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Table 1- Specifications of H. kopetdaghis Boriss. distribution in the representative habitats of Khorasan
Razavi province
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Ecological zone type Steppe and semi-steppe Steppe and semi-steppe
Yl iyl g
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Mean annual temperature °C
Climate Cold semi-dry Cold semi-dry
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Altitude range (meters)
(3) e s g
26 20

Mean slope (%)
e ldlie e b Jod g Jlod b Jlod g Jlod
Geographical aspects North and Northeast North and Northeast
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Soil texture Sandy loam- Ssilty loam Sandy loam
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Lithology Calcareous Calcareous
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Fig. 1- Location of the studied habitats in the Iran and Khorasan Razavi province
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Table 2- Mean and SE of soil surface properties and H. kopetdaghi Boriss. characteristics of studied habitats
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N 9 Sw NCE
gy, LM o sy s csds s @Uohdy  Balolas
. Total canopy . o . - ’ ) Suis
Habitats o Litter (%)  Bare soil % Rock and Canopy No. stands. .
cover (%) o 2 Biomass
gravel (%) cover (%) m (@m?)
Q,m] SIS
Kalate 282+129 41.9+8.2 13.8+ 6.4 16.2+12.0 1.82+1.5 021+0.02 6.64+6.3
Ahan
RLS
Marich 34.7+18.0 38.3+3.0 16.8£6.4 10.2+6.0 05+02 0.05+0.01 214+1.1
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Fig. 2- Mean canopy cover percentage for major species in habitats
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Table 3- Minimum, maximum and mean (+SE) amounts of environmental factors affecting the H. kopetdaghi

distribution
ke Jo! R LRSS Jaocs Jo! . i * Sike
Env“iron‘i:l:lt ol oot 3,lalu! slas Env“iron‘i:l;t o ool 3 lasbiw! Gl ool
Max. Min. Max. Min.
factors Mean=SE factors Mean+SE
Yy L0 04 066019 G 62 38 515474
L. /0
by pdaw 5l i) s oy
Altitude (m. ASL) 1820 1560 1757 £ 15 (Silt %) 42 26 333+5.1
“Slope vy 35 14 26+ 6 Clay %) 26 8 152+ 47
= Sl S a4l
Bﬁgﬁp; 50 0 10£7 o 8.0 7.7 7.9%0.1
030N g S oy Sal 1oy
(Rock and gravel %) 41 1 16+8 TNV %) 48.8 14 165+15.1
S Y doyd SB gl cogby dop
Citer %) 68 10 42+13 P o) 351 129  26.1£85
Wl (5% 270 225 250420 @ owAleke gy 0.8 0.6+ 0.2

Annual precipitation (mm) EC (dS.m)
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Table 4- Correlation coefficient between soil physical characteristics and canopy cover percent
of H. kopetdaghi Boriss.

(340,3) (dauoro Jolge I3 el Shnsod o po
Environment factors (%) Significant area Correlation coefficient
Sal 0.000 0.866
™NV
Y
Litter 0.000 0.845
)
Clay 0.032 -0.618
032 )5 g S
0.031 -0.621

Rock and gravel
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b o P F ST Sl iz
Environment variables Akaike information criterion
o 0.00004" 14.1 156.4
Sand
A WRWESR "
Silt % 0.00001 16.5 144.7
o 0.00528™ 5.7 255.4
pH
Sal 1oy .

00001 2 8
TNV % 0.0000 55 57
Sk Jid)s Lo )d -

. 6.1 247.3
Soil 0.C. % 0.0039
Sk glail oylac do)y> ”
SP % 0.00001 46.4 59.9
"""“:’ o> ok

.00421 6.1 246.5
Slop % 0.00
S Y Ao "

:00001 23. 122.
Litter % 0.0000 3.0 3
033w 9 Kiw Lo ) -
Rock and gravel % 0.00288 6.6 242.4
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F Test calculated for model fit significance; P Value level of probability obtained from model fit test

** is significant in 1% probability level
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Table 5- The results of fitting GAM of each of the significant variables to H. kopetdaghi Boriss.
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Introduction

A significant area of the country's rangelands has been destroyed, or their population has been
severely reduced due to various factors such as uncontrolled exploitation, climate change, and other
factors. Irregular and out-of-season grazing in different regions and the mismatch of the number of
livestock with forage production capacity in the country's rangelands has reduced the population of
edible plants in a region and reduced livestock's power supply in the country. Hedysarum kopetdaghi
plant is an important species that grows in the rangeland ecosystems of North Khorasan, Khorasan
Razavi, and Golestan provinces. It is one of the high-quality perennial herbaceous species that is
mainly seen as a companion species in combination with summer pasture types in the country's
northeast. The forage of this plant is of good quality and is grazed in all vegetative and reproductive
stages. Considering the importance of forage, determining ecological factors affecting vegetation
changes and examining the response of this species to changes in ecological factors in different
ecological conditions, and determining the different stages of growth of this species in Khorasan
Razavi province was studied by generalized Additive Model (GAM).

Materials and Methods

Kopetdaghi sainfoin (H. kopetdaghi) responses to some environmental gradients were studied in
its natural habitat in the northern heights of Binalood (Kalate Ahan) and the heights of Hezar Masjed
(Marichgan), respectively. Vegetation sampling was done by the systematic-random method. The
plant growth calendar (phenology) was recorded in different stages of vegetation, flowering,
maturation, and seed fall, plant drying, and the phenological diagram of the plant were drawn in
accordance with the Embrothermic curve. At the data preparation stage, initially the nominal and
sequential variables such as soil texture and the relative data in the column related to each factor were
identified. Generalized Additive Model (GAM) was used to investigate the response of this species
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to soil and topographic factors. The percentage of canopy cover of O. chorassanica was used to
explore the relationship between species and the environment, and the ecological range was
calculated as a function of the Gaussian response.

Results and Discussion

The results indicated that H. kopetdaghi is more distributed on sandy loam to silty loam soils. It
has the highest yield in moderate amounts of sand (about 50%) and silt (about 35%). The results also
showed that the relationship between the density of H. kopetdaghi and altitude (m. ASL) increases but
then decreases with increasing altitude more than 1700 meters. It seems that altitude is a limiting
factor (e.g. decreasing temperature and increasing light intensity) that affects species distribution.
The response pattern of H. kopetdaghi along the gradient of litter and lime percentage of the soil
followed the monotonic increase model, but along the gradient of the soil stones and pebbles,
percentage followed the monotonic decrease model. The results also showed that the range of H.
kopetdaghi canopy cover was 0.5%-1.82%, the density was 0.05-0.21 plants m™, and dry biomass
was 2.14-6.64 g.m, and the mean of dry forage yield was 38.5 g.plant’.

Conclusion

Overall, this study indicated that H. kopetdaghi showed a significant response to changes in
factors such as soil texture, saturation moisture content, lime percentage, organic carbon content,
acidity, soil slope percentage, and litter percentage of soil surface. Among these factors, soil texture,
lime content, and soil saturation moisture content are the most important factors affecting the presence
and performance of this species, which can provide valuable information for the use of this species
in degraded rangeland operations in areas with similar ecological characteristics. According to the
above results, the cultivation of H. kopetdaghi is recommended as a palatable forage in low-yielding
drylands with precipitation more than 200 mm. It is necessary to continue research on planting this
species as well as its role in forage production and sustainable production in rain-fed grains.

Keywords: Generalized Additive Model, Ordination, Species response curve, Topography.



