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Mineral Nutrition, Growth and Nutrient Cycle of
Hevea brasiliensis I1. Nutrient Cycle and
Fertiliser Requirements

V. M. SHORROCKS*

The quantities of nutrients involved in the nutrient cycle of rubber plantings have been assessed
and comparisons drawn between the nutrient requirements of the tree and the amounts of

nutrients commonly applied as fertilisers.

The amounts of sulphur and phosphorus applied in

fertilisers exceed tree requirement whereas those of potassium, magnesium and to a lesser ex-
tent calcium fall considerably short: fertiliser nitrogen together with nitrogen fixed symbiotic-
ally and nitrogen in rainfall is about equal to the nifrogen requirement of one planting.

The requirement for fertilisers throughout the life of a planting is discussed with refer-
ence to soil nutrient content, and recommendations for manuring, particularly of mature

rubber, are proposed.

Data on the total nutrient content of trees up
to thirty-three years old have already been
presented (SHORROCKS, 1965a): the particular
trees sampled in this study were regarded as
typical of the various ages considered, and
the nutrient content data are here used as
estimates of the nutrient requirements for
growth through the life of one planting of
Hevea.

It is now possible, by considering tree
nutrient requirement data together with the
soil nutrient content and cultivation practices
that affect soil nutrients, not only to have a
better understanding of some aspects of the
nutrient cycle of Hevea, but also to assess
the long term effects of cultural practices on
the soil nutrient reserves.

In this paper only those nutrients commonly
supplied as fertilisers, namely nitrogen, phos-
phorus, potassium, magnesium, calcium and
sulphur, are considered. Discussion of the
nutrient cycle will be restricted to that in
operation once the rubber is planted and only
a brief consideration will be given to the
changes in nutrient content of the soil-vege-
tation system that occur when the jungle or
rubber is felied: this latter topic has been con-
sidered by WATSON (1964) and WATSON er al.
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1964c). The need for discrimination in ferti-
liser wutilisation, particularly with mature
rubber, according to soil conditions and ferti-
liser history is of particular importance (Rus-
BRER RESEARCH INSTITUTE OF MaLAYA, 1964a):
accordingly the phases of the nutrient cycle
will be considered largely from the point of
view of providing a basis for the discrimi-
natory use of fertilisers.

THE NUTRIENT CYCLE

The phases and processes involved in the
nutrient cycle of a rubber planting are dis-
cussed below. Quantitative data are not avail-
abe for all aspects of the cycle, nor for a wide
variety of soil and site conditions, but suffi-
cient data are available to indicate the general
level of nutrients contained in the tree, in the
ground vegetation, and also in a range of
Malayan soils, so that an approximation of
the total amounts of nutrients involved in
the cycle can be made.

Transfer of Nutrients Between Soil and Vege-
tation

Uptake of nutrients. Nutrients are being

continuously transferred between the soil,

* Now at the Hill Farming Research Organnntlon,
29 Lauder Road, Edinburgh, Sco
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the tree and the ground vegetation. The up-
take and accumulation by the tree is the major
process in this cycle, although in the early
vears after planting uptake of nutrients by
vigorous leguminous cover plants, growing in
the almost open conditions, can exceed that
by the tree. WATsON (1964) reports contents
of 284 kg N, 25 kg P, 110 kg K, 34 kg Mg
and 114 kg Ca per hectare in creeping legumes
at two years after planting; as the covers die
back under the developing tree shade, these
nutrients are returned to the soil and are thus
again in active cycle early in the life of a
planting.

In mature plantations any persisting ground
covers are likely to play a minor role since,
except under particular circumstances, they
do not develop vigorous growth under shade.

After the first two to three years, the trees
assume a dominant position in the nutrient
cycle. Nutrients are taken up in considerable
quantities and a large proportion are immobi-
lised within the roots, trunk and main bran-
ches, whilst smaller proportions remain in
active cycle by returning to the soil surface
in the annual defoliation at wintering, by seed
and branch fall, and by rainwash of leaves.
Small quantities of the nutrients will also be
released to soil by sporadic root death, parti-
cularly of surface feeding roots during periods
of dry soil conditions.

TABLE 1.

Annual leaf, branch and fruit fall. The
weight of annual lamina and petiole fall in a
mature plantation is likely to vary between
3,700 kg and 7,700 kg per hectare, these being
the amounts of leaf found on the tree at any
one time (SHORROCKS, 1965a); however, owing
to leaf formation and defoliation occurring
during the year this estimate is probably low.
The estimated nutrient content of this leaf
fall is considerable and in terms of fertiliser
equivalent the quantities of nitrogen and
potassium are about double those applied
annualty in the normal fertiliser schedule
(Table I). No estimate is available for the
return of nutrients by branch fall but it is
evident from the limited data on amount of
branch fall (SHORROCKS, 1965a) that further
appreciable quantities will be involved. On the
basis of an annual fruit fall of 160 kg per ha,
{SHORROCKS, 1965a), consisting of 44 kg of
seed and 116 kg of capsules, the amounts of
nutrients returned annually per hectare to the
soil have been calculated following analysis
of seed and capsules of clone RRIM 501: only
small amounts, about 1.7 kg N, 1.8 kg K,
0.2kg Mg, 0.3 kg Caand 0.2 kg P, are involved.

