e

IJRBAT,Issue (VI), Spl-Issue 3, 2018: 19-27

/

T

1 b
T

o 057
R

e-ISSN 2347 - 517X

INTERNATIONAL JOURNAL OF RESEARCHES IN BIOSCIENCES, AGRICULTURE AND TECHNOLOGY
© VISHWASHANTI MULTIPURPOSE SOCIETY (Global Peace Multipurpose Society) R. No. MH-659/13(N)

e
i
~N

N

S

i

www.ijrbat.in

CASSIA UNIFLORA MILL.A NEW ENTRY IN THE REALM OF INVASIVE
FLORA OF INDIA AND ITS EFFECT ON SOIL PROPERTIES

*Vaishali Ramgunde and Alka Chaturvedi
Department of Botany, Rashtrasant Tukadoji Maharaj Nagpur University, Nagpur, India
*Corresponding author’s email: vramgunde@gmail.com

ABSTRACT:

Invasion of Cassia uniflora Mill. in Central India covering all type of habitats is capable of causing changes in soil
properties. We analyzed effect of this invader in sites like forest, wasteland and protected area with reference to soil
properties. Results showed preference of C. uniflora to porous soil with pH ranging from 6.9 to 7.7 and higher EC than
non-invaded soil. It can thrive well in wide range of soil organic carbon and nitrogen. Nutrients like phosphorus,
potassium, calcium, magnesium, sodium and free CaCO3 were abundant in its soil. It can survive in a wide range of
ecological requirements with varied habitat and can alter nutrient status of soil because of its presence but they may
survive in any type of soil with poor nutrients. High AMF was determined in C. uniflora. Hyphae, vesicles and
arbuscules were also seen in roots of this invader. Rhizosphere soil was observed with good spore population.

Keywords: Cassia uniflora, invasion, soil properties, nutrients.

INTRODUCTION:

Although Cassia uniflora is the new entry to the
area under study but it is making its new territory
more favorable for its sustenance by changing soil
properties. Its dominance in the selected area
showed that it affected soil chemistry in such a way
that other plants are finding it difficult for their
survival which in turn favoring the habitat for
formers spread. Members of the family
Caesalpiniaceae are characterized for the presence
of root nodules for nitrogen fixation but Cassia
uniflora was reported thriving very well without root
nodule (Ramgunde, 2017). This observation made
us to put question mark on role of root nodules.
Moreover it might be the strategy of this invasive to
spread at faster rate. Even though India is facing
significant environmental and economic problems
due to enormous growth and spread of invasive
alien species, research on various aspects of
invasive alien species is lagging somewhere and
moreover geographical range of flora plays a crucial
role in the process of invasion of the plant, hence
there is an immediate need to investigate overlooked
invasive alien species and their ecological status,

spreading pace etc. On the basis of observations

about its dominance we studied its effect on soil
characteristics and soil microflora of area under
study.

METHOD AND MATERIAL:

Plant species

Cassia uniflora is a native of Tropical South America
(Reddy, 2008) belonging to family Caesalpiniaceae,
was selected for the present study. Cassia uniflora
Mill. Non Spreng. (hereafter it will be referred as C.
uniflora) is the non native, annual, herbaceous
weed, full sunlight or shade loving, it grows
luxuriantly at places like forest, highways, railway
tracks, and wasteland and even it is seen in
agricultural fields.

Study area

Nagpur lies in the centre of India and zero milestone
of India is situated within this city. It lies between
210N latitude and 790E longitude. On the basis of
field observation for all the seasons in one year
(2011-2012), three different sites were selected for
the present study. Satellite maps of the sites were
downloaded from https://earthygoogle.com/web
University campus of Rashtrasant Tukadoji Maharaj
Nagpur University, Nagpur was assigned as Site I

(Fig 1). Site II was Katol bypass which is a open
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wasteland and road sides (Fig 2.1 and 2.2).
Gorewada Biodiversity Park and some area of forest
was site III (Fig 3).

Data collection and analysis

Soil samples were collected from invaded and non-
invaded sites at a depth of Ocm-15cm using a
spade. Five soil samples were collected from each
invaded and non-invaded sites. These five samples
were mixed and about 1/2 kg of soil was procured
for soil analysis. Soil samples were air dried and
were ground with a wooden pestle and mortar. After
grinding, the soil was screened through a 2mm
sieve. Same procedure was repeated for consecutive
3 years and mean of three readings was calculated
for each parameter. Methods for soil analysis were
referred from Soil testing in India, Methods manual
(2011).

