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1. Introduction

ABSTRACT

A pot culture experiment was used to determine the suitability of five chemical
extractants for nitrogen estimation: 2N KCIl, hydrogen peroxide, acid dichromate, alkaline
permanganate, and organic carbon. For this reason, soil samples with a range of
physicochemical characteristics were gathered from nine (9) sites in the Kashmir Valley
where onions are grown. Four doses of Nitrogen (0, 50, 100 and 120 kg ha) were used and
two onion seedlings per pot were grown in order to calculate Bray’s percent yield at the time
of harvesting. The results revealed that the relative efficiency of five chemical extractants for
the extraction of available N were in the order of organic carbon > alkaline permanganate >
hydrogen peroxide > acid dichromate > 2N KCl. Organic carbon and alkaline permanganate
showed significant correlation with Bray’s per cent yield (r = 0.928 and 0.615) and nitrogen
content (r = 0.914 and 0.538) in onion bulbs. Whereas, 30 per cent hydrogen peroxide is
showing significant correlation (0.360) with Bray’s per cent yield and non-significant
correlation (0.143) with nitrogen content. Both acid dichromate and 2N KCl are showing
non-significant correlation with Bray’s per cent yield and nitrogen per cent in onion bulbs. It
could be concluded that organic carbon and alkaline permanganate are the suitable extractants
for nitrogen estimation.

accessible N. In order to promote nutrient

In agricultural plants, nitrogen (N) plays a
significant function. It participates in a number of crucial
activities, including growth, the development of the leaf
surface area, and the creation of biomass. Good plant
performance and improved crop output can be supported by
excess NUE. The biological processes involving the
metabolism of carbon and nitrogen, photosynthesis, and
protein synthesis need a variety of plant components,
including amino acids, chlorophyll, nucleic acids, ATP, and
phytohormones, which include nitrogen as a structural
component (Frink et al., 1999; Crawford and Forde 2002).
Plant growth and development may be hampered by a lack of

*Corresponding author: khalidstat34@gmail.com

absorption, improve nutritional balance, and produce dry
mass, nitrogen can also stimulate root development by
increasing root volume, area, diameter, total root length, and
dry mass (Good et al .Ding et al, 2005; Diaz et al., 2006).

Due to the difference in the administration of N, the dynamics
of nitrogen (N) in soils that have been fertilised organically
varies from those that have been fertilised chemically
(Roosta et al. 2016). In contrast to conventional farming,
organic farming involves the use of organic N sources, and
their subsequent breakdown causes N to build up in several
chitins, amino acids, and

pools, including proteins,

heterocyclic nucleic acids (Gong et al. 2009). Due to their
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chemical makeup, structural integrity, and vulnerability to
microbial changes, those pools, however, are not equally
effective in supplying N to plants' nutritional needs (Azeez
and Averbeke 2010; Zhang et al. 2015). Therefore, for every
organically fertilised soil, a thorough understanding of
various labile and refractive pools and their proportional
contributions to plant nutrition is essential (Moller 2018;
Kalia et al. 2020). However, the absence of relevant scientific
research restricts the creation of an appropriate technique for
accurate N estimate.

There are numerous techniques for determining the
amount of available nitrogen in chemically fertilised soils,
but they are rarely applicable to organic systems. These
techniques include the use of alkaline permanganate
(Subbiah and Asija 1956), hydrochloric acid or sulphuric
acid (Peterson et al. 1960), alkaline calcium hydroxide
(Prasad 1965), hot water (Keneey and Bremner 1966), and
cold dilute barium hydro This is mostly because they ignore
the potentially mineralisable N (PMN) pool in organically
fertilised soil and only estimate reactive-N species with high
mobility (Stockdale et al. 2002; Chakraborty and Saha 2017).
Overuse and indiscriminate application of N have negative
impacts beyond those that are shown in earnings, and
frequently reduce yield and quality (Bartholomew, 1972).
However, the most significant problem restricting food
production is undoubtedly the lack of N-fertilizer (Thomas,
1978). Additionally, because to their high manufacturing
costs, the N-fertilizers, such as the widely used urea and
ammonium nitrate, are out of the reach of most farmers in
underdeveloped nations (Sahrawat and ponnamperuma,
1978). Therefore, it is very well warranted to do significant
study to effectively use soil and fertilizer-N. (Sahrawat and
Ponnamperuma, 1978). The amount of accessible N already
present in the soil must be known in order to optimize
fertiliser application.

