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ABSTRACT : Natural rubber cultivation has crossed 100 yearsinitstraditional beltinKeralaanditis
inthird or fourth cycle of replanting. Repeated cycles of past one century led to decline in soil health.
Appraisal of current status of soil fertility parametersis of immense importance. Hence, the study was
undertaken to adopt strategiesfor sustaining soil health and productivity. Geo referenced soil samples
from 0-30cm and 30-60cm depth from different mature rubber plantationsin the agro-ecological units
of 1,8, 9, 12 and 14 in southern Keralawere collected. Accordingly sixty five sampleswere analyzed for
different parameters such as pH, E.C, oxidisable organic carbon, available phosphorus, potassium,
calcium, magnesium, sulphur, iron, copper, zinc, manganese and boron. Soil samples were classified
into different categoriesbased on soil test values. All soil sampleswere acidic and majority were under
extreme acidic condition. Available nitrogen, phosphorusand potassium status werein medium range.
Severe deficiency of calcium and magnesium were noticed in the soil samples. Among micronutrients
iron and manganese were in optimum range and boron and zinc were extremely deficient. All these
factors can contribute to loss of productivity of soil. Hence idea methodology suggested for soil
health isdiscriminatory fertilizer application (DFA) by soil and leaf sampling and suggesting fertilizer
recommendations.
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eralaholdsfirst position in area and

K production of natural rubber in India.

The relative share of natural rubber

in net sown area in Kerala is 20 per cent.
Major rubber growing areas in India is
confined to west coast of the country between
7510’ and 77°30’E longitudes and 08°15’ and
12°35” N latitudes, confining to a narrow tract
extending from Kanyakumari districtin Tamil
Nadu in South to Dakshina Kannada and
Kodagu districts of Karnataka in the North
and lying in general, west of Western Ghats
and parallel to them for approximately 400
km. The rubber growing regionsin the state

of Keralais mainly concentrated in the four
agro ecological units(AEU) viz.,, Southernand
Centra foothills(AEU 12), Northernfoot hills
(AEU 13), Southern high hills (AEU 14) and
Northern high hills (AEU 15) (Kerala State
Planning Board, 2013).

Commercial cultivation of rubber was
initiated in Indiain 1902 at Kerala. So natural
rubber cultivation hascrossed 100 yearsinits
traditional belt anditisinthird or fourth cycle
of replanting. Repeated cycles of long rubber
cultivation resulted in increased soil acidity,
reduced organic carbon, availableK, Ca, Mg
content and deficiency of zinc (Krishnakumar
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and Potty, 1992). Compared to natural forest organic
carbon status has declined in rubber plantation (Abraham,
2015). Soils of rubber in general were deficient in
available P status due to lateritic nature of rubber soils.
Highrainfall together with kaolinitic typeof clay mineral
favoured for depletion of available potassiumin traditional
rubber growing soils (Kartikakuttyamma et al., 2000).
Ulganathan et al. (2012) reported that soilsin traditional
natural rubber belt region is deficient in available Ca,
Mg, S, B and Zn. Based on the assumption that acid
soilsare sufficient in available micro nutrients, fertilizer
recommendation of micronutrients was avoided. But
intense weathering, high rainfall and present fertilizer use
pattern have resulted in depletion of micronutrients.
Studiesby NBBS and LUP (1999) also revealed that 41
per cent of rubber growing tracts were deficient in
available Zn. Cultivation of modern high yielding clones
together with application of NPK fertilizers alone
aggravated the depletion of secondary and micronutrient
status. Hence, the present study was undertaken to
evaluatethe soil fertility parametersin the rubber growing
agro ecological units of southern Kerala.

ExXPERIMENTAL METHODOLOGY

Geo referenced soil samples from 0-30 cm and 30-
60 cm depth representing agro-ecological unitsof 1, 8, 9,
12 and 14 intherubber growing tracts of southern Kerala
were collected. Total of one hundred and twenty soil
samples including both surface and subsurface were
collected, air dried, sieved and stored for analysis. The
parameters analyzed for surface and sub surface soil
samples were pH, E.C, oxidisable organic carbon,
available phosphorous, potassium, calcium, magnesium,
sulphur, iron, copper, zinc, manganese and boronfollowing
standard analytical procedures (Jackson, 1973). Thesoils
wereclassifiedinto different groups based on soil reaction
asultraacidictodightly acidic. Soil samplesweregrouped
into different categories based on soil test values. For
primary nutrients the classification was very low, low,
medium, high, very high and extremely high. Secondary
nutrients were categorized as very low, low, adequate
and high. Classification of micronutrientswere deficient,
adeguate and high (Sureshkumar et al., 2018).

