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Aims Recognizing the environmental factors affecting plants structural trials and biomass is
important to conserve plants as well as their ecosystem function, and services. Onobrychis aurea
is a valuable forage that is distributed in the marl lands and is considered as an endangered
plant species in Iran. In the present study, the ecological characteristics (plant traits) of this
species has been investigated in detail.

Materials & Methods For this purpose, structural traits and biomass of O. aurea were
investigated in 12 ecological units with different topographical and soil conditions. Three soil
samples were taken to 15cm depth, (0-15cm) in each ecological unit. The relationship between
structural traits and species biomass with environmental factors was tested by redundancy
analysis (RDA) method in 2016.

Findings The results indicated that the soil characteristics including clay, lime and silt content
play a more important role in the structural and biomass traits of O. aurea evidence show.
Spatial and topographical factors, especially elevation and geographical aspects, had a smaller
contribution in structural traits and species biomass in comparison with soil factors. Higher
structural values were recorded in heavy textured alkaline soils. The slope percentages also
have no significant effect on plant characteristics.

Conclusion The present study indicated that the soil and topographic factors are very
important for management of O. aurea. In general, it should also be emphasized that having
good knowledge related to plant ecology as well as environmental condition could help
managers to conserve and rehabilitate endangered plants.

Keywords Plant Characteristics; Marl Lands; Semi-Arid Rangelands; Functional Diver-
sity
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Introduction

Plants have various functional traits from tissue
to organ level, reflecting their evolutionary
history and shape as well as their function in the
environment [1. Understanding these traits is
the first step to recognize the present patterns
and responses to environmental conditions [2.3],
Vegetation traits, depending on important plant
organs (leaf, stem, and underground organs),
have various measuring units and variation
ranges [ and divided into three groups
including plant stability, reproduction, and
distribution [5I.

Seed numbers, seed size as well as soil seed bank
represent plant reproduction traits and
determine germination vigor, competition
power, and plant destruction [41.

Plant traits determine the plant response to
biotic and abiotic environmental conditions. For
instance, the life forms available in a plant
community have a great determinative impact
on biogeochemical cycles of ecosystem (material
degradation and cycle) and destructive regimes.
In most cases, the impact is very high that the
response of plant community against
environmental conditions and ecosystem
performance in terms of materials cycles could
be found by studying only one or several
prominent traits of plant community [6.71.

Over the past decade, the study of functional
properties of living organisms (instead of
taxonomic classification) improved to establish
general rules regarding the dynamics of the
ecosystem in response to environmental
changes 8l. Accordingly, it is emphasized that the
study of the relationship between biological
properties of the plants and environmental
factors is very important [°l. On the other hand,
the response of different types of plants or
individual plant to disturbances and
environmental factors leads to the definition of
the response groups.

Functional traits are different measurable
morphological, physiological or phenological
forms that can be continuous or classified [101. In
this regard, it is reported that the plant
characteristics that interact with the
environment can be classified in terms of their
response to environmental changes (response
attributes), or in terms of impacts affecting the
community or ecosystem properties (effects
traits) [8 101,

Functional traits provide a comprehensive
framework for the interpretation of changes in

plant communities along with environmental
gradient [1. These traits should be related
ecologically in terms of processes and desired
scale (e.g. climate, soil quality, grazing, fire, etc.).
The best set of traits are those that provide the
highest and most complete information about
the ecosystem services and could be measured
easily [121,

Many ecological patterns are generally scale-
dependent, and the habitats of plant species can
measure across a broad range of ecological
scales, with distinct environment gradients,
indicating that the amount of trait variation
would differ among different scales [13]. There
are many studies examining the relationship
between vegetation biomass and environmental
conditions. As an example, Peng et al. ['4 found
that net primary production responds non-
linearly to the increased or/and decreased
rainfall in semi-arid grassland ecosystem. Chang
et al. 151 also indicated that annual precipitation
and air temperature are the key factors affecting
the aboveground net primary productivity
(ANPP) in temperate grasslands, and hold that
ANPP increased with the increasing of
precipitation, and declined with the air
temperature. Fan et al. 16l reported that the
amount of belowground biomass increased
when temperature decreased. A number of
studies have demonstrated strong linear
relationships between vein traits of various
plant species and their leaf hydraulic
conductance, photosynthetic, anatomical, and
compositional traits, which generally influence
the flux of water and carbon into and out of
leaves [17. 18], The research has indicated that
species traits, rather than species identity,
determine the responses of a species to
environmental changes [19 201, [t has been argued
that trait-based approaches could provide a
better understanding of the important factors
behind spatiotemporal shifts in community
composition [21],