Rainwash of leaves. Rainfall may leach
considerable quantities of nutrients from tree
canopies and in a study carried out over a

ESTIMATED ANNUAL NUTRIENT RETURN IN LEAF FALL AND ANNUAL

FERTILISER APPLICATION

{Annual fertiliser application based on application of 250 kg per ha R.R.LM. Mixture Magnesium Cs,
approximately 2 cwt per acre)

Leaf fall Annual fertiliser
Element s application kg per ha
kg per ha Equivalent fertiliser, kg per ha
Nitrogen 4550 214—428 ammonium salphate 155
Phosphorus 3—7 159—44 Christmas Island rock phosphate 60
Potassium 1020 20—40  potassium chloride 15
Magnesium 9—18 57—114  kieserite 20
Calcium 60—120 200—400  Christmas Island rock phosphate 60

Nutrient content of both laminae and petioles have been included on the basis that the weight of petioles accounts

for 159, of leaf fall (SHoRROCKS, 1965a) and on the following nutrient concentrations (all

leaves:
N P K
Laminae 1.28 0.10 024
Petiol 0.78 0.06 0.55

%23 in freshly fallen

Mg Ca
0.25 1.61
0.17 1.80
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six months’ period it was found that with 100
inches of rain per annum about 10 kg nitrogen,
20 kg potassium, 0.5 kg phosphorus, 1.5
kgmagnesium and 15 kgcalcium may be leached
out of the foliage annually.

Nutrient additions to the cycle. Nutrients
are added to the cycle by fertiliser applications
{which are considered later), and by rainfall;
nitrogen may also be introduced into the
cycle by symbiotic nitrogen fixation in the
root nodules of leguminous cover plants (see
below) and by non-symbiotic nitrogen fixation
by free-living soil bacteria. There is consider-
able disagreement regarding the amounts of
nitrogen fixed non-symbiotically, some work-
ers estimating that as much as 40 kg per hectare
per annum of nitrogen may be fixed, but it
appears that 6 kg per hectare per annum of
nitrogen would be a more reasonable esti-
mate (ALLISON, 1953).

Limited analytical data on rain water in
Malaya collected in the open, indicates that
with an annual rainfall of 100 inches approxi-
mately 20 kg nitrogen, 12 kg potassium, 3 kg
magnesium, 38 kg calcium and 0.2 kg phos-
phorus may be added to 1 hectare of soil per
annum. The amount of nitrogen is similar
to that reported by NYE AND GREENLAND
{1960) in Ghana, when due allowances are
made for the amount of rainfall, but the
levels of phosphorus, potassium and magne-
sium are lower, and calcium higher, than the
values reported by these workers. It is possible
that the relatively high value for calcium
deposited in the rain is due to the location of
a cement factory approximately ten miles away
from the point of rainfall collection.

Nutrient losses from the cycle. Nutrients
may be lost from the cycle by leaching through
the soil, by surface erosion, by denitrification
and volatilisation of nitrogen, by their removal
in latex from the trees and by removal of
vegetation during clearing and replanting
operations. Quantitative data are given below
for the latter two processes.

Replanting. The nutrient content of the
soil-vegetation system will be depleted during
the clearing of the land from jungle and in
preparation. for replanting of old rubber.
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Exposure of the soil followed by erosion and
by increased mineralisation of the organic
matter and the subsequent losses of nitrate-
nitrogen and cations by leaching, can rapidly
result in a marked deterioration of the soil
unless a ground vegetation cover is quickly
established (WaTsON et al.,, 1964c).

During replanting operations the manner
of disposal of the old rubber trees can also
markedly affect the nutrient content of the
soil-vegetation system. The trees after felling
or poisoning are usually either stacked into
heaps and burnt or left to decompose, or the
timber is removed for use as firewood. The
amounts of nutrients contained in the timber
{here taken to be the trunk and brown branch-
es) are considerable, as can be seen from
Table 2.

TABLE 2. ESTIMATED NUTRIENT CONTENT
OF TRUNK AND BRAMNCHES
AT REPLANTING

(Data from SHORROCKS (1965a), relating to
33-year-old-trees)

Element | kg perha Equivalent fertiliser,
kg per ha
Nitrogen 1389 6614 ammonium sulphate
Phosphorus 218 1380 C.R. rock phosphate
Potassium 989 1986 potassium chloride
Magnesium 323 2083 kieserite

1 kg per hectare —=0.89 1b per acre

It can be appreciated that complete removal
of the timber from the land results in a marked
depletion of the soil-vegetation system; even
after only one planting such depletion is likely
to be serious on soils of low total nutrient
content. If the timber is stacked and burnt
most of the nitrogen and sulphur will be lost
to the atmosphere, and other nutrients will be
concentirated at the burnt sites giving an en-
riched soil at a few localities and an impovet-
ished soil over the rest of the field.
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It is evident that it would be preferable to
let the timber decompose on the ground in
the inter-row areas, returning the nutrients
slowly to the soil, rather than to waste large
quantities of nitrogen by burning, or remov-
ing, all nutrients with the timber from theland.

