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k ' "GE(’)#GRAPHICAL DISTRIBUTION

| pinus is the most dom;

1 P. roxburghii (syn. p, longifolig) .
adis the mqst Important amopg Indian pines. Itis Very common and grows from
£0-2250 m in the Western Himalayas, extending upto Bhutan. The plant attains
sheight of 50-60 metres and varies in diameter from L5 to 3 metres. Each foliar

gur has three needles and the needles are triangular in cross section, Seed cones
zeshortly pedunculate and ovoid,

It is Popularly known as 'chir pine’

2. P. wallichiana (syn. P. excelsa) : 1tis commonly known as Blue pine or
Butan pine and commercially known as 'Kail', It is found growing from 1800-2100
nettes, It forms forests in the hills of Kashmir, Himachal Pradesh and Punjab. Itis
dever green tree with glaucous bluish foliage. The leaves are pentafoliate and the
“male cones are cylindrical in shape.

3. P.insularis (syn. P, keysia, P. khasiana and P. khasya) : It is known as
Sasi Pige and grows onyg' in the khasya region of Assam at an altitu'de of 700-1850
elres. The Plant attains a height of 75 feet to 100 feet and the foliage spurs are
tliliate, Seq cones usually solitary or paired, ovoid.

: - s driei e raniges
LP, 8erardiana (Chilgoza pine) : The species is common in drier ari
;§ashmir' Kinnaur distrigt of IIZIimachal Pradesh and Afghamsta:i.d T:fo?vl;n;i
\ . s ovoid,
mats; *@nty rainfall and heavy snowfall. The seed cone

+ The dwarf shoots bear three needles.

u
s |
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130 S ) | CYMNOSPRy
S. P. merkusii (Merkus pine) : The plants grow on the hillock. |
Bengal, Assam and Arunachal Pradesh at an altitude of 150-600 meters 13
is only 3-4 metres high with bifoliate spurs.
6. P. armandi (Armand's pine) : The plants are common in NEFA ., o
an altitude of 1500 metres. Leaves are pentafoliate. The plant attaing 4 4,
35 metres, needles 5-7 per spur, needles sharply bent. =1
Richardson (1998) recognized three sub genera in this genus. They are
(i) Subgenus Pinus - Typical or hard pines, includes about 73 specie.
needle shows two vascular bundles (Diploxylon), foliage shoots with 2-6 ey
e.g. P. sylvestris, P. roxburghii.
(ii) Sub genus Strobus - white or soft pines ; includes about 25 species
needle with single vascular bundle (Haploxylon), fascicles with 5 leaves.
e.g. P. armandi, P. wallichiana.
(iii) Subgenus Ducampopinus - Fox tail pines, includes about 20 .
Leaf vascular bundle single (Haploxylon), fascicles with 1-5 leaves.
e.g. P. gerardiana, P. monophylla.

3-3 | EXTERNAL MORPHOLOGY OF SPOROPHYTE

Pinus is a beautiful tall tree, which varies in height from 70 feet to 200 ¢
The horizontal branches are arranged in whorls, giving the tree a pyran
appearance. The tree starts loosing its shape with age. The plant bod
differentiated into root, stem and leaves.

(A) Root : The primary root is a typical tap root. It is short lived becay
tree frequently grows on shallow soils of hill slopes. The lateral root.

;

Priamary root
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ex ens!? Pd) The roofl ”r‘L plant to keep firmly in the soil. Root hairs are PU‘"'IY
de"elo e -reqcm o ets are covered with fungal hyphae to form mycorrhizal roots:
he fung! PT< mycorrhizae are mainly the species of Amanita, Roletus, Clavaria
th the

roderma of Basic ot ot . = - ey :
scle asidomycotina. They remain in symbiotic association Wi

¢ an :
# s and help in water absorption by the roots.

g
- 5“";‘ . -T}ik stem is erect, cylindrical, woody and branched. The main
. 7 4 e v .
s js COV e;re ‘f]“ rugged scaly bark. The branches are monopodial and develop
e the axils of © .
_qly in the axils of scale leaves. Such a branching gives a conical appearance to

opir e
tlf The stem is dichotomously branched in P. sabiniana.

[n Pinus, the branches of two types viz., the long shoots and the dwarf shoots.
ar intervals

Long Shoots : These are the normal branches, which arise at regul
trunk. They bear an apical bud enclosed in bud scales. Each long shoot
lateral bud in the axil of a scale leaf. These lateral buds grow
Jly on the main stem to a certain length and is referred to as nodal growth.
es, this growth produces a single internode in a year (uninodal pines) or
des are formed in a year (multinodal pines). These branches bear only

v

on the main
aris
horizonta_
jn some P11
many intemO
ccale Jeaves:

NEEDLES

DWARF SHOOT
- LONG SHOOT

Fig. 3-2 : Vegetative branches of Finus

B Dwarf shoots : These branches arise in the axil of scale leaves on the long
#oots, They have ephimeral apical buds and show only limited growth hence
%lled branches of limited growth. Each dwarf shoot bears two opposite scaly

w
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' GYMNOSPER
.l wes, called prophylls followed by 5-13 spirally
3 s 1 Y N o
phyllotaxy. The dwarf shoots terminate with a cluste
- i i tor of needles are
The dwarf shoots with their cluster of needles a -
; are shed every 2-3 years, leaving scars on the stem. |
B s, e ‘o dimorphic. They are the g
(C) Leaves: The leaves are of two kinds i.¢. dimorphic.

leaves and foliage leaves.

arranged scaly, cataphylls in
r of needle like foliage leg
known as spurs. The d

Il scale leaves
3 on
W long shoots

i i Isa
la P.sylvestris P, gerardiana P. exce
am&m%gﬁ (bifo}iiar spur) (trifoliar spur)  (Pentafoliar spur)

Fig. 3-3 : Various kinds of foliar spurs

(i) Scale leaves : The scale leaves are thin, membranous, flattened,
brown structures. They are borne on both long and dwarf shoots. They fall o
the branches mature. Their main function is protection of young buds. The s
leaves on the dwarf shoots have a distinct mid rib and they are called catapi

Dwarf shoots, male and female cones arise in the axis of scale leaves on the |
shoots.

