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Resumen

En la Amazonia colombiana, el cultivo de cacao 
(Theobroma cacao L.) presenta bajo rendimiento 
debido a que la alta acidez del suelo limita el 
uso eficiente de nutrientes. Por lo tanto, esta 
investigación evalúa el efecto del encalado y la 
fertilización en un suelo ácido (Typic Udorthents) 
de la Amazonia colombiana sobre el uso eficiente 
de nutrientes (uen), en términos de la eficiencia 
agronómica (ea) y la eficiencia de recuperación del 
fertilizante (erf) para nitrógeno (N), fósforo (P) y 
potasio (K), y cuatro clones universales de cacao fino 
de sabor y aroma. Se utilizó un diseño en bloques 
completos al azar con arreglo factorial, siendo el 
factor A cuatro clones (a1: ICS-1, a2: CCN-51, a3: 
ICS-39, y a4: TSH-565) y el factor B cuatro niveles 
de fertilidad (b1: control absoluto; b2: suelo 90 días 
después de encalado (dde); b3: control absoluto 

Abstract

In the Colombian Amazon, cacao tree (Theobroma 
cacao L.) plantations have low yield due to soil 
acidity which limits the efficient use of nutrients. 
Therefore, the aim of this study was to evaluate 
the effect of liming and fertilization in an acid soil 
(Typic Udorthents) of the Colombian Amazon on 
the efficient use of nutrients in terms of nutrient use 
efficiency (nue) and fertilizer recovery efficiency 
(fre) for N, P and K, in four universal clones 
of fine cocoa flavor and bouquet. A completely 
randomized block design was used using a factorial 
arrangement, being factor A, four clones (a1: ICS-1, 
a2: CCN-51, a3: ICS-39, and a4: TSH-565) and 
factor B, four fertility levels (b1: absolute control, 
b2: soil 90 days after liming (dal), b3: absolute 

más N-P-K, hasta alcanzar los requerimientos 
del cultivo; b4: b2 más N-P-K, hasta alcanzar 
los requerimientos del cultivo). Los resultados 
muestran que el encalado y la fertilización afectaron 
el uen y el rendimiento; mientras tanto, el más bajo 
rendimiento se presentó en b1 para todos los clones, 
sugiriendo que la fertilidad del suelo natural no es 
suficiente para el desarrollo del cultivo de cacao; 
además, el clon CCN-51 mostró mayor habilidad 
en el uso de nutrientes que los restantes clones. 
En este sentido, los cuatro clones respondieron de 
forma diferencial de acuerdo con la ea y la erf, 
evidenciando la influencia del genotipo y de las 
condiciones edafoclimáticas de la zona, así como 
las preferencias específicas de pH y nutrientes para 
cada clon. 

control plus N-P-K until reaching the requirements 
of the crop, and b4: b2 plus N-P-K until reaching 
the requirements of the crop). Results show that 
liming and fertilization affect nue and yield, 
meanwhile, the lowest yield was found in b1 for all 
the clones, suggesting that the natural soil fertility 
is not sufficient for cacao tree development. Clone 
CCN-51 was more efficient in the use of nutrients 
than the other clones, in this sense, the four clones 
responded differentially according to nue and 
fre, evidencing the influence of the genotype, 
the edaphoclimatic conditions of the area, as well 
as specific of pH and nutrient preferences for each 
clone.

Palabras clave: fósforo, nitrógeno, potasio, rendimiento de cultivos, suelo ácido

Key words: acid soil, crop yield, nitrogen, phosphorus, potassium
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Introduction

In Colombia, acid soils represent 85 % of all 
agricultural soils (Casierra & Aguilar, 2007), 
of which the Amazonian region accounts for 
35 % (Quesada et al., 2011). In the department 
of Caquetá, for example, oxisols, ultisols, and 
entisoles predominate. The latter consists of very 
superficial acid soils with high aluminum contents 
(Instituto Geográfico Agustín Codazzi [igac], 
2014). However, and despite the fact that cacao 
Theobroma cacao L. (Malvaceae) is native to the 
Amazon, cacao plantations have a low yield due, 
in large part, to poor fertility and aluminum 
toxicity (Shamshuddin, Muhrizal, Fauziah, & 
Husni, 2004). This circumstance occurs when 
soil pH is lower than 5.5, which indicates that a 
high proportion of the exchange sites of clays are 
occupied by aluminum that generates acidity, 
and limits nutrient availability for the plants 
(Dahajipour, Ghanati, & Fujiwara, 2011).

Nutrients such as nitrogen (N), phosphorus (P) and 
potassium (K) decrease their availability as the soil 
acidifies (Navarro & Navarro, 2003), as has been 
corroborated by Quinteiro et al. (2013) in a study 
conducted under greenhouse conditions, in which 
an increase in acidity decreased the concentration 
of N, P and K in most of the cacao plant organs.

