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DEYELOP:\IEKT O:B1 THE FOLIACEOF8 
( '0rJ1YLEDONN OP ( 'UULTHBlrl'A ::\I A_\T:\fA 

In rn a 11,\· cli eo!yl cd on s th e SL'e<l h·a n ·s den ·lo p into fo li,11· oq 1;an s. 
Th e s hif t fr om stor age stl'll d ure to foli,n· k ,.1 f in\'Oh ·es m an y 
r lrnnges and th e rn0l'pl1 olog ieal t1·a 11sfon m1 ti on s in tlll' large r coty
led on s ma~· be t cadil,\· fo ll o \1·ed . Thi s pap e r att empts to !rnee the 
c- lian ges in the cot~· lcdou s of the Hlll)ba 1·d :--qu;1 s l1 (Curnr /J i ta 
1/lrtX i11111 ) thl'Onglt the gL'l'1Tii1rn(i on pe1·i ou. 

Co ty ledon s, in gen eral , m ay be defined as th e first leaws of the 
plant vl'hieh d o 11ot a l'i sc f rom th e primol'llial m e ri s1cm . In s pc•r
rn a toph ~· tcs as snmmai·izec1 by nol·bel ( G), ! he eot,\· lcdon may serYc 
Y,n·i ous pm·posl'S, 1rnmely (l ) ,i s n protee ti\·e s tn1d ure inyestin g 
the bud , s ueh as is fo und in Can·x; (:2 ) as a r escr rn ir of n·sc1· ve 
materia I, eom mon in cli eo t.1· lpLlon s ; ( 3) ,is a ha rn,101·inm for t h e 
abso rption o f' foou fo1· the embryo, eommon 11mon g grain s; and 
(±) as a piston -like strndnre t o 1,w-d1 th e seeJJin g dee per into th·e 
so il during g·el'lninati on , s nc- h as is fo un d in Ph oL·ni x. 'l' he ab ove 
fnn c- ti on s a re in ndditi on t o thn! of pli otos.n1!li l's is ,1·hi e li oc·e111·s 
in c-ntuin 1,lant s d rn·in g th e l ,i! L' I' stn gl's of gL·r m in nt ion. 

1\rn 'I'H ODS 

F or !he ,1nat omic-,.1l s tucl~· of eot :d cclons at n n·i ous s tages during 
t he ir d eYelopment seeti ons of Ji\·ing aud 1n·esen L·d ma t e1·ial wer e 
u sed . F1·ec ltancl sce ti on s Wl·1·e made of Ya ri on s p m·ti ons o f t h e 
eot,\·ledon f m· genera l study . ,Yith th e freez ing mi crotome sec tion s 
wc1·e t ut p a rallel and at righ t augks to the s ul'f nee. P erm mwn t 
see ti on s \\Tre 1H·c p,n·cd b,\· th e p a raffin met hod in the u su a l mnnn ei·. 
'l' hcse wer e ('lit 10-Fi ~l in tl1i eku l·ss and in t he two direc-t ions n oted 
n bo\·e. 

Of th e n ni ons sta in s u secl the mmc sa ti sfac101·.1· 1rcn· an aqueon s 
soluti on of mala c- liit e g reen a nll safra nin with Delnfield 's haL'm a
toxylin . Tl 10 fo1·mer was rn;cd to stain k rn pma 1-y m onnts p r e
pa r ed by th e freez ing m eth od , th e la t te1· fo l' p e1·man e11 t slides. 

T o (k tcrminc tlt e inte1·rnsc ul nr in !L·n al of tl w mnt ure seed ll•a y es 
;1 s we ll as a t l' ill'li e r stages of dL·\·e lopm ent , ,lll H\'Pl'age of ten 
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rn casurenw nts was ro mpuieJ. for ea rh of fi\ ·e cot .d edons nn d a 
fin al a \·er,1gl' of these \1·as taken . 

T o oht ;iin t h(• mil' of gT0\1·th h rn sets of seedlings \\·ere marked 
anJ. th eir roly 1l,do 11 s \1·e1·e lll l'i lSm ·eJ ; r- lia11ges i 11 1 lw d i mens ion s 
of on e set \\"('1·e n otl'd J ;ii l_\· :md of th e otlw1· at t hi-ee cla)· i11tt' r rn ls . 
l\Iemmrcme11ts of hrent:· c-o t .\·kdo11 s ( ten pl;ints ) were taken at 
each 1·cndin g. 

In detern1ini11 g t he Y,n·i ous ki m1s of ston·d foocl p resent ,rithin 
the cotyled ons i 11 1 he 1·est in g srl'<l B rkerson 's mic-rnchemi cnl tests 
fo r a lcnrnn(' gr ain s, st 11 n·l1 and fa ts 11en ' 11 sed. '!'li e vn·sen ce of 
stanh wa s ckm om:trated b,'· dig·esti on \r ith dim,tasc a nd by mi c rn
seopira l l'x ,1minuti on of 1l1 e r-ell c·o11 k 11 ts . 

I-IISTORIC,.-\ T, Irn VIEW 

A rn1mbe1· 01· im·est ig-Mon ; hiwe st t1 cli ed th e a1wtomy of the seed 
leaf and the <' IHlllgl'S orr unin g in emb1·yo 11i r ti ssues durin g gcr 
mi11ntio11 . Hugo de \ r1·i cs (10 ) wm·king on r lovet im·estig, 1t.ed th e 
external and intern al an atomy of the seed as well as the modifiea
ti ons \1·lii c- l1 takL· pl aec in th e cli ffe1·ent or gan s chuing germina tion . 
Th e ehnng-cs occ urring in th e c-onst ituti on of th e embryonic t issu es 
and p cri s1wrrn during gl'nninuti on 11·cr e fo llowed by G1·is ( 6 ) , 
,rho also cxaminecl thL' mocl in r nti ons of th e matc1·i als wltieh t·hcsl' 
ti ssues em·l ose. 

Goclf1 ·in (-! ) stud ied bot h tnlw1·rular ( tl1iek ) and foli ac-l'OUS 
( thi11 ) eotyk l1ons, makin g a morph olog ic- al com pai:ison of t heir 
ana torn _\·, ,is ,rl' ll as t he 1·esene food eonten t of scYernl p lants in 
eludin g 0011 1/ cria ti11ctori(( , Ri c- in ns, .A cei: a nd otl1e1·s. He obsen ·cd 
the followin g r ela tions bl't \lW'n tlie fo rm of t li e cotyledon and the 
e011t cnts of its cells : (1) foli ac-co us eotyledon s contain onl y alen 
r one ; (2) tubercula r cot)· ledons eontnin most frer1ne11tl y a mixture 
of sta rch and aleuronc gra ins. 

P ee-Lab.'· ( 7 ) c-ompared th e Sl"l'd leiwes and tn1c foli age lcaYcs 
on the s[1me l)h1nt in 1·efet ence t o th eir amit omi r nl st rudur e and 
foun d a m:irked s imilarit)· hc·hH'C ll them. 

