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ABSTRACT 
In the present study attempts have been made to evaluate the soil fertility status from Sangamner area, Ahmednagar 

district, Maharashtra. 62 surface soil samples were analyzed for various soil fertility parameters like pH, EC, organic 

matter, available NPK and boron by standard procedures. pH ranged from 8 to 9.7 reflecting alkaline nature of soils.  

Higher EC in the downstream part reflecting low flushing rate and sluggish ground water movement in the area.  

Organic carbon ranges from 0.165 to 1.575% in the soils. 29.03% and 48.38% of soils showed low and medium 

status of organic carbon respectively.  Low status of organic carbon in some soils of the area is indicating that 

adequate nitrogen fertilization through organic manure, FYN etc are required.  Soils showed low contents of 

available nitrogen and phosphorus, while available potassium was high.  Available boron ranged from 0.02 to 

14.42ppm. Boron is found to be higher in salt affected soils which are located in the downstream part of Pravara 

River.  It was found that 56.45 % boron concentrations were safe,9.67% marginal and 33.81% reflect unsafe class of 

soil samples in the area.  Improper agriculture practices, intensive farming, monoculture type of cropping pattern 

and over irrigation are responsible for degradation of soil fertility from the area. To overcome the adverse effect, 

complimentary use of biofertilizers, organic manures in suitable combination of chemical fertilizers were suggested.  

Awareness camps, rallies and training programmes can be arranged for farmers regarding the benefits of balanced 

use of chemical fertilizers and use of organic agriculture in crop production in improving soil fertility and nutrition 

status.  
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INTRODUCTION 
Soil is the most vital and precious natural resource that sustains life on the earth.  It takes almost 1000 

years to produce an inch of top soil
1
.  One of the major concerns in today's world is the pollution and 

contaminations of soil.  The degradation of soil has stared occurring both due to natural and human 

induced factors which in turn affecting the productivity. As human population continue to increase, 

human disturbance of the earth's ecosystem to produce food and fiber will place greater demand on soils 

to supply essential nutrients. The soils native ability to supply sufficient nutrients has decreased with 

higher plant productivity levels associated with increased human demand for food
2
. Therefore one of the 

greatest challenges today is to develop and implement soil, crop and nutrients management technologies 

that enhance the plant productivity and the quality of soil, water and air. If we do not improve the 

productive capacity of our fragile soils, we cannot continue to support the food and fiber demands of our 

growing population. 

With the introduction of green revolution technologies the modern agriculture is getting more and more 

dependent upon steady supply of synthetic inputs (mainly fertilizers) which are product of fossile fuel. 

Excessive and imbalanced use of chemical fertilizers has adversely affected the soil, causing decrease in 

organic carbon, reduction in microbial flora of soil, increasing acidity and alkalinity and hardening of 

soil
3
. This situation contributes to the considerable loss of soil fertility. 

Soil fertility plays a key role in increasing crop production in the soil. It comprises not only in supply of 

nutrients but also their efficient management.  The fertility status of soil indicates their nutrient supplying 
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capability. Moreover fertility of soil is subject to man's control.  However, soil degradation is an outcome 

of depletive human activities and their interaction with natural environments. Salinization, alkalization, 

waterlogging etc. particularly in semi-arid regions are the output of such undesirable interactions. 

Introduction of better plant varieties, correction problems caused by salts, control of disease and insect 

pests and minimization of erosion losses are the some of the attempts made to overcome inferior soils in 

the existing conditions
1
. The evaluation of soil fertility includes the measurement of available plant 

nutrients and estimation of capacity of soil to maintain a continuous supply of plant nutrients for a crop.  

The availability of nutrients depends on various factors such on types of soils, nature of irrigation 

facilities, pH and organic matter content. Voluminous research work related to such aspects have been 

done by many researchers
4-12

.
 

The Sangamner area is experiencing the problems of salinization, 

alkalinsation, waterlogging etc due to over irrigation, excess use of chemical fertilizers, intensive 

cultivation with modern production technology and establishment of sugarcane and allied industries.  

Therefore, attempts has been made to evaluate the soil fertility status of the study area.  

