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Abstract:

Fire causes extensive damage to rangelands’ ecosystems in arid and semi-arid regions. The purpose of this study was to
investigate the effects of rangeland fire on vegetation and forage production in mountainous rangelands of the Solan area
in Hamadan province, Iran. A burnt area and a homogeneous area without fire (control) were selected for this study. In
the burnt area, the fire has occurred in July 2018. In each site, data were collected in the months July to October using
four linear transects with a length of 200 m using a systematic random sampling method. In each transect at a distance
of 20 m, 10 plots of 1 m? were considered. Vegetation sampling was done during (July to October) three years of 2018,
2019, and 2020. Some factors such as forage production, percentage of bare soil, stones and gravels, litter, survival rate,
canopy cover, and percentage of shrubs, perennial and annual forbs, perennial and annual grasses were measured. The
results showed that there were significant differences between the two areas for all variables except perennial forbs cover,
shrubs cover, and stone and gravels percent in the first year. Fire reduced the litter percent, forage production, canopy cover,
survival, and increased bare soil, soil erosion, and sediment. The geophytes life forms of the species in the study areas had
the highest coverage percentage (38.66%) in both areas. Some species such as: Astragalus verus, Astragalus gossypinus,
Acantholimon bromifolium, Acantholimon olivieri, and Acanthophyllum crassifolium were sensitive to fire. On the other
hand, species such as Rosa persica due to having rhizomes and extensive underground roots were resistant to fire.
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1. Introduction

All areas of the world that are not barren deserts, farmed,
or covered by solid rock, ice, or concrete can be classi-
fied as rangelands. Therefore, rangelands include deserts,
forests and all natural grasslands . Rangelands is defined
as uncultivated land that will provide the necessities of life
for grazing and browsing animals [1]. Most of the range-
lands in the world are located in semi-dry landscapes where
agricultural activities may not be dominant land use due to
either low or variable rainfall. In Iran, rangelands occupy
nearly 54.6% of the total land area and 65% of natural re-
sources [2]. Rangelands are the largest terrestrial ecosystem
in the Iran, thus playing an important role in the economy

of the country by providing ecological goods.

Drought, urban activities, agriculture, and fire are the main
factors destroying natural ecosystems [3]. The vast ma-
jority of 30-46 million km? of the global land surface are
burnt by fires every year (approx. 4% of the global land
surface) [4]. Globally, fires are a critical driver of the carbon
cycle because they consume biomass through combustion
resulting in an immediate release of greenhouse gases in-
cluding CO,, CO, and CH4 [5]. Also, fires eliminate or
reduce aboveground plant biomass [6]. However, in the
long term; the effects of fire are more complex. For exam-
ple, plants that are exposed to fire at different phenological
stages are affected differently [7]. Fire has played a key
role in the formation of most rangeland ecosystems and
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Figure 1. Map of study area in Hamedan province, Iran (Red spot).

it is one of the major factors that affect rangeland vege-
tation (grasslands and shrub lands) [8,9]. Some studies
consider wildfires as disturbance; however, fires are the
most important ecological factor that fulfills crucial roles
and functions in grasslands and rangelands [10]. Fire in-
fluences the species composition, vegetation structure and
dynamics, habitat values, and ecosystem functioning, as
well as being potentially both beneficial and damaging to
people and property [11]. For example, increasing pro-
duction and diversity, the richness of species, increasing
perennial grasses, and plants with high palatability are the
positive effects of fire [12]. It is necessary to mention that
plant productivity, plant nutrient content, plant diversity,
and plant mortality responses to fire are highly variable [13].
On the other hand, wildfires have devastating effects on the
environment, ecology, and economy. A loss of vegetation
after fire reduces biodiversity, promotes the invasion of ex-
otic species, enhances soil erosion, and even increases the
potential for flooding and debris flows overall, wildfires cre-
ate disturbances that remove vegetation and litter, making
soils vulnerable to both wind and water erosion and leav-
ing gaps within vegetation that are susceptible to invasive
species [14—16]. Numerous studies have been conducted
on the rangelands fires effects. For example, Moreira et
al. reported the growth of herbaceous species in the burnt
area after one year [17]. Gholami et al. showed that the
fire significantly increases the canopy cover percent of an-
nuals, perennials, grasses, forbs, Throphytes, Cryptophytes,
Hemicryptophytes, Chamaephytes, Asteraceae, Caryophyl-
laceae, Fabaceae, Rubiaceae, and Poaceaeto as compared

to control [18].

