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- 1. Introduction 
:'t , 

$ T h e m a n a g e m e n t o f C o c o n u t Es ta tes is no t a subject t ha t can be d iscussed in t e rms o f a n y 
final a u t h o r i t y , because the re is m u c h t ha t w e do not k n o w , a n d good managemen t on one estate 
is no t necessar i ly ' good ' fo r a l l estates. Mo reove r , t h e a u t h o r is acu te l y a w a r e o f h is o w n l a c k 
of expe r i ence ( t w o y e a r s as a C o l o m b o Plan Ass ignee, w o r k i n g at the Coconu t R e s e a r c h I n s t i t u t e ) , 
a n d t h a t a n y k n o w l e d g e ga ined i n so shor t a t ime w o u l d not n o r m a l l y ent i t le h i m t o - w r i t e o n 
th is .sub jec t . H o w e v e r , d u r i n g those t w o y e a r s a n u m b e r of observa t ions were made , a n d m a y 
be w o r t h r e c o r d i n g ; i f o n l y as food fo r t h o u g h t among those w i t h m u c h g rea te r know ledge a n d 
exper ience of t h e coconu t i n d u s t r y i n C e y l o n . 

W i t h t ha t lack of exper ience , t h e a u t h o r has one a d v a n t a g e i n f reedom f r o m loca l t r a d i t i o n , 
a n d a n o t h e r t ha t is c o m m o n to a n y ag r i cu l t u ra l scient ist w h o goes a b r o a d a n d tr ies t o assess 
t h e p rob lems of a n u n f a m i l i a r c rop . S u c h a v i s i t o r w i l l see n e w w a y s of do ing th ings , a n d he 
s h o u l d be i n a pos i t i on to c o m p a r e local pract ices w i t h those tha t h a v e been adop ted a n d d e v e l o p e d . 
in. o t h e r coun t r ies . H e c a n , there fo re offer some commen t on the apparent advan tages , o r ; 

-d i sadvan tages , o f those techn iques. Such c o m m e n t m a y , or m a y not be o f v a l u e i n i tsel f , o r i t 
m a y p r o v i d e a basis fo r d iscussion, w i t h perhaps, some e x p e r i m e n t a l mod i f i ca t ion of ex i s t i ng 
pract ices. T t is w i t h that ob ject that these notes have been compiled. 

2 . T h e P r o b l e m of the ' M a n u r e Circle ' 

- T o a v i s i t o r f r o m a n y med i t e r r anean , or sub- t rop ica l country, perhaps the most in teres t ing 
p rac t i ce o n C e y l o n coconu t estates is the use of manure circles. T h e s e are sha l low t renches , 
d u g a r o u n d the base o f i n d i v i d u a l trees, wherein annual, or bi-ennial doses of fe r t i l i ze r a re s p r e a d , 
and. subsequen t l y c o v e r e d w i t h loose earth. These 'circles' o r ' t r e n c h e s ' usua l l y h a v e an* 
i n n e r rad ius of about 3 feet 6 inches and an outer radius of anything from 5 to 7 feet. T h e y 
a r e n o r m a l l y 4 t o 6 inches deep. They may have developed from a still earlier p rac t ice of t y i n g 
an ima l s to i n d i v i d u a l trees and thereby applying ' fertilizer ' in a circle. 

A t f irst sight this practice seems quite unreasonable, since the coconut tree has a l a rge a n d 
spreading root system and each root, as it matures, is enclosed within a cylinder of lignified 
cells. There are no root-hairs and the absorption of water, or nutrients, is apparentlv restricted 
to a shor t length of young root immediately behind the root-cap. Since root caps are genera l l y 
loca ted a t some distance from the base of a t ree, it would appear that the same amount o f fe r t i l i ze r 
spread e v e n l y over the ground between trees would be more readily absorbed.-

T h i s is b y no means an or ig ina l obse rva t i on , and b roadcas t ing of fer t i l izers has been t r i ed 
o n - m a n y estates. H o w e v e r , as a genera l ru le , a n d except unde r special c i rcumstances, t he 



result has neara Recline ia yieldl On the other hand the efficiency of manure circles has* 
established on the basis of greatly increased yield, and it is apparent from the much better gro. 
of weeds within those circles. 

As one explanation of that effect, it might be argued that preparation of the manure cj-
stimulates a. growth of new and vigorous rootlets, which are in effect a concentration of absorb! 
root tips in the area involved. However that explanation is not entirely satisfying, and it ha 
been found that the same amount of fertilizer spread on the same area, without digging trench 
may be equally effective. Hence there is room for speculation on the reasons why these circles' 
are so effective.' 

