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Abstract

Soapstone is a magnesium-rich material that is frequently used to make carved sculptures and architectural features.
Significant volumes of waste powder are produced during the processing of soapstone, most of which is currently land
filled. Poor waste management has led to threats to human health and safety, a loss of aesthetic appeal, and land
degradation. This waste contains specific micro and ultra micro plant nutrients but these nutrients are not easily
accessible to plants when they are in waste powder form. In the current study, leftover soapstone powder was chemically
transformed and its value-added fertilizer was prepared by combining vermicompost with converted soapstone waste.
XRF study was performed on soapstone waste, soil, soil with vermicompost and soil with value added fertilizer and it was
found that nutrient value increases for soil with value added fertilizer. To evaluate the efficiency of this value-added
fertilizer on the growth and yield of tomato plants, three distinct types of experiments: control (simple soil), control +
compost (soil + vermicompost), and varying percentages [Y, 2Y, 3Y, 4Y, and 5Y (Y = 3%)] of value-added soapstone
fertilizer with soil were carried out. It was found that out of all the treatments 5Ydemonstrated the highest plant growth,

crop yield, and biomass.
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Rajasthan is well recognized as museum of minerals due
to its endless deposits of many kind of dimensional stones,
including marble, dolomite, granite, lime stone, etc. Rajasthan
has 57 percent of India's stone reserves. Rajasthan is one of the
main producers of soapstone in India. Udaipur, Bhilwara,
Pratapgarh, Dungarpur, Banswara, Rajsamand, Karauli, Alwar
and Jaipur are the major soapstone producing districts in
Rajasthan. Soapstone (steatite/soaprock) is a type of
metamorphic rock and it is composed largely of the magnesium
rich mineral talc. Soapstone is heat resistant, stain resistant,
non-porous and resistant to attack from acids and bases [1].
Soapstone used in formation of sinks, cooking pots, cooking
slabs, boiling stones, cemetery markers, electrical panels,
ornamental carvings and sculptures, fireplace liners,
woodstoves, wall and floor tiles, facing stones, bed warmers,
marking pencils, moulds for metal casting etc.

The soapstone industry generates waste on large scale.
About 30% to 40% of the material is wasted during mechanical
processing (Fig 1). Slurry comprises up 20-30% of the finished
products [2-6]. Quarry/cutting/sawing waste from in-situ stone
sites and polishing trash from construction sites are the two
forms of soap stone waste. The raw stone block is cut into tiles
or slabs of various thicknesses using diamond blades during the

stone processing process. While stone blocks are being cut into
sheets of varied thickness, water is sprayed on the blades to cool
them and absorb the dust (powder waste) produced during the
cutting process. This activity generates a significant volume of
effluent (slurry waste). It is not recycled since the water is so
alkaline that reusing it will dull the polished slabs.

Fig 1 Powder waste produced in soapstone industry

This waste is now-a-days a serious problem which is
threat to environment. As it is a non-biodegradable material,

Received: 28 Jun 2023; Revised accepted: 02 Oct 2023; Published online: 07 Oct 2023

Correspondence to: Meenakshi, Department of Chemistry, University of Rajasthan, Jaipur - 302 004, Rajasthan, India, Tel: +91 8619146770; E-mail:

meenakshialwaraj@gmail.com

Citation: Parmar D, Meenakshi, Pal B. 2023. Conversion of soapstone industry waste into value added fertilizer and its effect on soil fertility and growth of

tomato plant. Res. Jr. Agril. Sci. 14(5): 1497-1504.




therefore poses numerous hazards. This waste can result in a
range of respiratory issues, blurred vision, and environmental
problems. If this stone waste is dumped on land, it has the
potential to clog soil pores, damage the land's vegetation cover,
and hasten the desertification of the area. It can reduce the rate
of rain water percolating and deteriorate the soil fertility. Stone
waste dumped in rivers, streams and seas contaminates them
and responsible for the destruction of the aquatic ecosystem and
water pollution. Therefore, it is necessary to investigate various
options for reducing and managing this waste [7]. Minimization
of this waste can be done by utilization of waste includes
conversion of waste to useful, easily available, healthier and
environmental friendly form.

