COCONUT NUTRITION AND FERTILIZER
REQUIREMENTS —THE PLANT APPROACH

By W.R.N, NATHANAEL,
Chemist, Coconut Research Instiiute (Ceylon),

SUMMARY

Though the theoretical basis for fert'l!i:'irg "a_ crop is relatively simple, the real problem facing the
plant nutritionist is the actual determination of the exact quantities of the nutrients thar would have to
be added to ensure opiimum growth of his crop. :

£

The broad view now taken is that lhg;o@ydft:léu.:rreﬁuin'd Jor the satisfactory cp\mpieu’on of a plant’s
vegetative and reproductive cycles of growth must bé-sought principally from facts of both plans Physio-
logy and soil science. oo b '

The method of field experimentation

Jfor the purpose of evaluating optimum fcﬂiﬂzer dosqges and new cultural practices. At the present time
however, it has been recognized that the field trial is not recessarily the best method for in vestigating the
Jertilizer requirements of all crops under;all conditions. In order therefore, to meet the need for broader
methods of estimating the fertilizer reguiréments of érops, two general types of tesis have now been deve-
loped, namely soil tests and plant tests. The paper pinpoints the fact that diggnostic technigues using the
plant have been widely and successfully applied- to" @’ whole range of crop plants both for the evaluation
of their nutrient requirements and as a gﬁfdg 10 their optimum fertilization:. - T

A survey of the pertinent literaturéf f ‘Ilgo to f"“ application of plant methods to nutritional prob-

lems of the coconut has been made in chronological‘order, The conelusion is reached that past work las
been mastly empirical in nature witb.‘m?}{lj{blagiéal;bakb.;SQ Jfar there have been no systematic studies,
owing probably to the unwieldiness of the crop for \experiniental procedure, and atse because of inadequate
evaluation of pre-requisite fundamental knowledge pertaining to the pattern of nutrient distribution within
the coconut palm. o : :

.

with chesmicas, hqs-’been extensively applied to varfous crops

The author has projected a phased Programms of study with the ultimate objective of taking u complete .

nutrient inventory of the crop. The salient fefam?eg of the thethods employed and the results that have been
obtained so far, are discussed in the pa[,?fr’5 ’ ) C

It is to be hoped that the position woild be reached duriqg the next decade or so, wien the technique
of Diggnostic Plant Analysis (including Foliar Diggnosis) could be applied (in a complementary role 10
soil techniques) to the coconur palm, not onl ly for the assessment of fuulty mineral autrition, but also as
a reliable guide to optimum Jertitization during different phases of its growth und reproduction,

»

. ~
. ~

INTRODUCTION
The theoretical basis for fertilizing a crop is rclati\r:cly simple and easy to understand. In general,

all that would appear necessary is to add as a fertilizer, only that amount of material which would be
required to make up the difference between the nutrients needed by the crop and those supplied by the

— e




Figure 1

The wuthor (left) with Mr. A.K. Wimaludasa, Technical
Assistant, beside the young coconut palm that reached its pro-
ductive phase in a pot, in the SAND-CULTURE Experiment
that is in progress ut the Coconut Research Testitute, Ceylon

Mr. Wimaladusa has been muainly res

ponsible for the main-
fenunce of this experiment.
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soil. This would imply that crop performance could be improved, if we are in a position to estimate
Sirstly the amount of a particular nutrient required by the plant for unrestricted growth, and secondly
the amount that is actually supplied by the soil medium. The difference, if any, would of course have 1o
be applied as a fertilizer,

In spite of the apparent simplicity of the basic principles of fertilization, the real problem facing the
crop nutritionist is the actual determination of the exact quantities of the nuirients that would have 10

environment, which would require manipulation in such a manner s not (o restrict plant growth.

Since the system influencing plant growth in a natural or agricultural environment cannot be defined,
except in broad terms, the amount of growth to be made by the plant and the supply of nutrients 1o be

constant, the conditions required for the satisfactory completion of a plant’s vegetative and reproductive
cycles of growth must be sought principally from facts of both plant physiology and soil science.

Ever since Jusrus von Lieblg (in 1840), enunciated his minerdl theory of crop nutrition, sofl and
plant scientists, over the years, have developed and used many tests for estimating the nutrient require-
ments of crops. Among these, the method-of field experimentation with chemicals, which is perhaps the
oldest, has been applied with increasing importance to various crops for the purpose of evalualing
optimum fertiliser dosages and new cultural practices. Even today, the fiefd trial is considered to have the
last word before adopting a new idea for cqhéncing crbp production.

Whilst it is known, that any fertiliser only becomes of real vatue when it is effective in the field, it
does not follow that the field experiment is for all crops and under all conditions the best method for
investigating fertilizer requirements. In fact, in many countries, field trials over a number of years using
mineral fertilizers have been reported to give erratic results. It may be said, that the carrect criterion for
assessing the value of any diagnostic method purporting to be applicable to the determination of fertilizer
requirements, lies in the agreement between the responses that have been forecust and the dctual yields
obtained with the prescribed treatments, * :

To meet the need for broader methods of estimating the fertilizer requirements of crops, two general
types of tests have now been developed, namely, soil tests and plant tests. Further, in view of the fact that
single methods of nutritional diagnosis have not and cannot always be relied on to give a complete and
uncquivocal answer in all circumstances, the summatign of the experience of workers at the present time,
is to employ soil and plant diagnostic methods in complementary'roles. It is the purpose of this paper 10
bricfly consider the latter aspect in the context of the ‘ussessment of the nutritional requirements of the
coconut palm.

DIAGNOSTIC METHODS USING THE PLANT -

The principles underlying the main diagnostic methods using plants, concern basic physiological
concepts in the processes of plant nutrition. These concepts relate in particular 1o processes of absorption
and translocation of the nutrients from the soil to the leaf, their interactions and relative mobilities within
the plant tissues and the fundamental relationships between the concentration of ions in the plant,
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particularly in actively functioning leaves. The accumulation of organic products which determine the

yields and quality of the crops has also been recognized to be of significance from the physiological

point of view.

