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Abstract 
Rice is known as silicon (Si) accumulating plant because of its high requirement which contains Si at 

levels up to 10% of dry matter weight. The present study was conducted to assess the available Si content 

of important rice growing soils of Jammu plains and its relationship with physico-chemical properties of 

soil. The chemical analysis of the soil samples show that most soils are generally moderately acidic to 

moderately alkaline in reaction, with limited salt content. The mean values of organic carbon (g kg-1) and 

cation exchange capacity (cmol (p-1) kg-1) in rice growing soils of Jammu district were higher with values 

being, 7.04 and 8.90, followed by Kathua with values as 7.03 and 8.33 and lowest in Samba district, the 

values being 5.66 and 7.72, respectively. The available Si content in soils varied from 10.1 to 632.0 mg 

kg-1 with an overall mean of 233.0 mg kg-1. Among the districts, the soils of Kathua (261.65) mg kg-1 

showed highest available silicon content followed by Jammu (227.59 mg kg-1). The highest mean values 

of available nutrients in Jammu district. The relationship between plant available Si content and soil 

properties revealed that PA-Si content in soil decreased with increasing sand content and increased with 

increasing pH, clay content, OC, CEC, available N, P and K content of the soils. 

 

Keywords: Available silicon, rice, Jammu plains, cation exchange capacity, organic carbon 

 

Introduction 

Rice is the most important cereal crop and is a staple food for more than half of the world’s 

population. Adequate nutrient management is essential to enhance its productivity to satisfy 

the rising global demand without adverse impact on environment. Rice is considered as Si 

accumulator plant and it is estimated that to produce grain yield of 5.0 t ha-1, rice crop removes 

230-470 kg Si ha-1 from soil, which was about 108% more than the nitrogen, thus Si may be a 

yield limiting element for rice production (Datnoff et al., 1997) [7]. Monosilisilic acid (H4SiO4) 

is the form of Si used by plants (Jones and Handreck, 1967) [17]. But natural release of 

monosilicic acid from silica is a slow process (Raven, 1983). The concentration of the 

monosilicic acid in the soil solution is also influenced by the soil pH, soil texture, redox 

potential, amount of clay mineral, organic matter, and oxides and hydroxides of Fe/Al, which 

are collectively related to the geologic age of the soil. The positive correlation with clay 

content and the negative correlation with sand content suggest that the available Si is 

essentially released from finer fractions of soils (Makabe et al., 2009) [23]. In view of the 

multiple vital roles of Si for rice crops, it is necessary to determine the available Si status of 

various rice eco-systems and, as a result, design appropriate Si management choices for 

achieving or maintaining increased rice cultivar yield potentials. 

 

Materials & Methods 

The research was carried out in the plains areas of Jammu division. The soil samples were 

taken from rice growing plains of three districts viz., Jammu, Kathua, and Samba. Surface soil 

samples (0-15 cm) from 140 rice-growing areas were collected randomly across the Jammu 

plains of these three districts. The soil samples were then air-dried in the shade, mixed well, 

grounded in a pestle and mortar, and passed through a 2 mm sieve for silicon and other soil 

parameters analysis. Mechanical analysis of soil was done by hydrometer method using 

Bouyoucos hydrometer (Bouyoucos, 1962) [2]. The pH of the soil was evaluated using a glass 

electrode pH meter in 1:2.5 soil water suspensions (Jackson, 1973) [13]. The electrical 

conductivity of the soils was evaluated using a soil-water suspension (1:2.5) using the Jackson 

technique (Jackson, 1967) [12]. 
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Organic carbon content was determined using the Walkley 

and Black (1934) [44] method, CEC using the Piper (1966) [30] 

method, available N content of the soils by Subbiah and Asija 

(1956) [41], available P content of the soils by Olsen et al. 

(1954) [28], available K content of the soils by Jackson (1973) 

[13], available S content of the soils using the Chesnin and 

Yien method (1951) [3] and available Si content of soil by 

using extractant mixed well, 0.01 M CaCl2 solution 

(Korndorfer et al., 1999) [18]. The data was subjected to 

descriptive analysis. 

