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ABSTRACT 

This study investigates the distribution and interrelationship of iron (Fe) fractions in 
salt affected soils of Navsari District, Gujarat, during the summer 2023-24. A total of 60 soil 
samples were collected from two depths (0-20 cm and 20-40 cm) across saline prone villages, 
including coastal high salinity zones. Samples were analysed for pH, Electrical Conductivity 
(ECe), calcium carbonate (CaCO3), Cation Exchange Capacity (CEC), Exchangeable Sodium 
Percentage (ESP) and various Fe fractions viz., Fe- Mn-O-Fe, Org-Fe, CO3- Fe, Exch-Fe and 
WS-Fe. Soil pH ranged from neutral to strongly alkaline, with higher ECe observed in coastal 
region areas. The dominant Fe fractions followed the order under coastal region areas were: 
Fe- Mn-O-Fe > Org-Fe > CO3- Fe > Exch-Fe > WS-Fe. All the Fe fractions were lower in 
saline areas except CO3-Fe, which was higher under salinity. Correlation analysis revealed 
significant and depth-dependent relationship among soil properties and Fe fractions. Notably, 
pH was negatively correlated with ECe and Exch-Fe at the surface, while WS-Fe showed 
contrasting relationship with other Fe forms. These results highlight complex interactions 
influencing Fe availability in saline soils. 
Introduction 

Micronutrient deficiency in soils is one of the significant problems at the regional and 
global level affecting more than two billion people (Suchdev et al., 2011, Bailey et al. 2015). 
Though the chemical fertilizer has made a significant contribution to the continuous supply of 
nutrients, it has imbalanced the concentrations of micronutrients in the soil (Aulakh et al., 
2008). The availability and transformation of micronutrient fractions in the soil are affected 
by the physicochemical properties of the soil and the cropping system. In soil, essential 
elements such as copper (Cu), zinc (Zn), iron (Fe), and manganese (Mn) are present in 
different chemical forms. Fluctuation in micronutrients in soils is a global phenomenon and 
caused by several governing factors that affect the movement and transformation of these 
elements in soils such as organic matter content, pH, salinity, and exchangeable capacity 
(Shukla et al., 2015). It is essential to determine different fractions of nutrients found in the 
soil since the transformation and bioavailability of these elements are dependent upon the 
chemical and physical processes in the soil. 

In arid and semiarid regions, salinity in soil and water has been considered a severe 
problem adversely affecting plant growth and nutrient availability. In agricultural 
productivity, salinity and sodicity reduced the availability of water, uptake of nutrients 
including both micro and macronutrients, and enhanced the toxicity of Na and Cl ions 
(Munns, 2002). Salinity and micronutrient deficiency have a complex interaction that has 
been poorly understood (Tozlu et al., 2000). There is competition between the cations in soil 
that results in lower uptake of micronutrients in saline soil. The fractionation of 
micronutrients in saline soils is vital to understanding the micronutrient’s behaviour, mobility, 
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and bioavailability. Thus, the crops grown on such soils are deficient in micronutrients 
(Eskandari et al., 2014).  
Material and Methods 

 

 

 

 
Fig.1 Geographical location of soil samples 

The soil pH was measured in a 1:2.5 soil-to-water suspension using a glass electrode 
electric pH meter (Jackson, 1973), while the electrical conductivity of saturated paste (ECe) 
estimated using an electrical conductivity meter (Jackson, 1973). Calcium carbonate analysed 
by neutralization with 0.5 N HCl followed by titration with 0.25 N NaOH (Allison and 
Moodie, 1965). CEC determined by 1N NH4OAC method (Jackson, 1973). Analytical 
procedure of sequential extraction of various Fe fractions (Tessier et al., 1979), Water soluble 
(F1): Samples of soil 1 g were extracted at 20°C for 1 hr with 10 ml distilled water. 
Exchangeable (F2): The residue of F1 was extracted at room temperature for 1 hour with 10.0 
ml of magnesium chloride solution (1.0 M MgCl2) at pH 7. Carbonate bound (F3): The 
residue of F2 was extracted with 10.0 ml of 1.0 M sodium acetate/acetic acid buffer at pH 5.0 
for 5 hours at room temperature. Fe & Mn oxide bound (F4): The residue from F3 was 
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Collection of soil samples from saline areas under different villages of Jalalpore 
taluka in Navsari district was selected for the present study. Navsari district lies between 
20.07’ North latitude to 21.00’ North latitude and 72.43’ East longitude to 73.00’ East 
longitude covering a geographical area of 606.06 ha. Total 60 soil samples were collected 
from coastal plain (high salt: ECe > 4 dS m-1) of South Gujarat from 0-20 cm and 20-40 cm 
depths with the help of screw-auger. Soil sample collection site of Coastal Soil Salinity 
Research Station of NAU is located at Danti-Umbhrat of Navsari district and doing research 
on crops and fertilizer, irrigation and reclamation techniques of salt-affected soils since 1966. 
The location for each sample area is indicated by the map in Fig.1. All the soil sampling 
areas are under the jurisdiction of Navsari Agricultural University under south Gujarat Heavy 
Rainfall Zone, AES-III. The samples were air-dried and ground followed by passing through 
a 2mm sieve and analysed for different soil chemical properties and fractions of Fe. 