Due to easily availability and abundant resources, many
researchers performed their study on soapstone. Quintaes et al.
[8] studied the soapstone cookware as a source of minerals.
Huhta [9] studied the diversity of soapstone (classification and
thermal behavior). Torres et al. [10] studied the technological
properties of ceramic produced from steatite (soapstone)
residues— kaolinite clay ceramic composites. Jamshidovna [11]
studied the mineral chemical composition of the yakut saponite
(soapstone) mineral and physical-chemical bases of complex
trace elements. De-Souza et al. [12] studied the Gneiss and
steatite vermicomposted with organic residues and release of
nutrients and heavy metals. Cota et al. [13] investigated the
incorporation of waste from ferromanganese alloy manufacture
and soapstone powder in red ceramic production. Luukkonen et
al. [14] worked on the mechanical properties, durability, and
economic prospects of the alkali-activated soapstone waste.
Chauhan et al. [15] reported an analysis on growth of soapstone
mining in Rajasthan state. De-Souza et al. [16] investigated that
vermicomposting with rock powder (Gneiss and steatite)
increases plant growth.

Soapstone waste powder is a rich source of Mg, which is
a secondary plant nutrient. Besides this, some other elements
also found in this waste, which can be used for increasing soil
fertility and plant growth. In the raw form, this waste is not in
easily plant accessible form, hence direct application to the soil
is not beneficial. It also blocks the pores of the soil resulting in
degradation of soil productivity and this increases basicity of
soil; hence this is not beneficial for those plants which require
less pH for their development. Therefore, in the present
research, to reduce harmful effect of soapstone industry waste,
it is converted in easily plant accessible form, and its value-
added fertilizer was prepared. Enrichment of soil was done by
mixing soil with this value-added fertilizer. This value-added
fertilizer is rich in Mg and tomato is Mg deficient plant,
therefore effect of value-added fertilizer was performed on
vegetative growth, crop yield and biomass of tomato plant.

MATERIALS AND METHODS

Soapstone waste: Waste powder of soap stone industry
was collected from Kishangarh, Ajmer District of Rajasthan
state. The chemical analysis of this waste is: SiO; = 61.08%,
CaO =1.40%, MgO = 30.00%, Fe;O3 = 1.00%, Al,03 = 0.29%,
LOI =5.88%, Brightness = 97.30%, whiteness = 98.70%, Ret.
on 500 Mesh = 0.19%.

Soil: Soil of Jaipur district of Rajasthan was collected for
the study. The chemical analysis of soil is: organic matter =
4.47%, available Nitrogen as N = 223.2 kg/ha, available
Phosphorous as P = 14.3 kg/ha, available Potassium as K = 228
kg/ha, Calcium as Ca = 8.32 mg/ kg, Magnesium as Mg = 3.65
mg/kg, alkalinity (as CaCQOs) = 20.2 mg/kg, Moisture = 1.8%,
pH = 7.82, Electric conductivity = 0.810 dSm™, bulk density =
1.36 gm/cmd.

Tomato seeds: Different types of treatments were
performed on local variety of Tomato (Lycopersicon
esculentum) seeds to find out their effect on plant development.

Soil preparation: For the experiment sufficient amount
of soil was collected and mixed thoroughly on a clean plastic
sheet and air dried for three days. It crushed with a wooden
mortar and pestle and then sieved through a 2 mm mesh. This
sieved soil was used for the experiment.

Chemical transformation of soapstone industry waste:
Due to acid sensitivity of soapstone waste, concentrate
Hydrochloric acid was used to dissolve it. Soluble salts (mainly
chloride of Magnesium) and insoluble silicious residues were
formed. The above solution along with insoluble treated with
Diammonium hydrogen phosphate in the presence of ammonia
solution. In alkaline medium phosphate hydrate (mainly
MgHPQ,) precipitate and insoluble were obtained. The
insoluble part is siliceous in nature and hence beneficial for
plants so it does not require to remove. Soluble ammonium salts
(D) were also formed which are acidic in nature and a major
source of Nitrogen. Precipitated phosphate hydrates with
insoluble were filtered, dried and used as converted waste (Fig
2).

MgO + 2HCI ——» MgClI; + H»0 + Siliceous insolubles

MgCl,+H,0+Silicious insolubles (NH4),HPO, MgHPO, + Insolubles
e

NH,OH
Converted soapstone waste

Fig 2 Converted product of soapstone industry waste

Formation of value-added soapstone fertilizer: To
increase nutritious ability of this converted waste, it was mixed
with vermicompost to prepare value added fertilizer (Fig 3).

