BSBT201CCT

:«lz«'gj‘p./)'é / S
(Plant Anatomy and Embryology)
v

J#r

(Lab Manual)

)!}”Qm)f&/vgbaj&buﬂgwu

Ry

(FR-DUF LT
(/”“‘Jl/u)

A Qb
&”/}f{»/lt}%;!fl’tl}r

e - B 325\ T



©Maulana Azad National Urdu University, Hyderabad

Course-Bachelor of Science
ISBN: 978-93-93722-18-8
Edition:March, 2022

)@L@cd’ I 8931 J'%. WTCUs e 24
20224
21,270
¢
JLE1600
N SRIRYN 30 wy‘(.‘“&wsuwi@ufuj y.L
N st I A e e b et 12 25

A s u*}-’cufz,‘q,lf bty

Plant Anatomy and Embryology

Editor
Dr. Merajul Islam Robab
Asst. Professor (Botany), School of Sciences, MANUU

On behalf of the Registrar, Published by:

Directorate of Distance Education

Maulana Azad National Urdu University
Gachibowli, Hyderabad-500032 (TS), Bharat

Director:dir.dde@manuu.edu.in  Publication :ddepublication@manuu.edu.in
Phone number: 040-23008314 Website: manuu.edu.in



mailto:dir.dde@manuu.edu.in
mailto:ddepublication@manuu.edu.in
http://www.manuu.edu.in/

k’”’b‘ﬂm!.w@@

s f

(Editorial Board)

s c)!‘#

(Subject Editors)
Prof. S. Magbool Ahmad N 2,
Professor (Botany) (=) /5’, y
School of Sciences, MANUU, Hyderabad ;Lﬁpfihf()‘u:’/vu/d:ﬁ!
Dr. Merajul Islam Robab .,;/(WU@/'/”@"
Assistant Professor (Botany) (eb) /j, P
School of Sciences, MANUU, Hyderabad ;Lﬂp‘)l.()‘uxval/‘);{”i
Ms. Farzana Begum (ggu/'.»}{
Lecturer(Botany), Mumtaz College, Hyderabad ST g‘é{;w((éw)/ ;f
Dr.Azizur Rahman Khan e N His
Guest Faculty (Botany), DDE, MANUU, Hyderabad )L,’/p‘;h‘rﬁgwg&,@‘(aw)&@%f

LA

(Language Editor)
Dr. Mohd Akmal Khan uuﬂj]f;;
Directorate of Distance Education (:w“ Jiobens
Maulana Azad National Urdu University Foxm fg}m iy

I5 48 Y

A Qb
&’ujgﬁ»/lﬂ)!)lﬂw}”

e g B 305\ T



/? (ﬁ/Tf V- JJ'/

Lot
(#uxvau/,dﬁn(ggy)/é%w’

-~ b . B ~
ATa2 5 A = Tk

A3 e
166136 ALy NE T e

J#

*

246 170¢1 LI ME T
2JJ,‘9,JJ:/,:

Uléu;)l‘/“’/f"/lf : sl
judﬁuﬁtﬁs/(‘?a/’/}ﬁ : 2
Sl P : S



11

25

43

59

78
91
104

120

133
149

162

178

Fed

Y57

LTS US

s diaat By
agﬁﬁ.ﬁ“}[}t‘fﬂfu;/ L;xm"/’::(uiéufz’
,’lbﬂ[}sp;l:)@

sl Pl pss

&VJU&!J@;A»"Z&%@.{Wf“»jj»

Sotidsesnl s S0 _TIE /“’." 89
Ju’mu)p (}“"f/ugo“,_;:/,; 7
Al

S S tant o 2z Slemz Lo
Goor Mine)etor? s §6H

L

J/@'Ka“w,:i
L"»yd/z_){&w’/'mJ/ﬁ)/.,’b/?l.r&bfd/ubu’
IS

//5‘(&!1@}{&!})0)[«}‘*’0»{!@

§2

&3
NI //



191
206
221
237
251

253

254
261
289

303

317
334
351
357

369

(Reproductive Botany - II) Il-= (549 VSl

dwgﬂuf{; ﬁﬁ.&g‘rwé‘ﬂ; 13441
Lt F s 14
oy’lg.,{l_/ﬂfmm,:’e/?( 1506
auwléuu,l‘f}/wgdﬂ! te 1606
,;/,&l?wr’
Js
o n® VS
_CREE 1746
s S St 1861
A6y SIE 7 ot 19
Sl 200¥
s B e viJSl
b6 21460
Sbrb 2260
I 23361
ISV SENYS 2431



ol

-w,&ﬁr&&géw-f&?’s&é&ftL.wbg&fﬁ’,ut1998&055»Jﬂ,1ﬂwr

A A o i Qe i $s SIS S 1 2t 20 e D E25E 2 S bina(1)

-ujZ_LaJl?"/;b}?‘Lab»lgJ//f;/d’ﬁz'w//u’l}?ujc«tﬁd;ysa;,-g?u‘r‘}4uirjfiw(4)15u
e P36, e Sl Ut202068 L5 $F

sl f b Loc Ut d 4§ 25 22 Uil wdis otz sfnpd plo a5 Lo
St ST 7 S KIS i b F bl e 156
=y u’.f»/l_‘a&t'/'&f) Fetbn Sl e e $oss.8 Fitol “Bot” xS e i
SEAE it S st fe e Tl cSumiden & SR gL f
AL Aol m§ G sd m gt 8IS, e el &I SENS At R
Z:UI.LOU;/Z:’UT&&.L’::;((EJ&/G/:lU:’WLU%(}J"?C’,L@JJuuf,:‘alg-uj).&tc;c«b}‘.’/d&d}'
"ﬁug’fi(’bd/’Ldg")(ﬁJ)’/uﬁfu/’ygg@dﬁUJéi/d’f:unJlLf LI\t S
Jor? o1 QU e bl ST 25 o gasd =P Ut(Challenges) = ik as(fe- e 3./ 4518 s
d U5t LT 5 R LI g g LGl T & 81 I Sl 4
QLA“&L,/#(L?ujufvwmrfzfi.pl?,gﬁ(ctu”f“@ﬁéfkd/uﬁutj,t%,;Jf(“g;gjsg&Jgg
(»‘J Aol JGT§ § g i & L U £ aolie Jfﬂ-ar sl wr3 & 5 ) SE sk Sols
Flse 21998

oy £ L F o et B pSEs os  Eg1 e § S oSt &
;i/,mrqm)iut:},ﬂ;f; L;&L(?“JWG_‘LKnC;/“/?Lg,;zMKmeJ/?
SRS it G oo Sl IS p b o TS b esin f
/,;,,z,&?/zw,wZu’»’ﬂ/z/-swﬂfd}w‘mdzv{'ﬁau'f§.u%é-fﬁff&w
L STz S
P sy
P



ol

S P p U1 G i e § s b b SRS Lt Sy 7 3 G
/Jla:uﬂu‘:wd/d)%;/nquhémf.lLrgé_n&’L&’njgwiﬁ';ur’wr-w%mwJ/)uﬁ;w?
e S 1) (2 Qo 19986 THG 1 g FE T e A0S A5 p i md S s
ot 6L FG o LR Gl U0 i JGTE AT 3 105, 2200400 L s
& 551 F ot Qollbs P Ut e e iy A LS AN s S U P ST
el 5L

S el sl el & f}“}w QUob S s 14 b1 UGC-DEBYYI -5 Gy ura§ 22
Tt Ul e LY £ 22 tslia s £ BT 8 5 e oWl £ 7 B G
Jlbr £ Udst 2\lirs L GSIS3-6 Gt LUs? S ad Sl e aolo Jﬁ%}&iwnéwscf/g»n
WP GGGt S/ HSIM Y108 &S ik fn sl BT S D L 8 m Qi
e et i S P2 LUK S Sl i S g

Gy o8 Moty f iy IR e L A GG GG G e
A ES e B 0 oo Bt oyt b p S0 L St L fe Lt pE
d;unH’"/1SSWJ/JLﬁ/ui_‘agngwgm%u{nKJ,’/Wcj:uﬂ:’ﬁ%gﬂyﬁ/éw&}s
JF@!LKZQ&WGMWJ_U}L//(U}M dlb’}"u;!dj’j)/pwﬁ:ujéaj/rrg(Learner Support Centres)}(!/
e GE P FIS S E U Sy a1 e s /s Gegds 3Tt U S S

Y5 G Ao ol SR U il ot QU158 o et oo 5 B o
<Gl el SRERIL L&y n Lt we L1 Kb\ 1) et oS KBS,
U e h Lo st B oo P2, L gud 2 UM B L Sy 2 2 5 L P

etk
u&ugf'{gff-g&ﬂrib'pflk’]u:LUu-fg/bwdﬂ//[d;ﬁu/ld%’cc&.’gbﬂui&u&w@f%yl
K s

L'JU,JIM Uu/.?}/,
A A



JJL;KJJ/

Ui 5 s £ s b it 6D L e ooe s §F 3057 a2
e B NFL P L e St T3 Lz, $6 S5t Pt
L5 Al oo TS B UL T ek P Lt Sume Pkl
_‘LJS:‘/ /,:(Embryology):«k%f".m(Anatomy)(tf f“ th«uﬁ ..«La}u/( o Ly /ngu/fﬂ';ufturé A

(Simple Tissue)}fjgﬁ/f(Tissue System)(b’/}f”bu'(Meristematic Tissues):ﬁ@(}uﬁé'/‘{'gljuﬁu@g%
{Complex Tissue) & JJ@ § «(Sclerenchyma) k;’w‘;f/ I {Collenchyma) kjlldg/ {(Parenchyma) g’w‘{/f
(Primary Z.K A VA i/,:d/ (Root)zs,.5/(Monocot Stem)(b‘ |;«K]r‘m(Dicot);«@lﬁf(Phloem)(/’ )ﬁm(Xylem)(]:/U
o A A Skt o (Epidermis)” 51 Uil =t it £ 1 F S A1 Ao Ut £ Structure)
S el At AL UE

/:'ﬁ&@dﬁ U:J’-‘LU“'L;/:—(SGCOHdaI‘y Growth and Wood Anatomy)d;tlﬁuuli;/'?d/i‘i?u@:l/»
S 0ueld & pstle Z(Secondary Growth) p’}/ﬂ}’z,ﬁ‘{? (b'! (L oslle L Jl-< .l{’yy/dl? S L2nz@lnd
Z (Wood Structure) }./' s Beet root)ss e (Boerhaavia) L5724 <% (Anamolous Secondary Growth)s”
_‘aufd/fﬁl/ el e AL (Sap Wood)ﬁ»:{zﬁl(Heart Wood)3sse A« General Account): 51 JAavte A