 

 

extracted with 10.0 ml of 0.4 M NH2OH.HCl in 25 % (v/v) acetic acid (pH 2.0) with agitation 
at 96°C in a water bath for 5 hours. Organic bound (F5): The residue from F4 was oxidized as 
follows: 7.5 ml of 30% (v/v) hydrogen peroxide, which has been adjusted to pH 2 with 
HNO3, was added to the residue. The mixture was heated to 85°C in a water bath for 5 hours 
with occasional agitation and allowed to cool down. Then 2.5 ml of 3.2 M ammonium acetate 
in 20 % (v/v) nitric acid was added, shaken for 0.5 hours and centrifuged. Simple correlation 
was made between soil properties & fractions of Fe by using SPSS v.29 software. Spatial 
distribution of each soil sample at Jalalpore taluka Navsari district were mapped by using 
QGIS v.3.38.  Spatial distribution of all soil properties and fraction Fe at 0-20 cm and 20-40 
depths under Jalalpore Taluka showed in Fig 2. 
Result and Discussion 
pH and ECe of Soil 
 The data in Table 1 also demonstrated that Jogeshwar Faliya village had the highest 
pH in saline areas, with values of 8.65 and 8.85 at depths of 0–20 cm and 20–40 cm, 
respectively. In contrast, Mandaliya and Danti farm had the lowest pH in high-saline regions, 
with similar values of 7.84 and 7.94 at 0–20 cm and 20–40 cm depths, respectively. Mirror 
values of 8.17 and 8.46 were recorded when the mean pH of the soil in saline areas was taken 
into consideration at depths of 0–20 cm and 20–40 cm. The soil reactions were ranged from 
neutral to strongly alkaline with a pH ranging from 7.20 to 8.60 with a mean value of 7.90 
recorded by Worku and Bedadi (2016).   
 

 
Spatial Distribution of pH 

 
Spatial Distribution of ECe (dS/m) 
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Spatial Distribution of CaCO3 (%) 

 
Spatial Distribution of CEC (me 100 g-1)  

 
  



 

 

  
Spatial Distribution of ESP Spatial Distribution of WS-Fe (mg kg-1) 

  
Spatial Distribution of Exch-Fe (mg kg-1) Spatial Distribution of CO3-Fe (mg kg-1) 

  
Spatial Distribution of Fe-Mn-O-Fe (mg kg-1) Spatial Distribution of Org-Fe (mg kg-1) 

Fig. 2. Spatial distribution of soil properties and fractions of Fe 
The maximum ECe of saturated soil paste was measured in Danti farm under saline 

area, with corresponding values 42.985 and 37.378 at 0-20 cm and 20-40 cm depths. At 
depths of 0–20 cm and 20–40 cm, Mandaliya village had the lowest ECe, with corresponding 
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values of 4.067 and 4.113 dS m-1 (Table 1). Taking into account the average value in the 
saline regions, the upper depth (0–20 cm) had a higher mean value of ECe (7.227 dS m–1) 
than the lower depth (20–40 cm), which had a value of 6.663 dS m–1. In salt-affected soil, 
ECe ranged from 1.23 to 19.1 dS m-1 due to the accumulation of salts recorded by Sandhu et 
al. (2016).  
CaCO3 (%) 

In Danti farm, the greatest CaCO3 content was 9.25 and 11.25 per cent at 0–20 cm and 
20–40 cm depths, respectively (Table 1). Mandaliya and Onjal village had the lowest CaCO3 
level in soil from high-saline regions, with 7.25 and 9.25 per cent at 0–20 and 20–40 cm 
depths, respectively. Taking into account the average CaCO3 concentration, values of 8.40 
and 10.44 per cent were found at depths of 0–20 and 20–40 cm, respectively. Higher amount 
of calcium carbonate at lower depths might be due to the process of leaching of calcium 
carbonate and subsequently precipitation at lower depths. Similar results were also registered 
by Gupta et al. (2003) and Datta et al. (2015).  
CEC (me 100 g-1) and ESP 

