
fdvc. 
B. s. ch;g:ree, West 'l'exaa state 1.1eachers Co:Llege, 1925 

'June 2 t 1939 .. 

Submi t't~d tG the Departrnent 
of .,, .. -.)lo.tarii£ . , ... ·~ ,...___... . and. 
the Faoulty o:e the Gra.dmi te 
t:Johool of the trniveraity ot 
M?lfillJ!S itl partial flllf j,llment 
of the requirem.enta fol: tbe 
degree of. 1&.·.4s.t~.r. of Arts .. ' - ' ' ;z ' ' •.•.... 



l einoex-ely wish to thanlt 

Pro:ftessor VI• 0. Stevena, Ohai"rman 

of the Department of Botany, for 

the inspiration h:e has been to me 

an4 for the unl~iring efforts vth.ioh 

have made pooaible tl1ia v;ork. 



Title page 

Acknowledgment page 

Geogra phical Diotribution and Introduction · · .. 

Nature of Published Ana tomical Researoh-,1. ...... 9 • . 

Introductiol'l to lma;tomical study of atems · 

summary of J;~natomical Featu~es ]'ound in 

Index to l.eaves-------------""'--""".-'"'""" ................ 74. 

Anatomica l Key to Leavea----·•-·--..... .., ... _ ..... _.7 5. 

surmnn.ry of Amatomica.l Fea turca L'ound in 

I.,eaves------------.-- ..... ----------.•ll4. 
Cha.rt I•·-···----·-·---.......... .,..,..,. ... ______ ,....,.,..118. 

Photomioroeraphe of stems• ............................ 119-136. 

Photornicrog1"apha of Midribs and Petioles 
152""165. 

Concluoion----~~~~------~---~~·----~--~~-166. 



:: 1-

Roaa and l ta All..ie<t Genera ( l) 

The tarnily to which Ro~a belongs is c on1posed ot 
about 100 genera and 2000 spec:ieE;Jdiet:ributed throughout 

the world but foupcl chiefly withi.n the temperate zones. 

Within this. family are het-l;ef ahruba a.nd _treea.~ · botp 

c1coiduoua and evergreen• · Leavea rnostly al'te.:rmate rH.1~e1y 

opposite; stiJ)ulee usually conf;pl.cuoue, rarely wan ting; 

times wanting, t3tarne11a 5 to m1=J.IlYi oe.1"pels l to muny, 

disti11c·t or more or lesa united. atylea al'.~l as r'Umy a.a 

co.1'pelEq fruit a :ColliaJ.e, ache11e, drupe., hi:p of pomc. 
1!'1'l.e gentlS Ro~a suppl~ es one of our Jo.oat favo.ri te 

flowers, if not th:e t"lost favorite~ l'he spedifHl hy1'.)r:idize 

ve1•y easily and botanists diffel" widely in t,heir conoeption 

of various mpeoiea~ 

Generally the apeoiea Qf Rosa tire found. throughout 

the tempe1""a te and au'b-tro].)ical regions of . the northern 

hemisphere :; in north America . to northcl:'n Moxioo, in Africa. 

to Abyssinia., in Aaia to the ltirnaltJ.YO.St and in the Philippine 

Islands. Between 'tmo and two huml:t."ed $peci ee oacur through-

out this r eg:ton. 

(ll• Compili::<l from Rehder .»: Mcmunl o.r Cul tivo.ted .. Tr,ees and 
Shrubs. · 
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'fh(} npeo i ea of Ro sn are shrulrn, ohi e:fly d.eo iduous, 

n.: : to ~rnd odd•pinna.te.1 rtn:ely .f;litnpl.e. :f1l.owers are soll tary 

or corymbose, at the ene,i oi: ··short bl't.tnQhes: ae:pa.ls and 

petals chiefly 5J staxnatt$ J1U~aeroi10;> pistils numerouo, on-

olosed in ~in t1rn-sh~:tPt?cl .. l"eoe1Jt~iole (lih) ) which b ecomee 

fleshy Gn d be:r.~1·y•like tit nv- 1.turi.ty, ·enclosing severa l OX' 

r~eavea, pinnate. stipulate 

A· ;;;tylos much e:ztaerted .beyond mouth of the receptacle; 

stipule~ tH1nate 

long aa at~i.men$ .. ..,"' ........ fjeoti on Gym~ tylue 

c.. f:) tipuJ .. es entire or dont.iculD.te; :prickles 

aeattered 
D.. lrabi t uprlgh t • uaual.ly -vd th a.rchinc bran oh ea 

E• Leafleta. ~·5 on :flowet'ine branchlete, 

·1Rihcacent J ut leant on veins beneath 
/ 
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l?Fw· ~"'ls. about 9 om aer~sa; J.f t e , tum.ally 

Oifate~ol.>long -.- .... n.-...set:lgera 

-~~ Lva .. evergreen or half~·evergrer:m• lustrous 

on 'bo:f;ib ai~les; fls. usually several. 

lJ',• !J:"'.ta~ usually 9 1 obtuse, 8-20 mr.n. 

long, atipules (ehur13ly} dentate. 

,\A. ntyles little 01? not eJ::aerted., f'ormirtB a hen(L,closing 

the rnotd~h of the r<Hle;pt.acl.e (slightly exse1--ted in 

·onieibsis) 
~,..._" .• 119 WI 

usually UJ)~ight shrulu3 

a. Reoept~cle smooth or hiapid 

) 

(if 5 ... foliolate, fla. sl1ort-ot.,1lked with smooth 

i'teoep_taole) 

1:~, :li'la. ur1ually oo:rymbosc; if aoli tary p~cli c.e Ls 
with one ox mo1·e branohlcts; up1)er utipules 

usually di-.J.nted~ 
' :Pt Eteme with usually one kiml of ixciokles 1 

sometimes nixed with gl.emdular tn.:,i.otlee; 

Section -- ooninae 
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beneath 
or ofte11 doubl.y~ae1'1urte, ·with gle.n(l.-t:i.pped 

leaf•···· 

lI• ' 11-lokles t.o.oketl; lfte~ gl.a'broua or 

. :pu'beaeent benot~th. 

I- ·· Lfte• ovate 01 .. o.vai, acute or short• 

. aouminr:1 te.i . eglandular above; styles 

. g.la'brOlJS qr nearly soi ae1;ale soon 

deciduc.m~~ -.~-· n~micrantha 

GO. !,ftrJ. not glandular, e::?.:oe;pt aor11~3timee on midrib; 

te~th usually simple 

1h 11 tyles little 01~ not e:s:.oeri~ed 

I. !J;fta.pubeacent11 at leaot beneath 

R-..dumeto:r:um 

FJJ" • · ~~t :ems. at letist at base, .. \.'1i th iumaJ..l.y etraight. 

ofter~ slender, prickles and nuineroua 'b:ri etle e 

grcidmilly passing irrco p1·iokleo; infrtiatipular 

prickles p~ .. escnt; · aepa.lt~ usually enti~e. 

GG. rJepals itfter flowering, upright, usually per• 

sietent, aohenes inserted on :t!tall and on bot tom, 

pr ioklea oooetimee !!acn~ing ~ 

Oeotion ......... cinnamomeae 

H.- '·'..Infritetipular prickles not }.):t.•eeent 

I~ Jltaota ancl p:cicklee tomentose; lf'te. thick.1 

rugose iibove ......... n ... rugosr.1 
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UM.. Infr<lot:i:rml..ur p~iok1aa preeent 

z~ Stipu1ee flat 

b;_:tistly 

lh Prickles curinid, lfts.doubly 

serrate, vflloua. beneath 

exceptionally oorymbone; aepala persista11t; lfts .. 

F. l'etn.ls 5,. styles not exaertect; prickles scatter-

ed 

Ch :Lftad1sually 9, on flowering bra.nohlets; 
~ 

sopala· entire;: fls.·white, pink ~r yellow; 

prioklea otraight, usually slender (;~nd 

mixed with bristles 

Section Pimpinellifoliae 

1h l1'J..oy1ering branohleta prickly and liriatly; 

fr, .black; fls .vrhi te to pink, rarely 
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l:Uh . Flow.~1 .. ing bra11ohlerta \"1ithot1t brif:rtlea; fr. 

scarlet; fJ .. s .yel.lovr., 

I. :L:tta. f';:la.ndular J simply aerrt:\ to 

.. r. f3hootat nt leaat at ba~rn,. bristly; 

lftH;;, glab-roua, rather oha1~ply eerro.te, 

n~hugonis 

II. J,fts .\v:i. th glandular dote 'beneath, slightly 

doubly glflnd.ular serro.:ta, aroma tic 

R"""eoae 

F:F. Petrils 4, only occae:lonally 5• white; atyleo 

somewhat e::rae,rted; inf11astipulrA.1"' prickles 1n·esent; 

lfts. "l•l?; sepala u.pri.ght 

Geotion Gericeae 

n.-om.e:ieneis 
K-. :Pl~5cklea mt1ch enlarged at 1-,r;l,ee . 

F.-ome.ie11aifJ -pteraca.nthe. 



Geograpbioo.l Diatribut:ton and 

.lntrod.uation into Oult:brntion • 

Only the apecle$ a:tudiecl in thia thesis are liate.ct 

Rosa. hugoni.tH• :r?oun<t 1.n Cent:ral Qhh1a and introduced 

into oultivation:1n 18991 

noaa xugoaa.·:• !tative ta north China. .• l{o;rea. and 

Japan. !nt~o~ucea: lnto Ottlti.'Vct'tio11 about J.J345• 

Rosa. aetigel'a. :-~ Ind.igenuous to llfortll .Mnor:i.ca from 

onta1'io to l'leP.raslto .. ,1 Te~rast Sl1d JJ:l.orida,. 1wtroduoed into 

cultivation in 1aoo. 
Ro~1a 'llrichtn•1J..ia.na;- Found 'lnilcl in Japan, Korea, 

1!,orrn.oea, and East China... Introduced into cul tivntion in 

1891. 

Rosa dumeto:cum.:.,.. At home in J~iurope~. western Aaia, and 

hi':t":i oa. 1~trat oulti vated in 1838• rarely e1aoa.1,ed.• 

noaa '\unJSLtorum::- lfa .. tive to western 1\sia atHl introduced 

into cultivation in 1693. 

Hoaa koreana:- DH:lcovered wild in It.ores. a.ml introduo• 

ed into cultivation in 1917" One of oµr lr.\toat cultivated 

wild roees• 

Rosa. aericetH- native of the lUrrt~lnyaa of India, 

I11troduoed into cultivation in 1822. 
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0. ften .;eaoanetl. from P'ardons . · · . .. .·. · . .... · · . ... · 0 

.noaa. .califor111Ca·:• 1,tative) f'rom 01•.egon ·to . lJowc.r 

Calif.ornia .• . :rntrodt~ced into cultivatlon· in l3'7th 

Ro~a. \t,rataoni2:na. i:~ iFound cultivated in Japan~ Intro• 

Weate1 .. n China.. ·rntroc1uoed. into cultive.·tio11 :in 1890. 

duc.ed into ~ultivatioti in 1901, 

/\Sia,. A very olcl rooe, cultivatecl aomet~me before 1600. 
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11uoh of the amYtomical work tlmt has beei-1 done with-

in the Rosaoeae order ia l.'el)orted by nolered€~~ + (l).. He 

sa.ya that aonet~.nt anatcmdoal features e.re almost lt1cldng 

in this Qr<ler .~ The o.nly aorrf3tant s.na.toxnic!:.l chn:ra.otera 

a.re; (a) the lack ot simple unise1"iate clothing , h:-:~drs, and 

(b) the presence o:r bo1"'clered. pi ts 1n the .proaenohym~i taus 

g1~ oundwo1"k in all the woody aJteo iEHh Hov:rever there is a 

tendency towards eealariform perforations in ·the. veeaels 

of the woody plunta, · ~e saya. the bt1:;!t fTbera in woody 

plants occur ci .~her 1n it4olated g~oupa · , o.:r in a continuous 

ooler(;;r1ohyrnatoue :ring. Cal.oturn o:t~llat¢ oryatal.s. :f'ouncl in 

the vvood ere either in the form of sol.itii:i.~y 'Or cluetei~ed 

crystals .. , According to ltoll,er the ;prlmat'Y ·cort\1x of the 
I 

Roseae oonta ina clustered ett;Jt1tale or .soli tt:~:t'Y and oluetered 

cry(3ta1a. 

In the leatrea or J~osa there is a gelatinizatio11 Of 

the inner walls of the epide1 .. 1rel nelle. l!e finda there is · 

either a pe~renchyma o:tt soleranchz,1'ria ahea th a~ound the small 

ln rnany epeoiea tannin hae been f.ound in the 1)ith,. 

mcdullary ro.ys • and cox•t i cal i1a.r t~nchyma, e:il though ft i a ra.re-

ly deposited i~ epeoial receptacles. 

(l) • ·solereder: Gysternatic Anatomy of the Dicotyledons• 
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Glandulf:tr sb~*ggy hair a, with atcalks of vati ed lengths 

and sphez- ical. Ol.' oltfb•eh~.petl head 1 are t~und on vegetative 

and reproductive shoots of Rosa. ln this genus the hairs 

oc.our not only on the leaf aurface but .on the teeth e.t1d even 

the spin ea. Ool.ereder reporte that the phelloeen o:r.'iginatea 

from the epidern1is • · 'l?lle aecpnd.c"try h~ird bast fibers ( eee . 
1.iroller) a.1 ... e irregularly tliatribt1te<t or form bttndl..es or small 

tangent htl plate a. '.tthltoughou t the B.oeao eae, ~vi th e;,:o ept ion 

of Cht•ysobc-zlaneae ~ma. in ~uillaja, Soletteder round eca.lari• 

form perfo:rnttionE1 of the side ''Valls to be present in acldi ti on 

to the predomin~int c:i.roulc.r pe:rfo~ationa~ The walls of the 
·.i. 

proecnchym!:' .. tous r~roundwork ·of the v~ood, ae a rule, bear 

border.eel pi ta a.nd oooasi onully are (Rosa) alao provicled with 

t~i·tiary thlokeni.nga, 

J~aer>h ·fouell.er ( •02) aaye the :pllell.ogen in noaa. is 

formed by the cpidex•rni a the second year or later anc1 the oork 

never r)ecomea rJclerot io • lie also findo oryatal ol..u~tera 

oocur1 .. ing ~ai thin the p1'¥iw.ary cortelt• lfo atone cells a.re 

present and the bo.st fi1rera occur in isolated. buntU.ea. He 

te..kea up 'three a1;eoies of Rosa giying the sizes and contents 

ot the cells. 

1s1:. JF.aroel nrnndzu ( •90) clisouoaea the relationship 

or the hyb1~td nosa. rugo f irnbr in.ta 'l7i th i.ta pare11te ir He finds 

the hybrid to lJe motphologicul..ly but i1ot anatoraica.lly 1 l.nter-
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mediate betv:Tecn l ts parenta .~ 

!tuater hue obse,rve4, the si2e of ,meclullary raya or ,·. 

Roaa; Rubua,. and· othet geneta. -He has ·meaeut"ed the size or 

bot•dered p.ite fn the wa.-ll$ and. a#lao h~ts observed the apiral 

th:tokeninse of the pitted veaaele~ 

ACCONling to rtris {).870) the pi th ie heterogeneous. 

'rhe active cell$ o,:r~ ~he int.el.'iol.l pi th coutain tannin fre~ 

quently ancl in tllfe caee,, a,1~0 E'tl'l~anged in rows. 

:r.Joui a Petit (1889) in atudying Roea cfa.nina tl"titcna 

the vo~rmular eyatern fl.4 0tn the petiole int·o the leaflets· ~· In 

the petiole the vaaoular aystern eonaiats·of a.narc and a 
ems.11 bundle on each end ·of tbe arc• 1~\~lrther 'up the small 

bumllef:3 fuse with ·the a.ro and then the aro detach.ea two 

bumllea on each siclej_ The t•ifo bumiles, next to the a.re. go 

into the firat pct:tplu1es and the :r: enu.=.. .~nlng small bundles 

continue 111 the rs;ohis. trhie procedure is repet:1ted f'or each 

pair of leaflets. 
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betweetl. fifteer1 speoiea of th(;'. ge.:nua nosa.. 

Tbe apeoioa here desori1trnd are : xmgonia • rugosa • 

aetigerii, w1ohura1a.na, dumetormtl!• dumrLtorum.t·!:·~P~eant:\1 
' ·:-,:~~- ; 

si.s.. ptcratwJ1the., omeier1a:i a, aplnoai.aslma. · !rlle :first :f'our 

or these s:pea.1.ea ,~~rnre out tn Jttne afal pltwed in ?o;& alcohol • 

. ·. ' ' ·' ·.·' ,' ·. '. d . .. ', ' '~ ..... ,', '.··, . ' Arbol:-etum and· preserved in 4;r, formaldehyde. 

The stem' st;ot'iona ~v11)r(~ faad.e'from one arlcl two year 

br~111ohes• at about the same relative position wi.thiri the 

i.nt.errwcle. The ateme w·e1."e out in lengths 0£ about ai:t 

f ' .• ln ?01~1 a;!.Qoho1~ '.Vhen the pieoes ¥Vere plabed in' a solution 

or equal pa.rte of glyoerina' a.tl<'f ao;:~; b..lcohbl for condition .... 

alcohol. Tfor ttil:lld.ng oroua' trnotione', the stotu aectione were 

enclose<i in) li6£.raffin oonsir;Jting' 11~;;1.Jnly of mclttr1g hrxrll 

paraffib (52·54 c) into one faoe of 

the atom p:i.eoe into thia, e.nd mc;iting PtJ,ra:ffin tJ.r.otmd it 

until oovcr('.;cl. 1:.vhen the ptu•affin cooled;' it \'tao ree.dy for 
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eeclt 1on 1.ng •• th tl1e exception of ·few tree-hand eeoti ons, 

with. a Jung sliding microtorrte. 

i 1he tvro·Y~r~i· stem of Rosa dumatormn via.a eo h.a.l~d it 

ht:1cl to be carried through the Jeffrey's vulcanizine; proaeaa· 

and embedded. .in' oell:oidon. ~ 
.· .. rr\; 

The aeotione vrere clea1•ed and bleached by. :putting 

them in a eatura.ted ~olutton of ohl.o?:al }'.tyclrate., and· in 
j : , ' \ 

t'lome oaaea, it v;aa nc~ceasary ·to keep thE:ln1 for ::~ fev; hou1·s 
, 

in calcium hyponh~Ol'i ter ?J;ben auffioi ently bleached, the 

noot~ons were trr-3ated with dtlute hyd:a. .. oohlo:cia aoi<.1 and ther1 

transferred t~ ao.tu1 .. ated .. oblotnl hydrate solution.. From 

thi a some aoo.tiono w.9re tnounted in glyoetln~ jelly and 

oth~~re :tn ~anclurao, In the J.at·ter proceaa,· the sections 

e:o fl."Om the ~hloral hydre:.te t1u.'ough ?OS'' alcohol, 95,s 
alcohol to n drop of sandarac on the alide, antl then the 

cover glaoa is put on. 11.he best reeulte wt-n~e oeoured by 
'. 

olctmping tlia cover glass down with a rmring clothesJ?in nnd 

put1~ing 'the !}lide ·in a pt=trc~:ffin oven for harclening the 

sr.mcla.rao. 

)?or st.udying fibrous th:H3tlee, relatively thick longi• 

tucUnal eeotiono we:re rnaoerated in nit:r:io acid nnd potassium 

chlornto a-0cording to Scbultze•a prooesQ~ 
I ' 

l:1ioroohemico.l tetrta were used according to standard 

procedure. 



-14-

tion of the etf1)ulca 1 ~nhich, in most inst,~inces, ~~vae a.bout 

t.he mi<'.klle of the petiole. rieotiorre of the midr ilJ and 

' ' 

fi"'1n1 havir1g a2 melU.l:lg point of cu-a degrees centigrade• was 

mountecl a.o ·Mie stem eeat.iona 1tre1•e 00tceptll1g thO$e leaf 

l;ll~dC:k eeot~on~ that \"Vere moturte~i in f'~lyoerine a.net aon1e pet i olc 

mined. 

fr·ot1 glaae negativeo obtm.incd ·by ;proj ea ting the image by 

mcano of n p:t•oj eot:ion mioroaoo;pe. equipped with an incttn• 

descent light. 'l1!1e time of exposure ti;mged fron1 10 e:econda, 

:ln case of sect.ions nmunt~lcl in l'l.yra .. ~, to l minute, Wbie;~e 

U1e sections were eo trt.1nap(:1rent little light could be uoc(h. 

tHrlng a })l"Oj ection mi<::roscope. '1"11000 dra.1.i·rincre were r::trrar1ged. 

on a. CEcrdboard l?O x 28"~ and photogra.phed w:ith a large dry 
.. 

I;lace c:21m0r~1., using cl 1
' '.it lOtt Crn.mer'a l)hoto Dry Pl~lteo!it 
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11le inked. .drawings 'Were redtroed approxl.mN.tely three and 

or1e•J1=:~. 1:r diatnt1tera in making the llOsi tiv.e Pl" in ta. Sheet a 

of no. 31 h~rd. ±nto paper were uaed ~n making the positive 

prints. vri th a ?5-inif,;t ~~:trtip an the source of li5ht for 

ma.king the e;Kl.)014.Ul"('~e • 



-16-

TO 

n. :rugoszi.-- ... _..,._.,.. ___ ..,. __ ...,_ .... .,. ........... __ .... __ ;;;3. 

H. v;i chtu.'aiana.·---........ - ....................... ~ ..... -,,, ............. 29 ~ 

H. dumc·torurn ......... - ............. - ................ - .............. ~ ........ -3r~. 

Il. duni;.::i. torum--.-.-- .... --...-. ....... ~ ....................... - ...... -35 • 

.Lt. oericeo.-.... - .............. __ ....... - ................. ~~ ....... -·--41.· 

n. wa tsoniana------ ........... _..,. _________ 53 .. 
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I. Pith cells at two distinct Bizea 
.A. Collenchyma inner border di$tinctly undulated 

l. 1>eriderm ·torroo. tion. with.in second year of grovrth 

a,. Cork fo:r.-mation within inner co1"tex ---

b.. cork f 01"1m1 ti on not aub<i!"e;pider:n.al ..... 

(l). Xylem rays trncoming ttfOre than 5mra 

vart:io!tl.ly, oella of stem eptdermia 

Xylem 1--aya ahorter than 5nmi vertiao.l-

.ly, cella of stern epldern1is more 

regular i,n alu,ipe • 

(ah J?rotoxyl.em point a protruding 

Rosa om.eienais 

(b) • Protoxylent po:lnts protruding 

slightly into the pith ..... 

no ea d ume to l'tun 

2. lio perid.erm formation rri t;hin second year of 

growth ...... 
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:a~ Qollenohyrtk1. innet• border not distinctly undulated 

l. ltO 11eridt:~~n1 for111atlon by .August of second 

yee.rJ oollenchyrna ~· t ~o 5 aell•la.yera ...... 

nosa rugQaa. 
2. Pe1'ide.rm formation by Auguet · ot eeconcl year· 

a. Collenahyma ?. ·to $ ce1l.•layers wide; 

~ylam r aya r1ot ex.ceecUng 2nm1 in vertical 

'b11 Co,llenohyma mostly 4 to 5 eel.ls v:id~ 

(1) •• Xylem rtrys .16mt11 to •7rmn in vertical 

Rosa aa.lifornica 

(2). Xylem rays becoming greater than 

lntrA in vertic.ai length ... tlilt 

110$~ koreana. 

