. B : §y•ẑ ÏÜœ̨ y!§§ SxyÓï≈̨ à!ï˛V

NSOU  CC-BT-09  249



13.4 Óe´ã˛°ö     (Movement of curvature)

í˛zß¨ï˛ ˆ◊!îÓ˚ í˛z!qˆÏòÓ˚y üy!ê˛ˆÏï˛ xyÓk˛ ÌyÜ˛yÎ˚ ~Ü˛ fliyö ˆÌˆÏÜ˛ xöƒ fliyˆÏö ˆÎˆÏï˛ ˛õyˆÏÓ˚ öy– !Ü˛v öyöy Ü˛yÓ˚ˆÏî

ï˛yÓ˚y ï˛yˆÏòÓ˚ xD≤Ãï˛ƒDˆÏÜ˛ ã˛y°öy Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚ ~ÓÇ ~Ó˚ ú˛ˆÏ° ï˛yˆÏòÓ˚ xDÈÙÈ≤Ãï˛ƒD=!°ˆÏï˛ ˆÎ !ÓˆÏ¢£Ï ã˛°ö

°«˛ƒ Ü˛Ó˚y ÎyÎ˚ ï˛yˆÏÜ˛ Óe´ã˛°ö ÓˆÏ°–

(A) fl∫ï˛Éfl≥)̨ ï≈̨  Óe´ã˛°ö     (Autonomic movement of curvature) : í z̨!q Ï̂òÓ̊ ̂ Ü˛y Ï̂öy ̂ Ü˛y Ï̂öy x Ï̂DÓ̊

ã˛°ö ˆfl∫FåÈyÎ˚ xÌ≈yÍ í˛zj#˛õÜ˛ myÓ˚y ≤Ãû˛y!Óï˛ öy •ˆÏÎ˚•z §¡õy!òï˛ •Î˚ñ ï˛yˆÏÜ˛ fl∫ï˛Éfl≥)˛ï≈˛ Óe´ã˛°ö ÓˆÏ°– ~•z

≤ÃÜ˛yÓ˚ ã˛°ö ò%ÛÓ˚Ü˛ˆÏüÓ˚ •Î˚ÈÙÙÙÈ

(a) Ó,!k˛ç ã˛°ö     (Movement of growth) : í˛z!qˆÏòÓ˚ ̂ Î §Ó xD Óô≈ö¢#° ̂ §áyˆÏö x§üyö Ó,!k˛Ó˚

ú˛ˆÏ° Ó,!k˛ç ã˛°ö ˆòáy ÎyÎ˚– í˛zòy•Ó˚îÈÙÙÙÈú˛yî≈ àyˆÏåÈÓ˚ ˛õyï˛yÓ˚ ö#ˆÏã˛Ó˚ !˛õˆÏë˛Ó˚ ˆÜ˛y£Ï=!°Ó˚ ˆã˛ˆÏÎ˚

í˛z˛õˆÏÓ˚Ó˚ !˛õˆÏë˛Ó˚ ˆÜ˛y£Ï=!° ï˛yí˛¸yï˛y!í˛¸ Óyí˛¸yÓ˚ ú˛ˆÏ° Ü˛!ã˛ xÓfliyÎ˚ ˛õyï˛y=!° =!ê˛ˆÏÎ˚ ÌyˆÏÜ˛ñ ~•z

≤ÃÜ˛yÓ˚ x§üyö Ó,!k˛ˆÏÜ˛ •y•zˆÏ˛õyöƒy!fiê˛ (hyponasty) ÓˆÏ°– ˛õˆÏÓ˚ !Ó˛õÓ˚#ï˛ ã˛°ˆÏöÓ˚ ú˛ˆÏ° ˛õyï˛y=!°

á%ˆÏ° ÎyÎ˚ñ ~ˆÏÜ˛ ~!˛õöƒy!fiê˛ (epinasty) ÓˆÏ° S!ã˛eÈÙÈ13.5V–

(b) ≤ÃÜ˛Ó˚î ã˛°ö     (Movement of variation) : ̂ Ü˛yˆÏ£ÏÓ˚ Ó˚§fl≥˛#!ï˛Ó˚ •…y§ÈÙÈÓ,!k˛Ó˚ ú˛ˆÏ° í˛z!qò xˆÏDÓ˚

ˆÎ ã˛°ö ˆòáy ÎyÎ˚ ï˛yˆÏÜ˛ ≤ÃÜ˛yÓ˚î ã˛°ö ÓˆÏ°– í˛zòy•Ó˚îÈÙÙÙÈ!òˆÏöÓ˚ ˆÓ°yÎ˚ ÓöãÑ˛yí ¸̨y° (Desmodium
gyrans) í˛z!qˆÏòÓ˚ !eÈÙÈú˛°Ü˛ ˛õyï˛yÓ˚ ˛õyˆÏ¢Ó˚ ú˛°Ü˛ ò%Û!ê˛ ˆÜ˛yˆÏ£ÏÓ˚ Ó˚§fl≥˛#!ï˛Ó˚ ï˛yÓ˚ï˛ˆÏüƒÓ˚ ú˛ˆÏ°

Äë˛yöyüy Ü˛ˆÏÓ˚ S!ã˛e ÈÙÈ13.6V–

!ã˛e 13.6 : ÓöãÑ̨ yí˛̧y° Sˆê˛!°@ˇÃyú˛V ̨õyï˛yÓ̊ ≤ÃÜ˛Ó̊î ã˛°ö

250  NSOU  CC-BT-09



(B) xy!Ó‹T Óy ≤ÃÓ,_ Óe´ã˛°ö     (Paratonic movement) : í z̨!qò x Ï̂DÓ̊ ã˛°ö Îáö Óy•ẑ ÏÓ̊Ó̊ í z̨j#˛õ Ï̂Ü˛Ó̊

myÓ˚y ≤Ãû˛y!Óï˛ •Î˚ ï˛áö ï˛yˆÏÜ˛ ≤ÃÓ,_ Óy xy!Ó‹T Óe´ã˛°ö ÓˆÏ°– ~•z ã˛°ö ò%Û≤ÃÜ˛yˆÏÓ˚Ó˚ •Î˚ÈÙÙÙÈ

(a) !òà!öî#≈ï˛ ã˛°ö Óy ê Δ̨!˛õÜ˛ ã˛°ö (Tropic movement)

(b) Óƒy!Æ ã˛°ö Óy öƒy!fiê˛Ü˛ ã˛° (Nastic movement)

xö%¢#°ö#     1

1. §!ë˛Ü˛ í˛z_Ó˚!ê˛ˆÏï˛ òyà !òö ≠

(a) Óy•zˆÏÓ˚Ó˚ í˛zj#˛õöyÓ˚ myÓ˚y ≤Ãû˛y!Óï˛ ã˛°öˆÏÜ˛ fl∫ï˛Éfl≥)˛ï≈˛ ã˛°ö † xy!Ó‹T ã˛°ö ÓˆÏ°–

(b) ú˛yˆÏî≈Ó˚ ÷e´yî%Ó˚ flf#ôyö#Ó˚ !òˆÏÜ˛ ~!àˆÏÎ˚ ÎyÄÎ˚y ˆú˛yˆÏê˛yê˛ƒyÜ˛!ê˛Ü˛ † ˆÜ˛ˆÏüyê˛ƒyÜ˛!ê˛Ü˛ † ÌyˆÏü≈yê˛ƒyÜ˛!ê˛Ü˛

ã˛°ˆÏöÓ˚ í˛zòy•Ó˚î–

(c) ÓöãÑ˛yí ¸̨yˆÏ°Ó˚ !eÈÙÈú˛°Ü˛ ˛õˆÏeÓ˚ ˛õyˆÏ¢ ˛õyï˛y ò%Û!ê˛Ó˚ Äë˛yöyüy •Û° Ó,!k˛ç ã˛°ö † ≤ÃÜ˛yÓ˚î ã˛°ö–

2. ¢)öƒfliyö ˛õ)Ó˚î Ü˛Ó˚&ö ≠

(a) !üˆÏ:yüy•z!§!ê˛§ öyüÜ˛ ~Ü˛≤ÃÜ˛yÓ˚ ˆÜ˛y£Ï≤ÃyÜ˛yÓ˚!Ó•#ö í˛z!qˆÏò ______ àüö ˆòáy ÎyÎ˚–

(b) §yü!@ˇÃÜ˛ ã˛°ö Îáö Óy•zˆÏÓ˚Ó˚ í˛zj#˛õˆÏÜ˛Ó˚ myÓ˚y ≤Ãû˛y!Óï˛ •Î˚ ï˛áö ï˛yˆÏÜ˛ ______ Ó Ï̂°–

(c) ú˛yˆÏî≈Ó˚ Ü˛!ã˛ ˛õyï˛y ò%Û•z !˛õˆÏë˛Ó˚ ˆÜ˛y£Ï=!°Ó˚ x§üyö Ó,!k˛Ó˚ ú˛ˆÏ° =!ê˛ˆÏÎ˚ ÌyˆÏÜ˛ñ ~ˆÏÜ˛ ______
ÓˆÏ°–

13.5 !òà!öî#≈ï˛ ã˛°ö Óy ê˛Δ!˛õÜ˛ ã˛°ö     (Tropic movement)

§ÇK˛y ≠ í˛z!qò xˆÏDÓ˚ ã˛°ö Îáö í˛zj#˛õˆÏÜ˛Ó˚ à!ï˛˛õÌ myÓ˚y !öÎ˚!sfï˛ •Î˚ ï˛áö ï˛yˆÏÜ˛ !òà!öî#≈ï˛ ã˛°ö Óy

ê˛Δ!˛õÜ˛ ã˛°ö ÓˆÏ°– ~•z ôÓ˚̂ ÏöÓ˚ ã˛°öˆÏÜ˛ !ö¡¨!°!áï˛ û˛yˆÏà û˛yà Ü˛Ó˚y ÎyÎ˚ÈÙÙÙÈ

(a) xyˆÏ°yÜ˛Ó,!_ ã˛°ö Óy ˆú˛yˆÏê˛yê˛Δ!˛õçü     (Phototropism) : xyüyˆÏòÓ˚ §Ü˛ˆÏ°Ó˚•z §yôyÓ˚î x!û˛K˛ï˛y

xyˆÏåÈ ˆÎñ ~Ü˛!ê˛ Ó¶˛ âˆÏÓ˚ ~Ü˛!ê˛ ê˛Ó÷k˛ àyåÈ ˆÓ˚̂ Ïá ~Ü˛!ê˛ üye çyö°y á%ˆÏ° Ó˚yáˆÏ° àyåÈ!ê˛ ˆáy°y çyö°yÓ˚

!òˆÏÜ˛ ˆÓÑˆÏÜ˛ ÎyÎ˚ñ ~ˆÏÜ˛ xyˆÏ°yÜ˛ xö%Ü)˛°Óï˛#≈ (Positive phototropic) ã˛°ö Ó°y •Î˚ S!ã˛e 13.7V– xyÓyÓ˚

í˛z!qˆÏòÓ˚ ü)° xyˆÏ°yÓ˚ í˛zÍˆÏ§Ó˚ !Ó˛õÓ˚#ï˛ !òˆÏÜ˛ ÎyÎ˚ ÓˆÏ° ~•z ã˛°öˆÏÜ˛ xyˆÏ°yÜ˛ ≤Ã!ï˛Ü)˛°Óï˛#≈ (Negative
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phototropic) ã˛°ö ã˛ˆÏ°– í˛z!qˆÏòÓ˚ ˛õyï˛y ˆÓ!¢ xyˆÏ°y ˛õyÓyÓ˚ çöƒ xyˆÏ°yÜ˛ Ó˚!¢yüÓ˚ §ˆÏD §üˆÏÜ˛yˆÏî ÓyˆÏí˛¸

ÓˆÏ° ~ˆÏÜ˛ !ï˛Î≈Ü˛ xyˆÏ°yÜ˛Óï˛#≈ Óy ≤’y!çÄê˛Δ!˛õÜ˛ (Plagiotropic) ã˛°ö ÓˆÏ°–

í˛z!qò xˆÏDÓ˚ ~•z xyˆÏ°yÓ˚ !òˆÏÜ˛ xÌÓy !Ó˛õÓ˚#ï˛ !òˆÏÜ˛ ˆÓÑˆÏÜ˛ ÎyÄÎ˚yÓ˚ Ü˛yÓ˚î x§üyö Ó,!k˛– ~•z x§üyö Ó,!k˛

x!:ö ̂ àye#Î˚ •Ó˚̂ ÏüyˆÏöÓ˚ x§ü Ó^ˇê˛ˆÏöÓ˚ çöƒ •ˆÏÎ˚ ÌyˆÏÜ˛– xyˆÏ°y!Ü˛ï˛ !òˆÏÜ˛Ó˚ í˛zˆÏŒê˛y!òˆÏÜ˛ xÌ≈yÍ x¶˛Ü˛yÓ˚ !òˆÏÜ˛

x!:ö ˆÓ!¢ ˛õ!Ó˚üyˆÏî §!M˛Èï˛ •Î˚– xyüÓ˚y xyˆÏà•z ˆòˆÏá!åÈ ˆÎñ x!:ö ˆÓ!¢ ˛õ!Ó˚üyˆÏî §!M˛Èï˛ •ˆÏ° ï˛y Ü˛yˆÏ[˛Ó˚

ˆÜ˛y£ÏˆÏÜ˛ !Óû˛y!çï˛ Ä ò#â≈y!Î˚ï˛ •ˆÏï˛ §y•yÎƒ Ü˛ˆÏÓ˚ !Ü˛v ü)ˆÏ°Ó˚ ˆÜ˛y£Ï !Óû˛yçö Ä ò#â≈Ü˛Ó˚îˆÏÜ˛ Óyôy ˆòÎ˚– §%ï˛Ó˚yÇ

Ü˛yˆÏ[˛Ó˚ x¶˛Ü˛yÓ˚ xÇ¢ ˆÓ!¢ Ó,!k˛ ˛õyÎ˚ Ä ü)ˆÏ°Ó˚ x¶˛Ü˛yÓ˚ xÇ¢ Ü˛ü Ó,!k˛ ˛õyÎ˚ ú˛ˆÏ° Ü˛y[˛ xyˆÏ°yÓ˚ !òˆÏÜ˛ ~ÓÇ ü)°

xyˆÏ°yÓ˚ !Ó˛õÓ˚#ï˛ !òˆÏÜ˛ ˆÓÑˆÏÜ˛ ÎyÎ˚–

xyˆÏ°yˆÏÜ˛Ó˚ ï˛#Ó ï˛y (intensity) ~ÓÇ §üÎ˚Ü˛y° (time duration) xÌ≈yÍ xyˆÏ°yˆÏÜ˛Ó˚ ˛õ!Ó˚üyˆÏîÓ˚ í˛z˛õÓ˚

xyˆÏ°yÜ˛Ó,!_ ≤Ã!ï˛!e´Î˚y xï˛ƒhsˇ !öû≈˛Ó˚¢#°– xyˆÏ°yÜ˛Ó,!_ ã˛°ˆÏö !Ó!û˛ß¨ xyˆÏ°yˆÏÜ˛Ó˚ Ü˛yÎ≈ Óî≈y°# (Action
spectrum) ˛õÓ˚#«˛y Ü˛ˆÏÓ˚ ˆòáy ˆàˆÏåÈ ˆÎñ °y° xyˆÏ°yÎ˚ xyˆÏ°yÜ˛Ó,!_ ã˛°ˆÏöÓ˚ ˆÜ˛yˆÏöy ≤Ãû˛yÓ ˛õ!Ó˚°!«˛ï˛ •Î˚ öy–

!Ìüƒyö Ä Ü%˛!Ó˚ (Thimann and Curry) 1961 !á fiê˛yˆÏ∑ ≤Ãüyî Ü˛ˆÏÓ˚ö ˆÎñ Î•z (oat) º)îÈÙÈü%Ü%˛°yÓÓ˚î#Ó˚ Óe´ï˛y

xyˆÏ°yÜ˛ ï˛Ó˚D˜ÏòˆÏâ≈ƒÓ˚ ö#° xÇˆÏ¢ x!ôÜ˛ Ü˛yÎ≈Ü˛Ó˚#– âyˆÏ§Ó˚ º)îÈÙÈü%Ü%˛°yÓÓ˚î#ˆÏï˛ ̂ Î Ó˚OÜ˛˛õòyÌ≈ ÌyˆÏÜ˛ ï˛yÓ˚ ̂ ¢y£Ïî

Óî≈y°# (Absorption spectrum) Ä Ü˛yÎ≈ Óî≈y°# (Action spectrum) ï%̨°öy Ü˛ Ï̂Ó̊ ̂ òáy ̂ à Ï̂åÈ ̂ Îñ Ü˛ƒy Ï̂Ó̊y!ê˛ö Ï̂Î̊í˛

(Carotenoid) xÌÓy úœ˛y!û˛ö Ó˚OÜ˛˛õòyÌ≈•z xyˆÏ°yÜ˛Ó,!_ ã˛°ˆÏö xyˆÏ°yÜ˛ @ˇÃy•Ü˛Ó˚*ˆÏ˛õ Ü˛yç Ü˛ˆÏÓ˚– ï˛ˆÏÓ ˆÎ §Ó

!ã˛e 13.7 : í z̨!q Ï̂òÓ̊ xy Ï̂°yÜ˛Ó,!_ ã˛° Ï̂öÓ̊ ̨õÓ̊#«˛y
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í˛z!qˆÏò Ü˛ƒyˆÏÓ˚y!ê˛ö ÌyˆÏÜ˛ öy ï˛yˆÏòÓ˚ í˛z˛õÓ˚ ˛õÓ˚#«˛y Ü˛ˆÏÓ˚ ˆòáy ˆàˆÏåÈ ˆÎñ xyˆÏ°yÜ˛Ó,!_ ã˛°ˆÏö ˆÜ˛y£Ï ˛õò≈yÎ˚ xÓ!fliï˛

úœ˛yˆÏû˛y ˆ≤Ãy!ê˛ö•z xyˆÏ°yÜ˛ @ˇÃy•Ü˛Ó˚*ˆÏ˛õ Ü˛yç Ü˛ˆÏÓ˚ S!ã˛eÈÙÙ13.8V–

!ã˛e 13.8 : xy Ï̂°yÜ˛Ó,!_ Ï̂ï˛ xy Ï̂°y Ä x!: Ï̂öÓ̊ ̨õyÓ̊flõ!Ó̊Ü˛ Î%@¬!e´Î̊y

A. í˛yÓ˚í˛z•zˆÏöÓ˚ ˛õÓ˚#«˛y myÓ˚y ≤Ãüyî                     B. ÓÎ˚̂ Ï§öÈÙÈˆÏçöˆÏ§ˆÏöÓ˚ ˛õÓ˚#«˛y

C. ÄˆÏÎ˚rê˛ÈÙÈ~Ó˚ ̨ õÓ˚#«˛y

Óyòyü# ây§ã˛y°≈§ í˛yÓ̊í z̨•ẑ ÏöÓ̊ ̨õÓ̊#«˛y (1881) ~Ó˚ º*î ü%Ü%˛°yÓÓ˚î#

í˛yÓ˚í˛z•zö

 (1896)

xy Ï̂°y xy Ï̂°y

Óe´ï˛y

Ü˛y Ï̂[˛Ó̊ x@ˇÃû˛y Ï̂à ~Ü˛ü%á# xy Ï̂°y Ï̂Ü˛

xy Ï̂°y
Óe´ï˛y

ˆö•z

Óe´ï˛y

ˆö•z

Ü˛yˆÏ[˛Ó˚ x@ˇÃû˛yˆÏà ê%˛!˛õ ̂ òÄÎ˚y

(A)

Ó§ Ï̂§öÈÙÈ̂ çö Ï̂§ö
xº ̨õyï˛

xy Ï̂°y xy Ï̂°y

Óe´ï˛y Óe´ï˛y

ˆö•z Óe´ï˛y

ˆö•z

˛õ° Ü˛ï≈˛ö

Ü˛!ï≈˛ï˛ !òˆÏÜ˛ !çˆÏ°!ê˛ö ≤ÃˆÏÎ˚yà

Ü˛!ï≈˛ï˛ !òˆÏÜ˛

Óe´ï˛y

ÄˆÏÎ˚rê˛

x¶˛Ü˛yÓ̊

xƒyàyÓ˚ Óœ̂ ÏÜ˛ ≤Ã!ï˛fliy!˛õï˛ ÎˆÏÓÓ˚ º*î á[˛Ü˛

Ü˛ Ï̂rê Δ̨y° Óe´ï˛y¢#£Ï≈û˛yà

x˛õ§y!Ó˚ï˛ Ä•z º*îü%Ü%˛°yÓÓ˚î#

(B)

(C)
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(b) x!û˛Ü˛£Ï≈Ó,!_ Óy !çÄê Δ̨!˛õçü     (Geotropism) : x!û˛Ü˛£Ï≈ Ó° myÓ̊y !öÎ̊!sfï˛ í z̨!qò x Ï̂DÓ̊ Óe´ã˛°ö Ï̂Ü˛

x!û˛Ü˛£Ï≈Ó,!_ Óy !çÄê˛Δ!˛õçü ÓˆÏ°– ü)° x!û˛Ü˛£Ï≈ ÓˆÏ°Ó˚ xö%Ü)˛ˆÏ° ~ÓÇ Ü˛y[˛ x!û˛Ü˛£Ï≈ ÓˆÏ°Ó˚ ≤Ã!ï˛Ü)˛ˆÏ° Ó,!k˛

˛õyÎ̊– ̂ §çöƒ í z̨!q Ï̂òÓ̊ ü)° xö%Ü)̨ ° x!û˛Ü˛£Ï#≈ (Positively geotropic), Ü˛y[˛  ≤Ã!ï˛Ü)̨ ° x!û˛Ü˛£Ï#≈ (Negatively
geotropic), ˆfiê˛y°öñ Ó˚y•zˆÏçyü ≤Ãû,˛!ï˛ í˛z!qò xD Ä ˛õyŸª#≈Î˚ ¢yáy≤Ã¢yáy x!û˛Ü˛£Ï≈ ÓˆÏ°Ó˚ §üˆÏÜ˛yˆÏî Ó,!k˛ ˛õyÎ˚ñ

~ Ï̂òÓ̊ í˛yÎ̊y@ˇÃy!û˛ê Δ̨!˛õÜ˛ (Diagravitropic) xD Ó°y •Î̊ ~ÓÇ ~Ó̊*˛õ ã˛°ö Ï̂Ü˛ í˛yÎ̊y@ˇÃy!û˛ê Δ̨!˛õçü Óy í˛yÎ̊y!çÄê Δ̨!˛õçü‰

ÓˆÏ°– í˛z!qˆÏòÓ˚ ˆÎ §Ó xˆÏDÓ˚ ã˛°ö x!û˛Ü˛£Ï≈ Ó° myÓ˚y !öÎ˚!sfï˛ •Î˚ öy ï˛yˆÏòÓ˚ xy@ˇÃy!û˛ê˛Δ!˛õÜ˛ (Agravitropic)
ÓˆÏ°– x!û˛Ü˛£Ï≈ç!öï˛ ã˛°öÄ x!:ö myÓ˚y !öÎ˚!sfï˛ •Î˚– x!û˛Ü˛£Ï≈ ÓˆÏ°Ó˚ ê˛yˆÏö Ü˛y[˛yˆÏ@ˇÃÓ˚ ö#ˆÏã˛Ó˚ !òˆÏÜ˛ ˆÓ!¢

x!:ö çüy •Î˚ ú˛ˆÏ° ˙ Ü˛y[˛yˆÏ@ˇÃÓ˚ ö#ˆÏã˛Ó˚ !òˆÏÜ˛Ó˚ ˆÜ˛y£Ï=!° o&ï˛ !Óû˛y!çï˛ •ˆÏï˛ ÌyˆÏÜ˛ ~ÓÇ Ü˛yˆÏ[˛Ó˚ x@ˇÃû˛yà

|ôù≈ü%á# •Î˚– x!:ˆÏöÓ˚ âöc ˆÓ!¢ ÌyÜ˛yÎ˚ ü)°yˆÏ@ˇÃÓ˚ ö#ˆÏã˛Ó˚ !òˆÏÜ˛ ˆÜ˛y£Ï=!°Ó˚ !Óû˛yçö «˛üï˛y •…y§ ˛õyÎ˚ !Ü˛v

ü)ˆÏ°Ó˚ x@ˇÃû˛yˆÏàÓ˚ í˛z˛õˆÏÓ˚Ó˚ !òˆÏÜ˛Ó˚ ˆÜ˛y£Ï=!° o&ï˛ !Óû˛y!çï˛ •ˆÏï˛ ÌyˆÏÜ˛ñ ÎyÓ˚ ú˛ˆÏ° ü)° ö#ˆÏã˛Ó˚ !òˆÏÜ˛ ˆÓÑˆÏÜ˛

ÎyÎ˚–

í˛z!qò ü)ˆÏ°Ó˚ x@ˇÃû˛yà x!û˛Ü˛£Ï≈ç ã˛°öˆÏÜ˛ !öÎ˚sfî Ü˛ˆÏÓ˚– ˆòáy ˆàˆÏåÈ í˛z!qò ü)ˆÏ°Ó˚ x@ˇÃû˛yà ˆÜ˛ˆÏê˛ !òˆÏ°

ü)°!ê˛ x!û˛Ü˛ˆÏ£Ï≈Ó˚ ≤Ãû˛yˆÏÓ ≤Ãû˛y!Óï˛ •Î˚ öy– !Ó!û˛ß¨ ˜ÓK˛y!öˆÏÜ˛Ó˚ üˆÏï˛ ˆŸªï˛§yÓ˚ñ üy•zˆÏê˛yÜ˛!u»˛Î˚yñ à°!à Ó!í˛

≤Ãû,˛!ï˛ í˛z˛õyòö=ˆÏ°y ü)°yˆÏ@ˇÃÓ˚ ˆÜ˛y£Ï=ˆÏ°yÓ˚ ö#ˆÏã˛Ó˚ !òˆÏÜ˛ §!M˛Èï˛ •Î˚– x!û˛Ü˛£Ï≈ ≤Ã!ï˛!e´Î˚y¢#° ˆÜ˛y£Ïfli ~•z

í˛z˛õyòyö=ˆÏ°yˆÏÜ˛ fiê˛yˆÏê˛y!°Ì ÓˆÏ° ~ÓÇ fiê˛ƒyˆÏê˛y!°Ì §ü!ß∫ï˛ ˆÎ ˆÜ˛y£Ï=!° x!û˛Ü˛£Ï≈ç ã˛°öˆÏÜ˛ !öÎ˚sfî Ü˛ˆÏÓ˚

ï˛yˆÏòÓ˚ fiê˛ƒyˆÏê˛y§y•zê˛ ÓˆÏ°– §Ω˛Óï˛ fiê˛yã≈˛ òyöyñ xƒyüy•zˆÏ°y≤’yfiê˛ çyï˛#Î˚ fiê˛ƒyˆÏê˛y!°Ì ˆÜ˛yˆÏ£ÏÓ˚ ö#ˆÏã˛Ó˚ !òˆÏÜ˛

§!M˛Èï˛ •ˆÏÎ˚ ˛õyŸª#≈Î˚ ˆÜ˛y£Ï ≤Ãyã˛#ˆÏÓ˚ !ÓˆÏ¢£Ï !ö¡¨y!û˛ü%á# ã˛y˛õ §,!‹T Ü˛ˆÏÓ˚ ü)ˆÏ°Ó˚ x!û˛Ü˛£Ï≈ç ã˛°öˆÏÜ˛ !öÎ˚sfî Ü˛ˆÏÓ˚

S!ã˛eÈÙÈ13.9 Ä 13.10V–

Ó#ê˛˛õ x@ˇÃû˛yà

ü)°y@Ã̌

û%˛RyÓ˚ Ó#ˆÏçÓ˚ x!û˛Ü˛£Ï≈ç ã˛°ö
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!ã˛e 13.9 : x!û˛Ü˛£Ï≈ Ó,!_ ≠ !Ó!û˛ß¨û˛yˆÏÓ ˆ˛õÑyï˛y

û%˛Ry òyöyÓ˚ xB%˛ˆÏÓ˚yò‰àˆÏüÓ˚ ú˛ˆÏ° ü)° üy!ê˛Ó˚

!òˆÏÜ˛ ~ÓÇ Ü˛y[˛ í˛z˛õˆÏÓ˚Ó˚ !òˆÏÜ˛ Ó,!k˛ ˆ˛õˆÏÎ˚̂ ÏåÈ–

!ã˛e 13.10 : x!û˛Ü˛£Ï≈ Ó,!_ÈÙÙÙÈx!û˛Ü˛ˆÏ£Ï≈Ó˚ ≤Ãû˛yˆÏÓ fiê˛ƒyˆÏê˛y!°Ì

ˆÜ˛yˆÏ£ÏÓ˚ ö#ˆÏã˛Ó˚ !òˆÏÜ˛ §!M˛Èï˛ •ˆÏFåÈ–



13.6 ≤ÃÓ,_ Óy xy!Ó‹T Óe´ã˛°ö xÌÓy öƒy!fiê˛Ü˛ ã˛°ö     (Paratonic movement
of curvature of Nastic movement)

ˆÎ Óe´ã˛°ö í˛zj#˛õˆÏÜ˛Ó˚ à!ï˛˛õÌ myÓ˚y !öÎ˚!sfï˛ öy •ˆÏÎ˚ ï˛yÓ˚ ï˛#Ó ï˛yÓ˚ myÓ˚y !öÎ˚!sfï˛ •Î˚ ï˛yˆÏÜ˛ öƒy!fiê˛Ü˛ ã˛°ö

ÓˆÏ°– í˛zj#˛õˆÏÜ˛Ó˚ ≤ÃÜ,˛!ï˛ xö%ÎyÎ˚# öƒy!fiê˛Ü ˛ã˛°ö !Ó!û˛ß¨ ≤ÃÜ˛yˆÏÓ˚Ó˚ •Î˚–

!ã˛e 13.11 : °IyÓï˛# í z̨!q Ï̂òÓ̊ !§§ Ï̂üyöƒy!fiê˛Ü˛ ã˛°ö

A—í z̨!q Ï̂òÓ̊ §yôyÓ̊î xÓfliy S˛õyï˛y ̂ áy°yV

B—í˛zj#˛õˆÏÜ˛Ó˚ ≤Ãû˛yˆÏÓ ̨õyï˛y ü%ˆÏí ¸̨ ÎyÄÎ˚y

(a) !§§ Ï̂üyöƒy!fiê˛ ≠ flõ¢≈ñ xyâyï˛ ≤Ãû,˛!ï˛ í˛zj#˛õˆÏÜ˛Ó˚ ï˛#Ó ï˛yÓ˚ myÓ˚y !öÎ˚!sfï˛ öƒy!fiê˛Ü˛ ã˛°öˆÏÜ˛ !§§ˆÏüyöƒy!fiê˛

ÓˆÏ°– í˛zòy•Ó˚îÈÙÙÙÈxy˛õöyÓ˚y °«˛ƒ Ü˛ˆÏÓ˚ ÌyÜ˛ˆÏÓö ˆÎ °IyÓï˛# (Mimosa pudica) àyˆÏåÈÓ˚ ˛õyï˛yÎ˚ •yï˛ !òˆÏ°

A B
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˛õyï˛y=ˆÏ°y ü%ˆÏí˛¸ ÎyÎ˚– flõ¢≈ ~áyˆÏö í˛zj#˛õÜ˛ ~ÓÇ flõ¢≈ ˆçyÓ˚yˆÏ°y •ˆÏï˛ ˛õ%ˆÏÓ˚y ˛õyï˛y!ê˛ é%˛ˆÏ° ˛õˆÏí˛¸– °IyÓï˛#

àyˆÏåÈÓ˚ ˛õyï˛yÓ˚ ˆàyí˛¸y!ê˛ fl≥˛#ï˛ ÌyˆÏÜ˛ñ ~ÓÇ ~ˆÏÜ˛ ˛õy°!û˛öyÏ§ (Pulvinus) ÓˆÏ°– àyˆÏåÈÓ˚ ˛õyï˛y!ê˛ Îáö ˆåÈÑyÎ˚y •Î˚

ï˛áö ˛õy°!û˛öyˆÏ§Ó˚ ö#ˆÏã˛Ó˚ !òˆÏÜ˛Ó˚ ˆÜ˛y£Ï ˆÌˆÏÜ˛ ç° í˛z˛õˆÏÓ˚Ó˚ ˛õyŸª≈Óï˛#≈ ˆÜ˛y£Ï=ˆÏ°yˆÏï˛ ã˛ˆÏ° ÎyÎ˚ ~ÓÇ ~Ó˚ ú˛ˆÏ°

˛õy°!û˛öy§ xM˛ÈˆÏ°Ó˚ ö#ˆÏã˛Ó˚ ˆÜ˛y£Ï=ˆÏ°yÓ˚ Ó˚§fl≥˛#!ï˛ ã˛y˛õ (Turgor pressure) Ü˛ˆÏü ÎyÎ˚ ~ÓÇ ˆÜ˛y£Ï=ˆÏ°y

ˆö!ï˛ˆÏÎ˚ (flaccid) ÎyÎ˚– ö#ˆÏã˛Ó˚ ˆÜ˛y£Ï=ˆÏ°y ã%˛˛õ§yˆÏöy ~ÓÇ í˛z˛õˆÏÓ˚Ó˚ ˆÜ˛y£Ï=ˆÏ°y Ó˚§fl≥˛#ï˛ •ÄÎ˚yÎ˚ ˛õyï˛y é%˛ˆÏ°

˛õˆÏí˛¸ S!ã˛eÈÙÙÙÈ 13.11V–

(b) !öÜ˛!ê˛öƒy!fiê˛     (Nyctinasty) : xyˆÏ°yˆÏÜ˛Ó˚ ï˛#Ó ï˛y Ä í˛z£èï˛yÓ˚ •…y§ÈÙÈÓ,!k˛ xÌ≈yÍ í˛zû˛ˆÏÎ˚Ó˚ !ü!°ï˛ ≤Ãû˛yˆÏÓ

í˛zj#Æ ã˛°öˆÏÜ˛ !ÓˆÏ¢£Ïû˛yˆÏÓ Ó˚y!eÜ˛y°#ö ˛õyï˛y ü%ˆÏí˛¸ ÎyÄÎ˚yˆÏÜ˛ !öÜ˛!ê˛öƒy!fiê˛ ÓˆÏ°– í˛zòy•Ó˚îÈÙÙÙÈ ÓyÓ°yñ Ó˚yôyã)˛í˛¸y

≤Ãû,˛!ï˛ í˛z!qˆÏòÓ˚ ˛õyï˛y=ˆÏ°y !òˆÏöÓ˚ ˆÓ°yÎ˚ í˛z˛õÎ%_´ ï˛y˛õüyeyÎ˚ Ä xyˆÏ°yÜ˛ ï˛#Ó ï˛yÎ˚ á%ˆÏ° ÌyˆÏÜ˛ !Ü˛v Ó˚yˆÏe

ü%ˆÏí ¸̨ ÎyÎ˚–

(c)  ˆú˛yˆÏê˛yöƒy!fiê˛     (Photonasty) : xyˆÏ°yˆÏÜ˛Ó˚ ï˛#Ó ï˛yÓ˚ •…y§ÈÙÈÓ,!k˛ í˛z!qò xˆÏDÓ˚ §M˛Èy°öˆÏÜ˛ ≤Ãû˛y!Óï˛

Ü˛Ó˚̂ Ï° ï˛yˆÏÜ˛ ˆú˛yˆÏê˛yöƒy!§ê˛ ÓˆÏ°– í˛zòy•Ó˚îÈÙÙÙÈ§)Î≈ü%á# ú%˛° !òˆÏöÓ˚ ˆÓ°yÎ˚ ˆú˛yˆÏê˛ !Ü˛v §)Î≈yˆÏhflÏÓ˚ §yˆÏÌ §yˆÏÌ

Ó%ˆÏç ÎyÎ˚– !Ó˛õÓ˚#ï˛û˛yˆÏÓ §¶˛ƒyüy°ï˛#ñ •y§ö%•yöy ˛≤Ãû,˛!ï˛ ú%˛° §)Î≈yˆÏhflÏÓ˚ ˛õÓ˚ ˆú˛yˆÏê˛ !Ü˛v ≤ÃáÓ˚ §)Î≈yˆÏ°yˆÏÜ˛ Ó¶˛

•ˆÏÎ˚ ÎyÎ˚– xyüÓ˚&°ñ ˆïÑ˛ï%˛° ≤Ãû,˛!ï˛Ó˚ ˆÎÔ!àÜ˛ ˛õyï˛y !òˆÏöÓ˚ ˆÓ°yÎ˚ ˆáy°y ÌyˆÏÜ˛ !Ü˛v §¶˛ƒyÓ˚ ˛õÓ˚ ü%ˆÏí ¸̨ ÎyÎ˚–

!ã˛e 13.12 : !Ìà Ï̂üyöƒy!fiê˛ÈÙÙÙÈ˛õï˛Dû%̨ Ü˛ í z̨!q Ï̂òÓ̊ Ü˛!£Ï≈Ü˛yÓ̊ ã˛°ö–

A—§)Î≈!¢!¢Ó̊ í z̨!q Ï̂òÓ̊ Ü˛!£Ï≈Ü˛yÓ̊ ã˛°ö–

B—í˛y Ï̂Î̊y!öÎ̊y í z̨!q Ï̂òÓ̊ Ü˛!£Ï≈Ü˛yÓ̊ ã˛°ö–

(d) ÌyˆÏü≈yöƒy!fiê˛     (Thermonasty) : í˛z£èï˛yÓ˚ myÓ˚y ≤Ãû˛y!Óï˛ §M˛Èy°öˆÏÜ˛ ÌyˆÏü≈yöƒy!fiê˛ ÓˆÏ°– !ê˛í˛z!°˛õ

ú%˛° fl∫yû˛y!ÓÜ˛ í˛z£èï˛yÎ˚ ˆú˛yˆÏê˛ !Ü˛v ë˛y[˛y xyÓ•yÄÎ˚yÎ˚ ú%˛ˆÏ°Ó˚ ˛õy˛õ!í˛¸=ˆÏ°y Ó¶˛ •ˆÏÎ˚ ÎyÎ˚–

(A) (B)

˛õï˛D úÑ̨ y Ï̂ò ̨õí˛̧yÓ̊

˛õÓ˚ ö#!ü°ˆÏöÓ˚

x!û˛ü%á

Dionea í z̨!q Ï̂òÓ̊ ̨õï˛Dû)̨ Ü˛ ã˛°ö Sí z̨ß√%_´ ò¢y

256  NSOU  CC-BT-09



(e) !Ìà Ï̂üyöƒy!fiê˛     (Thigmonasty) : í z̨!qò x Ï̂DÓ̊ ã˛°ö Îáö xöƒ ̂ Ü˛y Ï̂öy Ó›Ó̊ §Çflõ¢≈ç!öï˛ í z̨j#˛õöyÓ̊

myÓ̊y ≤Ãû˛y!Óï˛ •Î̊ ï˛áö ï˛y Ï̂Ü˛ !Ìà Ï̂üyöƒy!fiê˛ Ó Ï̂°– §)Î≈!¢!¢Ó̊ (Drosera), í˛y Ï̂Î̊y!öÎ̊y (Dionea) ≤Ãû,̨ !ï˛ ̨õï˛Dû%̨ Ü˛

í˛z!qˆÏòÓ˚ ˛õyï˛yÓ˚ !Ü˛öyÓ˚yÎ˚ §!Iï˛ Ü˛!£Ï≈Ü˛y=ˆÏ°y (tentacles) ˛õï˛ˆÏDÓ˚ §ÇflõˆÏ¢≈ ~ˆÏ° ï˛yˆÏòÓ˚ üˆÏôƒ !ÓˆÏ¢£Ï

ôÓ˚ˆÏöÓ˚ ã˛°ö ˆòáy ÎyÎ˚– ˛õï˛ˆÏDÓ˚ flõ¢≈ç!öï˛ í˛zj#˛õöy e´ü¢ ˛õyï˛yÎ˚ åÈ!í˛¸ˆÏÎ˚ ˛õˆÏí˛¸ ~ÓÇ §ÓÜ˛!ê˛ Ü˛!£Ï≈Ü˛yÓ˚

~Ü˛ü%á# ã˛°ö ˛õï˛DˆÏÜ˛ ˆã˛ˆÏ˛õ ôˆÏÓ˚ S!ã˛eÈÙÙÙÈ 13.12V–

13.7 ö%̂ Ïê˛¢ö (Nutation)

~ê˛y ~Ü˛≤ÃÜ˛yˆÏÓ˚Ó˚ !ÓˆÏ¢£Ï ôÓ˚ˆÏöÓ˚ ã˛°ö Îy Ü˛yˆÏ[˛Ó˚ xyàyÎ˚ ï˛yˆÏòÓ˚ °¡∫yÎ˚ Óyí˛¸yÓ˚ §üÎ˚ ˆòáˆÏï˛ ˛õyÄÎ˚y ÎyÎ˚–

~•z ã˛°öˆÏÜ˛ ö%ˆÏê˛¢ö Óy §!˛õ≈° ã˛°ö ÓˆÏ°– !Ü˛å%È !Ü˛å%È˛ xû˛ƒhsˇÓ˚#î Ü˛yÓ˚̂ Ïî í˛z!qò xˆÏDÓ˚ Ó,!k˛ ≤Ãû˛y!Óï˛ •Î˚ ~ÓÇ

ï˛yÓ˚ ú˛ˆÏ° ~•z ≤ÃÜ˛yÓ˚ ã˛°ö ˆòáy ÎyÎ˚– í˛zòy•Ó˚îÈÙÙÙÈÓÕ‘#çyï˛#Î˚ í˛z!qˆÏò o&ï˛ x@ˇÃû˛yˆÏàÓ˚ Ó,!k˛Ó˚ Ü˛yÓ˚̂ Ïî ~•z ≤ÃÜ˛yÓ˚

ã˛°ö ˆòáy ÎyÎ˚– ~ˆÏòÓ˚ Ü˛yˆÏ[˛Ó˚ xyày °¡∫y •Î˚ ~ÓÇ ï˛yˆÏï˛ ˆÜ˛yˆÏöy ˛õyï˛y ÌyˆÏÜ˛ öy– IAA ~Ó˚ xy!ôÜ˛ƒç!öï˛

x@ˇÃû˛yˆÏàÓ˚ ≤ÃÜ˛ê˛ï˛y (apical dominance)ÈÙÈÓ˚ çöƒ Ü˛yˆÏ[˛Ó˚ o&ï˛ Ó,!k˛Ó˚ §üÎ˚ Ü˛yˆÏ[˛Ó˚ xyàyÎ˚ ˆòyò%°ƒüyö ã˛°ö

ˆòáy ÎyÎ˚–

13.8 Ó̊§fl≥˛#!ï˛ç!öï˛ ã˛°ö     (Turgour movement)

ˆÜ˛yˆÏ£ÏÓ˚ Ó˚§fl≥˛#!ï˛Ó˚ ï˛yÓ˚ï˛ˆÏüƒÓ˚ ú˛ˆÏ° ˆÜ˛yˆÏ£ÏÓ˚ xyÜ,˛!ï˛Ó˚ ˛õ!Ó˚Óï≈˛öç!öï˛ ã˛°öˆÏÜ˛ Ó˚§fl≥˛#!ï˛ç!öï˛ ã˛°ö

ÓˆÏ°– í˛zòy•Ó˚îÈÙÙÙÈçˆÏ°Ó˚ xû˛yˆÏÓ !ÓˆÏ¢£Ï ây§ ≤Ãçy!ï˛Ó˚ (Poa pratensis) ˛õyï˛yÓ˚ =!ê˛ˆÏÎ˚ ÎyÄÎ˚y ~•z ôÓ˚ˆÏöÓ˚

ã˛°ˆÏöÓ˚ í˛zòy•Ó˚î–

xö%¢#°ö# 1

1. !öˆÏ¡¨Ó˚ í˛z!qò xD=ˆÏ°yˆÏï˛ !Ü˛ ≤ÃÜ˛yˆÏÓ˚Ó˚ ã˛°ö ˆòáy ÎyÎ˚ñ Ó°%ö ≠

(a) ÓöãÑ˛yí ¸̨yˆÏ°Ó˚ ˆÎÔ!àÜ˛ ˛õˆÏeÓ˚ ã˛°ö–

(b) !ê˛í˛z!°˛õ ú%˛ˆÏ°Ó˚ í˛zˆÏß√yã˛ö–

(c) °IyÓï˛#Ó˚ ˆÎÔ!àÜ˛ ˛õˆÏeÓ˚ ã˛°ö–

(d) §)Î≈!¢!¢Ó˚ í˛z!qˆÏòÓ˚ ˛õyï˛yÓ˚ Ü˛!£Ï≈Ü˛yÓ˚ ã˛°ö–
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2. §!ë˛Ü˛ í˛z_Ó˚!ê˛ˆÏï˛ òyà !òö ≠

(a) í˛z!qˆÏòÓ˚ ü)° xyˆÏ°yÓ˚ xö%Ü)˛°Óï˛#≈ † ≤Ã!ï˛Ü)˛°Óï˛#≈–

(b) xy!Ó‹T Óe´ã˛°ö Óy öƒy!fiê˛Ü˛ ã˛°ö í˛zj#˛õˆÏÜ˛Ó˚ à!ï˛˛õÌ myÓ˚y !öÎ˚!sfï˛ •Î˚† •Î˚ öy–

(c) !öÜ˛!ê˛öƒy!fiê˛ ã˛°ˆÏö í˛zj#˛õÜ˛ •° xyˆÏ°y † ï˛y˛õ † xyˆÏ°y Ä ï˛y˛õ–

13.9 §yÓ̊yÇ¢ (Summary)

ã˛°ö Ä àüö ≤Ãy!îÓ̊ ̃ Ó!¢‹Tƒñ !Ü˛v í z̨!q Ï̂ò ≤Ãôyöï˛ ã˛°ö ̂ òá Ï̂ï˛ ̨õyÄÎ̊y ÎyÎ̊– í z̨!q Ï̂òÓ̊ ü)° x!û˛Ü˛£Ï≈ xö%Ü)̨ °Óï˛#≈

ã˛°ö ˆòáyÎ˚ ÎyÓ˚ ú˛ˆÏ° ü)° üy!ê˛Ó˚ !û˛ï˛ˆÏÓ˚ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ ≤ÃˆÏÎ˚yçö#Î˚ ç° Ä çˆÏ° oÓ#û)˛ï˛ á!öç ˛õòyÌ≈ §Ç@ˇÃ•

Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚– í˛z!qˆÏòÓ˚ Ü˛yˆÏ[˛ x!û˛Ü˛ˆÏ£Ï≈Ó˚ ≤Ã!ï˛Ü)˛°ï˛y ~ÓÇ xyˆÏ°yÓ˚ xö%Ü)˛°Óï˛#≈ ã˛°ö ˆòáy ÎyÎ˚ ~ÓÇ ~Ó˚ ú˛ˆÏ°

Ü˛y[˛ üy!ê˛Ó˚ í˛z˛õˆÏÓ˚ ˆÌˆÏÜ˛ xyˆÏ°yÓ˚ !òˆÏÜ˛ ˆÓÑˆÏÜ˛ ÎyÎ˚ Ä §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ çöƒ ≤ÃˆÏÎ˚yçö#Î˚ xyˆÏ°y §Ç@ˇÃ• Ü˛Ó˚̂ Ïï˛

˛õyˆÏÓ˚–

í˛z!qˆÏò !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ ã˛°ö ˆòáy ÎyÎ˚– Ó,!k˛ç ã˛°ö ˆÜ˛y£Ï !Óû˛yçö Ä ò#â≈yÎ˚̂ ÏöÓ˚ ú˛ˆÏ° •ˆÏÎ˚ ÌyˆÏÜ˛ñ ~•z ≤ÃÜ˛yÓ˚

ã˛°ö x˛õ!Ó˚Óï≈˛ö#Î˚– Ó˚§fl≥˛#!ï˛ç!öï˛ ã˛°ö ˛õ!Ó˚Óï≈˛öˆÏÎyàƒ ~ÓÇ ~•z ã˛°ö ˆÜ˛yˆÏ£ÏÓ˚ Ó˚§fl≥˛#!ï˛Ó˚ ú˛ˆÏ° •ˆÏÎ˚

ÌyˆÏÜ˛– ê˛Δ!˛õÜ˛ ã˛°ö í˛zj#˛õˆÏÜ˛Ó˚ à!ï˛˛õÌ myÓ˚y !öÎ˚!sfï˛ •Î˚ !Ü˛v öƒy!fiê˛Ü˛ ã˛°ö í˛zj#˛õˆÏÜ˛Ó˚ à!ï˛˛õˆÏÌÓ˚ í˛z˛õÓ˚

!öû≈˛Ó˚¢#° öy •ˆÏÎ˚ í˛zj#˛õˆÏÜ˛Ó˚ ï˛#Ó ï˛yÓ˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#° •Î˚– Ü˛yˆÏ[˛Ó˚ x@ˇÃû˛yˆÏàÓ˚ !ÓˆÏ¢£Ï §!˛õ≈° ã˛°öˆÏÜ˛ ö%ˆÏê˛¢ö

ÓˆÏ°–

13.10 §Ó≈̂ Ï¢£Ï ≤ÃŸ¿yÓ!° (Terminal Questions)

1. í˛z!qˆÏòÓ˚ fl∫ï˛Éfl≥)˛ï≈˛ Ä xy!Ó‹T ã˛°ˆÏöÓ˚ ˛õyÌ≈Ü˛ƒ Ü˛#⁄ §yü!@ˇÃÜ˛ ã˛°ö §¡∫̂ Ï¶˛ xyˆÏ°yã˛öy Ü˛Ó˚&ö–

2. x!û˛Ü˛£Ï≈ç!öï˛ ã˛°ö Ó° Ï̂ï˛ Ü˛# ̂ Óy Ï̂é˛ö⁄ x!û˛Ü˛£Ï≈Ó,!_ ã˛° Ï̂ö x!: Ï̂öÓ̊ û)̨ !üÜ˛y §¡∫̂ Ï¶˛ §Ç Ï̂«˛ Į̈̂ õ xy Ï̂°yã˛öy

Ü˛Ó̊&ö–

3. §Ç!«˛Æ ê˛#Ü˛y !°á%ö ≠

(a) ê˛ƒyÜ˛!ê˛Ü˛ ã˛°ö

(b) !§§ˆÏüyöƒy!fiê˛Ü˛ ã˛°ö

(c) Ó˚§fl≥˛#!ï˛ç!öï˛ ã˛°ö

(d) ö%̂ Ïê˛¢ö
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4. ˛õyÌ≈Ü˛ƒ !öˆÏò≈¢ Ü˛Ó˚&ö ≠

(a) ê˛Δ!˛õÜ˛ Ä öƒy!fiê˛Ü˛ ã˛°ö

(b) ~!˛õöƒy!fiê˛ Ä •y•zˆÏ˛õyöƒy!fiê˛

(c) !§!°Î˚y!Ó˚ Ä úœ˛yˆÏç°y!Ó˚ àüö

13.11 í˛z_Ó˚üy°y (Key to the Answers)

xö%¢#°ö#     1

1. (a) xy!Ó‹T ã˛°ö

(b) ˆÜ˛ Ï̂üyê˛ƒyÜ˛!ê˛Ü˛

(c) ≤ÃÜ˛Ó̊î

2. (a) xƒy!üÓˆÏÎ˚í˛

(b) ê˛ƒyÜ˛!ê˛Ü˛ ã˛°ö

(c) •y•zˆÏ˛õyöƒy!fiê˛

xö%¢#°ö#     2

1. (a) ≤ÃÜ˛Ó˚î ã˛°ö

(b) ÌyˆÏü≈yöƒy!fiê˛

(c) !§§ˆÏüyöƒy!fiê˛

(d) !ÌàˆÏüyöƒy!fiê˛

2. (a) ≤Ã!ï˛Ü)˛°Óï˛#≈

(b) •Î˚ öy

(c) xyˆÏ°y Ä ï˛y˛õ

§Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°# ≠

1. fl∫ï˛Éfl≥)˛ï≈˛ ã˛°ö ˆÜ˛yˆÏöy í˛zj#˛õˆÏÜ˛Ó˚ myÓ˚y ≤Ãû˛y!Óï˛ •Î˚ öy !Ü˛v xy!Ó‹T ã˛°ö í˛zj#˛õˆÏÜ˛Ó˚ myÓ˚y ≤Ãû˛y!Óï˛

•Î˚– §yü!@ˇÃÜ˛ ã˛°ö 13.3 ~ÓÇ (A) Ä (B) xÇˆÏ¢ xyˆÏ°y!ã˛ï˛–

2. 13.5 ~Ó˚ (b) xÇˆÏ¢ xyˆÏ°y!ã˛ï˛–
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3. (a) 13.3ÈÙÈ~Ó˚ (B) xÇˆÏ¢ xyˆÏ°y!ã˛ï˛–

(b) 13.6ÈÙÈ~Ó˚ (a) xÇˆÏ¢ xyˆÏ°y!ã˛ï˛–

(c) 13.8 xÇˆÏ¢ xyˆÏ°y!ã˛ï˛–

(d) 13.7 xÇˆÏ¢ xyˆÏ°y!ã˛ï˛–

4. (a) ê Δ̨!˛õÜ˛ ã˛°ö öƒy!fiê˛Ü˛ ã˛°ö

í˛zj#˛õˆÏÜ˛Ó˚ à!ï˛˛õÌ myÓ˚y !öÎ˚!sfï˛ •Î˚– í˛zj#˛õˆÏÜ˛Ó˚ à!ï˛˛õÌ myÓ˚y !öÎ˚!sfï˛ öy •ˆÏÎ˚

í˛zj#˛õˆÏÜ˛Ó˚ ï˛#Ó ï˛y myÓ˚y !öÎ˚!sfï˛ •Î˚–

(b) ~!˛õöƒy!fiê˛ •y•zˆÏ˛õyöƒy!fiê˛

˛õyï˛yÓ˚ í˛z˛õˆÏÓ˚Ó˚ ˛õ,ˆÏ¤˛Ó˚ ˆÜ˛y£Ï o&ï˛ Ó,!k˛ ˛õyï˛yÓ˚ !ö¡¨ ˛õ,ˆÏ¤˛Ó˚ ˆÜ˛y£Ï o&ï˛ Ó,!k˛

