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Grasslands are the main source of feed for cattle in Argentina. Standing dead biomass accumulation
threatens efficient resource use. The effect and timing of high impact grazing by cattle as a management
tool to remove excess standing dead biomass was studied in grasslands of North Eastern Argentina. High
impact grazing (HIG) was introduced monthly on adjacent paddocks over the course of the year and
its effects were studied for 12 months following the treatment. Dynamics of biomass re-growth and

Keywords: accumulation of green and standing dead biomass were studied. HIG generally improved the green to
Cattle . ; . . Lo

Grazing management total biomass ratio and reduced the overall biomass in the paddocks. Strong seasonal dynamics in the
Herd effect biomass growth rates strongly influenced the effects of timing of the HIG. All sub-plots subjected to HIG
Standing dead biomass showed a growth pattern anti-cyclic to control, with an active growth phase during autumn when the
Trampling biomass in the control sub-plots decreased. Best results in terms of standing dead biomass reduction

and dead to green biomass ratios were achieved after HIG in winter. HIG in autumn, however, reduced
fodder availability and reduced next year’s grassland’s productivity. We propose strategically (carefully)
timed HIG not only as an alternative method to reduce standing dead biomass, but also as a pathway to
sustainable intensification by providing green forage at levels equal or even higher than those achieved
under continuous traditional grazing.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Regular disturbances such as fire and continuous grazing have
shaped Argentina’s grassland structure (Carnevali, 1994). In the
northern province of Corrientes, having a strong tradition of cat-
tle ranching, net primary productivity (NPP) of C4 grasses is high
in summer but relatively low in winter (Bernardis et al., 2005b;
Martin et al., 2011; Royo Pallarés et al., 2005). Therefore, farmers
stock their rangelands adjusted to the availability of winter fodder,
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which in turn results in very low stocking rates (Calvi, 2010). As a
consequence, high standing dead biomass pools build up in large
grassland areas in north-western Corrientes (Kurtz et al., 2010).
Standing biomass decreases net photosynthesis and energy capture
decreasing net production; nevertheless it accumulates annually,
independent of the season (Fidelis et al., 2013) and acts not only
as a grazing deterrent (Balph and Malecheck, 1985; Moisey et al.,
2006) but also reduces live weight gain of large herbivores through
decreased palatability and low overall forage quality (Mingo and
Oesterheld, 2009). Due to these reasons, the overall animal produc-
tion for northern Argentinean grasslands is low (Royo Pallarés et al.,
2005). Recently published data indicated that over the last 60 years
cattle live weight gain neither not change in Corrientes (Calvi, 2010)
nor or in Argentina (Elizalde and Riffel, 2014; Hidalgo and Cauhépé,
1991), suggesting that a considerable production potential of these
rangelands remains unutilized.

There is a wide range of possible treatments to reduce unpro-
ductive and low quality standing dead material. It comprises
from mechanical elimination e.g. with knife-rollers, choppers,
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mowers and plows (Adema et al., 2004), targeted weed grazing
(Frost et al., 2012), goat grazing (Lovreglio et al., 2014), and very
often the use of fire (Bernardis et al., 2008; Fernandez et al., 2011;
Toledo et al., 2014). However, both fire and mechanical options
have their disadvantages, namely increased burning risk (Fidelis
et al., 2013; Thomas, 2006), bush encroachment (Dudinszky and
Ghermandi, 2013), reduced species recruitment and weed germi-
nation (Franzese and Ghermandi, 2012), biodiversity loss (Azpiroz
et al., 2012; Podgaiski et al., 2014), soil compaction (Hamza and
Anderson, 2005; Jungetal.,2010; Schramaetal.,2013) and reduced
water infiltration (Chyba et al., 2014). Nevertheless, fire is the most
frequent and easy-to-use management tool in tropical grasslands
and savannas (Oesterheld et al., 1999; Pausas and Ribeiro, 2013).
Recently, burning has been forbidden both in Argentina (Argentina,
2009) and in the Corrientes Province (Corrientes, 2004).

