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INTRODUCTION



INTRODUCTION

Natural Rubber which has multifarious uses in the daily

life of man is nature's one of the most versatile industrial -raw

a

materials. Hevea brasiliensis MUELL-ARG., commonly called- the

Para rubber tree produces 99 per cent of the world's natural
rubber (George et al. 1980). Rubber is predominantly grown in

countries enjoying a tropical climate.

In India, commercial cultivation of rubber was started in
Kerala in 1902. It's cultivation was later extended to parts of
Tamil Nadu and Karnataka states and gradually to the Andaman and
Nicobar islands. Subsequently it was introduced to the North-
Eastern states and to the states of Andra Pradesh, Maharastra,
Orissa and Goa. The area under rubber cultivation in India by
the end of 1991-92 was 4.5 lakh ha(Rubber Board, 1991). The
production of natural rubber during the period 1991-92 was
3.7 lakh tonnes (All India Rubber Industries Association{ 1992).
Now, about 85 per cent of the total area under fubber cultivation
is in Kerala State and the three South Indian States viz: Kerala,
Tamil Nadu and Karnataka jointly acéount for 92 per cent of the

total area (Rubber Board, 1991).

The per hectare productivily of the crop increased from 284

kg ha_l'in 1950-51 to 1075 kg ha_l in 1990-91 (Rubber Board,
1991). This has been achieved through the use of high yielding

clones and by the adoption of scientific cultivation practices.
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increasing side by side at a fast rate. However, duriing the last
few years consumption used to overtake domestic production and
this necessitated import of natural rubber to the tun2 of
about 30,000 tones a year (Rubber Board, 1991). With a view to
increasing production, attempts are being made to extend rubber
cultivation to more areas in the non-traditional tracts. It is
equally or even more important to increase total production by
enhancing the productivity in traditional areas which are
ideally suited for rubber cultivation. The productivity can be
increased by planting high yielding clones as well as by
scientific cultivation practices. The former takes ccnsiderable

time while the latter can be achieved in a shorter period.

Scientific manuring is an important agro-management
practice by which yield of rubber trees can be improved in a
relatively short period. Work done by the Rubber Researcﬁ
Institutes of Malaysia, Sri Lanka and India have clearly
established the need for scientific manuring for maximising the

yield of rubber.

The present general recommendation for rubber under tapping
is 30 kg each of N, P05 and K30 ha ! yrt. But reports from w
elsewhere indicated that rubber responded to higher levels of
fertilizers. However, experimental evidences are few under Indian
conditions to support this. So there is need for increasing the

per hectare productivity of rubber with higher levels of N,P and

K fertilization.



Investigations on the inter-relationship of nutrients and
the intraction between soil, leaf and latex nutrients are likely
to give important clues for scheduling fertilizer application.

Such studies of a comprehensive nature are very much limited.

The present study has been conducted in three locations.
Kulasekharam represents Tamil Nadu and Balussery represents North
Kerala and Karnataka. Thodupuzha represents the middle belt of
Kerala where rubber is extensively cultivated. Hence the trial
has been located in such a way as to represent three agroclimatic
regions to cover almost 92 per cent of the rubber growing area in

the country.

Since, rubber is a perennial crop)and destructive sampling
is neither feasible nor possible,the need for soil/tissue
analysis is felt very much for scheduling fertilizer application.
Hence an attempt is made to identify the material to be analysed

to determine the requirement of nutrients.

Hence the investigation is carried out with the following

objectives. o
(1) To assess the response to nutrient applications on growth
characters, yield and latex flow characteristics.

(2) To determine the inter-relationship between soil and plant

nutrients on yield.



(3)

(4)

(5)

To

in

To

To

ascertain the relative response to nutrient applications

different agroclimatic situations
make economic analysis of manuring

identify the specific material for nutrient diagnosis.
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/ 2 REVIEW OF LITERATURE

The present study involves investigations of applied
nutrients on growth, yield, latex flow characteristics and
nutrient concentrations in soil, leaf and latex of rubber. In
order to obtain maximum benefits from nutrients applied through
ﬁgrtilizer, the interaction between various nutrients and the
inter-relationship among different plant and soil characters have
to be clearly understood. The present state of knowledge on

these aspects is reviewed here.

231 Effects of applied nutrients

Application of N,P, K and Mg have been found to influence
various growth and yield characters, latex flow characteristics

and nutrient status of soil, leaf and latex.

Z;l.l Effect of nutrients on growth

The effect of applied nutrients on various growth
characters of rubber viz., girth, girth-increment, bark
thickness, rate of bark renewal and leaf litter addition reported

by different workers are reviewed.

Jeevaratnam (1965) reported that adequate nourishment
implies a situation where none of the essential nutrients for
plant growth is allowed to become a factor limiting growth at any
stage of the plant's life history. A mature stand of rubber

producing about 1400 kg rubber ha T yr—'l requires 39 kg N,



8 kg P,0., 34 kg K,0 and 11 kg MgO for growth alone annually

(Rubber Research Institute of Malaya, 1972).

Owen et al. (1957), Rubber Research Institute of Malaya
(1965b), Potty et al. (1980) and Rubber Research Institute of Sri
Lan%g_(l983) reported that manuring improved the girth of Frees
under tapbing. The beneficial effects of manuring on girth
increment of trees were reported by Rubber Research Institute of
Malaya (1940), Owen et al. (1957), Mainstone (1969) and

Pushparajah and Haridas (1977).

Dijkman (1951) emphasised that when nutrients were 1in
deficiency the bark development especially regeneration of tapped
bark was affected. Plants receiving complete nutrients gave more

Sawmsiday BTE .
bark thickness (Eamzah et al. 1975). Reports of Rubber Research
Institute of Malaya (1940) indicated that the effects of manures
upon bark renewal were appreciable. Owen et al. (1957) and

Pushparajah (1969) indicated that adequate manuring was necessary

for the proper renewal of tapped bark.

2.1.1.1 Nitrogen

George (1963) reported that the response iﬁ girth to
application of N increased with age of the tree. Rep&rts of the
Rubber Research Institute of Malaya (1965a, 1965b and 1971c)
indicated that there was significant response in girth to
application of N fertilizers. Shortage of N resulted 1in poof

tree growth. Rubber Research Institute of Sri Lanka (1983) and
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Sivanadyan and Gandimathi (1985) emphasised that N fertilizers
improved the girth of trees. Dissanayake and Mithrasena (1986)
obtained increased stem diameter by application of medium levels
of N. Reports of the Rubber Research Institute of Sri Laﬁka
(1986 and 1987) revealed that girth increment over an eleven year

period gave significant response to N.
+

Owen et al. (1957) reported that the effect of N on girth
and girth increment became more and more noticeable with
time. Bolton (1964) and Kalam et al. (1980) obtained

increased girth and girth increment from application of N

fertilizers. Potty t al. (1980) reported that increasing

the level of N from 30 to 60 kg hé—l improved girth and
girth increment of rubber trees. Pushparajah et al. (1983)
noticed small responses in girth increment from N application.
Sivanadyan (1983) obtained positive responses in girth to N
.

applications in a set of five experiments. Clone GT1l gave good
girth increment to N manuring. Yogaratnam and Weerasuriya
(1984) reported positive response in girth to N applications.
irth increment over an eight year period was very marked with
12 and 24 per cent increases for first and second levels of N
application. Report of the Rubber Research Institute of Malaysia

(1976) indicated that application of N increased the amount of

leaf litter returned annually to the soil.



2.1.1.2 Phosphorus

George (1963) reported that the main response in growth of
mature rubber was for P applicétion. Pushparajah et al. (1977)
observed that P fertilizers were required for’maximum groth of
Hevea trees. Significant response in girth to application of P
was observed by Rubber Research Institute of Malaysia (1978),
Pushparajah et al. (1983) and Rubber Research Institute of Sri

Lanka (1983). Owen et al. (1957) obtained significant and

positive girth increment from application of P fertilizers.
Bolton (1964) reported that application of P as rock phosphate

increased both girth and girth increment of trees in Malaysia.

2.1.1.3 Potassium v

Bolton (1964) and Guha and Puéhparajah (1966) obtained
positive response in girth and girth increment from application
of K fertilizers. Reports of the Rubber Research Institute of
Malaya (1971a and 1971b) indicated that lack of K resulted in
poor girth. Application of K improved girth and girth increment.
Potassium also encouraged good regeneration of bark and helped in
maintaining healthy trees. Pushparajah et al. (1974) observed
that K is important for good bark renewal. When fertiliser was
withheld for a vyear or two the bark renewal during the period
Was poor. . Reports of the Rubber Research Institute of Sri Lanka
(1983, 1986 and 1989) indicated that application of K improved
girth and girth increment of trees. Only medium levels of

applications were required.



Owen et al. (1957) reported that there was no response in
growth to K in most trials and negative effect was noticed in

some cases. Punnoose et 1. (1975) and Kalam t l. (1980)

— — — ——

observed that higher levels of K depressed growth. There Qas
relatively no response to K in growth (Pushparajah et al. 1983).
Weerasuriya and Yogaratnam (1988) reported that only moderate
levels of K were required for growth. At higher levels of

application, K retarded growth.

2.1.1.4 Magnesium
~

Bolton and Shorrocks (1961) and Shorrocks (1965c) reported
that application of magnesium lime stone increased the growth
rate of rubber trees. Guha and Pushparajah (1966) obtained 8.5
to 14.3 per cent increased girth from Mg application. Reports of
the Rubber Research Institute of Malaya (1969a and 1969b)
indicated that Mg incorporation in fertilizer mixtures dgreatly
improved growth. Where Mg deficiency occurred application of Mg
fertilizers was found to increase rate of girth increment.
Pushparajah et al. (1983) observed small responses in girth
increment to Mg application. Report of the Rubber Research
Instiéute of Sri Lanka (1987) indicated that application of
moderate levels of Mg significantly increased girthing.

Weerasuriya and Yogaratnam (1988) also obtained significant

increases in girth of trees from Mg application.



2.1.1.5 Nutrient interactions on growthv/

Owen et al. (1957) obtained both positive and negative NP
interactions of applied nutrients on growth in independent
experiments. A positive NK interaction was also noticed in some
cases. They also emphasised the importance of PK and NPK
interactions on growth. Bolton and Shorrocks (1961) observed
positive NP interaction and George (1963) obtained positive NK
interaction on girth of trees. Reports of the Rubber Research
Institute of Malaya (1971a and 1971b) indicated that, if K
status of tree were low, application of N alone could depress
growth. In such cases further increase in growth could be
achieved by applying N in combination with K. It was also
reported that in some situatiéns growth of trees could be further
increased by application of K in the presence of N than when
applied alone. Yogaratnam and Weerasuriya (1984) obtained
significant interaction between K and Mg on girth increment over

a period of seven years.

It is seen that complete manuring in many cases improved
girth of trees under tapping. Manuring was also important for
regeneration of the tapped bark and when nutrients were in
deficiency bark development was affected. The girth and girth
increment of the tree were improved by application of N

fertilizers. Application of N also enhanced leaf production.

Application of P had very favourable effect on girth and

girth increment of the tree. Application of K while improving
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the girth and girth increment was also important for bark
development. Regeneration of bark was affected when the supply
of K was limited. However, higher levels of application of K
depressed growth in some cases. When soils were low in Mg, its

application enhanced the growth of trees.

2.1.2 Effect of nutrients on latex flow characteristics
A

Pushparajah et al. (1975) opined that K has important role
on latex flow characteristics and stability of latex.
Pushparajah (1977) reported that K generally had the largest
effect on latex flow both in terms of flow rate and yield.
Nitrogen, while increasing yield and duration of flow, did not
affect the average rate of flow. When excessive levels of P or
Mg were applied, the flow rates were also reduced. Pushparajah
(1981) observed that when Mg levels were increased by regular
application of Mg on soils particularly low in K, early plugging
or high plugging index resulted. Yeang and Paranjothy (1982)

reported that Ca and Mg were associated with high plugging index.

2.1.3 Effect of nutrients on yield
~

Beaufils (1957) reported that each of the elements N,P,K,
Mg etc., can become a direct limiting factor for production in

rubber if the supply is limited.

pu——

Report of the Rubber Research Institute of Malaya (1940)

indicated that in a set of seven experiments the increase in
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yield from manuring ranged from 10 to 25 per cent. Guha and
Pushparajah (1966) obtained 22 per cent increase in yield from
combined application of N, P and K in Mglaysia. Application of N
and P gave 17 per cent and P and K 13 per cent increase in yield.
Reports of the Rubber Research Institute of Ceylon (1966) ;nd
Pushparajah and Haridas (1977) indicated that NPK manuring
significantly increased yield. When trees were manured yield
increases of 90 to 350 kg ha_—l yr~ % were obtained (Rubber

Research Institute of Malaya, 1967).

Beneficial effects of manuring on yield were also reported
by Pushparajah (1969), Pushparajah et al. (1973), Potty et al.
(1980), Rubber Research Institute of Sri Lanka (1988 and 1989)

and Mathew et al. (1989).

Report of the Rubber Research Institute of Malaya (1969a)
stressed that the nutrients in the fertilizer mixture must be
balanced and in harmony with the trée's requirement. Guha et al.
(1971) emphasised that optimum growth and yield can be expected
only by such balanced nutrition and not by the indiscriminate
application of fertilizers. In fact, indiscriminate application

has often been found to depress yield instead of improving it.

Best results from fertilizer applications could be obtainéd
if fertiliser application is considered as a long term policy
(Rubber Research Institute Malaya, 1940). Owen et al.(1957) also
opined that for mature rubber, NPK manuring is necessary on a

long term basis.



13

2.1.3.1 Nitrogen
-

Owen et al. (1957) obtained response in yield to
application of N in 16 out of 17 experiments. Reports of Rubber

Research Institute of Malaya (1965a and 1971c) indicated that

application of 30 kg N ~ha is justifiable. A shortage of N,

besides leading to poor growth of rubber, also causes significant
depression in yield. Application of N increased yield by 8 to 16

per cent over control.

.

George (1962), Guha (1975), Punnoose et al. (1975), Potty
et al. (1976) and Angkapradipta et al. (1986) obtained response
in yield to application of N. Reports of the Rubber Research
Institute of Sri Lanka (1983 and 1987) also indicated similar

results.

Sivanadyan (1983) reported that the response to N
application was positive and increased with time. A maximum of
26 per cent increase in yield was observed. Yogaratnam and
Weerasuriya (1984) obtained response to higher levels of N
application and the response became more marked with time.
Report of the Rubber Research Institute of Sri Lanka (1986)
indicated significant linear response in yield to N application.
Yield increased significantly by 13 per cent when the first level
of N was given. A further increase by 7 .per cent was obtained
when the level of N was increased. These responses were observed
for several years indicating that the rubber tree requires

continuous application of N.
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2.1.3.2 Phosphorus
-

Owen et al. (1957) observed response in yield to P
application in many field trials. Punnoose et al. (1975)
reported that when soil P was low response 1in yield.to
application of P was generally obtained. Similar results were
obtained by Potty et al. (1976) also. Pushparajah et al. (1976,
1977 and 1983) opined that most soils were found to give response
to P application and that P fertilizers were required to maximize

yield of Hevea.

Yogaratnam and Weerasuriya (1984) obtained increased yields
from application of P fertilizers in several field trials. Yield
increases of 19 to 22 per cent were observed from virgin panel.
Responses from renewed panel were mostly below 10 per cent.
Mathew et al. (1989) reported that response in yield to P
application was noticed where there was legume ground cover

during the immature phase.
2.1.3.3 Potassiumv/f

Owen et al. (1957) reported both positive and negative
" responses in yield when K alone was given. Reports of the Rubber
Research Institute of Malaya (197la and 1971b) emphasised that
Potassium, one of the two important nutrients required by mature
rubber was needed for enhancing yield and for maintaining healthy

trees. Lack of K resulted in poor growth and reduced yields.

Correct application of K fertilizers increased yields in the
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range of 20 to 30 per cent. Pushparajah et al. (1983) obtained

positive response in yield to application of K.

Guha (1975) stated that the response in yield to K
application started from the first year of experimentation which
became more pronounced during subsequent years. The first level
of K was better than the second level. Angkapradipta et al.
(1986) observed gquadratic response to application of K. Reports
of the Rubber Research Institute of Sri Lanka (1986 and
1987) indicated that application of K at first and second levels
increased yield over control. The first level of application gave
9 per cent increase in yield while the second level gave 15 per
cent increase over control. Another report of the Rubber Research
Institute of Sri Lanka (1989) revealed response only upto medium

level of K application.

Potassium has a pfonounced positive effect on bark quality
and latex stability and ultimately resulted in increased yields
(Rubber Board, 1984). Yogaratnam and Weerasuriya (1984) obtained
significant increase in yield from K application. The mégnitude
of this response was higher in the virgin panel ranging from 17
to 33 per cent in comparison with 13 to 18 per cent in the

renewed panel.

John (1967) obtained significant response in yield to
applied K at low and medium levels of soil K. No response was
noticed at higher levels of soil K and negative response at very

high levels of soil K. Punnoose et al. (1978) reported that when
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soil Mg was very high there was response in yield to K upto 100

kg K20 ha 1l of application. Mathew et al. (1989) observed that
response in yield to appiication of K was pronounced where there

was legume ground cover during the immature phase.

2.1.3.4 Magnesium
i

Bolton and Shorrocks (1961) reported significant responses
to application of Mg. The response increased with time. An
increase of upto 14 per cent in yield was obtained. Reports of
the Rubber Research 1Institute of Malaya (1969a and 1969b)
indicated increase in yield from application of Mg. Guha (1975)
also obtained responses in yield from application of Mg

fertilizers.

Guha and Pushparajah (1966) reported that application of Mg
though increased girth, did not result in corresponding increase
in yield. Application of high levels of Mg added to trees of low
P or K status may result in unstable lattices and precoagulation
and hence lowering of yields, (Rubber Research Institute
Malaya 1969a and 1969b and Rubber Research Institute Sri Lanka,
‘1987). Yogaratnam and Weerasuriya (1984) reported that
application of Mg should be withheld when leaf Mg was already

high.
2.1.3.5 Nutrient interactions on yieij

Owen et al. (1957) reported occurrences of NP and PK

lnteractions in some cases and NPK interaction in a few cases for
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yield of rubber. Response in yield to N was obtained only in the
presence of added K. Reports of the Rubber Research Institutes of
Malaya (1958) and Ceylon (1966) indicated similar positive NK
interactions. If K status of the tree is low, application of N
alone could depress yield and in such cases increase in vyield
could be achieved by applying N in combination with K (Rubber
Research Institute Malaya, 1971b). Pushparajah (1977) also
obtained positive NK interactions. However, Potty et al. (1976)

reported negative NK interactions for yield.

George (1962) observed significant positive NP and NPK
interactions in yield. Significant PK and NPK interactions were
reported by the Rubber Research Institute of Malaya (1965a).
Reports of the Rubber Research Institute of Malaya (1969a)
indicated that application of excess Mg when the Mg status of the
tree was already satisfactory, depressed K uptake and its

relationship to N content in the tree was disturbed and again the

yield was depressed.

Further reports from the Rubber Research Institute of
Malaya (1971a and 1971b) indicated that K acted
antagonistic to N, thus depression in yield resulting from excess
application of N could be corrected by the use of K. Potassium
played a role in balancing excess Mg in the tree, thus
influencing latex stability and precoagulation situations.
Potassium thus corrected the adverse effects of excess Mg and

improved yield.
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Guha (1975) obtained negative NP interaction for yield.
Sivanadyan (1983) reported that the response in yield to N
application was enhanced by K and Mg applications. While the
Rubber Research Institute of Sri Lanka (1983) reported negat;ve
PK interaction, positive interaction was obtained by Yogaratnam

and Weerasuriya (1984). A negative PMg interaction was reported

by Mathew et al. (1989).

The literature cited above stressed the need to consider
manuring of rubber as a long term policy. Balanced manuring is
important for optimum yields and indiscriminate manuring reduced
yields. Manuring in general increased yield by 10 or 25 per
cent. The need for continuous application of N is indicated.

The response became more marked with time.

Most soils responded to P applications especially when soil
P was low. Response was greater when the tree was being tapped on
virgin panel than on renewed panel. Chances of response to P
were greater when there was legume ground cover du;ing the
immature phase. The responses obtained for K application in many
cases were qguadratic. Application of K appeared to have a
pronounced benefic%al effect on bark quality and latex stability
which wultimately resulted in better yields. The response to K
also was better on the virgin panel. When soil K levels were

high, responses were less.