Natural resources such as rangelands are the main and most
valuable assets of any country. Conservation and expan-
sion of these resources due to their important role in the
economic and social life of human beings are necessities
of planning [19]. If the effects of fire are not considered
in the management for sustainable utilization of the range-
land ecosystem, it could disturb the rangeland condition
and speed up further degradation of the ecosystem [20].
Studying the effects of rangeland fires determines which
plant species are resistant or sensitive and which species
survive in natural ecosystems and continue to grow. The
natural regeneration of species after a fire also determines
the tendency and condition of the rangeland. By recogniz-
ing resistant and semi-sensitive species, damaged range-
land can be repaired and rehabilitated. Resistant and semi-
resistant species show sequence and frequency in the range-
land. Therefore, the objective of this study was to estimate
the short-term (three-year) effect of fire on vegetation cover
and forage production indicators of the rangeland in moun-
tainous rangelands of Solan area in Hamadan province, Iran.

2. Materials and methods

2.1 The study area

The Solan area is located in the northeast of Hamadan city in
Hamadan province, Iran between 48°41'5" E to 48°43'17”
E and 34°41'34” N to 34°42'16” N (Fig. 1). The absolute
maximum and minimum temperatures are 41 °C and -30 °C,
respectively. In this region, the precipitation usually occurs

Table 1. Some climatic variables of the studied years in 2018, 2019 and 2020.

Year Annual Average temperature  Annual Precipitation  Annual average Relative
(°C) (mm) Humidity %

2018 13.4 335.8 46.2

2019 12.3 507.1 50.8

2020 12.0 389.4 49.2

2008-9996[https://dx.doi.org/10.57647/j.jrs.2023.1303.1570]
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Figure 2. The study areas in the Solan region (control site:
A photo and burnt site: B photo).

for 8 months from October to May and the average annual
rainfall is 320 mm.

2.2 Sampling method

The fire occurred in July 2018. Vegetation sampling was
performed in the July to October of 2018, 2019, and 2020.
The study area was selected at two sites: A: burnt area and
B: unburnt area (control) that were close to each other (Fig.
2). In each site, four transects and on each transect, 10
plots with an area of 1 m? in the direction of the dominant
slope were selected using a systematic random sampling
method. The location of each plot was recorded and marked
using GPS device. Generally, 40 plots were measured in the
burnt site and 40 plots in the control area. The plant species
were identified using the flora of Iranica and the Raunkiaer
classification method was used to determine the biological
form of plants. To determine the susceptibility of species to
fire based on the qualitative classification of the Likert scale,
the sensitivity was determined as resistant, semi-resistant,
semi-sensitive and sensitive, and the criterion for being in
each class was considered as regrowth in autumn and spring.
In addition, to determine the extent of resistance of each
species in the burnt area, the number of semi-burnt, living,
and dead species in sample plots were recorded. Moreover,
in each plot, the parameters of canopy cover percentage,
litter percentage, dry matter forage production (cutting and
weighing method), percentage of annual and perennial grass
and forbs covers, percentage of shrubs cover, percentage of
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Figure 3. Regeneration of plant species in the burnt area (up
picture of Astragalus verus and down picture of Astragalus
gossypinus).

stones and gravels, bare soil percent, and plants palatability
classes were recorded.

Table 1 shows the annual precipitation, annual average tem-
perature and annual relative humidity of the sampling years
(2018, 2019 and 2020).

2.3 Statistical analysis

Statistical data were analyzed using SAS9.4 software.
The normality of data distribution was tested using the
Kolmogorov-Smirnov test. The T-test was used to com-
pare the means of variables between control and burnt site
for individual year and average over two years.

3. Results

3.1 Vegetation forms and information

The results showed that the predominant type of vegeta-
tion in the study area is Astragalus verus- Annual grass.
On the other hand, based on field surveys, it was deter-
mined that there were 75 species in the study area. So,
there were 9 species of shrubs, 33 species of perennial
forbs, 16 species of annual forbs, 12 species of perennial
grasses, and 5 species of annual grasses. Also, examination
of the number of species related to the Raunkiaer classifi-
cation method revealed that 1 species was Phanerophytes,
29 species were Geophytes, 8 species were Chamaephytes,
14 species were Hemicryptophytes, 2 species were Cryp-
tophytes, and 21 species were Theophytes. So,there were
7 species (9.33%) of Resistant, 46 species (61.33%) of
semi-resistant, 10 species (13.33%) of semi-sensitive, 11

2008-9996[https://dx.doi.org/10.57647/j.jrs.2023.1303.1570]
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Table 2. Species of Solan site.

