Cuwi 6]] e

gt Calyd

’ B
Bot. 611

Advanced Plant Anatomy



Contents Sl il

Tl ple &t -

aaiail) g g pdl) ale -

) Gty ) ale -

" Gl ey pil) —

itz —

— L g dgilall g ABlad) clildll oy pdal) qus Al —
Al g pralall (g ASIY) jgaall -



e alad) o8l diaaiia B ol 1 S Ty 28 clall ) cu sl alaiaY) o)
asillS s Al ) Y (g ciliill Al g i) Je (i eil) dda ciagl) oS g
Se &gl o) L gl gaudl)

L 558 8 Jile ol Grew g Jie Jalady) slalal) lamy J8 (e €lld M8
432 89l5 Robert Hooke ésd &gy ¢ JS Ay 21712 - 1641 O
AY) 2 01694 - 1628 (e 858 & Lile 53 Malpighi s o) Las
Glall ASA g il Al of dan 1 g bl 304 cas il ada) o)
Y oY clail) ol gl A 1S JAN o 2,5 Y L Y daall Ll oS
Laxie 4y alaia¥) oy &) duiail) g pddl) fo i oo o S8 Jdaad oKl o sha
Ja B el o) ofay Al ((Aagddll clial) ) claghrall eyl @
9 Bajaall cpall Ayl Adil cliall Wla e Glas A JSUial) (lany
cilbal) ol (b 4y jlial) bl 4 gal) cibutad) Ll gy



Aol Al alal)l e A yaadllyy pde el Al g 88
Eope dnala B bl Ul gs g5 41927 - 1829 Radlkofer
0o s (he Jilbadll gaa) Ay o Luaie dalaia) ol g Agilaldy)
P daagddl) cliall aadiul dua Sapindaceae Aduadll maadllyg
AalY) A3 aaf £ gu gal) 10 55 0dny ey Lgliad aaf g Cisias
e s3ll5 21920 - 1860 Ol 5 Al B Lile ) Soleredar 4,-9443
ogl) elulst hialll il c..UJa-d\ 44! 'ga ‘“,3 doag il cldall
Systematic Anatomy of (lgis cad 4 5dai) 4alll ) aa 5 (sl
ale B aa) el aal e dly A ey g 41908 4 Dicotyledons
4)% Metcalfe & Chalk gdiy CAlline 0341 453 (eiall) g il
Anatomy of the Dicot Jis 4 i) Clildl) o dd (o LeguiS il
Cda All g palad) gl b A glaiadiAnatomy of Monocot. <lis;
e S A QA dadall WG A3 41950 ale B Y daghall Leda
1979 4 48 ) gl 9 (gl Aulialll gy ol



rapdd) £ B ek & Lyl aalu 388 D.H.Scott s s kil Ll
Palaecobotany 45Lill by jial) aley dalaia) JMA e Asiall)

(81 Soleredor LS (ra 4y juady) dagdall () dlan) il A8l g
A dpay pdil) cliall arg (e glag Y QUSH I o) 52 0 28 5 Scott
Zay (Say ¥ Al 4ndi Scott ey Alaa g Adlald il 1) 2685 48
oarn O Layg Adas cilial cleUad jasd PMA e Adiial cilalidig
O Ggatiny ciiatl) glale (aamy dald g jualal) ¢ gl uﬁ il slale
\Jhac_\hﬂ\u.\.\melﬁ@)su@uuﬂd Ymﬂﬂ\uw\a&
b Ll Cpiiuaal) gl Aualil) il sl el 038 alaiiud Ay srucl
Leia &) g alaally andll g aodadil) T Jla ddma Jilug J) gliag

Ao gl ) plae daay p3l) Ciliial) (e Jaad o3a g A3 gAY o) 4 pal
UL A o168 ) sall liiall (8 (5958 2529 A Ll wis Lel) Ll



iy gt A dag pdal) cllall aladia A elalad) A glaa uatdi Y
Oealy) slalad) cpa das Ly (K19 oS3 o b Ao clildl) Gisial g
21954 Hacquette Jia (i Al (a9 8 € 5 41906 Sachs i

Y 58S Cila glaa ) gdlal L) g ) et g g Mﬂyb O slale o LS

A (e slale Adlaly (el Tl i ?‘b uﬁ L Ol

| () g
AL (S8 S ¥ slaladl J8 cpe Cill) eyl d)jal dpedtly Wl
1) 5 21952 - 1866 Jeffrey @b alladl 8 (e 1aa Lhas oy 288
(o A ) il jal) (e mand) il A Bailey & dall ASdadd
Aol g L S aa Can All g Ll g 0 (e AdliAL i) ga
Comparative (o8l SLidl) o pdds (oo Lay 21969 Carlquist
. plant anatomy

clall ASal) s il A o A ) gadla Ll aigh) slale o) i Y g
P. Maheshwarl agsal g 4 o gl g Apdiiiail) Aalill (pa duald g
a8 £ 9 Mitra |4 Roa ¢33 Chowdhury 29



o il i 1) 38l Gaily g€ ASian 8 Jodrell Uit yag g

A D. Cutlar 4l )yl ?33" ‘533\ ell.d\ uﬁ bl M\
M\u@\@wuﬁuﬂﬂbu\aﬁ\@ 5 adey Caaigeall
.Applied plant anatomy

e iy ol A Ay pdall clial) aladiia) Jea Adth Eilag) dllia of Las
iy (e P51 A gana Lo s ot g Al ASLdlly 2 ) il
Ciliial) Laaa) Ao Ja 3 gr dlad) daala B 48341 Ll g bl
oalia¥l g 81539 (5 ghuna Ao bl ) Clalual g oy a0 (A dgag Hidl
Al

