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Abstract: Pappophorum vaginatum is the most abundant C, perennial grass desirable to livestock in rangelands
of northeastern Patagonia, Argentina. We hypothesized that (1) defoliation reduce net primary productivity, and root
length density and weight in the native species, and (2) root net primary productivity, and root length density and
weight, are greater in P. vaginatum than in the other, less desirable, native species (i.e., Aristida spegazzinii, A.
Subulata and Sporobolus cryptandrus). Plants of all species were either exposed or not to a severe defoliation twice
a year during two growing seasons. Root proliferation was measured using the cylinder method. Cylindrical, iron
structures, wrapped up using nylon mesh, were buried diagonally from the periphery to the center on individual
plants. These structures, initially filled with soil without any organic residue, were dug up from the soil on 25
April 2008, after two successive defoliations in mid-spring 2007. During the second growing season
(2008-2009), cylinders were destructively harvested on 4 April 2009, after one or two defoliations in mid-
and/or late-spring, respectively. Roots grown into the cylinders were obtained after washing the soil manually.
Defoliation during two successive years did reduce the study variables only after plants of all species were
defoliated twice, which supported the first hypothesis. The greater root net primary productivity, root length den-
sity and weight in P. vaginatum than in the other native species, in support of the second hypothesis, could help to
explain its greater abundance in rangelands of Argentina.
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Root competition is the major competition form in
arid and semiarid environments (Fowler, 1986). Space
occupation in the soil, of primary importance in root
competition, depends upon root length and biomass
(Casper and Jackson, 1997). Physicochemical hetero-
geneity of soils is well known (Jackson and Caldwell,
1993). For example, water and nutrient availability,
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toxic ion concentration, water infiltration and other
factors that might affect plant growth and survival can
vary along short distances within the soil (Fitter, 1976).
Root proliferation toward small soil volumes with
favorable chemical and physical characteristics has
been shown in several species (Eissenstat and Cald-
well, 1989). These responses are mechanisms that al-
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low plants to explore more efficiently the soil envi-
ronment (St John et al., 1983).

Favorable soil microsites, free from roots, consti-
tute important areas for root competition. Rapid root
proliferation toward those soil areas may be a major
aspect in contributing to determine the competitive
ability or defoliation tolerance of a given species
(Eissenstat and Caldwell, 1989; Caldwell et al., 1991a,
b).

Some perennial grasses tolerant to defoliation can
assign assimilated carbon preferentially to re-establish
a photosynthetic canopy after defoliation at the ex-
pense of root growth (Briske and Richards, 1995).
However, maintenance of root growth after defoliation
has also been reported in species tolerant to defolia-
tion (Hodgkinson et al., 1989). A continued soil re-
source exploration is a major determinant of regrowth
after defoliation (Caldwell and Richards, 1986). Tim-
ing and frequency of defoliation may regulate carbon
partitioning to roots in several species (Dunn and
Frommelt, 1998).

Saint Pierre et al. (2002) reported a greater root
proliferation on defoliated and undefoliated plants of
the C;, cool-season, last-seral, competitive perennial
grass Nasella clarazii (Ball) Barkworth than on those
of the Cs, cool-season, early-seral, less competitive
perennial grass Amelichloa ambigua (Speg.) Arriaga
& Barkworth. Greater root invasion to disturbed soil,
free from roots, was also reported for the more com-
petitive Agropyron desertorum (Fisch. ex Link) J.A.
Schultes than for the less
doroegneria spicata (Pursh) A. Love (Eissenstat and
Caldwell, 1989). Plasticity to rapidly modify root
growth has been shown to be greater on more com-

competitive Pseu-

petitive species (Crick and Grime, 1987). A greater
uptake area (e.g., through a higher root length density)
contributes to a greater soil volume exploration and
subsequent resource acquisition in several species
(Caldwell and Richards, 1986).

Studies are available about aboveground plant re-
sponse to grazing/defoliation in natural grassland
ecosystems (Valentine, 1990). However, the below-
ground part is the hidden half of the whole story and
often missing. Therefore, comprehensive root system
studies are essential to get a complete picture of plant
responses to stress.

