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Abstract
A study was conducted to determine the soil quality and changes in the fertility status of soils after 2018
flood in Agro-ecological unit (AEU) 9 in Pathanamthitta district of Kerala and GIS maps were generated.
A survey was conducted in the study area and seventy five geo referenced soil samples were collected
from flood affected panchayaths. The samples were analysed for pH, organic carbon, N, P, K, Ca, Mg, S
and micronutrients and GIS based thematic maps were prepared. The results of the study revealed that
pH of soil falls into very strongly acidic, strongly acidic and moderately acidic categories after flood.
Organic carbon and available K were increased and available P slightly decreased after the floods and
widespread deficiency of available nitrogen were observed. Calcium and magnesium status also low in
post flood soils. Among the micronutrients boron was highly deficient. The results outline the need for
regular liming to control soil acidity and to alleviate Ca deficiency. The soils should be supplemented
with Mg and B in addition to recommended dose of N, P and K fertilizers. Soil quality index of the postflood soils of AEU 9 was calculated from eight parameters of minimum data set viz., organic carbon,
bulk density, available K, available B, available S, sand percent and manganese. Majority of the soils had
high soil quality index of more than 70.
Keywords: Post flood soils, soil quality, GIS, AEU (Agro ecological unit), soil quality index)

Introduction
Kerala is a state of rain and rivers. The state has mainly two rainy seasons, the south west
monsoon that arrives at the end of May or early June and north east monsoon that arrives at
mid of October. However the south west monsoon of 2018 had a different impact as the
monsoon resulted in a disastrous flood. The peak spell of rain that created the extreme flood in
Kerala occurred between 8th to 17th August 2018. The devastating flood heavily impacted the
agricultural sector in the south central laterite area. The high intensity rainfall eroded the
surface and subsurface soils from hilly terrain and rivers transported this sediment into
faraway places and deposited in the plains and valleys. This severe erosion and deposition
changes the physical, chemical and biological characteristics of the soil. In addition to this
leaching of nutrients, surface crusting, surface cracking of soils and destruction of fauna such
as earthworms have occurred due to the flood. The devastating impact of flooding on soils and
deterioration in soil quality has necessitated the needs for urgent attention to restore and
sustain soil productivity. Hence the present study was conducted to assess and map the fertility
status of the flood affected soils of AEU 9 in Pathanamthitta district of Kerala.
Materials and Methods
The AEU 9 (south central laterites) in Pathanamthitta includes Mallappally, Koipram,
Elanthoor, Parakkode, and Panthalam blocks and Adoor municipality. The south central
laterites agroecological unit represent the midland laterite terrain with typical laterite soil and
short dry periods. The climate is tropical humid monsoon type having mean annual
temperature 26.50C and rainfall 2810 mm. These soils are strongly acidic, gravelly, contains
lateritic clay and underlined by plinthite.
Major crops includes rubber, coconut, banana, tapioca, paddy and vegetables such as
amaranth, brinjal, bhindi, cowpea, cucumber, bottlegourd, snakegourd, ashgourd, chilli and
tomato. Parts of Manimala, Pamba and Achankovil rivers passes through AEU 9. The flood
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SQI = ∑ Wi x Si

