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exportations ne representent cependant qu'une partie, 
de loin la plus importante, des besoins totaux du 
cocotier. Les immobi1isations a long terme dans Ie 
stipe et les racines, et a court terme dans les feu illes, 
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sont en COUl'S d ' etude et viendront completer Ir&\ 
prochainem ent ces premiers resuHats qui permellent 
deja d'ori enter les programmes de fumure illong tcnnr 
de ce nouveau materiel vegetal. 
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En la e, taeilll1 experimental. de Por t-Boud sc midio l, 
exportaeiones lIliner8les del cocotero hibrido PnrL-Bouri 121. 
Hay un predominio del pota sio y del cloro, con 1'13 \ 
125 kg/ha/afio respectivalllente ; seg uidamentc "ieue el nit r.... 
geno (1 08 k g). E l a lbumen y porIa tanto la Cnpl'll, qll!' rs I~ 
parte lltil de los raeimos cosechados, ocasionanlln3 illl Jlor lilli1 
exportaci6n d e nit r6geno (74 % del tolal exporlatlo) . y eu ra 
bio conviene achaca r a la borra la mayo r parLc de ~\porl 
ciones cl e potasio de l cocotero (60 %) . Como cOllclus lill1 !It 
autores proponell forlllul as que permi ten ('.ulcuiar las expo! 
t aciones con arreglo al rendimiento . 

Mineral Exportations by the hybrid Coconut 
« Port- Bouet 121 » 

M. OUVRIER (1) and R, OCHS (2) 

The Yellow Dwarf x \Vest African Tall h y brid coconut p alm 
known as PB-1 21 1M. d e Nuce de Lamothe and F. R ognon, 
1975] is capable of producin g up to 6 t of copra/ha per y ear by 
8 years old on the coastal sands of the Ivory Coas t (Ta ble I) . 
Its producti v ity is thus mu ch greater th an tha t of the \Ves t 
African T all, which cannot surp ass 3.5 t /ha/year und er the 
same conditions . 

T he spect acula r ri se in the potential of the new p la n t ing 
material ob v iou sly result s in increased uptake of minera l 
ele ments from the soil, a n d consequently in grea t er fertilizer 
requirements, p a rti cularly in the very poo r sandy soils of t he 
oIT-shore bar wlIere t h e fi rs t h y brids u sed in t his s tud y were 
p lanted (T able II) . 

The mineral elem ents ab sorbed by a plant have several 
destinies : som e of them are export ed definiti vely in t he 
bunches ; some a r e immobilized for se vera l decad es in the 
stem a nd roots ; finall y some a re res tored t o t he soil sooner 
or la ter in the f a llen lea ves . By fa r the graates t qu a ntit ies a re 
removed with t he harves t, and t hu s it was n ecess a ry to m easure 
them to find ou t the nu t rient r equirement as a b asis for a new 
fer tili zer p olicy adapted to t he potential of tbe new p la nting 
material, which is incomparably more productive tha n the 
old. 

T he s tudy of the immobilized elements is in progress, and 
will soon make it po ssible to complete and defIne the mill era l 
n eed s of the h y brids. 

M ATERIAL AND ME,.HODS 

Thi s study was b egun in November of 1974 on 10 trees 
chosen as represen t ati ve of t he whole of plo t 31 in P ort-Bouct, 
which was p lanted in 1963 in the Hrs t Y ellow Dwarf x \:\,iest 
African Tall hy brids. The produ ct ion of these ten trees over 
the yea r o f study averaged 217 nuts /tree (15 bunches), th at 
is 4·9 k g of copra p er tree , or 6.7 tonnes of copra p er hectare. 
Fert ili ze r ap pli cations sill ce planting are shown in table III. 

The ripe bunches are cut each month, and each bunch treated 

(1 ) I . R. H, 0. , Port-B allet Sta tion (lvor y Coast). 

as follows : the s talk , the spikelets and the nuts arc wdghed: 
the nuts are stored in a warehouse for one IllOulh ; nuls a 
dehusked and weighed , the water is removed, alld " srrunI 
weighing i , done , the difIeren ce between the two lJt'in~ Ibr 
weight of the hu sk and water after s torage; Lhe half-nuls 
dried in \Vanson oven s to simuJ.9.te copra pl'L'paration. Hnd lil 
copra and shell are wei ghed ; the stalk, spik elets alill slh-r.d hu 
are dri ed for 36 hours in an infra -red ovcn Lo dctl'l·millt· Iii 
dry weight (the shell being considered dry on remuval Irll 
t h e "ranso n oven) ; the r esidu al humidiLy or the c() ~ra 0 

dri ed at 105 "C. is meas urerl according t o the in lcmatillll 
method. 

Tile various compon ents of the bun ches han 'cstcd monthl 
from these ten trees are t hen ground up aile! Inixecl to grlhl'r 
give a m ean sample o f sta lk, spilelet, husk and sl ,,~IJ . For Ih 
copra, 1/8 01" ea ch nut is re t.a in ed . Th ese monthl), UYl'l'lI 
samples a l'e then sen t to th e mineral analysis luhoral ll 
for determinati on of N , P , K , Ca, Mg, Na. Cl anci S. 