S A S K (Embryology)=+ (% (Reproductive Botany-1) Tl $ul¥ b S o
Microsporogenesis ~ Development of Male ) »* §'<sy G5 / sl Vets J51 3£\ (Anther Structure) 3L
Q@.uﬁgzgﬁful(lﬁl£L:,;’&l;)ul./;!(Megasporogenesis)u’%ufi@3r(L»'"i/;I&Vd/dgj»l(GametOphyte
T

J’ J; LUt (Pollination)J 2/ <% (Reproductive Botany-1D) I $407 & JSb &5
= / < Jw = ((.5! sl ¥ K(Endosperm) f; U f(Fertilization)d/u@ {(Pollen-Pistil interaction)ﬂ Y
=6 &1 s(Pollen Morphology)Gdél f ¢ «Palynology)=t r(Apomixis)J( #1is1(Polyembryony)
-ﬁ;KJ)b!K(Applications)

Anatomy — II and ) .'_'«"L«f" 23 II-C’/“" (3lf =5 L JD: (j% 2/ (Anatomy-l)l-é’ﬁ'“ &U e JU: ujg
_9Kwﬁ/uflﬁ&§fﬁwé(Embwology

eInd¥ et LW i S 8l S ostg-ut Lot L a2 7 1 36
_anL“/K;)./,!}ruﬁL/J’u

YNl
Y ENE



a&«f"a!é}&b

(Plant Anatomy and Embryology)



a&%é%’?&@jgfu;/éﬁmbf.cru'LU:‘J/-l(jm

Meristem Types, Histological Organization of Shoot and Root Apices and Theories

(Histogen Theory, Tunica Corpus theory)
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Concentric bundles :’/bundle Z (:}J!?Un v ;/;/L/» ..{l Phloem.s/ Xylem—=
UnLnL/;LJPhloemu’:dl)lz;m;ﬁrufuy‘ﬂ Xylemﬁuf(ﬁ%-ujiﬁéafuduji
J _u,?:i/(f'{Hydro centric:’/J!_UZTJAmphicribral/Bundles d“';‘at‘nuﬁu»{ QT/:(J/}I u} P
&4 Monocot 43 f4 Uy L/:ifu.f Ji/i yd ¢ Xylem sl s Um e Phloem/ﬁ ' yy
LL o A £ 24 Concentric bundles —(j? %{ Amphivasal S bundles <l /::’ s Dracaena, Yucca

Different types of vascular bundles 2.2. lDJﬁ ’&{)‘.uj b
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OUTER
PHLOEM CAMBIUM - PHLOEM

CAMBIUM

XYLEM :
INNER

CAMBIUM CAMBIUM

XYLEM

E
INNER PHLOEM

OUTER
PHLOEM

INNER
CAMBIUM

B PHLOEM
XYLEM PHLOEM

XYLEM XYLEM PHLOEM

Types of vascular bundles. A and B, conjoint, collateral and open; C and D, conjoint,
| and closed; E and F, Il icoll | and open; G and H, concentric and amphicribral; |
and J, concentric and amphivasal; K and L, radial.

(Source : Dnyansagar, Aurangabad) Vascular bundlesL(L—"' 1o :2.2.1 DJ{}

(4’@):&1/,1,/’(&{‘/@5)%» 222
(Simple Tissue- Parenchyma, Collenchyma & Sclerenchyma)

o il Z (Permanent tissues))ﬁ}y(’l - ’4,7-@? L Jﬁ}yél}.l ~ J’w sl
..ZigngLypb¢>L)’”c;,gkfﬁr
fjm‘léu(f:ﬁ/;(:yuﬁuifc‘_,wﬂ} u&tf'ch/u?@&w : (Permanent tissues));‘—"jj“r"
&Vﬁ;,;ut-w;;(g:oj, Mechanical suppoﬁca/.?}rd/‘l;«‘d/!)o’#dw'!u’r‘g,m%&lgn
/51:«{}@‘:‘; Un e o Jﬁw;)(gidwiﬁ,;wfiﬁuﬁu»{,’ﬁgé}'-u.?(}M(Permanent)
J4;gJu,ﬁ/,1Juu£uuw@; d/cﬂr_,?;u’l_g;_anr_,ﬁl}c':gym((c(l.’a’» Lul}ﬂl,d/wv
V}ﬁﬂﬁ_uj“{_;ﬂ{lrl{ﬂlééfvgé ﬁéul{m;,fc‘;b‘nil;:?gﬁ)g;/rdwlZ:UIﬂ/i_c;_(}lg
c(’g'dit‘,ﬁ_wz.mf:)g@w,a_.?,wu;zz“_mlgc;(’:'@mu,fc‘_m,()’*?q/ﬂ'//,??/?

22256 A Bl 8 W M ST U
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(Types of simple tissues)w” d/ PP

A 27
(Parenchyma) (Collenchyma)
s yp v v
(Angular) (Lacunar) (Lamellar) (Fibres)
k3T ;;::JP el KR /K@f
(Idioblast) (Succulent) (Storage parenchyma) (Aerenhyma) (Chlorenchyma)

|
K

(Sclerenchyma)

U

(Selereids)

Jfb/l/:él(zuuﬁ

(Filiform Scler ids?

i T

(Osteosclergids)

e a2 Ty T s e
(Tricho sclereids) (Astrosclereids) (Macrosclereids)

(Type of simple tissues)w."‘:’ J 5 w2226
(Simple permanent tissue) &Pl (l)u.‘.”?-g_ iﬂ/ﬁfd U L gl u.’?!/u?L Ve
_uj':i (Permanent tissue);"j J&A (3) (Complex permanent tissue)r"”b J‘J’A s45:(2)

Jf/l/;glf:.l/.

(Brachysclereids)

o
oy

il g0 S5 U % L U6 sl =50 2 5% 056 Usd t (Simple permanent tissue)s "l (1)
A HKyp2 < J':y % (L:’" o o Kokl <& L1 Uy - s (Simple permanent tissues)

_uj"'i (Sclerenchyma)s* .76 ,:{/ 1si(Collenchyma)s¥ .76/ 5/ (Parenchyma)
df'.)&d}&%/gﬂ - L“ny/,:(Parenchyma)&LUj’r.aﬂ?}'ug){(_){! (Parenchyma)}fj,f(ug(i)
A e o= (Lower plants)u»;’:gﬂ—u.?gl?égdﬁu%!/(a ic}zﬁwuﬁéwg-uji&{&L
?L?£anﬁ:«3wj{uf (Higher plantS)u})?:&“JU;4LJ"J,7L%4/;:C}}LJA Jwtu"fdwl
UG el A
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})ggéckr;ﬁ’:(Comex)Jg/Ké Jl+3n()1;lfuoﬁjguﬁfg: (Occurence)l? 6% 765

- dedLuts 4Pith)s o F BE (Patels)uy 2% (Midrib)( S
dﬁﬁgﬁ:d%df&é&_wany4uﬁo;)&guj‘(: (Structure) =30 263
sk 57 (Cellulose)idsk > w7 e &n‘ & U S Juﬁ.u d/uj pinLl gﬁ (Isodiametric)
Intercellulor ) 125 d}b IO, Z U}:.u Z c«’L U"J/ - 3% & < Pectin s# (Hemicellulose)
Central wxls &% L 7 b & (Pit fields) I 4~ Z u;"’féﬂjfd e 9 SE_p b Lg(Spaces

AL K m 2228 Es gt L\ E T I Uy $ie bl vacoule
(Types of parenchyma)
SNucleus

Cvtopaasm

A-Normal rounded B-Angular C- with intercellular spaces

(Types of Parenchyma)rl;"l Ci# Hyn :2.2.2A‘}¢

(Source : Plant Anatomy by Katherine Esau)

_‘Lyit/f:ﬁu:ufu)’_,/;L'LéLduu/,urw‘&véuf/:)gu?q(u'lLﬂjmﬁ

P GT e Qe QLU P 29 S LUl 1 (Chlorenchyma) 2610/ (a)
=y Jw[/“&w« y-< Jlkv’/ChlorenchymaQ =3 é JI-url b (Chloroplast) wﬁ;;»g
Ui ;(L;'uu‘f (%@»L&)é

$4 U~ (Air chambers) 4 %I o yp Lu»;jg}‘l’/w s (l&);ﬁ"b - (Aerenchyma) 7§y 7z!(b)
A,m/&guffuu;,?,wgijzrﬁLmuy»&wfgw&@@guﬁ&udnd/émm
4 uﬁL;"4&gLné//!}4[UJl;"/)1L;l}‘éu;/fu.ﬁQd_ujTJAerenchymaE&Q

ot L s s (Tubers) UM UsE U2 558 26 - : (Storage Parenchyma) 7§ & 11 (c)
quL Dﬁéﬁ (Aloe, Agave)zbgfc;? U4 Succulents _u,?é'_//ﬁﬁfu»l.&ljé ~ (Base cells) u{/
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P :«@-’// f) “ﬁ u"J/L Uy m{_uj Z_/'/o/:.”;’ Kdg - Jl,&'f/?/ Mucillagenous Substance U?L

_ujZ./o j 36 u»Ld# &L/L /,-f sIResines<Tennin u‘f W’Ergastic substance

(Functions of Parenchyma) J L 76

—c”é-uz;;ﬂf"(Kﬂfj&@ﬁﬂwuwédwug,?u:f

s a ST sdr S s B § kgl S S ! Fid,

_wZ_/’/J&?d/é.)guﬁcﬂbd/(Epidermis cells)ﬂ/Ju”u’}l pAe

_“u!Z_/'/l,y.:(Turgor pressure) 2. S uﬁu»;j& o %

s //Jila (Dedifferentiation) </ uﬁﬂ 5L 03 J/‘L L}la Jg =2 e u‘{ o S P {10y pAe
-ujé'_.yzd‘ & (Meristem)uj‘/ A

L s I e (0L 2 LU A e et bt (Collenchyma) i 262 i)

J,ub{&%uu;;éJu:f”'?-ujgnu((ufu:".w_ubd;yf,-‘am;zrubu&ﬁ,txu:wﬁ”w-w“;n

_‘L;ﬁgu{tgwuu:)mv.:ﬁg,_w § uu/"/,/..gmjﬁﬁ@d@»g;ﬁ,-wj&?ﬁ/@fﬁmys’