In that connection, it is a point of some interest that in the author's experiments 
with coconut soils of lateritic origin it has been found that these soils tend to ' fix * a certain 
amount of potassium. The ' lateritic gravel', for example, appears to absorb a great deal of 
potassium, and under experimental conditions nearly 4$ cwt./acre KaSO« has been immobilized 
in that way. With less than that amount, plants of Paspalum and Phaseolus have suffered 
from an acute deficiency of K and many have died. On the other hand, a dressing of 4$ cwt./acrg 
K.SO4 was generally sufficient to overcome this trouble, and there was no apparent advantage 

• from still higher dosage. In other words, those experiments suggest that an initia.l dressing 
of at least 4 cwt./acre K3SO« is required to satisfy the ' absorption capacity * of this soil, and 
only potassium in excess of that amount would be available to plant roots. 

If that is so, then it can be shown that where trees are given 9 lb. of a 3 . 3 . 3 fertilizer mixture 
(eg. (NrLjJjSO* + K G + 'Saphos' Phosphate), and if there, are 70 trees per acre, then the 
same amount of fertilizer broadcast over the whole area would be equivalent to an overall dressing 
of something less than z\ cwt./acre K*50|:—i.e. about half the amount required to satisfy the 
' absorption capacity' of this soil. It follows that very little potassium would be taken up by 
the trees, and broadcasting would not be successful. 

On the other hand, where that amount of fertilizer is concentrated in manure circles, the 
rate of application within the area of any circle would be approximately 14 cwt./acre K3SO4, 
and a very large amount (10 cwt./acre) would be available to the trees. Hence the manure 
circle would be an effective way of supplying potassium to the tree. 

If that is so, i.e. if there is any fixation of nutrients by the soil:—with consequent advantage 
from heavy applications within a restricted area ; then it provides one explanation of the success 
achieved with manure circles, and a very good reason for applying fertilizer in that way. 

On the other hand, it is also a matter of some importance in the author's experiments, that 
applications of more than 4 4 cwt./acre K 2 S 0 4 did not give any further increment in the yield of 
Patpalum or Phaseolus. On that basis and considering only the question of available potassium, 
it might be advantageous to apply fertilizers in much larger manure circles: e;g. circles with 
an inner radius of 3 feet 6 inches and an outer radius of 10-11 feet. In that way an optimal 
dose o f potassium ( 4 $ cwt./acre K 2 S 0 4 ) would be applied to a much larger area, and should be 
available to a greater number of roots. There is, of course, no apparent reason why that area 
should be in the form of a circle, and application of the same fertilizer to an equivalent area of 
any shape might be equally effective. 

As an alternative to this suggestion one might consider the economics and the practical 
advantages, or disadvantages, in applying potassium separately and in somewhat greater 
amounts as a broadcast dressing, and thereby providing available K for all the roots of all the 
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If that were done, then it might be possible to raise production more rapidly to near-
l level, and that smaller amounts of potassium would be effective in subsequent years. 

f tlnfortunately the amount of potassium required to satisfy the * absorption capacity' of 
£MoQ in one heavy, initial application would vary from soil to"soil, and possibly from one estate 
J another, and at this juncture no comprehensive, recommendation is possible. However, 
i general principle is obvious, and might be used as a basis for experiment by practical men 

irtne coconut industry. 

3 . Soils and Fertilizers 

A use of ' fertilizers' to promote growth and increase the yield of food crops has been o: 
the most important developments in the history of mankind. However, our knowledge of 
tilizer practice is by no means complete, and there are certain basic principles.that need to 

{fee re-stated from time to time. Fundamentally our objective is to supply certain nutrients 
fjsfsich are required for plant growth, and which are not present, or available, in .the 
boil in sufficient quantity, The nature and the amount of fertilizer needed are determined by 
f the requirements of the plants and by the amount and availability of nutrients in the soil.. The 
amount of any nutrient which is required for plant growth can be determined by chemical analysis 
and by physiological study of the plants concerned, but the nutrient status (i.e; the amount of 
any nutrient available in the soil) is frequently a matter of much greaterimportance in determining 
correct fertilizer practice. In other words it is not sufficient for us to say that a given crop 
required N.P. or K. It is essential to know what amounts of N.P. or X are required 
for satisfactory growth of that crop in a given soil. It follows that what may be the best type 
of fertilizer for one type of soil, will not necessarily be correct, andmay indeed be quite unsuitable 
for use on another type of soil. 

