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Crop—management practices developed for more southern latitudes can be totally inappropriate in Alaska.
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SUMMARY

Several management variables in the seeding year and
on established bromegrass were evaluated for their effects
on heading, on other components of yield, and on seed pro-
duction in five field experiments at the University of Alaska’s
Matanuska Research Farm (61.6°N) near Palmer (one at the
Palmer Research Center) in the Matanuska Valley of
southcentral Alaska.

All experiments used the cultivar Polar, representing hy-
bridization between Eurasian smooth bromegrass (Bromus
inermis Leyss.) and native North American pumpelly bro-
megrass (B. pumpellianus Scribn.).

* Nitrogen (N) fertilizer applied at various rates in spring
had virtually no effect toward increasing the number of
panicles in the same year’s seed crop (Exps. I, I, IIT).

* Nitrogen applied in August of the year before a seed
crop was to be produced resulted in markedly increased
panicle numbers and much higher seed yields the following
year (Exps. I, IL, II1, IV).

 Nitrogen applied in spring resulted in more seed weight
per panicle in that year’s seed crop than N applied during
the previous growing season, a factor that increased seed
yields only slightly (Exps. I, II, III).

* Nitrogen (at 100 1b/A) applied on 19 April 1986 re-
sulted in more seed weight per panicle in the 1986 seed crop
than nine other times of application, two later in 1986 and
seven during 1985 (Exp. II).

» Despite higher seed weight per panicle with N applica-
tion in early spring of the year of seed production, the effect
of markedly more panicles, fostered by N application in
August of the prior year, was the more dominant factor in
increasing seed production (Exp. III).

* Nitrogen (at 100 Ib/A) applied on 10 different dates
showed that application on 15 or 27 August 1985 resulted in
markedly more panicles and seed in 1986 than any of the
other application dates compared; as topdressing dates were
progressively earlier or later than those dates, panicle numbers
and seed yields in 1986 gradually decreased (Exp. IH).

* A split application of N (90 Ib/A on 28 Aug. 1984 and 45
Ib/A on 24 Apr. 1985) totalling 135 Ib/A, produced virtually
as much seed (575 Ib/A) in 1985 as a single application of N
at 180 Ib/A applied 28 August 1984 (583 1b seed/A) (Exp. II).

« Phosphorus at two different rates, applied alone or with
N, had no significant beneficial effect on seed yield or on
components of yield. Addition of P,0, at 180 Ib/A (with N
at 180 Ib/A) reduced seed yields; P,0; had no effect with
both N and P,0, at 90 Ib/A (Exp. I).

* Bromegrass seeded in rows on 17 May produced a seed-
ing-year forage yield on 15 August of 1.4 T/A oven—dry
herbage. Compared with 10 other treatments, N at 50 or
100 Ib/A applied immediately after forage harvest:

(a) produced many more leafy, unelongated tillers prior

to freeze-up,

(b) resulted in many more panicles in the following year’s

seed crop, and

(c) resulted in high seed yields of 539 and 638 Ib/A, re-

spectively (Exp. IV).

* In contrast, seeding bromegrass in mid-May, adding no N
during the growing season, and harvesting forage from the rows
near killing frost (previously standard practice) resulted in:

(a) seeding—year forage yield of 1.8 T/A,

(b) the fewest panicles produced the following year of
12 treatments, and

(c) seed yield of only 293 Ib/A the following year (Exp. IV).

* The greater effectiveness of N applied near mid-Au-
gust in promoting panicle production the following year
suggests that stimulated late—season tiller growth and/or
enhanced N supply within plants during the occurrence of
critical-length photoperiods/nyctoperiods during Septem-
ber/October contributed significantly to induction of floral
primordia that emerged as seed heads the following year.

» Spring application of N satisfactorily promotes good
heading and seed production of smooth bromegrass during
the same growing season at more southern latitudes, appar-
ently because critical-length photoperiods/nyctoperiods
occur during the early spring growth of tillers there. These
factors cause many growing points to shift from vegetative
primordia (which produce culms with leaves only) to floral
primordia that later produce seed heads. The failure of spring
N application to increase panicle numbers in Alaska (con-
trasted with N application the previous August that mark-
edly increased heading the following year) indicates that
induction of floral primordia occurs only during late sum-
mer/autumn at this latitude. Critical-length photoperiods/
nyctoperiods necessary for floral induction occur at this lati-
tude while grass foliage is receptive during late summer/
autumn, but those critical-length photoperiods/nyctoperiods
have already occurred in spring before bromegrass tillers
begin growth. Thus, the grass is precluded from being ex-
posed to, and responding to, that stimulus in spring in this
far-northern area.

