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Abstract

The south central laterites of Kottayam district was one of the worst hit areas during 2018 flood. The
post-flood soils of the region required a site specific and detailed analysis of soil fertility parameters to
understand the extent of damage. Surface soil samples were analysed for soil texture, particle density,
WHC, pH, EC, organic carbon, available primary, secondary nutrients and acid phosphatase. The results
showed that sandy clay loam was the predominant soil textural class in the area. Bulk density varied from
1.0 -1.6 Mg m and maximum water holding capacity was less than 30 per cent for most of the area.
Soils with moderately acidic pH increased compared to pre flood study. Organic carbon and available N
were in high and medium range, respectively. The available P was reduced compared to pre flood soils
while K was medium. Available Ca and S levels were sufficient. Mg deficiency was observed in 64.71
percentage of the samples in post flood area. A medium range of acid phosphatase activity was noticed in
the region.

Keywords: Flood, soil physico-chemical proerties, acid phosphatase activity

Introduction
Kerala is bestowed with very high rainfall, receiving an average of 3107 mm of rainfall, two
times higher than that of national average (Kumar, S. K., 2013) %1, But during 2018, the state
experienced unprecedential rainfall causing much havoc to the entire state, except Kasargod
district. From June to August 2018, 2346.6 mm rainfall was received against the normal level
of 1649.5 mm which was 41 per cent higher than the expected level CTCRI, 2018). Heavy
rains and flooding have left many farm fields in need of physical repair. Flood water erode
exposed soils, leaving deep gullies, drifted crop residues, building materials, as well as other
types of debris (Blanco and Lal ., 2008) ™. The flood had resulted in landslides, water
stagnation and deposition of sand/silt /clay in these areas in different dimensions, which needs
urgent attention for restoring and sustaining soil productivity.
Kottayam, Pathanamthitta, Alappuzha, Ernakulam, Idukki, Malappuram and Wayanad districts
were the worst hit by the torrential rain and flood (CTCRI, 2018) [*?l. The flooded condition
may remain for a few days or get extended for a longer period depending on soil conditions.
Along with the flowing water, it may carry the most fertile top soil, suspended sediments,
boulders and other particles and get deposited at faraway places or reach oceans, affecting the
natural properties of soil. Flooding may result in shortage of food crops due to loss of entire
harvest and the destruction of soil quality. The microorganisms use the available soil O, for
their survival in the resultant reduced coditions. Free O in the soil is usually depleted within a
couple of days after flooding. The longer the soil is flooded, the lower the soil O levels
become more reduced. Oxygen deficiency is likely the most important environmental factor
that triggers growth inhibition and injury in flooded plants (Visser et al., 2003) [26,
In Kottayam district alone, 2014.8 mm RF was received during the three months of June to
August, 2018 in 76 rainy days, registering 68 per cent increase over the normal RF of 1197.73
(in an average of 61 days) mm for the last ten years. Agricultural fields under AEU 9
experienced continuous inundation for two to four days mainly due to overflowing of
Meenachil river and landslides from adjoining panchayaths. Heavy deposition of sand and silt
were noticed on receding of the flood water. The crops were seriously damaged, especially in
the low lying areas.
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The post-flood soils of the region require a site specific and
detailed analysis of soil fertility parameters to understand the
extent of changes. This analysis aids in the revision of
nutrient management schedule for various cropping systems
in the region. Therefore, the present study was conducted to
assess the physicochemical and biological characteristics of
post-flood soils.

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). It consists of 11 blocks 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 crops cultivated in the area are mono
cropped rubber and coconut in AEU 9. 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. 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) [3. Bulk
density (Black et al., 1965) [l and maximum water holding
capacity (Gupta and Dakshinamurthy, 1980) [0 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) [3 Organic carbon was
estimated using Walkley and Black (1934) ?7] rapid titration
method. Awvailable nitrogen was determined by alkaline
permanganate method (Subbiah and Asija, 1956) [?4,
Available phosphorus was extracted using Bray No. 1
solution and estimated using spectrophotometer (Bray and
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Kurtz, 1975) 6. Available potassium was estimated using
flame photometer after extraction with neutral normal
ammonium acetate (Jackson, 1973) 23l 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) 7], Acid phosphatase was
determined by colorimetric estimation of p-nitrophenol
released by soil is incubated with buffered (pH 6.5) sodium p-
nitrophenyl phosphate solution and toluene at 37° 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 KSPB
(2013) (41,

