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Impact of flood on soil quality in south central laterites of Kerala, India
ABSTRACT
The study was conducted to assess the soil quality of post-flood soils in agro-ecological unit 9 of Kottayam district, Kerala. Representative surface soil samples were collected across the entire flood-affected area of this unit and analysed for key physical, chemical, and biological properties. Principal component analysis was employed to identify a minimum data set influencing soil quality in the region. The soil quality index was computed using a scoring and weighted additive approach, and soils were classified into low, medium, and good categories based on relative index values. Results indicated that 78.43 percent of the samples exhibited medium soil quality, 19.61 percent were categorized as low soil quality, and only 1.96 percent showed good soil quality. 
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INTRODUCTION
Kerala lies between the Arabian Sea on the western side and the Western Ghats on the eastern side. The state has a coastline of about 580 km, while its width ranges from nearly 35 to 120 km. During the period from 1 June 2018 to 19 August 2018, the state experienced exceptionally high rainfall, which led to severe flooding in all 14 districts. According to the Indian Meteorological Department, Kerala received 2346.6 mm of rainfall against the expected 1649.5 mm, representing about 42% excess over the normal. Rainfall during June, July, and from 1 to 19 August was 15%, 18%, and 164% above normal, respectively (CTCRI, 2018). The unprecedented floods caused substantial deterioration of soil quality and significant losses of soil nutrients.
Kerala has been delineated into twenty-three agro-ecological units (AEUs) based on climate, landforms, and soils, with panchayats as the basic unit. Agricultural lands under AEU 9 remained continuously inundated for two to four days, mainly due to the overflowing of the Meenachil River and landslides from adjacent panchayats. After the recession of floodwaters, heavy deposits of sand and silt were observed. Prolonged submergence led to rotting of banana, vegetable, and tuber crops, while the excessive deposition of sand and silt rendered fields unsuitable for shallow-rooted crops. Flooding alters several soil properties, leading to declines in soil quality through nutrient losses by runoff and leaching, depletion of organic matter, soil crusting and compaction, accumulation of toxic substances, excessive agrochemical use, and improper waste disposal. Climate change–induced increases in temperature, shifts in precipitation patterns, and extreme weather events further influence soil quality, posing serious challenges to food security and quality (Lal, R., 2015). Assessment of soil quality parameters is therefore essential for evaluating the impacts of flooding.
MATERIALS AND METHODS
Kottayam district spreads over three Agro ecological units (AEU) viz., 4 (Kuttanad), 9 (South Central Laterites) and 12 (Sothern and Central Foothills) covering 11blocks and 79 panchayaths. AEU 4 and 9 were badly affected by flood while AEU 12 by landslide. The study was carried out in AEU 9 of Kottayam district which covers  an area of 80330 ha. About 75% of people in the area are dependent on agriculture. The major land use on uplands is monocropped rubber and coconut intercropped with a variety of annual and other perennial crops and rice, tapioca, banana and vegetables in lowlands.