Thus, an attempt was made to find out a suitable
method for determining available N from the soils of
Kashmir valley different extraction procedures.

2. Materials and Methods
Ten bulk soil samples from vegetable growing

areas (Table 1) of Kashmir valley were collected in the
month of September before the transplanting of onion.

The soil samples collected were dried, crushed and sieved
through 2 mm sieve. The sieved soil samples were
thoroughly mixed and a portion preserved for analysis of
different physico-chemical characteristics

Table 1. Vegetable growing areas of Kashmir valley

S. No Place of collection

1 Palpora Srinagar

2 Lawaypora Srinagar

3 Hussipora Budgam

4 Sogam Budgam

5 Arampora Sopore

6 Palhalan Pattan

7 Watapora Bandipora

8 Chakura Bandipora

9 Kandi khass Kupwara
2.1 Experimental details

Four kg of processed soil were filled in pots and
the pots were kept under poly house conditions. The
experiment was laid in a complete randomized block design
with each treatment replicated three times. Phosphorus and
potassium were applied uniformly as basal dose at the rate of
80 kg and 60 kg ha™ in the form of diammonium phosphate
and muraite of potash, respectively. Nitrogen in the form of
urea was applied in two split doses, half as basal dose and
remaining half in the month of March.

NO------ Control

|\ - 50 kg ha'!

)i\ — 100 kg ha™

i\ jcJem— 120 kg ha™

Two onion seedlings were transplanted in each pot.
Distilled water was used to irrigate the crop at the time of
transplanting as and when required. After harvest of the crop
in the month of July, yield was recorded and the plant
samples were washed thoroughly with distilled water and
dried in air and then in oven at 65°C. The plants were ground

for chemical analysis.

2.2 Plant analysis and Bray’s percent yield
After harvest of the crop yield of the control pots and
the pots receiving optimum nitrogen was recorded in order to
calculate Brays percent yield of each location. The onion
bulbs were also analyzed for nitrogen content after harvest by
Kjeldahl method as outlined by Tandon (1993).
Yieldincontrolplot's

Bray’s % yield = X100

Max.yieldintreatedplots

2.3 Soil samples
The physico-chemical analysis of soil was done by

methods discussed below.
2.4 Textural analysis

Per cent sand, silt and clay were determined by

hydrometer method described by Bouyoucos (1962).
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2.5 Soil reaction (pH)

The pH of the soil samples was determined by digital
pH meter in 1:2.5 ratio of soil water suspension as outlined
by Jackson (1973).

2.6 Electrical conductivity (dSm™)
Electrical conductivity was estimated by solubridge

conductivity meter as outlined by Jackson (1973).

2.7 Organic carbon (g kg")
Organic carbon was determined by rapid titration
method given by Walkley and Black (1934).

2.8Cation Exchange Capacity (Cmole(p*)kg™)
CEC was determined by method given by Jackson in
1973.

2.9 Estimation of soil nitrogen by different extraction
procedures
Different chemical extractants were used for the
determination of soil nitrogen; the soil samples sieved

through 2 mm sieve were used for these determinations.

2.9.1. Alkaline permanganate

0.3 per cent KMNO, and 2.5 per cent NaOH was added
to the soil sample and distillation was carried out in 4 per cent
boric acid mixed indicator, as proposed by Subbiah and Asija
(1956).

2.9.2. 2N KCl1

Extraction of soil nitrogen by this method was carried
out as per the procedure laid by Bremner (1959) and
distillation was carried out in 4 per cent boric acid containing

mixed indicator.

2.9.3.Hydrogen peroxide

To 5 g of soil of 5 ml of 30 per cent H,O, was added,
left for one hour and shaken with 50 ml of 2M KCI solution
for one hour. Distillation was carried out in 4 per cent boric

acid mixed indicator solution (Saharawat, 1982).

2.9.4.0rganic carbon

Organic carbon as indicator of the soil nitrogen was
determined by the method of Walkley and Black method
(1954).

2.9.5. Acid dichromate

1 g of soil with 25 ml of 0.02 m K, Cr, O, solution in
0.5 M H, SO, was Shalron for one hour and centrifuged,
entire extract was used for distillation using 4 per cent boric

acid containing mixed indicator (Saharawat, 1982).