˛õyÄÎ˚yÎ˚ =ê˛yˆÏöy ˛õyï˛y á%ˆÏ° ÎyÎ˚– ˛õyÄÎ˚yÎ˚ Ü˛!ã˛ ˛õyï˛y =!ê˛ˆÏÎ˚ ÌyˆÏÜ˛–

(c) !§!°Î˚y!Ó˚ àüö úœ̨ yˆÏç°y!Ó˚ àüö

˜¢ÓyˆÏ°Ó˚ ã˛°ˆÏÓ˚î%ñ ÷e´yî% ≤Ãû,˛!ï˛ ~Ü˛ˆÏÜ˛y£Ï# ˜¢ÓyˆÏ°Ó˚ úœ̨ yˆÏç°yÓ˚ §y•yˆÏÎƒ

çööˆÏÜ˛yˆÏ£ÏÓ˚ !§!°Î˚yÓ˚ §y•yˆÏÎƒ àüöˆÏÜ˛ àüöˆÏÜ˛ úœ̨ yˆÏç°y!Ó˚ àüö ÓˆÏ°–

!§!°Î˚y!Ó˚ àüö ÓˆÏ°–
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~Ü˛Ü˛ 14 ˛õ%‹õ ≤Ãfl≥%˛ê˛ö ≤Ã!e´Î˚y (Flowering in Plants)

àë˛ö

14.0 í ẑ̨ Ïj¢ƒ

14.1 ≤ÃhflÏyÓöy

14.2 xyˆÏ°yÜ˛ ˛õÎ≈yÓ,!_

14.3 ú˛y•zˆÏê˛yˆÏe´yü ÈÙÙÙÈ ˛õ%‹õ ≤Ãfl≥%˛ê˛ö !öÎ˚sfîÜ˛yÓ˚# Ó˚OÜ˛

14.4 ˆúœ˛y!Ó˚ˆÏçö

14.5 Óy§hsˇ#Ü˛Ó˚î

14.6 ˛õ%‹õ ≤Ãfl≥%˛ê˛ˆÏö ú˛y•zˆÏê˛yˆÏe´yˆÏüÓ˚ û)˛!üÜ˛y

14.7 §yÓ˚yÇ¢

14.8 §Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#

14.9 í˛z_Ó˚üy°y

14.0 í ẑ̨ Ïj¢ƒ

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xy˛õ!öÈÙÙÙÈ

 ˛õ%‹õ ≤Ãfl≥%˛ê˛ˆÏöÓ˚ í˛z˛õÓ˚ xyˆÏ°yÓ˚ ≤Ãû˛yÓ §¡õˆÏÜ≈˛ ôyÓ˚îy °yû˛ Ü˛Ó˚̂ ÏÓö–

 !Ó!û˛ß¨ í˛z!qˆÏò ú˛y•zˆÏê˛yˆÏe´yˆÏüÓ˚ üyôƒˆÏü Ü˛#û˛yˆÏÓ ˛õ%‹õ ≤Ãfl≥%˛ê˛ö ≤Ã!e´Î˚y!ê˛ !öÎ˚!sfï˛ •Î˚ ï˛y Óƒyáƒy Ü˛Ó˚̂ Ïï˛

˛õyÓ˚ˆÏÓö–

 ˆúœ˛y!Ó˚ˆÏçö Ü˛#û˛yˆÏÓ ˛õ%‹õü%Ü%˛° í˛zÍ˛õyòö Ü˛ˆÏÓ˚ ï˛y ˆÓyé˛yˆÏï˛ ˛õyÓ˚ˆÏÓö–

 !ö¡¨ ï˛y˛õüyeyÓ˚ ≤Ãû˛yˆÏÓ Ü˛#û˛yˆÏÓ o&ï˛ ˛õ%‹õ ≤Ãfl≥%˛ê˛ö âˆÏê˛ ˆ§ !Ó£ÏˆÏÎ˚ çyöˆÏï˛ ˛õyÓ˚̂ ÏÓö–

14.1 ≤ÃhflÏyÓöy

!Ó!û˛ß¨ í˛z!qˆÏòÓ˚ ˛õ%‹õ ≤Ãfl≥%˛ê˛ö !Ó!û˛ß¨ }ï%˛ˆÏï˛ §¡õß¨ •Î˚– xyüñ çyü ≤Ãû,˛!ï˛ í˛z!qˆÏòÓ˚ ú%˛° @ˇÃ#‹øÜ˛yˆÏ°ñ àÑyòyñ

ã˛wü!Õ‘Ü˛y •zï˛ƒy!ò àyˆÏåÈÓ˚ ú%˛° ¢#ï˛Ü˛yˆÏ° ˆú˛yˆÏê˛– xyÓyÓ˚ ê˛üƒyˆÏê˛yñ ¢¢yÈÙÙÙÈ~•z ôÓ˚̂ ÏöÓ˚ àyˆÏåÈ ˆÎ ˆÜ˛yˆÏöy }ï%˛ˆÏï˛•z

ú%˛° ú%˛ê˛ˆÏï˛ ˛õyˆÏÓ˚– ˛õ%‹õ ≤Ãfl≥%˛ê˛ö ≤Ã!e´Î˚y!ê˛ xyˆÏ°yÓ˚ §üÎ˚Ü˛yˆÏ°Ó˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#° ~ÓÇ ˛õ%‹õ ≤Ãfl≥%˛ê˛ˆÏöÓ˚ í˛z˛õÓ˚

!òÓy ˜òˆÏâ≈ƒÓ˚ ≤Ãû˛yÓˆÏÜ˛ xyˆÏ°yÜ˛ ˛õÎ≈yÓ,!_ ÓˆÏ°– ˛õyï˛yÓ˚ ˆÎ !ÓˆÏ¢£Ï Ó˚OÜ˛!ê˛ xyˆÏ°yÜ˛ ˛õÎ≈yÓ,!_ ≤Ã!e´Î˚y!ê˛ !öÎ˚sfî

Ü˛ˆÏÓ˚ ï˛y ú˛y•zˆÏê˛yˆÏe´yü öyˆÏü ˛õ!Ó˚!ã˛ï˛– ú˛y•zˆÏê˛yˆÏe´yü ~Ü˛!ê˛ !ö!ò≈‹T üyeyÎ˚ §!M˛Èï˛ •ˆÏ° ï˛y ç!ê˛° ¢yÓ˚#Ó˚Ó,_#Î˚
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≤Ã!e´Î˚yÎ˚ ˆú ˛y!Ó˚̂ Ïçö öyüÜ˛ ~Ü˛!ê˛ •Ó˚̂ Ïüyö §ÇˆÏŸ’ˆÏ£Ï §•yÎ˚ï˛y Ü˛ˆÏÓ˚– ~•z •Ó˚̂ Ïüyö!ê˛ xDç ü%Ü%˛°ˆÏÜ˛ ≤ÃyÓ˚!Ω˛Ü˛

xÓfliyˆÏï˛•z ˛õ%‹õü%Ü%˛ˆÏ° Ó˚*˛õyhsˇ!Ó˚ï˛ Ü˛ˆÏÓ˚– !ö¡¨ ï˛y˛õüyeyÓ˚ (5oC) ≤Ãû˛yˆÏÓ ˛õ%‹õ ≤Ãfl≥%˛ê˛ö ≤Ã!e´Î˚yˆÏÜ˛ cÓ˚y!ß∫ï˛

Ü˛Ó̊yÓ̊ ≤Ã!e´Î̊y Ï̂Ü˛ Óy§hsˇ#Ü˛Ó̊î (vernalization) Ó Ï̂°–

14.2 xy Ï̂°yÜ˛ ̨õÎ≈yÓ,!_ (Photoperiodism)

!ÓK˛yö# àyö≈yÓ˚ Ä xƒy°yí≈˛ (Garner and Allard, 1920) §Ó≈≤ÃÌü °«˛ƒ Ü˛ˆÏÓ˚ö ˆÎ ˆÜ˛yˆÏöy í˛z!qˆÏòÓ˚ ˛õ%‹õ

≤Ãfl≥%˛ê˛ö !òÓyÈÙÈ˜òˆÏâ≈ƒÓ˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#°– @ˇÃ#‹øÜ˛yˆÏ° ̂ Î ú%˛°=!° ̂ ú˛yˆÏê˛ ï˛yˆÏòÓ˚ !òÓyÈÙÈ˜òâ≈ƒ ̂ Ó!¢ ÌyÜ˛yÓ˚ ≤ÃˆÏÎ˚yçö

!Ü˛v ¢#ï˛Ü˛yˆÏ° ̨õ%‹õ ≤Ãfl≥%˛ê˛ˆÏöÓ˚ çöƒ !òÓyÈÙÈ˜òâ≈ƒ Ü˛ü •ÄÎ˚y í˛z!ã˛ï˛– ̨õ%‹õ ≤Ãfl≥%˛ê˛ˆÏöÓ˚ í˛z˛õÓ˚ !òÓyÈÙÈ˜òâ≈ƒ Óy xyˆÏ°yÓ˚

§üÎ˚Ü˛y°#ö ≤Ãû˛yÓˆÏÜ˛•z xyˆÏ°yÜ˛ ˛õÎ≈yÓ,!_ Óy Photo-periodism Ó Ï̂°–

≤Ã!ï˛!ê˛ ≤Ãçy!ï˛Ó˚ ˛õ%‹õ ≤Ãfl≥%˛ê˛ö ~Ü˛!ê˛ !ö!ò≈‹T !òÓyÈÙÈ˜òˆÏâ≈ƒÓ˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#° ÎyˆÏÜ˛ §ÇÜ˛ê˛ xyˆÏ°yÜ˛Ü˛y° Óy

Critical photoperiod Ó Ï̂°– §ÇÜ˛ê˛ xy Ï̂°yÜ˛Ü˛y Ï̂°Ó˚ í z̨̨ õÓ˚ !öû≈̨ Ó˚ Ü˛ Ï̂Ó˚ §ü@ˇÃ í z̨!qòÜ%̨ ° Ï̂Ü˛ ̨õÑyã˛ û˛y Ï̂à û˛yà Ü˛Ó˚y

•Î˚ ≠

1. ò#â≈ÈÙÈ!òÓy í˛z!qò     (Long Day Plant Óy     LDP)—ˆÎ í˛z!qòˆÏÜ˛ §ÇÜ˛ê˛ xyˆÏ°yÜ˛Ü˛yˆÏ°Ó˚ ˆã˛ˆÏÎ˚ ˆÓ!¢

§üÎ˚ ôˆÏÓ˚ xyˆÏ°yÜ˛ !òˆÏ° ˛õ%‹õ ≤Ãfl≥%˛!ê˛ï˛ •Î˚ ï˛yˆÏÜ˛ ò#â≈ÈÙÈ!òÓy í˛z!qò ÓˆÏ°– í˛zòy•Ó˚îfl∫Ó˚*˛õ Ó°y ÎyÎ˚ ˆÎ ˆ•öˆÏÓö

(Hyoscyamus) àyˆÏåÈÓ˚ §ÇÜ˛ê˛ xyˆÏ°yÜ˛Ü˛y° 11 â^ˇê˛yÈÙÙÙÈï˛y•z ~•z àyˆÏåÈÓ˚ ˛õ%‹õ ≤Ãfl≥%˛ê˛ˆÏöÓ˚ çöƒ 11 â^ˇê˛yÓ˚

ˆÓ!¢ §üÎ˚ ôˆÏÓ˚ xyˆÏ°y !òˆÏï˛ •ˆÏÓ– @ˇÃ#‹øÜ˛yˆÏ° àyåÈ ò#â≈ §üÎ˚ ôˆÏÓ˚ xyˆÏ°y ˛õyÎ˚ ÓÛˆÏ° ò#â≈ÈÙÈ!òÓy í˛z!qò=!°Ó˚

ú%˛° §ã˛Ó˚yã˛Ó˚ ~•z }ï%˛ˆÏï˛•z ˆú˛yˆÏê˛–

2. •…fl∫ÈÙÈ!òÓy í˛z!qò     (Short Day Plant Ó     SDP)—ˆÎÈÙÈ§Ó í˛z!qˆÏò §ÇÜ˛ê˛ xyˆÏ°yÜ˛Ü˛yˆÏ°Ó˚ ˆã˛ˆÏÎ˚ Ü˛ü

§üÎ̊ xy Ï̂°y ̂ ˛õ Ï̂° ú%̨ ° ̂ ú˛y Ï̂ê˛ ï˛y Ï̂òÓ̊ •…fl∫ÈÙÈ!òÓy í z̨!qò Ó Ï̂°– çƒy!siÎ̊yü (Xanthium) àyåÈ!ê˛Ó̊ §ÇÜ˛ê˛ xy Ï̂°yÜ˛Ü˛y°

15.5 â^ˇê˛y ï˛y•z ~•z §ü Ï̂Î̊Ó̊ ̂ ã˛ Ï̂Î̊ Ü˛ü xy Ï̂°y ̂ ˛õ Ï̂°•z ~•z ày Ï̂åÈÓ̊ ú%̨ ° ú%̨ ê˛ Ï̂Ó– §ã˛Ó̊yã˛Ó̊ ¢#ï˛Ü˛y Ï̂° ̂ Î àyåÈ=!° Ï̂ï˛

ú%˛° ˆú˛yˆÏê˛ ï˛yˆÏòÓ˚ x!ôÜ˛yÇ¢•z •…fl∫ÈÙÈ!òÓy í˛z!qò–

~Ü˛!ê˛ !Ó£ÏÎ˚ °«˛ƒ Ü˛Ó˚ˆÏï˛ •ˆÏÓ ˆÎ ò#â≈ÈÙÈ!òÓy í˛z!qò=!° ú%˛° §ã˛Ó˚yã˛Ó˚ ˆ§•z §üˆÏÎ˚•z ˆú˛yˆÏê˛ Îáö Ó˚y!eÜ˛y°#ö

§üÎ˚Ü˛y° ˆåÈyê˛ •Î˚– ï˛y•z ~ˆÏòÓ˚ •…fl∫ÈÙÈÓ˚y!e í˛z!qòÄ˛ (Short Night Plant) Ó°y •Î˚– ~Ü˛•z Ü˛yÓ˚̂ Ïî •…fl∫ÈÙÈ!òÓy

í z̨!qò Ï̂Ü˛ ò#â≈ÈÙÈÓ̊y!e í z̨!qòÄ (Long Night Plant) Ó°y ã˛ Ï̂°–

3. !òÓyÈÙÈ!öÓ˚ˆÏ˛õ«˛ í˛z!qò     (Day Neutral Plant Óy     DNP)— ˆÎÈÙÈ§Ó í˛z!qˆÏòÓ˚ ˛õ%‹õ ≤Ãfl≥%˛ê˛ö §ÇÜ˛ê˛

xy Ï̂°yÜ˛Ü˛y Ï̂°Ó̊ í z̨̨ õÓ̊ !öû≈̨ Ó̊¢#° öÎ̊ ï˛y Ï̂òÓ̊ !òÓyÈÙÈ!öÓ̊ Į̈̂ õ«˛ í z̨!qò Ó Ï̂°– ~•z í z̨!qò=!°Ó̊ ú%̨ ° ̂ Î ̂ Ü˛ Ï̂öy }ï%̨ Ï̂ï˛•z

ú%˛ê˛ˆÏï˛ ˛õyˆÏÓ˚– ¢¢yñ ê˛üƒyˆÏê˛y ≤Ãû,˛!ï˛ !òÓyÈÙÈ!öÓ˚ˆÏ˛õ«˛ í˛z!qò–

4. •…fl∫ ò#â≈ÈÙÈ!òÓy í˛z!qò     (Short Long Day Plant Óy     SLDP)—ˆÎ í˛z!qˆÏòÓ˚ ˛õ%‹õ ≤Ãfl≥%˛ê˛ˆÏöÓ˚ çöƒ

≤ÃÌˆÏü •…fl∫ÈÙÈ!òÓy Ä ˛õÓ˚Óï˛#≈Ü˛yˆÏ° ò#â≈ !òÓyÓ˚ ≤ÃˆÏÎ˚yçö ï˛yˆÏÜ˛ •…fl∫ÈÙÈò#â≈ !òÓy í˛z!qò ÓˆÏ°–
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5. ò#â≈ÈÙÈ•…fl∫ !òÓy í˛z!qò     (Long Short Day Plant Óy     LSDP)— ˆÎ í˛z!qˆÏòÓ˚ ˛õ%‹õ ≤Ãfl≥%˛ê˛ˆÏöÓ˚ çöƒ

≤ÃÌˆÏü ò#â≈ÈÙÈ!òÓy Ä ˛õˆÏÓ˚ •…fl∫ !òÓyÓ˚ ≤ÃˆÏÎ˚yçö ï˛yˆÏÜ˛ ò#â≈ÈÙÈ•…fl∫ !òÓy í˛z!qò ÓˆÏ°–

§yÓ˚!îÈÙÈ 1. xyˆÏ°yÜ˛ ˛õÎ≈yÎ˚Ó,!_Ó˚ !û˛!_ˆÏï˛ !Ó!û˛ß¨ í˛z!qˆÏòÓ˚ í˛zòy•Ó˚î

í˛z!qˆÏòÓ˚ ≤ÃÜ,˛!ï˛ í˛z!qˆÏòÓ˚ í˛zòy•Ó˚î

1. ò#â≈ÈÙÈ!òÓy í˛z!qò (LDP) ˆ•öˆÏÓö (Hyoscyamus niger), ç•z (Avena sativa),
˛õy°Ç¢yÜ˛ (Spinacia oleracea)

2. •…fl∫ÈÙÈ!òÓy í˛z!qò (SDP) xy°% (Solanum tuberosum), ï˛yüyÜ˛ (Nicotiana tabacum),
çƒy!siÎ˚yü (Xanthium pensylvanicum)

3. !òÓyÈÙÈ!öÓ˚̂ Ï˛õ«˛ í˛z!qò (DNP) ¢¢y (Cucumis sativus), ê˛üƒyˆ Ïê ˛y (Lycopersicum
esculentum)

4. •…fl∫ÈÙÈò#â≈ !òÓy í˛z!qò (SLDP) ê˛Δy•zˆÏú˛y!°Î˚yü (Trifolium repens)

5. ò#â≈ÈÙÈ•…fl∫ !òÓy í˛z!qò (LSDP) •y§ö%•yöy (Cestrum nocturnum)

xyˆÏ°yÓ˚ ˛õÎ≈yÎ˚Ó,!_Ó˚ ˆ«˛ˆÏe !ö¡¨!°!áï˛ !Ó£ÏÎ˚=!° üˆÏö Ó˚yáˆÏÓöÈÙÙÙÈ

(i) ≤Ã!ï˛!ê˛ ≤Ãçy!ï˛Ó˚ §ÇÜ˛ê˛ xyˆÏ°yÜ˛Ü˛y° !ö!ò≈‹T–

(ii) ~Ü˛!ê˛ •…fl∫ÈÙÈ!òÓy í˛z!qˆÏòÓ˚ §ÇÜ˛ê˛ xyˆÏ°yÜ˛Ü˛y° ò#â≈ÈÙÈ!òÓy í˛z!qˆÏòÓ˚ §ÇÜ˛ê˛ xyˆÏ°yÜ˛Ü˛yˆÏ°Ó˚ ˆã˛ˆÏÎ˚ ˆÓ!¢

•ˆÏï˛ ˛õyˆÏÓ˚– ˆÎüö Hyoscyamus öyüÜ˛ ò#â≈ÈÙÈ!òÓy í˛z!qò!ê˛Ó˚ §ÇÜ˛ê˛ xyˆÏ°yÜ˛Ü˛y° 11 â^ˇê˛y !Ü˛v

Xanthium öyü •…fl∫ÈÙÈ!òÓy í˛z!qò!ê˛Ó˚ §ÇÜ˛ê˛ xyˆÏ°yÜ˛Ü˛y° 15.5 â^ˇê˛y– ~•z ò%Û!ê˛ í˛z!qò•z 13 â^ˇê˛y

xyˆÏ°yÜ˛Ü˛yˆÏ° ≤Ãfl≥%˛!ê˛ï˛ •ˆÏï˛ ̨õyˆÏÓ˚– ~àyˆÏÓ˚y â^ˇê˛yÓ˚ Ü˛ü §üÎ˚ xyˆÏ°yÜ˛Ü˛yˆÏ° Xanthium ú%˛° ≤Ãfl≥%˛!ê˛ï˛

Ü˛Ó̊ Ï̂ï˛ ̨õyÓ̊ Ï̂Ó !Ü˛v Hyoscyamus ̨õyÓ̊ Ï̂Ó öy– ~Ü˛•zû˛y Ï̂Ó Xanthium 15.5 â ˇ̂ê˛yÓ̊ ̂ Ó!¢ xy Ï̂°yÜ˛Ü˛y Ï̂°

ú%˛° ˆú˛yê˛yˆÏï˛ §«˛ü •ˆÏÓ öy !Ü˛v Hyoscyamus §«˛ü •ˆÏÓ–

(iii) •…fl∫ÈÙÈ!òÓy í˛z!qˆÏòÓ˚ ˛õ%‹õ ≤Ãfl≥%˛ê˛ö §ÇÜ˛ê˛ xyˆÏ°yÜ˛Ü˛yˆÏ°Ó˚ ˆã˛ˆÏÎ˚ Ü˛ü §üÎ˚ xyˆÏ°y !òˆÏ° §¡õß¨ •Î˚ !Ü˛v

xyˆÏ°yÜ˛Ü˛y° x!ï˛!Ó˚_´ Ü˛ü •ˆÏ° §yˆÏ°yÜ˛§ÇˆÏŸ’£Ï ≤Ã!e´Î˚y Óƒy•ï˛ •Î˚ Ä ú˛ˆÏ° ˛õ%‹õ ≤Ãfl≥%˛ê˛öÄ Óyôy≤ÃyÆ

•Î˚–

(iv) !òÓyÈÙÈ!öÓ˚ˆÏ˛õ«˛ í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe §Ó }ï%˛ˆÏï˛•z ˛ú%˛° ú%˛ê˛ˆÏï˛ ˛õyˆÏÓ˚ñ !Ü˛v ˆÎÈÙÈ§Ó í˛z!qˆÏòÓ˚ ˛õ%‹õ ≤Ãfl≥%˛ê˛ö

ï˛y˛õüyeyÓ˚ í˛z˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ ï˛yˆÏòÓ˚ ˆ«˛ˆÏe §%!ö!ò≈‹T }ï%˛ˆÏï˛•z ú%˛° ú%˛ê˛ˆÏÓ–
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!ÓK˛yö#Ó˚y xyˆÏÓ˚y °«˛ƒ Ü˛ˆÏÓ˚̂ ÏåÈö ˆÎñ ò#â≈ÈÙÈ!òÓy í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe ≤Ãò_ xyˆÏ°yÜ˛Ü˛yˆÏ°Ó˚ üˆÏôƒ Î!ò x“ !Ü˛å%È«˛î

§üÎ˚ x¶˛Ü˛yÓ˚yFåÈß¨ Ó˚yáy •Î˚ ï˛y•ˆÏ° ˛õ%‹õ ≤Ãfl≥%˛ê˛öÄ Óƒy•ï˛ •Î˚– ~Ü˛•zû˛yˆÏÓ •…fl∫ÈÙÈ!òÓy í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe

x¶˛Ü˛yÓ˚Ü˛y°#ö xÓfliyÎ˚ !Ü˛å%È«˛î xyˆÏ°yÜ˛˛õyï˛ Ü˛Ó˚̂ Ï° ˙ í˛z!qò=ˆÏ°yÓ˚ ˆÜ˛Ó° xDç Ó,!k˛ ˛õ!Ó˚°!«˛ï˛ •Î˚–

˛õ%‹õ ≤Ãfl≥%˛ê˛ˆÏöÓ˚ í˛z˛õÓ˚ °y° (660 nm) Ä §%ò)Ó˚ °y° xyˆÏ°yÓ˚ (730 nm) í˛zˆÏÕ‘áˆÏÎyàƒ û)˛!üÜ˛y °«˛ƒ Ü˛Ó˚y

ˆàˆÏåÈ– •…fl∫ÈÙÈ!òÓy í˛z!qˆÏò x¶˛Ü˛yÓ˚Ü˛y°#ö §üˆÏÎ˚ °y° xyˆÏ°y ≤Ãòyö (R) Ü˛Ó˚̂ Ï° ˛õ%‹õ ≤Ãfl≥%˛ê˛ö Óƒy•ï˛ •Î˚ !Ü˛v

§%ò)Ó˚ °y° xyˆÏ°yÓ˚ ≤Ãû˛yˆÏÓ (FR) ~•z ≤Ã!e´Î˚y!ê˛ cÓ˚y!ß∫ï˛ •Î˚– x˛õÓ˚!òˆÏÜ˛ñ °y° xyˆÏ°y ò#â≈ÈÙÈ!òÓy í˛z!qˆÏòÓ˚

ˆ«˛ˆÏe ≤Ãfl≥%˛ê˛ˆÏöÓ˚ §•yÎ˚Ü˛ !Ü˛v §%ò)Ó˚ °y° xyˆÏ°yÓ˚ ≤Ãû˛yˆÏÓ ˛õ%‹õ ≤Ãfl≥%˛ê˛ö Óyôy≤ÃyÆ •Î˚– xyÓ˚Ä ~Ü˛!ê˛ !Ó£ÏÎ˚

°«˛ƒ Ü˛Ó˚y ˆàˆÏåÈ ˆÎñ fl∫“ §üˆÏÎ˚Ó˚ çöƒ Î!ò ˛õÎ≈yÎ˚e´ˆÏü °y° Ä §%ò)Ó˚ °y° xyˆÏ°y ≤ÃˆÏÎ˚yà Ü˛Ó˚y •Î˚ ï˛ˆÏÓ §ÓˆÏ¢ˆÏ£Ï

≤Ãò_ xyˆÏ°yÓ˚ Óî≈•z ˛õ%‹õ ≤Ãfl≥%˛ê˛ö ≤Ã!e´Î˚yˆÏÜ˛ !öÎ˚sfî Ü˛ˆÏÓ˚– ~•z Ü˛yÓ˚̂ Ïî §ÓˆÏ¢ˆÏ£Ï ≤Ãò_ xyˆÏ°yÓ˚ Óî≈ §%ò)Ó˚ °y°

•ˆÏ° •…fl∫ÈÙÈ!òÓy í˛z!qˆÏò ~ÓÇ °y° •ˆÏ° ò#â≈ÈÙÈ!òÓy í˛z!qˆÏò ú%˛° ˆú˛yˆÏê˛ S!ã˛e 14.1V

ò#â≈ÈÙÈ!òÓy í˛z!qò •…fl∫ÈÙÈ!òÓy í˛z!qò

!ã˛e 14.1 : R Ä FR xyˆÏ°yÓ˚ ≤Ãû˛yˆÏÓ í˛z!qˆÏòÓ˚ ̨õ%‹õ ̨õ!Ó˚fl≥%˛ê˛ö
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14.3 ú˛y•zˆÏê˛yˆÏe´yüÈÙÙÙÈ˛õ%‹õ ≤Ãfl≥%˛ê˛ö !öÎ˚sfîÜ˛yÓ˚# Ó˚OÜ˛ (Phytochrome—
flowering regulating pigment)

!ÓK˛yö# ÓÌ≈í˛z•zÜ˛ Ä ˆ•ö!í»˛: (Borthwick and Hendricks, 1956) §Ó≈≤ÃÌü ≤Ãüyî Ü˛ˆÏÓ˚ö ˆÎñ àyˆÏåÈÓ˚

˛õyï˛yÎ˚ °y° (R) Ä §%ò)Ó˚ °y° xyˆÏ°y (F) @ˇÃ•îÜ˛yÓ˚# ~Ü˛!ê˛ !ÓˆÏ¢£Ï Ó˚OÜ˛ ˛õòyÌ≈ xyˆÏåÈ ÎyˆÏÜ˛ ú˛y•zˆÏê˛yˆÏe´yü öyˆÏü

¢öy_´ Ü˛Ó˚y •Î˚– ˛õ%‹õ ≤Ãfl≥%˛ê˛ö !öÎ˚sfîÜ˛yÓ˚# ú˛y•zˆÏê˛yˆÏe´yˆÏüÓ˚ ˜Ó!¢‹Tƒ=!° •° ≠

(1) í˛z!qˆÏòÓ˚ ˛õyï˛yÎ˚ ú˛y•zˆÏê˛yˆÏe´yü Ó˚OÜ˛!ê˛ ~Ü˛!ê˛ xyˆÏ°yÜ˛@ˇÃy•# ˛õòyÌ≈Ó˚*ˆÏ˛õ Ü˛yç Ü˛ˆÏÓ˚– °y° xyˆÏ°y

ˆ¢y£ÏîÜ˛yÓ˚# ú˛y•zˆÏê˛yˆÏe´yüˆÏÜ˛ Phytochromer Óy Pr ~ÓÇ §%ò)Ó˚ °y° xyˆÏ°y ˆ¢y£ÏîÜ˛yÓ˚# ú˛y•zˆÏê˛yˆÏe´yüˆÏÜ˛

Phytochromefr Óy Pfr Ó°y •Î̊–

(2) Pr ú˛y•zˆÏê˛yˆÏe´yü!ê˛ °y° xyˆÏ°y ˆ¢y£Ïî Ü˛Ó˚yÓ˚ §yˆÏÌ §yˆÏÌ PfrÙÈ~ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚– ˛õ«˛yhsˇˆÏÓ ̊Pfr §%ò)Ó˚

°y° xyˆÏ°y ˆ¢y£Ïî Ü˛ˆÏÓ˚ PrÈÙÈ~ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚– ~åÈyí˛¸y Ó˚y!eÜ˛yˆÏ° xyˆÏ°yÓ˚ xö%˛õ!fli!ï˛ˆÏï˛ §!M˛Èï˛ Pfr ô#ˆÏÓ˚

ô#ˆÏÓ˚ PrÈÙÈ~ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚– ~•z ≤Ã!e´Î˚yˆÏÜ˛ Ó˚y!eÜ˛y°#ö !Ó˛õyÜ˛#Î˚ ˛õ!Ó˚Óï≈˛ö (Metabolic dark conversion)
ÓˆÏ°– ~•z Ü˛yÓ˚̂ Ïî Ó˚y!eÜ˛y° ò#â≈ •ˆÏ° í˛z!qˆÏò PrÈÙÈ~Ó˚ §M˛ÈÎ˚ ˆÓ!¢ •Î˚–

(3) Pr » Pfr-~Ó˚ Ó˚*˛õyhsˇÓ˚ ~Ü˛!ê˛ í˛zû˛ü%á# ≤Ã!e´Î˚y ~ÓÇ Ü˛ˆÏÎ˚Ü˛ !ü!°ˆÏ§ˆÏÜ˛ˆÏu˛Ó˚ üyôƒˆÏü•z ~•z Ó˚*˛õyhsˇÓ˚

âˆÏê˛– ~•z Ó˚*˛õyhsˇˆÏÓ˚Ó˚ §üÎ˚ ú˛y•zˆÏê˛yˆÏe´yˆÏüÓ˚ ̂ ê˛ê˛Δy˛õy•zˆÏÓ˚y° ̂ ÎÔà!ê˛Ó˚ ~Ü˛!ê˛ H ̨õÓ˚üyî%Ó˚ fliyöyhsˇÓ˚ âˆÏê˛– Pr Ä Pfr

ˆÎˆÏ•ï%˛ ˛õÓ˚flõÓ˚ xy•zˆÏ§yüyÓ˚ ï˛y•z ~•z Ó˚*˛õyhsˇÓ˚̂ ÏÜ˛ xy•zˆÏ§yˆÏüÓ˚y•zˆÏç¢ö Ó°y ÎyÎ˚– xyÓ˚ ~Ü˛!ê˛ í˛zˆÏÕ‘áˆÏÎyàƒ

!Ó£ÏÎ˚ •° ò#â≈ÈÙÈ!òÓy í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe Pfr-~Ó˚ x!ôÜ˛ §M˛ÈÎ˚ ≤ÃˆÏÎ˚yçö ~ÓÇ ~•z Ü˛yÓ˚̂ Ïî•z °y° xyˆÏ°y ò#â≈ÈÙÈ!òÓy

í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe ˛õ%‹õ ≤Ãfl≥%˛ê˛ˆÏöÓ˚ §•yÎ˚Ü˛– x˛õÓ˚!òˆÏÜ˛ •…fl∫ÈÙÈ!òÓy í˛z!qˆÏòÓ˚ ˛õ%‹õ ≤Ãfl≥%˛ê˛ˆÏöÓ˚ çöƒ Pr-~Ó˚ §M˛ÈÎ˚

~Ü˛!ê˛ ̨ õ)Ó≈ ¢ï≈˛ (pre-condition) ~ÓÇ §%ò)Ó˚ °y° xyˆÏ°yÓ˚ ≤Ãû˛yˆÏÓ Óy Ó˚y!eÜ˛y° ò#â≈ •ˆÏ°•z í˛z!qˆÏò Pr-~Ó˚ §M˛ÈÎ˚

ˆÓˆÏí˛¸ ÎyÎ˚–

(4) Ó˚y§yÎ˚!öÜ˛û˛yˆÏÓ ú˛y•zˆÏê˛yˆÏe´yü ~Ü˛!ê˛ ö#°yû˛ ˆe´yˆÏüyˆÏ≤Ãy!ê˛ö– ~•z ˆÎÔˆÏàÓ˚ ˆe´yˆÏüyˆÏú˛yÓ˚ Óy Óî≈üÎ˚

xM˛È°!ê˛ ~Ü˛!ê˛ ü%_´ ̂ ê˛ê Δ̨y˛õy•ẑ ÏÓ̊y° ̂ Îáy Ï̂ö ã˛yÓ̊!ê˛ ̨õy•ẑ ÏÓ̊y° Óà≈ §Ó̊° Óy ̃ Ó̊!áÜ˛ ¢,C Ï̂° (Linear tetrapyrrole)
§!Iï˛ ÌyˆÏÜ˛– ~•z xÇ¢!ê˛ ú˛y•zˆÏê˛yˆÏe´yˆÏüy!Ó!°ö öyˆÏüÄ ˛õ!Ó˚!ã˛ï˛–

Ó˚*˛õyhsˇÓ˚û˛Óö
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~•z ˆe´yˆÏüyˆÏú˛yÓ˚ xÇ¢!ê˛ xyÓyÓ˚ ~Ü˛!ê˛ xƒyˆÏ˛õyˆÏ≤Ãy!ê˛ˆÏöÓ˚ §yˆÏÌ Î%_´ ÌyˆÏÜ˛– xƒyˆÏ˛õyˆÏ≤Ãy!ê˛ö xÇ¢!ê˛ ü)°ï˛

~Ü˛!ê˛ ˛õ!°ˆÏ˛õ˛õê˛y•zí˛– Î•z (Oat) ú˛y•zˆÏê˛yˆÏe´yˆÏüÓ˚ ~•z ˛õ!°ˆÏ˛õ˛õê˛y•zí˛!ê˛ 1128!ê˛ xƒyüy•zˆÏöy xˆÏ¡‘Ó˚ §üß∫ˆÏÎ˚

à!ë˛ï˛ Ä ~Ó˚ xyî!ÓÜ˛ Äçö 124 kDa S!Ü˛ˆÏ°yí˛y°ê˛öV– Avena í˛z!qˆÏò ~•z ˛õ!°ˆÏ˛õ˛õê˛y•zí˛ §ÇˆÏŸ’£ÏÜ˛yÓ˚#

DNA-~Ó˚ «˛yÓ˚!Óöƒy§Ä xy!Ó‹,Òï˛ •ˆÏÎ˚ˆÏåÈ (Voerstra et al. 1986) S!ã˛e 14.2 Ä !ã˛e 14.3V–

!ã˛e 14.2 : ú˛y•ẑ Ïê˛y Ï̂e´y Ï̂üÓ̊ Ó̊y§yÎ̊!öÜ˛ àë˛ö Ä Ó̊*˛õyhsˇÓ̊
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!ÓK˛yö#Ó˚y xyÓ˚Ä ~Ü˛!ê˛ =Ó˚&c˛õ)î≈ !Ó£ÏÎ˚ °«˛ƒ Ü˛ˆÏÓ˚ˆÏåÈö ˆÎñ ˆe´yˆÏüyˆÏú˛yÓ˚ xM˛È°!ê˛ xƒyˆÏ˛õyˆÏ≤Ãy!ê˛ˆÏöÓ˚ 321
ö¡∫Ó˚ !§§!fiê˛ö xƒyüy•zˆÏöy xˆÏ¡‘Ó˚ §yˆÏÌ ÌyˆÏÎ˚y•zÌyÓ˚ Ó¶˛ö#Ó˚ üyôƒˆÏü Î%_´ ÌyˆÏÜ˛ (Riidiger, 1986)–

(5) xyˆÏ°yÜ˛ˆÏ¢y£Ïî Óî≈y°# (Absorbtion spectrum) °«˛ƒ Ü˛Ó˚̂ Ï° ˆòáy ÎyÎ˚ ˆÎ Pr 660 nm ï˛Ó˚DÈÙÈ

˜òâ≈ƒÎ%_´ xy Ï̂°y Ä Pfr 730 nm ï˛Ó̊D Ï̃òâ≈ƒÎ%_´ xy Ï̂°y §Ó≈y!ôÜ˛ ̂ ¢y£Ïî Ü˛ Ï̂Ó̊– ~ Ï̂«˛ Ï̂e Pr-~Ó̊ xy Ï̂°yÜ˛ ̂ ¢y£Ï̂ ÏîÓ̊

!ã˛e 14.3 : ú˛y•ẑ Ïê˛y Ï̂e´y Ï̂üÓ̊ Ó̊y§yÎ̊!öÜ˛ àë˛ö → ï˛#Ó̊ !ã˛!•´ï˛ fliy Ï̂ö

•y•ẑ Ïí»̨ y Ï̂çö fliyöyhsˇ Ï̂Ó˚Ó˚ ú˛ Ï̂° Pr ~ÓÇ Pfr Ó̊OÜ˛ ̨õòy Ï̂Ì≈Ó̊ xÓfliy–

Pr S°y° xyˆÏ°yÜ˛ ˆ¢y£Ïî«˛üV

§%ò)Ó˚ °y° xyˆÏ°yÜ˛             °y° xyˆÏ°yÜ˛

Pfr S§%ò)Ó˚ °y° xyˆÏ°yÜ˛ ˆ¢y£Ïî«˛üV
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•yÓ˚ ï%˛°öyü)°Ü˛û˛yˆÏÓ ˆÓ!¢– ~åÈyí ¸̨y ò%ÛôÓ˚ˆÏöÓ˚ ú˛y•zˆÏê˛yˆÏe´yü•z §Ó%ç ÓˆÏî≈Ó˚ xyˆÏ°yÄ (500-550 nm) §yüyöƒ

˛õ!Ó˚yˆÏî ˆ¢y£Ïî Ü˛ˆÏÓ˚ S!ã˛e 14.4V–

(6) ~Ü˛!ê˛ í˛zˆÏÕ‘áˆÏÎyàƒ !Ó£ÏÎ˚ °«˛ƒ Ü˛Ó˚y ˆàˆÏåÈ ˆÎ x¶˛Ü˛yˆÏÓ˚ Ó,!k˛≤ÃyÆ Î•zÈÙÈ~Ó˚ xB%˛ˆÏÓ˚ PHYA !çö!ê˛

Ü˛yÎ≈Ü˛Ó˚# •Î˚ Îy PHYmRNA-~Ó˚ üyôƒˆÏü ≤ÃÌˆÏü Pr-~Ó˚ xƒyˆÏ˛õyˆÏ≤Ãy!ê˛ö àë˛ö Ü˛ˆÏÓ˚ Îy ˛õÓ˚Óï˛#≈ ˛õÎ≈yˆÏÎ˚ °y°

xyˆÏ°yÓ˚ ≤Ãû˛yˆÏÓ Pfr-~ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚– PHYA !çöñ ~üö!Ü˛ PHYmRNA Ä xyˆÏ°yÓ˚ ≤Ãû˛yˆÏÓ !ö!‹;˛Î˚ •ˆÏÎ˚

ÎyÎ˚ (Coupland, 1997)– !öí˛z!Üœ˛Î˚y§ Ä ≤’y!fiê˛í˛ÈÙÙÙÈ í˛zû˛Î˚ xDyî%Ó˚ Î%à˛õÍ !e´Î˚yÓ˚ üyôƒˆÏü ú˛y•zˆÏê˛yˆÏe´yˆÏüÓ˚

§Ç Ï̂Ÿ’£Ï â Ï̂ê˛– !öí z̨!Üœ̨ Î̊y Ï̂§Ó̊ PHYA !çö!ê˛ xƒy Į̈̂ õy Ï̂≤Ãy!ê˛ö àë˛ö Ü˛ Ï̂Ó̊ ~ÓÇ ≤’y!fiê˛ Ï̂í˛ ̂ ê˛ê Δ̨y˛õy•ẑ ÏÓ̊y° ̂ e´y Ï̂üy!Ó!°ö

Ó˚OÜ˛!ê˛Ó˚ §ÇˆÏŸ’£Ï âˆÏê˛– ~•z ò%Û!ê˛ ˆÎÔà §y•zˆÏê˛y≤’yçˆÏü ~ˆÏ§ !ü!°ï˛ •ˆÏÎ˚ §¡õ)î≈ ú˛y•zˆÏê˛yˆÏe´yü Óy ú˛y•zˆÏê˛yˆÏe´yü

•ˆÏ°yˆÏ≤Ãy!ê˛ö àë˛ö Ü˛ˆÏÓ˚–

xö%¢#°ö#

1. §ÇˆÏ«˛ˆÏ˛õ í˛z_Ó˚ !òö ≠

SÜ˛V xyˆÏ°yÜ˛ ˛õÎ≈yÓ,!_ Ü˛yˆÏÜ˛ ÓˆÏ°⁄

SáV ~Ü˛!ê˛ !òÓyÈÙÈ!öÓ˚̂ Ï˛õ«˛ í˛z!qˆÏòÓ˚ öyü !°á%ö–

SàV ˆÜ˛yö‰ !ÓK˛yö#Ó˚y í˛z!qˆÏò ≤ÃÌü ú˛y•zˆÏê˛yˆÏe´yü ¢öy_´ Ü˛ˆÏÓ˚ö⁄

SâV ú˛y•zˆÏê˛yˆÏe´yˆÏüy!Ó!°ö Ü˛#⁄

SäV Pr Ä Pfr ˆÜ˛yö‰ ˆÜ˛yö‰ ï˛Ó˚D˜Ïòâ≈ƒÎ%_´ xyˆÏ°y §Ó≈y!ôÜ˛ ˆ¢y£Ïî Ü˛ˆÏÓ˚⁄

!ã˛e 14.4 : Pr Ä PfrÈÙÈ~Ó˚ ˆ¢y£Ïî ≤Ãîy°#
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2. §!ë˛Ü˛ í˛z_Ó˚!ê˛Ó˚ ö#ˆÏã˛ òyà òyÄ ≠

A. Hyoscyamus ~Ü˛!ê˛ SÜ˛V •…fl∫ÈÙÈ!òÓy SáV ò#â≈ÈÙÈ!òÓy SàV !òÓyÈÙÈ!öÓ˚̂ Ï˛õ«˛ í˛z!qò–

B. •…fl∫ÈÙÈ!òÓy í˛z!qˆÏò ˛õ%‹õ ≤Ãfl≥%˛ê˛ˆÏöÓ˚ çöƒ SÜ˛V Pfr SáV Px SàV Pr §M˛ÈˆÏÎ˚Ó˚ ≤ÃˆÏÎ˚yçö–

C. Ó˚y!eÜ˛y° ò#â≈ •ˆÏ° í˛z!qˆÏò SÜ˛V Pr SáV Pfr SàV í˛zû˛Î˚•z x!ôÜ˛ ˛õ!Ó˚üyˆÏî §!M˛Èï˛ •Î˚–

D. ú˛y•zˆÏê˛yˆÏe´yˆÏüÓ˚ ˛õ!°ˆÏ˛õ˛õê˛y•zí˛!ê˛Ó˚ xyî!ÓÜ˛ Äçö SÜ˛V 50 kDa SáV 124 kDa
SàV 248 kDa

3. §ÇˆÏ«˛ˆÏ˛õ í˛z_Ó˚ !òö ≠

SÜ˛V ú˛y•zˆÏê˛yˆÏe´yü ˆÎÔà!ê˛Ó˚ Ó˚y§yÎ˚!öÜ˛ àë˛ö xyˆÏ°yã˛öy Ü˛Ó˚&ö–

SáV xyˆÏ°yÜ˛ ˛õÎ≈yÓ,!_Ó˚ í˛z˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ í˛z!qòˆÏÜ˛ Ü˛Û!ê˛ ˆ◊!îˆÏï˛ û˛yà Ü˛Ó˚y ÎyÎ˚⁄ ≤Ã!ï˛!ê˛ ˆ◊!îÓ˚

xhsˇû≈%˛_´ ~Ü˛!ê˛ Ü˛ˆÏÓ˚ í˛z!qˆÏòÓ˚ öyü !°á%ö–

14.4 ˆúœ̨ y!Ó̊ Ï̂çö (Florigen)

Ó˚y!¢Î˚yö !ÓK˛yö# ã˛y•z°yáyö (Chailakhyan, 1936) §Ó≈≤ÃÌü í˛zˆÏÕ‘á Ü˛ˆÏÓ˚ö ˆÎñ í˛z!qˆÏòÓ˚ ˛õ%‹õ ≤Ãfl≥%˛ê˛ˆÏöÓ˚

çöƒ ~Ü˛!ê˛ §Ó≈çö#ö •Ó˚̂ Ïüyö !e´Î˚y Ü˛ˆÏÓ˚– ~•z •Ó˚̂ Ïüyö!ê˛ˆÏÜ˛ !ï˛!ö ˆúœ̨ y!Ó˚̂ Ïçö öyˆÏü x!û˛!•ï˛ Ü˛ˆÏÓ˚ö– í˛z!qò

§!ë˛Ü˛ üyeyÎ˚ xyˆÏ°yÜ˛˛õÎ≈yÓ,!_ ç!öï˛ í˛zj#˛õöy @ˇÃ•î Ü˛Ó˚yÓ˚ ˛õÓ˚ ˆúœ˛y!Ó˚ˆÏçö •Ó˚ˆÏüyö!ê˛Ó˚ §ÇˆÏŸ’£Ï âˆÏê˛– ~•z

•Ó˚̂ Ïüyö §ÇˆÏŸ’ˆÏ£ÏÓ˚ çöƒ í˛z!qòˆÏÜ˛ ˛õÎ≈yÆ ˛õ!Ó˚üyˆÏî CO2 xy_#Ü˛Ó˚î Ü˛Ó˚̂ Ïï˛ •Î˚ ~ÓÇ §%ˆÏe´yç çyï˛#Î˚ ¢Ü≈˛Ó˚yÄ

~•z •Ó˚ˆÏüyˆÏöÓ˚ §ÇˆÏŸ’£ÏˆÏÜ˛ ≤Ãû˛y!Óï˛ Ü˛ˆÏÓ˚– x!ôÜ˛yÇ¢ !ÓK˛yö#Ó˚y•z üˆÏö Ü˛ˆÏÓ˚ö ˆÎ ò#â≈ÈÙÈ!òÓy í˛z!qˆÏò GA öyüÜ˛

•Ó˚̂ Ïüyö!ê˛•z ˆúœ̨ y!Ó˚̂ Ïçö §ÇˆÏŸ’£ÏˆÏÜ˛ ≤Ãû˛y!Óï˛ Ü˛ˆÏÓ˚– ò#â≈ÈÙÈ!òÓy í˛z!qòˆÏÜ˛ §ÇÜ˛ê˛Ü˛yˆÏ°Ó˚ ˆã˛ˆÏÎ˚ Ü˛ü xyˆÏ°y !òˆÏÎ˚Ä

GA ≤ÃˆÏÎ˚yà Ü˛Ó˚ˆÏ° ˛õ%‹õ ≤Ãfl≥%˛ê˛ö °«˛ƒ Ü˛Ó˚y ÎyÎ˚ Îy !ö!ÿ˛ï˛û˛yˆÏÓ ≤Ãüyî Ü˛ˆÏÓ˚ ˆÎ ~•z •Ó˚̂ Ïüyö!ê˛•z ˆúœ̨ y!Ó˚̂ Ïçö

§ÇˆÏŸ’ˆÏ£ÏÓ˚ çöƒ òyÎ˚#–

ã˛y•z°yáyö ~Ü˛!ê˛ Xanthium àyåÈˆÏÜ˛ •…fl∫ÈÙÈ!òÓyÜ˛yˆÏ° ˆÓ˚̂ Ïá ï˛yÓ˚ §yˆÏÌ ò#â≈ÈÙÈ!òÓyÜ˛yˆÏ° Ó˚yáy xˆÏöÜ˛=!°

Xanthium àyåÈˆÏÜ˛ Ü˛°ˆÏüÓ˚ üyôƒˆÏü §ÇÎ%_´ Ü˛Ó˚̂ Ï°ö– Xanthium •…fl∫ÈÙÈ!òÓy í˛z!qò ÓˆÏ° ≤ÃÌü àyåÈ!ê˛ˆÏï˛ ˆÎ

ˆúœ̨ y!Ó˚̂ Ïçö í˛zÍ˛õß¨ •ˆÏÎ˚!åÈ° ï˛y ò#â≈ÈÙÈ!òÓyÜ˛yˆÏ° Ó˚yáy í˛z!qò=!°ˆÏï˛ ≤ÃÓy!•ï˛ •ˆÏÎ˚ ˛õÓ˚Óï˛#≈ àyåÈ=!°ˆÏï˛Ä ú%˛°

ˆú˛yê˛yˆÏï˛ §y•yÎƒ Ü˛ˆÏÓ˚– ~åÈyí ¸̨yñ ~Ü˛!ê˛ ≤Ãçy!ï˛Ó˚ àyåÈˆÏÜ˛ §!ë˛Ü˛ xyˆÏ°yÜ˛Ü˛y° ≤Ãòyö Ü˛ˆÏÓ˚ ï˛yÓ˚ §yˆÏÌ xöƒ ≤Ãçy!ï˛Ó˚

àyåÈ=!°ˆÏÜ˛ Ü˛°ˆÏüÓ˚ üyôƒˆÏü §ÇÎ%_´ Ü˛Ó˚̂ Ï° ˛õÓ˚Óï˛#≈ àyåÈ=!°ˆÏÜ˛ §!ë˛Ü˛ xyˆÏ°yÜ˛Ü˛y° ≤Ãòyö öy Ü˛Ó˚̂ Ï°Ä ï˛yˆÏòÓ˚

˛õ%‹õ ≤Ãfl≥%˛ê˛ö âˆÏê˛– ~•z ˛õÓ˚#«˛y ò%Û!ê˛Ó˚ üyôƒˆÏü ≤Ãüy!îï˛ •Î˚ ˆÎñ ˆúœ˛y!Ó˚ˆÏçö •Ó˚ˆÏüyö!ê˛Ó˚ ~Ü˛!ê˛ !ö!ò≈‹T §_¥y

xyˆÏåÈ Îy í˛z!qò xˆÏDÓ˚ üyôƒˆÏü ˛õ!Ó˚Ó•öˆÏÎyàƒ ~ÓÇ ≤Ãçy!ï˛ !ö!Ó≈ˆÏ¢ˆÏ£Ï ~Ü˛•z •Ó˚ˆÏüyö Sˆúœ˛y!Ó˚ˆÏçöV ˛õ%‹õ

≤Ãfl≥%˛ê˛ˆÏö §•yÎ˚ï˛y Ü˛ˆÏÓ˚–
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ˆúœ˛y!Ó˚ˆÏçö §¡õ!Ü≈˛ï˛ ï˛ˆÏÌƒÓ˚ ≤Ãôyö ò%Ó≈°ï˛y •° ˆÎñ xöƒyöƒ •Ó˚̂ ÏüyˆÏöÓ˚ öƒyÎ˚ ~Ó˚ !Ó÷k˛#Ü˛Ó˚î (Purifi-
cation) §Ω˛Ó •Î˚!ö ÓˆÏ° ˆúœ̨ y!Ó˚̂ Ïçö Ó˚y§yÎ˚!öÜ˛ àë˛ö §¡õˆÏÜ≈˛ ~áöÄ !Ü˛å%Èê˛y çyöy §Ω˛Ó •Î˚!ö– ~•z !Ó£ÏˆÏÎ˚

!ÓK˛yö#Ó˚y !müï˛ ˆ˛õy£Ïî Ü˛ˆÏÓ˚ö– xˆÏöˆÏÜ˛Ó˚ üˆÏï˛ í˛z!qˆÏò ˆúœ˛y!Ó˚ˆÏçö öyˆÏü •Ó˚ˆÏüyˆÏöÓ˚ x!hflÏc•z ˆö•z ~ÓÇ ~ÓÇ

GA, §%ˆÏe´yç çyï˛#Î˚ ¢Ü≈˛Ó˚y ~ÓÇ í˛z!qˆÏò Ü˛yÓ≈ˆÏöÓ˚ Ä öy•zˆÏê˛ΔyˆÏçˆÏöÓ˚ §!ë˛Ü˛ xö%˛õyï˛•z (C/N ratio) ˛õ%‹õ

≤Ãfl≥%˛ê˛ö ≤Ã!e´Î˚yˆÏÜ˛ !öÎ˚sfî Ü˛ˆÏÓ˚– xyÓyÓ˚ xˆÏöÜ˛ !ÓK˛yö#ˆÏòÓ˚ üˆÏï˛ ˆúœ̨ y!Ó˚̂ Ïçö xï˛ƒhsˇ §ÇˆÏÓòö¢#° Ä û˛D%Ó˚

•ÄÎ˚yÎ˚ í˛z!qò ˆÌˆÏÜ˛ !ö‹Òy!¢ï˛ Ü˛Ó˚yÓ˚ §üÎ˚ ~!ê˛ !Óö‹T •ˆÏÎ˚ ÎyÎ˚– í˛z!qò !öÎ≈yˆÏ§Ó˚ xy!¡‘Ü˛ xÇˆÏ¢Ó˚ (Acid
fraction) üˆÏôƒ ˛õ%‹õ ≤Ãfl≥%˛ê˛öÜ˛yÓ˚# ≤Ãû˛yÓÜ˛!ê˛ í˛z˛õ!fliï˛ ÓˆÏ° xˆÏöˆÏÜ˛ ˆúœ˛y!Ó˚ˆÏçöˆÏÜ˛ ˆúœ˛y!Ó˚ˆÏç!öÜ˛ x¡‘Ó˚*ˆÏ˛õ

!ã˛!•´ï˛ Ü˛ˆÏÓ˚ˆÏåÈö– ~åÈyí ¸̨y xˆÏöÜ˛ !ÓK˛yö#Ó˚ ôyÓ˚îy ˆúœ̨ y!Ó˚̂ Ïçö ~Ü˛!ê˛ ˆfiê˛Ó˚° xÌÓy ˆê˛yˆÏÜ˛yˆÏú˛Ó˚° çyï˛#Î˚ ˆÎÔà–

