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A B S T R A C T 

CAKKH I - I , NIEKWIN. (Rancho Santa Ana Botanic Garden, Claremont. California.) Glandular 
structures of Holocarpha and their ontogeny. Amer. Jour. Bot. 46(4) : 300-308. Illus. 1959.— 
Two types of advanced glandular structures occur in the 4 species of the genus Holocarpha. Sessile 
disk-shaped glands occur at the tips of upper leaves and of involucral and receptacular bract-. 
Unlike all other glandular -irtictures of Madinae which have been investigated, these originate 
from several protodermal initials rather than a single one. These glands, however, represent 
modifications of a glandular trie-home. The other type of glandular structure, termed hollow-
i.iIked irirlinme here, occurs on the outer surface of involucral and receptacular bracts. These 

trichomes originate from a single cell but differ from others in the formation of a hollow stalk. 
I he wall of which is one cell in thickness. Mesophyll of the bract, often with an included vascular 
bundle, is present as an intrusion into the base of the hollow stalk. Corresponding to the advanced 
nature of the glandular structures, the leaves show specializations in the "innilling" of margin-. 
I |i|»r leaves have a cylindrical organization of vascular tissue, whereas basal leaves are "normal" 
and leave- of the main -inn are intermediate. The species of Holocarpha differ in certain details 
ol leaf anatomy and structure of hollow-stalked trichomes. The systematic distribution of these 
i- given. The essential unity of the various glandular structures of Madinae is discussed both in 
terms ,,[ mature structure and ontogeny, and the steps in the evolution of these are suggested. 

THE GENUS Holocarpha (Composi tae . sub t r ibe 
Mad inae ) consists of 4 species (Munz and Keck, 
in p r o s i which a re notable a m o n g the tarweeds 
b.r their higfi degree of special ization. Th i s is 
reflected in their ch romosome number s I Johansen , 
I').">.•}: Clausen. 1 9 5 1 1 , which do not appea r to be 
basic within Madinae . as well a s in the c h r o m o s o m e 
repa t te rn ing which has evidently been extensive in 
the genus I Clausen. 1 9 5 1 ) . In addi t ion to features 
ol gross morphology, the g landula r s t ructures reveal 
greater special ization than do those of other tar
weeds i Car lquis t . 195<>t with the possible excep
tion ..|' (tilycadenia (Car lquis t . 1 9 5 9 ) . The g landu
lar s t ruc tures of Holocarpha can be divided into 
1 g r o u p - : (1 ) biser ia te t r ichomes which occur on 
herbage and involucral b rac ts (Car lquis t , 1958; 
see here in , fig. 6, 19, 3 0 ) ; in some of these, the 
heads mav be subdivided into more numerous cel ls ; 
(21 mul t iser ia te . short t r ichomes occur r ing on 
coroQa-lobe tips (Carlquist , 1 9 5 8 1 : (3 ) sessile 
g lands present at the tips of upper leaves and in-
trolucral and receptacular bracts: (4) hollow-
stalked, multiseriate trichomes on the outer faces 
of involueral and receptacular brac ts . The la t ter 2 
ca tegor ies form the basis for the present paper . 

1 Received for publication Julv 18. 1958. 

The s t ruc ture of these types is un ique a m o n g tar
weeds. and ontogenet ic studies were under taken i<> 
aid in clarifying the relation between these glandu
lar s t ructures and their s impler counterpar t s in 
other genera of Mad inae . T h e sessile glands of 
Holocarpha a re intimately related to the leaves and 
involucral b rac ts on which the) a r e borne . Onto
genetic s tudies of the leaf itself a re presented here 
on this account , together with da ta on ma tu re leaf 
s t ruc ture . The relatively advanced ana tomy of the 
leaf (compared with other Mad inae i provides perti
nent compar i sons in assessing evolut ion of ana tomi
cal cha rac t e r s within this sub t r ibe . 

MATERIALS AND M E T H O D S . — L i v i n g mater ial of 
Holocarpha heermannii and of H. virgata in var ious 
stages of development was collected in the field and 
por t ions were preserved in formal in-propiono-
alcohol . Samples of H. macradenia (which is prob-
ald\ now ext inc t : Clausen. 1951) and H. obconica 
were taken from h e r b a r i u m specimens and expand
ed in 2.5 r« aqueous N a O H . Both types of material 
were embedded in paraffin accord ing lo the usual 
techniques . The saf ranin- fas t green s ta ining series 
used for sections cor responds to N o r t h e n ' s modifi
cat ion of Foster ' s t ann ic ac id- fe r r ic chlor ide method 
( Johansen . 19401 . The pectic Substances alluded 
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Fig. 1-7. Ontogeny of sessile gland in Holocarpha virgata.—Fig. 2-3. Primordia of involucral bracts; the remainder, 
leaf primordia.—Fig. 6. Paradermal section; the remainder, sagittal sections of primordia.—Fig. 1. Leaf primordium just 
prior to differentiation of initials. X350.—Fig. 2. Initials at tip of primordium. X475.—Fig. 3. Anticlinal divisions in 
initials. X420.—Fig. 4. First periciinal division. X480-—Fig. 5. Additional divisions producing a flattened configuration 
at tip of primordium. X580.—Fig. 6. Widening of future gland. X550.—Fig. 7. Stage at which cell division is nearly 
complete. X370. Diagrammatic representations given in fig. 8-13. 
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to below were identified by means of their deep 
coloration with Ruthenium Red and their solubility 
in warm 0.5' , ammonium oxalate. Such pectic 
compounds, however, also exhibited a tendency to 
dissolve somewhat in the formalin solution used in 
mounting the sections on slides. Pectic accumula
tions appeared to be retained in NaOH-treated 
material to an appreciable extent. 

