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Abstract. Assessment and monitoring of rangeland in different grazing managements
seems necessary to manage rangelands. The plant functional groups can be used as
appropriate responders for rangelands condition and management. Therefore, this study
was performed and aimed to determine the most important traits that are influenced by
rangeland variation and management. In order to this, three areas along a grazing gradient
including national parks, protected area and free grazing were selected in Tangsayad
rangelands of Chaharmahal Bakhtiari Province, Iran in 2015. A 100 m transect was
established randomly in each site and within it five plots of 4 m? area at 20 m intervals
along transects were determined systematically. Plant species were identified and
vegetation cover was recorded in each plot. The number and size of plots and transects
were determined regarding to semi-arid rangeland sampling guidelines as well as the
dimension of dominant plant species in plant community. Finally, some traits as leaf
dimension, plant biomass and cover of species were measured. The results showed that the
traits such as leaf length, leaf width, leaf area and leaf weight, grass growth forms and life
forms of Hemicryptophyes and Geophytes had significant differences at least in one of
three grazing managements sites (P<0/05). Also Principal Component Analyses (PCA)
showed that traits as yield, overall weight of plants and perennial plants had high
correlation with the first component and the traits such as leaf length, leaf width, leaf area,
Hemicryptophyes had also high correlation with the second component. In general
conclusion; leaf traits as leaf length, leaf width, leaf area and leaf weight, grass growth
form, Hemicryptophytes and Geophytes life forms were introduced as good indicators for
assessing and monitoring of grazing management.
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Introduction
Rangeland ecosystems are composed of
biotic (plants and animals) and abiotic
(topography, soils, climate) components,
which awareness of them has important
role in the ecological management of
rangelands. Vegetation as one of the most
important  element  of  terrestrial
ecosystems appears in form of plant
communities under influence of various
environmental  factors. Survey the
relationship between plant communities
and environmental elements possess a
certain complexity (Jongman et al.,,
1995). In addition, distribution of
vegetation in mountain landscapes is
characterized by spatially heterogeneous
conditions including of climate, soil and
geology as well as grazing management
(Sheidai Karkaj et al., 2012). The
information of vegetation cover can be
used for solving ecological issues such as
ecological protection and management of
natural resources (Mesdaghi, 2001).
Especially in arid and semiarid areas; the
role of grazers in changing composition
of the plant communities has caused
particular attention to the interaction
between animals and plants (Tahmasebi
Kohyani et al.,, 2011; Takehiro et al.,
2011). Understanding the role of grazing
in the rangelands vegetation is essential
to make rational decisions on proper
range management practices, as such
particularly in the case of arid and semi-
arid rangelands where rainfall is the most
important limiting environmental factor
(Sharafatmand rad et al., 2014).
Functional  traits  provide an
appropriate  framework in predicting
ecosystem responses against humans
induced changes (Lavorel and Garnier,
2002). Thus using functional traits, the
functional groups of vegetation are often
determined to overcome the limitations of
taxonomic descriptions and summarize
the species complexity in describing
patterns of plant communities processes
(Walker, 1992). Currently plants are
categorized into the plant functional types
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(a group of plant species having the same
characteristics  that  response  to
environmental factors similarly as well as
have the same roles and impacts in an
ecosystem) (Grime, 2001; Mcintyre et
al., 1999). For example, plant species that
have short growth period or do similar
photosynthesis pathway all are classified
in a unique plant functional group. All
annual plants regarding to the fact that
they have the same life period, are
grouped in the same plant functional type
and probably response similarly to the
biotic and abiotic factors (But this case
may not consistent in different
palatability levels of species) (Suding et
al., 2008).

