
3. çöö (Reproduction)

(a) xAàç çöö ı ˆÓ˚î%ôÓ˚ í˛z!qˆÏòÓ˚ xAàç çöö àÑ%!í ¸̨Ü˛yˆÏ[˛Ó˚ í˛z˛õÓ˚ í˛zq(ï˛ xfiÌy!öÜ˛ ü%Ü%˛° Óy Ó%°!ÓˆÏ°Ó˚
(bulbil) ~Ó̊ §y•y Ï̂Îƒ â Ï̂ê˛–

(b) ˆÎÔö çöö ı §y•zÜ˛y§ !û˛ß¨Óy§# (dioecious) Ü˛yÓ˚î ~ˆÏòÓ˚ ˛õ%Ççöö ~ÓÇ flf#çöö xAàà%!° !û˛ß¨ !û˛ß¨
í˛z!qòˆÏòˆÏ• í˛zÍ˛õß¨ •Î˚– ˛õ%‹õà%!° ~Ü˛!°Aà– ˛õ%Ç˛õ%‹õ ˛õ%ÇˆÏÓ˚î%˛õe (microsporophyll) ~ÓÇ flf#˛õ%‹õ
flf#ˆÏÓ˚î%˛õe myÓ˚y à!ë˛ï˛ •Î˚– ˛õ%ÇˆÏÓ˚î% ˛õeà%!° ~Ü˛ˆÏe à%FåÈyÜ˛yˆÏÓ˚ §!Iï˛ ÌyˆÏÜ˛ ~ÓÇ ¢AÜ%˛ Óy ˆÜ˛yî
(cone) ˜ï˛!Ó˚ Ü˛ˆÏÓ˚ ÎyˆÏÜ˛ ˛õ%ÇˆÏÓ˚î%˛õeüO!Ó˚ Ó°y •Î˚ (made cone or strobilus) flf#ˆÏÓ˚î% ˛õeà%!°
xy°àyû˛yˆÏÓ !ÓöƒhflÏ ÌyˆÏÜ˛ñ ˆÜ˛yî àë˛ö Ü˛ˆÏÓ˚ öy– ú˛ˆÏ° §y•zÜ˛yˆÏ§ ˆÜ˛yˆÏöy flf#˛õeüO!Ó˚ à!ë˛ï˛ •Î˚ öy–

(i) ˛õ%Ç Ï̂Ó̊î% ̨õeüOÓ̊# ÈÙÙÙÈ (Male cone or strobilus) : ̨õ%Ç Ï̂Ó̊î% ̨õeüOÓ̊# Ü˛y¤˛°ñ âö!ÓöƒhflÏñ ̂ Ó°öyÜ˛yÓ̊
Óy !í˛¡∫yÜ˛yÓ˚ñ ˜òˆÏâ≈ƒ ≤ÃyÎ˚ 40-50 cm ˛õÎ≈hsˇ •ˆÏÎ˚ ÌyˆÏÜ˛– ~!ê˛ Ü˛yˆÏ[˛Ó˚ x@ˇÃû˛yˆÏà çß√yÎ˚ !Ü˛v
˛õyŸª≈ü%Ü%˛ˆÏ°Ó˚ Ó,!ÂôÓ˚ ú˛ˆÏ° Ü˛yˆÏ[˛Ó˚ ˛õyŸª≈ˆÏòˆÏ¢ xÓfiÌyö Ü˛ˆÏÓ˚– ˛õ%ÇˆÏÓ˚î% ˛õeüOÓ˚#Ó˚ ~Ü˛!ê˛ Ü˛ˆÏÓ˚
ˆÜ˛w#Î˚ xAà Óï≈˛üyö ÎyÓ˚ í˛z˛õÓ˚ x§Çáƒ ˛õ%ÇˆÏÓ˚î%˛õe §!˛õ≈°yÜ˛yˆÏÓ˚ §!Iï˛ ÌyˆÏÜ˛– x@ˇÃü%áû˛yˆÏà
ˆÓ˚î%˛õe ã˛ƒy≤Wzyñ !Ü˛°yÜ˛yÓ ̊(wedge shaped) Ä Ü˛y¤˛°– ~Ó˚ §Ó˚% !û˛!_ xÇ¢!ê˛ Órôƒy ~ÓÇ í˛z˛õˆÏÓ˚Ó˚
ã˛ƒy˛õê˛y xÇ¢!ê˛ í˛zÓ≈Ó˚– ~•z í˛zÓ≈Ó˚ xÇˆÏ¢Ó˚ í˛z˛õˆÏÓ˚ xƒyˆÏ˛õyú˛y•z!§§ (apophysis) öyüÜ˛ !Óhfl,Ïï˛ Órôƒy
xÇ¢ Óï≈˛üyö– ˛õ%ÇˆÏÓ˚î% ˛õˆÏeÓ˚ !ö¡¨ ˛õ,ˆÏ¤˛ x§Çáƒ ~Ü˛ˆÏÜ˛y£Ï# ˛õ%ÇˆÏÓ˚î%fiÌ°# ò°ÓÂôû˛yˆÏÓ xÓfiÌyö
Ü˛ˆÏÓ˚ ˆ§yÓ˚y§ SsorusV àë˛ö Ü˛ˆÏÓ˚– ≤Ã!ï˛!ê˛ ˆ§yÓ˚yˆÏ§ 2-6 ˆÓ˚î%fiÌ°# Óï≈˛üyö ÌyˆÏÜ˛– ˛õ%Ç
ˆÓ˚î%fiÌ°#à%!°Ó˚ í˛zÍ˛õ!_ •zí˛zˆÏflõyÓ˚yö!çˆÏÎ˚ê˛ ≤ÃÜ,˛!ï˛Ó˚– ˛õ%Ç ˆÓ˚î%fiÌ°#à%!° ˆÓ˚yˆÏüÓ˚ §ˆÏAà !ü!◊ï˛
ÌyˆÏÜ˛– ˛õ%ÇˆÏÓ˚î%fiÌ°# ~Ü˛ê˛y á%Ó ˆåÈyR Ó,hsˇÎ%=˛ ˆÎ ˆÜ˛yˆÏöy ~Ü˛≤ÃyˆÏhsˇ ~Ü˛ ≤ÃˆÏÜ˛y¤˛ !Ó!¢T˛– !í˛¡∫yÜ˛yÓ˚ñ
Ó•%hflÏÓ˚Î%=˛ ~Ü˛ê˛y xyÓÓ˚î xyˆÏåÈ ~ÓÇ xyÓÓ˚ˆÏîÓ˚ ˆû˛ï˛ˆÏÓ˚Ó˚ hflÏÓ˚ ê˛ƒyˆÏ˛õê˛yü (tapetum) Óy ˆ˛õy£ÏÜ˛
hflÏÓ̊ àë˛ö Ü˛ Ï̂Ó̊– ~Ó̊ ü Ï̂ôƒ Ìy Ï̂Ü˛ ̂ Ó̊î%ôyÓ̊î Ü˛°y (sporogenous tissue) ̂ Ó̊î%ôyÓ̊î Ü˛°y ̨õÓ̊Óï˛#≈Ü˛y Ï̂°
˛õ%ÇˆÏÓ˚î%üyï,˛ˆÏÜ˛yˆÏ£Ï (microspore mother cell) ~ ̨õ!Ó˚îï˛ •Î˚ ~ÓÇ ≤Ã!ï˛!ê˛ üyï,˛ˆÏÜ˛y£Ï üyˆÏÎ˚y!§§
!Óû˛yçö myÓ˚y 4!ê˛ •ƒy≤’ˆÏÎ˚í˛ (n) ˛õ%ÇˆÏÓ˚î% (microspores) Óy ˛õÓ˚yàˆÏÓ˚î% §,!T˛ Ü˛ˆÏÓ˚– ≤Ã!ï˛!ê˛
˛õ%ÇˆÏÓ˚î%fiÌ°#ˆÏï˛ x§Çáƒ ˛õ%ÇˆÏÓ˚î% ÌyˆÏÜ˛– ˛õ!Ó˚îï˛ ˛õ%ÇˆÏÓ˚î%fiÌ°# ú˛yê˛° myÓ˚y !Óò#î≈ •Î˚ ~ÓÇ
˛õ%ÇˆÏÓ˚î%à%!° Óy•zˆÏÓ˚ !öà≈ï˛ •Î˚– S!ã˛e 12.2.5a-c)

!ã˛e ı 12.2.5a §y•zÜ˛yˆÏ§Ó˚ ˛õ%ÇˆÏÓ˚î% ˛õeüOÓ˚#
!ã˛e ı 12.2.5b §y•zÜ˛yˆÏ§Ó˚ flf# í˛z!qò

!ã˛e ı 12.2.5c ̂ §yÓ˚y§
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˛õ%ÇˆÏÓ˚î% ˛õe ˛õ%ÇˆÏÓ˚î%fiÌ°#

ˆ§yÓ˚y§



(ii) flf#ˆÏÓ˚î% ˛õeüOÓ˚# ÈÙÙÙÈ (Ovulate of female cone or strobilus) : (megasporophyll)

S!ã˛e 12. 2. 6a-b)

!ã˛e ı 12.2.6b §y•zÜ˛yˆÏ§Ó˚ !Ó!û˛ß¨ ≤Ãçy!ï˛Ó˚ ˆüàyˆÏflõyˆÏÓ˚y!ú˛°
(a) C. revoluta, (b) C. pectinata, (c) C circinalis, (d) C. rumphii, (e) C. beddomei

!ã˛e ı 12.2.6a

§y•zÜ˛yˆÏ§Ó˚ flf#ˆÏÓ˚î% ˛õe

§y•zÜ˛y Ï̂§ flf# Ï̂Ó̊î%̨ õeà%!° âö !ÓöƒhflÏ ̂ Ü˛y Ï̂öy≤ÃÜ˛yÓ̊ ̂ Ü˛yî (cone) àë˛ö Ü˛ Ï̂Ó̊ öy– Ü˛y Ï̂[˛Ó̊ x@ˇÃû˛y Ï̂à §!˛õ≈°yÜ˛y Ï̂Ó̊
flf#ˆÏÓ˚î%˛õeà%!° x@ˇÃü%áû˛yˆÏÓ §!Iï˛ ÌyˆÏÜ˛– ˜òâ≈ƒ ≤ÃyÎ˚ 15-20 cm ˛õÎ≈hsˇ •ˆÏÎ˚ ÌyˆÏÜ˛– ≤Ã!ï˛!ê˛ flf#ˆÏÓ˚î%˛õe ˛õyï˛yÓ˚
üˆÏï˛y ˆòáˆÏï˛ñ !˛õAà° ÓˆÏî≈Ó˚ñ ˆÓ˚yü myÓ˚y xyFåÈy!òï˛– x@ˇÃû˛yà ˛õ«˛°û˛yˆÏÓ áÑyçÜ˛yê˛y– ~•z Órôƒy xÇˆÏ¢Ó˚ xyÜ,˛!ï˛
!Ó!û˛ß¨ ≤Ãçy!ï˛ˆÏï˛ !Ó!û˛ß¨ Ó˚Ü˛ˆÏüÓ˚– ≤Ã!ï˛!ê˛ flf#ˆÏÓ˚î%˛õˆÏeÓ˚ ö#ˆÏã˛ Ó,ˆÏhsˇÓ˚ öƒyÎ˚ xÇˆÏ¢Ó˚ ò%˛õyˆÏ¢ 1–5 ˆçyí ¸̨y !í˛¡∫Ü˛ Óy
flf#ˆÏÓ˚î%fiÌ°# !ÓöƒhflÏ ÌyˆÏÜ˛– x˛õ!Ó˚îï˛ xÓfiÌyÎ˚ !í˛¡∫Ü˛ §Ó%ç ÓˆÏî≈Ó˚– ˛õ!Ó˚îï˛ xÓfiÌyÎ˚ °y°ÓˆÏî≈Ó˚ •Î˚ ~ÓÇ ˆÓ˚yü
myÓ˚y xyFåÈy!òï˛–

≤Ã!ï˛!ê˛ !í˛¡∫Ü˛ |ôù≈ü%á# (orthotropous) ˜òâ≈ƒ ≤ÃyÎ ̊6cm–
≤Ã!ï˛!ê˛ ˛õ!Ó˚îï˛ !í˛¡∫Ü˛ ~Ü˛ê˛y fiÌ)° !í˛¡∫Ü˛ cÜ˛ (integument) myÓ˚y
xyÓ,ï˛ ÌyˆÏÜ˛– ~Ó˚ ˆû˛ï˛ˆÏÓ˚ º)îˆÏ˛õy£ÏÜ˛ Ü˛°y (nucellus) Óï≈˛üyö–
º)î Į̈̂ õy£ÏÜ˛ Ü˛°y Óy nucellus !í˛¡∫Ü˛Ó̊ Ï̂rô Ó̊ xÇ¢ Óƒï˛#ï˛– !í˛¡∫Ü˛cÜ˛
!ï˛ö!ê˛ hflÏˆÏÓ˚ !Óû˛=˛ (a) Ó!•hflÏÓ˚ Ó˚§yˆÏ°yñ fiÌ)°ÈÙÙÙÈsarcotesta (b)

üôƒfiÌ Ü˛!ë˛ö ≤ÃhflÏÓ˚ÓÍ hflÏÓ˚ sclerotesta ~ÓÇ (b) üôƒfiÌ Ü˛!ë˛ö
≤ÃhflÏÓ˚ÓÍ hflÏÓ˚ sclerotesta ~ÓÇ (b) xhsˇfiÌ Ó˚§yˆÏ°y fiÌ)° hflÏÓ˚
endotesta– !í˛¡∫Ü˛cÜ˛ º)îˆÏ˛õy£ÏÜ˛ Ü˛°yˆÏÜ˛ ≤ÃyÎ˚ §¡õ)î≈ xyÓ,ï˛ Ü˛ˆÏÓ˚
ÌyˆÏÜ˛ñ ˆÜ˛Ó° üye í˛z˛õˆÏÓ˚Ó˚ ü%=˛ !í˛¡∫Ü˛Ó˚rô  åÈyí˛¸y– !í˛¡∫Ü˛Ó˚ˆÏrô Ó˚ üôƒ
ÓÓ˚yÓÓ˚ º)îˆÏ˛õy£ÏÜ˛ Ü˛°y í˛zò‰àï˛ •ˆÏÎ˚ ~Ü˛!ê˛ ã˛«%˛Ó˚ xyÜ˛yÓ˚ Óy ˛õy!áÓ˚
ˆëÑ˛yˆÏê˛Ó˚ üˆÏï˛y xyÜ,˛!ï˛ àë˛ö Ü˛ˆÏÓ˚ ÎyˆÏÜ˛ º)îˆÏ˛õy£ÏÜ˛ ã˛M$˛ (nucellar

beak) ÓˆÏ°– S!ã˛e 12.2.7V– !ã˛e ı 12.2.7 §y•zÜ˛yˆÏ§Ó˚ !í˛¡∫̂ ÏÜ˛Ó˚ °¡∫̂ ÏFåÈò
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!í˛¡∫yî%

(a)

(b)

(c)
(d) (e)

!í˛¡∫Ü˛ Ó˚rô  ˛õÓ˚yà ≤ÃˆÏÜ˛y¤˛

Ó!•ÉcÜ˛

üôƒcÜ˛

xhsˇÉcÜ˛

flf# Ï̂Ó̊î%

º)îˆÏ˛õy£ÏÜ˛ Ü˛°y

öy!°Ü˛y Óy![˛°



~•z ã˛M$˛Ó˚ ö#ˆÏã˛ ~Ü˛!ê˛ ≤ÃˆÏÜ˛y¤˛ í˛zÍ˛õß¨ •Î˚ ÎyˆÏÜ˛ ˛õÓ˚yà ≤ÃˆÏÜ˛y¤˛ (pollen chamber) ÓˆÏ°– ˛õÓ˚yàˆÏÎyˆÏàÓ˚
˛õ Ï̂Ó̊ ̨õÓ̊yà Ï̂Ó̊î% §!M˛ï˛ •Î̊– !öí ẑ̨ Ï§°y§ Óy º)î Į̈̂ õy£ÏÜ˛ Ü˛°yÓ̊ ü Ï̂ôƒ flf# Ï̂Ó̊î% üyï,̨ Ï̂Ü˛y£Ï (megaspore mother cell)

üyˆÏÎ˚y!§§ !Óû˛yçˆÏöÓ˚ ú˛ˆÏ° ã˛yÓ˚!ê˛ •ƒy≤’ˆÏÎ˚í˛ flf#ˆÏÓ˚î% (megaspore) í˛zÍ˛õß¨ Ü˛ˆÏÓ˚– ~•z ã˛yÓ˚!ê˛ flf#ˆÏÓ˚î%Ó˚ üˆÏôƒ ̂ Ü˛Ó°
üye ~Ü˛ê˛y flf#ˆÏÓ˚î% §!Ü ˛Î˚ ÌyˆÏÜ˛ñ xöƒ !ï˛ö!ê˛ öT˛ •ˆÏÎ˚ ÎyÎ˚–

12.2.3 !°AàôÓ˚ í˛z!qˆÏòÓ˚ àë˛ö

A. ˛õ%Ç!°AàôÓ˚ í˛z!qò ı (Male gametophyte) ̨õ%ÇˆÏÓ˚î%•z ̨ õ%Ç!°AàôÓ˚ í˛z!qˆÏòÓ˚ ≤ÃÌü ̂ Ü˛y£Ï– ̨õ%ÇˆÏÓ˚î% ̂ ày°yÜ˛yÓ˚
~ÓÇ ò%ˆÏê˛y Ü˛ˆÏÓ˚ xyÓÓ˚î Óï≈˛üyö– Óy!•ˆÏÓ˚Ó˚ xyÓÓ˚î ~:y•zö (exine) ~ÓÇ !û˛ï˛ˆÏÓ˚Ó˚ xyÓÓ˚î •zrê˛y•zö (intine)–
˛õ%ÇˆÏÓ˚î%fiÌ°#Ó˚ üˆÏôƒ•z ˛õ%ÇˆÏÓ˚î% xAÜ%˛!Ó˚ï˛ •Î˚– ˛õ%ÇˆÏÓ˚î%Ó˚ !öÄ!Üœ˛Î˚y§!ê˛ !Óû˛=˛ •ˆÏÎ˚ ≤ÃÌˆÏü ~Ü˛!ê˛ ˆåÈyˆÏê˛y ˆ≤ÃyÌƒy°#Î˚
ˆÜ˛y£Ï (prothallial cell) ~ÓÇ ÓˆÏí˛¸y ˛õ%Çôyö# Óy xƒyö‰ˆÏÌ!Ó˚!í˛Î˚y° ˆÜ˛y£Ï (Antheridial cell) àë˛ö Ü˛ˆÏÓ˚–
xƒyö‰ˆÏÌ!Ó˚!í˛Î˚y° ˆ¢£Ï!ê˛ ˛õ%öÓ˚yÎ˚ !Óû˛y!çï˛ •ˆÏÎ˚ ˆ≤ÃyÌƒy°#Î˚ ˆÜ˛y£Ï §Ç°@¿ ~Ü˛!ê˛ ˆåÈyˆÏê˛y çöö ˆÜ˛y£Ï (generative

cell) ~ÓÇ ~Ü˛!ê˛ ÓˆÏí˛¸y öy!° ˆÜ˛y£Ï (tube cell) í˛zÍ˛õß¨ Ü˛ˆÏÓ˚– ~•z !ï˛ö!ê˛ ˆÜ˛y£Ï!Ó!¢T˛ xÓfiÌyÎ˚ ˛õ%ÇˆÏÓ˚î%Ó˚
˛õÓ˚yàˆÏÎyà âˆÏê˛ ~ÓÇ ˛õ%ÇˆÏÓ˚î% ˛õ%ÇˆÏÓ˚î%fiÌ°# ˆÌˆÏÜ˛ !öà≈ï˛ •Î˚ ~ÓÇ ÓyÎ˚%ï˛y!í˛¸ï˛ •ˆÏÎ˚ !í˛¡∫ˆÏÜ˛Ó˚ !í˛¡∫Ü˛Ó˚ˆÏrô 
fiÌyöyhsˇ!Ó˚ï˛ •Î˚– ~áyˆÏö ˛õ%ÇˆÏÓ˚î%à%!° !í˛¡∫Ü˛Ó˚rô  ˆÌˆÏÜ˛ !öÉ§,ï˛ !üí˛z!§ˆÏ°ˆÏç xyê˛ˆÏÜ˛ ÌyˆÏÜ˛– Ü ˛ˆÏü ~•z !üí˛z!§ˆÏ°ç
¢%!Ü˛ˆÏÎ˚ ˆàˆÏ° ˆÓ˚î%à%!° ˛õÓ˚yà Ü˛ˆÏ«˛ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– ~áyˆÏö öy!° ˆÜ˛yˆÏ£ÏÓ˚ ˜òâ≈ƒ Ó,!Âô âˆÏê˛ Ä ~Ü˛!ê˛ ò#â≈ ¢yáy Î%=˛
˛õÓ˚yà öy!°Ü˛y ˜ï˛!Ó˚ •Î˚ ~ÓÇ ˛õÓ˚yà öy!°Ü˛y!ê˛ º)îˆÏÜ˛yˆÏ£Ï ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– x˛õÓ˚ !òˆÏÜ˛ çöö ˆÜ˛y£Ï!ê˛ !Óû˛=˛ •ˆÏÎ˚
~Ü˛!ê˛ Ó,hsˇ ˆÜ˛y£Ï (stalk cell) Ä ~Ü˛!ê˛ ˆò• ˆÜ˛y£Ï (body cell) ˜ï˛!Ó˚ Ü˛ˆÏÓ˚– Ó,hsˇ ˆÜ˛y£Ï!ê˛ !ö!‹;Î˚ñ ˆò• ˆÜ˛y£Ï!ê˛
!Óû˛=˛ •ˆÏÎ˚ ò%!ê˛ Ó,•Í Ó•% úœ˛ƒyˆÏç°y Î%=˛ ¢%Ü ˛yî% àë˛ö Ü˛ˆÏÓ˚– S§y•zÜ˛yˆÏ§ §Ó≈yˆÏ˛õ«˛y Ó,•òyÜ˛yÓ˚ §ã˛° ¢%Ü ˛yî%Ó˚
í˛zòy•Ó˚îV– §y•zÜ˛y§ !Ó˚̂ Ïû˛y!°í˛zê˛yÎ˚ ~Ó˚ 180-210 µm S!ã˛e 12.2.8a-c) ˛õÎ≈hsˇ üy•zˆÏÜ ˛y ˆü§yÓ˚ˆÏürê˛ (micro

measurement) Ü˛Ó˚y •ˆÏÎ˚̂ ÏåÈ– S!ã˛e 12.2.10a-dV

!ã˛e ı 12.2.10a – d §y•zÜ˛yˆÏ§Ó˚ ̨õÓ˚yàˆÏÎyˆÏàÓ˚ ̨õˆÏÓ˚Ó˚ ò¢y
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!ã˛e ı 12.2.8a – c §y•zÜ˛yˆÏ§Ó˚ ˛õ%Ç!°Aà ôˆÏÓ˚Ó˚ !Ó!û˛ß¨ ò¢y

