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Mineral nutrition and fertilization of the coconut 
around the world (1) 

R. MANCIOT (2), M. OLLAGNIER (3) and R_ OCHS (4) 

The common coconut has always played the part of a poor 
rellllion to the oil palm. In the best growing conditions (yie lds 
of 'l fons o( copr a per hal , the traditiona l varieties provide 2 Ions! 
011 ha againsl 6-6 Ions (or Ihe oil palm. Furlhermore, not only do 
lilt plantalions give a r elatively small yield, bul Ihey have the 
major disadvanlage of nol be ing very precocious. 

lJy virtlle of its geographical distribution, covering Ihe whole 
o( the interlropical zone of Ihe globe, the coconut interesls 
a large sectioll of the world population, for whom it represents 
Ihe sole sOl/rce of fals. In the cour se Of the lasl 10 years , while 
fhe llIorld population increased by 25 p. 100 and lolal consump­
tion o{ animal and vegelable fat s rose by more Ihan 35 p . 100, 
the share or copra in this consumption declined appreciably. 
It IS to be expected Ihat in Ihc years 10 come demand will increasc 
wilh poplltulton growth, and it is 10 be hoped that there will be an 
,mprovemtllt in the living standards of the least favourcd classes 
in Ihe ilevr:/oping countries in tile tropical regions. 

The coconut /Jas an importanl part 10 play. 
\I 'llilsl research with a view to improving the productivity 

"/lhis oit plant starled more l/wn 60 years ago (t hc first improve­
nlfnl slat ion saw lile light of day in 1 916 at Pilicode, in India) , 
it is Dilly in the last couple of decades lIwl considerable progress 
it'ls been made. 

Today, the results obtained show Ihatthe coconut is a tree with a 
{lIlure. Thanks to the use of modern growing lechniques, it lias 
become an oit pla/lt whose per ha production is approaching 
thnl o( oil palm (4-5 tons, the same hectare producing on ly 2 tons 
,jf grolllldllut oil or 0.5 Ions Of soya oil). In addition , it is fre­
qlltnll!) grown on very poor soi ls, wilere it will not compete with 
.11 palm. Finally, its ctimatic r equiremenls are not so strict 
I~ tile taller; in particular, moderate to heavy water deficits 
ifs yield less than those of the oil plam [1]. 

This improvemenl in yields r es lllts from the application of 
a '''/lOle series of modern techniques without which no high yields 
",ill e/Jer be obtained. Mineral nutrition is one of them . 

.IJHI yet (ertilization of the coconu t is still not current practice. 
The Philippims, with more than 2.7 million ha , only fertilize 
a/<IIIl130 000; in India, a few tens of lhousands oul of the 1. 2 mil­
lim, ha o( coconut groves r ece ive mineral manuring. The same 
applies in all the olher countries where the coconut is grown, 
''iII, a (ew exceptiolls like the Ivory Coast. 

Thr wide extension of high-yielding D arwf X Tall hybrids 
Nliid revolutionize COCOIlUt growing everywhere, but lhe absence 
"f fertilization will sto p them express ing their full polenlial, all 
thfmoresu in that such high produclion is inevitably accompanied 
~D a corresponding increase in the uptake of mineral elements 
(/YOm the soil. 

I. - T H E ENVIRONMENT 

I. - Geographica l dis tribu tion of the coconut. 

The tree most widely grown in the wor ld, Ihe coconut is found 
ill the whule interlropical zone, where its cfimatic /leeds are 
soli,! fi,~d. Considered as an important source of liquid for consump­
tinn by mall, lhe nul has played a great part in the dispersal of 
Ihr 1m, and Ihis is why it is found in ver y marginal zones where 
ptlor rainfall (Cap Verde I stands) or low temperatures (New 
Culedonia) severely limit its production; but in these regions it 
is 110 1011 (fer of any economic inter est. 

In spUr of Ihe development plans launched in Afr ica and 
.\lIIeriea, tile coconut is still mainty an Asiatic and Oceanian 
crnp. Tile l'hilippines, India, Indonesia, Sri Lanka and 
.lIolaY,I ia alone account for nearl y 7 million ha, or 90 p. 100 of 
fhe area planted 10 coconut in the world. 

Thr coconul's climatic needs are very sim ilar 10 ihose of oil 
palm. Tile observation Of Ihe conditions in which cocolllll growing 
delli/ops around Ihe world and the early resulls of experiments 
underfaken in Ihe most marg inal regions make it possible to 
Jlplle Ihese requirements. The coconul grows well when the rainfall 
il ns regular as possibte, Ihe ideal being 160 mm per month, 
nr Smill per day, an amount equal to thai of the monthly evapo­
Iranspiratioll and equivalent to an annual rainfall of 1 800­
j 000 1Il1lJ. However, Ihis palm can also deoelop normally with 
I~I rain where the waler deficit is compensaled by Ihe so il mois-

I) Communication pI'esented Lo 5tll Session of the F. A . O. 
T«hnicaJ Working Party on Coconut Production, Protection and 
Processin ~, 3-8 dec. 1979, Manilla (Philippines).

(2) Coconut Department, 1. R. H. 0., 11 Sq .-Petru rque, 75016 
!'nris (France). 

(3) Dil'ee lor 01 ResearCh, 1. R. H . 0., Pa ris. 

(,I) Direc lor, Agronomy Departmen t, 1. R . H. 0., l\1ontpellicr. 


ture reserve or by a high waler table. Onl!lC other hand, it must be 
mentioned that the coconul fcars excess moisture. 

Temperature also limits the exlens ion of the coconut; 27 oC is 
considered Ihe optimum. Below 1 6 0 C the life of lhe plant is 
perturb ed and its physiology influenced. If low temperalures are 
frequenl (Loyalty I slands), Ihe nuts fall and the developing 
fruit suffer deformations which considerably r educe copra yield. 

As Ihe coconul is grown in sunny regions, it was accepted 
thai 2 000 hours of sunshine annually wer e necessary . Bul in 
certain areas which have no mor e Ihan 1 800 hours (New Hebri­
des), coconuts give cxcellent yields when Ihe soil conditions are 
good. 

