
; 
, 

Study of fertilization and regeneration of soils 
in the replanting of coconut palm 

I. - INTRODUCTION 

This article gives details of two experiments of replanting old 
coconut palms carried out in the coastal area of the South-East 
of the Ivory Coast, a few kilometres from the Marc-Delorme sta­
tion. In this area, there are some 6 000 ha of family plantations 
whose productivity is very low owing to the low genetic value of 
the trees (random WAT), their age (over 50 years) and the lack 
of upkeep which is the general rule. 

These plantations may be replaced by hybrids of type PB 121, 
which are earlier bearers and more productive than the WAT 
coconut palm [Sangare el al., 1980). This hybrid stands up well to 
drought [Pomier el al., 1982) and to attacks by Aceria (Eriophyes 
guerreronis), a nut mite which, since 1975, has been affecting 
the Ivory Coast's coconut groves planted in local material [Julia 
el al., 1979]. 

The old coconut groves are planted in quaternary sandy soils 
which are naturally poor in minerals, and whose fertility has fur ­
ther decreased owing to a long simple cropping of coconut, the 
absence of fertilization and often very unfavourable cultivation 
practi ces, such as the interplanting of cassava or the sys tematic 
removal by the villagers of plant waste, leaves and husks. 

It is essential, therefore, before implementing a general replan­
ting programme for these groves, to study the specific problems 
of fertilization and soi l regeneration. 

II. - EXPERIMENTAL CONDITIONS 

1. - Location. 

The tests were carried out 5 km to the east of the Marc­
Delorme station, alongside the Abidjan-Grand Bassam road, at a 
private planter's (Fig. 1) and on the site of replanting of a 40 
year old coconut grove made up excl usively of random WAT 
coconut palms and not receiving any fertilizer. The productivity 
of these trees was low, around 300 kg of copra / ha / year. 

2. - The soils. 

These are marine quaternary sands (99.4 p. 100 of coarse sand 
between 0 and 50 cm), very poor in exchangeable cations and 
with a very low exchange capacity (CEC 1.8 meq / 100 g between 
o and 20 cm). 

The available water of these coarse sands is low (estimated at 
less than 100 mm rain equivalent between 0 and 2 m in depth). 

3. - Climate. 

The climatic data already presented by Sangare and Rognon 
[I] correspond to the conditions of the experiments (Table I) . 
Average rainfall over the last ten years amounted to only 
I 850 mm and some years recorded a high water deficit (1976­
1977-1980) due to a bad di stribution of rainfall. 

The sweet water table stored between the lagoon network and 
the ocean is between 3 and 5 m down . 

4. - Planting material. 

The experiments were planted with hybrid PB-121 obtained by 
assisted pollination in the seed gardens of the Marc-Delorme sta­
tion. 

(I) l.R.H.O. Agronomy Service, Marc-Delorme coconut Station. 
07 BP 13 Abidjan 07 (Ivory Coast). 

(2) Director of Marc-Delorme coconut Station, 07 BP 13 Abidjan 07 (Ivory 
Coast). 
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5. - Experimental plans. 

PB-CC 31 

Fertilizer experiment planted in 1974 according to a faclori. 
design of N4 Mg4 Kl co ntaining 4 blocks of 8 plots. The expc 
mental plot is made up of 49 coconut palms (7 rows of 7 l® 
of which 25 are useful. 

The planting density is 160 trees per ha (8.5 m triangul1 
Before replanting, all the trunks of the old coconut palms II 
burnt in pits outside the experimental area [Coo mans, 4]. 

The spreading of fertilizer was carried out manua lly in a 
around the coconut palms according to the rates set OUI. 

table II. 

The usual types of fertilizer were used : 

N : 	 - su lphate of ammonia at 21 p. 100 of N until 1979. 
urea at 46 p. 100 of N from 1980 onwards; 

P : 	 tricalcic phosphate at 33 p. 100 of P 0, until 1979,
2

single superphosphate at 18 p. 100 of PlO; from 19 
onwards. 

For each type of fertilizer there is no control 0 (except fOi . 
during the first two years). 

The plant cover is made up of herbaceous regrowth, basic~i 
grasses, slashed 3-4 times per year by rotary slasher. 