Understanding vegetation response to
various grazing intensities is important to
conserve natural resources and also
facilitate the ecosystem management
(Hoshino et al., 2009). Defining the all of
functional traits is time and cost-
consuming, therefore only some specific
ecological indicators are used to assess
these characteristics (Pyke et al., 2002).
According to the previous studies, plant
traits are largely influenced by livestock
grazing intensity and climate changes so
the traits having the most variation along
gradients are wused as indicators in
different rangelands (Nikan et al., 2010;
Meng et al.,, 2009). In this regard,
Khosravi Mashizi and Heshamti (2011)
in a study at summer shrub lands of
Kerman province in Iran have reported,;
that vegetation  composition have
changed drastically as well as the
palatable and permanent species were
replaced by non-palatable species such as
annual and perennial forbs but by getting
away from watering points along the
grazing gradient, the perennial and
palatable species have increased. Also
Xia et al. (2009) examined the effects of
grazing on species diversity and biomass
of desert grassland in New Mexico. They
believe that grazing leads changing plant
community’s structure in grasslands and
variation level depends strongly on
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grazing intensity and amount of grassland
biomass. They found that grazing by
goats in this grassland reduces the grass
cover and species diversity. Klimesova et
al. (2008) used the Plant Functional
Types (PFT) to predict the effect of
grazing management in different areas.
Their result showed that some of the
characteristics were more appropriate for
certain regions. For example the plant
height, lateral spread, shoot number and
persistency was introduced as the best
attributes for predicting the response of
species against grasslands management in
temperate grasslands of Europe. Zhao et
al. (2007), in a study on the effects of
grazing gradient on vegetation of North
China concluded that heavy grazing not
only impacts on palatable forage, but also
the structure and distribution pattern of
dominant species are changed too.

In summary the literature shows that
any trait subsets are not distinguished yet
which show the more of variation in
livestock grazing. Various studies have
outlined a unique trait subset depending
on environmental and historical grazing
condition. A suitable subset of plant traits
can help to assess and monitor the
rangelands quickly and exactly. The
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research in semi-arid regions could lead
identifying the most important traits and
creating the plant community dynamic
models. Therefore, the main question
regarding to various studies is; which
functional traits of plants can be good
indicators for assessing the effect of
grazing on rangeland condition? Thus
this study aimed to identify the plant
functional traits that can be used to
monitor and evaluate the effect of grazing
with spending less time and cost in semi-
steppe  Tangsayad rangelands  of
Chaharmahal Bakhtiari province.

Materials and Methods

Study area

Tangsayad study area is a mountainous
region with an average elevation of 2720
m above sea level. This region has an
area of 27,000 hectares, which about
21,600 ha is counted as protected zone
and 5400 hectares allocate to national
park. Tangsayad region is located in
north-east of the Chaharmahal Bakhtiari
province, Iran, between the geographical
coordinates 50°5844¢” to 51°10°25°” east
longitude and 32 °36.2°* to 32 °17°7.5%
north latitude (Fig. 1).
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Fig. 1. Location of study sites in Chaharmahal Bakhtiari province, Iran

Tangsayad maximum elevation of sea
level is 3140 m. long-term average
annual precipitation is 329 mm, ranged
625 to 170 mm and the annual mean
temperatures is 11.9°C. The minimum
temperature in the coldest month
(December) is -6.87°C and July is the
warmest month with temperate of
32.90°C. Snow in cold seasons and rain
in warm seasons is the common type of
precipitation. The highest and lowest
precipitation allocated to spring and
summer, respectively. Plants growing
season period is seven months.
According to Emberger climate curve,
the climate of region is arid and semi-
arid. The soil classification is Typic
Xerorthents and Lithic Xerorthents. Soil
depth is low to moderate (lranian
Department of environment, 2002).
Generally study area is in the eastern part
of Shahrekord in Chaharmahal Bakhtiari
province. The distance between study
area and Shahrekord is 15 km. This area
was declared as forbidden hunting region
in 1970 by the Supreme Council of
environment and latterly in 1973 with the
approval of the Supreme Council; the

management method was changed to
protected area. In 1995, approximately
5,400 hectares of the middle part of the
area became as form of national park.
Lori and Bakhtiari sheep is the common
grazers in the area. Tangsayad study area
included National Park in the middle and
protected area in surrounding part
(Iranian Department of environment,
2002).