Trait-based approaches have been used
successfully to evaluate complex ecosystem
responses to human-induced environmental
disturbance in grasslands [22 231 and forest
ecosystems [24 251, But to date, there are few
studies to indicate the plant structural and
biomass traits responses to environmental
conditions in semi-arid rangelands. Recognition
of various response trait types could be a useful
tool to evaluate the long-term changes in
management systems. Also, various functions of



plants could be utilized as indices of vegetation
changes in association with environmental and
management factors as well as rangelands
stability indices [2¢l. Thus, understanding and
better prediction of the behavior of response
functional groups is necessary to minimize the
decrease in species diversity and potential
ecosystem flexibility [271.

Furthermore, there is a question, what is the
relationship between these characteristics and
environmental and managerial factors?.
Accordingly, in the present study, ecological
relation of structural traits and biomass of O.
aurea with environmental factors is evaluated.
0. aurea is a valuable forage that is distributed in
the marl lands and is considered as an
endangered plant species in Iran [28l,

In the present study, it is hypothesized that the
structural and biomass traits of O. aurea are
mainly affected by soil factors as well as
topographical conditions.

Materials and Methods

Khajeh research grazing exclusion with a total
area of 340 hectares was selected as evidence of
distribution of O. aurea (Family of Fabaceae)
that is located in marl lands of semi-arid
rangelands of Azerbaijan (North West Iran). The
rangeland has been protected from grazing
around two decades the first report of 0. aurea
was documented in 2004 from this area in Iran
[29],

0. aurea has considerable distribution in
different geographical directions of the heights
of the region, especially the northern and
southern slopes, the flat regions of the ridge, and
the floor of the canals (V-shaped canals). The
area was divided to different ecological units
according to the form of plant distribution as
well as geographical condition (Figure 1).

The study area is located between latitudes
46°38'4" to 46°40'17" E and longitudes 38°9'9"
to 38°10'25" N, at an elevation of 1500-1620
above sea level (Figure 1). Total annual
precipitation and mean temperature in the area
were 244.3mm and 13.4°C, respectively.
According to de Martonne aridity index, the area
has a semi-arid climate.

12 ecological units have been considered for
sampling (Table 1 and Figures 2 and 3). The
ecological units were distinguished based on
environmental condition of topographic factors
especially elevation gradient. This species
distributes on the northern and southern slopes.

Meanwhile, in addition, flat areas of ridge and
the floor of the V-shaped valleys also have a
significant occurrence of the species. All possible
habitats of this species were identified by
extensive and intense field surveys in the region.
A systematic randomized method was used to
estimate the vegetation distribution and cover in
the study area. Three line transects (50m) were
considered in each ecological wunit and
depending on the situation of each ecological
unit, the inter-transect intervals were 15 to 30
meters. In total, 180 one m?2 plots were used
along 36 line transects [301.

After establishing the sampling network in each
ecological unit, the number of bases and the
percentage of crown (canopy) cover were
recorded for each species located inside the
plots (one m2). In addition, O. aurea in each plot
were cut one centimeter above the ground and
weighted.

Simultaneously with vegetation measurements,
15 healthy, strong, and well-grown stands of O.
aurea, receiving sufficient light, were selected in
each ecological unit to measure vegetation
characteristics. Plant characteristics measured
at this stage were included 23 structural traits
and six biomass traits (Table 2) according to
Cornelissen et al. 4. Besides, in order to better
visualize the traits mentioned in Table 2, the
schematic and natural image of O. aurea is
presented in Figure 4.

In the next step, in order to study the effect of
soil factors on distribution of dominate species
and its relation with plant traits, a soil sample
was collected from the middle of each transect in
three replications up to the rooting depth (0-
15cm). Physical and chemical properties
including clay, silt and sand percent, pH, bulk
density, and electrical conductivity were
measured according to Carter and Gregorich [311,
The percentage of slope, geographic direction
and elevation of each location were also
considered as topographic factors.

