The Stem

The stem of ¢ycads may be either serlal end columnar (arbores-
cert) or subterranesn and tuberous. An arborescent stem is chersc-

tstic of all species of Cycas, Dicon, Microcyces, and Ceratozamia.
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In Mecrozemie and Encephalsrtos the stem is seriel in some species

er2 subterrenean in others., In Zamis a tuberous underground stem.
sczurs ip most of the species, an eerial one being found in only a
few. Both Stengeris snd Bowenie have & tuberous subterranean stem.
Tue tallest cyceds are Macrozemis hopel, reaching e height of 18 m.,

eré Dioon spinulosum, reaching 16 m. Microcyces calocoma becomes

neerly 10 m. tall, while'Encephalartos leurentisnus, with a pros-
trete stem, ettains a length of 15 m. Most arborescent cycade are
zuch smaller, few species exceeding 3m. and meny being less than,

2 m. in height. The smellest of all cycads is Zamis pygmses, with
8 stem less then 25 cm. long and only 2-3 cm. in dlameter. A

Typically, cyceds have esn unbrenched stem, but wherever they

ere abundent, one can usually find an occasioﬁal branching plant.‘
Often the tranching is obviously the result of injury. At van
Steedens, near Port Elizabeth, Union of South Africa, are many

rlents of Fncephelartos longifolius like the one shown in Fig. 1.

“he soft terminel part of the stem had been cut off, perhaps a
Lundred yeers ago, to make Kaffir bresd, a practice which gave

he genus its common neme, Bread Palm, and its scientific name,
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Young plants freguently arise from the base of an old one,
especlally if the old plant hes a leaning stem, as in Dioon gdule,
The lerge crown of leaves on a cycad sbout & meter in height offers
euch resistance to the wind that the stem may lean or even be blowm
¢own. Any slight crack at the base may result in the formation of
a tud which develops into a brapch. When formed close to the goll,
such buds become rooted and established as independent plants when
the cld plant dles. The mos£ consplcuous cases of branching are

geen in plants of Cycas revoluta growing in temple grounds or on

old estates (Fig. 2). Here branching has been induced by msking
cuts in the stem, a method still employed by ﬁurserymen, who pot
the resulting buds. Sometimes branches become hundreds of Yyears
old and must be supﬁorted by props. Brenching is very common in
subterranean stems. When growing in stony ground, the steﬁs are
often'cut or scratched, and a bud arising from the wound becomss a
trench (Fig. 3),

An entirely different type of branching may appear in enother
vay. When a cone breakardown, some of the seeds may be held in a
kird of basket formed by the crown of leaves., Here they scmetimes
rferninate and the aeedlings grow down into the soft tissues of the
6ten apex (Fig, 4). At Chavarrillo, Mexico, I savw & plant of Dioon
tiule with thirty-five buds at the top forming a circle that re-
rlaced the normal crown of leaves. Five of the buds had four to
ten green leaves; the others were still covered by bud scales. At

least some, and perhaps all, of the thirty-five buds were seedlings.




Other piante in the vicinity showed three to five crownas, some of

vhich were almost certainly a result of the germinstion of seeda at

the stem apex. In 2Zamia floridena seedlings often grow down into
the tissues of the stem apex and produce what appear to be brancﬁes.
Such 8 young plant, becoming established end looking like a true
branch, might bear a male cone, while the older plant might be
ferele, The finder of such a spepimen might claim that cycmds are
sometimes monoecious,

Another type of bbanching, which is internsl and may never
reveal itselfl externslly, takes place regularly when & terminal
cone 1s produced. When a cycad produces its firast cone, the apical
meristem is used up, but & new meristem is soon formed et the base
of the peduncle (Fig. 5). This develope leaves and pushes the cone
eslde. Although really a leteral branch, it continues the growtﬂ
of the main stem. Vhen another cone is produced, the process is
repeated, but externally the stem etill seems to be unbranched.
Bowever, a longitudinal section of the stem showa & serles of cone
domey each of which was terminated by & cone (Fig. 6). If two
meristems should appear atAthe base of the peduncle, as they
rrobably sometimes do, one might remein vegetative for several
Yeers end build up a brench; while the other, producing a cone,
vould form & new meristen. Although externally alike, one branch
vould show a cone dome, while the other would not.

