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MOVEMENT OF APPLIED PHOSPHORUS IN 
RUBBER (HEVEA BRASILIENSIS) GROWING SOIL

Phosphorus, unlike nitrogen and potas­
sium is generally considered to be immobile 
in soil. Crop removal of P is low, and the uti­
lization of surface-applied P by the crop de­
pends on the extent of its translocation to the 
root zone (Malhi et al., 1992). In the acid soils 
of the traditional rubber(Heoea brasiliensis) 
growing areas of India, P fixation is reported 
to be high due to the presence of large pro­
portion of Fe and Al oxides and hydroxides 
(Karthikakuttyamma et a l ,  1991). Hence rock 
phosphates are recommended as the major 
phosphorus fertilizer for Hevea. Phosphorus 
in rock phosphate is water insoluble, and is 
reported to be slowly available under the 
acid pH of rubber growing soils (Khasawneh 
and Doll, 1978; Syamala et ah, 1999).

Surface broadcasting in between two 
rows of trees is the general method of fertil­
izer application in mature rubber planta­
tions. There are conflicting reports about the 
movement of surface-applied P into the sub­
soil. Guertal et a/. (1991) studied the P reten­
tion characteristics of Ohio soils cultivated 
with corn and reported that P accumulates 
in the surface layer of non-tilled soils. Fer­
tilizer P applied to an acidic, medium tex- 
tured soil cropped with Timothy grass for 26 
years could penetrate into the subsoil even 
when applied at low rates, and the rate of 
translocation was related to the rate of P ap­
plication (Richards and Belanger, 1989). On 
black chernozem soils of Alberta, most of the 
surface-applied P could be recovered from 
soil as extractable P remained in the top 
5 cm layer, and the depth of movement in­
creased with P application rate, but no P was 
recovered below 15cm (Malhi et a l ,  1992). In 
oxysol under arecanut, annual application of 
superphosphate enriched subsoil P level up 
to 1 m  depth (M ohapatra, 1991). W hite 
(1996) studied the effect of surface-banding 
on the m ovem ent of P into a Vienna loam 
soil and observed rapid downward move­
ment of P in the field. However in compacted

laboratory columns, most of the applied P 
was retained in the upper 4cm segment. The 
present study was xanctertaken to quantify the 
availability of P at different depths of the soil, 
in a mature rubber plantation, at fixed time 
intervals after P fertilizer application.

An experiment was conducted using 
PVC columns, 60cm long and 8 cm diameter. 
Sixteen colimins were filled with a sandy clay 
loam soil from a mature rubber plantation 
in Koney Estate, Kerala State. The soil was 
sampled depth-wise and filled in the proper 
depth order into the columns. Considering 
20 per cent of the area as the effective area of 
fertilizer application, rock phosphate at the 
rate of 30kg P̂ Ô . per ha (420mg/kg soil) was 
applied  on the top of the so il colum n. 
Deionised water was added from the top to 
maintain the soil moisture at field capacity. 
Four columns each were withdrawn on 5,10, 
15 and 30 days after fertilizer application. 
The columns were segmented at every 10cm, 
soil samples collected, processed and ana­
lyzed for available P by Bray II method (Bray 
and Kurtz, 1945).

Soil samples were collected from two 
field experiments, on rate of P application in 
mature rubber, conducted in sandy clay loam 
soils belonging to the ultisol order. Experi­
ment 1 located at Koney Estate, Koney, in 
Pathanamthitta district in Central Kerala was 
initiated in 1986 and the treatments were 
applied continuously for 14 years. The treat­
ments included four levels of broadcast ap­
plication of PjO j, viz., 0 ,1 5 ,3 0  and 45 kg per 
ha with five replications in a randomized 
block design. Experiment 2 located at Boyce 
Estate, Mundakayam, in Kottayam district 
in Central Kerala was initiated durirtg 1997 
and the P treatments were supplied for 4 
years. Treatments included five levels of 
broadcast application of P̂ Ô  viz., 0 ,1 0 , 20, 
30 and 40 kg per ha, replicated four times in 
a randomised block design.

Soil sam ples w ere collected during
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2000, at four depths viz., 0-10, 10-30, 30-45 
and 45-60cm, once before and three times 
after (15, 30 and 60 days) fertilizer applica­
tion from the two field experimerits and 
analysed for available P using Bray II extrac­
tant (Bray and Kurtz, 1945). The extracted 
P was estim ated on a spectrophotom eter 
u sin g  m o ly b d o p h o sp h o ric  b lu e  co lor 
method.

Table 1 shows the quantity of available 
P in m g per lOOg, recovered  from  soil 
samples at different depths of the column at 
definite intervals of time. The results show 
that most of the applied P was concentrated 
in the O-lOcm depth of the column, even af­
ter 30 days. Compared to initial samples (be­
fore fertilizer application), significant in­
crease in available P was observed at all 
depths of the column as a result of fertilizer 
application. The quantity of available P re­
covered decreased significantly down the 
column up to a depth of 40cm. In the surface 
layers, highest availability was observed 5 
days after application, whereas in deeper 
layers, i.e, below 20cm, availability increased 
up to 15 days and decreased thereafter prob­
ably due to the precipitation of Pby iron and 
aluminium oxides and hydrous oxides.

