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Abstract. We contrasted total herbaceous ANPP and cover between various disturbance types (Control,
Burning, Shrub Control, Old Field 1, Old Field 2, Overgrazing) at a functional group (CSPG= cool-
season perennial grasses; WSPG= warm-season perennial grasses; CSAG + D= cool-season annual
grasses + dicots) and a species scale during 1984-1992. Results showed that (1) precipitation appeared to
be more important than disturbance type in determining total ANPP (CSPG + WSPG + CSAG + Dicots);
(2) CSPG made the greatest (P<0.05) contribution to ANPP and plant cover compared with that made by
the other two functional groups in all disturbance types and years; (3) the preferred, late-seral Nassella
clarazii and Poa ligularis showed a greater (P<0.05) ANPP than the earlier-seral, intermediate
Pappostipa speciosa and non-preferred Amelichloa ambigua and N. trichotoma in 23 out of 27
comparisons in the Control, Burning and Shrub Control disturbance types. In the Old Field 1, Old Field 2
and Overgrazing disturbance types, however, N. clarazii, P. ligularis, P. speciosa, A. ambigua and N.
trichotoma showed a similar (P>0.05) ANPP most of the times during 1984-1992; (4) Total plant cover of
CSAG+D was most often greater (P<0.05) than that of WSPG at the OIld Field 1 and Overgrazing
disturbances.

Keywords: aboveground net primary productivity, plant cover, disturbances, late- and early-seral plant
species, Argentina

Abbreviations: ANPP: Aboveground net primary productivity; CSPG, Cool-season perennial grasses;
WSPG: Warm season perennial grasses; CSAG + D: Cool-season annual grasses + Dicots

Plant nomenclature: Instituto de Botanica Darwinion. Access date: 13 March 2015
http://wwwz2.darwin.edu.ar/Proyectos/FloraArgentina/BuscarEspecies.asp

Introduction

Assessment of annual net primary productivity (ANPP) is important for planning
range development (Le Houérou et al., 1988). Various disturbances can produce
dynamic shifts on ANPP or total herbaceous plant cover: burning (Wright and Bailey,
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1982), control of woody vegetation using herbicides (Meyer and Bovey, 1985), removal
of woody plants (Vallentine, 1990), and overgrazing (Vallentine, 1990). Use of these
disturbances as a management tool is expected to increase the forage value of the treated
area. Despite the relative impacts of these disturbances might vary in concert with
climatic variations (e.g., precipitation: Le Houérou et al., 1988) and post-treatment
management (Gartner, 1988), no studies have evaluated the effects of any of these
disturbances on ANPP or plant cover during several years after their occurrence. Some
studies have compared the effects of (1) ungrazed lands or (2) burning or (3) woody
vegetation control using herbicides or (4) long-term undisturbed lands previously
exposed to cultivation with those of long-term, abusive overgrazing on ANPP
(Holechek, 1981; Fernandez and Busso, 1999; Moreira et al., 2012). These studies have
reported a lower ANPP and/or rangeland degradation on areas exposed to severe,
abusive overgrazing.

Several studies have reported the effects of various disturbances on vegetation cover
at a scale of individual plant species or functional groups. Fire, together with grazing
and precipitation, is a major factor in shaping plant community structure in the
Phytogeographical Province of the Caldenal, in semiarid, temperate, central Argentina
(Distel and Béo, 1996; Busso, 1997). Thousands of hectares of natural grassland are
burnt every year at the south of the Caldenal (B6o, 1990). However, the frequency of
fire occurrence has decreased notably since the introduction of domestic livestock; the
high grazing pressures altered the natural fire regimes because of the reduction of fine
combustible material (Pelaez et al., 2003). As a result, grasslands were transformed to
either shrublands or areas of unpalatable grass species for domestic livestock (Pelaez et
al., 2003). However, Distel and Boo (1996) proposed that appropriate management of
the frequency and intensity of fire could revert the processes of scrub formation and the
presence of unpalatable grasses to states with less bushes and a greater cover of
palatable perennial grasses. Several studies have reported an increase in the cover of
palatable, rangeland forage species after the shrub stratum was controlled using various
herbicides (Baker et al., 1980; Martin and Morton, 1980; Jacoby and Meadors, 1982).
Cramer et al. (2008) reported that the abandonment of traditional agricultural lands in
some areas can create old fields that require limited or no restoration. In Patagonia,
plant communities are characterized by a low vegetation cover which may range from
10% in the most arid areas to 60%. They have been used as grazing areas since the early
90’s. As reported for other ecosystems, grazing causes an overall reduction of plant
cover through the decrease in cover, or eventually the extinction, of palatable grass
species (Schlesinger et al., 1990; Bertiller, 1996). Deflation and deposition processes,
and organic matter and nutrient losses, are triggered by wind and precipitation after
grazing, thus creating large areas of bare soil (Mazzarino et al., 1998). Fernandez and
Paruelo (1993) have reported that cover of the most palatable grass species (i.e., Poa
ligularis) decreases, while that of the non-palatable grass species (i.e., Amelichloa
ambigua) increases after grazing in the Occidental District of Patagonia. These changes
are triggered by the direct effect of grazing (Sala, 1988), which may lead to plant death
in extreme cases, or by indirect effects following cover reduction, such as erosion, and
losses of soil organic matter, nutrients, and seeds that limit plant establishment
(Bertiller, 1998). The increase of the relative or absolute shrub cover, and the decrease
of the absolute cover of perennial grasses, occur as an extended process in grazed
rangelands of Patagonia (Perelman et al., 1997). These studies have determined the
benefits of using either fire or shrub control using herbicides or management of
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abandoned, previously-cultivated lands or proper grazing as management tools to
improve rangeland forage production. However, no studies have compared the relative
effects of these disturbance types occurring at the same time in determining the plant
cover of palatable rangeland species.

A major determinant of the structure and function of terrestrial ecosystems is
precipitation (Webb et al., 1983). However, the relative importance of precipitation or
disturbance type in modifying the ANPP of herbaceous vegetation has not been studied
to date. These studies are essential in arid zones where small precipitation events (<5
mm: Sala and Lauenroth, 1982) are common. For example, more than 60% of the
rainfall events (mean=1983-2000) might be <5mm at the study site of the current
research work (Paez et al., 2005).

The relative abundance of C; and C, plants can be controlled by the interaction
between precipitation and temperature (Huang et al., 2001). Liu et al. (2005)
demonstrated that increased C4/C; ratios are positively correlated with higher
temperatures. However, at sites with less than 500 g/m?, annual precipitation is more
strongly correlated than temperature to ANPP (Huxman et al., 2004).

