STRUCTURE AND ONTOGENY OF GLANDULAR TRICHOMES OF
MADINAE (COMPOSITAE)*

Sherwin Carlquist

Tue tarweeDps (Heliantheae, subtribe Madinae)
possess remarkable glandular structures, the secre-
tions of which give this group its vernacular name.
Two genera, Calvcadenia and Holocarpha, possess
glandular appendages which are not simple epider-
mal trichomes, but involve other tissues as well. The
present studv concerns the remaining glandular
structures of this subtribe, which are true epidermal
trichomes. All these can be referred to variations on
a single basic trichome type. This type. which oc-
curs in Heliantheae, as well as in many other
Compositae. is the simple biseriate trichome. Al-
though descriptions of more complicated types are
lacking in the literature, the simple biseriate glandu-
lar trichome of Compositae has been described and
ficured by a number of authors. including De Bary
(1884 1. Haberlandt (1914). Hanstein (1868), and
Metcalfe and Chalk (1950). The types of glandular
trichomes reported in the present investigation
greatly exceed this simple., uniform type in com-
plexity and varietv. and are of interest both in their
taxonomic distribution and in their evolutionary
diversification.

MaTeriALS AND METHODS.—Field-collected mate-
rial of many species of Madinae provided the basis
for most of this study. Formalin-propionic-alcohol
(Johansen, 1940 was used as a fixative. except for
the Hawaiian genera, which were fixed in 3 parts
absolute ethyl alcohol: 1 part glacial acetic acid.
Herbarium specimens were used to supplement the
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field-collected material. Portions of such specimens
were expanded and cleared in warm 2.5 per cent
NaOH. Cleared specimens served both for whole
mounts and for sectioning. Sections of both fixed
and cleared material were prepared by means of the
usual paraffin techniques. The staining method
consisted of a tannic acid-ferric chloride series, fol-
lowed by safranin and fast green (Johansen, 1940,
p- 92). Because of the complicated nature of many
of the trichomes, both longitudinal and transverse
sections of leaves {or other structures on which they
occurred) were necessary. Leaf primordia at the
shoot apex and mature leaves were studied; other
portions of the plant. as indicated in the legends,
furnished certain of the trichomes studied. The
most advantageous plane of sectioning varied ac-
cording to the position of trichomes in each species.
Specimens which document preserved material and
herbarium specimens from which material was re-
moved are cited in the legends. together with the
herbarium abbreviation (according to Lanjouw and
Stafleu. 1954). The writer wishes to thank the
curators of these herbaria for the use of their ma-
terials. Acknowledgment is also due Miss Elizabeth
F. Sprague for liquid-preserved material of Raillar-
della scaposa and Dr. David D. Keck for his inter-
est in the investigation.

ANATOMICAL  DESCRIPTIONS.—Hemizonia min-
thornii—The glandular trichomes of Hemizonia
minthornii (fig. 6, 11, 12) show many of the fea-
tures exhibited by tarweed trichomes. They differ

Fig. 1-6.—Hemizonia minthornii—Semi-diagrammatic drawing of stages in trichome ontogeny, showing, for each stage,
a face view (a), as may be seen on a transection of a leaf primordium, and a lateral view (b), as may be seen on a longi-
tudinal section. Fig. 1 represents origin from a protodermal cell; Fig. 6 represents mature trichome. Dotted lines indicate

recent divisions in each stage. >320.
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from such trichomes of many other tarweeds chiefly

in the fact that they degenerate soon after their
maturation. approximately at the time the first vas-
cular elements in a primordium are matured. and
in the fact that they are nearly sessile. As shown in
fig. 1. 7. these trichomes originate from a single
cell, which is delimited from other protodermal cells
by its elongate. papillate shape and by its darker
staining properties. The first division in such an
initial is an anticline which is always parallel to the
long axis of the leaf (or other organ) on which it is

Fig. 7-16. Fig.
primordia. »}850.—Tig. 7.
Stage of Fig. 5b.—Fig. 1

Stage of Fig. la,

involueral bract from longisection of head. Fi
Fig. 15-16. Dubautia knudsenii, Carlquist H15 (UC).
transection, Fig. 16, from longisection.)
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7-12, Hemizonia minthornii, Carlquist 407 (RSA),

Fig. 8. Stage of Fig.
1. Stage of Fig. 6b.—Fig. 12. Stage of Fig. 6a.— (Fig.
longisections of leaf primordia.)—Fig. 13-14. Holocarpha virgata, Carlquist 412 (RSA).—Fig.
W 345.—Fig. 14. Trichomes at tip of corolla lohe,
Trichomes from exterior of corolla tube.
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borne. Thus, a transverse section of a leaf (fig. 9.
left; fig. 2a) is necessary to demonstrate this divi-
sion. Following establishment of a biseriate condi-
tion, periclines are formed in acropetal sequence in
both cells (fig. 3, 8; at a later stage, fig. 4, 91. The
result is a trichome approximately six cell tiers in
length. Mention should be made of the fact that
this stage of development corresponds exactly to the
mature state of biseriate glandular trichomes found
so widely in Compositae. This stage is followed by
the formation of anticlinal divisions in both planes

stages in trichome ontogeny from sections of leaf

Stages of 2a, 4a, respectively.—Fig. 10.
7-9, 12 from transection=: Fig. 10-11 from
13. Trichomes at base of
330.—
% 900.—(Fig. 15. From

3a—Fig. 9.

from longisection.
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Fig. 17-25.—Fig. 17-22, Madia sativa, Carlquist 403 (RSA).—Fig. 17-21. Stages in ontogeny of glandular trichomes,
% 1350.— (Fig. 17. From leaf transection; fiz. 18-20 from longisections.) —Fig. 22. Mature (degenerating) trichomes, from
transection of leaf. »}160.—Fig. 23. Raillardella scabrida, Howell 17194 (RSA). Trichome from transection of peduncle.
%540.—Fig. 24-25. Adenothamnus validus, isotype (GH). Trichomes from margin of cleared leaf. 230.—Fig. 24.
Biseriate trichome.—Fig. 25. Quadriseriate trichome,
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Fig. 26-34. Fig. 2<> 33. BlepkarizorUa plumosa. Carlquist 418 (RSA).—Fig. 26. Stage like Fig. 2a, from longisection of
leaf primordium.— Fig. 27. Staj:e like Fig. 3a. from oblique longisection of primordium.—Fig. 28. Stage like Fig, 5> Imm
longi-ectioii of primordium.— Fig. 29. Stage like Fig. 5a, from paradcrmal seetinn of primordium.— Fig. 30. Stage which
represents quadriseriate condition of stalk, from longisection of primordium.—Fig. 26-30. X580.—Fig. 31. Transection of
load u mature trichome. X140.—Fig. 32. Transection o -tak, of mature gland. X410.—Fig. 33. Longisection of
mature trichome. X205.—Fig. 34. Holozonia filipes, Wiggins 8958 (RSA). Trichome seen laterally, from longisection

of mature upper leaf, X470.



