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Deeply weathered soil derived in situ from granite under conditions of high rainfall and temperature 
in Malaya. Hevea develops free and extensive rooting on this soil, but even so symptoms of mag­
nesium and manganese deficiency are common. 
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FOREWORD 
T h e pr inc ipa l a i m of this book is to provide the r u b b e r p lan te r wi th the means to identify nu t r i en t 
deficiency symptoms in Hevea brasiliensis and to correct the deficiencies w h e n diagnosed. Symp­
toms occur r ing in three commonly used leguminous creeping cover plants , Pueraria phaseoloides, 
Centrosema pubescens a n d Calopogonium mucunoides, are also described, for their appea rance in the field 
will indicate low soil nu t r i en t levels and m a y serve as an indicator of the likely fertiliser requi re­
ments of the Hevea. Reference is m a d e to M a l a y a n condit ions almost exclusively; there is no reason 
to believe tha t deficiency symptom expression is likely to be different in o the r countr ies , a n d in so 
far as direct deficiencies occur it is considered tha t the fertiliser appl ica t ion rates can be safely 
appl ied to o ther rubber -g rowing areas in the wor ld . 

P re l iminary work on the expression of nu t r ien t deficiency symptoms in Hevea was first car r ied 
out in 1938 , 5 8 a n d visual symptoms of deficiencies of Hevea seedlings g rown in sand cul ture were 
described in detai l by Bolle-Jones in 1 9 5 6 1 4 and i l lustrated by watercolours . I n this book, which is 
an extension of the earl ier work, the i l lustrated leaves a n d plants have been ob ta ined both from the 
field and from sand cul ture studies. T h e symptoms observed on young seedling mater ia l in sand-
cul ture a n d on older seedling a n d bud-graf ted r u b b e r in the field have been found to be similar, 
bu t it has been found tha t on m a t u r e rubbe r considerat ion needs to be given to the posit ion on the 
tree where the symptoms are observed. As there are basic similarities be tween the deficiency 
symptoms of Hevea a n d those of the three cover p lants , the i l lustrat ions of given deficiency symp­
toms in all four species are a r ranged together , while the symptoms shown by the three legumes are 
described unde r one head ing . 

Reference to different fertilisers has been in tent ional ly restricted to those in c o m m o n use in 
M a l a y a a n d to those t ha t are likely to be used. I t is possible of course for new fertilisers to be 
placed on the marke t which m a y offer economic advantages a n d which m a y be jus t as sui table as 
those cur rent ly used: in this event the necessary calcula t ion of appl ica t ion rates can be m a d e by 
reference to the tables given in this book. 

Chap te r s on the essential p lan t nutr ients and on the soil as a source of supply of nut r ients have 
been inc luded so tha t the p lan ter m a y apprec ia te some of the complexities of the so i l -p lan t 
nu t r i en t relat ionships. N o a t t e m p t has been m a d e , however, to provide a comprehens ive textbook 
on p lan t nu t r i t ion . 

As wi th m a n y perennia l crop plants , increasing emphasis is be ing given to the s tudy of the 
fertiliser requi rements of par t i cu la r soils a n d p lan t ing mate r ia l : the tools used are pr incipal ly 
those of p l an t a n d soil chemical analysis. W i t h such developments in mind , a n d also to provide 
b a c k g r o u n d knowledge, some analyt ical d a t a on the nu t r i en t elements in Hevea brasiliensis, 
Pueraria phaseoloides, Centrosema pubescens a n d Calopogonium mucunoides are given in the Appendix. 
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T H E E S S E N T I A L I N O R G A N I C N U T R I E N T S 

A N D T H E I R R O L E S 

Information regarding the inorganic elements which are indispensable for the growth of plants is 
of fundamental importance in plant nutrition. It might be considered that an accurate analysis of 
the inorganic constituents of plants that have grown satisfactorily through the vegetative and re^ 
productive stages of their life cycle would provide an inventory of the elements which are essential 
for growth. This is not so, for the plant has a capacity, within rather wide limits, for indiscriminate 
absorption. According to one source, 8 7 approximately sixty elements have been identified in 
plants; non-essential, and even at times injurious elements are absorbed as well as the essential 
nutrients. 

The criteria of essentiality of an element for plant growth are: a deficiency of it makes it impos­
sible for the plant to complete the vegetative or reproductive stage of its life cycle; the element 
must be directly involved in plant metabolism quite apart from any effect it may have in correcting 
some unfavourable microbiological or chemical condition of the soil; a deficiency of the element 
can be prevented or cured only by supplying that element. 

Ident i f icat ion of Essential Nutr ient Elements 
The identity of those nutrient elements that are essential for satisfactory plant growth has been 
established by growing plants under controlled conditions in water and sand cultures. Tne main 
advantage of using such techniques is that nutrient solutions can be prepared lacking one element 
at a time but containing all others accepted as being essential for plant growth; the failure to grow 
in the absence of the element and resumption of growth upon the addition of the deficient element 
are taken as evidence of essentiality. In the complete or partial absence of any essential nutrient 
the test plant will exhibit symptoms, either of discoloration or of some type of distortion or stunting, 
characteristic of the particular deficiency. The identification of such symptoms in sand and water 
culture has been of immense value in studying nutrient requirements in the field, and the charac­
teristic deficiency symptoms shown by Hevea brasiliensis, Pueraria phaseoloides, Centrosema pubescens 
and Calopogonium mucunoides described in later chapters were identified in this way . 1 2 ' 4 3 

The Major Nutrients—Nitrogen, Phosphorus, Potassium, Calcium, 
Magnesium and Sulphur 
It was basically with the above approach that the classical list of essential elements was compiled 
in the nineteenth century. The list included (apart from carbon, hydrogen and oxygen obtained 
from carbon dioxide and water) seven elements, namely nitrogen, phosphorus, potassium, calcium, 
magnesium, sulphur and iron. All but the last mentioned of these elements are required by the 
plant in relatively large quantities, and they are known as the major nutrients to distinguish them 
from the minor nutrients, which are required in only very small amounts. 

The Minor Nutrients—Boron, Copper, ^inc, Iron, Manganese, 
Molybdenum and Chlorine 
There was little to indicate to the early worker that plants could require very small concentrations 
of certain nutrients now known as the minor nutrients. Nevertheless, as early as 1869 it was 
suggested that zinc should be considered an essential element for plants following the discovery that 
zinc was essential for the growth of the fungus Aspergillus niger. In 1914 5 1 it was reported that small 
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quantities of boron, zinc, chlorine, aluminium and silicon were essential elements for plants, and 
in the 1 9 3 0 ' s it was confirmed that in addition to the seven elements on the classical list, five others, 
namely boron, zinc, copper, manganese and molybdenum, 6 should be included among the nu­
trients essential for the growth of plants. More recently, in 1 9 5 4 2 7 and 1 9 5 7 , 4 6 the essentiality of 
chlorine has been demonstrated. 

N o final conclusion can yet be made as to whether the above elements complete the list of 
nutrients that are essential to plant growth, and there is still no conclusive evidence that aluminium 
and silicon are essential for plant growth, although experimental evidence indicates that some 
species may grow better in the presence of these elements. Despite the refined purification methods 
now employed, it is certain that solutions of specified nutrients still contain minute impurities of 
other elements, and consequently as techniques improve the essential nature of additional ele­
ments may be demonstrated. It seems obvious, however, that any such elements will be required 
in only exceedingly small amounts. % 

Nutr ient Elements and their Roles in P lant Metabol ism 
The different essential elements play important and at times highly specific roles in the physiologi­
cal processes taking place in the plant, and a knowledge of the mechanisms involved will assist 
understanding of the ways in which deficiency symptoms may develop. Shortage of a plant 
nutrient will cause disturbances in those processes in which it is directly involved, and as a result a 
whole range of physiological processes may be unbalanced. The net effect will be either shortages 
of metabolites essential for satisfactory growth, or an accumulation of intermediate products 
which may be toxic when present in large amounts, both of which conditions can lead ultimately 
to symptom development. 

In the following sections a brief outline is given of the roles played by the essential nutrient 
elements. 

\/ Magnesium 
Magnesium plays a vital role in photosynthesis as a constituent of the chlorophyll molecule, and a 
deficiency of the element results in a leaf chlorosis caused by a reduction in the amount of chloro­
phyll in the leaf. Magnesium is also concerned with many enzyme systems, particularly in phos­
phate metabolism and thus in respiration. It is regarded as being a specific activator for a number 
of enzymes, often closely associated with the energy-supplying phosphorus compounds, acting in 
the role of a carrier for this element. Particular significance is attached to the magnesium content 
of the latex of Hevea; certain clones possessing high levels of magnesium in the latex tend to have 
unstable latex, and treatment of such clones with magnesium fertiliser is likely to accentuate the 
condition. The balance between magnesium and phosphorus in latex is thought to be impor­
tant, 9 ' 3 3 - 4 7 ' 5 6 and an optimal Mg : P ratio in latex of 0 - 7 - 1 - 3 has been suggested. 1 1 

j Potassium 
Unlike all the other major nutrients, potassium has not been shown to enter into any specific re­
action or to become part of stable organic compounds in the plant, for example proteins, carbo­
hydrates, chlorophyll and fats. The nature of its role in any specific process has yet to be 
elucidated, although at one time or another it has been associated with almost every important 
physiological process, such as the synthesis of amino acids and proteins, photosynthesis, respiration, 
the process of translocation and the storage of carbohydrates in the plant. The importance of 
potassium may depend on its monovalent character almost as much as on its specific action on 
metabolic processes. It is however evident that potassium occupies a central position in plant 
metabolism, and it is present in large quantities in meristematic tissue where active growth is 
taking place. 

A reduction in the potassium supply can result in an accumulation of incompletely metabolised 
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nit rogenous c o m p o u n d s ; for ins tance, a marked increase in the a m i n o acid content of potassium-
deficient r u b b e r leaves has been r e c o r d e d . 6 1 Potass ium c a n often be rep laced to a l imi ted extent 
by sodium and rub id ium, bu t in Hevea no th ing is known abou t a n y such rep lacement . I t seems 
unlikely, from the low sodium content of Hevea leaves, t ha t rep lacement of potass ium by sodium is 
of impor tance in the field. 

/ Calcium 
Calc ium is one of the consti tuents of the cell wall , the middle lamel la , which contains ca lc ium 
pec ta te ; it is necessary for the proper functioning of meris tems a n d is of special impor tance in 
root development . W h e n the e lement is deficient, no rma l cell division becomes a b n o r m a l or even 
suppressed, and misshapen root systems are in consequence a notable feature of calcium-deficient 
plants . I t has also been suggested tha t ca lc ium has a role in the ni t rogen metabol i sm in the p lant , 
and in the absence of ca lc ium some p l a n t s are unab le to absorb or assimilate ni t ra tes . Ca l c ium 
oxalate crystals are frequently found in the ba rk of Hevea, bu t calcium-deficient seedlings have 
been found to con ta in no such c rys ta l s . 6 1 

Although it is often found tha t a large p ropor t ion of the ca lc ium conta ined in the p lan t is 
water-soluble, ca lc ium is relatively i m m o b i l e ' a n d is not readily redis t r ibuted- in the p lan t even 
u n d e r deficiency condi t ions ; old leaves m a y have relat ively h igh ca lc ium contents w h e n younger 
leaves on the same plant are deficient in ca lc ium. Very old leaves, jus t pr ior to their abscission, 
con ta in large quant i t ies of ca lc ium, further indica t ing considerable immobi l i ty of ca lc ium. 

• Nitrogen 
Nitrogen is essential for p lan t g rowth , be ing a const i tuent of all proteins and thus of all p ro top lasm, 
and is requi red in relatively large quant i t ies . I t is a const i tuent of chlorophyl l , a n d ni t rogen-
deficient leaves con ta in relatively little chlorophyll and will t end to be typically pale green or 
even yellow in colour . 

An increase in the n i t rogen supply to a p lan t results no tab ly in a large increase in leaf g rowth . 
Ano the r result of such a n increase is the more rap id conversion of assimilated carbohydra tes to 
proteins and to pro toplasm, leaving a smaller p ropor t ion of the carbohydra tes for the bu i ld ing u p 
of cell wall ma te r i a l which consists largely of nitrogen-free carbohydra tes . As a result of the increase 
in the propor t ion of p ro top lasm to cell wall mate r ia l the cell size is increased a n d the cell wall 
thickness reduced , mak ing the leaves more succulent . A further consequence is tha t the propor t ion 
of water in the leaf is increased, while tha t of ca lc ium is decreased, since pro toplasm contains 
more wate r a n d less ca lc ium t h a n cell walls . O n the o the r h a n d a very low ni t rogen supply results 
in small leaves, wi th small cells and thick cell walls. 

'Phosphorus 
Phosphorus is a const i tuent of nucleic acids, which occur in the nuclei of all l iving cells, a n d is 
thus essential for cell division and for the deve lopment of meris temat ic tissue. 

Phosphorus plays a very i m p o r t a n t pa r t in enzyme systems wi th in the cell, being concerned 
wi th m a n y b iochemical reactions in the metabol ism of carbohydra tes , a n d par t icu lar ly in 
respirat ion. 

Phosphorus compounds often act as suppliers of energy for specific react ions, providing a l ink 
be tween the energy released in respirat ion and react ions requ i r ing energy. A deficiency of phos­
phorus will therefore l imi t respira t ion and the uti l isat ion of the energy so released. 

^Sulphur 
Su lphur occurs in p lants ma in ly as a const i tuent of proteins , be ing a componen t of cer ta in a m i n o 
acids, and also of the growth-regula t ing substances, biot in and t h i amine . Su lphur is concerned in 
chlorophyll format ion a l though it is not a const i tuent of chlorophyl l . Similari t ies are found be­
tween su lphur and ni t rogen deficiency symptoms: c o m m o n features to bo th deficiencies are reduced 
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chlorophyll content, reduced protein content, and an increase in the soluble nitrogen compounds 
present in the leaf resulting from a reduction in protein synthesis. Sulphur is considered to be 
relatively immobile in the plant and the symptoms of deficiency are usually found in the young 
leaves and not in the older leaves as is the case in nitrogen deficiency. It has however been demon­
strated that sulphur, present as the sulphate radical, can circulate in the phloem, but that circula­
tion is rapidly curtailed by accumulation in young leaves where the sulphate appears to be quickly 
incorporated into proteins. 

s Manganese 
Manganese has several functions in the plant. It is closely connected with iron in chlorophyll 
formation and it is thus not surprising that the same general pattern of leaf symptoms, namely a 
chlorotic mottling leaving the veins and midrib green, occurs in both iron-deficient and manga­
nese-deficient plants, as has been found with Pueraria phaseoloides, Centrosema pubescens and Calopo­
gonium mucunoides. Manganese is also a constituent of some respiratory enzymes and of certain 
enzymes responsible for protein synthesis: an accumulation of amino acids in manganese-
deficient Hevea seedlings has been recorded. 6 1 Manganese and magnesium are interrelated in 
Hevea: manganese deficiency has been induced on seedlings grown in sand culture by heavy 
application of magnesium, and magnesium uptake has been reduced by heavy application of 
manganese . 1 6 In field experiments a marked depressive effect of magnesium limestone on manga­
nese uptake, which was not related to any increase in soil pH, has been found, 2 1 whereas little or no 
effect of manganese applications on magnesium has been observed. 7 2 

\/Iron .ji 
Iron is necessary for chlorophyll synthesis and deficiency of this element induces a characteristic 
chlorosis: it is not however a component of the chlorophyll molecule. Iron is also a constituent of 
many enzymes concerned with respiration and other oxidation systems. 

The state in which iron occurs in plant tissues is important in determining its influence in chloro­
phyll synthesis. Chlorosis similar to that associated with a deficiency of the element is sometimes 
found in leaves where the iron is sufficient in quantity, but present in an unavailable form. This 
condition may be due to antagonism between iron and manganese, to the effect of other heavy 

"metal elements which may interfere with the metabolism of iron, or to such factors as potassium 
deficiency, high phosphorus levels and high light intensity which may limit the mobility of the 
element. The lack of mobility of iron may also account for the fact that iron deficiency is normally 
first apparent on the younger tissues. 

^ Boron 
Many roles have been assigned to boron; probably the most important are in connection with the 
normal activity of meristems and the translocation of sugars, where the element is essential. Under 
conditions of boron deficiency, normal cell division does not proceed satisfactorily to the complete 
separation of the dividing cells, so that eventually the shoot and root apical meristems die or 
become extremely moribund; stunted side shoots then develop from axillary meristems. The typi­
cal symptoms of boron deficiency, such as lack of elongation of internodes and the distortion of 
leaves, are related to this effect of boron on the apical meristem. 

Boron has been shown to be essential in plant auxin metabolism. The application of auxin to the 
shoot and root tips of boron-deficient plants can mitigate the deficiency effects, an increase in the 
translocation of sugars to the meristem and a concomitant increase in metabolic activity taking 
place. This suggests that in the early stages of boron deficiency the translocation system of the 
plant will function, but at a much reduced capacity because substrates are not being used up at 
sites of synthesis, particularly the meristems. In the later stages of deficiency internal tissue injury 
is of common occurrence: browning and death of the pith, phloem necrosis, degeneration of 
meristematic tissue and of cell walls can take place. In boron-deficient Hevea a marked necrosis of 
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the pith cells, and a heavy deposition of calcium oxalate crystals is to be found in the pith and the 
bark. 6 1 

Boron is essential for the normal development of root nodules on leguminous plants. Whilst the 
marked reduction in nodulation shown by boron-deficient plants can be explained as being 
primarily due to their reduced root growth, it has been found that with inadequate supplies of 
boron the vascular tissue of the root nodules themselves is abnormal. 

The safety margin between sufficiency of boron and toxicity seems to be relatively small in 
many plants, and caution should be used when treating boron deficiency with borax to avoid 
excessive levels of application which can cause acute toxicity and death of the plant. 

„ Molybdenum 
Molybdenum has been shown to be an essential constituent of the nitrate reductase system in 
plants, that is in the conversion of absorbed nitrate to nitrite, the first step in the formation of 
amino acids and eventually of proteins. Molybdenum deficiency in Hevea results in an accumula­
tion of nitrate in the l eaves , 1 8 and in sand culture studies the typical deficiency symptoms, usually 
a chlorosis, are normally observed when nitrogen is supplied in the form of nitrate. Molybdenum 
is however still required when the nitrogen is supplied in the form of ammonium and.it therefore 
seems necessary for further processes in addition to the reduction of nitrate. 

Molybdenum has also been shown to be essential for the process of nitrogen fixation by soil 
bacteria (Azotobacter chroococcum), and for the symbiotic association of rhizobia with leguminous 
plants. When molybdenum is lacking, leguminous plants may possess rhizobia nodules but these 
nodules do not appear to fix nitrogen. 

Zinc deficiency usually results in dwarfed growth, the development of small leaves and in struc­
tural malformations to root tips: the terms 'little l e a f and 'rosette formation' are often used in 
describing symptoms of zinc deficiency on many plants. The association of the deficiency symptoms 
with the two main meristems on the plant, namely the shoot and root apical meristems, strongly 
suggests that a relationship between zinc and synthesis of the auxin indoleacetic acid is of major 
importance; this is confirmed by the fact that zinc deficiency usually results in a reduction in the 
level of indoleacetic acid in plants. Zinc is also to be found in a number of enzymes and, like 
manganese, it can affect the activity of certain enzymes of which it is not an essential constituent. 

In rubber seedlings growing in sand culture in a glasshouse, zinc deficiency has been found to 
pr'edispose leaves to infection by Oidium heveae.15 In Ceylon however, where Oidium is endemic, the 
incidence of attack does not appear to be related to zinc deficiency. 3 1 

Copper 
The main function of copper in plants is as an activator of a group of oxidase enzymes which help 
to metabolise ascorbic acid and polyphenols, among other substances, by oxidation. Copper plays 
a fundamental role in the final stage in the chain of respiratory oxidation, at which oxygen is 
actually consumed. It has been suggested that as polyphenol oxidase is found in the chloroplasts of 
some plants copper enzymes may participate in photosynthesis. Protein levels are often high in a 
copper-deficient plant, suggesting that the breakdown of proteins may be impaired by copper 
deficiency. 

Copper, applied as copper sulphate injected into the trunk, has been used on rubber as a yield 
stimulant for a number of years; its mode of action is however not understood. 