Results and Discussion

Physical parameters

Soil texture, bulk density and water holding capacity

Soil texture refers to the relative proportion of sand, silt and
clay particles, which determines the major physical properties
(Phogat et al., 2015) 1, Majority of soils in this area belong
to sandy clay loam texture). The mean value of percentage of
sand, silt and clay was 52%, 18.5% and 30.2%. 43.14 per cent
(Table 1). soils are of sandy clay loam texture; 15.69 per cent
each of sandy clay and clay loam; 13.73 per cent sandy loam
and 5.88 per cent each of clay and loam texture (Fig. 1).

The bulk density is a dynamic soil property which is
influenced by the soil structure, texture, organic matter,
constituent minerals and porosity. The mean particle density
was 1.26 Mg m (Table 2) and 15.69 per cent of the selected
samples recorded bulk density 1.4 to 1.6, 52.94 per cent, 1.2-
1.4 and 31.37 per cent, below 1.2 Mg m™ (Fig. 2). In areas
with high organic matter content and clay deposition, bulk
density was comparatively less (Chaudhari et al., 2013) ],
And is also inversely related with soil porosity (Eluozo and
Oba, 2018) €1,

Water holding capacity is a measure of the ability of soils to
hold water against gravitational force and is dependent on soil
texture and organic matter content. 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)
1181, 85 per cent of soils had WHC less than 30 and 15 per
cent, in 30 to 50 range (Fig. 2). The mean value of WHC was
23.13 (%) (Table. 2).

Table 1: Sand, silt and clay (%) in the post-flood area of AEU 9 in Kottayam district

Panchayath Sand Silt Clay
Mean + SD Range Mean + SD Range Mean + SD Range

Mutholi 455+ 13.8 27.0-72.0 19.3+7.76 5.00 - 30.0 35.1+7.77 23.0-43.0
Meenachil 47.1+18.3 22.0-67.0 25.7+14.8 5.00-45.0 26.5+4.46 23.0-33.0
Kuravilangadu 62.0 + 7.64 47.0-72.0 135+11.8 5.00-35.0 24.4 +6.90 18.0-33.0
Kadaplamattam 54.2 + 10.6 42.0-67.0 12.8 +5.67 5.00 - 20.0 32.8+6.34 23.0-38.0
Marangattupally 55.3+12.6 42.0-77.0 12.5+9.26 1.00 - 20.0 37.1+8.20 18.0 - 43.0
Madapally 55.7+19.7 17.0-72.0 15.5 +8.89 5.00 - 30.0 28.7+12.3 18.0 - 53.0
Vakathanam 44.1+13.1 32.0-62.0 30.7+9.32 20.0-45.0 25.1+6.99 18.0- 33.0
AEU 9 52.0 + 14.6 17.0-77.0 185+114 1.00 - 45.0 30.2 +8.85 18.0 - 53.0
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Fig 1: Frequency distribution of soil textural classes in post-flood soils of AEU 9 in Kottayam district

Table 2: Bulk density and water holding capacity in the post-flood areas of AEU 9 in Kottayam district

Bulk density (Mg m-3) Water holding capacity (%)
Panchayath Mean + SD Range Mean + SD Range
Mutholi 1.22+0.11 1.05-1.35 26.0+6.14 11.8-30.4
Meenachil 1.23 +0.08 1.12-1.32 24.3+2.15 20.4 - 26.1
Kuravilangadu 1.23+£0.11 1.04-1.41 24.7 + 4,58 17.0-28.6
Kadaplamattam 1.23£0.08 1.12-1.34 25.1+8.22 5.9-29.2
Marangattupally 1.32+£0.21 1.04-1.60 30.6 £ 2.82 26.7 —35.6
Madapally 1.30+£0.15 1.10-1.50 27.5+6.69 18.0-35.7
Vakathanam 1.33+0.16 1.00 - 1.45 28.5+7.69 13.9-354
AEU 9 1.26 +0.14 1.00 - 1.60 23.13+7.71 5.90 - 35.7
100 -
90 - 100 -
< 80 -
g 70 - g 807
S 60 - 52.94 g
T 5 s 60 -
X 3
40 1 31.37 s
30 - 40
20 - 15.69 s
10 | 20
0 T T .
<12 12-14 14-16 0 .
<30 30-50
Bulk density(Mg m-3) Water holding capacity(%e)