Cover, density and frequency values for Pappo-
phorum vaginatum Buckley have been shown to be
greater than those for other native species in range-
lands of northeastern, arid Patagonia, Argentina (e.g.
Aristida spegazzinii Arechav., A. subulata Henrard
and Sporobolus cryptandrus (Torr.) A. Gray; Giorgetti
et al., 1998; 1999; 2000a). Sporobolus cryptandrus is
also a widespread perennial grass in rangelands of
Europe (Quinn and Ward, 1969), Canada (Kilcher and
Looman, 1983), USA (Svejcar et al., 2008), and China
(Shinoda et al., 2010). Those results suggest that P
vaginatum is likely to take a greater share of the soil
resources compared with those other native species. A
greater root growth (proliferation) toward unexplored
soil areas could be a mechanism that allows P. vagi-
natum a greater abundance in the plant community. To
address this question we studied the effects of an early
and mid-season defoliation on various root prolifera-
tion parameters in the C4 native plant species P. vagi-
natum, A. spegazzinii, A. subulata and S. cryptandrus
in rangelands of northeastern arid Patagonia, Argen-
tina. Hypotheses of this study were that (1) defoliation
reduces root proliferation in the native species, and (2)
root proliferation is greater on P. vaginatum than on
the other native study species.

1 Materials and methods

1.1 Study site

Studies were conducted during 2007, 2008 and early
2009 within an exclosure to domestic livestock in the
Chacra Experimental de Patagones, Buenos Aires,
Argentina (40°39'49.7"S, 62°53'6.4"W; 40 m asl),
within the Phytogeographical province of the Monte
(Cabrera, 1976). Climate belongs to temperate semi-
arid, with higher precipitations during the summer and
fall seasons (Giorgetti et al., 2000b). Several cli-
matic parameters measured at the study site are
shown in Fig. 1.

Soil is a typical Haplocalcid. Average pH is 7, and
the soil layer depth is not a constraint factor for root
growth in the soil profile. The plant community is
characterized by an open, shrubby stratum which in-
cludes different-quality, herbaceous species for cattle
raising (Giorgetti et al., 1997). Dominance of a par-
ticular grass or shrubby species in the study region
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Fig. 1 Absolute monthly maximum and minimum, and mean
monthly air temperatures (a); mean monthly soil temperatures at
0-20 cm soil depth (b); absolute monthly maximum and minimum, and
mean monthly relative humidity (c); mean monthly wind speed
and saturation water vapor deficit (d); and mean monthly pan
evaporation and monthly rainfall during 2006, 2007 and 2008 at a
meteorological station located at the study site (e).

is partially dependent on grazing history and fire fre-
quency and intensity (Distel and Béo, 1996).

