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Yitoots in leeves
Introduction

Hlatous$ of Prgblem—~This 1 ¢ proliminany Pepoet on
nuclear divisions in leaves. _’;;hmgz;, ‘because of the peoulisr
physiology of leaves, wanmced ;flﬁemzim in the&.r division
curves might bateyzpe;gfeeﬁ » 1o enalysis seems to haye,h:agnr made of
the mitotic rhythms in these x;‘,lagt organs, i@a;' ‘shape 18 in pert
slepenﬁan_t upon ghevp}&ttfem of mqt;egﬁg:s;ot mitosig. Gell diﬁéi«m
1s maamm to growth and morphogenesis, It would'be of soma
significance to determine for leaves the éiistvn}nﬂm of mitotie
frequencies and to compare in this regard leaves which differ in
shape. Any study of mitosis in leaves offers a a?nyénien"; oppor-
tunity for determining the nunbera of chromogomes, In the present
work the #gn_xg&ml mitotic frequency, the number of nuclear divistons
-for given arces, and the ‘ahromm‘ runbers of certaln species have
been studied. leaves of Smilax Boms-nox L., 8. glaucs Welt, var.
leucophylla Blake., 5. hicpida tuhl., 8. lanceolata L., 3. lewrifole
L., 8. rotundifolis L., and Lathyrus latifolius L. wers tnvestigated.

Reagans for stulying these species of Smilax and Lathyrus wero:
they smear well; the chrometic mase is large, and dividing nuelei ere,
therefore, raaﬁi;y o%aemblgz. |

| Hpthod,--The method of preparing the leaves for study wee
essentially that of Baldwin {1939); fixation for at least twelve
hours ip Oarmoy's fluid, treatment for four minutes with a solution

of equal parts 95 per a»énﬁ alochol and concentrated hydrochloric acid,
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transference again into Cernoy's, and smearing in tron aceto-carmine.
The yreﬁaratiana were gealed wiih 8 gﬁmﬁm&aﬁibwﬁﬂr&fﬁin Qixﬁuwa or
with Zirkle's (19:5?) pex'mem' aeeta«sarmine. For each invastigation
aii the leaf tiaauea incluaea aorsivﬁntrally in tha saetiane were
examined, Tha/sﬁage in praphaaa when the chramosamss ara firat eapily
reaegn&zab;a snd the stage in.teiopha&e when the ehrammaemas ars still
apparent were used s arbitrary 1&m1ta for aatarnandng tha nunber of

nuelear divisions in yraaasa 1n aach aaatien,
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Reoview of literature

Friesner (1920) wrote:

"the gubjset m‘;‘ pwiadicity of growth aativities in

the plent 1é by no means a new one, in fact, it is

one of the oldest. But a caveful review of the

available liberature shows thet thers ere still

certain phases of the work which have not yet been

thoroughly inveaumted.
Indeed the entirs field is open for study, As referred to by Friesner
(1920), two of the earliest investigators of periodieity, Sachs (1872)
and Prentl {1873), concluded thet daily pericdicity of plant growth
depends upon externsl influences, such &s the alternation of light amd
dark; that the perlodicity is lost when plents ere grown in darkuess.
Also, eccording to Friesmer, Beranetzky (1879) mede similer cbservations
except t}"m#; shoots of Brassieca yape meintained a periodieity when grown
in derkness. Priesner makes o distinotion between this "periodicity"
which is lost under comstant environmental conditions sad "rhythm"
whieh refers o "eny oscillation in activity which is definite and reg-
uler and not related to any external influences®

" ward (1885) concluded:; “growth (i.e. permarent inerease inm
bulk) while in the long yun dependept upop cell division, does nod
synchronize dbut rather aitamatas with it,"

. Lewis {1901}, growing Allium Cops unfer normal day and night
11lumination, ﬂi,seww two waves of esll division, with maxima at
midnight and noon and minima at 4:00 a.m, exd 4:00 p,m, He found that
change in color of light changed the times of mexima and minima, while
sontinuous ﬁarkmag,' for the most pert, reversed the timo of cocurrence

of the maxima and minime,
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¥acMillan (1801} observed the growth of potato tubers, in
continuous darkness, $0 be yhythmic instead of regular. He found the
‘mexima, occurring one to four timss during e twenty-four hour pmaﬁ,
to-be of short duration and to be followed by periods of either slower
growth or no growth. |