affected panchayaths of AEU 9 are Kaviyur, Thumbamon,
Kulanada,
Thottapuzhassery,
Kallupara,
Mezhuvely,
Panthalam, Kozhanchery, Aranmula, and Mallapally.
Representative geo referenced surface soil samples (0-20 cm)
were collected from seventy five sites from flood affected
area of AEU 9. The soil samples were shade dried, powdered
with wooden pestle and mortar, sieved through a 2mm sieve
and stored prior to analysis. With the help of GPS,
geographical coordinates of each sample site was recorded.
Soil samples were analyzed for soil texture by Bouyoucos
hydrometer method (Bouyoucos (1936) [2], pH (soil - water
ratio of 1:2.5) using pH meter (Jackson, 1973) [7], organic
carbonby wet oxidation method (Walkley and Black, 1934)
[25]
, available nitrogen byalkaline permanganate method
(Subbaiah and Asija, 1956) [22], available Phosphorus by
colorimetric method (Watanabe and Olsen,1965) [26], available
potassium by neutral normal ammonium acetate extraction
followed by flame photometry method(Jackson, 1973) [7],
Available calcium and magnesium by Versanate titration
method (Hesse, 1971) [6], Available Boron by Azomethane H
reagent method (Gupta, 1972) [5], Available sulphur by CaCl2
extraction and estimation using spectrophotometer (Massoumi
and Cornfield, 1963) [15]and micronutrients (Fe, Mn, Zn, Cu)
by extracting with 0.1 N HCl and using atomic absorption
spectroscopy (Sims and Johnson, 1991) [21].
In order to assess the quality of soil, soil quality index were
calculatedas per the procedure given by Larsen and Pierce
(1994) [12].The attributes selected for MDS were assigned
appropriate weight based on existing soil conditions, cropping
system and agroclimatic conditions. Each attributes were
classified into 4 classes, class l, class ll, class lll, classl V.
Scores of 4, 3, 2 and 1 were assigned to class l, class ll, class
lll, class lV respectively (Kundu et al., 2012) [11] with slight
modifications based on soil fertility ratings for Kerala soils.
SQI was represented by equation,

Where Wi is the weight of indicators and Si is the score
assigned to the indicator classes.
Relative soil quality index (RSQI) was the measurement of
changes in soil quality. It was calculated using equation given
by Karlen and Slott (1994) [9]. The sampling location were
rated based on RSQI value (Kundu et al., 2012) [11].
RSQI = (SQI/SQIm) x 100
Where, SQI was the calculated SQI and SQIm was the
theoretical maximum.
GIS based thematic maps were prepared using ArcGIS 10.5.1
software following Inverse Distance Weighting method
(IDW).
Results and Discussion
Soil texture
The proportion of sand, silt and clay indicates the texture of
soil. Sand, silt and clay content exhibited wide variations in
the soils of AEU 9. Loam was the predominant textural class
observed in 62.7 percent of soils in AEU 9 of Pathanamthitta
district, followed by clay loam (21.3%), sandy loam (13.3%)
and sandy clay loam (2.7%).Sandy loam texture was observed
in Kalloopara where high amount sand and silt were
deposited. Clay loam texture was exhibited by Kulanada and
Panthalam where deposition of sand and clay occurred. All
other panchayats showed loam texture. In post-flood soils a
slight shift from sandy clay to loam texture was noticed in
majority of surface soil which can be attributed to the
sediment deposition of sand and silt due to flood.

Fig 1: Spatial distribution of textural classes in the post-flood soils of AEU 9
~ 54 ~

International Journal of Chemical Studies

http://www.chemijournal.com

Frequency

Soil pH: The pH of soil varied between 4.60 and 5.60 with a
mean of 5.16. Majority of soils (90.6%) were in the range of
very strongly acidic to strongly acidic category (Fig 2).
Leaching of basic cations from the soil might have led to
increased acidity. Soil acidity was observed to be lower in
areas with sediment deposits where concentration of basic
cation like Ca was observed to be higher. Acidity falls into

70.0
60.0
50.0
40.0
30.0
20.0
10.0
0.0

very strongly acidic, strongly acidic and moderately acidic
categories after flood. Extremely acidic and slightly acidic
categories vanished after flood (KSPB, 2013) [10]. Leaching of
basic cations from the soil might have led to increased acidity
and also the soil acidity lowered in regions where sediment
deposits with high basic cations occurred. Similar results were
reported by Akpovete et al., (2014) [1].

61.3

29.3
9.3

Very strongly
Strongly
Moderately
acidic(4.51- acidic(5.01- acidic(5.515.00)
5.50)
6.00)
Soil pH
Fig 2: Frequency distribution of soil pH in post flood soils of AEU 9

low in organic carbon status decreased after flood compared
to pre flood soil (KSPB, 2013) [10]. Organic carbon was high
in Kaviyur (2.53%) followed by Aranmula (2.43%). This can
be due to the deposition of sediments rich in organic matter
under the inflow of flood water and is in compliance with the
findings of Kalshetty et al. (2012) [8].

