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Abstract

Forage production of rangelands differs during different times of grazing season and in the same month of

different years. In range management projects, grazing capacity calculated once during the grazing season, which
coincides with the maximum production of rangeland species. This may cause more livestock entry into the
rangeland during the grazing season, leading to more degradation. Therefore, it is necessary to measure forage
production during the months of grazing season over a few years, based on which the long-term grazing capacity of
key range species could be estimated. Production variations of the key species, namely Artemisia sieberi, Salsola
laricina, and Stipa hohenackeriana were investigated in Khoshkerood-e-Saveh site in growth and grazing season
over the course of three years. For this purpose, the production of each species measured in a one-hectare exclosure
with one month intervals until the growth dormancy. After air-drying, forage production was analyzed by SAS
software. Based on the results, due to the high variability of monthly and annual precipitation in the region, forage
production of key range species had significant differences at P <5% level. The maximum and minimum mean
production (543 and 388 kg/ha) belonged to 2009 and 2008, respectively. According to the production fluctuation
in different years, it is recommended that range management plans account for the long-term average of good

production.
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1. Introduction

Avrea of rangeland is an indicator of ecosystem
diversity at a national scale (Mitchell, 2000).
Rangelands are the most important part of the
renewable resources owing to the lower cost of
their forage production in comparison with
irrigated farming. The rangeland area of Iran is
currently around 82 million ha, and the
production of dry matter as fodder is estimated at
about 11.7 million tons (Arzani, 2009). Forage
production in rangelands differs at different
times of grazing season and in the same month of
different years.

Climate change is expected to have a range of
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effects that will potentially alter rangeland
ecosystems (Polley et al., 2013). Simulations
have indicated that even a relatively small
percentage of change in rainfall has impacts that
are more significant on forage production for
grazing species (McKeon et al., 2009).
Accordingly, the estimated data related to
production in a specific year are not sufficient for
long-term planning in rangeland (Arzani, 1994).
Annual precipitation fluctuations in steppic
rangelands are high; however, their distribution
throughout the year is very erratic (Arzani,
1994), and water stress associated with drought
increases mortality in species in spite of their
different stress tolerance (Plaut et al., 2012).
Such climatic characteristics severely affect
forage production in these areas during different
years. Drought and wet years have various
effects on the production of species (Najafi Tireh
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Shabankareh et al., 2014), and deeper root
systems are resistant to heat and drought (Liu et
al., 2018). Therefore, given the variations in the
production of species in different periods of
grazing and different years, grazing capacity
should be determined based on the production of
each grazing season (Arzani, 1994). A modeling
exercise  found that increased annual
precipitation variability and temperature in the
Tibetan Plateau reduced the productivity of
grasslands (Ye et al., 2013).

In a study on Alamut mountainous
rangelands of Ghazvin, Rashvand et al., (2014)
assessedthe forage production sustainability of
several rangeland species and reported that
Artemisia aucheri and Cousinia esfandiari had a
sustainable production. Many studies have been
performed concerning the production and role of
precipitation and moisture for plant production
(Fakhimi et al., 2014; Zarekia et al., 2012; Yang
et al., 2008). These studies have underscored the
role of precipitation and moisture content in
increasing forage production.

Ahmadi et al., (2013) investigated the
production trend of plant species in Urmia-
Qarabagh rangelands; they showed that in most
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species, the highest amount of forage production
occurred in the year with the most rainfall.
Therefore, during the six months of April to
September, the highest amount of production in
all years occurred in May while the lowest
amount belonged to September, followed by
April. Without determining the production
characteristics of plant species, it is not possible
to plan and manage rangeland and livestock.

The present research was conducted to
examine the production of important species
belonging to the steppic rangelands of Saveh,
central Iran. By so doing, it is possible to revise
the grazing management plan of rangelands with
similar plant species and finally provide useful
information on the dynamics of rangeland and
livestock productions.