Kellloott (190¢) found in roots of Allium, grown under con-
stant conditions, two waves of cell division, with s’ primery maximm
at 11100 pih., @ secondary maxiium at 1:00 p,m., and primary and
'aawnaary‘mnimrét 7300 a.m. and 3:00 p.n.; respestively. According
%o i:enicatt; Femintzin {1867) and Strasburger (1880) found {khat, n
the majority of algas, cell division was most rapid at night, Frieasner
(1920} records that de 1 1denan {1891) observed no diurmal differences
in the rete et which cella of Spirogyra divide, end that Braun (1651)
found' cell atvistion of this slga to be most yapid et night. Kellicott
also records %h@t;&mxggal@w {1812) foumnd the maximum period of dividing
¢ells in Zygnem Yo occur “.%mm $:100 Dums until midnight. Kellicott
agroed with the ;%ﬁmmaicsii of most of the earlier mfk&ra‘ toat 'the
maximal pericds of ml;“diviawa alternated with the minimal pericds of
elongation; and thet during periods of slow cell division elongation
was most repids Kellicott further concluded that each plent form seemed
to .haéé“ its own rhythmio variation im rate of growth;

Kavsten (1915), working with desnids grown'under mormal light
conditions, discovered, as racér‘{léﬁ" by miaéwg (1926‘)‘; o daily periodic-
ity oft nuclear and aei‘; ’aivisipn: ke also gp}x_na cell-aivision rhythms,
for aerial i@aﬂa‘ of Ahighw plents, which were independent of ehanésa in

$llumination and bemperature.
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Lutman (1911), investigating cell and nuclear divistons in
Closterium, found &iﬂawﬁa‘ aeeuiiﬁng:mm 10400 pemy to 5100 a.m. with
the manmnunﬁer from sbout 10:00 p.m. until midnfght, the rate of
aiviston being conditioned by the woather of the preceding day.
| Iaugixlm (1&1:1.; s mx;king"’ Wt the common onton grown under
constent conditions, found a deily mitotic and gmwth rhythm, which
he attﬂ_;\iutad to external influences s anfl @ seasonal rhythm, which he
considered was causc;a by the intaaénél organization éif :ﬁhe’ plant. He
also stated that "there is a definite alternation between permanent
{nerease in bulk and mitosis.”
Priesner 1_9.2,0):' used for hia mvcsﬂ;sat&om ‘seedlings of
Gucurbite ;g@g L. » Lupinus albus L., Pisum setivum L., Vicia faba L.,

Alllum Cepa 1., end Zea overte Sturt., also'roots from germisating
bulbs of Allium Copa L., A. canadense 1., and A, Oepnum L. ALl the
work wap done in a dark room; the hmperatizm was kept constant, with
few execoptions, ;'éa within one degres. Friesner's conclusions were:

1. Under constant uniform cobditions elongation in all
plants studiled proceeds in rhythmic menner, two or
more waves occurring during the S4-hour periocd.

2, RNuclear and cell divisions proceed in a similar
rhythmic fa.s!xicn,

3, The time of occurrence of maxims and minima are de~
pendent wpon the tims of initiation of metadolic
activity and not upon the time of day by the alock,

4. Tlongation and cell divieion, as regards time of
meximg and minima, ave, in general, reciprocals of
each other,

5. This reciprocal relation existing between elongation
and ¢ell divigions accounts for a large share, at
least of the rhythms found in these plants,
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Gne (1937), investigating nuclear divisions in Crepis, found
two marked dividing periods and two resting periods, with maxime at
2330 p.m, and 12330 a,m. and minima gt 5130 pume and 5:80 s.m,
The litersture indicetes that mitotic divisfons ooour in

waves and are rhythmie.
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Observations
HMiotic R w-*x'mlvaSmalax Boraenox leaves of approxi-
mately the same sigze were fized, ong sach at 2-hour intervals through~

thins

out B R4-hour period on Auguet 2<3, 1930, and emears wede of one-milli-
meter-in-diameter samples, punched from each leaf near veins in the
positions incli:ea@afi in :&gum-‘il.‘ ~ Bince only one young leaf of e given
size usually oceurred on a single plent of 8. Bona-nox, twelve different
plants {growing at the edge of the Williem and Mery campus) were used,
The mumber of nuclear divisicns was counted for each of the samples:
Sample A, 8:45 p.ms, 87343 B, 4245 pome, 20035 0, 6145 pom., 1248;