 

Study Area 
The Sangamner area is located in the Ahmednagar district of Maharashtra. Sangamner is a Taluka 

headquarter which is located at a distance of 150 km from Pune on Pune-Nashik National Highway No. 

50 (Fig.1). 

 

Fig.-1: Location map showing soil sampling stations in the Study area. 

 

The area is drained by the Pravara River which is a tributory of Godavari. Pravara River originates in the 

mountainous region of Western Ghats and flows into low-lying fertile alluvial plain in the downstream 

part. Several dams and weirs have been constructed across Pravara River. Of these, Bhandardara dam is 

located in the source region and the Ozar dam is in the downstream direction of Sangamner town. These 

dams have been augmenting the irrigational water needs of the area. Over 90% of the study area is 

practising intensive agriculture. It should be noted that subsequent to the establishment of co-operative 

sugar-mill at Sangamner in 1967, the agriculture in the area has witnessed rapid changes in the cropping 
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pattern. The industrial units developed in the area generate large volumes of waste water which mixes 

with surface and groundwater resources thereby contaminating them. At places, the lagoons used for 

storage of waste waters have caused degradation of soils as well as water due to infiltration of effluents. 

Thus, the soil resources are facing severe threat from both irrigation practices as well as from agro-based 

industry.   

EXPERIMENTAL 
Selected 62 surface soil samples (0-20cm) were collected (Fig 1) in cloth bags as per the standard 

procedures 
13, 14

. Quartering technique was used for preparation of soil samples. The samples were dried 

in air and passed through 2 mm sieve and stored in cloth bags. The soil pH and EC were determined from 

the saturation extract (l:5 soil water ratio) of soils
13,15

. Organic carbon was estimated by Walkley and 

Black method16,17. The available N (Alkaline permanganate method), available P (Olsen's method) and 

available K (Flame photometer method) were estimated by standard procedures
17, 18

. The boron was 

determined by azomethine H method
18

.   

 

RESULTS AND DISCUSSION 
For evaluation of the soil fertility status of the study area, pH, EC, organic carbon, available NPK and 

boron from the soils were determined and results obtained are presented in Table-1.  

Soil pH     
The supply of plant nutrients and thus the fertility of the soil are affected by pH. The solubility of most 

nutrients varies in response to pH. As acidity increases, the losses of these nutrients by leaching increases 

and their availability to plants decreases. The quantity of some nutrients may rise so greatly under acidic 

and alkaline conditions that they become toxic to plants
19

. Therefore, it is very essential to control soil pH 

between 6.5 to 7.5 where most of the nutrients are available to plants for maintaining soil fertility20.  

In the present study, pH ranges from 8.0 to 9.7 reflecting alkaline nature of soils.  It is interesting to 

observe a narrow range of variation in pH in the area.  This can be attributed to high buffering capacity of 

the soils and absence of carbonate in the saturation extract
21

.  The higher values of pH are recorded (S.No. 

S6, S10, S12, S19, S21, S30, S44, S54, S55 and S58) in the central and downstream part of the area.  

These high values are possibly due to presence of soluble and exchangeable sodium along with HCO3
-
 

ions, which precipitates calcium and magnesium carbonates during evaporation. High pH values are thus 

indicative of development of salinity / sodicity in the area. These results were in confirmatory with the 

results reported by several workers
22-25

. 

 

Electrical Conductivity 

The EC values ranges from 0.1 to 46.8 dS/m in the study area.  The higher values of EC have been 

obtained from downstream part (S.No. S2, S3, S4, S5, S7 and S16) reflecting low flushing rate and 

sluggish groundwater movement.  The salt accumulation in the area is associated with the areas of high 

(shallow) water table. In this area, particularly at Jorve, Rahimpur and Kolhewadi (Fig 1) transpiration of 

salts with surface runoff is negligible.  Instead evaporation of surface and groundwater at shallow depth 

leave behind the salts which appear as encrustation on soils. On the other hand, lower values of EC are 

recorded for upstream and topographically higher areas can be attributed to the rolling topography, 

relatively higher gradient, seasonal irrigation and alternating cropping pattern (S.No. S23, S25, S29, S32, 

S34, S35, S45, S48, S49, S50, S52, S59 and S60). Similar findings were reported, in the further 

downstream area which is in close proximity of the study area
25-27

. 

