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Abstract

We postulate that phosphorus (P) fertilization may increase above-ground net primary productivity (ANPP) of rotationally
grazed rangelands without reducing the legume component, as does N fertilization. In doing so, we evaluated the effect of
phosphate fertilization on the production and relative contribution of legumes and grasses of native and old tall fescue (Festuca
arundinacea Schreb) grasslands; we recorded annual production, seasonal productivity, and biomass contribution of each
component. The experiment was conducted in a commercial farm located in the Flooding Pampa and managed under rotational
grazing. Treatments consisted of two fertilization programs (66 (Pgs) and 29 (Po) kg P - ha™! supplied as rock phosphate and/
or monoammonium phosphate from 1997 to 1999) and a nonfertilized control. A paddock dominated by native grassland and
another dominated by old tall fescue grassland were selected. Nine 5-ha plots were established in each paddock, and treatments
were randomly assigned. During the experimental period, from October 1998 to October 1999, total above-ground biomass
was harvested from each plot before and after each grazing period and separated into components: tall fescue, other Cs
perennial grasses, legumes, C3 annual grasses, C4 grasses, forbs, and standing dead material. ANPP of each component was
estimated during the warm (October 1998-February 1999) and the cool (March 1999-September 1999) season. In native
grassland, phosphate fertilization increased ANPP of C3 annual grasses and legumes during both the warm and the cool seasons;
therefore annual ANPP of the grassland under Pgs was 40% higher than under P,9 and doubled ANPP of nonfertilized plots.
Phosphate fertilization didn’t increase total annual ANPP of old tall fescue grassland, but it did increase ANPP of legumes
during both seasons.

Resumen

Postulamos que la fertilizacion fosforada permitiria incrementar la productividad primaria neta aérea (PPNA) de pastizales
naturales y pasturas viejas dominadas por festuca sin afectar la contribucion de las leguminosas, como ocurre cuando se fertiliza
con nitrogeno. Para ello, se comparé la productividad estacional y anual asi como la contribucién de gramineas y leguminosas
en cada recurso, con distintos programas de fertilizacién: dos niveles de fésforo (66 y 29 kg de P - ha™' adicionados como roca
fosfatada y/o fosfato monoamoénico en sucesivas aplicaciones entre 1997 y 1999) y un control sin fertilizacion. El experimento
se llevo a cabo en un establecimiento manejado con pastoreo rotativo ubicado en la Pampa Inundable, donde se seleccionaron
dos potreros, uno de pastizal natural y otro de pastura dominada por festuca. En cada potrero se establecieron 9 parcelas de
5 ha a las que se asignaron al azar los tratamientos. Entre octubre de 1998 y octubre de 1999 se coseché la biomasa de cada
parcela antes y después de cada pastoreo y se separd en: festuca, otras gramineas Cj3 perennes, leguminosas, gramineas Cj
anuales, gramineas C,, dicotiledoneas y material muerto de cada componente. Se calcul6 la PPNA durante la estacion cilida
(octubre 1998 a febrero 1999) y durante la estacion fresca (marzo a setiembre de 1999). En los pastizales naturales, la
fertilizacion fosforada increment6 la productividad de las gramineas Cs anuales y de las leguminosas en ambas estaciones. La
adiciéon de Pgg duplicdé la PPNA anual del control y superd en un 40% a la obtenida con adicion de Pyo. La fertilizacion
fosforada no increment6 la PPNA total de las pasturas viejas de festuca, pero aumenté la PPNA de leguminosas en ambas
estaciones.
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INTRODUCTION

The Flooding Pampa is a 90 000-km? region of grasslands in
the eastern portion of central Argentina. Angus and Hereford
cow/calf operation is the dominant economic activity with an
average secondary production of 70 kg meat - ha™' - y~!. The
region is characterized by a mild, humid climate with low-
fertility soils (Soriano et al. 1991). The flat relief and the
occurrence of a high water table determine frequent flooding
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events. Native grasslands are the main forage resources,
although a portion of them were replaced by mixed pastures
more than 20 years ago. As the renewal of these pastures is not
recommended because of soil restrictions, only tall fescue
(Festuca arundinacea Schreb) and tall wheatgrass (Thinopyrum
ponticum [Podp.]; Z.-W. Liu & R.-C. Wang) persist like
naturalized components.