The national park is a suitable habitat
for Capra aegagrus and Ovis orientalis

isphahanica. Vegetation types are
Astragalus  myriacanthus, Agropyron
intermedium,  Astragalus  susianus,
Cousinia tenuiramula, Scariola
orientalis. The plant families of
Compositae, Gramineae, Umbelliferae

and Papilionaceae are the most dominant
plants in the area.

Sampling method

Vegetation sampling was taken in grazing
site, protected area and national park on
vegetation growth season (late May and
early June). A 100 m transect was
randomly established in each site and five
plots with four-square-meters area were
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placed systematically at intervals of 20 m
along transect (Arzani and Abedi, 2015).
The number of plots was 15 for each site.
The vegetation sampling was taken
randomly at the plant community level.
Then, the species identified in each plot
and the cover percentage of each species
was estimated. Qualitative traits such as
life  forms (Therophytes, Geophytes,
Hemicryptophytes, Chamaephytes,
Phanerophytes)  (Raunkiaer,  1934),
persistency (Annual and Perennial),
growth form (Grass, Forb, Shrub),
palatability classes (Class I, Il, and IlI)
(Fayyaz and Yeganeh badrabadi, 2015)
were determined. Finally quantitative
traits including plant height, leaf length,
leaf width, leaf area, leaf weight, Specific
Leaf Area (SLA), and production and
plant weight were measured according to
(Cornelissen et al., 2003). Harvesting and
weighing method was applied to measure
the plant production and double sampling
method was used to measure above
ground plant biomass.

All the leaves were separated from
the plant and were scanned using
software Image J 1032 (In Processing and
Analysis in Java), then length, width and
leaf area were determined. Measured
leaves were dried and then each leaf
weight was determined. Finally the SLA
was determined using (Equation 1).

2
(SLA) = Leaf area gmm )
Leag dry weight (mg)
(Equation 1)
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Statistical analyses

Analysis of variance (ANOVA) was done
using SPSS v21 software. The mean
comparisons of plant functional traits
among three sites were made using
Tukey's test. The standard deviation and
standard error of the means were
estimated. Also, PCA was conducted to
assess variation in functional traits of
plant community’s outlining by grazing
using software Pc-Ord version 4.

Results

Results of one-way ANOVA and means
comparisons of traits in three areas are
given in Table 1. Leaf length, leaf width,
leaf area, leaf weight, grass form and life
form of Geophyte had significant
difference  (P<0.05) among three
management areas. There were no
significant differences between three sites
for plant height, leaf area index, forage
production and plant weight, percentage
of annual and perennial species, palatable
species Classes I, Il, 11, percentage of
forb and shrub species, Therophytes,
Chamaephytes and Phanerophytes. The
means of leaf width and leaf area of
protected area were significantly higher
than other sites. The percentage of grass
species in national park was significantly
higher than protected area. Geophyte
form was also different between national
park and grazing area (Table 1).
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Table 1. Variance analysis and mean comparisons of traits in three management areas of Tangsayad

