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Abstract: Present study was aimed to explore the influence of top down factors on ecological attributes of Commi-
phora wightii collected from seven districts of arid and semi arid parts of the Rajasthan. Ecological variables in
respect of 46 accessions of this species were quantified. To assess the explanatory factors governing quantified
ecological variables, soil samples were collected to analyze soil texture, soil EC, pH, available potassium, available
phosphorus and total soil nitrogen. Results showed that there was a specific relationship between soil variables and oc-
curence of C. wightii. The mid ranges of potassium (200-300 kg/ha) emerged as favourable to have better density and
health of C. wightii: This is the first report on regulatory role of potassium on distribution and occurrence of C. wightii.
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INTRODUCTION total soil nitrogen governing population dynamids o
C. wightii across various rainfall zones of the habitats

It is largely agreed that differences in the dmttion of the Indian arid and semi-arid region.

and abundance of plant species in any environnrent a
an indication of the variation in soil properties MATERIALS AND METHODS
(Grahamet al., 2005; Engler and Guisan, 2009). Con-
versely, a knowledge of soil properties acrossssitfe
occurrence also helps in deciding package of mesti
for reintroduction of species Iik€. wightii which is
considered threatened now (Kumar and Purohit, 2015)
In previous studies soil physico chemical paranseter
related to plant communities in the Indian desesten
studied by Kumar and Shankar, 1988; Kumar and
Shankar, 1982; Kumar, 1996 and Singthal, 2012.
These studies identified varying soil proprietidee |
organic matter, clay, silt and salinity which irdhce
the distribution or zonation of vegetation; as wal
tree size, vegetation cover, tree density and ptimpo

of mesophanerophytes as vegetation components th
influenced soil nutrients. Distribution of individl
species on the basis of soil physicochemical parame
ters has also been studied in respedPedalium mu-
rex and Peganum harmalgdChauhan, 2004). Mathur
(2012) also carried out similar studies @orchorus
depressusBlepharis sindicaandTribulus terrestrisin

a recent study, Lal (2013) correlated soil textanejs-
ture content, pH, EC, OC, available phosphorus an
nitrogen in soil with theC. wightii presence only at
four sites, Kailana hill, Machia Park Jodhpur; Akal
fossil park , Jaisalmer and Kiradu temple in Barmer
which is inadequate. Hence the present study was co
ducted to identify the soil factors viz. soil teseusoil
EC, pH, available potassium, available phosphonas a

Study area: The study was carried out in Rajasthan
state of India. We assessed gugdal Wwighti) from

the year 2009 to 2012 in 35 expeditions in twersy d
tricts of Rajasthan and located guggul in 11 dittri
(Tablel). Of this, soil samples were collected fribgn
sites of occurrence in seven districts (JaisalBarmer,
Jalore, Pali, Jodhpur, Ajmer and Rajsamand (Fig.1).

Field sampling : The presence df. wightii was re-
corded at 46 different sites located in 7 differdig-
tricts. Ecological sampling was carried out through
guadrate (10 x 10 m) method (Ludwig and Reynolds,
1988). Community variables like diversity (Shannon
gtnd Weaver index, evenness) and relative importance
value ofC. wightii were quantified by following stan-
dard methodologies (Ludwig and Reynolds, 1988).