In the female plant of Cyces, the original meristem continues
throughout the life of the individual, producing successive crowns

of follage leaves, scale leaves, end sporophylle (Fig. 7). A
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.zn2itudinel section of the stem does not show any cone domes. The

444444

zele plent hes terminal cones end & longituiinal section shows a

cone dome for every cone the plant hes produced except the first one,
Where several cones are produced, the stem may or mey not

i:nteln Eone domes. Zamia has a complicated system of cone domes,

end when a new meristem appears at the base of each peduncle, a

rrofusely branched stem results, A plant of ggg;g latifoliolata

in. our collection has produced as many as 60 male cones at one tims,

Tven externally, it is much branched, A dissection of the stem k

vould doubtless reveal g complicated anatomy that would Prodably be
<l the cone-dome type, with more than one meristem appearing at the
tese of a peduncle.

Fncevhalartos friderici-guilielm: frequently has a circle

>7 cones appearing in the axils of leaves (Fig., 8). The cones are
iaterpl atructures, the terminal meristem continuing the growth of

‘he stem. Cone domes are absent. In Macrozamia moorei msle cones

e usually numerous, with 10 to 20 not rare and sometimes as many
& =00 being present (Fig. 9). These cones are strictly lateral,

8rising from the leaf axils. A tangentisl section of the stenm

Tesenbles e section of the -extinct G cadeoidea, of the order Lo i
] 77 “vtnxagxgg
sfoneititales, Ovulate cones are not so numerous, usually only

“¥9 Or three belng present, but in one plant eight were counted, i
11 fully grown and weighlng about 15 kilos each. Both male end
“e2ale plants of Macrozamia moorei have no cone domes.

n Stanzeria and Bowenia, which have subterranean stems, an

tisclanion layer develops at the base of the petiole and cuts off

k
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the leaf cleanly, leaving only an'inconspicuous scar that finally
becomes unrecognlzable. In other cycads with subterranean stems,
es in most species of Zemla and in some species of Encephalsrtos
end Macrozamis, an abscission layer does not appear so early, In-
gtead, thé leaf dies, the leaflets are shed, and the rachis and
retiole disorganize, In Zémia en absclsslon layer is formed after
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several years, the base of the petiole then breéking off cleanly.

Consequently, the top of the stem is covered with a temporary armor
57 leaf bases. Af;er the leaf is cut off, the scar mey be visible
for o long time (Fig. 10), but usually soen disappears, leaving the
stem as smooth as in Stengeria or Bowenia, and a normal phellogen

ia continuous aroﬁnd the entire cortex. Those specles of Encepha~

lertos end Macrozamis heving subterranean stens, or stems raised
only slightly above the ground, have an armor less conspicﬁous than
<n erboreal types but one that may persist throughout the life of
the plant, .

Crcads with aerial trunks have a conspicuous armor of perslis-
teat leaf bases, Dioon edule affords a good example (Fig, 11). 1In
‘te first Jear the young crown of leaves is obliquely erect; in its
second year it becomes depressed,” 8o thet the leaves are almost
norizontal; in its thirg year the leaflete fall off; during the
ReXL tWo or three years, the rachis end petiole disorganize snd only
S or 10 ¢m, of the petiole remain. Finally en abscisaion layer forms,
RoY av the base of the retiole but farther out, so that 2 or 3 cnm,
o7 the bage of the petiole remsin as a permanent armor; ‘The end of

‘e renalning part is euber;zed. Even trunks a thousand years old
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are completely covered by these petiole bases, which are more or less
ciazond-shaped as seen from the surface. In such an old trunk, the
diezeter near the top is ueually greater than at the bage , for thei'er?.
{3 sicost no increasge 1_n the width of the xylem of the stele. On the
tther hand, there is often a decrease in the diameter of the trunk,
"- one abscission layer after snother forms at the outer ends of
the leaf bases » cutting off thin flakes that finelly reduce the
--ezeter of the trunk. In extremely old trunks of Encephalartos
.2tifrons this process géea on until no trace of the armor remaina.
In trunks of rapid growth - rapid for cycads - a distinct
alternation of large and small leaf bases ocours. The large bases,