1.2 Experimental design and defoliation treat-
ments

Plants of the native species P. vaginatum, A. spegazz-
inii, A. subulata and S. cryptandrus were within a
1-hm’ exclosure to domestic livestock. During August
2007 and September 2008, tiller number per plant was
counted on each plant at the time of cylinder place-
ment and at the time of their extraction as a measure
of plant size. During the second growing period (Sep-
tember 2008), tiller number per plant was additionally
counted at the time of cylinder replacement, when the
second defoliation was imposed. Plant circumference
was measured at the time that variable was evaluated.
Since calculation of plant basal area was possible,
tiller number was obtained on a per cm?” basis. The
first defoliation (i.e., clipping) was made using scis-
sors during winter (the plant dormancy period) across
all plants to remove aftermath in 2007, before the start
of the growing season. The purpose was that only ae-
rial plant growth produced above 5-cm stubble during
the following warm growing season was used for
sampling. This defoliation did not count as a treatment
since plants were dormant at this time (i.e., aerial tis-
sues were dead at this removal time, and then it was
not the commencement of the defoliation manage-
ments). Defoliating plants while they are in a dormant
stage, with minimal physiological function, does not
influence future plant performance (Schacht et al.,
1998). Thereafter, half of the plants of all species was
defoliated twice within each of the study growing cy-
cles (i.e., the defoliation treatment was repeated for all
plants on both dates each growing cycle). During
2007-2008, defoliations were made on 5 and 11 No-
vember (mid-spring) 2007, and during 2008-2009,
they were done on 19 November and 20 December
2008 (late-spring). At the time of the defoliation
treatments, biomass was cut hanging leaves erect.
Tillers of all four species were periodically dissected
and observed under a stereoscopic binocular micro-
scope (Nikon 55162, 10x) to determine both the de-
velopmental stage and height of the apical meristem.
As a result, actively growing meristems (intercalary
and leaf primordia in the growth apex) remained on
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the plants after the defoliation events. The height of
the apical meristem from the stem basal area was
5.840.9 mm (n=15) in 2007, and 2.7£0.4 mm (n=15) in
2008 on undefoliated tillers of the native species at the
time of defoliations. The other half of the plants re-
mained undefoliated during the active growth period.
However, these plants were defoliated in the winters
of 2007 and 2008 (i.e, a period during the dormancy
developmental morphology stage), and in falls of
2008 and 2009, respectively, so their biomass was the
forage accumulated during each growing season. De-
foliation treatments were delayed in the second grow-
ing cycle because of a lower rainfall during September
to December in 2008-2009 (62 mm; i.e., a smaller
plant growth) than in 2007-2008 (125.5 mm). This
defoliation management mimics the short dura-
tion—high intensity, rotational grazing system applied
at the “Monte” vegetation in the Chacra Experimental
of Patagones (Giorgetti et al., 2006; mean=0.13 ani-
mal unit/hm?®). Within this system, some acceptable
forage can be grazed twice by grazing livestock during
their at least 30-day-stay in the paddocks (Giorgetti,
1995). In Argentina, an animal unit is defined as the
annual average dry forage requirement of a 400-kg
cow that goes through gestation and subsequent nurs-
ing of a calf, until the 160-kg, 6-month-old calf is
weaned, including the forage consumed by the calf
(Giorgetti et al., 2006). Defoliations were applied to
the same plants in each year, but different plants were
used in different years. In all cases, plants were defo-
liated leaving 5 cm stubble height.

1.3 Measurements

During the spring of 2007, 48 cylindrical, iron struc-
tures (2 treatments/speciesx4 speciesx6 repli-
cates/treatment; hereafter called “cylinders”) of 8 cm

Table 1

diameter and 40-cm length, were wrapped up using
nylon mesh (1 cmx1 cm opening; Saint Pierre et al.
(2002); one end of the cylinder was left open; from
now on called “bags’). Much care was taken to pre-
vent roots from being pulled out or lost during exca-
vation. After extracting soil cores using a pneumatic
auger, cylinders were buried diagonally, from the pe-
riphery toward the center of each plant, at an angle of
15° with respect to the vertical (Saint Pierre et al.,
2002). Afterwards, each “bag” was filled with soil
coming from the study site. This soil was previously
screened (0.355 mm mesh) and then cleaned from
roots and other residues. We assumed that roots
growing into the cylinders came from the same plant
they have above since surrounding plants were at least
30 cm away from the target plant (Saint Pierre et al.,
2002). During the first study year, cylinders were
placed on 5 November 2007, and dug up from the soil
on 25 April 2008 (Table 1). This allowed us to deter-
mine the cumulative effects of two successive defolia-
tions during mid-spring on root growth. During the
following growth cycle (2008), there were not enough
plants of S. cryptandrus to make the study, and there-
fore this species was not considered anymore. New
plants were used this year, and a first set of 36 cylin-
ders was buried in the soil on 19 November as de-
scribed above (Table 1). These cylinders were dug up,
and replaced by a second set of 36 cylinders on the
same plants on 20 December of that year, at the same
time of the second defoliation treatment in 2008 (Ta-
ble 1). The first set of cylinders was extracted from
the soil so easily that the second cylinder set was bur-
ied in the same places where there were the first cyl-
inder set. This first set of cylinders allowed determin-
ing the effects of once defoliation on root growth