The response to Mg was less fréquent compared to other

Mutrients. When in excess, Mg tended to induce precoagulation of
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latex in the tree and yields were reduced. The interactions of

various nutrient on yield were important.
2.1.4 Effect of applied nutrients on soil nutrient stiﬁgs

Pushpadas et al. (1972 and 1978) reported that application
of fertilizers increased the level of the respective nutrieits in
soil. The continued use of chemical fertilizers have beeu Lound
to influence ‘the chemical composition of soil (Rubber Research

Institute Malaysia, 1976).
2.1.4.1 Nitrogen //

Bolton (1960) and Pushpadas et al. (1972) reported that
application of N reduced the status of exchangeable K, Ca and Hg
in soil. Reports of the Rubber Research Institute of HMalaysia
(1976) showed that the application of N fertilizers increased the
level of organic carbon in soil and reduced the exchangeable
bases like K, Ca and Mg. The reduction in exchangeable K, Ca and
Mg subsequent to application of N fertilizers was also reported

by Pushparajah (1977), Pushpadas et al. (1978) and Dissanayake

and Mithrasena (1986).
2.1.4.2 Phosphorus

Bolton (1960) reported that application of rock phosphate
increased available P and exchangeable Ca of soil. Application
of rock phosphate lead to accumulation of soil Ca (Ppshapafajah,

1966). Reports of Pushpadas et al. (1972) and Rubber Research



Institute of Malaysia (1976) indicated that application of rock
phosphate increased available P and exchangeable Ca and Mg 1in
soil. Pushparajah (1977).and Pushpadas et al. (1978) observed
that continued use of rock phosphate lead to the build up of
available P and Ca in soil. Dissanayake and Mithrasena (1986)
also observed increased Ca status of soil from rock phosphate

application.
2.1.4.3 Potassium
7

Application of K increased the exchangeable K status of
soil (Bolton 1960, Pushpadas et al. 1972 and Rubber Research
Institute Malaysia, 1976). Pushpadas et al. (1978) reported
that application of K fertilizers significantly increased the
available K of soil. It also depressed the available Mg of soil.
Increase in the exchangeable K status of soil from K application
was also reported by Lau (1979) and Dissanayake and Mithrasena
(1986).
2.1.4.4 Magnesium

/

Bolton (1960) and Bolton and Shorrocks (1961) reported that
the Mg content of soil was increased by application of Mg
fertilizers. Increase in the exchangeable Mg content of soil
from application of Mg were reported by Guha and Pushparajah
(1966) and Yogaratnam and Weerasuriya (1984). bissanayake and
Mithrasena (1986) observed gradual increase in the Mg content of

Soil from continuous application of Mg fertilizers.
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It is seen that application of fertilizers generally
increased the soil level of the nutrient carried by them. It is
also observed that the application of one nutrient either
enhanced or reduced the availability of other nutrients. This
points to the importance of a multivariant approach in fertilizer

application for rubber.
2.1.5 Effect of applied nutrients on leaf nutrient contents

Shorrocks (196la) reported that application of-P,K and Mg
fertilizers increased the leaf contents of the respective
nutrients. Shorrocks (1964 ) also noticed that N and K
fertilizers increased N and K contents of leaf respectively.
Increases in the leaf nutrient contents were observed by Nasution
et al. (1985) from application of manures. Yogaratnam and De Mel
(1985) obtained higher leaf N,P and K nutrients subsequent to

application of fertilizers containing these nutrients.

2.1.5.1 Nitrogen

‘

Application of N ferfilizers increased the N content of
leaf while the K and Ca contents were reduced (Shorrocks 1960,
1961a and 1961b). Shorrocks 1962 and 1964 . also reported
increases in leaf N content from application of N fertilizers. A
consistant linear response to applied N on leaf Ca seemed to
Suggest that Ca status of Hevea plants could be

monitored by applied N and this may be considered important in

Hevea nutrition as precoagulation of latex in mature
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rubber trees due to excessive Ca in the tree is known (Southorn

and Edwin, 1968).

Pushpadas et al. (1972) reported that N application did not
affect leaf nutrient contents. Pushparajah et al. (1953)
observed onlf small increases in leaf N from application of
fertilizers. Pushpadas et al. (1978) reported that application
of N depressed leaf Ca contents. Increases in leaf N and
reduction in K contents consequent to application of N
fertilizers were reported by Kalam et al. (1980), Sivanadyan
.(1983) and Yogaratnam and Weerasuriya (1984). Yogaratnam and De
Mel (1985) reported that N fertilizers increased leaf N, but did
not affect P and Mg contents. Application of N increased leaf
N, but depressed Ca contents (Dissanayake and Mithrasena, 1986).
Xu Nengkun et al. (1986) observed that N fertilizers while

increasing the leaf N contents depressed the K and Mg contents.
2.1.5.2 Phosphorus

Increases in the P content of leaf from application of P
fertilizers were reported by Shorrocks (1962), Pushpadas et al.
(1978), Yogaratnam et al. (1984) and Yogratnam and Weerasuriya
(1984). Bolton and Shorrocks (1961), Shorrocks (1961b) and
Pushparajah (1969) observed that application of rock phosphate

increased both P and Ca contents of leaf.

Reportas of the Rubber Research Institute of Malaysia (1978)

indicated that application of rock phosphate increased P and K



contents of leaf. Application of P increased leaf P but did
not affect leaf N, K or Mg contents. Pushpadas et al. (1972),
Kalam et al. (1980) and Dissanayake and Mithraéena (1986) did not
observe change in leaf P contents from application of'P

fertilizers.
2.1.5.3 Potassium

Significant increases in the leaf K contents from
application of K fertilizers were reported by Shorrocks (196la
and 1964 ), Yogaratnam and Weerasuriya (1984) and Dissanayake and
Mithrasena (1986). Reports of Pushpadas et al. (1978) and of the
Rubber Research Institute of Sri Lanka (1986 and 1987) indicated
that application of K increased the K content and at the same

time depressed the Mg content of leaf.

Shorrocks (1961lb) observed that application of potassium
chloride increased leaf K, but did not affect leaf Mg content.
Application of K at first and second levels significantly
increased leaf K contents, but at the second level, the leaf Mg
Was reduced (Yogaratnam et gi. 1984). Yogaratnam and De Mel
(1985) reported that K application increased leaf K level, but
did not affect leaf N and P contents. Xu Nengkun et al. (1986)
reported that application of K reduced leaf Mg and N. Pushpadas
€t al. (1972) and Kalam et al. (1980) reported that K application

did not affect leaf K contents.
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2.1.5.4 Magnesium

lncreases in the Mg content of leaf from application of Mg
fertilizers wére reported by Shorrocks (196la and 1961lb),
Sivanadyan (1983), Yogaratnam et al. (1984) and Yogaratnam and
Weerasuriya (1984). Similar results were also reported by the

Rubber Research Institute of Sri Lanka (1986 and 1987).

Bolton and Shorrocks (1961) observed that application of
magnesium lime stone resulted in an increase in leaf Mg content
and in a reduction of leaf K, N and P contents. Application of
Mg increased Mg content of leaf in some cases and reduced K, P
and Ca contents (Shorrocks, 1965a). Pushparajah (1969) observed
reduction in leaf K contents from application of Mg fertilizers.
Dissanayake and Mithrasena (1986) reported that Mg application
increased leaf Mg, but did not influence P contents. Depressing
effects of Mg fertilizers on the levels of K and N in the tree

were reported by Xu Nengkun et al. (1986).
2.1.5.5 Nutrient interactions

Nair (1957) reported that heavy applications of N have
greatly worsened K deficiency in rubber which in turn affected N
uptake itself. Bolton and Shorrocks (1961) observed that when
both magnesium lime stone and potassium chloride were applied
leaf K was reduced. Combined application of ammonium sulphate
and rock phosphate resulted in significant reduction in leaf Mg

€ontent which became not significant when Mg was also supplied. )



Application of N and P combined, resulted in significant

reduction in leaf K and significant increase in leaf P and Ca.

Reports of the Rubber Research Institute of Malaya (1969a,
1969b and 1971b) indicated that indiscriminate heavy applications
of K and Mg fertilizers may result in the deficiency of either
Mg or K respectively indicating that the benefits of K and Mg
dressing could only be obtained when the correct K-Mg balance in
their application 1is maintained. Kalam et al. (1980) observed
that combined application of Mg and P increased leaf N. There
was a strong evidence of antagonistic effects of applied K and Mg
on the plant uptake of K, Mg and Ca (Hardjono et al. 1981).
Reports of the Rubber Research Institute of Sri Lanka (1986)
indicated that applied K and Mg had significant interaction on
the leaf K and Mg concentrations. Archer (1988) reported that

heavy application of K was most likely to feduce uptake of Ca and

Mg and would result in Mg deficiency unless Mg is supplemented.

An evaluation of the above reports indicates that
application of fertilizers generally increased the leaf level of
the particular nutrient contained in each of them. It is equally
important to note that the application of one nutrient influenced

the levels of some other nutrients in the leaf. The task of

» Manipulating the leaf nutrient contents becomes even more

; fOWplicated when combined application of two or more nutrients

P

q?re considered.



2.1.6 Effect of applied nutrients on latex nutrient contents

Dijkman (1951) reported that a hectare stand of rubber
yielding about 2000 kg of dry rubber annually removes through

latex about 15.2 kg N, 6.0 kg PZOS and 11.2 kg KZO' Bolton and

Shorrocks (1961) observed that application of magnesium lime
stone resulted in significant increases in the latex Mg content.
Combined application of N and P fertilizers significantly
increased latex P. Increases in the N, P and K contents of latex
from applications of ammonium sulphate, rock phosphate and
potassium chloride respectively were reported by Shorrocks

b
(L961).

Application of ammonium sulphate increased N and Mg
contents of latex while application of rock phosphate increased P
content and reduced Mg content (Collier and Lowe, 1969).
Increases in the K and P contents and reduction in Mg contents of
latex from application of K fertilizers were observed by
Pushparajah (1969). Pushparajah et al. (1975) reported that
application of ammonium sulphate increased the N, K and Mg
contents of latex. Application of rock phosphate increased the P
and Ca contents. Increases in K and P contents and reduction in
Ca ang Mg contents from application of K fertilizers were also
lgpted.

Application of Mg increased Mg content and reduced K

<

i¢0ntent of latex.

As in the case of leaf’the effects of applied nutrients, in

%Nny c
B ases, get reflected in the latex contents of nutrients.



Applied nutrients either directly increase their contents or
influence the contents of other nutrients in latex. This is
significant in that an optimum relative concentration of various
nutrients in latex is important for the stability of the latex

colloidal system upon which depends high latex yields.
2.2 Inter-relationship of characters

Correlations between various plant and soil characters like
growth, latex flow characteristics, yield, nutrient contents in

soil, leaf and latex were reported by several workers.
2.2.1 Relation between yield and latex flow characters

Yip and Gomez (1975) and Wycherley (1977) reported that
yield was negatively correlated with plugging index. Narayanan
and Abraham (1976) and Samsidar BTE Hamzah and Gomez (1982)
obtained positive correlation between yield and initial flow
rate. Yeang and Paranjothy (1982) reported that yield was
positively correlated with initial flow rate and dry rubber
content and negatively correlated with plugging index. Mo
Shanwen et al. (1988) also noticed positive correlation between

Yield and dry rubber content.

2.2.2 Relation between yield and nutrient contents in soil, leaf

and latex

Beaufils (1957) reported that each of the elements N,P,K,Mg

€tc., can become a direct limiting factor for production. There



is no doubt that yield has a strong relation to the nutrient
status of the soil (Dyck 1939 and Shorrocks 1965a). Chapman
(1941), Shorrocks (1962, 1965a and 1965b) and Pushparajah (1969)
reporged correlation between yield and leaf nutrient contents.
However, Pushpadas et al. (1978) did not obtain correlation

between yield and leaf contents of P and K in certain cases.

Yip and Chin (1977) reported that maximum yield was
associated with a decrease in Mg and Ca contents of latex. Yip
(1990) obtained positive correlation between yield and latex P

and negative correlation of yield with latex Mg contents.

2.2.3 Relation between growth and soil and leaf nutrient

contents

Bolton (1960) obtained increased growth rate of rubber
trees when the soil N,P and K contents were high. Pushparaijah
et al. (1983) reported that the girth increament of trees was

correlated to the nutrient status of soil. 3

Sivanadyan (1983) observed positive relation between leaf N
content and girth increment of trees. Yogaratnam et al. (1984)
reported high growth rate with high P,K and Mg contents of leaf.

Weerasuriya and Yogaratnam (1988) also related growth with leaf

nutrient contents.



2.2.4 Relation between latex flow characters and nutrient

contents in leaf and latex

Collier and Lowe (1969) reported that the N content of leaf
had a positive relation with total volume of latex while Mg was
related to high plugging. Reports of the Rubber Research
Institute of Malaya (1969b and 1971b)indicated that high Mg
content of leaf and latex lead to high plugging indices.
Pushparajah (1977) observed that high leaf K was associated with
increase in the total volume of latex. Pushparajah (1977) and
Yeang and Paranjothy (1982) reported that high Ca and Mg in leaf
and latex were associated with high plugging index while high

leaf N and P favoured high dry rubber contents of latex.

2.2.5 Relation between soil and leaf nutrients

Guha and Yeow (1966) reported that the leaf levels of N,P,
K and Mg were generally related to the levels of the respective
nutrients in the soil. Correlation between leaf Mg and soil
exchangeable Mg was obtained by Pushparajah and Guha (1968).
Pushpadas et al. (1972) failed to obtain correlation between

leaf and soil nutrients when the soil nutrient status even in the

control plots was high.

Lau et al. (1973) observed correlation between leaf K and
soil exchangeable K. Pushpadas et al. (1978) and Yew and
Pushparajah (1984) reported that the 1leaf N,P,K and Mg contents

were related to the levels of the respective nutrients in soil.
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Thus a good number of reports indicate that leaf nutrient

contents are related to the soil nutrient levels.

There are reports that yield, growth and latex flow
characters were related to the nutrient status of soil, leaf and
or latex in one way or other. The yield was also found to be
related to the various latex flow characters. The relationship

between leaf nutrient contents and soil nutrient status is also

brought out.



MATERIALS AND METHODS



3 MATERIALS AND METHODS

Field experiments were conducted on rubber trees wunder
tapping. The details of materials used and methods followed for

the experiments are given in this chapter.

3.1.Materials

3.1.1 Locations

The investigations were carried out in three locations
representing respective agroclimatic regions in South India where
about 92 per cent of the rubber growing area in India is located.
The experiment was conducted simultaneously in three regions wiﬁh
the same treatments and statistical layout on rubber trees of

same age and cropping history.
3.1.1.1 Kulasekharam

, Kulasekharam is located in Kanyakumari District in Tamil

Nadu and this experiment was laid out in New Ambady Rubber Estate

which lies at 8° 26'N latitude and 77° 19'E longitude. This
Fepresents a potential rubber growing area. The land 1is almost

~ level at the experiment site.

3.1.1.2 Thodupuzha

Tae Lo,

Thodupuzha is in Idukki District of Kerala State and the

VexPeriment was located in Malankara Rubber Estate and lies at 9O

[Ty

“55 .
: N latitude and 76° 26'E longituude. The experiment site has a

- 8]
. -oPe of 2-30 per cent. This location represents Central Kerala

kS
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where there is maximum concentraction of rubber cultivation.

3.1.1.3 Balussery

This is in Kozhikode District of Kerala State and the

experiment was laid out in Kinalur Rubber Estate which lies at

11° 18'N latitude and 75° 56' E longitude. The experiment area
has a slope less than 6 per cent. This location represents the

extensive rubber growing areas in northern Kerala.

3.1.2 Cropping history

In the three experimental areas the previous crop was also
rubber. The present rubber trees were planted in 1978 using a
high vyielding clone GT 1. The spacing is 6.7 x 3.4 m in

rectangular system. The legume cover crop Pueraria plaseoloides

was established and maintained in the three areas during the

immature phase of the trees. As the growth of the trees advanced

—

the cover plants were gradually shaded out and by the time the

Present study was initiated there was not much of cover crop
left. The trees were brought to tapping in 1985 when 70 per cent
Of the trees attained a girth of 50 cm at a height of 125 cm from

bud union. The remaining trees were brought to tapping

8ubs . :
bsequently whenever thay attained the required girth. A 33 NPK

eXperj C s .
Peériment was initiated in 1986 in the three locations with

thre
€ levels of 0,15 and 30 kg each of N and P205 and three

1

‘ lev -
- els of 0,20 and 40 kg K20 ha . These treatements were

<y



continued upto 1988 and in 1989 the present investigation was

superimposed with a new set of treatments.

3.1.3 Soil

The soil at Kulasekharam is red soil and that in the other
two sites is laterite. At Kulasekharam the soil is deep whereas
it is shallow in the other locations. The physical and chemical
composition and properties of the soil in the three locations are

given in Tables 1 and 2.
3.1.4 Weather and climate

The total annual rainfall and its distribution are
distinctly different in the three locations. During the period
of the experiment (1989, 1990 and 1991) the mean total. annual
rainfall were 2041, 4006 and 3774 mm at Kulasekharam, Thodupuzha
and Balussery respectively. Both the South-West and the North-

East monsoons are active at Kulasekharam. In the other two

locations the North-East monsoon is weak. In Balussery, a
Prolonged drought of 3 to 4 months 1is experienced. Regarding
maximum and minimum temperature and relative humidity there 1is

NOot much differece among the three regions. The weather
conditions that prevailed in the three experiment areas during
the period of the study and the mean of previous 27 years are

9iven in Appendix I,II and III.
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3.1.5 Clone

The Clone selected for the three locations is GT 1. It is
a primary clone developed at the Gondang Tapen Estate in
Northern-Sumatra, Indonesia (Amin et al. 1973 and Joseph ggigi.
1980). It is a high yielding clone with desirable secondary
characters. Girth increment on tapping is average. Thickness of
virgin bark islaverage)while that of renewed bark is below
average. The clone shows a progressive increase with average
initial yield and high subsequent yield. It has good tolerance
to pink disease and brown bast, average to above average
tolerance to powdery mildew disease and wind damage and average

to below average tolerance to Phytophthora disease. GT 1 is

recommended in Malaysia and India for both small holdings and
large estates for planting on a large scale (Rubber Research

Institute of Malaysia, 1989 and Rubber Board, 1993).

3.1.6. Duration

The study was conducted during 1989, 1990 and 1991.
Imposition of the treatments was started from April, 1989 and
various observation were recorded from July, 1989 onwards. The

observations were completed in September, 1991.

3.1.7 Fertilizers

Urea analysing 46 per cent N, Mussorie rock phosphate

containing 22 per cent P205, muriate of potash analysing 60 per
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cent KZO and commercial magnesium sulphate containing 16 per

cent MgO were used for the experiments.

3.2 Methods

The technical programme of the experiment laid out in the
three locations is given below. The field layout is the same in

all the three locations.

3.2.1 Treatments

The treatments consisted of factorial combinations of three
levels each of nitrogen, phosphorus and potassium and two levels
of magnesium which are given below.

I) Nitrogen

no - No N

ny - 40 kg N ha™t

n, - 80 kg N ha t

I1) Phosphorus

po - No on5
pP1 - 30 kg P05 ha-l

p2 - 60 kg P,0g ha™t
II1) Potassium

ko - No KZO

ky - 40 kg K0 ha~!

ky - 80 kg Kp0 ha 1

>



IV) Mag

o)

m; - 10 kg MgO ha"l

anesium

- No MgO

3.2.1.1 Treatement combinations

There a

nyPoKoMg

noPokoMy
noPok1Mo
NPk My
NoPokaMg

noPok,my

n)PokoMo
)Po¥o™;
N1Po%1Mo
N1Pok1™
11PoRamg

NyPokymy

M2Pokomg
nZPOkOml
nzpokimo
MaPokymy

n7pnk7mn

re 54 treatment

combinations

noPrkemo

k.m

dopl o™
noP k1M
NoPykymy
NoP1koMg

ngpykomy

nyP1kgMg
nypykomy
nyp kMg
nipikm
nyp KoM

nypikomy

n,p, KoMy
n,pikomy

n,p kymg

k.m

noPp%y My

n,opyk,mg

as

given

37

below

ngPo kMg
noPokomy
NoPok Mg
NoPokymy

noPy kMg

k.m

MoPy%My

nyPykoMg
NPy KoMy
0Pk Mg
n Pykim
nypykymg

nypyk,my

k. m

N2P2%0M0
n,PykoMy
n,Py kMg
n,pyk My

nopyksmg
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3.2.2 Design and layout

Design - 33 x 2 factorial split plot
Replicaations - 2

Main plot treatments - 27 combinations of N,P and K (33)
Sub plot treatments - 2 levels of Mg

Number of blocks per replication - 3

Number of plots per block
Main plots -9
Sub plots -~ 18

Partial confounding was adopted with NP2K2 confounded in the

first replication and NP2K in the second replication.

Plot size Main Plot - gross ~ 36 trees
- net ~ 16 trees
Sub Plot - gross -~ 18 trees
- net - 8 trees
-Spacing - 6.7 x 3.4 m

The layout plan of the experimental field is given in Fig.l.
3.2.3 Cultural operations

The fertilizers as per the treatments were applied every
Year in two equal split doses. The first dose was given in May
(pre-monsoon) and second in September (post-monsoon) (Rubber
Board, 1993). The pre-monsoon application was done after the

Féceipt of a few showers, but before the onset of the regularf
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south-west monsoon. The post-monsoon application was done after
the south-west monsoon but before the onset of the north-east
monsoon when a brief relatively rainfree period was available.
Both applications were done when there was:adequate moisturg in
the soil. The fertilizer was broadcasted in rectangular patches
in between rows of trees, each patch serving four trees, after
clearing the leaf litter on the ground. The fertilizer was then
lightly forked into the soil and the leaf litter was put back to

cover the fertilizer applied patches (Ananth 1966 and Rubber

Board, 1993).

Prophylactic spraying against. abnormal leaf fall

(Phytophthora) was done as a routine estate operation in the

experiment areas at Thodupuzha and Balussery where there was
chance of incidence of the disease during the south-west monsoon
season. This was given as ariel spray using 6.2 1 of 40 per cent
0il based copper oxychloride paste in 37 1 of diluent oil ha_l
during the month df May before the beginning of the monsoon
(Rubber Board, 1993). 1In Kulasekharam area this diéease occﬁred
only in a mild form and no prophylactic spray was given. Powdery

mildew (Oidium ) disease was controlled by sulphur dusting in the

Kulasekharam area as a prophylactic measure.

Tapping was done alternate daily on half spiral system.
The tépping pannels were protected with polyethylene rain guards

in the three locations to facilitate tapping during rainy season.
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puring the period of the experiment tapping was being done on the

second side of virgin bark.
3.2.4 Observations

Observations were recorded from the healthy and normal

trees in the net ploi.
3.2.4.1 Yield

The latex collected in the collecting shells after tapping
was coagulated in situ using one per cent acetic acid. The cup
%umps from the individual trees were collected on metal hooks,
alir dried for a week in shade and thereafter dried in a smoke
house for 25 days. After complete drying the lumps were weighed.
Yield was similarly recorded every month (Owen et al. 1957).
Yield recording was continued for a period of two years from

July, 1989 to June 1991. From these data the mean-'yield was

worked out and expressed as g tree -1 tapping .
3.2.4.2 Girth

In order to gauge the growth rate, the girth of trees was
recorded (Dissanayake and Mithrasena, 1986) in July, 1989 and
July, 1991. The measurement of girth was done at a height of 150
cm from the bud union every time (Owen et al. 1957). From these
girth data the girth increment for the period July, 1989 to July,

1991 was worked out.
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3.2.4.3. Thickness of virgin bark and rate of bark renewal

The thickness of the virgin bark and that of the renewed
bark which was tapped two years ago were recorded in July 1991
using a Schlieper bark measuring guage (De Jonge,1957). 'The
thickness of the two year renewed bark was then computed as
percentage of the thickness of the virgin bark and this denotes
the rate of bark renewal for the two year period of the

experiment.
3.2.4.4 Leaf litter

The dry weight of the leaf that fell on the ground during

the annual leaf fall in February was recorded in 1990 and 1991.

