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Effect of chlorine on the hybrid coconut PB-121 
in the Ivory Coast and Indonesia 

Growth, tolerance to drought, yield 

M. OLLAGNIER (1), R. OCHS (2), M. POMIER (3) and G. de TAFFIN (3) 

An earlier article studied the tolerance to drought of a few 
coconut hybrids in the conditions of the mid Ivory Coast [I]. 

This is a region where, in sp ite of marginal climatic conditions 
for coconut, it is possible to grow this crop thanks to strict techni­
cal norms. The first is to give preference to the hybrid PB-121, 
which has proved to be the most resistant to juvenile diseases and 
drought [2]. 

Another important factor is the maintenance of a good qualita­
tive and quantitative level of mineral nutrition sa tisfying the 
plant' s requirements for its growth and yield, and also reinforcing 
its drought resistance . 

This, the I.R.H.O. test points in the mid Ivory Coast have been 
completed by mineral nutrition experiments on PB-121 hybrids. 

The aim of this article is to present the most characteristic 
resu lts obtained to date in these experiments: CC 38 at Gregbeu, 
near Daloa, 220 km from the sea; CC 39 at Manzanouan, near 
Abengourou, 180 km from the sea. They will be compared to 
those from the lower Ivory Coast in the Abidjan region, on CC 16 
at the Marc Delorme Station, 6 km inland, and DA-CC 02 at the 
R. Michaux Experimental Plantation, 25 km from the sea (Fig. I). 

We will then see how important is the role of chlorine far 
inland, where the coconuts no longer benefit fro m contributions 
in the form of sea mist and so lid particles deposited by the domi­
nant winds blowing from the sea. 

Recent results obtained in Indonesia will be compared to those 
of the Ivory Coast. 

I. - SITE OF THE EXPERIMENTS 

experiments CC 38 , CC 39 are planted on so il s of ferrallitic 
character derived from weathering of the granites : 

The fir st is on a plateau with a typical reworked red soi l 
(20.7 .p. 100 clay in the topsoil, increasing to 42.3 p. 100, I m 
down) (Table I). Prior to CC 38, the land was occupied by an 
abandoned coffee plantation invaded by shrubby bush. An analy­
sis of the topsoil shows average organic matter and tota l N con­
tents (1.84 and 1.70 p. 100 respec ti vely); 

On the other hand, the second is on a gentle slope about 200 m 
from the Man zan river, a tributary of the Comoe, where the soil 
is formed of sandy colluvials with coarse sand predominating 
(50.4 p. 100 at the surface) (Table I) . The soil of CC 39 had been 
occupied by recent shrubby fallow which did not allow the orga­
nic matter stock to be reconstituted , explaining the low levels of 
organic matter (1.2 p. 100) and N (1.16 p. 100) in the topsoil. 

Experiment DA-CC 02 is on a plateau where the very deep clay 
sands are formed on sedi mentary deposits called « tertiary 
sa nds ». Experiment PB-CC 16 is South of the lagoons on a low 
plateau of which the soils compose a very sandy colluvial phase, 
different from those in the other experiment. 

The P levels are low for soils formed over granites (CC 38/ 39), 
whereas they are very high for those derived from tertiary sands 
(DA-CC 02). There is a certain richness in excftangeable cations in 
the former, but not in the latter. 

CC 38 CC 39 CC 16 

Ca + ,. me / IOO g 2.97 2.51 0.36 
Mg+~ me/ IOO g 0.74 0.46 0.10 
K+ me/ IOO g 0.33 0.12 0.06 

Inland in the Ivory Coast rainfall is lower but better distributed 
than in the South-East (Table II) . The limiting factor is the dry 
seaso n , which lasts 3 months, with a very low relative humidity 
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provoking intense evaporation. In the South-East the sel'erity 01 
the drought is tempered by the proximity of the sea. 

In the sub-soil of CC 39 there is an a lluvial-type water abl~ 
close to the surface in the rainy season (1-2 m deep). It drops sted' 
dily down to 3 m in the dry season. To a certain extent this water 
table compensates the water deficit in the earliest dry month 

In the other experiments, on the contrary , the very deep \\ ~tcr 
table is no t reached by the coconut roots. 