Kitchen waste, plant leaves and cow dung were used to
make vermicompost. After introducing earthworms (Eisenia
fetida and Eisenia andrei), wet them time to time and covered
them. Vermicompost is ready after around two months. When
an earthworm consumes organic waste, the substrate travels
through its gut and is digested by helpful bacteria in the worm's
intestine. Vermicompost, a finely divided peat-like substance
that is easily accessible to plants, is created in the intestinal tract
as a result of the breakdown of substrate by enzymes,
antibiotics, and mucus or chemical secretions.

Converted soapstone waste + Vermicompost —» Value added fertilizer

XRF analysis: WD-XRF was used for the analysis of
elements present in waste dolomite powder, soil, soil with
vermicompost, and soil with value added soapstone fertilizer.
Results of WD-XRF are included in (Table 2-3).

Experimental set up: The experiments were carried out
by using pot culture technique as shown in (Table 1). C [Control
(simple soil)], CC [Control + vermicompost (Soil containing
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recommended dose of vermicompost)], and VAS (value added
fertilizer formed by mixing 10% converted soapstone waste
powder with vermicompost, and then this was mixed with soil
in equal amounts of recommended dose of vermicompost) were
used to study the effect on development of tomato plant. To
prevent mixing of the pots, the pots were given numbers before
being filled with soil. In accordance with the plan of the study
five doses of value-added compost - Y, 2V, 3Y, 4Y, and 5Y (Y
= 3%) were added to soil [VAS]. Nine replicates of each dose
of the C, CC, and VAS were considered for experiment.
Recommended dose of vermicompost and different % of value-
added compost was mixed with the soil of the pots at the initial
stage before sowing of seeds of tomato. Seed germination, plant
height, No. of leaves, crop yield and biomass were studied to

find out the effect of VAS on tomato plant development.

(a) (b)

Fig 3 (a) Mixing of converted soapstone waste with vermicompost
and (b) formed value added fertilizer of soapstone industry waste

Table 1 Schematic presentation of pot culture technique of different types of the treatments

Treatments c cC VAS (Soil + different % of value-added soapstone fertilizer)
(Simple soil)  (Soil + vermicompost) Y 2Y 3Y 4Y 5Y
Pots 8] 8] 8] 8] 0 0 0
O = Nine pots

RESULTS AND DISCUSSION

XRF analysis of Soapstone powder

XRF analysis result of waste soapstone powder is
represented in (Table 2). This analysis reveals that this waste
soapstone powder has an immense potential as a source of
nutrients for the soil and plant. This waste contains primary
plant nutrient (P, K), secondary plant nutrients (Ca, Mg, S), and
micronutrients (Fe, Cl). Therefore, it can play an important role
in enhancing soil productivity and plant growth.

Table 2 XRF analysis of Soapstone powder
Test parameter Concentration (%)

Na 0.173
Mg 29.663
Al 0.194
Si 67.504
P 0.112
S 0.1
cl 0513
Ca 0.649
Fe 1.092

Enrichment of soil

The nutrient compositions of C, CC, and VAS are
presented in (Table 3). It was clear that after conversion and
value addition, the nutrient availability of waste soapstone
powder was increased. It is clear that significant amount of
macro and micro nutrients found in VAS. The primary nutrients
of plants are N, P and K. Ca, Mg and S are secondary plant
nutrients. Fe, Zn, Cu, Mn, B, Cl and Ni are micro nutrients and
required less than 1000 ppm for plants. Na, Co, V, and Si are
considered as beneficial plant nutrients. The concentration of P
increases to 0.009% and 0.051% in VAS than C and CC
respectively. The concentration of K in VAS is 0.002% more
than C. The concentration of Ca in VAS increases to 0.468%
and 0.003% than C and CC. VAS contain Mg is 3.125% and
3.035% more than C and CC. The availability of S is 0.295%
and 0.007% more than C and CC.

Fe is 0.011% more in VAS than C and 0.245% less in
VAS than CC. Mn is 0.013% and 0.028% more in VAS than C
and CC. Ni is 0.915% and 0.759% less in VAS than C and CC
respectively. In VAS Na is 0.915% and 0.759% less than C and
CC. Si is 0.305% less and 0.609% more in VAS than C and CC
respectively. Al is 0.932% and 1.054% less than C and CC in

VAS. Sr is 0.006% and 0.009% more in C and CC than VAS.
Cr is 0.013% more in VAS than C and 0.006% less than CC in
VAS. Significant amount of oxides of Y, Zr, Ba, and Ti also
present in VAS.