Soil texture was estimated by using Hydrometer
method. Moisture (%) analysis was executed before
any other analysis. Moisture % was estimated by
holding
capacity (MWHC), particle density, porosity (%) and

Gravimetric method. Maximum water
volume expansion (%) were determined by using
Keen-Raczkowski box method adopted from Viji and
Prasanna (2012). The soil pH was estimated by
using pH meter (Orion star A211). EC (mS/cm) was
measured by using EC meter (Orion star A212).
Organic carbon (%) was estimated by Walkley and
Black (1934) method. Available Nitrogen (N) in soil
was estimated by Alkaline Permanganate method
(Subbhaiah and Asija, 1956). Available Phosphorus
(P) was determined by P-Olsen method (Olsen et al.,
1954). Available Potassium (K) was estimated with
the help of flame photometeric (Elico-CL378 Flame
1949).

Exchangeable Calcium (Ca) and Magnesium (Mg)

photometer) method (Toth and Prince,

were analyzed by Versenate titration method.
Exchangeable Sodium (Na) was analyzed by flame
photometry method. Free Calcium carbonate
(CaCO3 %) was estimated by Piper method (Piper,

1966).
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Isolation of fungal spore from rhizosphere soil of C.
uniflora was done by using wet sieving and
decanting technique given by Gerdemann and
Nicolson (1963). Percent mycorrhiza colonization in
the roots of the plant was estimated using technique
of Phillips and Hayman (1970).

Statistical Analysis

Data generated from present investigation was
analyzed statistically by using SPSS version 17
(SPSS incorporation). One way ANOVA was applied
at the P<0.05 level. The resulted data was further
analyzed by applying Post Hoc Test to find out
significant difference between the means at the P<
0.05level. In one way ANOVA, some results were
significant but Post Hoc test did not showed
significant difference.

RESULTS AND DISCUSSION

From the results it was evident that C. uniflora
preferred soil with clay and little silt but sand was
less compared to non-invaded soil. Moisture % and
MWHC varied from 9.28% to 11.50% and 19.57 to
27.55 respectively. Particle and apparent density,
and porosity % was found to be more while volume
expansion % less in C. uniflora invaded soil
compared to non-invaded soil. These varied range of
invaded soil properties revealed adaptability of this
plant. C. uniflora has showed luxuriant growth in
between soil pH 6.8 to 7.7. EC for C. uniflora
invaded soil was recorded higher compared to non-
invaded soil indicating C. uniflora soil solution with
more amount of soluble salts which ranged from
0.36mS/cm to 0.41mS/cm. Organic carbon and
nitrogen in C. uniflora invaded soil varied from
0.32% to 0.61% and 223.33kg/ha to 434.33kg/ha
respectively. It was delineated that C. uniflora
invaded sites were having more soil phosphorus
compared to non-invaded sites which varied from
13kg/ha to 15kg/ha. Mean value of potassium for
C. uniflora invaded soil varied from 484.67kg/ha to
1122.67kg/ha which was found to be quiet higher
compared to non-invaded soil. C. uniflora invaded

soil was found to be rich in nutrients compared to
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non-invaded soil, such as phosphorus, potassium,
calcium, magnesium, sodium and free CaCO3 except
for site III where CaCOg3s reported to be lower.

C. uniflora had been observed to occupy a relatively
broad pH range from acidic to alkaline. Under the
exotic invasive Lepidium latifolium, decreased pH
was also invoked as a possible mechanism for the
(Blank and

Young, 2002). Present findings showed increase as

increased phosphorus availability
well as decrease in pH in invaded soil and similar
observations were noted by Ehrenfeld (2003). EC
was found to be increased in invaded plots
compared to non-invaded plots. Soil pH and
electrical conductivity was more in invaded sites
over the non-invaded sites (Upadhyay et al., 2013)
which corroborate with present findings.