•- This problem of soil variation is universal, and it would be quite impossible for any Research 
Institute, in the present state of development, to make detailed recommendations for every 
type of soil on a large number of estates. Fortunately, however, the soils of Ceylon fall naturally 
into recognisable groups, or families and it is, or should be, possible to make a general recommen­
dation for: each group. Given that general recommendation, there is need for the individual 
grower to experiment with some variations of the general formula, and so determine optimal 
mixtures'-for the soils of his own estate. 

Within reasonable limits, any excess of major nutrients (N.P.K. and Ca) is not likely to 
cause,serious damage, but in some cases (notably on the sandy " cinnamon * soils) a complete 
absence of one nutrient (e.g. calcium) can lead to serious, adverse effects from the application 
Of Othernutrients, and a balanced mixture may be anesscntialrequirement. Also it is well to 
remember that any use of fertilizers is subject lo the Jaw of diminishing returns, and that any 
excess of one nutrient, or another, can lead to quite disproportionate expenditure in relation 
to any increase in yield. 

Methods of applying individual fertilizers a re still u matter f o r intensive study, and it is of 
importance that the best w a y and time to apply one nutrient, is not necessarily the best; indeed 
it may be quite the wrong way to a p p l y ano ther nutrient, F o r example, on 'lateritic gravel' 
it is now apparent that light dressings of potassium would have little effect on plant growth, 
and that the best practice would be to a p p l y one initial heavy dose [i.e. 4$ cwt./acre K a S0 4 ) , 
which might be followed by somewhat smdller doses at intervals yet to be determined. On the 
other hand, the use of heavy initial dosage would be quite the wrong way HI \̂ 'hich to apply 



nitrogenous fertilizer (e.g. (NH^JaSO,, or NH1NO4), and indeed it would involve a very he3 
loss of available'nitrogen through leaching and the liberation of ammonia, etc. In poin 
fact the most efficient way to.apply nitrogenous fertilizer wouldUbe in very small and frequ 
doses. 

Other nutrients (e.g. P, Ca, etc.) should also be applied in doses and at times that are sui 
to the particular type of soil and to the prevailing circumstances. 

This question of the optimum amount and frequency of application FOR particular nutrien 
is of considerable importance in relation to the common practice in Ceylon, which is to app, 
a standard mixture (usually one containing N, P, K,' Ca and S) once or twice a year. Such 
mixture applied at any one time, or at stated intervals, could be fundamentally wrong and 
ho means efficient, either in producing increased yields,'or in terms of economic expenditu 
On the whole, it seems likely that a better practice would be to apply individual fertilizers 
times and in quantities that are in accord with the demand for individual nutrients. 

While this would involve some change in current practice, with the possibility of increasl1 

expenditure; that difficulty, or expenditure, might well be compensated by increased returns 
Application of heavy initial dose? would not imply any fundamental change, t u t frequen^ 

. application of small doses might present some difficulty. However, that difficulty is by noj 
means insuperable, and on small estates admixture of the appropriate fertilizer with sand; 
or fibre dust, would facilitate an even distribution by hand. F o / LARGET estates there are rotary 
fertilizer spreaders that will evenly distribute less than J lb. (NH4j*SO« per square. Here 
again there is a need for fundamental research, and for some experiments by practical men. 

4 . Husk Pits 

• Husk pits are holes dug in the spaces bet ween, trees and usually 6 feet x 4 feet x 2 feet 
deep; they are .then filled with coconut husks and covered by the loose earth taken from the-
pits. There are numerous variations in terms of the size and depth of holes, use of alternate 
layers of soil and husks, and the inclusion of some nitrogen rich vegetation {Glyricidia leaves, 
etc.), or fertilizer.* It is claimed that these pits improve the moisture retaining capacity 
of any plantation, and that they contain certain nutrients—notably potash—which are even­
tually absorbed by the trees. Disadvantages are that they dispose of what might be a valuable 
bi-product (coconut fibre), and that in dry, sandy country the husks take a very long time to 
decay. 

There is ample evidence to show that husk pits do trap a lot of water that would otherwise 
be lost in run-off; and during dry seasons there is invariably a better growth of herbage where 
husks have been buried. However, it is rather an open question whether this is due entirely 
to thehusks, or whether the same amount of water could be trapped in any open pit of comparable 
size and shape. An open pit, would of course, allow free evaporation, and it might be a dis­
advantage in dry weather. However, it is again open to question whether a pit filled with any 
other material, e.g. loose earth, or even fibre dust (of which there are large dumps in all parts 
of thecoconut country) would not be equally effective in conserving water. A mixture of fibre 
dust and soil, for instance, might be almost an ideal moisture absorbing medium. 