Specimens which document preserved material, 
or dried specimens from which material was taken, 
are as follows: H. heermannii. Carlquist 416 
(RSA) ; H. rnacradenia, McMurphv X-10-1909 
(RSA) ; H. macradeniu. Jones VI-23-1887 (POM), 
basal leaves onl\ : H. obconica, Keck and Stockwell 
2501 i RSA. isotype); / / . virgata, Carlquist 412 
I RSA). In addition, all the herbarium specimens 
of Holocarpha in the Rancho Santa Ana Botanic 
Garden (RSA) and Pomona College (POM) her-
baria were examined for data on trichome distribu
tion. The writer wishes to thank the curators of 
the herbaria indicated above for the use of their 
materials. Appreciation is expressed to Dr. David 
D. Keck for bis interest in these studies. 

SESSILE GLANDS.—The tips of upper leaves (chief
ly those on abbreviated branches which terminate in 
heads) and of involucral and receptacular bracts 
bear a glandular disk (fig. 14, 15). Because the 
nia!lire structure of these differs so sharply from 
that of a trichome. the less precise term "sessile 
gland"* is used here. The ontogeny of these is shown 
in the photographs, fig. 1-7: most of these are 
interpreted by line drawings in fig. 8-13. The first 
perceptible stage in the development of sessile 
glands is the enlargement of a group of protodermal 
cells at the tip of a primordium I fig. 2. 9 ) . Prior 
to this enlargement, all the protodermal cells are 
alike in size and staining properties (fig. 1, 8 ) . 

There is no visible evidence that only a single cell 
is involved, although all the initials could con
ceivably have been derived ultimately from a single 
protodermal cell earlier in the development of the 
primordium. Differentiation of initials takes place 
on very young primordia. Anticlinal divisions in 
those cells destined to give rise to the gland (fig. 
3, 10) widen the area of initials. This stage is fol
lowed by the appearance of periclinal divisions I fig, 
4, 11) which increase the number of cell layers. 
Because the walls which separate protoderm from 
ground meristem stain more deeply, the derivation 
of the gland from protoderm exclusively can be 
demonstrated in young primordia. Cell enlargement 
and both anticlinal and periclinal divisions occur in 
such a manner that a blunt shape is imparted to 
the tip of the primordium (fig. 5, 12) . Further 
periclinal divisions (fig. 6) increase the number of 
cell layers. Approximately three or four layers 
(fig. 7, 13) are set up in this manner. Further 
stages in the development of the gland are marked 
by anticlinal divisions in these layers. The future 
gland is widened I fig. 7, 131, and is in fact in
variably wider at this stage than the primordium 
which bears it. At this point (fig. 7) procambium 
is present in the leaf primordium. Such a stage is 
seen in transection in fig. 17. Relatively little 
change in cellular constitution can be noted between 
a gland such as that shown in fig. 7 and the mature 
structure in fig. 14, 15. Cells of the gland now 
become filled with a resin-like substance and com
mence their secretory activities. Meanwhile, the 
vascular tissues of the leaf attain their characteristic 
mature configurations. Although vascular tissue 
of the midvein and its branches terminates near the 
base of the gland ' fig. 14. 15 I. such vascular tissue 
does not enter it. Prominent cell elongation and 
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Fig. 8-13. Diagrammatic drawings of the sagittal sections of primordia illustrated in fig. 1-5, 7.—Fig. 8 = fig. 1. 

X350.—Fig. 9 - fig. 2. X330.—Fig. 10 = fig. 3. X330.—Fig. 11 = fig. 4. X370.—Fig. 12 = fig. 5. X380.—Fig. 13 = 
fig. 7. X225. Heavy line separates the protoderm and its derivatives from ground meristem. Broken lines represent prob
able recent divisions. 

Fig. 14-19. Holocarpha virgata.—Fig. 14-15. Longitudinal sections of tip of upper leaf, showing sessile gland.—Fig. 
14. Paradermal section. X240.—Fig. 15. Sagittal section (adaxial side below). X270.—Fig. 16-18. Transections of pri
mordia of upper leaves, taken approximately midway along primordia which are .09, .14, and .72 mm. long, respec
tively. X350.—Fig. 19. Transection of upper leaf, taken about midway along length of the leaf. X195. 