The principal diagnostic methods that are based on the use of plants, and which are now in vogue. -

could be categorised conveniently into the following groups :—

I. The Visual Method of . Diagnosis (Symptomology), including the use of special indicator
plants. ‘

2. Plant injection and spraying methods.
3. Sand and water culture methods.
4. Chemical Methods of diagnostic plant analysis including (oliar diagnosis.

fu should be appropriate at this stage to briefly review in chronoelogical order, recorded evidence in
the litcrature, where chemical and other quick methods for routine diagnostic purposes (using the plant)
have been applied for the evaluation of the internal nutrient status of the coconut palm, its uptake of
Rutrients or where such methods have been used in connection with nutritional problems of coconut in
peneral.

The earlicst work on record in this field is that of SAMPSON, which was carried out in INDIA
(1923).! The work docs not comprise any planncd experiments but embraces very valuable analytical
studics on the moisture, dry matter, ash and mineral nutrient contents of the vegetative, floral and fruit
companents of individual plants of different ages. It is clear that the studies have been made principally
for the assessment of the “plant food requirements’ of the crop during different stages of its growth, so
that a basis could be found for evolving a scheme of systematic manuring.

Reference should next be made to the work of GEORGI and TEIK in MALAYA (1932).2 The
object of the investigation has been to assess the annual exhaust of nutrients by the coconut crop, The
results are based on the chemical analysis of six samples of leaves. seven samples of inflorescence and
cight samples of drupes. Further, there is evidence in the’ literature, that with the same objectives, and
on the basis of similar criteria, computationé have been made by other workers too, pointing to the heavy
demands of the coconut palm for the major nutrient factors. Among these workers, GEORGI and TEIK
alone provide adequate factual data in support of their estimates. The different figures that have been
arrived ut are churted in Table I, and will be seen to be very variable indeed.* This could not be viewed
with surprise since they have been reported from different countries, and we also know that the consump-
tion or removal 6f nutrients could be affected by a host of factors including uge of plantation, soil 1ype,
variety of palm, factors of the climaiic environmeat, soil fertility status, and soil management practices,
* Whilst the data presented are of comparative rather than absolute value; they certainly serve to emphasise
" the fact that the coconut palm could rapidly deplefe a soil of the essential mineral elements, owing o its

very heavy demands for these nutrient factors. The overall dverage figures that have been worked out -
" from the eight available separate estimates show, that the quantitative sequential order of importance of

the major nutrients for the palm, will be as follows:—potassium, nitrogen, phosphorus, magnesium
and then calcium, o

Next in order, should be considered the. work of SANKARASUBRAMONY, PANDALAI and
MENON which has been reported from SOUTH INDIA (1952)." They have employed leaf unalysis
to study certain disorders causing chlorosis and necrosis of the foliage of coconut palms. in Travancore
and Cochin. The andlyses of leaf tissues have been carried out on samples drawn from the outer, middle
and inner regions of the crown of healthy and diseased palms, Significant accumulations of the nutrient
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TABLE |

"Estimates of the Annual Removal of Plant Nutrients from the Soil by the Coconut Palm

1 2 3 4
: . NUTRIENTS {In pounds per ucre)
NO. AUTHORITY BASIS
N | PO, | KO | CaO | MO
1| PILLAI (1919)* 2,000 nuts per acre per year. 18 5 8 — —
2 | JACOB AND COYLE (1927) From one acre per year 57 26 85 — —
s 3 | COPELAND (1927)% - 2,800 nuts per acre per year 82 37 122 — —_
L] i .
4 | GEORGI AND TEIK (1932)* Seil rich in plant nutrients 66 27 123 ©15.7 28.6
5 }ECKSTEIN et af (1937 . | Annual removal from oneacre | 8 36 1 117 — —
6 | PATEL (1938)" Recommendation for annual addition per -
o ' . acre T 24 12 60 — —
"7 | CARVALHO (1947} 156 mature palms per hectare (2.5 acres) | 81 2 108 — -
N ' to to ©
: 126 45 144
8 | COOKE (1950)1* 60 palms per acre with 25 nuts each per '
annum : 26 & 24 13.0 | 20.0
OVERALL AVERAGE FROM EIGHT ESTli\1ATES 57 23 87 ! 14.4 4.3
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factors were found to be present in the diseased leaves, which they have ndduced 10 inadequate trans.
location resulting from an impairment of the vital metabolic processes of the palm. It has been reported
that the problem is being pursued further from the physiological angle,

It is on record, that for the first time the technique of plant injection has been applied to coconut
palms for curative purposes by DAVIS, ANANDAN and MENON (1954) 12 The injection of solids is
stated t0 do more harm than good 10 the palm. Various methods of liquid injection have been tried out,
including the graviwtion method through the stém and petiole, and the syringe method through the
soft parts of the crown, tips of the main rachis and leaflets. It is reporied that all these triais failed 1o
give satisfuctory results, The credit Boes entirely to these workers for evolving a very effective technique
of injection through roots. which has now been confirmed us the best part of the palm for such studies.

observations in his own studies, and is firmly convinced that it is indeed a most promising technigue,
with definite potentialitics for application in diagnostic work on the coconut palm,

The most recent work in the field under discussion.is that of SALGADO (1955)" on the use of the

nutrient content of coconut water (milk), for diagnostic purposes. Apart from the unique advantage, '

that sampling errors can be kept at a minimum, he claims superiority for this method over the conventio-
nal method of soil analysis, on the ground that the former measures the ‘capacity factor’ whercas the
latter measures only the “intensity factor’, In other words while soil analysis attempts 1o measure the
nutrient supply of a limited stratum of the soil, the nut water technique which measures the ‘capacity
factor’ takes into account not only the nutrient status of the soil-but also the volume of soil from which
the palm is drawing its nutrients. The method is discussed on the. basis of experimental duta showing the
increase in potash content of coconut water as a result of NPK manuring. It is generally concluded.

- that coconut water is analogous to plant sap and accordingly would indicate the physiological status of
the palm, and also the soil conditions in which it grows,

In order 1o completc this review of work on the coconut palm, reference should lastly be made to
literature records of subsidiary importance relating to certain micro-nutrient aspects.

Based on certain studies on the fruit of the coconut palm, BERTRAND and BENZON (1928)4,
were not able (o detect the presence of zinc and DODD (1929),"% could find only a minute truce of boron.