.Aucnmiil lcr (1 ) im·est igated the strnet urc o f: the cotyledon s in 
th e resting seed aml tl1e initial eh anges occun·in g in th e germin a
tion of a 1mmbe1· of p hai· rn ,ireut icall y im por tan t phrnts. In hi s 
study of: C11Cll rb i ta Pcpo lie found the cotyk don to consist of 22-2--1: 
cell s in t l1ic- kn ess an d the 1>ali sade to be doub Le-1·o wed, except ahorn 
th e 1n-ora lllhi al st rnml whl'l'C a third 1·ow ,, as 1n-escn t. He also 

VOL l .\ ( ' l.;()f':-~ ( '0 ' 11 YLE110N :--; 

fo und tl1e senl lenf :11lll l' il (ii c·I <' to be c·o\·c1·ed \1itli ii <ll·li <'a 1<· cu ti cle 
i n t he n ·sl ing Sl'\'d . 

fo a de1·elo1J1n ent.il st llll.1· of tl1 c tT ue fo li ng-<' lei1\es of \ ' iti s ,m d 
Ca t,1 lpn Tny lor (fl ) sh11l's tli: 11 in tlll •se t he in tc1·<·L' ll11l a 1· spnel'S 
m·i g in ill l' thrnng- 11 tl 1l' split t ing it1J :1i-t ol' tli c· (·c' lls be,·:1t1sc o[ un
l'<JUnl g i-0\dh. Tlw l' p idl' rnrn l cell s in c·n•ascd in sizl' mo re tl lil ll 
t he eo n! ignou.-, 1rn lisi1Ll l' illH1 Sll< ll tg_\· rn esopl1.1·ll C·l·ll s ,rn d th is in 
l'qn :1l it.1· of gTm1tl1 se p,1 r, lfl's Iii(' <·c•ll s of the la.H i's t llili l'X l) ,lllLl 
ll'ss ;i long· th e mi ll(l k· l.i mcll i1e. 

Dug-g-,11· (:3) fo1 11 Hl i11 l'XJ)l' l'im enting \1·itl1 (\1n ndn fil·lcl J)e,1s that 
1he remm·ii l of 11i c c- ot.1·lcdo11 s i1f1 r 1· the svc-011ll lb .\· of gT0\1tlt de
lll'l'SSL'S t he g-1·0 \\"tli rn tl' of tl1 c :nm nµ: pl;in t . JJ0\1·e1·e r, if the seed 
ll'il\'l'S ill'l ' r l' mo1·('ll ;if1c- i- s(•\·r n tl.i_\·s. th e cfll'(· t Jll'oclt1<'ed upo n th e 
l'iltC or g l'O\l"tlt is \'l' I'.\" sl ig ht \i"li l'n 1 li e g' l'0\\'1 It 1·:1k is l'O lll l);\ l'ed 
\I it Ii tlw t of' t li l' contrnl \\·it li (·ot., ·lcdons i11l ,1d. 

Af t l' r a n i11 n·stigi1 ti o11 of ti ll' 11i t 1·og L·11 1m·taholis rn of I-foblJ,1nl 
Sl [Llil s lt seedlin gs, Hecl1 ( N) c- ond 11 ll l'J tliat lli ! l'og-en (•om ponnd s 
nre n cc·l'ss,11·_\· I'm· t h<· rn;ii n fl' lli lll<·l' of t he len f', es pe(• ii1II_\· if it is 
cxpOSl' l1 to in tense illn rni1 rnt ion for Jong· pe1·iocls. 

( :II0"\\' '1'11 <' IL A NG l ◄JS 

'J'l w hrg·i1111i11 g 01· gl· r rn in ,1 1 ion is m,rn ifrstl'cl l'X ll'l'll ii l l: · h:\· th e 
s plittin g o l' t ill· sl'l' li c·o, it nt till' mi (· t·op_\·l;i r (·ll ll . ' l'l tl' <·xtrnsion 
or t li L' l'ildi (•lc o<•(•u 1·s rnH1t,1· fil n ll'iil 1lc (•u11lli1 ions ii l't c' r a t\\'O or 
11n·L'e lb : · 1wri od in Ilic soil. Th is 111:1 .\· Y,11 T \1 it l1 the· rate of 
ox,\·g·en illld moistu re iil ismpt ion h,\· t li e seed coats. 

1\ ftc r tlil' 1·,1di ek appe,1 rs. gT0\1·th is r1 ui te rnpil1. 'L'hl· l)L'g grasps 
a poi-! ion of t IH· seed c·o,1 t h.1· gTO\ri ng il l'Ollll(1 it. 'l' hl' im·cst mcnts 
ill 'l' f 11 rt hl' L' sp lit iljl ill't ,ilong th e eclgcs, nnd ,1 s t li e 11.\ poc-o i: ·l ill'Clws 
11 p, 1 lw c-ot ,\·kclons ;t i·e soon 11·itlllh-awn l'rn rn t lH· scel1 co;its. 

n cn,]op men t o f' t lH· rnot sy>< t l·rn kc•e ps pm·e 1\·i1 It that of t lH· 
hy po!'o1: ·L nn(l (•o t.\·l(•l1ons. Th e rnlli <·k' e lon gates i- ,qiid l_\·, illld ma)' 
il (• lii l' \'l' a ll' 11 g t h of appi-oxi nlilt l' I.\· nin e c-r·11t im ck rs h,\· tli c l' lll1 of' 
th e fi fth <b,\·. L.1te r,1l rnot s dcn· lop ,is the· eot _\ ·lecl ons il l'e being· 
11·ithdt ·i 1\1·11 fi-on1 th e Sl' l'<l <•Oi1ls . Hoots 1r itli tl w m·rn mpun,\ in g 1·001· 
ha irs fo rn1 a 11 d t ic·ie 11 t illl(•ho r ing- illld ,il1so i-1Ji 11g s.\·stem l'il l' l_r in 
sl'c clli11 g Ii i\·. 

1,;xPEHL\ll•:N'n I, 

A nnmlwr of l'XIH'i- inwnt s \1·c 1-l' c·;i ni l' c1 ou t to tll'fl' tm i1w 11 w 
effret.~ pi-od1 1(•l '<I \1li cn l>i l rl s 01· th e yo1rn g· 1d illlf s 11·L· 1·c J'l' lllO\'ed . 
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l•:xJ>rn111rn~'l' 1 

:\Larked Sl'l· lllin gs gT011·n in sa nd ,md stlJlpli cll \rith a nutri ent 
solnt ion \H' l'l' cli\·id ell into th1·ce gTOll ])S. ln one di\·is ion (1) th e 
scccllin g·s m·rc deprin'd or th r plurn11k, in m1othe r ( :2 ) one cot:-
ILLlon w11s 1·L·mo n 'll ;111<1 11H' thinl g- l'Ollp (:1) \\·;ts a ll O\l'l'd to d L'Yelop 
1111Lli st urbcll as ii eo11trnl. :\fc11s1u·l' lll l' ll1 s of th e dimensi ons of th e 
co t.\· lcdon s 1n•J'l' 1·ctorckd 1lt t hrel' di!~- inten-<1 Is. 