T he dry seasons in 1980/ 81 and 198 1/ 82 were particularly mar· 
ked in the inland Ivory Coast, wit~ long periods of Harmattan (a 
dry wind blowing southwards from the Sahara) during which the 
temperatu re fell to 9.5 0 and the average relative humidity was bel· 
ween 50 and 70 p. 100. 

By contrast, in the South during the dry season the relalile 
humidity remains high because the sea is close; the Harmallan 
only hit s the coast for short periods in January and Februar~ . 

II. - EXPERIMENTAL DESIGN , 

The four experiments are of the factorial type: 

CC 38 : • 	32 replicated twice = 18 plots studying P and J.. al 
3 levels; 

• 	 with complementary study of Mg by splitting 01 
the plots ; 

• a 0 level for p, K a nd Mg . 
Started in 1979. 

CC 39: .	 24 studying N, P, K, Mg at 2 levels = 16 plots in 
2 blocks; 

• a 0 level for each element (with or without). 
Started in 1977. 

CC 16: • 33 
= 27 plots in 3 blocks studying P, K and ~Igat 

3 levels; 
• 	 with complementary stud y of N by splitting of lhe 

plots; 
• a 0 level for each element. 
Started in 1970. 

DA-CC 02: • 	3 x 3 x 2 replicated twice = 36 plots in 2 repli· 
cations of 3 blocks, st udying K and Na at 3 Ie>ds 
and CI at 2 ; 

• 	 a 0 level for K and CI (CI- being replaced ~I 
S04--) ; 

• un iform app li ca~ion of N, P and 1\'lg . 
Planted in 1975. 

The ferti li zers used are: 
N = urea at 46 p. 100 N, 
P = tricalcium phosphate at 35 p. 100 PzOs, 
K potassium chloride at 60 p. 100 KzO, 

or potassium sulphate at 50 p. 100 K,O, 
Mg kieserite at 25 p. 100 MgO, ­

or magnesium chloride at 12 p. 100 MgO, 
Na = sodium chloride at 39 p. 100 Na , 

or sodium sulphate at 14 p. 100 Na. 

They were applied from plant ing at rates increasing with age. 
The four experiments received a Pueraria javuf/ica cover which 

developed well on the primary soils (CC 38 and CC 39), WI! 
greater difficulty on the poorer teniary sands. 

Maintenance was always done by hand, and consisted in selte· 
live weeding and si"ashing of the cover, the circles round Ihe pal 
being kept clear. 

1lI. - RESULTS IN THE MID IVORY COAST 

1. - Growth. Girth. 

Measurements taken at 26 months for CC 39 and 36 month; ( 
CC 38 show that only the potassium chloride applications pr 
duce a significant effect, with a positive K-Mg interaction. 
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50 
66 

58 

(­ ) 
P I 
P2 

91.4 
92.1 
93.8 

K-Mg interaction 

KCll 

106 
106 

106" 

- Pre(ocily ot· !'lowering. 

KCI 2 

109 
118 

114" 

Mean 

88 
97* 

~ positive effect of KCI on growth is repeated on precocity of 
.!ring. Interaction with Kieserite is also positive. 

CC 39 - p. 100 trees flowering at 44 months 

(­ ) 
Mg 

Mean 

- Tolerance to drought. 

(­ ) 

36 
14 

25 

KCI 

54 
73 

66** 

Mean 

45 
46 

ITmg the earliest ra iny seasons , attack s of Pestalozzia palma­
_ere noted in CC 39 , on the tips of the leaflets of trees recei­
no KCI. 
the course of the 1980/81 and 1981/82 dry seasons, there 

more drying of the same trees , which induced us to com­
tne number of living leaves in each treatment at different 
of the year (Table Il l). 
trees getting KCI emerged from the last two dry seasons 

more living leaves (Fig . 2, 3), mainly reflecting lesser 
of the foliage during the dry season. 