•It i s however, worth noting that this material (husks) has, a very w i t l c C/N ratio, which is not condu­
cive to bacterial growth ; and that Inclusion of leguminous foliage, nitrogenous fertilizer, or cattle manure, in 
husk pits may he "desirable, since that would encourage bacterial growth, and 90 hasten the process of 
decay.-
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He amount of potash in buried husks would be by no means inconsiderable, and since that 
is normally absorbed by seedling roots, it would obviously be readily available to the. 

; Moreover, if one takes into consideration the potash absorbing capacity of lateritic soils, 
husks are likely to be even more valuable, because their potassium is not in direct contact 

th the soil and therefore unlikely to be fixed. 
.jThe contribution of decaying husks to the nutrition of coconut tree is difficult to assess, 
rttise it is complicated by other factors that are, in themselves of considerable importance, 

ot example while it has been found that lateritic soils tend to immobilize a certain amount of 
„ tassium, stiU further experiment! have shown that this process can be, at least in part, reversed 
ydrying and aeration of those soils. Under experimental conditions potassium deficient soils' 
hereon all plants of Paspalttm or Phaseolus had died, were largely rejuvenated by the simple 

process of drying and aeration, and thereafter,.the same soil gre*w quite healthy plants of both 
pedes. It follows that the mere act of digging a pit and throwing up loose soil, would in itself -

bring about some improvement in potassium status, which is normally attributed to the husks. 

: The whole question of potassium status in these lateritic soils is extremely complex and, 
there is a question whether cultivation and sub-soiling would not be equally, or nearly as effective 
as the husk pit, both in conserving soil moisture and in improving the supply of available 
potassium. 

5 . Cultivation 

r „ {In Ceylon and on coconut estates, the term ' cultivation ' is generally applied to 
strictly surface cultivation on land between the trees. Disc harrows, or a bullock-drawn 
plough are the implements in common use. That practice of ' scratching ' or ' disturbing' the 
,sm^ce soil seems to have few advantages, and it might be condemned on several counts: e.g. 
"it^courages surface erosion, it tends to remove all ground vegetation which would normally 
provide some insulation against excessive temperatures and drying winds, and it tends to destroy 
any surface mulch that might provide a suitable medium for bacteria or fun^. or for the many 
types" of soil improving micro- and macro-fauna. Its main advantage would lie in the control 
of weeds; but that is rather a vicious circle, because land so cultivated is, of itself, an excellent 
medium for weed growth. The ideal form of weed control is a ground cover of other, and more 
desirable plants. 

.. Fundamentally, cultivation implies a disturbance of the soil, and this may be achieved 
in a number of ways, according to the requirements of the particular form of agriculture. On 
coconut estates, for example, a fundamental requirement is to prevent soil erosion, and to that 
end cultivation may involve no more than the digging of trenches, and building contour bunds. 

. Cultivation may also be desirable to facilitate the absorption of water during rainfall, and to 
' a^eratesoils that tend to become unduly compacted. Under these circumstances a deep cultivation, 

„;with minimal disturbance of the surface soil, seems eminently desirable; and again, digging 
* of narrow trench*?, or use of a sub-soiling plough would seem to be the obvious approach. 

Sub-soiling and trench digging have one apparent disadvantage, in that both practices 
involve a breaking, or destruction of many tree roots. In shallow, sandy soils where there is 

' a high water table, this would be a serious complication, but in that case the soils are naturally 
absorbent and well aerated so that this practice need not be adopted. On the other hand on 
upland soils and particularly on the 1 lateritic gravels ' and ' loams ', it is likely that any breaking 
of surface roots would encourage a development of more deeply penetrating roots, on which 
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t he trees mus t r e l y f o r the i r w a t e r s u p p l y d u r i n g d r y w e a t h e r . U n d e r those c i r c u n i s t » « 
a n y d isadvan tage f r o m sub-soi l ing, o r bund ing m i g h t be m o r e apparen t t h a n rea l , a n d t h e o v -
a d v a n t a g e o r d i sadvan tage f r o m th i s t y p e of c u l t i v a t i o n seems w e l l w o r t h y o f i nves t iga t ion . 