Fig 2: Frequency distribution of bulk density and WHC (%) in post-flood soils of Kottayam district

Chemical attributes

Soil reaction, Electrical conductivity and Organic carbon
Soil reaction gives an indirect estimate of the soil biological
activity and thus decides the availability of nutrients to plants.
It varied from 4.42 and 6.25 as shown in table 3. 45.1 per cent
of the soils were strongly acidic (5.01-5.50), 29.41 per cent
moderately acidic (5.51-6.0), 17.65 per cent very strongly
acidic (4.51-5.0) and 3.92 per cent slightly acidic (6.01-6.50).
Only 3.92 per cent of samples (Fig. 3) were extremely acidic
(3.51-4.50). It shows 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 (Geetha et al.,
2013). There was a net moderate enhancement in the soil pH
in this AEU with flooding due to the deposition of basic
cations. This increased pH would create a condition

favourable for microbial activity and result in more N
mineralization (Alexander, 1977; Ono, 1991)

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™ (Fig. 4). The mean value of
electrical conductivity was 0.18 dS m™ (Table 3).

Soil organic carbon is one of the most dominant factor that
influences soil physical, chemical and biological properties in
maintaining soil health. 78.43 per cent of the soil samples had
high OC (>1.50%) content and 21.57 per cent, medium status
(0.5-1.5%) were given in Fig. 4. Compared to pre flood data,
the organic carbon content increased from 37 to 78.43 per
cent. The mineral materials brought by landslide may enhance
the decomposition of organic matter and conversion to
stabilized forms (Blonska et al., 2017) 1,
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Table 3: pH, EC and organic carbon in the post-flood areas of AEU 9 in Kottayam district

Panchavath pH EC (dS m-1) OC (%)
Y Mean + SD Range Mean + SD Range Mean + SD Range
Mutholi 5.18+0.33 | 443-550 | 0.16+£0.07 | 0.10-0.30 | 1.52+0.43 | 0.64 - 2.07
Meenachil 558+0.40 | 5.09-6.25 | 0.16+0.08 | 0.10-0.30 | 1.79+0.60 | 1.03-2.83
Kuravilangadu | 5.14+0.41 | 442-5.62 | 0.17+0.11 | 0.10-0.40 | 1.52+0.42 | 0.84-2.04
Kadaplamattam | 5.38+0.19 | 5.17-5.67 | 0.14+0.08 | 0.08-0.30 | 1.76 £0.34 | 1.26-2.21
Marangattupally | 5.24+0.47 | 458-5.71 | 0.15+0.11 | 0.10-0.40 | 1.90+0.33 | 1.15-2.17
Madapally 5.27+0.53 | 458-6.19 | 0.23+0.10 | 0.10-0.40 | 1.71+0.34 | 1.13-2.25
Vakathanam 529+046 | 468-5.81 | 026+0.11 | 0.10-0.40 | 2.14+0.36 | 1.51-2.58
AEU 9 529+041 | 442-6.25 | 0.18+0.10 | 0.08-0.40 | 1.76 £0.44 | 0.64 - 2.83
30 7 451
45
40
35
2 29.41
'é‘. 30
z 25 -
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S 15 -
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3.92 3.92
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o - N | | e
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pH

Fig 3: Frequency distribution of pH of post-flood affected soils of AEU 9 in Kottayam district
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Fig 4: Frequency distribution of EC (dSm™) and OC (%) in post-flood soils of Kottayam district

