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Abstract: In this study, coir pith based organic manure was applied in the organic cultivation of Solanum
lycopersicum L. (Tomato). Addition of this organic manure, effect the elemental composition and relative
distribution of nutrients in plant fruits was evaluated. In a greenhouse, organic tomatoes were cultivated adding
the minimum particle size of organic manure and the results were compared with the control. SEM-EDS and
GC-MS analysis were studied in the obtained plant fruits. The obtained fruits were analyzed for the presence of
Phytochemicals and elemental composition using GC-MS and SEM-EDS analysis. Results revealed that the
minimum particle size (0.01-0.1mm) of organic manure applied plant fruits have high nutrient status, as well as
induce the elemental composition, relative distribution of nutrients and the presence of more number of volatile
compounds than the control. The addition of minimum particle size of organic manure to plants were positively
influenced their development. Based on the nutrient status, the organic plant fruits showed significant effect than
control. It revealed that the addition of minimum particle size of organic manure positively influences the health

benefits or food security of the produced fruits.
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1.INTRODUCTION

Coir pith is a lignocellulosic waste which
is dumped as a huge pile on the roadside also
contains high lignin content and slow to degrade in
a natural environment (Bhat and Narayan, 2003).
Disposal of coir pith has become a major problem
for the industries. However, at the same time coir
pith is used for many commercial applications
(Abhijith and Prashanth, 2003). Coir pith based
cyanobacterial biofertilizer could be an effective
other choice for chemical fertilizer that make plant
grow better (Christopher et al. 2007). Application
of coir pith manure effectively improves the
physico- chemical properties of the soil and
induces the crop yield (Abesh and Anita Das,
2010). The organic amendments are used to
improve soil productivity and to provide a source
of nutrients in organic agriculture practices (Karimi
etal. 2017).

Cyanobacteria are despicable to maintain
with high growth potential and have an ability to
degrade the coir pith to be used as biofertilizer and
are also effective in reducing the pollution.
Microbial degradation of coir pith is considered as
a safe, valuable and environmentally friendly
process. The lignocellulosic material must be
converted into simpler compounds by composting
process for easy uptake by the plant. Cyanopith is
an organic biofertilizer prepared by the degradation
of coir pith using fresh water Cyanobacterium,

Oscillatoria annae (Malliga et al. 2012). Coir pith
degradation by Cyanobacterium is a partial
degradation and also application of coir pith based
cyanobacterial biofertilizer (cyanopith) to the soil
takes more time to degrade by soil microbes.
Preparation of minimum particle sizes can be easily
degraded by soil microbes which can promote easy
uptake by plants hence, increasing the productivity
of crops (Jenny and Malliga, 2016).

Jiwamrita is a plant growth promoting
substance containing beneficial microorganisms
(Vanaja et al. 2009) furthermore improving the
physicochemical and biological properties of soil
and also, the efficiency of applied manure
(Manjunatha et al. 2009). They also confirmed that
the potential of Jiwamrita is to supply materials
and to act as food support for beneficial microbes.
Tomatoes are a juicy berry fruit of the nightshade
family (Solanaceae) which provide good quantities
of vitamin A and C so as to most versatile
vegetables in the world because of its highly
nutritive value, taste, color and its diversified use
(Angole, 2010). Hence, the aim of this work was to
determine the effects of the application of the
minimum particle size of organic manure on
organic tomato cultivation in the greenhouse. In
particular, the effects of this organic matter
addition on fruit production and nutritive value
were assessed. In addition to profiling, the
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presence of mixtures of metabolites in the organic
tomato fruits using GCMS and SEM-EDS.

2. MATERIALS AND METHODS
2.1. Development of organic manure

The fresh  water  Cyanobacterium,
Oscillatoria annae was obtained from the germ
plasm  of National Facility for Marine
Cyanobacteria (NFMC), Bharathidasan University,
Tiruchirappalli, Tamil nadu, India and grown in
BG11 medium (Rippka et al. 1979), under white
fluorescent light (10/14 hrs. L/D cycle) of 1,500
Lux at 25 +2° C. Then, the culture was grown with
coir pith for the mass production of cyanopith
under field conditions. The coir pith based
cyanobacterial product was known as cyanopith
and this was used as a basal fertilizer (Malliga et al.
2012). The cyanopith fertilizer was ground and
sieved into three different particle sizes and then
the samples were enriched with jiwamrita for the
further degradation process (Jenny and Malliga,
2014).
2.2. Organic cultivation of Tomato

Tomato seeds were collected from the
organic farm Pudukkotai District, Tamilnadu,
India. Seeds were sown in two pots and were
irrigated twice a day. After three weeks, the
nursery was grown upto 20 cm and equal length of
plants were selected for transplanting. There were 9
sets of pots in each treatment and without
application of organic manure was considered as a
control. Single seedling of around 3 weeks old was
planted per pot and was irrigated twice a day. In
this study, the 20g of optimized concentration of
minimum particle size of organic manure applied S.
lycopersicum plant fruits were used and compared
with control plant fruits (Jenny and Malliga, 2016).
2.3. SEM-EDS & GC-MS analysis

