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SHORT COMMUNICATION

ANATOMICAL DISTINCTIONS BETWEEN THE PISTILLATE
SPIKELETS OF THE SPECIES OF WILD-RICE
(ZIZANIA, POACEAE)!

MELVIN R. DuvALL AND DAvVID D. BIESBOER

Department of Botany, University of Minnesota. St. Paul, Minnesota 55108

ABSTRACT

The most reiiable macromorphological characters that can be used to discriminate between
the annual species of the genus Zizania are found in the pistillate spikelet. One aspect of this
morphology is a textural dimorphism. The pistillate lemmas and paleas of Z. aquatica are
chartaceous (papery) whereas those of Z. palustris are coriaceous (leathery). Pistillate lemmas
and paleas of the two perennial species. Z. texana and Z. latifolia. are also chartaceous. To
determine the anatomical basis for the nature of this character, pistillate lemmas and paleas
were either fixed, treated with hydrofluoric acid, and sectioned; or fresh material was sectioned
on a freezing microtome. Those with a chartaceous texture were found to have a single layer
of thin-walled, subepidermal fibers whereas those with a coriaceous texture had at least two

lavers of thick-walled. subepidermal fibers.

THE PISTILLATE SPIKELET in Zizania L. exhibits
a dimorphism that is of primary importance
in the diagnosis of the two annual species. The
svstematic significance of this character has
been extensively discussed elsewhere and
spikzlet morphology has gained recent wide
acc:ntance as a diagnostic for the two annual
species of Zizania (Dore. 1969; Dore and
McNeill, 1980; Terrell and Wergin, 1981;
Gould and Shaw, 1983; Aiken, 1986; Aiken et
al.. in press). The three varieties of Z. aquatica
L. have chartaceous (papery) pistillate lemmas
and paleas covered uniformly with prickle hairs.
Both of the perennial species. Z. texana Hitchc.,
known from only one locality, and Z. /atifolia
(C~esb.) Stapf, the Asiatic wild-rice, also ex-
hi*.tthis morphology. By contrast, the lemmas
an.: paleas of the two varieties of Z. palustris
L. are coriaceous (leathery) with prickle hairs
restricted to rows above the vascular bundles.
Previous anatomical and ultrastructural stud-
1es of wild-rice anthecia (LaRue and Avery,
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(

1938; Weir and Dale, 1960; Terrell and Rob-
inson, 1974; Emery and Guy, 1979; Terrell and
Wergin, 1981; Petrova and Bannikova, 1982)
have not explored the basis of this textural
dimorphism. We have undertaken an anatom-
ical investigation of this feature because of its
systematic importance.

MATERIALS AND METHODS—Plants of all
North American taxa (Table 1) were raised
under ambient conditions in a common green-
house environment. Artificial hybridizations
were performed in the greenhouse to produce
three types of interspecific hybrids: Z. aguatica
var. aquatica X Z. palustris var. palustris, Z.
aquatica var. aquatica X Z. palustris var. in-
terior, and Z. texana x Z. palustris var. in-
terior. F, hybrids were raised under the same
conditions as the stock collections. Field-col-
lected material of Z. latifolia was used directly,
since this species has not been induced to flow-
er in Minnesota, even in the greenhouse. Five
or more fully mature grains (the caryopsis, lem-
ma and palea) of each stock collection were
harvested, each from a separate plant in most
cases (Table 1). A total of 68 specimens from
31 individuals were examined. Grains were
bisected transversely. When possible the cary-
opsis was removed and discarded. The ma-
terial was then treated by one of two methods:
1) material was fixed in 100% ethanol : glacial
acetic acid (3:1, v/v), digested in 48% hydro-
fluoric acid for 25 hr, and rinsed in a contin-
uous-drip supply of tap water for 60-72 hr.