(lbj Ll Monocotdl’.)f-baglg&t:/,“ilamuﬂ? L UdH sl u;?:cuf/’éiaubrlad L9

EUrE U e 2L U (Hypodermis) 7S£, & U7 31,04 b LS sre

SOSEuRE R St 0F L e BIDicot e er® A e

_uthM/uéCOIIOCytesﬁéjﬁjgﬁf.uijng

cuﬁu/!-c‘-t’lgg.l;\/acuolar Protoplasm..4/ £u?-u,?LnV;lﬁ'“!Q&Ufﬁéjﬁ,f{ugﬁ&b

S It Gz Gz JBEE G Ut s LG S P

J.a,‘f"é?/}l]))l‘fq"/!g;d:Bu(ul-‘Lt‘lgg'L:uéTannins uful:;;ﬂoéui_‘at‘n;ﬁfuﬁ/l,@‘ﬁdtﬁ

s it ) S peior® £ $ P e drad 2 P 05§ QLA uds

LLJ;Mwz_n;;.;;/t&iuuLg,&ﬁw&némpwwﬂwug; u(;,gla uj-;.&nu’:lxj

3 AL A2 2 2B S 2 e 1 &
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Argular thickarngs ~ Tucieus
Cytoplases

N

A-Lamella B-Angular C-Lacunar

(Source : Botany strucutre — Narayan) (Types of Chollenchyma)s¥ 76025 £ U51_i#2.2 2B f*
u(/lg; Sk Majumdar—(l941)/,:;yt d/&lfu;l Juil e Jjﬁj{d/: rl,:"l L;,ﬁj{ﬂ/
-gfﬁju:(uwf/)ﬁ/wi’//gw/wg;
55 /U:;é.l o~ (l/" Ut &pé L W") i O:b d/ 4 Kd:’/ : (Angular Collenchyma))fj {1 JJ/JU{QJ (a)
SR L Ute syt i Ut U st | P S & U e et
_u:z&b&guﬁ u:"é Solanumuluﬂu;‘”}/,:ub(b)ﬁ,-u}&n;,@/}
O/ P Sy V;}'(V/{ LU J?ﬁ:’//t;;? : (Lacunar Collenchyma)):g,f(d:cl‘z,g(b)
Sl r (e 8 L 5t U 1 e (o 30 L USLS dls  Uni S U
- Jbé L a7 él w Monsterassl U5 £LeucaszﬁlLactuca/,:/}’(lp S K
Y Py g ARV} J’) fe ST 1 u’.ﬁ‘f k<’ : (Lamellar Collenchyma)))g 11 dﬂi&.‘.‘" (c)
Ul‘.‘gém;g]/?(Tangential walls) Us/l 9§/ :«,»J,d/(Radial wall)db Jffp;w‘;) AU P
-93@&&%;Raphanus;;l Sunﬂower@z?(ud"ggnuﬁ} s\ D Intracellular Jx
Foapas B S emsyid e IS AL G058 KA I Lo RS
7U:u;’“’/ﬁpféil}luﬁ/&)..})é:u;;g-uijc&VTLﬁj_j/ﬂ4‘32:;){,’4.35&1}%45_
o F U L Uiy o S F

36



/.',uy}} ulg‘Ld_LL;fju(@mulxﬁ‘gfjﬂlu’ﬁ’"d/,f{cjgd : (Sclerenchyma))ﬁjl{u}:ﬁl Gid)
f;ﬁrd/wuﬁuﬁﬁéu,;gckdl_+3/w;3w/,if/uﬁﬁ&u»gﬁ,-éaénd}b
UI_‘L(};/:;J@J d/Ligninul)}J)J:f/,:u:;lg; d&:f,ui_ujz_g//cj’l;/,/u)u;l(Stress)uﬁ/‘"lé.){f4;
»I(Fibres) J <6 u.’.‘f;?_ta (3% yg u;:.u ("'l e (3» =3 cf'_‘a tse 4 Luman 641 KUJ:P )
-U,?Té(Sclereids)u’i’l/:g/!
W A6 L e Sl sy £ 5L (Fibres) 4 6(a)
,-u:ingLgJi/icCVascular tissues:(Jb)/@PeriCyclerCortex uﬁ&lad/u’ffﬁ,:)ﬁg?:&}:
tnE Bl n PSS 2ell e\ F S b S Fle
u;;;éuf; (Polygonal)degd;ngguﬁf!}'u‘z/ﬁo,ylﬁ*Kut_ujilkgzﬁfd;///&;’uﬁuﬁl’
S S (Legnified) ol s ULt U (A2 e Sl -t s f8 St P
P Uy /:.‘a L“nl{Jm & Lumen KJl-uleg LL (Pits)&}fu g JfL}fuﬁ Usl - &n
Pt 2l Flax fibres sl s o L el beosk et gt s e 39k P ELUE Linum
:ujLné(gd;’.,/u“/G/?;y:i
(Extra-Xylary fibres)J” /:’/ UU’A’/ b /"/..(l-(ii) (Xylary Fibres) ﬂfﬁdﬁff ;5 -(1)

Extra xylary ¥ -t 2 wood fibres &1 2 U1 (2 b2 L Fi5y < #Xylary fibres
-uj':d/Bast ﬁbresﬁéJlu}L@qukg d};é(yﬁ’ﬁbres
WJ o 26
-ujL/ﬁ')(Strength)::ﬁU:L,{K“»/u»{d PA¢
b« I LSl i S F IS U Lng A6 Yo
S A K Matsed_tiubs e eno S epd e A d Nl n AL UF L K5 e
Types (LI 5 26 10222 20 P 2 S Lot B Sl g & 1ot s i1

-of'sclerenchyma fibres
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PRIMARY WALL AND
MIDDLE LAMELLA
SECONDARY wALL B

Sclerenchyma Fibres. A, longitudinal
section; B, transverse section,

)Types of sclerenchyma ﬁbresrUl Zo# /“-(’lu.‘lz.Z.ZC‘f}

(Source:A text book of Botany by P.P. Sharma et.al)
u»g,_wanugutym,tﬁzwan&f UL L 26y £t (Sclereids) %! 4‘4 (b)
-u,?Ln);;,:c,?}d/c«qu.cha%JJ’Q,U}:P Z:UI_J,?Lnuﬁyé:oﬁjyﬁ}i)jiuﬁ;WlﬁZ:
Je U sl Ui e see U u‘; u? g,-uj&{;n.ﬁ &b/ Lumenziui_uthng&f M3 2llmlg o

b g S e

ettt et e T 265 B s 3+ (Brachysclereids)U %1 16 1)
L Stone cells oo & st b -r b2t £ U o Pith<Phloem «Cortex L2
- bl

Zual U2 4 (Leguminous) /s J‘{ ﬁuju’&/ Vi -+ (Macrosclereids) J % ["b/ ke Gid)
ELE LS v Malphigian -tz SWSL A S = (Palisade) $.l=> & £ Epidermis
U A EL

Soremd Bea L g dnld 251 i(f/u’l»/:/ : (Osteosclereids)u’f&’l/:‘/'x.:"f(iii)
<% (Ui —£1) Monocotyledon | Hackea &% Usi £ Dicotéfd -w;;éu@ ¥ d/‘;J}é’/chd
-t b LU Mouriria

Jé; s unl U4 Dicot o -(Jf L » Vol s LS JL»/ - * (Asterosclereids) J %1 /“I/ 1 1 (Gv)
o2 sWater lilly % -t b 2 J* Jusss/(Petiole)

38



Ao Ul 2t L U8 g1 49 (Filiform Sclereids)J %1 216 ()
2 s0leac b L\t s U s (U

LIS R e sy u’f,m/b Cb’iu’i’!/:g/! -+ (Tircho sclereids) Jf&’l/zﬁl)g’!/‘(iv)
"Lf"l LJ’}”/&C; uﬁ2.2.2DJ{ﬁ-u:'ZéanMonsteram2;_;‘: Oleacs _w&n&n&g N
_‘aﬂu/u’/(Types of Sclereids)

_Filiform sclereid-E«Astrosclereid-D«Osteosclereid-Cmacrosclereid-B«Stone Cell (branchsclereid) with pit canals-A
(Types of Sclereids) L3I LU 214514 2.2.2D

(Source:A text book of Botany by P.P. Sharma et.al)

(Learning Outcomes) 6[:«(}(;(‘ 2.3

bt P S Ui s Kl 28 Lo el U L8 S Ik Py
LF P G ey F LA e 6 B P s e
Wl i3 S S B§ 2 e bn e b Lot 7 E g T 2 e b
A SN SH S 2 LY = P by b g T
et e bkl SR b JE o Qe sbesy Ut i S L ae S A,
JE s e B0 Gt Lty B L e s Ao E K1
PP adnnr e Lo P Lar el LSt A
_uga“_nzirw,xzd/‘w{%
u?g,_u;z“_;rtﬁoj,@y;“f&gm,j%w‘d/g(ﬁjéﬁwaln;;f{u?gd}:"/‘ﬁd“@"
_cc;b'lgw/]}ﬁv)b’uj}l“AJiQ}'Z_}’ZMV/?)&%J&VJ}Z:«_C"_H?LQJ/J;}&L/?QJ;?)J!J‘?&MJD
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P 2 =3 et 2 2K Nl PP g s LI AT b
_w&;rguuwﬁwbwﬁwug&nff””

(Keyword) 5WISAE 2.4

ST IS E WLt Bl ST A S s Ao o
JEfﬁkdﬂﬁﬁk&if/«/}zdﬁw(f"{fﬁJ”gﬁ'fﬁr,;;:d?’v&ﬁ‘u"ﬁ,j:u :Mﬁg’g:ﬁ//
g1 I I mE s P e KPS g meE Sl A S ) B
T st K e K i B 26
(Glossary)-ﬁl/.
_w;;rguuuuu{z%f}u’ & i Law‘(;ﬁk)(;+é)Tissue
_LL&)'ZL}}:}‘ 4gg15o;)z;)géum-(.:ﬁguf‘()(l/+(+u/+ég)Parenchyma
& LU sl U UF B9 2T e B 51 U (3L U6+ o+ Collenchyma
-Lg&n&gﬁ@,w;;ﬁg,-‘aé@é%‘f«_ué

sloc &la &L. b &;M‘! eyl sz 4 Uk W (3L c}“)(thK+U/“+f+u”)Sclerenchyma
ety

e BBl i L ey 2est P BN A+ D)X ylem

me’&” 4 umg)du_a;;uércf/n_aw Ulg’LL}J & 20U (U L3+ E + ) Tracheids
_u“?&mﬁru’: &&uﬂ ‘Ut
_w@/;ﬁrjgfg/uag/v{luﬁz’.’.ﬁugu-(ufln)(gf}+(5+L})Vessels
_ugaua“/ﬁ/;zruﬁdﬁ (}/Xylemﬁcaw &?-(“d“/yg)(u/.+(j+5+ﬁ)Wood fibres

e Gz AL LE L& p 2 P W 0+ FIPhloem
Ln;zrdzu:/;ﬁ}(4u,/¢g;Ju?ﬁojélé‘(/vju;d"f)(u?+&+w+5+ $)Sieve elements
_altd% iy
_:,.Wuj”/u”/gycu;:'bb&%‘(:«g"ugvxwuU’+uf+?é+K)C0mpanion cells
,aw;zruﬁyJJ:?UL»}'/.ﬁUﬁ:X#MJ)(WL+;+J!)Stomata
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(Model Examination Questions)< Ul 3 d ey’ 2.5

eV Jo LUz 2.5.1
-ujé:"fc;mu?/Phloemuf J'/'cf,Xylemuff U~ Vascular bundle< ! -1
Amphivasal-(d) Amphicribal-(c)  Radial-(b)Collateral-(a)
_ujZ_Uv:( (Epidermal outgrowths)c‘icj/ L}’ nlJ /ﬂj}l 2
Trichomes-(d) Flower buds-(c)  Leaves-(b) Stomata-(a)
-f:;d/&g‘at‘n(KﬂKXylem 3
S 2 (@ Fudiedo ) Frauib)  Fuiez()

