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Controlled burning is often used to improve plant structure on rangelands adapted to 
fire. However, possible damage resulting from post-fire grazing to reappearing desir­
able plant species may be a serious issue hindering usage of this method. Axillary 
buds are essential for the re-establishment of the photosynthetic leaf area. We studied 
if post-bum defoliation affects the number of axillary buds and/or their metabolic 
activity inPoa Iigularis, Nassella tenuis (both desirable plant species) andAmelichloa 
ambigua (undesirable plant species). We found that the treatments limited neither bud 
production nor their metabolic activity. The greatest number of total and viable buds 
in the studied plant species was recorded at the vegetative stage. Poa ligularis had the 
lowest bud number per tiller but the greatest per plant. Our results thus indicate that 
moderate defoliation after controlled burning does not affect the survival and produc­
tivity of the desirable species. 

Introduction 

Approximately 75% of the area of continental 
Argentina is subject to grazing by livestock 
(Busso & Fernandez 2018). In addition to graz­
ing, various abiotic factors (e.g., fire) are also at 
play, determining the current and future compo­
sition of the vegetation (Anderson 1984). Natural 
and artificial factors both affect the ecosystems 

and hence they should be taken into account if a 
sustainable use of renewable natural resources is 
the target (Kunst 2011). 

Axillary buds secure continuity of peren­
nial grasses, being a source for tiller production 
(Hyder 1974). During vegetative growth, axil­
lary buds remain either at the soil surface level 
or are barely buried in the soil because in grasses 
the nodes are at the tiller bases (Hyder 1972, 
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Jewiss 1972). However, when the apical meri­
stem is transformed from vegetative to reproduc­
tive, intemode lengthening raises the apex above 
the soil surface. This increases the possibility 
for such apex to be removed in a defoliation 
event (Briske 1991). Apex removal by e.g., graz­
ing, activates basal axillary buds that grow and 
develop into tillers (Gillet 1984). If the apex 
is not removed, the apical dominance is main­
tained, and growth and development from basal, 
axillary buds is not stimulated (Gillet 1984). 
Murphy and Briske (1992) review major hypoth­
eses proposed to explain physiological mecha­
nisms responsible for apical dominance. 

Fire and defoliation by grazing are common 
disturbances in arid and semiarid ecosystems 
worldwide (Axelrod 1985). The amount and 
the type (intercalary, apical, axillary meristems) 
of the tissue removed by fire with or without 
defoliation are the most important factors that 
determine the effects of such disturbances on 
plants and affect their subsequent re-establish­
ment (Briske 1991, Richards 1993, Klimesova 
& Klimes 2007). Regeneration of the photo­
synthetic surface area is fastest from intercalary 
meristems, intermediate from apical meristems, 
and slowest from axillary buds (Briske 1991, 
van Loo 1992, Briske & Richards 1995, Len­
nartsson et al. 1997, Russell & Vermeire 2015). 
If plant intercalary and apical, active meristems 
are removed as a result of disturbance, regenera­
tion of a photosynthetic canopy will depend on 
growth of axillary buds into tillers. However, 
the regrowth potential of any species might be 
affected if either the number or viability or both 
of axillary buds were reduced by those distur­
bances (Zammit 1988, Busso et al. 1989). 

Individuals of several species are able to 
maintain bud production per tiller at a con­
stant level regardless of previous grazing (Hen­
drickson & Briske 1997, N'Guessan & Hartnett 
2011). However, bud production can be either 
reduced or dormancy increased if tillers are dam­
aged or resources are limited during the period 
of maximum growth and bud formation (Vander­
weide 2013). As a result, changes in tiller density 
and size may affect the annual bud production, 
and hence the tiller recruitment in the following 
year, which in turn affects the above-ground bio­
mass production. 
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Fire removes litter and existing vegetation 
(Hulbert 1969) thus increasing illumination of 
the soil surface. As a result, the soil-surface tem­
perature increases (Knapp et al. 1998), and the 
spectrum of light {red-to-infrared ratio) reach­
ing the soil surface becomes altered (Willems 
1983) stimulating growth and development of 
buds into tillers ( cf. Svejcar 1990, Tomlinson 
& O'Connor 2004). The bud bank is replaced 
as a result of high plant productivity due to an 
increase in the rate of tillering in recently burnt 
areas (Benson et al. 2004). 

Controlled burning followed by adequate 
grazing can increase plant production (B6o et 
al. 1997). However, severe and frequent defolia­
tion events can compromise perenniality through 
reduction of the plant photosynthetic capacity, 
and thus available energy for the production and 
development of axillary buds (Hyder 1972). 

Wright and Bailey (1982) reported that 
during fire events in grasses, high temperatures 
persist for longer if the amount of dry plant 
material is considerable. This is because burn­
ing starts at the plant periphery, and the burning 
intensity is proportional to the plant basal area. 
This in turn can damage basal buds in plants of 
greater sizes. Therefore, the effects of the same 
level of fire disturbance on plants of different 
sizes ( e.g., basal area, tiller number, above­
ground biomass) may differ substantially. 

