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ABSTRACT

Spatial patterns are useful descriptors of the horizontal structure in a plant population
and may change over time as the individual components of the population grow or die
out. But, whether this is the case for desert woody annuals is largely unknown. In the
present investigation, the variations in spatial patterns of Tribulus terrestris during
different pulse events in semi-arid area of the Thar Desert, India, was quantified. Further
ordination technique and path analysis were utilized to link the pattern and process of
spatial distribution of T. terrestris. Dispersal indices like index of dispersal (Ip), index of
clumping (I¢), Green’s Index, Lloyd’s mean crowding and Morisita’s index of dispersion
(I;) revealed uniform distribution pattern during non-pulse events, showing intense
competition among plants for limited resources. Kaiser-Meyer-Olkin (KMOQO) and
Bartlett’s test of sphericity indicated the appropriate use of factor analysis and the
significant relationships between variables. Principal Component Analysis (PCA)
exhibited the significant correlation of the index of dispersion with the index of clumping
and with the Lloyd index, while the Lloyd index correlated with the index of clumping
and with the Morisita index. Path analysis suggested the association of soil organic
carbon, nitrogen, and C/N ratio with the transition from clumped to uniform pattern.
Further, lower soil phosphorus also supported the uniform distribution of this plant.
Diversity indices like evenness and Simpson index are associated with uniform and
clumped distribution patterns. Higher and intermediate level of percent cover and seed
out-put of 7. terrestris were also related to uniform and clumped patterns. Path analysis
also indicated that salinity tolerance capacity of the species could be utilized for
reclamation programme.

Keywords: Morisita index and Bartlett’s test, Path analysis, Principal component analysis
(PCA), Pulse events.

INTRODUCTION

The processes that generate plant spatial
patterns in natural communities include
plant-plant interaction (Valiente-Banuet and
Verdu, 2008), environmental heterogeneity
(Perry et al., 2009), seed dispersal (Schurr et
al., 2004) and disturbance (Bisigato et al.,
2005; Rayburn and Monaco, 2011). There is
an extensive history of observational
research that has sought to explain the
formation of plant spatial patterns by
connecting observed patterns to ecological
processes. Observational pattern studies

have tended to involve the collection of
some form of spatial data on the patterns of
one or more species within a community,
followed by statistical analysis that seeks to
describe the patterns of plants of interest.
Results are then linked to the ecological
processes by which the patterns are
hypothesized to be formed (Rayburn, 2011).

In general, a population will have
one of the three basic spatial patterns: (1)
regular (or even, uniform, negative
contagious) pattern in which individuals
within this population are uniformly spaced;
(2) random (or chance) pattern in which all
individuals have an equal chance of living
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anywhere within an area, and (3) clumped
(or aggregated, patchy, contagious) pattern
in which individuals have a higher
probability of being found in some area than
in others (Yin et al., 2005; Mathur and
Sundaramoorthy, 2012).

For inter-specific studies, oftentimes,
observed patterns have been linked to either
positive or negative point interactions that
have the potential to structure local plant
neighborhoods (Rayburn and Monaco,
2011). For example, regular spatial patterns
are often interpreted as a sign of intense
competition between plants for limited
resources (Stoll and Bergius, 2005). In
contrast, aggregated patterns are interpreted
as evidence of neutral or positive plant
interactions (Valiente-Banuet and Verdu,
2008). But, for intra-specific studies
(especially in arid and semi-arid regions)
spatial patterns have asserted the importance
of transitions among various distribution
patterns of plant species (Aguiar and Sala,
1999). The importance of studies of spatial
pattern analysis for tree/forest communities
have been explored by Salas et al. (2006),
Law et al. (2009), and Basiri et al. (2011).
Phillips and MacMahon (1981) showed that
the spacing pattern of creosote bushes
changes as they grow in Sonoran and
Mojave Desert from a clumped pattern in
established stage, then to a random one due
to mortality, finally to a regular one due to
competition.

In the present study, it was examined how
woody annual plant Tribulus terrestris
(Zygophyllaceae) spaced and which model
may best describe its spatial pattern.
Specifically the following questions were
asked: (1) what is the spatial pattern of
Tribulus terrestris? (2) how may spatial
pattern changes over space and time?, and
(3) what are the wunderlying factors
associated with distribution patterns of this
plant? And for this, factors such as edaphic
properties (organic carbon, nitrogen, C/N
ratio, moisture, pH, electrical conductivity,
phosphorus), diversity parameters like
richness, Shannon—Wiener index, evenness,
Simpson’s index and Relative Importance
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Value of T. terrestris, and plant allocation
(root length, root weight, shoot weight, R/S
ratio, percent cover of plant, seed output and
seed weight) were chosen to be tested.

MATERIALS AND METHODS

For the present investigation, five natural
sites were selected for T. terrestris.
Coordinates, habitat type, and other
attributes are presented in Table 1. At each
site, ten permanent quadrats of 5 m X 5 m
abutting each other in a row were laid across
the field (Kent and Cooker, 1992).
Samplings were carried out during pulse
(rain), inter-pulse (winter) and non-pulse
events (summer) (Goldberg and
Novoplansky, 1997). These events were
considered as resource gradient within semi
arid system. During the study period, mean
annual precipitation ranged from 0.004 to
260 mm, average winter (January)
temperature ranged from 10.7 to 23'C, while
mean summer (June) temperature ranged
from 28.7 to 42.2°C. Relative humidity
ranged from 31 to 91% (Morning) and 8§ to
68% (Evening). Average values of various
soil, community, and plant variables are
presented in Table 2.