 

Results and Discussion 

Soil Texture 

The textural classes of rice growing soils of Jammu plains, 

varied from sandy loam to sandy clay. Five textural classes of 

soils were identified by using soil textural triangle (United 

States Department of Agriculture System) viz., sandy loam, 

sandy clay loam, loam, clay loam and sandy clay soils (Table 

1). The mechanical separates (the relative proportions of sand, 

silt and clay) percentage of Jammu, Kathua and Samba 

districts revealed that the sand percent ranged from 43.20 to 

71.88, 54.02 to 71.20 and 59.10 to 72.40 and having mean 

value of 63.82, 65.22 and 66.80 percent, respectively in three 

districts (Fig. 1). Samba district has the highest average sand 

percentage, followed by Kathua and lowest in Jammu district. 

The silt content in the surface layer of the rice growing soils 

of Jammu, Kathua and Samba districs varied from 2.57 to 

35.78, 5.00 to 27.20 and 8.00 to 20.40 percent with average 

values of 15.54, 14.37 and 12.91 percent, respectively (Fig. 

2). Highest average silt content was found in Jammu district, 

followed by Kathua and lowest percent was observed in 

Samba district. The clay content in the surface layer of the 

rice growing soils of Jammu, Kathua and Samba districts 

varied from 6.33 to 39.20, 9.76 to 32.48 and 16.00 to 22.50 

percent with an average value of 20.63, 20.41 and 20.36 

percent, respectively (Fig. 3). This change in soil texture is 

affected by organic matter, climate, vegetation and 

topography, humidity, land use and other colloidal substances. 

The data revealed that the dominant soil texture was found to 

be sandy clay loam followed by sandy loam. These results are 

similar to the results reported by Jalali et al. (1989) [16] who 

also noticed similar textural classes in soils of Jammu region. 

Rai et al. (2018) [32] reported similar soil texture for four 

blocks of Samba district and they observed that soils varied 

from sandy clay loam to clay loam. 

 
Table 1: Soil textural classes under rice growing soils of Jammu 

plains 
 

Textural class No. of samples 

Sandy loam 57 

Sandy clay loam 77 

Loam 2 

Clay loam 2 

Sandy clay 2 

Total 140 

 

 
 

Fig 1: Sand percentage in rice growing soils of Jammu plains 

 

 
 

Fig 2: Silt percentage in rice growing soils of Jammu plains 
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Fig 3: Clay percentage in rice growing soils of Jammu plains 

 

Soil reaction (pH) 

The pH value of the soil directly affects the life and growth of 

plants, because it affects the utilization of all plant nutrients, 

the microbial activity and the physical condition of the soil. 

The pH of the rice growing soils of Jammu plains varied from 

moderately acidic to moderately alkaline (5.9 to 8.3) in 

reaction. The pH value for the soils of Jammu, Kathua and 

Samba districts varied from 5.9 to 8.1, 6.0 to 8.3 and 6.1 to 

7.9 with mean value of 6.7, 7.1 and 6.8, respectively (Table 2 

and Fig. 4). The variation in soil pH was mainly on account of 

variation in topography and use of FYM at varying rates in 

three districts. Kour et al. (2007) [19] also reported that soil pH 

in various locations of Samba and Kathua districts ranged 

between neutral (7.2) to slightly alkaline (8.6). 

 
Table 2: Physico-chemical properties and available Si status in rice growing soils of Jammu plains 

 

 

Soil property 

Districts 

Jammu Kathua Samba 

Range Mean SD Range Mean SD Range Mean SD 

pH 5.9-8.1 6.7 0.62 6.0-8.3 7.1 0.70 6.1-7.9 6.8 0.57 

EC 0.03-0.39 0.18 0.09 0.04-0.33 0.16 0.07 0.07-0.31 0.17 0.07 

OC (g kg-1) 2.10-12.90 7.04 2.12 3.80-9.30 7.03 1.34 3.5-6.90 5.66 1.23 

CEC 6.25-15.35 8.9 2.07 6.59-10.45 8.33 0.96 6.84-9.54 7.72 0.74 

Av. N (kg ha-1) 119.4-440.0 272.44 72.53 125.7-445.2 293.21 82.02 142.4-350.0 238.5 57.02 