(i) Foliage leaves : The foliage leaves W{qqiqular)

needle - like. So the foliage leaves are commonly known as needles. They are b
only on dwarf shoots in clusters of two (P. “sylvestris, P mierkusii), t
(P. roxburghii), four (P. quadrifolia) or five (P. excelsa, P. armandi). In P. monop

only one leaf is produced on dwarf shoot. The dwarf shoots bearing the foli
leaves are known as “Spurs”,

spur is shed as a whole. Henc
photosynthetic. The needle -
adaptation of these plants,

34 | INTERNAL STRUCTURE |

@ Anatomy of Root ;

e the Pinus tree is evergreen. The foliage leaves
like nature of the foliage leaves indicates xerop

The primary root of Piny
In consists of piliferous layer, cortex and stele.

(i) Piliferous layer : It is the outermost layer, whi
ed cells. The cells give rise to unicellular root hai

developed, as the young root forms mycorrhiza] assoc

iation,
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T 2tous cells. The innermost layer or cortex

tanms '¢ endodermis consists of a single layer of

anmn m (h““' J

Neath the pilife
N nar \
i k5 laye U parenchym,
u‘it’te:entmtt ‘{ into Cdoderm;e
@ 2 sr1sed celle o ining ta,
i ‘m-n rub&.n..u cells mn!auuns
s ' |
P i) Stele @ The stelo ;

i stele ig Surroun

| resins and tannin, The second |
SeCoNC

ded by many layered pericycle. The cells

tail A | peric
ayer of the pericycle gives rise to the lateral

‘.‘\ﬂ v

"“\{f"
|

Root hatr ...

Fig. 34 : Pinus- Young root
A Diagrammatic representation of transverse section; (B) Sector enlarged

The roots are diarch to tetrarch with radial and exarch vascular bundles. The
p,otoxylem bifurcates to form a y-shaped structure and a resin duct' lies in between
ihe two arms of the protoxylem. The xylem consists of only tracheids. .Vessels. are
ssent. Phloem strands alternate with the xylem strands. Phloem c'onsxsts of sm;z;
wubes and phloem parenchyma. Companion cells are absent. The pith cells are ri
in starch. The primary medullary rays arise oPp051te 'to each protoxylem group.
Secondary growth takes place in the manner similar to dicot root.

: Epidermis

Fig. 35:Ts. Young stem (diagrammatic)
=

U Anatomy of Stem :

Primary Structure : A young stem of Pinus ih
€0t stem in the arrangement of tissues. The stem s

Presence of Jeaf bases and dwarf shoots.

s more or less identical to the
ows wavy outline due to the
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 GYMNOSPE
" '~ o arranged
o Iv’,‘hid('rmis ¢ Itis the outermost layer mmP()seclaofr:;gzpadly 5
heavily cutinised cells. The epidermis bears, scattered sto o The hypoderm
ifnrlcx : The cortex is multilayered, but n’ot' c;-i.ter’]‘:r c;)rtex consists of
formed by a few layers of u(*l()r“.m‘h_\'ma.colls. th ;ncharactefif"tic feature of
walled parenchyma cells. Presence of resin canals flb ;andular epithelial cells, v
cortex. Each resin canal is surrounded by a layer 0‘ g bundle. »
secrete resin. Each resin canal lies outside the vascular PUREPSL———
The inner most layer of the cortex forms the er;gg i pcOuS. ~
clearly demarcated. The pericycle is parenchymat.ous sl e Tt conint
Vascular Tissues : The vascular cylinder 131‘)efseufrhe bundles are conjgo
ring of five to eight closely placed vascular bun - 'arated i ote 2008 )
collateral, endarch and open. The bundles a.reqr P hloem on the outside
narrow medullary rays. Each bund]‘e has prlrgicur};g-.between the two.
primary xylem on the innerside with primary cam

, arenchyma. T

The primary phlocn consists of sieve tubes and phloem paren phloem
are no companion cells. Some albuminous ce%ls are also 'II*)h AT lesn oot
are associated with sieve tubes like companion cells.. edp ch. The protos
tracheids. Vessels are absent. The pfotox}’lem is fil; ard . 4 pits o ite rﬁ
elements have a loose spiral thickening with a few small bordere P

walls. The metaxylem elements are reticulate and pitted. The bordered pits
their radial walls are large and uniseriately arranged.