Dispersal Indices

The following dispersal indices were
quantified according to Ludwig and
Reynolds (1988) by using simple Microsoft
Excel Program.

Index of Dispersal (Ip)

Dispersion of a population can be classified
through calculation of variance to mean ratio;

namely s*/ X. An I value that equals to 1.0

indicates a random distribution; zero (or < 1)
indicates uniform while, more than one
indicates the clumped distribution. The
significance of I can be tested by chi-square
() test. According to Ludwig and Reynolds
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Table 1. GPS locations, habitat types and other attributes of sampling sites.

Site Coordinates Habitat types Soil textures

No. N E Clay  Silt  Sand  Gravel

1 26°12'33.7 73°4'8.4 Old alluvium plains 2761 2687 3037 14.84

2 26°14'31.6° 73°01 21.1 Old alluvium plain 3335  17.83 4277 4.99

3 26°18'47.0° 72° 60 35.17 Piedmonts area 29.5 423  43.02 2325

4 26°17 2.5 72°56'5.9 Younger alluvium plain 2776  3.63 564  7.055

5 26°20 58.9 73°3'57.2" Hummocky  undulating 30.17  10.61 61.5 2.765
terrains

Table 2. Average value of various variables during different seasonal events.

Events
Variables Pulse Inter-pulse Non-pulse
Electrical conductivity 0.21 0.15 0.11
Soil organic carbon 82.82 66.82 106.50
Moisture 10.75 0.96 0.68
Soil Parameters Soil pH 7.16 6.31 6.97
Soil phosphorus 41.65 37.17 16.22
Soil nitrogen 70.74 66.64 90.55
C/N ratio 1.18 1.02 1.18
RIV of T. Terrestris 51.30 32.16 1591
. Richness 10.60 5.60 3.80
Community Shannon-Wiener index 2.40 1.64 1.00
Parameters
Evenness 1.02 0.90 0.74
Simpson Index 0.16 0.32 0.31
Percent cover 0.37 0.39 1.62
Seed Weight 0.95 1.07 1.09
Seed out put 223.79 309.84 719.80
Plant Variables R/S ratio 0.21 0.16 0.23
Root length 15.71 22.36 14.92
Root weight 16.00 1.96 1.97
Shoot weight 73.48 10.94 16.39

(1988), * is a good approximation with N-1
degrees of freedom. If the value of y* falls
between the y° tabular values at the 0.975 and
0.025 probability levels (P> 0.05), agreement
with a random distribution is accepted (i.e., s*
= X). On the other hand, values of ){2 less than

the 0.975 probability level suggest a regular

pattern (i.e., s°< X), whereas y > values greater
than the 0.025 probability level suggest a

clumped pattern (i.e. s™> X).

Index of Clumping (I¢)

David and Moore (1954) proposed a
modification of Ip, i.e. index of clumping
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(Ic). The negative value of this index
represents uniform distribution; the value of
0 indicates random distribution, whereas the
value equal to N-1 indicates maximum
clumping. David and Moore (1954)
proposed a test for the significance of
difference between samples, e.g. for the
same species in two different habitats. It
depends on the same number of quadrats
being used in each case and takes the form
of calculating

w=- l In %

Av,

Where, 4;, 1, are the observed means and
V1, v, are observed variances of the two sets
of data. If o lies outside the range of
iZ.S/\/(N—l), N is the number of quadrats in
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each dataset, the difference in index of
clumping is significant.

Green’s Index (GI)

As compared to Ip and I¢ indices, Green’s
index (GI; Green, 1966) better measures
dispersion since it is independent of the
number of individuals (Ludwig and
Reynolds 1988). And it could be calculated
as:

G/ =

s 1 I

Where, s> is variance, X is mean
(arithmetic mean obtained from the
frequency of plant and the total number of

individual) and N is number of quadrats.
Lloyd’s Mean Crowding Index (x)

Mean crowding (x') was proposed by
Lloyd to indicate the possible effect of
mutual interference or competition among
individuals (Moradi-Vajargah et al., 2011).
Theoretically, mean crowding is the mean
number of other individuals adjacent to each

individual in the same quadrat: x = X + s7/X-

1.

As an index, the mean crowding is highly
dependent upon both the degree of clumping
and population density. To remove the effect
of changes in density, Lloyd introduced the
index of patchiness, expressed as the ratio of
mean crowding to the mean. As with the
variance-to-mean ratio, the index of
patchiness is dependent upon quadrat size:

x/x= 1 random, < 1 regular and > 1
aggregated (Lloyd, 1967).

Morisita’s Index of Dispersion

Morisita’s index of dispersion (I;) has
been extensively used to evaluate the degree
of dispersion/aggregation of spatial point
patterns (Morisita, 1959; Tsuji and Kasuya,
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2001; Rayburn, 2011). This index is based
on random or regular quadrat counts, and is
closely related to the simplest and oldest
measures of spatial pattern, the variance:
mean ratio (Dale et al., 2002) and to other
dispersion indices. The value of this index
equal to 1 indicates random, more than one
indicates aggregated, and less than one
indicates uniform distribution. It can be
measured as:-

