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Abstract

A. Lavarello Herbin, M.L.A. Gatti, and R.A. Golluscio. 2024. How does the neighborhood of
annual or perennial species affect the first one hundred days of the establishment of grasses?
Int. J. Agric. Nat. Resour. 57-67. Pastures that include annual and perennial grasses can play a
strategic role in increasing the sustainability of temperate livestock systems. However, the impacts
of the competition between annual and perennial genetically improved forage species on pastures
has scarcely been studied. We evaluated the early dynamics of tillering, carbon partitioning and
both intra- and interspecific competition in — or between — an annual (Bromus willdenowii; prairie
grass; Bw) and a perennial (Dactylis glomerata; orchard grass; Dg) C, grass species. We sowed 24
0.18 m? microplots in May 2008. Each microplot constituted an experimental unit and contained
five sowing lines spaced 0.175 m apart. On three of the lines, we sowed different combinations
of the mentioned grasses, while on the two lines between them, we sowed red clover (7rifolium
pratense). We randomly applied a factorial array of eight treatments—2 species (Dg vs. Bw)
x 2 types of competition (intra vs. interspecific) x 2 levels of winter nitrogen fertilization (0
vs. 170 kg of N ha')—designed in three complete random blocks. Fertilization did not have
any significant effect on any species. The evaluation period lasted 109 days after sowing (das),
separated into three phases (0-53 das, 59-90 das and 90-109 das). The variables recorded were
aerial biomass (leaves, sheets and senescent material), root biomass and tiller density per species.
As expected, annual Bw inhibited the growth of perennial Dg at the latest stage of establishment
but surprisingly promoted it at the earliest stage. This work suggested that a low initial density
of an annual species should optimize the initial facilitating effect of the annual species on the
perennial species with its subsequent inhibitory effect.

Keywords: Bromus willdenowii, competition, Dactylis glomerata, facilitation, orchard grass,
prairie grass.
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Abbreviations

Bromus willdenowii Kunth (Bw); Dactylis
glomerata (Dg); Relative interaction intensity
index (RII).

Introduction

The expansion of agriculture has generated
a series of changes in livestock husbandry
practices throughout South America. Its main
consequences have been the reduction in the
area devoted to livestock and the territorial
reorganization of this activity, which has been
more concentrated in humid pampas in the past
(Capdevielle, 2020). This process has promoted,
on the one hand, a greater intensification of
livestock and, on the other hand, an increase
in stock densities in areas not suitable for ag-
riculture (Paruelo et al., 2005).

Perennial pastures can play a strategic role in
the context of livestock intensification because
they are much more environmentally sustain-
able than other productive alternatives, as they
reduce annual disturbances, which affects many
biogeochemical cycles that are key to provid-
ing resilience and stability to agroecosystems
(Islam et al., 2018). In particular, more diverse
pastures have been shown to be more productive
and more resistant to weed invasion. However,
their management needs new strategies to obtain
dense canopies in the field, according to site
conditions and the objectives of each producer
(Sanderson et al., 2013).

In temperate pastures, plants grow as members
of a community in which intra- and interspecific
competition generally affect growth (Gatti et al.,
2015). Competition is defined as the interaction
between individuals coming from the shared use
of aresource that is in limited supply, resulting in
a decrease in the survival, growth and/or repro-
duction of at least one of the individuals involved
(Begon, 1996). In fact, the ability of a species to

persist and prosper in a community is generally
determined by its competitive interactions with
other species (Connell, 1983).

Seedling establishment is a critical phase in
pasture production because it determines the
space that each species will later occupy in the
canopy, subsequently affecting the future com-
position of pastures (Skinner, 2005). The rapid
development of a critical root biomass, together
with the development of aerial biomass and foliar
area, are necessary factors to ensure the survival
of seedlings (Sanderson et al., 2002). In fact, pe-
rennial species are considered to be established
when their seedlings have developed between 4-6
leaves and at least two adventitious roots (Ries &
Svejcar, 1991). At the community level, successful
pasture establishment is defined as the survival
of plants of a given species for at least one year
after sowing, which includes the first summer,
when environmental stress levels are usually the
highest (Thom et al., 2011).

