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The common coconul has always played the parl of a poor
alion to the oil palm. In the besl growing conditions (yields
3lons of copra per ha ), the traditional varielies provide 2 tons/
ha against 5-6 tons for the oil palm. Furthermore, not only do
» plantations give a relatively small yield, but they have the
ajor disadvantage of not being very precocious.

y virtue of its geographical dislribulion, covering the whole
the interiropical zone of the globe, the coconul inleresls
large section of the world population, for whom il represents
e sole source of fats. In the course of the last 10 years, while
e world population increased by 25 p. 100 and lolal consump-
n of animal and vegelable fals rose by more lhan 35 p. 100,
share of copra in this consumplion declined appreciably.
1 (s lo be cxpected thal in the years to come demand will increase
ith poputation growth, and it is to be hoped thal there will be an
provement in the living standards of the least favoured classes
Ahe developing countries in Lhe tropical regions.

The coconut has an important parl to play.

Whilsl research with a view to improving the productivily
of this oil plant starled more tlian 60 years ago (the first improve-
enl station saw the light of day in 1916 al Pilicode, in India),
s only in the last couple of decades that considerable progress
1s been made.

Toduy, the resulls oblained show lhat the coconut is a tree with a
e, Thanks (o the use of modern growing lechniques, il has
me an oil plant whose per ha production is approaching
it of oil palm (4-5 lons, lhe same hectare producing only 2 lons
undnul oil or 0.5 lons of soya oil). In addition, il is fre-
ly grown on very poor soils, where it will nol compele with
palm. Finally, ils climalic requiremenls are not so siricl
lhe laller ; in particalar, moderale lo heavy waler deficils
ield less than those of the oil plam [1].

s improvemen! in yields resulls from the applicalion of
wle series of modern lechniques without whicli no high yields
ever be oblained. Mineral nulrilion is one of them.

d yel fertitization of the coconut is still not current practice.
Phitippines, with more than 2.7 million ha, only ferlilize
ul 30 000 ; in India, a few lens of thousands oul of the 1.2 mil-
ha of coconut groves receive mineral manuring. The same
ies in all the olher couniries where the coconul is grown,
L a few exceptions like the Ivory Coast.

wide extension of high-yielding Darwf X Tall hybrids
revolutionize coconul growing everywhere, bul Lhe absence
[ erlilization will stop them expressing their full polential, all
more so in Lhal such high produclion ts inevitably accompanied
a corresponding increase in the uplake of mineral elements
rom lhe soit.

I.— THE ENVIRONMENT

. — Geographical distribution of the coconut.

The lree mosl widely grown in the world, lhe coconul is found
whole inlertropical zone, where ils ctimalic needs are
alisfied. Considered as an important source of liguid for consump-
by man, the nul has played a great parl in the dispersal of
e, and this is why il is found in very marginal zones where
r rainfall (Cap Verde Islands) or low lemperatures (New
opia) scverely limil ils produclion ; bul in lhese regions il
no longer of any economic interesl.
n spite of the development plans launched in Africa and
America, the coconul is slill mainly an Asialic and Oceanian
0. The Philippines, India, Indonesia, Sri Lanka and
laysia alone account for nearly 7 million ha, or 90 p. 100 of
he area planted to coconul in the world.
e . . . . . .
The coconul’s climalic needs are very similar lo chose of oil
The observation of the condilions in which coconul growing
ops around the world and the early resulls of experimenls
@ken in the mosl marginal regions make it possible lo
o these requirements. The coconul grows well when the rainfall
reqular as possible, the ideal being 150 mm per monlh,
amm per day, an amounl equal to thal of the monthly evapo-
mspiration and equivalent to an annual rainfall of 1 800-
mm. However, this palm can also develop normally with
s rain where the waler deficil is compensaled by the soil mois-
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ture reserve or by a high waler table, On the other hand, it musl be
menlioned that the coconul fears excess molisture.

Temperature also limils Lhe extension of the coconul ; 27 °C is
considered the oplimum. Below 15 °C Lhe life of lhe planl is
perturbed and ils physiology influenced. If low temperatures are
frequent (Logally Islands), the nuts fall and the developing
fruit suffer deformations which considerably reduce copra yield.

As the coconul is grown in sunny regions, it was accepled
that 2 000 hours of sunshine annually were necessary. Bul in
certain areas which have no more than 1 800 hours (New Hebri-
(Ies)d, coconuls give cxcellent yields when the soil conditions are
good.

2, — Soils of the Producer Regions.

Because of ils greal adaptability, the coconut is found on the
most varied soils, and these fall inlo six main lypes :

Sandy coastal soils.

These are the coaslal sands, very poor in organic matler and
in colloids, with poor relenlion capacity bul compensaled by
a very low willing point, nonetheless occasionally leaving more
avaiiable waler than certain clay soils (1. R. H. O. Annual
Report 1976-77) ; they have the advanlage of being aeraled and
well-drained. They are poor in mineral elements and need ade-
quale fertilization. This lype of soil occurs in practically atl the
coconut plantations in West Africa and Madagascar ; they are
atso found in India, in Malaysia { East Coast), in the Philippines
and in many olher regions.