Successful grassland management consists of 
planned application and manipulation of distur­
bances to which plant communities are adapted 
(Whisenant 1999). However, the extent to which 
such disturbances affect plant communities or 
individual species remains uncertain (Limb et 
al. 2011). There are several studies on the effects 
of fire or defoliation on perennial grass species 
(Busso et al. 1993, Benson et al. 2004, Dalgleish 
& Hartnett 2009, Russell & Vermeire 2015). 
However, only few (Pelaez et al. 2009, Russell 
et al. 2013) analyzed the effects of different 
levels of defoliation after fire which is essential 
for predicting plant responses. 

Poa ligularis, Nassella tenuis and Amelich­
loa ambigua, selected as our study plants, are 
grasses with an autumn-winter-spring develop­
mental cycle, abundant in the temperate, semi­
arid rangelands of Argentina. Through observa­
tion and measurements, we found that in our 
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study area P. ligularis had a greater basal area as 
compared with that of the other species. 

We hypothesized that (1) defoliation would 
not affect the growth apex and thus would 
increase the number of buds per tiller in the veg­
etative stage; this is because the internodes are 
compressed keeping the apical buds close to the 
ground, below the height of cutting or grazing; 
(2) recurring defoliations after a fire event would 
result in a reduction in the metabolic activity of 
the axillary buds due to the decrease in photo­
synthesis of defoliated plants; and (3) applied 
disturbances would affect the study species in the 
similar way. As tillers of P. ligularis have a lower 
number of metabolically active axillary buds 
because plants of this species burn at higher tem­
peratures as a result of greater size of their basal 
areas, we also analyzed the effects of defoliation 
after a controlled burning at the vegetative and/or 
internode-elongation stages during the second, or 
the first and the second post-fire years on (1) the 
total number of buds, and (2) the metabolic activ­
ity of buds in all the studied grass species. 

Material and methods 

Study site 

The study was conducted in 2011 and 2012, 
within a livestock enclosure in Chacra Experi­
mental Patagones located in the southwestern 
part of Buenos Aires Province (40°39'49.7'8, 
62°53'6.4'W; 40 m a.s.l.), belonging to the Phy­
togeographical Province of the Monte (Cabrera 
1976). 

Climate 

The climate in the study area is temperate, 
semi-arid, with rainfalls occurring mainly in 
summer and autumn. The mean annual pre­
cipitation in 1981-2012 was 421 mm, with the 
minimum and maximum of 196 and 877 mm in 
2009 and 1984, respectively (0. Montenegro, 
Chacra Experimental Patagones, Ministerio de 
Asuntos Agrarios de la Provincia de Bs. As., 
pers. comm.). During the study years, the annual 
precipitation was 444 and 513 mm in 2011 and 
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2012, respectively; and the mean annual air 
temperature in both years 15 °C ( data from the 
meteorological station located at the study site). 
The mean monthly maximum and minimum soil 
temperatures (January = summer, July = winter) 
were 23.1 °C and 6.2 °C, respectively, in 2011; 
and 24.6 °C and 3.9 °C, respectively, in 2012. 
The mean monthly maximum relative humidity 
in 1981-2012 was 77.9% in July and 55.1 % in 
December Qate spring and early summer). 

Soil 

The study area is predominantly flat with occa­
sional knolls and isolated microdepressions. Fine 
sands carried by winds, are deposited on tosca, 
and loamy-sandy, weakly consolidated older 
materials (INTA-CIRN 1989). The soil was clas­
sified as Haplocalcid (N.M. Amiotti, Dpto. de 
Agronomia UNSur, pers. comm.) with mean pH 
of 7. 

Vegetation 

The plant community in the study area includes 
herbaceous species of different quality for live­
stock production (Giorgetti et al. 1997). Poa 
ligularis (a highly competitive species; Distel 
& B6o 1996), Nassella tenuis (an intermediate 
competitive species; Saint Pierre et al. 2002) and 
Amelichloa ambigua (a low competitive species; 
Saint Pierre et al. 2002) are three C3 native per­
ennial grasses in the Phytogeographical Province 
of the Monte, Argentina. Of the total area of this 
Province, approximately 554 138 ha is in Par­
tido de Patagones (Province of Buenos Aires). 
Dominance of these species in the community 
depends, at least in part, on the grazing history 
and frequency and intensity of fires (Distel & 
B6o 1996). It the south of this region grazing is 
continuous and numbers of livestock very high 
(Boo & Pelaez 1991). Preference of grazing ani­
mals for A. ambigua is low (Cano 1988) while 
N. tenuis and P. ligularis are highly preferred. 
As a result, N. tenuis and P. ligularis, more­
competitive species than A. ambigua, are under 
constant grazing pressure at different phases of 
their developmental stages after accidental fires. 
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Experimental design 

We followed a randomized experimental design 
with balanced replicates (n = 6). At the study site, 
42 vegetation plots (l-m2 each) were selected for 
each study species (42 x 3 species= 144 plots). 
Each plot containing at least six adult plants of 
one of the study species, constituted an experi­
mental unit. Of the 144 plots, 126 were burned 
and either (l) not defoliated, or (2) defoliated 
in the second study year, or in the first and the 
second study years after controlled burning. The 
18 remaining unburned plots were not defoliated. 