The sowing of Bromus willdenowii Kunth (prairie
grass; Bw) and Dactylis glomerata (orchard grass;
Dg) in alternate lines with erect legumes, such
as alfalfa or red clover, is common in temper-
ate—humid environments in Argentina (Scheneiter
et al., 2008; Gatti et al., 2013). Bw, an annual
or biannual grass (Scheneiter & Rimieri, 2001),
can establish rapidly and can competitively
exclude other species with a lower speed of
establishment (Sanderson et al., 2002). Its great
competitive ability results from its high growth
rate and tiller weight, two properties that give it
a great ability to compete for light (Sugiyama,
1999). In contrast, Dg, a perennial species, has
low competitive ability due to its slow initial
root growth, which is related to low nitrogen
capture, both of which are characteristics that
contribute to the lower competitiveness of this
species relative to other species (Nurjaya &
Tow, 2001). As shown in Hume (1991), Bw had
greater leaf appearance rates (leaves per tiller
per day) and lower site filling (tillers per tiller
per leaf appearance interval) than did ryegrass
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species. The tillering rates (tillers per tiller per
day) were also lower, except under vegetative
conditions at4 °C. The low tiller number in Bw
was not due to a lack of tiller sites but rather
to poor filling of these sites. Lower site filling
occurred because of increased delays in the
appearance of the youngest axillary tiller and
a lack of axillary tillers emerging from basal
tiller buds. In Bw, no tillers originated from
coleoptile buds, while prophyll buds developed
tillers only occasionally. A low tiller number in
Bw was compensated for by greater tiller weight.
Bw had more live leaves per tiller, a greater area
per leaf and a greater leaf area per plant.

The application of small doses of nitrogen at the
time of implantation and toward the end of winter
is usually recommended (Berardo, 1996). The
winter application of nitrates can mitigate the
deficit in the winter supply of forage, anticipate
spring regrowth and significantly increase annual
forage production. The response doses in these
systems usually range between 75-150 kgN ha'!
(Guaita et al., 1999; Berardo, 1996), although
winter applications of up to 170 kg of nitrogen
per hectare produce a linear increase in growth
(Fernandez Greco et al., 1995).

The results of competition between wild annual
and/or perennial species, both in poor environ-
ments and/or in those improved by the addition
of nutrients, have been extensively studied in the
literature (e.g., Wilson & Tilman, 1993). In con-
trast, competition between genetically improved
annual and perennial forage species has scarcely
been studied. Some of the few related studies were
the experiments of Gatti et al. (2013, 2015). They
found (a) that the annual Bromus willdenowii
reached greater aerial and belowground biomass
than did the perennial Dactylis glomerata at 109
days after sowing and (b) that plants of both spe-
cies reached greater biomass—both above- and
belowground—and tiller density when surrounded
by plants of the perennial species than when sur-
rounded by plants of the annual species. However,
there is no information on interactions between

annual and perennial forage species during the
very early phase of pasture establishment (<3
months).

This work analyzed the early (i.e., during the first
3.5 months after sowing) competition relationships
in the sowing line between the annual grass Bro-
mus willdenowii and the perennial grass Dactylis
glomerata. Our objectives were as follows:

1) Evaluate the early dynamics of tillering and
carbon partitioning between aboveground and
belowground biomass in plants of both species
when they were surrounded by individuals of the
same species (intraspecific competition) or of
the other species (interspecific competition) and
evaluate the influence of nitrogen application on
those dynamics.

2) Evaluate the early dynamics of the intensity of
competition between the two species and analyze
whether this intensity of competition is modified
by nitrogen application.

Materials and Methods

We worked on an experimental layout similar to
that of Gatti et al. (2013, 2015). In the experimental
field of Facultad de Agronomia, Universidad de
Buenos Aires (34° 35° 297 S, 58°29° 0” W), we
sowed 24 microplots of ~0.18 m? on May 27", 2008
(1.056 m x 0.17 m). Each microplot constituted
an experimental unit and contained five 0.17 m
long sowing lines (lines 1 to 5) spaced 0.176 m
apart. On lines 1, 3 and 5, we sowed an annual
(Bromus willdenowii; prairie grass; Bw) and a
perennial grass (Dactylis glomerata; orchard
grass; Dg) 1.5 cm from each other, while on lines
2 and 4, we sowed legumes (Trifolium pratense
L.; red clover) at the same distance between
seeds (Figure 1). Legume seeds inoculated with
specific Rhizobium strains were sowed with the
sole purpose of simulating a common sward under
our climatic conditions. Therefore, we did not
consider T. pratense for any analysis.



60

INTERNATIONAL JOURNAL OF AGRICULTURE AND NATURAL RESOURCES

- W N R
& AR a
—0— 0 L

0. 70

I»I:I.1TE
1}

o
<

N!l.r

0.17m
Figure 1. Schematic representation of each experimental unit. Rhombl represents grasses, and squares represent legumes.
Colored rhombi represent a sampling triplet composed of a central target plant (in black) flanked by two neighbor plants

(in gray). G = grass line and L = red clover line.