Description of root growth measurement periods, and dates of the defoliation treatments and placement or extrac-

tion/replacement of the cylinders during 2007-2008 and 2008-2009 in all study species. At each placement date, six cylinders (replicates)

were buried per species and defoliation treatment

Period of root growth Date of defoliation treatment

Placement date of cylinders

Extraction/Replacement date of cylinders

measurement
1* def. on 5 Nov
26 Nov 2007 to 25 Apr 2008 2™ def. on 11 Nov 26 Nov 2007 25 Apr 2008
1* def. on 19 Nov
19 Nov 2008 to 20 Dec 2008 2™ def on 20 Dec 19 Nov 2008 20 Dec 2008
20 Dec 2008 to 4 Apr 2009 20 Dec 2008 4 Apr 2009
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from November to December in 2008. The second
cylinder set was used to obtain the cumulative effects
of two defoliations during mid- and late-spring on the
root growth produced from December 2008 to 4 April
2009. Cylinders were destructively harvested; roots
that protruded from them were carefully cut using
scissors as to not make any disturbance of the soil plus
roots contained in any cylinder. Soil plus roots within
each cylinder were placed into polyethylene bags that
were transported to the laboratory. Roots were sepa-
rated from soil through manual sample washing using
60 mesh-screens (Williams and Baker, 1957). Root
length was determined on images using the software
ROOTEDGE 2.3b (Kaspar and Ewing, 1997). Images
were determined after scanning roots that were in-
cluded within two glass plates. The number of glass
plates used per plant depended upon the amount of
roots that grew into each individual cylinder: the
greater it was this amount, the greater the number of
glass plates needed for scanning. Since volume of the
cylinders was known (2,010.26 cm?), root length den-
sity was calculated. Afterwards, roots were dried at
105°C for 72 h to obtain dry root weight. Finally, these
samples were placed into a furnace to 550°C for 8 h.
Ash-free, root organic matter dry weight was obtained
from the difference in the dry weights at 105°C and
550°C (AOAC, 1965). Root length and weight data
were used to calculate root length/unit dry weight for
each replicate sample. Root net primary productivity
was calculated as By1—Bi/At, where B was the root
biomass grown into the cylinders during At; B; was the
root biomass within the cylinders at cylinder place-
ment into the soil (i.e., equal zero), and At was the
time interval between any placement and withdrawal
of the cylinders.

1.4 Statistical analysis

Data were analyzed using the statistical software
INFOSTAT (Di Rienzo et al., 2009). Data were trans-
formed to In(x+1) (root length and weight per unit dry
weight) and to \x (root length density) to comply with
the normality and homocedasticity of variance as-
sumptions (Sokal and Rohlf, 1987). Untransformed
values are presented in tables. Root variables were
analyzed using two-way ANOVA during the first

study year (a unique sampling date) and using re-
peated measures ANOVA in the second study year,
where factors were the species, the defoliation treat-
ments, and the two sampling dates. The multivariate
approximation was utilized using the Wilks’ statistics
(Wilks, 1932). When the interaction between any fac-
tor and time was not significant (P>0.05), data from
all dates were averaged. When the interaction was
significant (P<0.05) each sampling date was analyzed
separately. Mean separation was conducted using the
protected LSD of Fisher, with a significance level of
0.05.

2 Results

2.1 Tiller number per cm’ basal area

The interaction between species and treatment was not
significant (P>0.05) at cylinder placement in August
2007 (Table 2). At this time, plants of A. spegazzinii
and A. subulata showed an inherently greater (P<0.05)
tiller number/cm’ than those of P vaginatum and S.
cryptandrus (Table 2). At this time, tiller number/cm’
was similar (P>0.05) between defoliated versus unde-
foliated plants in all study species. At the end of the
study in August 2007, P. vaginatum showed the lowest
(P<0.05) tiller number/cm” when plants of all study
species remained undefoliated (Table 2). At the same
time, the greatest (P<0.05) tiller number/cm’ on defo-
liated plants of all species was shown in 4. spegazzinii
(Table 2). In addition, tiller number/cm” was similar
(P>0.05) between defoliated and undefoliated plants
in all species but A. spegazzinii, which showed a
greater (P<0.05) tiller number/cm® on defoliated than
on undefoliated plants (Table 2). At any time during
September 2008, tiller number/cm’ was again greater
(P<0.05) in both Aristida species than in P. vaginatum,
and there were no differences in tiller number/cm®
between defoliated versus undefoliated plants on any
species (Table 2).