Soil analysis: Soil samples were collected upto 30 cm
depth. Sieved soil samples were used for analysis o
physical and chemical parameters. The water- ssil s
pension (5:1) was used to measure EC (Systronie Con
ductivity Meter-304) and pH (Systronic Digital pH
C]\/Ieter—802) at room temperature. Organic carbon was
estimated by modified Walkley and Black's method
(Jackson, 1973). Available potassium was estimated
following Jackson (1973) method. Total soil nitrage
was estimated by alkaline permanganate method
(Subbiah and Asija, 1965). Available phosphorus est
mation was based on the development of molybdenum
blue colour as described by Allehal. (1976).
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Principal component analysis and synthesis of data: ranged from 9.32-17.39 (Table 4), though at pretkct
Principal component analysis (PCA) was employed assites its RIV was as high as 35 under protectign &.
data reduction technique in which dominanceGf Devikot Mataji Temple, Jaisalmer and Kukda in Ra-
wightii (RIV) in plant community was plotted with soil jsamand. Species diversity as indicated by Shaandn
and some community parameters. These factors inWeavar index varied from 1.65 — 1.99 for both mtae
cluded, organic carbon, nitrogen, phosphorus, pH,and unprotected sites. This indicated that thersityeof
electrical conductivity, Relative Importance Value sites havingC. wightiiwas similar across habitats in vari-
(RIV) of C. wightii, Shannon and Weaver Index (H’) ous districts irrespective of its status of pratecthough
and evenness. The interpretation of the PCA diagrantompositionally the species at protected and uepted
was carried out as follows: when two variablesfare sites were different. This also was the conclusiathed
from the center, then if they are: close to eadtemt in an earlier study ofC. wightii in Jamnagar, Gujarat
they are significantly positively correlated (r séoto  (Kumar and Mathur, 2014). Evenness of vegetation va
1); if they are orthogonal, they are not correlaed ied from 0.86 -0.99 which only showed that domimanc
close to 0); if they are on opposite side of thetee  was more evenly distributed among different speates
then they are significantly negatively correlated ( the sites of its occurrence (Table 4).
close to -1). Squared cosines were used to link thd®CA result on soil parameters: PCA was performed
variable with the corresponding axis and the greateon data of soil samples from seven (7) districtsriter
the squared cosine, the greater the link with tmeee  to identify critical soil factors that control dikiution
sponding axis. However, in order to determine basicand population ofC. wightii. In Jodhpur district there
soil, diversity (vegetation) and plant metabolitesi- were only three sites of soil collection which hae-
ables sustaining these interrelationships, theegptnof ~ ated bias due to which soil data of Jodhpur wag-omi
component defining variables (CDV) which stipulates ted from PCA. Component loadings (correlation coef-
the selection and subsequent naming of variabits w ficients) and the variances (eigenvalues) for thd-v
the highest component loading (correlation coedfit) ous soil parameters were computed. As shown in Ta-
as variables that provide the best relationshipgmrd  bles 5 and 6, the first axis of PCA is the mostomp
et al.,2011; Mathur, 2012) was employed. tant to explain variance across all the soil patarse
The percentage of eigenvalue for the first two comp
RESULTS AND DISCUSSION nents is >50 throughout six districts. District avise-
Physical and chemical properties of soit Physical  sults are given below.
and chemical parameters of soil of sites of occuee Ajmer district : Out of 10 different variables, seven
of C. wightii are shown in Tables 2 and 3. Of the sevenvariables were significant (Table 5). Soil propesti
districts of occurrence df. wightii, five had predomi-  like EC (0.89), K kg/ha (0.89), P kg/ha (0.74), lha
nantly coarse (20-45%) and gravelly soil texture (- 0.72) were related with F1 axes with 3.36 eigdue
(Table 2). In two districts it has less of coarsetiples
i.e. Jaisalmer and Jodhpur (4.16- 6.68%). The pH o
the soil ranged between 7.24 to 7.58 in areasviecgi
high rainfall (>500 mm) while it was 8.13 to 8.47 i —Eg IndexMep
areas receiving low rainfall (200-300 mm) in the-di >
tricts of Jaisalmer, Barmer and Jodhpur (Tablel2).
also shows that soils having neutral reaction, nes-
ther acidity nor sodicity/salinity are preferred by
This is also evident by low electrical conductivéttyall
the sites and the highest being 0.66 dsah Ra-
jsamand. Same trend was found in case of % organi
carbon. Mean potassium was ranged between 254.Z
to 472 kg/ha (Table 3). Maximum potassium was
found in Barmer district (472 kg/ha) and minimum in
Jodhpur district (238.94 kg/ha) (Table 3). Sites of
Jodhpur district showed lowest phosphorus conten
(5.6 kg/ha) while highest was in Pali (26.88 kg/ha)
followed by Barmer (26.04 kg/ha). Nitrogen content
was low in sandy soil sites i.e. in Barmer andalaisr
(9.79, 9.88 kg/ha), while those in high rainfalldan
hilly region had more of N (Table 3). Maximum niro Legend
gen was in sites of Rajsamand district (31.41 Rg/ha Districts

District wise summary of dominance, evenness and —  —
diversity of C. wightii: The mean RIV ofC. wightii

Location Map of Study Area @SJ

Fig 1. Study area of Guggal (C. wightii) in Rajasthan.
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Fig. 2 a- f.PCA-ordination diagram of soil properties (physieadd chemical) and community dynamics of C. wightdiffer-
ent districts.
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Fig. 3.Effect of soil potassium on RIV of C.wightii. Fig. 4. Effect of soil potassium on number of plants petite
ha.

