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ABSTRACT
Textile industries are the most environmentally unsustainable industry due to the consumption of
a lot of fresh water during textile processing and the effluent of a large quantity of highly
polluted wastewater after textile processing. Due to the unavailability of fresh water, textile
effluent is utilized in agricultural practice. Textile wastewater contains a high amount of
chemicals and colours. Hence, fertile agricultural land turns into the barren soil.
Nanotechnology can resolve this problem by treating textile wastewater positively. In this study,
we examined the effects of textile wastewater on the germination of wheat seeds. On the other
hand, we also observe the effectiveness of ZnO NPs in the treatment of textile wastewater and

seed germination rate in this water.
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INTRODUCTION
The textile industry uses a lot of fresh water.
Water is needed for many processing steps in
textile industries, and as a result, a large
amount of wastewater is produced. To combat
the increasing demand for fresh water and
shortage of fresh water, textile wastewater is
used in agricultural land instead of disposing
(Lellis et al., 2019; & Singh et al., 2021).
Textile wastewater is enormously used to
irrigate agricultural land because of a shortage
of freshwater. The untreated industrial
wastewater used in agricultural activities can
harm the soil environment, soil fertility, and

the food chain (Singh et al., 2021, & Mohan &
Shukla, 2022).

Kanan et al. (2014) reported that
textile wastewater changed the physiochemical
parameters of water and soil. Textile
wastewater changes the salinity and sodality of
soil, which affects crop production. It also
changes water quality by changing the pH,
temperature, BOD, COD, turbidity, and TDS
(Total dissolved solids) of water bodies.
Begum et al. (2011) observed that the intake of
vital plant nutrients was antagonistically
impacted by contaminated water.
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Rice plants could not properly absorb nutrients

from textile wastewater, which affected the
growth and output of rice.

Najam-us-Sahar et al. (2017) also
reported the negative impacts of textile
wastewater on wheat plant growth and crop
productivity (Triticum aestivum L.). Textile
wastewater also affects seed germination, plant
biomass, shoot and root growth, chlorophyll
and carotenoid contents, photosynthetic rate,
etc. (Kaushik et al., 2005; Garg & Kaushik,
2008, & Khan et al., 2011). In soybean crops,
textile effluent water affected the crop at all
stages of seed germination, seedling growth,
shoot and root length, root nodules, number of
lateral roots and leaves, and total chlorophyll
content (Ravi et al., 2014).

Pokhriya et al. (2020) reported that
textile wastewater irrigated agricultural land
showed a reduced bacterial population and
dehydrogenase enzyme activity in the soil.
Soil changes are directly correlated with soil
health and crop yield production. Any
physiochemical change in the soil also affects
soil fertility and soil characteristics, resulting
in barren or reduced productivity.

Roohi et al. 2016; described that
textile wastewater altered soil's biological
health and physiochemical properties, which is
directly related to agricultural productivity.
Untreated textile wastewater also affects the
nutrients and mineral absorption capacity of
plants (Begum et al., 2016). Mehdi et al.
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(2012) examined the effects of textile

wastewater on seed germination, crop vield,
nutrient uptake, and soil characteristics.
Results support the negative effects of textile
effluents on crop and agricultural land. All
these factors affect agricultural land and crop
production.

Biological, physical, and chemical
processes are also available for wastewater
treatment, but the huge quantity of
contaminated water and the slow process of
remediation, which is costly, make them
insufficient methods for wastewater treatment
(Robinson et al., 2001). So the consumption of
industrial effluent in the irrigation of
agricultural lands is increased with increasing
food demands and shortage of freshwater
(Holkar et al., 2016). With the harm to
agricultural land and crop yield, irrigation with
contaminated water also affects the ecosystem.
Heavy metals and other chemical compounds
accumulate in plant parts, transfer through the
food chain, and become part of the food cycle
(Singh et al., 2021).

Nanotechnology is a multidisciplinary
field focused on healthcare, electronics,
agriculture, energy, material sciences, and
environmental protection (Tourinho et al.,
2012). It has the potential to revolutionize
agriculture by enhancing  productivity,
sustainability, and soil efficiency (Ghormade
et al., 2011). Fig. 1 shows some of the key
applications of nanotechnology in agriculture.