High impact grazing (HIG) or the “herd effect” was proposed
as a management option for restoring and maintaining grass-
land ecosystem functions (Savory, 1983, 2005) and as a means
of improving the plant productivity (Savory and Parsons, 1980).
Although sometimes controversially discussed (Briske et al., 2013;
Teague et al., 2011), HIG has been shown to stimulate plant growth
in some grassland ecosystems (McMillan et al., 2011) and create
productive grazing lawns with high fodder quality (Cromsigt and
OIff, 2008; Hempson et al., 2014; McNaughton, 1984).

HIG has multiple effects; it removes shading by dead biomass,
including plant defoliation, nutrient removal and re-distribution
through excreta, enhancing nutrient cycling and the mechanical
effect of trampling. Although most of the aforementioned effects
and issues are known, information of HIG effects on above ground
biomass dynamics is surprisingly scarce and for some grassland
ecosystems not considered so far. Up to date, the herd effect method
generated a strong controversy in the scientific community (Briske
et al,, 2008, 2011, 2013; Dunne et al., 2011; Joseph et al., 2002).
Only few studies analysed the effects of HIG on the above ground
biomass; Jacobo et al. (2000, 2006) found positive effects of rota-
tional grazing to control standing dead material; Striker et al.
(2011) found for flooded grasslands that the Graminiods share was
increased after HIG, while the aboveground net primary produc-
tivity (ANPP) was not significantly affected. Since most grassland
ecosystems are characterized by pronounced climate seasonality,
the timing (i.e. HIG in spring, summer, autumn, or winter) will likely
affect biomass growth dynamics during the months following HIG.
If properly timed, we assume considerable shifts in green to dead
biomass ratio and rangeland productivity and thus positive effects
on animal production as well.

It has not been investigated to date if HIG could be a serious alter-
native management practice for Northern Argentinean grasslands
to control standing dead biomass and promote plant growth. The
results will be relevant for developing strategies within the concept
of sustainable land use intensification with regards to both envi-
ronmental stability and raising productivity of agro-ecosystems
(Garnett et al.,, 2013).

2. Materials and methods
2.1. Study area

The study was carried out at the Corrientes INTA Research
Station (lat 27°40'01”S, long 58°47'11”W), in the Empedrado
Department, 30 km South of Corrientes city, Capital of the Corri-
entes Province, Argentina. Mean elevation at the site is 69 m above
sealevel, and slopes are less than 0.1%. Local mean annual precipita-
tion is about 1300 mm. There is a slight seasonality of rains; most of
precipitation occurs in autumn (33% from March to May) and sum-
mer (30% from December to February) and less in spring (24% from

September to November) and winter (13% from June to August).
The average annual temperature is 21°C. The annual tempera-
ture amplitude of monthly means ranges from 25.6°C in January
to 15.5°C in July. The mean temperature during the experiment
was similar to the average mean temperature. Precipitation amount
during the experimental period varied only slightly between years,
from June 2012 to May 2013, total precipitation was 1345 mm, and
evapo-transpiration 1150 mm. From June 2013 - May 2014, pre-
cipitation was 1233 mm and evapo-transpiration 1107 mm (Fig. 1)

Soils have a sandy-loam texture and belong to the Trevifio series
(Aquic Ariudoll, Escobar et al., 1996) which covers approximately
37,250 ha in north-western Corrientes. Soils remained humid or
very humid for most of the time every year, mostly due to both,
the high precipitation and the clay layer located at approximately
40-90 cm depth (Bt horizon). The pH varied from 5.6 to 6.0, up to
7.0 to 7.4 below the Bt layer. Soil organic matter varied from 1.2 to
1.7% in the upper part, being as low as 0.3% at 90 cm (Escobar et al.,
1996).

2.2. The dominant vegetation

Dominant tussock species were paja colorada (Andropogon later-
alis Nees), paja amarilla Sorghastrum setosum (Griseb.) Hitchc. (ex S.
agrostoides Speg. Hitchc.) and Paspalum plicatulum Michx. Among
grass bunches, other short grasses develop, pasto horqueta (Pas-
palum notatum Fliigge), Axonopus affinis Chase, Eleocharis nodulosa
(Roth) Schult,, E. viridans Kiik. ex. Osten. and Leersia hexandra Sw.
are the most frequent grass and grass-like species. Legumes are
rather infrequent, with Desmodium incanum DC. being the most
widely spread perennial legume and Vicia epetiolaris Burk. being
the annual most frequent species growing and flowering in late
winter and spring (Vanni and Kurtz, 2005).