2.2 Root net primary productivity

During September 2008, the interaction with time was
not significant (P>0.05). This is why we averaged the
values for the two sampling dates in that growing
season. During both study periods, there were no sig-
nificant differences (P>0.05) between defoliation
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treatments (Fig. 2). Defoliated and undefoliated plants
of P. vaginatum showed a greater (P<0.05) root net
primary productivity than A. spegazzinii and S.
cryptandrus in August 2007 (Fig. 2). During Septem-
ber 2008, however, defoliated and undefoliated plants
of P. vaginatum and A. spegazzinii showed a similar

(P>0.05) root net primary productivity, although it
was greater (P<0.05) in P. vaginatum than in 4. subu-
lata (Fig. 2). Root net primary productivity values for
all study species and defoliation treatments appeared
to be greater during September 2008 than during Au-
gust 2007 (Fig. 2).

Table 2 Tiller number per cm? at the time of placement of the cylinders (26 November in 2007; 19 November in 2008) and at the end of
the study (25 April in 2008; 4 May in 2009) on defoliated and undefoliated (control) plants of the study species

2007-2008

2008-2009

Cylinder placement®

End of the study® Cylinder placement® End of the study®

Pappophorum Control 0.8540.10%
vaginatum Defoliated 0.57+0.09*
Aristida Control 27040337
spegazzinit Defoliated 3.36+0.53%
b,a

Aristida Control 179035
subulata Defoliated 1.62+0.31%
Sporobolus Control 0-98:0.23"
cryptandrus Defoliated 0.76:0.20

0.84+0.09** 0.99£0.20% 0.60£0.15
0.84+0.10*" 1.17+0.45% 0.57+0.13*
2.29+0.36" 2.87+0.47° 1.97+0.34%
5.34%1.29" 2.20+0.17"* 1.86+0.14%
1.93+0.32> 2.08+0.45> 1.35+0.36™
2.12+0.46™ 2.08+0.36™* 2.1120.34%
2.46+0.50" n.d nd.

1.23+0.26 nd. n.d.

Note: each value is the meantstandard error of n=6. ", the interaction between species and treatment was not significant (P>0.05). Different letters before the

comma indicate significant (P<0.05) differences among species, and those after the comma significant (P<0.05) differences between treatments. ”, there was a

significant (P<0.05) interaction between species and treatments. Different letters before the comma indicate significant (P<0.05) differences among species
within each treatment, and those after the comma indicate significant (P<0.05) differences between treatments within each species. n.d.: not determined.

B Pappophorum vaginatum

O Aristida subulata

B Aristida spegazzinii
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Fig. 2 Root net primary productivity of four warm-season grasses that were either exposed or not to defoliation during the growing
seasons of August 2007 and September 2008. Each histogram is the meantstandard error of n=6. Different letters to the left of the
comma indicate significant differences (P<0.05) among genotypes, and those to the right of it indicate significant differences (P<0.05)

between defoliation treatments.
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2.3 Root length density

No differences were found between treatments (P>0.05)
during 2007-2008 (Table 3). At the same time, how-
ever, P. vaginatum showed higher (P<0.05) root length
densities than A. spegazzinii and S. cryptandrus. In
December 2008, there were no significant differences
(P>0.05) neither among species nor between treat-
ments (Table 3). Once again, there were no significant
differences (P>0.05) among species in April 2009; at
this time, however, root length density of control was
higher (P<0.05) than that of defoliated plants.

2.4 Root weight

No differences (P>0.05) were found neither among

species nor between treatments during 2007-2008 and
December 2008 (Table 4). However, higher (P<0.05)
root weights were found in P. vaginatum than in the
other native species, and for control plants than defo-
liated plants in April 2009 (Table 4).

2.5 Root length per unit root weight

No differences (P>0.05) were found between treat-
ments during 2007-2008 and 2008-2009 (Table 5).
During 2007-2008, all four native species showed a
similar (P>0.05) root length per unit root weight.
However, A. subulata had a greater (P<0.05) root
length per unit root weight than the other three native
species in April 2009 (Table 5).

