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ABSTRACT

Agricultural soil is mainly consisting of minerals, organic matter, water and air. Soil fertility is the ability to improve the
plant growth. Carrots are widely cultivated in high lands. For the present study the area Manihatti was selected. The soil
parameters were assessed in the Manihatti field at the stages of before, after applying fertilizers, and harvest stage. The
pH of the soil is acidic in condition. The EC value indicated that the soil is healthy. The macronutrients such as nitrogen,
potassium was present below the low level but phosphorus was present at the high level in all the stages. The heavy
metals present in the soil are very toxic to the living organism. The heavy metal cadmium was present within the
threshold and permissible limit and the other metals such as chromium, copper, nickel was present below the threshold
and permissible limit. The metal arsenic was present below the detectable limit. The morphological parameters of carrot
indicated that the length of shoot and root increased with maximum height 60 cm and 18 cm. The study concluded that
the soil proved good and healthy with the presence of micro and macro nutrients and heavy metals within the critical

level.
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The crop carrot is being referred to as Daucus carota L.
in taxonomy. This crop is described to be a short duration
vegetable of tuber by nature. They are widely grown in high
land and in moist soil. The inclusion of nutritional analysis has
also been justified on the ground that, many of the elements
such as phosphorus, calcium, iron, riboflavin, thiamine and
carotene were previously done by other researchers reported to
be varied by soil climate and its yield and nutritional
characteristics are really affected by soil physiochemical
properties and also that fertility of the soil is associated with
many of the other factors such as effects of pesticides and
fertilizers [1]. Tamil Nadu accounts for 6.60 % of the total share
of carrot production in India. The plant absorbs inorganic
nutrients at a rapid rate rather than organic fertilizer.

There are several conclusions made from the previous
literature. The maximum vyield of carrots is best cultivated on
moist soil. They reluctantly yielded maximum productivity in
low land under water shortage condition. It was also important
to note that the roots splitted gradually when the field had
excess synthetic nitrogen fertilizer [2]. Previous study
suggested that, for maximum yield of carrot it was often
necessary to add 100 Kg N per hectare. The relation of soil
physiochemical characteristics and carrot nutritional status is
interesting and the low recorded physiochemical characteristics
of soil was analyzed and comparison was done between the
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yield and nutritional variability between nutritionally rich and
poor soil sample. Soil organic carbon is an important for
nutrient management in tropical farming systems. Some
scientists have stated that the soil organic carbon is a ‘universal
keystone indicator’ in soil fertility management [3-4]. The
presence of micro and macro nutrients in soil is the essential
nutrition for the growth of the plant [5]. Nitrogen is one of the
important nutrients which increase the leaf growth and it
improves the biochemical activities. The lack of nitrogen in soil
it mainly based on soil type and soil moisture. The excessive
irrigation and heavy rains lead to nitrogen deficiency. Soil
acidity also leads to deficiency of nitrogen availability for
crops. The potassium deficiency is a plant disorder that is
mainly depended on light, sandy soils, it is mainly due to
potassium ions are highly soluble and it leach out from soil
without colloids [6]. The phosphorus nutrient is used for the
ATP synthesis and it controls the fungal infection in plants. The
plants uptake the potassium nutrient from soil and it activates
the function such as photosynthesis, transport of sugars. The
micro nutrients such as zinc, boron, magnesium, calcium etc.,
which activates the oxidation and reduction reaction, nitrate
functions. The deficiency of both the nutrients which leads to
the appearance of plant diseases and it causes death of plants.

The heavy metal pollution of agricultural soils is mainly
due to long term farming or usage of excessive amount of
agrochemicals. The main heavy metal contaminants are Cd, As,
Cr, Cu, Hg, Pb, Ni, and Zn. Some of these metals such as Zn,
Cu, Mn, Ni, and Co are micronutrients which are necessary for
plant growth, and others such as Cd, Pb, As, and Hg are very
toxic to human health. The sources of heavy metals are
anthropogenic and recreational activities [7].
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MATERIALS AND METHODS

The soil samples were collected from the field Nilgiris
hills-Manihatti. The weather reports were obtained from
meteorological department, Nilgiris hills (Fig 1). The soil
samples prior to sowing the seeds and fully grown carrot were
used as the representative soil samples. These samples were
taken from six different sites of field and collected in polythene
Cipla cover. The identical soil samples were taken to the Botany
laboratory, Bharathiar University, Coimbatore for quantitative
analysis. Some identical soil samples were stored at 4°C sealed
in a cardboard box for future. From each site, more samples
were collected and tested separately. The assessment of
variability was analyzed within the same units. The samples
were not mixed and analyzed separately to permit natural
heterogeneity of the soil chemical report. It was ensured that the
soil climate a fertilizer application was also uniform throughout
the field surface. Estimation of soil chemical and physical
analysis indicated the variation in their trace metal composition
of soil. Depending upon available moisture irrigation was
employed. For inorganic field the carrot seed were sown in
September 4 and it harvested in December 14. Irrigation was
done for six days in a week. To encourage the soil fertility
inorganic fertilizer 100 Kg NPK per ha and were added to the
field. The field has three plots measuring 1 x 1 m. The result
was monitored based on the shoot length, and root length of
carrot.