Pith : Centre of the stem is occupied by thin walled parench
" Some of the pith cells are filled with resinous

substances.
f@ Secondary growth in Stem :

The stem of Pinys
as in dicot stems,
medullary rays in
cambium join with ¢
complete ring of ca

grows in thickness by secondary growth, in the same
Interfascicular strips of cambium de
between the vascular bundles.

he intrafascicular cambium in the

mbium. The cambial cells cyt off secondary xylem towards

Primary phloem ang xylem are crusheq due to
presence of secondary vascylar tissues,

Secondary wood consists of tracheids, traversed by rays. The tracheids
about 4.mm long and pointeq at both ends, Bordereq Pits occur on their radial
tangential waljs, Bordered Pits are uniser;

sanio.

structures called bars of
OPPOsite to each other, g,
Present in the secondary

The seconda

sieve cells are o
radial walls,

1y phloem cong

Sists of sieye cells and phyj g
longated, taper at both their engs and s parenchyma
The companion

1l POssess sieve plates on ti
Cells are absent but phi v 3

Is ar ” Piioem parenchyma 3
. € present. enc
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PRIMARY MEDULLARY RAY

Fig. 36 : Pinus - Stages ; D

Periderm

Resin canal
Cortex

Medultary ray

Resin canal

Primary xylem

Fig. 3:7 : Pinus- T.s. of mature long shoot

i Annya] rings : Every year (winter - spring summer - autumn) the cambium
aband of secondary' xylem and secondary phloem. The successive bands of
Xylem are quite distinct from each other. In a cross section it appears as
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'; GYMNOSPERy
B T ars growth ang
2 series of concentric layers. Each layer or ban o g are forme a due to
cc:mmonlv called as an annual ring. The? ar:l g as compared with the
difference in the size of tracheids formed in the };ther) o o leaves and e
formed in the autumn. In spring season (wal.‘m er ater and nutrients. Hence 4
are formed and thus there is active trzmslocatlonlo Wnal thin - walled with i
tracheids formed in this season arc Ul‘Oé:hdl fow};\ge(;\ t};ere is leaf - fall, actjy,

v ; .

ol P w it Yveat : ired. Hence, the trancheids form,
transportation of water and nutrients is not required.

ick - walled, with small border,
in this season are squarish with narrow lumen, thick - walleq,
pits.

Autumn wood and spring wood formed in a year cor;st-itu:e an annual iy,
) \ -~y
The age of a plant can be calculated with help of these annual ring

Periderm or york : Concurrently with the secondary growthlm tbe t;:ascul
region, a lateral meristem known as phellogen or c.ork cambium deve ;psum( ; ?ut
region of the cortex. The phellogen divides periclinally to cut off cork ce ¢ \phe kf

towards the outerside and secondary cortex (phelloderm) towards the innersiq

As the stem increases in girth, the epidermis ruptures and the cork cells form

protective covering. The cork cells are impervious to water and check transpiratig
from the stem surface. The phellem,

phellogen and phelloderm together form th
periderm or bark.

at certain places. They vary is size from 2-12 cells in height and are only one ce
broad (uniseriate). However the r

ays associated with the resin canals a
multiseriate.

Secondary xylem

Secondary Phloem

Medullary ray | |
0

@C Bordered pits
(

TV Strach cells

|

!
A BORDERED PITS

Fig 2.8 : Secondary wood - (A) Radial longitudinal section, (B) Tangential longityding sect
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New medullary rays are f‘ Sl S e ey —— ’“’1_137J
- qown. s * formed each year, alternating with those previously
2id ary wood consists of exclusively dead tracheids. It lacks

. snchyma. So th -
od parer e rad iffusi

adial diffusion of food materials become a matter of
nnection.

Cuticle
/ Epidermls

Hypodermis
~. Mesophyll

QS ) v
Phloem 3R %ﬁg“' AP 4
o\ LY ‘..g"... -z,’ﬁ‘ 7 .
Pericycléd R *.“ sedeg O & _Albuminous
R
Endodermis <\ i/'o" _______cell
N 6":/! Tracheidal
¥ cells

Xyl;am v

Fig. 39 : Pinus-T.s of Needle

gtructurally the medullary rays are much more complex than those of the

dicotyledons. The rays in the secondary wood consists of thin walled rectangular

arenchymatous cells containing cytoplasm, a nucleus and starch grains. They
possess simple pits. The starchy layer is surrounded on either side with 2-3 layers
of dead tracheidal cells. They are elongated, horizontally situated in one or two0 TOWs
e called marginal ray tracheids. The marginal ray tracheids have bordered pits
on their lateral and end walls. Thus, they allow radial diffusion of fluids and
compensate the lack of wood parenchyma. The areas of mutual contact between
the medullary ray tracheids and the tracheids of the wood communicate with each
other by simple pits. They are known as the pits in the field.

The medullary rays in the secondary phloem region also consists of living
starch - filled parenchymatous cells. But in this region, marginal ray tracheids are
absent. Their place is taken up by large thin walled cells which are elongated
vertically. They are commonly called the albuminous cells. They contain protein.

In a radial longitudihal section (R.L.S) of the wood, the medullary rays are cut
length wise and their height and length can be observed. The ray is seen crossing
the tracheids in a horizontal direction. The bordered pits are seen in surface view
on the radial walls of the tracheids. The pits are uniseriate. A tangential
longitudinal section (T.L.S) of the wood cuts across the medullary ray. S0 this
Sect?()n shows the height and width of the ray. The bordered pits are seen in
section on the radial walls of the tracheids which are cut through in this case. The
:a}r's ‘f’ith a single row of cells are called linear vascular 1ays. The rays which include

esin canal become multiseriate and fusiform. Such rays are called fusiform

v
wcular rays, The rays vary in size from 2-12 cells in height.

S il
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‘[Dn ;\natomy‘of Foliage Leaf :

. at makes it aq,, .,
The foliage leaf (needle) of Pinus reveals a structure th an

i ater supply. It is the
to with stand the low temperature and scarcity of wat pply
spoken of as xeromorphic.

ref

i s on the number ¢f .
The outline of needle in a transverse section depem}) s Qoo n€ g
present in a spur, For example it is circular in P. monoj ~/l e l._ Nea
iy is (wi iangular in P. roy
semi - circular in P. sylvestris (with two needles) and triangu
P. wallichiana with three needles in a spur.

