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Fairey, N. A. and Lefkovitch, L. P. 1999. Crop density and seed production of tall fescue (Festuca arundinacea Schreber). 1.
Yield and plant development.Can. J. Plant Sci. 79: 535–541. A field study was conducted with tall fescue (Festuca arundinacea
Schreber) to determine the effect of the initial population density and spatial arrangement of plants on crop development and seed
yield. Individual seedling plants were transplanted at seven densities (1.6, 3.1, 6.3, 12.5, 25, 50, and 100 plants m–2) and three row
spacings (20, 40, and 80 cm), and characteristics of seed production were determined for 3 yr (1991–1993). Over the 3 yr, head-
ing commenced at dates differing by 15 d and was delayed, as density increased, by 8, 6, and 2 d, respectively, in the first, sec-
ond, and third production years. The time of seed maturity differed among years (21 July to 4 August) but was generally unaffected
by density or row spacing. In the first production year, seed yield increased with density up to 25 plants m–2 for each row spac-
ing, then remained constant to at least 50 plants m–2 with both 20- or 40-cm rows; it decreased slightly at 100 plants m–2 with 20-
cm rows. In the second production year, seed yield was relatively independent of plant density except that it decreased when the
initial density was less than 6 plants m–2 with a row spacing of 80 cm, and tended to be greatest with the 40-cm row spacing at
6–25 plants m–2. In the third production year, seed yield was much lower than in the previous 2 yr but the pattern of response to
the density and row spacing treatments was similar to that in the second production year. The seed yield of tall fescue can be opti-
mized for at least 3 consecutive years by establishing an initial density of 20–100 plants m–2 in rows spaced 20–60 cm apart. If
the maximization of first-year seed yield is a priority, then the initial establishment should be at a density of 25–50 plants m–2 in
rows spaced 20–40 cm apart.
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Fairey, N. A. et Lefkovitch, L. P. 1999.Densité de peuplement et production semencière de la fétuque élevée (Festuca arun-
dinaceaSchreber). 1. Rendement et phénologie reproductive. Can. J. Plant Sci. 79: 535–541. Une étude au champ a été réal-
isée sur la fétuque élevée (Festuca arundinaceaSchreber) pour établir les effets de la densité de peuplement initiale et de la
disposition dans l’espace des plantes sur le développement phénologique et sur le rendement semencier. Sur des jeunes plants de
semis repiqués à sept densités de peuplement (1,6, 3,1, 6,3, 12,5, 25, 50 et 100 plantes au m2) et à trois largeurs d’interligne (20,
40 et 80 cm), nous avons observé pendant 3 ans (1991–1993) les caractères associés à la production semencière. Durant cette péri-
ode, un écart de 15 j séparait les dates du début de l’épiaison entre la première et la troisième année de production. En plus, l’ac-
croissement de la densité de peuplement retardait l’épiaison par 8, 6 et 2 j, respectivement, dans la première, la deuxième et la
troisième année de production. La date de maturité des graines différait, selon l’année, du 21 juillet au 4 août, mais elle était
généralement peu sensible à la densité de peuplement ou à la largeur d’écartement des lignes. Dans la première année de produc-
tion, le rendement semencier augmentait en fonction de la densité de peuplement jusqu’à concurrence de 25 plantes par m2, dans
chaque largeur d’interligne, pour ensuite plafonner jusqu’à la densité d’au moins 50 plantes par m2, sur les lignes écartées de 20
et de 40 cm, et enfin retomber légèrement à la densité de 100 plantes au m2, dans les lignes écartées de 20 cm. Dans la seconde
année de production, le rendement semencier était relativement insensible à la densité de peuplement, sauf qu’il marquait une
baisse lorsque la densité initial etait inférieure à 6 plantes par m2, dans les lignes écartées de 80 cm et qu’il atteignait son maxi-
mum quand elle était de 6 à 25 plantes par m2 dans les lignes écartées de 40 cm. Dans la troisième année de production, le rende-
ment semencier était considérablement inférieur à celui des deux années précédentes, mais l’allure de la réponse à la densité et à
la largeur de l’interligne était la même que dans la seconde année. Le rendement semencier optimal de la fétuque peut être main-
tenu pour au moins 3 années consécutives à partir d’une densité de peuplement initiale de 20 à 100 plantes par m2, sur lignes
écartées de 20 à 60 cm. S’il faut privilégier le rendement semencier en première année de production, la densité initiale devrait
alors être de 25 à 50 plantes par m2, sur lignes écartées de 20 à 40 cm.