Multivariate analysis was used to determine the
relationship between environmental factors. As
dependent and independent variables plant
characteristics (structural traits and biomass)
and soil and topographic parameters were
considered, respectively. For this purpose, in the
first step, the values of plant characteristics
were summarized in primary matrix. The rows
consist of the number of stands and the columns
include the wvalues of the attributes. Also,



environmental factors were summarized in the
matrix a secondary matrix which rows contain
the number of stands and its columns including
physical and chemical properties of the soil and
topographic properties. In the second step, the
detrended correspondence analysis (DCA) as a
multivariate statistical technique was applied to
estimate the environmental data and plant traits
(response data). According to the length of the

gradient, which was less than 3, the redundancy
analysis (RDA) method was used as a linear
method. In addition, by performing the Monte
Carlo test with 999 repetitions and regarding to
the F statistics-ratio and p-values, the total
model's significance was evaluated B2, All
statistical calculations were done using SPSS 21
and Canoco 5.0.

4224750 4224900 4225050 4225200 4225350 4225500 4225650 4225800 4225950

644400 644550 644700 644850 645000 45150 645300 645450 645600

467390000°E  46°39'1000°E  46°3920.00"E  46°39'G0.00"E  46°39'40.00°E

3E°09'50.00'N 3871000, 00N 387101000

35°09'40.00"N

Figure 1) Geographical location of the study area

Table 1) Physical properties of the sites surveyed

Ecological Area Elevation UL SR S Land Soil Canopy RIEL IR Land Soil
units (ha) range (m) LRI 7 . unit texture cover (%) pebble unit texture
unit (Degree) (%)
Silty- Silty-
1 0.08 1553 North 60 brae clay- 30.8 9.3 brae clay-
loamy loamy
Silty- Silty-
2 0.09 1543 Valley 50 Valley clay- 27.5 7 Valley clay-
loamy loamy
3 0.1 1639  No direction 7 s DL 42 7 s
loamy loamy
Silty- Silty-
4 0.09 1641 No direction 4 Crest  clay- 44 .4 10 Crest  clay-
loamy loamy
5 0.1 1629 No direction 6 Crest loamy 41.8 7.7 Crest loamy
6 0.08 1640 Valley 17 Valley loamy 46.9 6.3 Valley loamy
7 0.1 1632 South 24 brae loamy 33.8 15.2 brae loamy
8 0.08 1641 Valley 25 Valley loamy 51.3 7.5 Valley loamy
9 0.15 1535 North 30 brae loamy 459 16 brae loamy
10 0.1 1637 North 18 brae  loamy 41.6 18.5 brae  loamy
11 0.12 1636 South 25 brae loamy 37 16 brae loamy
12 015 1657 South 28 brae. oA 373 127  brae A
loamy loamy
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Figure 2) Landscapes from ecological sites in ridge and floor of V-shaped valley
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Figure 3) Schematic image of the distribution of the studied units
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Table 2) Structural and biomass traits of O. aurea

Traits

Biomass traits

Dry weight of biomass of each stand

The average weight of seed per plant

Production per unit area (grams per 10 square meters)
The average dry weight of leaflets

The total dry weight of leaflets

The average root dry weight of each stand

inflorescence

Banier Wing

Figure 4) Schematic representation (right) [29] and field representation (left) of 0. aurea (Auhors)
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Findings

Important soil physical and chemical properties
from the study area are presented in Table 3.
According to particle size classifications, soils of
the study areas are generally loamy to loamy
clay. The results show that clay and silt content
alarger share of soil texture. As expected, due to
the geomorphological condition, the percentage
of limestone in soil samples is also high. Lime is
one of the stable compounds in arid and semi-
arid regions, transferred from the
decomposition of limestone and marl to soils
and remains unaltered for a long time. The
results also depict that the soil is classified as
weak alkaline soils. The average soil electrical
conductivity is  2.48mmhos/cm,  which
according to the classification of saline and
alkaline soils (Halomouf), is classified as low
salinity soils. The physical properties of the soil
are usually difficult to change, but these changes
are largely visible in marl land soils [331.