Precision Biotic
Farming abiotic stress
mitigation
Plant growth Wastewater
treatment
PEGHIOEED Nanotechnology
in Sustainable
Water $9il :
Management conditioning
Nano-
herbicides &
Nano- Natoo
fertilizers pesticides

Figl. Various roles of nanotechnology in sustainable agriculture
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Zn0O nanoparticles are good photocatalysts and
also absorb pollutants on their surface. ZnO
NPs can be used for the treatment of not only
textile industry wastewater but also other
industrial and municipal wastewater (Desa et
al., 2019). Runoff of wastewater and addition
into water bodies, such as ponds, lakes, rivers,
and finally, the ocean, is responsible for
aquatic as well as terrestrial ecosystem
pollution. Treatment of wastewater reduces the
hazards of various pollutants such as heavy
metals, dyes and other chemical compounds
(Sadig et al, 2021). In our previous
experiments, ZnO NPs photodegraded textile
wastewater and made them more useful for
further use. In this experiment, we observed
the effects of textile industry wastewater and
ZnO NPs treated water on wheat seed
germination.

Several types of research have
examined the impacts of wastewater on crop
yield and soil health. In this study, we assessed
the impact of textile wastewater on seed
germination capacity, along with the role of

Heat using stirrer heater
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different conditions
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ZnO nanoparticles in purifying textile
wastewater and seed germination capacity in
ZnO NPs treated textile wastewater.

MATERIALS AND METHODS
Wheat seeds were purchased from the local

grain market of Jaipur. Seed feasibility was
examined using the TTC (2,3,5 triphenyl
tetrazolium chloride) method. The wheat seeds
were 100 per cent viable. The seeds were
washed off under tap water after that, distilled
water to remove dust particles and other
contaminants. Seed germination experiment
performed in Petri dishes.

Textile  wastewater  was
collected from the Sanganer textile industrial
area, which we used in our previous studies.
Green ZnO NPs treated textile wastewater
collected from our previous photocatalytic
experiments and stored for further utilization
for their effects on seed germination
experiment (Rajani et al., 2023). For the
control conditions, tap water was used as
freshwater for seed germination.

ZnO NPs powder

Dry at 400 0C using
muffle furnace

ZnO NPs treatment to
textile wastewater

Fig. 2 Process of green ZnO NPs synthesis, textile wastewater treatment and seed germination experiment
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2. Experimental Setup

Three sets of experiments were implemented

in triplicate to evaluate seed germination

capacity in different conditions-

a. Control condition (freshwater),

b. Textile wastewater and

c. Textile wastewater treated with green ZnO
nanoparticles.

After photocatalytic degradation of textile

dyes, the ZnO NPs-treated water was collected

for the seed germination experiment. The

nanoparticle-treated water was subjected to

centrifugation to remove ZnO NPs (Fig. 2).

After centrifugation, ZnO NPs settled down in

the bottom, and the supernatant was collected

to obtain nanoparticle-free water.

Seed germination experiment
performed in Petri plates. Blotting paper was
cut down into the size of Petri plates and
placed into Petri plates. Three Petri plates with
blotter soaked into each in one type of water.

1 12. 5
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Some seeds of wheat (15 seeds) were put into
each Petri plate and left for germination. Seed
germination was observed after every 12 hours
of intervals. The blotting paper was also kept
wet from time to time by soaking them in their
sample water. This experiment was performed
in October month, and the temperature was
optimum (around 27 °C) for wheat seed
germination.

Observations
Seed germination was observed after 12 hours

of time intervals (12, 24, and 36 hours). Wheat
seeds started to germinate only after 24 hours
in fresh water and textile wastewater treated
with green ZnO nanoparticles, but no
germination  was  observed in  dye-
contaminated water. Textile wastewater
treated with green ZnO nanoparticles acts as
freshwater, and the results were almost similar
to freshwater.
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Fig. 3 (1-3): Wheat seed germination experiment at 0, 24 and 36 hours. (A) Freshwater (B) ZnO NPs
treated textile wastewater (C) Textile wastewater
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Fig. 4 Seed germination percentage in all three conditions viz. freshwater, ZnO NPs treated textile
wastewater, textile wastewater

After 36 hours, seedings were continuously
elongated in fresh water and textile wastewater
treated with green ZnO nanoparticles.
However, seeds started to germinate in dye-
contaminated water after 36 hours. It was
observed that dye-contaminated water slows
down the germination process. A high pH of
textile wastewater also affects or reduces the
germination rate of seeds.