L)) it (b Laga 1599 cinly U S3 LaS el oy i ale )
Call ¢y Rl Aglgs dia oSy e aubaad) BN Cluaiiia dia cuilS Ayl
Gl Adal) qus il & galigal) G gailaill g pualad) Lid g ) g sl

o (819 Aduiuali g ladl) iy 2t 8 dua pall) cildial) aladdad (gl glay
b £ 9 (ubia¥) g Jiladll ad) ga saad o) adaied al Laa gf ciliiall
siiuail) aladl



A (daa o198 ) gall cldial) Jla o AY) ciliall aa Lgaladia) oSl
O Apiiaanl) JSLaal) (any Ja B 1 S ae bl gl duiial)

s Al g Al el @ild Al Lgali pSa o) LDAL) el g
Sl (L&A il o bl slgia g ubial) g ALl Jibkadl) s gl
.l 312 ¢ Al

() ) 1 Jia Ad g mall g Al Ay pdil) cldial) aladiia) IS
1Y) Gliel ddle gl aad) (b pdud) LA cliia ¢ ) gl caaad)

B el Al daan i) cliall fre pand) dlia 2385 La ) ABLSYL
A 1) Ay 31 Y)Y LA (g 31 3Y) graeadl) Jla clpll) ciuali g iy
SLAL dapdi y o slalll Gl ) a7 A Gldl ca ) Lada
Ay y28l) dgile gl oAl Al dapds p cudAl) Ao gl g Aladil g
alalaly c&,\-&ﬂ\ di\d s lalll c&i\ﬁ\ ¢ lalll ca-”@&.m :\ﬁ.ﬂﬁjj\ ejﬂ\
Clia yiiad (e La JS cddd) JAN Cpddl) ¢ ALESY) aadll daliial)
ol il g iy ol (A g Glaten 48 5 ra dpay



¢ dlal dpaa) @ ALl cldal) sda (oSS Lius

WL L Obps

LSl S 31 gd) Al dds —1

S el ag ALl AL 31t A A — 2
(! Ot Stz i &.J‘.jj.’iﬁ — |

Ll Olee — Crystals wiygdl i p& Olp — o
Cystoliths 4>+ oMass+1 — Starch grains
Aleurone grains o3 Ol

Plant cell Wall istd) i3 jlu>r — ~



Crystals w1y
il WSCal el of slay

Lasgrg OF LS a5l malst) ol SBLA)

Lol aelus w6 aalesd) ol asusl 3

.
-




Cystoliths

3 I o LS ey o el
a3y FicuS i) i~
o C)\Jj_U‘ ol J._>-\j.3' f.k}d_w.g.
Ls Ll a3 L) e
G i i il 3 JU s
e oS Sy S sk g
il IS (3 melst A




Starch grains wd ol
Ll Carimnas 3 A ®l 13 dihisd) BISCah Ladl Olpe O

slas¥l (S8 31y Lapy 3319 yidly adlly bl SlgnS
Agelgly olr i oda B jas 3 Lgde

Potato starch grains.
1 and 2, Compound starch grains.
3, Simple starch grain.
4. Half-compound starch grain.
5. Cross-section of the outer portion of a potato tuber.
6, Banana starch grains.

7 and 8, Starch grains of Triticum durum.

Chloroplast 9, Stages in development of starch grains in chloroplasts of Phaius maculata.
d

¢
Starch'
grain
T ’

Chloroplast

10, Compound starch grain of Avena.

11. As in no. 10, but disintegrating.

12, Sphaerocrystals of inulin in cells of a Dahlia tuber, precipitated when alcohol was added.

13. Aleurone grains in an endosperm cell of Ricinus communis from a section of material embedded in dilute
glycerine.

(Most of the figures adapted from Strasburger, Palladin, and Troll.)



Epidermal cells 344 L3

LAl Da Lghad 131 sW) iy jai (8 agn B8l LA S5 )
oaall @y e S Ay sl sl dal caall AT glaiall o Alai sl
29y bl e o) 38l Al o) 4838 ) A saial) ) Aol
AS,all WAl Gladiu3lll &l ) sll) Jie Gl gisall (azy

-




e

| Non-Glandular Trichome }1 .