Treatments 

We applied eight treatments. Each treatment con­
sisted of a combination of burning, either without 
or with defoliation at the vegetative or intemode­
elongation or both developmental stages during 
the second, or the first and second study years. 
Vegetation plots which were neither burned nor 
defoliated were used as a control (Table 1 ). 

Controlled burning 

Controlled burning was conducted on 23 March 
2011 in an area that included 126 plots. Tem­
peratures during burning were measured with 
eight type-K (chromel-alumel) thermocouples 
at one-second intervals. The thermocouples were 

Table 1. Treatments applied to the plots with P. figu­
faris, N. tenuis and A ambigua during the study years 
(2011 and 2012). Abbreviations: UB = unburnt, B = 
burnt, UD = undefoliated, DV = defoliated at the veg­
etative stage, DE = defoliated during internode elon­
gation, D(V + E) = defoliated at the vegetative + inter­
node-elongation stages. 

Treatments 2011 2012 

1 {control} UB+UD UD 
2 B+UD UD 
3 B+UD DV 
4 B+UD DE 
5 B+UD D{V + E) 
6 B+DV DV 
7 B+DE DE 
8 B + D{V + E) D{V + E) 
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placed at the soil-surface level but not touching 
the soil, in areas with high, intermediate and 
low fine-fuel concentrations. Temperatures were 
registered by a Campbell 21 XL datalogger con­
nected to the thermocouples and buried in the 
soil at approx. 1-m depth. Wind speed, air tem­
perature and relative humidity during burning 
were also measured at the site. 

Prior to burning, we determined the amount 
of fine fuel (i.e., plant material, including litter, 
with the diameter ~ 3 mm on and above the soil 
surface). This plant material was first collected 
from ten 1-m2 plots, and then dried in an oven 
at 70 °C for 72 h. Soil moisture was determined 
gravimetrically in the top 10 cm of soil follow­
ing Brown (1995). 

The air temperature during burning (between 
12:30 and 13:00 hrs) was 21.8--22.4 °C, rela­
tive air humidity 28%, and wind speed (wind 
direction: NW-WNW) 19.3-20 km h-1

• The soil 
moisture content was 5% ± l.51 % (mean ± SD, 
n = 14). Fine-fuel amount was estimated to be 
3.9 t dry matter per ha, and its moisture con­
tent to be 9.1% ± 4.64% (mean± SD, n = 10). 
The maximum recorded soil surface temperature 
during burning was 560 °C ( cf. Fig. l ). 

Defoliation 

Plants were defoliated to the stubble height of 
5 cm from the soil surface at the following devel­
opmental stages: (1) vegetative (15 Aug. 2011 
and 6 May 2012), or (2) intemode elongation (14 
Oct. 2011 and 14 Sep. 2012), or (3) vegetative 
and intemode elongation ( cf. Table 1 ). At the end 
of each growing cycle (6 Jan. 2012 and 20 Dec. 
2012), plants were defoliated once again to the 
5-cm stubble height to obtain the total plant bio­
mass production. After each defoliation, the plant 
material was oven-dried (at 70 °C for 72 h) and 
weighed. Neighbouring plants were also burned 
and/or defoliated similarly to those measured to 
provide a uniform competitive environment. 

Measurements 

Sampling was done 20---30 days after each defo­
liation during the second growing season after the 
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controlled burning. On each sampling occasion, a 
tiller with at least one green leaf was taken from 
an intermediate position (between centre and 
periphery) on each plant. The number of total, 
metabolically active, dormant and/or dead buds 
on each tiller base was determined following 
Busso et al. (2015). A bud was considered meta­
bolically active when the apex stained pink or red, 
indicating an enzymatic reduction of the tetra­
zolium salt (colourless) to insoluble formazan 
(red) (cf. Fig. 2A). Buds that remained unstained 
(either dormant or dead; cf. Fig. 28) were cut 
into longitudinal sections and tested using Evans 
Blue after incubation in the TTC solution. The 
coloured sections were then mounted in water 
and examined under a microscope (Leica ICC50 
with and immersion objective, lOOOx magnifica­
tion). Bud tissues which remained uncoloured 
with Evans Blue were classified as dormant 
(viable; Fig. 2C), while those which stained dark 
blue were considered dead (cf. Fig. 2D). 

