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Status and distribution of total and different fractions of zinc (Zn) in the nine major series of the rubber
growing soils of South India was assessed. Total Zn status of the soil was comparatively low and the values
for the Ap horizon ranged from 47.9 to 81.7 pg g . Major share of the total Zn was in the residual fraction
which ranged from 25.9 to 70.8 pg g ' in the Ap horizon among the series. The water soluble plus exchangeable
fraction of Zn for the Ap horizon ranged from 0.19 to 1.83 pg g™ among the series and the values reduced
down the horizons. Among the nine series, the plant available fraction of Zn was found to be extremely low
in Kanjirappally, Thiruvanchoor and Lahai series. Low status of total Zn indicates chances of depletion of
Zn reserve with repeated cyclcs of cultivation. ReplenishmentofZn through fertilizer to these soils especially
to Kanjirappally, Thiruvanchoor and Lahai series may be beneficial for improving the plant growth and
maintaining/sustaining the Zn status of the soil.
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INTRODUCTION
irn Fnéﬂa, tHe itrifdii!’i&n&l belt or nat’uljal

rubber (Hevca brdsihcnsis) cultivation’

Natural rubber (NR) growing soils of
Kerala and Tamil Nadu have been
characterized’' as per modern soil taxonomy
in to 62 soil series. Among the 62 series, 51

cg\nﬁned to anarrow tractin the western side,

or the Western Ghats, mainlyk m the state of
Kerala and Kanyakumari district of Tamil
Nadu state. In this traditional belt,
cultivahon of rubber is now m the third or
fourth cycle, each cycle being 25 to 30 years
long. The soils of this tract are laterite and
lateritic types, red soils, forest soils and
alluvial soils. These soils are acidic in
reaction with pH ranging from 4.5 to 6.0
(NBSS and LUP, 1999; Karthikakuttyamma
et (/, 2000; Joseph, 2016).

I
were under Ultisols, |11|ne were undgr

|ncepl|ISO|S and two were undler Entisofs
1999). Low Zn content of

the rubber growing soils in the traditional
~elt of NR cultivation was reported by
Joseph et al. (1995). Further, through an
extensive study covering 9682 surface soil
samples from the NR growing tract of Kerala
and Tamil Nadu it was reported that41.0 per
cent of the soils were deficient in available
Zn (NBSS and LUP, 1999). Recently, Philip
et al. (2020) reported that 50 per cent of the



NR growing soils of Kerala and major share
of the NR growing soils of Karanataka are
deficient in available Zn.

Zincis known to occur in soil in anumber
of discrete chemical forms znz. water soluble,
easily exchangeable, adsorbed, chelated or
complexed, associated with secondary
minerals and held in primary minerals
differing in their solubility and thus,
availability to plants (Viets, 1962). Water
soluble plus exchangeable and organically
bound forms are considered to be available,
amorphous sesquioxide bound form is
potentially available and crystalline
sesquioxide bound and residual Zn forms
are unavailable to plant (Mandal et nl., 1992;
Sureshkumar et ah, 2004). Expression of Zn
deficiency symptoms in young rubber plants
in the initial years in the replanting fields
especially in slope lands isa common feature
in these days and recently recommendation
on Zn application is included in the fertilizer
recommendation schedule of rubber. In this
context, the information presented in this
paper is very useful to have an in depth
understanding on the Zn status of the NR
growing soils in the traditional belt of NR
cultivation.

MATERIALS AND METHODS

Nine major soil series viz. Kanjirappally,
Vijayapuram, Thiruvanchoor, Vazhoor,
Lahai, Thrikkannamangal, Kunnathur,
Panachikkad and Kaipuzha as per the soil
survey report (NBSS & LUP,1999) were
selected for the study. Among the nine
series, Kanjirapally, Vijayapuram,
Thiruvanchoor, Lahai and Vazhoor belong
to the Charnokite land form, Kunnathur and
Thrikkannamangal to the Kondalite land
form and Panachikkad and Kaipuzha to the
Laterite land form (NBSS & LUP, 1999).
Series were located at the type location and