Table 3 Root length density (cm root/cm? soil) on plants of four native species exposed to two defoliation treatments (Control, Defoliated)

during 2007-2008 and 2008-2009

25 Apr 2008 20 Dec 2008 4 Apr 2009
Control 0.20£0.02"* 0.23+0.03" 0.18 0.05*
Pappophorum vaginatum
Defoliated 0.3420.16™" 0.23+0.02** 0.10£0.03%*
Control 0.17+0.03** 0.22+0.05** 0.08+0.02*°
Aristida spegazzinii
Defoliated 0.14+0.02** 0.24+0.04** 0.04+0.01**
Control 0.20+0.02°* 0.19+0.03 0.07+0.01*°
Aristida  subulata
Defoliated 0.14+0.03% 0.20+0.02%* 0.04+0.01**
Control 0.12+0.02** n.d. n.d.
Sporobolus cryptandrus
Defoliated 0.12+0.01** n.d. n.d.

Note: each value is the meantstandard error of n=6. Different letters in the same column indicate significant differences (P<0.05) among species (first letter) or

between treatments (second letter). n.d.: not determined

Table 4 Root weight (g/cylinder) on plants of four native species exposed to two defoliation treatments (Control, Defoliated) during

2007-2008 and 2008-2009

25 Apr 2008 20 Dec 2008 4 Apr 2009
Control 0.07+0.01** 0.13+0.03%* 0.10£0.03"
Pappophorum vaginatum
Defoliated 0.11+0.05** 0.12+0.01** 0.06+0.02°*
Control 0.05+0.01** 0.11+0.02** 0.05+0.02**
Aristida spegazzinii
Defoliated 0.05+0.01** 0.13+0.02** 0.02+0.00**
Control 0.08+0.02** 0.10£0.01%* 0.03£0.01%°
Aristida subulata
Defoliated 0.04+0.01** 0.09+0.01** 0.02+0.00**
Control 0.05+0.01** n.d. n.d.
Sporobolus cryptandrus
Defoliated 0.08+0.01** n.d. n.d.

Note: each value is the meantstandard error of n=6. Different letters in the same column indicate significant differences (P<0.05) among species (first letter) or

between treatments (second letter). n.d.: not determined.
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Table 5 Root length per unit root dry weight (m/g) on plants of four native species exposed to two defoliation treatments (Control, De-

foliated) during 2007-2008 and 2008-2009

25 Apr 2008 20 Dec 2008 4 Apr 2009
Pappophorum Control 54.57+2.33% 36.932.71 ** 36.80+2.88"
vagtnatum Defoliated 57.54+2.82% 38.52+1.79 38.51+3.70"
Avistida Control 64.72+11.16% 41.54+4.60 ™ 39.93+4.26"
spegazzinii Defoliated 61.2125.61% 40.85+3.41 *° 43.34+6.54"
a,a aa b,a
Aristida Control 58.65+8.92 40.75£2.30 59.16+15.94
subulata Defoliated 70.25+7.87" 50.47+5.85 53.89+7.24%
Sporobolus Control 54.15+8.51** n.d. n.d.
cryptandrus Defoliated 58.666.70° n.d. nd.

Note: each value is the meantstandard error of n=6. Different letters in the same column indicate significant differences (P<0.05) among species (first letter) or

between treatments (second letter). n.d.: not determined.

3 Discussion

Root growth into the residues-free cylinders was quite
different among the native species. Even though tiller
density was lower in P. vaginatum than in the Aristida
species, P. vaginatum showed greater root net primary
productivity, and root length density than the other
native species, but 4. subulata, during the first study
year. Pappophorum vaginatum also showed a greater
root net primary productivity than A. subulata and S.
cryptandrus, and a greater root weight than A.
spegazzinii, A. subulata and S. cryptrandrus after two
successive defoliations during the second year of the
study. A greater root growth allows the occupation of a
greater soil volume and exploration of nutrient-rich
patches (Ivans et al., 2003). However, a greater root
growth does not necessarily mean an immediate ac-
quisition of soil resources (Eissenstat and Caldwell,
1989). An evaluation of simultaneous nutrient uptake
rates would be necessary to evaluate this theory. Study
results suggest that root proliferation (toward dis-
turbed soil) would be a mechanism contributing to
determine very likely a greater competitive ability in P
vaginatum than in the other native species in the study
community.