Sampling sites were selected based on a field survey and was done during the month of April, 2019, before the pre monsoon showers. The worst affected panchayaths in this agro ecological unit were Mutholi, Meenachil, Kuravilangadu, Kadaplamattam, Marangattupally, Madapally and Vakathanam and 51 geo referenced soil samples were collected. Surface soil samples at 0-15 cm depth were taken. Core samples were also taken from each sampling point for analysis of particle density. The samples were immediately stored in plastic covers and transported to laboratory for further analysis. Soil samples were dried and sieved using 2 mm sieve before analysis in the laboratory. The samples were analysed for soil texture, bulk density, maximum water holding capacity, pH, EC, organic carbon, available N, P, K, Ca, Mg, S and acid phosphatase in the laboratory using AR grade reagents following standard analytical procedures. Soil textural analysis was done using Bouycous hydrometer method (Jackson, 1973). Bulk density (Black et al., 1965) and maximum water holding capacity (Naidu et al., 2006) were analysed using core samples. Soil pH was measured in 1:2.5 soil water suspensions using a pH meter. EC was measured using an EC meter in the supernatant of 1:2.5 soil water suspensions (Jackson, 1973) Organic carbon was estimated using Walkley and Black (1934) rapid titration method. Available nitrogen was determined by alkaline permanganate method (Subbiah and Asija, 1956). Available phosphorus was extracted using Bray No. 1 solution and estimated using spectrophotometer (Bray and Kurtz, 1975). Available potassium was estimated using flame photometer after extraction with neutral normal ammonium acetate (Jackson, 1973). Versenate titration method (Hesse, 1971) was followed to determine available calcium and magnesium. Available sulphur was extracted using calcium chloride and estimated using spectrophotometer (Massoumi and Cornfield, 1963). Acid phosphatase was determined by colorimetric estimation of p-nitrophenol released by soil  incubated with buffered (pH 6.5) sodium p-nitrophenyl phosphate solution and toluene at 370 C for 1 hr. (Tabatabai and Bremner, 1969). The frequency distribution of soil pH, organic carbon and available P, K, Ca, Mg and S were compared with the pre flood data of Rajasekharan et al. (2014).
Soil quality
Soil quality index (SQI) for each sampling site was generated by aggregating the scores following standard methods. This included: (i) selection of MDS of indicators that best represent the soil functions; (ii) scoring the MDS indicators based on their performance of soil functions; and (iii) integrating the indicator scores into a comparative index of soil quality(Vasu et al., 2016).
(i) Selection of minimum data set from different soil properties
Principal Componenet Analysis (PCA) method was used for determination of minimum data set which consists of most suitable soil indicators which influenced the soil quality of this area. MDS is chosen on the basis of capacity of soil properties to predict soil stability and productivity (Lima et al., 2012).Principle components (PCs) which have Eigen value greater than one were selected from PCA analysis. According to Wander and Bollero (1999), only the variables which have high weightage within each PC were selected for MDS. When there is more than one indicator in single PC, correlation was worked out among them. If they have significant correlation (r ≥ 0.6) between each other, then the one with highest loading factor was selected for MDS and the remaining are excluded. Thus, means that the non-correlated parameters were retained and elected for MDS (Andrews et al., 2001).
(ii) Scoring of the selected indicators
	To formulate the soil quality index, proper weights were assigned to the selected parameters in the MDS and proper score was given to each class (Larson and Pierce, 1994). Scoring of the parameters was achieved using the method suggested by Kundu et al. (2012); with slight modification based on the soil fertility ratings for secondary and micronutrients for soils of Kerala. 
(iii) Calculation of Soil Quality Index (SQI) and Relative Soil Quality Index (RSQI)
	Weighted additive method was used to calculate soil quality. The equation was proposed by Wymore, (1993)
SQI =Ʃ Wi Si
Where, Wi is the weighted factor and Si is the weighted score.
Relative soil quality index was used to measure the changes in the soil quality (Karlen and Stott, 1994)