KCI appears to be an essential fertilizer in mid Ivory 
itions, since in addition to its favourable effect on 

and development it reinforces the resistance of the trees to 
funguses and drollghl. 

of the increased knowledge of chlorine flowing from 
ions o f O llagnier and Ochs [1971], and in view of the 

from the sea of CC 38 and CC 39 . the results of the trial s 
!tudied in function of both K and C l. 
the hybrid coconut, PB­ 12 1, the critical K level is 
100 d.m. for leaf 14 . Whilst the cr itica l CI leve l has not yet 

exactly, 0.5 p. 100 d.m. for leaf 14 is esteemed close 
A level below 0.100 indicates a severe deficiency. 

analysis result s fr om CC 39 (Table IV) clearly show a 
o deFiciency, whereas the K levels are close to the critical 

Ib~ end of the 1980/81 dry season, the number of green lea­
more closely related to the CI level than to that of K : 

- number of living leaves (C I constant) r = 0,420, 
- number of Jiving leaves (K constant) r = 0.893**. 

July 1981, tJ le superphosphate treatment was replaced by 
chloride so as to study CI by itself; the KCI was replac '~d 

sulphate. 
the 1981/82 dry season ended , out of the 8 plots recei­

there was a ma rked improvement in the perform01";( 
plors which got a sodium chloride d ressing 8 months pre­

(­ ) 
Mg 
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87 
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K-Mg interaction 

KCI 

106 
11 8 

112" 

Mean 

101 
98 

CC 39 - Number of living leaves a t the end of the dry $eason 
(on the 8 KCI 0 plots) 

Without NaCI 
With NaCI 

March 1981 

10.2 ( 100) 
9.3 (100) 

March 1982 

12.5 (1 22) 
14.8 (1 59) 

The co-variance analysi s shows that the effect of CI is highly 
significant. 

Lea f analysis o f CC 38 also show a severe CI deficiency. 

CC 38 ­ Leaf analysis , January 1982 (Rank 14) 

K CI 
(p. 100) (p. 100) 

(­ ) 1.263 0 . 109 
KCll 2. 113 0.673 
KCI2 2. 339 0 .915 

On the outcome of the 1981/82 dry season, the number of 
living leaves depends more on the CI levels than on the K ones: 

K levels - number of living leaves (CI constant) r = + O. I 13, 
CI levels - number of living leaves (K constant) r = + 0.51l**' 

The fact that CI is essential is confirmed once again in the mid 
Ivory Coast j it is not o nly indispensable to growth and develop­
ment, but al so to drought resislaoce. 

Burghardt [4], in a synthesis published in 1962, st udied the roles 
of the Ci ­ and 50,-:; - ions in cultivated plants. He notes thaI 
CI is antagonistic to sulphur , and also reports that Schmalfuss has 
shown in pot culture that the Ci ­ ion increases water absorption 
and reduces transpiration by stepping up osmotic pressure within 
the cells. T his is due to the accumulation of starch through a 
change in the starch-sugar ratio. By weighing , an improvement is 
noted in the weight of dry matter produced per unit of water, 
whereas the S0 4 ­ . ion has the opposite effect. 

5. - Effect of Cion health. 

Drought resistance seem s to go hand in hand with resistance to 
leaf diseases of fungal origin. It has already been noted lhal Pes­
ta/ozzia palma rum were worst in the KO treatments of CC 39. 

The same observation was made in 1979 in a mineral nutrition 
experiment at the Daloa lest point. Here it was a question of Hel­
m;nthosporium attac ks, the intensity of which increased in pro­
po rtion to Urea applicatio ns bJ,l t dropped as KCl dressings rose. 

(31 

y 01 

la hl 
,lea 

. \\ ;ncr 
h,. 
Wal e 



I 

320 

L A (Rank 1) 

K Cl Helmintho .
Treatments (p. 100) (p . 100) index 

(-) 2.94 1 1.009 0.07 
NI 2 .626 0.865 0.42 

2 2.641 0.807 1.04 
(­ ) 1.827 0.3 23 0.80 
KCll 3.081 1.111 0.26 
KCI2 3.299 1.246 0.43 

The favourable effect of Cion the health of the coconuts, as 
well as the unfavourable one of N , were observed by Fremond 
[19761 in a 33 factorial experiment in the nursery conducted in the 
Philippines. Pes/alozzia attacks were marked 0-5 according to the 
degree of necrosis. 

NO N2 

CIO 
CII 
CI2 

2.28 
1.05 
1.39 

3.11 
1.44 
2.22 

3.44 
2.33 
2.44 

2.94 
1.94 
2.02 

1.57 2.59 2.74 

One of the authors of th is article noted heavy Peslalfozia 
attacks in the Menado region (North Sulawesi) , accompanied by 
CI levels close to 0.06 p. 100. 