> (=1

I. =
=0 N(N -1)

Factor Analysis

To assess the suitability of factor analysis,
two tests, namely, Bartlett’s test of
sphericity and Kaiser-Meyer-Olkin (KMO)
were conducted. Exploratory factor analysis
(Principal Component Analysis, PCA) was
carried out as a data reduction technique.
PCA was performed with Pearson
correlation coefficient with the help of
statistical software. Main objective of PCA
analysis was to find out underlying factors
associated with distribution patterns of a
plant, and for this, factors such as edaphic
characteristics (organic carbon, nitrogen,
C/N ratio, moisture, pH, electrical
conductivity, and phosphorus), diversity
parameters  (richness, = Shannon-Wiener
index, evenness, Simpson index and
Relative Importance Value (RIV) of T.
terrestris), and growth allocation parameters
(root length, root weight, shoot weight, R/S
ratio, seed output and seed weight) were
examined. The interpretation of the
correlation circle was made under the
following criteria: when two variables are
far from the center, then, if they are close to
each other, they are significantly positively
correlated (r close to 1); if they are
orthogonal, they are not correlated (r close
to 0); and when they are on opposite side of
the center, they are significantly negatively
correlated (r close to -1). Squared cosines
were used to link the variable with the
corresponding axis, and the greater the
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squared cosine, the greater the link.
However, in order to determine basic soil,
vegetation diversity, and growth allocation
variables sustaining these interrelationships,
the concept of component defining variables
(CDV) was employed which stipulates the
selection and subsequent naming of
variables with the highest component
loading (correlation coefficient) as variables
that provide the best relationships (Iwara et
al., 2011). Appropriate regression equations
were selected on the basis of probability
level significance and higher R* value. This

path analysis was made by Curve Expert

software (2001).

RESULTS AND DISCUSSION

During non-pulse event, all indices
indicated uniform pattern of spatial
distribution. This showed the intense
competition between individual plants for
limited resources. At Site 5, no temporal
variation in distribution types was recorded;

plants at this site exhibited uniform

JAST

distribution pattern (Table 3). Both the
indexes of dispersion and of clumping
exhibited that plants at Sites 1 and 5 showed
no changes in spatial pattern during various
events. At these two sites, plants showed
uniform distribution during all temporal
events. At Sites 2 and 4, transitions from
uniform to clumped pattern from the pulse to
inter-pulse event and, conversely, from
clumped to uniform from the inter-pulse to
non-pulse event were recorded. However at
Site 3, random pattern produced during
pulse event and then transferred to uniform
pattern during inter-pulse and non-pulse
events. Departure from randomness (5 test)
revealed regular pattern at all sites during all
events as the value of y* were less than the
0.975 probability level (Table 3). Index of
clumping ranged from -0.704 to 1.52. Test
of significance (Table 4) indicated that most
of the values were lower than ® values,
indicating the significance of /¢ index.
During the inter-pulse event, Green,
Lloyd, and Morisita indexes exhibited
clumped/aggregated distribution patterns for
the plant species, suggesting habitat

Table 3.Various distribution indices at different sites during various temporal events.

Sites Indices
Events ) ) 2a . , ..
Index of dispersion  y Index of clumping Green Lloyd’s Morisita
Site 1 0.99 0.112 -0.21 0.025 125 1.58
Site 2 0.74 0.05 -0.65 0.007  1.55 0.987
Pulse Site 3 1.000 0.111 0.000 0.000 1.000 1.050
Site 4 0.697 0.077 -0.303 -0.009  0.900 0.937
Site 5 0.444 0.049 -0.556 -0.022  0.780 0.818
Site 1 0.580 0.047 -0.147 0.008 1.580 1.280
Site 2 1.250 0.028 0.874 0.007 1.780 1.780
Inter-pulse ~ Site 3 0.741 0.082 -0.259 -0.009 1.910 1.979
Site 4 2.523 0.280 1.523 0.054 1.570 1.634
Site 5 0.443 0.049 -0.557 -0.037  0.650 0.695
Site 1 0.877 0.040 0.240 -0.024 0.784 1.580
Site 2 0.582 0.074 0.874 -0.120  0.870 1.740
Non-pulse ~ Site 3 0.296 0.033 -0.704 -0.031  0.704 0.738
Site 4 0.687 0.076 -0.313 -0.015  0.850 0.899
Site 5 0.585 0.065 -0.415 -0.019  0.810 0.857

“Tabular value of)(2 at 0.95 levels (N-1) is 3.325.
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Table 4. Test for significance of index of clumping.

Event types Site 1 Site 2 Site3 Site 4

Site 2 0.368 - - -
Pulse S%te 3 0.525 0.427 - -

Site 4 0.508 0.728 0.477 -

Site 5 0.797 0.497 0.654 0.741

Site 2 0.61 - - -

Site 3 0.43 0.254 - -
Inter-pulse Site 4 0.23 0.145 0.741 -

Site 5 0.44 0.244 0.684 0.542

Site 2 0.331 - - -

Site 3 0.541 0.391 - -
Non-pulse Site 4 0.487 0.546 0.715 -

Site 5 0.741 0.523 0.222 0.756

® =+2.5/\ (N-1) = 0.83

heterogeneity. During the pulse event at Site
1, these three indices indicated clumped
distribution pattern, while at Site 2, the
above three indices showed random,
clumped, and uniform over time,
respectively. Similarly, at Site 3, these
indices showed random, random and
clumped patterns, respectively.

Studies like King and Woodell (1973),
Phillips and MacMahon (1981) and Skarpe
(1991) revealed that the regular pattern
generally occurred  during  intense
competition for limited resources, such as
water or soil resources. The random pattern
may be a direct result of ecological
processes such as habitat heterogeneity
(Tirado and Pugnaire 2003) or may emerge
temporarily when the aggregated pattern
shifts to the regular pattern because of
density-dependent mortality (Prentice and
Werger, 1985). The intra-specific clumped
or aggregated has been attributed to
environmental heterogeneity (Perry et al.,
2009), seed dispersal (Schurr et al., 2004),
and plant-plant interaction (Phillips and
MacMahon, 1981).