2. - So ils of th e Producer Regions . 

Because of its great adapta bility, lhe coconut is f ound on Ihe 
mosl varied soils, and Ihese fall into six main types: 

S a ndy co asta l s o i l s . 

These are the coastal sands , oery poor in organic maller and 
in collOids, with poor retention capacily but compensated by 
a very tow willing point , nonetheless occasionally leaving mor e 
avaiiable water than certain clay so ils ( I. R. H . O. Annual 
Report 1976-77) ; lhey have the advantage of being aerated and 
well-drained. They are poor in mineral elements and need ade­
quate fertilization . This type of soil occurs in practically atl Ihe 
coconut planlations in West Africa and Madagascar; they are 
also found in India, in Malaysia (East Coast), in the Philippines 
and in many olher regions. 

Cora l so il s. 

Pebbly or gravelly, m ore 01' l ess poor in organic maller, the 

coral so ils are very rich in limestone. They cover most Of the 

atolls ( Polyn es ia). Theil' f ertility depends on the amount of 

organic maller and the degree Of weather ing; Ihey can be overlaid 

by a varying thickness of alluviat so ils, which makes them very 

f ertile (New Hebrides, Solomon I slands). 


L ateriti c soi l s . 

Rich in iron and aluminium hydroxides, they result from 
intense leaching of the sil ica and the exchangeable bases. They 
are often short of potaSSium and phosphorus; their aptitude fo r 
coconut growing depends on the degree to which concretions have 
formed (water supply). 

Alluvial so il s . 

The (luviogenic soils are Often very good for coconut. Their 
r(cl llleSS obviously depends on the n.alure of Ihe rocks Ir aversed 
by lhe rivers which formed them. 

This Iype of soil is often found in India in lhe Godaveri 
della, in Sri Lanka, in the Philippines and in Mex ico (G uerrero). 

In Indonesia, Ihe marine alluvions (Selangor series) are 
favourable to coconul growing. 

Vol can i c soi l s. 

Often very fertiles, Ihese are found mainly in Indonesia 
(S umatra, Java , Bali) and in the Phi l ippines. 

P eatsoil s _ 

They cover large areas and are frequently uncultivated because 
Of Ihe very special problems which they occasion. A few small 
coconut gr oves can be found on them, but they could offer consi­
derable devetopment p oss ibilities for the fulure on condition 
that the necessary studies are taken with a view to their improve­
ment (deficiencies in K, Cu, B ; pH very acid). 

It will be seen, therefore, that Ihe coconut adapts itself very 
well to the m ost varied so ils. It is difficull to define the ideat 
soi l exactly, each case being a special one. Generally speak ing, 
the physical support is as important as the chemica l richness of 
the so it, (he coconul reacting very well to miner al ferti/ization , 
which is a oery reasonable financial inveslment , whereas the 
m odification of the physical qualities sometimes calls for consi­
derable outlay. 

If the coconul is of len seen growing on even very poor sandy 
soils, it is because it finds an aerated and property drained 
substratum. But it will take to sandy clay or even very clayey 
soils on condition that Ihe recovery of the stagnation of the water 
table remains at a filling tevel of 0.90 m (1). In certain r egions 
Ihis minimum deplh of healthy soil gioes Ihe trees belier r es istance 
to gusls of wind. Tlie presence of coarse elements ( Iaterilic grave l ) 
or a compact horizon (coral slab) hinders the development of the 
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rools in deplh and consequen lly limit s lhe use{ul reserv es o{ 
waler and mineral elemen ls. 

All lexlures are suilable for coconul excepl {or extrem es such as 
pllre, leached sands and cerlain very clayey, compacl soils. 

The coconul is nol very demanding as r egards the chemical 
value o{ lhe · so il, and for lilis reason Ihe pooresl soi ls are o{len 
planled 10 coconut because lhey are un{avourable to olher crops. 
Lei US say here Ihallhe coconul supporls a pH of 5-8, allhough in 
Ie mas I alcaline soils nulrienl imbalan ces prOVOke iron defi­
ci enci es (coral alolls). 

In lal erilic tropical so ils, kaolin clay-bearing and generally 
desaluraled, {ertility depends essentially all lhe organic maller, 
o{l en localized ill the first 20 Or 30 cm. 

The accepled Ihreshold va ill es are as {allows: 

L owes l vaille 
considered 
satisfaclory 

C (p. 100) ...........•.•.. 1 
N(p.1000) . .... .. . . . ...... . 1 
C/N ......... . ...... .... . 10-12 

Absorbant complex (me/100 g) 

- [( (with Mg/k > 2.·5 ... 0.15-0. 20 
- Mq 0.20-0.·50 

Sum of exchangeable bases (me/100 g) 1 

Phosphorus 
P lolal (ppm) .... . ... . . . ....• . 400 
P Olsen ...... ..... . . . ....•... 25 
P Saunders . . . .. ....... ... .. . . 100 


For soi ls of alluvial or volcanic origin , wilh swelling clays o{ 
lhe illite Or monlmorillonile Iype and deeper, lhe reserves in lhe 
layers {urlher down can be laken inlo accounl, as Ihe lree has a 
bigger mass o{ so il al ils disposal . A volcanic soil w ilh 0.1 me K 
down to 0.8 m will be chemically beller as regards [( than a 
l alerilic one willi 0.2 me ]( in Ihe 0.30 cm hor izon only. 

Table I gives lhe physical and chemica l characlerislics of 
a (ew o{ lhe soi ls in which coconlll i s grown. 

3. - Mineral nutrition . Methods of study. 