Mots clés : Fétuque élevée, Festuca arundinaceaSchreber, densité de peuplement, écartement des plantes, production semencière

There has been a dramatic increase in the use of tall fescue
(Festuca arundinaceaSchreber) in the USA since the mid-
1980s, and by the early 1990s it was grown on more than 14
million ha (Ball et al. 1993). Tall fescue is a deep-rooted
bunchgrass that is grown for amenity purposes and for live-
stock feed. Within North America, most of the seed of this
species is currently grown in Oregon and Missouri in the
USA (Young 1997). With the continuing increase in
demand for seed for amenity purposes, and the proliferation

in the number of proprietary varieties, it is becoming
increasingly difficult to provide adequate genetic isolation
in the seed-growing zone of the Pacific Northwest USA.
Thus, an opportunity exists for diversifying the grass seed
industry in Canada, provided seed production systems can
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Abbreviations : BRS, between-row spacing; ISTA ,
International Seed Testing Association; WRS, within-row
spacing
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be developed that are economically competitive. Previous
research has demonstrated the agronomic feasibility of
growing tall fescue for seed in the Peace region of Canada
(Fairey and Lefkovitch 1993) but information is required on
management practices to optimize seed productivity in such
northern environments. 

The spatial arrangement of plants at seeding has been
shown to have a strong influence on the yield and longevity
of seed stands of tall fescue (Youngberg and Wheaton
1979). Based on earlier reports (Rampton 1949; Spencer
1950; Cowan 1956; Wheeler and Hill 1957; Rampton
1965), Youngberg and Wheaton (1979) indicated that the
standard practices for seed production of tall fescue in the
western USA involved establishment in 30- or 46-cm rows,
post-harvest burning, heavy fertilizer application, and the
annual use of herbicides; the combined use of these prac-
tices resulted in seed stands that remained productive for
8–10 yr. Wheeler and Hill (1957) indicated that in Oregon
and Kentucky excellent first-year seed crops may be har-
vested from solid-seeded stands sown with 4.5–6.7 kg ha–1

of seed, but that better subsequent seed productivity may be
realized by using only 2.2–3.4 kg ha–1 of seed at a row spac-
ing of 76–122 cm. 

Studies by Holliday (1963) indicated that except for cases
in which there is extreme rectangularity in spatial arrange-
ment of plants, the population density of plants has a greater
effect on crop performance than spatial arrangement and,
furthermore, that there is a point somewhere between
extreme rectangularity and square planting at which the
yield from the rectangular spacing is as good as that from
the square spacing. The objective of this current study was
to determine, for the northerly, short-season, environment of
the Peace region, whether the yield of several, consecutive,
seed crops of tall fescue could be optimized by manipulat-
ing the population density and spatial arrangement of plants
at crop establishment.

MATERIALS AND METHODS
The study was conducted in the Peace region of Canada at
Agriculture and Agri-Food Canada’s Research Farm in
Beaverlodge (55°12′N, 119°23′W) on a Landry clay-loam
soil (Black Solod, Udic Ustocrept). In late May 1990, at the
time of year when field establishment of grass-seed crops
normally occurs, a batch of seed of Mustang tall fescue was
imbibed with water and placed in a germination cabinet set
at 20°C. After the appearance of the coleoptile, individual
seedlings were pricked-out, one per cell, into multi-celled
root trainers containing a peat-vermiculite potting mixture.
For subsequent seedling growth, the flats of root-trainers
were placed in a greenhouse with a day/night temperature
regime of 18–22°C/14–18°C and natural light. The
seedlings were watered weekly with a complete nutrient
solution and given additional water as required. In late July,
after several weeks of hardening in a screen-house exposed
to natural temperature and light, the individual plants, each
with four to six tillers, were transplanted to the field. Prior
to transplanting, 150 kg ha–1 each of 11-55-0 and 0-0-50-
17S fertilizer were worked into the topsoil in accordance
with soil fertility requirements. After transplanting, the

experimental site was irrigated to assist plant establishment,
and any plants that lacked vigour or died before mid-
September 1990 were replaced with reserve plants.