Av. P(kg ha-1) 2.0-56.1 25.13 12.36 10.2-63.8 24.64 13.26 6.9-22.1 14.66 4.97 

Av. K(kg ha-1) 100.0-390.0 165.45 63.22 76.372.2 201.9 86.91 109.0-202.0 144.9 24.53 

Av. S(mg kg-1) 2.5-55.0 18.15 9.01 5.0-51.3 15.89 9.95 5.0-27.3 14.68 7.24 

Av. Si(mg kg-1) 10.1-632.0 227.59 133.86 62.0-535.5 261.65 115.96 45.2-389.0 225.97 103.59 

 

 
 

Fig 4: Soil pH in rice growing soils of Jammu plains 

 

Electrical Conductivity (EC) 

The electrical conductivity is a measure of soluble salt 

concentration in the soils. The electrical conductivity of soil 

water suspension (1:2.5) of soils of Jammu, Kathua and 

Samba districts ranged from 0.03 to 0.39, 0.04 to 0.33 and 

0.07 to 0.31 dS m-1with a mean value of 0.18, 0.16 and 0.17 

dS m-1, respectively (Table 2 and Fig. 5). Soils under study 

area were safe from salinity hazards as they have electrical 

conductivity value less than 1 dS m-1. The very low EC of 

soils can be attributed to the loss of soluble salts due to 
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surface runoff during monsoon season in this region. Similar 

results were reported by Jatav et al. (2007) [14]. Similar values 

of electrical conductivity were reported by Rai et al. (2018) 

[32] in Samba district and Spalbar et al. (2017) [39] in Jammu 

district. 

 

 
 

Fig 5: Electrical conductivity (dS m-1) in rice growing soils of Jammu plains 

 

Soil organic carbon 

Carbon is an indication of organic fractions in soils formed 

from the microbial decomposition of residue. The presence of 

organic matter in soil is a symbol of life in the soil. Soil 

organic matter acts as a major factor regulating the 

availability of organic forms of nitrogen, phosphorus, sulphur, 

and other trace elements in soils (Stevenson, 1991) [40]. Soil 

organic carbon in Jammu plains varied from low to high. The 

amount of organic carbon in soils of Jammu, Kathua and 

Samba districts ranged from 2.10 to 12.90, 3.80 to 9.30 and 

3.50 to 6.90 g kg-1 with an average value of 7.04, 7.03 and 

5.66 g kg-1, respectively (Table 2 and Fig. 6). The lowest 

mean value of organic carbon was observed in Samba district 

soils (5.66 g kg-1). In the Samba district, the low organic 

carbon content may be due to sandy texture of soils and 

limited application of FYM and other organic sources to the 

soil as due to relatively small animal populations in the Kandi 

areas, the availability of FYM in this area is limited. 

Furthermore, warm climatic conditions favor the rapid 

decomposition of organic matter. Similar results were 

reported by Sharma et al. (2009) [36] in soils of Samba district 

and Gupta et al. (1997) [11] in Jammu soils. These results are 

also in accordance with those of Tundup et al. (2015) [42]. 

 

 
 

Fig 6: Organic carbon (g kg-1) in rice growing soils of Jammu plains 

 

Cation Exchange Capacity 

The cation exchange capacity (CEC) is the capacity of clay to 

adsorb and exchange cations. The negative charges of clay 

determine the cation exchange capacity of the soil. The values 

of CEC content in Jammu, Kathua and Samba districts soils 

ranged from 6.25 to 15.35,6.59 to 10.45 and 6.84 to 9.54 cmol 

(p+) kg-1 with an average value of 8.90, 8.33 and 7.72 cmol 

(p+) kg-1, respectively (Table 2 and Fig. 7). The highest mean 

value of CEC was observed in Jammu district soils (8.90 cmol 

(p+) kg-1), followed by Kathua and lowest in Samba district 

soils. This variation in the CEC of the soils appears to be due 

to variation in the clay content and organic carbon content in 

the soils of three districts, as clay fraction appears to influence 

largely the CEC values. Generally the soils which have lower 

amount of clay content are seen to have lowest CEC values. 

