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Abstract
Agro ecological unit (AEU) 3 and AEU 9 are the two major tuber crops growing regions of Kerala
cultivating tuber crops like cassava, yams and aroids mostly as intercrops in coconut gardens.
Nutrient status of the soils of AEU’s are determined for making proper fertilizer recommendation to
avoid both under-use and over-use of nutrients thereby attaining monetary gain as well as soil
health protection by avoiding excess nutrient application. In arriving at proper nutrient status of the
soils of the AEU’s, determining the weighted average nutrient status of the AEU’s with respect to the
mean nutrient status and area of the panchayats/blocks was found better. It can be more
meaningful and realistic from the point of view of arriving at the fertilizer recommendation to
crops cultivating in that AEU’s. In this paper, as a prelude to formulate customized fertilizers for
elephant foot yam (EFY) under intercropping in the coconut gardens of these two AEU’s, the
 weighted average data on pH, EC, organic carbon (OC), available N, P, K, Ca, Mg, S, Fe, Cu, Mn, Zn
and B based on the nutrient status of the soils collected from 43 and 161 panchayats and their
respective areas under AEU 3 and AEU 9 were determined. The values for AEU 3 and AEU 9 respectively
were 5.85 for both AEU’s (pH), 0.291 and 0.310 dSm-1 (EC), 0.945 and 1.502% (OC), 61.97 and
69.27 kg ha-1 (available P), 213.96 and 295.87 kg ha-1 (available K), 113.32 and 600.16 ppm
(exchangeable Ca), 37.53 and 114.99 ppm (exchangeable Mg), 5.07 and 21.46 ppm (available S),
3.94 and 5.68 ppm (available Zn), 0.698 and 0.816 ppm (available B), 1.79 and 3.79 ppm (available
Cu), 101.20 and 64.66 ppm (available Fe) and 18.82 and 37.65 ppm (available Mn). The weighted
average data of the two AEU’s indicated drastic variation in the nutrient status between the two
AEU’s in the case of most of the parameters. The weighted average nutrient data of the two AEU’s
clearly indicated the suitability of the soils of both AEU’s for EFY cultivation especially AEU 9 as they
are rich in organic carbon as well as other essential nutrients. Moreover, this data formed  a basis for
fixing the theoretical optimum of soil test based nutrient recommendation to derive the practical
optimum based on nutrient omission and nutrient level experiments in formulating the customized
fertilizers for EFY.
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Introduction

Agricultural productivity and agro-biodiversity of an area
are largely governed by the prevailing climate and soil
qualities of land. The concept of agro-ecological
delineations was developed by FAO (1976, 1978) with
the strong emphasis on comparable agro-climatic

parameters to delineate agriculturally potential areas
suitable for particular crops or the combination of crops
through which optimum production potential can be
achieved. The agro ecology of Kerala State delineated
based primarily on climate, geomorphology, land use and
soil variability resulted in the formulation of five agro
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ecological zones (AEZ’s) and twenty three agro-ecological
units (AEU’s). The boundary of the AEU’s corresponds
to the administrative boundaries of panchayats. For the
present study, two AEU’s viz., AEU 3 and AEU 9 which
comprised of the major tuber crops growing tracts of
Kerala were selected.

Coconut palm (Cocos nucifera L.) has the characteristic of
regular and consistent food supply to mankind
throughout the year especially for Kerala, called as ‘Kalpa
Vriksha’. The unique growth habit of coconut palm
(7.5×7.5 m spacing) provides ample opportunities for
growing subsidiary crops in the interspaces of coconut,
so that, coconut based inter cropping system is unique
in the homestead gardens of Kerala. Tuber crops are
performing as better intercrops in coconut gardens of
Kerala and the yield level of intercrops are comparable
with the productivity levels of these crops under mono
cropping in the open situation. Tuber crops which are
generally grown as intercrops in coconut gardens include
cassava, yams, arrowroot and aroids like elephant foot
yam, taro and tannia.

