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Abstract:
The role of different species of Astragalus in soil erosion prevention, genetic storage, species diversity,
improving of soil fertility by fixing atmospheric nitrogen, and finally, the production of good quality forage is
of great importance. This research aimed to investigate the quality and quantity of five herbaceous milkvetch
species (Astragalus brevidens Freyn & Sint., Astragalus vegetus Bunge, Astragalus cyclophyllon Beck,
Astragalus effusus Bunge, and Astragalus brachyodontus Boiss.) under rain-fed conditions in Damavand, Iran.
The seeds of each species were collected from their natural habitats and sown in the field using a completely
randomized block design with three replications in 2017. Data were collected for Dry Matter (DM) yield,
canopy cover, plant height, stem number, and seed yield at the seeding stage in 2019. For quality traits, forage
samples were taken in three phenological stages (vegetative, flowering, and seeding) in 2020, and the traits
of Crude Protein (CP), Dry Matter Digestibility (DMD), Water-Soluble Carbohydrates (WSC), Crude Fiber
(CF), acid Detergent Fiber (ADF), Neutral Detergent Fiber (NDF), total Ash, and Metabolisable Energy (ME)
were estimated using Near Infrared Spectroscopy (NIR). The results showed that there was no significant
difference among the species for DM yield, but the higher and lower values (2233 and 1853 kg/ha) were
obtained in A. effusus and A. cyclophyllon, respectively. For morphological traits, there were significant
differences among the species, and the higher values of canopy cover area (7050 cm2), plant height (70 cm),
stem number (38.33/plant), and seed yield (411 kg/ha) were obtained in A. vegetus, A. brevidens, A. effusus,
and A. brevidens, respectively. Also, our findings indicate that the amount of CP, DMD, WSC, Ash, and ME
was higher in the vegetative and flowering stages than that in the seeding stage. The total mean of all the
studied species with values of 15.76% and 12.16% for CP, 66.11 and 63.64 for DMD, and 9.24 and 8.81 for
ME were obtained in the vegetative and flowering stages, respectively, which classify them as desirable forage
species. Additionally, all the studied species are suitable for grazing by livestock in both growth stages from
spring up to the middle summer seasons. Based on the findings, milkvetch has the attributes of a desirable
forage species. It was concluded that A. effusus and A. cyclophyllon were the superior species for both yield
and quality traits among the studied species.
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Introduction

Rangelands play a crucial role in producing forage and feed-
ing livestock. The quality and quantity of forage, along

with its nutrients, significantly affect the growth and devel-
opment of livestock during the grazing season (Melo et al.,
2022). To ensure that rangelands are sustainably developed

https://doi.org/10.57647/j.jrs.2025.1503.23
https://orcid.org/0000-0002-6598-9361
mailto:szarekia@yahoo.com
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0


2/11 JRS15 (2025)-152523 Zarekia et al.

