Amer. J. Bow 72(9) 1334-1339. 198>.

REPRODUCTIVE BIOLOGY OF SEVERAL BROMEGRASSES
(BROMUS): BREEDING SYSTEM, PATTERN OF
FRUIT MATURATION, AND SEED SET!
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ABSTRACT

Five species of Bromus were tested for self-fertility when bagged. Bromus tnermus was self-
incompatible. Bromus teciorum. B haimii, B cihatus. and B. lauglurmis were capable of self-
ferulization. Further evidence {rom flowering behavior supgested that B. tectorum almost always
self-pollinated and that the remaining self-fertile species sometimes outcrossed. Florets in dif-
ferent positions on 2 spikelet varied 1n the proportion that set seed. Open-pollinated B8.tnermus
plants had lower seed set than the self-ferule species, in agreement wath the pattern in a variety

of hermaphroditic plants.

THE RATE of self-pollination can have a pro-
found effect on the reproductive and popula-
tion biology of hermaphroditic plants. In com-
parison with closely related outcrossing taxa,
plants that have high rates of self-fertilization
can be expected to have lower rates of gene
flow via pollen, smaller neighborhood size.
more homozygosity, and greater genetic dif-
ferentiation and ecotypic specialization among
populations (Stebbins, 1957; Allard, Jain and
Workman, 1968; Schoen, 1982; Layton and
Ganders, 1984). Ornduff (1969) has listed many
other correlates of breeding system. In addi-
- tion, Sutherland and Delph (1984) have re-
cently shown a relationship between the breed-
ing system and the rate of seed set in many
different plant species.

To test the generality of these patterns and
as part of a study of the reproductive biology
of several species of bromegrass (Bromus L.),
Iinvestigated the breeding system and pattern
of seed set in five congeneric species that show
wide variation in breeding system.

Like most grasses. species of the genus Bro-
mus are wind pollinated. The flower is much
reduced and, with the two subtending bracts,
is referred to0 as a floret; florets are grouped
together on the plant into spikelets Each floret
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contains a single ovule and so can produce only
one seed. The fruit, consisting of the single seed
fused to the pericarp, is technically a carvopsis,
but herein will be referred to interchangeably
as “seed” or “fruit.”

Bromus tectorum L. is an annual, weedy
species introduced into North America from
Eurasia in the late 1800's (Mack, 1981). In
Minnesota, B. tectorum grows as a winter an-
nual (Hulbert, 1955) and blooms in laie May.
Bromus inermis Leyss. is also native to Eurasia
but is now widely cultivated and escaped in
North America. It is perennial and strongly
rhizomatous; flowering occurs in late June.
Bromus kalmii Grav, B. ciliatus L., and B.
latiglumis (Shear) Hitchc, are all native, non-
rhizomatous perennials that grow in wet woods
and prairie. In Minnesota, B. kalmii and B.
ciliatus bloom in early July, B. latiglumis in
early August.

Bromus tectorum, B. kalmii, and B. latiglu-
mis are diploid, 2n = 14 (Hulbert, 1955; Arm-
strong, 1981). Armstrong (1981) also reports
that B. ciliatus is diploid, but Elliott (1949)
found both diploid and tetraploid forms. Bro-
mus inermis is usually octoploid, 2n = 56 (Hill
and Myers. 1948), but tetraploids are found.
occasionally (Armstrong, 1981).

STUDY SITES AND METHODS— The study pop-
ulation of B. tectorum was located on the Min-
neapolis campus of the University of Minne-
sota, on a disturbed site near the Botany
Greenhouse. Bromus inermis, B. kalmii, and
B. ciliarus were studied at Cedar Creek Natural
History Area in Anoka and lsanti Counties,
Minnesota, about 50 km north of Minneapolis.
The B. latiglumis study site was on the banks
ofthe Minnesoia River nearits confluence with
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September, 1985]

the Mississippi River in For Snelling State
Park, St. Paul, MN.

