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A field experiment was conducted for seven years from planting in young rubber in the replanting field of 
a large estate in the traditional rubber growing tract to study the effect of liming on the availability of 
nutrients and growth of rubber (Hevea brasiliensis). Lime alone, fertilizer alone as per standard 
recommendation and graded levels of lime in combination with fertilizer were compared with no-lime and 
no-fertilizer control. Liming improved the growth of plants which was significantly evident from the fifth 
year onwards. Fertilizer and lime, alone or in combination were significantly superior to the control. Lime 
alone was found to be as good as fertilizer alone treatment during the fifth year indicating the beneficial 
effect of liming in these acid red ferruginous soils. Later, during the sixth and seventh years, liming at 75 or 
100 per cent of lime requirement along with fertilizer was significantly superior indicating the beneficial 
effect of liming in improving the availability of nutrients and growth of plants.

Analysis of soil samples during the fifth year of experimentation indicated that the pH of the soil changed 
from very strongly acidic to moderately acidic. Available P and K status were significantly improved by 
liming. Liming significantly improved the exchangeable Ca status of the soil. The exchangeable Mg and K 
were improved by fertilizer alone or lime and fertilizer treatments. However, application of lime alone 
reduced the availability of Mg indicating antagonistic effect of excessive Ca on Mg availability. Exchangeable 
Al content in the soil was significantly reduced by lime alone or lime at 75 or 100 per cent lime requirement 
along with fertilizer treatments. Leaf Ca concentration increased with liming and significant difference was 
recorded during the seventh year of the experiment.
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IN T R O D U C T IO N  rainfall conditions, all the exchangeable
, bases (Ca, M e and K) and salts are leached

Soil acidity has been recognized as an  ̂ r., , . , . • ,or\i I ici'aTT’in rr  K£ir»i-rtH TV* o le. . , , ,  . , . from the soil prof lie leaving behind materials
important agricultural problem m the tropics . . .
(Sanchez, 1976; Tisdale et a l ,  1985). Low rich in Al and Fe oxides which render the 

soil acidic and infertile.

e lem en ts , p a rticu la rly  A l are m ajor Soils in the traditional rubber cultivation
constraints to intensive crop production in belt are mainly red ferruginous dominated

nutrient status and the presence of toxic 
e lem en ts , p a rticu la rly  A l are m ajor 
constraints to intensive crop production in 
the acid soils (Adams, 1981). Under heavy by Fe and Al oxides and hydrous oxides and
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k a o lin ite  clay  (K rish n aku m ar, 1989; 
Karthikakuttyamma et ah, 2000). The soil is 
acidic in reaction and the pH values range 
from 4.5 -  5.5 in the surface layer. Extremely 
acid soils (pH < 4.5) occur in some parts of 
Kanyakumari, Thiruvanathapuram, Kollam, 
Kottayam and Emakulam districts covering 
nine per cent of the area (NBSS and LUP,
1999). In m ost of these soils, acidity is 
pro d u ced  due to the p resen ce  of 
exchangeable AP* along with the loss of 
cations through erosion and leaching and 
also by crop removal. Suresh et al. (1994) 
reported that the exchangeable Al in the 
surface (0-25 cm) soil ranged from 0.36 to 0.98 
m.eq/100 g and the highest concentration 
ranging from 0.58 -  2.23 m.eq/100 g soil was 
recorded in the subsurface layer (50-75 cm). 
Alum inium  toxicity can be corrected by 
liming to a pH of 5.5 to 6, when exchangeable 
Al gets p recip ita ted  as A l h y d roxid es 
(Kam prath, 1970). In highly w eathered 
Oxisols and Ultisols with predominance of 
hydrous oxides of Fe and Al, a pH of around
5.5 and exchangeable Al less than 20 per cent 
of the effective cation exchange capacity is 
reported to produce satisfactory crop growth 
(Adams, 1984).