forming a rib, belong to Toliage leaves, while the small ones,‘

foraing the depression between two ribs, belong to the bud Scales,

Hicrocvess calocoma ang Dioon spinulosum furnish good illustrations

27 such ribbing (Fig. 12). fThe Successive cork cambiums are much

=ore vigorous in the bames of the foliage leaves s which form the
rita. uonsequently, the ribs become reduced, and at a distance of
& couple of meters from the top, the trunk becomes even, with no
¢lstinction between ribs and depressions. In very old trunks the
elsclesions continue until they not only remove the armor but invade
Lhe ¢ortex, so that the diameter of the trunk is noticeably lesa at
ke tottom than at the top (Fig. 13).

In Dicon edule one might imagine an obscure ribbing; but here
the tuds scaleg are hardly recognizable except near the tip., Fach

T the big groups which might be mistaken for ribe is made up of

the baseg of foliage leaves and .consists, not of the bases of one -



crown but of several c¢rowns, perhaps as many as twelve. When a
r-ant produces & crown of leaves every other yemr &nd a cone every
Jther year, or even every Yyear, it becomes exhausted and goes into a
isrment state, looking dead and rroducing neither leaves nor cones
for peveral years., A fire may sweep through the patch and thus
initiste & dormant stage or an animal may Initiate it by eating a
Foung crown. When the plant comes out of the dormant stete, an un-
vaually lerge number of bud scales makes s slight constriction, The ‘ : '

aumber of such constrictions on & stem doudbtless denotes_tpe nunber

of times the plant has become dormant. In Dioon edule a growth ring E
resembling an annual ring is formed as the plant comes out of the
¢ormant stete. Such a growth ring, in this species, may be formed

every 20 or 30 years. The dormant periods are too irregular to make ‘
‘e rings of much value in estimating the ege of & plant,

In Dioon epinulosum the Buccessive ebecisslon 1qyers in the - f

leef bases are so Treguent that, at the bages of plants 6 or 7 m, f-’ e
<eh, there is not only no distinetion’ between ribe and depressions, g fiji .' J
€xcept in the upper rart of the trunk, but even the diamond-~shaped k ' !
Zerxings are obliterated. Thus any estimate of the age of the plant‘
2% this basls ig extremely indefinite, In this species the wigth . j
>7 the xylem of the g?gle increases considerably, the diameter of -
A€ Stem being greater 8t the bottom than &t the top. Except during
W dormant periods, & crown is formed every other yeer, and with
SYery new crown a grovth ring appears in the wood. In trunks 10 m.

FiZh the py bs are eesily recognizable in the upper 3 n, Coneequently, o

the gge of this upper part, making no allowance Tor possible dormant

k




zerioda, 1ls Just twice the number of rivs. A plant of D. spinulosum
1€ m. high would probably not be half as old as one of D. edule 1 m,
Ligh. In the lower part of such trunks, ﬁhere leaf bases or ribs
ere indistinguishable, one might make a guess from the growth rings,
ceking the number of years twice the.number of rings,
Some fecords of very old cycads are available. In the grounds
- of the temple of Gokokuji, at Takaido, Japan, is & plant of Cycas o
revoluts that is known to have been growing in the same vlace for k”i;ii? '
sver 650 years, and it was probably 100 years old when transplanted
from the fleld. One‘of the largest specimens of C. revoluts in Japan.
is in the temple grounds of Shokuji, at HiJi-Cho, Oita Prefecture. }£?%M&¢u
The stem & 9.15 m. tall and 1.75 m. in dlameter. It has 90 branchesfffiﬁv;;’b
erd the aree covered by them is abqpt 100 square meters. The age is o
gald to be about 500 years.' |
At Chavarrillo, Mexico, large plants of Dioon edule produce
& crovn of about 20 leaves every other Jear, an average of 10 a year.