In order to determine self-fertility, 1 mea-
sured seed set of inflorescences bagged in
parchment “‘Pollen-tector™ bags (Carpenter
Paper Company, Des Moines, 1A 50302). In
the days prior to anthesis, I periodically checked
anthers to determine their maturity (immature
anthers are translucent to green, mature an-
thers are bright vellow). When the population
approached flowering, budding culms
(“plants™) were chosen haphazardly and then
randomly assigned to be either open-pollinated
or bagged plants. Bags were placed over the
entire inflorescence, stapled shut at the bottom,
and either taped or tied to a supporting stake
so that the weight ofthe bags would not collapse
the shoot. When fruits were mature, but before
any dispersal, all aboveground parts of bagged
and open-pollinated plants were collected and
stored at room temperature until thev could
be counted. These experiments were per-
formed successfully on B. tectorum, B. kaimii,
and B. latiglumis in 1982, and on B. inermis,
B. kalmii, and B. ciliarus in 1983,

Usinga dissecting microscope, I checked each
floret of each plant for the presence of a seed,
recording also the lacation of the floret within
its spikelet. In most cases it was obvious if a
seed had developed within a floret, Approxi-
mately 3% of the florets of B. kalmii and B.
ciliatus had seeds that were smaller than usual
and seemed arrested in their development. In
these cases, I counted the seed as present if the
length was greater than half the Jength of the
subtending lemma.

There is a gradual reduction in floret size
toward the tops of the spikelets, At some point
along a spikelet, the florets are clearly 100 small
to be functional and have no anthers or seeds.
To obtain a total of the florets present for cal-
culation of percent seed set, it was necessary
to determine the lower size limii for a func-
tional floret. I did this by measuring the length
(excluding awns) of the upper fliorets of each
spikelet and determining for each species the
smallest floret size that ever produced seed;
this was then used as the minimum size for a
functional floret, All smaller florets were ex-
cluded from further analysis.

I visited the experimental populations at an-
thesis 1o observe the way in which florets opened
and the exient of anther exsertion. Voucher
specimens of the five experimental species were
placed in the University of Minnesota Her-
barium, St. Paul.

REsULTS—All experimental species but B.
inermis were able to produce significant
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TABLE L. The effect of bagging on percent seed ser in the
five experimental species

Bagged pomkd
Mean % Mean &

Specicy seedset V' gecdset N Significance
B tectorum 563 4 790 6 P=.04
B inernus 03 19 299 18 P <.0001
B. kalmi 386 14 722 30 P<.0001
B. cihatus 489 15 69.6 19 P=,0003
B. lauglumis 433 13 648 14 Px 001

* P values from Mann-Whitney U-test for differences
between bagged and open-pollinated plants.

amounts of seed when only self-pollen was
available (Table I). though all species had low-
er seed set when bagged, Bagged B tectorum,
B. ciliatus, and B. lariglumis set about 70% as
much seed as open-pollinated plants, Bagged
B. kalmii plants set about 53% as much seed
as open-pollinated plants. Bromus inermis was
essentially sterile when bagged; only four flo-
rets set seed out of 1,284 examined from bagged
plants.

Nonbagged B. inermis plants had low seed
set; most florets did not produce a fruit. Seed
set of open-pollinated plants was significantly
higher in the four self-feriile species than in 5.
inermis (Table 2). The annual B, tectorum had
the most florets, spikelets, and seeds per shoot.
The number of florets that made up a spikelet
varied significantly among the species in a way
not obviously related 1o other reproductive
variables.

Except in B. inermis, fruit production was
not randomly distributed among florets with
respect to spikelet position (Table 3). Bromus
kalmiy, B. ciliatus, and B. latiglumis had peak
seed set in the second or third floret from the
glumes; there was a large drop in seed set in
the upper florets of B. kalmii and B. latiglumis.
Seed set fell consistently with floret position in
B. tectorum.

All of the populations were observed during
anthesis. I visited the B. rectorum population
fairly infrequently but never found anthers
completely exserted from the florets. Rarely,
part of an anther was just visible protruding
from berween the palea and lemma. In con-
trast, flowering B. fnermis had forets opened
widely (i.e., lemma and palea widely separat-
ed), anthers dangled in the wind free from the
floret, and stigmas were conspicuously ex-
posed. Often, a large proportion of the florets
ofa B. inermis shoot were open synchronously.

Bromus kalmii, B. ciliatus, and B. latiglumis
were similar in their flowering behavior. Fully
open florets were common in all three species.
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