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INTRODUCTION

Potato plays a vital role in food security 
for ever increasing world population (Thiele 
et al., 2010; Scott and Sourez, 2011; Scott and 
Sourez, 2012). In India, potato is a major 
vegetable crop and is being grown in a wide 
range of climatic conditions (Pandit and 
Chandran, 2011). Potato produces more dry 
matter (47.6 kg/ha/day) than any other food 
crop and therefore, requires higher amount 
of nutrient inputs (Kushwah and Singh, 
2011). The imbalanced and indiscriminate 
use of fertilizers in intensive cropping system 
without adequate restorative practices may 
pose threats to sustainability of system as 
high yielding varieties draw heavy amount 
of plant nutrients from soil and nutrient 
removal often exceeds replenishment through 
fertilizers causing soil fertility deterioration 

at many places (Singh and Lal, 2011; Jatav et 
al., 2013; Manoj Kumar et al., 2014).

Gujarat is an important potato growing 
state of India and contributes about 4% to 
national production. In this state, Banaskantha 
district ranks first with 46.8% share of potato 
production of the state. In this district, 
majority of the farmers of Deesa tehsil follow 
potato based cropping systems. Moreover, 
this district is the main source of seed 
to different parts of Gujarat state as well 
as for the country. Potato being the most 
responsive crop receives maximum share 
of fertilizers. Besides, farmers follow very 
intensive cropping sequences i.e. cotton-
potato; groundnut-potato and groundnut-
potato-wheat. Generally, farmers don’t 
replenish the nutrients as per the removal 
by crops. These situations have led to severe 
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deficiency and imbalances of nutrients in 
these potato growing pockets (Sharma, 2004; 
Sharma, et al., 2006; Trehan et al., 2008). These 
high intensity cropping, poor recycling of 
organic residues and use of heavy doses of 
high analysis fertilizers have given rise to 
wide spread deficiency of micronutrients 
in different parts of potato growing regions 
(Bansal et al., 1986; Singh, 2006; Singh et 
al., 1988). Therefore, the present study was 
undertaken to assess the macro (OC, P and 
K) and micronutrient (Zn, Fe, Cu, and Mn) 
status of soils of potato growing areas in 
Banaskantha district of Gujarat and to map 
their spatial variability using GIS.

MATERIALs AND METHODs

Geographical setting, collection of soil 
samples and chemical analysis

The study area lies in the Banaskantha 
district (23.03°N to 24.45°N 71.03°E and 
73.02°E above 152 m MSL) of Gujarat. The 
Deesa and its surrounding area characterized 
with intensive cultivation of potato during 
winter season and potato based cropping 
systems are followed in this area. The study 
area (Fig. 1) falls in Plains and Hills Region 
(XIII) agro climate zone of Gujarat with 
average annual rainfall of 578 mm. From the 
center of Deesa town intensive cultivation 
of potato is being practiced and a buffer 
Zone of potato cultivation (15 km periphery 
of Deesa town) was created using Arc-GIS 
9.3. The soils of the area are classified as 
coarse loamy mixed hyperthermic family of 
Typic Haplusterts. The potato growing areas 
of Banaskantha district were demarcated 
based on the available information and 
ground truth verification. Representative 
surface soil samples from 0-15 cm depth 
were collected during 2011 and 2012 at a 
distance of one to one and half kilometers 
using GPS receiver (E-TREX-VISTA, Garmin) 
to record geographical locations (latitude 

and longitude). Samples were collected after 
field preparation and before application of 
fertilizers or organic manures. Soil samples 
were then air-dried in shade and sieved 
through 2 mm. The processed samples were 
analyzed for chemical properties following 
standard procedures. Soil pH was determined 
in 1: 2 soil: water suspension, and organic 
carbon (OC) by wet acid oxidation of 
organic matter (Walkley and Black 1934). 
Available P and K were determined by 
Olsen et al. (1954) and neutral ammonium 
acetate methods (Jackson, 1971), respectively. 
Diethylenetriaminepenta acetic acid (DTPA) 
extractable Zn, Fe, Mn and Cu contents in 
the soils were determined (Lindsay and 
Norwell, 1978). By using “GBC” make atomic 
absorption spectrophotometer after analyzing 
the samples for macro and micronutrients, 

Fig. 1. Potato growing area of Deesa tehsil of Banaskantha 
district.
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they were grouped into different categories 
(low, medium and high for P and K and 
deficient and sufficient for micronutrients 
(Table 2 and Table 3) as per the limits 
suggested by Trehan et al. (2008)

Geo-statistics and interpolation maps

The soil samples points marked using GPS 
were fed into the GIS environment. Values of 
different parameters (like pH, OC, available 
P and K and micronutrients) were tagged 
with corresponding points and interpolation 
of maps for each individual parameter was 
done using IDW technique in Arc GIS 9.3 
software. Further, the maps of this buffered 
zone were generated for pH, OC, P, K and 
micronutrients (Zn, Fe, Cu and Mn) and were 
categorized taking the ranges for different 
nutrients (Table 2 and Table 3) suitable for 
potato cultivation as suggested by Trehan 
et al.(2008). GIS software was also used to 
estimate the area falling under different classes 
of available nutrients. 