and that satisfactory livestock growth and reproduction are
achieved, range managers must understand the nutritional
values of forages. Investigating forage characteristics is
necessary for determining grazing capacity (Asaadi and
Khoshnood Yazdi, 2011; Amiri, 2012).
Forages vary greatly in terms of quantity and feeding value
(Bagheri Rad et al., 2015; Moore et al., 2020). The qual-
ity of forage changes by growth stage and location. There
are various factors such as environmental conditions (light,
temperature, soil properties, precipitation, altitude, wind),
vegetative stage, time of grazing, plant species diversity, and
management practices that affect the quantity and quality
of forage (Bagheri Rad et al., 2015; Moore et al., 2020).
Forage quality refers to the ability of forage to provide nec-
essary nutrients according to the needs of livestock. The
key parameters that determine forage quality are crude pro-
tein (CP), dry matter digestibility (DMD), water-soluble
carbohydrates (WSC), crude fiber (CF), acid detergent fiber
(ADF), neutral detergent fiber (NDF), total ash and metabo-
lizable energy (ME) (Tucak et al., 2021). There is a direct
relationship between livestock production and the forage
quality (Amiri, 2012; Moore et al., 2020). Maintaining a
balance between available nutrients and the nutrient require-
ments of livestock can help a rangeland manager enhance
animal performance to the highest level according to the
available forage (Asaadi and Khoshnood Yazdi, 2011; Melo
et al., 2022).
The chemical compounds can affect the forage palatability.
Several studies have shown that chemical compounds in
palatable plants (high CP) and non-palatable plants (with
high structural carbohydrates) cause livestock to prefer the
former one (Mikhailova et al., 2000). Among several qual-
ity traits, CP, ADF, DMD and ME are the most important
parameters that determine forage quality (Pinkerton, 2005).
In reality, forage quality changes depending on the domi-
nant species and the phenological stages of plants (Schut
et al., 2010; Ziehr et al., 2014).
Legume species play a key role in forage production with
high quality in rangelands. In addition to their high nutrition
values according to CP and other nutrients, these plants are
capable of fixing atmospheric nitrogen (bacteria symbiosis)
and enhancement of soil fertility (Stødkilde et al., 2019).
Astragalus is a large and famous genus of the legume family
in Iran with 844 species. (Masoumi, 2006). It has been
estimated to have about 3000 species as annual or peren-
nial forb, shrub, or bush tree. (Abd El-Ghani et al., 2021;
Aliabadi et al., 2023). This genus is nearly composed of
10% of the total plants in Iran (Masoumi, 2006). Javanmard
et al. (2020) found that intercropping of forage crops with
legumes [grasspea (Lathyrus sativus L.), berseem clover
(Trifolium alexandrinum L.), bitter vetch (Vicia ervilia L.),
and hairy vetch (Vicia villosa L.)] can enhance forage quan-
tity and quality. Zarekia et al. (2021) in the cultivation of A.
vegetus under rainfed conditions obtained 2000 kg/h forage
DM yield. Hajhashemi et al. (2021) reported that A. cyclo-
phyllon can provide livestock feeds with high forage quality,
nitrogen fixation, facilitating water infiltration, carbon se-
questration, etc. However, it is in danger of extinction: due
to several factors such as climate change and grazing inten-

sity (Hajhashemi et al., 2021). Several researchers showed
that A. effusus Bunge is a palatable plant rich in nutrients
and with a high tolerance to grazing (Zamani et al., 2010;
Yousefzadeh et al., 2010; Ahmadi et al., 2013).
Herbage legumes due to their high CP, good palatability
and forage yield are desirable species for feeding livestock
(Masoumi, 2006). Zhan-bin and Qing-yi (2013) found that
the establishment of Astragalus adsurgens in the loss and
gully lands in China can improve soil nutrients and organic
matter. Nitrogen produced by legumes can be available over
a longer period, and has a stimulating effect on forage yields
and an important role in organic farming.
There are a few studies about herbaceous Astragalus in Iran.
The novelty of this research lies in its comprehensive assess-
ment of herbage yield and quality across five native species
of milkvetch (Astragalus spp.) under rain-fed conditions
in Iran. While milkvetch species are well-known for their
ecological importance, our study explores their specific
attributes in terms of both quantity and quality in the con-
text of livestock forage production Hypothesis: This study
was performed to cultivate five Astragalus valuable species
(including A. brachyodontus, A. effusus, A. brevidens, A.
cyclophyllon, A. vegetus) in the field condition and evaluate
their forage quality and quantity. So, the main objective of
this research was to determine the forage yield and nutritive
value of these species and compare their differences among
various phenological stages.

Materials and methods
Study area: The present research was performed in a re-
search station in Homand Absard Rangeland 70 km east of
Tehran, on the southern slopes of Alborz Mountains and
with an average altitude of 1960 m above sea level and geo-
graphic locations (52◦ 05′ 03”E and 35◦ 38′ 55”N) (Table 1).
The average annual rainfall and temperature are 338.7 mm
and 12 ◦C, respectively. Homand Absard climate is cold
semi-steppe. The soil texture is clay loam and its pH is
7.7. The soil in this station is a part of brown soils with low
organic matter and large amounts of lime in lower layers
(80−100 cm).
Methods: The studied plant species were five perennial
Astragalus species (A. brevidens, A. vegetus, A. cyclophyl-
lon, A. effusus, A. brachyodontus) (figure 1). Their seeds
were collected from different rangelands of Iran provinces
(figure 2). The origins and climatic conditions have been
shown in Table 1.
Since Astragalus seeds have physical dormancy, the seeds
were sacrificed using emery paper to get better field estab-
lishment (Zarekia et al., 2013); then, the treated seeds were
sown in the field using a complete randomized block with
three replications in the autumn, 2017. Each block com-
prised 5 plots and each plot had two lines in 6 m length.
The space between lines was 50 cm and between blocks
was 1 m. This experiment was conducted under a dry land
farming system. The weeds were taken manually in growth
season and no chemical pesticide was used. No data were
collected in the establishment year. In the second year, the
evaluated parameters were forage production, canopy cover,
height, seed yield, and the number of flowering stems.
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Table 1. Geographic locations and climatic conditions of the collected seed samples.