"7 Multicellular Uniseriate

Trichomes

—p
— Tr'\chume-Hydamndes '
— MucilageSecretingglands'ﬁ' —

‘~ Glandular Trichomes ‘-(

i 4’( Terpene-Secreting

‘H( Colleters lﬁ
4>{ Stinging Halrs
L
H{ Root Hairs ‘
\

|| Nectar Secreting
—
{ Trichomes | @

¥ Squamiform Hair

—H Branched | |
! NI

1 ‘,—r" \

Shaggy Hairs
‘ Bladder-{ike hairs } Q%F\\
SaItSecretmngchomes % —_— \
‘ Multicellular glands } ‘ -

-~ —_—

}" Glands of Camivorous | 0000000
Plants — DA

Trichomes

F >

¥

Hairs < sl
MJQGA\.A\.@_\.QA\.GJM\.@_\\@}

QP& )“\_u\_uj\ﬂ\‘ \b\\\j C‘U.J.C ‘)J.Cj

8 As e A e Baasie
Gl a5 aad Ji) s
e g dadh dgae ) ey
e Ty by Tew e sl f e
Antirrhinum gl clia s
oaall 13 Caieal ded ) Lt
e 4 A oY) 1Y) dals
@Q\M\o& &\}1\ & g

Jie s AY) clanall ary aladiul
Clica (yany 5 (galanll zmansil A
S panil) Aa35ud a3 vie 3 )
Agliidl g1 ) o GooEl



B —
=

Stomata sl

T il) alay L) 33 (e Lials LaS ) gadll
Il g B g a6 Al Jiliall) planly diiual cuils
+ Sl (Rl <l 9 clily 8 Jlad) A LS Lgy
Anomocytic --- Ramanculaceous a4l g sill

Anisocytic ---- Cruciferous lall £ 5l
Paracytic ---- rubiaceous 29 g s
Diacytic ---- caryophyllaceous (-8 g sill
Actinocytic Sl g gl

Lgaldiii) 5 BacLuvall LAY de bl Ao oY) cidia ) g

P8 1 giia 40 g ( Pant 1955 ) cuily H il Jga
16158 ABDE ) L gal Jal e A8y

Bac Lusal) LAY L 438 9 Mlesogenous st 3Ll Jaw gie

) LAY e & e Jual (3

LOAY Ladal gl ald Lida Sas Lusall LNAL (6 438 9 Perigenous stoma Lial) o i

Al

S Adad g3 e Liida Baclicall LAY ¢ 9Sy 48 g Mleso-perigenous stoma  Lédall Jaisa - Jaugia il
Lita Lgd Baslusal) UMATY) e ST of 414 g | Audd A jlall UNAY (odiia ¢pe LS Basluwal) UMAY) (e S

e jall LAY (dda oo Jiia
- al3aMa

g1sil ol Al g g8 JSI ) gl Liila Al 3o ) liad LY iy i) g cidall) b aladid) dms ddial) o2y

Baa) gl dduadl) (uliaf £ oily el Lad caal g Guind



Bulliform cells 1531 L3

S Sy by 483, Ljsledes A by el 5SS
o B OS5 By el e 35S 8eST e I ol (592
& Sho¥) s (3 delus LSTeBlp¥) Ll p gy ¢ adl izl

(41 g5 ) et

visudls it
LS L b (41) IS



Bundle ‘\-A)AJ‘ Y S
sheath

| 5 Gl LA (e Cidly Ale S o jal) Lalase
Wi I A iy ppiall (5<5 08 5 Al
Aganlis y ddalall g dpapdi HlSu o jall A8kl () G

o . o LN . . . . - .

Pinus strobus leaf Cross section of pear Avand 1 LIA 50 U Sa 650 Ladie ;Mléj
1 \ M M - . .

cross-section leaf central vein, 100x | beie s (ool BBAD Al b jaile e 5l e

oA il € g dsandi p LA 6 a8aliaa g

NTRI midvein So el 8 s aidall sda g A i K

palisade /14, ”'“ "’"' : .\
hyma Y O A '
parenchyma Z," f ;~ A

AN

Typical dicot. leaf
Corn leaf bundle sheath showing Kranz anatomy



Hypodermis 8l cad LBA
LHCJ;M\ UAMJDM\ G\ P A | (= 4Axle U_A\_AJPJ
AJA.: ff,“é\ :m H d—“} L@jl:\_uls }i J}.\ .\“ Cal :J\.D
> Ja s Sclerenchyma 4wesdi S sl Colenchyma
Cliall sda J€ Aliadia of dliaia il e e ol duka e

- -~ -

S A
- \'I'gl. CT A
-y =

\
Y hipodermis
clorénquima esponjoso

>
\-
Sstoma



V.tissue e ol gy i oy L 9l Veins @)
Ledicai o Alull apalaall Cay oy past 8 s | 590 (55 yal) aall
O LS (il onl ) (Sl Gl 5 (g3 siall 3yl Jiie
2y 33 48,50 padadl e gl i) mhacd) Jle Gy el s

R ) g il 8 LS ) b

DicotfLeaf ™™™ HaiaiiaAiaARbbA) :
v Monocot Leaf
|
: Stem —» !
|
blade midrib I 0
' Lignule :
l Parallel :
: venation of
! leaf blade |
|

petiole I@EE":'IT'SE h':":'l EEIITI
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Arabic Gum (or Acacia gum) is a complex \_\M\SE‘J\AMT u\)\ﬁ;‘

polysaccharide indigestible to both

humans and animals. It consists of a LSJ\ .. n
mixture of polysaccharides (major "
component) plus oligosaccharides and

glycoproteins. Gum arabic is derived from

exudates of Acacia senegal trees, from

where it got the name Acacia Gum.
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Stele Types
Siphonosteles B xytem
B Phicem
Eoioateh Ectophicic  Amphiphloic
pith
Haplostele Ectophloic Amphiphloic
siphonostele siphonstele
Dissected Dissected
collateral

bundie

Actinostele

amphicribral
bundle
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This diagram presents the
evolution of steles from a
primitive protostele. A.
Protostele - (Haplostele) B.
Protostele (Actinostele) C.
Protostele (Plectostele) D.
Ectophloic siphonostele E.
Amphiphloic siphonostele
F. Dictyostele G. Eustele H.
Atactostele

Adopted from Practical
Anatomy: A.S. Foster

Evolution of steles
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Dicotyledonous vessel members.

| and 2, Vessel members in which the perforation plates
at both ends are scalariform.