2.3. Experimental layout

The experiment was established on a 24 ha natural grassland
area which is part of the research facility of the Institute of Techni-
cal Agriculture (INTA) Corrientes. Before, the area was traditionally
managed with continuous grazing at an intensity of 0.5 animal
units per ha. Four adjacent paddocks of 6ha each were sepa-
rated with permanent electric fences. Three of them were used
as replicates (R1-R3) for the HIG treatment experiment, and the
fourth paddock was defined as control with continuous grazing
with no HIG. The HIG treatment followed a monthly sequence;
therefore each replicate paddock was divided into 12 sub-plots
of 0.5ha each, used for monthly HIG. The experiment started in
July 2012, when the first sub-plot (50m width, 100 m length)
was enclosed with mobile/temporal electric fences and subjected
to three days of HIG. For that purpose a mixed 75-animal herd
of Braford, Hereford, and Brahman cattle breeds was used, rep-
resenting an instantaneous grazing intensity of 150 animalsha~!
(approximately 30,000 kg of animal biomass ha~1). During the first
day the herd was allowed to graze ad libitum and the second
day the cows were moved/driven around within the sub-plot to
ensure an impact as homogeneous as possible until all vegetation
was trampled down. After HIG, the mobile sub-plot fences were
removed and the HIG herd was driven to the remaining two 6 ha
paddocks to carry out the HIG at the particular sub-plots. All four
6 ha paddocks were continuously grazed throughout the exper-
iment with 3 non-lactating cows each, to resemble the average
stocking rate of 0.5 animal unitha~! in Corrientes Province (Calvi,
2010; Kurtz and Ligier, 2007). These cows were also crossbreeds
Braford, Hereford, and Brahman. According to mean temperature,
monthly precipitation, daily reference evapo-transpiration and rel-
ative humidity the impact month were classified to represent an
annual season namely spring (September, October, November),
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Fig. 1. Monthly climate patterns and seasons from INTA Corrientes meteorological data, period 1968 to 1998 (upper right) and during the experiment from 2012 to 2014
(bottom right). The dotted line indicates mean air temperature (°C). White bars indicate reference monthly evapo-transpiration and black bars depict monthly precipitation

(mm).

Table 1

Monthly climate variables which define the seasons in the study area, calculated from INTA Corrientes meteorological data, period 1968 to 1998.

Season Monthly mean temperature (°C) Monthly Precipitation (mm) Daily evapo-transpiration (mm) Monthly relative humidity (%)
Months

Winter 16.1(0.7) 50.8 (14) 1.7 (0.5) 41.9(3.2)
June, July and August

Spring 21.3(2.5) 104.7 (41.3) 3.9(0.8) 47.2 (44)
September, October
and November

Summer 26.4(0.7) 138(24.7) 5(0.2) 52.3(3.2)
December, January
and February

Autumn 21.4(3.4) 150.4 (44.2) 2.6(0.9) 47.1(0.7)

March, April and May

summer (December, January, February), autumn (March, April,
May), and winter (June, July, August) (Table 1, Fig. 1).

2.4. Biomass sampling

Aboveground biomass was harvested completely at two 1 m?
sampling areas per sub-plot near the ground level. Aboveground

biomass was sampled every month between February 2013
and June 2014 and separated into green and dead material.
Monthly biomass re-growth was measured using two protec-
tive cages per sub-plot. The cages were placed onto the freshly
cut m? of the particular sub-plot and harvested the next
month. The plant material was oven-dried at 75° until constant
weight.
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2.5. Statistic analysis

We analysed the effects of HIG applied every month compared
to the control areas without treatment. The experiment was set up
as a randomized block design with three repetitions (R1-R3). For
biomass comparison, a linear mixed model for repeated measures
using maximum likelihood (REML) in time with independent het-
eroscedastic errors was used for biomass. Months of harvest were
considered as the fixed effects. For the random effects, sub-plots
were declared as the stratification criteria, so that it was explicitly
stated the correlation of measured data coming from the same sub-
plot. The model takes into account the month of data acquisition
order, as harvest time was equidistant, the structure corAR1 was
applied (Piepho et al., 2004). Different biomass fractions were ana-
lysed, monthly biomass re-growth (BRG), standing green biomass
(SGB), standing dead biomass (SDB) and standing total biomass
(STB) as dependent variables. The comparison of means was tested
when a significant F-value was achieved; then the least significant
difference (LSD) post hoc analysis was applied. To explore how the
time after seasonal impact influenced the biomass pools accumula-
tion, we used a set of models using the different biomass fractions
(BRG, SGB, SDB and STB) as dependent variable and months after
high impact grazing (MAI) as independent variable. Statistical sig-
nificance of all tests was p <0.05, if not stated differently. We used
the software InfoStat (v.2014) for the statistical analyses. The cows
where weighed before and after the experiment. Analysis of vari-
ance (ANOVA) was used to analyse the treatment effects on live
weight gain.

