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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) 

II. - STUDY OF TilE DIFFERENT ELEMENTS (continued) 

J . - Potassium. 

Polass ium is reputed 10 be 
imporlan ce, bul its r ole in Ihe 
myslery (Co nclusions o( Ihe 
Congress, Bern e, 1978) . 

It 	i s thoughl 10 be imporlanl 

of considerable physiologica l 
form ati on of yield r emains a 

Internalional Polash InslitlIle 

10 Ihe pla/l/'s m elabo lism, in 
accelerating Ihe movem enls of Ihe slomala ( waler economy ), 
in activating Ihe enzymes, in Ihe Iransporl of melaboliles and in 
cell div ision . These poinls have been lillie sludied for Ihe coco­
nul, or have n ol yel been . 

a) Deficiency symptoms. 

For a lea f of rank 1 4 Ihe cri lical level is 0.80-1 .00 p. 100 of 
dry mal/er for Tall varieties. For Ihe new hybrid malerial, 
partiClllarly Ihe P-B 12 1, the l evel delermined by Ihe I. R. H . O. 
has been raised 10 1.40 for Ihe period prior 10 maximum produc­
tion . 

T he firsl visual symploms appear on Ihe leaf lei as follows ,' 

- rusl -co loured spols in Iwo lon gitudinal bands on eilher side 
of the cen lral rib , Iheir diameler ranging from 0.5 10 3-4 mm ; 

- sli gh l yellowing Of Ihe lamina, m ore marked lowards Ihe 
tip of l he leaflel. 

Thereafler, Ihe yel/owing gels worse, leavin g only a narrow 
median band still green, lhinning down 10 necrosis. The rusly 
spols invade Ihe w hole leaflel and form large palches of irregular 
outline. 

T he visible polassium deficiency is characterized by yel/owing 
of Ihe leaves in Ihe middle of the crown in Ihe early slages and 
dryin g up Of Ihe l ower leaves in Ihe lasl ones . 

T he defiC i ency symptoms are n ol clearly visible when Ihe 
levels ar e belween 0.4-0. 5 and Ihe cr itical l evel. 

b) Causes . 

The causes ar e tinked mainly 10 Ihe so ils, which r ar ely possess 
the large quantities of polassium required by Ihe coconul. 

The analyses r esults given in Tab le 1 confirm Ihal numerous 
coconu l plan lati ons inlhe world suffer from polassium deficien cies: 

T his is Ihe case of the lertiary and qualernary sands of Wesl 
Africa, of the coaslal sands of Sambava ( Madagascar), of Ihe 
coral so ils of Ihe Oceanian alolls, of Ihe exhausled laleritic zones 
of India, of Ihe sandy so ils on Ihe Easl coasl of Sri Lanka, 
where Ihe J( leve ls are below 0. 15 me/100 g. 

On the olher hand, in Indonesia , Ihe Philippines, Viel Nam, 
Cambodia and Malaysia Ihere are lands with a high native 
polassium conlenl , over 0. 30 me/ l00 g, and wh ich cover vasl 
ar eas. Bu l Ihis initia l richness can be heav ily compromised by 
very exhausting f ood cr ops, for exam p le cassava. 

c) Correction by.mineral manuring . 

Polass ium deficiency is frequenl ; it is easy 10 delecl by leaf 
analysis if Ihe vis ua l symptoms a re ins lIfficienl l o make il 
absolulely evidenl. 

It is present in lhe New Hebrides, 1I1adagascar, Mozambique, 
Jamaica, Ihe Ivory Coasl, Togo, Benin, Mexico, in ceria in parls 
of Malays ia, in New GlIillea, in lhe So lomon Islands, in Sri 
Lanka, in India , in B razil ... 

(1) lInd part of the eommunicat ion presented t o 5th Session o( 
the F. A. O. Technical \Vork ing Pa l·tv on Coconut Prod uction , 
Protection and Processin!,:, 3-8 deo. 1'979, Mani lla (Phil ipp ines). 
The I" part was published in th e November 1979 number of 
Oleagineux . 

(2) Coconut Department, 1. R. H. 0., 11 Squ.-Petrarque, 75016 
Paris (Fra nce). 

(3) Directo r of Research, J. R. H. 0., Paris. 
(4) Direc tor. Agronomy D epllrtment, I. R. H. 0., IRHO/GER­

DAT, B.P. 50:~:;-34032 i\Ion lpe lli er Cedex (Francc). 

Exper imenls have mainly been done on the lraditional Tall 
malerial. The arrival of lhe hybrid cocon ul, whose abundanl 
production increases uplake [9 ], has broughl lhe need for bigger 
p olass i c manuring. A seri es of new Irials was lheref ore set up, 
1.9 f or Ihe Ivory Coasl alone. 	 . 

The effecls of polassium are very marked on Ihe poorer so ils 
such as l.he l ertiary and qualernary sands of l.he I vory Coasl 
(Table V II I ). . . 

In Ihis r especl, when Ihe I. R. H. O. slarled ils experimenlal 
programme in 1.952 Ihe r esponses 10 polassillm were immed iale 
and highly conclusive. Ils action is manifesl in allihe productioll 
faclors " number Of inflorescences and bunches/lree, nnmber or 
flowers /bunch, number o( nuls / Iree, copra/nul ; and consequently 
in Ihe Quanlily o( copra prodllced by Ihe Iree in a year. h·,rperi· 
men I P B-CC 1 prov ides inler estin g information. lI'ilhoul 
polash , lhe mean yield f or 6 years is 980 kg copra /lwlyear : 
wilh lhe apptication of 1.5 kg polassium chloride/lree/year, yield 
rises 10 2 100 kg copra /ha /uear ; production is more than 
double . 

Slill w ilhin Ihe fram ewor k of I . R. H. O. experimenlalioll illihe 
Ivory Coasl , lrial P B-CC 3 confirms lhe speclacular oelion or 
polassic manuring on yield, and shows Ihallhe harm dOlle 10 the 
Irees by a lack of potassium during immalurity is irremedial>ie. 
The lrees w hich have r eceived polash manurin g from the lime or 
planting always produce m or e Ihan Ihose which only gol it al 
malurily. TIle deficit persisls, and slabilizes al 15-20 p. 100 135 1· 

If experimenl P B-CC 5 has confirmed Ilig/l profilabilil!l or 
polassic f ertilizer, if has also shown Ihal it shollid be applied 
ann llally, lhe r esidual effecl Of a doub le rale every lwo Ilears 
being less lhan lhe annual aclion Of a single rale. . 