Alonzo and Palomar [1980J also report that in the Philippines 
the application of sea water at the rate of 200-1,000 ml or 20­
100 g sea salt to the base of Malayan Red Dwarf coCOnuts aged 
6 months reduces the incidence of Pestaloliopsis palmarum on the 
leaves. The mechanism of this action of CI is not really known 
yet. 

IV. - ACTION OF CI IN THE SOUTH-EAST 

IVORY COAST 


Experiment DA-CC 02, of which the results are condensed in 
Table V, shows: 

- an unquestionable effect of K, which practically doubles the 
number of nuts and Slightly increases copra/nut; 

- an equaJly indubitable effect of Cl , which increases the 
number of nuts by nearly 50 p. 100 and the copra/ nut by about 
17 p. 100 (chlorideisulphate comparison) . This effect occurs 
because the leaf CI levels in the plots without CI are very low , less 
than 0. 100 on average; 

- an average nil effect of increasing rates of Na on copra/ nut, 
and a non-significant one on number of nuts. This experiment 
was designed without a 0 level for Na (sulphate or chloride) ; in 
such conditions, it cannot verify very accurately whether, for the 
coconut as for certain other plants , Na can replace K to some 
extent; this seems unlikely, since the effect of K, either chloride 
or sulphate, remains very considerable, in the presence of NaCI as 
well as in that of the sulphate form of sodium. 

In other respects, the correlations between K and Cl levels and 
yield in copra/tree are positive and significative (0.62 1" and 
0.687"*), whereas that between Na level and yield is negative 
(- 0.626**). 

In 1978, the partial correlations « CI a nd K levels - develop­
ment » showed that girth was related positively both to K and to 
Cl: 

CI level - girth (K constant) r = 0.657", 
K level - girth (CI constant) r = 0.640". 

In experiment CC 16, on the other hand, the native Cllevels are 
higher, and an examination of the correlat ions {( Cl and K levels 
- development or yield» shows the preponderant role of K. 

CC 16 - Leaf analysis, February 1974 (Rank 9) 

Rate K levels Cl levels 

KClO 0.850 0.176 
KCll 1.608 0.406 
KCI2 1.755 0 .531 
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Con'elalions « LA levels - precocity of flowering»: 

CI level - p. 100 trees flowering (K constant) r = + 0.412", 
K level - p. 100 trees flowering (Cl constant) r = + 0.736"'. 

Similarly, the last four seasons' product ion results also demonl . 

trate the exclusive acti on of the K + ion. 

CC 16 - Lea f analysis: A verage 1978179/80/ 81 (Rank 14) 

Rate K levels Cl levels 

KCIO 0.482 0.260 
KCI I 1.370" 0.480" 
KCl2 1.646** 0.650" 

Correlalions « LA levels - produclion » : 

Cllevel - production (K constant) r = - 0.153 , 
K level - product ion (Cl constant) r = 0 .580'" 

V. - DISCUSSION 

As the coast is approached, Cl becomes of lesser importaJM 
Taking a theoretical yield of about 4.5 t copra/ha, the qllanl,' 

ties of nutrients exported in the nuts (shells, husks and albulIl:!n) 
are in the region of : 76 kg N, 9 kg P, 162 kg K (including 129 
the husks), 9 kg Mg, III kg C I (including 1.02 in the husks), a cor· 
ding to the work of Ouvrier at Port Bouet, Ivory Coast [19~lJ. 

These exports or immobilisations are even greater in plantatior 
where the stalks are used in the boilers, and if the quantity of ele· 
ments contained in the stem is al so taken into account. 

It is perfectly understand able, therefore, tha t the Cl baln e 
becomes negative, since the studies b y Delmas and Dj ouka [l983J 
on the dry and wet chlorine deposits in the Ivory Coast speak 0: I 

very large contribution along the coast (nearly 100 kg/ha/ytll 
between I and 10 km from the sea), diminishing inland. Two hun· 
dred km from the seaboard, the deposit is less than 20 kg/ha; th. 
sharpest drop occurs in the first 50 km. 