Table 3 XRF analysis of C, CC and VAS

Test _ S_oil + Sqi! + value added
parameters Soil (C) vermicompost fertilizer of soapstone
(CO) (VAS)
P20s 0.559 0.517 0.568
K20 1.429 1.765 1.431
CaO 1.434 1.899 1.902
MgO 1.498 1.588 4.623
SO3 - 0.288 0.295
Fe203 3.686 3.942 3.407
ZnO 0.015 - -
MnO 0.078 0.063 0.091
NiO 0.287 0.017 0.014
Na20O 4.051 3.895 3.136
SiO, 73.21 72.296 72.905
Al,O3 12.677 12.799 11.745
Rb,0O 0.015 0.017 0.015
SrO 0.036 0.039 0.03
Cr203 0.101 0.12 0.114
Y203 0.006 0.004 0.005
ZrO; 0.061 0.06 0.052
BaO 0.074 0.067 0.056
TiO; 0.456 0.614 0.442

Effect of value-added fertilizer on tomato plant

Pot culture experiment was conducted to find out the
effect of VAS along with C and CC on tomato plant by
monitoring the following parameters at different time intervals.

Seed germination: (Fig 4) represented the tomato seed
germination results of C, CC and different doses of VAS after
7,10 and 15 days of sowing. After seven days of sowing in CC
germination rate is equal to C, but it increases 10 and 15 days
after sowing. CC is more nutritious in comparison to C and
vermicompost present in CC has a solubilizing effect on several
mineral compounds in the soil and causes the conversion of
them into easily plant accessible forms, which is responsible for
the quick germination process [17-18].

For VAS seed germination rate in Y and 2Y is equal to
CC, but as it increases to 3Y to 5Y. The percentage of
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germination grows with increasing dosages of VAS as a result
of a rise in the level of macronutrients to the level needed by
the plant. Phosphorous (P), one of the plant nutrients, is
essential for root development and seed germination. It supplies
the necessary energy for the movement of nutrients. P
encourages various plant functions, including respiration,
energy storage and transfer, cell division, and cell development,
all of which speed up seed germination. P is more abundant in
VAS than C and CC. In VAS the highest germination was
reported in 5Y. It might be explained by the easily accessible
and readily available diverse mineral elements of plants in
VAS. Early germination, root formation, and early growth in
5Y were primarily caused by high P content, which was
supported by Mg, Ca and enhanced concentrations of other
plant nutrients in 5Y VAS.

Ca is necessary for the development of cell membranes.
Rapid cell division and development during root formation
increases the need for calcium, hence the high Ca content in 5Y
VAS also promote early germination.

—o— after 7 days after 10 days
B 100 - after 15 days
£ 90 -
g 80 -
E
s 70 4
oo
g 60 -
©
§ 50
< 40 4
30 A : ./ ¢
20
10 +
0
C cC Y 2Y 3Y a4y 5Y
Treatments

Fig 4 Average tomato seed germination % after 7, 10 and 15 days
of sowing in different types of treatments

Plant height: Plant height data of C, CC and VAS are
shown in (Fig 5). Among C and CC, tomato plant average
height is more in CC. In CC, biological activity of earthworm
responsible for soluble form of elements and transfer of
nutrients to the plants. It is also responsible for electro
conductivity of soil due to the exchangeable calcium,
magnesium, and potassium found in worm cast. The key factors
that contributed to the increase in electrical conductivity were
the loss of organic matter and the release of different soluble
ions in usable form (such as phosphate, ammonium, and
potassium) from earthworm activity in vermicompost. This
increases the number of microorganisms in the soil that
encourage plant growth and directly stimulate plant growth by
solubilizing nutrients [19-20].

In all the treatments plant height is maximum for VAS.
In different concentrations of VAS, 5Y treated tomato plants
having maximum plant height which may have resulted from
the higher levels of macronutrients such calcium, magnesium,
phosphorus, and potassium as well as a number of other
micronutrients.