-t nd we 7 Companion cells -4
Secondary Cambium-(b) Collenchyma-(a)
Medullary Parenchyma-(d) Sieve tubes-(c)
-l w JJZ/ L Cork -5
Dead-(d) Respiratory-(c) Photosynthetic<(b) ~ Meristematic-(a)

< bbbt isFCork cambium -6
Libafvosie @ LA 2R LZE e ) Lpericycle(a)
Y R, Z K P 15y
_‘LVM ______ ?ng)s;/;gﬁuﬁ uf/g -8
S T 1O TP B

UL TV LU A6 10

(Short Answer Type Questions) ;’«U!}"JBLQU}?/‘? 2.5.2
__“é UL/!J/ Histological organisationd/ Apicesz:‘cl -1

_“é U,L:’/ Histological organisationd/ Apicesdi?.’ =2
“FE e B S S Apical L 23
_éﬁai/?bf’ju’dﬁjﬁ: 4

_’&V¢14Jﬁuijuf{/1 -5
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(Long Answer Type Questions) :«U!rdb&a@iﬁd? 2.5.3
AW Y1) A

S Al 3

“ZokfT A

(Suggested Books for Further Readings)u:.f CJ/DJ/’/“}{é 4': 2 Uz/,gf 2.6

AT Bl 51,2006 -F e sae | et ME LB A s o 1
AT Bl 15,2008 - 2L B B Ly it (i )il 2
M.S. Tayal (1998), Plant Anatomy — Rastogi Publications, Meerut.
Katherine Esaue (1953), Plant Anatomy — John Wiley & Sons, INC. London
V.Venkateshwarlu (1970), Cytology Histology and Anatomy of Angiosperms — Sri
Venkateshwara Publications, Masulipatnam (A.P).
A.C. Dutta (1983), A Class book of Botany — Oxorm Univesity Press, Delhi.
Pijush Roy (2006), Plant Anatomy — New Central Book Agency, Kolkata.
L.S. Shinde, Rafiuddin Naser et.al (1996), Unique Steps in Biology — I std. XII —
Saraswati Prakashan, Aurangabad.
P.P. Sharma et. al (2013), A text book of Botany - Educational Publisher, Aurangabad
(M.S.).
PARX 92 QA
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(Complex Tissues: Xylem and Phloem)

53

1712 L

e 3.0

yrdv 3.1

8% 3.2
His 3.2.1
2z 3.2.2
S 3.2.3

ety 3.3

SIS AE 3.4

T o 3.5
SIEN(PAS Y 3.5.1
STEN (PS4 3.5.2
ez Jelelir b 3.5.3

Sy f L L sy 3.6

(Introduction) /:;z'? 3.0

JL}{K%LM%ﬁ&W&’%!-UJLL,&JU}&KUJLﬂL(UIJ@oWLaL“?
S e B oyt Enie P s AUt e ey ca ot S p sl b
_Lgd/:/b'lyKfﬁiuﬂ&lx&dl/}lujiﬁawW,Jﬁﬂgfgt‘ﬁgbdcgfﬂ_uj&/@&v

(Aims & Objectives) #9+  3.1
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(Complex Tissues) Jﬂuﬂfm.z

L6 b SEILASAUS L2t 2w e Kusb e 2 s id 2 s =iloss
Uy ,_u;zcijhloem 21 Xylem 4 _uj&gég u?g%%ﬂ g (:' PURURY Ul 1Judl f e
,J}gu'@(_‘at'lgl«,’/Vascular bundle /Lf_ujz_lpé_gé.n;b] Jﬁyd/u;/ﬁugbiuﬁ.ﬁ&yné
Vascular tissue ,iu’wz./f”‘/}:lLu;;gjrw;/;;arwvgﬁj;ﬂﬁf ‘L//"
qch’GL;l’i?/!-ujLnuju?ruﬁ Bryophytes s/ Thallophytes ﬁg){f&;lf-uj"gwf&{
ww;;géu-w;;éu@uﬁuﬁmguuﬁ J{uﬁu?}w{.«@&@]@'/}.ui Pteredophytes %L
3250 Gw."()-ujLU-:’/ Tracheophyta oa_ujglg(jg\/ascular tissues

(Complex t}ssues))f'j Jq/ ¥

| |
(Xylem)(ylj (Phloem)(// o

| | | |
e u%ff JAGEE Hypfk

(Sieve elements) (Companion Cells) (Phloem fibres) (Phloem parenchyma)
e Y1 & 1 &
Ve TN Jﬂbﬁu 1Oy A
(Tracheids) Xylem fibres) (Xylem parenchyma)

(Vessels) | | ‘ ‘
R s .
S St pdis  ypebe
(Sieve cells) (Sieve tubes) (Phloem axial (Ray phloem

parenchyma) Parenchyma)

U ARSI UG
(Librifom fibres) (Fibres trachieds)

|
/e{ugdffi K pes

(Axial parenchyma) (Ray parenchyma)

ey e T2V
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(Xylem) fL/J' 3.2.1

Lt FUr? S L Unge 24 ay?&wm&gu:uéu»gz%ﬁ A 5L L (yu‘
e FE e gLty Xylem - S L Nageli 21858 & e r il n§ Uit s 16
/ijjiéiﬁlu;ﬁd/Xylem _Lgﬁjuﬁ,u@t{f“,-w(?g) wood L)’”LJ Xylos ﬁ(u@)u’]
27 (Secondary Xylem) (L/D"d]b"/al(Primary Xylem) (l'/lj"(jl,&.'u.‘?;léj_u’l_‘agﬂ/?)/dit"
321AK U e B

Fibres

Tracheids

(et P I B AT 2o iS ource)Xylem cells)e B £ F15:3 2. 1A

(Primary Xylem) H’, i
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a) Simple pils b) Boarder pits ¢) Scalariform thickening

(Types of Tracheids)y yig /‘d/ rlﬁl ¥ 3.2.1BJ‘3

(Source: Unique steps in Biology — I Std. XII by L.S. Shindi, Rafiuddin Naser et. al.)
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(Source: Unique Steps in Biology — I Std. XII by L.S. Shindi, Rafiuddin Naser et. al.)
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A—Oil Glands B-Resin Ductsy % €3s,41:3.2.3 AP

(Source: Cytology Histology and Anatomy of Angiosperms by V.Venkateshwarlu)
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(Source: Cytology Histology and Anatomy of Angiosperms by V.Venkateshwarlu)
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(Anomalous Secondary Growth of Boerhaavia Stem and Beet Root)
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(Source: Unique steps in Biology — I, Standard XII by L.S. Shinde, Rafiuddin Naset et. al)
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(Model Examination Questions):«ﬂ’r’d@"“,&!‘; 13.5

el Jo L ln (s 13.5.1
-ujjé/./f}'u’ﬂgLOVule/llLOVary -1

Placentation-(d) Polllination-(c) Prefoliation-(b) Aestivation-(a)
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?u:!d"_llp’/ ___________ LL&:?(,,}:C})PollinationéJ}Lmuﬁg/?di{d“l
Cleistogamy-(d) Entomophily-(c) Hydrophily-(b) Anemophily-(a)
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- L7 < Antipodal Cells - Synergids-(a)

-<lleAntipodal Cells Egg Cell-(b)

-‘LCLC’_«Egg CelloMale Gamete-(d) ujZ_%Jﬁ/?L-@'l,Jg_(c)
AL 2 JFemale GametOphyteLJ;"f.
-t # Stamens-(b) ‘LL}}’ZJ& /,:lné//’:«Style-(a)

< bl A JA (D) ‘Lt‘ﬁJ:/é'uﬁﬂdOVary_(c)
-USLM ...... ‘L&ﬁ//}:C;"JPollinationéﬁLa#uﬁg}?dﬂ’;é!

Hydrophily-(b) Anemophily-(a)

Cleistogamy-(d) Entomophily-(c)

-USLM ...... ‘L&n/“,}:CLPollinationéﬁL&guﬁfdﬂ’;d“!