The favorable climate condition allows sequential growth of
Cs; and C,; grasses during the cool and warm seasons,
respectively. However, forage production follows a seasonal
pattern, since maximum growth rate occurs in late spring (30—
80 kg DM - ha™' - d™ '), while minimum growth rate occurs in
winter (3-10 kg DM - ha™ ! - day '; Sala et al. 1981; Oester-
held and Le6n 1987). The shortage of forage during winter
restricts the carrying capacity of this system (Deregibus et al.
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1995). This restriction may be overcome by applying a rota-
tional grazing methodology that promotes early establishment
of annual ryegrass (Lolium multiflorum Lam.), the most
important winter annual grass of these rangelands (Jacobo et
al. 2000), or via nitrogen fertilization (Fernandez Greco and
Agnusdei 2004). Both alternatives reduce seasonal variability
by increasing winter forage production.

It is known that grassland production depends mainly on the
availability of nitrogen (N), but N fertilization negatively
affects legume cover in both cultivated and native grasslands
(Lee and Lee 2000; Aydin and Uzun 20035). In Flooding Pampa
grasslands, where legumes are a valuable but scarce component
(Jacobo et al. 2006), N addition reduces their contribution
(Bustos et al. 1998) and may cause their disappearance (Ginzo
et al. 1982).

In humid or subhumid rangelands, phosphate fertilization
drastically increases biomass production when legumes are an
important component of the community (Henkin et al. 1996;
Osman et al. 1999), lightly increases production when legumes
are a minor component of rangeland community (Nichols et al.
1990; Brockway et al. 1998), and doesn’t affect production
when grasses are dominant (Kalmbachet and Martin 1996). At
the Flooding Pampa, there is no conclusive evidence. Some
research shows that phosphorus (P) fertilization doesn’t
increase biomass production (Ginzo et al. 1982; Mendoza et
al. 1983; Costa and Garcia 1997) although legumes increase
their contribution in some cases (Ginzo et al. 1982); while other
research shows that P fertilization increases spring-summer
productivity as well as legume and winter annual grass
contribution (Collantes et al. 1998).

At ecosystem scale, addition of P is necessary to avoid net
losses of this nutrient at any sustainable stocking rate in
Flooding Pampa grasslands. Nonfertilized grasslands at low
stocking rate (0.55 AU - ha™') accrues N at rates of 3-7 kg
N -ha 'y~ ! but loses P at a rate of 0.4 kg P-ha ' -y '
(Chaneton et al. 1996). At higher stocking rates, net losses of
both N (2.2 kg N -ha™' -y ')and P (45 kgPha™' -y~ ') are
expected (Rubio et al. 1997).

Considering the foregoing, we postulate that P fertilization of
rotationally grazed rangeland may increase winter forage
production and legume contribution, allowing an increase in
the carrying capacity of the rangeland. The aim of this work is
to evaluate the effect of phosphate fertilization on the
production and relative contribution of legumes and grasses
of the principal forage resources of the Flooding Pampa: 1) the
most conspicuous native community, where annual ryegrass is
a common component, and 2) an old pasture dominated by tall
fescue. In doing so, we measured annual production, seasonal
productivity, and biomass contribution of each component,
under three different P fertilization programs.

METHODS

Study Area

The regional climate of the Flooding Pampa is temperate
subhumid with mean annual precipitation varying from
1000 mm in the north to 850 mm in the south, evenly
distributed throughout the year. Monthly temperatures range
from 6.8°C in July—August to 21.8°C in January. Because of the
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Figure 1. Monthly rainfall (mm) during the experimental period (empty
bars) and average monthly rainfall from 1988 to 1998 (black bars).

flat relief and the occurrence of a high water table, most soils
belong to the halo-hydromorphic complexes and associations
influenced by flooding (Natraquols, Natracualfs, Natralbols,
and Argialbols). Well-drained soils (Hapludols and Argiudols)
are restricted to the highest landscape areas, where pastures
and crops are cultivated. Vegetation is arranged as a complex
mosaic of herbaceous communities mainly determined by
landscape features (Perelman et al. 2001).