157

L*




Inset of entire transverse section. x42. 2.

i The material was then dehydrated, embedded
| in Paraplast (Sherwood Medical, St. Louis),
i sectioned transversely at 10 um, and stained
in safranin/fast green. Sections were examined
using phase contrast microscopy and photo-
‘ graphed. 2) Fresh material was frozen in
aqueous 1.5% gelatin and sectioned transverse-
ly at 4-8 um on a cryostat microtome. Sections
were mounted in concentrated hydrochloric
acid (HCI) which cleared starch grains from
the material that otherwise obscured the visual
field. The sections were examined using phase
contrast microscopy. While this method did
not produce whole sections suitable for mi-
crophotography, it was adequate for quickly
surveying many specimens.
Cell type was confirmed in a preparation of
i lemmas and paleas that were macerated for 24
hr in 10% chromium trioxide : 10% HCl (1:1)
and stained in 1% aqueous safranin.

RESULTS AND DIscussioN—Conventional
paraffin embedding and sectioning of the pa-
leas and lemmas of wild-rice failed to give
satisfactory results because the high silica con-

AMERICAN JOURNAL OF BOTANY

Fig. 1, 2. Light micrographs of typical intercostal regions of lemmas harvested from Z. aquatica (1) and Z. pah
(2). 1. Subepidermal fibers are found in a single layer. (Note: the enclosed caryopsis is included in this section.) X3,

tent of these structures seriously hindered sec-
tioning. This difficulty was overcome by dl‘-.
gesting the silica with hvdrofluoric acid before-
paraffin infiltration. 2
Examination of transverse -sections of the
pistillate lemmas and paleas disclosed a marked
anatomical difference between chartaceous.atnd
coriaceous forms. Intercostal regions of pisti:
late lemmas and paleas with a chartaceous
morphology (Z. aquatica, Z. texana, and Z
latifolia) exhibited a single layer of thin-WaH%;
subepidermal fibers (Fig. 1). Those with a €@
riaceous morphology (Z. palustris) typt
possessed two or more layers of subepide
fibers (Fig. 2). The average cell wall thickness
of the fibers of the coriaceous forms was 8P
proximately 1.5 X that of the chartaceous forms.
Three types of interspecific hybrids werea_l59
examined. Two types of annual interspeci?
hybrids, which were produced by crossing £
aquatica var. aquatica with each of the "o
varieties of Z. palustris, exhibited a chartﬂ:-
ceous morphology and the corresponding ana
omy in all cases. mﬂ
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Collections of Zizania. Five or more fruits were analvzed for each taxon from greenhouse-grown plants. Each
was known to be harvested from a different maternal stock except for donated collections which are marked

“an usierisk. Note: var. subbrevis has been considered to be var. aquatica s. [. (Hiken, personal communication)

Taxon

Collection site(s)

_— 5
-c.uiica var. aquatica®
' nois
- souarica var. aquatica
“-wading River ecotype”
souatica var. brevis
couarica var. subbrevis*
stris var. palustris
.scris var. interior

sin

Jiangsu Province, China

Mobile River Delta. Baldwin Co.. Alabama: Blackberry Creek, Kendall Co., Illi-
Wading River, Burlington Co., New Jersey

St. Lawrence River, Compte de Levis, Quebec

Bear Brook. Cumberland Co., Ontario

Wisconsin River, Lincoln Co., Wisconsin; Cut River, Roscommon Co., Michigan
Mud Hen Lake, Burnett Co., Wisconsin; Waumandee Creek, Buffalo Co.. Wiscon-

San Marcos River, Hays Co., Texas

Z. texana and Z. palustris var. interior dis-
plaved the spikelet morphology of the coria-
ceous parent. On the anatomical level, how-
ever. some intermediacy was seen in these
perernial hybrids. Intercostal zones in the lem-
mas =nd paleas had short regions, 5-20 cells
in width, with a single layer of subepidermal
abers. Otherwise these hybrids exhibited the
anatomy that corresponds to the coriaceous
morphology.

Our investigations disclose the anatomical
basis for the observed difference in floral bract
iexture between species in the genus Zizania.
The specific anatomical difference, one layer
of su-zpidermal fibers vs. two or more layers,
does not permit much intermediacy of this
character except as displayed by the perennial
aybrids between Z. texana and Z. palustris var.
‘nterior. The dimorphic nature of this character
:s thus confirmed as is its utility in discrimi-
nating between the annual species Z. aquatica
and Z. palustris.
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