SEM - EDS was used to identify the
chemical composition and relative distribution of
macro and micro nutrients. Minimum particle sized
organic manure 20g applied tomato plant fruits
were harvested and washed with distilled water for
surface sterilization, then the fruits were cut into
small pieces with sterile knife and kept in a sterile
tray covered with a net for drying. The dried
powder samples were coated with gold, through a
supply of nitrogen gas and subjected to SEM-EDS.
In GC-MS, the chemical properties between
different molecules in a mixture will separate the
molecule as the sample travels the column and the
mass spectrometer break each molecule into an
ionized fragment and detect them using their mass
to charge ratio (Srimah, 2009).

3.RESULT AND DISCUSSION
3.1. SEM-EDS analysis

The elemental composition and relative
distribution of nutrients in Solanum lycopersicum
(tomato) fruits were analyzed using SEM-EDS
studies. The EDS spectra showed an elemental
composition and relative distribution of nutrients
was increased in the organic sample than the
control sample (Fig. 1). Results revealed that the
minimum particle size of organic manure applied
plant fruits exhibited the significant variations and
the presence of elements in the following order:
K>CI> P> Mg> Ca> S> Zn> Mn> Cu> Fe and in
control plant fruits K> P> CI> Mg> S> Cu> Ca
(Table-1).

Scanning electron microscopy (SEM)
coupled with energy-dispersive X-ray analysis
(EDS) is an effective method that can yield both
qualitative identification and quantitative elemental
information, based on the characteristic X-radiation
emitted from samples, thus also allowing the direct
observation, comparison and characterization of
different materials (Goldstein et al. 2003).
Azospirillum-inoculated and control Strawberry
plants had similar elemental quantities; however, in
bacteria-inoculated roots, P were significantly
increased, while Cu content decreased (Guerrero et
al. 2014). The A. hypogea treated with 2% H.
musciformis (Seaweed Liquid Fertilizer) results
obtained from the scanning electron microscopic
image analysis of different chemical elements,
namely N, P, K, Ca, S, Na, Mg, Mn, Zn and Fe
were observed in the cell wall of leaf of 2% SLF
treated and control of A. hypogea (Ganapathy and
Sivakumar, 2014). The EDS analysis of V. mungo
obtained different chemical elements present in the
cell wall of 2% SLF treated leaf and control
(Ganapathy and Sivakumar, 2013).The qualitative
and quantitative compositional analysis of S.
wightii provides the localized distribution of
chemical elements of leaf by energy dispersive X-
ray Microanalysis (Sundari and Selvaraj, 2009).
The SEM-EDS method was used to examine
morphological changes, the relative distribution of
macro- and  micronutrients and  chemical
composition on the surface of REC3-inoculated
plants (Guerrero et al. 2012). The sodium (Na)
appeared to have a useful impact on the
development of strawberry cv. Korona under saline
anxiety (Saied et al. 2005), which could be
identified with the substitution of K for Na, which
helps in osmoregulation to keep up the water
substance of plant tissues and at last increment of
fresh weight (Turhan and Eris, 2004). Esitken et al.
(2010) showed a comparative addition in P take-up
in strawberry plants vaccinated with others PGPB
strains: Pseudomonas BA-8, Bacillus OSU-142 and
Bacillus M-3.
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3.2. GC-MS Analysis

Gas Chromatography Mass Spectroscopy
is widely used to profile and analyze the mixtures
of complicated metabolites like organic acids,
sugars, amino acids, lipolytic compounds and
phosphorylate intermediates. In this study, the 20g
of optimized concentration of minimum particle
size of organic manure applied S. lycopersicum
plant fruits were used and compared with control
plant fruits. Results revealed that the application of
optimized concentration of 20 g of the minimum
particle size of organic manure applied tomato
fruits were richer in metabolic compounds than the
control fruits (Fig. 2). Nevertheless, the metabolic
compounds were represented in Table-2 and these
include free acids, sugars, aldehydes, ketones,
acetic acid, propanic acid, benzoic acid, hexonic
acid and glucose. The volatile compounds such as
nitrogen, oxygen, sulfur, phenols, free acids,
heterocyclic compounds aldehydes, ketones, esters,
alcohols, hydrocarbons, ethers and lactones were
detected in tomato using GC-MS (Rastogi and
Davies, 1991). Halmja et al. (2007) reported
Solanum lycopersicum, S. tuberosum and S.
Melongena were rich in vitamins and phenolic
compounds which were examined by GC-MS
technique. Moreover, higher quantities of volatile
compounds such as methyl-butanol were found in
tomato samples (Queralt et al. 2013).