The field layout was based on a proposal made by Lin and
Morse (1975). Each of four replicates was divided into three
blocks of nine plots, and the plots within each block were
arranged in three rows for between-row spacing treatments
(BRS) and three columns for within-row spacing treatments
(WRS). Seven density treatments were selected as fractions
or multiples of 25 plants m–2, the basic density selected for
the design. The densities were 1.6, 3.1, 6.3, 12.5, 25, 50, and
100 plants m–2, the specific values being selected to form a
mathematical doubling series. These density treatments
were incorporated into the experimental design (Fig. 1) to
provide the greatest precision on the estimation of the treat-
ment effects of the central density of the series, viz. 12.5
plants m–2. The allocation of the experimental treatments to
the blocks and plots within each of the four replicates was
accomplished in three stages:
1. randomly assigning the highest density (25, 50 or 100

plants m–2) to each of the three blocks within each repli-
cate;

2. randomly assigning the three BRS treatments (20, 40, or
80 cm) to the rows within each block; and

3. randomly assigning the three appropriate WRS treat-
ments for each block to the three columns within each

Fig. 1. The arrangement of the plant density treatment plots
(plants m–2) for the three blocks within each replicate, prior to ran-
domization.
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block (viz. 20, 40, or 80 cm when the highest density
treatment for the block was 25 plants m–2; 10, 20, or 40
cm when the highest density treatment for the block was
50 plants m–2; and 5, 10, or 20 cm when the highest den-
sity treatment for the block was 100 plants m–2). 

To balance for possible directional effects of sunlight and
wind, the four replicates were oriented in different direc-
tions in the field. The rows were oriented on the
North–South axis in replicate 1, the Northeast–Southwest
axis in replicate 2, the East–West axis in replicate 3, and the
Northwest–Southeast axis in replicate 4.

The dimensions of the individual plots within each block
of each replicate were determined according to the specific
density treatments allocated to that block, and the require-
ment for a minimum of 12 adjacent, adequately bordered,
plants in the centre of each plot on which observations were
scheduled to be made. Thus, in blocks in which the highest
density treatment was 25 plants m–2, the plots consisted of
eight rows of four plants and observations were made on the
two central plants of the six inner rows. In blocks in which
the highest density treatment was 50 plants m–2, the plots
consisted of five rows of six plants and observations were
made on the four central plants of the three inner rows. In
blocks in which the highest density treatment was 100
plants m–2, the plots consisted of four rows of 12 plants and
observations were made on the six central plants of the two
inner rows. The perimeter of the ground area occupied by
these 12 plants in each plot was delineated permanently at
the commencement of the study with highly visible plastic
rods (1 cm diameter). Observations and harvests for each
plot were restricted to plant material originating within this
delineated zone. 

The study was maintained for 4 consecutive years of seed
production, 1991 to 1994 inclusive. In the fall (late
September or early October) before each seed production
year, 200 kg ha–1 of 34-0-0 fertilizer (ammonium nitrate)
was broadcast over the experimental site. Weeds were
removed by hand as necessary. Observations were made in
the first 3 production years on plant development and seed-
yield characteristics; the trial site was retained for the fourth
production year but no quantitative observations on crop
performance were made. Plant survival was determined
each spring as the number of live plants. Heading date was
determined as the first day when the tips of at least three
panicles were visible per plot, and was recorded as days
after 1 May. The number of panicles per plot was counted
soon after emergence was completed. Panicles were har-
vested by sickle from each plot on the first day of seed shat-
tering, and the date was recorded as days after 1 July.
Panicles from each plot were placed in a cotton bag and
dried outdoors on a well-ventilated rack. After air-drying,
the seed was threshed, weighed, cleaned, and re-weighed.
The procedures of the International Seed Testing
Association (1985) were used to determine the moisture
content of the clean seed (one replicate of a 5-g subsample)
and seed yield was adjusted to 12% moisture on a fresh-
weight basis. The number of days between heading and har-
vest was calculated from the heading and harvest dates.

