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ABSTRACT: To ensure the sustainability and productivity of the cocoa crop, replanting on non-forested sites such as old orchards or young fallow
lands raises the problem of the survival and establishment of seedlings, due to the low fertility of the soail, particularly in phosphorus. Thus, in
order to minimize mortality and improve juvenile growth and flowering precocity of cocoa trees, organic, mineral and organo-mineral fertilizers
were applied to a fallow land with low phosphate fertility, in Soubré, in the southwest of Ivory Coast. The experimental design was a partially
balanced incomplete block design with 12 treatments and three replications. The treatments consisted of two fertilizer applications per year for
each plant: compost (T1); phospho-compost (T2); TSP + compost (T3 and T4); NPK based on natural phosphates (T7, T8 and T9), combined with
compost (T5 and T6) or phospho-compost (T10 and T11) at different doses. Growth parameters and flowering were evaluated. Treatments T2
(phosphocompost 1 kg), T3 (TSP 75 g + compost 2 kg) and to a lesser extent T11 (NPK 0-15-15 300 g + phospho-compost 1 kg) were the most
efficient. They allowed a better growth, a good precocity of crowning and flowering. All the treatments tested did not impact the mortality rate
of young cocoa trees. These results could allow farmers to exploit favorably soils with low fertility, with the guarantee of a good establishment
of cocoa plants in the field during the juvenile stage.

KEYWORDS: Cocoa tree, fertilization, replanting, growth, flowering, Ivory Coast.

1 INTRODUCTION

In Ivory Coast, the area covered by cocoa cultivation has increased from 2,000,000 ha in 2000 to nearly 4,776,000 in 2019 [1]. This increase
has been at the expense of forest reserves, worsen problems related to land scarcity due to high land pressure [2]. The growing interest in cocoa
farming often leads farmers to replant on old plots and very young fallows with degraded soils, with the corollary of difficult establishment of
young plants [3], [4]. Its poor soils are generally deficient in phosphorus, nitrogen, potassium and in calcium and magnesium as well [5], [6].
Potassium and nitrogen can be returned to the soil from pod husk residues in the form of compost [7] unlike phosphorus [8], [9]. Yet, the latter
is essential for plant growth and productivity [10], [11]. Indeed, phosphorus deficiency in cocoa trees results in stunted growth, poor flowering
and fruiting. In addition, a young cocoa tree deficient in phosphorus will not express its productivity potential at the adult stage, even in the
presence of sufficient quantities of this element [12]. Phosphorus can be supplied in the form of triple superphosphate (TSP) or through mineral
resources such as rock phosphates [13]. The latter used as fertilizers, have a lasting residual effect that limits their participation in the
phenomenon of eutrophication [14]. With a relatively low cost, natural phosphates would be very effective on plants after composting [15].
Thus, this study was undertaken to contribute to the promotion of sustainable, ecological cocoa farming using low-cost fertilizers in
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southwestern Ivory Coast. The area concentrates the majority (40%) of the country’s producers and has ferrallitic soils that are highly leached
and not veryfertile. Juvenile growth and flowering precocity were evaluated on cocoa trees replanted on relatively poor soil treated with organic,
mineral and organo-mineral fertilizers.

2 MATERIAL AND IMIETHODS
21 STUDY AREA

The experiment was conducted on the plots of the National Center for Agronomic Research (NCAR) in Soubré, southwestern Ivory Coast.
The station is located between 85 and 278 m of altitude with coordinates of 050 62.222" in north latitude and 0060 63.987' in west longitude
(Figure 1). The area is drained by the Sassandra River and its tributaries. The average temperature is in the range of 21-33°C and the annual
rainfall is 1200 mm. The soils are highly desaturated Ferrasols derived from granite [16]. The previous crop on the study plot was a fallow of
about 3 years, consisting mainly of Pueraria phaseoloides and Panicum maximum vegetation
22 MATERIAL

221 PLANT MIATERIAL

The plant material used consisted of plants from seven cocoa tree (Theobroma cacao) hybrids certified by the Centre Of Agronomic Research
(CNRA) [17]. The plants were produced in the nursery from seed and then transferred to the field at the age of 6 months for experimentation.

