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Introduction 
 

Soil is a basic natural resource required for 

cultivation of crops and success of crop 

production primarily depends of its quality. 

Among the soil constrains, acidity is one of the 

major ones affecting one-third of arable lands in 

the country but the issue is least addressed.  

 

Soil acidification is a slow natural process 

caused by the acids resulted from the 

weathering of parent materials. The rate of 

acidification is depending on the nature of the 

parent materials, effective rainfall and 

temperature. This is accelerated by the 

activities of plants, animals and humans. 

Globally, soil acidity is one of the most 

important  factors  affecting  a  wide  array  of  

 

 

 

 
crops grown under varied agro-climatic 

conditions. Acid soils (pH < 5.5 in surface 

layer) constitute 3,950 million ha or 30% of 

the world’s total ice free land or about 40% of 

the arable land (Von Uexk¨ull and Mutert, 

1995).  

 

The effectiveness of agricultural limestone 

also depends on the neutralizing value, 

physical properties and particle size (Brady and 

Weil, 2002). The rate of reaction of liming 

materials with acid soils depends upon its 

fineness because finer materials increase the 

surface contact with the soil. If the liming 

materials are coarse, the rate of reaction will be 

slight. The amount of finer fraction of liming 
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The nano-lime and nano-dolomite had the surface areas of 1000 and 900 m
2
g

-1
, 

respectively, which are nearly 10 times higher than their respective conventional counter 

parts. Nano-liming is more effective due to the extensive surface areas of these materials that 

had increased by ten times which correspondingly increased the exchange properties. As a 

result of eluviations of acidity producing cations, the Ca and Mg added through the liming 

materials got adsorbed that closely coincided with a set of favourable changes in soil properties. 

The changes in soil properties had reflected on the yield and quality of crops grown in either 

hilly or plain acidic soils. The data have unequivocally suggests that nano-liming may be one of 

the plausible strategies to improve the liming efficiencies. There are several stages of testing of 

the nano-materials for their biosafety prior to use in the open field conditions. It is one of the 

early lead indicating improved liming efficiencies through nanotechnological approaches.  
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materials will be required much less as 

compared to coarser fractions of the material 

to achieve a certain pH. 

 

In order to improve the liming efficiencies, 

nanotechnology may hold a promise as in 

exploits atom by atom manipulation and size 

reduction. The word “nano” refers to the size 

of one-billionth of a metre or one-millionth of 

a millimetre in any one of the dimension. We 

are aware that all materials are made up of 

atoms which are the smallest units and for 

example, ten atoms put together will measure 

one nanometer. As the size gets reduced, the 

surface area gets increased by several folds. 

For instance, a 5 cm
3
 has a surface area of 120 

cm
3
 when the material is at its regular scale, if 

the same cube is divided 24 times to reach 

nano-dimension and the fractionated cube can 

be spread over a surface area equivalent to a 

football stadium. Such a phenomenal increase 

in surface to mass ratio makes 

nanotechnology very unique and powerful 

(Subramanian, 2013).  

 

Due to adsorption by soil organic matter the 

mobility of nano-particles in the soil matrix is 

decreased and hence their influence on the 

microbial activities is drastically reduced. 

Hence, soil organic matter significantly 

influenced the fate of nano-particles in the 

environment. Generally, microorganisms 

present in soil interact with nano-particles 

through passive and active mechanisms 

resulting from changing microbial activities. 

Soil microorganisms are one of the ultimate 

recipients of nano-materials in the ecosystem 

and because of interaction with environment 

could be significantly affected when exposed 

to nano-materials. 

 

Materials and Methods 
 

Source of raw material 

 

The sources of liming material such as calcite 

(CaCO3) and dolomite (CaCO3 MgCO3) 

conventional lime was purchased from M/s 

Sigma Adrich Chemicals, Coimbatore. The 

nano-lime had a dimension of 115-120 nm in 

size and the Analar grade of lime was used for 

fortification. 

 

Ball milling  

 

High-Energy Ball Milling (HEBM) grinder 

(FRITSCH, Pulverisette 7, Germany) was 

used for the size reduction of lime and 

dolomite. Both adsorbents were powdered 

and passed through < 0.5 mm sieve and dried 

for a few hours at 60° C.  