Statistical analyses 

Prior to analysis, the data were J( x+ 1 )-trans-

Fig. 2. Photographs of 
longitudinal cuts of buds 
of Amelichloa ambigua 
taken under a microscope 
(1 OOOx magnification). (A) 
viable cells with high met­
abolic activity (stained red 
with TTC), (B) cells with 
either low or no meta­
bolic activity (did not stain 
with TTC), (C) viable but 
dormant cells (unstained 
with TTC and thereafter 
remained uncolored with 
Evans Blue), and (D) dead 
cells (stained dark blue in 
Evans Blue). 
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Fig. 1. Time-temperature curve at the soil surface 
during the controlled fire treatment. Temperature read­
ings were taken once a second using eight type K 
thermocouples connected to a datalogger Campbell 
21 XL. Averages of eight measurements were used to 
plot the curve. 

formed to meet the normality and homocedas­
ticity assumptions. Differences in the numbers 
of buds per tiller were tested with split-plot 
ANOVA with species and treatment as major 
plots and sampling date as subplot. 

Bud metabolic activity was also analyzed 
with split-plot ANOVA with species and treat­
ment as major plots, and sampling time and 
bud category (i.e., metabolically active, dormant, 
dead) as subplots. Dormant buds were included 

B 

D 
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in the metabolically active category because of 
their low number. Whenever significant differ­
ences were detected, pairwise comparisons were 
carried out using Tukey's test. All the analyses 
were performed using InfoStat (https://www. 
infostat.com.ar/). 

Results 

Number of buds per tiller 

There were no significant interactions among 
the factors considered (F14134 = 0.52,p = 0.9179) 
and there was no treatment effect (F7,120 = 0.95, 
p = 0.4692); that is, none of the combinations of 
controlled burning and defoliation affected the 
bud number per tiller. Nassella tenuis had 19% 
more tiller buds than A. ambigua, and A. ambi­
gua had 30% more tiller buds than P. ligularis 
{F2,120 = 16.89,p < 0.0001; cf. Table 2), all differ­
ences between species being significant (Tuk.ey's 
test: p < 0.05). The studied plants had 1.35 more 
tiller buds at the vegetative than at the intemode­
elongation stages {F1_134 = 12.03, p = 0.0007~ cf. 
Table 2), the differences between stages being 
significant (Tukey's test: p < 0.05). 

Bud metabolic activity per tiller 

All three species had at least three times more 
metabolically active than dead buds (F2,374 = 
5.48, p = 0.0045; cf. Table 3), the differences 
being significant (Tukey's test: p < 0.05). At 
the vegetative and intemode-elongation stages 
there were 13.6 and 1.9 times more metaboli-

Table 2. Bud numbers (mean ::1: SD) at the stem base of 
each tiller in each species and at each developmental 
stage. 

Bud no. :1:SD 

Speclee (total n = 96) 
Poa ligularis 0.91 ±0.93 
Amelichloa ambigua 1.3 ±0.99 
Nassef/a tenuis 1.6 ±0.86 

Stage (total n = 144) 
Vegetative 1.46 ±0.95 
lnternode elongation 1.08 ±0.95 
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cally active than dead buds, respectively (Fi.374 = 
54.77, p < 0.0001; cf. Table 3), the differences 
being significant (Tukey's test: p < 0.05). The 
number of metabolically active buds in A. ambi­
gua and N tenuis was 39.5% higher than that 
in P. ligularis, the difference being significant 
(Tukey's test: p < 0.05). However, the three spe­
cies did not differ significantly in the number of 
dead buds ( cf. Table 3 ). 

Following the developmental stage transi­
tion from vegetative to intemode elongation, the 
number of metabolically active buds decreased 
by 47.8%, and simultaneously the number of 
dead buds increased 3.7 times (cf. Table 3), 
the differences between stages being significant 
(Tukey's test: p < 0.05). 

Total, and metabolically active buds per 
plant 

There was no effect of treatment on either the 
number of all buds or the number of meta­
bolically active buds. Poa ligularis doubled the 
number of all buds, and had 3 .5 times more 
metabolically active buds than the other two spe­
cies (F2,2ss = 2.95,p = 0.05; cf. Table 4), the dif­
ference being significant (Tukey's test: p < 0.05). 
Additionally, in all three species the numbers 
of all buds and metabolically active buds were 
greater by 57% and 70% at the vegetative stage 
than at the intemode-elongation stage, respec­
tively (F

1 286 
= 12.94, p = 0.0004 and F

1 286 
= 

18.10,p < 0.0001, respectively; cf. Table 4), the 

Table 3. Numbers (mean :t SD) of metabolically active 
and dead buds at the stem base of each tiller in each 
species and at each developmental stage. 

Species (total n = 96) 
Poa ligularis 
Amelichloa ambigua 
Nassella tenuis 

Stage (total n = 144) 
Vegetative 
lnternode elongation 

Bud no. ::1: SD at the stem 
base of each tiller 

metabolically 
active 

0.72::t0.89 
1.14 :t 0.97 
1.25 :t0.85 

1.36 :t0.98 
0.71 :t0.75 

dead 

0.19 ±0.44 
0.16 ±0.47 
0.35 ±0.73 

0.10 :t0.32 
0.37 ±0.71 
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differences being significant (Tukey's test: p < 
0.05). 