222 FERTILIZERS

The fertilizers used to make up the manures were compost made solely from pod husk residues (compost) or made with natural soft
phosphates (phosphocompost), triple superphosphate (TSP) dosed at 46% and NPK 0-15-15 based on natural phosphates. For composting,
cocoa and Puerraria sp leaves, wood ash, poultry droppings and humus soil were added to the pod husk residues.
23 METHODS
23.1 FERTILIZER TREATMENTS APPLIED

In each elementary plot, 20 cocoa trees were selected to receive one of the treatments as shown in Table I. Each year, the applications were
made on the surface at the foot of the cocoa trees, in the crown within 0.30 m of the collar where the absorbing roots are most active. The

application was done in two periods, at the beginning of the long and short rainy season, in April and September respectively. In total, three
applications were made during the experiment.
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Table 1.  Composition of fertilizer treatments and doses applied per cocoa plant

Treatments Composition et doses
T0 Control without fertilizer
Tl Compost 2 kg
T2 Phospho-compost 1 kg
T3 TSP 75 g + compost 2 kg
T4 TSP 100 g + compost 2 kg
T5 NPK 0-15-15 225 g + compost 2 kg
T6 NPK 0-15-15 300 g + compost 2 kg
T7 NPK0-15-15225g
T8 NPK0-15-15150g
T9 NPK 0-15-15300g
T10 NPK 0-15-15 225 g + phospho-compost 1 kg
T11 NPK 0-15-15 300 g + phospho-compost 1 kg

23.2 EXPERIMENTAL DESIGN

The trial was conducted in a partially balanced incomplete block design with 12 treatments and three replicates on an area of 0.56 ha (80 m
x 70 m). Treatments were randomized in each 80 m x 7.5 m block. These blocks were arranged parallel and spaced 5 m apart. The individual
plots each consisted of 20 cocoa trees with a spacing of 3 by 2.5 m (density of 1333 plants/ha), separated from each other by 4 m. Banana trees
planted 8 months before the cocoa trees, in row spacing and at the same density, served as temporary shading.

233 PARAMETERS ASSESSED
2331 CHEMICAL CHARACTERISTICS OF THE SOIL

Prior to the implementation of the tests, an auger sampling of 30 elementary soil samples in the 0-20 cm horizon was done along the
diagonals. After mixing them into a composite unit, the resulting batch was air-dried, sieved and stored in polyethylene bags.

The chemical data analyzed were organic carbon (C) determined by the [18] method, total nitrogen (N) by the [19] method and assimilable
phosphorus (P.assimilable) evaluated by the Olsen-Dabin method [20]. Exchangeable bases (K, Mg and Ca) and cation exchange capacity (CEC)
were determined by the method of [21]. Exchangeable aluminum (Al) was determined by the method of [22]. The pH (water) was determined
using the pH meter, after addition of 50 ml of ionized water to 20 g of sail [23]. Soil trace elements (B, Zn, Cu and Fe) were obtained by standard
methods [24]. The saturation rate (V) was evaluated by the quotient of the sum of exchangeable bases on the CEC reported to 100. Equilibria
were calculated with the values obtained from the analyses.

233.2 GROWTH IN THICKNESS AND HEIGHT OF THE COCOA TREE STEM
Growth in thickness and height, as well as other cocoa parameters, were assessed per unit plot and per treatment at 6, 12 and 18 months

after planting, with the exception of flowering.

Height (cm) was measured from the collar to the apical bud of the main stem, using a tape measure. Diameter at the collar (cm) was
measured at 10 cm above the ground using a "Stainless Hardened" electronic caliper. Measurements were taken according to the fertilization
regimes. Growth rates in thickness and height were calculated according to the following equation: (Cti-Cti-1) / (ti- ti-1) with C = growth; t = time;
i =month.

2333 MORTALITY AND CROWNING OF COCOA TREES

The number of dead or crowned cocoa trees was counted and the rates were evaluated by relating the values obtained to the total number
of plants and then multiplied by 100. In addition, the rate of crowning was determined as before according to the following formula: (TCou i -
TCou i-1) / (ti- ti-1) with T = rate; Cou = crowning; i = month, t=time.

