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ABSTRACT

Survey was undertaken during rabi 2021-22, to study the sulphur, zinc and boron status in onion
growing fields in selected villages of Dharwad taluk, Karnataka. One hundred surface soil samples
were collected from selected ten villages of Dharwad taluk using GPS. The results revealed that
soils were neutral to alkaline in reaction, low in total soluble salts, low to high organic carbon
content, low in available nitrogen, medium in available phosphorus, potassium and sulphur and
49.00 and 77.00 per cent of the soils were deficient in DTPA extractable zinc and hot water soluble
boron, respectively.
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1. INTRODUCTION

Onion (Allium cepa L.) belonging to the family
Alliaceae, is one of the most important
monocotyledonous, cross-pollinated and cool
season vegetable crop and is an important
export earning vegetable crop worldwide. Onion
has it's own distinctive flavour, used in soups,
meat dishes, salads and sandwiches and is
cooked alone as a vegetable. The presence of
the volatile oil "Allyl propyl disulphide™ accounts
for it's pungency. “After China, India is the
world's second largest producer of onion,
accounting 22.60 per cent of the world
production. Onion is grown on an area of 16.2
lakh hectares in India, with yearly production and
productivity of 26.64 million tonnes and 16.4
million tonnes per hectare, respectively. The
major onion  producing states include
Maharashtra, Karnataka, Madhya Pradesh,
Rajasthan, Bihar, Gujarat and Odisha. The
Karnataka state occupies second position in
area (2.30 lakh hectare) and third in production
(26.60 lakh tonnes)” [1]. “The major onion
growing districts in the state are Chitradurga,
Gadag, Vijayapura, Bagalkot, Dharwad and
Haveri” [1].

“The vyield and quality of crops are greatly
improved by nutrients. As a result, improving
onion productivity while maintaining high quality
is a key goal for the local market. Among the
nutrients, sulphur is regarded as the fourth most
important nutrient for crops after nitrogen,
phosphorus and potassium. It is necessary for
the synthesis of amino acids such as cystine,
cysteine and methionine (which are building
blocks for protein in the plant), a component of
vitamin ‘A’ and activates certain enzyme systems
in plants. Sulphur is incorporated into onion
flavour precursors S-alk(en)yl-L-cysteine
sulphoxides (ACSOs) among other compounds”
[2]. “The volatile oil Allyl propy! disulphide is what
gives it it’s pungent flavor. The production of allyl
propyl disulphide is negatively impacted by
severe sulphur deficit during bulb development.
These sulphur compounds are produced when
the onion cell is mechanically disrupted, the
enzyme allinase comes into contact with flavor
precursors such as S- alk(en)yl-L-cysteine
sulfoxides (ACSOs). Apart from volatile sulphur
compounds, the enzymatic break down of
ACSOs also produces ammonia, pyruvic acid
and ascorbic acid, all of which are linked to
quality of bulbs. Sulphur application not only

improves the bulb quality, but it also extends the
shelf life of onion during storage. Zinc plays an
important role in various enzymatic and
physiological activities of the plant body. The
functional role of zinc includes auxin metabolism,
influence on the activity of carbonic anhydrase,
dehydrogenase enzymes, cytochrome synthesis
and stabilization of ribosomal fractions. Besides,
it plays a significant role in chlorophyll formation.
Boron plays important role in pollen germination
and pollination and also it is essential for
transport of carbohydrates, cell wall metabolism,
the permeability and stability of cell membranes
and phenol metabolism, besides having primary
role in lignin synthesis” [3].

“Excessive removal of nutrients by crops and
their inadequate replenishment resulted in soil
fertility deterioration which is considered to be
one of the major constraints in attaining and
sustaining higher productivity. As a
consequence, widespread deficiencies of at least
Six nutrients viz., nitrogen, phosphorus,
potassium, sulphur, zinc and boron have been
recorded in Indian soils” [4].

“The apparent impact of excessive and
imbalanced application of inorganic fertilizers in
intensive cropping system has been reflected in
terms of emerging and spreading of multi-nutrient
deficiencies in soil. Loss of productive soil is
another concern and about 6000 to 12000 million
tonnes of top soil is washed away every year
which carry nearly 5.6 to 8.4 million tonnes of
nutrients mainly because of faulty management
of soil and water resources. More emphasis on
application of major nutrients has triggered
widespread deficiencies of secondary and
micronutrients like sulphur (41 %), zinc (49 %)
and boron (33 %) with other micronutrients” [5].
The knowledge regarding the status of sulphur,
zinc and boron in soils helps in proper plant
nutrition. Therefore, it is necessary to increase
the status of these nutrients for sustainable crop
productivity. Keeping all these facts in view, an
investigation was undertaken to know the “Status
of sulphur, zinc and boron in onion growing soils
of Dharwad taluk”.