The effects of various abiotic and biotic disturbances (e.g., drought, fire, soil tillage,
pesticide applications, herbivory) on ANPP and total herbaceous plant cover have been
assessed mostly at a plant species scale (Bedunah and Sosebee, 1995; Flemmer et al.,
2003; Pelaez et al., 2010; Kohl et al., 2014). However, research of the effects of these
disturbances on those parameters at a plant functional group scale is rather scarce. Thus,
this information is important to have a more generalized scenario on how various
disturbance types might affect productivity and total herbaceous plant cover of the
species within any of those functional groups under local climate conditions.

Poa ligularis Nees ex Steud, Nassella clarazii (Ball) Barkworth, N. tenuis (Phil.)
Barkworth, Pappostipa speciosa (Trin. & Rupr.) Romasch., Amelichloa ambigua
(Speg.) Arriaga & Barkworth and N. trichotoma (Nees) Hack. Ex Arech. are abundant
Cs perennial, native grass species (please see Table 1 for a complete species listing) in
semiarid, temperate rangelands of central Argentina (Rugolo de Agrasar et al., 2005).
These species regrow in late summer, early fall, remain vegetative during winter, and
flower and set seed in spring and early summer, when become dormant until the next
growing season (Cano, 1988) . However, the abundance of any of these species at any
one time depends, at least partially, upon grazing and fire management of the vegetation
(Busso, 1997). Various studies have determined that the late-seral N. clarazii and P.
ligularis are more competitive grass species than the earlier-seral N. tenuis, N.
trichotoma, A. ambigua or P. speciosa (Moretto and Distel, 1997, 1999; Saint Pierre et
al., 2004a,b,c; Cenzano et al., 2013). The WSPG [mostly the C, Sporobolus cryptandrus
(Torr.) A. Gray , Aristida spp.and Pappophorum vaginatum Fries] start their growing
cycle during November (mid spring), flower and produce fruits during early summer
(December) until early fall (May), when plants enter into their dormant stage. Cool-
season annual grasses and dicots [mostly Bromus hordaceus L., Schismus barbatus (L.)
Thellung, Medicago minima (L) Grufberg and Erodium cicutarium (L.) L’Herit. et Ait]
complete their life cycle within the period from fall to spring (Cano, 1988). Greater
competitive ability in various Cs or C4 perennial grass species in central Argentina has
been attributed to several traits like higher rates of nutrient uptake, root length density,
root proliferation, mycorrhizal colonization of the root system, and more often greater
relative growth rates of aboveground tissues (Moretto and Distel, 1999; Saint Pierre et
al., 2002; Saint Pierre et al., 2004 a,b; Busso et al., 2008, Torres et al., 2013). However,
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no studies have yet addressed the effects of various disturbance types on the ANPP and
plant cover of the study plant species.

Table 1. Species composition and its degree of preference by livestock on each of the study
functional groups (i.e., CSPG= cool-season perennial grasses; WSPG= warm-season
perennial grasses; CSAG+D= cool-season annual grasses + dicots).

Functional Dominant herbaceous vegetation Preference by
Nassella tenuis (Phil.) Barkworth Preferred
Nassella longiglumis (Ball) Barkworth Preferred
Poa ligularis Nees ex Steud Preferred
Jarava plumose (Spreng.) SLW Jacobs & Preferred
Piptochaetium napostaense (Speg.) Preferred
Poa lanuginosa Poir Preferred
CSPG Bromus brevis Nees ex Steud Preferred
Koeleria permollis Nees ex Steud Preferred
Pappostipa speciosa (Trin. & Rupr.) Intermediate
Amelichloa ambigua (Speg.) Arriaga & Not preferred
Amelichoa brachychaeta (Godr.) Arriaga Not preferred
Nassella trichotoma (Nees) Hack. Ex Not preferred
Sporobolus rigens (Trin.) E. Desv. Not preferred
Pappophorum vaginatum Buckley Preferred
Sporobolus cryptandrus (Torr.) A. Gray Preferred
WSPG Aristida spegazzinii Arechav. Intermediate
Aristida subulata Henrard Intermediate
Aristida pallens Cav. Intermediate
Aristida trachianta Henrard Intermediate
Bromus hordeaceus L. Preferred
Schismus barbatus (L.) Thellung Preferred
Vulpia megalura (Nutt.) Rydb Preferred
CSAG + Dicots | Lolium multiflorum Lam. Preferred
Hordeum murinum (Link) Arcang Preferred
Medicago minima (L.) Grufberg Preferred
Erodium cicutarium (L.) L Herit. ex Ait Preferred

Our objective was to compare the dynamics of total ANPP (ANPP), and total
herbaceous plant cover, between different functional groups and plant species
exposed to various disturbance types in northwestern Patagonia, Argentina. We
hypothesized that (1) CSAG + D show a greater ANPP and plant cover at sites
exposed to a severe overgrazing than at the other disturbance types, and (2) ANPP
and/or plant cover are greater (a) in the CSPG than in the WSPG and CSAG + D,
and (b) in the late-seral, more competitive N. clarazii or P. ligularis than in the
earlier seral, less competitive N. tenuis, N. trichotoma, A. ambigua, or P. speciosa
in all study disturbance types and years.
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Materials and methods
Study site

Studies were performed in the Chacra Experimental de Patagones, Buenos Aires,
Argentina (40°39°49.7”S, 62°53°6.4”W; 40 m.a.s.l.), within the Phytogeographical
Province of the Monte (Cabrera, 1976) during 1984 through 1992. Long-term (1981-
2011) mean monthly temperature and precipitation data are shown in Figure 1.
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Figure 1. Long-term (1981 to 2011) mean monthly temperatures and precipitations. Vertical
bars represent £ 1 SE of the long-term mean.

Various climatic parameters were obtained from 1984 to 1992 using a meteorological
station located at 1 km away from the study area (Figures 2 and 3).

Climate is temperate semiarid, with higher precipitations during the spring and fall
seasons (Giorgetti et al., 2000). Values for climatic variables during 1901-1950 were:
mean annual temperature: 14.6°C: absolute minimum temperature: -7.6°C (August):
absolute maximum temperature: 43 °C (January); mean annual relative humidity: 60%,
and mean annual wind speed: 13 km h™,

Soil is a typical haplocalcid, with an A horizon having a loamy-clay-sandy texture;
0.20 m deep; 1.69% organic matter; 28.7 ppm available phosphorus, 0.123% total
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nitrogen. AB,, horizon was found below 0.20 m of soil depth followed by a BCy horizon
between 0.28 and 0.43 m depth. A Ci horizon existed below 0.43 m with very scarce

roots. Average pH was 7.
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Figure 2. Seasonal precipitation during each year of the study period (1984-1992). For any
given year, each histogram represents the percentage contribution of any season to the long-
term average (1981-2011) for that season. The horizontal line (417.6 mm: 100%) indicates the
long-term average precipitation. A= Autumn; W= Winter; Sp= Spring; S= Summer.
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Figure 3. Monthly precipitation, air temperature and pan evaporation during 1984 to 1992.