Organic carbon
Organic carbon content varied from 0.40 to 3.50% with a
mean value of 1.63%. Majority (57.3%) of the post flood soils
are having medium organic carbon status followed by 38.7%
soils with high status (Fig 3). Most of the sample (96%) falls
under medium and high status after flood. Percent of sample

Fig 3: Spatial distribution of organic carbon in the post flood soils of AEU 9

Available nitrogen was medium in 54.7% samples and low in
46.7% of the post flood soils. The reason for low available
nitrogen observed in some panchayats eventhough they

Primary and Secondary Nutrients
Available nitrogen: The available nitrogen content of soil
varied between 201 to 464 kg ha-1 with a mean of 289 kg ha-1.
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showed medium to high organic carbon status may be
attributed to low mineralization of organic matter as the soils
are highly acidic. These results are in confirmation with those
of Usha and Jose (1983) [23] in laterite soils. The low
availability of nitrogen in soil might also be due to leaching of
nitrate nitrogen present in soil in the study area which
received high amount of rain fall and also under the anaerobic
conditions nitrogen loss would have occurred due to nitrate
reduction and denitrification (Unger et al., 2009) [24]. Slow
decomposition rate of organic matter also added to the
decreased nitrogen availability. Increasing soil acidity
obstructs mineralization of organic matter and decreased the
availability of nitrogen in soil under submerged condition
(Liji, 1987) [14].

tropical soils can store K even without a large content of high
activity clays and avoid leaching losses (Rosolem and Steiner,
2017) [19]. Which have contributed to increased availability of
potassium. High organic carbon content and low pH may also
have added to the increase in potassium status. These agree
with the findings of Nair et al. (2013) [17].
Available calcium: Available calcium ranged between 151
and 521 mg kg-1 in the post-flood area with a mean of 326 mg
kg-1. Available Ca was deficient in 36% of post-flood soils
and adequate in 65.3% but in pre flood soils 30% were
deficient and 70% adequate in calcium. Decrease in calcium
content after flood was due to the leaching of basic cations in
flood water. These findings were in accordance with those
reported by Leno et al. (2013) [13] and Mengel et al. (2011) [16].
The entire areas in Aranmula, Kalloopara, Mallapally and
Kaviyur were found to be deficient in calcium and other areas
were adequate in Ca. The present study showed significant
positive correlation of Ca with clay content.

Available phosphorous: The available phosphorous content
of soil varied from 8.10 and 104 kgha -1 with a mean of 31.9
kg ha-1 and was found to be medium in37.3% of the soils,
high in 58.7% and low in 4% soils. Soils with medium status
of available phosphorous increased in post-flood (37.3)
compared to pre-flood (17%) whereas high phosphorous soils
decreased from 65% to 58.7% (KSPB, 2013) [10]. The
phosphorus availability in these soils have reduced after flood
which can be attributed to change in soil pH. The phosphorus
availability is highly dependent on soil pH and P availability
will be maximum at a pH of 6.5. It is evident from the data of
pre flood soil. Most of the sample falls under very strongly
acidic to strongly acidic category after flood and there is no
slightly acidic category after flood. Organic matter deposition
in the soils may have also contributed to phosphate sorption
and reduction in phosphorous availability. This agree with the
findings of Sah and Mikkelsen (1989) [20] who reported that
flood induced P deficiency in soil is caused by high P
sorptivity.. Available phosphorous was low in some locations
of Thottapuzhassery and it was high in Mallapally,
Mezhuvely, Kulanada, Aranmula and Kozhenchery.