Ioading and 36.31% total variance in soil data set24.68% variance. Component F3 and component F4
(Table 5). However pH (0.77), per cent OC (-0.7% a had one soil parameters each and these axes aedount
Shannon H (0.86) were plotted on component F2for 15.03% and 12.85% total explanation of commu-
where it accounted for 2.47 eigenvalue loading andnity dynamics and soil data (Fig. 2a). Five vamsbl
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Fig. 5. Effect of soil potassium on height of C. wightii. Fig. 6. Effect of soil potassium on canopy of C. wightii.

Table 1. Guggul C. wightii) collection sites in study area.

Districts Total sites Total sites of collection Protected sites Unprotected sites
visited Hills Plains

Jaisalmer 34 5 7 2 10
Barmer 59 6 7 5 8
Jalore 10 7 - 6 1
Pali 29 5 2 5 2
Sirohi 18 2 1 2 1
Jodhpur 9 2 1 2 1
Nagaur 26 1 - 1 -
Ajmer 49 12 2 10 4
Rajsamand 58 5 1 4 2
Jhunjhunun 17 1 - 1 -
Sikar a7 1 - 1 -
Bikaner 59 - - - -
Churu 64 - - - -
Jhalawar 41 - - - -
Kota 5 - - - -
Bundi 8 - - - -
Bhilwara 7 - - - -
Chittorgarh 23 - - - -
Ganganagar 17 - - - -
Hanumangarh 24 - - - -
Total 604 47 21 39 29

viz., percent coarse particles, EC, percent OCgii, positive correlation while other variables showed
P kg/ha showed positive correlation while otheri-var negative correlation (Table 5).

ables showed negative correlation (Table 5). Jaisalmer district : Cumulative percentage for first
Barmer district : Out of 10 different variables, four components accounted 83.26% variability in the
eight variables were significant (Table 5). On com- data set (Table 5) with their individual contrilmurti
ponent F1 soil properties like pH (-0.84), EC (0,97 being 37.28%, 17.74%, 15.29% and 12.95% respec-
per cent OC (0.71), K kg/ha (0.86), P kg/ha (0.97)tively. It has been found that out of 10 differeati-

and RIV C. wightii (-0.84) were plotted and were ables three were significant. Among soil parameters
accounted for 5.63 eigenvalue loading and 56.39%pH (-0.77) and K kg/ha (0.96) were well linked with
total variance in soil data set (Table 5). Howeerr F1 component while percent OC was well linked with
component F2 evenness (0.84) was heavily loaded-2 component (Fig. 2c¢). No variable linked with F3
which accounted for 2.70 eigenvalue loading andand F4 component. pH and Shannon and Weaver
27.05% variance. Percent coarse particles (0.84showed negative correlation while other variables
were loaded on component F3 with eigenvalue 1.12showed positive correlations (Table 5).

with 11.26% variance (Fig. 2b). There was no load-Jalore district: It has been found that all 10 variables
ing on component F4. Percent coarse particles, ECout of 10 were significant. K kg/ha (0.89), P kg/ha
per cent OC, K kg/ha, P kg/ha and N kg/ha showed(0.84), Shannon H (0.87), Evenness (-0.87) and RIV
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Table 4. Species diversity parameters@fwightii occurrence sites of study area (n= number of)sites

Districts N RIV C. wightii Evenness Shannon index (H')
Mean + SE Range Mean + SE Range Mean + SE Range
Ajmer 8 9.32+1.15 5.29-14.66 0.87+0.024 0.73-0.95 1.67 +0.098 1.23-2.08
Barmer 7 12.21+0.96 7.68-14.72 0.88+0.034 0.75-0.96 1.87 +0.083 151-2.14
Jaisalmer 10 13.25+2.91 5.71-35.11 0.86+0.028 0.68-0.97 1.83+0.069 1.36-2.12
Jalore 6 1739251 10.58-28.52 0.89+0.036 0.75-0.99 1.85+0.126 1.38-2.29
Jodhpur 3 13.12+292 9.89-18.96 0.99+0.028 0.89-0.99 1.99+0.288 1.6-2.56
Pali 7 1236251 7.04-2358 091+0.018 0.82-0.96 1.65+0.090 1.33-2.0
Rajsamand 5 16.42+5.61 5.18-34.87 0.86+0.053 0.65-0.95 1.66+0.098 1.37-1.93

Table 5. Eigen value analysis and other attributes obtafr@@ Principal Component Analysis for Ajmer, Barnzerd Jaisal-
mer districts.