In 1 958, Nalhanael (3) distinguished Ihree approaches 10 
lhe sludy of lhe coconul's mineral nutrilion : 

- lhe firSI melhod is to define lil e needs o{ lhe planI wilil lhe 
aid o{ agronomical experimenls and by success ive approxima- ' 
tions. Coconul growing does nol lend itse l{ very well 10 lhis 
operation which, because o{ lhe low planting densily (belween 150 
and 180 lrees/ha), enlai ls heavy expendilure on planting and 
management withoul so l ving allihe problems {or allihat ; 

- analysis o{ the soil is lhe second melhod recommended. It 
does not lake accounl o{ the planl 's reactions and llle inlerprelation 
r ema ins II' icky ; 

- Ihe lh ird melhod interrogales lhe planl direclly by m eans of 
chemical analysis o{ lhe coconu l waleI' and lhe teaves ( {oliar 
diagnosis). Analysis of lhe coconul waleI' is sa id 10 have enabled 
Salgado (4) 10 sludy lile ef{ecl o{ polassic {ertilizalion on yields. 
Experimenls made in lhe I vory Coasl proved thai there was 
indeed aJ! analogy belween leaf ana lysis and analysis o{ lhe 
coconut waleI', lhe laller givinq a good reflection o{ the cons iderable 
action o{ polassic ferliliu r on yields, However, by r educing lhe 
number o{ lrees sampled, analysis of lile water is subjecl to 
much larger varialions than lea{ analysis, so lhal il requires much 
bigger sampling lhan lhe laller and gives less precise informalion 
on lhe action of manurings. 

II is {or these r easons lhat lhe analysis of coconu l woler did not 
lake over from leaf analysis. 

Mor e r ecenlly, Ollagnier , Ochs and Martin [5], in a paper 
of oil palm manuring around l/le world, described lwo poss ible 
lIlelilOds (or studying the mineral nulrition o{ that oil planl : 

- the first deals wilh the balallce o{ nulrient elemelll uptake, 
wilh all lhe practical difficulties and imprecisions that implies ; 

- the second is based on experimellts in the field, and analysis 
o{ the plant makes il possible to defille lhe leve l of deficiency or 
surplus of lhe nutr ient elemenls, II is milch more aCCllrale lhan the 
first m ethod and, qiven the present l evel of resear ch, gives a good 
piclure o{ the e{{ecl of manurinq on vegelalive development and 
yield, 

We wi ll dea l one by one w ith the lasl two mellwi/s, the olles 
which have been m ost used by researchers, whilst giving more 
imporlance to the second. 

a) U p take of nutrient elements. 

Numerous sludies have been llndertaken to delermin e lile 
qualllily o{ nutrients laken up by the cocollul. Fremond et aL (7) 
r eca ll lhe resul/s obtained by Jacob and Coyle ill 1927, Ecksteilt 
in 1 937 and Pillai and Davis in 1963 [6) ( Table 11) . 

Expressed in absolute values, the di{{erences between the 

that there i s a cerlain similitude belween lhe figures of L'cksleill 
and Ihose Of Copeland, 

Unlike the olher r esear chers, Ouvrie{ and Ochs worked nn 
hy brid material. Line 6 o{ Table 2 gives the mllrient upl(/k~ 
{or all lhe bUllches in an anllual production of 6.7 t;copra/ilu, 
whilsl line 7 shows Ihe uplake {or lhe palm ( lrlllll; (/11 ' 

(otiaqe as well as y ield). Tile differ ence belween the Iwo is Iilf 
allnua l immobilizatioll in the Irunk and f ol iage, 

For ils lrllnk and leaves the COCOllut collsumes more calcium 
(61 kg against 9 kg (or yietd), ma qnesium (24 kg 101·; fur !tield!. 
sod ium ( 34 kg to 20 kg) and sulph l1r ( 21 kg 10 Y 1;9 j, l' Il 
chtorine the uptake is practically equal: 125 kg for yield (ll1d 

124 kg (or the production o{ slem and lear 
The biggest removal in lhe nut harvest is polassium, Willi 

193 kg, The estimate o{ chlorine taken up for yield is ni kg, 
which makes it the second I/lost import element, cOllling be/r' re 
nitrogen, which amounts to 10 8 kg. A lilhe olher elemenls accoullt 
for 10 to 20 kg. 

Ouvr ier, 10 make a comparison w ilh Copeland's estimates. 
worked ou l llie uplake o{ a var iety o{ hybr id producing 1.·; I 
o{ copra/ha/year, The figures are given in line 5 and compaNd 
to those in line 4, There is a similarity belween removals hy 
the Tall variety and Ihose o{ 1I1e Dwar( x Tall Ilyhrid. 

For the same yield, there is no difference in uptake 
between hybrid or Tall coconuts. 

b) Diagnosis of mineral deficiencies . 

As for the oil palm [Sf, {otiar diagnosis proves Ihe ra.~ i ,( 
and mosl accurale way of sludying milleral nutrilioll, 

Indeed, when lhe agronomists took an interesl in /crlilizairnTi 
in a Iropical zone, they ran up against nllmerous problems, 
In particular, the comparison o{ soil analyses in a tempcrtll~ ' I 
lrop ical environment led 10 mistaken inlerprelalions, Tile exprr· 
ri ence accumulaled ill a lemperate climate could nol be lrallSpow l 
to a tropical one. The d iagn os is o{ nutrilion by so il anolysis mme 
up againsl the microhelerogeneily o{ lhis envirollment and tilt 
d i{ficully o{ appraisillg assimilability, To thesc purely (l9Ti· 
cullurat considerations lljere added preoccupations of (Ill ceonll' 
mic n alure, Tropical soils generally appear poorer than Ih<J.le of 
lhe lemperale regiolls, and Ihe plallis grown in Ihe former we!' 
origin ally considered low yie lders, so thai il was not possihle (,. 
promote fertilization o{ Iropical crops wi/holll liaving a ,Iimpl, 
analysis method giving quick r esullsand lhe interprelalilm a/ 
which coutd enable lhe information drawn (rom eXjJerimenlalioli 
10 be generalized 10 a ceria in exlent. 