Statistical Analyses
Genstat 5, Release 2.2 (Lawes Agricultural Trust 1987,
1990) was used for all statistical analyses. Each variate was
analyzed using a generalized linear model (McCullagh and
Nelder 1989) with an error distribution and link function
appropriate for the variate (Lefkovitch 1993). For each vari-
ate, the deviance-standardized residuals were plotted against
the fitted values to detect any unequal variability that could
be attributable to the different plot sizes; no abnormal trends
were evident. For each variate, except the date of heading,
the tests of significance were made by referring the ratio of
mean deviances to the F-distribution. The date-of-heading
variate was analyzed using an inverse gauss distribution and
a power link function, which necessitated referring the
deviance to the chi-squared distribution for tests of signifi-
cance. Probabilities of less than 5% were considered to be
significant. Tabulated means are the natural averages of
means predicted by the generalized linear model fitted to
each response variate.

RESULTS
During the 4 yr of the study, 1990 to 1993, the annual mois-
ture deficit (annual precipitation minus pan evaporation dur-
ing the growing season) was 101%, 146%, 131%, and 106%
of the long-term average (Table 1). Plant survival was
greater than 97% in the spring of each production year, and
was unaffected by the treatments. In the spring of 1993,
after two drier-than-normal growing seasons and a winter
with lower-than-normal snow cover, some winter injury was
observed. The tillers in the central core of many plants were
killed, greatly reducing plant vigour. Seed yields were
reduced in the third production year but, in the subsequent
year, crop performance (assessed visually) was comparable
to that observed in the first 2 production years. 

The patterns of response to density and year for the date
of heading and harvest (seed maturity) were similar for each

Table 1. Precipitation (mm) and pan evaporation (mm) at
Beaverlodge

Long-term
Year mean

Month 1990 1991 1992 1993 (1916–1981)

January 33 7 25 14 33
February 10 5 21 5 26
March 6 8 12 10 26
April 13 15 22 42 20
May 67 44 32 15 40
June 190 90 45 134 58
July 59 28 57 79 61
August 46 55 50 81 55
September 17 29 81 23 43
October 33 41 8 29 28
November 55 48 12 12 30
December 53 47 31 19 31

Annual total 580 417 397 464 453

Pan evaporation 942 944 869 846 813

Moisture deficitz –362 –527 –472 –382 –360
(101%) (146%) (131%) (106%) (100%)

zAnnual precipitation – evaporation (mm and percent long-term mean).
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BRS treatment (Table 2). Heading commenced on 30 May
in 1991, 4 June in 1992, and 13 June in 1993. It was delayed
as density increased from 1.6–100 plants m–2, the delay
being 8, 6, and 2 d, respectively, in 1991, 1992, and 1993
(Table 3). Seed maturity also differed among year (21 July
to 4 August); it was generally unaffected by the treatments
except for a delay of up to 2 d at densities less than 12.5
plants m–2 and a BRS of 40 or 80 cm in 1991, and a delay
of 5 d at the lowest density (and widest row spacing) in 1992
(Table 4). The time between heading and harvest was
decreased by 10 d as density increased in 1991 and 1992 but
was unaffected by the initial crop density in 1993 (Table 5).

There was a pronounced effect of production year on the
yield of clean seed, but it was modified by both density and
row spacing (Tables 2 and 6). In 1991, seed yield increased
with density up to 25 plants m–2 for each row spacing, then
remained constant to 50 plants m–2 with both 20 and 40 cm
rows, and then decreased slightly at 100 plants m–2 with
20 cm rows. In 1992, seed yield was relatively independent
of plant density except that it decreased when the initial den-
sity was less than 6 plants m–2 with a row spacing of 80 cm,
and tended to be greatest with the 40 cm row spacing at 6 to
25 plants m–2. In 1993, seed yield was much lower than inT
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Table 3. The effect of plant density on the date of heading of tall fes-
cue in 3 consecutive production years

Population density Production year

(plants m–2) 1991 1992 1993

1.6 30 (1.0z) 35 (1.3) 44 (1.8)
3.1 30 (0.6) 37 (0.8) 44 (1.1)
6.3 32 (0.5) 39 (0.6) 44 (0.8)

12.5 32 (0.4) 40 (0.6) 45 (0.7)
25.0 35 (0.5) 40 (0.7) 46 (0.8)
50.0 37 (0.8) 40 (0.9) 46 (1.1)

100.0 38 (1.5) 41 (1.6) 46 (1.9)
zApproximate standard error.