2. Materials and Methods
2.1. Study areas

The studied steppic rangeland is located 60
km northeast of Saveh, Markazi province

between longitudes of 50° 35' 49" to 50° 49' 11"
and latitudes of 35°23'46" to 35° 30' 55". (Fig. 1)
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Fig. 1. Study area in Markazi Province, Iran

Based on the long-term data of Saveh
synoptic station, the mean annual temperature
and precipitation of the study area are 19°C and
200 mm, and the mean monthly temperature
ranges from 4.5°C in January to 32.6 °C in July,
with 51-89% occurring in the growing season
(March — June). The area comprises both steep
and flat terrains. The region has an altitude of
1325 m a.s.l with sandy clay loam of soil texture.
Khoshkehrood Rangeland considered as a

summer rangeland. The dominant vegetation
type is Artemisia sieberi —Salsola laricina. The
main species are Stipa hohenackeriana, Poa
sinaica, Scariola orientalis, Noaea mucronata,
Cousinia cylindraceae, Dendrostellera lessertii,
Acanthophyllum microcephalum, Andrachne
fruticulosa, Achillea tenuifolia, Ajuga sp.,
Boissiera squarrosa, Bromus tectorum, Carex
stenophylla, Ceratocarpus arenarius, and
Dianthus sp.
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Table 1. Monthly and annual variations in precipitation (mm) during the project period and long-term periods (1992-2010)

Month 2008 2009 2010 Long-term
December 15.0 6.0 11.6 334
January 23.2 21.0 13.2 18.1
February 0.7 15 204 21.1
March 6.4 70.7 253 30.8
April 24 35.2 44.5 20.5
May 5.4 0.8 0.0 1.8
June 0.0 0.0 0.0 0.8
July 0.0 0.0 0.0 0.1
August 0.0 3.2 0.0 0.6
September 0.5 0.0 1.9 25
October 4.7 45.0 17.3 28.9
November 41.7 39.5 28.7 31.2
Average 100.0 222.9 162.9 190.2
2.2. Methods the coverage and density of all species were

The monthly forage production of Artemisia
sieberi,  Salsola  laricina, and  Stipa

hohenackeriana, the key range species (Fig. 2) in
the region, was calculated from the beginning of
the growing season for three years, inside a one-
hectare enclosure area, with one-month intervals
until growth dormancy. Five plants were selected
from each species and monthly marked in the
enclosure area. In systematic random sampling,

3. Results

According to Duncan’s multiple-range test
(Table 2), Artemisia sieberi, Salsola laricina,
and Stipa hohenackeriana had significantly
different forge productions over the studied years

Fig. 2. Artemisia sieberi, Salsola laricina, and Stipa hohenackeriana species in Khoshkehrood Rangeland Ieft .to right)

estimated within the enclosed region in order to
specify the mean plant size.

Each month, for each species, the harvested
forage was placed in separate bags and after
drying, the dry-matter weight was obtained. The
amount of forage production, after air-drying,
was analyzed by SAS software. Total production
was calculated at specified intervals using the
production average and species density in
rangeland.

(p<0.05). The highest and the lowest amount of
total forage production in these three species was
observed in 2009 (rainfall: 220 mm) and 2008
(rainfall: 100 mm), respectively, indicating a
14% increase.

Table 2. Mean comparison of the annual production of key species

Year forage production (kg/ha)
2008 388+48.5 b

2009 543.4+72.9 a

2010 478.2+62.1ab

Values with the same letters were not significantly different (P<0.05)

Table 3. Mean comparison of the monthly production of key species

Month Average forage production (kg/ha)
March 36.4+45b

April 47.845.6 ab

May 50.1+6.4 a

June 22144 ¢

Values with the same letters were not significantly different (P<0.05)



10

According to the results (Table 3), all three
species had statistically different productions in
the months of the growing season. The average
production in May was the highest but did not
significantly differ from April, and June had the
lowest production. Table 5 shows the relative
monthly production of S. laricina based on the
total amount of rangeland production. On
average, more forage was produced in April
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(30.3%) whereas in June, the share of the species
was approximately 15.1%. However, in different
years, these proportions slightly differed. In
2008, around 6% of the forage was produced in
October, which was not observed in the
following years. Based on the average of three
years, the share of this species in the total forage
production of rangeland was about 50% (Table
4).