The plant community is characterized by an open, shrubby stratum which includes
different-quality, herbaceous species for cattle production (Busso, 1997). Dominance of
a particular grass or shrubby species in the study region is partially dependent on
grazing history and fire frequency and intensity (Distel and B6o, 1996).
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Labour and budget constraints made replication of this study in space and time
impossible. Despite emphasis is placed on statistical differences, caution is called for
extrapolating the results of this study. These should be better viewed under the specific
conditions they were obtained.

Disturbances

Before disturbances were imposed at the study site, the plant community was
characterized (n=20 stands) by using the abundance-dominance/sociability index of
Braun Blanquet (Mueller-Dombois and Ellenberg, 1974) on 1 November 1974.
Chuquiraga erinacea (mean = 2.3), Bacharis ulicina (mean = 1.2) and Nassella tenuis
(mean = 4.4) were the species with the highest index for the shrubby, forb and grass
layers, and the community was then classified as an open shrubland of Ch. erinaea
and Condalia microphylla within a continuous herbaceous layer of N. tenuis. The
study was initiated thereafter on areas which had been previously exposed to
continuous grazing by cattle and sheep, and then exposed to different managements.
One area (20 ha) was cleared of trees and undergrowth, and cropped from 1951 until
1975. Previous to cultivation, half of this area (Old Field 1: OF1) had been exposed to
a more severe grazing than the other half (Old Field 2: OF2) because of its greater
proximity to a water source for animals. During this period, an adjacent area (95 ha)
which had not been cleared was grazed by cattle and sheep. Access of domestic
herbivores was then excluded in both areas from 1975 to 1993. However, the 95 ha
area was exposed to three different managements between December 1977 and March
1978: one site (34 ha) remained untreated (control: C), another site (37 ha) was burned
(burned: B), and herbicides (shrub control: Sc) were applied on the third site (24 ha)
for controlling shrubs. The last studied area was an adjacent site which had been
severely overgrazed (overgrazing: O) until 1981, and then excluded from domestic
herbivory until 1993.

Burning was conducted on 3 March 1978. At this time, maximum and mean air
temperatures were 23.5 and 14.4 °C, respectively, mean relative humidity was 49%,
and wind speed and dry weight of fine fuel load were 22 km h™ and 438 kg ha™,
respectively. More than or equal to 50% of plants of the shrubs Geoffroea decorticans,
Condalia microphylla, Lycium chilensis, Chuquiraga erinacea, Larrea divaricata and
Schinus fasciculatus had produced basal regrowth one year after burning. Digiuni
(1983) has already reported the chemical shrub control for this study. Briefly, an aerial
application of Tordon 213 (2 | ha™) and 2,4,5,-T (4 | ha™) was made on 29 December
1977, when mean air temperature and relative humidity were 18.7 °C and 58.0%,
respectively, rainfall was 108 mm during December, and shrubs were at the
reproductive morphological stage of development. Herbicides were very effective in
producing death or total defoliation with no basal regrowth in G. decorticans, C.
microphylla, L. chilensis and L. divaricata, and less than 50% defoliation in C.
erinacea immediately after their application. Sixteen months later, however, 80-90%
of G. decorticans and C. microphylla plants had not produced any regrowth, but the
remaining plants and those of L. chilensis, C. erinacea and L. divaricata were less
than 50% defoliated. Lack of enough manpower at the research station, however,
prevented us to study how shrubs recovered afterwards.
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Procedures

By mid-November 1978, percentage cover was determined per species within each
disturbance type (n=50) by randomly distributing 20 x 20 cm quadrats following the
canopy-cover method of Mueller-Dombois and Ellenberg (1974). Maximum
aboveground standing crop was also estimated at the Control, Old Field 1, Old Field 2,
Burned and Shrub Control disturbance type sites in 1978 (n=50), and at these and the
Overgrazed site from 1984 to 1992. In late January 1984 for the CSPG and the CSAG
+ Dicots, and late May-early June 1984 for the WSPG, plants of the species pertaining
to the various functional groups were clipped at their dormant (i.e., physiologically
inactive) morphological stage of development (Rugolo et al., 2005). In this way, this
clipping did not act as a clipping treatment, and allowed that only current year’s growth
was included in the subsequent once-a-year harvests from 1984 to 1992 (i.e., January or
May). Similar to that reported by Singh et al. (1975), aboveground standing crop [i.e.,
live + recent dead tissues (current growth’s production)] was taken as an approximation
of ANPP. No samplings were conducted during 1979 to 1983 because of economic
constraints. At harvesting time during 1984 to 1992, 30 randomly distributed,
permanent plots (0.5 x 0.5 m) were clipped to 30 to 50 mm stubble height on each
disturbance type. Herbage was separated by species, except in the 1978 sampling when
only total herbaceous standing crop was measured, and dried in a forced draft oven at
70°C until constant weight. Vegetation ANPP was then expressed on a dry weight basis.
Within the desirable annual grass or forb group, a species was separated from the
remaining total ANPP when its contribution to it was substantial. Previous to clipping
from 1984 to 1990, plant cover of the herbaceous vegetation (i.e., cool- or warm-season
perennial and annual grasses, and dicots) was also determined at a functional group
scale on 20 out of the 30 randomly distributed, permanent plots (0.5 x 0.5 m) per
disturbance type following the canopy-cover method of Daubenmire (1959).

Aboveground standing crop was measured by species and plant functional groups,
which were comprised of cool-season, Cz perennial grasses (CSPG); warm-season, Cy4
perennial grasses (WSPG), and cool-season, C; annual grasses and forbs (CSAG+D).
Annual forbs were not included in another functional group because they were just two
plant species (i.e., M. minima and E. cicutarium), and their dry matter contribution to
ANPP and plant cover were minimal. Estimates of ANPP were comprised from total
standing crop harvests in all species. Total production was then calculated by summing
up the individual plant functional group estimates. Table 1 shows the species
composition of each functional group and its preference by grazing livestock. Root
biomass was not collected or used in estimates of production.

Statistical analysis

At first, a multivariate analysis approach was conducted using the statistic of Wilks
(Wilk's lambda) (Wilks, 1932). A repeated measures analysis was made for ANPP and
plant cover between the study factors (functional groups x disturbance types) and years.
Since there was an interaction between factors and years (P<0.05), each year was
analyzed separately. Analyses were limited to annual means because seasonal analysis
were not interpretable due to our inability to quantify the intra-seasonal impacts of
carry-over soil water on ANPP, and herbaceous plant cover estimates. Standing crop
and plant cover data were analyzed using two factorial ANOVA [functional group x
disturbance types within each year]. When F tests were significant, means were always
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compared using the Tukey’s test (P<0.05). The tests of Kolmogorov-Smirnov and
Levene were used to evaluate normality and homoscedasticity assumptions,
respectively. Because of this, data (x) of standing crop needed to be transformed to log
(x+1) before analysis (Zar, 1996). Untransformed values are shown in Table 2 and
Figures 4 and 5. Data were analyzed using the statistical software INFOSTAT (Di
Rienzo et al., 2013).

