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Abstract Restoration of salt-affected soil through culti-
vation Chrysopogon zizanioides is a promising approach.
The two way benefit of such an approach is that reclama-
tion of salt-affected soil concomitant to improve plant
growth and increased yield of essential oil produced in the
plants roots. Earlier studies showed physiological changes
and reduced growth of C. zizanioides under salinity. In the
present study, plant growth promoting microorganisms Viz.
Pseudomonas monteilii, Bacillus megaterium, Azotobacter
chroococcum and Rhizophagus intraradices were used as
bio-inoculants for cultivation of C. zizanioides under salt-
affected soil. Bio-inoculants in combination with vermi-
compost significantly increased the growth and productiv-
ity of C. zizanioides under salt-affected soil, and
simultaneously improved soil health. When compared to
control, the soil physico-chemical and biological properties
of bio-inoculants treated plants was significantly improved.
The reclamation of salt-affected soil was evident by the
significant decrease in the level of soil pH (11.0%), elec-
trical conductivity (23.5%), sodium adsorption ratio
(15.3%). and exchangeable sodium percent (12.4%) of bio-

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s12088-018-00776-9) contains sup-
plementary material. which is available to authorized users.
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inoculants treated plants. The improvement of soil cation
exchange capacity indicated the decrease in soil salinity.
Whereas increase in the microbial count (four-fold), AMF
spores (447 spores), dehydrogenase (six-fold), acid (two-
fold) and alkaline phosphatase (five-fold) activities in rhi-
zosphere soil of bio-inoculant treated plants indicated the
improved biological properties. A positive correlation of
plant biomass production to soil organic carbon, total
Kjeldahl nitrogen, available phosphorus and cation
exchange capacity depicted improved nutrients content in
rhizosphere soil of bio-inoculant treated plants. The find-
ings of this study suggest that P. monteilii and R. in-
traradices with vermicompost can be effectively used as
bio-inoculants for encouragement of phytoremediation in
salt-affected soil.

Keywords Microbial inoculants - Phytoremediation - Plant
growth - Chrysopogon zizanioides - Salt-affected soil

Introduction

Salt-affected soils are widespread in arid and semi-arid
regions and occupy approximately 3.0% of total geo-
graphical area of world. The extensive agricultural prac-
tices with poor irrigation system and climatic changes had
lead to increase in the percentage of salt-affected soil [1].
About 402 million hectare (Mha) area is classified as saline
soil and 434 Mha land has been categorized as sodic soil
[1]. These type of soils are characterized by high soil pH,
electrical conductivity, sodium concentration (high
exchangeable sodium percent and sodium absorption ratio)
and least organic carbon [2, 3]. Soil salinization and sod-
ication alters the physico-chemical and biological proper-
ties of the soil [1]. Excessive salts in soil decreases water

@ Springer
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ABSTRACT ARTICLE HISTORY

This study was framed to assess the essential oil yield and quality of four varieties of  Received 6 September 2016
palmarosa (Cymbopogon martinii (Roxb.) Wats. var. motia Burk, viz. Trishna, Tripta, PRC-1 Accepted 9 August 2018
and CIMAP-Harsh under the salt affected soil with intervention of arbuscular mycorrhizal KEVWORDS

fungi (AMF). The essential oil yield (7.04-12.70 g kg™' fresh biomass) and geraniol yield Cymbapogon martini

(5.71-10.56 g kg™’ fresh biomass) were significantly affected by the variety, soil type and
AMF inoculation. Altogether, twenty-eight constituents, representing 96.90-99.43% of the
total oil compositions were identified using Gas chromatography (GC)-flame ionisation detec-
tion and GC-mass spectrometry techniques. Major constituents of the oils of different varieties
were geraniol (76.73-83.28%), geranyl acetate (6.60-13.06%), linalool (0.90-3.00%), (2E,62)-
farnesol (0.80-3.00%), geranial (0.30-2.03%), myrcene (0.54-2.00%), (E)-B-ocimene (0.43-
1.95%), (E)-caryophyllene (0.30-1.30%) and geranyl hexanoate (0.31-1.20%). Significantly
higher essential oil and geraniol yields were observed in var. Tripta due to AMF intervention

palmarosa; salt affected soil;
AMF inoculation; geraniol
yield; essential oil
composition

(Funneliformis mosseae and Glomus aggregatum).