The comparison of the native Cl levels in leaf analysis and th 
importance of its role situate its critical level: 

CC 16 (LA 1981) 

Treatment KO - Ran k 14-K = 0.480 - CI = 0.260 ; 

No effect of Cion growth and yield of the coconuts. 


DA-CC 02 (LA 1982) 

Treatment KO - Cl 0 - Rank 14 - K = 0.388 - Cl = Otm: 

Action of CI as great as that of K. 


CC 39 (LA 1982) 
Treatment KO - Rank 14 - K 1.105 - Cl 0.05! ; 
Predominant effect of Cl. 

CC 38 (LA 1982) 
T reatment KO - Rank 4 - K = 1.263 - Cl = 0.\09; 
Predominant action of Cl. 

It was shown by leaf analyses made in 1980 on different lea: 
ranks that the Cl levels varied little compared to those of K. II 
therefore be accepted that for a leaf o f rank 14, in Ivory Coa.q: 

- there is no CI deficiency when the levels are abole 
0.250 	p. 100 d.m., 

- there is a slight defi ciency between 0.150 and 0.250, 
- there is a serious one below 0 . 150. 

These figures should be modified when all the experimen 5 

in bearing. 
Indeed, it is not impossible that 0.250, while sufficient to ensur. 

maximum yield, is too low to give the highest resistance to let' 
diseases and drought as well as the grea test copra/nut, in wliLG 
case the optimum level of 0.500 mentioned previously and hal 
on experiments in different parts of the world would be (quail 
valid for the Ivory Coast. 

Fertilizer experiments are now going on in Indonesia n 
hybrid PB- 121. We can site that at the Bah Lias Estate. 

(London Sumatra), of which the fi rst results have been puIHi­
hed by Rosenquis t [1980J. 

This experiment has been set up on coconuts planted in 19' 

and the 1980 results can be summarized as follows: 
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No. of nuts Copra Copra Leaf levels 
per tree g/nut kg/ ha K CI 

',CI 0 87 (100) 131 (100) 1,764 (100) 1.50 0.12 
KCI I 94 (109) 177(135) 2,608 (148) 
ICI2 100 (115) 187 (143) 2,921 (166) 1.60 0.53 

The K nutrition level is excellent, and above the Ivory Coast cri­

:31 value without any K fertilizer. 

On the other hand, the Cl levels without chlorine application 

very low, and fall in the category of serious deficiency in the 


ory Coast (less than 0. 150). 

The considerable effect of KCl on yield, exerted mainly on the 

umen, is en lirely due 10 CI. 

Figures 4 and 8 show the great effect of CIon the crown: many 

~ and broken leaves without this element. 

'Bah Lias Estate is on the coastal plain of North Sumatra where 

',re is also a dry season early in the year (mean rainfall 

%8/80 : 1.803 mm, Table II). 
The second experiment is at PTP X. South Sumatra, Lampung 
lovince, and was planted in January 1977. Figure 5 shows that in 
Ivember 1982 there was a great difference in vegetative appea­
nee between plots with or without KCI. From Figure 9 it can be 
;n how extensive is the dessication resulting from a CI 
'iciency. 

In the 1982 LA, rank 14, the K and Cl levels were: 

K Cl 

KC10 ' 0.796 0.046 

KC12 0.819 0.412 


Ii is to be noted that there was an intense drought in Lampung 
1982. 
Although the K level is below the critical value, the slight diffe­
e in leaf K between the plots with or without KCl is an insuf­

.~nt explanation of the surprising disparity in performance 
·tnding on whether or not the palms receive KC1, and which 
only be attributed to the CI deficiency (very low level, 0.046, 

tbe controls). 
lhe third experiment, at PTP VI, North Sumatra, was planted 
1977 at Bangun Purba. The K and Cl levels (rank 14) were: 

K (1982) Cl (1982) 

KC10 1.56 0.040 

KCll 1.65 0.307 


The number of nuts/ tree is increased by 24 p. 100, copra / nut 

47 p. 100 and copra/ tree by 79 p. 100. 


In other respects, there is a big difference in development bet­

~n plots with and without KCI. The K level in the controls is 

~ve the cri tical value; their CI level (0.040) Is extremely low. 