Results
Precipitation

Annual precipitation across years showed a variation coefficient of 27.84% (e.g., see
Figure 2). Average precipitation during the 1984-1992 study period (473.91 mm) was
11.9% above the long-term (1981-2011) average (417.6 mm=100%: Figure 2). As a
percentage of the long-term average, annual precipitation ranged from 61.7 to 210.1%
[257.5 (1989) to 877.3 mm (1984)]. In only 2 out of 9-study years (i.e., 1984 and 1992:
Figure 2), each season precipitation exceeded the long-term average for that season.
Means of long-term (1984-1992) seasonal precipitation were 101.2, 132, 90.4, and
127.8 mm for autumn, winter, spring and summer, respectively (Figure 2). Other
precipitation features included (1) amounts of precipitation received in a single day
ranged from O mm (no rainfall during November 1988) to 95.5 mm (28 Dec 1984), and
(2) numbers of days with more than or equal to 5 mm rainfall fallen in a single day were
211 out of the 609 days with rainfall during the period 1984 to 1992. Monthly pan
evaporation was greater than monthly precipitation most of the times during 1984 to
1992 (Figure 3).

Aboveground Net Primary Productivity
Total

There was an interaction between disturbance types and years (P<0.05). Total ANPP
was higher (P<0.05) in the Old Field 1 and/or Field 2 than in the (1) Overgrazing and
(2) Control, Burning, and/or Shrub Control disturbance types during 1984 and 1985,
1987 and 1988, and from 1990 to 1992 (Figure 4). Annual net primary productivity was
lower (P<0.05) in the Overgrazing disturbance than in the Control in 1985, 1988 and
1992 (Figure 4). The lowest ANPP within each disturbance type was achieved in 1986
and 1989 on all disturbance types, except for the Overgrazing disturbance type in 1986
and 1991 (Figure 4). Also, ANPP was most often lower (P<0.05) in 1987, 1990 and
1991 than in 1984, 1985 and 1992 in the Control, Burning, Shrub Control and Old Field
1 disturbance types (Figure 4).

Functional groups

Cool-season perennial grasses showed the greatest (P<0.05) ANPP among functional
groups in all disturbance types and study years (Figure 5). The greatest (P<0.05) ANPP
of the CSPG occurred in 1984, 1985 and 1988 in the Old Field 1 disturbance type
(Figure 5). ANPP in the cool-season perennial grass functional group was lowest
(P<0.05) (1) in the Old Field 2 than on any other disturbance type in 1987, (2) in the
Overgrazing than in the Old Field 2, Burning and Control disturbance types in 1989,
and (3) in the Overgrazing than in the Old Fields 1 and 2 in 1991 (Figure 5). The warm-
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season perennial grasses showed their greatest (P<0.05) ANPP in the Old Field 2 than in
any of the others disturbance types in all study years (Figure 5). Most of the times, the
CSAG + D showed a greater (P<0.05) ANPP in the Old Field 1 and/or the Overgrazing
than at the other disturbance types (e.g., OF1 and O in 1984; OF1 in 1985, 1987 and
1992; O in 1989: Figure 5).
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Figure 4. Total ANPP (kg/halyear; CSPG + WSPG + CSAG+Dicots) in the different
disturbance types (C= Control, B= Burning; Sc= Shrub Control; OF1= Old Field 1; OF2= Old
Field 2; O= Overgrazing) during the study years (1984 to 1992). Each histogram is the mean of

n=30. Vertical bars are 1 SE of the means. Different letters to the left of the comma indicate
significant differences (P<0.05) among years within each disturbance type. Different letters to
the right of the comma indicate significant differences (P<0.05) among disturbance types within
each year.

Analysis of the temporal ANPP dynamics revealed that relatively, the lowest values
of ANPP occurred in 1986 and 1989 in all disturbance types on the three functional
groups (Figure 5).
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Figure 5. Aboveground net primary productivity (gr/m%year) of the various functional groups
(CSPG= cool-season perennial grasses, WSPG= warm-season perennial grasses, CSAG+D=
cool-season annual grasses + dicots) in the different disturbance types (C= Control, B=
Burning; Sc= Shrub Control; OF1= Old Field 1; OF2= Old Field 2; O= Overgrazing) during
the study years (1984 to 1992). Each histogram is the mean of n=30. Vertical bars are 1 SE of
the means. Different letters to the left of the comma indicate significant differences (P<0.05)
among functional groups within each disturbance type and study year. Different letters to the
right of the comma indicate significant differences (P<0.05) within each functional group in the
various disturbance types on each study year.

Plant Species

The preferred N. clarazii and P. ligularis showed a greater (P<0.05) ANPP than the
intermediate P. speciosa and the non-preferred A. ambigua and N. trichotoma in 23 out
of 27 comparisons among these species in the Control, Burning and Shrub Control
disturbance types (Table 2). In the Old Field 1, Old Field 2 and Overgrazing disturbance
types, however, N. clarazii, P. ligularis, P. speciosa, A. ambigua and N. trichotoma
showed a similar (P>0.05) ANPP during 1984-1992 with only a few exceptions (Table
2). These exceptions were (1) A. ambigua, Old Field 1, 1984, (2) N. trichotoma, Old
Field 1, 1992, and (3) N. clarazii, Old Field 2 in 1991, and Overgrazing in 1984.
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Table 2. Annual net primary productivity (g/m2) of various CSPG on different disturbance types from 1984 to 1992. Each value represents the mean
of n=30. Different letters indicate significant differences (P<0.05) among plant species within each disturbance type and study year. Plant species
are Nt= Nassella tenuis; Nc= Nassella clarazii; Pl= Poa ligularis; Ps= Pappostipa speciosa; Aa= Amelichloa ambigua; Ntr= Nassella trichotoma.

Disturbance types are C= Control; B= Burning; Sc= Shrub Control; OF1= Old Field 1; OF2= Old Field 2; O= Overgrazing.