C'o t_\ ·k dons of S<'Cclling·s in \\'lti c- lt 11tl' plunrnl es \l 'L' re rcrno1·ed 
cx 1ll·1·i (' 11 ec ll ii long·cr pe ri od of gnJ1rth mHl grl',ttn L'nlargL' ment 
!\inn 1\ie scecl lcnn's in th e ot her grnups. It \lil s i11tL't esti11g to 
1101(- t lu1 t in th e Sl'C'OlH.1 di\·is ion 1\ie l'<'maining cotykdon on each 
seedling Mtaiued ii g1·L•a1er dL'g1·cl' of enl,ngl'llw11t tlian L' itlwr of 
th e S<TLl k ;1 n's in t hl' t It inl grnu p. I<'nrt hel'll1 ore t hL· L',t rl y rate of 
grn\1tlt \1',l s most 1·,11>irl in 11tc seed lea \·es 01· g1·0t 1p :2. 

l~X L' l•: lll i\ l l•::-.:'l' 2 

,\11 01\i<'l' se ri es or s irnililr l'X\JL'1·inwn ts \ms p er fonnwl with seed
lings gTmrn in bluL·k so il and sup1ili cd \\' i111 ii nutri ent solution . 
In th ese ti ll' t>lnmnl cs 1n'1·e 1·emoH·d from one gT011p (1 ), til e pln 
mn ll' and mw eo t.\·lr<lon fro m em·lt plant in anothL·1· (2 ) illld 

(ktol1<• r :!~ to \'o,·t•1 11 ht·r '.:.7 , l H:!7 

Trrlile 1 
(:rrnnli I/ a te in ( 'ut_,·kdon, with l' lu mulL' HL'lllll\'Cil 

lln)·S ,if<er I I 1-1 I I I • I I ' I I I I I _ _ ,_,·0_1_1n_d_in~.~--I I 1 I :! ' :3 J 5 G 7 I 8 J fl I LO I Jl I l :? I l J I H I l5 3G 
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I ncl'('tlll'll ts 

I\\' I Ii I :; I Ii I .j. I '+ I 4 I :2 I l I ::' 1-0 i' 1 l____:1_l__()J_Q_I_0 1--2 

Table :? 
Cro\\' th R al l' in ('oiyl,•d n ns aftL' r th,• H ,•1110,·a l of l'lumul ,• rrnd O n0 Cotyle,lun 

. .--\lll L Of ~'1'()\\"tll 

O\ ' l'r i ;1 itial 
l!l {':t:-; 11 l'L' llll'll', 

I I I 1_1_1_1_1 ~ I I I I I I I 
[ J :: · :: + I ,3 G 71 s I n I JO 111 I u I n I 1-1 I 15 I 3G 
I 1, I n I :! 1 1· ::+ I H I ,'i 1 11;0 11;+ I on I ,:; I 7n I , s I so I s1 I s:1 I 83 I 01 
1,,. I ' 111 I rn I ::+ I :!7 I :n I 3-1 I :Fi I :;,; 1· :is I :is I :rn I :1!1 I :rn I :3!1 I +:l 
IL I n I' s I i:: I rn I I I D I 4 I ,; I ·1 I :; I :2 I '}. I 1 I :! I o I s 

! n1·n •1n1·nts 
_ ___ IW l~I__± l~l-21-2.I + I 3 I l I I I :? i' (I I I I (l I O I O I 4 

•· 1-:,1,·h n·<·o rd n ' pn·si•11 ts an a,·('t'ag<> for h ' n plants ,1·ith t l t<' 0xrcpt ion of 
t lH· final (·0'1 111111 wl1i<·li i :-- t lH) a,·f' r: q . .!,·(• fo r nYf' plan t:-- . L == l011g·t h i11 111111. 

\ V = wi<lt h in rnrn . 

FOLL\ CE <)C:, COTYLED(J)J:-, 7 

Tab.I(• :J 
Gf'(mi h :Rat ,• i n Co tyl t·<lv11s of' Xo rnrnl Seed lin g s 

I I I 1_1_1_1_1~ i -1-1 I I I 
I 1 :: I' 'l + I 3 I n , I s I 0 I 10 111 11:: I n I H I 15 I 3ti 

--,A-11...,.1't- ot',-, .c--·,-·o-\\·~,1,-'-clr,-,-:1 1~ l18j' :!~ I :.!:3 I n l:fifl :~o I :1:? I :n I :):3 1 :1s 1 ;35 I :J:5 l:JGIWl3li 
o,· t• J' ini1ia l - - ~ 111e:i,11 1-v 111cn'. IW I '1 I 10 I 11 I l ~ I l2 I l'l I l'l I t:=l I U I' 1+ I 1-l I L-1- I H I H I L+ I H 
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ltHl'("IIMl\ S IW I ti I + I' 1 1-, 1-0-1-,- 10 1 IJ I 1 I O I' 0 I O I O I O I_0_I_()_ 
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1h ei1· g i-owt h c-o mpan'd \ri1lt it 1hil'(l g1·onp (:3 ) of normal seedlings. 
:\Ica :; urenw nts 01· th e climl'n sions \1·e1'l' l'l'('onkd dail y and .:irP 

s lto1\·n in ta bl es J , '2 a nd J. 
'l'h e rnutilatccl pla11ts of tlt c first nml seeoml gTonps de\·elopecl 

tlwir eo ty\cdo11s to t,rn to thn·e times th e clirn ensi011 s of thos _:, on 
nm·rn,11 seedlings. It is 0 1· i11t e rcst to n o1l' in thi s l"X[)l'l'im ent that 
1he cot.\ ·ledon,i\ g'l'0\1·th c· uncs of plunt s f'l'om wh ic-\i th e ph1mnl es 
had bl'l' ll 1·emo\·cd eontinn e 10 rise, \rlll'rcas th at of th e ('()lltrol 
seed li11 gs soon stn1 ightc11 s out , there ]w in g n o f11rtlwr en la rgement 
( IL'xt fig. 1 ) . This int l· l'es1ing f'ac-t is eonfin1wd by tlH· data ob
tain ed in ex1icrirnl'llt I. 

In onkr to ddcrn1i11 e !h e ef'l'ee t of co ty lL·cl on l'l'mm·a l n1>on th e 
plnrnnlt·, l>ot\1 S<'l'd l(>,1yes \\' C!'l' 1·emo1·ed fh-l' da:·s uf1 er so\\'i ng illlll 
n1 in1 vrrnl s of fin· dn.n; th el'l'afte1· from snc·c·css i\·L1 sl' ts of t en 
scecllings tl11·ongli ii pL·1·iocl of t,rent:· cln)·s. _At the end of th e 
cx1wr im en1' ii ('O mpa1·i son of tl1 e snn·i\·in g Sl'ecllings \\'i1h n ormal 
seed I in gs ,ms mad e us sl1 om1 in fignre l. 

J\ wry ;;tr iking degn·e of 1·danlation in growth 11·as noted in 
tlte initial set in \rhi (' \i bot h eo tyledons of cath plant were 1·em0Yl' cl 
at tlt e end of tlt c fifth ll.t~· ; ,1 dimini si1cd 1·eta rdation r esult ed in 
tlw renrni11i11g sl'ts of sl'ecl lin gs un1il t he 1·cmo\·al of the seed leayes 
at t he L'ncl of t1rc11t)· <lil:·s 1n·odncecl no Yisibl c effect upon th e 
gi-owtl1 of the shoot. Of th e sccdlinµ·s ,rhose co t:·leJ ons wer e re
mornd at th l' L'ml of th e fi f'th 11.i:· -A f t .\· pcl'r·ent IH'l'ish ed. 