 

Spheres of stainless steel balls were used for 

grinding the raw materials. Sample to 

stainless steel ball ratio adopted was for 1:10 

(lime and dolomite). These samples were 

rotated at different speeds of 400, 450, 500 

rpm for 1, 2, 4 and 6 hours in half cycle pause 

time of 15 minutes per 30 minutes interval 

(On - Off cycle) and quick dry technique was 

performed for size reduction (Ying et al., 

1999; Amir et al., 2010). 

 

Synthesis 
 

Synthesis of nanoparticles was carried out by 

two methods viz., top down approach 

(physical synthesis) followed by stabilization 

of the materials using chitosan. Lime and 

dolomite were prepared and purified prior to 

the ball milling to achieve nano-dimension. 

The required quantity of lime as per the lime 

requirement (LR) was coated with the 

substrate (chitosan) to achieve the nano-lime. 

Accurately, 1 g of analar grade chitosan was 

dissolved in 100 ml of acetic acid (1% 

chitosan solution) and the solution was 

transferred to 2:1 ratio of chitosan solution 

and nano-lime or nano-dolomite. The slurry 

was spread on a metal tray and kept in hot air 

oven at 70°C for 2 to 3 days until the material 

reached state of dry powder. The dried sample 

of lime and dolomite was grinding and 

produced nano-lime and nano-dolomite 
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Biological properties 

 

Microbial population 

 

Different kinds of microorganisms in large 

number are present in soil. The type of 

microorganism that predominantly present in 

soil depends on soil type, moisture, pH and 

other environmental factors. By single method 

it is impossible to count all microorganisms 

since such a great variability and type of 

organism present in soil. Therefore it is 

necessary to use different type of media for 

growth of microorganisms. Serial dilution 

technique and plating on nutrient media can 

be used to determine the number of viable 

microorganisms.  

 

One gram of soil sample was taken in the 

100ml water blank and shacked for 15 

minutes for complete dispersion (This gives 

10
-2

 dilution). One ml of the suspension was 

transferred to 9 ml of water blank (This gives 

10
-3

 dilution). Transferred serially up to 10
-7 

dilution, the dilution 10
-7 

or 10
-8 

was used for 

bacteria (nutrient agar), 10
-3 

or 10
-4 

for fungi 

(rose bengal agar) and 10
-4 

or 10
-5 

for 

actinomycetes (kenknight media). One ml of 

appropriate dilutions to petridishes, melted 

and cooled media of about 15 ml was mixed 

well by shaking clockwise and anticlockwise 

for 3 or 4 times and allowed for complete 

solidification. The plates were incubated in 

inverted position at room temperature for 2-7 

days. The bacterial colonies were enumerated 

after 2 days, fungi after 5 to 7 days and 

actinomycetes after 7 days. 

 

Results and Discussion 

 

A series of experiments were conducted to 

synthesize and characterise nano-lime and 

nano-dolomite under laboratory conditions. 

The nano-materials were compared with 

conventional forms of lime and dolomite on 

the reclamation of hilly and plain acid soils 

and that’s response was studied using radish 

and greengram as test crops. The results 

related to its effect on reclamation of acidic 

soil, changes in soils pH and nutrient status, 

and soil microbial population. The data 

recorded were statistically analyzed and the 

results are presented in this chapter. 

 

Synthesis of liming materials  

 

Nano-materials were synthesized from the 

two raw materials such as conventional forms 

of lime and dolomite using ball milling (top 

down) approach. The particle size was 

reduced significantly with time and speed 

(revolution per minute). Lime particle 

dimensions at the initial, one, two, four and 

six hours of ball milling were 878, 475, 398, 

257 and 121 nm, respectively. Among the three 

speeds tested, 500 rpm was found effective in 

achieving near-nano dimensions. The surface 

areas measured in the corresponding same set 

of particles measured were 41, 55, 72, 83 and 

110 m
2 

g
-1

.  

 

Similarly, the particle sizes of dolomite at the 

initial, one, two, four and six hours of ball 

milling were 940, 656, 420, 270 and 127 nm, 

respectively, at 500 rpm. The surface areas of 

the same set of particles were 57, 76, 88, 96 

and 101 m
2
g

-1
,
 

respectively. In order to 

stabilize the nano-particles, 1% chitosan was 

used to encapsulate the particles.  