Coral soils.

Pebbly or gravelly, more or less poor in organic malter, the
coral soils are very rich in limestone. They cover most of the
alolls (Polynesia). Their ferlilily depends on lhe amount of
organic maller and the degree of weathering ; they can be overlaid
by a varying thickness of alluvial soils, which makes them very
fertile ( New Hebrides, Solomon Islands).

Lateritic soils. ‘

Rich in iron and aluminium hydroxides, they resull from
intense leaching of the silica and the exchangeable bases. They
are oflen short of polassium and phosphorus ; their aptitude for
coconul growing depends on lhe degree {o which concrelions have
formed (water supply).

Alluvial soils.

The fluviogenic soils are often very good for coconut. Their
richness obviously depends on the nalure of lhe rocks lraversed
by the rivers which formed them.

This lype of soil is often found in India in the Godaveri
della, in Sri Lanka, in the Philippines and in Mexico (Guerrero).

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

Volcanic soils.

Often very ferliles, these are found mainly in Indonesia
(Sumalra, Java, Bali) and in the Philippines.

Peat soils.

They cover large areas and are frequently uncullivaled because
of lhe very spectal problems which they occasion. A few small
coconul groves can be found on them, bul lhey could offer consi-
derable development possibililies for the fulure on condilion
Lhat the necessary studies are laken with a view lo their improve-
menl (deficiencies in K, Cu, B ; pH very acid ).

It will be seen, therefore, thal the coconut adapls ilself very
well lo the most varied soils. Il is difficull to define lhe ideal
soil exaclly, each case being a special one. Generally speaking,
Lhe physical support is as imporlanl as the chemical richness of
the soil, (he coconul reacting very well to mineral fertilizalion,
which is a very reasonable financial inveslment, whereas lhe
modificalion of the physical qualilies somelimes calls for consi-
derable oullay.

If the coconul is oflen seen growing on even very poor sandy
soils, il is because il finds an aeraled and properly drained
subslralum. Bul il will lake to sandy clay or even very clayey
soils on condilion thal the recovery of the slagnalion of Lhe waler
table remains al a filling level of 0.90 m [1). In cerlain regions
this minimum depth of heallhy soil gives Lhe (rees beller resislance
lo gusts of wind. THe presence of coarse elemenls (laferitic gravel)
or a compacl horizon (coral slab) hinders the development of the
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rools in depth and consequently limils lhe useful reserves of
water and mineral elemnenls.

All lextures are suilable for coconul excepl for extremes such as
pure, leached sands and cerlain very clayey, compacl soils.

The coconul is nol very demanding as regards the chemical
value of Lhe-soil, and for lhis reason llie pooresl soils are oflen
planted lo coconut because lhey are unfavourable to olher crops.
Let us say here lhal the coconul supporls a pH of 3-8, although in
le mosl alcaline soils nulrienl imbalances provoke iron defi-
ciencies (coral alolls).

In laterilic {ropical soils, kaolin clay-bearing and generally
desaluraled, ferlilily depends essenlially on lhe organic malter,
often localized i the first 20 or 30 cn.

The accepled lhreshold values are as follows :

Lowes! value

considered
salisfaclory
— C(p.100) ... ... ... .. ... 1
~ N (p.1000) ................. 1
— CIN e 10-72
Absorbant complex (me/100 g)
— K ‘ with Mglk > 2.5 ......... -0.20
— My .50

Sum of exchangeable bases (me/100 g)

Phosphorus
— Plolal (ppm) ....cooovvivivnnn 400
e POISER civosvimwsvmmuisowvres 25
— P Saunders ................... 100

For soils of alluvial or volcanic origin, wilh swelling clays of
the itlite or montmorillonile lype and deeper, the reserves in the
layers furlher down can be laken into accounl, as lhe lree has a
bigger mass of soil al ils disposal. A volcanic soil wilh 0.1 me K
down lo 0.8 m will be chemically beller as regards K than a
lalerilic one willt 9.2 me K in lhe 0.30 cm horizon only.

Table I gives lhe physical and chemical characleristics of
a few of Lhe soils in which coconul is grown.

3. — Mineral nutrition. Methods of study.