In saline areas, maximum CEC was determined with a value of 55.23 me 100 g-1 and 
61.91 me 100 g-1 at 0-20 cm and 20-40 cm depths, respectively (Table 1). However, a 
minimum value of CEC was recorded in Onjal and Danti farm with respective values of 
38.47 me 100 g-1 and 45.25 me 100 g-1 at 0-20 cm and 20-40 cm depths, respectively under 
saline areas. In contrast, a higher value of CEC was registered with mean value of CEC at 
lower depths (20-40 cm) was 14.34 per cent over upper depths (0-20 cm). Data further 
showed that in saline areas, maximum ESP at 0-20 cm and 20-40 cm depths was recorded in 
Jogeshwar faliya with respective values of 10.99 and 7.55. The result is in agreement with the 
findings of Kumar et al. (2018). 
Fractions of Fe  
 Different fractions of Fe were estimated from soil samples collected under salt-
affected soil of Navsari district saline areas at 0-20 cm and 20-40 cm depths. The results 
related to different fractions of Fe i.e, Water Soluble Fe-fraction (WS-Fe), Exchangeable Fe 
(Exch.-Fe), Carbonate bound Fe (CO3-Fe), Fe and Mn oxide bound Fe (Fe-Mn-O-Fe) and 
Organic bound Fe (Org-Fe) are presented in Table 2. Spatial distribution of all soil properties 
and fraction Fe at 0-20 cm and 20-40 depths under Jalalpore Taluka showed in Fig 2. 
Water Soluble Fe (WS-Fe) 

In the case of saline areas (Table 2) the maximum value of WS-Fe was found in 
Sultanpur with corresponding values of 8.6 and 5.62 mg kg-1 at 0-20 cm and 20-40 cm depth, 
respectively. The result also revealed that the minimum value of WS-Fe was recorded in 
Danti farm with respective values of 1.23 and 0.45 mg kg-1 at 0-20 cm and 20-40 cm depth in 
saline areas. Similarly in saline areas result showed that mean value of WS-Fe was high at 0-
20 cm depth than 20-40 cm depth with a corresponding value of 4.09 mg kg-1, respectively. 
The low value of WS and EX-Fe may also be attributed to the lower amount of organic 
matter in the soils as studies have reported that the addition of FYM/organic matter tends to 
increase the WS and EX-Fe content (Maskina et al., 1998 and Hellel, 2007). 
Exchangeable Fe (Exch-Fe)   

In saline area, the maximum value of Exch-Fe was recorded in Danti farm and 
Jogeshwar faliya with corresponding values of 13.01 mg kg-1 and 4.96 mg kg-1 at 0-20 cm 
and 20-40 cm depths, respectively (Table 2). Similarly, the minimum value of Exch-Fe was 
found in Onjal and Danti farm at 0-20 cm and 20-40 cm depths with corresponding values of 
1.46 mg kg-1 and 0.80 mg kg-1 in high saline areas. The results showed that the decrement in 
the mean value of Exch-Fe content at 20-40 cm depth was 54.91 per cent over 0-20 cm depth 
in the high saline areas. The exchangeable and acid-extractable fractions of Fe are normally 
low due to the formation of their respective hydroxide and oxides in certain conditions. Fe 
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fractions and their transformation in the soil is controlled by redox potential and pH were 
reported by Dhaliwal et al. (2019). 
Carbonate Bound Fe (CO3-Fe) 
A perusal of data presented in Table 2 regarding carbonate bound Fe showed that in saline 
areas showed that the maximum value of CO3-Fe content at 0-20 cm and 20-40 cm depths 
was found in Onjal and Danti farm with values 40.46 and 51.86 mg kg-1, respectively. 
However, the minimum value of CO3-Fe was found in Danti farm and Jogeshwar faliya with 
corresponding values of 0.83 and 7.16 mg kg-1 at 0-20 cm and 20-40 cm depths, respectively. 
The result also showed that the magnitude of increase in of CO3-Fe content at lower depths 
was 57.45 per cent over upper depth in saline areas. 
Fe and Mn oxide Bound Fe (Fe-Mn-O-Fe)  
Maximum value of Fe-Mn-O-Fe in the high saline areas was found in Danti farm with 
corresponding values of 2067.60 and 1689.60 mg kg-1 at 0-20 cm and 20-40 cm depths, 
respectively (Table 2). While, the minimum value of Fe-Mn-O-Fe content was recorded at 0-
20 cm and 20-40 cm depths in Mandaliya and Jogeshwar faliya with a tune of 165.60 and 
147.60 mg kg-1 in high saline areas. The results further showed the mean value of 0-20 depth 
is higher than 20-40 cm depth with a value of 1107.22 mg kg-1 in saline areas. 
Organic Bound Fe (Org-Fe) 
Looking to the organic bound Fe content in soil of saline areas at 0-20 cm and 20-40 cm 
depths is presented in Table 2 the maximum values of Org-Fe were found in Jogeshwar faliya 
with corresponding values of 596.76 and 409.56 mg kg-1 at 0-20 cm and 20-40 cm depths. 
However, the minimum value Org-Fe was recorded at 0-20 cm and 20-40 cm depths with 
corresponding of 90.00 mg kg-1 and 58.80 mg kg-1, respectively in high saline areas. The Org-
Fe content ranged from 90.00 to 596.76 and 58.80 to -409.56 mg kg-1 at 0-20 cm and 20-40 
cm depths in high saline areas. Iron fractions differed in saline soils in the order of residual > 
organic bound > Fe + Mn bound > carbonate bound > exchangeable > water soluble were 
reported by Mohiddin et al. (2022). 
Correlation between different soil properties and Fe fractions  