For this, four patches were selected at random by throwing a 1 m

1

quadrat and the dry weight was computed as t ha (Rubber

Research Institute Malaya, 1972).
3.2.4.5 Latex flow characteristics

The characters connected with the flow of latex were
recorded three times viz., July 1990, October 1990 and April 1991
corresponding to the wet, moderately wet and dry seasons in a
one year cycle. Two trees were selected from each sub plot for
the recording of observation. When the tree is tapped the latex
obtained during the.initial five minutes was separately collected
and the volume was measured. This is referred to as the initial
volume. After about 2-3 hours when the dripping of latex was

complete the entire volume of latex including the initial volume



was measured for each tree and this is referred to as total

volume' (Milford et al. 1969).

The initial flow rate was worked out as
initial 5 minutis volume
This i1s expressed in ml. Another parameter called plugging
index' was computed from the initial flow rate and total volume
and is an index of the duration of latex flow after tapping
(Milford et al. 1969 and Paardekooper and Samosorﬁ, 1969).

Initial flow rate X 100

Plugging index = —-————=——————mmmm——— ;
Total volume ’

The dry rubber content of latex was also determined three
times simultaneously with the recording of the flow characters
described above. When the flow of latex was over and dripping of
latex ceased the latex obtained from the recording trees was
pooled and 10 ml of it was transferred into a weighed 50 ml a
beaker and the weight along with the latex was determined. The
latex thus transferred was diluted with 20 ml water and
coagulated by adding about 1 ml of 1 per cent acetic acid. The

next day the coagulated lump of rubber was washed in water, made

into a thin film and dried in an oven at about 85°C until
constant weight was obtained (Rubber Research Institute Malaysia,

1973).
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The weight of the dry rubber and that of the fresh latex
taken are calculated. Now the dry rubber content of latex 1is
computgd as

Weight of dry rubber X 100

Weight of fresh latex

3.2.5 Chemical analysis

'3.2.5.1 Soil analysis

Soil samples were collected from each sub plot in
September, 1989 and 1990 during the course of the experiment and
also in September, 1991 just after the experiment was completed.

Soil was collected from 0-30 cm depth just prior to the post

monsoon fertilizer application of the respective year.

Organic carbon was determined by the dichromate-sulphuric
acid digestion method (Walkley and Black, 1934). The évailable
nitrogen was estimated by Alkaline permanganate method (Subbiah
and Asija, 1956). For the determination of available P, the soil
was extracted with Bray No.2 (Bray and Kurtz, 1945) reagent and
the concentration of P in solution was measured in a UV
Spectrophotometer after developing colour using éhloromolybdic
acid-stanus chloride reduction method (Hesse, 1971). The soil
Wa8s extracted wusing Morgan's reagent and available K was
determined by flame-photometric method (Jackson, 1973) .
Available Ca and Mg were determined from the same extract

Using a GBC Double Beam atomic absorption spectrophotometer
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Model No. 902. The organic carbon content was worked out as

. -1
percentage and those of available N, P, K, Ca and Mg as kg ha .

3.2.5-2 Leaf analysis

Leaf samples were collected from each sub plot in
September (Lu and He,1982) 1989, 1990 and 1991. Three trees were
selected from each sub plot for leaf sampling. Three healthy
disease free twigs from each tree were collected (Lu and He,
1982). From each twig the lower most four trifoliate leaves from
the upper most mature whorl were selected. The leaflets were
separated and the petioles were cut and.removed and the leaf
laminae secured. The leaves thus obtained were dried in an oven

at 70 oC for three days and powdered in grinder.

Nitrogen was determined by Micro kjeldahl method (Piper,
1950). Phosphorus was determined by molybdenum blue method in a
spectrophotometer (Jackson, 1973). Potassium was determined in a
flame photometer (Jackson, 1973). Both Ca and Mg concentrations
Were read in a GBC Double Beam atomic absorption
Spectrophotometer model No. 902. The nutrient contents were

éxpressed as percentage.
3.2.5.3 Latex analysis

In September, 1990 latex was collected from the observation
trees after the flow and dripping were complete. The latex was
Pooled and about 25 ml sample was collected in a petri dish to

epresent each sub plot. The samples were dried in an oven at

i
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Sdéfor three days (Rubber Research Institute Malaysia, 1973)

and obtained as a thin film.

For the estimation of nitrogen, 0.1 g of the dried rubber
film was heated with a catalysé mixture containing potassium
sulphate, copper sulphate, selenium and concentrated sulphuric
acid thereby converting the N to ammonium compounds. From this

the N content was estimated.

Another 0.1 g of the dried rubber film was ashed at 550%
digested with sulphuric acid and extracted with water. From this,
P was estimated spectrophotometrically. For the estimation éf
K,Ca-and Mg, 5 g of rubber film was ashed at 550°%¢ digested with
nitric acid and éxtracted with water. from this, K was estimated
using an. Autoanalyser. Calcium and Magnessium were estimated
using the atomic absorption spectrophotometer (Rubber Research
Institute Malaysia, 1973). The contents of various nutrients

in latex are expressed as ppm of the dry rubber film.
3.2.6 Statistical analysis

The data collected were analysed statistically by applying

the technique of analysis of variance for 33 partially confounded
factorial split plot experiment in randomised block design and
significance was tested by F-test (Cochram and Cox, 1965). The
Sstandard error of means and least significant differences
(critical difference) have been worked out for the probability

level of 0.05 for all analyses where F-test was significant.



When F-test was not significant the critical difference values

have not been worked out.

The observations recorded at Thodupuzha were used for
various correlation studies, this location being more
representative of the majority of potential rubber growing areas.
The yield for the year April 1990 to March 1991, the girth
increment for 1989-91 and the latex flow characters recorded in
October 1990 were correlated with the so0il, leaf and latex
nutrient contents of samples collected in 1990. The correlations
between yield and latex flow characters also were worked out.

Economic analysis of the yield data was also done.

The statistical analysis of the data were carried out using
the IBM -PC/AT-386 system of HCL-Busybee model computer installed
in the Department of Agricultural Statistics of College of

Agriculture, Vellayani, Kerala Agricultural University.



4 RESULTS AND DISCUSSION

An experiment was conducted in three locations representing
three major rubber growing'areas in South India to study the
effect of applied nutrients viz; N,P,K and Mg on growth, yield,
latex flow characteristics and on soil, leaf and latex nutrients
for Hevea rubber tree. The various observations recorded were
statistically analysed and the important results are presented

and discussed.
4.1 Effect of nutrients

4.1.1 Growth characters

The results on various growth characters are presented below.
4.1.1.1 Girth increment
4.1.1.1.1 Effect of nutrients

The girth increment for the two year period 1989-91 for the
three locations 1is presented 1in Table 3. It 1is seen that
application of N significantly improved the girth increment at
both 40 and 80 kg levels and the higher level gave significantly
the highest girth increment in all the three locations (Fig. 2 to
4). In the case of P, there was significant response at both 30
and 60 kg levels in all locations. The 30 kg level was
Significantly better than the 60 kg level at Kulasekharam and
Balussery whereas at Thodupuzha these levels were on par. There

YWas significant response to applicaticn of K at both 40 and 80 kg
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jevels in all the three locations and between these levels there
was no significant difference. With regard to Mg it had a

- definite response in all the locations.

The highest level of N has given the maximum girth
increment in all the three locations. Eventhough the N content
of soil (Table 2) was not poor it would not have been sufficient
to support optimum growth. It is also seen from Table 28 that
the leaf N contents were significantly increased from
applications of N which also might have contributed to better
growth rate with N application. Application of N has increased
leaf production in the thrée lobations as evidepced from Table 12
which gives the weight of leafl litter. Better foliage might
have improved growth through higher photosynthetic rate of the
tree. Brady (1988) also reported that N increased cell size and
contributed to higher growth. Owen et al. (1957),-Bolton (1964),
Kalam et al. (1980) and Potty et al. (1980) also reported high

girth increment from higher level of application of N.

Application of P has given higher girth increment. The
increased leaf production (Table 12 ) from P application might
have improved the photosynthetic activity of the tree and
resulted in better growth. Phosphorus being an essential
constituent of ADP, ATP and several other organic compounds in
the plant might have promoted the metabolism of the tree and

improved the growth (Sutcliff and Baker, 1974).
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The 30 kg level of application  of P has given the highest
girth increment in all the three locations. This indicates that
P beyond a certain level is not at all required for girth
increment. The available P content of the soil in the three
locations was not poor (Table 2). It is also noticed that the
leaf production has not increased beyond the 30 kg level of
application and a depressing effect was noticed at the 60 kg
level (Table 12 ). Bolton (1964), Pushparajah et al. (1983) and
Rubber Research Institute of Sri Lanka (1983) also reported

responses to medium levels of P applicatior..

o

It is seen that applicaﬁion of K improved the girth
increment. Through increased leaf production (Table 12) and
better photosynthesis K might have contributed to better growth.
Potassium being essential for chlorophyll development and
photosynthesis, its application enhanced dry matter production

and growth (Brady., 1988).

The middle level of K seems to be sufficient in the three
experimental sites. It might be possible that the K céntent of
the so0il (Table 25) was raised to a satisfactory 1level for
optimum growth with the lower dose of application and further
increase in K status of soil with higher dose was not useful. It
1s also seen from Table 12 that K application beyond 40 kg has
not improved leaf production which could be another reason for

the above result. Punnoose et al. (1975), Kalam et al. (1980)
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Table 3 Effect of nutrients on girth increment, 1989-91 (cm.

Treatments Kulasekharam Thodupuzha Balussery

Nutrients kg ha

NO . 3.92 4.00 4.00
N4O 5.03 4.98 4.90
N80 5.33 5.28 5.11
. * k) * % * %
F~-ratio S S S
PO 4.26 4.30 4.26
P3O 5.06 5.04 4.95
PGO , 4.96 4.93 4.890
. * k * %k * %
F-ratio S S S
KO 4.48 4.42 4.37
K4O 4.92 4.93 4.81
KBO 4,89 4,91 4.83
kX * * . * k
F-ratio S S S
SE (N,P,K) 0.03 0.053 0.015
cD (N,P,K) 0.07 0.155 0.044
Mgo 4.74 4.71 . 4.64
Mglo 4.78 4.80 4.70
* K * * %k
F-ratio S S S
SE (Mg) - 0.003 0.023 0.011
CD (Mg) Q0.010 0.067 0.033
S:* : Significant at P = 0.05 level
S : Significant at P = 0.01 level
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and Weerasuriya and Yogaratnam (1988) also reported that only

moderate levels of K were required for girth increment.

In the case of Mg the trend is very clear and specific
where 1ts application has given significant girth increment,
thereby showing the necessity for addition of this nutrient at a
specific rate for growth in all the locations. Magnesium is an
essential constituent of chlgrophyll and it is important for
photosynthesis and growth (Sutcliff and Baker, 1974).
Application of Mg has increased the leaf Mg levels (Table 32) and
this in turn might have increased the photosynthetic rate of the
Ltree resulting in improved growth. This increased production of
leaf (Table 12) from application of Mg obtained in the three
locations further support the result obtained here. Guha and

Pushparajah (1966), Pushparajah et al. (1983) and Weerasuriya and

Yogaratnam (1988) reported similar response to Mg fertilizer. -
4.1.1.1.2 Effect of nutrient interactions on girth increment

The interactions NP, NK, PK, NMg, PMg and KMg were

significant in the three locations and are presented and

discussed below.
4.1.1.1.2.1 Interaction NP

The NP interaction wns significant in the three locations and
is presented in Table 4. It is ipdicated that though N is the
nutrient primarily :<gponsibl-: for growth it is unable to

manifest without adequate level 2T P, When the level of P is
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less there 1is no advantage in increasing the level of N alcne.
This is further strengthened by the comparison of the interaction

N4O PBO and N80 p60' Both the above combinations were on par

and this indicates that there is no need for higher level of P.
However at the 60 kg level of P there was a substantial increase

in girth increment by application of 80 kg N (Fig. 5).

While considering the main effect of P, eventhough there
was no difference between the 60 and 30 kg levels, the
interaction effect of 80 kg N and 60 kg P is clearly dominating
over other interactions. Whenever the N level is to be increased
it should be followed by a proportionate increase in the level of
P as well. TIf the level of P is to be kept at 30 kg, then the

level of N also should be kept at the medium level.

The role of P is not as evident as the role of N. It acts
as a limiting factor in the absence of higher level of N.. With
the 60 kg level of P, there i1s a profound influence for N at the

80 kg level. Eventhough NBO P6O combination has given the

maximum girth increment, 40 kg N has manifested its efficiency
with 30 kg level of P. The interaction table clearly shows that
balanced application of the two nutrients is more beneficial and
economical even if the dose is kept at the middle level. The
inference is that the combination 40 kg N and 30 kg P is
sufficient as far as girth increment is concerned. Similar NP
interactions were noticed by Owen et al. (1957) and Bolton and

Shorrocks (1961).



It was seen from main effects that 30 kg level of P was
sufficient and beyond that there was no response. The
interaction table reveals that there is a substantial decrease

of girth increment by Peo level over P3g level at the N0 level.

This trend in the interaction is reflected in the main effect of
P°wherein;it could be seen that beyond 30 kg of P thcore was a

decrease.
4.1.1.1.2.2 Interaction NK

In the experiment at Kulasekharam application of N at 40
and 80 kg levels progressively increased the girth iacrawent at
all the levels of K (Table 5). In the absence of N, applicdtion
of K had little influence on the girth increment (Fig. 6). With
the 40 and 80 kg levels of N, applichion of K wt 40 kg
significantly improved the c¢irth increment and increasing the
level of K to 80 kg did not have any further significant effect.

The interaction N K4O gave the highest girth increment which

80

was significantly superior to N4O K4O and on par with NBO KBO'

This interaction effect 1s reflected in the main effect of these

nutrients also (Table 16) wherein N8O was the best dose of i

while for K,the 40 kg level was sufficient.

At Thodupuzha also application of K behaved in the sane

Manner with the different levels of N (Table 5). With the

different levels of K, application of N at 40 and 80 kg
brogresaively inereased the girth increment (Fig: 6). However at

K significant. The

40"’ the increase from N40 to NBO was not



rable 4 Effect of NP interaction on girth increment (cm)

————

Levels of N

Levels of P.O

For NP combinations

N

b b 275
0 30 P60 SE CD

Kulasekharam
NO 3.71 3.96 4.09
N4O 4.39 5.61 5.08 0.040 0.130
NBO 4.69 5.61 5.70

Thodupuzha

0 3.83 4.05 4.13

N4O 4.44 5.55 4.93 0.091 0.268
NBO 4. 61 5.53 , 5.72

Balussery

NO 3.81 4.07 4.13

N40 4.47 5.40 4.82 0.026 0.076
NSO 4.50 5.38 ¢ 5.45

Table 5 Effect of

NK interaction on girth incre

ment (cm)

Levels of N

Levels of K.O

For NK combinations

2
Ko K4O K80 SE CD

Kulasekharam

Ng 3.90 3.91 3.95

Nao 4.67 5.26 5.16 0.04 0.13
Nao 4.85 5.58  5.57
Thodupuzha

N, 3.84 4.05 4.12
Nao 4.57 5.27 5.10 0.091 0.268
Neo 4.86 5.47 5.53
Balussery

N, 3.95 4.01 4.05

Nio 4.55 5.13 5.01 0.026 0.076
N 2

80 4.62 5.28 5.42
————
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highest girth increment was obtained for Ngo KSO which was on par

with N4O K40 and N80 K4O and superior to N4O K80'

Application of K in the absence of N did not significantly

affect the girth increment (Table 5) at Balussery. With N4O’

application of K at 40 kg significantly increased the girth
increment, but further increasing the level of K to 80 kg
resulted in a small but statistically significant
reduction(Fig.6). With 80 kg N, application of K. progressively

improved the girth increment upto the KBO level. The 80 kg N

interacted very favourably with K ’with the result the N K

80 80 80
combination gave the highest girth increment which was superior

to N K

a0 Xgo g0 Xa0- In Fhé main effect of N, the

best dose was N and. for K the highest girth increment was

80

given by Kgg,though it was on, par with K, (Table 3).

°

For N, the 80 kg dose was required in the three locations.
While the 40 kg level of K was sufficient at Kulasekharam and

Thodupuzha the 80 kg K gave good interaction with Ng, at

Balussery. This may probably be due to the relatively low K
status of soil in this location (Table 2). Owen et al. (1957),
George (1963) and Rubber Research Institute of Malaysia 197la and

1971b reported NK interaction.

4.1.1.1.2.3. Interaction PK

In the experiment at Kulasekharam, at Po level, applicéfion

of K did not affect the girth increment. With the P,, and P6O.



levels, application of K at 40 kg significantly improved the
girth increment and increasing the  level of K to 80 kg did not
further affect the girth increment (Table 6). Application of P
at 30 kg significantly improved girth increment at all the levgls
of K application (Fig. 7). 1Increasing the level of P to 60 kg
reéaigéd in a reduction in girth increment which became
significant at KBO' The interaction P60 K80 was found to be

very unfavorable for girth increment. In the main effect of g}it

is seen (Table 3) that P60 is significantly inferior to P30 for

girth increment. The above interaction of P6O with K80 might
have contributed "to the reducing effect of P6O on girth
increment. The best interaction was found to be P3OK4O which was

superior to P60 K80 and on par with P30 K80 and P6O K4O'

The effect of application of K4O and K80 at different

levels of P were the same at Thodupuzha also (Table 6).
Application of P at 30 kg significantly improved the girth
increment at all the levels of K (Fig.7). Increasing the dose of
P to 60 kg resulted in a reduction in girth increment eventhough
this reduction was not significant. It is seen from the
interaction table that increasing the le;el of P above 30 kg and
that of K above 40 kg was not beneficial. This interaction

effect is reflected in the main effect also (Table 3) where P3O

and K4O were found to be the adequate doses for girth increment.

At Balussery, application of K at 40 kg significantly

improved the girth increment at all the levels of P and further
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increasing the level of K to 80 kg had no significant effect
(Table 6). Application of P at 30 kg significantly increased the
girth increment at all the levels of K (Fig. 7). Increasing the
level of P to 60 kg resulted in a reduction in girth increment

and K,.. In the main effect of

which came out significant at KO 40

P in this location, (Table 3) for the P60 level there was a

significant reduction in girth increment compared to the P3g

level. This reduction could be the result of the above negative

interaction of Peo with K. The highest girth increment was

obtained for the interaction P which was significantly

30 X40

better than P6O K4O and P6O K80 and on par with PBO K80'

The parity of K with K obtained in the interaction 1is

80 40

reflected in its main effect also ( Table 3).

Therefore)in all the three locations the interaction PBO

K4O was found to be optimum)which agrees with the main effects of

P and K obtained in these locations where levels above P30 and

K40 were not useful. Owen et al. (1957) also reported PK

interaction on growth.
4.1.1.1.2.4 Interaction NMg

Application of N at 40 and 80 kg levels progressively
improved the girth increment both in the presence and absence of
Mg in all the three locations (Table 7). Application of Mg gave
higher girth increment in most cases in the three locations

though the increases were not marked (Fig. 8).



Table 6 Effect of PK interaction on girth increment (cm)

Levels of P.O

Levels of K.,O

For PK combinations

275 2
KO K40 K80 SE CD

Kulasekharam
PO 4.21 4,27 4.32
PBO 4.67 5.27 5.25 0.04 0.13
Peo 4.55 5.21 5.12
Thodupuzha
Py 4.14 4.38 4.36
P3g 4.59 5.26 5.27 0.091 0.268
Peo 4.54 5.14 5.11
Balusserry -
PO 4.17 4.27 4.34
P35 4.62 5.13 5.10 0.026 0.076
p60 4.33 5.02 5.04
Table 7 Effect of NMg interaction on girth increment (cm)

Levels of N

Levels of MgO

For N Mg combinations

Mg, M3, SE CD
Kulasekharam
Ny 3.92 3.93
N0 4.97 5.09 0.01 0.02
Neo 5.35 5.32
Thodupuzha
No 3.93 4.08
Nao 4.93 5.03 0.040 0.116
Neo 5.28 5.29
Balussery
Ny 3.95 4.06
N0 4.88 4.91 0.020 0.057
Nao 5.08 5.13

—_—
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4.1.1.1.2.5 Interaction PMg

Application of P at 30 kg gave a significant increase in

girth increment over the PO level both in the presence and

absence of Mg in all the three 1locations (Table 8). Further
increasing the level of P to 60 kg resulted in a reduction which

was significant in all cases except for the interaction P6O Mglo
at Thodupuzha which was on par with the interaction P3O Mglo.