Y - Ut sz e b e o iz 15 AP A
-uj"&/ .......... cl?uny/vbff/iJJ%&&/}@/})LC?JIUQ%Q
e < bbl/Us/ Double fertilization

2

-3

4

-5

-6
-7
=8
-9

-ujéf‘_’/ éPOI‘Ogamy -10

(Short Answer Type Questions):«ﬂ’/«,}béol‘.’ﬁ/ﬁ 13.5.2

_Z5 8153} U~ Cross Pollination.s/Self Pollination
—gdk. =l 419 L Cross Pollination
_éuy.c;u u(u)lf'arwb*:’/ji?LSelfPollination
_2 =>Los{Pollen - Pistill interaction

Tl /U« Double Fertilization

204

-1

2

3

-4

-5



(Long Answer Type Questions)aﬂlrdlaéa@lﬁd}b 13.5.3
?g{ugz_u L}/U}JC*.T/V(L:"’JQ;LJI?‘LJ’/gLPollination -1
?’cf:f e s d/ I e J’ 13 Cross Pollination.s/Self Pollination 2

_’cf:f (‘j s AngiOSpGI‘mst §Double FertilizationS<_»/ < Fertilization -3

(Suggested Books for Further Readings)u:.f CJ/DJ/’/“}{é 4': 2 Uz/,g] 13.6
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AT Bl 05,2008 - 2L B B Ly it (i )2l 22

A.C. Dutta (1983) - A Class book of Botany - Oxford University Press, Delhi .
L.S. Shinde, Rafiuddin Naser et.al. (1996) - Unique steps in Biology - I Std. XII -
Saraswati Prakashan, Aurangabad .
S.S. Bhojwani & S.P. Bhatnagar (1998) - The Embryology of Angiosperms - Vikas
Publication House, New Delhi.
P. Maheshwari = An introduction to the Embryology of angiosperms - Tata Mcgraw-Hill
publishing company Ltd., New Delhi.
L.S. Shinde, Rafiuddin Naser et.al. (1996) - Unique steps in Biology - I, Standard XII -
Sarswati Prakashan, Aurangabad
B.P. Pandey (2007) - A textbook of Botany - Angiosperms - S. Chand & Company Ltd.,
New Delhi.
P.K.K. Nair (1970) - Pollen Morphology of Angiosperm - Scholar Publishing House,

Lucknow.
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(Endosperm, Embryo : Development and Types)
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(uw/:fuw 14.2.1
sl 14.2.2

éaqm 14.3

SEISLE 14.4

T 14.5
SIEN(PAS Y 14.5.1
STEN (PS4 14.5.2
ez Je L) 14.5.3

SOy f L L sy 14.6

(Introduction)/gz'? 14.0
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Zntiqbhs Pl LS S tm L e S o Rl 28 L UF Suiu
e S P Il L L By

(Objectives) ## s 14.1
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_ZQ//JIE.:«L)L’”ML}:L/QLMuﬁ&z’u’|_‘ad/5/l';lg&f//rljlﬂ

(Endosperm & Embryo : Development and types) (* L3117 U::? c({ U1y 14.2

iy s 1421

%QEmbryO,_‘L&/ U-;;J:@J(/;ui:m;uﬁuy}j;dw;néuu i) :r/,.,'bi’l
/g/gJzygoteug&g,_w&néuug&gugu JrOvule st Sl L UdsE s Lﬁfﬂjﬁ_‘am’uﬁ;m
uﬁ()'dﬁ/'/Zygote:,,?; d/f_‘at'n/g’EmbryoUbe/?/.{! e g‘giffﬁu’l_u}(}na.?ﬁ d/(lﬁ
/ﬁ:?.,.ufpf-u}":iEmbryou’)//Embryo;ﬁr uﬁuﬂjal_ujg&/d;//&/u’! _Lat‘nd,’/f'
Endosperm nucleus Primary./ & ¢/ } . Endosperm U* Angio sperms ;¥ (< tt:Embryo
Direct »Endosperm (% Gymnosperm 3 Z Ul -« b»(Triploid - 3n) gy z-Ul ¥ e
-‘Lt‘n(Haploid - n)bﬁ.{l ,:“iu’ / +t£/ < Female GametOphyteJ:; < Fertilization
Male {11 €Endosperm U Angiosperms (Development of Endosperm) (L51.ss! » &(z )
< Fertilization LQ’K}: Uz ~ £ £ by Os /“ s e Z Secondary Nuclei 9 23/ Gamete
S U -a by 23 3135 ¥Embryo -t 2 se(Haploid — ) o /7 Uk ol & U U st Haploid &
-ujféCaruncleulAril:PeriSpermct-Q)&la'/)f:’//?u#?ﬂ!&?,?ngg.ﬂlb‘ Kesl
Nucellus K& gl S Sl e Embryo Sac sl EndospermEmbryo s ¢Jlsss ‘Perisperm
"'d/PeriSperm//!,&'f Jﬂp{ﬁdl d/Nucellus-g.&lg & m{JNucellus DAL u"} cjg-c‘_ t'lg}’c'J/U
éJ-‘L L"Uv;(Perisperm,ﬂ? Ul Llak\é/l{uﬁ 5(}?.9&&&&;): U#£ Non endOSpermic/,:u)’ S -t
- oyt e Use Lu»{f £Piperaceae;NyrnphaeceaeﬂlPiper nigrumss(k
< Funicle £ Fertilized Ovule J’IU} - Ul QQ Aril b &5/:. Z & s ¥ LEndOSperm :Aril
e bl S A Nl P b s AT e Aril -t E AR G 1 GO S
-U.?d " S IPithecalobium dulci<(Myristica fragrans)d’y/ b
L@l Z U }?-UJTJCaruncle/u’l?nu?ru/éf/! KJI»/J!/! LMicrOpyleﬁg’] —-= ‘Caruncle
Jl}"*”b d/gﬂ —e i &(A/J Y] L 146 Euphorbiaceae s (g bros o ..,ij;'! L&guw;
-&VJEndOSperm: 1 4.2()/’&’&5-‘&()’;6)’:/!
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REMAINS OF STYLE

FUSED PERICARP
AND TESTA

COTYLEDON

COLOEOPTILE

SHEATHING
LEAVES

ALEURONE
LAYER

POSITION OF A PLUMULE
EMBRYO

RADICLE EPITHELIAL

LAYER
ROOT CAP

COLEORHIZA
B

Structure of maize grain. A, grain lllustrating of external characters; B, grain as seen from
lateral side; C, section of the grain showing its internal structure.

Structure of Endosperm : 14.2g)¢

(Source: The Embryology of Angiosperms by S.S. Bhojwani & S.P. Bhatnagar)

‘Endospermic and non-endospermic seeds
&zt u.?/ Je1 ] Endosperm.; .+ J”( ss £ ¥ Embryo U u»zu"’g L Angiosperm
Cocos’ Ricinus _p ':éEndospermic fuﬁ s (ﬁ V-« (W] JL 2 f:gEndosperm e
£Angi03perms-(3nuf d‘J.'.@ d/ Endospermuf.' Uy Z Glx l&Trapaceae/}lDatura‘Orchidaceae
,Embryo.fé_ndl PP @:LOVule_‘Ll:'/’/ J’l 1% < Endosperm Embryo/luss L e U}){;wé:
uf‘;’EndOSpermM < U (FEmbryo SusE L f:}u’l 43. Y l:‘/'/J'illeé < Endosperm
J{ﬁ Z”if:-ta o/faCapsellarCicercDolichos Jlﬁ‘* (lo u(u’i ! %[Non—endosPermic )’/uﬁ cé’ b
-14.2A
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Tesls Testa
(sead coat) i W . /| surcn (seed coal)
[Endosper &
ir~;‘.‘.n:-nrr c-r:;.« Plumula
cell layer)
Hy Hypocotyl
Radicula
Storage 3
Colylaedons Cotyiedons Embryonlc
axls
Arabidopsis thaliana Pisum sativum
(ENDOSPERMIC SEED) (NON-ENDOSPERMIC SEED)

Endospermic and non-endospermic seeds :1 4.2A‘.}ﬁ

(Source: www.endospermic&nonendospermicseeds.edu)

S LA S LAS Endosperm(~ Angiosperms :Types of development of endosperm
L Senn

(Nuclear type)(3 S0

(Cellular type)” § i)

Helobial type (iii)
Cell JI}i I Nucleus % uy‘ljcf//:() d/,vJ Z Uil (Zﬁ‘}f{'uﬁ (:}u’l ‘(Nuclear type)(sd?//(i)
URUZ Ut solT < Cell Wall gt U » & wll & o507 I Nucleus U ("’ w-c‘_[}nuf Wall
!Zufuy/;cg)d/&uj&lgé:)digﬁdf’Jb{.jlgd/,})!NucleiLg/liu’i‘Lg}lg&w},;!ﬁf d/f:ﬁ
1 Jf &b 2 [ Nuclei ol /?( - d/ 0illg s Micropyle Embryo Sacl, Sui -< s ¢ Vacule
d/MicrOpyleaw,J,Nucleid:EndOSpermu?y‘h/lg d/oJUg azj)’rla_‘agﬁ;ﬁr/!g;ugd/ Ryl
N4 d/Nuclear Division J« u»;_sz_wz_m:pu‘fu:;iﬂm s Gl I Nucleir 2+ -
ot & » ¢ Endosperm Nucleiw /“ Ly l¢ /’:I L) /:f s Juglans« MalvaPrimula <& -« Jﬁ i i
L o/:'}} d”(@/ru!z cUr‘dié’(Nuclear Endosperm-(Jf &> Juﬁ Lf{_}!/! Z ES) L Embryo Sac#
-4‘-9@6&’ s i3 £ Endosperm
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J gf ‘L&/:/L}'Cell Wallc)b»i(:y Jf{'uﬁ Vss¥ JEHdOSpCI‘I’l’lL(’:) J 'i(Cellulartype)(:’ U’;B (€1))
yrs) u%g_u,?ngLgNucleiugjé.,{l uﬁ}gauﬁgﬁ-ggkn(})uﬁujuﬁEmbryo Sace o3
Cellular -‘agnuf‘;ulrfi/&f/‘:ﬁuﬁ u?bm{»?-93nuéu{?£uﬁ'c«L?ﬂu"y‘dg‘aJ%u&/
J~Primary Endosperm Nucleiye-bagfgﬁuﬁ"u!f&]ck@Lngﬁ.@.Jﬂg:EndOSperm
L LI /J@éy_wm?%mﬂ t{f‘”

&n./lgd;fLEmbryo Sacf&g'baénuﬁfﬁ‘agnd.’.@(fﬂpﬂ Z Nuclear Division&’{' -1
-Lfbg)ui’Cetranthus/EndOSpermZ:C/J!-‘a(}n/,:.fﬁ',;!/’iL}f?fﬁaaénﬁziz’)d/u-‘a
(jyc;/? G%Daughter Cellsuj».b..{bv{ é:u’ml‘a&n/?ub u‘z/J:@"thg;uﬁ(ﬁd/ﬁ; 2
» & sVerbascum¥_ L

L"»él,&lf@}'ujinfpau}’U‘beaughter Cellsuy’»g,{un%@nu}/g&?wm 3
o/:;}Annonaﬁf’-g[}&nub/ﬂyuf

4o£7ub§/:;wb§£w&gd:@ccells»»4 Lu’tﬂi%éna/kd’é’]&:@&;g;&?gﬁm 4
Myosytis arvensisll""uj&ny

_Senecioﬂf"agn};‘/{./lg;duLgJ:@u% -5

Cellular s/ Nuclear,:_‘a.(‘f LaUe Uy LHelobiales,EndOSpermK U/ Helobial type-(iii)
MicrOpyle//n(';‘//lZJOé//}!ﬁgﬁc‘-t"n/“,}:f/;";fgﬂﬁﬁuﬁf:’Jl-c‘,(:’JuywﬁDiVision
KEndOSpermugc‘-&n‘/",}: ijuﬁuiu ui»ﬁc‘_gnFree Nuclear(:’ﬁd/w < &t‘/. Ll&éo)ﬂg 23/

< 1t Endosperm £ 31U U2 14.2BF _ b/ 42 G266 Miicropyles 27
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Type of Development of Endosperm :14_23‘.}¢