Available magnesium: Available Mg varied between 30.4
and 210 mg kg-1 and the mean value was 106 mg kg-1. There
was a decline in available magnesium in soil due to the flood.
Available magnesium was found to be deficient in 68% of the
post flood soils. Percent of sample deficient in Mg reduced
(68%) compared to pre-flood soils (74%). This reduction in
Mg deficiency is due to the deposition of sediments and
organic matter. Most of the samples are deficient in Mg in
both pre and post flood conditions. Magnesium being a weak
competitor of exchange sites with aluminium and calcium,
appears to accumulate in soil solution and is subject to
leaching loss in acid soils (Edmeades et al.,1985) [3] which
might be the reason for lower magnesium levels in soils
despite the high calcium content observed in the same areas.
Similar findings were also reported by Natarajan et al. (2013)
[18]
.

Available potassium: The available K content in soil ranged
between 78.7 and 493 kg ha-1 with a mean of 246kg ha-1.
Majority (50.7%) of the soils were medium in available K,
44.0% were high and 6.7% low. Available K status in soil
increased in post-flood soils compared to pre-flood soils.
About 96.7% samples became medium and high in K status
earlier it was 92%. Samples low in potassium status were
reduced compare to pre flood soil. Similar findings were
reported by Kalshetty et al. (2012) [8].
Low activity clays such as kaolinite and iron and aluminium
oxides and hydroxides are predominant in laterite soils. These

Available sulphur: Available sulphur content in soil varied
between 0.5 and 87.5 mg kg-1 with mean value of 21.4 mg kg1
and was found to be adequate in 91.7% soils. The higher
levels of available sulphur might be due to the accumulation
of organic matter and sediments in these soils. Available S
was significantly and positively correlated with silt content.
Similar results were reported by Kalshetty et al. (2012) [8].
The combined effects of decreased adsorption, increased
mineralisation and accumulation of sulphur bearing minerals
from sediments would have increased in available sulphur
levels in soil.

Table 1: Available primary and secondary nutrients in the post-flood soils of AEU 9
Panchayat/Municipality
Aranmula
Mallapalli
Kalloopara
Kulanada
Kaviyur
Panthalam
Thumbamon
Mezhuveli
Kozhanchery
Thottapuzhassery
AEU 9

N2 (Kg ha-1)
Mean±SD
291±22.2
245±15.34
358±50.1
300±13.0
292±30.3
310±19.8
298±54.7
258±49.6
263±30.8
279±21.2
289±43.3

P (Kg ha-1)
Mean±SD
26.4±4.80
57.8±24.4
15.0±3.32
44.5±4.89
21.1±7.45
22.6±8.12
25.5±11.0
51.4±9.42
35.9±11.6
14.3±6.40
31.9±18.0

K (Kg ha-1)
Mean±SD
254±74.5
313±19.4
154±30.3
356±78.9
105±19.0
194±20.2
162±25.8
327±59.9
318±43.4
246±30.3
246±92.2
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Ca (mg Kg-1)
Mean±SD
258±39.3
289±32.6
220±28.4
370.±29.4
213±46.0
416±22.7
449±89.0
368±61.8
326±50.6
327±38.1
326±86.5

Mg (mg Kg-1)
Mean±SD
110±21.2
94.5±11.6
55.0±18.8
107±15.1
69.4±9.33
142±25.6
137±33.6
91.4±33.4
108±14.5
141-44.1
106±36.6

S (mg Kg-1)
Mean±SD
7.06±0.75
7.10±3.79
7.90±2.11
3.71±2.30
14.0±4.76
37.9±22.2
30.9±11.4
12.3±7.38
51.2±24.0
42.8±20.0
21.4±20.7
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increased after flood (33.3%) compare to pre flood condition
(10%) (KSPB, 2013) [10]. This deficiency may be due to
leaching losses occurred during flood. Similar reduction in
availability of Zn reported by Fageria et al. (2011) [4] in
submerged soils.

Micronutrients
Available iron: Available iron content was adequate in all the
soil samples. The sufficiency of available iron in the post
flood soil might be due to the reason that insoluble form of Fe
is reduced to more soluble form (Fe2+) under submerged
condition (Fageria et al., 2011) [4]. Presence of iron rich parent
material and leaching of basic materials from the surface
layers of the soils may also leads to the high available iron.

Available copper: Available copper content was adequate in
all the samples, which was deficient in 13% samples of pre
flood soil. This may be due to accumulation of organic
matters and sediments after flood.