On his investigations on the etiology of the 'UNKNOWN disease’ of coconut in JAMAICA, INNES
(1949), found no evidence tha manganese deficiency was the cause of the disease, and that the limit of
manganese in the leaves and inflorescence of the coconut was probably not above 10 parts per million.
SANKARAS UBRAMONEY e1 al (1952),'7 have 'cc{nﬁrmcd the findings of Innes based on the manganese
content of leaf tissue and coconut soils in connection with the *Root disease’ of coconut in India, In
discussing the status of research on micro-hiitriems. CHILD (19503,'s states that there is little informa-
tion on the micro-nutrient requirements of the coconut palm.
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of estimates on the annual removal of nutrients by the palm are of no general significance or practical
applicability, since they have not been evolved from planned experiments on carefully selected plant
material, with a view 10 the establishment of norms. The literature records only serve to demaonstrate
the mere futility of attempting to solve involved problems without an adequate evaluation of fundumen-
tals. For instance, there is incontrovertible proofl that the technique of foliar diagnosis is sound. yet it
would be fallacious to assume that it could be applied blindly to a new crop.

The literature review makes it abundantly clear that past workers have not recognized the faci that
a quantum of fundamental knowledge pertaining to each particular crop is un essential pre-requisite for a
successful application of the technique of diagnostic plant analysis. Apropos this statement, MACY, 1"
an eminent authority in this field mentions that, “The central concept of plant analysis is the eriticof
percentage of each nutrient in each kind of a plant above which there is fuxury consumption, below which
there is poverry adjustiment, which is almost proportional to the deficiency, untit a minimim pereentage is
reached’. In other words, it has been established that the evaluation of the critical nutrient concentration
is a keystone for assessing the nutrient status of a crop. This however by itself could not be considered
adequate, since it is known that preliminary assessments of certain other fuctors of ¢ardinal importance
pertaining 1o a crop are also essential, A thorough understanding for instance, of periodical phenomena
such as diurnal and seasonal cycles of the nutrient concentrations within the leaves is slways imperative,
Further. it is necessary to pre-determine {on a proper physiological basis) not only the leaf rank, its
position and part best suited for diagnostic analysis, but also the time and technique of samipling. Unless
and until these preliminaries have been worked out, further progress of the diagnostician could very well
be ‘in shallows and in miseries’, with only slender or negative chances of solving any of the major problems
confronting the agricultural community growing the crop. :

Literature records provide incontrovertible and overwhelming evidence that various techniques of
diagnostic plant analysis have been widely applied with success for nutritional studies on a whole runge
of annual semi-perennial and perennial crop plants. A critical evaluation of the literature records that
have been cited above however reveals that as far as the coconut crop is concerned ‘past work in this
field is truly meagre and haphazard. It should therefore be appropriate to conclude that little considera-
tion has as yet been given to plant analysis techniques in relation to studies on the nutritional problems of
the coconut, or at least that past approach from this angle has not been systematic,

COCONUT NUTRITION AND SCOPE FOR APPLICATION OF PLANT METHODS

. L] i .
A survey of the pertinent literature would show thai empirical infarmation of much practicat value
on the manuring of the coconut palm has been obtained in many countries. Comprehensive manurial

palm, MENON and PANDALA{® report that a start in this direction has also now been made in
India. For the sake of emphasis it might be appropriate at this stage to cpitomise thejr observations on
some of the difficulties which beset systematic work with coconut, as follows:

L Difﬁculiy of laying oul statistically designed ekperimcnts due to lack of uniformity in experi-
mental material, ‘

2. Lack:of-knowledge of the previous history and the practices carricid out. pr}or to ihe start
= . -
of manurial trials, . i

3. The comparatively large extent of arca requircd' for experimentation which increases consi-
derably the soil variability factor,
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In view of these fucts, it should be legitimate to infer that the results of any manurial experimenis
that have been reporied from Ceylon or elsewhere would have been obtained under the conditions ang
handicaps enumerated above. Not only would these apply to past experiments. but it shoukd be reason-
able 10 assume that even in the future such obstacles are likely to constitute a bottie-neck in the matter
of most fertilizer field triuis on the coconut palm,

Itis the author’s firm conviction that where soil techniques with their.inherent limitations have failed
(o provide the answers, the ‘plantapproach’ is a sine qua non if the dia gnostician is to achieve any measure
of success in his attempts to resolve the multitudinous problems ussociated with the nutrition and physio-
logy of the coconut. Where problems associated with the application of the plant technique are not
insuperable. it is maintained that with a modicum of ingenuity and imagination, it should be possible 1o
design and standardise the requisite experimental procedure for the usccomplishment of a particular trial
or study. It would appear that the principal disability that has hampered progress in the past in the
application of plant techniques is a definite lack of fundamental knowledge on certain vital aspects.
If plant analysis for instance, is to be applied as a diagnostic technique it is essential to have precise
knowledge on the uptake of nutrients, their pattern of distribution and how they drift with time and
. supply, during adolescence. maturity and senescence of the various plant organs in the crown and suspen-
sory elements of the palm. Besides a constderation of the mineral nutrients, the. behaviour of carbohy-
drates, nitrogenous constituents and the dry matter in the various plant organs should also be carefully
followed in such 4 scheme of studies. With a full appreciation of the problems involved, the author
maintains that there is a prima facie case for projecting systematic and intensive investigations for
making an integrated picture on these aspects of the subject. for which the coconut palm offers more
Scope than any other crop so far studied. '

The coconut palm is an extreme type of perennial, and is unique in that once it starts flawering.
the productive phase lasts not.only throughout the year but all through its cconomic life. which may
average seventy years. The palm has many distinct developmental stages in its vegetative and repreductive
cycles of growth. Once these are carefully identified and defined, then it should be possible to plan syste.
matic studigs co_verix}g cvery stage in its ontogeny. An evaluation and integ_ration of these studies could
then be expected to provide a relizble foundation for taking & complete nutrient inventory of the crop.
In order to ensure a full appraisal of the nutrient status of the crop in all its bearings, and a thorough
knowledge of all its growth -manifestations a three prong approach is in fact envisaged. The first phase
would constitute the establishment of nonms for selected palms of comparable age and optimum perfor-
mance grown under standard or typical conditions of cultural management and fertilizer regime. The
second phase would be the study of reactions to known changes in fertilizer regime and levels of nutrient
supply on the basis_ol’long range field experiments on differential manuring. involving single and multiple
elements, The third phase would be the institution of plant nutritional surveys fdr__rhc diagnosis of causa-
tive factors of deviations from established norms. In this connection the root transfusion technique of
DAVIS et al (loc. cit.} could be employed to advantage for quick confirmations. The three phases of
the proposed investigations would combine fundamental tong range work with short: term studies covering

4. Differential response of individuat palms to manuring.

5. Difficulties involved in the supervision of harvesting and recording of yield data alt the
year round,

6. The considerable effect of weather on the annual performance of the palins and the conse-
Quent need for continuing the experiment for long periods.