Species 1984 1985 1986 1987 1988 1989 1990 1991 1992
Nt 25.442.5b 30.6+£3.2b 17.4+2.7 ¢ 249+54 ¢ 14.7£3.3 b 10.5+1.8 b 20.3+3.3b 23.143.5b 25.7+4.0 b
Nc 58.2+9.9 ¢ 51.2+7.6 ¢ 13.0+2.0 be 19.1+£2.9 be 28.8+4.4 ¢ 11.1£19b 23.143.8 b 23.1£3.5b 39.6+6.4 b

C Pl 31.9+59b 22.0+6.0 b 93+1.8 b 9.0+2.2 ab 13.7£3.0b 10.242.2 b 18.6+4.3 b 13.6+2.7b 27.7+5.7b
Ps 1.1£0.5 a 0.2+0.2 a 0.1+0.1 a 0.0+0.0 a 0.4+0.3 a 0.0+0.0 a 0.3+0.3 a 1.5£1.5 a 0.2+0.2 a
Aa 0.0+£0.0 a 0.0+£0.0 a 0.0+£0.0 a 0.0+0.0 a 0.0+£0.0 a 0.0+0.0 a 0.0+0.0 a 0.0+£0.0 a 0.0+0.0 a
Ntr 0.1£0.1 a 0.8+0.8 a 0.1+0.1 a 0.3+0.3 a 0.7+0.7 a 0.7+0.7 a 0.7£0.7 a 0.9+09 a 0.6£0.6 a
Nt 25.7+3.3b | 24.842.4b 12.9+19b 10.0£1.9 ab 5.6+1.0 a 3.8+0.8 ab 5.3+13 a 5.4+1.6 7.1£2.6 a
Nc 46.6£5.8¢c | 42.3+4.3 ¢ 15.242.1b 33.0+4.1 ¢ 27.0+43 b 6.7£1.0 bc 15.942.4 b 19.242.8 | 31.9+4.6 b

B Pl 24.3+4.8b | 19.4+4.7b 11.6£2.2 b 17.7+4.5b 21.3£5.0b 11.0£2.5¢ 28.5+5.5¢ 18.6+3.6 | 35.4+6.4b
Ps 0.00+0.0a | 0.0£0.0 a 0.0+0.0 a 0.0£0.0 a 0.0£0.0 a 0.0£0.0 a 0.0+0.0 a 0.0+0.0 0.0+£0.0 a
Aa 0.0£0.0 a | 0.0+0.0 a 0.0+0.0 a 0.0£0.0 a 0.0£0.0 a 0.0£0.0 a 0.0+0.0 a 0.0+0.0 0.0£0.0 a
Ntr 0.0£0.0 a | 0.0+0.0 a 0.0£0.0 a 0.0£0.0 a 0.0£0.0 a 0.0£0.0 a 0.0£0.0 a 0.0+0.0 0.0£0.0 ab
Nt 9.0+1.7 a | 17.4+£2.7b 9.7+02.0 b 10.4+2.6 ab 4.9+1.6 ab 1.5£0.5 a 39+1.5 a 3.7+1.0 58823 b
Nc 36.0+£6.8 b | 30.2+4.7 be 11.5£1.9 be 19.5+3.8 be 13.4£2.7b 32410 a 95425 a 11.843.0 | 16.5t4.1¢

Sc Pl 41.6+£5.1b | 33.0+4.8 ¢ 16.5£2.4 ¢ 28.6+4.6 ¢ 28.3+5.5¢ 13.0+2.1b 46.1£7.7b 37.8+5.8 | 42.9+7.3b
Ps 0.00+0.0a | 0.0+0.0 a 0.0£0.0 a 0.0£0.0 a 0.0£0.0 a 0.0£0.0 a 0.0£0.0 a 0.0+0.0 0.0£0.0 a
Aa 0.0£0.0 a | 0.0+0.0 a 0.0£0.0 a 0.0£0.0 a 0.0£0.0 a 0.0£0.0 a 0.0£0.0 a 0.0+0.0 0.0£0.0 a
Ntr 33+2.6 a | 3.7£3.5 a 0.4+0.4 a 0.8+0.7 a 1.1£0.9 a 0.6£0.3 a 0.6£0.3 a 1.0+0.8 2.0£1.8 a
Nt 80.2+14.0 | 105.2+19.7b 34.6+6.9 b 53.6£10.2b 36.5+6.8 b 12.6+£3.4 b 279+6.0 b 45.0+9.7 | 45.3+8.6 b

9] Nc 5.5+1.7 11.4+49 a 5.3+1.8 a 15.3+£5.4 a 13.144.5a 1.5+0.6 a 6.6+£2.1 ab | 12.9+4.2 | 18.5+5.7 a

F Pl 6.443.7 6.6+£3.3 a 4.6+£23 a 8.2+03.6 a 9.9+4.0 a 2713 a 9.5+4.1 ab | 19.8+8.1 | 21.5+8.6 a
Ps 0.0+£0.0 0.0+£0.0 a 0.0£0.0 a 0.0:0.0 a 0.0£0.0 a 0.0£0.0 a 0.0+0.0 a 0.0+0.0 0.0+£0.0 a

1 Aa 44.1+8.8 284485 a 6.9+2.1 a 17.2+6.5 a 5.0£2.6 a 27£2.0 a 18.7£11.0ab | 6.9+3.9 9.7£3.8 a
Ntr 0.0+0.0 0.0+0.0 a 0.3+0.3 a 0.0£0.0 a 0.0£0.0 a 0.0£0.0 a 0.0+0.0 a 0.0+0.0 0.0£0.0 b
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Nt 69.4+84b | 57.2+82Db 19.3£3.0b 36.9+6.8 b 24.0+4.7 b 22.3+3.7b 51.3£7.2b 492+7.2 | 35.5£5.8 b
o) Nc 40£1.8 a | 4.6£1.9 a 33+1.2 a 52+2.0 a 6.5£2.9 a 34+£1.1 a 7.4+£2.6 a 18.4+5.3 | 27.8482a
= Pl 0.0+0.0 a | 0.0£0.0 a 0.0+0.0 a 0.0+0.0 a 0.0+0.0 a 0.0£0.0 a 0.4+0.3 a 1.4£1.0 3.0+£2.1 a
Ps 0.0+0.0 a | 0.0£0.0 a 0.0+0.0 a 0.0+0.0 a 0.0+0.0 a 0.0+0.0 a 0.0+0.0 a 0.0£0.0 0.0£0.0 a
2 Aa 0.2+0.2 a | 0.0£0.0 a 0.0+0.0 a 0.0+0.0 a 0.0+0.0 a 0.0£0.0 a 0.0£0.0 a 0.0£0.0 0.0£0.0 a
Ntr 0.0+0.0 a | 0.0£0.0 a 0.0+0.0 a 0.0+0.0 a 0.0+0.0 a 0.0+0.0 a 0.0+0.0 a 0.0+0.0 0.0+0.0 a
Nt 28.7+2.8¢c | 27.4+4.8 b 8.7t1.8b 11.142.7b 42+1.1a 1.2+0.4 b 32+1.1a 2.5+1.1a | 16.2+7.6b
Nc 8.1£1.8 b 7.7£2.7 a 2.1+£0.7 a 4.1£1.3a 33+l.5a 1.0+0.5 ab 35+2.1a 2.7t1.7a | 6.6£4.0 ab
Pl 1.5t1.0ba | 1.1+1.0a 1.3t1.3a 1414 a 2.1£1.9a 0.5+0.3 ab 5.3x3.6a 3.7+2.3a | 3.5£2.5 ab
Ps 0.0+0.0 a 0.0+0.0 a 0.0+0.0 a 0.0+0.0 a 0.0+0.0 a 0.0+0.0 a 0.0£0.0 a 0.0£0.0a | 0.0+0.0 a
Aa 0.0+0.0 a 0.0+0.0 a 0.0+0.0 a 0.0+0.0 a 0.0+0.0 a 0.0+0.0 a 0.0+0.0 a 0.0£0.0a | 0.0+0.0 a
Ntr 3.6+2.1a 6.9+4.5a 0.6+0.4 a 1.4+14a 0.4+0.4 a 0.0+0.0 a 0.9+09 a 0.00+£0.0 | 1.7£1.2 ab
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Nassella clarazii showed a similar (P>0.05) or greater (P<0.05) ANPP than P.
ligularis during all years and disturbance types (Table 2). The only exceptions
occurred in the Shrub Control disturbance type during 1988 to 1992, and the Burning
disturbance type in 1990, where P. ligularis had a greater (P<0.05) ANPP than N.
clarazii (Table 2). Nassella tenuis showed the greatest (P<0.05) contribution among
all six study species in the Old Field 1, Old Field 2 and Overgrazing disturbance types
except in 7 (Old Field 1: 1990; Old Field 2: 1991 and Overgrazing: 1988 to 1992) out
of 27 comparisons (Table 2).

