
INTRODUCTION
In order to produce enough food for the growing world population, there is a 
need for increasing agricultural and innovative measures to enhance productivity. 

normally apply excessive N fertilizers (Fei et al.
by NO3

-  from nitrogenous fertilizers and over-irrigation is a worldwide concern 
(Sharmasarkar et al. 3

- into the 
shallow ground water systems has been a matter of concern for environmental 
professionals and the public at large. Excessive application of N fertilizers relative 
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ABSTRACT
Accumulation of NO3

-

ground water is an important issue regarding ground water pollution especially 
in intensively fertilized agricultural areas. The study was undertaken to study the 
levels of residual soil NO3

- -N in intensively fertilized banana producing farms at 
Jalgaon district of Maharashtra, India. A total of 144 composite soil samples was 
collected from post-harvested banana farms at various soil depths and analysed 
for NO3

- -N content. The results obtained showed higher NO3
- -N content in the 

soil and the mean values of NO3
- -1 in Chopda, 

NO3
- -1 which is in the high NO3

--N category, 74 % in 
the medium category with NO3

- -1 and 16 % in 
the low NO3

--N category which contained NO3
- -1. Analysis 

of NO3
-

showed accumulation of NO3
-

in NO3
-

The residual soil NO3
--N may leach down to the ground water of the region and 

3
--N levels in ground water and to 

avoid accumulation in the soil, application of organic manure is recommended 
early in the season. In addition, it is suggested that chemical fertilizers be applied 
late in the season, which will reduce the leaching losses and higher amounts of 
NO3

-
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to crop needs can lead to accumulation of residual soil NO3
- that could eventually 

leach to ground water systems (Kanwar et al.

more immediate, but the health issue has attracted much public concern.
In a recent survey, higher concentrations of NO3 

- -N in 36 % of 161 collected 
samples from ground water resources of Jalgaon district have been reported; 

et al.
limits of NO3

- -1, intended to prevent infant 

investigation has also shown increased risk of human gastric cancer with food 
intake polluted by nitrosamine compounds (Cai et al. et al.
Nitrate and NO -

et al.
water needs of the area is met from ground water resources.

more bananas than most countries of the world. According to Mahabanana 

Jalgaon is one of the highest fertilizer-consuming districts of the Maharashtra 
state (Sargaonkar et al.

et al.
-1 for banana farms. 

Numerous studies have been carried out on effects of agricultural practices 
on soil and environmental pollution (Mathuthu et al. 1993, Millburp et al.
especially in developed countries.  However, in many tropical countries, little 
or no validated and standardized information is available on the magnitude of 
fertilizer application on NO3

- and phosphorus pollution of streams and adjoining 
agricultural lands. The negative impact of this lack of information is perhaps 
counteracted by the belief that fertilizer use is still below optimum in many of these 
countries and therefore does not pollute the environment (Olarewaju et al
However, many agronomic experiments have suggested that crops typically use 

et 
al.
nitrate leaching (Boumans et al.
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In order to avoid N losses, Pilbeam et al.
et al

3
- and found 

that with increasing rates of urea and water, there was an increase in NO3
- 

concentration and its downward movement in the soil.
Although an intensively cultivated and agriculture-dominating region of 

India, no work has been reported on effects of agricultural practices on soil and 
environmental pollution on  Jalgaon district. A critical evaluation of the existing 
status suggests the need for a systematic investigation of the occurrence of NO3

- 

-N in soil and water to design effective management and mitigation measures for 
sustainable agricultural practices. In this context, the objectives of the present 
work were to determine the residual NO3

- -N content in soil and study its horizontal 
and vertical distribution in the post-harvested banana farms of Jalgaon region. 

Post harvest NO3
- -N test data obtained in the present work would be of use 

to design sustainable manure and nitrogenous fertilizer application programmes 
for banana farms. Thus, results obtained in the present work can be utilized in 
drawing up a nutrient management programme for the banana farms. 

TABLE 1

Residual Soil Nitrate in Banana Farm

Year Sr. 
No. 