7. The long “time lag’ before conclusions on the manurial cifects could be drawn, - .
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seedlings in the nursery stage and aduit palms in their vegetative and productive stages of the life cycle.

In addition, collateral sand culture experiments would be carried out on seedlings and young paims
under five years of age.

The progmamme envisuged would of course entail years or decades of patient research. The successful
completion of this scheme along the lines formulated above shauld however cover the entire spectrum of
nutritionat diagrosis of the coconut and afford a sound basis for the cvaluation of optimum feniliver
dosages, covering the entire life history of the paim from infancy to senesvence. '

With a view to usscssirig ils nutrient uptuake and rcqi:ircnwms, the author hus already indtiated rescarch
on the COCONUT (falling within the first phase of the projected long range study) which benrs refevance
to the plant approach. The results that are being obtained will be published elsewhere from time (o
time as the wark progresses. From the point of view of this paper however, a synoptical account alone
is presented of the sulient results that have so far been obtained along with o descriptive sumimary of

the experimental techniques that are being employed towards the achievenment of the objeciives that have
been set for the Tuture,

SALIENT FEATURES OF EXPERIMENTS IN PROGRESS

There is no doubt, that as a means of determining the nutrient status of plants and their-fertilizer
requirements. plant analysis techniques are very well known and have been widely applied to a whole
range of crops. In the foregoing discussion however, it has been made abundantly clear that in arder
to make the fullest use of chemical plant analyses for diagnostic purposes it is extremely important 1o
obtain a certain amount of pre-requisite fundamental knowledge pertaining 1o the pattern of nutrient
uptake and distribution for the particular crop ‘unider suidy. With the object of obitining u thorough
preliminary clucidalioh‘ of such knowledge for COCONUT, the author is conducting certuii experiments
fram which it has already been possible 1o elicit some information. .

The research in progress is deep rather than broad and is restricted to certain chemical and physio-

logical aspects of the internal nutrient status of coconut and its uptake of nutrients during its develop-

ment and germination, The desired coverage has been obtained by projecting the rescarch along three
trunk lines of approach:—

. DEVELOPMENT: From carly initiation of the inflorescence 1o complele maturity of the
fruit 25 developmental stages (D | to D XXV) have been idemilied and defined, Uilising
representative experimental material and accurate chemical procedures. the changes in 1he
uptake and distribution of the nutrients have been carefully followed. In this context, the
analytical characteristics of the sap which nourishes the inflorescence have also been studicd:

.2. GERMINATION: Frgm the embryo- to th{: iwo year old seedling, 16 s'tages (G lwG XV -
have been distinguished-and translocation and’ other chunges in the nutrients within.the

plant have been carefully investigated. In order to complete the picture it is proposed to
continue this study further until the productive phase in the tife history of the palm is rcached..

3. SAND CULTURE EXPERIMENTS: For the first time on record, crucial sand culiure
experiments have been initiated on coconut seedlings using a’subtractive intermittent flowing
technique. There is ample evidence of the results providing a thorough underiwunding of
(@) the fundamenta! reactions of the coconul seedling to simple combinations of factars and
(b} the chemical composition‘of the different plant organs characteristic of sach particulip
deficiency. )
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It is reckoned that this research not only opens up a fertile ficld of inquiry with unlimited scope for
enterprising entrepreneurs, but also constitutes an appropriate foundation on which the entire edifice
of the "plant approach to diagnosis' of nutritional problems of coconut could be built up, It explores |
certain fundamental uspects of 2 hitherto untouched field of investigation and the results that have been 1a
~ obtained already show promise of positive value in the uppraisal of the chemicul status of coconut during
the carly phases of its ontogeny.

The Sap of the Coconut Paim (Toddy) ‘ ' by
On the basis of a carefully planned experiment — with definite objectives, comprehensive factual | {j;gf
information regarding the yield characteristics and composition of coconut sap (toddy) has been consoli- i 4

dated. S i, -
The experimental data have provided the essential basis for computing that fraction of the total '
uptake of the essential macronutrients which is directed to the develaping Aoral branch. The importance ;'
of this assessment rests on the fact, that the tender spathe is a vital structure of the palm, the nutrient .‘A ?
supply to which could profoundly influence not only its florat biology but also various aspects of the l:
later oniogeny of other organs. ' :', :
Without an incursion into experimental details and computational procedures the final summaries *.,
of the overall findings from this study are presented in Tables {{ and I1L. It is maintained that whilst
the figures in Table I accurately reflect the gross uptake of the macronutrients N, P, K, Ca and Mg, and .
the micronutrient manganese, those in Table 111 give the actual macronutrient concentrations and their
ratios in the sap. From the diagnostic viewpoint, the ranges of nutrient concentrations and the nutrient V"t“
ratios that have been estiblished from the current studies for the different nutrient clements, are recog- ,; K
nized as ‘standards’ for. normal healthy palms. ‘ '

]