Ajmer Barmer Jaisalmer
F1 F2 F3 F4 F1 F2 F3 F4 F1 F2 F3 F4

Variables

% Coarse particles 0.41 002 -035 083 047 -018 085 -015 0.38 057 000 -0.44

pH -054 077 025 008 -084 -048 002 -007 -077 013 050 0.30
EC 0.89 014 -003 010 098 012 0.09 0.07 0.62 0.01 -069 0.32
%0C 063 -075 006 -014 071 065 -0.22 0.07 0.15 083 021 0.29
K, kg/ha 0.89 015 038 001 087 -033 021 022 096 -005 -021 -0.07
P ka/ha 0.74 024 030 -004 097 012 -008 0.09 051 -013 043 -048
N kg/ha -0.72 -037 001 003 060 066 -020 -039 0.52 066 022 -0.07
Shannon H 0.01 086 -044 019 -058 069 041 -011 -059 047 -039 0.22
Evenness -013 017 091 023 -036 08 029 024 062 -009 013 0.62
RIV C.wightii -034 -056 022 068 -084 050 -005 0.15 062 -024 056 040
Eigenvalue 3.63 247 150 129 564 271 113 034 3.73 177 153 130
% Variance 36.31 24.68 1504 1286 564 27.05 1127 340 3728 17.74 1530 1296
% Cumulative 3631 6099 76.02 8887 564 8344 9470 9810 3728 55.02 7031 83.26

Table 6.Eigen value analysis and other attributes obtafread Principal Component Analysis for Jalore,iRad Rajsamand
districts.

Jalore Pali Rajsamand
F1 F2 F3 F4 F1 F2 F3 F4 F1 F2  F3 F4

Variables

% Coarse particles 0.16 0.32 -0.93 -0.04 -0.60 053 -047 034 033 -054 0.72 0.29

pH 065 074 017 000 -0.71 063 012 -0.01 -0.75 047 041 0.24
EC 027 -080 044 029 073 018 -054 -0.13 092 033 -0.19 -0.09
%0C -0.34 -084 -041 011 084 -017 -0.17 -0.34 061 0.74 -0.10 -0.26
K, kg/ha 090 -0.12 004 019 074 028 0.19 0.58 0.84 -0.38 -0.27 0.27
P kg/ha 084 038 023 007 079 020 0.00 0.57 082 052 -0.14 0.17
N kg/ha -0.13 033 -0.11 092 057 -0.09 079 -0.02 0.02 0.70 -0.12 0.70
Shannon H 087 -0.28 0.08 -0.32 -0.29 -0.73 -0.28 0.45 0.19 055 0.80 -0.13
Evenness -0.87 040 0.10 -0.15 -0.78 -0.16 0.44 0.19 084 002 052 -0.15
RIV C.wightii -080 022 054 -001 013 09 013 -014 061 -0.77 0.10 0.17
Eigenvalue 431 253 163 111 430 235 150 1.17 439 297 176 0.89
% Variance 43.15 2534 16.35 11.10 43.05 2345 1498 11.66 43.86 29.69 17.60 8.85
% Cumulative 43.14 68.47 8481 9590 43.05 665 8148 93.14 43.85 73,53 91.13 99.98

wightii (-0.79) significantly correlated with component 0.77). This component F1, accounted for 4.30 ofreig
F1 with eigenvalue 4.31 accounting variability 484  value loading and 43.03% of the variance in data se
while pH (0.73), EC (-0.79) and percent OC (-0.83) Component F2 had two community dynamics proper-
loaded heavily on component F2 with 25.33% vaiiigbil  ties: Shannon and Weaver (-0.72) and RIVwightii

in data set (Table 5; Fig.2d). Per cent coarséctemtand  (0.96), with 23.45% variation (Table 6; Fig.2e)kly