In India, l(unhi M uliyar et al. [181 consider thai the IIlcreasetl 
yield due to corr eclion of the p ol ash defici ency is essentially.dlle 
10 Ihe increase ill lhe number of nllis and n ol 10 lhe cum billed 
increase in Ihe num ber Of nllis and the copra per nlli. 

S imitar observalions have been made in Ihe New Hebrides 
by lhe I. R. H. O. ; on coral so illhe incr eased production broughl 
aboul by p olass ium m anllring is due 10 Ihe larger number or nuls 
oll ly . 

Swnbak [321 in Papua-New GlIinea oblained a yield increase 
by polassium application, bul was nol able lo show Ihal II alTecled 
Ihe number of nuls and Ihe copr a per nul simllllaneously. H owevu. 
il does seem lhal in lhe experimentation underlakenlhe riclm ess or 
Ihe soils in exchangeable J{ is r elatively high (0.26 me/100 g) 
and lhal the major effecl is oblained by sulphur applicalions : 
moreover, lhe au lhor slales lhal polassium sulphale proved beller 
th an Ihe chloride. 

Ther e are therefore cases where polassium deficiency shown up 
by leaf analysis is difficult 10 corr ecl by mineral manurillg. 
Th i s has been observed in Ihe New Hebrides in Irial ,\" -/-CC .\ 
on rich clay plaleau soi ls (J{ = 1.04 me/ fOO g belween 0 and 
20 em down, and 0.64 me/100 g belween 20 and 40 em), where ill 
spi le Of relalively low K levels (0.582 p. 100 dry mailer) the 
application of polassium fertilizer has nu aclion on lhe I( levels 
and yields. Here is a case where Ihe soi ls have a low powcr of 
fixalion (illiles). 

On cora l so il in Polynesia, l wo years elapse afler Ihe firsl 
fertilizer dreSSing before il slarls 10 lake effecl on lhe yield or 
maillre lrees , even lhough the leaf levels rose very quickly. 

On more developed cor al soits, as in exper imenl ;\' II-CC 6 
in Ille New H ebr ides, it is again lhe polassic deficiency which is 
Ihe limiting facl or f or prod uction, and lhe application of p(l/a.l­
sium chlor i de is accompanied by an increase in lile I{ CO lllellls 
and in lhe copra p er lree. 

Foale [4 2], in Ihe Solomun I slands, also work illg 011 Tall 
malerial, ubla ined speclacu lar effecls wilh polassillm. III replalll­
in g, increas ing annllal rales of J( signi fi cantly i ncreased II" 
heighl of immalure lrees ; by 10 years old prodllction /lias liO I'. 
100 higher f or lhe manured lrees. In anolher experimenl , polas­
sium has Ir ip led lile yield of lhe con lrol plols. Foalc, who made 
gr eal Ilse of leaf analysis as a means of sludy ing de/icienrie.,. 
says Ihal f oll owing lhe selling up of l wo new Ir ials he foulld Ihal 
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tile (ertilizers applied remained wilhoul action on Ihe levels and 
yields, Ihe various elemenl conlenls being close 10 Ihe critical 
level. 

We can Ihus conclude Ihal (or soils o( volcanic origin wilh 
a high exchangeable K conlenl, coconul nulrition reaches values 
close 10 lhe critical level; polassic manuring Ihen lias no action 
on Ihe lea( K levels and on Ihe developmenl o( Ihe planl or Ihe 
yield. 

When Ihe deficiency in anolher elemenl is correcled, Ihe 
increased production which resulls (rom Ihis may evenlually 
induce a polassium defi ciency , since Ihe laller is Ihe elemenl 
wilh Ihe biggesl uplake. This phenomenon is palen l in Mozam­
bique, where correction o( nilrogen deficiency rais es yields and 
provokes Ihe (all o( Ihe P levels. The same Ihing happens in Ihe 
Polynesian alolls, where beller mainlenance and Ihe correction 
o( iron and manganese deficiencies make polassium applica­
lions n ecessary . 

We saw in Table V I Ihal beller nilrogen nulrition improves 
Ihe growlh o( young planls bul leads 10 Ihe dilution o( polassium. 

Coomans [141 has shown Ihal polassium levels are slrongly 
in/luenced by production. This remark is all Ihe more imporlanl 
ill Owl Ihe hybrid malcrial is likely 10 produce (our 10 six times 
(IS much as Ihe Tall coconul. 

Ferlilizer experimenls 	 on hybrids are (ew and relalively
/I recellt. Trial PB-CC 16 is Ihe oldesl on hybrids o( Malayan ,nl Yellow Dwar( x Wesl A(rican Tall and Equalorial Guinea 

~er (;reen Dwar( x WAT, and il slarled in 7970. The e((ecl o(
~ p, polassium made ilsel( (ell righl (rom IIle slarl, significanlly 

incrcasing girlh.
Us This elemenl also has a sp eclacular e((ect on Ihe number o((lsi inflorescences emil/ed by Ihe Iree ; K applications Iriple Ihem. 

The beneficial action o( polash (erlilizer is inlensified in yield 
'l/al by its action on Ihe number o( nuls and Ihe copra per nul, Ihe
lalf. tolal copra being more Ihan doubled.
ion The I. R. H. O. sludies have very clearly demonslraled Ihe 

r o( high/y significant correlation belween K levels and copra produc­
t.lly lion per Iree. However, 	Ihe sludy o( polassium cannol be disso­
~eri­ cialed (rom Ihal o( Ihe olher cations, as Ihere are close relationships
plOlll belween "them [l1J. We will see Ihis in Ihe chapler dealing wilh)ar . 

