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ABSTRACT

The present investigation was to determine whether it would be feasible to grow Spinach in amended soil
utilising sewage sludge and fly ash. Different types of nutrients and heavy metals are found in both soil
amendments and for growth of the plant and crop yield they are used as ameliorate in acidic soils. In the
research trail, soil properties like Bulk density, Particle density and pH are found to be non-significant and
Pore space, Water holding capacity, EC, OC, Nitrogen, Phosphorus, Potassium, Iron, Manganese, Zinc and
copper are found to be significant. The nutrient index was also examined and it was identified that the Fe
has a low fertility nutrient status followed by OC, N, K, Mn with medium fertility nutrient status and P, Zn,
Cu with high fertility nutrient status.
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Introduction

Spinach (Spinacia oleracea L.) is one of the most valu-
able green vegetable which contains essential nutri-
ents. Because of its many health advantages, such as
serving as a source of iron, vitamins, and nutrients,
it is widely farmed over the world and is advised by
contemporary nutritionists. Spinach leaves include a
number of vitamins, including vitamins A and C, as
well as antioxidants including lutein, zeaxanthin,
and alpha-carotene (Swain et al., 2020).

By applying sewage sludge to the soil, it is pos-
sible to recycle nutrients and maybe do away with
the requirement for artificial fertilizers on agricul-
ture. Sludges are organic fertilisers, therefore over
time the soil’s fertility increased. However, it may
affect the soil’s characteristics, particularly if it con-

tains significant levels of metals and harmful sub-
stances.

Fly ash is valuable materials for agriculture and a
good soil ameliorate. The addition of Fly ash in soil
improves or changes various physical and chemical
characteristics of soil. Fly ash is used in clayey soil
considerably reduced bulk density and WHC. Fly
ash is mixed into soil for increasing soil porosity and
soil drainage and mobility of nutrients (Basha et al.,
2018).

Sewage sludge may be beneficially used in agri-
culture which contains some elements like P, Ca,
Mg, Fe, Zn, Mn, Cu when added to the soil it helps
to improve the soil physicochemical properties and
also useful for agricultural production. Fly ash con-
tains all important metals needed for plant growth
and its metabolism except organic carbon and nitro-
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gen. It includes some of the important elements like
Si, Ca, Mg, Na, K, Cu, Co, Fe, Mn, Mo, Ni, Zn, B and
Al (Tsadilas et al., 2009). It was found that applying
Sewage sludge and Flyash simultaneously may in-
crease the positive impact of applying these two by-
products to the soil (Saima et al., 2016).

Materials and Methods

a) The experiment Research Farm of SSAC,
SHUATS, Prayagraj, Uttar Pradesh. The experiment
was analysed by randomised block design with 12
treatments and 3 replications. The treatments com-
prises of three levels of sewage slugde, i.e. 0.13 and
26 kgha-1 also levels of fly ash taken 0, 26 and 52
kgha-1 with or without NPK. The soil samples are
collected randomly after harvest of spinach from
two depths. The soil is characterized after incorpo-
ration of Sewage sludge and flyash and the proper-
ties

Weight of oven dried soil (Mg)
b) Bulk density (Mgm-3) =

Volume of soil (m-3)

Mass of soil solid (Mg)
c) Particle density (Mgm-3) =

Volume of solids (m-3)

Bulk Density
d) % pore space = (1-) × 100

Particle Density

Vol. of water absorbed by soil
d) Water holding capacity = × 100

Vol. of soil taken

In chemical parameters through method by-
e) Soil pH - by using Digital pH meter of globe in-

struments given by (Jackson, 1973)
f) Soil EC (dSm-1)-Digital EC meter of globe instru-

ments.
g) Organic Carbon (%) - through titration given by

Walkley and Black method (1934)
h) Available Nitrogen (Kg ha-1)-Kjeldhal Method

(Subbaih and Asija, 1956)
i) Available Phosphorus (Kg ha-1)- Colorimetric

method by using Jasper single beam U.V Spec-
trophotometer at 660 nm wavelength.

j) Available Potassium (Kg ha-1)- Flame photomet-
ric method by using Metzer Flame Photometer.

k) Available Fe, Mn, Zn and Cu (ppm)- Atomic
Absorption Spectrophotometer by instrument
perkinelnmer given by (Lindsay and Norwell)

The nutrient index was calculated using the for-
mula below for the soil samples examined.

Nutrient Index (N.I) = (Nli 1 + Nm i 2 + Nh i
3)/Nt

Where, Nl= represents the number of samples
with a lowlevel nutrient status
Nm = represents the number of samples with a me-
dium level nutrient status
Nh  = represents the number of samples with a high
level nutrient status
Nt= represents the total number of samples analysed
in specific area.