2. MATERIALS AND METHODS

An investigation was carried out to study the
status of sulphur, zinc and boron in selected
villages of onion growing areas in Dharwad taluk
of Karnataka. The study area covered ten
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Fig. 1. Map of Dharwad taluk of Karnataka showing locations of sample collection

Table 1. Methods followed for soil and plant analysis

Sl. No. Properties Method Reference

1 Partical size analysis Hydrometer method [7]

2 Soil pH (1:2.5 soil water suspension) Potentiometric method [7]

3 Electrical conductivity (dS m?) (1:2.5 Conductometric method [7]

soil water extract)

4 Organic carbon (g kg?) Walkley and Black’s wet oxidation [6]
method

5 Available nitrogen (kg ha) Alkaline potassium permanganate [8]
method

6 Available phosphorus (kg ha) Olsen’s extraction followed by [9]
spectrophotometric method

7 Available potassium (kg ha't) Neutral normal ammonium acetate [9]

extraction followed by
flamephotometric method

8 Exchangeable calcium and Neutral normal ammonium acetate [10]
magnesium [cmol (p*) kg] extraction followed by versenate
titration method
9 Available sulphur (kg ha?) CaClz. 2H20 extraction followed by [10]
turbidimetric method
10 DTPA extractable- Cu, Fe, Mn and DTPA extraction followed by Atomic [11]
Zn (mg kgt) Absorption Spectrophotometer method
11 Available boron (mg kg?) Hot water extraction followed by [12]

Azometheine-H method

selected villages in Dharwad taluk of Karnataka longitude and an altitude of 678 m above the
(Fig. 1). The geographical co-ordinates of mean sea level. Dharwad comes under Northern
Dharwad are 15° 26' N latitude and 75° 07' E  Transitional Zone (Zone 8) of Karnataka, which
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lies in between the Western heavy rainfall areas
of Hilly Zone (Zone 9) and low rainfall areas of
plain zone, Northern Dry Zone (Zone 3) of
Karnataka. The soil types in these study area are
shallow to medium black. The major crops grown
are maize, sorghum, soybean, groundnut, etc.

A survey was conducted during rabi 2021-22
season in onion growing areas of Dharwad taluk.
One hundred surface soil (0-15 cm) were
collected from the respective onion growing fields
of the farmers from selected 10 villages in
Dharwad taluk and sampling locations were
marked by GPS. The soil samples were dried
under shade, powdered using wooden pestle and
mortar and passed through 2 mm sieve and
preserved in polyethylene bags for further
analysis. The 0.2 mm sieved soil samples were
used for estimation of organic carbon [6]. The
collected soil samples were analysed for
chemical properties (pH, EC and OC), major (N,
P and K), secondary (Ca, Mg and S) and micro
nutrients (Fe, Zn, Cu, Mn and B). The details of
methods followed for each parameter is
presented in Table 1.

3. RESULTS AND DISCUSSION
3.1 Chemical Properties

The data presented in Table 2 revealed that soils
of selected villages in Dharwad taluk of
Karnataka were neutral to alkaline in reaction
and the pH values ranged from 6.67 to 8.80 with
an average of 7.91. Distribution of pH was
negatively skewed indicating that there were
some extreme high values in this area and
positively  kurtotic indicating a peaked
distribution. The electrical conductivity values of
these soils ranged from 0.16 to 0.67 dS m with
a mean of 0.38 dS m and the soils were non-
saline in nature. Distribution of EC was positively
skewed indicating that there were some extreme
low values in this area and negatively kurtotic
indicating a flattened distribution. Organic carbon
content was low to high and the values varied
between 1.50 and 9.60 g kg* with an average of
6.00 g kg* and distribution of organic carbon was
negatively skewed and positively kurtotic.

3.2 Available Macro Nutrients (N, P, K, Ca,
Mg and S)

Available nitrogen, phosphorus and potassium
contents ranged from 120.56 to 562.82, 12.54 to
85.88 and 110.76 to 497.28 with mean values of
286.36, 41.29 and 286.97 kg ha'l, respectively