. 'OOI.....

3, Vessel member with one scalariform and one simple
perforation plate.

o wege

200 go: e

4-6, Vessel members with simple perforation plates.

"Tails", the narrow elongated tips of the vessel members,
can be seen in nos. 2-5.

(Adapted from I. W. Bailey.)




Perforation plates of vessel members in the primary xylem
of monocotyledons.

1, Scalariform perforation plate from the stem of Phoenix dactylifera.
x 70.

2, Reticulate perforation plate from the root of Hymenocallis caribaea.
x 200.

3-5, Vessel members from the stem of Rhoeo discolor, x 150.

3, Scalariform perforation plate of a helically thickened vessel
member.

4, Reticulate perforation plate of an annularly thickened vessel
member.

5, Simple perforation plate.

6-9, Ends of vessel members with helical thickening from
dicotyledonous primary xylem.

6, Scalariform perforation plate.

7, Transitional form between a scalariform and simple perforation
plate.

8 and 9, Simple perforation plates.

10, Tracheid of Gnetum with helical thickening and circular bordered
pits.

11, Vessel member end of Ephedra with a foraminate perforation
plate.

(Nos. 1-5 adapted from Cheadle, 1953; nos. 6-10 adapted from Bailey,
1944.)



Metatracheal (or Apotracheal) - An older
term used to describe the parenchyma of
wood in which concentric bands of
parenchyma develop independent of the
vessels. Apotracheal has largely displaced
the modifier metatracheal when describing
wood characteristics. Metatracheal-diffuse
(apotracheal-diffuse) parenchyma refers to
single parenchyma strands or cells
distributed irregularly among fibers or
tracheids, when viewed in a cross-section of
a tree's woody material. Metatracheal (or
apotracheal) parenchyma is axial
parenchyma independent of the pores or
vessels and is a morphological character that
distinguishes some birches and alders
(partially diffuse xylem parenchyma) from
their relatives such as oaks and chestnut
trees (exclusively metatracheal
parenchyma).

Metatrachea 4 saal) dasds il |

palaa 88 Al Apotracheal)
Ase g e JEie JS5 Baate

) Asaall Guldl) dapdd
Jde e 3 jie WA o Caa
any el (Sl daag d8 ddia A

‘ ¥ i)l

Ll jladl g Ja gLl (Fie 0gks
chestnut trees



a0, 3"’3 _,'\'»;.7',!&';,"? D"

§~ S TAWAILIST G

| OF MICROSCOPIC KEATURES FOR paratracheal parenchyma
| HARDWOOD IDENTIFICATION . . . .

- is axial parenchyma in

© wa G which the cells are

obviously associated with
the vessels. In the aliform
type of paratracheal
parenchyma, cells extend
tangentially from the
vessels and are seen in
cross section as lateral
wing-like projections.
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On the Cover: This cross-section of a laurel
(Laurus nobilis) stem was stained with Fast
Green by applying the dye to the exposed
phloem of an intact stem. The dye migrated
into the wood within minutes. The section
shows solitary and grouped vessels closely
associated with paratracheal (vasicentric)
parenchyma and uni- to triseriate rays. The
rapid movement of the dye suggests that the
rays are a suitable route for rapid radial
transport of water and solutes from the
phloem to the xylem. We believe that such
rapid transport contributes to the refilling of
cavitated xylem conduits, as documented in
Tyree et al. (pp. 11-21). (Photograph was taken
by Maria A. Lo Gullo.)
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Major developmental innovations in land plant evolution with relationships of green plants
inferred from recent molecular and morphological phylogenies (Bremer et al. 1987; Gugerli et
al. 2001; Karol et al. 2001; Pryer et al. 2001).

vascular tissue

embryo/spt
apical histogenic .l
growth (gpt)

apical
filamentous

growth

Floyd S K qt al. Genetics 2006;173:373-388

Copyright © 2006 by the Genetics Society of America

Angiosperms
Cycadales
Gingkoales
Gnetales
conifers
sphenophytes
Marattiales
Filicales
Ophioglossaceae
psilophytes
Selaginellales
Lycopodiales
mosses
hornworts
liverworts
Charales