Soil nutrient content. Malayan soils are
typically highly leached and have a low

nutrient content, but considerable variation
may occur depending upon their derivation
and history. Data have been grouped in
Table 3 to show the range of concentrations
of nitrogen, phosphorus, potassium and mag-
nesium found in the more common Malayan
soils, and in Table 4 the nutrient content in
kg per hectare of the top 18 in. of soil is

TABLE 3. RANGE IN NUTRIENT COMPOSITION OF SOME MALAYAN SOILS (0—12 IN, DEPTH)
(Data obtained from the unpublished work of Qwen AnD GUHA)

Total Acid—extractable
Soil series N, P, K, Mg,
p.p.m. p.p.m. p.p.m.

Selangor 0.10—0.30 120400 800—2200
Holyrood/Chemor 0.05—0,12 80---250 40—300 15—400
Rengam and 0.05—0.12 80—-250 40—160 15--100

Ulu Tiram 200—1000 60—280
Kuantan 0.15-0.20 250—1300 40200 120—800

1300—2500

Serdang/Munchong 0.04—0.11 40—-180 200—2000 25250
Baty Anam 0.05--0.17 40—150 800—1400
Malacca 0.10—0.20 60—-250 1502500 60—280
Seremban 0.05—0.12 130230 700—13800 120—480

Potassium and magnesium extracted in 1:1 hydrochloric acid
Phosphorus extracted in sulphuric/perchloric acid mixture

TABLE 4.

RANGE IN TOTAL NUTRIENT CONTENT OF THE TOP 18 INCHES OF SOME

MALAYAN SOILS (KG PER HA) AND THE MINIMAL REQUIREMENT FROM SOIL NUTRIENT
RESERVES DURING THE LIFE OF ONE PLANTING

{Calculated as the difference between the amounts of applied fertiliser nutrients and the
nutrient requirement of the tree)

Soil series N P K Mg
Selangor 6,750—20,000 800--2,700 5,400—14,800
Holyrood/Chemor 3,400—8,100 540--1,700 270-—2,000 100—2,700
Rengam and 3,400—8,100 540—-1,700 270--1,100 100—670
Ulu Tiram 1,350—6,700 400—--1,900
Kuantan 1¢,100—13,500 1,7060--8,800 270—1,350 800—5,400
8,800—19,500
Serdang/Munchong 2,700—7,400 270—1,200 1,350—13,500 ' 170—1,700
Batu Anam 3,400—11,500 270—1,000 5,400—9,400
Malacca 6,740—13 500 400-—1,700 1,000—17,000 400—-1,900
Seremban 3,400—38,100 880——1,700 4,700—12,100 800—3,200
Minimal requirement from soil
nutrient reserves 6508b—950b 950c—1,250b 3700

s Estimate of symbiotic nitrogen fixation included
b Based on fertiliser schedule using Mixture Magnesium M and Gz
¢ Based on fertiliser schedule using Mixture Magnesium X and Y
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quoted. These figures are calculated on the
basis that such a volume of soil will weigh
6.74 > 10°% kg per hectare (equivalent to 6 x 108
Ib per acre) and using the concentration data
appertaining to the 0-—12 in. depth. The
depth of 18 inches has been chosen because
observations on root development indicate
that the rubber tree absorbs most of its nutri-
ents from this zone. In Table 4 an estimaie
has been provided of the minimum quantities
of nitrogen, potassium and magnesium that
the planted trees must derive from the soil,
by subtracting the amount of nutrients supplied
as fertiliser from the total nutrient require-
ment of the tree at the thirty-three-year-old
stage.

TREE NUTRIENT REQUIREMENT AND
FERTILISER APPLICATION

The nitrogen, phosphorus, potassium, magne-
sium, calcium and sulphur contents of trees
from one to thirty-three years of age are
shown in Figures {—6, the data being taken
from SHORROCKS (1965a): for simplification
smooth curves have been drawn. The amounts
of nutrients removed in latex have been added
to the tree nutrient content to give a better
estimate of nutrient requirements, assuming
an average yield of 1,700 kg per hectare per
annum (approximately 1,500 b per acre per
annum) commencing in the sixth year, and
with a latex nutrient composition as shown
in Table 5. The amounts of each nutrient
supplied by normal fertiliser mixtures contain-
ing ammonium sulphate, potassium chloride,
rock phosphate and kieserite, used in Malayan
rubber cultivation over the life of the plant-
ing, are also included in Figures I—6. For
this purpose two fertiliser schedules have been