The data presented in Table 3 shows the association analysis for pH, ECe, CaCO3, 
CEC, ESP and Fe fractions for 0-20 cm in saline areas. At the 5 per cent significance level, 
there was a negative and significant correlation between the pH of the soil and both ECe (r = 
-0.315*) and Exch-Fe (r = -0.293*). At the 5 per cent significance level, there was a positive 
and significant correlation between CEC and ESP (r= 0.330*). WS-Fe positively and 
significantly correlated with CO3-Fe (r = 0.335**) and Org-Fe (r = 0.458**) at 1 per cent 
level of significance. Additionally, at the 1 per cent level of significance, there was a negative 
and significant correlation between WS-Fe and Fe-Mn-O-Fe (r = -0.358*). CO3-Fe had 
positive and significant correlation with Org-Fe (r = -0.665**) and negative and significant 
correlation with Fe-Mn-O-Fe (r = -0.601**) at 1 per cent level of significance. While, Fe-
Mn-O-Fe negatively correlated with Org-Fe (r = -0.509**) at 1 per cent level of significance. 

In case of 20-40 cm depths (Table 4), soil pH negatively and significantly correlated 
with CaCO3 (r= -0.435**) at 1 per cent level of significance. EC had positive correlation with 
CaCO3 (r = 0.284*) and CO3-Fe (r = 0.297*) while, negative correlation with CEC (r = -
0.281*) at 5 per cent level of significance. CaCO3 negatively and significantly correlated with 
Org-Fe (r = -0.263*) at 5 per cent level of significance.  Also, negative and significant 
correlation was found between CEC and ESP (r = -0.292*) at 5 per cent level of significance. 
WS-Fe positive and significant correlation found with Exch-Fe (r = 0.377*) and Org-Fe (r = 
0.444**) at 5 per cent and 1 per cent level of significance and negatively and significantly 
correlated with CO3-Fe (r = -0.438**) and Fe-Mn-O-Fe (r = -0.404**) at 1 per cent level of 
significance. Also, Exch-Fe, negatively and significantly correlated with CO3-Fe (r = -
0.508**) and Fe-Mn-O-Fe (r = -0.363**) at 1 per cent level of significance and positively 
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correlated with Org-Fe (r = 0.312*) at 5 per cent level of significance. The CO3-Fe was 
positively and significantly correlated with Fe-Mn-O-Fe (r = 0.586**) at 1 per cent level of 
significance. The Fe-Mn-O-Fe negatively and significantly correlated with Org-Fe (r = -
0.575**) at 1 per cent level of significance. 
 