2334 FLOWERING OF COCOA TREES

Cocoa trees bearing flowers were counted 18 months after planting. The flowering rate, which reflects its intensity, was evaluated by
multiplying the quotient of the value recorded by 100 over the total number of cocoa trees.
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234 STATISTICAL ANALYSIS OF DATA

The collected data were subjected to analysis of variance (ANOVA) using GenStat version 9.1 software. The averages were separated using
the Student-Newman-Keuls test at the 5% threshold. The transformations of the values into percentages were done according to the formula

Y=arc sin /X and the others according to this one: Y=,/X+0,5.

Comparison of independent means of cocoa tree growth in two periods (6-12 and 12-18 months) was performed using Student’s unpaired
t-test. A Pearson correlation between the variables studied and a hierarchical ascending classification of treatments were the multivariate
analyses applied.

3 RESULTS
3.1 INMAL SoiL FERTILITY

Soil chemistry data collected at the experimental site (Table l) were compared to recommended optimal values for cocoa farming [25].

For all of the following parameters C(1.4%), N (0.1%), assimilable P (4.8 ppm), CEC(3.7 cmol/Kg), Ca (2.1 cmol/Kg) and Mg (0.8 cmol/Kg) and
then the equilibria SBE+6.15N (3.6), PMg (16.6%), and Ca+Mg/K (15.9), values below the thresholds were observed. However, pH (6.2), M.O
(2.5%), V (82.0%), K (0.2 cmol/Kg,), C/N (14.3), Ca/Mg (2.6), Ca/K (11.5) and Mg/K (4.4) were within the recommended range. The N/available
ratio (210.1), PCa (71.3%), PK (12.1%) were high compared to the optimum. For trace elements, Zn (8.1 ppm), B (0.2 ppm) and Cu (1.4 ppm)
were within the acceptable range for cocoa.

However, for Al (395 ppm), the initial level was well above the toxicity threshold defined for cocoa, whichis 156 ppm.

Table 2. Initial soil chemical characteristics of the experimental site and recommended values for cocoa production

Soil properties Values Threshold or optimal values®
pH water 6.2 50to7.0
N (%) 0.1 0,2
C(%) 1.4 1.7t03.2
M.O (%) 25 2.5t05.0
P. assimilable (ppm) 4.8 12.0t0 25.0
Absorbent complex
CEC (cmol/Kg) 3.7 >120
V(p.c) 83.8 >60.0
K (cmol/Kg) 0.2 0.2t01.2
Ca (cmol/Kg) 2.1 4.0t018.0
Mg (cmol/Kg) 0.8 0.9t04.0
Chemical Equilibrium
C/N 14.3 9.5t015.0
SBE+6,15N 3.6 8.9
N/P. assimilable 210.1 10.0<N/P. assimilable<20.0
PCa (%) 713 68.0
PMg (%) 16.6 24.0
PK (%) 12.1 80
Ca+Mg/K 15.9 25.0
Ca/Mg 2.6 1.0t04.0
Ca/K 115 6.0t012.0
Mg/K 4.4 3.5t04.0
Trace elements
Al (ppm) 395.0 <156.0
B (ppm) 0.2 >0.2
Zn (ppm) 8.1 8.0a210.0
Cu (ppm) 14 >0.6
Fe (ppm) 98.5 27.0

(1): Source Snoeck et al., 2016
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3.2 GROWTH IN THICKNESS AND HEIGHT OF THE STEMS OF YOUNG COCOA TREES

For all periods, the diameter at the collar and the monthly increase or growth rate of the stem thickness of the cocoa trees were influenced
by the different fertilizer treatments applied (Table lll). At 6, 12 and 18 months after planting, the treatments that consistently induced the
highest diameters were T2, T3 and T11. The lowest values were observed in the unfertilized TO control. On the other hand, the highest growth
rates in thickness simultaneously over the two measurement periods, 6-12 and 12-18 months, were due to treatments T4 and T11.

Considering the monthly increases in thickness per treatment over the two time intervals, the values evolved upwards for T2, T6, T7, T10

and T11 in contrast to the other inputs where they remained stable.