The transverse section of the needle shows the following structure.

TUrghi;

1. Epidermis : The epidermis consists of a single - layer of thick -
cells, covered by a thick cuticle. Sunken stomata are the

(diploxylon pines) or they may be absent on the outer surface of the needle
some haploxylon Pines. The stoma are developed in longitudinal rows

consists of two guard cells, situated well below the level
internally into a sub-stomatal cavity.

2. Hypodermis :
sclerenchymatous hypodermi
is frequently interrupted by

3. Mesophyll: The and is not diffen,‘ntia.

into palisade and spongy lled polygonal cells
abundant chloroplasts ang i mesophyl] cejs give
to many peg - like or plate - like j i ase the Photosynthetc ,
of th TOWR as arms, flanges or simply folds, The); increase
internal photosynthetic an i

a way compensate

present on all sideg of

tach f,
of the epidermis It op

The epidermis is followed by 2 - 3 layers
s. Itis well developed at the corners.
airspaces beneath the stomata.

mesophyll is parenchymatous
tissues. It consists of thip - wa

The h_\’POdCr

for
1 Be?eath the hypodelrlmis, 2 - 3 resin canals are present. Each res;p canal h
ayer o Secretory epithelja] cells, which ; i
cdmendhy e Ly ich is Surrounded on gyiqe by
4 Endodermis . Inner to mesophyll, there
forming the endodermj

is a layer of barre
S. These cellg are withg
Present. The endoderm

]- shaped ¢
ut chloroplasts bu

t starch may

Parenchyma cejjg. Containing g

above the phloem of vasc
Yma cells by are filled with proteins and st

u

chymatoys cells ;

two vascular bundles, These ceqyg form a T

- Shﬁpz,‘d glh‘:ix‘ abo
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6 V ascular h"“‘"“ﬁ “— = ) |
e Of !‘I.”"-q \ ' lh(,\ n‘““t‘(l { \ 13 1
PR A8 ‘ ol vas ,
QO witl (‘.!\]\» as 1803 Vasaular bundles vary in different
T jesyion (With one by, Y Koehne divid '
hﬂ“ y he , dle) and di V] divided the poenun Pinue  into
' omy of the needle, Whaen tly . Ploxylon (with two bundles) by studing the
et e o i ore {y ‘ a) g ¢
od. in those species, \\.]““‘(‘ o S only ane bundle (P, wallichiana) it 1s medianly
e ar . , ' v i) ,
; ach oth ‘\\n 11\\ O Vaseular bundles (P coxburghii) they
“.:\ a - SR . Q ‘A. — A 4
‘\“,mulh \vlem cong he vascular bundles are collateral, open

alatt .
! . ‘L:-\“‘d at l'.\“h! i“\!“h\s to e

L SISES OV pad:
and IS of radial rows
wous celly

gl

h\\?l\l-\ cells and ul U'.N‘h(‘l\‘!i. ’\"N'l\(\”l\}‘. \\‘i“\ rown of

albumi
1 y
”\‘Ul‘m constata of sleve vells and

,\‘.‘v““‘
hyma.  Cambium jg

4

arene Present

| : e 1 R TS . -

“hloem and little or no secondary vy 1 the vascular bundle, 1t cuta off secondary
Y AViem, O b ;
. med every vear. YIem.One or two layers of secondary phloem is
W

erophytic characters of Py needle :
. The needles are needle - like ang wicul
acicular,

s ppidermal cells are thick « :
P walled and covered by thick cuticle.
1 Sclerenchymatous hypodermis . (

- e 3 1"“ J \".‘A.'((A
. Sunkcn - '“[‘ e oepetogqait ol L\_h_‘_ I
g (€ i "A",Y

e

- 7
.l(;,’,_.,f‘

z Prsence of resin ducts, v Tm [a (\'vEr LIS AN
o. Peg - like infoldings of the walls in mesophyll cells.

7. Presence of sclerenchymatous tissue over the vascular bundles.
8. Presence of peculiar transfusion tissue.

9, Presence of simple vascular system.

g
35  REPRODUCTION

A :
Le¥ €tesppivin

The adult plant of Pinus is a sporophyte. It forms two types of spores -
microspores and megaspores which develop into male and female gametophytes
respectively. The plants are monoecious i.e., male and female conies are formed on
different branches of the same plant. The male cones arise on the lower and the
female cones on the upper branches. Bisporangiate cones occur occasionally in

some species. e.g. P. montana, P. roxburghii, P. maritima.

_I_ Male cone :

The male cones are also known as staminate cones. They develop in the axils
of scale leaves on the branches of unligigg_@ﬁggg_wth. As the dy_gx;f_s‘}lqgtﬁs‘_ir'g
nor?"‘?111)'#—?r;§uced in the axils of scale leaves, the male cones are considered as
modified dwarf shoots. T -

The male cones develop in groups of 15 to 140, just behind the apical bud on
the branches of unlimited growth. The main shoot thus continues to grow further.

emale cones can be seen on the Pine tree in the beginning or middle of March in
the hiljg and in January or Febmmains." The shedding of pollen grains
Sarts towards the end of April and continue, till the beginning of June. The young
fones are green or reddjsh purple, but becomes yellow at the time of shedding.