In 1958, Nathanael (3] dislinguished lhree approaches lo
the study of the coconul’s mineral nuirilion :

—— lhe first method is lo define (he needs of the planl wilh lhe

aid of agronomical experimenls and by successive approxima-
tions. Coconul growing does nol lend ilself very well lo Lhis
operalion which, because of Lhe low planling densily (belween 150
and 180 lrees/ha), enlails heavy expendilure on planling and
management withoul solving all the problems for all lhat ;

— analysis of the soil is the second melhod recommended. It
does nol lake accounl of Lhe planl’s reactions and Lhe inlerprelalion
remains lricky ;

—— lhe third method inlerrogales the planl direclly by means of
chemical analysis of lhe coconul waler and lhe leaves (foliar
diagnosis). Analysis of the coconul waler is said lo have enabled
Salgado [4] lo sludy lhe effecl of polassic ferlilizalion on yields.
Experiments made in the Ivory Coasl proved thal lhere was
indeed an analogy belween leaf analysis and analysis of lhe
coconut waler, the laller giving a good reflection of the considerable
dclion of polassic fertilizer on yields. However, by reducing the
number of lrees sampled, analysis of lhe waler is subjecl o
much larger varialions than leaf analysis, so thal il requires much
bigger sampling lthan lhe laller and gives less precise informalion
on the aclion of manurings.

It is for lhese reasons that the analysis of coconul waler did nol
lake over from leaf analysis.
More recenlly, Ollagnier, Ochs and Marlin [5], in a paper

of oil palin manuring around lhe world, described lwo possible .

melliods for studying the mineral nulrilion of thal oil plant :

— lhe firsl deals wilh the balance of nulrient element uplake,
with all the practical difficullies and imprecisions thal implies ;

— Lhe second is based on experiments in lhe field, and analysis
of the plant makes il possible (o define the level of deficiency or
surplus of the nulrienl elemenls. Il is much more accurale than the
firsl method and, given lhe presenl level of research, gives a good
pg‘c;L[zre of the effect of manuring on vegelalive development and
yield.

We will deal one by one wilh the las! two methods, lhe ones
which have been most used by researchers, whilst giving mnore
imporlance lo the second.

a) Uptake of nutrient elements.

Numerous sludies have been underlaken lo delerinine lhe

quanlily of nutrienls laken up by the coconul. Frémond et al. [7]
recall the resulls obtlained by Jacob and Coyle in 1927, Eckslein
in 1937 and Pillai and Davis in 1963 [6] (Table 11).
Expressed in absolule values, lhe differences belween (lhe
authors appear lo be large. However, il is interesting lo nole
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thal there is a cerlain simililude belween lhe figures of Eckstein
and those of Copeland.

Unlike the olher researchers, Ouvrier and Ochs worked o
hybrid malerial. Line 6 of Table 2 gives the nulrient uplake
for all the bunches in an annual produclion of 6.7 [copralhe
whilsl line 7 shows lhe uplake for the palm (trunk and
foliage as well as yield). The difference belween the (wo is e
annual inimobilizalion in lhe lrunk and foliage.

For its lrunk and leaues lhe coconul consumes more calci
(61 kg against 9 kg for yield ), magnesium (24 kg lo 15 for yield},
sodium (34 kg lo 20 kg) and sulphur (21 kg lo 9 kg). Fir
chlorine Lhe uplake is praclically equal : 125 kg for yield and
124 kg for the produclion of sltem and leaf. 3

The biggest removal in the nul harvesl is polassium, wilh
193 kg. The estimale of chlorine laken up for yield is 125 kg,
which makes il lhe second mosl imporl elemenl, coming befure
nilrogen, which amounts lo 108 kg. All Lhe olher elemenls account
for 10 lo 20 kg.

Ouvrier, lo make a comparison wilh Copeland’s eslim
worked oul lhe uplake of a variely of hybrid producing Li
of coprajhajyear. The figures are given in line 5 and comp
(o lhose in line 4. There is a similarily belween removals
the Tall variely and lhose of lhe Dwarf x Tall hybrid.

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

b) Diagnosis of mineral deficiencies.

As for lhe oil palm [5], foliar diagnosis proves lhe casiel
and mosl accurale way of sludying mineral nulrilion. Y

Indeed, when lhe agronomists look ait inleresl in ferlilizaliy
in a lropical zone, lhey ran up againsl numerous problemn
In particular, the comparison of soil analyses in a temperale
tropical environment led lo mislaken inlerpretalions. The ex;
rience accumulated in a lemperale climale could nol be lransp:
lo atropical one. The diagnosis of nutrition by soil analysis e
up againsl the microhelerogeneily of lhis environment and
difficully of appraising assimilabilily. To lhesc purely ¢
cullural consideralions were added preoccupations of an e
mic nalure, Tropical soils generally appear poorer than
the temperale regions, and the planls grown in lhe forme
originally considered low yielders, so thal il was nol poss
promote ferlilizalion of (ropical crops wilhonl having a
analysis melhod giving quick resullsand lhe inlerprelation
which could enable Lhe informalion drawn from cxperimentalion
lo be generalized lo a cerlain exlenl.

This is why the 1. R. H. O. relurned lo the work of Ch
and Gray [10] on foliar diagnosis, applying il lo lropical a
planls (groundnul, oil patm and coconul) [111]. -

For the coconul, following leaf analysis resulls in
il appeared thal the polassium levels were probably low in I
Coasl ; a first fertilizer trial was sel up. Afler polash manl
had been given for lhree years running, leaf analysis showed
the K level had risen from 0.165 p. 100 (o 0.492 p. 100 of
maller and (hal, al the same lime, thc number of nulsiire
increased from 58 lo 89. As far as lhe coconul was ¢or
this was Lhe first demonslration of lhe advanlage of fu
diagnosis in delermining deficiencies.