~:y•zö

•zrê˛y•zö ˆ≤ÃyÌƒy°#Ó˚ ˆÜ˛y£Ï

!ê˛í˛zÓ ˆÜ˛y£Ï

ˆçöyˆÏÓ˚!ê˛û˛ ˆÜ˛y£Ï(a) (b) (c)

˛õÓ˚yà ≤ÃˆÏÜ˛y¤˛ ÓÂô !í˛¡∫Ü˛Ó˚rô 

ˆò•ˆÏÜ˛y£Ï

Ó,hsˇ Ï̂Ü˛y£Ï

ˆ≤ÃyÌƒy°#Ó˚ ˆÜ˛y£Ï

ˆ≤ÃyÌƒy°#Ó˚ ˆÜ˛y£Ï

¢%Ü ̨ yî%

Ó,hsˇ Ï̂Ü˛y£Ï

˛õÓ˚yàöy°#

¢%Ü ̨ yî%

(a)

(b)

(c)
(d)



..B. flf#!°AàôÓ˚ í˛z!qò ı (Female gametophyte) flf#ˆÏÓ˚î%•z flf#!°AàôÓ˚ í˛z!qˆÏòÓ˚ ≤ÃÌü ˆÜ˛y£Ï ~ÓÇ ï˛y
üˆÏöyˆÏflõy!Ó˚Ü˛ (monosporic)– flf#ˆÏÓ˚î%ˆÏÜ˛y£Ï!ê˛ ÓˆÏí˛¸y ~ÓÇ xyÓÓ˚î myÓ˚y xyÓ,ï˛ ÌyˆÏÜ˛– !öí˛z!Üœ˛Î˚y§ xÓyô
!öí˛zÜœ˛#Î˚  (free nuclear) !Óû˛yçö myÓ˚y Ó•% §ÇáƒÜ˛ !öí˛z!Üœ˛Î˚y§ §,!T˛ Ü˛ˆÏÓ˚– Ü ˛ˆÏü ˆÜ˛yˆÏ£ÏÓ˚ ˆÜ˛ˆÏw û˛ƒyÜ%˛° ˆòáy
ÎyÎ˚ Ä !öí˛z!Üœ˛Î˚y§à%!° ˛õ!Ó˚!ôÓ˚ !òˆÏÜ˛ !ÓöƒhflÏ ÌyˆÏÜ˛– ˛õÓ˚Óï˛#≈Ü˛yˆÏ° ˛õ!Ó˚!ôÓ˚ !òÜ˛ ˆÌˆÏÜ˛ ˆÜ˛y£Ï ≤Ãyã˛#Ó˚ à!ë˛ï˛ •Î˚
~ÓÇ ô#ˆÏÓ˚ ô#ˆÏÓ˚ ï˛y ˆÜ˛ˆÏwÓ˚ !òˆÏÜ˛ x@ˇÃ§Ó˚ •Î˚ ~ÓÇ ˆ¢£Ï ˛õÎ≈hsˇ flf#ˆÏÓ˚î%Ó˚ !û˛ï˛ˆÏÓ˚ ˆÜ˛y£Ï#Î˚ Ü˛°yÎ˚ ˛õ)î≈ •ˆÏÎ˚ ÎyÎ˚–
!öˆÏ£ÏˆÏÜ˛Ó˚ ˛õ)ˆÏÓ≈ à!ë˛ï˛ flf#!°AàôˆÏÓ˚Ó˚ ~•z Ü˛°yˆÏÜ˛ §§ƒ Ü˛°y (endospern) Ó°y •Î˚– ~ÓÇ ï˛y •ƒy≤’ˆÏÎ˚í˛ (n)

≤ÃÜ,˛!ï˛Ó˚– ~•z §§ƒÜ˛°yÎ˚ ò%Ó˚Ü˛ˆÏüÓ˚ ˆÜ˛y£Ï ˆòáy ÎyÎ˚– !í˛¡∫Ü˛Ó˚̂ Ïrô Ó˚ !òˆÏÜ˛ ˆÜ˛y£Ïà%!° ˆåÈyˆÏê˛y ÌyˆÏÜ˛ ~ÓÇ ~áyˆÏö•z
2-4 flf#ôyö# í˛zÍ˛õß¨ •Î˚– ö#ˆÏã˛Ó˚ !òˆÏÜ˛ ˆÜ˛y£Ïà%!° ÓˆÏí˛¸y ~ÓÇ ï˛yˆÏï˛ ≤Ãã%˛Ó˚ fiê˛yã≈˛òyöy ÌyˆÏÜ˛–

!í˛¡∫Ü˛Ó˚̂ Ïrô Ó˚ !òˆÏÜ˛ xÓ!fiÌï˛ §§ƒÜ˛°yÓ˚ Ü˛ˆÏÎ˚Ü˛!ê˛ ˆÜ˛y£Ï ≤Ãy!Ω˛Ü˛ flf#ôyö# ˆÜ˛y£Ï (archegonial initial) ~
x!û˛!•ï˛ •Î˚– ≤ÃÌˆÏü ~•z ˆÜ˛y£Ï!ê˛ xî%≤ÃˆÏfiÌ !Óû˛y!çï˛ •ˆÏÎ˚ ~Ü˛!ê˛ ≤ÃyÓ˚!Ω˛Ü˛ @ˇÃ#Óy ˆÜ˛y£ Ï (neck initial) ~ÓÇ
~Ü˛!ê˛ ˆÜ˛w#Î˚ ˆÜ˛y£Ï (central cell) àë˛ö Ü˛ˆÏÓ˚– Neck initial ˆÌˆÏÜ˛ ò%!ê˛ @ˇÃ#Óy ˆÜ˛y£Ï (neck cell) ~ÓÇ ˆÜ˛w#Î˚
ˆÜ˛y£Ï!ê˛ !Óû˛y!çï˛ • Ï̂Î̊ ~Ü˛!ê˛ ̂ Ü˛w#Î̊ xAÜ˛#Î̊ !öí z̨!Üœ̨ Î̊y§ (ventral canal nucleus) ~ÓÇ !í˛¡∫yî% !öí z̨!Üœ̨ Î̊y§ (egg

nucleus) àë˛ö Ü˛ˆÏÓ˚– ~ˆÏòÓ˚ üˆÏôƒ ̂ Ü˛yˆÏöy ̂ Ü˛y£Ï ≤Ãyã˛#Ó˚ ÌyˆÏÜ˛ öy– ̨ õ!Ó˚îï˛ flf#ôyö# ò%•z!ê˛ @ˇÃ#Óy ̂ Ü˛y£Ïñ ~Ü˛!ê˛ xAÜ˛#Î˚
öy!° !öí˛z!Üœ˛Î˚y§ ~ÓÇ ~Ü˛!ê˛ !í˛¡∫yî% !öí˛z!Üœ˛Î˚y§ myÓ˚y à!ë˛ï˛– Cycas ~Ó˚ flf#ôyö#ˆÏï˛ @ˇÃ#Óy öy!° ˆÜ˛y£Ï xö˛%˛õ!fiÌï˛–
!öˆÏ£ÏˆÏÜ˛Ó˚ xyˆÏà xAÜ˛#Î˚ öy!° !öí˛z!Üœ˛Î˚y§ öT˛ •ˆÏÎ˚ ÎyÎ˚– §yôyÓ˚îï˛ñ flf#ôyö#à%!° flf#ôyö# ≤ÃˆÏÜ˛yˆÏ¤˛ (archegonial

chamber) xÓfiÌyö Ü˛ˆÏÓ˚– S!ã˛e 12.2.9a-gV

!öˆÏ£ÏÜ˛ (Fertilization) : ˛õÓ˚yàˆÏÓ˚î%à%!° ÓyÎ˚% ≤ÃÓyˆÏ• !í˛¡∫ˆÏÜ˛Ó˚ !í˛¡∫Ü˛ Ó˚ˆÏrô  ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– ˛õÓ˚yàöy!°Ü˛y
º)îˆÏ˛õy£ÏÜ˛ Ü˛°y !ÓöT˛ Ü˛ˆÏÓ˚ flf#!°AàôˆÏÓ˚Ó˚ flf#ôyö#Ó˚ !òˆÏÜ˛ x@ˇÃ§Ó˚ Ü˛ˆÏÓ˚ ~ÓÇ x@ˇÃû˛yˆÏà öT˛ •ˆÏÎ˚ ÎyÎ˚– ÎyÓ˚ ú˛ˆÏ°

!ã˛e ı 12.2.9a-g §y•zÜ˛y Ï̂§Ó̊ flf#!°Aàô Ï̂Ó̊Ó̊ !Ó!û˛ß̈ ò¢y

280

§!Ü ˛Î˚ flf#ˆÏÓ˚î% flf#!°AàôÓ˚
≤ÃyÓ˚!Ω˛Ü˛ flf#ôyö#

flf#ôyö#

§§ƒ

º)îˆÏ˛õy£ÏÜ˛ Ü˛°y

(a) (b) (c) (d)

(e) (f) (g)
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§!Ü ˛Î˚ §ã˛° ¢%Ü ˛yî%à!° flf#ôyö#Ó˚ @ˇÃ#Óy ˛õˆÏÌ x@ˇÃ§Ó˚ •ˆÏï˛ ÌyˆÏÜ˛ ~ÓÇ ~Ü˛!ê˛ ¢%Ü ˛yî% ~Ü˛!ê˛ !í˛¡∫yî%ˆÏÜ˛ !ö!£Ï=˛ Ü˛ˆÏÓ˚–
!öˆÏ£ÏˆÏÜ˛Ó˚ ú˛ˆÏ° !í˛≤’ˆÏÎ˚í˛ º)îyî% (zygote) xÌÓy í˛zˆÏflõyÓ˚ (oospore) ~Ó˚ í˛zÍ˛õ!_ •Î˚–

12.2.4 ˆÓ˚î%ôÓ˚ àë˛ö ı (Development of new sporophyte) ~•z ≤Ã!Ü ˛Î˚y!ê˛ ˛õÎ≈yÎ˚Ü ˛ˆÏü âˆÏê˛ ÌyˆÏÜ˛ ı

1. !öˆÏ£ÏˆÏÜ˛Ó˚ ˛õˆÏÓ˚ º)îyî%!ê˛ Ü ˛ü¢ ÓˆÏí˛¸y •ˆÏï˛ ÌyˆÏÜ˛ ~ÓÇ !öí˛z!Üœ˛Î˚y§!ê˛ xÓyô !öí˛z!Üœ˛Î˚ !Óû˛yçˆÏöÓ˚ ú˛ˆÏ°
x§Çáƒ !öí˛z!Üœ˛Î˚y§ í˛zÍ˛õß¨ Ü˛ˆÏÓ˚ñ Îy §y•zˆÏê˛y≤’yçˆÏüÓ˚ üˆÏôƒ !Ó!«˛Æû˛yˆÏÓ !ÓöƒhflÏ ÌyˆÏÜ˛ ~ÓÇ ˆÜ˛ˆÏw ~Ü˛ê˛y
Ó,•Í à•ùˆÏÓ˚Ó˚ §,!T˛ •Î˚– ÎyÓ˚ ú˛ˆÏ° !öí˛z!Üœ˛Î˚y§à%!° ˛õ!Ó˚!ôÓ˚ !òˆÏÜ˛ §ˆÏÓ˚ ÎyÎ˚– !í˛¡∫Ü˛Ó˚ˆÏrô Ó˚ xˆÏ˛õ«˛y
!í˛¡∫Ü˛ü)ˆÏ°Ó˚ !òˆÏÜ˛ !öí˛z!Üœ˛Î˚yˆÏ§Ó˚ §Çáƒy x!ôÜ˛–

2. !í˛¡∫Ü˛ ü)ˆÏ°Ó˚ !òˆÏÜ˛Ó˚ ˆÜ˛y£Ï#Î˚ xÇ¢ ˆÌˆÏÜ˛ º)î à!ë˛ï˛ •Î˚ ÓˆÏ° ~ˆÏÜ˛ xy!òÈÙÈº)î (proembryo) Ó°y •Î˚–

3. º)îü)ˆÏ°Ó˚ ≤ÃyhsˇˆÏò¢ ˆÌˆÏÜ˛ ˆÜ˛y£Ï ≤Ãyã˛#Ó˚ à!ë˛ï˛ •ˆÏï˛ ¢%Ó˚% Ü˛ˆÏÓ˚ ~ÓÇ Ü ˛ü¢ í˛z˛õˆÏÓ˚Ó˚ !òˆÏÜ˛ x@ˇÃ§Ó˚ •Î˚– xy!ò
º)ˆÏîÓ˚ !û˛!_ˆÏòˆÏ¢Ó˚ ˆÜ˛y£Ïà%!° xyÜ˛yˆÏ¢ «%˛o §ÇáƒyÎ˚ x!ôÜ˛ ~ÓÇ âö §y•zˆÏê˛y≤’yçü!Ó!¢T˛– !û˛!_ˆÏòÓ˚ ~•z
xÇ¢ ˆÌˆÏÜ˛•z º)ˆÏîÓ˚ í˛zÍ˛õ!_ âˆÏê˛–

4. º)îàë˛öÜ˛yÓ˚# í˛z˛õˆÏÓ˚Ó˚ ˆÜ˛y£Ïà%!° á%Ó o%ï˛ °¡∫y •ˆÏÎ˚ º)îôÓ˚ (suspensor) öyüÜ˛ °¡∫y Ä Ü%˛[˛!°ï˛ xÇ¢ §,!T˛
Ü˛ Ï̂Ó̊–

5. º)îôˆÏÓ˚Ó˚ x@ˇÃû˛yˆÏà ò%•z!ê˛ §%flõT˛ Ó#ç˛õe§• (cotyledens) º)ˆÏîÓ˚ §,!T˛ •Î˚–

6. º)î!ê˛ º)îyî% xyÓÓ˚î ˆû˛ò Ü˛ˆÏÓ˚ §§ƒÜ˛°yÓ˚ üˆÏôƒ ˆÌˆÏÜ˛ ˛õ%!T˛ §Ç@ˇÃ• Ü˛ˆÏÓ˚–

7. º)î!ê˛ !í˛¡∫̂ ÏÜ˛Ó˚ üˆÏôƒ ô#ˆÏÓ˚ ô#ˆÏÓ˚ Ó,!Âô •ˆÏï˛ ÌyˆÏÜ˛ ~ÓÇ º)î§• !í˛¡∫Ü˛!ê˛ Ü ˛ü¢ Ó#ˆÏç ˛õ!Ó˚îï˛ •Î˚–

§y•zÜ˛yˆÏ§Ó˚ ˛õ!Ó˚îï˛ Ó#ç Ó˚§yˆÏ°yñ °y° Óy Ü˛ü°y !˛õAà° ÓˆÏî≈Ó˚ Ä §%!üT˛ àrôÎ%=˛ñ ˛õy!áˆÏòÓ˚ xyÜ,˛T˛ Ü˛ˆÏÓ˚
~ÓÇ Ó#ˆÏçÓ˚ !ÓhflÏyÓ˚ ˛õy!áÓ˚ §y•yˆÏÎƒ âˆÏê˛– Ó#ç üy!ê˛ˆÏï˛ ˛õˆÏí˛¸ ~ÓÇ §Ó˚y§!Ó˚ ü,òÓï˛#≈ ≤Ã!Ü ˛Î˚y xAÜ%˛!Ó˚ï˛ •ˆÏÎ˚ öï%˛ö
ˆÓ˚î%ôÓ˚ í˛z!qò §,!T˛ Ü˛ˆÏÓ˚– S!ã˛e 12.2.11a-dV

!ã˛e ı 12.2.11a-d §y•zÜ˛yˆÏ§Ó˚ öï%˛ö ˆÓ˚î%ôÓ˚ Ä ˛õ!Ó˚îï˛ Ó#ç

û˛ƒyÜ%˛Ä°

º)î xÇ¢

xy!ò º)î

º)îôÓ̊

º)î

˛õ!Ó˚îï˛ º)î

§y•zÜ˛y§ Ó#ˆÏçÓ˚ °¡∫ˆÏFåÈò

(a) (b)

(c)

(d)
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12.2.5 çö%Ü ˛ü (Life cycle) :

§y•zÜ˛yˆÏ§Ó˚ ç#ÓöÈÙÈã˛ˆÏÜ ˛ fl∫ï˛sf !í˛≤’ˆÏÎ˚í˛ (2n) ˆÓ˚î%ôÓ˚ Ä •ƒy≤’ˆÏÎ˚í˛ (n) !°AàôÓ˚ çö%Ó˚ çö%Ü ˛ü ˆòáy ÎyÎ˚–
S!ã˛e 12.2.12V

§y•zÜ˛y§ ˛õ%ÇÈÙÈ§y•zÜ˛y§ í˛z!qò ˛õ%ÇˆÏÓ˚î% ˛õeüOÓ˚# ˛õ%ÇˆÏÓ˚î%˛õe ˛õ%ÇˆÏÓ˚î%fiÌ°#
í z̨!qò (2n) (2n) (2n) (2n)

(2n) flf#ÈÙÈ§y•zÜ˛y§ í˛z!qò flf#ˆÏÓ˚î%˛õe flf#ˆÏÓ˚î%fiÌ°# Óy
(2n) (2n) !í˛¡∫Ü˛ (2n)

º)î (2n) flf#ˆÏÓ˚î% üyï,˛ˆÏÜ˛y£Ï ˛õ%ÇˆÏÓ˚î% üyï,˛ˆÏÜ˛y£Ï
(2n) (2n)

üyˆÏÎ˚y!§§

çy•zˆÏàyê˛ (2n) flf#ˆÏÓ˚î% (n) ˛õ%ÇˆÏÓ˚î% (n)

!í˛¡∫yî% (n) flf#ôyö# (n) flf#!°AàôÓ˚ (n)

!ö Ï̂£ÏÜ˛
¢%Ü ˛yî% (n) ˛õ%Ç!°AàôÓ˚ (n)

!ã˛e ı 12.2.12 §y•zÜ˛yˆÏ§Ó˚ ç#Óö ã˛Ü ˛

12.2.6.  §y•zÜ˛yˆÏ§Ó˚ ú˛yî≈ ˜Ó!¢T˛ƒ ı §y•zÜ˛yˆÏ§Ó˚ ç#Óö ã˛ˆÏÜ ˛ !ö¡¨!°!áï˛ ú˛yî≈ ˜Ó!¢T˛ƒ ˆòáy ÎyÎ˚ ı