Plant cover
Plant Functional Groups

Except in the Old Field 2 from 1987 to 1990, the CSPG showed a greater (P<0.05)
percentage cover than the other two functional groups in all disturbance types and years
(Figure 6). In 1988, 1989 and 1990, the WSPG showed a greater (P<0.05) percentage
plant cover than the CSPG at the Old Field 2 (Figure 6). In 1984 and from 1987 to
1990, percentage plant cover was greater (P<0.05) on the CSAG + D than on the WSPG
(P<0.05) in the Old Field 1 and Overgrazing disturbance types (Figure 6). At these
disturbance types and in the Control, the CSAG + D also showed a greater (P<0.05)
percentage cover than the WSPG from 1988 to 1990 (Figure 6).

Disturbance types

Percentage plant cover of CSPG was lower (P<0.05) in the OId Field 2 and
Overgrazing disturbance types than in Control in all study years (Figure 6). Percentage
plant cover of the CSPG was greater (P<0.05) at the Shrub Control than at any of the
other disturbance types in 1987 (Figure 6). Cool-season perennial grasses showed a
similar (P>0.05) percentage plant cover at the Old Field 1 and Overgrazing disturbance
types from 1984 to 1990 (Figure 6). Warm-season perennial grasses showed the
greatest (P<0.05) percentage cover in the Old Field 2 that at any of the other disturbance
types from 1984 to 1990 (Figure 6). Percentage cover of this functional group was
greater (P>0.05) in the Shrub Control than in the Old Field 1 disturbance type during
the whole study period (1984 to 1990) (Figure 6). From 1986 to 1989, percentage cover
of WSPG was also lower (P<0.05) in the Overgrazing than in the Shrub Control
disturbance type (Figure 6). Percentage cover of the CSAG + D was greater (P<0.05) at
the Old Field 1 than at the (1) other disturbance types (but the Old Field 2 disturbance
type) in 1989, (2) Shrub Control and Burning disturbance types in 1987 and 1989, and
(3) Burning disturbance type in 1988 (Figure 6). Also, percentage cover of this
functional group was similar (P>0.05) at the Old Field 1, Old Field 2 and Overgrazing
disturbance types from 1987 to 1989, and greatest (P<0.05) at the Old Field 2 than at
any other disturbance type in 1990 (Figure 6).

Discussion

Lowest values of ANPP were achieved at the lowest values of annual precipitation
in all study disturbance types. This indicates that annual precipitation would be
relatively more important than disturbance type in determining ANPP in the study
functional groups.
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Figure 6. Total herbaceous plant cover (%) of the various functional groups (CSPG= cool-
season perennial grasses, WSPG= warm-season perennial grasses, CSAG+D= cool-season
annual grasses + dicots) in the different disturbance types (C= Control, B= Burning; Sc=
Shrub Control; OF1= Old Field 1; OF2= Old Field 2; O= Overgrazing) during the study years
(1984 to 1992). Each histogram is the mean of n=30. Vertical bars are 1 SE of the means.
Different letters to the right of the comma indicate significant differences (P<0.05) among
disturbance types within each functional group and study year. Different letters to the left of the
comma indicate significant differences (P<0.05) among functional groups within each
disturbance type and study year.
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Total Annual Net Primary Productivity

The lowest and highest total annual herbaceous ANPP were obtained in the Burned
(mean=967 kg ha™ yr*, 52% of control) and Old Field 2 (mean=3804 kg ha™ yr™, 203%
of control) disturbances, respectively, one year after treatments (data not shown). Bartos
et al. (1994) and Cook et al. (1994) reported similar results. Other studies have reported
an increased forage production after mechanical disturbances in rangelands (Griffith et
al., 1985), very likely because of the release of plant nutrients as a result of soil
disturbance (Haferkamp et al., 1993). This might be because total ANPP was higher in
the Old Field 1 and/or Old Field 2 than in the other disturbance types during most of the
study years.

The only years where all disturbance types showed a similar, low ANPP were 1986
and 1987. These years were when monthly precipitation most of the months, and total
annual precipitation, were below the long-term average. In the other years, which
showed a similar or higher annual precipitation than the long-term average, there were
significant differences among disturbance types to a greater or lower extent. This
indicates that the amount of annual precipitation imposed a greater constraint than
disturbance type to ANPP. A myriad of studies have shown decreases in total ANPP
with decreases in total annual precipitation (Walker, 1999), emphasizing that
precipitation is a major determinant of the structure and function of terrestrial
ecosystems (Webb et al., 1983).

In some years (1985, 1988, 1992), total annual net primary productivity was lower in
the Overgrazing than in the Control disturbance type. Other studies have also shown a
decrease in ANPP on grazed than ungrazed perennial rangeland grasses (Busso and
Richards, 1995).

During 1984 to 1992, total ANPP ranged from 261.2 (Control, 1986) to 2481.21 (Old
Field 1, 1985) kg ha™ yr™ (Figure 4). These values are within the range reported by
Digiuni (1983), Cano (1988) and Fresnillo Fedorenko et al. (1991) for rangelands within
the Phytogeographical Province of the Espinal, Argentina. Total ANPP was lower in
the Control than in the (1) Old Field 1 disturbance in 1984-1988 and 1991, and (2) Old
Field 2 disturbance in 1986-1988 and 1991 (Figure 4). Once again, nutrient release as a
result of soil disturbance in Old Fields 1 and 2 might have contributed to the increased
ANPP in both study Old Fields than in the Control (Haferkamp et al., 1993).

The Control and Shrub Control disturbances had a similar total ANPP between 1984-
1992, except in 1989 and 1992, when it was greater in the Control than in the Shrub
Control disturbance. Meyer and Bovey (1985) also reported that dry weight of grasses
on a rangeland pasture in east-central Texas treated with 2,4,5-T was similar to that in
untreated areas 4-17 month after treatment. In 1989 and 1990, total ANPP was greater
in the Control than in the Overgrazing treatment. Increased grazing intensity has already
been shown to decrease herbaceous standing crop in several arid or semi-arid
ecosystems of North and South America, and Australia (Archer and Smeins, 1991).