In the traditional belt, rubber is being 
cultivated in repeated cycles in the same soil, 
leading to considerable depletion of the base 
reserve and significant reduction in the pH 
of the soil, rendering the soil less productive. 
Karthikakuttyamma (1997) reported that due 
to the continuous cultivation of rubber, the 
pH of the soil has been reduced significantly 
and that around 1260 kg of Ca is being 
depleted from the soil in one cultivation cycle 
through wood during replanting. Liming is 
recommended in the management of soil to 
correct the adverse soil reaction as well as to 
increase the exchangeable base reserve. 
Liming is a common practice among farmers

for most of the crops in this region. However, 
in  ru bber, exp erim en ta l ev id en ce to 
recommend liming is lacking. Hence, the 
present experiment was conducted to study 
the effect o f lim ing on soil prop erties, 
availability of nutrients and growth of young 
rubber.

M A T E R IA L S  A N D  M E T H O D S

Afield experiment was initiated during 
1998 in a replanting field of a large estate in 
Central Kerala planted with clone R R II105. 
The budgrafts raised in polythene bags were 
planted during June 1998. The experiment 
was laid out in randomised block design 
with seven treatments and three replications. 
The plot size was 24 plants in three rows and 
observations were recorded from the eight 
plants in the middle row. The treatments 
were no-lime and no-fertilizer (control), limp 
alone @ 100 per cent lime requirement (LR), 
lime @ 25, 50, 75 and 100 per cent LR in 
com bination w ith fertilizer and fertilizer 
alone. The lime requirement of the soil was 
estimated by Shoemaker Method (Shoemaker 
et a l ,  1961) and exchangeable Al method 
(Kamprath, 1970). The LR lime requirement 
by Shoemaker Method was very high and by 
exchangeable Al method comparatively low. 
The lime requirement in tonnes per hectare 
for a stand of 450 plants per hectare was 
converted for the effective area of the young 
plants. Accordingly the full LR was only 500 
g of p ow d ered  sh ell lim e p er p lant. 
Powdered shell lime as per the treatments 
w as in co rp o ra ted  in  the b asin  of the 
individual plants during September, # ire e  
weeks before the application of the first dose 
of fertilizer. Lime treatments were given in 
alternate years.

Subsequent applications of lime were 
carried out during April-May season, two to
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three w eeks prior to the pre-m onsoori 
fertiUzer application. Regular fertilizer 
applications as per the recommendation of 
RRII (40:40:16:6 kg/ha/year N, P, K and Mg) 
were followed (Karthikakuttyamma et ah,
2000). The recommended doses of fertilizers 
w ere ap p lied  d u rin g  A p ril-M ay  and 
September-October. A gap of 15-20 days was 
provided between lime incorporation and 
fertilizer application. From the second year, 
annual girth of the plants was recorded 
during December every year at 150 cm height 
above the bud union. Soil samples were 
collected during second year (1999) and fifth 
year (2002) and analysed for pH, available 
nutrients, CEC, exchangeable cations and Al, 
by standard methods outlined in Jackson 
(1958). The leaf sam ples w ere collected 
during the fifth  (2002) sixth (2003) and 
seventh (2004) year of the study and analysed 
for the total nutrient concentration (Piper, 
1966).

RESULTS AND D ISCUSSIO N

A n aly sis of the p re -trea tm en t soil 
indicated that the soil was acidic, medium 
in available P, K and Mg and low in available