REsULTs AND DIsCUssION

soil reaction and organic carbon

The soils are neutral to alkaline in 

reaction, pH varied from 7.2 to 9.1 with a 
mean value of 8.4 (Table 1). Nearly 70% soil 
samples were having pH between 7.5 - 8.5 
and 26% samples have pH between 8.5 and 
9.5. The organic carbon content (OC) in these 
soils was low to medium, ranged from 0.18 
to 0.80% with an average value of 0.38%. 
Only 16% of soil samples falling in medium 
category indicated very precarious situation 
of soil health in these pockets. Due to very 
intensive and exhaustive cropping systems 
followed in the region, limited addition of 
organic matter through FYM, compost and 
recycling of crop residue has resulted in 
deterioration of soil organic carbon.

Available phosphorus and potassium

Considering <51 kg P2O5/ha as critical 
limit for phosphorus (Trehan et al., 2008), 

Table 1. Soil samples (%) falling in different ranges of pH 
and organic carbon.

pH Samples 
(%)

Organic carbon 
range (%)

Samples 
(%)

6.5-7.5 4.0 0.10-0.30 28.0

7.5-8.5 70.0 0.3-0.50 56.0

8.5-9.5 26.0 0.50-0.70 13.0

-- -- >0.70 03.0

Table 2. Soil samples (%) falling in different ranges of organic carbon, P and K.

Low Medium High Average Maximum  Minimum Sd

OC (%) 84.0 (<0.5%) 13.0 (0.5-0.7%) 3.0 (>0.7) 0.38 0.80 0.18 0.12

P2O5 (kg/ha) 18.0 (<51) 52.0 (51-103) 30.0 (>103) 41.0 152.0 5.8 28.31

K2O (kg/ha) 77.0 (<285) 15.0 (285-407) 8.0 (>407) 195.0 438.0 95.0 76.58

Figures in parenthesis indicates low, medium and high values for OC, P and K for potato cultivation as suggested by Trehan et al., (2008) 
used for mapping. 

Table 3. Micronutrient status (mg/kg) of soils of potato growing region in Deesa tehsil. 

Micronutrient 
element

Average Maximum Minimum Sd Critical limit
(mg/kg)

Samples deficient 
(%)

Zn 0.85 3.04 0.20 0.43 0.75 40.00

Fe 7.72  16.92 4.11 2.30 6.60 32.00

Cu 0.60 2.40 0.16 0.29 0.32 07.00

Mn 16.65  29.12 10.20 4.50 3.00 00.00



Available nutrients in Banaskantha soils

Potato J 42 (2): July - December, 2015 133

52% soil samples were rated medium 30% 
samples rated high and only 18% soil samples 
were rated low in available P. This clearly 
indicated its gradual buildup in these soils 
(Table 2). Since this is the area where intensive 
agriculture is in practice and P fertilizers are 
being applied in both the seasons. Potato crop 
recovers only 10-15% of applied P during the 
growing season (Trehan et al., 2008) and the 
rest resides in the soil as less soluble products. 
The continuous application of phosphatic 
fertilizers to each crop or cropping systems 
might have resulted in the accumulation of 
P in these soils as efficiency of applied P 
is very low and it comes in available form 
very slowly (Sharma et al., 2008). Therefore, 
cautious application of phosphorus fertilizers 
based on the soil tests values is needed. 

Taking <285 kg K2O/ha as the critical 
limit for potato, 77% samples were low, 15% 
tested medium and only 8% were found high 
in available K (Table 2). Since potato crop 
being the heavy feeder of K and many times 
its uptake exceeds that of N and hence exploit 
available stock of the soil. This leads to the 
negative balance of K in most of the potato 
based cropping systems. Mahesh Kumar et al. 
(2011) also reported that due to continuous 
drain of K from the soil reserve over the years 
without its replenishment, the deficiency of 
K has started appearing in pockets of arid 
Rajasthan.

DTPA extractable micronutrients : The DTPA 
extractable Zn in these soils varied from 0.20 
to 3.04 mg/kg with a mean value of 0.85 
mg/kg (Table 3) and considering 0.75 mg/
kg as the critical limit for potato (Trehan et 
al.,2008), 40% of samples were found deficient. 
Reasons for deficiency of Zn in these soils 
may be intensive cropping systems followed, 
very poor organic residue recycling, low 
organic carbon and relatively higher pH. 
Sood et al. (2009) reported that widespread 
deficiency of Zn in the soils was related 

to the important soil characteristics as Zn 
deficiency increased with increase in pH and 
decreased with increase in organic carbon. 
Similar observations were made earlier by 
Bansal and Takkar (1985) and Sharma et al. 
(2006). The available (DTPA-extractable) Fe 
content of the soils varied from 4.11 to 16.92 
mg/kg with a mean value of 7.72 mg/kg 
(Table 3) and considering 6.6 mg/kg as the 
critical limit for potato cultivation (Trehan et 
al.,2008), the percentage of samples deficient 
in Fe was 32% Sood et al., (2009) reported 
that the available Fe content was correlated 
positively to organic carbon and negatively 
with pH of the soil. 