Ihe relationships wilh olher elemenls. ~ ield The figure 3 shows how yield progressed in Ihe K 0 and K 3 plolsIhan {rom 1955 10 1968 in e'xperimenl P B-CC 1 ; Ihe annual rain(all 
und Ihe cumulative allnual waler deficit are r epresenled (or

Ihe year n-l. n o( The yields o( plols K 0 and K 3 (ollow the same Irend ; Ihose
/lIe o( the 1(.1 plols are always /ligh er Ihan Ihose o( Ihe KO (effecl

able. o( potassium).
?c o( Delween 1955 alld 1961, Ihere were only two waler deficils Iii al flver 200 mm, one o( 340 mm and lhe olher o( 590 mm.
1351· f)uring Ihis period yield does indeed depend On rain(all and lheIy o( waler deficil , bul Ihe mean yield remains relalively conslanl. 
oiled On Ihe olher hand, (rom 1962 on yield (ell progress ively and 
lears in (unction o( high waler deficils , some over 380 mm (5 were 

between 380 and 590 mm, 2 less Ihan 200 mm). Each time lhe 
a.~ed deficil was al a minimum, production rose - 196 311964 and
due 7966/1966.

illed The liaison « Iasl year 's rain(all/yield » is good. The rain(all 
and production curves are similar; increased rain(all leads 10

ides increased production Ihe (ollowing year. H owever, Ihis is nol
Ight olwa!ls so when Ihe waler deficil is over 400 mm and lhe annual

Inuls rain(all close 10 optimum ( 1 800-2000 mm), bUllhis is explained 
by Ihe (acl IIwl Ihe soil waler reserves are insu(ficienl during /lle 

~ease dry season, e. g. Ihe KO plols in 196211963.
ecled Finally , a(ler a dry period, yield increases 10 a grealer exlenl 
bver. in the plols which are manured (Ta ble IX).
~s o( In conclusion, Ihere is a good relationship belween yield, rain(allr g) (lnd waler deficit. A drop in prodllclion (allows decreased rain(all ,1) ns : and Ihe worse Ihe waler deficil and Ihe m or e accenlualed Ihe
eller 11Ilirieni imbalance, Ihe bigger Ihe reduction in yield. Good 

mineral nulrition gives Ihe coconul a beller chance o( geltingr up lhrollgh Ihe driesl season , and Ihere is a considerable yield gain 
ring. compared 10 un(ertilized Irees.[;C s UI us mentioll here a highly signifieanl positive relationship
la,!d (ound in Irial P B-CC 3 on Tall malerial, belween mean annual 
re III produclion (or Ihe lasl 1 J years and growth al an early age

/lIe cl'pressed in girlh (em) al 57 monlhs or Ihe number o( leaves 
~vels emilled in 67 monllis (rom planting. The coe(ficienls o( correla­~ r o( lion below: 

firsl 	 mean allnu al produclion ill number o( nulsl 
Iree and girlh al 57 monlhs (Fig. 4) r = 0.7 7 •••\d o( 
number o( leoves emilled in 67 monllrs (Fig., 

CC /j 5) .......... 	 r = 0.60 •• -

Cll i.~ mean annual production o( coprallree alld 
blas ­ girlh al57 monlhs (Fig. 6). 0. 75 ••• 
Ilenls number o( leaves emil/ed at 67 monllrs 

(Fig. 7) .. .. r 0.54 .-. 
Ta ll 
lun l­show that the improvement of growth in the early years
I IIII' results in increased production. 

Where there is a deficiency, therefore, mineral manur­rO p. 
ing is indispensable right from the beginning.fl las ­

/lad, 
d) Relationships with other elements.cies. 

Ihol The sludy o( polassium has shown IIle antagonisms belweet! 
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K-Ca, K-Mg and K-Na. Neverlheless, the K-Mg liaisln is 
much closer Ihan lhal o( the other Iwo couples. 

II was in 1955 thai lhe I. R. H. O. proved Ihal ther e was a 
general relationship between K and Mg. The application o( 
high potassium chloride rates can induce a severe magnesium 
deficiency. The lable which (ollows is drawn (rom a lrial dating 
back to 1955 ; Ihe mass ive apptication o( polassium provokes 
an oulslanding drop in Ihe Ihree cations, Ca j\1g and Na. 

Applicalions 
perlree in 1955 N 

L evels in February 1957 

P I( Ca Mg Na 

Conlrol 
(PB-CC 1) 1.80 0.091 0.20 0.495 0.567 0.166 

5 kg KCI ..... 
10 kg 1(CI .. 

1.75 
1.74 

0.097 
0.094 

0.98 
1. 38 

0.507 
0.401 

0.188 
0.159 

0.294 
0.134 

15 kg KCI ..... 1.74 0.097 1. 55 0.391 0.115 0.181 

In 1961 il was Ihough/ Ihal lhere was (1 synergism (or low f{ 
levels and an anlagonism (or Ihe highes l ones. 

In 1970 Brunill [43J, working on Tall malerial, noled Ihal 
(or K levels belween 0.7 and 1.2 Ihe application o( high rales o( 
M g (erlilizer signi ficanlly r edn ced K. However, Ihe same aulhor 
concludes, a(ler observing olher experimenls, Ihal while 
Ihere is a very good relationship belween lea( M g and yi eld 
( r = 0.616 "-), Ihe exira production which can be expecled 
(rom magnesian manuring when M g is below Ihe critical level 
will only be oblained once Ihe polassic deficiency is correcled. 

Coomans [44J in 1977 noles Ihe heavy magnesium deficiency 
induced in hybrids by polass ic (ertilization. Magnesian manur­
ing, on Ihe conlrary, has no e((ecl on lire lea( polassillm levels. The 
aclion o( polassium is preponderanl, and Ihe e((eci o( magnesium 
only mani(esls itsel( in Ihe presence o( K. 

In 1978 Ihe I. R. H. O. pursued Ihe sludy Q( Ihe K-Mg 
inleraction onlhe hybrid P-B 121 in experimenl P B-CC 16. The 
resulls oblained are all Ihe more credible ill Ihal lhe observations 
cover (our years o( produclion. 

Cumulative production in copraltree 
from December 1974 to July 1978 

MgO Mgl Mg2 

33.0 .12.6 32.9 
66.6 77.4 75.0 
41.0 88.7 88.7 

46. .9 66.0 .- 65.5 •• 
100 141 139 

f{0 ............. 

K1 ............. 

1(2 ....... ..... . 


Main e((ecl o( Mg .. 
p. 100 

Main effeci 
o(I( p.100 

3 2.8 100 
73.0 •• 223 
72.6 •• 221 

-------- .-- ~ 

Unlike polassium, which acls bolh on IIle number o( nuls and 
.Ihe coprahlnul, maqnesium acls only on lhe number o( nuls and 
has no e((ecl on Ihe coprah/nul. ' 

The sludy o( Ihe relalionships belween nulrienl levels and 
annual production o( copra llree has sllOwn Ihe predominating 
action o( polassium (r = 0.72 •• , campaign 197 6-77) alld Ihe 
absence o( a correlation belween Ihe lv!g levels and yield ; it i s 
only al IIle level o( f( conslanl Ihal Ihe partial correlalion M g 
conlenlslyield becomes sign ifi cant ( r = 0.52 ---). This resull 
con (lfIns Ihose o( Brunin and Coomans, as il is on ly when Ihe 
pOlassic deficiency is cor reeled ( level above 1 p. 100 K) Ihal Ihe 
magnesian malluring has It. positive action all production. 