Organic Matter 
The organic matter is a vital store of available nutrients. It helps to sustain soil fertility by improving soil 

structure, retention of mineral nutrients, increasing water holding capacity, water infiltration, drainage, 

aeration and root penetration. It also helps to increase the amount of soils flora and fauna
2,3

. Thus the 

organic matter is an important contributes to soil fertility. It comes in a soil from remains of plants and 

animals. However, in addition to this, it also includes grasses, trees, bacteria, fungi, protozoa, earthworm 

and animal manure. It is obtained by estimating organic carbon from soil
16

. 
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Table-1: Soil fertility parameters of the soils from Sangamner area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EC Available nutrients (kg/ha) S. No. pH 

dS/m 

OC  

% N P K 

Boron ppm 

S1 8.6 2.84 0.64 144 11.8 710 3.061 

S2 8.6 25.4 0.51 138 6.5 1023 11.82 

S3 8.5 36 1.57 157 2.71 613 4.107 

S4 8.3 19.8 0.54 116 2.32 504 4.262 

S5 8.5 8.1 0.75 135 2.58 620 3.157 

S6 8.9 22.1 0.31 88 5.94 709 14.42 

S7 8.5 26.1 0.6 129 2.7 739 4.705 

S8 8.6 17.3 0.88 137 6.53 709 7.321 

S9 8.4 8.3 0.81 144 5.63 687 3.514 

S10 8.8 11.8 0.48 107 28.4 694 9.489 

S11 8 7.9 1.38 188 3.17 747 2.687 

S12 9.5 8 0.16 94 4.31 302 6.088 

S13 8 6.4 0.6 138 3.17 590 8.381 

S14 8.6 11.6 0.66 135 5.73 620 3.547 

S15 8.5 6 0.18 100 7.68 239 1.806 

S16 8.5 46.8 1.27 188 6.02 709 7.604 

S17 8.4 4.1 0.78 169 2.14 657 1.753 

S18 8.4 2.9 0.96 135 3.08 388 0.37 

S19 9.1 1.6 0.46 135 3.14 396 1.176 

S20 8.7 5.6 0.63 116 5.07 515 4.737 

S21 9.7 6.3 0.4 88 4.74 613 0.019 

S22 9.1 2.16 0.52 125 7.11 627 1.016 

S23 8.5 0.1 0.46 132 4.77 276 0.359 

S24 8.6 1.1 0.7 144 2.59 709 0.172 

S25 8.4 0.1 0.85 147 6.67 75 1.539 

S26 8.7 4.7 0.6 129 6.03 508 1.891 

S27 7.8 3.9 0.6 141 2.7 881 1.656 

S28 8.6 5.5 0.42 116 2.76 530 0.023 

S29 8.4 0.2 0.54 141 4.19 328 0.022 

S30 8.9 1.42 0.63 138 4.88 448 0.824 

S31 8.3 1.75 0.96 125 6.5 515 0.37 

S32 8.4 0.82 0.61 138 6.74 388 0.146 

S33 8.6 1.11 1.05 125 3.4 358 0.589 

S34 8.2 0.44 0.61 125 2.46 321 0.022 

S35 8.3 0.52 0.6 141 6.08 709 0.023 

S36 8.2 3 0.66 132 4.6 821 0.653 

S37 8.1 2.07 0.69 169 5.97 321 0.021 

S38 8 4.17 0.58 132 3.76 396 0.023 

S39 8.4 1.54 0.66 150 1.25 328 0.024 

S40 8.2 1.88 0.78 144 2.11 821 0.02 

S41 8.2 0.77 0.63 125 4.46 388 0.023 

S42 8.2 0.79 0.45 119 18.42 321 0.019 

S43 8.4 0.39 0.52 147 8.05 396 0.018 

S44 8.8 0.66 0.45 119 2.47 463 0.025 

S45 8.4 0.44 0.54 125 4.57 336 0.019 

S46 8.3 0.71 0.42 113 2.18 328 0.019 

S47 8.4 0.503 0.39 132 3.5 209 0.02 

S48 8.5 0.383 0.34 122 4.51 306 0.019 

S49 8.4 0.836 0.48 135 4.97 567 0.02 

S50 8.4 0.57 0.24 125 1.52 224 0.017 
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Table-2: Classification of soils on the basis of organic carbon content from study area
28

. 