Table 3.  Growth in thickness of cocoa stems under different fertilizer treatments as a function of time after planting

Treatments Diameters (cm) Increases in thickness (mm/month)
6 months 12 months 18 months Period 6-12 months Period 12-18 months
TO 0.9+0.5b 14+06¢c 21+11d 0.7+0.1cA 0.8+0.1cA
Tl 1.0+04ab 1.7+0.6ab 2.7+1.0bc 1.0£0.0bcA 1.2+0.1bA
T2 1.1+04a 1.7+0.7 ab 29+12ab 1.0£0.1bcB 15+01aA
T3 1.0+0.5ab 18+0.7a 29+1.1ab 14+01aA 14+01bA
T4 09+04b 1.7+0.6ab 29+13ab 14+0.1aA 14+0.1abA
T5 1.0£0.5ab 1.6+0.5bc 2.6+09c 1.0+0.0bcB 1.2+0.1bA
T6 1.0+£04ab 1.6+0.6bc 2.8+1.0b 1.0+0.1bcB 14+0.1abA
T7 09+04b 1.5+05bc 24+09cd 1.0+0.1bcA 1.2+0.1bA
T8 11+04a 1.7+0.6ab 2.8+1.0b 1.1+0.1bA 13+0.1abA
T9 09+0.5b 1.6+0.6bc 2.7+1.0bhc 1.1+0.1bcA 1.2+0.1bA
T10 1.0+0.5ab 1.6+0.6bc 2.7+11bc 1.0+0.10bcB 14+0.1abA
T11 1.2+05a 19+06a 31+11a 1.2+0.1abB 1.6+0.1aA
Mean 1.0 1.7 2.7 1.1 1.3
CV. (%) 16.9 14.9 18.2 45 6.2
Probability 0.01 <0.001 <0.001 <0.001 <0.001

In a column (lower case) or row (upper case), the means followed by the same letter are statistically identical at the 5 p.c. threshold. (Student-Newman-Keuls); CV
= coefficient of variation; TO (Controls without fertilizer); T1 (Compost 2 kg); T2 (Phospho-compost 1 kg); T3 (TSP 75 g + compost 2 kg); T4 (TSP 100 g + compost 2
kg); T5 (NPK 0-15-15 225 g + compost 2 kg); T6 (NPK 0-15-15 300g

+compost 2 kg); T7 (NPK 0-15-15 225 g); T8 (NPK 0-15-15 150g); T9 (NPK 0-15-15 300 g); T10 (NPK 0-15-15 225 g + phosphocompost 1 kg); T11 (NPK 0-15-15 300
g + phospho-compost 1 kg)

With respect to the height of the cocoa trees (Table IV), the values were not affected by the fertilizer treatments during the first 12 months
of planting. On average, the heights were equal to 62.6 cm (6 months) and 99.8 cm (12 months). However, at 18 months, T2 and T11 were the
treatments that induced the highest values. The lowest height was observed in the untreated control. In addition, the heightincrement assessed
for each period did not vary significantly according to the treatments performed. The averages recorded were equal to 63.1 mm/month and
42.2 mm/month, respectively in the periods from 6 to 12 months and from 12 to 18 months after planting the cocoa trees. In contrast, for each
treatment, the monthly increase in main stem height decreased significantly from the 6-12 month period to the 12-18 month interval, with the
exception of those observed following the application of T2 and T7, which remained stable.
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Table 4.  Stem height growth of cocoa under different fertilizer treatments as a function of time after planting

Treatments Heights (cm) Height increases (mm/month)
6 months 12 months 18 months Period 6-12 months Period 12-18 months

TO 58.1+33.7a 93.7+396a 116.4+£624b 59.9+56aB 39.8+4.1aB

T1 63.2+250a 100.0+36.3a 1284 +474ab 60.0+5.0aA 39.1+35aB

T2 66.0£269a 105.1+448a 147.1+57.0a 65.1+59aA 5294+37aA

T3 60.7+27.8a 104.1+396a 134.0+£50.5ab 72.2+50aA 39.1+3.7aB

T4 58.2+298a 101.6+382a 136.0t47.4ab 721+41aA 43.8+35aB

T5 64.6+293a 99.6+35.7a 129.4+434 ab 584+46aA 41.2+33aB

T6 64.0+20.0a 100.6+38.8a 131.8+45.1ab 59.1+53aA 414+40aB

T7 52.8+25.8a 88.9+314a 123.3+416ab 535+45aA 457+4.2aA

T8 64.0+25.7a 103.0+30.2a 129.8+42.1ab 65.0+4.6aA 37.0+3.2aB

T9 58.7+326a 102.3+396a 131.7+50.7 ab 73.6+53aA 40.3+39aB

T10 57.7+2734a 92.7+345a 123.6+469ab 56.5+53aA 414+35aB

T11 68.0+294a 106.5+44.0a 1443+475a 62.5+51aA 48.0t442aB
Mean 62.6 99.8 1313 63.1 422
CV. (%) 32.0 210 233 339 35.6
Probability 0.12 0.40 0.04 0.06 0.16