~Ü˛Ü˛ÌyÎ˚ Ó°y ÎyÎ˚ ˆúœ˛y!Ó˚ˆÏçˆÏöÓ˚ ¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚y §¡õˆÏÜ≈˛ !ÓK˛yö#ˆÏòÓ˚ ôyÓ˚îy ÌyÜ˛ˆÏ°Ä ï˛yÓ˚ Ó˚y§yÎ˚!öÜ˛

§_¥y ~áöÄ xK˛yï˛ (Florigen is a physiological concept rather than chemical reality)

§y¡±!ï˛Ü˛Ü˛yˆÏ° ˆúœ̨ y!Ó˚̂ Ïçö Ü˛#û˛yˆÏÓ !Ó!û˛ß¨ !çöˆÏÜ˛ ≤Ãû˛y!Óï˛ Ü˛ˆÏÓ˚ ˛õ%‹õ ≤Ãfl≥%˛ê˛ö ≤Ã!e´Î˚yˆÏÜ˛ !öÎ˚sfî Ü˛ˆÏÓ˚ ˆ§

!Ó£ÏˆÏÎ˚ xyˆÏ°yÜ˛˛õyï˛ Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– í˛z!qˆÏò ˛õ%‹õ ≤Ãfl≥%˛ê˛ˆÏö ÓyôyòyöÜ˛yÓ˚# ~Ü˛!ê˛ !çö xyˆÏåÈ ÎyˆÏÜ˛ FLOW-
ERING LOTUS C Óy FLC Ó°y •Î˚– ~•z !çö!ê˛ xyÓyÓ˚ ˛õ%‹õ àë˛öÜ˛yÓ˚# û˛yçÜ˛ Ü˛°yÎ˚ í˛z˛õ!fliï˛

AGAMOUS  ....KE 20 (AGL 20) !çö Ï̂Ü˛ !ö!‹;˛Î̊ Ü˛ Ï̂Ó̊ Ó̊y Ï̂á– §!ë˛Ü˛ xy Ï̂°yÜ˛ ̨õÎ≈yÓ,!_Ó̊ ≤Ãû˛y Ï̂Ó ̂ úœ̨ y!Ó̊ Ï̂çö

•Ó˚ˆÏüyˆÏöÓ˚ §ÇˆÏŸ’£Ï âê˛ˆÏ° ï˛y ˆúœ˛yˆÏÎ˚ü üyôƒˆÏü ≤ÃÓy!•ï˛ •ˆÏÎ˚ ü%Ü˛° §,!‹TÜ˛yÓ˚# û˛yçÜ˛Ü˛°y hflÏˆÏÓ˚ ~ˆÏ§ ˆ˛õÑÔåÈyÎ˚

~ÓÇ FLC !çö Ï̂Ü˛ !ö!‹;˛Î̊ Ü˛ Ï̂Ó̊ ̂ òÎ̊ (Michaels Ä Amasino, 2000)– ~Ó̊ ú˛ Ï̂° AGL 20 !çö!ê˛ §!e´Î̊ •Î̊–

~•z !çö!ê˛ xyÓyÓ˚ ˛õ%‹õhflÏÓÜ˛ àë˛öÜ˛yÓ˚# ~Ü˛=FåÈ !çöˆÏÜ˛ §!e´Î˚ Ü˛ˆÏÓ˚ ˛õ%‹õ §,!‹T Ü˛ˆÏÓ˚– ˛õ%‹õhflÏÓÜ˛ àë˛öÜ˛yÓ˚#

!çö=!° •° APETALA Óy AP 1 SÓ,!ï˛ §,!‹T Ü˛ Ï̂Ó̊Vñ APETALA 2 Óy AP 2 SÓ,!ï˛ Óy ò°ü[˛° àë˛ö Ü˛ Ï̂Ó̊Vñ

APETALA 3 Óy AP 3 S˛õ%ÇˆÏÜ˛¢Ó˚ í˛zÍ˛õyòö Ü˛ˆÏÓ˚V Ä AGAMOUS Óy AG Sàû≈˛ˆÏÜ˛¢Ó˚ §,!‹T Ü˛ˆÏÓ˚V–

14.5 Óy§hsˇ#Ü˛Ó̊î     (Vernalization)

1928 §yˆÏ° Ó˚y!¢Î˚yö !ÓK˛yö# °y•zˆÏ§öˆÏÜ˛y (Lysenko) !ö¡¨ í˛z£èï˛yÓ˚ ≤Ãû˛yˆÏÓ í˛z!qˆÏòÓ˚ ˛õ%‹õ ≤Ãfl≥%˛ê˛ö

≤Ã!e´Î˚yˆÏÜ˛ cÓ˚y!ß∫ï˛ Ü˛Ó˚yÓ˚ ≤Ã!e´Î˚yˆÏÜ˛ Óy§hsˇ#Ü˛Ó˚î öyˆÏü x!û˛!•ï˛ Ü˛ˆÏÓ˚ö– ¢#ï˛Ü˛y°#ö àüçyï˛#Î˚ ¢§ƒ

í˛zFã˛ú˛°ö¢#° •ˆÏ°Ä ≤ÃÓ° ˜¢ˆÏï˛ƒÓ˚ ≤Ãû˛yˆÏÓ ï˛yˆÏòÓ˚ xB%˛ˆÏÓ˚yòàü ≤Ã!e´Î˚y Óƒy•ï˛ •Î˚– ~•z ôÓ˚̂ ÏöÓ˚ Ó#çˆÏÜ˛ !§_´

xÓfliyÎ˚ !ö¡¨ ï˛y˛õüyey (5oC) ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ ˙ Ó#çˆÏÜ˛ Ó§hsˇÜ˛yˆÏ° ˆÓ˚y˛õî Ü˛Ó˚̂ Ï°Ä í˛z!qˆÏòÓ˚ fl∫yû˛y!ÓÜ˛ xÓfliyÎ˚

ú˛°ö °«˛ƒ Ü˛Ó˚y ÎyÎ˚ ~ÓÇ ú˛§° ˆï˛y°yÓ˚  (harvest) !öô≈y!Ó˚ï˛ §üˆÏÎ˚Ó˚ ˛õ)ˆÏÓ≈•z ú˛§° ˛õ!Ó˚̨ õE˛ •Î˚– ¢#ï˛Ü˛y°#ö

Ó#çˆÏÜ˛ !ö¡¨ ï˛y˛õüyey ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ Ó§hsˇÜ˛yˆÏ° ̂ Ó˚y˛õî Ü˛Ó˚̂ Ï° ̨õ%‹õ ≤Ãfl≥%˛ê˛ö cÓ˚y!ß∫ï˛ (advanced flowering)
•Î˚ Ó°ˆÏ°•z ~•z ≤Ã!e´Î˚yˆÏÜ˛ Óy§hsˇ#Ü˛Ó˚î ÓˆÏ°– Vernalization ~•z •zÇÓ˚y!ç ¢∑!ê˛ xÓ¢ƒ Ó˚y!¢Î˚yö ¢∑

'yarovizatsya' ̂ Ì Ï̂Ü˛ ~ Ï̂§ Ï̂åÈ–
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!mÓ£Ï≈ç#Ó# í˛z!qˆÏòÓ˚ ˆ«˛ˆÏeÄ û˛yö≈y°y•zˆÏç¢ö Óy Óy§hsˇ#Ü˛Ó˚̂ ÏîÓ˚ ≤Ãû˛yÓ !ÓˆÏ¢£Ïû˛yˆÏÓ ˛õ!Ó˚°!«˛ï˛ •Î˚– !Óê˛ñ

àyçÓ˚ ≤Ãû,̨ !ï˛ !mÓ£Ï≈ç#Ó# í z̨!q Ï̂òÓ˚ ̂ «˛ Ï̂e ≤ÃÌü ÓåÈÓ˚ ̂ Ü˛Ó°üye xDç Ó,!k˛ °«˛ƒ Ü˛Ó˚y ÎyÎ˚– ≤ÃÌü ÓåÈÓ˚ ¢#ï˛Ü˛y°#ö

!ö¡¨ ï˛y˛õüyey @ˇÃ•î Ü˛Ó˚yÓ˚ ú˛ˆÏ°•z ~Ó˚y ̨ õˆÏÓ˚Ó˚ ÓåÈÓ˚ ̨ õ%‹õ ≤Ãfl≥%˛ê˛ˆÏö §«˛ü •Î˚– °«˛ƒ Ü˛Ó˚y ̂ àˆÏåÈ ~•z í˛z!qò=!°ˆÏÜ˛

¢#ï˛Ü˛y°#ö ˛õ!Ó˚ˆÏÓˆÏ¢ öyÈÙÈÌyÜ˛ˆÏï˛ !òˆÏ° ˛õÓ˚Óï˛#≈ ÓåÈˆÏÓ˚Ä ~Ó˚y ÷ô% xDç Ó,!k˛°yû˛ Ü˛ˆÏÓ˚– ~Ó˚ ˆÌˆÏÜ˛ ≤Ãüy!îï˛

•Î˚ ˆÎñ ˛õ%‹õ ≤Ãfl≥%˛ê˛ˆÏöÓ˚ ˆ«˛ˆÏe !ö¡¨ ï˛y˛õüyey Óy ˜¢ˆÏï˛ƒÓ˚ ~Ü˛!ê˛ §%!ö!ò≈‹T ≤Ãû˛yÓ xyˆÏåÈ– ~•z ôÓ˚̂ ÏöÓ˚ !mÓ£Ï≈ç#Ó#

í˛z!qˆÏòÓ˚ Ó#çˆÏÜ˛ !ö¡¨ ï˛y˛õüyeyÎ˚ !Ü˛å%È!òö Ó˚yáyÓ˚ ˛õÓ˚ xB%˛!Ó˚ï˛ •ˆÏï˛ !òˆÏ° ≤ÃÌü ÓåÈˆÏÓ˚•z ï˛yˆÏòÓ˚ ˛õ%‹õ ≤Ãfl≥%˛ê˛ö Óy

ú˛°ö í˛zÍ˛õyòö •ˆÏï˛ ˛õyˆÏÓ˚–

Óy§hsˇ#Ü˛Ó˚̂ ÏîÓ˚ ¢ï≈˛ÈÙÙÙÈÓy§hsˇ#Ü˛Ó˚î ≤Ã!e´Î˚y!ê˛ Ü˛ˆÏÎ˚Ü˛!ê˛ ¢ˆÏï≈˛Ó˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#°–

(1) ˆÎ Ó#çˆÏÜ˛ Óy§hsˇ#Ü˛Ó˚î Ü˛Ó˚̂ Ïï˛ •ˆÏÓ ï˛yˆÏÜ˛ xÓ¢ƒ•z !§_´ xÓfliyÎ˚ Ó˚yáˆÏï˛ •ˆÏÓ–

(2) Ó#ç åÈyí ¸̨yÄ Ü˛yˆÏ[˛Ó˚ Óô≈ö¢#° xM˛È°Ä xˆÏöÜ˛ ˆ«˛ˆÏe Óy§hsˇ#Ü˛Ó˚̂ ÏîÓ˚ ≤Ãû˛yˆÏÓ §yí ¸̨y ˆòÎ˚–

(3) Óy§hsˇ#Ü˛Ó˚̂ ÏîÓ˚ ˆ«˛ˆÏe 5oC ï˛y˛õüyeyˆÏÜ˛•z §ÓˆÏã˛ˆÏÎ˚ xyò¢≈ ï˛y˛õüyey Ó°y •Î˚– 0oC ï˛y˛õüyey Óy

ï˛yÓ˚ ˆã˛ˆÏÎ˚ !ö¡¨ ï˛y˛õüyeyÎ˚ Óy§hsˇ#Ü˛Ó˚̂ ÏîÓ˚ ≤Ãû˛yÓ °«˛ƒ Ü˛Ó˚y ÎyÎ˚ öy–

(4) Secale cereale Ä xöƒyöƒ xˆÏöÜ˛ í˛z!qˆÏò ˆòáy ˆàˆÏåÈ Óy§hsˇ#Ü˛Ó˚̂ ÏîÓ˚ §üÎ˚Ü˛y° Îï˛ Óyí ¸̨yˆÏöy •Î˚

˛õ%‹õ ≤Ãfl≥%˛ê˛ö ≤Ã!e´Î˚y!ê˛ ï˛ï˛•z cÓ˚y!ß∫ï˛ •Î˚–

(5) Óy§hsˇ#Ü˛Ó˚î ≤Ã!e´Î˚y!ê˛ ~Ü˛!ê˛ O2 !öû≈˛Ó˚ ˛õk˛!ï˛– ï˛y•z O2-~Ó˚ xû˛yˆÏÓ ~•z ≤Ã!e´Î˚y!ê˛ Ü˛yÎ≈Ü˛Ó˚# •Î˚

öy–

(6) Óy§hsˇ#Ü˛Ó˚î §¡õß¨ •ÓyÓ˚ ˛õÓ˚ Ó#ç Óy í˛z!qòˆÏÜ˛ Î!ò í˛zFã˛ï˛Ó˚ (25o— 40oC) ï˛y˛õüyeyÎ˚ Ó˚yáy •Î˚

ï˛y•ˆÏ° Óy§hsˇ#Ü˛Ó˚ˆÏîÓ˚ ≤Ãû˛yÓ!ê˛ ö‹T •ˆÏÎ˚ ÎyÎ˚– ~•z !Ó˛õÓ˚#ï˛ ≤Ã!ï˛!e´Î˚yˆÏÜ˛ !öÓ≈y§hsˇ#Ü˛Ó˚î

(Devernalization) Ó Ï̂°–

(7) í˛z!qò xˆÏD §%ˆÏe´yç çyï˛#Î˚ ¢Ü≈˛Ó˚yÓ˚ xû˛yÓ âê˛ˆÏ° Óy§hsˇ#Ü˛Ó˚î §¡õ)î≈û˛yˆÏÓ Ü˛yÎ≈Ü˛Ó˚# •Î˚ öy–

Óy§hsˇ#Ü˛Ó˚ˆÏîÓ˚ ¢yÓ˚#Ó˚Ó,_#Î˚ ˛õk˛!ï˛ ÈÙÙÙÈ !ÓK˛yö# ˆü°ã˛yÓ˚ (Melcher, 1936) Óy§hsˇ#Ü,˛ï˛ ˆ•öˆÏÓö

(Hyoscyamus) í˛z!qˆÏòÓ˚ §yˆÏÌ xÓy§hsˇ#Ü,˛ï˛ (Non-vernalized) í˛z!qˆÏòÓ˚ ˆçyí˛¸Ü˛°ü Ü˛ˆÏÓ˚ °«˛ƒ Ü˛ˆÏÓ˚ö ˆÎ

!ö¡¨ í˛z£èï˛y ≤ÃˆÏÎ˚yà öy Ü˛Ó˚ˆÏ°Ä xÓy§hsˇ#Ü,˛ï˛ í˛z!qˆÏò ˛õ%‹õ ≤Ãfl≥%˛!ê˛ï˛ •Î˚– ˛õÓ˚Óï˛#≈Ü˛yˆÏ° ˆü°ã˛yÓ˚ ~ÓÇ °ƒyÇ

(Melcher and Lang, 1966) ~•z ̨ !§k˛y Ï̂hsˇ xy Ï̂§ö ̂ Î ̃ ¢ï˛ƒ ≤Ã Ï̂Î˚yà Óy û˛yö≈y°y•ẑ Ïç¢ Ï̂öÓ˚ ú˛ Ï̂° í z̨!q Ï̂ò ̨õ%‹õ

≤Ãfl≥%˛ê˛ˆÏöÓ˚ §•yÎ˚Ü˛ ~Ü˛!ê˛ •Ó˚ˆÏüyö í˛zÍ˛õß¨ •Î˚ ÎyˆÏÜ˛ ï˛yÓ˚y û˛yö≈y!°ö öyˆÏü x!û˛!•ï˛ Ü˛ˆÏÓ˚ö– GA Ä û˛yö≈y!°ˆÏöÓ˚

Ü˛yÎ≈Ü˛y!Ó˚ï˛y ˛õ,ÌÜ˛ •ˆÏ°Ä GA §Ω˛Óï˛ û˛yö≈y!°ö í˛zÍ˛õyòö Óy ï˛yÓ˚ !e´Î˚yˆÏÜ˛ cÓ˚y!ß∫ï˛ Ü˛ˆÏÓ˚– Sinapsis alba
öyüÜ˛ í˛z!qˆÏò Óy§hsˇ#Ü˛Ó˚ˆÏîÓ˚ ú˛ˆÏ° !˛õí˛zê˛Δy!§ö öyˆÏü ~Ü˛!ê˛ í˛y•zxƒyüy•zö ˜ï˛!Ó˚ •Î˚ Îy ˛õ%‹õ ≤Ãfl≥%˛ê˛ˆÏö §•yÎ˚ï˛y

Ü˛ˆÏÓ˚– !ÓK˛yö#Ó˚y üˆÏö Ü˛ˆÏÓ˚ö ˆÎ û˛yö≈y!°ö •Ó˚ˆÏüyö!ê˛ ˆúœ˛y!Ó˚ˆÏçö í˛zÍ˛õyòˆÏö §y•yÎƒ Ü˛ˆÏÓ˚ ~ÓÇ ˛õÓ˚Óï˛#≈ ˛õÎ≈yˆÏÎ˚
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ˆúœ˛y!Ó˚ˆÏçö•z ˛õ%‹õ í˛zÍ˛õyòöÜ˛yÓ˚# !çö=!° §!e´Î˚ Ü˛ˆÏÓ˚ ú%˛° ˆú˛yê˛yˆÏï˛ §y•yÎƒ Ü˛ˆÏÓ˚– ~Ü˛!ê˛ !Ó£ÏÎ˚ í˛zˆÏÕ‘áˆÏÎyàƒ

ˆÎ û˛yö≈y!°ˆÏöÓ˚Ä Ó˚y§yÎ˚!öÜ˛ x!hflÏc ~áö xÓ!ô xy!Ó‹,Òï˛ •Î˚!ö ï˛y•z ˆúœ˛y!Ó˚ˆÏçˆÏöÓ˚ üˆÏï˛y û˛yö≈y!°öˆÏÜ˛Ä

≤ÃÜ˛!“ï˛ •Ó˚̂ Ïüyö (Hypotherical hormone) Ó°y •Î˚– §yôyÓ˚îû˛yˆÏÓ Óy§hsˇ#Ü˛Ó˚̂ ÏîÓ˚ ˛õk˛!ï˛ˆÏÜ˛ !ö¡¨!°!áï˛

≤ÃÓy•!ã˛ˆÏeÓ˚ üyôƒˆÏü Óƒyáƒy Ü˛Ó˚y ÎyÎ˚–

Óy§hsˇ#Ü˛Ó˚̂ ÏîÓ˚ =Ó˚&c ≠

(1) Óy§hsˇ#Ü˛Ó˚ˆÏîÓ˚ üyôƒˆÏü ¢#ï˛Ü˛y°#ö í˛z!qòˆÏÜ˛ Ó§hsˇÜ˛yˆÏ° xB%˛!Ó˚ï˛ Ü˛ˆÏÓ˚ ˛õ%‹õ ≤Ãfl≥%˛ê˛öˆÏÜ˛ cÓ˚y!ß∫ï˛ Ü˛Ó˚y

ÎyÎ˚–

(2) ~•z ≤Ã!e´Î˚yÓ˚ ú˛ˆÏ° !mÓ£Ï≈ç#Ó# í˛z!qòˆÏÜ˛ ~Ü˛Ó£Ï≈ç#Ó# í˛z!qˆÏò Ó˚*˛õyhsˇ!Ó˚ï˛ Ü˛Ó˚y §Ω˛Ó–

(3) Óy§hsˇ#Ü˛Ó˚î ˛õk˛!ï˛Ó˚ ú˛ˆÏ° í˛z!qˆÏòÓ˚ ˜¢ï˛ƒ §•ö¢#°ï˛y (Cold tolerance) ˆÓˆÏí ¸̨ ÎyÎ˚–

(4) xˆÏöÜ˛ !ÓK˛yö#Ó˚y üˆÏö Ü˛ˆÏÓ˚ö Óy§hsˇ#Ü˛Ó˚ˆÏîÓ˚ ú˛ˆÏ° í˛z!qˆÏòÓ˚ åÈeyÜ˛â!ê˛ï˛ ˆÓ˚yˆÏàÓ˚ ≤Ã!ï˛ˆÏÓ˚yô «˛üï˛y

ˆÓˆÏí˛¸ ÎyÎ˚–

(5) @ˇÃ#‹ø≤Ãôyö ̂ òˆÏ¢ ¢#ï˛Ü˛yˆÏ° xB%˛ˆÏÓ˚yòàˆÏüÓ˚ ̂ ï˛üö Óƒyâƒyï˛ âˆÏê˛ öy ÓˆÏ° Óy§hsˇ#Ü˛Ó˚̂ ÏîÓ˚Ä !ÓˆÏ¢£Ï =Ó˚&c

ˆö•z– Ü˛Ó˚ (Kar, 1943) ˛õyê˛ Ó#ˆÏç Óy§hsˇ#Ü˛Ó˚î â!ê˛ˆÏÎ˚ í˛z!qˆÏòÓ˚ Ó,!k˛ cÓ˚y!ß∫ï˛ Ü˛Ó˚ˆÏï˛ ˆ˛õˆÏÓ˚ˆÏåÈö Î!òÄ

ˆ§ˆÏ«˛ˆÏe ˛õ%‹õ ≤Ãfl≥%˛ê˛ˆÏöÓ˚ §üÎ˚Ü˛yˆÏ°Ó˚ ˆÜ˛yˆÏöy ˛õ!Ó˚Óï≈˛ö °«˛ƒ Ü˛Ó˚y ÎyÎ˚!ö–

14.6 ˛õ%‹õ ≤Ãfl≥%˛ê˛ˆÏö ú˛y•zˆÏê˛yˆÏe´yˆÏüÓ˚ û)˛!üÜ˛y (Role of phytochrome in
flowering)

xyüÓ̊y ̨õ)̂ ÏÓ≈•z ̂ ò Ï̂á!åÈ ̂ Îñ ú˛y•ẑ Ïê˛y Ï̂e´y Ï̂üÓ̊ °y° xy Ï̂°yÜ˛ ̂ ¢y£Ïî«˛ü (Pr) ~ÓÇ §%ò)Ó̊ °y° xy Ï̂°yÜ˛ ̂ ¢y£Ïî«˛ü

(Pfr) xÓfliy ò%Û!ê˛ ̨õÓ̊flõ Ï̂Ó̊Ó̊ xy•ẑ Ï§yüyÓ̊ (isomer) ~ÓÇ xyhsˇÉ ̨õ!Ó̊Óï≈̨ ö¢#°– ≤ÃyÜ,̨ !ï˛Ü˛ xÓfliyÎ̊ ú˛y•ẑ Ïê˛y Ï̂e´yü Ï̂Ü˛

25 oC-40 oC
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í˛z!qòˆÏÜ˛yˆÏ£Ï í˛z˛õˆÏÓ˚y_´ ò%Û!ê˛ xÓfliyÎ˚ ˛õyÄÎ˚y ÎyÎ˚– !òˆÏöÓ˚ ˆ¢ˆÏ£Ï x!ôÜ˛yÇ¢ Pr, Pfr-~ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚– §%ò)Ó˚ °y°

xyˆÏ°yÜ˛ ~ÓÇ x¶˛Ü˛yÓ˚ Pfr xÓfliy!ê˛ xyÓyÓ˚ Pr xÓfliyÎ˚ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚– ˛õ%‹õ ≤Ãfl≥%˛ê˛ˆÏö ú˛y•zˆÏê˛yˆÏe´yˆÏüÓ ̊Pfr

xÓfliy!ê˛ !ÓˆÏ¢£Ï =Ó˚&c˛õ)î≈– ˆÜ˛yˆÏ£Ï Pfr-~Ó˚ ˛õ!Ó˚üyî xyˆÏ°yÜ˛ Ä x¶˛Ü˛yÓ˚ ˛õ!Ó˚̂ ÏÓˆÏ¢Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚¢#°–

•…fl∫ÈÙÈ!òÓy í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe ≤ÃÌˆÏü xyˆÏ°yˆÏÜ˛Ó˚ ≤Ãû˛yˆÏÓ PfrÈÙÈ~Ó˚ ˛õ!Ó˚üyî Ó,!k˛ ˛õyÎ˚ ~ÓÇ Pfr - PrÈÙÈ~Ó˚ xö%˛õyï˛

˛õ%‹õÈÙÈí˛zj#˛õÜ˛ ≤Ã›!ï˛ˆÏÜ˛ Óƒy•ï˛ Ü˛ˆÏÓ˚– x˛õÓ˚˛õˆÏ«˛ñ ˛õÓ˚Óï˛#≈ x¶˛Ü˛yÓ˚ ˛õÎ≈yˆÏÎ˚ Pfr, PrÈÙÈ~ Ó˚*˛õyhsˇ!Ó˚ï˛ •ÄÎ˚yÎ˚

Pfr - Pr ÙÈ~Ó˚ xö%˛õyï˛ ~üöû˛yˆÏÓ •…y§ ˛õyÎ˚ ˆÎ ˆ§!ê˛ §•ˆÏç•z ˛õ%‹õÈÙÈí˛zj#˛õÜ˛ ≤Ã›ï˛ Ü˛Ó˚̂ Ïï˛ §«˛ü •Î˚– §%ï˛Ó˚yÇ

ò#â≈ x¶˛Ü˛yÓ˚ˆÏÜ˛ xyˆÏ°y !òˆÏÎ˚ Óyôy òyö Ü˛Ó˚ˆÏ° Pr ˛õ%öÓ˚yÎ˚ PfrÙÈ~ ˛õ!Ó˚îï˛ •Î˚ñ ú˛ˆÏ° ˛õ%‹õÈÙÈí˛zj#˛õÜ˛ §,!‹T Óƒy•ï˛

•Î˚ ~ÓÇ ˛õ%ˆÏ‹õÓ˚ ≤Ãfl≥%˛ê˛ö âˆÏê˛ öy–

ò#â≈ÈÙÈ!òÓy í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe ú˛y•zˆÏê˛yˆÏe´yˆÏüÓ˚ !Ó˛õÓ˚#ï˛ xÓfliy ˛õ!Ó˚°!«˛ï˛ •Î˚ñ xÌ≈yÍ Pfr - PrÙÈ~Ó˚ xö%˛õyï˛ Ó,!k˛

˛õyÎ˚ñ ú˛ˆÏ° ò#â≈ÈÙÈ!òÓy í˛z!qˆÏòÓ˚ ˛õ%‹õ ≤Ãfl≥%˛!ê˛ï˛ •Î˚–

Ó›ï˛˛õˆÏ«˛ñ í˛z!qò!ÓˆÏ¢ˆÏ£Ï Pfr - PrÈÙÈ~Ó˚ xö%˛õyˆÏï˛Ó˚ Ä˛õÓ˚ ˛õ%‹õÈÙÈí˛zj#˛õÜ˛ §,!‹T •Î˚ ~ÓÇ ~•z í˛zj#˛õÜ˛ ˛õˆÏÓ˚

˛õe ˆÌˆÏÜ˛ ≤Ãyhsˇ#Î˚ Óy Ü˛y!«˛Ü˛ ü%Ü%˛ˆÏ° fliyöyhsˇ!Ó˚ï˛ •Î˚–

14.7 §yÓ̊yÇ¢ (Summary)

í˛z!qˆÏòÓ˚ ˛õ%‹õ ≤Ãfl≥%˛ê˛ö ≤Ã!e´Î˚y!ê˛ xyˆÏ°yÓ˚ §üÎ˚Ü˛yˆÏ°Ó˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#°– ≤Ã!ï˛!ê˛ ≤Ãçy!ï˛Ó˚ ~Ü˛!ê˛ !ö!ò≈‹T

xyˆÏ°yÜ˛Ü˛y° xyˆÏåÈ ÎyˆÏÜ˛ §ÇÜ˛ê˛ xyˆÏ°yÜ˛Ü˛y° ÓˆÏ°– ò#â≈ !òÓy í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe §ÇÜ˛ê˛ xyˆÏ°yÜ˛Ü˛yˆÏ°Ó˚ ˆã˛ˆÏÎ˚

ˆÓ!¢ ~ÓÇ •…fl∫ÈÙÈ!òÓy í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe ï˛yÓ˚ ˆã˛ˆÏÎ˚ Ü˛ü §üÎ˚ xyˆÏ°y !òˆÏ° ï˛ˆÏÓ•z ˛õ%‹õ ≤Ãfl≥%˛ê˛ö °«˛ƒ Ü˛Ó˚y ÎyÎ˚–

ú˛y•zˆÏê˛yˆÏe´yü öyüÜ˛ ~Ü˛!ê˛ ˆe´yˆÏüyˆÏ≤Ãy!ê˛ö xyˆÏ°yÜ˛§%ˆÏÓò# Ó˚OÜ˛Ó˚*ˆÏ˛õ Ü˛yç Ü˛ˆÏÓ˚– ú˛y•zˆÏê˛yˆÏe´yü Pr Ä Pfr ~•z

ò%Û!ê˛ xy•zˆÏ§yüyÓ˚Ó˚*ˆÏ˛õ xÓfliyö Ü˛ˆÏÓ˚– Pr °y° xyˆÏ°y ˆ¢y£Ïî Ü˛ˆÏÓ˚ PfrÈÙÈ~ ~ÓÇ Pfr §%ò)Ó˚ °y° xyˆÏ°y ̂ ¢y£Ïî Ü˛ˆÏÓ˚

Pr-~ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚– ~åÈyí˛¸y x¶˛Ü˛yˆÏÓ˚ Pfr ˆÎÔà!ê˛ Pr-~ ˛õ!Ó˚Ó!ï≈˛ï˛ •Î˚– ò#â≈ÈÙÈ!òÓy í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe Pfr-~Ó˚

~ÓÇ •…fl∫ÈÙÈ!òÓy í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe Pr-~Ó˚ §M˛ÈÎ˚ ˛õ%‹õ ≤Ãfl≥%˛ê˛ˆÏöÓ˚ xï˛ƒyÓ¢ƒÜ˛ ˛õ)Ó≈ ¢ï≈˛– í˛z!qˆÏò §!ë˛Ü˛ xyˆÏ°yÜ˛

˛õÎ≈yÓ,!_Ó˚ ú˛ˆÏ° ˆúœ˛y!Ó˚ˆÏçö öyˆÏü ~Ü˛!ê˛ •Ó˚ˆÏüyˆÏöÓ˚ §ÇˆÏŸ’£Ï âˆÏê˛ Îy ˛õyï˛y ˆÌˆÏÜ˛ ˆúœ˛yˆÏÎ˚ˆÏüÓ˚ üyôƒˆÏü ≤ÃÓy!•ï˛

•ˆÏÎ˚ ˛õ%‹õü%Ü%˛°ˆÏÜ˛ !ÓÜ˛!¢ï˛ Ü˛ˆÏÓ˚– !ö¡¨ ï˛y˛õüyeyÎ˚ (5oC) ≤Ãû˛yˆÏÓÄ í˛z!qˆÏòÓ˚ ˛õ%‹õ ≤Ãfl≥%˛ê˛ö ≤Ã!e´Î˚y cÓ˚y!ß∫ï˛

•Î˚ ÎyˆÏÜ˛ Óy§hsˇ#Ü˛Ó˚î ÓˆÏ°–

14.8 §Ó≈̂ Ï¢£Ï ≤ÃŸ¿yÓ!° (Terminal Questions)

1. ¢)öƒfliyö ˛õ)Ó˚î Ü˛Ó˚&ö ≠

SÜ˛V ú˛y•zˆÏê˛yˆÏe´yü ~Ü˛!ê˛ ______ ˆÎÔà ˆe´yˆÏüyˆÏú˛yÓ˚ àë˛ö Ü˛ˆÏÓ˚–
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SáV !öí˛z!e´Î˚y§ Ä ______ xDyî% ~Ü˛ˆÏe ú˛y•zˆÏê˛yˆÏe´yü àë˛ö Ü˛ˆÏÓ˚–

SàV ______ !çö!ê˛ ú˛y•zˆÏê˛yˆÏe´yü §,!‹TˆÏï˛ Óyôy òyö Ü˛ˆÏÓ˚–

SâV ˆúœ˛y!Ó˚ˆÏçö Ä û˛yö≈y!°öˆÏÜ˛ _______ •Ó˚̂ Ïüyö ÓˆÏ°–

2. §!ë˛Ü˛ í˛z_Ó˚!ê˛Ó˚ ˛õyˆÏ¢ ÚÛ S!ê˛Ü˛V !ã˛•´ !òö ≠

SÜ˛V ˆúœ̨ y!Ó̊ Ï̂çö •Ó̊ Ï̂üy Ï̂öÓ̊ Ü˛Ìy §Ó≈≤ÃÌü í ẑ̨ ÏÕ‘á Ü˛ Ï̂Ó̊ö !ÓK˛yö# (i) ̂ @ˇÃàÓ̊ (ii) ã˛y•z°yáö (iii) !@ˇÃ!ú˛Ì

SáV ˆúœ˛y!Ó˚ˆÏçˆÏöÓ˚ xyö!ÓÜ˛ Äçö (i) 240 (ii) 124 kDa (iii) xK˛yï˛–

SàV ˆÎ •Ó˚ˆÏüyö!ê˛ xyˆÏ°yÜ˛˛õÎ≈yÓ,!_ Ä Óy§hsˇ#Ü˛Ó˚î í˛zû˛Î˚ ≤Ã!e´Î˚yˆÏÜ˛•z ≤Ãû˛y!Óï˛ Ü˛ˆÏÓ˚ ˆ§!ê˛ •°

(i) IAA (ii) GA (iii) CK–

3. §ÇˆÏ«˛ˆÏ˛õ !ö¡¨!°!áï˛ !Ó£ÏÎ˚=!° §¡õˆÏÜ≈˛ xyˆÏ°yã˛öy Ü˛Ó˚&ö ≠

SÜ˛V ò#â≈ÈÙÈ!òÓy í˛z!qò

SáV Pfr

SàV ˆú ˛y!Ó˚ˆÏçö

SâV Óy§hsˇ#Ü˛Ó˚ˆÏîÓ˚ ¢ï≈˛yÓ°#

14.9 í˛z_Ó˚üy°y (Key to the Answers)

xö%¢#°ö# ≠

1. SÜ˛V ˛õ%‹õ ≤Ãfl≥%˛ê˛ˆÏöÓ˚ í˛z˛õÓ˚ !òÓyÈÙÈ˜òâ≈ƒ Óy xyˆÏ°yÓ˚ §üÎ˚Ü˛y°#ö ≤Ãû˛yÓˆÏÜ˛ ˛õÎ≈yÓ,!_ ÓˆÏ°–

SáV ¢¢y (Cucumis sativus)

SàV ÓÌ≈í˛z•zÜ˛ Ä ̂ •ö!í»˛: (1956)

SâV ˆê˛ê˛Δy˛õy•zˆÏÓ˚y° myÓ˚y à!ë˛ï˛ ú˛y•zˆÏê˛yˆÏe´yˆÏüÓ˚ xÈÙÈˆ≤Ãy!ê˛ö xÇ¢!ê˛ˆÏÜ˛ ú˛y•zˆÏê˛yˆÏe´yˆÏüy!Ó!°ö

ÓˆÏ°–

SäV Pr 660 nm Ä Pfr 730 nm ï˛Ó˚D˜Ïòâ≈ƒÎ%_´ xyˆÏ°y §Ó≈y!ôÜ˛ ˆ¢y£Ïî Ü˛ˆÏÓ˚–
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2. (A) SáV

(B) SàV

(C) SÜ˛V

(D) SáV

3. SÜ˛V 14.3 xö%ˆÏFåÈò o‹TÓƒ

SáV 14.2 ˆòá%ö

§Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°# ≠

1. SÜ˛V ˆê˛ê˛Δy˛õy•zˆÏÓ˚y°

SáV ˆÜœ˛yˆÏÓ˚y≤’y!fiê˛í˛

SàV  PHYB

SâV ≤ÃÜ˛!“ï˛

2. SÜ˛V (ii)

SáV (ii)

SàV (ii)

3. SÜ˛V 14.2 ˆòá%ö

SáV 14.3 ˆòá%ö

SàV 14.4 ˆòá%ö

SâV 14.5 o‹TÓƒ

NSOU  CC-BT-09  275



~Ü˛Ü˛ 15 Ó#ˆÏçÓ˚ ¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚yÜ˛°y˛õ (Seed Physiology)

àë˛ö

15.0 í ẑ̨ Ïj¢ƒ

15.1 ≤ÃhflÏyÓöy

15.2 §%ÆyÓfliy Ä ï˛yÓ˚ ≤ÃÜ˛yÓ˚̂ Ïû˛ò

15.3 §%ÆyÓfliyÓ˚ Ü˛yÓ˚î§ü)•

15.4 §%ÆyÓfliy û˛ˆÏDÓ˚ ˛õk˛!ï˛§ü)•

15.5 §%ÆyÓfliyÓ˚ =Ó˚&c

15.6 Ó#ç xB%˛ˆÏÓ˚yÂàˆÏü ¢yÓ˚#Ó˚Ó,_#Î˚ ˛õ!Ó˚Óï≈˛ö

15.7 §yÓ˚yÇ¢

15.8 §Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#

15.9 í˛z_Ó˚üy°y

15.0 í ẑ̨ Ïj¢ƒ

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛ˆÏÓ˚ xy˛õ!öÈÙÙÙÈ

 í˛z!qˆÏòÓ˚ ÓÇ¢!ÓhflÏyˆÏÓ˚Ó˚ xD (propagule), Ó#ˆÏçÓ˚ xB%˛ˆÏÓ˚yòàü (germination) ~ÓÇ §%ÆyÓfliyÓ˚

(dormancy) §!ë˛Ü˛ §ÇK˛y çyöˆÏï˛ ˛õyÓ˚̂ ÏÓö–

 Ó#ˆÏçÓ˚ §%ÆyÓfliyÓ˚ ¢yÓ˚#Ó˚Ó,_#Î˚ Ü˛yÓ˚î=!° Óƒyáƒy Ü˛Ó˚̂ Ïï˛ ˛õyÓ˚ÓˆÏö–

 xB%˛ˆÏÓ˚yÂàü ≤Ã!e´Î˚y!ê˛ cÓ˚y!ß∫ï˛ Ü˛Ó˚yÓ˚ çöƒ xÌ≈yÍ §%ÆyÓfliy û˛D Ü˛Ó˚yÓ˚ çöƒ ≤ÃˆÏÎ˚yçö#Î˚ ÓƒÓfliy=!°Ó˚

§¡õˆÏÜ≈˛ ôyÓ˚îy °yû˛ Ü˛Ó˚̂ Ïï˛ ˛õyÓ˚̂ ÏÓö–

 xB%˛ˆÏÓ˚yòàˆÏüÓ˚ §üÎ˚ Ó#ˆÏçÓ˚ ¢yÓ˚#Ó˚Ó,_#Î˚ Ä ˜çÓ Ó˚y§yÎ˚!öÜ˛ ˛õ!Ó˚Óï≈˛ö=!° §¡õˆÏÜ≈˛ çyöˆÏï˛ ˛õyÓ˚̂ ÏÓö–

 xB%˛ˆÏÓ˚yÂàˆÏüÓ˚ !öÎ˚sfîÜ˛yÓ˚# •Ó˚ˆÏüyö=!°Ó˚ Ü˛yÎ≈Ü˛y!Ó˚ï˛y Ó%!é˛ˆÏÎ˚ !òˆÏï˛ ˛õyÓ˚ˆÏÓö–
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15.1 ≤ÃhflÏyÓöy

í˛z!qˆÏòÓ˚ ˆÎ ˆÜ˛yˆÏöy xD!ÓˆÏ¢£Ï ÎyÓ˚ üyôƒˆÏü ÓÇ¢!ÓhflÏyÓ˚ (propagation) •Î˚ ï˛yˆÏÜ˛•z ÓÇ¢!ÓhflÏyÓ˚Ü˛yÓ˚# xD

Óy  propagule Ó Ï̂°– §Ó≈y Į̈̂ õ«˛y =Ó̊&c˛õ)î≈ propagule •° Ó#ç– Ó#ç í z̨̨ õÎ%_´ xû˛ƒhsˇÓ̊#î (intrinsic) Ä Ó!•fli

(extrinsic) !ÓÜ˛yÓ˚ˆÏÜ˛Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ !ÓˆÏ¢£Ïû˛yˆÏÓ ç° ˆ¢y£Ïî Ü˛Ó˚yÓ˚ ˛õÓ˚ Ü˛ï˛Ü˛=!° Ó˚y§yÎ˚!öÜ˛ ôyˆÏ˛õÓ˚ üyôƒˆÏü

Ó#çyÓÓ̊î ̂ ú˛ Ï̂ê˛ Ó̊ƒy!í˛Ü˛ƒy° (radicle) Ä !≤’í z̨!üí z̨° (plumule) ̂ ÓÓ̊ •ÄÎ̊yÓ̊ ≤Ã!e´Î̊y Ï̂Ü˛ xB%̨ Ï̂Ó̊yÂàü (germination)
ÓˆÏ°– xyÓyÓ˚ §ç#Ó Ó#ç (viable seeds) xB%˛ˆÏÓ˚yÂàˆÏüÓ˚ §ühflÏ xö%Ü%˛° !ÓÜ˛yÓ˚Ü˛ ÌyÜ˛y §ˆÏ_¥Ä Îáö xB%˛!Ó˚ï˛

•ˆÏï˛ ˛õyˆÏÓ˚ öy ï˛yˆÏÜ˛ Ó#ˆÏçÓ˚ §%ÆyÓfliy (dormancy) ÓˆÏ°– í˛z!qˆÏò Ó#ç ~ÓÇ ü%Ü%˛ˆÏ° ~•z ôÓ˚̂ ÏöÓ˚ §%ÆyÓfliy °«˛ƒ

Ü˛Ó˚y ÎyÎ˚– §yôyÓ˚îï˛ ≤Ã!ï˛Ü%˛° ˛õ!Ó˚̂ ÏÓ¢ ˆÌˆÏÜ˛ Ó˚«˛y ˛õyÄÎ˚yÓ˚ çöƒ Ó#ˆÏç Óy ü%Ü%˛ˆÏ° §%ÆyÓfliyÓ˚ §,!‹T •Î˚ ~ÓÇ ~•z

ôÓ˚̂ ÏöÓ˚ x§•ˆÏÎyà# ̨ õ!Ó˚̂ ÏÓ¢ x!ï˛e´ü Ü˛Ó˚yÓ˚ ̨ õÓ˚•z §%ÆyÓfliy û˛D •Î˚ ~ÓÇ xD=!°ˆÏï˛ fl∫yû˛y!ÓÜ˛ Ó,!k˛ ̨ õ!Ó˚°!«˛ï˛

•Î˚– ˛õ!Ó˚̨ õE˛ Ó#ç üy!ê˛ˆÏï˛ ˛õí ¸̨yÓ˚ §yˆÏÌ §yˆÏÌ Óy §Ç@ˇÃ• Ü˛Ó˚yÓ˚ ˛õÓ˚•z xB%˛!Ó˚ï˛ •Î˚ öy– ~ˆÏÜ˛ ≤ÃyÌ!üÜ˛ §%ÆyÓfliy

(primary dormancy Óy post-harvest dormancy) Ó Ï̂°– x˛õÓ̊!ò Ï̂Ü˛ Ó# Ï̂çÓ̊ ü Ï̂ôƒ xB%̨ Ï̂Ó̊yòà Ï̂ü xû˛ƒhsˇÓ̊#î

í˛z˛õyòyö=!° §!ë˛Ü˛ üyeyÎ˚ í˛z˛õ!fliï˛ ÌyÜ˛ˆÏ°Ä ˛õ!Ó˚̂ ÏÓ¢ç!öï˛ Ü˛yÓ˚̂ Ïî xB%˛ˆÏÓ˚yÂàü Óyôy≤ÃyÆ •ˆÏ° ï˛yˆÏÜ˛ ˆàÔî

§%ÆyÓfliy (secondary dormancy) ÓˆÏ°– Ü,˛!£Ï!ÓK˛yö#Ó˚y !Ó!û˛ß¨ ˛õk˛!ï˛ xÓ°¡∫ö Ü˛ˆÏÓ˚ Ó#ˆÏçÓ˚ §%ÆyÓfliyˆÏÜ˛

Ü,̨ !eü í z̨̨ õy Ï̂Î̊ û˛D Ü˛Ó̊ Ï̂ï˛ §«˛ü • Ï̂Î̊ Ï̂åÈöÈÙÙÙÈ~•z ̨õk˛!ï˛=!°Ó̊ ü Ï̂ôƒ flÒƒy!Ó̊!ú˛ Ï̂Ü˛¢ö (scarification), !ö¡̈ ï˛y˛õüyey

≤ÃˆÏÎ˚yàñ °y° xyˆÏ°yÜ˛Ó˚!Ÿ¬Ó˚ ÓƒÓ•yÓ˚ñ !çÓùyˆÏÓ˚!°Ü˛ x¡‘ Óy §y•zˆÏê˛yÜ˛y•z!öö çyï˛#Î˚ •Ó˚ˆÏüyö ≤ÃˆÏÎ˚yà ≤Ãû,˛!ï˛

í˛zˆÏÕ‘áˆÏÎyàƒ– xB%˛ˆÏÓ˚yÂàü ≤Ã!e´Î˚y!ê˛ Ü˛ï˛Ü˛=!° ôyÓ˚yÓy!•Ü˛ ˛õÎ≈yˆÏÎ˚Ó˚ üyôƒˆÏü §¡õß¨ •Î˚– ˆÎüöÈÙÙÙÈç° !ÓˆÏ¢y£Ïîñ

xyo≈!ÓˆÏŸ’£ÏÜ˛ í˛zÍˆÏ§ã˛Ü˛=!°Ó˚ §!e´Î˚ï˛yñ Ÿª§ˆÏöÓ˚ •yÓ˚ Ó,!k˛ñ ç!ê˛° §!M˛Èï˛ áyòƒoˆÏÓƒÓ˚ §Ó˚°#Ü˛Ó˚îñ DNA Ä
RNA §Ç Ï̂Ÿ’£Ïñ o&ï˛ ̂ Ü˛y£Ï!Óû˛yçö ~ÓÇ ̨õ!Ó̊ Ï̂¢ Ï̂£Ï Ó#ç ̂ Ì Ï̂Ü˛ º*îü)° Ä º)îü%Ü%̨ Ï̂°Ó̊ !öà≈ü Ï̂öÓ̊ üyôƒ Ï̂ü xB%̨ Ï̂Ó̊yòàü

≤Ã!e´Î˚y!ê˛ §¡õ)î≈ •Î˚– GA ≤Ãôyöï˛ α-xƒyüy•zˆÏ°ç §ÇˆÏŸ’ˆÏ£ÏÓ˚ üyôƒˆÏü ¢§ƒÓ#ˆÏçÓ˚ÈÙÈxB%˛ˆÏÓ˚yò‰àü ≤Ã!e´Î˚y !öÎ˚sfî

Ü˛ Ï̂Ó̊– §y•ẑ Ïê˛yÜ˛y•z!öö •Ó̊ Ï̂üyö!ê˛Ä xB%̨ Ï̂Ó̊yòà Ï̂üÓ̊ §•yÎ̊Ü˛ ~ÓÇ xƒyÓ!§!§Ü˛ x¡‘̂ ÏÜ˛ ≤Ãôyö xB%̨ Ï̂Ó̊yò‰àü ≤Ã!ï˛ Ï̂Ó̊yôÜ˛

•Ó˚̂ Ïüyö ÓˆÏ°–

15.2 §%ÆyÓfliy Ä ï˛yÓ˚ ≤ÃÜ˛yÓ˚ˆÏû˛ò (Dormancy and its types)

!ö!£Ï_´ Ä ˛õ!Ó˚˛õE˛ !í˛¡∫yî%ˆÏÜ˛ Ó#ç ÓˆÏ°– ç°ñ Óyï˛y§ Ä ï˛y˛õüyey xÌ≈yÍ í˛z˛õÎ%_´ ˛õ!Ó˚̂ ÏÓ¢ ˆ˛õˆÏ° Ó#ç

xB%˛!Ó˚ï˛ •ˆÏÎ˚ ã˛yÓ˚yàyˆÏåÈÓ˚ §,!‹T •Î˚– xˆÏöÜ˛ˆÏ«˛ˆÏe ˆòáy ÎyÎ˚ ˆÎ í˛z˛õÎ%_´ ˛õ!Ó˚̂ ÏÓ¢ ˆ˛õˆÏ°Ä Ó#ˆÏçÓ˚ xû˛ƒhsˇˆÏÓ˚

¢yÓ˚#Ó˚Ó,_#Î˚ !e´Î˚y=!° !ö!‹;˛Î˚ ÌyÜ˛yÓ˚ ú˛ˆÏ° Ó#ˆÏçÓ˚ xB%˛ˆÏÓ˚yòàü •Î˚ öy– í˛z˛õÎ%_´ Óy xö%Ü)˛° ˛õ!Ó˚̂ ÏÓ¢ ˛õyÄÎ˚y

§ˆÏ_¥Ä §yü!Î˚Ü˛û˛yˆÏÓ Ó#ˆÏçÓ˚ xB%˛ˆÏÓ˚yòàü ≤Ã!e´Î˚y!ê˛ fli!àï˛ ÌyÜ˛yÓ˚ âê˛öyˆÏÜ˛ Ó#ˆÏçÓ˚ §%ÆyÓfliy Óy í˛Ó˚üƒy!™

(dormancy) ÓˆÏ°– Ó#ç åÈyí ¸̨yÄ í˛z!qˆÏòÓ˚ ç#Óöã˛ˆÏe´ !Ó!û˛ß¨ xˆÏDÓ˚ §%ÆyÓfliy °«˛ƒ Ü˛Ó˚y ÎyÎ˚– !ö¡¨̂ Ï◊î#Ó˚

í˛z!qˆÏò ̂ Ó˚î%Ó˚ §%ÆyÓfliyñ Ó‡Ó£Ï≈ç#Ó# í˛z!qˆÏò Ü˛®ñ fl≥˛#ï˛Ü˛®ñ =Ñ!í ¸̨Ü˛® ≤Ãû,˛!ï˛ xˆÏDÓ˚ !ÓˆÏ¢£Ï }ï%˛ˆÏï˛ Ó,!k˛!ÓˆÏ°y˛õñ

¢#ï˛≤Ãôyö ˆòˆÏ¢ ≤ÃÓ° ˜¢ˆÏï˛ƒÓ˚ ≤Ãû˛yˆÏÓ xDç ü%Ü%˛ˆÏ°Ó˚ !fliï˛yÓfliyÈÙÙÙÈ~ §Ó•z §%ÆyÓfliyÓ˚ Ó˚*˛õˆÏû˛ò üye– ï˛ˆÏÓ

Ó#ˆÏçÓ˚ §%ÆyÓfliy•z !ÓK˛yö# ü•ˆÏ° §ÓˆÏã˛ˆÏÎ˚ ˆÓ!¢ =Ó˚&c ˆ˛õˆÏÎ˚̂ ÏåÈ–
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§%ÆyÓfliyÓ˚ ≤ÃÜ˛yÓ˚̂ Ïû˛ò (Type of dormancy)—Ó#ˆÏçÓ˚ !Ó!û˛ß¨ ôÓ˚̂ ÏöÓ˚ §%ÆyÓfliy Óy í˛Ó˚üƒy!™ˆÏÜ˛ öyöy!Óô

˛õy!Ó˚û˛y!£ÏÜ˛ ¢ˆÏ∑Ó˚ (terminology) üyôƒˆÏü Óƒyáƒy Ü˛Ó˚y •ˆÏÎ˚̂ ÏåÈ–

1. §•çyï˛ §%ÆyÓfliy (Innate Dormancy)—Îáö Ó#ˆÏçÓ˚ !öçfl∫ !Ü˛å%È e&!ê˛Ó˚ ú˛ˆÏ° §%ÆyÓfliyÓ˚ §,!‹T •Î˚

ï˛áö ï˛yˆÏÜ˛ §•çyï˛ §%ÆyÓfliy ÓˆÏ°– Óyï˛y§ Óy çˆÏ°Ó˚ xö%≤ÃˆÏÓˆÏ¢ ÓyôyòyöÜ˛yÓ˚# fli(° Ó#çcÜ˛ñ xƒyÓ!§!§Ü˛

x¡‘çyï˛#Î˚ Ó,!k˛ ≤Ã!ï˛ˆÏÓ˚yôÜ˛yÓ˚# •Ó˚ˆÏüyˆÏöÓ˚ üyey!ï˛!Ó˚_´ §M˛ÈÎ˚ ≤Ãû,˛!ï˛ ~•z ôÓ˚ˆÏöÓ˚ §%ÆyÓfliyÓ˚ ≤Ãôyö Ü˛yÓ˚î–

Óy!•ƒÜ˛ ˛õ!Ó˚̂ ÏÓ¢ xö%Ü)˛° •ˆÏ°Ä !ö!ò≈‹T §üÎ˚ x!ï˛e´ü öy Ü˛Ó˚y ˛õÎ≈hsˇ §•çyï˛ §%ÆyÓfliy û˛D Ü˛Ó˚y ÎyÎ˚ öy–

2. xyˆÏÓ˚y!˛õï˛ §%ÆyÓfliy (Imposed Dormancy)—Îáö xB%˛ˆÏÓ˚yòàˆÏü §«˛ü Ó#ç ≤Ã!ï˛Ü)˛° Óy!•ƒÜ˛

˛õ!Ó˚ˆÏÓˆÏ¢Ó˚ ≤Ãû˛yˆÏÓ xB%˛!Ó˚ï˛ •ˆÏï˛ ˛õyˆÏÓ˚ öy ï˛áö ï˛yˆÏÜ˛ xyˆÏÓ˚y!˛õï˛ §%ÆyÓfliy ÓˆÏ°– áÓ˚y≤ÃÓî fliyˆÏö çˆÏ°Ó˚

xû˛yˆÏÓñ ¢#ï˛≤Ãôyö ˆòˆÏ¢ í˛z˛õÎ%_´ í˛z£èï˛yÓ˚ xû˛yˆÏÓ ~•z ôÓ˚̂ ÏöÓ˚ §%ÆyÓfliy °«˛ƒ Ü˛Ó˚y ÎyÎ˚– ~•zˆÏ«˛ˆÏe ˛õ!Ó˚̂ ÏÓˆÏ¢Ó˚

≤Ã!ï˛Ü)˛° xÓfliyˆÏÜ˛ ò)Ó˚#û)˛ï˛ Ü˛Ó˚̂ Ï°•z Ó#çˆÏÜ˛ xB%˛!Ó˚ï˛ •ˆÏï˛ ˆòáy ÎyÎ˚–

3. fliyÎ˚# §%ÆyÓfliy (Eternal Dormancy)—ò#â≈!òö Ó#çˆÏÜ˛ §ÇÓ˚!«˛ï˛ Ü˛Ó˚̂ Ï° Ó#ˆÏçÓ˚ §ç#Ó ˆÜ˛y£Ï=!°Ó˚