C o m p a c t e d soils a re pecu l ia r l y resistant t o a n y i n f i l t r a t i on of w a t e r , a n d because t h e r e J a 
a la rge a n d rap id run-of f t h e y are v e r y subject t o e ros ion . Sub-soi l ing a n d m u l c h i n g , o r indeed) 
a n y pract ice tha t i n v o l v e s loosening a n d ae ra t i on o f t h a t so i l a r e the re fo re c o m m e n d a b l e as H 
h i g h l y desirable phase of managemen t . 

6. Contour Banks and Trenches 
\ C o n t o u r banks a n d trenches are used fo r e i ther o f t w o purposes, (i) t o p reven t soil eroauJ 

a n d (a) as a means o f d ra in ing I n l y i n g o r wa te r - loggcd 'so i l , neirLLJ^^L^deT^ 
v e r y la rge ly o n adequa te out le ts a n d o n ' ' m a i n d r a i n s ' t ha t w i l l a l l o w adequate fa? £ £ £ 

O n the o the r h a n d , soi l eros ion is a lmost u n i v e r s a l i n C e y l o n , a n d i t m i g h t b e sa id t h a t under? 
t rop ica l ra in fa l l l eve l , non-e rod ing l a n d is v i r t u a l l y non-ex i s ten t . I t must also be r e m e m b e r e d \ 
t h a t soi l erosion is a n a t u r a l phenomenon , w i t h o u t w h i c h there w o u l d be n o fer t i le v a l l e y s . 
Comp le te c o n t r o l o f a l l e ros ion is {pe rhaps f o r t u n a t e l y ) a lmos t impossib le, a n d o n coconu t estates 
the p r o b l e m is to p r e v e n t excessive erosion. 

T h e cons t ruc t i on of adequate a n d p roper l y des igned contour^banks is b y no means a ' t heo re ­
t ica l ' o r ' h y p o t h e t i c a l ' requ i rement . U n d e r t rop i ca l ra in fa l l it is a f u n d a m e n t a l necessi ty o n 
a lmost a n y slope. O n c e tha t is done , i.e. g i v e n a n eff icient c h a i n , o r series o f c o n t o u r banks , 
t hen a grea t m a n y c u l t u r a l pract ices (p repara t ion o f a seed-bed, sub-soi l ing, b r o a d c a s t i n g , 
fer t i l i zer , a n d g raz ing , e tc . ) can a l l be ca r r ied ou t w i t h i m p u n i t y a n d w i t h o u t t h e usual risk of.j 
eros ion, o r t h e loss o f v a l u a b l e n u t r i e n t s i n run-of f . ' ^ 

Moreove r , f r o m c u r r e n t obse rva t i on a n d e x p e r i m e n t s i t w o u l d appear t h a t t h e p o A n t ' * 
ma te r i a l f r o m w h i c h m a n y coconut soils a re d e r i v e d (i.e. t h e cabook, rock , o r g r a v e l ) is -
c o m p a r a t i v e l y easi ly b r o k e n d o w n i n to finer par t ic les (sand , silt a n d c l a y ) and tha t in th is w a y ;< 
there is a constant rep len ishment , e v e n a bu i l d -up , o f ava i l ab le p lan t nu t r i en t s ; w h i c h m i g h t 
account fo r the su rp r i s i ng - fe r t i l i t y and the lush n a t u r a l vege ta t i on o n C e y l o n soils. U n f o r ­
t u n a t e l y , those finer par t ic les are alt too f requen t l y , a lmost i m m e d i a t e l y t ranspor ted (o r e roded) 
and c o n v e y e d e v e n t u a l l y to the v a l l e y floors, w h e r e t h e y a re t h o r o u g h l y leached, a n d m a n y 
essential p lant nu t r i en ts a re r e m o v e d . G i v e n adequate p r o t e c t i o n — b y erosion con t ro l—these 
smal ler par t ic les shou ld , i n t ime, bu i l d up to f o r m c o m p a r a t i v e l y rich, l o a m y soil in the place 
where they were formed. 