Copper is required for the formation of the haemoglobin pigment found in nodules of leguminous 
plants: whilst nodules may be formed on copper-deficient legumes, they are found to lack haemo­
globin and also to be ineffective in fixing n i trogen . 4 0 Very few nodules have been found in copper-
deficient Pueraria phaseoloides. 
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Chlorine 
Chlor ine has been shown to be an essential micro-nutrient for the growth of higher plants by a 
number of workers, 2 7 • 4 6 and it is estimated that up to 3 lb per acre of chlorine are required 
annually for satisfactory growth of a number of crop plants. Ch lo r ine deficiency has not been 
observed under field conditions despite the fact that chloride ions are freely leached through soils. 
I t may be assumed that some process has been regularly replacing the chlorine leached away. A 
source of continued supply may be found in the chlorine content of rain water: the lower recorded 
values are in the order of 10 lb of chlorine per acre per annum. Lit t le agricultural importance is 
attributed to chlorine and in consequence no attempt has been made to demonstrate chlorine 
deficiency symptoms on rubber or the cover plants. 

Sodium, Vanadium, Cobalt, and Iodine 
Some evidence for the essential nature of these four elements has been demonstrated but it cannot 
yet be said that they are all universally required by plants. 

Sodium has been found to be an essential nutrient element for one plant whose normal habitat 
is a very salty so i l 2 6 and for the growth of an alga. 5 Apar t from these two findings it is well known 
that sodium can to a certain extent replace the functions of potassium. I n this context it should be 
noted that it has not been possible to demonstrate satisfactory plant growth in the absence of 
potassium, in spite of attempts to substitute sodium (or rubidium which behaves in a similar way 
with regard to potassium). W h e n potassium is acutely deficient it has been found that sodium is 
ineffective as a partial substitute. 

A requirement for cobalt by legumes when fixing nitrogen but not when supplied with combined 
nitrogen has been demonstrated, indicating that the cobalt is required by the nodule bacteria but 
not by the legume plant itself.1- 4 0 A beneficial effect of cobalt on the growth of rubber seedlings 
has been demonstrated. 1 7 

V a n a d i u m has been found to be essential forthe growth of one a lga , 7 but there is no evidence of 
a similar requirement for higher plants, although it might be argued that the demonstration of the 
essential nature of vanadium for higher plants awaits further improvements in the procedures of 
purification of plant growth media, and biochemical studies of enzyme systems. 

Iodine is now considered as a micro-nutrient for plants in so far as the vegetative growth of 
some vegetable crops has been favourably influenced by supply of small amounts of i od ine 2 4 : it has 
yet to be proven that iodine is absolutely essential for growth. 

Silicon and Aluminium 
;-f Although silicon and aluminium are almost universally present in plants no essential role has yet 
*>Been ascribed to either element. Improved growth following the application of soluble silicates to 

crops deficient in phosphate has been observed. 2 5 Silicon is often deposited in cell walls, particularly 
in the epidermis: it is claimed that a high silica content can render a leafless susceptible to fungal 
attack. 

Alumin ium, on the other hand, may be toxic to plants: in very acid soils the large quantities of 
soluble aluminium present can be detrimental to growth. A l u m i n i u m accumula tes in roots and 
may reduce very considerably their power of translocating phosphate, resulting in a phosphate 
deficiency that cannot be corrected by normal levels of phosphate application. 4 2 - 8 5 



MINERAL N U T R I E N T S IN THE S O I L A N D THE EFFECT 
OF F E R T I L I S E R S ON S O I L N U T R I E N T S T A T U S 

The natural vegetation of the rubber-growing areas of the humid tropics is jungle, whose rich and 
evergreen vegetation gives an impression of high fertility. This appearance is deceptive, for under 
the conditions of high rainfall and temperature most soils of the area are highly leached and 
contain only low levels of plant nutrients. The vigour of the jungle is perpetuated only by an 
efficient recycling of nutrients that are absorbed from the soil by plant roots and returned to the 
soil in dead plant material for eventual reabsorption. Once the jungle is cleared, this cycle is 
broken, and the climatic conditions then favour a rapid breakdown of soil organic matter, the 
nutrients released from this organic matter and from the soil minerals being steadily leached down 
the soil profile. The soil quickly becomes depleted of its nutrient reserves, particularly if any 
exhaustive food cropping is practised, and even in plantation agriculture where an introduced 
tree crop replaces the jungle, the soil can be kept in productive cultivation only by the proper and 
cdntinued use of fertilisers. 

The mineral constituents and organic matter of soils both contain nutrients which may be avail­
able for plant uptake. The quantities of available nutrients are, however, usually small in relation 
to the total nutrient content of the soil, and the soil can be described as being a frugal custodian of 
plant nutrients. The soil is able to 'fix' nutrients, by chemical combination, by adsorption on to 
the surface of clay and organic colloids, and by incorporation into soil fauna and flora. 

While a soil that contains high levels of total nutrients may not be correspondingly high in 
available nutrients because of the particular nature of its soil minerals or organic matter, it is 
necessarily the case that soils low in total nutrients, such as Malayan soils, will be low in available 
nutrients except where fertilisers have been applied. 

In the following sections the sources and availability of the individual nutrients in the soil, and 
their supplementation by fertilisers, are discussed. 

Occurrence and Availability of Nutrients 
Magnesium, Potassium and Calcium 
Magnesium, potassium and calcium occur in all soils, their level and proportion depending upon 
the nature of the parent material. Sodium, another cation, will also be present, but since it is not of 
major importance in rubber nutrition this element will not be discussed further. 

In Malaya the cations may occur to a limited extent as carbonates, but the greater proportion \ 
will exist as calcium, magnesium or potassium aluminosilicates, the feldspar minerals, or in asso­
ciation with aluminium, silicon and other elements in secondary minerals of lesser importance. In 
soils derived from basic igneous rocks such as basalt, gabbro and andesite, calcium and magnesium 
will be the dominant cations, but in soils derived from more acidic or siliceous granites potassium 
will predominate. In soils derived from fine-grained sedimentary material, shales, phyllites and 
schists, the level of cations and particularly of potassium can be quite high, but in soils derived 
from the coarser grained sediments, such as sandstones, the general level of cations will be low. 

In sandy alluvial soils the level of all cations is generally low, but in alluvial clays, such as the 
coastal clays of Malaya, levels of potassium are generally high while calcium levels may be low. 

A proportion of the total cation content in soil will be associated with the soil exchange complex 
and will be in a exchangeable form available for plant uptake. At the same time this loosely held 
fraction, and particularly that of magnesium, can be easily displaced from the exchange complex 
and leached down the soil p r o f i l e . 2 0 ' 2 3 This leaching will be accelerated by any factor which tends 
to increase soil acidity, such as the application of nitrogen fertiliser in excess of the plants' require­
ment, or the application of fertilisers containing sulphate and chloride radicals. 
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A further factor to be taken into considera t ion is t ha t appl ica t ion of any one of these cat ions will 
t end to displace the o ther cat ions from the exchange complex a n d a t the same t ime h inde r the i r 
up take by the p l an t ; the net effect is to increase the leaching of the cat ions in the soil solut ion 
d o w n the profile, a n d unde r some condit ions to induce a deficiency of the ca t ion concerned. 
Magnes ium deficiency in pa r t i cu la r can be easily induced by heavy appl ica t ions of potass ium 
fertilisers, and such cases of induced magnes ium deficiency have been observed on r u b b e r in 
M a l a y a ; in Ceylon it has been suggested t ha t de t r imenta l effects of potass ium on growth of r u b b e r 
are due to the reduc t ion in magnes ium absorpt ion by the t r e e . 3 2 T h e frequent observat ion of 
magnes ium deficiency on rubber , the low magnes ium status of M a l a y a n soils, and the ease wi th 
which this ca t ion is leached out , all indicate t ha t close a t ten t ion should be given to magnes ium. 

Nitrogen 
T h e level of n i t rogen in the soil can have a d o m i n a n t effect u p o n its product iv i ty , and it is impor ­
t an t to establish and ma in t a in a h igh soil n i t rogen content . Ni t rogen does not occur in the p r i m a r y 
rocks from which soil is formed, bu t in na tu re is bui l t u p in the soil by the activity of rh izobia 
bac ter ia living in symbiosis wi th leguminous plants , and by cer ta in micro-organisms which are 
able to fix and utilise n i t rogen in the soil air . M i n o r quant i t ies of n i t rogen are also received from 
the a tmosphere in rainfall . I n r u b b e r cul t ivat ion, leguminous cover plants are g rown as a soil 
conservat ion measure in the early years after p lan t ing , a n d the i r h igh ni t rogen content is a n im­
por t an t factor con t r ibu t ing to their beneficial effects on tree g r o w t h . 4 8 - 5 0 ' 7 9> 8 2 

Rhizob ia a n d o ther micro-organisms convert e lementa l n i t rogen in to prote in , which on excre­
t ion or dea th m a y be converted by micro-organisms first to a m i n o acids a n d then to the a m m o n i u m 
form in a mineral isa t ion process. T h e a m m o n i u m ions can be taken u p by p lan t roots bu t m a y also 
be held on the exchange complex of the soil in the same way as the cat ions ca lc ium, magnes ium 
a n d potass ium. I n due course the a m m o n i u m will be converted by micro-organisms into the 
n i t r a te form by a process called nitr if icat ion; the n i t ra te ion is avai lable for plant up take bu t is 
also free to be leached down the Soil and away from the root ing zone - a deleterious effect, since 
it must be associated wi th a base du r ing leaching a n d in this way m a y assist in the depletion 
of the ca lc ium, magnes ium a n d potass ium reserves of the soil. 

Phosphorus 
Soil phosphorus is ano ther key nu t r i en t de te rmin ing soil fertility, and phospha te appl icat ions are 
normal ly necessary on open ing u p new land for cul t ivat ion. I n the acid, i ron-r ich soils of M a l a y a , 
phosphorus m a y be fixed in forms not easily avai lable for p lan t up take , ma in ly as insoluble i ron 
a n d a l u m i n i u m phosphates , from which phospha te is only slowly re leased. 5 2 - 5 4 However , a large 
p ropor t ion of soil phosphorus is held in the organic mat te r , and it may be tha t ma in t en ance of 
h igh organic ma t t e r levels in the soil by the use of app rop r i a t e cover plants will enhance the 
avai labi l i ty of soil phosphorus . 

Res idua l effects of phospha te appl icat ions m a d e m a n y years previously c a n be qu i te marked 
on r u b b e r 4 9 and it is possible tha t heavy phospha te appl icat ions to leguminous covers m a d e in the 
first few years after p lan t ing m a y bu i ld u p the total soil phosphorus to a level a t which the supply 
of avai lable phosphorus will be sufficient to meet the r equ i remen t of the rubbe r tree for a n u m b e r 
of y e a r s . 2 2 

Sulphur 
Sulphur normal ly occurs in rocks as sulphides which on weather ing , a n d in well aera ted soils, 
oxidise fairly readi ly to the sulphate form. However , in poorly drained soils sulphides m a y 
accumula te , and , par t icu lar ly in the lower horizons of coastal al luvial clay soils in Malaya , h igh 
levels of sulphide, including hydrogen sulphide, often occur. 

Su lphur is an impor t an t const i tuent of the prote in content of p lants a n d micro-organisms and is 
absorbed by them as the sulphate ion. Its cont inuous uti l isat ion in this m a n n e r has resulted in a 
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concent ra t ion of the su lphur reserves in the soil o rganic ma t t e r content , from which it is freed for 
reabsorpt ion as the sulphate ion by a mineral isa t ion process conduc ted by the soil micro­
organisms. 

Su lpha te ions in the soil solution in excess of the p lan ts ' requi rements m a y be leached from the 
so i l , 2 3 a n d since addi t ions of su lphur to the soil due to rainfall are likely to be low in the rubber -
growing areas (in the absence of indust r ia l fumes con ta in ing su lphur dioxide) it might be thought 
tha t the deve lopment of su lphur deficiency would be an ever-present danger . T h e widespread 
occurrence of su lphur in soil pa ren t ma te r i a l a n d the general use of a m m o n i u m sulphate fertiliser 
have so far prevented the deve lopment of such a deficiency in Ma laya , bu t the possibility should 
not be overlooked tha t a deficiency of su lphur migh t occur on some soils if fertiliser pract ice 
were changed . 

Manganese 
Manganese is present to a vary ing extent in all soil pa ren t mater ia ls . I n basalt , for ins tance, very 
high levels may be present , while in siliceous grani te only comparat ive ly low levels will be found. 
D u r i n g the process of wea ther ing the manganese-conta in ing minerals are decomposed and the 
avai labi l i ty for p lan t up take of the manganese present becomes dependen t on soil p H . At p H 
values of 6*5 a n d above , the manganese is only poorly avai lable a n d a deficiency of the e lement , 
induced by the high p H , m a y occur in plants such as r u b b e r t ha t are a d a p t e d to acid soil condi ­
tions. I n the cl imatic condit ions of the wet tropics, the r ap id wea ther ing processes cause a leaching 
of the bases d o w n the soil profile a n d a progressive reduc t ion of the soil p H . At a p H value of 
abou t 5-0 the manganese content of the soil is highly avai lable , and if large amoun t s are present , 
such as m a y occur in a young basal t -der ived soil, the element m a y be taken u p in toxic amoun t s . 
However , in the grea t majori ty of M a l a y a n soils the wea ther ing process has gone on for so long 
tha t a large p ropor t ion of the manganese has been entirely leached out of the soil, leaving barely 
sufficient for p lan t g r o w t h . 2 O n cer ta in deeply wea thered soils der ived from grani te wi th an 
originally low manganese content , and on m a n y of the more freely d ra in ing alluvial soils derived 
from such mater ia l s in M a l a y a , a direct and at t imes severe deficiency of the e lement occurs in 
Hevea.65 

O n soils der ived from the finer textured sed imentary rocks the leaching of manganese does not 
proceed to the same extent , a n d in the more poorly d ra ined soils, as a result of a l te rna t ing wet and 
d ry condi t ions, manganese b rough t into soil solution is eventual ly deposited in concre t ionary 
form together wi th i ron oxide. Manganese up take is a d e q u a t e unde r these condi t ions, a n d the 
deficiency is thus largely restricted to the soils der ived from the acid granites and related alluvial 
soils tha t are freely d ra in ing . O n such soils the appl icat ion of fertilisers tha t acidify the soil may 
increase manganese up take by the p lan t for a short while , bu t over a long per iod such fertilisers 
would increase the dissolution a n d leaching of soil manganese and so be deleterious. 

Iron 
I n pract ical ly all soils iron is present in large quant i t ies , in the form of oxides. U n d e r condit ions of 
good d ra inage and aera t ion the i ron will be present in the ferric or oxidised state, a n d give the 
soil a red or b rown colour. U n d e r water logged condi t ions, however, the ferrous, or reduced, state 
will p redomina te , giving the grey-bluish colour typical of the badly d ra ined coastal clays of 
M a l a y a . A poorly defined b a n d of o range mot t l ing is often found in bad ly d r a ined soils jus t 
above the water logged region where a cer ta in a m o u n t of oxidat ion of the ferrous compounds to the 
b rown-red ferric compounds has taken place because of fluctuations in the water tab le , or because 
of pene t ra t ion of a i r a long root channels or na tura l ly occurr ing cracks in the soil. 

A direct deficiency of i ron will only be found on the very poorest of leached sandy soils, or on 
leached sandy soils conta in ing apprec iab le quant i t ies of organic mat te r , such as wel l -drained 
soils of swamp a l luvium origin, where the small p ropor t ion of iron present in the soil is held by the 
organic ma t t e r in an unavai lab le form for p lan t up take . T h e r e are in addi t ion several condit ions 
unde r which a deficiency of the e lement m a y be induced. O n soils freshly derived from limestone, 
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or in the presence of a bed of shells in coastal a l luvia or of l ime on old bu i ld ing sites, the soil p H 
is too high for n o r m a l up take of i ron to take place, a n d r u b b e r a n d associated cover p lants m a y 
show acute symptoms of i ron deficiency. I r on deficiency m a y also be induced by the presence of 
high concentra t ions of manganese , zinc, copper a n d phosphorus a n d by deficiencies of ca lc ium, 
magnes ium and potassium, and a case of manganese- induced deficiency has been repor ted on 
rubbe r growing on soil der ived from basic volcanic m a t e r i a l . 8 0 

I n view of the in t rac table soil condi t ions involved in cases of direct i ron deficiency, a n d because 
of the difficulty of a m e n d i n g condit ions which favour the immobi l i sa t ion of i ron wi th in the p lan t , 
the p rob lem of correct ing i ron deficiency is difficult. T h e appl ica t ion of i ron salts to the soil is 
usually ineffective, bu t the condi t ion can be amel iora ted , at least t emporar i ly , by appl ica t ion of 
foliar sprays or by injection of iron salts into the p lant . 

Boron 
T h e amoun t s and avai labi l i ty of boron in soils" depends largely upon the soil pa ren t ma te r i a l , 
a l though its avai labi l i ty m a y be reduced by l iming. Soils derived from igneous rocks con ta in 
tourmal ine (an impor t an t boron-con ta in ing mineral) which is of little va lue to plants , as it 
weathers only very slowly. Soils derived from sedimentary rocks normal ly con ta in boron in a 
more readily avai lable form. Boron is present in sea water in fairly large quant i t ies , a n d as a 
result considerable amoun t s of boron occur in cer ta in mar ine sediments , par t icu lar ly the shales 
and in coastal al luvial clay deposits: by contrast , little boron occurs in sandstone. I t is no rma l ly 
found tha t far larger amoun t s of bo ron are present in soils with a high organic ma t t e r con ten t 
t han in sandy , freely d ra in ing soils, from which the boron is easily leached. 

Molybdenum 
O n l y small quant i t ies of m o l y b d e n u m are present in the soil a n d the e lement is present in a form 
tha t is largely unava i lab le for p lan t up take . However , unl ike o ther minor nut r ients , m o l y b d e n u m 
becomes increasingly avai lable as the p H increases; large amoun t s of water-soluble m o l y b d e n u m 
are present in a lkal ine spils, whi le a deficiency of m o l y b d e n u m normal ly occurs only on very acid 
soils. M o l y b d e n u m deficiency m a y also be found on lateri t ic soils as a result of fixation of molyb-
da t e in association wi th iron. L i m i n g can often correct m o l y b d e n u m deficiency a n d an increased 
up take of m o l y b d e n u m by Pueraria phaseoloides a n d Centrosema pubescens following l iming has been 
observed in M a l a y a . 7 8 T h e appl ica t ion of phosphat ic fertilisers can also cause increases in molyb­
d e n u m uptake . O n the o ther h a n d , manganese and Isulphate appl icat ions a re usually found to 
depress the up take of m o l y b d e n u m ; a depressive effect of su lphate on m o l y b d e n u m absorp t ion of 
Hevea seedlings in sand cul ture has been r e p o r t e d , 1 8 a n d field trials have indica ted a depressive 
effect of manganese su lphate on leaf m o l y b d e n u m c o n t e n t . 7 2 

Zinc 

T h e proport ion, of zinc avai lable for p lan t up take normal ly decreases with a n increase in p H . 
Zinc deficiency can be induced by excessive appl ica t ion of phosphat ic fertiliser, a n d one case of 
zinc deficiency in r u b b e r in M a l a y a was associated wi th a localised fertiliser effect which increased 
soil p H a n d the phospha te level. Whi le it has been suggested tha t this induced zinc deficiency is 
due to the format ion of insoluble zinc compounds in the soil, it should be noted tha t , w h e n p lan ts 
a re suppl ied wi th large amoun t s of phospha te , zinc can be immobil ised in the vascular tissue. 

Copper 
T h e total copper content of n o r m a l soils is usually low, and its exchangeable p ropor t ion is small 
and very firmly adsorbed on to colloidal mater ia l , especially to the organic mat te r . T h e organic 
m a t t e r m a y also complex, o r fix, t he copper in a non-exchangeab le form, a n d this factor m a y be 
i m p o r t a n t in render ing copper unava i lab le to plants . L iming reduces the avai labi l i ty of copper , 
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bu t the re la t ionship be tween soil p H a n d copper avai labi l i ty is little unders tood . H e a v y appl ica­
t ion of phosphat ic fertilisers has also been found to depress copper up take a n d to induce t empora ry 
copper deficiency, a s i tuat ion which has been repor ted in r u b b e r in M a l a y a . 

Fertiliser Effects on the So i l Nutr ient S ta tus 
T h e m a i n object in apply ing fertilisers is to provide nut r ients for p lan t growth , and to improve 
yield a n d profit; the long- term necessity to ma in ta in and if possible improve the fertility of the 
soil should not , however , be forgotten. Despi te the i r general ly beneficial effect o n soil fertility, 
fertilisers can occasionally have a n adverse effect, a n d it is i m p o r t a n t to unde r s t and the m a n n e r 
in which this m a y occur . I n order t ha t the long- term effects of fertilisers m a y be apprec ia ted , a 
brief out l ine is given below of the composit ion of typical fertilisers, a n d also of some of the observed 
effects of the c o m m o n l y used fertilisers on M a l a y a n soils. 