The cation exchange capacity is controlled primarily by the 

composition and mineralogy of the soil constituents 

particularly that of the clay fraction (Coventry et al., 2001) [5]. 

Similar observations were reported by Martel et al. (1978) [24] 

that soils with high organic matter content and clay particles 

have high values of cation exchange capacity. Similar results 

were reported by Sharma et al. (2009) [36] in soils of Jammu, 

Samba and Kathua districts. 
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Fig 7: CEC (cmol (p+) kg-1) in rice growing soils of Jammu plains 

 

Available nitrogen 

Available nutrient status of soil is an indication of fertility 

level of soil and is influenced by various factors like soil pH, 

organic carbon content, temperature, application of organic 

manures etc. The available nitrogen content in Jammu, 

Kathua and Samba districts soils ranged from 119.4 to 440.0, 

125.7 to 445.2 and 142.4 to 350.0 kg ha-1 with a mean value 

of 272.44, 293.21 and 238.5 kg ha-1, respectively (Table 2 and 

Fig. 8). The maximum average value of available nitrogen 

content was found in Kathua district, followed by Jammu and 

minimum in Samba district soils. This variation is caused by 

type of soil particles and amount of organic matter. Overall in 

all the three districts, available nitrogen content was deficient 

in maximum soil samples. Similar results were obtained by 

Mondal et al. (2006) [26] and Sharma et al. (2009) [36] in soils 

of Jammu.  

 

 
 

Fig 8: Available nitrogen (kg ha-1) in rice growing soils of Jammu plains 

 

Available phosphorus 

The available phosphorus content was low to high in the rice 

growing soils of Jammu plains and it ranged from 2.0 to 56.1, 

10.2 to 63.8 and 6.9 to 22.1 kg ha-1 with an average value of 

25.13, 24.64 and 14.66 kg ha-1 in Jammu, Kathua and Samba 

districts, respectively (Table 2 and Fig. 9). The available 

phosphorus content in soils depends on parent material, soil 

pH, and use of FYM at varying rates, intensity of weathering 

and with a change in soil condition from reduction to 

oxidation (Savant et al. 1970) [34]. Similar results were 

obtained by Dabin (1980) [6], Lu et al. (1982) [32], Sharma et 

al. (2009) [36] and Jatav et al. (2013) [15]. 

 

 
 

Fig 9: Available phosphorus (kg ha-1) in rice growing soils of Jammu plains 
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Available potassium 

The available potassium content in soils of Jammu, Kathua 

and Samba districts ranged from 100.0 to 390.0, 76.0 to 372.2 

and 109.0 to 202.0 kg ha-1 having mean value of 165.45, 

201.90 and 144.90 kg ha-1, respectively (Table 2 and Fig. 10). 

The lower values of available potassium in Samba district 

may be due to sandy texture and low organic carbon content. 

These results are in accordance to those of Kour and Jalali 

(2008) [20] who reported lower values of available potassium 

in Kandi soils of Samba district. On overall basis, maximum 

numbers of soil samples were medium in available potassium 

and very few samples contain low available potassium 

content. 

 

 
 

Fig 10: Available potassium (kg ha-1) in rice growing soils of Jammu plains 

 

Available sulphur 

 The available sulphur content in soils of Jammu, Kathua and 

Samba districts ranged from 2.5 to 55.0, 5.0 to 51.3 and 5.0 to 

27.3 mg kg-1 with mean value of 18.15, 15.89 and 14.68 mg 

kg-1, respectively (Table 2 and Fig. 11). The highest mean 

sulphur content was found in Jammu district. This may be due 

to the reason that Jammu district contain high organic matter 

content and increased organic matter on the surface favored 

the solubilisation of insoluble sulphur releasing more quantity 

to the surface as reported by Choudhary et al. (2006) [4]. 

Similar results were reported by Kour and Jalali (2008) [20] in 

soils of Jammu and Samba districts. 