pits were taken up to the parent rock.
Horizons were identified and samples were
collected horizon-wise from each profile.
Soil samples were processed, dried and
sieved through 2 mm sieve. Physico-
chemical properties of the soil, viz. pH,
organic carbon (OC), cation exchange
capacity (CEC) and clay content were
measured as per the procedure outlined by
Jackson (1958). Total Zn status of the soil was
determined by the procedure of Lim and
Jackson (1982). Sequential extraction method
for the determination of forms of Zn in soils
adapted from Shuman (1985) was followed
for estimating the fractions of Zn. Residual
fraction of Zn was estimated from the
remaining portion of soil obtained after Zn
fractionation, following the procedure for
total Zn estimation. The available Zn status
was estimated by DTPA extraction (Lindsay
and Norwell, 1978). Correlations between
soil properties were calculated as per Panse
and Sukhatme (1967).

RESULTS AND DISCUSSION

pH, organic carbon, CEC and clay content
of the horizon-wise soil samples are
presented in Table 1. The soil was strongly
to extremely acidic with pH below 5.0,
except in the lower layers of Thiruvanchoor
and Vazhoor series. Organic carbon content
of the surface layer was high and decreased
with depth of the soil. Asexpected, the CEC
was low in these soils dominated with oxides
and hydrous oxides of iron and aluminium
and kaolinite clay. The values decreased
with depth of the soil. Clay content was
found tobe increasing with depth and higher
values were recorded in the lower layers
especially in the Bt horizons.

Horizon wise status and distribution of total
and different forms of Zn in the individual soil
seriesbelonging to Charnokite land form are



Table 1. Physicochemical properties of different soil series

Horizon Depth
(cm)

Kaniirappally series

Ap 0-13
Btl 13-32
Bt2 32-56
Bt3 56-83
Bt4 83-112
Bt5 112-150

Vijayapuram series

Ap 0-15
Bl 15-40
Bt2 40-70
Bt3 70-103
Bt4 103-151

Thiruvanchoor series

Ap 0-13
Btl 13-37
Bt2 37-69
Bt3 69-104
Bt4 104-132

Vazhoor series

Ap 0-12
AB 12-31
Bt 31-53
R 53-83
Lahai series

Ap 0-15
Btl 15-38
Bt2 38-74
Bt3 74-104

Thrikkannamangal series

Ap 0-14
Bt 14-35
Bt2 35-67
Bt3 67-103
Bt4 103-152

oc
(%)

1.34
0.91
0.49
0.49
0.33
0.33

1.01
0.70
0.46
0.42
0.23

1.17
0.88
0.52
0.52
0.29

1.47
0.82
0.49
0.26

1.60
1.56
1.43
0.53

0.68
0.42
0.52
0.55
0.52

pH

4.4
4.4
4.5
4.5
4.4
4.4

4.6
4.5
4.8
4.9
5.0

4.7
4.9
4.9
5.0
5.1

4.5
4.8
5.3
5.3

4.9
4.7
4.8
5.0

4.7
4.7
4.6
4.8
5.1

CEC
(cmoles (+) kg")

6.6
4.8
31
2.7
2.4
2.9

5.3
4.5
4.4
3.4
2.5

6.8
5.0
4.9
4.7
3.2

7.1
5.2
4.3
3.8

8.7
7.9
5.9
5.0

4.2
4.0
4.2
4.5
3.7

Clay
(%)

27

33
31
36
36

40
40
47
40
44

47
54
62
58
55

31
34
46
40

45
43
47
49

35
44
43
44
45



Horizon Depth
(cm)
Kunnathui" series
Ap 0-16
AB 16-38
Btl 38-72
Bt2 72-103
Bt3 103-130
Panachikkad series
Ap 0-15
Btl 15-46
Bt2 46-74
Bt3 74-99
BC 99-136
Kaipuzha series
Ap 0-12
Btl 12-31
Bt2 31-52
Bt3 52-71