T'he method consisls in measuring lhe concenlration of nulri
in the leaves and comparing lhem lo crilical values, themse
defined as lhe level of a nulrienl below which applicd
the appropriale ferlilizer has every chance of provoking a p
lable increase in yield.

These crilical levels have been worked oul by compu
the many resnlls of field experiments. In ils lasl Annual Rej
(1976-1977), the 1. R. H. O. delermines such levels on lhe
of the graphic relalionships belween fertilizer rales, yield
ses and leaf conlenls. However, Lhe action of one clemenl Is
always independenl of lhe olhers, and inleractions had lo
laken inlo account.

The arrival of lhe hybrid coconul meanl thal new ferli
(rials had lo be sel up. If lhe geneval lrend of liaisons belwees
elements could appear more or less idenlical in bolh Talls
hyobrids, il was nol cerlain lhat the level of produclion exp
from the hybrids would nol aller lhe mineral balances of the
For exainple, the remarkable effecl of the combined aclio
polassic and magnesian manuring on lhe hybrid has been
demonslraled by now, whereas il is insignifican! on the lraidl
nal planting malerial. Although lhe study is not yel defini
is also recognized thal the nulrienl levels are nol the s
lhe Tall varielies as in‘lhe Dwarfs ; wilhin the Dwarf varis
lhere are also far from negligible differences which need I
defined. Finally, research has councluded thal mineral manur
of lhe grealesl tnleresl in imunalurily ; lhe corresponding
levels are delermined in funclion of rcsponses in veg
developmenl (heighl, nwnber of leaves, girth, vigour &
oblained in experimenlalion.

The crilical levels worked out for the West African 10
variely are as follows :

N = 1.8-2.0 K = 0.8-1.0
P — 0.120 Mg = 0.24.

They probably apply, by and large, lo most of the Tall
Table 111 guves Lhe crilical levels proposed for e
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121 (Malayan Yelow Dwarf % West African Tall) accord-
I Io{he earlies! resulls of experiments set up in the Ivory Coasl
n 1970
- The erilical level of IC in the peal production period has nol
I been delermined experimentally ; cerlain indicalions suggesl
L this level will be lower Lhan thal in immalturily, and approach-
ihe critical level for Tall malerial. The critical level of magne-
tikely lo evolve in correlalion.
s regards the crilical levels of N and P, lhese will also be
mined experimenlally when the trials most recenlly sel up
oils deficient in nilrogen and phosphorus starl bearing ; Lhe
s given in Table 111 are nol definilive and can be considered
ather as optimum values from the physiological view poinl.
Ml is found that the nilrogen levels increase slightly with age,
eas those of phosphorus and potassium fall ; the Mg levels
le

paring the Tall varielies and the hybrid P-B 121, lhe
horus conlents are identical, nitrogen and polassium are
in the hybrid ; on the other hand, the P-B 121 seems lo
alisfied with a lower Mg conlenl, al least before il reaches
mum produclion.

Lhe crilical levels for Ca and Na have nol been worked oul,
o response lo these (wo elements has yel been oblained in the
imental network.

or chlorine, Ollagnier, Ochs and Daniel [12] have shown
the coconul responds well lo chloraled manuring when lhe
al levels are very low ; 0.3 p. 100 is a lhreshold below which
responses (o Cl applicalions are cerlain, 0.5 p. 100 probably
ng the oplimum value.

A will be seen thal leaf analysis is a good means of sludying
I nutrition. Il is the foundalion stone of the work underla-
the 1. R. H. O., and many other scienlific bodies in the
have now adopled it for coconul. However, the experiment
ork on Talls, whose production is mediocre, is slill much
ure developed than thal on hybrid malerial.

In effect, while the agronomisls were applying (hemselves
nding the besl-balanced manuring for gelting the biggest
oul of the Talls, thus providing a shori-term answer (o the
ccupations of the planters, lhe genelicisls were allempling
long-term improvement! of (his variely by mass seleclion then
idization belween varielies geographically distant.

se of the big increase in yield recorded on hybrids,
fertitizer rales recommended for (radilional varielies became
icienl. New experimenls were therefore starled in different
of the world, as the big developmenl projecls will consecrale
of their areas to this new malerial.

the tradilional varielies, a cerlain number of fairly old
ments were chosen ; on lhe conlrary, the (rials on hybrids
recent, bul the older ones have led (o inleresling conclusions
o the future. Table 1V gives lhe plans of the main experiinenls
foned. .

II.— STUDY OF NUTRITION
ELEMENT BY ELEMENT

.— Nitrogen.

lant physiology nilrogen is indispensable as a consliluent
e amino-acids [13], proleins and nucleic acids. A shorlage
ogen makes ilself fell throughounl the coconul’s physiology
ul provokes a big drop in yield.

a) Deficiency symptoms.