 

 
 

Fig 11: Available sulphur (mg kg-1) in rice growing soils of Jammu plains 

 

Available Silicon 

The available silicon content in Jammu, Kathua and Samba 

district ranged from 10.1 to 632.0, 62.0 to 535.5 and 45.2 to 

389.0 mg kg-1 with the mean content of 227.6, 261.7 and 

226.0 mg kg-1, respectively (Table 2 and Fig. 12). Pati et al. 

(2017) [29] also reported that the plant available silicon 

extracted by 0.01 M CaCl2 ranged from 12.8 to 455.8 mg kg-1 

in soils of West Bengal. Similarly the plant available silicon 

content extracted by different extractants in soils of South 

India ranged from 6.1 to 317.7 mg kg-1 (Narayanaswamy and 

Prakash, 2009) [27] and among the extractants, acetic acid 

extracted greater amount of silicon than ammonium acetate 

and calcium chloride.  
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Fig 12: Available silicon extracted by 0.01 M CaCl2 (mg kg-1) in rice growing soils of Jammu plains 

 

Relationship between physico-chemical properties of rice 

growing soils 

The relationship between various physico-chemical properties 

of soils of three districts are presented in table 3. It was 

observed that the sand was negatively and significantly 

correlated with silt (r = -0.392**) and clay content (r = -

0.571**). Silt was negatively correlated with clay content (r = 

-0.531**). Soil pH was negatively correlated with clay 

content although it was non-significant (r = -0.080). EC was 

positively and significantly correlated with pH (r = 0.476**). 

Organic carbon was negatively correlated with pH (r = -

0.057). The negative correlation of organic carbon with pH 

might be related with the greater activities of microorganisms. 

Organic carbon content was positively and significantly 

correlated with EC (0.186*). Organic carbon was also 

positively correlated with available N, P, K and S. Similarly 

results were reported by Singh and Mishra (2012) [37] in 

Varanasi soils (U.P.). Sharma et al. (2009) [36] also reported 

that available N and P were significantly correlated with 

organic carbon in Jammu soils. Nitrogen was negatively 

correlated with pH (r = -0.006) and positively correlated with 

EC (r = 0.226**) and organic carbon (r = 0.869**). 

Phosphorus was positively correlated with OC (r= 0.669**), 

EC (r = 0.211*) and nitrogen (r = 0.639**) and negatively 

correlated with pH (r = -0.041). Potassium was positively 

correlated with clay (r = 0.206*), pH (r = 0.077), OC (r = 

0.428**), nitrogen (r = 0.525**) and phosphorus (r = 

0.364**) and negatively correlated with sand (r = -0.237**). 

Sinha and Biswas (2003) stated that plant-available potassium 

showed a positive and significant correlation with clay 

content and cation exchange capacity in West Bengal soils. 

Similar results were reported by Sharma et al. (2009) [36] in 

Jammu soils. Sulphur was positively correlated with organic 

carbon (r = 0.385**), nitrogen (r = 0.317**) phosphorus (r = 

0.360**) and potassium (r = 0.205*) and negatively correlated 

with sand (r = -0.059) and soil pH (r = -0.076). 

 
Table 3: Relationship between different physico-chemical properties and PA-Si content of rice growing soils 

 

 
Sand Silt Clay pH EC OC CEC N P K S Si 

Sand 1 
     

      

Silt -0.392** 1 
    

      

Clay -0.571** -0.531** 1 
   

      

pH -0.037 0.130 -0.080 1 
  

      

EC -0.155 0.014 0.133 0.476** 1 
 

      

OC -0.253** -0.265** 0.467** -0.057 0.186* 1       

CEC -0.427** -0.259** 0.624** -0.020 0.197* 0.820** 1      

N -0.202* -0.227** 0.387** -0.006 0.226** 0.869** 0.705** 1     

P -0.262** -0.156 0.380** -0.041 0.211* 0.671** 0.792** 0.639** 1    

K -0.237** 0.014 0.206* 0.077 0.226** 0.428** 0.324** 0.525** 0.364** 1   

S -0.059 -0.196* 0.230** -0.076 0.138 0.385** 0.365** 0.317** 0.360** 0.205* 1  

Si -0.214** 0.058 0.145 0.043 0.103 0.397** 0.264** 0.474** 0.221** 0.384** 0.234** 1 

**. Correlation is significant at the 0.01% level, *. Correlation is significant at the 0.05% level 

 

Relationship of plant available soil silicon and soil 

properties 

The relationship between clay content and plant available Si 

indicates that available Si increased with increased clay 

content in soils of Jammu plains (Table 3). Similar results 

were reported by Phonde et al. (2014) [31] in soils of 

Maharashtra. Clay soils with higher concentrations of 

phyllosilicates (minerals that release Si and Al3+) show higher 

concentration of Si than sandy soils (Dematte et al., 2011) [9]. 