 

Physico - chemical properties of nano-lime 

and nano-dolomite 

 

The physical and chemical properties of nano-

lime and nano-dolomite are furnished in table 

1. The result indicated that nano-lime and 

nano-dolomite had the size (100-120 nm, 100-

115 nm), shape (trigonal), surface area (1000, 

900 m
2
 g

-1
), and bulk density (0.45, 0.48 Mg 

m
-3

). The colour of the nano-lime and nano-

dolomite were measured using Munsell colour 

chart. The results showed that nano-lime is 
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dusty white in colour (5Y 8/1) whereas the 

colour of the nano-dolomite was light gray in 

colour (2.5 Y8/1). 

 

The pH of the nano-lime and nano-dolomite 

were 12.30 and 8.40, respectively. The 

electrical conductivity (EC) of the nano-lime 

was 0.02 dSm
-1

, while the nano-dolomite had 

0.03 dS m
-1

. The CEC of the nano-lime and 

nano-dolomite were comparable (189; 187 c 

mol (p
+
) kg

-1
).  

 

Characterization  

 

Particle size distribution  

 

Particle size distribution of conventional 

forms of lime and dolomite were in the range 

of 750 to 896 nm and the average PSDs of 

lime and dolomite single peaks were 

exhibited at 896 nm. After ball milling, the 

sizes of the lime and dolomite were reduced 

to 101 - 102 nm. After encapsulation of nano-

lime and nano-dolomite with chitosan the size 

increased up to 115 nm and 119 nm, 

respectively (Table 2 and Fig. 1a-f). 

 

Zeta potential  
 

The zeta potential was characterized using 

zeta analyzer which showed that the 

conventional lime, conventional dolomite had 

-6mV and -4mV zeta potentials. After 

encapsulation with chitosan, the encapsulated 

nano-lime, encapsulated nano-dolomite had 

zeta potentials of -50.9 and -49.4 mV, 

respectively (Table 2 and Fig. 2). 

 

 
 

Table.1 Physico-chemical properties of nano-lime and nano-dolomite 
 

Parameters Nano-lime Nano-dolomite  

Physical Properties 

Size (nm) 100-120 nm 100-115 nm 

Shape Trigonal Trigonal  

Surface  Area (m
2
 g

-1
) 1000 900 

Density (Mg m
-3

) 0.45 0.48 

Color 5Y 8/1  2.5Y 8/1 

Chemical Properties 

pH  12.30 8.40 

EC (dSm
-1

) 0.02 0.03 

CEC (C mol(p
+
) kg

-1
) 187 189 

 
 

Table.2 Particle size and zeta potential of liming materials 
 

Forms Particle size Zeta potential  

Lime 

Conventional lime 896 nm -6 mV 

Nano-lime 102 nm -23.7 mV 

Encapsulated nano-lime 115 nm -50.9 

Dolomite 

Conventional dolomite 750 nm -4 mV 

Nano-dolomite 101 nm  -21.2 mV 

Encapsulated nano-dolomite 119 nm -49.4 mV 
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Table.3 Liming materials effect on microbial population 

 

Treatments  Bacteria(10
6
)   Fungi(10

4
)  Actinomycetes (10

3
)  

Lime (S) 

Conv 

(F)  Nano (F) Mean Conv (F) Nano (F) Mean Conv (F) 

Nano 

(F)  Mean 

             

L0 Control 41  41 41 30 30 30 14 14  14 

             

L1 25% 44  47 45 33 41 37 16 20  18 

             

L2 50% 47  51 49 35 43 39 19 21  20 

             

L3 75% 50  55 52 40 45 43 22 23  22 

             

L4 

 

100% 52  55 53 44 48 46 24 26  25 

             

 Mean 46  49 48 36 41 39 19 20  19 

            

Dolomite (S)            

            

D0  Control 41  41 41 30 30 30 14 14  14 

             

D1 25% 41  45 43 30 37 33 14 18  16 

             

D2 50% 43  49 46 33 41 37 16 20  18 

             