(x: Presence, -: Absence)
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Species name Family Species Life Palatability ~ Species Species Fire
Form Form Class in Control in Fire Resistance
Berula angustifolia (L.) Koch. Apiaceae Perennial- Forb Geophytes class 11 * * Semi-sensitive
Bupleurum falcatumL. Apiaceae Perennial - Forb Geophytes class TIT * * Semi-resistant
Carthamus oxyacantha M. Bieb. Apiaceae Annual - Forb Theophytes class TIT * * Semi-sensitive
Echinophora platyloba DC. Apiaceae Perennial - Forb  Hemicryptophyes  class IIT * * i
Eryngium billardieri Delar. Apiaceae Perennial - Forb  Hemicryptophyes  class Il * * Semi-resistant
Gundelia tournefortii L. Apiaceae Perennial - Forb Geophytes class T1I * * Resistant
Rhabdosciadium aucheri Boiss. Apiaceae Perennial - Forb Geophytes class TIT * * Semi-resistant
Siumsi sarum L. Apiaceae Perennial - Forb Geophytes class TII * * Resistant
Centaurea virgate Lam. Asteraceae Perennial - Forb  Hemicryptophyes * * i
Centaurea solstitialis L. Asteraceae Annual - Forb Theophytes class 111 * *
Cirsium arvense L. Asteraceae Perennial - Forb ~ Hemicryptophyes  class IIT * *
Cirsium leucocephallum (M. Bieb.) Fisch. Asteraceae Perennial - Forb  Hemicryptophyes class TIT * * Semi-resistant
Cousiniade cipiens Boiss. and Buhse Asteraceae Perennial - Forb  Hemicryptophyes class IIT * * Semi-resistant
Scorzonera hispanica L. Asteraceae Annual - Forb Theophytes class IIT * M
Tanacetum parthenium (L.) Sch. Bip. Asteraceae Perennial - Forb Geophytes class III * * Semi-resistant
Tanacetum polycephalum Sch. Bip. Asteraceae Perennial - Forb Geophytes class TIT * * Semi-resistant
Anchusa italica Retz. var. Kurdicagusuleac Boraginaceac  Perennial - Forb  Hemicryptophyes  class IIT * * Semi-sensitive
Myosotis alpestris Schmidt. Boraginaceae Perennial - Forb Geophytes class TIT * * i
Myosotis palustris (L.) Nath. Boragin: e Perennial - Forb Geophytes * *
Solenanthus stamineus (Desf.) Wettst. Boraginaceae Perennial - Forb Geophytes * *
Alyssum lanigerum DC. Brassicaceae Annual -Forb Theophytes class I1I * * Semi-sensitive
Cardamine uliginosa M.B. Brassicaceae Annual - Forb Theophytes class TIT * * Semi-sensitive
Cardaria draba (L.) Desv. Brassicaceae Perennial - Forb Geophytes class TIT * * Semi-resistant
Sisymbrium loeselii L. B cae Annual - Forb Theophytes s * - Sensitive
Asyneuma persicum (A.DC.) Bornm. Campanulaceae  Perennial - Forb Geophytes * N Semi-resistant
Acanthophyllum crassifolium Boiss. Caryophyllaceae Shrub Chamaephytes class TIT * * Semi-sensitive
Stellaria media (L.) Vill. Caryophyllaceae  Annual - Forb Theophytes class TII * - Sensitive
Hypericum scabrum L. Clusiaceae Perennial - Forb Geophytes class TIT * * Semi-resistant
Euphorbia cheiradenia Boiss. and Hohen. Euphorbiaceae  Perennial - Forb Geophytes class 11T * * Semi-resistant
Astragalus verus Olivier. Fabaceae Shrub Chamaephytes class 111 * - Sensitive
Astragalus gossypinus Fisch. Fabaceae Shrub Chamacphytes  class ITT * - Sensitive
Lathyrus pratensis Burkart. Fabaceae Annual - Forb Theophytes class I * * Semi-resistant
Lotus corniculatus L. Fabaceae Perennial - Forb Geophytes class T * * Semi-resistant
Trifolium pratense L. Fabaceae A- Forb Theophytes class T * * Semi-resistant
Lophanthus laxiflorus (Benth.) Levin. Lamiaceae Perennial - Forb Geophytes class 1 * * Semi-resistant
Marrubium astracanicum Jacq. Lamiaceae Perennial - Forb Geophytes class TIT * * Semi-resistant
Mentha longifolia (L.) Hudson. Lamiaceae Perennial - Forb Geophytes class TIT * * Resistant