3. Results
3.1. Biomass dynamics

Compared with the control area, HIG had no effect on monthly
biomass re-growth (BRG) (Fig. 2). There was no interaction between

the harvest season and the HIG treatment (p=0.2898). However,
season significantly influenced BRG (p <0.0001), i.e. winter showed

the lowest monthly re-growth (30 gm~2), while growth rates in
summer (73 gm~2), autumn (64 g m~2) and spring (60 g m~2) were
significantly higher.

Fig. 3 shows the standing biomass (STB) dynamics of HIG treated
sub-plots subdivided by impact timing (winter, spring, summer,
autumn) and control sub-plots harvested during the whole 23-
month sampling period. We found no seasonal effects on the
residual biomass after trampling (Fig. 3). Our calculations indicate
that on average the instantaneous effect of HIG reduced the stand-
ing green and dead biomass by 95% (£1%), measured STB before and
after HIG showed that it was reduced from 1970gm~! in spring,
from 1680 gm~! in summer, from 1770gm~"! in autumn and from
2370gm~! in winter to approximately 100 g m~!. Over the entire
experimental period STB was significantly lower at the different
HIG treatments (Fig. 3).

STB dynamics at the control sub-plot followed a seasonal pattern
with clear maxima in November and December and minima from
April to August but always above 1000 g DM m~2. HIG sites showed
a STB between 200 and 800 gDM m~2. Active growth phases for
both control and HIG were observed from September to January
(spring and summer); thereafter total biomass of the control
sub-plots decreased by about 40% in the period from February
to August (autumn and winter). In contrast, sub-plots under HIG
independent of the impact timing, showed an extended growth
period in autumn, from February to June. With exception of the
HIG in autumn the STB increased by 850 gm~2, while the control
lost biomass or stagnated at roughly 1000 g m—2.

3.2. Impact timing

Fig. 4 shows the biomass dynamics after HIG in spring, sum-
mer, autumn and winter. The figure shows total and standing dead
biomass of HIG treated and control sub-plots over a period of 13
months; where the difference between the two curves, represents
the amount of green biomass in the respective sub-plots.

HIGyinter resulted in two growth phases with one strong
biomass increase in spring and the other one in autumn (Fig. 4a).

160
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401 | —e— Monthly re-growth in HIG plots
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Fig. 2. Grassland dynamics, monthly re-growth in control and in the high impact grazing (HIG) sub-plots. Al variables expressed in gm~2. Error bars indicate the standard

error of the means (p<0.05).
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June, July and August) measured at the particular month. For better comprehension biomass dynamics of control was eye fitted (dotted line).

In contrast we found only one active growth phase in spring for
the control site. The STB accumulation in spring was faster after
HIG,yinter compared to the control (slope b=258 gm~2 vs. 196 g m~2
month), as shown by the slope of the regression of STB over time,
representing the growth rate (Fig. 4a). While the second growth
phase at HIGyinter increased the aboveground biomass by around
500gm~2, the control sub-plots lost dry matter between 300 and
400gm~2.

HIGgpring triggered an extended active growth phase
into autumn with increasing aboveground biomass (up to
1000 g DM m~2) until seven months after impact (Fig. 4b). During
the same time the control sub-plot showed decreasing biomass
from 1500 to 1000gm~2. 10-12 months after the impact both
control and HIGgp,i,; resumed growth again during the following
spring. Through the year the largest share of the biomass in the
control was of very low quality with SDB varying from 62 to 84%
compared to 34 to 74% in the HIG sub-plots. Moreover, SGB was not
significantly different (277 gm=2 vs. 252 gm~2) between control
and HIG sub-plots, respectively.