In a column (lower case) or row (upper case), the means followed by the same letter are statistically identical at the 5 p.c. threshold. (Student-Newman-Keuls); CV
= coefficient of variation; TO (Controls without fertilizer); T1 (Compost 2 kg); T2 (Phospho-compost 1 kg); T3 (TSP 75 g + compost 2 kg); T4 (TSP 100 g + compost 2
kg); T5 (NPK 0-15-15 225 g + compost 2 kg); T6 (NPK 0-15-15 300g

+compost 2 kg); T7 (NPK 0-15-15 225 g); T8 (NPK 0-15-15 150g); T9 (NPK 0-15-15 300 g); T10 (NPK 0-15-15 225 g + phosphocompost 1 kg); T11 (NPK 0-15-15 300
g + phospho-compost 1 kg)

33 CROWNING OF COCOA TREES

The effects of fertilizers on the crown of cocoa trees are shown in the table V. Six months after planting, the fertilizers applied had no
significant effect on the crowning rate of cocoa trees. The average rate obtained was equal to 4.9%. At 12 and 18 months after planting, the
values recorded fluctuated significantly according to the treatments. Thus, T8 and T11 are the fertilizer treatments that were the basis of the
highest crowning rates after 12 months, then T2, T3, T6 and T11 after 18 months of planting. In both cases, the control without fertilizer caused
the lowest values.

With respect to the monthly crowning velocity, the values obtained in the interval 6-12 months after planting varied significantly according
to the treatments applied. T2, T8 and T11 induced the highest velocity and TO the lowest. In the 12-18 months post-planting period, the effects
of treatments on the data collected were no longer significant. Considering separately the effects of the treatments during the periods 6-12 and
12-18 months, the values increased significantly with TO and T7. They decreased significantly at T1, T8, T10 and T11. For all other treatments,
the crowning velocity did not vary significantly between the two periods.
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Table 5.  Crowning of cocoa trees under different fertilizer treatments according to the time after planting

Treatments Crowning rate (%) Crowning velocity (%/month)
6 months 12 months 18 months Period 6-12 months Period 12-18 months

TO 50%20a 20.0+4.0c 60.0+494c 25+1.0bB 50+10aA

T1 5.0+00a 43.3+5.0ab 75.0£40.0ab 6.4+1.0abA 40+10aB

T2 33+18a 43.3+5.0ab 90.0+30.0a 6.7t1.0aA 58+1.0aA

T3 83130a 41.7+5.0ab 86.0+40.0a 58+1.0abA 54+10aA

T4 50%20a 40.0+5.0ab 75.0t4.0ab 58+1.0abA 44+10aA

T5 50+00a 36.7t5.0b 783+4.0ab 6.1+1.0abA 52+10aA

T6 10.0+3.0a 36.7+5.0b 85.0+40.0a 50+1.0abA 6.0£1.0aA

T7 50+20a 26.7+4.0bc 81.7+40.0ab 39+10abB 6.9+1.0aA

T8 50+20a 51.7+50a 783+40.0ab 78+10aA 3.5+10aB

T9 50+20a 383+50b 70.0+50.0b 55+1.0abA 42+1.0aA

T10 50+20a 41.7+5.0ab 71.7+400b 6.1+1.0abA 3.7+10aB

T11 6.6+3.0a 50.0+5.0a 87.0+30.0a 7.2+10aA 46+1.0aB
Mean 49 39.2 78.1 5.8 4.9
CV. (%) 15.2 27.6 19.1 27.6 27.6
Probability 0.37 0.03 0.00 0.01 0.07

In a column (lower case) or row (upper case), the means followed by the same letter are statistically identical at the 5 p.c. threshold. (Student-Newman-Keuls); C.V
= coefficient of variation; TO (Controls without fertilizer); T1 (Compost 2 kg); T2 (Phospho-compost 1 kg); T3 (TSP 75 g + compost 2 kg); T4 (TSP 100 g + compost 2
kg); T5 (NPK 0-15-15 225 g + compost 2 kg); T6 (NPK 0-15-15 300g

