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SUMMARY 

First experimental Results on the Fertilization of 
Hybrid Coconut in the Ivory Coast. 

P. COOMANS, Oleaginwx, 1977, 32, N° 4, p. 155-166. 

Mineral nu tr ition experi ments done at Port-BoueL on sandy 
soils with low mineral elelllent content have show n that it is 
absolutely necessary to apply an N, 1<, iYIg balanced fertili zer 
to a hyb rid coconut palm from the time of planting. F ertilizers 
can be class itled in the followin g descending order: potassium 
chloride, kieserite and urea. They have a very clear-cut enect 
on the vegetative development, precocity of flower ing and on 
the tlrst yields, which reach 3,400 kg of copra per hectare in 
year n5 (from 4 1/2 to 5 1/2 years). The ellect of the elements 
applicd is directly related to their absorption. The res ults of 
the ex periments have made it poss ible to establish a provi­
sional manming schedule for the Dwarf x Tall Port Bouet 
121 hybrid coconu t in the so il and climatic conditions of the 
South-East Ivory Coast. 
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byRESUMEN 1«( 

Primeros resultados experimentales sobre la fertili ­ by
zaci6n de los cocoteros hibridos en Costa de Martll. pr 

P. COOMANS, 	Oleagineux, 1977, 32, N° 4, p. 155-166. ve 
in 

Las ex periencias de nutricion mineral realizadas en Port ­ pr 
Bouet en suelos arenosos pobres de elementos minerales, mos­ ve 
traron qne en los cocoteros hibridos es indispensable aplicar Ln 
a partir de la plantaci6n lIna fertili zacion K Mg equili brada. ca 
Se puede c1asitlcar los fertilizantes por el siguiente orden de h 
prioridad decrecie nle : cloruro de potasio, kieserite y urea. 
Tienen un efec to mu y nitido en el desa rrollo vegetativo, en la of 
prec.ociclad de la flore scencia y en las primeras prod ucciones que Ih 
repre,entan 3400 kg de copra por hecUlrea al ano n5 (de lJ ~ 
4 ai'los 1/2 a 5 anos 1/2). La accion de los elementos aportados c, 
se relaciona directamente con la absorci6n. Los resultados de 
las experiencias perrnitieron elaborar una tabla de previsi6n ni 
de fertilizaciones para los cocoteros hibridos Enanos x Grandes n~ 
(Port-Bouet 121) en las condiciones pedocl im aticas del Sudeste e 
de Costa de Martll. th 
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First experimental Results on the Fertilization 

of hybrid Coconut in the Ivory Coast (1) 

I. - INTRODUCTION 

Under its crop diversification policy, the Ivory Coas t 
deCided In 1966 to plant some 20,000 ha of coconut grove in 
the coastal zone to the East of Sassandra, made up of sandy 
so li s. 

The first plantings were done with improved local material, 
the yield of which, in the best conditions, reaches 3 ton s of 
copra/ha/year. But it was only in 1970, with the perfecting 
of the hybrid between the Malayan Yell ow Dwarf and W est 
African Tall coconuts (hybrid Port-Bouet <, 121 .) that coconut 
growing really developed in the Ivory Coast. 

So that this new material can realize to the full its yield 
potential, twice as high as that of the local coco nut palm, 
the ferlilizer element needs had to he determ ined rapidly
and accurately. 

This note sums up the results obtained in the first two 
experi ments planted, results which led to the es tablishment 
of a manurin g schedule adapted to the so il and climatic 
conditions of the South-East Ivory Coast. 

II. - EXPERIMENTAL CONDITIONS 

Experiment PB-CC 16. 

This exper im ent was planted in May 1970 on SO DEPALM's 
Amavible plan tation (3) established on tertiary sa uds a few 
kilometres North-East of the Port-Bouet Station. The results 
of the so il analyses, summarized in table I, show that the 
so il s are chemically poor. A 33 factorial des ign studies the 
e llccts of P, \1g and K applied in the form of bicalcic phosphate, 
J(icseritc antl potassium chloride. Nitrogen in the form of 
urea, is studied at 2 levels, prcsence-absence, in split plots. 