D, 8:45 pem., 1‘?56;: B, 10245 Paltlay W. ¥, 12346 a.m., 8359; €, 2:45
a.m., 3978; H, 4345 8., 20645 I, 6:48 aum., ?;533; ¥y 8146 a.m,, 21493
E, 10:45 a.m., 2143 L, 12¢45 p.m., 1846, These data produce & ocurve
{fig. 5 A) with two minima~«6145 p.m. and 12:45 p.m.--and with three
mexima--primary mexine, 12 hours spart, at 2:45 p.m. and 2145 w.m,, end
8 secondary mexismm at 10145 p.m, Since 1t happened that the leaves
fixed at 10:45 p.m, (fig. 1 B) and at 10145 a.me (fig 1 K) wers amsller
than the others, two additional leaves of & mors comparable sige were
fized at these hours on Auguet 17 and 18 respestively (figz. 2). The
nurber of divisions for the second 10:45 p.m, leaf (fig, 2 A) was eon~
siderably lower thsn for the first .ir&gg_ 1 B}, 3141 as compared with
3615, yet high enough to constitute & markex moximum in the curve. The
number af.&,tvig:ms.in_ ths second 10:45 a.m. leef (fig. 2 B) 414 not
differ significantly from the nuwber in the first {fig, 1 K}, 2265 ag
compared with 2143,
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Plents of Lathyrus latifolius were grown in a seed flat.
The fourth leaf from the stem base of twelve of these planis was fixed
when thrae millimeters in length and the number of nuclear divisions,
for each entire leaf, in process at the time of fixation determined
as recorded in teble 1.

Tablé 1, The nucleer divigions inm process, et indieated
time, ix the fourth leaf from the stem base of lathym

latifoliug, fixed when threo millimeters in length.

Mareh 1, 1940 2,45 p.ti. 2254
Februery 21, 1940 4:45 pooi. 1504
February 20, 1940 6145 p.m. 1435
Pebruery 23, 1940 8148 pam, 1883
Pebruary 23, 1940 10345 potm. 2301
Fobruary 25, 1940 12:45 aom, 2844
February 86, 1940 2145 a.m, 1685
Febrvary 26, 1940 4145 a.m. 871
Pebruary 21, 1940 6145 o 164%
Pebruary 24; 1940 8145 a.m. 49
Fobrusry 25, 1940 10:45 a.m, 1912
Pebruary 25, 1840 12:45 pem. 1644
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Spatisl Distribution of Mitoses.--Young leaves of Smilax

rotundifolis were used for the deternination of the number of nuclear
@ivisions in process for a given area, A lesf of the size shown in
figure 3 was fixed at 4:80 p.m. on-July 3, 1939; a total of 31,380
mitoses was found in section A of that leaf. There was a general
ﬁgeraasg} in mitotio frequency from the proximal to the distal part of
that erea. Comparsble results were obtained from rapdom samples desig-
nated in flgure 4j the leaf was fixed &t 3:00 p.m. on July 24, 1939;
the number of aivistons for each of ‘Bhe»“’ém#plaa designated 1a figure 4
was determined; Sample 4, 1952; B, 2012; ¢, 2166; D, 1787; B, 2089;

¥, 1469; G, 92,

The firet leaf on eny stem tip of Lathyrus latifolius is
smmll and scale-~like at maturity in comparison with later leaves oe-
gurring ‘on the same stem $ip. It seemed -degirab&a to compare the nume
ber of mitoses in young leaves of 1like size, but in different positione
and having different prospective size at maturity., The first leaf,

7 mm x 3 mm in size, on a potied plant of L. latifolius was fixed at
7230 pem. on October 30, 1939 and the nuelesr divisions in process in
the entira leaf were counted. The third leaf, 8 mm x ¥ mm, wag fixed
at 7330 p.m. on Bovember 13, 1989 and all the nuelear divisions counted.