3 Results and Discussion

3.1. Descriptive statistics of soil physico-chemical
properties

Majority of sampled sites exhibited silt loam texture
followed by silty clay loam and loam. This is in harmony
with the result of Magbool et al. (2017), who have classified
the soils as clay loam, silt loam, sandy loam in district
Ganderbal of J&K and Mahapatra et al. (2000) who classified
soils of sub-humid ecosystems of kashmir region as loamy
skeletal to silty clay loam. The total sand percent (table 1 and
figure 1) in soils ranged from 15.70-37.40 with a mean value
0f 26.57 and Confidence interval (95%) ranged from 20.54-
32.60. Whereas, the silt and clay percent (table 1 and figure
1) in different locations ranged from 24.28-59.10 and 17.30-
39.25 with a mean value of 41.94 and 29.7, respectively
(Table 2). Kumar et al. (2002) reported that soils occurring
on plains had loam to sandy loam texture and recorded higher
clay content than upland soils because of deposition of finer
fractions from the uplands. Mahapatra et al. (2000) while
working with the soils of Kashmir also concluded that the
altitude and relief have significant effect on properties like
texture, structure, consistency etc. This is further supported
by the findings of Khan and Romshoo (2014),Muche et al.
(2015).

Soil pH is one of the most important chemical
characteristics of the soil solution because both higher plants
and microorganisms respond so markedly to their chemical
environment. It is evident from the results that the soils are
slightly acidic to slightly alkaline in reactionwith pH of the
studied locations varied from 6.30-7.30 with a mean value of
6.84 (table 1 and figure 2) and confidence interval (95%) of
6.54-7.15. Detailed examination of data in table2 revealed
that the overall electrical conductivity ranged from 0.33-0.45
dSm™ with a mean 0f 0.37 dSm™' (figure 3), was within limits
well below 1 dSm™ indicating that there is no salinity hazard.
Sheikh (2006) and Wani et al. (2009) also reported the
normal range of electrical conductivity while studying the
soils of Kashmir valley.

The organic carbon of surface soils collected from
different locations ranged from 0.99-1.21 % with a mean
value of 1.07 % and a confidence interval (95%) of 1.02-1.11
(table 2 and figure 4). The low organic carbon in cultivated
land uses might be due to rapid mineralization and loss of
carbon from soil (Chauhan et al., 2014).The data of Cation
exchange capacity (figure 5) showed that it varied from
14.01-18.10 Cmol(p*) kg'with a mean value of 15.92
Cmol(p*) kg''(table 2)and confidence interval of 14.75-17.1.
This finding is well supported by (Najar, 2009) who reported
an increase in cation exchange capacity from 14.20 to 23.40
Cmol(p") kg and 13.60 to 26.80 Cmol(p*) kg in surface and
sub-surface karewa soils of Kashmir valley. This is further
supported by the findings of Takele et al. (2014).
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Table 2. Descriptive statistics of physico-chemical parameters

Location Texture % pH EC oC CEC
(dSm™) (%) (Cmol(p*) kg
Sand Silt Clay
1 22.16 53.64 23.20 7.00 0.43 1.04 15.66
2 32.74 31.06 37.20 7.20 0.45 1.04 14.32
3 30.78 38.10 30.12 7.10 0.44 1.07 15.12
4 21.39 37.36 39.25 6.60 0.37 0.99 17.77
5 22.40 38.06 38.26 6.40 0.34 1.21 16.06
6 20.16 55.64 23.34 6.50 0.36 1.09 18.10
7 36.41 40.24 22.34 6.30 0.33 1.07 17.45
8 15.70 59.10 17.30 7.20 0.33 1.03 14.32
9 37.40 24.28 36.32 7.30 0.34 1.07 14.81
Mean+SE 26.57+£2.62 41.94+£3.91 29.742.78 6.84+0.13 0.37+0.02 1.07+0.02 15.92+0.5
95% CI 20.54-32.6 32.92-50.97 23.3-36.11 6.54-7.15 0.34-0.41 1.02-1.11 14.75-17.1
Minimum 15.70 24.28 17.30 6.30 0.33 0.99 14.01
Maximum 37.40 59.10 39.25 7.30 0.45 1.21 18.10
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Figure 1. Graphical representation of Particle size distribution.
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Figure 2. Graphical representation of soil reaction.
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Figure 3. Graphical representation of electrical conductivity.
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Figure 4. Graphical representation of organic carbon.
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Figure 5. Graphical representation of Cation exchange capacity.

