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ABSTRACT
The present work was designed to study the phytosociology and its correlation with Landsat TM data from the
catchment areas of river Beas, Punjab, India, for a stretch of 63 km between the towns of Beas and Harike for four
seasons, i.e., summer, pre-monsoon, post-monsoon and winter seasons respectively. Various phytosociological
parameters (density, abundance, frequency, relative density, evenness and relative abundance) and diversity indices
(Simpson’s, Shannon’s, Margalef’s, Brillouin’s, Chao-l and Menhinick indices) were studied. During the pre-
monsoon and winter seasons, Beas recorded maximum abundance and density. Maximum abundance was found for
Harike during the post-monsoon season. Maximum Menhinick, Maragalef’s, Chao-I, Simpson’s and Shannon’s
indices were found for the Harike during the winter season. Significant positive correlation of band ratios (G/R) was
found with Simpson’s, Shannon’s and Brillouin’s indices, whereas negative correlation of band ratios (R/NIR)
existed with Simpson’s, Shannon’s and Brillouin’s indices. Various multivariate statistical techniques Principal
component analysis (PCA), factor analysis (FA) and artificial neural networks analysis (ANN)) were applied for the
analysis of results. ANN models were fitted to the data. Correlation between target and output values was found to
be highly significant.
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INTRODUCTION
Biological diversity is the prime ecological aspect of an ecosystem (Isbell et al. 2011). Phytosociology is the study
of the vegetation of a particular area, which gives the existence of dominating species that control the community
structure, and also the idea of rare species present in the area. Various workers reported that indices such as
normalized difference vegetation index (NDVI), green chlorophyll index (GCl), spectral vegetation index (SVI) and
simple ratio (SR) acquired from reflectance values are important measures of biomass, leaf area index and
productivity in grassland and forests (Jakubauskas et al. 1996; Tieszen et al. 1997; Fassnacht 1997; Paruelo and
Lauenroth 1998; Steininger 2000). Sharma and Pandey (2010) analyzed the phytosociology of Thar Desert,
Rajasthan. Vidyasagaran et al. (2011) studied the phytosociology of mangroves, Kannur, Kerala. Vegetation
mapping is necessary for the management of natural resources. Vegetation is the base for living beings and plays an
important function in global climate change. Traditional techniques such as ancillary data analysis and field surveys
for vegetation cover are time consuming and expensive. Remote sensing technique acquires the changes in
vegetation cover over large areas (Langley et al., 2001; Nordberg and Evertson, 2003). Alhassan et al. (2015) in
their studies on Sudan Savannah, Nigeria, analyzed the phytosociological parameters. Saurav and Das (2014)
analyzed the community characteristics in cold temperate zone of Darjiling. Kumar et al. (2016 a, b, c) study the

water and soil characteristics from river Beas. The present work was designed to study the correlation of satellite
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data such as green, red, NIR, and band rationing (G/R, R/NIR and NIR/R) with phytosociological parameters such
as density, abundance, evenness, and diversity indices (Simpson’s, Shannon’s, Margalef’s, Brillouin’s, Chao-I and
Menhinick indices) around the catchment areas of river Beas for a stretch of 63 km from Beas to Harike, Punjab.
MATERIALS AND METHODS

STUDY AREA

River Beas originates in the Himalayas in central Himachal Pradesh, India, at 31.51' N lat., 77° 05’ E long., and
flows for about 470 km to merge with river Sutlej, Punjab. The following three sites: Beas (31.510°N, 75.305’E and
211 m asl), Goindwal Sahib (31.376" N, 75.162’E and 217 m asl) and Harike (31.150° N, 74.951’E and 210 m asl)
were selected for phytosociological studies.