Table 4. The effect of plant density and row spacing on the date of
harvest (days after 1 July) of tall fescue in 3 consecutive production
years

Row Population
spacing density Production year

(cm) (plants m–2) 1991 1992 1993

20 6.3 25 (0.4z) 22 (0.3) 34 (0.5)
12.5 25 (0.3) 21 (0.3) 34 (0.5)
25.0 24 (0.3) 21 (0.3) 34 (0.4)
50.0 24 (0.4) 21 (0.3) 34 (0.5)

100.0 25 (0.7) 22 (0.6) 34 (0.9)

40 3.1 26 (0.5) 22 (0.4) 34 (0.6)
6.3 25 (0.3) 22 (0.3) 34 (0.4)

12.5 25 (0.3) 22 (0.3) 34 (0.4)
25.0 24 (0.3) 22 (0.3) 34 (0.4)
50.0 24 (0.4) 21 (0.4) 34 (0.6)

80 1.6 27 (0.7) 27 (0.7) 34 (0.9)
3.1 27 (0.4) 23 (0.4) 34 (0.5)
6.3 26 (0.3) 23 (0.3) 35 (0.4)

12.5 25 (0.3) 23 (0.3) 35 (0.5)
25.0 25 (0.4) 22 (0.3) 35 (0.5)

zApproximate standard error.
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the previous 2 yr but the pattern of response to the density
and row spacing treatments was similar to that in 1992
(Table 6).

For interpretive purposes, it is instructive to summarize
the effect of the initial density at each row spacing on the
cumulative yield of clean seed over the 3 consecutive pro-
duction years (Fig. 2). At a BRS of 80 cm, the cumulative
seed yield increased from 1171 to 2576 kg ha–1 as plant den-
sity increased from 1.6 to 25 plants m–2 but it was always
considerably lower than that realized with an equivalent
plant density on 20- or 40-cm rows. At a BRS of 40 cm or
20 cm, the cumulative seed yield increased as plant density
increased up to a density of 25 plants m–2 and then remained
constant at the higher densities of 50 and 100 plants m–2.
The response pattern observed for the 3-yr cumulative seed
yield was essentially a reflection of that realized in 1991, the
first production year.

DISCUSSION
The initial density and arrangement of tall fescue plants at
establishment are important determinants of seed yield.
These factors have a particularly dominant influence on
seed yield in the first production year and the effects persist
for several successive seed crops. The results confirm the
importance of an adequate density of tillers prior to winter
for seed yield of tall fescue (Robson 1968; Hare 1992, 1993,
1994). The pattern of response of seed yield to plant densi-
ty was similar for each of the three row spacings in this
study. Both the first-year and the three-year cumulative seed
yields increased as plant density increased to about 25
plants m–2, above which they remained essentially constant
up to the highest density treatment of 100 plants m–2. When
compared at an equal plant density, the cumulative seed
yield over the 3 production years was lowest for the 80-cm
rows, considerably greater for the 20-cm rows, and greater
still for the 40-cm rows. These results suggest that an ade-
quate density of plants with a good spatial distribution is
more important for maximizing seed yield of tall fescue
over several production years than any specific row spacing.
This result is similar to that from another Peace region study
on the effect of row spacing on the seed yield of 11 grass
species (but not including tall fescue) in which the narrow-
est spacing, 16 cm, was generally most beneficial (Darwent
et al. 1987). Based on visual observations in the present
study, a row spacing of 80 cm, regardless of the within-row