Discussion 

In agreement with the first hypothesis, tillers of 
the three studied species had the highest num­
bers of all buds and metabolically active buds 
in June (i.e., in the vegetative stage). The lowest 
numbers were recorded in October {i.e., in the 
reproductive stage). The opposite was true for 
the dead buds. Similar was found by Flemmer 
et al. (2002) in Nassella longiglum"is, N. tenuis 
and Jarava ichu. They found the greatest number 
of buds between April and June (metabolically 
active buds) and in October (dead buds). Their 
lowest numbers were found between October 
and December (metabolically active buds) and 
between April and June (dead buds). 

Apical meristems are crucial for the meriste­
m.atic potential of perennial grasses because they 
are the source of phytomers and their axillary 
buds. These axillary buds may develop into adult 
tillers during the same growing season, thus pro­
ducing successive axillary buds (Stubbendieck 
& Burzlaff 1970, Briske & Noy-Meyr 1997). 
This sustained production of new tillers with 
the corresponding axillary buds could explain 
greater numbers of buds found in June, during 
the tillering stage of the studied species. Floral 
induction, in response to photoperiod stimulus, 
marks the transition of the apical meristem from 
the vegetative to the reproductive stage {Langer 
1972). The leaf and axillary bud primordia dif­
ferentiate rapidly giving to the meristem.atic 
apex a double wrinkle appearance. While the 
spikelet primordia differentiate from the axillary 
buds, leaf primordia remain inhibited halting 
additional vegetative development. Vegetative 
growth can occur only from immature interca­
lary meristems of existing phytomers or from 
previously differentiated axillary buds in repro­
ductive tillers (Briske 1991 ). Due to this, and 
because apical dominance was not eliminated 
during a defoliation event, a lower bud number 
could be expected during the reproductive devel­
opmental morphology stage. 

Contrary to the second hypothesis, nei­
ther the reduction in the number of all buds 
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nor in their metabolic activity were recorded 
with an increasing number of defoliations. This 
would suggest that after exposure to moder­
ate disturbance, the studied species were able 
to rebuild their photosynthetic surfaces. Indeed, 
after burning and grazing used in this study, 
dry matter production (mean ± SD, n = 48) 
remained similar (p > 0.05) in all studied spe­
cies (.P. ligular"is: 19.67 ± 15.32 g per plant, N. 
tenu"is: 6.17 ± 0.64 g per plant, A. ambigua: 
23.36 ± 2.25 g per plant). This indicates that 
appropriate application of defoliation treatments 
after fire would not dam.age these species. Sim­
ilar was reported for tillers of unburned P. ligu­
laris which was exposed to different defoliation 
treatments {Busso et al. 2011), and for burned 
and defoliated tillers of P. ligularis and Pipto­
chaetium napostaense during the vegetative or 
intemode-elongation stage (Pelaez et al. 2009). 
Nevertheless, Souto et al. (2004) reported that 
by the end of the growing season, tillers of 
unburned P. ligularis that had been defoliated 
more than three times, had a lower number of 
metabolically active axillary buds than tillers not 
subject to defoliation. They suggested that a high 
defoliation frequency would increase the number 
of dormant and/or dead buds in the stem bases of 
this species. 

Regarding the third hypothesis, no differ­
ences were found among species after experi­
mental treatment. This might be because the 
species were likely adapted to the applied dis­
turbance levels. Poa ligularis, A. ambigua and 
N. tenuis had greater numbers of metabolically 

Table 4. Numbers (mean ± SD) of all buds and meta­
bolically active buds per plant in each species and at 
each developmental stage. 

Species (total n = 96) 
Poa ligularis 
Amelichloa ambigua 
Nassella tenuis 

Stage (total n = 144) 
Vegetative 
lntemode elongation 

Bud no. ± SD par plant 

all metabolically 
active 

308.65 ± 649.92 264.08 ± 644.14 
163.23 ± 180.24 143.66 ± 174.11 
170.63 ± 218.81 140. 71 ± 198.00 

300.03 ± 545.32 281.35 ± 537.34 
128.30 ± 175.44 84.28 ± 142.09 
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active than dead buds on all sampling dates, and 
numbers of dead buds were similar. Pelaez et al. 
( 1997) also found no differences in numbers of 
dead buds at the stem bases of J. ichu, N. tenuis 
and P. napostaense after controlled fires. These 
results suggest that fire and defoliation affect the 
three species in similar ways. However, Pelaez 
et al. (2009) found a lower number of dead buds 
in P. ligularis than in P. napostaense after burnt 
plants were defoliated during the vegetative 
stage. These results suggest that bud viability in 
these species could be affected by the length of 
the resting period after burning. If this period is 
short and defoliation occurs during the vegeta­
tive stage, tiller production might decrease. 