1. Ü˛yˆÏ[˛ ˛õeü)ˆÏ°Ó˚ xyFåÈyòö–

2. ˛õyï˛y ˛õ«˛° ˆÎÔàñ ü%Ü%˛° ˛õe!Óöƒy§ Ü%˛[˛!°ï˛ flf#ˆÏÓ˚î%˛õe–

3. flf#ˆÏÓ˚î% ˛õˆÏe Ó˚ƒyˆÏürê˛y–

4. Ü˛yˆÏ[˛Ó˚ xhsˇà≈ë˛ö ÓˆÏí˛¸y üIy Ä Ü˛ˆÏê≈˛:–

5. ˛õyï˛y Ä ˛õeú˛°ˆÏÜ˛Ó˚ üôƒ!¢Ó˚yÎ˚ ˆü§yÜ≈˛ û˛ƒy§Ü%˛°yÓ˚ Óy!u˛°–

6. §y•zÜ˛y§ x§üˆÏÓ˚î% ≤Ã§)– Ü˛ï˛Ü˛à%!° ú˛yˆÏî≈ ~•z ˜Ó!¢T˛ƒ Óï≈˛üyö–

7. ˆÜ˛yˆÏöy ˆÜ˛yˆÏöy ≤Ãçy!ï˛ (C. revoluta) flf#ˆÏÓ˚î% ˛õˆÏeÓ˚ xyÜ,˛!ï˛ xˆÏöÜ˛ê˛y ˛õ«˛° ˛õyï˛yÓ˚ üˆÏï˛y–

8. ˛˛õ%ÇˆÏÓ˚î%fiÌ°# ˆ§yÓ˚y§ àë˛ö Ü˛ˆÏÓ˚–

9. ¢%Ü ˛yî% x§Çáƒ úœ̨ ƒyˆÏç°yÎ%=˛–

10. flf#!°AàôÓ˚ í˛z!qˆÏò flf#ôyö# Óï≈˛üyö–

← ←

←
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12.2.7.  §y•zÜ˛y§ ˛õyï˛yÓ˚ çyAà° x!û˛ˆÏÎyçö

1. ˛õyï˛yÓ˚ ˛õeÜ˛à%!° ¢=˛ñ Ü˛Ü≈˛¢ñ ã˛ü≈Óï˛–

2. ˛õeÜ˛ cˆÏÜ˛ SÓ!•ÉV ¢=˛ ˆüyê˛y !Ü˛í˛z!ê˛Ü˛ˆÏ°Ó˚ xyÓÓ˚î–

3. |ôù≈ Ä !ö¡¨cˆÏÜ˛Ó˚ xû˛ƒhsˇˆÏÓ˚ ˆüyê˛y x!ôhflÏˆÏÜ˛Ó˚ í˛z˛õ!fiÌ!ï˛–

4. !öü!Iï˛ ˛õeÓ˚rô  !ö¡¨ cˆÏÜ˛ Óï≈˛üyö–

5. ¢yáy!Ó•#ö üôƒ!¢Ó˚y–

6. ≤ÃyÌ!üÜ˛ Ä ˆàÔî ê˛∆y™!ú˛í˛z¢ö Ü˛°yÓ˚ í˛z˛õ!fiÌ!ï˛–

7. !üí˛z!§ˆÏ°ç˛õ)î≈ öy!°Ü˛y–

12.2.8. §y•zÜ˛yˆÏ§Ó˚ xÌ≈˜Ïö!ï˛Ü˛ à%Ó˚%c ı

1. üyò%Ó˚ ≤Ã›ˆÏï˛ §y•zÜ˛yˆÏ§Ó˚ ˛õyï˛y ÓƒÓ•,ï˛ •Î˚– 2. §y•zÜ˛yˆÏ§Ó˚ Ü˛!ã˛ !Óê˛˛õ Ä Ó#ç §Ó!ççyï˛ áyòƒÓ˚)ˆÏ˛õ ÓƒÓ•yÓ˚
Ü˛ˆÏÓ˚– 3. çy˛õyˆÏöÓ˚ ˆ°yˆÏÜ˛Ó˚y §y•zÜ˛yˆÏ§Ó˚ à%Ñ!í ¸̨ Ü˛y[˛ Ä Ó#ç ˆÌˆÏÜ˛ ÚÚ§ƒyˆÏàyÛÛ öyˆÏü ~Ü˛≤ÃÜ˛yÓ˚ ˆŸªï˛§yÓ˚ ≤Ã›ï˛
Ü˛ˆÏÓ˚– 4. üy°yÓyˆÏÓ˚ §y•zÜ˛yˆÏ§Ó˚ Ó#ç ˆÌˆÏÜ˛ üÎ˚òy ˜ï˛!Ó˚ Ü˛Ó˚y •Î˚ Îy ‘‘indum podi’’ öyˆÏü ˛õ!Ó˚!ã˛ï˛ ~ÓÇ ˆÜ˛Ü˛
Ä áyòƒÓ› ≤Ã›ï˛ Ü˛Ó˚y •Î˚– 5. §y•zÜ˛yˆÏ§Ó˚ öyöy ≤Ãçy!ï˛ ÓyàyˆÏö ˆ¢yû˛y ˆòÎ˚– 6. §y•zÜ˛y§ ˆ˛õÜ‰˛!ê˛öyê˛y Ü˛yˆÏ[˛Ó˚
˛õyí˛zí˛yˆÏÓ˚Ó˚ üˆÏï˛y à%ÑˆÏí˛¸y xy§yü xM˛ˆÏ° ¢ƒy¡õ% !•ˆÏ§ˆÏÓ ÓƒÓ•,ï˛ •Î˚ Îy ã%˛ˆÏ°Ó˚ ˆàyí˛¸yÓ˚ ˆÓ˚yà ü%=˛ Ü˛ˆÏÓ˚–
7. §y•zÜ˛y§ !Ó˚ˆÏû˛y!°í˛zê˛yÓ˚ Ü˛!ã˛ ˛õyï˛yÓ˚ Ó˚§ Ó˚=˛ Ó!ü (blood vomit) ˆÓ˚yô Ü˛ˆÏÓ˚– 8. §y•zÜ˛y§ Ó˚yüú˛#Ó˚ ˛õÓ˚yà
(pollen grains) üyòÜ˛ oÓƒ (narcotic) !• Ï̂§ Ï̂Ó ü Ï̂ö Ü˛Ó̊y •Î̊–

12.3 ˛õy•zöy§ÈÙÈ~Ó˚ ç#Óöã˛Ü ˛ ı Ü˛!öˆÏú˛ˆÏÓ˚!°§ (Coniferales)

Óƒ=˛Ó#ç# í˛z!qˆÏòÓ˚ üˆÏôƒ Ü˛!öˆÏú˛ˆÏÓ˚!°§ Óà≈û%˛=˛ í˛z!qòÓ˚y §Ó≈y!ôÜ˛ à%Ó˚%c˛õ)î≈ fiÌyö x!ôÜ˛yÓ˚ Ü˛ˆÏÓ˚ xyˆÏåÈ– ~•z ÓˆÏà≈Ó˚
xhsˇà≈ï˛ xÓ°%Æ ~ÓÇ ç#!Óï˛ í˛z!qò Óï≈˛üyö– Ü˛yÓ≈!öˆÏú˛Ó˚y§ (Carboniferous) Ä ˛õy!ü≈Î˚yö (Permian) Î%̂ Ïà
í˛zqÓ •ˆÏÎ˚ ç%ƒÓ˚y!§Ü˛ Î%ˆÏà !Óhfl,Ï!ï˛Ó˚ §Ó≈yˆÏ˛õ«˛y x!ôÜ˛ â!ê˛ˆÏÎ˚!åÈ° ~ÓÇ Óï≈˛üyö Î%ˆÏà §%!Ó¢y° !ã˛Ó˚•!Ó˚Í xÓ˚îƒ §,!T˛
Ü˛ˆÏÓ˚– ≤Ãôyöï˛ öy!ï˛¢#ˆÏï˛y£÷ xM˛ˆÏ° ~ˆÏòÓ˚ Óƒy˛õÜ˛ !Óhfl,Ï!ï˛– û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ !•üy°Î˚ Ä !öÜ˛ê˛Óï˛#≈ xM˛ˆÏ° ~Ó˚y
ÓöyÈM˛° §,!T˛ Ü˛ˆÏÓ˚–

Óï≈˛üyˆÏö ~•z ÓˆÏà≈ 7!ê˛ ˆàye xyˆÏåÈÈÙÙÙÈï˛yÓ˚ üˆÏôƒ ˛õy•zˆÏö!§ (Pinaceae) ~Ü˛ê˛y ˆàye– ~•z ˆàyˆÏe 10!ê˛
àîñ ~•z àîà%!° ÎÌyÜ ̨ Ï̂ü xƒy!Ó§ (Abies), Ü˛ƒyÌyÎ˚y (Cathaya), ̂ §í»̨ y§ (Cedrus), ̂ Ü˛ˆÏê˛!°!Ó˚Î˚y (Keteleeria),

°ƒy!Ó˚: (Larix), ˛õy•z!§Î˚y (Picea), ˛õy•zöy§ (Pinus), !§í˛zˆÏí˛y°ƒy!Ó˚: (Pseudolarix), !§í˛zˆÏí˛y§%ày
(Pseudotsuga) ~ÓÇ §%ày (Tsuga) Óï≈˛üyöÈÙÙÙÈÎyÓ˚ üˆÏôƒ ˛õy•zöy§ (Pinus) àî !öˆÏÎ˚ xyüÓ˚y xyˆÏ°yã˛öy Ü˛Ó˚Ó–

í˛z!qòçàˆÏï˛ fiÌyö (Systematic Position)

àî ı ˛õy•zöy§ ≤Ãçy!ï˛ (Pinus sp.)

ˆàye (family) ı ˛õy•ẑ Ïö!§ (Pinaceae)

Óà≈ (order) ı Ü˛!ö Ï̂ú˛ Ï̂Ó̊!°§ (Coniferales)

ˆ◊!î (class) ı Ü˛!ö Ï̂ú˛Ó̊ú˛!§í˛y (Coniferopsida)

˛õÓ≈ (division) ı Ü˛!ö Ï̂ú˛Ó̊ú˛y•zê˛y (Coniferophyta)
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12.3.1. !ÓhflÏyÓ̊î (Distribution)

≤ÃyÎ˚ 100!ê˛ ≤Ãçy!ï˛§• ˛õy•zö öy!ï˛¢#ˆÏï˛y£÷ (temperate) xM˛° •ˆÏï˛ í˛z˛õ ï%˛£ÏyÓ˚#Î˚ (sub-alpine) xM˛° ˛õÎ≈hsˇ
!Óhfl,Ïï˛ Ó,«˛– §yôyÓ˚îï˛ ~ˆÏòÓ˚ í˛z_Ó˚ ˆày°yˆÏô≈ ˆÓ!¢ ˆòáy ÎyÎ˚– xï%˛ƒFã˛ ˛õyÓ≈ï˛ƒ xM˛ˆÏ° ≤Ãã%˛Ó˚ ˛õ!Ó˚üyˆÏî çˆÏß√
!ã˛Ó̊•!Ó̊Í xÓ̊ Ï̂îƒÓ̊ Ó°Î̊ (forest belt) §,!T˛ Ü˛ Ï̂Ó̊– í z̨_Ó̊ÈÙÈ˛õ!ÿ˛ü Ä í z̨_Ó̊ÈÙÈ˛õ)Ó≈ !•üy° Ï̂Î̊Ó̊ !Ó!û˛ß̈ í z̨Fã˛ï˛yÎ̊ û˛yÓ̊ï˛Ó Ï̂£Ï≈
≤ÃyÆ ˛õy•zöyˆÏ§Ó˚ !Ó!û˛ß¨ ≤Ãçy!ï˛à%!° !ö¡¨Ó˚)˛õ ı

1500 – 3000m í˛zFã˛ï˛yÎ˚ ı ˛õy•zöy§ í˛zÎ˚y!°!ã˛Î˚yöy (Pinus wallichiana)

xÓ˚%îyã˛° ≤ÃˆÏòˆÏ¢Ó˚ xÓ˚îƒû)˛!üˆÏï˛ 1500m í˛zFã˛ï˛yÎ˚ ö#° ˛õy•zö (the blue pine) öyˆÏü ˛õ!Ó˚!ã˛ï˛ ı ˛õy•zöy§
xyÓ˚üÑy!ò (Pinus armandi)

1830m – 3600m í˛zFã˛ï˛yÎ˚ Sí˛z_Ó˚ÈÙÈ˛õ!ÿ˛ü !•üy°ˆÏÎ˚V ı ˛õy•zöy§ !çÓ˚yÓ˚!í˛Î˚yöy (Pinus gerardiana)

800m – 2000m í˛zFã˛ï˛yÎ˚ Sxy§yˆÏüÓ˚ xÓ˚îƒû)˛!üˆÏï˛V ı ˛õy•zöy§ •zö§%°y!Ó˚§ SPinus insularis)

460m – 1500m í˛zFã˛ï˛yÎ˚ §yôyÓ˚îû˛yˆÏÓ !ã˛Ó˚ (chir) ˛õy•zö öyˆÏü ˛õ!Ó˚!ã˛ï˛ ı ˛õy•zöy§ Ó˚:ÓyÓ˚!â (Pinus

roxburghii)

xy®yüyö Ä !öˆÏÜ˛yÓÓ˚ m#˛õ˛õ%ˆÏOÓ˚  150m í˛zFã˛ï˛yÎ˚ ı ˛õy•zöy§ üyÓ˚Ü%˛!§ (Pinus merkusii)

12.3.2 ̂ Ó˚î%ôÓ˚ í˛z!qˆÏòÓ˚ àë˛ö (Structure of the Sporophyte) :

1. Ó!•Ó˚yÜ,˛!ï˛ (External morphology) : S!ã˛e ı 12. 3. 1a-b)

˛õy•zöy§ ò,ì˛¸ñ ≤Ãôyö ü)°ï˛sf§•
~Ü˛!ê˛ ò#â≈ñ !ã˛Ó˚•!Ó˚Í xï%˛ƒFã˛ Ó,«˛– ÓÎ˚§
Ó,!ÂôÓ˚ §yˆÏÌ §yˆÏÌ §%ò,ì ¸̨ï˛Ó˚ xfiÌy!öÜ˛
ü)°§ü)• ˆÓÓ˚ •ˆÏÎ˚ ≤Ãôyö ü)°!ê˛ˆÏÜ˛ ≤ÃyÎ˚
xÜ˛ü≈îƒ Ü˛ˆÏÓ˚ ˆòÎ˚– í˛zFã˛ï˛yÎ˚ ˛õy•zöy§
Ó˚:ÓyÓ˚!â ≤ÃyÎ ̊30.5 !üê˛yÓ˚ ̨ õÎ≈hsˇ •ˆÏï˛
˛õyˆÏÓ˚– ~ˆÏòÓ˚ ¢yáy!Óöƒy§ !˛õÓ˚y!üí˛yÈÙÈ
Ü,˛!ï˛Ó˚– ˛õyï˛y §Ñ)ˆÏã˛Ó˚ xyÜ˛yˆÏÓ˚Ó˚ñ ~ÓÇ
Ü˛yˆÏ[˛Ó˚ í˛z˛õÓ˚ §!˛õ≈°û˛yˆÏÓ §!Iï˛
ÌyˆÏÜ˛–

a) Ü˛y[˛ (Stem) : ≤Ãôyö Ü˛y[˛!ê˛
!Ó¢y°ñ ˆÓ°öyÜ˛yÓ˚ (cylin-

drical) Ä §%ò,ì˛ ¸ñ ¢yáÈyÈÙÈ
≤Ã¢yáyÈÎ%=˛– Ó,•Í xyÜ,˛!ï˛Ó˚
~Ü˛!ê˛ x@ˇÃü%Ü%˛ˆÏ°Ó˚ §y•yˆÏÎƒ
Ü˛y[˛!ê˛ ˜òˆÏâ≈ƒ Ó,!Âô ˛õyÎ˚–
Ü˛yˆ Ï[˛Ó ˚ ¢yáy!Óöƒy§
x!öÎ˚ï˛yÜ˛yÓ˚ !Ü˛v ~Ü˛y«˛
(Monopodial) ≤ÃÜ,˛!ï˛Ó˚

!ã˛e ı 12.3.1a

˛õy•zöy§ Ó,«˛
!ã˛e ı 12.3.1b

ò#â≈ !Óê˛ˆÏ˛õÓ˚ í˛z˛õÓ˚ áÓ≈ !Óê˛˛õ

!öí˛°

¢ÕÒ˛õe

áÓ≈ !Óê˛˛õ

ò#â≈ !Óê˛˛õ
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Ü˛yÓ˚î ~ˆÏ«˛ˆÏe ¢yáyà%!° ~Ü˛!ê˛ üye x«˛ (Axis) •ˆÏï˛ í˛zÍ˛õß¨ •Î˚– Ü˛yˆÏ[˛ ò%≤ÃÜ˛yˆÏÓ˚Ó˚ !Óê˛˛õ
çˆÏß√ÈÙÙÙÈx!ö!ò≈T˛ xyÜ˛yˆÏÓ˚ ò#â≈ !Óê˛˛õ Óy °Ç ¢%ê˛ (Long shoot) Ä !ö!ò≈T˛ xyÜ˛yˆÏÓ˚Ó˚ áÓ≈ !Óê˛˛õ Óy
ˆí˛yÎ˚yú≈˛ ¢%ê˛ (Dwarf shoot)– ò#â≈yÜ˛yÓ˚ !Óê˛˛õ ¢ÕÒ˛õe Ó•ö Ü˛ˆÏÓ˚ñ ~ÓÇ Ä•z§Ó ¢ÕÒ˛õˆÏeÓ˚ Ü˛«˛ •ˆÏï˛
áÓ≈yÜ˛yÓ˚ !Óê˛ˆÏ˛õÓ˚ í˛zÍ˛õ!_ •Î˚– ≤Ãçy!ï˛ xö%§yˆÏÓ˚ áÓ≈yÜ˛yÓ˚ !Óê˛ˆÏ˛õÓ˚ í˛z˛õÓ˚ §ÇÜ˛ƒyÎ˚ ò%•z •ˆÏï˛ ˛õÑyã˛ ˛õÎ≈hsˇ
§Ñ)ˆÏã˛Ó˚ xyÜ˛yˆÏÓ˚Ó˚ñ §Ó%ç Ó˚ÇˆÏÎ˚Ó˚ ˛õyï˛y ~Ü˛ˆÏe ≤ÃÜ˛y¢ ˛õyÎ˚– ~ˆÏòÓ˚ˆÏÜ˛ ˛õy•zˆÏöÓ˚ !öí‰˛° (needles) Ó Ï̂°–
Ä•z !Óê˛˛õà%!°Ó˚ ö#ˆÏã˛ Ü˛ï˛Ü˛à%!° ¢ÕÒ ̂ òáy ÎyÎ˚– áÓ≈ !Óê˛˛õà%!° !ö!ò≈T˛ §üˆÏÎ˚ é˛ˆÏÓ˚ ̨ õˆÏí ¸̨ (Deciduous)

~ÓÇ ~Ó˚ ú˛ˆ Ï° ≤Ã!ï˛ ÓåÈÓ ˚• z öï% ˛ö áÓ≈ !Óê˛ˆ Ï ˛õÓ ˚ § ,!T˛ •Î˚– áÓ≈ !Óê˛ˆ Ï ˛õÓ ˚ x@ˇ Ãû˛yˆ Ïà
˛õ%Ç˛õ%‹õà%!° ~Ü˛!eï˛ • Ï̂Î̊ Ú˛õ%Ç ̂ Ü˛yîÛ (Male cone) §,!T˛ Ü˛ Ï̂Ó̊– §üÓ̊)̂ Į̈ õ ò#â≈ !Óê˛ Į̈̂ õ Úflf# Ï̂Ü˛yîÛ (female

cone) ˆòáy ÎyÎ˚–
(b) ˛õyï˛y (Leaf) : ˛õy•zöyˆÏ§Ó˚ ˛õyï˛yà%!° ò%•z ≤ÃÜ˛yˆÏÓ˚Ó˚– ÎÌyÈÙÙÙÈ«%˛oyÜ˛yÓ˚ñ §)-ñ ˛õyï˛°y ¢ÕÒÓÍ Ä Óyòy!ü

ÓˆÏî≈Ó˚ ~ÓÇ §)ã˛ƒyÜ,˛!ï˛ñ §Ó%çÓˆÏî≈Ó˚ §Ó˚° ˛õî≈˛õe– ˜òˆÏâ≈ƒ ˛õî≈˛õeà%!° 8-25 cm ˛õÎ≈hsˇ •Î˚– §Ó%çÓˆÏî≈Ó˚
˛õî≈˛õeà%!°•z ˛õy•zöyˆÏ§Ó˚ ≤Ãôyö §yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# xAà–