Afterl}le.}’ﬂlen is shed, the male cone mﬂieriindfansoff

k\_ . . 4
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\ 'Mrtahool buds

pollen grains

Microsporophylis

Fig . 310 : Pinus - Male cone. (A) A group of male cones,(B) A single male con
(C) Longitudinal section of male cone, (D) Microsporophyll, (E) Pollen grain

The male cone is ovoid in outline and measures about 3-4 cm long and
cm diameter. At the base of the cone there is an involucre consisting of a numb
small imbricate bracts. The microsporophylls are borne spirally on a central
which is devoid of bracts. The male cone, therefore, becomes homologous to a
flower of Angiosperms, and not to an inflorescence.

Microsporophylls : The microsporo
right angles to the cone axis, Each sporop
a short stalk and a Je

phylls (Stamens) are arranged spira
hyll is triangular in outline and consi
at like expanded structyre, Two pollen sacs or microspor

i € sporophyll. Each sporan
scales situated at the base
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P

Tapetum
Microspore (4
Mother cells $

Spore
tetrads wall

Fig. 3-11 : Pinus - Development of microsporangium and microspores

Dehiscence of Microsporangium : At maturity, the sporangial wall splits
ingitudinally on the dorsal surface. The pale yellow coloured pollen grains are
‘#eased  through the slit in the form of a dust. In India, dehiscence of
“icosporangia takes place in warm and dry environmental conditions during
| ‘f‘!&f-ih -June period. The microspores are liberated in such a large number that pine

"5t appear yellow at the time of dehiscence. This is called 'shower of sulphur'.

| ls',‘*“"" the pollen is shed, the male cone withers and falls off.

B Pemale Cone :
Female cones are also known as 'ovulate strobili'. They are fewer in number

| ’d #ise single or in a small cluster of two to four. They arise as abjgin the axil
 ~&3%le feaf towards the end of the new shoots of unlimited growth. They

ms of unlimited growth. The female cones take about three years
| 2. The young conés are small, compact, erect, reddish to pinkish in colour.

~ e
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2 - s still_comy,. |
!‘M‘ i { r cones are large and woody with S}“»‘“_‘P‘h)fu.“:\_ﬁm ; ",‘-"!‘m“*"‘
The second year ¢ = LS e v N e S separate {y
ol u{ "l'h) third year cone becomes loose and the sporophylls separ: om
arranged, The i he cc

sy i ' me axis.
i er due to the elongation of the cone ax '
another due tc > M&,,--—-‘—:‘ 1 or than the male cones. rhey are usualyy,
The female cones are much larger than \le cone

in i f
20 em long.and 3 - 4 em in diameter. The cones may attain a length o
in P. lambertiana. The fe

about (;Q
male cones are initiated in the month of Febryar

y in h

i D « ~'Cal S, T A

and March in plains, They are protected by an involucre Off 1%:_1;,% I'{{Z’m The ¢
axis elongates in April and the cone thus protrudes out of it

The seeds are shed when the cone is 22 months old.

ale cone
) in a cloge spiral, -
cale. 1t ig leathery .

Oveliferous Apophysis
Scale
Ovule
Bract scaja
Ovuliferoys
Scale

Flg 3.13: Pinys. Female cone
Sction, (B) MegasporOphyil. (C)

(A) Longituding s

Ovuliferous scaie
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lleljrC::er::ti :caale has a single vascular bundle
Her, Toia cal]‘ed " Anorm‘al leaf. The upper scale of
" {he I act scale and bears t Ct)vuhfe'r()us Scale.'. It develops for
(dul'-“.‘ﬂ) surface as two small white qwe“: wo ovules- side by side on its upper
. rected towards the axis of the cone. Th M1gs. The micropyles of the ovules are
i ped (triangular) and its upper b e ov'uhferous scale is woody and wedge -

. *‘;" Jhysis is directed upwards Th~ u‘)ad sterile part is known as apophysis. The

i each with a small centr; ] - - surface of the cone is marked by rhomboidal

B tlines of the bmad. ste (-]1 conical point - the umbo. The rhomboidal areas are

e € s §s the umbo, erile apophysis of the ovuliferous scales and the tips of

J}“‘Ph'\h]: e 0. The umbo in all diploxylon pines is dorsal in position

whereas it is terminal or dorsal in haploxylon pines et - '

d Morphology of the Bract and Ovuliferous scale :

The morphological nature of the paired scales has long been a debated
question.

(1) Robert Brown (1827) explained that the ovuliferous scale is an opern carpel,
arising in the axil of the bract scale.

(2) Sachs and Eichler (1868) looked upon the female cone as a simple female flower
with the antral axis comparable to receptacle or thalamus of the
angiospermic flower. According to their view, the ovuliferous scale
corresponds to the ligule (similar to the ligule of Selaginella) or placenta of
anglosperms.

(3) Alexander Braun (1842) considers that the ovuliferous scale is formed by the
fusion of the first two leaves of an axillary shoot. The bract scale represents
the leaf. The growth of the axillary shoot stopped after the formation of first
two leaves.

(4) Florin (1951, 54) considers the female cone of Pinus is comparable to the
inflorescence of angiosperms. The cone axis represents the peduncle, the bract
scale is a true bract and the ovuliferous scale developed in its axil represents
the rudimentary female flower. Itis thus, the female cone is a compound
strobilus, resembling an inflorescence. He introduced, a combined term seed -
scale complex for the bract scale and the ovuliferous scale.

On the basis of epidermal features and the developmental order of the various
zones of the scale, Lemoine - Sebastin (1973, 75) discussed the problem of seed -
5“?1@ in the pines. She visualised that the complex seed - scale is composed of an
&ial portion (corresponding to the body) possessing the ovules and a foliar part
(COrresp()ndmg to the apophysis).

i From the foregoing discussion it appears that morphologically the ovuliferous
@leis a reduced shoot and the female cone is an inflorescence.