ocC pH CEC Clay
(%) (cmoles () kg") (‘'¢)
0.68 4.9 6,0 42
0.68 4.6 5,4 43
0.42 4.7 4.8 50
0.33 4.9 5.5 48
0.17 4,6 51 50
2.00 4,5 8.2 18
0.75 4.8 6.7 33
0.72 4,9 11.3 44
0.45 4,9 5.5 46
0.16 4.9 6.3 56
1,40 4.7 4.1 25
0.92 4.7 3.4 42
0.73 4.7 49 31
0.61 4.8 7,2 34

presented in Table 2. Total Zn content in the
Kanjirappally series ranged from 40.9 |Jagg "'
in the lowermost layer to 66.9 Jag g ' in
the surface horizon. Major portion of the
total Zn is in the residual pool which
ranged from 19.2 )j.g g’ in the Bt3 horizon
to 52.6 jjg g ‘in the Bt4 horizon. The water
soluble and exchangeable Zn values ranged
from 0.42 fag g” in the Ap horizon to 0.()4 fag g"
in the Bt4 horizon. In the Vijayapuram series
the total Zn content ranged from 60.0 jag g"
in the Ap horizon to 93.0 fagg ' in the Bt 2
horizon. The water soluble and exchangeable
Zn ranged from 0.10 fag g™ in the Bt 4 horizon
to 1.37 fagg” in the Ap horizon. The residual
Zn values ranged from 40.4 fagg" in the Ap
horizon to 78.7 )ag g ' in the Bt 2 horizon
which accounts for the major share of the
total Zn. Similarly, in the Thiruvanchoor
series, the total Zn values ranged from 53.4

fag g* in the Bt 2 horizon to 71.4 fagg" in the
Bt 3 horizon. Water soluble + exchangeable
Zn ranged from 0.12 fagg ' in the Bt2 horizon
to 0.53 fag g™ in the Ap horizon showing a
gradual decline in values down the depth.
Total Zn values in the Lahai series ranged
from 55.2 Jagg* in the Bt 3 horizon to
63.8 fag g* in Ap horizon. Similarly, the
water soluble + exchangeable Zn fraction
ranged from 0.03 in the Bt 2 horizon to
0.19 fag g ' in the Ap horizon. Lahai series
was found to be low in total Zn content and
the water soluble + exchangeable form was
found to be extremely low and deficient.
Total Zn content for the Vazhoor series
ranged from 36.6 fag g-’ in the AB horizon to
86.0 fag g ' in the Bt horizon. The water
soluble + exchangeable Zn values ranged
from 0.16 Jag g" in the lowermost horizon
(of rock fragments) to 1.04 fag g" in the Ap
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horizon. The manganese oxide bound
fraction ranged from 6.54 Hgg' in the Ap
horizon of Kanjirappally series to 0.88 \i.gg"
in the Bt 2 horizon of Lahai series. In general,
the Zn content decreasing with soil depth.
The amorphous iron oxide bound fraction
ranged from 9.75 Jagg ' in the Bt3 horizon of
Kanjirappally series to 2.35 pg g" in the Bt5
horizon of the same series. Similarly, the
crystalline iron oxide bound Zn ranged from
7.95 pg g 'in the Bt3 horizon of Kanjirapally
series to 2.20 g" in the Ap horizon of
Thiruvanchoor series. In general, high Zn
content were recorded in the Bt2 and Bt3
horizon.

Kunnathur series had comparatively
higher values for total Zn and the values
ranged from 81.7 pg g’ in the Ap horizon to
103.8 )jg g" in the Bt3 horizon {Table 3).
Though the total Zn status was found to be
high, the water soluble + exchangeable Zn
values were low and ranged from 0.16 to 0.55
pg g*. The major share of the total Zn was
found to be in the residual fraction and the
values ranged from 70.8 pg g ‘ in the Ap
horizon to 74.6 pg g ' in the Bt3 horizon.
Total Zn status of the Thrikkannamangal
series ranged from 48.9 to 65.3 pg g"
indicating comparatively low Zn status in
this series (Table 4). The water soluble +
exchangeable Zn ranged from 0.16 pg g ' in
the lowermost horizon to 0.95 pg g ' in the
surface horizon. The residual Zn values
ranged from 40.8 pg g ' in the Bt 1 horizon
to 56.4 pg g ' in the Bt4 horizon indicating
that the major pool of the total Zn is in the
residual fraction which is not plant available.
The manganese oxide bound Zn was
comparatively lower in the Thrikkannamangal
and Kunnathur series compared to the five
series described in the Charnokite land form.
The values ranged from 3.36 pg g" in the Bt 2
horizon of Thrikkannamangal series to
1.26 pg g' in the Btl horizon of the same