These nutrients encourage the production of some plant
hormones that are necessary for plant's rapid growth. Ca is a
component of cell walls and affects membrane permeability and
structure. In addition to being an important part of chlorophyll
and an enzyme activator, Magnesium (Mg) is also involved in
protein synthesis, carbohydrate transport, and photosynthesis. S
is a crucial part of plant proteins. P and K also play an important
role as primary plant nutrient. Combined effect and increased

level of all of these nutrients are responsible for maximum plant
growth in 5Y VAS treatment.

M after 30 days M after 45 days
after 60 days after 75 days
100 | after 90 days M after 120 days
90 -
80 -
@ 70
2 60 -
5 50 -
o 40 4
Q
& 30 -
g 20 -
4
10 -
0 .
C cC Y 2Y 3Y 4y 5Y
Treatments

Fig 5 Average tomato plant height after 30, 45, 60, 75, 90 and
120 days in different types of treatments

Number of leaves: Average no. of leaves after 30, 45, 60,
75, 90 and 120 days in C, CC and different doses of VAS are
shown in (Fig 6). In comparison to C, no. of leaves is more
found in CC because CC is richer in plant nutrients than C. K is
0.336%, Ca is 0.465%, Mg is 0.09% and S is 0.288% greater in
CC than C. In all the treatments maximum no. of leaves found
in VAS. It is because VAS contains a lot of nutrients and makes
them available forms that plants can absorb easily. In all
treatments, 5Y VAS displayed the greatest number of leaves.

Mg is essential for leaf production and development.
VAD contain Mg is 3.125% and 3.035% more than C and CC.
Mg is also involved in a variety of biological processes,
including the transfer of sucrose, energy metabolism, nitrogen
usage, interactions between plants and soil microbes, and many
others [21-26]. Additionally, it aids in the production of ATP
and calcium pectinate, which functions as a cell wall adhesive.
In chloroplasts, Mg is necessary for the synthesis of chlorophyll
(Chl) pigments, which aid in the uptake of CO. during
photosynthetic activities [27-29]. Only around 15-35% of the
magnesium used by plants is fixed in Chl pigments, the balance
(65-85%) is needed for protein synthesis and other important
biological processes [30-31]. Magnesium is also used as a
cofactor by more than 300 enzymes, including a number that
are involved in Chl synthesis and photosynthetic CO; fixation
[32-35]. Magnesium, a micro mineral found in VAS, activates
a number of enzymes involved in the metabolism of proteins
and carbohydrates. Mg and K play important roles in the
creation of RNA and DNA, photosynthetic and respiratory
responses, as well as the composition of chlorophyll and the
activation of several enzymes [36-37]. Mg is required for the
activation of a large number of other enzymes, such as protein
kinases, RNA polymerases, glutathione synthase, adenosine
triphosphatases (ATPases), phosphatases, and carboxylases
[38-40].

The concentration of Ca in VAS increases to 0.468% and
0.003% than C and CC. A high Ca content in VAS is crucial for
healthy leaf growth and development. Ca takes part in the
metabolic procedures for absorbing other nutrients. By
stabilizing cell wall structures, maintain the structural and
functional integrity of the plant membrane, which strengthens
plant tissues [41]. Ca is required for the growth of a fresh middle
lamella. Since roots, stems, and leaves have continual cell
division, this renders them particularly vulnerable to the low
availability or absorption of calcium in soil. Since calcium is an
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immobile element in plants, it should be added to the soil when
the plant is young. This is because the root system absorbs
calcium quickly in the early stages of development, which helps
to maintain the integrity of the membrane and stabilize the cell
wall [42-43].

Significant amount of P, K, Fe, Mn and many other plant
nutrients found in combination in VAS than C and CC. P
encourages tissue growth and cell division. It is connected to
the plant's intricate energy changes. Cytochromes, which are
essential for plant transpiration, are formed from Fe.
Chlorophyll is also produced with its aid. Mn regulates a
number of oxidation-reduction processes as well as
photosynthesis. The number of leaves rises because to the
increased nutrient content in VAS. S is also helpful for the
production of leaves. It is a crucial part of plant proteins. It is
essential for the stabilization of N, the production of
chlorophyll, and the activation of enzymes and vitamins. K
controls stomatal activity to control water usage.

Therefore, it can be concluded that high nutrient
availability in VAS responsible for highest no. of leaves in 5Y
VAS.