The main plots (24 useful trees) and the split-plots are 
planted half and half with hybrids of Gha na Yellow Dwarf«; YD) x W~.s t Afr ican Tall (\VAT) and Equatorial Guinea 
Gree.nDwarf(EGGD) x WAT. 

The spaci ng is in 8.5 m. equilaleral trian gles, i. e. a density of 
160 trccs/ha. 

The nlanuring rales applied since jJlanting are recorded in 
table II. 

In year 0, 1/3 of th e rate was applied two months after 
planting (July) and 2j:3 at the end of the rainy seaso n (Novem­

(1) Communication pl'esented at the Internat ional Symposium 
on Coconut Research ana Development at Kasaragoa (India), 28­
31 December 1976. 
(2) Agronomy Service, r. R. H. 0, Station, Port-Bollet (Ivory
CmHt), 

(3) Oil Palm Development Company (lvoirian st.ate corporation 
responsible for implementing oil palm anx coconut programmes). 

P. COOMANS (2) 

ber). From y~ar 1, it was spli t into two applications: before 
and after the long rainy season (April-August). The fer tilizer 
is spread broadcast in a circle described by the perpendicular 
of the leaves during t.hc tl rs t. years, and within one of 1 m. 50 
radius from year 4 onwards. It is followed by light hoeing. 

v 
I"eExperiment PB-CC 18. 
m 

This experiment, a few hundred metres from the tlrs t, was H 
planted in October 1970. In a fa ctorial des ign of the ap 
3 x 2 x 2 x 2 type (three modes of spreading and two 
levels of N, l( and Mg), it studi es the eflect of N, I{ and Mg 
on the GYD x WAT hybrids planted at 160 trees/ha and 
compares split applications (April-July-November) with w 
fe rtilizat ion given in one lot, before (April) or a fter (July) the 
long rainy season. 3.Each elementary p lot is composed of 6 ro ws of 8 trecs 01' 
24 usefnl trees (4 rows of 6 trees). 

As in experiment PB-CC 16, the fertilizer is spread broad­ at 
cas t at the rales shown in table III. Sli 

Factors observed . 

h 
on growth, the gi rth, the num ber of leaves emitted and the H 
number of leaflets on the leaf of rank 3 were measured every 

In order to appreciate the efi'ect of the mineral elements 

TJ 
year in Jnne. From year 3, the observations concerned flo wer­
in g. Since July 1974 for experiment PB-CC 16 and July 1975 e\ 

for experiment PB-CC 18, dates of the first harvests, the nut 01 

yield per tree has been record ed. The copra per nut is deter­
minee! I"rom the second year of harvesting, The mineral nu Lri­ 1"0 
tion is checked by leaf alla lysis, samplings being done each co 

I'­year in r' ebruary (dry season). 
fi 
I, 
is 

III. 	- RES U L TS [ 0 
i n 

1 . - - Growth and development. 	 s l 

p: 
01The statistical analyses of the girth measurements talzen 

in experiment PB-CC 16 are given in table IV. 
JDuring the first months 01" growth, the nitrogen applications 

have a signitlcantly pos itive efJ'ect, whereas from the third s 
year, the responses diminish. c< 

10 The elTect of nitrogen already shows in the nr ~ t year in n: the colouring of the foliage. The trees receiving no urea have 
pale gree n foli age giving a dull appearance Lo the leaflets. 
The sym ptoms die down two years after plan tin g, by whi ch 4 
time Lhe legu minou s cover is properly established and covers 
the soil well . At an early age, the phosphati c fertilizers have no 
action. The element whose application has the most eflecL is 11 
potass ium, which resu lts in an in crease of 28 p. 100 in girth c< 
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by comparison with the control at 3 years. Rates 1 and 2 of 
KCllead to the same results. 

The effect of iVlg only appears from year 1 on and is shown 
by a gain of 8 p. 100 in girth at 3 years. Rates 1 and 2 ha ve 
practically equiva lent effects. The K-iVIg interaction is already 
vcry marked from early on : the action of !\Tg only a ppears 
in the presence of K and th at of 1< is strengthened in Hle 
presence of Mg (Table V). Figure 1 gives the evolution of tile 
vege ta tive characters in course of time Witll the principal 
treatments. The gcowth curves with an N , K, Mg manuring 
can be t a ken as Teferences in the condiLions ol the South- E ast 
Ivory Coast. 