Since the soil characteristics of the AEU’s are entirely
different, the data on the soil fertility evaluation of all
the panchayats under each AEU’s needs to be taken as it
is an important aspect in the context of sustainable
agriculture (Singh and Misra, 2012). The mean nutrient
status of each panchayat with respect to each soil property
in proportion to the area of the panchayat forms the
basis in arriving at the weighted average data which in
turn can be a realistic estimate on the current fertility
status of the soil of the AEU’s. When this weighted
average data forms the basis for fertilizer
recommendations, it can definitely  realize optimum yield
in addition to maintaining optimum soil fertility for
sustainable agricultural productivity. Moreover, the use
of weighted average data can lead to judicious use of
chemical fertilizers thereby reduce the cost of cultivation
as well as minimize environmental pollution due to the
imbalanced application of chemical fertilizers.

Materials and Methods

The  methodology followed in determining the weighted
average data of the two AEU’s of Kerala viz., AEU 3 and
AEU 9 for the purpose of evolving the major, secondary
and micronutrients recommendation and finally the
designed fertilizer mixture called the customized fertilizer
formulations’ is detailed below:

For experimental purpose, the primary soil analytical
data generated by the Kerala State Planning Board
(KSPB) under the project ‘Soil based plant nutrient
management plan for agro-ecosystems of Kerala’ was
utilized. ICAR-Central Tuber Crops Research Institute
(CTCRI) was also a partner to this multi institutional
project handled 22,000 soil samples of the two districts
viz., Pathanamthitta and Kottayam. The soil test data on
pH, electrical conductivity (EC), organic carbon (OC),
available phosphorus (P), available potassium (K),
exchangeable calcium (Ca), exchangeable magnesium
(Mg), available sulphur (S), available iron (Fe), available
copper (Cu), available manganese (Mn), available zinc
(Zn) and available boron (B) of the different panchayats
of the two AEU’s were taken. In this study, the mean
nutrient status of the blocks and municipalities by taking
the average of each parameter of the panchayats coming
under each blocks (mean status of each nutrient
parameter of the block) was calculated. In each
panchayat, a total of 200-350 farmers plots were selected
and soil samples were collected and analysed for the above
13 chemical parameters. The mean data with respect to
each parameter from these farmers’ plots was taken as
the average data of the panchayats for the nutrients
analysed. Sampling from farmers’ plots were made
randomly and based mainly on cropping pattern and
cropping intensity with respect to the major prevailing
land use pattern of the panchayats.

Agro Ecological Unit (AEU) 3

AEU 3 is Onattukara sandy plain, delineated for the sandy
plains extending in to the mid lands from coast covering
43 panchayats under eight blocks and two municipalities
spread over two districts viz., Kollam and Alappuzha
districts covering Karthikkappaly, Karungappally and
Mavelikkara taluks. Climate is tropical humid monsoon
type with mean annual temperature of 27.6oC and rainfall
of 2492 mm with sandy soil type which is coarse textured
with immature profiles. The major land use is coconut
plantations on uplands and rice in lowlands covering an
area of 67,447 ha, which is 1.74% of the State. The soil
is acidic and deficient in major plant nutrients with poor
cation exchange capacity (CEC), low nutrient and water
retention capacity. The soil data of 43 panchayats under
8 blocks and 2 municipalities were taken for the purpose
of arriving at the weighted average data of this AEU.
The eight blocks and two municipalities were
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Bharanikkavu, Chavara, Haripad,
Karunagappally, Kayamkulam municipality
(MC), Mavelikkara, Mavelikkara MC,
Muthukulam, Oachira and Sasthamcotta.
The number of panchayats in each blocks,
area of each blocks, the mean nutrient
status of these blocks and municipalities
and the weighted average data calculated
for each of the above parameters are given
in Table 1. GIS map of AEU 3 is shown as
Fig. 1.