+compost 2 kg); T7 (NPK 0-15-15 225 g); T8 (NPK 0-15-15 150g); T9 (NPK 0-15-15 300 g); T10 (NPK 0-15-15 225 g + phosphocompost 1 kg); T11 (NPK 0-15-15 300
g + phospho-compost 1 kg)

34 FLOWERING AND MORTALITY OF COCOA TREES

Table VI groups together the data on flowering and mortality of plants under the effect of applied fertilizers. For the first parameter
mentioned, the first flowers that appeared in the 18th months after planting the cocoa trees were counted. The values recorded varied
significantly according to the treatments. The largest flowers were obtained following the application of T3 (20%) and T11 (18.3%), while the
smallest were induced by TO (1.6 %) and T7 (1.7%). The other treatments caused flowering with intermediate rates.

With respect to the mortality of young cocoa trees, the treatments carried out had no significant effect at 6, 12 and 18 months after planting.
The rates evaluated were respectively equal on average to 7.4%, 9.6% and 10.4%.
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Table 6. Mortality rate as a function of time after planting and flowering of cocoa trees under different fertilizer treatments

Mortality rate (%) Flowering rate (%)
Treatments
6 months 12 months 18 months 18 months
TO 100+3.0a 123+38a 21.3+40a 16x12c
T1 11.3+20a 113+23a 136+24a 50+2.0b
T2 6.3120a 80t24a 11.3+30a 13.3+3.0ab
T3 6.6120a 6.6+20a 83122a 20.0+4.0a
T4 76%130a 76%130a 76+30a 11.7+3.2ab
T5 10.0+3.0a 10.0+3.0a 116+35a 5.0120b
T6 106+10a 139+18a 156+3.0a 6.7+2.0b
T7 83+3.0a 10.0+20a 11.6+3.0a 1.7+1.0c
T8 50+20a 50+20a 6.6+3.0a 6.7+2.0b
T9 13.3+30a 150+4.2a 16.6+4.0a 10.0+3.0ab
T10 10.0+3.0a 10.0+3.0a 10.0+3.0a 11.7+3.0ab
T11 50+20a 50+20a 50+20a 183+4.0a
Mean 7.4 9.6 10.4 9.3
C.V. (%) 45.1 18.7 205 19.7
Probability 0.27 0.18 0.22 0.00

In a column, the means followed by the same letter are statistically identical at the 5 p.c. threshold. (Student-Newman-Keuls); C.V = coefficient of variation; TO
(Controls without fertilizer); T1 (Compost 2 kg); T2 (Phospho-compost 1 kg); T3 (TSP 75 g + compost 2 kg); T4 (TSP 100 g + compost 2 kg); T5 (NPK 0-15-15225 g +
compost 2 kg); T6 (NPK 0-15-15 300 g + compost 2 kg); T7 (NPK 0-15-15 225 g); T8 (NPK 0-15-15 150g); T9 (NPK 0-15-15 300g); T10 (NPK 0-15-15 225 g + phospho-
compost 1 kg); T11 (NPK 0-15-15 300 g + phospho-compost 1 kg)

35 CORRELATIONS BETWEEN THE VARIABLES STUDIED AND PRIORITIZATION OF FERTILIZER TREATMENTS

Strong relationships between the studied parameters in young cocoa trees are observed through the Pearson correlation coefficient matrix
(Table Vii).

Thus, significant positive correlations between the diameter at the collar and stem height (0.9), flowering (0.8) and then crowning (0.7) were
found. Positive correlations were also observed between height and crowning (0.8) and then flowering (0.7). However, negative correlations
were also noted between mortality and growth or flowering parameters. The most significant one was the one observed with crown diameter
(-0.8).

Furthermore, the hierarchical ascending classification (HAC) represented in Figure 2 shows three main groups of fertilizer treatments. The
first group, composed only of the control without fertilizer TO, is characterized by weak and late growth, as well as low flowering. The second
group is made up of treatments T2, T3 and T11, with strong growth and flowering. The third group, intermediate between the first and the
second, is composed of treatments T1, T4, T5, T6; T7, T8, T9 and T10.