Table 4. Monthly relative production of S. laricina in different months and its share of total rangeland production

Monthly relative production (%)

5 . 5 5 i
< — % 2 5 3 2 > > Relative
ears g 5 & £ £ 38 § 3 g g g S production
< £ = 5 3 2 £ g 2 2 & 3
8 o S a - iy
2008 221 324 360 37 00 00 00 5.8 0.0 00 00 00 53.4
2009 221 36 378 375 00 00 00 0.0 0.0 00 00 00 46.9
2010 361 427 171 41 00 00 00 0.0 0.0 00 00 00 51.7
Average 267 262 303 151 00 00 00 193 00 00 00 00 50.66
Table 6 shows the relative monthly However, these proportions slightly differed over

production of A. sieberi based on the total
amount of rangeland production. On average,
more forage was produced in April (37.4%)
while in June; the share of the species was 11.9%.

different years. According to the average of three
years, the share of this species in the total forage
production of rangeland was about 23%.

Table 5. Monthly relative production of A. sieberi in different months and its share of total rangeland production

Monthly relative production (%)

3 o 5 5 i
= — 3 2 5 3 2 > > Relative
vears S 5 & & =z 38 § 3 g S g S production
g 2 = 3 5 Z 2 ] 3 8 g 8
3 (@] > a - Lo
2008 286 360 323 32 00 00 0.0 0.0 0.0 0.0 00 00 235
2009 121 252 330 296 00 0.0 0.0 0.0 0.0 0.0 00 00 215
2010 218 511 241 30 00 00 0.0 0.0 0.0 0.0 00 00 23.3
Average 208 374 298 119 00 00 0.0 0.0 0.0 0.0 00 00 22.8
The relative monthly production of S. in June; the production share of the species was

hohenackeriana based on the total amount of
rangeland production showed that on average,
more forage was produced in May (39.8%) while

about 1.8%. The average of three years showed
that the share of this species in the total forage
production of rangeland was about 17%.

Table 6. Monthly relative production of S. hohenackeriana in different months and its share of total rangeland production

Monthly relative production (%)

= _ = 3 5 2 2 > > Relative
Years S s 9 e =2 3 & e g £ s S production
= < =2 5 = 2 3 8 g 8 & 3
n 4 a - L
2008 26.5 233 50.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.3
2009 7.6 36.2 40.9 153 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 22.0
2010 24.1 38.2 28.5 9.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 17.2
Average 19.4 325 39.8 8.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16.8

The interaction effect of different species
production in the months and years of the study
revealed that the highest amount of production
belonged to S. laricina with 114 kg/ ha in April
2010 and 105 and 106 kg/ha in May and June
2009, respectively. The least forage belonged to