]) 1scc,.;,-, ro:-.: 

The abnorma l (•nl c1 1·genw 111· of tlt e co lyll'<lon s fo ll ow ing plumnl e 
l'l' lllOYal i11Lli ea tes th,1t tl1c g1·0\1th indur·in g ,1gents which normall;s· 
ai·e translocated to the plnnrnlL· 1·t•main within th e cotyledons and 
st inrnlM e 1 IH' l,1t1t·r to gTl'illl'l' LlL'\T lnJ1m r11t. Sin c·c 11 onnal LleYelop-
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TKX'I' Pie: . l. C:rnll'tl1 <·u 1·1·rs c,f i11j1ll'( 1cl an ,l uninjurc•d. sPr1l ka1·cs licg in11i11g 
on tl 1,• fifth ,lay ol' :.:-,· rn1i11at iun . 

l•' OT, T ACEOVS r<O'l1Y f11,;DONS !) 

rnent soon larnwh es l;1rge foli ,1ge kaYes, there is <loubtless a cor
J't' iati on behYeen pl11mule de\"(·lofrnw 11 ( a11<.l tl1 e limikd s ize of 
eo (_\-ll'<lons ; i11 other wonls plu11111le Lkwlop ment l1inden; C'Oty
kdon expa11si on. 

In th e light of Heid 's experim ents (8) it see ms llitogeiher prob
ahle that mo re nitrogen ,ra s ma dl' ,1rnila!Jl c to the cot;-·lt'dons in 
the fo r m of nitrnge11 f'o mponnds fo llmring th e 1·em0Yal of the plu
nrn lt· ,rnd tlwrl'forc a g1·c,att' l' pe riod of g1·0\1·tl1 \\·as ex1w1:ic'ncecl 
by th e fo 1·111e1·. 

Thl' degTer of J·t•t,rnJut ion in s1't·dl i11 g-s dl'privc<l of thl·il' f'Oty
J1,J011s is inn·1·sc l,\· rl'l,11t-1l to th e nmuunt of photosynthe1 ic tissue 
,rh iL· h 11·,1s J)l't'St'll1 \rlll'n the mutil a ti on ocern·1·t'd , for th e plants 
ex hibi1 ing the g re, i1 est· J'L'1anL11ion lJOSsl'SSell th e srn ,il lest amoun t 
of 1>1101osy11tlwt i(· t issu1'. Tlw h ig·h r,1tc o[ 11101·1:ilit>· in th ese seed
lings ,\·as (• i!Ust·<l IJ.1 · a Jack of ,1deq1wt e chloroph>·ll ])(.•at· ing ! issue . 

Jk1ilnbtion is due to the r cmornl of' food :iml other gT0\1·th 
irnluc-ing ,1ge11 ts sto recl \\·ithi11 thL' c·ot,1· ledo11, for the L';u·li er the 
C'Oty leJons \l"l' l'L' remo\·ed, t hl' snw l kr \ms th e n monn t of photo
syn1 het i<' nm! 11 011-pho1os~-111hl'lic· 1issul' whiL·h 11·,1s prndll('ed by 
the i11 j un'd SL't'd li11 gs . 



l\lOH l)IIOLOGY OF CO'J1YLEDONS ,y1rrHIN 
THE UEN'J'IXU- SEED 

An examin a tion of th e cotylcLlons of th e n ·sting seed l'l'Ye.J lcd 
th e 1iresc'1we of th e sn ml' ge n<'ral reg ions as nr e fo und in th e f ull y 
cl e\·e loped seed lcaws a nd in t lw ordi n nr:· fo liaµ;L' lt'a\·es as well 
( text fi g. 2, Pl. II, fi g. -! aml Pl. Ill, fi g . !J ), hu t th e 1·egions are 
less clistin c- tl,\- d iffr r entiat cd within tlw 1·cstin g seed th an in th e 
t rn nsform ed eoty kdon. Th c ee l I la,\·e rs in t l1 c fo l'm cl' a 1·c a r 
ran ged in the followin g ordc1·: ll!)JlL'l' epiclermi s J ; pa li sa<le 2-3 ; 
spoHgy rn csoph y ll 20 ; Jcm c1· cpi ckrmi s 1. 'l' he <la ta 1·c fc·r to th e 
llumlw r of f' ell layer s in th e c-cntral 1ial't of th e seed kaf. ']'he 
thi ckness dccn ·nsl's sorn ewh11t tcm ard th e ed ges of the co tyledon . 
Th e lll)l)Cl' s lll'far·c of th e seed it'd is mmall y sli g htl y con r aw and 
th e lowe1· snrfa te is c-O 11 n·x . 

As indica ted ahO\· e th e 1rnli sa dc 1·cg io11 eons ist s of t wo to tl1rcc 
la.'T r s o f cell s (Pl. II , fig. -! ) \\·J1i eh ar c redueed a t t he r• <l gcs to 
two eel! la.'·er s. Th ese ce ll s ,ll'l ' nal'l'O\H' l' tl1,m th ose o f' tl1 c s pong-y 
mesoph ,\·ll aud ha \·L' th e i1 · L1rgest d irnt·n s ion a t 1·ig ht angk s to th e 

nmw r cpidc1·mis. 
'l'lll' l\\'O r eg· ions, J)a li sadc ,rnd s pon g.'· meso 11h.'· ll , lll L'l'g;l' 1m1 H' I'-

1l 

et' pt ii>I .\· int o e;i <· h oth e1·. [n t he late1· st;1gcs of' dc\·c lopm en t the 
Ii 11 n of rlc mt1 t'L' il tio11 beco mes moh· cl is l ind d LIL' to diftt' l'l ' ll l'l'S in 
th e s h,1pe of the ec Us an d t o th e compac-t nvss of the pa li sade as 
eont rnstecl with th e L1rgc ai1· spaces fo tmd in lit e spou g-y mesophy ll. 

Th e c-c lls of tlic s pon g _\- mcso11h)·ll 1·eg ion a r c initia U.'- a rran ged 
in rn ore or k ss H'l'ti c,il r o,Ys at 1·ight .Jugfrs to th e epidermi s, in
stea d of t he hori zon ta I ai.T, rn gcment p n ·Ya lent in th e ma tured 
photos,rntlwti c- st'ed leaf in \\·hi e- It t he celJ s li e mor e or less p arallel 
\1·ith the epiderm a l eC' ll s (P L III, fig . !J ) . In gener a l, th e ce lls 
o r· thi s r eg ion a1·e largl' l' than th mw of th e p ali sa de l'l'g ion . 

Th ere a rc ]ffCSl'nt , C\'l' ll lwfo1·c ge rmi1rnti o11 beg· in s, small ai r 
s paees fo1·min g; ;in g- lecl opl'nin gs of' Ya ryin g size al tl1c corne rs of 
th e rn esoph,vll c·c ll s . 'l' hesr' m·e signifi eant in sug-gestin g the mctli ocl 
of furth er dc \·elop nw nt of t he air spac-es whic- 11 later become ver y 
prominent in th e seed leaf. 