plant spacing and density, or a density of less than 25
plants m–2, regardless of the row spacing, resulted in an
incomplete leaf canopy and inefficient light interception,
and this precluded the attainment of greater seed yield. Such
a wide row spacing was also found to be too great for opti-
mizing seed yield of rhizomatous red fescue in Washington
State, USA (Canode 1968) and in the Peace region (Fairey
and Lefkovitch 1996a, b). Another study in Washington,
however, reported no differential effect of row spacings of
18 to 107 cm on the cumulative seed yield of red fescue over
three consecutive crops (Austensen and Peabody 1964). In
the present study, a density of 25 plants m–2 in 40-cm rows
produced the greatest cumulative seed yield over the 3 yr,
with 1702, 1479, and 319 kg ha–1, respectively, being pro-
duced in 1991, 1992, and 1993. Winter injury of tillers,
exposed to abnormally dry fall conditions followed by a
lower-than-normal accumulation of soil-insulating snow,
reduced yield in the third year.

The results indicate that, for maximal seed yield over sev-
eral consecutive crops, tall fescue stands should be estab-
lished to provide an initial density of 20–100 plants m–2 on
rows spaced 20–60 cm apart. If maximization of first-year
seed yield, however, is more of a priority than cumulative
productivity over several consecutive crops, then an initial
density of 25–50 plants m–2 on rows spaced 20–40 cm apart
is recommended. Such a range of plant densities and row
spacings for maximizing seed yield are by no means
extreme. In early studies of crop competition and plant spa-
tial arrangement, moderate densities were shown to maxi-
mize seed yield (Donald 1963) and, in annual ryegrass, 90%
of the maximum seed yield was achieved at plant densities
covering a 37-fold range (Donald 1954). The present results
agree with the western USA practice of growing tall fescue
for seed in 30 or 46 cm rows to maintain productivity for
several years (Youngberg and Wheaton 1979). The findings
do not support the earlier recommendation, developed for

Table 5. The effect of plant density on the number of days between
heading and harvest (seed maturity) of tall fescue in 3 consecutive
production years

Population density Production year

(plants m–2) 1991 1992 1993

1.6 58 (1.4z) 53 (1.3) 51 (1.3)
3.1 58 (0.9) 46 (0.7) 51 (0.7)
6.3 54 (0.6) 45 (0.5) 51 (0.5)

12.5 54 (0.5) 43 (0.4) 50 (0.5)
25.0 51 (0.5) 42 (0.5) 49 (0.5)
50.0 48 (0.7) 42 (0.6) 49 (0.7)

100.0 48 (1.2) 43 (1.1) 49 (1.2)
zApproximate standard error.

Table 6. The effect of plant density and row spacing on the clean seed
yield (kg ha–1 at 12% moisture) of tall fescue in 3 consecutive produc-
tion years

Row Population
spacing density Production year

(cm) (plants m–2) 1991 1992 1993

20 6.3 1085 (100.8z) 1126 (105.1) 272 (26.7)
12.5 1427 (116.6) 1152 (94.6) 327 (27.0)
25.0 1696 (128.9) 1181 (92.4) 289 (22.1)
50.0 1819 (175.8) 998 (101.4) 257 (24.9)

100.0 1334 (247.2) 1399 (224.7) 277 (44.5)

40 3.1 671 (72.2) 1221 (131.3) 181 (20.7)
6.3 1088 (88.1) 1411 (114.3) 301 (24.9)

12.5 1432 (103.0) 1443 (104.0) 360 (26.0)
25.0 1702 (137.8) 1479 (120.7) 319 (25.9)
50.0 1824 (196.1) 1250 (137.8) 283 (30.5)

80 1.6 328 (52.7) 780 (125.2) 63 (10.1)
3.1 466 (45.1) 983 (95.0) 115 (11.5)
6.3 756 (57.5) 1136 (86.3) 191 (14.7)

12.5 995 (81.3) 1162 (95.0) 229 (18.9)
25.0 1183 (109.9) 1191 (111.2) 202 (19.0)

zApproximate standard error.
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Oregon and Kentucky (Wheeler and Hill 1957), for using
76- to 122-cm rows to optimize seed production of tall fes-
cue for multiple crops. 