The results of observations made on PB-CC 18 confirm those 
of PB-CC 16 and the need for an N , K, Mg manuring from 
the time of planting. There is no si gnificant difTeren ce in growth 
between the various times of spreading although spli t appli ­
cations generally give the best results. 

Thus, the most m arked cHect of splittin g res ults from the 
nitrogen applications with a gain of 25 p. 100 in girth in the 
firs t two years by comparison with the control N O. The 
elIeel of the split N applications tails off sharply from the 
third year onwards. 

It sould also be noted that th e elIect of iVfg only appears 
in the presence of N and tha t the bes t combinaison is fOllnct 
wh en Mg is applied in split form in the presence of N (Table V I). 
The least satisfactory growth occurs when thc two ferlili7.c"s 
are spread before the rainy season (April). 

2. -	 Flowering. 

On experiment PB-CC 16, tlIe very fir st inflorescen ces 
appeared at the end of 1971, i. e. 2 1/2 years afler plantin g. 
The effect of N, K and Mg on th e precocity of flowering is 
fully confirmed (,fable V I I ). The action of ni trogenous fertili zer 
on growth was only positive during the fir st two years, but 
in year 4, its effect on precocity of flowering a ppeared signifi­
cant. 

The phosphatic manuring, thc number of flowering trees 
and the emiss ion of inflorescences increases , but not yet 
significantly. The potas sium chloride has a very significan t 
effect on th e characters observed : the number of trees in 
flower at 48 months is double by comparison with the control 
without K and the nllmber of inflorescences emitted is three 
times higher. 

Th e effects of Kieserite and the K-Mg interaction a re also 
very marked (Fig. 2). Th e positive influence of these various 
fertilizers is conl1rm ed on experiment PB-CC 18. The diITerent 
modes of spreading lead to statistically equivalent results. 
However, the best response to nitrogen is obtained by split 
applications. 

The splitting of rale 1 of KCI and of l<ieserite also has a 
better effect, but at rate 2, which gives results significantl y 
higher tha n those for rate 1, it is thc JLlly and April spreadings 
whiCh prove to be the mos t profitable. 

3. -	 First yields. 

The first bunc hes on experiment PB-CC 16 were harvested 
at the end of 1974, i. e. 4 1/2 years after planting. Table VIII 
summarizes t he yi eld data for the first harvestin g campaign. 

The response to fertilization in the form of the number 
of nuts per tree is clear and very consid erable. 

TllC application of N, K, Mg ma nurin g to lhe G YO x WAT 
hybrid has made it poss iblc to multiply the copra/ha y ield by 
16 by comp ari son with the unfertilized control in year 5. 
The efIect on EGGD X WAT is som ewhat less (Fig. 3). 

The elIect of phosphatic manuring is not a lways significa nt 
even thou gh at rate 1 it in creases the number of nuts per tree 
on the GYD x WAT hybrid by 26 p. 100. 

The total quantity of N, 1< . Mg fertilizer applied during the 
four years preceding bearin g is 1 480 kg/ha. The correspondin g 
cost, spreading included , is 59,200 CFA Francs (40 CFA 
Francs/kg spread). I[ the copra is so ld at 60 Francs/kg (price 
fi xed by th e Agricultural Products Stabilization Fund in the 
Ivory Coast), th e proftt after deduction of all processing costs , 
is about 25 CFA Francs/kg of copra. In these cOlldi t ions, there­
fore, an increas e in yield ot 2,370 kg/ha will cover the ouUay 
involved. It will be noticed that the diITeren ces in yield are 
such that the profit realized in the very first harves tin g cam­
paign with a N, K , Mg mann ring amply makes up for the cost 
ot fertilizers applied from the beginning (Fig. 3). 

On ex periment PB-CC 18, the first I1LltS were harves ted in 
July 197fi , i. e. 57 months after planting. This experiment, 
set up in th e short r ainy season, shows a time lag of one year by 
comparison with the preceding on e which profited from a 
long rainy season ass urin g a good s tart, althou gh only six 
months elapsed between the dates of planting. 

4. -	 Mineral nutrition. 