HIGsummer also promoted growth, the first growth phase during
the autumn (this phase was again absent in the control sub-plots
where STB showed a negative trend) and a second one in spring.
The autumn growth phase resulted in a sharp increase in STB
(b=137.1 gm~2 month), which peaked at about 800 g m~2 (Fig. 4c).
The second growth phase, in spring, started in September and
occurred in both, HIG and control sub-plots.

The HIG,ytumn did not trigger a second active growth of biomass
in the year but resulted in an extended growth phase from
September to March in parallel with the control sub-plots. Dur-
ing this period, STB accumulated from about 1000 g m~2 to about
1400gm~2 in the control sub-plots and from about 300gm~2 to
about 700 g m~2 in the HIGaytumn sub-plots (Fig. 4d). Across all sea-
sons the absolute amount of green standing biomass in the HIG
sub-plots matched in most cases the amount of green biomass in
the control sub-plots. In addition, due to a much higher accumu-
lation of SDB in the control sub-plots the share of green biomass
was higher in the HIG sub-plots for as at least as long that one year
after the HIG (Fig. 5). Green biomass share of the control sub-plots

was highest during summer with a peak value of around 30% of
the total biomass. For most parts of the year, the share of green
biomass was lower and fluctuating roughly between 20 and 25%. In
the HIG sub-plots the share of green biomass peaked once or twice
depending of the HIG season and reached values of up to 60% of the
total biomass. Throughout the year the proportion of green biomass
in the HIG sub-plots was on average 20% higher than in the con-
trol sub-plots. In combination with the generally lower amounts of
total biomass in the HIG sub-plots, the available biomass was better
more palatable and more easily accessible to the cows in the HIG
sub-plots.

4. Discussion
4.1. The effect of high impact grazing on grassland dynamics

The monthly vegetation re-growth showed a clear seasonal
pattern, which is typical for C4 dominated grasslands, where
low growth rates coincide with periods of low temperature and
low radiation (Knapp and Medina, 1999; Martin et al.,, 2011;
Otztiirk et al., 1981; Royo Pallarés et al., 2005). The accumu-
lated biomass re-growth was barely 8% higher in the control
sub-plot (857 gm~2) compared to the HIG sub-plots (791 gm2).
Neither over-compensatory growth as reported by McNaughton
(1979, 1983) nor a reduced productivity following the impact was
observed in this study as growth rates remained similar between
HIG and control sub-plots indicating a rather resilient rangeland
in response to grazing disturbance. This could have been due to
three factors, (i) relatively more of the biomass was trampled down
instead of grazed or, (ii) the nutrient cycles were not accelerated
by the additional faeces deposition, and last but not least (iii), the
intercalary and protected apical meristems were not lost by HIG
and could recover easily after shoot removal (Heckathorn et al.,
1999).

On the other hand, we found that HIG reduced the standing
total (STB) and standing dead biomass (SDB). We can confirm that
the effects on grassland biomass dynamics depend strongly on the
season when HIG was applied (McNaughton, 1983). HIG showed a
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Fig. 5. Green proportion of the grassland biomass and time passed after HIG, which was applied in four different seasons. Exemplary months are shown, August for HIG in
winter (A), November for HIG in spring (B), January for HIG in summer (C) and March for HIG in autumn (D). Error bars indicate the standard error of the means (p <0.05).

different growth pattern anti-cyclic compared to that of the con-
trol, with an active growth phase during autumn when the biomass
in the control sub-plots decreased. The declining trend of STB in the
control sub-plots was indeed negative in autumn due to strong SDB
biomass decay, whereas the response to HIG was active tillering
that built up new biomass as most of the biomass was previously
removed or trampled down.