The present investigation revealed that
distribution patterns of T. terrestris were site
and event specific. At Site 5 a constant
uniform distribution pattern indicated large
niche availability and high niche occupancy.
At Sites 4 and 5, reverse back transitions
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ocurred, i.e. uniform—clumped—uniform. The
emergence of clumped pattern between two
uniform patterns can be explained by the
finding of Molles (1999) who suggested that
clumped pattern occurs when dispersal is
limited because the seed dispersal of T.
terrestris is associated with animal activity
which occurred less during semi pulse event
(winter). The less dispersal occurred during
winter season and thus produced the
clumped pattern, while the reverse back
transition from clumped to uniform can be
explained by the steady mortality during
non-pulse event. However, at Site 3, three
types of the transitions of spacing patterns
have been recorded: random—uniform—
uniform (as indicated by the index of
clumping, the index of dispersion and the
Green index), random—clumped—uniform
(by Lloyd index), and clumped—clumped—
uniform (by Morisita index).

For T. terrestris, higher level of uniform
distribution can be explained by its long
distance seed dispersal mechanism (Mathur,
2005). Uniformity of regular pattern at Site
5 during all the events can be explained by
high space availability as well as higher
amount of sand content compared to the
other sites (Table 1). However, at Site 4, the
appearance of clumped distribution pattern
in between two successive uniform patterns
may be associated with winter rainfall that
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led to the low distance dispersal (Mathur and
Sundaramoorthy, 2013). At Site 3, the

presence of random distribution during the
pulse event can be explained by density

dependent mortality.

According to Aguiar and Sala (1999), such
spatial transitions are unidirectional, i.e.,
clumped-random-uniform (with  depleting

resources). They further stated that the

competition among neighboring plants is the
most common explanation for such
unidirectional intra-specific transitions, which
will lead to density-dependent growth and
survival and hence plants that are closer
together will be smaller and more likely to die;
the competition will therefore convert clumped
(aggregated) distribution into random one and

random distribution into regular one. The
present study partially supports the findings of

Aguiar and Sala (1999). To answer the
difference of the present study from their
study, the distribution data along with soil,
diversity, and plant allocation were analyzed
with multivariate analysis (PCA; Tables 4 and
5). The KMO measure of sampling adequacy is
an index used to examine the appropriateness
of factor analysis (Table 5). A high value
(between 0.5 and 1.0) indicates factor analysis
is appropriate, while the value below 0.5
indicates the inappropriate use of factor
analysis. In present study, KMO was 0.526,
which indicated appropriate use of factor
analysis. For Bartlett’s test of sphericity, there
are two levels to interpret this test (a) Hy:
There is no correlation significantly different
from O between the variables, and (b) H,: at
least one of the correlations between the
variables is significantly different from 0. As
the computed P-value is higher than the
significance level= 0.05, one should reject the
null hypothesis H, and accept the alternate.
Present study showed that there were
significant relationships between the variables.

Table 5. Bartlett's sphericity and Kaiser-
Meyer-Olkin sampling adequacy tests.

Chi-square (Critical value) 315.749
DF 276
p-value 0.090
Alpha 0.05
KMO 0.526
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According to Li et al. (2008), PCA was
considered useful if the cumulative percentage
of variance approached 80%. In present study,
as to the cumulative percentage, the first four
axes together accounted for 82.09% of
variability in the data set (Table 6) with their
individual contribution being 34.94, 21.65,
15.75, and 9.74%, respectively. For each
component, the variables with loading value>
0.70 were identified as significant and used for
path analysis and for discussion (Iwara et al.,
2011). Results revealed that 20 out of 24
variables were significant. Correlation circle
(Figure 1) revealed that the Index of dispersion
significantly correlated with the index of
clumping (r= 0.811°, P< 0.01) and Lloyd
index (r= 0.528", P< 0.05). The Lloyd index
showed significant relationships with the index
of clumping (r= 0.536°, P< 0.05) and the
Morisita index (r= 0.662", P< 0.05).

Path Analysis

Spatial Indices and Soil Parameters

Both soil organic carbon [Lloyd Index= 1.851-
(0.0013 soil organic carbon)-7.94E-(0.5 soil
organic carbon®), R*= 0.609+0.35, Figure 2-a]
and soil nitrogen [Soil nitrogen= 3.024—(0.024
Lloyd index), R’= 0.767 +0.281, Figure 2-b]
showed negative relationships with Lloyd index
on both quadratic and linear scales. Similarly,
these soil parameters both were linearly and
negatively related to Morisita index [Morisita
index= 2.856—(0.0194 soil organic carbon), R’=
0.8107#0.258, Figure 2-c]; [Morisita index=
2.6144-(0.0192 soil nitrogen), R’= 0.590'%
0.356, Figure 2-d]. Also, C/N ratio revealed a
polynomial relation with Morisita index
[Morisita index= 7.781—(10.64 C/N
ratio)+(4.163 C/N ratio’), R’= 0.537 +0.038,
Figure 2-e]. Soil nitrogen exhibited negative
relationships with the index of dispersion (Index
of dispersion= 31660.03 exp(-0.160 soil
nitrogen), R*=0.910"+0.688, Figure 2-f), and
with the Green index [Green index= 0.127-
(0.0018 soil nitrogen), R*= 0.634 +0.030, Figure
2-g] in exponential and liner scales, respectively.

Thus, it can be interpreted that the lower level
of soil organic carbon, nitrogen, as well as C/N
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Table 6. Eigen value analysis and other attributes obtained from Principal Component Analysis.