Table 3) Average of some physical and chemical soil
properties of the investigation area

Variable Mean#*SE
Electrical conductivity (mmhos/cm) 2.48+0.019
Acidity 7.87+0.05
Lime (%) 20.35%1.72
Organic carbon (%) 0.42+0.014
Clay (%) 41.67+6.64
Silt (%) 33.17+8.30
Sand (%) 25.17+7.98
Porosity (%) 39.38+2.92
Gravel (%) 33.08+10.82
Bulk density (g/cm3) 1.61+0.08
Gypsum (meq/100g) 367.88+£76.27
Elevation 1615.25+42.89
Slope (degree) 26.17+£20.66
Modified slope direction 0.74+0.25

Vegetation measurement results showed that
the average canopy cover of O. aurea was 4.6%.
Thus, its relative frequency in the plant
community composition of the study sites is
12.1%. Its density is 31.8 base per hectare and
its production amount is 7.9kg.hal. The mean
and the standard error for structural traits and
biomass are presented in Tables 4 and 5.

Based on the results of linear redundancy
analysis (RDA), the first and second axes could
explain 67% of variance of structural traits.
Accordingly, the first and second axes show the
highest relationship between environmental
factors effects and structural traits of 0. aureaq,
which were used to represent the results of
these two axes (Diagram 1).

The characteristics associated with the
structural traits of the studied bases, such as the

average length of combined leaf with the
terminal leaflet, the mean height of the stand, the
average crown cover percent, the mean leaf area,
the mean width of the leaf, the mean length of
the inflorescence axis, the crown diameter, and
the mean leaflet length are most affected by the
soil silt content of the ecological units.

The number of leaves with a terminal leaflet,
number of reproductive leaves, number of
reproductive stands, mean number of leaflets,
number of inflorescences, crown diameter, and
average seed number of each base are also more
affected by the lime content in the ecological
units and are less affected by topographic
factors (aspect and elevation of ecological units).
Clay content of ecological units is the most
important environmental factor, affecting the
number of compound leaves, small diameter of
collar, large diameter of collar, the number of
vegetative sprouts, the number of leaves of
vegetative sprouts, the mean root length, and
density. According to the results, clay, lime
content, and silt percentage are the main factors
affecting  structural traits, respectively.
Accordingly, the wvalues of the structural
properties of O. aurea are higher in heavy
calcareous soils. Topographic factors (elevation
and geographic direction of ecological units)
have a smaller contribution than soil factors on
the structural characteristics of the species
studied.

[
Table 4) Descriptive information of structural traits of O.
aurea

Trait (Plant characteristics) Meanz+SE
Large crown diameter (cm) 23.45+3.81
Small crown diameter (cm) 13.03+2.97
Large collar diameter (cm) 7.06£2.43
Small collar diameter (cm) 3.43+1.28
Vegetative stands number 0.79+0.60
Reproductive stands number 3.96+1.34
Vegetative leaf number 3.18+2.76
Reproductive leaf number 14.55+4.67
Numbe_r of compound leave with 47414

a terminal leaflet

Number of compound leave 12.98+4.20
Leng?h of compound leave with a 4.0+1.77
terminal leaflet (cm)

Length of compound leave 6.3+0.99
Inflorescence number 7.7+2.53
Length of inflorescence axis (cm) 8.2+2.13
Stands leaflets number 21.5+4.99
Mean length of leaflets (cm) 2.9+0.22
Mean width of leaflets (cm) 1.7+0.14
Mean area of leaflets (cm?) 4.0+0.57
Mean height of stands (cm) 17.8+3.36
Mean root length (cm) 49.3+12.46
Mean seed number per stand 7.624.12
Mean crown cover (%) 4.6+£1.25
Density (stand per 10m?) 7.95+3.21




Table 5) Descriptive information of biomass traits of O.
aurea

Trait (Plant characteristics) Mean+SE
Biomass dry weight of each stand (g) 5.59+2.15
Mean weight of seed of each stand (g) 0.30+0.17
Yield per area (g per 10m?) 31.8+15.97