There was also a positive correlation between soil pH and 

plant available Si and it indicates that available Si increased 

with increased pH of soil. Similar results were also reported 

by Phonde et al. (2014) [31] and Liang et al. (1994) [21]. Low 

pH results in less sorption and higher pH in greater sorption 

of Si (McKeague and Cline, 1963) [25]. There was also a 

positive correlation between PA-Si and electrical 

conductivity. The strong positive correlation was obtained 

between plant available Si and soil organic carbon content. 

Increased organic carbon content in soil increases water 

holding capacity as well as exchange capacity and also 

improves plant available silicon content in soil (Berthelsen et 

al. 2003) [1]. Phonde et al. (2014) [31] reported that available Si 

increases with increasing soil organic carbon. Georgiadis et 

al. (2013) [10] and Vandevenne et al. (2015) [43] also reported a 
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positive relationship between easily soluble Si and organic 

carbon content. Cation exchange capacity was also positively 

correlated with available Si in the soils of three districts 

indicating that soils of high CEC and exchangeable cations 

had good reserves of plant available silicon. Similar results 

were obtained by Phonde et al. (2014) [31] in soils of 

Maharashtra. The positive and significant correlation was 

observed between plant available silicon and available 

nitrogen, available phosphorus, available potassium and 

available sulphur. Positive and significant correlation was 

obtained between available soil phosphorus and plant 

available silicon and indicating high reserves of plant 

available silicon increased phosphorus availability in soil. The 

exchange of P anions by silicate anions followed by 

desorption of phosphorus anions results in increased content 

of phosphate in soil solution. Similar results were also 

reported by Phonde et al. (2014) [31] and Savant et al. (1997) 

[35]. Dean and Rubins (1947) [8] also observed the ability of 

silicate ion to replace the phosphate ion from the adsorbed 

conditions in the soil thus enhancing the availability of 

phosphorus.  

 

Conclusion 

The study shows that there was significant differences in the 

physicochemical features of rice producing soils in three areas 

of the Jammu plains. According to the essential limitations for 

rice producing soils in India, the majority of the rice growing 

soils in the Jammu plains have sufficient plant accessible 

silicon concentration. The chemical analysis of the soil 

samples show that most soils are generally moderately acidic 

to moderately alkaline in reaction, with limited salt content. 

The soil organic carbon content in soils varied from low to 

high in plains of three districts. Plant accessible Si 

concentration in soil decreased with increasing sand content 

and increased with increasing pH, clay content, organic 

carbon, cation exchange capacity, available nitrogen, 

available phosphorus, and available potassium. 

 

References 

1. Berthelsen S, Noble AD, Kingston G, Hurney A, Rudd, 

Garside A. Improving yield and CCS in sugarcane 

through the application of Si based amendments. Final 

Report, Sugar Research and Development Corporation 

Project CLW009, 2003. 

2. Bouyoucos GJ. Hydrometer method improved for making 

particle size analyses of soils. Agronomy Journal, 

1962:54(5):464-465. 

3. Chesnin L, Yien CH. Turbidimetric determination of 

available sulphates. Soil Science Society of America. 

1951:15:149-151. 

4. Choudhary DR, Ghosh A, Patolia JS. Characterization of 

soils in the tsunami-affected coastal areas of Tamil Nadu 

for agronomic rehabilitation. Current Science. 

2006:91(1):99-104. 

5. Coventry RJ, Gillman GP, Burton ME, McSkimming D, 

Burkett DC, Horner NL. Rejuvenating soils with 

MinplusTM, a rock dust and soil conditioner to improve 

the productivity of acidic, highly weathered soils. Rural 

Industries Research and Development Corporation, 

Canberra, Australia. 2001 Dec, 01-173. 