D ¢
= Structure and development of Ovule::

™

e The ovules arise as a small, round white swelling on the upper surface, near

g 8¢ of gyuliferous scale. The nucellus increases in size and soon a ring-like
row : 1

g, wth of cells arises from its base and grows up around it to form the
Ment

- octly attached to the cone ﬂxk,

‘ .

B i xylem oriented towardg the
"- S - . Iy )
‘I : Pair is larger, thicker

he Fatrs

L upper surface of br

and stoq
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| Hach ovule consists of a central mass of tissue called ““'h”"“ B whiy
' e ia 3 YOG < micro >
wered by anintegument, The integument leaves an ()P‘-"”:?" t 1 th Pyle oy
cove y ! 6O . . . » heyvone € Nuce
top of the ovule. The integument continues into a long tube be y ucy ”m,
[} .

torm micropylar canal,

Outer layor
Middle layer Intagument

Inner layor

Micropyle Chalazal eng

Female

Archegonlal gametophyte

chamber

Nucellus

Fig. 3.14 : Pinus Sp. Mature ovule V.S.

The nucellus does not protrude into the micropyle to form the nucellar begy

Prominent pollen chamber also is absent. Their absence is related to the product;
of non-ciliated male gametes,

Megasporogenesis : At the apex of nucellus,
acts as the archesporial cell, It divides periclinally into

mother cell. The tapetal cel], forms the tapetum, a nourishing layer. The megasp
- mother cell divides meiotically to f

upper three megaspores disorganise and the chalazal one enlarges in t
functional megaspore,

The megaspore js the first cell of female
homologous with the "embryosac"” o

The pollen grain ang the
the begining of male anq femal

m Male Gametophyte :

Megaspore are in haploid condition. They repre
€ gametophytic generations respectively.

middle layer caJleq exo-intine is j
growths or wings. The wi
dispersal by wind.
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(B) l)l‘\’t‘ll)p“\enl bQ
pout @ month beforg j,
“ﬂ‘mal““‘ Fells and a gj,
\-“3‘.t,‘mli\"0 tissue of the
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is libe
Ble
Male
The antheridial o th
i1 The pollen graing
‘ .le gametophy

o
[T

fation : The A
rateq, The v | I'he pollen Brain starts serminating
Mtheridiay ll(; l"l‘(]‘ Brain divides and cuts off 2 small
atcetl r Ww ’ y : . —_—
gdmpluph\,m ¢ two prothallial cells represent the
en divida. -
are o Vdivideg INto a small ge
te stops lﬂi lllld A this for celled g ,
: ‘o ‘
 Pollinati ¢ pollen praing re;
(C) Pollination ; 1, Pinus the
~, 2 ' L
“-ind- Hence the P““"ldtim\ fie
\fav or June in the hillg and in Fe
‘{cl{iscc by longitudina] slits
\ . .
forests. The pollen graing
ores
e casily blown by wing

nerative cell and a large tube
age. Further development of the

wch the nucellus of the female plant.
Pollen graing

are carried to the nucellus through
Memophiloys, [

ollination occurs in the month of
arch in the plains. The pollen-sacs
) yellow pollen grains are seen in pine
Minute and are buoyant due to the wings. They
e - ration and are carried to the young female cones.

: (\lhuat.lon t akes place When the female cones are in their first year of growth.
prior to pollination, the femg]e cones are erect and the bract scales are tightly
aranged. Just before_Poni“atiOlL the bract scales become incurved, separating the
ovuliferous scales. This will alloy the pollen grains to reach the ovules directly.

Antheridial cell

bruary or M
and clouds of
are very
on libe

Exine
Nucleus

Ist prothallial
cell

Intine — Apical AP
cell ¢
Wings - '
. li nd prothallial cell C
Degenerating

prothallial cells

R Generative
cell

Tube cell

Pollen tube

F
Fig. 3-15 : Pinus Sp. Development of male gametophytel-
(A-D) Stages before pollination; (E-G) Stages after pollination

i inati hrough the
A litt i in the form of a_pollination drop oozes out t rou
Cropylé. ];hr:giﬁ:feggms (;et entangled in this fluid. After the pollination is over,
be Mucilage drop dries up, drawing the pollen grains to the apex of the nucellus.

After pollination, the bract scales close tightly and the cone becomes inverted.

.
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(D) Development after pollin:eticc"\ : After ti' 2 transter of pollen grains o, ¢
nucellus, further development of male gametophyte occurs The polien grains reg,
activity in the mllowmx, Spring season | \v"u or Mavhk

The exo-intine ruptures between the two wings. The tube cell protrudes
grows out to form a delicate pollen tube. In this condition the pollen-grains rex; ;

one season. The pollen tube resumes growth in April of the second vear in the ha
but two months earlier in plains.

In the mean time. the generative cell divides into a barven stalk cell and
body cell. The body cell becomes free and passes into the pollen tube. 1
accompanied by the nucleus of the stalk cell. The pollen tube reaches .
archegonium at the begining of July. Just before fertilization. the body cell formas -

male gametes which are non-ciliated.
&g Female Gametophyte :

After pollmatxon, the female cone increases in size and becomes inw ted j
Increase in size is due to enormous growth of the axis and of the k’\’ltl‘k‘\‘“x s

Ovuliferous scales on maturity turn hard and brown while the bract scales Tema
small in size.