I t is often forgotten t ha t fertilisers general ly conta in a t least two nu t r i en t e lements ; most ferti­
lisers are essentially salts tha t dissolve rap id ly in water , furnishing cat ions such as a m m o n i u m 
( N H 4 + ) , potassium (K+) and magnes ium ( M g + + ) , a n d anions such as n i t ra te ( N 0 3

_ ) , chlor ide 
( C I - ) , su lphate ( S 0 4 ) a n d phospha te ( H 2 P 0 4 ~ ) . T h u s a m m o n i u m sulphate , which is often con­
sidered as a purely n i t rogenous fertiliser, provides bo th N H 4 + a n d S 0 4 — i o n s , bo th of which are 
i m p o r t a n t in affecting p lan t g rowth a n d soil nu t r i en t status. I n a similar m a n n e r potass ium chlo­
r ide provides K + a n d Cl~ ions, a m m o n i u m phospha te provides N H 4 + a n d H 2 P 0 4

_ ions, kieserite 
provides M g + + a n d S 0 4 — ions, a n d manganese sulphate provides Mn++ a n d S 0 4 — ions. 

O t h e r fertilisers which are not soluble in water , such as rock phospha te , basic sl^g a n d m a g n e ­
s ium l imestone, a re eventual ly broken d o w n in the soil into simple ions: rock phospha te a n d basic 
slag c a n be considered as furnishing phospha te a n d ca lc ium ions pr incipal ly . Basic slag also con­
tains small amoun t s of o ther nutr ients , such as magnes ium, potassium, manganese , m o l y b d e n u m 
and zinc, which m a y a t t imes be beneficial. Traces of nu t r i en t elements a re often found in ferti­
l i s e r s , 7 6 b u t a re general ly of little impor tance . 

T h e fertiliser nut r ients m a y be suppl ied in m a n y forms: in simple association wi th one o ther 
radica l or in a complex form with several,, bu t the m a i n principles concerning the effects of ferti­
lisers on soil nu t r i en t status can be i l lustrated by reference to the three fertilisers, a m m o n i u m 
sulphate , rock phospha te a n d potass ium chlor ide, each employed to supply a single nut r ien t ; 

Ammonium Sulphate 
I n addi t ion to increasing the soil n i t rogen a n d su lphur status, a m m o n i u m sulphate appl icat ions 
will increase soil acidi ty a n d reduce the levels of exchangeable magnes ium, potass ium a n d ca lc ium 
in the s o i l . 2 0 , 2 3 Magnes ium, potassium and calc ium ions are leached out of the soil, in association 
wi th sulphate ions a n d also wi th excess n i t ra te ions der ived from nitrification of the a m m o n i u m . 2 3 

M i n i m a l leaching of magnes ium, potass ium a n d calc ium would thus seem to depend par t ia l ly 
u p o n the ut i l i sa t ion of n i t r a te by the p l a n t : excess app l ica t ion should be avoided a n d o p t i m u m 
uti l isat ion sought by apply ing a m m o n i u m sulphate a n d o ther ni t rogenous fertilisers according to 
the pr inc ipa l l i t t l e and often' so t ha t only a little excess n i t ra te is free to leach th rough the soil. 

Rock Phosphate 
Very large increases in bo th the tota l a n d ' ava i lab le ' soil phospha te , a n d apprec iab le increases in 
the tota l a n d exchangeable ca lc ium, are b rough t abou t by the rout ine appl ica t ion of rock phos­
p h a t e du r ing the early years of g rowth of Hevea22: this suggests tha t after the init ial bu i ld -up of 
soil phospha te little further phospha te m a y be requ i red for several years a n d tha t large residual 
effects on phosphorus a n d ca lc ium up take by the tree will occur. A general r e commenda t ion to 
discont inue or reduce phospha te appl ica t ions would not be justified because of the impor t ance of 
phospha te for tree g rowth , a n d also because of the low cost of the fertiliser in re la t ion to the va lue 



M I N E R A L N U T R I E N T S I N T H E S O I L 

of the crop. It is possible, however, that individual soil studies on particular areas will indicate 
when phosphate applications can be reduced. 

Rock phosphate applications tend to make the soil less acid, and for this reason rock phosphate 
compensates, to a large extent, the depressive effect of ammonium sulphate on soil p H . 2 2 - 2 3 The 
calcium provided in rock phosphate will also tend to replace that lost in leaching. It is possible 
that the supply of calcium in rock phosphate in the past has been sufficient to maintain adequate 
soil calcium and prevent the appearance of calcium deficiency, and' in any case it would appear 
that Hevea has a small requirement for calcium when compared with other crops. 

Potassium Chloride 
Application of potassium chloride, by providing K + ions which displace M g + + and C a + + ions 
from the exchange complex of the soil, and Cl~ ions, which are freely leached in association with 
the displaced ions, results in a reduction in the magnesium and calcium status of the so i l . 2 2 The 
levels of application of potassium chloride are usually low, seldom exceeding 4 oz per tree per 
annum, and the effects on soil magnesium and calcium are small. If large applications of potassium 
were found to be necessary, however, it might be advisable to use potassium sulphate, since 
experimental work has shown that sulphate is leached from the soil at a much slower rate than the 
chloride i o n . 2 3 

12 



V I S U A L S Y M P T O M S OF DEFICIENCY 

T h e p r i m a r y object of this book is to enable pa r t i cu la r fertiliser requ i rements to be assessed by the 
recognit ion of nu t r i en t deficiency symptoms. I t is per t inent , however, to consider firstly some of 
the l imitat ions of this visual me thod , a n d secondly to consider o ther methods t ha t c a n be used to 
de te rmine fertiliser requ i rements in order to apprec ia te the value of the visual m e t h o d a n d the 
context in which it should be considered. 

T h e visual m e t h o d of d iagnosing a deficiency is ent irely qual i ta t ive , a n d is based on the fact 
tha t p lants suffering from a n acute shortage of a nu t r i en t usual ly develop character is t ic symptoms 
in var ious tissues, par t icu lar ly the leaves. I t has the advan tage of being r ap id a n d requ i r ing n o 
special equ ipmen t , so t ha t the p lan te r c a n diagnose the p rob lem wi thou t l abora to ry assistance. I n 
c o m m o n wi th o ther methods , w h e n used on the i r own, the visual m e t h o d of d iagnosing deficiencies 
has its l imi ta t ions . For instance growth m a y be severely re t a rded before ac tua l symptoms are 
observed, a n d a me thod which would diagnose incipient cases of deficiency would be preferable: 
it is not normal ly possible to diagnose mul t ip le deficiencies, for the symptoms of one deficiency 
m a y mask the symptoms of ano the r : the symptoms m a y no t be sufficiently character is t ic a n d 
var ie ta l differences m a y exist t ha t r ender positive identification extremely difficult: there is often a 
dange r t ha t the effects of diseases, insects, wa te r shor tage, water logging, a n d sun scorch m a y be 
confused wi th nu t r i en t deficiency symptoms. I n the descr ipt ion of the ind iv idua l symptoms some 
reference to possible confusing factors is m a d e , bu t for a n unde r s t and ing of disease a n d pest 
effects the reader is referred to two books,* Maladies of Hevea in Malaya by R . N . Hi l ton (1959) 
a n d Pests of Hevea Cultivation in Malaya by B. S. R a o (to be publ ished 1964). 

Despite the above l imita t ions , visual diagnosis of nu t r i en t deficiencies can be a va luable tool. 
Conf i rmat ion of a deficiency m a y be ob ta ined by chemica l analysis of leaves in the labora tory , by 
quick semi-qual i ta t ive , chemical tissue tests car r ied ou t in the field, or by injection (into leaf, 
b r a n c h or t runk) or spray appl ica t ion of very small amoun t s of the nut r ients t hough t to be 
deficient followed by observat ions of changes in colour of leaves or improved growth . T h e injection 
a n d spray appl ica t ion methods are seldom used for diagnost ic purposes, largely owing to pract ical 
l imita t ions: they c a n of course be used as remedia l procedures , bu t it appears unlikely tha t they 
will be of more t h a n mino r impor t ance in r u b b e r cul t ivat ion. 

Chemica l analysis of p lan t ma te r i a l a n d par t icu lar ly of leaves, has a grea t potent ia l for deter­
min ing nu t r i en t r equ i rements : it has been used extensively in V i e t n a m for a n u m b e r of years as a 
basis for formulat ing m a n u r i n g p rog rammes for rubber , 8 - 1 0 a n d in M a l a y a use has been m a d e 
of the m e t h o d in s tudying the effects of fertilisers, 2 8- 7 0 a n d as a diagnost ic tool for de te rmin ing the 
fertiliser r equ i rements of ind iv idua l fields a n d estates . 3 5 - 3 8 - 7 1 > 73> 7 4 

O t h e r methods of diagnosing fertiliser requ i rements a re those involving assessment of soil 
nu t r i en t s tatus. Chemica l analysis is used to de te rmine the ' ava i lab le ' nut r ients , the exchangeable 
cations a n d the tota l nu t r i en t content of the soil. T h e difficulties of soil analysis a re largely those of 
in te rpre ta t ion of the analy t ica l results; compar isons of the ' ex t rac t ing ' power of the p l an t in the 
field ( judged by chemical analysis of p lan t mater ia l ) needs to be re la ted to the soil extract ob ta ined 
in the labora tory . T h e mer i t of soil analysis is largely tha t the basic p a t t e r n of soil nu t r i en t status 
m a y be de te rmined : this is par t icu lar ly app rop r i a t e to a perennia l c rop such as rubber , a n d enables 
a ra t ional fertiliser p r o g r a m m e to be formula ted according to soil type. Plants a n d micro-organ­
isms can be used as the soil ex t rac tan t in place of the chemica l used in the l abora to ry a n d one 
such me thod is tha t of N e u b a u e r for de t e rmin ing the phosphorus a n d potass ium status of the soils 
by measur ing their absorpt ion by rye seedlings unde r s t anda rd condi t ions . A further me thod which 
is very useful in testing for mul t ip le deficiencies is a subtract ive technique , which involves growing a 

* Published by the Rubber Research Institute of Malaya. 



V I S U A L S Y M P T O M S O F D E F I C I E N C Y 

suitable ind ica tor p lan t (or be t te r still the c rop plant) in the soil a n d t rea t ing the p lan t wi th all 
nu t r i en t elements except one : a series of such t rea tments are a r ranged , each wi th a different 
'deficiency' e lement . T h e techn ique is normal ly carr ied out unde r control led condit ions in pots 
a n d the compara t ive level in the soil of the 'deficient ' e lement unde r test is de te rmined by re la t ing 
the growth of plants in each t r ea tmen t to tha t ob ta ined when all nut r ients are suppl ied. 

T h e final testing g round for all the methods of diagnosis is the field fertiliser exper iment , in 
which fertiliser responses are de te rmined from ac tua l yield a n d growth da t a . Deta i led fertiliser 
exper iments can seldom be used to solve immed ia t e nu t r i t iona l problems however ; because of the 
expense a n d l abour involved, their va lue lies r a the r in provid ing the basic information on fertiliser 
responses at var ious stages of g rowth wi th different p lan t ing mater ia ls a n d on different soil types. 

I t can be seen from the above discussion that ' the visual me thod is the simplest bu t not the most 
perfect me thod of diagnosing fertiliser requ i rements . Despite this it can be used to great effect, 
a n d close regular inspection of r u b b e r a n d cover plants should be carr ied out , par t icu lar ly 
d u r i n g the per iod of i m m a t u r i t y w h e n a nu t r i en t deficiency can re ta rd growth markedly and delay 
the onset of t a p p i n g . 

I n the following sections the deficiency symptoms shown by Hevea a n d the three cover p lants 
are i l lustrated ma in ly by leaf pho tographs showing the var ious stages of deficiency; in order to 
emphasise the similarities be tween the symptoms of a given deficiency in the four species, the text 
a n d pho tographs are a r r anged u n d e r the headings of indiv idual nu t r i en t e lements . For each ele­
men t there is a n account of the occurrence a n d symptoms of the deficiency in Hevea, followed by a 
descr ipt ion of the symptoms shown by the three leguminous covers. 

A dis t inct ion is m a d e be tween the young u n b r a n c h e d r u b b e r trees a n d the older b r a n c h e d 
r u b b e r trees, t ha t is those trees of approx imate ly four years old a n d more in which the canopies of 
adjacent trees have met , result ing in shaded condit ions low d o w n in the trees. As can be seen from 
the key (p. 57) to the nu t r i en t deficiency symptoms of Hevea, a dis t inct ion c a n be m a d e on the 
u n b r a n c h e d r u b b e r tree be tween those symptoms occurr ing on the old leaves lower d o w n the 
stem a n d those occurr ing on the young or new growths at the top of the s tem; a dis t inct ion can also 
be m a d e on the m a t u r e tree be tween symptoms normal ly found on leaves at the top of the canopy 
exposed to full sunl ight a n d those low d o w n the canopy in the shade . 



Magnes ium def ic iency 

Hevea brasiliensis 

O C C U R R E N C E 
M a g n e s i u m def ic iency i n the field, de f in i te l y c o n f i r m e d i n M a l a y a o n l y as recent ly as 1950-52, is 
n o w k n o w n to be w idespread i n M a l a y a 6 2 and C e y l o n , 3 0 b o t h on y o u n g a n d o l d r ubbe r , and is 
c o m m o n l y f o u n d on y o u n g r u b b e r i n N i g e r i a . 7 7 I n M a l a y a i t is no t possible to associate the de f i ­
c iency w i t h any one soi l t ype , b u t its f requency is greater on the i n l a n d soils t h a n on the heavy 
coastal a l l u v i a l c lay soils. 

M g 
(Magnesium) 

SYMPTOMS 
Leaf. T h e charac ter is t i c s y m p t o m of magnes ium def ic iency is the deve lopmen t of a chlorosis i n the 
i n t e r ve ina l areas o n the leaf. 

Gene ra l l y the chlorosis appears to spread i nwa rds f r o m the leaf marg ins , g i v i n g a he r r i ng -bone 
p a t t e r n (Plates 1 a n d 3), b u t i n y o u n g seedlings or budd ings a few mon ths o l d it is somet imes 
f ound tha t the c h l o r o t i c areas are no t cont iguous w i t h the leaf m a r g i n (Plate 2) . 

I n cases of severe def ic iency the chlorosis, w h i c h is genera l l y a deep ye l l ow co lour , is o f ten 
f o l l owed b y i n te r ve ina l necrosis (Plate 2) a n d somet imes by m a r g i n a l necrosis. I n cases of m i l d 
def ic iency the he r r i ng -bone p a t t e r n m a y be seen b u t the chlorosis is of a d u l l ye l l ow ish green. 
T h e r e is usua l ly on l y l i t t l e r e d u c t i o n i n leaf size, a l t h o u g h w h e n the def ic iency is ex t reme ly severe 
there can be cons iderable de fo l i a t i on a n d m a r k e d reduc t i on i n tree g r o w t h a n d leaf size. 

Young unbranched tree. T h e symptoms are first to be f o u n d on the leaves i n the l owe r or o lder 
storeys on the p l an t (Plate 3). 

Old branched tree. T h e def ic iency symptoms are f o u n d on leaves exposed to f u l l sun l igh t . Such 
leaves are n o r m a l l y i n t e r m i n a l who r l s at the top of the canopy . Leaves borne on l o w branches 
exposed to f u l l sun l i gh t , such as can occur on trees ad jacent to a c lea r ing or r o a d , w i l l also show 
the symptoms . 

O n m a t u r e trees the symptoms are se ldom seen before Augus t . 

Pla te 1 Magnesium deficiency: Hevea brasiliensis. Stages in the development of the herring-bone pattern of interveinal 
chlorosis which commences at the leaf margin. Notice the regularity of the pattern. (PB 86, nineteen years. Average 
nutrient composition of the four deficient leaves 0 08% Mg, 1-23% K, 1-05% Ca, 0-18% P, 2-53% N and 134 p.p.m. Mn). 15 



Plate 2 Magnesium deficiency: Hevea brasiliensis. Stages in the development of an interveinal chlorosis which is not 
contiguous with the leaf margin, and is followed by an interveinal necrosis as in the two leaves on the right. (Tjir 1 seedling, 
unbranched, under one year). 

Plate 3 Magnesium deficiency: Hevea brasiliensis. Lower whorl of leaves on young unbranched budding, showing 
herring-bone pattern of interveinal chlorosis and some marginal necrosis. (PB 86, one-and-a-half years). 



Magnes ium def ic iency 

Pueraria phaseoloides, Centrosema pubescens and Calopogonium mucunoides 
M g 

S Y M P T O M S 

General. The first symptoms of magnesium deficiency appear as an overall yellowing of the older 
leaves on all three cover plants; there is a tendency for the yellowing to be more pronounced in the 
interveinal areas, leaving the tissue adjacent to the midrib and main veins dark green. Unlike the 
characteristic magnesium deficiency symptom in Hevea brasiliensis, the interveinal yellowing does 
not appear to start from the leaf margin, neither is it regular over the entire leaf; it is often found 
that only one or two interveinal areas are affected. 

When the deficiency is severe, necrotic patches develop in the interveinal areas (Plates 4, 5 and 
16). These patches are not contiguous with the leaf margin. It is only when the deficiency is very 
severe, and marginal necrosis occurs, that the necrotic patches coalesce and sometimes give the 
impression that the necrosis has developed inwards from the leaf margin. 

Pueraria phaseoloides. The somewhat irregular necrotic patches (Plate 4) are not preceded by any 
marked interveinal yellowing, whereas in Centrosema pubescens and Calopogonium mucunoides (Plates 
5 and 6) a definite yellowing first occurs. 

Calopogonium mucunoides. It is difficult to distinguish between the leaf symptoms of the early 
stages of magnesium and calcium deficiency, as interveinal yellowing is a feature common to both 
deficiencies. The appearance of interveinal necrosis in the case of magnesium deficiency allows a 
distinction to be made (cf. Plate 16). 

Pla te 4 Magnesium deficiency: Pueraria phaseoloides. Severe stage of deficiency, showing marked interveinal necrosis 
and withering of leaf margins. (One month). ' 7 



Pla te 6 Magnesium deficiency: Calopogonium mucunoides. Marked chlorosis, particularly in interveinal areas, and 
18 subsequent interveinal and tip necrosis (see also Plate 16). 



Potass ium def ic iency 

Hevea brasiliensis 

O C C U R R E N C E 
Potassium deficiency in rubber is commonly found, part icularly on the more sandy inland soil 
types in Malaya; it is however by no means as widespread as magnesium deficiency. 6 7 In contrast it 
would appear that potassium deficiency is more common than magnesium deficiency in Vietnam, 
Ivorv Coast and Nigeria, where potassium deficiency symptoms are commonlv found on mature 
rubber . 2 9 ' 4 4 7 7 

S Y M P T O M S 
Leaf. The characteristic symptom of potassium deficiency is the development of a marginal and t ip 
chlorosis, which is followed by a marginal necrosis. 

In young unbranched seedlings or buddings the marginal chlorosis usually appears first as a 
yellow mott l ing as in the less affected leaf in Plate 7; later the mottled areas coalesce forming a 
fairly distinct marginal band of chlorotic tissue. This baud quickly becomes necrotic, the necrosis 
first appearing at or near the leaf t ip. The observation of such necrosis, and also the lack of any 
definite herring-bone pattern of yellowing, allows potassium deficiency symptoms to be distin­
guished from those of magnesium deficiency. 

On leaves from older branched trees the chlorosis usually commences at the t ip and along the 
leaf margins, but wi th the rapid development of the chlorosis over the leaf it is frequently found that 
only the tissue at the base of the leaf, and adjacent to the midr ib , remains green (Plate 8) . Some­
times one half of the leaf w i l l be more affected than the other. 

Young unbranched tree. The symptoms usually appear on the leaves in the lower or older storeys on 
the plant. When the deficiency becomes more severe the symptoms w i l l appear on midstem storeys 
also; there can also be considerable reduction in size of new leaves and defoliation of the oldest 
leaves. 

K 
(Potassium) 

Plate 7 Potassium deficiency: Hevea brasiliensis. The development of a mottled marginal chlorosis is normally the first 
sign of the deficiency in unbranched trees; this is followed by the development of a bright yellow marginal band of chloro­
sis, which may be fairly uniform in width (as in the central deficient leaf), and also by tip and marginal necrosis. 1 9 



K 

Plate 8 Potassium deficiency: Hevea brasiliensis. Patterns of chlorosis on leaves from mature trees: tip and marginal 
chlorosis (upper three leaves) is found in the less severely affected leaves, and a more general chlorosis of the entire 
leaf, leaving only the leaf base green, in the more severely affected leaves. (PB86, mature branched tree, ten years. Average 
nutrient composition of the six deficient leaves: 0-26% K, 0-60% Mg, 2-36% Ca, 0-18% P, 2-14% N and 118 p.p.m. Mn). 