Coleocheatales

Zygnematales

seed plants

monilophytes

lycophytes

bryophytes

charophycean
algae

GENETICS
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Major developmental innovations in land plant evolution with relationships of
green plants inferred from recent molecular and morphological phylogenies
(Bremer et al. 1987; Gugerli et al. 2001; Karol et al. 2001; Pryer et al. 2001).
Some nodes are controversial, such as those of the bryophytes, but the
discrepancies do not affect the positions of the major innovations. The
production of tissues from an apical meristem maps to the common ancestor of
land plants although apical filamentous growth evolved in an algal ancestor
(McCourt et al. 2004). Leaf-like organs evolved independently at least three
times in the lycophytes, monilophytes, and seed plants. The simpler leaves of
lycophytes are called microphylls and the more complex leaves of monilophytes
and seed plants are called megaphylls. The broken green bar in the monilophyte
ancestor represents the uncertainty concerning the number of origins of leaves
within this clade. Roots likely had multiple origins as well, but the paleobotanical
record is unclear and so we have not mapped them here. The monilophytes
refers to the monophyletic clade of horsetails and ferns
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Drimys tracheid pitting

Drimys is a genus of about eight
species of woody evergreen
flowering plants, in the family
Winteraceae. The species are native
to the Neotropics, ranging from
southern Mexico to the southern tip
of South America. They are primitive
dicots, associated with the humid
temperate Antarctic flora of the
Southern Hemisphere, which
evolved millions of years ago on the
ancient supercontinent of
Gondwana. Members of the family
generally have aromatic bark and
leaves, and some are used to extract
essential oils.



https://en.wikipedia.org/wiki/Genus
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https://en.wikipedia.org/wiki/Flowering_plant
https://en.wikipedia.org/wiki/Winteraceae
https://en.wikipedia.org/wiki/Neotropic
https://en.wikipedia.org/wiki/Mexico
https://en.wikipedia.org/wiki/South_America
https://en.wikipedia.org/wiki/Dicot
https://en.wikipedia.org/wiki/Antarctic_flora
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Longitudinal section of pine wood (Pinus) Lycopodium

Tracheids with circular pits _ Tracheids with scalariform pits




Vitis (grape) stem, radial section. The elongate
cells seen here are fibers in the secondary
phloem
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ring-porous wood

apple (Pyrus malus)
Diffuse & circular porous wood: Secondary xylem in which there is no

clear size distinction between the xylem vessels formed at the beginning

and at the end of the growth season



* DIFFUSES POROUS GROWTH RINGS

* birch (12 species)

 maple (15 species)

« fruitwoods (24 species)

« all other domestics (80+ species)

, il I SHAN « willow (11 species)

COUEIOR O BRI o (O lie xotics (200+ species)

1A T R B [ Wil the ebonies (15 species)

« therosewoods (genus Dalbergia) (25+
species)

« the mahogany family (12 species)

» the eucalypts (20 species)

« all other exotics (150+ species)

sgrasses (9 species of palm and bamboo)



http://www.hobbithouseinc.com/personal/woodpics/_anatomy/diffuse porous/birch/_birch.htm
http://www.hobbithouseinc.com/personal/woodpics/_anatomy/diffuse porous/maple/_maple.htm
http://www.hobbithouseinc.com/personal/woodpics/_anatomy/diffuse porous/fruitwoods/_fruitwoods.htm
http://www.hobbithouseinc.com/personal/woodpics/_anatomy/diffuse porous/domestics/_domestics.htm
http://www.hobbithouseinc.com/personal/woodpics/_anatomy/diffuse porous/willow/_willow.htm
http://www.hobbithouseinc.com/personal/woodpics/_anatomy/diffuse porous/ebony/_ebony.htm
http://www.hobbithouseinc.com/personal/woodpics/_anatomy/diffuse porous/rosewood/_rosewood.htm
http://www.hobbithouseinc.com/personal/woodpics/_anatomy/diffuse porous/mahogany/_mahogany.htm
http://www.hobbithouseinc.com/personal/woodpics/_anatomy/diffuse porous/eucalypts/_eucalypts.htm
http://www.hobbithouseinc.com/personal/woodpics/_anatomy/diffuse porous/exotics/_exotics.htm
http://www.hobbithouseinc.com/personal/woodpics/_anatomy/diffuse porous/grasses/_grasses.htm

*HARDWOODS
* ring porous (240+ pics of 125+ species)
 includes: ailanthus, ash, autumn olive, blue mahoe, catalpa, chestnut,
chinaberry, coffee tree, elm, hackberry,
laburnum, locust, mulberry, oak, osage orange, paulownia, russian olive,
sassafras, sen, sugarberry, sumac
« semiring porous (aka semi diffuse porous) (80+ pics of 45+ species)
 includes: almond and tamarisk, amendoim, butternut, camphor, hickory,
live oak, narra, pecan, persimmon,
redbud, smoketree, teak, walnut and a few others
« diffuse porous (1250+ pics of 700+ species)
» domestics (430+ pics of 250+ species)
* includes: birch, fruitwoods (apple, cherry, pear, plum, etc.), hawthorn,
maple, willow, and LOTS of other diffuse porous domestics
» exotics (810+ pics of 450+ species)
* includes: the acacias, the ebonies, the eucalypts, the rosewoods, the
mahogany family, The Shoreas, and all LOTS of other exotics
*SOFTWOODS (IN PROGRESS, not well organized as yet; mostly just alphabetical)
(320+ pics of 145+ species)
» includes: arborvitae, cedar, cypress, douglas-fir, f



http://www.hobbithouseinc.com/personal/woodpics/_anatomy/ring porous/_ring porous.htm
http://www.hobbithouseinc.com/personal/woodpics/_anatomy/semi ring porous/_semi ring porous.htm
http://www.hobbithouseinc.com/personal/woodpics/_anatomy/diffuse porous/_diffuse porous.htm
http://www.hobbithouseinc.com/personal/woodpics/_anatomy/softwoods/_softwoods.htm