Nepeta macrosiphon Boiss. Lamiaceae Perennial - Forb Geophytes class TIT * * Resistant
Nepeta stra i Hausskn. and Bornm. Lamiaceae Perennial - Forb Geophytes class 11T * * Resistant
Phlomisanis odontha Boiss. Lamiaceae Perennial - Forb  Hemicryptophyes  class IT * * Semi-resistant
Scutellaria nepetifolia Benth. Lamiaceae Annual - Forb Theophytes class TIT * * Semi-resistant
Starchys setifera C.A. Mey. Lamiaceae Annual - Forb Theophytes class TIT * * Semi-resistant
Teucrium orientale L. Lamiaceae Perennial - Forb Geophytes class T * * Semi-resi;
Thymus fallax Fisch. and C. A. Mey. Lamiaceae Shrub Chamaephytes class 11T X M Semi-re
Acantholimon bromifolium Boiss. ex Bge. var. bromifolium  Plumbaginaceae Shrub Chamaephytes class 111 * - Sensitive
Acantholimon olivieri (Jaub. and Spach) Boiss. Plumbaginaceae Shrub Chamaephytes class TII * Sensitive
Agrostis gigantean (Roth) Poaceae Perennial - Grasse Geophytes class TIT * * Semi-resistant
Bothriochloa ischaemum (L.) Keng. Poaceae Perennial - Grasse Geophytes class T * *
Brachypodium sylvaticum (Huds.) P.Beauv. Poaceae Perennial - Grasse Geophytes class T * M
Bromus pumilio (Trin.) PM. Sm. Poaceae Annual - Grasse Theophytes class IT * -
Bromus tectorum L. Poaceac Annual - Grasse Theophytes class I * -
Bromus dantonia Trin. Poaceae Annual - Grasse Theophytes class IT * -
Bromus tomentellus Boiss. Poaceae Perennial - Grasse  Hemicryptophyes  class [ * *
Elymus hispidus (Opiz) Melderis var. podperae (Nabelk) Assadi Poaceae Perennial - Grasse Geophytes class 11 X *
Elymus repens subsp. Elongatiformis (Drobow) Melderis Poaceae Perennial - Grasse Geophytes class IT * * Semi-resistant
Festuca ovina L. Poaceae Perennial - Grasse  Hemicryptophyes  class T * * Semi-resistant
Heteranthelium piliferum (Sol.) Hochst. exJaub. and Spach. Poaceae Annual - Grasse Theophytes class IT * - Sensitive
Hordeum bulbosum L. Poaceae Perennial - Grasse  Hemicryptophyes  class [ * *
Melica persica Kunth. Poaceae Perennial - Grasse Geophytes class II * *
Phragmites australis (Cav.) Trin. exSteud. Poaceae Perennial - Grasse ~ Hemicryptophyes  class II * *
Poa bulbosa L. Poaceae Perennial - Grasse  Hemicryptophyes  class II * * Semi-resistant
Stipa barbata Desf. Poaceae Perennial - Grasse Cryptophytes class I * * Semi-resistant
Taeniatherum caput-medusae (L.) Nevski Poaceae Annual - Grasse Theophytes class IT * - Sensitive
Rumex angustifolius Campd. Polygonaceae ~ Perennial - Forb  Cryptophytes class 11T * * Semi-resistant
Ranunculus constantinopolitanus (DC.) d"Urv Ranunculaceae Annual - Forb Theophytes class I1T * * Semi-resistant
Amygdalus lycioides Spach var. horrida Rosaceae Shrub Phanerophytes class TIT * * Semi-sensitive
Cerasus microcarpa (C. A. Mey.) Boiss. Rosaceae Shrub Chamaephytes class IIT * * iti
Geumur banum L. Rosaceae Annual - Forb Theophytes class I * *
Potentilla reptans L. Rosaceae Perennial - Forb Geophytes class I * * Semi-resistant
Rosa persica J.F. Gmel. Rosaceae Shrub Chamaephytes class TIT - High-resistant
Galium verum L. Rubiaceae Annual - Forb Theophytes class TIT * * Semi-resistant
Pedicularis sibthorpii Boiss. Scrophulariaceae Annual - Forb Theophytes class TIT * * Semi.
Veronica anagalis-aquatica L. Scrophulariaceae  Annual - Forb Theophytes class 1T * * Semi
Verbascum Thapsus L. Scrophulariaceae  Perennial - Forb  Hemicryptophyes  class I1I * * Semi-resistant
Urtica dioica L. Urticaceae Perennial - Forb Geophytes class TII * * Semi-resistant