Old branched tree. As in the case of magnes ium deficiency, potassium deficiency symptoms are 
found on leaves exposed to full sunlight, and symptoms will only be observed on low branches 
when such branches are exposed a n d not shaded. Seen from afar, the crowns of affected trees 
appea r p redominan t ly yellow. 

Considerable reduct ion in leaf size is caused by potassium deficiency, and this is very evident in 
deficient leaves from old trees. 

O n m a t u r e trees the symptoms are seldom seen before August . Win te r ing can be influenced by 
the potassium status of the t ree: it has been observed tha t trees high in potassium winter earl ier 
and more completely t han trees low in potassium. In contrast , a low magnes ium status results in 
early win te r ing . 

2 0 



Potass ium def ic iency 

Pueraria phaseoloides, Centrosema pubescens, Calopogonium mucunoides 

K 

S Y M P T O M S 

General. P o t a s s i u m d e f i c i e n c y r e s u l t s i n a v e r y c h a r a c t e r i s t i c m a r g i n a l y e l l o w i n g , w h i c h c o m m e n c e s 

n e a r t h e l e a f t i p a n d i s f o l l o w e d b y t i p a n d m a r g i n a l n e c r o s i s ( P l a t e s 9 , 1 0 a n d n ) . T h e s e s y m p t o m s 

a r e first f o u n d o n t h e o l d e r l e a v e s . 

Pueraria phaseoloides. T h e m a r g i n a l y e l l o w i n g a p p e a r s first a s a w e l l d e f i n e d b a n d o f b r i g h t y e l l o w 

t i s s u e w h i c h e v e n t u a l l y d i f f u s e s i n w a r d s a s a n i l l d e f i n e d y e l l o w b a n d , l e a v i n g o n l y t h e b a s a l a n d 

c e n t r a l p o r t i o n s o f t h e l e a f a r o u n d t h e m i d r i b g r e e n ( P l a t e 9 ) . 

Centrosema pubescens. T h e m a r g i n a l b a n d o f y e l l o w t i s s u e , w h i c h i s w i d e r n e a r t h e t i p o f t h e l ea f , 

r e m a i n s w e l l d e f i n e d , a n d a c o n s i d e r a b l e p r o p o r t i o n o f t h e l e a f g e n e r a l l y r e m a i n s g r e e n ( P l a t e 1 0 ) ; 

n e c r o s i s i s u s u a l l y c o n f i n e d t o t h e l e a f t i p . 

Calopogonium mucunoides. A g r a d u a l y e l l o w i n g , o f t e n m o t t l e d ( s e e c e n t r a l l e a f i n P l a t e 1 1 ) , 

c o m m e n c e s f r o m t h e m a r g i n , g e n e r a l l y n e a r t h e l e a f t i p . I n g e n e r a l n o w e l l - d e f i n e d b a n d o f 

y e l l o w t i s s u e d e v e l o p s , a n d n e c r o s i s i s u s u a l l y c o n f i n e d t o t h e l e a f t i p ( P l a t e 1 1 ) . 



P l a t e 10 Potassium deficiency: Centrosema pubescens. Development of a definite tip and marginal chlorosis, which is 
often, but not always, followed by a tip necrosis. 

Plate 11 Potassium deficiency: Calopogonium mucunoides. Two stages in the development of a mottled tip and marginal 
chlorosis, which is followed by marginal necrosis. (Average potassium concentration in the deficient leaves: 0-29% K). 



Calcium deficiency £ 3 
T J , r- (Calcium) 
Hevea brasiliensis 

O C C U R R E N C E 
The existence of calcium deficiency on mature rubber is suspected in Malaya; a fairly frequently 
observed white marginal leaf scorch has been found to be associated wi th extremely low levels of 
leaf ca lc ium. 6 7 There are indications that clone PR 107 shows the symptoms more than other 
clones. Calcium deficiency would not be expected where regular applications of rock phosphate 
(which contains 30"/, calcium, i.e. 42"/, CaO) have been employed. 

S Y M P T O M S 
Leaf. Calcium deficiency, unlike magnesium and potassium deficiencies, docs not result in any 
pronounced yellowing of the leaf. The first symptom is the development of a t ip and marginal 
scorch usually white to l ight brown in colour, often over a large port ion of the leaf as in the most 
affected leaves in Plates 12 and 13. The scorch may be accompanied by an infection of the fungus 
Colletotrichum heveae and sometimes by Gloeosporium alborubrum. 

Young unbranched tree. The symptoms are observed on the leaves on the upper or younger storeys 
on the plant, and in severe cases the growing point itself may die back. There can be considerable 
reduction in leaf size. 

Old branched tree. The symptoms of white papery scorch, associated wi th calcium deficiency, 
have been observed only on leaves low down in the tree in the shade of the canopy, and not on 
leaves exposed to ful l sunlight. 

Plate 12 Calcium deficiency: Hevea brasiliensis. Development of white-brown papery scorch at the leaf margin and tip; 
notice that the scorch is not preceded by any pronounced yellowing. (Tjir 1, unbranched, one year). 23 



C a 

Plate 13 Calcium deficiency: Hevea brasiliensis. The development of a white papery marginal and tip scorch, which is 
not preceded by any chlorosis. (PR 107, mature branched tree, twelve years. Average nutrient composition of the three 
deficient leaves: 035% Ca, 0-27% Mg, 1-50% K, 0-22% P, 3-23% N and 38 p.p.m. Mn). 

24 



Calcium deficiency 

Pueraria phaseoloides, Centrosema pubescens and Calopogonium mucunoides 

S Y M P T O M S 

General. The symptoms of calcium deficiency first appear and are more pronounced on the younger 
leaves. The symptoms exhibited by Pueraria phaseoloides and by Calopogonium mucunoides can be very 
similar in the early stages, but are different from those exhibited by Centrosema pubescens. It is of 
interest to note that in sand culture the restoration of calcium supply to plants affected by severe 
calcium deficiency has not resulted in the rapid recovery that can normally be expected when 
correcting deficiencies. 

Pueraria phaseoloides. The first symptom is the development from the leaf margin of an irregular 
patchy yellowing of the leaf. These areas often turn an orange-bronze colour (Plate 14], and when 
the deficiency is very severe necrotic patches develop in the discoloured areas of the leaf. 

Calopogonium mucunoides. Similar symptoms are found, but frequently yellowing is more regular 
and is often confined to the interveinal areas, leading to possible confusion with magnesium 
deficiency; necrosis occurs at the leaf t ip and margin, and so can be distinguished from the 
interveinal necrosis caused by magnesium deficiency: it is only when the deficiency is very severe 
and there is considerable reduction in leaf size that Calopogonium mucunoides shows any definite 
symptoms, and in this respect it is a poor indicator of the deficiency Plate 16). 

Centrosema pubescens. The typical symptom of calcium deficiency is found at the tips of the young 
leaves; the tips wi l t and fail to expand, resulting in a slightly cupped, deformed leaf wi th tip 
necrosis. I n the later stages an irregular chlorosis develops, and growth can be very much reduced 
(Plate 15). 

Plate 14 Calcium deficiency: Pueraria phaseoloides. The development of a deep orange-bronze colour inwards from the 
leaf margin, particularly in the interveinal areas, is characteristic of severe calcium deficiency. 



Plate 15 Calcium deficiency: Centrosema pubescens. Irregular chlorosis, usually commencing at the leaf margin, and 
occasional tip scorch, found on the leaves of severely stunted calcium-deficient plants. (Three-and-a-half months). 

Plate 16 Deficiencies of magnesium (left) and calcium (right): Calopogonium mucunoides. Comparison of early symp­
toms; note the interveinal necrosis in the two magnesium-deficient leaves on the left (see also Plate 6), while with calcium 
deficiency only a faint interveinal chlorosis is evident. The earliest symptom of magnesium deficiency is, however, very 

26 similar to the normal symptom of calcium deficiency (cf. top left leaf with the two leaves on the right). 



Nit rogen def ic iency 

Hevea brasiliensis 

O C C U R R E N C E 

Nitrogen deficiency symptoms on rubber are seldom reported in Malaya: this is probably due to the 
widespread use of nitrogenous fertilisers, and also to the general use of leguminous cover plants 
when replanting rubber; a contr ibut ing reason is the fact that the symptom of nitrogen deficiency 
is not sufficiently characteristic. I n poorly maintained plantings where fertiliser usage has been 
restricted, and in cases of severe competit ion, such as occurs when sheet lalang [Imperata cylindrica) 
is present, 3 8 nitrogen deficiency is l ikely to occur. 

S Y M P T O M S 

A lack of nitrogen reduces the growth of the entire tree: this is reflected in reduced leaf size and 
number, and reduced g i r th . The tree becomes very stunted. 

The main indicat ion of nitrogen deficiency is a pale yellow-green colour of the leaves. No 
pattern of chlorosis develops; the whole leaf becomes first yellow-green and later yellow in colour 
(Plate 17). 

Young unbranched tree. The symptoms w i l l first appear on the older leaves in the lower storeys, and 
only when very severe w i l l the deficiency affect the upper and younger storeys on the tree. 

Old branched tree. Nitrogen deficiency results in a marked retardation of growth, part icular ly by 
reducing the size of the canopy: such stunted growth, which was frequently observed i n the 
mid-1930's, and which was described as 'orchard type' g rowth, 3 7 is now rarely seen. The deficiency 
symptoms are l ikely to be more pronounced on leaves exposed to fu l l sunlight than on leaves in 
the shade of the canopy. 

N 
(Nitrogen) 



^ Ni t rogen def ic iency 

Pueraria phaseoloides, Centrosema pubescens and Calopogonium mucunoides 

S Y M P T O M S 

General. Nitrogen deficiency in legumes can only occur in the presence of low soil nitrogen levels 
and when no symbiotic fixation of nitrogen by associated rhizobial nodules is taking place. I n 
regions where the same legume has been grown previously, or when artif icial inoculation wi th 
rhizobia has been successfully carried out, nitrogen deficiency should not occur once the legumes 
are well established. I f the deficiency is suspected the roots should be immediately examined for 
nodules. The nodules can be cut open and inspected; active nodules w i l l be pink in colour. 7 5 

The principal features of nitrogen deficiency on all three cover plants are a marked reduction in 
growth and the presence of pale yellow-green leaves. I n plants growing in sand culture, nitrogen 
deficiency resulted in stunted growth for only the first four to six weeks after germination (Plate 19): 
the leaves were much reduced in size and were l ight green (Plate 18). The cotyledons of nitrogen-
deficient Calopogonium mucunoides usually turned bright yellow before fal l ing (Plate 20). 



Plate 19 Nitrogen deficiency (front row): Calopogonium mucunoides (left), Centrosema pubescens (centre) and Pueraria 
phaseoloides (right). Shows the stunted growth and the paleness of the leaves on the deficient plants vvhich were not 
inoculated with rhizobia, compared with the plants behind which were inoculated and received nitrogen. (Cpt. = complete 
nutrient solution; — N = complete nutrient solution minus nitrogen). (All plants: five months). 

Plate 20 Nitrogen deficiency: Calopogonium mucunoides. The earliest sign of nitrogen deficiency is the yellowing of the 
cotyledons and the very slow rate of growth, seen in the seedlings in the pot on the left. (Plants eighteen days). 



p Phosphorus deficiency 
(Phosphorus) j j e v e a brasiliensis 

i_ 

O C C U R R E N C E 

Although many cases are known where both immature and mature rubber have responded to the 
application of phosphate, 4- 3 4> 5 5 symptoms of phosphorus deficiency have not been identified on 
mature rubber and are only infrequently found on immature rubber. 

S Y M P T O M S 
Leaf. The distinguishing symptom of phosphorus deficiency is a bronzing of part of the under-
surface of the leaf not clearly evident on inspection of the upper surface of the leaf. The bronzing is 
often largely restricted to one half of the leaf, and is usually first seen at the distal end of the lamina 
(Plate 21); the leaf t ip frequently dies back. Pale bronze tints are sometimes found on the under-
face of very young, not ful ly expanded leaves, and such symptoms should not be confused w i th 
those of phosphorus deficiency. 

Young unbranched tree. The symptoms are usually first found on leaves in the middle and upper 
storeys, and considerable defoliation can occur. 

The yellowing and purpl ing of the oldest senescent leaves on the tree, just before abscission, 
should not be confused wi th phosphorus deficiency; the deficiency should only be suspected when 
the leaf symptoms are exhibited by trees backward in growth and bearing few storeys of leaves. 

Old branched tree. Deficiency symptoms would be expected, on the basis of leaf analysis (see 
Appendix, Table 3), on leaves exposed to ful l sunlight, and not on shaded leaves. Shaded leaves on 
weak, lower branches of the canopy often show a general yellowing and bronzing prior to the 
defoliation, death and fall of the branch due to self-pruning. Such symptoms should not be con­
fused wi th phosphorus deficiency; they are more often associated wi th vigorous growth and a dense 
upper canopy. 

30 

Plate 21 Phosphorus deficiency: Hevea brasiliensis. The under surface of six deficient leaflets, showing the development 
of a bronzing from the tip, which is followed by the death of the leaf tip: the bronzing is not normally evident on casual 
inspection of the upper surface of the leaf. (Tjir 1 seedling, under one year). 



Phosphorus deficiency 

Pueraria phaseoloides, Centrosema pubescens and Calopogonium mucunoides 

S Y M P T O M S 

General. Phosphorus deficiency does not produce any well defined characteristic leaf symptoms in 
any of the three cover plants. Growth is markedly reduced (Plate 2 3 ) , and defoliation occurs. The 
leaves are very small and lustreless, and are often dark green (Plate 2 2 ) . The bines of all covers are 
very dark in colour, sometimes a dark red-purple, and in Pueraria phaseoloides there is a tendency 
for the under surface of the veins to be the same dark colour. 

The older leaves are the first affected, but when the deficiency is extremely severe it is observed 
that the young leaves are very small, and a reduction in leaf size from the oldest to the youngest 
leaves can be seen along the bine. 

Calopogonium mucunoides. Necrotic mottling of the lamina is found, and when the deficiency is 
very severe a tip necrosis develops. 

Plate 22 Phosphorus deficiency (top row): Calopogonium mucunoides (left), Centrosema pubescens (centre) and Pueraria 
phaseoloides (right). The top three deficient leaves show a very marked reduction in size compared with the corresponding 
healthy leaves on the bottom row. There is no characteristic chlorosis, necrosis or alteration in leaf shape that would 
assist in diagnosis. 



Plate 23 Phosphorus deficiency (front row): Calopogonium mucunoides (left), Centrosema pubescens (centre) and 
Pueraria phaseoloides (right). Notice the marked stunting of the phosphorus-deficient plants compared with the plants 
behind, which are well supplied with phosphorus. 



Sulphur deficiency 

Hevea brasiliensis 

O C C U R R E N C E 
N o cases of su lphu r def ic iency have been observed on r u b b e r i n M a l a y a , perhaps because su l phu r 
is a p p l i e d r egu la r l y to most r u b b e r i n the f o r m of a m m o n i u m su lpha te , the p r i n c i p a l n i t r ogen 
fer t i l i ser used. 

S Y M P T O M S 
Leaf. T h e first i n d i c a t i o n of the def ic iency is ve ry s im i l a r to t ha t of n i t r o g e n def ic iency, n a m e l y a 
g r a d u a l u n i f o r m y e l l o w i n g of the ent i re leaf, w h i c h is m u c h reduced i n s ize; la ter a t i p scorch 
develops (Plate 24) w h i c h results i n i t i a l l y i n the c u p p i n g o f the leaf, a n d la ter affects the w h o l e o f 
the d is ta l end of the leaf. 

Young unbranched tree. T h e s y m p t o m w i l l be f o u n d f i rst o n leaves i n the u p p e r , younger storeys. 

Plate 24 Sulphur deficiency: Hevea brasiliensis. Stages in the development of severe symptoms from a general yellowing 
cr the entire leaf, which is much reduced in size, to the death of the leaf tip and the subsequent extensive tip necrosis. 
(Tjir 1 seedling, under one year. Average sulphur concentration in deficient leaves: 0-11%). 

s 
(Sulphur) 
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Sulphur def ic iency 

Pueraria phaseoloides, Centrosema pubescens, Calopogonium mucunoides 

S Y M P T O M S 

General. A lack of su lphu r m a i n l y affects the younge r leaves a n d results i n i t i a l l y i n the deve lopmen t 
of pa le green leaves of s l i gh t l y reduced size. T h e later deve lopmen t of a m a r g i n a l a n d t i p necrosis, 
o f ten as a b a n d of necro t ic tissue a r o u n d the leaf, is the m a i n character is t ic feature of su l phu r 
def ic iency i n a l l three cover p lan ts . T h i s necrosis is no t preceded by m a r g i n a l y e l l o w i n g , such as 
occurs w i t h potass ium def ic iency, a n d i t is thus possible to d i f fe ren t ia te be tween the t w o def ic iencies. 

Pueraria phaseoloides. T h e necrosis o f ten develops f r o m the leaf m a r g i n a l ong the veins a n d t h e n 
i n t o the i n t e r ve ina l areas. Nec ro t i c patches on the l a m i n a , iso la ted f r o m the leaf marg ins , are 
occas iona l ly seen o n Pueraria phaseoloides (P late 25) , b u t o n Calopogonium mucunoides necro t ic spots 
f r equen t l y deve lop over the w h o l e l a m i n a , f o l l o w i n g an i r r egu la r pa t chy y e l l o w i n g i n the in te r ­
ve ina l areas; th is is i n a d d i t i o n to the m a r g i n a l necrosis. These necrot ic spots o f ten coalesce to 
f o r m large necrot ic patches (Plate 27) . 

A s im i l a r effect is f o u n d at t imes i n Centrosema pubescens, b u t is usua l l y res t r ic ted to the deve lop ­
m e n t of the p a t c h y y e l l o w i n g , necro t ic spots deve lop ing o n the l a m i n a o n l y w h e n the def ic iency is 
ex t reme ly severe (Plate 26) . 

Plate 25 Sulphur deficiency: Pueraria phaseoloides. Shows the development of a dark-coloured marginal necrosis and 
to a lesser extent necrotic spots on the small deficient leaves (Healthy leaf top left). Notice that while the entire leaf is 
pale in colour, the necrosis is not preceded by any marginal yellowing. (Average sulphur concentration in the deficient 
leaves: 0-12%). 



Plate 27 Sulphur deficiency: Calopogonium mucunoides. Necrotic spotting of the leaf with a tendency for the spots to 
coalesce, forming necrotic patches in the interveinal areas (bottom right) and also along the leaf margin (bottom centre). 35 



jy|pi Manganese def ic iency 
(Manganese) f j e v e a brasiliensis 

O C C U R R E N C E 
Manganese deficiency is widespread in Malaya, and it appears to be particularly severe on alluvial 
sandy soils and on certain soils derived from granite in situ or from granite-derived a l luv ium. 6 5 

SYMPTOMS 
Leaf. The typical deficiency symptom (Plate 2 8 ) is an overall paling and yellowing of the leaf 
with bands of green'tissue outlining the midrib and main veins. As the deficiency becomes more 
severe the leaf becomes progressively more yellow, but the green midrib and main veins still 
remain evident. No necrosis of leaf tip or margin occurs. Little reduction in leaf size occurs even 
when the deficiency is severe, and it is frequently found that the symptoms are more often observed 
on the large leaves of a tree than on the small leaves. 

Young unkranched tree. The symptoms appear first on the leaves in the lower and midstem region, 
but when severe the upper storeys will also be affected. 

Old branched tree. Manganese deficiency symptoms will usually be found on shaded leaves on low 
branches in the tree. The manganese content of shaded leaves is normally less than that of leaves 
exposed to full sunlight: when the deficiency is severe the difference in manganese content of 
shaded and exposed leaves is small, and symptoms can be observed on exposed leaves also. 

Plate 28 Manganese deficiency: Hevea brasiliensis. The general paling and yellowing of the leaf with bands of green 
tissue outlining the midrib and main veins is characteristic of manganese deficiency. Notice only a moderate reduction in 
leaf size. (Tjir 1 seedling, under one year. Average manganese concentration in deficient leaflets: 15 p.p.m.). 