II. Pi th eel.ls not of two distinct ~dz,ea 

A. co11 (:·nchynn i1111er. bord.e~ distinctly undulated· 

l. 1Jast fibera relatively few; tracheal tube 
elements less than .5mm in length ~·~ 

Ho$a apinQsi srdma 

:2. :Ba.st fibers ri·1any; trt~cheal tube element$ 

averaging • 5tmn in length 

a.. j?i th cells quite unifo~mly .o4nnn in c1~oss 

(lio.mcter ....... 

b. Pi th cell a varying from .• Q3mm to .08mm 

in cross di~i.meter .... ,.nosa. or:aeiensia -ptera.ca.ntha 
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:s. Ool.lenchynu.-1 inner border not diatinotly undulatQcl. 

yet ve.ry:h1g in width 

i, Peridertn forma·titnt in o.ne•ye~;1, r growth -· 

Roea durnatorum 
2. Periderm fo1"rtlation la.tea-: thi:J.n first yea.r .of 

g;r.o\vth '.: 

a... Be.at: fiber oavi ty ~003ntri1 in dia.1neter: . 

t:cacheal tube elemente ~1leraging .5mm 

in ),. ength ·~ ·. -., RQsa. ec.uae· 

b .• l3tHlt .. fiber ouvi ty ··.oo15mn1 itl di a.met.er; 

tracheal tube elements a;reraging • 2r!'m1 

in length~ .. Roaa hugonia 
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· ROSA E.UGOlUS 

.E~pidermie-

in aurfaae view ·these aelJ.s are nearly 

square, with diameters of .021mm (Fig, 4S). Radially 

they are .OB3nnn, with radial and outer v;alla heavily 

cutfnized. Tlle outer· v1all ia .ou .. mm thick, covered with 

a cuticle • 001anmi thick (Ffg. 1) •· 

cortex 
: The coll enohyrna. is g~neral.ly .4 to 5 · o ell· 

rovrn wicle, J.nfrequ.en·tly 2 cells wicte. · In 01•oss~ aection 

of· the otem theseoella are.nearly round and average 

.02mrri in diameter·, h~rv-ing wal.la znoderateiy thickened. ln 

vertical extent. ·the· cells average .()l6mra (Fig. l )~ '£he 

:pare110hjirnn of the cortex ia ·7 to a o.ell•layera or .16mm 

broad·; its cella have vertical and radial diameters of 

.o~.~rnm and tangential dia.meter of .03mrri. 

tJi tuated in the inner cortex are b;;r.st 

fibers vthich arr:l laid down in groups ·about • o:lr;rm vlide 
/\ 

radially. The cell ca.vi tH3e are about .0015rmn. in diameter 

and the lignificd v1alls Etl"e .OOGrnm thick. These f.ibera 

average .5mm in .length (eee figui~es 1 and 31). 

Phloem 

The pax·enohyma oells of the J.?liloem are 

• OOBmm ro.dinlly und • 04mm ·vertically. Much tannin i a pre-



aent i.n these cells. The sieve plc:t.tea a.re a.bout .02mm 

a.arose. no length.a could be determined :·for the sieve tube 

clerm:mt~~ Tho rays in the phloem :l~cgio1·i1 . ahow muoh atarch. 

Y.;ylem 

'!'lie prot:oxylem points sl~ghtly project into 

the pith-. The t:r.•aaheal tubes a.re not "'rmme:r;oua and in some 

pointa Etre not f9und in ra<li~l rovrs,. a.a: i~ the usual case. 

These tubes a.ve1·age ~ .. 006mm ~adially and a:re usually :f'la t ten-
, - .. . : . 

ed radially• When in ?]adlal. . row~• the ?uter tubes have the 

greater diameter .. Situated l)etween these t1,aoheal. tub ea 

are thin""'walle~l parenonyma eel.la ~oarnm lo~g and ~Olmm w~de 

ru<lial.ly ~Fig~ . l ).. Most of the meta'Eylem tracheal tubes 

are .02mm. in cros~i diometoxi but eonieare only .Olmm • . 

Aseociated with theae tttbeij are f :iber t:r:a.cheida 1 havi,·.ng 
, . I , . 

numerous p i t .s in their walls. 110 xylem :p rr:~~enohyi?ia cells 

occu1~ between the tr:acbca1 tubea. Within the leaf trace, 

occu.r ~~ t>o 8 :{ylem re.ye ·having l to 3 cell..-rows ~:f' xylem 

~lerilents between them. 

Pith 

.1'he diameter of the pi th ia ~pproxiniately 

two-.fif'tha that of the one-year stem. tiEmerally the pi th 

cells are uniform in eize; }lowever, a f'ew are smaller and 

relntivel~ thicker walled. Tl~e larger oelle r:ire rounded 

11nd •06tnm to .oemm in croee diameter, extending · vertically 

·.01mm to .04mm.. 'l'hc smaller cells are nearly oubiOJ~J.l• hav ... 

, ing d i:::me+.cra of ~ Olmm {1?1g. 1). s _ome starch 1 a prese.nt .. · 

in the smaller calla . :· 
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Secondary Tissues 

l}eriderm 

Peritle17m f'or1'Jlation is juat beginning by 

July of the second year~ The epide1~mt s gives rise to the 

phellogeri (aee figure 2). 

J?hJ.oem 

The phloem ia praatioally •. 09mnt vtide by 

July of the_ aeoond yea::r:, tl1e Btem at that t.ime being 

2.35mm in diameter. Only .tlle inner oells a.re regular in 

shaIH.;, the outer ones being crushed and :irregular (see 

· figu1·e 2) •• 

lti:ore tracheal tubes al.'e f.ormecl in the early 

g1 .. owth than in the late growth, and they are larger and 

more numerous the seoo11<3. year th.an the f irat yea:r. The 

eleroenta of the trRoheal tubea are .Ollrnm to .oasmxn in 

cross diameter and .a.mi to ,2ernm long (Fig. 31). Fiber 

tra.oheid~~ are qttite nume1toue in the secondary xylem. 

~~hEHl.e fibers are .:~Bmm to .45mm long and have elliptic 

inclined pi ts (Fig. 31.). 

The xylern rays are formed at lntervttls of 

about .04rnrn when seen in eroas aoction {Fig. l}.. Tl1ey o:;;: .. 

tend from .oamm. to l.iirnm vertically and .Olnun to .04rom 

tangentially.. The rny cells average .Olmm tangentially• 

.03mm vertically• r1;nd .02mm radially. J\n abundance of 

etarch ia p:reoent h1 the xylem rays. 



Primary Tissues 

Epidermis 

~?hen seen in surtaoe view, these oella appear 

chiefly ~;1.a sqm1rea a11d recta.n(;les {Fig. 4? h They range 

in t;angeritial and vertical diameters from .Ol5mm to .05mm 

anc.1 in radial ctiameter they approach .02Sr.:11n (Fig~ 3) • The 

oute1" we .. 11 f $ .011rnm thick ~:.±t1d both outer and radial walls 

are cutirdzed. A ot1tiale .002mn1 thick is present .. · 

Cortex 

Tl1e oollen.chyrua .• compQsed of moderately thick-

walled cells, oocu:t'S in 3 to f1 oell,-lnye:t•a• The cells are 

i~oundecl and i'E?.nge fror.l .Olr.am to .02mrn in orosa diEtrnet.er. 

Ver·tiec-tlly they vary :from .Oii:.~5mm to .05mm (Fig. 3) • The 

pare11ohyma, oompoa.oc1 of rounded cells, ia about .l4mm 

wide-. The oella range from .Ol5rmn to .03mm in diamete1· aa 

seen tn arose aection: while vert1.cally they extend about 

.o:zmni. Abund~moe of starch nnd some tannin oocur in this 

region~ 

The bast fi.bera oocuf! in strands about .04mm 

vii de raclia~ly and .Ol6mm tfmeent:lally~ 'J~he fi bera ho.ve 

cnvi ti ea .,o0~2.5u1m •wide, ligni:fied oel.l Vt-alls ~0065rmn thick. 
' ' ' 

and a length of .55mm (ace figures 3 and 02}. 



-24·· 

Phloem 

. In a etem having t~1 dianwter of 2nun* the 

phloem is appro:;timately .Q58mm wide (Fig. 3). The aieve 

tube elcmente ~tre approxln1ately .ooaemm r ~; cl:i~;.lly and .04mm 

long. The pa;i:-eno.hymo. qella are .oo5mm t1ide ~m<l average 

~ 03nnn long.~ A 4.a.;rge amotmt of ataroh c{nd some tannin occur 

1n m::~ny ot these cellac; 

Xylera 

, 'rhe protoxylea :poi.nte are quite rounded anc1 

do not e:tttcnd far into the , pi th {]'ig • S) ~ 'lhe prot.o:cylem 

t~bea are in ~ to 12 radinting row$t with a to 5 tubes in 

each row. In croae diameter the tube a are· •005mm to .Ol5mrn~ 

Xylen1 in:p."enchjrma. cells ocou11 between these ~ traoheal tubes. 

~t~ese cells are moclera.tely thiak~ ... ~ttlled, with rt:~diul. :dia• 

meter of .,008mn.1 and v~rtio;il length of .. o::>mru• Th~ ,· raetu .. 

xylem between tholeaf tra.Qes ie oompor;led of fibe~ tracheids, 

AYlem. :pnren()hyma Emd. many t1'a.oheal. tubes.. ln c:r.~osa dia-.. 

r4etar the :tttbea vary from .oismm to ,021mm. The parenohyma 

cella , are .oonrnm radially and ,o4mm ve~tioally:. 1\he xylem 

i~f.\YS arc l nncl oometimea 2 oella v1ide, and t.ll .. e "U2tmu to · 

, 04inm UIH1rt .. 

Pi th 

'l'he pi th is found in tuo die ti not sizes of . 

cells, both .rounded in cross aeotion (Fig. 3). The larger 

oella are .03m.m to •06mm in Qto~~a section tmd .o~~!mm to .04mrn 

vei,tici;\lly. The slT'~~ller are relatively thick walled and. 
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ooou1• singly,, in cl us t era· . or in chain a.. These o ells a1"e 

vertical length. 'l'he \val'.ta of the :pi th are $lightly ligni--

fiect. 

$eaondary Tissues 

Peric1e1"m 

Phloern. 

In a two year atem P...a,vlng a diameter of 

3mr£1, t.he phloem is about ,.08mra wide.,. having the outermost 

Ce. l l 0 ~on ° t1 "" · ~i '\· .~ ( 'f'ti r"" l ) . .; t;1 c;).i.. vU ...-y O.t.. U·.;ii.lCO. .J. e"' ·.: ,,,. 

Xylem 

1'he tr.achea.l 'tttbes ;;~re smaller and leee 

fraqt.lent ln tf1e fi:rst year ot gltowth tht.:i..n in the second 

(Fig-~ 4 ),.. '!"lie t1~aoh.$al tube element a t.'.re .• Olrrm1 tp .• 05mm 

in CI'oea · diumc~ter and .'.· .• ·l6mm to ..• 4~n:a:rt .in length (see figure 
~ 

A lnI-ge 1m.rt of the x;vlem is composed of -fiber tra.• 

oheida_, which vary fron1 ... l.~mm to .• 62mm. in length. The walls 

l~ave elongr:\ tecl pi. ta along the length of the fiber.~ !To .Jtylem 

/ 

The xyl<-1m l.'IJ:tyr.~ ocm:u:~ .02mm to •. 06nm1 apart 

as they radiate from the center of tb.e stem (Fig. 4). In 

vertical extent they .vary from .l2mm to tnore than l,65mm •. 

Generally, they are not mox'e than .04mm tangentially-. The 
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cello of the xylem rayr;S a.re ~005i1un to .Olomm ra.clially. 

In. t,mgenti<>.1 dh~mcter they Vt.-:J..ry from .ooomm to ,.Olmm. 

Vertically they e:;;:tencl .oo5mm to .05rnm~ In raye one coll 

wido, the cells are usually rnuoh gre.:>.ter vertically. Con• 

sidorable st,~~ro}l ie present in the xylem rc~ys. 

:mp id ermi a 

In eurface view tlleee oella range from 

• OOBrmn to • 02mn1 in cHan1cte.r, vd th o avi ttea ellipt:lo or 

ovoid {F1g~ 49). Radlrilly these o:elle are .·~ OL~6mm, having 

a outinhmcl o'uter wall .Ollmrn thick {Fig. 5). 'i•he radial 

vralls r,re al:ic~htly outinizecl wi tb a. cuticle .OOlmrn thick. 

Coi'tex 

the ooll.e11chyma i e undulated and r.rm{2tee 

from l to 3 oelle wide in the narrow portion and 6 to a 
cc)lls wide in the ·wider portion (!>1ig. 5). ln cross section 

theae cells are nearly round with diameters or ~015oon; 

;;1hile ve:rt i O!:tll;/ they ~re ·• 05mm. 

The pr1.renchyma oells are eomev.;hat flattened 

dlHt1eter 01~ .01emm. 
fl .. 

Vertically thoy are about .Olmm.. l!.uoh 

starch :i a present in the llti.renchyma. of the coi•tex. 

Patches of bo.at fibers, occu:r1'inc;; f.l.t inter• 



vals of •04t:nm, are .,Of3Lrn wide radially~ 'me fibers are 

.6nm1 long, w:i th ¢avi ties averaging .008r:m1 in dia.i1eter.; 

the largest found in my , apeoi es (eee f .igure 33).. The 

lignified cell v1alls are .003rnm thick. 

Phloem 

'rhe radial ·widtll of phloem in one and. tt10 

years old stem is about the same (compare fig~. 5 and 6 h 
'i1he sieve tube elements a.re .Ollr:illl in radial diam.eter but 

·.) .. _;·:·· 

celJ..s or phloem p~:l.renohyr;m c.elle could. not be di etlngui~h• 

ea, Ho sts'l. l"ch nnd only ti-noes of tannin occur in the 

The pro toxylem points project aligfatly in to 

the I>i th (Fig, 5) • fJ.11e 'tracheal tu.bee oi' · the' pro tozyl em are 

:in n row·~ 'rheae tubeo are -.006r:nn to ,OE:m.m in otone dia""' 

mete1;~ :Between .these tracheo.1 tub~?a ' a.re thin•walled prtreH• 

chyma 'cc~lJ.s, .01mm radially and .o3mm vortically .•. The · 

trache i:;;l tubes of the meta:"yleni vn.ry 'f1'om •Ol5rnm to. ~os~I•m 

in diameter. J? -J ber · tracheids averaging "6llrnrn :fn diaraeter 

arc f:requcnt bet·'.:- een the trecheui tube~. 11ae xylem re.ya,, 

v1hich are mostly ono cell wide. are sepa rnted by one to 

two dell rows of xylem elC:.m1cnts. 

Pith , 

The cell a of the pi th occur in two 'di et inc t 

sizes (sec figu1 .. e 5)~ ~Che larger celia in ·. :".:cross section 



are rounded or oblong, with d~ameters 6£ .osmm to .lmra, 

and .O;:>mm to .05rnm in ve:r:t:loa.l ~""ttent. The smaller aella 

arc ou'bical with d.iameters ot .o;ari.xn. gmul.l um.ounts of 

tannin occur ir1 these oelle • 

Gooonde.ry 'I'i esuco 

Periderm 

l3y the end of the second yee.r, oorlr i a i'orrn-

e<l in arnall arc-~a$, not exceeding £$ cell~a in radial width 

(Fig. 6), 'l11e epidcrtni a htH3 given ri ee to the pl1ellogar.h 

l~hloem 

'l.'hc outer cells of the phloem have become 

c~n.ahed. by the {~nd of the beoond year (Fig~ 6). · 

Xylem 

'l1he groa't(~lt numbeit. cf tracheal tt.fbcs occur 

in tho <:~ttrly"\\1g:towth and thoee of the second. year c.t·e larger 

than tho~le of the f tra.t (J.,i'ig • 6), The elements of theoe 
to .. os-mm 

tul;)eo tn~e +015rnr;1A1n croaa dit,.raetier and .2mm to .4rnrn long as 

seen in ma.aeration. i'he 1£1rger part of the ~cylem ia com• 

posed of l'iber trp"cheida, tvhioh are •l6rnm to .53mrn long and 

.Ol.lmm in crooo diamete;~ {see i"i.gu1\e 33) .• 

The ;tylcm raye of this species v;;.:~ry :from 

• 01:2mm to • 091nm tangentially and from • 3;21:nm to 10m111 verticetl.-

ly. 'l"he cellt.s of the ra.yo are nearly cubical, rc,nging :r1•om 

.o;:.mm to .04nm't in die.meters. 



Primary Tissuee 

Epidermis 

_g~-

In surface viev? these cells a.1'e rectangu-· 

la.r, measuring ,012mm by .02mm (Fig~ 34), Radially, tbey {lre 

,028mm. frhe outer vta.ll io ,01mn1 thick and .is cutinized 

{l?i.g., "I), 'lhe ractia.l wal.lt::i a~e also outi.l:1izecl,. nnti a out~ 

iole .oolmm thick ia IJr<Jacmt. 

Corte:;re · 

The collcinol:lyr~1 ia slightly unclula ted ki long 

its inner ma x•gin~ being 2 cell•l.f~.yere wide in the narrow 

portion and 4 to . 5 cell•layers ac?:oa~ the wide?.' · 1H)rt,ion 

.(Fig. ? ). 1'he cello arc rounded in crorJe section and meo.~ 

sure .Olln1m in width and .Oom111 .in length·• The parenchyrna 

region is .16mm wide at the widest point. The cella a:t"e 

•. o~.~mm ruclially and vertically and .o3mm tatJgentia.llY• Very 

little starch is present in this tissue~ 

'rhe bast fiber a ooour in' groups extencling 

.04mm to .2mrn tangentially t<.ncl ~05mm radially. The fibers 

are l.5rmn in length 1;md thoir cav:i ties ar·e elliptic and 

meuoure • 004mm in the greatest din.meter• · {l<igo ~ ? nnd 34). 

'rho lignificd coll wo.lls u.re .008rnm t.hiok. 

l'11loem 

In a stem l.55mm thiok the phloem ie .035nm 
widet h aving tho outer cells somevihe.t crushed (Fig. '1). 
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The sieve tube elements aVEU'E:i.ge .Olomm tangentially and 

,04mm vertio rtlly. Po clit:1tinct· P' renchyi:1a oz- oompetnion 

cells could be x.n.::1,de out. i\ srru.-111 amount of sta:rol1. ie p:re~ 

sent in the ;parenchymo. of the :phloein. 

Xylem 

The 1n"oto:::tylem r)ointa of th.is fJ:peci es p1~ojec~ 

rel ~~t tively fa 1~ in to the pi th (]'ig- "I) ,• 11.be trnaheal tubes 

of the 1:moto;.:ylen1 are ar:i1 anged in l."adimting 1"ows, the nunfuer 

of ro~i1rn va:;:yi ng greatly from point. to point·~ These ·tracheal 

tttb\W are .01111w to .01t~r1~"J:l : in cJ .. "oss diameter. Det\yeen the 
rows of t:rrichcal tubes , c~:l"~~-i I>:;;renchyma. cells ,Q~pmm tangent.-

ially and 1103mrn verticalILy. fehECL1 e a:pe many trf.tch.eal. tube1~ 

of the titotnxylem. ·.~'he:1r u1·u clongu. ted radially vii th a cl in-

i1r;~ter of .• o~~;rim1.. }?c3w ffber tra.cheide are :found ii1 the meta.-

xylem.. Xylem rays, ooc12r.1'ing n t 9.l'proxir.na. tely -.02mra inter~ 

vals, al 1;erna te tti th the 1·awa of t1·acheal tubes. 
J?ith 

The pi th hn t:; a die.mete!' of t1"}0 ... thirds that 

oi' a or1e ... year stc.mi. Tho cells occur in two, dj. ctinot sizes. 

Tho ·10 .. l'gel" oncrn are rotu1ded anct vary from .05EJ.m to "'08n1m 

in diameter. The smaller onea, occurring in grou::pa, are 
lese rol1nded and rnnge from .02mm to .03rnm in cross d.iarneter. 

In '\l"ertico.l diameter the J.arger oells a~tencl .03mm, while 
the smaller cells e:;,~ten<l .02mm (Fig. 7 )~ 
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secondary Ti aa11ee 

r criderm 
110 periderm has 'been forrned by August of 

the seaoml year. 

:Phloem 
At the rmtl of the eeoond year the phloem 

iP .05mm wide and the ater.u 3.f;5m.rn -in cliameter.- At thie 

age the outeJ; c<:lls have become very much dit1torted (Fig• 

a J. 
Xylem 

avel'u.ge dio .. 111eter of' .oo()rnm but VTJ,:r:y from .2nnn to .5rn.m in 

length. 

:i.r1dci"'i ni te in length~ I found :po.rt of .:.i, ray t~"~tending a 

vertical · d lstance of lOn:nu. Home of them are only · • oen1.l'il 

vertical~Y• The; rc,y celli~ are mostly . 02mm. vertiottlly, 

h.oy.7~wer, theDe cell a hr~ve gree. tcr tangential th~tr.1. vertical 
d iam'E:tere. 1~he S(l~ onda.1•y re .. yo are mo.ch less cmnspi ouou a 

than are tho primary rays · (Fig. 8) •. .tm -abundance of ata11 oh 

i a present in the :,:ylem rr\ya. \ 
. ( 



J?rirnary Ti ssuea 

JU:P id er mi f3 

-32-

ROSA DtTl.11.illTORtili 

In surface vit."r\:Y theae cells are mostly 

fou:t••>:3ided 1 varying f1•.om .016mra to .03rmn i.n diameter 

(]
1ig. 50 ). In radial djameter they average • .D25rrlll., having 

the outinized outer ,~;all .Ol2mm thick. 1£he 1·edi~il walle 

are cutirlized and a cuticle .OOllmm thick is ir:vesent 

( ]'1 g. 9) • 

cortex 

::2 ce'ilH wide in the no.1'"rov1 portion and 4 to o cella wide 

in the w id el" portion. f.1?heee vii cler areao oocu1~ at interval.a 

of .f~mm ( oee fie;:. 9 )'. The cello have mode:rately 'thickened 

vralls and average .o:~::mm tangenti:?tlly, .Olmm rndi::illy and 

• 03um vcr~ ically. 'l'he i>arenohynu:>. 'of the co'rte:.t la about 

.l6m:m wide, being composed of 6 to 8 oells. IJ:h.e cells are 

approximately .03mrn verti'ca~ly, .02mm raQ.ially, arid vary 

from .OOB1)m1 to .05mm tane;entia.lly (aee fig. 9) .. 1~1l1oh',.atr.troh 

and tunnin are pree~nt in these cells~ 

Tho bu at· fibers occur in grou:pa a1lproxi1na tely 

3 cells iNide radially. rJ1hc Celle have CaVi tics .0Ql5tilnl in 

diameter and lignified vralls .·Ol8mrn thick. In length tlv~y 

ave1·age .32mm (Fig. 9 and 35). 



Phloem 
ln a. er oes oec ti on or a st,er:1 having a 

ditn~eter of 3m.m, tho phloem tissue measures .oamm. in ·width. 