species (14.66%) of sensitive and 1 species (1.33%) of high-
resistant. So that there were 10 species of palatability class
1(13.33%), 13 species of palatability class II (17.33%) and
52 species of palatability class III (69.33%) (Table 2).

3.2 Canopy and vegetation covers

The results of the means comparison of canopy cover and
vegetation cover in two areas showed that in the first year,
there were significant differences between control and burnt
area for canopy cover, annual and perennial grasses, and
annual forbs covers percentage (P<0.01). In the burnt site,
the frequency of annual forbs, annual grasses, perennial
grasses, and canopy cover were significantly lower than
control area (Table 3). So, the canopy cover percentage
decreased up to 50% compared to the control area. In
the second and the third year after the fire, there was no

significant difference between two areas for canopy cover
(Table 3). However, the result showed that in the second
year, there was a significant difference between the two
areas in the annual forbs cover (P<0.01). For perennial
grasses covers, the lower value was observed in the third
year after the fire (P<0.05).

In the burnt area, the highest annual and perennial forbs
cover was observed in the third year of sampling. Also,
in the burnt area, the highest percentage of annual and
perennial grasses cover was observed in the first and second
years, respectively. Moreover, in the burnt area, the highest
canopy cover and shrubs cover were observed in the third
year of sampling (Table 3). In the burnt area, the highest
annual and perennial forbs cover were observed in the third
year of sampling. Also, in the burnt area, the highest annual
grass cover was observed in the second and third years,

2008-9996[https://dx.doi.org/10.57647/j.jrs.2023.1303.1570]
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Table 3. The results of independent two samples T test to compare the variables of burnt and control areas in 2018, 2019,

and 2020 and three years in the Solan area.

(ns, *,**% = non-significant and significant at 5% and 1% probability level, respectively.
Means of traits with different letters are significantly different using independent two samples T test)

Year  Treatment Canopy Cover (%) Annual grass Perennial grass Annual forbs Perennial forbs Shrubs
Cover (%) Cover (%) Cover (%) Cover (%) Cover (%) Cover (%)
2018 Control 43.25a 12.97 a 13.35a 392a 4.67 8.85
Fire 20.85b 3.12b 9.30b 0.70 b 3.05 4.62
T test Kk Kk K% Kk ns ns
2019 Control 42.90 17.62 6.97 6.92 a 5.45 5.80
Fire 39.20 22.35 8.77 4.35b 4.35 5.25
T test ns ns ns Kok ns ns
2020 Control 42.12 a 20.00 4.17 a 5.80a 6.37 6.02
Fire 41.50b 18.92 2.50b 6.70 b 8.00 5.37
T test * ns Kk * ns ns
Mean Control 42.75a 16.86 8.16a 5.55a 5.50 6.89 a
3 years Fire 33.85b 14.80 6.85b 391b 5.13 8.08 b
T test *ok ns * Hok ns *

respectively. Moreover, in the burnt area, the highest value
of canopy cover was observed in the third year of sampling.
The shrub cover was stable in the second and third years
with no significant differences with control (Table 3). Also,
in the control and burnt site in the mean 3 years, there were
significant differences between control and burnt area for
canopy cover, annual forbs cover (P<0.01), perennial grass
cover and shrubs cover (P<0.05) (Table 3).