Soze specimens not more than 1.5 m. in helght have 10,000 leaf bases,

i8 conservetive because a plant is not likely to produce 20 leaves

noa crown until it is nearly 100 years old; also no account is

“2xzen of dormant pericds. 1In conservatories both Dioon edule and
2+ gxinulosum may retain their leaves for 2, 3, or & years, or even
103£er, Or crowns may appear two years in succession, the duration
telinr 80 irregular that the method of determining the age of field

8recimens 18 of little value when applied to plants in cultivation,




Transverse sections of adult cycad trunks show two distinct
t7res of vascular structure, the monoxylic and the polyxylic, the
Termer having & single zone of wood and the latter two or more
zones seperated by parenchyma (Fig. 15). Most cycads have the mono-
xrlic type of stem. In Cyces all specles which have been examined are
rolyxylic, while in Macrozemia and Encephalartos some species are
ronoxylic end some polyxylic. In Cycas revoluta and C. media plants
1.7 @, in height seldom show more than 3 or L zones. The greatest

P

display of zones which hﬁs come to our attention is in Cycas pectinata.
# riece of stem 20 cm. In diemeter, collected by Sir Joseph Hooker

in 1848, in the Great Rungeet Valley, Sikkim, shows 1k zones, all
rether nsrrov but very distinct. (Fig. 16) The zones are formed at
irreguler intervale of, probably, many years, and may indicate the -

rumber of times the plant has had a prolonged dormant period.

In adult plants of Zamia floridene heving a stem diameter

of 3 cm., the xylem zone is ebout 2 mm. wide and the phloem zone

the seme. 1In exceptionally large specimens with & diemeter of 12 cm.,
ire xylem zone is sbout 3 mm, wide and the phloem zone about 2 mm,
Srowth rings ere ebsent. It is evident that growth of the woody

trlinder is very slow. A plant of Ceratozemia mexicane near Jaleps,

Yexlco, with a trunk 30 em. high and 15 cm. in diemeter, had a zone
o7 xylem only 3 mm. wide. A plant of Microcyces celocoms near
toneolacidn del sur, Cuba, was about 2.5 m. high and about 20 cm.
-0 dismeter at 50 cm. above the ground. The diameter of the plth
&L thlis level) was 10 cm., the width & the xylem zone 1.5 cm., the

. .
Fhloen 1 oem., the cortex 2.2 cm., and the armor 0.5-1 em,
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A plent of Dioon edule et Chavarrille, Mexico, with a trunk
gbout 60 ¢m. high and 21 cm. in diameter, hed & pith 8.7 em. in
diameter, a xylem zone 5Smm. wide, p‘i\\ioem zone > mm., cortex 2 cm.,
end zone of leaf bames 3.6 cm. A specimen about 1 m. in height but
vith no greater diameter had a pith 6.9 om. in thickness, a xylem
zone 15 mn. wide, phloem zone 8 mm., cortex 3.2 cm., mnd zone of
. leef beses 1.5 cm. Dioon spinulosum hes the widest zone of xylem
ever recorded for any cycad. A specimen st Tierra Blanca, Mexico,
with a stem 6 m. high end 33 cm. in dismeter, had & pith 8 cm. in

diemeter, & xylem zone 10 cm. wide, phloem zone l.k cm., cortex

2.% cm., and srmor 0.5-1 cm. (Fig. 17).
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Leaves

The leaves of cyceds are produced in crowne, except that in
cienzerde, which often hes only one leaf ang rarely more then two or

tiree in » season, the term crown is not very appropriste. But even

-n Stengeria, whose leaves often live two or three Years, particula:ly

-n gerdens and coneervatories, the folisr display might be called a

crowvn. The leaves of all cycads do not appear simulteneously but in

succession along & low spiral. Consequently, the leaves in & crowm

; ere of such different lengthe thet the oldest mey be several times as

Vlon, 68 the youngest (Fig. 18). In some speciea of Mecrozemia, such
es M. moorei and M. miguelii, the crown may contain ss many es 100
leeves, but in most cycads the number is much less, seldom exceeding
2) or 30, and often being fewer then 15, _

The durstion of the crowﬁ verles with the species snd with
conditions. The Joung crdwn is erect until the leéves reach at least
nel? their msture length’ (Fig 19). at Chaverrillo, Mexico, where
Zison gdule is very abundant crowne are produced every other yesr,
Suring the fipst Jear the crown is bright: green and the leaves extend
ttliquely upward, During the second year, partly because of the
iresence of a gmall grayish lichen, the leaves are not so bright an& )
tecome horizontel or even dfoop 8lightly. During the third year the

leeflets fpll off, the petiole ana rachis hang down and decay, begin-
ning with the tip, and st111 later an abecisalon layer eppears 2 or