series. The amorphous iron oxide bound Zn
among the two series ranged from 3.70 pg g’
in the Ap horizon of Kunnathur series to
2.57 pg g ‘ in the Bt 1 horizon of the same
series. Similarly, the values of crystalline iron
oxide bound Zn ranged from 4.53 pg g’ in
the Ap horizon of Thrikannamangal series
t0 2.68 pg g ' in the Bt 2 horizon of Kunnathur
series.

The total Zn values for the Panachikkad
series ranged from 68.6 pg g ‘ in the Ap
horizon t0 92.1 pg g ' in the lowermost layer
and the plant available fraction (water
soluble + exchangeable Zn) ranged from
0.15 pg g~ in the BC horizon to 1.83 pg g" in
the Ap horizon (Table 4). In the Kaipuzha
series the total Zn values ranged from
47.9 pg g" in the Ap horizon to 92.6 pg g’
in the Bt 3 horizon Water soluble +
exchangeable Zn values ranged from
0.34 pg g’ in the lowermost layer to 1.53 pgg’
in the Ap horizon. The Ap horizon alone
recorded high water soluble + exchangeable
Zn fraction and the lower layers recorded
low values (Table 4). The water soluble +
exchangeable Zn fraction was high in the
topmost two layers and showed declining
trend with depth which mightbe due to the
high OC status in the top layers as reported
earlier (Umesh et al., 2013). Among the two
series belonging to the laterite land form, the
manganese oxide bound Zn ranged from
6.58 pg g 'in the Ap horizon of Panachikkad
series to 1.02 pg g" in the Bt 3horizon of the
same series. The amorphous iron oxide
bound Zn ranged from 5.50 pg g ' in the Ap
horizon of Kaipuzha series to 2.48 pg g’ in
the BC horizon of Panachikkad series.
Crystalline iron oxidebound Zn ranged from
9.65 pg g"” in the Ap horizon of Kaipuzha
series to 2.35 pg g" in the Bt2 horizon of
Panachikkad series. The organically bound
fraction ranged from 0.12 pg g 'in the Bt2
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Parameters Water soluble + Organically DTPA-Zn Clay ocC CEC
exchangeable bound (hSS ) w (C moles
Zn(i.tgg-n 2n(~gg-i) (+)kg-)
Total Zinc (f.gg ‘) -0.10 -0.05 -0.03 0.30 -0.32'~ 0.25
Water soluble &
exchangeable Zn (}jg g ) 1.00 0.51*"- 0.81*n 0.30* -0.32* 0.25
Organicallybound Zn
g’ 0,51 1.00 0.86 -0.38 0,56** 0.40
DTPA-Zn 0.81 0.86*'~ 1.00 -0.55 0.58 0.28

’Significant at 5 percent level,

form and small fraction is present in easily
available form as reported earlier by
Sedberry and Reddy (1976) and Katyal and
Rattan {1993).

The available Zn (DTPA extracted Zn)
status of the soil for the Ap horizon ranged
from 0.17jjg g’ for Lahai series to 6.72 fag g"
for Panachikkad series. The values ranged
from extreme deficiency to sufficiency.
Normally, under acidic conditions, Zn is
available for plant growth. However, the
soils under NR cultivation are highly
weathered and are prone to severe leaching
losses due to the intense rainfall and the
undulating physiographic conditions
promoting intense leaching. This is in
conformity with the studies reported by
Josephetal. (1995), NBSS and LUP (1999) and
Philip et al. (2020). The values were
decreasing with depth and extremely low
values were recorded in the lower horizons.
0.6 fig g” being the critical value for DTPA-Zn,
Kanjirapaily, Lahai and Thiruvanchoor series
were found to be extremely deficient in Zn
availability.