There are many factors, including seed germinability,
seedling vigour, soil conditions and seeding practices that
determine the proportion of sown seed that survives to pro-
duce seed-bearing plants in commercial fields. Despite that,
the present results support the use of a relatively low seed-
ing rate for tall fescue seed production at northerly, short-
season latitudes, and definitely no more than has been
previously advocated in regions of lower latitude with
longer growing seasons. To achieve the optimal, initial den-
sity of 20–100 plants m–2 found in the present study requires
only 0.4–1.9 kg ha–1 seed, assuming a 1000-seed weight of
1.88 g (the mean in this study) and a 100% seedling estab-
lishment. Using these same assumptions, and after making
allowances for some loss of seedlings during emergence in
the field, the present results provide general support for the
seeding rate of 2.2–3.4 kg ha–1 advocated by Wheeler and
Hill (1957), which would result in a maximal density of
117–181 plants m–2. More studies are required, however, to
determine the actual seeding rate required to ensure that the
plant density attained in commercial fields in the Peace
region is within the optimal range.

CONCLUSIONS
1. Seed yield of tall fescue can be optimized for at least 3

consecutive years by manipulating plant density and row
spacing. 

2. An initial density of 20–100 plants m–2 on rows spaced
20–60 cm apart maximizes tall fescue seed yield for sev-
eral consectutive years. Based on a 1000-seed weight of
1.88 g (the average observed for the cultivar used in this
study) and 100% seedling establishment, the required
seeding rate is 0.4–1.9 kg ha–1.

3. An initial density of 25–50 plants m–2 on rows spaced
20–40 cm apart maximizes tall fescue seed yield in the
first production year.

4. In the Peace region, low soil moisture in the fall com-
bined with little subsequent snow cover, reduces spring
vigour and subsequent seed production of tall fescue. The
use of practices to enhance snow cover, particularly the
selection of sheltered field sites, is recommended.

ACKNOWLEDGEMENTS
We express our thanks to all who assisted with this study,
especially Lois Connelly, Tom Cramer, Marlene Probst, Lia
Scheunhage and Tim Nelson.

Austensen, H. M. and Peabody, D. V. 1964.Effects of row spac-
ing and time of fertilization on grass seed production. Agron. J. 56:
461–463.
Ball, D. M., Schmidt, S. P., Lacefield, G. D., Hoveland, C. S.
and Young III, W. C. 1993.Tall fescue/endophyte/ animal rela-
tionships. Oregon Tall Fescue Commission, Salem, OR.
Canode, C. L. 1968.Influence of row spacing and nitrogen fertil-
ization on grass seed production. Agron. J. 60: 263–267. 
Cowan, J. R. 1956.Tall fescue. Adv. Agron. 8: 283–320.
Darwent, A. L., Najda, H. G., Drabble, J. C. and Elliott, C. R.

Fig. 2. The effect of plant population density and row
spacing on the cumulative clean seed yield per hectare
(at 12% moisture) of tall fescue for three consecutive
production years.

C
an

. J
. P

la
nt

 S
ci

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

66
.1

83
.1

84
.3

8 
on

 0
6/

14
/1

9
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



FAIREY AND LEFKOVITCVH — CROP DENSITY AND SEED PRODUCTION OF TALL FESCUE 541

1987.Effect of row spacing on seed and hay production of eleven
grass species under a Peace River region management system.
Can. J. Plant Sci. 67: 755–763.
Donald, C. M. 1954.Competition among pasture plants II. The
influence of density on flowering and seed production in annual
pasture plants. Aust. J. Agric. Res. 5: 585–597.
Donald, C. M. 1963.Competition among crop and pasture plants.
Adv. Agron. 15: 1–118.
Fairey, N. A. and Lefkovitch, L. P. 1993.Agronomic feasibility
of producing seed of tall fescue in the Peace River region. Can. J.
Plant Sci. 73: 123–129.
Fairey, N. A. and Lefkovitch, L. P. 1996a.Crop density and seed
production of creeping red fescue (Festuca rubraL. var. rubra). 1.
Yield and plant development. Can. J. Plant Sci. 76: 291–298.
Fairey, N. A. and Lefkovitch, L. P. 1996b.Crop density and seed
production of creeping red fescue (Festuca rubraL. var. rubra). 2.
Reproductive components and seed characteristics. Can. J. Plant
Sci. 76: 299–306.
Hare, M. D. 1992.Time of establishment affects seed production
of ‘Grasslands Roa’ tall fescue (Festuca arundinaceaSchreb.). J.
Appl. Seed Prod. 10: 19–24.
Hare, M. D. 1993.Post-harvest and autumn management of tall
fescue seed fields. NZ J. Agric. Res. 36: 407–418.
Hare, M. D. 1994.Autumn establishment of three New Zealand
cultivars of tall fescue (Festuca arundinaceaSchreb.) for seed pro-
duction. NZ J. Agric. Res. 37: 11–17.
Holliday, R. 1963.The effect of row width on yield of cereals.
Field Crop Abstr. 16: 71–81.
International Seed Testing Association. 1985.International rules
for seed testing. International Seed Testing Association (1985).
Seed Sci. Technol. 13: 299–520.
Lawes Agricultural Trust. 1987. Genstat 5 reference manual.
Genstat 5 Committee, Statistics Dept., Rothamsted Experimental
Station, Harpenden, UK. Clarendon Press, Oxford, UK. 749 pp.