Traits Sites F-value
National park Protected area Free grazing

Height (cm) 29.38%+9.30 25.46%+7.68 33.042+11.70 1.763™
Leaf length(cm) 9.282+2.51 8.922+1.57 6.94°+2.75 3.919"
Leaf width(cm) 0.73°+0.35 1.98%+0.74 0.48°+0.19 37.642™
Leaf area (mm?) 450.7°+176.5 734.6°+£226.0 303.8°+167.0 16.092™
Leaf weight (mg) 34.18+15.73 66.832+20.49 24.74°+14.25 20.430™
SLA (mm?/mg) 18.882+7.15 15.85%+3.76 16.97%+6.49 0.769m
Production (g) 6.84%+4.14 8.08%+1.66 6.69%+3.97 0.503
plant weight (g) 10.692+7.81 11.532+4.38 12.58%+9.55 0.215m
Annual (%) 0.382+0.28 0.26°+0.17 0.442+0.29 1.373™
Perennial (%) 0.61°+0.28 0.73£0.17 0.55%+0.29 1.373™
Palatability class I cover (%) 0.042+0.05 0.032+0.04 0.052+0.10 0.287"
Palatability class Il cover (%) 0.232+0.23 0.192+0.15 0.122+0.14 1.214ns
Palatability class I11 cover (%) 0.712+0.22 0.77°£0.18 0.812+0.18 0.812"
Grass (%) 0.492+0.19 0.28+0.17 0.36%°+0.26 3.213"
Forb (%) 0.33%£0.24 0.46°+0.19 0.26°+0.27 1.963™
Shrub (%) 0.17%+0.15 0.25%+0.22 0.372+0.31 2.601"
Therophytes (%) 0.382+0.28 0.26°+0.17 0.442+0.292 1.373m
Geophytes (%) 0.05%+0.04 0.01°+0.03 0.01°+0.03 3.468™
Hemicryptophytes (%) 0.40%0.22 0.45%0.15 0.16%0.13 9.402"
Chamaephytes (%) 0.16°+0.15 0.25%+0.22 0.37%+0.31 2.784m
Phanerophytes (%) 0.10°+£0.13 0.08%+0.17 0.25%+0.31 2.204

*, ** and ns= significant at 0.05 and 0.01 probability levels and non-significant, respectively
Means of each rows followed with the same letters are not significant

PCA was conducted to determine the
most important traits that explain
variation in three sites. In the present
study the PCA is effective rather than
discriminant  analysis  because our
objective was to assess differences
among traits along the most important
dimensions of trait variation, rather than
simply differentiate traits from different
sites. We used PCA to obtain a visual
approximation of the trait correlations
within each site.

Eigenvalues are given in Table 2.
The amount of the first, second and third
axes eigenvalues (eigenvector) are higher
than Broken Stick statistic, therefore
these axes had significant contribution for
variation and the other axes were not
significant. As shown in Table 3, the
traits as plant production, plant weight,
perennial and shrub species had the most
negative correlation with first axis. In
contrast, Therophytes, annual species and
SLA had positively correlated with the
first axis. Leaf length, width, area and life
form  of  Hemicryptophytes and
Phanerophytes had a high negative
association with the second axis. Life
forms of grasses and palatability class I in

negative direction and life forms of forbs
and palatability class Il in positive
direction had the most contribution in the
extraction of the third axis. In overall,
41.81%, 25.77% and 14.07% of variation
were explained by the first, second and
third axes, respectively. Two-dimensional
diagram (bi-plot) of the first and second
axis is shown in Fig. 1. Plots number of
N1 to N15, P16 to P25, and G26-G40
were sampled in the national park,
protected area and grazing site
respectively. From Fig. 2 it is obtained
that the majority of plots of national park
are located in right of the first axis and
bottom of second axis relatively but
gradient length have not been clearly
extracted by the two axes.

Plots of protected area obviously are
placed at the bottom of the second axis.
The plots of this site were related to
higher leave size and palatability classes |
and Il and life form of Hemicryptophytes.
The plots of grazing site are plotted in the
upper part of the second axis. This site is
related to palatability classes 11, life form
of Chamaephytes Therophytes, annual
species, plant weight, shrubs and plant
height. Therefore this axis is presenting
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the variation length of traits between two it can be concluded that environmental
management areas clearly. But the factors have also been from influential
gradient length is not very noticeable factors (Fig. 2).

along the first axis. Based on these results

Table 2. Results of eigenvalues, variation and Broken Stick statistic in PCA analysis in the Tangsayad area