(c) ü)° (Leaf) : ̨õy•zöyˆÏ§Ó˚ ò,ì ¸̨ Ä ¢yáy ≤Ã¢yáyÎ%=˛ ~Ü˛!ê˛ ≤Ãôyö ü)° Óï≈˛üyö– ü)ˆÏ° ü)°ˆÏÓ˚yü x“ ̨õ!Ó˚üyˆÏî
à!ë˛ï˛ •Î˚– ÓÎ˚§ Óyí ¸̨yÓ˚ §ˆÏAà §ˆÏAà ≤Ãôyö ü)°!ê˛ xfiÌy!öÜ˛ ü)° ˜ï˛!Ó˚ •ÄÎ˚yÓ˚ ú˛ˆÏ° ò%Ó≈° •ˆÏÎ˚ ˛õˆÏí ¸̨–
ü)ˆÏ° Ó!•ÉˆÏû˛yç# (ectotrophic) üy•zˆÏÜ˛yÓ˚y•zçy Óï≈˛üyö ÌyˆÏÜ˛–

2. xû˛ƒhsˇÓ̊#î àë˛ö (Internal structure) :

(a) Ü˛yˆÏ[˛Ó˚ xyû˛ƒhsˇÓ˚#î àë˛ö (Internal structure of Stem) : S!ã˛e 12.3.2a-c)

Ü˛yˆÏ[˛Ó˚ ≤ÃfiÌˆÏFåÈò Ü˛Ó˚̂ Ï°ñ Óy!•Ó˚ •ˆÏï˛ !û˛ï˛ˆÏÓ˚Ó˚
!òˆÏÜ˛ ˛õÎ≈yÎ˚Ü ˛ˆÏü !ö¡¨!°!áï˛ xÇ¢à%!° ˆòáy ÎyÎ˚–

~!˛õí˛yÓ̊!ü§ (Epidermis) : xöƒyöƒ Ü˛°yà%!° Ï̂Ü˛
!âˆ ÏÓ ˚ Ó ˚ yˆ Ïá ~üö ~Ü˛!ê˛ ~Ü˛ˆ ÏÜ˛y£ Ï # hfl ÏÓ ˚–
!Ü˛í˛z!ê˛ö (cutin) Î%=˛ Ä ˛õƒyˆÏÓ˚öÜ˛y•züy ˆÜ˛y£Ï myÓ˚y
~•z hflÏÓ˚!ê˛ à!ë˛ï˛–

Ü˛ Ï̂ê≈̨: (Cortex) : Ü˛y Ï̂[˛Ó̊ x Ï̂öÜ˛áy!ö xÇ¢ ç%̂ Ïí˛̧ñ
Ó•%hflÏÓ˚Î%=˛ ˛õƒyˆÏÓ˚öÜ˛y•züy ˆÜ˛y£Ï myÓ˚y à!ë˛ï˛– ~ˆÏòÓ˚
fiÌyˆÏö fiÌyˆÏö ò#â≈ Ó˚çö öy!° (Resin Duct) Óï≈˛üyö
Ìy Ï̂Ü˛– ~!˛õí˛yÓ˚!ü Ï̂§Ó˚ ̨õÓ˚ Ü˛ Ï̂Î˚Ü˛!ê˛ hflÏÓ˚ ̂ flœÒ Ï̂Ó˚öÜ˛y•züy
ˆÜ˛y£Ï myÓ˚y à!ë˛ï˛– ~Ü˛ˆÏe ~ˆÏòÓ˚ •y•zˆÏ˛õyí˛yÓ˚!ü§
(Hypodermis) Ó Ï̂°–

~ˆÏu˛yí˛yÓ˚!ü§ ‰ (Endodermis) : Ü˛ˆÏê≈˛: Ä !fiê˛!°Ó˚ üôƒÓï˛#≈ §Ó˚% ~Ü˛ˆÏÜ˛y£Ï hflÏÓ˚ !Ó!¢T˛ xÇ¢–

öy!°Ü˛y Óy!u˛° (Vascular bundles) : §ÇÎ%=˛ñ §ü˛õyŸª#≈Î˚ Ä ü%=˛ ≤ÃÜ,˛!ï˛Ó˚ öy!°Ü˛y Óy!u˛°à%!° ˛õÓ˚flõÓ˚
•ˆÏï˛ ≤ÃyÌ!üÜ˛ ˆüí˛ƒÕ‘yÓ˚# ˆÓ˚ç (Primary medullary rays) myÓ˚y !Ó!FåÈß¨ ÌyˆÏÜ˛– çy•zˆÏ°ü Óy!•Ü˛y (Trachea)

ÌyˆÏÜ˛ öy– üIyÓ˚ !öÜ˛ê˛Óï˛#≈ ˆ≤ÃyˆÏê˛yçy•zˆÏ°ü §!˛õ≈°yÜ˛yÓ˚ ê˛∆yÜ˛y•zí˛ (Tracheids) Ä ˆüê˛yçy•zˆÏ°ü §˛õyí˛¸
Ü)˛˛õ SÓí≈˛yÓ˚í˛ !˛õê˛V !öˆÏÎ˚ §,T˛– ≤ÃyÌ!üÜ˛ Ü˛y¤˛° Ü˛°yÎ˚ ˆÓ˚!ç Ü˛ƒyˆÏö° Óy Ó˚çö öy!° ÌyˆÏÜ˛– ˆúœ˛yˆÏÎ˚ü (pholem)

!ã˛e ı 12.3.2a Ü˛!ã˛ ̨ õy•zöy§ Ü˛yˆÏ[˛Ó˚ ≤ÃfiÌˆÏFåÈò SˆÓ˚áy!ã˛eV

cÜ˛

Ü˛ˆÏê≈˛:

Ó˚çööy°#

ˆúœ˛yˆÏÎ˚ü

Ü˛ƒy!¡∫Î˚yü

çy•zˆÏ°ü
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§#û˛ ö° (sieve tube) Ä ˛õƒyˆÏÓ˚öÜ˛y•züy ˆÜ˛y£Ï myÓ˚y à!ë˛ï˛– §#û˛
ö° ˆÜ˛Ô!îÜ˛yÜ˛yÓ˚ Ä ï˛yÓ˚ ˛õyŸª≈≤Ãyã˛#ˆÏÓ˚ §#û˛ ˆ≤’ê˛ (sieve plate)

ÌyˆÏÜ˛– ˆúœ˛yˆÏÎ˚ˆÏü §Aà#ˆÏÜ˛y£Ï (companian cell) ÌyˆÏÜ˛ öy–
ˆàÔîÓ,!ÂôÓ˚ ú˛ˆÏ° fiÌ° Ü˛y¤˛ Óy çy•zˆÏ°ç xM˛ˆÏ° Ó£Ï≈Ó°Î˚à%!°
(annual rings) ô# Ï̂Ó̊ ô# Ï̂Ó̊ í z̨Í˛õß̈ •Î̊– Ü˛Ü≈̨  Ü˛ƒy!¡∫Î̊y Ï̂üÓ̊ ̂ ày° xÇ¢
•y•zˆÏ˛õyí˛yÓ˚!üˆÏ§ ˆòáy ÎyÎ˚ñ
~ÓÇ ˛õÓ˚Óï˛# ≈  hfl Ïˆ ÏÓ ˚  ~!ê˛
ˆ˛õ!Ó˚í≈ ˛yü (periderm)-~
Ó˚)˛õyhsˇ!Ó˚ï˛ •Î˚– ê˛∆yÜ˛y•zˆÏí˛Ó˚
àyeˆÏòˆ Ï¢ ~Ü˛§y!Ó ˚ÓÂô
!˛õê˛à%!°Ó˚ í˛z˛õˆÏÓ˚ Ä §#ˆÏí˛
ˆüyê˛y ˆ§°%ˆÏ°yç hflÏˆÏÓ˚Ó˚ §,!T˛
•Î˚ È ÙÙÙ È ˛õ )ˆ ÏÓ ≈ ~ˆ ÏòÓ˚ ÚÓyÓ ˚§
xú˛ §ƒy!öÄ (Bars of

Sanio) Ó°y •ï˛ó ~áö ~Ó˚y
Ü ˛ƒy§%!° (crassulae) öyˆÏü ˛õ!Ó˚!ã˛ï˛– ˆÜ˛whflÏˆÏΩ˛Ó˚ üôƒfiÌˆÏ° xÓ!fiÌï˛
˛õƒyˆÏÓ˚öÜ˛y•züy ˆÜ˛y£Ï myÓ˚y à!ë˛ï˛ üIy Óy pith Óï≈˛üyö ÌyˆÏÜ˛–

(b) ü)ˆÏ°Ó˚ xû˛ƒhsˇÓ˚#î àë˛ö (Internal Structure of the Root) S!ã˛e 12.3.3)

ü)ˆÏ°Ó˚ ≤ÃfiÌˆÏFåÈˆÏò ~!˛õˆÏÓœüyñ Ü˛ˆÏê≈˛: Ä !fiê˛!°
xÇ¢à%!° ˆòáy ÎyÎ˚– ˆ≤ÃyˆÏê˛yçy•zˆÏ° ~:yÜ≈˛ Ä
•zÇÓ˚y!ç ÚÄÎ˚y•zÛ (‘Y’) ~Ó˚ xyÜ,˛!ï˛!Ó!¢T˛ ~ÓÇ ~Ó˚
ò%!ê˛ ¢yáyÓ˚ üyé˛áyˆÏö ~Ü˛!ê˛ Ó˚çö öy!° xÓ!fiÌï˛–
xÓ˚#Î˚ (Radial) ôÓ˚̂ ÏöÓ˚ §!Iï˛ öy!°Ü˛yÓy!u˛ˆÏ°Ó˚
çy•zˆÏ°ü Ä ˆúœ˛yˆÏÎ˚ˆÏüÓ˚ S≤Ã!ï˛!ê˛ §ÇáƒyÎ˚ 2-4V
í˛ z ˛õˆ ÏÓ ˚Ó ˚ hfl ÏÓ ˚à % !° ÎÌyÜ  ˛ˆ Ïü ˆ˛õ!Ó ˚§y• zÜ˛°
(Pericycle), ~ˆÏu˛yí˛yÓ˚!ü§ (Endodermis) Ä
Ü˛ˆÏê≈˛: (Cortex)– ˆàÔîÓ,!ÂôÓ˚ ú˛ˆÏ°ñ ˆàÔî Ü˛y¤˛
Ü˛°y Ä ˆúœ˛yˆÏÎ˚ü Ü˛°yÓ˚ §,!T˛ •Î˚– ˆ˛õ!Ó˚§y•zˆÏÜ˛ˆÏ°Ó˚
Óy•zˆÏÓ˚ ˆ˛õ!Ó˚í˛yü §,!T˛Ó˚ ú˛ˆÏ° ~!˛õˆÏÓœüy ÓÕÒˆÏ°
Ó˚)˛õyhsˇ!Ó˚ï˛ •Î˚–

(c) ˛õyï˛yÓ˚ xû˛ƒhsˇÓ˚#î àë˛ö (Internal Structure of the Leaf) : S!ã˛e 12.3.4V

§yˆÏ°yÜ˛§ÇˆÏŸ’£ÏÜ˛yÓ˚# ˛õyï˛yÓ˚ xyÜ˛yÓ˚ §Ñ)ˆÏã˛Ó˚ üˆÏï˛y ~•z§Ó ˛õyï˛yÓ˚ ˆòˆÏ•Ó˚ Óy!•ƒÜ˛ §#üyˆÏÓ˚áy ≤ÃfiÌˆÏFåÈˆÏò
!eˆÏÜ˛yîyÜ˛yÓ˚ ~ÓÇ !ö¡¨!°!áï˛ xÇ¢à%!° ˆòáy ÎyÎ˚– ~!˛õí˛yÓ˚!ü§ (Epidermis) : ~Ü˛hflÏÓ˚ !Ó!¢T˛ ~ÓÇ ≤Ãã%˛Ó˚
˛õ!Ó˚üyˆÏî Ü˛ƒ!ê˛Ü‰˛° ÌyÜ˛yÓ˚ çöƒ ¢=˛ •Î˚– !öü!Iï˛ ˛õeÓ˚rô  (Sunken Stomata) ˆflœÒˆÏÓ˚öÜ˛y•züy ˆÜ˛y£Ï myÓ˚y

!ã˛e ı 12.3.2b ò%•z ÓåÈÓ˚ ̨ õ%Ó˚yˆÏöy
˛õy•zöy§ Ü˛yˆÏ[˛Ó˚ ≤ÃfiÌˆÏFåÈò !ã˛e ı 12.3.2c ˛õy•zöy§ ̂ àÔî

Ü˛y¤˛y° Ü˛°yÓ˚ °¡∫̂ ÏFåÈò

!Ü˛í˛z!ê˛Ü˛°
cÜ˛
ˆú˛ Ï̂°yç≈yü
ˆú˛ˆÏ°yˆÏçö
Ó̊çööy°#

Ü˛ˆÏê≈˛:

ˆúœ˛yˆÏÎ˚ü

Ü˛ƒy!¡∫Î˚yü

ˆàÔî çy•zˆÏ°ü

üIyÇ¢

≤ÃyÌ!üÜ˛
çy•zˆÏ°ü
üIy

Ü ˛ƒy§%!°

Óí≈˛yÓ˚!˛õê˛

!ã˛e ı 12.3.3 ˛õy•zöy§ ü)ˆÏ°Ó˚ ≤ÃfiÌˆÏFåÈò

ˆ˛õ!Ó˚í˛yü≈
ˆflœÒˆÏÓ˚!ê˛Ü˛ ˆÜ˛y£Ï

Ü˛ˆÏê≈˛:

ˆÓ˚!§° í˛yQ

≤Ãy•züy!Ó˚
ˆúœ˛yˆÏÎ˚ü

ˆàÔî ˆúœ˛yˆÏÎ˚ü

≤ÃyÌ!üÜ˛ çy•zˆÏ°ü

ˆàÔî çy•zˆÏ°ü
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à!ë˛ï˛ •y•zˆÏ˛õyí˛yÓ˚!ü§ Óy xôhflÏÜ˛ ˛õÎ≈hsˇ
!Óhfl,Ïï˛ ≤Ã!ï˛!ê˛ Ó˚ˆÏrô Ó˚ ö#ˆÏã˛ ˆüˆÏ§y!ú˛° ˛õÎ≈hsˇ
!Óhfl,Ïï˛ ~Ü˛!ê˛ Ü˛ˆÏÓ˚ §%flõT˛ Ÿªy§ÈÙÈà•ùÓ˚ (Res-

piratory Cavity) Óï≈̨ üyö–

•y•zˆÏ˛õyí˛yÓ˚!ü§ (Hypodermis) :

ò%•zÈÙÈ!ï˛ö hflÏÓ˚ !Ó!¢T˛ ˆflÒˆÏÓ˚öyÜ˛y•züy ˆÜ˛y£Ï
myÓ˚y ˜ï˛!Ó˚–

ˆüˆÏ§y!ú˛° Ü˛°y (Mesophyll tis-

sue) : xˆÏöÜ˛à%!° hfl ÏÓ ˚ !öˆ ÏÎ ˚ Ó•%
ˆÜ˛yî!Ó!¢T˛ ˛õƒyˆ ÏÓ ˚öÜ˛y• züy ˆÜ˛y£ Ï myÓ ˚y
à!ë˛ï˛– ˆÜ œ ˛ yˆ ÏÓ ˚ y≤’yˆ Ïfiê˛ ˛õ )î ≈– ~ˆÏòÓ˚
ˆ§°%ƒˆÏ°yç ≤Ãyã˛#Ó˚ xq$ï˛ ôÓ˚ˆÏöÓ˚ ˆû˛ï˛ˆÏÓ˚Ó˚

!òˆÏÜ˛ áÑyçÜ˛yê˛y (peculiarly infolded) xÓfiÌyÎ˚ ÌyˆÏÜ˛– ~Ó˚)˛õ ˆüˆÏ§y!ú˛° Ü˛°yˆÏÜ˛ Ü%˛!M˛ï˛ ˆüˆÏ§y!ú˛°
(Plicate mesophyll) Óy xyü≈í˛ ˛õƒy!°ˆÏ§í˛ (Armed palisade tissue) ÓˆÏ°– !Ó!FåÈß¨û˛yˆÏÓ Ó˚çö öy!°
ˆüˆÏ§y!ú˛° åÈí ¸̨yˆÏöy ÌyˆÏÜ˛–

öy!°Ü˛y Óy!u˛° (Vascular Bundles) ı ~Ü˛hflÏÓ˚ !Ó!¢T˛ ~ˆÏu˛yí˛yÓ˚!ü§ myÓ˚y ˆÓ!T˛ï˛ öy!°Ü˛yÓy!u˛ˆÏ°Ó˚
§Çáƒy ò%•z– ≤Ã!ï˛!ê˛ Óy!u˛ˆÏ° çy•zˆÏ°ü í˛z˛õ!Ó˚û˛yˆÏà Ä ˆúœ˛yˆÏÎ˚ü !ö¡¨û˛yˆÏà ÌyˆÏÜ˛– ˆúœ˛yˆÏÎ˚ˆÏüÓ˚ ö#ˆÏã˛ ~Ü˛y!ôÜ˛
ˆflœÒˆÏÓ˚öÜ˛y•züy ̂ Ü˛y£Ï ÌyˆÏÜ˛– Óy!u˛° ò%!ê˛ ê˛∆y™!ú˛í˛z¢ö Ü˛°y (Transfusion tissue) öyˆÏü ~Ü˛ôÓ˚ˆÏöÓ˚ !ÓˆÏ¢£Ï Ü˛°yÓ˚
ü Ï̂ôƒ !ö!•ï˛ Ìy Ï̂Ü˛– ~•z ê ∆̨y™!ú˛í z̨¢ö Ü˛°y ò% ôÓ̊ Ï̂öÓ̊ÈÙÙÙÈxƒy°Ó%̂ ÏüöÎ%=˛ ̂ Ü˛y£Ï (Albuminous cells) ~ÓÇ ê ∆̨yÜ˛y•zí˛y°
ˆÜ˛y£Ï (Tracheidal cells)– ~ˆÏòÓ˚ Ü˛yç áyòƒ oÓƒ Ä ç°y oÓƒ ã˛°yã˛ˆÏ° §y•yÎƒ Ü˛Ó˚y– ˛õyï˛yÓ˚ xû˛ƒhsˇÓ˚#î àë˛ˆÏö
çAà° í˛z!qˆÏòÓ˚ Ü˛ˆÏÎ˚Ü˛!ê˛ ˜Ó!¢T˛ƒ xyˆÏåÈñ ˆÎüöñ !Ü˛í˛z!ê˛Ü˛°Î%=˛
~!˛õí˛yÓ˚!ü§ñ !öü!Iï˛ ̨õeÓ˚rô  Ä ̂ flœÒˆÏÓ˚öÜ˛y•züy (Sclerenchyma)

ˆÜ˛y£Ï myÓ˚y à!ë˛ï˛ •y•zˆÏ˛õyí˛yÓ˚!ü§ Óy xôhflÏÜ˛–
3. çöö (Reproduction) : ̨õy•zöy Ï̂§ ̂ Ü˛y Ï̂öy xAàç çöö â Ï̂ê˛
öy– ˛õy• zöy§ (Pinus) §•Óy§# (monoecious) ˆÓ˚î %ôÓ ˚
(sporophytic) í z̨!qò ̨õ%Ç Ä flf#ÈÙÈ̂ Ü˛yö Óy fiê ∆̨!Ó°y§ (strobilus) ~Ü˛•z
í˛z!qò ˆòˆÏ• ˆòáy ÎyÎ˚ S!ã˛e 12.3.5V–

A. ˛õ%ÇˆÏÓ˚î%˛õeüOÓ˚# (Male strobillus) : S!ã˛e 12.3.5,

12.3.6a-6c)

Ü˛ï˛Ü˛à%!° ˛õ%ÇˆÏÓ˚î%˛õe ~Ü˛!eï˛ •ˆÏÎ˚ ˛õ%Ç ˆÜ˛yî §,!T˛ Ü˛ˆÏÓ˚–
~•z ̂ Ü˛yîà%!° ~Ü˛!eï˛ xÓfiÌyÎ˚ áÓ≈ !Óê˛ˆÏ˛õÓ˚ fiÌyö x!Ü˛yÓ˚
Ü˛ˆÏÓ˚ xÓ!fiÌï˛ ÌyˆÏÜ˛– ≤Ã!ï˛!ê˛ ˛õ%ÇˆÏÓ˚î%˛õeüOÓ˚# §Ó˚°ñ
ˆày°yÜ˛yÓ˚ñ âö!ÓöƒhflÏ ~ÓÇ ˜òˆÏâ≈ƒ 2-3 cm •Î˚– ~Ü˛!ê˛
˛õ%‹õ«˛ (thalamus) Óy ̂ Ü˛w#Î̊ x«˛ (Central axis) ~Ó̊