CONCLUSION 

The correlation analysis across 0-20 cm and 20-40 cm depths in saline soils revealed 
depth-dependent and complex interactions between soil properties and Fe fractions. In the 
surface layer (0-20 cm), soil pH showed negative associations with salinity (ECe) and 
exchangeable Fe, while CEC was positively linked with ESP. Interactions among Fe fractions 
indicated that water-soluble Fe and carbonate-bound Fe were strongly associated with 
organic Fe, whereas Fe-Mn oxide-bound Fe was negatively related to these fractions, 
suggesting competition among Fe pools. At the sub-surface layer (20-40 cm), pH was 
negatively associated with CaCO3, while EC showed opposite trends with CaCO3 and CEC. 
WS-Fe exhibited positive links with Exch-Fe and Org-Fe, but negative links with CO3-Fe and 
Fe-Mn-O-Fe. Exch-Fe also showed contrasting relationship with CO3-Fe and Org-Fe. 
Overall, these results suggest that soil salinity, pH, CaCO3 and CEC strongly influence the 
distribution and transformation of Fe fractions, with distinct interactions patterns at different 
soil depths.
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Table 1: Soil pH, ECe, CaCO3, CEC and ESP in sample of saline area of Navsari district 
 

Sr. 

 No. 
Name of village 

0-20 cm 20-40 cm 

pH 
ECe 

(dS/m) 
CaCO3 

(%) 
CEC 

(me 100 g-1) 
ESP pH 

ECe 
(dS/m) 

CaCO3 
(%) 

CEC 
 (me 100 g-1) 

ESP 

1 

ONJAL 

8.50 4.314 8.50 47.28 2.84 8.84 4.489 9.75 55.92 1.07 

2 8.21 4.586 8.00 38.47 1.61 8.59 4.816 10.00 55.52 1.08 

3 8.33 4.440 8.75 44.49 1.92 8.75 4.641 9.25 48.46 1.04 

4 8.20 4.660 8.50 42.23 1.17 8.56 4.307 9.50 57.26 1.27 

5 

 

JOGESHWAR 

FALIYA 

 

8.48 4.975 8.75 48.97 3.51 8.81 4.586 10.25 57.79 1.06 

6 8.22 4.382 9.25 45.39 3.02 8.85 4.806 10.00 50.79 1.26 

7 8.17 4.625 8.50 44.94 4.58 8.35 6.634 10.75 51.41 7.55 

8 8.25 4.249 9.00 46.92 3.28 8.23 4.806 10.50 51.77 1.07 

9 8.43 4.845 8.50 47.39 8.00 8.45 4.955 10.00 60.49 1.06 

10 8.08 4.596 8.00 45.20 1.86 8.14 6.304 10.75 51.37 1.03 

11 8.65 4.485 7.75 46.69 10.26 8.26 4.904 10.50 54.75 2.87 

12 8.58 5.464 7.50 47.87 10.82 8.46 4.952 10.25 57.38 3.37 

13 8.12 8.611 8.75 44.33 10.74 8.78 4.887 10.00 50.17 5.04 

14 8.09 4.411 9.00 53.92 10.99 8.58 6.184 10.25 53.75 5.39 

15 8.24 4.648 8.75 55.09 6.90 8.40 5.954 10.25 58.14 5.41 

16 8.11 14.737 8.75 49.48 7.28 8.48 7.030 10.50 47.39 2.47 

17 

MANDALIYA 

8.13 4.067 7.25 55.23 8.04 8.37 6.349 10.00 54.30 2.82 

18 8.02 7.892 7.75 50.47 7.25 8.25 4.113 11.00 56.67 1.74 

19 8.08 4.178 7.50 50.52 6.77 8.48 6.268 10.75 60.83 2.37 

20 8.07 5.085 7.50 53.02 6.32 8.46 4.495 10.25 61.91 2.43 
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21 7.89 5.267 8.75 54.37 5.36 8.45 6.508 10.75 59.96 1.31 