Apecies Province Region
Latitude

N
Longitude

E
Temperature

(◦C)
Rainfall
(mm)

Altitude
(masl)

A. brachyodontus Ghazvin Zereshk 36◦ 25′ 50◦ 05′ 10 400 2000

A. effusus West-Azarbayjan Dareshogada 37◦ 17′ 45◦ 08′ 10 360 2000

A. brevidens Khorasan Torogh 36◦ 15′ 59◦ 54′ 13 277 1388

A. cyclophyllon Chaharmahal Zeverdegan 31◦ 58′ 51◦ 39′ 13 622 2230

A. vegetus Kordestan Saral 35◦ 04′ 47◦ 06′ 11 340 2100

To evaluate the quality of forage in the third year of culti-
vation (2020), a random sampling was conducted on three-
year-old plants in three different stages of growth: vege-
tative, flowering, and seeding. Three samples were taken
for each growth stage. Samples including leaves and stems
in the vegetative stage, leaves, stems, and flowers in the
flowering stage, and leaves, stems, and seeds in the seeding
stage were collected. For each sample, 400 g were taken
and placed in an oven at 70 ◦C for 48 hours. The samples
were ground in two stages (industrial mill and laboratory
mill). Afterward, NIR (Near Infrared Spectroscopy) model
INFRAMATIC8620 instrument was used to estimate nu-

tritional value parameters such as crude protein (CP), dry
matter digestibility (DMD), water-soluble carbohydrates
(WSC), crude fiber (CF), acid detergent fiber (ADF), neu-
tral detergent fiber (NDF), total Ash, and metabolizable
energy (ME). Jafari et al. (2003) provided detailed informa-
tion regarding laboratory measurements of quality traits and
calibrations of NIR.
The collected data were statistically analyzed using a split-
plot design based on the completely randomized design in
three replications for different growth stages: vegetative,
flowering, and seeding. The data were analyzed using SAS9
software, and the means were compared by the DMRT 5%

Figure 1. Picture of five herbaceous milkvetch species (a: A. effusus, b: A. cyclophyllon, c: A. brachyodontus d: A. vegetus, e: A. brevidens, f: A view of
the Astragalus farm).
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Figure 2. The location of the planting site (1: Homand Absard) and seed collection (2: Khorasan, Torogh; 3: Ghazvin, Zereshk; 4: West-Azarbayjan,
Dareshogada; 5: Kordestan, Saral; 6: Chaharmahal, Zeverdegan), Iran.

method.

Results

Yield and morphological parameters
According to Table 2, there were significant differences
among species for all measured parameters except forage
DM yield (p < 0.01). So, means comparisons were made
using Duncan test (Table 3).
The results indicated that A. effusus with an average value
of 2233 kg/ha had the highest forage production (under field
conditions and without irrigation). There was no significant
difference among A. effusus, A. brevidens, and A. vegetus
for canopy cover, but A. vegetus with an average value of
7050 cm2 had the highest canopy cover area. Similarly, A.
brevidens with an average value of 70 cm had the highest
plant height. Both A. cyclophyllon and A. brachyodontus
had lower mean values of other parameters (Table 3). Al-
though A. cyclophyllon had the lowest number of flowering
stems, it produced moderate values of seed production. A.

effusus with an average value of 38.33 stems per plant had
the highest stem numbers. Our finding indicates there was
no relationship between seed production and the number of
flowering stems.