5w, from the cortex, meking & clean cut that leaves the bese of

‘Le petiole on the trunk (Fig. 1k},

y S



As nearly as could be determined, the rroduction of new crowns

seezs to be the veme in Dioon spinulosum a8 In D. edule. At Trapps

veiley, near Grahamstown, South Africe, Incephalartos altensteinii

rriiuces & new crown every Jear, but E, letifrons doiztnot. Cyces
iroonelis usually bears a new Crown every year, but t:Townsville,
<-c¢nslend, Australia, lying at sea level ip a bhot and wet region, a
Flant in the botanrical garden is said to produce two crowns a Year,
Th.3 18 & wany unique case. Probabtly in no other cycad are the suc~
te2g.ve Crowns more sharpiy marked than in Encephalartos friderict- é’"iﬁfﬁh
Ti.llelmi, where the tomentun is extremely abundant, covering the
azele leaves and making the foliege leaves very abundant. In this
frecles & new crown appeérs every year and remains green for two
years, _

The vernation in Dioon, Macrozemia, end Encephslartos is p;r-
i “estly streight (Figs. 18, 19, 20A}. In Cycas it is as circinate as
-1 eny fern, both in the rachis and leaflets (Fig. 20B). 1In Zamia,
;3§=t;zemia, and Miéroczcas the rachis 1s circinste snd the leaflets
sirelznt (Fig, 20C). 1In Stengeris the rachls is distinclly curved,
fenellmes appeering ¢ircinate and sometimes conduplicate, while the
leefletg are straight (Fig.eog). In Bowenis the bipinnete leaf has
“# tlr of the mailn rachis end side tranches curved, but the leaflets
tre siraight,

“hen & new crown hes broken through the bug scales, growth ie
“ETY rerld, The Tollowing messurements were made in the greenhouse,
where Qroiz? is likely to be fastér then in tke field. But the ratea

-+ rowth & verious periods inp the development of the leaf, and

)



cszperetive rates of growth of the different regicns ; 8re probebly the

e pi g

i‘ seme ac in the fleld. All the plants measured, except Stengeris and

boweniam, were grown from seed and were not more than 35 years old.

Number Increase Average rate

of deys in length per dey
Ti:on epinulosum 6 28 cm. k.6 cn.
7. edule 6 21 ecm, 3.5 cm.
Srees circinelis 48 146 cm. 3.0 cm,
Jeretczamia mexicana 55 61 cnm, 1.1 cm.
incerhalartos villosus 50 - 110 em. 2.2 cm.
Stwenreria paradoxa 31 88 om, _ 2.8 cn.
z:wenie serrulata 30 83 cm. 2.7 cm,

v

The leaves of ell cyceds are pinnste except those of Bowenisa,
wiich ere bipinnate or even tripinnate. They range‘in length from
“ or 6 e, in some mature specimens of Zemis pygmaee to ms much as

2 2, in Cycas gircinelis, Dioon gpinulosum, and Macrozemia denisonii,

Tre leeves of Encethelartos villoéus,eometimes reach & length of 5 m.

v.lle E. laurentisnus, of tropicel Africe, is reported to have leaves
reeching 6 m, in 1§ngth; About 1 m. ie & very common length for a
t5zed leaf and fhiéikeached or egrpassed in all the genere and in
=eny of the epecies,

The pinnete leaves, arranged in crowns, make the cycads look

site ferns. Stangeria paradoxe was long thought to be-a fern and was

‘nzivded in the tropical genus Lomaria until the discovery of ite
--hee rroved it to be & seed plant. Zamia peeudoperasitica looks mo

=it% llke Polystichum ecrostichoides that, without cones, it might be

=-8t27en for that well-known fern. On the other hand, some of the

Trrns regemble cycads. At a distence of 50 m. the South African

-~
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~Exlre dregel could easlly be misteken for & cycad., In the tropical




rain forest south of Tuxtepec, Mexico, one must often dismount from
his horse for a closer look before he can decide whether a plant is
e cyced or & fern. Sometimes it is a Zemla, but usually only a fern.
Bowenia, with its bipinnate leaves, 18 so fern-like in appesrance
thet, without cones,'one might pass it by without even suspecting
that it 1s a c¢yced.