Application of Mg gave higher girth increment with the different

levels of P in the three locations (Fig. 9).

f}}.l.l-2.6 Interaction KMg

Application of K at 40 kg gave a significant improvement in

girth increment above the KO level both in the presence and

absence of Mg (Table 9). Further increasing the level of K was
not generally useful. Application of Mg generally improved the

girth increment with all the levels of K in all the locations

(Fig. 10).
4.1.1.2 Effect of nutrients on virgin bark thickness

Application of N significantly 1increased the virgin bark
thickness in all the three locations (Table 10). The highest

thickness was given by N80 level which was not significantly

different from the N4O level. Both N80 and N4O levels were

Superior to NO level. In the case of P also both P6O and PBO

levels were significantly better than Py level in all the






h/ 60

Table 8 ‘Effect of PMg interaction on girth increment (cm)

Levels of PZO5 Levels of MgO For PMg ccmbinations
Mg, M3, 4 SE CD

Kulasekharam

PO 4.24 4.29

PBO 5.03 5.10 0.01 0.02
P6O 4.96 4.96

Thodupuzha

PO 4.25 4.34

P30 5.00 5.08 0.040 C.1l1l6
P6O 4.88 4.97

Balusserry

PO 4.21 4.31

PBO 4.96 4.94 0.020 0.057
P6O 4.74 4.86

Table 9 gffect of KMg interaction on girth increment (cm)

Levels of K20 Levels of MgO For KMg ccmbinations
Mgo Mglo SE CD

Kulasekharam

KO 4.46 4.48

K4O 4.88 4.96 0.01 0.02

K80 4.89 4.89

Thodupuzha

KO 4,37 4.48

K4O 4.92 4.%4 0.040 0.11%¢
. 4.97

KBO 4.86

Balusserry

Ko 4_37 4.38

K4O 4.82 4.80 0.020 0.057

K 4.73 4.G32

80
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locations. The P6O level gave the highest virgin bark thickness

which was on par with the P3O level.

Application of K at both KBO and K4O levels gave

significantly higher virgin bark thickness over the Ko level 1in

all the three locations. The highest thickness was registered by

the K level which was not significantly different from the K

80 40

level. The effect of application of Mg was not significant in
any of the locations. However there was numerical increaée in
the bark thickness with application of Mg in all locations. The
interactions were not important and therefore not presented and

discussed.

It is seen that application of N,P and K significantly
improved the virgin bark thickness in all the 1locations. The
medium level of these nutrients appeared to be sufficient and
beyond which the increase was not appreciable. Though the effect
of Mg was not significant, its application showed a trend in
increasing the bark thickness. The favourable effects of N,P and
X on bark thickness which 1is a growth parameter is manifes;ed
here. It may also be noted that the positive effect of applied
nutrients on bark thickness was also reflected in the girth
increment already discussed. The girth of the tree is a
Measurement which also includes the thickness of the bark and a
dreater bark thickness to a certain extent can lead to a higher

girth of the trunk (Owen et al. 1957). The positive response

Cbtained here in the thickness of virgin bark to applied
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fablé 10 Effect of nutrients on virgin bark thickness, 1991 (mm)

—

Treatments ' Kulasekharam Thodupuzha Balussery
Nutrients kg ha

N 7.92 7.88 - 7.76

N40 8.17 8.02 7.87

N80 8.18 8.05 7.92

. * ) * K * )

F-ratio S S S

PO 7.91 7.96 7.75

P3o 8.08 8.14 7.89

pGO 8.27 8.16 7.91
)k * x * K

F-ratio S S S

KO 8.00 7.91 7.80

K40 8.11 8.00 7.87

KSO 8.15 8.04 7.88
* % * % *

F-~ratio ‘S S S

SE (N,P,K) 0.03 0.029 0.023

CD (N,P,K) 0.09 0.084 0.069

MgO ' 8.07 7.96 7.84

MglO 8.10 8.00 7.86

F-ratio NS NS NS

SE (Mg) 0.02 0.013 0.02

CD (Mg) - - -

*
S : Significant at P = 0.05 level
* %
S : Significant at P = 0.01 level

NS : Not significant
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putrients are in agreement with the findings of Dijkman (1951)

Samsidey BTE
and Hamzah et al. (1975).
n

4.1.1.3 Effect of nutrients on rate of bark renewal

Tne effect of applied nutrients on the rate of bark renewal
for the two year periocd 1989-91 is presented in Table 11.

Comparisons are made for the transformed values of angles.

Application of N has significantly increased the bark
renewal at both 40 and 80 kg levels in all the three locations.
The 80 kg level gave the highest bark renewal rate which was
significantly superior to the 40 kg level at Thodupuzha, 6 while in
the other two locations these levels were on par. The response
to application of P at both 30 and 60 kg levels was significant
in the three locations. The highest bark renewal rate was
registered by the 60 kg dose which was significantly higher than
the 30 kg dose at Kulasekharam and Thodupuzha while at Balussery

they were on par.

In the case of K, its application at both 40 and 80 kg
levels were significantly better than the Ky level for bark
renewal in the three locations. The K40 level was found to be

generally sufficient for good bark renewal. The effect of
application of Mg was not significant in any of the locations.

The nutrient interactions were not important and hence not

Presented.
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Table 11 Effect of nutrients on rate of bark renewal, 1991

Treatments Kulasekharam Thodupuzha Balussery

Nutrients Angles per cent Angles per cent Angles Per cent

kg ha_l

NO 53.17 64.07 52.65 63.17 53.€% ©64.88

N4O 58.08 71.82 57.12 70.52  57.37 71.13

Ngg 58.25 71.83 58.55 72.64 58.80 73.03
* % * % * %

F-ratio S S S

PO 52.80 63.45 54.13 65.64 54.17 65.70

P3O 57.28 70.55 56.70 69.71  57.865 71.22

P6O 59.43 73.71 57.45 70.98 58.21 72.11
* % *x * %

F-ratio S S S

Ko 54.16 65.53 54.84 66.71 55.47 67.82

K4O 57.42 70.72 56.99 70.19 57.19 70.45

KBO 57.92 71.47 56.49 69.43 57.37 70.77
* %k * % %

F-ratio S S S

SE (N,P,K) 0.280 0.257 0.462

CD (N,P,K) 0.822 0.755 1.256

Mgo 56.43 69.14 56.04 68.92 56.46 ©9.33

MglO 56.58 69.34 56.18 68.63 56.89 70.02

F-ratio NS NS NS

SE (Mg) 0.137 0.209 0.225

CDh (Mg) - - _

J
S : Significant at P = 0.05 level
**
S : Significant at P = 0.0l level

NS - : Not significant



It 1s seen that application of N,P and K have improved the
tark renewal in the three experimental sites. Renewal of tapped
bark is a wound healing activity and is considered as a part of
the process of growth of the tree (Dijkman, 1951). The
importance of N, P and K for growth needs no further emphasis.
Reports of the Rubber Research Institute of Malaya (1940) and
Pushparajah (1969) indicated that application of N, P and K

fertilizers was important for proper bark renewal.
4.1.1.4 Effect of nutrients on leaf litter

The mean leaf litter production as influenced by the
various nutrients during 1990 and 1991 is presented in Table 12.
It is seen that application of N at both 80 and 40 kg levels
significantly increased the leaf litter production compared to

the N, level in all the locations during both the years. The N

0] 80

level was superior to the N40 level in all cases except at

Thodupuzha during 1991.

Application of P at 30 kg level significantly increased the

leaf litter production over P. level and gave the highest value

0

in all locations during the entire period. Increasing the level
of P beyond 30 kg was not found to be wuseful. 1In the case of K,
its application at both 40 and 80 kg levels significantly

increased the litter production over the KO level in all cases.
The K40 level gave the highest mean value. Increasing thes level

of K from 40 to 80 kg resulted in a reduction in litter
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production which came out significant in all cases except during

1991 at Thodupuzha and during 1990 at Balussery.

At Kulasekharam, Thodupuzﬁa and Balussery there were small
increases in litter production with application of Mg which
pecame significant only at Balussery during 1991. The

interactions were not important.

There was response to N even upto 80 kg level. Nitrogen
is the chief element related to growth and its application has
resulted in the enlargement of foliage (Brady., 1988). Though the
N content "of the soil in the three locations (Table 2) was not
low it would not have been sufficient to support optimum growth.
Application of P has increased the production of leaf in all the

locations. Phosphorus is also important for growth and its

“application has lead to production of more foliage (Sutcliff and

the
W K €Content of the soil

B
FRE TS 1

o2

Baker, 1974). The 30 kg level of P has given the maximum leaf
litter and more than this level was not at all useful for leaf
Production. The available P content of the soil in the three
locations (Table 2) was medium and hence high application rates

¥ere not useful.

Application of K also has helped in increasing the leaf

Prog i .
detlon. The role of K in dry matter production and growth

isv :
€ry important (Brady, 1988). It is seen that the medium

level
°f K application was sufficient. It could be possible that

(Table 25) was raised to a

tory level for
optimum growth with th
€ 40 kg level]
of



rable 12 Effect of nutrients on leaf litter (t ha_l)

Treatments Kulasekharam Thodupuznz Balussery
NUCfieTts 1990 1991 1990 19%.2 1990 1e¢81
kg ha_—
N, 2.837 3.036 2.676 2.77% 3.176 3.349
¥40 3.149 3.351 2.978 3.1%2 3.462 3.612
Nag 3.213 2.418 3.017 2.2%2 3.574 3.701
*x % * * * x xx * * * %
F-ratio S S S S S S
Py 2.957 3.161 2.778 2.225 3.335 3.470
P1g 3.212 3.411 3.038 Z..z3 3.511 3.672
Peo 3.030 3.234 2.854 2.z43 3.366 3.511
*x * * *x * % x ¥ * % * x
F-ratlo S S S S S S
K 2.969 3.173 2.721 z.z:2 3.281 3.409
K4O 3.172 3.378 2.978 Z..35 3.483 3.639
Kso 3.058 3.255 2.972 ..20 3.448 3.605
* x * % * x v * % x x
F-ratio S S S S S S
SE (N,P,K) 0.01 0.01 0.013 Z..:4 0.015 0.012
€D (N,2,K) 0.03 0.03 0.038 ..42 0.043 0.034
34 3.058 3.265 2.87¢€ Z..04 3.391 3.547
"2.0 3.075 3.272 2.904 Z..34 3.417 3.555
~ * x
F-ratic NS NS NS R NS S
SE (Mc) 0.010 0.010 0.011 C.204 0.004 0.001
CD (Mg} - - - - - 0.002
* %
£ . sSignificant at P = 0.01 level

Not Significant
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application and further increase in the K status of the soil
(Table 25) with higher levels of its application was not useful.
weerasuriya and Yogaratnam (1988) reported that only moderate

levels of K were required for production of foliage.
4.1.2 Effect of nutrienti//on latex flow characteristics

The latex flow characteristics viz; the initial flow rate,
total volume, plugging index and dry rubber content of latex were
recorded in July and October, 1990 and in April, 1991 in the
three locations. But , only the data for October are presented
(Table 13, 14 and 15) since during this period the yield 1is
higher and the leaves have matured and have a more or less steady

status of nutrients.

4-1.2.1 Initial flow rate

4

At Kulasekharam the effect of N was significant and there
was progressive 1increase 1in the initial flow rate with

incremental doses of its application (Table 13). The N80 level

gave the highest value which was superior to the N level, both

40

the former levels being superior to N At Thodupuzha there was

0°
significant reduction in the initial flow rate with progressive

increase in the level of N from N, upto N (Table 14). At

0] 80

Balussery}the N level gave the highest initial flow rate which

40

was not significantly different from the N level, both being

80

superior to N, level (Table 15). -

0
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Application of P at both P3O and P6O levels significantly

increased the initial flow rate in all the three locations over

the PO level. The P6O and P3O levels w?re on par at

Kulasekharam and Thodupuzha,while the former dose was superior at

Balussery.

It is seen from Tables 13, 14 and 15 that application of K
at both 80 and 40 kg levels significantly increased the initial

flow rate in all the three locations over the KO level. The K4O

and K levels were on par in all the locations. It is also

80

noticed that application of Mg significantly increased the

initial flow rate in all the locations.

Application of N has increased the initial flow rate at
Kulasekharam and Balussery’while at Thodupuzha it had no
favourable effect. The flow rate was increased by application of
P, K and Mg in all the locations. The initial flow rate has of
course a small contribution to the total yield, since it 1is the
average of the initial five minutes flow. The positive effect of
applied nutrients on this parameter was reflected in the yield of
Fubber also to a certain extent. The favourable effect
€specially of K can be attributed to the beneficial effect in
translocating assimilates which is reflected in the production of
latex, Pushparajah (1977) reported that the flow rate was
increased by application of K and moderate levels of P and Mg

%hile N hag not much effect.
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4.1.2.2 Total volume - -

/

Application of N at both 40 and 80 kg levels significantly
increased the total voluﬁe of latex above the No level in all the
three locations (Tables 13, 14 and 15). At Kulasekharanm,
application of N at 80 kg level gave the highest total volume,

but it was on par with the 40 kg levzl. The N4O level gave the

highest volume at Thodupuzha and Balussery which was superior to

the N80 level.

It is seen from Tables 13, 14 and 15 that application of P
at both 30 and 60 kg levels significantly increased the total

volume over the Po level in all the locations. The P3O level

gave the highest volume which was on par with the PGO level at

Kulasekharam and Thodupuzha. Application of P at 60 kg gave the

highest total volume at Balussery, but it was on par with the P3O

level.

Application of K at both 40 and 80 kg levels gave

significantly higher total volume in all the locations over :th

(@

KO level. The K4O level gave the highest volume at Kulaseskxhars

=]

which was not significantly different from the KBO level. Ths=

K80 level gave the highest total volume at Thodupuzha an<

level was on par with the K

Balussery. At Thodupuzha the Kgo s

level,while at Balussery it was supericr to the latter.

ne c. -

CL
-
(us

Application of Mg has significantly increase

Volume at Balussery. At Thodupuzha, though the effect was rnoc
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significant an increasing trend was noticed. A significant
reduction in the total volume was noticed at Kulasekharam with Mg

application.

It is seen that application of all the nutrients had a
favourable effect on the total volume of latex in all the
locations except for Mg at Kulasekharam’where its effect was
negative. The total volume of latex is the component which has
the closest positive relationship with the yield of rubber. This
is also evident from the high positive correlation obtained
between yield and total volume (Table 37) in this study.
Application of nutrients by their role in dimproving
photosynthesis and metabolic activity of the tree might have
helped in the synthesis of more latex. This has been rightly

reflected in the yield also (Table 16).

At Kulasekharam Mg might have encouraged more vegetative
growth and consequently the total volume of latex and thereby the

Yield have suffered (Table 16).
4.1.2.3 Plugging index

Tables 13, 14 and 15 indicate that application of N at
both 40 ang 80 kg levels has significantly reduced the plugging
index in the three locations. At Kulasekharam the 40 kg level
93ve the lowest value which was significantly lower than the one

obtaj .
: Btained with the N level. At Thodupuzha and Balussery the

80
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lowest index was given by the™ N level which was not

80

significantly different from that obtained with the N4O level.

Application of P significantly increased the index in all

the locations. The highest index was given by the P6O level- in

all places. At Kulasekharam, the P30 level gave significantly

lower index compared to the P6O level, while in the other two

locations the above levels were on par.

Application of K at both 40 and 80 kg levels significantly
reduced the plugging index in all the locations. The 80 kg level

gave the lowest index in all cases. The index obtained for Kgo

level was significantly lower than the one obtained for K4O level
at Thodupuzha and Balussery while at Kulasekharam these levels
were on par. Application of Mg significantly increased the

plugging index in all the locations.

The plugging index génerally gave a negative relation with
yield. Application of N and K has reduced the plugging index
while that of P and Mg helped to increase it. The 1increase 1in
vield with application of N and K in this experiment could be to
some extent related to the effect of these nutrients in lowering

the plugging index.

The presence of Ca and Mg beyond a certain level leads to
Precoagulation of latex and early plugging or high plugging
index ( Pushparajah, 1981 and Yeang and Paranjothy, 1982 ) :--This

could be the reason why the plugging index has been increased by
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application of P and Mg. It may be remembered here that
application of P as rock phosphate also adds Ca alony with P.
Now the positive response in yield to application of P and Mg
obtained in this experiment could be the result of the favourgble
effort from the application of these nutrients on the total
volume and the dry rubber content of latex which more than

compensated the possible adverse effects through plugging index.
4.1.2.4 Dry rubber content

The dry rubber content of latex was significantly increased
by the application of N at both 40 and 80 kg levels in all the

locations (Tables 13,14 and 15). The N level gave the highest

80
dry rubber content in all the locations. The 80 and 40 kg levels

were on par at Thodupuzha and Balussery whereas at Kulasekharam

the 80 kg level was superior to the 40 kg level.

In the case of P also its application at P3O and P6O

levels significantly increased the dry rubber content in all

Places over the P, level. The P

0 30 level gave the highest dry

fubber content in all the locations which was on par with the P60

level at Kulasekharam and Thodupuzha. At Balussery the P30 level

Was superior to the P level.

60

In all the locations application of K at both 40 and 80 kg

levels significantly increased the dry rubber content. The K80

1 . .
€vel gave the highest value which was on par with the K40 level

in . . C o
all places. Application of Mg significantly increased the dry
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Table 13 Effect of nutrients on latex flow characteristics —

Kulasekharam
Treatments Initial flow Total vol- Plugging Dry rubber
Nutrients 1 rate (ml min_l) ume (ml) index content
kg ha (per cent)
NO 3.67 128.44 2.86 38.98
N4O 4.00 146.74 2.73 39.82
N80 4.12 148.05 2.78 39.90
* %k * % * % *%
F-ratio S S S S
PO 3.59 132.44 2.71 39.10
P30 4.08 145.58 2.81 39.82
P60 4.12 145.21 2.84 39.79
* % * %k * % **
F-ratio S S S S
KO 3.64 127.63 2.85 39.13
K4O 4.10 148.63 2.76 39.77
KBO 4.05 146.98 2.76 39.81
* % * % * % * %
F-ratio S S S S
SE (N,P,K) 0.03 0.90 0.005 0.02
CD (N,P,K) 0.07 2.65 0.013 0.07
Mgo 3.84 141.67 2.72 39.56
. Mglo 4.02 140.49 2.86 39.58
*%x * * %k
F-ratio S S S NS
SE (Mg) 0.01 0.35 0.004 0.02
CD (Mg) 0.03 1.00 0.012 -
*
S : Significant at P = 0.05 level
*%
S : Significant at P = 0.0l level

NS : Not significant
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Table 14 Effect of nutrients on latex flow characteristics - '

Thodupuzha
Treatments Initial flow Total vol- Plugging Dry rubber
Nutrients 1 rate (ml min_l) ume (ml) index content
kg ha” (per cent)
NO 3.40 117.19 2.89 38.65
Nao 3.31 123.13 2.69 39.11
NBO 3.25 121.68 2.67 39.24
* %k * %k * Kk * %
F-ratio S S S S
PO 3.06 116.56 2.63 38.60
P3O 3.46 123.12 2.81 39.20
P6O 3.44 122.32 2.82 39.19
*%k *% * % *%
F-ratio S S S S
KO 3.22 112.57 2.84 38.65
K4O 3.39 124.68 2.71 39.12
Kgg 3.36 124.76 2.70 39.22
* % * % **x * %
F-ratio ] S S S
SE (N,P,K) 0.014 0.3%4 0.009 0.066
CD (N,P,K) 0.040 1.156 0.027 0.193
Mgo 3.22 120.64 2.67 38.8%9
Mg, ' 3.43 120.69 2.83 39.11
*%x * % *
F-ratioc S NS S S
SE (Mg) 0.011 0.307 0.007 0.062
CD (Mg) 0.031 - 0.021 0.181
*
S* : Significant at P = 0.05 level
*
S : Significant at P = 0.01 level

NS : Not significant
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Table 15 Effect of nutrients on latex flow characteristics —

palussercy

Treatments

Initial flow Total vol- Plugging Dry rubber
Nutrients 1 rate (ml min—l) ume (ml) index content
kg ha~ (per cent)
NO 3.07 110.48 2.78 37.60
N40 3.25 ;23.93 2.62 38.34
NSO 3.21 122.24 2.62 38.41
*x *K - *%k %* %
F-ratio S S S S
PO 2.94 113.65 2.59 37.82
P30 3.27 121.12 2.71 38.32
P60 3.31 121.88 - 2.72 38.21
* % * % *x*x * %
F-ratio S S S S
KO 3.11 112.77 2.76 37.95
K40 3.20 121.17 2.64 38.18
K80 3.22 122.71 2.62 38.23
* %k * * * % *;lc
F-ratio S -S S S
SE (N,P,K) 0.012 0.359  0.005 0.038
CD (N,P,K) 0.035 1.053 0.016 0.110
Mg 3.10 118.60 2.62 38.00°
Mo 3.25 119.16 2.73 38.24
' * % * % * % * %
F-ratio S S S S
SE (Mg) 0.003 0.180 0.004 0.026
CD (Mg) 0.010 0.340 0.013 0.075

* %

S : Significant at P=0.01 level
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rubber content at Thodupuzha and Balussery. At Kulasekharam also
a similar trend was noticed though the effect of Mg was not

significant.

It is seen that the dry rubber content of latex has been
increased by application of the various nutrients. This could be
the result of the favourable effect of these nutrients in
improving the condition of the rubber tree to produce rubber.
The volume of latex remaining constant, the yield is directly
dependent on the dry rubber content of latex. The favourable
effect of the various applied nutrients in increasing the dry
rubber content of latex has been reflected in the yield of rubber

also.

4.1.3 Effect of nutrients on yield//

The mean yield expressed as g t:r:ee-'l t'.apping—l for 1989-¢

period is presented in Table 16.
4.1.3.1 Effects of nutrients

At Kulasekharam the highest yield was obtained for the 80
kg level of N (Fig. 11). But it was not significantly different
from the 40 kg level. Both 40 and 80 kg levels were
Significantly superior to the no N treatment. Application of P
at 30 kg gave maximum yield. Increasing the level of P from 30
to 60 kg reduced the yield eventhough this reduction was not
Significant. However, both the 30 and 60 kg levels of P gave

Significantly higher yield than no P. In the case of K its
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application at 40 kg gave the maximum yield. The 40 and 80 kg

levels were on par and were superior to the Kg level.

Application of Mg significantly reduced the yield.

In the experiment at Thodupuzha application of N at 40 kg
gave the maximum yield over no N and 80 kg level of N (Fig. 12).
Increasing the dose of N to 80 kg resulted in a significant
reduction eventhough the latter was significantly higher than

the Ng level. Application of P at 30 kg registered the maximum

yield though it was on par with the 60 kg level. Both 30 and 60

kg levels were superior to PO. In the case of K its application

at 80 kg recorded the highest yield. The 40 kg level was not
significantly different from the 80 kg level. Both 40 and 80 kg

doses were significantly higher than KO. Application of Mg at 1O

kg significantly increased the yield.