Th e nppcr epidcrn1 al ee ll s di ffe r marked lr fr om the lower in 
size and strnrtnrc. Th e form er a r e sma ller tha n th e la tt e1· and 
ha,·e thinner ce ll ·walls . Tl1 cr e ar c no st om ata. p r esen t in either 
nppcr 01· lower epidermis of the eot)·lcdon in th e restin g seed . An 
cxh·cmely thin entiele ex t ends oycr the outer wa ll s of a ll epidermal 
ce ll s. 'l' hc p r i ne ip11l proc-ambia l strands are u sually nin e in num
ber , an d t her e arc n o t1·ac-es of li gnifi cati on a t this s ta ge. 

rn~:--; 1,;u\~PJ FOOD S OF RES'ril\G SEED S 

The rcsen e foo d ma te ri al in thL· 1·est ing seed ,\·as fo und to con
s ist o f' a leurone, fa t ,rn cl -; tareh . 'l'he alenron e grain s arc t he m ost 
abun dan t food mater ial wi thin t he ce ll s a t this stage, as reported 
b.'' B arber (2 ) fo r C'llc11rbita Pepo, and a rc fo nnd in all cell s of 
th e <-o ty lcdon of t he squash . F ats also form a large pa rt of t he 
foo d r cscn es an d see m to he concentra ted t o a la rge extent in the 
epidermal ce lls. S tar ch is present a1)))a rentl y on ly in small quan 
t it ies , fo r d irect tests fa il to r c\·eal it s J11'l 'Sen ec . Xe\·ertheless, th e 
grains 1\·cr e \·isibl c in ce ll s \1·hen t her \1·er e hi ghl,\· ma gnifi ed , and 
di gest ion " ·i tl1 d iastase g,n-c c\·idcnce in support of this obsenati on . 

Th e foo d rnat cl'ia ls d isa p[)L'a r first from th e epiderm a l and p r o
ca mbi a l eell s and last fro m the spong,Y mesophyll. Practieall y a ll 
of th e n 'srn ·rs lrn\·e hecn c1 ig·ested h.'' th e crnl of th e fi f th cla~
fo ll cmi11 g pl,mting·. ,\1 tlti s st ag'<' th e eot .,·ll'clons :1rr e it her emer g
ing from t he so il or haw alrea dy assn rn cd a horizontal positi on 
aboYc th e gr ound (Pl . I , figs. 2, 3 ) . In ci thc1· case photos:·nthcsis 



]2 IOW J\ STUJJIES IN NA'L1 UR 1\ L JlJSTOHY 

ha s beg rn1 ,mu as th e p l10tosy11thetic ac·tiYit.,· incrc,1 scs, there is 
built up a n ·sen c of starch in the sceL1 Jea,·cs. 

DEYBLOP.:'llEXT .AND DIFFERE:-JTI.ATION OF 
CELL HEGIO:-JS 

Stomata arc present on the thiru day following plan ting. Their 
dc,·clopmcnt is the smnc ns that in the tn1e foliage lcaYCS and ns 
th e g;uard cel ls l1n l,1 1·ge, an intcrccllular space forms hcneath them. 

T he cuticle of tl1e seed leaf 1·ernains qn ite tl1in unt il th e tenth 
day of germinat ion \\·hen Joe-al tl1iekenings 1Yc1·c obsen ccl borcler
ing t he guard cells at Ili c slomatal openings. The presence of the 
cuticle ,1·as clernonstrnted hy means of S udan III ( .5 gms. in 100 
cc . of 70 11e1· cent alcohol ) . 

T r ich orn es make their appearance on the dorsal surface of the 
cotyledon dming th e second day after planting. At this stage 
the hairs mar lw protr usions con s istin g of one to t hr ee cells. These 
usually diYide trans1·cr scly 1·esnlti11g in t he p1·oduction of mn lti
ccl lulnr gla nd ular 01· non glandular hairs. The former arc stalkca. 
globul m: st rue:t nres, 1d1 cr cas th e bttcr an· usuall y broad at the 
base and taper ,il)l'uptl,1· to slender pointed tips. 

The l011·er epidermis sh011s the beginn ing of trichomc clcYelo11-
ment on the second dar foll011 ing tliat in t he upper surface. i t t 
this time the,1' ,lI'e composed of: 011lr one or hrn cell s. It may be 
s ig11i fi('m1t to note tlwt at th is stage t he co t ,1·ledons arc being "·i.th
d ram1 from the scvd eoa1s (Pl. J , fig. '2 ), ,111cl t lrnt as long as tlie 
lo,1·er epidermis is in con tae:t with the seed coat no cle,·elop ment 
of epidermal hairs tnkrs p lnce . . ..-\ll 1riel1ornes a l'c ,;imi. lar in their 
rnoq1l10log_1~ and 1l1e_1· oeeur most abunc.la ntJr on the upper 
epidermis . 

Changrs in tlie size and form of the c1i idennal cells arc marked 
and of consid<·ra blc import ,mer. These erlls, r•crnrni ned t,1enty
four hours afte1· p lm1 ti11g, \\·e1·c ,1pparent lr of the same size as 
those in the 1·esti ng seed , lrnt- h.,· tlie second da y !he,1· averaged 
much smal ler clue to d i,·i.sions in the p criphc1·al cell byel'S. Cell 
multipl ication procel'ds so 1·apicll .,· in th e nppCl' part of: the cot ,1~
ledon s ,\'h il c the latter a1·c st i ll 11itl1in tlrn seed coats dnr ing th e 
t hird and fomtl1 da,1·s of grnwtl1 , that tl1 e ep ickrmal and adjacen t 
palisade layei-s becom e depressed into f m'l'o11·s ,1l1 ich extend into 
the spongr mcso11h.dl of the seed leaf. Xo fnnO\\'S wnc fo und in 
the lo ,rnr side, although the cc lJs in this region arc also di\'iding. 

li'()J, I J\ c 1rn [;s CO 'J 'Y l,E DONS 

Th e dors,11 groo,·es rl is,1ppc,ll' during the fi f tl1 <la r as the co ty
ledons ill'l' being ,1ithd1·n\\·n from •1 he sel'd coats . 

T he e11lu1·gc,nw111 1drnsc hq.!·in s in t he np1w t· eJJidermi s c1tning tli c 
fil'til and sixth Ll,1_1·s. lt is e1i(knt ,11 t )1 is 1irn e tl1;Jt some or tile 
eclls in th is la_1·p1· ,n·c mHll'q!·oing diYision , ,rhen'as, otl1ets arc cn
lm·gi n g. 

~i\11 cell L1~·(•1·s of' tlll' co tyledon ham r·nter ed t he enlargement 
p lwsc b,1· tl1P se\'c n1h cb.,· of dc1·eloJJmen L The Jo,1·e1.· rpidermal 
cel ls an· 11011 sl ightl,1· latgl'l' tlrnn those of the ll[lllCr 1w1·ipl1 eral 
b .1 ·e r , aud i 1 is at 1 hi s ti me 1 hilt th e ,1·,n-.1· lateral ,1 alls clrn1·aetcr
ist i(' of lrmcr e1iidPn rnil cells ,1pprnr. 

. .-\. strad,1· im1·cnse in tlw size of l'l'lls of th e p el' iphcr,il layer s 
cont inues fro m th e S(•n·nth to th e (11e11tieth cla,1·s of gern1inati.on, 
with the cells of th e l011er c pillcrmis eonti1rning so me\\'hat larger 
1hc111 those of tile ttppc1· ln,1 ·<T . Examina tion or sec tions a t the 
thirt,1· da,1' stag'\1 sho11ed 110 further enlargemen t in these layers 
ow1· the hrcnt~· cb)' stc1gc. 