Most cycad leaves gre differentiated into a petlicle and rachis.
In some species the lower leaflets are gradually reduced to 8pines
that often extend to the base of the leaf, so that & distinct petiole
seéms to be lacking. Such Spines, generally occurring in g row along
each of the two sides of the petiole, are seen in most species of

Cvcas, in Dioon sginu;osum, and in some species of Encephalartos,

such as E. villosus. In many species of Maerozamis the lower leaflets
are reduced in size but, with only a few exceptions, are not apine-

like, In Ceratozamis, except C. kuesterianas, and in pany species

of Zamia, the petiole is_spiny, but the spines are irregularly
scettered and do not intergrade with the leaflets; .in fact, they
&re frequently borne on the rachis as well.' In Sten erﬁa, Bowenie,
and Microcycas the petiole is entirely without spines of any kind.

In Dioon 8 inuloéum, where in older planta the reduced leaves
extend to the base of the petiole as aspines, eéedlings ané young
rlants, as well as buds from older plents, have very long unarmed
Fetioles and the lower leaTlets are nearly as large as thoase higher
vp (Fig. 21), Such leaves are called jJuvenile leaves and many students
°f rhylogeny regard them &8 evidence in favor of the recapitulation

theory, In Ceratozamia, also, the first leaves of the seedling have




unermed petioles, the spiny condition developing gradually as the
rient becomes older. In some epecies of £ cas, on the other hand,
viere the leaves of mature plants have few or no spines on the
retiole, numerous spines occur on the petioles of Young plants,
Ieceuse the degree of spininess often depends on the age of the
;iant, too much stress.-should not be placed upon it,respeciglly gince
nearly all taxonomic descriptions of cycads have heen written by
totenists who have never studied the plante in the field:l
In neerly all herharium Specimens leaves are cut off above
L2 base, the extreme lower rortion being lost. In Zamie stipules
tre as prominent as in the Rosacesae, In Ceratozamis the stipules are
*nick and fleshy, forming aﬁ important part of the armor that covers
‘e stem; in L. latifolia they develop 80 early that the growing 1eaf
tree¥s through the atipule as the root tip of & cyced embryo breakn
rouch the coleorhiza. In this species the stipules are so closely
rlied to the cortex that the trunk is smooth, making it easy to
Z.etinguish C. latifolia from C. mexicana Qy this feature aslone.
Since Zamia and Ceratozamia have highly developed stipules,-it
stezed desirable to examine representatives of all the other genera.
i 0> others aye the stipules as prominent as in Zemie, but ig
“¥ery one there is g distinet widening at the bese. In Dicon, while
Yhe v.dening could hardly be called a stipule, there is & vedge-
¢-21¢d edge from which & dense mat of tomentum extends in a thin
"trer, making the vhole structure resemble a ving. In Microcyecas,

2rzeria, Lié&l‘_%_a____m 8piralis, Fncephalartos hildebrandtii, snd

-

i+ 22%ifrons the vings may very well be called stipules; and in



e other species of Macrozamia and Fncephalartos the broad thin

822
¥:ng, while not quite as stipular in appearance, is doubtless the
sere morphologically. In Cycaes and Boweniaralso, the broad thin
vinz is morphologically a gtipule. In ola leaves of some cycads
the thin stipule or wing weathers off at the tip ang what remains

r:ones 80 closely applied to the leaf that it may be overlooked,

:r If noticed, a8 in Encephalartos latifrons, may be called a
”;ellar". _

It would not be worth while to ask those who collect large
seaves to cut them far enough dcwn 80 a8 to show the lowest rart,
Tor it is difficult to make such a cut and there is danger of
dezacing the plant, Moreover, in leaves such ag those of Macrozamia
foarel, the fleshy base is 8o broad and thick that it does not make
&n eltractive herbarium 8pecimen.