I n C e y l o n , con tou r banks are genera l l y cons t ruc ted o f loose e a r t h w h i c h is t a k e n f r o m a ' 
t r e n c h dug paral le l to tha t bank . I n some cases the loose e a r t h is t h r o w n up-h i l l ( w h i c h is the 
be t te r p rac t i ce) in o t h e r cases i t is t h r o w n d o w n - h i l l a n d t h e t renches themse lves ac t as e a r t h e r n - ; 
wa re tanks , where in run-o f f w a t e r is col lected and g r a d u a l l y soaks a w a y . T h e second m e t h o d ' 
is no t ideal , a n d shou ld o n l y be adop ted where loose e a r t h is incapable of ho ld ing back a n y 
apprec iab le v o l u m e o f w a t e r . • , j 

T h e f undamen ta l requ i rements f r o m a n y s y s t e m o f c o n t o u r banks a re (7) t ha t t h e y s h o u l d ' * 
check a n y flow of w a t e r o v e r the sur face of the l and , a n d (2) t ha t t h e y shou ld enforce a sp read 
o f sur face w a t e r o v e r qu i te a large area of l and , where it w i l l g r a d u a l l y soak i n to the soi l . W h e r e 
b a n k s are cons t ruc ted a b o v e t h e leve l o f the i r t renches b o t h ob jec t i ves a re ach ieved , a n d a n y 
soi l t ha t is suspended in t h a t w a t e r is finally deposi ted beh ind the banks . T h u s in course o f 
t i m e those ho l lows w i l l g r a d u a l l y fill u p , a n d the land w i l l f o r m a series of leve l ter races (see F i g . i ) . 

^ V C o n t o u r b a n k s of th is t y p e shou ld be supp lemented b y sho r te r banks p laced a t right angles • 
to t h e m a i n b a n k a n d r u n n i n g up-h i l l . T h e y s h o u l d b e o f g r a d u a l l y decreasing he igh t ( i ;e. l e v e l . | 
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ong the t o p ) , and of sufficient l eng th to p r e v e n t a n y lateral flow of wa te r . A l so the t renches 
o u l d h a v e su i tab le spi l l -b locks designed a n d located to p reven t a n y flow of wa te r along the 
ench . 

I f , o f necess i ty , t he e a r t h f r o m t renches is t h r o w n down-h i l l , t h e n w e are faced w i t h a v e r y 
di f ferent s i t ua t i on , because f ree -wa te r o n the land between banks w i l l i n e v i t a b l y flow in to those 
t renches, a n d a n y soil par t ic les in suspension w i l l settle out on the b o t t o m of the t rench . R e g u l a r 
c leaning w i l l be essent ial , and i n tha t process the silt w i l l once aga in be t h r o w n down-h i l l . H e n c e 
i n the long r u n , th is s y s t e m w i l l encourage an ' assisted ' m o v e m e n t of soil f r o m the t o p of a n y 
rise to the v a l l e y floor. Mo reove r , soil f r o m the banks w i l l g r a d u a l l y w a s h in to the t renches 
themse lves a n d it fo l lows t ha t th is s y s t e m of con tour bank ing w i l l lead e v e n t u a l l y to f o rma t i on 
of a series of slopes, each somewha t steeper t h a n the or ig ina l l a n d sur face (see F i g . 2). 



7. Spacing of Trees 
Spacing, or die optimum distance between trees in a plantation is frequently discus 

and it is generally appreciated that the optimum spacing may vary from place to place, accordi 
to local climatic conditions. Also it is generally conceded (though not established) that li 
is-an important factor, and that a proper spacing is one wherein the leaves of adjacent trees 
virtually touching, but do not overlap. 

In this as in many other agricultural problems a basic requirement is to determine precise! 
what are the limiting factors which control the vigour of individual trees. If for exampl 
intensity, or the anfount of sunlight has an over-riding control on growth and production, thei 
undoubtedly the criterion of complete cover, without any overlapping, is basically sound, 
on the othesthand, rainfalltxor the amount of available soil moisture is of greater importance 
in determining the vigj&r of indivio"nal trees, then a somewhat wider spacing of trees may giv< 
a higher .level of prodqflpm. In both cases it is well to remember that any measure of production 
pe&tree is not necessarily sound, since fewer nuts per tree frotg many more trees per acre, oj 
rrfahy more nuts per'tree from fewer trees per acre, could both^give a higher over-all levelo 
production. In point of fact it has been established, with other plants, that wh&re rainfall, oj 
soil moisture, has an over-riding control on production, then within quit&wjde limits of spacing 
there is an automatic contJfjPbf production from individual plants with^Kually the same leve 
of production per acre. fl| 

Where the limiting factor is not basically climatic, e.g. in the case of a nutrient deficiency 
it should be possible to increase production by supplying that particular nutrient in the fom 
of fertilizer. Under those conditions, and until some other limiting factor intrudes, any increase 
in the number of trees would not involve reduction in the yield from individual trees, and th* 
yield per acre should rise almost in proportion to the number of trees. Finally it is well t( 
remember that where spacing is not a matter of critical importance, then other consideration: 
(e.g. convenience in use of implements, or in collection and transportation of nuts, etc.) ma) 
well determine the ' ideal' spacing. 