Regarding the second part of the third hypoth­
esis, we confirmed that the numbers of all and 
metabolically active bud were lower on tillers of 
P. ligularis than on tillers of A. ambigua and N. 
tenuis. The greater basal area and total number 
of tillers at the time of burning in P. ligularis 
(146.7 ± 60.2 cm2 basal area, 391.3 ± 181.7 till­
ers; mean± SD, n = 6) than in A. ambigua ( 47 .6 ± 
60.2 cm2 basal area, 117.3 ± 74.2 tillers; mean± 
SD, n = 6) and in N. tenuis (40.3 ± 60.2 cm2 

basal area, 123.3 ± 74.2 tillers; mean ± SD, n = 
6) might have been a reason for more intense 
burning of P. ligularis than the other two species. 
Because of that, higher temperatures at the grow­
ing points of P. ligularis could have affected to a 
greater extent its axillary buds. However, greater 
numbers (mean± SD, n = 96) of green tillers 
in plants of this species (.P. ligularis: 281.17 ± 
282.1, A. ambigua: 125.59 ± 91.5, N tenuis: 
101.73 ± 98.6; F2,1.ss = 27.99, p < 0.0001) sug­
gests that even though P. ligularis has the lower 
number of buds per tiller, its persistence and 
productivity in grasslands would not suffer as a 
result of burning and/or successive defoliations. 
Poa ligularis has, therefore, greater numbers of 
total and metabolically active axillary buds than 
the two other study species, which promotes the 
increase in the above-ground biomass produc­
tion in this species ( cf. also lthurrart et al. 2017). 
These properties confer an important competitive 
advantage to P. ligularis in comparison with the 
other two species. 

The measurements in this study were con­
ducted at an individual tiller scale. However, 
individual tillers, in addition to be autonomous 
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within the plant, are interconnected (Briske & 
Richards 1995), so it is expected that the differ­
ences shown among species are typical to entire 
plants rather than to their particular tillers. 

Conclusions 

The study species were well adapted to the 
applied disturbance levels. Moderate defoliation 
after fire did not compromise the growth or sur­
vival of these in temperate, semiarid rangelands 
of central Argentina. Further research should 
determine the threshold above which burning 
(timing, intensity, etc.) followed by defoliation 
(timing post-burning, intensity, frequency, etc.) 
become limiting factors for the survival and pro­
ductivity of the desirable species, under the local 
edapho-climatic conditions. 

Acknowledgments 

This study was financially supported by Universidad 
Nacional del Sur (grant PGI 24/A165) and CONICET (grant 
PIP 00211 ), Argentina. 

References 

Anderson D.L. 1984: El fuego como elemento de manejo del 
pastizal natural. EEA INTA San Luis, V. Mercedes. -
lnformattvo Rural 20: 3-4. 

Axelrod D.I. 1985: Rise of the grassland biome, central 
North America. - Botanical Review 51: 163-201. 

Benson E.J., Hartnett D.C. & Mann K.H. 2004: Below­
ground bud banks and meristem limitation in tallgrass 
prairie plant population. - American Journal of Botany 
91: 416-421. 

Boo R.M. & Pelaez D.V. 1991: Ordenamiento y clasificacion 
de la vegetaci6n en un area del Sur Del Distrito del 
Calden. - Boletln de la Sociedad Argentina de Botlmica 
27: 135-141. 

Boo R.M., Pelaez D.V., Bunting S.C., Mayor M.D. & Elia 
0.R. 1997: Effect of fire on woody species in central 
semi-arid Argentina. - Journal of Arid Environments 
35: 87-94. 

Briske D.D. 1991: Developmental morphology and physiol­
ogy of grasses. - In: Heitschmidt R.K. & Stuth J.W. 
(eds.), Grazing management: an ecological perspective: 
85-108. Timber Press, Inc., Portland. Oregon. 

Briske D.D. & Noy-Meir I. 1997: Plant responses to graz­
ing; a comparative evaluation of annual and perennial 
grasses. - In: Papanastasis V.P. & Peter D. (eds.), Eco-



275 

logical basis of livestock grazing in Mediterranean eco­
systems. Proceedings of the International workshop held 
in Thessalonild (Greece) on October 23 to 25, 1997: 
13-26. Publications Office of the European Union. 

Briske D.D. & Richards, J.H. 1995: Plant responses to defo­
liation: a physiological, morphological and demographic 
evaluation. - In: Bedunah D.J. & Sosebee RE. (eds.), 
Wild/and plants: physiological ecology and developmen­
tal morphology: 635-710. Society for Range Manage­
ment Denver, Colorado. 

Brown R.W. 1995: The water relations of range plants: adap­
tations to water deficits. - In: Bedunah D.J. &. Sosebee 
R.E. (eds.), Wild/and plants: physiological ecology and 
developmental morphology: 291-413. Society for Range 
Management Denver, Colorado. 

Busso C.A., Boo RM. & Pelaez D.V. 1993: Fire effects on 
bud viability and growth of Stipa tenuis in semiarid 
Aigentina. -Annals of Botany 71: 377-381. 