GC-MS analysis used to find the
polysaccharides present in pericarp discs of tomato
fruit (Greve and Labavitch, 1991). The seed oil of
tomato involved linoleic acid, palmitic acid and
oleic acid. So, it was the best source to get the most
significant fatty acids like oleic acid and linoleic
acid (Botinestean et al. 2012). GC-MS used to
analyze the volatile compounds found in tomato
such as [-carotene, chlorophyll, lycopene, a-
tomatine, dehydro tomatine tetra saccharide, glycol
alkaloids and the anti-cholinergic alkaloids,
atropine are the main economical food source with
low-fat in tomato used to obtain energy, nutrients
and also provides bioactive secondary metabolites,
which either have harmful or helpful effects of diet
(Friedman et al. 2004). Oms-Oliub et al. (2011)
reported the metabolic profiling characterization
during preharvest development, ripening and
postharvest shelf-life of tomato fruit. Most
compound level in groups, showing either
increasing (e.g., maleic and aspartic acid) or
decreasing levels (e.g., valine and malic acid) with
fruit development and with some compounds. The
major hexoses, glucose, fructose and cell wall
components such as galacturonic acid and the
amino acids such as aspartic, glutamic acid and
methionine were increased during the ripening
stage of tomato fruits. The most abundant volatile
compounds in tomato fruits were derived from

lipids such as linoleic and linolenic acids as:
hexanal, trans-2-hexenal, cis-3-hexenol (Farneti et
al. 2012).

The major organic acids of the fruit were
found different from the leaf, although citrate and
malate and D-iso ascorbate were present at high
levels, the level of succinate was lower in the fruit.
The levels of galacturonic acid, gluconate and iso
citrate are considerably higher in the fruit than in
the leaf. Several metabolites such as chlorogenate
and nicotinate were detected in tomato fruit
(Nicolas et al. 2005). GC-MS was used to identify
both polar and volatile metabolites for the various
stages of fruit development and ripening, such as
mannose, citramalic, gluconic and keto-1-gulonic
acids also, were shown to be strongly correlated to
the final postharvest (Luengwilai et al. 2012).

4.CONCLUSION

The present study confirmed the expectation
that the minimum particle size of organic manure
can be applied in the organic cultivation of tomato.
The organic manure addition was biostimulating to
the plants, influencing development positively, in
addition to increasing fruit production and the
obtained fruits were subjected to SEM-EDS and
GC-MS analysis. However, the minimum particle
size of organic manure applied plant fruits
exhibited the significant variations and the
presence of more no. of elements than control plant
fruits. GC-MS results revealed that the application
of optimized concentration of 20g of the minimum
particle size of organic manure applied tomato
fruits were enriched in metabolic compounds than
the control fruits. Hence, this study concluded that
the minimum particle size of organic manure has
high nutrient status, as well as furnish good yield of
tomato (Solanum lycopersicum L.) as compared to
that of control.
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Fig. 1 Effect of organic manure on the elements of S. lycopersicum fruits using SEM-EDS analysis
a. Control sample

Full Scale 13051 cts Cursor: 0.000

Table 1 SEM-EDS analysis of S. lycopersicum fruits

Elements (%) S Cl K P Mg Ca Mn Fe Cu Zn
Control 138 | 3.21 | 1451 | 3.36 | 1.87 | 0.25 - - 0.37 -
Test 116 | 945 | 1840 | 489 | 401 | 035 | 0.05 | 0.02 | 0.04 | 0.12
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Fig. 2: Effect of organic manure on the compounds of S. lycopersicum fruits using GC-MS analysis

a. Control sample

’%‘?51

Table 2 GC-MS analysis of S. lycopersicum fruits

Compounds

Control

Test

Propane 1,1, diethoxy, 2methyl

+

+

Propanedioc acid oxo ethyl methyl

+

2 fluoropropane

1,2 : 5,6- Dianhydrogalactitol

+ |1

1- Pentanol

1-Propanol, 3 (octadecyloxy)

Propane, 1,1,3, triethoxy

+|+]

Acetic acid methoxy- anhydride

1-[3(4-Bromophenyl)-2-thiouredo]-1-deoxy-h-d-
glucopyranose 2,3,4,6,-tetra aceta

+

|+ [+ |+ ]+ ]+

Propanoic acid

Butanoic acid, 3 methyl

2,4, Decadienal (E,E)

Hexanoic acid

Pentanoic acid, 3 methyl

2(3H)-furanone, dihydro-3-hydroxyl-4, 4-dimethyl

2-Undecanone, 6, 10-dimethyl

Eicosanoic acid, 15 methyl

|+ [+ |+ ]+ +]+

Hexadecanoic acid, 15 methyl

n-Hexodecanoic acid

|||+ |||+

Diethylphthalate

2(sec-butoxycarbonyl) benzoic acid

2 (isobutoxycarbonyl) benzoic acid

+ |1

9, 12, octadecadienal

11, 14,Eicosodienoic acid, methyl ester

+

3,0x0- 4 phylbutyronitrile

Benzeneacetic acid

Propanedioic acid

L- Glucose

2, 4: 3, 5-Dimethelene acid

|+ |+ |+ ]+ ]|+ |+
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