Manganese deficiency 

Pueraria phaseoloides, Centrosema pubescens, Calopogonium mucunoides 

Mn 

S Y M P T O M S 

General. W i t h al l three cover plants manganese deficiency typically results in an overall yellowing 
of the leaf w i th the midribs and main veins outl ined in healthy green tissue and thus clearly 
evident (Plates 29, 30 and 31). This symptom is very similar to the symptoms of slight i ron defi­
ciency, and without chemical analysis differentiation between the two deficiencies can be difficult 
(see Plate 36 - compare the lower older leaves in r ight-hand iron-deficient plants wi th the man­
ganese-deficient leaves on the left). I ron deficiency occurs under particular soil conditions, but 
manganese deficiency occurs more generally and can be most easily distinguished from iron 
deficiency by the absence of very small, yellow, young leaves. Moreover manganese deficiency 
does not result in the marked reduction in plant vigour and leaf size seen in iron-deficient plants, 
where there is a typical gradation in size and colour of leaves along the bine (see Plates 33, 34, 35 
and 36). 

Pueraria phaseoloides, Centrosema pubescens. The younger leaves of manganese-deficient plants are 
not pale yellow in colour even when the deficiency is very severe, but in Calopogonium mucunoides 
small yellow leaves can sometimes be found on severely deficient plants. 

V 

Plate 29 Manganese deficiency: Pueraria phaseoloides. Stages in the development of a general paling and yellowing of 
the leaf with bands of green tissue clearly evident alongside the midrib and main veins. 37 



Plate 30 Manganese deficiency: Centrosema pubescens. Stages in the general paling and yellowing of the leaf with green 
tissue outlining the midrib and main veins. Only slight reduction in leaf size. 

Plate 31 Manganese deficiency: Calopogonium mucunoides. Shows the overall mottled yellowing, with the main veins 
and midrib clearly evident in the most severely affected leaf (bottom row, right). (Average manganese concentration in the 
deficient leaves: 10 p.p.m.). 



Iron def ic iency 

Hevea brasiliensis 

O C C U R R E N C E 
I r o n def ic iency is observed at t imes on r u b b e r i n M a l a y a , b u t its occur rence is l i m i t e d to the peat 
soils, h u m i c sands a n d leached sands, a n d some heavy coastal clays where calcareous shel l layers 
occur g i v i n g rise to a lka l ine soi l cond i t i ons . I n a l l these c i rcumstances the i r o n def ic iency genera l l y 
occurs together w i t h manganese def ic iency . 

SYMPTOMS 
Leaf. T h e first leaf s y m p t o m of i r o n def ic iency is a genera l leaf chlorosis resemb l ing tha t of m a n ­
ganese def ic iency. W i t h increase i n sever i ty of the def ic iency the ent i re leaf assumes a pale l e m o n 
y e l l o w to w h i t e co lou r (Plate 32) . T h e ve ry pale leaves are o f ten spot ted w i t h a fungus , Corynespora 
cassiicola, w h i c h is o therwise se ldom f o u n d o n Hevea. T h e r e is cons iderab le r e d u c t i o n i n leaf size. 

Toung unbranched tree. T h e character is t ic feature of i r o n def ic iency is the appearance of the symp­
toms on the leaves i n the youngest , u p p e r storeys on the p l a n t , w i t h the def ic iency symptoms 
becom ing progressively more severe on the younge r leaves. 

Old branched tree. T h e def ic iency symptoms are f o u n d o n leaves i n t e r m i n a l who r l s exposed to f u l l 
sun l i gh t . 

Fe 
(Iron) 

Plate 32 Iron deficiency: Hevea brasiliensis. Stages in the development of very severe deficiency symptoms from the 
small mottled yellow leaf (top row, left), to the markedly chlorotic leaf (top row, right), to the extremely small and almost 
white leaves (oottom row). Such a gradation in size and severity of the chlorosis is to be found in iron-deficient plants 
from the older (less affected) to the youngest (most severely affected) leaves. 39 



Pg Iron deficiency 
Pueraria phaseoloides, Centrosema pubescens, Calopogonium mucunoides 

S Y M P T O M S 

General. T h e m o s t c h a r a c t e r i s t i c f e a t u r e o f i r o n d e f i c i e n c y i n a l l t h r e e c o v e r p l a n t s c a n b e c l e a r l y 

s e e n o n a t e r m i n a l s e c t i o n o f a b i n e , w h e r e i t w i l l b e f o u n d t h a t t h e r e i s a g r a d u a l r e d u c t i o n i n s i z e 

a n d c h a n g e i n c o l o u r f r o m t h e o l d e r l e a v e s , w h i c h a r e r e l a t i v e l y l a r g e , g r e e n o r g r e e n - y e l l o w i n 

c o l o u r , t o t h e v e r y s m a l l , p a l e y e l l o w t o w h i t e y o u n g l e a v e s . T h i s i s a d i s t i n c t i v e f e a t u r e o f i r o n 

d e f i c i e n c y c o m m o n t o m a n y p l a n t s . 

I n t h e e a r l y s t a g e s , i r o n d e f i c i e n c y r e s u l t s i n a n o v e r a l l p a l i n g o f t h e l e a v e s l e a v i n g t h e m i d r i b s 

a n d v e i n s o u t l i n e d i n g r e e n h e a l t h y t i s s u e , a n d a t t h i s s t a g e i t i s n o t p o s s i b l e t o d i s t i n g u i s h i r o n a n d 

m a n g a n e s e d e f i c i e n c y s y m p t o m s . T h e r e c o g n i t i o n o f i r o n d e f i c i e n c y i s p o s s i b l e a s i t b e c o m e s m o r e 

s e v e r e , w h e n t h e y o u n g l e a v e s a r e f o u n d t o b e v e r y m u c h r e d u c e d i n s i z e a n d p a l e y e l l o w . T h e 

r e d u c t i o n i n s i z e o f t h e y o u n g e r l e a v e s i s m o s t m a r k e d i n Centrosema pubescens, w h i c h s u g g e s t s t h a t 

i t i s a g o o d i n d i c a t o r o f i r o n d e f i c i e n c y . 

W h e n t h e d e f i c i e n c y i s v e r y s e v e r e , m a r g i n a l a n d i n t e r v e i n a l n e c r o s i s o c c u r s . I n Pueraria phaseo­
loides a n d Centrosema pubescens t h e n e c r o s i s a p p e a r s a l o n g t h e l e a f m a r g i n , a n d i n Calopogonium 
mucunoides a s i n t e r v e i n a l s p o t s ( c o m p a r e P l a t e s 34 a n d 35). 

I r o n d e f i c i e n c y i s n o t i n f r e q u e n t l y f o u n d o n t h e t h r e e c o v e r p l a n t s i n M a l a y a u n d e r s o i l c o n d i ­

t i o n s a s d e s c r i b e d o n p a g e s 9 a n d 1 0 . A c a s e o f i r o n d e f i c i e n c y o n Pueraria phaseoloides i n d u c e d b y 

e x c e s s i v e u p t a k e o f m a n g a n e s e f r o m a b a s a l t - d e r i v e d s o i l i n B o r n e o h a s a l s o b e e n r e p o r t e d . 8 0 

Calopogonium mucunoides. M a n a g a n e s e d e f i c i e n c y o c c a s i o n a l l y p r o d u c e s s i m i l a r s y m p t o m s t o 

t h o s e o f i r o n d e f i c i e n c y , t h e y o u n g e r l e a v e s b e i n g v e r y p a l e y e l l o w i n b o t h c a s e s . 

Plate 33 Iron deficiency: Pueraria phaseoloides. Shows a marked chlorosis of the deficient leaves, and a slight graded 
reduction in leaf size from the leaves at top left to those along the bine in the centre. Notice the small leaf size but no 

40 marked chlorosis exhibited by the Centrosema pubescens. 



Plate 34 Iron deficiency: Centrosema pubescens. Stages in the development from the slight symptoms of a general leaf 
yellowing to the very severe symptoms of marked chlorosis, t i p and marginal necrosis of the very small young leaves. 

Plate 35 Iron deficiency: Calopogonium mucunoides. Stages in the development of very severe symptoms of general 
chlorosis of the leaf: the reduction in leaf size and the loss of colour is less marked in Calopogonium mucunoides than 
in the other two legumes (see Plates 33 and 34). 



Fe 

Plate 36 Deficiencies of manganese (left) and iron (right): Calopogonium mucunoides. The early stages of iron deficiency 
(see lower, older leaves on the iron-deficient plants) in all three cover plants are very similar to manganese deficiency 
symptoms. In the later stages of iron deficiency the younger leaves become markedly chlorotic; this is not so with manga­
nese deficiency. (All plants, six weeks). 

1- ' 



Boron def ic iency 

Hevea brasiliensis 

O C C U R R E N C E 

There have so far been no substantiated cases of boron deficiency of Hevea in Malaya. Suspected 
cases have been due to a common error in associating a 'bottle-brush' type of extension growth on 
young unbranched trees wi th boron deficiency, without any consideration of the symptoms 
shown by individual leaves. I t is reasonable to expect, however, that w i th the heavy leaching of 
Malayan soils boron deficiency on Hevea may eventually be found. 

S Y M P T O M S 

Leaf. Boron-deficient leaves are distorted, reduced in size and somewhat britt le. The leaf deforma­
tion (see Plate 37) does not follow any consistent pattern. There is no loss of colour, and occasionally 
the veins may appear to be wider than normal. 

Young unbranched tree. The first sign of boron deficiency is to be found in< the younger, upper 
storeys on the plant, which wi l l not be separated by any discrete internode. The indiv idual 
storeys cannot be distinguished, and consequently there appears to be a continual production of 
new leaves, resulting in the 'bottle-brush' appearance of the stem. When the deficiency is severe 
the apical meristem may die and axil lary meristems develop near the top of the stem. The 'bottle-
brush' effect is not by itself a sure indication of boron deficiency; it is quite a common occurrence 
in T j i r 1 and G T 1 budgrafts and in some clonal seedlings. 

I t should be noted that leaf deformation as in Plate 37 can be a symptom of attack by yellow tea 
mites, in which case it is usual to find only one or two storeys on a young tree affected, wi th no 
tendency towards 'bottle-brush' format ion; once again boron deficiency need not be suspected. 

Old branched tree. Deficiency symptoms would be expected, on the basis of leaf analysis (see 
Appendix, Table 3), on leaves in the shade of the canopy and not on leaves exposed to ful l sunlight. 



Boron def ic iency 

Pueraria phaseoloides, Centrosema pubescens, Calopogonium mucunoides 

S Y M P T O M S 

General. Boron deficiency has a striking effect on the morphology, leaf shape and size of all three 
cover plants. Deficient plants are very stunted in growth, and produce short thick bines which do 
not spread over the soil surface. The leaves are considerably reduced in size and misshapen, and 
the veins are frequently prominent. 

The younger leaves are first affected and are noticeably thick and brittle to the touch. 
These effects of boron deficiency are primarily due to the fact tnat a lack of boron results in a 

disorganisation of the dividing cells in the apical meristem; such meristems develop and expand 
longitudinally to a limited extent and then further development is arrested; the result is that the 
internodal extension growth is very short. As apical meristems cease to develop and become mori­
bund or die, axillary meristems develop which in turn only develop to a limited extent. Such 
extension growth results in a 'prostrate clump' habit of growth. 

Plate 38 Boron deficiency: Pueraria phaseoloides. Very small misshapen boron-deficient leaves which are thick and 
brittle to the touch; no characteristic chlorosis or necrosis is exhibited. 



Plate 40 Boron deficiency: Calopogonium mucunoides. Notice the grossly distorted leaves and the stunted, prostrate 
habit of growth typical of boron deficiency. (Plants, seven weeks). 45 



| Y | Q M o l y b d e n u m def ic iency 
(Molybdenum) H m a brasiliensis 

O C C U R R E N C E 
T h e r e h a v e s o f a r b e e n n o a u t h e n t i c a t e d c a s e s o f m o l y b d e n u m d e f i c i e n c y o n r u b b e r i n M a l a y a ; 

t h e r e h a v e , h o w e v e r , b e e n a f e w i n s t a n c e s w h e r e l e a v e s s h o w i n g s y m p t o m s a s s o c i a t e d w i t h m o l y b ­

d e n u m d e f i c i e n c y h a v e b e e n f o u n d t o c o n t a i n v e r y l o w c o n c e n t r a t i o n s o f m o l y b d e n u m . 

SYMPTOMS 
Leaf. M o l y b d e n u m d e f i c i e n c y i s c h a r a c t e r i s e d b y t h e d e v e l o p m e n t o f a v e r y p a l e b r o w n s c o r c h 

a r o u n d t h e l e a f m a r g i n s , p a r t i c u l a r l y i n t h e r e g i o n o f t h e l e a f t i p ( P l a t e 41). 

I t h a s b e e n o b s e r v e d t h a t w h e n r u b b e r s e e d l i n g s w e r e g r o w n i n s a n d c u l t u r e w i t h o u t m o l y b d e ­

n u m , b u t w i t h a l a r g e p r o p o r t i o n o f t h e n i t r o g e n s u p p l i e d i n t h e f o r m o f a m m o n i u m s a l t s , t h e 

v i s i b l e e f f e c t s o f t h e d e f i c i e n c y w e r e v e r y s l i g h t ; w h e n t h e n i t r o g e n w a s s u p p l i e d i n t h e f o r m o f 

n i t r a t e s a l t s , h o w e v e r , t h e r e w a s a m a r k e d r e d u c t i o n i n g r o w t h u n d e r c o n d i t i o n s o f d e f i c i e n t 

m o l y b d e n u m s u p p l y . 1 8 

Young unbranched tree. T h e s y m p t o m s a r e f o u n d o n t h e m i d s t e m a n d l o w e r s t o r e y s . 

Old branched tree. D e f i c i e n c y s y m p t o m s w o u l d b e e x p e c t e d , o n t h e b a s i s o f l e a f a n a l y s i s ( s e e 

Appendix, Table 3 ) , o n l e a v e s e x p o s e d t o f u l l s u n l i g h t a n d n o t o n t h e l e a v e s i n s h a d e o f t h e c a n o p y . 



Molybdenum deficiency 

Pueraria phaseoloides, Centrosema pubescens, Calopogonium mucunoides 

S Y M P T O M S 

General. Characteristic leaf symptoms of molybdenum deficiency are only observed after growing 
the plants for many months in the absence of any supply of molybdenum: only a very small 
quantity of molybdenum is required to correct the deficiency, and it appears unlikely that the 
deficiency w i l l occur in the field. 

Growth is only slightly reduced, and the leaves are at first pale green in colour; later the younger 
leaves on Pueraria phaseoloides and Gentrosema pubescens develop a very pale brown papery t ip and 
marginal scorch (Plates 42 and 44). Pueraria phaseoloides: interveinal necrosis occurs also, and 
defoliation of affected leaves ensues. 

Calopogonium mucunoides. The symptoms appear as a necrotic mott l ing over the whole lamina, 
with a tendency for the development of a th in , marginal band of necrosis, similar to that observed 
in the case of sulphur deficiency. The necrotic spots coalesce and defoliation occurs (Plate 43). 

Plate 42 Molybdenum efficiency: Pueraria phaseoloides. Development of marginal and interveinal scorch, very pale in 
colour, on leaves which initially exhibit a general chlorosis. 



M o 

Plate 43 Molybdenum deficiency: Calopogonium mucunoides. Notice the necrotic spots which develop at the leaf 
margin and in the interveinal areas and later coalesce, resulting in a marginal band and interveinal necrosis. 

48 



M o 

Plate 44 Molybdenum deficiency: Centrosema pubescens. Development of a tip 
and marginal scorch which is very pale brown in colour. (Plants two-and-a-half 
months). 

I'l 



Zinc deficiency 
(Zinc) Hevea brasiliensis 

O C C U R R E N C E 
Z i n c d e f i c i e n c y h a s b e e n r e p o r t e d t o o c c u r i n t h e f i e l d i n C e y l o n . 4 ' ' I n M a l a y a , l e a v e s s h o w i n g 
s y m p t o m s a s s o c i a t e d w i t h z i n c d e f i c i e n c y a n d c o n t a i n i n g a l o w c o n c e n t r a t i o n o f z i n c h a v e b e e n 
o b s e r v e d o n v e r y y o u n g r u b b e r : t h e s y m p t o m s a r e , h o w e v e r , o n l y l i k e l y t o b e f o u n d u n d e r v e r y 
p a r t i c u l a r s i t u a t i o n s o n y o u n g r u b b e r , f o r i n s t a n c e w h e n t h e z i n c c o n t e n t o f t h e so i l is m a d e 
u n a v a i l a b l e l o r p l a n t u p t a k e b y a p p l i c a t i o n o l u n u s u a l l y h e a v y d r e s s i n g s o f e i t h e r a l k a l i n e 
f e r t i l i s e r o r o l s o l u b l e p h o s p h a t i c f e r t i l i s e r . L ' n d e r s u c h c i r c u m s t a n c e s t h e s y m p t o m s w i l l o n l y 
b e t r a n s i e n t , a n d r e c o v e r y w i l l b e f a i r l y r a p i d i f t h e r o o t s e x t e n d i n t o so i l u n a f f e c t e d b y t h e f e r t i l i s e r 
d r e s s i n g . 

A c o m m o n e r r o r is t o a s s o c i a t e w i t h z i n c d e f i c i e n c y t h e l o n g s t r a p - l i k e l e a v e s t h a t a r e t h e r e s u l t 
o f t h r i p a t t a c k o n t h e v o t i n g e x p a n d i n g l e a v e s ; s u c h l e a v e s a r e u s u a l l y n o t r e d u c e d in s i z e b u t 
a p p e a r t o b e e n l a r g e d , w h e r e a s z i n c d e f i c i e n c y r e s u l t s i n a c o n s i d e r a b l e r e d u c t i o n in lea l s i z e . 

SYMPTOMS 
Leaf. T h e c h a r a c t e r i s t i c f e a t u r e o f z i n c d e f i c i e n c y is t h a t t h e l a m i n a b e c o m e s v e r y m u c h r e d u c e d 
i n b r e a d t h r e l a t i v e t o its l e n g t h ( P l a t e 45) . F r e q u e n t l y t h e l a m i n a m a y b e c o m e t w i s t e d a n d t h e 
m a r g i n s appea r w a v y o r u n d u l a t i n g . T h e r e is a l s o a g e n e r a l c h l o r o s i s o f t h e l e a f , s i m i l a r t o t h a t 
o b s e r v e d i n f a i r l y s e v e r e cases o f m a n g a n e s e d e f i c i e n c y , t h e m i d r i b a n d m a i n v e i n s r e m a i n i n g 
d a r k g r e e n i n c o l o u r . 

Young unbranched tree. T h e s y m p t o m s a r e f o u n d o n t h e t o p s t o r e y s . D e a t h o f t h e a p i c a l i n e r i s t e m 
o c c u r s u n d e r c o n d i t i o n s o l v e r v s e v e r e z i n c d e f i c i e n c y , a n d s i d e s h o o t s m a y d e v e l o p f r o m a x i l l a r y 
m e r i s t e m s . 

Old branched Inc. D e f i c i e n c y s y m p t o m s w o u l d h e e x p e c t e d , o n t h e b a s i s o f l e a f a n a l y s i s see 
Appendix, Table 3 I, o n l e a v e s e x p o s e d t o f u l l s u n l i g h t a n d n o t o n l e a v e s i n t h e s h a d e o f t h e c a n o p y . 

Plate 45 Zinc deficiency: Hevea brasiliensis. Notice the reduced size, the narrow shape and the overall chlorosis of the 
leaves: all three characters occur together on zinc-deficient leaves. The leaves are also often twisted and the margins 

50 appear wavy. 



Zinc deficiency 

Pueraria phaseoloides, Centrosema pubescens, Calopogonium mucunoides 

S Y M P T O M S 

General. Zinc deficiency results in a marked reduction of growth and the formation of very small 
chlorotic leaves early in the life of all three cover plants (Plate 47). The youngest leaves are the 
first to be affected by the deficiency and develop the most severe symptoms. No other deficiency on 
any of the three cover plants results in the formation of such small young leaves as those developed 
on zinc-deficient plants. The leaves rapidly develop marginal necrosis and also spots of necrosis 
over the lamina. 

Centrosema pubescens. The symptoms rarely become sufficiently severe to show extensive necrosis, 
and the main features of the deficiency are the very small leaves and a marked interveinal chlorosis 
(Plate 47). 

Pueraria phaseoloides and Calopogonium mucunoides (Plates 46 and 48). Marked marginal and spot 
necrosis occurs, and in Calopogonium mucunoides there is a tendency for the incomplete expansion 
of the leaf near the t ip to result in a slight upward cupping of the leaf. 