N kg/ha loaded on component F3 and F4 with eigenvalha (0.78) was heavily loaded on component F3 with
ues 1.63 and 1.10 respectively. Among 10 diffevanit eigenvalue 1.49 accounting for 14.97 % variability.
ables four variables percent OC, N kg/ha, evenaads However, components F4 had no variable loaded.on it
RIV C.wightii showed negative correlations (Table 5).  EC, percent OC, K2 kg/ha, P kg/ha, N kg/ha and RIV
Pali district : Based on the significant threshold for C. wightiishowed positive correlation (Table 6).
variables, six variables loaded on component Fdseh Rajsamand district : In the soil and community dy-
variables were pH (-0.70), EC (0.72), per cent OCnhamics data set of Rajsamand district, all vargifl®
(0.84), K kg/ha (0.74), P kg/ha (0.78) and Evenrfess out of 10) were significant. PH (-0.74), EC (0.9K),
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Table 7. Trends of significant eigenvalues in PCA axes F,, 83 and F4 with respect to different soil varéabin
six districts.

F1 F2 F3 F4
EE) Zaré-s ’(;IiZ-Of Name of districts No of Name of ’(;IiZ-Of Name of  No of Name of
. districts  districts . districts  districts districts
tricts tricts
% Barmer
1 Coarse O - 0 - 2 o1 Ajmer
. Jalore
Particles
> pH 4 Ba_rmer, Pali, Jaisalmer, > Ajmer, 0 ) 0 )
Rajsamand Jalore
3 EC 4 AJ'T‘e“ Barmer, Pal, 1 Jalore 0 - 0 -
Rajsamand
Ajmer,
Jalore,
4 %0C 2 Barmer, Pali 4 Jaisalmer, 0 - 0 -
Ra-
jsamand
Ajmer, Jalore, Pali,
5 K, kg/ha 6 Barmer, Jaisalmer, 0 - 0 - 0 -
Rajsamand
Ajmer, Jalore, Pali,
6 Pkgha 5 Barmer, Rajsamand 0 ) 0 ) 0 )
Ra- . Jalore,
7 N kg/ha O - 1 jsamand 1 Pali 2 Rajsamand
8 Shannon 1 Jalore 2 Aimer, 1 Ra- 0 -
H Pali jsamand
9 Egseg 3 Jalore, Pali, Rajsamand 1 Barmer 1 Ajmer 0 -
RIV .
10 Cuwighti 4 Barmer, Pali, Jalore, 0 0 0 )

| Rajsamand

kg/ha (0.83), P kg/ha (0.82) and Evenness (0.83¢we PCA is a fact-finding tool that reduces measur@émen
significantly correlated with component F1 witheg  problems, such as bias, and complexity of corrdlate
value 4.38 and 43.85 % variability in data set {@4}). data, as it extracts only variables that have figmit

On Component F2 percent OC, N kg/ha (Fig. 2f) alvl R contributions among a set of variables or principal
of C. wightii were loaded heavily with eigenvalue 2.96. components which account for most of the variamce i
Percent coarse particles (0.71) and Shannon angléVea the observed variables (Johnson and Wichern, 2002;
(0.79) were correlated with component F3 with eigen Krefts et al., 2010). A comparison of all parameters
value 1.76 accounting 17.60% variability in data Galy (soil and vegetation) in all six districts revealttht
one variable N kg/ha was loaded on component F4 wit potassium emerged as the most dominating regulatory
8.85 % variability. Among 10 variables pH showedaie  factor as it significantly correlated with F1 cormgmts
tive correlation (Table 6). in all the six districts (Table 5) followed by phpb®-

As per PCA, F1 axis explains maximum variability rus in five districts. Surprisingly, Nitrogen wastran
followed by F2, F3 and F4. The trends of significan important regulatory factor, as it loaded on F3 &dd
eigenvalues in these axes (F1-F4) in respect &drdif axis in soils from only three districts i.e. Palglore
ent soil variables which are detailed in tablesn &  and Rajsamand (Table 6), all receiving rainfalbwér
are synthesized in table 7. Of all the variablespant 400 mm, while EC and pH have dominantly influenc-
of potassium emerged as correlated in maximum numing role in districts in both high and low rainfalteas.
ber i.e., six districts with F1 axis. This is faled by ~ Hence, it was thought appropriate to examine the dy
F1 axis with respect to P (kg/ha) in five distridt&ke-  namics ofC. wightii population density vis-a-vis potas-
wise pH, EC and RIV o€. wightii each in four dis- sium content at different sites.