In the untreated control sub-plots as a result of the seasonal
growth, STB accumulated from spring to summer and decreased
approaching the end of the growing season in late autumn until the
end of the winter in August. The negative rate of STB accumulation
was not only directly related to the climatic conditions, particu-
larly to the low temperature (Long, 1999), but also, we assume
likely due to less light interception due to the shade produced by
the biomass. It is well documented that an open canopy and low
light interception is essential for high photosynthetic rates in C4
plants (Heckathorn et al., 1999; McMillan et al., 2011; Otztiirk et al.,
1981) and consequentially for biomass production (Heckathorn
et al., 1999; Pearcy et al., 1981). During autumn and winter con-
trol sub-plots suffered from a combination of high amounts of STB
shading the lower canopy leaves and decreasing temperatures. As
the decreasing temperatures affect both the HIG and the control
sub-plots equally, it is likely that the better light penetration in the
HIG sub-plots induced the active growth observed in autumn in
the HIG sub-plots improving the ratio between SGB and SDB. This
is supported by the biomass re-growth results showing a similar
growth potential of control and HIG sites throughout the year after
biomass was removed (Fig. 2).

Compared to HIG in winter, summer or spring (STB accumu-
lation between ~400 and 800gm~2), HIG in autumn produced
exceptionally low STB (~200-600gm~2) (Fig. 4d). Two major
effects may have been the cause of this. On one hand, seasonal

variations in temperature induce C4 plants to allocate resources to
below-ground organs before grasses senesce when temperatures
decrease towards winter. It is highly likely that the HIG towards
the end of the growing season in autumn impeded the allocation of
photosynthates to roots (Knapp and Medina, 1999). Therefore, the
HIG in autumn, by destroying all present biomass, interfered with
root resources allocation which translated into low growth on the
following growing season. HIG,ytumn could have been amplified by
water logging resulting in soft water saturated soil horizons (Striker
et al.,, 2011). High rainfall and low potential evapo-transpiration
during autumn indeed resulted in water-logging during HIG on
our experimental sites. Therefore HIG mainly due to trampling
during times of water-logging has likely triggered stalks injury
and serious root damage (Dunne et al., 2011; Striker et al., 2006),
responsible for the reduced growth during the next spring and even
summer.

Clearly the grasses are more sensitive to HIG in autumn, when
soils were and normally are waterlogged, but if it had been applied
in a less damaging manner at this time of year damage would likely
have been considerably less. Also in a management system only a
small part of the whole management would be receiving HIG treat-
ment at this time of year. So if different areas of the grazing whole
were subjected to HIG each year this would not be a problem.

In general, the control sub-plots offered a mixed bunch of green
and huge amounts of deterrent standing dead grass hardly acces-
sible for the cows (Balph and Malecheck, 1985; Moisey et al.,
2006). Green proportion in control sub-plots barely reached 30%
in autumn; they had, on average, only 22% green biomass (of
~800-1600 g m~2 STB) through the year. In contrast, the propor-
tion of green biomass was higher in HIG sub-plots. For example,
the share of green biomass was on average above 38% and 42% after
HIG in winter and summer, respectively (Fig. 5). Moreover, it seems
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that by removing SDB and preventing shading we also prolonged
leaf longevity (McNaughton, 1983), as was shown by the share of
green biomass in HIG and control sub-plots (Fig. 5). HIG reduced
STB by around 95%; nevertheless, seasonality and variable weather
such as wet or dry conditions altered grassland STB incorporation
to the soil. HIG under muddy conditions with water logging, led to
more biomass incorporation into the soil compared to dry condi-
tions, where biomass was trampled to the soil surface. However,
several months after HIG we did not observe any significant effects
on biomass dynamics. Finally, there was a clear trade-off; in general
less forage was harvested in HIG sub-plots compared to the con-
trol, nevertheless after HIG the grassland produced a more stable
availability of palatable green biomass throughout the year (Fig. 5).
Independently of when HIG was done and compared to the control,
the senesced grassland biomass was rejuvenated (McNaughton,
1983). Moreover, the results of the present study suggest better
foraging conditions for grazers resulting from the reduction of SDB.
The proportion of SGB (SGB/SDB ratio) should be further
explored to function as indicator for the positive effects of HIG.
Although the amount of SGB produced was less when HIG was
applied in summer or autumn compared to the winter or spring
impact, the positive effects for the winter and spring period (the
most difficult period for animal nutrition) are of higher relevance
for the overall productivity of the land use system. HIG at any
time of the year increased the SGB/SDB ratio which consequen-
tially enhanced energy capturing during winter and early spring
periods when grass growth is normally light limited by the SDB.