Quality traits
The results of the analysis of variance for forage qual-
ity in five Astragalus species in different phenological
stages showed that there was no significant difference
among species for all the forage quality indices, except
CF, WSC and NDF. However, there were significant differ-
ences among phenological stages for all quality traits except
CP. The species by phenological stage interaction effect was
also significant for all traits except CP and ME (Table 4).
There was no significant difference among Astragalus
species for CP (Table 5) while a significant difference was
observed among phenological stages (Table 6) so that the
highest and lowest amounts of CP were obtained in vegeta-
tive and seeding stages, respectively. The highest amount
of CP in all species was observed in vegetative stages with

Table 2. Results of analysis of variance (MS) for the effect species, phenological traits and their interaction on DM yield and morphological traits in five
Astragalus species.

SOV DF MS

DM yield Canopy cover Plant height Flowering stem Seeds & Pods

species 4 161.6 6325357.2∗∗ 109.43∗ 500.03∗∗ 18958.93∗

block 2 51.46 1976314.2 132.26 65.60 13677.26

error 8 205.21 504064 33.43 26.93 4214.70
∗, ∗∗= Significant at 5 and 1% probability levels, respectively.
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Table 3. The means of DM yield and morphological traits in five Astragalus species.

Species
DM yield
(kg/ha)

Canopy cover
(cm2)

Plant height
(cm)

Stem number
Seed yield plus pods

(kg/ha)

A. brachyodontus 1993 a 4938 b 63.33 ab 22.33 b 198 c

A. brevidens 2053 a 6641 a 70.00 a 37.00 a 411 a

A. effusus 2233 a 6583 a 65.3 ab 38.33 a 227 bc

A. vegetus 2153 a 7050 a 68.33 a 36.66 a 349 ab

A. cyclophyllon 1853 a 3605 b 55.33 b 8.66 c 269 bc

Means of each column with the same letter is not significantly different according to Duncan test (P≤0.05).

a range (14.29 to 16.69%). In contrast, the lower values
of CP (6.93 to 8.54%) were observed in the seeding stage
(figure 3).
For both DMD and ME, There was no significant difference
among Astragalus species (Table 5). According to our find-
ings, significant decreases were observed in the amounts
of both DMD and ME, by increasing the plants’ growth
age (Table 6). The results showed that the highest values
of DMD (67 to 68%) and ME (9.5 to 9.6 MJ/kg) were ob-
served at vegetative and flowering stages in A. effusus and
A. cyclophyllon, respectively (Figs. 2 and 3). For A. effusus,
both DMD and ME sharply decreased in the seeding stage
with values of 43% and 5.5 MJ/kg, respectively (Figs. 4
and 5). For all species, the amount of ME was ranged from
(7.97 to 9.64 MJ/kg) at two vegetative and flowering stages
(figure 5).
There was no significant difference among Astragalus
species for WSC (Table 5). According to the results, the
highest value of 18.54% was obtained in A. cyclophyllon in
a vegetative state (figure 6). The lowest amounts of WSC

with values of 11.25 to 16.43% were observed at the seeding
stage in all species (figure 6).
For ADF, there was no significant difference among all
Astragalus species, while significant differences were ob-
served for CF and NDF (Table 4). The species of A. cy-
clophyllon and A. brachyodontus with average values of
28.63% and 37.69% had the lowest CF and NDF, respec-
tively (Table 5). Progressing phenology stages caused to
increase CF, ADF and NDF parameters in all species (Ta-
ble 6). For CF, the lowest values (24. 55, 25.16 and 26.7)
were observed in A. cyclophyllon, A. effusus, and A. vegetus,
respectively in the vegetative stage (figure 7). The lowest
value of ADF (31.3%) was observed for A. effusus in the
flowering stage (figure 8). Similarly, the lowest amount of
NDF (36.79 to 39.15%) was observed in A. cyclophyllon
at three phenological stages indicating its higher nutritive
value (figure 9).
For total ash, there was no significant difference among
Astragalus species (Table 5). According to the results, A.
brevidens had the highest amounts of total ash at the vegeta-

Table 4. Results of analysis of variance (MS) for the effect species, phenological traits and their interaction quality traits.

S.O.V DF MS

CP DMD ME WSC CF ADF NDF Total ash

Block 2 0.12 61.35∗ 1.77 0.33 17.02 81.77∗ 10.68 0.27

Species (S) 4 2.33 29.43 31.29∗∗ 12.36∗ 77.01∗ 31.92 209.69∗∗ 0.96

Phenological stage (P) 2 241.5∗∗ 1083∗∗ 0.85 22.2∗∗ 578.45∗∗ 317.12∗∗ 591.93∗∗ 21.12∗∗

S × P 8 1.56 44.56∗ 1.28 7.03∗∗ 21.08∗∗ 46.78∗ 46.31∗∗ 1.10∗∗

Error 28 2.01 38.43 1.11 4.08 14.36 35.51 21.99 0.55
∗, ∗∗= Significant at 5 and 1% probability levels, respectively.