Where SQI was the determined soil quality index and was the maximum soil quality index that can be obtained theoretically.
RESULTS AND DISCUSSION
Physical parameters
Bulk density (BD) of more than 50 percent of samples analysed had values within the ideal range.15.69 per cent of the selected samples recorded 1.4 to 1.6, 52.94 per cent, 1.2-1.4 and 31.37 per cent, below 1.2 Mg m-3  of bulk density in this unit. Deposition of materials such as sand and other gravelly particles were brought to soil by flood could be the reason for increased BD(Fig.1). Particle density(PD) of 25.49 % of samples had less than 2.2 Mg m-3 where as 29.41%of samples lies in the range of 2.2-2.4 Mg m-3 and 35.29 percent between 2.4-2.6 Mg m-3. Only 9.8 per cent of samples were with density more than 2.6 Mg m-3. Majority of the soil samples had PD less than 2.67 Mg m-3 (Fig.1). It  relates the amount of organic matter and minerals present in soils and those with more organic carbon and silt deposition will have comparatively lower values (Bielderset al., 1990).  The mean value of percentage of sand, silt, clay in AEU 9 of Kottayam district was 52.0 %, 18.5 % and 30.2 %. Major predominant soil texture in this area is sandy clay loam. 43.14 per cent soils are of sandy clay loam texture where as 15.69 per cent each of sandy clay and clay loam; 13.73 per cent sandy loam and 5.88 per cent (Fig.2) each of clay and loam texture. The mean value of soil moisture content in AEU 9 was 21.9 per cent and varied from 9.30 to 44.8 per cent. 31.37 per cent of soils had moisture content greater than 25; 35.29 and 31.37 per cent of samples in the range 15-25 and 10-15, respectively (Fig. 3).
The present study showed that water holding capacity of 85 per cent of soils had WHC less than 30 and 15 per cent of samples were in 30 to 50 range in AEU 9(Fig. 3).Water stable aggregates of 90.2 % of samples had greater than 70 % where as 7.84 % of samples lies in the range of 30-50%, 1.96 % lies between 30-50%(Fig. 4). Soils with high content of clay and silt can hold more water because of higher moisture retention capacity. The organic matter stabilizes soil aggregates and improves pore orientation resulting in increased water holding capacity (Munkholm and Kay, 2002).
Chemical parameters
Majority of the samples reported pH in  acidic range which includes 29.41 %of samples as moderately acidic, 17.65% of samples as very strongly acidic, 3.92% of samples as slightly acidic and 3.92 % of samples as extremely acidic. There was an observed change in pH was a slight decrease in the percentage of samples under extremely acidic and very strongly acidic ranges and an increase in moderately and slightly acidic ranges on comparing with the pre flood data (Khamarunneesa et al., 2025). There was a net moderate enhancement in the soil pH in AEU9 with flooding. This might be due to the deposition of basic cations due to flooding. Organic carbon content was high in 78.43 per cent of the samples and medium in 21.57 percent. Compared to pre flood data, it increased from 37 to 78.43 per cent. It might be due to the reason that low temperature and high rainfall are conductive for the accumulation of organic matter in soil (Biswas and Mukharjee, 2014). Electrical conductivity is a measure of total soluble salts in soil and indicates the availability of nutrients. 100 per cent of the soils were of EC <1 dS m-1 (Fig. 4).  Nitrogen content was low in 58.82 per cent of the samples and medium in 41.18 per cent. The low availability of nitrogen in soil might be due to leaching of nitrate nitrogen present in soil that occurred during flood and under anaerobic condition nitrate nitrogen loss may occur due to nitrate reduction and denitrification (Unger et al., 2009). Phosphorus content was low in 41.18 per cent samples, medium in 7.84 % and high in 50.98 % samples. Phosphorus content high in the study area. The increase in pH that had resulted from flooding might also contribute to improvement in P availability. The significant positive correlation between organic carbon content and acid phosphatase activity (0.370**) enhances microbial mineralization resulting in enhanced availability of phosphorus. Similar increase in P availability was also reported by Liang, 1996. Potassium content was high in 29.41 per cent of samples and medium in 56.86 percnet and low in 13.73 % samples. A increase in concentration of potassium under medium range was observed in the flood affected areas. This might be due to exchange reaction increases K in solution under flooded conditions (Valizadeh et al., 2012).