3.3 Forage production

The fire reduced the forage production. The results showed
that there were significant differences between the control
and burnt area in terms of forage production in all years
after the fire (P<0.01) (Table 4). The highest forage pro-
duction (Kg/ha) was always observed in the control area. In
the burnt area, the highest forage production (218.7 Kg/ha)
was achieved in the third year (Table 4). In the control area,
forage production increased from 183.5 to 312.7 and 310
Kg/ha, in the first, second and third years, respectively. In
the burnt area, forage production increased from 05.5 to
41.7 and 218.7 Kg/ha, in the first, second and third years,
respectively, indicating the highest forage production (218.7
Kg/ha) in the third year. Also, the results of means compar-
ison for 3 years of forage production showed a significant
difference between the two areas (P<<0.01) (Table 4).

3.4 Litter, stones, gravels, and bare soil percentage

The results showed that the fire reduced the litter percent-
ages in all years after the fire. In the first and third years
after the fire, there was a significant difference between
the control area and burnt area in terms of litter percentage
(P<0.01) (Table 4). The highest litter percentage was ob-
served in both regions in the third year (Table 4).

The fire increased bare soil percentage. The results showed
that there was a significant difference between the control
and burnt area for bare soil in the first and third years after

the fire (P<0.01). The highest percentage of bare soil was
observed in the first year with values of 22.05 and 39.8%
for control and burnt area, respectively. On the other hand,
the mean 3-year bare soil percentage was higher in the burnt
area. Comparison of mean percentage of stone and gravels
did not show a significant difference between the two areas
(Table 4).

3.5 Survival rate

Fire reduced plant survival. The results showed that the
plant survival was significantly different between the two
areas in all years of sampling (P<0.01) (Table 4).

4. Discussion

Fire can have positive or negative effects on ecosystem
components. Changes in the structure and composition
of vegetation are the most obvious effects of fire on natu-
ral ecosystems, including rangelands [21]. In other words,
most rangeland communities are resilient to fire but sig-
nificant changes in their structures and compositions may
occur [22]. The results showed that Geophytes had the
highest species in the two areas. Long-term relationships
with fire influence the life of many plant species; this led
to the evolution of many mechanisms and plant morpholo-
gies in response to frequent fire, including obligate seeders,
resprouters, fire ephemerals, regular ephemerals, and geo-
phytes [23]. These strategies enable plants to survive fire
disturbance and to rapidly recolonize burnt areas [24]. The
geophytes species have some forms of underground storage
organs (bulb, tuber, thick rhizome, etc.), which provides
rapid growth with the return of favorable climatic condi-
tions [25]. The largest plant species in the study sites was
Amygdalus lycioides with an average canopy diameter of
70 cm, an average height of 75 cm, and a frequency less
than 5%. The widespread and open canopy of this species
causes it to burn. Parts of this species that remain healthy

2008-9996[https://dx.doi.org/10.57647/j.jrs.2023.1303.1570]
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Table 4. The results of independent two samples T test to compare the variables of burnt and control areas in 2018, 2019,

and 2020 and three years in the Solan area.

(ns, *,**x = non-significant and significant at 5% and 1% probability level, respectively.
Means of traits with different letters are significantly different using independent two samples T test.)

Year  Treatment Litter  Forage production Survival Stone and Bare soil
% (Kg/ha) Rate%  gravels% %
2018 Control 8.87a 183.5a 100.00 a 27.27 22.05b
Fire 4.70b 05.5b 40.50 b 34.52 39.80 a
T test *k *k ok ns *k
2019 Control 9.47 312.7 a 100.00 a 31.75 16.12b
Fire 8.80 41.7b 40.50 b 27.12 25.25a
T test ns ok ok ns *ok
2020 Control 16.75a 310.0 a 100.00 a 23.62 17.50 b
Fire 12.37b 218.7b 35.50b 25.50 25.87a
T test *k *k *ok ns *
Mean Control 11.70 a 268.7 a 100.00 a 27.55 18.55b
3 years Fire 8.62b 88.6b 38.83b 29.05 30.30 a
T test Kok Kok Kok ns Kok