¢ erilical level of N in a leaf of rank 14 can be fixed al
2.00 p. 100 of dry inaller for Tall varielies, and 2.2 p. 100
lhe hybrid P-B 121. Below lhis value N nulrilion is nol
, which leads lo anomalies exleriorized by deficiency
plomns.

the first slage, lhere is slighl and conlinuous yellowing
the foliage ; the lree no longer has lhe frank green colour
acleristic of a good nulrienl balance.

a more advanced slale, lhe young fronds are pale green,
y the leaflels a dull appearance ; the severely discoloured
pes may become a uniform golden yellow. Many bunches
and the number of female flowers per inflorescence is small
ly more than one spadix branch).

Lhe lust stage of deficiency the coconul seems affecled by
dwarfing ; as il grows, the stem narrows gradually lo a
ictl point », Lhe leaves in Lhe crown are few and shorl.

b) Causes.

he causes of nilrogen deficiency in the coconul are now well
, and are of three sorts :

— low rainfall (Slale of Guerrero, Mexico, Benin, Mozain-
) or one which is badly dislribuled, influences the N levels by

eing the nilrificalion [ime and Llhe length of aclivily of lhe

rban! rool system ;

soil condilions unfavourable 1o the mineralizalion of

¢ maller ; this is the case of the coral soils of the Polynesian

5, Lhe coral lands of the New Hebrides, or while sands leached
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by a very high waler lable ; the same thing can happen in ricl
soils (Philippives, Indonesia) ;

— faully mainlenance encouraging the spread of grasses,
especially Imperalor, all big consumers of nilrogen.

A nilrogen deficiency is fairly common ; il can also resull
from exhaustion of the soil by many years of cropping (India,
Philippines), bul when lhe nilrogen nulrition is found lo be
deficient, il is a good idea lo find oul wha! exaclly is the main
cause.

Coomans [14] in particular has shown that N nulrilion depends
direclly on rainfall. On the Marc-Delorme Station in the Ivory
Coasl lhere is a significanl negalive correlation (r — — 0.57 **)
belween N levels and the cumulalive waler deficil for the previous
three months (Fig. 1). The samne relationship has been found in
the Malgassy Republic (r — — 0.48 **) on lhe Ankivanja
Research Station.

c) Correction by mineral manuring.

The 1. R. H. O. achieved lhe best correction of nilrogen defi-
ciency in Mozambique [15], with yield increased by 30-40 p. 100
according lo the years. In a first faclorial 28 experiment studying
N, K and Mg ( MP-CC 1), fertilizer applications had no effect on
levels, and the action of N on the number of nuls was nol very
marked (Table V). As the nilrogen deficiency was evident, a
new lrial was sel up lo compare various (realments with legume
covers, hoed in or nol, with and without fertilizer. The legume
cover gave good resulls, acling on the number of leaves and lheir
colouring.

However, lhe legume is oflen deterioraled by faclors which
are difficull lo conlrol (nemalodes, carlepillars, shade), conse-
quenlly fertilizer applicalions were starled again, bul laking
lhe date of spreading inlo accounl. Experimenl MB-CC 4
showed thal spreading al lhe slart of lhe rainy season was besl
(the number of nuls per lreefycar increased by mnore than 40 p.
100). This resull is closely linked lo (he aclivily of the super ficial
rool syslem, destruction of which during the dry season conside-
rably slows down absorplion (symploms of nilrogen deficiency
are frequently noled al the end of the dry season when leaf analysis
revealed no signs of them a few weeks earlier ). The rainy season
stimulales a new growlh of the leaf mass, and il is al this momenl
(hal the mineral elemenls must be provided, lo keep up with this
growth and facililale absorplion of Lhe nilrogen.

Ramanandan and Pillai [16] find the same lhing in India
when they compare (realments, cullivaled or not, with and withoul
manuring, through the seasons. The varialions are nol signifi-
canlly different, but the authors do nol indicale whelher they
decided lo lake their leaf samples al lhe beginning or lhe end
of the rainy season.

It was also with the objecl of pinpoinling the best lime [o
apply manuring thal the I. R. H. O. sel up Irial PB-CC 18
on Yellow Dwarf hybrid malerial ; il compares the effecls of (wo
rales of urea, of polassium chloride and of kieserile applied
before or after the rainy season, splil or nol. The nilrogenous
fertilizer had a significant effect on (he number of nuls per (ree/
year and the copra per lree, allhough lhe copra/nul was signifi-
canlly depressed.

In Malaysia a good response lo nilrogenous ferlilizer was
oblained by Khoo Kay Thye et al. [17] on coaslal clays (LKang
Kong series) planled to Red Dwarf. The aulhors noled beller
vegelalive developmenl (lenglh and area of lhe leaves), an
increase in lhe number of nuls bul a drop in the quanlily of
copra per nul. Even so, lhe balance is posilive, wilh an increase
of 26 p. 100 copra per lreefyear.