This is why the I, R. J-I. 0, relurned 10 lhe work of Chapmllll 
and Gray [10) on foliar diagnos iS, applying it 10 Irupicili/lil 
planls (groundnlll, oil palm and coconul) [11] , 

For the coconul, following leaf analysis results in I'J·;, 
il appeared lhallhe polassium levels were probably low in II'OT" 
Coasl ; a first fertilizer trial was set up, Afler pol ash //IaliuTilll1 
had been given for lhree years rWlnin g, leaf analysis showed Ihal 
lhe J{ level had risen {rom 0,165 p . 100 to 0.49~ p, 100 ofdrp 
mailer and that, al 1I1e same t ime, thc number Of nllt8;lrce had 
increased (rom 58 10 89, As far as Ihe coconut was concern/II 
this was lile first demonstration o{ the advantaye of ("I;IIT 
diagnosis in determinin g defi ciencies. 

The melhod consists ill measuring lhe concentration of Iwlrim;' 
in lhe teaves and compar ing lhem 10 critical vatlles, Ihemsdl" 
defined as llie level o{ a nutrient below whic h application ,II 
the appropriale (ertil izer has every chance o{ provobll(J a profi· 
table increase in yield. 

These critica l leve{,s have been worker! oul by ClJmpartliv 
the many resl.llls Of field experim ents. In its lasl i l Ilnllat Rep' ~ 
(1976-1977), the I , R, H, 0, delermines such levels Ol! Ihe llUs.. 
o{ lhe graphic relalionsliips between f crlilizer rales, yield m[l()/~ 
ses and leaf contents. However, the action o{ olle demcnl 11 11' 
a/ways independent o{ the others, and inleract iUlls had 10 
laken into account. 

The arrival of /lle hybr id coconul mealll 1I111t new (er/i/b; 
trials had 10 be set lip, I{ the general lrend of liaisons belll~' " 
elemenls cou ld appear more or less identica l in bolll Ta/!.l (I' 

hybrids, il was nol cer tain Ihat the level o{ proriliciioll eI/,rr 
from t he hybrids wou ld nol aller the tnineral balance, of Ih,' lr 
Fur example, the remarkable e{{ecl of lhe comb ined ae/;1I1l , 
polassic and magnesian manurin g on lhe hybrid lias bUIlIlIII/ ', 
demonslraled by now, whereas il is insignificanl all thr lrallil i 
nat plantin g material. AllIlOligh the study is not !lei lienn itil'l'.1 
is also recognized thai lhc nutrient leve ls are nol the sam,' • 
Ihe Tall varieties as tnOthe Dwarfs; wilhin tile })warf varirl ' 
ther e are alsu {ar {rom negligible differences which Med I" 
defined, Fillall!/, research has cOllcluded thai minfrIlIIlWIWrlll!I' 
o{ Ihe grealest inlerest ill immalurity ; the corre.~p(j llding crilh. 
levels are determined tn function o{ r csponses ;n vcn,lal l 
development ( height, Illlmber Of leaves, girlh , vigour inri, 
obta ined in experimentation. 

Tile critical levels worked out {or tile West :I{ricall I . 
variely are as follolVs : 

N = 1,8-2,0 ]{ = 0, 8-1.U 
P - 0,1 20 lvIg = 0. 2 '/, 

They probably apply, by and large, 10 mosl o{ lhe Tall varirlit<. 
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I'·B 121 (,1Jalayan Yelow Dwar{ x Wesl African Tall) accord­
ing lo Ihe earliesl resulls o{ experimen ls sel up in Ihe Ivory Coasl 
ill 1970. 

Tile crili(;al level of J( in Ihe peale production period has not 
Uri beell rletermined experimentally; cerlain indicalions suggesl 
thlll illis leve/will be lower Ihan Ihal in immalw·ily, and approach­
ill.'1 ill l criliwllevel for Tall malerial. The critica l level of magne­
,ilIm is lil;dy 10 evolve in corre lation . 

.\s regards Ihe critical levels Of Nand P , Ihese wi/I also be 
IlI'ImTlined e.t:perimenlally when Ihe Irials mosl r ecenlty sel up 
"II ~ oils deficienl. in nilrogen and pilosphorus slarl bearing; Ihe 
Itvl'!s givell ill Table III are nol definitive and can be considered 
rat/ler as oplimum values from Ihe physiological view poin/. 

II is {olllld Ihal Ihe n il rogen levels incr ease slightly with age, 
w/lerws Ihose of phosphorus and polassium fall ; Ihe NI g levels 
Vdry lill/c. 

Comparill g Ihe Tall varieties and Ihe hybrid P-B 1 21, Ihe 
I,/rosphotlls conlenls are identieal , nilrogen and polassium are 
hlyher ill Ihe hybrid; on Ihe olher hand, Ihe P-B 121 seems 10 
lot salisfied wilh a lower M g conlenl, al leasl before il reaches 
ulU.rimlim producl ion. 

l he critical levels for Co and Na have nol been worked oul , 
as no respollse to Ihese Iwo elements has yel been obla ined in Ihe 
aprrimClltal nelwork. 

For chlorine, Ollagnier, Oclls and Dalliel [12] have shown 
Ihal the coconul responds well 10 chlora led manuring when Ihe 
i/liliallevels are very low ; 0.3 p. 100 is a threshold below which 
yitld responses 10 CI applications are ceria in, 0.5 p. 100 proba bly 
Ioting /Ire optimum vatue. 

II will be seen Ihal lea f analysiS is a qood means of sludy ing 
minerailluirilion. It is Ihe f oundation slone o{ Ihe work underla­
ktn bUlhe I. R. H. 0., and many olher sc ientific bodies in lhe 
uwld have now adopled il for coconu/. However, lhe experimenl 
ntlmork on TaliS, whose production is mediocre, i s still much 
more deneloped Ihan thai on hy brid malerial. 

In efrect, while Ihe agronomisls were applying IIlCmselves 
/IJ Jinding lile besl-balanced manuring for gelling the biggesl 
gil/ds 0111 of Ihe Tails, Ihus providing a short-term answer 10 the 
pr/occupations Of Ihe planters, the genetic isis were altempting 
Ihl lollg-term improvemenl of this variely by mass selectiun Ihen 
hy/Jridiwlion belween varielies geographical/y dislanl. 

BecaLlse Of Ihe big increase in yield recorded on hybrids, 
lor fertitizer rales recommended for Irad ilional varieties became 
insufficien/. ;Vew experimenls were Iherefore slarled in differenl 
pllrls of Ihe world, as Ihe big developmenl projecls will co nsecr ale 
mllsl of Iheir areas 10 lhis /l ew maleria l. 