(Source: An Introduction to the Embryology of angiosperms by P. Maheshwari)
S SV gt £ R 6,4:7 Al “i oL 4 Embryo J*1.» Endosperm :Ju! LEndosperm
‘u.’f 1 ‘u'i‘/i’l,;pg i B Endosperm-tat’lgt;(Growth regulatorswf;'? Wi an’yﬁ/ﬁ L1
vk oﬁuﬁ@fd/@'ﬁwilg’;ga/f;;/l} (154

(Embryo - Development and types)r L31sl 5% Embryo14.2.2

U&7 USEmbryo UX #! 2 Ut 4':i/Zygote J Fertilized Egg#! £ Fertilisation J* Angiosperm /74
:«&{J? ] &L}:’ W Z qu’! _u,?ZZi/Embryogenesis/é’./ L 2 Embryo < Zygote-< U v
L Dicots/ Monocot < s Solr -t L/u.‘.; 1y d/Embryo sl vk < s#Embryonic
uuc..?adu,;c‘_t“lgy(u/‘}/'gﬁuuuﬁJ’1/£mdgbnufJ}JuJ/u$J3@JEmbryo
_‘aﬁwﬁj u’ﬁrlﬁ!uﬁluﬁli/EmbryogenesisJ
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Pro- % Apical cell & U2y Diccot /“p..' :(Development of embryo in dicots) s J Embryo (= Dicot
ﬁ;Basal Cellf_.ae‘gbﬂfcﬁ/éﬁﬁczﬁ u'.’fgcubd)f‘gt‘ﬂg}}b/? Jin/» Lembryo
Yy %]Cellulard}&/vﬁ/Lﬂ/%@/&l_‘at‘ﬁﬂj‘czﬁu&fﬁﬁu’.f,«}!.t.‘gl.”q/ufc)bfa?
Schnarf (1929) bl it & ol (131 ¥ £ 1 & Uil ¥ = s & S L Cell L
_ugc)mzwéfug(wéguﬁ;e,ﬂéu,ﬁ d/Embryouffu»gDicotJ_ Johanson (1945) s/
Solanad type-3 Asterad-2 Crucifer type-1
Chenopodiad type-5 Caryophyllad-4
J 1_44(3 % ;v/.,d/ Vss¥ d/ Embryo U~ Dicto :(Onagrad type| Crucifer type)(:' 1t 3 S 31 21
~Capsella bursa-pastorise—»Y L )46 Cruciferacs Hanstein (1870) ¢Ji+*(- %L%—w.ﬂdl& K
«Onagaraceae 4 s ,’(c ~ -'L;(ML’Z‘/ KU U UdaG i Z Dicot J_Embryologist il e & -.l/
-UJL?L&,{/) ,’lpu.‘.' U £Bo /z‘ s Scrophulariaceae« Pedaliaceae< Ranunculaceae<Annonaceae
u:'iz’ﬁu'?‘at‘/]fcﬁ/ﬁf.’.ﬁaubf/Zygote%Lg/ufJ:@.d/Embryou’l
-~ t‘ng};}./vao celled pro—embryo » 2 L (511 _f ks o otk Basal cell sl Apical cell
L"/Z(:&c‘_/}b U'.’/Basal Cell-« t‘nu?/.,f‘lg&uﬂApical Cell,?-cr t‘nu?/b.{,/“ LMicrOpyle
-4‘_&?% JJ(: Z TN JPro Embryoe— o d/f - gl (Zﬁgzi’ St Apical Cell,},r/?c‘-
.«g/ﬂ(j)(:/l?:,;!)ﬁ(_/»bguﬁp{ﬁungJC@.ﬂ/z_/uc,?;d/ﬂﬁduféApical Cell
uﬁOctant-c‘- ¢t:Octant stage/’/n ,’Zﬁcu Jng; u‘z/Jf.{!ﬂ K&/J!-UjLu(Quadrant)é/
le,?u(u'&/(}ul!u!jDermatOgen&}/;z}//]fL":yPericlinicalnluijzgkuﬁjVJ&/Jﬁf
LEmbryo - é Z J> Jt L/fa &/ L ,’Zﬁ == /;}’Anti—clinically uJL/ LDermatogen -
3 typocotyl St e F1p £ &7 £ A a5 U s s Bpidermi st 1A
1 (:':u “uﬁ Apical Cell .. % -t Zt:Procambial system s/ Ground meristem d/ (Cotyledons)uJ 1%
g t’{ﬁulehSuSpensorH ‘Jn;b//}fa,f:ﬁu‘}/uf:lﬂ/?(Basal Cellsj)égjdfi;tq/'be
e ¥ d@ﬁu}&lgwkzﬁujuj'&n%/"LMicrOpyle:?JlquL};ﬁ/uﬁu’l-‘gt‘nd}:y{,gfl{
o 20 42  SuspenserS 2 U 2 Haustorial functions’ <% Luiu Lok
d-wjéHypOphysist’UjL}’Z,ﬂ? KPro EmbryodgujLﬂ/» /ﬁ(f//;lujLﬂLJﬁd:’fﬁa
dﬁ';}/nf}}‘cub u‘z/‘o;/’utﬁujf% ufﬁéjﬁ)/na,«aw;ﬁu/éoﬁd;%‘uiung:L];r"jJ‘»L/
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ﬂ/%;d&%bﬁybﬁyéﬂiﬂfuféégﬁdj&&@/@d)!JLgfﬁjbgqjig)
-t tRoot epidermissiRoot capu’&/ S A1t L tRoot cortex

Two % itk 1 -t 2 e (Zﬁ &7 < #Distal Cells»2#* _« Pro Embryo
v db:‘e A u/gﬁ Sa% JPro Embryo - 4{’_ Lol C;/"’ by UV o9 d}’j’]!cotyledons
125 SN SFP Y o - 22 2 = 2 UL Hypocotyle s/ Cotyledons -« s S () L Cordate
L"n‘zg’w}’?:_,?; JJIXJJ&/JIU.&»/; z:,Cotyledons» uﬁ&d/?}l_‘g&nc;,?; Jffﬁu"/ JJ?
_‘gﬁf,’/l,‘%jl;u:&laJEmbryo Sacﬂ;(éulLat'l.a?/ﬁu/Embryoﬂb&ubul‘g

e by sz 4 (Embryonal axis) s+ 5+ Two cotyledons £ < 'k 5t =5 Embryo { S
(E d/ Cotyledons! (Jf £z Epicotylel Plumule < s b 4/ LCotyledonﬁEmbryonal Axis(S
C}/‘%IQ“LJ.LRadicle/;!u}[}%luﬁf‘j;@i,&l J&LPlumule?‘L&ﬁél J@'g-u}L&Radicleqlg
F 2:;_9 ar o LS s g ZIL i = § Ui szy UtCotyledon_ du

~Crucifer type of Embryo :14.2.1A

@ . Hypobasal octant
A Zs'gou:
>=Tormina! coll
a)-Dacaleell | @
B.
C. 4-celled

proembeya

Radide ~Artipadal
Root cup - .

Stages of Formation of Crucifer type embryo (Dicto) :14.2. lAJ‘a
(/‘l?u:,dig//"'/lig_j""/l/u:n/gé_ﬂ/,(d)ﬂy);;g?::,/@)
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»,jih)iujZ_TL(_/U/?)iquuéPro Embryo‘}}b/,:u{/zlguﬁ(ﬁd'i(Asteradtype ))l/‘/l-Z
(EJJI_UJL/’/Muﬁb’uﬁjJEmbryO/'//}féfn'“Juffgu'}:/uéuiud_wZ.TLBasalPartu’&/

(A-G)14.2. lngﬁ;_‘gLacmca sativadlf’*

' -n
n R

() +m m L
g q

E F
J’I/LV;?JJMquactuca sativa:14.2.1Bf

(Source: An Introduction of Embryology of Angiosperm by P. Maheshwari)

= b S Cellsudn & S gt wl-e & 5 $F Zygote s U 1(Solanad type)tiy-3
Jzy 4 JJY./ 4 7 33 Basal Celle s# e e (3 V1 -t ZLEmbryo sz 4Cells Jg S e
A-)-14.2.lcyﬁg-éaNicotianaJt‘f(b JJ!-‘Lt‘ﬂjl/l)/’/{Basal Cellfb.«z-‘at'l’/.Suspencer

-(H

1 Lis# 8y 4 ANicotiana :14.2.1CF°

(Source: An Introduction of Embryology of Angiosperm by P. Maheshwari)
Pro-Embryo U U~ < Qe f..'“; St Z Nicotiana(? U4 U1 (Chenpodiad type)(:’ 7154 %% -4
Jf,: f:?:-ujL//u WAL L}/Embryod‘ Uss J&/éApicalul Basal U< (/1-<— L“ng}}&/’ uJ..//lg
(A-W14.2.1DF ’&Z'UJ'ZJ Chenopodial typeeI2- 199@5; J~Chenopodium
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A B C D E F G H
1 Lus# §y 4 A Chenopodium :14.2.1DF
(Source: An Introduction of Embryology of Angiosperm by P. Maheshwari)

Un :/Jla(:a’/ Z Basal Cell J£ U~ <t »Embryo b/(j »* L1 .(Caryophyllad type)(:, KBy A5
Cell§Apical &t J.?( i 05 (}/ AV d/ Embryo 22 < Ut Vasicular structure y-a el
e =7 85 Ut sl e b S S A Basal Cell Ut b1 -e b Embryo sl bsef st F

(A-H)14.2. lEyﬁjj-‘LSagina procumbenst’*(b JJl-t'/,fu.?}

S Lsd JMJSagina procumbens :14.2. IEJ¢
(Source: An Introduction of Embryology of Angiosperm by P. Maheshwari)

L Cell Division (/i (Development of embryo in monocots) s (§ £74 & LK9s
u)»ulu:uﬂud/wggc‘-rlggguf&;ﬁlu’ué/é LJS@'JEmbryoufMonoco'w!Dicotc)!/»
AN ER) -
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/?uﬁlfﬁKu’gLd/ul_ujl&&/ﬁ//.:(fk/%/n(j?c/k(?w@» T Utk L
S A L 1o b Ak st P F S e Syt LVasicular b £ 5 2
7 L LU s JL‘”&:-%V&KJ:&/&%’JT/%(?G/?@/@/
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(Polyembrony and Apomixis — an Outline)
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KIS ISt T e LA e LA E estb Ld et S
e Unr bl u’{ S8 dim Fb Jf JITE B e bl e by Z:Polyembryony
J’;(fuluj?.lgidl.’;’l%)"ﬁ Z:,Q;qu/fuﬁfu’l-b‘nuﬁ; Nuclear FusionéfuﬁApomixis
e PE NI n S be Ul e S ARE P Ut p I C Uk pue Qb dia
e a2y e P LS S LE B Parthenocarpy S U

(Polyembryony)».‘.‘«::’. /:"'/ 15.2

Jer1950 =2l JJl -u}'{i/ PolyembroynyeI 3 325 Embryosti e LI U2 E LI Ji
&_Schnarf(1929).4/Emst(1918) & § L Leeuwenhock(1719) 55 (1.1 £ 1 2§ L (s’
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Y Sul-ut Z_» .z Embryo » J* Embryo Sac (¢ £I %' {(True Polyembryony) ez ;‘( 3?
152 g Uin Ly e 0L

EMBRYOGENIC A
MASS

A-C. Cleavage polyembryony : A. Embryonic mass formed by the basal cell of the zygote in Erythronium
americanum, B-C. Differentiation of embryos from the cells of the embryonic mass.