Axis Eigen vector Explained variation % Broken stick statistic
1 8.781 41.81 3.64
2 5.414 25.77 2.64
3 2.956 14.07 2.14
4 1.204 5.73 1.81
5 1.163 5.54 1.56
6 0.801 381 1.36
7 0.354 1.68 1.19
8 0.149 0.71 1.053
9 0.081 0.384 0.928
10 0.049 0.234 0.816

Table 3. Result of eigenvectors from the first three principal component axes for plant traits in Tangsayad
area

Plant trait Axisl AXxis 2 AXis 3
SLA 0.291 -0.055 -0.196
Annual 0.325 0.092 -0.022
Therophytes 0.325 0.092 -0.022
Production -0.304 -0.035 0.003
Overall plant weight -0.314 0.114 -0.029
Perennial -0.325 -0.092 0.022
Shrub -0.264 0.227 -0.025
Chamaephytes -0.262 0.230 -0.027
Leaf length -0.032 -0.328 -0.345
Leaf width -0.080 -0.301 0.297
Leaf area -0.093 -0.373 0.081
Leaf weight -0.146 -0.332 0.169
Hemicryptophyes -0.089 -0.369 0.087
Phanerophytes -0.232 -0.296 0.023
Palatability class | -0.021 -0.101 -0.370
Grasses 0.151 -0.082 -0.454
Forb 0.129 -0.155 0.442
Palatability class 111 0.150 0.232 0.299
Palatability class I1 -0.158 -0.217 -0.187
Geophyte 0.003 -0.074 -0.133
Plant height -0.218 0.177 -0.154

Boldface factors loadings are considered highly weighted value
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Fig. 2. PCA diagram of two axes 1 and 2 in Tangsayad (National Park plots: N1-N15, protected area plots:

P16-P25 and grazing protected plots: G26-G40)

Discussion

The results of this study showed that the
leaf traits have changed largely under the
influence of different grazing livestock
managements. Similarly, Nikan et al.
(2010) found in their study that some of
traits as plant height; SLA had higher
variation in two low and moderate
grazing intensities. In this regard
Gholami et al. (2011) showed that all
plant functional groups except perennial
plants, Cryptophytes, Hemicryptophytes,
Chamaephytes and  shrubs  have
significantly responded to different
grazing intensities.

It seems that low grazing can
stimulate the plant regrowth and
accumulate nutrient in the plant organs.
This stimulation may be due to sexual
regeneration (Grime, 2006). Therefore,
the plants try to produce seeds and plant
size is involved in the response to both

resource availability and disturbance, as
it relates to both competitive ability and
tolerance/avoidance of disturbance and
drought (Osem et al., 2004).

An experiment was conducted by
Azimi and Mozafari (2017) in study of
the effects of three deferred grazing
systems (15, 30, 45 days delay) in
Semnan province, Iran. They found
significant effects of deferred grazing
systems on the growth of shrubs in terms
of canopy cover. Also they declared the
lowest shrub canopy cover in 45-day
delay of grazing and the 15-day delay are
suggested to the reaching highest forage
production. Adaptations to grazing, such
as small stature, basal meristems and
drought-deciduous leaves, also prove
advantageous in preventing or recovering
from herbivory (Coughenour, 1985). In
the context of grazing defense, these
traits can be viewed as ‘exaptation’ rather
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than adaptations (Gould and Lewontin,
1979). The evolutionary history of
grazing (Mack and Thompson, 1982)
refers to the history of selective pressure
on plants exerted by populations of
generalist herbivores. Grazing-resistance
traits that evolve in response to these
selective pressures are true adaptations to
grazing.