Parameters F1 F2 F3 F4 F5
Eigenvalue 9.086 5.631 2.796 2.014 1.538
Variability (%) 34.946 21.658 15.754 9.740 5.917
Cumulative % 34.946 56.604 72.350 82.098 88.05
1D 0.029 0.792 0.057 0.083 0.055
Ic 0.036 0.032 0.029 0.106 0.766
Gi 0.713¢ 0.106 0.003 0.034 0.085
L 0.093 0.776 0.023 0.002 0.069
Morisita 0.176 0.736 0.077 0.040 0.006
Electrical conductivity 0.700 0.072 0.026 0.011 0.005
Soil organic carbon 0.715 0.196 0.081 0.034 0.004
Moisture 0.746 0.125 0.033 0.009 0.010
Soil pH 0.000 0.207 0.121 0.364 0.012
Soil phosphorus 0.713 0.016 0.021 0.022 0.002
Soil nitrogen 0.755 0.093 0.037 0.015 0.060
C/N ratio 0.004 0.017 0.769 0.057 0.048
RIV of T. Terrestris 0.842 0.093 0.001 0.012 0.010
Richness 0.725 0.187 0.000 0.035 0.014
Shannon-Wiener index 0.795 0.084 0.000 0.001 0.021
Evenness 0.727 0.000 0.016 0.001 0.127
Simpson Index 0.064 0.785 0.177 0.056 0.061
Percent cover 0.772 0.012 0.076 0.149 0.027
Seed Weight 0.024 0.144 0.149 0.346 0.000
Seed out put 0.783 0.004 0.005 0.001 0.005
R/S ratio 0.001 0.179 0.321 0.172 0.009
Root length 0.012 0.167 0.582 0.060 0.102
Root weight 0.771 0.062 0.004 0.018 0.000
Shoot weight 0.746 0.326 0.182 0.004 0.002
“Variables bold with eigenvectors (coefficients) > +0.70 are considered.
o7 Index of Index of MGt
08 clumping dispersion index
Lloyd
0.65 Simpson index index
0.5 Green index
) ‘ Roglength
035 Seed weight /
‘ / Soil phosphorus
0.2 | /
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0.05 ) ) ) ! _ -
s , 4 Electri
.01 Seed out put TN ratia i _ tv1c
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Figure 1. Bi-Plot of principal component analysis.
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Figure 2. Path Analysis between various variables (a to 1).
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Figure 2. Path Analysis between various variables (a to ).

Table 7. Path analysis summary between soil parameters and community dynamics.

Independent Dependent Variables Relation Equations
Variables Type

Electric RIV of T. terrestris Linear Relative importance value of T. ferrestris = 8.81+(264.22

conductivity electrical conductivity), (R* = 0.847 "+ 8.59)

Moisture RIV of T. terrestris Linear Relative importance value of 7. terrestris = 21.76 + (2.75 soil
moisture) (R*=0.857 " +8.33)

Soil phosphorus ~ RIV of T. ferrestris Linear Relative importance value of T. terrestris =7.560 + (0.8069 soil
nhosnhors). (R%=0.719"+11.24)

Electrical Species richness Linear Richness = -1.3840 + (50.71 electrical conductivity), R? =

conductivitv 0.802"" +1.84)

Moisture Species richness Linear Richness = 4.21 + (0.593 moisture), (R>=0.913 + 1.33)

Soil Phosphorus  Species richness Linear Richness = 2.199 + (0.141 soil phosphorus), (R*> = 0.620" +

Electrical Shannon-Wiener Index  Linear Shannon-Wiener diversity index = -0.0326+(10.78 electrical

conductivitv conductivitv). (R? = 0.829" + 0.377)

Moisture Shannon- Wiener Linear Shannon-Wiener diversity index = 1.234 + (0.1077 moisture),

Index (R* =0.804""+0.400)
Soil phosphorus ~ Shannon- Wiener Polynomial Shannon-Wiener diversity index = 1.434 — (0.0374 soil
Index phosphorus)+0.00121 soil phosphorus). (R*=0.7466" + 0.467)

Electrical Evenness Linear Evenness = 0.556 + (2.070 electrical conductivity) (R*=0.630

conductivitv +0.132).

Moisture Evenness Linear Evenness = 0.800 + (0.203 moisture). (R*> =0.601" # 0.136) »

Soil Phosphorus  Evenness Linear Evenness = 0.620 + (0.0083 soil phosphorus), (R* = 0.706™ +
0.120)

**: P<0.01, *: P<0.05.
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ratio supported the clumped distribution
pattern of this plant, while as these soil
factors increase during the non-pulse event,
they support its transition from random to
uniform distribution(as shown by Green,
Lloyd and Morisita indexes).

On the other hand, the soil phosphorus
was correlated with Green Index in a
positive polynomial fashion (Green index= -
0.088+0.0040 soil phosphorus—4.50E-005
soil phosphorus, R’= 0.571°+0.033, Figure
2-h). According to this equation, the higher
level of soil phosphorus (pulse event) did
not give any clear indication about the
distribution pattern, but its lower value (non-
pulse event) indicated the uniform
distribution.

Spatial Indices and Diversity
Parameters

In the present investigation, both Simpson’s
evenness and dominance indexes showed
positive relationships with Green index
[Green index= -0.160+(0.1674 evenness),
R’= 0.72807°+0.0268, Figure 2-i] and with
index of dispersion [Index of dispersion=
0.155¢M exp (5.271 Simpson’s index), R’=
0.876 +0.801, Figure 2-j] in linear and
exponential fashions, respectively. Lower
evenness (i.e., with few species being
dominant) supports the uniformity while
intermediate evenness supports clumped
pattern. For Simpson’s dominance index,
both its lower and higher values largely
supported the uniformity, while an
intermediate dominance supported clumped
distribution at a few sites.