In Ihe condilions o( soil (erUlily in Ihe Ivory Coast, Ihe work 
done by IIle I. R. H. O. Iras made il possi ble 10 predicl Ihe maxi­
mum yield o( Ihe hybrid P-B 1 21 taking il110 accoLlnl Ihe com­
bined erred o( polassium chloride and kieserile. 

Crilical levels o( 1.4 (or f( and 0.20 (or M g correspond 10 
Ihis maximum yield. 

e) Evolution of the critical level. 

The critical level (or polassillm has been revised several limes 
as experimenlation progresses. 

The inlerprewtion o( Irial P B-CC 1 led 10 Ihe cr ilica I level being 
fixed al close 10 0.45 p. 100, laking inlo accounl Ihe besl yields 
oblained allhe lime with Tall malerial on sandy soils o( mediocre 
(erlili/y. In 1 962, (ollowing Ihe lalest resulls (rom Ihe same 
experiment, IIle critical level was raised 10 0.8-1.0 p. 100 o( dry 
mailer. 

In olher regions , several researchers underlook to define critical 
levels and 10 compare Ihem wilh Ihose o( the 1. R. H. O. Kanapa­
Ihy [391 finds a good concordance belween Ihe I. H. R. 0's 
level.s and the observatioll.s made in Malaysia bolh on Dwar( and 
Tall varielies. III Ihe Philippines Magal [331 does nol conlesllhe 
critical level (or K, bul has reserves aboul Ihose (or Ca and I1lg 
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initially de(imd by the I. R. H . O. as 0.50 and 0.30 respectively , 
which cannot be applied to all situalions. 

For magnesium, Magal's observalion agrees with lhe lalesl 
I . R. H. O. publications, which give a critical leve l of 0.20-0.24, 
delermined accord ing to Ihe r esu lls of experimenl PB-CC 16. 

4. - Calcium. 

Ca lcium is nol a very mob ile elemenl ; il plays a pari in the 
formation of ce ll walls ( insotub itizalion of pectic acids), in 
the elaslicily of the cells in course of elonga lion and in enzymalic 
actions. 

The visual symplom.s of calcium def/.ciency were observed in 
1979 wilh Ca levels below 0.100 in experimenl DA-CC3 in lhe 
Ivory Coasl which silldied lhe effecls of an N, I( and M.g minerat 
manuring on iIIlalayan Yellow Dwarf. The tips of the leaflets 
become yellow - yello~I - urange ring - shaped spots spread 
Oil tile tea fl ets. They become necrotic then brown. The teat' dries 
up. The symploms can affect thc middte leaves befure the oldest. 

The criticat leve l of 0.50 which was r etain ed was neverdetermin­
ed by experimentation; it is m or e the Ie vet of batance observed 
when the other calions, polassium and magnesium, are elose 
to /lleir optimum (criticat) tevel. Very much lower vatlles do nol 
seem to have any consequences for yietd. Thus, an experiment 
carried out on Dwarfs in JIIlalaysia (Uni led Plantalions Berhad), 
wh er e the levels were aboul 0.3, galle no r esul/s. 
~ 	 Magat [33] had already found the same Ihing in 1975, and 
cons idered lhat tevels of 0.33-0. 35 wer e acceptable. 

In experim enl P B-CC 23 on Talis in Ihe l/lory Coast, the 
application of Ca in the form of calcium carbonate - SO p. 100 
CaO for f our consecutive years never m odifi ed the Ca levets in the 
leaves (variations were less than 2 p. 100), and had no illfluence 
on yield. 

Table X, which gives the Ca contents ill the different experi­
ments sludied, indicates tevets of 0.20-0.40 for adllll Irees, 0.50 
being r eached on cora l soils. III lhe early years, the leve ls can be 
betow 0.20 [Coomans, 44] and show Ihe characteristic symploms 
of deficiency f or tile lowest levels. 

The calcium conlents are appreciably increased by nitrogenous 
or phosphated fertili zers. Polassilllll manuring lends ralher 
10 depress lhe levels. 

To cOllctude, a Ca tevet of 0.30-0.40 p. 100 dry malleI' in leaf 
ranle 14 is satisfactory, and no improvement in developm€l/t or 
yietd can be expected from catcic fertilizer apptications. 

5. - Magnesium. 

Magnesium enters into the physiology of lhe plant as a consti­
tuenl Of chlor ophyll. 

The critica l level of lcaf 14 is 0.24 for Talis. For the hybrids, 
the level has not yel been fixed de(inil ively f or the peak yield period; 
experim entation has enabled a crilicat vatue of 0.20 to be fixed 
for lhe firsl years of fruiting., 

a) Deficiency symptoms. 

The visual symptoms are char aclerized by yellowing of lhe 
!ea flel s on Ihe oldest teaves, going from /lIe lips lowards lhe 
rachis of lhe leaf. This discotoration is worse on the parts exposed 
to the sun , tile shaded parts r ema ining greener. 
Wilen lhe deficiency is fairly severe, lhe lea flel is almosl devoid of 
pigmentatioll, bul the parts nearest lhe rachis r emain green . 

When the deficiency gets worse, there i s necrusis of Ihe tips of 
Ihe lea flel s, which take on a clwracleristic red-brown hue, whilsl 
translucid spols can be seen on Ihe yellowed leaflets. 

When the iIIl g levels are marginat in Ihe field , il is not rare to 
see visual magnes ian deficiency sumptoms on the border rows, the 
foliage exposed to the sun exteriorizing Ihe def/.ciency more clearly. 
This phenomenon is m ore pronounced on Red and Y ellow 
Dwarf than on hybrids or Talis. 