Table 1. Available P(mg/100g) at different depths of 
the column, at different time intervals after 
fertilizer application

Table 2. Fertility status of the experimental fields

Depth (cm) Days
0 5 10 15 30 Mean

0-10 2.27 10.03 6.06 7.03 6.35 5.08
10-20 1.02 3.97 2.22 2.53 3.18 2.60
20-30 0.79 2.10 1.26 1.24 1.03 1.28
30-40 0.38 0.63 0.69 0.80 0.53 0.61
40-50 0.29 0.57 0.60 0.70 0.48 0.53
50-60 0.15 0.57 0.55 0.79 0.40 0.49
Mean 0.82 2.88 1.90 2.17 2.00

Location OC (%) pH Av.P Av.K Texture
(mg/lOOg soil)

Koney estate 1.25 4.94 1.51 12.35 scl
Boyce estate 1.43 4.60 1.07 6.95 scl

CD (P< 0.05) for days = 0.27; depth = 0.29; 
days X  depth = 0.66

Fertility status of the two experimental 
fields is shown in Table 2. In both the areas, 
soil was acidic in reaction and showed sandy 
clay loam texture. Organic carbon, available 
P and K were in the medium range.

scl: sandy clay loam

Available P recovered from different 
depths of the soil at varying intervals of time 
and levels of application in Experiment 1 is 
shown in Table 3. Compared to initial val­
ues, significant increase in available P was 
observed at all the three levels of applied fer­
tilizer in the O-lOcm depth, but among the 
levels no significant difference was observed. 
Though marginal increase in available P was 
noted after 30 and 60 days of fertilizer appli­
cation, the increase was not significant. Only 
P application at 45 kg P^Ô  per ha showed 
significant change in available P at 30 days, 
which was m aintained upto 60 days also, 
while the lower levels had no such effect.

A sharp decrease in available P content 
was observed at 10-30cm depth compared 
to the O-lOcm layer. In the control plot, the 
available P decreased from 2.22 mg to 0.80 
mg per 100 g. The same trend was observed 
in the fertilizer applied plots also. However, 
all the three levels of applied  fertilizer 
showed significant increase in available P 
compared to control, but were statistically on 
par. At this depth, significant increase was 
noted only at 60 days from  application. 
Among levels, 30 kg P^Oj. per ha showed sig­
nificant increase in available P at 60 days and 
45 kg P^Oj per ha at 30 days after fertilizer 
application. This is in agreement with the 
earlier reports by Richards and Belanger 
(1989) and Malhi et fl/.,(1992) that translo­
cation of P is higher at higher rates of fer­
tilizer application.

Further decrease in available P ̂ a s  ob­
served at 30-45cm depth. In the control plot, 
the value diminished to 0.34 mg per lOOg and 
the same trend was observed in the fertil­
ized plots also. At this depth, levels of fertil­
izer application and period of sampling had 
no effect on available P content. No signifi-
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T he  quantity of available P recovered S T d S o S r n ^ ^ r r ^  observed after 15 
from different layers of the soH at varvin o- of fertilizer application, this was
intervals of tim e in Experim ent 2^̂ ^̂  ™  « a ^ e d a t 6 0 d a y s .  A t45-60cm depth,
shown in Table 3. Significant increase in menf^d’ S
available P content in O-lOcm layer was ob- we^e not significant,
served in plots, which received 20 30 and mpnf ^   ̂ ^ experi-
40 kg Pp,/^ha whereas 10 kg A a  waS on T ar S e n  '  In
with control. Significant increase in P a v L  avtn hi ?  though increase in
ability was observed from 15 days itself for most of the p noticed,
all levels of P application, unlike in the case th fo  Î Or̂  1 ^  concentrated in
of Experiment 1 where such effect was ob- P In the low mobility of
served only at 30 days ’ experiments also, applied P

R ed u ctio n  in  P a v a ila b ilitv  w a . ? T  only up to 30cm and major
observed in the 10-30cm layer compared to 0 l o J ^  1 ^^aHable P remained in the 
O-lOcm layer of the soil as with th^case in thp . “  ^  <̂ ŝe of mature rubber
Experiment 1 . C o m p a r e ? J f t  t^eV ont J  ^  f  ̂  concentrated in the sur-
a p p lica tio n  o f 30 and 40 k e  P O /ha reported that the
significantly increased the avaUabl P coAtent a t ^ S  l f c m T ' ° "  ^^S^er
at this depth from 15 days onwards while in r f . ^  ^ en ce the
and 2 0 ^ s / h a  „e /e  Z " ta T u  o S le lcontrol. lo or 1 trom applied sources and this m ay be

The recovery of available P was further ^®^®ons for the adequate P nutri-
reduced at 30-45 cm depth and no signifi- soik ^  ^
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