True polyembryony type cleavage polyembryony :15 .Z‘P

(An introduction to the Embryology of angiosperms by P. Maheshwari)
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Polyembryony from synergid :15 .ZAJé
(Source: A text book of botany — Angiosperms by B.P. Pandey)
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Polyembryony from antipodal :15 .2BJ¢

(Source: The embryology of Angiosperms by S.S. Bhojwani & S.P. Bhatnagar)
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False Polyembryony :15 .ZC‘)e

(Source: The embryology of Angiosperms by S.S. Bhojwani & S.P. Bhatnagar)
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- Apamixis. Development of cmbryo-sac in Eupatorium glandwiosum {A-H).

S1 » L(Agaospermy ) 1561 JA( Apomixis)u’ggl 11521
(Source: A Class book of Botany by A.C. Dutta)
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f apospory.

' APOSPORIC p
EM3RYO SAT

Apospory. Formation of aposporic cmbryo sac in Hieracium spp, (A-E).

S1 L (Agaospermy) ;lfb’nu:(Apomixis)u*-6 §:152. 1AF
(Source: A Class book of Botany by A.C. Dutta)
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(Polynology: Principles, Pollen Morphology and Its Applications)
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: Pollen units (A = Monad, B = Dyads, C = Tetrahedral tetrad, D = Tetragonal tetrad, E = Rhomboidal
tetrad, F = Decussate tetrad, G = T-Shaped tetrad, H = Linear tetrad, | = Cryptotetrad, J = Polyads, K = Pollinia)
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(Source: Pollen Morphology of Angiosperms by P.K.K. Nair — 1970 — Scholar Publishing House, Lucknow)
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/“J&*u(u?’lxu!-uj&b&&uﬁbﬁ.f@idfﬁ)aaivgiui'gj,gj LAngiosperm :(Shape)c«&'t/-4
Non angular or angular u.‘.?./'L}'GL&Vd/u’[u//}'.‘;"&}’/u}/%é/)bru-%&clg d/&l;":u(u»{fu!

16.2.1CF & o (xS Cagn ey S e st s S e bl

R0

: Shape classes (A = Psroblate, B = Obtate, C = Sub-oblate, D = Oblate-spheroidal, E = Spheroidal, F =
Prolate-spheroidal, G = Sub-prolate, H = Prolate, | = Perprolate)

(Shape)=s-:16.2.1CF*

(Source: Pollen Morphology of Angiosperms by P.K.K. Nair — 1970 — Scholar Publishing House, Lucknow)
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Table 4.2 : Pollen size classes (after Erdtman,
1945).

Pollen size class Length of longest axis

1. Very small grains (Sporae perminutae) <10pm
2. Small grains (Minulae) 10-25 um
3. Medium sized grains (Mediae) 25 - 50 pum
4. Large grains (Magnae) 50 - 100 um
5. Very large grains (Permagnar) 100 - 200 pm
6. Gigantic grains (Giganteae) > 200 pum

ez g S p L Erdtman: S616.2.1

(Source: Pollen Morphology of Angiosperms by P.K.K. Nair — 1970 — Scholar Publishing House, Lucknow)
':éu’{Germ Pore/u“_‘Llt'nu?f/?Exine&%J&ﬁ/;d/cﬂzﬁtat'n/? Was Kujgd L/)J&K/":Apertures-G
Polar Region /' 2-t& sl 2151, s ‘/u;,r_wé‘f sz /J{!_‘L&MéIJJ}{lL"LUU’l N

-16.2.1Dﬁ@;-ujé’.@&ggﬂ}[:(:w‘r‘guﬁci:}!f:fye-‘at’nK(:}BipolarLMonOpolar
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: Pollen apertures [A-Monolm B&c-Triob D-Povus E-Ponporus F&G-Ulcua H&I-Sulcus J&K=Sulculus.

L=Colpus, M&N=Tr P=Parasyncolp Q&R=Sp -Cdpoms T-Poromle.
U=Synorate, V=Multiorate, W-Colpomrnh X&Ysh Ipate, Z&aa=Porocol ab=Colp ac=Colp ]
;;/,nérunﬁ 16.2. 11)‘}(’

(Source: Pollen Morphology of Angiosperms by P.K.K. Nair — 1970 — Scholar Publishing House, Lucknow)
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(Source: Pollen Morphology of Angiosperms by P.K.K. Nair — 1970 — Scholar Publishing House, Lucknow)
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Structure of Pollen Wall
Fig. 4.14 : Sporoderm stratification

Sporoderm Stratification :16.2. 1Ggﬁ

(Source: www.pollenmorphology.edu)
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70% J7:(3.ro|
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\2
Pure Xylol (two changes)

Mount in Canada Balsom
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Cutting Stroke 1

I 81

Select a thin section

Stain with aqueous safranin (for 3 to 4 minutes)
Wash thoroughly with water (till water remains colourless)

s
Dehydrate wiT 30% alcohol

Dehydrate with 50% alcohol
y &
Dehydrate witf 70% alcohol

Dehydrate with 90% alcohol A

d
Stain with fast green prepared in 90% alcohol
)
Destain with 90% alcohol
)
Absolute alcohol

J
Dealcoholize with 25% Xylol w3
! ( é
50% Xylol
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\:
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Pure Xylol {two changes) " —_—
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Mount in Canada Balsom
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262



J1 _g{Staining Procedure =5 £ 18.1 / S (Staining Procedure) Y41 &, 20 10
Jd/fgﬁg;JTranSparentJ3I%UL..(D:/Q;‘;/L&&J:JJK@D ‘&?cg/uﬁ;l,&.ld/ﬁocedure
Jlgb‘df.LU:J'/LJ“}f u(SafraninLufJ“}f d/Staining Racku.fu’lf@l;g/ulvf Lu’!_g‘;(
T éu’l_é’;/ﬁ ufSafranin/cjﬁgé.né/uﬁ&gz:u’%@bL}Z’{'c;u d/f/,/ﬁ_cj_lﬁcﬁg
uﬁu’%@l,_jud/»%_{:; fuﬂﬁ? Ju;mlgL“ufuw;Jl_éﬂ;/ug@udu&g&?m “é_;'u
A Juéz/uﬁg)ﬁy‘ufSafraninp{ éu’l_cj.lfgﬁuft'»//LcStaining Rackgf:{cigfrm302
j)?fc“)_ Z:Dehydration ¢“J_Lwégwf&w&iu_uj/@L/quﬁuigé,t,Jt,J’ﬁ302/L¢;
S UE AL B Ll S Sl S Pse 3 b0 s Satraning 51 £ ls - s
B B Een L N IL S 1P H150% = Staining Rack 2 8 Slou1 & e &l =5y
S 6stainingl AUt S U Ben E F 301 g en L S 93075 FE A sal Gl
&3 Jo p ¥Mounting 42 £ 1 S E L S Xylol Gr & p $ T e s L2t 2182 56
_182:18.1F b w
CS-E5§ Lo LT Sfen I F1 <3 £ Staining—2 13 # ¥Mounting:3- Jo 1~
L;@’L;@’;Aufﬂ;;:’/f)@U}?fdg;kdﬁé(Canada balsom)()w;:(z_ﬁngug 23
Mo ary, ﬁ W AL o3 57 A Xyloles s S Gt Fmt & 1oL o s A7 Bubbles
et 11838 )b b f T T 2 e addr i S S U
(J W62 2 Se ol b esale r &5 3w it L1 TeAir bubblesgls 1L U2
Ldu/uL.;l»///yju;{utuf,[g/_al{;;@mLLnﬁ,@qﬁuu:},w;;_Ltg‘ﬁﬂg
e x U ‘Jui’wé_g S Pl S bntin AUy Sl 2
Fiu? G T QT s S gt T S S o S 2 Ul A S Ao
ek U 1Tt tf ue Susde Foiw ST e p 8 AUt 8K S
Qb2 b ol L1 S X0 T e utind TE D Ly S siol
AT LG IS s a§ T LG s
ol

u?u.‘.‘”g)/'/L TS J;:Jum Z(18.3 F)(Helianthus annus- Sunflower) uﬁ(@/r
ufuﬁd?uz&}ébﬁovﬁﬁituﬁ'@nuﬁJ’/,L/vwfr—d’w’l‘a&)@lef}df//,o’ddu’b

263



Lf(iy/ruﬁ 1 8.4J¢_‘LJ}&/4 Stele (iii).s Cortex (ii) Epidermis (i)-gjj@/u’l}?uj;}?fﬁugu
-‘LﬂujéjijLV/jl]dbfd/&élﬁlL
Jlb}'yl;jdbagﬂy)/?gj}:/b}Jﬁﬁbagna@&)péqéﬁd :(Epidermis),-ulu:/.-(i)
La&n/lg) JCuticle./’lg&)/:. JJJJ_wgﬂuﬁ;Inter Cellular Spacesuﬁu'lo«/z:u!_‘aand:ﬁ//v
Stomatauﬁwllgé_gél//uf/?dju?(}n(}’.c_Cutiné.JLéﬁ(/Cuticle_‘a&'/u@ﬁfu/ﬁq}iﬁ
Lo,é,g/;ééﬁrw&ufﬁzwz_wﬁm Trichomes&/,:ng.{ld}u/?(/?i/u(u/ﬁ@_uj%f
é/;{@'{,;«l/l}fQT/A//L??;LJJ.L.JJJ?/&U]» Trichomes.sICuticle- s /84 uffiuf,lél:
A F o el JTL bl st b e Ly 3/ ebbo §38dain 7 S0 A
-‘L& )é} /)’/ TranSpirationulJJlfﬁuyif 5L st