Chemical fertilizer 
type 2005-06 2006-07 2007-08 2008-09 2009-10 

1 Urea 117906 153386 187607 198166 206452 
2 Ammonium sulphate 4673 3542 3350 3624 4904 

3 Diammonium 
phosphate 26984 32274 41165 76154 75594 

4 Single super 
phosphate 29240 53338 54458 46106 50349 

5 Muriate of potash 40365 42098 59553 82069 90864 

6 Calcium ammonium 
nitrate 102 216 293 123 518 

7 Monoammonium 
phosphate 0 0 5050 2401 152 

9 Single super 
phosphate 0 0 0 7848 0 

8 Other mix 6593 7825 5253 3495 362 
 N:  P:  K 
8 20:20:00 20200 25602 15243 7275 14885 
9 15:15:15 6889 12752 13237 17962 17362 

10 19:19:19 3741 1743 939 0 0 
11 10:26:26 23596 43608 40961 33329 27493 
12 23:23:00 1304 3359 762 3027 5531 
13 12:32:16 8088 14759 10650 5500 8126 
14 14:35:14 2057 4468 0 1677 4164 
15 18:18:10 11122 16905 18854 19983 20678 

 Total 302860 415875 457375 508739 527434 
All values are in metric tonnes (Source: Department of Agriculture, 

     Zillah Parishad, Jalgaon)



MATERIALS AND METHODS

Study Area
Jalgaon district is located in the north-west region of the Maharashtra state of 
India. It is bounded by the Satpuda mountain ranges in the north, Ajanta mountain 
ranges in the south, Dhule district in the west and Buldhana district in the east; it 

in volcanic black soil that is well suited for cotton and banana production. The 

by dug wells and bore wells is common practice for the banana crops in Jalgaon 
district (Figs. 1 and 2).
Soil
The soils of this district are wholly derived from basalt rock. They differ from 
the rest of the Deccan trap soil area, which are mostly alluvial in origin, as they 

have been transported from the mountain ranges. The black soils are mostly clays 
that form deep cracks during the dry season and usually respond to application 

soil types of Jalgaon region and chemical and physical properties of soil is given 

Fig. 1: Location of the Jalgaon district in Maharashtra state of India.
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Fig. 2: Map of Jalgaon district.

Residual Soil Nitrate in Banana Farm

Black Soil 
Parameter 

Medium 
black Deep black 

 
Forest Soil 
 

Loamy 
soil 

Sandy 
soil 

Colour brownish 
black Black dark brown 

to black gray reddish or 
yellowish 

Depth (feet) 3 to 6 6 3 to 6 6 0.5 to 2 
Drainage good Impeded good good excessive 
Slope flat flat undulating flat sloppy 
Erosion slightly Nil nil nil heavy 
Sand (%) 45-50 30-40 40-50 24-30 65-75 
Silt (%) 15-20 25-35 20-25 35-45 10-15 
Clay (%) 25-35 30-45 25-30 25-30 10-15 
CaCO3 (%)  0-5 0-5 5-8 1-3 1-5 
pH  7.5-8.5 8.0-8.5 6.0-7.0 6.5-7.5 6.5-7.5 
Nitrogen (%) 0.05-0.08 0.06-0.09 0.01-0.15 .08-0.09 0.03-0.05 

P2O5 
15.00-
20.00 15.00-25.00 15.00-20.00 20.0-

25.0 5.00-10.00 

K2O  15.00-
20.00 20.00-25.00 20.00-25.00 20.0-

25.0 5.00-15.00 

(Source: http://www.maharashtra.gov) 

Physico-chemical properties of soils in the study area



sampling grid area was established for the spatial and comprehensive collection 

m grid length in each row (Sharmasarkar et al.
taken at each sampling location and composited for each depth at each sampling 
location. Sampling was done by using soil-sampling devices, which included 5.1 
cm diameter hand auger and 1.9 cm diameter soil probe. These probes and augers 
were selected for their standardized size. Immediately after collection, samples 

No rain was observed during the sampling period of 4 months. Approximately, 
after 18 hours of collection, the samples were brought to the laboratory for analysis 
of the NO3

--N content.

diameter screen. The samples were then analysed for residual NO3
- -N content 

using chromotrophic acid method. The details of sampling procedures and 
3
- -N extraction are 

RESULTS AND DISCUSSION
The distribution of residual NO3

- -N for post-harvested banana farms of Jalgaon 

Figures 3 to 5.

Fig. 3: Residual soil NO3
-
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Results obtained in the present study indicate that NO3
--N content in the soil 

-1 

A comparative assessment of results shows statistically considerable differences 
in the residual soil NO3

--N levels of three tahsil areas under study (Figs. 3 to 5). 
The considerable variability in the distribution of the residual soil NO3

- -N levels 
in the soils of the different tahsils of the Jalgaon region may be explained by the 
uneven rates of application of N fertilizers and different soil capacities towards 
the volatilization of NH3.