ÓÎ˚É≤Ãy!Æ (Aging) âˆÏê˛ ~ÓÇ ï˛yˆÏòÓ˚ ç#Óö#¢!_´ ö‹T •ˆÏÎ˚ ÎyÎ˚– ~•z ôÓ˚̂ ÏöÓ˚ Ó#ç ˆÜ˛yˆÏöy xÓfliyˆÏï˛•z xÌ≈yÍ

§Ó≈y!ôÜ˛ xö%Ü)˛° ˛õ!Ó˚ˆÏÓˆÏ¢Ä xB%˛!Ó˚ï˛ •ˆÏï˛ ˛õyˆÏÓ˚ öy– Ó#ˆÏçÓ˚ ~•z §%ÆyÓfliyˆÏÜ˛•z fliyÎ˚# §%ÆyÓfliy Ó°y •Î˚ ~ÓÇ

~•z ôÓ˚ˆÏöÓ˚ Ó#çˆÏÜ˛ !öç#≈Ó (Non-viable) Ó#ç Ó°y •Î˚–

4. ¢§ƒ §Ç@ˇÃ•Ü˛y Ï̂°Ó̊ ̨õÓ̊Óï˛#≈ §%ÆyÓfliy (Post-harvest Dormancy)—üyï,̨ Ï̂ò Ï̂• ÌyÜ˛yÜ˛y°#ö Ó#ç ̨õ!Ó̊˛õ%‹T

•ˆÏ°Ä x!ôÜ˛yÇ¢ ˆ«˛ˆÏe Ó#ç!ê˛ §%Æ xÓfliyÎ˚ ÌyˆÏÜ˛– ~•z Ü˛yÓ˚̂ Ïî ú˛§° ˆï˛y°yÓ˚ ˛õÓ˚ Óy Ó#ç §Ç@ˇÃ• Ü˛Ó˚yÓ˚ ˛õÓ˚Ä

!Ü˛å%È!òö Ó# Ï̂çÓ̊ §%ÆyÓfliy °«˛ƒ Ü˛Ó̊y ÎyÎ̊ñ Îy Ï̂Ü˛ ¢§ƒ §Ç@ˇÃ•Ü˛y Ï̂°Ó̊ ̨õÓ̊Óï˛#≈ §%ÆyÓfliy Óy Post-harvest Dormancy
ÓˆÏ°– ̨õ!Ó˚̨ õE˛ Ó#ˆÏçÓ˚ üˆÏôƒ ≤Ãã%˛Ó˚ ̨ õ!Ó˚üyˆÏî xB%˛ˆÏÓ˚yò‰àˆÏü ÓyôyòyöÜ˛yÓ˚# xƒyÓ!§!§Ü˛ x¡‘ (ABA) §!M˛Èï˛ ÌyˆÏÜ˛–

Ó#ç §Ç@ˇÃˆÏ•Ó˚ ˛õÓ˚ ~•z ABA x˛õ!ã˛!ï˛ü)°Ü˛ !e´Î˚yÓ˚ ú˛ˆÏ° ô#ˆÏÓ˚ ô#ˆÏÓ˚ Ó#ç ˆÌˆÏÜ˛ x˛õ§,ï˛ •Î˚ Ä ï˛yÓ˚˛õÓ˚ Ó#ˆÏçÓ˚

xB%˛ˆÏÓ˚yò‰àü âˆÏê˛– §%®Ó˚# çyï˛#Î˚ °Óîy¡∫% í˛z!qˆÏòÓ˚ Ó#ˆÏç ABA §!M˛Èï˛ •Î˚ öy ÓˆÏ° ~ˆÏòÓ˚ çÓ˚yÎ˚%ç xB%˛ˆÏÓ˚yò‰àü

°«˛ƒ Ü˛Ó˚y ÎyÎ˚–

5. Ü%˛•zˆÏ§™ (Quiescence)—§y¡±!ï˛Ü˛Ü˛yˆÏ° í˛z!qò!ÓˆÏòÓ˚y Ü%˛•zˆÏ§™ öyüÜ˛ ~Ü˛!ê˛ ¢∑ˆÏÜ˛ ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ö–

≤Ã!ï˛Ü)˛° ˛õ!Ó˚̂ ÏÓˆÏ¢Ó˚ çöƒ Îáö Ó#ˆÏçÓ˚ xB%˛ˆÏÓ˚yò‰àü Óyôy≤ÃyÆ •Î˚ xÌ≈yÍ Ó#ç!ê˛ §%ÆyÓfliyÎ˚ ÌyˆÏÜ˛ ï˛áö ï˛yˆÏÜ˛

Ü%˛•zˆÏ§™ ÓˆÏ°– x˛õÓ˚!òˆÏÜ˛ñ Ó#ˆÏçÓ˚ xû˛ƒhsˇÓ˚#î Ü˛yÓ˚̂ ÏîÓ˚ çöƒ Î!ò xB%˛ˆÏÓ˚yò‰àü öy âˆÏê˛ ï˛yˆÏÜ˛ Ó#ˆÏçÓ˚ í˛Ó˚üƒy!™

(dormancy) Ó°y •Î˚ ~ÓÇ ~!ê˛ˆÏÜ˛•z §!ë˛Ü˛ §%ÆyÓfliy (true dormancy) !•§yˆÏÓ !ÓˆÏÓ!ã˛ï˛ •Î˚–

15.3  §%ÆyÓfliyÓ˚ Ü˛yÓ˚î§ü)• (Causes of Dormancy)

~Ü˛ Óy ~Ü˛y!ôÜ˛ xû˛ƒhsˇÓ˚#î Ü˛yÓ˚̂ ÏîÓ˚ çöƒ Ó#ˆÏçÓ˚ í˛Ó˚üƒy!™ ˆòáy ÎyÎ˚– Ü˛yÓ˚î=!° •°ÈÙÙÙÈ
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A. fli(° Ó#çcÜ˛ ÈÙÙÙÈ Ó#çcÜ˛ x!ï˛!Ó˚_´ fli(° •ˆÏ° Ó#ç §%ÆyÓfliy ̂ û˛yà Ü˛ˆÏÓ˚– ~•z ôÓ˚̂ ÏöÓ˚ Ó#çcÜ˛ !ö¡¨!°!áï˛

Ü˛yÓ˚̂ Ïî Ó#çˆÏÜ˛ xB%˛!Ó˚ï˛ •ˆÏï˛ ˆòáy ˆòÎ˚ öy–

(i) !°=!üˆÏöy!§ñ üƒy°ˆÏû˛!§ ≤Ãû,˛!ï˛ ˆàyˆÏeÓ˚ x!ôÜ˛yÇ¢ Ó#ˆÏçÓ˚ fli(° cˆÏÜ˛Ó˚ üyôƒˆÏü ç° ≤ÃˆÏÓ¢ Ü˛Ó˚̂ Ïï˛

öyÈÙÈ˛õyÓ˚yÎ˚ xB%˛ˆÏÓ˚yòàü âˆÏê˛ öy–

(ii) Xanthium í˛z!qˆÏòÓ˚ ú˛ˆÏ° ˆÎ ò%Û!ê˛ Ó#ç ÌyˆÏÜ˛ ï˛yÓ˚ í˛z˛õˆÏÓ˚Ó˚ Ó#ç!ê˛Ó˚ fli(° Ó#çcˆÏÜ˛Ó˚ üôƒ !òˆÏÎ˚

x!:ˆÏçö ≤ÃˆÏÓ¢ Ü˛Ó˚ˆÏï˛ öy ˛õyÓ˚yÎ˚ xB%˛ˆÏÓ˚yò‰àü §Ω˛Ó˛õÓ˚ •Î˚ öy– ö#ˆÏã˛Ó˚ ˛õyï˛°y cÜ˛!Ó!¢‹T Ó#ç!ê˛Ó˚

üˆÏôƒ x!:ˆÏçö ≤ÃˆÏÓ¢ Ü˛Ó˚yÎ˚ Ó#ç!ê˛Ó˚ fl∫yû˛y!ÓÜ˛ xB%˛ˆÏÓ˚yò‰àü âˆÏê˛– í˛z˛õˆÏÓ˚Ó˚ Ó#ç!ê˛Ó˚ cÜ˛ !åÈß¨

Ü˛Ó˚̂ Ï° Óy Ó#çˆÏÜ˛ í˛zFã˛ âöcÎ%_´ x!:ˆÏçˆÏöÓ˚ üyôƒˆÏü Ó˚yáˆÏ° Ó#ç!ê˛Ó˚ xB%˛Ó˚ à!ë˛ï˛ •Î˚–

(iii) Alisma plantago, Amaranthus retroflexus ≤Ãû,˛!ï˛ àyˆÏåÈÓ˚ Ó#çcÜ˛!ê˛ fli(° •ÄÎ˚yÎ˚ º)î!ê˛ ï˛y

ˆû˛ò Ü˛ˆÏÓ˚ ˆÓ!Ó˚̂ ÏÎ˚ xy§ˆÏï˛ ˛õyˆÏÓ˚ öy– ú˛ˆÏ° xB%˛ˆÏÓ˚yò‰àü §Ω˛Ó •Î˚ öy–

B. x˛õ!Ó̊îï˛ º)îÈÙÙÙÈx!Ü≈̨ Ï̂í˛!§ (Orchidaceae), x Ï̂Ó̊yÓƒyB˛!§ (Orobanchaceae) ≤Ãû,̨ !ï˛ ̂ ày Ï̂eÓ̊ =ÆÓ#ç#

í˛z!qˆÏò ~ÓÇ Ginkgo biloba öyüÜ˛ Óƒ_´Ó#ç# í˛z!qˆÏòÓ˚ Ó#ç=!° Îáö üy!ê˛ˆÏï˛ ˛õˆÏí ¸̨ ï˛áö Ó#ˆÏçÓ˚ xû˛ƒhsˇˆÏÓ˚

í˛z˛õ!fliï˛ º)î!ê˛ x˛õ!Ó˚îï˛ xÓfliyÎ˚ ÌyˆÏÜ˛– fl∫yû˛y!ÓÜ˛ Ü˛yÓ˚̂ Ïî•z º)î!ê˛ ˛õ!Ó˚îï˛ xÓfliyÎ˚ öyÈÙÈxy§y ˛õÎ≈hsˇ Ó#ç!ê˛

§%ÆyÓfliyÎ˚ ÌyˆÏÜ˛–

C. xB%˛ˆÏÓ˚yòàˆÏü ÓyôyòyöÜ˛yÓ˚# í˛z˛õyòyˆÏöÓ˚ í˛z˛õ!fli!ï Ę̀ÙÙÙÈÓ#ˆÏçÓ˚ üˆÏôƒ Ü˛ˆÏÎ˚Ü˛!ê˛ Ó˚y§yÎ˚!öÜ˛ ˛õòyˆÏÌ≈Ó˚ §¶˛yö

˛õyÄÎ˚y ˆàˆÏåÈ ˆÎ=!° §!e´Î˚û˛yˆÏÓ xB%˛ˆÏÓ˚yò‰àˆÏü Óyôyòyö Ü˛ˆÏÓ˚– ˆÜ˛Ôüy!Ó˚ö (Coumarin)ñ ˛õƒyÓ˚y§Ó˚!ÓÜ˛ x¡‘ ~

(Parasorbic acid)ñ Ìƒy!°í˛§ (Thalides)ñ ˆú˛Ó˚&!°Ü˛ x¡‘ (Ferrulic acid)ñ ˆ≤ÃyˆÏê˛yxƒy!öˆÏüy!öö

(Protoanimonine) ≤Ãû,˛!ï˛ ̂ ÎÔà=!° xB˛ˆÏÓ˚yòàˆÏü Óyôy ̂ òÎ˚ ï˛ˆÏÓ ̂ Î ̂ ÎÔà!ê˛ Ó#ˆÏçÓ˚ §%ÆyÓfliyÓ˚ çöƒ §Ó≈y!ôÜ˛

òyÎ˚# ˆ§!ê˛ •° xƒyÓ!§!§Ü˛ x¡‘ öyˆÏü ~Ü˛!ê˛ Ó,È!k˛ ≤Ã!ï˛ˆÏÓ˚yôÜ˛ •Ó˚̂ Ïüyö (Walton, 1977)–

D. ˜¢ˆÏï˛ƒÓ˚ ≤ÃˆÏÎ˚yçö#Î˚ï˛yÈÙÙÙÈxyˆÏ˛õ°ñ !˛õã˛ ≤Ãû,˛!ï˛ àyˆÏåÈÓ˚ Ó#ç ˆ•ühsˇÜ˛yˆÏ° ˛õ!Ó˚˛õE˛ï˛y °yû˛ Ü˛Ó˚ˆÏ°Ä

§%ÆyÓfliyÎ˚ ÌyˆÏÜ˛– ¢#ï˛Ü˛yˆÏ° !ö¡¨ ï˛y˛õüyeyÓ˚ ≤Ãû˛yˆÏÓ (chilling effect) Ó#ˆÏçÓ˚ ~•z §%ÆyÓfliy ô#ˆÏÓ˚ ô#ˆÏÓ˚ ˆÜ˛ˆÏê˛

ÎyÎ˚ Ä ˛õÓ˚Óï˛#≈ Ó§ˆÏhsˇ Ó#ç=!° xB%˛!Ó˚ï˛ •Î˚ S!ã˛e 15.1)–

!ã˛e 15.1 : xy Į̈̂ õ° Ó# Ï̂çÓ̊ !ö¡̈ ï˛y˛õüyeyÎ̊ §ÇÓ̊«˛îÜ˛y Ï̂°Ó̊ í z̨̨ õÓ̊ xB˛ Ï̂Ó̊yòà Ï̂üÓ̊ •yÓ̊–
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E. xyˆÏ°yÜ˛ !öû≈˛Ó˚ï˛yÈÙÙÙÈˆ°ê%˛§ (Lactuca sativa), ï˛yüyÜ˛ (Nicotiana tabacum) ≤Ãû,˛!ï˛ àyˆÏåÈÓ˚

Ó#ç=!°Ó˚ xB%˛ˆÏÓ˚yòàü ˛õk˛!ï˛!ê˛ xyˆÏ°yÜ˛!öû≈˛Ó˚ ÓˆÏ° Ó#ç=!° Îï˛«˛î öy ˛õÎ≈yÆ xyˆÏ°yÓ˚ §¶˛yö ˛õyÎ˚ ï˛ï˛«˛î

§%ÆyÓfliyÎ̊ Ìy Ï̂Ü˛– ~•z ôÓ̊ Ï̂öÓ̊ Ó#ç Ï̂Ü˛ ôöydÜ˛ ̂ ú˛y Ï̂ê˛yÓœy!fiê˛Ü˛ (positively photoblastic) Ó#ç Ó Ï̂°– x˛õÓ̊!ò Ï̂Ü˛

Nigella damascena, Helleborus niger ≤Ãû,˛!ï˛ àyˆÏåÈÓ˚ Ó#ç xyˆÏ°yÓ˚ í˛z˛õ!fli!ï˛ˆÏï˛ xB%˛!Ó˚ï˛ •Î˚ öy ~ÓÇ

x¶˛Ü˛y Ï̂Ó̊Ó̊ í z̨̨ õ!fli!ï˛ Ï̂ï˛•z ~ Ï̂òÓ̊ §%ÆyÓfliy û˛D •Î̊– ~ Ï̂òÓ̊ }îydÜ˛ ̂ ú˛y Ï̂ê˛yÓœy!fiê˛Ü˛ (negatively photoblastic)
Ó#ç Ó Ï̂°–

15.4 §%ÆyÓfliy û˛ Ï̂DÓ̊ ̨õk˛!ï˛§ü)• (Methods of breaking dormancy)

Ü,˛!£Ï!ÓòˆÏòÓ˚ Ü˛yˆÏåÈ Ó#ˆÏçÓ˚ §%ÆyÓfliy ~Ü˛!ê˛ =Ó˚&c˛õ)î≈ §ü§ƒyñ Ü˛yÓ˚î Ó#ç xB%˛!Ó˚ï˛ öy•ˆÏ° ã˛yÓ˚yàyåÈ í˛zÍ˛õyòö

•Î˚ öy– §%ÆyÓfliy û˛D Ü˛Ó˚yÓ˚ çöƒ ≤Ãôyö ˆÎ ˛õk˛!ï˛=!° xyˆÏÓ˚y˛õ Ü˛Ó˚y •Î˚ ˆ§=!° •°ÈÙÙÙÈ

A. flÒƒy!Ó˚!ú˛ˆÏÜ˛¢öÈÙÙÙÈ ˆÎ ˛õk˛!ï˛ˆÏï˛ Ü˛!ë˛ö Ó#çcÜ˛ˆÏÜ˛ !Óòy!Ó˚ï˛ Óy oÓ#û)˛ï˛ Ü˛ˆÏÓ˚ xB%˛ˆÏÓ˚yòàü ≤Ã!e´Î˚yˆÏÜ˛

cÓ˚y!ß∫ï˛ Ü˛Ó˚y •Î˚ ï˛yˆÏÜ˛ flÒƒy!Ó˚!ú˛ˆÏÜ˛¢ö ÓˆÏ°– ~•z ˛õk˛!ï˛!ê˛ xyÓyÓ˚ ò%ÛôÓ˚ˆÏöÓ˚ •ˆÏï˛ ˛õyˆÏÓ˚ÈÙÙÙÈ

(a) Îy!sfÜ˛ flÒƒy!Ó˚!ú˛ˆÏÜ˛¢öÈÙÙÙÈÎˆÏsfÓ˚ §y•yˆÏÎƒ xÌÓy flÒƒy°ˆÏ˛õ° Óy å%È!Ó˚ !òˆÏÎ˚ fli(° Ó#çcÜ˛ˆÏÜ˛ ˆÜ˛ˆÏê˛

!òˆÏ° xB%˛ˆÏÓ˚yòàü ≤Ã!e´Î˚y!ê˛ o&ï˛ §¡õß¨ •Î˚– ~åÈyí ¸̨y •yï%˛!í ¸̨ !òˆÏÎ˚ §yüyöƒ ë%˛ˆÏÜ˛ Ó#çcÜ˛ ú˛y!ê˛ˆÏÎ˚

(Hammering) Óy !¢!Ó˚£Ï Ü˛yàç !òˆÏÎ˚ Ó#çcÜ˛ˆÏÜ˛ âˆÏ£Ï ˛õyï˛°y Ü˛ˆÏÓ˚ flÒƒy!Ó˚!ú˛ˆÏÜ˛¢ö Ü˛Ó˚y §Ω˛Ó–

(b) Ó˚y§yÎ˚!öÜ˛ flÒƒy!Ó˚!ú˛ˆÏÜ˛¢öÈÙÙÙÈfli(° cÜ˛Î%_´ Ó#çˆÏÜ˛ fl∫“ §üˆÏÎ˚Ó˚ çöƒ âö x˜ÏçÓ x¡‘ (H2SO4,
HCl •zï˛ƒy!òV Óy ˜çÓ oyÓˆÏÜ˛ ˆÓ˚̂ Ïá cÜ˛ˆÏÜ˛ oÓ#û)˛ï˛ Ü˛Ó˚y ÎyÎ˚–

B. !ö¡¨ ï˛y˛õüyey ≤ÃˆÏÎ˚yàÈÙÙÙÈ !Ü˛å%È ≤Ãçy!ï˛Ó˚ Ó#çˆÏÜ˛ 5-10oC ï˛y˛õüyeyÎ˚ !Ü˛å%È«˛î Ó˚yáˆÏ° §%ÆyÓfliy û˛D

• Ï̂ï˛ ̨õy Ï̂Ó̊ (Crocker and Barton, 1957)– x Ï̂öÜ˛ !ÓK˛yö#Ó̊y ~•z ̨õk˛!ï˛ Ï̂Ü˛ flT…ƒy!ê˛!ú˛ Ï̂Ü˛¢ö (Stratification)
öyˆÏü x!û˛!•ï˛ Ü˛ˆÏÓ˚ˆÏåÈö– !ö¡¨ ï˛y˛õüyey Ü˛#û˛yˆÏÓ xB%˛ˆÏÓ˚yòàˆÏü §•yÎ˚ï˛y Ü˛ˆÏÓ˚ ï˛y §!ë˛Ü˛û˛yˆÏÓ çyöy ÎyÎ˚!ö ~ÓÇ

~•z !Ó£ÏˆÏÎ˚ !Ó!û˛ß¨ ôyÓ˚îyÓ˚ §,!‹T •ˆÏÎ˚ˆÏåÈ–

SÜ˛V xˆÏöˆÏÜ˛Ó˚ üˆÏï˛ !ö¡¨ ï˛y˛õüyeyÓ˚ ≤Ãû˛yˆÏÓ Ó#ˆÏçÓ˚ Ÿª§ö ≤Ã!e´Î˚y!ê˛ í˛zj#Æ •Î˚–

SáV ˆã˛!Ó˚ Ó#ç !ö¡¨ ï˛y˛õüyeyÎ˚ ú˛§ú˛Ó˚y§ !Ó˛õyˆÏÜ˛Ó˚ •yÓ˚ Óy!í˛¸ˆÏÎ˚ ˆòÎ˚–

SàV ú˛y•zö Ä ÓyÓ˚ê˛ˆÏöÓ˚ üˆÏï˛ (Fine and Barton, 1958) ˜¢ˆÏï˛ƒÓ˚ ≤Ãû˛yˆÏÓ !˛õˆÏÎ˚yö# (Peony) Ó#ˆÏçÓ˚

¢§ƒ ˆÌˆÏÜ˛ º)ˆÏî o&ï˛ xƒyüy•zˆÏöy xˆÏ¡‘Ó˚ §Ó˚ÓÓ˚y• âˆÏê˛–

C. ˛õÎ≈yÎ˚e´!üÜ˛ ï˛y˛õüyey     (freezing and thawing) ≤Ã Ï̂Î˚yàÈÙÙÙÈe%´Ü˛yÓ˚ Ä ÓyÓ˚ê˛ö °«˛ƒ Ü˛ˆÏÓ˚̂ ÏåÈö ˆÎñ

˛õÎ≈yÎ˚e´ˆÏü !ö¡¨ Ä í˛zFã˛ ï˛y˛õüyey (15oC Ä 25oC) ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï° xˆÏöÜ˛ Ó#ˆÏçÓ˚ xB%˛ˆÏÓ˚yòàü cÓ˚y!ß∫ï˛ •Î˚–

~•zˆÏ«˛ˆÏe í˛zFã˛ ï˛y˛õüyey Ó#ˆÏçÓ˚ xû˛ƒhsˇˆÏÓ˚ àƒy§#Î˚ ˛õòyˆÏÌ≈Ó˚ xyòyöÈÙÈ≤Ãòyö Óy!í ¸̨̂ ÏÎ˚ ˆòÎ˚
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D. xyˆÏ°yÓ˚ ≤Ãû˛yÓÈÙÙÙÈxy˛õöyÓ˚y ˛õ)ˆÏÓ≈Ó˚ xö%ˆÏFåÈò ˆÌˆÏÜ˛ çyöˆÏï˛ ˆ˛õˆÏÓ˚̂ ÏåÈö ˆÎ ï˛yüyÜ˛ñ ˆ°ê%˛§ ≤Ãû,˛!ï˛ ôöydÜ˛

ˆú˛yˆÏê˛yÓœy!fiê˛Ü˛ Ó#ç=!°ˆÏï˛ xyˆÏ°yÓ˚ ≤Ãû˛yˆÏÓ Ó#ˆÏçÓ˚ xB%˛ˆÏÓ˚yòàü ≤Ã!e´Î˚y!ê˛ cÓ˚y!ß∫ï˛ •Î˚– !ÓK˛yö# !úœ˛rê˛ Ä

üƒyÜ˛~!°fiê˛yÓ˚ (Flint and McAlister, 1937) xyÓ˚Ä °«˛ƒ Ü˛ˆÏÓ˚ˆÏåÈö ~•z ôÓ˚ˆÏöÓ˚ ˆú˛yˆÏê˛yÓœy!fiê˛Ü˛ Ó#ç=!°ˆÏï˛

°y° xyˆÏ°y ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï° o&ï˛ §%ÆyÓfliy û˛D •Î˚– °y° xyˆÏ°y Ó#ˆÏç ú˛y•zˆÏê˛yˆÏe´yüfr (Pfr)ÈÙÈ~Ó˚ §M˛ÈÎ˚ Óy!í˛¸̂ ÏÎ˚

ˆòÎ˚ Îy xB%˛ˆÏÓ˚yòàˆÏüÓ˚ §•yÎ˚Ü˛– !ÓK˛yö# ˆÜ˛ö!í»˛ö Ä ú ˛ƒyB˛°ƒyu˛ (Kendrik and Frankland, 1983) ≤Ãüyî

Ü˛ˆÏÓ˚ˆÏåÈö xB%˛!Ó˚ï˛ üê˛Ó˚ Ó#ˆÏçÓ˚ Ó#ç˛õeyÓÜ˛yˆÏ[˛ ú˛y•zˆÏê˛yˆÏe´yü §Ó≈y!ôÜ˛ ˛õ!Ó˚üyˆÏî §!M˛Èï˛ •ˆÏÎ˚ º)îü%Ü%˛ˆÏ°Ó˚ ˆÜ˛y£Ï

!Óû˛yçˆÏöÓ˚ •yÓ˚ Óy!í ¸̨ˆÏÎ˚ ˆòÎ˚–

E. x!:ˆÏçö âöˆÏcÓ˚ ≤Ãû˛yÓÈÙÙÙÈ Xanthium àyˆÏåÈÓ˚ fli(° Ó#çcÜ˛§¡õß¨ Ó#ç!ê˛ˆÏï˛ O2 ≤ÃˆÏÓ¢ öy Ü˛Ó˚yÓ˚

ú˛ˆÏ° Ÿª§ö ≤Ã!e´Î˚y fli!àï˛ ÌyˆÏÜ˛– í˛zFã˛ x!:ˆÏçö ã˛yˆÏ˛õ Ó#ç=!°ˆÏÜ˛ Ó˚yáˆÏ° §%ÆyÓfliy û˛D •Î˚–

F. •Ó˚ˆÏüyˆÏöÓ˚ ≤Ãû˛yÓ ÈÙÙÙÈ !çÓùyˆÏÓ˚!°Ü˛ x¡‘ Ä §y•zˆÏê˛yÜ˛y•z!öˆÏöÓ˚ ≤Ãû˛yˆÏÓ Ó#ç o&ï˛ §%ÆyÓfliy Ü˛y!ê˛ˆÏÎ˚

xB%̨ !Ó̊ï˛ •Î̊– ôyöñ àü ≤Ãû,̨ !ï˛ òyöy¢ Ï̂§ƒ xû˛ƒhsˇÓ̊#î GA-~Ó̊ ̨õ!Ó̊üyî Ü˛ Ï̂ü ̂ à Ï̂° Ó#ç ô# Ï̂Ó̊ ô# Ï̂Ó̊ xB %̨̂ ÏÓ̊yòà Ï̂üÓ̊

«˛üï˛y •y!Ó˚ˆÏÎ˚ ˆú˛ˆÏ°– ~•z xÓfliyÎ˚ Óy!•ƒÜ˛û˛yˆÏÓ GA ≤ÃˆÏÎ˚yà Ü˛Ó˚ˆÏ° Ó#ˆÏçÓ˚ §%ÆyÓfliy û˛D •Î˚– ~åÈyí˛¸y

§y•zˆÏê˛yÜ˛y•z!öö ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï°Ä §%Æ Ó#ˆÏçÓ˚ xB%˛ˆÏÓ˚yòàü •ˆÏï˛ ˆòáy ÎyÎ˚–

G. xöƒyöƒ Ó˚y§yÎ˚!öÜ˛ ˛õòyˆÏÌ≈Ó˚ ≤ÃˆÏÎ˚yàÈÙÙÙÈï%˛°y Ó#ˆÏç AMP Sxƒy!í˛ˆÏöy!§ö üˆÏöyú˛§ˆÏú˛ê˛V ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï°

Ó#ç o&ï˛ xB%˛!Ó˚ï˛ •Î˚– ~åÈyí ¸̨y xB%˛ˆÏÓ˚yòàˆÏü §•yÎ˚Ü˛ ˆÎÔà=!° •° KNO3, H2O2 ≤Ãû,˛!ï˛ x˜ÏçÓ ˆÎÔà ~ÓÇ

ÌyˆÏÎ˚y•zí˛z!Ó˚Î˚yñ ˛õ!°xƒyüy•zö ≤Ãû,˛!ï˛ ˜çÓ ˆÎÔà– xˆÏöÜ˛ Ó#ˆÏç•z ~•z ˆÎÔà=!° !ö!ò≈‹T üyeyÎ˚ ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï°

xB%˛ˆÏÓ˚yòàü cÓ˚y!ß∫ï˛ •Î˚–

15.5 §%ÆyÓfliyÓ˚ =Ó˚&c     (Importance of Dormancy)

§%ÆyÓfliy Óy í˛Ó˚üƒy!™Ó˚ ú˛ˆÏ° Ó#ç xB%˛!Ó˚ï˛ •Î˚ öy Ä ~Ó˚ ú˛ˆÏ° ú˛§° í˛zÍ˛õyòöÄ Óƒy•ï˛ •Î˚– ï˛y §ˆÏ_¥Ä

§%ÆyÓfliyÓ˚ Ü˛ˆÏÎ˚Ü˛!ê˛ ¢yÓ˚#Ó˚Ó,_#Î˚ û)˛!üÜ˛y xyˆÏåÈ–

1. ¢#ï˛≤Ãôyö ˆòˆÏ¢ ¢#ï˛Ü˛yˆÏ° ˆÎ Ó#ç ˛õ!Ó˚̨ õE˛ï˛y °yû˛ Ü˛ˆÏÓ˚ ï˛y o&ï˛ xB%˛!Ó˚ï˛ •ˆÏ° !ö¡¨ ï˛y˛õüyeyÎ˚ !Óö‹T

•ˆÏÎ˚ ÎyÎ˚– ~•z Ó#ç=!° §%ÆyÓfliyÓ˚ üyôƒˆÏü ¢#ï˛Ü˛y°#ö ≤Ã!ï˛Ü)˛° ˛õ!Ó˚̂ ÏÓ¢ˆÏÜ˛ í˛zˆÏ˛õ«˛y Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚– ~Ü˛•zû˛yˆÏÓ

áÓ˚y≤ÃÓî xM˛ÈˆÏ° @ˇÃ#‹øÜ˛yˆÏ° í˛zÍ˛õß¨ Ó#ç=!° §%ÆyÓfliyÓ˚ §y•yˆÏÎƒ @ˇÃ#‹øÜ˛y°ˆÏÜ˛ x!ï˛e´ü Ü˛ˆÏÓ˚ Ó£Ï≈yÜ˛yˆÏ° xB%˛!Ó˚ï˛

•Î˚–

2. §%ÆyÓfliy öy ÌyÜ˛ˆÏ° Ó#ç àyˆÏåÈ Óy ú˛°§Ç°@¿ ÌyÜ˛yÜ˛y°#ö xB%˛!Ó˚ï˛ •ˆÏï˛ ˛õyˆÏÓ˚– ~•z ôÓ˚̂ ÏöÓ˚ çÓ˚yÎ˚%ç

xB%˛ˆÏÓ˚yòàü âê˛ˆÏ° °Óîy¡∫% í˛z!qò åÈyí ¸̨y º)î ˆÌˆÏÜ˛ í˛zÍ˛õß¨ ã˛yÓ˚yàyåÈ ˛õ!Ó˚î!ï˛ °yû˛ Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚ öy–
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3. !Ü˛å%ÈÜ˛y° Ó#ˆÏçÓ˚ §%ÆyÓfliy ÌyÜ˛ˆÏ° Ó#ç §ÇÓ˚«˛î Ü˛Ó˚y ~ÓÇ ã˛y£Ï#ˆÏòÓ˚ §!ë˛Ü˛ §üˆÏÎ˚ ã˛yÓ˚y í˛zÍ˛õyòˆÏöÓ˚

í˛z˛õˆÏÎyà# Ü˛Ó˚y §Ω˛Ó •Î˚–

xö%¢#°ö#

1. §!ë˛Ü˛ í˛z_Ó˚!ê˛Ó˚ ˛õyˆÏ¢ Ú  Û !ã˛•´ !òö ≠

SÜ˛V ABA ~Ü˛!ê˛ ≤ÃyÜ,˛!ï˛Ü˛ •Ó˚̂ Ïüyö Îy xB%˛ˆÏÓ˚yò‰àˆÏü Óyôy òyö Ü˛ˆÏÓ˚–

SáV Ó#ˆÏçÓ˚ xû˛ƒhsˇÓ˚#î Ü˛yÓ˚̂ ÏîÓ˚ çöƒ Î!ò xB%˛ˆÏÓ˚yò‰àü öy âˆÏê˛ ï˛áö ï˛yˆÏÜ˛ Ü%˛•zˆÏ§™ ÓˆÏ°–

SàV O2 ≤ÃˆÏÓ¢ Ü˛Ó˚ˆÏï˛ öyÈÙÈ˛õyÓ˚yÎ˚ Xanthium ú˛ˆÏ°Ó˚ í˛z˛õˆÏÓ˚Ó˚ Ó#ç!ê˛ §%ÆyÓfliyÎ˚ ÌyˆÏÜ˛–

SâV ˆ°ê%˛§ ~Ü˛!ê˛ ôöydÜ˛ ˆú˛yˆÏê˛yÓœy!fiê˛Ü˛ Ó#ç–

2. ¢)öƒfliyö ˛õ)Ó˚î Ü˛Ó˚&ö ≠

SÜ˛V !¢!Ó˚£Ï Ü˛yàç !òˆÏÎ˚ âˆÏ£Ï Ó#çcÜ˛ˆÏÜ˛ ˛õyï˛°y Ü˛ˆÏÓ˚ Ó#ˆÏçÓ˚ §%ÆyÓfliy û˛D Ü˛Ó˚y ˛õk˛!ï˛ˆÏÜ˛  _____
ÓˆÏ°–

SáV _____ ~Ü˛!ê˛ x˜ÏçÓ ˆÎÔà ~ÓÇ _____ ~Ü˛!ê˛ ˜çÓ ˆÎÔà Îy xB%˛ˆÏÓ˚yò‰àˆÏü §y•yÎƒ Ü˛ˆÏÓ˚–

SàV _____ •Ó˚̂ Ïüyö!ê˛ ≤ÃˆÏÎ˚yà Ü˛Ó˚̂ Ï° ôyöÈÙÈÓ#ˆÏçÓ˚ xB%˛ˆÏÓ˚yò‰àü cÓ˚y!ß∫ï˛ •Î˚–

SâV ˆã˛!Ó˚ÈÙÈÓ#ç !ö¡¨ ï˛y˛õüyeyÎ˚ _____ !Ó˛õyˆÏÜ˛Ó˚ •yÓ˚ Óy!í˛¸ˆÏÎ˚ ˆòÎ˚–

3. §ÇK˛y !°á%ö ≠

SÜ˛V Ü%̨ •ẑ Ï§™

SáV ˆ˛õyfiê˛ÈÙÈ•yˆÏû≈˛fiê˛ í˛Ó˚üƒy!™

SàV §•çyï˛ §%ÆyÓfliy Óy •zˆÏöê˛ í˛Ó˚üƒy!™

SâV Ó˚y§yÎ˚!öÜ˛ flÒƒy!Ó˚!ú˛ˆÏÜ˛¢ö–

15.6 Ó#ç xB%˛ˆÏÓ˚yÂàˆÏü ¢yÓ˚#Ó˚Ó,_#Î˚ ˛õ!Ó˚Óï≈˛ö     (Biochemical changes
during seed germination)

Ó#ˆÏçÓ˚ xB%˛ˆÏÓ˚yòàü ≤Ã!e´Î˚y!ê˛ ç#Óöã˛ˆÏe´Ó˚ xï˛ƒhsˇ =Ó˚&c˛õ)î≈ ò¢y– Ó#ç ˆÌˆÏÜ˛ º)îü)° Ä º)îü%Ü%˛° !öà≈ï˛

•ÓyÓ˚ ≤Ã!e´Î˚yˆÏÜ˛ xB%˛ˆÏÓ˚yòàü ÓˆÏ°– xB%˛ˆÏÓ˚yòàü ≤Ã!e´Î˚y!ê˛ !ö¡¨!°!áï˛ ˛õÎ≈yˆÏÎ˚ !Óû˛_´ ≠
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A. ç°ˆÏ¢y£ÏîÈÙÙÙÈÓ#çcÜ˛ Ä Ó#çÓ˚ˆÏ¶…˛Ó˚ (micropyle) üyôƒˆÏü ç° Ó#ˆÏçÓ˚ xû˛ƒhsˇˆÏÓ˚ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚–

ç°ˆÏ¢y£Ïî xB%˛ˆÏÓ˚yò‰àˆÏü ≤ÃÌü Ä ˆû˛Ôï˛ ≤Ã!e´Î˚y– x!ôÜ˛yÇ¢ Ó#ˆÏç•z ≤ÃÌü 4-6 â^ˇê˛y §Ó≈y!ôÜ˛ ˛õ!Ó˚üyˆÏî ç°

ˆ¢y!£Ïï˛ • Ï̂°Ä ~•z ≤Ã!e´Î̊y!ê˛ ≤ÃyÎ̊ 72 â^ˇê˛y ̨õÎ≈hsˇ §!e´Î̊ Ìy Ï̂Ü˛– xB%̨ Ï̂Ó̊yòàü ̨õk˛!ï˛ Ï̂ï˛ ç Ï̂°Ó̊ ≤Ã Ï̂Î̊yçö#Î̊ï˛y=!°

•°ÈÙÙÙÈ

1. çˆÏ°Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ Ó#çˆÏÜ˛y£Ï=!° Ó˚§fl≥˛#ï˛ •ˆÏÎ˚ Ó#çcˆÏÜ˛Ó˚ !ÓòyÓ˚î âê˛yÎ˚– ç°ˆÏ¢y£ÏˆÏîÓ˚ ú˛ˆÏ° Ó#ˆÏçÓ˚

xyÎ˚ï˛ö 30-40% ˆÓˆÏí ¸̨ ÎyÎ˚–

2. Ó#ˆÏçÓ˚ üˆÏôƒ ABA çyï˛#Î˚ Ó,!k˛ ≤Ã!ï˛ˆÏÓ˚yôÜ˛ ˛õòyÌ≈ ≤Ãã%˛Ó˚ ˛õ!Ó˚üyˆÏî §!M˛Èï˛ ÌyˆÏÜ˛– ç°#Î˚ üyôƒˆÏü !§_´

Ó#ç ˆÌˆÏÜ˛ ~•z ˆÎÔà=!° !°!ã˛Ç (Leaching) ≤Ã!e´Î˚yÎ˚ !öà≈ï˛ •Î˚–

3. Ó#ˆÏç ¢ï˛Ü˛Ó˚y 16-18% ç° ≤ÃˆÏÓ¢ Ü˛Ó˚yÓ˚ ˛õÓ˚ üy•zˆÏê˛yÜ˛!u»˛Î˚y Ä ú˛y•zˆÏê˛yˆÏe´yü §!e´Î˚ •ˆÏÎ˚ ÌyˆÏÜ˛–

4. ç°ˆÏ¢y£Ïî ÷Ó˚& •ÓyÓ˚ 10 !ü!öê˛ ˛õÓ˚ ˆÌˆÏÜ˛ Ó#ˆÏçÓ˚ §Óyï˛ Ÿª§ö ≤Ã!e´Î˚yÓ˚ •yÓ˚ Óyí ¸̨̂ Ïï˛ ÌyˆÏÜ˛–

5. çˆÏ°Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ xƒyüy•zˆÏ°çñ ˆ≤Ãy!ê˛ˆÏÎ˚ç ≤Ãû,˛!ï˛ xyo≈ !ÓˆÏŸ’£ÏÜ˛ í˛zÍˆÏ§ã˛Ü˛=!° §!e´Î˚ •Î˚– ~•z

í˛zÍˆÏ§ã˛Ü˛=!° Ó#ˆÏçÓ˚ §!M˛Èï˛ ç!ê˛° áyòƒÓ›=!°ˆÏï˛ §Ó˚°#Ü,˛ï˛ Ü˛ˆÏÓ˚ SˆÎüöñ fiê˛yã≈˛ §Ó˚°ï˛Ó˚ ¢Ü≈˛Ó˚yÎ˚

Ó˚*˛õyhsˇ!Ó˚ï˛ •ˆÏÎ˚V º*ˆÏî §M˛Èy!°ï˛ Ü˛ˆÏÓ˚– ~•z §Ó˚° áyòƒ @ˇÃ•î Ü˛ˆÏÓ˚•z º)î Ó,!k˛≤ÃyÆ •ˆÏÎ˚ xB%˛ˆÏÓ˚ ˛õ!Ó˚îï˛

•Î˚–

6. ç°ˆÏ¢y£ÏˆÏîÓ˚ ú˛ˆÏ° Ó˚§fl≥˛#ï˛ ˆÜ˛y£Ï=!° ÷ô% ˆÎ xyÎ˚ï˛ˆÏö•z Ó,!k˛ ˛õyÎ˚ ï˛y öÎ˚ñ ~•z ôÓ˚̂ ÏöÓ˚ ˆÜ˛y£Ï≤Ãyã˛#Ó˚

§ÇˆÏŸ’ˆÏ£Ï §•yÎ˚ï˛y Ü˛ˆÏÓ˚–

  B. í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ !e´Î˚y¢#°ï˛yÈÙÙÙÈ˛õÎ≈yÆ ˛õ!Ó˚üyˆÏî ç°ˆÏ¢y£ÏˆÏîÓ˚ ˛õÓ˚ Ó#ˆÏç í˛z˛õ!fliï˛ mRNA xî%=!°

§!e´Î˚ •Î˚ ~ÓÇ Ó#ˆÏç §!M˛Èï˛ xƒyüy•zˆÏöy xˆÏ¡‘Ó˚ §y•yˆÏÎƒ í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ §ÇˆÏŸ’£Ï âˆÏê˛– xB%˛ˆÏÓ˚yòàˆÏüÓ˚ §üÎ˚

≤Ãôyöï˛ xyo≈ !ÓˆÏŸ’£ÏÜ˛ (hydrolytic) í˛zÍˆÏ§ã˛Ü˛=!° §!e´Î˚ •Î˚– ̂ ≤Ãy!ê˛ˆÏÎ˚ç Ó#ˆÏçÓ˚ §!M˛Èï˛ ̂ ≤Ãy!ê˛öˆÏÜ˛ !ÓˆÏŸ’!£Ïï˛

Ü˛ˆÏÓ˚ §Ó˚° ˛õ!°ˆÏ˛õ˛õê˛y•zí˛ àë˛ö Ü˛ˆÏÓ˚– ~•z ˛õ!°ˆÏ˛õ˛õê˛y•zí˛=!° xyÓyÓ˚ ˆ˛õ˛õê˛y•zˆÏí˛ç í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ üyôƒˆÏü

ˆû˛ˆÏä !àˆÏÎ˚ xƒyüy•zˆÏöy x¡‘ àë˛ö Ü˛ˆÏÓ˚– ˜ï˛° Ó#ˆÏçÓ˚ @’y•zx!:ˆÏçyˆÏü ˆfl¨•˛õòyÌ≈ §!M˛Èï˛ ÌyˆÏÜ˛ Îy °y•zˆÏ˛õç

í˛zÍˆÏ§ã˛ˆÏÜ˛Ó˚ üyôƒˆÏü !Ó!Ÿ’‹T •ˆÏÎ˚ ú˛ƒy!ê˛ x¡‘ Ä !@’§yÓ˚̂ Ï° ˛õ!Ó˚îï˛ •Î˚– òyöy¢ˆÏ§ƒ ˆÎ xƒy°%í˛zˆÏÓ˚yö hflÏÓ˚ ÌyˆÏÜ˛

ˆ§áyˆÏö GA öyüÜ˛ •Ó˚̂ ÏüyˆÏöÓ˚ ≤Ãû˛yˆÏÓ α- ~ÓÇ β- xƒyüy•zˆÏ°ç í˛zÍ˛õß¨ •Î˚ñ ÎyÓ˚y fiê˛yã≈˛ˆÏÜ˛ !Ó!Ÿ’‹T Ü˛ˆÏÓ˚ ü°ˆÏê˛yç

àë˛ö Ü˛ˆÏÓ˚ S!ã˛e 15.2V– ü°ˆÏê˛ç í˛zÍˆÏ§ã˛Ü˛ ü°ˆÏê˛yçˆÏÜ˛ !Ó!Ÿ’‹T Ü˛ˆÏÓ˚ ò%Ûxö% @’%ˆÏÜ˛yˆÏç Ó˚*˛õyhsˇ!Ó˚ï˛ Ü˛ˆÏÓ˚– ~•z

í˛zÍˆÏ§ã˛Ü˛=!° åÈyí ¸̨yÄ ú˛§ú˛yˆÏê˛çñ β-@’%Ü˛yˆÏöçñ RNase ≤Ãû,˛!ï˛ í˛zÍˆÏ§ã˛Ü˛=!° xB%˛ˆÏÓ˚yÂàˆÏüÓ˚ §üÎ˚ §!e´Î˚ •Î˚–

çy•zˆÏ°y˛õy•zÓ˚yˆÏöy§y•zˆÏí˛ç (Xylopyranosidase) ~ÓÇ xƒyÓ˚y!ÓˆÏöy§y•zˆÏí˛ç (Arabinosidase) öyüÜ˛ ò%Û!ê˛

í z̨Í Ï̂§ã˛Ü˛ ̂ Ü˛y£Ï≤Ãyã˛#Ó̊ Ï̂Ü˛ oÓ#û)̨ ï˛ Ü˛ Ï̂Ó̊ (Traz and Honnigman, 1976)–
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C. í˛z˛õ!ã˛!ï˛ü)°Ü˛ !e´Î˚yÈÙÙÙÈ~•z ˛õÎ≈yˆÏÎ˚ Ó#ˆÏç í˛zÍ˛õß¨ xƒyüy•zˆÏöy x¡‘ñ ú˛ƒy!ê˛ xƒy!§í˛ Ä ¢Ü≈˛Ó˚yˆÏÜ˛ ÓƒÓ•yÓ˚

Ü˛ˆÏÓ˚ öï%˛ö ˆ≤Ãy!ê˛öñ ˆfl¨•˛õòyÌ≈ ~ÓÇ ˛õ!°§ƒyÜ˛yÓ˚y•zí˛ í˛zÍ˛õß¨ •Î˚– ~•z í˛z˛õyòyö=!° º)ˆÏîÓ˚ Ó,!k˛ ~ÓÇ ˆÜ˛y£Ï≤Ãyã˛#Ó˚

àë˛ˆÏö §•yÎ˚ï˛y Ü˛ˆÏÓ˚–

D. Ÿª§öÜ˛yÎ≈ÈÙÙÙÈxyo≈ !Ó Ï̂Ÿ’£ÏÜ˛ í z̨Í Ï̂§ã˛ Ï̂Ü˛Ó̊ ≤Ãû˛y Ï̂Ó ̂ Î @’%̂ ÏÜ˛yç çyï˛#Î̊ ¢Ü≈̨ Ó̊yÓ̊ §,!‹T •Î̊ ï˛y @’y•ẑ ÏÜ˛y°y•z!§ Ï̂§Ó̊

üyôƒˆÏü Ÿª§öçyï˛ ¢!_´Ó˚ §,!‹T Ü˛ˆÏÓ˚– ~åÈyí˛¸y @’%ˆÏÜ˛yç xî% ˆ˛õˆÏrê˛yç ú˛§ˆÏú˛ê˛ ˛õˆÏÌÓ˚ üyôƒˆÏü ˆÎ Ó˚y•zˆÏÓyç

çyï˛#Î˚ ¢Ü˛≈Ó˚y í˛zÍ˛õß¨ Ü˛ˆÏÓ˚ ï˛y !öí˛z!Üœ˛Ü˛ x¡‘ §ÇˆÏŸ’ˆÏ£Ï ÓƒÓ•*ï˛ •Î˚– ú˛ƒy!ê˛ x¡‘ Ä β çyÓ˚ˆÏîÓ˚ üyôƒˆÏü ˆÎ

xƒy!§ê˛y•z° CoA í˛zÍ˛õß¨ Ü˛ˆÏÓ˚ ï˛y TCA ã˛ˆÏe´ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ Ÿª§ˆÏöÓ˚ •yÓ˚̂ ÏÜ˛ cÓ˚y!ß∫ï˛ Ü˛ˆÏÓ˚– ~åÈyí˛¸y ˆfl¨•˛õòyÌ≈

ˆÌˆÏÜ˛ !öÄ@’%ˆÏÜ˛yçˆÏö!§§ ˛õk˛!ï˛ˆÏï˛ Ó#ˆÏç ¢Ü≈˛Ó˚y §,!‹T •Î˚ Îy Ÿª§ö í˛z˛õyòyöÓ˚*ˆÏ˛õ ÓƒÓ•*ï˛ •Î˚–

E. ˆÜ˛y£Ï !Óû˛yçöÈÙÙÙÈ§%Æ Ó#ç ç° ˆ¢y£ÏˆÏîÓ˚ Ü˛ˆÏÎ˚Ü˛ â^ˇê˛y ˛õˆÏÓ˚•z !ö!‹;˛Î˚ !çö=!° §!e´Î˚ •Î˚– ~•z §üˆÏÎ˚

ˆÜ˛y Ï̂£Ï DNA §Ç Ï̂Ÿ’ Ï̂£ÏÓ̊ •yÓ̊ e´üyàï˛ Óyí˛̧ Ï̂ï˛ Ìy Ï̂Ü˛ ~ÓÇ ê Δ̨y™!e´˛õ¢ö Ä ê Δ̨y™ Ï̂°¢ö ≤Ã!e´Î̊yÎ̊ RNA Ä ̂ ≤Ãy!ê˛ Ï̂öÓ̊

§ÇˆÏŸ’£Ï âˆÏê˛– ~•z ≤Ã!e´Î˚y=!° º)ˆÏîÓ˚ ˆÜ˛y£Ï !Óû˛yçö ˛õk˛!ï˛ˆÏÜ˛ §!e´Î˚ Ü˛ˆÏÓ˚–

F. º)îü)° Ä º)îü%Ü%˛° !öà≈üöÈÙÙÙÈe´üyàï˛ ˆÜ˛y£Ï !Óû˛yçˆÏöÓ˚ ú˛ˆÏ° º)î!ê˛ Ó,!k˛≤ÃyÆ •Î˚ ~ÓÇ º)îü)° Ä

º)îü%Ü%˛ˆÏ° !ÓˆÏû˛!òï˛ •Î˚– öÓ˚ü Ó#çcÜ˛ ˆû˛ò Ü˛ˆÏÓ˚ º)îü)° Ä º*îü%Ü%˛° Ó#ç ˆÌˆÏÜ˛ ˆÓ!Ó˚̂ ÏÎ˚ ~ˆÏ§ xB%˛ˆÏÓ˚yò‰àˆÏüÓ˚

§)ã˛öy Ü˛ˆÏÓ˚ S!ã˛e 15.2V–

!ã˛e 15.2 : Ü˛ƒy§ Ï̂Ü˛í˛ ü Ï̂í˛°ÈÙÙÙÈÎyÓ̊ §y•y Ï̂Îƒ xB%̨ Ï̂Ó̊yÂà Ï̂üÓ̊ ̨õÎ≈yÎ̊e´!üÜ˛

˜çÓ Ó̊y§yÎ̊!öÜ˛ !Ó!e´Î̊y=!° ̂ òáy Ï̂öy • Ï̂Î̊ Ï̂åÈ–

ˆÜ˛yˆÏ£ÏÓ˚ xyÎ˚ï˛ö Ó,!k˛ Ä ˛õÓ˚Óï˛#≈ ˛õÎ≈yˆÏÎ˚ ˆÜ˛yˆÏ£ÏÓ˚ §Çáƒy Ó,!k˛  º*ˆÏîÓ˚ Ó,!k˛  xB%˛ˆÏÓ˚yÂàü
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15.7 §yÓ̊yÇ¢ (Summary)

Ó#ˆÏçÓ˚ xB%˛ˆÏÓ˚yò‰àü ≤Ã!e´Î˚y!ê˛ §yü!Î˚Ü˛û˛yˆÏÓ Ó¶˛ ÌyÜ˛ˆÏ° ˆ§•z !ÓˆÏ¢£Ï xÓfliyˆÏÜ˛ Ó#ˆÏçÓ˚ §%ÆyÓfliy ÓˆÏ°– fli(°

Ó#çcÜ˛ñ ABA çyï˛#Î˚ Ó,!k˛ ≤Ã!ï˛ˆÏÓ˚yôÜ˛ •Ó˚̂ Ïüyö §M˛ÈÎ˚ñ º)ˆÏîÓ˚ x˛õ!Ó˚îï˛ xÓfliy ≤Ãû,˛!ï˛ §%ÆyÓfliy Óy í˛Ó˚üƒy!™Ó˚

ü%áƒ Ü˛yÓ˚î– Ó#çÈÙÈ¢yÓ˚#Ó˚!ÓˆÏòÓ˚y (Seed Physiologists) flÒƒy!Ó˚!ú˛ˆÏÜ˛¢ˆÏöÓ˚ üyôƒˆÏü Ó#çcÜ˛ˆÏÜ˛ ̨ õyï˛°y Óy öÓ˚ü

Ü˛ˆÏÓ˚ñ !ö¡¨ ï˛y˛õüyey ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ñ GA çyï˛#Î˚ Ó,!k˛ í˛zj#˛õÜ˛ •Ó˚̂ Ïüyö ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ ~•z §%ÆyÓfliy û˛D Ü˛ˆÏÓ˚

xB%˛ˆÏÓ˚yò‰àü ≤Ã!e´Î˚yˆÏÜ˛ cÓ˚y!ß∫ï˛ Ü˛Ó˚̂ Ïï˛ §«˛ü •ˆÏÎ˚̂ ÏåÈö– xB%˛ˆÏÓ˚yòàˆÏüÓ˚ §üÎ˚ Ó#ç ˆû˛Ôï˛ ≤Ã!e´Î˚yÓ˚ üyôƒˆÏü ç°

ˆ¢y£Ïî Ü˛ˆÏÓ˚– Ó#ˆÏç ≤Ã!Ó‹T ç° Ó#çcˆÏÜ˛Ó˚ !ÓòyÓ˚î âê˛yˆÏï˛ §y•yÎƒ Ü˛ˆÏÓ˚– çˆÏ°Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ xyo≈!ÓˆÏŸ’£ÏÜ˛