22 7.84 5.882 9.00 50.75 4.29 8.05 7.736 10.50 58.09 1.58 

23 8.11 5.48 8.50 47.29 4.91 8.39 4.346 11.00 54.80 1.26 

24 8.13 4.495 8.00 50.85 4.39 8.34 6.56 10.25 54.30 3.28 

25 8.12 4.748 8.25 49.04 4.51 8.00 4.524 10.75 52.29 1.65 

26 8.00 6.916 8.00 48.9 2.08 7.99 6.492 10.50 56.77 1.70 

27 

SULTANPUR 

8.17 6.975 7.75 51.37 3.39 8.37 5.27 10.00 56.31 0.80 

28 8.32 6.213 7.50 45.20 4.99 8.65 5.286 9.75 58.27 1.51 

29 8.48 6.083 9.00 50.53 4.58 8.65 4.586 10.75 61.19 1.39 

30 8.04 4.790 8.75 53.09 3.35 8.54 4.952 11.00 59.93 0.85 

31 8.33 4.622 8.50 46.88 3.08 8.66 5.743 10.25 59.63 1.78 

32 8.41 4.460 8.75 44.62 3.45 8.42 6.206 10.50 56.40 1.01 

33   7.86 22.66 7.50 46.33 3.34 8.25 12.458 10.75 58.31 1.02 

34   7.98 12.876 8.00 42.77 2.24 8.56 4.628 10.25 56.69 1.47 

35   8.04 6.618 7.75 50.49 6.03 8.54 5.182 11.00 56.21 2.14 

36 DANTI  8.22 4.599 8.75 51.43 5.84 7.94 5.367 11.25 54.30 1.95 

37  7.99 10.595 9.25 46.82 4.12 8.3 7.467 11.00 57.67 1.51 

38   7.96 10.455 9.00 46.88 3.61 8.40 6.903 9.75 54.05 1.28 

39   8.23 4.696 9.25 47.93 7.97 8.54 5.779 11.00 56.57 2.37 

40   8.20 5.429 8.50 49.05 6.27 8.47 5.169 10.00 55.48 2.09 

41   8.11 9.496 8.75 48.83 4.18 8.34 8.854 10.75 55.05 1.66 

42   8.16 7.282 8.50 49.65 6.25 8.40 7.684 10.25 55.25 2.11 

43   8.16 4.09 7.75 43.30 5.96 8.57 6.54 10.75 56.60 4.55 

44   7.96 8.835 8.50 50.53 6.21 8.30 7.461 10.50 53.42 1.40 

45   8.08 9.794 8.75 52.29 4.98 8.42 9.211 11.00 49.89 3.93 

46   8.21 6.754 8.25 45.59 6.19 8.52 6.200 10.00 52.09 4.06 



 

 

47   8.22 5.429 8.50 47.72 4.50 8.48 5.354 10.50 58.18 3.19 

48   8.24 4.472 8.00 51.45 3.17 8.76 6.077 10.25 56.40 2.43 

49   8.18 7.386 7.75 48.96 3.32 8.58 6.077 11.00 55.73 3.12 

50   8.26 4.842 9.00 46.03 3.90 8.63 4.91 10.75 50.13 2.41 

51 DANTI 8.15 9.127 9.25 51.52 3.76 8.6 6.508 10.00 56.37 1.79 

52   8.29 4.139 8.50 52.02 6.37 8.41 5.331 10.25 57.46 1.95 

53   8.13 9.156 8.00 44.39 4.38 8.4 8.958 11.00 60.34 2.15 

54   8.18 4.129 7.50 48.05 3.64 8.64 4.826 10.00 56.33 2.86 

55   8.22 4.482 8.75 49.23 7.24 8.49 6.219 10.25 53.62 2.24 

56   8.01 4.317 9.00 46.36 4.54 8.48 6.822 11.00 59.85 1.79 

57   8.14 5.600 9.25 46.01 5.09 8.53 5.218 10.5 53.48 2.36 

58   8.11 4.372 8.00 48.61 5.72 8.6 5.565 10.75 53.83 2.31 

59   8.32 23.902 7.75 52.44 4.71 8.48 17.949 10.25 45.25 3.57 

60   7.95 42.985 9.25 51.13 3.40 8.37 37.378 11.25 50.63 3.73 

  Max. 8.65 42.985 9.25 55.23 10.99 8.85 37.378 11.25 61.91 7.55 

  Min. 7.84 4.067 7.25 38.47 1.17 7.94 4.113 9.25 45.25 0.8 

  Mean 8.17 7.227 8.40 48.44 5.04 8.46 6.663 10.44 55.39 2.28 
 
 
 
 
  



 

 

Table 2: Different fractions of Fe (mg kg-1) in soils of saline areas at 0-20 and 20-40 cm depth 

Sr.no 
Name of 
Village 

Depth: 0-20 cm Depth: 20-40 cm 

WS-Fe Exch-Fe CO3-Fe Fe-Mn-O-Fe Org-Fe WS-Fe Exch-Fe CO3-Fe Fe-Mn-O-Fe Org-Fe 

1 

ONJAL 

7.54 6.48 26.44 716.40 528.84 4.55 3.00 15.90 566.40 341.64 
2 5.62 1.46 27.29 1449.60 545.88 2.63 4.07 21.64 1275.60 358.68 
3 2.54 6.22 24.32 1678.80 486.36 2.25 3.07 25.07 1340.40 299.16 
4 3.56 5.69 40.46 1174.80 570.00 2.56 2.54 9.95 973.20 382.80 
5 