Table 7.  Correlation between growth, flowering and mortality variables of cocoa trees dfter fertilization

Variables Diameter at the collar Height Coronation Flowering Mortality
Diameter at the collar 1
Height 0.9 1
Coronation 0.7 0.8 1
Flowering 0.8 0.7 0.5 1
Mortality -0.8 -0.5 -0.5 -0.6 1

Values in bold are different from O at significance level alpha=0.05
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Fig. 2. Classification of fertilizer treatments into homogeneous groups according to the parameters studied
4 DISCUSSION
41 INMAL SoIL FERTILITY

Initially in the sail of the experimental site, the levels of macro-nutrients important for cocoa cultivation (assimilable P, Ca, Mg, N and C) were
low and the fertility indicators were generally below the recommended thresholds. The poor soil condition of the plot, which is slightly sloped,
could be attributed to nutrient leaching, among other reasons. However, the abundant presence of trace elements (B, Cu and Zn) appears to be
due to the leaf fall of Pueraria phaseoloides and Panicum maximum, species that have colonized the site [26].

42 EFFeCTS OF FERTILIZER TREATMENTS ON AGROMORPHOLOGICAL PARAMETERS OF THE COCOA TREE AND POTENTIALLY ON SOIL FERTILITY

The study conducted to improve the establishment of cocoa plants in the field by fertilizing the relatively poor soil of young fallows, identified
treatments T2, T3 and T11 as the most likely to contribute to this. The T2 treatment, made of phospho-compost only, the T11

treatment, which was derived from T2 with the addition of NPK based on natural phosphates, and the T3 treatment, which was made of
simple compost supplemented with triple superphosphate, produced the best results overall. They caused a strong stem growth in height and
thickness, a good crowning and an abundant first flowering. The results showed that during the first months after planting the cocoa trees, there
was no significant effect of fertilizers on height growth. This period could correspond to the delay in the active formation of root absorbing hairs
under the effect of auxins, for an efficient absorption of water and nutrients from the soil [27], [28], [29]. Phosphorus and nitrogen are known
to stimulate the synthesis of phytohormone necessary for rhizogenesis; this is thought to have resulted in rapid recovery of cocoa trees after
planting [30], [31].

With crowning, the monthly increase in height of the main stem slowed down following the decline of the stem meristem in favor of its
thickening favored by T2 and T3 in particular.

Comparing these two treatments, the rapidity of the effect observed with T3 would be due to the solubility, and thus the availability of TSP
[32]. However, for T2, a prior mineralization of the phospho-compost would be necessary. Furthermore, the abundance of the first flowering,
which characterized treatments T3, T11 and incidentally T2, would depend on the bioavailability of phosphorus, as pointed out by [33].
Treatments consisting solely of compost (T1) and NPK based on rock phosphates alone or with added compost or phospho-compost (T5 to T10)
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did not produce the expected results. This suggests, in the latter cases, the inefficiency of natural phosphates in organo-mineral fertilization. The
increase in soil pH towards neutrality or alkalinity due to the added organic matter and the liming effect of their calcium richness, would make
rock phosphates ineffective [34], [35]. Conversely, composted, natural phosphates would acquire along with the organic matter, their
effectiveness by the bioavailability of minerals such as phosphorus and calcium as suggested by [36], [37], [38]. Moreover, the good performance
of treatments T2 and T3 could be linked to the favorable effect of mineral fertilizer on microorganisms. This would accelerate the mineralization
of organic matter by making nutrients available, according to [39], [40].

Mortality of transplanted seedlings in the field after their transfer from the nursery appears to be independent of soil fertility status. Indeed,
fertilizer treatments had no significant effect on the mortality rate of cocoa trees in the field. Too strong a variation in temperature, light or water
deficit could have caused stress in the plants to which they would have had difficulty adapting.

5 CONCLUSION

In a nutshell, this study conducted to contribute to the sustainability and productivity of cocoa production, three types of fertilizers were
identified that allow for better plant establishment on soils that are relatively low in fertility, especially in phosphorus. These are treatments T2,
T3 and T11. They caused a good juvenile growth and an abundant first flowering compared to the other treatments. Of these, the application of
T11 would be unnecessarily more expensive, as the NPK added to the phospho-compost does not induce a very significant improvement in
results.
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