The microplots differed in the composition of
the lines of grasses according to four different
situations of intra- and interspecific competition
(each species surrounded by plants of the same or
the other species). As a result, Bw target plants
could be surrounded by Bw or Dg neighbors and
Dg target plants could be surrounded by Bw or
Dg neighbors. There were six microplots for each
combination of species: Three were fertilized,
and the other three were not (see details in Gatti
etal., 2013, 2015). Over this experimental layout,
we randomly applied a factorial array of eight
treatments: 2 species (Dg vs. Bw) x 2 types of
competition (intra vs. interspecific) x 2 levels of
winter nitrogen fertilization (0 vs. 170 kgN ha™),
designed in three complete random blocks. In all
the experimental units, we carried out phosphorous
fertilization (50 kg P ha') and supplementary ir-
rigation to avoid both P and water deficits. The
nitrate soil level recorded before fertilization
was 1.86 ppm =+ 0.53. Nitrogen fertilization at
170 kg N ha'! was carried out on July 19, which
coincided with the first harvest date. The average
temperature during the experimental period was
11.77 £ 2.78 °C, with minimum and maximum
daily averages of 6.4 and 18.9 °C, respectively.

The experimental period covered both the early
establishment stage and the late establishment stage
of the pasture, the latter coinciding with the active
vegetative growth of the species. The effects of
competition for resources, directly related to the
vegetative development of plants, are expected to
be especially evident in the second stage (Lemaire
& Millard, 1998). To observe tillering dynamics,
biomass partitioning and competition intensity,
we performed harvests on different dates: July
19 (53 days after sowing [das] and immediately
before nitrogen fertilization), August 25" (90
das and 37 days after fertilization [daf]) and
September 13™ (109 das and 56 daf). This first
harvest corresponds to fertilizer application at
a rate of 170 kg N ha’', an application rate that
usually allows a linear response in most C, grass
species of the Humid Pampa (Fernandez Greco
et al., 1995). At 53 das, plants had one to three
tillers per plant and five to six leaves on the main
stem, a size corresponding to the beginning of
the plant establishment phase (Ries & Svejcar,
1991; Sanderson et al., 2002). The number and
length of expanded and growing or expanding
leaves were monitored weekly on three tiller
age cohorts: The main tiller and the largest ones
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that appeared 20 and 30 days after fertilization
(20-daf and 30-daf tillers, respectively), i.e., 50
and 60 days after emergence (50-dae and 60-dae
tillers, respectively) (Gatti et al., 2013). The data
were recorded at the beginning of the reproductive
period of Bw (13 September; 85 d after emergence
and 56 daf) because competition for resources is
considered to be directly linked to the vegetative
development of plants (Lemaire & Millard, 1999).
After fertilization on the central grass row of the
mini-sward, data were collected to avoid border
effects from external grass rows in a sequence of
three central individual plants. The target plant
on which the measurements were taken was the
one marked and flanked by two grass neighbors.
We did not expect a border effect of the rows with
legumes owing to their very low initial growth
and plant biomass in the experimental period with
a low mean daily temperature (see Figure 1; see
details in Gatti et al., 2013, 2015). On each day,
we measured the tiller density, aerial biomass
and root biomass (after washing the roots very
carefully to remove the excess soil) of the target
plants. The root system of the plants was manu-
ally excavated to > 20 cm depth; the surrounding
soil was carefully removed, and then the roots
were rinsed with water (Fang et al., 2012). We
performed all biomass measurements after dry-
ing the different fractions (aboveground organs
and roots) in an oven at 65 °C for 48 hours (more
details are provided in Gatti et al., 2013, 2015).

To quantify the intensity of competition, we used
the relative interaction intensity index (RII; Armas,
2004). This index is calculated as the difference
between the biomass of a given species A when it
grows accompanied by another species B (AB) and
the biomass obtained when A grows accompanied
by plants of its own species (AA), divided by the
sum of both values (RII= (AB-AA)/(AB+AA)).
Therefore, when A reaches an RII greater than
zero, then B has a facilitating effect on A, while
when A has a negative RII, B has a competitive
effect on A. Among the several indices developed
to quantify the magnitude of competition, the RII
has been documented as the most suitable index

for the analysis of plant interactions. It ranges
between +1 and -1, it is symmetrical around zero
with identical absolute values for competition and
facilitation, its sampling properties are known
and accurate, and it is safe to use in statistical
and mathematical operations because it is linear
and does not have discontinuities within its range
(Armas et al., 2004).