1.'he outer cells o.re cruohed even in the one year old sten 

(Fig. 9). The greater part of the :phloem tis.~ue is oompoe• · 

eel of phloem paronch:rma cells, among which are c:1• ·f'ew sj, eve 

tub(~e tileaBUl'.' ing • Olrmn in cross oeotion • l"' .. lnrge amount of 

tannin and sor~1 0 sta rch i).nd protein are found in the paren• 

chJma c cll ·s • 

Xylom 

'£he :protoxylem poin'tf.~, slightly tndenting 

the pi th, arc compoa~d of' 6 t .t> 7 l'ttd:lcil rows of trachea.1 

alementa. bet~:reen which. are found thit1..-walled :v~~.J."enohyma 

cell a containing a umall amount of starch (Jrig4! 9) • _ The· 

t!'n.chcul · tubes of tho :protoxylem raenoure • or;mm in cross 

section. The meta.xylem~ vrhich coo;pleter=1 the xyler;i cylinder 
I • 

is found between the :proto;.::ylera points. The truohe~tl tubes 

of the meta:i:ylem are di stJnctly lnrgm: thr.m thtnJe o.f the 

tracheal tuhcs of tho metaxyletn arc fiber tracheids avcrag.-. 

i ng • Ollmta in cror:H3 diameter• 

Pi til 

?he pJth, . oom1JOsed of ty;o distinct si.zes of 

oells • is nearly one h Dlf'. the diah1eter of a one year stem 

(],ir;. 9). ~r.ne omaller of' lhoae cella are Hsodic .. motrio, 
.... , \-;• 

' · ,~;.; ·, I 

measuring .03rm·:1, The ln.rgcr cello avcre.ge • 06mrn in CI'OOS 
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l.i ttle ta.xm:in ooouree in the small cello~ All the oell wall a 

are sl:ightly lignif"l ed., 

r 

J\ .:phellogen~ nriaing from the epiderm:ls, 

has given :r.·.i oe to nu:1.ny l.entH.H1la in the 2~yea:r: stem (Flg • .. 

10). 

diameter, the .Phloem tietme has become ~l,1mrn in \'Iidth, 

having the outer cells muoh crushed (compare fjgures 9 

and 10). 

Xylem 

In the eecond yet£fl.• of g~owth the tracheal 

tubea have ltirger diameter a than tl10ee ·of the first year• 
The tracheal tube elements are .Olomm in oross diameter and 

• lmrn to .3:2mm in length. I?ibe11 trachei do art:1 quite abund-

a11t in this specie.a. These eel.ls a.verHge .ooamm in oroaa 

diarimter ancl are ,5mm in length (oee figures 10 t~nd ·35) .. 

The xylem. raye are .oarnm wide a.nd Smm vertical• 

ly, .032mm tangentittlly and .o~:.mm radially. J.:luoh tannin and 

otarch arc In'"OSent in the rays. 
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J~piderrni o 

In surface v ~iew· the e]i1tderrna.l cells a.re 

nea11 ly square~ having a dhuneter of .02snn:a; whil e r sidially 

they ai.·e , 0 ;?: 5rnm in diamete~ (see z:igures 55 and 11) ~ The 

outer wall is heavily cut:i.nizcd ~J.nd .015mm thick. The 

raJ.ial walls are also cuti ni zed a.nd a ctlt'icl.e .OOl2rmn 

thick i3 p~esent~ 

Cortex 

'£he ~ollcnchyma is 2 to 5 cells wide, vrith 

the cells are .o:.~lmm 1~1.ml vo:r.1 tioally .O i~n111'h The :po .. renchyma 
Oj ...... tJ."1r.1 CO"'.i .. CX l.ct fll"'"'...,..r'~· ~·1 ·· ·"'" th ·L·tr· "';?,..-,1-.;:1 l"'tl·c,,e f.~· 1..,d·. l"("" "'O. ···"' .. I')Oa.·e·d· u "- .6. I,, t.,,; IOo\,,/J;-'J. o..1.,1,...J. •'·"····. ..._,. ,/ .• -!, .. ~•klJ,. u; •1 · -. .· V.;f.4 ""' ..... l ~ :f01 

tangential diameter (Fig. ll). In a vertical direction 
thcoo cello extend .03mm. ,fi1oy show the presence of tannln 

of the cell c. 

1'hc bast :f' ilwra do not form a con ti nuou a 

• l6C1nrra tangentially. Grmcl' Cz, lly the fibe:irs ai .. e lmm in J. ength. 
v/'1. tr~. oavi tieB tn-0110.ging .OOi~rJ1m in diameter. 'J:he lignifiecl 

cell y;allE:1 arc approximately .• OOBil:'.an thick (see figures 11 
und 36). · 
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:Phloem 

By August of the .fi:t:at yea1• the :vhloem :ts 

conrp(rned of IJo.renchyl'r~a cells "ahich arc a1;pro:t:imx:-Ltely .oosnnn 
. 2 in cross cl1ar;1etar and .011rnm lon~~.. Some t,su-:lnin and <.:.n abund-. /\ ,_, 

ance of starch u~e found in theoe cells. 

Xylem 

'rhe i;rotoxylem points e~re 1•ounded, not PI'O• 

ohyrna oella .05m.m ve:ctic:,:J.ly lllH1 .ocmm :radially occur be· 

1?i th 

The pi. th 1~ • ?rnm in o:coca eec ti on and 1 ~::: 

cells are rounded Dnd average .06~n in crooe ~eotion and 

., 04mm vertically (lilig. ll.). 'rhe tve..lla are densely :pitted 

and.slightly lie;nifiecl. 
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secondary Tissues 

J:>eriderm 

In this species oox·k .is :formed by Augu.ot 

of -the firot year!! The phellogen, formt;d by i~be epidermis, 

hctt3 given rise to aa m~111y as six ce11 .... 1a,y~1~a o:f cork, 

although thH cork region does not completely ch.'cle the 

stetl (Fig. 12). 

n1 a t~~1o•year. stem. 6rmn in cliameter• the 

r)hloem in .lf3rn.m ,~ride• v.ri'tl1 the oute1: eel.ls crushed (llig. 12) • 

Xylem 

Tracheal tubes ~re spa~eely spattered 
throughout the ;:rylom eLrGt:t (~'1g • l!-2:) • rJ:he tracheaJ. 'trube 

elements ere .:lmm to .4rmn long and .02m.m. to ~oamm in cross 

diameter with inclined elli:Ptic pita {1fii:-~• 36·). ·Mo indioa,.,.. 

ti on of end walla rema:ins11 Xylem. :parenchyrna. o.ells a1'e· abE?ent. 

iroat of tho :{ylen1 is compooe<:l of fiber traoheicla. These 

oolle are slight.ly lees th1;:,,n .02mm in. diametei .. tmd ave:rage 

• 5rnm in length (ace fig. 30). 'iilrn xylem 1~ays fo1~1 a etrik• 

ing f(:H:;;.ture of thia r:>peoiea (see f:i.g. 12). Their g1"eatest 

ve1 .. tioal length is 2.eamm and e;1 .. eate:st rrtdiistl widtl1 ia 

.. 04mm. In tangential seotion the tay cells are mostly square 

with diamc~t(n·s of .Ol8um. Hadlally they a:?:e .02um to .03rum. 
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ly, they va~y from JOln~ to ~o4~n {Fig~ 13), Tannin and 

atc;l'Oh g.ivo po:::d t·ivo i~ea.atiomJ wI th ferric chloritle and Kill* 

'fi:1 e b a B t f' :l'b 0.,,~ s:~ '1 0.11·0 t· ·r.·o ~"',·1.. t · ,........ u .. .i..L a con ·1nuous 
rine lm t occur in .-.·~rouT>e ')' 1 · 1 . ... • .. -<;:nun ra< 11::.L ly a.rid • ;~:mm tangent Li ... 

ly. '"i'he filH~rs arG·upproxiuatoly l.(Jmm long, v.nd have 

cavi tics r:1.vo:raging • 001fh,1m ln diameters and v.:;;.1ll£J • Olrum 

thick ( fJee figures i:s nnd 42}. 



J?hloem 

The phloem is a bout • O'tmm witte by J\uguflt · 

of the oeooncl year und is composed o:f 1:5 cella. r:rhe outer-

r.10st cells are so crushed tha t they cannot 1H~ dir.atinctly 

vi cvn::cl in oroas and lonGi tudinal sections (Fig to 13 h An 

abundance of t o.1:n :l11 and 7e1·y little ot:::irch occur within 

the :phloem. .A fe·w .cells show the presence of protE:)i n~ 

Jcylam 

ftihc X.ylei11 cyl:.indc1· is composed of ar)pro;.icim~1 te• 

19 protoxylem l'Oints which project lnto the 1)ith even f{~\r• 

rridth ·of the :points ia nmoh gre;::. tel" thrH1 in the ot:tu·;r two 
cpecico; (Com1m1"e figure)· 13 vrith figures 9 <.:md 11). tJ:hc 

t.ubee 1~~\nge from .008mm to .Olf~mm in cl'.i.r.:atH:-zter • The ti,achenl 

tubes of the metaxylem arn arranged in r~diating rows. 

'111cs e t.ubeH average .or2mt11 in Cl"OSf.J diamet.er, Si tu c: ted be-

tween the rows of tracheal tubes are xylem iiays '\vhioh are 

appro:dmntely .o:~r/m1 up~t rt. A few fiber tl·t~tGheids oecur in 

th<:) meta::~ylcm v~:· .rying f:t·om .006m:m to .o:~rrnn in diu1Reter. 

Pith 

Thie region j o out.otamiing in this Sl,)eciea. 

'fwo dir:;tlnct shrns of cells are found (see fig. 13,). The 

ltll'&;er ones arc rounded and in cross diamet.er ;.:~re .lrmn.; 

while verticnlly they are ,OGmm in diameter. Intera:peri:rt;d 

with theoe cello a.re smaller cells occurring in groups of 

3 to 6. These are nearly squ~~ re with diameters averJ.:~ging 

.o:::rnm u.nd with wallo slightly thioker tha n the .large1" ~ello. 
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The pith area is l.?mm acroos 1 constituting aboui~ h.a,lf the 

diameter of the en e.-yer:tr stem. The walls Qf" all. the cells 

are densely pitted and sli ghtly iignified~ So1ne uta roh .i.a 

stored in theee smaller cells as shown ·by reactions . ·with K!l+ 

f.)econdary 1'i ssues 

l?e:riderm 

By tho encl of the s eoond yea r, cot"k in formed• 

but not all around the stern. 'The 001"k ia initiated by the 

e1Hdcrra.i a and in I>laceo there e..1~e as miiny as 12 cell•layers 

present. In most ca ses the c·ork ha.a not yet beg un to slough 

n-r;ay (see :fig. 14). no J?helloderm h a s 'been :fo:rmecl. 

J?hloem 

J3Y the end of th(:: eec ond year the r1hloem 

:is a.pprc)xirnately .12mm wide.• the stem being .· 3;tomm in di~; •' 

metel1 
• rl1'le outer Cells hHVe b('..Jen f;:tteatly orU~31led ( fst~e 

fig. 14 ). 

Yt.Ylem 

'l'he tracheal tubc:'s in thi o s1mcie.e are 

relatJ voly numerous (Fig. 14). '.fhe tracheal tube olemt~t1tJ~ 

vn.ry fi·om .OlGmm to .04mm in <Hi.';.tnetei" tind .16m:m to ,2s1nm 

in length (see fiG. 42). Ciornn of the tJlet!'H:~n ta ovn:rla p 

vcl"y much at the ends, while othere do not, their end walls 

h avlng been completely di scrnlved out. Very few xylein pnren• 

chyrna cello a.re r->reacnt in this species. ~~heae oelle e..ver• 

ace .020mm vertioa.lly t:r nd .009rrrm fadially. i\ large part of' 
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( . ll ~ ' the xylem is compoeod of f:i'ber tracheic: s JPig ~ '.!2 J • 

1J1:10se cells averr~.ge .ooarnm :i.n diamete1· and range from . 

.-. ' 7 "1 i 1 t 1, t':.1.· '1~1· e-!. _ -ri,_ ,_. 1 1· .rri-~L_ ""'J- - ~ .. ·7,-:,r1_··-__ ern '~tiys_ . · are n_u_-_ ontl"(y . . •u.:t-m-1 (,Q • .....,,dnm · n eng .a. .i: - .,., nc""'" .. -..;..., .,. 

average • Olmm ra.d iuJ_ly ~md te.ngent~jullYw and • 02.m.m ve1"0;;;. 

tically. '!:~he second::Ary rays al"C mostly one cell wide and 
wifh 

.04t1m to .oamm apai"t {li1ig. 14). 1~uch t:rtarch is fotmd"in 

the r c·.yfJ. 

IT imary Ti ssuea 

:m:p id erri1i o 

In surface v:i ew the .. epiclcrn.il:il cells 

i\ s seen in 01 .. or;s oect·l on, the cells are ~o::~;mm in radial 

d . t 't· • lfft'J.e r.;r; 1.w.v1ng their cutinized outer wallo .Olu~ ~1iok 

ure .01nm1. T)a:rt of the r;~J.dial v:allo are outinizecl and 

a out:lcle .OOlmm think is present (17il~· 15). 

Gort ex 

'l11c in1rn:t1 mr.1.rgin of the coJ.l enchYJ1l,a is un-

dulate, being two cello wide in the narrow portion and five 

Ct~lls wide in 'the wider po:ttion. tJ~l:w3e cello a.re ty1)icul 

Cl')llcnchyma cells w:l th moclcro.tely thickened vrallt3. The 

cells, v c.~ r;,ring from .OCh:tm to .oarr..r.1 V<~rtically, h u'Ve r .:.::.dial 
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The Ih1renohytna. of the cortex is e.1n:rox" 

1.1he cello t~.re progressively l arger in• 

.04mm and vertically .06Jnm. Small amounts of ti:.nnin as 

\ye·ll as some etHrch :ie :found in this region (Fig. lfi), 

The baot fi1Jero QOCUl" in groups varying 

r;:reatly in length tangentially; and having a width r adially 

of three to five cells. 'l'he fibers are l.2mu long and have 

cavities .0025mm in diameter and lignifiecl vmlls .'013mm 

thick (J?ig .• · 3"'/). 

Phloem 

By the.; encl of the first ym.u1 the phl<rnm 

nren. is .o:3 .5mm wide and - the stem ie 2mm in cliarn.cter. ':L'he 

outer o~?lls are _crushed nnd dietortecl. so tl·.v:d~ little can 

be oaid about them. !;:~ost of' the later forraed ones Ul"e 

r1early square, \vJ t.h <liumeters of arJprox:l mt:i tely • 009mm 

(lrig. 15 ). The sieve tube elerncnta a!·e .Olmm aeross and 

.O?m.m lot1g. l;TO !)hloem parenchyma could be found. 

Xylem 

The proto~tyler~ po1ntri3 p1:·otrmle very little . 

into the pl th. :rn Bomc points the L~ mount of proto:{ylem · 

i ,s quite vn.riable and the cHarnetero of the tu'bee runge 

from • 008mm to • 016mrs.i. The tr~ichenl tubes of the metaxylem 



may be as great as .o~zmm in diametel.'. A i'evr , :fi'be1<i tra-, 

t:Le meta:~:ylet1., ~dtu~1.ted between the trache~l tnbos' are 

( 'i?1· c:• lr;) -· t.:J. . "·' • 

?ith 

quite uniform in $h~e and are genert1ll.y .04111n in cross 

slightly lignifi ed and ht·rve rmrn ct?ons pi ta., 

secondary Tissues 

J?eridern 

~~ecaml yeu~r, v:hcn the cork aroe~ htH> becorne a.a rr;.lny as .8 

cellt! wide rudi&.lly, but with 'l~he teat v~d th Cudi::i.n III 

By the end of' the Becond year the :phloem is 

11l4mm wide, the sf;cm being 3~Gum in <.1iumnter. At t~1is age 

tho outer cell a hci.vc 'become irregult;J:'- c:tr1d crusl1ed (JJ"'i.g., 

lo). 



Xylem 

Tracheal tubes are ecnttered th~oughout 

the fil"St ~rear'o g:ro1;th 11nd the second yenr they al.,.(~ massed 

in tho eaJ."'lY groyrth (Fi c;. 16) ~ Tho t:t•.stoh eal tube elements 

r B.ncc from .02mm to .04mr.1 j,n width ar.td from .12111m to .3~;~nm1 

in length;9 'l"he end walls are completely dissolved while the 

side w~tlls are elliptically 111. ttQrl. Fibe1• tracheids are 

n.hundant in this species• '.rhcy a.re ai'.:fPl"Oxirrl<'.;d·.e:ty ., 5mm l.ong 

nnd avo1--ace .Ol31mn i.n dh1meter. tJ:heb~ we.lle are ~heset ·with 

elliptic pl ta. All the xylEm1 arc~ ohowr1 li gnified vt~illa 

(Fig. 37). 

Tlrn xylem rays va.=y in Vert io r;l length i"l"On1 

• 24mm to l .6mm., with 11 or 5 coll(s com1ti tu ttng their 1;£,mgen-

tial width of t-04mm. J':'he cells a.re .. Olrnm r~1.dially but vury 

from • Ol2:mr.n, to • 05~snmt verticctlly ~ f1t~1rch ;L:J ptn-t:Jerrfj in the 

, ::-cyl em rays (Pig. 16). 
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The epidermal cells are j?ectangular in 

surfe.ce vi ev:,1 having diameters .• 02?rnm by .• 04mm (:E'ig,. 54 ). 

In oro.es e(;ction .• the ·cells are seen to h~:;.ve radial clia• 

meters of .03lr:-;r.::.,• \.Vi th the. outer wall .• 021mm thick.. :Both 

the outer .and radicl walls are cutini:~ed · .r A outi.ole .• 001~2mrn 

thick ls pree ·ent~ in tlds species (Jlig .• 1? )., 

The collen-0!J.ytne. is vnry si1n.ila1' to th:.:;. t of 

the species sericer:l·• However .• the thicker portion of tho 

undula tJ on. ave:rr.1ges 6 cell e wldt:~ ra.clinlly1~ ·yrhile the nar• 

rovrnr po:rti on _:is usually 1 cell. vd.<le:• rrhere are about () 

wider area:;;; l'er millirneter of circumference (Ji':ig. J..?). 

'Ihe oells of tho collcr1chyma are uniformly rounded ·being 

.Olfimrn in crosa dhi.meters.. 'l"hesc cells a~e .02mm to .04mni 

vertically. Th0 pc;.renchyma of the cortex is up:prox:ima tely 

• OBm.m Yride. The inner ooll o of. this region are F.mmev;hat 

clongnted tenGcmt.·k.lly, while the outer cells a.r(1 rounded~ 

havit~g di::-:..meters of .018mn. 1.10.nnin and starch are found 

abundantly i n the cortex. 

When viewed in cross fJection, the bc~st 

fibers t:isaue appears ns s. ring thnt ia broken occu.aionalJ.y 
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by a few 1n1t'<:mchyma col.ls., Th~ se g:~our)t\l of eella are 
,_ .J. A ., , , • t' ; . .. :\ .j, 1 1 Jf\.·1.·· .. 1 e ();J ltJ>, •04rnm w.ldo, w1 th o ~o o Ce.t . .,~s rn::0.tUl1g u.r> ne V!H;.ttt • .i. .,;;I ... 

cells, v nrying 'froM l.lrmn to :l•2urn. i n length, ho.ve cavities 

.002:an :tn diameter and l:l gnified walls •015r~~n.a 1;.h:i.ck {see 
)! .... \ fi gures l? and ~~J· 

Phloem , 

The outel"' col.la of the phloem a:f:e vcr~· much 

aomc atarch and tannin. 

7.'he proto:tylem points in th if~ aJleCi es nsue.lly 

~:~l rows,. while i.n ot!1erG only 0. few EUOh Cells a:ce formed• 

Tho tracheal tul)e eJ~cmcmta vary from .Olnua to .02mm in dia~ 

tl1c•m '.'·.; .. :r.. e·" ·1·1.' l 1 cl·1 C,':~1·1a· ll':\ ''.·"·, 1t t1ob OJ..r.t t·,,1c n· 1·~ .. '-···v'r~ · 0m • 
- • H - i;.cl : • v• J';< ~ ' .. ~ . · J, ·, :t, , V,,~~ ... 1.c):,:£\';! 18 composed 

vertionlly. Betvteen the trnchonl tube's of the meta:i:::ylem are 



the ;;<ylf.:U r~1ys, l:avlng l to 2 ceJ.V .. :rowa of :::ylcm elenenta 

"'.:?l th 

cellG Bho~.~r a t.s:.nnin reaction. All the c(1lt 't'/O..lls of the 

g:L tl ~ are !)nor:clously }Ji t toc1 and slightly l igu:tf i ed. 

secondary Tissues 

· eo-vnred w:ith cork.. Th:!. is i~5 the only s·peoiM; in which deetl• - ' . . 

in the ,phloem. 

18). 

Ehle cm 
1rhc r>hlc . .tm:t i ~ ;.;i.ppro:dma t<;ly • OBrn.m wide ·~· by 

the end cf the second yeQr 1 having the -Outer oells very 

much Cl"U shed (Pig,. la } • 
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l n) u • 

r1c: t _:;r bu t 

:Loss tl.;.un th:::'. ·t tanacntially. 

".".lt -". T·c1., ... )r·:~ .,.)"t ... . !.:,~~ c,r'· l."\ '·}·1c'\ ..... !·-._<;,·r.· 
µ - , __ ..,, _ 44 (. .... ,.,... l ...l.li ....... .... \ ...,. ..... u ,,,. ''· ... " .i.. ... ,·.,/ .•. ,. 



Prima1 .. y rn asuee 

11;piderml. s 

ROSA CALIFORRICA 

AS seen in surface view th.ese oellJ3 a.re 

netn•ly eqtw.1·e, having diameter a .Ol4Imn ea.oh \11ay (Fig. 58). 

In ro,dial diarueter they are .o~Mmm and haite ar1 outer 

cutinized wall .Ol4mm thick. Part of the radit1l wall is 

cutlnizecl tind a cuticle approx.ima tely .oo:u.::mm thick i e 

present (Fig. lB). 

cortex 
Thia species has aollenohyma cells with 

mode:r.aJely thiok wall a. The region ia generEilly 6 oclla 

wide, the cells being .009mm in ra<lial diameter. In 

vertical diameter, the oellt:i l~ange from .02m1n to .051mn1 

while, t.angen tia.lly • they a. .. J'el~t..i.ge • OlOmm. The pa:re11chyua 

a1~ea extends .06rmn radio,lly and is .o.bottt seven cells wide• 

. 'I'hese cells are aornevrha t flnttc:me<l radially and av erfiige 

• Olmm vertically (:Pig. 19). r.ro.nnin and muoh starch are 

found in them. 

The bast f.ibcre occur in grou:pa measuring 

.1:;1mm tangentially, .• 04mm 1•a.dially, and standing about 

.oamrn a1mrt. 'The cell ca.vi ti es ave1'age .002.orm:n in diameter 

while the walls are lignif {ed 'and .009mm thick. 'l"hesc 

baot fibers average .?cm in length (sea figures 19 and 38). 