Table 5. Means comparison of forage quality indices in five Astragalus species.

Species CP (%) DMD (%) ME (Mj/kg) WSC (%) CF (%) ADF (%) NDF (%) ash (%)

A. brevidens 11.76 a 60.89 a 8.35 a 15.3 6b 34.77 a 38.40 a 47.74 a 7.84 a

A. vegetus 11.66 a 58.88 a 8.01 a 14.52 b 33.01 a 39.94 a 47.17 a 7.99 a

A. effusus 12.35 a 59.77 a 8.16 a 14.92 b 32.55 a 39.26 a 41.83 b 7.53 a

A. brachyodontus 12.46 a 57.96 a 7.86 a 14.70 b 36.45 a 41.16 a 49.23 a 7.25 a

A. cyclophyllon 11.23 a 62.61 a 8.64 a 17.40 a 28.63 b 36.14 a 37.69 b 8.02 a

The means of each column with the same letter are not significantly different according to Duncan test (P≤0.05).
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Table 6. Means comparison of forage quality indices in different phenology stages.

Phenological
stages

CP (%) DMD (%) ME (Mj/kg) WSC (%) CF (%) ADF (%) NDF (%) ash (%)

Vegetative 15.76 a 66.11 a 9.24 a 16.51 a 27.27 c 35.85 b 37.85 c 8.75 a

Flowering 12.16 b 63.64 a 8.81 a 16.05 a 32.34 b 36.82 b 46.16 b 7.99 b

Seeding 7.75 c 50.31 b 6.55 b 13.56 b 39.63 a 44.26 a 50.17 a 6.42 c

The means of each column with the same letter are not significantly different according to Duncan test (P≤0.05).

tive growth stage (9.56%) (figure 10). The lowest amounts
of total ash were observed at the seeding stage in all species.

Discussion

Some studies have shown that certain species of Astragalus,
a plant found in semi-steppe rangelands in Iran, are capa-
ble of producing high-quality forage (Ehsani et al., 2021;
Zarekia and Mirhaji, 2017). Our research has come to the
same conclusion. Specifically, we found that three-year-
old Astragalus plants produced around 2000 kg/h of forage
under natural rainfall conditions (In farm conditions). The
best time for harvesting this forage was during the flowering
stage in June. The DM yield was comparable to that of Ono-
brychis sp. ecotypes, with value of 800 kg/ha in a different
research farms in Homand, Damavand, Iran (Ansari and
Zohdi, 2004). Other studies have also shown that legumi-
nous plants such as Medicago sp. and Onobrychis sp. are
important for forage production for livestock in dry land
farming in Iran. These plants are cultivated for a long time
and they produce about 2 tons/ha (Cicek et al., 2020; Moha-
jer et al., 2011). However, breeding programs should focus
on increasing more DM yield (Jafari et al., 2014).
One of the problems with restoring destroyed and inefficient
rangelands is the lack of high-quality seeds. Our research
showed that seed production of Astragalus is possible under
suitable climatic conditions, with an estimated amount of
up to 411 kg/ha. A. brevidens had the highest seed and pod

production. This yield was comparable to that of Medicago
sativa and Onobrychis sativa in dry farming systems (Jafari
et al., 2009).
In our study, A. cyclophyllon and A. brachyodontus had the
lowest mean values for many parameters. On the other hand,
A. vegetus, A. brevidens, and A. effusus were found to be
successful for rangeland improvement in similar climatic
conditions (rainfall of 300 mm and average temperature of
11 ◦C) in Homand station. A. effusus is a palatable forage
and has high nutritive value, and is tolerant of grazing and
soil conservation (Yousefzadeh et al., 2010). However, it
should not be subjected to high grazing pressure as this may
reduce its production (Ghasriani et al., 2016).
To effectively manage rangelands, it is important to balance
the nutritional requirements of grazing animals with the
fluctuation of forage quantity and quality throughout the
year. Arzani et al. (2014) suggest that understanding the
critical boundaries of forage quality indices is necessary
for this balance. Studies have shown that legumes such as
sainfoin (Onobrychis viciifolia) have high forage quality,
with CP values over than 16% coupled with high ME levels
(Legendre et al., 2018; Gayrard et al., 2021). However, as
plants grow, the amounts of important forage quality pa-
rameters such as CP, DMD, and ME tend to decrease, as
found by Ranjbarfordoei et al. (2020). For example, CP in
Astragalus species was estimated at up to 15% during the
vegetative stage (Tahmasebi et al., 2020). Other studies by
Kaithwas et al. (2020) found high amounts of CP and di-