The species shows distinct rings and semi-ring ot
porous wood... ;




A spectacular view of a
Douglas-fir
(Pseudotsuga menziesii)
cross section obtained
from the Zuni
Mountains of New
Mexico by my friends
Chris Baisan and Rex
Adams (photo © H.D.
Grissino-Mayer). Note
how very sensitive the
ring widths are of this
species, despite its
young age. indicating it
is ideal for
reconstructing climate.
This picture has
appeared in over 100
publications.
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The perforation plate of
Ephedra kokanica

i consists of perforations
‘ relatively large for the
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http://www.sherwincarlquist.com/images_500/we-primitive-vessels-a.jpg
http://www.sherwincarlquist.com/images_500/we-primitive-vessels-a.jpg
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http://www.amjbot.org/content/93/11/1567/F3.large.jpg
http://www.amjbot.org/content/93/11/1567/F3.large.jpg

Numerous pairs of bordered pits provide lateral communication from
vessel to vessel. Three type of intervessel pitting can be seen: (a) alternate
pitting , (b) opposite pitting and (c) scalariform pitting . As is the case with
perforation plates, the shape and arrangement of vessel-to-vessel pitting
is often consistent within a given species and can be of assistance in wood
identification.
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Xylem vessel elements 1n a flowering plant

The ring
like wall thickenings are clearly visible.

and scale

shaped, spiral,

stem



€\'

IV 3.
9 ‘Dpl i1l Iu\.ll -_!:l:;

&‘(

il " i w— w

I
i
]
'
*
i
i
*

Pinus strobus secondary xylem
Description

Close view of a radial-longitudinal section through the secondary xylem. Axial tracheids are
oriented vertically in this image and a ray is crossing the xylem in the lower two-thirds. The
uppermost ray cell is a tracheid (note the small bordered pits to axial tracheids) whereas the
other ray cells are parenchyma with large fenestriform pitting. Stained with safranin. Image
from the Atlas of Plant Anatomy http://biology.unlv.edu/Schulte/Anatomy/.



http://biology.unlv.edu/Schulte/Anatomy/
http://www.biologie.uni-hamburg.de/b-online/library/webb/BOT410/410Labs/LabsHTML-99/StemSecGrow/StoriedWoodLab.gif
http://www.biologie.uni-hamburg.de/b-online/library/webb/BOT410/410Labs/LabsHTML-99/StemSecGrow/StoriedWoodLab.gif
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Drimys tracheid pitting Tangential Section of storied wood which has
Uniseriate & Multiseriate Rays



http://sols.unlv.edu/Schulte/Anatomy/Secondary/SambucusXylem.jpg
http://sols.unlv.edu/Schulte/Anatomy/Secondary/SambucusXylem.jpg
http://sols.unlv.edu/Schulte/Anatomy/Secondary/QalbaTransRay.jpg
http://sols.unlv.edu/Schulte/Anatomy/Secondary/QalbaTransRay.jpg
http://sols.unlv.edu/Schulte/Anatomy/Secondary/JuglansXylTL.jpg
http://sols.unlv.edu/Schulte/Anatomy/Secondary/JuglansXylTL.jpg
http://www.biologie.uni-hamburg.de/b-online/library/webb/BOT410/410Labs/LabsHTML-99/StemSecGrow/StoriedWoodLab.gif
http://www.biologie.uni-hamburg.de/b-online/library/webb/BOT410/410Labs/LabsHTML-99/StemSecGrow/StoriedWoodLab.gif
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Sewiare Cells

I'evcem bent
{ells

Square Colls

Radial section of Willow (Salix spp. <llaiwall
Salicaceae) showing a heterocellular

ray composed of procumbent cells (bracket)
and uprights (arrowheads).

Spirals

Radial Section (R)

Radial section of Maple (Acer sp. <&
Sapindaceae) showing a homocellular
ray composed exclusively of
procumbent cells.



Beech
(Fagus sp.)

Wide Ray

Uniseriate Rays

Tangential Section ('
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Apotracheal

paratracheal
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Association of parenchyma with secondary xylem apo-or paratracheal parenchyma?

Secondary xylem is invariably
associated with
parenchymatic elements
(paratracheal). In many
woody species, large, very
distinct large-diameter xylem
vessels are interspersed with
smaller tracheary elements.
This type of wood is called
ring porous wood.

Diffuse porous wood
contains vessels, tracheids
fibres and parenchymatic
elements that are more or
less the same diameter.

The diagrams to the right,
illustrate three paratracheal
parenchyma associations;
Top = aliform where the
parenchyma surrounds the
vessel group;

Middle = Aliform-confluent
where parenchyma surrounds
the vessel group, and forms
distinct connecting bands, and
Bottom = confluent, where
the bands are broad, and
coalesce on occasion.