Mean dry weight of leaflets of each stand (g) 0.47+0.07
Total dry weight of leaflets of each stand (g) 77.29+17.19
Mean dry weight of root of each stand (g) 10.25+4.92
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Diagram 1) Relationship between structural traits and
environmental factors using Redundancy analysis; k: The
average length of combined leaf with the terminal leaflet; s:
The mean height of the stand; v: The average crown cover
percent ; r: The mean leaf area; q: The mean width of the
leaf ; n: The mean length of the inflorescence axis; b: The
crown diameter; p: The mean leaflet length; 1: Terminal
leaflet; h: Number of reproductive leaves; f: Number of
reproductive stands; o: Mean number of leaflets; m:
Number of inflorescences; a: Crown diameter; u: Average
seed number of each base; CaCOs: The lime percentage; j:
The number of compound leaves; d: Small diameter of
collar; c: Large diameter of collar; e: The number of
vegetative sprouts; g: The number of leaves of vegetative
sprouts; t: The mean root length; w: density; Silt: Silt
percentage; i: The length of compound leave; SM:
Saturation moisture percentage; Pro: Porosity percentage;
Gypse: Gypsum content; Gravel: Gravel percentage; Sand:
Sand percentage; Clay: Clay percentage; BD: Bulk density;
Oc: Organic carbon percentage; EC: Electrical conductivity
content; Elevatio: Elevation; pH: Acidity; Aspect: Modified
slope direction; Slope: Slope degree

By performing the Monte Carlo test, the
significance of the whole model was evaluated
by F statistics-ratio and p-value with 999
repetitions 32, Therefore, the results of
redundancy analysis showed that the
relationship between environmental factors and

structural traits was significant at 0.01% level (F
statistics-value ratio= 3.2; p= 0.004).

Based on the results of linear redundancy
analysis (RDA), the first and second axes could
explain 78% of variance of relationship between
environmental factors and biomass traits. The
biomass traits such as average root dry weight,
average dry weight of each leaflet, total dry
weight of leaflets, and average weight of seed
per base, were most affected by saturation
moisture percentage and porosity in the soil of
study units (Diagram 2).
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Diagram 2) Relationship between biomass traits and
environmental factors using Redundancy analysis; f:
Average root dry weight; d: Average dry weight of each
leaflet; e: Total dry weight of leaflets; b: Average weight of
seed per base; SM: Saturation moisture percentage; Pro:
Porosity percentage; Gypse: Gypsum content; Gravel:
Gravel percentage; Sand: Sand percentage; BD: Bulk
density; a: Biomass dry weight of each stand; c: Yield per
area; Oc: Organic carbon percentage; EC: Electrical
conductivity content; Elevatio: Elevation; pH: Acidity;
Aspect: Modified slope direction; Silt: Silt percentage; Clay:
Clay percentage; Slope: Slope degree; CaCos: Lime
percentage

Soil organic matter (SOM) is also the most
effective factor in the amount of aerial biomass
of the species studied per area unit. Generally,
the organic matter content, saturation moisture
percentage and soil porosity are the factors
affecting the biomass characteristics of the
species. Accordingly, Onobrychis aurea had more
aerial biomass in fertile soils and had higher
seed production and underground biomass in
the soils having higher porosity and saturation
moisture content. In contrast, soil parameters



including gypsum content, gravel percentage,
sand percentage, and bulk density had a limiting
role on total dry weight of leaflets and average
root dry weight. Similar to the results of
structural characteristics, topographic factors
had less contribution to biomass traits than on
soil factors. The slope percentage had little or no
effect on any plant characteristics (structural
traits and biomass). Overall, soil factors, in
comparison to topographic factors, contributed
more in the structural traits and biomass
(vegetation characteristics) of O. aurea in the
habitats studied.

By performing the Monte Carlo test, the
significance of the whole model was evaluated
by F statistics-ratio and p-value with 999
repetitions. Therefore, the results of Canonical
Correspondence Analysis showed that the effect
of environmental factors on biomass traits was
significant (F statistics-value ratio= 2.8; p=
0.003).

Discussion
The study of relationships between the
structural traits of 0. aurea with the

environmental factors showed that clay, lime
and silt content were among the main factors
influencing structural traits, and higher
structural values were recorded for O. aurea in
heavy textured alkaline soils. Clay and silt
particles provided better moisture conditions in
the root microclimate zone by retaining long-
term moisture. Various studies have found this
fact; the heavy texture of the soil retains more
moisture. Regarding the effect of soil texture on
the yield of Bromus tomentellus, the highest and
the lowest plant yields were related to loamy
soils with a value of 63.18kg.ha! and sandy soils
with a value of 3.71kg.hal. It was concluded that
the complementary function of loamy-textured
soils was higher than other textures, with higher
available water and silt content (soil fertilizer
particles). Sandy soils had the least amount of
plant production and available water deficiency
due to the coarse texture. This was considered as
one of the reasons for the decrease in production
[34], In every soil, the soil organic matter is
increased when the soil texture gets finer,
indicating the effect of silt and clay particles size
on small and large organic matters and its long
term preservation against the mineralization
process 351 Also, Johns [3¢] has reported that the
plant-available water retention capacity differs
according to the soil type, so that the heavy and