Soil nutrient pool was seemed to be variously
affected by invasion. Invaded site II showed lower
organic carbon and nitrogen value over non-invaded
site. Invaded site I had less organic carbon and
nitrogen whereas invaded site III with higher organic
carbon and nitrogen had been observed. According
to Vitousek et al., (1997) increased levels of soil
nitrogen caused by atmospheric nitrogen deposition
can increase the dominance of invasive alien plants
and decrease the diversity of plant communities
worldwide. Present finding delineated that organic
carbon and nitrogen availability in invaded sites was
varied and site and species specific. No significant
changes were found on soil nitrogen and organic
carbon by Parthenium invasion in grasslands of
central Nepal (Timsina, 2007) while Chen et al.,
(2009) showed that Mikania micrantha significantly
affected soil nutrients and nitrogen transformation
in a study conducted in South China. Result
revealed that no any clear relation was observed for
organic carbon and % nitrogen in soil under Non-
invaded and Invaded sites (Upadhyay et al., 2011).
Higher content of carbon and nitrogen in invaded
site over non-invaded sites corroborate with findings
of Bidwell et al., (2006); Sharma and Raghubanshi
(2011).
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The invaded sites had higher amount of phosphorus
and potassium pool. Similar findings of higher NPK
in invaded soil were reported by Duda et al., (2003),
Sanon et al.,, (2009). In contrast, Dobhal et al.,
(2010) observed lower value for NPK, calcium and
magnesium in Lantana camara invaded soil
compared to non-invaded soil. Elevated phosphorus
has been found consistently to be associated with
exotic plant species success in various communities
studied (Clements, 1983; King and Buckney, 2002;
Lake and Leishman, 2004; Leishman et al., 2004).
Calcium and magnesium (meq%) in invaded sites
was found maximum compared to non-invaded
sites. Soil sodium and free CaCOs seemed to be
increased in invaded sites over non-invaded.

Most published studies report increased soil
nutrient stock and/or availability under invasive
plant species compared to uninvaded ecosystems
(Musil, 1993; Scott et al., 2001; Duda et al. 2003;
Vanderhoeven et al.,, 2005; Chapuis-Lardy et al.,
2006; Liao et al., 2008), whereas other studies show
the opposite pattern (Christian and Wilson, 1999;
Leary et al., 2006). In addition, depending on local
conditions, the same species may have different
impacts (Stock et al., 1995; Meyerson et al., 2000;
Belnap and Philips, 2001; Scott et al., 2001).

From Table 2 it’s evident that C. uniflora roots were
having hyphae with spore population 42.67
spore/25 g soil. Non native invasive species for their
own proliferation may variously interact with soil
biota and can change their growth and development
strategy.
According to  Brundret (2002) Arbuscular
mycorrhizal fungi (AMF) form symbiotic associations
with nearly 90 % land plants and play important
role in plant nutrient acquisition and species
interactions. Presence of mycorrhizae allows the
root to explore a greater volume of soil for nutrients,
as the absorption surface increases several fold due
to fungal hyphae. Nutrient transfer especially for
phosphorus and absorption of nitrogen and other

nutrients with low diffusion rates, is also facilitated
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by mycorrhizae (Singh et al., 2008). Reports of a few
case studies showed positive impacts of the
mycorrhizal symbiosis on the growth and
development of alien plant species, resulting in a
competitive advantage over native species (Fumanal
et al.,, 2006; Sun and He, 2010; Chmura and
Gucwa-Przepiora, 2012). Increasing abundance of
some invasive plants species has been attributed to
their ability to associate with AMF (Klironomos,

2002; Stampe and Daehler, 2003).

CONCLUSION:

C. uniflora preferred porous soil with pH ranging
from 6.9 to 7.7 and higher EC than non-invaded
soil. Wide range of soil organic carbon and nitrogen
was seemed to be favorable for its luxuriant growth.
Nutrients like phosphorus, potassium, calcium,
magnesium, sodium and free CaCO3 were abundant
in its soil. Interaction with AMF can change their
growth and development strategy to proliferate at
faster pace in their invaded range over native.

The present study had worked out on structural
aspect of selected sites and observed invasion by C.
uniflora. The process of invasion might be at initial
stage, with other factors suitable for invasion in the
selected sites; early management must be worked
out before it affects the whole ecosystem and
somewhere economy of the region which may be

meager, but cannot be overlooked.
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Figl: Location of Site I - Rashtrasant Tukadoji Maharaj Nagpur

University Campus, Nagpur

Fig 2.1:Location of Site II — Katol Bypass (a) (Dabha bypass)
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Fig 3: Location of Site III - Gorewada Biodiversity Park and some area of