JOGESHWAR 
FALIYA 

6.95 7.01 32.81 441.60 568.80 3.96 3.86 19.57 388.80 381.60 
6 5.88 8.87 29.84 991.20 596.76 2.89 4.39 19.23 841.20 409.56 
7 5.81 7.80 20.07 898.80 401.40 2.82 4.65 16.48 748.80 214.20 
8 6.06 3.31 34.94 487.20 558.00 3.07 2.59 14.76 457.20 370.80 
9 7.41 6.48 31.54 762.00 511.20 4.42 3.33 13.73 612.00 324.00 

10 7.00 4.37 21.35 394.80 426.96 4.01 4.81 7.16 244.80 239.76 
11 4.68 3.05 24.32 1174.80 486.36 1.69 3.19 17.17 781.20 299.16 
12 2.09 4.10 27.71 853.20 554.28 2.10 4.96 14.42 703.20 367.08 
13 3.05 6.22 29.42 165.60 588.36 1.67 3.07 18.80 147.60 401.16 
14 7.39 4.10 21.35 427.20 426.96 4.40 3.23 18.82 277.20 239.76 
15 2.68 5.42 16.67 212.40 333.48 2.12 2.27 20.36 373.20 146.28 
16 4.30 4.63 29.42 165.60 588.36 1.31 2.76 17.00 162.00 401.16 
17 

MANDALIYA 

3.12 10.45 17.10 165.60 342.00 1.14 4.71 15.97 374.40 154.80 
18 4.30 7.80 26.87 165.60 537.36 1.31 3.06 19.84 255.60 350.16 
19 4.57 9.66 20.50 441.60 409.92 1.58 3.13 18.29 291.60 222.72 
20 3.15 8.34 24.32 441.60 486.36 1.01 3.46 16.22 291.60 299.16 
21 3.64 9.92 29.42 762.00 588.36 0.89 4.08 13.38 612.00 401.16 
22 5.62 8.87 32.81 898.80 548.40 2.63 2.99 13.90 748.80 361.20 
23 3.45 6.22 23.05 487.20 460.92 0.46 3.07 14.68 337.20 273.72 
24 3.89 7.01 30.26 349.20 547.20 1.91 3.86 16.48 199.20 360.00 

ConƟnue… 



 

 

25 
MANDALIYA 

3.82 6.36 26.03 1214.40 520.68 1.27 3.21 14.16 1064.40 333.48 
26 4.99 2.47 12.06 1328.40 539.42 2.00 3.05 13.90 1178.40 352.22 
27 

SULTANPUR 

3.55 2.70 12.29 931.20 556.80 0.56 3.10 15.45 781.20 369.60 
28 5.11 5.45 11.83 760.80 496.09 2.12 2.30 14.42 610.80 308.89 
29 5.12 5.45 10.68 987.60 585.60 2.13 2.40 13.12 789.60 398.40 
30 8.61 11.18 18.47 1214.40 540.00 5.62 3.07 10.28 975.60 352.80 
31 5.55 9.34 9.77 1158.00 559.20 2.56 3.66 11.06 957.60 372.00 
32 6.58 8.88 4.04 1101.60 409.43 3.59 4.24 11.57 832.80 222.23 
33 