Plate 46 Zinc deficiency: Pueraria phaseoloides. A selection of zinc-deficient leaves which are very small and misshapen, 
and show a tip and marginal necrosis. 



Zn 

Plate 47 Zinc deficiency: Centrosema pubescens. Zinc deficiency can rapidly reduce growth: both sets of plants are 
fourteen days old, growing in purified sand. The right-hand plants received all nutrients; plants on the left received all 
nutrients except zinc. 



Copper deficiency 

Hevea brasiliensis 

Cu 
(Copper) 

O C C U R R E N C E 
I n M a l a y a , l e a v e s s h o w i n g s y m p t o m s a s s o c i a t e d w i t h c o p p e r d e f i c i e n c y a n d c o n t a i n i n g a l o w 

c o n c e n t r a t i o n o f c o p p e r h a v e o n l y b e e n f o u n d u n d e r v e r y p a r t i c u l a r c i r c u m s t a n c e s : n a m e l y i n a 

f e w l o c a t i o n s a n d i n s o i l p o t - c u l t u r e e x p e r i m e n t s w h e r e t h e c o p p e r c o n t e n t o f t h e . s o i l h a s b e e n 

m a d e u n a v a i l a b l e f o r p l a n t u p t a k e b y a p p l i c a t i o n o f u n u s u a l l y h e a v y d r e s s i n g s o f w a t e r - s o l u b l e 

p h o s p h a t i c f e r t i l i s e r s . U n d e r s u c h c i r c u m s t a n c e s t h e s y m p t o m s w i l l o n l y b e t r a n s i e n t a n d r e c o v e r y 

w i l l b e f a i r l y r a p i d . 

I t is n o t e x p e c t e d , o n t h e b a s i s o f l e a f a n a l y s i s , t h a t c o p p e r d e f i c i e n c y i s l i k e l y t o b e a p r o b l e m i n 

r u b b e r c u l t i v a t i o n i n M a l a y a . 

S Y M P T O M S 
Leaf. T h e first s i g n o f c o p p e r d e f i c i e n c y i s w i l t i n g o f t h e l e a f m a r g i n a t t h e t i p , w i t h s u b s e q u e n t 
u p w a r d c u p p i n g o f t h e l e a f t i p . T h e w i l t i n g o f t h e m a r g i n d e v e l o p s i n t o a v e r y p a l e b r o w n s c o r c h 
( P l a t e 4 9 ) w h i c h o f t e n s p r e a d s d o w n t h e l a m i n a f r o m t h e t i p ; finally t h e l a m i n a is s h e d . F r e q u e n t l y 
a l a r g e n u m b e r o f l e a v e s a r e s h e d a t t h e s a m e t i m e , l e a v i n g b e h i n d a b a r e s t e m . A f t e r s u c h d e ­
f o l i a t i o n t h e a p i c a l g r o w i n g p o i n t u s u a l l y d i e s , a n d t h e n e w s h o o t s w h i c h d e v e l o p f r o m a x i l l a r y 
m e r i s t e m s g i v e r i s e t o m u l t i p l e b r a n c h i n g : if t h e c o p p e r s u p p l y is s t i l l i n a d e q u a t e , l e a f c u p p i n g , 
s c o r c h i n g , l e a f a b s c i s s i o n , a n d d e a t h o f t h e a p i c a l m e r i s t e m w i l l a g a i n o c c u r . I n s e v e r e c a s e s t h e 
l a m i n a o n t h e n e w s i d e s h o o t s f a i l t o e x p a n d p r o p e r l y , a n d t h e n e w s i d e s h o o t m a y b e c o v e r e d 
w i t h n u m e r o u s d e a d a n d s h r u n k e n p e t i o l e s a s i n P l a t e 4 9 . 

Young unbranched tree. T h e s y m p t o m s a r e first o b s e r v e d o n t h e y o u n g e s t l e a v e s . 
Old branched tree. D e f i c i e n c y s y m p t o m s w o u l d b e e x p e c t e d , o n t h e b a s i s o f l e a f a n a l y s i s ( s e e 

Appendix, Table 3), o n l e a v e s e x p o s e d t o f u l l s u n l i g h t a n d n o t o n l e a v e s i n t h e s h a d e o f t h e c a n o p y . 

Plate 49 Copper deficiency: Hevea brasiliensis. The dieback of the original apical meristem results in the characteristic 
development of many abortive new side shoots from axillary meristems; a further symptom is the severe tip and marginal 
scorch which develops on the young leaves prior to and together with the extensive branching. (Tjir 1 seedling, fourteen 
months) 53 



Qjj Copper deficiency 
Pueraria phaseoloides, Centrosema pubescens, Calopogonium mucunoides 

SYM PTOMS 
General. Leaf symptoms of copper deficiency, affecting the leaf tips of vounger leaves, are clearly 
shown In .ill the three cover plants. 

The leaves are thin, become pale green in colour and develop a pale brown to white scorch at 
the tips, and to a lesser extent at the margins, Plates 50, 51 and 52). The t ip scorch usually ap­
peals as a well defined area, but occasionally it can extend into the interveinal areas. 

Like boron deficiency, copper deficiency affects the leaf shape, but without the leaf becoming 
grossly distorted; the leaves are narrower than healthy leaves, while leaf size is usually only 
slightly reduced (Plates 50, 51 and 52). 

Centrosema pubescens. When the deficiency is very severe the young leaves often die back at the 
tip before leaf expansion is completed, resulting in the curl ing and cupping of the leaf at and around 
the leaf t ip. 



Plate 52 Copper deficiency: Calopogonium mucunoides. Notice the development of a light brown tip scorch on leaves 
which are small and misshapen. 55 



Water- Water logg ing 

0 g g I Fl g Hevea brasiliensis 

O C C U R R E N C E 

Symptoms associated wi th the presence of a high water table are frequently found on the al luvial 
clay soils in Malaya. 

S Y M P T O M S 

The characteristic symptom is the development of a t ip and marginal scorch without any leaf 
chlorosis (Plate 53). The scorch is normal ly l ight brown to grey in colour: the inner margin of the 
scorch has a dark brown boundary. There is a risk that these symptoms may be confused wi th the 
symptoms of calcium deficiency, in which the scorch is very pale in colour (see p. 23). 

Old branched tree. The symptoms are found on leaves exposed to ful l sunlight, being particularly 
noticeable on the exposed leaves on trees at the edge of a field. The location of the scorched 
leaves on the tree and the position of the scorch on the leaf suggest that the scorch may be due to 
the accumulation of a toxic substance at the extremities of the leaf under the influence of trans­
pirat ion. The toxic substance is very probably boron, which is present in large quantities in the 
affected leaves, particularly in the marginal scorch area, on trees growing on al luvial clay soils 
along the coast of Malaya. 

Plate 53 Symptoms exhibited by Hevea brasiliensis growing under waterlogged conditions on a heavy alluvial clay soil. 
Notice the marginal scorch, which is light brown to grey in colour, and which has on its inner margin a dark brown 
boundary. (PB 86, branched, fourteen years. Average leaf nutrient composition: 2-41% N, 1-79% K, 0-29% P, 0-18% Mg, 

56 0-59% Ca and 362 p.p.m. Mn). 



VISUAL SYMPTOMS OF D E F I C I E N C Y 

K e y to nutrient def ic iency s y m p t o m s on H e v e a brasil iensis 

1. UNBRANCHED TREES 

A. Symptoms found on older, lower leaves 
(i) L e a v e s c h l o r o t i c , gene ra l l y u n i f o r m in c o l o u r 

(ii) L e a v e s ch l o ro t i c b u t n o t u n i f o r m in c o l o u r 
(a) In te rve ina l y e l l o w i n g usua l l y c o n t i g u o u s w i th leaf m a r g i n 
(b) M a r g i n a l y e l l o w m o t t l i n g , o f t en w i t h t ip s c o r c h 

(iii) L e a v e s n o t c h l o r o t i c , bu t w i t h e x t e n s i v e m a r g i n a l s c o r c h 
B. Symptoms found on mid-stem and upper leaves 

(i) L e a v e s c h l o r o t i c 
(a) L e a v e s pa le g r e e n in c o l o u r w i t h m i d r i b a n d v e i n s d a r k g r e e n 
( 6 ) U p p e r s u r f a c e leaf s h o w s y e l l o w i n g ; l o w e r s u r f a c e leaf w i t h b r o n z e t i n t s 

C. Symptoms found on new growth or top whorls 
(i) L e a v e s d i s t o r t e d 

(a) L e a v e s s m a l l , e l o n g a t e d a n d s t rap l i ke w i th w a v y m a r g i n s 
(b) L e a v e s s l igh t ly r e d u c e d in s i z e , d a r k u n i f o r m g r e e n in c o l o u r , w i t h i r regu la r s h a p e ; 

u n u s u a l t o f i nd t w o l e a v e s s im i l a r in s h a p e 
(ii) L e a v e s n o t d i s t o r t e d 

(a) T i p a n d m a r g i n a l s c o r c h p r e s e n t , pa le b r o w n in c o l o u r , n o t p r e c e d e d by c h l o r o s i s 
(o ) L e a v e s sma l l w i th t ip s c o r c h ; w i th s i g n s o f b r a n c h i n g f r o m ax i l lary m e r i s t e m s 
(c) L e a v e s ve ry s m a l l , n o s c o r c h p r e s e n t , pa le g r e e n t o l e m o n y e l l o w in c o l o u r 
Id) L e a v e s f i rs t w i th g e n e r a l c h l o r o s i s , t h e n s h o w i n g a t ip s c o r c h 

Deficient element 

N i t r o g e n 

M a g n e s i u m 
P o t a s s i u m 
M o l y b d e n u m 

M a n g a n e s e 
P h o s p h o r u s 

Z i n c 

B o r o n 

C a l c i u m 
C o p p e r 
I ron 
S u l p h u r 

2. BRANCHED TREES* 
A. Symptoms found on leaves exposed to full sunlight, normally at the top of the canopy 

(i) L e a v e s c h l o r o t i c , u n i f o r m in c o l o u r , 
(a) L e a v e s pa le g r e e n t o l e m o n y e l l o w in c o l o u r I ron 

(ii) L e a v e s ch l o ro t i c b u t n o t u n i f o r m in c o l o u r 
(a) In te rve ina l y e l l o w i n g , c o n t i g u o u s w i t h leaf m a r g i n M a g n e s i u m 
(o) I r regu la r y e l l o w i n g w i th n o w e l l - d e f i n e d b o u n d a r y b e t w e e n ch l o ro t i c a n d g r e e n t i s s u e , 

o f t en m o r e e v i d e n t a r o u n d leaf m a r g i n P o t a s s i u m 

B. Symptoms found on leaves in the shade of the canopy 
(i) S c o r c h p r e s e n t , pa le b r o w n in c o l o u r C a l c i u m 

(ii) N o s c o r c h p r e s e n t ; l e a v e s pa le p r e e n in c o l o u r w i th m id r i b a n d v e i n s d a r k g r e e n M a n g a n e s e 

* L e a f de f i c i ency s y m p t o m s d u e t o n i t r o g e n a n d p h o s p h o r u s a re ve ry i n f r e q u e n t l y f o u n d o n o ld b r a n c h e d 
r u b b e r : s h o r t a g e s o f n i t r o g e n a n d p h o s p h o r u s n o r m a l l y resu l t in s t u n t e d g r o w t h a n d p o o r c a n o p i e s . 

D e f i c i e n c y s y m p t o m s o n o l d b r a n c h e d t r e e s d u e t o b o r o n , s u l p h u r , c o p p e r , z i n c a n d m o l y b d e n u m h a v e n o t 
ye t b e e n i den t i f i ed . It is l ikely t h a t t h e s y m p t o m s wil l b e s im i l a r t o t h o s e o n u n b r a n c h e d t r e e s . 

T h e f o l l o w i n g g u i d e t o t h e p o s i t i o n o n t h e o l d b r a n c h e d t ree w h e r e t h e s y m p t o m s a re likely t o b e f o u n d 
h a s b e e n d e d u c e d f r o m leaf a n a l y s i s ( s e e Appendix, Table 3) re la t ing t o s h a d e a n d e x p o s e d l e a v e s : 

Symptoms to be expectedon leaves exposed to full sunlight: p h o s p h o r u s , n i t r o g e n , c o p p e r , z i n c a n d m o l y b d e n u m . 
Symptoms to be expected on shade leaves: b o r o n . 



VISUAL SYMPTOMS OF D E F I C I E N C Y 

K e y to nutrient def ic iency s y m p t o m s on Puerar ia phaseoloides, 
Cent rosema pubescens and Ca lopogon ium mucunoides 

A. Symptoms found on older leaves 
(i) L e a v e s c h l o r o t i c 

(a) C h l o r o s i s c o m m e n c i n g f r o m t ip a n d m a r g i n s , f o l l o w e d by s c o r c h 
(b) G e n e r a l c h l o r o s i s w i th d e v e l o p m e n t o f nec ro t i c p a t c h e s in in te rve ina l a r e a s 

(ii) L e a v e s n o t c h l o r o t i c 
(a) S m a l l , d a r k g r e e n , l us t re l ess l e a v e s ; ve ry s t u n t e d g r o w t h 

B. Symptoms found on younger leaves 
(i) L e a v e s d i s t o r t e d , s o m e t i m e s w i th s c o r c h 

(a) T h i c k , br i t t le, da rk g r e e n l e a v e s , v e i n s p r o m i n e n t ; p r o s t r a t e hab i t o f g r o w t h 
(D) L e a v e s ve ry s m a l l , w i th m a r k e d n e c r o s i s o f m a r g i n s a n d o v e r en t i re leaf 
(c) L e a v e s s l igh t ly e l o n g a t e d w i t h t ip ' c u p p i n g ' a n d s c o r c h 

(ii) L e a v e s n o t d i s t o r t e d , b u t ch l o ro t i c 
(a) T i p a n d m a r g i n a l s c o r c h e x t e n s i v e , pa le b r o w n in c o l o u r 
(b) M a r g i n a l b a n d o f s c o r c h w i th nec ro t i c p a t c h e s o v e r en t i re leaf 
(c) G e n e r a l leaf c h l o r o s i s w i th o u t l i n e s o f m i d r i b a n d v e i n s g r e e n ; n o m a r k e d r e d u c t i o n 

in s i z e , a n d n o s c o r c h 
(d ) G e n e r a l leaf c h l o r o s i s b e c o m i n g pa le l e m o n t o w h i t e in c o l o u r ; s o m e t i m e s t ip s c o r c h 

a n d nec ro t i c s p o t s o n leaf 
(e) I l l -de f ined p a t c h y c h l o r o s i s , l eav ing la rge p o r t i o n s o f leaf g r e e n in c o l o u r 

Deficient element 

P o t a s s i u m 
j n e s i u m 

P h o s p h o r u s 

B o r o n 
Z i n c 
C o p p e r 

M o l y b d e n u m 
S u l p h u r 

M a n g a n e s e 

I ron 
C a l c i u m * 

• U n l i k e t h e o t h e r de f i c i enc ies , c a l c i u m de f i c i ency h a s n o s ing le d i s t i nc t i ve f e a t u r e c o m m o n t o t h e t h r e e 
c o v e r p l a n t s . 



S O I L S , M A N U R I N G A N D T H E C O R R E C T I O N O F 

N U T R I E N T D E F I C I E N C I E S 

M a l a y a n soils have been grouped into three ma in classes for the purposes of formulat ing general 
fertiliser p r o g r a m m e s : 6 0 - 63> 6 9 

I . C O A S T A L A L L U V I A L C L A Y SOILS 
R u b b e r growing on coastal al luvial clay soils in M a l a y a seldom responds to fertiliser appl ica t ions ; 
however, sufficient responses to the appl ica t ion of ni t rogenous fertiliser have been recorded to 
r e c o m m e n d tha t tr ial appl ica t ion of a m m o n i u m sulphate or urea be m a d e on a l te rna te tree rows 
in a field, pa r t i cu la r ly in the first year after p lan t ing in order to j u d g e the advisabil i ty of app ly ing a 
n i t rogenous fertiliser t h roughou t i m m a t u r i t y . 

2 . I N L A N D LOAM AND C L A Y LOAM SOILS 
Responses on these soils are ma in ly to n i t rogen a n d phosphorus appl icat ions , a n d inconsequence 
the fertiliser mix tu re r ecommended conta ins high propor t ions of n i t rogen a n d phosphorus wi th 
only low potass ium a n d magnes ium contents . 

3. I N L A N D SANDY SOILS 
O n these soils m a r k e d growth responses to potass ium as well as to n i t rogen a n d phosphorus a re 
found, a n d a h igher p ropor t ion of potass ium is r e commended t h a n wi th the in l and loams a n d clay 
loams. 

T h e above classification of M a l a y a n soils is re ta ined for two m a i n reasons despite the fact t ha t a 
more deta i led descript ion of the m a i n soil types and their der iva t ion is ava i lab le : firstly because 
exper imenta l evidence of fertiliser responses on all soil types is not avai lable and secondly because 
the three groups of soils can be easily unders tood and recognised. Soil series descriptions as related 
to the above b r o a d soil classifications are given in Table 1. 

TABLE 1. Summary of the main rubber-growing soils of Malaya, according to Owen 5 3 

Soil texture classification Soil series name Parent material 

Coastal alluvial clay soils Selangor 
Kelantan j- Coastal deposits 

Inland sandy soils Sungei Buloh 
Tampin 
Chemor 

Riverine alluvium 
Granite 
Terraced alluvium 

Inland loams Serdang 
Kedah 
Rengam 
Malacca 
Seremban 

| Quartzite and quartzite/shale 

Granite 
Phyllite/shale 
Schist 

Inland clay loams Kuantan 
Segamat 
Batu Anam 
Perak 

Basalt 
Andesite 
Shale 
Riverine alluvium 

59 



S O I L S , M A N U R I N G A N D T H E C O R R E C T I O N O F N U T R I E N T D E F I C I E N C I E S 

Rout ine fertil iser a p p l i c a t i o n s - i m m a t u r e rubber 
Routine fertiliser applications are not intended to remedy particular deficiencies but are used to 
maintain vigorous tree growth and also soil fertility; a general fertiliser programme for immature 
rubber, based upon the results of fertiliser experiments, has been available in Malaya since 
1 9 5 3 . 6 0 The programme was modified, in 1 9 5 8 6 3 and again in 1 9 6 3 , 6 9 and the programme out­
lined in Table 3 is based on data obtained from fertiliser experiments during the period 1937— 
6 3 . 3 . 4 . 19> 2 2 >39> 5 9 This programme is intended as a general recommendation for use on the majo­
rity of inland soil types, and is not meant to be rigidly adhered to under all conditions. It may be 
found that the recommended fertiliser applications will be inadequate for optimum growth on 
soils of low fertility, and the general field conditions and fertiliser history should be .considered 
when preparing a fertiliser programme. The value of fairly generous fertiliser applications to en­
sure rapid growth of immature rubber, particularly during the first two years after planting or 
budding, is well established. Where there are vigorous pure leguminous creeping covers, regular 
fertiliser applications may not be required after the first two years. These covers give a very high 
return of nutrients, mainly of nitrogen and potassium, in the third and subsequent years after 
planting, with a consequent danger of excessive branching and leaf growth that may result in 
stem b e n d i n g 6 6 ; in such cases a reduction or even complete cessation of fertiliser applications in 
the third, fourth and possibly also the fifth year might be justified. Trees with normal balanced 
growth should continue to be manured according to the programme. 

T A B L E 2. C o m p o s i t i o n of fe r t i l i se r m i x t u r e s in c o m m o n u s e o n r u b b e r in M a l a y a 

In parts per 100 by weight of individual fertiliser, and also in percentage nutrient content 

R.R.I.M. mixture 
Ammonium 

sulphate 
(21% N) 

Christmas 
Island 
rock 

phosphate 
( 36%P 2O s) 

Potassium 
chloride 

(60% K 2 0) 
Kieserite 

(26% MgO) 
% N % K.O % MgO 

Magnesium M 42 45 5 8 8-8 16-2 30 2-1 
Magnesium C 2 62 24 6 8 130 8-6 3-6 21 
Magnesium X 40 40 12 8 8-4 144 7-2 2-1 
Magnesium Y 5i 29 12 8 107 10-4 7-2 2-1 

6 0 

Fertiliser applications to Hevea can be conveniently divided into two groups: the routine or 
maintenance application and the special additional application that may be required to correct a 
nutrient deficiency. 

While the main purpose here is to deal with the second type of manuring, it is evident that 
whenever a special fertiliser is required consideration should be given to the suitability and the 
levels of application of the routine fertiliser. The use of suitable routine applications should reduce 
the likelihood of any special applications being required. 