Results and Discusion

a) Nutrient Index of Soil

As depicted in the Table 1, the soil nutrient index af-
ter application of sewage sludge and fly ash resulted
that the soil organic carbon in soil is medium, Avail-
able nitrogen is is medium. Available phosphorus is
is medium, Available potassium is high, Available
Iron is low. Available Manganese is medium, Avail-
able Zinc is 2.08 (2020) which indicates that nutrient
status of soil is high and Available Copper is high
(Amar et al., 2020).

Table 1. Soil Fertility Nutrient Index due to application of Sewage Sludge and Flyash

Soil Chemical Properties Soil Nutrient Soil Nutrient Soil Nutrient Soil Nutrient
Value  Index  Value  Index

(2020) (2021)

Organic Carbon (%) 2.08 Medium 1.83 Medium
Nitrogen (kg/ha) 1.5 Medium 1.91 Medium
Phosphorus (kg/ha) 1.66 High 1.75 High
Potassium (kg/ha) 1.91 Medium 2.08 Medium
Iron (Fe) 1.91 Low 2 Low
Manganese (Mn) 2.25 Medium 2.25 Medium
Zinc (Zn) 2.08 High 1.66 Medium
Copper (Cu) 1.83 High 2.16 High
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Physical Properties of soil

As depicted in the Table 2, shows that the effect
of sewage sludge and flyash on the physical
properties of soil at both depth in both the years.
The B.D (mg/m3) was non-significant at both the
depths and in both the years which was maxi-
mum in 1.34 in 2021 at 15-30 cm and minimum
was 1.08 in 2020 at 0-15 cm. The PD (mg/m3)
was non-significant in both the depths and in
both the years which was maximum in 2.48 in
2021 at 15-30 cm and minimum was 2.12 in 2020
at 0-15 cm. The Pore-space (%) was significant in
both the depths and in both the years which was
maximum in 50.52 in 2021 at 15-30 cm and mini-
mum was 43.1 in 2020 at 15-30 cm. The WHC (%)
was significant in both the depths and in both
the years which was maximum in 59.89 in 2020
at 0-15 cm and minimum was 47.32 in 2021 at 15-
30 cm (Yeledhalli et al., 2008).

Chemical Properties of soil

As depicted in the Table 3, shows that the effect
of sewage sludge and flyash on soil chemical
properties.The pH was non-significant in both
the depths and in both the years which was
maximum in 7.62 in 2020at 15-30 cm and mini-
mum was 7.01 in 2020 at 0-15 cm. The EC (dSm-

1) was significant in both the depths and in both
the years which was maximum in 0.41 in 2021 at
15-30 cm and minimum was 0.24 in 2020 at 15-30
cm. The OC (%) was significant in both the
depths and in both the years which was maxi-
mum in 0.78 in 2020 at 0-15 cm and minimum
was 0.43 in 2020 at 15-30 cm. The Nitrogen (kg/
ha) was significant in both the depths and in
both the years which was maximum in 430.02 in
2021 at 0-15 cm and minimum was 240.68 in
2020 at 15-30 cm. The Phosphorus (kg/ha) was
significant in both the depths and in both the
years which was maximum in 46.64 in 2020 at 0-
15 cm and minimum was 18.75 in 2021 at 15-
30cm. The Potassium (kg/ha) was significant in
both the depths and in both the years which was
maximum in 335.21 in 2021 at 0-15 cm and mini-
mum was 173.78 in 2021 at 15-30 cm.

Available Micro-nutrients in soil

As depicted in the Table 4, shows that the effect
of sewage sludge and flyash on soil micronutri-
ents. The Iron was significant in both the depths
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and in both the years which was maximum in 38.367
in 2021 at 0-15 cm and minimum was 4.4 in 2020 at
15-30 cm. The Manganese was significant in both the
depths and in both the years which was maximum
in 27.132 in 2021 at 0-15 cm and minimum was 5.42
in 2020 at 15-30 cm. The Zinc was significant in both
the depths and in both the years which was maxi-
mum in 3.717 in 2021 at 0-15 cm and minimum was
1.01 in 2020 at 15-30 cm. The Copper was significant
in both the depths and in both the years which was
maximum in 4.557 in 2021 at 0-15 cm and minimum
was 1.12 in 2020 at 15-30 cm (Singh et al., 2008).

Conclusion

The research study has revealed that the use of sew-
age sludge and fly ash has improved the soil
physico-chemical properties, the combined use of
FA and sewage sludge has been proposed to reduce
the bioavailability of heavy metals these ameliorant
has potential liming capabilities, decreasing pH and
having a long-term residual effect. It can be seen as
a slow-release supply of components needed for
plant growth, as well as a good source of nutrients
required for plant growth.
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