deep soils have a large amount of water storage.
The most important factor limiting the
production of plants is the lack of soil moisture.
Stoddart et al. 1371 indicated that reducing the
surface flows and increasing the moisture
content of soil storage can be more efficient for
increasing yield. Also, Abdollahi and Naderi [38]
and Ghorbani et al. 39 noted that fine soil texture
is introduced as one of the factors affecting the
growth and expansion of plant production.
Through investigating the relationship between
qualitative traits of Ferula ovina and ecological
conditions, Rahmati et al. 149 reported that the
number of lower leaves, plant height and dry
weight increased with increasing lime content.
Also, by investigating the relationship between
quality indices of Astragalus prrowianus and
ecological conditions, it was reported that the
habitats of A. prrowianus were distributed in
high and sloping regions with metamorphic
formations and soils having moderate cation
exchange capacity, high amounts of lime and
labile phosphorus and north-western slopes [411,
In addition, by investigating the correlation of
the quality indices of Fritillaria reuteri with
environmental factors, it was reported that fresh
and dry weights of tulip in habitats having
higher lime content were more than that of other
habitats [421.

The results also indicated that structural traits
were  less affected by  topographic
characteristics (direction and elevation of
ecological units). It can be due to the limited
range of distribution of this species and the
impossibility of study at a large spatial scale and
topographic conditions with low diversity of the
area. Some studies also emphasize the effect of
climatic, topographic and soil factors on the
productivity of rangeland ecosystems [43. 441, On
the other hand, several studies have
acknowledged that on a small scale, as well as in
arid and semi-arid regions, soil properties such
as soil texture, organic carbon, and bulk density
are the most important factors in tdetermination
of plants distribution [5. Regarding to the
relationship between the density and canopy of
Astragalus gossypinus with environmental
factors, Fatahi et al. ¢l reported that the density
of Astragalus sp. in a local scale is strongly
affected by soil factors (including sand, silt,
acidity, and potassium), and topography factors
play a more limited role. Other studies have also
confirmed the above results [47. 48], However,
some studies indicated the impacts of changes in



climatological factors on changes in leaf size [49.
The results of the present study regarding to the
relationship between the biomass traits of O.
aurea species and environmental factors
showed that the organic matter content,
moisture saturation percent, and porosity of the
soil are factors affecting the biomass traits.

Accordingly, the O. aurea species in more fertile
soils have more aerial biomass, and in soils with
higher porosity and higher moisture saturation
percent have more ground biomass and seed
production. In contrast, soil parameters
including gypsum content, gravel percentage,
sand percentage, and bulk density also have a
limiting role on total dry weight of leaflets and
mean root dry weight. Generally, as a result, the
soils with a high amount of organic matter
produce more aerial biomass. Various studies
have confirmed the relationship between
biomass and nutrients availability, and they
have stated that the changes in biomass depend
mainly on soil nutrients rather than the other
environmental gradients [50 51, On the other
hand, the results of the present study indicated
the positive correlation between soil fertility
and aerial biomass, which is confirmed by the
functional equilibrium theory 521 and resource
allocation model 531, This theory and model
indicate that if the soil is rich in nutrients, then
the plant saves a large amount of its biomass in
the aerial parts, so that the light absorption
process would be facilitated in competition with
other species. Functional equilibrium theory
emphasizes that the rate of photosynthesis is
proportional to the rate of nutrient uptake and
the plants achieve this balance by adjusting the
relative size of shoot and root masses [52l. Zhao
et al. 1541 also stressed the important role of soil
water content in biomass production. High soil
moisture content causes the soil to retain more
moisture during a rain event and while
increasing its moisture content, improves plant
growth. In addition, it is reported that by
increasing organic matter in grasslands, the
moisture content increased as well 551 and in
spite of the clay content, by increasing the
organic carbon content, the moisture retention
capacity increased because of the gels resulted
from decomposition of organic residues and
microbial secretions. It is also reported that
moisture content of the soil affects the available
water for evaporation from soil surface and
consequently affects the plant growth and
production. Hence, acceptable information on

soil moisture data is an important tool to predict
the yield [56l. On the other hand, high soil
porosity  provides conditions for root
penetration, increased root biomass and root
morphology as well as reaching the water
reservoir at lower depths of the soil [571.