ExXPERIMENTAL FINDINGS AND DiSCcUSSION
The soil test results for each parameter based on

different classification system was discussed bel ow.

Soil reaction:

Surface soil samples collected from different agro-
ecological areas shows adistribution of pH between 3.5
5.2, comprising major share under extremely acidic
condition (Fig. 1), followed by very strongly acidic
condition. Sub surface soil samples have more acidity
compared to surface samples. A dightly higher pH noticed
insurface soil may be dueto recycling of basesby canopy
litter. Climatic situationsprevailingin Keralaa ong with
perennial nature of crop resulted in build up of acidity in
soil. Continuous cultivation of rubber cultivation resulted
inreducing pH level (Karthikakuttyamma, 1997).

Soil reaction
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Fig. 1: Frequency of soil reaction classes: Ultra acid <3.5

extremely acid: 3.5-4.4 very strongly acid: 4.5-5.0
strongly acid: 5.1-5.5

Even though acidity development in soil, liming is
not arecommended practisein rubber cultivation. Report
by Joseph et al. (2008) shows that pH remained under
strong acidic condition even after liming due to strong
buffering capacity of soil. Suitability of rubber cultivation
under acidic condition also preventsfarmersfrom doing
liming practise.

Primary nutrients:
Available nitrogen:

Content of oxidisable organic carbon in the soil is
taken as index for available nitrogen status of the soil.
The study indicatesthat 12 per cent surface soil samples
under very low N status, 22 per cent under low, 15 per
cent medium class and 51 per cent under high to extreme
high status. Coming to sub surface samples, 6 per cent
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are having very low nitrogen status, 11 per cent samples
withlow N status, 23 per cent has medium status, 25 per
cent under high status and 35 per cent samples having
very high nitrogen status (Fig. 2). So the survey indicates
that thereiswide variation in organic nitrogen statusin
different agro ecological units. It is also noticed that
available nitrogen shows a declining trend as depth
increases.
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Fig. 2: Frequency of available nitrogen classes in surface and

sub surface soil

Majority of both surface and sub surface soil samples
are coming under medium to high status of organic
nitrogen. Rubber normally sheds|eaves during December
to February. Thisphenomenoniscalled wintering. Annual
litter production by wintering accounts to be 6.0 tonnes
ha'! (Krishnakumar and Potty, 1992). Leaf litter
accumulation in surface horizon along with superficial

nature of rubber tree roots may be probable reason for
more availability of oxidisable organic carbon in the
surface soil. In surveyed areas, certain regions were
planted with leguminous cover crops. Inthat region there
wasabuild up of organic nitrogen. Quantity of nutrients
accumulated by cover crop cultivationin ahectare over
two yearswere 174 kg N, 13 kg P, 104 kg K, 65 kg Ca
and 18 Kg Mg for Pueraria and 236 kg N, 15 kg P, 79
kg K, 56 kg Caand 15 kg Mg for Mucuna (Philip et al .,
2005). Closed canopy and absence of tillage also
contributed for build up of organic nitrogen status in
mature plantation.

Available phosphorus:

Comingto available phosphorus status, it isobserved
that mgjority of both surface and sub surface soil samples
are coming under very low and low nutrient status (57