The results suggested the efficacy of
green ZnO NPs in textile wastewater
treatment. Treatment of textile wastewater
with biosynthesized ZnO nanoparticles makes
dye-contaminated water more approachable,
useful, less toxic, and safe for agricultural use.

RESULT AND DISCUSSION
The results of seed germination capacity
experiments in different conditions, viz.,
control  conditions  (freshwater), textile
wastewater, and textile wastewater treated
with green ZnO nanoparticles, showed a
reduction in germination in textile wastewater.

Sprouting of wheat seeds started after
24 hours of soaking in freshwater (Yang et al.,
2011). In this study, the wheat seeds

Copyright © Sept.-Oct., 2024; IJPAB

germination ratio in freshwater and ZnO
nanoparticles treated wastewater was almost
similar. Seeds started sprouting after 24 hours
in both freshwater and ZnO nanoparticles
treated wastewater (Fig. 3). After 36 hours,
wheat seeds showed a 100% germination rate
in both freshwater and ZnO nanoparticles
treated wastewater. In dye-contaminated
wastewater, seeds showed a reduced
germination rate and required more time to
germinate. After 36 hours, only 70% of the
seed germinated (Fig. 4). Results showed that
dye-contaminated wastewater also slowed
down the seed germination and growth of
seedlings as compared to freshwater and ZnO
nanoparticles treated wastewater. In this
experiment, ZnO NPs were removed from
water by centrifugation. Some research
showed the negative impacts of nanomaterials
on seed germination and seedling development
(Lin et al., 2007, & Yaqoob et al., 2018).
However, some findings claim positive
impacts of nanoparticles on seed sprouting and
plant growth (Baz et al., 2020, & Guo et al.,
2022).
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Tablel. Wheat seed germination in fresh water, textile runoff water and ZnO NPs treated water

Time Seed Germination in three Different Conditions

duration Fresh Water

Textile Runoff Water

ZnO NPs treated Water

0 hour No germination

No germination

No germination

24 hours Seeds start sprouting

No germination observed

Seeds start sprouting

36 hours All seeds sprouted

Only some seeds start

All seeds sprouted

sprouting (Delayed Sprouting)

Textile polluted wastewater affects seed
germination and seedling growth of some
winter crops, viz. Raphanus sativus, Brassica
campastris, and Brassica napus compared to
freshwater (Rehman et al., 2009). Textile
effluents also affect the soil bacterium, which
is directly related to soil health and crop yield
(Khan & Malik, 2018). Many researches
showed the effects of textile wastewater on
seeds of Glycine max (soybean), Cicer
arietinum L., Vigna radiata seeds germination
and seedling growth (Yousaf et al., 2010;
Rathod et al., 2015, & Kothari et al., 2022).

In  our previous study, these
nanoparticles  also  showed  excellent
antioxidant, antibacterial, and photocatalytic
activity (Rajani et al., 2023). Green synthesis
of zinc oxide (ZnO) nanoparticles involves
eco-friendly methods that use natural, non-
toxic materials and processes. Numerous
properties of green ZnO NPs make them more
suitable and a key point of interest for
scientists to make a more effective product in
less effort.

CONCLUSIONS
In our study, it is concluded that textile

wastewater  negatively  affected  seed
germination, seedlings growth as well as crop
production. ZnO  nanoparticles  treated
wastewater did not affect seed germination.
ZnO NPs treated wastewater is almost
equivalent to freshwater. So it can be proven
that the treatment of textile wastewater with
ZnO NPs can be a better alternative instead of
the direct use of textile wastewater as
agricultural land irrigation. Results provide an
idea for the better usage of textile wastewater
after being treated with green ZnO
nanoparticles to make it safer and more useful
for  agriculture.  Besides this, green
nanotechnology can reduce the risk of
Copyright © Sept.-Oct., 2024; IJPAB

nanotoxicity and provide an eco-sustainable
approach to water treatment.
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