The resulte of thess two counts are shown in table 2.
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Teble 2, Comparigon of the nuclear dlvisions in process
in the first end third leaves of & stem of Lathyrus
- latii‘almg,

leaf leaf size Mitcses

Pinst leal 7T mmx 3 Em an

Third lesf 8mnx 3 om £066

§t111 another investigation wes rede using the first, seeond,

third, fourth and fifth leaves from a gtem of a potted plant of

Iathyrus lntifolius; the leaves were fixed ab 4:45 p.m., November 14,
1540, Smears were made of samples only, ome millimeter in diemster,
:meatqﬁ boside the midridb and at t},aé mﬁﬁ;mint of the 1éng§h of ‘the
leaf. leaf sizes and the mitozes in process for each semple are shown
in table 3,

Table 3. ¥ffect of leéaf aize and position on the stem

upon the number of nuelsar divisions in process at e

givon instance in compavable sreas of leaves of Lathyrus
latifolius. - T

Leaf Poeition leef Length M toses

| .’éﬁrat z,az.a?» o 8 mm
Soscond Leaf 34 o
Third Leaf 84 mm
Fourth Leal 50
Fifth Lent 16 mm 30v

v o O ©
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A study was mede to determine the relation between size of

leaf and cessation of nuelear divisions, Material was collected from

young shoots of a clone of Smilax rotundifolis (Speess Mo. 95 specimen
deposited in the Unlted States National Herbarium), growing neer the
Blandy Experimental Perm, Clarke County, Virginia. Since preliminary in-
vestigations had given concordant counts only when samples were taken
from like aress of leaves of similer size and in corresponding positions
on the stem, loaves, £ifth in position from the base of the stem, wore
fimﬁ at & Delis OD va;j};ms days fmm gtme 14 %o a’uzm £4, 1940, snd the
nuelear éiviaiaxm datumnad for eamplaa one miuimeter in diemster and
i0cated beside- the midrib and at the midxmim of ﬂ:s greatest longifudi«

nel exis of the leaf. lLeaf size and the number of mitoses determined
are given in teble &, '

Tabls 4. Nuober of mitosés in esmples from beside the midrid
and ot the midpoint of the greatest longitudinal axis of leaves
of diffexent sizes, sach haing the £ifth leaf sbove thae bass of
e shoot from a clome of $. rotundifolis. The leaves wers fixed
at &z% ‘Potts botween the ﬂates' 'une 14 and June 34, 1940.

Iength  wWidth Number of Mitoses

, 1998
' I 1703

22 wm 10 sm 1608
B mn 82 mm 475
46 w31 om 1)
SSmm., 43 mm 38
66 rm 62 mm 4

0

Rm 6w
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A furthor approsch to the problem of distribution of leaf
mitoses in space and the possible relation of this distribvution to
the s1z6 6nd shape of leaves wes atterpted. leuves of Swilax leuri-
nylla Bleke., S. lenceolabs L., S

Zfolle L., 8. glaucs Welt. var. leueop!

hispids Mahl., 3. ﬁamm L., end 8. rotundifolis 1. (3peese Nos. 133,

134, 119, 110, 135, and- 114 vrespactively; specimons have been deposited
in the United &ita;‘)as National Eex'barium} wore fized at 4100 p.m, on
various days from Aungust ;4 to August 24, 1940. Sanmples, one mifi.l;matw
in diameter, were teken from along the mergins and from besids the mid-
ribs at the levels indicated in figure 6. The keryokinetic count for
each sample is recorded in teble H..



Table B. Species of Smilax investigated and the numbeér of
mitoses eounted in samples from slong the margios end from
beside the midrids of leaves ocutlined in figure 6; all the
leaves were fixed at 4:00 p.m. between the detes Auguet 4

$o Avgust 24, 1540,

leaves of 3. laurifolia, 8.

gleuca, 8.