Phloem 

:By the end of tho first yeal', the phloem 

i.s appro:xirP.c:.:i.tely .045rrm1 wide r:Uld the stem 'is 2.4r&1 in 

oi eve tubes m~~iy. a tte.i11 e. length of • 07nu11 bttt they are 

only ,.005mm ·wide (Ji1ig. 19). f;ome starch is in. the cells 

and an abund~inoe is fot.u1d in ·the rays, 'fhe pa:renchyma 

of the phloem ie oomposed of cells .004mm wide and .02lmrrt 

Xylem ,, 

The prot,oxylam points do not extend notice-

ably into the 1)ith though they are quite distingul.aho'ble. 

·r110 ti-aoheal tubes of the proto;tylern. occur usually in five 

radiating rowe of cells. 'The f :l 1--at formed elements are 

.oonmm j.n diame.ter; while the la.at :f'ormed ,are .02mm. These 

tubeo are alt ogcther oompormc1 of Spiral· vescels.. Between 

'th<~ i~ows of proto.xylern element~ a.re .relt1tively thick..-walled 

pt-~. rencl1yn1st cell a. . 'l?he tracheal tu1Jea of the rnett:'tXylern 

are i~ela t:hrely n umerous and vary from .02rnrn to .04mrn in 

cross dio.meter. · Bordering these tubes are the ;;;ylem rriya 

which nre npproximntel.y .04mm apart. Helatively f'ev1 fiber 

trnchoitla are found in th('1 mctu..;~ylem. 'rhese ot3lla vt~).ry 

from .006rnm · to .Olmm in c:r·oss di D.meter (l:tig-. 19)~. 



Pith 

The diameter of the pi "~h area. ia ~::. 1:>out 

one-thi1:d~io.J: the one•yoar atem (Fig. 19). As seen in 

cross section, the I)ith ia compooed of two distinct rd zes 

of cella. The larger ones are l"oundedt ·having u d.iameter 

of .04rnm and vertica l 1·3netha ranging from .o ~~m.m to .04n.un, 

110 cell content is present. .in the swr:1ll cells of ·the 

pi th tannin is abundant. ~:hese cells are ne~1rly cubic:1l 

with diarn<;~tcrs of .OiJmm, and a:re quite u11iforn1ly di stribut .... 

od r.3lmoug the large:e cells. The walls or the pi th oelle o.:re 

densely pitted und slightly lignifietl. 

ueoondary Ti.aauee 

ny the end of the second year ::1. l)hellogen 

has been ini i;L ted by the epidermis and 11£1.;S formed 4 to 6 

layers of cork 'cello, not extending, ho ... ~;aver, the entire 

ciroumference of the stem. The epiclermis i.s still ir1taot 

at this age (Fig. ~20). 

The phloem is about .1~ .. !mm wide by August 

of the second year, at the same tinie the stem being 3.e~51m11 

in diruneter. The phloem element a arc crushed and distorted 

almoat th(~ entire width of tho I>hloem (eompa11 e figu1•ee 19 

and ;;2.0}. 



Y~lem 

In the acooncl year of g1·owth, the traobeal 

cross aeot 3 on. and range from .lomtn to .3mrn in length. 

(l?ig. 3B). 'Tho seconde~ry thicken:Lng of the side walls i a 

in the :fo11 zn of retioulnte pi. te. The encl walls have been 

completely cUsoolvcd. 

Vt:J.l."Y frorn • ~~4mm to • 5mr.a in lcmgth and. aver~ge • Olinm broad. 

'I'he v;alle have inclined. i1i ts (Fig. 38) 1! 11.'he xylem raya 

to .?m.m vertiioally, but vary from -.00.6mm to .orJnm1 radially. 

Tannin a.nd starch are present in the :co.ye. 



Primary Tisauee 

:rnpidermi a 

02·m· ,, (-r:;,• .. r~".\'t} , ·. ·.·. rn .. .rJ l €;;,. u ... ) ~ 

i:::;" --....,3-

In croaa section the cells are nearly 

square and have radial dia.metera of ~0281f1n1 

ou te1 .. ti:alla "'Ol6rnrn thi.cl~,. ~'he radial wal.le are ctrt:lnized 

and a cuticle .0018mrn thick ie .I>reeent (Fig. 2~-h 

Coxitc:t . 

The zone of collenohyn'u1 is 7 to 8 eel.la 

greatly in si.ze, the l.ongeat a.re .03mrn in diameter. ~Jome 

tannin is pi·esent in this ti~;lette. 1.t"he ~9.l'enohyma of the 

cort.e:;: has a greater radial \:'lri<.lth than the oollenoh.y1na, 

These cells a1"e more uniform in al. ze thnn i a the rule in 

the other spec·i ea ! have stucUed. These cttlle are 11t06nwn 

tangentially, .o~~mm radially e.nd i!Of~rmn ve.rtioally (Fig. ~Jl) 

Much tannin is present in these oells, 

In the inner oortrot are 11atches of be.st 

f:tbers. 'fiiese patches average .o5rr.J.n in r~;.<linl width (aee 

f.l• "'·"U.I"E:1 ')l )· t.~ ' (.., • ~1"he cell oavi ti es are elongated, averaging 

,00:25rnm 1.11 diameter. An average fiber ia .e9rntn long, with 

lignified cell v;all .Olr~m1 thick (Fig. 21). 



Phloem 

.The l)hloem a1'4ea in the one year at em i a 

• OBmm wide, the stern ·1oe:in1z 4mra in diameter (I~ig. [;;!l) • 

The outer. oells are aietorted &.n<l somewhat fl;~1ttened 

radially 'but the oell~'.l .f.lf ·the :phloem parenohyma are 

~'he sieve tube elements are ,OJ.6m.n1 in oroea diatnete1". 

The :parenohyma oella contt=1in aome tr.~nni.n, whil.e the ra.y 

cells in the. phloem regiQn oontaJn stn.roh• 

In thi a S.PCOi ea the l)rpto;xylem po in ta 

are relatively \;ti'tt.e, not protruding into the pith (1fig. 

21). The traohe'al.i..: tul.lee formed hc!'e are lee a r1tune.rogs encl 

'rhe ·traohenl tu'bes avera,ge • 01?2mm. :in diameter. . t3i tuated 

betiueen tho rowa of p1'oto1cylem elements are very thin• 

walled pn.renchyma oella • quite irree;ule.1· in ehr:rp.e (.:\fld sh~e. 

'l.1he tru.ohczal tubns of the meta:>eylem have greEh,ter cross dia-

rm:rtera thn,n like elemcnte of' the. prot.oxylem. A :few f ibe1" 

tJ~e.oheide ure in the meta:tylem region. Theae cells a:vera.ge 

.. Olmm in. dio,rneter.. l3etwr:rnn the t:ttinheal tnbea ooour the 

:L1te pi th of thi a specie a consists essentially 

of' tv10 sizes of cells. The sm.aller ones are almost cubical, 



averaging .021w1n in die.meter, and cont.t::d ning eome t a nnin• 

in cro c: s diameter• In ve:rtioal e1:ten·t, they a11e1·age • v4m:n •. 

Ho food substance :i.a found witl1in these c ells.{ili1ig •. 21)-. 

'.lhe cell walls of the l,)i th are slightly lignif ied • 

3econdary Ti s sues 

1?e:rid erm 

' 

phellogcn i~risi:ng r1~om th~ e~idermia • I t :i1J Z to 5 oell• 

laymrn wide• Aa in the .c a se of Rosa oalifornioa, t h e· 

cork foru1a tion d.ootJ not at this sta . .ge, sut'round the stem,1. 

nncl ~~2). 

In a a~tem 5mm in clii:.Hnet Cl' the ;phloem is 

app1"o~rim~:: .. 'i.:c:?ly .::21tmm wide, lta.ving the outei .. oella slightly 

flt'.t t tened rad i Rlly • l?osai bly no o th.er a:peci es has the 

phloem oe1ls more regular .in ~ihape (Ing. 22) .. 

1I'he tr0.ohcu.l tubes a:t. .. e quite uniformly die• 
•,., , 

tributed throughout the J':ylem. 1£heir elements a1 .. e approximate-

ly .03mm in diameter. and avel"aee •2mm in lengtp.. The end 

vmlla arc completely dissolved and the side walls ha:ve t"m.--

ticulate secondary thiokcning (Ji~ig. 5~•). Fiber tr.aoheicla 

v1i th oblique pi ts are quite frequent• averaging .Ol5t .. :tn in 
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their greatest oroas dJarnetcr ru1d ··55mm in length. (:t?i€h· 

39)• The :Xylein rays become very large in this 61'.H:?Cies,, 

the' greo.tf~St width being .08mm and the gt"eatest vertiaa.l 

a:r.e aropro~,;imately fivo r_p;ya of ,iyleZVJ elements between the 

xylem rays• An abundance of e taroh and aom.e ta.nnil1 are 
found in the l!ays of this ~pee :: ea~ 

: Jspid.Q:r,-mi s 

In oroee aect).on the oellt:J have a radial tli£tmeter of -~036mm 

ttnd an outer cutinized wall approxirrintel.y .02mm thick 

The :t.m.cHal walls are also C~4 tinlzecl ancl .·a 
cuticle .OOl3mm thick fa present. 

~ ... 

Col"'tex 

'l'he oollenchyruo: ri.ng ia 6 to 7 oell-.layera 

wide and is made up o:t\ ;typioal ·c·ollenchyma oella w:l th mo1"e 

<)r lees thinkenad v1alla. rrhe col.la are ap:pro2':irru!toly .-Ol8tnm · 

radially rind ~vernge .Ol5mm vertically~ 
· ; 

In tangential tlia. 



. . , 

chyrna of the co:t'tezt ie about -~· l4rnm wi d e and io com:posed 

of l arge• uniform cells averagit1g .,041~lm in t angent i.e.l 

diameter and .. or~Gtnm in radial dic\l1leterip Starch u:nd to.nnin . 

the onda of the rays. 

fied ~;alls .01mn1 thick nn.d ca vities .003t:1rn in dia1ue ter 

1?hlOCt'l · 

The phlorzmi is approxir£iately .05nnn wicle in 

the first internode• The outer cells . a.re so Cl'trnhed little 

cla .. ·ta could be made oonoerning the lengths of the oieve tube 

element a (Fig. ~33) • Tannin and ata1~c11 occur in- the phloem 

in ve1'y small amounts._ 

The tracheal tubea of the proto:eylem o<.rniu.~ 

mostly in four radial. :rowa ,. uetially three to the r ovr. 

rn1ese tubea are apil'ally ma1"ked and vai--y from .,Ollmru to 

· .02nm1 in diameter. Between thn rot~ta of protoxylem cell.a 

length. Th.ey r~re about ,Ol2mm in· c1~oes diamete1~ and ver• 

tioally they rnrige from .03mni to .oumm. ~t.,he trachea l tubea 

of the meta.x.ylcm are f.tbout .0 ~2lm1n in diameter and are lesa 

regular in form than those of tho protox.ylem.. Very fev),., 
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fiber$ a~e quite irregul.1;;i,r in aho.11? but average .Olmm in 

arose diameter (Fig. 23). 
Pith 

Tbe :p; th cell a of this speo~es ure rounded 

in oroaa oeotion ranging £1 .. om •. Olmm to .oarmh Vertically 

they range from • 02Jmn to .,.oemm .in a4arneter (:Fig. 23). 1l'he. 

cell witll.a E7re numerously pitted and. slightly lignified. 

secondary Tissues 

Per id °'rttl . 

no per, id.arm. i a f ormecl the f i rat year, and 

by the · end or the s.eooncl year 8 to ? cell•lr:.yers of cork 

' a.re f o:r.rnt:H:l * t~fough. not all a.round the stem. rrhe cork i e 

in:ltiatecl by the e1lid<:rraia (Fig.. 24). 

Phloem 

The 2..-ye.::lr stet~ ie armroJ<:imatcJ.y 2.lmm in 

d.iamotor, lw.ving :ohloem ,08mrrt wide~ The outer cells, of 
) 

the phloc1m ;.ire greatly orushetl • 110 secondary l?~tst has 

boon formed {Fig• 24)~ 

Y~lem 

The 1~raoh90.l tubes ~re quite uni:f ortnly 

scatteretl throughout the .. :-cylmn nr~a., though zom.ewha~t 

cluotel'ed fn the eHl'ly grow~h. ~:ho trnohoal tube clomcnta 

hnve an 0:1 . .ernge diameter of a.0251mn ancl lengt:l'~t"of .45t1..1n 



(Fig. 4D}. 'rhe fiber traeheids a1"e quite abundant, u:verag-

ing .. 5rnm in length an.d •. Ol3mm in dinmetev (!lig. 40 }. 1\a 

seen in tnacerated materig:t.l, .aorsu~ of them overlap at the onda 

more thrin otheps~ The pita are mostly elliptical, eo:metimea 

o.vf1l nnd occu1' air.mg the length of the fiber.~. 

srhere is no outsta.nding :feature of th~ :r:ylern 

rnya ir1 thi a species. In l.ongitu.dinal view •. the rays a11 e 

.l6rnm to .1.2rmn, vertically eJ1tl at moot are ~04rn:m wicle racliial• 

ly. :(1he oella a.re -.Ol2rmn in tangenti~1l. diameter a.nd range 

:Crom • 02mm to 404mm radially nnd vert:too.lly~· 

1?r imt;~.ry Ti a ctl es 

llpidermie 

As ae0<m 111 eurf ace view 1 these oelle are 

nct:irly square, with an average diamete1· of .02mm {Fig+ 52). 

11.adiHlly they lw.ve u. dian1eter of .o~d8mm.. 'the outer ~Nall 

ja .OlOmm thick. Both radial anc outer t7alls a:t·e outinized 

and a cuticle .OOl5mm thick ie present (Fig. 25). 

Corte::<: 

The collenchynia irJ ill the form o.f an undulat-.. 

jng oyl:inder, the narrow IlOrt:ion 1'>eing or~e cell wide. and the 

wider portion :3 to 6 C(~lla wide (Fig •. 25}. '11l1cae wid!~X' area.a 

oocur a.t intervals of a.bout .oemm •. The oelle are about the 

aame i.n radial and tangential diameters, ranging from. .oo5rmn 
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to .• 009u~tl. Vertically they a1·e .ognnn. The oell,, wa:tla a.ro 

a:p1ll'9x1.ms.tely .o.osmm th~clc, Tlm p1xrenchyma or. the cortex 

is •22mra wide and is oompoaetl o.f cells .0~2KiIJl radially; .osmm 
tangenti .tt~lly amt. . ,03mrn ve:i .. ticully} though, in all . dimensions 

the outer cells a.re slightly ar~;tlle~ than the innc~ • 1\n 

al1unda11ae of etG\l'Oh G~ml t,~tnnin is present in the oortical 

par cnohyun:i .... 

· The b11at !ibera oe<rnr in grm.,li;H3 .g4mm tengen~ 

tiq.lly and· .04mm l.~a<Hull.it•, T.heae fi bera are lrtlm in length 

and ~ve oo.v1t~ea ,OOl.5mm aQroea c1J1d lignifi-ed wnlle .• Olmm 

thick (see f'igu1"ea 26 and 44) 4' 

:Phloem 

In a stern l .5mm in d.ia.n1ete1) the phloem i a 

,036mtn vdde, h n:ving the outor cella niol .. a or leas oruehcd 

(Fig. 25). 'rhe si ~ve tubes average ._olmm in diameter and 

the phloem pa renchyma <wll e a.re a:ppro;;r~l!la-tely ,~ooS.rr:m ac1--oaa. 

/1 gren t aJnounii of' etaroh. :i. s present in the outer phl<ren1 

eel.la HK:i.i nly, e .. ncl .~tn abunclu.noe of. tannin is found in the 

i1hlqcm. 

Xylem 

The :p1•otoxylcm poin te\ pi"otrude a little into 

the pi th (1I'ig. ~:!fi), The tracheal tul'~ea ·or the :protoxylern 

occur in ruc.Ua.l rows• with a.bout 4 tubes in a l'ovr, -Irl cross 

diameter. theoc tubes vary from ,008rm11 to ..• Ol8mm. Ooctu~ing 

Within the :proto;-cylern reaion .arc~ Vt.TY thin•wallecl parenchyma 

cells• averaging _oo6nnn in oroaa diameter. Moat of the~ 

tracheal tubes of the metaxylera are slightly elongated 



I ) 

u suo.lly l. cell wide nnd ·~ O~Zrnm to • 04mm apart~ ha:v-i ng one ( 
·' 

?ith 

.. : 

~t1he wall a are pitted and el .igh tly lign ified ... In aomc ot• 

the pi th oells tannin i,;; found"! 

Secondary Tissues 

?o:i:idorm 

TI1e ooautrenae of periderm in this speaieo 
ia roetricte(l to le11ticol formation, up to August of the 

has other cork oells forr~ied, though not completely oix_cline 
the stem. 

Phloem 

Dy the end of t11e e eoond yenr the :phloerrl 
.. 

ai'en is approximo.tcly. 17 cells wide, · the outci· cells bet-ng.c 
· ;~ muoh cruuhed (1~11g. 2u). 
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Xylern 

the early grow·th than in the late~·· @.~ .ov~~h., (il' i g . 26) • 'l1he 

tubes forme<i in the later g~ow th a1 .. e (a l.riit; ~1t ,· 1~otmd• hctving 
. * 

diameters of .. 02rmn; while, tho ¢.e i ir et tormotl ~u ... ~ clongt1 tecl 

radially J llaving a d1amete1 .. Qf • Ooirrm. T'l"1e · t~uoheal. tube 

elements are .4rmn to .5mm long· (l?~g { ,14). . · xyl~m p$t~ench2rma 
\:o ~ 

was riot evident. Fiber trache.ids · oompris~ ~1• l:.a1'ge part of 
the xylem area•· Theae cello ave1·t&lge : •5nm1 in length tind 

.01~:mm in cross die:1mote:r (Fig~ 44}.. :I!he xylem raye Val"Y 
r . ' 

from .16u1m to :~.· 2mm in vertical le11g~h and frorn . • Olmm to 

· vo.r.in.blc ao the ruyi31 but they averrige -.02tnm radi (1lly, . 

• 022mm vc1"tioally t:md .Olrnrn tangentially. nturcU and 

tannin occur in the :rays,· 

ROHA O!fil1J I1~W IS 

Pr ima.ry '.ri a au ea 

J.~;piclermi e 

In aurfo.oe view theee ·oellu are foui- .... aided 

and nearly square, though in oome instance they 1nay be ir• 

regulurly e:lx-sided, Th.oy avert+.go ·" •. O~nrn in diameter (1'.,ig. 

55). In croaa eeotion these cells average .02rnm radifally• 
with the outer walla heavily cutinized and .012mm thick •. 
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Tl'1e radial walls are e.lao autinfzed. and. a cuticle .0016mm 

thick i. a preserit (Fi.g. 2?) ~ 

.cortex 
The outer oo~t-ex i a composecr of oollenchyrna 

oella, having . raodc:t:ately thickened wal'.la~ The · inner border 

of the tissue is undult:i.ting 1 the narl."ow p~1rt being l cell 

wide Hnd the wider part 3 tQ 4 oella wid~, Tliese wider 

areas occur nt ·intervals of .,lmrn~ The greatest ta.dial width 

of tho coll cncbyrna 1 e approltilll~ t ely • 04m1:n {l?ig,. 2r1 J•. 'l"he 

collenohyma oella a:re very i:r!-egular a.a to cli~unetera. Radial .... 

ly they vury f1 ... om t ,00'7r~1 tQ .• Ollm.ra ., : In tange11t.i ttl. diameter 

~hey me~aure .007mm to ,.. .. 02wra., VertioE:tlly they a.re tuiiforraly 

.02mm. At its grent~et width th~ cotticw.l. pnrenohyma: ia com-. 

17osed of 10 cell•layer~, meaeuring ,l6m.tn radially~ 'rile 

inner cells are ~Ollmm radially, .03tmun t angen'tially and 

.02lmm vertically. Going outv(al.1d the oells )?ecor.ue aroaller ~ 
1rannin and srnull a.mounta of eto.J;'ch' are pre.µent in this 

tiaeue {Fig. 2?}. 

The bast fibera occur in atranda measuring 

~0411un radially und aPJ.Yt'o;ximatcly .3mm tangentially,. with 

few pr·1"onohym.a oella between the.m. 'rlle bast f'iber cavities 

ave1"age .OOl5mm it1 die.meter,. v;hile the lignified walls 

average iOlmm thick~. ' The fibers a~e r,\pproxini::;tely l.omm 

in length ( aoe tis~ 45). The fa.ot tha. t the ,oa,vi ti ea have 

alrnor;:t been filled by thickening of th·e oel~ walls, ie qut• 

standing in thia species~ 



J?hloe:n1 

Tlie phloem i a .04mm wicle & .. t the end of the 

:C'h~f3t yea1", the otem being :z~iern.m in dis.met.er {Fig. :tl?), 

At this age the outer o~illa are not mo ¢1mehed as in the 

two1.:.year olcl saeotions. The ~sieve tube elements o! the 

phloem are ap311•oxim<'.J tely ,OlorrKil in radial diameter• The 

:pal'enchyma <H;;)lle are quite atna.11 having a·. vridth o:t • 0046mm 

c;.nd a ve1~t1oal. length of ~olnmrn~ An rn.1.mndanoe of tannin :ia 

found in the :piarenohyma. oells. no st~arch ia. p:i:-eaent in the 

phloem area e;c:ooptil1g :i.11 the ~,tyle.m r;;tYS• 

Xylem 
, The dist~moe the p1"o·toxylom. pointrJ project 

into the pith 1a r.:n out.atanding ft'lature o:f thir;; apeoiqa. 

About 24 points are preacnt in the fi1'at internod·e (see 

the i>rotoxylem of·, t1h:ls species r:.md thoae ttmt are found are 

not arranged in def int te radial r01.~ts a.a in the oa1(!,e of most 

apcci es~ 1'hcsc tttbco ave:r:o.ge .009mm. in crooa diarneter. Ji 

t'ew po.renohyma cells occur among et tho ]>roto,~,lem elements. 