í˛zÍˆÏ§ã˛Ü˛=!° §!e´Î˚ •ˆÏÎ˚ Ó#çcÜ˛ Óy ¢ˆÏ§ƒ §!M˛Èï˛ áyòƒÓ›ˆÏÜ˛ §Ó˚°#Ü,˛ï˛ Ü˛ˆÏÓ˚ º*îˆÏÜ˛ §Ó˚ÓÓ˚y• Ü˛ˆÏÓ˚–

xB%˛ˆÏÓ˚yò‰àˆÏüÓ˚ ˆ«˛ˆÏe GA öyüÜ˛ •Ó˚ˆÏüyö!ê˛ ≤ÃyÌ!üÜ˛ û)˛!üÜ˛y @ˇÃ•î Ü˛ˆÏÓ˚ !Ü˛v Ó#ˆÏç ~•z •Ó˚̂ ÏüyˆÏöÓ˚ ï%˛°öyÎ˚

Ó,!k˛ ≤Ã!ï˛ˆÏÓ˚yôÜ˛ ABA •Ó˚ˆÏüyö!ê˛Ó˚ ̨ õ!Ó˚üyî ̂ ÓˆÏí˛¸ ̂ àˆÏ° ~•z •Ó˚ˆÏüyö!ê˛ GA-~Ó˚ Ü˛yÎ≈«˛üï˛y ö‹T Ü˛ˆÏÓ˚ §%ÆyÓfliy

xyöÎ˚ö Ü˛ˆÏÓ˚– ABA-~Ó˚ ≤Ãû˛yˆÏÓ Ó#ˆÏç ˆÎ §%ÆyÓfliyÓ˚ §,!‹T •Î˚ ï˛y xyÓyÓ ̊CK S§y•zˆÏê˛yÜ˛y•z!ööV •Ó˚ˆÏüyö!ê˛Ó˚

í˛z˛õ!fli!ï˛ˆÏï˛ x˛õ§y!Ó˚ï˛ •Î˚–

15.8 §Ó≈̂ Ï¢£Ï ≤ÃŸ¿yÓ!° (Terminal Questions)

1. SÜ˛V §%ÆyÓfliy Ü˛yˆÏÜ˛ ÓˆÏ°⁄ §%ÆyÓfliyÓ˚ ≤ÃÜ˛yÓ˚̂ Ïû˛ò §¡õˆÏÜ≈˛ xyˆÏ°yã˛öy Ü˛Ó˚&ö–

SáV Ü,˛!eü ˛õk˛!ï˛ˆÏï˛ Ó#ˆÏçÓ˚ §%ÆyÓfliy û˛D Ü˛Ó˚yÓ˚ ˛õk˛!ï˛=!° !°á%ö–

SàV xB%˛ˆÏÓ˚yò‰àˆÏüÓ˚ §üˆÏÎ˚ Ó#ˆÏç Ü˛# Ü˛# ˛õ!Ó˚Óï≈˛ö °«˛ƒ Ü˛Ó˚y ÎyÎ˚⁄ Ü˛ƒy§ˆÏÜ˛í˛ üˆÏí˛ˆÏ°Ó˚ üyôƒˆÏü

xB%˛ˆÏÓ˚yò‰àü ≤Ã!e´Î˚y!ê˛ Ó%!é˛ˆÏÎ˚ !òö–

2. Ü˛ÈÙÙÙÈhflÏˆÏΩ˛Ó˚ §yˆÏÌ áÈÙÙÙÈhflÏˆÏΩ˛Ó˚ ÓyÜ˛ƒyÇ¢ Î%_´ Ü˛ˆÏÓ˚ xÌ≈˛õ)î≈ ÓyÜ˛ƒ àë˛ö Ü˛Ó˚&ö ≠

Ü Ę̀ÙÙÙÈhflÏΩ˛ áÈÙÙÙÈhflÏΩ˛

SÜ˛V GA •Ó˚̂ Ïüyö!ê˛Ó˚ ≤Ãû˛yˆÏÓ SÜ˛V !°!ã˛Ç ÓˆÏ°

SáV ç°#Î˚ üyôƒˆÏü Ó#ˆÏçÓ˚ xû˛ƒhsˇÓ˚fli ˛õòyˆÏÌ≈Ó˚ SáV Ó#ˆÏçÓ˚ ˆÜ˛y£Ï≤Ãyã˛#Ó˚ oÓ#û)˛ï˛ •Î˚–

!öà≈üö Ï̂Ü˛

SàV çy•zˆÏ°y˛õy•zÓ˚yˆÏöy§y•zˆÏí˛ˆÏçÓ˚ ≤Ãû˛yˆÏÓ SàV ˆú˛!§Ü˛ x¡‘ Ä í˛y•z•y•zˆÏí»˛yˆÏú˛!§Ü˛ x¡‘ ÓˆÏ°–

SâV §òƒ í˛zÍ˛õß¨ Ó#ˆÏçÓ˚ §%ÆyÓfliyˆÏÜ˛ SâV xƒy!°í˛zˆÏÓ˚yö hflÏˆÏÓ˚ a-xƒyüy•zˆÏ°ç í˛zÍ˛õß¨ •Î˚–

SäV ABA-~Ó˚ x˛õ!Ó˚!ã˛ï˛ ú˛ˆÏ° í˛zÍ˛õß¨ ˆÎÔà SäV ˆ˛õyfiê˛ÈÙÈ•yÓ˚̂ Ïû˛fiê˛ í˛Ó˚üƒy!™ ÓˆÏ°–

ò%Û!ê˛ˆÏÜ˛
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3. §ÇˆÏ«˛ˆÏ˛õ í˛z_Ó˚ !òö ≠

SÜ˛V Ó#ˆÏçÓ˚ §%ÆyÓfliyÓ˚ =Ó˚&c Ü˛#⁄

SáV ˆÜ˛yö‰ •Ó˚ˆÏüyöˆÏÜ˛ xB%˛ˆÏÓ˚yò‰àˆÏüÓ˚ ≤ÃyÌ!üÜ˛ í˛z˛õyòyö ÓˆÏ°⁄

SàV ABA åÈyí ¸̨y ò%Û!ê˛ xB%˛ˆÏÓ˚yò‰àü ≤Ã!ï˛ˆÏÓ˚yôÜ˛yÓ˚# ˆÎÔˆÏàÓ˚ öyü !°á%ö–

15.9 í˛z_Ó˚üy°y (Key to the Answers)

xö%¢#°ö#

1. SÜ˛Vó SàVó SâV–

2. SÜ˛V Îy!sfÜ˛ flÒƒy!Ó˚!ú˛ˆÏÜ˛¢ö

SáV KNO3 Ä ˛õ!°xƒyüy•zö

SàV GA
SâV ú˛§ú˛Ó˚y§

3. SÜ˛V 15.2 ˆòá%ö

SáV 15.2 ˆòá%ö

SàV 15.2 ˆòá%ö

SâV 15.4 ˆòá%ö

§Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°# ≠

1. SÜ˛V 15.2 ˆòá%ö

SáV 15.4 ˆòá%ö

SàV 15.6 ˆòá%ö

2. SÜ˛V GA •Ó˚ˆÏüyö!ê˛Ó˚ ≤Ãû˛yˆÏÓ xƒy°%í˛zˆÏÓ˚yö hflÏˆÏÓ ̊a-xƒyüy•zˆÏ°ç í˛zÍ˛õß¨ •Î˚–

SáV ç°#Î˚ üyôƒˆÏü Ó#ˆÏçÓ˚ xû˛ƒhsˇÓ˚fli ˛õòyˆÏÌ≈Ó˚ !öà≈üöˆÏÜ˛ !°!ã˛Ç ÓˆÏ°–

SàV çy•zˆÏ°y˛õy•zÓ˚yˆÏöy§y•zˆÏí˛ˆÏçÓ˚ ≤Ãû˛yˆÏÓ Ó#ˆÏçÓ˚ ˆÜ˛y£Ï≤Ãyã˛#Ó˚ oÓ#û)˛ï˛ •Î˚–

SâV §òƒ í˛zÍ˛õß¨ Ó#ˆÏçÓ˚ §%ÆyÓfliyˆÏÜ˛ ˆ˛õyfiê˛ÈÙÈ•yÓ˚̂ Ïû˛fiê˛ í˛Ó˚üƒy!™ ÓˆÏ°–

SäV ABA-~Ó˚ x˛õ!Ó˚!ã˛!ï˛Ó˚ ú˛ˆÏ° í˛zÍ˛õß¨ ˆÎÔà ò%Û!ê˛ˆÏÜ˛ ú˛ƒy!§Ü˛ x¡‘ Ä í˛y•z•y•zˆÏí»˛yˆÏú˛!§Ü˛ x¡‘

ÓˆÏ°–

3. SÜ˛V 15.5 ˆòá%öó   SáV  GA •Ó˚ˆÏüyöó   SàV  ˛õƒyÓ˚y§Ó˚!ÓÜ˛ x¡‘ Ä ˆú˛Ó˚&!°Ü˛ x¡‘–
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Block - II :

=ÆÓ#ç# í z̨!qˆÏòÓ˚ ≤Ãçöö!ÓK˛yö

(Reproductive Biology of Angiosperms)
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~Ü˛Ü˛ 16 û)˛!üÜ˛y ı •z!ï˛•y§ Sˆç. ˆ•§‰°˛õÈÙÈ•ƒy!Ó˚§öñ !˛õ. üyˆÏ•Ÿª!Ó˚ Ä

!Ó. ~ü. ˆçy•!Ó˚Ó˚ xÓòyö  [Introduction : History
(contributions of J. Heslop-Harrison, P.
Maheswari and B. M. Johri) and Scope] :

àë˛ö

16.0 í ẑ̨ Ïj¢ƒ

16.1 ≤ÃhflÏyÓöy

16.2 •z!ï˛•y§

16.3 =ÆÓ#ç# í˛z!qˆÏòÓ˚ ≤Ãçöö !ÓK˛yˆÏöÓ˚ §Ω˛yÓöy

16.4 §yÓ˚yÇ¢

16.5 x!hsˇü ≤ÃŸ¿yÓ°#

16.6 í˛z_Ó˚üy°y

16.0 í ẑ̨ Ïj¢ƒ

=ÆÓ#ç# í˛z!qˆÏò §%flõ‹T çö%Ée´ü ˆòáˆÏï˛ ˛õyÄÎ˚y ÎyÎ˚– ò%!ê˛ •ƒy≤’ˆÏÎ˚í˛ àƒyˆÏüˆÏê˛Ó˚ !ü°ˆÏöÓ˚ ú˛ˆÏ° çy•zˆÏàyê˛

Óy º*î í z̨Í˛õy!òï˛ •Î̊– ç#Ó!ÓK˛y Ï̂öÓ̊ ~•z ¢yáyÎ̊ º* Ï̂îÓ̊ àë˛ö Ä ̨õ!Ó̊fl≥%̨ ê˛ö §¡õ Ï̂Ü≈̨  ÎÑyÓ̊y §Ó≈y!ôÜ˛ í ẑ̨ ÏÕ‘á Ï̂Îyàƒû˛y Ï̂Ó

xyüyˆÏòÓ˚ ôyÓ˚öy !òˆÏÎ˚ˆÏåÈö ïÑ˛yˆÏòÓ˚ Ü˛ˆÏÎ˚Ü˛çˆÏöÓ˚ §¡õˆÏÜ≈˛ çyöˆÏÓö– ~åÈyí˛¸y ~•z !ÓK˛yˆÏöÓ˚ ≤ÃyˆÏÎ˚y!àÜ˛ §Ω˛yÓöy

§¡õˆÏÜ≈˛ K˛yö °yû˛ Ü˛Ó˚̂ ÏÓö–

16.1 ≤ÃhflÏyÓöy     (Introduction)

=ÆÓ#ç# í˛z!qˆÏòÓ˚ ç#ÓöÈÙÈã˛ˆÏe´ §%flõ‹T çö%Ée´ü Óï≈˛üyö– §˛õ%‹õÜ˛ í˛z!qˆÏòÓ˚ ç#ÓöÈÙÈã˛ˆÏe´ ˆÎÔö çöˆÏöÓ˚

§üÎ˚ fl∫ï˛sf !í˛≤’ˆÏÎ˚í˛ ˆÓ˚î%ôÓ˚ ~ÓÇ •ƒy≤’ˆÏÎ˚í˛ !°DôÓ˚ çö%Ó˚ çö%Ée´ü ˛õ!Ó˚°!«˛ï˛ •Î˚– ~•z çyï˛#Î˚ í˛z!qˆÏòÓ˚ ú%˛ˆÏ°

ˆÎÔö çööï˛sf Óï≈˛üyö– ˛õÓ˚yàˆÏÎyà ~ÓÇ !öˆÏ£ÏÜ˛ ~ˆÏÜ˛ x˛õˆÏÓ˚Ó˚ §ˆÏD Äï˛ˆÏ≤Ãyï˛û˛yˆÏÓ §¡õ!Ü≈˛ï˛– ~•z ò%Û•z

˛õk˛!ï˛Ó˚ ú˛ˆÏ° x˛õˆÏï˛ƒÓ˚ í˛zqÓ âˆÏê˛– !öˆÏ£ÏˆÏÜ˛Ó˚ (fertilization) üyôƒˆÏü ò%Û!ê˛ àƒyˆÏüˆÏê˛Ó˚ !ü°ö âˆÏê˛ñ ú˛ˆÏ° x˛õï˛ƒ

í˛zÍ˛õß¨ •Î˚– ˛õÓ˚yàˆÏÎyà Ä  !öˆÏ£ÏÜ˛ ~•z ò%Û!ê˛ ˛õk˛!ï˛ ˛õÓ˚flõÓ˚ ˛õ,ÌÜ˛ •ˆÏ°Ä í˛z!qˆÏò ˛õÓ˚yàˆÏÎyˆÏàÓ˚ ú˛ˆÏ° !öˆÏ£ÏÜ˛

§¡õß¨ •Î˚– ~Ó˚ ú˛°fl∫Ó˚*˛õ §˛õ%‹õÜ˛ í˛z!qˆÏòÓ˚ !í˛¡∫y¢Î˚ üôƒfli •ƒy≤’ˆÏÎ˚í˛ (n) !í˛¡∫̂ ÏÜ˛y£Ï (egg cells) Ä ̨õÓ˚yàˆÏÓ˚î%

üôƒfli •ƒy≤’ˆÏÎ˚í˛ ÷e´yî% ˆÜ˛y£Ï (sperm cell)-Ó˚ !ü°ö âˆÏê˛ ~ÓÇ !í˛≤’ˆÏÎ˚í˛ (2n) çy•zˆÏàyê˛ í˛zÍ˛õß¨ •Î˚–
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~•z !í˛≤’ˆÏÎ˚í˛ çy•zˆÏàyê˛!ê˛ e´üyß∫ˆÏÎ˚ xyÜ˛yˆÏÓ˚ Ó,!k˛ ˆ˛õˆÏï˛ ÌyˆÏÜ˛ ~ÓÇ çy•zˆÏàyê˛ !öí˛z!Üœ˛Î˚y§!ê˛ üy•zˆÏê˛y!§§

!Óû˛yçˆÏöÓ˚ myÓ˚y Ó‡ˆÏÜ˛y£Ï# º*î (embryo) àë˛ö Ü˛ˆÏÓ˚– ~•z e´ü!ÓÜ˛y¢# º*î •ˆÏï˛•z ˛õ!Ó˚fl≥%˛ê˛ˆÏöÓ˚ myÓ˚y !¢÷

í˛z!qˆÏòÓ˚ §,!‹T •Î˚–

ç#Ó!ÓK˛yˆÏöÓ˚ ˆÎ ¢yáyÎ˚ º*ˆÏîÓ˚ àë˛ö Ä ˛õ!Ó˚fl≥%˛ê˛ö §¡õˆÏÜ≈˛ xyˆÏ°yã˛öy Ü˛Ó˚y •Î˚ ï˛yˆÏÜ˛ º*îï˛_¥

(Embryology) ÓˆÏ°– xÌ≈yÍ ~•z ¢yáyÎ˚ º*îyÓfliyÎ˚ öï%˛ö í˛z!qˆÏòÓ˚ ̨ õ!Ó˚fl≥%˛ê˛ö Ä Ó,!k˛ §¡õˆÏÜ≈˛ xyˆÏ°yã˛öy Ü˛Ó˚y

•Î˚–

16.2 •z!ï˛•y§     (History)

=ÆÓ#ç# í˛z!qò ≤Ãçöö!ÓK˛ÈyˆÏö Î%àyhsˇÜ˛yÓ˚# xy!Ó‹ÒyÓ˚ Ä x§yüyöƒ xÓòyˆÏöÓ˚ çöƒ !ÓŸª!Óáƒyï˛ !Ó !ê˛¢ !ÓK˛yö#

xôƒy˛õÜ˛ çö ˆ•§‰°˛õÈÙÈ•ƒy!Ó˚§ˆÏöÓ˚ (John Heslop-Harrison;1920-1998) öyü !ã˛Ó˚fløÓ˚î#Î˚ •ˆÏÎ˚ ÌyÜ˛ˆÏÓ–

ïÑ˛yÓ˚ Ü˛ˆÏÎ˚Ü˛!ê˛ í˛zˆÏÕ‘áˆÏÎyàƒ àˆÏÓ£Ïîy˛õe Ä ˛õ%hflÏÜ˛ •° ÈÙÙÙÈ 'Pollen Viability of Enzymatically Induced
Fluorescence : Intracellular Hydrolysis of Fluorescein Diacetate' Sà Ï̂Ó£Ïîy˛õeVñ 'Pollen Germination
and Pollen Tube Growth Sà Ï̂Ó£Ïîy ̨õeV ~ÓÇ 'In situ Localization of Parental Genomes in a Wide
Hybrid' Sà Ï̂Ó£Ïîy ̨õeVñ Pollen-development and physiology, Unifying Plant Genomes, Practical in
situ Hybridization •zï˛ƒy!ò–

û˛yÓ˚ï˛ÓˆÏ£Ï≈ !ò!Õ‘ !ÓŸª!Óòƒy°ˆÏÎ˚Ó˚ ≤Ãáƒyï˛ í˛z!qò !ÓK˛yö# xôƒy˛õÜ˛ ˛õM˛Èyöö üyˆÏ•ŸªÓ˚#Ó˚ (Prof. Panchanan
Maheswari - (1904-1966) í˛z!qò ≤Ãçöö!ÓK˛yˆÏö !ÓˆÏ¢£Ï xÓòyö •° ˛õÓ˚#«˛y öˆÏ° =ÆÓ#ç# í˛z!qˆÏòÓ˚

!öˆÏ£ÏÜ˛ ≤ÃÎ%!_´ ˆÜ˛Ô¢ˆÏ°Ó˚ í˛zqyÓö– ~•z Î%àyhsˇÜ˛yÓ˚# §ÇÜ˛Ó˚yÎ˚î ≤ÃÎ%!_´ ˆÜ˛Ô¢° í˛zqyÓö Ü˛Ó˚yÓ˚ ú˛ˆÏ° Ó‡ öï%˛ö

ôÓ̊ Ï̂öÓ̊ §ÇÜ˛Ó̊ í z̨!q Ï̂òÓ̊ §,!‹T Ü˛Ó̊y §Ω˛Ó • Ï̂Î̊ Ï̂åÈ– Ü˛yÓ̊î í z̨!q Ï̂ò §ÇÜ˛Ó̊yÎ̊î ≤Ã!e´Î̊y ≤ÃyÜ,̨ !ï˛Ü˛ û˛y Ï̂Ó â Ï̂ê˛– ̨õÓ̊#«˛yö Ï̂°

~•z §ÇÜ˛Ó˚yÎ˚î ≤ÃÎ%!_´ ̂ Ü˛Ô¢° í˛zqyÓö ≤ÃÓï≈˛ö Ü˛Ó˚yÓ˚ çöƒ xˆÏöÜ˛ öï%˛ö §ÇÜ˛Ó˚ í˛z!qò §,!‹T Ü˛Ó˚y §Ω˛Ó •ˆÏÎ˚̂ ÏåÈ– ~•z

xyhsˇçy!ï≈˛Ü˛ áƒy!ï˛§¡õß¨ Ä ≤Ã!Ìï˛Î¢y !ÓK˛yö# !ò!Õ‘ !ÓŸª!Óòƒy°ˆÏÎ˚ í˛z!qò º*îï˛_¥ Ä Ü˛°yÜ˛£Ï≈î (Embryology
and tissue culture) °ƒyÓ Ï̂Ó̊ê˛!Ó̊ ≤Ã!ï˛¤˛y Ü˛ Ï̂Ó̊ö– ~åÈyí˛̧y˛ xôƒy˛õÜ˛ üy Ï̂•ŸªÓ̊# xyü,ï%̨ ƒ í z̨!qò º*îï˛_¥ Ä xD§Çfliyö

(Plant embryology and morphology) !Ó£ÏˆÏÎ˚̨  !Ó!û˛ß¨ Ó‡ ≤ÃÜ˛yÓ˚ àˆÏÓ£Ïîy Ä ≤ÃÜ˛y¢öy (Chief editor)-Ó˚

òy!Î˚̂ Ïc !öÎ%_´ !åÈˆÏ°ö–

1951 !á fiê˛y Ï̂∑ !ï˛!ö 'International Society of Plant Morphologists' ≤Ã!ï˛¤˛y Ü˛ Ï̂Ó̊ö–

í˛z!qò ≤Ãçöö!ÓK˛yˆÏö !ò!Õ‘ !ÓŸª!Óòƒy°ˆÏÎ˚Ó˚ x˛õÓ˚ ~Ü˛çö !ÓŸª!Ó◊&ï˛ !ÓK˛yö# xôƒy˛õÜ˛ !Ó. ~ü. ˆçy•‰!Ó˚Ó˚

(Brij Mohan Johri ; 1909-2003) º*îï˛_¥ !Ó£ÏˆÏÎ˚Ó˚ àˆÏÓ£ÏîyÎ˚ xˆÏöÜ˛ öï%˛ö !òÜ˛ í˛zˆÏß√y!ã˛ï˛ Ü˛ˆÏÓ˚̂ ÏåÈö– ~•z

≤Ã!Ìï˛Î¢y !ÓK˛yö#Ó˚ ˆ°áy Ó‡ @ˇÃˆÏsiÓ˚ üˆÏôƒ º*îï˛_¥ !Ó£ÏˆÏÎ˚ í˛zˆÏÕ‘áˆÏÎyàƒ Ü˛ˆÏÎ˚Ü˛!ê˛ @ˇÃsi Ä àˆÏÓ£Ïîy˛õe=!° •°

'Experimental Embryology of Vascular Plants', 'Reproductive Biology of Plants'; 'Embryology of
Angiosperms'; Comparative Embryology of Angiosperms;  Angiosperm Embryology in the 21st
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century — Reflections, Future Studies; 'Haustorial Role of Pollen Tubes' SàˆÏÓ£Ïîy˛õeVó

'Experimental Morphogenesis of the Embryo of Dendrophthoe, Taxillus and Nuytsia'
Sà Ï̂Ó£Ïîy˛õeV ~ÓÇ 'Morphogenesis in Mature  Endosperm cultures of Jatropha panduraefolia'
Sà Ï̂Ó£Ïîy˛õeVó The development of the male and female gametophytes in Cuscuta reflexa Roxb.
SàˆÏÓ£Ïîy˛õeV •zï˛ƒy!ò–

16.3 =ÆÓ#ç# í˛z!qˆÏòÓ˚ ≤Ãçöö!ÓK˛yˆÏöÓ˚ §Ω˛yÓöy (Scope of Reproductive
Biology of Angiosperm) :

=ÆÓ#ç# í˛z!qˆÏò ˛õÓ˚yàˆÏÓ˚î%Ó˚ xB%˛ˆÏÓ˚yò‰àˆÏüÓ˚ ÷Ó˚& Ä !öˆÏ£ÏˆÏÜ˛Ó˚ §üÎ˚ •ƒy≤’ˆÏÎ˚í˛ !çˆÏöyˆÏüÓ˚ ≤Ãû˛yˆÏÓÓ˚ Ó‡

ï˛Ìƒ §y¡±!ï˛Ü˛Ü˛yˆÏ° í˛zˆÏß√y!ã˛ï˛ •ˆÏÎ˚̂ ÏåÈ– ~Ó˚ ú˛ˆÏ° í˛zFã˛ï˛Ó˚ í˛z!qòÈÙÈ≤ÃçöˆÏöÓ˚ xˆÏöÜ˛ öï%˛ö ï˛Ìƒ çyöy §Ω˛Ó

•ˆÏÎ˚ˆÏåÈ ~ÓÇ ~•z !Ó£ÏˆÏÎ˚ xˆÏöÜ˛ öï%˛ö àˆÏÓ£ÏîyÓ˚ !òÜ˛Ä í˛zˆÏß√y!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ– ~ åÈyí˛¸y §y¡±!ï˛Ü˛ àˆÏÓ£Ïîy°∏˛

ï˛ˆÏÌƒÓ˚ çöƒ ÷e´yî% ˆÜ˛y£Ï (sperm cell), ˛õÓ˚yàöy°#Ó˚ (pollen tube)-Ó˚ xyÜ,˛!ï˛ Ä àë˛ö §¡∫ˆÏ¶˛ xˆÏöÜ˛ ï˛Ìƒ

çyöy §Ω˛Ó •ˆÏÎ˚̂ ÏåÈ– §y¡±!ï˛Ü˛Ü˛yˆÏ° xï˛ƒhsˇ §ú˛°û˛yˆÏÓ ˛õÓ˚yàˆÏÓ˚î% §ÇÓ˚«˛î (pollen storages) ≤ÃÎ%!_´ §Ω˛Ó

• Ï̂Î̊ Ï̂åÈ– ú˛ Ï̂° í z̨!qò≤Ãçöö !ÓK˛y Ï̂öÓ̊ ̂ üÔ!°Ü˛ (fundamental) Ä ú˛!°ï˛ (applied) í z̨û˛Î̊ !òÜ˛ xyÓ̊Ä !Ó Ï̂¢£Ïû˛y Ï̂Ó

§ü,k˛ •ˆÏÎ˚̂ ÏåÈ– ~Ó˚ çöƒ í˛z!qò ≤ÃçööÜ˛yÓ˚#àî (plant breeder) ˛õ,!ÌÓ#Ó˚ ˆÎ ˆÜ˛yˆÏöy ≤ÃyˆÏhsˇ ïÑ˛yˆÏòÓ˚ Ü˛y!A«˛ï˛

˛õÓ̊yà Ï̂Ó̊î% ̂ ˛õ Ï̂ï˛ §«˛ü • Ï̂Î̊ Ï̂åÈö– ~•z Ü˛y Ï̂Î≈ !Ó!û˛ß̈ àƒy§#Î̊ ̨õòyÌ≈ñ e´y Ï̂Î̊yÓy Ï̂Î̊y°!çÜ˛ƒy° ̨õk˛!ï˛ (cryobiological
method) Óy ˆ•ˆÏ:öñ •zÌyö° ≤Ãû,˛!ï˛ ˜çÓ Ó˚y§yÎ˚!öÜ˛ ˛õòyÌ≈ ÓƒÓ•yˆÏÓ˚Ó˚ ú˛ˆÏ° ˛õÓ˚yàˆÏÓ˚î%ˆÏÜ˛ ò#â≈!òö §ç#Ó

ˆÓ˚̂ Ïá ò)Ó˚ ò)Ó˚yhsˇˆÏÓ˚ Óy ~Ü˛ ü•yˆÏò¢ ˆÌˆÏÜ˛ xöƒ ü•yˆÏòˆÏ¢Ä ˛õyë˛yˆÏöy §Ω˛Ó •ˆÏFåÈ–

Óï≈˛üyöÜ˛yˆÏ° ˛õÓ˚#«˛yü)°Ü˛ ≤Ãçöö ç#Ó!ÓK˛yˆÏö ~Ü˛!ê˛ =Ó˚&c˛õ)î≈ xÓòyö •° í˛z!qˆÏò ˛õ%Ç Ó¶˛ƒyc (male
sterility) §,!‹T Ü˛Ó̊y– Ü˛yÓ̊îñ ̨õ%Ç Ó¶˛ƒy í z̨!qò=!° Ï̂ï˛ x!ï˛ §• Ï̂ç •zï˛Ó̊ ̨õÓ̊yà Ï̂Îyà (cross pollination) âê˛y Ï̂öy

§Ω˛Ó •Î˚– ú˛ˆÏ° ~•z í˛z!qò=!° ˆÌˆÏÜ˛ Óy!î!çƒÜ˛û˛yˆÏÓ §ÇÜ˛Ó˚ Ó#ç (hybrid seed) í˛zÍ˛õyòö Ü˛Ó˚y ÎyÎ˚–

àï˛ ≤ÃyÎ̊ ò%Ûò¢Ü˛ ô Ï̂Ó̊ ̨õÎ≈̂ ÏÓ«˛î Ü˛Ó̊y ̂ à Ï̂åÈ ̂ Î º*î ̨õ!Ó̊fl≥%̨ ê˛ Ï̂ö (embryo development) x!: Ï̂öÓ̊ ̂ üÓ̊&Óï˛#≈

˛õ!Ó˚Ó•ö (polar transport) ~Ü˛!ê˛ !ÓˆÏ¢£Ï =Ó˚&c˛õ)î≈ û)˛!üÜ˛y ̨õy°ö Ü˛ˆÏÓ˚– x!:ˆÏöÓ˚ ̂ üÓ˚&Óï˛#≈ ̨õ!Ó˚Ó•ö ~Ü˛!ê˛

!ÓˆÏ¢£Ï §!e´Î˚ ˛õk˛!ï˛–

xyô%!öÜ˛ ̨õÓ̊#«˛yü)°Ü˛ í z̨!qò≤Ãçöö!ÓK˛y Ï̂öÓ̊ (Experimental Plant Reproductive Biology) §Ó Ï̂ã˛ Ï̂Î̊

=Ó˚&c˛õ)î≈ ≤ÃˆÏÎ˚yà •° ˆ≤ÃyˆÏê˛y≤’yˆÏfiê˛Ó˚ ˛õ,ÌÜ˛#Ü˛Ó˚î (isolation), Ü,˛!‹T (cultures) ~ÓÇ í˛z!qò ˆ≤ÃyˆÏê˛y≤’yˆÏfiê˛Ó˚

~Ü˛#Ü˛Ó˚î (fusion)– Îy ¢§ƒ í˛zÍ˛õyòˆÏö !ÓˆÏ¢£Ï =Ó˚&c˛õ)î≈ ≤Ãû˛yÓ §,!‹T Ü˛ˆÏÓ˚̂ ÏåÈ–
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16.4 §yÓ̊yÇ¢ (Summary)

!í˛≤’ˆÏÎ˚í˛ í˛z!qˆÏòÓ˚ ˆÎÔö çöö ò%!ê˛ •ƒy≤’ˆÏÎ˚í˛ àƒyˆÏüˆÏê˛Ó˚ !ü°ˆÏö §¡õß¨ •Î˚– º&îï˛_¥ •° º&ˆÏîÓ˚ §,!‹T Ä

˛õ!Ó˚fl≥%˛Ó˚î !öˆÏÎ˚ xyˆÏ°yã˛öyÓ˚ !ÓK˛yö– !Ó !ê˛¢ !ÓK˛yö# çö ˆ•§°˛õÈÙÈ•ƒy!Ó˚§ö ~ÓÇ û˛yÓ˚ï˛#Î˚ !ÓK˛yö# ˛õM˛Èyöö

üyˆÏ•ŸªÓ˚# ~•z ã˛ã≈˛yÎ˚ í˛zˆÏÕ‘áˆÏÎyàƒ xÓòyö ˆÓ˚̂ ÏáˆÏåÈö– !ò!Õ‘ !ÓŸª!Óòƒy°ˆÏÎ˚Ó˚ xyÓ˚ ~Ü˛çö í˛z!qò!ÓK˛yö# !Ó. ~ü.

ˆçy•!Ó˚Ó˚ xÓòyöÄ fløÓ˚îˆÏÎyàƒ– í˛z!qò ≤Ãçöö!ÓK˛yö#Ó˚y ˛õÓ˚#«˛yü)°Ü˛û˛yˆÏÓ ~•z§Ó K˛yö ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ §yú˛°ƒ

ˆ˛õˆÏÎ˚ xy§ˆÏåÈö– e´yˆÏÎ˚yˆÏç!öÜ˛ ˛õk˛!ï˛ˆÏï˛ ˛õÓ˚#àˆÏÓ˚î% §ÇÓ˚«˛öñ ˛õ%Ç Ó¶˛ycƒ xyöÎ˚öñ §ÇÜ˛Ó˚Ó#ç í˛zÍ˛õyòöñ

ˆ≤ÃyˆÏê˛yÏ≤’yfiê˛ ˛õ,ÌÜ˛#Ü˛Ó˚î ~ÓÇ !ü°ö (fusion) ¢§ƒ í˛zÍ˛õyòö Ó,!k˛ˆÏï˛ §•yÎ˚Ü˛ •ˆÏÎ˚̂ ÏåÈ–

16.5 x!hsˇü ≤ÃŸ¿yÓ°# (Terminal Questions)

i) º&îï˛ˆÏ_¥ ˆ•§°˛õÈÙÈ•ƒy!Ó˚§ˆÏöÓ˚ xÓòyö xyˆÏ°yã˛öy Ü˛Ó˚&ö–

ii) í˛z!qò ≤Ãçöö!ÓòƒyÎ˚ xôƒy˛õÜ˛ ˛õM˛Èyöö üyˆÏ•ŸªÓ˚#Ó˚ xÓòyö Ü˛#⁄

iii) í˛z!qò ≤Ãçöö!ÓòƒyÎ˚ xôƒy˛õÜ˛ !Ó. ~ü. ˆçy•!Ó˚Ó˚ xÓòyö Ü˛#⁄

iv) ≤Ãçöö!ÓòƒyÓ˚ ≤ÃyˆÏÎ˚y!àÜ˛ §yú˛°ƒ §¡õˆÏÜ≈˛ xyˆÏ°yã˛öy Ü˛Ó˚&ö–

16.6 í˛z_Ó˚üy°y (Key to the Answers)

i) 16.2 xÇˆÏ¢ xyˆÏ°y!ã˛ï˛

ii) 16.2 xÇˆÏ¢ xyˆÏ°y!ã˛ï˛

iii) 16.2 xÇˆÏ¢ xyˆÏ°y!ã˛ï˛

iv) 16.3 xÇˆÏ¢ xyˆÏ°y!ã˛ï˛
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~Ü˛Ü˛ 17 ˛õÓ˚yàˆÏÎyà (Pollination)

àë˛ö

17.0 í ẑ̨ Ïj¢ƒ

17.1 ≤ÃhflÏyÓöy

17.2 fl∫ÈÙÈ˛õÓ˚yàˆÏÎyˆÏàÓ˚ çöƒ x!û˛ˆÏÎyçö

17.3 •zï˛Ó˚ ˛õÓ˚yàˆÏÎyˆÏàÓ˚ çöƒ x!û˛ˆÏÎyçö

17.4 ˛õÓ˚yà ˆÎyˆÏàÓ˚ Óy•Ü˛

17.5 fl∫ÈÙÈÄ •zï˛Ó˚ ˛õÓ˚yàˆÏÎyˆÏàÓ˚ §%!Óôy x§%!Óôy

17.6 §yÓ˚yÇ¢

17.7 x!hsˇü ≤ÃŸ¿yÓ°#

17.8 í˛z_Ó˚üy°y

17.0 í ẑ̨ Ïj¢ƒ

~•z xôƒyÎ˚!ê˛ ˛õyë˛ Ü˛Ó˚yÓ˚ ˛õˆÏÓ˚ xy˛õ!ö ˛õÓ˚yˆÏÎyˆÏàÓ˚ !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚̂ Ïû˛òñ fl∫ÈÙÈ˛õÓ˚yàˆÏÎyà# Ä !Ó£ÏüÈÙÈ˛õÓ˚yàˆÏÎyà#

í˛z!qˆÏòÓ˚ !Ó!û˛ß¨ x!û˛ˆÏÎyçö ~ÓÇ í˛zû˛ˆÏÎ˚Ó˚ §%!Óôy Ä x§%!Óôy §¡õˆÏÜ≈˛ çyöˆÏï˛ ˛õyÓ˚̂ ÏÓö–

17.1 ≤ÃhflÏyÓöy     (Introduction)

˛õ%ˆÏ‹õÓ˚ ˛õÓ˚yàôyö# ˆÌˆÏÜ˛ í˛zÍ˛õß¨ ~Ü˛•z ≤Ãçy!ï˛Ó˚ ˛õ%ˆÏ‹õÓ˚ xÌÓy xöƒ ˛õ%ˆÏ‹õÓ˚ ˛õÓ˚yàˆÏÓ˚î%Ó˚ àû≈˛ü%ˆÏ[˛

fliyöyhsˇ!Ó˚ï˛ •ÄÎ˚yÓ˚ ≤Ã!e´Î˚yˆÏÜ˛ ˛õÓ˚yàˆÏÎyà ÓˆÏ°–

˛õÓ˚yàˆÏÎyˆÏàÓ˚ ≤ÃÜ˛yÓ˚̂ Ïû˛ò     (Types of Pollination) :

˛õÓ˚yàˆÏÎyà ≤Ã!e´Î˚y ≤Ãôyöï˛ ò%Û•z ≤ÃÜ˛yˆÏÓ˚Ó˚ •Î˚ÈÙÙÙÈ

(a)  fl∫ÈÙÈ˛õÓ˚yàˆÏÎyà     (Self-pollination or Autogamy) : Îáö ~Ü˛!ê˛ ̨ õ%ˆÏ‹õÓ˚ ̨ õÓ˚yàôyö# ̂ ÌˆÏÜ˛ í˛zÍ˛õß¨

˛õÓ˚yàˆÏÓ˚î% ˆ§•z ˛õ%ˆÏ‹õÓ˚•z àû≈˛ü%ˆÏ[˛Ó˚ í˛z˛õÓ˚ fliyöyhsˇ!Ó˚ï˛ •Î˚– xÌ≈yÍ ~Ü˛•z ˛õ%ˆÏ‹õÓ˚ üˆÏôƒ ˛õÓ˚yàˆÏÎyà §Çâ!ê˛ï˛

•ˆÏ° ï˛áö ï˛yˆÏÜ˛ fl∫̨ õÓ˚yàˆÏÎyà Óy xˆÏê˛yàƒy!ü ÓˆÏ°– í˛zû˛!°D ˛õ%ˆÏ‹õÓ˚ fl∫ÈÙÈ˛õÓ˚yàˆÏÎyà §Ω˛Ó ˆÎüöñ Ü˛yö!¢Ó˚y

(Commelina benghalensis), Ó˚Dö (Ixora coccinea) •zï˛ƒy!ò–
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Îáö ~Ü˛•z í˛z!qˆÏò í˛zÍ˛õß¨ ~Ü˛!°D ˛õ%Ó˚&£Ï ˛õ%ˆÏ‹õÓ˚ xÌÓy í˛zû˛!°D ˛õ%ˆÏ‹õÓ˚ ˛õÓ˚yàôyö# ˆÌˆÏÜ˛ ˛õÓ˚yàˆÏÓ˚î% Ä•z í˛z!qˆÏò

§,‹T flf# ̨õ%̂ Ï‹õÓ̊ xÌÓy í z̨û˛!°D ̨õ%̂ Ï‹õÓ̊ àû≈̨ ü%̂ Ï[˛ fliyöyhsˇ!Ó̊ï˛ •Î̊ ï˛áö ~•z ≤Ã!e´Î̊y Ï̂Ü˛ ̂ à•ẑ Ïê˛y Ï̂öyàƒyü# (Geitonogamy)

Ó Ï̂°–

(b) •zï˛Ó̊ÈÙĘ̀ õÓ̊yà Ï̂Îyà     (Cross-pollination or Allogamy) : •zï˛Ó̊ÈÙĘ̀ õÓ̊yà Ï̂Îy Ï̂à ~Ü˛!ê˛ ̨õ%̂ Ï‹õÓ̊ ̨õÓ̊yàôyö#

ˆÌ Ï̂Ü˛ ̨õÓ̊yà Ï̂Ó̊î% ~Ü˛•z ≤Ãçy!ï˛û%̨ _´ Óy xöƒ ≤Ãçy!ï˛û%̨ _´ x˛õÓ̊ ~Ü˛!ê˛ í z̨!q Ï̂ò í z̨Í˛õß̈ ̨õ%̂ Ï‹õÓ̊ àû≈̨ ü%̂ Ï[˛ fliyöyhsˇ!Ó̊ï˛

•Î˚– ≤ÃyÎ˚ §Ó Ó˚Ü˛ü ~Ü˛!°D ˛õ%ˆÏ‹õ •zï˛Ó˚ÈÙÈ˛õÓ˚yàˆÏÎyà âˆÏê˛ñ í˛zòy•Ó˚î ÈÙÙÙÈ ï˛y° (Borassus flabellifer), Ü%˛üí ¸̨y

(Cucurbita pepo)–

Îáö ~Ü˛•z ≤Ãçy!ï˛û%̨_´ ò%Û!ê˛ í z̨!q Ï̂ò í z̨Í˛õß̈ ̨õ%̂ Ï‹õÓ̊ ü Ï̂ôƒ •zï˛Ó̊ÈÙĘ̀ õÓ̊yà Ï̂Îyà â Ï̂ê˛ ï˛áö ï˛y Ï̂Ü˛ ̂ ç Ï̂öyàƒyü#     (Xenogamy)
ÓˆÏ°– xyÓyÓ˚ Îáö ò%Û!ê˛ !û˛ß¨ ≤Ãçy!ï˛û%˛_´ í˛z!qˆÏò í˛zÍ˛õß¨ ˛õ%ˆÏ‹õÓ˚ üˆÏôƒ •zï˛Ó˚ÈÙÈ˛õÓ˚yàˆÏÎyà âˆÏê˛ ï˛áö ï˛yˆÏÜ˛ §ÇÓ˚ï˛y

(hybridism) ÓˆÏ°–

17.2 fl∫ÈÙÈ˛õÓ̊yà Ï̂Îy Ï̂àÓ̊ çöƒ x!û˛ Ï̂Îyçöàï˛ ̃ Ó!¢‹Tƒ (Contrivances for self-
pollination)

í˛zû˛!°D ˛õ%ˆÏ‹õ fl∫ÈÙÈ˛õÓ˚yàˆÏÎyà §Ω˛Ó– ~ÓÇ ~•z ≤ÃÜ˛yÓ˚ ˛õÓ˚yàˆÏÎyˆÏà Ü˛ˆÏÎ˚Ü˛!ê˛ !ÓˆÏ¢£Ï ≤ÃÜ˛yÓ˚ x!û˛ˆÏÎyçö °«˛ƒ

Ü˛Ó˚y ÎyÎ˚ ˆÎüö ≠

(i) xö%ß√#°ö     (Cleisotogamy) : ~ˆÏ«˛ˆÏe §yôyÓ˚î ˛õ%‹õ Óƒï˛#ï˛ «%˛o Ä Ó¶˛ƒy í˛zû˛!°D ˛õ%‹õ çß√yÎ˚– ~•z

˛õ%‹õ=!° Ü˛áö•z §¡õ)î≈Ó˚*ˆÏ˛õ ˆú˛yˆÏê˛ öy ~ÓÇ ˆÜ˛yˆÏöy ˆÜ˛yˆÏöy ˛õ%‹õ üy!ê˛Ó˚ !öˆÏã˛ xÓfliyö Ü˛ˆÏÓ˚ó ˆÎüö Ü˛yö!¢Ó˚y

(Commelina benghalensis)– ú˛ˆÏ° ~•z§Ó ˆ«˛ˆÏe fl∫ÈÙÈ˛õÓ˚yàˆÏÎyà xÓ¢ƒΩ˛yÓ#– S!ã˛e 17.1V xöƒ xyÓ˚

~Ü˛!ê˛ í˛zòy•Ó˚î •° ˆòy˛õy!ê˛ (Impatiens balsamina)–

(ii)  §¡õ!Ó˚î!ï˛ Óy §ü˛õ!Ó˚î!ï˛

(Homogamy) : Îáö ˆÜ˛yˆÏöy í˛zû˛!°D ˛õ%ˆÏ‹õÓ˚

˛õÓ˚yàôyö# Ä àû≈˛ü%[˛ á%Ó Ü˛yåÈyÜ˛y!åÈ xÓfliyö Ü˛ˆÏÓ˚

~ÓÇ ~Ü˛•z §ˆÏD ̨õ)î≈ï˛y ≤ÃyÆ •Î˚– ú˛ˆÏ° Ä•z ̨õ%ˆÏ‹õÓ˚

˛õÓ˚yàôyö# ˆÌˆÏÜ˛ í˛zÍ˛õß¨ ˛õÓ˚yàˆÏÓ˚î% á%Ó §•ˆÏç•z

ˆ§•z ˛õ%ˆÏ‹õÓ˚ àû≈˛ü%ˆÏ[˛ fliyöyhsˇ!Ó˚ï˛ •Î˚ ~ÓÇ

fl∫ÈÙÈ˛õÓ˚yàˆÏÎyà âˆÏê˛ñ í˛zòy•Ó˚î ÈÙÙÙÈ !¢Î˚y°ÜÑ˛yê˛y

(Argemone mexicana), §¶˛yüy°ï˛#

(Mirabilis jalapa) •zï˛ƒy!ò–

fl∫yû˛y!ÓÜ˛ ú%˛°

xö%ß√#°ö ̨õ%‹õ

!ã˛e 17.1 : xö%ß√#°ö ̨õ%‹õ SÜ˛yö!¢Ó̊yV
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17.3 •zï˛Ó˚ ˛õÓ˚yàˆÏÎyˆÏàÓ˚ çöƒ x!û˛ˆÏÎyçöàï˛ ˜Ó!¢‹Tƒ     (Contrivances for
cross - pollination)

fl∫ÈÙÈ˛õÓ˚yàˆÏÎyˆÏàÓ˚ üï˛ •zï˛Ó˚ÈÙÈ˛õÓ˚yàˆÏÎyˆÏàÓ˚ çöƒÄ Ü˛ˆÏÎ˚Ü˛!ê˛ !ÓˆÏ¢£Ï ≤ÃÜ˛yˆÏÓ˚Ó˚ x!û˛ˆÏÎyçö ˆòáy ÎyÎ˚ñ ˆÎüöÈÙÙÙ

È (i) ~Ü˛!°Dï˛y (Unisexuality or Dicliny) : Îáö ̨õ%ÇˆÏÜ˛¢Ó˚ Ä àû≈˛ˆÏÜ˛¢Ó˚ ~Ü˛•z ̨õ%ˆÏ‹õ xÓfliyö Ü˛ˆÏÓ˚ öy

SxÌ≈yÍ ~Ü˛!°D ˛õ%‹õV ï˛áö •zï˛Ó˚ÈÙÈ˛õÓ˚yàˆÏÎyà âˆÏê˛– í˛z!qò!ê˛ Î!ò !û˛ß¨Óy§# •Î˚ ï˛y•ˆÏ° •zï˛Ó˚ÈÙÈ˛õÓ˚yàˆÏÎyà

xÓ¢ƒΩ˛yÓ# •Î˚ !Ü˛v Î!ò §•Óy§# •Î˚ ˆ§ˆÏ«˛ˆÏe ày•zˆÏê˛yˆÏöyàƒyü# xÓ¢ƒΩ˛yÓ# Ä xÌ≈yÍ ~Ü˛üye í˛z˛õyÎ˚– ~ˆÏ«˛ˆÏe

í˛zˆÏÕ‘áƒ ̂ Î ày•zˆÏê˛yˆÏöyàƒyü#Ó˚ ≤Ãû˛yÓ fl∫ÈÙÈ˛õÓ˚yàˆÏÎyˆÏàÓ˚•z üˆÏï˛y •Î˚ñ í˛zòy•Ó˚î ÈÙÙÙÈ ï˛y° (Borassus flabellifer),
˛õê˛° (Trichosanthes dioica), Ó˚yÇ!ã˛ï˛y (Euphorbia tithymaloides)–

(ii)  fl∫ÈÙÈÓ¶˛ƒyc     (Self-sterility) : ~ˆÏ«˛ˆÏe ~Ü˛•z ˛õ%ˆÏ‹õÓ˚ ˛õÓ˚yàˆÏÓ˚î% ˆ§•z ˛õ%ˆÏ‹õÓ˚•z àû≈˛ü%ˆÏ[˛ fliyöyhsˇ!Ó˚ï˛

•ˆÏ° ˛õÓ˚yàˆÏÎyà §ú˛° •Î˚ öy– Î!òÄ ~•z ˛õÓ˚yàˆÏÓ˚î%=!° xöƒ ˛õ%ˆÏ‹õ ˛õÓ˚yàˆÏÎyà âê˛yˆÏï˛ §«˛ü– ~•z ôÓ˚̂ ÏöÓ˚

˛õÓ˚yàˆÏÓ˚î% !öç ˛õ%ˆÏ‹õÓ˚ çöƒ Ó¶˛ƒy •Î˚ñ í˛zòy•Ó˚î ÈÙÙÙÈ Ó˚yfl¨y (Vanda tessellaata)–

(iii)  !Ó£Ïü˛õ!Ó˚î!ï˛     (Dichogamy) : xˆÏöÜ˛ §üÎ˚ í˛zû˛!°D ˛õ%ˆÏ‹õ fl∫ÈÙÈ˛õÓ˚yàˆÏÎyà §Ω˛Ó •Î˚ öy– Ü˛yÓ˚î

~ˆÏòÓ˚ ˆ«˛ˆÏe ˛õ%ÇˆÏÜ˛¢Ó˚ Ä àû≈˛ü%[˛ ~Ü˛•z §ˆÏD ˛õ)î≈ï˛y °yû˛ Ü˛ˆÏÓ˚ öyñ ú˛ˆÏ° ˛õÓ˚yàˆÏÎyˆÏàÓ˚ çöƒ ò%Û!ê˛ !û˛ß¨ ˛õ%ˆÏ‹õÓ˚

≤ÃˆÏÎ˚yçö •Î˚–

!Ó£Ïü ˛õ!Ó˚î!ï˛ xyÓyÓ˚ ò%Û≤ÃÜ˛yˆÏÓ˚Ó˚ ˆòáy •Î˚ ÈÙÙÙÈ

a) ≤ÃÈÙÈ˛õ%Ç˛õ!Ó˚î!ï˛     (Protandry) Îáö ̨õ%ˆÏ‹õÓ˚ ̨õ%ÇˆÏÜ˛¢Ó˚ àû≈˛ü%ˆÏ[˛Ó˚ xyˆÏà ̨õ!Ó˚î!ï˛ °yû˛ Ü˛ˆÏÓ˚ ï˛áö ï˛yˆÏÜ˛

˛õ%Ç˛õ!Ó˚î!ï˛ ÓˆÏ°ñ í˛zòy•Ó˚î ÈÙÙÙÈ çÓy (Hibiscus rosa-sinensis), Ó˚_´ˆÏoyî (Leonurus sibiricus)–

b) ≤ÃÈÙÈflf# ˛õ!Ó˚î!ï˛     (Protogyny) : ~ˆÏ«˛ˆÏe ˛õ%ÇˆÏÜ˛¢Ó˚ àû≈˛ü%ˆÏ[˛Ó˚ ˛õˆÏÓ˚ ˛õ!Ó˚î!ï˛ °yû˛ Ü˛ˆÏÓ˚ñ í˛zòy•Ó˚î ÈÙÙÙÈ

ˆÓ=ö (Solanum melongena), ãÑ˛y˛õy (Michelia champaka)–

(c) fl∫ÈÙÈ§Dü !ÓˆÏÓ˚y!ôï˛y     (Herkogamy) : !Ü˛å%È ˛õ%ˆÏ‹õ ˛õ%ÇˆÏÜ˛¢Ó˚ Ä àû≈˛ˆÏÜ˛¢Ó˚ ~Ü˛•z §ˆÏD ˛õ!Ó˚îï˛ •ˆÏ°Ä

Ü˛ˆÏÎ˚Ü˛!ê˛ !ÓˆÏ¢£Ï ˜Ó!¢‹Tƒ ÌyÜ˛yÓ˚ çöƒ fl∫ÈÙÈ˛õÓ˚yàˆÏÎyà §Ω˛Ó •Î˚ öyñ ˆÎüöÈÙÙÙÈ

a) ˛õÓ˚yàôyö# ˆÌˆÏÜ˛ àû≈˛ü%[˛!ê˛ xˆÏöÜ˛ ò)ˆÏÓ˚ xÓfliyö Ü˛ˆÏÓ˚ ú˛ˆÏ° fl∫ÈÙÈ˛õÓ˚yàˆÏÎyà §Ω˛Ó •Î˚ öyñ ˆÎüö ÈÙÙÙÈ ˆâÑê%˛

(Clerodendrum infortunatum)–

b) Ü˛ Ï̂Î̊Ü˛ ≤ÃÜ˛yÓ̊ ú%̨ Ï̂° àû≈̨ ü%[˛!ê˛ ̨õÓ̊yàôyö#Ó̊ x Ï̂öÜ˛ í z̨̨ õ Ï̂Ó̊ xÓ!fliï˛ñ ̂ Îüö ÈÙÙÙÈ §Ó̊ Ï̂£Ï (Brassica juncea)–

c) Ü˛ Ï̂Î̊Ü˛!ê˛ ̨õ%̂ Ï‹õ ̂ Ó̊î%Ó̊ ̨õ!Ó̊Ó Ï̂ï≈̨  ̨õ!°!öÎ̊yü à!ë˛ï˛ •Î̊ ~ÓÇ ~•z ̨õ!°!öÎ̊yü à!ë˛ï˛ •Î̊ ~ÓÇ ~•z ̨õ!°!öÎ̊y Ï̂ü

Ü˛#ê˛˛õï˛ˆÏDÓ˚ §y•yÎƒ åÈyí ¸̨y ˛õÓ˚yàˆÏÎyà §Ω˛Ó •Î˚ öyñ ˆÎüö ÈÙÙÙÈ xyÜ˛® (Calotropis procera)–
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(d) x§üÓ˚*˛õï˛y     (Heteromorphism) : ~•z çyï˛#Î˚ í˛z!qˆÏòÓ˚ ˛õ%ˆÏ‹õ §yôyÓ˚îï˛ ˛õ%ÇˆÏÜ˛¢Ó˚ Ä àû≈˛ˆÏÜ˛¢Ó˚

!Ó!û˛ß¨ ˜òâ≈ƒ !Ó!¢‹T •Î˚ S!ã˛e 17.2V– xÌ≈yÍ Ü˛ï˛=!° ˛õ%ˆÏ‹õÓ˚ àû≈˛ò[˛!ê˛ ˆåÈyê˛ ~ÓÇ ˛õ%Çò[˛!ê˛ °¡∫yñ xyÓyÓ˚ xöƒ