Available calcium content was adequate in 90.2 % and deficient in 9.8% of samples. Available Ca in the post flood area was adequate in majority of samples. When compared to pre flood data, the adequate level increased from 82 per cent to 90.2 per cent in the post flood soils (Rajasekharan et al., 2014). Available magnesium content was adequate in 35.29 per cent. The transport and deposition of suspended particles along with flowing water may result in variations in the nutrient concentration of Ca and Mg (Katutis, 2007). Similar increase in Ca and Mg with flooding was also reported by Katutis & Rudzianskaitė (2015), Sahrawat (2012) and Katutis and Rudzianskaite (2015). Available sulphur content was sufficient in 66.67% and deficient in 33.33 per cent of samples. Post flood samples showed a decrease in sufficiency level of sulphur when compared to preflood values (Rajasekharan et al., 2014). Flooding of soils may increase or decrease sulphate sorption (Bornemisza & Llanos (1967). The reduction in sufficiency level of sulphur might be due to flooding of soils may increase or decrease sulphate sorption (Bornemisza & Llanos (1967). Available boron was deficient in 100 per cent of samples. Wide spread deficiency of boron was noticed due to high mobility of borate ions results in ready leaching of this nutrient from the soil surface layer and becomes unavailable to plants and hence, huge deficiency of available B is noticed in acidic soils (Katyal and Singh, 1992).
Biological parameters
Soil samples collected from the post flood regions were analysed for biological properties viz., dehydrogenase and acid phosphatase activities. All the biochemical transformations in soil are dependent on enzyme activities and hence, an assay of enzyme activities was help to assess the soil fertility. Dehydrogenase activity was ranged from 6.14 - 72.7 µg TPF released g-1 soil 24h-1 with a mean value of 22.5 µg TPF released g-1 soil 24h-1  in soil. All the samples analysed had activity less than 75 µg TPF released g-1 soil 24h-1(Fig. 11). The soil dehydrogenase activity was found to be significantly correlated with organic carbon (0.299*) and soil pH (0.404**). Flooding influences oxidation- reduction of the system and thus affects the dehydrogenase activity.  Increase in soil moisture content and temperature around 30˚C stimulates the activity of dehydrogenase (Gu et al., 2009; Furtaket al., 2020). The mean acid phosphatase activity was 27.4 ± 10.9 µg p- nitro phenol released g-1 soil h-1. 41.48 per cent of the soils had activity within the range10-25 µg p- nitro phenol released g-1 soil h-1, 56.86 per cent between 25 and 50 and 1.96 per cent >50 µg p- nitro phenol released g-1 soil h-1 (Fig. 11). It gives an indication of P cycling in soil and sensitive to oxygen stress and the activity decreases significantly with water logging, resulting in reduced P availability (Sardans and Penuelas, 2005; Borowik and Wyskowska, 2016; Gu et al., 2019).
Soil quality index
Soil quality evaluation provides a framework to assess the sustainability of different land use systems and creates an opportunity to redesign land and soil management systems for better agricultural productivity. Principal Component Analysis (PCA) was performed to select the minimum data set (MDS) for assessing soil quality. Soil attributes viz., bulk density, per cent sand, silt and clay, WHC, soil moisture, WSA, pH, EC, OC, available N, P, K, Ca, Mg, S and B, dehydrogenase and acid phosphate activities were considered as vectors for PCA. The attributes selected for MDS include  % of sand and silt, soil moisture, bulk density, EC, pH, available N, K, Ca, S and B.
Table 1. Soil quality indicators, weights and scores (Singh et al., 2017)
	Soil quality indicators
	Weights
	Class I with 
score 4
	Class II with 
score 3
	Class III with 
score 2
	Class IV with score 1