!ã˛e ı 12.3.4 ̨õy•zöyˆÏ§Ó˚ §)ã˛ƒyÜ˛yÓ˚ ̨ õyï˛yÓ˚ ≤ÃfiÌˆÏFåÈò

!ã˛e ı 12.3.5 ˛õy•zöyˆÏ§Ó˚ ò#â≈ !Óê˛ˆÏ˛õÓ˚ í˛z˛õÓ˚
!ÓöƒhflÏ flf#ˆÏÓ˚î%˛õe üOÓ˚# Ä ˛õ%ÇˆÏÓ˚î% ˛õeüOÓ˚#

Ó˚çö öy°#

ê˛∆y™!ú˛í˛z¢ö Ü˛°y
!Ü˛í˛z!ê˛Ü˛°

cÜ˛
˛õeÓ˚rô 

ˆüˆÏ§y!ú˛° Ü˛°y

xhsˇcÜ˛

çy•zˆÏ°ü

ˆúœ˛yˆÏÎ˚ü

ˆflœÒˆÏÓ˚öÜ˛y•züy

˛õ%ÇˆÏÓ˚î%˛õe
üOÓ˚#

áÓ≈ !Óê˛˛õ

ò#â≈ !Óê˛˛õ

flf#ˆÏÓ˚î% ˛õeüOÓ˚#



í˛z˛õÓ˚ ˛õ%ÇˆÏÓ˚î%˛õeà%!° (Microsporophyll) §!˛õ≈° (Spirally arranged) û˛yˆÏÓ §!Iï˛ ÌyˆÏÜ˛–
˛õ%ÇˆÏÓ˚î%˛õˆÏeÓ˚ !ö¡¨û˛yˆÏà ~Ü˛ê˛ ˆåÈyˆÏê˛y Ó,hsˇ Óï≈˛üyö Îy ˛õyï˛y§ò,¢ xÇ¢!ê˛ˆÏÜ˛ Ó•ö Ü˛ˆÏÓ˚– ~•z ≤Ã§y!Ó˚ï˛
xÇˆÏ¢Ó˚ x@ˇÃ≤Ãyhsˇ!ê˛ í˛z˛õÓ˚!òˆÏÜ˛ §yüyöƒ ÓÑyÜ˛yˆÏöy ÌyˆÏÜ˛– ≤Ã!ï˛!ê˛ ˛õ%ÇˆÏÓ˚î%˛õˆÏeÓ˚ Ä•zÓ˚)˛õ ≤Ã§y!Ó˚ï˛
xÇˆÏ¢Ó˚ !ö¡¨ï˛ˆÏ° ~ÓÇ Ó,ˆÏhsˇÓ˚ !öÜ˛ê˛ ò%!ê˛ xÓ,hsˇÜ˛ ˛õ%ÇˆÏÓ˚î%fiÌ°# (Microsporangia) ˛õy¢y˛õy!¢û˛yˆÏÓ
xÓfiÌyö Ü˛ˆÏÓ˚– ˛õ%ÇˆÏÓ˚î%fiÌ°#à%!° xyÎ˚ï˛yÜ˛yÓ˚ ~ÓÇ ~ˆÏòÓ˚ ≤Ãyã˛#Ó˚ Ü˛ˆÏÎ˚Ü˛hflÏÓ˚ Î%=˛– ˛õ%ÇˆÏÓ˚î%fiÌ°# ≤Ãyã˛#ˆÏÓ˚Ó˚
ˆû˛ï˛ Ï̂Ó̊ ã˛yÓ̊!ò Ï̂Ü˛ ̂ ˛õy£ÏÜ h̨flÏÓ̊ (Tapetum) myÓ̊y ̨õ!Ó̊Ó,ï˛ Ìy Ï̂Ü˛– ̂ ˛õy£ÏÜ h̨flÏÓ̊ ̂ Ó̊î%ôyÓ̊î Ü˛°y (sporogenous

tissue)-ˆÜ˛ xyÓ,ï˛ Ü˛ˆÏÓ˚ Ó˚yˆÏá–
ˆÓ˚î%ôyÓ˚îÜ˛°yÓ˚ ≤Ã!ï˛!ê˛ ˛õ%ÇˆÏÓ˚î% üyï,˛ˆÏÜ˛y£Ï (microspore mother cell) üyˆÏÎ˚y!§§ !Óû˛yçö myÓ˚y

•ƒy≤’ˆÏÎ˚í˛ (n) ˆÜ ˛yˆÏüyˆÏçyü §ü!ß∫ï˛ 4!ê˛ ˛õ%ÇˆÏÓ˚î% í˛zÍ˛õß¨ Ü˛ˆÏÓ˚–
≤Ã!ï˛!ê˛ ˛õ%ÇˆÏÓ˚î%Ó˚ ˆÜ˛y£Ï ≤Ãyã˛#Ó˚ ò%•z hflÏÓ˚ Î%=˛ Ó!•gflÏÜ˛ (Exine) ~ÓÇ xhsˇgflÏÜ˛ (Intine)– Ó!•gflÏÜ˛ •ˆÏï˛

ò%•z ̨ õyˆÏ¢ ò%!ê˛ ̂ Ó°öyÜ˛yÓ˚ ̨ õ«˛ (wing) í˛zÍ˛õß¨ •Î˚ ÎyÓ˚ §y•yˆÏÎƒ ̨ õ%ÇˆÏÓ˚î% ÓyÎ˚%≤ÃÓyˆÏ• ̂ û˛ˆÏ§ ̂ Óí ¸̨yÎ˚– ≤Ã!ï˛
˛õ%ÇˆÏÓ˚î% !í˛¡∫yÜ˛yÓ˚ñ ~Ü˛!öí˛z!Üœ˛Î˚y§Î%=˛ Ä !˛õAà°ÓˆÏî≈Ó˚– ˛õ%ÇˆÏÓ˚î%fiÌ°# ≤Ãyã˛#Ó˚ °¡∫y°!¡∫ !Óò#î≈ Ü˛ˆÏÓ˚
˛õ%ÇˆÏÓ˚î%à%!° Óy•zˆÏÓ˚ !öà≈ï˛ •Î˚ ~ÓÇ ÓyÎ˚% myÓ˚y !ÓhflÏyÓ˚ °yû˛ Ü˛ˆÏÓ˚–

B. flf#ˆÏÓ˚î%˛õeüOÓ˚# (Female Strobilus or Cone) : S!ã˛e ı 12.3.5, 12.3.7a-7c)

˛õy•zöyˆÏ§Ó˚ flf#ˆÏÓ˚î%˛õeüOÓ˚# ò#â≈ !Óê˛ˆÏ˛õÓ˚ í˛z˛õÓ˚ !ÓöƒhflÏ ¢ÕÒ˛õˆÏeÓ˚ Ü˛ˆÏ«˛ 1-4!ê˛ í˛zÍ˛õß¨ •Î˚ ~ÓÇ
˛õ%ÇˆÏÜ˛yî xˆÏ˛õ«˛y ò#â≈ï˛Ó˚Ü˛yÓ˚ fiÌyÎ˚# •Î˚– ˆòÓ˚ í˛zÍ˛õ!_ Ä !ÓÜ˛y¢ ˆÓ¢ ç!ê˛°– !Óê˛ˆÏ˛õÓ˚ x@ˇÃû˛yˆÏà
°y° «%˛o «%˛o ˛õyï˛y ˆòáy ÎyÎ˚ÈÙÙÙÈ˛õˆÏÓ˚ ÎyÓ˚y §Ó%çÓˆÏî≈ Ó˚)˛õyhsˇ!Ó˚ï˛ •Î˚– ~•z Ó˚)˛õyhsˇˆÏÓ˚Ó˚ §yˆÏÌ §yˆÏÌ
flf#ˆÏÜ˛yî !öçfl∫ xyÜ,˛!ï˛ °yû˛ Ü˛ˆÏÓ˚– ~Ü˛!ê˛ ˆÜ˛w#Î˚ xˆÏ«˛Ó˚ í˛z˛õÓ˚ Ü˛ï˛Ü˛à%!° üOÓ˚#˛õe (Bracts)

§!˛õ≈°yÜ˛yˆÏÓ˚ §!ÈIï˛ ÌyˆÏÜ˛– ≤Ã!ï˛!ê˛ üOÓ˚#˛õˆÏeÓ˚ Ü˛ˆÏ«˛ xyÓyÓ˚ ~Ü˛!ê˛ Ü˛ˆÏÓ˚ ˆüyê˛yñ Ü˛y¤˛°ñ ¢ˆÏÕÒÓ˚
üˆÏï˛y !í˛¡∫Ü˛ôÓ˚ ¢ÕÒ (Ovuliferous scales) ÌyˆÏÜ˛– ≤Ã!ï˛!ê˛ !í˛¡∫Ü˛ôÓ˚ ¢ˆÏÕÒÓ˚ í˛z˛õˆÏÓ˚Ó˚ !òˆÏÜ˛ ò%!ê˛
xˆÏôyü%á (Anatropous) !í˛¡∫Ü˛ (Ovule) xÓ!fiÌï˛– §ü@ˇÃ flf#ˆÏÓ˚î%˛õeüOÓ˚#!ê˛ ~•z Ü˛yÓ˚̂ Ïî ~Ü˛!ê˛
ˆÎÔà xAà (Compound organ) ÓˆÏ° !ÓˆÏÓ!ã˛ï˛ •Î˚–

≤Ã!ï˛!ê˛ !í˛¡∫Ü˛ñ !í˛¡∫Ü˛hflÏÓ˚ myÓ˚y ˆÓ!T˛ï˛ º)îˆÏ˛õy£ÏÜ˛ Ü˛°y myÓ˚y à!ë˛ï˛– !í˛¡∫Ü˛Ó˚rô  xM˛° Óƒï˛#ï˛
!í˛¡∫Ü˛cÜ˛!ê˛ º)îˆÏ˛õy£ÏˆÏÜ˛Ó˚ §ü@ˇÃ xÇˆÏ¢Ó˚ §yˆÏÌ Î%=˛ ÌyˆÏÜ˛ ~ÓÇ !ehflÏÓ˚Î%=˛– !í˛¡∫Ü˛cÜ˛!ê˛ (Integument)

!ã˛e ı 13.3.6a ˛õ%ÇˆÏÓ˚î% ˛õeüOÓ˚#Ó˚ °¡∫̂ ÏFåÈò             !ã˛e ı 12.3.6b §y•zˆÏÜ ˛yˆÏflõyˆÏÓ˚y!ú˛°               !ã˛e ı 12.3.6c ˛õy•zöyˆÏ§Ó˚ ˆÓ˚î%
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ˆÜ˛w#Î˚ x«˛

˛õ%ÇˆÏÓ˚î% ˛õe

˛õ%ÇˆÏÓ˚î%fiÌ°#
ˆÓ˚î%fiÌ°#

í z̨•zÇ



º)îˆÏ˛õy£ÏÜ˛Ü˛°y åÈy!í˛¸ˆÏÎ˚ !àˆÏÎ˚ ~Ü˛!ê˛ °¡∫yñ §Ó˚% !í˛¡∫Ü˛Ó˚rô öy!° (Micropylar tube)-~Ó˚ §,!T˛ Ü˛ˆÏÓ˚̂ ÏåÈ–
!í˛¡∫Ü˛cˆÏÜ˛Ó˚ ~ˆÏÜ˛ÓyˆÏÓ˚ ̂ ¢£Ï ≤ÃyˆÏhsˇ !í˛¡∫Ü˛Ó˚rô ˛(Micropyle)-!ê˛ xÓ!fiÌï˛–

!í˛¡∫ˆÏÜ˛Ó˚ º)îˆÏ˛õy£ÏÜ˛ Ü˛°yÓ˚ üˆÏôƒ ~Ü˛!ê˛ flf#ˆÏÓ˚î% üyï,˛ˆÏÜ˛y£Ï (Megaspore mother cell)

í˛zÍ˛õß¨ Ü˛ˆÏÓ˚– Ä•z üyï,˛ˆÏÜ˛y£Ï!ê˛ !üˆÏÎ˚y!§§ !Óû˛yçˆÏöÓ˚ myÓ˚y 4!ê˛ •ƒy≤’ˆÏÎ˚í˛ flf#ˆÏÓ˚î% (Megaspore)

§,!T˛ Ü˛ˆÏÓ˚– ˜Ó˚!áÜ˛ §y!Ó˚ˆÏï˛ !ÓöƒhflÏ 4!ê˛ flf#ˆÏÓ˚î%Ó˚ üˆÏôƒ !í˛¡∫Ü˛ü)ˆÏ°Ó˚ !öÜ˛ê˛Óï˛#≈ flf#ˆÏÓ˚î%!ê˛ xyÜ˛yˆÏÓ˚
Ó,•Í Ä §!Ü ˛Î˚– Óy!Ü˛ !ï˛ö!ê˛ flf#ˆÏÓ˚î% öT˛ •ˆÏÎ˚ ÎyÎ˚– §!Ü ˛Î˚ flf#ˆÏÓ˚î%!ê˛ flf#!°AàôÓ˚ xÌ≈yÍ º)îfiÌ°#
(Embryo Sac) àë˛ö Ü˛ Ï̂Ó̊–

!í˛¡∫Ü˛ôÓ˚ ¢ˆÏÕÒÓ˚ Ó!•Ó˚yÜ,˛!ï˛     (Morphology of the Ovuliferous scale) :

!í˛¡∫Ü˛ôÓ˚ ¢ˆÏÕÒÓ˚ ≤ÃÜ,˛!ï˛ §¡õˆÏÜ≈˛ !Ó!û˛ß¨ Ó˚Ü˛ˆÏüÓ˚ x!û˛üï˛ !Ó!û˛ß¨ !ÓK˛yö# ˆ˛õy£Ïî Ü˛ˆÏÓ˚ˆÏåÈöÈÙÙÙÈú˛ˆÏ° ~•z
xÇ¢!ê˛ ~áöÄ §Ç¢ˆÏÎ˚Ó˚ ˆÜ˛w!Ó®% ÓˆÏ° ˛õ!Ó˚!ã˛ï˛– Ü˛ˆÏÎ˚Ü˛!ê˛ x!û˛üï˛ §ÇˆÏ«˛ˆÏ˛õ !öˆÏ¡¨ xyˆÏ°y!ã˛ï˛ •° ı

Ó yí˛zö (Brown, 1827) — Ó ƒyÜ‰˛ê˛ (Bract) ~Ó˚ x«˛ •ˆÏï˛ í˛zq(ï˛ ò%!ê˛ í˛zß√%=˛ !í˛¡∫Ü˛ Ó•öÜ˛yÓ˚# xyÓÓ˚î•#ö
!í˛¡∫Ü˛Ó˚)ˆÏ˛õ !í˛¡∫Ü˛ôÓ˚ ¢ÕÒˆÏÜ˛ Óî≈öy Ü˛ˆÏÓ˚ˆÏåÈö–

!í˛Ü‰˛§ö (Dickson, 1860) — ~ˆÏÜ˛ flf#ˆÏÓ˚î%˛õe Óy àû≈˛˛õˆÏeÓ˚ ¢ÕÒ ÓˆÏ° üï˛ ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚̂ ÏåÈö–

ú˛ö ˆüy° (Von Mohl, 1871) — ~ÑÓ˚ üˆÏï˛ñ ~Ó˚y Ü˛y!«˛Ü˛ ü%Ü%˛ˆÏ°Ó˚ ≤ÃÌü ò%!ê˛ ˛õyï˛yñ ÎyˆÏòÓ˚ ˆû˛ï˛ˆÏÓ˚Ó˚ Óy
˛õÿ˛yò≤ÃyˆÏhsˇÓ˚ xÇˆÏ¢ ç%ˆÏí˛¸ ÎyÎ˚ñ ï˛yˆÏòÓ˚ ˆû˛ï˛Ó˚ xÇ¢ Óy•zˆÏÓ˚ ≤Ã§y!Ó˚ï˛ •ˆÏÎ˚ !í˛¡∫Ü˛ôÓ˚ ¢ÕÒ àë˛ö Ü˛ˆÏÓ˚–

ˆã˛°yÜ˛û‰˛!flÒ (Celakovsky, 1879) — üˆÏö Ü˛ˆÏÓ˚ö ˆÎñ !í˛¡∫ˆÏÜ˛Ó˚ Ó!•fiÌ hflÏÓÜ˛!ê˛ ç%ˆÏí˛¸ !í˛¡∫Ü˛ôÓ˚ ¢ÕÒ
à!ë˛ï˛ •ˆÏÎ˚̂ ÏåÈ–

ˆÓ!§ (Bessey, 1902)— !í˛¡∫ˆÏÜ˛Ó˚ !í˛¡∫Ü˛ü)° xÇ¢ Ó,!Âô ˆ˛õˆÏÎ˚ !í˛¡∫Ü˛ôÓ˚ ¢ˆÏÕÒÓ˚ í˛zqˆÏÓÓ˚ §˛õˆÏ«˛ üï˛
≤ÃÜ˛y¢ Ü˛ˆÏÓ˚ö–

!ã˛e ı 12.3.7a flf#ˆÏÓ˚î% ̨ õeüOÓ˚#Ó˚ °¡∫̂ ÏFåÈò !ã˛e ı 12.3.7c !í˛¡∫Ü˛ôÓ˚ ¢ÕÒ §• ò%•z!ê˛ !í˛¡∫Ü˛
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!ã˛e ı 12.3.7b ¢ÕÒ§• !í˛¡∫̂ ÏÜ˛Ó˚ ̂ åÈò

!í˛¡∫Ü˛ôÓ˚ ¢ÕÒ

üOÓ˚# ¢ÕÒ

!í˛¡∫Ü˛

º)îfiÌ°#

!í˛¡∫Ü˛Ó˚rô 
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ˆã˛¡∫yÓ˚̂ Ï°ö (Chamberlain, 1934) — ˛õ!Ó˚Ó!ï≈˛ï˛ !Óê˛˛õ (Modified shoot) Ó˚)ˆÏ˛õ !í˛¡∫Ü˛ôÓ˚ ¢ÕÒˆÏÜ˛
!ã˛!•´ï˛ Ü˛ˆÏÓ˚ö–

ˆúœ˛y!Ó˚ö (Florin, 1951) — ˛õyŸª#≈Î˚ !Óê˛ˆÏ˛õÓ˚ ˛õ!Ó˚Ó!ï≈˛ï˛ xÇ¢Ó˚)ˆÏ˛õ ~ÓÇ ˆÓ˚î%˛õe öÎ˚ ÓˆÏ° !í˛¡∫Ü˛ôÓ˚
¢ÕÒˆÏÜ˛ Óî≈öy Ü˛ˆÏÓ˚̂ ÏåÈö–

ú˛fiê˛yÓ˚ ~ÓÇ !àˆÏú˛yí≈˛ (Foster and Gifford, 1959) — ˛õyï˛yÓ˚ üˆÏï˛y !í˛¡∫Ü˛ Ó•öÜ˛yÓ˚# áÓ≈yÜ˛yÓ˚ !Óê˛˛õ
•ˆÏï˛ ¢ˆÏÕÒÓ˚ í˛zqÓ ÓˆÏ° üˆÏö Ü˛ˆÏÓ˚ö– ˆÜ˛yˆÏöyÄ ˆÎÔà üyï,˛xÇˆÏ¢Ó˚ Órôƒy Ä í˛zÓ≈Ó˚ xÇˆÏ¢Ó˚ §ÇÎ%!=˛ Ä ≤Ã!ï˛fiÌy˛õˆÏöÓ˚
ú˛ˆÏ° !í˛¡∫Ü˛ôÓ˚ ¢ÕÒ Óï≈˛üyˆÏöÓ˚ xyÜ,˛!ï˛ °yû˛ Ü˛ˆÏÓ˚̂ ÏåÈ–

ˆúœ˛y!Ó˚ö Ä ú˛fiê˛yÓ˚ !àˆÏú˛yí≈˛ÈÙÈ~Ó˚ üï˛Óyò x!ôÜ˛ï˛Ó˚ @ˇÃ•îˆÏÎyàƒ ÓˆÏ° Óï≈˛üyˆÏö xˆÏöˆÏÜ˛ üˆÏö Ü˛ˆÏÓ˚ö–
12.3.3. !°AàôÓ ̊(Gametophytes) :