˛õ%ˆÏ‹õÓ˚ ˛õ%Çò[˛!ê˛ ˆåÈyê˛ !Ü˛v àû˛≈ò[˛!ê˛ xˆÏ˛õ«˛yÜ,˛ï˛ ≤Ã§y!Ó˚ï˛– ~ˆÏ«˛ˆÏe °«˛ƒî#Î˚ ˆÎñ ≤Ã§y!Ó˚ï˛ ˛õ%ÇˆÏÜ˛¢ˆÏÓ˚Ó˚

˛õÓ˚yàôyö# ˆÌˆÏÜ˛ °¡∫y àû≈˛òˆÏ[˛Ó˚ àû˛≈ü%ˆÏ[˛Ó˚ í˛z˛õÓ˚ ~ÓÇ ˆåÈyê˛ ˛õ%ÇˆÏÜ˛¢ˆÏÓ˚Ó˚ ˛õÓ˚yàôyö# ˆÌˆÏÜ˛ ˆåÈyê˛ àû≈˛òˆÏ[˛Ó˚

àû˛≈ü%ˆÏ[˛Ó˚ í˛z˛õÓ˚ ˛õÓ˚yàˆÏÓ˚î% fliyöyhsˇ!Ó˚ï˛ •ˆÏ° ˛õÓ˚yàˆÏÎyà §ú˛° •Î˚ñ ˆÎüöÈÙÙÙÈ ˛õy!öü!Ó˚ã˛ (Polygonum
orientale), !°ÌÓ˚yü (Lythruam sp.), ≤Ãy•zü%°y (Primula sp) •zï˛ƒy!ò–

!ã˛e 2 : ≤Ãy•zü%°y (Primula sp) ˛õ%ˆÏ‹õÓ˚ x§üÓ˚*˛õï˛y S!mÓ˚*˛õï˛yV

17.4 ˛õÓ˚yà Ï̂Îy Ï̂àÓ˚ Óy•Ü˛     (Agents of pollination)

ú%˛ˆÏ° ˛õÓ˚yàˆÏÎyˆÏàÓ˚ çöƒ xÌ≈yÍ ˛õÓ˚yàôyö# ˆÌˆÏÜ˛ àû≈˛ü%ˆÏ[˛Ó˚ í˛z˛õÓ˚ ˛õÓ˚yàˆÏÓ˚î%Ó˚ fliyöyhsˇˆÏÓ˚Ó˚ çöƒ Ü˛ï˛Ü˛=!°

Óy•ˆÏÜ˛Ó˚ ≤ÃˆÏÎ˚yçö •Î˚ñ ˆÎüöÈÙÙÙÈ ÓyÎ˚%ñ ç°ñ ≤Ãyî# •zï˛ƒy!ò–

ˆÎ §ühflÏ ú%̨ ° ̨õÓ̊yà Ï̂Îy Ï̂àÓ̊ çöƒ ÓyÎ̊% xÌ≈yÍ ÓyÎ̊%Ó̊ à!ï˛Ó̊ í z̨̨ õÓ̊ !öû≈̨ Ó̊¢#° ï˛y Ï̂òÓ̊ ÓyÎ̊%̨ õÓ̊yà#     (Anemophily)
ÓˆÏ°– ˆÎüöñ ôyö (Oryza sativa)– ÓyÎ˚%˛õÓ˚yà# ú%˛° §yôyÓ˚îï˛ à¶˛•#öñ Óî≈•#ö ~ÓÇ xö%Iμ° •Î˚– ~•z §Ü˛°

í˛z!qˆÏòÓ˚ ˆÓ˚î% á%Ó «%˛o Ä •y°Ü˛y ~ÓÇ àû≈˛ò[˛ ≤Ã§y!Ó˚ï˛ Ä ¢yáyÎ%_´ •Î˚–

ˆÎ §ühflÏ ú%˛ˆÏ° ˛õÓ˚yàˆÏÎyˆÏàÓ˚ çöƒ çˆÏ°Ó˚ ≤ÃˆÏÎ˚yçö •Î˚ ï˛yˆÏòÓ˚ ç°˛õÓ˚yà#     (Hydrophily) ÓˆÏ° S!ã˛e

17.3V– ˆÎüöÈÙÙÙÈ ˛õyï˛yéÑ˛y!é˛ (Hydrilla verticillata), ˛õyï˛y¢ƒyÄ°y (Vallisneria spiralis) •zï˛ƒy!ò–

ç°˛õÓ˚yà# ú%˛° §yôyÓ˚îï˛ ˆåÈyê˛ Ä •y°Ü˛y •Î˚– !Ü˛v ~ˆÏòÓ˚ ˛õÓ˚yàˆÏÓ˚î% û˛yÓ˚# •Î˚–
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ˆÎ §Ü˛° ú%˛ˆÏ° ˛õÓ˚yàˆÏÎyà ≤Ãyî#Ó˚ myÓ˚y §¡õß¨ •Î˚ ï˛yˆÏòÓ˚ ≤Ãyî#˛õÓ˚yà# (Zoophily) ÓˆÏ°– •z•yÓ˚y xyÓyÓ˚

!Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ •Î˚ÈÙÙÙÈ

a) ˛õï˛D˛õÓ˚yà# (Entomophily) : ~ˆÏ«˛ˆÏe ú%˛°=!° ̂ Ó¢ í˛zIμ°ñ !ü‹Tà¶˛Î%_´ñ üô%Î%_´ ~ÓÇ ~ˆÏòÓ˚ ̂ Ó˚î%

xyë˛y° Ä ÜÑ˛yê˛yÎ%_´ •Î˚– ˆÎüö ÈÙÙÙÈ §)Î≈ü%á# (Helianthus annuus), x!Ü≈˛í˛ •zï˛ƒy!ò S!ã˛e 17.4V–

!ã˛e 17.3 : çˆÏ°Ó˚ §y•yˆÏÎƒ ̨ õyï˛y¢ƒyÄ°y (Vallisneria sp) ̨õ%ˆÏ‹õÓ˚ ̨ õÓ˚yàˆÏÎyà–

˛õ%Ç ̨õ%‹õ

flf# ̨õ%‹õ

!ã˛e 17.4 : ̨õï˛D˛õÓ˚yà# x!Ü≈˛í˛ ̨ õ%‹õ

Ó,ï˛ƒyÇ¢

ò°yÇ¢

˛õ!°!öÎ̊y

˛õ!°!öÎ̊y

°ƒy Ï̂Ó°yü

S~Ü˛yÇ¢V

á˛õï˛Dà

°ƒy Ï̂Ó°yü

Ü˛
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b) ˛õ«˛#˛õÓ˚yà# (Ornithophily) : ~•z ôÓ˚ˆÏöÓ˚ ú%˛°=!° í˛zIμ° ̂ ã˛yäyÜ,˛!ï˛ Ä Óí˛¸ xyÜ,˛!ï˛Ó˚ •Î˚– ~ˆÏ«˛ˆÏe

ú%˛°=!° ˆÓ!¢ ˛õ!Ó˚üyˆÏî üô%Î%_´ •Î˚ñ ˆÎüöÈÙÙÙÈ ˛õ°y¢ (Butea monosperma), üyòyÓ˚ (Erythrina
variegata)–

c) ¢¡∫%Ü˛˛õÓ˚yà# (Malacophily) : ~ˆÏ«˛ˆÏe ú%˛°=!° üOÓ˚#òˆÏ[˛Ó˚ í˛z˛õÓ˚ âö§!ß¨!Ó!¢‹T •ˆÏÎ˚ í˛zÍ˛õß¨ •Î˚

~ÓÇ ã˛ü§y myÓ̊y xyÓ,ï˛ Ìy Ï̂Ü˛– ~ Ï̂«˛ Ï̂e ¢¡∫%̂ ÏÜ˛Ó̊ üyôƒ Ï̂ü ̨õÓ̊yà Ï̂Îyà §Çâ!ê˛ï˛ •Î̊ó ̂ ÎüöÈÙÙÙÈ üyöÜ˛ã%̨  (Colocasia
indica), ˛õy!öÜ˛ã%˛ (Colocasia esculenta) •zï˛ƒy!ò–

17.5 fl∫ÈÙÈ˛õÓ˚yàˆÏÎyà Ä •zï˛Ó˚ÈÙÈ˛õÓ˚yàˆÏÎyˆÏàÓ˚ §%!Óôy Ä x§%!Óôy (Advantages
and disadvantages of self and cross-pollination) :

a) fl∫ÈÙÈ˛õÓ˚yàˆÏÎyˆÏàÓ˚ §%!Óôy ≠ (i) ˆÜ˛yˆÏöy Óy•ˆÏÜ˛Ó˚ ≤ÃˆÏÎ˚yçö •Î˚ öyó (ii) ˛õÓ˚yàˆÏÎyà §ú˛° •ÄÎ˚yÓ˚ §Ω˛yÓöy

ˆÓ!¢–

fl∫ÈÙĘ̀ õÓ̊yà Ï̂Îy Ï̂àÓ̊ x§%!Óôy ≠ (i) ~Ó̊ ú˛ Ï̂° í z̨Í˛õß̈ Ó#ç e´ü¢ !ö¡̈ üy Ï̂öÓ̊ • Ï̂ï˛ Ìy Ï̂Ü˛ó (ii) öï%̨ ö ̃ Ó!¢‹TƒÎ%_´

ÓÇ¢ôÓ˚ í˛zÍ˛õß¨ •Î˚ öy–

b) •zï˛Ó˚ÈÙÈ˛õÓ˚yàˆÏÎyˆÏàÓ˚ §%!Óôy ≠

(i) öï%˛ö ˜Ó!¢‹TƒÎ%_´ í˛z!qò í˛zÍ˛õß¨ •ÄÎ˚yÓ˚ §Ω˛yÓöy ÌyˆÏÜ˛ó

(ii) x˛õï˛ƒ ÓÇˆÏ¢Ó˚ í˛z!qò=!° §Ó° Ä x!ôÜ˛ ç#Óö#¢!_´§¡õß¨ •Î˚ó

(iii) Ó#ç=!° x!ôÜ˛ ˛õ!Ó˚üyˆÏî xB%˛ˆÏÓ˚yÂàü«˛ü •Î˚ó

(iv) öï%˛ö ˜Ó!¢‹Tƒ §ÇˆÏÎyçö •Î˚ñ ú˛ˆÏ° í˛zß¨ï˛ =îÎ%_´ ≤Ãçy!ï˛Ó˚ !ÓÜ˛y¢ •Î˚–

•zï˛Ó˚ÈÙÈ˛õÓ˚yàˆÏÎyˆÏàÓ˚ x§%!Óôy ≠

(i) ˛õÓ˚yàˆÏÎyˆÏàÓ˚ çöƒ !ö!ò≈‹T Óy•ˆÏÜ˛Ó˚ ≤ÃˆÏÎ˚yçö–

(ii) Óy•ˆÏÜ˛Ó˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#°ñ ú˛ˆÏ° ˛õÓ˚yàˆÏÎyà §%!ö!ÿ˛ï˛ öÎ˚– ~•z Ü˛yÓ˚ˆÏî í˛zÍ˛õß¨ ˛õÓ˚yàˆÏÓ˚î%Ó˚ x˛õã˛Î˚

ˆÓ!¢ •Î˚–

17.6 §yÓ̊yÇ¢ (Summary)

˛õÓ˚yàˆÏÎyà ò%•z ≤ÃÜ˛yÓ˚ ÈÙÙÙÈ fl∫ Ä •zï˛Ó˚ ˛õÓ˚yàˆÏÎyà– fl∫ ˛õÓ˚yàˆÏÎyˆÏàÓ˚ ˆ«˛ˆÏe ~Ü˛•z ú%˛ˆÏ°Ó˚ ˛õÓ˚yàˆÏÓ˚î% ˆ§•z

ú%˛ˆÏ°Ó˚ àû≈˛ü%ˆÏ[˛ fliyöyhsˇ!Ó˚ï˛ •Î˚– xö%ß√#°ö Ä §ü˛õ!Ó˚î!ï˛ ~•z ˛õk˛!ï˛Ó˚ çöƒ !ÓˆÏ¢£Ï x!û˛ˆÏÎyçö– Îáö ~Ü˛

˛õ%ˆÏ‹õÓ˚ ˛õÓ˚yàˆÏÓ˚î% xöƒ í˛z!qˆÏòÓ˚ àû≈˛ü%ˆÏ[˛ fliyöyhsˇ!Ó˚ï˛ •Î˚ ï˛áö ï˛yˆÏÜ˛ ÓˆÏ° •zï˛Ó˚ ˛õÓ˚yàˆÏÎyà– ~Ü˛!°Dï˛y
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!Ó£Ïü ˛õ!Ó˚î!ï˛ñ fl∫ÈÙÈ§DüÈÙÈ!ÓˆÏÓ˚yô# x!û˛ˆÏÎyçöñ x§üÓ˚*˛õï˛y •zï˛ƒy!ò •° ~•z ˛õÓ˚yàˆÏÎyˆÏàÓ˚ çöƒ x!û˛ˆÏÎyçö–

˛õÓ˚yàˆÏÎyˆÏàÓ˚ çöƒ í˛z!qò ç°ñ ÓyÎ˚%ñ ˛õï˛Dñ ˛õ«˛#ñ ¢yü%Ü˛ çyï˛#Î˚ ≤Ãyî#Ó˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#°– fl∫ÈÙÈ˛õÓ˚yàˆÏÎyˆÏà

ˆÜ˛yö Óy•Ü˛ °yˆÏà öy ÓˆÏê˛ !Ü˛v fl∫!öˆÏ£ÏˆÏÜ˛ Ó#ˆÏçÓ˚ üyö •…y§≤ÃyÆ •Î˚– •zï˛Ó˚ ˛õÓ˚yàˆÏÎyˆÏà Ó#ç xˆÏ˛õ«˛yÜ,˛ï˛ §Ó°

Ä x!ôÜ˛ ç#Óö#¢!_´ §¡õß¨ •Î˚–

17.7 x!hsˇü ≤ÃŸ¿yÓ°# (Terminal Questions)

i) fl∫ÈÙÈ˛õÓ˚yà# ú%˛ˆÏ°Ó˚ x!û˛ˆÏÎyçöàï˛ ˜Ó!¢‹Tƒ xyˆÏ°yã˛öy Ü˛Ó˚&ö–

ii) ~Ü˛!°Dï˛y Ü˛yˆÏÜ˛ ÓˆÏ°⁄

iii) ˆà•zˆÏê˛yˆÏöyàƒy!ü Ó°ˆÏï˛ Ü˛# ˆÓyé˛yÎ˚⁄

iv) •zï˛Ó˚ ˛õÓ˚yàˆÏÎyˆÏàÓ˚ Óy•Ü˛=!° §¡õˆÏÜ≈˛ xyˆÏ°yã˛öy Ü˛Ó˚&ö–

v) ˆÜ˛ö •zï˛Ó˚ ˛õÓ˚yàˆÏÎyà ≤Ãçöö!ÓòƒyÓ˚ ≤ÃyˆÏÎ˚y!àÜ˛ ˆ«˛ˆÏe x!ôÜ˛ Óy!N˛ï˛⁄

vi)  ê˛#Ü˛y !°á%ö ≠ •yÓ˚ˆÏÜ˛yàƒy!üñ fl∫ÈÙÈÓ¶˛ycƒñ xö%ß√#°öï˛yñ ˆ•yˆÏüyàƒy!üñ ˆ•ˆÏê˛ˆÏÓ˚yüÓ˚!ú˛çü–

17.8 í˛z_Ó˚üy°y (Key to the Answers)

i) 17.2 xÇˆÏ¢ xyˆÏ°y!ã˛ï˛

ii) 17.3 xÇˆÏ¢ xyˆÏ°y!ã˛ï˛

iii) ≤ÃhflÏyÓöy xÇˆÏ¢ xyˆÏ°y!ã˛ï˛

iv) 17.4 xÇ¢ ˆòá%ö

v) 17.5 xÇˆÏ¢ xyˆÏ°y!ã˛ï˛

vi 17.3 xÇˆÏ¢ ˆÌˆÏÜ˛ !Ó£ÏÎ˚=!° §¡õˆÏÜ≈˛ ôyÓ˚îy xç≈ö Ü˛ˆÏÓ˚ ≤ÃˆÏÎ˚yçöüï˛ !ã˛e§• !°á%ö–
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~Ü˛Ü˛ 18 ˛õ%Ç!°DôˆÏÓ˚Ó˚ Ä flf#!°DôˆÏÓ˚Ó˚ í z̨Í˛õ!_ (Development
of male and female gametophyte) :

àë˛ö

18.0 í ẑ̨ Ïj¢ƒ

18.1 ≤ÃhflÏyÓöy

18.2 ˛õ%Ç !°DôˆÏÓ˚Ó˚ í˛zÍ˛õ!_

18.3 flf# !°DôˆÏÓ˚Ó˚ í˛zÍ˛õ!_

18.4 §yÓ˚yÇ¢

18.5 x!hsˇü ≤ÃŸ¿yÓ°#

18.6 í˛z_Ó˚üy°y

18.0 í ẑ̨ Ïj¢ƒ

˛õÓ˚yàˆÏÓ˚î% •° ˛õ%Ç !°DôˆÏÓ˚Ó˚ ≤ÃÌü ˆÜ˛y£Ïñ ~•z ~Ü˛Ü˛ ˛õyˆÏë˛Ó˚ ˛õÓ˚ xy˛õ!ö çyöˆÏï˛ ˛õyÓ˚ˆÏÓö ˛õÓ˚yà ˆÓ˚î%

!Ü˛û˛yˆÏÓ ˛õÓ˚yà öy°# àë˛ö Ü˛ˆÏÓ˚ ~ÓÇ ˛õ%Ç çöö ˆÜ˛y£Ï àë˛ö Ü˛ˆÏÓ˚ !í˛¡∫Ü˛ˆÏÜ˛ !ö!£Ï_´ Ü˛Ó˚yÓ˚ çöƒ ˜ï˛!Ó˚ •Î˚–

x˛õÓ˚˛õˆÏ«˛ñ flf# ˆÓ˚î% Óy ˆüàyˆÏflõyÓ˚ º&îfli°#Ó˚ üˆÏôƒ à!ë˛ï˛ •Î˚ ~•z xôƒyˆÏÎ˚ ˆüàyˆÏflõyÓ˚ àë˛ˆÏöÓ˚ ˛õk˛!ï˛!ê˛Ó˚

§ˆÏD ˛õ!Ó˚!ã˛ï˛ •ˆÏÓö

18.1 ≤ÃhflÏyÓöy

=ÆÓ#ç# í˛z!mˆÏòÓ˚ ü)° í˛z!qò ˆò• ˆÓ˚î%ôÓ˚ Óy ˆflõyˆÏÓ˚yú˛y•zê˛– fl∫yû˛y!ÓÜ˛û˛yˆÏÓ•z ü)° í˛z!qˆÏò•!ê˛ !í˛≤’ˆÏÎ˚í˛ Óy

2n ≤ÃÜ,̨ !ï˛Ó̊– çö)Ée´üÄ !í˛≤’ Ï̂Î̊í˛ ̨õÎ≈yÎ̊ÈÙÈ≤Ãôyö– !Ü˛v ç#Óöã˛e´ ̨õ)î≈ Ü˛Ó̊ Ï̂ï˛ ̂ à Ï̂° àƒy Ï̂üê˛ í z̨Í˛õyòöÜ˛yÓ̊# •ƒy≤’ Ï̂Î̊í˛

(n) !°DôÓ˚ ˛õÎ≈yÎ˚!ê˛ xyÓ!ï≈˛ï˛ •ÄÎ˚y ~Ü˛yhsˇ çÓ˚&Ó˚#– ˛õ%Ç Ä flf# àƒyˆÏüyˆÏê˛yú˛y•zê˛ Óy !°DôÓ˚ •° ~•z àƒyˆÏüê˛

í˛zÍ˛õyòöÜ˛yÓ˚# •ƒy≤’ˆÏÎ˚í˛ ˛õÎ≈yÎ˚ Îy ü%áƒï˛ ˆÓ˚î%ôˆÏÓ˚Ó˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#°– !ö¡¨ï˛Ó˚ í˛z!qˆÏòñ ˆÎüö ˜¢Óy° Óy

Ó yˆÏÎ˚yú ˛y•zê˛yˆÏï˛ !°DôÓ˚ ̨õÎ≈yÎ˚ fl∫yô#öç#Ó# ~ÓÇ ̂ Ó˚î%ôÓ˚•z !°DôˆÏÓ˚Ó˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#°– ~áyˆÏö•z !ö¡¨ï˛Ó˚ x˛õ%‹õÜ˛

í˛z!qˆÏòÓ˚ §ˆÏD §˛õ%‹õÜ˛ í˛z!qˆÏòÓ˚ ˛õyÌ≈Ü˛ƒ–
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18.2 ˛õ%Ç!°DôˆÏÓ˚Ó˚ í˛zÍ˛õ!_ Ä !ÓÜ˛y¢ (Formation and development of
male gametophyte)

˛õÓ˚yàˆÏÓ˚î% xÌ≈yÍ ˛õ%ÇˆÏÓ˚î% (microspore) ˛õ%ÇÈÙÈ!°DôˆÏÓ˚Ó˚ ≤ÃÌü ˆÜ˛y£Ï– ˛õÓ˚yàˆÏÓ˚î%Ó˚ xB%˛ˆÏÓ˚yÂàü ˛õÓ˚yàôyö#Ó˚

xhsˇà≈ï˛ ˛õÓ˚yàfli°#Ó˚ S˛õ%ÇˆÏÓ˚î%fli°#V xû˛ƒhsˇˆÏÓ˚•z ÷Ó˚& •Î˚– ≤ÃÌˆÏü ˛õÓ˚yàˆÏÓ˚î%Ó˚ !öí˛z!Üœ̨ Î˚y§ !Óû˛yçö •Î˚ñ ú˛ˆÏ°

~Ü˛!ê˛ Ó,•òyÜ˛yÓ˚ xDç     (vegetative) Óy öy°# ˆÜ˛y£Ï     (tube cell) ~ÓÇ ˆÓ˚î% ≤Ãyã˛#ˆÏÓ˚Ó˚ ~Ü˛˛õyˆÏŸª≈ ≤Ãyã˛#Ó˚

§Ç°@¿ ~Ü˛!ê˛ ˆåÈyê˛ ˆçˆÏöˆÏÓ˚!ê˛û˛ ˆÜ˛y£Ï     (generative cell) Óy çöö ˆÜ˛y£Ï í˛zÍ˛õß¨ •Î˚ S!ã˛e ≠ 18.1V– •z•yÓ˚

˛õÓ˚ ˆÓ˚î% ≤Ãyã˛#ˆÏÓ˚Ó˚ §!•ï˛ ˆçˆÏöˆÏÓ˚!ê˛û˛ ˆÜ˛yˆÏ£ÏÓ˚ §ÇˆÏÎyà !Ó!FåÈß¨ •ˆÏÎ˚ ÎyÎ˚ ú˛ˆÏ° •z•y üyÜ%˛ñ ˆ°™ Óy !í˛¡∫yÜ,˛!ï˛

ôyÓ˚ö Ü˛ˆÏÓ˚ S!ã˛e 18.1V ˛õÓ˚Óï˛#≈ ò¢yÎ˚ ˆçˆÏöˆÏÓ˚!ê˛û˛ ˆÜ˛y£Ï!ê˛Ó˚ !Óû˛yçö âˆÏê˛ ÈÙÙÙÈ ~•z !Óû˛yçö ˛õÓ˚yàˆÏÓ˚î%Ó˚ üˆÏôƒ

!ã˛e 18.1 : ̨õ%Ç!°DôÓ̊ÈÙÈ~Ó̊ ̨õ!Ó̊fl≥%̨ ê˛ö

!ã˛e 18.2 : ̨õ!Ó˚îï˛ ̨õ%Ç!°DôÓ˚

ˆÓ˚î%Ó!•gflÏÜ˛

ˆÓ̊î% xhsˇgflÏÜ˛

xDç Óy öy°# ̂ Ü˛y£Ï

ˆçˆÏöˆÏÓ˚!ê˛û˛ ̂ Ü˛y£Ï

xDç Óy öy°# ̂ Ü˛y£Ï

!Óû˛yçöÓ˚ï˛

ˆçˆÏöˆÏÓ˚!ê˛û˛ ̂ Ü˛y£Ï

ò%•z!ê˛ ̨õ%Ç Ï̂Ü˛y£Ï

!Óû˛yçöÓ˚ï˛ ˆçˆÏöˆÏÓ˚!ê˛û˛ ˆÜ˛y£Ï ˛õÓ˚yàöy°#

˛õ%ÇˆÏÜ˛y£Ï S2!ê˛V

S!ã˛e ≠ 18.1V ˛Óy ˛õÓ˚yàˆÏÓ˚î%Ó˚ ˛õÓ˚yàöy°#Ó˚ üˆÏôƒ âˆÏê˛ S!ã˛e ≠ 18.2V í˛zˆÏÕ‘áƒ ˆÎ ò%Û!ê˛ ˆ«˛ˆÏe•z ˆçˆÏöˆÏÓ˚!ê˛û˛

ˆÜ˛y£Ï !Óû˛y!çï˛ •ˆÏÎ˚ ò%Û!ê˛ ˛õ%ÇÈÙÈçöö ˆÜ˛yˆÏ£Ï xÌ≈yÍ ˛õ%ÇÈÙÈàƒyˆÏüˆÏê˛     (male gamete) ˛õ!Ó˚îï˛ •Î˚ S!ã˛e ≠ 18.1
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Ä 18.2V– ˛õÓ˚yàˆÏÎyˆÏàÓ˚ §üÎ˚ ˛õÓ˚yàˆÏÓ˚î% ò%Û!ê˛ Óy !ï˛ö!ê˛ ˆÜ˛y£Ï!Ó!¢‹T •ˆÏï˛ ˛õyˆÏÓ˚– ÚÚöy°# !öí˛z!Üœ˛Î˚y§ÛÛ xÌ≈yÍ

xDç ˆÜ˛y£Ï!ê˛ ˛õÓ˚yàöy°#Ó˚ x@ˇÃ≤ÃyˆÏhsˇ xÓfliyö Ü˛ˆÏÓ˚ ÈÙÙÙÈ ~•z ˆÜ˛y£Ï ¢#â  !Óö‹T •Î˚ñ Ü˛yÓ˚î •z•yÓ˚ ˆÜ˛yˆÏöy §!e´Î˚

Ü˛yÎ≈ ˆö•z–

18.3 flf#!°DôˆÏÓ˚Ó˚ Sº*îfli°#Ó˚V í˛zÍ˛õ!_ Ä !ÓÜ˛y¢ xÌÓy ̂ üàyàƒyˆÏüˆÏê˛yˆÏçˆÏö!§§

(Development of female gametophyte (embryo sac) or
Megagametogenesis)

flf# ˆÓ˚î%•z flf#!°DôˆÏÓ˚Ó˚ ≤ÃÌü ˆÜ˛y£Ï– flf# ˆÓ˚î% e´ü¢ xyÎ˚ï˛ˆÏö Ó,!k˛ ˛õyÎ˚ ~ÓÇ ~Ó˚ !öí˛z!Üœ̨ Î˚y§!ê˛ üy•zˆÏê˛y!§§

!Óû˛yçˆÏöÓ˚ myÓ˚y ò%Û!ê˛ x˛õï˛ƒ !öí˛z!Üœ˛Î˚y§ àë˛ö Ü˛ˆÏÓ˚– x˛õï˛ƒ !öí˛z!Üœ˛Î˚y§ ò%Û!ê˛ ˛õÓ˚flõÓ˚ ò)ˆÏÓ˚ §ˆÏÓ˚ ÎyÎ˚ ~ÓÇ

flf#ˆÏÓ˚î% ˆÜ˛yˆÏ£ÏÓ˚ !Ó˛õÓ˚#ï˛ üÓ˚&≤ÃyˆÏhsˇ xÓfliyö Ü˛ˆÏÓ˚–

í˛z˛õˆÏÓ˚y_´ ò%Û!ê˛ x˛õï˛ƒ !öí˛z!Üœ˛Î˚y§ xyÓyÓ˚ üy•zˆÏê˛y!§§ ˛õk˛!ï˛ˆÏï˛ !Óû˛y!çï˛ •Î˚ ~ÓÇ 4-!ê˛ !öí˛z!Üœ˛Î˚y§ §,!‹T

Ü˛ˆÏÓ˚ÈÙÙÙÈ ~•z §üÎ˚ flf#ˆÏÓ˚î% ˆÜ˛y£Ïñ xÌ≈yÍ º*îfli°#!ê˛Ä e´ü¢ Ó,!k˛ ˛õyÎ˚ Ä ~•z ò¢yˆÏÜ˛˛ ï˛áö 4-!öí˛z!Üœ̨ Î˚y§!Ó!¢‹T

ò¢y Ó°y •Î˚ S!ã˛e ≠ 18.3V–

!ã˛e 18.3 : flf#!°DôÓ̊ÈÙÈ~Ó̊ ̨õ!Ó̊fl≥%̨ ê˛ö

!Óö‹T≤ÃyÎ˚ flf#ˆÏÓ˚î%

§•Ü˛yÓ˚#

ˆÜ˛y£Ï

!í˛¡∫yî%

àû≈˛Îsf

!öî#≈ï˛ !öí˛z!Üœ̨ Î˚y§

Óy

ˆàÔî !öí˛z!Üœ̨ Î˚y§

≤Ã!ï˛˛õyò ̂ Ü˛y£Ï §ü!‹T

4-!öí˛z!Üœ̨ Î˚y§!Ó!¢‹T ò¢y
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!mï˛#Î˚ ˛õÎ≈yˆÏÎ˚Ó˚ !Óû˛yçˆÏö í˛z_´ º*îfli°#Ó˚ 4!ê˛ !öí˛z!Üœ˛Î˚y§ xyÓyÓ˚ üy•zˆÏê˛y!§§ ˛õk˛!ï˛ˆÏï˛ û˛yà •ˆÏÎ ̊ 8!ê˛

!öí˛z!Üœ̨ Î˚y§ !Ó!¢‹T º*îfli°# àë˛ö Ü˛ˆÏÓ˚ S!ã˛e ≠ 18.3Vñ º*îfli°#Ó˚ xhsˇà≈ï˛ Ä•zÓ˚*˛õ 8!ê˛ !öí˛z!Üœ˛Î˚yˆÏ§Ó˚ üˆÏôƒ 4!ê˛

!í˛¡∫Ü˛Ó̊ Ï̂¶…̨ Ó̊ !ò Ï̂Ü˛ Ä xöƒ 4!ê˛ !í˛¡∫Ü˛ü)̂ Ï°Ó̊ !ò Ï̂Ü˛ !ÓöƒhflÏ ̂ Ì Ï̂Ü˛ ÎÌye´ Ï̂ü !í˛¡∫Ü˛Ó̊¶…̨ #Î̊ !öí z̨!Üœ̨ Î̊y§ ã˛ï%̨ ‹TÎ̊ (micro-
pylar quartet) Ä !í˛¡∫Ü˛ü)°#Î˚ !öí˛z!Üœ̨ Î˚y§ ã˛ï%˛‹TÎ˚ (chalazal quartet) àë˛ö Ü˛ˆÏÓ˚– ~Ó˚ ̨õÓ˚ ≤Ã!ï˛!ê˛ !öí˛z!Üœ̨ Î˚y§

ã˛ï%˛‹TÎ˚ ˆÌˆÏÜ˛ ~Ü˛!ê˛ Ü˛ˆÏÓ˚ !öí˛z!Üœ˛Î˚y§ (polar nucleus) º*îfli°#Ó˚ ˆÜ˛ˆÏw ~ˆÏ§ ˛õÓ˚flõˆÏÓ˚Ó˚ §yˆÏÌ !ü!°ï˛ •Î˚

S!ã˛e ≠ 18.3V ~ÓÇ ~Ü˛!ê˛ !í˛≤’ Ï̂Î̊í˛ !öî#≈ï˛ !öí z̨!Üœ̨ Î̊y§ (definitive nucleus) Óy ̂ àÔî !öí z̨!Üœ̨ Î̊y§ (secondary
nucleus) §,!‹T Ü˛ˆÏÓ˚ S!ã˛e ≠ 18.3V– º*îfli°#Ó˚ !í˛¡∫Ü˛Ó˚̂ Ï¶…̨ Ó˚ !òˆÏÜ˛ xÓ!fliï˛ 3!ê˛ !öí˛z!Üœ̨ Î˚y§ ~Ü˛ˆÏe àû≈˛Îsf (egg
apparatus) àë˛ö Ü˛ˆÏÓ˚– àû≈˛ÎˆÏsfÓ˚ 3!ê˛ !öí˛z!Üœ˛Î˚yˆÏ§Ó˚ üˆÏôƒ üôƒfliˆÏ°Ó˚!ê˛ xˆÏ˛õ«˛yÜ,˛ï˛ Óí˛¸ Ä fl∫ï˛sf •Î˚ ~ÓÇ

~!ê˛•z !í˛¡∫yî% (egg or ovum or oosphere) !•§yˆÏÓ Ü˛yç Ü˛ˆÏÓ˚– º*îfli°#Ó˚ !í˛¡∫Ü˛ü)ˆÏ°Ó˚ !òˆÏÜ˛ xÓ!fliï˛ 3!ê˛

!öí˛z!Üœ˛Î˚yˆÏ§Ó˚ ≤Ã!ï˛!ê˛ ˆ§°%ˆÏ°yç ≤Ãyã˛#Ó˚ myÓ˚y ˆâÓ˚y ÌyÜ˛yÎ˚ 3!ê˛ ˆÜ˛y£Ï àë˛ö Ü˛ˆÏÓ˚ ÈÙÙÙÈ ~•z ˆÜ˛y£Ï=!°ˆÏÜ˛ ~Ü˛ˆÏe

≤Ã!ï˛˛õyò ̂ Ü˛y£Ï§ü!‹T (antipodal cells) ÓˆÏ° S!ã˛e ≠ 18.3)–

~•zû˛yˆÏÓ í˛zq(ï˛ flf#!°DôÓ˚̂ ÏÜ˛ §yôyÓ˚îï˛ 8ÈÙÈ!öí˛z!Üœ̨ Î˚y§ !Ó!¢‹T S8-nucleate type) ≤ÃÜ,˛!ï˛Ó˚ ÓˆÏ° S!ã˛e ≠

18.3V– 4!ê˛ flf#ˆÏÓ˚î%Ó˚ (megaspore) üˆÏôƒ ~Ü˛!ê˛üye §!e´Î˚ Ä Ü˛yÎ≈Ü˛Ó˚# flf#ˆÏÓ˚î% flf#!°DôÓ˚ àë˛ˆÏö xÇ¢@ˇÃ•î

Ü˛Ó̊yÎ̊ ~•z ≤ÃÜ˛yÓ̊ flf#!°DôÓ̊ Ï̂Ü˛ ü Ï̂öy Ï̂flõy!Ó˚Ü˛     (monosporic) Ó Ï̂°– Î!òÄ ü Ï̂öy Ï̂flõy!Ó̊Ü˛ 8-!öí z̨!Üœ̨ Î̊y§!Ó!¢‹T

º&îfli°#ˆÏÜ˛ xyò¢≈ ÓˆÏ° !ÓˆÏÓã˛öy Ü˛Ó˚y •Î˚ ï˛Ó% ˛õÓ˚Óï˛#≈Ü˛yˆÏ°Ó˚ !Ó!û˛ß¨ !öÓ˚#«˛y ˆÌˆÏÜ˛ çyöy !àˆÏÎ˚̂ ÏåÈ ˆÎ º*îfli°#Ó˚

~Ü˛y!ôÜ˛ ≤ÃÜ˛yÓ˚̂ Ïû˛ò xyˆÏåÈ– xôƒy˛õÜ˛ ˛õM˛Èyöö üyˆÏ•ŸªÓ˚# (1904-1966) !ö¡¨!°!áï˛ Ü˛ˆÏÎ˚Ü˛!ê˛ ˜Ó!¢ˆÏ‹TƒÓ˚ í˛z˛õÓ˚

!û˛!_ Ü˛ˆÏÓ˚ º&îfli°#Ó˚ ~Ü˛!ê˛ ˆ◊î#!Óû˛yà Ü˛ˆÏÓ˚ö ≠

i) !öí˛z!Üœ̨ Î˚yˆÏ§Ó˚ §Çáƒy

ii) ˆüàyˆÏflõyÓ˚ àë˛ˆÏöÓ˚ §üÎ˚ ˆÜ˛y£Ï !Óû˛yçö §Çáƒy

iii) !öí˛z!Üœ˛Î˚y§=!°Ó˚ !Óöƒy§§Iy ~ÓÇ

iv) ˛õ)î≈yD º&îfli°#Ó˚ !öí˛z!Üœ̨ Î˚y§=!°Ó˚ ˆe´yˆÏüyˆÏçyü §Çáƒy–

~•z ˜Ó!¢‹Tƒ=!°Ó˚ í˛z˛õÓ˚ !û˛!_ Ü˛ˆÏÓ˚ üyˆÏ•ŸªÓ˚#Ó˚ ≤ÃÌüï˛É !ï˛ö ≤Ãôyö ôÓ˚̂ ÏöÓ˚ º&îfli°#Ó˚ Óî≈öy ˆòö ÈÙÙÙÈ ÎÌye´ˆÏü

ü Ï̂öy Ï̂flõy!Ó˚Ü˛ñ ̂ Îáy Ï̂ö ã˛yÓ˚!ê˛Ó˚ ü Ï̂òƒ üye ~Ü˛!ê˛ ̂ üày Ï̂flõyÓ˚ º&îfli°# àë˛ Ï̂ö xÇ¢ ̂ öÎ˚ SˆÎüö xyò¢≈ º&îfli°#Ó˚

!ÓÓÓ˚̂ Ïî Ó°y •ˆÏÎ˚̂ ÏåÈVñ Óy•zˆÏflõy!Ó˚Ü˛ñ ˆÎáyˆÏö ò%•z!ê˛ ~ÓÇ ̂ ê˛ê˛ΔyˆÏflõy!Ó˚Ü˛ñ ˆÎáyˆÏö ã˛yÓ˚!ê˛ ˆüàyˆÏflõyÓ˚•z º&îfli°#

àë˛ˆÏö xÇ¢ ˆöÎ˚–

ü Ï̂öy Ï̂flõy!Ó̊Ü˛ º&îfli°# ≠ !öí z̨Üœ̨ Î̊y Ï̂§Ó̊ §ÇáƒyÓ̊ !û˛!_ Ï̂ï˛ ü Ï̂öy Ï̂flõy!Ó̊Ü˛ º&îfli°# 8-!öí z̨!Üœ̨ Îy§ !Ó!¢‹T Sí z̨òy•Ó̊îñ

Polygonum sp.) xÌÓy 4-!öí˛z!Üœ˛Î˚y§ !Ó!¢‹T •ˆÏï˛ ̨õyˆÏÓ˚ Sí˛zòy•Ó˚îñ Oenothera sp.)– 8-!öí˛z!Üœ˛Î˚y§ !Ó!¢‹T

º&îfli°#!ê˛ ˆÎüö ˆÜ˛Ó° Ü˛y°yçy (Calaza) ≤ÃyˆÏhsˇÓ˚ ˆüàyˆÏflõyÓ˚!ê˛ ˆÌˆÏÜ˛ í˛zq$ï˛ •Î˚ñ ˆï˛üö•z Oenothera
type-~ üy•zˆÏe´y˛õy•z° ≤ÃyˆÏhsˇÓ˚ ˆüàyˆÏflõyÓ˚!ê˛ ˛õ)î≈yD º&îfli°#ˆÏï˛ Ó˚*˛õyhsˇ!Ó˚ï˛ •Î˚ ~ÓÇ ~ˆÏ«˛ˆÏe !öí˛z!Üœ̨ Î˚yˆÏ§Ó˚

≤ÃÌü !Óû˛yçˆÏö ò%Û!ê˛ ~ÓÇ ˛õÓ˚Óï˛#≈ !Óû˛yçˆÏö ã˛yÓ˚!ê˛ !öí˛z!Üœ̨ Î˚y§ í˛zÍ˛õß¨ •Î˚ñ !Ü˛v ~Ó˚ ˛õˆÏÓ˚ xyÓ˚ ˆÜ˛yö !Óû˛yçö

•Î˚ öy– ã˛yÓ˚!ê˛ !öí˛z!Üœ˛Î˚yˆÏ§Ó˚ üˆÏôƒ !ï˛ö!ê˛ üy•zˆÏe´y˛õy•z° ≤ÃyˆÏhsˇ !í˛¡∫Ü˛ï˛sf (Egg apparatus) àë˛ö Ü˛ˆÏÓ˚ ~ÓÇ

~Ü˛!ê˛ ~Ü˛Ü˛ !öí˛z!Üœ˛Î˚y§ º&îfli°#Ó˚ ˆ˛õy°yÓ˚ (Polar) !öí˛z!Üœ̨ yÎ˚§ àë˛ö Ü˛ˆÏÓ˚–
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Óy•zˆÏflõy!Ó˚Ü˛ º&îfli°# ≠ ~ˆÏ«˛ˆÏe ˆüàyˆÏflõyÓ˚ üyï,˛ˆÏÜ˛yˆÏ£ÏÓ˚ ≤ÃÌü !üˆÏÎ˚y!ê˛Ü˛ !Óû˛yçö ~Ü˛!ê˛ í˛yÎ˚yí˛ (dyad)
àë˛ö Ü˛ Ï̂Ó̊ ÎyÓ̊ í z̨̨ õ Ï̂Ó̊Ó̊ ̂ Ü˛y£Ï!ê˛ !Óö‹T •Î̊ ~ÓÇ ö# Ï̂ã˛Ó̊ ̂ Ü˛y£Ï!ê˛ !mï˛#Î̊ !ü Ï̂Î̊y!ê˛Ü˛ !Óû˛yç Ï̂öÓ̊ ú˛ Ï̂° ò%!ê˛ ̂ üày Ï̂flõyÓ̊

!öí˛z!Üœ̨ Î˚y§ àë˛ö Ü˛ˆÏÓ˚– í˛zû˛Î˚ !öí˛z!Üœ̨ Î˚y§•z º&îfli°# àë˛ˆÏö xÇ¢ ˆöÎ˚– ~Ó˚ ≤Ãôyö ≤ÃÜ˛yÓ˚ ˆû˛ò •° ≠

Allium ê˛y•z˛õñ ˆÎáyˆÏö ≤Ã!ï˛!ê˛ !öí˛z!Üœ˛Î˚y§ ò%!ê˛ Ü˛ˆÏÓ˚ üy•zˆÏê˛y!ê˛Ü˛ !Óû˛yçˆÏöÓ˚ ú˛ˆÏ° 8!ê˛ !öí˛z!Üœ̨ Î˚y§ §,!‹T

Ü˛ Ï̂Ó̊–

Endymion ê˛y•z˛õñ ˆÎáyˆÏö ˆüàyˆÏflõyÓ˚ üyï,˛ˆÏÜ˛yˆÏ£ÏÓ˚ ≤ÃÌü !üˆÏÎ˚y!ê˛Ü˛ !Óû˛yçˆÏö í˛zÍ˛õß¨ í˛yÎ˚yí˛ÈÙÈ~Ó˚ ò%!ê˛

ˆÜ˛y£Ï•z §!e´Î˚ ÌyˆÏÜ˛– ú˛ˆÏ° 8ÈÙÈ!öí˛z!Üœ̨ Î˚y§ !Ó!¢‹T Óy•zˆÏflõy!Ó˚Ü˛ º&îfli°# à!ë˛ï˛ •Î˚–

ˆê˛ê Δ̨y Ï̂flõy!Ó̊Ü˛ º&îfli°# ≠ Îáö ̂ üày Ï̂flõyÓ̊ üyï,̨ Ï̂Ü˛y£Ï ò%•zÓyÓ̊ !üÄ!§§ ̨õk˛!ï˛ Ï̂ï˛ !Óû˛y!çï˛ • Ï̂Î̊ ã˛yÓ̊!ê˛ !öí z̨!Üœ̨ Îy§

àë˛ö Ü˛ˆÏÓ˚ ~ÓÇ ã˛yÓ˚!ê˛ !öí˛z!Üœ˛Î˚yˆÏ§Ó˚ §Ó Ü˛!ê˛•z º&îfliÈ°# àë˛ˆÏö xÇ¢ ˆöÎ˚ ï˛áö ï˛yˆÏÜ˛ ÓˆÏ° ˆê˛ê˛ΔyˆÏflõy!Ó˚Ü˛ Óy

ã˛ï%˛≈ˆÏÜ˛y£Ï# º&îfli°#– ~•z !öí˛zÜœ̨ Î˚y§=!°Ó˚ üˆÏôƒ ˆÜ˛yö ˆÜ˛y£Ï ≤Ãyã˛#Ó˚ à!ë˛ï˛ •Î˚ öy ~ÓÇ ~üö º&îfli°#ˆÏÜ˛ ÓˆÏ°

!§ˆÏöyˆÏüàyˆÏflõy!Ó˚Ü˛ (Cenomegasporic)– ~Ó˚ ≤ÃÜ˛yÓ˚ ˆû˛ò •° ≠

a) 16-!öí˛z!Üœ̨ Î˚y§ !Ó!¢‹T     Peperomia type– ~ˆÏ«˛ˆÏe ã˛yÓ˚!ê˛ •ƒy≤’ˆÏÎ˚í˛ !öí˛z!Üœ̨ Î˚y§ ò%•zÓyÓ˚ üy•zˆÏê˛y!§§

˛õk˛!ï˛ˆÏï˛ !Óû˛y!çï˛ •Î˚– í˛zˆÏÕ‘áˆÏÎyàƒ ~•z ˆÎñ ~ˆÏ«˛ˆÏe ò%!ê˛ !öí˛z!Üœ̨ Î˚y§ àë˛ö Ü˛ˆÏÓ˚ !í˛¡∫Ü˛ï˛sf (egg
apparatus); 6!ê˛ !öí˛z!Üœ˛Î˚y§ Ü˛y°yçy ≤ÃyˆÏhsˇ ̂ Ü˛y£Ï≤Ãyã˛#Ó˚ àë˛ö Ü˛ˆÏÓ ̊6!ê˛ xƒy!ê˛ˆÏ˛õyí˛y° ̂ Ü˛yˆÏ£Ï ̨ õ!Ó˚îï˛

•Î˚– Óy!Ü˛ 8!ê˛ ˆÜ˛w#Î˚û˛yˆÏÓ ˛õÓ˚flõˆÏÓ˚Ó˚ §ˆÏD !ü!°ï˛ •ˆÏÎ˚ ~Ü˛!ê˛ 8n ˆe´yˆÏüyˆÏçyü §Çáƒy !Ó!¢‹T

!öî#≈ï˛ (definitive) !öí z̨!Üœ̨ yÎ̊y§ àë˛ö Ü˛ Ï̂Ó̊–

b) 16-!öí z̨!Üœ̨ Î˚y§ !Ó!¢‹T     Panaea type– 16!ê˛ !öí z̨!Üœ̨ Î˚y§ 4+4+4+4 §Çáƒy!Ó!¢‹T ã˛yÓ̊!ê˛ @ˇÃ& Į̈̂ õ !ÓöƒhflÏ

•Î̊– ≤Ã!ï˛!ê˛ @ˇÃ&˛õ ̂ Ì Ï̂Ü˛ ~Ü˛!ê˛ Ü˛ Ï̂Ó̊ !öí z̨!Üœ̨ Î̊y§ ̂ Ü˛w#Î̊ xM˛È Ï̂° !ü!°ï˛ • Ï̂Î̊ ~Ü˛!ê˛ 4n !öî#≈ï˛ !öí z̨!Üœ̨ Î̊y§

àë˛ö Ü˛ˆÏÓ˚–

c) 16-!öí z̨!Üœ̨ Î̊y§ !Ó!¢‹T     Drusa type– ~ Ï̂«˛ Ï̂e 4!ê˛ !öí z̨!Üœ̨ Î̊y§ üy•ẑ Ïe´y˛õy•z° ≤Ãy Ï̂hsˇ ~ÓÇ 16!ê˛ Ü˛y°yçy

≤ÃyˆÏhsˇ ÌyˆÏÜ˛– üy•zˆÏe´y˛õy•z° ≤ÃyˆÏhsˇÓ˚ ã˛yÓ˚!ê˛Ó˚ üˆÏôƒ ~Ü˛!ê˛ !í˛¡∫ §• !ï˛ö!ê˛ !í˛¡∫ï˛sf Ó˚*ˆÏ˛õ Ü˛yç Ü˛ˆÏÓ˚–

x˛õÓ˚!ê˛ í˛z˛õ!Ó˚ ≤Ãy!hsˇÜ˛ (upper) ˆ˛õy°yÓ˚ !öí˛z!Üœ̨ Î˚y§ !•§yˆÏÓ Ü˛yç Ü˛ˆÏÓ˚– Ü˛y°yçy ≤ÃyˆÏhsˇÓ˚ ÓyˆÏÓ˚y!ê˛Ó˚

üˆÏôƒ ò%•z!ê˛ §ÇÎ%_´ •ˆÏÎ˚ ˆÜ˛w#Î˚ !öî#≈ï˛ !öí˛z!Üœ̨ Î˚y§ àë˛ö Ü˛ˆÏÓ˚–

d) 8 !öí˛z!Üœ̨ Î˚y§ !Ó!¢‹T Adoxa type– ò%!ê˛ §!e´Î˚ ˆüàyˆÏflõyÓ˚ ˆÌˆÏÜ˛ à!ë˛ï˛ •ˆÏ°Ä ~•z º&îfli°#Ó˚

!öí˛z!Üœ̨ Î˚y§=!° Polygonum ê˛y•z˛õ !ÓöƒyˆÏ§ §!Iï˛ •Î˚–

e) 8 !öí˛z!Üœ˛Î˚y§ !Ó!¢‹T Fritillaria type– ~ˆÏ«˛ˆÏe ˆüàyˆÏflõyÓ˚ üyï,˛ˆÏÜ˛yˆÏ£ÏÓ˚ !üˆÏÎ˚y!§§ !Óû˛yçˆÏöÓ˚

ú˛ˆÏ° §,¤˛ 4!ê˛ •ƒy≤’ˆÏÎ˚í˛ !öí˛z!Üœ˛Î˚y§ 3+– !ÓöƒyˆÏ§ §!Iï˛ •Î˚– Ü˛y°yçy ≤ÃyˆÏhsˇÓ˚ 3!ê˛ !öí˛z!Üœ˛Î˚y§ !ü!°ï˛

•ˆÏÎ˚ ~Ü˛!ê˛ !ê˛Δ≤’ˆÏÎ˚í˛ (3n) !öí˛z!Üœ˛Î˚y§ àë˛ö Ü˛ˆÏÓ˚– üy•zˆÏe´y˛õy•z° ≤ÃyˆÏhsˇÓ˚ ~Ü˛!ê˛ n ~ÓÇ Ü˛y°yçy ≤ÃyˆÏhsˇÓ˚

~Ü˛!ê˛  3n !öí z̨!Üœ̨ Î̊y§ ò%•zÓyÓ̊ !Óû˛y!çï˛ • Ï̂Î̊ 4+4 ̂ üyê˛ 8!ê˛ !öí z̨!Üœ̨ Î̊y§ àë˛ö Ü˛ Ï̂Ó̊ ÎyÓ̊ 4!ê˛ üy•ẑ Ïe´y˛õy•z°

≤Ãyhsˇ#Î˚ n ~ÓÇ ã˛yÓ˚!ê˛ Ü˛y°yçy ≤Ãyhsˇ#Î˚ 3n– üy•zˆÏe´y˛õy•z° ≤ÃyˆÏhsˇ 3!ê˛ !öí˛z!Üœ˛Î˚y§ !í˛¡∫Ü˛ï˛sf àë˛ö Ü˛ˆÏÓ˚

~ÓÇ ~Ü˛!ê˛ ˆÜ˛ˆÏw fliyöyhsˇ!Ó˚ï˛ •Î˚– Ü˛y°yçy ≤ÃyˆÏhsˇÓ˚ 1!ê˛ 3n !öí˛z!Üœ̨ Î˚y§ ˆÜ˛w#Î˚ n !öí˛z!Üœ̨ Î˚yˆÏ§Ó˚ §ˆÏD

!ü!°ï˛ •ˆÏÎ˚ ~Ü˛!ê˛ 4n !öî#≈ï˛ !öí˛z!Üœ˛Î˚y§ àë˛ö Ü˛ˆÏÓ˚–
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f) 4 !öí˛z!Üœ˛Î˚y§ !Ó!¢‹T Plumbagella type : ~!ê˛Ä Fritillaria-~Ó˚ xö%Ó˚*˛õû˛yˆÏÓ 3+1 !ÓöƒyˆÏ§

§!Iï˛ •Î˚– !Ü˛v Ü˛y°yçy ≤ÃyˆÏhsˇÓ˚ 3!ê˛ !öí˛z!Üœ˛Î˚y§ !ü!°ï˛ •ˆÏÎ˚ 3n !öí˛z!Üœ˛Î˚y§ àë˛ö Ü˛Ó˚yÓ˚ ̨ õÓ˚ n Ä 3n
!öí˛z!Üœ˛Î˚y§mÎ˚ ~Ü˛ÓyÓ˚ üye üy•zˆÏê˛y!§§ ˛õk˛!ï˛ˆÏï˛ !Óû˛y!çï˛ •ˆÏ° ~Ü˛!ê˛ Óy•zˆÏflõy!Ó˚Ü˛ ã˛yÓ˚ÈÙÈ!öí˛z!Üœ̨ Î˚y§

!Ó!¢‹T º&îfli°# à!ë˛ï˛ •Î˚ S!ã˛e 18.4)–

!ã˛e 18.4 : üyˆÏ•ŸªÓ˚# ≤Ãò_ !Ó!û˛ß¨ ôÓ˚̂ ÏöÓ˚ º&îfli°# àë˛ˆÏöÓ˚ !ã˛eÓ˚*˛õñ Süy•zˆÏe´y˛õy•z° ≤Ãyhsˇ í˛z˛õ!Ó˚Ó_#≈V