Lawes Agricultural Trust. 1990. Genstat 5, Release 2 Reference
Manual Supplement. Genstat 5 Committee, Statistics Dept.,
Rothamsted Experimental Station, Harpenden, UK. Numerical
Algorithms Group Ltd., Oxford, UK. 131 pp.
Lefkovitch, L. P. 1993.Some fundamental concepts in planning
and analyzising field experiments. J. Appl. Seed Prod. 11 (Suppl.):
26–39.
Lin, C-S. and Morse, P. M. 1975.A compact design for spacing
experiments. Biometrics 31: 661–671.
McCullagh, P. and Nelder, J. A. 1989.Generalized linear mod-
els. 2nd ed. Section 9.2.4. Chapman and Hall, London, UK. 
Rampton, H. H. 1949.Alta tall fescue production in Oregon.
Oregon Agric. Exp. Stn. Bull. 427
Rampton, H. H. 1965.Forty years of testing grass and legume
varieties for seed yields in Oregon. Oregon Agric. Exp. Stn.
Bull. 600.
Robson, M. J. 1968.The changing tiller populations of spaced
plants of S.170 tall fescue (Festuca arundinacea). J. Appl. Ecol. 5:
575–590.
Spencer, J. T. 1950.Seed production of Ky 31 fescue and orchard-
grass as influenced by rate of planting, nitrogen fertilization and
management. Kentucky Agric. Exp. Stn. Bull. 554.
Young, W. C., III. 1997. Festuca arundinaceaSchreb. (tall fes-
cue) in the U.S.A. Pages 287–296 in D. T. Fairey and J. G.
Hampton, eds. Forage seed production. Volume 1. Temperate
species. CAB International, Oxford, UK.
Youngberg, H. And Wheaton, H. N. 1979.Seed production.
Pages 141–153 in R. C. Buckner and L. P. Bush, eds. Tall fescue.
Agron. no. 20. ASA, CSSA, SSSA, Madison, WI.
Wheeler, W. A. and Hill, D. D. 1957.Timothy, orchardgrass,
smooth bromegrass, tall fescue, and meadow fescue. Pages
455–482 in W. A. Wheeler and D. D. Hill, eds. Grassland seeds. D.
Van Nostrand Company, Inc., Princeton, NJ.

C
an

. J
. P

la
nt

 S
ci

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

66
.1

83
.1

84
.3

8 
on

 0
6/

14
/1

9
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



This article has been cited by:

1. Yunhua Han, Tianming Hu, Peisheng Mao, Yanrong Wang, Zhongbao Shen, Yongliang Zhang, Duofeng Pan, Xianguo Wang.
2016. Smooth bromegrass seed yield and yield component responses to seeding rates and row spacings in two climates. Plant
Production Science 19:3, 381-388. [Crossref]

C
an

. J
. P

la
nt

 S
ci

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

66
.1

83
.1

84
.3

8 
on

 0
6/

14
/1

9
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 

https://doi.org/10.1080/1343943X.2016.1169152

	Abstract
	Resume
	Materials&Methods
	Fig.1
	Table 1
	Results
	Table 2
	Table 3
	Table 4
	Table 5
	Discussion
	Table 6
	Fig.2
	Conclusions
	Acknowledgements
	References