We analyzed biomass and tiller density data with
a two grass target species X two grass neighbor
species x two fertilization levels factorial ANOVA
and RII data with a two species x two fertilization
levels factorial ANOVA, both with a repeated
measures array, to analyze the differences among
dates and a significance level of 5%. When we
detected significant interaction effects, we used
Tukey’s test to make post hoc comparisons among
means. We assessed all traits for normality using
the Shapiro—Wilk test. We used the statistical
package Infostat (Di Rienzo et al., 2008).

Results
Tillering and biomass partitioning

For all the measured variables, we found a signifi-
cant interaction between date and neighbor. The
other interactions (date x neighbor, date x species)
were not significant for this variable. Independent
of the identity of the target plant, tiller density and
both above- and belowground biomass increased
during the experimental period. However, all
variables reached higher values with an annual
neighbor than with a perennial neighbor at 90 days
after sowing but with a perennial neighbor than
with an annual neighbor at the final harvest—109
days after sowing. We did not detect any effect of
fertilization, and in the case of aerial biomass, we
detected a significant species x date interaction.
Although the aerial biomass was similar between
species at the beginning of the assay, Bw tended
to produce more aerial biomass in the middle of
the period evaluated and produced more aerial
biomass at the end of the assay (Figure 2).
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Figure 2. Tiller density (g.plant”) (a, b), aerial biomass (g.plant') (c, d), and root biomass (g.plant ) (e, f) along days
after sowing in target plants of Bw (squares; left panels: a, c, ¢) and Dg (circles; right panels: b, d, f) with different
neighbors (red: Bw; blue: Dg). For each variable, we inserted the values of F only for the factors with significant effects
(**: p<0.01; *: 0.01<p<0.05). Different lowercase letters within each graph indicate significant differences among the 12
means represented in both panels of each variable (p< 0.05; Tukey’s test). Different capital letters over the panel indicate
significant differences between species for each date (p< 0.05; Tukey’s test).
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Competition intensity

We found a significant species X date interaction
for all the variables we studied. At the beginning
of the establishment phase (53 and 90 das), Bw
presented negative RII values, and Dg showed
positive RII values. This indicated that both Bw
and Dg produced more when they were surrounded
by Bw than when they were accompanied by Dg
neighbors. These positive effects of Bw on aerial
biomass (at 90 das; Figure 3c) and root biomass (at
53 das; Figure 3d) were significant and tended to
be significant for the other two variables analyzed
(root biomass and aerial biomass). In contrast, at
the end of the establishment phase, the annual
neighbor tended to have the expected negative
effect on both species for all the variables studied.
This last effect was more significant for tiller
density and aerial biomass than for total biomass
and root biomass (Bw-positive vs. Dg-negative
RII values; Figure 3). In all cases, we refer to a
tendency when statistical analysis went through
“a” to “ab” instead of those variables that went

from “a” to “b” (or vice versa).
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Discussion

As formerly shown by Gatti et al. (2013, 2015),
toward the end of the early establishment period
(109 days after sowing), the more competitive
annual neighbor tended to have negative effects
on the growth of both species. However, unexpect-
edly, the more competitive annual neighbor had no
effect—and even had some beneficial effects—at
the earliest moments of the establishment phase.
These results suggest that while plants grow in
an open canopy, i.e., with minimal competition,
an annual neighbor could promote an increase in
the tiller density and growth of plants, regardless
of their identity. However, after this early stage,
as resources become scarce, the competitive
effects of annual neighbors predominate. This
effect may suggest a temporal change in the ef-
fect of the annual species, from a facilitative to
a competitive effect.

In natural herbaceous communities, sometimes

there is facilitation during the establishment
phase because vegetation generates a favorable
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Figure 3. Relative intensity index (RII) for a) tiller density, b) total biomass, c) aerial biomass and d) root biomass for the
annual (red symbol: Bw) and perennial (blue symbol: Dg) species. For each variable, we inserted the values of F only for
the factors with significant effects (**: p<0.01; *: 0.01<p<0.05). Different letters indicate significant differences among the
12 means represented in both panels for each variable (p< 0.05; Tukey’s test). For each variable, the RII was calculated as
(mixture-monoculture)/(mixture + monoculture) (Armas, 2004).
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microclimate for the germination and establish-
ment of new seedlings (Ganade & Brown, 2002).
However, as time progresses, the recruitment
of new individuals tends to cease because the
availability of resources is reduced, in part by
the resource consumption of formerly facilitative
individuals (Ganade & Brown, 2002). This would
imply a change in the role of facilitation along
a stress gradient (Scheffer, 2009; D’Odorico et
al., 2007). However, only a few experiments have
shown the existence of these patterns, in which
“a competitive enemy becomes a friend” (Levine,
1999) or vice versa, as occurred in our study.