Fig 3.16 : Pinus - (A-E) Development of female gametaphyte

The functional megaspore is the initial cell of the female gametophvte ;
is an interval of about 13 months between the origin of megaspore an
development of mature female gametophyte. The megaspore enlarges m sux
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pINVS

~_ole appeaTs in the centre. The '

; tl‘itvidc. Free nuclear d::.-' the nuclens withio the megaspore enlarges and begin

i S o b

? t\cd without walls. Each " mln.\ takes place and about 2.000 amall nuclei are

rme S Laca nucleus later g ' ‘ tarts
: ; ‘ gots 4 Wi NRTCE - § gtarts

N o the perlpher} towards the centre gets a wall, and the wall formation starts

147

There after the embrvosac i< cut i ) )
vosac is cut into a number of radial spaces in the form of

es. They are known as ‘alveoli’ .

s 'alveoli', cach contaimng \'(‘\'l‘l'd] nucle
Cross wal
d is called the

»i, The alveoli

1A {“b

WK

. towards the centre of _

.~f0]LLl tOWe ' : re of the 1.“'(\1-1111\1‘\“1151 megaspore. Is di\'idc the
| ¢ nto unInuctes e T ¢ ¢

1.I‘\,enh int cleate cells. The massive tissue thus forme

qdosperm or female prothallus.
L
‘10 31 i C 2 f
The ‘C‘is of the nucellus form a two- lavered nutritive tissue
1is tissue is called the 'S —
T ue is called the Spongy layer and corrcsponds to

around the female
vr‘,ﬁhallus- a tapetum.

R e\velopme“t of archegonia :

At the micropylar end of the ovule, 3 to 5 archegonia
| cells of the female prothallus. Each archegonium 18 quite simp

are produced from
le in

Sup.grficia
gructure and consists of a short neck and a large venter. There are no neck canal
cells.

Neck

Disorganised-
venter canal cell

Archegonigl intial

oA

Fig. 317 : Pinus - Archegonium

(A, B) Stages in the development of archegonium, (C) Matrue archegonium

Each archegonium develops from a single superficial cell near the micropylar
region. The archegonial initial divides producing two cells-the primary neck cell and
the central cell. The primary neck cell divides thrice successively producing eight

cells. These cells constitute the neck with two tie
. The central cell divides to produce an £gg and the ventral canal cell. This
division takes place appoximately at the same time when the body cell of the male
f:metophyte divides to form male nuclei. The cells surrounding the archegonium
prms a jacket which supplies food to the developing egg. The cells of the female
fothallus surround the archegonitt than the neck cells so that an

©are .
, heSOmaI chamber is resulted.

rs of four cells each.

m more vigorously
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| Pertitization |

After an year of pollination, (ortilizatiom takes place. The prrwrative
divides in o two cells, a atalk cell andd a body cell, fhe bady i divides and

GYMNOSPE

twor male gametes,

By thie time the pnllc-u tube plerces thirons
of the archegonium. The pollen tube bugsts ut the
the male gametes are liberated, Only one of the ! '

‘ ertilizi sually occury at the oy,
aucleus and forms the oospore (zygote), Pertilization usta /’ ) o
the June. Oospore being, diploid, pepresents the begining of & 0w sporogh,
j Y, silize ] 'K 14 ’ ) > § 224
p“”l"'i‘”(’”. M("H 'h:’"l OF1ee are hu;;,(””“”. ”'“7 ‘l“ f-"’“"/l dina ",“"’h ovule Ry
4
one comens to maturity,

wh the tucellus and reaches the
’

Apps of the are lii';',‘nmn:.« and |
,“,;’l' ;";‘Hul terss fl)';l':; '//l';i ‘} o

== :
| 3-7 | EMBRYOGENY |
Development of embryo can be studied in the following, two stages,

1. Development of Proembryo : The zygote is the fire;’i cell of the ;
sporophytic generation, The diploid nucleus migrates "’Waf"” its base and 4
divides by two mitotic divisions to form four haploid nuclei, All the four ny
thus formed get arranged in one plane at the base of the zygote, Thus only ¢
nuclei are visible in lateral view. These nuclei divide again and form eight ru;
which are arranged in two ties of four each, There after wall formation tayes gl
in such a way that four complete cells are formed only in the lower tier, and §
cells with incomplete walls are formed in the upper tier. The incomplete cells do
take part in embryo formation.

.,

Fig. 3-18 : Pinus - Early Stages in the development of embryo

. .The cells of the lower tier divide twice to form three tiers of four cells #
This sixteen celled stage is known as proembryo. Each tier has a specific fun®

Embryo develops from only a part of the embryo. This type of developme”
called as meroblastic.

(i) The lowermost tier is known as the embryonal tier, these cells divide to f
embryo,

(ii) The cells of the next tier (middle) is known as the suspensor tier. Thes
from the suspensor.

_udili—
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n it b e

. (i . belo v ois T

. $ cal : :
N function. led the rosette tier. These cells have no

fg 3 ‘he uppe St ti
N The upper most tier consig
) T : _ Sists of i
"t tier, as it provides nuritjoy, of incomplete cells and is known as nutritive
) l . .
a; . 2. Development of Epyj,
4y g the embryonal cells gy

0 : The suspensor cells elongate considerably and

S of the archegoni ,
P ale prothallus, at the expense Cfarch.cgi‘ﬂlum and deep into the tissue of the
5¢ of which they grow. Due to the limitation of

N
gt aaeein the endosperm, the Primary sus
Y suspensor cells become coiled to each other.