Busso C.A. & Fernandez O.A. 2018: Arid and Semiarid 
Rangelands of Aigentina. - In: Gaur M.K. & Squires 
V.R. (eds.), Climate variability impacts on land use and 
livelihoods in dry/ands: 261-291. Springer, New York. 

Busso C.A., Gittins C., Becker G. & Ghennandi L. 2011: 
Tiller hierarchy and defoliation frequency determine 
bud viability in the grass Poa ligularis. - Ecological 
Research 26: 985-997. 

Busso C.A., Mueller J. & Richards R.J. 1989: Effects of 
drought and defoliation on bud viability in two Caespi­
tose grasses. -Annals of Botany 63: 477-485. 

Busso C.A., Torres Y., Ithurrart L. & Richards J.H. 2015: The 
TTC-technique might not appropriately test the physi­
ological stage of plant tissues. - Russian Journal of 
Plant Physiology 62: 551-556. 

Cabrera A.L. 1976: Regiones fitogeograficas Argentinas. -
In: Ferreira-Sobral E.F. ( ed.), Enciclopedia Argentina de 
Agricultura y Jardineria: 1-85. ACME, Buenos Aires. 

Cano E. 1988: Pastizales naturales de La Pampa. Descrip­
cion de las especies mas importantes. - Convenio 
AACREA, Provincia de La Pampa, Argentina. 

Dalgleish H.J. & Hartnett D.C. 2009: The effects of fire 
frequency and grazing on tallgrass prairie productivity 
and plant composition are mediated through bud bank 
demography. - Plant Ecology 201: 411-420. 

Distel RA. & B6o R.M. 1996: Vegetation states and transi­
tions in temperate semiarid rangelands of Argentina. -
In: West E.N. (ed.), Proceedings of the Vth International 
Rangeland Congress. Rangelands in a Sustainable Bio­
sphere: 117-118. Society for Range Management, Salt 
Lake City, Utah. 

Flemmer A.C., Busso C.A. & Fernandez O.A. 2002: Bud via­
bility in perennial grasses: water stress and defoliation 
effects. -Journal of Range Management 55: 150-163. 

Gillet M. 1984: Las gramineas forrajeras: descripcion, fan­
cionamiento, aplicaciones al cultivo de la hierba. -
Acribia, Zaragoza. 

Giorgetti H., Montenegro O.A., Rodriguez G.D., Busso C.A., 
Montani T., Burgos M.A., Flemmer A.C., Toribio M.B. 
& Horvitz S.S. 1997: The comparative influence of past 
management and rainfall on range herbaceous standing 
crop in east-central Argentina: 14 years of observations. 

lthurrart et al. • ANN. BOT. FENNICI Vol. 56 

-Journal of Arid Environments 36: 623-637. 
Hendrickson J.R. & Briske D.D. 1997: Axillary bud banks of 

two semiarid perennial grasses: occurrence, longevity, 
and contribution to population persistence. - Oecologia 
110: 584-591. 

Hulbert L.C. 1969: Fire and litter effects in undisturbed 
bluestem prairie in Kansas. - Ecology SO: 87~77. 

Hyder D.N. 1972: Defoliation in relation to vegetative 
growth. - In: Younger V.B. & McK.ell C.M. (eds.), 
Biology and utilization of grasses: 302-317. Academic 
Press, New York. 

Hyder D.N. 1974: Motphogenesis and management of peren­
nial grasses in the United States. - In: Berkeley C.A. 
(ed.), Pla11t morphogenesis as basis for scientific ma11-
agement of range resou-rces. Proceeding of the Workshop 
of the US/Australian Rangelands Panel, March 29-April 
5, 1971: 89---98. USDA Misc. Publ. No. 1271. 

INTA-CIRN 1989: Mapa de suelos de la provincia de 
Buenos Aires, Buenos Aires. - Instituto Nacional de 
Tecnologia Agropecuaria, Centro de Investigacion de 
Recursos Naturales, Instituto de Evaluaci6n de Tierras. 

Ithurrart L.S., Busso C.A., Torres Y.A., Montenegro O.A., 
Giorgetti H., Rodriguez G., Cardillo D.S. & Ambrosino 
M.L. 2017: Total soil available nitrogen under perennial 
grasses after burning and defoliation. - Russian Jour­
nal of Ecology 48: 122-133. 

Jewiss O.R. 1972: Tillering in grasses - its significance and 
control. - Grass and Forage Science 27: 65-82. 

Klimesova J. & Klimes L. 2007: Bud banks and their role in 
vegetative regeneration. A literature review and proposal 
for simple classification and assessment - Perspectives 
in Plant Ecology, Evolution and Systematics 8: 115-129. 

Knapp A.K., Briggs J.M., Blair J.M. & Turner C.L. 1998: 
Patterns and controls of aboveground net primary pro­
duction in tallgrass prairie. - In: Knapp A.K., Briggs 
J.M., Hartnett D.C. & Collins S.L. (eds.), Grassland 
dynamics: long-term ecological research in tallgrass 
prairie: 193-221. Oxford University Press, New York. 