˛õ%ÇˆÏÓ˚î% Ä flf#ˆÏÓ˚î% ÎÌyÜ ˛ˆÏü ˛õ%Ç Ä flf#ÈÙÈ!°AàôˆÏÓ˚Ó˚ ≤ÃÌü ˆÜ˛y£Ï–
A. ˛õ%Ç!°AàôÓ˚     (Male gametophyte) : S!ã˛e ı 12. 3. 8a-8d)

˛õ%ÇˆÏÓ˚î% ˛õ%ÇˆÏÓ˚î%˛õeüOÓ˚#Ó˚ üˆÏôƒ•z !ÓÜ˛y¢°yû˛ Ü˛ˆÏÓ˚– ˛õ%ÇˆÏÓ˚î%
!öí˛z!Üœ˛Î˚y§!ê˛ !Óû˛=˛ •Î˚ ~ÓÇ ~Ü˛!ê˛ ≤Ãyã˛#Ó˚yÓ,ï˛ •ˆÏÎ˚ xhsˇhflÏˆÏÜ˛Ó˚
§yˆÏÌ §Ç°@¿ ˆÌˆÏÜ˛ ~Ü˛!ê˛ «%˛o ≤ÃÌü ˆ≤ÃyÌƒy!°Î˚y° ˆÜ˛y£Ï (first

prothallial cell)-~Ó˚ §,!T˛ Ü˛ˆÏÓ˚– x˛õÓ˚ Ó,•Í ˆÜ˛y£Ï!ê˛ xö%Ó˚)˛˛õ
≤ÃÌyÎ˚ x§üyöû˛yˆÏÓ !Óû˛=˛ •ˆÏÎ˚ ò%!ê˛ ˆÜ˛y£Ï àë˛ö Ü˛ˆÏÓ˚ÈÙÙÙÈ≤ÃÌü

ˆ≤ÃyÌƒy°#Î˚̂ ÏÜ˛y£Ï §Ç°@¿ !mï˛#Î˚ ˆ≤ÃyÌƒy°#Î˚̂ ÏÜ˛y£Ï (Second prathalial cell) Ä xˆÏ˛õ«˛yÜ,˛ï˛ ÓˆÏí˛¸y
˛õ%Çôyö# ˆÜ˛y£Ï (Antheridial cell)– ≤ÃÌü Ä !mï˛#Î˚ ˆ≤ÃyÌƒy°#Î˚ ˆÜ˛y£Ï !ÓöT˛ •ˆÏÎ˚ ÎyÎ˚ ~ÓÇ ˛õ%Çôyö#
ˆÜ˛y£Ï!ê˛ fiÌyÎ˚# •Î˚– ~•z ˆÜ˛y£Ï!ê˛ xyÓyÓ˚ !Óû˛=˛ •ˆÏÎ˚ ~Ü˛!ê˛ çöö ˆÜ˛y£Ï (Generative cell) Ä ~Ü˛!ê˛
Ó,•Í öy!° ˆÜ˛y£Ï (Tube cell) àë˛ö Ü˛ˆÏÓ˚– ~Ó˚˛õÓ˚ ˛õ%ÇˆÏÓ˚î%à%!° 4 ˆÜ˛y£Ï!Ó!¢T˛ ˛õ%ÇˆÏÓ˚î%fiÌ°# •ˆÏï˛
!öà≈ï˛ •Î˚ Ä ÓyÎ˚%Ó˚ §y•yˆÏÎƒ ã˛y!Ó˚!òˆÏÜ˛ åÈ!í˛¸ˆÏÎ˚ ˛õˆÏí˛¸–

˛õ%ÇˆÏÓ˚î% §Çáƒy!ôˆÏÜ˛ƒÓ˚ çöƒ Óöû)˛!üÓ˚ í˛z˛õ!Ó˚û˛yà ˆÓ˚î% myÓ˚y ˛õ)î≈ •ˆÏÎ˚ ÎyÎ˚ñ ~ÓÇ §Ç°@¿ ÓyÎ˚%ü[˛°
~Ü˛ ôÓ˚ˆÏöÓ˚ •y°Ü˛y •°%ò Ó˚ÇˆÏÎ˚Ó˚ ï˛ÌyÜ˛!Ìï˛ ÚˆüˆÏâÛ ˆì˛ˆÏÜ˛ ÎyÎ˚– ~•z ≤Ã!Ü ˛Î˚yˆÏÜ˛ §y°ú˛yÓ˚ §yÄÎ˚yÓ˚
(Sulphur shower) Óy àrôÜ˛ Ó,!T˛ ÓˆÏ°– ˆÓ!¢Ó˚û˛yà ˛õ%ÇˆÏÓ˚î%•z !ÓöT˛ •ˆÏÎ˚ ÎyÎ˚– ˆÎ x“ §ÇáƒÜ˛
ˆÓ˚î% !ÓöT˛ öy •ˆÏÎ˚ flf#ÈÙÈˆÜ˛yîÈÙÈ~Ó˚ í˛z˛õ!Ó˚û˛yˆÏà ˆ˛õÑÔåÈyÎ˚ñ ï˛yÓ˚y•z xAÜ%˛!Ó˚ï˛ •Î˚– ~ §üÎ˚ !í˛¡∫Ü˛Ó˚rô  •ˆÏï˛

!ã˛e ı 12.3.8a-8d ̨õ%Ç!°Aàô Ï̂Ó˚Ó˚ ̨õ!Ó˚fl≥%̨ ê˛ Ï̂öÓ˚ ò¢y

≤ÃÌü ˆ≤ÃyÌƒy°#Î˚ ˆÜ˛y£Ï !mï˛#Î˚ ˆ≤ÃyÌƒy°#Î˚ ˆÜ˛y£Ï çöö ˆÜ˛y£Ï öy!° !öí˛z!Üœ˛Î˚y§

˛õÓ˚yàöy°#

ˆò•ˆÏÜ˛y£Ï Ó,hsˇyˆÏÜ˛y£Ï

(8a) (8b) (8c) (8d)
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~Ü˛ !Ó®% fl∫FåÈ ˛õÓ˚yàˆÏÎyà !Ó®% !öà≈ï˛ (pollination drop) •Î˚ó ≤Ã!ï˛!ê˛ !í˛¡∫Ü˛ôÓ˚ ¢ÕÒ ï˛yÓ˚
≤Ã!ï˛ˆÏÓ¢#Ó˚ !öÜ˛ê˛ •ˆÏï˛ !Ü˛!M˛ï˛ ò)ˆÏÓ˚ §ˆÏÓ˚ ÎyÎ˚– ˛õ%ÇˆÏÓ˚î%à%!° ˛õÓ˚yà!Ó®%ˆÏï˛ xyÓÂô •ˆÏÎ˚ ˛õˆÏí˛¸ ~ÓÇ
˛õÓ˚yà ≤ÃˆÏÜ˛yˆÏ¤˛ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚– ~•z xÓfiÌyÎ˚È ¢ÕÒà%!° ˛õ%öÓ˚yÎ˚ Órô •ˆÏÎ˚ flf#ˆÏÜ˛yîˆÏÜ˛ ~Ü˛!ê˛ ò,ì˛¸ ˆÜ˛yˆÏîÓ˚
xyÜ,˛!ï˛ ≤Ãòyö Ü˛ˆÏÓ˚– ˛õ%ÇˆÏÓ˚î%à%!° flf#ˆÏÜ˛yˆÏîÓ˚ üˆÏôƒ ~Ü˛ÓåÈˆÏÓ˚Ó˚Ä ˆÓ!¢ §üÎ˚ xyÓÂô ˆÌˆÏÜ˛ ˛õÓ˚Óï˛#≈
¢#ï˛Ü˛yˆÏ° xAÜ%˛!Ó˚ï˛ •Î˚–

xAÜ%˛!Ó˚ï˛ •ÓyÓ˚ §üÎ˚ ˛õ%ÇˆÏÓ˚î%Ó˚ xhsˇgflÏÜ˛ ≤Ã§y!Ó˚ï˛ Ä öˆÏ°Ó˚ xyÜ˛yˆÏÓ˚ Ó!ô≈ï˛ •ˆÏÎ˚ ˛õÓ˚yàöy!°Ü˛y
(Pollen tube)-~Ó˚ §,!T˛ Ü˛ˆÏÓ˚– ~!ê˛ Ü˛yˆÏÓ≈y•y•zˆÏí»˛ê˛ myÓ˚y ˛õ)î≈ ÌyˆÏÜ˛ ~ÓÇ ~Ó˚ x@ˇÃû˛yà ¢yáy!ß∫ï˛
•Î˚– ˆçöyˆÏÓ˚!ê˛û˛ ˆÜ˛y£Ï ò%û˛yˆÏà !Óû˛=˛ •ˆÏÎ˚ í˛z˛õ!Ó˚û˛yˆÏà Ó,hsˇ ˆÜ˛y£Ï (Stalk cell) Ä !ö¡¨û˛yˆÏà ˆò•
ˆÜ˛y£Ï (Body cell)-~Ó˚ §,!T˛ Ü˛ˆÏÓ˚– ˆò• ˆÜ˛y£Ï •ˆÏï˛ ò%!ê˛ ˛õ%Ç !öí˛z!Üœ˛Î˚yˆÏ§Ó˚ í˛zÍ˛õ!_ •Î˚– Ó,hsˇ ˆÜ˛y£Ï!ê˛
öT˛ •ˆÏÎ˚ ÎyÎ˚–

B. flf#!°AàôÓ˚ (Female gametophyte) : S!ã˛e ı 12. 3. 9a-c)

!í˛¡∫Ü˛ º)îˆÏ˛õy£ÏÜ˛ Ü˛°yÓ˚ xû˛ƒhsˇˆÏÓ˚ ~Ü˛!ê˛ flf#ˆÏÓ˚î% üyï,˛ˆÏÜ˛y£Ï öÓ˚ü ˆÜ˛y£Ï (Spongy cells) myÓ˚y
xyÓ,ï˛ ÌyˆÏÜ˛– ~•z ˆÜ˛y£Ïà%!° ˛õ%!T˛ ˆçyàyÎ˚– üyˆÏÎ˚y!§§ !Óû˛yçˆÏöÓ˚ ú˛ˆÏ° ~Ü˛!ê˛ flf#ˆÏÓ˚î% üyï,˛ˆÏÜ˛y£Ï
•ˆÏï˛ 4!ê˛ flf#ˆÏÓ˚î% í˛zÍ˛õß¨ •Î˚– ~ˆÏòÓ˚ üˆÏôƒ í˛z˛õˆÏÓ˚Ó˚ !ï˛ö!ê˛ öT˛ •ˆÏÎ˚ ÎyÎ˚ Ä ö#ˆÏã˛Ó˚!ê˛ Ü˛yÎ≈«˛ü ÌyˆÏÜ˛–

flf#ˆÏÓ˚î% !öí˛z!Üœ˛Î˚y§!ê˛Û xyÜ˛yˆÏÓ˚ o%ï˛ Ó,!Âô ˆ˛õˆÏï˛ ÌyˆÏÜ˛ ~ÓÇ xÓyô !öí˛z!Üœ˛Î˚ (free nuclear)

!Óû˛yçˆÏöÓ˚ myÓ˚y Ó•%§ÇáƒÜ˛ ü%=˛ !öí˛z!Üœ˛Î˚y§ í˛zÍ˛õß¨ Ü˛ˆÏÓ˚ ~ÓÇ ï˛yÓ˚y flf#ˆÏÓ˚î%Ó˚ §y•zˆÏê˛y≤’yçˆÏü
!Ó!«˛Æû˛yˆÏÓ !ÓöƒhflÏ ÌyˆÏÜ˛– ~Ó˚˛õÓ˚ fl∫FåÈ flf#ˆÏÓ˚î%ˆÏï˛ ï˛Ó˚° ˛õòyÌ≈˛õ)î≈ ~Ü˛!ê˛ Ó,•Í ˆÜ˛w#Î˚ à•ùÓ˚ §,!T˛
•ÄÎ˚yÎ˚ §ü@ˇÃ ü%=˛ !öí˛z!Üœ˛Î˚y§ §ˆÏüï˛ §y•zˆÏê˛y≤’yçü flf#ˆÏÓ˚î% ≤Ãyã˛#ˆÏÓ˚Ó˚ ˆû˛ï˛ˆÏÓ˚Ó˚ àyˆÏÎ˚ §ˆÏÓ˚ ÎyÎ˚– ~•z
ü%=˛ !öí˛z!Üœ˛Î˚y§à%!°Ó˚ üˆÏôƒ ˆÜ˛y£Ï≤Ãyã˛#Ó˚ x!û˛ˆÏÜ˛!wÜ˛û˛yˆÏÓ (centripetally) à!ë˛ï˛ •Î˚– ~ÓÇ
flf#ˆÏÓ˚î%Ó˚ üˆÏôƒ ~Ü˛!ê˛ !öˆÏÓ˚ê˛ Ü˛°yÓ˚ §,!T˛ •Î˚– ~•zÓ˚)˛õ Ü˛°yˆÏÜ˛ §§ƒÜ˛°y (Endosperm tissue)

ÓˆÏ°– ≤ÃÜ,˛ï˛˛õˆÏ«˛ ~!ê˛•z ˛ÎÌyÌ≈ flf#!°AàôÓ˚–

!ã˛e ı 12.3.9a-c ̨õy•zöy§ !í˛¡∫̂ ÏÜ˛Ó˚ ̨ õ!Ó˚fl≥%˛ê˛ˆÏöÓ˚ !Ó!û˛ß¨ ò¢y

!ã˛e ı 12.3.9a flf#ˆÏÓ˚î%
üyï,̨ Ï̂Ü˛y Ï̂£ÏÓ̊ í z̨Í˛õ!_

!ã˛e ı 12.3.9b

flf#ˆÏÓ˚î% ã˛ï%˛T˛ü
!ã˛e ı 12.3.9c ü%=˛ !öí˛zÜœ̨ #Î˚ ò¢y

f!í˛¡∫Ü˛cÜ˛

º)î ˆ˛õy£ÏÜ˛Ü˛°y

ˆ˛õy£ÏÜ˛ Ü˛°y

flf# Ï̂Ó̊î%
üyï,˛ˆÏÜ˛y£Ï

§!Ü ˛Î˚ flf#ˆÏÓ˚î%

!í˛¡∫Ü˛ cÜ˛

˛õ%Ç Ï̂Ó̊î%

º)î ˆ˛õ£ÏÜ˛Ü˛°y

ˆ˛õy£ÏÜ˛Ü˛°y

flf#ˆÏÓ˚î%Ó˚ xyÓÓ˚î#
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~•z xÓfiÌyÎ̊ § Ï̂§ƒÓ̊ í z̨̨ õ!Ó̊û˛y Ï̂à !í˛¡∫Ü˛Ó̊ Ï̂rô Ó̊ !ò Ï̂Ü˛ Ü˛ Ï̂Î̊Ü˛!ê˛ xy!Ü≈̨ Ï̂àyö#Î̊ ≤ÃyÓ̊!Ω˛Ü˛ (Archegonial

initials) ~Ó˚ í˛zqÓ •Î˚– Óy!Ü˛ §§ƒ!ê˛ ˛õ%!T˛§yôˆÏöÓ˚ Ü˛yˆÏç !öˆÏÎ˚y!çï˛ ÌyˆÏÜ˛– ≤Ã!ï˛!ê˛ xy!Ü≈˛ˆÏàyö#Î˚
≤ÃyÓ˚!Ω˛Ü˛ ò%û˛yˆÏà !Óû˛=˛ •ˆÏÎ˚ í˛z˛õ!Ó˚û˛yˆÏà ≤ÃyÓ˚!Ω˛Ü˛ @ˇÃ#Óy (Neck initial) Ä !ö¡¨û˛yˆÏà ˆÜ˛w#Î˚
ˆÜ˛y£Ï (central cell)~Ó˚ §,!T˛ Ü˛ˆÏÓ˚– ~•z ≤ÃyÓ˚!Ω˛Ü˛ @ˇÃ#Óy ˆÜ˛y£Ï •ˆÏï˛ !Óû˛yçˆÏöÓ˚ ú˛ˆÏ° Ü˛y°Ü ˛ˆÏü ò%•z
§y!Ó˚ˆÏï˛ ã˛yÓ˚!ê˛ ˆÜ˛y£Ï !öˆÏÎ˚ 8!ê˛ ˆÜ˛yˆÏ£ÏÓ˚ §,!T˛ •Î˚– ˆÜ˛w#Î˚ ˆÜ˛yˆÏ£ÏÓ˚ Óy•zˆÏÓ˚ ~Ü˛!ê˛ xy!Ü≈˛ˆÏàyö#Î˚
xyÓÓ˚î (Archegonial jacket) í˛zÍ˛õß¨ •Î˚ ~ÓÇ ~Ó˚ !öí˛z!Üœ˛Î˚y§ ò%!ê˛ !öí˛z!Üœ˛Î˚yˆÏ§ !Óû˛=˛ •ˆÏÎ˚ ò%!ê˛
ˆÜ˛y£Ï §,!T˛ Ü˛ˆÏÓ˚– x“«˛î fiÌyÎ˚# xAÜ˛#Î˚ öy!° ˆÜ˛y£Ï (Ventral Canal cell) ~ÓÇ !í˛¡∫yî% (Egg cell)

~•zû˛yˆÏÓ §,T˛ •Î˚– @ˇÃ#ÓyÎ˚ ˆÜ˛yˆÏöy @ˇÃ#Óyöy!°ˆÏÜ˛y£Ï ÌyˆÏÜ˛ öy–

!öˆÏ£ÏÜ˛ (Fertilization) : !öˆÏ£ÏÜ˛Ü˛yˆÏ° ˛õÓ˚yàöy!° flf#ôyö#Ó˚ @ˇÃ#ÓyÎ˚ ˆ˛õÑÔåÈyˆÏ° ï˛y !Óò#î≈ •Î˚ ~ÓÇ ˛õ%Ç
!öí˛z!Üœ˛Î˚y§à%!° !öà≈ï˛ •Î˚– ˛õ%Ç!öí˛z!Üœ˛Î˚y§à%!° !í˛¡∫yî%Ó˚ ã˛yÓ˚˛õyˆÏ¢ xÓfiÌyö Ü˛ˆÏÓ˚– !í˛¡∫ˆÏÜ˛Ó˚ !öí˛z!Üœ˛Î˚y§!ê˛ xyÜ˛yˆÏÓ˚
ÓˆÏí˛¸y •Î˚– ~Ü˛!ê˛ ˛õ%Ç!öí˛z!Üœ˛Î˚y§ !í˛¡∫yî%Ó˚ §yˆÏÌ !ü!°ï˛ •Î˚ Ä xöƒ !öí˛z!Üœ˛Î˚y§à%!° !ÓöT˛ •ˆÏÎ˚ ÎyÎ˚– !ü!°ï˛ ò%!ê˛
!öí˛z!Üœ˛Î˚y§ ˆÜ˛y£Ï ≤Ãyã˛#Ó˚ §,!T˛ Ü˛ˆÏÓ˚ ~Ü˛!ê˛ í˛zˆÏflõyÓ˚ (Oospore)-~Ó˚ §,!T˛ Ü˛ˆÏÓ˚–

º)î (Enbryogeny) : S!ã˛e 12. 3. 10a-g)

í˛zˆÏflõyÓ˚ !öí˛z!Üœ˛Î˚y§!ê˛ ≤ÃÌˆÏü ò%!ê˛ Ä ˛õˆÏÓ˚ ã˛yÓ˚!ê˛ !öí˛z!Üœ˛Î˚yˆÏ§ !Óû˛=˛ •Î˚– !öí˛z!Üœ˛Î˚y§ ã˛yÓ˚!ê˛ xyÎ˚ï˛ˆÏö Ó,!Âô
˛õyÎ˚ ~ÓÇ xy!Ü≈˛ˆÏày!öÎ˚yˆÏ§Ó˚ ï˛°ˆÏòˆÏ¢ ~Ü˛§y!Ó˚̂ Ïï˛ §!Iï˛ ÌyˆÏÜ˛– ~•z xÓfiÌyÎ˚ñ !öí˛z!Üœ˛Î˚y§à%!° ò%ÓyÓ˚ !Óû˛=˛
•ˆÏÎ˚ 16!ê˛ ˆÜ˛y£Ï!Ó!¢T˛ xy!òº)î (Pro-embryo)-ˆï˛ ˛õ!Ó˚îï˛ •Î˚– ~•z xy!òº)ˆÏî 4!ê˛ hflÏÓ˚ ÌyˆÏÜ˛ Ä í˛z•yÓ˚
≤Ã!ï˛!ê˛ hflÏˆÏÓ˚ 4!ê˛ Ü˛ˆÏÓ˚ ˆÜ˛y£Ï ÌyˆÏÜ˛– ö#ˆÏã˛Ó˚ !òÜ˛ •ˆÏï˛ í˛z˛õˆÏÓ˚Ó˚ !òˆÏÜ˛Ó˚ !ï˛ö!ê˛ º)îôÓ˚ hflÏÓ˚ (Suspensor tier)