The experiment was carried out on a commercial farm
located at long 36°15’S, lat 60°35'W, at an elevation of 80 m
above sea level in the center of Flooding Pampa region. The
area of the farm is about 2500 ha for Angus and Hereford
cow-calf operations and breeding of a portion of calves. Native
grasslands are the main forage resources. Almost 800 ha were
replaced by mixed pastures 15 years ago, but only tall fescue
persisted. Since 1996, rotational grazing has been performed by
concentrating herds of 400-500 breeding cows (Angus and
Hereford), which sequentially have grazed a series of 10-12
paddocks with an average size of 50 ha. The average weight of
cows was 420 kg. The breeding season ran from November to
January, and calves were weaned during April (6—8 months of
age) with an average weight of 170 kg. The occupation period
in each paddock varied between 3 and 15 days, and the rest
period varied between 25 and 90 days according to the growth
rate of major forage species. Grazing intensity was high during
autumn and winter, so nearly all the available biomass was
removed in each occupation period. During spring and
summer, grazing intensity was lower to allow improving body
condition of cattle for breeding and lactation (Deregibus et al.
1995).

Rainfall was recorded monthly with a Hellman Rain Gage.
Rainfall during the study was greater than the 10-year average
rainfall (Fig. 1). Nevertheless, because of the high topographic
position of the paddocks, there was no significant flooding.

Experimental Design

Two paddocks of 50 ha were selected. One of them corre-
sponded to a native grassland dominated by Lolium multi-
florum Lam., Paspalum dilatatum Poir., Bothriochloa lagur-
oides (DC) Herter, Sporobolus indicus (L.) R. Br., Panicum
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milioides Nees ex Trin., Stipa neesiana Trin. & Rupr., Briza
subaristata Lam., Piptochaetium montevidensis (Spreng.) Par-
odi, and Danthonia montevidensis Hack. & Arechav. (B
community; Leén 1975). The other paddock corresponded to
a pasture sown 15 years ago where the main component was
tall fescue (F. arundinacea). The topographic position of both
paddocks was relatively high. Soils of both paddocks were
typical  Natracuols  (pH 5.9,  electrical ~ conductivity
0.4 mmho - cm™ ', P content 4 ppm, and N content 0.301%
in the 0-0.15 m layer). Each paddock was subdivided in 9 (5-
ha) plots, and treatments were randomly assigned to each plot.
Treatments consisted of two fertilization programs (66 [Pgg]
and 29 [P,o] kg P - ha™! supplied as rock phosphate and/or
monoammonium phosphate from 1997 to 1999) and a non-
fertilized control. The higher P fertilization program (Pg)
consisted of the application of 200 kg - ha™' rock phosphate
(RP) and 80 kg - ha~' of monoammonium phosphate (MAP)
in September 1997, 80 kg - ha~! MAP in September 1998, and
40 kg - ha™' MAP in April 1999. This program supplied 36.7,
19.2, and 9.6kg P-ha '-y ' in the successive years,
representing an overall dose of 66 kg P - ha™'. The lower P
dose fertilization program (P,9) consisted of the application of
80 kg - ha~! MAP in September 1998 and 40 kg - ha—' MAP
in April 1999. This program supplied 19.2 and 9.6 kg
P-ha 'y !in the successive years, representing an overall
dose of 29 kg P - ha™'. These P doses were determined based
on previous experimental research in these grasslands (Men-
doza et al. 1983; Collantes et al. 1998). The experimental
design was completely randomized with three replicates.

We used rock phosphate as a source of P attending to the
increasing awareness about the impact of chemical fertilizers on
the environment. This insoluble fertilizer slowly becomes
available in acid soils (pH <6.2), and is recommended for
perennial crops or forage resources that do not require
immediate availability. When rock phosphate is strategically
combined with a periodic supply of a P soluble source, this
allows a gradual increase of the P pool (Melgar and Castro
2005). Monoammonium phosphate was also applied as
a source of P. As this fertilizer contains around 11% N, total
N fertilization was 4.4 or 8.8 kg N - ha™' - y~'. Considering
that Natracuol soils in this region contain around 44 kg
NO;—N+NH,—N ha ! (Taboada and Lavado 1986; Chane-
ton et al. 1996), this low rate of N caused a negligible increase
in the mineral N soil pool. For this reason, available response
curves of forage production to N addition developed for
these grasslands don’t include N levels lower than
S0 kg - ha™' -y '. These curves show a linear response
between 50 and 150 kg N - ha™' -y~ ! with a N efficiency
use of around 23 kg DM - kg~ ! N applied. The extrapolation
of N supply of 4.4 or 8.8 kgha '-y ! using this curve
(assuming the limitation of this operation) may cause only
a negligible increment of forage production (100 or 200 kg
DM - ha™ ! -y~ !). Therefore, in this study N effects are not
considered.