!Ures 6 and 7 show a very large effect indeed of CIon the vege­


Ie appearance of the trees, their development and yield. 
ibc results obtained in the Ivory Coast are also verified in 

lIlonesia, where it proves that there are severe Cl deficiencies in 
(h North and South Sumatra, the consequences of which can be 

antial, especially in dry years. 
Chlorine has a certain number of non-specific functions in 

.Is. It raises osmotic pressure in the cells, with a resulting 
ease in hydration of the tissues because this ion is hydrophilous 
gel, Kirby , 1978]. 

fhe coconut is a plant of halophytic tendency with good tole­
'e to common salt in the soil. Plants of this type usually need 

- 32] 

Ihigh concentrations of electrolytes in their cells to grow and equi­
librate their water balance. 

In this context, the manifestations of CI deficiency seen on 
coconuts in the Ivory Coast and Indonesia can be interpreted as 
the inability of the plant to maintain its water potentia l at suffi ­
ciently low values because of the deficiency in monovalent anions. 

Studies of stoma opening are going on in the Ivory Coast and 
Indonesia, using the isopropyl alcohol method. The basic hypo­
thesis is that in deficient coconuts stoma opening should be less 
dUrable, both during the dry season and during the day. It 
appears to be verified in Indonesia, where the phenomenon has 
been studied in a fertilizer experiment in the Medan region (Ban­
gun Purba, PTP VI) in North Sumatra; the same tendencies 
appear in this trial as in the preceding ones: serious Cl deficiency 
and high K nutrition in the controls without KCI. 

After a drought period in February 1983 (0 mm) , average stoma 
opening is 3.7-6.8 without KC1, against 4.8-7.0 with it (0 = com­

~ pletely closed stomata , 12 = stomata fully open). 

CONCLUSION 

Four I.R.H.O. experiments in the lower and middle Ivory 
Coast at various distances from the ocean have improved know­
ledge of the essential aspect of Cl in coconut nutrition. 

On the basis ot the results obtained, a critical level of 
0.250 p. 100 d.m. in leaf 14 can be proposed. 

When the levels are below 0.100 (a very severe CI deficiency) , 
growth and deve!.opment slow down and there is a drop in yield 
(DA CC 02, 25 km from the ocean). Identical observations as to 
growth and development are made in experiments CC 38 and 
CC 39, 180 and 220 km inland, and there is every reason to think 
that the same will occu r for yield (observations are going on in 
CC 39). 

It is also found that in this situation there is less drought resis­
tance and greater sensitivity to fungus diseases. 

Obviously, in these extreme cases distance from the coast is 
determinant, since Cl is transported in aerosol form by the domi­
nant winds which, in the Ivo ry Coast, blow from the S.W. and 
therefore from the sea. 

Thus, in the inland Ivory Coast KCl would seem to be the most 
advantageous fertilizer, as it provides not only potassium of 
which there is a medium deficiency, but above all chlorine, which 
together with water is the prime limiting factoL 

In Indonesia, where the programme for the extension and rege­
neration of the coconut plantations with the hybrid PB-121 is very 
substantial, it is very important to make a more thorough study of 
Cl deficiency for seve.ra l reasons: 

- it is problably more acute in precocious and fast-growing 
material such as Dwarf x Tall hybrids than in Indonesian Talis; 

- traditionally coconut was grown on the coastal fringes 
where there are large dry CI deposits. Diversification policies 
often lead to its being planted further inland where deposits are 
smaller, which explains why deficiencies can occur with an inten ­
sity hitherto unknown. It would be interesting to know the Cl 
deposit balance in different situations; 

- it would be worth-while proving the essential role of Cl in 
coconut nu trition from a physiological standpoint, since some 
years ago physiologists were sti ll casting doubt on the function of 
this element in plants grown in the open air [Corley, 1976]. In 
fact, since there are so ils and situations in North and South Suma­
tra which are deficient in Cl but not in K, it is essential to avoid 
any confusion about the nature of the deficiency, K or CI, and if 
it is the latter, to use sodium chloride which can be produced 
abundatly in the various salt works around the Arch ipelago rather 
than import potassium chloride, so costly in foreign currency. 

In the Ivory Coast and in Indonesia, Cl deficiency results in a 
reduction in the number of nuts/tree, and even more in 
copra/ nut, and this has been amply demonstrated in the Philippi ­
nes as well [Palomar, Magat, Habana, 1980] . 
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