Junceoleta, andi S, Bona-nox were e fixed from plants growing
in. the nursery at the Blandy Bxperimental Farm, Boyce,

Clarke County, Virginia:

plents are shown in table 6.

tion

Geographic and

the geographic sources of those
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T b e R i A
oaf Wioses mmsea

‘No. ~ Species

1353 §o 35&“3‘1’03‘1%'1 L.
134 8. glauea Walt. var
leuzophylle Blake.

118" 8. leneeclsta L.

136, ° 8, hispida Muhl,

135 3. Bona~nox L.

i

at at

$€m‘nﬁ ievel Margin Mideid
mlmmton, Al 8¢ 88
e Hanover (0., A2 164 146
Rorth Carolina A3 2356 285
Keysvilla, Bl 55 i8
Chariotte Co,, BE 207 51
Virginia ' B3 264 83
Trightsville Beach,Cl 108 853
Yew Hanover CoG., C2 284 173
North Carolina ¢3 360 210
Clarke Co,, D1 523 607
Tirgicia ua 1135 1188
n3 1321 1226
Myrtle Besch, Bl 831 640
Horry Qo., B2 212 6828
gouth CQavelina £3 i5%2 G889
Clorke C0., Fl 728 558
Virginia yivi) 877 40
¥3 1269 1064
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Chrogosoms Humbers.--Chrouosoms determinations for Smilex
rotundifolie L. (fig. 7} end g. Bopa~pox L. {fig. 8) were made from

smears. Both have 32 chromosomas at leaf metaphase.
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b ok
b & 6§
Ry
48

Fige 1 & 2.+~Fig, 1. Outlines of twelve leaves of Suilex-Bonae
nox’ fixed one @ach at S-hour intervals throughout a 24-hour poriod;
pleees from which samples were taken for division counts are indicated.
Pig. 2. Outlines of two other leaves of 5. Bona-pox atudied.
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' Plge 3 & 4,~-Plg. 3. Natural slze outline of Smilax rotundifolia
deaf with aree in which 31,380 niteses were counted. ‘w=Pi8. 4. Natural
#ige outline of 3. rotundifolis leaf of which sarples A ~ G were studied
sytologteally..
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Xig; . == Qurve of divislon frequeney in Bm&lax Bana~nex
{(line A} and Zathyrus latifolius {line B) leaves, fixed one each
at 2~hour intervals threughout a Rd=hour period,
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|
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Fig, 6.~-Natural size outlines of leaves of Smlnx laurifolia,
§. gisuea, 8, lanceolata, 3. hispida, 2. Bona~nox, and S £. rotundifolia
With lines indTcating levels at which pampiss one millimeter ip dieme
star were taken from along the margins 2nd from beside the midribe,
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‘ Pig. 7 & B.--Plg. 7, Leaf metaphase of Smilax rotundifolia L.,
2n = 32, Wegnification e, 3800X, -- Fig. 8. Leaf metaphase of
S, Bopa-nox L., 2n = 32. Imgopificntion oa, 3800X,
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Discusgion
Atotic Hhythms, The daia on temporal frequency for mitosis
in gmilex Bona-nox produce @ curve with two minima--6:45 p.ms and
12145 pom,-wand with thres mximwzépim maxima, twelve hqur?s apart,
‘@t 2:45 p.e and 2:45 e.m., and a secondery maximum at 10:45 p.m,
Similar data for lathyrus latifolius produde a curve with three
minjma~-privary minimum at 8;45 a.ré. ‘and sscondary minim at 6:45 p.m
and 4340 a.m.~-and with three maxim«ma;éﬁ Petie, 10:45 gom., and
10:45 p.ms A comparison of these tw;:l-i'ouwea {figure: 5) shows a gereral
trond for mi‘t_;o.t:l.c freguency %o be high at 2:45 p.m. and low at 6:45 p.m.,
#gain high at 10:45 a.m. end low at 4145 a.m. These observations on
mitotic fluctuations in leaves of M and iathyrus ore preliminary, '
bm; they support @ conclusion reached by Friesner {1920) for roots of
soveral é;fferent genera: “ihe curve of cell division in all ;p;tmte
studled exhibits a numder of oseillations in the 24-hour period o in the
mjority of plants thres." Ieikgﬁae ono {1937) found in root tips
of Orepis "two marked dividing periods®.
gpat,iax Distribution of Mitoses im Space. The dats, as recorded