At Balussery application of N at 40 kg gave the maximum
Yield, but it was not significantly different from the 80 kg dose
(Fig. 13). Both 40 and 80 kg levels were significantly higher

than NO' In the case of P, the highest yield was noticed for the

60 kg level though, it was on par with the 30 kg level. Both 30

a8nd 60 kg levels gave significantly higher yields over P There

0
¥as significant increase in yield with incremental doses of K.
T

he 80 kg level gave the highest yield. Application of Mg

Bignif .
lgnlflcantly increased the yield.
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Application of N has s;gnificantly increased the yield in
all the three locations. The role of N in increasing the rate of
photosynthesis and metabolism is an established phenomenon
(Sutcliff and Baker, 1974 and Bidwell, 1979). This might have
resulted in a direct increase in yield with application of N.
This is further supported by the significant increase in leaf
production (Table 12) with application of N. A better foliage
might have 1increased the total photosynthesis of the tree and
thereby the yield. The data on soil organic carbon and leaf N
(Table 23 and 28) clearly show that these parameters are
significantly increased by application of N fertilizer. A
positive correlation 1is also observed (Table 38) for yield with
soil and leaf N. This further supports the respcnse in yield to
N application. The dry rubber yield is a product of the volume
of latex and its dry rubber content. It is seen from Tables 13,
14 and 15 that the total volume and dry rubber content at
Kulasekharam, Thodupuzha and Balussery respectively are
significantly increased by application of N. Again, there 1is a
strong positive correlation obtained for yield with both total
volume and dry rubber content (Table 37). This very favorably
Supports the response obtained for the application of N.
Significant responses to application of N fertilizers were
Yeported by Owen et al. (1957), George (1962), Guha (1975),

Punncose et al. (1975) and Potty et al. (1976).

It is seen that the 40 kg level of N was sufficient in all

the locations. Similar results were reported by the Rubber
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Research Institute of Ceylon (1966). At Thodupuzha application
of N above 40 kg resulted in a depress;on in yield. Table 2
indicates that the available N status at Thodupuzha was higher
than that in the other two locations. In this situation,
application of N at higher level might have created an imbalance
in the tree resulting in lower yields (Angkapradipta et al. 1986
and Rubber Research Institute Sri Lanka, 1986). It can also be
noted from Table 14 that the total volume of latex at Thodupuzha
was significantly depressed by the application of N beyond 40 kg
level which might have contributed to the reduction in yield at

the 80 kg level of N.

There is positive response to application of P at both 30
and 60 kg doses. Phosphorus 1s extremely important as a
structural part of many compounds in the plant notably nucleic
acids and phospholipids and has important role in photosynthesis
and energy metabolism (Bidwel, 1979). Application of P might
have increased the yield by improving the photosynthetic activity
and metabolism of the tree. The significant increase in leaf
Production (Table 12) with application of P might have improved
the quantum of photosynthesis of the tree and thereby increased
the yield. The significant increase in soil available P and leaf
P contents (Tables 24 and 29) from application of P fertilizer
further Supports the response in yield to P application. Tables

13, 14 anag 15 also indicates that application of P has

—_—

)»s 3 . . . .
lgnlflcantly increased the total volume and dry rubber content
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of latex which were directly-correlated with yield (Table 16).
This observation further supports the resnonse obtained to
application of P. Responsesin yield to application of P
fertilizers were also reported by Pushparajah et al. (1983),

Yogaratnam and Weerasuriya (1984) and Mathew et al. (1989).

Increasing the level of P above 30 kg does not further
significantly improve the yield in any of the experimental sites.
In fact there is marginal decrease in two locations. Table 12
shows that increasing the level of P beyond 30 kg did not
further improve the growth of foliage in all the locations.
This could be one reason why tﬂere is no response above the 30 kg
level of P. The total volume and dry rubber content of latex
(Tables 13, 14 and 15) were not generally improved further by
appliéation of P above 30 kg level. This, over and above other
reasons strengthens the absence of additional increase in yield

by raising the level of P above 30 kg.

Application of K significantly increases the yield at both
40 and 80 kg levels of application in all the locations. At
Kulasekharam and Thodupuzha the 40 and 80 kg levels are or. par.
In the experiment at Balussery application of incremental doses

of X progressively increases the yield.

Potassium is an activator in enzyme systems and has a
definite role in the transport of ATP-ase (Sutcliff and Baker,
1974)- It is important for the development of chlorophyll and

for bhotosynthesis. Thus by enhancing the photosynthesis and



Table 16 Effect of nutrients on yield (g tree—l tap

)

Treatments Kulasekharam Thodupuzha Balussery
Nutrients kg ha
No 44.44 38.96 36.54
N4O 50.72 41.72 41.65
Ngg 51.15 41.07 41.4¢

** — *%* * % ——
F-ratio S NgoNgoNg S NgoNgoNg S Ng4oNgoNo
PO 45.55 38.81 37.77
PBO 50.41 41.49 40.78
P6O 50.35 41.45 41.04

*%x ——— * % —_— * % —_—
F-ratio S P30Pg0Po S P3gPgnPg S PgoP30Pg
KO 44.50 38.18 37.67

. 41.77 40.6
K4O 51.03 6
. 41.80 41.

KBO 50.78 1.8 26

* % — * % ——— * %
F-ratio S KaoKgoKo S KgoKaoKp S KgoK40Ko
SE (N,P,K) 0.lel 0.046 0.100
CD (N,P,K) 0.472 0.134 0.294
Mgo 48.89 40.44 39.65
Mglo 48.65 40.73 40.07

* % ** *x %
F-ratio S MgoMgio S My1oMgo S MgioMdo
SE (Mg) 0.043 0.003 0.024
CD (Mg) 0.124 0.010 0.071

* %

S : significant at P=0.01 level
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general metabolic activity of the plant K might have helped in
increasing the yield. Table 12 indicates that leaf production
has been significantly increased by application of K. This could
have improved the photosynthetic rate of the tree resulting in
increased yields. The soil available K as well as the leaf K
contents were significantly improved (Table 25 and 30) by
application of K. This again supports the positive response
obtained from application of K. It is seen from Tables 13, 14
and 15 that the total volume and dry rubber content of latex
which are directly correlated with yield (Table 37) were
significantly increased by application of K in the three
locations. It was also seen from Table 13, 14 and 15 that
plugging index which 1is negatively correlated with yield (Table
37) was reduced by applicatisn of K. These observations further

support the response obtained in yield to application of K.

The response in yield obtained here to application of K
fertilizer are in agreement with the findings of Punnoose et al.
(1975 and 1978), Pushparajah et al. (1983), Rubber Board (1984)

and Angkapradipta et al. (1986).

At Kulasekharam and Thodupuzha application of K at 40 kg
level is found to be sufficient. It can be seen from Tables 13,
14 and 15 on latex flow characteristics that the total volume,
dry rubber content and plugging index were not significantly
different for the 40 and 80 kg doses of K. At Balussery the 80

kg dose is superior to the 40 kg dose. It can be seen from
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Table 2 that the soil K levels weré.initially lower at Balussery
compared to the other locations. In this situation there 1is
response to higher levels of K. When the soil Mg i1s already high
(Table 27) there is need for higher levels of K to maintain.the
balance between K and Mg at a favourable level.
Punnoose et al. (1978) reported that when soil Mg was high there
was response to higher doses of K. This response to higher
levels of K is further explained by the significantly higher
total volume and dry rubber content and lower plugging index
(Table 15) registered by the 80 kg level compared to the 40 kg
level. The reports of Punncose et al. 1978 and Rubber Research
Institute of Sri Lanka 1986 and 1987 also indicated response to

higher levels of K application.

Application of Mg depresses the yield at Kulasekharam,
while it gives a definite response at Thodupuzha and Balussery.
The soil Mg status was higher at Kulasekharam compared to the
other two locations (Table 27). At Thodupuzha and Balussery the
foliage was significantly improved by application of Mg (Table
12) and thereby contributed to a response to Mg application
probably by enhancing the photosynthesis for which Mg has a great
role (Sutcliff and Baker, 1974). But at Kulasekharam application
of Mg has not improved the foliage. The significant reduction in
total volume of latex (Table 13) with Mg could be
another reason for the depression of yield at Kulasekharam with
Mg application. At Thodupuzha and Balussery Mg was

found to increase the total volume and dry rubber content of
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latex (Tables 14 and 15) in most cases and this might have
resulted in increased yields with application of Mg. Tables 29
and 30 indicated that the leaf P and K were relatively low at
Kulasekharam compared to the other two experimental sites énd
when Mg was added at low P and K conditions pre coagulation of
latex might have set in resulting in depression in yield (Rubber
Research Institute Malaya 1969a and 1969b). Depression in yiéid
from application of Mg fertilizer was also reported by Guha
and Pushparajah (1966) and Yogaratnam et al. (1984). On the
contrary, positive responses to application of Mg were
reported by Bolton and Shorrocks (1961), Guha (1975) and

Mathew et al. (1989).

4.1.3.2 Effect of nutrient interactions on yield

The interactions NP,NK,PK,NMg,PMg and KMg were significant

in the three locations and are presented and discussed below.

4.1.3.2.1 Interaction NP

In the absence of P, application of N has given

significantly higher yield at N40 level beyond which further dose

0 . . C e .
%% N has not given a significant increase at Kulasekharam

Q(Table 17). At Pyg and Py, levels also the same trend was
_ "ticed (rig.14).
iowip _ :

iL h the different levels of N wherein the maximum response was

Phosphorus also behaved in the same manner

30 level beyond which there was no further increase.

g .
ﬁfghest Ylield was obtained at N

. 80P3O' This was on par with the
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combinations N80P6O' N4OP30 and N4OP6O' The 1nteraction clearly

shows that the combination N gave a high yield comparable to

40% 30
other combination effects with still higher doses, thereby
signifying the fact that more than these levels of N and P are

not necessary. Similar NP interaction was obtained at Balussery

also (Table 17 and Fig.l4).

At Thodupuzha, with PO’ application of N has given

significantly higher yield at N beyond which further dose of N

40

resulted in a significant depression in yield. (Table 17). At .

P3O and PGO levels alsc a similar trend was noticed (Fig. 14).

In the absence of N, application of P at 30 kg gave a significant
increase in yield and further increasing the level of P was not
useful. With the 40 and 80 kg levels of N also, P behaved in the

same manner. The combination N4OP3O gave the highest yield which

was significantly higher than N and N and on par with

80F 30 80F60

N4OP6O' Similar NP interactions were reported by Owen et al.

(1957), George (1962) and Guha (1975) on yield.
4.1.3.2.2 Interaction NK

At different levels of N, application of K at 40 kg has
Jiven a significant increase over the KO level in the experiment

at Kulasekharam (Table 18). Increasing the dose of K to 80 kg

level aig not significantly influence the yield at No and N8O

levels, while at &40 level there was a significant reduction

Moticed (Fig. 15). It can be seen from the table that this
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Table 17 Effect of NP interaction on yield (g tree_ltap—l)

Levels of N Levels of P205 For NP combinations
PO P3O P60 SE CD

Kulasekharam
NO 43,71 44.75 44.85
N4O 46.25 53.06 52.86 0.279 0.817
N80 46.68 53.41 53.35
Thodupuzha
No 37.86 39.53 39.50
N4O 39.67 42.79 42.70 0.079 0.232
N 38.9C 42.16 42.14

80
Balussery )
NO 35.16 37.00 37.47
N4O 39.26 42.66  43.02 0.174 0.510
N80 38.88 42.67 42.63

Table 18 Effect of NK interaction on yield (g tree_ltap-l)

Levels of N Levels of KZO For NK interactions
KO K40 KBO SE CD

Kulasekharam

Ny 42.99 45.31 45.01

N4O 44.77 54.12  53.27 0.279 0.817

N80 45.74 53.64 54.06

Thodupuzha

Ny 37.71 39.62  39.57

N4O 38.72 43.24 43.20 0.079 0.232

Neo 38.10  42.46 42.63

Balussery

Ny 34.19  37.05 38.39

: 39.21 42.86  42.87 0.174 0.510

40
80 39.61 42.06  42.52
———
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detrimental effect of KBO could be eliminated by giving N80‘ But

o gave higher yield than N Therefore there is no need

NioKyq soXso0-
in increasing the dose of either N or K beyond 40 kg levels.
It will be economically as well as productionally not sound.

This shows that'N4OK4o is sufficient and increasing the dose of K

upto 80 kg is definitely detrimental for yield in this location.

At Thodupuzha application of K at 40 kg level significantly
increased the yield at all the levels of N (Table 18). Further
increasing the level of K to 80 kg did not result in any further
significant increase in yield (Fig. 15). Similarly application
of N at 40 kg significantly increased the yield at all the levels
of K. Increasing the level of N to 80 kg resulted in a
significant reduction in yield at all the levels of K. This

shows that the dose of N should not be increased above N4O in
this location. The best interaction was N4OK4O and further

increasing the level of N was detrimental while increasing the
level of K was not useful for yield. This is reflected in the
main effects of N and K also wherein the 40 kg levels of N and K

are the best doses (Table 16).

In the experiment at Balussery, at the NO level,

@pplication of K at 40 and 80 kg levels resulted in progressive
S8ignificant increases in yield (Table 18). However, the yields

Obtai ,
ned at NOK40 and NOKBO were small compared to the

Combinations involving higher levels of N and K (Fig. 15). With

the Ngo and N levels, application of K at 40 kg level resulted

80
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in significant increase 1in yield. But increasing the level of K
to 80 kg did not result in a further significant increase in
yield. At all the levels of K, application of N at 40 kg
significantly increased the yield. 1Increasing the level of N to

80 kg did not affect the yield with KO and K80 levels, but with

the K4O level there was a reduction. It can be seen that the

level of soil N (Table 2) in this location was relatively high

and this could be the reason why the N level was not useful and

80

even depressed yield probably by creating an imbalance 1in the
tree (Rubber Research 1Institute of Malaya 1969a and Guha
et al. 1971). " In the case of the main effects (Table 16) the 40
kg level of N was sufficient while the 80 kg level of K gave the
best yield. However the superiority of the 80 kg level of K 1is
not clearly manifested in the NK interacﬁion effects. Though in
the absence of N, the 80 kg level of K gave a significant
licrease, at the 80 kg level of N the increase in yield by
raising the level of K from 40 to 80 kg just missed statistical
significance. With the 40 kg level of N, application of 40 and
80 kg doses of K did not give a difference. In this way
€venthough the main effect of 80 kg K was significant its
lntraction with the 40 and 80 kg levels of N came out
Unimportant. The best interaction was a combination of 40 kg

€ach of N and K which was on par with N and

a0%s0 NgoKgo-

- Reports of the Rubber Research Institute of Ceylon (1966),

P .
“Shparajah (1977) and Sivanadyan (1983) indicated NK

lnteraCtions.
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4.1.3.2.3 Interaction PK

At Kulasekharam, increasing the level of P from PO to P3O

resulted in a significant increase in yield at all the levels of
K application (Table 19). However,further increasing the level
of P to 60 kg did not significantly affect the yield (Fig. 16).
Application of K at 40 kg significantly increased the yield over

the KO level with all the levels of P. Further increasing the

level of K to 80 kg did not affect the yield at the Po and P6O

levels while at the P3O level there was a reduction. The best

interaction was P3OK4O and increasing the level of P above this
was not beneficial while increasing the level of either K alone
or both K and P jointly resulted in significant reduction in
yield. This interaction is reflected in the main effect of P and
K also (Table 16) where the optimum levels of P and K were found

to be 30 and 40 kg respectively.

In the experimental site at Thodupuzha application of P at

30 kg level significantly increased the yield over the PO level

4t all the levels of K application (Table 19). Further
increasing the level of P to 60 kg did not affect the yield (Fig.

le6). Similarly increasing the level of K from KO to K40

significantly increased the yield at all the levels of P. Further
Increase in the level of K to 80 kg did not result in a

'19nificant increase in yield with P3O and P60 levels eventhough

a .
t po there was an increase. The interaction P, K,, gave the

hj . .
*Shest yield which was not significantly different from the
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yields obtained at combinations of still higher levels of both

nutrients.

At Balussery, the performance of P at all the levels of K
was the same as at Thodupuzha (Table 19). Application of K at 40

kg gave a significant increase in yield over Ko with all levels

of P (Fig.l6). Further increasing the level of K to 80 kg did

not significantly increase the yield at P3O level which appears

to be the optimum level for P as seen from the main effect of P

(Table 16). However, with PO and P6O there was an increase for
the 80 kg level of K. This increase at K80 has beeh reflected in
the main effect of K (Table 16) also. The interaction P6Ok80 gave
the highest yield which was significantly better than P30K4O’

However, the interaction p6OK80 was on par with P3OK80 and P3OK4O

was on par with P6OK4O' Interaction effects of PK were reported

by Owen et al. (1957), Rubber Research Institute of Malaya
b L 22

(1965) and Yogaratnam and Weerasuriya (1984).
N

4.1.3.2.4 Interaction NMg

In the experiment at Kulasekharam application of N at 40 kg
has substantially increased the yield at both levels of Mg (Table
20). Further increasing the level of N to 80 kg did not
appreciably increase the yield eventhough it was statistically
significant (Fig. 17). Application of Mg has not influenced the
Yield much, probably because the soil contained fairly high
levels of Mg (Table 2) and this might be due to less leaching

loss of Mg from soil under the relatively low rainfall condition
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Table 19 Effect of PK interaction on yield (g tree—ltap—l)

Levels of 9205 Levels of KZO For PK combinations
KO K4O K8O SE CD

Kulasekharam

PO 43.49 46.20 46.56

P3O' 44.88 53.064 52.71 0.279 0.817

P6O 45.13 53.25 52.68

Thodupuzha

PO 37.62 39.28 39.54

P3O 38.44 43.03 43.01 0.079 0.232

P6O 38.48 43.01 42 .86

Balussery

PO 35.96 38.34 39.00

P3O 38.43 41.73 42.17 0.174 0.510

P6O 38.6Z 41.90 42.6]1

Table 20 Effect of NMg interaction on yield (g tree-ltap_l)

Levels of N Levels of MgO For NMj;combinations
Mg, Mg SE CD

Kulasekharam

NO 44.47 44 .42

N4O 50.98 50.47 0.074 0.215

N80 51.24 51.06

Thodupuzha

NO 38.83 39.09

N4O 41.58 41.86 0.006 0.016

NSO 40.90 41.23

Balussery

NO 36.18 36.90

N4O 41.61 41.68 0.042 0.123

NBO 41.16

4] .64
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existing here. The effect of Mg showed a negative influence on

yield and at N it even gave a significant reduction. This

40
could be the result of the destabilising effect of Mg on .latex
(Rubber Research Institute of Malaya, 1969a and 1969b). 1In the
main effect of Mg (Table 16) its application significantly
depressed the yield. It 1is clear from the interaction table that

this negative effect of Mg is the result of its negative

interaction with the 40 kg level of N.

At Thodupuzha, application of N at 40 kg level
significantly increased the yield both in the presence and
absence of Mg (Table 20) and beyond 40 kg N there was a decrease.

The interaction N Mg,o 9ave the highest yield (Fig. 17).

40

At Balussery also application of N at 40 kg significantly
increased the yield at both levels of Mg (Table 20). Further
increasing the dose of N was not beneficial in the presence of Mg
while in the absence of Mg there was a decrease (Fig. 17). The

interaction N4O Mglo gave the highest yield eventhough it was

not significantly different from N4O Mgo.

4-}.3.2.5 Interaction PMg

At Kulasekharam there was significant increase in yield

with P3o compared to P, at both the levels of Mg (Table 21).

Increasing the level of P to 60 kg resulted in significant but
8mall changes in yield with the two levels of Mg (Fig. 18). At

the P3O level, application of Mg significantly reduced the yield.
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In general it is seen that the interaction of P with Mg was not
very decisive and in fact there was only a negative effect. The

highest yield was given by P3O in the absence of Mg.

In the experiment at Thodupuzha the main effect of P at 30
kg level was more pronounced and Mg had a significant influence
on yield at every level of P applied thereby justifying the
application of Mg in this location (Table 21). The combination

Pig MglO was found to be sufficient for optimum yield (Fig. 18).

At Balussery also similar results were obtained justifying
the need for Mg application (Table 21). The increase in yield

from PO to 930 was significant and marked while further increase

from P to P though statistically significant was small at

30 60
both levels of Mg (Fig. 18). The interaction Peo Mg, 9gave the
highest yield which was significantly higher than the P3OMglO
combination. However the increase from P30Mglo to PGOMglO was
Small. Significant PMg interactions were reported by

Mathew et al. (1989).
4.1.3.2.6 Interaction KMg

In the case of the experiment at Kulasekharam application
°f K at 40 kg gave appreciable increase in yield irrespective of
the level of Mg (Table 22). Further increase in the level of K
'did Not have much influence (Fig. 19). This was true with the

?.ain effect of K also (Table 16) where beyond K,o there was no

£ . : i
¢ “Urther increase in yield. Application of Mg had a negative
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Table 21 Effect of PMg interaction on yield (g tree_ltap_l)

Levels of PZOS Levels of Mgo For PMg combinations
Mg, M3, SE CD

Kulasekharam

PO 45.65 45.44

P3O 50.73 50.09 0.074 0.215

P6O 50.29 50.42

Thodupuzha

PO 38.71 38.91

PBO 41.35 41.63 0.006 0.016

P6O 41.25 41.64

Balussery

PO 37.58 37.96

P3O 40.52 41.04. 0.042 0.123

P60 40.86 41.22

Table 22 Effect of KMg interaction on yield (g tree—ltap—l)

Levels of KZO Levels of Mgo For KMg combinations
Mg, Mg, SE CD

Kulasekharam

Ky 44.62 44.38,

Kao 51.23 50.82 0.074 0.215

Keo 50.83 50.74 -

Thodupuzha

Ky 38.63 37.73

Ko 41.33 42.22 0.006 0.016

Ko 41.36 42.24

Balussery

io 37.47 37.86

0 40.42 40.90 0.042  -0.123

2 a1 _D6 a1 AR
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effect at every level of K which was significant at ho and K40+
The interaction KAOHgO gave the highest yield which was

significantly better than all other combinations involving

different levels cf K and Mg.