Ca status. Annual girth from the second year 
to the seventh year and girth increm ent 
during the period are presented in Table 1. 
During the second, third and fourth year of 
the tria l, grow th  d ifferen ces w ere not 
statistically significant. From the fifth year, 
difference in girth was prominent. During 
fifth year, fertilizer and lime treatments alone 
or in  co m b in atio n s w ere s ig n ifica n tly  
superior to control (no-fertilizer and no­
lime). Application of lime alone was also on 
par with the fertilizer alone or fertilizer with 
lime treatm ents indicating the beneficial 
effect of liming in these acid soils. During 
the seventh year, lime application at the 75 
and 100 per cent LR along with fertilizer 
treatments was significantly superior to lime 
alone at the 100 per cent LR indicating the 
long-term  b en eficia l effect of lim e and 
fertilizer application. Liming improved the 
rhizosphere pH temporarily and improved 
the availability of nutrients and base status 
o f the so il. Im p rov em en t in  pH  w as 
temporary and this might have improved the 
availability of nutrients both native as well 
as supplied through the fertilizers which in 
turn favoured the growth of plants.

Table 1. Effect of liming on growth of plants

Treatment Girth (cm)
Girth increment 

(cm)

1999 2000 2001 2002 2003 2004 1999-2004

Control 7.2 12.9 18.4 23..3 28.4 35.9 28.7

Fertilizer alone 8.2 14.2 21.1 27.9 33.4 39.3 31.1

100% LR alone 7.9 14.7 20.6 27.6 32.3 38.2 30.3

25%LR + Fertilizer 8.1 14.5 21.4 28.2 34.3 39.0 30.9 •4T
50%LR + Fertilizer 8.4 14.7 22.3 28.7 34.3 40.2 31.8

75% LR + Fertilizer 8.3 14.3 21.0 27.9 34.3 40.5 32.2

100%LR + Fertilizer 8.4 14.6 21.3 27.8 35.1 41.1 32.7

SE

CD (P = 0.05)

0.40

NS

0.78

NS

1.16

NS

1.01

3.12

1.16

2.52

0.75

2.28

0.59

1.83
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Table 2. Effect of liming on the availability of nutrients

Available nutrients (kg/ha)
O C  (% ) pp H K Ca M g

Treatm ent Year of planting
2 5 2 5 2 5 2 5 2 5 2 5

Control 4.40 4.80 1.41 0.87 40.6 15.0 156.0 146.6 61.2 182.6 66.4 73.6
Fertilizer alone 4.49 5.00 1.19 0.94 21.4 16.6 222.0 290.6 70.0 324.0 39.2 156.4
100 % LR alone 4.57 5.10 1.53 0.81 21.4 16.2 221.4 253.4 300.0 686.0 54.2 45.4
25%  LR + Fertilizer 4 .52 4.90 1.22 0.98 23.4 55.2 240.0 323.4 139.2 346.0 40.6 59.2
50 % LR + Fertilizer 4.44 5.00 1.14 1.30 32.6 65.4 182.6 363.4 180.0 1014.6 38.6 84.0
75%  LR + Fertilizer 4 .57 5.10 1.29 0.98 40.0 45.6 220.0 383.4 169.6 734.0 48.8 89.8
100% LR + Fertilizer 4.61 5.30 1.09 0.84 28.0 42.0 240.0 370.0 174.8 1075.4 64.8 110.2
SE 0.10 0.09 0.15 0.11 8.6 8.6 24.8 49.2 25.2 45.6 1.40 12.0
CD (P = 0.05) NS NS NS NS NS 25.8 74.4 148.2 78.0 140.6 NS 36.0

The effect of liming on the availability 
of nutrients in the surface soil during the 
second year and fifth year of experimentation 
is presented in Table 2. Parameters such as 
pH, organic carbon, available P and Mg ŵ ere 
not influenced by the treatments. Available 
K values were significantly improved by the 
treatments. Even the lime alone treatment 
significantly improved the availability of K 
in the soil indicating the beneficial effect of

lim ing in im proving the availab ility  of 
nutrients in the soil. Comparison of the 
second year and fifth year pH values is 
depicted in Figure 1. Three rounds of lime 
application viz. first year, third year and fifth 
year were followed during the five year 
period. Values of pH were not statistically 
significant. H ow ever, a gradation was 
noticed between the control and 100 per cent 
LR with fertilizer treatment. The values