tricts were explained by F1 axis. The F2 axis iorfo Since data of soils included all sites (protected a
districts was maximum related to percent OC. In allunprotected sites), the dominant soil parametdesiaf
remaining situations, different variables were ex-ing occurrence o€. wightii will have a combined ex-
plained in one or two districts, either F1 or FA8ror  pression of effects of soil and anthropogenic
F4 level axis. Thus amount of potassium in soil (protection) status. In order to preclude anthremig
emerged as most important regulatory factor determi impacts on soil and consequently on plant distidmt
ing perhaps distribution &. wightii. soil data of only protected sites were selectedufor
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derstanding this relationship. Further in ordemtain- ported by Chahouket al. (2008). In the present study
tain climatic similarities of habitats, only proted also, results of PCA showed that wightii has strong
sites of Jaisalmer and Barmer were considered.yAnal relationship with potassium. Distribution #ftemisia

sis of soils from habitats of occurrence@fwightiiin sieberiin Egypt is controlled by potassium (Jafati
Jaisalmer and Barmer revealed that potassium is thal., 2004). Apart from induction of physiological re-
most important controlling factor. Relating potassi  sponses, the variations in mineral nutrient avditgb
(kg/ha) with RIV of C. wightii showed clear trends: often evoke some alterations in root architectuine.
decline in potassium content as the RIV decreases ¢ barley and many other plants, low potassium supply
firming that higher amount of K favors more Gf resulted in a reduction of total lateral root ldngt
wightii (Fig. 3), as K is one of the major nutrient ele- (Drew, 1975). The observed pattern of morphological
ments required and also taken up in large amounts bresponses may also be associated with the highl-mobi
plants, beside N and P (Yogaratnam and Weerasuriity of K in the plant body (Hodge, 2004). Similar t
yan, 1984). Plants cannot achieve maximum growthbarley (Drew, 1975), potassium deficiencies argkste
and yield without K, nor can the functions that & lateral root development iMrabidopsis (Shin and
forms be fully carried out by another substitutig- Schachtman, 2004; Armengaetial.,2004).

ment (Samarappulét al., 1993). It emerged that K Physiologically, increased levels of ethylene may b
could be therefore a potential regulator in ocawree  responsible for the inhibition of lateral root d

and dominance of. wightii. This fact was further ment observed in the K+ starved plants. Reduced po-
examined by comparison between potassium quantityassium availability triggered agravitropic roobgth
and number o€. wightii plants per tenth ha. It showed in the plants. This reaction to the low K+ statusyrbe
that at higher potassium content the numberCof important for mineral acquisition in soils where K+
wightii plants per tenth ha was very less. As potassiundistribution is heterogeneous (Ashley al., 2006). If
quantity declines moderately then numbe€ofvightii development of lateral roots is inhibited by K+ idef
plants per tenth ha increases (Fig. 4). Examinghdgra  ciency, therC. wightiibeing a shrub which would only
cally, it emerged that 200 to 300 kg/ha potassiumbe producing a lot of lateral roots is expectegéo-
quantity seemed to be favouring maximum number ofform poorly in K deficient soil because of lack/péy

C. wightii plants per tenth ha. The similar trend was of lateral roots. If this is so, then the heightl @anopy
found in case of height and canopy@fwightii plant. should be less in K+ deficient soils. However ot r
As quantity of potassium declined across site i sults are different: canopy cover and height Gf

C. wightii plant in terms of height and canopy increaseswightii are lesser at both very low and very high K+
(Figs. 5 and 6), which confirmed results of Samautip  contents (Fig. 6). This shows that mid ranges of K+
et al. (1993) and Uddiret al. (2013). Samarappudit al. seems to have favourable impact on plant vigour.
(1993) had reported that increasing the level pfieg K While this would need an experimental confirmation
to twice the original would tend to retard the rafe by designing growth experiment in a separate study
growth of Hevea brasilensisn Sri Lanka. ThougtH. which is out of scope of the present work, yetisefit
brasilensisand C. wightii occur in contrasting biocli- to say that while selecting sites farsitu conservation
mates, both have the same quality of producingeley  of C. wightii, care should be taken to select such sites
metabolite i.e. latex ikl. brasilensisand oleo gum resin  which have K+ in the range of 200-300 kg/ha i.ei; n

in C. wightii and hence their response to potassium washer deficient nor very high as both situationsnsee
quite similar. Potassium controls the distributidrvege-  ingly disfavor its growth development, establishinen
tation types in Yazd province, Iran. PCA and CCgutes ~ and consequently occurrence and distribution patter
showed that potassium indicat&s sieberitype vegeta- .