4.2. Implications for range management and meat production

Despite the fact that overall biomass was reduced, the amount
of palatable biomass (SGB) in the HIG sub-plots was still suffi-
cient to feed cows throughout the year. For example, during the
first three months after HIG in winter, grassland had enough green
biomass (~170kg biomassha~!) to feed 0.5 A.U. which is the nor-
mal stocking rate in the Province (considering a theoretical daily
feed intake of 12 kg dry matter or 3% of life weight of a 400 kg
cow). Nevertheless after HIG in spring, summer or autumn, the
available SGB was between 2 and 6 times more than needed at
that stocking rate. On the other hand, control sub-plot produced
4-10 times the amount of green biomass at that stocking rate, but
was barely accessible due to the huge volume of deterrent SDB.
Even though not conclusive, our results clearly show that cows’
weight increased significantly more on the grasslands subjected to
HIG than on the control sub-plots. All sub-plots were constantly
grazed by cows which at the beginning had the same live weight
(232.8 kg, sd=18.3kg). Weighed again, about a year later, at the
end of the experiment cows on control sub-plots weighted 282.3 kg
(sd =19.1 kg) whereas those in HIG sub-plots gained 30% more live
weight (400.9 kg, sd =86.7, Fig. 6).

Grazing was less efficient in the control since cows probably
spent more time and energy searching for forage (Abdel-Magid
et al., 1987; Heckathorn et al., 1999). Our calculations indicate that
cows could have consumed at least 20% more biomass after HIG
than in the control (data not shown). The HIG, with monthly time
intervals and on adjacent areas, produced a combination of areas
of low, but high quality biomass and areas of high bulk but low
quality biomass, which enhanced ruminant resources utilization
(Hempson et al., 2014) and could have determined the higher live
weight gain. Reasons remain speculative, but the results are sug-
gesting either a better availability due to the less proportions of
deterrent SDB as a result of HIG, or an improved nutritious qual-
ity of the sward or both. Prior research in the region showed that
the chemical composition of different grass species was most nutri-
tious up to two months after clipping (Casco and Bernardis, 1992,
1993, 1994; Bernardis et al., 1997). Fodder quality analysis will
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reveal whether HIG was able to improve the nutrient content of
the grasses or not. Our results suggest that impact grazing in (late)
winter would result in most beneficial rangeland properties with
regard to biomass re-growth dynamics, green to dead proportions
and extended growth periods. An impact during autumn, how-
ever, could (i) significantly reduce the fodder availability during
the winter and (ii) jeopardize the next years productivity due to the
threat of serious root destruction in water logged soils unless man-
agement mitigates this impact as mentioned earlier. Our results
confirm that strong disturbances towards the end of the winter,
such as fire for example, maximally increase the share of green
biomass in the grassland (Bernardis et al., 2005a, 2008; Fernandez
etal, 2011; Martin et al., 2011).

We are aware that, further in depth studies of HIG as a man-
agement tool are needed to improve our understanding of the
plant-animal interactions and to use this potentially beneficial
quasi-natural disturbance mechanism (Cromsigt and OIlff, 2008;
Hempson et al., 2014; McNaughton, 1984) to increase resource use
efficiency and productivity of rangeland ecosystems.

5. Conclusions

We provide first hand evidence of a HIG management alterna-
tive for Argentinean ranchers in order to reduce the unproductive
and grazing deterrent standing dead biomass. HIG effect on the
biomass pools lasted for several months thereby increasing the
green to dead biomass ratio. Timing of the HIG is most important
and should consider the natural seasonal dynamics of the grassland
ecosystem. Best results in terms of standing dead biomass reduc-
tion and dead to green ratios were achieved with HIG in winter. HIG
in autumn, however, could reduce fodder availability and reduce
next year’s grassland’s productivity. Irrespectively of the season
applied HIG produced an extended growth phase which lasted until
the next autumn. This growth response has not been observed or
reported up to now for the region, and should be explored for the
potential to improve the fodder availability for cattle right at the
beginning of the winter. Dead to green biomass ratios as a result
of HIG should be further analysed to function as an indicator for
improved pasture management.

In addition our results contribute to a better understanding of
ecosystem disturbance mechanisms with potential to be used for
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enhanced rangeland management. HIG could be a valuable alter-
native for range managers seeking not only for a different method
to reduce dead biomass pools, but also working towards a sustain-
able intensification providing green forage at levels equal or even
higher than those achieved under continuous traditional grazing.
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