Kunhi Muliyar and Nellial (18] in India come lo lhe same
conclusion as regards lhe effect of nilrogen on coprajnul. Whilst
the nilrogenous ferlilizer significanily increases the number of
nuls (17 p. 100 in the case of the experimenl), il also depresses
copra/nul very significanily.

Trealment Copra per nul(g)
R T e g 179
NI oo 165 **
N2 o 162 **

** Significanl to 1 p. 100.

Pomier [19, 20] shows thal on coral soil, once lhe iron and
manganese deficiencies «are correcled, nilrogen becomnes the
limiling faclor, bul thal lhe only means of raising the levels is lo
plant a legume, as the soil formed of very coarse elemenls has
great difficully in relining the ferlilizers.

Like the aulhors quoted above, the I. R. H. O. has oflen found
« depressive aclion of nilrogen manuring on copra/nul. However,
this effect seems lo be closely connecled to Lhe polassium levels.
In fact, for low K conlenls, ammoniwn sulphale reduces lhe
number of nuls and lhe coprajnut, bul as soon as Lhe polassic
deficiency is corrected, lhe nilrogen favours lhe number of nuls
whereas the depressive effect on copra/nul persisls [21].
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For the lasl few years the 1. R. H. O. has been sludying the
effect of differenl anionic forms of fertilizer on coconut yield.
Trealmenls where lhe calions are given in nilrale form have
always given lhe besl nul yield.

Yields
Form of Levels in m —
fertilizer frond 14 No. nulsjlree |  Coprajlree
p. 100 | kg p. 100
KCU .. ......... 1.873 61.6 (100) |12.6 (100)
K80, ivcuisvms 1.940  167.6 (110) |13.8 (109)
KClL+ MgCl, ...| 1.912 63.6 (103) 13.1 (104)
K,S0, ; MgS0, | 1.940% |62.1 (101) |12.8 (107)
KCl- NaCl....| 1.928 57.0 ( 92) |12.7 (101)
KENOy + NaNOQ, | 2.047 ** |88.5 %% (144) |16.9 %% (134)

Nevertheless, il is on young coconuls Lthal nilrogen manuaring
has given the mosl characterislic resulls, bolh on Talls and on
Duwarfs or hybrids.

In Jamnaica, Smith [22], working mainly on Dwarfs, oblains
an increase in growlh (height) and developmenl (number of
leaves) by the applicalion of nilrogenous ferlilizer.

More recenlly, numerous I.R.H.O. experimenls in L[he
nursery and young plantings have made il possible lo work
oul manuring schedules in which il is shown lhal nilrogenous
ferlilizers have a far from negligible role lo play.

On lhe hybrid belween Malayan Yellow Dwarf and Wesl
African Tall (P-B 121), il is again lhe nilrales which have
given the [inest planls in lhe nursery. In a lrial conducled on
qualernary sandy soils in Wesl Africa (lIvory Coasl), various
measuremenls laken al 6 inonlhs old show lhal :

— lhe N conlenls of the conlrol are low and nilrogenous ferli-
lizer raises lhe level in lhe leaves, lhis increase being greater
wilh urea and ammonilrale thaint wilh ammoniuin sulphale ;

— ammonilrale very significanlly increases the number of
leaves and of leaflels and lhe girlh ; .

— urea only i{mproves foliage developmenl by 4-6 p. 100 ;

— ammonium sulphale increases lhe number of leaves by
only 4 p. 100.

Table VI gives lhese resulls ; il will be seen lhal the besl N
nulrilion, which improves growlh, causes lhe dilulion of the
K levels in lhe leaves.

Al lhe age of 12 monlhs, lhese effects are confirmed :

— ammonilrale increases the weighl of lle planl by 19 p. 100,
bul the foliage benefils mosl from lhis (4 51 p. 100 for the leaves
and + 37 p. 100 for girth) than lhe rool syslemm (+ 14 p. 100
only) ;

— urea, on Lhe conlrary, acls very strongly on rool developmenl
(- 66 p. 100), where lhe rool hairs are much denser, lhe weighl
increase being due mainly lo the larger number of rools and nol
lo lheir lhickness ;

— ammonium sulphale does nol change the fresh weighl of the
plant.

Always on the hybrid P-B 121, and parlicularly in experimen!
PB-CC 16, the 1. R. H. O. has confirmed lhe posilive and signi-
ficanl aclion of a nilrogenous manuring on lhe growlh and deve-
lopmenl of young coconuls ; lhose receiving such ferlilizalion
have a girlh significanlly grealer than lhal of unmanured planls.
By lhe lhird year lhis effecl is very much allenualed, and al
malurily il is no longer visible.

In replanling, mineral nilrogen can have a speclacular effect
on precocily of flowering ; this is the case in experimenl PB-CC 31
in the Ivory Coasl, where lhe soil is considerably exhausled and
where a dense grass cover persisls.