In contrast, apotracheal
parenchyma is not
associated with vessels in
wood.
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Cross-Section Through a Lignified Shoot of

A liana with vascular bundles that Dendrocalamus spec (giant bamboo).
contain one vessel with an — ) e
exceptionally large lumen each. e b e -r-?r e

Staining: astra blue, acridine red /
chrysoidine (slide preparations: G.
SEEHANN, (1986
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Longitudinal Section Through the
Wood of a Palm (Jubaea)
The bark is at the left side.
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http://iweb.tntech.edu/mcaprio/vascular_bundle_dicot_cs_40X_E.jpg
http://iweb.tntech.edu/mcaprio/vascular_bundle_dicot_cs_40X_E.jpg

Gymnosperm Wood
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: Cross-sections, plainly recognizable annual

rings.
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Beta stem

Serjania stem
young stem

These micrographs show details of the anomalous growth
which occurs in Bougainvillea (Nyctaginaceae). Note the

included vascular bundles (white ovoids), embedded within
the secondary xylem



The carrot root young stem
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This micrograph shows part of the root in cross
section. Part of one of the successive cambia is
shown here, together with its associated
secondary xylem and secondary phloem.
Vascular tissue is interspersed with wide
parenchymatous rays
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Longitudinal sections through part of the
phloem in Cycas revoluta, showing
differentiated (SE) and differentiating sieve
elements (DSE)
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Longitudinal sections through part of the
phloem in Cycas revoluta, showing
differentiated (SE) and differentiating sieve
elements (DSE)

the phloem lower orders, Gnetophytes

Within the cycads, the phloem
consists of sieve elements and
narrow parenchyma cells.

The Cycadophytinia represent a
group of plants, extant since the
Jurassic (208my), with strong links
to the angiospermae.

Note: The term 'sieve element’ is
used here, to describe more
primitive sieve cells and more
advanced sieve tube members.
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Phloem of Pinus in Longitudinal Section - Sieve
Cells with Albuminous Cells
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The perforation plate of Ephedra
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The wood of Gnetum gnemon mostly has vessels with large simple perforation plates, but

smaller vessels, like this one, viewed with SEM, can have perforation plates composed of
numerous perforations like those of Ephedra.
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Phylum

Sub-Phylum

Class

Order

Family

Genus

Species

Common
Name

Phylogeny

Spermaphyta (Seed Plants)

Gymnospermae (Conifers & Cycads)

/

Pinopsida Dicots (Broad-leaved Plants)

; g P

Angiospermae (Flowering Plants)

Pinales Magnoliales Rosales Ericales

Pinaceae Taxodiaceae Magnoliaceae Annonaceae Rosaceae Ebenaceae

roo $ ' .
Pinus Taxodium Liriodendron Asimina Prunus Diospyros

& ' ' rooy
strobus distichum tulipifera triloba serotina virginiana
Eastern Bald Tulip Poplar Pawpaw Cherry Persimmon
White Cypress

Pine
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Pits in an Ephedra tracheid: the central torus, connected by strands
with the edges of the pit cavity, is a feature Gnetales share with woods
of conifers.

]
W ikl

R
it

b5
rd

et

b A Sl (s lanll Cilalas
Yl e il il i) cuiall
sAl g5l 5 Gnetum gnemon |
& 4l o leal (- Gnetales
B e (o 0da Ay Hlall ldaladll
Qdd A gV bl Al 4y suall
sl Glls

The helical thickenings in primary xylem of Gnetum gnemon

(and other Gnetales) have circular bordered pits in the helices.
This is a conifer feature not reported in angiosperms.
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Myrosin cells

Brassica napus seed
cotyledon. Light
microscopy section of
myrosin cells and
aleurone cells stained
with toludine blue.
Arrows mark myrosin
cells. Scale = 10 um.




TEM picture of an idioblastic
myrosin cell (M) of R. sativus
surrounded by ground tissue
cells; mg: one of the myrosin
grains; b Localization of
immunofluorescence-labelled
myrosinase in the second
outmost cell layer of S. alba
hypocotyl; cB. napusMYR1
promoter driven GUS
expression in B. napus mature
seed; dTGG1 promoter driven
GUS expression in vascular
tissue and guard cells of an A.
thaliana flower stalk; e close up
of TGG1 promoter driven GFP
expression in guard cells of an
A. thaliana rosette leaf




Glucosinolate Myrosinase

Intermediate
Isothiocyanates
Thiocyanates
Nitriles + S
Cyanoepithioalkanes
Glucose + H+ + SO4
2.

ESP/Fe2+
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PLANT GLYCOSIDES

The Cardiac Glycosides

Cardio-active Glycosides

Group of steroidal glycosides act as
cardiotonic agent. They increase tone,
excitability and contractility of cardiac

muscles.

Reagents and conditions: (i) 10, CpHICL, (or Cp.ZrCl, ), AgCIO,, CH,Cl,, MS4A -78 *Cto -20°C;
(1)9,DEAD, PPhy, THF,0 *Clo rt, 12,11 (43%),12(63%); 15(56%)
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Stele Types
Siphonosteles . Xylem

Phicem

Protosteles

Ectophioic

Amphiphloic

pith

Amphiphloic
siphonstele

Dissected

Dissected

collateral
bundle

Actinostele
amphicribral
bundle

Plactostele

Atactostele
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Protosteles!s¥) 3 seall ) il
Vascular bundle (amphiphloic) from the Another Osmunda vascular bundle view Osmunda vascular bundle surrounded by ring
rhizome of Osmunda ferns. showing the darkly stained endodermis.