Recenl observations made in exper imen l PB-CC 16 in the 
Ivory Coasl show Ihat there is a good relationship belween tile 
iIIl g tevels in lea f 14 and Ihe number of green leaves in Ihe cr own, 
once Ihe polassium deficiency is corrected. In Ihe case of Ihe 
hybrid P-B 121, when Ihe Mg conlenls are below 0.110, Ihere are 
fewer Ihan 1 2 green leaves; from 0.110-0.170 , Ihere are 13-20 
leaves, and for Mg values above 0.170, mor e Ihan 30. 

b) Causes. 

Magnesium deficiency can appear ~n soils poor in Ihis ele­
menl, but in Ihe coconul il is frequenlly provoked by lar'ye polas­
sium applications. Furlhermore, this sensitivitu to induced M g 
deficiency is grealer in Ihe Dwarf, Ihe Red and Yellow Dwarfs 
being Ihe m osl susceptible. II is also f ound 10 a l esser degree 
in Ihe Dwarf X Tall [441. 

Before Ihe hybrid coconul appeared, magnesian deficiencies 
Ulere nol of len seen, the soils having a sUfficien l r eserve 10 face 
10 r elatively m odesl production of Ihe Talis and polassic manuring 
il se lf being of limited proportions. 

However, M g deficiencies are known on Ihe Iraditional varieties 
in the Ivory Coasl, Sri Lanka and India, wltere Ihe Mg levels in 
lea f 14 can be 0.100 or 0.140. 
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MagneSian deficiencies are more slriking all Dwarf X Tall 
hybrids, where Ihe /tigh polassium f erlilizer rales, indispensable 
to compensale uplake due 10 high yields, tend 10 induce a magne­
sian de ficiency through Ihe anlagonism belween I( and M(/. 

Table X I clearly shows Ihis effecl of pOlassic manuring on lhe 
M g levels, which are slrongly depressed. 

c) Correction by mineral manuring. 

The application ' of magneSian ferlilizer, usually kieserile, 
correcls lhe deficieHcy very well. The absorption of M g leads Iv 
re-greening of lhe fotiage, an in crease in leaf leve ls and signi­
ficanl action on ,growth or production when Ihe potassium shorlage 
has been made up. 

The I. R. H. O. has shown thallhe principal effect of magnesium 
on yield can be as much as 40 p. 100, bullhat it is only produced 
in Ihe preS€llce of potassium chtoride. 

d) Relationships with other elements . 

1 n the sandy coaslat soils , nilrogen f ertili zer application 
oflell depresses IIle M g levels. On Ihe oilier !wnd, phosphorus 
incr eases leaf magnes illm . 

The m osl oulstanding action is Ihal of polassium , which always 
reduced lhe magnesillm levels. Particutar car e mllst be takfll 
when drawing up a lIlanuring schedu le, as Ihe Mg defich'lIcy 
induced by heavy polash fertilization can r edlice yietd by 40 p. 100. 

We have already seen in Ihe section on polassium Ihal IIIere is 
a close liaison belween J( and Mg levels. Figure 8 expresses 
the inlens ily of Ihis liaison very well. 

6. - Sodium. 

Sod ium is nol realty indispensable, but it is known lltal il 
can rep lace polassium to a certain exlenl wh€l/ Ihe laller is ill 
shorl sllpply. 

II favours Ihe growllt of cerlain planls (0. W. LUlll), and 
Harmer, on Ihe bas is of informalion available in literalure Oil 

Ihe maller, classes the coconul amongsl the ptants which giuc a 
moderale r espouse 10 sodium even when Iller e is plenty of polas­
sium. 

TII€ critical level f or sod ium has nol been delermined el'{Jcri­
mentallu f or lack of trials concerning its application. Th" lcvel 
of 0.40 previouslU r elained should be laken as a r ough guide, well 
Ihough coco11IlI groves giving excel/ent yields have l\'a lellels 
below 0.100. 

Planlers in Java, India and Cotombia apply sodium chlorid" ; 
they consider Ihal Ihe sodium favours COCOIIlLt yield , NaCI dr('ss, 
ings having provoked increases in prodllction. There is 110 
SC ientific proof' of IIlis assertion, and il may be Ihought Ihul liS 

sodium was given in chloride f orm , il /Vas the chlorine whicl! 
raised yield (see section on chtor ine). 

In Ihe Ivory Coasl, DA-CC 2, a factor i at 3 X ·1 X 2 experi­
menl, studies sodium al tllree levels. While the lea f Na is signi/i­
canl/y increased and rises from 0.33 .9 to 0 .. 511 • . * for rail/; <, 
lher e is no effecl on development, girth being 102 cm for Irealmfllis 
receiving no fertilizer and 103 cm for lhose gelling sudium 
manllrin g. 

Table X I I shows the r elationships w ilh Ihe aliter etmlellls 
applied. Only potassium fertiti za tion has a slrongly depr('s.,ioc 
effeci on Ihe sodium levels. 

In a sludy of lhe irrigation Of coconuts w ilh salt water [151. 
Pomier uses waleI' half as sail as Ihe sea, r eSll/{ing in lite dou blilllJ 
of lea f SOdium, which rises from 0.006 for unwalered Irees [0 

0.136 for Ihe irrigaled ones, Ihe Mg and CI leve ls being ruised 
in parallel. 

7. - Chlorine. 

Although IIlere are large quantities of cit/urine in planl 1i.'s(le 
( from 0.0 5 10 more lfwn 1 p. 100) , il was considered an elemen! 
WililOUI speci fi c imporlance unlil Broyer (1954) showed lIwl 
it was wilhoul doubt an indispensable elemenl for Ihe nlllrili(1/l 
of cu ltivaled planls. 
. No particular work had been done on chlor ille in Il'IIpicat 
oil planls before ils imporlan ce was broughl 10 lighl on oil palm 
in 1970, Ihani<s 10 Ihe difficully encounlered in inlerprr lill'l (I 
fertilizer experimenl set up by lhe I. R. H . O. in Colombia 
[Ollagnier and Ochs, 46 ]. 

II is now possible 10 show Ihal in r ecenl alluvial or volcanic I 
soils which of len have high exchangeable base conlenls (5-10 mel 
100, including 0 . .1-1 polassium), lhere are the followin!! rela­
tionships in lile leaves betweel/ Ca++, 1(+ and Cl- unda Ihe 
influence Of polassium chloride applicalions (o r of chloridcs) : 

- Ihe absorption of Cl brings aboul Ihe parallel absorptioll Of ! 
Co . 
~ Ihe absorption of Co I~ads 10 a drop in I( from a level much 

higher lhan Ihe critical one 10 values close 10 il or jllsl a lillle 
above. 