The 'complete' (i.e. containing N, P, K and Mg) fertiliser mixtures {Table 2) employed in the 
programmes given below are based on the use of mixtures of ammonium sulphate, potassium chlo­
ride, rock phosphate and kieserite. Mixtures based on other fertilisers could be formulated as 
simple physical mixtures or as granulated products; a further possibility is the combination of the 
component fertiliser materials by chemical reaction to give a granulated complete fertiliser as is the 
case with the nitrophosphates. Any complete fertiliser, whether formed by mechanical mixing or 
chemical reaction, should be assessed on its composition and cost when compared with the recom­
mended mixture; other factors, such as the rate of solution of the fertilisers and its availability 
for uptake, should also be considered. 



T A B L E 3. Fertiliser programme for Hevea brasiliensis' 

Time of application 

Inland loams and clay loams 

Fertiliser mixture 
N 

(oz) 
p 2 o 5 

(oz) 
K 2 0 
(oz) 

MgO 
(oz) 

Inland sandy soils 

Fertiliser mixture N 
(oz) 

p 2 o 5 

(oz) 
K 2 0 
(oz) 

MgO 
(oz) 

Seedlings and basket plants 
In planting hole 

I month 
3 months 
5 months 
8 months J 

after planting 

Field budgrqfts and budded stumps 
2 months] 
5 months [-after budding or planting 
8 monthsj 

Clonal seedlings and budgrafts 
12 months] 
15 months 
18 months 
2 4 months 
3 0 months 
3 6 months 
4 2 months 
5 4 months 
6 6 months 

Rafter planting or budding 

4 oz rock phosphate 
4 oz Magnesium M 
4 0 2 » » 

4 o z » >> 
6 oz „ „ 

4 oz Magnesium M 
6 oz ,, „ 
6 oz „ ,, 

8 oz Magnesium M 
8 oz ,, „ 
8 oz ,, ,, 

12 oz ,, „ 
12 oz „ ,, 
2 4 oz ,, „ 
32 oz Magnesium C 2 

3 2 oz „ „ 
3 2 oz ,, „ 

o-35 
o-35 
o-35 
o-53 

o-35 
o-53 
o-53 

7 0 
7 o 
70 
0 6 
0 6 
11 
16 
16 
16 

15 
0 6 5 

0 6 5 

0 6 5 

o-97 

0 6 5 

o-97 
o-97 

1 3 0 
1 3 0 
1 3 0 

J -94 
' • 9 4 
3 8 9 
2 -75 
2-75 
2-75 

0 1 2 
0 1 2 
o-i 2 
0 1 8 

0 -12 
Ol8 
Ol8 

0 - 2 4 

0 2 4 

0 - 2 4 

O 3 6 

0 3 6 

0 -72 

115 
115 
i>5 

0 0 8 
0 0 8 
0 0 8 
0 1 3 

0 0 8 
0 1 3 
0 1 3 

0 1 7 
0 1 7 
0 1 7 
0 2 5 
0 2 5 
0 5 0 
0 6 7 
0 6 7 
0 6 7 

4 oz rock phosphate 
4 oz Magnesium X 
4 oz 
4 o z 

6 oz ,, ,, 

4 oz Magnesium X 
6 oz. „ ,, 
6 oz 

8 oz Magnesium X 
8 oz „ ,, 
8 oz ,, ,, 

12 oz ,, ,, 
12 oz ,, „ 
2 4 oz ,, ,, 
32 oz Magnesium Y 
32 oz ,, ,, 
32 oz ,, ,, 

° - 3 4 

1 ' J 
0 5 8 0 2 9 0 0 8 

o-34 0 5 8 0 2 9 0 0 8 

o-34 0 5 8 0 2 9 0 0 8 
0 5 0 o-86 o-43 0 1 3 

o-34 0 5 8 0 - 2 9 0 0 8 

0 5 0 o-86 o-43 0 1 3 
0 5 0 o-86 o-43 0 1 3 

0 6 7 i ' 5 0 5 8 0 1 7 

0 -67 ! - ' 5 0 5 8 0 1 7 

0 6 7 i i 5 0 5 8 0 1 7 

I -O I i - 7 3 0 8 6 0 2 5 
1 0 1 i -73 o-86 0 - 2 5 

2 0 2 3 4 6 ' • 7 3 0 - 5 0 

3 -42 3 3 3 2 3 0 0 - 6 7 

3 4 2 3 3 3 2 3 0 0 6 7 

3 4 2 3 3 3 2 3 0 0 6 7 

3 4 2 3 ' 3 3 2 3 0 0 -67 
Mature clonal seedlings and budgrafts 
Once annually, applied in wintering period 3 2 oz Magnesium C 2 2 7 5 115 0 6 7 32 oz Magnesium Y 
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j 

6 2 

Rout ine fertil iser a p p l i c a t i o n s - m a t u r e rubber 
N O G E N E R A L F E R T I L I S E R R E C O M M E N D A T I O N S F O R M A T U R E R U B B E R I N M A L A Y A H A V E B E E N P U B L I S H E D . T H I S 

S I T U A T I O N I S V E R Y L A R G E L Y D U E T O T H E D I F F I C U L T Y O F C A R R Y I N G O U T E N O U G H L O N G - T E R M E X P E R I M E N T S T O 

C O V E R ALL C O N D I T I O N S ; F E R T I L I S E R R E S P O N S E V A R I E S A C C O R D I N G T O S O I L T Y P E , T O T H E P R E V I O U S F E R T I L I S E R A N D 

T A P P I N G H I S T O R Y , A N D T O T H E A G E A N D C O N D I T I O N O F T H E T R E E S , S O T H A T A N Y G E N E R A L R E C O M M E N D A T I O N 

M U S T B E B A S E D A S M U C H O N S E N S I B L E A G R I C U L T U R A L P R A C T I C E A S O N T H E R E S P O N S E T H A T I S L I K E L Y T O B E 

O B T A I N E D . S I N C E T H E M A J O R I T Y O F F E R T I L I S E R E X P E R I M E N T S S H O W A L E V E L O F Y I E L D R E S P O N S E T H A T I S M O R E 

T H A N S U F F I C I E N T T O R E P A Y T H E C O S T O F F E R T I L I S E R A P P L I C A T I O N , I T I S C O N S I D E R E D S O U N D P R A C T I C E , O N T H E 

I N L A N D S O I L T Y P E S O F M A L A Y A , T O A P P L Y 2 - 3 L B O F A N N , P , K , M G F E R T I L I S E R P E R M A T U R E T R E E A N N U A L L Y , 

U P T O T E N Y E A R S B E F O R E R E P L A N T I N G . I N G E N E R A L N O F E R T I L I S E R I S R E Q U I R E D F O R T R E E S O N C O A S T A L A L L U V I A L C L A Y S , 

B U T I F T H E T R E E S C A R R Y S P A R S E F O L I A G E O F A Y E L L O W - G R E E N C O L O U R A N D T H E D R A I N A G E I S N O T T O B L A M E , 

A N N U A L D R E S S I N G S O F 2 L B P E R T R E E O F A M M O N I U M S U L P H A T E M A Y B E O F B E N E F I T . 

Manur ing of leguminous cover plants 
L E G U M I N O U S C O V E R P L A N T S M A Y S H O W A M A R K E D R E S P O N S E T O P H O S P H A T I C F E R T I L I S E R A P P L I C A T I O N S , 

P A R T I C U L A R L Y I N T H E FIRST Y E A R A F T E R P L A N T I N G . 4 1 ' 8 3 A T S O W I N G T H E S E E D I S M I X E D W I T H R O C K P H O S P H A T E 

A N D T H E D R I L L S G I V E N A L I B E R A L D U S T I N G O F T H E S A M E F E R T I L I S E R ; T H E R E A F T E R T H E C O V E R S A R E D U S T E D A S A 

R O U T I N E A T I N T E R V A L S W I T H R O C K P H O S P H A T E , A T O T A L O F 2 C W T P E R A C R E B E I N G A P P L I E D I N T H E FIRST Y E A R 

A N D 1 C W T P E R A C R E I N T H E S E C O N D Y E A R A F T E R P L A N T I N G . F U R T H E R D R E S S I N G S A R E U N L I K E L Y T O B E N E F I T T H E 

C O V E R A P P R E C I A B L Y , B U T W I L L O F C O U R S E B U I L D U P T H E S O I L P H O S P H O R U S C O N T E N T W I T H E V E N T U A L B E N E F I T 

T O T R E E G R O W T H . B A S I C S L A G I S A N A L T E R N A T I V E P H O S P H A T I C F E R T I L I S E R T H A T M I G H T B E U S E D I N T H E FIRST 

Y E A R A F T E R P L A N T I N G , A T S I M I L A R W E I G H T S , W I T H S O M E A D V A N T A G E 8 3 I N E A R L Y G R O W T H . 

T H E R E A R E I N D I C A T I O N S T H A T M A G N E S I U M L I M E S T O N E A P P L I C A T I O N S R E S U L T I N I M P R O V E D G R O W T H A N D 

P E R S I S T E N C E O F T H E L E G U M I N O U S C O V E R S 8 3 : C O N S I D E R I N G T H E L O W M A G N E S I U M S T A T U S O F M A L A Y A N S O I L S 

A N D T H E E A S E W I T H W H I C H M A G N E S I U M I S LOST B Y L E A C H I N G , T H E A P P L I C A T I O N O F M A G N E S I U M L I M E S T O N E 

A T T H E R A T E 1 - 2 C W T P E R A C R E T O C O V E R S W O U L D A P P E A R T O B E S E N S I B L E A G R I C U L T U R A L P R A C T I C E . W H E R E 

L E A F A N D S O I L A N A L Y S I S , O R V I S U A L D I A G N O S I S , H A V E I N D I C A T E D L O W L E V E L S O F S O I L M A G N E S I U M , S U C H A 

D R E S S I N G C O U L D B E C O N F I D E N T L Y R E C O M M E N D E D . 

I T I S P R O B A B L E T H A T O N C O A R S E S A N D Y S O I L S A R E S P O N S E W O U L D A L S O B E O B T A I N E D T O A P P L I C A T I O N O F 

P O T A S S I U M F E R T I L I S E R S . 

L E G U M E S A R E K N O W N T O H A V E A P A R T I C U L A R R E Q U I R E M E N T F O R M O L Y B D E N U M , A N D P O T TESTS H A V E 

D E M O N S T R A T E D A R E S P O N S E O F Pueraria phaseoloides A N D Centrosema pubescens T O M O L Y B D E N U M I N S O I L 

C U L T U R E . 7 8 H O W E V E R A S , FIELD T R I A L S H A V E N O T S H O W N A S I M I L A R E F F E C T , 6 4 T H E R E S E E M T O B E N O G R O U N D S 

A T P R E S E N T F O R A P P L Y I N G M O L Y B D E N U M O R A N Y O F T H E O T H E R M I N O R N U T R I E N T S A S A R O U T I N E D R E S S I N G T O 

L E G U M I N O U S C O V E R P L A N T S . 

Spec ia l fertil iser appl icat ions for the correction of nutrient 
def iciencies in H e v e a 
I T M I G H T S E E M O B V I O U S T H A T W H E N E V E R S Y M P T O M S O F A P A R T I C U L A R D E F I C I E N C Y A R E O B S E R V E D T H E FIRST 

A N D C O R R E C T S T E P W O U L D B E TO A P P L Y A F E R T I L I S E R C O N T A I N I N G T H E N U T R I E N T F O U N D T O B E D E F I C I E N T . 

T H E R E A R E , H O W E V E R , I N S T A N C E S W H E R E M A T T E R S A R E N O T S O S T R A I G H T F O R W A R D , F O R E X A M P L E : 

1 . E X C E S S I V E A P P L I C A T I O N O F A F E R T I L I S E R T H A T D E P R E S S E S U P T A K E O F A N O T H E R N U T R I E N T M A Y I N D U C E A 

D E F I C I E N C Y O F T H E L A T T E R E L E M E N T , E . G . E X C E S S I V E P O T A S S I U M A P P L I C A T I O N M A Y I N D U C E M A G N E S I U M 

D E F I C I E N C Y I N T H I S W A Y , A N D E L I M I N A T I O N O F T H E P O T A S S I U M A P P L I C A T I O N W I L L R E S U L T I N C O R R E C T I O N O F 

T H E D E F I C I E N C Y , W I T H O U T T H E N E E D FOR A N Y S P E C I A L A P P L I C A T I O N O F M A G N E S I U M F E R T I L I S E R S . 

2 . T H E R E C A N B E C A S E S W H E R E S O I L C O N D I T I O N S R E N D E R A P A R T I C U L A R N U T R I E N T U N A V A I L A B L E , I N W H I C H 

C A S E S O I L A P P L I C A T I O N I S L I K E L Y T O B E I N E F F E C T I V E ( T H I S I S O F T E N T H E C A S E W I T H I R O N D E F I C I E N C Y ) . 

3. I N S T A N C E S O F T R A N S I E N T D E F I C I E N C I E S T H A T C A N B E E X P E C T E D T O D I S A P P E A R A S R O O T G R O W T H I M P R O V E S 



SOILS, MANURING AND THE CORRECTION OF NUTRIENT DEFICIENCIES 

T i m e of appl icat ion of ferti l isers 
Routine maintenance application to immature rubber will follow the timetable dictated by the 
planting date: for mature rubber it is considered preferable to apply fertiliser during the wintering 
period when the leaves are falling from the trees, for subsequent absorption at the time of refolia-
tion when the tree has a relatively large requirement for nutrients. 

These considerations apply particularly to ammonium sulphate and potassium chloride, from 
which nitrogen and potassium respectively may be rapidly absorbed in a matter of three to seven 
weeks after appl icat ion . 7 0 Absorption of phosphorus from rock phosphate, as measured by increases 
in the leaf phosphorus level, is considerably slower, taking several months. Special fertiliser appli­
cations for remedying nutrient deficiencies should in general be applied as soon as is convenient 
after the diagnosis of the problem. A delay in application would be preferred only in the case of 
mature trees which go through a wintering cycle; when the deficiency is diagnosed in the months 
immediately prior to wintering (in Malaya, November, December or January) it is recommended 
that remedial fertiliser applications should not be applied until the wintering period has 
commenced. 

Method of appl icat ion of ferti l isers 
When applying fertilisers it is necessary to spread them in such a way that they will eventually 
come into contact with the maximum number of roots: this means that in rubber cultivation 
broadcast applications are recommended and that, apart from the recommended planting hole 
treatment of 4 oz rock phosphate, placement of fertiliser in pockets in the soil is not recommended. 
In experimental work satisfactory utilisation of rock phosphate has been obtained from broadcast 
applications and pocketed rock phosphate has not been found to be more effective than broadcast. 

The method of application of fertiliser is particularly important in the first few years after 
planting, when the rubber plant has only a limited root system. In the period up to five months 
after planting the fertiliser should be evenly distributed over a circular area of about 18 inches 
diameter immediately around the base of the young plant: subsequent applications should be 
applied to areas of steadily increasing size around the young trees until at eighteen months after 

are known (e.g. budded stumps frequently possess yellow leaves and look markedly deficient 
when root development is very poor). 

4. A deficiency may be only slight and perhaps not affect tree performance appreciably, e.g. 
manganese deficiency symptoms can be readily corrected by manganese sulphate application, 
but as yet no yield responses have been recorded: thus the high cost of treatment with manga­
nese sulphate would only be justified in cases of acute deficiency. 

It can thus be seen that a general appraisal of the situation should be undertaken in all cases of 
nutrient deficiency. It would of course be preferable to carry out leaf analysis and a detailed 
examination of the soil when diagnosing fertiliser requirements of all fields, and wherever possible 
this should be done. In the absence of such an approach, and when expert advice is not immediately 
available, the planter should attempt to correct a deficiency which he has diagnosed rather than 
allow the condition to deteriorate. In the following sections some of the basic factors that need to 
be considered when deciding upon a course of remedial action are discussed. 

Recommendations are given on pages 65-70 for the correction of specific deficiencies in Hevea 
by the application of fertilisers; the levels of application are those which could be expected to 
induce a marked improvement in the content of the deficient nutrient element in the tree. 

Only the fertilisers in common use in Malaya are listed in the tables; other fertilisers that have 
been used or are likely to be used on rubber in Malaya are also mentioned. Calculation of equiva­
lent weights of other fertilisers can be easily made, taking into account their composition and also 
the composition and weight of the fertiliser quoted in the individual tables. 
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planting the fertiliser is broadcast over the whole area of the planting strip. Where pure leguminous 
creeping covers are being circle-weeded around the trees, the fertiliser can be applied directly 
over the covers. When grasses and other weeds occur, however, they should be sprayed out before 
manuring. This method of application should continue at least until the fifth year after planting, 
and longer if leguminous covers persist in the inter-row areas: in mature areas with a closed 
canopy and very little ground cover the fertiliser should be broadcast to cover as large an area of the 
ground as is conveniently possible. In terraced areas the application must be restricted to the 
actual terraces, to avoid fertiliser being washed down the slope. 

64 



Magnes ium def ic iency 

F E R T I L I S E R S : Magnesium limestone ( 1 8 - 2 1 % M g O and 34% CaO) the mineral form of the 
double carbonate of magnesium and calcium ( M g C 0 3 . C a C 0 3 ) , is locally 
available in Malaya; magnesium limestone is also known as Dolomite, after the 
eighteenth-century French mineralogist Dolomieu. 
Kieserite, crude magnesium sulphate, M g S 0 4 . H 2 0 (26% M g O ) , named after a 
nineteenth-century German doctor Kieser. 

Rates of application of Kieserite and magnesium limestone to correct magnesium deficiency 

Age of tree 
(years) 

Quantity per tree (oz) 
Age of tree 

(years) Kieserite Magnesium limestone MgO* 

o - 3 4 8 1 - 0 - 1 - 7 

3 - 5 8 1 6 2 - 1 - 3 - 4 

More than 5 1 6 - 2 4 3 2 - 4 8 4 - 2 - 1 0 - 1 

* The smaller quantity of M G O represents THAT SUPPLIED B Y K IESERITE , A N D THE GREATER QUANTITY THAT SUPPLIED B Y M A G N E S I U M 

limestone. 

Magnesium limestone has to be applied at approximately one and a half times the level of 
kieserite application in order to provide the same quantity of magnesium. In view of the fact that 
magnesium limestone may not be as quick acting as kieserite, it is recommended that the levels 
of application of magnesium limestone should be raised to double those for kieserite. In acid soils 
magnesium is fairly quickly brought into solution from magnesium limestone, but the higher 
levels of application of the cheap and easily available magnesium limestone should be maintained, 
particularly in view of the generally low magnesium status of Malayan soils and also in view of the 
losses of magnesium and calcium from the soil by leaching following the use of acidifyingfertilisers. 

More than one application of magnesium may be required, depending upon the severity of the 
deficiency; such a decision can only be made by visual diagnosis in the field or by means of leaf 
analysis. Magnesium deficiency symptoms on mature rubber normally appear during the period 
September to November, which is thus the best time in the year to decide whether previous appli­
cations of magnesium have been sufficient to correct the deficiency. 

In areas of known low magnesium status, routine use should be made of a complete fertiliser 
containing kieserite regardless of any special applications for the correction of obvious deficiencies. 
This.inclusion of kieserite can be regarded as a maintenance dressing, and is of value in balancing 
the potassium component of the fertiliser which will tend to depress magnesium uptake by the 
tree. 

It is possible for magnesium deficiency to be induced by heavy applications of potassium even 
though the soil magnesium status may be satisfactory: consideration should therefore be given to 
the fertiliser history of rubber showing magnesium deficiency, and if applications of potassium far 
in excess of those shown in Table 2 have been given, the first stage towards correcting the magne­
sium deficiency should be the deletion of potassium from the fertiliser programme. 

The correction of magnesium deficiency in cover plants has already been described under 
'Manuring of Leguminous Cover Plants.' 



Potass ium def ic iency 

F E R T I L I S E R S : Potassium chlor ide, KC1 ( 5 0 % a n d 6 0 % K 2 0 ) , 'mur i a t e of potash. ' 
Potassium sulphate , K 2 S 0 4 ( 4 8 - 5 2 % K z O ) . 

T h e lower grade of potass ium chlor ide ( 5 0 % K 2 0 ) contains approx imate ly 8 3 - 5 % KC1 a n d 1 6 % 
N a C l , while the higher grade ( 6 0 % K 2 0 ) contains approx imate ly 9 6 % KC1 a n d 3 - 5 % N a C l . 