The results show-that the uptake figures of the macronutrients (in kilosfacrefannum) dre in the, ,;
following sequential order of “decreasing magnitude:~—K(52.47), 'N(12.93). P(3.10), Mg(1.59) and |
Ca(0.52). The fact that calcium gives the lowest uptake figure is perhaps not surprising, in view of \he -
fact that it is a structural component and aiso that it is the least mobile of the mineral nutrients. In the r.l ?
chemical examination of the sap, we have in effect really estimated the soluble calcium in it. This in “i K
proportion (o the Calcium that gets actually fixed in the tissues could be low. It would appear that once 5 ** 4
the element calcium is delivered (0 a particular organ by the transpiration stream., it does not apparently ',1'*‘5 :
recirculate. |t
The present study has revealed that the phenomenon of sap exudation from the coconut spathe
has certain distinctive features. It does not correspond precisely to phenomena of ‘guttation’ and_? .
‘bleeding” which are widely observed in other plgnts. From a consideration of the mechanics of tapping, !
the physiology ‘of the palm, and the properties and composition of the sap, the concept has been syn-rif v i
thesised that toddy is not the purc xylem or tracheal sap. It is the blended vascuiar sap containing apart ..} -
from mineral nutrients (derived principally from the xytem) also all the elaborated nutrients organic f;
compounds and re-exported nutrients, that are usuaily transported in the phloem elements. It is the
composite sap available for the spontaneous nourishment of, and utilization by, the spathe and its +|
developinig floral components. This is borne out by the fact that the composition of the sap does not

significantly alter with the pz’tr;icﬁlar region of the spathe that is being tapped.

i
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Attempts have been made 10 use the composition of ‘bleeding sap” as a guide to the ‘nutritional
status of agricultural crops. Lack of ‘information of factors influencing the nature and concentration A
of nutrients in such sap however, has so far prevented wide application of such methods. The coconut e
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= TABLE II
¥ : . : .
= Uptake of Mincral Constituents and Production of Organic Components from the Coconut Flower Spathe at its Tapping Stage

4

] B ’ L e
f o PER PALM PER ACRE (64 PALMS)
% CONSTITUENT a4 g pav ™ TrEr vERR U PER DAY PER MEAR
i (Grannnes) - AGranunes) [ (Grummesy =~ (Kilugd nites) ?"f
) MINERAL CONSTITUENTS (Ash) .. 227,73 7.28 26518 465.70 - 16 98 !
" NITROGEN  (as Ny e . 17.33 0.55 : 20210 I 3543 - - 1293
' PHOSPHORUS (as P) .. a6 0.13 o 48.51 . 850 . 310
: POTASSIUM  (as K) oo 7030 "2.25 . 81995 -, 14336 | 5247
= CALCIUM (s Co} e o o o808 I 0:52
MAGNESIUM (a5 Mg) o 2.1 0.07 . 4.8 a3 LSy
CHLORIDE  fas Cl!) . 5446 P74 - 635.17 ! 1ne 40.65
TOTAL DRY MATTER . 9.158.60 92,67 106,824.55  18729.29 | 6.836.19
. TOTAL SUGARS Lo 120,95 253.12 92.388.50 [ 1619830 1 591238 :

MANGANESE IN MICROGRAMMES (1 Microgramme - 0.000i)OI gni.?

A 3 Ll B ’-’.mu T "l§1~| g : . i } - :J 'S'BS
MANGANESE [us Mn) R 25248 h(l? B i -294'489 | 5"?3“ {grarmmes)
SAP YIELD IN GALLONS ( galion == 4,546 litres) !
. - |
- e ¢ e — e - . ; ¢ s
SAT YIELD - © LY 0.35 127.0) ! 22.27 , 8.130.10
- - - - — - 3 - 4 ———— H ———— - —— - —— 1




TABLE 111

Overat) Summary of Nutrient Ratios gpq Concentrations in the Sap

%\\MM#—-*«_\\__
RATIO OF N’ACRONUTRIENTS IN THE sap '

e

q_“_.w_u_m__,_.%__m_.q______.,_______*___.__
Nip 4.17 P IN=0.240 " P/K = 0.059 Ca/P —~ 9167 Ca/K =o.019
NK = 0.248 K /N=406 PiCa = 6.0 Mg/P - 0.512 Mg/K = 0.039
NfCa = 25.00 Ca /N = g.040 PiMg= 1 95 K iCa — 101,43 Ca/Mg=0.32¢
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sap is unique in thai large volumes over protracted periods can be extracied from the intact plant.
There is concrete evidence, that it will prove an ideal diagnostic 100! for studies on both macro and
micro-nutrients. In the light of the additional knowledge that has accrued from this stwdy. it is felt
that the claims that have been made for coconut water as a diagnostic material, would require very
careful re-appraisal.

Devclopment of the Coconut

Unlike herbaceous annuals or annually renascent plants, the progressive changes that occur
in the coconut palm during ontogenesis are far more complicated and unwiedly for experimental pro-
cedure. In view of the problems concomitant with {ts higher level of organization, it becomes u logical
necessity therefore to initiate separute investigations covering distinct phases in the growth cycles of
the palm, and also study at any one time only the gencral ontogeny of the totality of organs of & single
type, such as the inflorescence or the leal. On the other hand, the Fact that the development of new
teaves, new foral brunches, and new fruits akes pluage at such regular intervals. the coconut palim oliers
wide scope Tor studics on nutrient uptake and distribution during its different plases of growth, The
fruit itself takes such a long time (12 to 13 months) to muture that it ix possible o 1ake sumples Tor
chemical anwdysis ot definite predetermined stages in its morphogenesis,

Fifty selected palms. cach bearing a full complement of 25 developmenial slages. ranging between
the rudimentary inflorescence and the cluster of dead ripe nuts (as hurvested). were used for the study.
Using reliable sampling and analylical pruccdurm it has heen pu-.\lbk to cvitluile on the basis of the
results obtained, the uptake of nutrients and ihmr dmnbuuon during the development of the floral
branch and the drupe derived therefrom,

Based on a summation of the overall findings from this study, a wbuksr summary (Tuble 1V}
has been prepared showing macronutrient uptake during the development ol the floral brunih, [t will
be seen that the uptake figures (in Kilos/acre/fannum) are in the f_olidwmg sequential order of decreasing
magnitude :— :

ASH (108.02), K (16.43), N (15,33}, Mg (2.91), P (2.45) and Ca (2.4 1.

In addition to the evaluation of the above quantitative uptake dats, the present developmuent

studics have also revealed that the patterns of uptake and distribution are fairly delinite. with centres of

accumulation for particular mutrients. Any changes in this pattern or shiflting of the centres of uccu-
mulation would of course be of diagnostic value, provided thcy could be established-on the basis of
proper statistical fayouts.