The coconu l seems 10 follow Ihis general Irend. For exampte, 
Ihe analysis Of Irials by Nlagal [1978] is an excellenl demonslra­
tion of Ihis, espec ially trials 1, 2, 4 and ,5 in IIle Philippines. 
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Al lhe beginning o{ lhe research, we mainly lried 10 show 
lhal Cl has a specific role, however slender, in 1I1e nulrition and 
yield o{ oil palm and coconul, and 10 show lhal Ihe coconul was 
nol always a ,< polash-loving crop» when its yields responded 10 
polassium chloride apptications. In e{{ecl, lhis poinl could be 
o{ imporlance {rom an economic poinl o{ view, because i{ il can 
be shown IIwl on ceria in soits rich in polassium lhe increased 
yield oblained by J(CI applicalions is due entirely 10 Cl, lhen il 
would be possible 10 have recourse 10 inhabitual {erlilizers in 
case o{ double deficiencies - ammoniwn chloride {or Nand Cl 
deficiencies, magnesium chloride {or M g and Cl ones. 

In general , lhe resulls o{ lhe las I len years have amply confirmed 
lhe initial hypolheses , and it can even be said Ihal on lhe practical 
plane ceria in experimenlal findings in lhe Philippines are o{ 
unqueslionable economic imporl (copra/nul increased by 10- 20 
p. 100, 	number of /luis up by 50-100 p. IOO). 

The mechanism o{ lhis aclion has still 10 be explained; a joinl 
1. R. H. O. /P. C. A. r esearch projecl is nuw sludying in France 
whelher il occurs al Ihe pholos ynlhesis slage [Arnon, 48]. 

1m 
a) Deficiency symptoms.lU; 

According 10 Von Uexkull [481: "chlorine deficiency mani{esls
ys itself in a yellowing and/or orange mollling o{ the older leaves 

~ell and wilh a drying up o{ lhe ouler edges and tips o{ lhe leaflels­
iCY a symplom very similar 10 lhal o{ potash deficiency - bul lhis
YO. would need (urlher verificalion ».I is The size o{ lhe nul is a lso an indication o{ CI deficiency;
ISes lhose on coconuis lacking chlorine are smal ler lhan on lrees well 

provided wilh lhis elemenl . 

b) Causes. 

The amounl o{ chlorine in lhe soil depends mainly on how
I 	 il much is broughl down by lhe rains; allihe Cl assimilable by lhe 

planl is conlained in solutions in lhe soil which are conslanUy 
renewed by rain. ConsequenUy, Ihe so il conlenl is a {unctionL:: o{ lhe quantily in lhe rainfall. Seawaler is a good source o{~( Oil 
chtorine ; seaboard soils are o{len richer in lhis elemenl lhan vc a inland ones.

I las- The annual chlorine conlribution , according 10 Erickson, 
I 	 . varies {rom 5 10 several hundred kilos Of I ( per ha [12]. IIJeasure­

menls made by lhe 1. R. H. O. show lhal Ihe yearly input in Ihe~Z;'~I area o{ experimenl P B-CC 16, already menlioned, is about 1.j kg ;
eOCH now, the uplake as del ermined by Ollagnier and Ochs in lhis
'vels same region is 249 kg/Cl/ha {or a hybrid coconul planlalion 

producing 6.71 of copr a/year. J{ uplake is no longer compensaled, jde ; a Ct deficiency will appear quite soon. ess­This observalion is all Ihe more imporlan t in lIwl lhe hybrids ,
[ no {our 10 six times as productive as Ihe Tolls , also export {our 10
I 	 as six times as much mineral elemenls.
hich 

c) Correction by mineral manuring.Jeri­
I,ifi- As early as 1971, Ollagnier and Ochs [46J suspecled Ihat
k 	 I. chlorine was responsible for yield increases in a {aclorial experi­
enls menl, DA-CC I, in 	lhe Ivory Coas t,which sludied lhe e{{ecls 
ifun o{ urea, polassium chloride and Irieserile allhree rales and sodium 

cflloride at lwo (split plols) , because Ihe increased yields could 
enls not be explained by lhe rise in the lYa Or J( levels, even lhongh a 
t,il)c slighl e{{ect o{ H was observed. Figure 9 shows IIwt Ihe number 

o{ nuls per Iree increases alllze same time as Ihe Cllevels. 
iJ5J, In 1972 von Uexkull [4 8] in Ihe Philippines concluded Ihal 
~i"g lhere was a posilive action o{ cil/orine on yield. In a 2' experi­
.S 	 10 menial design studying sod ium chloride, ammonillm sulphale,
li.sed bicalcic phosphale, pOlassium chloride and magnesium sutpliate, 

yields are increased 10 an oulslanding exlenl wilh polassium 
chloride; Ihe polassium canllol be held responSible , since lhe 
correlation yield-Iea{ 1( levels is negative. On the olh er Iiand, 
Ihere is a close correlation belween yield and CUevels. WillI sodium 
chloride lhere is also a positive correlation yield-CI levels, the 
sod ium levels being depressed (Tabte XlII). 

More comp lele resulls /IIere published by Magat et al. [49] in 
1975 aboul an experimenl sludying increasing rales o{ polassiumI ion chloride. The {ertilizer has a posilive and significan l aclion on 
copra/ lree, which passes {rom 28 kg in the conlrol 10 5~ kg inieal the lreatmenl receiving 3.33 kg KCI/lree/year, i.e. Ihe yield'(tim doubles. Whilsl lhe lea{ J( tevels do nol change, remaining stableIg a a11.7 and 1.8 p. 100 dry mal/er, Ihlls well above Ihe critical value,~ bia Ihe CI conlenls increase considerably; lhe mean {or lhe conlro l 
plols is 0.074, againsl 0.534 •• {or lhose gelling the highest HCIl/lie rIc rale. There is undeniably a very slrong correlation between Cl 
levels and produclion per Iree . Chloraled manuring acts bolh onela­lhe number o{ nuls and on lhe copra/nul. According 10 Magal, 

s) 
lh~ 

: 
and in lhe condilions o{ lhe experimenl in lhe Philippines, Ihe 
gain in copra/nut was 35 p. 100 in 1975 (l~9 g {or lhe conlrol 

I uf againsl 230 g {or Ihe plots gelling HCI} , and 56 p. 100 in 1976 
(159 g {or lhe control compared 10248 on the HCI plots}. This is 