will be able to regrow. So, in the study area, about 40%
of Amygdalus lycioides had regrown. Cerasus microcarpa
is a genus of Rosaceae and did not completely disappear
and regrow after the fire. Moradi et al. stated that Cera-
sus microcarpa tolerated fire well and grew after the fire,
immediately. Also, Astragalus gossypinus in the first year
and Astragalus verus in the second year after fire revived
itself. Tahmasebi (2013) reported that in the rangelands
of Chaharmahal and Bakhtiari province, Iran, species of
Astragalus such as Astragalus verus are not able to signif-
icantly regenerate themselves one year after the fire. This
is due to the dense canopy of this species and the resulting
greater severity of the burn. Species such as Acantholimon
bromifolium, Acantholimon olivieri, and Acanthophyllum
crassifolium were completely burnt and destroyed by fire.
Rosa persica burns easily and completely. However, due
to its extensive thizome and underground roots, it grew in
autumn and spring and did not disappear. Continuation
of reproduction of this species using underground germi-
nation (geophyte) and to some extent, fire reduces their
competition and growth. In other words, Rosa persica due
to the presence of rhizome and extensive underground roots
are very resistant to fire. Although the R. persica species
is resistant, the fire reduced the frequency of this species.
In a similar way, Mirdavoodi and Azdoo reported that the
fire reduced the Rosa persica frequency [26]. R. persica is
weaker in competition with other forbs and grasses species
and if the rangeland ecosystem is managed and protected,
this species will not have the ability and competitiveness to
grow and regenerate and over time, its density will decrease.
Perennial forbs species such as Anchusa italica Retz. var.
Kurdica gusuleac, Berula angustifolia, Asyneuma persicum,
Bupleurum falcatum, Cardaria draba, Scutellari anepeti-

folia, Myosotis alpestris, Hypericum scabrum, Euphrbia
cheiradenia, Mentha longifolia, Marrubium astracanicum,
Eryngium billardieri, Phlomis anisodontha, Teucrium ori-
entale, Tanacetum polycephalum, Tanacetum parthenium,
Mpyosotis palustris, Nepetam acrosiphon, Lotus cornicu-
latus, Rumex angustifolius, Solenanthus stamineus, Gal-
ium verum, Ranunculus constantinopolitanus, Potentilla
reptans, Starchys setifera, Verbascum thapsus, Echinophora
platyloba, Rhabdoscia diumaucheri, Cousinia sp.,Utica
dioica, Siumsi sarum, Cirsium leucocephallum, Cirsium
arvense, Lophanthus laxiflora, Centaura virgatei, and Gun-
delia tournefortii have 40 to 85% water and do not burn
easily [27]. The presence of extensive underground organs
of these plants makes them have an acceptable 80% survival
rate after the fire. However, perennial forbs species have
limited natural regeneration in the first year after the fire and
when the fire is intense, they have no natural regeneration
with seeds. Also, the annual forbs species such as Scor-
zonera sp., Pedicularis sibthorpii, Scutellariane petifolia,
Alyssum lanigerum, Cardamine uliginosa, Geumur banum,
Stellari amedia, Veronica anagalis-aquatica, and Sisymbri-
umloesell are destroyed by fire. Seeds of these species that
are dropped on the ground, especially seeds that are small
are more durable and as a result, less damaged. These seeds
start to grow in the following year. In other words, plants
that can germinate after a fire are annual species with fine
seeds and survival seed banks [28]. The results showed
that perennial grasses such as Agrostics gigantean, Bothri-
ochloai schaemum, Elymus hispidus, Poa bulbosa, Festuca
ovina, Melica persica, Brachypodium sylvaticum, Elymus
repens, Bromus tomentellus, Bromus pumilio, Phragmites
australis, Hordeum bulbosum, and Stipa barbata severely
burn. However, seeds that have not been completely burned
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can grow. These seeds have a cover and if the embryo and
part of the endosperm stay healthy, they will grow in au-
tumn. In general, studies have shown that the number of
perennials due to the location of the buds (above or below
ground) and asexual propagation by rhizome or stolons will
increase in the years after the fire [29, 30]. Also, annual
grasses such as Bromus dantonia, Bromus tectorum, Tae-
niatherum caput-medusa, and Heteranthelium pilliferum
burn completely due to fire and their density and frequency
are severely reduced after the fire.