For Ihe Iraditional varieties, a cerlain number Of fairly old 
:Jptrimenls were chosen; on Ihe conl rary, Ihe Irials on hybrids 
Qrt recenl, but the older olles have led 10 inlerestin g conclusions 
os/n lhe filiure. Table t V gives Ihe plans Of Ihe main experimenls 
men/iolled. 

11. 	- STUDY OF NUTRITION 
ELEMENT BY ELEMENT 

I.-Nitrogen. 

[II plant l'hysioloqy nitrogen is indispensable as a constillleni 
rthe ({mino -acids [1 3), pr ole ins and nucleic acids. A sllOrlage 
.f IIIlr ol/en makes itself fel l Ihrouqhonl Ihe coconul's physiology 
and provokes a big drop in yield. 

a) 	 Deficiency symptoms. 

The critical level of N in a leaf of ran k 14 can be fixed at 
l. lO·t .OO p. 100 of dry malleI' for Tall varieties, alld 2.2 p. 100 

r the Ilybrid P-B 1 21. Below Ih is va lue N nulrition is not 

'

"~\1lmt, which leads 10 anomalies exteriori zed by deficiency 
Igmplo/lls. 

In Ihe firsl stage, ther e is sli ghl and continuous ye l/owing
of allihe (oliage ; the I r ee no longer has the franle green colour 
rhllrac/erislic of a good nulrienl balance. 

In a mol'c advanced slale, the young fronds ar e pale qreen, 
!ling Ihe leallels a dull appearance ; Ihe severely discoloured 
d leaves may become a uni{orm golden yellOW. NIany bunches 

al" rl. Qndlhe number Of (emale flowers per inflorescence is small 
:arely /II 0rC Ihan one spadix branch) . 
In Ihe lusl stage Of defi ciency Ihe coconul seems af{ecled by 
1011 dwarfing; as it grows, the stem narrOWS gradually 10 a 

IImcil poilli " the leaves in Ihe crown ate few and shor/. 

b) Causes . 

Tile caLlses of nilrogen deficiency in Ihe coconut are now well 
'/WIJJn, rHlIl LIre 0 I' three sorls : 

iow rainfall (Sla le of Guerrero, l11exico, Benin , Mozwn­
bfr/ue) or une which is ifadly distribu ted, influences Ihe N levels by 
' ''ducing the nitrification time and lhe lenglh of activily of Ihe 
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by a very high waleI' lable ; lhe same Ihing can happen in rich 
soils (Philippines, Indonesia) ; 

- foully mainlenance encouraging Ihe spread of grasses, 
especial/y Imperalor, all big consumers of nitrogen . 

A nitrogen deficiency is fairly common; il can also r esult 
from exhaustion of lhe so il by many years of cropping ( India, 
Philippines), bul when IIl e nilrogen nulrition is {ound 10 be 
deficient , il i s LI good idea 10 find 0111 what exacl/y is Ihe main 
cause. 

Coomans [14] in particular has shoWJl that N nulrition depends 
tiireclly Oil r ainfall. On Ihe Marc-Delorme Slation ill the Ivory 
Coasllhere is a significanlneqalive correlalion (r = - 0.57 **) 
belween N levels and Ihe cumulative water deficil for Ihe previous 
Ihree mOlllhs ( Fig. 1). The same relationship has been fOllnd ill 
Ihe Malgassy Republic (I' = - 0.48 **) on Ihe An /rivanja 
Research Sial ion. 

c) Correction by mineral manuring. 

The I. R. H. O. achieved Ihe besl correction of nilrogen defi­
ciency ill Mozambique [15], w ith yield increased by 30-40 p. 1 00 
according 10 Ihe years. III a (irsl faclorial 23 experimenl sludying 
N, K and M 9 (MP -CC 1), fertilizer apptications had no effect on 
levels, and Ihe action of N on Ihe number of nuls was nol very 
marked ( Table V ). As Ihe nilrogen deficiency was eviden l , a 
n ew Irial was sci up to compare various Irealmenls w ilh legume 
covers, hoed in Or nol , wilh and withoul ferlili zer. The legume 
cover gave good r esu /ls, acting on the number Of leaves and Iheir 
colouring. 

However, the legume is oflen delerioraled by facia l'S which 
are di{{icull 10 cOlllrol ( nemalodes, carlepillars, shade), conse­
quenl/y ferlilizer applications wer e slarted again, bul laking 
Ihe dale o{ spreading inlo accounl. Experimenl M B-CC 4 
showed lIwl spreading al Ihe slart Of Ihe rainy season was besl 
( the number of nuls per tree/ycar increased by more Ihan 40 p. 
100). Tilis r esull is cl osely linked 10 Ihe aCl ivil y o{ Ihe superficial 
root syslem, deslruction of which during Ihe dry season cO/lSide­
rably slows down absorption (symploms Of nilrogen deficiency 
are frequenlly no led allhe end of Ihe dry season when leaf ana lysis 
revealed no siqns of them a few weeks earlier). The r ainy season 
slimulales a new growlh of Ihe leaf mass, and it is al Ihis mom en I 
Ihal Ihe mineral etemen ls must be provided, 10 keep up wilh this 
growlh and facilil ale absorption of Ihe nilrogen . 

Ramanandan and Pillai [16] find Ihe same Ihing in India 
when Ihey compare Irealmenls, cu ltiva led or nol, with and wilhoul 
manuring, Ihrough 'Ihe seasollS. The variations are nol signifi­
canlty di{ferenl, bIll lhe authors do nol indicale whelher Ihey 
decided 10 lake Iheir leaf samples al Ihe beginning Or Ihe end 
Of Ihe rainy season. 