PHYTOSOCIOLOGICAL PARAMETERS

The quadrats were laid down for four different seasons at three sites. A total of 6 quadrats were laid down for each
site for each season for the estimation of following parameters. The density, relative density, frequency, relative
frequency, abundance and relative abundance were calculated as

Total number of individuals of a species in all the quadrats

Density =
ensity Total number of quadrats studied

] ) Density of a single species
Relative density (RD) = Density of all the species *100

F Number of quadrats in which species occurred 100
= X
requency Total number of quadrats studied

Frequency of a single species

Relative f RF) =
elative frequency (RF) Frequency of all the species

Number of individuals of a species in all the quadrats

Abundance =
Number of quadrats in which species occurred

) Abundance of a single species
Relative abundance (RA) = Abundance of all the species *100

The different diversity indices (Simpson’s, Shannon’s, Margalef’s, Brillouin’s, Menhinick, Berger-Parker and Chao-
1) were calculated in the PAST software.

STATISTICAL ANALYSIS

The results were expressed as mean and standard error. The data was also analyzed by using Pearson’s correlation,
principal component analysis (PCA), factor analysis (FA) and artificial neural network analysis (ANN) (Kumar et al.
2017 a, b). The software’s used were MS-excel, PAST, minitab-14, SPSS and Statistica-12.

RESULTS AND DISCUSSIONS

Table (1) showed the phytosociological parameters for the summer season. From Beas, Chenopodium ambrosoides
had highest RD, whereas the lowest RD was recorded for Ranunculus sceleratus. A. conyzoides had maximum
relative abundance, whereas C. ambrosoides had the lowest relative abundance. Maximum A/F ratio was recorded
from A. conyzoides, whereas lowest A/F ratio was observed for C. ambrosoides. In Goindwal Sahib, maximum
relative density was recorded for Sesbania bispinosa and the lowest relative density was recorded for Polygonium
plebeium. Relative abundance was maximum for S. bispinosa and minimum for A. mexicana. S. bispinosa had

highest A/F ratio, whereas Typha angustata had lowest A/F ratio. In Harike, C. album had highest relative density



and relative abundance, whereas A. mexicana had lowest relative density and relative abundance. C. album recorded
maximum A/F ratio, whereas P. hysterophorus had lowest A/F ratio. Table (2) showed the phytosociological
variables for the pre-monsoon season. In Beas, P. hysterophorus had maximum relative density, whereas Saccharum
bengalense had lowest relative density. Sida acuta had maximum relative abundance and A/F ratio, whereas lowest
relative abundance and A/F ratio were observed for S. bengalense. In Goindwal Sahib, S. bispinosa recorded
maximum relative density and relative abundance, whereas S. bengalense had lowest relative density and relative
abundance. Cannabis sativa had maximum A/F ratio, whereas lowest A/F ratio was recorded for S. bengalense. In
Harike, C. album had maximum relative density and relative abundance, whereas Ampelopteris prolifera had the
lowest relative density and relative abundance. Maximum A/F ratio recorded for Lantana camara, whereas the
lowest A/F ratio was observed for A. prolifera. Table (3) showed the phytosociological parameters for the post-
monsoon season. In Beas, C. sativa had maximum relative density, relative abundance, and A/F ratio, whereas
Tamarix dioica had lowest relative density, relative abundance and A/F ratio. In Goindwal Sahib, P. hysterophorus
had maximum relative density and relative abundance, whereas the lowest relative density and relative abundance
found in S. bengalense. S. acuta had maximum A/F ratio, whereas the lowest A/F ratios were observed for P.
hysterophorus and S. bengalense. In Harike, A. prolifera recorded the highest relative density and relative
abundance, whereas the lowest relative density and relative abundance were recorded for P. hysterophorus. A.
prolifera recorded maximum A/F ratio, whereas minimum A/F ratio was observed for Achyranthes aspera and T.
angustata. Table (4) showed the phytosociological parameters for the winter season. In Beas, T. angustata had the
highest relative density, whereas T. dioica and A. conyzoides had the lowest relative density. A. aspera had
maximum relative abundance, whereas P. hysterophorus had the minimum. In Goindwal Sahib, C. sativa had
maximum relative density, whereas lowest relative density was observed for T. angustata. P. hysterophorus had
maximum relative abundance, whereas T. angustata had the lowest relative abundance. A. conyzoides had maximum
AJF ratio, whereas S. bangalense had the lowest A/F ratio. In Harike, A. conyzoides had maximum relative density
and relative abundance, whereas lowest relative density and relative abundance was recorded for A. aspera and P.
hysterophorus. A. aspera, A.conyzoides and P. hysterophorus had maximum A/F ratio, whereas S. bangalense and T.
angustata recorded the lowest A/F ratio.