(Table 2). Distribution of available nitrogen and
phosphorus was positively skewed and kurtotic
whereas in case of potassium, distribution was
positively skewed and negatively kurtotic. Among
100 samples, 42 per cent soil samples were low
in available nitrogen, while 57 and one per cent
of samples were in medium and high category,
respectively. The wide variation in the available
nitrogen status in the study area might be due to
the higher dynamicity of the soil nitrogen and
varied management practices followed by the
farmers in different crops and cropping systems
and also due to different soil types. Patil et al.
[13] and Nagaraju et al. [14] also reported similar
reasons for greater variation in available nitrogen
status of red and black soils. Further, Pulakeshi
et al. [15] observed that temperature, rainfall and
altitude greatly influence the available nitrogen
content of soils. For available phosphorus, nine
per cent of the soil samples were under low
category while 71 and 20 per cent of samples
were in  medium and high categories,
respectively. The lower available phosphorus
status of these soils in the area under study
might be attributed to low clay content and hence
lower ion exchange capacity as revealed by
Mamaledesai et al. [16]. Dasog and Patil [17]
reported that the soils in Zone-3 in North
Karnataka were medium in available phosphorus
content. In case of available potassium, 11 and
21 per cent samples were in low and high
categories, respectively and 68 per cent of
samples were in medium category. Medium
available potassium content in some of the soils
under study area might be due to coarser texture
of the soil which might have led to greater
leaching losses of potassium. The higher
potassium content in the surface soils of the
study area might be attributed to the genesis of
these soils from the potassium rich parent
material like micaceous and feldspar minerals.
Similar observation was made by Ravikumar et
al. [18] in Malaprabha right bank command area.

Similarly, for secondary nutrients the values of
exchangeable calcium, magnesium ranged from
10.10 to 35.24, 3.36 to 16.44, with mean values
of 20.68, 8.87 cmol (p+) kg™, respectively and
available sulphur ranged from and 6.06 to 23.53
kg hal with mean value of 15.23 kg hal.
Distribution of sulphur was negatively skewed
and kurtotic and 14, 72 and 14 per cent samples
were in low, medium and high categories,
respectively (Fig. 2). The lower available status
of the sulphur in some of the soils might be
attributed to application of major nutrient
fertilizers devoid of sulphur and little or no
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addition of organic matter including organic
manures causing continuous mining of sulphur
by crops [13]. Seventy two per cent of the soll
samples in the area under study tested were
medium in available sulphur and this might be
due to gypsiferous nature of black calcareous
soils and higher organic matter content in soil.
Similar results were also reported by Bidari [19]
and Srikanth et al. [20].

3.3 Micronutrients (Fe, Mn, Cu, Zn and B)

The DTPA- extractable Fe, Mn, Cu and Zn
contents ranged from 3.02 to 8.48, 2.03 to 9.54,
0.19 to 0.81 and 0.35 to 0.91 mg kg¥,
respectively with the corresponding mean values
of 5.23, 5.07, 0.42 and 0.60 mg kg? (Table 2).
Fourty nine per cent of samples were deficient in
DTPA- extractable zinc (Fig.3 & 5). The lower
availability of DTPA-extractable zinc status in the
soils of the study area was due to the poor
organic carbon content [21] and depletion by
continuous cropping without addition of these
nutrients [22]. The results of the study area are
comparable to the reports of Sahrawat et al. [23]
and Chander et al. [24]. Similar findings were
also reported by Basavaraja et al. [25] who
observed that 55.44 per cent of the soil samples
analyzed were deficient in DTPA-extractable Zn
in Alfisols of southern Karnataka and the values
ranged from 0.08 to 6.70 mg kg?. Similarly,
Jagdev et al. [26] reported that DTPA-extractable
zinc content in Alfisosls of Jalandhar district
ranged from 0.20 to 9.76 mg kg?*. The lower
availability of these micronutrients in some soils
might also be due to higher pH. These results
are similar to the observations made by Shukla
et al. [27] and Basavaraja et al. [25].

The available boron content in surface soil
samples of farmers’ field of Dharwad taluk of
Karnataka varied between 0.20 to 0.72 mg kg*
with the mean value of 0.43 mg kg*(Table 2).
Distribution of Fe, Cu, Zn and B was positively
skewed and negatively kurtotic. The available
boron content in surface soil samples of farmers’
field of Dharwad taluk varied between 0.20 to
0.72 mg kg with the mean value of 0.43 mg kg-
1. Seventy seven per cent of samples were
deficient in hot water soluble boron (Fig. 4). The
lower hot water soluble boron content was
attributed to the lower organic carbon content in
these soils since available boron content is
increases with increase in organic carbon
content. These results are similar to the
observations made by Sanjib et al. [28], Kumari
et al. [29], Sonamani et al. [30] and Mane and
Anuse [31]. Pujari et al. [32] reported lower hot

soluble boron (0.12 to 1.19 mg kg?*) content in
the soils of Kotur micro- watershed in the
Northern Transition Zone of Karnataka and 58
per cent of the soil samples were found deficient
and was attributed to the lower organic matter
content in the soils. The lower availability of
boron in soils in some areas might also be due to
the conversion of available form of boron to non-
available form at high soil pH (> 8.1). Boron
being an anion, high rainfall in the study area
might have also caused leaching losses from
surface soil lowering its availability. Similar
findings were reported by Pulakeshi et al. [15] for
soils of Northern Karnataka.