 

Category Organic carbon % No of soil samples and location 

Low <0.50 S6, S10, S12, S15, S20, S22, S24, S28, S42, S44, 

S46, S48, S49, S50, S53, S54 and S55 = 18 

(29.03%) 

Medium 0.50 to 0.75 S1, S2, S4, S5, S7, S13, S14, S21, S23, S255, 

S27, S29, S30, S32, S34, S35, S36, S37, S38, 

S39, S41, S43, S45, S51, S52, S56, S57, S60, S61 

and S62=30 (48.38%) 

High > 0.75 S3, S8, S9, S11, S16, S18, S19,S26, S31, S33, 

S40, S58 and S59 = 14 (22.58%) 

 
The examination of the data presented in Table 1 showed that organic carbon content ranges from 0.165 

to 1.575% in the soils from the area. However, low status of organic carbon was noticed in the 

downstream part of river basin (S.No. S1,S19,S22,S24,S25,S27 and S44). This is possibly due to strong 

alkaline condition (pH > 8.5) which might have dissolved the humic substances of soil and further they 

are lost from the soils. 

The soils from the study area are classified on the basis of their organic carbon content into different 

categories such as low, medium and high. They are summarized in Table-2. 

It is evident from the above table that 18(29.03%) samples show low, 30(48.38%) medium and 14 

(22.58%) high organic carbon content. In general, majority of the soils in the area have low to medium 

carbon content. That is to say that these soils require adequate nitrogen fertilization through organic 

manure, farmyard manure, green manure etc. Similar observations were reported
5
.  

 

Available Nitrogen 

Deficiency of nitrogen is almost universal in Indian soils. Therefore, nitrogen application is a must for 

canopy development and high yields. However, nitrogen is an essential plant nutrient; it should be present 

in the soil in appropriate proportion for the growth of plants. The plants absorb nitrogen either as 

ammonium or as nitrate ion. The transformation of the nitrogen compounds in the soils involves the 

processes such as fixations of atmospheric nitrogen by free living and nodule forming bacteria, 

conversion of nitrogen containing compounds into humic acids, ammonification, nitrification, 

denitrification and then leaching loss of different nitrogen compounds by intra-soil and surface flows
29

.  

Considering such a unique importance of nitrogen for the growth of plants, attempt has been made to 

estimate available nitrogen from the soils in the study area. The results were presented in Table 1. The 

available nitrogen in the soil ranges from 87.8 to 188 kg/ha. It shows the soils from the area have low 

nitrogen status. This evidence is further confirmed by comparing the estimated values of nitrogen with 

S51 8.5 1.74 0.66 137 2.4 388 0.028 

S52 8.6 0.45 0.57 153 2.17 629 0.834 

S53 8.5 4.61 0.28 110 0.53 276 0.498 

S54 8.9 1.7 0.43 122 0.87 463 0.022 

S55 8.8 1.12 0.3 100 0.68 522 0.023 

S56 8.6 1.84 0.51 119 7.36 275 0.706 

S57 8.4 1.3 0.6 175 1.85 396 1.197 

S58 8.8 0.94 0.96 135 1.99 261 0.252 

S59 8.4 0.44 1.08 132 2 567 0.02 

S60 8.7 0.41 0.61 156 1.39 1176 0.02 

S61 8.4 0.57 0.6 163 1.69 373 0.098 

S62 8.6 1.04 0.66 166 2.18 508 0.021 
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critical limits for delineation of soil fertility 
28

. These rating limits are irrespective of crops or soils. 

Critical limits for soil test values (available NPK) used in India is summarized in Table-3.  

 
Table-3: Rating limits for soil test values used in India

28
. 

Nutrients Low Medium High 

Available Nitrogen (Kg/ha) <280 280-560 >560 

Available phosphorus (kg/ha) <10 10-24.6 >24.6 

Available Potassium (kg/ha) <108 108-280 >280 

 

However, it is interesting to note that all 62 soil samples have low to very low available nitrogen. Similar 

status of nitrogen in the soils were reported in the vicinity of the study area26,27.  