TABLE 5. NUTRIENT CONCENTRATIONS IN
RUBBER AND NUTRIENT REMOVAL IN
KG PER HA PER YEAR ASSUMING YIELD OF
1700 KG PER HA PER YEAR

(The concentration data obtained from unpublished
work relating fo clones PB86, RRIM 501, Gi 1,
Tjir 1 and PR 107 growing on different soil types)

Element %awt. on total solids Kgperha
per vear
Nitrogen 0,70 11.9
Potassium 0.60 10.2
Magnesium 0.15 2.5
Phosphorus 0.20 34

quoted: one designed for use on inland loams
and clay loams, using Mixtures Magnesium
M and Cz, and the other on inland sands and
sandy loam soils, using Mixtures Magnesium
X and Y, the fertilisers for each schedule
differing principally in their content of potas-
sium chloride (Table 6). The fertiliser schedule
during immaturity is that given by the Rus-
BER RESEARCH INSTITUTE OF MALAYA (1963a)
and for mature rubber it is based on annual
application throughout the life of the planting
of 2 1b per tree of Mixture Magnesium C; or
Magnesium Y fertiliser (SHORROCKS, 1964).
Despite the fact that in these calculations a
high estimate of yield has been taken, it can
be seen from Figures I, 2, 3 and 4 that the
amounts of nutrient removed in the latex are
small relative to the nutrient requirements for
growth. With normal fertiliser dressings, in-
sufficient nitrogen, potassium and magnesinm
is applied as fertiliser even to meet the large
growth requirement for the nutrients, and

TABLE 6, PERCENTAGE COMPOSITION OF FERTILISER MIXTURES

Ammonium | Christmas Island Potassium
Mixture sulphate phosphate chloride Kieserite
Magnesium M 42 45 5 8
Magnesium X 40 40 12 8
Magnesium Y )| 29 12 3
Magnesium Cg 62 24 6 8
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therefore it does not appear logical to reiate
fertiliser nutrient supply to the yield and
nutrient drain in latex, as has often been sug-
gested. It would appear preferable to relate
the fertiliser Tequirement to the growth of
the tree, always of course with due reference
to any particular effect the applied nutrients
may have on yield or on the physical properties
of the latex.

Nitrogen. On the assumption that all the
applied nitrogen will be utilised, sufficient
fertiliser nitrogen is applied in the normal
schedule during the first three years of growth
to meet the trees’ requirement. Thereafter,
the amount of nitrogen applied as fertiliser is
insufficient and, at thirty-three years, only
approximately half of the total nitrogen re-
quirement will have been provided by ferti-
liser application (Figure I). The assumption,
made here and below, that all the applied
fertiliser nutrient may be utilised, is obviously
not valid as only a proportion will be absorbed
however the assumption is necessary as a first
approximation to provide a basis for compar-
ing applied nutrients with those taken up by
the iree, in the absence of quantitative data
regarding the efficiency of fertiliser utilisation,

In the early years after planting, considerable
quantities of nitrogen are provided by nitro-
gen fixation carried out by the leguminous
covers normally planted between the rows of
trees, (WATSON, 1957; WaTson er al, 1963,
1964a, 1964b). Although it is not possible
to evaluate the precise amount of nitrogen
fixed, for the present purposes it is conser-
vatively estimated that something in the
region of 300 kg per hectare of nitrogen (equi-
valent to 1,500 kg per hectare of ammonium
sulphate) is fixed by the legumes during their
years of active growth. This nitrogen, together
with the nitrogen supplied by normal ferti-
lisers, would be sufficient if completely uti-
lised to meet the trees’ nitrogen requirement
up to about the seventh year. During the
period of rapid return of nitrogen to the soil
from the lepumes as they die back, from
approximately the third to the fifth year, it is
likely in fact that the total nitrogen supply
will exceed tree requirement and there will be
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losses of nitrogen by leaching of excess nitrate
ions. The high return of nitrogen to the soil
by legume covers at this time increases the
nitrogen status of the tree and this is likely
1o exeri a marked and persistent effect upon
the nitrogen economy of the planting for an
extended period.

It seems that when the nitrogen deposited
in rain, approximately 20 kg per hectare per
annum, is also considered together with the
other nitrogen sources, the total amounts of
nitrogen added to the soil should be sufficient
to meet the nitrogen requirement of the plant-
ing during its entire life.

Potassium. On ihe assumption that all the
applied fertiliser potassium is utilised by the
tree, sufficient potassium to meet the trees’
requirement is supplied by the low potassium
content fertilisers only in the first year of
growth, and by fertilisers with a high potassi-
um content during approximately the first four
years of growth. Thereafter potassium derived
from fertiliser amounts to approximately 209
and 409 of the total tree potassium require-
ment in the case of the low and high potassium
content fertilisers respectively (Figure 2). The
quantity of potassium removed in latex is
only slightly less than that supplied by the low
potassium content fertiliser. According to the
data presented above, approximately 400 kg
per hectare of potassium may be deposited
in rainfall throughout the life of the planting:
this is a considerable amount, being larger
than that supplied by the low potassium content
fertiliser. If this potassium is added to that
supplied by the high potassium content ferti-
lisers the total would be sufficient to meet
approximately 609, of the total requirement
of the planting.