Introduction

Palmarosa (Cymbopogon martinii (Roxb.) Wats. var.
motia Burk., belongs to family Poaceae, is an important
perennial, essential oil-bearing crop, native to India.
India is the principal producer and exporter of palmar-
osa oil and its products to the world market (1). In
India, the oil is produced mainly in Madhya Pradesh,
Maharashtra, Tamil Nadu, Karnataka and Andhra
Pradesh (2). During 2009-2010, about 44 tonnes of
palmarosa oil was exported to nineteen different coun-
tries, including the United States, France and the
Philippines (3). The essential oil isolated from the
freshly harvested or partially dried flowering shoot
biomass is used mainly for the extraction of high-
quality geraniol, which is used in high-grade perfumes,
cosmetics, flavour and pharmaceutical industries (1,4).
The oil is reported to be an excellent extender in all
floral, rose-like perfumes. The olfactory note of gera-
niol from palmarosa oil is considered superior to the
geraniol prepared from other sources (2). However, the
quality of palmarosa essential oil depends on various
factors, including location of growing (2,5), growth
stage (6-8), plant part (2) and nutrients stresses (9).

The production and quality of medicinal and aro-
matic plant-derived products are influenced by both
biotic and abiotic factors. Salinity is one of the main
abiotic factors, which negatively affects the plant
production all over the world (10). Increasing salt
concentrations in the soil decreases the plant ability
to grow and develop (11). In this respect, the use of
a non-hazardous biological method, such as mycor-
rhizal fungi applications, and use of moderately salt-
tolerant plants are the excellent choices to mitigate
the negative effects of salinity stress (12). Among the
biotic factors, arbuscular mycorrhizal fungi (AMF)
are undoubtedly a vital factor of the soil and their
impact on the yield and sustainable agricultural sys-
tems has been largely documented (13). Under nat-
ural conditions, approximately 90% of plant species
form a symbiotic association with AMF (14). They
benefit from the carbon provided by the host plants
and have numerous beneficial effects on the plants,
including enhanced nutrient uptake, plant growth
and resistance to abiotic stresses (15-17). Therefore,
the strategies for controlling soil salinity stress
through enhancing nutrient uptake and water use
efficiency can be accomplished with appropriate

CONTACT Rajesh Kumar Verma @ rajeshcimap@rediffmail.com
© 2018 Informa UK Limited, trading as Taylor & Francis Group
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In this experiment, we studied the effects of microbial inoculation, vermicompost and sludge application
on physical, chemical and microbial properties of sodic soil and growth of Ocimum basilicum ( holy basil).
Sodic soil collected from natural field was amended with two bacterial strains A and C (isolated from
the same soil ), vermicompost and tannery sludge @ 5tha-' upto 0-15cm soil depth of field buried
cement barrels (125cm height, 49.5 cm diameter) in such a way that nine treatments (control sodic
soil (Ty), vermicompost or VC (T, ), VC +strain A (T, ), VC +strain C (T3 ), VC +strain A and C (T;), tannery
sludge or TS (Ts), TS +strain A (Tg), TS+strainC (T;), and TS +strain A and C (Tg) were formed. After
application of these treatments, soil was incubated for one month at constant moisture. After one month
of incubation period, 35 days old seedlings of 0. basilicum were planted in barrels. Significant changes in
soil properties (physico-chemical, microbial and enzyme activities), due to application of microbes and
organic amendments, were observed after one month of incubation (AIS) and at crop harvest (ACH). On
an average soil pH, electrical conductivity (EC), exchangeable sodium {Na), soil microbial biomass carbon
(SMBC), soil microbial biomass nitrogen (SMBN), soil respiration (SR), microbial quotient (C :Corg ), and
metabolic quotient (gCO2) were significantly higher in incubated soils than crop harvested soils. Study
concludes that use of vermicompost, sludge and microbial inoculants increase soil fertility and enhance
yield and oil quality of Ocimum basilicum. Furthermore, incubation for one month before crop plantation
was sufficient time for amendments to facilitate changes in sodic soil properties.

©2017 Elsevier BV. All rights reserved.
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1. Introduction