Agro Ecological Unit (AEU) 9

The agro ecological unit (AEU) 9 is south
central laterites delineated to represent the
mid land laterite terrain with typical laterite
soils having short dry period. AEU 9 has
161 panchayats of mid lands extending to
the districts of Thiruvananthapuram,
Kollam, Pathanamthitta, Alappuzha,
Kottayam and Ernakulam. The climate is
typically tropical humid monsoon type with
mean annual temperature of 26.5oC and
the rainfall is 2827 mm. The soil is strongly
acidic, laterite clay type with gravels
underlined by plinthite. Mono cropped
rubber and coconut intercropped with a
variety of annual and other perennial crops
is the major land use on uplands. For the
present study, 41 blocks/municipalities
were taken and the weighted average data
is presented in Table 2. The GIS map of
AEU 9 is shown in Fig. 2.

Weighted average is an average in which all
the soil chemical parameters are multiplied
with the total area before summing up to a
single average value. It is an average in
which each quantity to be averaged is
assigned a weight where these weights
determine the relative importance of each
quantity on the average.

The area of the panchayats available in the
official website of the local self government
department of the Kerala State
(lsgkerala.gov.in) was used to calculate the
percentage (%) area of each block out of
the total area of the AEU.

Fig. 1. GIS Map of AEU 3

Fig. 2. GIS Map of AEU 9

% area of the block in the AEU = Total area of the block ×100
      Total area of the AEU

The weighted average data of each nutrient in each of the blocks were
calculated by multiplying the mean value of the chemical parameter
of each block with the percentage area of the selected block in the
AEU and divided by 100.

Weighted average data of the chemical parameter of a particular block =

Mean data of the chemical parameter of the particular block ×
% area of the block in the AEU/100

By adding the weighted average data of the component blocks of the
AEU, we arrived at the weighted average data for the particular
parameter for that AEU (Fig.3)
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Hence, this calculation of weighted average data of each chemical
parameter with respect to the area is more realistic for evolving nutrient
recommendation based on the nutrient status of the soil rather than the
average value of each nutrients usually taken of a particular panchayat
without taking into account the area of the panchayat.

Collection and analysis of soil samples from 250-300 farmers of each
panchayat of the AEU’s for chemical parameters viz., pH, EC, OC, P,

K, Ca, Mg, S, Fe, Cu, Mn, Zn, B

↓
Determination of the mean value of each chemical parameter of the

panchayat

= 
(Sum of the values of the parameter of the independent farmers)

Number of farmers

↓
Determination of the mean value of the chemical parameter of each

block

=
 (Sum of the values of the parameter of the component panchayats)

Number of panchayats

↓
Determination of total area of the block by adding the area of all

panchayats under the block

↓
Determination of total area of the AEU by adding the area of all

blocks under the AEU

↓
Determination of % area of the block in the AEU

=
 (Total area of the block ×100

Total area of the AEU)

↓
Determination of the weighted average data of the chemical

parameter of a particular block =

Mean value of the chemical parameter of the block ×
 % area of the block in the AEU / 100

↓
Determination of the weighted average data of the chemical

parameter of the particular AEU
= Sum of the weighted average data of the chemical parameter of the

component blocks under that AEU

Fig.3. Flow chart for the determination of the weighted average data of
the nutrient parameters of the AEU’s

Results and Discussion

As per the procedure outlined in the
methodology, the weighted average data
arrived for each  chemical parameter of
AEU 3 and AEU 9 by adding the
weighted average data of each parameter
of the component blocks of the two
AEU’s (Table1, 2) are presented in Fig.4
and 5.