C o n tro l F 100%  L 2 5 % L  + F 50%  L + F 75%  L + F 1 0 0 % L + F

ED 2"'* year H  5”' year F - Fertilize r L - L im e

Fig.l. Changes in pH of the surface soil
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ranged from 4.8 to 5.3 indicating that the pH 
of the soil changed from very strongly acidic 
to moderately acidic. During the fifth year, 
the pH and available nutrient status of the 
control plot also improved which might be 
due to the cultivation of the leguminous 
cover crop (Pueraria phaseoloides). When the 
canopy of rubber closes, the cover crop dies 
and large quantity of organic matter is added 
to the soil through the decomposing cover 
crop litter. Improvement in soil pH in P. 
phaseoloides established fields was reported 
by Philip et al. (2005). The content of K, Ca 
and Mg is higher in the Pueraria litter and 
the decomposition is comparatively faster 
than Mucuna (Philip et a l ,  2005). In highly 
weathered soils liming is aimed to bring the 
so il pH  to around 5.5  and red u ce the 
exchangeable Al status and improve the base 
status of the soil (Kamprath, 1970). The 
organic m atter status of the soil in the 
experimental site was in the medium range 
(K arth ikakuttyam m a et al., 2000). The 
organic carbon content ranged from 0.81 to
1.30 per cent. In general, the organic matter 
status in the rubber growing soils is very high

in the surface layers. Hence the buffering 
capacity of the soil is expected to be very 
high. In soils w ith very h igh buffering  
capacity, the pH changes through liming will 
be temporary and the pH will revert back to 
original in the long run. In this experiment, 
a pH change from 4.8 to 5.3 was achieved 
through three rounds of liming.

During the fifth year, the available P and 
K status of the so il w ere sig n ifican tly  
improved by liming. Improved availability 
of nutrients, especially the availability of P 
and K through liming was reported by many 
workers (Haynes and Ludecke, 1981; Panda, 
1999; and Sen, 2003). Application of lim p 
alone sigruficantly reduced the available Mg 
status of the soil indicating the antagonistic 
e ffec t o f excess su p p ly  of Ca on the 
availability of Mg in the soil. Similar results 
w ere rep o rted  by G rove et al. (1981), 
Edmeades et al. (1985) and Myers et al. (1988). 
The precipitation of Mg with newly formed 
aluminium hydroxide compounds may be 
the p ro bab le  reaso n  for the red u ced  
availability of Mg.

Table 3. Effect of liming on exchangeable nutrients
CEC 

(m.eq/100 g soil)
Exchangeable nutrients (m.eq/100 g soil)

Ca Mg K Al
Year of planting

2 5 2 5 2 5 2 5 2 5
Control 4.60 4.60 0.16 0.66 0.17 0.18 0.45 0.28 0.69 0.63
Fertilizer alone 4.43 4.63 0.21 0.69 0.14 0.36 0.43 0.37 0.67 0.55
100 % LR alone 5.03 4.06 1.13 1.56 0.20 0.17 0.38 0.19 0.65 0.28
25% LR + Fertilizer 4.73 4.63 0.26 0.70 0.23 0.29 0.53 0.44 0.69 ^ .6 2
50 % LR + Fertilizer 4.47 4.93 0.29 0.71 0.17 0.22 0.32 0.42 0.69 0.54
75% LR + Fertilizer 4.57 4.83 0.78 0.78 0.14 0.21 0.34 0.45 0.83 0.39
100%LR + Fertilizer 5.57 5.23 0.96 2.14 0.25 0.26 0.40 0.44 0.84 0.32
SE 0.40 1.55 0.09 0.17 0.03 0.02 0.06 0.04 0.10 0.08
CD (P = 0.05) NS NS 0.29 0.37 0.10 0.05 NS 0.09 NS 0.17
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Fig. 2. Changes in exchangeable C a in the surface soil