PB-ES 94 

This test was planted in 1973 in a Fisher block design uil 
3 treatments and 5 replications; it studies the advantages of rei 
planting a legume cover (Pueraria javanica) compared to planti 
on bare oil or a simple slashing of the natural regrowth. 

The treatments are: 

bare soil (disking 3/4 times a year on average), 
- natural regrowth slashed regularly by rotary slasher, 
- legume cover (Pueraria javanica). 

The experimental plot consists of 4 ro ws of 30 coconut pal 
each, of which 56 are useful. The density of the plantation 
160 trees per ha. 

Fertilizers common to all treatments were applied man ually 
Table 111 gives the quantities given for nitrogen manuring. 

The same fertilizers as for PB-CC 3 I were used; however, It 
sulphate of ammonia was replaced by urea as early as 1976, :!!l: 
the tricalcic phosphate by su perphosphate in 1977. All appl ie, 
tions of fertilizer were stopped in 1978 at the request of the plan 
tation owner. At this time, and for the same reason, the upk 
of the bare soil was also stopped. The recording of the han' 
was interrupted during the 1978179 and 1979/ 80 seasons. 

III. - RESULTS 

1-PB-CC 31 

a) Leaf analysis. 

For each of the fertilizers studied, there is a significant ral 
effect for the major element in its composition (Table IV). 

The persistent effect of the sulphate of ammonia on levels 
N are particularly remarkable. This is to be compared wilh I 

general weakness of N levels, si nce the N3 and N4 rates (15 I 
and 2 kg of sulphate of ammonia) are the only ones which brl . 
the leaf contents close to the Theoretical Critical Level. In eXjII 

riments of the same type , but where planting had taken pia. 
after clearing and a cover established, the effect of the nil rO! 
nous fertilizer disappeared after 3 years. 

The leaf content at level I of KCl and kieserite indicate sel 
deficiencies of K and Mg. These deficiencies are correcled 
level 2. 
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a) Leaf analysis. 
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b) Precocity of flowering. 

The percen tage of flowering at 49 a nd at 61 months shows a 
positive and high ly significant response to sulphate of ammonia 
(Table V). There is no response, however, to potassium chloride 
and kieserite. 

r) Production. 

First yields are confirmation of previous observation s of preco­
(it y of flowering. 

Nitrogen would seem to be the essentia l production fac tor , 
increasing considerably the number of nutsit ree and there fore 
the amount of copra/ tree (despite a slight depressive effect of the 
higher rates on copra/ nuts). Maximum yield is obtained with 
rate 3 (Table VI). There is reason to believe that the absence of 
ni trogen would lead to a low yield . 

There is no sign ificant difference between the fo ur Mg or K 
treat ments. However , the K-Mg contingency table revea ls that 
maximum yield is obtained at the K2 Mg2 ra te (3 kg of KCI and 
I kg of kieserite) (Table VII). This resu lt agrees with those of 
other experiments . 

d) /Ilferpretation. 

The precocity of hybrids is good, comparable to that observed 
in a plantation after clearing. However, the p rodu ction level 
;';'ems to be lower , although the poor yields of 1980/ 8 1 may be 
attributed in part to the high water deficit of 1980 . 

The outstanding result is the need for nitrogenous ferti lization 
aiter the third year, as the natura l low level of nitrogen nutri tion 
may be attributed to the absence of a legume cover (see 
paragraph II-5) . Test ES-94 a llows us to study this hypothesis. 

2-PB·ES 94. 

a) Leaf analysis. 

Following the un iform application of nitrogen fert ili zer 
(Table Ill) until 1977, the N levels are good in 1977 (Table VlII) 
for « bare soi l » and « legume cover» treatments, whilst the 
\( natural regrowth » treatment is down because of the presence 
of grasses . 

After the cessat ion of fertilizer spreadi ng in 1978, the situation 
(hanged considerably. At the end of 1980, the for mer ba re soil 
and regrow th treatments presen t visual symptoms of serious 
nitrogen defic iency. Legume treatmen ts, on the other hand, have 
a satisfactory vegetative appearance pointing to sufficient nitro­
gen nutri tion, as con firmed in the 198 1 foliar res ults. 