Mon & ] -k

oh, |, ghis stage, the cells of the N

) At embryo .

by L..»;;wsor cells and embryonal tiey yonal tier divide transversely and form secondary
S s

The cells of the embryonal tier se
in dependent embryos. Thus in Pinus, a sin
itis kno\nzlaﬂslciet‘ltv v8e }171013/ embryony. Sometimes cells of rosette tier may develop
: t’mtfr-m o le nis C? ed rosette polyembryony. However, due to limited nutrients

the wailable, only a single proembryo develop into mature embryo and the rest
ang g, degenerate.
ur g The mature embryo consists of a short axis with radicle directed towards the
Only b nicropyle and plumule or shoot apex, with usually more than two cotyledons.

parate from each other and form four
gle zygote forms more than one embryo,

1kes D
and fy,

Rosette tier

Suspensor tier

suspensor

Embryonal tier

Secondary
suspensors

_ Remains of
> suspensor\f

. l Rosette
%M‘ : cells
} J /_ Primary
o f s suspensor
; c Radicle
2
G
ted ¢ Lons
\ P
j -5 % oo coldrd
use.':"i [0} 1 A < (A
e e ' 3 1.
Cfuﬂdl"} aag . oS QVL'JJ‘L}:\:; i
er“‘ 6 PR RNESY, “.“ ]
101711’l ! LJ 3 Em!_:lryonal : (Oow v
' e, @ er
y 13 A s
if AR 2
de 0 f B Cotyledons D c
oy Fig. 3-19 : Pinus- Later Stages in the development of embryo
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'+ STRUCTURE OF THE SEED |
_ &fter fertilization, the ovules get transformed into seeds, a.nd the mealQ:c

; ' The seed contains the following structure,

turns into a brown woody structure. "
The mature e}

. A seed contains a single mature embryo. )
consists of a short axis with the radicle towards the micropylar end and a,’f.
plumule downward. The plumule is surrounded by a number of COtledOng:

l tip of the radicle. i

(a) Embryo

suspensor remains attached as a small coil to the

(b) Endosperm : It is a nutritive tissue which surrounds the embryo. It i ¢
and oily in nature.

(c) Perisperm : It is a thin, membranous cap like structure which help
serving as a nutritive tissue to the developing embryo. It is the remnant ¢
nucellar tissue.

(d) Testa (Seed coat) : The integument of the ovule becomes the seed co
testa. The testa is hard and stony as it develops from the middle stony layer o
integument. The inner integument is present as a thin membrane.

(e) Wing : The seed has a thin membranous wing,. It is derived from a
layer of tissue on the upper surface of the ovuliferous scale. Tt helps the seed i
dispersal by wind to longer distances.

__——Tegmen

Seed

- Plumule

14 [~ Hypocotyl

Radicle

nucellar cap

() ' Remains of
suspensor

Fig. 3-20 : Structure of Pinus seed

t e L‘.e t l\tll“ (‘I\]‘ltl( ll" 1'

and represent the have diploid number of chromosomes (20

sporophytic generation.
(ID) Endosperm - is the

gametophytic tissue (n = 1
(I11) Embryo - is i ( ¢

anew sporophytic generation (2n = 24)
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T ipation of Seed :

3 Elo

R0 ¢
| he presence of resin.

sl o
f7'1,51

1 of Seeds : Iy {0

',r"bispcrsa ” .
' vird year - : A
a ,
vear, when the female cone reaches maturity,

e pecomes dry, brown an 1
1 ' M woo dad .
dy. Each ovuliferous scale bears two matire

¢

0
[he ].]((\d Sid(‘ by side i
k ace y side on its .
upper surface. When the sceds mature the cone
Y 5¢ed ature, B CONE

§
§ mg-‘ﬂ .
16 elt ) separated fr
w “The geeds are liberated ang ”' ated from each other leaving spaces among
5 . , ey are o - . ) )
id in their dispersal. y are blown away by wind. The wings of the

es and the scales ar
. € \

e pine seeds germinate im i
nain dormant for somet; ediately after they fall on moist soil. The seeds
‘ § h) ]l - ] H T
ayrc ne in unfavourable conditions.
rouﬂd bj/ the

The germination is epigeal i.e., the cotyledons come above the g
he

f hypocotyl. The seeds
g :i):)}:vn WZ:‘ d r,ht seeds absorb water and the seed coat splits UpP: X
into the soil and forms the primary root. The plumule

s the light carrying cotyledons which are already green. T he plumule
tyledonary

it ation O

vadicle gl’OW
W tO“’ard
wards and produces a shoot of unlimited growth. 8 to 14 co

o N
ieaves are spxrally arranged on the shoot.

¥ Cotyledons
hypocoy!

A/"
) g y
—”
)L
L:,l’-”’ /

Radicle

s in the germination of Pinus seed |
smaller till they are reduced to small papery
¢ shoots bearing needles arise in the axils of

Fig. 3-21 : Stage
These Jeaves become smaller and

own structures, the scale leaves. Dwar
e leaves,

49| ECONOMIC IMPORTANCE
vhich is used as building material,

yield wood V
cles. The wood of P. excelsa and P.

d other arti
d is also used as fuel as it can be easily ignited

3 tieVeral species of Pinus
gifol're, Poles, match boxes an
ia yield good timber. The W00

s used in resin and turpentine

sin which i
dicines.

make paints, varnishes and me
are edible. They are sold in the market
hi are also edible.

Hnd The plans yield large amount of re
Resin and turpentine are used to

Mﬂle toasted seeds of P. gerardian
¢hame ‘Chilgoza". The seeds of P. roxburg

G Scanned with OKEN Scanner



p 5"2' | - - cvunospERM

\1am \p«\ ies ot Pmus are nmportant as cheeP sources Of cellulose whld
used for various industrial purposes.

Pine forests usually surround the T.B. Sanitoria and make the SUTrToungj,
attractive and healthy.
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