11 was also with Ihe objecl of pinpoin ting Ihe besl lime to 
app ly manuring Ihal lhe I . R. H. O. set up lrial PB-C C 18 
on Yellow Dwarf hybrid malerial ; il compar es Ihe effects Of Iwo 
rales of urea, of polassium chloride and o{ kieserile applied 
before Or afler Ihe r ainy season, splil or no/. The nitrogenolls 
ferli/izer Iwd a sign ificanl effect on the nllmber of nuls per tree/ 
year and Ihe copra per Iree, al/houg/l Ihe copra/nul was signifi­
canlly depressed . 

In l'vialaysia a goud response 10 nitrogenous fertilizer was 
ob lained by K hoo Kay Thye et a1. [1 7] on coaslal clays (Rang 
I(ong series) plan led 10 Red Dwarf. The authors no led beller 
vegelalive development ( Ienglh anti area of the leaves), an 
increase in Ihe number of nuts but a drop in Ihe quantity of 
copr a per nul. Even so, the balan ce i s posiUve, wit h an increase 
Of 26 p. 100 copr a per Iree/year . 

I(unhi £VIul i yar and Nel/ial [1 8] in In dia come 10 Ihe same 
conclusion as r egards Ihe effecl Of nitrogen on copra/ llu/. Whilsl 
Ihe nilrogenous fertili zer significanlly increases the n um ber of 
nuls (17 p. 100 in Ihe case of Ihe experimen t) , il atso depresses 
copra/nul very signi ficantly. 

Trealment 	 Copta pet rwt (g) 

NO 	 179 
165 •• 

N2 162 •• 
Nl 

•• Significant 10 1 p. 100. 

Pom ier [19, 20] shows Ihal on coral soi l , once Ihe iru n and 
mangan ese deficiellcies are correcled, nilrogen becomes Ihe 
limitin g fact or, bul Ihal Ihe only means Of raiSing Ihe levels is 10 
planl a legume, as the soil formed of very coarse elemenls has 
great di{ficu/ly in relining the ferlilizers. 

Like the aulhors qLloted above, the 1. R. H. O. has oflen lound 
a dep ressi ve action Of nitrogen manuring 011 copra/nul. However, 
this effeci seems 10 be closely connected to Ihe potaSSium levels. 

lhe Tall v{/r il'/I"~. 
If for Ill(' lIyllr i.! 

sp,orbani tool system ; 
soil eonditions unfavourable to lhe mineralizatiun of 

organic mailer; Ihis is the case Of Ihe coral soils Of Ihe Polynesian 
-),,1/.1, Ihe cora/lands Of lhe New Hebrides, or whi te sands leached 

In fact, f or low K cO lllenls, ammonium sulphale re{luces the 
number of nuls and Ihe copra /llui, bul as soon as the potasSic 
deficiency is correcled, Ihe nilroge n favours Ihe num ber Of nu ls 
whereas Ihe depressive e{(ecl on copra/nul persisls [21] . 
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For the lasl few years the I. R. H. O. has been sludying the 
ef{ecl of differenl anionic forms of {ertilizer on coconut yield. 
Treatmenls where lhe cations are given in nitrale {orm have 
always given lhe besl nut yield. 

Yi elds 
Form of Levels in 
{erlilizer frond 14 No . nuts/lree Copra/tree 

p. 100 kg p. 100 

1.873 61.6 (100) 12.6 (100 )KCI .... . 
1(2S0 4 .... 1.940 6 7.6 (110 ) 13.8 (l09 ) 

63.0 (103) 13.1 (104)1.9121( Ct + MgCt z 
62.1 (101) 12.8 (101)1. 940 *I(2sn,: MgSO~ 

1.928 .57.0 ( 92) 12.7 (101)KCI-, NaCI .... 
2 .047 ••KN0 3 + ;\'aN03 88. 5 ** (144) 16.9 ** (1 3 4) 

N everlheless , il is on young coconuls lhat nilrogen manuring 
has given lhe most charactenstic resulls, bolh on Talis and on 
Dwar{s or hybrids. 

In Jamaica, Sm ilh [22], working mainly on Dwarfs, oblains 
an increase in growlh (height) and developmenl (number of 
teaves) by lhe applicalion o( nitrogenous ferlilizer. 

l11.ore recenlly, numerous I. R. H. 0. experimenls in lhe 
nursery and yo ung plantings have made it possible 10 work 
out manuring schedules in wh ich il is shown lhal nilrogenous 
fertilizers have a far from negligible role 10 play. 

On lhe hybrid belween lVIalauan Yellow Dwar{ and West 
African Tall (P-B 121), it is again Ihe nilrales which have 
givell the (inesl planls in Ihe nursery. In a Irial conducled on 
quaternary sandy soils in West A{rica ( Ivory Coast), various 
measuremenls laken al 6 monlhs old show lhal : 

- Ihe N conlenls of the conlrol are tow and nilrogenous {erti­
lizer raises the level in Ihe leaves, III is increase being greater 
wilh urea ancL ammonilrale lhall wilh ammonium su lphale ; 

- ammonilrale very signi(icanlly increases lhe num ber of 
leaves and o{ leaflels and lhe girlh ; 

- urea only improves {oliage developmenl by 4-6 p. 100; 
- ammonium sulphale increases Ihe number of leaves by 

on ly 4 p. 100. 

Table VI gives lhese resulls ; il will be seen thai lhe best N 
nulrition , which improves growlh, causes lhe dilution o{ lhe 
J( levels in the leaves. 

Al the age of 1 2 TI10nl/ls, Ihese e{{ecls are confirmed: 

- ammonilrate increases lhe weighl of lhe plant by 19 p. 100, 
bul the foliage bene(ils mosl from lhis ( + 51 p. 100 for lhe leaves 
and + 37 p. 100 for girlh) lhan lhe rool system (+ 14 p. 100 
onty) ; 

- urea, on the conlrary, acts very slrungty on root devetopment 
( ..L 56 p. 100), where lhe rool hairs are much denser, Ihe weighl 
increase being due mainly to the larger num ber of roots and nol 
to Iheir thickness; 

- ammonium su lphate does n ol change the fresh weight of Ihe 
planl. 