Another view of a vascular bundle from
Selaginella.

Vascular bundle (plectostele) from a
Lycopodium stem.
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Comparative Plant Anatomy: A Guide to
Taxonomic and Evolutionary Application of
Anatomical Data in Angiosperms, 1961, Holt,
Rinehart and Winston, New York, Biology
Studies, 146 pages with illustrations.
Carlquist, S.

Published by Holt, Rinehart and Winston, New
York,
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Banana plant is an amphibious plant that
can grow either fully or partially submerged
and although moderate lighting is
recommended for optimal growth and
health .

Protea madida is an amphibious plant:
a plant that has both an aquatic and a
terrestrial habit. They are primarily
found in volcanic active regions around
Tonga and tolerate high levels of
phosphorus and heat.

Protea madida are usually the first large
plants to populate newly formed
islands.


http://en.wikipedia.org/wiki/Tonga

Fig. 1. Various Typha shoot organs in cross-section. Scale bars = 100 um.
A, T. latifolia, leaf margin illustrating curved shape and zone of fibres
indicated by bracket. Berberine Aniline Blue. B, T. angustifolia, leaf
margin illustrating wedge shape and zone of fibres at bracket. Berberine
Aniline Blue. C, T. glauca, leaf margin showing typical narrow wedge
shape, zone of fibres at bracket and I-beam zones of mesophyll with large
vascular bundles between adaxial and abaxial epidermis. Berberine
Aniline Blue. D, T. latifolia, leaf. Note enlarged epidermal cells and
thickened cuticle (arrowhead). Unstained. E, T. angustifolia, leaf.
Arrowhead indicating absence of enlarged epidermal cells above vascular
bundles. Unstained. F, T. glauca, leaf. Enlarged epidermal cells and
thickened cuticle at arrowhead. Fluorol Yellow. G, T. glauca, leaf. Note
enlarged epidermal cells at arrowhead. Phloroglucinol. H, T. glauca, leaf
sheath. Representative of all three species. Small areas of vasculature
and lignified cells under surface; no thickened cuticle or enlarged
epidermal cells. Epidermal region much like that of stalk. Berberine
Aniline Blue. |, T. latifolia, fertile stalk. Bracket indicates band of fibres.
Fluorol Yellow. J, T. angustifolia, fertile stalk. Band of fibres at bracket.
Fluorol Yellow. K, T. glauca, fertile stalk. Bracket indicates band of fibres.
Arrow indicates larger outer bundles characteristic of T. glauca. Fluorol
Yellow. L, T. angustifolia, sterile stalk base. Note multiseriate hypodermis
(arrow) and absence of band of fibres. Berberine Aniline Blue. M, T.
angustifolia, sterile stalk base. Endodermis at arrowhead. Berberine
Aniline Blue. N, T. latifolia, fertile stalk base. Multiseriate hypodermis
present (arrowhead). Note absence of endodermis. Berberine Aniline
Blue. O, T. latifolia, fertile stalk base. Epidermis (arrowhead) and
hypodermis (arrow). Berberine Aniline Blue.
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at both ends are scalariform.
perforation plate.
can be seen in nos. 2-5.
(Adapted from I. W. Bailey.)

Dicotyledonous vessel members.
Vessel members in which the perforation plates

the narrow elongated tips of the vessel members,

3, Vessel member with one scalariform and one simple
4-6, Vessel members with simple perforation plates.
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Perforation plates of vessel members in the primary xylem
of monocotyledons.

I, Scalariform perforation plate from the stem of Phoenix dactylifera.
x 70.

2, Reticulate perforation plate from the root of Hymenocallis caribaea.
x 200.

an
C:j 3-5, Vessel members from the stem of Rhoeo discolor, x 150.
<

3, Scalariform perforation plate of a helically thickened vessel
member.

4, Reticulate perforation plate of an annularly thickened vessel
member.

5, Simple perforation plate.

6-9, Ends of vessel members with helical thickening from
dicotyledonous primary xylem.

6, Scalariform perforation plate.

7, Transitional form between a scalariform and simple perforation
plate.

8 and 9, Simple perforation plates.

10, Tracheid of Gnetum with helical thickening and circular bordered
pits.

11, Vessel member end of Ephedra with a foraminate perforation
plate.

(Nos. 1-5 adapted from Cheadle, 1953; nos. 6-10 adapted from Bailey,
1944.)




Three-dimensional diagrams of different types of protostele.

The diagrams represent the stele alone without the cortex and
epidermis. The microphylls appear in those positions where there are
protuberances on the surface of the stele.

1, Haplostele.

2, Actinostele.

3, Plectostele.

Diagrams of cross-sections of stems with siphonosteles showing
different stages in evolutionary development.
4, Amphiphloic siphonostele (solenostele).
5, Dictyostele.
6, Ectophloic siphonostele.
7,Eustele.
8, Atactostele.

Xylem—hatched; phloem—stippled.
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