The res ults of leaf analyses obtained on experiment PB-CC 
16 are recorded in table IX. If the I< and Mg contents of the 
controls are compared, the potassic and magn esian fertilizers 
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in crease th e K and Mg contents r espectively in a hi ghly 
Significant ma nner. The nitrogen is only absorbed significantly 
dW'ing tlle first two years, durin g which urea has a n elTect 
on the colouring of the foliage. 

The urea a pplications n o longer increase the leaf ni trogen 
when the leguminous cover has overlaid the soil a dequately 
and when th e trees without N have begun to turn green 
aga in, even thou gh this fertili zer afterwards had a clearly 
positi ve influence on the precocity of flowering and the first 
yields. 

Phosphorus assimila tion only starts in the fourth year. 
On the whole, except for nitroge n from yea r 4 on, the positi ve 
eITect of manurings is linked t o their absorption. On ex peri ­
ment PB-CC 18, lhe leaf analysis confiTms th e very good 
absorption of the cle ments applied. The clate of spreading 
has no effect on the Nand K contents in the leaves, alth ough 
the levels are generally lowest when application is made in 
April. On the other hand, it has a very marked action on th e 
Mg contents, at leas t durin g the first three years. The single 
rate or Ki eserite split up has practicall y the same eITect on 
the i\lg contents in the leaves as the double rate applied in 
April or in July (Mg 0.27 p. 100 D. W. against 
M g = 0,28 p. 100 D. W. on the February 1972 leaf 
samplings) . 

IV. - INTERPRETATION AND DISCUSSION 

1. -	 K-Mg relationship. 

On experiment PB-CC 16, potassiC applications, even at 
the lowest rates , indu ce a magnesian oeficiency in tile absence 
of I(ie ~ erite shown by the appearance ot a chlorosis in the 
first yea r of planting: yellow discoloration of the oldest leal 
li ;s ues, running from the tips towards the rachis of the leal. 
The di , coloration is especially marked on the parts expose d 
to the sun . In the next stage margina l necrosis sets in, followed 
by premature clrying of t he lea f, which then presents no 
photos ynthetic activity. These visual symptoms are accompa­
nied by a decrease in th e magnesium contents proportional 
to the KCI applications .(Table X) and which is v ery large 
in th e absence of ma g2 ium fertili ze r, the Mg levels bein g 
0.176 and 0.101 res pectively for trea tm ents K1 Mg 0 and 
K 2 Mg O. This sensitivity to iuduced magnesian defiCiency is 
much grea ter in the hybrid coconut palm than in tile \ Vest 
African Tall rn. This character comes from th e Dwarf, espe­
cially th e R ed Dwa rf a nd the Yellow Dwarf, which are very 
sensi ti ve to a K-Mg imbalance. 

On the other ha nd, the magnesian manuring has no e fTect 
on the I< contents in the leaves (Table X ). However , certain 
trees in the plots r eceiving th e highest rate of I<ieserite in 
absence of KCI have I< defiCien cy symptoms shown by foliar 
discoloration in the form of rust-coloured patches 
(1< = 0.762 p. 100 for tlle K 0 Mg 2 plots). 

2. 	- Correlations between characters observed and leaf 
contents. 

On experiment PB-CC 16, the correlation, characters obser­
ved-I< contents, is already positive in the fir s t year 
(r = + 0. 514*' for girth a t 14 month s) ; it proves cl earl y 
that 	the principal deficiency is potassic. Durin g t he eady 
years however , it is impossible to determine the action on 
growth proper to the K and CI ions, as there a re very close 
liaisons between the vege tative characters and K and CI 
conten ts on th e one hand, and positive correlations between 
these two elements (LA 1971 : r = 0.973*", LA 1972 : 
r = 0.930'*' ; LA 1973 : r = 0. 963''') on th e other. 