Spatial Indices and Plant Attributes

There were polynomial relationships
between the Green Index and percent cover
of T. terrestris [Green Index= 0.0839—-(0.266
percent cover)+(0.084 percent cover’), R’=
0.753+0.0268, Figure 2-k] and between the
Morisita index and seed output (Morisita
index= 1.101+(0.00161 seed output)-2.41E-

JAST

1197

(006 Seed Output®), R’= 0.569'+0.378,
Figure 2-1]. Thus, higher and intermediate
levels of percent cover and seed output are
associated with uniform and clumped spatial
pattern, respectively.

Soil Parameters and Community
Dynamics

Regression analysis revealed that, among
soil parameters, the electrical conductivity,
moisture, and phosphorus were the major
controlling factors of community dynamics
parameters including relative importance
value of T. terrestris, richness, Shannon-
Wiener index and evenness. The same three
soil parameters showed positive linear
relationships ~ with  these = community
parameters (Table 7). This is because both
exploratory (dependent) and responding
(independent) variables were higher during
pulse event and lower during non-pulse
event (Table 3). This finding suggested that
the plant had high salinity tolerance (higher
RIV during higher electrical conductivity)
and could be utilized for reclamation
programme.

Soil Parameters and Plant Variables

Path analysis showed that both soil
organic carbon and nitrogen were associated
with the percent cover and seed out-put of 7.
terrestris in polynomial positive fashions
(Table 8). This is because both exploratory
and responding variables were higher during
similar event (non-pulse). The electrical
conductivity showed a negative power
relation to the seed out-put, and the organic
carbon exhibited polynomial relationships
with both the root and shoot weight. Here it
can be interpreted that the high level of both
root and shoot weight was observed at an
intermediate level of the soil organic carbon.
Similarly, the soil phosphorus also exhibited
positive relationships with root and shoot
weight but in exponential manner, and the
electrical conductivity showed positive
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Table 8. Path analysis summary between soil parameters and plant variables.

Independent Dependent Relation type Equations

variables variables

Soil organic Percent cover Polynomial Percent cover = 9.297 — (0.238 organic carbon)+(0.001

carbon organic carbon?), (R>=0.753"" +£0.626)

Soil nitrogen Percent cover Polynomial Percent cover = 6.840 — (0.206 soil nitrogen)+(0.001 soil
nitrogen), (R* = 0.653" +0.722)

Soil organic  Seed out-put Polynomial Seed output = 4263.27 — (102.48 organic carbon)+(0.647

carbon organic carbon?), (R?=0.748" +213.40)

Soil nitrogen Seed out-put Polynomial Seed output = 1550 — (43.46 soil nitrogen)+(0.365 soil
nitrogen®), (R? = 0.554" + 267.566)

Electrical Seed out-put Power Seed output = 5.16 electric conductivity>**!, (R’=

conductivity 0.642" +236.81)

Soil organic Root weight Polynomial Root weight = -170.81+(4.321 organic carbon)-(0.025

carbon organic carbon?), (R =0.627" £7.59)

Soil phosphorus Root weight Exponential Root weight = 0.0061 exp(0.171 soil phosphorus),
(R>=0.830""+5.21)

Electric Root weight Polynomial Root weight = 8472 - (14694 electrical

conductivity conductivity)+(780.80 electrical conductivity®), (R*> =
0.705" +6.90)

Soil organic  Shoot weight Polynomial Shoot weight =(-720.60 organic carbon) — (0.105

carbon Organic Carbon?), (R* = 0.729" + 23.38)

Soil phosphorus Shoot weight Exponential Shoot weight =0.380 exp(0.111 soil phosphorus),
(R’=0.667"" +24.44)

Electrical Shoot weight Linear Shoot weight = -44.59+(492.63 electrical conductivity),

Conductivity

(R?=0.777" £20.63)

*#: P<0.01. *: P<0.05.

relationships with the root and shoot weight
in polynomial and linear fashions,
respectively (Table 8).

CONCLUSIONS

Murrell et al., (2001) and Rayburn and
Monaco (2011) have pointed out that most
of the spatio-temporal theories remain
untested by either empirical observations or
experimental studies. They further cited the
rare validation of spatial theories by Stoll
and Prati (2001). Their validation explained
that spatial pattern of an individual plant
species might alter the competitive
interaction in plant communities and
facilitate co-existence. The quantitative
measures of pattern used in the present study
provide a useful basis for further and more
generalized comparison of the spatial
patterns of individual plants in the semi-arid
Thar region in India. Environmental and
habitat heterogeneity may have acted
individually or in concert with other

processes to produce the spatial patterns
detected in this study. Analysis revealed
that, contrary to other studies, the uniform
distribution was the predominant spatial
pattern (particularly during non-pulse event),
however, other spatial transition between
various events were also observed.

REFERENCES

1. Aguiar, M. R. and Sala, O. E. 1999. Patch
Structure, Dynamics and Implications for the
Functioning of Arid Ecosystems. Trends Ecol.
Evol., 14(7): 273-2717.

2. Basiri, R. S., Tabatabaee, A. and Bina, H.
2011.  Statistical ~ Analysis of  Spatial
Distribution Pattern for Five Tree Species in
Kurdestan Region. World J. Sci. Tech., 1(50):
36-42.

3. Bisigato, A. J., Bertiller, M.B., Ares, J. O. and
Pazos, G. E. 2005. Effects of Grazing on Plant
Patterns in Arid Ecosystems of Patagonian
Monte. Ecography, 28: 561-572.