Sampling and Data Arrangement

During the experimental period, which comprised a complete
growing cycle (from October 1998 to October 1999), paddocks
were grazed in November 1998, December 1998, February
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1999, June 1999, and October 1999. Total above-ground
biomass was harvested from the 9 plots (3 plots per treatment)
of each paddock before and after each occupation period. Ten
0.25-m” areas (subsamples) were randomly located and clipped
to 2 cm height on each date. Subsamples from each plot were
composited to obtain a single sample. Samples from the native
grassland were hand separated into six components: legumes,
Cs annual grasses, C3 perennial grasses, C4 grasses, forbs, and
standing dead material. Samples from the old tall fescue
grassland were separated into the same components plus the
tall fescue fraction. Samples then were oven dried at 70°C until
constant weight and weighed.

Daily above ground net primary productivity (ANPP) of
each component was estimated applying a procedure proposed
by Sala et al. (1981) that considers a standing dead biomass
term in order to reduce the masking effect of senescence in the
estimation of productivity. The difference between the accu-
mulated green biomass of a component at the end of a rest
period and the remnant biomass left after the previous
occupation period (AGB) and the difference of standing dead
biomass of this component registered between the end of a rest
period and the end of the previous occupation period (ASD)
were calculated as follows:

Daily ANPP = (AGB + ASD)/Rest period(days)  [1]
when AGB >0 and ASD >0, or
Daily ANPP = (ASD — |AGB]J)/Rest period(days) [2]

when AGB <0, ASD >0, and ASD >|AGBI.

The seasonal variation of ANPP of each component under
different P fertilization programs was compared grouping
ANPP data obtained from the rest periods during the warm
season (October 1998-February 1999) and those during the
cool season (March 1999-September 1999). Annual produc-
tion was estimated as the summation of the ANPP of five rest
periods multiplied by the duration of the corresponding period,
considering that biomass growth was negligible during the brief
occupation periods.

Statistical Analysis

As most variables showed lack of normality, the Kruskal-Wallis
test by ranks was used to analyze the effect of phosphate
fertilization on seasonal ANPP of each component and on total
above ground annual production of both the native and the old
tall fescue grasslands. Dunn’s multiple comparison test
(P <0.05) was used to detect differences among treatments.

RESULTS

Phosphate fertilization increased ANPP of C3 annual grasses
and legumes of the native grassland during both the warm and
the cool season (Fig. 2). During the warm season, ANPP of C3
annual grasses increased at higher P levels, and ANPP of
legumes increased only at the highest P level (Fig. 2A). During
the cool season, ANPP of C; annual grasses increased only at
the highest P level, and ANPP of legumes increased at any P
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Figure 2. Above ground net primary productivity (ANPP) of each
vegetation component of the native grassland during the warm (A) and
the cool (B) season under different P fertilization treatments: Py (empty
bars), P,g (light gray bars), and Peg (dark gray bars). H statistic and P
value from Kruskal-Wallis test are above each vegetation component;
letters indicate significant differences among treatments when found
within vegetation component. Vertical lines indicate standard errors.

level (Fig. 2B). Application of P did not affect ANPP of
perennial grasses (both C3 and Cy4) at any season (Figs. 2A and
2B). ANPP of forbs decreased at the highest P level during the
cool season (Fig. 2B).