3.3.1 Categorization of soils based on soil
fertility status and nutrient index (NI) for
onion growing fields in selected
villages of Dharwad taluk, Karnataka

Based on the soil nutrient status, soils were
classified as low, medium and high category
using standard soil test rating for each nutrient.
The nutrient index value for the percentage of
soils in the low, medium and high categories of
available nutrients was calculated. According to
Ramamoorthy and Bajaj [33], NI value less than
1.67 indicated as low fertility status, between
1.67 to 2.33 as medium and more than 2.33 was
rated as high. The percentage of soil samples
falling in low, medium and high categories for
different nutrients and the calculated values of
nutrient indices are presented in Table 3. It is
apparent from the data that out of 100 samples,
42 per cent samples were low in available
nitrogen, while 57 and one per cent of samples
were in medium and high category, respectively.
For available phosphorus, nine per cent samples
were under low category while 71 and 20 per
cent of samples were in medium and high
category, respectively. In case of available
potassium, 11 and 21 per cent samples were in
low and high categories, respectively and 68 per
cent of samples were in medium category. For
available sulphur, 14, 72 and 14 per cent
samples were in low, medium and high
categories, respectively. In case of DTPA-
extractable Zn, 49 and 51 per cent of samples
were in low and medium categories, respectively
but for hot water soluble boron 77 and 23 per
cent of samples were in low and medium
categories, respectively. Based on the calculated
values of nutrient indices, soils of the study area
were low in available nitrogen, medium in
available phosphorus, potassium and sulphur. In
case of micronutrients zinc and boron were low
in onion grown areas.
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Descriptive  pH EC ocC N P20s K20 Ca Mg S(mg Fe Mn Cu Zn B
statistics (1:25)  (dSm?) (gkg?) (kg ha?) [cmol (p*) kgY] kg™) (mg kg?)

Mean 7.91 0.38 6.00 286.36 41.29 286.97 20.68 8.87 15.23 5.23 5.07 0.42 0.60 0.43
Min 6.67 0.16 1.50 120.56 12,54 110.76 10.10 3.36 6.06 3.02 2.03 0.19 0.35 0.20
Max 8.80 0.67 9.60 562.82 85.88 497.28 3524 16.44 2353 8.48 9.54 0.81 0.91 0.72
SD 0.44 0.11 1.61 76.51 14.83 93.17 4.66 3.33 4.02 1.31 1.52 0.18 0.13 0.12
CV (%) 5.60 29.35 26.91 26.72 35.93 3247 2251 37.53 26.41 2510 29.91 43.09 2141 28.75
Skewness -0.67 0.54 -0.22 0.22 0.77 0.11 0.78 0.81 -0.05 0.41 0.60 0.47 0.09 0.48
Kurtosis 0.20 -0.29 0.06 0.69 0.34 -0.53 0.41 -0.31 -0.69 -0.51 0.12 -0.98 -0.60 -0.50
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Fig. 2. Available sulphur status in onion growing fields in selected villages of Dharwad taluk, Karnataka
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Fig. 3. DTPA extractable-zinc content in onion growing fields in selected villages of Dharwad taluk, Karnataka
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Fig. 5. Per cent soil samples deficient in available sulphur, DTPA-zinc and hot water soluble boron in onion growing fields in selected villages of
Dharwad taluk, Karnataka
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Table 3. Classification of soils based on available nutrients’ ratings and nutrients index in the

study area
Nutrients Low Medium High Nutrient index
Nitrogen 42 (42) 57 (57) 1(1) 1.59 (L)
Phosphorus 9(9) 71(71) 20 (20) 2.11 (M)
Potassium 11 (112) 68 (68) 21 (21) 2.10 (M)
Sulphur 14 (14) 72 (72) 14 (14) 2.00 (M)
Zinc 49 (49) 51 (51) - 1.51 (L)
Boron 77 (77) 23 (23) - 1.23 (L)

Note: Values in paranthesis indicate per cent samples falling in low (L), medium (M) and high (H) categories

4. CONCLUSION

The surface soil samples from the farmers’ fields

in different

vilages of Dharwad taluk of

Karnataka were medium in available sulphur and
49 and 77 per cent of the soils were deficient in
DTPA extractable zinc and hot water soluble
boron, respectively.
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