6. Dabin B. In soil related constraints to food production in 

the tropics, International Rice Research Institute, Los 

Banos, Laguna, Phillipines, 1980. 

7. Datnoff LE, Deren CW, Snyder GH. Silicon fertilization 

for disease management of rice in Florida. Crop 

protection. 1997:16(6):525-31. 

8. Dean LA, Rubin EJ. Anion exchange in soils: I- 

exchangeable phosphorus and the anion-exchange 

capacity. Journal of Soil Science. 1947:63(5):377-388. 

9. Dematte JLI, Paggiaro CM, Beltrame JA, Ribeiro SS. 

Uso de silicatosemcana-de-açúcar. Informacoes 

Agronomicas. 2011;133:7-12. 

10. Georgiadis A, Sauer D, Herrmann L, Breuer J, Zarei M, 

Stahr K. Development of a method for sequential Si 

extraction from soils. Geoderma. 2013:209-210, 251-261. 

11. Gupta JP, Sumberia NM, Raina A. Nutrient status of the 

soils of Rajouri district of J & K in relation to soil 

properties. Research and Development Reporter. 

1997;4:113-116.  

12. Jackson ML. Soil Chemical Analysis. Asia Publishing 

House, Bombay, 1967.  

13. Jackson ML. Soil Chemical Analysis. Prentice Hall of 

India (Pvt.) Ltd., New Delhi, 1973.  

14. Jatav MK, Sud KC, Dua VK. Nutrient status of soils from 

higher hills of potato growing areas of Shimla. Potato 

Journal. 2007:34(3-4):216-220. 

15. Jatav MK, Dua VK, Kumar MS, Trehan P, Kumar S. 

Spatial distribution of soil available nutrients in the 

potato growing pockets of Hoshiarpur districts of Punjab. 

Potato Journal. 2013:40(2):128-134. 

16. Jalali VK, Talib AR, Takkar PN. Distribution of 

micronutrients in some benchmark soils of Kashmir at 

different altitudes. Journal of the Indian Society of Soil 

Science. 1989;37:465-469. 

17. Jones LHP, Handreck KA. Silica in soils, plants, and 

animals Advances in Agronomy. 1967;19:107-149. 

18. Korndorfer GH, Coelho MN, Snyder GH, Mizutani CT. 

An evaluation of soil extractants for silicon availability in 

upland rice. Journal of Plant Nutrition. 1999;23:101-106. 

19. Kour S, Jalali VK, Arora S. Vertical distribution of forms 

of sulphur in some subtropical soils of Jammu region. 

Environment and Ecology. 2007;25:708-712. 

20. Kour S, Jalali VK. Forms of sulphur and their 

relationships in soils of different agro-climatic zones of 

Jammu regions. Journal of the Indian Society of Soil 

Science. 2008;56(3):309-312. 

21. Liang YC, Ma TS, Li FJ, Feng YJ. Silicon availability 

and response of rice and wheat to silicon in calcareous 

soils. Communication in Soil Science and Plant Analysis. 

1994;5:2285-2297. 

22. Lu RK, Jiang BF, Li CH. Phosphorous management for 

submerged rice soils. Soil Research Report. 1982;6:10-

11. 

23. Makabe S, Kakuda K, Sasaki Y, Ando T, Fujii H, Ando 

H. Relationship between mineral composition or soil 

texture and available silicon in alluvial paddy soils on the 

Shounai Plain, Japan. Journal of Soil Science and Plant 

Nutrition. 2009;55(2):300-308. 

24. Martel YA, Kimpe CRD, Laverdiere MR. Cation- 

exchange capacity of clay rich soils in relation to organic 

matter, mineral composition and surface area. Soil 

Science Society of America Journal. 1978:45(5):764-767. 

25. Mckeague JA, Cline MG. Silica in soil solution. II. The 

adsorption of monosolic acid by soil and by other 

substances. Canadian Journal of Soil Science. 

1963;43(1):83-96. 