* Occurrence of “white-top” (insect~damaged panicles
that produce no seed) was as high as 37% of total panicles
produced (Exp. IIT).

« Incidence of white—top differed markedly with different
times, rates, and elements of fertilizers applied (Exps. I, I).

» White—top incidence was higher with N applied in August
of the year before seed production than with the same N rates
applied in spring of the year of seed production (Exps. I, II).

» White—top incidence was higher with the lowest rate
of N applied (90 Ib/A) than with higher rates (200 and 300
Ib/A) (Exp. D).

» Unfortunately, the percentage of total panicles afflicted
with white—top generally was highest with treatments that
resulted in the most panicles (Exps. I, IIl); thus, fertiliza-
tion practices that resulted in high seed yields in those ex-
periments were ineffectual in controlling white—top. Insecti-
cide use may be the most effective control for this malady
that can severely lower seed yields.

* Highest seed yields in the first year of production were
obtained from rows 24 inches apart (596 1b/A); progressively
lower yields were obtained from other row spacings in the
following order: 30 in.> 36 in.> 18 in.> 12 in.; broadcast seed-
ing resulted in the lowest yield (399 Ib/A)(Exp. V).




* In the second year of production in Exp. V, avétige
seed yield was only 32% of first—year yield, and highest yield
(212 1b/A) in that year of moisture stress was from rows
seeded 36 inches apart.

* Results in these experiments and reports from studies
elsewhere indicate that adequacy of soil moisture can mark-
edly affect bromegrass seed yields. Limited precipitation
during the first half of the growing season in this area sug-
gests that supplemental irrigation could contribute to assured
high seed yields.

* In an unreported experiment with native Alaska pumpelly
bromegrass, (26 trtmts., very similar to Exp. I with Polar, but
including applications of potassium) K,O applied in summer
versus in spring at two rates (90 and 180 1b/A), alone as well
as with N, with P,O,, and with both of the latter nutrients, had
no effect on panicle density, seed weight per panicle, or seed
yield. Heading and seed production of pumpelly bromegrass,
inresponse to N rates and times of application, was very similar
to that of Polar.

INTRODUCTION

Smooth bromegrass (Bromus inermis Leyss.) is one of
the most widely used forage and pasture species in the north-
ern U.S. and Canada. The most winterhardy strains and cul-
tivars from those areas generally are dependable for use in
Alaska but succumb to severe injury or total winterkill dur-
ing occasional winters of extreme stress (Klebesadel 1994;
Wilton ez al. 1966).

The Alaska cultivar Polar (Hodgson et al. 1971; Wilton et
al. 1966), representing hybridization (11 of 16 clones) between
Eurasian smooth bromegrass and northern—adapted North
American pumpelly bromegrass
(B. pumpellianus Scribn.) (Elliott

Tiller Development

Seed production in bromegrass is dependent upon the
production of seed heads or “panicles” (Fig. 1). Panicles are
borne at the top of culms (stems) which originate from the
parent plant as tillers (Fig. 2). Tillers that emerge from the
soil surface during late summer and autumn usually do not
elongate then. Some emerge early enough, however, to put
forth several leaves prior to freeze—up (F,G,H in Fig. 3), while
later—appearing tillers emerge through the soil surface as
needle-like points that possess no opened leaf blades (A,B,C
inFig. 3). Leaves that appear on tillers priorto freeze—up die
over winter. When the tillers that had appeared above the.
soil surface in autumn resume growth in spring, they are
joined by other tillers that emerge through the soil surface in
spring; all of those tillers become the primary growth of that
year, elongating into tall culms.

As that tall first growth of the second and later growing
seasons produces seed heads, a new crop of tillers begins
growth at the base of the plants. If the first crop is removed
for forage in late June or early July, those new tillers then
elongate to become the regrowth for a second cutting of for-
age thatis harvested ideally in late August or very early Sep-
tember (Klebesadel 1994, 1997).