The first day 's gr01dh r c\·ca ls littl e clrnngc iu the palisndc of 
the cotyledon. Sec tions of eot.,·il·don s ,d1i('h lian r emained for 
hrn da,\'S in tlll' so il show tliat the cells in th is r egion arc noticeably 
na rTo,w1· than those in the c·on es1JOn cl i11g pm·t of th e 1·rsting seed 
and luwc appm·cntly heg·nn eell cli,·isi.on ,1·hich eontim1es throu gh 
the thii-d, fourth aml fifth da.1·s of growth (Pl. 11:, figs . 5, 6) . Cell 
enhtrgl'ment bl'gin s in tl1 e palisade during tl1c se\'l·nth cln,1· of clc
Yelopnw11t and contim1es fOl' hrn 1Yeeks (Pl. III, figs. 7, 8 ). 

Th e most conspicuous elrnngcs in the clcn·loJJmcnt. of the seed 
lra1·cs are in th e region of the spong,1· nwsophyll. Th ese cells ap
rrnrent l,1· 1·em,1in nndi1·irkcl throngho11t th e t1·;rnsformation of th e 
eotylcdon into the foliai· m·gan des pit r 1'11 c ac ti,·c c·ell di\'ision and 
en largement or·cmTing· in the otlw r regions of th e seed leaf. Ex
tensi.n' <·lrnngrs orem·, ho1Y('Yl'1·, not onlr in tl1l' amount of air space 
in this region , but ,1lso in tltc Yolurn c ,lll ll fo rm of the rel ls. 

Tra11sn1·sc ,mll horizo11h1L (eu1 ]l,m1U el t o t he c·p idcl'rnis ) SL'C~ 
lion s or the donrnmt cot.dc(fot1 SIHi11 small anguh1r spaces at the 
eon1c1·s of tlw ce lls in t lw pa li sade and spong_,. rnl·soph)·ll l'rgions. 
Sections of cot,1·h1do11s one cb~· nf1e l' jllautin g· sl1 011· no Ya riations, 
hnt. 011r lb.1· lntL-1· ,1 slight in creasl' ,1·,1s noted in the degree of air 
,qrn cc de\'Clopmcnt at th(' <· 01·nl' l'S of the cells. Thi s elrnngc con 
tinues durin g the third and fo ltl'th days of gr01dh and by th e end 



of t he Art h d,1:· nn cxtc nsi\·e s,\·stvm of ai r spac·cs is present (Pl . 

]\', fig. 1() ) . 
B y th e seventh d;i y m,111,1· or· tl1v nwsop h,\·11 cell s ha l'l· undvrgone 

a l·liange i11 rl' la1i1·e position so (lin t soml' un· elong,1tl'd pa r,il lc l 
ll'ith th e epidermi s, " ·hil e othe rs s1ill r ema in at right aug lcs to the 
periphernl layer s . Tlw volt1m e of these ce ll s has be('ome considcr
a bJ r enlarged, aml man y shO \\. ,1 d ist inct lobing at the corners. 

In the fim1l ,1rr,rn geml'nt mos1 of tlw spongy mesoph?ll cell s have 
l' it iH' l' beeonw sp lwr ien l or bn\·e l'iongated in t he dimension pa rall el 
\l"ith til l' pel'iphernl Li ,\"l'l'S (Pl. rrr , fig·. D) . Whil e the l' pidl'rmal 
,111d pali sa de ee lls h,1 n' rn H.l ergo1tl' a peri od of' di\·ision f'o ll o\\'ecl 
by C'nlnrgcml'nt , the s pong:· llll'SOJl h:·11 cell s hn1·l' cn lai·gcml'n t ll'ith
out mitoses. Air spaees ha ve liernrnc much more l'xt ensivc in the 
s1)ongy mesophyll tlrnn in 1l1 c palisade 1·egion. ,Apparently the 
epiderm a l ec ll s h,we inercased in s ize and number more rapid ly 
than the mcsophyll l'l' lls, a nd this incqnalit,\· of growth h as pulled 
apart the eells whil'h enl arged less. This devclopnwnt is similar 
to that of the tTuc fo liag·c• Jean's of \'i1i s and Catalpa as reported 

by Ta,\·lor (9 ) . 
The same s in·c,1din g n •n,ition is found in the seed leaf as occu 1·s 

in the t r nc leaf with this diffcn'Jl('C: th at the \·cins of the coty
ledons d o not m1itc at the base , lrnt extend separa tely into the 
l)C1iolc and stem. ']' her e ai·e scn· n m;1jor vein s in the cot:' icdon 
\\'hi ch ,·ary consiclrnib l,\· in kngth and drgree of dc\·c lopmcnt. 
:F'1·om these m1rnc1·ous lat er al \·cins hraneh for ming a r eticulate 

nct1rork in the lamin a of th e sl'ecl leaf. 
The Yrtsc- ular 1·cg ions (proemnhial strands ) in the resting seeds 

arc fill ed \1·ith stm·cd food. Th e c- cll walls arc qni te thin with 
no traces of thi c- kcnings present in t he ,rnlls of the ce ll s destin ed 
to lw comc tl1c \·csscls. ImrcasL' i n thielrness of wall s begins prompt
l,\·, for in seeds tha1 had been soa ked in " ·;itcr for sc\·cntceu hours 
a nd plaeed in tltc ;,;o il for [\1·e11t:·-f'our hom·s, a few less cknse cells 
in the p r ocarnbal stl'and IH' J'C found witlt thirkcned walls. Seed 
lea\·es one clay later sho11"ed ,1 ft'\ \. well dL·n·lopecl ,·csscls in the 
principal nsenlar st r ands. The een tn1l strnnds also contained 
a large nnmher of cell s emptied of t heir food r escnc. \Tascular 
hundl rs till'l'C da:·s aftc1· plnnting 1·r1·c,il cc1 the p 1·csem·c of more 
tlrnn a clozrn thiek-\\·all l'd wssl·ls: 1hc n 'mai ning ('ells in till' bund le, 
emptied of th eir food l'C'Sl'n·c, \1·cn' rnHkrgoing d iffrr entiation into 

their r espect i\·e t issues. 

FOLIACEOUS COT YLEDONS 15 

'l'l 1c cotyk <lon J>osses;;cs ,Ill d'fie icn1 minor , ·c1ia lion. 'l' hcn• arc 
hro s:·stC'mS oft l1cse Ycins (1 ) those t liat ramif_\· throt1gl1 the lo11·cr 
pa1t of the spong·,\· mesoph:·l I, which arc ,vel I c.1c1·clopcd and sup
]l01'1l'd b,\· medwnic,1 1 cells alHl (2 ) those that sptl'ad through the 
urn_,cr part of this rrgion clii·eetl y bl'ncath the 1rnlisade layer, 
\\'l11ch nre H'n · simpl e and mon· ,1h undnnt. 'l.' hc i11t cn·nscnla1· 
interrnl behl"cen these p nli sacle , ·cin lets becomes grea ter as t he 
scrd leaf incrc;i scs in size, lint is less in th e ma1 LUC ~otylcclon than 
in th e fo liage leaf. · 

_rr1w intt•r:·,1se nl a l' int C'na ls of p,1li sad(' wi nlets (seeoml syst em 
o( rnm or 1·cms ) of eolylcclon s .rnd fo lin ge leaf m en snrcd fro m the 
edge of 0 11 c \'l' inld to tlrnt o[ 1he ot li ct ,ll'C ns foll o\\'S: coh ·lcdon 
of dorma nt seed .OG-1- rnrn. ; seed kn f nf1cr fi1· c da,\·s growtlt .08-1: 
mm. ; anragc of m n1url· eot ,\·ledons agwl 40, -1-3, 37, 82 a nd 40 
da:·s .13G rnrn. ; fofo1g·c leaf' .1-~G mm. Ba('h of 1h l' preceding records 
1·eprrsr111 s an a,·crngc o f' fifty mcasm·emPnts in fil" c cotyledons, 
nnd 1hr s,1 mc nnmber in the fol i,1 gc leaf. 