Available manganese: Available manganese content was
adequate in 100% of samples. Manganese content remained
high in the study area in both pre and post flood period. The
sufficiency of available Mn in the post flood soil might be due
to the reason that insoluble form of Mn is reduced to more
soluble form (Mn2+) under submerged condition (Fageria et
al., 2011) [4].

Available boron: Available boron in soil ranged between
0.01 mg kg-1 and 0.45 mg kg-1 with mean of 0.13 mg kg-1.
Available B became deficient in all the soils of AEU 9 after
the flood earlier deficiency was 59% (KSPB, 2013) [10]. This
can be attributed to the higher mobility of boron in soils and
also leaching losses which led to B deficiency in these soils.
High intensity rainfall will lead to loss of soluble forms of
boron by leaching (Mengel et al., 2011) [16].

Available zinc: Available zinc content was adequate in
66.7% and deficient in 33.3% of samples. Deficiency of Zn

Table 2: Available Fe, Mn, Zn, Cu and B in the post-flood soils of AEU 9
Panchayat/Municipality
Aranmula
Mallapalli
Kalloopara
Kulanada
Kaviyur
Panthalam
Thumbamon
Mezhuveli
Kozhanchery
Thottapuzhassery
AEU 9

Fe (mg kg-1)
Mean±SD
78.0±30.1
96.7±97.3
76.8±2.41
31.4±1.80
140±21.3
124±6.56
92.3±35.4
68.0±19.0
125±13.7
151±6.06
108±66.2

Mn (mg kg-1)
Mean±SD
26.1±3.14
52.9±33.8
23.8±7.29
84.1±17.1
49.3±22.0
95.0±13.3
119±10.4
22.5±11.7
95.2±16.9
110±9.96
85.6±74.7

Soil Quality Index: Soil quality index of the post-flood soils
of AEU 9 of Pathanamthitta was calculated from eight
parameters of minimum data set viz., organic carbon%, bulk
density, available K, available B, available S, sand percent
and manganese. Relative soil quality index of the soil ranged
between 62 and 96%. Majority of the soils (86.7%) had high
soil quality while 13.3 percent of soils had medium soil

Zn (mg kg-1)
Mean±SD
2.69±0.57
0.46±0.21
1.08±0.16
1.17±0.33
1.09±0.26
1.31±0.16
1.34±0.11
0.77±0.13
1.68±0.40
3.24±0.62
1.48±0.87

Cu (mg kg-1)
Mean±SD
3.90±0.98
4.29±0.84
4.83±0.32
5.68±1.37
5.28±0.44
4.31±0.24
4.44±0.31
1.71±0.70
4.72±1.12
5.91±0.62
5.19±2.81

B (mg Kg-1)
Mean±SD
0.23±0.12
0.05±0.03
0.08±0.02
0.13±0.08
0.16±0.05
0.14±0.07
0.18±0.14
0.17±0.13
0.12±0.09
0.05±0.02
0.13±0.10

quality. Soil quality was observed to be maximum in
Aranmula and Mezhuveli where organic carbon, available
potassium, boron, organic carbon and available sulphur were
found to be high and sediment depositions were observed.
The contribution of organic carbon and available nutrient
status to soil quality is substantial as the important indicators
of soil quality index.

Fig 4: Spatial distribution of SQI in the post-flood soils of AEU 9
~ 57 ~
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Conclusion
The results of the study revealed that the nutrient status were
slightly altered in the soils of AEU 9 in Pathanamthitta district
after the 2018 flood. Soil acidity increased in some areas due
to the leaching of basic cations and erosion by flowing flood
water. Organic carbon and available K were increased and
available P slightly decreased after the floods and widespread
deficiency of available nitrogen were observed. Deficiency of
calcium and magnesium increases after flood. The entire
study area showed deficiency of boron. The results outline the
need for regular liming to control soil acidity and to alleviate
Ca deficiency. The soils should be supplemented with Mg and
B in addition to recommended dose of N, P and K fertilizers.
The soil quality analysis revealed that majority of soils had
high soil quality index.
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