	Texture
	10
	Loam
	Clay loam / Sandy loam
	Sand/Clay
	Grit

	Soilmoisture content
	10
	< 30
	30 – 40
	40-50
	> 50

	Bulk density
	10
	1.3 - 1.4
	1.2 - 1.3 or 1.4 - 1.5
	1.1 - 1.2 or 1.5 - 1.6
	< 1.1 or >1.6

	pH
	5
	6.5 - 7.5
	6 - 6.5 or 7.5-8
	5.5-6 or 8-8.5
	< 5.5 or >8.5

	EC
	10
	<2
	2-4
	4 – 8
	8 – 16

	Available N
	20
	> 560
	560 – 420
	420 – 280
	< 280

	Available K
	10
	> 280
	280-200
	200-120
	<120

	Available Ca
	10
	>300
	300 – 250
	250 -150
	<150

	Available S
	10
	>5.0
	5.0 - 2.0
	2.0 - 1.0
	< 1.0

	Available B
	10
	>1.5
	1.5-0.7
	0.7-0.5
	<0.5



Table 2. Soil quality index (SQI) and Relative soil quality index (RSQI) in the post-flood area of AEU 9  in Kottayam district
	Panchayath
	SQI
	RSQI

	
	Mean ± SD
	Range
	Mean ± SD
	Range

	Mutholi
	234 ± 21.90
	210 - 270
	58.6 ± 5.50
	52.5 - 67.5

	Meenachil
	237 ± 20.70
	200 - 265
	59.4 ± 5.20
	50.0 - 66.2

	Kuravilangadu
	214 ± 19.00
	195 - 245
	53.5 ± 4.76
	48.7 - 61.2

	Kadaplamattam
	203 ± 12.40
	195 - 230
	50.8 ± 3.12
	48.7 - 57.5

	Marangattupally
	248 ± 12.70
	235 - 265
	62.1 ± 3.19
	58.7 - 66.2

	Madapally
	217 ± 19.30
	190 - 250
	54.4 ± 4.83
	47.5 - 62.5

	Vakathanam
	231 ± 33.50
	180 – 290
	57.8 ± 8.38
	45.0 - 72.5

	AEU 9
	227 ± 24.50
	180 – 190
	56.9 ± 6.10
	45.0 - 72.5



RSQI expresses the change in soil quality of the samples and grouped into poor (RSQI <50), medium 50-70) and poor (>70). The highest soil quality was observed at Marangattupally panchayat (62.1%)and lowest was Kuravilangadu panchayat (53.5 %). Mean RSQI values indicate that post flood soils of selected panchayaths of AEU 9belonged to medium quality (Table 2). Medium soil quality was observed for 78.43 percent of samples, 19.61 per cent of soils were of poor soil quality and 1.96 per cent of good soil quality.
Conclusion
According to the findings of this study, AEU 9 in the Kottayam region indicated that more than half of the flood-affected soils' bulk density was within the optimal range, with a modest fall in particle density. There is an increase in percentage of samples under moderately acidic range was observed in most of the area. Organic carbon levels were high in around half of the regions. Available N was medium and available S were adequate for most of the area. There was a decrease in available P, adequate level of available Ca and  Mg was increased. A medium range of acid phosphatase activity was noticed in the region. The overall soil quality of the area was medium quality.
Soil acidity stays a major problem in this area even after the
flood and it needs urgent reclamation measures to restore productivity. The sufficiency of some nutrients might be due to the silt deposition occurred along with flood. The sediment deposition had changed the characteristics of soil. The reduction in overall nutrients indicated that the nutrients might be lost due to flooding. It is necessary to restore the soil even though the soil lies in medium soil quality. Site specific and nutrient specific management practices are necessary to overcome the changes in soil due to flood. This will make the farmers aware about the changes in soil brought about by the flood and for adopting effective management measures for post flood soil. Therefore, site specific management of soils based on the current nutrient status, cropping system and quality is essential for achieving higher productivity and sustainability.
Fig.1. Frequency distribution of bulk density and particle density in post-flood soils of Kottayam district

Fig.2. Frequency distribution of soil textural classes in post-flood soils of AEU 9 in Kottayam district






Fig. 3. Frequency distribution of soil moisture content and water holding capacity in post-flood soils of Kottayam district

Fig. 4. Frequency distribution of Water stable aggregates (%) in post-flood soils of Kottayam district