3.2. Different soil test methods for determination of available nitrogen

The data obtained after determining available nitrogen in nine locations of Kashmir valley by using different extraction
procedures like alkaline permanganate, 2N potassium chloride, 30 per cent hydrogen peroxide, acid dichromate and organic
carbon as nitrogen indicator is presented in table 4.

Table 3. Nitrogen content of onion bulbs and Bray’s percent yield

Location DMY (g pot) at N, DMY (g pot™) at Bray per cent yield Nitrogen content in
(control pot) level optimum N level bulbs (%)
1 177 319 55.49 0.24
2 183 322 56.83 0.26
3 168 311 54.02 0.17
4 181 315 57.46 0.22
5 191 328 58.23 0.28
6 172 306 56.21 0.21
7 209 343 60.93 0.33
8 215 355 60.56 0.37
9 196 335 58.51 0.32

Table 4. Soil test values of Nitrogen by various extractants (ppm)

Location Alkaline 2N KCl1 Hydrogen Organic carbon  Acid
permanganate peroxide dichromate
1 260.00 60.50 118.50 1.04 308
2 266.40 60.50 118.50 1.04 401
3 283.20 49.90 113.10 1.07 308
4 268.00 49.90 113.10 0.99 308
5 250.20 49.50 119.90 1.21 308
6 269.60 49.50 118.70 1.09 309
7 289.60 47.70 118.70 1.07 401
8 272.80 47.70 114.30 1.03 308
9 329.60 51.50 129.30 1.07 401
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The perusal of the data given in table 4 revealed that
nitrogen extracted by alkaline permanganate was found
between the values of 250.20 to 329.60 ppm. Significant
correlation (table 5) with nitrogen content was observed (r =
0.538%*), the correlation with Bray’s per cent yield was also
found significant (r = 0.615%). A significant correlation
between nitrogen extracted by alkaline permanganate and
nitrogen uptake by cabbage was also reported by Goran
Ekbladh and Ernst witter (2010).

The amount of nitrogen extracted by 2N KCl varies
between 47.70 to 60.50 ppm and is showing non-significant
correlation with nitrogen content in bulbs (r = 0.038) and
Bray’s per cent yield (r = 0.098). The amount of nitrogen
extracted by 30 per cent hydrogen peroxide constituted
113.10 to 129.30 ppm in different locations (table 4).
Significant correlation was observed with Bray’s per cent
yield (r = 0.360) whereas, non-significant correlation was
found with nitrogen content (r = 0.143).

The quantities of nitrogen extracted by acid
dichromate were between 308 to 401 ppm in the sampled
locations. The acid dichromate extractable nitrogen had non-
significant correlation with both nitrogen per cent in bulbs
0.154 and r = 0.101),
respectively. Gupta et al. (1989) has also observed the similar

and Bray’s per cent yield (r =

results with acid dichromate extractable N and controlled
yield.

The data revealed that the average values of organic
carbon as an index of measuring soils nitrogen were between
0.99 to 1.21 per cent. The organic carbon content had
significant correlation with per cent nitrogen content (r =
0.914*) at 1 per cent level of significance and also the
correlation with Bray’s per cent yield was significant (r =
0.928%). Verma et al. (1978) has also recommended the
organic carbon as an index of measuring soil nitrogen in
alluvial, karail and Tarai soils of Uttar Pradesh. Das et al.
(2008) has found significant correlation between organic
carbon and nitrogen content of cabbage.

4. Conclusion
In order to predict the plant-available N in onion
growing soils of Kashmir valley, five extractants were
examined. It was found that all the extractants were equally
suitable for evaluating plant-available soil N. However, the

extractants such as organic carbon and alkaline
permanganate were observed to be the most suitable
extractants. These methods are simple, rapid and cost
effective. However, for proper interpretation and application
in formulating good recommendations for N fertiliser, the
test values of various extraction techniques must be
calibrated independently in a wide variety of soils, plants, and

climatic circumstances.
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