in table 2 and table &, on the frequency of mitosee in leaves of
Lathm"a indicate the wssxbinﬁg;‘sﬁ a relationship between the size of
the leaf at paturity and the frequercy of nuclesr division. The first
leaf, tabdble 2, hed only 37 aivisions while the third leaf, when of e
somparsble size, had 2006 d1viding nuclei. Similerly, from enother |
plent, the firet leaf (8 mm in length) teble 3, hed no divisions while
the £ifth leaf (16 mm in length) had 307 mitovic divisions, The riret
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leaves of Lathyrus latifoliug are smell and scale-1iks with few di-

vieions while leter le:éwﬁs have & mich lerger size et meturity and

heve a correspondingly higher karyokinetic frequency. l&cgnta {1932}

fauéd the size of the leaf at ltz'ha ‘ti‘ma coll division ceases to vary

canaideraﬂiy in ditfemms’ 1@’&@& on ;{;ha same shogt and t0 be m)tated

to the dimensions of the leaves at maturity. CGregory (1928) maintaina

that lear @mﬁh{ depends upon tt;ce‘ gize of the alreasdy existing lea:

ares, He 'éénelnﬁe&: #the Mmﬁtzé growth of single Vl‘aavea mst be

sccounted for by the limited growth ‘mtenfﬁazmy of the leaf primordis.”
Additionsl evidencs in suppory of this hypothesis is found in

the data rocorded in ’ta!\ala 5. Smilax glauca, 8, laurifolia, and S.

laneeolate }:{ave,_imgszzeml, a lower mitotic frequency then bave S,

Bora-nox, S. rotundifolis, and S. bispida. imture leaves of the

latter three species, as observed by the writer, attain e much larger

size than do mature leaves of 8. glauca, S. laurifolia, and g,
lsnceolata. '
The data in table § show the divielon frequeney st the leaf
wargin te be, in general, higher then st the midwvib, Smith (1934)
conclvdes:
"the species of the plant unéar consideration and
4he gtoge of development of the leaf determine what
portions of the leaf are the most actively meriste-~
matic, in some instances the mmjor portion of the
merigtematic activity 15 confined to the merginal’
zone, in others the activity is distriduted through~
out the lesaf.”
In the investigation of cessation of mitosis {date recorded

in table 4}, it wae fourd that concordant counts were cbtained only
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when leaves of comparable size were taken from the same stem posi-
tionss Delisle {1938) found typieal growth curves in leaves of
Astor "with the grend period of growth within each successive leaf
sppeering only at the time when tﬁat of the preceding leaf is falling
off", According to Delisle, Kolkunov {_2,9_95) found that the size end
nunber of cells per unit area of lesf vary with the leat position on
the stem.

Chrompsome Humbers., The 2n~chromosome numbers of 8.

rotundifolia (fig. 7) evd of §, Boma-nox (fig. 8) were found at leaf

metaphege to he 22§ the sex of the various plents was not known,
(Horberium specimens of the species will be distributed under the
nunbera: BaldWin 416 and 417.) The chromosomes in both spacies vary
songiderably in size and worphology, Tengen (1937) rap;:mteﬁl an
n-purber of 16 for 8, rotundifolia from the Blue Ridge ivuntains of

North Carolina. He interpreted certain of his observations to "sug-
gest a record of pmﬁanﬁ hybridization for the apeciaw;, It 18 of
consequent intereat to note that counts from leaf mitoses (sometimes
"ean-gwem& £6 be probably chromogomally a&awant} of plants in the
Virginia coastul plein corroberate the gametic nusber determined for
supposed hybrid plants in the Narth Cerolina mountains. Chremosome

nupbers reported for Smilax ere shown in table 6,
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Teble 6, Chromosoms numbers reported for Smilax L.