Modifications in root growth in response to defolia-
tion constitute an important mechanism for herbivory
tolerance and maintenance of competitive ability for
any species in the community (Briske and Richards,
1995). Rainfall was 65.5 mm and 97.5 mm during the
whole study periods in 2007-2008 and 20082009,
respectively. This may have contributed that root net

primary productivity values appeared to be greater
during the second than the first growing period in all
study species. Other field studies have shown that
grass root growth was enhanced under higher rainfall
regimes at the same site (Fiala et al., 2012).

After two successive years of defoliation, and when
plants were defoliated twice a year, both root length
density and weight were lower on defoliated than on
undefoliated controls in all study native species. Other
field studies have also reported a decreased grass root
growth as defoliation frequency increased (Gittins et
al., 2010). However, a difference in root net primary
productivity was not detected neither during the first
nor the second growing season between defoliated and
undefoliated plants of these species. Maintenance of
root net primary productivity without reducing above-
ground plant growth after defoliation during the first
study year (Torres, 2011) very likely contribute to
herbivory tolerance in the study species. The degree of
root weight loss can also be affected by environmental
factors (Silver and Miya, 2001).

The greater root length per unit root weight in A.
subulata would give this species a greater uptake sur-
face area and an advantage in the event of scarce pre-
cipitations (<5 mm; Ivans et al., 2003) that are com-
mon at the study site (Busso, 1997). For example,
more than 60% of the precipitation events at the
Chacra Experimental de Patagones were <5 mm dur-
ing 1983-2000 (Paez et al., 2005). Precipitations of
this magnitude are capable of stimulating several
physiological processes in grass species (Ivans et al.,
2003). A rapid root growth early in the growing sea-
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son and an important root development in the superfi-
cial soil layers have been reported in other Aristida
species (Evans and Tisdale, 1972). This would allow
adaptation of these species to sites where soil moisture
disappears early from superficial horizons during the
growing season.

Our results indicated that root proliferation, in
terms of root net primary productivity, and root both
length and weight, can be higher in the more abundant,
C4, warm-season P. vaginatum than in the other less
abundant, C4, warm-season native species, and that
these variables can be modified as a result of defolia-
tion. Saint Pierre et al. (2002) and Saint Pierre and
Busso (2006), working with Cs, cool-season species,
showed a greater root proliferation and root length
density in the more competitive Nasella clarazii than
in less competitive N. tenuis and A. ambigua. It is
known that a greater root proliferation and root length
density contribute to a greater competitive ability, but
further research is necessary to determine if competi-
tive ability is either greater or not in P. vaginatum than
in the other native perennial grasses. Anyhow, the
greater root proliferation in P. vaginatum than in the
other native species, a parameter that contributes to
competitive ability, could help to explain its greater
abundance in rangelands of central, arid Argentina.
Our results also suggest that root proliferation may be
a good indicator of competitive ability not only in Cs
but also C,4 perennial tussock grasses in rangelands of
northeastern, arid Patagonia.

4 Conclusions

Pappophorum vaginatum, the dominant warm-season
perennial grass in rangelands of northeastern Argen-
tina, showed an average root length density and
weight per unit soil volume greater (20% and 46%,
respectively) than the other native perennial grasses.
These characteristics most likely contribute to explain
its dominance among the warm-season perennial
grasses available for livestock grazing, and persistence
in rangelands of arid Patagonia. Despite its dominance
and persistence, however, availabilities of P vagi-
natum, and that of the other less preferred native
warm-season perennial grasses, are not enough to
cover forage demands of grazing livestock. Current
research is evaluating the introduction of various

warm-season perennial grasses (e.g., genotypes of
Achnatherum hymenoides, Leymus cinereus, etc) at
the study site to increase the supply of the current, and
scarce, forage for grazing livestock from P. vaginatum,
Aristida species, and S. cryptandrus.
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