Motamedi et al. (2016) conducted a
research to study the effects of various
grazing intensities (low, moderate and
high) on some traits of Artemisia
fragrans Wild. The results indicated that
there was a significant difference between
the quantity of investigated parameters
(except for the canopy area and diameter
of the plant collar) of the studied species
under three grazing intensities. The
highest and lowest aerial biomasses with
average values of 5.18 and 76.42 g/plant
were obtained in low and high grazing
intensities, respectively. Moreover, the
maximum and minimum underground
biomass with average values of 95.32 and
46.56 g/plant allocate to low and high
grazing intensities, respectively. In high
grazing intensity, the means of collar
diameter and plant cover was the lowest
and the characteristics of leaf litter,
underground and aerial biomass was the
highest. The findings of Motamedi et al.
(2016) in case of decreasing the plant
cover and weight of leaf due to grazing is
in line with the findings of this study.

Palatable plants were replaced by
plants which had low palatability. In this
research the plants with palatability class
I11 had higher frequency in grazing site.
Chamaephytes are often assumed to be
intolerant to grazing due to the non-
accessibility of the buds (Mclntyre and
Lavorel, 1994). The plants with
palatability class Il had poor-quality
leaves that these are an effective defense
against herbivores. Herbivores do, in fact,
avoid the plants that are difficult to digest
(and decompose) in favor of their more
palatable competitors (Augustine and
McNaughton, 1998). This type of
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avoidance is further enhanced by tough
leaves that result in large quantities of
standing dead biomass, which even large
herbivores avoid (Cruz et al., 1998).
When the plants grow to mid or low-level
of harvesting, palatable species had a
competitive advantage and the succession
goes to the climax (Mesdaghi, 2009).
Plant responding to grazing depends on
the ability of this species in recovering
and restoring the lost tissues.

A combination of several
regenerative strategies in one species may
act as insurance for surviving an
unpredictable disturbance; species with
multiple regenerative strategies are more
likely to inhabit a wvariety of
environments (Grime, 2001). A study by
Sharafatmand rad et al. (2014) also was
done to analyze the effects of grazing
(low grazing, medium and high grazing
intensity) on plant species diversity of
arid and semi-arid rangelands. They
found that as grazing intensity increased,
total species richness and diversity will
be decreased. They found no significant
differences  between richness and
diversity of the low and moderate grazing
intensity treatments although the indices
of low grazing intensity  were
significantly higher than the severe
grazing intensity.

By increasing the capability of
producing in a habitat (especially
humidity), the ratio of aboveground to the
underground and also canopy
development will increase (Tahmasebi
Kohyani and Ebrahami, 2012). Negative
associations have also been reported
between stress and consumption for
dicots due to the increase in secondary
compounds observed in stressed plants
(Bryant et al., 1989). Consequently, only
small changes in plant community and
plant trait composition in response to
grazing are to be expected at these sites,
in comparison with nutrient rich sites. In
the latter, competition for light will favor
for the species with traits such as taller
growth form, leafy structure, tall shoots
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and a strong lateral extension, which
increase the species’ vulnerability to
grazing. Diaz et al. (2001) in a study
about response of plants to grazing in
semi-humid rangelands showed that plant
height, longevity, leaf size and specific
leaf area may be the best variable in
predicting the grazing effects which the
results are completely compatible with
findings of this research.

Finally, considering to the results it
was concluded that leaf traits like leaf
length, leaf width, leaf area and leaf
weight, forbs, grass and life forms
Hemicryptophyes and Geophytes can be
used as indicators for assessing and
monitoring of grazing management in
rangelands. The results of this study can
be used to evaluate the semi-steppe
rangelands  with  similar  situation,
although more researches are necessary
to achieve accurate measures in different
rangelands. In overall, our results state
the fact that the expected convergence in
plant attributes conferring tolerance to
both resource scarcity and grazing
disturbance. The main implication of
these results is that in order to attain a
general model of vegetation dynamics in
response to management conditions, we
should encourage comparative studies in
different trait scaling relationships,
especially in relation to the structure of
different vegetation types. In general
conclusion; leaf traits as leaf length, leaf
width, leaf area and leaf weight, grass
growth form, Hemicryptophytes and
Geophytes life forms were determined as
the good indicators for assessing and
monitoring of grazing management.
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