DlSC L-SSION 

The pa li ;,;,1de , spong·,1- rn csoph>·ll , and epidennaL tissues of th e 
eotyleclons m·e fi1·st sprc iali zed for food storage and arc n ot dis
tinct!:' di ffe1·('nti a tccl within the 1·csl in g seed. Dmi.ng germin ation 
ehangcs in the mo1·pholog>' of these cell s ;i eeompm1y changes in 
fuuetion ennhling the trnnsfOl'med seed ]e,wcs to perform efficient
ly the wm·k of a foli;i gc lcnf. 'l.'hC' hrge (jlt,rntity of protein stored 
in th e ee ll s of' th e r estin g s<'t' ll mnkes possible 1hc rnpid dc\'elop
me11l of the Sl'l'tllin g·. Th e c1·ic1('ll f•t ' indieaks 1 lrn1 the smnll nno·ulat· 
spaC'L'S a t th e eo1·n c1·s of th e 1nl'So ph y ll eell s \Yi.t hin t he co1yl;dons 
of th e l'l'sti ng seeds ai·e fonn ed h,\· th e separation of the cell walls 
~dong their miLl Lll e lnm ellac. Th e snbscqnl'nt enlargement of th ese 
mtcr cl'llul a1· spaees prodnees th e extens i\'e system of air spaces 
acljoi.niug the mesophyl I ee l ls of the transformed cotyledon. 

The ternporn1-y :fmT01r i11 p: o[ t l1 e upper surface of the cotyledon 
is _proba?]~, caused hr a g1·ca tcr Jll'Oliferation of cells in the.upper 
ep~derm1s and palisade 1·eg ion tl1an in the mesophyll and lower 
ep idermal h1)·e1·s. 1TnahlC' to expand lat erally due to the constrict
ing effect of tl1 e sc·ed eoats, these tis;,;ncs were forced dO\nnvard 
compressi ng· tl1 c spon gy m csophyll whi ch at thi s t im e ·was beirnr 
1·apidly l'xlrnt1skd of it s food r cscn·e. It seems probable that th-~ 
forcl' excl' ted by the di1'iding and enlarging ccHs of the peripheral 
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];1_1·e r s din·<'tl'd agai11s1 tJi,, l'llgL'S of 1hl' scc\1 (·o,11 s c·,1t1 Sl'<l a l'ul'lher 
cxtc11siun of 11H' :-;pl i11ing alre,1d.1· lwg1 111 ;i1 tlie ]loint 11·linc the 
rndi c- lc ,lllll h,1'[>0<·01.1 I lrnll L'nw1·ge<l. 

8e(•tions shm,· 11rnt (•oill<·i(lcn1 \\·ith 1he e~p:111 sion of 1hr co t.1·
kdo11 111 ilH' i11i1i:il ph11Sl'S of gcrn1i11:1tiou , thL· l' pidcnnul m1cl p:1li
sa de c·clls 11mlergo 1·cpe:11l' L1 lli1·isio11 ,rnd l'11ial'gemc11t ns eontrnstcd 
,1·ith a kss dcgT\'l' of l'11lurg·cnwnt iu th e SJlO ll g_1· m<·sopliyll, rm1s i11 g 
the cr ll s in 11 H' lultl'I' J'l'gion t o ill' subjcc-tecl 1o l:1ten1l 1cus ion. 

Th e sep,11':lti o11 of th e SJHlllg_,· mcsopli,·ll <·l·lls bikes pl.ice nl o11g· 
th e mid(1ie L111wll,1 allll 1·c•s11lis in tlw J)l'0\1rn·1ion of' a Li 1·ge 1rnnil1ri
of :111· SJ>,l('l'S. lt ,-,L' l' lll s pl'Ob:1hle al;;u tlrnt sirn·c 11w l'piLkrn1 ,il C-<' lls 
(1iYic1c ,md c11l:1l'gl' mol'c 1·,1 11i dl.1· th :111 th e rnu t ig1t0ns mrsoph~·JI , 
this 11m•qn;1l g·nmth c-:rns,·s ,til' spaecs to c1cn·lop in 1he p:1li sa <lc 
l'eg io n. 'l'h cs,, ch,lllgl 'S 1·,·snlti n g- in an ext,•11s i1·e s~·stem of ai 1· 
spaces ;11 ·e css:·1it iall.,· lih· those lll'S('t·ibed h.1· '1'.1Ylor ( fl ) as Ol·
c·mTin p: i11 tlw L1cn'lo1rn1rnt of the tn1e foliage lrnn·s o[ Yitis and 

Catalpa . 
Th e int enel l1il:1l' ,qrn<·rs f oi ·m,·<1 Ll ur in;.r gCl' rnin ntion are mrn·l.,· 

,,11Jal'gcnw11t s of th e small angnbt· spa(·l'S :11 till' eorne1·s of th e 
te ll s in tl1c l'l'st in g srcd :11Hl seem 1o hn,·e 1·cst1lt l' Ll f'rom tensions 
dm' to 11m·q11:11 gT011tl1 of tli c sr1,· r:1l ('ell la_1T1·s. 

\ ' ,1sC"11l:ll' ,1 iffl' l'l' l1t i:11 ion nrn:, hl'gi11 ,·e r,1 · <•,ul.1· ,1f't e r t li c plm1t in 1! 
of tlw sce<l, ns ,:lHn1·11 b,1· 1 hl' l;nrn<·hing of YCS~•wls in 1 lir c·l1icf 1,t·o
C"a mbi a l stnlll<ls of th e r·oh1<·<1on \\·ithin tll'l'nt .1-fu11 l' lwlll'S. Th ese 
YL"SSl' is ;11·,, rnH1 l' \'(' 101H"<l i11 t li e rest i11g s< 'l'd and 1l1el'cfore tlicir 
app e.1 1·:111<·e is asso<·i:1t ed 1rith the lwgirn1inp: o!' sl'cdliu g- l1,·1·clo p

J1ll'n1. 
'1'!1 0 diffl'l'l' llt i;it ion ol' I h<' <·01Hit1<·t i11g t isslll'S l,<'l' JlS p:11 ·r 11·itli 

th e inC"n',lSl' in the sizl' of t IH' c·ot,1·lclion. Thl' i11t1·n·,1sC"uiar i11 -
krrn l is il'ss in the l1l'l'l'lopi11g· tli ,rn in 111e nrntm·,, sec(l leaf', making
possibl e n1p id t1·,rn slo('a ti o11 01· f o01l t·cs,·1·1·,·s <lu1·ing tlw ni. tic·al 

pcri oL1 of germination. 
Sin ce tlw in1L'l'Y :1sC"11h1 1· int en·,tl ol' 1 li e SL'ell ll ',I 1· is kss t lrn n t lrnt 

of the trne il',11·, t1·:mslu(',ltio11 of n1:1tcri:1l s rna.,· or·,·ttL' mo1·,, s peedil y 
in the C'Otyil'don tlrnn in tliL' trnc foli:1 g·c lcn -f. 