A number of arbitrary, or ad hoc, experiments on tree spacing will not necessarily yiel< 
information that is likely to be of universal application. The fundamental and the correct 
approach to this problem wpuld be tb make a detailed study of limiting factors that are affecting 
yields per acre, or the yield from individual trees. Given that information then it should be 
possible both to assess the probable effect of tree spacing, and to formulate some general principles 
that might be used as a guide to field practice and experimentation. 

•i 

8. Pastures and Animal Husbandry on Coconut Estates 
The place of animals on coconut estates has been a subject for discussion over many years. 

On the one hand there are those who contend that animal^ tend to destroy ground cover, ant'gp 
damage young coconut trees ; on the other h$nd there are those who point to the obvious a'dvan-
tagejcfjrn animal manure, and the production of meat and milk, etc. 

Basically our problem is to dec ide on the number of animals that can be carried without 
damage to an estate, and whether the amount of dung and animal products from that number 
of animals will be economically worthwhile. In both respects this problem tends to become 
distorted, {a) because over-grazing (i.e. carrying too many animals per acre) is far too common 
in Ceylon and (b) because production is seldom at an optimal level, because animals are fed on 
inadequate ration, or they are genetically poor yielders. <t 



damage caused by overgrazing cannot be too greatly stressed, and it is necessary to 
acommonlalacy, which argues that because animals provide a' natural ' and efficient 
I in the form of dung and urine ; then the more animals we have, the better the supply . * 

'ents. Basically, any animal must be talked on as a machine which is capable of convert- -
zi'pasture into good manure, and at the same time producing certain bi-products which 
unian food, or of economic value-' If that machine is deprived of raw materials 
lock feed) then it cannot turn out those desirable products with any degree of efficiency, 
any reasonable standard of quality. 
i pasture is something that will provide good and sufficient stock feed, and at the same 

foufacture and store plant foods (carbohydrates, etc.) that are essential for its own growth 
asture is over-grazed, or even incorrectly grazed, then it canntSt maintain its own vigour, 

eventually it will give way to plants of lesser economic value, or'to bare ground. 
jTtie optimum, and the correct number of animals for any pasture is that number ot animals 
h can obtain adequate feed (on a year-long basis) without serious detriment to the pasture. 
From the point of view of animal husbandry, a pasture is required to provide not only a 
*ent quantity of animal food, but also food o! the right quality (i.e. a balanced ration) which 

allow maximum production of meat and milk, or wool per acre. If the quality of feed fajls 
ft of that reqmrenfent, then some other type of pasture, or supplementary feed (e.g. poonac, 
*'or mineral llcks^ must be provided. That requirement is not the same for all types of 
rials (eg. milking cows require more protein than dry stock) but some reasonable approxi-

;on to correct feed is a first essential to any correct assessment of economic returns from 
class of livestock. 
As with the animals, a pasture cannot be expected to produce a maximum amount of good 

Ti-ality stock feed unless the pasture itself is receiving adequate amounts of plant food: More- -
rarer, the. type of pasture plant that can be grown, and the quality of stock feed thereby provided 
pli be determined by the amount of available soil moisture, and by the supply of available 
pitrients. 
L If, for example, the soil on any estate is deficient in any one, or more plant nutrients 
[e.g. if it is deficient in phosphorus), then the only plants that can be grown successfully will 
ie those with a very low requirement for that particular nutrient, or those particular nutrients. 
In that event the pasture as a whole will be deficient in nutrients, and either the animals will 
fcurkalthy and unproductive or only a very few animals (i.e. that number which can obtain 
|balanced diet by selective grazing of young and green leaves, etc.) can be maintained in good 

ndition. 
If on the other hand, we supply those particular nutrients in the form of fertilizer, then 

will be possible to grow a better type of pasture plant, and to carry more animals in good' 
Condition. Much of the food that they consume will be returned to the soil as dung, or urine, ̂  
and fradually the whole level of soil fertility will rise. Over and above that immediate effect^ 
if we are able to grow a good type of pasture, then those plants will take up other mineral nutrients 
from the deeper layers of the soil, and they in turn will be transformed into plant tissue, eaten 
by animals, and eventually returned to the soil in a readily available form. Hence a good pasture 

iiwhich is properly grazed should, in time, improve both the physical structure, and the nutrient 
Kstatus of the soil. It will also tend to check erosion, and to facilitate penetration of rain-water; 

i t will protect the soil surface from insolation and strong winds, and it will provide a mulch 
wherein a soil improving biota can live and multiply. 