The result showed that in the first year after the fire, there
was a significant difference between the two areas, for an-
nual forbs and annual and perennial grasses species. The
percentage of perennial forbs and shrubs covers did not
show a significant difference, which indicates the regrowth
of these plants one year after the fire. Many species in the
burnt site were able to regenerate themselves in the second
year. However, the fire caused an increase in annual plants.
Patten and Cave in the upper Sonoran desert (Southern Ari-
zona grasslands) stated that the abundance of annual plants
species decreased after the fire [31]. Similar to our results,
Kahmen and Poschlod showed an increase in annual plants
species [32]. This study showed that the fire significantly
reduced the litter percentage such that in the first year after
the fire in the burnt area compared to the control area, litter
percentage decreased by 50% although it was gradually in-
creased. The fire induced removal of litter and standing old
or dead plant material [33]. Many researchers stated that fire
removes litter [30]. In this study, the most important factor
in increasing litter is improving and increasing the percent-
age of cover, density, and production of annual grasses and
forbs. The fire increased the bare soil area. In many studies,
researchers stated that fire increases the bare soil [22, 34].
Shahlaei et al. found that due to fire, the percentage of bare
soil increased. After the fire, plants litter, and the plants
that cover most of the bare soil are removed [30]. The re-
sult showed that forage production, which is mostly related
to annual forbs and grasses species, was decreased in the
burnt area compared to the control area in all years after
fire; however, it showed an upward trend. Our findings were
similar to those of some researchers [34,35]. By reducing
the litter and vegetation, and increasing the bare soil sur-
face due to the fire, the radiance of sunlight to the soil and
its surface radiance increase. Increasing the ambient tem-
perature stimulates biological activities so that the organic
minerals and nutrients become available and as a result, the
growth of grasses will be faster . Numerous studies have
shown that after fire, suitable conditions are provided for the
development of grasses species [29]. Plant species having
their buds under the bark or having thick bark can protect
their vegetative buds from fire damage and therefore, they
are resistant to fire. Most forbs and grasses species have
terminal buds that are located on the ground and this is the
cause of their resistance to fire [36]. For example, after
the fire, perennial grasses will grow because they can resist
fire due to the position of bud growth on or below the soil
surface [37]. In general, the role of plant species and their
vegetative form in returning to the process of succession
and their stability, and change in the vegetation composition
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is important and effective [38]. According to the obtained
results, the canopy cover in the burnt area compared to the
control site was decreased although it showed an upward
trend. Fattahi and Tahmasebi reported results similar to the
results of the present study.

The result showed that soil erosion and sedimentation in-
creased after the fire. Similar to this result, Johansen et al.
have done some experiments in New Mexico, USA, and ob-
served almost 25 times higher sediment in the burned plots
than unburned plots [39]. Parlak found that the runoff, max-
imum runoff, runoff percentage, sediment concentration,
the peak of sediment, and total soil loss values of the burned
plots were significantly higher than the unburned plots [40].
The amount of surface cover is an important control of
infiltration, runoff, and soil erosion in both burned and un-
burned areas. In unburned areas, surface cover increases
infiltration, decreases runoff and decreases soil erosion with
several mechanisms. These include rainfall interception,
maintaining high porosity by increasing soil organic matter
and facilitating biological activity, preventing soil sealing,
and increasing surface roughness.

The results showed that the composition of vegetative forms
of plant species was affected by fire and their aerial parts
were destroyed and damaged. So, production, litter, and
survival are significantly different after three years of fire
and the rangeland ecosystem has not been able to survive
yet. Plants species differ in terms of vegetative forms, loca-
tion of productive buds, root depth, amount of seeds, and
seed bank. Also, the intensity and duration of fires and
the abundance of plant species are different. Annual plant
species are severely damaged by fire. These species may
die after the fire if they do not have seeds in places far from
the fire such as the rocks and pebbles. Perennial species
and shrubs with vegetative buds on the surface of the soil or
underground can regrow after the fire.

5. Conclusion

According to the results of this study, fire in the study
area reduced the density and abundance of prickly and
invasive species in the area. Therefore, controlled fire can
be a management factor in controlling invasive species
that are not part of the climax of the area. On the other
hand, the presence of a natural seed bank in the rangeland
ecosystem of the study area has caused these seeds to be
protected from fire and can start growing and increasing
density after rain due to reduced competition and removal
of upper floors and opening of suitable space. In general,
fire rejuvenates and increases the quality and quantity of
suitable plant species and has a positive role for some
plants that are constantly grazed and exploited. Therefore,
with a managed fire, it is possible to give the pasture a
chance and to improve its condition by applying biological
management.
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