In conclusion, lhe nilrogen deficiency exisls, although il is
nol very frequent. Il has oflen been sludied on Tall malerial
and Lhe researchers have oblained responses lo mineral manuring.
However, il is indispensable, when faced wilh a nilrogen deficiency,
lo find oul exaclly whal is causing il, the mosl economical prac-
lice nol necessarily being lhe use of a nilrogen ferlilizer.

The developmenl plans oflen reason in funclion of a more
precocious and higher yielding hybrid material. Resulls on lhis
lype of malerial suggest lhal in cerlain cases nitrogen manuring
is an excellenl molor for lhe growlh and developmenl of young
planls. Leaf analysis is a very good working lool for finding oul
possible deficiencies.

d) Relations with other elements.

There are close relalionships belween the nilrogen levels and
Lhose of olher elemenls.

In parlicular, we saw in the previous chapler lhal in the Ivory
Coast the aclion of nitrogenous ferlilizer can be subordinale (o the
polassic nulrilion. However, Ollagnier and Ochs [23], in lhe
study of the NI inleraclion which lhey underlook on lropical
oil plants, conclude thal the absence of a clear inleraclion (defined
wilth N and K, which separalely increase yields, and lhe associa-
lion NI, which gives bigger yields than N + K) may be lhe
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consequence of the small number of N deficiencies and the very.
slight action of polash on N melabolism ; they also consider thal
Lhe use of more produclive planling malerial will have a considera-
ble influence on nilrogen requiremenls dnd will bring marked
inleraclions lo lighl. ‘

The hybrid P-B 121 does indeed seem lo be a bigger nulrient
consumer Lhan ils Tall parenl, bul lhis is normal in view of ils
precocily and yield ; bul for (he momenl lhere is no evidenl
inleraclion belween nilrogen and polassium in (he Ivory Voask

In lhe resl of lhe world, experimenlalion on Dwarf x Tall
hybrids is slill loo recenl lo provide an answer about the NK
inleraction, bul il is cerlainly in lhe zones of severe nilrogel
deficiency thal this inleraction could be broughl oul.

Finally, the close liaison belween N and P musl be mentioned.

2. — Phosphorus.

Phosphorus uplake is small (15-18 kg ), one-lenlh of {he uplake
of polassium or chlorine. Nevertheless, phosphorus is importaft
because il enlers inlo Lhe regeneralion of adenosin lriphosplwrg
acid and in lhe conslilulion of lhe phosphoro-proleins. It Iy
usually abundant in the young organs ; the study of P levels &
funclion of leaf rank [24] shows higher conlenls in the youngest
leaves (0.160 p. 100 for a leaf of rank 4). 1

The crilical level for a leaf of rank 14 is 0.120 p. L00 dry
maller.

a) Deficiency symptoms.

Phosphorus deficiency is rare in coconul. 4
There are no parlicularly characleristic visual sumploms
aparl from slowing down of growlh and shorlening of the frond

b) Causes.

The qualernary coaslal sands of the Ivory Coasl and of Wesl
Africa in general, on which a response lo phosphated manuring
has been recorded, have a nalive conlenl of 25 ppm lolal phosp
rus. The lerliary sands are beller off, wilh conlenls 1'ungingf
120 lo as much as 500-600 ppm. Above 120 ppm, leaf analy
of P gives levels over 0.120 p. 100, and phosphaled manu
does nol increase yield.

The liparilic lalosols of North Sumalra on which lhere are
big responses lo P on oil palm should also prove deficient for the
coconul ; lheir lolal P conlenl is belween 100 and 300 ppm.

Because of the close N-P liaison, nilrogen-deficient nulril
can lead lo a fall in the phosphorus levels.

The applicalion of polassic manuring very oflen provo
a drop in leaf phosphorus.

c) Correction by mineral manuring.

Only a few examples of lhe favourable aclion of phospha
ferlilizalion are known, in Madagascar, India, Sri Lanka and.
Ivory Coasl. In lhe lasl lhree counlries, il is only after seuel
years’ manuring lhal phosphorus increases the nul yield lo any
significanl exlenl. Phosphorus does nol lake immediale effect.
as lhe coconul’s requiremnenl is small [25) and in many ecases il
necessary lo wail unlil lhe soil is exhausled before lhe aclion
of lhe mineral manuring becomes evidenl.

Il was afler 26 years of ferlilizer applicalions thal plhosp:
had a significanl effecl on yield in one experimenl in Sri Lun
In experimenl PB-CC 3 in lhe Ivory Coast [27), the I. R.
only had lo wail 12 years ! (Table VII).

In (heir monograph, Menon and Pandalai |28, allivd
they speak of lhe probable favourable action of phosphoi
associalion wilh polassium on the qualily of produclion, b
mention any work which has proved lhe advanlages of phospht
manuring. Bul il musl be said lhal when they were wriling. |
experimenters were using compound NPXK ferlilizers, and
impossible lo dissociale the aclion of any one elemnenl.