Magnesium. The amounts of magnesium
supplied by fertiliser applications would be
sufficient to meet the trees’ requirernent
during the first two years of growth provided
that all the applied nutrient was utilised by
the tree; thereafter the quantities applied
would be sufficient to meet approximately
only 25% of the trees’ requirement (Figure 3).
The magnesium content of rainfall is small,
only about 3 kg per hectare per annum, but it
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is nearly equal to the amount of fertiliser
magnesium applied annually to the planting,
and both exceed the quantities removed in
latex.

Phosphorus. Rock phosphate, the phos-
phatic fertiliser commonly used in Malayan
rubber cultivation, is applied in the planting
hole at the rate of 4 oz per point, and also to
the leguminous covers in the inter-row areas
during the first few years of growth at the
total rate of approximately 4 cwt per acre;
these quantities have been included in the esti-
mate of applied phosphorus.

About half the phosphorus given to one
planting is applied in the first six years and
in contrast to the situation for nitrogen, potas-
sium and magnesium, the quantity considerably
exceeds that required by the tree (Figure 4).
However, only a small proportion of the phos-
phate applied as rock phosphate is available
for uptake by the tree at any one time, con-
siderable amounts of phosphate being un-
available and only slowly released over a pro-
longed period (Owen, 1947; 1953a); for this
reason relatively large rock phosphate appli-
cations are required to maintain sufficient
phosphate available in the soil for tree uptake
at any one time.

Calcium. Considerable amounts of calcium
are supplied by the rock phosphate incorporated
in the normal fertiliser mixtures or applied
directly to the covers, and it can be seen from
Figure 5 that more calcium is supplied during
the first ten years of growth of the tree than is
actually required by the tree over that time.
Thereafter the fertiliser calcium is insufficient
to meet the tree requirement, and although it is
possible that the data presented here slightly
overestimate the calcium requirement of the
tree owing to the deposition of large amounts
of calcium in the bark {SHORROCKS, 1965a),
the generally low levels of soil calcium and
the leaching of calcium through the soil
(WaTsON, 1964) indicate that additional sour-
ces may be required. Only very small amounts
of calcium are found in latex (approximately
0.03 kg in 1,500 kg of rubber) and accordingly
no estimate of calcium removed in latex has
been included in Figure 5.
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Sulphur. The ammonium sulphate and to
a lesser extent the kieserite included in the
normal fertilisers applied to rubber provide
considerable quantities of sulphur which greatly
exceed the requirement of the trees at all
stages of growth (Figure 6). The sulphur
supplied by kieserite alone, although only
about 12% of the total sulphur supplied by
normal fertiliser mixtures, is nearly sufficient
to meet the trees’ sulphur requirement. Thus
if ammonium sulphate were not applied, the
continued use of kieserite at current rates of
application would probably maintain the
sulphur status of the trees at a satisfactory
level. Furthermore, as the suiphate ion does
not leach rapidly through the latosolic soils
of Malaya (BoLTON, 1963), it seems unlikely
that sulphur deficiency will occur in rubber
which at one time or another has received
regular dressings of ammonium sulphate.

DISCUSSION

In the following discussion it is to be under-
stood that fertilisers are required only when
an economic response can be confidently pre-
dicted. A requirement is not considered to
exist simply to replace nutrients removed from
the soil-vegetation system. Such replenishment
of soil nutrients may seem a sound agricul-
tural principal and where soil nutrient reserves
are low, will very probably result in economic
responses. However, it is possible for a soil
to contain sufficient nutrients for optimal
growth and yield over many years; on such
soils there will be no response to the appli-
cation by fertiliser of nutrients in good supply
and it would be uneconomic to apply fertiliser
just to replace nutrients iost or removed from
the soil-vegetation system.

The need for fertiliser applications to supple-
ment the soil supply of available nutrients in
order to promote good growth of young rubber
on inland soil types has been demonstrated
by many fertiliser experiments carried out
over the last thirty years (AKHURST, 1937;
HAINES AND CROWTHER, 1940; AKHURST AND
OwEN, 1950; BoLTON, 1964a) and manuring
schedules are available covering the immat-
ure phase (RUBBER RESEARCH INSTITUTE OF
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Maraya, 1953b; 1958; 1963a). As the detri-
mental effects of a deficiency may be felt over
many years, it is considered advisabie to apply
generous fertiliser applications to immature
rubber, on the conservative principle of ensuring
satisfactory establishment of the young rubber:
thus on the better soil types the scheduled
rates of fertiliser application may supply
rather more nutrients than are immediately
required.