The leaflets are arranged in two rows that arise laterally

°a thé upper edge of the rachis. They are usuelly spread out

korizontally in one plane; sometimes they bend upward but rarely
*2 such an extent that they are erect. On older plants of Microcycas
22.07oma the leaflets bend downward. The leaflets are definitely
8rliculated with the rachis in ggé;g, Ceratozamia, and Microc cas,
YU onot in the other genera, 1In Dioon the base of the leaflet ig
23 Lroad as itg Wldest part; in the other geners the leaflets are
“ire or less attenuated toward the base, the insertion being some-
tines quite naprow, In most species of £ycas the leaflets are de-
“iTrent at the base, often to the next leaflet telow, The leaflets

=27 e either Opposite or alternate along the rechis, but often the




errangement is not constant for an individual 8pecies; in fact,
frequently it 1s not the same at the apex of a leaf as at its base.
In seedlings the first leaves have only a few leaflets, the
number increasing each Jear until the plant reaches meturity. In an
adult plant the leaflets range from as few as 5 on each side in Zamia
Dygmaes and Z. otfonis toAas many as 100 or more on each side in

Cycas circinalis, Dioon spinulosum, and Macrozemia denisonii. The

leaflets of most cycads are linear-lanceolate, but vary from ovate
in Zemie pygmaea and a few other speciles to very narrowly linear in

Zamia gngustissime and Encephalartos gﬁellincki « Forked leaflets

ere found 1n Cycas micholitzii and Macrozemis heteromera. In length
the leaflets vary from 1-3 em. in Zemia pysmaea to as much a8 50 cm.
in some speciggns of Z. wallisii and Ceratozamie mexicana. The leaf-
lets of Zamip gnzustissima, only 1-2 mm. wide, are the naﬂrowest in

the Cycadaceae, while those of Z. ¥allisii, up to 25 cm. ¥ide, ave
£
¥

the broadest.
Some genera are characterized by leaves having an entlre margin.,
These are Qyces, Ste eria, Macrozemis, Microcycas, snd Ceratozamia.

In Bowenis, Dioon, Encephalartos, and Zamia some species heve entirs

leaflets, while others have leaflets that are more or less toothed
Sonietimes the degree of serration depends upon the age of the plant,

Thus, Zncephalartos altensteinii and Dioon edule have 8piny leaflets

when young and entire leaflets when mature.
The venatlon of the leaflets is dichotomous, a condition
inherited from the Cycadofilicales and, still farther back, from

the ferns, However, most of the Torking is so near the base of the

—A-__‘
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leaflet thati?axonomists describe thé}venationﬁfe pé;allel. In
Dioon no forking takes place except at the bas;, but in most of the
other genera close examination will reveal dichotomous branching of
the veins throughout the leaflet. This is varticularly apparent in

species with broad leaflets, such as Zamia skinneri, which has very

conspleuous veins. Cycas and Stangeria are the only genera with a
midridb. In Cycas the leaflet is without any side veins, the midrib
‘being the only vein present. In Stengeria lateral veins extend out

from the midridb at right angles to it. In the other genera’ all the

veins are gsquivalent.
’ . p N - 7 .
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Cones' and Sporophylls

All cycads ere‘strictly dioceclous. Their sporophylls are
borne in spiral succession on an elongated axis and are generally
organized to form compact strobili that are apparently terminal or
nearly so. In Cycas, however, the megesporophylls form a loose
crown at the epex of the stem. At first they are tightly pressed
together, but later separate and finally heng down (Fig. 3k). After
the seeds ripen, thé original meristem of the stem resumes its
ectivity, forming successive crowns of scales, follage leaves,
end megasporophylls. When & male cone is fo;med in Cyces, the
original meristem is used up andj?ew one forms at the_basé'of the
reduncle., When growth of the stem is resumed and & new orown of
leeves appears, the cone is pPushéd to one side. The same condition
rrevells in the formation of bo£h male and femsle cones in all the
other genera except Macrozamig and Enceghaiartos. In these two
genere the original meristem is not used up in the formation of .

e cone btut leter contributes to the elongation of the stem; the

cones are lateral stiructures, arising close to the stem apex in the

- exile of young leaves.

Some cycads produce cones almost simultaneously. That they
reelly appear in succession im revealed by thei; difference in size
Curing early steges; but, as they mature, they reach about the same
slze (Fig. 140), 1In & group of male cones.the oldest sheds pollen

3omewhat earlier than the others; in & group of femmle conee the



-1dest cracks espart a little earlier; thus the polllnation periocd is

srolonged. More then a single male cone may be produced in Macro-

-a='s, Fnceshalartos, and Zsmia, whereas in the other geners the ,

sy

-sle cones are generally solitary. The female cones may occur in

~rsaps of two, three, or more in Macrozamia and Encephalartos; else-
srere they sre usuelly borne singly.