Fig 1 Inorganic field- Manihatti

pH: The soil was measured by using glass electrode ph
meter after stirring with water suspension for 30 minutes.

Electrical conductivity: The salts which are present in
soils are determined by electrical conductivity. The electric
current passes through the soil based upon salt content.

Available nitrogen: The soil is distilled with alkaline
potassium permanganate solution and then titrated with
standard sulphamic acid.

Available phosphorus: Available phosphorus was
determined by the ascorbic acid method.

Available potassium: The 5 gm of soil was treated with
ammonium acetate by shaking and the process followed by
filtration and centrifugation and it is determined by flame
photometer.

Micro nutrient: The micronutrients in soils was
estimated by the method developed by [13] using DTPA
(Diethyl Triamine Penta Acetic Acid).

Heavy metals: The heavy metals were analyzed- Wet
digestion method by using ICPMS instrument.

Table 1 Methods for different parameters

Particulars Methods
pH pH meter
Electrical conductivity (mili Solubridge  conductivity

mhos)
Organic matter
Available N (kg ha't)

meter method [8]

Walkely and Black [9]
Alkaline  permanganate
method [10]

Olsen’s method [11]

Flame photometric
method [12]

Atomic absorption
spectrophotometric method

Available P (kg ha?)
Available K (kg ha'?)

Micro component (Zinc, iron,
copper, manganese) ppm

Data analysis
IBMMSPSS software was used for the calculation of
macro and micro nutrients.

RESULTS AND DISCUSSION

The monthly percolation differed from September 2021
to December 2021. The minimum temperature was seen in the
month of December (7.1 °C). The Highest temperature recorded
in September (23.47 °C). The highest relative humidity was
recorded in the month of October (83) and the lowest relative
humidity was seen in the month of December (71.7). The heavy
rainfall was occurred during the month of November (9.16 mm)
and the lowest rainfall was seen during the month of December
(1.08mm).

Table 2 Meteorological data of Nilgiris during the cultivation of carrot

During 2021 Minimum Maximum RH Rainfall
Temperature °C Temperature °C (%) (mm)
September 11.9 23.47 81.6 2.7
October 13.8 20.5 83 7.05
November 11.9 19.1 82 9.16
December 7.1 175 71.7 1.08
Table 3 Critical levels of macro nutrients

Mac(rli);/;t;)lents Low Medium High

Nitrogen <280 280-560 >560
Phosphorus <10 10-24.6 >24.6
Potassium <108 108-280 >280

Source: Muhr et al. [14]
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Table 4 Critical levels of micro nutrients

Micronutrients (ppm) Critical limit
Iron 2.5-5.8
Manganese 1.0-2.0
Zinc 0.5-1.0
copper 0.2-0.5

Source: Fundamentals of Soil Science [15]

Table 5 Physicochemical parameters of soil

Parameters Before applying manure After applying manure Harvest stage
Soil texture Sandy clay loamy Sandy clay loamy Sandy clay loamy
pH 5.9 5.6 5.4
EC 0.07 0.07 0.05
Organic carbon (%) 0.02 0.12 0.32
Nitrogen (kg/ha) 21.73+0.104 23.09+ 0.601 22.39+ 1.757
Phosphorus (kg/ha) 19.91+ 0.497 30.57+ 0.512 43.76+ 0.652
Potassium(kg/ha) 40.25+ 0.332 47.92+ 0.620 82.58+ 0.421
Iron (ppm) 6.176+ 0.248 7.106 +0.285 7.41+0.170
Manganese (ppm) 3.26+0.07 4.143+ 0.015 1.045+ 0.015
Zinc (ppm) 4.64+0.08 5.06+ 0.026 0.236+ 0.020
Copper (ppm) 0.343+0.025 0.426+ 0.020 0.61+0.435

The soil texture showed sandy clay loamy soil in all the
stages. The pH of soil was determined by soil composition, the
exchange processes of cation and hydrolysis processes which is
associated with some of the soil components such as organic
and inorganic [16] constituents. Some soils have pH values
range between 3.5 and 10 [17]. The result of the present study
showed that, before applying fertilizer, after applying fertilizer
and during the harvest stage the pH was acidic in condition. The
EC of soil is used as an indicator in managing the soil for
agricultural purposes [18]. EC directly affects the growth of
plants in the soil or media.