S. hohenackeriana and A. sieberi in May 2008
(Fig. 3).



Artemisia sieberi, Salsola laricina, and Stipa
hohenackeriana have a high proportion of forage
production in the winter rangelands of
Khoshkehrood, Saveh. These species account for
about 88% of the total vegetation cover in the
region and around 90% of the forage. The results
showed that the production of the species varied
in different months and years (2008 and 2010).
Due to winter rainfall, the highest production
occurred in April and May (vegetative stage),
and the amount of production decreased with the
reduction in the rainfall in June (end of the
vegetative stage). However, in 2010, the highest
production occurred in April, which decreased
over time towards June. According to Table 1,
the rainfall in the winter months, especially
March 2010, caused the highest production in
April whereas the low rainfall in March and the
previous months in the years 2008 and 2009 did
not increase the plant production in April.
Instead, the increased rainfall in the spring
augmented the production in May. With the
increase in heat and reduction in rainfall,
minimum production levels occurred in June
over different years. Thus, in addition to rainfall
and annual and monthly temperatures, plant
production in the area is influenced by the
distribution of rainfall in the months of the
growing season. In growing seasons with
suitable amounts of rainfall and distribution,
there is a significant increase in forage
production. According to many researchers,
including Ahmadi et al. (2013), Chaplin-Kramer
and George (2013), and Densmore-McCulloch et
al. (2016), rainfall in the proper season and
growth time of plant species significantly
increases production. The most important
climatic indices in the forage production of shrub
plants in the rangelands of the steppe region of
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Fig. 3. Changes in the production (kg/ha) of species in different months and years
4. Discussion Aktarabad, Saveh were analyzed over the course

of eight years (1998-2005); among the important
climatic indices, rainfall during the growing
season was the most effective and had a
significant positive correlation with forage
production (Ehsani et al., 2008; Li et al., 2016).
Grasses are more severely affected by this
condition as was shown by Rahmani et al.,
(2014) who examined the forage production of
Agropyron desertorum under the influence of
average annual rainfall. They suggested that the
correlation between decreasing or increasing
forage production with the decrease and increase
in average annual rainfall was more than 88%.
The total forage production was different in the
studied years of the current research. The data
showed that the indicator species of the region in
2008, whose rainfall was less than 100 mm,
produced 30% less forage compared to 2009 with
a rainfall of approximately 222 mm. Wesche
(2005) has also reported that the changes in
vegetation cover in arid areas are due to rainfall.
However, the comparison of Tables 4 to 6 shows
that the fluctuation of species production varied
over different years, with shrub species such as
Salsola laricina and Artemisia sieberi slightly
fluctuating in 2008 (dry year) and 2009 (wet
year). In addition, these species had a similar
share of production relative to the total rangeland
production in different years; however,
compared with Stipa hohenackeriana, the
production of this species was observed to be
strongly influenced by rainfall. In this regard, the
share of this species relative to the total
rangeland production in a dry year, 2008 (11%),
was much less than its share of the total
rangeland production in a wet year, 2009 (22%).
Researchers have reported that rangeland forage
production is affected by many factors including
the total annual precipitation and its distribution
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and these effects vary in different species (Hobbs
et al., 2007; Robinson et al., 2013).

Generally, the current study showed that the
production period and the amount of forage
production had monthly and annual changes,
which must be due to the changes in the amount
of rainfall, particularly annual and monthly
rainfall distribution. The results of this study are
in agreement with those reported by Moghaddam
(1999) and Akbarzadeh (2005). Also similar to
the present research, Sharrow (2007) reported
that forage production changed with seasonal
fluctuations, and Arzani (1994) showed the
effects of climate change on the annual forage
production of plant species.

Increased precipitation variability
significantly  reduced ecosystem  primary
production. Dominant plant-functional types
showed opposite responses: perennial-grass
productivity decreased by 81% while shrub
productivity increased by 67%. This pattern can
be explained by the different nonlinear responses
to precipitation. Grass productivity presented a
saturating response to precipitation where dry
years had more negative effects than wet years
had positive ones. On the contrary, shrubs
showed increased response to precipitation,
which augmented the average productivity with
the rise in precipitation variability (Gherardia
and Sala, 2015).

5. Conclusion

According to the results, grasses are
influenced by annual rainfall more than the
shrubs, which should be considered in the long-
term planning and calculation of grazing
capacity. Given the severe fluctuations in grass
production in rangelands, it is noteworthy that a
single measurement of rangeland production
could not be used to determine the long-term
grazing capacity. On the other hand, due to the
decreasing trend of forage production in the last
months of the grazing season/growth season
(May and June) and prevention of livestock
grazing, it is necessary that the livestock leave
the rangelands sooner and fed by hand until the
next migration.
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