RESULTS 

1. ­ Weighted average composition of the bunch, 

Durin g th e year of observation, l;") ;; IJullches bea' 
2186 nuts were harvesLed from the 10 lrees sclecll'd. 
average composiLion of a bunch in fresh alld dry weld I 
given in t.able IV. At harvesting, t he nUls represen t "irlu' 
all th e weight of the bunch ; 9<l p. 100; ll",y losl' Iwlwrrn l 
and 20 p. 100 of their weigh t in moi sture during slor:lg,' 1,1 
rage 15.5 p. 100). The fresh a lbu men conta ins 88 p. 100" 
on dry weight; this humidity drops to G p. 100 on dry \\', 
afte r oven drying to prodn ee copra. 

In dry weigh t , the d ominant wei.Qllt is IhaL of thl' hu 
(42 p. 100), fO llowed b y t hat of th e alb umen (84 p. IOU) an 
the shell (20 p. 100). 

The indi vidual variability of the relative cOlllPosition 
the bunches is no t grea t (the coeffi cient of variation b 2.;; 11. 1 
for the sh eil, 6 p . 100 fo r t he husk, 7.7 p. 100 for lhe cII1'11 
except for t he stalk and spikelet (c. v. :lO p. 100) whi ch r 
sen t , in fact , only 4. 5 p . 100 on the tolal dry weight of I 
bunch . 
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2. -Seasonal va riation s in the weighted cc mposition 
of the bu nch . 

The monthly p roduct ion of bunches and nuts varies during 
llie year, with a peal( in February, March , an d April , wilen 
:15 p. 100 of annual nut production occu rs. T hi s variation 
depends to a great extent on the number of nuts per bunch, 
wh ith varied betwcen 4 and 23 during the p eriod of observa­
tion, the t wo peak periods being in :March and August. The 
:l lCragc nut weight varied widely in ve rsel y from 856 g in t he 
III\\" producti on periods to 496 g in the second peak period 
(.\Ugllst) (Fig. 1) . 

Allhough co nsid erable in absolute value, these seasonal 
ra ri alions had but a very limited efYecL on th e weighted 
(<Hnposition or t he bunch, b ut it was noted that th e large 
nnls produced duri ng the low yield period h ad much Illore 
husk Ihall copra (45 p. 100 compared to 29 p. 100), w hile th e 
~lIlall er nuts proeJ u ced durin g August had as much copra as 
husk OS p . 100). 

3.-Mineral com position of the b un ch. 

The mineral con ten t of the plan t material varies considera­
hll' [rol1l one organ to another; the m aximu m conten t is in the 
;~ik e lels (7.3 p. 100), the minim um in the shell (0 .5 p. 100) 
Tablc V). Th e variolls m in eral elem ents are un equ ally repre­
"uled , uut potassiulTl anel chlorin e alone account for more 
lhan GO p. 100 of the total content in all th e organs excep t the 
albumen , which is particularly rich nitrogen and phosp horus 
IproLeins) . 

4. ­ Seasonal variations in mineral composition . 

The monthly analyses showed that the seasonal variations 
in content are relatively s mall except for the elements present 
in thc smallest quant ities, whose effec t on exportations was 
n,·[ligible. In other words, the monthly y ield increases are not 
!ollowed by a fa ll in the levels. F igure 2 gives an example of the 
nJulll ltly variation s in potassium content in the var ious 
CQOlpOnen\ s of the nut; the extre me varialions from the mean 
, .11Iearc: 

• - 19 to + 15 p. 100 in the husk , 
• - 30 to I- 19 p . 100 in the alb umen, 
• - 21 to + 24 p. 100 in th e sheiL 

They are not related to yield variations. 

I N TERPRETATION 

I.-Annual exportations. 

The lotal quantiti es ot elements exported by these 10 trees 
>\'crllle year are expressed in grams pCI' tree in table VI and in 
··gl'cr hecLare in table VII. Potassiu m and chlorine dominate 
;tli 193 and 125 kg/ha/year respectively, w hi ch partly 

txpluins the impor tance of t h ese elements in the mineral 
nutrition of the cocon ut. The poverty of lateri tic so ils in potas­
!Un' and the hi gh requ irements of the plant explain easily why 

f" la,silll» is by fa r the dominant element in fert ili zers lOchs 
dOllagnicr, 1977]. This was the first time exports of chlorine 
d ~ecn mcasured, and they were foun d to be v ery high , 

"hieh par'lly explains the deficiencies obser ved in certain 
"~i Olls i,: sJlilc of the fact that this element is rela tive ly abun­
Lint in nat.ure [Ollagnier a n d Ocll s, 1971 ; Magat S. S. e/ 01., 
!lijj . 

Nitrogen comes third with 108 l(g/ha/year , followed by 
diulIl, phosphorus, magnesinm, calcium , and su lphur, in 
II orriN, the quantities ranging from 20 to 9 k g/ha/year. 
II is interesting to n ote that the fertilizers applied to t h e 

I""rvatioll plot compensated potassium exports practically 
nproporlion Lo the amount lost. 