 

Available Phosphorus 
Phosphorus has been called the “Master key to agriculture”. Because low crop production more often due 

to lack of phosphorus than the deficiency of other elements except nitrogen 
30

. The importance of 

phosphorus in plant nutrient is many folds. It is essential for growth, cell division, root growth, fruit 

development and early ripening. It is also required for energy storage and transfer. It is a constituent of 

several organic compounds including oils and amino acids
30

.  

Phosphate ion enters the soil solution either as a result of mineralization of organophosphates or the 

application of fertilizers. The plants take available P mostly in the form of H2PO4
-
 from soil solution. 

Chemisorptions of P occurs due to interaction of phosphate ions with the atoms like Al, Fe or Ca 

depending upon soil pH
29

. 

In the present study, available P ranges from 0.54 to 28.45 kg/ha (Table 1). The low status of available P 

was found nearly in all the soils in the area. Only two samples S10 and S42 showed medium and high 

available P respectively. This is possibly attributable to strongly alkaline condition of the soil (pH > 8.5) 

besides high content of CaCO3. However, in calcareous soils water soluble P is rendered insoluble within 

few hours as P ions precipitate on CaCO3 particles31. Comparing the P values with the critical limits of P 

(Table 3) also supports this inference
28

. Nearly all the soil samples have been shown low category of P in 

the area. Reports are also available that available P from Jayakwadi command area varied from 7.52 to 

32.36 kg/ha which is in agreement with the present investigation
32

. 

 

Available Potassium  
Potassium is a master nutrient for the production of superior quality crop. Potassium exists in K

+
 form and 

its function appears to be catalytic in nature
30

. The potassium is important for plant because it participates 

in the activation of large number of enzymes which are involved in physiological process of plants. It 

controls the water economy and provides the resistance against a number of pests, diseases and 

environmental stresses
30

.  

The available K in the soil ranges from 75 to 1176 kg/ha (Table 1). All soils samples have higher content 

of available K. However, the higher order of K was observed in the downstream part of study area (S.No. 

S1, S2, S3, S4, S5, S6, S7, S8, S9, S10, S12, S16, S19, S20, S21, S22, S24, S25, S26, S27, S44 and S53). 

This is possibly due to the release of K from clays under high pH conditions and use of potassium 

fertilizers like KCl and K2SO4
33

. It was also observed in the area that the rate of release of this element 

and its uptake is not ordinarily influenced in salt affected soils. However, the K contents in soil when 

compared with the critical limits (Table 3), it were noticed that the available K in soil is in high 

category
28

. 

Soil testing provides information regarding nutrient availability in soils which forms the basis for the 

fertilizer recommendations for maximizing crop yields.  On the basis of soil testing results, the 

recommended fertilizer doses for the crops are modified for making fertilizer recommendations to the 

farmers. If the level of nutrient is low (Table 3), the recommended fertilizer dose for the crops is 

increased by 25%
28

. If it is medium then the general dose is recommended as it is. while the level of 

nutrients is high, recommended dose is reduced by 25%.   
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Boron 
Boron is typical and important trace element. Orthoboric acid (H3BO3) and its salts are the main forms of 

boron present in the soil. Several factors including soil pH, calcium, soil texture, organic matter, light and 

moisture are known to influence the availability level of boron in soil
29

. However, boron greatly 

influences the metabolism and transport of carbohydrates in plants. It is also involved in membrane 

integrity and cell wall development, which affect permeability, cell division and cell extension. Boron 

deficiency like calcium affects the growing points of roots, shoots and young leaves
30

. Boron deficiencies 

retard the uptake of calcium. The excess lime might reduce the uptake of calcium because of boron 

deficiency
30

.  

It is interesting to note that excess of boron in soil is as undesirable as its deficiency. At very high boron 

content in soils and fodder, animal diseases are prevalent. The excess of boron in food products may harm 

human health
29

. The examinations of the data revealed that boron in the soil ranges from 0.02 to 14.42 

ppm (Table 1). Boron concentration is high in salt affected soils (S.No. S1, S11, S13, S14, S15, S17, S19, 

S22, S24, S25, S27, S28, S38 and S44). These soils are located in the downstream part of river wherein 

the salinization is at severe stage.  Deficiency of boron is observed in the upstream part and in the non-

irrigated region. This might be due the drying condition of soil, which reduces the microbial activity, as 

well as mineralization of organically combined boron. These observations were in good agreement with 

the results reported
4
.  