SLJ ..\lJ\L\ H't J\ND UU.K CJ,Li~IONS 

l. Th e rot~·lcdons of C11c1tl'bif11 mruimu in t he r estin g seed 
co nta in th e same genend n ·p:ions as arc present in tl1c mature 
foli a1· eotylcdon. 

2. Stom,1tal de1Tlopmcnt oc·em ·s rn thl' same manner as in the 
ordinary foli age lea f. 

3. A thin c-nt icle is JH'l'scnt in the rest in g seed as a delicate 
c-oYering on~r the cotyledons. 

4. Trichomc differrntinti on hcgins early in thl' process of ger
minati on and stm·ts first on tl1e npper e11idcrmis. 

5. Germination begins within t\\·rnty-four hours af ter planting 
and may cont inue for twenty days, or until the snp]Jl y of gro,Yth 
indnc in g substanC'es within th e C'o tyledons is l'xii anstL'd. 

6. Cell di. vision begins as early as the sec-ond clay of develop
men t and continncs through tl1 c fifth day. 

7. Cell division prcdomi11ates in the epidermal layers and pali
sade zone of th e seed leaf :from the second to the fifth day of ger
minat ion, after ,rhich cell enl ar gemrnt begin s and continues nntil 
th e seed leaf becomes mature. 

8. Cells in tl1c epidermal and palisade l,1ycrs d iYiclc and en
large more ac-ti.,·el y tlinn in th e assoC' iatcd spongy mesopl1yll r eg ion. 
The lnt'cnll expansion of tl1 e co tyl edon seL'ms to lw dnc primari ly 
t o the di,·is ion and Pnln1·ge11wnt of epid ermal c-c ll s. 

fl. The org-a ni zation of the s1mng~· rn cso phyll is cloubtll'ss a ided 
by tensions, due to th e un equal grmrth of tl1is zone compared with 
t he adjacent layers. 

10. The spongr ml'so ph ~-11 tell s sck1om cli,·idc, enl arge early, 
become spheri c-al and then clonga1c lat erally parallel to the epider
mi s. Tl1c greatest de,·elopnwnt of th e intercellul ar space occurs 
in this r egion. 

11. Gro,dh in asca is distributed uniformly throughout the 
seed leaf. 

12. There is a definitP condation bel\H·cn plnmule de,,elop
mcnt and th e size of eot~-ledons. 

] 3. Th e J)rcsencc of nonn al eot,dedons on the seedling d uring 
germin ation is essentia l for the unimpeded development of the 
plumulc. 
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1--1-. The eo t.d cd on lJOSSl'SS(•s 11m ge11 C' n11 g roups o f minor l'l'ins, 
one in th e pali sad e mid the ot he r in the sp ongy rn csophyll. 

15. The i ntcn·ascula I' intcn·;i l bet 11·cen th e pa lisadc ve i nlcts 
beco mes grca 1er as the col.d cdon in en ·ascs in size , hnt is less i n 
th e mature foliar eo tylcd on than 1liat behH·c n the winlets in t he 
t rn0 foliage leaf. 

JG. NOl'm,il clc1·e lop rn c111 of th e cotyl edon lo mat urity from tile 
seed condi1 ion proba bl.1· co1·c 1·s a pe ri od of ,1 bout bn'nty da ys. 
Thi s pc1·iod ma.1· be lcng1hencJ 1o ,1pptox imatelr thitty days by 
the 1-emo1·a l of thr plunrnle imrn eJiat<•lr af ter the appearance of 
the eotykdons aho,·e th e so il d 11ring: gern1i11 a1 ion . 

17. Th e inten·cl lul m: s11a('es result fro m a Sl'J).1ratio11 of th e 
11alls of the meso ph:·ll cell s along the middle lamella. 

'l'hi s l'e po1:t is tlw 1·esult o[ a 111·0 : ·ca l's' study of th e rn o1·phology 
of co1ylccl ons rnHlc t· th e direction o[ J'rnfcssor R. B. ·w.1·li c, H ead 
o[ !he D cpt1l'tme11t of Do1any of the Sta te U ni 1'l·1·sity of Iowa, to 
11·hom (he 11Ti1 c1· is clccpl,1· gn1lcl' ul for helpful adl'icc and criticism 
and for hi s suggest ion of thi s l)l'ohlcm. 
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EXPLJ\N,\TJON QJ,7 Pl.u\TES 

P LATE I 

Fig. 1 . Ph otogrnph of s<'('1lli11gs show in g· the eff<'ds of roty ledon remo \'al 
upon t lwir ,lcn· IL>1•n1e11t: r1 -f sl1Pwill g· rdanlatio11 ,·,rns('(l by t he Terno\'a l of 
seed ]ean•s fi,·<, ,la~-s aft<' r· 1ila11ting; .r;-i exhibitin g ,lelayf'Ll ,krnlopnwnt fo l
lowin g t h<' n ·n1<J1-al of tot_,-k,lons U'11 days nftl'r p lan ti Hg; .i, I: . sholl'i11 g r c
tanli11 g· d\'('ct aftn th (' rr111orn l of t l1 c totyiP,lo ns fiftrrn ,lays fo ll owing p la ll t
ing; /1 111, slwll' in g no ('(f, ,et aftl>T tl,c n ' lllll \' :11 ol' 1·1lt_v il'1 \011 s on the twe11ti<' t.h 
tl ay; ,1, o, no1-rn nl ~C'<'cllin µ;~ with sc•r1._l lL•a,·p~ i11t nc·t. -1\ ~·c. of: nll plnnts is 
tw0nty-s ix tluys. 



PLA'l'E II 

F ig. 4. 'I'ran s,·(•r~c sr ct ion of co t _v lc,l on in Ll o rrn nnt se<'d ro11Llitio11 . x151. 

J,"'i g . 5. Trnn,ycrsc secti on of c>o tylctl on af t(' r " n"c llay pcriocl in th e soil 

sh owin g ln.rge air spares in spongy n1e,;o pli _vll . x ] 5-L 

Fi g . 6. 'J'rans ,·e r,c sect ion of Sl'<•Ll lenf aft l•r soakin g in ,rn tc r l'o r tweh·e 

hour~ nllll one ,lay', s11,io11rn in tli, · snil. , 15+. 
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F LA.TE IV 

Fig. 10. Sections rut pnnd lcl to t he per ip heral lriyers show in g strncture 
of scccl leaf firn dnys n,i'tcr 1i lanti1,g: a, sho11"i11 g rPll c11hngcrnc 11 t allCl sto
mata! de,·l' lopmriit in uppe r (•pidcrn1is; /J, c, s l1011·i11 g r csc1-vc foocl within tltc 
cr- ll s am1 dc,·eloprnent of air spaces in uppl• i· nnu 1nidclle portio11s of the 
pnlis:u1e rl'g ion ; cl, r, sho11·i11 g rcscn·c fooL1 ,, ith in t he cell s a.11(1 development 
of a ir sp:t<'l'S in rnicld le an,1 ]011"L• 1· po rt ions of thr- spongy mcsophyll. 

All dn ,wi ngs wl'rc made 11·ith (he aid oC a rarncm i<,ri,ln n1Hl a Z0iss npo
r.h,·on ,ati,· ol,j cd: i\"P \i() 11. n. 1.:,0 :111,l o,·11l :n 10,. 
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