Always on the hybrid P-B 121, and parlicularly in experimenl 
PB-CC 16, the 1. R. H. O. has confirmed the positive and signi ­
(icanl action o{ a nitrogenous manuring on lhe growlh and deve­
lopment of young coconuts; those receiving such fertilization 
have a girth significantly grealer Ihan thai o{ unmanured ptanls. 
By lhe lhird year Ihis e{{ect is very much attenualed, and al 
maturity it is no lon ger visible. 

In replanting, mineral nilrogen can have a speclacular e{{ect 
on precocily of flower ing; this is lhe case in experimenl P B-CC 3 1 
in lhe Ivory Coasl , where lhe so il is considera bly exhausled and 
where a dense grass cover persisls. 

In conclusion, lhe nilrogen deficiency exis ls, allhough il is 
nol very frequenl. II has o{len been sludi ed on Tall malerial 
and lhe researchers have oblained r esponses 10 mineral manuring. 
However, il is indispen.sable, when faced wilh a nilrogen deficiency, 
10 find oul e.Taclly whal is causing ii, lhe musl economical prac­
tice nol necessarily being lhe use o{ a nilrogen ferlilizer. 

The developmenl plans o{lert reason in {unction of a more 
precocious and higher yielding hybrid malerial. Resulls on lhis 
lype of malerial suggesl lhal in cerlain cases nitrogen manuring 
is an excellenl molor for Ihe growlh and developmenl of young 
planls. L ea{ analysis is a very good working 1001 for (inding oul 
possible defiCienCies. 

d) Relations with other elements. 

There are close relationships belween lhe nilrogen levels and 
lhose o{ olher elemenls. 

In partiwlar, we saw ill the previous chapler Ihal in lhe Ivory 
Coasl Ihe action of nilrogenous fertili ze r can be subo rdinal e 10 lhe 
polassic nutrilion. However, Ollagnier and Ochs [23], in lhe 
sludy o{ lhe N I( inleraclion which lhey underlook on Iropical 
oil planls, conclude Ihallhe absence of a clear interaction (defined 
with Nand 1(, which separalely increase yields, and lhe associa­
tion LVI{, wh ich gives bigger yields Ihan N + K) may be lhe 
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co nsequence of the small number of N deficiencies and Ihe very 
slighl action of polash on N melabolism ; they also consider lhal 
lhe use of more productive planling malerial will have a cunsidera­
ble influ ence on nilrogen requirements dnd will bring marked 
inl eractions 10 ligh/. 

The hybrid P-B 121 does indeed seem 10 be a bigger lIulrient 
consumer lhan its Tall parenl, bul lhis is normal in view or ib 
precocity and yield; bul {or Ihe momenl lhere is no evi<leIJ/ 
inleraction belween nitrogen and pOlassium in Ihe ivory VailS /' 

In lhe resl of lhe world, experimenlation on Dwurf X Tall 
hybrids is slill lao r ecenl 10 provide an answer about Ihe NK 
i nleraction, bul il is cerlainly in lhe zones o{ severe nitrogen 
de ficiency lhal lhis inleraction could be broughl oul . 

Finally, Ihe close tiaison belween Nand P musl be mentioneci. 

2. - Phosphorus. 

Phosphorus uplake is small (15-1 8 k,g), one-lenlh or/he uplake 
of polassium or chlorine. Neverlheless, phosphorus is important 
because it enlers inlo lhe regeneration of at/enosin Iriphosphor ic 
acid and in lhe conslilulion of lhe phosphoro-proleins. II L! 
usually abundanl in lhe yuung organs; the sludy u{ I' levels i~ 
function of leaf rank [24) shows higher conlenls in Ille youl/gest 
leaves (0.160 p , 100 for a leaf of rank 4). 

The critical level (or a leaf o{ rank 14 is 0.1 20 1'. 100 dry 
mailer. 

a) Deficiency sym p toms, 

Phosphorus de fici ency is rare in coconu/. 
TlJere are no parliwlarly characleristic visual sllmplom~. 

aparl {rom slowing down of growlh and shorlening o{ l!le (rollds, 

b) Causes. 

The qualernary coaslal sands of Ihe I vory Coasl alld or West 
Africa in general, on which a response 10 phosphated manuflll9 
has been re corded, have a native conlenl o{ 25 ppm lolal pIIOSI/lw· 
rtlS. The lertiary sands are beller o{{, wilh conlenls rallying (r"m 
12010 as much as 500-600 ppm. Above 120 ppm, leuf al/alY,I;' 
o{ P ,gives levels over 0.120 p. 100, and phosphaled mallilr/n!l 
does nol increase yield. 

Tile liparilic lalosols o{ Norlh S umalra on which l/u'U IIlI 
big responses 10 P on oil palm should also prove deficient ror Ihl 
coconul ; Iheir lola I P contenl is belween 100 ami :;00 ppm. 

Because o{ lhe close N-P liaison, nilro,gen-de(icicnl IIII/rition 
can lead 10 a fall in lhe phosphorus levels. 

The application o{ polassic manuring very oflen provokes 
a drop in leaf phosphorus. 

c) Correction by min eral manuring. 

Only a few examples Of lhe favourable acliun o( plzosplwlr;[ 
ferlilization are known, in iVIadagascar, India, Sri Lanka ami Ihl 
Ivory Coasl. In lhe lasl lhree countries, it is olll!l u{ler sl'vfflll 
years' manuring lhal phosphorus increases Ihe nul yield 10 on!! 
significanl exlenl. Phosphorus does nol lake immediale flr·cl. 
as Ihe coconut's requiremen l is small [25J and in many case~ it is 
necessary 10 wail until Ihe soil is exhausled before 1I/e artioll 
of llle mineral manuring becomes evidenl. 

II was afler 26 years of fertilizer applications thai pl108phofl/s 
had a significanl ef{eci on yietd in one experimcIII in Sri LdnK(I. 
In experimenl P B-CC 3 in lhe Ivory Coasl [27], lhe I. R. II. O. 
only had 10 wail 12 years! (Table V II). 