IIcil a very large gain and an altogether remarkable result, 
illle This beneficial ef(ecl o{ chtorine on yield is round again in 

the growlll and development o{ the young plants. In lhe New 
Hebrides, in a 4 x 4 x 2 lype exper iment on young coconuts 
planled on clay volcanic soi l and sludying ammonium sulphate, 
polassium chloride and bicalcic phosphate, Daniet and Man­

I 

I. C5 • ciol [40] examined Ihe possible relationships belween J( and CI 
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levels and lhe vigollr index, defined by a {ormula expressing the 
volume o{ Ihe planl by means o/ lhe girlh, the lwo perpendicular 
diamelers o{ lhe projection 0 the {oliage on lhe soil and the 
heighl {rom the ground 10 Ihe tip o{ the highest lea{. The results 
prove lhal lhere is a significanl correlation between lhe CI levels 
and lhe vigour o{ lhe planI o{ r = 0.390 * at 2 years and 
r = 0.408 * al 3 years; no correlation belween f{ levels and l he 
vigour of lhe plant was shown. In olher respects, lhe lea{ analysis 
resulls show IIwl polassium nulrition is sat isfactory wilh more or 
less constanl l evels {or lhe {our Irealments, whilsl lhe CI cOlllents 
are significanlly increased in proporlion 10 the I{CI rales applied 
( Fig. 10). 

Ollagnier et al. [12] describe Ihe ef{eci o{ chlorine on young 
cocolwls in lhe nursery. In a faclorial experimenl sludying33 

nitrogen , polassium alld magnesium, Ihe plots were splil inlo 
chloride and sulphate. Lea{ analysis revealed a slighl bul signi­
ficant rise in lhe plwspllOrus levels ( 0.141 againsl 0.145 ' in 
lhe chlorine/ su lphur comparison), which are good; Ihe di{fer en­
ces arc much grealer {or chlorine, o{ Wllich 1I1e conlents pass 
{rom 0.785 wilh su lphate 10 1.1 81 •• with chloride. The N, J(, Ca, 
M g and S levels do no/..- change. Growlh meaSllremenls confirm 
lhe positive action o{ chlorides compared 10 su lplwles. Table X 1V 
sllmmarizes llie resulls. 

In experimenl DA-CC 2 at Dabou, I vory Coasl, a 3 X 3 X 2 
{aclorial design compares lhe e{{ecl o{ chlorides and su lphales of 
polassium and sodium on Yellow Dwar{ X Wesl A{rican Tall 
bybrids ; lhe chlor i de forms have the advanlage, and stimulale 
beller development lhan lhe sulphales. 

KO 1(1 f{ 2 

I( levels in 1977 ....... . , . . 0.437 1.408 •• 1. 897 •• 
Girth in 1977 (cm) ... . . . ., 9 . 7 64. 3 * 68.1** 

While Ihe above figures show lIwl in 1977 lhere was an effect o{ 
potash (ertilizer on girlh, those below indicate thai chlorine, lhe 
levels o{ which are significanlly depressed in the presence Of 
su lphate, also has a signi (ieanl e{{ecl on girlh : 

Cllevels in 
p . 100 dry malleI' 

Girlh 
(cm) 

Clltoridrs Su l­
phales 

Chlorides Su t­
phales 

February 1976 
February 1977 

0. ·538 
0.743 

0.196 •• 
0.101 •• 

41..1 
66.9 

39.8 
6 I. 2 •• 

In Indonesia (Norlh Sumatra), leaf analyses reveated severe 
CI deficiencies on liparitic soils, very easily corrected by lhe 
application o{ potassium chlor ide. The evolution o{ lhe J( and CI 
levels in lhe presence o{ polassium chloride is given below: 

Lea{ contenls in p. 100 dry maller 

f{ (p.100) CI (p.100) 

KO I. J5 (100 ) 0.063 ( 100 ) 
IU 1. 59 ( 103 ) 0.290 (460) 
]( 2 1.6 1 ( 104) 0 .686 (686) 

J[ will be seen Ihal polassium chloride has no action on lhe J{ 
levels, which are above lhe critieal value. On lhe olher hand, Ihe 
very tow Ct conlenls are considerably rised by lhe chloride. In 
Indonesia again, tevels below 0.100 have been recorded Ilear 
Menado (Norlh Sulawesi). 

Again, in experimenl PlYP X, Exp I in Indonesia, it is chlo­
rine which is lhe {aclor limiting growlil. 

In lhe Philippines, it is lhe chloride forms Wlli ch favollr 
developmenl, all lhe growth characlers being correlated 10 lhe 
Cl levels (PIl-CC 6). 

In Ihe I vory Coasl , a Ct deficiency has jusl been delected in 
experimen l P B-CC 39, planled on sandy-clay alluvial soit. 

Chlorine deficienCies have undoubledly been exposed by d i{{erenl 
aulhors, and Ihis element is very easily absorbed by the cuconul ; 
il acls on growth and yield, and in certain siluations the latter 
can be doubled. For Ollagnier, Ochs and Daniel [12], chlorine 
shollid lherefore be included in lhe major elemenls, all the more so 
in Uwl lhe values can reach O.J p. 100 o{ dry mal/er. 

III the framework of a lea{ analysis enquiry carried oul in lhe 
Philippines {rom 1974 10 1976, lhe samples for which were ana­
lysed in lhe 1. R. H. O. laboratories, lhe table below gives the 
percentage o{ samples deficien l in lhe element considered compared 
10 the 295 analysed. 
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p. 100 samplesElement de{icient 

Nitrogen ............•........... 84 

Chlorine . ........... . •. . . . •...... 52 

J1agnesium ...•..... ... . ......... 43 

Polassium .. .. ......... . .... . . . . . 13 

Pho.sphoTl/s .. .. . . . . ... . ........ . 0.1 


Nilrogen is Ihe mosl {requenl deficiency with 84 p. 100 o{ Ihe 
samples below lhe critical level. II is inleresting 10 nole Ihal 
chlorine comes second wilh 52 p. 100. 

In Ihis enquiry Ihe My levels were slrongly influenced by lhe 
high polassium conlenls. There were {ew P and ]( deficIencies. 