!ã˛e ı 12.3.10a-g º)î àë˛ˆÏöÓ˚ !Ó!û˛ß¨ ò¢y

ü%=˛ !öí˛z!Üœ˛Î˚y§

ˆ˛õÔ!T˛Ü˛ §y!Ó˚

ˆÓ˚yˆÏçê≈˛§y!Ó˚

º)îôÓ˚§y!Ó˚

º)î§y!Ó˚

ˆÓ˚yˆÏçê˛ ˆÜ˛y£Ï

º)îôÓ̊

º)î

(a) (b)
(c)

(g)
(f)(e)(d)
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~ÓÇ ï˛yÓ˚ í˛z˛õˆÏÓ˚Ó˚ hflÏÓ˚!ê˛ˆÏÜ˛ ˆÓ˚yˆÏ§!ê˛ (Rosette tier) ÓˆÏ°– §Ó≈ˆÏ˛õ«˛y í˛z˛õˆÏÓ˚Ó˚ !òˆÏÜ˛ xÓ!fiÌï˛ ˆ¢£Ï Óy•zˆÏÓ˚Ó˚
!òˆÏÜ˛ ˆÜ˛yˆÏöyÄ ≤Ãyã˛#Ó˚ öy ÌyÜ˛yÎ˚ ˆ§!ê˛ˆÏÜ˛ í˛zß√%=˛ hflÏÓ˚ (Open tier) xÌÓy ˆ˛õÔ!T˛Ü˛ hflÏÓ˚ (Nutritive tier)

ÓˆÏ°– º)îhflÏˆÏÓ˚Ó˚ ã˛yÓ˚!ê˛ ˆÜ˛y£Ï •ˆÏï˛ ã˛yÓ˚!ê˛ º)î í˛zÍ˛õß¨ •Î˚– º)îôÓ˚ ˆÜ˛y£Ïà%!° ò#â≈ •ˆÏÎ˚ º)îˆÏÜ˛ flf#!°AàôˆÏÓ˚Ó˚ üˆÏôƒ
≤Ã!ÓT˛ Ü˛!Ó˚̂ ÏÎ˚ ~Ó˚ ˛õ%!T˛ §yôˆÏö §•yÎ˚ï˛y Ü˛ˆÏÓ˚– ~Ó˚)˛õ ~Ü˛y!ôÜ˛ º)î §,!T˛Ó˚ ≤Ã!Ü ˛Î˚yˆÏÜ˛ Ó•%Ó#ç º)îï˛y (Polyem-

bryone) ÓˆÏ°– !í˛¡∫Ü˛cˆÏÜ˛Ó˚ hflÏÓ˚ !ï˛ö!ê˛ Ó#ˆÏçÓ˚ xyÓÓ˚î# àë˛ö Ü˛ˆÏÓ˚– º)îˆÏ˛õy£ÏÜ˛ Ü˛°yÓ˚ xÓ!¢T˛yÇ¢ flf#!°Aà
ôˆÏÓ˚Ó˚ !í˛¡∫Ü˛Ó˚ˆÏrô Ó˚ !òˆÏÜ˛ ~Ü˛!ê˛ ¢%‹Ò xÇ¢ Ó˚)ˆÏ˛õ xÓfiÌyö Ü˛ˆÏÓ˚ÈÙÙÙÈ~ˆÏÜ˛ ̨õ!Ó˚º)î (Perisperm) ÓˆÏ°– ~Ü˛!ê˛ ̨õ!Ó˚îï˛
º)ˆÏî º)îü)° (Radicle), º)î˛õeyÓÜ˛y[˛ (Hypocotyle) Ä xˆÏöÜ˛à%!° Ó#ç˛õe (Cotyledons) ˆòáy
ÎyÎ˚– Ü˛!ê˛ˆÏ°í˛öÈÙÈ~Ó˚ üôƒÓï˛#≈ xÇˆÏ¢ º)îü)°
(Plumule) Ìy Ï̂Ü˛–
12.3.4. öï%̨ ö ̂ Ó̊î%ô Ï̂Ó̊Ó̊ í z̨qÓ (Development

of new sporophyte) : S!ã˛e ı 12. 3. 11, 12)

˛õy•zöyˆÏ§Ó˚ Ó#ç ~Ü˛ÓÍ§Ó˚ !Ó◊yü°yˆÏû˛Ó˚ ˛õÓ˚
xAÜ%˛!Ó˚ï˛ •Î˚– Ó#ç ˛õ!Ó˚îï˛ •ˆÏ°ñ ¢ÕÒ ˛õeà%!°§•
flf#ÈÙÈˆÜ˛yî ¢%‹Ò Ä ¢=˛ xÓfiÌy≤ÃyÆ •Î˚– ¢ÕÒà%!°
ô#ˆÏÓ˚ ô#ˆÏÓ˚ á%ˆÏ° ÎyÎ˚ ~ÓÇ ˛õ!Ó˚îï˛ Ó#çà%!° !öà≈ï˛
• Ï̂Î̊ ÓyÎ̊%≤ÃÓy Ï̂• Ü˛yà Ï̂çÓ̊ ü Ï̂ï˛y ¢%‹Ò ̨õ Ï̂«˛Ó̊ §y•y Ï̂Îƒ
ˆû˛ˆÏ§ ÎyÎ˚– ~•z Ó#ç xö%Ü)˛° ˛õ!Ó˚̂ ÏÓˆÏ¢ ü,òyˆÏû˛ò#
(Epigeal) ̨õÂô!ï˛ Ï̂ï˛ xAÜ%̨ !Ó̊ï˛ • Ï̂Î̊ ≤Ã Ï̂ï˛ƒ Ï̂Ü˛ ~Ü˛!ê˛
Ü˛ˆÏÓ˚ öï%˛ö ˛õy•zöy§ í˛z!qò §,!T˛ Ü˛ˆÏÓ˚–
12.3.5. çö%Ü ˛ü (Life cycle)

˛õy•zöyˆÏ§Ó˚ ç#Óö ã˛ˆÏÜ ˛ çö%Ü ˛ü §%flõT˛û˛yˆÏÓ °«˛ Ü˛Ó˚y ÎyÎ˚– !ã˛e 12. 3. 13

˛õ%ÇˆÏÓ˚î%˛õeüOÓ˚# (2n) ˛õ%ÇˆÏÓ˚î%˛õe (2n)

˛õy•zöy§
flf#ˆÏÓ˚î%˛õeüOÓ˚# (2n) flf#ˆÏÓ˚î%˛õe (2n)

˛õ%ÇˆÏÓ˚î%fiÌ°# (2n)

Ó#ç üôƒ!fiÌï˛ º)î (2n) flf#ˆÏÓ˚î%fiÌ°# (2n)

˛õ%ÇˆÏÓ˚î%üyï,˛ˆÏÜ˛y£Ï (2n)

çy•zˆÏàyê˛ (2n) flf#ˆÏÓ˚î%üyï,˛ˆÏÜ˛y£Ï (2n)

ˆÓ˚î%ôÓ˚ (2n)

!ö Ï̂£ÏÜ˛ !ü ˆÎ˚y !§ §

¢%Ü ̨ yî% (n) !í˛¡∫yî% (n) !°AàôÓ ̊(n)

flf#ôyö# (n) flf#!°AàôÓ˚ (n) flf#ˆÏÓ˚î% (n) ˛õ%ÇˆÏÓ˚î% (n)

˛õ%Çôyö# ˛õ%Ç!°AàôÓ˚ (n)

!ã˛e ı 12.3.13 ̨õy•zöy Ï̂§Ó˚ ç#Óö ã˛Ü ̨

!ã˛e ı 12.3.11

˛õy•zöy§ Ó#ˆÏçÓ˚ °¡∫̂ ÏFåÈò
!ã˛e ı 12.3.12

˛õy•z°yˆÏüÓ˚ Ó#ç

↑

↑

↑

↓
↓

↓↓

↓ ↓

→
→

→

↑
← ←

← ←

←

↓

º)îôÓ̊

§§ƒ

Ó#ç˛õe

í z̨•zÇ
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12.3.6 ˛õy•zöyˆÏ§Ó˚ xÌ≈˜Ïö!ï˛Ü˛ à%Ó˚%c
1. Pinus ˆÌˆÏÜ˛ í˛zß¨ï˛ üyˆÏöÓ˚ Ü˛yë˛ ˛õyÄÎ˚y ÎyÎ˚ÈÙÙÙÈÎy à,• !öü≈yˆÏîñ xy§ÓyÓ˛õe ˜ï˛!Ó˚ Ü˛Ó˚ˆÏï˛ñ áÑ%!ê˛ñ ˛õƒy!Ü˛Ç Óy:ñ

ˆò¢°y•zÈÙÈÓy:ñ ˆ˛õ!™° ˜ï˛!Ó˚ Ü˛Ó˚̂ Ïï˛ ÓƒÓ•yÓ˚ Ü˛Ó˚y •Î˚–
2. Pinus roxburghii Óy !ã˛Ó˚ (Chir) öyˆÏü ˆÎ ≤Ãçy!ï˛ ˛õ!Ó˚!ã˛ï˛ ï˛y ˆÌˆÏÜ˛ !üÌy•z° xƒy°ˆÏÜ˛y•°ñ ï˛y!˛õ≈ö

˜ï˛° ~ÓÇ Ó˚çö ˛õyÄÎ˚y ÎyÎ˚–
3. P. gerardiana-Ó˚ Ó#ç (Chilgoza) ˆû˛ˆÏç áyÄÎ˚y •Î˚– ~•z Ó#ç ˆÌˆÏÜ˛ ~Ü˛˛≤ÃÜ˛yÓ˚ ˜ï˛° ˛õyÄÎ˚y ÎyÎ˚ñ Îy

«˛ï˛fiÌyˆÏöÓ˚ !ã˛!Ü˛Í§yÎ˚ ÓƒÓ•yÓ˚ Ü˛Ó˚y •Î˚–
4. P. wallichiana-Ó˚ Ü˛yë˛ á%Ó û˛yˆÏ°y–
5. P. insularis ~Ó˚ ˛õyï˛y Ä Ü˛yë˛ ˆÌˆÏÜ˛ ˜ï˛° ≤Ã›ï˛ Ü˛Ó˚y •Î˚ñ Îy çµy°y!ö !•§yˆÏÓ ÓƒÓ•,ï˛ •Î˚–
6. P. edulis-Ó˚ Ó#ç üyö%£Ï áyòƒÓ˚)ˆÏ˛õ @ˇÃ•î Ü˛ˆÏÓ˚–
7. P. khasya-Ó˚ Ü˛yë˛ çµy°y!öÓ˚ Ü˛yˆÏç ÓƒÓ•yÓ˚ •Î˚–
8. P. palustris Ä P. sylvestris-~Ó˚ ˛õyï˛y ˆÌˆÏÜ˛ ˆÎ ï˛v ˛õyÄÎ˚y ÎyÎ˚ ï˛y Ü%˛¢ö (cushions) Óy!°¢ Ä

ˆï˛y£ÏÜ˛ à!ò (mattresses) ̃ ï˛!Ó̊Ó̊ fiê˛yú˛ (stuffing material) Ü˛y Ï̂ç °y Ï̂à–

12.4 !öê˛yü (Gnetum) ~Ó˚ ç#Óö ã˛Ü ˛ ı !öˆÏê˛!°§ (Gnetales)

í˛z!qòçàˆÏï˛ fiÌyö (Systematic position)

ˆ◊!î (class) — !öê˛˛õ!§í˛y (Gnetopsida)

Óà≈ (order) — !ö Ï̂ê˛!°§ (Gnetales)

ˆàye (family) — !ö Ï̂ê˛!§ (Gnetaceae)

àî (Genus) — !öê˛yü (Gnetum)

12.4.1. !ÓhflÏyÓ̊     (Distribution)

!öˆÏê˛!°§ ÓˆÏà≈ !ï˛ö!ê˛ ̂ àyˆÏeÓ˚ S•zˆÏú˛í»˛y§#ÈÙÙÙÈ Ephedraceae, ÄˆÏÎ˚° í˛z•z§‰!ã˛ˆÏÎ˚!§ÄÈÙÙÙÈ Welwitschiaceae

Ä !öˆÏê˛!§ (gnetaceae) üˆÏôƒ !öˆÏê˛!§ ~Ü˛!ê˛–ñ ~•z ˆàyˆÏe àˆÏîÓ˚ §Çáƒy üye ~Ü˛!ê˛ñ !öê˛yü (Gnetum)– !öê˛yü
àˆÏî ≤ÃyÎ˚ ã˛!Õ‘¢!ê˛ ≤Ãçy!ï˛ Óï≈˛üyö– xyo≈ @ˇÃ#‹ø≤Ãôyö xÓ˚̂ Ïîƒ ~ˆÏòÓ˚ ˆòáy ÎyÎ˚– ò!«˛î xyˆÏü!Ó˚Ü˛yñ ˛õ!ÿ˛ü xy!ú ˛Ü˛yñ
û˛yÓ˚ï˛Ó£Ï≈ Ä ã˛#ö ˆòˆÏ¢ ~Ó˚y ≤Ãã%˛Ó˚ ˛õ!Ó˚üyˆÏî çˆÏß√– û˛yÓ˚ï˛ÓˆÏ£Ï≈ !öê˛yˆÏüÓ˚ ˛õÑyã˛!ê˛ ≤Ãçy!ï˛ çˆÏß√ ı

1. !öê˛yü ˆöˆÏüyö (Gnetum gnemon) xy§yˆÏüÓ˚ Óöû)˛!üˆÏï˛ S!¢Ó §yàÓ˚ñ öyày˛õÓ≈ï˛ñ Ü%˛ÇàyÓy xM˛°
Ä ˆày°âyê˛ xM˛ˆÏ°V ˆòáy ÎyÎ˚–

2. !öê˛yü í˛z°y (Gnetum ula)—ò!«˛î û˛yÓ˚̂ Ïï˛Ó˚ xÓ˚îƒû)˛!üˆÏï˛ SˆÜ˛Ó˚y°yñ ö#°!à!Ó˚Vñ ˛õ!ÿ˛üâyê˛ S≤ÃyÎ˚
áy[˛y°yÓ˚ !öÜ˛ê˛Óï˛#≈ xM˛ˆÏ° Ä Ü%˛ˆÏà≈V ~ÓÇ xrô ≤ÃˆÏòˆÏ¢Ó˚ ˆàyòyÓÓ˚# ˆç°yÎ˚ çß√yÎ˚–

3. !öê˛yü Ü˛rê˛∆yÜ˛ê˛yü (Gnetum contractum) ö#°!à!Ó˚ñ Ü˛î≈yê˛Ü˛ñ ̂ Ü˛Ó˚y°yñ ï˛y!ü°öyí ¸̨ % SÜ%˛ö%Ó˚V ÓöyM˛ˆÏ°
ˆòáy ÎyÎ˚–

4. !öê˛yü °ƒy!ê˛ú˛!°Î˚yü (G. latifolum)— xy®yüyö Ä !öˆÏÜ˛yÓÓ˚ xM˛ˆÏ° ˆòáy ÎyÎ˚–
5. !öê˛yü ürê˛yöyü (G. montanum)— !§!Ü˛üñ òy!ç≈!°Çñ í˛z!í˛¸£ÏƒyÓ˚ üÎ˚)Ó˚û˛Oñ áy!§Î˚y Ä çÎ˚!hsˇÎ˚y

˛õyÓ≈ï˛ƒ xM˛ˆÏ° çß√yÎ˚–
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12.4.2 ̂ Ó̊î%ôÓ̊ í z̨!q Ï̂òÓ̊ àë˛ö (Sporophytic plant)

1. Ó!•Ó̊yÜ,̨ !ï˛ (External morphology) : !ã˛e 12.4.1

fl∫û˛yˆÏÓ !öê˛yü !mÓ#ç˛õe# í˛ z!qˆÏòÓ˚ üˆÏï˛y Ó,«˛ñ
Ü˛y¤˛°°ï˛yñ Óy à%Õ√ ≤ÃÜ,˛!ï˛Ó˚ •Î˚– Ü˛y[˛ ˆÓ°öyÜ˛yÓ˚ ¢yáyÎ%=˛
Ä ò#â≈yÜ˛yÓ˚– ò#â≈yÜ˛yÓ˚ Ü˛y[˛à%!° ˆåÈyˆÏê˛y ˆåÈyˆÏê˛y Ü˛y[˛ Ó•ö
Ü˛ˆÏÓ˚ ~ˆÏÜ˛ fl∫˛õ%‹õÜ˛ í˛z!qˆÏòÓ˚ xyÜ,˛!ï˛ ≤Ãòyö Ü˛ˆÏÓ˚– ˛õÓ≈ •ˆÏï˛
˛õyï˛y í˛zÍ˛õß¨ •Î˚ÈÙÙÙÈ~Ó˚y xyÓï≈˛Ü˛yÓ˚ Óy x!û˛ü%á !ï˛Î≈Ü˛˛õß¨
(oppo-site decussate) Ó˚)ˆÏ˛õ §!Iï˛ ÌyˆÏÜ˛– ˛õyï˛y §Ó˚°ñ
Ó,•Íñ !í˛¡∫yÜ˛yÓ˚ñ xö%˛õ˛õe#ñ «˛%o Ó,hsˇÎ%=˛ Ä ~Ü˛!¢Ó˚y° çy!°Ü˛yÓ˚ !¢Ó˚y!Óöƒy§ Î%=˛– Ü˛yˆÏ[˛ ò%•z ôÓ˚ˆÏöÓ˚ ¢yáy ˆòáy
ÎyÎ˚ÈÙÙÙÈ ò#â≈yÜ˛yÓ˚ ¢yáyˆÏÜ˛ x§#ü Ó,!Âô§¡õß¨ !Óê˛˛õ Ä fl∫“ ˜òˆÏâ≈ƒÓ˚ ¢yáyˆÏÜ˛ §#!üï˛ Ó,!Âô§¡õß¨ !Óê˛˛õ ÓˆÏ°– ò#â≈
°ï˛yˆÏöy Ü˛y¤˛° í˛z!qˆÏòÓ˚ !ö¡¨û˛yˆÏà §yôyÓ˚îï˛ ˛õyï˛y ˆòáy ÎyÎ˚ öy– ü)°à%!° fl∫yû˛y!ÓÜ˛û˛yˆÏÓ í˛zÍ˛õß¨ ≤Ãôyö ü)°ñ
¢yáyÎ%=˛–
2. xhsˇ xAà§ÇfiÌyö (Internal Structure) :

(a) Ü˛y[˛ (Stem) : xyû˛ƒhsˇÓ˚#î àë˛ö !mÓ#ç˛õe# í˛z!qˆÏòÓ˚ Ü˛yˆÏ[˛Ó˚ üˆÏï˛y– ≤ÃfiÌˆÏFåÈˆÏò Óy•zˆÏÓ˚ •ˆÏï˛ ̂ û˛ï˛ˆÏÓ˚Ó˚
!òˆÏÜ˛ !ö¡¨!°!áï˛ xÇ¢à%!° ˆòáy ÎyÎ˚– S!ã˛e 12. 4. 2a-b)

!ã˛e ı 12.4.1 !öê˛yˆÏüÓ˚ !Óê˛ˆÏ˛õÓ˚ xÇ¢

~!˛õí˛yÓ˚!ü§ (Epidermis) : ~Ü˛ hflÏÓ˚ !Ó!¢T˛ ã˛ï%˛û≈˛%ç ˆÜ˛y£Ï myÓ˚y à!ë˛ï˛– !Ü˛í˛z!ê˛ˆÏöÓ˚ xyÓÓ˚îÎ%=˛– ~•z
hflÏˆÏÓ˚ ˛õeÓ˚rô  Óy ˆfiê˛yüyê˛y (stomata) ˆòáy ÎyÎ˚–

!ã˛e ı 12.4.2a !öê˛yˆÏüÓ˚ Ü˛yˆÏ[˛Ó˚ ≤ÃhflÏˆÏFåÈò !ã˛e ı 12.4.2b öy!°Ü˛y Óy!u˛° S!öê˛yüV

