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Study of Physico-chemical and Nutrient Status of the Soil in Chiraigaon Block,
Varanasi District, Uttar Pradesh

Abstract

A study was conducted to evaluate the soil fertility and their quality parameters of Chiraigaon
Block of Varanasi district Uttar Pradesh which is located at Latitude 25.3°N, and Longitude
is 82.9°E and at eIevation of 81m (AMSL) in the centre of Gangatic plain of Northern India

Block. Phy5|co chemicalprepertiesproperty anabysis—analyses showed average ‘bulk density
and particle density of 1.22 and 2.37 Mgma/m? respectively, whereas water holding capacity

ranged from 29.80 to 51.70 %, pH ranged from 7.1 to 8.3, EC ranged from.0.18.to 1.68 dSm™
and organic carbon content ranged from 0.21 to 0.76 % withlow organic carbon content in
70.37% of the soil samples. Macro-nutrient analysis showed ‘low to medium range for
nitrogen, phosphorus and sulphur with average values:of 24445 g kg ha™,14.78 Kg-kg ha™
and 10.60 mg kg respectively, whereas medium to high range of potassium (481.7 Kg kg ha
1) and high range of exchangeable calcium (11 82 MeqllOOg'l) and magnesium (9.89
and zinc with valuesr&nge— anging fromé$-3.08 to 56:1 mg kg-* and 0.58 to 19.62 mg kg-!
respectively, whereas-whith iron in th&medium to high range #er—rren—(S 1 to 72 mg kg-') and

high-range-for-availablewhile available coppery(2.2'to 4.08 mg kg-')was in the high range in
thetested samples. The current study'is expected to help the farmers of the study location in

providingguiding-techaiguesguidelines required for long-term soil fertility management and

yield reduction.
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Introduction

Soil gives medium for plant growth and support for animals and human activity. Soil health
reierred—refersto soil quality and is described as the continued potential of soil

they meet their nutritional requirements of plants [1]. Soil is the natural body of minerals and
organic constituents, which differentiated into horizons of variable depths below in
morphology, which differs from parent material, chemical composition, biological properties
and their physical makeup [2]. The plant needs essential nutrients for their completion of life
cycle, so deficiency of an essential nutrients element makes it impossible for plant to
complete their vegetative and reproductive stages of their life cycle. So it will be necessary to
analyse the soils to know the deficient nutrients and to add it in the right quantity.
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Requirement of macre-nutrientmacronutrients in plants is needed in relatively higher amounts
than ricro-putrientsmicronutrients [3].

Nitrogen is an important part of chlorophyll, nucleic acids, enzymes, amino acids and
proteins, which promotes root growth and induces vegetative growth. In plants,Phesgherus
phosphorus works as energy storage in plant, stimulates root development and seed
formation. Potassium acts as enzyme activator, it helps in disease and drought resistance in
plants, helps in stomata functioning;- and isalso helpful fe+-in theformation and translocation
of sugars;(carbohydrates). Ca, Mg and S are secondary nutrients which play a very important

is fortunately situatedwith-inthe fertile Indo-Gangetic plains region and, it is a significant
contributor to the food security of the nation.The Chiraigaon Block is placed—locatedin
therVaranasi district in Uttar Pradesh.

A good knowledge of the physio-chemical and nutrient status of the:soil is essential ts-to find
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the quantity and type of fertilisers and manures.or comp@st téibe Used inorder to improve soil
productivity, to-fing-the-guantity-and-ty i
ofa particular crop. It helps to avoid financial losses in,unnecessary fertilisers application. In
this context, the detailed soil survey of the Chiraigaonblock of 6 (differentvillages

MATERIALS AND METHODS

Description of Study:L ocation

Chiraigaon black is'one among the 8 blocks in Varanasi district which is located in the centre
of the:Gangetic plain of northern India, in the eastern part of the state of Uttar Pradesh, at an
elevation of 80.71 meters—metres form mean sea level [6]. From Chiraigaon block 54

Umaraha, Khanpur, Bariyasanpur, Sivon, Paterwan_and;Sathwa.
ii. Weather and Climate

The climate of Chiraigaon block of Varanasi is mild and generally warm and temperate. The
rainfall in Varanasi is significant, with precipitation even during the driest month. The
Kdppen-Geiger climate classification is Cfa [7]. In Varanasi, the average annual temperature
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is 25.7 °C and the annual rainfall around 982 mm with the lowest precipitation in April
(average of 6 mm) [8].

iii. Soil Characteristics

The soils of Varanasi districts resembles that of the alluvial plains of river Ganga and varies
from sandy, sandy loam, clay loam, sodic or saline soil, wasteland and ravines. The soil
fertility status ranges from moderate to poor. The major cropping patterns followed in the
district are rice.- maize, wheat,-mustard, barley, vegetables.