In year 4, on the otiler hand, the partial coefIicients of 
correlation indica te tha t the· posi tive effect of potass ium 
chloride is certainly du e to the 1< ion: 

P. 100 flowering trees-I< contents (CI constant) I' = 0.736*** , 
P. 100 of flowerin g trees-CI contents (K constant ) 

r = - 0.421**. 
At an early age, there is no direc t correl a tion between the 

vegetative observations and the N contents. In year 2, the 
liaison becom es positive and significant (r = + 0. 546 * for 
girth at 26 months), taking only the plots receiving K and 
Mg into consideration , thu s indica tin g that th ese two elements 
t ake priority. 
. In year 3, the rel ationship becomes negative (r = - 0.498 ** ) 
but it is probalby liuked to an e ffect of dilution occuring during 
the phase of accel eration of foli ar emiss ion just before flower­
ing. On the other hand, in year 4 , the correlations betwee n the 
N contents - flowerin g precocity and fir st yields, becomes 
positive a nd highly s ignificant (+ 0.562*** and + 0.468** * 
respectively). They seem to indicate th a t nitrogen has a 
direct action on these ch aracters which is not simply the out ­
come of a back ellect of N on development. 

Although Kieserite acts very favourabl y on all the factors 
observed, there is no liaison between the vegetative growth 
and the lVIg cOlJtents . 

On experiment PB-CC 18, where the e lIect of nitrogen is 
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more marked than on PB-CC 16, there is a close liaison from 
an ear ly age between growth and the N contents in the leaves 
(1' = 0.495*** on girth at 20 month s) . As the urea rates 
applied on PB-CC 18 were high er than those applied on 
PB-CC 16, it can be thou ght that the latter were insufTicient 
in t he fi rst years . 

On t he whole, there is a very good concordance between 
th e efIects of the fertiIi~ers, the assim ilation of thc elements 
applied and the relationships between the leaf contents­
growth, precocity of flowerin g and firs t yields. 

3. - Manuring schedule. 

Nitrogen. - In both experiments, u rea has a favourable 
effect on the vegeta ti ve develop men t of t he trees, which is 
reflected in the precocity of flow ering and the fir s t yields. 
As the effect during the first three years was sli ghtly more 
marked in the experimen t PB-CC 18, it is the rates app lied 
on th is experimell t which will be retained as a matter of pru­
dcnce. Trial s in the nursery [21 showed th a t for N, urea is 
preferable to ammon ium sulphate. However, this fertili zer 
can be used , in which case the rates should be doubled. 

Phosphorus. - In experiment PB-CC 16 on tertiary sands, 
the P applications have no eITect on either growth 01' the 
start of bearing, therefore for the first years at least the use of 
phosphate is unnecessary. However, the direct resp onses 
recorded in th e leaf analyses suggest that this fertilizer wi ll 
probably have a role to play later on. 

On the other hand, in the casc of plantations established 
Oll sands of the ofIshore bar, w here the phosphorus contents 
arc distinctly lower (total P = 24 ppm), it seems prudent to 
start applying phosphate in the fir st year. For the mom ent, 
the rates of PB-CC 16 can be recomm ended on these soils . 

Potassium and Magnesium. - These two elements 
cannot be sepa rated, for on the h ybrid coconu t and on che­
mically poor sandy soils, K appli calions a lone ind uce a 
ma gnesium deficiency, man ifested by yellowing of the"leavcs. 
Thus all K applications requ ire an Mg applicat ion. In PB­
CC 16, th e two elements act favo urably on a ll the growth 
factor s (Table V) and on the start of bearing (Table VIII), 
the eITec ts of ratcs 1 and 2 of both types of fertilizer, however, 
not being significantl y difTerent. 

In PB-CC 18, the eITect of rate 2 of KCI which is intermediary 
to rates 1 and 2 of PB-CC 16, is significantly greater than 
rate 1. for Kicserite there is no significant difference between 
the two rates app li ed . Th us rate 2 of KCI of ex periment 
PB-CC 18 and rate 1 of Kieserite of experim ent PB-CC 16 
should be retai ned for the manuring schedule. 

The fitting of the experimental data of PB-CC 16 to a 
rcspon se surface to K and Mg will also make it possible to 
es timate the best treatm ents which in the present case, are 
bein g ach ieved in the regions explored experimentall y. The 
abscissa corresponding to maximnm development during the 
fir s t three years, to the maximum percentage of trees flow ering 
at 48 month s and to the best yield in year 5 (Fig. 4), are 
ca lculated in deriving thc polynomial eq uations characteristic 
of the surfaces partially from X , and X 2 . Na turally, the su r­
faces do not represent the response to the fert ilizer applied 
in the preceding year, bu t indeed the cumulative effect of the 
ferLilizers applied ,ince planting. By successive differences, the 
optimum annual rates are determined. These together with 
the rates determined by the analysis of the principal eITects 
have been carried in origin al units in table XI. 