If, however, the first growth of the season is left in place
for a seed crop that usually is harvested about mid—August,
the aerial growth (aftermath) left after seed harvest should
be clipped short and removed from the field as soon as pos-
sible, and a topdressing of N fertilizer applied then
(Klebesadel 1996). With shortening daylengths and season-
ally lowering temperatures, the unshaded tillers that begin
growth after seed harvest, field cleaning, and N application

1949; Klebesadel 1984b), is more
tolerant of freeze stress than intro-

SMoOT
duced cultivars and offers a greater SE‘E’Q"E‘EEQSS
measure of winterhardiness for de- OR PANICLE
pendable use in Alaska (Klebesadel
1993a, 1994).

Inasmuch as the extreme
winterhardiness of Polar is not
required at more southern lati-
tudes, some classes of Polar seed
must be produced at acceptable
levels of efficiencyin Alaska. The
abundant heading and good seed
production of Polar’s 16 clones
(Hodgson et.al. 1971) as indi-
vidual spaced plants surprisingly
were not continued beyond the

UNFILLED
LEMMA AND
PALEA

(No seed)

SEED
(Hidden
within
papery
lemma and
palea)

SPIKELET
"EXPLODED"
SHOWING PARTS

INDIVIDUAL
SPIKELET

first year after planting in row
seedings spring—topdressed with
nitrogen (N), phosphorus (P,0,),
and potassium (K, O) rates that have
been adequate for high seed yields
of other winterhardy grasses in

Alaska (Klebesadel 1992). do not contain seeds.

Figure 1. (Left): Fully developed smooth bromegrass panicle (branched seed head)
showing 16 seed—containing spikelets, (center): Individual spikelet magnified to
show detail, and (right): spikelet separated into individual parts (as occurs at
combine—harvest or threshing). Basal two bracts are glumes that contain no seeds,
next two to three elements are seeds hidden within papery coverings called lemma
(outer) and palea (inner); above that are smaller lemma—palea combinations that




MAIN PLANT

EMERGING TILLERS
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RHIZOMES
(Underground stems)

EMERGED TILLER WITH THREE
FULLY OPENED LEAVES

GROWING POINT
(Hidden within rhizome)

Figure 2. (Upper): Drawing of bromegrass plant showing
horizontally spreading rhizomes that emerge to become
tillers that later extend to become tall culms (stems).
(Lower): An individual tiller showing location of the
growing point (potential floral primordium) over winter
That growing point (shoot apex) moves upward within the
elongating culm in spring, producing either an abundance
of leaves (=sterile culm) or five~to—six leaves and a
panicle (=fertile culm); both types are shown in Figure 4.

develop more vigorously than if no N were applied, although
they do not elongate into tall growth (Klebesadel 1996).

Culm Types

Smooth bromegrass produces two distinctly different
kinds of culms as shown in Figure 4. The leafy, non-head-
ing, vegetative culms are valuable in bromegrass herbage
harvested for forage because their abundance of leaf blades
contributes to forage quality (Kilcher and Troelsen 1973;
Mowat et al. 1965).

A bromegrass stand intended for seed production, how-
ever, should possess as many panicle-bearing culms as pos-
sible because high seed yields are dependent upon a high
density of panicles per unit of area (Churchill 1944). Man-
agement practices utilized by seed growers should be those
that promote the generation of the maximum density of
panicles possible.

Induction, Initiation, and Development of
Panicles

Development of seed heads from the growing points hid-
den within the bases of tillers of cool-season grasses, such
as bromegrass (Fig. 2), proceeds through a sequence of stages
(Canode et al. 1972; Elliott 1967; Hodgson 1966; Lamp 1952;
Sass and Skogman 1951). One generally accepted version
of terminology concerning those stages is: (a) induction, a
chemical change fostered by specific stimuli that disposes
the growing point, meristem, or apex (enclosed within a tiller
and near the soil surface) to eventually become a seed head,
(b) initiation, the early, microscopic morphological trans-
formation of that vegetative growing point (still at or near
the soil surface) into a floral primordium, and (c) develop-
ment, as the growing point continues differentiation of tis-
sues and enlargement, is elevated upward through the culm,
emerges as a fully formed panicle, and continues through
anthesis (flowering) and seed formation to maturation.

Evans and Grover (1940) and Sharman (1947) relate in
detail and illustrate the phenomenon of initiation of floral

Figure 3. Examples of extents of bromegrass tiller emergence above the soil surface (black line). These range from just
the tip showing (as at A), through increasing numbers of opened leaf blades from one (as at D) to flve (as at H).
Divisions on vertical scale at left are one centimeter apart.


















































