Figs. (1-10) showed the density, abundance and evenness, and diversity indices of different seasons for
different sites. During the summer season, Beas recorded maximum density, Simpson’s, Shannon’s, Brillouin,
Menhinick, Margalef’s and Chao-l indices. Maximum abundance, density, Simpson’s, Shannon’s, Brillouin’s,
Menhinick, Margalef’s and Chao-I indices were found for Beas during the pre-monsoon season. Harike recorded
maximum abundance during the post-monsoon season. During the winter season, maximum Simpson’s, Shannon’s,
evenness, Menhinick, Margalef’s and Chao-1 indices were found for Harike. Pearson’s correlation was applied to the
different phytosociological parameters, reflectance values of bands (2, 3 and 4), and band ratioing (Table 5a and b).
Correlation of density existed with evenness and Brillouin’s index. Shannon’s and Brillouin’s indices are correlated
with G/R, R/NIR, NIR/R and G/NIR. Diversity indices are highly correlated with each other. Band ratioing of
reflectance data are also highly correlated among each other. PCA explained 99.86% of the total variance (72.14%,

25.82% and 1.90% respectively). Fig. 11 showed the loading plot of PCA for various phytosociological parameters.



FA explained two underlying factors for phytosociological parameters. Factor-1 had maximum loadings on
Simpson’s, Shannon’s, Margalef’s, Brillouin’s, Menhinick, Berger-Parker and Chao-1 indices and accounted for
60.3% of the total variance. This factor influences the diversity indices of the study area. Factor-2 explained 27.4 of
the total variance and had maximum loadings on abundance, density and evenness. This factor indicates the
phytosociological parameters. Artificial neural network (ANN) models were fitted to the observed and the simulated
data (Figs. 12.1-12.7). The correlations between target and output values from ANN for reflectance values for
(green, red and NIR bands), and band ratioing (G/R, R/NIR, NIR/R and G/NIR) were highly significant.
CONCLUSIONS

From the present study, it is revealed that maximum abundance and density were found during winter and pre-
monsoon seasons in Beas. Harike recorded maximum abundance during post-monsoon season. Maximum
Menhinick, Maragalef’s, Chao-I, Simpson’s and Shannon’s indices were found for the Harike during the winter
season. Positive correlation of band ratio (G/R) was existed with Simpson’s, Shannon’s and Brillouin’s indices,
whereas negative correlation of band ratio (R/NIR) was found with Simpson’s, Shannon’s and Brillouin’s indices.
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Table 1 Phytosociological parameters for the summer season

Name of site Plant species RD Freq. RF RA AJF
Beas Ageratum conyzoides L. 19.05 83.33 13116 40.26 0.038
Argemone mexicana L. 4.76 50.00 7.89 9.44 0.015
Cannabis sativa L. 5.95 66.67 10.53 10.07 0.012
Chenopodium ambrosoides L. 25.00 8334 1579 3.59 0.003
Erigeron bonariensis L. 7.14 66.67 1053 8.39 0.010
Parthenium hysterophorus L. 1548 8333 13.16 4.84 0.005
Polygonium plebeium R.Br. 10.71 66.67 10.53 5.59 0.007
Ranunculus sceleratus L. 4.76 50.00 7.89 9.44 0.015
Rumex dentatus L. 7.14 66.67 1053 8.39 0.010
Goindwal Sahib Argemone mexicana L. 6.94 50.00 13.04 7.63 0.025
Erigeron bonariensis L. 1111  66.67 17.39 1221 0.030
Polygonium plebeium R.Br. 5.56 50.00 13.04 8.14 0.027
Rumex dentatus L. 13.89 66.67 17.39 15.26 0.038
Sesbhania bispinosa 5417 8333 21.74 47.61 0.094
(Jacq.)W.F.Wight.
Typha angustata Chamb. 8.33 66.67 1739 9.16 0.023
Harike Argemone mexicana L. 8.69 50.00 12.00 10.26 0.027