At Thodupuzha spplication of Mg has given a beneficial
effect which was pronounced at K4O an-? KBO levels {(Table 22 and
Fig. 19). At Balussery an uniform beneficial effect was
noticed by application of Mg at ail the levels of K (Table 22 and

Fig. 19).

The main effect of Mg 1is reflected in the iuteraction
effects also in all the locations and there is no need to apply
Mg at Kulasekharam and at the other two location it is necessary.
This may be attributed to the influence of climate mainly
rainfall which 1is probably responsible for the differential

response to Mg.
4.1.4 Chemical analysis
4.1.4.1 Effect of nutrients on soil nutrient contents

The effect of applied nutrients on soil organic carbon and

available P,K,Ca and Mg are presented and discussed.

4.1.4.1.1 Effect of nutrients on organic carbon

The results obtained for the three locations are presented
in Table 23. Application of N at both 40 and 80 kg 1levels has

significantly increased the organic carbon content over the NO



&o)
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level in all the three locations during all the years. The NBO

level gave the highest organic carbon content and was superior to

the N4O level. The effect of P was not very conspicuous. At

Kulasekharam application of P at 60 kg significantly improved-the

organic carbon content while the 30 kg was on par with Py The
effect of P was not significant at Thodupuzha. However the PBO

and P treatments gave numerically higher values than the PO

60

treatment. At Balussery the effect of P was significant. The

PGO level gave the highest value during all the years. During

1989, both P60 and P30 were superior to PO' but the former two

levels were on par. In 1990, P60 was superior to both P30 and

P but the latter levels were on par. The P3O and PO levels

O r

were on par during 1991 also while P60 level was superior to P30

level.

In the case of K, its application at both 40 and 80 kg
levels had a significant effect in increasing the organic carbon
content at Kulasekharam during 1990. The 80 kg level gave the
highest value which was on par with the 40 kg level. During 1989
and 1991 though the effect of K was not significant a similar
trend was noticed. Application of K did not significantly affect
the organic carbon content during any of the years at Thodupuzha

and Balussery. However during 1989 and 1990 the K4O and KBO

treatments gave numerically higher values than KO in these

locations.
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Table 23 Effect of nutrients on soil organic carbon (per cent)

Treatments Kulasekharam Thedupuzha Balussery
Nutrients :
kg ha_l 1989 1990 1991 1989 1990 1991 1988 190 1991
NO 0.92 0.91 0.93 1.00 1.00 1.02 1.03 1.04 1.04
N4O 1.01 1.02  1.04 1.13 1.15 1.18 1.14 1.16 1.19
NBO 1.12 1.10 1l.12 1.2 1.23 1.26 1.27 1.30 1.32
* % * % * % * %k * % %k * % * % *%
F-ratio S S S S S S S S S
PO 1.00 - 0.99 1.00 1.11 1.12 1.14 1.13 1.l6 1.18
P3O 1.02 0.99 1.02 1.13 1.13 1.16 1.15 1.16 1.17
960 1.03 1.05 1.06 1.11 1.13 1.15 1.16 1.18 1.20
*%x * % **x * *
F-ratio NS S S NS NS NS S S S
KO 1.00 0.99 1.02 1.1 1.12 1.15 1.14 1.16 1.18
K4O 1.01 1.02 1.03 1.12 1.13 1.16 1.16  1.17 l:éO
KBO 1.03 1.02 1.04 1.12 1.13 1.14 1.14 1l.16 1.17
F-ratio NS S* NS NS NS NS NS NS NS
SE(N,P,K) 0.01 0.01 o0©.01 0.008 0.006 0.006 0.006 0.006 0.007
CD(N,P,K) 0.03 0.02 0.03 0.024 0.019 0.019 0.019 0.019 0.021
Mgo 1.02 1.01  1.02 1.12 1.12 1.14 1.14 1.16 1l.18
MglO 1.01 1.01 1.04 1.12 1.14 1.16 1.15 1.17 1.1°
* * *
F-ratio NS NS NS NS S NS NS S S
SE(Mg) 0.01 0.01 0.01 0.007 0.005 0.004 0.003 0.003 0.003
CD(Mg) - - - - 0.014 - - 0.009 0.009
*
S : Singnificant at P=0.05 level -
% % .
S : Significant at P= 0.0l level

NS : Not Significant
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The effects of Mg was significant only during 1990 at
Thodupuzha and during 1990 and 1991 at Balussery where its
application significantly improved the organic carbon contents.
A similar trend was noticed in all other cases except at

Kulasekharam in 1989.

An examination of Table 23 indicates that there was
generally a small but gradual build up of organic carbon in the

three location with time.

It is seen that addition of all the nutrients helped in the
enrichment of soil organic carbon. When mineral nutrients are in
adequate supply in soil there will be better conservation ‘of
organic carbon of soil (Stevenson, 1964 and Brady, 1988). The
gradual build up of organic cérbon in the soil could be the
result of continuous addition of leaf litter from the trees. The
effect of N on the organic carbon status is well known. In
rubber soil it is all the more enhanced. Hence it is not
discussed in detail. Reports of the Rubber Research Institute of
Malaysia (1976) indicated that application of fertilizers

especially N increased the level of organic carbon in the soil.
4.1.4.1.2 Effect of nutrients on available P

The available P content in the different locations is given
in Table 24. The effect of N application on the available P
content of soil was significant only at Balussery in the year

1990, where the NBO level gave higher P content over the N4O and



. on par. In all the

NO levels. The twc latter levels %

remaining cases, the effect of N was nce -gnificant and the trend

also was inconsistent. There was :Jgre551ve significant

ncremental doses of P

T

increase in the P content of soil Wi

i i i . i iod. There
application in all the locations durisv , e entire period e

was also substantial increases in F RO with each level of P

application. The highest content of e P was given by the P6O

level.

Jas inconsistent. At

‘\

The response to application !
Kulasekharam the Kg, level was on ra““:h fo 1 1989 and both

these levels were superior to K4o- - a9 and 1991 there was no

levels of K. In 1990

significant difference among the ditter

numerically the highest P content wa® andined at o level, while

in 1991 the highest content was QUMYJed at the Kgg level.

Significant differences were noticed Ane 19 the levels of K at

Thodupuzha during all the three yeauis- . 1989 and 1990 the K80

level was superior to

level was on par with Ky and in 1991 th )

licati f K at K
both K40 and K80 levels. At Balusavl\: application © a 40
level gave significantly higher P cent®!™ compared to Kgq and Fg
levels in 1989 ancd 1991. In tunt also K, level gave

numerically the highest P content p.,,,.\\Chough the differences

among the levels of K were not signiCIwn”c'

The effect of application of ! ilso was inconsistent on

the P content of soil in the d;fferent locations. At

Kulasekharam there was no significant .,y fect from Mg application
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Table 24 Effect of nutrients on soil available P (kg ha_l)

Treatments Kulasekharam Thodupuzha Balussery

Nutrients 1989 1990 1991 1989 1990 1991 1989 1990 1991
kg ha

-t : agth000
el K§/

NO 20.26 30.18 33.07 19.49 26.85 47.06 38.65 50.01 56.69
N4O 20.20 30.15 32.66 19.66 26.76 47.41 38.33 49.65 56.37
N80 20.44 29.92 32.84 19.49 26.69 46.62 38.99 50.85 55.94
F-ratio NS NS NS NS NS NS NS S* NS
'PO 16.16 16.73 16.84 14.59 17.54 20.15 24.43 25.91 24.79
930 20.29 32.65 36.07 20.43 28.22 54.66 41.09 54.29 60.26
P6O 24.46 40.87 45.67 23.63 34.54 66.27 50.46 70.31 83.96
* % ** * % * % k% *x *)* * % * %
F~ratio S S S S S S S S S
KO 20.41 30.41 32.74 19.86 26.99 48.23 38.22 50.42 56.14
K4O 19.93 29.76 32.86 18.88 26.36 46.49 39.40 50.46 57.65
K80 20.56 30.09 32.98 19.90 26.94 46.36 38.35 49.63 55.22
** * % ) K * % )%k * %
F-ratio S NS NS S S - S S NS S
SE(N,P,K) 0.13 0.18 0.26 0.131 0.146 0.234 0.257 0.280 0.268
CD(N,P,K) 0.38 0.53 0.76 0.385 0.427 0.686 0.753 0.821 0.786
Mgo 20.45 29.87 32.68 19.46 26.62 47.46 38.76 50.40 55.56
Mglo 20.15 30.30 33.04 19.64 26.92 46.60 38.56 49.94 57.11
*% * % * %)
F-ratio NS NS NS NS S S NS NS S
SE(Mg) 0.13 0.18 0.31 0.111 0.047 0.164 0.259 0.204 0.310
CD(Mg) - - - - 0.136 0.477 -~ - 0.90
S* . . . rv-. = hanad — o
: Significant at P=0.05 level F R D et LRI A g
* % 3
S : Significant at P= 0.01 level } RGN A 4
NS : Not Significant i Cep M 75210
4
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during the entire period. In 1290 and 1991 numerically higher
means were given by Mg application, while the reverse trend was
noticed in 1989. The effect of application of Mg was significant
in 1990 and 1991 at Thodupuzha. In 1990 there was a significant
increacse in P content from Mg application while there was a
significant reduction in 1991. In 1989, Mg application did not
affect the P content. At Balussery, application of Mg gave a
significant increases in P content only in 1991 and during the

previous years the effect was not significant and even a reverse

trend was noticed.

The increase in the available P content of soil with
application of P was notable. It is only a direct effect of
application of P fertilizer. Similar increases in P content of
soil were reported by Bolton (1960) and Pushpadas et al. (1972)
in rubber growing soils. There was also a gradual build up of
available P in the different locations with time. As expected, N

or K application has not influenced the P content of soil.

4.1.4.1.3 Effect of nutrients on available K

The available K contents of so0oil in the three locations are
presented in Table 25. Application of N had significant negative

effect on the available K content during all the years at

Kulasekharam and Balussery and during 1990 and 1991 at

Thodupuzha. There was progressive reduction in the K content

with incremental doses of N application. The highest K content

was noticed at NO and lowest at N8O level. At Thodupuzha during
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1989 though the effect of N was not significant, numerically the

highest K content was observed at NO and lowest content at N40

level.

At Kulasekharam, application of P showed a tendency to

reduce the K content. During 1990 both the P3O and P60 levels
significantly reduced the K content compared to E%) where the
former two levels were on par. The P6O level significantly
depressed the K content in 1991 below the P3O and PO levels and

there was no significant difference between the latter Jlevels.
The effect of P was not significant during 1989. But a similar
trend as in 1990 was noticed. At Thodupuzha the effect of P was

significant only in 1990 when the P3O level gave higher K content

above the P6O and PO level, the latter levels being on par.

During 1989 and 1991 also a more or less similar trend was
noticed. During 1991 there was a significant reduction in the K

content with application of P at both P3O and P60 levels at
Balussery. The P3O and P6O levels were on par. During 1989 and
1990 the effect of P was not significant. The PO level gave the

highest K content in 1989 while during 1990 the highest K content

was obtained at P3O level.

Application of K at both K4O and K8O levels significantly

increased the K content of soil during all the years in the three

locations over the Kq level. The highest K content was given by
K80 level which was significantly higher than the K4O level.

There was substantial increase in the K content with K



eple 25 Effect of mutrients o soil available K (kg ba )

Treagnents Kulasekharam Thedouzha Balussery
N:trie’lxts
kg ha 1989 190 191 190 190 1991 1982 190 181
N, 133.98 159.32  211.21  126.04 151.36  163.57 110.80 138.61 155.66
Ng 125.59  146.% 205.%4  119.45 1.4 15.59 104.87 122.83 143.28
N 106,70 130.07 168.45 119.8 123.70 138.92  87.73 108.16 120.3%
*% *% *k *% *K *x ** **
Fretio S S S NS S S S S S
By 123.21  150.39 196.95 119.42 135.86 153.66 102.38 122.09 142.42
Py 120.12  141.80  196.01 123.09 141.52  154.48 101.92 125.63  137.32
Peo 122,94 144.16 192.63 12.84 137.12 150.%4  98.0 121.88 13.%
*%k * * *x
. Fratio NS S S NS S NS NS NS S
K, 91.53  100.82 12.91 8.0 105.24 117.5%6  91.87  87.48 14.€0
Ko 117.00  147.91 182.27 126.12 141.09 156.91 100.97 123.9%  143.91
Ko 157.74  187.62  280.42 149.93 168.08 184.61 110.36 18%8.15 170.7
*k *% *k *Kk ok *% **k **k ok
F-ratio S S S S S S S S S

SE(N,P,K) 1.25 1.51 0.8 2,172 1.292 1.383 1.217 1.265 0.9%6

CD(N,P,K) 3.6 4.42 2.88 6.260  3.70 4.0%6 3.5 3.709 2.806
D’go 124.23  146.61 197.40 1X.85 144.60 1%6.5%6 106.3%6  126.71  141.86
Mglo 119.95 144.9 192.%9 113.72 13l.64 149.30 9.57 119.68  137.€¢7
*k *k *x ok *k *x *Kk *x
F-ratio S N5 S S S S S S S
SE(Mg) 0.4 0.8 0.48 0.953  0.747 0.517 0.406 0.793 0.5e8
(M) 2.43 - 1.3 2,765 2.167 1.500 1.178 2.201 2.808

*

S : Significant at P = 0.6 level
*k

S : Significant at P = 0.0l level

N5 @ Nt Significant
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application. There was a significant reduction in the K content
with application of Mg 1in all the locations during the entire
period except for Kulasekharam during 1990 where also a similar

trend was oObserved.

It was observed that application of K significantly
increased the available K content of soil. This 1is the direct
effect of application of K fertilizer. Similar observations were
reported by Pushpadas et al. (1978) Lau (1979) and Dissanayaka

and Mithrasena (1986).

Application of N was found to reduce the K content of soil.

Higher concentrations of NH4+ ions especially in the lower layers
would have replaced K+ ions from the exchange sites bringing more
of K into the solution from where they were lost by leaching
(Tisdale et al. 1985). Moreover, the higher growth associated
with application of N would have increased the plant uptake of K
thus reducing its level in the soil. Application of Mg also lead

to decrease in the K content of soil. It would be possible that
. . . . + .

when Mg was added to soil it might have displaced some K ions

into the soil solution which in turn were lost by leaching thus

lowering the K content of soil (Brady, 1988).

4.1.4.1.4 Effect of nutrients on available Ca

The results are precsented in Table 26. The effect of N was

Significant in all the three years and in the three locations.

Increasing the lavel of N progressively reduced the available Ca
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Trealrents Kulasskharam Thedpuzda Balussery
Natrients
kg hat 1989 1990 1991 1989 1500 1991 1999 1990 1901
N 269.35 406.0 470.57 197.18 254.31  323.37 386.00 458.60 58.52
Ny 240.59  363.13 431.30 178.35 220.%9 287.74 3%5.32 433.75  550.33
Ny 212.06 317.58  391.45 154.88 203.66 252.95 337.36 4ll.1l 0776
** ** **k *% *%* *% *k *% **
Fratio S S s S S S S S S
By 20.50 241.25 282.00 123.82 143.66 159.75 322.42 3%61.4l  402.65
Py 241.57 362.70 445.66 183.94 242.12  3X0.78  363.70 41.23  562.09
Pey 279.92  483.06 565.66 222.65  302.19  403.52 402.5%6 500.92  681.88
*k *%* *% *k **k *k *% *% *%
Pratio S S S S S S S S S
K, 243.54  35.11  428.28 174.76 28.78 288.06 364.57 433.%9  552.11
Ko 239.37  363.37 432.04 179.07 228.84 288.43 360.56 432.85 546.03
X 239.09 3%8.53 433.00 176.58 230.34 287.57 363.%4 436.72  548.48
**x **x *x **k ** *k
Fratio S S S S NS NS NS S S

SE(N,P/K) 0.63 0.83 1.02 0.585 0.536 0.624 1.24  0.786 0.575

O(N,P,K) 1.83 2.9 2.98 1.715 1.571 1.831L 3.677 2.3b 1.e87

Mg, 241.71  361.55 429.87 117.66 28.76 228.24 36L.D 4340 8.6l

M5 239.63  363.12 432.3 175.95 229.88 287.79 33.9 434.14  549.13
** *% ** *% **x

Fratio S S S S NS NS S NS NS

E(Mg) 0.48 0.3 0.58 0.422 0.431 0.368 0.289  0.555 0.272

@(M) 1.0  0.87 1.68 1.225 - - 0.890 - -

S : Significant at P=0.05 level

S : Significant at P=0.0l level

NS : Nt Significant
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content of soil. On the other hand application of P had a
significant positive effect on soil Ca in all cases. There was
progressive and substantial increases in the Ca content with
incremental doses of application of P. The pattern of response
to K application was highly inconsistent in the three locations

and also over the years. For Mg, no clear trend was seen.

It is seen that application of P has significantly
increased the Ca content of soil. When P was added to soil as
rock phosphate it also added Ca to soil and this could be the
reason why the Ca content of soil increased with addition of P.
There was also a build up of Ca in soil with addition of P over
the years. This could be due to the continuous applications of
rock phosphate (Bolton, 1960 and Pushparajah, 1966). Application
of N has increased the growth and yield of the tree and might
have removed more Ca from soil,with the result the Ca content of

soil was reduced.
4.1.4.1.5 Effect of nutrients on available Mg

It is noticed that application of N has significantly
reduced the available Mg content of soil in the three locations
during the entire period (Table 27). The Mg content decreased
progressively with incremental doses of N in all cases except for

1990 at Kulasekharam and Thodupuzha where the N40 and N80 levels

were on par. There was a significant increase in the Mg content

with application of P in all cases except for 1989 at Balussery.
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z= Kulasekharam the P level was superior to F level in 1989

60 30

=znd 1990 while in 1991 the P30 level came superinr to PGO level

~n increasing the Mg content of scil. At Thodupusha the P6 and

O .
330 levels were always on par and in 1989 and 1221 the PJO level
was on par with PO. The effect of P was not significant in 1989
2zt Balussery. During subsequent years both th~ 133U and PGO
.evels significantly increased the Mg content. The Pjo and Puu

Llevels were on par.

Application of K at both 40 and 80 kg levels had a

significant negative effect on the Mg content in all the

locations during the entire period. At Kulasekharam the K4O and
KBO levels were on par. At K80 level there was a further
significant reduction in Mg content compared to the K4O level at

Thodupuzha during 1989 and 1990, while during 1991 Lilese¢ two
levels were on par. At Balussery there was progressive reduction
n the Mg content with incremental doses of K application during

-389 while there was no significant difference between the K40

znd levels during 1990 and 1991. Application of Mg

Keo
fignificantly increased the soil Mg content in all the locations

luring the entire period.

Application of Mg has significantly increased the Mg
=ontent of soil which can be explained as the direct effect of
dWdition of Mg fertilizer (Dissanayaka and Mithrasena, 1986).

Pplication of N and K reduced the Mg content of soil. Iligher

. + + . .
‘“ncentration of NH4 and K ions might have replaced more of



Tahle 27 Effect of ntrients an soil availahle My (kg ha-1)

—

Treatments Kulasekharam Thedouzha ' Balussery
Nutrients
;qha‘l 1989 190 . 191 1989 190 1991 1989 190 1991
pb_ 124.15 143.42 169.13 5.21 0.4 4.4 74.94 78.04 = 9B.9
N4O 118.47 120.60 148.33 0.8 26.13 36.20 4.9  71.38 91.73
N&) 112.04 130.15 145.26 1943 26.46 35.41 2.9 68.47 83.80
** Lx.d %k ok ** ** *k *k *%
F-ratio S S S S S S S S S
PO 115.28 130.92 152.22 2.9 26.%  37.40 67.64 €9.73 0.37
P.’D 18.95 124.88 156.59 21.85 27.91 37.58 67.51 74.31 B2
PGO 120.43 137.37 153.91 22.18 27.77 38.07 67.76  73.86 93.76
*% *%k *% *k sk *k ok
F-ratio S S S S S NS NS S S
KO 124.48 148.06 14.24 24.25 0.45 41.14 75.30 81.23 101.55
K4O 115.35 127.42 149,59 .98 2.9 35.8 4.% 68.27 8.0
KBJ 114.83 127.70 148.78 0.2 25.20 6.6 62.65 68.39 83.66
sh *k **k *% *k **k ** *k *%k
F-ratio S S S S S S S S S
SE(N,P,K) 0.424 0.410 0.517 0.135 0.118 Q.18 0.21 0.47 0.53
(N,P,K) 1.245 1.203 1.516 0.337 0.245 0.555 0.63 1.38 1.57
M;O 115.63 130.37 150.73 20.08 B.77 35.78 66.al  68.75 89.19
Mglo 120.81 138.41 157.75 23.60 2X2.32 39.59 68.66 76.51 97.09
*k *% *% ** *k *k *k *% *k
F-ratio S S S S S S S S S
E(Mg) 0.430 0.34 0.340 0.0 0.0 0.041 0.22 0.10 0.32
@g) 1.248 0.997 0.%88 0.286 0.113 0.118 0.63 0.20 0.%4
*k

S : Significent at P=0.01 level
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Mg++ ions from the exchange sites into the soil solution and they
were subsequently lost by leaching (Tisdale et al. 1985). Again
more of Mg was probably removed by the tree when growth and yield

were improved by application of N and K.
4.1.4.2 Effect of nutrients on leaf nutrient contents
4.1.4.2.1 Effect of nutrients on leaf N content

The results obtained for the three locations are presented
in Table 28. It is seen that application of N at both 40 and 80
kg levels has significantly increased the leaf N content over the

NO level in all the three locations. The N80 level was superior

to the N4O level in all the locations during the entire period

except for Kulasekharam in 1991 where the former levels were on

par. The N level gave the highest leaf N content in all cases.