~UStele—c bt (5 % FStele Lo Gy JC K 1or (Cortex) u,g KGi)
Endodermiss/ Internal cortex<Hypodermis £ ‘LL"}’ZJ}&/ 4 Uy uf gU:Ud( @/r-‘a (w74 /‘::; ;w’
Y

égq /lb}'/lgb‘uf d/ uJ?./ Collenchymatous_/lg&) Yo d/ Jg 19 ‘f( Olg :(Hypodermis)‘f /ﬁ{.:."’k-(a)
u{:T‘ffﬁJj-UJ&/ﬂ)(Tensil strength):ﬁlbdi;f.lf{[;:‘,-c‘-anuﬁ.ﬁgéufﬁq}ﬂﬁuj&ly
cajg;o;gjaﬁ4u:/bi/£UJ-w&nuﬁ‘;}ﬁ/In‘[er Cellular Spaces U« Wl e o310l s 7
-uj;)uuﬁdzgd/l)&',:-ujln/z/fcw%u:gmf&?/V/Uzg(//ﬂ/LJi%&n
ég&ﬁﬁjt{uﬁu}ng;&,-98@@%1&/5;@,‘?, :(Internal cortex)ﬂz(&uil_(b)
L Sor So u%/ - - &a JE J.?/ Inter Cellular Spaces uﬂ{ el - &n LP:/ LU b
Jg/l{d-%t’lg%LeuCOpalstuf.:«/.:&u,Ulu!wgu}gufc«/?&}/;d/uj-ujinﬁyIsodiametric
_LLQ;(L{'!(KKL//D/?J'/JU;ld/g’d/i)&'

Ll Barreld': £Jl_€;a4éazl'a;,/d/g/‘?/(:uﬁﬁd:&f(@/r :(Endodermis) .2 Js.3-(c)
u(u“k_u,?glg&léuflnter Cellular SpacesuﬂfuyﬂLﬂ/ﬂu/!_u?f_mfﬁca/u..{!ﬁuj
LB 7 Jj‘u,?':d/CaSparian bands/‘f “gglg nggu,umg; s sI(Radial) § £ —ad
_‘ggnuﬁ;ilu;l_}ugfﬁq}iuﬁuf_‘gt‘lgb‘(uéStarch sheath/J!éJlug“‘Lu}?rLb

264



- - s . b . - S 4

e Ak Stelect Qb Sbate st £ U7 332125580 c bt o U o116 1 :(Stele) J1-(Gi)

(b) <Pericycle, (a)u.‘.”?_‘a b5 fy LU So gy tnlw L/.?(.g ol U <= sl Bl d”}' 2
_uj"'éMedullary rays (d).s/Pith or medulla (¢c)<Vascular bundles

Medollary rays
: Pith , ,
oz S 2L e 8a L 1848 u;w’(@mus.s‘f’
B
Cuticle. 2 Trichome

: Epidermus

]Hypndnrmis
Middle Resinous canal
cortex .

e Endodermis
Pericycle Bundle cap
_ e st
‘Metaxylem 73 e 114 YO Cambium [ bundle
Xylem fibre _kga e 1 Jlii8ye — Xylem

Protoxylem

. “Pith
&l«ﬁ-‘;mJJI}'U‘;’/L;:«'J!}?:!LG’(&»’:lS.Sf

265



Semi lunard_bat‘lggguynﬁgj} i‘aJU:;Oo«wlgf /55,?!;?9,47&} e —6Stele Pericycle-(a)
qufc)b’;ngﬁéu,mjﬁ ,fb/u;mujz_nuﬁfLu;%”/éjﬁ,/’{u,:‘/mugz_néczi
=tk

ﬁdﬁ Wedgegd}%‘ﬁwl_lgé_guﬁ;lﬁd/u?L"u,«z'.ujjwv:;@quf.‘d”(@/f :Vascular bundles-(b)
jc&g,-bat'lgQ»(Eustele/gf}'uﬂ_ujl_n)ﬁ/cgf}'ufJ/”‘dﬁ/’bVascular bundles(l?_u,?l_n
ﬁguﬁd?‘at’%d';ﬁ)/v)(ylem parenchyma s/ Xylem Vessels,:-u,?“%)(?!rggﬁ}?: uuhéu’ém
/.:J;fj(f‘jl{u;: (/’}L’ s/Companian cells ‘g/}fff:‘,:uﬁ(/':l’ _u.?Z_%f/Xylem fibres sl Tracheids
(yui-uj”ug g B 5L B (Lftj'/}’_:jg,&,/; 2 Jt S u{m-‘aénd}&/
~ Vascular bundle & o u’J-uj&M/Fascicular cambium ,ﬁﬂ“/du Lla &guw Z r/'}ﬁzal
_‘Lt‘nu?y‘uf:f’bEndarchd {ﬁ"-ujd‘;nu;}!gﬁ‘at‘MCOHateralm Conjoint

Inter u:u1_+VnJ3ﬁ'4jﬁJ/(uﬁLu,/fg; Lg;?bat‘n,-ﬂ?d?// KStele:/ :Pith or Medulla-(c)
JII@JQ/LJJ-LLL“MM/;/UWLZ LSteleﬁ+L“n5U&%ﬁd-ujdlgdgCellular Spaces
it /Z'JKu»L&)éﬁwZ_nLJﬁdﬁg JI

4 JLJ/ ,&g KU L}la é Lo L Vascular bundless ~Medullary Rays :Medullary Rays -(d)
J.‘{ .fl'f %% L Vascular bundle £ s Ul gs & L uiu/ L ol - &n ny
s4 U Lateral conduction sl (gt b/ Jg J6 sl Jf/ IMedullary Rays » -(f -t Medullary Rays//
_18.5.5118.4 183 b _ 1z

(5"

Lz uﬁJfg_“/Q);:'Ké,@;}f?aT-tlg.@,/ KMountingu’b,i}'Ju’l/;l Staininng’«T,«l
-G 2t Pl ot s B8 g S S e S e N L s L7 Sing P

_“&%ﬁ;/gLu’m!’%/tffuo;]tcbfjvi.;y/ﬂtut,l?&@;z;_“éu,w,g/}ziufuifw

266



267



re U Q1 2
QL E LSS s B
?‘LJ’.’.L/K,»;!/“J -2

A PYUE G0 3
?u,?.l;f(CaSperian strips) ULk S /“%{ 4
Stk 2o, S Al I

Agkoxe

268



NSO NI AT P

(Study of T.S. of Primary Stem of Maize)
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(Introduction)/gi'?
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I 8.6

Select a thin section
Stain with aqueous safranin (for 3 to 4 minutes)

Wash thoroughly with water (till water remains colourless)

\
Dehydrate WiT 30% alcohol

Dehydrate with 50% alcohol

Dehydrate wil?h 70% alcohol A
Dehydrate witt 90% alcohol
Stain with fast green prepared in 90% alcohol
Destain with 90% alcohol

Absolute alcohol

\) ( é
Dealcoholize with 25% Xylol .
l

50% Xylol «
¢ 8
70% Xylol
) e
90% Xylol
\
Pure Xylol (two changes) C —
s
Mount in Canada Balsom c
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(Study of T.S. of Primary Root of Sunflower)
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Select a thin section
Stain with aqueous safranin (for 3 to 4 minutes)
Wash thoroughly with water (till water remains colourless)
Dehydrate wilzlh 30% alcohol
Dehydrate wilzl;l 50% alcohol

\:
Dehydrate wiT 70% alcohol
Dehydrate with 90% alcohol
. &
Stain with fast green prepared in 30% alcohol ¢ 4

Destain with 90% alcohol

Absolute alcohol

)
Dealcoholize with 25% Xylol

X

50% Xylol / (&4 j
l

70% Xylol

J B
90% j(ylol et
Pure Xylol {two changes)
Mount in Canada Balsom c
P p sz 3£ Staining :18.12.S% 3 Mounting :18.11f
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Cutting Stroke 1

3 I LESE 18,140

Select a thin section
Stain with aqueous safranin (for 3 to 4 minutes)
Wash thoroughly with water (till water remains colourless)
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Dehydrate with 50% alcohol

J
Dehydrate WitJ,h 70% alcohol

Dehydrate with 90% alcohol A
Stain with fast green prepared in 90% alcohol
Destain with 90% alcohol

Absolute alcohol
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Dealcoholize with 25% Xylol
J

50% Xylol

J
70% Xylol B

A
90% Xylol —

\
Pure Xylol {two changes)

Mount in Canada Balsom c
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Select a thin section

Stain with aqueous safranin (for 3 to 4 minutes)
Wash thoroughly with water (till water remains colourless)
Dehydrate witlfl 30% alcohol
Dehydrate witt 50% alcohol

\
Dehydrate witf 70% alcohol

Dehydrate with 90% alcohol
) ®
Stain with fast green prepared in 90% alcohol

[

J A
Destain with 90% alcohol
\’
Absolute alcohol
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Dealcoholize with 25% Xylol

d
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¥
! : )
90% j(ylol s
Pure Xylol {two changes)
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70% Xylol

2
Mount in Canada Balsom
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(Study of Anamolous secondary growth in Beet Root)
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Select a thin section
Stain with aqueous safranin (for 3 to 4 minutes)
Wash thoroughly with water (till water remains colourless)
Dehydrate wiizlil 30% alcohol
Dehydrate wiizlr'l 50% alcohol
Dehydrate wifh 70% alcohol

\2
Dehydrate with 90% alcohol 0
\?

Stain with fast green prepared in 90% alcohol

Destain with 90% alcohol
Absolute alcohol

)
Dealcoholize with 25% Xylol

J
50% Xylol
¢ [

70% Xylol ¢ =
l B
90% Xylol C—
\?
Pure Xylol (two changes)
Mount in Canada Balsom c
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Select a thin section
Stain with aqueous safranin (for 3 to 4 minutes)

Wash thoroughly with water (till water remains colourless)

L
Dehydrate wiT 30% alcohol @

Dehydrate with 50% alcohol

N
Dehydrate Wit.[l 70% alcohol
Dehydrate with 90% alcohol
Stain with fast green prepared in 90% alcohol

Destain with 90% alcohol

Absolute alcohol

\
Dealcoholize with 25% Xylol

1
L

50% Xylol
\
70% Xylol

P
90% Xylol

Pure Xylol (two changes) C >

!
Mount in Canada Balsom
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(Study of T.S. of Monocot leaf)
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Select a thin section
Stain with aqueous safranin (for 3 to 4 minutes)
Wash thoroughly with water (till water remains colourless)
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Dehydrate with 50% alcohol
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Dehydrate mT 70% alcohol

Dehydrate with 90% alcohol
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Stain with fast green prepared in 90% alcohol
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Destain with 90% alcohol
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Absolute alcohol
{
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