Species 2n <3 Petermined by

+ Bons-nox L. 82 Speese (1939)

e I

China L. 30, Nakelima {1937}

2

- glavea L. 14 Jensen (1937)

. hederaces L. | _
~var., pipponica Maxim., 30 Hake jima {1937)

S, herbaces L. 1313 Eikins (1914)
‘ 12 Fumphrey {1914)
13 Lindsay (1929; 1950)

I

- 'Qdbami Mg, 50 Nakajima (1937)
rotundifolis L.’ 16 Jensen (1937)

v e

38 Spesse (1939)

Of the above workers only gak;a}im, (1937) got evidence of
heteromorphic chromogomes; he reporied sex chromosomes of the X-¥ type

in threc species.
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& temporal frequency ssteblished for mitosis in leaves of S,
gwggénéx'gives-a.carve with two marked minima~-6:45 p.m. eud 12:45 p.me-
and with threo maximaﬁnprimsry maxima, twelve haurs ap&rt. at 2145 p.m,
anﬂ 2:45 a.mu, an& g saeondary paximum at 10*45 p.m, A simtlar fraquen*
ay”ia laavag of Le 1a$1£b1&¢a gtvae_a ourve with three marked minimsee
priﬁary ninfmom at 8145 a.m. and secondary minima at 56345 pim. and 4:45
8., ~~and with three maxima-~-2:45 p.ms, 10:45 a.m., and 10:45 p.m.

The number of dividing nuclei was counted for certain selected

areas of young léaves of g, rotanﬁgfolia. A general reduction in mitotie
!réquengy appears to occur proximo-distally in those leaves.

Mtotic divisions in lpaf areas vary with the position of the
leaf on the stom, pearness to the otem tip being correlated with high
division frequencies.

Increase in size, an@_acco?dingly in age, of a given leaf ares
is regularly correlated with decrease irn mitotie frequency, until
diviaians ¢aase.

As. determiuﬁa for pix species of Smilex, there is a basipetal
gra&iana for tha mitotie pate in leaves, apd divisions cemss earlier in
the central p&rt Gf the leaf than at the margin,

8. rotunﬁifolia 1. and 8. Bona pox 1, both have 38 chromosomes

8t leuf metaphase.
A review of the litepraturs on mitotle rhythms amd a table of

chromosoms counts for Smilex L. ars included.



Literature Cited 286,

Ba}éwuza, ; p{fﬁg Jr, "Chromosomes from Leavag,® Bciema ﬁ, S, X

1939 C

%aganetzky,y. ;Béa tdgliche i’eﬁgﬁaﬁgﬁ %ng%angem;aumtum der Stengel,”
uﬂm, ad. St. ?8&6?55‘1?&0 73 3 1-81,

‘Braun, Ay "%é? die Erescheinung der Vemjﬁngung in der Natur,® { 1851)
PPe 3‘“’. 241, Loipzig.

Beliale, A. L."Morphogenetical Studies in the Development of Successive
Leaves in. Agter, with Respect to Relative Gpowth, Celluler Dif-
ferentiation, and Mn Relaeionamps.* Awer, Jour, Bot, XXV
{1538) 420~430, ‘

Elkins, Marion G. "The Maturation Phases in Smilax herbaces, Bot.
‘Gaz. IVIT (1914) 38252,

*Pamintein, A, "Die Wirkung des Lichtes auf Algen unmd uinige ihnen nehe
verwendten Organismen," Jahrb. Wiss. Bot. VI {1867) 1-44.
Fostor, Adbisnce S. “leaf of Caryu,” Amer “‘:“‘ux«. Bot. XVIIX (1931)

86‘”8&?»
» "Leaf Differentiztion in Angliosperms,* Bot. Rev, II

e {1’5‘55; 345872,

‘Friesner, R, C. "Daily Rhythms of Elongation and Cell nmsxon 4in Cer-
tain Roots". Amer, Jour. Bog. VII (1920) 380-407,

Gregory, F. G. "Studies in tte Epergy Relations of Plants, IX. The

' Effect of Temperature on the Inewaae in Area of Isaf Surface and
in Dry Weight of Cucumis gativus.” Amer, Jour, ﬁot. XIIT {1928)
469-507,
Bumphrey, Lillian A, ™A Oytologicsl Study of the Stamens. M smm:x
' ‘herbacsa.” Ohio Naturalist. XV (1914) 567-359.

Jensen, H, W. "Neiosie in Several Species of Dicecious mnocetyledonoae.