ê˛y•z˛õ ˆüày Ï̂flõyÓ̊

üyï,̨ Ï̂Ü˛y£Ï

ˆüày Ï̂flõyÓ̊ àë˛ö ≤Ã!e´Î̊y flf#ÈÙÈàƒy Ï̂ü Ï̂ê˛yú˛y•zê˛ àë˛ö ̨õÎ≈yÎ̊

!Óû˛yçö !Óû˛yçö !Óû˛yçö !Óû˛yçö ˛õ)î≈yD

º&îfli°#

ü Ï̂öy Ï̂flõy!Ó̊Ü˛

8 !öí z̨!Üœ̨ Î̊y§

üˆÏöyˆÏflõy!Ó˚Ü˛

4 !öí˛z!Üœ˛Î˚y§

Óy•zˆÏflõy!Ó˚Ü˛

8 !öí˛z!Üœ˛Î˚y§

ˆê˛ê˛ΔyˆÏflõy!Ó˚Ü˛

16 !öí˛z!Üœ˛Î˚y§

ˆê˛ê˛ΔyˆÏflõy!Ó˚Ü˛

16 !öí˛z!Üœ˛Î˚y§

ˆê˛ê˛ΔyˆÏflõy!Ó˚Ü˛

8 !öí˛z!Üœ˛Î˚y§

ˆê˛ê˛ΔyˆÏflõy!Ó˚Ü˛

4 !öí˛z!Üœ˛Î˚y§

ˆê˛ê˛ΔyˆÏflõy!Ó˚Ü˛

8 !öí˛z!Üœ˛Î˚y§

ˆê˛ê˛ΔyˆÏflõy!Ó˚Ü˛

8 !öí˛z!Üœ˛Î˚y§

!Óû˛yçö

ˆê˛ê˛ΔyˆÏflõy!Ó˚Ü˛

16 !öí˛z!Üœ˛Î˚y§

I II III IV V
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18.4 §yÓ̊yÇ¢ (Summary)

üy•ẑ Ïe´y Ï̂flõyÓ̊ Óy ̨õÓ̊yà Ï̂Ó̊î% •° ̨õ%Ç àƒy Ï̂ü Ï̂ê˛yú˛y•ẑ Ïê˛Ó̊ ≤ÃÌü ̂ Ü˛y£Ï– ̂ üày Ï̂flõyÓ̊ •° flf# àƒy Ï̂ü Ï̂ê˛yú˛y•ẑ Ïê˛Ó̊

≤ÃÌü ˆÜ˛y£Ïñ ~=!° •° ç#Óöã˛ˆÏe´Ó˚ •ƒy≤’ˆÏÎ˚í˛ (n) ˛õÎ≈yÎ˚ Îy ~Ü˛yhsˇû˛yˆÏÓ•z ˆflõyˆÏÓ˚yú˛y•zˆÏê˛Ó˚ í˛z˛õÓ˚ !öû˛≈Ó˚¢#°–

˛õÓ˚yàˆÏÓ˚î%Ó˚ !öí˛z!Üœ̨ Î˚yˆÏ§Ó˚ ≤ÃÌü !Óû˛yçˆÏö xDç ˆÜ˛y£Ï ~ÓÇ çöö ˆÜ˛y£Ï à!ë˛ï˛ •Î˚– ˆçöyˆÏÓ˚!ê˛û˛ ˆÜ˛y£Ï ˆÌˆÏÜ˛

ò%!ê˛ ˛õ%Ç àƒyˆÏüê˛ í˛zÍ˛õy!òï˛ •Î˚ñ x˛õÓ˚˛õˆÏ«˛ flf# ˆÓ˚î% xyÎ˚ï˛ˆÏö Ó,!k˛ ˛õyÎ˚ ~ÓÇ ~!ê˛Ó˚ !öí˛z!Üœ˛Î˚y§ ˛õ%öÉ ˛õ%öÉ

!Óû˛y!çï˛ •ˆÏÎ˚ 8-!öí˛z!Üœ˛Î˚y§ !Ó!¢‹T ˆüàyˆÏflõyÓ˚ àë˛ö Ü˛ˆÏÓ˚– !í˛¡∫yî% xÓfliyö Ü˛ˆÏÓ˚ x@ˇÃ≤ÃyˆÏhsˇ ~ÓÇ ~Ó˚ !Ó˛õÓ˚#ï˛

≤ÃyˆÏhsˇ xÓfliyö Ü˛ˆÏÓ˚ ≤Ã!ï˛˛õyò ˆÜ˛y£Ï §ü!‹T– ò%!ê˛ !öí˛z!Üœ̨ Î˚y§ ˛õÓ˚flõÓ˚ §ÇÎ%_´ •ˆÏÎ˚ !öî#≈ï˛ !öí˛z!Üœ̨ Î˚y§ (2n) àë˛ö

Ü˛ˆÏÓ˚ ~ÓÇ ~!ê˛ ˆÌˆÏÜ˛ ˛õÓ˚Óï˛#≈Ü˛yˆÏ° §§ƒ í˛zÍ˛õy!òï˛ •Î˚– º*îfli°#Ó˚ ≤ÃÜ˛yÓ˚̂ Ïû˛ò xyˆÏåÈ– ~!ê˛ üˆÏöyñ Óy•zˆÏflõy!Ó˚Ü˛

Óy ˆê˛ê˛ΔyˆÏflõy!Ó˚Ü˛ •ˆÏï˛ ˛õyˆÏÓ˚– ˆê˛ê˛ΔyˆÏflõy!Ó˚Ü˛ º*îfli°# 16 Óy 8 !öí˛z!Üœ˛Î˚y§ !Ó!¢‹T •ˆÏï˛ ˛õyˆÏÓ˚–

18.5 x!hsˇü ≤ÃŸ¿yÓ°# (Terminal Questions)

1. !ã˛e§• ˛õ%Ç !°DôˆÏÓ˚Ó˚ í˛zÍ˛õ!_ Óî≈öy Ü˛Ó˚&ö–

2. !ã˛e§• xyò¢≈ flf# !°DôˆÏÓ˚Ó˚ í˛zÍ˛õ!_ Óî≈öy Ü˛Ó˚&ö–

3. üˆÏöyˆÏflõy!Ó˚Ü˛ñ Óy•zˆÏflõy!Ó˚Ü˛ Ä ˆê˛ê˛ΔyˆÏflõy!Ó˚Ü˛ º*îfli°#Ó˚ í˛zòy•Ó˚î§• ˛õyÌ≈Ü˛ƒ !°á%ö–

4. !§ˆÏöyˆÏüàyˆÏflõy!Ó˚Ü˛ º*îfli°# Ü˛yˆÏÜ˛ ÓˆÏ°⁄ ~Ó˚ ≤ÃÜ˛yÓ˚̂ Ïû˛ò !ã˛e§• xyˆÏ°yã˛öy Ü˛Ó˚&ö–

18.6 í˛z_Ó˚üy°y (Key to the Answers)

1. 18.2 xÇ¢ xyˆÏ°y!ã˛ï˛

2. 18.3 xÇ¢ xyˆÏ°y!ã˛ï˛

3. 18.3 xÇ¢ ˆÌˆÏÜ˛ ~•z í˛z_Ó˚ ˛õyÄÎ˚y ÎyˆÏÓ

4. 18.3 xÇˆÏ¢ xyˆÏ°y!ã˛ï˛

306  NSOU  CC-BT-09



~Ü˛Ü˛ 19 !öˆÏ£ ÏÜ˛ ÈÙÙÙ È !Ó!û˛ß¨ ≤ÃÜ˛yˆ ÏÓ ˚Ó ˚ !öˆÏ£ ÏÜ˛ Ä í˛ zòy•Ó˚î

(Fertilization — types and examples)

àë˛ö

19.0 í ẑ̨ Ïj¢ƒ

19.1 ≤ÃhflÏyÓöy

19.2 !öˆÏ£ÏˆÏÜ˛Ó˚ §ÇK˛y

19.3 !öˆÏ£ÏÜ˛ ̨õk˛!ï˛

19.4 !öˆÏ£ÏÜ˛ ˛õk˛!ï˛Ó˚ ≤ÃÜ˛yÓ˚ ˆû˛ò

19.5 §yÓ˚yÇ¢

19.6 x!hsˇü ≤ÃŸ¿yÓ°#

19.7 í˛z_Ó˚üy°y

19.0 í ẑ̨ Ïj¢ƒ

~•z xÇ¢ ˛õyë˛ Ü˛ˆÏÓ˚ xy˛õ!ö çyöˆÏï˛ ˛õyÓ˚̂ ÏÓÓ˚ =ÆÓ#ç# í˛z!qˆÏòÓ˚ ≠

 !öˆÏ£ÏÜ˛ Ü˛yˆÏÜ˛ ÓˆÏ°⁄

 !Ü˛û˛yˆÏÓ !öˆÏ£ÏÜ˛ ≤Ã!e´Î˚y §¡õß¨ •Î

 Ü˛ï˛ Ó˚Ü˛ü û˛yˆÏÓ !öˆÏ£ÏÜ˛ ≤Ã!e´Î˚y âê˛ˆÏï˛ ˛õyˆÏÓ˚⁄

19.1 ≤ÃhflÏyÓöy

ˆÎÔö çöö ˛õk˛!ï˛ˆÏï˛ !öˆÏ£ÏÜ˛ ~Ü˛!ê˛ xï˛ƒyÓ¢ƒÜ˛ ≤Ã!e´Î˚y– ~•z ≤Ã!e´Î˚yÎ˚ ò%Û•z!ê˛ !û˛ß¨ çööˆÏÜ˛y£Ï ˆÎüöñ

˛õ%ÇÈÙÈçöö Ï̂Ü˛y£Ï Ä flf#ÈÙÈçöö Ï̂Ü˛y£Ï !ü!°ï˛ •Î̊ñ ú˛ Ï̂° ~Ü˛!ê˛ º*îyö% (Zygote) à!ë˛ï˛ •Î̊– ~•z !ö Ï̂£ÏÜ˛ •° ̨õÓ̊yà Ï̂Îy Ï̂àÓ̊

˛õÓ˚Óï˛#≈ ˛õÎ≈yÎ˚ Ä ˛õÓ˚yàˆÏÎyˆÏàÓ˚ ≤Ãôyö í˛zˆÏj¢ƒ •° !öˆÏ£ÏÜ˛–

307



19.2 !ö Ï̂£Ï̂ ÏÜ˛Ó̊ §ÇK˛y (Definition of Fertilization)

àë˛ö Ä ≤ÃÜ,˛!ï˛àï˛û˛yˆÏÓ !û˛ß¨ ò%Û!ê˛ çööˆÏÜ˛y£Ï Óy àƒyˆÏüˆÏê˛Ó˚ !ü°öˆÏÜ˛ !öˆÏ£ÏÜ˛ (fertilization) Óy àû≈˛yôyö

ÓˆÏ°– ~•z §üÎ˚ xy˛õyï˛ !ö!‹;˛Î˚ñ !öÿ˛° Ä xˆÏ˛õ«˛yÜ,˛ï˛ Óí˛¸ xyÜ˛yˆÏÓ˚Ó˚ àƒyˆÏüê˛ Îy flf#ÈÙÈàƒyˆÏüê˛ xÌ≈yÍ !í˛¡∫yî%

(ovum or egg) º*îfli°#ˆÏï˛ xÓfliyöÓ˚ï˛ñ º*îfli°#ˆÏï˛ !ö!«˛Æ S˛õÓ˚yàôyö#Ó˚ º*îfli°#Ó˚ üˆÏôƒ !Óò#î≈ •ÄÎ˚yÓ˚

ú˛ˆÏ°V xˆÏ˛õ«˛yÜ,˛ï˛ ˆåÈyê˛ Ä §!e´Î˚ ~Ü˛!ê˛ ˛õ%ÇÈÙÈàƒyˆÏüˆÏê˛Ó˚ §yˆÏÌ !ü!°ï˛ •Î˚–

19.3 !ö Ï̂£Ï̂ ÏÜ˛Ó˚ ̨õk˛!ï˛ (Process of Fertilization)

=ÆÓ#ç# í˛z!qˆÏòñ ˛õÓ˚yàôyö# ˆÌˆÏÜ˛ ˛õÓ˚yàˆÏÓ˚î% !öà≈ï˛ •ˆÏÎ˚ àû≈˛˛õˆÏeÓ˚ àû≈˛ü%ˆÏ[˛Ó˚ í˛z˛õÓ˚ fliyöyhsˇ!Ó˚ï˛ •Î˚

S!ã˛e ≠ 19.1V– àû≈˛ü%ˆÏ[˛ ˛õÓ˚yàˆÏÓ˚î% àû≈˛ü%ˆÏ[˛Ó˚ Ó˚̂ Ï§ xyÓk˛ •Î˚ ~ÓÇ ≤Ã!ï˛!ê˛ ˛õÓ˚yàˆÏÓ˚î% xB%˛ˆÏÓ˚yÂàˆÏüÓ˚ myÓ˚y ò%Û!ê˛

˛õ%ÇÈÙÈàƒyˆÏüê˛§• §yôyÓ˚îï˛ ~Ü˛!ê˛ ˛õÓ˚yàöy°# (pollen tube) ˜ï˛!Ó˚ Ü˛ˆÏÓ˚ S!ã˛e ≠ 19.2V– ˛õ%ÇÈÙÈàƒyˆÏüê˛§• Ä•zÓ˚*˛õ

˛õÓ˚yàöy°#•z ≤ÃÜ,˛ï˛ ˛õˆÏ«˛ =ÆÓ#ç# í˛z!mˆÏòÓ˚ ˛õ%Ç!°DôÓ ̊(male gametophyte)– ˛õÓ˚yàˆÏÎyˆÏàÓ˚ ˛õÓ˚ àû≈˛ü%ˆÏ[˛

˛õÓ˚yàˆÏÓ˚î%Ó˚ xB%˛ˆÏÓ˚yÂàü §¡õß¨ •ˆÏï˛ Ü˛ˆÏÎ˚Ü˛ !ü!öê˛ •ˆÏï˛ ˆÓ¢ Ü˛ˆÏÎ˚Ü˛!òö ˛õÎ≈hsˇ §üˆÏÎ˚Ó˚ ≤ÃˆÏÎ˚yçö •Î˚–

!ã˛e 19.1 : ̨õÓ̊yàöy°#Ó̊ º*îfli°# Ï̂ï˛ ≤Ã Ï̂Ó Ï̂¢Ó̊ ̨õÌ

àû≈˛ü%[˛

àû≈˛ò[˛
˛õÓ˚yàöy°#

!í˛¡∫Ü˛Ó̊¶…̨

º)îfli°#

!í˛¡∫Ü˛

!í˛¡∫y¢Î˚

!í˛¡∫Ü˛ ü)°

19.4 !ö Ï̂£ÏÜ˛ ̨õk˛!ï˛Ó̊ ≤ÃÜ˛yÓ̊ ̂ û˛ò (Type of fertilization)

í˛z!qˆÏò !Ü˛ ˛õk˛!ï˛ˆÏï˛ º*îfli°#ˆÏï˛ ˛õÓ˚yàöy°# ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ñ •z•yÓ˚ !û˛!_ˆÏï˛ í˛z!qˆÏòÓ˚ !öˆÏ£ÏÜ˛ ≤Ãôyöï˛ !ï˛ö

û˛y Ï̂à !Óû˛_´ Ü˛Ó˚y •Î˚– ̂ ÎüöÈÙÙÙÈ ̂ ˛õy Ï̂Ó˚yàƒyü# (Porogamy), ã˛ƒy°y Ï̂çyàƒyü# (Chalazogamy) Ä ̂ ü Ï̂§yàƒyü#
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(Mesogamy)– ~•z ˛õk˛!ï˛=!°Ó˚ üˆÏôƒ ˆ˛õƒyˆÏÓ˚yàƒyü# §ÓˆÏÌˆÏÜ˛ ˆÓ!¢ ˛õ!Ó˚üyˆÏî ˆòáy ÎyÎ˚ ~ÓÇ ã˛ƒy°yˆÏçyàƒyü#

˛õk˛!ï˛Ó˚ !öˆÏ£ÏÜ˛ §ÓˆÏÌˆÏÜ˛ Ü˛ü ˆòáy ÎyÎ˚–

˛õÓ˚yàöy°# (ovary)ÈÙÈˆï˛ ˆ˛õÑÔåÈyˆÏöyÓ˚ ˛õÓ˚ •z•y (ovule)-~ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– ˛õÓ˚yàöy°# !ö¡¨!°!áï˛ ˆÎ ˆÜ˛yˆÏöy

~Ü˛!ê˛ ˛õk˛!ï˛Ó˚ myÓ˚y (ovule)-~ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚–

(i) ˛ˆ˛õy Ï̂Ó̊yàƒyü#     (Porogamy) : Îáö ̨õÓ̊yàöy°# üy•ẑ Ïe´y˛õy•ẑ Ï°ÈÙÈÓ̊ üôƒ !òÎ̊y x@ˇÃ§Ó̊ • Ï̂Î̊ !í˛¡∫Ü˛ (ovule)-
~ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚ ï˛áö ï˛yˆÏÜ˛ ˆ˛õyˆÏÓ˚yàƒyü# ÓˆÏ°ñ í˛zòy•Ó˚î ÈÙÙÙÈ !°!° (Lilium sp)–

(ii)  Ü˛ƒy°yˆÏçyàƒyü#     (Chalazogamy) : ~ˆÏ«˛ˆÏe Ü˛˛ƒy°yçy (Chalaza) xM˛ÈˆÏ°Ó˚ üôƒ !òˆÏÎ˚ ˛õÓ˚yàöy°#

x@ˇÃ§Ó˚ •ˆÏÎ˚ !í˛¡∫̂ ÏÜ˛ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– ~•z ̨õk˛!ï˛ í˛z!qˆÏòÓ˚ ̨õÓ˚yàˆÏÎyˆÏà ï%˛°öyü)°Ü˛û˛yˆÏÓ á%Ó Ü˛ü ̂ òáy ÎyÎ˚ñ í˛zòy•Ó˚î

ÈÙÙÙÈ Ü˛ƒy§%!Ó˚öy (Casuarina), ç%à°y™‰ (Juglans), ˆÓê%˛°y (Betula) ≤Ãû,̨ !ï˛–

(iii)  ˆüˆÏ§yàƒyü#     (Mesogamy) : Îáö ˛õÓ˚yàöy°# !í˛¡∫ˆÏÜ˛Ó˚ üôƒ xM˛È° xÌ≈yÍ •zöˆÏê˛!àí˛zˆÏürê˛

(integument)-Ó̊ üyôƒ Ï̂ü ≤Ã Ï̂Ó¢ Ü˛ Ï̂Ó̊ ~ÓÇ e´ü¢ !û˛ï˛ Ï̂Ó̊ x@ˇÃ§Ó̊ •Î̊ñ í z̨òy•Ó̊î Ü%̨ üí˛̧y (Cucurbita), ̨õ˛õ%ƒ°y§‰

(Populus) xÌÓy Ü˛áöÄ !ú˛í˛z!öÜ˛°‰ÙÈÓ˚ üyôƒˆÏüÄ •z•y âˆÏê˛ñ í˛zòy•Ó˚î ÈÙÙÙÈ !˛õ§‰ê˛y!ã˛Î˚y (Pistachia)

Îáö ̨õÓ̊yàöy°#Ó̊ xhsˇà≈ï˛ ò%Û!ê˛ ̨õ%ÇÈÙÈàƒy Ï̂ü Ï̂ê˛Ó̊ ~Ü˛!ê˛ !í˛¡∫yî%Ó̊ § Ï̂D ~ÓÇ x˛õÓ̊!ê˛ !öî#≈ï˛ !öí z̨!Üœ̨ Î̊y Ï̂§Ó̊ § Ï̂D

!ü!°ï˛ •Î˚ñ ï˛áö Ä•zÓ˚*˛õ ˜mï˛ÈÙÈ!ü°ö Óy !ö!£Ï_´Ü˛Ó˚î ≤Ã!e´Î˚yˆÏÜ˛ !mÈÙÈàû≈˛yôyö Óy ˜mï˛ÈÙÈ!öˆÏ£ÏÜ˛ (double-
fertilization) ÓˆÏ°– !öî#≈ï˛ !öí˛z!Üœ̨ Î˚y§ÈÙÈÓ˚ (2n) SÎy•y º*îfli°#Ó˚ xhsˇà≈ï˛ ò%Û!ê˛ •ƒy≤’ˆÏÎ˚í˛ !öí˛z!Üœ̨ Î˚y§ÈÙÈÓ˚

!ü°ˆÏöÓ˚ ú˛ˆÏ° í˛zÍ˛õß¨ •Î˚V §ˆÏD !ü!°ï˛ •ÄÎ˚yÓ˚ ≤Ã!e´Î˚yˆÏÜ˛ ̃ eô !ü°ö (triple fusion)-Ä ÓˆÏ°–

!ã˛e 19.2 : !ö Ï̂£Ï̂ ÏÜ˛Ó̊ !Ó!û˛ß̈ ̨õÎ≈yÎ̊

àû≈̨ ü%u˛

àû≈˛ò[˛

!í˛¡∫y¢Î̊

˛õÓ˚yà ˆÓ˚î%

˛õ%Ç àƒyˆÏüê˛

˛õÓ˚yàöy°#

!í˛¡∫Ü˛

üy•zˆÏe´y˛õy•z°

!í˛¡∫ï˛sf
≤Ãyhsˇ#Î̊

!öí˛z!Üœ̨ Î˚y§

˛õÓ˚yàˆÏÓ˚î%Ó˚ !í˛¡∫y¢ˆÏÎ˚Ó˚

àû≈˛ü%ˆÏu˛ ̨õï˛ö

˛õÓ˚yàöy°# àë˛ö ˛õÓ˚yàöy°#

!í˛¡∫̂ ÏÜ˛ ü%_´ •Î˚
!ö Ï̂£ÏÜ˛

Ü˛y°yçy

≤Ã!ï˛˛õyò ̂ Ü˛y£Ï

º*îfli°#

S˜öô !ü°öV
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19.5 §yÓ̊yÇ¢ (Summary)

ò%!ê˛ !û˛ß̈ !û˛ß̈ ̂ ÎÔö ̃ Ó!¢‹Tƒ§¡õß̈ àƒy Ï̂ü Ï̂ê˛Ó̊ !ü°ö Ï̂Ü˛ Ó Ï̂° !ö Ï̂£ÏÜ˛– ~Ó̊ ú˛ Ï̂° º&îfli°#fli !í˛¡∫̂ ÏÜ˛y£Ï ~Ü˛!ê˛üye

˛õ%Ç àƒyˆÏüê˛ myÓ˚y !ö!£Ï_´ •Î˚– ÎyÓ˚ çöƒ º&ˆÏîÓ˚ ≤ÃÌü ˆÜ˛y£Ï çy•zˆÏàyê˛ à!ë˛ï˛ •Î˚– ˛õ%Ç àƒyˆÏüê˛ˆÏÜ˛ º&îfli°#ˆÏï˛ ü%_´

Ü˛ˆÏÓ˚ ˛õÓ˚yàöy°#– ˛õÓ˚yàöy°# üy•zˆÏe´y˛õy•z°ñ Ü˛y°yçy xÌÓy üôƒfli° !òˆÏÎ˚ º&îfli°#ˆÏï˛ ≤ÃˆÏÓ¢ Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚–

x˛õÓ˚ ̨õ%ÇàƒyˆÏüê˛!ê˛ !öî#≈ï˛ !öí˛z!Üœ˛Î˚y§ˆÏÜ˛ !ö!£Ï_´ Ü˛ˆÏÓ ̊3n §§ƒ !öí˛z!Üœ̨ Î˚y§ àë˛ö Ü˛ˆÏÓ˚ ÓˆÏ° ~ˆÏÜ˛ ÓˆÏ° !eÈÙÈ!öˆÏ£ÏÜ˛

Óy Triple fusion Ä Ó°y • Ï̂Î Ìy Ï̂Ü˛–

19.6 x!hsˇü ≤ÃŸ¿yÓ°# (Terminal Questions)

i) !öˆÏ£ÏˆÏÜ˛Ó˚ §üÎ˚ ˛õ%Ç !°DôˆÏÓ˚Ó˚ xÓfliy Óî≈öy Ü˛Ó˚–

ii) ˆ˛õyˆÏÓ˚yàƒy!ü Ü˛yˆÏÜ˛ ÓˆÏ°⁄

iii) Ü˛y°yˆÏçyàƒy!ü Ü˛yˆÏÜ˛ ÓˆÏ°⁄

iv) ˆüˆÏ§yàƒy!ü Ü˛#⁄

v) !mÈÙÈ!öˆÏ£ÏÜ˛ Ó°ˆÏï˛ !Ü˛ ˆÓyé˛yÎ˚⁄

19.7 í˛z_Ó˚üy°y (Key to the Answers)

i) ~•z í˛z_Ó˚ ˛õ)Ó≈Óï˛#≈ xôƒyˆÏÎ˚Ó˚ 18.2 xÇˆÏ¢ ˛õyÄÎ˚y ÎyˆÏÓ–

ii) (iii) Ä (iv) ~Ó˚ çöƒ 19.4 xÇ¢ ̂ òá%ö–

310  NSOU  CC-BT-09



~Ü˛Ü˛ 20 §§ƒÈÙÈÓ˚ í˛zÍ˛õ!_ó xƒyˆÏ˛õy!ü!:§ñ xƒyˆÏ˛õyˆÏflõyÓ˚# ~ÓÇ

xƒyˆÏ˛õyàƒyü#ñ ˛õ!°e¡∫ …yˆÏÎ˚yö# (Development of
endosperms; Apomixis, Apospory and
Apogamy, Polyembryony) :

àë˛ö

20.0 í ẑ̨ Ïj¢ƒ

20.1 ≤ÃhflÏyÓöy

20.2 §§ƒÛÓ˚ ≤ÃÜ˛yÓ˚ ˆû˛ò

20.3 xƒyˆÏ˛õy!ü!:§

20.4 xƒyˆÏ˛õyˆÏflõyÓ˚#

20.5 xƒyˆÏ˛õyàƒyü#

20.6 Ó‡º&îï˛y

20.7 §yÓ˚yÇ¢

20.8 x!hsˇü ≤ÃŸ¿yÓ°#

20.9 í˛z_Ó˚üy°y

20.0 í ẑ̨ Ïj¢ƒ

§§ƒ •° Ó#ˆÏçÓ˚ üˆÏôƒ â%ühsˇ û˛!Ó£Ïƒï˛ xB%˛ˆÏÓ˚Ó˚ çöƒ §!M˛Èï˛ áyòƒ– ~•z ~Ü˛Ü˛ ˛õyˆÏë˛ xy˛õ!ö çyöˆÏï˛

˛õyÓ˚̂ ÏÓö ≠

 =ÆÓ#ç# í˛z!qˆÏò Ü˛Î˚ ≤ÃÜ˛yÓ˚ §§ƒ í˛zÍ˛õy!òï˛ •Î˚ ~ÓÇ !Ü˛û˛yˆÏÓ •Î˚⁄

 ~åÈyí ¸̨y ˆÎÔö !ü°ö Óƒ!ï˛ˆÏÓ˚ˆÏÜ˛ º&î àë˛ˆÏöÓ˚ ˛õk˛!ï˛ xƒyˆÏ˛õy!ü!:§ §¡õˆÏÜ≈˛ çyöˆÏï˛ ˛õyÓ˚̂ ÏÓö–

 xƒyˆÏ˛õyˆÏflõyÓ˚#ñ xƒyˆÏ˛õyàƒyü# Ä Ó‡º&îï˛yÓ˚ §¡õˆÏÜ≈˛ çyöˆÏï˛ ˛õyÓ˚̂ ÏÓö–
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20.1 ≤ÃhflÏyÓöy

!í˛¡∫̂ ÏÜ˛Ó˚ xû˛ƒhsˇˆÏÓ˚ ˛õ!Ó˚fl≥%˛ê˛öÓ˚ï˛ º*î Ä xB%˛Ó˚ÈÙÈ~Ó˚ ≤Ãôyö áyòƒ•z •° §§ƒ (endoderm), ~•zçöƒ•z §§ƒ

xï˛ƒhsˇ =Ó˚&c˛õ)î≈– =ÆÓ#ç# í˛z!qˆÏòñ §§ƒ 3n-§ÇáƒÜ˛ ˆe´yˆÏüyˆÏçyü !Ó!¢‹T ˆÜ˛y£Ï myÓ˚y à!ë˛ï˛ñ ~ˆÏ«˛ˆÏe §§ƒÜ˛°y

!ê˛Δ˛õ‰°ˆÏÎ˚í˛ (3n) º*îfli°#Ó˚ xû˛ƒhsˇˆÏÓ˚ ò%Û!ê˛ ˆüÓ˚& S•ƒy≤’ˆÏÎ˚í˛V !öí˛z!Üœ˛Î˚y§ Ä ~Ü˛!ê˛ ˛õ%ÇÈÙÈàƒyˆÏüê˛ÈÙÈÓ˚ !ü°ˆÏöÓ˚

S˜eôÈÙÈ!ü°öV myÓ˚y xÌ≈yÍ ˜mï˛ÈÙÈ!öˆÏ£ÏÜ˛ (double fertilization) ≤Ã!e´Î˚yÓ˚ üyôƒˆÏüñ §§ƒ §,!‹T •Î˚–

çy•zˆÏàyê˛ Ä ¢ˆÏ§ƒÓ˚ Ó,!k˛ Ä ˛õ!Ó˚fl≥%˛ê˛ö ~Ü˛•z §ˆÏD §Çâ!ê˛ï˛ •Î˚–

20.2 §§ƒÓ̊ ≤ÃÜ˛yÓ̊ ̂ û˛ò (Types of Endosperm)

=ÆÓ#ç# í˛z!qˆÏò ≤Ãôyöï˛ !ï˛ö ≤ÃÜ˛yˆÏÓ˚Ó˚ §§ƒ à!ë˛ï˛ •Î˚ñ ˆÎüöÈÙÙÙÈ !öí˛z!Üœ̨ Î˚yÓ˚ñ ˆ§°%°yÓ˚ Ä ˆ•ˆÏ°y!ÓÎ˚y°

≤ÃÜ,˛!ï˛Ó˚–

(i) !öí˛z!Üœ̨ Î˚yÓ˚ §§ƒ     (Nuclear endosperm) : x!ôÜ˛yÇ¢

=ÆÓ#ç# í˛z!qˆÏò !öí˛z!Üœ˛Î˚yÓ˚ ≤ÃÜ,˛!ï˛Ó˚ §§ƒ í˛zÍ˛õß¨ •Î˚–

!öí˛z!Üœ˛Î˚yÓ˚ ≤ÃÜ,˛!ï˛Ó˚ §ˆÏ§ƒÓ˚ ˛õ!Ó˚fl≥%˛ê˛ˆÏö !ê˛Δ≤’ˆÏÎ˚í˛ §§ƒ

!öí˛z!Üœ̨ Î˚y§ !Óû˛yçˆÏöÓ˚ çöƒ x§Çáƒ ü%_´ !öí˛z!Üœ̨ Î˚y§ §,!‹T

Ü˛ˆÏÓ˚ S!ã˛e ≠ 20.1V– ~•z ü%_´ !öí˛z!Üœ̨ Î˚y§=!° ≤ÃÌü xÓfliyÎ˚

ˆÜ˛yö ≤Ãyã˛#Ó˚ myÓ˚y ˛õ!Ó˚ˆÏÓ!‹Tï˛ ÌyˆÏÜ˛ öy– ~•z !öí˛z!Üœ˛Î˚y§=!°

e´ü¢ º*îfli°#Ó˚ ˛õ!Ó˚!ôÓ˚ !òˆÏÜ˛ xÓ!fliï˛ •ˆÏï˛ ÌyÜ˛yÎ˚

º*îfli°#Ó˚ ˆÜ˛ˆÏw ~Ü˛!ê˛ û˛ƒyÜ%˛ÄˆÏ°Ó˚ í˛zÍ˛õ!_ •Î˚– ˆÜ˛yˆÏöy

ˆÜ˛yˆÏöy ̂ «˛ˆÏe !öí˛z!Üœ˛Î˚y§=!° !í˛¡∫Ü˛Ó˚¶…˛ Ä !í˛¡∫Ü˛ü)°≤ÃyˆÏhsˇ

x!ôÜ˛ ˛õ!Ó˚üyˆÏî çí ¸̨ •Î˚– ~•z !öí˛z!Üœ˛Î˚y§=!° x!ôÜ˛yÇ¢•z

º*îfli°# ≤Ãyã˛#ˆÏÓ˚Ó˚ !û˛ï˛ˆÏÓ˚Ó˚ !òˆÏÜ˛ ˛õ!Ó˚!ô ÓÓ˚yÓÓ˚ !ÓöƒhflÏ

§y•ẑ Ïê˛y≤’yçÈüÈÙÈÓ̊ xyhflÏÓ̊ Ï̂î xÓfliyö Ü˛ Ï̂Ó̊– ̨õ!Ó̊fl≥%̨ ê˛ Ï̂öÓ̊ x!hsˇü

˛õÎ≈yˆÏÎ˚ ü%_´ !öí˛z!Üœ˛Î˚y§=!°Ó˚ üˆÏôƒ x!û˛ˆÏÜ˛wû˛yˆÏÓ

(centripetally) Óy !öˆÏ¡¨yß√%áû˛yˆÏÓ (basipetally) ˆÜ˛y£Ï

≤Ãyã˛#Ó˚ à!ë˛ï˛ •ÄÎ˚yÎ˚ §¡õ)î≈û˛yˆÏÓ §§ƒÈÙÈÜ˛°yÓ˚ §,!‹T •Î˚–

!öí˛z!Üœ˛Î˚y§ ≤ÃÜ,˛!ï˛Ó˚ §§ƒ àë˛ö xyü (Mangifera), xyÜ˛®

(Colotropis), üƒy°û˛y (Malva) ≤Ãû,˛!ï˛ í˛z!qˆÏò ˆòáy ÎyÎ˚– §%˛õyÓ˚# (Areca) Ä ˆáç%Ó˚ (Phoenix)
˛≤Ãû,˛!ï˛ í˛z!qˆÏò §§ƒ xï˛ƒhsˇ ¢_´ •Î˚–

!ã˛e 20.1 : !öí˛z!Üœ̨ Î˚y§ ≤ÃÜ,˛!ï˛Ó˚ §§ƒ àë˛ö–

º)î

ü%_´ !öí˛z!Üœ̨ Î˚y§
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(ii) ˆÜ˛y£Ï#Î˚ §§ƒ     (Cellular endosperm) : ~•z ≤ÃÜ˛yÓ˚ §ˆÏ§ƒ !öí˛z!Üœ̨ Î˚ !Óû˛yçöÜ˛yˆÏ° ≤Ãyã˛#Ó˚ à!ë˛ï˛ •Î˚–

≤Ãyã˛#Ó˚=!° °¡∫y°!¡∫ Óy xyí ¸̨yxy!í ¸̨û˛yˆÏÓ §yçyˆÏöy ÌyˆÏÜ˛– ˛õÓ˚Óï˛#≈ !Óû˛yçˆÏöÓ˚ §üÎ˚ ˆÜ˛y£Ï ≤Ãyã˛#Ó˚ ≤ÃÌü

!Óû˛yçˆÏöÓ˚ §üyhsˇÓ˚y° ÌyˆÏÜ˛– !Ü˛v ˛õˆÏÓ˚ ≤Ãyã˛#Ó˚=!° !Ó!û˛ß¨û˛yˆÏÓ à!ë˛ï˛ •Î˚– ú˛ˆÏ° ˛õ!Ó˚îï˛ §§ƒ !Ó!û˛ß¨

≤ÃÜ˛yÓ˚ §yçyˆÏöyÈÙÈÜ˛°y (tissue)-§Iy !öˆÏÎ˚ à!ë˛ï˛ •Î˚–

xyÜ˛yö‰Ìy§     (Acanthus), ˆ°yˆÏÓ!°Î˚y     (Lobelia) ≤Ãû,˛!ï˛ í˛z!qˆÏò ˆã˛y£ÏÜ˛ (haustoria) xÇ¢ ~Ü˛ Óy

í˛zû˛Î˚ ˆüÓ˚& xM˛ÈˆÏ° !Ó!ã˛e xyÜ˛yˆÏÓ˚ í˛zÍ˛õß¨ •Î˚– ~•z ˆã˛y£ÏÜ˛ !öÜ˛ê˛fli !í˛¡∫Ü˛ (ovule)-~Ó˚ Ü˛°y=!°ˆÏÜ˛ ˆû˛ò

Ü˛ Ï̂Ó̊ ~ÓÇ ~•z ̂ Ü˛y£Ï=!° ̂ Ì Ï̂Ü˛ í z̨Í˛õß̈ §§ƒ §Ç@ˇÃ• Ü˛ Ï̂Ó̊– í z̨òy•Ó̊îÈÙÙÙÈ!˛õê%̨ !öÎ̊y (Petunia), ô%ï%̨ Ó̊y (Datura),
xƒyˆÏí˛y:y (Adoxa) ≤Ãû,̨ !ï˛–

!ã˛e 20.2 : §§ƒÓ˚ ≤ÃÜ˛yÓ˚ ̂ û˛ò

(iii) ˆ•ˆÏ°yÓ#Î˚ §§ƒ     (Helobial endosperm) : ~•z ≤ÃÜ˛yÓ˚ §§ƒ í˛z˛õˆÏÓ˚y_´ !öí˛z!Üœ̨ Î˚yÓ˚ Ä ˆÜ˛y£Ï#Î˚ §§ƒÈÙÈÓ˚

üôƒÓï˛#≈ xÓfliy– ü%§ˆÏÜ˛!Ó˚ (Musceri) xƒy§ˆÏú˛yˆÏí˛°y§ (Asphodelus) ≤Ãû,˛!ï˛ í˛z!qˆÏò ~•z ≤ÃÜ˛yˆÏÓ˚Ó˚ §§ƒ

ˆòáy ÎyÎ˚– §§ƒ !öí˛z!Üœ̨ Î˚y§ !Óû˛yçöÜ˛yˆÏ° xyí ¸̨yxy!í ¸̨û˛yˆÏÓ ˆÜ˛y£Ï ≤Ãyã˛#Ó˚ à!ë˛ï˛ •Î˚ ~ÓÇ º*îfli°# ò%Û!ê˛

x§üyö Ü˛ˆÏ«˛ û˛yà Ü˛ˆÏÓ˚– ~Ó˚ ˛õˆÏÓ˚ üy•zˆÏe´y˛õy•z° xM˛ÈˆÏ° !öí˛z!Üœ̨ Î˚ !Óû˛yçö •ˆÏ°Ä Ü˛˛y°yçy xM˛ÈˆÏ°

ˆÜ˛yö !Óû˛yçö •Î˚ öy– ˛õÓ˚Óï˛#≈ ˛õ!Ó˚fl≥%˛ê˛öÜ˛yˆÏ° Ü˛y°yçy (chalaza) xÇˆÏ¢ §y•zˆÏê˛y≤’yçü Ü˛ˆÏü ÎyÎ˚ ~ÓÇ

!öí˛z!Üœ˛Î˚y§ !Óö‹T •Î˚– ~•z §üÎ˚ xˆÏöÜ˛ ≤Ãçy!ï˛ˆÏï˛ üy•zˆÏe´y˛õy•z°yÓ˚ Ü˛ˆÏ«˛ ˆÜ˛y£Ï ≤Ãyã˛#Ó˚ à!ë˛ï˛ •Î˚ S!ã˛e

20.2V–

ü%_´ !öí˛z!Üœ̨ Î˚yÓ˚ !Óû˛yçö

ˆÜ˛y£Ï ≤Ãyã˛#Ó˚ àë˛ö

§§ƒ

˛õ)î≈yD ≤Ãyã˛#Ó˚ !Ó!¢‹T

ˆÜ˛y£Ï myÓ˚y à!ë˛ï˛ §§ƒ–

≤Ãyã˛#Ó˚ ü%_´ !öí˛z!Üœ̨ Î˚y§

º*î

§§ƒ
º*î ≤Ãyã˛#Ó˚ àë˛ö ̨õÎ≈yÎ˚

≤Ãyã˛#Ó˚ ü%_´

!Óû˛yçö

!öí˛z!Üœ̨ Î˚y§

≤Ãyã˛#Ó˚ Î%_´ !öí˛z!Üœ̨ Î˚y§ !Óû˛yçö

ˆÜ˛y£#ÏÎ˚
≤Ãyã˛#Ó˚ Î%_´ !Óû˛yçö

ˆ•ˆÏ°y!ÓÎ˚y°
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20.3 xƒy Į̈̂ õy!ü!:§ (Apomixis)

xƒyˆÏ˛õy!ü!:È§ S˛õ!Ó˚û˛y£Ïy!ê˛ ò%!ê˛ @ˇÃ#Ü˛ ¢∑ ÚÚxƒyˆÏ˛õyÛÛ (APO) = ò)Ó˚ ̂ Ì Ï̂Ü˛ ("away from") ~ÓÇ ÚÚ!ü:í˛ÛÛ

("mixed") = §Ç!ü◊î "the act of mixing or mingling:"

˘•ƒyö‰§‰ í˛z•zö‰Ü˛°yÓ˚ í˛z!qò !ÓK˛yˆÏö xƒyˆÏ˛õy!ü!:§ ˛õ!Ó˚û˛y£Ïy!ê˛Ó˚ ˆÎ §ÇK˛y !òˆÏÎ˚ˆÏåÈö ï˛y •ˆÏ°y fl∫yû˛y!ÓÜ˛

ˆÎÔö çöˆÏöÓ˚ ˛õ!Ó˚ÓˆÏï≈˛ Îáö xˆÏÎÔö çöö §¡õß¨ •Î˚ xÌ≈yÍ ~ˆÏ«˛ˆÏe !öˆÏ£ÏÜ˛ ≤Ã!e´Î˚y §Ω˛Ó •Î˚ öyñ Ü˛yÓ˚îñ ~•z

§ÇK˛yˆÏï˛ Î!òÄ !üÄ!§ˆÏ§Ó˚ Ü˛Ìy Ó°y •Î˚!öñ !Ü˛v  !üÄ!§§ Ü˛áö•z §Çâ!ê˛ï˛ •Î˚ öy–

xƒyˆÏ˛õy!ü!:§ ~Ü˛!ê˛ xˆÏÎÔö çöö ≤Ã!e´Î˚y ~ÓÇ ~ˆÏ«˛ˆÏe !üÄ!§§ ˆÜ˛y£Ï !Óû˛yçö ≤Ã!e´Î˚y xö%˛õ!fliï˛–

~•zû˛y Ï̂Ó ÚÚfl∫yû˛y!ÓÜ˛ x Ï̂ÎÔö çöö ≤Ã!e´Î̊yÛÛ §Çâ!ê˛ï˛ •Î̊ñ ̂ ÎüöÈÙÙÙÈÜ˛y!ê˛Çñ Óy!í˛Çñ ̂ °Î̊y!Ó̊Ç ≤Ãû,̨ !ï˛ Ï̂Ü˛ xƒy Į̈̂ õy!ü!:§

ÓˆÏ° ôÓ˚y •Î˚– ~•z !ÓˆÏ¢£Ï ˛õk˛!ï˛ Ó‡ §ÇáƒÜ˛ í˛zFã˛ï˛Ó˚ í˛z!qˆÏò §Çâ!ê˛ï˛ •ˆÏï˛ ˆòáy ÎyÎ˚– =ÆÓ#ç# í˛z!qˆÏò 35!ê˛

ˆàyˆÏeÓ˚ 300ÈÙÈÓ˚ x!ôÜ˛ ≤Ãçy!ï˛ˆÏï˛ ~•z !ÓˆÏ¢£Ï ˛õk˛!ï˛ ˆòáy ÎyÎ˚ñ ˆÎüöÈÙÙÙÈ ˆ˛õyˆÏÎ˚§#ñ xƒyfiê˛yˆÏÓ˚§# ˆÓ˚yˆÏç§#

~ÓÇ Ó˚&ˆÏê˛§#–

§yôyÓ˚îï˛ !ï˛ö ≤ÃÜ˛yˆÏÓ˚Ó˚ xƒyˆÏ˛õy!ü!:§ ˆòáy ÎyÎ˚ ÈÙÙÙÈ (i) !í˛ˆÏ≤’yˆÏflõyÓ˚# (ii) xƒyˆÏ˛õyˆÏflõyÓ˚# ~ÓÇ (iii)
xƒyí˛ˆÏû˛ö!ê˛§y§ ~¡∫…yˆÏÎ˚y!ö–

(i) !í˛ Ï̂≤’y Ï̂flõyÓ̊# ≠ !í˛ Ï̂≤’y Ï̂flõyÓ̊# xƒy Į̈̂ õy!ü!:§ÈÙÈ~ ̂ üày Ï̂flõyÓ̊ üyï,̨ Ï̂Ü˛y£Ï (megaspore mother cell) ̂ Ì Ï̂Ü˛

≤Ãï˛ƒ«˛û˛yˆÏÓ üy•zˆÏê˛y!§§ Óy ÓöôƒyôÓ˚y xƒyÓÓ˚ˆÏê˛í˛ !üÄ!§§ ˆÜ˛y£Ï !Óû˛yçö oyÓy •…y§ !Óû˛yçö Óƒï˛#ï˛

(unreduced) º*îfli°#Ó̊ í z̨qÓ •Î̊–

ˆÜ˛yö í˛z!qˆÏò !í˛ˆÏ≤’yˆÏflõyÓ˚# ˛õyÄÎ˚y ÎyÎ˚ ï˛yÓ˚ !û˛!_ˆÏï˛ ≤Ãôyöï˛ !ï˛ö ≤ÃÜ˛yÓ˚ !í˛ˆÏ≤’yˆÏflõyÓ˚#Ó˚ öyüÜ˛Ó˚î Ü˛Ó˚y •Î˚

ˆÎüöñ ê˛ƒyÓ˚y:yÜ˛yü (Taraxacum) •zˆÏ:!Ó˚§ (Ixeris) ~ÓÇ xƒyöˆÏê˛öy!Ó˚Î˚y (Anternaria) ê˛y•z˛õ–

üyˆÏ•ŸªÓ˚# (1950) xƒyˆÏ˛õy!ü!:§ ̨õk˛!ï˛ˆÏÜ˛ ã˛yÓ˚ û˛yˆÏà !Óû˛_´ Ü˛ˆÏÓ˚öÈÙÙÙÈ (i) ööÈÙÈˆÓ˚Ü˛yˆÏÓ˚rê˛ xƒyˆÏ˛õy!ü!:§

(Non-recurrent apomixis) : ˆüàyˆÏflõyÓ˚ üyï,˛ˆÏÜ˛yˆÏ£ÏÓ˚ !üÄ!§§ ˛õk˛!ï˛ˆÏï˛ ˆÜ˛y£Ï !Óû˛yçˆÏöÓ˚ ú˛ˆÏ°

flf#!°DôÓ̊ í z̨Í˛õß̈ •Î̊ ú˛ Ï̂° •z•y •ƒy≤’ Ï̂Î̊í˛ (n) çyï˛#Î̊ •Î̊– •ƒy≤’ Ï̂Î̊í˛ !í˛¡∫Ü˛ ̂ Ü˛y£Ï ̂ Ì Ï̂Ü˛ •ƒy≤’ Ï̂Î̊í˛ x˛õ%Çç!ö

(haploid parthenogenesis) ˛õk˛!ï˛ˆÏï˛ Óy º*îfli°#Ó˚ xöƒ ˆÎ ˆÜ˛yˆÏöy •ƒy≤’ˆÏÎ˚í˛ ˆÜ˛y£Ï ˆÌˆÏÜ˛ •ƒy≤’ˆÏÎ˚í˛

xƒyˆÏ˛õyàƒyü#Ó˚ (haploid apogamy) üyôƒˆÏü ≤Ãï˛ƒ«˛û˛yˆÏÓ º*ˆÏîÓ˚ ˛õ!Ó˚fl≥%˛ê˛ö •Î˚ñ ú˛ˆÏ° §Ó≈òy •ƒy≤’ˆÏÎ˚í˛

í˛z!qò í˛zÍ˛õß¨ •Î˚– ~•z ˛õk˛!ï˛ˆÏï˛ í˛zq(ï˛ í˛z!qò §Ó≈òy Ó¶˛ƒy •Î˚ñ Ü˛yÓ˚î •z•yÓ˚y •ƒy≤’ˆÏÎ˚í˛ñ xÌ≈yÍ ~ˆÏòÓ˚ ˆÜ˛y£Ï

~Ü˛!ê˛ ˆe´yˆÏüyˆÏçyü ˆ§ê˛ myÓ˚y à!ë˛ï˛ ~ÓÇ ~•z ˛õk˛!ï˛ ~Ü˛ çö% •ˆÏï˛ xöƒ çö%ˆÏï˛ §M˛Èy!Ó˚ï˛ •Î˚ öy–

í˛zòy•Ó˚îÈÙÙÙÈ Ü˛yÜ˛üy!åÈ (Solanum nigrum), !°!°Î˚yü üyÓ˚ê˛yàö (Lilium martagon), ~!˛õ˛õƒyÜ˛!ê˛§

°ƒy!ê˛ˆÏú˛y!°Î˚y (Epipactis latifolia) ≤Ãû,̨ !ï˛–
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(ii) ˆÓ˚Ü˛yˆÏÓ˚rê˛ xƒyˆÏ˛õy!ü!:§     (Recurrent Apomixis) : ~ˆÏ«˛ˆÏe º*îfli°# xÌ≈yÍ flf#!°DôÓ˚ !í˛≤’ˆÏÎ˚í˛

(2n), Ü˛yÓ˚î ~ˆÏ«˛ˆÏe !üÄ!§§ ˆÜ˛y£Ï !Óû˛yçˆÏö ˆe´yˆÏüyˆÏçyˆÏüÓ˚ !Ó˚í˛yÜ˛§ö‰ !í˛!û˛§ö §Çâ!ê˛ï˛ •Î˚ öy– ~•z

çyï˛#Î˚ !í˛≤’ˆÏÎ˚í˛ º*îfli°#Ó˚ í˛zqÓ ò%•zû˛yˆÏÓ §Ω˛Ó ÈÙÙÙÈ ~Ü˛!ê˛ xyˆÏÜ≈˛ˆÏflõy!Ó˚Î˚yü ˆÜ˛y£Ï myÓ˚y SˆçöyˆÏÓ˚!ê˛û˛

xƒyˆÏ˛õyˆÏflõyÓ˚#V Óy !öí˛zˆÏ§°y§ÈÙÈ~Ó˚ xöƒ ˆÜ˛y£Ï Sˆ§yüy!ê˛Ü˛ xƒyˆÏ˛õyˆÏflõyÓ˚#V– ~ˆÏ«˛ˆÏe º*î !í˛≤’ˆÏÎ˚í˛ ~à

ˆÜ˛y£Ï ˆÌˆÏÜ˛ í˛zq(ï˛ •ˆÏï˛ ˛õyˆÏÓ˚ S!í˛≤’ˆÏÎ˚í˛ ˛õyˆÏÌ≈ˆÏöyˆÏçˆÏö!§§V xÌÓy º*îfli°#Ó˚ xöƒ ˆÜ˛yö !í˛≤’ˆÏÎ˚í˛ ˆÜ˛y£Ï

ˆÌ Ï̂Ü˛Ä S!í˛≤’ Ï̂Î̊í˛ xƒy Į̈̂ õyàƒyü#V º* Ï̂îÓ̊ í z̨qÓ §Ω˛Ó •Î̊– ̂ Ó̊Ü˛y Ï̂Ó̊rê˛ xƒy Į̈̂ õy!ü!:§ ê˛ƒyÓ̊y Ï̂:yÜ˛yü xƒy°!Óí˛yü

(Taraxacum albidum), ˆ•Ó˚y!§Î˚yü ~ˆÏ:ˆÏ°™ ≤Ãû,˛!ï˛ í˛z!qˆÏò ˆòáy ÎyÎ˚–

(iii) xƒyí˛ˆÏû˛ö!ê˛û˛ ~üÓ yˆÏÎ˚yö# Óy ̂ flõyˆÏÓ˚yú˛y•z!ê˛Ü˛ Óy!í˛Ç     (Adventive Embryony or Sporophytic
Budding) : ~ˆÏ«˛ˆÏe º*î Ü˛áö•z º*îfli°#Ó˚ ˆÜ˛y£Ï •ˆÏï˛ í˛zq(ï˛ •Î˚ öy xÌ≈yÍ •ƒy≤’ˆÏÎ˚í˛ Óy !í˛≤’ˆÏÎ˚í˛ ˆÎ

≤ÃÜ˛yˆÏÓ˚Ó˚•z !°DôÓ˚ (gametophyte) ˆ•yÜ˛ ˆ§!ê˛ ˆÎˆÏÜ˛yˆÏöy !í˛≤’ˆÏÎ˚í˛ ˆÓ˚î%ôÓ˚ ˆÜ˛y£Ï ˆÌˆÏÜ˛ í˛zÍ˛õß¨ •ˆÏÓñ

í˛zòy•Ó˚î ÈÙÙÙÈ !öí˛zˆÏ§°y§ Óy •zöˆÏê˛!àí˛zˆÏürê˛ÈÙÈÓ˚ ̂ Ü˛y£Ï– xï˛~Ó ̂ Ó˚î%ôˆÏÓ˚Ó˚ !í˛≤’ˆÏÎ˚í˛ ̂ Ü˛y£Ï ̂ ÌˆÏÜ˛ ≤Ãï˛ƒ«˛û˛yˆÏÓ

öï%˛ö !í˛≤’ˆÏÎ˚í˛ º*î í˛zÍ˛õß¨ •ˆÏÓñ í˛zòy•Ó˚î ÈÙÙÙÈ §y•zê˛Δy§ ê˛Δy•zˆÏú˛y!°Î˚yê˛y (Citrus trifoliata), öy•z!@ˇÃˆÏê˛Õ‘y

öy•z@ˇÃy (Nigritella nigra)–

(iv) Ó%°!Ó° Óy ÚÚxöƒ ̂ ≤Ãy˛õy!àí z̨° myÓ̊y xDç çöö (Vegetative Propagation by Bulbils or "Other
Propagules") : ~•z ã˛ï%˛Ì≈ ≤ÃÜ˛yÓ˚ ̨ õk˛!ï˛ˆÏï˛ ú%˛ˆÏ°Ó˚ ̨ õ!Ó˚ÓˆÏï≈˛ Ó%°!Ó°� Óy xöƒ ̂ Ü˛yö xDç ̂ ≤Ãy˛õy!àí˛z°

myÓ˚y xDç çöö §¡õß¨ •Î˚ xÌ≈yÍ ˆ≤Ãy˛õy!àí˛z°=!° ≤ÃyÎ˚¢•z öï%˛ö í˛z!qˆÏòÓ˚ §,!‹T Ü˛ˆÏÓ˚– ˆÎˆÏ•ï%˛ •z•y

§¡õ)î≈Ó˚*ˆÏ˛õ xDç ˛õk˛!ï˛ñ ï˛y•z xˆÏöÜ˛ í˛z!qò !ÓK˛yö# •z•yˆÏÜ˛ xƒyˆÏ˛õy!ü!:§ ÓˆÏ° fl∫#Ü,˛!ï˛ ˆòö öy–