Il is only recenlly lhal experimenls have mude il pos:
siluale the phosphorus deficiency and evenltually the profil
of manuring. The applicaltion of phosphaled ferlilizalio
very oflen accompanied by a significan! increase in lhe
levels.

In the I.R. H.O. experimenl menlioned above, pol
applicalions increase the phosphorus conlenls very signifita
The effecl on produclion is lhrough lhe increased number of f
[lowers.

Originally lhe critical level was fixed al 0.100 p. 100 of d
maller. Resulls oblained in Sri Lanka and lhe lvory
give significanl Plyield correlalions (r = 0.499 ** in Sri L
and 0.495 ** in lhe Ivory Coasl) for P levels below 0.
In view of this lhe crilical level was raised lo 0.120 p. 10
maller.

Amongsl the P deficiencies, special menlion musl be
of lhose in Madagascar on coaslal sands in the Norlh-Eas
poor in lhis elemenl. Research done on young coconuls has
that phosphorus is the prime limiting faclor for developi
thal phosphale applicalions increase girth by 30 p. 100,
tively, the correction of the P deficiency improves overdl
tion and minimizes lhe imbalance of the N|[S ralio,
reducing any nulrienl disorders which mighl occur.
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~ In this exceplional case, allenlive surveillance of the nutrition
is necessary.

Al maturity, nitrogenous manuring usually raises the leaf
evels. The opposite happens wilh polassic or magnesian ferli-
ion.

uring immaturily, N applications have praclically no effect
the P levels, excepl in one situalion in the Philippines on
Dwarf (BK-CC 6}, where P is significanily depressed.
e can be wide variations when there polassic fertilizer has
applied ; in the Philippines lhe P levels rise considerably,
ilst they are stationary in Indonesia, Oceania and Mozam-
e and drop very significantly in the ]vmy Coasl.

d) Relations with other elements.

he imporlance of the relalionship befween N and P levels
been demonslraied on groundnut, olive lrees, oil palm and
erous other plants. This nolion hiolds good for all field crops
particularly for coconul.

However, il is surprising o find thal wilh lhis oil plant,

— 515

while there is this correlation and il is highly significant for
the old leaves, il does notl occur in the youngest. This amply
justifies the 1. R. H. O’s decision {o use an old leaf of rank 14 as
lhe standard foliar diagnosis leaf.

In experiments PB-CC 16, where nitrogenous manuring had
an effect on growlh in immaturity, and PB-CC 31, in which the
nitrogen deficiency is fairly severe, the N-P inleraclion is highly
significanl (Fig. 2). In PB-CC 16, the liaison is just as slrong
in the plots gelling no nllrogenous fertzltzer (r= 0.89**%) as
in those gellmg urea (r = 0.776 *

The regression curve for the N- P interaction in experiment
PB-CC 31 (r = 0.794 ***) does not lie close to lhose of PB-
CC 16, the slope being very differenl, so thal it is not yet possible
to propose, as for oil palm, a linear N-P relalionship which
would make it possible lo define the limils of surplus or deficiency
zones for N and P.

We have already noted the liaison belween P and K in the
previous chapler.

To be continued (*)

(*) The 2nd and 3rd parts of this article will be published in the December 1979 and January 1980 numbers of Oléagineux respeclively.

Congres, Salons, Expositions

— 1980 —

International de la Machine Agricole — 2-9 mars
Paris (France).

visiteurs originaires des pays tropicaux qui viendront étu-
du 2 au 9 mars 1980, au Salon international de la Machine
ole a Paris, les matériels de toute nature, originaires de
s, y trouveront diverses manifestations techniques plus
iculigrement organisées a leur intention parle C.E.E.M. A. T.
credi 5 mars (9 h 30-17 h 30) : Journée « Séchage et sfockage »
ales (riz, mais, mil, sorgho), des haricots et de I'arachide,
6, du cacao et du manioc.

di 6 mars (9 h 00-17 h 30) : Exposés, visites et discussions sur
ravail du sol avec les outils a dents ef sur les appllcanons pos-
en pays chauds ».

redi 7 mars (9 h 00-12 h 00) : Colloque & propos de « Quel-
emples de mécanisation dans les récenis complexes sucriers

tous renseignements, s’adresser au Salon International de
achine Agricole, 24, rue du Pont, 92522 Neuilly sur Seine,
(France).

European-American Commodities Conference — 3-4 mars
1980, Hilton International, Londres (Gde Bretagne).

Ce congreés est organisé par la New York University, Schoo!l
of Continuing Education, Division of Career and Professional
Development. Son objectif est de procéder a une analyse critique
des marchés des produits aux Etats-Unis et en Europe, pouvant
servir de guide aux industriels, acheteurs, organismes financiers.

Pour tous renseignements, s’adresser a : Commodities Confe-
rence, c/o Conference Associates, 34 Stanford Road, London W8
SPZ (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,
Westminter, Londres (Gde Bretagne).

Cette conférence, organisée par le Tropical Products Institute,
de Londres, concerne le traitement, les utilisations et la commer-