In the old tall fescue grassland, the biomass of C; annual
grasses and C; perennial grasses other than tall fescue was
negligible in both nonfertilized controls and fertilized treat-
ments, so they were not plotted in Figure 3. Phosphate
fertilization didn’t change ANPP of tall fescue, but it did affect
ANPP of legumes and forbs during both the warm and the cool
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Figure 3. Above ground net primary productivity (ANPP) of each
vegetation component of the old tall fescue grassland during the warm
(A) and the cool (B) season under different P fertilization treatments: Py
(empty bars), Pog (light gray bars), and Pgg (dark gray bars). H statistic and
P value from Kruskal-Wallis test are above each vegetation component;
letters indicate significant differences among treatments when found within
vegetation component. Vertical lines indicate standard errors.

season and of C4 grasses during the warm season (Fig. 3).
ANPP of legumes increased only at the highest P level during
the warm season (Fig. 3A) and at any P level during the cool
season (Fig. 3B). During the warm season, ANPP of forbs
increased at higher P doses (Fig. 3A) but in the cool season
ANPP was highest at P,o (Fig. 3B). The highest ANPP of C4
grasses was performed at P, (Fig. 3A).

As a consequence of these responses, total annual above
ground production of native grassland under Pgs was 40%
higher than the production measured under P9 and doubled
the production obtained in nonfertilized plots (Table 1). The
most responsive component of the native grassland was C;
annual grasses (made up by almost 80% L. multiflorum),
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Table 1. Annual above ground net primary productivity (ANPP) of each vegetation component of the native grassland and total ANPP (kg
DM - ha '- y“) under different P fertilization treatments. Different letters indicates significant differences among fertilization treatments within

components (P< 0.05).

Cs perennial
P treatment Cs annual grasses grasses C4 grasses Legumes Forbs Total
Po 613 ¢ 68 1895 25 b 1290 ab 3891 ¢
Pog 1724 b 104 2062 120 b 1466 a 5478 b
Pes 4988 a 132 1312 502 a 877 b 7814 a

which increased above ground annual production almost 2-fold
under P,9 and 8-fold under Pg¢ respective to nonfertilized plots
(Table 1). Legumes (mainly Lotus tenuis) also increased above
ground annual production almost 5-fold under P59 and 20-fold
under Pgs respective to nonfertilized plots (Table 1). Pgg
affected forb production, which decreased around 50%
respective to P9 and Py. Above ground annual production of
perennial C; and Cy4 grasses did not respond to P fertilization
(Table 1).

Contrasting to the native grassland, total above ground
annual production of old tall fescue grassland didn’t vary
because tall fescue, which contributed 85% of pasture pro-
duction, was not affected by P fertilization (Table 2). However,
above ground annual production of legumes (mainly Trifolium
repens) increased almost 8-fold under P9 and 23-fold under
P respective to nonfertilized plots (Table 2). Forbs were not
registered in nonfertilized plots, but they contributed 1.7% and
2.8% in P9 and Pgg, respectively, to the annual production
(Table 2). C4 grasses above ground annual production was
higher in P,o than in P4 and Pg (Table 2).

DISCUSSION

The main result of this experiment shows that P fertilization in
rotational grazed grasslands significantly increases the pro-
ductivity of legumes and C; annual grasses when this
component preexists in the community, but it doesn’t affect
either C; or C4 perennial grass production. Therefore, the old
tall fescue grassland doesn’t increase overall production while
the native grassland dominated by the C; annual grass L.
multiflorum reaches a much higher overall production with P
fertilization. Furthermore, in both native and old tall fescue
grassland, a higher contribution of legumes is obtained with P
addition. Similar high overall production of native grassland
was obtained when N was applied at doses of 150 kg N - ha™*
or higher (Fernandez Grecco et al. 1995; Fernandez Grecco and
Mazzanti 1998).