On the sume lines as for the Aloral branch, it is proposed 1o repent the above study for the gamut
of fronds in a healthy palm, covering the range between the most rudimentary frond in the folded cub-

" bage head, and the subtending frond of thé ripest cluster of drupes c6rrcspundin§ o stuge D XXV,

It is proposed to project the study along three lines in order to determine experimentally :(—
A e . - . . .
(@) Variations in composition between different parts of the same pinna.

(M Variations in composmon of the same secuon's of lhe pmn.tc in different parts of the same
frond and

(¢} Variations in composition between difl'crcm-l'rond.s, us determined by sanipling a delinie
section of a definite pinna from each frond. | )

The author has obscrved that there are concentration gradients in the distribution:of particular
macronutrients — between the fronds, between the pinnae and alse within the pinnae. For certain
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TABLE.IV

Uptake of Macronutrients by the Spadix and Drupes derived therefrom

1 2 3 4 5 6
PER PALM PER YEAR | PER ACRE PER YEAR PER PALM PER DAY
(Grammaes) (64 paims) (Kilogrammes) {Grammes)
Gamut of Tapping e . o
. Stages DI | Stage DVIII @ ©®) @ » (a1} ()
CONSTITUENT to DXXVarito DXXV, at 6 clusters 6 clusters | DXXIV and
any one any ane 12 clusters | of DXXIV | 12 clusters | of DXXIV DXxv Dxxv
time (Gms) | time (Gms.) | of DXXV lond 6 clusters| of DXXV jand 6 cluster | Calculated | Caleulated
k) of DXXV per palm of DXXV | fram 4{a) Sfrom ()
per palm
MINERAL CONSTITUENTS L o : R -

(ASH) 1,425.02 1.380.80 1,756.80 1,687 .‘86 ! 112.44 108.02 4.8) 4.62
NITROQEN {as N} - 187.72 179.06 259,92 239.58 16.63 15.33 0.7 0.66
'PHOSPHOR'US {aS' P) 28,235 271 4} .46 38.35 2.65 2.45 a.11 G.10
POTASSIUM  (as K) ] 26788 258.57 284.52 256.68 18.2t 16.43 0.78 0.70
CALCIUM {as Cad 46.21 43.88 33.91 17.66 2.17 4 0.09 0.10
MAGNESIUM (as Mp) 53.16 51.20 42.24 45.53 2.70 2.91 0.12 .12
DRY MATTER (production) 29.386.0 28,955.5 50,169.5 46,1142 3,210.85 29510 137.45 126,34
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clements these gradients increase in the order of increasing maturity, whercas in others the changes in
concentration take place in the reverse direction. It would therefore be essentini to determine on the
basis of proper experiments the best region or regions that would refiect deficiency or sufficiency nuiricnt
levels, and would accordingly be suited for sampling in diagnostic work. In other words, it would be
necessary to determine which parts of the frond or pinnac would be most consistent in compesition.
where these concentration gradients are minimal and thus most sensitive to reflect any changes in the
current nutrient status of the crop.

Germination of the Coconut

For a complete study of germinalion proper, it is necessary Lo cover not only that phase which
represents its onset but also the subsequent growth and development of the seedling, when it is
dependent on the utilization of the main food reserves of the seed, and the eventual establishment
of photosynthesis.

The present study has revealed that at the time of nursery planting lhe coconut possesses a small
cylindrical embryo weighing only about 0.109 gramme (wet basis) containing 0,028 gramme dry matter,
whilst the weight of the rest of the seednut is of the order of 1053 grammes. On the basis of 4 carefully
planned experiment the present study has been objectively projected in order to determine the uptake
and distribution of the macronutrients during the growih, differentiation and development of the
coconul embryo during a period of two years. In further elucidation. the main gbjectives of the study
could be elaborated on, us follows :— ‘

(«)' The dormancy of the coconut embryo and changcs associated with its germination from
the physiological angle. oo L

(6) Determination of the growth pattern of the coconut seedling from its embryonic stage up
to the end of two years. :

(c) Determination of the total uptake of macronutrients considered as a function of time.
during each of 16 germination and growth stages G 1 to G XVI, covering a period of 2 years.
[NOTE. In the study on Development, 25 preselected stages representing distinct metabolic
ages were employed. In the present case however, secdlings were examined at pre-determined
time intervals from the time of planting in the nursery]. ‘

- (d) Determination of what proportion of the total nutrients taken up is drawn from the
reserves in the seed-nut components and what proportion from the soit medium.
(e Determine the distribution of the macronutrients. and take a complete nutrient inventory
of ali the. strucmres developed during germmauon and growth, covenng a period of 2 years.

'
In almost every blologlcal investigation the spectre of excessive variabifity rears its ugl, head |

and often limits_the extent to which conclusions can be drawn. Even in gencucally uniform miaterial
different degrees of induction may take “place making the expcnmcnml m.ncrlal physiclogically
inhomogeneous. Further, reproducibility which is a factor of parsmount importance in most experiments
has to be ensured in their layout and in thé evaluation of any results therefrom. In contending with
these problems the expcnmentallsl has to resorl to techniques of pre-selection and control of environ-
ment (couplcd with statistical elaboration) as aids not only in cutting down the coeflicient of variability
but also distinguishing between genuine and fortuitous differences in his data. For éxample, it is known,
that the variability between sister plants not only decreases as thc environment is better controlled
but the variability within a single individual also decreases.

Ik
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The main germination experiment that has been projected involves quantitative studies employing

the drupes themselves at the seedling stage in the ontogeny of the coconut palm. As the drupes are
characterised by extreme variability and marked heterogeneity (particularly in size), it has been reckoned
important to determine apny systematic errors due to size variability of the drupes, so that they could
be reduced, excluded or accounted for. The value of this would be particularly evident in the evaluation

of the significance of quantitative experimental results between parailel groups of seed material in « .

trial. In order therefore to ensure experimental precision, effective design and execution of the ‘main
germination experiment, certain ancillary studies have had to be conducted in order 10 determine the
size variability of the drupes and the errors of random sampling within the rypica variety of coconut.