Correlations between relevant parameters
are presented ill Table 5. Correlations between
DTPA extracted Zn and different fractions
0” Za ishawed gosctive si*mRcant celdtha
with water soluble + exchangeable zf\
(0.80™) and organically bound Zn (0.86**)
indicating that the DTPA extractant is

Significant at 1 percent level

extracting the plant available fraction of Zn
from these acid red ferruginous soil with
predominance of Fe and Al oxides and
hydrous oxides as reported earlier by
Sureshkumar et al. (2004). Positive direct
effect of water soluble + exchangeable Zn on
avaiiabie Zn in soil was reported by
Wijebandara et al. (2011).

A state of dynamic equilibrium exists
among different fractions and were
influenced by pH, CEC, OC, clay and free
Fe,0,j{Hazra et al, 1993; Chowdhary et al,,
1997; Umesh et al., 2013). Total Zn, water
soluble + exchangeable Zn arid organically
bound Zn were related with OC, CEC and
clay content. Water soluble + exchangeable
Zn showed positive and significant relation
with OC (0.54”*) and negative relation with
clay content (-0.44". Similarly, organically
bound Zn showed highly significant positive
correlation with OC (0.59**) and negative
correlation with clay content ('0.34*) (Table
5). Positive correlation with OC indicates
that the organic matter provides exchange
sites for the adsorption of Zn (Prasad and
Sakai 1988; Pal et al., 1997; Wijebandara et
al, 2011). Contradicting the observations of
Wijebandara /2. (2011), in our studies,
water soluble +exchangeable and organically
bound fraction of Zn was negatively
correlated with clav content. The dominance



of low active kaoinite day and oxides and
hydrous oxides of le and Al in soil is not
promoting Zn adsorption which might be
the reason for the negative correlation
between water soluble + exchangeable Zn
and organically bound Zn with clay content.
Total Zn recorded positive and significant
correlation with CEC (0.34”)and clay (0.39N.

CONCLUSION

Assessmentof the status and distribution
of Zn in the nine major soil series of the
traditional belt of NR cultivation ivndicated
that the total Zn status of the soil was
comparatively low. Major share of the Zn
was in the residual fraction and is not
available for plant growth. Similarly, the
water soluble + exchangeable fraction of the
Zn was very low and the content reduced

REFERENCES

Chowdhury, A.K., McLaren, R.G., Cameron, K.C.
and Swift R.S. (1997). Fractionation of zinc in
some New Zealand soils. Communications / Soil
Science and Plant Analifsi®, 28(3-5); 301-312.

Hazra, G.C., Saha, J.K., Mete, P.K. and Mandal, B.
(1993). Distribution of zinc fractions in red and
lateritic soils of Birbhum, West Bengal, loiirm!
of the Indian Societ}/ of Soil Science, 41(3): 472-476.

Jackson, M.L. (1958). Soil Chemical Amlysi?. Prentice
Hall of India, New Delhi, 498 p.

Joseph, M., Prasad, M.P., Antony, P.A. and Punnoose,
K.l1. (1995). DTPAextractable soil micronutrients
in the traditional rubber growing regions in
India. I>7clinn loiirnnl of Nntiiml Rubber Resenrch,
8(2); 135-139.

}oseph, M. {2016). Rubber growing soils of India;
An overview. Rubber Science, 29(2); 119-139.

Katyal, J.C. and Rattan, R.K. (1993). Distribution of
zinc in Indian soil. Fertilizer News, 38:15-26.