Available phosphorus

Per cent of samples

Medium

Low

Very low High

W Surface soil M Sub surface soil

Fig. 3: Frequency of available phosphorus classes in surface

and sub surface soil

Table1: Range and mean of surface and sub surface soil fertility parameters

Sr. Parameter ' Range ' _ Mean _ Standard deviation _
No. Surfacesoil  Subsurfacesoil ~ Surfacesoil ~ Sub surfacesoil  Surface soil Sub surface soil
1 Sail reaction (pH) 3552 32-54 43 43 0.42 0.40
2. Electrical conductivity (dSm™) 0.04-0.23 0.04-0.24 0.12 0.12 0.04 0.04
3. Organic carbon (%) 0.12-5.09 0.21-4.81 176 2.02 1.26 121
4, Available phosphorus (kg ha't) 0.34-355 0.78-28.37 11.26 10.78 8.23 8.27
5. Available potassium (kg ha?) 44-312 41-334 151.34 142.20 61.26 65.13
6. Available calcium (mg kg?) 55-307 60-298 147.48 141.62 56.23 50.73
7. Available magnesium (mg kg?) 7-125 6-116 43.03 45.29 25.64 24.64
8. Available sulphur (mg kg™) 1.1-94.50 14-795 28.54 26.54 25.94 23.49
9. Availableiron (mg kg™?) 10.65-95.51 11.36-142.80 4417 41.67 15.38 23.92
10. Available copper (mg kg™?) 0.06-8.82 0.11-15.52 184 1.90 1.83 217
11. Available zinc (mg kg™ 0.12-2.14 0.15-4.39 0.34 0.45 0.31 0.69
12. Available manganese (mg kg?) 0.49-15.08 0.06-9.89 441 471 271 3.02
13. Available boron (mg kg™) 0.01-0.52 0.01-0.25 0.07 0.07 0.09 0.07
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% and 54 %, respectively), 6 per cent under high status
for surface and 3 per cent for sub surface soil sample
(Fig 3). Available phosphorusranged from 0.34-35.5 kg
hain surface soil samplesand 0.78-28.37 kg ha in sub
surface samples (Table 1).

Investigation on south western region of peninsular
Indiashowed that avail abl e phosphorous content varied
fromtraceto 1.22mg/100g in the sail profile, indicating
that soilsin all the regions were deficient in available
phosphorous (Krishnakumar et al., 2003). Marschner
(1986) reported that in acid soils below pH 5.5, cation
exchange sites are occupied by aluminium and replacing
cations such as Ca?* and Mg? which act as strong
adsorber of phosphorusresulting in declining of available
P status in soil. Depth wise decrease in total P was
observed by Kartikakuttyamma et al. (2000). It may be
attributed to low mobility of the element.

Available potassium:

For a rubber tree, potassium plays a predominant
roleinflow of latex and itsstability. Thered and lateritic
soil where rubber is generally grown is inherently
deficientin K. Sixty eight per cent of surface soil samples
and sixty per cent of sub surface sampleswerein medium
range (Fig. 4). Ingeneral the availability of K on surface
was higher than sub surface. It may be dueto high organic
carbon status of surface soils. Available K statusranged
from 26 kg ha'to 152 kg ha'in major rubber growing
regions of India (Joseph et al., 1990). Perennial crops
are able to derive nutrients from alarge volume of soil
and can accumulate nutrients over time. It may be the
reason for maintaining a medium range of K status in
the surveyed area.

Available potassium
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Fig. 4: Frequency of available potassium classes in surface

and sub surface soil

Secondary nutrients:
Available calcium:

Calcium plays a predominant role in cellular
metabalic functions. Under heavy rainfal situations bases
like cal cium and magnesium get | eached from soil profile.
Hence available calcium status is low under red and
lateritic soils. The study also reveals that 98 per cent of
surface and 100 per cent of sub surface soil samplesare
coming under very low and low nutrient range (Fig 5).
Available calcium ranged from 55-312 mg kg tin surface
samples and 60-298 mg kg in sub surface samples
(Tablel).
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Fig. 5: Frequency of available calcium classes in surface and

sub surface soil

Calcium supply can significantly improve growth of
plants. There is positive effect on volume of latex
production by cal cium application. Liming programmein
rubber isnot arecommended practise duetoitsadaptation
under acidic condition. However, when liming isadopted
it can supply calcium which help in maintaining base
status. It can also result in temporary changein pH and
will improve the availability of P and K and enhanced
microbial activity of soil (Joseph et al., 2008).