As a consideration of the experimental details of the study on germination would be superfliuous
in the context of this Paper, it is necessary to make only bricf mention of some of the significant results
that have been obtained. ' |

The study has revealed that the coconut seedling is so adapted that it is'only partly dependent
on the nutrient reserves in the drupe components for its growth activities, during the two yeur period
following the onset of germination. In fact, the bulk of its requirements towards the end of this period
are drawn from its medium of growth. Though a reticulum of roots and rootlets” characterise the exo-
carp as the process of germination advances, yet roots have been found to permeate the soil as carly
as two months from planting. These observations would imply the need for judicious and proper fer-
tilization of the soil during early field culture of coconut seedlings All the same, it must be stated that
the fruit components are doubtless an important source of mineral nutrients from which the seedling
makes demands throughout a period of 2 years. The study has revealed that via the cotyledon (scurellim)
practically ali the nutrients contained in the endosperm and nut water are eventually absorbed by the
growing seedling, SR

seedling, the totals during the 16 predetermined stages have been found to appear in- the order
K—>» N— Mg = Ca—>"P, so far as relative magnitudes are concerned — which incidentally is
precisely the same sequence as that established for the Development Study as well.

The experiment has shown that the endosperm and then the husk are the most. important fruit

of K. It has been observed that thc‘éndosperm reserves of almost all the nutrients arc utilised fairly
completely during the first two year period. The endosperm though a poor source of calcium has been
found a particularly rich source of nitrogen. The following experimental data relevant to the endosperm
have been found specially interesting:— - : :

’ ¥
. Amouni{Drupe  Amount] Drupe Difference Difference
NUTRIENT ar stage G I at stage G XVI (G I-G XVi) as S, of originat
(Gms.) (Gms) Gms. amount in G 1
Nitrogen (as N) = _, . 153 0.208 1.322 86.4
Phospharus (as P) .. 0.268 0.029 0.239 . 89.2
Potassium{as'K) .. . 0.737 0.016 0.721 ~ 97.%
Calcium (asTa) ., . 0.02t 0.014 ¢.007 333
Magnesium (as Mg) - .. 0.129 0.032 0.097. . 752
Ash = . . . 2,96 0.42 2.54 85.8
ile
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The above figures give sufficient factual proof that with the exception of calcium (which in any
case is present only in 2 small amount) very high proportions of ‘the other macronutrients actually
present in the endosperm are translocated via the cotyledon to the -growing seedling. Regarding the
liquid endosperm (nut water) — the study has revealed that it completely disappears at stage G VIl
(3.5 months after planting). In other words, it would be plausible to infer that the nutrients contained
therein are also fully absorbed as the liquid soaks up and passes into the spongy cotyledon.

Though a discussion of the full results is not warranted in this paper, it may be said that it has
been possible to evaluate from this germination study, the progressive changes and uptake inter-rela-
tionships between the drupc components, seedling components and the soil medium. Further, it has
been possible to obtain a thorough elucidation of the pattern of nutrient distribwtion in the different
wedling components (including laminae and rachids according to leaf rank) during physiological
ontogeny. For the present purpose, the most significant fact that has emerged from this study is the
importance of adequately fertilizing the seed beds with calcium and magnesium during nursery cubure
of coconut seedlings. .

Pot Culture Experiments on Coconut
The sand culture cxperiments on coconut seedlings that are in progress constitute a major project,
and the results that are being obtained could very well form the subject of a series of publications.

In the context of seedling culture however, a very interesting point needs mention. When the
current studies on the seedling phase of the coconut are completed there is in the writer's oplmon the
very definite possibility that the coconut seedl.mg itself could be used as a blolog:cnl mdlcutor of nutrient
status and nutrient availability in coconut soils,

From the results of the germination experiment which we have considered, it is not an unlikely
inference that sand pot culture studics on coconut seedlings would serve no useful purpose. We have
seen that the seed nut components actually contain fair reserves of almost all the macronutrients with
the exception of perhaps the element calcium. Further, it has been established that the germinating
embryo is partly dependent on these reserves throughout a two year period until it is weaned, This
would imply that sand pot culture studies-would involve interpretive difficulties consequent on the
fact that responses 1o any specific treatments would be complicated by absorption and translocation
changes between the seedling and the seed-nut reserves,

In order to surmount the problem created by seed-nut reserves the author has cvolved an ‘ampu-
tation technique’ whereby it has become posmblc to grow the sprouts alone in-sand culture after remaval
of the entire exocarp and ‘stone” by excision. In fact, the success of this technique has facilitated. repli-
cated experimental layouts utilising a large number of sprouts. S

Pot Culture 'exp'erimenl's on the seedling coconut, along the lines that have been dcvelopc’d by
the author have not bcen recorded before, and they have provided a distinct contribution towards
advancing knowledge on 'the nutritional deficiency aspects of the coconut during earl, phuscs of its
ontogeny.

These cxpcrimefits have yielded very valuable information of diagnostic value both from the
point of view of (@) the internal chemical status and (4) visual effects associated with absolute defi-
ciencies of each of the macronutrients. A proper discussion of the former aspect would have 10 await
the processing of the prodigious volume of plant analyses data that have been accumulated. As regards
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the visual aspects — on the basis of the .resilts that have been consolidated, the author is now in-qf

position 1o set out positively the following visual symptdms and morphologicai effects as characterising

-

the following deficiencies :— ¥

B

Minus M'rrogen.mVery'prunounccd restriction in growth of both tops and roots takes' pEuqc:? l‘;
:_md highly significant retardation both in height and girth is & characteristic at the close of one _\:‘CSIF'?%%’;
Reduction in the number ‘of leaves is also signiﬁcam. Leaves small and remain webbed (i.c. wilhmli; L
pinnating) much fonger than in other treatments. Younger leaves 4 diffuse pale yellowish green in colour.
the yellow tint becoming more pronounced in the older leaves. Petioles yeHlow green to canary yellow
Drying and defoliation of the old leaves premature. The stunted spindly growth and lack of succulenc
of the plant coupled with the visual symptoms make identification casy.