It is noted that for potassinm chloride, the optimum rates 
esta blished from responsc snrfaces are very close to those 
determined by the analysis of the prinCipal eHects. On the 
other hand , for Kieserite the valu es found are quite difTerent. 
These diITerences are due to the fact that there is a positive 
K-Mg interaction on growth and the slart of bearing. Thus it 
is the Kieser ite rates det.ermined from the response surfaces 
which will be retained. 

4. - Ti me of application offerti I i:zer. 

In experiment PB-CC 18, the dilTerent times of application 
studied as well as the splitting of manu ri ngs, give practically 
equal results . Nevertheless certain values (better growth 
with the splitting of Na nd Mg, greener fo liage when the appli­
cations are split) indicate that split dress ings are prefera ble 
to a si ngle application on sa ndy soils, at least during the fit'st 
two years. At an ear ly age, splitt ing makes it possible to 
li mit losses through leacllin g by rain 011 soils with a low po\-ver 
of fixation and in the presence of a root sys tem yet undeve­
loped. This method or spread ing will be maintained beyond 
the second year in the case of plots very defi cient in Mg, 
this element being assimilated better when the applications 
are split. Generally, fertilizer spreading will be done in one 
app lica tion from the third year on . In the conditions of the 
Lower Ivory Coast, the p eriod from July to September is 
the mos t appropriate as it makes i t poss ible to avoid the 
excess ive leaching of the long rainy season (May-June), at 
the same ·time profiting from the short rainy seaso n for 
solubilization [3] . 

5. - Reference level. 

On the whole, the relationship> between the leaf contents 
and growth, flowerin g or first yields are of a linear type and 
do not allow the Icvels to which the optima correspond to be 
dctermin ed. Thus, for the moment, the averages of the ele­
ment contents of the best plots of PB-CC 16 (12 plots receiv­
ing N, K. Mg) will be considered as reference levels to follow 
01' to estimate the nut ritional state of the young coconut 
groves; they and th eir coefficien ts of va riation (figu res bet­
wee n brackets) are shown in Table XII. Thesc reference 
levels should not be cons idered as cr iti ca l levels , but as levels 
which will almost infallibly enab le maximulH yield to be 
obtained. In elTect it is poss ible tha t the samc result cou ld 
bc obtained with lower levcls, at least for some elements. 

CONCLUSION 

From these expe ri ments conducted on tertiary sa nds, it 
emerges that a balanced N, I{, Mg mannring is indispensable 
from the time of planting on hybrid material and on soil 
poor in mineral elements. 

The fertilizers have a very cl ear effcct on the vegetative 
development which is fonnd in the precocity of flowerin g 
and the fir st yields. The positive eITect of the elements applied 
is in direct liaison with their absorption. 

Talting account of the effects observed, the fertilizers 
can be class ifi ed in order of decreasin g priority as follows: 
potassinJll chloride, Kies er ite and urea. 

The K-Mg interaction is very marked: the effect of Mg only 
appears in the presence of K and the eITect of l( is stronger in 
tile presence of Mg. In the ab ' ence of Mg, the high K rate 
becom es depress ive and induce' a magnesium deficiency. 

Phosphatic fertilizer, in th e conditions of th e two experi­
ments, is not indispensable at an ea "ly age, but the absorption 
of this element from the fOLtrth ycar on foreshadows a positi ve 
effect in the near future. 

On the basis of the ex peri men tal resu lts obtained, a pro­
vis ion al manuring schedu le (Table XII I) can be recommend ed 
for the yo ung plantations of Ilybrid s planted at a density of 
160 trees/ha on ferraJlitic tertiary sands in tile conditions 01 the 
South-East Ivory Coast. 

Starting in the t hird year, the rates can be adjusted in 
function o[ the leaf analysi s results. 

There is no significant dilTerence between tile various 
times of app lication studied, altllOugh split dress ings especia lly 
of nitrogeno us and magnesia n fertilizers, give the best resu lts. 

As the eHect is only clear on the vegetative characters, 
splitting is only advise.d durinq the first three years. 