The soil EC is influenced by some of the factors such as
porosity of soil, soil texture, organic matter and water content
in soil [19]. The soil EC mainly depends upon the amount of
moisture present in soil particles. Sands have a low
conductivity, silts have a medium conductivity, and clays have
a high conductivity. Mostly EC range between the value 0-1
dS/m it indicates good soil health; EC values above 1-2 dS/m
indicates the reduction in the growth of salt sensitive plants and
disturbance in the processes of denitrification [20]. The result
of the present study showed that in all stages, the EC value
indicated that the soil was good in quality. Mapfumo [21]
conducted a study in Zimbabwe on a sandy soil the SOC values
in a range 4.6 and 6.5 g C kg™ resulted based on fertilizer
response. The soil organic carbon of top soil ranges from 0.5%
to 3.0%. soils containing greater than 12-18% organic carbon
are tend to be organic soils. The present study of organic carbon
showed that it ranged within 0.5% in all the stages. The SOC
thresholds can vary depending on soil type.

Plants can grow in a variety of soils but they need
nutrients for their growth. There are two types of nutrients they
are macro and micro nutrients. The macro nutrients are

nitrogen, phosphorus and potassium and the micro nutrients are
copper, zinc, iron, magnesium etc. In addition to the macro
elements, some special elements may also be needed for
cultivation of any types of crops. These are drawn from the soil
along with the water. The amendment of NPK fertilizer
gradually increased the availability of N, P, K at the growing
stages. But some of the micronutrients were absorbed at the
harvest stage.

The amount of macronutrients such as nitrogen and
potassium were present below the low level in all the three
stages. The result of phosphorus was showed that the before
applying manure, after applying manure and at the harvest stage
was seen at the high level. The availability of all the
micronutrients is due to soil environment [22]. The presence of
higher concentration of Fe, Mg, Cu and Zn in soils was reported
by Choudhary et al. [23]. Panda et al. [24] and Ramesh et al.
[25]. The result showed that the micronutrients such as iron,
manganese, zinc were present above the critical limit in all the
three stages. The result of copper showed that, before and after
applying manure, copper was present within the critical limit,
at the harvest stage copper was present above the critical level.
The results showed in the (Table 4).

Heavy metal accumulation in soil

The results indicated that cadmium was present within
the threshold and permissible limit before applying manure and
after applying manure it was present within the permissible
limit. The other metals such as chromium, lead, nickel were
present below the threshold and permissible limit before and
after applying manure. The heavy metal arsenic was present
below the detectable limit.

Table 6 Threshold and permissible limits of heavy metals in soil

Heavy metals

Threshold limit

Permissible limit

(mg/kg) (mg/kg)
Cadmium 1.0 10.0
chromium 100.0 200.0
Lead 60.0 200.0
Nickel 50.0 100.0
Arsenic 5.0 50.0
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Table 7 Heavy metals in soil
Parameters (mg/kg) Soil sample (Before manure) Soil sample (After manure)
Cadmium 0.910 1.042
Chromium 0.410 0.668
Lead 2.412 2.419
Nickel 0.736 1.362
Arsenic BDL BDL
] Morphological parameters
m Soil sample ( Before manure) Plant length
3 W Soil sample {After manure) The shoot length of vegetative part of carrot from field
had shown that the tallest growth (60 cm) was measured and
25 shortest shoot length (33 cm) was obtained. The results of the
plant height are supportive in agreement to the similar work
2 conducted by [26]. They reported that, the growth rate was
maximum to the height of 70.68 cm. Even though the variation
1.5 in chemical and physical properties of the soil samples are
clearly identified, yet the variation in the trace metals should
1 have played an important role in maximizing the yield of carrot
in open field cultivation system (Fig 4).
0.5 - The root length was increased to the maximum measure
of 18 cm and shortest 12 cm root length (Fig 3). All the samples
0 - } ‘ ] ) collected from the field had exhibited the length that ranges
Cadmium  Chromium Lead Nickel between 12 cm and 18 cm. The results are in line with [27].
Similar study carried out by [28] reported that the root length
Fig 2 The heavy metal accumulation in soil was increased up to 20 cm.
Table 8 The root and shoot length of carrot samples
c Root length Shoot length
arrot samples
(cm) (cm)
Sample 1 14 40
Sample 2 12 39
Sample 3 14 52
Sample 4 14 33
Sample 5 13 60
Sample 6 14 44
Sample 7 18 46
Sample 8 14 50
Sample 9 12 40
Sample 10 15 44
70
M root length  m shoot length
60
50
40
30 -+
20 -+
10 -
O -
1 2 3 4 5 6 7 8 9 10

Fig 3 Growth characteristics of carrot crop with respect to its
vegetative structure

CONCLUSION

The soil parameters such as pH, EC indicated that the
soil is good and healthy. The heavy metals of soil also showed
nontoxic. The cadmium was present within the threshold limit

Fig 4 Carrot crop during harvest stage

before applying manure and after applying manure it was
present within the threshold and permissible limit. The other
metals such as chromium, nickel, lead was present below the
threshold and permissible limit. The presence of low level of
nitrogen and potassium it should be improved by the application
of nitrogen and potassium fertilizers.
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