Comparatively few experiments have been
carried out on mature rubber; OwWEN et
al. (1957) and BorTon (1960), reported
results from experiments in jungle plantings
started during the immature phase, but from
their results it is not easy to distinguish clearly
between the effects of fertilisers applied during
maturity and immaturity. The indications
were, however, that on the average Ma-
layan soil types planted from jungle, res-
ponses to fertilisers applied during maturity
are likely to be small although economic. How-
ever, in replanted rubber the case is likely to
be quite different: as indicated above, soil
nutrient reserves are likely to be depleted at
replanting and nutrient deficiencies must be
expected as the second generation of rubber
draws further on the soil nutrient reserves. In
experiments sited on soils known to be defi-
cient in nutrients, substantial and economic
responses have been obtained from the appli-
cation of fertiliser to mature rubber, as report-
ed by HAINES AND GUEST (1936) in the case of
nitrogen deficiency, by BOLTON AND SHOR-
ROCKS (1961) in the case of magnesium defi-
ciency, and by the RUBBER RESEARCH INSTI-
TUTE OF MALAYA (1964b) in the case of potas-
sium deficiency.

Despite a lack of firm data regarding the
economics of fertilisers applied to mature
rubber in general, it has been considered good
practice to apply, on all but the fertile coastal
alluvial clay soils, annual dressings of the order
of 2 1b per tree of a mixed fertiliser contain-
ing nitrogen, phosphoris, potassium and mag-
nesium, in order to maintain the general con-
dition and yield level of the trees (RUBBER
RESEARCH INSTITUTE OF MALAYA, 1953a).
However, owing to the wide variation in nutri-

56

ent status of Malayan soils (Table 3) and the
relation discussed below between the nutrient
requirement of the tree and the soil nutrient
content, it is evident that there is considerable
scope for improvement in fertiliser utilisation
particularly on mature rubber. In the follow-
ing sections suggestions for such improve-
ments are outlined.

Nitrogen., From Figure ! the amount of
nitrogen applied as fertiliser during the first
few years after planting appears to be suffi-
cient; where vigorous legume covers have
been grown it seems that the application of
fertiliser nitrogen could be discontinued, at
least during the period of dieback of the
legumes from the third to the fifth year
{(WaTsoN, 1964), without any detriment to
growth and possibly with benefit in plantings
with material susceptible to wind damage.

It is not possible to assess easily from the
levels of total soil nitrogen the amounts that
are likely to become available for tree uptake
in the course of time and hence to distinguish
the soils on which nitrogen application during
maturity can either be reduced or stopped.
From Table 4 it can be seen that the reserves
of nitrogen in ali soils greatly exceed the
nitrogen required by a planting. Much of this
nitrogen is in an unavailable form, and when
it is considered that responses to nitrogenous
fertilisers are frequently obtained on the
Selangor series soils (PUSHPARATAH, 1964)
which have a comparatively high nitrogen
status, it seems that there is likely to be a
steady requirement for nitrogen fertiliser, des-
pite the relatively large amounts of nitrogen
that are in cycle. The most satisfactory guide
to determine the requirement for nitrogenous
fertiliser is leaf analysis; only where analysis
shows trees to be of high nitrogen status, as
assessed by leaf sampling at the end of the
year (SHORROCKS, 1965b), should nitrogen
application be withheld, to be renewed when
a fall in leaf nitrogen status is detected.

Phosphorus. The fact that the phosphorus
content of most Malayan soils is low and that
good responses by both rubber and covers
to the application of rock phosphate are ob-
tained during immaturity, clearly indicates that
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no reduction in the earlier applications of rock
phosphate should in general be considered.
Exceptions are on the Kuantan series and
Selangor series soils, both of which have large
reserves of apparently easily available phos-
phorus (RUBBER RESEARCH INSTITUTE OF
MaLAYA, 1964¢c) and on which rubber is un-
likely to respond to phosphate applications.
With ail other soils, and particularly those of
the Batu Anam, Serdang, Munchong and
Malacca series, whose total contents are lower
than the phosphorus requirement of one
planting, the generous application of rock
phosphate to both rubber and cover in
the immature phase is essential; such appli-
cations will be in excess of the trees’ immediate
requirement but will build up a reserve of soil
phosphate which will slowly release phosphorus
for uptake by the mature rubber over an ex-
extended period of time,

There is little evidence of any beneficial
effects of rock phosphate applied during matu-
rity to rubber that has received normal appli-
cations of rock phosphate during immaturity.
According to the work of OWEN (1953b), later
confirmed by BoLTon {1960; 1961), responses
to phosphate are not likely when available soil
phosphorus exceeds 11 p.p.m., and experi-
mental data indicate that this level is likely to
be exceeded in areas that have received the
normal dressings of rock phosphate during
immaturity (BoLTon, 1961, 1964a). It seems
likely that phosphate applications to mature
trees will be necessary only where leaf analysis
indicates a low phosphorus status, and where
this is confirmed by soil analysis.