Figure 3. The Mean ± SE (Standard error) of crude protein (CP %) in three phenological stages in five milkvetch species.
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Figure 4. The Mean ± SE (Standard error) of dry matter digestibility (DMD %) in three phenological stages in five milkvetch species.

Figure 5. The Mean ± SE (Standard error) of Metabolizable Energy (ME) in three phenological stages in five milkvetch species.

Figure 6. The Mean ± SE (Standard error) of water-soluble carbohydrates (WSC %) in three phenological stages in five milkvetch species.
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Figure 7. The Mean ± SE (Standard error) of crude fiber (CF %) in three phenological stages in five milkvetch species.

Figure 8. The Mean ± SE (Standard error) of Acid detergent fiber (ADF %) in three phenological stages in five milkvetch species.

Figure 9. The Mean ± SE (Standard error) of neutral detergent fiber (NDF %) in three phenological stages in five milkvetch species.
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Figure 10. The Mean ± SE (Standard error) of dry matter digestibility (DMD %) in three phenological stages in five milkvetch species.

gestible protein in five types of legumes (Berseem, lucerne,
desmenthus, lablab, and stylosanthes), which are excellent
resources for livestock feeding.
In our study, we found that undesirable quality factors such
as CF, ADF, and NDF were the lowest in the vegetative
stage and the highest in the seeding stage. Previous research
by Arzani et al. (2001) also showed that protective and firm
tissues in plants increase as they grow, which are made up of
structural carbohydrates like cellulose, hemicellulose, and
lignin. This results in an increase in plant fiber percentage
as the plant grows and develops (McDonald et al., 1996;
Shahri et al., 2019). As plants mature, the DMD decreases,
which is in agreement with the findings of Akbarinia and
Koocheki (1992), who attributed this to the increase in struc-
tural tissues in stems.
Based on the results of the study, the vegetative stage was
found to have the best forage quality in the Astragalus
species. Livestock grazing during this stage would result
in the best livestock performance, but the forage yield is
low in vegetative stage. However, if grazing is delayed until
the flowering stage, forage production potential is high and
forage quality is good with desirable levels of CP, ME, and
DMD. It is important to follow permissible operating limits
to maintain and breed these valuable species, especially in
rangelands with poor conditions.
The Ash content among the different Astragalus species
studied showed no significant difference, but the amount
of ash decreased as the plant grew. In a study conducted
by Dashti et al. (2016), a positive correlation was found be-
tween protein and ash in Elymus hispidus. Enhanced levels
of these parameters also resulted in increased digestibility.
The increase or decrease in ash with plant growth could be
attributed to various soil and habitat conditions (Farrukh
and Mufakhirah, 2009). Overall, forage quality parameters
differed among species in each environment and growing
season. Similar to this, other researchers have also reported
differences in forage factors such as CP, ADF, NDF, and
DMD in legumes, both within and between species.

Conclusion
The Astragalus species that were studied are highly
valuable and desirable plants in rangelands in Iran. To
maintain and revive these species, it is important to
implement grazing management programs. Due to their
ability to fix soil nitrogen and provide high-quality forage,
these species can be utilized in projects aimed at converting
abandoned dry land farming into forage production areas
using dry farming systems. Additionally, they can be
used for the restoration of degraded rangelands in their
habitats. The cultivation of these legumes is a priority
in all restoration and improvement projects in degraded
rangelands, given their important role in increasing soil
fertility and improving the quality and quantity of forage
in plant compositions in rangelands. Among the studied
species, Astragalus effusus and Astragalus cyclophyllon
were excellent and superior species for both yield and
quality traits.
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