It is usually accepted that P fertilization increases forage
production by increasing legume productivity of cultivated and

native grasslands (Henkin et al. 1996; Osman et al 1999;
Whitehead 2000). However, the increase in forage production
of around 100% in Pes (7814 kg DM - ha™ ' - y~!) and 40%
in Pyo (5468 kg DM - ha™' - y ') relative to nonfertilized
native grassland (3891 kg DM - ha™ ' - y ') reported here was
a consequence of the responsiveness of L. multiflorum, a cool
season annual grass. This species contributed around of 80% of
the primary production of C3 annual grasses, the component that
increased from 600 kg DM - ha™! - y~! in nonfertilized grass-
land to 1 800 and 4 600 kg DM - ha™! - y~! when 29 and 66 kg
P - ha™' were added, respectively. Collantes et al. (1998) also
found that P addition increased native grassland production
when L. multiflorum was an important component, but at a lower
P use efficiency (28 kg DM - ha™' -y~ ! P added) than that
obtained in our experiment (60 kg DM -ha '-y ' P
added). In contrast, when C;3 grasses were represented by
other annuals like Gaudinia fragilis (L.) Beauv. (Mendoza et
al. 1983) or by perennials (Ginzo et al. 1982), P addition
didn’t affect forage production. ANPP of perennial C4 grasses
didn’t vary significantly at any level of P fertilization,
although their relative contribution decreased from 49% in
nonfertilized treatment to 17% in Pgg, with the concomitant
increase of the ANPP of C; annual grasses. This lack of
consistent response of perennial grasses to P addition has
already been shown (Mendoza et al. 1983; Collantes et al.
1998). These results contribute to the hypothesis that L.
multiflorum would be considered as a key species of the
Flooding Pampa rangelands (Rodriguez 2004).

Several features converge to explain the responsiveness of L.
multiflorum to P fertilization in grasslands under the rotational
grazing used in this experiment:

1) L. multiflorum has a much shallower rooting system than
perennial grasses (Durand et al. 1997), which confers
a competitive advantage to absorb P from the superficial
soil horizon.

As natural reseeding is the crucial mechanism to ensure
persistence of L. multiflorum, the high P availability in
the superficial soil horizon allows seedling establishment.
In contrast, this is a minor mechanism for the persistence
of perennial grasses.

Table 2. Annual above ground net primary productivity (ANPP) of each vegetation component of old tall fescue grassland and total ANPP (kg
DM - ha™'- y‘1) under different P fertilization treatments. Different letters indicates significant differences among fertilization treatments within

components (P< 0.05).

P treatment Tall fescue C4 grasses Legumes Forbs Total
Po 7145 611 ab 20 ¢ Oc 7767
Pag 6397 1047 a 160 b 140 b 7925
Pes 7397 301 b 465 a 238 a 8343
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3) L. multiflorum exhibits a higher growth rate than other
grasses of the Flooding Pampa grassland (Cahuepé and
Hidalgo 1991; Colabelli et al. 1998; Agnusdei 1999), and
therefore a higher rate of nutrient uptake may be
expected. In fact, it exhibits higher P and N removal
rates than other species (Abe and Ozaki 1998).

4) P fertilization increases leaf elongation rates of L.
multiflorum (Ferreira de Quadros et al. 2005).

5) Rotational grazing promotes an earlier germination and
seedling establishment of L. multiflorum (Jacobo et al.
2000), and therefore biomass accumulation occurs over
a longer growing period.

As a consequence of the significant ANPP increase of C;
annual grasses under the addition of P, the seasonal distribution
of forage was modified. In nonfertilized native grassland, the
highest growing rate was around 50 kg DM - ha ' - d™' in
late spring, and the lowest was around 2.5 kg DM - ha™' - d !
in late winter, similar to those found in this community by
other authors (Sala et al. 1981; Hidalgo and Cahuépé 1991). In
Pe6, both the highest and the lowest growing rates were greater
(72 kg DM - ha™' - d~!in spring and 11 kg DM - ha~' - d!
in winter) than those of the nonfertilized native grassland. In
this way, during the cool season Pgg growing rate was 340%
higher than nonfertilized treatment, while during the warm
season Pgg growing rate was 44% higher than nonfertilized
treatment. Therefore, the distribution of forage biomass was
better balanced throughout the year, and winter forage
shortage was reduced. Although rainfall measured in March
1999 was higher than the average March rainfall (Fig. 1), and
this might have contributed to the increase of cool season
ANPP, water availability is usually not a restriction for growth
during the cool season in this region.