Minus Phosphorus —Significant restriction in growth becomes evident much later than itk
nitrogen deficiency. Retardation in root development also not so pronounced as with a deficiency of -
nitrogen. Though plant is stunted in growth, it remains darker green in colour than those in the com-i ;
plete culture. In the early stage the plants were not distincily different from those in the (+ ALL) pot
but afier six months growth, shorter peticles and rosetting of leaves was a characteristic. lesphauc"‘-_
deficient plants were found to be more susceptible to attack by Helminthosporium. Leuflets rcmuincd"j
dark green throughout and hardly turned yellow before drying. It should be noted thut unlike some-i g
other crops the symptoms are quite distinct from nitrogen deficiency. : Y

Minus Pa.rass:'n’m.—thtc contrary to what is gencrally believed and ‘accepted, a rcmurkubic_'
fact has been established regarding K deficiency. On the basis of consistent results and repeated con-
firmations obtained in the giant experimental pots as well as in Mitscherlich vessels (on both s and’
{¥pica varieties) it can be categorically stated that during the firss year of growth un absolute deficiency-
of K produces no retardation in growth or any visual symptoms. Except for the girth factor, during:,
certain stages, all seedlings have appeared at least deceptively healthy with perfectly normal development.
of both shoot and roots. In fact, in one instance amputated seedlings in the (—K) treatment were found, . §
to be definitely better than the ('+ ALL). There is of course no doubt that K is a dominant requirement” -
in the later growth stages. At what precise stage, K actually assumes importance could very well form
the subject of future study. . : '

¥
J
. )
N . i ’
Minus Calcium —Significant retardation in growth takes place. and as far as the aerisl purtsat
are concerned, 3 somewhat imperceptible transformation gradually takes place in the seedlings wherebyp ;- 8
they assume a slender form with a sparse appearance of leaves. Slight distortion of the young eaves, i)

with tips hooking back; has also been sometimes noticed. The outstanding symptom of calciun defi-t - §
ciency which the present experiments have revealed, is the significant retardation.of root development,

characterised by-a proliferation of shortroof — a symptom not shown by any of the other dclicicn-%t

cles. : : iy

*

1

..
s

Mi'nus‘Mzgn_e.w‘u.uz.-—-For.the first time on record, and much against current beliels, the musli‘;_
spectacular results (with marked foliage symptoms) have been obtained with magnesium deficiency., 1 1]
Except for leal number, the seedlings suffer highly significant retardation, (B

The seedlings make anarchic growth and the leaves tend to become tatiered. Sone of the youngeel A
leaves emerge with difficulty and before they are fully exserted, the distul end of succeedigy anes ay |
pinnal'c. into leaflets, A characteristic inter-vascular yellowing of an ochreous 1o chrome yehow ting } _
{quite distinct from the minus N symptom) commences imitindly with the older leaves, procccds(ﬁ.ﬁ
syslematically towards the younger ones. Mosaic blotches and brown spets symptomatic of chlorotic l':'e,:

- v ’ - 4
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effects appear in the older leaves as the deficiency becomes mare acute. Root development is not severely
retarded os with minus N deficiency. Bronzing followed by defoliation is sometimes severe, Mg
deficiency is so very conspicuous that it could easily be picked out from the rest of the plunts even
from a distance,

It is usual to attribute ycllowing of seedlings during nursery cufture 1o K deficiency. The present
study has conclusively demonstrated that this is not so. Yellowing (ut the transplantation swge) could
result only from nitrogen ondfor magnesium deficiency. The visual effects and concomitant symptoms
of these two deficiencies however, are so unmistakably different from cach other, that there could be
no possible confusion over their identification.

CONCLUSION

During the last few decades, a great deal of work has been directed exclusively towards the
application of chemical plant analyses as 2 means of dingnosing the nutrient requirements of plants
and soilst!. There is in fact overwhelming evidence, that diagnostic techniques using the ‘plant have
been widely and successfully applied to 3 whole range of crop plants. A survey of the literature how-
ever, reveals that as far as Cocomut i3 concerned any available records are purcly of an empirically
descriptive nature, In fact, it would be a lcgitimate inference that there has been no systematic approach
from the plant angle in the past, for the evaluation of the nutrient requirements of the coconut palim.

Untike other crops where the integrated unity of the whole plant coukd be treated us an orga-
nism, the coconut palm owing to iis morphological features and higher level of organization is no doubt
unwieldy for experimental procedure. In spite of these handicaps, the writer has taken ‘the view that
the patm has certain unique features and offers unlimited scope for the application of “plaat dingnostc
techniques’, provided separale investigations covering distinct phases in the growth cycles of the palm
could be planned and executed.

The sap of the coconut palm nourishes the inflorescence, and this inflorescence through a process
of elaborate development eventuglly produces the ripe fruit. This ripe fruit contains the germ or embryo,
which germinates to produce the young plant or coconut seedling. The growth and reactions of this
secdling from infancy o senescence cover many phases, which are all interlocked with factors
associated with the general environment. ' o

Starting with the sap — followed by the floral branch, and then the young seedling, an endcavour
has been made by the author to study as systerpatically and intensively as possible how the fundamental

aspects of uptake and distribution of the macronultrients characterise the development of the drupe;

and thereafter the seedling which is produced from the embryo by a process of germination.

The lack of a sound plant technique suitable for the nutritional ‘diagnosis of a unique crop like
the coconut is no doubt a lacuna which needs filling. 1t is maintained- that some preliminary funda-
mental knowledge pertinent to this subject has béen gained from the author's studies, but this could

only be regarded as touching the fringe of the ultimate objective, where the nutrition and fertilizer.

requirements of the adult palm itself in its productive phase, have to be assessed. ’

The field is fertile and the scope is indeed wide. With the knowledge gained and the techniques
that have ‘been evolved, it is proposed to pursue the studies and develop the work alang the lines that
have been adumbrated in this paper, until every phase in the ontogenesis of the palm is covered.
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It is to be hoped that the position would be reached during the next decade or so, when thc; ; 5
technique of Diagnostic Plant Analysis (including Foliar Diagnosis) could be applied (in a comple- |

mentary role to soil techniques) to the coconut palm. not only for the assessment of faulty minerat .
nutrition, but also as a reliable guide to optimum fertilization during different phases of its growth .-
and reproduction. ) _ b
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