Gorewada Forest
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Table 1: Physical-chemical properties of non-invaded and invaded soil by Cassia uniflora from selected

sites
Properties Site I Non- Site I Invaded Site II Non- Site II Invaded Site III Non- Site III Invaded |F- value |P-value
invaded (MEAN+SE) invaded (MEAN£SE) invaded (MEAN+SE)
(MEANZSE) (MEAN*SE) (MEAN<SE)
Sand (%) 33+1.155abed 13.67+1.202afe 18+2.082b 25+1.528M 24.33+1.202¢ceg 14.33+1.453deh 25.60 | 0.000
Silt (%) 13.33+2.028abcd 23.67£1.453a 23.67+1.453b 19.33+1.453 24.33+1.764¢ 24+1.1554 7.65 0.002
Clay (%) 54.33+2.028 62.33+0.333 62+5.774 50.33+2.603 47.67+1.453 60.67+1.764 4.89 0.011
Moisture (%) 9.98+0.015 9.28+0.087ab 9.25£0.147<d 11.35+0.728ace 8.95£0.097¢f 11.50+0.2830bdf 11.47 | 0.000
MWHC 34.42+0.444abcde | 27.55+0.308afh | 48.13+0.069bhik 19.57+0.252¢fl 27.51+0.2464jm 19.59+0.089¢gkm | 1608.57 | 0.000
Particle 1.18+0.017abede 2.07£0.0274f 1.5540.0 14bfghik 2.14+0.017¢e 1.0240.01 5dhjk! 2.04+0.020¢il 646.38 | 0.000
density(gm/cc)
Porosity (%) | 44.79+0.106abcde | 68.01+£0.504afhi | 48.25+0.32600k | 58.71+0.145cgmn | 27.45+1.252dhkmo | 63.39+0.361¢ino | 630.78 | 0.000
Volume 28.66+0.611abc 7.06+0.092ade 28.66+0.6104d% 8.66+0.116bM 27.64+0.053¢hi 8.41+0.120¢8! 944.79 | 0.000
expansion(%)
pH 7.2+0.088 6.8+0.202abc 7.7+0.033ad 7.7+0.088be 7.6+0.088¢f 6.9+0.088def 13.30 | 0.000
EC(mS/cm) 0.23+0.0332b 0.39+0.023acd 0.13+0.033cef 0.41+0.020bee 0.18+0.014deh 0.36+0.010Mm 24.14 | 0.000
Organic 0.55+0.0292b 0.32£0.003acde 0.65+0.017¢f 0.55+0.0124dg 0.36+0.026bfh 0.61£0.003¢h 54.81 | 0.000
carbon (%)
Nitrogen 387.67+1.764abcd | 223.33+2.333a¢feh |463.33+1.856b¢ | 371.67+4.055fk | 258.67+5.487cgkm | 434.33+2.028dnm | 880.42 | 0.000
(kg/ha)
Phosphorous 13.33+1.453a 14+£1.732b 4.33+0.333abede 13£1.155¢ 13+1.1554 15+2.309¢ 6.85 0.003
(kg/ha)
Potassium  [215.33%2.028abcde | 484.67+5.487afghi | 94.33+2.028bfkl | 1122.67+4.631cgmn | 131.33+3.7564dhkmo | 693.67+10.17 1¢ilne | 5385.63 | 0.000
(kg/ha)
Calcium 16.66+0.066abc 36.33+0.881ade | 14.73+0.133dfk 32.13+0.592bMm 15.76+0.486¢hi 30.07+2.990¢g! 53.66 | 0.000
(meq%)
Magnesium 11.44+1.009ab 21.32+0.338acdefl | 11.69+0.245¢8 14.59+0.797dn 5.97+0.577beghi 14.91+0.7251 57.24 | 0.000
(meq%)
Sodium 0.22+0.017 0.57+0.237 0.22+0.005 0.52+0.008 0.37+0.023 0.40£0.000 2.27 0.113
(meq%)
Free CaCO3 7.08+0.5063bc 8.53+0.359defg 5.13+0.185adn 5.56+0.296¢ 5.160.166V1 1.95+0.040cghij 54.71 | 0.000
(%)

Data are the pooled means of three replicates +SE. Values with same letters are significantly different from

each other according to Post Hoc test at the p<0.05 level.

Table 2: Association of Arbuscular Mycorrhizal (AM) Fungi with C. uniflora

Invasive species Hyphae Vesicles Arbuscules AM colonization (%) Spore population per 25 g
soil (MEAN+SE)
C. uniflora + - - 54 42.67+2.44
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