4. Brisson, J. and Reynolds, J. F. 1994. The
Effects of Neighbors on Root Distribution in a

1198


https://dorl.net/dor/20.1001.1.16807073.2014.16.5.9.1
https://jast.modares.ac.ir/article-23-4774-en.html

[ Downloaded from jast.modares.ac.ir on 2024-04-25 |

[ DOR: 20.1001.1.16807073.2014.16.5.9.1 ]

Spatio-Temporal Variability of Tribulus terrestris

10.

11.

12.

13.

14.

15.

16.

Creosote Bush (Larrea trdentata) Population.
Ecol., 75: 1693-1702.

Condit, R., Asthon, P. S., Baker, P.,
Bunyavejechewin, S., Gunatilleke, S,
Gunatilleke, N. N., Hubbell, S. P., Foster, R.
B., Itoh, A., LaFranki, J. V., Lee, H. S., Losos,
E., Manokaran, N., Sukumar, R. and
Yamakura, T. 2000. Spatial Pattern in the
Distribution of Tropical Tree Species. Sci.,
288: 1414-1418.

Curve Expert. 2001. A Comprehensive Curve
Fitting System for Windows. Copyright Daniel
Hyams.

Dale, M. R. T. 1999. Spatial Pattern Analysis
in Plant Ecology. Cambridge University Press.
UK. Pp. 325.

Dale, M. R. T., Dixon, P. M., Fortin,
M.J.Legendre, P., Myers, D. E. and
Rosenberg, M. S. 2002. Conceptual and
Mathematical Relationships among Methods
for Spatial Analysis. Ecography, 25: 558-
577.

David, F. N. and Moore, P. G. 1954. Notes on
Contagious Distributions in Plant Populations.
Ann. Botany, London, 18: 47-53.

Goldberg, D. E. and Novoplansky, A. 1997.
On a Relative Importance of Competition in
Unproductive Environment. J. Ecol., 85: 407-
410.

Green, R. H. 1966. Measurement of Non-
randomness in Spatial Distributions. Res.
Popul. Ecol., 8: 1-7

Iwara, A. I, Ogundele, F. O., Ibor, U. W. and
Deekor, T. N. 2011. Multivariate Analysis of
Soil-Vegetation Interrelationships in a South—
Southern Secondary Forest of Nigeria Int. J.
Biol., 3: 73-82

Kefi, S., Rietkerk, M., Alados,C. L., Pueyo,Y.,
Papanastasis,V. P., Elaich, A. and De-Ruiter,
P. C. 2007. Spatial Vegetation Patterns and
Imminent Desertification in Mediterranean
Arid Ecosystem. Nature, 449: 213-217.

Kent, M. and Cooker, P. 1992. Vegetation
Description and Analysis. Bekhaven Press,
London, pp. 363.

King, T. J. and Woodell, S. R. J. 1973. The
Causes of Regular Pattern in Desert Perennials,
J. Ecol., 61: 761-765.

Law, R., Janine, I. Burslem, D. F. R. P.
Gratzer, G., Gunatilleke, C. V. S. and
Gunatilleke, 1. A. U. N. 2009. Ecological
Information from Spatial Patterns of Plants:
Insights from Point Process Theory. J. Ecol.,
97: 616-628.

JAST

1199

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Li, W. G,, Jing, X. L., Khan, M. A., Gul, B,
Ajmal, K. and Bilquees, G. 2008. Relationship
between Soil Characteristics and Halophytic
Vegetation in Coastal Region of North China.
Pakistan J. Bot., 403: 1081-1090.

Lloyd, M. 1964. A Table for Calculating the
“Equitability’> Component of  Species
Diversity. J. Ani. Ecol., 33:217-225

Ludwig, J. A. and Reynolds, J. F. 1988.
Statistical Ecology: A Primer on Methods and
Computing. John Wiley and Sons, New York,
USA, PP. 354.

Mathur, M. 2005. Ecology and Prospecting of
Some Medicinal Plants of Aphrodisiac
Potential. PhD. Thesis, Jai Narain Vyas
University, Jodhpur, Rajasthan.

Mathur, M. and Sundaramoorthy, S. 2012.
Studies on Distribution Patterns for an
Endangered Semi-arid Plant, Blepharis
sindica. Vegetos, 25(2): 66-75.

Mathur, M. and Sundaramoorthy, S. 2013.
Ethnopharmacological Studies of Tribulus
terrestris (Linn) in Relation to its Aphrodisiac
Properties. AJTCAM, 10(1): 83-94.

Molles M.C. 1999. Ecology: Concepts and
Applications. McGraw-Hill, New York, PP
509.

Moradi-Vajargah, M., Golizadeh, A., Rafiee-
Dastherdi, H., Zalucki, M. P., Hassanpour, M.
and Naseri, B. 2011. Population Density and
Spatial Distribution Pattern of Hypera postica
(Coleoptera: Curculionidae) in Ardabil, Iran.
Notulae Botanicae Horti Agrobotanici Cluj-
Napoca, 39(2): 42-48.

Morisita, M. 1959. Measuring of Interspecific
Association  and  Similarity  between
Communities. Memories of the Faculty of
Science, Kyushu University. Series Environ.
Biol., 3: 65-80.

Murrell, D. J., Purves, D. W. and Law, R.
2001. Uniting Pattern and Process in Plant
Ecology. Trends Ecol. Evol., 16(10): 529-530.

Perry, G. L., Enright, W. N. J., Miller, B. P.
and Lamont, B. B. 2009. Nearest-neighbor
Interactions in Species-rich Shrublands: The
Role of Abundance, Spatial Patterns and
Resources. Oikos, 118: 161-174.

Phillips, D. L. and MacMahon, J. A. 1981.
Competition and Spacing Patterns in Desert
Shrubs. J. Ecol., 69: 97-115.