Available primary nutrients

Flooding may cause significant alterations in the availability
of nutrients due to intense soil erosion and varied microbial
activity and soil nutrient content varies with the depth and
duration of flooding (Tsheboeng et al., 2014) 2%, 58.82 per
cent of samples were in medium and 41.18 per cent in low
range of available N (Fig 5). The mean value of available
nitrogen was 286 kg ha'l given in Table 4. The availability of
N in flood affected soils may decline either due to increase in
denitrification and nitrate reductase or altered residue
decomposition (Baldwin and Mitchell, 2000) . Available N
decreases with flooding and consequential increase in NH4-N
and decrease in NOs- N was noticed. Alternate anaerobic and

aerobic conditions result in more loss of N compared to
completely flooded condition for a few days (Reddy and
Patrick, 1975) % Reduced conditions affect the production
of phenolic compounds that can bind with proteins and render
them unavailable to plants (Unger et al., 2009) 24

A wide variation in the soil available phosphorus content in
the selected panchayaths. The mean value of available
phosphorus in the study area came under high category (Table
4). The 41.18, 7.84 and 50.98 per cent of samples were in
low, medium and high available P range, respectively (Fig 5).
An increase in available P content under flooded condition
was reported by Liang, 1996 1161 and later on declined by 2.8
times on receding of water. Phosphatase plays a big role in the
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process of alteration of P components. It catalyzes the
hydrolysis of phosphate or phosphoric anhydride, and its
activity directly affects the decomposition and transformation
of soil organic P and its bioavailability. Continuous decrease
in P was observed during the flooding period due to lower
phosphatase activity (Allison et al., 2007) 4,

http://www.chemijournal.com

The analyzed samples of available potassium have 29.41 per
cent were in the high available potassium (>275 kg ha™)
range, which showed a decline from the pre flood data of
45.71 per cent (Fig.5). Those under medium range (115-275
kg ha?) increased from 38.28 to 56.86 per cent. The exchange
reaction increases K in soil solution under flooded conditions
(Valizadeh et al., 2012) [2%],

Table 4: Soil available major nutrients in the post-flood areas of AEU 9 in Kottayam district

Panchayath Nitrogen (kg ha-1) Phosphorus (kg ha-1) Potassium (kg ha-1)
Mean + SD Range Mean + SD Range Mean + SD Range
Mutholi 286215 | 225-390 | 159+£5.82 | 10.1-16.2 | 197+315 145 -234
Meenachil 200+22.2 | 256-326 | 19.2+115 | 856-37.5 | 129+85.3 | 95.2-317
Kuravilangadu | 282 +27.3 | 246-325 | 42.3+183 | 15.7-584 | 175+£39.7 | 121-235
Kadaplamattam | 288 +19.7 | 256-323 | 33.0+14.3 | 21.7-60.9 | 253.+97.1 | 112324
Marangattupally | 285+25.8 | 250-323 | 34.6+17.1 | 141-57.1 | 176 £59.3 | 91.4-254
Madapally 282+14.0 | 265—-303 | 21.5+£8.76 | 11.4-34.1 | 289+49.5 | 201 - 336
Vakathanam 290 +60.2 | 246 —-315 | 16.1+547 | 9.40-23.1 | 263+79.2 | 112369
AEU9 286+29.8 | 225-390 | 26.1+153 | 8.66-60.9 | 223+75.1 | 91.4—369
90 - 70 65
80 - 60 -
& 70 -
= 58.82 50 1
= 60 -
a < 40 -
s 501 41.18 g 2
=) - -
S 40 & 25
30 - s 20 -
10
20 - 10
10 A
0 . :
0 - . Low (< 10) Medium (10.1- High (> 24)
Low (< 280) Medium (280-560) 24.0)
Available Nitrogen(kg hal) Available Phosphorus (kg ha'l)

Fig 4: Frequency distribution of available N and P in post-flood soils of AEU 9 IN Kottayam distric
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Fig 5: Frequency distribution of available K in post-flood soils of AEU 9 in Kottayam district

Available secondary nutrients

In general, there was a slight increase in the sufficiency level
of available Ca and Mg in most of the area. 90.2 per cent of
the samples were in sufficiency Ca range. (Fig 6). Regarding
Mg availability, 35.29 per cent of samples were found to be in
sufficiency level. (Fig 7). The mean vaule of available
calcium and magnesium was 347 and 117 mg kg *
respectively (Table 5).