As a result of overgrazing, open, nude patches can appear between vegetation
patches in arid and semiarid rangelands of central Argentina. These open patches, where
colonies of the herbivore vizcacha (Lagostomus maximus, Chinchillidae) might
establish (Bontti et al., 1999), are ideal for the germination, establishment, and
substantial dry matter production of mostly Medicago minima and Erodium cicutarium
in wet years (Fresnillo Fedorenko et al., 1991). This might be one of the major reasons
to explain why forage production of the CSAG+D was greater in the Old Field 1 and
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Overgrazing than in the remaining disturbance types during most of the years above the
long-term average annual precipitation.

Functional groups

The greatest productivity among the study functional groups was that on CSPG in all
disturbance types and study years. Giorgetti et al. (1999) reported that plant cover of
CSPG is dominant in well-managed rangelands of arid, southwestern Buenos Auires,
Argentina. The cattle production industry in 75% of continental Argentina,
characterized by arid and semiarid areas, is based upon grazing of native vegetation
(Fernandez and Busso, 1999). Unfortunately, most of these areas have been exposed to
grazing and fire mismanagement, resulting in shrub enchroachment and the local
disappearance of acceptable perennial forage grasses for cattle grazing (Fernandez and
Busso, 1999). As a result, rangelands of central Argentina have few warm-season,
native perennial grasses that are acceptable forages to grazing livestock (i.e.,
Pappophorum vaginatum; Busso et al., 2004). This helps to explain the low ANPP of
the WSPG in most disturbance types and study years. The introduction of WSPG which
are a food constraint for grazing cattle and sheep constitutes an unsolved, critical
challenge to date in arid, northeastern rangelands of Patagonia (Torres et al., 2013). The
great contribution of CSAG to total ANPP in the OIld Field 1 and Overgrazing
disturbance types is coincident with the state-and-transition model reported by Distel
and Boo (1996). These authors stated that annuals will take over the open, nude surface
areas left between vegetated patches when range management is characterized by very
high grazing intensities and fire mismanagement. LLorens (1995) also reported that
annuals occur on highly disturbed sites on a variety of soil types.

Plant Species

The combined contribution of N. clarazii and P. ligularis to total ANPP was less or
greater than 24 or 44% in the Overgrazing or Control treatment, respectively, during
1984-1992 (data not shown). Boo et al. (1993) reported that these two grazing tolerant,
species (Saint Pierre et al., 2004 a,b; Gittins, 2011) are the most highly preferred by
cattle in semi-arid rangelands of central Argentina, and tend to disappear from the
pastures with heavy grazing.

Non-preferred perennial grasses (Table 1) were mostly confined to the Old Fieldl
(e.g. A. ambigua: Table 2) and Overgrazing (e.g., N. trichotoma: Table 2) disturbance
types. Species of this group, namely A. ambigua, A. brachychaeta and N. trichotoma
(Table 1) are indicative of previous grazing mismanagement conducive to rangeland
deterioration (Cano, 1988). A greater ANPP of A. ambigua in the Old Field 1 was
probably due to the greater proximity of this site to a water source for cattle, causing a
more severe and continuous grazing.

Nassella clarazzi and P. ligularis are among the most competitive native perennial
grasses in the study region (Saint Pierre et al., 2004b; Ithurrart, 2014). It has been
reported that non-preferred, native perennial grasses (e.g., A. ambigua), avoided by
grazing animals, have a higher tissue C/N and lignin/N ratios than preferred, native
perennial grasses (e.g., Nassella clarazzi and P. ligularis) in central Argentina (Moretto
et al., 2001). The similar N concentration on green leaves of P. ligularis than on those
of N. clarazii (Saint Pierre et al., 2004b; Moretto et al., 2013) and the lower lignin
content on leaf cells of P. ligularis than on those of N. clarazii (Moretto et al., 2001)

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 14(3): 51-75.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1403_051075
© 2016, ALOKI Kft., Budapest, Hungary



Busso et al.: Disturbance effects on herbaceous net primary productivity and cover
-68 -

suggests that grazing livestock might have a relatively greater preference of P. ligularis
than N. clarazii. This might help to explain the greater ANPP in N. clarazii than P.
ligularis most of the times. Both species have been shown to be very competitive for
soil resources (Saint Pierre et al., 2004b; Ithurrart, 2014). However, which species is
more competitive than the other one has not yet been determined.

Cultivation over 25 years must have eliminated the original vegetation in the open
shrubland with a continuous herbaceous layer of N. tenuis. After abandonment,
successful seed germination and establishment from existing seeds of N. tenuis in areas
with low interference from surrounding vegetation (Distel et al., 1992), and the very
high vegetative reproduction reported for this species (Busso et al., 1993), may help to
explain its persistence and high contribution to total herbaceous standing crop in both
Old Field treatments.

The Burning disturbance may have been severe enough to negatively affect
intermediate (i.e., P. speciosa, Table 1) and not-preferred (A. ambigua and N.
trichotoma) perennial grasses which were absent during 1984-1992 (Table 2). Boo et al.
(1996) reported very high mortality rates in P. speciosa (previously S. speciosa) after a
very severe wildfire during summer time. These authors attributed this response to the
fact that P. speciosa is not readily consumed by cattle, and accumulates old growth
which may explain the high burning temperatures. A similar response might be
expected with the other grass species of these groups because they may only be grazed
when better forage is not available (Cano, 1988), which would also allow for old growth
accumulation. Species such as P. ligularis, N. clarazii and N. tenuis have had lower
mortality rates than P. speciosa after a severe wildfire partly because they are readily
grazed by cattle and do not accumulate as much old growth around the growing points
(Bobo et al., 1996).

Cool-season annual grasses + Dicots were either absent or contributed up to
approximately 50% of total ANPP in 1989 (Overgrazing disturbance type) (Figure 5).
The contribution of the desirable annual grasses or dicots to total ANPP was usually
higher in the Overgrazing or Old Field 1 disturbance type than in others. Annual grasses
have been shown previously to increase with overgrazing in semi-arid rangelands of
central Argentina (Cano, 1988), and with soil disturbance in South Dakota (Gartner et
al., 1986). Our ANPP values for M. minima and E. cicutarium during 1984-1992 in all
treatments (Figure 5) are lower than those reported by Fresnillo Fedorenko et al. (1991)
on overgrazed and ungrazed sites of the Phytogeographical Province of the Espinal,
Argentina. Medicago minima, and to a lesser extent E. cicutarium, however, can
become major forages and an important complement of the herbivorous diet under
conditions of aridity and overgrazing (Fresnillo Fedorenko et al., 1991).