tion (Chahouket al.,2008). Conclusion

In fact amongst all variables of environment stddie The study concluded that principal component amalys
the present work, K content has a most dominaégg+  (PCA) effectively brought correlation of differepa-
latory role. Potassium plays a vital role in plgnowth  rameters of soil with its occurrence. Of these, rifid

and metabolism, although it is not a constituenaof ranges of potassium (200-300 kg/ha) emerged as fa-
known plant components (Reatial., 2006). As an en- vourable to have better density and health Gf
zyme activator, potassium has been implicated @ 60 wightii: This is the first report on regulatory role of

enzymatic reactions, which are involved in manycpro potassium on distribution and occurrenc€ofvightii.
esses in the plant such as photosynthesis, réspjrasr-

bohydrate metabolism, translocation and proteithegis ACKNOWLEDGEMENTS

(Dong et al., 2004; Pettigrew, 2008). Potassium also e are grateful to Director, CAZRI for providingaes-
plays an important role in the maintenance of o&mMot sary fagilities for this work. The authors thanktitiaal
potential and water uptake (Oosterhuis, 2001). Medicinal Plant Board, Govt. of India, New Delhir fo

In arid and semiarid regions, the relation betwse®-  financial support (Project No. GO/GUJ-10/2008).
cies distribution and potassium gradient has been r

1563



R. N. Kulloli et al./ J. Appl. & Nat. Sci8 (3): 1556 - 1564 (2016)

REFERENCES

Allen, S.E., Grimshaw, H.M., Parkinson, J.A., QubaymC.
and Roberts, J.D. (1976). Chemical analysisMieth-
ods in Plant Ecolgy(ed.) S.B. Chapman. Blackwell
Scientific Publications, Oxford, pp. 536.

Armengaud, P., Breitling, R. and Amtmann, A. (200Bhe
potassium dependent transcriptomeAsfbidopsisre-
veals a prominent role of jasmonic acid in nutrisigk
naling.Plant Physiology136: 2556—2576.

Ashley, M. K., Grant, M. and Grabov, A. (2006). Rlae-
sponses to potassium deficiencies: a role for piotas
transport proteinslournal of Experimental Botangy (2):
425-436.

Chahouki Zare, M. A., Azarnivand, H., Jafari, MdaBhafi-
zadeh, M. (2008). Effect of soil characteristicsdistri-
bution of vegetation types in poshtkouh rangelaofls
Yazd province (Iran)Journal of Environmental Re-
search and Developmeri (4): 840-848.

Chauhan, A. (2004). Ecological studies on someragdici-
nal plants. PhD. Thesis submitted to Jai NarainsvVya
University, Jodhpur. 297 p.

Dong, H., Tang, W., Li, Z. and Zhang, D. (2004).p0tas-
sium deficiency in cotton-disorder, cause and @ssu
diagnosis Agriculturae Conspectus Scientificl (2—
3): 77-85.

Drew, M.C. (1975). Comparison of the effects of eal@ed
supply of phosphate, nitrate, ammonium and potassiu
on the growth of the seminal root system and tlooish
in barley.New Phytologist75: 479—-490.

Engler, R., Guisan, A. and MigClim. (2009). Predigtjplant
distribution and dispersal in a changing clim&e:er-
sity and Distributions15: 590-601.

Graham, C.H., Smith, T.B. and Languy, M. (2005). Cuirre
and historical factors influencing patterns of spec
richness and turnover of birds in the Gulf of Gaine
Highlands.Journal of Biogeographyg2: 1371-1384.

Hodge, A. (2004). The plastic plant: root resporisdseteroge-
neous supplies of nutrientdew Phytologist162: 9-24.