 

Boron Toxicity 
Plant species differ markedly in their tolerance to excessive concentration of boron. Richards (1968) has 

categorized the boron concentration relative to tolerance of crop/plants
34

. In this classification, boron 

concentrations in the soil extract below 0.7 ppm are considered safe for sensitive plant, from 0.7 to 1.5 

ppm as marginal as and greater than 1.5 ppm as unsafe
34

. Based on these limits, the soils in the area are 

classified (Table-4). 

  
Table-4: classification of soils based on boron concentrations from study area

34
. 

 

Class Boron conc. (ppm) No. of samples and locations 

Safe < 0.7 S18, S21, S23, S24, S28, S29, S31, S32, S33, S34, S35, 

S36, S37, S38, S39, S40, S41, S42, S43, S44, S45, S46, 

S47, S48, S49, S50, S51, S53, S54, S55, S58, S59, S60, 

S61, S62 = 35 (56.45%) 

Marginal 0.7 to 1.5 S19, S22, S30, S52, S56, S57 = 6 (9.67%) 

Unsafe > 1.5 S1, S2, S3, S4, S5, S6, S7, S8, S9, S10, S11, S12, S13, 

S14, S15, S16, S17, S20, S25, S26, S27 = 21 (33.81%) 

 

It is observed from the table that 35 (56.45%) samples were safe in boron concentration, 6 (9.67%) 

samples marginal and 21 (33.81 %) samples reflect unsafe class. This indicates that 27 (43.88%) samples 

have exceeded safe limit of boron. Therefore, it is inferred that these soils have boron concentration in 

toxic quantities. Critical look on the data in Table 4 indicates that these samples are located in the 

problem area and in the backwaters of Ojhar weir. This is possibly due to high soil pH, high EC leading 

to salinization, impeded drainage and limited leaching, high and fluctuating water table and clayey soil 

texture in the area. However, the remaining 35 (56.45%) samples are in the safe limit. Since, non-irrigated 

area shows occurrence of calcareous soils where the high concentration of boron are not expected to cause 

any toxicity
35

.  This is due to the fact that in these soils, B precipitates as calcium borate
36

. 

 

CONCLUSION 
The study of evaluation of soil fertility status revealed that the soils from study area are alkaline in nature 

with pH range 8 to 9.7. The EC of the soils is found to be higher near the river bank areas while it 
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decreases towards the Ghat region. Organic carbon in the soils ranges from 0.165 to 1.575%. However 

low status of organic carbon was noticed in the lower part of study area.  This is possibility due to strong 

alkaline condition.  

The available nitrogen and phosphorus in the soils are in low category.  However, higher content of K 

was observed in the soils.  The high values of K in the soils are attributed to release of K from clays under 

high pH conditions besides the use of potassic fertilizers.  The boron in the soil ranges from 0.02 to 

14.42ppm. Higher concentration of boron were recorded in salt afflicted soils. This is possibly the result 

of high soil pH, high EC, choked drainage, limited leaching and clay texture of the soil in the area.  

Fertilizer recommendations on the basis of soil test data can be done for maximum crop yield.  

Improper agriculture practices, intensive farming, monoculture type of cropping pattern and over 

irrigation are responsible for the deterioration of soil quality in the area. To overcome the adverse effect 

of this chemical cultivation efforts should be made to exploit all the available resources of nutrients under 

the theme of integrated nutrient management (INM). Under this approach the best available option lies in 

the complimentary use of biofertilizers, organic manures in suitable combination of chemical fertilizers. 

'Organic agriculture' system should be inculcated which begins to consider potential environmental and 

social impacts by eliminating the use of synthetic inputs such as synthetic fertilizers, pesticides etc. The 

camps, rallies and training programmes for the farmers should be arranged for increasing awareness 

regarding the benefits of organic agriculture, biofertilizers etc in crop production and thereby improving 

soil fertility and nutrient status.  
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