80
Application of P, K and Mg did not show a significant effect on
the leaf N content. It can be seen that application of N has
increased the soil organic carbon (Table 23) which might have
lead to greater absorption of N and increased N content of leaf.
Similar increases in the leaf N content of rubber from

application of N fertilizers were reported by Shorrocks (1962

and 1964 ), Kalam et al. (1980) and Sivanadyan (1983).

4.1.4.2.2. Effect of nutrients on leaf P content

Application of N did not have much influence on leaf P
(Table 29). In the case of P, incremental doses of its

application progressively increased the P content in all the
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locations during the entire period. The P60 level gave the
highest P content in all cases which was superior to P3O level in

all cases except at Kulasekharam in 1989 where the two levels

were on par. Both the P60 and P30 levels gave significantly

higher P content over the PO level.

The effect of K was significant in the three locations
during two years each. Applica;ion of K showed a reducing effect
on the P content of leaf in all cases. The effect of application
of Mg was not significant in any case. In most cases Mg

application showed a tendency to reduce the leaf P content.

Application of P has significantly increased the P content
of leaf. It was already seen that there was significant increase
in the soil P level from application of P fertilizer. The high P
status of soil might have helped in better absorption of P
resulting in high P contents of leaf. Shorrocks (1962),
Pushpadas et al.(1978) and Yogaratnam et al.(1984) also reported

that application of P improved the leaf P content of rubber.
4.1.4.2.3 Effect of nutrients on leaf K content

The effect of application of N on the leaf K content was
not significant in any of the locations (Table 30). The effect
of P was not significant in almost all cases. The effect of

application of K on leaf K content was significant at all the
locations during all the years. It is also seen that application

of Mg significantly reduced the leaf K content in all cases.
2
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Application of K has given higher leaf K contents in all
locations as expected. Similar increases in leaf K contents of
rubber with application of K fertilizer were reported by
Shorrocks (1961b), Yogaratnam et al. (1984) and Yogaratnam and De
Mel (1985). The reduction in leaf K content consequent to
application of Mg could be the result of antagonism between K and

Mg in the process of absorption (Dyck, 1939).
4.1.4.2.4 Effect of nutrients on leaf Ca

The effect of application of N on the leaf Ca content was
not significant in any of the locations (Table 31). Application
of P at both 60 and 30 kg levels significantly increased the leaf

Ca content above the PO level in all the locations and during all

the years. The effect of K was also not significant in most
cases. There was a general reduction in the leaf Ca content with
application of Mg. The significant increase in the leaf Ca
content with application of P could be the result of addition of
rock phosphate which also contains Ca. This is in agreement with

the reports of Shorrocks (196la and 1961b) and Pushparajah

(19697,
4.1.4_.2.5 Effect of nutrients on leaf Mg.

The effect of application of N on the Mg content of 1leaft
was not significant in most cases (Table 32). The effect of
@pplication of P was not significant. There was also not much

effect of applied K on leaf Mg content. With application of Mg a
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significant increase in leaf Mg was noticed in all the three
locations during all the years. The increase in the leaf Mg
content with application of Mg could be its direct effect. It is
seen that the application of Mg has increased its content in the
soil (Table 27) which might have resulted in higher absorption
and higher leaf contents. Increases in the leaf Mg content of
rubber with application of Mg fertilizers were also reported by
Sivanandyan (1983), Yogaratnam et al. (1984) and Yogaratnam and

Weerasuriya (1984).

el
o

4.1.4.3 Effect of nutrients on latex nutrient contents
4.1.4.3.1 Effect of nutrients on latex N content

It is observed from Tables 33, 34 and 35 that application
of N at both 40 and 80 kg levels significantly increased the N

content of latex over the No level in all the three locations.

The N level gave the highest N content which was significantly

80

higher than that given by Nsao level in all the locations. The

effect of application of P and K on latex N was not consistent in
the different locations. Application of Mg had a positive effect

on N content of latex in all locations which became significant

-

at Balussery.
4.1.4.3.2 Effect of nutrients on latex P content

The effect of N on the latex P content was not conspicuous

(Tables 33, 34 and 35). Application of both P and K had a



significant and positive effect on the latex P .

) itent in al
three locations. The effect of Mg was not s1igi 1 the

the locations. lcant 1n any of

4.il4.3.3 Effect of nutrients on latex K content

The -results are presented in Table=

'3, 34
Application of N at both 40 and 80 kg 1lev., ! and 35.

signifi
increased the latex K content over the Ny L. d lcantly

1l in the three
locations. There was not much effect of P |

. . . . i ' the dif
lJocations whereas application of K significau, ferent

v incre
latex K content at both 40 and 80 kg levels i ased the

Il the 1 ati
ov ocC S
er the KO level. The lateX K content was Si.,, tion

_ "icantly reduced
by application of Mg in all the locations.

4.1.4.3.4 Effect of nutrients on latex Ca cont.,

The effect of N and Mg on the latex .,

. e . . ‘ontent
significant 1n any of the locations (Table. was not

3, 34
Application of P has significantly increased 1|, ! and 35).

. . latex Ca c
and it was maximum at P60 level. The appl. ontent

~ion of K had a
significant negative effect on the latex Ca

. ~ent 1in al
locations. 1 the

4.1.4.3.5 Effect of nutrients on latex Mg cont .,

It is seen from Tables 33, 34 and 35 ti.

. e . ippli i
and Mg has 51gn1f1cantly increased the latex pplication of N

cont
Ng, and Mg 10 levels gave the highest value: ent and the

'n the contrary,



Table 33 Effect of applied nutrients on latex nutrient contents (ppm)-

Kulasekharam
Treatments
Nutrients kg ha * N P K Ca Mg
NO 5714 1424 5588 19.58 1135
Nyg 6228 1426 5683 19.44 1185
Nog 6691 1415 5799 19.75 1239
* % * % *%x
F-ratio S NS S NS S
PO 6152 1132 5728 13.64 1213
PBO 6237 1423 5723 19.64 1180
P6O 6239 1694 5713 25.50 1104
* % * % *% k*x
F-ratio S S NS S S
K, 6240 1320 5337 21.36 1162
K4O 6184 1423 5697 19.25 1168
KBO 6205 1507 6130 18.17 1168
* % * % *% * %
F-ratio S S S S NS
SE(N,P,K) 8.53 3.60 8.881 0.185 3.076
CD(N,P,K) 25.01 10.55 26.048 0.543 9.024
Mgo 6207 1411 5753 19.76 1146
MglO 6212 1422 5690 19.43 1187
* %k **k
F-ratio NS NS S NS S
SE(Mg) 6.23 4.47 3.136 0.162 1.956
CD(Mg) - - 9.100 - 5.675
*
S : Significant at P = 0.05 level
*%*
S : Significant at P = 0.01 level

NS : Not significant
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Table 34 Effect of applied nutrients on latex nutrient contents (ppm)-

Thodupuzha
Treatments 1
Nutrients kg ha N P K Ca Mg
No 5443 3003 8662 24.56 1136
N4O 5904 3004 8999 24.58 1190
NBO 6431 3008 9184 24.50 1283
N * % ** *%
F-ratio S NS S NS S
PO 5960 2706 8947 16.36 1233
P3O 5802 3008 8992 24.64 1183
PGO 5886 3302 8999 32.64 1141
*% * % *x % *% * %k
F-ratio . S S S S S
Ko 5918 2908 7972 27.50 1187
K40 5876 3004 9111 24.14 1187
K80 5954 3105 9855 22.00 1184
* %k * % *%k * % )
F-ratio S S S S NS
SE(N,P,K) 19.318 2.387 13.926 0.126 2.393
CD(N,P,K) 56.660 7.001 40.847 0.368 7.019
Mg0 5903 3005 9011 24.35 1168
Mglo 5926 3006 8948 24.74 1204
*%* **
F-ratio NS NS S NS S
SE(Mg) 10.834 7.019 10.0°1 0.173 0.222
CD(Mg) - - 29.285 - 0.645
*
S : Significant at P = 0.05 level
**
S : Significant at P = 0.01 level

NS : Not significant.



Table 35 Effect of applied nutrients on latex nutrient
contents (ppm)-Balussery.

[§)
e

NS : Not significant.

Treatments 1
Nutrients kg ha N P K Ca Mg
NO 6053 2404 6209 14.69 727
N40 6571 2404 6387 14.64 754
NBO 6983 2405 6563 14.83 831

** * % *%x
F-ratio S NS S NS S
PO 6503 2111 6393 10.75 867
_P30 6531 2404 6423 14.56 728
PGO 6535 2701 6425 18.86 718

* %k * %k x*% * k
F-ratio S S NS S S
KO 6489 2303 5781 15.81 773
K4O 6506 2407 6428 14.67 767
K80 6575 2506 7031 13.69 773

* Kk * %k * % * X
F-ratio S S S S NS
SE(N,P,K) 8.715 1.741 9.913 0.144 2.269
CD(N,P,K) 25.563 5.106 29.075 0.422 6.654
Mgo 6510 2406 6440 14.65 752
Mglo 6536 2405 6387 14.80 790

* % * % * %k
F-ratio S NS S NS S
SE(Mg) 6.663 7.441 2.780 0.136 0.613
CD(Mg) 19.342 - 8.066 - 1.779

*
S : Significant at P = 0.05 level
**

] : Significant at P = 0.01 level



the effect of application of P on latex Mg content was negative
and significant in all the locations. There was no clear trend

noticed . for application of K.

It is noticed that application of N has increased the
latex N content in all cases. As more N was absorbed more of it
has been channeled into the latex. Shorrocks (1961b), Collier
and Lowe (1969) and Pushparajah et al.(1975) also observed

increased N content of latex from application of N fertilizers.

The P content of latex was increased with application of P.
This may be explained as the direct effect of applied P which has
been reflected in thé P content of leaf also (Table 29). Simiiar
results were reported by Shorrocks (196lb) and Collier and Lowe
(1969). It is seen that application of K also has increased the
latex P content. The K content of latex also was increased with

application of K. Pushparajah (1969) and Pushparajah et al.

(1975) also obtained similar results.

The K content of latex was increased by application of K.
Application of K has improved the general K status of the tree
and thereby its content in latex also has increased. Similar
results were reported by Shorrocks (1961lb), Pushparajah (1969)
and Pushparajah et al. (1975). Application of N also has
increased the K content of latex. Similar increase in the latex
K content with application of N was reported by Pushparajah
et al. (1975). The decrease in the K content of latex with

application of Mg could be the result of antagonism between these

elements (Pushparajah et al. 1975).



The Ca content of latex was increased with application of
p. This could be the direct éontribution of Ca which is also
contained in rock phosphate fhe carrier of P. Pushparajah et al.
(1975) also observed increase in latex Ca content from
application of P through rock phosphate. The latex Ca content
was reduced by application of K. With application of K, more of
K ions get into the latex system which discourages the entry of

Ca ions into latex. Similar results were also observed by
Pushparajah et al. (1975) , -7

The increase in the Mg content of latex with application of
Mg could be the result of migration of Mg into the latex which is
adequately present in the tree. Beaufils, (1954), Bolton and
Shorrocks (1961 ) and éushparayﬂl et al. (1975) also obtained
higher Mg content of latex with application of Mg. Increases in
the latex Mg content with application of N were also reported by
Collier and Lowe (1969) and Pushparajah et al. (1975). It 1is
seen that the latex Mg was reduced by applicétion of P. Collier

and Lowe (1969) also observed reduction in the Mg content of

latex with application of P as rock phosphate.
4.2. Correlation studies

In order to explain the relationship between some of the
important characters connected with growth and yield, correlation

studies were attempted. The correlations have been worked out on



all possible relationships. However only the important and

relevant correlations are presented and discussed in the text.
4.2.1 Correlation between yield and growth characters

Table 36 indicates that yield was correlated with both
girth increment and rate of bark renewal. It may be remembered
that the yield as well as the above growth characters were
positively influenced by application of the various nutrients.
The increase in yield might have been the result of enhanced
growth of the tree. However the girth, virgin bark thickness and
weight of leaf litter were not correlated with the yield. The
virgin bark thickness is a clonal character and this may be the

reason for not getting a correlation with yield.
4.2.2 Correlation of yield with latex flow characteristics

Table 37 indicates that the initial flow rate was
significantly and positively correlated with yield. This shows
that the initial flow rate which represents the initial five
minutes' yield just after tapping has a contribution to the final
vyield. Similar correlations were also reported by Narayanan and
Abraham (1976) and Samsidar BTE Hamzah and Gomez (1982). The
correlation between the total volume of latex and yield was
significant and positive. This needs no further explanation
Since yield is very much dependent on the total volume of latex
obtained.

The plugging index gave a significant, but negative
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Table 36 Correlation between yield and growth characters

Character Correlation coefficient (
Girth ~-0.0764
v . **
Girth increment 0.7267
Virgin bark thickness 0.1786
. * %
Rate of bark renewal 0.5796
Weight of leaf litter 0.1495

** Significant at P= 0.01 level

Table 37 Correlation between yield and latex flow

characteristics
Character Correlation coefficient (r)
* %
Initial flow rate 0.5684
* %
Total volume 0.9454
. * %
Plugging index -0.2435
* *
Dry rubber content 0.56407

* %
Singnificant at P=0.01 level



correlation with yield. The plugging index is actually an index
of the duration of latex flow after tapping is done and has a
negative relationship. A higher plugging index or in other words
a shorter duration of flow is likely tg give a lower yield.
Yeang and Paranjyothy (1982) also reported that yield.was
negatively correlated with plugging index. There was a positive
and significant correlation between yield and the dry rubber
content of latex. This was expected since the total volume of
latex multiplied by the dry rubber content of latex gives the
yield. Yeang and Pranjothy (1982) and Mo Shanwen et al. (1988)
also reported positive correlation between yield and the dry

rubber content of latex.

It was thus indicated that the total volume of latex has

the maximum relationship with yield followed by the dry rubber

content of latex.

4.2.3 Correlation of yield with nutrient contents in soil,

leaf and latex

Table 38 indicates that yield was significantly ard
positively correlated with soil and leaf N contents., The
correlation with latex just missed significance though it also
showed a positive trend. These correlations could be due to the
beneficial effect of N in increasing the yield. It may be noted
that the application of N has significantly increased the yield
(Table 16) as well as N contents of leaf (Table 28). This could

be another reason for the correlations obtained above. Table 42
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shows that the N contents of soil and leaf were positively
correlated with the total volume and dry rubber content of latex.
This further supports the correlation obtained between yield and

N content of soil and leaf.

The correlation between yield and P contents of soil and
latex were significant and positive. However, the correlation
between yield and leaf P was not significant. It is indicated
from Table 42 that the total volume and dry rubber content of
latex were positively correlated with the P contents of soil and
latex. The favourable effects of P on the yield of rubber is
also reflected in these correlations. The correlation obtained
for yield with the K contents of soil, leaf and latex were
significant and positive. These correlations could be due to the
beneficial effects of K on yield. There was significant and
positive correlation between yield and Ca content of soil and
leaf. This could be the result of the beneficial effect of Ca

nutrition on yield.

Significant and negative correlations were obtained between
yield and Mg content of soil and leaf. Application of Mg has
increased the yield at Thodupuzha (Table 16) the data from where
were used for these correlation studies. The soil and leaf Mg
contents were also improved by application of Mg (Table 27 and
32). But the correlation obtained for yield with soil and leaf
Mg was negative. This could be due to the effect of high Mg on

pre coagulation of latex (Yip, 1990).
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Table 38 Correlation of yield with soil, leaf and latex nutrient
contents

Correlation coeffieients (r)

Character Soil Leaf Latex

* Xk * *
N 0.3653 0.3225 0.1889

* % * %
P 0.3491 0.0841 0.5576

% % * K * &
K 0.3897 0.5508 0.7067

* %X * %
Ca 0.3115 0.5213 0.1522

* K * *
Mg -0.5697 -0.3096 -0.0236

Table 39 Correlation between yield and sums of soil,
leaf and latex nutrients

Character Correlation
coefficients (r)

* *
soil N + leaf N 0.3230
* %
soil P + leaf P 0.0906
. * *
soil K + leaf K 0.5501
* *
soil Ca + leaf Ca 0.5093
i * %
soil Mg + leaf Mg -0.3120
* %
leaf N + latex N 0.3002
* k
leaf P + latex P 0.4088
* &
leaf K + latex K 0.6165
* x*
leaf Ca + latex Ca 0.5169
* %
leaf Mg + latex Mg - 0.3041
* %k
soil N + leaf N + latex N 0.3007
* k
soil P + leaf P + latex P 0.4086
* %
soil K + leaf K + latex K 0.6158
. * %
soil Ca + leaf Ca + latex Ca 0.5052
* %

soil Mg + leaf Mg + latex Mg -0.3007
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The reports of Shorrocks (1962), Pushparajah (1969) and

pushpadas et al. (1978) also indicated positive correlation

between yield and nutrient contents of soil and leaf. Negative

relations of Mg were also reported by Yip (1990).

The above correlations indicate that for the diagnosis of N
requirement of. rubber, the soil N is the best indicator which
influences yields. For P and K, their contents in latex give the
best clue. 1In the case of diagnosis of Ca requirement, the leaf

Ca content is the best indicator.

4.2.4 Correlation between yield and soil + leaf nutrients,

leaf + latex nutrients and soil + leaf + latex nutrients

Correlations determined between yield and the sums of soil
and leaf nutrients, leaf and latex nutrients and soil, leaf ard
latex nutrients. are presented in Table 39. A Jjoint examination
of Tables 38 and 39 indicates that the combined correlations were
never stronger than the highest single correlations of soil, leaf
or latex in the case of individual nutrients. The intention of
this correlation analysis was to know whether there was a
combined effect of the nutrients in soil, leaf and latex. But is

was noticed that such an effect was not pronounced.

4.2.5 Correlation between yield and cation concentration in

soil, leaf and latex

It is seen that the K content and K+Ca content of latex

gave best correlation with yield (Table 40). The general
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indication is that the K + Ca combination is important and hence

we have to ensure a safe level of K and Ca in the tree.

‘Previous literature on this line indicated the possibility .

\ N
,

of a strong relationship between yield and cation concentrations
in o0il palm (Ollagnier et al. 1970 and Nair, 1981) and cocénut.
The intention of studying the above correlations was to ascertain
if there was a similar relationship existing between the cation

concentrations and yield in rubber.

4.2.6 Correlation between girth increment and nutrient

contents of soil, leaf and latex

Table 41 indicates that the N contents of soil, leaf and
latex were positively correlated with girth increment and the
correlation was significant. It has already been noticed that
application of N increased the girth increment as well as the N
contents in leaf and latex as seen from Tables 3, 28 and 34
respectively. Application of N has enhanced the girth increment
because of the effect of this nutrient on vegetative characters.
This is evidenced by the correlation obtained between girth
increment and N contents of leaf and latex obtained here.
Probably the increased N content in the tree might have helped in
enhancing the girth increment.

The girth increment was also correiated with the P contenﬁ
of soil and latex. This could be due to the favourable effect of
applied P on these characters.. In the case of K, the correlation

was significant only with its content in latex. Potassium plays a
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Table 40 Correlation between yield and cation concentrations
of soil, leaf and latex
Correlation coeffieient (r)
Cations So1il leaf latex
* % * % * %
K 0.3897 0.5508 0.7067
* % * %
Ca 0.3115 0.5213 0.1522
* ) * %
Mg -0.5697 -0.3096 -0.0236
* % * % * Kk
K+Ca 0.4266 0.6219 0.7098
* % * K * %k
K+Mg 0.3386 0.5264 0.6914
* * * %
Ca+Mg 0.2793 0.3182 -0.0096
* x * k * *
K+Ca+Mg 0.4004 0.6029 0.6945
Table 41 Correlation between girth increment and
nutrient contents in soil, leaf and latex
Correlation coefficient (r)
Nutrient
Soil Leaf Latex
* % * % ) * %
N 0.7190 0.6908 0.5691
* % * k
P 0.3342 0.0804 0.4048
* %k
K -0.0413 0.1370 0.4469
* %k * *
Ca 0.1537 0.3687 0.2338

** Significant at P= 0.01 level
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very 1important role in phloem transport (Sutcliff and Baker

1974) and this could be the reason for obtaining a hig:,
correlation with latex K. There was positive correlation betwee,,
girth increment and Ca contents of leaf and latex. Calcium 1 .
very important for growth as it is a constituent of the cell wai{
(Sutcliff and Baker, 1974). Similar correlation between girt;,
increment and soil N and P were reported by Pushparajah et a\l

(1983) and correlation between girth increment and leaf N t.

Sivanandyan (1983) and Weerasuriya and Yogaratnam (1988).

4.2.7 Correlation of latex flow characters with nutrient
contents in soil, leaf and 1latex
4.2.7.1 Total volume

Table 42 indicates that the total volume was correlated .
the N status of soil and leaf. The application of N h.,
increased the total volume of latex as well as the leaf N as se:
from Tables 14 and 28 respectively. This indicates th.
correlation obtained above could be due to the direct effect o1
in increasing the total volume of latex. The positive ai
significant correlation obtained for soil and latex P coui
similarly be due to the positive effect of P in increasing t|

total volume.

The total volume also had significant and positi.
correlation with the K status of soil, leaf and late:
Application of K had positive effect on the total volume as wu.

as the soil, leaf and latex K contents as visible from Tables



25, 30 and 34 respectively. This supports the view that the
correlation obtained above is the result of the effect of K in
increasing the total volume of latex. The soil and leaf Ca also
had significant and positive correlation with the total volume

which shows that Ca also has contributed to increasing the total

volume.
4_.2.7.2 Plugging index

It is seen from Table 42 that the correlations of plugging
index with the N contents of soil, leaf and latex were
significant and negative. The effect of applied N on plugging
index also was negative (Table 14). As plugging index has a
negative relation with yield (Yip and Gomez, 1975) the effect of
N in increasing the yield 1is brought out in these significant
correlations. This further supports the positive response 1in

yield obtained to application of N (Table 16).