To conclude , a CI deficiency is quile {requenl in lhe Philippines, 
and il is also {ound ill Ihe Ivory Coast, indonesia and in ceria in 
paris o{ Oceania. Since Ollagnier and Ochs discovered ils impor­
lance in oil palm nulrition, new observations have been gOlllg 
on and make it possible 10 circumscribe lhe deficienl zones beller. 
Syslematic analysis o{ CI in lea{ samples will make il easier 10 
delecl areas lacking lhis clemen/. 

The Cl levels are very e{{ectively raised by chlorides, and i{ Ihe 
chlorine deficiency was nol discovered slraighl away al Dabou, 
il was because potassium was considered 10 be Ihe timiting {aclor , 
and lhe ](Cl apptied made up pari o{ Ihe CI shorlage. This 
shows lhe imporlance o{ Ihe {arm o{ {erlilizer and Ihe need 10 
delermine Ihe deficiencies accuralely by lea{ analysiS. When lhere 
is a double deficiency in chlorine and nilrogen, ammonium 
chloride is doubtless Ihe {arm mosl apl 10 correcl bolh simulla­
neously. Neverlheless , it is only by field experimenls which allow 
{or ailihese {aclors lhallhe value o{ Ihe {ertilizer recommended CC/Il 
be confirmed. . 

In Ihis respecl, Magal [54], in a series o{ len demonslrailon 
plols inslalled in lhe Philippines, oblains diverse responses 
10 Ihe manurings applied. From Ihese len plols, we have chosen 
six which appear 10 us to be o{ particular inleresl, even i{ Ihe 
conclusions cannol have Ihe slricl value o{ an experimenl which 
can be exploiled slatistically. 

The dala and resu/ls are given in Tables XV and XVI. 
Plols 1 and 2 bolli su{{er {rom a severe nilrogen deficiency; 

lhe CI deficiency is evident {or pial 2, it is less pronounced or 
nonexislenl ( il all depends on the critical level, nol yel defined 
by experimenl) in pIal 1. The contenls o{ all Ihe olher elemenls 
are good. Yields al Ihe slarl were {airly similar. There is no 
greal di{{erence between Ihe planlations ( planting 9 x 8 m in 
square, age 18·20 years, yield 35-10 nuls/lree), Ihe rain{all 
and the soils ( clay alluviums with 48-60 p. 100 clay). Pial 2 
received almosl Iwice as much ammonium cilloride al pIal 1 al 
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each application. The ammonium chloride raises Ihe N levels 
appreciably in bolh plols, as well as Ihe chlorine. levels, lhe .effect 
in pial 2 being more slriking because o{ Ihe naliVe poverly In CI. 
In bolh cases Ihe copra/nul is increased by 18-19 p. 100; lhe 
number o{ nuls augmenls by 32 p. 100 in plol 1 againsl 1.3 p. 100 
inplol 2 and Ihe copra/lree increases by' 56 p: 100 in plol 1 and 
34 p. 100 in plol 2. Allhough Ihe N deficiency IS severe, ellerylhlng 
happens as i{ chlorine were Ihe prime limiting {aclor. . 

Piol 6 seems 10 confirm Ihis analysis. The Nand Cl deficiencle.s 
in Ihe field are severe. The application o{ ammonium Slliphale 
correcls Ihe nilrogen deficiency nolably withoul acting on Ihe Cl 
levels, and increases copra/lree by 48 p. 100 (29.8 kg with 
ammonillm sulphale againsl 20.1 kg {or Ihe conlrol}. Tile effect 
is more speclacular wilh ammonium chloride, which rUises 
Ihe Nand CI levels simultaneously and procures a gain o{ 11 p. 
100 copra/lree (an e{fecl o{ dilulion (or I( is nOled). Wha' 
would have happened with anolher chloride which would have 
raised Ihe Cl levels only? 

In Ihis same plol, Ihe action o{ sodium chloride has flol yel 
made ilsel{ {elt as il has only been applied recently . 1'lle case i~ 
di{{erenl in plols 4 and .5. The N deficiency is larger i~ pial" 
Ihan in pial 4 ; il is Ihe olher way round {or Ihe CI defwenc!!. 
The aclion o{ Ihe associalion ammonium sulphate-sodIUm 
chloride is al/ogelher remarkable, and Ihe worse Ihe N deficiency 
Ihe more marked Ihe e{{ect : the copra/lree increases by 307 p. 100 
in pial" againsl 86 p. 100 ill plol 4. Wilh /lIe application o( 
ammonium sulpllOle alone plol 6 only gives 48 p. 100 more 
copra /lree. However, Ihe action o{ ammonium chloride is nol 
negtigible {or ailihal, since there is an increase o{ 62 all,d. 274 fl: 
]00 ill Ihe copra/nul {or plols 4 and 5 respecllVely. 1 herr; IS 

Ihere{ore a ceria in equivalence belwee(1 Ihe e{{ecls o{ ammonlllm 
chloride on Ihe one hand and Ihe aSSOC[([/lOn ammOlllUm slliphale­
sad i um chloride on Ihe olher. 

The peculiarily o{ plol 3 ties ill its {our{old deficiency,ill 
Ililrogen , polassium, chlorine and sulphllr. PolasslUm chlOride 
associaled with ammonium sulphale raises all Ihe deficienl ele­
meilis close 10 or even above Ihe critical levels; copra/lree increa­
ses by 49 p. 100. The effecl o{ ammonium chloride, whiclr only 
aels all Ihe CI alld N levels, only results in an increase o{ 35 p. ]00, 
polassium and sulphur probably becoming timiting {aclors. 

Overall, Magal 's sludy shows thai lea{ analysis is a ve~y 
fine 1001. A{ler defin ing a cerlain number o{ deficiencies. III 
{unction o{ Ihe critical levels, application o{ Ihe approprlale 
(erlilizers gives a yield gain o{ 30, 50, 100 and... 300 p. ]00 ! 

d) Relationships with the other elements. 

The sludies are 100 recenl 10 give Ihe relationships with lire 
olher elemenls with allY accuracy. 

(0) The fUed pal·t of this communication will be published in the January 1980 Dumber 

To. be co.ntinued (0) 

of Oleagilleux. 

PETITE ANNONCE 


HUILERIE D'ARACHIDE 150000 t EN DOUBLE PRESSION 

VEND 10 toto lite de son materiel: 

decorticage, trituration, raffinage et divers 

y compris importants lots de pieces de rechange disponibles fin 1980/debut 81 


Ecrire Etablissements V. Q. PETERSEN et Cie, B. P. 125, DAKAR (SENEGAL) 
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