—— after 30 days —— after 45 days
after 60 days after 75 days
B —=after 90 days —@— after 120 days
160
140 -
4
2 120 A
o
5 100 -
2 80 -
[J]
&P 60 -
2 40 -
20 -
0
C cC Y 2Y 3Y A 5Y
Treatments

Fig 6 Average no. of leaves in tomato plant after 30, 45, 60, 75,
90 and 120 days in different types of treatments

Crop yield: Crop yield data for C, CC, and VAS are
represented in (Table 4). Crop yield is the agricultural
production that is harvested. It is directly related to the
flowering and fruiting of the plant. (Fig 7) represents the
average number of flowers per plant in C, CC, and different
treatments of VAS. The average number of flowers that turn
into fruit per plant in different treatments is reported in (Fig 8).

30 ——after 60 days after 90 days

= = N N
o (%] o [O,]
1 1 1 1

Average no. of flowers

(2]
1

o

C cC Y 2Y 3Y 4y 5Y

Treatments

Fig 7 Average number of flowers after 60 and 90 days in different
types of VAS treatments

25
@ after 90 days after 120 days
S 20
G
o 15
c
&
© 10
(]
S
5
0
C cC Y 2Y 3Y a4y 5Y
Treatments

Fig 8 Average number of fruits after 90 and 120 days in different
types of treatments

Table 4 Average crop yield of C, CC and different types of

VAS treatments
Treatments Averagg no. of Average fruit Avera}ge crop
fruits weight yield
Cc 7.60 60.1 456.76
CcC 13.66 62.22 849.92
Y 13.66 62.53 854.15
2Y 14.66 63.23 926.95
3Y 16.33 65.21 1064.87
4Y 18.66 67.58 1261.04
5Y 20.33 69.88 1420.66

Fruit weight measurements were also obtained in order
to evaluate yield and compare it between various treatments and
the control. Data shows that in the 5Y treatment, there were
more flowers, and the majority of those flowers were turned
into fruits in the same treatment. The addition of vermicompost
with transformed mineral waste also greatly boosted the weight
of the fruit. The crop yield was further increased by adding
converted mineral waste to the vermicompost. It has an impact
on fruit quality as well. The improvement in plant nutrition may
provide an explanation for the rise in yield. By applying various
doses of mineral-based fertilizer, the presence of macro- and
micronutrients in the stone waste increased the nutritional status
of value-added fertilizer, which may be the cause of the
improvement in crop production.

Micronutrients and macronutrients both serve important
roles in nutrition for increased quality and yield [44]. A crop's
yield quality can be greatly improved by applying
micronutrients and macronutrients in a balanced amount. Early
transition of plant parts from the vegetative to reproductive
phases, resulting in early flowering, may be caused by easy
uptake of nutrients and simultaneous delivery of growth-
promoting chemicals like cytokinins to axillary buds. These
factors may also disrupt apical dominance. In addition to
enhancing the physical condition of the soil, the use of both
organic and mineral fertilizers increases crop output. To
produce flowers and fruits, plants require a balanced source of
nutrients, including N, P, K, Ca, Mg, and S. Highest % of Mg
and Ca found in VAS. The pH of the soil and nutritional
imbalances or deficiencies can have an impact on a plant's
ability to flower and produce fruit. The enhancement of the
physiochemical properties of the soil and the achievement of a
balanced level of nutrients are the two factors that contribute to
the stimulation of flowering in plants treated with value-added
compost. The growth of fruits and flowers are also aided by
micronutrients.

Florigen hormone is responsible for flowering in plants.
It is produced in leaves and transmitted to the shoot apical
meristem, where it starts the flowering process, via the phloem
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[45]. The Ca ions bind to calmodulin in the florigen hormone's
mechanism of action, and the Ca?*CaM signalling system then
causes the expression of G1 mRNA or FT and CO mRNA. The
plant flowers as a result of the daytime buildup of G1 mMRNA,
or GI-CO-FT mRNA [46]. As a result, 5Y VAS produces the
more flowers because of its high Ca content, which favors early
flowering compared to C and CC. Mg is necessary for stress

Fig 11 Tomato plants growth after 60 days in (i) C, (ii) CC and (iii) VAS

tolerance, male fertility, and pollen generation. Both flowers
and fruits require potassium to grow. Disease resistance is
another benefit. It regulates how water is absorbed by the roots
and released through the leaves. A high P level promotes earlier
and more uniform crop maturity.