Method of sampling and processing

Collection of Soil Samples

The soil samples were collected randomly from each of the villages of Varanasi districts from ‘

of soil samples were collected from each site.

Processing of soil samples

in a labelled polythene bag and bring—intransported to the laboratory for -

furtheranalysisanalyses.

pH, electrical conductivity, water holding capacity and organic carbon were determined in the

collected soil samples.

Determination of Particle Density and Bulk Density

The ecllected-seil-samplesofparticle density and bulk density were determined by the help
of Pycnometerwhich-was-suggestsas described by Black (1965).

Ws

Particle density = W2rws)w3

Where, 'Ws = Mass of soil
W, = Mass of pycnometer + water

W3 = Mass of pycnometer + water + soil

Mass of the soil
Volume of the soil

Bulk density =

Determination of Water Holding Capacity
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Water holding capacity of the soil samples were done with—the—help—efaccording to
Piper’sMethod (1966), by using following equation—:

Water Holding Capacity (%) = % X 10‘0

oxidation, using the formula-

(B=C)
Weight of the soil

% Organic carbon = Organic Carbon X 0.0003 X 100

B = Volume of 0.5N ferrous ammonium sulphate needed for titration of soil
sample (reading with soil).

Determination of Available Nitrogen

The available nitrogen in soil was determined with the help of a Kjeldahl semi auto-analyser
which was given-describedby Subbiah and Asija (1956).

(S-V)x0.02x 14 %x2.24 %106
1000x%5

Available N (kg ha") =
Where, S = Sample titration reading

V = Blank titration reading
Determination of Available Phosphorus

Estimation of available Phospherus-phosphorus content in soil samples was determined by
Olsen’s method for neutral and alkaline soil using 0.5 M NaHCO3-NaHCOssolution (pH 8.5).

Determination of Available Potassium

Estimation of available potassium in soil samples was done with the help of Flame-a flame
photometer (Schollenberger and Simon,
acetate.

Determination of Exchangeable Calcium

The estimation of exchangeable calcium in soil sample was determined by use of neutral
normal ammonium acetate solution which was givea-describedby Jackson, 1973.

~| Comment [A28]: So many people make the

mistake of using mass and weight as synonyms, that
| think you should say what wet wt stand for, as you
did in the density formula.

{ Comment [A29]: Not in your reference list }

Comment [A30]: | think that these instruments
(EC an pH) are so common now, you do not have to
give a citation. But you have to say what you used
in the soil slurry for pH, since some people use KCI
and other use H20.

- [ Comment [A31]: Notin reference list J
~| Comment [A32]: Neutralize is American,
neutralise is English.

Formatted: Font: (Default) +Body, 11 pt,
English (United States), Not Superscript/
Subscript, Pattern: Clear

Comment [A33]: Which forms of nitrogen is
measured here? | think you need to say. Organic on
non-organic or both?

Comment [A34]: Reference? Since there are
other ways to determine P

{ Formatted: Subscript J

/| Comment [A35]: Not in your reference list.

Again, | think you should rather say which make of
flame photometer you used, since | think the
method is quite standard. This from the internet:
“flame photometry” is a traditional instrumental
analysis method

Comment [A36]: | understand the ‘neutral’

*| though I thought that neutral is usual for

ammonium acetate. But what is meant by ‘normal’
since | doubt that it can be abnormal?

Comment [A37]: You need a reference number
that will be the number in the reference list




R X Normality of EDTAX 1000
Aliquot (ml) taken

Amount of Ca + Mg{Mg (Meq L) =

: 100 Extracted Volume (ml)X Cain Meq L_1
Soil wt.(g) 100

Amount of Ca + Mg (Meg/100g™) =

Amount of Mg (Meq L™) = Ca + Mg (Meq L™) - Ca (Meq L™)

Where, R= VVolume (ml) of standard EDTA used in titration

Determination of available sulphur

Estimation of Sulphussulphur in the soil by Turbidity method (Chesnin and Yien, 1950).
- 1\ 50 1
Available Sulphursulphur (mg Pégm‘ )=RX X7

Where, R stands for S content in pg as read on X-axis

Available micronutrients

Cationic micronutrient iron, zinc, copper and manganese in the soil samples were measured
on the atomic absorption spectrophotometer.

Evaluation of soil nutrient status

To compare the levels of soil fertility of one area with those of another area soil fertility then
it was necessary to obtain a single value for each nutrient. Nutrient index (N.I) value is a
measure of nutrient supplying capacity of soil to plants.