The general soil critical levels of the
chemical parameters viz., organic
carbon, available P, K, Ca, Mg, S, Fe, Cu,
Mn, Zn and B are 0.75%, 25, 280 kg
ha-1, 300, 120, 5, 5, 1, 3, 1 and 0.5 ppm
respectively (KAU, 2012). Based on the
soil critical level, we can understand
whether the soils are deficient or
sufficient in the particular chemical
parameter while conclusions are arrived
with respect to the weighted average data
evolved.

pH as per the weighted average data of
AEU 3 and AEU 9 was 5.85 indicating
no difference between the two AEU’s.
As per KAU (2012), both the soils can
be classified as moderately acidic (pH:
5.5-6) and the reason can be attributed
to the humid tropical condition with
sufficiently high rainfall causing the
leaching away of metallic cations like Na,
K, Ca, Mg leaving behind the Fe and Al
sesquioxides creating intense acidity in
the case of AEU 9.  In AEU 3, one of
the reasons for low pH can be due to
the proximity to the sea and estuaries.
Usually slight differences can be seen
between the two AEU’s which might be
due the differences in texturals
composition and particle nature of the
soils.

Electrical conductivity (EC) is a measure
of the soluble salts and is a measure of
the cations and anions present in a soil
which in turn is a measure of the salinity
of the soil. Electrical conductivity of two
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7 AEU’s was almost similar as 0.291
dSm-1 and 0.31 dSm-1 in AEU 3 and
AEU 9 respectively and the soils are
neither saline, sodic nor alkaline as
per the critical limits of pH and EC
delineated for characterising these
soils into these groups.

The weighted average data of soil
organic carbon (OC) in the two
AEU’s were 0.945 % (AEU 3) and
1.502% (AEU 9) respectively. The
comparatively low pH in AEU 3 is in
agreement with the findings of Beena
and Jaya (2016) that, AEU 3 has
lower OC per cent compared to
laterite soils of AEU 9. The high OC
in AEU 9 can be attributed to the high
pool of soil organic matter and carbon
rich soil type which prevent nutrient
leaching making the minerals available
to plants. Moreover, the high soil
organic carbon can buffer the soil
from strong changes in soil pH too
(Leu, 2007).

Higher P availability was seen in the
laterite soils of AEU 9 compared to
sandy alluvial soils of Onattukara
sandy plains of AEU 3. The major
portion of Kerala soils has high P
availability due to excess use of
phosphatic fertilizers through
factomphos which is manufactured in
the State itself (Rajasekharan et al.,
2014). Moreover, the immobile
nature of P in the soil coupled with
its low requirement compared to N
and K also could be the reasons.
Though more or less the same
available P content in both AEU’s was
arrived based on the weighted average
data, the comparatively high P noticed
in AEU 9 over AEU 3 can be
explained based on the findings of
Tisdale et al., (1993) that, the high
organic matter content in AEU 9
(1.502%) compared to AEU 3
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(0.945%) can prevent P fixation through the decomposition of
organic matter which produces humus.

The weighted average data on exchangeable K revealed higher
content in AEU 9 (295.87 kg ha-1) than AEU 3 (213.96 kg ha-1).
This finding adheres to the reports of Rajashekharan et al., (2014),
that, the K deficiency of Kerala soils are more pronounced in
soils of coastal sandy and northern foot hills.

The exchangeable Ca content of both AEU’s drastically differed
to the tune of 113 (0.38 meq 100g-1 soil) and 600 (2.00 meq
100g-1 soil) ppm respectively in AEU 3 and AEU 9. In general,
Kerala soils are low in basic cation contents especially K, Ca, Na
and Mg. The tropical humid climate of this region receiving 200-

300 cm rainfall causing the washing away of
these cations resulting in highly  acidic soils with
low content of these nutrients. Nair et al.,
(2013), attributed it to the highly weathered
nature of tropical soils. Further, the extremely
low exchangeable Ca content in AEU 3 relates
to the sandy texture of these soils permitting
excess percolation and infiltration of water
carrying these nutrients to the lower horizons
of the profile.