26. Mondal AK, Sharma V, Jalali VK, Arora S, Wali P, Kher 

D. Distribution and relationship of macro and 

https://www.thepharmajournal.com/


 

~ 923 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 

micronutrients in soils of Chatha the newly established 

location of SKUAST of Jammu. Journal of Research, 

SKUAST-Jammu. 2006;6(2):234-242. 

27. Narayanaswamy C, Prakash NB. Calibration and 

categorization of plant available silicon in rice soils of 

south India. Journal of Plant Nutrition. 2009:32(8):1237-

1254. 

28. Olsen RA, Rhodes MB, Dreier AF. Available phosphorus 

status of nebraska soils in relation to series classification, 

time of sampling and method of measurement. 

Agronomy Journal. 1954;46(4):175-180. 

29. Pati S, Saha S, Hazra GC, Saha BN, Pal B, Mandal B. 

Distribution of saline in rice growing soils of West 

Bengal in relation to some important soil chemical 

properties. Journal of the Indian Society of Soil Science. 

2017;65(2):181-188. 

30. Piper CS. Soil and Plant Analysis. Hall Publications, 

Bombay, India, 1966. 

31. Phonde DB, Deshmukh PS, Banerjee K, Adsule PG. 

Plant available silicon in sugarcane soils and its 

relationship with soil properties, leaf silicon and cane 

yield. Asian Journal of Soil Science. 2014;9(2):176-180. 

32. Rai AP, Mondal AK, Kumar V, Samanta A, Wali P, 

Kumar M, et al. Status of DTPA-extractable 

micronutrients in soils of Samba district of Jammu and 

Kashmir in relation to soil properties. Annals of Plant and 

Soil Research. 2018;20(2):139-142. 

33. Raven JA. The transport and function of silicon in plants. 

Biological Reviews. 1983;58:179-207. 

34. Savant NK, Kene DR, Kibe MM. Influence of alternate 

submergence and drying of rice soils prior to 

resubmergence on available phosphorus. Plant and Soil. 

1970:32(1-3):521-525. 

35. Savant NK, Kornsdorfer GH, Datnoff LE. Silicon 

management and sustainable rice production. Advances 

in Agronomy. 1997;58:151-199. 

36. Sharma V, Mir SH, Arora S. Assessment of fertility 

status of erosion prone soils of Jammu Shiwalik. Journal 

of Soil and Water Conservation. 2009;8:37-47. 

37. Singh RP, Mishra SK. Available macronutrients (N, P, K 

and S) in soils of Chiraigaon block of district Varanasi 

(U.P.) in relation to soil characteristics. Indian Journal of 

Soil Research. 2012;3(1):97-100. 

38. Sinha AK, Biswas S. Distribution of different forms of 

potassium in surface and subsurface horizons of some 

well established soils of West Bengal under the order 

Inceptisols. Journal of Interacademicia. 2003;7(3):286-

291. 

39. Spalbar E, Mondal AK, Rai AP. Estimation of critical 

limit of zinc in Basmti rice grown on soils of Jammu 

region. Journal of the Indian Society of Soil Science. 

2017;65(3):321-325. 

40. Stevenson FJ. Organic matter-micronutrient reactions in 

soil. In: Micronutrient in Agriculture (eds. J. J. 

Mortvedt), SSSA book series, 1991. 

41. Subbiah BV, Asija GL. A rapid procedure for the 

estimation of available nitrogen in soils. Current Science. 

1956;25:259-260. 

42. Tundup P, Rai AP, Mondal AK, Kumar V, Wali P. 

Nutrient status of saffron growing soils of kishtwar 

district (J & K). Journal of the Indian Society of Soil 

Science. 2015;63(4):394-399. 

43. Vandevenne FI, Barao L, Ronchi B, Govers G, Meire P, 

Kelly EF, et al. Silicon pools in human impacted soils of 

temperate zones. Global Biogeochemical Cycles, 2015, 

1439-1450. 

44. Walkley A, Black IA. An examination of the Degtjareff 

method for determining soil organic matter, and a 

proposed modification of the chromic acid titration 

method. Soil science. 1934;37(1):29-38. 

https://www.thepharmajournal.com/