ööÈÙÈˆÓ˚Ü˛yˆÏÓ˚rê˛ xƒyˆÏ˛õy!ü!:ˆÏ§ eggÈÙÈˆÜ˛y£Ï ~ÓÇ Ä º*î í˛zû˛Î˚•z •ƒy≤’ˆÏÎ˚í˛ •Î˚ ~ÓÇ egg ˆÜ˛y£Ï ˆÌˆÏÜ˛ !öˆÏ£ÏÜ˛

Óƒï˛#ï˛ ≤Ãï˛ƒ«˛û˛yˆÏÓ xÌ≈yÍ §Ó˚y§!Ó˚ º*ˆÏîÓ˚ í˛zÍ˛õ!_ •Î˚–

xDç xƒyˆÏ˛õy!ü!:§ (Vegetative apomixis) : xDç xƒyˆÏ˛õy!ü!:ˆÏ§ xDç ü%Ü%˛°ñ Ó%°!Ó° ≤Ãû,˛!ï˛

ú%˛ˆÏ°Ó˚ ˛õ!Ó˚ÓˆÏï≈˛ ˛õ%‹õ!ÓöƒyˆÏ§Ó˚ fliyˆÏö í˛zÍ˛õß¨ •Î˚–

•z•yÓ˚y §•ˆÏç ≤Ãï˛ƒ«˛û˛yˆÏÓ ÓÇ¢!ÓhflÏyˆÏÓ˚ §«˛üñ ˆÎüöÈÙÙÙÈ ú ˛yày!Ó˚Î˚y (Fragaria) xƒy Ï̂òû˛ (Agave), ˆ˛õyÎ˚y

Óy°ˆÏÓ˚y§y (Poa bulbosa) ≤Ãû,̨ !ï˛–

˛õ%Çxƒy Į̈̂ õy!ü!:§ (Male Apomixis or Paternal Apomixis) : Îáö ~Ü˛!ê˛ !í˛¡∫̂ ÏÜ˛Ó̊ ̂ §•z !í˛¡∫̂ ÏÜ˛Ó̊ ̨õÓ̊yà Ï̂Ó̊î%

myÓ˚y ≤Ã!ï˛fliy!˛õï˛ •Î˚–

� û˛!Ó£Ïƒ Ï̂ï˛Ó̊ çöƒ áyòƒ §M˛ÈÎ̊ Ü˛ Ï̂Ó̊ Ü˛y!«˛Ü˛ ü%Ü%̨ ° ̨õ!Ó̊Ó!ï≈̨ ï˛ • Ï̂Î̊ flõ#ï˛ ̂ ày°yÜ˛yÓ̊ ôyÓ̊î Ü˛Ó̊ Ï̂° ï˛y Ï̂Ü˛ Ó%°!Ó° Ó Ï̂°ñ í z̨òy•Ó̊îÈÙÈã%̨ ˛õ!í˛̧

xy°%–
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xƒyˆÏ˛õy!ü!:§ÈÙÈ~Ó˚ =Ó˚&c     (Significance Apomixis) :

(i) §ÇÜ˛Ó˚ Ó#ç (hybrid seed) í˛zÍ˛õyòˆÏö xƒyˆÏ˛õy!ü!:§ û)˛!üÜ˛y !ÓˆÏ¢£Ï =Ó˚&c˛õ)î≈–

(ii)  Ó#ç í˛zÍ˛õyòˆÏö •z•y xöƒï˛ü Ü˛yÎ≈Ü˛Ó˚ ÓƒÎ˚Ó‡° (Cost-effective)–

(iii) xƒyˆÏ˛õy!ü!:§ myÓ˚y í˛zÍ˛õß¨ §ÇÜ˛Ó˚ í˛z!qˆÏò !ÓˆÏ¢£Ï ˜Ó!¢‹Tƒ=!° Óï≈˛üyö ÌyˆÏÜ˛–

20.4 xƒy Į̈̂ õy Ï̂flõyÓ̊# (Apospory)

ˆÓ˚î%ôÓ˚ í˛z!qˆÏòÓ˚ xDç Óy xˆÏÎÔö ˆÜ˛yˆÏ£Ï !üÄ!§§ Ä ˆÓ˚î% í˛zÍ˛õyòö Óƒï˛#ï˛ !í˛≤’ˆÏÎ˚í˛ (2n) !°DôˆÏÓ˚Ó˚

í˛zÍ˛õ!_ˆÏÜ˛ xƒyˆÏ˛õyˆÏflõyÓ˚# ÓˆÏ°–

~ˆÏ«˛ˆÏe ˆÓ˚î% í˛zÍ˛õyòö Óƒï˛#ï˛ SˆÎüö !Ü˛å%È ú˛yî≈ Ä üˆÏ§Ó˚ ˆòˆÏ•V ≤Ãï˛ƒ«˛û˛yˆÏÓ ˆÓ˚î%ôÓ˚ í˛z!qˆÏòÓ˚ !í˛≤’ˆÏÎ˚í˛

ˆÜ˛y£Ï ˆÌˆÏÜ˛ àƒyˆÏüˆÏê˛yú˛y•zê˛ Óy !°DôˆÏÓ˚Ó˚ í˛zÍ˛õyòö âˆÏê˛– ˆÓ˚î%ôÓ˚ í˛z!qˆÏòÓ˚ ~•z !ÓˆÏ¢£Ï ˜Ó!¢ˆÏ‹TƒÓ˚ çöƒ ˆÎ

!°DôÓ˚ í˛z!qò í˛zÍ˛õß¨ •Î˚ ï˛yÓ˚ ˆe´yˆÏüyˆÏçyü ˆ§ê˛ Óy ≤’Î˚!í˛ ˆ°ˆÏû˛° (ploidy level) ˆÓ˚î%ôÓ˚ í˛z!qˆÏòÓ˚ öƒyÎ˚

xÌ≈yÍ !í˛≤’ˆÏÎ˚í˛ (2n)–

20.5 xƒy Į̈̂ õyàƒyü# (Apogamy)

àƒyˆÏüˆÏê˛Ó˚ !ü°ö Óƒï˛#ï˛ Óy àƒyˆÏüˆÏê˛Ó˚ í˛zÍ˛õyòö Óƒï˛#ï˛ Óy àƒyˆÏüˆÏê˛Ó˚ xö%˛õ!fli!ï˛ˆÏï˛ àƒyˆÏüˆÏê˛Ó˚ ˆÜ˛yˆÏöy

ˆÜ˛y£Ï ˆÌˆÏÜ˛ •ƒy≤’ˆÏÎ˚í˛ (n) ˆÓ˚î%ôÓ˚ í˛z!qˆÏòÓ˚ í˛zÍ˛õ!_ˆÏÜ˛ xƒyˆÏ˛õyàƒyü# ÓˆÏ°ñ xÌ≈yÍ ~ˆÏ«˛ˆÏe ˆÓ˚î%ôÓ˚ í˛z!qˆÏòÓ˚

§yü!@ˇÃÜ˛ í˛zqÓ !°DôÓ˚ í˛z!qˆÏòÓ˚ àƒyˆÏüˆÏê˛Ó˚ !öˆÏ£ÏÜ˛ Óƒï˛#ï˛ §Ω˛Ó˛õÓ˚ •Î˚– ~•z ôÓ˚̂ ÏöÓ˚ ̨õk˛!ï˛ í˛z!qòˆÏòˆÏ• fl∫yû˛y!ÓÜ˛

ç#Óöã˛ˆÏe´Ó˚ ˛õÎ≈yÎ˚ ˆÌˆÏÜ˛ §¡õ)î≈ !û˛ß¨– ú˛yî≈ çyï˛#Î˚ í˛z!qˆÏò ~•z !ÓˆÏ¢£Ï ≤Ã!e´Î˚yÓ˚ myÓ˚y !°DôÓ˚ ˆÌˆÏÜ˛ ˆÓ˚î%ôÓ˚

í˛z!qˆÏòÓ˚ í˛zqÓ •Î˚– !Ü˛v ~•z ≤Ã!e´Î˚y ˆÜ˛yˆÏöy àƒyˆÏüˆÏê˛Ó˚ !ü°ö Óƒï˛#ï˛ âˆÏê˛– ~•z !ÓˆÏ¢£Ï ≤Ã!e´Î˚yÎ˚ !öˆÏ£ÏÜ˛ Óƒï˛#ï˛

§˛õ%‹õÜ˛ í˛z!qˆÏòÓ˚ º*îfli°#ˆÏï˛ !í˛≤’ˆÏÎ˚í˛ ˆÜ˛y£Ï í˛zÍ˛õß¨ •Î˚ ~ÓÇ e´ü¢ •z•y º*ˆÏî ˛õ!Ó˚îï˛ •Î˚–

≤ÃÜ,˛ï˛˛õˆÏ«˛ ú˛yî≈ çyï˛#Î˚ í˛z!qˆÏòÓ˚ ˆ«˛ˆÏe çˆÏ°Ó˚ xû˛yÓ ˛õ)Ó˚î Ü˛Ó˚yÓ˚ çöƒ xƒyˆÏ˛õyàƒyü# ~Ü˛!ê˛ !ÓˆÏ¢£Ï

x!û˛ˆÏÎyçö– §Ñƒyï˛§ÑƒyˆÏï˛ xyÓ•yÄÎ˚y xï˛ƒhsˇ §Ç!«˛Æ •ÄÎ˚yˆÏï˛ ú˛yî≈ í˛z!qò çöö ≤Ã!e´Î˚y á%Ó o&ï˛ ˆ¢£Ï Ü˛Ó˚̂ Ïï˛

§«˛ü– ~ˆÏ«˛ˆÏe !°DôÓ˚ á%Ó o&ï˛ í˛zÍ˛õ!_ °yû˛ Ü˛ˆÏÓ˚ñ xDç ü%Ü%˛° (vegetative bud) §•ˆÏçñ ï˛yí˛¸yï˛y!í˛¸ Ä

§Ó˚y§!Ó˚ ˆÓ˚î%ôÓ˚ í˛z!qˆÏò ˛õ!Ó˚fl≥)˛!ê˛ï˛ •Î˚ xÌ≈yÍ ÷e´yî%Ó˚ §Ñyï˛yÓ˚ ÜÑ˛yê˛yÓ˚ çöƒ xyÓ˚ çˆÏ°Ó˚ ≤ÃˆÏÎ˚yçö •Î˚ öy–

20.6 Ó‡º*îï˛y (Polyembryony)

~Ü˛!ê˛ Ó#ˆÏç Îáö ~Ü˛y!ôÜ˛ º*î xÓfliyö Ü˛ˆÏÓ˚ ï˛áö ˆ§•z xÓfliyˆÏÜ˛ Ó‡º*îï˛y ÓˆÏ°– !°í˛zˆÏû˛ö!•Ü˛

(Leeuwenhoek 1719) ≤ÃÌü Ó#ˆÏçÓ˚ ~•z !ÓˆÏ¢£Ï xÓfliy xÌ≈yÍ Ó‡º*îï˛y ˛õÎ≈ˆÏÓ«˛î Ü˛ˆÏÓ˚ö– ˛õÓ˚Óï˛#≈ Ü˛yˆÏ°
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1929 §yˆÏ° fl¨yú≈˛ (Schnarf) ïÑ˛yˆÏÜ˛ §üÌ≈ö Ü˛ˆÏÓ˚ö– Ó‡º*îï˛y ò%Û•z ≤ÃÜ˛yÓ˚ ÈÙÙÙÈ ̂ üÜ˛# (false) Ä ≤ÃÜ,˛ï˛ (true)–

Îáö ~Ü˛•z !í˛¡∫Ü˛ÈÙÈ~Ó˚ ~Ü˛y!ôÜ˛ º*îfli°# ̂ ÌˆÏÜ˛ ~Ü˛y!ôÜ˛ º*î í˛zÍ˛õß¨ •Î˚ ï˛áö ï˛yˆÏÜ˛ ̂ üÜ˛# Ó‡º*îï˛y (false
polyembryomy) ÓˆÏ°– Îáö !í˛¡∫Ü˛ÈÙÈ~Ó˚ ~Ü˛!ê˛ º*îfli°#ˆÏï˛ ~Ü˛y!ôÜ˛ º*î í˛zÍ˛õß¨ •Î˚ ï˛áö ï˛yˆÏÜ˛  ≤ÃÜ,˛ï˛

Ó‡º*îï˛y (true polyembryomy) xyÓyÓ˚ =ÆÓ#ç# í˛z!qˆÏò Ó‡º*îï˛y !Ó!û˛ß¨ ≤ÃÜ˛yˆÏÓ˚Ó˚ •ˆÏï˛ ˛õyˆÏÓ˚ ˆÎüöÈÙÙÙÈ

(i) !Üœ̨ Ï̂û˛ Ï̂ç Ó‡º*îï˛y (cleavage polyembryony);

(ii) !í˛¡∫Ü˛ Óƒï˛#ï˛ º*îfli°#Ó̊ ̂ Ü˛y£Ï ̂ Ì Ï̂Ü˛ º* Ï̂îÓ̊ í z̨Í˛õ!_ (Origin of embryos from cells of embryo
sac other than the egg);

(iii) º*îfli°#Ó˚ Óy•zˆÏÓ˚Ó˚ ˆÜ˛y£Ï ˆÌˆÏÜ˛ º*ˆÏîÓ˚ í˛zÍ˛õ!_ (Embryos arising from cells outside embryo
sac);

(iv) !í˛¡∫̂ ÏÜ˛ xÓ!fliï˛ xöƒ º*îfli°# ̂ Ì Ï̂Ü˛ º* Ï̂îÓ̊ í z̨Í˛õ!_ (Embryos originating from other embryo
sacs in the ovule)–

(i) !Üœ̨ Ï̂û˛ç Ó‡º*îï˛y ≠ çy•ẑ Ïàyê˛ÈÙÈ~Ó̊ !Óû˛yçö !Óû˛y Ï̂àÓ̊ (cleavege) Óy ̂ ≤Ãye¡∫y Ï̂Î̊yÓ̊ !Óû˛yçö !Óû˛y Ï̂àÓ̊

ú˛ˆÏ° ò%•z Óy ï˛ˆÏï˛y!ôÜ˛ ~Ü˛ˆÏÜ˛Ó˚ çöƒ º*ˆÏîÓ˚ §Çáƒy Ó,!k˛ ≤ÃyˆÏÆÓ˚ xÓfliy– •z•y §ÓˆÏÌˆÏÜ˛ §Ó˚°ï˛ü

≤Ã!e´Î̊y ~ÓÇ x Ï̂öÜ˛ x!Ü ≈̨í˛ ̂ Îüö •zí ẑ̨ Ï°y!ú˛Î̊y ~!˛õ Ï̂í˛ö!í»̨ Î̊y (Eulophia epidendria)-ˆï˛ §yôyÓ̊îï˛

ˆòáy ÎyÎ˚–

(ii) !í˛¡∫Ü˛ Óƒï˛#ï˛ º*îfli°#Ó˚ ̂ Ü˛y£Ï ̂ Ì Ï̂Ü˛ º* Ï̂îÓ˚ í z̨Í˛õ!_ ≠ ~ Ï̂«˛ Ï̂e §y•zöyÓ̊!çí˛ ̂ Ì Ï̂Ü˛ §yôyÓ̊î x!ï˛!Ó̊_´

º*ˆÏîÓ˚ í˛zÍ˛õ!_ •Î˚– §y•zöyÜœ˛!çí˛ !í˛¡∫ˆÏÜ˛Ó˚ öƒyÎ˚ ˛õ!Ó˚Ó!ï≈˛ï˛ •Î˚ ~ÓÇ x!ï˛!Ó˚_´ ˛õÓ˚yàöy°#ˆÏï˛ xÓ!fliï˛

÷e´yî% myÓ˚y !öˆÏ£ÏÜ˛ ≤Ã!e´Î˚y •ˆÏï˛ ˛õyˆÏÓ˚– ≤ÃyÎ˚•z §y•zöyÓ˚!çí˛ ˆÌˆÏÜ˛ !öˆÏ£ÏÜ˛ Óƒï˛#ï˛ Ä ≤Ãï˛ƒ«˛ û˛yˆÏÓ

í˛zq(ï˛ º*ˆÏüÓ˚ ˛õ!Ó˚fl≥%˛ê˛ö âê˛ˆÏï˛ ˛õyˆÏÓ˚– º*î !öˆÏ£ÏÜ˛ myÓ˚y Óy !öˆÏ£ÏÜ˛ Óƒï˛#ï˛ Ä §y•zöyÓ˚!çí˛ •ˆÏï˛ í˛zq(ï˛ñ

•z•yÓ˚y í˛z˛õÓ˚ !û˛!_ Ü˛ˆÏÓ˚ Ó°y ÎyÎ˚ ˆÎ !öˆÏ£ÏÜ˛ myÓ˚y í˛zq(ï˛ º*î •ƒy≤’ˆÏÎ˚í˛ Óy !í˛≤’ˆÏÎ˚í˛– !öˆÏ£ÏÜ˛≤ÃyÆ

§y•zöyÓ̊!çí˛ • Ï̂ï˛ í z̨q(ï˛ º* Ï̂îÓ̊ í z̨òy•Ó̊î xyÓ̊!çüö ̂ ü!:Ü˛yöy (Argemone mexicana), ̂ ú˛!§Ä°y§

û˛y°àƒy!Ó˚§ (Phaseolus vulgaris) ≤Ãû,˛!ï˛– xƒy!rê˛ˆÏ˛õyí˛y° ˆÜ˛y£Ï ˆÌˆÏÜ˛ º*ˆÏîÓ˚ í˛zqÓ á%Ó Ü˛òy!ã˛Í

ˆòáy ÎyÎ˚ñ í˛zòy•Ó˚îñ ÈÙÙÙÈ í˛z°üy§ xƒyˆÏü!Ó˚Ü˛yöy (Ulmus americana), í˛z°üy§ @’ƒyÓ y (U. glabra),
˛õƒy§‰˛õy°yü ˆfl;˛y!Ó!Ü˛í˛z °ƒyê˛yü (Paspalum scrobiculatum) ≤Ãû,̨ !ï˛–

(iii) º*îfli°#Ó˚ Óy•zˆÏÓ˚Ó˚ ̂ Ü˛y£Ï ̂ ÌˆÏÜ˛ º*ˆÏîÓ˚ í˛zÍ˛õ!_ ≠ ~ˆÏ«˛ˆÏe º*ˆÏîÓ˚ í˛zÍ˛õ!_Ó˚ í˛zÍ§ º*îfli°#Ó˚ Óy•zˆÏÓ˚Ó˚

ˆÜ˛y£Ï xÌ≈yÍ üyï,̨ ç!öe#Ó̊ ̂ Ó̊î%ôÓ̊ í z̨!q Ï̂òÓ̊ ̂ Ü˛y£Ï S!öí ẑ̨ Ï§°y§ñ •zö Ï̂ê˛!àí ẑ̨ Ïürê˛ÈÙÈÓ̊ ̂ Ü˛y£Ï ≤Ãû,̨ !ï˛V– •z•y Ï̂òÓ̊

Úxƒyí˛ Ï̂û˛ö‰!ê˛û˛ º*îÛ (Adventive embryo) Ó Ï̂°– ̂ Ü˛Ó° º*îfli°#Ó̊ Óy•ẑ ÏÓ̊Ó̊ ̂ Ü˛y£Ï ÎyÓ̊y Úxƒyí‰̨ Ï̂û˛ö!ê˛û˛

º*îÛ í˛zÍ˛õß¨ Ü˛ˆÏÓ˚ñ ï˛yÓ˚y •° !öí˛zˆÏ§°y§ ~ÓÇ •zö‰ˆÏê˛!àí˛zˆÏürê˛– Î!òÄ º*î º*îfli°#Ó˚ Óy•zˆÏÓ˚ í˛zq(ï˛ •Î˚

˛õÓ˚Óï˛#≈Ü˛yˆÏ° º*îfli°#Ó˚ !û˛ï˛ˆÏÓ˚ ≤Ã!ï˛fliy!˛õï˛ •Î˚ ~ÓÇ §§ƒ myÓ˚y ˛õ%‹T °yû˛ Ü˛ˆÏÓ˚–
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(iv) !í˛¡∫̂ ÏÜ˛ xÓ!fliï˛ xöƒ º*îfli°# ̂ ÌˆÏÜ˛ º*ˆÏîÓ˚ í˛zÍ˛õ!_ ≠ !í˛¡∫̂ ÏÜ˛Ó˚ xû˛ƒhsˇÓ˚fli Ó‡ º*îfli°#Ó˚ xÓfliyˆÏöÓ˚

çöƒ Ó‡ º*îï˛y §Ω˛Ó˛õÓ˚ •ˆÏï˛ ˛õyˆÏÓ˚– •z•yÓ˚ Ü˛yÓ˚î (i) ~Ü˛•z ˆüàyˆÏflõyÓ˚ üyï,˛ˆÏÜ˛y£Ï •ˆÏï˛ í˛zq(ï˛ xÌÓy

(ii) ò%•z Óy ï˛ˆÏï˛y!ôÜ˛ ˆüàyˆÏflõyÓ˚ üyï,˛ˆÏÜ˛y£Ï ˆÌˆÏÜ˛ í˛zq(ï˛ xÌÓy (iii) !öí˛zˆÏ§°yÓ˚ ˆÜ˛y£Ï ˆÌˆÏÜ˛ í˛zq(ï˛

SxƒyˆÏ˛õyˆÏflõyÓ˚#V– §y•zê˛Δy§ (Citrus), Ü˛ƒy§%!Ó˚öy •zÜ%˛ƒ!ç!ê˛ˆÏú˛y!°Î˚y (Casuarine equisetifolia),
ˆ˛õyÎ˚y ≤ÃyˆÏê˛ö!§§ (Poa pratensis) ≤Ãû,˛!ï˛ í˛z!qˆÏò ~Ü˛!ê˛ !í˛¡∫̂ ÏÜ˛ ò%Û!ê˛ Ü˛ˆÏÓ˚ ˆÓ˚î%fli°#Ó˚ xÓfliyö ˆòáy

ÎyÎ˚–

20.7 §yÓ̊yÇ¢ (Summary)

=ÆÓ#ç# í˛z!qˆÏòÓ˚ §§ƒ 3n Óy !ê˛Δ≤’ˆÏÎ˚í˛ •Î˚– ~áyˆÏö !ï˛öÓ˚Ü˛ü §§ƒ ˆòáy ÎyÎ˚ ÈÙÙÙÈ !öí˛z!Üœ̨ Î˚yÓ˚ñ ˆÜ˛y£Ï#Î˚ Ä

ˆ•ˆÏ°y!ÓÎ˚y°– !öí˛z!Üœ̨ Î˚yÓ˚ ≤ÃÜ,˛!ï˛ˆÏï˛ ü%_´ !öí˛z!Üœ̨ Î˚y§ ~ÓÇ ˆÜ˛y£Ï#Î˚ ≤ÃÜ,˛!ï˛ˆÏï˛ !öí˛z!Üœ̨ Î˚ !Óû˛yçö ˛õÓ˚Óï˛#≈ ˆÜ˛y£Ï

≤Ãyã˛#Ó˚ !Ó!¢‹T ˆÜ˛y£Ï ˆÌˆÏÜ˛ §§ƒ ˜ï˛!Ó˚ •Î˚– ˆ•ˆÏ°y!ÓÎ˚y§ §§ƒ ~ ò%•zˆÏÎÓ˚ üôƒÓï˛#≈≈– xƒyˆÏ˛õy!ü!:§ •° ˆÎÔö

çöö Óƒ!ï˛ˆÏÓ˚̂ ÏÜ˛ º&î í˛zÍ˛õyòö– §yôyÓ˚îï˛ !ï˛ö Ó˚Ü˛ü xƒyˆÏ˛õy!ü!:§ ̂ òáy ÎyÎ ÈÙÙÙÈ !í˛ˆÏ≤’yˆÏflõyÓ˚#ñ xƒyˆÏ˛õyˆÏflõyÓ˚#

~ÓÇ xƒyí˛ˆÏû˛ö!ê˛!ê˛Î˚y§ ~üÓ yˆÏÎ˚y!ö– xƒyˆÏ˛õyflõyÓ˚# •° xˆÏÎÔö ˆÜ˛y£Ï ˆÌˆÏÜ˛ !°DôˆÏÓ˚Ó˚ í˛zqÓ– àƒyˆÏüˆÏê˛Ó˚

!ü°ö åÈyí˛¸y•z xÌÓy àƒyˆÏüê˛ ˆÌˆÏÜ˛•z •ƒy≤’ˆÏÎ˚í˛ í˛z!qˆÏòÓ˚ í˛zÍ˛õ!_ •° xƒyˆÏ˛õyàƒy!ü– ~Ü˛!ê˛ Ó#ˆÏç ~Ü˛y!ôÜ˛

º&ˆÏîÓ˚ xÓfliyöˆÏÜ˛ ÓˆÏ° Ó‡º&îï˛y–

20.8 x!hsˇü ≤ÃŸ¿yÓ°# (Terminal Questions)

i) =ÆÓ#ç# í˛z!qˆÏòÓ˚ §§ƒ Ü˛Î˚ ≤ÃÜ˛yÓ˚ Ä Ü˛# Ü˛#⁄ ~•z ≤ÃÜ˛yÓ˚̂ Ïû˛ò=!°Ó˚ üˆÏôƒ ˛õyÌ≈Ü˛ƒ Ü˛Ó˚&ö–

ii) xƒyˆÏ˛õy!ü!:§ Ü˛yˆÏÜ˛ ÓˆÏ°⁄ !í˛ˆÏ≤’yˆÏflõyÓ˚# Ü˛#⁄

ii) ˆÓ˚Ü˛yˆÏÓ˚rê˛ Ä ööÈÙÈˆÓ˚Ü˛yˆÏÓ˚rê˛ xƒyˆÏ˛õy!ü!:§ Ó°ˆÏï˛ Ü˛# ˆÓyé˛yÎ˚⁄

iv) xƒyˆÏ˛õyˆÏflõyÓ˚# Ä xƒyˆÏ˛õyàƒyü#Ó˚ üˆÏôƒ ˛õyÌ≈Ü˛ƒ Ü˛#⁄

v) Ó‡º*îï˛y Ü˛yˆÏÜ˛ ÓˆÏ°⁄ ˆÎ §ühflÏ Ü˛yÓ˚̂ Ïî Ó‡º*îï˛y ˆòáy ÎyÎ˚ ˆ§=!° xyˆÏ°yã˛öy Ü˛Ó˚&ö–

20.9 í˛z_Ó˚üy°y (Key to the Answers)

i) 20.2 xÇˆÏ¢ ~•z ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ !Ó£ÏˆÏò xyˆÏ°yã˛öy Ü˛Ó˚y •ˆÏÎ˚̂ ÏåÈ– í˛z_ˆÏÓ˚Ó˚ §ˆÏD ≤ÃˆÏÎ˚yçö#Î˚ !ã˛e xyÓ¢ƒÜ˛–

ii) 20.3 xÇˆÏ¢ xyˆÏ°y!ã˛ï˛–

iii) üyˆÏ•ŸªÓ˚# myÓ˚y ÓyhflÏ!Óï˛ ~•z ò%•z ≤ÃÜ˛yÓ˚ xƒyˆÏ˛õy!ü!:§ 20.3 xÇˆÏ¢ xyˆÏ°y!ã˛ï˛–

iv) 20.4 Ä 20.5 xÇ¢ ˆòá%ö–

v) 20.6 xÇ¢ ˆòá%ö–
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~Ü˛Ü˛ 21 fl∫ÈÙÈx§D!ï˛ ≠ ˆüÔ!°Ü˛ ôyÓ˚îy SxyhsˇÉ≤Ãçy!ï˛ñ xhsˇÉ≤Ãçy!ï˛ñ

!Ó£ÏüÓ˚*˛õ# Óy !Ó!ÓôÓ˚*˛õ#Vó §y•z!Ó í˛ó ˛õÓ˚#«˛yàyˆÏÓ˚

!ö!£Ï_´Ü˛Ó˚î [Self-Incompatibility (SI) : Basic
concept (interspecific, intraspecific,
heteromorphic); Cybrids; in-vitro
fertilization]

àë˛ö

21.0 í ẑ̨ Ïj¢ƒ

21.1 ≤ÃhflÏyÓöy

21.2 fl∫ÈÙÈx§D!ï˛Ó˚ ≤ÃÜ˛yÓ˚ ˆû˛ò

21.3 §y•z!Ó í˛

21.4 ˛õÓ˚#«˛yàyˆÏÓ˚ !ö!£Ï_´Ü˛Ó˚î ˛õk˛!ï˛

21.5 §yÓ˚yÇ¢

21.6 x!hsˇü ≤ÃŸ¿yÓ°#

21.7 í˛z_Ó˚üy°y

21.0 í ẑ̨ Ïj¢ƒ

x§D!ï˛ §¡õˆÏÜ≈˛ xyüÓ˚y ˛õÓ˚yà!ü°ö ˛õÎ≈yˆÏÎ˚ !Ü˛å%È ôyÓ˚öy xç≈ö Ü˛ˆÏÓ˚!åÈ– ~•z xôƒyˆÏÎ˚ ˆÎ §ühflÏ ˛õk˛!ï˛ myÓ˚y

xyhsˇÉ≤Ãçy!ï˛ fl∫ÈÙÈx§D!ï˛ ˆÓ˚yô Ü˛Ó˚y ÎyÎ˚ ˆ§=!° xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚̂ ÏåÈ– ~åÈyí˛¸y xy˛õ!ö çyöˆÏï˛ ˛õyÓ˚̂ ÏÓö §y•z!Ó í˛

Ü˛# ~ÓÇ !Ü˛Ó˚*ˆÏ˛õ ˛õÓ˚#«˛yàyˆÏÓ˚ §y•z!Ó í˛ í˛zÍ˛õyòö Ü˛Ó˚y ÎyÎ˚–

21.1 ≤ÃhflÏyÓöy

fl∫ÈÙÈx§D!ï˛ (Self-incompalibility) •Û° §˛õ%‹õÜ˛ í˛z!qˆÏò ~Ü˛!ê˛ !ÓhflÏ#î≈ Óy §%ò)Ó˚ ≤Ã§yÓ˚# ˛õk˛!ï˛Ó˚ öyü Îy

xyhsˇÉ≤Ãçöö (inbreeding)-ˆÜ˛ ˆÓ˚yô Ü˛ˆÏÓ˚ xÌ≈yÍ xyhsˇÉ≤Ãçöö §Çâ!ê˛ï˛ •ˆÏï˛ Óyôy ˆòÎ˚ñ !Ü˛v Ó!•É≤Ãçöö

(Outcrossing) §Çâ!ê˛ï˛ •ÄÎ˚yÓ˚ ̨ õˆÏ«˛ !ÓˆÏ¢£Ï §•yÎ˚Ü˛–
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§yôyÓ˚îï˛ fl∫ÈÙÈx§D!ï˛ fl∫ÈÙÈ˛õÓ˚yàˆÏÎyà ˛õk˛!ï˛ˆÏÜ˛ xï˛ƒhsˇ §ú˛°û˛yˆÏÓ Óyôy ≤Ãòyö Ü˛ˆÏÓ˚– ú˛°fl∫Ó˚*˛õ fl∫ÈÙÈx§D!ï˛

í˛z!qòÈÙÈ§%≤Ãçö!ÓòƒyÎ˚ (plant breeding) !ÓˆÏ¢£Ï ≤Ãû˛yÓ !ÓhflÏyÓ˚ Ü˛Ó˚̂ Ïï˛ §«˛ü •Î˚–

21.2 fl∫ÈÙÈx§D!ï˛Ó˚ ≤ÃÜ˛yÓ˚ ̂ û˛ò (Type of SI)

21.2.1 xyhsˇÉ≤Ãçy!ï˛ x§D!ï˛ (Interspecific incompatibility) •Û° ̨õÓ̊yà Ï̂Îyà í z̨_Ó̊ (post pollination)
˛õk˛!ï˛ ̂ Î Ï̂«˛ Ï̂e ̨õÓ˚yà Ï̂Ó˚î%Ó˚ xB%̨ Ï̂Ó˚yòà Ï̂ü Óyôy xÌÓy ̨õÓ˚yàöy°#Ó˚ xfl∫yû˛y!ÓÜ˛ï˛y ÈÙÙÙÈ §ÇÜ˛Ó˚ çy•ẑ Ïàyê˛ (hybrid
zygote)-~Ó˚ í˛zÍ˛õ!_ xÌ≈yÍ ò%Û!ê˛ !Ó!û˛ß¨ í˛zÓ≈Ó˚ ≤Ãçy!ï˛Ó˚ !çˆÏöyˆÏüÓ˚ !ü◊î Óy ò%Û!ê˛ í˛zÓ≈Ó˚ •zˆÏÜ˛yê˛y•zˆÏ˛õÓ˚ !ü◊î–

~Ó˚ ú˛ˆÏ° ~Ü˛•z ≤Ãçy!ï˛Ó˚ !çˆÏöÓ˚ üˆÏôƒ xyòyöÈÙÈ≤Ãòyö ˆÓ˚yô Ü˛Ó˚y §Ω˛Ó˛õÓ˚ •Î˚ñ ú˛°fl∫Ó˚*˛õ xyhsˇÉ≤Ãçöö

(inbreeding)-~Ó˚ §#üyÓk˛ï˛y x!ï˛e´ü Ü˛Ó˚y ÎyÎ˚– í˛z˛õÓ˚v Ó!•É≤Ãçöö (outbreeding) Ä ÎˆÏÌFåÈ≤ÃçöˆÏö

(panmixis)-~ §•yÎ˚ï˛y Ü˛ˆÏÓ˚– ~•zÓ˚*ˆÏ˛õ xyhsˇÉ≤Ãçy!ï˛ x§D!ï˛Ó˚ çöƒ !Ó!û˛ß¨ ≤Ãçy!ï˛ Ä !Ó!û˛ß¨ í˛z!qòˆÏày¤˛#Ó˚

ü Ï̂ôƒ !Ó!FåÈß̈ï˛y (partition) ̂ òáy ÎyÎ̊ ~ÓÇ ≤Ãçyï˛ƒyÎ̊ö (speciation) â Ï̂ê˛– e´ü¢ àî Ä ̂ ày Ï̂eÓ̊ ü Ï̂ôƒ Ó‡Ó̊*˛õï˛y

(polymorphism) Ó,!k˛≤ÃyÆ •Î̊–

!ö¡¨!°!áï˛ Ü˛ˆÏÎ˚Ü˛≤ÃÜ˛yÓ˚ !ÓˆÏ¢£Ï ˛õk˛!ï˛ myÓ˚y í˛z!qˆÏò fl∫ÈÙÈx§D!ï˛ ˛õk˛!ï˛ˆÏÜ˛ ˆÓ˚yô Óy x!ï˛e´ü Ü˛Ó˚y §Ω˛Ó˛õÓ˚

•Î̊ÈÙÙÙÈ

1. ˛õk˛!ï˛ ≠ ú%˛ˆÏ°Ó˚ ÜÑ%˛!í˛¸Ó˚ ˛õÓ˚yàˆÏÎyàó

2. ˛õk˛!ï˛ ≠ !ü◊ ˛õÓ˚yàˆÏÎyàó

3. ˛õk˛!ï˛ ≠ !Ó°!¡∫ï˛ ˛õÓ˚yàˆÏÎyàó

4. ˛õk˛!ï˛ ≠ ˛õÓ̊#«˛y ö Ï̂° (test tube pollination) ̨õÓ̊yà Ï̂Îyàó

5. ˛õk˛!ï˛ ≠ x§¡õ)î≈ ̨õÓ̊yà Ï̂Îyà (stub pollination);

6. ˛õk˛!ï˛ ≠ àû≈̨ üôƒfli ̨õÓ̊yà Ï̂Îyà (intra-ovarian pollination);

7. ˛õk˛!ï˛ ≠ Ü,̨ !eüÈÙÈ˛õ!Ó̊ Ï̂Ó¢#Î̊ !ö Ï̂£ÏÜ˛ (In vitro pollination);

8. ˛õk˛!ï˛ ≠ Macerated ̨õÓ̊yà Ï̂Ó̊î%Ó̊ ÓƒÓ•yÓ̊ (use of macerated pollen)–

21.2.2   xhsˇÉ≤Ãçy!ï˛ fl∫ÈÙÈx§D!ï˛     (Intraspecific self-incomtibility) : Îáö ~Ü˛•z ≤Ãçy!ï˛Ó̊ ü Ï̂ôƒ ≤Ãçöö

~ÓÇ !öˆÏ£ÏÜ˛ ˛õk˛!ï˛ x§ú˛° •Î˚ñ xÌ≈yÍ ˛õÓ˚yàˆÏÓ˚î% Ä àû≈˛˛õˆÏeÓ˚ üˆÏôƒ !öˆÏ£ÏˆÏÜ˛Ó˚ x§D!ï˛ °«˛ƒ Ü˛Ó˚y ÎyÎ˚ ï˛áö

ï˛yˆÏÜ˛ xhsˇÉ≤Ãçy!ï˛ fl∫ÈÙÈx§D!ï˛ ÓˆÏ°– ~•z fl∫ÈÙÈx§D!ï˛ ~Ü˛!ê˛ !ÓˆÏ¢£Ï !çˆÏöÓ˚ §!e´Î˚ï˛y myÓ˚y !öÎ˚!sfï˛ •Î˚–

flf#hflÏÓˆÏÜ˛ í˛z˛õ!fliï˛ ~Ü˛!ê˛ !ö!ò≈‹T xƒy°#° (allele)-~Ó˚ í˛z˛õ!fli!ï˛Ó˚ çöƒ ˛õÓ˚yàˆÏÓ˚î%ˆÏï˛ xÓ!fliï˛ Ä•z !ö!ò≈‹T

xƒy°#°!ê˛ ú˛°≤Ã§) •Î˚ öy– §yôyÓ˚îû˛yˆÏÓ Ó°y ÎyÎ˚ ˆÎ ˛õÓ˚flõˆÏÓ˚Ó˚ üˆÏôƒ Ü˛yÎ≈Ü˛Ó˚# •Î˚ öy–
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Îy•z ˆ•yÜ˛ñ xhsˇÉ≤Ãçy!ï˛ fl∫ÈÙÈx§D!ï˛ˆÏÜ˛ ~Ü˛•z ≤Ãçy!ï˛ •ˆÏï˛ í˛zq(ï˛ àƒyˆÏüê˛ˆÏòÓ˚ üˆÏôƒ !öˆÏ£ÏÜ˛ ≤Ã!e´Î˚y x§ú˛°

•Î˚– ~•z xhsˇÉ≤Ãçy!ï˛ x§D!ï˛ Óy fl∫ÈÙÈx§yüO§ƒï˛y =ÆÓ#ç# í˛z!qˆÏò 20!ê˛ ˆàyˆÏeÓ˚ 300 ≤Ãçy!ï˛ˆÏï˛ °!«˛ï˛

•Î˚–

21.2.3  !Ó£ÏüÓ˚*˛õ# Óy !Ó!ÓôÓ˚*˛õ# fl∫ÈÙÈx§D!ï˛     (Heteromorphic self-incompatibility) : ~•z ˆ«˛ˆÏe

~Ü˛•z ≤Ãçy!ï˛ˆÏï˛ !Ó!û˛ß¨ xyÜ,˛!ï˛Ó˚ (more than one morphological type) ̨õ%‹õ í˛zÍ˛õß¨ •Î˚ í˛zòy•Ó˚îfl∫Ó˚*˛õñ

~Ü˛•z ≤Ãçy!ï˛Ó̊ ̨õ%̂ Ï‹õ ï%̨ °öyü)°Ü˛û˛y Ï̂Ó !Ó!û˛ß̈ ̃ ò Ï̂â≈ƒÓ̊ ̨õ%Ç Ï̂Ü˛¢Ó̊ Ä àû≈̨ ò Ï̂[˛Ó̊ í z̨̨ õ!fli!ï˛– Primula Ä Mirabilis-
~Ó̊ ú%̨ Ï̂° ÎÌye´ Ï̂ü í˛y•zfiê˛y•z!° (distyly) ~ÓÇ ê Δ̨y•zfiê˛y•z!° (tristyly) àë˛ö Óï≈̨ üyö– í z̨!m Ï̂òÓ̊ ̨õ%̂ Ï‹õ ~•z ≤ÃÜ˛y Ï̂Ó̊Ó̊

!Ó Ï̂¢£Ï x!û˛ Ï̂Îyçö Ï̂Ü˛ x§üÓ̊*˛õï˛y (heteromorphism) Ó Ï̂°– Ú•zï˛Ó̊ ̨õÓ̊yà ̂ Îy Ï̂àÓ̊ çöƒ x!û˛ Ï̂ÎyçöÛ !Óû˛y Ï̂à

12 öÇ ˛õ,¤˛yÎ˚ o‹TÓƒ–

x§üàû≈̨ ò[˛Î%_´ ú%̨ Ï̂° (heterostylous flower) ̂ Î !çö=!° fl∫ÈÙÈx§D!ï˛Ó̊ çöƒ òyÎ̊# ï˛yÓ̊y ú%̨ Ï̂° Ó‡Ó̊*˛õï˛y

(poly-morphism) ˜Ó!¢‹TƒˆÏÜ˛ !öÎ˚sfî Ü˛ˆÏÓ˚ í˛z˛õÓ˚v ~•z ˜Ó!¢‹Tƒ=!° §!¡ø!°ï˛û˛yˆÏÓ í˛z_Ó˚y!ôÜ˛yÓ˚ §)ˆÏe ≤ÃyÆ

•Î˚–

21.3 §y•z!Ó í˛ (Cybrid)

~Ü˛!ê˛ ç!öï,˛Ó˚ !öí˛z!Üœ˛Î˚yˆÏ§Ó˚ §yˆÏÌ x˛õÓ˚ ç!öï,˛Ó˚ §y•zˆÏê˛y≤’yçˆÏüÓ˚ !ü°ö â!ê˛ˆÏÎ˚ ˆÎ §y•zˆÏê˛y≤’yç!üÓ˚ §ÇÜ˛Ó˚

§,!‹T •Î˚ñ í˛z•yˆÏÜ˛ §y•z!Ó í˛ (cybrid) Ó Ï̂°–

x˛õÓ˚˛õˆÏ«˛ ~Ü˛!ê˛ ç!öï,˛ í˛z!qˆÏòÓ˚ ˆ≤ÃyˆÏê˛y≤’yˆÏfiê˛Ó˚ §yˆÏÌ x˛õÓ˚ ç!öï,˛Ó˚ !öí˛z!Üœ˛Î˚y§ !Ó•#ö ˆ≤ÃyˆÏê˛y≤’yˆÏfiê˛Ó˚

!ü°ö â!ê˛ˆÏÎ˚ §y•z!Ó í˛ àë˛ö Ü˛Ó˚y •Î˚–

≤ÃÜ,˛ï˛ xˆÏÌ≈ §y•z!Ó í˛ (cybrid) §y•zˆÏê˛y≤’yç!üÎ˚ §ÇÜ˛Ó˚– §y•z!Ó í˛ (cybrid) =!° ˆÜ˛y£Ï xÌÓy í˛z!qòñ Îy

~Ü˛!ê˛ ≤Ãçy!ï˛Ó˚ !öí˛z!Üœ̨ Î˚y§ !Ü˛v í˛zû˛Î˚ ç!öï,˛ ≤Ãçy!ï˛Ó˚ §y•zˆÏê˛y≤’yçü Î%_´– ˆ≤ÃyˆÏê˛y≤’yç!üÎ˚ !ü°ö myÓ˚y à!ë˛ï˛

§y•z!Ó í˛ (cybrid) àë˛ö ≤Ã!e´Î̊y Ï̂Ü˛ §y•z!Ó í˛y•ẑ Ïç¢ö (cybridization) Ó Ï̂°–

21.4 ˛õÓ̊#«˛yày Ï̂Ó̊ !ö!£Ï_´Ü˛Ó̊î (In vitro Fertilization)

!Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ Ó˚y§yÎ˚!öÜ˛ ˛õÓ˚#«˛yÓ˚ üyôƒˆÏü ç!öï,˛Ó˚ ˆ≤ÃyˆÏê˛y≤’yˆÏfiê˛Ó˚ !Ó˛õyÜ˛#Î˚ !ö!‹;˛Î˚ï˛yÓ˚ xy!Ó‹T Ü˛Ó˚î xÌÓy

~:ÈÙÈˆÓ˚ (x-ray) Óy àyüy Ó˚!Ÿ¬Ó˚ ≤ÃˆÏÎ˚yˆÏàÓ˚ üyôƒˆÏü ~Ü˛!ê˛ ç!öï,˛Ó˚ ˆ≤ÃyˆÏê˛y≤’yˆÏfiê˛Ó˚ !ö!‹;˛Î˚Ü˛Ó˚î Óy ˆ≤ÃyˆÏê˛y≤’yˆÏfiê˛Ó˚

xÈÙÈ!Óû˛yçö ̨õÎ≈yˆÏÎ˚Ó˚ myÓ˚y §y•z!Ó í˛ (cybrid) àë˛ö Ü˛Ó˚y §Ω˛Ó– ̂ ˛õÓ˚Ü˛° @ˇÃƒy!í˛ˆÏÎ˚rê˛ ̨ õk˛!ï˛ 'Percoll gradient
technique' Ó‡°û˛yˆÏÓ !öí˛z!Üœ̨ Î˚!Ó•#ö ˆ≤ÃyˆÏê˛y≤’yfiê˛ àë˛ˆÏö ÓƒÓ•*ï˛ •Î˚–

10-40% 'density gradient' Î%_´ ̂ ˛õÓ̊Ü˛° (percoll) ÓƒÓ•yÓ̊ Ü˛ Ï̂Ó̊ 50-90 !ü!öê˛ §üÎ̊ !ò Ï̂Î̊ í z̨Fã˛à!ï˛§¡õß̈

ˆ§!rê˛Δ!ú˛í˛zˆÏà¢ö 35,000 × g 'high speed centrifugation' ≤Ã!e´Î˚yÎ˚ !öí˛z!Üœ̨ Î˚y§!Ó•#ö ̂ ≤ÃyˆÏê˛y≤’yfiê˛ xy•Ó˚î
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Ü˛Ó˚y §Ω˛Ó– ~û˛yˆÏÓ xy•*ï˛ (isolated) !öí˛z!Üœ̨ Î˚y§!Ó•#ö ˆ≤ÃyˆÏê˛y≤’yfiê˛ ˛õÓ˚Óï˛#≈Ü˛yˆÏ° x˛õÓ˚ ˆ≤ÃyˆÏê˛y≤’yˆÏfiê˛Ó˚ §yˆÏÌ

!ü°ö â!ê˛ˆÏÎ˚ §y•z!Ó í˛ (cybrid) àë˛ö Ü˛Ó˚y ÎyÎ˚ S!ã˛e ≠21.1V–

!ã˛e öÇ ≠ 21.1 ÈÙÈ §y•z!Ó í˛ àë˛ö ̨õk˛!ï˛

ˆ≤Ãy Ï̂ê˛y≤’yfiê˛ !öí˛z!Üœ̨ yÎ˚y§ !Ó•#ö

ˆ≤Ãy Ï̂ê˛y≤’yfiê˛

§y•z!Ó í˛

A Ä B ̂ ≤ÃyˆÏê˛y≤’yˆÏfiê˛Ó˚

§ÇÎ%!_´Ü˛Ó˚î

!öÓ≈y!ã˛ï˛

ˆe´yˆÏüyçˆÏüÓ˚

Óy!ï˛°Ü˛Ó˚î

§y•z!Ó í˛ §ÇÜ˛Ó˚

(A+B)

xöƒÌyÎ˚ñ ˆ≤ÃyˆÏê˛y≤’yˆÏfiê˛Ó˚ !ü°ö Ü˛yˆÏ°ñ í˛zû˛ˆÏÎ˚Ó˚ !öí˛z!Üœ̨ Î˚y§ §ÇÎ%_´ •ˆÏÎ˚ xyò¢≈ §ÇÜ˛Ó˚ àë˛ö Ü˛Ó˚̂ Ïï˛ ˛õyˆÏÓ˚

xÌÓy !öí˛z!Üœ˛Î˚y§ ò%Û!ê˛ !ü!°ï˛ öy •ˆÏÎ˚ ˛õ,ÌÜ˛ û˛yˆÏÓÄ xÓfliyö Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚– ~Ü˛!ê˛ !ü◊ §y•zˆÏê˛y≤’yçˆÏüÓ˚ ˆ«˛ˆÏe

Î!ò ~Ü˛!ê˛ !öí˛z!Üœ˛Î˚yˆÏ§Ó˚ Óy!ï˛!°Ü˛Ó˚î (elimination) âˆÏê˛ ~ÓÇ x˛õÓ˚ !öí˛z!Üœ˛Î˚yˆÏ§Ó˚ fliy!Î˚c ≤Ãy!Æ (retention)
âˆÏê˛ñ ï˛y ˆÌˆÏÜ˛ §y•z!Ó í˛ (cybrid) í˛zÍ˛õ!_ °yû˛ Ü˛ˆÏÓ˚–

§y•zˆÏê˛y≤’yç!üÜ˛ ÓÇ¢yö%§,ï˛ ˛õk˛!ï˛Ó˚ (cytoplasmically inherited process) myÓ˚y §y•z!Ó í˛ (cybrid)
üy•ẑ Ïê˛yÜ˛ö!í»̨ Î̊y° !ç Ï̂öy Ï̂üÓ̊ (mitochondrial genome) üyôƒ Ï̂ü ̨õ%ÇÓ¶˛ƒyc (male sterility) fliyöyhsˇÓ̊ Ï̂î ÓƒÓ•*ï˛
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•Î˚ xÌÓy ˆÜœ̨ yˆÏÓ˚y≤’yfiê˛ !çˆÏöyˆÏüÓ˚ (chloroplast genome) üyôƒˆÏü •y!Ó≈§y•zí˛ ≤Ã!ï˛ˆÏÓ˚yôÜ˛ ˜Ó!¢‹Tƒ xyöÎ˚ö

Ü˛Ó˚y §Ω˛Ó–

í˛zòy•Ó˚î fl∫Ó˚*˛õñ §y•zˆÏê˛y≤’yç!üÜ˛ ˛õ%ÇÓ¶˛ƒyc (male sterile) ˜Ó!¢‹Tƒ N. tabacum ˆÌˆÏÜ˛ N. sylvestris
í˛z!qˆÏò ~ÓÇ N. campestris ˆÌˆÏÜ˛ Brassica napus í˛z!qˆÏò §yú˛ˆÏ°ƒÓ˚ §yˆÏÌ (successfully) fliyöyhsˇÓ˚î

âê˛y Ï̂öy §Ω˛Ó • Ï̂Î̊ Ï̂åÈ– ~Ü˛•zû˛y Ï̂Ó Lycopersicum esculentum ̂ Ì Ï̂Ü˛ Solanum acaule í z̨!q Ï̂ò ̂ ≤Ãy Ï̂ê˛y≤’yfiê˛

!ü°ˆÏöÓ˚ (protoplast fusion) üyôƒˆÏü ̨õ%ÇÓ¶˛ƒyc xyöÎ˚ö Ü˛Ó˚y §Ω˛Ó •ˆÏÎ˚̂ ÏåÈ–

21.5 §yÓ̊yÇ¢˛ (Summary)

fl∫ÈÙÈx§D!ï˛ xyhsˇÉ≤Ãçöö ˆÓ˚yô Ü˛ˆÏÓ˚ !Ü˛v Ó!•É≤ÃçöˆÏö §yú˛°ƒ xyöˆÏï˛ §•yÎ˚ï˛y Ü˛ˆÏÓ˚– Ü˛ˆÏÎ˚Ü˛!ê˛ !ÓˆÏ¢£Ï

˛õk˛!ï˛ ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ í˛z!qˆÏò fl∫ÈÙÈx§D!ï˛Ó˚ Óyôy x!ï˛e´ü Ü˛Ó˚y ÎyÎ˚– fl∫ÈÙÈx§D!ï˛ !ï˛ö Ó˚Ü˛ü ÈÙÙÙÈ •zrê˛yÓ˚̂ Ïflõ!§!ú˛Ü˛ñ

•zöê˛ΔyˆÏflõ!§!ú˛Ü˛ ~ÓÇ ˆ•ˆÏê˛ˆÏÓ˚yüÓ˚!ú˛Ü˛– §y•z!Ó í˛ •° ò%•z !û˛ß¨ ç!öï,˛Ó˚ üˆÏôƒ ~Ü˛!ê˛Ó˚ §yˆÏÌ xyÓ˚ ~Ü˛!ê˛Ó˚

§y•zˆÏê˛y≤’yçˆÏüÓ˚ !ü°ö– xyÓyÓ˚ ò%!ê˛ ç!öï,˛Ó˚ üˆÏòƒ ˆ≤ÃyˆÏê˛y≤’yçü#Î˚ !ü°ö â!ê˛ˆÏÎ˚ §y•z!Ó í˛y•zˆÏç¢ö §¡õß¨ Ü˛Ó˚y

•Î˚–

21.6 x!hsˇü ≤ÃŸ¿yÓ°#˛ (Terminal Questions)

i) fl∫ x§D!ï˛ Ü˛yˆÏÜ˛ ÓˆÏ°⁄ Ü˛ï˛ ≤ÃÜ˛yÓ˚ fl∫ÈÙÈx§D!ï˛ ˆòáy ÎyÎ˚⁄ ˆÎ §ühflÏ ˛õk˛!ï˛ˆÏï˛ fl∫ÈÙÈx§D!ï˛ ˆÓ˚yô

Ü˛Ó˚y ÎyÎ˚ ˆ§=!°Ó˚ öyü !°á%ö–

ii) !Ó!û˛ß¨ ≤ÃÜ˛yÓ˚ fl∫ÈÙÈx§D!ï˛Ó˚ ˜Ó!¢‹Tƒ !°á%ö–

iii) §y•z!Ó ˆÏí˛Ó˚ §ÇK˛y !òö–

iv) In-vitro !öˆÏ£ÏÜ˛ Ó°ˆÏï˛ Ü˛# ˆÓyé˛yÎ˚⁄ ˛õÓ˚#«˛yàyˆÏÓ˚ !ö!£Ï_´Ü˛Ó˚̂ ÏîÓ˚ í˛z˛õÎ%_´ !ã˛e§• Óî≈öy !òö–

21.7 í˛z_Ó˚üy°y˛ (Key to the Answers)

i) 21.1 xÇ¢ ˆòá%ö–

ii) 21.2.1 xÇˆÏ¢ xyˆÏ°y!ã˛ï˛–

iii) 21.2 xÇˆÏ¢Ó˚ ˆÌˆÏÜ˛ xyhsˇÉ≤Ãçy!ï˛ñ xhsˇÉ≤Ãçy!ï˛ ~ÓÇ !Ó!ÓôÓ˚*˛õ# x§D!ï˛Ó˚ ˜Ó!¢‹Tƒ !°á%ö–

iv) 21.3 xÇ¢ ˆòá%ö–

v) 21.3 xÇ¢ ˆòá%ö–
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NOTES
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