Few antecedents of such facilitative effects were
found between cultivated grass forage species.
One of the exceptions was the study conducted
by Skinner (2005), who examined the emergence,
mortality, and early growth of four forage species
commonly found in temperate northeastern U.S.
pastures: two drought-tolerant species [‘Penlate’
orchard grass (Dactylis glomerata L.) and ‘Viking’
birdsfoot trefoil (Lotus corniculatus L.)] and two
drought-sensitive species [‘Basion’ perennial
ryegrass (Lolium perenne L.) and ‘Will” white
clover (Trifolium repens L.)]. In most cases, there
was a negative effect of neighbors on survival,
as evidenced by a negative relationship between
mortality rate and distance to the nearest neigh-
bor. However, in a dry year, perennial ryegrass
mortality decreased as the distance to the nearest
neighbor decreased, suggesting that survival was
facilitated by the presence of neighbors.

Although our results cannot be extrapolated to
all the annual/perennial pairs of forage species
or even to all the environmental conditions, they
show a potential very early facilitation effect of
annual grasses in the establishment phase of pas-
tures. We hypothesize that this slight facilitative
early effect of annual perennial grasses would be
related to the reduction in the minimal tempera-
tures generated by a canopy higher and denser
than that of perennial species (Benech-Arnold et
al., 1988). In the future, it could be interesting to
evaluate what happens with other pairs of annual

and perennial species that are commonly used in
humid regions, such as annual ryegrass (Lolium
multiflorum) and tall fescue (Festuca arundina-
cea), respectively.

Conclusions

This work suggests that when designing pastures,
a moderate initial density of annual species, ac-
cording to the densities used in the present study,
not only increases the production in the first cold
season but could also have an initial facilitating
effect. However, more research should be con-
ducted to analyze the grade at which the initial
density of annuals must be decreased to minimize
the subsequent inhibitory effect on perennials.
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Resumen

A. Lavarello Herbin, M. L. A. Gatti, y R. A. Golluscio. 2024. ; Cémo afecta la vecindad de
especies anuales o perennes a los primeros cien dias del establecimiento de las gramineas?
Int. J. Agric. Nat. Resour. 57-67. Las gramineas anuales y perennes pueden desempeiar
un papel estratégico en el aumento de la sostenibilidad de los sistemas ganaderos de zonas
templadas. Sin embargo, el impacto de la competencia entre especies forrajeras genéticamente
mejoradas anuales y perennes en los pastos apenas ha sido estudiado. En este trabajo evaluamos
la dindmica temprana del macollaje y la particion de carbono y la competencia intraespecifica
¢ interespecifica en, o entre, una especie de pasto C, anual (Bromus willdenowii; pasto de la
pradera; Bw) y perenne (Dactylis glomerata; pasto de huerto; Dg). Sembramos 24 microparcelas
de 0,18 m? en mayo de 2008. Cada microparcela constituy6 una unidad experimental y contenia
cinco lineas de siembra espaciadas 0,175 m entre si. En tres de las lineas sembramos diferentes
combinaciones de las gramineas mencionadas, mientras que en las dos lineas intermedias
sembramos trébol rojo (7rifolium pratense). Aplicamos aleatoriamente un conjunto factorial de
ocho tratamientos: 2 especies (Dg vs. Bw) x 2 tipos de competencia (intra vs. interespecifica) x 2
niveles de fertilizacion con nitrégeno invernal (0 vs. 170 kg de N ha''), disefiado en tres bloques
completos al azar. La fertilizacion no tuvo ningin efecto significativo en ninguna especie. El
periodo de evaluacion tuvo una duracion de 109 dias después de la siembra (dds), separados en
tres fases (0-53 dds, 59-90 dds y 90-109 dds). Las variables registradas fueron biomasa aérea
(hojas, laminas y material senescente), biomasa de raices y densidad de macollos por especie.
Como se esperaba, Bw inhibi6 el crecimiento de Dg en la tiltima etapa de establecimiento, pero
sorprendentemente lo promovi6 en la etapa mas temprana. Este trabajo sugirié que una baja
densidad inicial de una especie anual deberia optimizar el efecto facilitador inicial de la especie
anual sobre la especie perenne con su posterior efecto inhibidor.

Palabras clave: Bromus willdenowii, cebadilla criolla, competencia, Dactylis glomerata,
facilitacion, pasto ovillo.
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