Native legumes of Flooding Pampa rangelands have very low
cover and little response to fertilization (Collantes et al. 1998).
However, two exotic legumes, L. tenuis and T. repens, have
naturalized in the region. Both species are frequent in these
grasslands, but their contribution to forage production is scarce
without fertilization. Previous results have been contradictory;
some authors found increase of legume cover when P was
supplied (Collantes et al. 1998), but others found decrease of
this group (Mendoza et al. 1983). In this experiment P,
increased productivity of naturalized legumes by almost 5-fold
in native and 8-fold in old tall fescue grasslands, while Pgg
increased productivity by 20-fold in both grasslands. In spite of
the significant increase in legume productivity, their contribu-
tion to total grassland production stayed low, ranging from 1%
in nonfertilized treatment to 6% under Pgs. Nevertheless, their
impact may be important considering the contribution of
biomass with high N content to the consumption of poor
quality forage, and the increase of soil N pool via symbiotic
fixation, a crucial mechanism in this grassland to maintain
a positive balance of nutrient and ensure sustainability
(Chaneton et al. 1996; Rubio et al. 1997). The response of
these legumes to P supplied by spread fertilization may be
related to several features:

1) The superficial distribution of roots of L. tenuis (Mifion
et al. 1990) and T. repens (Whitehead 2000; Scheneiter
2001) confer to these species an advantage to absorb P
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from the superficial soil horizon, respective to species
with deeper root systems.

2) As natural reseeding is an important mechanism to ensure
persistence of both legumes (Montes 1988; Scheneiter
2001), the higher availability of P in the superficial soil
horizon promotes seedling establishment.

3) Legumes are significantly favored when the concentration
of available P near the active roots increases because of
their low number of branch roots, total amount of root
material, and the low number and length of root hairs per
unit length of root, respective to grasses (Whitehead
2000).

ANPP of old tall fescue grassland didn’t vary with
fertilization because the main component, the perennial C;
grass F. arundinacea, was not affected by P addition. This result
is coincident with other experiments applying P in fescue
pastures (Maddaloni et al. 1984; Josifovich 1989). Perennial Cy4
grasses, which contributed little to old tall fescue grassland
production (4%-13%), responded inconsistently to P addition.
The superficial location of P supplied by broadcast fertilization
at the soil surface makes this nutrient unavailable to the deeper
root system of perennial grasses such as tall fescue and C,4
grasses. Furthermore, annual grasses, which would be able to
absorb P with their shallower root systems, were absent in this
grassland. In consequence, the same lack of response of
perennial grasses to P fertilization was met both in native and
in old tall fescue grasslands.

Long-term residual effects of P were reported in other native
or cultivated grasslands (Henkin et al. 1996; Quintero et al.
1997; Osman et al. 1999; Marino and Berardo 2005).
Although studies of residual effect of P in Flooding Pampa
region are extremely scarce, Collantes et al. (1998) reported
a residual effect one year after fertilization on legume cover. In
this experiment a residual effect that maintains during some
years a higher contribution of annual C; grasses and legumes in
the grasslands may be expected considering the higher P doses
included of a slow release P fertilizer (rock phosphate).

Implication for Livestock Management

In the commercial farm where this experiment was conducted,
a rotational grazing system such as that described by Jacobo et
al. (2000) was implemented in 1996 together with P
fertilization of a portion (1 500 ha) of old tall fescue grasslands
and native grasslands with high frequency of valuable forage
species. As a consequence of these practices, the stocking rate
increased gradually from 0.6 AU-ha ! in 1995 to 1.2
AU - ha™! in 1999, while meat production increased from
100 kg - ha ' -y 'in 1995 to 170 kg - ha™' - y~! four years
later. This represented a stocking increase of approximately
60% and a secondary production increase of 78%, compared
to the average stocking rate and meat production of the
Flooding Pampa region, respectively. We conclude that
combining a grazing system that promotes the earlier estab-
lishment of L. multiflorum (Jacobo et al. 2000) with P
fertilization of the Flooding Pampa native grassland allows
increased productivity and reduced winter forage shortage,
with the concomitant increase of carrying capacity and
secondary production. The increase of legume contribution
when both old tall fescue and native grassland are P fertilized
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may allow higher consumption and utilization rates by cattle
and may increase N pool of soils via symbiotic fixation. We
suggest that it is possible to achieve productivity and
sustainability goals combining rotational grazing with P
fertilization.
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