Soil degradation resulting from salinity and sodicity is a major
environmental constraint with severe negative effects on soil fertil-
ity and agricultural productivity in arid and semiarid regions of the
world (Lambers, 2003; Young et al., 2015). Sodic soils suffer from
high level of pH(>8.5), exchangeable sodium percentage (ESP) >15,
sodium adsorption ratio (SAR) >15 (US Salinity Laboratory Staff,
1954) and low fertility (Wong et al., 2010). An excess amount of
exchangeable sodium in sodic soil reverses the process of aggre-
gation and causes soil aggregates to disperse into their constituent
individual soil particles (Sumner, 1993) and makes soil physically
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unfit (Nelson et al., 1998; Fig. 1). The structural imbalance of soil
particle causesdamage to microbialcells, their activities and in turn
nutrient availability (Singh, 2015). An important step toward the
reclamation of sodic soils is the identification of suitable amend-
ments tools, For this purpose, physical method (Choudhury et al,,
2014; Ganjegunte et al,, 2014; Singh et al.,, 2016a) and chemical
(gypsum) (Sadiq et al., 2007; Sahin et al, 2011), organic (farm
vard manure, crop residues, leaf litters and industrial effluents)
(Tejada et al., 2006; Dendooven et al, 2010; Singh et al., 2016b;
Ooetal, 2015) and biological (afforestation, Plant Growth Promot-
ing Rhizobacteria and Mycorrhyza) (Garcia and Mendoza, 2007,
Singhetal, 2013a; Wu et al, 2014; Singh et al,, 2015) amendments
have been used. In recent studies attention has been turned to
study the impact of these amendments on soil microbial activities
(Tejadaetal., 2006; Yuan et al., 2007 ) and use of microbes or micro-
bial consortia (Sahin et al., 2011; Paikray and Singh, 2011; Ashraf
et al,, 2013) for reclamation of salt-affected soils. Understanding
the changes in soil fertility, crop productivity and microbial activi-
ties due to use of microbial consortia along with industrial wastes
can provide an empirical solution for sodic soils.
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Andrographts paniculata is a source of diterpenoids and 2-oxygenated flavonoids, which are of utility
in pharmaceutical industry and ayurvedic formulations. With the aim of producing quality herb, an
experiment was conducted with different combinations of bio-inoculants and vermicompaost (VC) in

fccented 19 March 2013 controlled condition. It was observed that the highest Leal:Stem (L:S) ratio, fresh herb yield and andro-

grapholide yield(0.82,300 gpot ' and 29.8g kg ! dry herb, respectively) was recorded when the soilwas
Zy::'f" incorporated with VC along with Azotobacter chrococcum (Ts). Further there was a significant improve-
Andmgrapholjde ment in all soil fertility parameters. However, when all the bio-inoculants (A. chrococcum +Bacillus
Bio-inoculants megaterium+ Pseudomonas monteilii+ Glomus intraradices) were mixed with VC, there was a significant
Vermicompost improvement in soil dehydrogenase, alkaline, and acidic phosphatase activity. A positive correlation
Soil fertility coefficient (p < 0.01) could be derived amongst plant growth, yield and soil properties(r=045-0.85). The

study suggests that application of the bio-inoculants and organic fertilizers can enhance productivity

while maintaining the desired quality of the herh

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Andrographis paniculata (Burm. f.) Wall. ex Nees, commonly
known as “King of Bitters" has been used since ancient times as
fresh and dried leaves and juice. A. paniculata has been widely
used as liver tonic, antipyretic, antithrombogenic, blood purifier,
hepatoprotective, febrifuge, in jaundice, and digestive disorders
(Okhuarobo et al., 2014; Pharmacopoeia, 1955). The plantis native
to south eastern Asia and is considered as a wonder drug in tradi-
tional Siddha and Ayurvedic systems of medicine and tribal's for
multiple clinical applications.

Itis extensively cultivatedin India, China, Thailand, West Indies,
and Mauritius { Kumar et al,, 201 1). Literature analysis indicates a
wide spectrum of pharmacological activities beside its use in com-
mercially available formulations. India, the total collection from
wild growing sources is about 5x 10° MT year ! (Kumar and
Kumar, 2013). However, the total kalmegh production (volume)
through commercial cultivation is not exactly available in the liter-
ature. Duetoits highdemand, the herbis collected indiscriminately
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from the wild sources causing decline in the natural availability
as well supply to the industry (Raina et al., 2013). The situation
entails encouragement of the organic cultivation technology for the
production of quality material curtailing excessive use of synthetic
fertilizers and chemicals. Further, bio-inoculants add nutrients to
the rhizosphere by natural processes like solubilising phosphorus
(P) by phosphate solubilising bacteria (PSB) and arbuscular micor-
rhizal fungi (AMF), stimulating plant growth by providing growth
promoting substances by plant growth promoting rhizobacteria
(PGPR), fixing atmospheric nitrogen to plant available pools either
by free living N fixers (Diazotrophs) or by symbiotic N fixers (Rhi-
zobium) (Andrade et al., 2013; Pésakoviic et al., 2013). The use
of vermicompost can be utilized as plant growth media or soil
conditioner (Edwards and Arancon, 2004). The response of appli-
cation of bio-inoculants such as free living nitrogen fixing bacteria,
plant growth promoting bacteria, and arbuscularmycorrhizal fungi
(AMF) for improving growth, yield and usefulness for suppress-
ing diseases of medicinal plants has also been studied (Singh etal,
2009, 2012a,b,c; Awasthi et al., 2011). The objective of the present
study was toapply plant nutrients through biological sources (ver-
micompost and biofertilizers viz., free living nitrogen fixer, PSB,
PGPR, and AMF) which are eco-friendly and free of synthetic
chemicals.