D3 75% 47  53 50 37 43 40 19 24  21 

            

 D4  100% 48  54 51 42 43 42 20 24  22 

             

 Mean 44  48 46 34 38 36 16 20  18 

            

Total Mean 45  49 47 35 40 38 18 20  19 

             

  SEd  CD (5%)  SEd 

CD 

(5%)  SEd 

CD 

(5%)   

             

 S 0.24  0.48  0.21 0.43  0.27 0.54   

             

 F 0.24  0.48  0.21 0.43  0.27 0.54   

             

 L 0.38  0.76  0.34 0.68  0.42 0.86   

             

 SXF 0.34  0.68  0.30 0.61  0.38 0.77   

             

 SXL 0.53  1.08  0.48 0.96  0.60 1.21   

             

 FXL 0.53  1.08  0.48 0.96  0.60 1.21   

             

 SXFXL 0.75  1.52  0.67 1.36  0.85 1.72   
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Soil microbial population  
 

Soil microbial population enumerated at the 

harvest stage showed a phenomenal increase 

in bacteria, fungi and actinomycetes with 

incremental levels of lime and dolomite 

application in both conventional and nano-

formulations. The highest number of 

microbial colonies was registered at L4 

applied in the form of nano-lime formulation 

at 48 x 10
4
; 55 x 10

6
 and 26 x 10

3 
for fungi, 

bacteria and actinomycetes as fallowed by 

D4 in the form of nano-dolomite 48 x 10
4
, 

54 x 10
6 

and 24 x 10
3
,
 
respectively. The 

values for the L4 conventional lime were 44 

x 10
4
; 52 x10

6
;
 
24 x 10

3
 and the values for 

D4 conventional dolomite were 42 x 10
4
; 48 

x 10
6
 and

 
20 x 10

3
 indicating a significantly 

lower value. Higher biological activities in 

nano-formulations application in 

comparison to conventional formulation 

were observed (Table 3).  

 

Overall, the data have clearly indicated that 

nano-forms of lime or dolomite is found to 

possess extensive surface area which 

facilitates faster exchange of H+ with Ca
2+

 

and Mg
2+

. This cation exchange assisted in 

increasing pH of the amended soil up to 6.3 

to 6.6, while conventional forms of liming 

increased the soil pH up to 6.1. Nano-limed 

soils had long-lasting liming effects for 

about 30 days while conventional liming had 

effects only for 15 days. Such effect was 

attributed to its small particle size and 

higher surface area that assisted in retaining 

and releasing of exchangeable cations (Ca
2+ 

and Mg
2+

) for an extended period in 

comparison to conventional amendments. 

As a result of long-lasting liming effects, 

nano-liming helped to main soil pH close to 

neutral and majority of the macro and 

secondary nutrients were available plenty. 

The favourable pH and improved 

availability of nutrients in soil besides 

higher uptake of nutrients by plants had 

eventually resulted in higher yields of radish 

and greengram in nano-liming amended 

soils of hilly and plain regions. The data 

suggest the nano-forms liming materials 

have the potentials to improve the liming 

efficiency and improve the productivity of 

acid soils.  

 

This study concludes that in order to 

determine the biosafety of the nano-liming 

materials, microbial activities were 

determined in the amended soils. The highest 

number of microbial colonies was registered 

at L4 applied in the form of nano-lime 

formulation at 48x10
4
; 55x10

6
 and 26x10

3
 

for fungi, bacteria and actinomycetes as 

fallowed by D4 in the form of nano-

dolomite 48x10
4
; 54x10

6
 and 24x10

3
 

respectively. The values for the L4 

conventional lime were 44x10
4
; 52x10

6
 and 

24x10
3
 and the values for D4 conventional 

dolomite were 42x10
4
; 48x10

6
; and 20x10

3
 

indicating significantly lower values.   

 

Overall, the results suggest that nano-forms 

of liming materials are more efficient in 

reducing the acidity while improving the 

fertility of the soil in comparison to 

conventional forms. Such improvements are 

primarily attributed to the liming efficiency 

as a result of enhanced solubility and faster 

exchange of ions in the clay complex. More 

research is needed to test the biosafety of the 

materials and to validate the data of this 

study under open field conditions. 
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