Kunst C. 2011: Ecologia y uso del fuego en la region cha­
quena argentina: una revisi6n. - Boletin Informativo 
del CIDEUlO: 81-105. 

Langer R.H.M. 1972: How grasses grow. - Edward Arnold, 
London. 

Lennartsson T., Tuomi J. & Nilsson P. 1997: Evidence for an 
evolutionazy history of overcompensation in the grass­
land biermial Gentianella campestris (Gentianaceae). -
The American Naturalist 149: 1147-1156. 

Limb R.F., FuhlendurfS.D., Engle D.M & Kerby J.D. 2011: 
Growing-season disturbance in tallgrass prairie: Evaluat­
ing fire and grazing on Schizachyrium scoparium. -
Rangeland Ecology and Management 64: 28-36. 

Murphy J.S. & Briske D.D. 1992: Regulation of tillering by 
apical dominance: chronology, interpretative value, and 
current perspectives. - Journal of Range Management 
45: 419-430. 

N'Guessan M. & Hartnett D.C. 2011: Differential responses 
to defoliation frequency in little bluestem (Schizachy­
rium scoparium) in tallgrass prairie: implications for 
herbivory tolerance and avoidance. - Plant Ecology 
212: 1275-1285. 



276 

Pelaez D.V., B6o RM., Elia O.R & Mayor M.D. 1997: 
Effect of fire intensity on bud viability of three grass spe­
cies native to central semiarid Argentina. - Journal of 
Arid Environments 37: 309-317. 

Pelaez, D.V., B6o R.M., Mayor M.D., Elia 0.R &. Cardona 
N.M. 2009: Effect of post-fire defoliation on bud viabil­
ity and plant mortality of Piptochaetium napostaense 
(Speg.) Hack. and Poa ligularis Ness. -Journal of Arid 
Environments 73: 708-712. 

Richards J.H. 1993: Physiology of plants n:oovering from 
defoliation. - Proceedings of the XVII International 
Grassland Congress: 85--94. 

Russell M.L. & Vcrmeire L.T. 2015: Fire and nitrogen alter 
axillary bud number and activity in purple threeawn. -
Rangeland Ecology and Management 68: 65-70. 

Russell M.L., Venn.em L.T., Dufek N.A & Strong D.J. 2013: 
Fire, defoliation, and competing species alter Aristida 
purpurea biomass, tiller, and axillary bud production. -
Rangeland Ecology and MWUlgemen/ 66: 290--296. 

Saint Pierre C., Busso C.A., Montenegro O.A., Rodriguez 
G.D., Giorgetti H.D., Montani T. & Bravo O.A. 2002: 
Root proliferation in perennial grasses of low and high 
palatability. -Plant Ecology 165:161-169. 

Souto C.P., Becker G.F., Siffredi G., Busso C.A. & Stern­
berg M. 2004: Axillary bud viability and dry matter 
production of Poa ligularis in Patagonian grasslands. 
-Phyton, International Journal ofBotarry 53: 39-51. 

Stubbendieck J. & BurzlaffD.F. 1970: Effects of temperature 
and daylengtb on axillary bud and tiller development 

lthurrart et al. • ANN. BOT. FENNICI Vol. 56 

in blue grama. - Journal of Range Management 23: 
63--66. 

Svejcar T.J. 1990: Response of Andropogon gerardii to fire 
in the tallgrass prairie. - In: Collins S.L. & Wallace 
L.L. (eds.), Fire in North American tallgrass prairies: 
19-27. University of Oklahoma Press, Norman, OK. 

Tomlinson K. W. & O'Connor T.G. 2004: Control of tiller 
recruitment in bunchgrasses: uniting physiology and 
ecology. - Functional Ecology 18: 489-496. 

van Loo E.N. 1992: Tillering, leaf expansion and growth 
of plants of two cultivars of perennial ryegrass grown 
using hydroponics at two water potentials. - Annals of 
Botany 70: 511-518. 

Vanderweide B. 2013: Grazing and drought in tallgrass 
prairie: the role of belowground bud banks in vegeta­
tion dynamics. - Ph.D. thesis, Kansas State University. 
Manhattan. KS. 

Whisenant S.G. 1999: Repairing damaged wild/ands: a pro­
cess-oriented, landscape-scale approach. - Cambridge 
University Press, Cambridge, UK. 

Willems J.H. 1983: Species composition and aboveground 
phytomass in chalk grassland with different manage­
ment. - Plant Ecology 53: 171-180. 

Wright H.A. & Bailey A.W. 1982: Fire ecology: United 
States and southern Canada. - John Wiley and Sons, 
New York. 

Zammit C. 1988: Dynamics ofresprouting in the lignotuber­
ous shrub Banksia oblongifolia. - Australian Journal 
Ecology 13: 311-320. 