The DTPA extractable Cu varied from 0.16 
to 2.40 mg/kg (Table 3) with the mean value 
of 0.60 mg/kg. On the basis of critical limit of 
0.32 mg/kg, about 7% samples were deficient 
in available Cu and likely to respond to Cu 
application. The content of DTPA extractable 
Mn in the studied soil samples varied from 
10.20 to29.12 mg/kg with a mean value of 
16.65 mg/kg and based on the threshold 
limit of 3.0 mg/kg no deficiency of Mn was 
recorded in theses soils. 

spatial distribution of available macro 
and micronutrients 

Soil pH and organic carbon

After preparation of spatial maps on soil 
pH and categorization in the three classes i.e.< 
7.5, 7.5 to 8.5 and 8.5 to 9.5, area fell under 
these categories was 0.35, 99.00 and 0.65%, 
respectively (Table 4 and Fig. 2). The 99.0% 
area fell under second category with pH value 
between 7.5-8.5. Similarly, categorization of 
area was also done on the basis of organic 
carbon content i.e. 0.1 to 0.3, 0.3 to 0.5, 0.5 to 
0.7 and >0.7%, these four categories occupied 
19.0, 75.25, 5.0 and 0.75% area, respectively 
(Table 4 and Fig. 2). This further illustrates 
the aggravated precarious condition of soil 
fertility in these pockets.
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Fig. 2. Spatial distribution of soil pH, organic carbon (OC%), available P and available K in potato growing pockets of 
Banaskantha district of Gujarat. 

Table 4. Percent of potato growing area falling in different ranges of pH, organic carbon, available P and K.

pH OC (%) Available P2O5 Available K2O

Range Area (%) Range (%) Area (%) Range (kg/ha) Area (%) Range (kg/ha) Area (%)

<7.5 0.35 0.10-0.30 19.00 <51.0 7.60 <285 91.34

7.5-8.5 99.00 0.30-0.50 75.25 51.0-103.0 65.10 285-407 8.50

8.5-9.5 0.65 0.50-0.70 5.00 >103.0 27.30 >407 0.16

-- -- >0.70 0.75 -- -- -- --

Available phosphorus and potassium

Area under low, medium and high 
categories of available P was 7.60, 65.10 and 
27.30% (Table 4 and Fig. 2). This further 
indicated that poor efficiency of this nutrient 
and regular application in potato based system 
has resulted in its build up in the soils. Many 
earlier researchers have also reported positive 
balance of P in the potato based systems 
(Singh et al., 2008; Trehan et al., 2008). The 
accumulated amount of this nutrient could 
be made available to the growing plants 
through application of phosphate solubilizing 
microorganisms. 

 More than 91.34% of area under potato 
growing pockets was deficient in available K 
(<285 kg K2O/ha), only 0.16% area was high 
in available potassium. While only 8.50% area 
was medium in potassium content. This may be 

attributed to intensive cultivation, along with 
sandy loam texture and poor cation holding 
capacity of soils in these pockets. Potato crop 
is one of the most exhaustive crop with respect 
to soil potassium and most of the potato based 
cropping systems have negative balance for this 
nutrient (Sharma et al., 2008; Trehan et al., 2008). 
The data on available K (Table 4) indicated that 
there is a mining of soil K reserve and there 
is a need to apply K based on the soil test to 
replenish the amount removed by crops and 
to maintain the K reserve of soil. Therefore, 
while recommending fertilizer for these areas 
one must take care of soil status. 

Micronutrients

In general, per cent deficient area under 
individual micronutrient varied from 34.0% 
for Zn, 29.8% for Fe and to 3.3% for Cu 
(Table 5 and Fig. 3). It can be inferred from 
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Fig. 3. Spatial distribution of DTPA extractable Cu, Zn, Mn and Fe in potato growing pockets of Banaskantha district of Gujarat.

the study that there is a need to apply these 
nutrients depending upon soil test values. 
From these spatial distribution maps it was 
also evident that deficiency zones of Zn and Fe 
was in the area where potato based cropping 
was dominant (Fig. 3).

The spatial maps of different nutrients 
generated will be useful for identifying 
specific locale of potato growing pockets with 
different nutrient management problems. 
While large area (>91.0% area) identified and 
mapped as potassium deficient. This requires 
special attention and required to be applied as 
per soil test results. At the same time sizable 
area came under high P, requiring low or 
less application of this nutrient. The study 
also revealed that most of the area was low 
in OC indicating thereby severe N deficiency. 
With the identification of locales with one 
or more macro/micronutrients deficiency, it 
is suggested to go for site specific nutrient 

management. These maps can further be 
overlaid on the digitized boundaries of 
village/tehsil to prioritize the villages which 
need immediate attention of the extension 
agencies, planners, manufactures scientists, 
and farmers in respect of application/
management of required amount and kind of 
macro and micronutrient elements. Further, 
prescription based specific recommendations 
for different yield targets may also be given 
for all fertilizer nutrients. It is also suggested 
to monitor the changes taking place with 
respect to nutrient status and other soil 
properties at different locations due to 
different cropping systems and management 
practices over a period of time 
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