Fig.5. Frequency distribution of pH of post-flood affected soils of AEU 9 in Kottayam district


Fig.6. Frequency distribution of EC (dSm-1) and OC (%) in post-flood soils of  Kottayamdistrict





Fig. 7. Frequency distribution of available N and P in post-flood soils of AEU 9 in Kottayam
Fig. 8. Frequency distribution of available K in post-flood soils of AEU 9 in Kottayam district




Fig. 9. Frequency distribution of available Ca and Mg in post-flood soils of Kottayam district

Fig.10. Frequency distribution of available S and available B in post-flood soils of Kottayam district

Fig. 11. Frequency distribution of dehydrogenase activity  and acid phosphatase activity in the post-flood soils of Kottayam district

Fig.12. Frequency distribution of RSQI (%) in the post-flood soils of AEU 9 in Kottayam district
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Sandy clay loam	Sandy clay	Clay 	Clay loam	Loam	Sandy loam	43.14	15.69	5.88	15.69	5.88	13.73	Soil textural classes 

% of samples

Frequency	<	 30	30 - 50	85	15	Water holding capacity (%)

% of samples
Frequency	<	 10	10 - 15	15 - 25	>	 25	1.9600000000000009	31.37	35.290000000000013	31.37	Soil moisture content (%)
% of samples
Frequency	30 -50	50 - 70	>	 70	1.9600000000000009	7.84	90.2	Water stable aggregates (%)
% of samples
Frequency	Extremely acidic (3.51-4.50)	Very strongly acidic (4.51-5.0)	Strongly acidic (5.01-5.50)	Moderately acidic (5.51-6.0)	Slightly acidic (6.01-6.50)	3.92	17.649999999999999	45.1	29.41	3.92	pH
% of samples
Frequency	Medium (0.50-1.50)	High (	>	 1.50)	21.57	78.430000000000007	Organic carbon(%)
% of samples
Frequency	<	 1	100	Electrical coductivity(dSm-1) 
% of samples
Frequency	Low (	<	 10)	Medium (10.1-24.0)	High (	>	 24)	65	25	10	Available Phosphorus (kg ha-1)
% of samples
Frequency	Low (	<	 280)	Medium (280-560)	41.18	58.82	Available Nitrogen(kg ha-1)
% of samples
Frequency	Low (	<	 115)	Medium (115-275)	High (	>	 275)	13.73	56.86	29.41	Available Potassium (kg ha-1)
% of samples
Frequency	Deficient (	<	 120)	Adequate (	>	120)	64.709999999999994	35.290000000000013	Available Magnesium (mg kg-1)
% of samples
Frequency	Deficient (	<	 300)	Adequate (	>	 300)	9.8000000000000007	90.2	Available Calcium (mg kg-1)
% of samples
Frequency	Deficient (	<	 5)	Adequate (	>	 5)	33.33	66.669999999999987	Avaialable Sulphur (mg kg-1)
% of samples
Frequency	Deficient (	<	 0.5)	100	Available Boron (mg kg-1)
% of samples 
Frequency	10 - 25	25 - 50	>	 50	41.18	56.86	1.9600000000000009	Acid phosphatase activity (µg p- nitro phenol g-1 soil h-1)
% of samples
Frequency	<	 75	100	Dehydrogenase activity (µg TPF g-1 soil 24h-1) 
% of samples 
Frequency	Poor (	<	 50)	Medium (50-70)	Good (	>	 70)	19.610000000000021	78.430000000000007	1.9600000000000013	RSQI (%)
% of samples
Frequency	<	 1.2	1.2 - 1.4	1.4 - 1.6	31.37	52.94	15.69	Bulk density (Mg m-3)

% of samples 

Frequency	
<	 2.2	2.2 - 2.4	2.4 - 2.6	>	 2.6	25.49	29.41	35.290000000000013	9.8000000000000007	Particle density (Mg m-3) 

% of samples 