Chenopodium album L. 19.56 50.00 12.00 23.08 0.060



Fumaria parviflora Lam. 1521 66.67 16.00 13.46 0.026
Oxalis corniculata L. 10.86 50.00 12.00 12.82 0.033
Parthenium hysterophorus L. 13.04 67.00 16.00 11.54 0.022
Polygonium barbatum L. 1521 67.00 16.00 13.46 0.026
Rumex dentatus L. 17.38 67.00 16.00 15.38 0.030
Table 2 Phytosociological variables for the pre-monsoon season
Name of site Plant species RD Freq. RF RA AIF
Beas Ageratum conyzoides L. 14.697 67.00 1290 15.69 0.037
Canavis sativa L. 17.637 84.00 16.13 15.06 0.029
Parthenium hysterophorus L. 20.576  84.00 1935 14.64 0.028
Polygonium barbatum L. 14.697 67.00 1290 15.69 0.037
Saccharum bengalense Retz. 8.8183 84.00 16.13 7.53 0.014
Sida acuta Burm.f. 13.228 50.00 9.68 18.83  0.060
Typha angustata Chamb. 11.758 67.00 1290 1255 0.030
Goindwal Sahib Cannabis sativa L. 15789 67.00 1481 17.44 0.034
Debregeasia longifolia 22.807 84.00 1852 20.16 0.031
(Burm.f.)Wedd
Parthenium hysterophorus L. 14035 84.00 1851 1550 0.024
Saccharum bengalense Retz. 8.7719 67.00 14.81 9.69 0.019
Sesbania bispinosa 24561 84.00 1851 2171 0.033
(Jacq.)W.F.Wight.
Typha angustata Chamb. 14.035 67.00 1481 1550 0.030
Harike Ampelopteris prolifera(Retz.)Copel 12.24 67.00 16.00 1282 0.022
Chenopodium album L. 24.48 84.00 20.00 20,51 0.029
Lantana camara L. 12.24 50.00 16.00 17.09 0.040
Parthenium hysterophorus L. 18.36 84.00 20.00 15.38 0.021
Saccharum bengalense Retz. 16.32 67.00 16.00 17.09 0.030
Typha angustata Chamb. 16.32 67.00 16.00 17.09 0.030
Table 3 Phytosociological variables for the post-monsoon season
Name of site Plant species RD Freq. RF RA AJF
Beas Achyranthes Aspera L. 6.89 50.00 10.00 10.39 0.027
Ageratum conyzoides L. 20.68 84.00 16.67 18.70 0.029
Cannabis sativa L. 2241 84.00 16.67 20.26 0.031
Parthenium hysterophorus L. 18.96 84.00 16.67 17.14 0.026
Saccharum bangalense Retz. 1551 84.00 16.67 14.03 0.021
Tamarix dioica Roxb. ex Roth 5.17 50.00 10.00 7.79 0.020
Typha angustata Chamb. 10.34 67.00 1333 11.69 0.022
Goindwal Sahib Ageratum conyzoides L. 22.71 67.00 21.05 2092 0.037
Parthenium hysterophorus L. 2498 84.00 26.32 1841 0.026
Saccharum bangalense Retz. 1589 67.00 21.05 1464 0.026
Sida acuta Burm.f. 13.62 34.00 1053 2510 0.088