Potassium. It seems evident from previous
considerations that after the first few years
from planting the amount of potassium
supplied according to present fertiliser sche-
dules falls appreciably short of the total re-
quirement of the tree. Potassium deficiency
symptoms are frequently observed in mature
rubber and it seems likely that more generous
use of potassium fertilisers will be required in
the future.

The potassium content of Malayan soils
varies over a wide range; those soils derived
from impoverished alluvial material, such as
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the Ulu Tiram, Holyrood, Chemor and Sungei
Buloh series, together with the sedentary
Rengam and Kuantan series, derived respect-
ively from granite and basalt, would appear
to be deficient, while those derived in situ from
sedimentary material, the Malacca, Seremban
and Batu Anam series, generally have an ade-
quate potassium supply. HAINES AND Crow-
THER (1940) could detect no response by young
rubber to potassium on the Batu Anam soils,
but AKHURST ANp OweN (1950} and BoLtoN
{1960), studying soils derived from granite and
others of low potassium status, found definite
responses. In some instances depressive effects
of potassium, particularly in the absence of
nitrogenous and magnesium fertilisers have
been recorded (BoLTon, 1964b), but this may
be due to potassium/magnesium antagonism
rather than to any direct adverse effect of the
potassium.

There thus appears to be a good case for dis-
crimination in the utilisation of the potassium
fertilisers, and in Figure 7(q) an attempt has
been made to relate the potassium concentra-
tion in the soil (together with, in one rela-
tionship, the rainfall potassium) and the
amounts of potassium chloride which should
be added annually to ensure good growth and
yield. The calculations are based on the prin-
ciple that fertiliser potassium should be pro-
vided over the life of the planting in quantities
which, if added to the potassium content of the
top 18 inches of the soil, would ensure that
the total potassium would be equal to twice
the potassium requirement of the planting
(i.e. 3,000 kg per ha). Thus for example where
soil content is 3,000 kg per ha (equivalent to
445 p.p.m. K) no fertiliser potassium will be
required; but if the soil potassium content is
1,000 kg per ha (equivalent to 150 p.p.m. K)
2,000 kg per ha of potassium per planting
will be required, that is an annual application
of 134 kg per ha potassium chloride (49.8 %K)
over a period of thirty years. If rainfall potas-
sium (400 kg per ha per planting) is considered
it is found that no potassinm fertiliser is
required when the soil contains 385 p.p.m. K
(Figure 7(a)).
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The principle of taking twice the require-
ment of a planting was somewhat arbitrarily
chosen from a series of calculations because
it roughly fitted the available facts about the
potassium content of soils and the likely res-
ponses to potassium chloride. According to
studies relating leaf potassium to total soil
potassium (GUHA, 1964) satisfactory leaf potas-
sium concentrations can, in general, be expect-
ed when soil potassium is over 500 p.p.m.
BortoN {1964a) found that immature rubber
showed positive responses to potassium ferti-
lisers when the potassium concentration of the
soil was 120 p.p.m. K and strong indications
of positive responses when the potassium con-
centration of the soil was 176 p.p.m. K. The
use of a potassium concentration of either 385
or 445 p.p.m. K in Figure 7(a) thus appears
to be high according to BoLton (19643) and
slightly low according to GuUHA (1964).

It should be emphasised that this suggested
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method of assessing the requirement for potas-
sium, and also that for magnesium discussed
below, is put forward only as a tentative pro-
posal based on present soil and leaf analytical
evidence and because of the difficulty of ob-
taining adequate field experimental data relat-
ing soils and their nutrient status with tree
performance. No consideration of the physico-
chemical nature of the sources of potassium
and magnesium in the soil has been included,
nor of availability of nutrients according to
soil physical conditions; as relevant soil and
field experimental data build up, the method
will doubtless be improved upon.

The annual rates of potassium chloride appli-
cation shown in Figure 7(a) have been calcu-
lated on the basis of applications to be made
over a period of thirty years. If the appro-
priate rates of potassium chloride application
are maintained up to say the twentieth year
of a planting and good growth and satisfactory
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Figure 7(a). Theoretical relationship between soil potassium (acid extractable) and the annual
rate of potassium chloride application required for good growth of rubber. (b). The same
relationship for soil magnesium (acid extractable) and kieserite.
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levels of leaf potassium content have been
maintained, it is unlikely that further appli-
cation of potassium fertilisers will be of eco-
nomic benefit during the last ten or even
fifteen years of growth.

Magnesium. Magnesium is like potassium
in that fertiliser and rainfall supplies fall far
short of the total tree requirement, except in
the first few years after planting. The fre-
quency with which magnesium deficiency has
been encountered confirms that higher levels
of supply will be required than in the past
{RUBBER RESEARCH INSTITUTE OF MALAYA,
1963a).