DANTI 

2.68 6.36 14.81 703.20 340.74 0.69 3.00 39.07 553.20 153.54 
34 2.37 9.57 19.39 1556.40 271.46 1.34 3.07 40.10 1406.40 84.26 
35 3.31 13.01 15.04 1044.00 90.00 0.92 3.66 37.01 894.00 100.80 
36 2.64 7.28 11.82 817.20 124.09 5.41 4.13 51.86 667.20 126.00 
37 2.65 10.26 13.43 1498.80 193.37 0.97 4.78 40.66 1348.80 133.20 
38 3.68 9.80 8.85 1839.60 228.13 1.05 4.65 23.81 1689.60 104.40 
39 3.04 10.26 12.52 1556.40 96.00 0.91 4.27 24.84 1406.40 115.20 
40 1.95 5.45 13.89 1044.00 148.80 1.18 2.30 43.85 894.00 118.80 
41 3.49 6.59 12.52 987.60 228.13 0.50 1.99 47.86 837.60 78.00 
42 4.66 4.53 13.89 1783.20 164.40 0.67 2.52 40.66 1633.20 81.60 
43 3.02 3.62 12.52 1897.20 176.11 0.71 2.32 27.02 1483.20 88.80 
44 2.70 2.93 11.83 1953.60 120.00 0.76 2.45 46.25 1590.00 105.60 
45 4.66 6.12 9.53 1442.40 124.09 0.45 1.93 29.42 1233.60 118.80 
46 2.03 7.74 8.85 1783.20 228.13 0.81 2.18 41.45 1636.80 100.80 
47 1.23 6.59 9.77 1897.20 374.40 0.91 2.79 40.66 1518.00 58.80 
48 2.06 2.93 8.62 1726.80 366.00 0.61 1.62 30.24 1576.80 178.80 
49 2.37 4.99 9.53 1612.80 346.80 0.96 2.61 41.45 1462.80 159.60 
50 3.71 7.05 7.25 987.60 292.80 0.72 2.19 37.44 837.60 105.60 
51 4.01 5.67 9.53 1044.00 318.00 1.02 2.13 29.42 894.00 130.80 

ConƟnue… 



 

 

52 

DANTI 

5.60 1.55 6.56 1272.00 344.40 2.61 1.59 36.65 1122.00 157.20 
53 4.22 6.36 4.04 1442.40 121.20 1.23 1.44 42.24 1292.40 109.20 
54 2.88 10.49 4.96 1726.80 312.00 0.89 2.76 33.43 1576.80 124.80 
55 3.14 6.36 1.75 1669.20 357.60 0.66 0.80 50.26 1519.20 170.40 
56 2.36 7.51 6.56 2067.60 321.60 0.97 1.62 40.66 1627.20 134.40 
57 2.58 6.14 0.83 1839.60 117.60 0.91 2.50 30.24 1689.60 99.60 
58 3.65 4.53 1.75 1953.60 345.60 0.66 1.38 43.85 1563.60 158.40 
59 3.03 7.74 1.97 1328.40 126.00 0.69 0.99 45.46 1178.40 187.20 
60 4.02 9.80 3.12 1556.40 333.50 1.03 1.95 39.84 1406.40 146.30 

Max. 8.61 13.01 40.46 2067.60 596.76 5.62 4.96 51.86 1689.60 409.56 

Min. 1.23 1.46 0.83 165.60 90.00 0.45 0.80 7.16 147.60 58.80 

Mean 4.09 6.61 16.71 1107.22 381.84 1.79 2.98 26.31 945.54 229.00 



 

 

Table 3: Correlation between PH, EC, CaCO3, CEC, ESP and fractions of Fe  

 
0-20 cm depth 

PH EC CaCO3 CEC ESP WS-Fe Exch-Fe CO3-Fe Fe-Mn-O-
Fe Org-Fe 

PH 1          

EC -0.315* 1         

CaCO3 -0.068 0.070 1        

CEC -0.172 0.095 0.002 1       

ESP 0.189 -0.121 -0.099 0.330* 1      

WS-Fe 0.204 -0.154 0.186 -0.002 -0.119 1     

Exch-Fe -0.293* 0.164 0.116 0.145 -0.063 -0.039 1    

CO3-Fe 0.077 -0.249 -0.015 -0.115 0.073 0.335** -0.053 1   

Fe-Mn-O-Fe -0.077 0.089 0.133 -0.284* -0.276* -0.358** -0.045 -0.601** 1  

Org-Fe 0.224 -0.203 -0.053 -0.061 -0.082 0.458** -0.168 0.665** -0.509** 1 
 20-40 cm depth 

PH 1          
EC -0.150 1         

CaCO3 -0.435** 0.284* 1        
CEC 0.004 -0.281* 0.100 1       
ESP 0.057 0.199 0.100 -0.292* 1      

WS-Fe -0.014 -0.201 -0.115 0.123 -0.142 1     
Exch-Fe -0.153 -0.251 -0.030 0.095 -0.086 0.377* 1    
CO3-Fe -0.020 0.297* 0.246 -0.177 0.104 -0.438** -0.508** 1   

Fe-Mn-O-Fe 0.114 0.175 0.025 -0.051 -0.030 -0.404** -0.363** 0.586** 1  
Org-Fe 0.080 -0.223 -0.263* 0.070 -0.249 0.444** 0.312* -0.775* -0.575** 1 

**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
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