O n coconut estates, a n y i m p r o v e m e n t i n so i l s t r u c t u r e a n d f e r t i l i t y w o u l d be a 
ob jec t i ve , a n d a n y economic r e t u r n f r o m a n i m a l p r o d u c t s r a the r a secondary considera 
H o w e v e r , i f w e a r e t o a t t a i n a h i g h l e v e l of soi l f e r t i l i t y t h r o u g h a n i m a l h u s b a n d r y , » 
o b v i o u s l y i t w i l l be desirable to c a r r y an o p t i m u m n u m b e r of an ima ls in good c o n d ^ 
T o tha t e n d , we must use fer t i l izer , a n d if t ha t is*%> be a n economic f o r m of managemen t , ;j 

. the pas tu re mus t p a y fo r i tself in its o w n right. I n o t h e r w o r d s , a n eff icient t y p e of a w 
h u s b a n d r y w i l l be essential t o the use and evaluation o f pas tu res o n coconut estates. • 

I f i n add i t i on to meet ing tha t requ i rement a n y f o r m of a n i m a l h u s b a n d r y can proc 
add i t i ona l re turns 1 ( i.e. income o v e r a n d a b o v e t h e cost o f i t s es tab l i shment a n d ma in tena i 
t hen t ha t income w o u l d represent add i t iona l p ro f i t f r o m t h e l a n d . Mo reove r , w h e n the p 
o f c o p r a , o r o t h e r coconu t p roduc ts , i s l ow , t h e a n i m a l s w o u l d t e n d t o cush ion a n y se r i 
r educ t i on i n ove ra l l income. 

I n ce r ta i n respec ts—notab ly in a t t emp t i ng to p r o v i d e suff ic ient a n d con t i nu ing amoun t ! 
n i t r o g e n fo r a n y c r o p — a n d w i t h t h e excep t i on of g reen m a n u r e ( w h i c h does no t g i v e a n y d i i 
economic r e t u r n ) — a use of pas ture , a n d s tock , Wou ld appea r t o be the o n l y sa t is fac tory i 
rel iable w a y o f p r o v i d i n g adequate nu t r i t i on fo r the trees. M o r e o v e r , a n d p r o v i d e d tha t 
pas tu re p a y s fo r i tself , th is w o u l d st i l l be t r u e e v e n w h e r e t h e pas tu re i tself requ i res n i t r o g e n 
fer t i l i zer . 

* T h e ques t ion o f a n y compet i t i on fo r soil w a t e r o r p l a n t nu t r i en t s , as be tween the past* 
a n d the coconut t rees, is one t ha t cannot be a n s w e r e d a t t h e present t ime . I t c a n o n l y 
answered b y expe r imen t s w h e r e i n the y ie ld o f t rees g r o w n i n associat ion w i t h a w e l l manag 
pas tu re c a n b e c o m p a r e d w i t h t h a t of t rees g r o w n u n d e r a n y o t h e r f o r m of good manageme j 
O n a priori g r o u n d s , a n d f r o m genera l obse rva t i on d u r i n g t h e past t w o y e a r s , t he a u t h o r is 1 

t h e op in ion t h a t in e v e n t of such compet i t i on , a n d p r o v i d e d the pas tu re does not inc lude a hij 
p r o p o r t i o n of undes i rab le grasses o r weeds, then it w o u l d be t h e pas tu re r a t h e r t h a n t h e tn j 
t ha t w o u l d suffer f r o m s u c h compet i t i on , j 

t 
9. C o n c l u s i o n 

I n s u b m i t t i n g these ' notes on the managemen t of coconu t estates ', t he a u t h o r is consc io 
of the fact tha t f e w , i f a n y o f h is suggest ions c a n be s u p p o r t e d b y e x p e r i m e n t a l ev idence , a i 
t ha t w i t h o u t such fac tua l .data, a n y one, o r a l l 01 these ideas m a y be i l l - conce ived, o r mis leadin 
B e t h a t as i t m a y , these suggest ions are of fered fo r w h a t t h e y a re w o r t h , a n d i n the hope t h 
t h e y w i l l s t imu la te t hough t a n d discussion, w i t h some gene ra l e x p e r i m e n t a t i o n a long lineS t h 
m a y increase o u r know ledge of coconut cu l tu re . 

20 