The magnesium content of Malayan soils
varies over a wide range; reserves are low on
many of the Rengam, Holyrood and Chemor
series soils, and some related to the Malacca
series, whilst the Kuantan and Seremban
series are likely to contain adequate supplies.
At the same time the potassium content of
some of the Seremban and Malacca series
may be sufficiently high to depress magnesium
uptake and there is thus scope for discrimi-
natory use of magnesium fertilisers.

The amounts of kieserite required to raise
the soil magnesium level to twice that of the
tree requirement have been related to the
soil magnesium content in Figure 7(b), the
method of calculation being similar to that
described above for potassium. The choice of
twice the tree magnesium requirement is en-
tirely arbitrary, since there is no experimental
evidence on soil magnesium levels to use as
a guide.

It is seen from Figure 7(b) that if the soil
magnesium content is 150 p.p.m. Mg or above
(or 130 p.p.m. if rainfall magnesium is con-
sidered) a requirement for magnesium ferti-
lisers would not be expected, and this conclu-
sion fits the known performance of trees on
the soil types quoted in Table 3 reasonably
well.

CONCLUSIONS AND RECOMMENDATIONS
FOR MANURING
Immature rubber. It is important that opti-
mal growing conditions are maintained for
immature rubber and it is recommended that
the fertiliser programme in current use for the
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various soil types (RUBBER RESEARCH INsTI-
TUTE OF MaLAYA, 1963a) be followed: apart
from the possibility of withholding fertiliser
applications during the period of dieback of
vigorous legume covers the programmes should
only be modified in the event of a deficiency
being diagnosed visually or by leaf analysis.
Modifications may entail increasing the rate
of application of the fertiliser already emp-
loyed, or the use of additional special fertiliser
applications according to the rates given by
SHORROCKS {1964).

Increasing the rate of application of the
fertiliser mixture already used would only be
appropriate in the case of nitrogen and phos-
phorus deficiencies, as the fertilisers in common
use contain relatively large quantities of nitro-
gen and phosphorus and only small quanti-
ties of potassium and magnesium, too small
to cause large increases in either the potassivm
or magnesium status of the trees.

In the case of potassium and magnesium,
deficiencies should be corrected by applying
dressings of the appropriate straight fertiliser
without changing the routine fertiliser prog-
ramme. Ideally the need for such corrective
applications should be checked by leaf and
soil analysis; a fertiliser programme not only
for immaturity but also for maturity could be
drawn up after assessing the amounts of either
potassium chloride or kieserite that should be
applied annually on the basis of the consider-
ations discussed in the present paper.

Mature rubber. There is considerably
greater scope for discrimination in fertiliser
usage with mature rubber than with immature
rubber. The data on tree and soil nutrient
content indicate that while some soils contain
adequate nutrient reserves to sustain satis-
factory tree growth, there are many on which
deficiencies are likely to develop as their
nutrient reserves are depleted by immobili-
sation in the tree. Optimum efficiency of ferti-
liser usage seems likely to be ensured only
with the use of soil and leaf analysis.

In general, current levels of nitrogen appli-
cations appear to be adequate and accordingly
an annual application of approximately 160
kg per ha per annum of ammonium sulphate
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is recommended for all inland soils, except
possibly the Kuantan series and for those
coastal alluvial soils known to be high in
nitrogen. Where growth is good and where
the leaf nitrogen status is high (RUBBER
RESEARCH INSTITUTE OF MALAYA, 1963b) it is
suggested that nitrogen applications be with-
held until further leaf analysis indicates a
requirement.

Well grown mature trees are not likely to
respond to phosphate applications on the
Selangor or Kuantan Series soils, or on other
soils where the phosphate level has been built
up by applications of rock phosphate during
immaturity; under such conditions it is sug-
gested that phosphate applications should be
stopped when the trees come into tapping.
Rock phosphate should be applied to mature
rubber when little or no phosphate has been
applied during immaturity and maintenance
dressings of 60 kg per ha, similar to those
currently employed, are suggested; when a
requirement is indicated by leaf analysis the
levels given by SHORROCKS ({1964) would be
more appropriate.

Whenever possible the level of potassium
and magnesium applications should be based
on soil analysis, as discussed here, in order to
provide a long term solution. It seems likely,
as shown in Figure 7(a), that on soils of low
potassium status (with about 100 p.p.m. acid-
extractable K} annual maintenance dressings
of 150 kg per ha potassium chloride will be
required ; however, on better soils with about
300 p.p.m. K, 50 kg per ha should be suffi-
cient. Similarly for magnesium it is suggested
that on soils with about 50 p.p.m. acid-extract-
able Mg annual maintenance dressings of 150
kg per ha kieserite should be applied, and that
on the better soils with 100 p.p.m. Mg, 50 kg
per ha should be satisfactory. In view of the
tentative basis on which the above levels of
potassium and magnesium are recommended,
their suitability under different conditions
should, in the first instance, be confirmed by
leaf analysis. When an immediate require-
ment for potassium or magnesium is diagnosed
visually or by leaf analysis it is recommended
that it should be corrected by special fertiliser

applications at the rates given by SHORROCKS
(1964).
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