'J:'hose cell a are • OCr:m1 l.011g dnd • 009min u.o!'oae. ~nie tracheal 

tubeo of the motaxylom are 1m1r1crou~ and rllngt; fJ:om .• Ol5mrn. 

to .025mm in cross diameter. Ao aec.m in longitudinal eeo.-

tion the· tracheal tube elements vu1•y from .lGrmn to .43mm 

in length. lr:any fiber ·trachoide a.re found H.mong the tra .. 

oheH.l tubeo of the me to.xylem. Originating within thia 
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J?ith 

'£ho :Pi tll. of this apeqiea ocmu.~s i!l t110 

diutinct sh'iea of ·celle (Fig .• : 2? }.. 111t: orae.ller o~lle are 

cells are a1rn.o$t round in oroes section but VJJ/JJY fJ:om 

.05mm to .• lmm in diamet(~r• ite11 t:loally they nre alit;htly 

slightly lignified• 

Geoondary,Tissuee 

Peride:cm 
BY the 011d o:f' the, s ooond year• per hlcrtn . 

occurs oom1;letely .qircl.ing the ster~. T!te· phellogen is 
" 

ini tinted by tho ·epitlermia, and by Aue;uat of the se9oµd 
I 

year, has given l'iae to G to 1.4 oe11 ... 1ayers of o~::rr:k :?oxm,.. 

ing :;:. \ttidth of .lnmi. At aome points r~mrt of the oor•k haa 

s~oughcd ~f'i't (ConJl'la'e figures 2? and ~m h 
I'ihloem 

By .August or the second ycr:.tr the !)hlo~ 

i o .1:.2mm wide or ap1n'o:dma tely three times the vddth of 

th~ one year e;r~wth. l"ll?s width js a:pr>rox~matcly 24 cells 

rudially, with the outer oneo :f:}.attened radially (Irig .. 2ff) • 
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Xylem 

The tracheal tube$ are more numerous in 

· the mu·ly groYrth than in the later growth. Gene~ally thorrn 

ti,r!o11eal tuba elemen'ttl formed the . second year :have g1•eat-, 

er <1roar? dh:1r~~.ete1·a t~btrn those of tb.ia firat year. These 

elcmcmts· range f'ron1 ,OlBr:m1 :to .o5raru. aoroae and a.re tm the 

average .• 32111m long (see figu:-es 2? and 45) ~ l:P.;.ny fiber. 

traohcida occur in thio species, These fibers a:t·e. s~ppro::d- · 

rnately .012mm in c.Uan1eter and ai.r.qrn.gc ._5rtl11 .in length~ · 

no ~tyler11 paranohy;ru:~. oells Ef.l .. e ]Jl'esent. 1'he l>;ylem rays 

afford another outstanding ch.arttcte1· of thia· s:peaiea, . They 

Ul'e .02wr.ll to ~05mm wide o.nd may ex.tend a. clia·ta.noe 9f .l.7rnra 

ve1~tioally. '.Lhc c~lla t:tre alraoet. oubioal 1 hairit1g a.ppro1d-

mate diameters Of·· .oimm~ J.'he seoond.ary l"aye seem never 

t 'o be raore than tiuo cells wide• U$ually they a .re one cell 

in diameter. These cell a have radial and tange!1tial dia ... 

mcte1"a slightly lees than those mentioned · above. l'tiuoh 

tr.um:lh and very little s ta.rch are xxc ea en t ir1 the rays~ 
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ROSA S:PilTOSISSlM.A 

In aiirf'a.oe 1i'"'iew the e;pid.e:rnml oelJ .. a a1'e 

reotangt1lar • and are, .036mrn long and .021mm wide (Fie• 

61 ). Rati:t.nJ.ly these celle a'1~l ,03l.mrn, the ,Otlter \"ral.J. is 

• 02rmn thick. A cut.icl.e .ooosmm thic;k. i·a preuent (]'ig.·~ 29) ~ 

Cortex 

The collenohyrna of the .. oorte..'1: i a tm<lula.t.ed) 

being 2 to Z aell~layera 1r;.dQ.e 111 the narrow portion and 5 

to 6 .oe11 ... 1ri.yc1 .. a wide it1 the wid.er l)ortion (see .fig. 29 h-
Theee oell$ ht,;tve unJ.fo:::•m rndial cU£tmeteY? qt .Ol4nim liut 

.. rn.ry :from .Ol2mm to 1103Plm t~mgentialJ.y. V~rtieally they 

n.ve.:r:age .. 012mm in diameter.- 'l1he Pt4:renchyma tj.~aue ia tip.-

IJ!'mdmateljt _, .lEtmt wi<le. ~t'he oells of t1his r~;glon a.:~e .olrmn 

ve1~t1oally and slightly less :r:nctkilly (FiS•· 29 ), In tangen~ 

til:l.l cl:iamete1" they VtAI'Y from ~OJ .. mra "'i;o .016mrn. l'.1bt1n<hmoe 

of tnrmin a.ml a·b¢troh is found in theee oellr-.h 

Very few l)o..at fibers t:.u:ie present in this 

spooiea. Usually 5 or a oells OOCtU:' in a g3HHJP• These 

.fibet"o are lignifiecl and v1117 from .;s;:zmm to .4mrn in length. 

fl'he rm.J.la a.re .Olmrn thicl; and cnv:i.t:i.es are .ool5mrll in dia,.. 

meter (see figures 29 and 41). 



Phloem 

~ i .. 

rzcnts av(n·ago .Olmm :l.n orosa dhi1i1otel" ancl phloem pJ.:1.ren-. 

·the ro.ys of' the ;phloma. 

in to the ;pi th than others. 'J?he tra.cheal i~Ltlrns occur in 

rrn.lled paronchyma. oell s occur between the l'OWO Of' pro-

Pith 

'rlie pi th oella are rnostJ.y round eel whet1 aeen 

in croao section,, 114-f'vJng diamctero from .o:a:.rrn. to .04mrn ... 
~ ~·, 

Vertically these oells e':tencl .O,lmm (Fig. 29). The oell 

walls are almnclarJtly :pit{~ed o.nd slightly lign:ified, ·no 

rood oubutanc:reu ar~; i)rescnt i.11 the :Pi th •. 
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secondary Tissues 

Periderm 

Generally oork ha.a. been formed uuri11g the · 

aecond year of thie speeies. l1ut almost Yrithout e)tception 

its formation ia thri.t of lentieela aml p1~1cklea (~"i12h 50). 
. •' 

'J':h~ epidetmi.s ha.1s giv~n 1 .. ise .to the phellog$n. In ·so:ne 
'• '{ 

oases the OOl'k amounts tg 2 o'9ll.~laye:cE\. In the f ortn.'1.tion 

of a prickle.cork occure at the base. 

l?hloem 

In a 2•year a tern 3nm1 in diameter, Qccurs 

phloem .07mm "\rride, having the outer oella crushed {:Fif)• 30 ). 

Xylem 

'l'he tracheal tu1Jee ai' e more numerou~ in the 

t. w1·• r:t "'.· :.s .. ·.o· .) • ,~ -'o~ - - The tra,.. 

cheal·tubc elements average -.02mm in croea dia.meter und 
., 

.3mm in length (Fis• 41) • The end w.~i.lla are completely 

dissolved out and the r:1ide v1nlla have lnolined pita. Most 

of the :r..yl em 1 a com!)of.Jecl of fiber traaheicla, averaging 

.02mm in length and .ooarntn in width. Aside f:ttom the xylem 

The T..yl .. em ~Niys range .from .l2mm to 2tm1 in 

vertical. extent m~d :frora. .oo~.~,mm to .O:)rmn wide tangentially~ 

'line a1 ZQ und aha;pe of the l't~lY oolla vary greatly. Vertical• 

ly they range :r1~om ,OlNm to .0!35rmn in diamete1', tangentia.1].y 

• Olmrn in diameter. Jm abundance of ataroh r.:md tannin oocur 

in the :l-:ylem rayo. 
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. naving giver1 in the f oregoing pagee a detailed dea• 

cri11tion of' the hiato~ogioal char4aote:ve .of the various 

epeci ea of Hoaa included in thi a reaearoll, I will now~ in 

a oomrn:..rn1;ive sumnw.ry, call attention tQ the tlifferencca 

and likeneeseo existing iunong ·them in ortle·r tht:At the 

ta:wnomi o value ot' lnternai ~tructur .e. cvcm o.f ininute cell . 

Cht~~racters, 0.$ well OJJ tlasue OX'SUJliZ:sttfon, mt:t.Y the be.tter 

come tr;> light. 

In aurtaoe viev1, the eel.la of tl18 stem epi.clerrnie 

are aqua.re or somewhat :r:honiboilttll., r arely aix ... ,'ii<ledt ··with 

the ~~xcepti .on of 11oeu o.eti€;;. orct, th:J,t h a$ cell~ more or J.esa 

irregularly ovoid. or olli:pt1c, aml rt:i-.rcly round• In all 

the species, the cells range trom ~ooamm in -diameter · in 

aetigera. to .o51nrn in rugoaa; howeve~, within es~ch speoi<~a, 

there i.a gonerz~lly a. range fn ai ze G>f cells. Tl1roughout 

the , speciee a outicle ia preuont, r o.nglng from .oo~1nm tQ 

;oo~~m:m in thickness. These heuyily nutinizecl outer walls 

vary· i.n thickr.tt;cs front • Olmra in aerloea and ~ii .chura.iana. 

to ~ O~~lmrn in rni cra.ntha • 

Tho .inner 11mrgi n of the collenchyma of the outer 

cortex is d '1 atirwtly undulate in speciea aetigera1· wichur• · 

aJana. kor0Ernn1 aerioca, mioranthn, or~1eienii''dS ptoracantb&:t, 

amei{meio, nnd spinoaiaainlD .• the feature being most p1~a-
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coll(mchymr~ huve only mod.era.tely thick \Valls. 

Tbe pn1'er1ohymn rcgicm oi~ the cortex. i a gonerr.,\lly 

wider thn.n the oollenOllYnlO. reg. ion •. ·. r±ml lt.l cornuooed of cells 
,) ...... 

tho t rt~nge wiclely 111 dir~motera • 

Mo er~eondai-y l:uiat f :U:H~x·e are found :ln any of the 

f iftoen. speoi ea. '£he prira~u ... y bast fib era are in the inner 

u way to be taxonomior.~lly uao:ful. 1fhe oc~vitiea of the bo:et 

fibera vary from it00l5rnm in hugoni.a• tm1ei.enai~. and spin• 

oaieaimu to .ooamm in setiger.a; ·~11hilo the walls range f:t'Om 

.003m.m in th1atmeae in eot1.gcra to ·'•Ol8trun ir1 dumeto11um. 

setigcrn. ia ottteto.nding in having auch relatively thin 

in wiohuraiann.. and ori:ieiono.ia. In each apeoies., hov1rever,. 

'l'he C'.!Xtont to v:hich the proto;,t:ylom pointe J)rojcot 

into the pi th doea not VO.l"*Y grtm"tly with t.he speofea. In 

wiohur~dana. and on~eieneis they vary tilightly 1 ,.,.1hile, in 

ndoro.ntha nnd onl .. ifornio1;1, t,hey do not protjeot rwtioeably,.· 
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appearing nlmoat flE>..ttened. ln all apeoi et:, tlle proto;.r.yleni 

elt1mentu have a:pira.1 thiclcening"~ 

r.L'he pith J:-egion offers outtrtan'cl:i.ng, d:ifferancee with• 

in tho apeoias. The pith cells ocoul" in two distinot t'izeo 

in rugosa. eetigera, vlichtlraio.na, durtietorum,, koreana1 

m.1.oran tl1~;~., o~~,l:i.fornioa •. \flnta<:m.:i.t1ntt* and om.ei one.is., where the 

srnallo:r oella a.v0r~1ga · .Ol.5mm ir1 eliameter and are :found in 

cluetera or chn.1na 1 sometimes singly., and have relatively 

thick vud.l~). uourJ;,lly conttdrdng etaroh o.ncl tann:t11. 1'he 

l~~rgor cello, how(:ver, nre nenl'*lY f:lquar~ or ree·ta.ngula1' :in 

thn.n thn omalle1• cells. These la1~ger cells have relt~.tively 

thin wnllo ·and are usut;tlly empty·. In hugon:i a. durnatorum,, 

eerio .. ea, eo~1e; omeienais pteraoa.ntha. ar1d epinordaaima the 

pi 'th oolla t.i.re about equn~l in ai ze rnnging fN1m .Olmnt to 

'.oamm in diarneter. In aaricea these oella are nearly uni• 

fo:rrn in size, with t:n np11ro::.i:.imvvte diarnc:t er of • 04rntn, while 

in oraeienoia !)tertHlantha, the pith oelle range fron1 .03mm 

to .oamm in cross diameter. 

rrho :prceenoo or abeenoe Of periderm and the uraount 

formed offer goo<l nnu tom1cal d ·i fferencea for I found no 

pe1--idcrm formc~tion by Augtrnt o:f the t:second yeo.r ·in the I3pooiea 

rugo~;a and vli ohurairrnt~.. on the o~hor· lllin-d 1 the a tent of 

omei enoi a is ertt i rely cove:t'ed tr:itJf cork -by the encl of the 

aaoond yt)er, rttng:i ng front 6 to 14 oell.-layers thick by mid• 



surr"mer, tlrtd, 3 n some ca,t7ee ., pn:t" t of tho ,~ i.11pue hEitS been 

sloughed av-ni;.Y• noe[1 11rio1"'antha, ie the otrly s11eciee in 

v1hiah deep ... J.yi1'1g cork ia fol'.'rled, ir1 eome J.r1e"~:s1noes, being 

ae deep as the~ outer ed.ge ot' the phloem. Ir:t dumatorurn, 

cork 1.s f ornted t.hi:: fh.--st yea:r, but in all the speoi~~ not 

already nh:mt i oned' corlt docs not appeai"" ur1til the aeoond 

ye~3r. Of the lcttter 01>eciee, dumetoi .. mn, omei<meie ptera• 

oe.nthti• tind spinoaiaslnut ht.:tve cork fQ1,.ni1ition lim:lted, 

m~dnly, to the base of' the :prickles ~itlcl l.entioela~ 

· The :;r;ylem rn.ya ot the 5fieeieo I have atudiedt give 

a f&u marks of d:tatinotion betvrnen tlm apeo.ieP• In tangen• 

tinl 'Witl th, the :-r,ylem rays range from .005mm in 1•ugolZ1a 

to .l~2riim .in oalifornica, and they· ri~:tnge in ver;tical extent 

from .l2mm. in rugosa. o.nd. S!linoaieaima to lOrnm in setiger~ 

and wiohtu•aiune1 liowever. I did not find t11e vertical 

limi to of vtiohuraiamt, the ere.·, tflffC extent :round being lOnttn• 

rrhe OIJCOiea ljOtigera, v1iohu1•,aianu.,. co.liforniot~. wats·oniana. 

nnd omeienoie have aons1)iououe rrs:.ye in tho.t they baoome 

.05ram or more in tangential \itidth. In i)rncticall.y all the 

CJH:?cic~a, fft~:~roh emcl ta.rmin ooour ir1 tho .xylc:m ross• 



n. fl.H"} t igera•:jijilt.,...., _.~., •• .., ..... , ••• .,. _..,..,~•B1 •· 

n. \'liohm:aiana•• .. •••.,.'llill••~"" ...... ~ ..... a,~. 
n •. durMrtort1m ....... ~----- ·i!* .... ~~····•··•86 • 

n. aori o CtL••~• ... ••••••*•-..~·-... ""' ... ...,..,...93 .. ,. 

n. mi.Ol"'U.tltl10.-.•••••"'1>••lioli!;~,...,..~•!lllo•.,•·•:UO • 

t! • or:i~d cr:r:~ in pte:1~"~ionnt~··•w.•••lJ)G • 

n. omoi et1o:t t)••··----... -.... --~------1on. 

I~. cninorsinair:tu:t;.. ................. -.. .... ~-.~111. 



I. Clothing ha.ire 

r-n:::. ..... Iv-

A. Triohotnea on both epiclerrni.aea of the leaf 

no a a. dt1me t orttm 

Hoea. hugonie 

Eo~a. wa taonia.11a. 

n. Tr iohomea oocur1•ing only on lower su~f'aoe 

l. :Palieacle cells in one-cell layer .-,... 

Rosa rugoaa 

2.. Pali ea.de oella in tv1o~cell layera ~-

Roaa setigera 

II. Clothi.ng l:udrs wanting 

A· Gl.andular haira vresent 

l •. Bast fibere occurring in the ~idrib . 

a. Collenohyma oolla rt.t the leETd: margin ~-

Rofla mi orantha. 

b. Collerwhymn cello not found a.t the ttl'lrgln~"" 

nosa koreana 
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2. Daat fibers not ooaurr·ing in the rniclrib 

a. Pall ei:tde oells in one .. oell layer --

Roaa clt1m.a torum 
b·· Paliaad.e cells· in tv·rn ... eell .l.tiyera, 

rarely one"""cell layer 

( l) • 15argin ~eflexed to~rds the lovi.re~ 

au.rtaoe ...... Rosa aericea 

(2} • Margiti not ~efle"etl tovn::trde. the 

lot~rnl.' surfs.Ce ·~~ 

Rosa eo.ae 

lh Glandular haira \ivanting 

1. :Bast fibera present in the rni.drib -~ 

Hoaa t;pinp ~1.aalma 

2. nast f ibere absent in the midrib •• 

a.. :Palhmde cells ir1 otie~eell laYE}J' •• 

Hos.a oemlenaie 

b, J?alisade oelle in ~ao-oell lt.tYera. 

(l) • Coll enchyrmi cell a a.t the l.eo .. f ma.1'\gi.n •• 

noaa. wiohuraiana 
{2). no collenchyma oella at. the let-.:tf 

Rosa. oemiensis ptoracnntha. 
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ROS,A nuamns 

General Fe~~ tures 

All the speoiea of Rosa. , tllat I l1ave con~ 
sidered here · are pinnately compound- The leaflets of 

hugoni a are from 5·13 in number ,, oval to obovate or , 
elli11tio, a.ml finely serrate,. averaging .-32mm in . thick~ 

neas .- They measure 8-20rrµn ih length · and niore t}w.n h alf 

aa wide• 

EPide1•mis , 

There is no outatanding clifference in . size 
of the cells of the epide1~m1 aefJ, their tUarJetera being 

• Olm.m (Figa • 62 and o4) • no trichornes a.re found . on the 

upper eurf'aco, ,but a few· are o.rt the midrib and veine of ··· 

the lower aide ( Fi'g. GS ) • , ~~here are 210. stoma.to. , !lel'. 

square millir:ieter on the lower ou:r:f'aae, but none on the 

upper. A relatively thin cuticle ie preeent on both 
eurfnoee. 

Chlorenchyma 

'l'he pali ea.de eel la• occurring moctiy in . 

two layer a, are closely 1>acked,. there being 17 1 500 per 

square mil1imoter in the upper layer• The palisade cells 
mcaoure .035mm in 'tnidth• those . of the upper layer being 

the longer. Tho spongy chlo1tcnchyma is not at all compact• 
und is • Olnnn in thi okne so. :Bord er J! tJ r er1chyma ext ends 
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around the veins with colleno.hynia. on both eic1ea, above 

ancl belo,!r (Fig it 61 ). 

venation 
There are approxlraately twenty eight vein 

en<t'lnge and 5 olose~t meshes per zqt1t1re millimeter . of . leaf 
surface {Fig.~6 )~ · 

1ndr1b 

Thi a midrib i e oonoave on the U!>per aurfaoe 
tind rounded to a point on the lower attrfa.ce (Fig. 157). 

The lower . er1idetmis ia composed or oelle elongated 11adin.lly. 

The 00J.lenohy1na ia ·riot distinctively thicketled at the 

anglea: however, there is. sot1e collerwhy1na. towards the upper 

sui"fa.ce j abt:iut tvro cells in thi oknea.a. The rad:tnl and · 

tangential diameters . of the cells are .l2rmn emd . • 1mm :ree 
Speotlvely~ no baet is present~ Beaiele the rJain bundle 

is founcr a a111~1ll· hur1tlle, whi oh followEL the condition f'ound 

The . leaf ia .S2mm. thick wi tb. .. a · !lk1.re1n that 
i o dooidedly pointed tovmrde the lower eurfaoe .. ~ '£here i a 

a group of , collenchymo. oelle in the mnrgin against the 
epidermis (l!1ig. 61) • The ohlorenchymn cclla hr.eve the same 

. i·elative. IJOGi tion at the n.argih a.e elsel1here. 
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Petiole 

• i1l1e petiole i a il'ea.ram. in i~adi& .. l d.ia1neter 

and .8mm 1·n tangentia~. dian1<;ter {Fig • 152), The upper sid.e 

has more or leas poin. i~ecl ridges titt the lateral margins. 

The atipulee e"tend about .5mm laterally on eaeh side a:t• 

the Imtiole. , In croaa aeotion the pc;tiol.e is dome~l:tke 
on ita lower surfaoe though sl iglltly · poill'ted .. On the 

one 1 tvrn · 01" nnny cells thlok on the Ul)lJer a:nd 1 owet elt\es, . . . 

~'he bast cella range. a1•ound ~02mm il'l c:liameter, ·with wc;;illa 

• O Ol6rnm thick. 

RODA 1tUGOSA 

General Featur.es , 

'i1hcre are 5~9 leaflets, elliptde to obovute, 
E·5 oontimetere long and a.bout half ae vtide 1 rugo.se., 

aerra te, thick amt firm• · 5:?,1.$y are -.lm?i1 to .l6:rmn thick. 

Epid.el"mi s 

lov~·cr cpidert1i ecs have very much th~ same. shape (lHe;s •. 68 

o.11d 69). In radial view the cells of the uppe:r epidermis 

htive a cUameter of .03mrn a.ncl are regular in shape. The 

outer walls are cov•~red w1 th a relatively tllin cuticle. 

The cella of the lowor Hllidermi.a are smaller in radial tlia-

meter and more irregular, {Fig. 70). Trichomea are res trio• 
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ted to the midrib and veins {Fig. 67)-t! About 2l.O eto1na.ta 

arr:~ f~ound 1;1er square millimeter of leaf surface• these be ... 

ing cmly on tho lo~f\fer side. · Glandulr1.1~ hai:fS1 aasoc1::t.ted 

wt th the veins, e .. re f ounct on the l. ow er aurfac e of tho leaf 

(lt''ig, 65)· 

Chlorenchyma 

The paliea.de oelle form a layer 6Lbout 

.02mm thick (Ing. 70). 'l'he1: e e .. re approximately J.6 ,250 per 

square millimeter or leaf su:rfaoe, thus forming a. very com ... 

pao~ layer; hovrever., this is not so notioea.ble in the mnr .. 

gi.nal di.·awing aa it ia farthe::c back within th~ leaf. 'l'he 

l;Jpongy ti ss.ue , i a c ompaot w.i th omall air spac ea and has a 

·width of .osmm to .. ,04nnn. A bundle ehe~th one cell thick 

completely surround.a the bundle and e:xtenua to the epidr::r• 

mia in some aaaea. 

Venn.ti on 

There are 12·16 vein endings and l to 2 

closed meehea fo11 ea.oh square millimeter ,of 1 surface (Fig. 

71). 

J;!idrib 

'J!he mictrib ii: roundecl tti th some i1"regular..-

i tiea of its surface. It ia .4r.nm tangentially and .3amm 

l'a.dielly.. '£he xylem occu:pies a very snall portion of the 

area. The oollenchyrna hae a thiclmesa of 3 to 6 rowe of 

cells on both eurfaoes. Only 3 to 5 bast fiber cells a.re 
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in an entire eeot16n (Fig. 13B). 
Margin 

l111e rnargin ls tn1ifo1'mJ ... y rot1ncted v1itll pali· 

aade .cells extending to the lO\ver slc.te of the lear. The 

epider1:lal cells become smaJ~ler totva1.1da the lcn1er f.\id~ of 

the leaf (J?Jg ~ 70)~ 

Petiole 

'l'h.e petiole its quite i 1ot.n1tled with t~- $mall 

hemial>herica.l oonoavi ty on the upper sturfao·e• lt meaauree 
1. :38nnn to.nfj;en t.iu.lly, an<1 1•aclh3.ll.y l •lormn. The epide:rmi a 

i o .01 to .oo5mm thick with oollenchymr;t undern~i.th 2 to 3 

cello thi(}k. A oont~inUotHl layer of b~~et is t;;1l"'OUnc1 tho 

o cmtral bur.1cll0 • one, fa;;r11>, to unny eell.e thick next the 

upper f~urfaoe. 1fi'ie btist fiber cliatnetera range from .0025rnra 

to .02:3m.rn with wall a .OO~:~fimm tldok. 1?here a.re two separate 

lmndlE)s, one on each a:iide of the tn.~.i.Jn bundle (Pig .• l.53 ). 