Tilis abu n(lant fert il ization is just ified b y th e extreme 
Ilerly of the coastal sa nds in exchangeable potassium 
ablt II). Ou t he contrary , nitrogen appli cations were well 
low requirements without the slightest deficicncy sy mptom 
cearing; il must be admitted that the soi l is capable of 
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furn ish ing a lar ge part of the n eed, in spite of its poverly in 
totaillitrogen. Can it be suspected that the biologi cal fixation 
of atmospheric nitrogen is responsible for this exploit? 

The albumen, and conseq uen t1y t h e copr a, the usefu l parl of 
the harvest, is responsible for considera ble removal of nitrogen 
(74 p. 100 of the total exported ), phosphorus (87 p. 100), 
and sulphur (67 p. 100), but on ly 24 p . 100 of the potassiuJn. It 
is the hu sk which r emoves most of the potassium (60 p. 100) ; 
it is sometimes u sed for makin g coil or for fue l, but however 
this m ay b e, it costs a lot in potassium fertilizers, and efforts 
should b e made to r estore it to the soil , at least in t h e form of 
ashes . Indeed it can be imagin ed t hat in future genet icists 
will try to modify nut composition t o the benefit of alb umen 
and t he detriment of the husl<, even if the yield in copra 
remains the same, so as to r educe t he m in eral remov aL 

T he quantities of elem en ts exported by the hybrid PB-121 
are consider able, but they correspond to all exceptional 
yield. If they are compared to t he values obtained by Pillai 
and Davis [1963] for much less prod ucti ve material , it is seen 
that th ey are about the same per tonne of copra . 

These exports were measured in a p lot w hich is well fert il ized 
judging by t he leaf content s, wh ich are equal to if not slightly 
higher t han the critical levels now being arrived at in the firs t 
ferti li zer ex perim ents at Port-Bouet on this n ew planting m ate­
rial. To find out whether th ey were slightly over es timated by 
(. luxury" consu m ption, the sam e obs ervations in simplified 
form were und ertaken t hi s year in a few experim enta l plots Oll 
a factorial experiment in Port-Bouet. 

2. ­ An attempt at extrapolation . 

T h e study of monthly variations indi cates that the weighted 
compositi on of the bunch does not vary perceptibly between 
the peak an d low yie ld periods. T he same is true of min era l 
composition. If we now consid er that t he monthly yield 
variations are a valid refl ection of geographic variat ions ill 
potential, it is possible to calculate the annual removal for a 
larger or smaller production t ha n those of the trees studied, 
taki n g it that the propor tio ns of the bunch components and 
the min eral elements remain the same. This res ults in the 
following form ul ae, which give a quantity Y of exported 
elem ents in kg/ha in function of a y ield X of copra, expressed 
in tonnes/ha : 

N . . . Y = 3.2 + 15.4 X 
P . .. Y = 0.5 + 2.1 X 
K ... Y = 19.5 + 25. 5 X 
Ca . .. Y = 1.6 + 1. 1 X 
Mg ... Y = 2.8 + 1. 8 X 
Na . . . Y = 4.4 + 2.3 X 
Cl ... Y = 15.6 + 16.0 X 
S ... Y = 0.6 .L 1.2 X . 

These for m ulae must b e ut ilized with caution when there is 
too great a variation from the average production of the p lot 
studied (6 t of copra/ha/year), particularly in the low yield 
zones wh ere there is probably a hi gher proporti on of husk than 
of a lbumen , resultin g ill a greater uptake of potass ium. Expor ts 
of N, K, P and iVIg are shown in graphic form in fi gure 3. 

T o gi ve an id ea of the correspon din g fertili zer consumption , 
t he fertilizer equivalent of these exports can be calculated 
for several production h ypotheses (Table VIII). 

CONCLUSIONS 

The qu antities of mineral elements removed by the hi gh 
y ields of the hybrid cocon ut PB-121 are obviously large r, 
in particular as regards potassium and nitrogen, than those 
admitted h eretofore and obser ved ill similar experiments 
condu cted on the lower-yielding Talis. These exports, however, 
represent only a part of the total requirements of the tree, 
a lbeit the most important by far. Long-term immobilization in 
the trunl< a nd roots , and shorl-term immobili zation in the 
leaves arc now bein g stud ied, and the results will very shortly 
complete th ose of t he fir s t experiments, whi ch themselves 
already prov ide gu idelines for long-term manurin g of thi s n ew 
p lantin g mat erial. 

Erratum 

Dans Ie resume de l'articl e inti tu le ,Etude des facteurs d'am eJiora tion de la productio n d'a rachide dans la region de 
I" /'i' Gounie au Gabon n, paru dans Oleagilleux, de juin dernier, page 291, a l'avant-derniere li gne it la place de : «t rois 
herbicides... » il faut li re: «trois fongicid es (Benlate, Bravo, Duter) ... ». 
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