Herbaceous plant cover
Functional groups

We showed that contribution to total herbaceous plant cover was greater on CSPG
than on WSPG and CSAG+D in most of the disturbance types and study years. Volesky
et al. (2010) reported that warm-season grasses usually have less total annual production
because they do not actively grow during as much of the growing season as do cool-
season grasses in Nebraska. These authors also considered that warm-season grasses
cannot be made to grow at all during early spring and fall when soil and air
temperatures are cool. This agrees with the shorter growing cycle on WSPG than on
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CSPG in rangelands of central Argentina. The total growth cycle is from late-February
(i.e., late summer) to mid-December (i.e., late spring) for CSPG, and from mid-spring
(i.e., November) to late fall (i.e., May) for WSPG (Giorgetti et al., 2000).

Most of the times, total herbaceous plant cover of CSAG+D was greater than that of
WSPG at the Old Field 1 and Overgrazing disturbance types. These results are similar
to those reported by Digiuni (1983) who showed that desirable annual grasses [e.g.,
Bromus catharticus Vahl; B. mollis L.; Hordeum murinum L.; Lolium multiflorum
Lam.; S. barbatus; Vulpia megalura (Nutt.) Rydb.] or forbs (e.g., E. cicutarium; M.
minima) contributed up to 45% or 22%, respectively, of herbaceous standing crop on
overgrazed or abandoned fields, respectively. Annual grasses and dicots have been
shown previously to increase with overgrazing in semi-arid rangelands of central
Argentina (Cano, 1988; Distel and Boo, 1996), and with soil disturbance in the Great
Basin (Klemmedson and Smith, 1964) and South Dakota (Gartner et al., 1986).
Fresnillo Fedorenko et al. (1991) showed that the dry matter production of dicots (e.g.,
M. minima, E. cicutarium, and species of the genus Plantago, Herniaria, Capsella and
Geranium) was greater on grazed than on ungrazed sites in rangelands of central
Argentina. Species of this group (i.e., CSAG+D) are indicative of previous grazing
mismanagement conducive to rangeland deterioration (Cano, 1988). However, the
legume M. minima and the Geraniaceae E. cicutarium can become major forages and an
important complement of the herbivorous diet under conditions of overgrazing in years
when annual precipitation exceeds the long-term average (Fresnillo Fedorenko et al.,
1991). This is similar to that reported by White (1985) and Whisenant (1990) that the
standing crop of desirable annuals does positively correlate with annual rainfall.

Disturbance types

Plant cover of CSPG was greatest in the Shrub Control disturbance type in 1987.
Similarly, plant cover of WSPG was greater at the Shrub Control than at the Old Field 1
(1984-1990) and Overgrazing (1986-1989) disturbance types. Bonan (2002) reported
that control of sagebrush is a proven method to increase forage for livestock in the semi-
arid intermountain west of the United States. Sturges (1993) showed that herbicide
application virtually eliminated sagebrush throughout 20 years; productivity of grasses
more than double compared with untreated sites for the first three years following
treatment, and was still higher than untreated sites 10 to 17 years following shrub
removal. Increases from 5 to 15 times in desirable perennial grasses after herbicide
application to shrubs have also been reported by Baker et al. (1980).

Our results are similar to those of Tizon et al (2010). These authors reported the
convenience of using controlled fires for reversing processes of scrub formation to
states with more diverse and productive grassland communities. Using a fire
frequency of 7 to 8 years, Tizon et al. (2010) demonstrated a proliferation of palatable
perennial grasses at a study site of the Caldén Phytogeographical District in central
Argentina. A characteristic palatable perennial grass in the region, Nassella clarazii,
showed the greatest cover when the controlled-fire frequency was from 7 to 8 years.
Their results showed that use of intermediate controlled-fire frequencies would favor
the aerial cover of palatable perennial grasses in states that are most useful for a
sustainable cattle production.

Plant cover of CSAG+D at the Old Field 1 was either greater than that at (a) any
other disturbance type (but OF2) in 1989, and (b) the Shrub Control and Burning
disturbance types in 1987, 1988 and 1989, or similar to that in the OF2 and Overgrazing
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disturbance types from 1987 to 1989. These results are similar to those of Distel and
Boo (1996), who reported the appearance of annual grasses and dicots under extreme
conditions of land degradation in the Phytogeographical Province of the Espinal,
namely ’The Caldenal’’, in central Argentina as a result of grazing mismanagement.
Plant cover of the WSPG (1984 to 1990) and CSAG+D (1990) were the greatest at
the Old Field 2 disturbance type. Du et al. (2007) demonstrated that as community
biomass increased with time from farmland abandonment, various soil nutrients (e.g., P,
total N, organic matter, nitrate nitrogen) also increased at the same time. Thus, it is
possible that soil nutrient increases with time from farmland abandonment (i.e., Old
Field 2) might have contributed to increase plant cover of the WSPG and the CSAG+D.

Conclusions

In most study years (1984 to 1992), values for total (Figure 4) and functional-group
ANPP (Figure 5), and total plant cover (Figure 6) were disturbance-type dependent.
This emphasizes the importance of the previous-land history in determining the
subsequent values for those study variables. However, lowest values of total ANPP
were achieved in years with the lowest annual precipitation in all disturbance types.
This indicates that annual precipitation would be more important than disturbance type
in determining ANPP in the study functional groups.

Cool-season perennial grasses made the greatest (P<0.05) contribution to ANPP and
plant cover (Figures 5 and 6) compared with that of the other two functional groups in
all disturbance groups and years.

In more than 55% of the study years, ANPP of CSAG + D was greater (P<0.05) than
that of the WSPG at the Old Field 1 and/or Overgrazing disturbance types (Figure 5).
This was most likely because of the creation of nude, un-vegetated patches as a result of
abusive over-grazing in those disturbance types. Legume production at these
excessively overgrazed locations (e.g. Medicago minima) has been particularly high
during wet years in similar arid to semiarid zones (see Fresnillo Fedorenko et al., 1991).

The preferred, late-seral N. clarazii and P. ligularis showed a greater (P<0.05) ANPP
than the earlier-seral, intermediate P. speciosa and the non-preferred A. ambigua and N.
trichotoma in 23 out of 27 comparisons among these species in the Control, Burning
and Shrub Control disturbance types. In the Old Field 1, Old Field 2 and Overgrazing
disturbance types, however, N. clarazii, P. ligularis, P. speciosa, A. ambigua and N.
trichotoma showed a similar (P>0.05) ANPP during 1984-1992 with only a few
exceptions [i.e., (1) A. ambigua, Old Field 1, 1984, and (2) N. clarazii, Old Field 2 in
1991, and Overgrazing in 1984]. These results indicate that ANPP would be most likely
greater in the late-seral, preferred (e.g., N. clarazzii, P. ligularis) than in the earlier-
seral, non-preferred (e.g., A. ambigua, P. speciosa) perennial grasses under good
management conditions.
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