General Features 

l,('Jaflota mootl.y five, ovate to oblcmg, 

3 to 4 ccntirnetm~s long, aout1inate and eorrate. Th.ey a:re 

olichtly leas thnn .l8mm thiok. 

I'.l:Pidcrmi a 

As aecn··:ti·om the surface view, tb.e cells 
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of the upper epide~mi a are more regula.~ and r ectangt1l.n.r 

than those o:f' the lower (l?ige. ?2 ancl 73 h !n radial 

section the uppnl' epide1~n:nl cells are ,03nlm thick with ·a 

heavy oute;r wall. 'l'he lower epidermis ia n.ot eo t;bi ck 

(l~iG• 75 ). Trichomes are .found on the l.G'we1~ eUl."'faoe 

{Fig. ?6 ). Approximately 160 utomata o:ccur per aquare 

rnilliniet(n' .of lower epidermis. A relatively thick cuticle 

is p1'esent on both fmrfaoea. Jlew glandular hai1,a oocu:r 

along ·the tni:tltgin of the leat .(1t'ig. ?7)., 

Ohl.or encl1yrna 

The pa.liaade tie sue is in two l.~~.yf;r~,; each 

.02mm thick and cloaely oompnet, there being approxir,'l~ttely 

16 ;250 per square mi~lhneter of leaf surface~ About. half 
I~ 

of the chlore11ch.yma is -a1)ongy tissue which ia compact in 

placea, lmt l.a:ttge o.ir opaoee t:J.re often !ot.md .,: J3order paren.-

chym::1 is found around th~; veins (lI'ig. 75). 

venation 
~~ere are some sixteen vein onding_s pe~ 

square mi.llimete1• 1tr.:i th an average of leas than one cloned 

mesh for the same area (Fir~· 74) .. 

1.ndrib 

The midrib measures w.48mm tf.:i.ngentially and 

.4mm radially. Tho lowor side ia x~ounded 1 with irregular 

surface, while the up.Pol" ·oide is ooncu.ve. !n orosa sec•· 

t ion of the rnic.lribt tl1e epide.l'rnal cells appcH.r v~y irregu-

lar trith heavy we.lla. There are on<:! to two rows .of collen-
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chyma cell.a ~r~aent~ There are no baat l:ibera. but t;l bundle 

sheath i a pr eaent.., The :::;ylerac 1q .arohlng w 1 tll a. small 
bundle at the aide (Fig~ 139). 

l1ffargin 

The margin is blunt timl reflexe·d towards 

the lo\vor au:rfaoe •. The epi.c.lermr::ll (lelis at the marg:i.n are 
very trit1ch em.aller tharl the ot~ler e:pide~mal cells. Just 

back of thefje ia found a group of oollen<lhyma. cells eJ<:tend~ 
ing to both eurtacea. The o elle of . the palia;;1de do not 
extencl to the lower aide ara they do in metny epeciea {Jlig~ 

75 ). 

Petiole 

The diametera of ·the petiole are ~7mnt 

radially m1d •oOmm tangentially. It ia broadly dome~ahaped 

in Ol"Oaa seoti on, with aUpulea C4thmding .8n1IU laterally 

on each aide (Fig. l.54 h The central bundle ia n.e:.:i.r the 

lower ·aide1 v1hile the two smo.ll lateral bundles are marginal 
und near the uppe1 .. r.mrface. The bast forms an a:i:c halt as 

thick o.e the xylem with oell walls .002rnr11 thick and oavi• 

ties avcrttging • 006rnm in diameter. A layel" Of collenollyrtl1;i 

2 to 3 oclla thick ie present outside the bast. 
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I;en:flets mostly nine* ovate, ohc1:t•t aouminate 

one nnd atie ba.lf t.o two and one hHlf oentimetere long, one 

half n.s bl?Oe.d, cOfU?soly ae1~11e,te ontl lighter bene~ath. They 

·average .l4:n11n thick. The stlpv.les exte.m<1 nearly the length 

of the petiole~ 

Jl.~pide1~mi a 

The u1.n.)e11 opiderrnia is .o~rmn t'f;ld.ially vd th 

f.trl outc!r wall .005rnm thick; whj.le the l01'7e~ epidermis l1as 

d.imencdons lesB than these (:Wigf?l • 79 and 80) ~ no t:r1chomee 

arc present, A very thin cuticle is present on both aur~ 

fnces. In surfo,oe vin-w there i fl a. etr:lking repern:bl.o.noe 

in the she.:poa of the oellf.~ o:t" the (:ipiderm:ises.· Possibly 

th,;; low·er cellt1 a:t;e J.eoe reguJ~ar (Fig. ?B)" There ~tre 

approJ:.:imo .. te'ly 210 stoma.ta per square millimeter on the 

lower surface of tho leaf. 

Chlorcnchywi 

'l,he uppe1~ lay<~r of pcilisac1o cell e is .02mm 

thick with onlle oon11).~ i. ct, 1 1t,J.!rn ooourring per ac.1ne..re milli-

meter. The second lrv.yel~ ia a'bot1t haJ.f as thj.ck and not 

nearly uo cotn3Jaot• 'rho epo11gy ret;ion is oom1"'ot:ed of i:otmd• · 

ed, loooc cells a with many o.h.-- s:pa.ces. Around the veins is 

fcmnc1 solerenohyrna,. a.loo l">Ol."Cler pnrenohyrn11 1 although this 

do ea not e:~tend to the u1)1>er cpidermi e (Fig. ?B). 
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Venation 

There are· l!~ to 10 vein endings and }3 

cloeecl meshes per square mi.llimeter of leaf eurfr~oe (Fig• 

84 } .. 

Midrib 

The radial diameter of thia midrib is 

.snmm i::r.nd the tangential diameter .36mm. {Fig. l.40) ~ The 

outer walla of . the epidermal o~lls is about .005mm thiclt., 
There .is a ono-oelled lnye1" of aolle11ch.yma, ohiefly; l::ut 

two""'oclled laye1,a occur on . berth the upper o .. nd ;Lower aides. 

It i o e.triking hov1 olose the ohlorenchyma from both t.ddee. 

comea together tit the upper surface of· the .midrib. · no 
be.at ia present. 

Margi.n 

'1\he ;palisade cells extend to the lower 

eu1"f~1oe ·of the leaf. '.!tpidermD~l ocllo a.t the margin arc 

ama.llcr the~n elaewhere, yr:t th ·outer walls very muol,l .thick.,.. ·· 

ened. Mo collenchyma. is present (Fig~ '78). 

}2et:i ole 

'l"l'10 radial. and longitudinal diameters are 

.9()ram and 1 .. 06mm i•oapectivoly, t'li th the lower side do.me~ 

shaped in oroos sec f~~ on and the upper ·flu t (Fis. 155). 

'l'he e:pidermo.l cells a.re uniform in their u:ppcmranoe and 

oorncwhut rouncled. 'rhe outer wall 5.s slightly thickened 

while the cavity measures .Olmm in radial dinmetor. The 
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collenchyma. is ttvo to three celle thick. 'file, bt'\at .arc 

exterldS to the l.OvVe:t' GUl'f.$,(H~ Of 'th(l lmnd.le• The ·wttlla 

of the baat fibers ure . • Ol8mm t'.h.iak with cavities chit1f~ 

ly muoh srn..:'1llcr ~ ~rhe oontra.~t betv1eon the wall a tJnd oavi ty 

of the cells of t~is tissue is one Of the outstanding con~ 

ditiona of the petiole. 

niere are five to se~.re11 leaflets, which 

a.:r.•e l)rond ov~1te, 3 ·· to 4 centimeters lo't1g, .lSmrn thi.ok, and 

inoi3tly doubly serrate. The etipules e:;de11d more than hnlf~ 

the length of t~e petiole~ 

J~pidermia 

In croos ::wction the opicler~nis is wavy, 

tho cells sli.gh tly elon5r;, tml. 'J?he upper ~pide;cni~tl cells 

are lti.rgcr and more retular than the lower (Fig. 89) • In 
eurf~oe view the cells are about the ~4me ~ize for the two 

epidtn..•mi acHJ (Figs. SO and 91) ~ Gtomata a~re found. on the 

lowe1~ side only, there be1. ng ?B per sq.uare millimeter of 

aurtaoo, Tr ichomea are on both upper a.ncl loy;ez; surfaoe_·a, 

p;..,obal>ly Hora nnmcroua on the lower (Fig~ 87 ). ' Gorn~ tri· 

chomeo ha\~~ cnvitica 1 othel'B do not. A very ttdn cuticle 
:i a present on both eur:f aoos •• 
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Chlorenohyma 

The pa1ist1de Qella are ,o5mm to .oemm. long 

nnd closely cmnpfoct ..,._,.,,.,.~ ia,075 per .square lftlll .. imeter~ rJ.l1c 

11idth of' the sr>ongy onlorencl'lYf~'la. · ia :less tl~tn . that of the 

pulicncle. The cell.a va"Cy fn s.i~e bttt h~ve a d:h~meter 

avert?.g ing .Olrui11 .- Gone aclo~~e:nchyma. cells are found on the 

um;r~r and lovH~·r aide of' the veins • . {Fig~ a9) , .. 

Venation 
. There are e:ix to seven vein encHne;f3 and 

a1n)roximutely 3 clo~ed meahea :per· oquare millimeter of 

surface (Fig. 90)~ 

l.!idlti b 

~rhi t3 is rounded below and oonoa:ve above 

with jugged m rg :lns, r:nct measures ·32rnm in both diameters 

(Fig. 141). The e1Jidermia ie about .,Ol2mra ):'ad:ially aml h~;;. a 

a. heavy outer wall.. The oollenchyma i a one to t\>rJo cella 

thick at both aurfaoes. A continuous ard is not formed by 

the baat fiber a whoee cell v;alla are .o03mrn th·l ck and oavi• 

t:lco ranges from .003rnm to ~Olrtm1 in ditnneter. 

l.Iurgin 

t;:he margi.n is rounded, but poJnta slightly 

dot"ffi\1ard-. The outer walla of the ep·idex•mi s become th.iokeh..-

ecl at the m:. 0.rc;in ~rnd the Pf~lisade cells extend to the low-. 

er surface. Just back of the layer of pulis~de cellri at 

the tM:. rgin there ;:J. re a few cells of collenchyma (l?ig. 99). 
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:Petiole 

Thi a JHEitiole i e ,eern:m racLi.ally and more 

thaJl one millirneter in t z.,ngenti t~.J. oi am.r~ter. The i;~tipules 

measure l.5mm laternlly on ~aoh aicle .of the petiole., The 

I I 

Collenohmno. cella a.re one to three . roi.tr~ in thiokneae. An 

nro . i e formed by the bast tibera e~ttentling to the extreme 

ec.igea of the bundle. r.rhia aro ~ia one to, SJevere\\l. oellf;S 

thick, the cell cavities rangirig from ,OOl.rmn to ,005mm in 

diameter ~rna the walls are •. oo~~5mm in thickneea {Fig. · 156 )• 

I General Pea tures 

' one half to nine centimeters long with at:i.pulea ? to 8mrh 

long• or more than half the length of th~~ :petiole-. 'rhere 

are usually 9 leaflets, the first two being rnuoh smaller 

than the others. Leaflete are oval, . aerrate·, da~ker 'above 

th.an berms.th, averaging f.:~ centimeters lotig, three fourths 

~. !. fl or;;r:lde r.:ind .1:~1 :mi thick. 
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Epidermis 

In su1,.fe.oe vie\1 l1oth epid.e:rmi sea have the 

same_ shaped eel.le; though th<;; lower are strk1.ller tcom1)are 

figures 93 anti 94}. In arosa section of the lf:H:r.f', the 

ance than the lower; There a1~e a.ppro~imateiy 140 stomata 

per aqua.re millimeter of low-er J..eaf surfm:!e; :111cl a. very 

thin cut i.C10 ia present On both E-U'.rfe.¢~8 -• r;:richOmCS are 

\Vant fnc; in this ~·peoioa ~ A few· glandular ha.5,r s oo:cur . e:l 011g 

the tnarGin of' the l ·Emf {!~iGH 95). 

Ohl or enohynv.l 

' ' la:rer. tho oella lm.'\T:ing s. length of .05mtn; though in the 

case of t1·10 layorn of con.a, the up1Jer l~1yer i e mngh the 

wider {F:lg. 92). The pal5.aade oella have a. :frequenqy of. 

11,.m.:5 11n:r aqua.re r:lill imeter of leaf' surface. ~:he epongy 

tlsoun 1s t'.1H)ttt .012rnn1 broad' with rather small air o:paoea .. 

V_enatiorl 

'rhere a:r_(;, .15 to 20 vein. entlings and One t: o 

tvro closed meohe.s rJer square millime,ter of leaf blade (Fig. 

97 ). 

On the lowor sic~e the midrib i. a domc.;..ohaped 

in c1'oaa oeotion· and. :n littJ..e :flatt·errnJ ; . . while the up:per 

aide ia elightly concave {Fig. 142). Radit'llly tho midrib 
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llAa a. dis.meto:r or .amm and a.bout the Qanle tr.rngentially. 

The otrter wall.a of the epidermal. eelle (iro etrongly out ... 

wen.Tel o.nd are it0155m.m thick-. The oollenohym.a ie one cell 

wide on the lowe:c eide 1 wh.ile on the upper aide the cells 

are only oollenohyme.toua, ~n1e ·bast fibers oocur epa.i'ing• 

ly 1 not forming. a continuous ring. Their r10.lls are ,.0025mm. 

tl1.1ok while OtJfVi. tice are a.p1lrom:.ima tely .012mm in diameter. 

On the upper aide Of the t!lidr:fb there a.re two rows ot 
aolerenchymn oella httV'ing th:tee cells to the ro\t;• 

l:nrr:;in 

~the ep:tdermo,l. <lell:s are eumller at :the 

m.a:rgin than elaewhore (d1cl hr.:tve thickened oute1• walla (see 

figure 92;. The palimade cells e'-:tencl to about t::ie rAiddle 

of the lE~nf 1it.,1re;in. llo coli encbyrn€t i a preL.~ent. • 

l)etiole 

This petiole pas a. radial dialheter of .emm 
and tangential diarnete1' of .96mm 'trith atipulea e't:tending' 

laterally on ea.oh aide a distn.nce 01: .5mm (Figure 157),. 

Generally the lower portion ia rounded and the ui:>per flatten .... 

ed. The cells of the epidermis have thick a.nd bulging 

outer walle, g~ving the aurfnoc a aoalloped ef":feot. The 

oollenohymu is one to three oella wide and extends a.round 

the petiole.. Tho arc formed by the bnot fibe1"e la compare~~ 

tively lone and narrow, extending to the ~pper edge of the 

xylem, These oelln have walls .003rhm thick and cavities 

.0035mm in diameter. 
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General Fea tu:rea 

Th·e leaves a1•e five to aix oentimete:re 

in length.. The leaflct·e are moatly el.even; lOmm long 

and abon t h.alf aa wide, mJ .. ightly obovate, serrate. grf.tY~ 

ieh beneath.. 'rhe lower leo..flete are $tha11er thun the 

up:pcr, as eecma to be the case in all the e:pec::i. e$. ,J: have 

consiusred. ~ They are • 08mrn. ·thiek. 

Jlipidermi a 
In r;n.1rface view, the ¢olla o:r the up1jer 

E)l)i<lermis are more uniform ill tlha;pe than the lower (aee 

fi.gur·es 9(3 and 99)• Tl1e oute:r, 'f~rali· of the upper epidcl'mia. 

when seen in croort sectton, :lo .002mrn thick. AJ?l'rogHnr.ttoly 

200 t:1tonmto. ttre :Cound 11~r sgtaare millimeter of iower leaf 

surfaoe. A rnocle1~ately thin ·Cntiele oc<:n.u:s on both ~1urface~h 

Mo t:r.iohomea· aro preoe11t. A fevr elanclula.r hairs occur 

along the m11rgin ·of t.hc1 leaf (Fig. 101 h 
dhloreuohyma 

~rhe ixllisade region io about .02rmn \"'dcte 

nnd is composed of' .one layei .. of short n:r.td very compt~ct 

cells (Fig. 96). '.rhis E5:peoiea · hao t~3;?50 palisade cells 

:per square millimeter of leaf '3u:r:fo.ce, wh:i.ch is the great• 

est number occurring in a.ny of the Hpecies studied in this 

l'<H:H?arcli. "~Phe spongy cell a are rounded to o'blong with re• 



·venation. 

figure lOO). 

!Hdrlb 

-92-

.': 

surfctoo of' the le£iflet hlacle~ When 0een in c:roaG eeo.tion, 
it i a .·1r1mm rad Ja.lly onti. . ·.:~mm _i(apge11ti~\lly ~u1d hss, a .round• 

ed lower m,irface . (Jli~ 11 l4S). 'Rel~-tivHly fm7 oolloncJ1ym 
O·ella a:r.'e present. '11he baet. tiber2 occur in small groups. 
These cella have walls ,,.Q025rnm thick and cavi.ties .o075m1u 

I i 

in diameter. only a few rows of x.~tlem oells are Pi"e~ .e11t" 

irargin 
" 

The pa.liaade. tissue, .; at the margHi extends 

to the rnicldle of the leaf where th-e .~11011gy ti soue bcgirHs. 

nnd elsewhere (Fig. 90)• 

l'dtiole 

The lower side of' the petiole is dor,rn-sh:n)-

cd in croas ocation, while tlrn upper side its slightly con~ 

Of~1ve. na.d.ially it i a ,.4mm and tnngentially .,64mm, v;ith 
otipulco extending oliBhtly rnore than one miilimoter later~ 
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ally on er:1.oh aide (Fig. 158). The epi~lerrda ia com:ootlccl 

of rectangular oells unH'orm in si ~e and a~ve. Jua.t one 
cell lnyer of oollenchyr.!Ul is ·:Pl"SSent~ Just ba~ek o:t' the 

tipa o:f the stj~pulee·• tl1o va.aoulL!f.r fUratam ia in five ells• 

ti.native bundles; ¥vith groupa of ba..at ;fibers arching theae 

sepa.i"ra to 1mr1dloa. The fibers have v1alls •004mm thiok 

r::nd oav:i ties ae gr<:m.t a.a .oou1am. in d.i~t.meter. In the l;::~:t. .. g'"" 

er oella the cavities are eutne.vrhat elo11gate<:h The~e· ie a 

bundle sheath around ea.oh separate bundlt:!• 

General Features 

This species ie cl.'osely r e:tt"d~ed to Qnleienf?i a 

which is di ecusaetl later in the :paper. Ita leavea vri:ry from 

~; to 3 centimeters long with ati:puliofii hal.f the length of 

the .Pot:tole. :r.,ea:f'leto, numbering "I to' 11,. nre oval to ob .. 

ovr:tte, pub~}acent beneath, l to ~.3 ocmtin10ter.L1 lon~ and .• l-Amni 

thick. 

=·::pid ermi a 

The cells of the uppm:- epidermis have thinner 

walls thnn thooo of the lower, and in croeo section the 

uppr:r surfo.oe is omoot},ier.(see figurea 102 and 104). The 

otomu.ta. of thia Gpc;oics haven frequency of 4~.w. which ia 

the r;rcatcst of any HJHlOloo considered he1"e. 'fhey are 



ohal\9.oter:lotio in being sunlrnn entirely belov; the level of 

tho epidermis (Fie;.. 102). 

chomea, but a relat.:lvoly thick cuticle, is i:>reaent on ho·th 

surf no ea. Glnndulnr he.:i re oacUl? :~1.long the mx~rg h1 ;;:i.m.l also 

t:ilong the ~·e1 ns of the lowr;}:r sur.f\ace (F:J.g~ 103), 

Chlor f:lt1chymc:. 

l)!l.liHade aollt3 oocur in two layers, the 

uppox ceJ..lo a.re al10ut ,03mm long and so oli)ee together that 

ap3;:r:o;-t:lmntely 17.oOC occur pet· square tnillimeter of le~,~.r 

surface (!rig. 105). ~:he oella oompol:dne the second la.yer 

e.1:e much shorte17 and lt.;oe t~eguL;· l' ·in eht-1pe t.hr?~n thoEo of 

tlu=J uppe3;,. The spongy tissuo :ts 2 to 3 cellc deep, amount~ 

j nr; to • Olnwl, ·with rolat. ively small a:i r BpacHe • A bun('lle 

ohon th i a pz.·ca~nt iu·otmd tho ve:tns e:{tc:mc1:1ng in eome .1t1..,. 

at!tnces to both rm1"fuo1!jo. 

Venation 

'!'here are a1?ta·o~cim~l tely 14 vein endi'nga and 

,.} closed tteshes per aqua.re mlllimoter of leaf t.mrf~.1ce (Fig. 

106). 

Jiid ri1' 

In c1 .. osa eeot:ion this rn:idri1; is 'unifo:rmly 

roundrd. seaouring .24n~ in diameter (~ig. 144). The cells 

of the epidormi a are rH:V.l"l.Y oqunre or r cctangulnr yfi th the 

out.or Ymll tLuite· thiokenod. Tho ool.l~nohytna ia l to 2 cella 

thick. no bnat fibers are present, a rather unique fact for 

the gonua Haan. 
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The · tu.irgh1 ia rounded and re:fl;ex.ed to1cral:'da· 

the lower surfa ce (:h"ig. 105)~ t£1he e1;icle1mia.l. cello c-i.re 

amo.llel' tkm el~:Jcwhere,. ond t1w !Jfa l1aa.de cells eiX ·tend to 

the lo~7er aide of' the lcz.:tf. 

Po·tJ.ola 

Ot1 the undel'.1 oi<le the petiQle i a doL,1e~ 

nho.pcd, vrhile on tlrn up;pt~r it i6' flk:~ ttened (Fig • .150),. 

:rt is .'1:f3mm in racliul tliatneter :lnt~ lrnm .. ln tange1utial dia-· 

n.tl~tcr with cti1mloe ex.tending l.2n.1ta. 911 oither eid.'e! 1~he 

epicl<~rm:l e 1 ('.i co1ni10Bcd o-f cell a of uni:fo1·m. ei ~e !Hld are 

almost squai•e in crosa tleottoth 011 both l.owf:X' and. 1 Upper 

f.)tn.'f ncce of the :petiole hi found collotHf!:1ynm. tisoue th1~ee 

cell-!nycr s wide• '.t.'hc cen tl'al va~aoul~ ... r~ btmdlo i ~ rotmdecl ,-

with E!ttdl bunulee 1n·cccnt cm l>o th sides of it:. ''IJ.1E~ J;~as,t,_ 

arc i a found only on the lowo1· e:l.dE' or tho bundle and i e 

one to i'i-ve cell~· 17ide radially.,, The fibers a.re .041nm in 

cross tli a motcr having walle .003nm1 thick. 
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G·eneral. Ti s stt efl 

~"he leaflets of t?1e epeoi.es. ,ranging from 

5 to 7, are broad•ova.te ·to oval, 2 to 5 centimeters long 1-

and glo.ndular or serrate. Glands are liOatteretl over tlle 

lower ourfaoo .. In cross aeotion the lee.f'lote. are .l6mm 

thick, 

JTI:pidermi a 

As see11 in surfa,~e vietv, the cells 9f the 

lower ,epiderr11iE; t:tre much smallel.' ~~net more i1·regular than 

thoee of the upper surfaoc.(Fic1s .• ll9 and 121)~ f:Jtomata 

only on the lov~rer aide, avero.ge ,l ·~?.8 pt~l" equ1:~.re millimeter 

of leaf ourface. In leaf oroae section the epidermis is 

about .03mrfl 'rtic1e v·ri th the outer oell we~lle .OOofi thick. A 

rola:tivcly thin cuticle ar)JH'!ure on both au1•facea. 'rriohomes 

occur rnainly on the lower su1~i"'aoe along the mi d1:-ip (Fig. 