In lheir monograph, Menon and Pandalai 128[, alllnlllgh 
lhey speak o{ lhe probable favourable action o( phosphor/!$ ill 
assucialion wilh potassium on lhe qualily of production, do I"~ 
mention any work wh ich has proved lhe advanloges u{ phosp/l1Ilrd 
manuring. Bul il musl be said lhal when llley were wrilinl/ , th, 
experimenlers were using compound N P J( ferlilizers, and ilu>o. 
impossible 10 dissociale lhe action o{ any one (~lemenl. 

II is ollly recenlly lhal experimenls have made il possihie to 
situale Ihe phosphorus deficiency and evenlually the pro(i/a hilitg 
of manuring. The apptication of phosphaled ferliliza/1011 IS 
very of len accompanied by a signi(icanl increase in tIle Iraf l' 
levels. 

In lhe I. R. H. O. experiment mentioned above, pol llssium 
applications increase lhe phosphorus conlenls very signi/icanlly. 
The ef{ecl on producl ion is lhrough Ihe increased number o{ (emale 
flowers. 

Originally lhe crilical level was fixed al O.l()O p. 100 or d11J 
mailer. Resulls oblained in Sri Lanka (llld lire Ivor!l CoUll 
give significanl P /yield correlalions (r = 0.4.'1.'1 •• in Sri LanKl1 
and 0.495 ** in lhe Ivory Coasl) for P lelle/s below o.m. 
In view o{ this lhe crilical level was r aised 10 O.U(J p. 100 dry 
mailer. 

Amongsl Ihe P deficiencies, special menlion mllsl be mad, 
of lhose in l11.adagascar on coaslal sands in Ihe Norlh-Easl, l" fY 
poor in Ihis elemenl. Research done on younq coconuls has .,hOWfl 
Ihal phosphorus is Ihe prime limiling faclor for devclopmtl!l, and 
lIwl phosphale applications increase girlh by 30 p. 100, Comla­
tively, Ihe correction of lhe P deficiency improves Dverall nlltri· 
lion and minimizes lhe imbalance of lhe X !S ratio, likelvilt 
reducing any nulrient disorders which mighl UCClIr. 
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is necessary. 
At malurity, nitrogenous manuring uSllally raises the leaf 

P !toe/s. The opposite happens with polass ic or magnesian rerti­
titalion. 

During immalurily, N applications have praclically no effeci 
"/I the P levels , excepl in one situation in Ihe Philippines on 
Red Dwarf (B]{-GG 6), where P is significantly depressed . 
There call be wide variations when Ihere polassic ferlilizer has 
/IfIR applied; in Ihe Philippines Ihe P levels rise considerably, 
II lillsl tMy are slationary in Indonesia, Oceania and Mozam­
bique and drop very significanlly in Ihe Ivory Goas!. 

d) Relations with other elements. 

The imporlance of Ihe relalionship between 11' and P levels 
IHlk been demonstraled Ofl groundnllt, olive Irees, oi l palm and 
numerous other planls. This notion Ito Ids good for all field crops 
ami parlicularly {or coconll/. 

)[vwcvcr, it is surprising 10 find IIlal with Ihis oil plant, 

(0) The 2nd and 3,d parts of thi s article wiII be publish ed in tile D ecember 1979 and .Ja llunry 1980 numbers of OlCagineux respectively. 

~~ 

Congres, Salons, Expositions 
- 1980 ­

Salon International de la Machine Agricole - 2-9 mars 

1980, Paris (France). 

Les visiteurs originaires des pays tropicaux qui viendront etu­

dier du 2 au 9 mars 1980, au Salon international de 10 Machine 

ogricole a Paris, les materiels de toute nature, originaires de 

30 pays, y trouveront diverses manifestations techniques plus 

partlculierementorganisees a leur intention par Ie C. E. E. M. A. T. 

Mereredi 5 mars (9 h 30-17 h 30) : Journee « Sechage et stockage » 

4escereales (riz, mars, mil, sorgho), des haricots et de I'arachide, 

du cafe, du cacao et d u manioc. 

jeudi 6 mars (9 h 00-17 h 30) : Exposes, visites et discussions sur 

Ie «Travail du sol avec les outils adents et sur les applications pos­
1Ib/t5 en pays chauds ». 

Vendredi 7 mars (9 h 00-12 h 00) : Colloque a propos de « Quel­
!QeS exemples de mecanisation dans les recents complexes sucriers 
(rK.(lins ». 

Ihe old leaves, it does nol occur in Ihe younges/. This amply 
justifies the I. R. H. O's decision 10 use an old leaf of rank 14 as 
Ihe standard folillr diagnosis leaf. 

In experimenls P B-GG 16, where nitrogenous manuring had 
an effect on growth in immalurily, and PB-GG 31, in which the 
nitrogen deficiencll is fairly severe, the N-P interaction is highly 
significant (Fig. 2). In PB-GG 16, Ihe liaison is just as slrong 
ill Ihe plols gelling no nitrogenolls ferlilizer (r = 0.89 •• ) as 
in lhose gelling llrea (r = 0.776 '''). 

The regression curve for lhe N-P inlemclion in experimenl 
P B-GG 31 ( r = 0.794 ***) does flot lie close to Ihose of P B­
GG 16, Ihe slope being uery differenl, so lhal it is flol yel possible 
to propose, as f or oil palm, a linear N-P rclati ons/lip which 
would make it possib le 10 define Ihe limits of surplus or defiCiency 
zones for N and P. 

We have already noled the liaison belween P and ]{ in lite 
previous chapler. 

To be continued (*) 

European-American Commodities Conference - 3-4 mars 

1980, Hilton International, Londres (Gde Bretagne). 

Ce congres est organise par 10 New York University, School 

of Continuing Education, Division of Career and Professional 

Development. Son objectif est de proceder a une analyse critique 

des marches des produits aux Etats-Unis et en Europe, pouvant 

servir de guide aux industriels, acheteurs, organismes financiers. 

POUI- tous renseignements, s'adresser a : Commodities Confe­

rence, c/o Conference Associates, 34 Stanford Rood, London W8 

5PZ (Great Britain). 

• 

International Conference on natural fibres: their proces­

sing, utilization and marketing with particular reference 

to developing countries -10-14 mars 1980, Church House, 