ˆflœÒˆÏÓ˚öÜ˛y•züy ˆÜ˛y£Ï

ê˛∆yÜ˛y•zí˛

çy•zˆÏ°ü ˆû˛ˆÏ§°

Ü˛ƒyü‰!ÓÎ˚yü

ˆúœ˛yˆÏÎ˚ü

ÓyÎ˚% à•ùÓ˚

ú˛y•zÓyÓ˚ ˆÜ˛y£Ï

˛õƒyˆÏÓ˚öÜ˛y•züy

ˆÜœ˛yˆÏÓ˚öÜ˛y•züy

cÜ˛

˛õeÓ˚rô 

!Ü˛í˛z!ê˛Ü˛°

ˆflœÒˆÏÓ˚y!ê˛Ü˛ ˆÜ˛y£Ï

ˆúœ˛yˆÏÎ˚ü
ú˛y•zÓyÓ˚

ˆúœ˛yˆÏÎ˚ü

ˆû˛ˆÏ§°

!˛õÌ
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Ü˛ Ï̂ê≈̨ : (Cortex) : Ó•% hflÏÓ̊!Ó!¢T˛ x Ï̂öÜ˛à%!° ̂ ày°yÜ˛yÓ̊ ̂ Ü˛y£Ï Ü˛ Ï̂ê≈̨ : àë˛ö Ü˛ Ï̂Ó̊– ̨õƒy Ï̂Ó̊öÜ˛y•züy ̂ ◊!îÓ̊
ˆÜ˛y£Ïà%!° ˆÜœ˛yˆÏÓ˚y≤’yfiê˛Î%=˛– ~•z hflÏˆÏÓ˚Ó˚ xˆÏöÜ˛ fiÌyˆÏö ˆflœÒÓ˚y•zí˛ (scleride) ˆÜ˛y£Ï ~Ü˛!eï˛ •ˆÏÎ˚
!flõ!Ü˛í z̨°yÓ̊ ̂ Ü˛y£Ïã˛Ü ̨  (spicular cell ring) àë˛ö Ü˛ Ï̂Ó̊–
~ˆÏu˛yí˛yÓ˚!ü§ (Endodermis) : Ü˛!ã˛ Óy x˛õ!Ó˚îï˛ Ü˛yˆÏ[˛ ~ˆÏu˛yí˛yÓ˚!ü§ Ä ̨õ!Ó˚ã˛Ü ˛ ̨õ,ÌÜ˛ Ü˛Ó˚y ÎyÎ˚ öy–

û˛ƒyfl%Ò°yÓ˚ Óy!u˛° (Vascular bundle) : §ÇáƒyÎ˚ xˆÏöÜ˛ñ ã˛Ü ˛Ü˛yˆÏÓ˚ §!Iï˛ñ §ü˛õyŸª#≈Î˚
(collateral), ü%=˛ (open) ≤ÃÜ,̨ !ï˛Ó̊– !§û˛ !ê˛í z̨Ó (sieve tube), ̨õƒy Ï̂Ó̊öÜ˛y•züy Ä ú˛y•zÓyÓ̊ (fibre;

ï˛vV !öˆÏÎ˚ ˆúœ˛yˆÏÎ˚ü à!ë˛ï˛ çy•zˆÏ°ü ~u˛yÜ≈˛˛ ~ÓÇ ~ˆÏï˛ ê˛∆y!Ü˛Î˚y ˆòáy ÎyÎ˚– ≤Ãy•züy!Ó˚ ˆüí%˛°y!Ó˚
Ó̊!Ÿ¬ (primary medullary rays) myÓ̊y Óy!u˛° ̨õ,ÌÜ˛ Ü˛Ó̊y Ìy Ï̂Ü˛– üIy ̂ ày°yÜ˛yÓ̊ ̨õƒy Ï̂Ó̊öÜ˛y•züy
ˆÜ˛y£Ï myÓ˚y à!ë˛ï˛– ˆàÔî Ó,!ÂôÓ˚ ú˛ˆÏ° ˆàÔî Ü˛yˆÏ¤˛Ó˚ (secondary wood) xˆÏöÜ˛à%!° ã˛Ü ˛ àë˛ö
Ü˛ˆÏÓ˚– ~!˛õí˛yÓ˚!ü§ ˆ˛õ!Ó˚í˛yˆÏü Ó˚)˛õyhsˇ!Ó˚ï˛ •ˆÏ°Ä ˆ°!rê˛ˆÏ§° ˆòáy ÎyÎ˚ öy– !mÓ#ç˛õe# í˛z!qˆÏòÓ˚
Ü˛yˆÏ[˛Ó˚ üˆÏï˛y !öê˛yˆÏüÓ˚ Ü˛yˆÏ[˛Ó˚ ˆàÔî Ó,!Âô Ü˛ƒy!¡∫Î˚yˆÏüÓ˚ §!Ü ˛Î˚ï˛yÓ˚ ú˛ˆÏ° âˆÏê˛–

(b) ü)° (Root) : ü)̂ Ï°Ó̊ ≤ÃfiÌ Ï̂FåÈ Ï̂ò ~Ü˛hflÏÓ̊ !Ó!¢T˛ ̨õƒy Ï̂Ó̊öÜ˛y•züy ̂ Ü˛y Ï̂£ÏÓ̊ ~!˛õ Ï̂Óœüy (Epiblema),

Ó•% hflÏÓ˚ !Ó!¢T˛ Ü˛ˆÏê≈˛: Sfiê˛yˆÏã≈˛Ó˚ òyöy Ä ï˛v §ü!ß∫ï˛Vñ Ó•% hflÏÓ˚Î%=˛ ~ˆÏu˛yí˛yÓ˚!ü§ Ä ˛õ!Ó˚ã˛Ü ˛ Ä
í˛yÎ˚yÜ≈˛ñ xÓ#Î˚ öy!°Ü˛y Óy!u˛° ˆòáy ÎyÎ˚– ü)ˆÏ° ˆàÔî Ó,!Âô Óï≈˛üyö– S!ã˛e ı 12.4. 3a-b)

!ã˛e ı 12.4.3a !öê˛yˆÏüÓ˚ ü)ˆÏ°Ó˚ ≤ÃfiÌˆÏFåÈò !ã˛e ı 12.4.3b !öê˛yˆÏüÓ˚ ü)ˆÏ°Ó˚ ≤ÃfiÌˆÏFåÈò
SˆàÔî Ó,!Âô§•V

Ü˛ˆÏê≈˛:

ˆ≤ÃyˆÏê˛yçy•zˆÏ°ü

ˆüê˛yçy•zˆÏ°ü

çy•zˆÏ°ü üˆÏ§°

çy•zˆÏ°ü

ˆúœ˛yˆÏÎ˚ü

Ü˛ˆÏê≈˛:

ˆ˛õ!Ó˚í≈˛yü
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(c) ˛õyï˛y (Leaf) : ̨õyï˛yÓ˚ ≤ÃfiÌˆÏFåÈˆÏò ò%!ê˛ ~!˛õí˛yÓ˚!ü§ Sí˛z˛õˆÏÓ˚ Ä ö#ˆÏã˛V !Ü˛í˛z!ê˛öÎ%=˛ Ä !ö¡¨û˛yˆÏà
˛õeÓ˚rô  ˆòáy ÎyÎ˚– ˆüˆÏ§y!ú˛° Ü˛°y ˛õƒy!°ˆÏ§í˛ Ä flõ!O Ü˛°yÎ˚ !ÓˆÏû˛!òï˛– ~•z hflÏˆÏÓ˚ °ƒyˆÏê˛:
ˆÜ˛y£Ï ÌyˆÏÜ˛– üôƒ!¢Ó˚y xM˛ˆÏ° öy!°Ü˛y Óy!u˛°à%!° §ü˛õyŸª#≈Î˚ Ä ~u˛yÜ≈˛– !ã˛e ı 12.4.4

3. çöö (Reproduction) : !öê˛yü §yôyÓ˚îï˛ !û˛ß¨Óy§# í˛z!qò– ˛õ%Ç Ä flf# ˆÓ˚î%˛õeà%!° !û˛ß¨ !û˛ß¨ àyˆÏåÈ ÌyˆÏÜ˛
~ÓÇ xˆÏöÜ˛à%!° ˆÓ˚î%˛õe ~Ü˛!ê˛ òˆÏ[˛Ó˚ ã˛yÓ˚!òˆÏÜ˛ !ÓöƒhflÏ •ˆÏÎ˚ ˆÓ˚î%˛õeüOÓ˚# àë˛ö Ü˛ˆÏÓ˚– ~•z üOÓ˚# ¢AÜ%˛Ó˚ üˆÏï˛y
ˆòáyÎ˚ñ ~ÓÇ ï˛yˆÏòÓ˚ ÎÌyÜ ˛ˆÏü ˛õ%Ç ¢AÜ%˛ (Male Cone) Ä flf# ¢AÜ%˛ (Female Cone) ÓˆÏ°– üOÓ˚#à%!° ˛õyï˛yÓ˚
Ü˛ˆÏ«˛ Óy Ü˛yˆÏ[˛Ó˚ xyàyÎ˚ ˆòáy ÎyÎ˚– Ü˛yˆÏ[˛Ó˚ xyàyÎ˚ ~Ü˛y!ôÜ˛ üOÓ˚# ÌyÜ˛ˆÏï˛ ˛õyˆÏÓ˚– üOÓ˚# Ó,!ÂôÓ˚ §yˆÏÌ §yˆÏÌ
˛õyï˛yà%!° Ü˛áöÄ Óy é˛ˆÏÓ˚ ˛õˆÏí˛¸– üOÓ˚#à%ˆÏ°y ˛õƒy!öÜ˛°  (Panicle) xÌÓy Ü˛ƒyê‰˛!Ü˛ö (Catkin) ≤ÃÜ,˛!ï˛Ó˚
˛õ%‹õ!ÓöƒyˆÏ§Ó˚ üˆÏï˛y §!Iï˛ ÌyˆÏÜ˛–

A. ˛õ%ÇˆÏÓ˚î%˛õeüOÓ˚# (Male strobilus) : ≤Ãôyö òˆÏ[˛Ó˚ í˛z˛õˆÏÓ˚
!Ü˛å%Èò)Ó˚ ˛õÓ˚˛õÓ˚ ã˛Ü ˛yÜ˛yˆÏÓ˚ Ü˛ï˛Ü˛à%ˆÏ°y üOÓ˚# (Bract)

x!û˛ü%á !ï˛Î≈Ü˛û˛yˆÏÓ (opposite dicusate) §yçyˆÏöy
ÌyˆÏÜ˛– ≤Ã!ï˛!ê˛ ã˛ˆÏÜ ˛Ó˚ üOÓ˚# ˛õeà%!° Î%=˛ •ˆÏÎ˚ ~Ü˛!ê˛ Ü˛°yÓ˚
(collar) ˜ï˛!Ó˚ Ü˛ˆÏÓ˚– ~Ü˛!ê˛ ˛õ%ÇˆÏÓ˚î% ˛õeüOÓ˚#ˆÏï˛ ~Ó˚Ü˛ü
xˆÏöÜ˛à%ˆÏ°y Ü˛°yÓ˚ ÌyˆÏÜ˛– ≤Ã!ï˛!ê˛ Ü˛°yˆÏÓ˚Ó˚ Ü˛ˆÏ«˛ xÌ≈yÍ
˛õ%ÇˆÏÓ˚î%˛õeà%!° 3-6 Ó°ˆÏÎ˚ í˛zÍ˛õß¨ •Î˚–

≤Ã!ï˛ ˛õ%Ç˛õ%ˆÏ‹õ ò%!ê˛ §ÇÎ%=˛ ˛õ%‹õ˛õ%ê˛ (Perianth)

~Ü˛!ê˛ Ó,hsˇ Ä Ó,ˆÏhsˇÓ˚ xyàyÎ˚ ò%!ê˛ ˛õÓ˚yàôyö# (anther)

ÌyˆÏÜ˛– ≤Ã!ï˛ ˛õÓ˚yàôyö#ˆÏï˛ ~Ü˛!ê˛ ˛õ%ÇˆÏÓ˚î%fiÌ°# ˆòáy ÎyÎ˚
Ä ~áyˆÏö ≤Ã!ï˛ ˆÓ˚î%üyï,˛ˆÏÜ˛y£Ï (microspore mother

!ã˛e ı 12.4.4 !öê˛yˆÏüÓ˚ ̨ õyï˛yÓ˚ ≤ÃfiÌˆÏFåÈò

˛õƒy!°ˆÏ§í˛ Ü˛°y !Ü˛í˛z!ê˛Ü˛° í˛z˛õˆÏÓ˚Ó˚ cÜ˛

flõ!O ˛õƒyˆÏÓ˚öÜ˛y•züy

˛õeÓ˚rô 
!ö¡¨cÜ˛

ˆúœ˛yˆÏÎ˚ü

çy•zˆÏ°ü

!ã˛e ı 12.4.5b

˛õ%Ç˛õ%‹õ

!ã˛e ı 12.4.5a

˛õ%ÇˆÏÓ˚î% ˛õeüOÓ˚#
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cell) ˆÌˆÏÜ˛ üyˆÏÎ˚y!§§ !Óû˛yçˆÏöÓ˚ ã˛yÓ˚!ê˛ Ü˛ˆÏÓ˚ ˛õ%ÇˆÏÓ˚î%Ó˚ í˛zÍ˛õ!_ •Î˚– ˛õÓ˚yàôyö#Ó˚ ˛õ!Ó˚îï˛ xÓfiÌyÎ˚
ï˛y !Óò#î≈ Ü˛ˆÏÓ˚ ˛õ%ÇˆÏÓ˚î% Óy•zˆÏÓ˚ xyˆÏ§– §%ï˛Ó˚yÇ ≤Ã!ï˛!ê˛ ˛õÓ˚yàôyö#ˆÏï˛ ~•zû˛yˆÏÓ x§Çáƒ ˛õ«˛!Ó•#ö
(wingless) ̨õ%ÇˆÏÓ˚î% í˛zÍ˛õß¨ •Î˚– S!ã˛e ı 12.4.5a-b)

B. flf#ˆÏÓ˚î%˛õeüOÓ˚# (Female Strobilus or cone) : !öê˛yˆÏüÓ˚ flf#ˆÏÓ˚î%˛õeüOÓ˚#Ó˚ àë˛öÄ ˛õ%ÇˆÏÓ˚î%ÈÙÈ
˛õeüOÓ˚#Ó˚ üˆÏï˛y ï˛ˆÏÓ ≤Ã!ï˛ Ü˛°yˆÏÓ˚Ó˚ í˛z˛õˆÏÓ˚ üye ~Ü˛!ê˛ xyÓˆÏï≈˛ Ü˛ï˛Ü˛à%!° !í˛¡∫Ü˛ ˆòáy ÎyÎ˚–
Ü˛áöÄ Óy ü)°òˆÏ[˛Ó˚ ¢#ˆÏ£Ï≈Ä ~Ü˛ Óy ~Ü˛y!ôÜ˛ !í˛¡∫Ü˛ ÌyˆÏÜ˛– !í˛¡∫Ü˛à%!°Ó˚ üˆÏôƒ üye Ü˛ˆÏÎ˚Ü˛!ê˛ ˛õ!Ó˚îï˛
•Î˚ñ Óy!Ü˛à%!° öT˛ •ˆÏÎ˚ ÎyÎ˚–

≤Ã!ï˛!ê˛ !í˛¡∫Ü˛ Sflf#˛õ%‹õV §Ó,hsˇÜ˛ Óy xÓ,hsˇÜ˛ •ˆÏï˛ ˛õyˆÏÓ˚– !ï˛ö!ê˛ xyÓÓ˚î myÓ˚y xyÓÈ,ï˛ ~Ü˛!ê˛ º)î
ˆ˛õy£ÏÜ˛ Ü˛°yÓ˚ myÓ˚y à!ë˛ï˛– ≤Ã!ï˛ xyÓÓ˚ˆÏî ˛õ,ÌÜ˛ öy!°Ü˛y Óy!u˛° ÌyˆÏÜ˛– Óy•zˆÏÓ˚Ó˚ fiÌ)° xyÓÓ˚îˆÏÜ˛
˛õ%‹õ˛õ%ê˛ Ó°y •Î˚ñ SÓ˚§yˆÏ°y Ä fiÌ)°Vó üôƒfiÌˆÏ°Ó˚ xyÓÓ˚îˆÏÜ˛ Ó!•É!í˛¡∫Ü˛cÜ˛ (outer integument)

~ÓÇ ˆû˛ï˛ˆÏÓ˚Ó˚ xyÓÓ˚îˆÏÜ˛ xhsˇÉ!í˛¡∫Ü˛cÜ˛ (inner integument) ÓˆÏ°– xhsˇÉ!í˛¡∫Ü˛cÜ˛ º)îˆÏ˛õy£ÏÜ˛
Ü˛°yˆÏÜ˛ xyÓ,ï˛ Ü˛ˆÏÓ˚ Ó˚yˆÏá– ~•z Ü˛°yÓ˚ §yˆÏÌ Î%=˛ !í˛¡∫Ü˛ Ó˚rô öy!°– ˆÜ˛yˆÏöy ˆÜ˛yˆÏöy ≤Ãçy!ï˛ˆÏï˛
º)îÓ˚ˆÏrô Ó˚ ö#ˆÏã˛ º)îˆÏ˛õy£ÏˆÏÜ˛Ó˚ !Ü˛å%È !Ü˛å%È ˆÜ˛y£Ï öT˛ •Î˚ ~Ü˛!ê˛ ˛õÓ˚yàâÓ˚ (Pollen chamber) ˜ï˛!Ó˚
Ü˛ˆÏÓ˚– ~Ó˚ ö#ˆÏã˛ º)îˆÏ˛õy£ÏˆÏÜ˛Ó˚ ˆÜ˛ Óy ~Ü˛y!ôÜ˛ flf#ˆÏÓ˚î%üyï,˛ˆÏÜ˛y£Ï ˆòáy ÎyÎ˚– ï˛ˆÏÓ ~Ü˛!ê˛ åÈyí˛¸y
Óy!Ü˛à%!° öT˛ •ˆÏÎ˚ ÎyÎ˚– ~•z ˆÜ˛yˆÏ£ÏÓ˚ !öí˛z!Üœ˛Î˚y§ üyˆÏÎ˚y!§§ !Óû˛yçˆÏö 4!ê˛ •ƒy≤’ˆÏÎ˚í˛ ï˛Ìy
ˆüàyˆÏflõyÓ˚ §,!T˛ Ü˛ˆÏÓ˚– ~à%!° ˛õ,ÌÜ˛ öy •ˆÏÎ˚ ~Ü˛!ê˛ ˆÜ˛yˆÏ£ÏÓ˚ üˆÏôƒ•z ÌyˆÏÜ˛– ~ˆÏÜ˛ !§ˆÏöyflf#ˆÏÓ˚î%
(coeno-megaspore) ÓˆÏ°– ~!ê˛•z flf#!°AàôˆÏÓ˚Ó˚ xy!ò xÓfiÌy– !öê˛yˆÏüÓ˚ ˆ«˛ˆÏe üyˆÏÎ˚y!§§
!Óû˛yçˆÏö í˛zÍ˛õß¨ 4!ê˛ ˆüàyˆÏflõyÓ˚•z flf#!°AàôÓ˚ í˛z!qò àë˛ˆÏö xÇ¢@ˇÃ•î Ü˛ˆÏÓ˚ñ ~•z Ü˛yÓ˚̂ Ïî !öê˛yˆÏüÓ˚
flf#!°AàôÓ˚ í˛z!qò!ê˛ ã˛ï%˛ÉˆÏÓ˚î% §¡õß¨ (Tetrasporic)– !ã˛e ı 12.4.6a-d

!ã˛e ı 12.4.6a x˛õ!Ó˚îï˛
flf#ˆÏÓ˚î% ˛õeüOÓ˚#

!ã˛e ı 12.4.6b ̨õ!Ó˚îï˛
flf#ˆÏÓ˚î% ˛õeüOÓ˚#

!ã˛e ı 12.4.6c

flf#˛õ%̂ Ï‹õÓ̊ °¡∫̂ ÏFåÈò
!ã˛e ı 12.4.6d

˛õ!Ó˚îï˛ Ó#ç§• flf#˛õ%‹õüOÓ˚#

12.4.3. !°AàôÓ˚ í z̨!q Ï̂òÓ˚ àë˛ö (Structure of the Gametophyte)

A. ˛õ%Ç!°AàôÓ̊ í z̨!qò (Male gametophyte) : ˛õ%Ç Ï̂Ó̊î%•z ˛õ%Ç!°AàôÓ̊ çö%Ó̊ ≤ÃÌü ˆÜ˛y£Ï– Óyï˛y Ï̂§ ˆû˛ Ï̂§
~•z ˆÓ˚î% !í˛¡∫̂ ÏÜ˛ ˆ˛õÑÔˆÏåÈ ˆ§áyˆÏö xAÜ%˛!Ó˚ï˛ •Î˚– ≤ÃÌ Ï̂ü ˆÓ˚î%ˆÏÜ˛y£Ï !Óû˛=˛ •ˆÏÎ ̊ ~Ü˛!ê˛ ˆåÈyˆÏê˛y