Available magnesium:

Severe deficiency of magnesium was recorded in
82 per cent of surface and 72 per cent of sub surface
soil samples(Fig. 6). Adequate status of magnesiumwas
reported only in 2 per cent surface samples. In southern
Keralathere waswide spread deficiency of magnesium.
Hence, magnesium application is recommended during
immature phase under these regions (Kartikakuttyamma
et al., 2000).
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Fig. 6 : Frequency of available magnesium classes in surface
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Available sulphur:

Sulphur status in the region shows that 9 per cent
surface and 15 per cent sub surface samples are under
low class where as 40 per cent surface and 42 per cent
sub surface samples under high status (Fig 7). Surface
soil showsarangeof 1.1-94.5 mg kg *available Swhere
asinsub surfaceit ranged from 1.4-79.5 mg kg -*(Table
1). There iswide variation in availability of sulphur at
different agro ecological units. Available S status in
traditional belt of natural rubber cultivation wasreported
tobein optimumlevel. Organic carbon statusis positively
correlated with available sul phur content (Georgeet al .,
1994). In the surveyed areas majority of soil samples
are mediumto high status of organic carbon, which may
be the possible reason for maintaining adequate range of
sulphur level.
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Fig. 7: Frequency of available sulphur classes in surface and

sub surface soil
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Micronutrients:

Based onthe assumption that acid soilsare sufficient
inavailable micro nutrients, fertilizer recommendation of
micronutrients was avoided. Continuous cultivation of
rubber with modern high yielding clones and constant
use of high analysis fertilizers create deficiency of
micronutrientsin soil. In thetraditional rubber growing
regions its cultivation is in third or fourth cycle of
replanting which can also contribute for micro nutrient
deficiency.

Available copper:

Coming to copper status, 46 per cent surface and
sub surface samplesfall inlow range, 20 per cent surface
soil and 37 per cent sub surface soil sampleswere under
adequate range and 34 per cent surface and 17 per cent
sub surface samplesunder high status (Fig. 8). In general
it was observed that southern region of Keralawerelow
in Cu status compared to other regions. Thelowest value
of 0.34 mg kg* was recorded from Thiruvananthapuram
and highest value of 7.80 mg kg* was recorded from
Pathanamthitta (Joseph et al., 1995). Study by Abraham
and Philip (2017) shows that there is build up of Cuin
natural rubber growing region compared to forest.
Addition of copper in soil may be due to application of
copper based fungicidesin rubber plantation.
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Fig. 8: Frequency of available copper classes in surface and

sub surface soil

Available zinc:

Zinc deficiency is common in immature stage of
crop. The survey indicated that 95 per cent surface
samples and 94 perc ent sub surface samples are under
low nutrient status (Fig 9). According to Sudhakumari
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Fig. 9: Frequency of available zinc classes in surface and

sub surface soil

(2009), the major share of total zinc in rubber growing
region of south India was present in residua fraction
and plant available forms of Zn, viz., water soluble and
exchangeable and organically bound Znwas only asmall
portion of total zinc.

Available iron:

Acid soilsarerelatively higher iniron content. The
surveyed areashowsthat 100 per cent samplesare having
adequate range of iron content.

Available manganese:

M anganese content in the surveyed area showsthat
98 per cent surface samples and 95 per cent sub surface
are under adequate range where as 2 per cent surface
samples and 5 per cent sub surface samples under low
status (Fig 10). Acidity of soil results in build up of
manganese in the soils.
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Fig. 10 : Frequency of available manganese classes in surface
and sub surface soil

Available boron:

Coming to boron status, 100 per cent surface and
sub surface samples are under deficient nutrient status
asindicated in Fig. 11. Heavy rainfall, undulating land
surface with steep slopes, inadequate ground cover are
maj or factors contributing to the severe [eaching | oss of
B.
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Fig. 11 : Frequency of available boron classes in surface and

sub surface soil

Conclusion:

Extremeto very strong acidic condition coupled with
very low base saturation especially calcium and
magnesium are noticed in these areas. Available nitrogen,
phosphorous and potassium statuswerein medium range.
Among micronutrients severe deficiency of boron and
zinc were reported. The natural rubber growing region
inIndiaisseenin highly weathered red ferruginous soils
with high content of iron and aluminium oxides. Major
share of soils developed are in sloppy land which can
also result in depletion of nutrients. Extreme acidic pH
with low base saturation, deficiency of Zn, B, continuous
cropping with high yielding clones contribute to | oss of
productivity of soils. For an appropriate management of
nutrient status, health of plants and saving the cost of
fertilizer anideal methodology suggested i sdiscriminatory
fertilizer application (DFA) by soil and leaf samplingand
suggesting fertilizer recommendations.
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