118). Glandul~r huira arc on the lower - ~arfuae, along the . 
vcdne. midrib and lilllrg111 (Fig~. 122 tmd 123)~ 

Ohl orcnohyrna 

Tho palisade oells are about .o4rr.ur1 long, 

with in tcrcellular apaoea umu~ua.lly :P1'onounced. There ·are 

approximntely "/, 726 ouch oelJ.o per square mlllimcte1• or leaf 

ourfo.ce. Seldom io the I>ttlioacle tissue more than one cell 

deep. The s:pongy recion iG approJ~~lmately .Ot3~;irn v.'ide and is 

compooec1 of rounded or loosely e.rranged cells (Fig. 120). 
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Venation 

1.'here tute about 7 veir1 endings and 5 ·to 

5 olosocl rnoshes :per aqnnre millimeter of J.eaf surf['.u!e 

(Ii:-.f g • 1~~3} • 

. J;tldrib 

~'he mitlrilJ i a rounded, and aJ)()Ut .,.261nm in 

diameter, thougl1 the t augenti:.;}.l (lio.meter nh'iY l>e slightly 

gregter thnn the r r.;dinl (J,1 ig" 145} • '.Che cells ot' tho 

epide:rmia have thiok outer walls .and v ary greatly in size. 

On the lO\";or aurfnoe the collenchyma is l. to f~ pella wide 

omJ. a. rmv suoh oclls o.ocur on the upper side~ . Deen in 

cross seotion the ba.at fiber region is l to 2 cells wide 

a.nd e:<tcmd.tj hnlf way nl"ound the sides of · the lqrlem, · wh.ile 

in Gome opeciea . this reg ion extends to the uppei• e:hlo of 

the ;{'.ylern, e.nd in othors it cloes not ctrch but rema.ins wholly 

on tho lov1er side. The fibe1~e have walls .004mm thi ,ck and 

ca.vi ti ea about • 004Tnl"l'l i.n dit-lmHter.· 

!forgin 

Thie lenf' ia not uniform in thickness but 
averages •l6mtY1 v;i th' a ti;.pcring ma.rgin refle;d.ng slightly 

tow~'trcla the lower fJUl'faoe (Fig. 120) • All the- ocll t1a.lla 

are thickened and eove1·Hl oollenohyma cellEJ are found here. 

'fhe Jm.lisa.do and aphngy tiaeu<:.ia hr:1.ve the same relative poai ... 

ti on hero a.a olst~\1hcre in the leaf. 
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(Fie~ 160) ~ ''i1he t:ti11~1les h..-:1ve latertJ;l e~:c;vanae on ench side 

nf ap1mo~im--i.tcly 1 millimeter.. . <rhe cells of the epidermis 

u l .. e sme.ll. t?.l'l d · t h:i. o k .... wa.11 ~d • Collen-

i a 4 cell~ Y: ide / e l though in inst.o.no.ea pa1"'enchyma aelle are 

i ntetr!l:i.xcd. 'J?ho b r:wt t'i bera have oel.1 ! co.vi tie a e. a grcu t 2~a 

• 02rnm in 'Hamote.1~ and wnll s thn t 9.re .oo :~5mm. thick. 

General Features 

snrfr.:oe nncl , lnmr\ thj.ck. 

In ourfn.ce view ·the upper epidermal cella 

11rc found lr.trge-r and more regular th~n tl100 e of the lov:e1" 

epidc~mie (FigD. lll and 112)~ In oros~ section. the fo~· 

mc:r urc nm oh -thicker than tho 1nttor, ~md the en tire our• 

f :1ce h no a -vravy or Eoall.ope<l a:Ppcn.i"n.noe (:E'ig .. 113). A 

modcratoly thick cuticle appeure on both epidermiaea. 
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npproxi.mt~tely 147 etorDL~ta per square millimeter occur on 

the lovrer t}pidermis. Trichomes are :p:t'tH:Jent on the midri.b, 

veins a.nd veit1leta 1 more abttnda.ntly on the lovrer side th~m 

the upper (it'ig. ll? )• A few gl.~?.ndular htjl,i l'S occur nlong 

the veins and the mnrgin (Fig. ll6 )~ 

Ohlo:ienohyma. 

'l'he palisade ti.asue is composed of one 

millimeter of au1~ta.ca. ~rhe spongy region ht1a :r:ela ti~.rely 

small intcz•ccllul.r.tr DJ;?t1oes and there a.1·e 6 to 7 rows of 

cells composing the total width of .06ir~ai (Fig. 113 ). 

Venation 

Tliia Dpeoics is very atrik1i)g iu its net .. 

work of venation, in having l to 2 vc~n eHlings and ·an 

avei•age of orrn closnd mesh per square millimeter of leaf 

surface (Pig. 115)+ 

Hid1•i b 

I 

flattened. lm.ving a. radial diameter of' .3mrrr and more th~ir1 

throe t imec that ta.ngentially. The oUtf;}l~ ·wall e of the 

e1)lderma.l ocllfJ a.re .005mm thick and conapiououaly bi~J.g ... 

ir1g (J:i,ig. 146) • Tho oollenobyraa underneath the epiclermia 

is one to two cells thick. 1'he baat fibers form .<.m a.ltnoat 
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continuous arc on the low~r £~ ide of th0 xylern. Their walls 

n:re .29mm thick and cavities a.p:p1·o:d .. r.na tely .005mm in dia• 

met or. 

'I"h.e rnrtrr:;:tn is bluntly rmrntl ed w 1th U1e 

e:pideJ.~i;~\l cells mutJh srno,ller and nearly :teo ..... dio.r:1~t1~10 • 

The pnli an.de ancl r::pongy cells furve the ou1nc :relative posi ... 

t i'on at the rtnrgin as they do \Vi. thin the leaf (Fig. 113) • 

Petiole 

i~he petiole .:la aomewhe .. t oval and flattened 

in croso i:iec .tion~ (Fig. lul) • rt .is .?2mm ro.clially and 

sr>ict1otrnly emnll. and .the lmlf;ing outer wsJ.ls give thH sec~ 

The oollenohyma has a r1idth from 

~1 to 4 fHillq • .. ry,.110 vu~:rnulr\r ~3yatcm muy o:r. t1ay not be divided 

in.to scp:u:cd;c 1mncB.(;1a. In .some catHH3 it :i a eomposed of 

f.1. vo di stirict I>" rte• .:°i ncl then g1:on:pa oi'" baat :tibere subtend 

c ach PH rt e cpa r.!:~ t oly • Tlle fib er a al~ c • 0 2rmn · i :n c1iame t e·r with 

rmll s • 005mrn 'thick. 
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General :Fea turea 

The uaually 3 to 5 lea~fleta or this i.:;r,H;ciea 

gp 1. cl er mi a 

; , In surface v .iev1 the oelia of the up~er and 

lower ex>iderrtliaf:a cu:e about · tho S$.me aiz~, t.hough the 

upper are. more regular (Flga~ ~J;. r:tud 82) -~ In cross section 

the cells are rno~tly r.rlongated ·tangenti.'lllY• al:though some 

n~e rounded (:b":ig~ 83 ). App~oxi~"ltely 82 stomata are found 
per aqnnre milllmcter in the lovmr epidermis. relat;ive-.. 

t1•iohomee arc I,>reuent. on both su11 facea {Figj 85 l~ Th.e;}so 

triohomes may have caviti0s e:'\.temling the e11tire length, 

The paliem.d(~ cells ooour in 2 rows. the 

outer being • 03mm vd.de ;lnCl the inne~ va;rying around . •02mm-.. 

The inner celJ.s a1•e r1ot co com.Pact ae the oute:c, the 
I 

latter having a trequenoy of ?,280 pct" squai."e millimeter 

of leaf\; surft~ce. Thie is :the· smallest frequency of the 

cpecies here considered. Hosa m:icranths. • however;· 

npproachon thio with a frec:,uency of ? ; 725 .. · The sr;ongy 

tiscua hue many large nir epacae in it. Tho cells tange 
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from roundecl to oblong and :oo.rved-. 'lbere ia a pa rcnoh;,rma 

nhen th around the veins (I!":tg . 83) .,. 

Vena.t:l. on ' 

l~pprolti1mi tely t3 vein encl l nga oaour per 

square rni.llimct.cr of loaf. a r ea.. Vory,f!ew closed meshes 

a1,.e found in ·thi a SJieC i ea {Fig•· 85) •: 

1Ii dr :lb 

'l'he rnidrib ia rounded anc1 al ightJ .. y ixt'O;. 

j ect:ing outward~ Radially it iQ ~:~4mm ~u1d ,~ ~lB:mrn t~mgen~ 

tially. 'fhe outer walle a1 .. e heavy (Fig. l.47 ). :Mo cU. atinot 

<) ·ollenchyma ie proeent. 111rn bast fiber arc ie l to 4 

o ell a w .1. de o.nd i a composed o·f f.11rnra v1l1f\Se walls a.re 
.0025mm thick and oo.vitfea .006mrn in diameter·. About 

four rows of xyletn cells are present in the vascular 
bundle of the midrib. 

1l1ha rn.argln i e rour.1de.d am~. sl, i.ghtly :ceflexed 

towo.1"da thG" Ul?per surface (F:lg. 03). ':'Che epidernal cells 

ut the ~-'l ~ .1.rgin are somewhat amall<'!r than the otherG 1 and 

the pnli s~tde cells extend almost to the lower eide of the 

loaf. 

Petiole 

In croes sect \ on this :petiole appei1rs l1al:f' ..... 

moon or c1•eaoa11t shape (Fig. 162). I t measures .~H~mm 
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re.dially and onem.illitn.eter tangential:ty, Ho atipules. 

rour1ded cells• ' 1l:he oollonohyn:Ji...-=t. occt1re l to ;~ cells wldc. 

on. the l ·owcr side.·- :rta cell. wnlla are 'itOl.rnm thiok and 

its ou.vi ti ea f.tVer~:. ge .-.0046mm in diamete1·• 

General Ii'ea tu re a 

There ara '1 to 16 elliptic--·oblo,ng leaflets, 

6mra to 20mm long• 4mm to lOrnrn irl clt:3 r mos tl.y. obtti.OO and. 

doubly GQ:l.""rate,.. In orosa section; the 1eaflotE3 are .l3mm 

wide• 

The:r.e is not trll1ch di:f.fererioo in ahH:pe and 

oisc of· the . epit'.:. crmal cells whe·n aeen in surfaoo view. 

which h~ not the usual Q'aec. (:Figa, 108 and 110 }.. In oroea 

diameter than the 1Qwer 1 0ncs. cd'ld are. on the v1hole1 

.larger.. ~rho outer wall a of the n111)er epidermi e are thicker 

than thooo of tho lower (:J?ig,. · 10?').. · Glandular huh~a arf! 
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present on the veina a.mi margin; no trichomes are pre:;ent 

(Fig. 109 i:J.ml ll4 ). A r:elatively thi,n cuticle is founcl 

on the e:pidt~rm.ises. App+~o:;:in1tttely l.?9 etom .. r;tta occur l'er 

square millimc~ter Oi" the le"1f'e J.Ot1'H?·l' t~nl"'fao.e. 

Ghl or en chyma. 

dee1Jer tht1.n the othe:ro ~.nd the oelln have a. frequency of 

.lO, 017 per sqm1re millimei;er. !n contra.et to thi.s the 

spongy oella are looser o.nd less frequent.. 11.1here is a 

1mndle . shet:t th. cf parenohym.,-a. oel1E3 surrounding the veins 

that iu eorae oases, e::·;.tends to the <"1pidermis of both 

surfaces (Fig, 107)~ 

Th.ere aro approxim~1tely 18 vein endings 

and ~~ to 3 oloaed meshes per square millimeter of lea:f 

blade (Fig. 114). 

Midrib 

~.; 

and 1 e .3mm in r.:.: .. dial d tt~rjeter and .52mm in ta:ngentinl 

dis.meter {J?ig. 148) •. _ The oollenchyma is~~ to Seel.la wide 

on the lower side of the midrib and only a et~ll group ie 

present on tho upJ?cr side. Jro distinct baa'!'. t'i'ot:re ar·e pre .. 

uent. 
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• I 

The 'frlargin iG u1-~iformly rounded and eligh t-
ly tapering (Fig. 107). The epideruial cells at the margin 

are nearly sc.iuare nnd have an outer ·wall ,oo351nrr1 thick. 
The a:pongy tind pa.liaacte have the. same relative posi tlon at . 

the margin a.a elsewhere-. 

:Petiole 

In oroae aeot:i on the petiole ia rounded on 

the lower attrface and flt:·(t on the u1n1er (Fig .~ 163·) ~ ·Rad• 

ially it is .M.Jmm and tangentially •56rnm aerr:Ha~;. Gtipulea 

aro present. On the lower side,. the cells of the epider· 

mlt;~ are quite uniform in size, wi th rounded cavities; while 

on the upper surface the Oitv.i ti ea are more nearly aquare. 

'rhe .oollenchyma is one to several oell'e wide. Ba et fi bera 
auhtend the vn.acular bundle and extend t'o the upper , edge 

of the Jt:ylern. 'I'he.ir wallt] have· a thickness of .Olmm and . 

cavities .038rnm in diameto1~. The :rslcm ie composed of a 

solid group of cello that a.re formed in rudial rows. 
I 
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The leaflets are 9 tQ 17, oblong.-elliptio• 

oe:rrate 1 a to· 20mm long~ 4 to Smm '\vicle and .12mm thick. 

Jtipiciermi a 

There ia a vei•y great ditfer~1noe in size 

of Ul)l.Jer e11d lowe1" e1>iderrnal oella when seen in surface 

11:iew (aompa.re fi.gurea 133 and. 135). The uppe:r.• oelle are 

about three timea greater in clietmeter, and ir1 .. cross sec .. 

tion the aarne proportion is found for the radial cliametera 
, 

(lrig. 134). Ap:pi"'o;,dma.tely 350 stoma.tu ooou:r per square 

millimeter o:f leaf surface, theoo beirlg found only on 

the lor:cr sic1e. A modex•ately thit1 ct1tiole ia present on 

both epidermi see~ trrichomea are present (J!'ig. 1S1Z). 

Chlorenchyms. 

The :palisade cells occuJ.i in ti110 l--0\"1a, the 

upper oella • v1ith a length of .02mm. being the longer. 

These cells are relatively loosely aet and average 13 1 750 

pe1" aqua.re millimeter of surface. The spongy ti seu.e has 

cells quite roundecl with a. width of .02mm (JJ'ig •. 134). 

IJ ny amall air epo.cce are found betvreen thE~se cells. A 

pnrenchymtt ohca. th i e preoont a.:r~ound the vei na. 
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Venation 

There are 12 to lo vein endi:nge and an 

a'"'ferage o:f one oloetrd meah per aqua1"'e millimet~r of leaf 

blade ( .l?ig. l35) ~ 

In cross aeotio11 the mid.rib had a diatneter 

of .24mrn eaqh tm.y. It ia ciome .. ab.f~iped and alightly pointed 

j.n oross aeation. i'he eel.la, of the ep~.dermia are ahal'ply 

bulging and have thickened outer vra.lla (1Hg. 149). There 

i a no oollenchyma pro sent in the lovre~ :portion of the 

frddrib,. bt.1t 4 or 5 ce1la occur on the upper eurfEtOe just 
> 

unde1• the e:piclernli a. l·io bast_, fi'he:rr~ a:r:-o preeent., The 
' xylem occurs .tn 6 to ? radial rov1a or a few cella each. 

i:Ch~;; urea. of' the phloem region is gi~eater tht1n thut of the 

xylem. 

i 

The rnargin is rouncled and el igh tly reflexed 
t : 

towards the lower· side. 'l1hc. epidermal cella of the margin 

are ·small ancl ncJ.rly. square {1?1g ... 134). ' Pitliaad.e cells 

ext eml t1round tho nu:t.rg ln to the l ();1 er aide. 

PeUole 

In oroaa section, this petiole ia .64rnra 

radially and l.lmm tangentially {Fig. 164). It. ia quite 

f'lo,t on the upper aurf'r~ioe and broad rourlded on the lot-;e:r. 

Cella of the 1.ower O!)idermia a11 e much smaller thtn1 thoae 
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of the upper~ 'l'he oollenc¥tyma is unifOlNnly 2 ·oells thick 

and is found benea~h both u:p;pa1-- and loi;ver .epiderrnise~. 

The v.asoula:c syster~1 i~ in three portions with an aro of 
bao.t fibers sul,tencHng eaoh,. nea1"'l;}I' to the upper part of 

the :tylem. This baot regi.on ie l to 4 a ells wide,. having 
cell walls .Olmm thiek (lncl oavitioa .-015mm in diameter. 

1:he .main p~itt of ~he bundle is . not so 1~ou.nclecl "Put quite 
broach. Stipulea .a.re p:t.•esent eJ'-tettdin.g later~illy l ~5mm 
on each side, 

'.RO.SA OME.IJ£HSl$ 

General Features . 
In theae rc.speots this ·apeciea ie the earne 

ae Roea omeienaia ptetaoanth~. 

H1::d d ~rm.i a 
There are no outatancling differer1ces betwei::m 

the epidermieca 111 thi e apeciea (Figa. 124 and 126), In 

surfa.ce view they average . ~045mm. "in di~meter. The Upper 

cello uro more regular both in surface view and in crose 
section, c:.nd in the latter case ai~e a.bout .. 02mm in radial 

diameter (]'le;., 129). .A rellttive,ly thin cuticle if;.1 present 

on the e:picle1"rlieeo. :Appro::dmc.. tely 84 atom.a ta occu1" 1)er 

aqua.re millimeter of leaf surfz:loe, occu1·1"'"ing only · cm the, 
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lo,ve1: epiclerraia.. r.rl1eee e.:rre sunken below the general 

level (Fig, 124), Triohome~ ~i1 .. e lacking. 

Ohlorenohyma 

The i;aliaade ·region :te compofH~d of one 

laye1~ of oom.:paot cells .02urmn long. There a.re approx.irna.te• 

ly lo,6~25 0£ these per square millimeter of leaf aur£aoe. 

'rhe apo11gy tiauue is • 0$5r1ll11 ·Wide and ia rrede up if irregu• 

lar,, somewhat cor11paot eella, vri th relatively small air 

spaces (JJ'lig • 129). .A po.renchyma ehea th .i a f orrr1ed a.»oung. 
the veinaj the sn1alle1 .. 'Veino having four large oelle around 

them. 

Vem1ti.on 

There ~u .. e approxirna tely 16 vein en<lings 

and l to 2 oloaed meehee per square millimeter nf leaf 

area {Fig. 125}. 

lUdrib 

Thia mic1t'ib, when seen in oroas section, is 

rounded on tho lowor a id p and conco.ve on the uppo1.. ('Fig. 

150). It ia .24mm in both <.tiamet·c1"s .. The epidel"m.ie is 

ur1ifol'mly regular and r:1omewhat thickened outer ·walls. The 

ool..lenohyma. i a one cell thick on the .lower eid(3 1 but t\vo 

cella thick on the upper. no true bast fibers are present 

nna. only t\ fem xylem -oella a.re found. 
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'Jatrgin 

The -tnargin of the leaf is rounded '.•: with 

e:pider1t.al cells not unlike th.OfJe away fr
1
om the tua.t~gin,,- in 

size and shape. The pa.li_aade eel.le extend to tlle lower 

Sll!"fa.oe a1~ the margin {Fig. 129). 

Petio-le 

R~dially this :petiole ie .4Brnm and t t:tngen-

tio.lly :.8mm {Fie;-. 165}.. The uppe~ aide is :f'lat while .the 

lower ie rounded and aorn~rwhat flattenect. s·ti:pu1ea extend 

-.8mm laterally on each aide of the petiole. _ 'The ~p1de;t"mia 

ie smooth,, but there ia a striking differerJce in th·e oell.s 

themselVe'S~ · Gome of the a alls of the upper ·~pidermi a appea1· 

aa two V_' a fitted together tit tliei:c open emls .• \Y1fth a waU 

in betv;een them1' The coll encbyma is l to 2 · c:e·11e th'iok,_ 

~lome cell a -•025mm in cUo.meter. · The baat fj_1Jer sheath El~• 

'tends to the ur,per aide 'Of the xylera. The.re is a atrilcilig 

difference ;betvreen the v~-alla ancl the cavitiee of the bast 

fibel~s ., since tho walls arc: .• Olmm thick and c a v .i ti ea .0025mm 

in cl:ia.meter.. ?here is a relt~ tively broad area of xylem 

cells arrtmgcd· 'in many rad:tul rows. · The phl~em is apprq~i -• 

ma toly .. 04mrn '·ride. /\ bundle ahec0t th of pi:1ron<lh:J11'la cells is 

preabnt around tho veins~ 
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·Leaflet$ niuab~ ? to 9 1 :mostly 9• chi efl.y 

oval, l. to 2 oentixneters l..ons a.nd nearly half a$ broad, 

aerra.te aml .+l2rrun thick• Dti;pulon extend tibout hrklf the 
:; 

length of the l?t:rtiole. 

Ep id err.n:i. s , 

epiclermia a1~e more regular tlt'ln those oi" the lo1i1er, am.l 

~tll the celle a.re aomt.l\7hat elongatecl (Figa. l2? and 131). 

The cells avera.ge .05nttn ir1 diameter in aurfa(Je vi.aw; while 

they are .Ol?nmt in l .. adial diameter. The outer' wtil.l is 

a:pp1"oximately .o·02mm th.ick having a relatively thick 

cuticle (Fig. 128). f~toiaat~;t.oocur with a frequency of 

68 ,Per squa1"e millimeter 011 the l<H1er eurface. Triohomoa 

are lncking. 

Chloronchym.o. 

Generally the1"e are t\VO lnyera of palisade 

oell1l, the upper layer, .035rnm in length of cell a, being 

dtH:11er than the aeoond l:.1yor (Fig. 128). There a.1·e ap1Jrox1 ... 
. ' 

matoly l!'.-3;8?5 ouch oelle 1rnr aqual~o millimetE;;r of leaf' ~mr• 

faoe •. ~.'he spongy cello are rottnded to oblong in c110EH; 

section, separated l)y o.ir cpa.oea thnt vary in ei ze. tl'hie 

ti. saue is .04rrin1 wide and hus veine enoloeed by a :p;:~rcmchym:1 
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ehenth that· in some vcir1e extemls to both eurf'tioea. 

Venation 

.A!ll?l'{)*~~iiately 16 vei~: encltnga and 3 ·to 

4 alos:ed mesh.ea occur p.er aqua.re rnillimeter of 1aaf area 

(JJ"ig', 130}. 

Uid.1•·ib 

In cro'a.a aeotion this midrib has dia.metera 

.2arnrn eaoh way 1• t.hough 1 t is by ~no r.ieana perfectly round 

{Fig •. 151), The outer vn~ll.Et of the epid.ernd.s meo.Emre 

.005mm thick. usually the a ollenoh~.v:ma i a l to 2 cfella b1 .. oa<l 

with walls t00?5mm thick a.nd relatively 1:.:1.rge oavi ti ea• ,. 