I. 'The Possibllity @f sax f;hromswsa.*' Cytologis Wujil Jub,
x val, {1 3?) 95-108, °

#garsten, G. er enbryonales Wachatum xm& seine tageapaﬂeﬁq.

ot %}tﬁaﬁm Bﬁt. Vit {1.915) 1"&49 .

Kellicott, W. T. "Daily Periodicity of Cell Division.” Bull,, ibrrey
Bot. Club, XXAT{1904) 529-550,

*Kolkunov, ¥W. "Contributions to the Problem of Breeding Drought Resistant
Opop Plants., I, Anatomical’and %yeiological Investigations of the
mgree @r Xerophily of certam Cersals."” Mem. Polytech, Inst, Znst,
Kiev, V.. [(1905) No, 4, {Rigsian)

‘xuraaamw, :.. "ber Befruchitung, ‘Reifung und Kedmng bes aymzem‘

cIv (1912) £5-~84, ¢
Isaughl D, % ‘He "Duration of the Seversl Mitotic Stages in the mvi&&ns
Cells of the Common Onion.® "Garn. Inat. Of Wash. mw) Pub. 265
Paper §30: 32-353,
m&s. As Coy "Con%ributmns t0 ﬁm Enowledge of the ?hyaielagy of Kery~
. olcinesis.” Bot. ‘Gaz. XEKIX (1901} 424~426.
.Mnémyg ‘Ruth H. "“The Chromosomes of mmemus m@mm.ﬂ mg. Nat.
g éo 8030 x\f- ‘1929} 611"‘&30
T J"The Chromosomes of Some mc&nimxa Angiasperms.
m Jour. Sot. XVII {1930} 152-174,




26.

Lutman, B. ¥, "Cell and Nuclear mvisian in g ¢losterium ggg,. Gaz, (1811)

401-450, (
Maomillén, . "On the Growth Periodiecity cr the Pﬂtam *Mser" y Bull,
Minn, %@aﬁ. Nat, Sef, IIT (1901) 553-456?:.
Mounts, Bery Taylor, “he ‘Development of Eoliaga Leavas,” Univ, Iowa
Studies. XIV (1938) 1-19,
Kekajima, G. "Cytological Studies in Soms MMaiousmanzs.* Gytologia
Pujti Jub, Vol, (1637) 2B2-g92, .
Ono, H, "Periocdicity of the Kuclear mviaions m crepia eamnaris.
 Wellr, Bot. Mag. LI (1937) 554+559,
*Prantl, K, Oober dsn mnrlusa des Lichts auf Waehsthum. der Bldtter,”
Arbeiten Bot. Inat, m%urg 1 (1873) 371384, ‘
*Sachs, J.. waber den Finfluse der Luftemporatur und &es Tageslichts auf
die stliindlichen und tdglichen Aenderungen des Mnganmhsthum

{Streckung) der Intma&ian.” gg_ba&m n Bot Inst, Wumbux .

{&8'?9) 99-192,
Botany. E&. 2 Lomicn. cxfera, elarendon Press.
{1934}

. Taxtbook of
' :maa. Tp. 762+763; 632, .
smw, G. H, "Anatomy af the m&ryme I,aaf” m Jour, Bot. XTI

194+209,
Speese, g. Y. "uitosis in Leaves of smm." ﬂmr. Jour. Bot. EXV (1939)
,” ' 85 "’8550
*stresburger, . “zallbimnng und zemzwuang." a“ aufl, {1880} p. 171, .

J@m'
ward, H, M, "0n the Biology of Bacillus ramosus {Fraenkall a Sehiaow»
cete of the River Thadies, Proe, ao . Soc. LVIIT (18956) 2654468,
*influence de la terpera ture

*wildeman, K, de. "Rechorches su sujet 4
sur la marche, la duree et le n'equenca de earyocinese du regne
Mierose, XV (1891) 8-58, .

" vegatal,” ~Anfi, Soe. Belge
Zirkla. c. ”Aeeto-earmna Mounting Meaia." Emienoa IXXXV {1937) 683,

v

COLLEGE Qp WilLlam & MAR

* Seen by fefsrence-oniys