Karthikakuttyamma, M., Joseph, M. and Nair, A.N .S,
(2000). Soils and nutrition. In: Natural Rubber:
Agromanagenient and Crop Processing (Eds. P.J.

down the horizons. Even though the water
soluble + exchangeable fraction was high in
the Ap horizon in some series, drastic
reduction in the values were recorded in the
subsurface horizons indicating that Zn
availability is restricted to the Ap horizon ie.
only to the 0 to 15 cm layer of the soil and
down the layers the availability is low.
Kanjirappally, Thiruvanchoor and Lahai
series were found to be extremely low in
available fraction of the Zn. Added to that
the total Zn status of these soils was found
to be low indicating chances of depletion of
Zn reserve in the long run. In view of the
repeated cycles of NR cultivation in these
soils, application of Zn fertilizer especially
to Kanjirappally, Thiruvanchoor and Lahai
soils may be beneficial for the Zn nutrition
of rubber plants and maintaining the Zn
status of the soil.

George and C. Kuruvilla Jacob). Rubber
Research Institute of India, Kottayam, India,
pp.170-198.

Lim, C.H. and Jackson, M.L. (1982). Dissolution for
total element analysis. In; Methods of Soi!
Analysis: Part 2 Chemical and Microbiological
Properties (Eds. A.L. Page et al.). American
Society of Agronomy and Soil Science Society
of America, Madison, pp. 1-12.

Lindsay, W.L. and Norwell, W.A. (1978).
Dev'elopment of a DTPA soil test for zinc, iron,
manganese and copper. Soil Science Society of
Amcrica journal, 42(3); 421-428.

Mandal, B., Chatterjee, Hazra, G.C. and Mandal,
L.N. (1992). Effect of pre flooding on
transformation of applied zinc and its uptake by
rice in lateritic soils. Soil Science, 153(3): 250-257.

NBSS & LUP (1999). Resource soil survey and mapping
of rithber groioing soils of Kerala and Tamil Nadii.
National Bureau of Soil Survey and Land Use
Planning, Nagpur, India, 295p.



Pat A.K., Das, P.R, Patnaik, S.K. and Mandal, B.
(1997). Zinc fractions in some rice growing soils
of Orissa. Journal of the Indian Society of Soil
Science, 45(6); 734-738.

Panse, V.G. and Sukhatme, P.V. (1967). Sfatisticai
methodsfor agricuiturni workers. Indian Council of
Agricultural Research, New Delhi, India, pp. 381.

Philip, A., Ulaganathan, A., Pradeep, B,
Prasannakumari, P., Jessy, M.D., Jacob, J.,
Abraham, J., Syamala, V.K., Ambily, K.K.,
George, S., Joseph, P., Eapen, T., Cyriac, J.,
Mathews, P.M., Anilkumar, K.S. and Nair, K.M.
(2020). Spatial variability of plant available zinc
and boron in the traditional rubber growing
regions and Konkan region of India. Rubber
Science, 33(2); 152-163.

Prasad, R. and Sakai, R. (1988). Effect of soil
properties on different chemical pools of Zinc
in calcareous soils. Journal of the Indian Society of
Soil Science, 36: 246-251.

Sedberry, J.E. and Reddy, C.N. (1976). The
distribution of zinc in selected soils of Louisiana.
Communications in Soil Science andplaitt Analysis,
7(9): 787-795.

Shuman, L.M. (1985). Fractionation method for soil
microelements. Soil Science, 140(1): 11-22.

Sureshkumar, P, Rattan, R.K. and Singh, A.K. (2004).
Chemical forms of zinc in soils and their
contribution to available pool, lonrnnl of the Indian
Society of Soil Science, 52: 421-425.

Umesh, U.N., Vipin, K., Prasad, R.K., Singh, K.D.N.
and Singh, AP. (2013). Integrated effect of
fertilizers and organic manure on the forms of
zinc and their availability under sugarcane-
based cropping system in Calciorthents. Journal
of the Indian Society of Soil Science, 61(4); 371-374.

Viets, F.G. Jr. (1962). Micronutrient availability,
chemistry and availability of micronutrients in
soils, journal of Agricultural and Food Chemistry,
10(3); 174-178.

Wijebandara, D.M.D.l., Dasog, G.S., Patil, PL. and
Hebbar, M. (2011). Zinc fractions and their
relationships with soil properties in paddy
growing soils of Northern Dry and hill zones of
Karnataka, journal of the Indian Society of Soil
Science, 59(2); 141-147.