Prentice, I.C. and Werger, M.J. 1985. Clump
Spacing in a Desert Dwarf Shrub Community.
Vegetatio, 63: 133-139.

Rayburn, A. P. and Monaco, T. A. 2011. Using
a Chrnosequence to Link Plant Spatial Patterns


https://dorl.net/dor/20.1001.1.16807073.2014.16.5.9.1
https://jast.modares.ac.ir/article-23-4774-en.html

[ Downloaded from jast.modares.ac.ir on 2024-04-25 |

[ DOR: 20.1001.1.16807073.2014.16.5.9.1 ]

Mathur

31

32.

33.

34.

35.

and Ecological Processes in Grazed Great
Basin Plant Communities. Rang. Ecol.
Manag., 64: 276-282.

Rayburn, P. A. 2011. Caused and
Consequences of Plant Spatial Patterns in
Natural and Experimental Great Basin Plant
Communities. PhD. Thesis, Utah State
Uuniversity, Logan, Utah, 161 PP.

Salas, C., LeMay, V., Nunez, P., Pacheco, P.
and Espinosa, A. 2006. Spatial Pattern in an
Old-growth Nothofagus Oblique Forest in
South Central Chile. For. Ecol. Manag., 231:
38-46.

Schurr, F. M., Bossdorf, O., Milton, S. J. and
Schumacher, J. 2004. Spatial Pattern
Formation in Semi-arid Shrub Land: A Priori
Predicted Versus Observed Pattern
Characteristics. Plant Ecol., 173: 271-282.
Skarpe, C. 1991. Spatial Patterns and
Dynamics of Woody Vegetation in an Arid
Savanna. JVS, 2: 565-572.

Stoll, P. and Prati, D. 2001. Intraspecific
Aggregation Alters Competitive Interaction in

36.

37.

38.

39.

40.

Experimental Plant Communities. Ecol, 82:
319-327.

Stoll, P. and Begius, E. 2005. Pattern and
Process: Competition Causes Regular Spacing
of Individuals within Plant Population. J.
Ecol., 93: 395-403.

Tirado, R. and Pugnaire, F. 1. 2003. Shrub
Spatial Aggregation and Consequences for
Reproductive Success. Oecologia, 136: 296-
301.

Tsuji, K. and Kastiya, E. 2001. What Do the
Indices of Reproductive Skew Measure?. Am.
Nat., 158: 155-165

Valiente-Banuet, A. and Verdu, M. 2008.
Temporal ~ Shifts from Facilitation to
Completion Occur between Closely Related
Taxa. J. Ecol., 96: 489-494.

Yin, Z. Y., Guo, Q. F., Ren, H. and Peng, S. L.
2005. Seasonal Changes in Spatial Patterns of
Two Annual Plants in the Chihuahuan Desert,
USA.  Plant  Ecol, 178: 189-199.

b gl a1 b3y Tribulus terrestris _gis1y S5 Slo— Sloj Ol ks
by wl

gk.p

N

gmg“\:?‘;:’“?&i)-’ 62§|)t$bj\6u@éh;d?pj OL:?L}«:{‘J{:L;LA)Q‘

wgh{wm..\;;sﬁ;:.uwti.u&,cmﬂgfw;p@ﬂ&@)x@@t&&‘

Sl Bl B 53 W atdls dade &) b Ll LSS s OS540 53 0y
6 Ol eSast aas ailie s (pulse events) Slus wbs (b m i o ids 5 658 SIS
S ST Gl S 0sls LUyl gl s 55T by 5 oS Soppe 4 clin 3
oslizal(path analysis) e Jdoo 5 oo awws gla oay 5l sl 3L gt gow §  wodgw §
dc (index of clumping) sl Lesle (Ip), SasT, Lesls b gl Lesls Ad
Morisita’s index ) b yse SUS1, jasli 5 et o515 oKbe asli ¢ o S asla
oy &S Lsls of § Sluy 2By 3 b 53 L (K wss < I (of dispersion
Ik 5 (KMO) o805k i 552187 glo 05057 3lion DL 15 3 guoms wlin (51 OALS (o o


https://dorl.net/dor/20.1001.1.16807073.2014.16.5.9.1
https://jast.modares.ac.ir/article-23-4774-en.html

[ Downloaded from jast.modares.ac.ir on 2024-04-25 |

[ DOR: 20.1001.1.16807073.2014.16.5.9.1 ]

Spatio-Temporal Variability of Tribulus terrestris J’A\S][‘

s (factor analysis) Jule 4 2 5 5,8 059 cwlis 1 S (sphericity) cus S 5550 53
ol w1 an (Ser (PCA) ol sla 4l 30 40 4 o 590 b ke o S15 ime dlal
5 Al el b Gasla o Sl s sl 0l ) patle 5 sl pesla b SuST,
i 3 S 035525 25l T o3le alon s 4 gl b5 Koo By s 30 2t L
535 ¢S ol 033 aln 0L S Ss 6 R 4 a st (S 1L 1 0355 4 S
348 Glans Ogmen £ 35 sla el iy oS o)l SIS S (S s oS i
Lo g e b 0395 3L 5 33 ol e 055l 5 S50 w5 s SN O g 2L 5 o 458
o ing by ol 5 S BN 5 5 5 ok 5 5 A iy Ay
S (Silagr Sl el )3 Ll r olS 48 nl (8 Jamd oS Sl o)Ll i e 4

5,8 3 eslizul 5 50

1201


https://dorl.net/dor/20.1001.1.16807073.2014.16.5.9.1
https://jast.modares.ac.ir/article-23-4774-en.html
http://www.tcpdf.org