Nutrient Index (N.1.) = (NL x1 + NM x 2 + NH x 3) / NT

Where, NL Indicates number of samples falling in the low class of nutrient status
NM Indicates number of samples falling in medium class of nutrient status

NH Indicates number of samples falling in the high class of nutrient status

Results and Discussions

Bulk Density
This sStudy showed that the bulk density of soil samples values-ranged from 1.08 to 1.6 Mg

observed in Sivo village whereas the lowest bulk density was observed in the Paterwan
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village. This study showed that the bulk density depends-dependedon the consolidation of the
soil and compaction, but it is-wasnegatively correlated to the organic content. Similar results

Tablel: Statistical Analysed Data on Physico-chemical Parameters of Soil.
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Soil Parameter Mean Range S.D. (%) C.V (%) actually measured.

Bulk density (M-gmg#m;g) 1.22 1.08 -1.66 0.11 9.42 {Comment [A48]: Not necessary to put the date }
Particle density | 2.37 2.08-2.67 0.12 5.19 LU0 LS le A e

(Mgmg/m-®)

Water holding capacity | 40.12 29.80-51.70 |5.40 13.60

(%)

pH 7.52 7.10-8.30 0.30 4.00

Organic carbon (%) 0.59 0.24-0.95 0.19 33.35

EC(dSm™) 1.45 0.18-2.85 0.47 33.05

Particle Density

The particle density values ranged from 2.08 to 2.67 Mg-mom?® with a mean value of

2.37 Mg-mg m*Table 1). The standard deviation of particle density is-was0.12 and the v

Water Holding Capacity

Soil samples* collected from study locations showed water holding capacity from 29.80 to
51.70 %, with an average value of 40.12 %. The standard deviation of water holding capacity
is—was5.4 and the coefficient of variation is—wasl13.6%. The resultsshews—showedthat

Sueh-a-simiar-Similarresults were also reported by Tale and Ingole2645)[10].
Soil pH

The values of:pHranged from 7.1 to 8.3, with a mean value of 7.52 with an SD value of 0.30
and a CV value of 4.0 % _(Table 1). The pH of the cultivated lands of the Chiraigaon block of
Varanasi district shewed-wasmostly (59.25 %area) slightly alkaline in reaction, while11.11 %

reaction. The neutral to alkaline pH may be attributed to the reaction of applied fertiizer

fertiliser material with soil colloids, which resulted in the reaction of basics cation on the -

Soil EC

The EC of soil samples ranged from 0.18 to 1.68 dSm™ with an average value of 0.57 dSm™
with standard deviation and coefficient of variation of 0.24 and 43.70 %, respectively. The

12.96 % of the samples were slightly higher than the permissible range [11].
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Soil Organic Carbon

As shown in Table 1, The-the organic carbon content of soil samples ranged from 0.21 to
0.76 %, with a mean value of 0.45 %. The standard deviation of organic carbon content was
0.11, and the coefficient of variation was 25.06. The lowest organic carbon value was
observed in the Sion village whereas the highest value observed in Paterwan village of
Chiraigaon block. The majority of the soil samples was found to be ia-low in organic carbon
(70.37 %) content which might be due to low moisture content in the soil and high
temperature, which could inereasincrease decomposition processed by microorganisms and
enzymes and decreases the accumulation of organic matter in the soil.

AvialableAvailable Nitrogen

Nitrogen content in soil samples ranged from 163.07 to 305.21 kg ha™ with a:mean value of
244.15 kg ha(Table2). The standard deviation and coefare you.going ficient of variation of
the available nitrogen were 42.02 and 17.21 %, respectively. The lowest nitrogen content was
observed in the-Bariyasanpur while the highest nitrogen content was in.Sion village. The
study-region-showed-nitrogen content of the soils in the study.regiof:is low, probably due to

Table2: Statistical Data on Primary Macre-putrientMacronutrients of Soil.
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Phosphorus (kg ha™ 14.78 8.8 - 22.09 3.80 25.71
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Available Phosphorus

Available phosphorus content of soil samples were-ranged from 8.8 to 22.09 kg ha™ with an
average value of .14.78 kg ha™. The lowest value of phosphorus content was observed in

Available Potassium

AvaiableAwailable potassium content of soil samples-were-ranged from 111.98 to 305.43 kg
ha with a mean value of 229.11 kg ha™ (Table 2). The lowest phosphorus centent-value was
observed -at Paterwan, while the highest was r-atSathwa village, with SD and CV value of
51.05 and 22.28%, respectively. Fhe-In the study region, potassium content is high, may be
due to elite, rich potassium minerals found in the soil [14].

4.1.3 Status of available secondary Macre-nutrientMacronutrients in the soil

Available Calcium
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Calcium content of soil samples ranged from 6.2 to 19.3 Meg/100g™ with a mean value of
11.82 Meq/100g~*(Table3). The lowest calcium content was observed in Patrewan village,
while; the highest calcium content was observed in Umraha village. High calcium content
was observed for all locations uader-in thisstudy.