Growths of tomato plants at different time intervals are
shown in (Fig 9-12).

Fig 12 Tomato plants growth after 75 days in (i) C, (ii) CC and (iii) VAS

Fig 13 Tomato plants growth after 90 days in (i) C, (ii) CC and (iii) VAS

Biomass

Data in (Fig 15) shows the average biomass data of
tomato plant for C, CC and different types of VAS treatments.
The weight of living plant material that is present above and
below a specific unit of ground surface area at any given time
is known as plant biomass. To calculate the biomass of tomato
plants clipping and weighing method was applied. For this all
the tomato plants were carefully removed from the soil system
after full growth of the plant. The average difference between
the fresh plant weight and the weight after drying 48 hours was
used to compute the biomass.

It was found that there was a substantial difference
between plants growing in untreated soil and those treated with
vermicompost and value-added product. The increase in the
quantity of macronutrients, micronutrients, and growth
hormone necessary for the plant's optimum growth is
responsible for the increase in biomass of the plants treated with
vermicompost loaded with transformed mineral waste.

The variation in tomato growth, yield, and fruit quality
may be a result of genetic differences, and transformed
fertilizer, which can provide a variety of nutrients and enhance
the physical and biological characteristics of the soil, can
increase nutrient uptake, reduce nutrient losses, and improve
fertilizer use efficiency, which increases the soil's availability
of nutrients.

Fruit production and biomass were much higher in plants
treated with value-added product. The crop's health and
biomass are really attributed to several nutrient components
found in the recycled stone refuse. This provides solid evidence
that the soil's accessible minerals and organic extracts work
together to significantly boost biomass. The plants take up these
readily available nutrients from the soil, which stimulates
vegetative growth and output.

Fig 14 Tomato plants growth after 120 days in (i) C, (ii) CC & (iii) VAS

The catalyst for increasing biomass is the presence of
primary nutrients, secondary nutrients, essential nutrients, and
ultra micro nutrients in the mineral waste. An increase in P has
an impact on several different plant functions, including
photosynthesis, respiration, energy storage and transfer, cell
division, and cell enlargement. K is necessary for both the
absorption of water and the production of plant sugar for
consumption. K Promotes the growth of plants, (roots, fruits,
seeds, etc.). Ca is essential for maintaining cell integrity and
membrane stability.

60
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Fig 15 Biomass of C, CC and different types of VAS treatments

A number of enzymes involved in the metabolism of
carbohydrates and the creation of the nucleic acids found in the
chlorophyll molecule are activated by magnesium. A
phosphatic carrier is Mg?* From cell wall growth to respiration,
photosynthesis, chlorophyll creation enzyme activity, and
nitrogen fixation and reduction, micronutrients actively
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participate in plant metabolism activities. Micronutrients like
Mn, Fe, and others that are present in the value-added fertilizer
enhanced both the quality and output of the crop. In comparison
to C, CC, and other VAS treatments, biomass was increased in
5Y VAS due to all of these characteristics.

CONCLUSION

Waste from the soapstone industry is responsible for
environmental contamination, water pollution, land degradation
and infertility. XRF study revealed the presence of different
types of plant nutrients in this waste. In the raw form the
element present in this waste is in inert form and not easily
accessible to plants. This waste is chemically transformed into
value added fertilizer which is more easily plant accessible form
and cost effective and doesn’t create any type of environmental
pollution. XRF study showed that this converted fertilizer is
more nutritious than C and CC. Tomato plant is lack in Ca and
Mg, and this value-added compost is rich in Ca and Mg. When
applied to tomato plants, it was discovered that VAD performs
better than C and CC in terms of seed germination, plant height,

the number of leaves, crop production, and biomass. Due to the
highest quantity of nutrients available in the 5Y treatment, all
VAS treatments demonstrated the highest levels of vegetative
growth, crop yield, and biomass. As a result, it can be concluded
that recycling soapstone industry waste into value added
fertilizer and utilizing it to boost crop production can be a very
efficient strategy to stop environmental damage and find a
solution to the problem of how to dispose of soapstone
industrial waste. Additionally, it will support the economic
expansion of these industries and offer a cost-effective method
of meeting the crop's nutritional requirements.
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