Typha angustata Chamb. 22,71 67.00 2105 2092 0.037
Harike Achyranthes aspera L. 1454 67.00 17.39 14.04 0.030
Ampelopteris prolifera (Retz.) Copel 23.63 67.00 17.39 22.81 0.049
Chenopodium album L. 16.36 67.00 17.39 1579 0.034
Parthenium hysterophorus L. 1091 50.00 13.04 14.04 0.040
Sida acuta Burm.f. 19.99 67.00 1739 1930 0.041
Typha angustata Chamb. 1454 67.00 17.39 14.04 0.030
Table 4 Phytosociological variables for the winter season
Name of site Plant species RD Freq. RF RA AIF
Beas Achyranthes aspera L. 21.21 66.67 17.39 2043 0.026
Ageratum conyzoides L. 12,12 50.00 13.04 1556 0.027
Parthenium hysterophorus L. 1515 67.00 17.39 1459 0.019
Sida acuta Burm.f. 1818 67.00 1739 1751 0.022
Tamarix dioica Roxb. ex Roth 12.12 50.00 13.04 1556 0.027
Typha angustata Chamb. 21.21 84.00 2174 16.34 0.017
Goindwal Sahib Ageratum conyzoides L. 1561 50.00 1429 21.74 0.033
Canavis sativa L. 2497 84.00 2381 20.87 0.019
Parthenium hysterophorus L. 2185 67.00 19.05 2283 0.026
Saccharum bangalense 21.85 84.00 2381 18.26 0.017
Typha angustata Chamb. 1561 67.00 19.05 16.30 0.019
Harike Achyranthes aspera L. 16.67 67.00 17.39 19.23 0.019
Ageratum conyzoides L. 26.67 84.00 2174 2462 0.019
Parthenium hysterophorus L. 16.67 67.00 17.39 19.23 0.019
Saccharum bangalense 20.00 84.00 2174 1846 0.014
Typha angustata Chamb. 20.00 84.00 2173 1846 0.014

Table 5a Pearson’s correlation analysis of phytosociological parameters with reflectance’s values of different

bands and band ratios

Abundance Density | Evenness | Simpson's | Shannon's | Brillouin’s | Menhinick
index index index index

Density 0.516
Evenness -0.434 -0.653*
Simpson's index -0.222 0.240 0.468
Shannon's index -0.126 0.503 0.178 0.950***
Brillouin’s index | 0.123 0.730** | -0.046 0.832*** | 0.948***
Menhinick index | -0.677 -0.124 0.482 0.802** 0.730*** | 0.481
Margalef ‘s index | -0.498 0.193 0.275 0.878*** | 0.888*** | 0.716* 0.948***
Berger-Parker 0.233 -0.039 | -0.623 -0.966*** | -0.849*** | -0.697* -0.784**
index
Chao-1 index -0.273 0.491 -0.069 0.751** 0.868*** | 0.794** 0.756**
Green 0.133 -0.001 | -0.427 -0.308 -0.239 -0.213 -0.173




Red 0.112 -0.065 | -0.443 -0.402 -0.336 -0.310 -0.229
NIR 0.072 0.455 -0.302 0.264 0.379 0.412 0.205
G/R 0.129 0.413 0.229 0.592* 0.594* 0.605* 0.303
R/INIR 0.065 -0.407 | -0.161 -0.586* -0.617* -0.613* -0.393
NIR/R 0.038 0.472 0.072 0.518 0.568* 0.586* 0.312
G/NIR 0.082 -0.414 | -0.086 -0.528 -0.577* -0.577* -0.373

Significant at *P <0.05 **P <0.01 ***P <0.001

Table 5b Pearson’s correlation analysis of phytosociological parameters with reflectance’s values of different bands and band ratios

Margalef’s | Berger-Parker | Chao-1 | Green Red NIR G/R R/NIR NIR/R
index index index
Berger- -0.799**
Parker index
Chao-1 index | 0.907*** -0.613*
Green -0.172 0.290 -0.163
Red -0.244 0.377 -0.221 0.989***
NIR 0.319 -0.196 0.337 0.466 0.344
G/R 0.408 -0.527 0.379 -0.577* -0.689* 0.379
R/NIR -0.496 0.523 -0.489 0.500 0.609* -0.526 -0.914***
NIR/R 0.428 -0.434 0.442 -0.433 -0.550 0.586* 0.944*** -0.973***
G/NIR -0.477 0.465 -0.488 0.413 0.522 -0.601* -0.861*** 0.990*** | -0.963***
Significant at *P <0.05 **P <0.01 ***P <0.001
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