Fig. 4: Residual soil NO3
-

Residual Soil Nitrate in Banana Farm

Fig. 5: Residual soil NO3
-

Composites Samples

Composites Samples



94

Residual traces of NO3
- -N in the majority of collected samples were higher 

in surface samples. Moreover, the processes of retention, sorption and slow 
3
 - -N 

NO3
- -N, which is due to the utilisation of NO3

- -N by crop roots. However, the 
presence of relatively excess unutilized NO3

- -N in the post-harvested farms 

region. This relatively excess NO3
- -N can leach down to the deeper soil layers 

health of the people who consume untreated water from the underground water 
resources of Jalgaon region.

Statistical Analysis

made at different depths and at different sampling locations. Probability level 

well.
Tables 3, 4 and 5 incorporate the statistical analysis of results for Chopda, 

Raver and Yawal region, respectively. These include statistical parameters such as 
mean, median, mode, standard deviation, minimum and maximum. The average, 
minimum and maximum values of residual soil NO3

- -N vary between 53.7 to 84, 
-1, respectively, for three tahsils of Jalgaon 

district under study.
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TABLE 3
Descriptive of NO3

--N leachates

 
 

 

Chopda 
Depth (cm) 10 20 30 40 
Mean 73.43       66.39       59.37       53.75       
Median 77.50       71.40       64.85       56.00       
St. dev. 29.86    27.26    24.58     24.25 
Minimum 20.70      18.80      19.80       15.90       
Maximum 117.80       112.70       98.60       96.60       
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Table 6 incorporates the survey conducted by Khatik et al.
of NO3

- -N in the water resources of Chopda, Raver and Yawal regions. Of the 

concentrations above the permissible limit. This is evidence of NO3
- -N leaching 

in the study area. 

Residual Soil Nitrate in Banana Farm

 
 
 
 
 

Raver 
Depth (cm) 10 20 30 40 
Mean 82.14       76.47       69.52       62.18       
Median 83.70      78.60       71.70      56.95      
St. dev. 25.47 25.02        23.13        23.12        
Minimum 40.70      32.80      27.30      19.10      
Maximum 128.90       117.50       104.90       101.00       

TABLE 6
NO3

--N in ground water resources of the study area

TABLE 4
Descriptive statistics of NO3

--N leachates

TABLE 5
 Descriptive statistics of NO3

--N leachates

  

Yawal 
Depth (cm) 10 20 30 40 
Mean 89.32       84.43       77.63       68.91       
Median 90.55     85.50     77.00     69.80     
St. dev. 13.50        15.76        15.74        16.89        
Minimum 65.70      60.00      58.00      43.80      
Maximum 114.00       120.70       118.70       110.20       

Tahsil  Chopda Raver Yawal 
Total samples 15 15 15 
Minimum NO3

- level (mg L  ) 16.8 22.1 27.4 
Maximum NO3

- level (mg L  ) 79.7 70.8 60.2 
Average NO3

- level (mg L   ) 39.8 43.7 40.8 
Std. Dev. 19.2 16.0 10.7 
No. of samples above permissible limit 6 5 4 

-l

-l

-l

(Source: Khatik et al. 2010). 
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3
- -N content of 

-1

-1 -1

samples are in the low NO3
- -N category. The percentage of samples in the medium 

class is about 74 % and the percentage of the samples falling in the high category 
is about 9 %. Thus, soils in the majority of banana farms in the study area contain 
medium amounts of residual NO3

- -N. 

Figure 7 presents the percent average distribution of NO3
- -N in soil samples at 

% of NO3
- -N accumulation whereas accumulation NO3

- 

3
- -N 

NO3
- -N in the soil indicates relatively higher concentrations of NO3

- -N in the 
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Fig. 7: Percent mean average value of soil NO3

Fig. 6: Percent frequency distribution of soil NO3-N levels

Nitrate concentration
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SUMMARY AND CONCLUSIONS
It is evident from the results that the residual soil NO3

- -N levels in the study area 
are high. About 83 % of the samples had NO3

- 

kg-1
3
- 

is indicative of NO3
 -

practices are not effectively managed, then NO3
- -N leaching may continue and 

nearby water bodies can occur. 
It may be concluded from the results of the present study and the recently 

conducted survey of water resources of Jalgaon region for NO3
- -N that there can 

be unprecedented higher levels of NO3
- -N in some underground water resources 

and Yawal tahsils of this district may not be suitable for drinking purpose. It is 
advisable to treat the water before drinking to remove excess NO3

- -N content. 
To minimize N losses from such a  highly chemical fertilizer consuming 

system, it is suggested  that organic manure be applied early in the season, 

the season when leaching losses are less and crop uptake is more vigorous. 
To obtain detailed status of NO3

--N leaching in the Jalgaon region, further 
studies can be conducted by sampling the soils at greater depths using hydraulic 
soil sampling machines.
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