Where multiple cones ere produced, the origin of each may
(nvolve the apical meristem of the stem, es where only one conme
er‘ses. This appears to be the situatlon in Zemia. In Macrozamia

ani FTneephalartos, on the other hand,.the cones appear in the axils

:¢ leeves and the apical meristem continues the growth of the stem.

Ma:rozemia moorel presents &n extreme case in that as many a&s one

tundred male cones, all of which are axillary, méx appear on &
sinzle plant (Fig. 9).

Although the sporophylls are always borne spirally, their
erranzement is 80 regular. in the male cones of Dioon andiin both the
zele and female cones of Bowenia, Microcycas, Ceretozamia, and Zamis
that, in surface view, tﬁey seem to stend in verticel rows. The
siirosporophylls of all cycads are borne in definite cones, but the
ezesrorophylls of Cycas, as previously noted, form a loose crown,
wi..le those of Dioon are 1n.a rather loose cone. In the other
“enere the megasporophylle form a compact cone. The male strobilus
-¢ usuelly smeller than the female, expecially in thickness, and has
¢ freater number of sporophylls. In Bowenia and Zamia both kinds of

"-hes are smaller than in the other genera. e
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The smallest cones in the family are found in Zamia maes,
where the male cones are only 3 cm. long and 1 em. in diameten; the
female cones 4.5 cm. long and 2.5 em. in dlameter. Among the largest

are those of Macrozamia denisonii, where the male cones are 24-40 om.

long end 10-15 cm. in diemeter, the female cones 40-80 cm. long and

20 cm. in diameter. Exceptional male cones in this species reach

K-

a length of BOFm. and exceptional female cones a length of nearly 1 m.,

the latter weighing 38 kilos. Exceptional female cones of Fncephalartos

longifoliug are not so long but may weigh as much as 45 xilos.
The microsporophylls of cycads may be flat, as in Cycas, or
peltate, as in Zamia. 1In both cases there is & stalk-like basal por-
tion end & sterile apex. Thé abaxial surface bearsrthe microsporangia,
which are Finerally grouped‘in sori of 2-6. The microsporangie range
°
from over i,O;Jper sporophyll in some species of Cycas to a compa?a-
_tively few in Zamia, the lowest number in the family, 16-14, occur-
ring in Z. pygmwsea. The microsporengis may form e continﬁpus group
or, as in gggig and some species of Macrozamis, may be sepﬁrated inte
two groups by & sterile medien line.
The megasporﬁphylls of cyceds exhibit a striking reduction '
Beries, ranging from pinnate types with as many es 8 or 10 ovules to
peltate types with only 2 ovules, The most primitive condition is
feen 1In Cycas revoluts, where the‘megasporophylls are 20-30 cm, long
end distinctly leaf-like (Fig. 26). The lower portion, or petiole,
is slender ang Btalk-like, while the rachis consists of a nerrow

Tertile portion thet is expanded above into & broad sterile blade.

The fertile portion bears several ovules, most commonly 3, along




each laterasl margin, ghile the sterile blade bears a number of reduced
leaflets up to 5 cm. long. In the other specles of Cycas the leaflets
g;i;;éaspcrophyll become smaller and smaller, finally being represented
by mere serrstions, as in C. cireinalis (Fig. 55). The ovules are
reduced to a single pair in C. ceirnsianas and C. normanb ana, the
rnumber characteristic of a1l the other genera.

The megasporophylls of Dioon ere without qnérserratiog; but
the sterile blade is long and acuminate (Fig. 56). In Macrozamia the
blade is reduced to a median spine that is particularly conspicuous in
M. miquelid (Fig. 78). In Fncephalertos and Ceretozamia the terminal
pert of the blade is suppressed, but the leaflets are often representéd
by serrations. Reduction has gone still farther in the other genera,
the -mezasporophyll being a thick peltate structure with scarcely any
resemblance to & leaf. Reduction of the sporophylls reaches its

extreme‘in Zanis,

't . .
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