E ffect of lim in g  on the exch an ge 
properties of the soil during the second and 
fifth year of the experiment is presented in 
Table 3. Cation exchange capacity of the soil 
w as p o sitiv e ly  in flu en ced  by lim e 
application. However, the effect was not 
statistically significant in both the sampling 
periods. Liming significantly improved the 
exchangeable Ca status of the soil (Table 3, 
Fig. 2). Exchangeable Mg was reduced by 
the application of lime. In this experiment, 
the source of lime was powdered shell lime

(calcium hydroxide) and excessive supply of 
Ca reduced the availability of Mg in the soil. 
L im ing th rou g h  d olom ite  (ca lciu m  
m agnesium  carbonate) may be the best 
alternative, especially, for a crop like rubber 
where Mg is important and included in the 
fertilizer schedule in the immature phase. 
Exchangeable Al content of the soil sampled 
during the second year, i.e. with one round 
of lim ing, was not influenced by lim ing 
(Table 3, Fig. 3).

0.8

0.6

IliULL
C o n tro l F 100%  L 25%  L+ F  50%  L+ F 75%  L+ F  100%  L+ F

E3 2"" yea r ■  5* year F - Fertilize r L - L im e 

Fig. 3. Changes in exchangeable Al in the surface soil
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During the fifth year, i.e. after three 
rounds of liming, the exchangeable Ca and 
K statu s of the so il w ere s ig n ifican tly  
improved (Table 3). The exchangeable Mg 
status of the soil was reduced by lime alone 
treatm ent. At the sam e tim e, lim e and 
fe r t il iz e r  tre a tm en ts  im p ro v ed  the 
exchangeable M g status compared to the 
control but was slightly low compared to 
the fertilizer alone treatment. Exchangeable 
A1 content in the soil was significantly  
reduced by lime alone or lime at 75 per cent 
or 100 per cent LR plus fertilizer treatments 
(Fig. 3). Studies have shown that liming to 
pH 5.5, particularly in highly weathered 
soils where exchangeable A1 is neutralised, 
im proves crop p ro d u ction  (Evans and 
Kamprath, 1970; Reeve and Sumner, 1970).

L eaf n u trien t co n cen tra tio n  was 
assessed during fifth, sixth and seventh year 
of experim entation to study the effect of 
liming on the nutrient balance in the plant 
system. Application of lime increased the

leaf Ca concentration and the effect was 
statistically significant during the seventh 
year of the experiment (Fig. 4).

Liming improved the growth of plants. 
Statistically significant positive effect on 
girth of plants was recorded from fifth year 
of experimentation. Growth of plants in 
lim e alone or lim e in com bination w ith 
fertiliz er treatm en ts w ere found to be 
significantly  superior to control plants. 
Lime alone treatment was found to be as 
good as fertilizer alone treatment during the 
fifth year indicating the beneficial effect of 
liming in these acid red ferruginous soils. 
During the seventh year, liming at 100 per 
cent LR in combination with fertilizer was 
s ig n ific a n tly  su p erio r to  lim e a lo ne 
application indicating the beneficial effect 
of liming in improving the availability of 
nutrients supplied through fertilizers in 
these acid soils. The pH of the soil changed 
from very strongly acidic to m oderately 
acidic favouring the availability of native as

♦  5“' year —■— 6"’ year —A — 7"' year

F - Fertilizer L - Lime

Fig. 4. Effect of liming on Ca concentration in the leaves

..■......... .
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well as applied nutrients. During the fifth 
year, the available P and K status of the soil 
was significantly improved by liming. Lime 
alone application significantly reduced the 
available Mg status of the soil indicating 
antagonistic effect of excess supply of Ca on

the availability of Mg in the soil. Liming 
significantly improved the exchangeable Ca 
status of the soil. Exchangeable Al content 
in the soil was significantly reduced by lime 
alone or lime at the 75 per cent LR or 100 per 
cent LR along with fertilizer treatments.
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