Iwara, A. I., Ogundele, F. O., Ibor. U.W. and Degkb. N.
(2011). Multivariate analysis of soil-vegetatiorteme-

lationships in a South-Southern secondary forest of

Nigeria.International Journal of Biology3 (3): 73-82.

Jackson, M. L. (1973). Soil chemical analysis. BserHall
of India Private Limited, New Delhi, 498 p.

Jafari, M., M.A. Zare Chahouki, A. Tavili, AzarnivdarH.
and Gh. Zahedi Amiri, (2004). Effective environmant
factors in the distribution of vegetation types in
Poshtkouh rangelands of Yazd Province (Irdournal
of Arid Environments56: 627-641.

Johnson, R. A. and Wichern, D. E. (2002). ApplieditMu
variate Statistical Analysis, Prentice Hall, NJ,AJS

Krefts, A. C., Schwarz N. G. and Krumah B. N. (2010).
“Principal component analysis of socioeconomicdest
and their association with malaria in children freime
Ashanti Region, GhanaMalaria JournalVol 9, no.1

Kumar, S. (1996). Trends in structural compositicatérib-
utes of dune interdune vegetation and their edaphic
relations in the Indian DeselMegetatio,124: 73-93.

Kumar, S. and Mathur, M. (2014). Impact of invasion
Prosopis julifloraon plant communities in arid grazing
lands.Tropical Ecologyp5(1): 33-46.

Kumar, S. and Purohit, C. S. (2015). Conservationhoéat-
ened Desert Plants.Scientific Publishers, Indi&pl4

Kumar, S. and Shankar, V. (1982). Medicinal plawitgshe
Indian desertCommiphora wighti{Arnott) Band.Jour-
nal of Arid Environments: 1-11.

Kumar, S. and Shankar, V. (1988). Vegetation egolof
Bandi catchment in the upper Luni Basin western Ra-
jasthanTropical Ecology28: 246-258.

Lal, H. (2013). Germplasm collection and propagatid C.
wightii (Arnt.) Bhandari, an endangered medicinal plant of
the Indian Thar Desert. Unpublished PhD ThesisNaai
rain Vyas University, Jodhpur.

Ludwig, J. A. and Reynolds, J.F. (1988jatistical EcologyA
primer on methods and computing. John Wiley andsSon
NY, USA.

Mathur, M. (2012). Variations in phytosterol comjtios in
Corchorus depressuand their relation with bottom-up,
top-down and plant metabolitedournal of Natural
Products5: 179-187.

Oosterhuis, D. (2001). Physiology and nutrition tafh
yielding cotton in the USAlnformac, des Agrondmicas
Piracicaba,95: 18-24.

Pettigrew, W.T. (2008). Potassium influences onrdy&nd
quality production for maize, wheat, soybean anti co
ton. Physiologia Plantarum]33: 670-681.

Read, J.J., Reddy, K.R. and Jenkins, J.N. (2006)d\aed
fiber quality of Upland cotton as influenced byragen
and potassium nutritiornEuropean Journal of Agron-
omy,24: 282-290.

Samarappuli, L., Yogratnam, N., Karunadasa, P.adéina,
U. and Hettiarachchi, R. (1993). Role of potassium om
growth and water relations of rubber plarksurnal of
Rubber Research Institute, Sri Lank8; 37-57

Shin, R. and Schachtman, D.P. (2004). Hydrogen eox
mediates plant root cell response to nutrient defidn.
Proceedings of the National Academy of Sciences
USA. 101: 8827—-8832.

Singh, G., Singh, K., Mishra, D. and Shukla, S.1@0
Vegetation diversit and role afeptadinia pyrotechnica
in biomass utilization and carbon storage in Aroh&
of India. Arid Ecosysten?(4): 264-272.

Subbiah, B.V. and Asija, C.L. (1965). A rapid procezlfor
the estimation of available nitrogen in soiBurrent
Science?25: 259-260.

uddin, S., Sarkar, M.A.R. and Rahman, M.M. (2013jeé&
of nitrogen and potassium on yield of dry directdsd
rice cv. NERICA 1 inausseasonlinternational Journal
of Agronomy and Plant Productio#,(1): 69-75.

Yogaratnam, N. and Weerasuriya S. M. (1984). Redent
velopments in the nutrition of Hevea in Sri LanRao-
ceedings of Internatinal Rubber Conference ,Sri laank
1: 207 - 247

1564