Regarding S availability, 66.67 per cent of the samples were
in sufficiency range, registering a decline from 85 per cent in
the pre flood data. Flooding has resulted in a reduction in the
fraction of soils with sufficient level of available sulphur
content. Flooding of soils may increase or decrease sulphate
sorption (Haque and Walmsley, 1974) (4,
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Table 5: Soil available secondary nutrients in the post-flood areas of AEU 9 in Kottayam district

Panchavath Calcium (mg kg-1) Magnesium (mg kg-1) Sulphur (mg kg-1)
Y Mean + SD Range Mean + SD Range Mean + SD Range
Mutholi 359+44.6 | 304425 | 143+67.4 | 720-250 | 20.0+10.2 | 7.10-32.0
Meenachil 360+40.7 | 311420 | 181+415 | 122-252 | 17.4+2.82 | 125-21.0
Kuravilangadu | 332+47.4 | 260—-410 | 70.2+27.2 | 36.0-120 | 3.36 +1.14 | 1.00 - 4.50
Kadaplamattam | 367 £43.9 | 308 -431 | 83.0+24.8 | 60.0-125 | 3.66+3.17 | 1.00-10.2
Marangattupally | 370 +£53.9 | 305-432 | 97.5+35.3 | 36.0-144 | 17.3+4.05 | 11.0-23.0
Madapally 336+41.2 | 275-386 | 115+504 | 720-224 | 7.06 £+4.72 | 2.50-154
Vakathanam 304 £57.7 | 220—372 | 130+30.3 | 108—-192 | 24.7+13.3 | 7.50-44.0
AEU9 347+49.8 | 220-432 | 117 +53.3 | 36.0-252 | 13.5+10.3 | 1.00-44.0
100 90.2 70 - 64.71
90 -
- 80 L 60 -
= =
2 70 - 2 50 -
5 60 5 35.29
S 50 - s 407 :
=]
® 40 - S 30 -
30 -
20 -+
20 9.8
10 + 10 -
0 0 -
Deficient (< 300)  Adequate (> 300) Deficient (< 120) Adequate (>120)
Available Calcium (mg kg-1) Avwailable Magnesium (mg kg-1)

Fig 6: Frequency distribution of available Ca and Mg in post-flood soils of Kottayam district
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Fig 7: Frequency distribution of available S in post-flood soils of Kottayam district

Biological properties

Acid phosphatase activity

All the biochemical transformations in soil are dependent on
enzyme activities and hence, an assay of enzyme activities
will help to assess the soil fertility. 41.48 per cent of the soils
had activity within the range10-25 ug p- nitro phenol released
g* soil hl, 56.86 per cent between 25 and 50 and 1.96 per
cent >50 pg p- nitro phenol released g soil h'' (Fig.8).The
mean value of acid phosphatase was 27.4 pg p- nitro phenol
released g* soil h™(Table 6).1t gives an indication of P cycling
in soil. It is sensitive to oxygen stress and the activity
decreases significantly with water logging, resulting in
reduced P availability (Gu et al., 2019) [I,

Table 6: Acid phosphatase activities in the post-flood areas of AEU
9 in Kottayam district

IAcid phosphatase (ug p- nitro phenol g-1 soil h-1)

Panchayath Mean + SD Range
Mutholi 33.0+10.4 12.9-47.2
Meenachil 30.6 £18.1 14.2-713
Kuravilangadu 23.1+8.78 22.1-48.8
Kadaplamattam 23.1+7381 10.6 - 63.0
Marangattupally 27.2+9.55 14.0 - 38.7
Madapally 26.4+£12.79 11.2-475
Vakathanam 26.1+7.39 19.4-39.6
AEU 9 27.4+10.9 106 -71.3
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Fig 8: Frequency distribution of acid phosphatase activity in the

post-flood soils of Kottayam district

Conclusion

Sandy clay loam was the predominant soil textural class in the
post-flood soils of AEU 9 of Kottayam district of Kerala. On
comparison of results with the pre flood data of KSPB (2013)
(141 an increase in percentage of samples under moderately
acidic range was observed in most of the area which, indicates
leaching of basic cations. Organic carbon was high for about
half of the areas. 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. Comparison with pre flood data showed variations
in soil reaction, organic carbon and available nutrient statuses
indicating a need for revision in soil management strategies.
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