Collenchyma cells ocour on both stu.1 ;C,aoea of the roid:Vit.h· 

Only a f.c•.~, 1Jast fibers are pJ:esent·.. The. I)hloem is apnro:tt1• 

rm:ttely .,03mm viide, 

.. 
rrnarly aquo..re than the othei• ~pidenual oella ,. The paliaa.de 

cells extend to the lovrer aide of the leaf (Fig. l2B) • 

J>etiole 

In croia'a aection•! the :petiole is flat on 

tho UJIJHJl" ourfaoe and broadly rounded o'ri the lower {Fig• 

166), nadinlly it is ,5mm and ner::~.rly twioe tl~~t ln tangen• 

th~l' din.mE~te1". · 7~ho epidermis is composed of rnn::ll.1 cells 

of comparatively tu1iform size. On the lower aide• the 
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cioll~1:nchyma is three oellt;; .wide 1 but going tqwarde tlle 

upper sicle the width is reduoed t.o one eell• On the 

ur>per 11•1rface it ia l to 2 cella in thickness~ 1he ba·at 

fibero arc arrt;J.ngecl in an arc, extending to the upper 

surface of the ~cylem .. 
!1; 

Occasionally this uro i ~ broken 

by some pa:renchyma. cells. 'LU:ie cell ·wallf.l are • 006r.am thick 
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i. ng po.fg;ea.j the con trao ting f e~1tu,,ee were .not em,phaei ietl• 
' (f·' 

The purpose ·or this eurrmu.try is to call a~ter1t:ton to theec 

f cat urea and to point out the ch:::~rabters of individu~)J. 

speo:i eo. 

in length in eor1c, to i20mm tp 50mrn in rugo0a. The leafleta 

of nose. koree.na are the small(~et let;lfl.ets of any s11eoi ea 

t1tud.ied., uveraging lOmm :in length and omm in 'V:td.th. 

'I'ho epidermal cells of all. the epeci ea have :relative-

ly thi. o ken ed cut :i nJ z od out er wall.o and a mod er .r:~. t tt1y thin 

outioJ .. c. Clothing hairs o.re foumi on 'tl'n1 leaves of actlif-

ornica, dumotorum, hugonio .• wnteoniane .. , rugoaa. 1 nm:l aetigera; 

nnd, in cr.u:ie of tho latter two., th!::1ae hairo are found only 

and hugonio ho.vo thickenocl so ao to cloBo the cavities. 

Glandular ho.ire are prcaent on the leaflets of eoae. 

oalifornica, micra.ntha, koreana. dumato1'um, r.u1d oerioea. 
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and, in moat ca ace, the atalk i .a 1~el.t), tively long. In-

ooae, how·eve1•'1 the haire have a ·ve:ry ehort sta.:Lk• ln 

koreana. the head ia diatinot:ty rounded; . with ~ very ahorti\ 

stalk. 

·ir11c frequency oi .. atomn. ta varleo from 68 in o:pino@ 

aisaima to 420 in ko1 .. eana. In all. the epeoi co the atom,;t ta 

occur only on ·t11e lower side of the leaf• 

' 1rht~ Pf:tlferJ.de _ tisf1ue ' occ-ure in two oell-iayors in 

hugonio, uetigera., wirJhur;:~ i;1;t na,, ~rnri(}ea, eoae, YJatsoniana, 

omei enrd a :pt'errr.. oanthct, ~HJ<l spinoahH;;ima; while, .it le one 

cwll-lciye1 .. in t.he :t .. ettu~d: ning specieo. 'rhe f:cequenay of 

palisade cells ie quite outotanding~ In watsrininnu. ·there 

are 7 1 200 pali eade cells !Jer square ra:l1.'lirneter of leaf 

area.; while in koreana there ~i·e 23~?50• Uext in ot·der 

come hugonie c:md serioeu vu- i.th l't.500 on.oh, Not only clo 

theae ·up co :l (JfJ show a. vr1de range in fi•equerwy of pr:i.li ea.de 

00110 but a,lao In the nurnber of free ve:tn endir1gs and closed 

meshes. Jn hug:)nis, there are a1Jproxi.mc~ tely fZ8 veiri endings 

unt1 5 closed rn~~ahes. per square millimeter o;i:' leaf uurf~aoe: 

while in watsoniano.• thero ia an o.ve:cage of 2 vein endings 

IH.n:- square millimeter and very ~~elclorn does r,.;1; closed mesh 

occur. Approaching this epecics is oalifornica with l to 2 

vein endings and 1 closed nesh p er square millimeter. As 

ohor:rn by the chort I, there is no positive correlation 1)e-

tween the numlrnr of free voin endings and closed rneshos; 



-116-

and; the ;frequency of stomata. and po.lisade oella. 

-i.'he miG;ri be of the irn.ri ems a:peo i es are usually round-

ed on the lowel" strrft>.oe and. oonoave on ·~he upper; hotvrtever;. 

in koret~na the midrib projecte dovmvto.rd :t'elatively n1ore 

th~frt :i.n the other species. In oalifornion t.hc lower f:)urfaoe 

ia i;i,lm.cHst flatteneth 

11ast fibers are preeent in the midribs of rugoaa, 

dumetorum, dumatorum, koreo,na., mie-ra.11.tha.i calU'ornioa, wat• 

Ernn.b,r1a~ and spinosiosim!:t; however, in durrtr.atortu11 r~nd koreartct 

these fi.bers are vu1 .. y oparfl<~- !rl a.l.:i. the other a:pecieo 

otud:lcd bv.12:~ fibe:ra are abaent 1n the midrib. In moat apeo ... 

iee oollenchyrru0~ ocm.iro on the upptlr .and lowc~r sidE:HiLOf the 

midrilH however, in oaoe of. omeienais pterr.:t .. oo.n.tha, oollen-

chyma occura only on the uppe:r aide; and in ttrateonit.ina no 

dJst:i.not colJ.enchyma. cell a o.rc p.resent. 

'rhroughout the apeo:lea, the 1>e'tiolt~a hi1ve about the 

o~.me l 1 elat:ive shapes t',0 do the midr:lbo. All the petioles 

h·1vc otipulea, but in vn~.ttconiana, they a.re relatively er,1all• 

though in a.ll oo.aea the otipulco 1rncome broad.or t~.t the i:pe~. 

In aumetctrurn, omeient1is IJtc:cucanthn. apinoeir.rnima., and rugoan 

·tho s.tipulee extend; lat.·era.lly ~t diotnncc of l.5mm on each 

i..:ide of the 1rntio.lc. Ocmm:o.lly the petioles have :.~ to 3 

cell•luycra of coll enchyr:1a J but ko11 eana h!.\s only one ·Cell• 

layer, while in californica there are 2 to 4 cell-layers. 
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The coll.enchyn~. of omeiernaia pte1·c~cantha i a u.nitormly 2 

oell-l;:1.yc1 .. u ln wJ dth• Ae eeen in c1•oes aeetion the ba~t. 

fibora in the I~etioles t:Hma.lly o~ten<.1 aouu~ di:etc;inCe upwr;;~1·~12 

on the oidea o:r th,e bundl!~• In miora.rrtha t.:1nd '\Y~;'.taonian~t. 

hotrnvei· * tho ba.st ia re@tl·ioted defi1'.1itely to the low<:)r 

slde. 

The vascular system is in a. cingle bundle, or in 

eevernl bundles about midway tbe !Je·~ 'i ol.e,. with baa t s1,~b­

tencling, each bundle, in tl~e latter, aat:Hh There ia a single 

bundle in hugon:ia, eoo.e, apinoaissin.'¥.t• clurnt1torum, 'rnicrantha, 

n:nd dumetortnn, while in oroeiensi s there hJ, a tend ency to-

wurds oeparate bundles. In koreana, there are 6 distinct 

lmndlea. In ootigeru, wichiiro.iana~ ~erioeu, and watsonia11ct 

there ia n omnll btH1dle on each aide of tll. larger central 

bumn.e. 

rr!'l.e lenf m~{.rgina o:f hugoniu, setigera and micrtmtho. 

have u Gl'"Oup of oollenohyma colln umlot.tnea.th the <}!.Jidermi.Eb 

Theuc murc.;ins. are quite pointed,, <~specially in hugonls and 

micrantlitt• The ror;air.1ing npecica have rou11ded ma.rgin~ wxth~ 

out coll en chym:::l., 
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ORAHT S1t0WI 1m · 11~1-!J!i lnn~mmn. 011' CLOi:iJf:D i~tF!l3lI:f!ith 
V:.iUlr :: ·HTD!i'!Gff, 8~1XJ!.[A '11A l JiJJD l?AJ"IHADl~~ CJi~IJ!JG 
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(:x: 45) 

»11g~ 'l R. husonia, one year 
]'ig• 2 n~ huc;onie, two year 
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Fig,. 3 

Fig~· 4 
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n~ rusosa, one year 

n~ rugo8a, two year 
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{x 45) 

:E'ig. 5 n~ oo~igera. one year 

Fig~ 1 R. aetigera, favo yeax-
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T-1.t J" t:t ·.·.· n 
- 'C> ~ l 

(x 45) 
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R, tvi~ht~ro.iana, one year · 

R4i wi~hU'.rt1ia.11a., . two yenr 
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Fig. 9 n. •. durnetorurn, 9ne year 

l!"ig. lO n •. , dtunetoruxn~ two year 

Fig Al ll H• dumatorum, one yea~ 
F" •.. . ig .. 12 n. duma torurn, two yea1~ 
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(x 45) 

Fig ·. lS H. k0t:~ana 1 one ye[,tr 
't':'J. 14 n. }to.r·ev.na • two year ..1J.B• " ' • ·., 

Fig. 15 ll. aerie en,, one year 

Fie~~ 16 lh aerioea, two yeo\r 
(x 42) 
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Ffgt, 19. 

~~igt, ?O . 
r.t1• (' ·.' · 2. l· , - f;> !'· ' 

Fie~:., 22 
' . .,) . , 

(x 45} 

-131-

lh mio1"an1;lu.-t ~ one yea:t-

R. l}liOrant.ha * two yeat' 

R. califo.rni';la., one yeul' 

R.. 9ali:f orni9a, tvio year 

R ~ \1 1;~atson:iana ~ two year 
(x 28) 
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Fig. · 24 
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H. • ecaa, one year 

R. ocae; t;wo yeE.U.' 

n.. ome i en o is Ift erao ntn tha , 
O?lO ;Jt:'ij.1] 

'R• . otneiona.ia ptera.cantha, 
two year 
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Fig. 27 

Pig. 29 

J?i(h' 30 
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'R• omeieneis, one year 

.. fl., ~pinoai Baima, one year 

lh- ~;pinoai asima, two year 
. (x 42) 
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Fig .! 51 
. 1J,ilh 32 
Fig. 53 
Fig"' 34 
Fig, 35 
.Fig .~ 36 ,, 
Fig. 5"'/ . 
B1i.f$ ' . 38 
~~g •. 39 . 
Jhg • . 40 . 
Fig• 41 
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Fh hugon1a -n. rue;oea 
11. aetigere. 
R. . wichuratana 
R. dumetoxiurn n.· dumatorum 
R • .sericea 
.R. oe.liforniolt n. ' watsonj~ ana 
n. ecae 
R. e1)inosi (Hd,tna, 
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31 
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38 
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33 

39 



Fig. 4-2 
1ng .. 43 
Fig. 44 
Fig, 46 

F:ig·11 46 
1<1 ig-. 47 
Fig•·. 48 
1;"'1 - • -4- -_ i""t 
.\~lg~ i;J 

Fig• 60 
Jj'ig. 51 
Fig. 5~3 
Fig. 53 
:h.,ig. 54 
Fig, 55 · 
Jr1g. 56 
]*ig. 5? 
Pig. 58 
l~lg. 6~) 
Fig. 60 
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R. koreana.. 
n. mioran:tha 
-R. omeienoie ptaracnntha 
. n. o;·neiensi a 

Iti 
:lh :n., 
·-H . 
lh 
,n . 
H.. 
R• 
Jih 
Sh 

;n~ 

hugonia 
:rugosa 
vii churr.~ iti na 
aetigera. 
dttnrntorurn 
SI' in o u i., s s lnk'l 
omoiensie pte:rucnntha. 
watsoniuna. 
tniora.ntha 
uumatorum 
omeienaio 

, n~ eca.e 
"R ~ oal ifornioa 
.J{. ccriaea · 
- R~ koreana 
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51 
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56 57 



Fig• 66 
!rig. 71 
Fig. 74 

Fig,,, 61 
!!'tig i '70 
Fig. ?5 

Fig. 62 
Ji'ig. $4 
llig. 68 
Fi&;• 69 
:&'!.ig., r-;3 
I~"ig• 72 

Jrig. ns 
lfig. 6? 
!i'ig. 76 
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L]lA.F VJ~liATIOl~ 

(x 3}3) 

{x 143) 

(x 92) 

(- rl<'"j) A lh ... 

R. llUttOnie 
R , :rug o Elia. 
It. eetigera 

R. hugonin 
n. rttgoea 
R ~ f:>ctic;era 

R. hugonia, upper 
R. hugonio, lower 
R., rugosaj' tlIJl)Hr 
n. rugoso..' lower 
R. eetigeru, upper 
R. setigera~ lower 

n. hugonia 
H. rugoua 
H. e0t.igera 
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Fig-.'. .??' 
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G!d\.J:mULAR . if A !"!IS 

(x 255) 

n. :r;ugosa 

R. aeti.gera 
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Fill• 84 
Fis• aa· 
]?ig. 90 

Fig; ?8 
1'1 16:·· 85 
Fig11 8:9 

Fig. 79 
l'ig. 80 
lJ<tigil 62 
:n\1g. 81.-
Fig• aa 
Fi.g •. 91 

Fig. 86 
Fig. 87 
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n. wi.ohuraiana 
R. wateoniana -
n. &un1etorum 

I 

R. wichura:tana. 
R. wa t$oniana 
R, du.metorum 

(x. 9:.~) 

(x. 92) 

n. wiohuraiana.. uppc:lr 
R. tv~ chureiana, l.ower 
R. watsonio.na, upper 
H.~ ·wateonbma, lo·w~~lr 

R. dumetorUJ!l., upper 
R • dy;rneto:rum; lo1ver 

R. wntaoniana 
H. dumetorum 

' '-;'; .. ·,, 



·-145-



} . 

:t.i,~.1 fr• ~l7 

Fig. 100 
Fig··~ 106 

]"tie:. 92 
Fig, 96 
Fi.g, 105 

Fig. '·94 . 
]'.ig. 95 
Fig, 99 
]'ig. 98 
Fig• 104 
~Pig. 102 
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Rit dumatorum 
R. k<Jreana 
n. f3ericea 

(x l43) 

R.- dunmtorum 
R, -koreana 
n •. ·serioe~ 

(x 92) 

: -~. ·, 

1 ' 

n.·''duma.torurn, u~wer 
R. dumatorum1 ·toVier 
R~ koreana~ upper . 
n~ ko1 .. oana., lower 
1{ ... Gericea, .upper 
J1. e er i cea 1 <'~~()w er 

OtAI'IDlJ!AR i~J\ IR a 
(X 255) 

Fig. 95 . 
Fig-. 101 
i"ig. 103 

H. dumatorum 
R. koreana 
R. serloea. 
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Flg4!.· ll..4 
Fig, l.15 
l!"~g. , lm5 

~~ig. 1:07 
Fig. 113 
lfi{5~ 120 

:Fig. 108 
F:tg. llO 
],Jg. ll.l. 
Fig, 112 . 
Fig~ 119 
J~1 ig. 121 

:u~1g. ll? 
Fig. ·11a 

lHg. 109 
:Pig. 116 
l?ig. 122 
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(x 32) 

· R~ .ecae 

(x l43} 

(x 92) 

(x 9~!) 

(:>t 255) 

R. californica. 
R. r.nicrantha 

u, eoae 
u. os.lif'ornio~:t. 
R ·~ mJotantha. 

ih ecae, upper 
R.. eoae, lower 
R~ calitornica, upper 
R· ca.lifornioa., lower 
!h mj.oro4ntha· ~ upper 
R. miorantha• lower 

11.. cal if Qrnioa 
R• micra.ntha. 

n. 'WO. tu on iana 
R. oalifornica 
R. micrantha 
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Fig• .. 126 
Fig• , 130 
Fig, , l3o 

Fig. ;129 
I•'ig~, 128 
]"~g~·.134 

Fig~ ,125 
1?ig •. 124 
1lig~ .. .. 12? 
1~1ig. "l~l 
Fig,. .135 
J!,ig. 153 
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(x 32) 

n., , omei ensi a 
R • . apinooiasima 
n • . on1eicnsia pteracuntha 

(x J .. 43) , 

(x 9~~) 

TRICHOMJ~S 

'(x: 92) 

R •. omeionoie 
R. ,Upinooieaima . 
R •. , omeienais pteract1ntha 

n •. ornoienaia pteraoanthu, upper n. ,omoiensje pteraountha, lower 
R • . spinooi oaima, up].) er 
R • . spin o ai esima, lower 
R •. omeienaia ptoracantha, upper 
R. omeianaio pteraountha, lower 

R. omeicnaia ptoracantha 
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125 

• 133 
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Fig .• 138 

Fig,. 139 

·Fig. 14() 

·•152....; . 

Ft-. hugonie 

· H • vri ohu2a iana 
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liill)ll Ill o.noss SEQ TI OM 

(j{. 98) 

Fig. 142 

Fig,. 14.3 

Flg~ 144 

Fig ;~ lt:15 

~,lg. 146 

R. durnatorum 

R •. kol:eana. 

R• eericea .. 

Ih micl:'an.tha 

n. oali,£ornioa. 
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' .·· 

Fig11 14-9 

lrig. loo 
ll"'ig, l5l 
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(x 98J . 

R. , ~atso_niana. 

-R • . eca.e 

lh 'orueienaia ;pteraoantha 

n. omeienais 
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. Fig •. 162 

:Fig,.· 153 

Fig,. 154 

Fig~ 166 
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(~ 58. .. ) 

n .• hugonia 

rt. rugotJa 

R· seti.geta 

n. \\tiolluraiana 
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i • lb4 



Fig. loo 
Fig.,1· 157 

:F'lg,.. 158 
I . 
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ll. dumetorum 

n •. , dtn:~torum 
R.• koreana. 
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i . 15 i • 158 
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PETIOLJU OROBS .S:ElOTlON 

(~ 58) . 

Fig·~ 159 · 

Fig-• . 160 

li'ig· •. 161 

Fig-. 162 

R~ aerioea 

n .• tni¢ranthti 

a. Qal.ifprnica 

R, vttito.onia.na 
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Fig~ 163 

Fig• .164 

1nt;t•· ,1es 
Fig.it' ',l.6$ 

(x 5.8) 
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R,, eoae 

· n~ omeiensi e ptert:.uamtha 

· R j · omei enai s 

R, spinoelsaima 
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It has bee11 posaible in preceding pages to aho1t1 
', 

outsta.nding h~atolog:t.oal.· an well as g;rotu; l1torphologioal 

differenoea: furtliormore, I }1a.ve been. able• in:i t.h the 

fifteei1 apeoies of Hema, to ol~,f)aif'Y th.erri aoeord:ing to 
I "' - - . 

hietologic.al fea:tu:.res of the. stem and ~ilso the leavea. 

!n some :lnatancea I :f'e(~l that i~he petiole and midri.b 

apeoioa,. 

In conolualo~ I should J.ike to bring. out th~·j 

anatomical chetr£totera oonll'nort to all . the ~peoies ·and those 

chsir.uot.e1·a that a.re peoulj.ar to o. single pp<;;cies or group 

o.f spec i ea. 'l'hose. feat.tlros common to all. the · ,£aJl(~oies 

of Hosa. I hrive attt<l:t ed in thi.s roeea.rch are. i . (l) Absence 

of · f;mdodermis and lack Of aegre~$t·tion of Cl:, per-icycl.e; 

(2) lioderately thiok•wcillcd cc>l.lenchyma· celle in. the 

stem, with the inner r)Orcler uauall,Y ur1clulatec1; (3) Corle 

or e1;idermn.l ori.gin (except in rniora.nth(~~}; (4) 'rend ency 
\ of vaeculc-.r system in petiole to bo in several separate 

bundles: (5 ) ntomata l~<;st1~io-tcd. to lowel. .. leaf surface; 

{6} l)rcoenco Of e,tfpulou. '111000 :feo.turoo· pecuJ .. iar to 

certuin s1)eoieu a.re; (1) l}rescnce of coll.fmchyrna at 

the leaf margin o:t hugoniai aetigera, and micriantl~'l; 
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(2) Collenchyma vm.ntin~ in m.idribs ,of· ~t:atsoniana; (3) 

Bast fibers occurring in cdd:ri.h of lfl:tf50t)ri1 d4raetorum,, 

dunr.ato11 um,. korerma, ntiora.ntr~.a,.; OB.lii~o,r.ni92 .. , v.rateon:i.ana, 

cells of two~ distinct ai3iecr in hugoni~h aur~ttorum. 

aer.io ea, eoae, omei ensi o pte31aca11tha a:nd t~J?i noaia eima.. 
. ' ' : ' ' ' ' ' ' ' '' '' ' ' - . ,', , 

almoat a solid o.vl:inder of bEtSt fibere. m.'3.Veral>oell.e 

wide radir:;;lly; 01~ it tnay have :relatively £ew 'b~1et' fibere. 

t/l:he leaves. of this go11us a.re coxri1nm11d Qr <e:tmple, 

u,nd eti11ulate ueua11yi hovrover, :ite\v apoc~·oe have a~ro.ple 

1:\.ere ha'\re. odd~J;;innate 1; .. u·1tt stipt.ll.a;te leaves. !11 aome 

c1peoirJe of Rosa. the ati,pules.,a.re,iad~ilte u.t t .be baee: of 

th~ leo.:f'; while, in ot~le1~s the Jltipules, extend .orH~.-hal.f 

the ld.11g th of 'tl~e :Pt; ti olcf~.. In thoae speo i ee oonaidered 

hc:t,~e the ati,pules \l-2ttally extend. more tha.n he.lf the leugth 
1 

of the petiole. l~ot only ia there a. vride ~n.ng(~ in rHzo 

of let;flete, but also in their internal f3t~u.cturea. For 

instance' ! find tho.t feiit or the $pecies have ,leaflets ; 

th\:.t), the otl1crs being without tlli e fea ttrre, /~loo bt{at 
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in the.ea SJ:?eoiee and the pq.mber of palia~!t<le cells rangeo 

from ?, 200 p~:r ·squ.a111 e ·mlllilnater of l,eaf ouri'e.oe in 

·watsoniana to ::;3,?50 in ko1 .. ea.na., 

Wi tb wide ra.ngea in hietological features ouch aa 

these before ue1 it beccnnea evident t'h~~ t, while "lt.t.l"iations 
\ 

in g1"oua morpho~ogical oha:tt;tpters ho.ire been tfaking . plaoe 

in the hh1tory of the gonu~, the cells and ti esuetr com• 

posing tho different membe11 2 ha.ire also :eelt the forces 

compelling variations and huve responded .. in waye so deflnitt) 

as 1~o mr.2ke theee· finer a~ructures Of taxonomic VfllUe no 

lese th~~n the larger aupor!icial charaot~rs ·which the 

uyo.tematf.sts have been aoou~;tnmed to employ. 
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