Potassium sulphate is normal ly the more expensive fertiliser, and accordingly potassium chloride 
is used almost to the total exclusion of potassium sulphate in rubbe r cul t ivat ion. As there are no 
reasons for considering sodium to be impor t an t in the nu t r i t ion of Hevea brasiliensis, the higher 
g rade ( 6 0 % K 2 0 ) potass ium chlor ide is preferred. 

Rates of application of potassium chloride to correct potassium deficiency 

A g e of tree 
(years) 

Quant i ty per tree (oz) 
A g e of tree 

(years) Potassium chloride 
( 6 0 % K 2 0 ) K 2 0 

0 - 3 4 - 8 2 - 4 - 4 - 8 

3 - 5 8 - 1 6 4 - 8 - 9 - 6 

M o r e than 5 1 6 - 3 2 9 - 6 - 1 9 - 2 

M o r e t h a n one appl ica t ion m a y be m a d e , depend ing u p o n the severity of the deficiency a n d 
recovery of the trees following the first appl ica t ion . 

I t is also r ecommended tha t the rout ine fertiliser used should be one conta in ing a high propor­
t ion of K 2 0 {Table 1). 



Nit rogen def ic iency 

F E R T I L I S E R S : A m m o n i u m sulphate , ( N H 4 ) 2 S 0 4 ( 2 1 % N ) . 
U r e a , C O ( N H 2 ) 2 (45% N ) . 

O t h e r ni t rogenous fertilisers include Ni t ro -Cha lk (formed by granula t ion of a m m o n i u m ni t ra te 
wi th ca lc ium carbona te (15% N ) ) , a m m o n i u m chlor ide (26% N) and various a m m o n i u m phos­
pha tes (e.g. m o n o - a m m o n i u m phospha te ( 1 1 % N and 48% P2O5) and d i - a m m o n i u m phospha te 
( 2 1 % N a n d 53% P 2 0 5 ) ) . 

For rubbe r cul t ivat ion the choice of n i t rogen fertiliser generally lies between a m m o n i u m 
su lpha te and urea . T h e decision depends largely on the saving in t ranspor t costs per uni t of N 
w h e n using urea , and the likelihood of losing N from urea by decomposi t ion on the soil surface 
and subsequent volat i l isat ion of a m m o n i a into the a tmosphere . A s tudy has been m a d e of the 
condit ions unde r which such losses m a y occur and perhaps outweigh savings in t ranspor t cos ts . 8 2 

T h e m a i n conclusions were tha t u rea m a y be safely used on any soil when it is forked in, and can be 
safely broadcas t on heavy clay soils: u rea m a y only be used economical ly on loam and sandy 
loam soils, or appl ied to a surface covered by leaf l i t ter, when the soil is ei ther qui te d ry or 
sa tura ted with water after heavy r a i n . 6 8 If l ight ra in follows appl ica t ion to a dry soil surface there 
is a dange r t ha t some loss m a y occur. 

Rates of application of ammonium sulphate and urea to correct nitrogen deficiency 

Age of tree 
(years) 

Quantity per tree (oz) 
Age of tree 

(years) Ammonium sulphate Urea N 

o - 3 4 - 8 2 - 4 0 - 8 - 1 - 7 

3 - 5 8 - 1 6 4 - 8 1 - 7 - 3 - 4 

More than 5 3 2 1 5 6 7 

T w o dressings of fertiliser appl ied wi thin a per iod of six months should be sufficient to raise the 
tree ni t rogen content apprec iably . Since ni t rogen deficiency is usually associated with a general 
lack of p lan t vigour a n d is indicat ive of poor growing condit ions, it is r e commended tha t after 
these special appl ica t ions the rates of appl ica t ion of the rout ine fertiliser be increased to one and a 
half t imes tha t given normal ly . 



Phosphorus def ic iency 

F E R T I L I S E R S : R o c k p h o s p h a t e s , h y d r o x y f l u o r a p a t i t e s of t h e g e n e r a l f o r m u l a 
C a 1 0 ( O H , F ) 2 , ( P 0 4 ) 6 from Chr is tmas Is land ( 3 6 % P 2 O s a n d 4 2 % C a O ) , 
Flor ida ( 3 6 % P 2 O s ) a n d Nor th Africa ( 2 7 % P 2 O s ) . 
Superphospha te ( 1 6 - 1 8 % P 2 O s ) a n d double superphospha te (approximate ly 
4 0 % P 2 O s ) . 

O t h e r phosphat ic fertilisers include the various grades of a m m o n i u m phosphates , e.g. mono-
a m m o n i u m phospha te ( 4 8 % P 2 O s , 1 1 % N ) , d i - a m m o n i u m phospha te ( 5 3 % P 2 0 5 a n d 2 1 % N ) , 
a n d basic slag ( 1 9 % P 2 O s ) . 

I n contrast to the findings on neu t ra l or slightly acid soils in t empera te cl imates , it has been 
found with the generally acid a n d iron-r ich M a l a y a n soils tha t rock phospha te , which is insoluble 
in water , and the water-soluble a m m o n i u m phospha te a n d superphosphate are abou t equal in 
their efficiency as phospha te fertilisers for r u b b e r . 8 1 These findings can be ex t rapola ted to include 
other fertilisers conta in ing soluble forms of phospha te , a n d the choice of fertiliser should be m a d e 
purely on the basis of cost per un i t P 2 O s . T h e uni t cost of phospha te der ived from rock phospha te 
is normal ly considerably less t h a n that from other sources, a n d so rock phospha te is the general ly 
preferred fertiliser for rubber . Natura l ly , when using a m m o n i u m phospha te as a source of phos­
phorus its n i t rogen content should also be taken into considerat ion. 

Basic slag is mainly used for broadcas t appl ica t ion to leguminous covers; its high cost per un i t 
P 2 O s and its a lkal ine na tu re make it unsui table for use in fertiliser mixtures wi th a m m o n i u m 
sulphate and for use in the p lan t ing hole. 

Rates of application of rock phosphate to correct phosphorus deficiency 

Age of tree 
(years) 

Quantity per tree (oz) 
Age of tree 

(years) Rock phosphate P 2 O 5 * 

o - 3 8 - 1 6 2-9-5.8 

3 - 5 1 6 - 3 2 5 8 - 1 1 - 6 
More than 5 3 2 - 4 8 11-6-17-4 

* C A L C U L A T E D F R O M C H R I S T M A S I S L A N D ROCK P H O S P H A T E ( 3 6 % P 2 0 5 ) . 

I t is r ecommended tha t a special phosphate appl ica t ion is m a d e once only. Care should be taken 
to ensure tha t excessive localised appl ica t ion of phosphat ic fertilisers conta in ing water-soluble 
phospha te are not m a d e to young trees (under 2 years) , owing to the possibility of induc ing a 
t empora ry minor nu t r i en t deficiency. 

T h e correction of phosphorus deficiency in cover plants has a l ready been described u n d e r 
' M a n u r i n g of Leguminous Cover Plants . ' 



Manganese def ic iency 

F E R T I L I S E R : Manganese sulphate , M n S 0 4 . 4 H 2 0 ( 3 0 - 3 2 % M n ) . 
Manganese deficiency symptoms on Hevea can be corrected by soil appl icat ions of manganese 
su lpha t e , 6 5 - 7 2 a n d the following rates of appl ica t ion are used in cases of severe deficiency. I t is 
considered tha t when the deficiency is only slight immed ia t e correct ion is not impera t ive . Lower 
grades of manganese sulphate con ta in ing less t h a n 3 0 % M n m a y at t imes be ava i lab le : if they are 
employed the quant i t ies to be appl ied should be adjusted according to the M n content . 

Rates of application of manganese sulphate to correct manganese deficiency 

Age of tree 
(years) 

Quantity per tree (oz) 
Age of tree 

(years) Manganese sulphate 
( 3 0 - 3 2 % Mn) 

Mn 

0 - 3 i - i 0 - 1 6 - 0 - 3 1 

3 - 5 2 - 4 0 - 6 2 - 1 - 2 4 

More than 5 4 - 6 1 - 2 4 - 1 - 8 6 

I t is r ecommended tha t the above special appl ica t ion be used on only one occasion; a second 
appl ica t ion should be given only in cases of persistent and severe deficiency, following field inspec­
t ion a n d leaf analysis. A not iceable improvement in the condi t ion of the foliage following the 
appl ica t ion of manganese sulphate can only be expected after approximate ly five months . W h e n 
a small quan t i t y of manganese sulphate is required it should be mixed with the rout ine fertiliser 
dressings to ensure even appl ica t ion over the g round . 



Calc ium def ic iency 

Symptoms of ca lc ium deficiency on rubbe r and cover plants have been observed in M a l a y a , and it 
is possible tha t wi th cont inued cul t ivat ion ca lc ium appl ica t ion will eventual ly be requi red on the 
more highly leached soils. 

T h e regular use of rock phospha te (with a ca lc ium content of 4 2 % C a O ) and the occasional use 
of magnes ium limestone ( 3 4 % C a O ) a n d possibly also of basic slag, make it unlikely tha t any 
special appl ica t ion of l ime will prove general ly necessary on rubbe r in M a l a y a . W h e n soil and leaf 
studies show a par t icu la r need, however, g round l imestone ( C a C 0 3 , abou t 5 0 % C a O ) could be 
appl ied at rates of u p to 10 lb per m a t u r e tree. Broadcast over the g round , such an appl ica t ion 
will only have a small effect on the soil p H and should not raise it above the level no rma l ly 
to lera ted by rubber . 

Copper and m o l y b d e n u m def ic iency 

N o cases of copper or m o l y b d e n u m deficiency requi r ing correct ion h a d been found in M a l a y a u p 
to 1963. I n exper iments on m a t u r e trees appl icat ions of 2 -5-5 0 2 °f copper sulphate per tree a n d 
2 - 6 g rams of sodium molybda te have been effective in increasing the copper a n d m o l y b d e n u m 
status of the tree respec t ive ly 7 0 : these appl icat ions are not r ecommended for use unless indica ted 
as necessary after deta i led investigations of the soil condi t ions and of the p lan t nu t r i en t status 
by leaf analysis. 

Boron, z inc, sulphur and iron def ic iency 

N o cases of boron , zinc or su lphur deficiency requ i r ing correct ion have yet been found in M a l a y a . 
Whi l e i ron deficiency is found u n d e r a few par t i cu la r soil condit ions, it is unl ikely t ha t a long-
lasting and economic remedy can be effected. Spray appl icat ions of ferrous sulphate ( 0 -2%) a n d 
of iron chelates ( o - i % ) could be t r ied bo th on rubbe r a n d covers; it is expected, however , t ha t 
only a t empora ry relief, in terms of a change in colour of the sprayed leaves (as a green spot t ing 
where the i ron has been absorbed) , will be obta ined . I t is usually found t ha t the iron-deficient 
trees grow to a reasonable size, a l though slowly, once a good root system has developed sufficiently 
to exploit a large volume of soil. 



APPENDIX 

T A B L E 1 . Leaf c o m p o s i t i o n of hea l thy a n d def ic ient H e v e a bras i l i ens is 

T o p a n d s e c o n d w h o r l l e a v e s t a k e n f r o m s e e d l i n g s : resu l t s e x p r e s s e d o n a d ry w e i g h t b a s i s 

Healthy Deficient 
Nutrient Top whorl Second whorl Top whorl Second whorl 

% Mg 0 - 2 4 - 0 - 2 6 0 - 1 7 - 0 - 2 4 0 - 0 5 - 0 - 1 6 O O 2 - O - I 0 

% K 1 - 1 0 - 1 - 6 0 1-00-1-40 0 -40-0 -50 0 -30-0 -40 
% Ca 0-38-0-51 0 -76 -0 -82 - o-i 1-0-20 0-14-0-21 
% N 2-90^-3-50 2 7 6o^3-50 2 8 0 - 3 00 2-60^2-70 
% P 0 -20 -0 -28 0 -16 -0 -23 0 - 1 2 - 0 - 1 7 0 - 1 2 - 0 - 1 4 
% s 0-14 -0 -24 0 -18 -0 -26 0-12 0 - 1 2 - 0 - 1 4 

p.p.m. Mn " - 3 5 1 6 - 3 8 6 - 8 9 - > 4 
p.p.m. Fe 66-$5 

8 0 - 8 6 5 3 - 5 8 6 5 - 1 0 4 
p.p.m. B 2 0 - 6 8 7 -181 I - 2 - I 2 0 - 4 - 1 4 
p.p.m. Mo 1 7 1 0 0 7 
p.p.m. Zn 2 1 * I 4 * 
p.p.m. Cu 13 3 

Composite sample of leaves taken from top and second whorls. 

The above data are taken from the published work of E. W. Bolle-Jones 13> 1 4 and refer to leaves from which the midribs 
were removed and discarded, taken from seedlings Ynaterial (Tjir 1) grown under various deficiency conditions in sand culture: 
the values indicate the nutrient levels in healthy plants and those in deficient plants. Apart from the manganese concentration, 
which is here very low, and the upper limit of the boron concentration in healthy second whorls which is here very high, the 
concentrations of the individual nutrients are very similar to those found in samples collected in the field. 

T A B L E 2. Lea f nutrient c o m p o s i t i o n of hea l thy a n d def ic ient C e n t r o s e m a p u b e s c e n s , P u e r a r i a 
p h a s e o l o i d e s , C a l o p o g o n i u m m u c u n o i d e s 

L e a v e s t a k e n f r o m t e r m i n a l ha l f o f t h e b i n e : resu l t s e x p r e s s e d o n a d ry w e i g h t b a s i s 

Pueraria phaseoloides Centrosema pubescens Calopogonium mucunoides 

Nutrient Healthy Deficiency Healthy Deficiency Healthy Deficiency 
Moderate Severe Moderate Severe Moderate Severe 

% Mg 0-38 -0 -60 0 1 4 0 0 7 0 -30 -0 -46 0 1 8 0 0 7 0 -20 -0 -35 0 0 6 0 0 4 
% K 1-50-2-30 o-6o 0 4 0 1-30-2-00 o-94 o-55 1-30-2-20 o-35 o-33 
% Ca 0 - 6 0 - 1 - 0 0 0 1 4 0 1 1 0 5 5 - 1 0 0 0-20 o-io 0 -50 -0 -90 0 1 8 0 0 9 
% N 3-50 -4 -20 — — 2-70-5-00 — 4 2 - 4 6 — — 
% P 0-40-0 -45 0 1 3 0 1 0 0 - 3 5 - 0 - 5 ° O I 9 0 1 2 0 -30 -0 -32 0 1 6 0 0 7 

% s o - 3 5 - ° 9 ° 0 1 6 0 1 0 0 -50 -0 -70 O l 8 0-09 0 -30 -0 -90 0-22 0 1 0 
p.p.m. Mn 5 0 - 1 0 0 18 8 5 0 - 1 0 0 16 5 3 0 - 1 2 0 9 7 
p.p.m. Fe 2 0 0 - 6 0 0 9 0 72 6 0 - 2 0 0 — 1 5 0 - 4 2 0 IOO 70 
p.p.m. B 3 8 - 5 7 10 8 2 5 - 3 0 3 2 3 0 - 5 0 4 2 
p.p.m. Mo 0-50 -0 -96 0-20 0 0 6 0 -30 -0 -75 0 1 7 0 1 6 0 -20 -0 -90 0 0 6 0 0 1 
p.p.m. Zn 2 2 - 3 5 12 10 2 0 - 2 5 16 7 1 7 - 9 0 22 13 
p.p.m. Cu 1 2 - 1 8 7 5 1 8 - 2 0 12 6 8 - 1 0 5 3 

The above analytical data refer to composite samples of leaves taken from plants growing under various deficiency conditions 
in sand culture experiments: the individual values indicate the levels of nutrients in healthy plants provided with all nutrients 
and those in deficient plants. It is possible that greater emphasis may come to be placed on leaf analysis of cover plants, in 
which case a more precise method of sampling (e.g. taking a particular leaf on the bine) than that used here will be required. 
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A P P E N D I X 

T A B L E 3. Variations in the nutrient composition of light and shade leaves 7 3 

B a s a l f o u r l eaves t aken f r o m t e rm ina l w h o r l s : resu l t s e x p r e s s e d o n a d ry w e i g h t b a s i s 

n Light leaves L o w leaves shade Spur leaves shade 

% K 30 1 1 2 i-54 '•47 
% P 30 0 2 0 0 2 4 0-24 

% M g 30 0-22 0 3 0 0 3 0 

% N 30 3'25 3 3 9 3 3 4 
p.p.m. C u 9 12 '4 H 
p.p.m. Z n 3 20 27 28 
p.p.m. M o 3 0 - 2 I 0 5 0 ° '49 

% C a 3 ° 0 7 0 0 5 8 0 5 8 
p.p.m. M n 30 137 109 108 
p.p.m. B 3 93 5 ' 53 

% s 10 0 2 6 0-27 0 2 6 

n is the number of fields sampled. Results expressed on dry weight basis. These data are a summary of an investigation, 
reported fully elsewhere,49 of the variation in nutrient composition of leaves (including midribs) exposed to full sunlight at the 
top of the canopy (light leaves), of leaves taken from short branches of limited growth in the shade (spur leaves shade) and of 
leaves taken from any low branch in the shade (low leaves shade). 
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I N D E X 

A l u m i n i u m , 6 

Boron: 

deficiency symptoms, 4 3 , 4 4 
in soil, 10 
role in plant, 4 

C a l c i u m : 
correction of deficiency (see also Fertilisers), 70 
deficiency symptoms, 23 , 25 
in soil, 7 
role in plant, 3 

Chemica l analysis (Tables) of leaves: 
cover plants, 71 
rubber, 71, 72 

Chlorine, 6 
Chlorophyl l , 2, 3 , 4 
C o b a l t , 6 
Copper : 

correction of deficiency, 70 
deficiency symptoms, 5 3 , 54 
in soil, 10 
role in plant , 5 

Deficiencies of mineral nutrients: 
chemical analysis, leaves, 13 
chemical analysis, leaves (tables), 71, 72 
methods of determining, 13 
soil analysis, 13 
visual method, 13 

Essential inorganic nutrients: 
criteria for essentiality, 1 
major and minor nutrients, 1 

Fertilisers: 
a m m o n i u m chloride, 67 
a m m o n i u m phosphates, 67 , 68 
a m m o n i u m sulphate, 1 1 , 6 7 
basic slag, 11, 62 , 70 
copper sulphate, 70 
ferrous sulphate, 70 
iron chelates, 70 
limestone, 70 
magnesium limestone (dolomite), 6 5 , 70 
magnesium sulphate (kieserite), 65 
manganese sulphate, 69 
mixtures in common use on rubber in M a l a y a , 60 
nitrochalk, 67 
nitrophosphates, 60 
potassium chloride (muriate of potash), 12, 66 
potassium sulphate, 66 
rock phosphate, 11, 68 
sodium molybdate , 70 
superphosphate, 68 
urea, 67 

Fertiliser applications: 
effects on soil nutrient status, 7 
method and time, 63 
routine, immature rubber, 60 
routine, mature rubber, 62 
special, for correction of deficiencies, 62 , 65—70 
to cover plants, 62 

Iron: 
correction of deficiency, 70 
deficiency symptoms, 39, 40 
in soil, 9 
role in plant, 4 

Magnes ium: 
correction of deficiency, 65 
deficiency symptoms, 15, 17 
in soil, 7 
potassium relationships, 7, 65 
role in plant , 2 

Manganese: 
correction of deficiency, 69 
deficiency symptoms, 36, 37 
in soil, 9 
role in plant, 4 

M o l y b d e n u m : 
correction of deficiency, 70 
deficiency symptoms, 46 , 47 
in soil, 10 
role in plant, 5 

Nitrogen: 
correction of deficiency (see also Fertilisers), 67 
deficiency symptoms, 27, 28 
fixation, 8 
in soil, 8 
role in plant, 3 

Oidium heveae incidence and zinc nutrition, 5 

Potassium: 
correction of deficiency (see also Fertilisers), 66 
deficiency symptoms, 19, 21 
in soil, 7 
magnesium relationships, 7, 65 
role in plant, 2 

Phosphorus: 
correction of deficiency (see also Fertilisers), 68 
deficiency symptoms, 30 , 31 
in soil, 8 
role in plant, 3 

Silicon, 6 
Sodium, 6 
Soil: 

groupings (Malaya) for general fertiliser 
programmes, 59 

main soil series ( M a l a y a ) , 59 
nutrients in, 7 

Sulphur: 
deficiency symptoms, 3 3 , 34 
in soil, 8 
role in plant, 3 

V a n a d i u m , 6 

Waterlogging: 
leaf symptoms shown b y rubber, 56 

Zinc: 
deficiency symptoms, 50 , 51 
in soil, 10 
role in plant, 5 Iodine, 6 