Table 3: Statistical Data on Secondary Macro-nutrientMacronutrients of Soil.

Soil parameters Range Mean SD+ C.V (%)
Magnesium (Meg/100g™) | 2.9 -18.1 9.89 3.04 30.80
Calcium (Meg/100g™) 6.2-19.3 11.82 3.13 26.49
Sulphur (mg kg™ 34-158 10.60 244 23.06

Available Magnesium

Magnesium—The magnesium content of the soil samples axere—ranged from 2.9 to 18.1
Meq/100g™~ with a mean value of 9.89 Meq/100g”. Table 3). The lowest calcium content was

observed in-atKhanpur village, whereas the highest value was observed in-at Sathwa village.
Out of 54 soil samples collected, 100% were in the high range, and fe-none of the samples

Available Sulphur

As can be seen in Table 3, Sthe sulphur content of the soil samples were-ranged from 3.45 to

observed in the Khanpur village, while the:highest was in Bariyasanpurvillage. Out of 54 soil
samples collected, 42.59%:.0f the“samples were in low sulphur status, 57.41% were in

4.1.3 Status of available secondary Micro-nutrientsMicronutrients in the soil

Buring—thelnintensive cropping systems, the use of harmful fertitizerfertilisersand high
yielding crop-varieties leads to micronutrient deficiency in the soil, so it is necessary to
monitor the micronutrients (Fe, Cu, Zn, are-Mn) concentration in the soil. The analysed data
of the:micronutrients of soil are given in Table4.

Table 4: Statistical Data on Available Micre-nutrientsMicronutrients of Soil.

Soil parameters Range Mean SD+ C.V (%)
Available Fe (mg kg') | 5.18-72.0 29.41 13.42 45.65
Available Cu (mg kg?) | 2.20-4.08 3.14 0.51 16.27
Available Zn (mg kg?) | 0.58-19.62 7.89 5.32 67.46
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Available Mn (mg kg™*) | 3.08-56.18 26.37 9.68 36.74

Available Iron

The soil samples' iron content ranged from 5.1 to 72 mg kg™ with a mean value of 29.41 mg
kg™. The lowest Fe content was observed in-atUmraha village while the highest Fe content
was in-atKhanpur village. Of the soil sampled9.25 % of the soil-samples-were in medium

Available Copper

The values of copper content-in the studied samples-were ranged from 2.2 t6:4.08 mg kg™
with a mean value of 3.14 mg kg™(Table 4). The values of standard deviation and coefficient

of variation of Cu were 0.51 and 16.27 %, respectively. Out.of total 54.soil-samples, 100 %
of samples were high in available copper content as per the:critical limit suggested by

Available Zinc

The vWalues ef-for Zn eentent-in the soil samples ranged from 0.58 to 19.62 mg kg'1 with a
mean value of 7.89 mg kg™(Table 4), The values of:standard deviation and coefficient of

variation of zinc were 5.32 and 67.4.%, respectively. Out of 54 soil samples, 88.88% of the |

‘ samples were in-high in zinc,content -and-9.28% werefoundhad medium in-levels ofZn

Available Manganese

Valtes-efmanganese-Mangahese econtent in the studied soil samples ranged from 3.08 to 56.1
mg kg™ with an average value of 26.37 mg kg™(Table 4). The values of the standard deviation

and coefficient of variation were 9.68 and 3674%respect|vely "" 96.29 % of Of the
soilssamples-sampled,are-96.29 % were high in available Mn—centent, and 3.70 % of the
samples arewere.at the low level of Mn content (as per the critical limit suggested by

Lindsay and Norvell, £978-[17].

4.1.6 Soil.nutrient index value

The nutrient index approach is used to calculate the nutrient supplying capacity of soil to
plants. This index is-measures soil fertility status based on the sample percentage in each of

Table5: Nutrient Index (NI) Values of Chiraigaon block of Uttar Pradesh.

|| &-No. | Available nutrient | Available nutrient | Category |
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1 Nitrogen 1.29 Low
2 Phosphorus 1.64 Low
3 Potassium 1.96 Medium
4 Sulphur 157 Low
5 Calcium 131 Low
6 Magnesium 3.00 High
7 Iron 2.90 High
8 Copper 3.00 High
9 Zinc 2.80 High
10 Manganese 2.92 High
Conclusion:

Based on the experimental results, it is concluded that, in the soils ofChiraigaon block of
Varanasi dlstrlct n-has-been—f-oernd—thatbulk den5|ty was negatlvely \correlated\ Wlth organic {Comment [A71]: Didyou do a correlation? Then}
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