Root morphology and biomass provide key
information on the plant's ability to utilize soil
sources [58l. Root length is a quantitative
characteristic, considered as an indicator of the
water and nutrients absorption by plants [43. 591,
Therefore, as a positive consequence, the
process of increasing the nutrient storage in the
underground part of the plant leads to increased
plant regeneration and high-yielding seeds
production for regeneration. It seems that, in
high porosity soils, rangeland regeneration will
be facilitated by natural regeneration (by
increasing seed production). In the present
study, it was determined that increasing bulk
density and gypsum can reduce biomass
production of O. aurea species. Schenk and
Jackson [6091 and Sheidai Karkaj et al. [45] reported
the same results and indicated that the above
parameters limited the rooting of plants and
ultimately created an unfavorable environment
for the plant establishment.

It is noteworthy that the natural distribution
process of seeds by domestic animals, wildlife,
and natural factors such as wind, water, and
topography has a significant contribution in
regulating the floristic richness and species
composition of ecosystems [61. 621, which could be
considered as a key factor in conservation
biology [63. 641 and restoration management [651.
Therefore, due to the physical appearance of the
seeds studied, in the case of natural distribution,
light grazing can be considered as a practical
option and contributes to the distribution of
species, because the seeds stick to the animal
body and can be transported along with the
livestock to another location.

Similar to the results for structural
characteristics, topographic factors have a
smaller contribution than soil factors on
biomass traits of the species studied. The slope
percentage has little or no impact on any plant
characteristics (structural and biomass traits).
The results of the present study on the
relationship between vegetation cover and soil
factors indicated that soil factors had a major
impact on plant distribution. Also, the vegetation
cover contributed positively to the water and
nutrients absorption, so that in the communities



studied, the organic matter and texture had the
most relationship with plant species.

Conclusion

Some environmental factors and management
activities affect plant communities and their
survival as well as plant morphology. Therefore,
identifying the effects of soil and plant
conservation and management as well as
rangeland restoration, and forage production
could play an important role to optimize harmful
effects on plant communities. In the present
study, using multivariate analysis, the most
important environmental factors affecting
structural traits and biomass were introduced.
Therefore, the results of this study confirm the
importance of applying multivariate analysis in
achieving  ecological requirements and
geographical distribution of vegetation cover in
different regions. The application of gradient
analysis in this study showed that the RDA
method was highly accurate to determine the
plant indices.

The traits studied are divided into two groups of
characteristics  causing  plant stability,
regeneration and distribution, which together
increase the plant's ability to maintain its
community against environmental conditions.
For example, the crown diameter, the collar
diameter, the area and number of leaves, root
length and plant density are among the
characteristics determining the competitive
strength of the species studied in the marl
habitats.

The number of produced seed, its size, and the
amount of aerial and ground biomass are also
characteristics of regeneration, determining the
ability of germination, competitive power and
counteract plant degradation. What is certain is
that the structural characteristics and especially
the biomass traits will be greater when the study
species are replanted in field soils (with low
electrical conductivity, which salts available in
the soil do not have an adverse effect on plant
growth). Thus, in order to assess the plant's
efficiency due to agronomic activities or
rangeland improvement, the values of the traits
studied should be considered as the basis or
optimal limit. If the objective is production
management and higher yields of the species in
cropping or rangeland improvement operations,
attention should be paid to this issue. If the
values of structural features are acceptable, it
could be concluded that the management

operations of rangeland improvement or crop
operations have been successful and the location
of the improvement actions is desirable, or the
cultivation practices in the agroecosystem are
well suited to the needs of the plant. As shown in
the ordination diagrams, the characteristics and
traits of O. aurea did not respond significantly to
the changes in soil salinity. This point indicates
that the species is not sensitive to this salinity
level. However, accurate statement requires
further investigations and the application of
different salinity treatments in the growth and
establishment of this plant. Finally, it should be
noted that in small scale planning, plant traits
are mainly controlled by soil factors.
Topographic factors are less important in
explaining structural and biomass traits of plant
species. Also, the contribution of environmental
factors to the biomass traits is greater than the
structural traits.
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