As Magnesium being the central metallic cation
in the chlorophyll molecule, playing a pivotal
role in photosynthesis as well as an activator for
many enzymes and nucleic acids  required for
plant growth, the soil status of this nutrient is
very significant in plant nutrition. As in the case
of K and Ca, the Mg content of Kerala soils are
below the critical level indicating deficiency of
this nutrient in Kerala soils. The Mg content in
AEU 3 (0.313 meq 100g-1 soil) is far below that
of AEU 9 (0.958 meq 100g-1 soil). It may be
because of the nutrient holding capacity of AEU
9 due to high clay and organic matter content
in these soils. The extensive deficiency of
secondary nutrients viz., Ca and Mg in Kerala
soils can be alleviated by liming and regular
application of either dolomite @ 1 t ha-1 (Susan
John et al., 2013) or MgSO

4 
@ 80 kg ha-1

(Rajashekharan et al., 2014).

The S content in AEU 3 and AEU 9 was 5.07
and and 21.46 ppm respectively and found them
well above the critical level of 5. The use of the
complex fertilizer factomphos (N:P:K:S @
20:20:0:13) which is manufactured in Kerala
and widely available throughout the State
resulted in sufficient S status in Kerala soils
(Rajashekharan et al., 2014).

It is known that, micronutrients play a vital role
in the metabolic processess of plant growth and
yield. The weighted average data on the
micronutrient status of the two AEU’s indicated
the status in both AEU’s are above the critical
level and hence found sufficient. It is seen that,
compared to AEU 3, the content of these
nutrients are high in AEU 9. There are previous
reports indicating the deficiency of available Zn

Fig. 5. Weighted average data of soil chemical parameters of AEU
3 & AEU 9

Fig. 4. Weighted average data of soil chemical parameters of AEU3
& AEU 9
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in Kerala soils due to  low organic matter and high
available P content. Rajashekharan et al., (2014) already
reported that, there was sufficient amount of Fe and Mn
in Kerala soils, while 12% and 15 % respectively of Zn
and Cu deficiency was seen in Kerala soils. From the
studies of Rajasekharan et al., (2014) and Mini and Usha
(2015), it is understood hat, B deficiency is prevalent in
Kerala and to the tune of 85 %  under AEU 3.

According to Benbi and Brar (2009), soil databases are
immensely complex and the quality of the data is
geographically diverse and these data can evaluate the
overall effect of cropping and agricultural management
on soil properties over the years, wherein the weighted
average for each soil property needs to be calculated every
year, if possible. Anju et al., (2020) estimated the
weighted average data of the soil chemical parameters of
AEU 3 and AEU 9 to arrive at the soil test based fertilizer
recommendation (STBF) rate in the development of
customized fertilizer formulations for elephant foot yam
under intercropping  in coconut gardens of Kerala.

Conclusion

During the initial years, chemical fertilizers were applied
without any rationale. Later major nutrients like N, P, K
were applied based on the NPK recommendation evolved
as per fertilizer (NPK) rate trials considering the BC ratio
the yield obtained. Afterwards from nineties onwards,
thrust on soil health and its consequences on plant-
animal-human continuum resulted in focusing on
nutrient application based on soil test which in turn tell
upon the available status of the nutrients present at that
time. But the latest approach is to take care of both soil
status and plant requirement to arrive at the fertilizer /
nutrient application rate of primary, secondary and
micronutrients. In this regard, research was initiated to
develop fertilizer mixtures called ‘customized fertilizer
formulations’. As a prelude to the same, the initial step
was to get a better understanding of the nutrient status
of the soils for which the formulation will be developed.
Here, we have taken the two AEU’s of Kerala viz., AEU
3 and AEU 9 where tuber crops are mostly grown
especially as intercrops in coconut gardens. As explained
in the paper, the area of the panchayats / blocks/ AEU’s
too were considered to arrive at the weighted average
data of the two AEU’s instead of the usual methodology

of taking the average of the nutrients alone. Evolving the
mean nutrient status of the AEU’s like this are more
realistic and meaningful for providing fertilizer
recommendations. These types of recommendations take
care of all essential nutrients of plant growth including
the limiting/constraint nutrients and sustain the yield
and quality of the produce in addition to maintaining
the physico-chemical and biological well being of the
soil which can have both direct/ indirect reliance on plant,
animal and human health and sustenance.
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