Similar negative and significant correlations were also
obtained for plugging index with soil, leaf and latex K contents.
Application of K also had a negative effect on plugging index
like N (Table 14). The yield also was significantly increased by
application of K (Table 16). This positive effect of K on yield

is supported by the correlation obtained above.

The correlations of plugging index with soil, leaf and
latex Ca contents were positive and significant. This could be
the direct effect of Ca at high levels on increasing the;

Plugging index (Yeang and Paranjothy, 1982).
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Table 42 Correlation of latex flow characters with soil, leaf
and latex nutrient contents

Character Initial Total Plugging Dry rubber
flow rate volume index content
* % * % * %k
Soil N -0.1634 0.3129 -0.4957 0.3854
* * * % * %k * *
Soil P 0.5831 0.2682 0.4427 0.3560
* * % *
Soil K 0.2145 0.4442 -0.1905 G.0909
* Kk * % * % * %
Soil Ca 0.6683 0.2405 0.5695 0.2661
* % * k * %
Leaf N -0.1749 0.2664 -0.4604 0.4056
* k * %
Leaf P 0.4843 0.0444 0.5359 0.1357
* * %k * % * K
Leaf K 0.2160 0.5602 -0.2944 0.2780
* % * Kk * k * %
Leaf Ca 0.5924 0.4515 0.2724 0.4121
* % * % * %
- Latex N -0.2698 0.1480 -0.4535 0.2984
* * * K * % * K
Latex P 0.6232 0.4753 0.2884 0.4528
* * * k * Kk
Latex K 0.1610 0.6853 -0.4773 0.4705
* K * % * x
Latex Ca 0.484¢6 0.0697 0.5176 0.2462

* Significant at P=0.05 level; ** Significant at P=0.01 level



4.2.7.3 Dry rubber content of latex

Table 42 indicates that the N content in soil, leaf and
latex'weré significantly correlated with the dry rubber content
of latex. The correlation obtained was positive. It can be  seen
from Tables 14, 28 and 34 that the application of N has
significantly increased the dry rubber content of latex and the N
contents in leaf and latex respectively. This may probably
explain the correlations obtained above. The yield also was
increased by the application of N (Table 16). The dry rubber
content of latex has a role in increasing the yield since the dry
rubber content multiplied by the total volume of latex gives the
yield. This, to a certain extent justifies the increase in yield

with application of N.

The correlation of the dry rubber content with soil and
latex P were significant and positive. The dry rubber content as
well as the P status of soil and latex were improved Dby
application of P as seen from Tables 14, 24 and 34 respectively.
This could be the possible reason for the correlations obtained
above. The increase in yield with application of P is also- to

some extent explained by these correlations.

It is observed that the correlations of the dry rubber
content of latex with leaf and latex K contents were significant
and positive. Application of K has significantly increased the

dry rubber content and the K contents of leaf and latex as seen
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from Tables 14, 30 and 34 respectively. This positive effect of
applied K might have helped in getting the ébove correlations.
The correlations of the dry rubber content with.the K contents of
leaf and latex obtained above explains to, a certain extent the

increase in yield with application of K (Table 16).

There was significant and positive correlation between the
dry rubber content and the Ca contents of soil, leaf and latex.
This shows that Ca also has contributed to increasing the yield

through its effect on the dry rubber content of latex.

4.2.8 Correlation between latex flow characteristics and cation

concentrations in soil, leaf and latex

An examination of Table 43 indicates that the initial flow
rate was mostly influenced by the Ca contents of soil, leaf and
latex. For the total volume of latex,the K contents of soil,
leaf and latex were important. In the case of plugging index
there was highly strong positive correlation for soil and leaf Mg
and a lesser but significant correlation for soil and leaf Ca.
The correlati&n of latex Ca also was highly significant and
positive. This shows that they have a negative relation with
y%eld. It was earlier noticed that Ca contents in soil and leaf
and K + Ca contents in latex were very much favourable for yield.
But the correlations obtained here reveals that beyond a certain
level, Ca will act as a limiting factor for yield through its

effect on increasing the plugging index. The correlation between
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Table 43 Correlation of latex flow characteristics and

cation concentrations of soil,

leaf and latex

Correlation coefficient

cations Initial Plugging Dry rubber
flow rate content
* * % *
soil K 0.2145 0.4442 ~0.1905 0.0909
* x * * * % * %
soil Ca 0.6683 0.2405 0.5695 0.2661
* * % * K * %k
Soil Mg 0.1941 -0.5723 0.7668 0.2928
* * * * * %k
Soil K + Ca 0.6630 0.4134 0.2663
I. * *
Soil K + Mg 0.2426 -0.1114 0.0613
, * % * % *
Soil Ca + Mg 0.6700 0.6010 0.2482
* K * Kk * *x
Soil K + Ca + Mg 0.6692 0.4454 0.2527
* * k ) *
Leaf K 0.2160 -0.2944 0.2780
* Kk x x * K
Leaf Ca 0.5924 0.2724 0.4121
* x * *
Leaf Mg 0.3160 0.6900 -0.1097
* % * * *
Leaf K + Ca 0.3310 -0.2086 0.3472
* * * * %
Leaf K + Mg 0.2703 -0.2048 0.2726
* Kk * k) * K
Leaf Ca + Mg 0.7164 0.6187 0.3234
* x * Kk
Leaf K + Ca + Mg 0.3852 -0.1240 0.3447
* KX * %
Latex K c -0.4773 0.4705
* % * K * K
Latex Ca 0.4846 0.5176 0.2462
* K * Kk
Latex Mg -0.4055 -0.4624 .0.1400
* & * K
Latex K + Ca -0.4740 0.4737
*x X * *
Latex K + Mg ~-0.5104 0.4744
* * * K
Latex Ca + Mg -0.3747 -0.4307 0.1700
* * * K
~0.5073 0.4778

Latex K + Ca + Mg
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plugging index and K was negative. This shows that K had a
positive relation with yield. The correlation of latex K was

highest, followed by leaf K.

In the case of dry rubber content of latex, eventhough the
correlations obtained for soil nutrients were not as strong as
those obtained for leaf nutrients, good correlations were
obtained for Ca and K + Ca of soil. The contents of K and K + Ca
of latex showed very strong correlations with the dry rubber

content of latex.

4.2.9 Correlation between nutrient contents in soil, leaf and

latex

Table 44 indicates that the correlations between soil and
leaf contents, soil and latex contents and leaf and latex
contents of N,P,K and Ca were positive and significant. This
indicates that the nutrients applied to soil were reflected in
leaf and latex. So the applied nutrients were most efficiently
utilized. Therefore soil application is a very satisfactory
method of fertilizer application in rubber. Correlations between

soil and leaf nutrients were reported by Guha and Yeow (1966).

4.3 Net profits

Analysis of variance was done for the net profits taking
into account only the cost of produce and prices of fertilizers

and the treatment means are presented in Table 45.
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Table 44 Correlation between soil, leaf and latex nutrients

Correlation coeffieient (r)

Nutrient soil and leaf soil and latex leaf and latex

* Kk * * * *

N 0.9279 0.8903 0.9071
* % * * * R

P 0.7167 0.8884 0.6772
* % * * * k

K 0.8392 0.7038 0.8944
* K * % * k

Ca 0.8830 _ 0.8809 0.7856

** Significant at P=0.01 level



In the case 0of N its application at 40 kg ha—l gave the
highest net profit in all the locations. At Thodupuzha and
Balussery <dincreasing the level of N to 80 kg significantly
reduced the net profit while at Kulasekharam the reduction in net
profit at 80 kg was not significant. It may be remembered that
in the case of mean yield (Table 16) at Kulasekharam the 40 and
80 kg levels were on par and the 80 kg was numerically superior
to Ehe 40 kg level. But in the economic analysis, the 40 kg gave
numerically higher profit. This is due to the additional cost

involved at the 80 kg level of N application.

At Thodupuzha the highest mean yield was given by the N40
level and there was a significant reduction at the NSO level.

This is reflected in the net profit analysis also. At Balussery,

the N40 level gave the highest mean yield and the NBO level was

on par with the N4O level. In the economic analysis also the N4O
level gave the highest net profit. But at the NBO level there

was a significant reduction in the net profit. This could be due

to the additional cost involved for the extra 40 kg N at the NBO

level.

Application of P at 30 kg level gave the highest net profit

at Kulasekharam and Thodupuzha. At Thodupuzha, the P6O level
significantly reduced the net profit compared to P3O level while
at Kulasekharam the reduction in profit at P6o was not
significant. At Balussery the P6O level géve the highest net

profit which was on par with the PBO level.



Table 45 Net Profit (Rs.)

Treatments Kulasekharam Thodupuzha Balussery

Nutrients

(Xg ha™ 1)

NO 16041 11911 10125

Nao 21051 13933 14091

N8O 20850 13220 13515
* & * % % %

F-ratio S S S

PO 16723 11773 10961

P3O 20686 13676 13351

P60 20532 13616 13420
* * * %k * %

F-ratio . S S S

KO 16184 11276 11136

K4O 20889 13973 13220

KBO 20869 13816 13376
% % * % * %

F-ratio S S S

SE (N.P.K) 125 16 55 -

CD (N.P.K) 367 45 162

Mgo 19403 13003 12392

Mglo 19225 13103 12585

* &

F-ratio NS S NS

SE (Mg) 83 5 31

CD (Mg) - 14 -

* %

S : significant at P = 0.01 level NS: not significant



In the case of mean yield (Table 16) at Kulasekharam the

P level gave the highest yield which was on par with the P

30 60

level. The same pattern was obtained for the net profits also.

At Thodupuzha also the P level gave the highest yield which was

30

on par with the PGO level. But in the case of net profits there

was a significant reduction at the P6O level. This could be due

to the extra cost involved for the additional 30 kg P at the PGO

level. At Balussery the P level gave the highest yield which

60

was on par with the P3O level. The same result was obtained for

the net profits also.

At Kulasekharam and Thodupuzha the highest net profits were

given by the K4O level which was on par with the K8O level. At
Balussery KBO level gave the highest net profit which was on par

with the K4O level.

In the case of mean yield (Table 16) at Kulasekharam the

K4O level gave the highest yield which was on par with the Kg,

level. The same pattern was obtained for the net profit also.
At Thodupuzha the K8O level gave the highest yield which was on
par with the K4O level. In the case of net profit the highest

value was registered by the K4O level which was not significantly
different from that given by the KBO level. This numerical
inferiority of the K80 level in the case of net profit could be

due to the extra cost involved at the 80 kg level compared to

the 40 kg.



%44

‘At Balussery the X level gave the highest mean

80
yield which was signifiéantly higher than that given by the
K40 level. In the case of net profit, though the N80 level
gave the highest profit it was not significantly higher
than the N40 level. The additional'cost of extra 40 kg K
involved at the Ngo level might haLe made it on par with

the .N level in the economic analysis.

40

At Kulasekharam and Balussery application of My did
not significantly affect the net profit, thouyh at
Kulasekharam there was a numerical reduction and at
Balussery there was a numerical increase in the net profits
with application of Mg. At Thodupuzha the net profit was

significantly increased by application of Mg.

An overall evaluation of the economic analysis

indicated that 40 kg N, 30 kg P, O. and 40 kg K,O were the

5 2

optimum doses of N;P, and K in all the three locations.
Application of Mg was profitable only at Thodupuzha. It
also revealed that increasing the dose of N above 40 kg at
Thodupuzha and Balussery and increasing the level of P

above 30 kg at Thodupuzha were deterimental as far as net

profit was concerned.

The bebefit cost ratios worked out for . the three

locations are given in Tables 46,47 and 48. The highest
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ratios were obtained for the treatment combination of 40 ky
N, 30 ky P,0¢ and 40 kg K,0 ha_l in all the locations. . So,

it is further confirmed that 40 kg N, 30 kgP and 40 ky

295

K.O are the optimum doses for maximum returns in the three

2

agroclimatic regions studied.



rable 46 Effect of nutrients on B:C ratio-RKulasekharam

-46

J—
Treatment Yield

e . , -1
combination -1 {kg ha ™)
N:P:K (kg ha )

Gross

returns (R)
(Rs.)

Gross

expenditure(C)
(Rs.)

B:C ratio

|

0: 0: O 1813
0: 0: 40 1746
0: 0: 80 1845
0: 30: O 1798
0: 30:40 1917
0: 306:80 1924
0: 60:0 1807
0: 60:40 - 1943
0: 60:80 1903
40: 0: O 1810
40: 0:40 2003
40: 0:80 2016
40: 30:0 1902
40:30:40 2437
40:30:80 2347
40:60: O 1930 -
40:60:40 2380
40:60:80 2350
80: 0: O 1958
§0: 0:40 1968
80: 0:80 2057
80:30: O 1955
80:30:40 2405
80:30:80 2371
80:6G: O - 1950
80:60:40 2387
6§0:60:80 2385
Mg0-nil (mean) 2053

MgO0-10 (mean) 2036

36260
34910
36900
35960
39330
38485
36100
38850
38055
36195
39310
40310
38035
48735
46940
38605
47605
47005
37160
39350
41130
39090
48035
47410
39005
47735
47695
41060
40720

20789
20779
21018
20877
21145
21247
21000
21294
21325
20995
21375
21484
21243
22136
22091
21396
22161
22206
21277
21532
21755
21532
22298
22336
21€36
22380
22468
21490
21604

1.744
1.680
1.756
1.722
1.813
1.811
1.719
1.824
1.785
1.724
1.839
1.876
1.790
2.203
2.125
1.804
2.148
2.117
1.746
1.828
1.891
1.815
2.157
2.123
1.803
2.133
2.123
1.911
1.885




Table 47 Effect of nutrients on B:C ratio-Thodupuzha

Treatment Yield -1 Gross Gross B:C ratio
combination -1 (kg ha ) returns (B) expenditure(C)

N:P:K (kg ha ' (Rs.) (Rs.)

0: 0: 0 1578 31560 20437 1.544
0: 0: 40 1599 31985 20559 1.556
0: 0: 80 1589 31770 20633 1.540
0: 30: O 1582 31630 20553 1.539
0: 30:40 1697 33935 20816 _ 1.630
0: 30:80 1703 33300 20914 1.532
0: 60:0 1592 31840 20678 1.540
0: 60:40 1696 33920 20924 1.621
0: 60:80 1689 33780 21004 1.608
40: 0: O 1578 31555 20647 1.528
40: 0:40 1715 34025 20943 1.625
40: 0:80 1719 34380 21039 1.634
40: 30:0 1649 32975 20863 1.581
40:30:40 1876 37520 21294 1.762
40:30:80 1867 37330 21370 1.747
40:60: O 1653 33050 20979 1.575
40:60:40 1870 37395 21395 1.748
40:60:80 1858 37165 21468 1.731
80: G: O 1585 31690 20867 1.519
80: 0:40 1648 32955 21052 1.565
80: 0:80 1669 33385 21174 1.577
80:30: O 1613 32265 21020 1.535
80:30:40 1849 36980 21464 1.723
80:30:80 1850 37000 21555 1.717
80:60: 0 1604 32075 21116 1.519
80:60:40 1854 37070 21581 1.718
§0:60:80 1853 37060 21670 1.710
My0-nil (mean) 1698 33960 20957 1.621
Mg0-10 (mean) 1711 34220 21117 1.621
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Table 48 Effect of nutrients on B:C ratio-Balussery

Treatment Yield _ Gross Gross B:C ratio
combination -1 (kg ha 7) returns (B) expenditure(C)

N:P:K (kg ha ) (Rs.) | (Rs.)

0: G: O 1432 28640 20218 1.417
0: 0: 40 1471 29420 20367 1.444
0: 0: 80 1528 30565 20543 1.488
0: 30: 0 1435 28705 . 20333 1.412
0: 30:40 1601 32020 20672 1.549
0: 30:80 1626 32515 20799 1.563
0: 60:0 1442 28830 20453 1.410
0: 60:40 1597 31930 20775 1.537
0: 60:80 1683 33655 20995 1.603
40: 0: O 1540 30795 20590 1.496
40: 0:40 1705 34090 20927 1.629
40: 0:80 1703 34005 21015 1.618
40: 30:0 1793 35865 21080 1.701
40:30:40 1844 36875 21246 1.736
40:30:80 1843 36860 21332 1.728
40:60: O 1712 34240 21068 1.625
40:60:40 1853 37050 21363 1.734
40:60:80 13857 37135 21465 1.730
80: 0: O 1554 31085 20823 1.493
80: 0:40 1656 33120 21065 1.572
80: 0:80 _ 1684 33570 21196 1.583 )
80:30: O 1719 34380 21179 1.623
80:30:40 1613 36265 21410 1.694
80:30:80 1845 36895 21548 1.712
80:60: G 1786 34815 21389 1.628
80:60:40 1831 36620 21547 1.700
80:60:80 1829 36580 21634 1.661
Mgy0-nil (mean) 1665 33300 20968 1.593

MgO-10 (mean) 1683 33660 210675 1.597




SUMMARY



SUMMARY

Field experiments were conducted to study the response to
nutrient applications on growth characters, yield and latex flow
of vubb2¥ ’
-characteristicg_and to study the interrelationship between soil
and plant nutrients on yield. The experiments also envisaged to
assess the relative response in three different locations of

Kulasekharam, Thodupuzha and Balussery and to make economic

analysis of the benefit of manuring.

There were three levels of 0,40 and 80 kg N ha—l., 0,30 and

60 kg Py Og ha™! and 0,40 and 80 kg K20 ha "l and two levels of 0

and 10 kg MgoO ha t. a 3% 2 partially confounded factorial split

plot design was followed confounding NP2K2 in first replication

and NP2K in second replication, with the N,P,K combinations in
main plots and levels of Mg in sub plots. The results of the

investigations are summarized below.

1. Application of N at 80 kg gave the highest girth increment
in all the three locations. In the case c¢cf P and K
applications at 30 and 40 kg levels respectively were found
to be sufficient. Application of Mg at 10 kg was

beneficial.

2. In the case of virgin bark thickness 40 kg N, 30 kg P and 40
kg K were found to be sufficient in all the locations.

Applications of Mg was not beneficial.



The 80 kg level of N gave the highest rate of bark renewal
at Thodupuzha while at Kuiasekharam and Balussery the 40 kg
level was sufficient. There was response upto the 60 kg
level of P at Kulasekharam and Thodupuzha while at'Balussery
significant response was noticed only upto the 30 kg level.
In the case of K the 40 kg level was significant in all the
three locations. Application of Mg did not improve the rate

of bark renewal.

Application of N at 80 kg level gave the highest weight of
leaf litter in all locations. In the case of P and K the 30
and 40 kg levels respectively were found to be sufficient.

Application of Mg was beneficial only at Balussery during

one year.

In the case of total volume of latex 40 kg N, 30 kg P and 40
kg K were found to be sufficient in all locations except
Balussery where the 80 kg level of K was superior to the 40
Kg level. Application of Mg was beneficial at Balussery and
was detrimental at Kulasekharam while it had no effect at

Thodupuzha.

Application of N and K significantly reduced the plugging
index at both 40 and 80 kg levels in all the locations. The
plugging index was significantly increased by application of
p ét_both 30 and 60 kg levels. Applications of Mg also

significantly increased the plugging index in all the three

places.
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The highest dry rubber content of latex was given Ly 80 kg N
at Kulasekharam while at Thodupuzha and Balusser; ih= 40 kg
levels was sufficient. 1In the case of P end K the 30 kg o
40 kg levels respectively were found to be optimuin-
Application of Mg was beneficial at Thodupuzha 2nd Pzluss2ry

while at Kulasekharam it had no effect. )

In the case of yield of rubber 40 kg N and 30 kg P were
found to be optimum in all the locations. The 40 kg level
of K was sufficient at Kulasekharam and Thodupuzha while the
80 kg level gave the highest yield at Balussery.
Application of Mg was beneficial at Thodupuzha and Balussery

while at Kulasekharam it reduced the yield.

The organic carbon content of soil was significantly
increased by application of N in all the locations. The
available P,K and Mg contents of soil were significantly
increased by the application P, K and Mg fertilizers
respectively. Application of P as rock phosphate also

increased the available Ca content of soil.

The contents of N,P,K and Mg of leaf and latex were
increased by application of the respective nutrients in all
the three locations. The Ca contents also were increased by

application of P as rock phosphate.

The yield of rubber was positively correlated with girth

increment and rate of bark renewal.
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The yield was also positively correlated with the initial
flow rate, total wvolume and dry rubber content of latex and

negatively with the plugging index.

Yield was positively correlated with the available N,P,K and
Ca contents of soil., N,K and Ca contents of leaf and P and
K contents of latex. The soil and leaf Mg contents were
negatively correlated with yield. The strongest correlations

with yield were given by soil N, latex P and K and leaf Ca.

The total volume of latex was positively correlated with the
available N,P,K and Ca contents of soil, N,K and Ca contents
of leaf and P and K contents of latex. The dry rubber content
of latex was positively correlated with the available N,P and
Ca <contents of soil., N,K and Ca contents of leaf and N,P,K
and Ca contents of latex. The Plugging index was positively
correlated with the P and Ca contents and negatively with the

N and K contents of soil, leaf and latex.

An overall evaluation of the economic analysis indicated

that 40 kg N, 30 kg P2 O5 and 40 kg K2 0 were the optimum

doses in all the three locations. Application of Mg was

profitable only at Thodupuzha.



Conclusion

The manurial reguirement of rubber under tapping is 40
kg N, 30 kg P205 and 40 kg K20 ha—l in the three rubber
growing regions studied. Application of MgO at the rﬁte of

10 kg ha™? is beneficial only at Thodupuzha region.

The specific materials for nutrient diagnosis are soil

for N, latex for P and K and leaf for Ca.
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APPENDIX -~ II

WEATHER DATA DURING THE PERIOD OF THE EXPERIMENT AND MEANS OF PREVIOUS 25 YEARS (1964-1988) AT

KULASEKHARAM (Continued)
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PLATE-1 VIEW Off A RUBBER PLANTATION



PLATE-Il TRUNK OF A TREE SHOWING TAPPING PANEL