The N content (NO) of soils of the legume treatment, much 
higher than that of regrowth and bare soi l in 1981, confi rm the 
positive effect of legume cover on the nitrogen status of the soil s. 

N content (NO) (ppm) 

0-20 cm 2~40cm 

Legume 0 .820 0 .260 
Regrowth 0 .250*' 0.120' 
Bare soi l 0 .300" 0.130* 

b) Precocity of flowering. 

Here, toe bare soi l treatment has the advantage, fo llowed by 
slashed natural regrowth, with the legume treatment a year 
behind, in 1977 (Table IX) . 

r) Production. 

1977178, the first production year, revealed the superio rity of 
the bare so il treatment, whilst that with a legume cover was 
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barely beginning to produ ce. The 1981 harvest indicated an oppo­
site trend , however, with hig hest bea ring in the legume treatment. 
In 198 1, there was ra ther a close link between the number of nuts 
and leaf nitrogen content (r = 0.76*") whil st there was no con­
nection with potassium contenl. 

d) Interpretation. 

These resu lts show that o nce the problem of nitrogen defi­
ciency has been resolved by adding suffi cient fertilizer , water 
sup ply is the mai n limi ting factor (1974176 period) . Conse­
quently, the subjects natural regrowth (s lashed regula rl y) and 
especia lly bare soil trea tments are superior in precocity over the 
legume cover treatment, which has a higher water demand. This 
un favoura ble aspect of legume cover in Ivory Coast conditions 
has a lready been men tioned by Fremond and Brunin [5]. 

The cessation of nitrogen applications in 1978 changed the fac­
tor s of the problem, with this element becoming the main lim iting 
factor. The mai ntenance of the legume cover for five years resto­
red the biological activity of the soi l, ena bling it to supply part of 
the nitrogen needed by the p lantation , as shown by the leaf con­
tents. This suggests that the better production obtained in 1981 
with the legume cover will be maintained in the years to come. 

These results are in agreement with the conclusions of experi­
ment CC-31. 

IV. - CONCLUSION 

The results of these experiments confirm the drop in fert ili ty of 
the coastal quaternary sands of the Ivory Coast, already very 
poor at the outset after a long single crop ping of coconut. Th e 
resu lta nt nitrogen deficiency leaves the planter two alternatives: 

- either a permanent application of nitrogen fertilizers : 

This is a solution which is easy at the outset, since it a voids the 
repla nting of a legume cover, difficult to carry out on these poor 
soi ls . 

However, at the adult stage, an annual manuring of 1.5 kg of 
sulphate of ammonia per tree (besides the usual application of 2 
to 3 kg of KCI and I kg of kieser ite) is essential. This represents 
an add itional cost of some 14 000 F CFA ha / year. Nevertheless, 
this nitrogen manuring result s in a gross increase in a nnual 
income, between the ages of 5 and 7 years, of 50 000 F CFA/ ha 
compared with the lower rate of 500 g/ tree/ year of exper iment 
PB-CC 31 . 

Un fortuna tel y, as it is widely known, the farmers are very 
reluctant to use fe rtilizers ; 

- or the replanting of a legume cover: 

A cover crop regenerates the nit rogen in the soil, thereby 
making it possible to reduce or to stop the use of nitrogen fertili­
zers after a few years. 

On coas tal sands with a low water retention level, however, 
this method resul ts in a slower development o f the tree owing to 
competit ion from the legume cover for water during periods of 
drought. Furthermore, the d ifficulties encou ntered in planting 
Pueraria javanica (or Cenlrosema) on these impoverish ed quater­
nary soils should not be underesti mated. Ideall y, other le·gumi­
nous plants which are better su ited to sandy soils and resistant to 
prolonged drought sho uld be used. Fi rst tests have been underta­
ken in this field. 

The nitrogen problem having been resolved one way o r ano­
ther, it remains to be seen what the exact potential of the replan­
ted trees will be. Production a t the ad ult stage of replanted trees 
on these poor soils m igh t well be lower than for a plantation 
esta blished after clearing. The real potential will onl y be known 
after several more years of o bservation of these two tests. 
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