Liming is an important agricultural practice in 
acid soils to neutralize acidity (Castro & Munevar, 
2013); in this sense, the addition of lime raises the 
pH, improves the absorption and redistribution of 
N in the plant (Lavres et al., 2010), and releases the 
phosphorus retained in the soil (Fisher, Yarwood, & 
James, 2017; Zhu, Li & Whelan, 2018). In the same 
way, Rosas, Puentes and Menjivar (2017) found 
that the increase in pH improves the availability 
of P in cacao soils. On the other hand, Baligar and 
Fageria (2005) showed that liming improves the 
availability and absorption of nutrients in cacao 
seedlings, indicating that it not only regulates 
phytotoxicity but also the efficient use of nutrients 
(nue), since acid soils limit the efficiency of 
fertilizers, as suggested by López, Urbina, Reynoso, 
and Martínez (2018).

Changes produced by the effect of pH modifications 
influence soil-plant relationship, the criteria for 
fertilizing crops (Schlindwein & Gianelo, 2004) 
and the efficient use of nutrients, either regarding 
agronomic efficiency (yield increase per unit of 
applied nutrient) or fertilizer recovery (plant 
ability to take nutrients applied to the soil) (Baligar, 
Fageria, & Hi, 2001). However, there is scarce 
research information for nue in cacao (Puentes, 
Menjivar, & Aranzazu, 2014a; Ribeiro, da Silva, 
Aitken, Machado, & Baligar, 2008), especially 
under the influence of liming, even understanding 
that nue contributes to obtaining higher yields, 
it would reduce fertilization costs and mitigate 
environmental pollution (Kurwakumire et al., 
2014). According to the above mentioned, the aim 
of this study was to evaluate the effect of liming 
and synthesis fertilization in an acidic soil (Typic 
Udorthents) of the Colombian Amazon, on the 
efficient use of nutrients in terms of agronomic 
efficiency (ae) and fertilizer recovery efficiency 
(fre) for N, P and K, in four fine flavor and aroma 
cacao clones (ICS-1, CCN-51, ICS-39 and 
TSH-565).

Materials and methods

The research was conducted in the municipality of 
Puerto Rico, Department of Caquetá, Colombia, 
in the facilities of the Clonal Cacao Garden 
that belongs to Asociación Departamental de 
Productores de Cacao y Especies Maderables del 
Caquetá (Acamafrut), located geographically at 
01°52´12" North latitude and 75°12´24" West 
longitude, at 250 meters above the sea level. The 
area has an average annual relative humidity of 84 %, 
an annual average temperature of 25.3 °C, average 
annual rainfall of 2,960 mm, and solar brightness 
values of 4.26 hours/day (Instituto de Hidrología y 
Estudios Ambientales [ideam], 2017).

Four universal fine flavor and aroma cacao clones 
were used, two self-compatible (b1: ICS-1, b2: 
CCN-51) and two self-incompatible (b3: ICS-39, b4: 
TSH-565) with seven years of age; self-compatible 
materials were established together. Clone ICS-39 
was associated with clone IMC-67, and clone 
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TSH-565 was accompanied by trees of clones 
IMC-67 and ICS-1. The spatial arrangement 
consisted of triple rows of each clone, 3 m between 
plants and 3 m between rows, in an area of 1.5 ha 
under homogeneous agronomical conditions, and 
in an agroforestry system with simple furrows 
every 20 m by 9 m between trees, as in agrosystems 
associated with Abarco (Cariniana pyriformis M.) 
and Nogal (Cordia alliodora R. & P.).

The soil of the study area was characterized physically 
and chemically in the laboratory of Universidad 
de la Amazonia (Rosas et al., 2017), classifying 
this soil as Typic Udorthents (Soil Survey Staff, 
2010), with a loam-clay-sandy texture (FArA), 
and with a predominance of gibbsites (Al(OH)3) 
(> 50 %), kaolinites (Al2Si2O5(OH)4) (between 15 
and 30 %) and traces of micas-goethites (< 5 %); in 
addition, it has an effective depth greater than 1 m, 
an apparent density of 1,173 g/cm3, total porosity 
of 55.7 %, and resistance to penetration of 1.065 
MPa. Nonetheless, all these physical characteristics 
are not limiting for the development of cacao 
cropping (Federación Nacional de Cacaoteros de 
Colombia [Fedecacao], 2013). 

Regarding chemical characteristics, this soil 
has an extremely acid pH (4.36), with high 
interchangeable aluminum saturation percentage 
(53.9 %), low cation exchange capacity, as well as N 
(0.13 %), P (3.89 mg/kg) and K (0.11 Cmol/kg), 
corresponding to N, P2O5, and K2O, with 11.2, 
10 and 60 kg/ha, respectively. This indicates that 
the chemical conditions of the soil are not ideal for 
cacao production (Fedecacao, 2013), suggesting 
specific agronomic management. These physical 
and chemical characteristics were normal for the 
area according to Rosas, Rodríguez, and Muñoz 
(2012).

To correct the pH, the dose of dolomite lime 
required to be added to the soil to raise the pH to a 
value ≥ 5.5 was 7 t/ha [CaMg(CO3)2], with a total 
relative neutralization power of 78.4 % (Rosas et 
al., 2017). The incorporation of lime was carried 
out at the beginning of the rainy season (May) in 
the weed-free zone (approximately 4.5 m2) around 

the cacao trees in a homogeneous way with a sieve. 
Subsequently, soil samples were taken 90 days after 
liming (dal), each consisting of four equidistant 
sub-samples in the area of the weed-free zone, one 
meter away from the tree (Sadeghian, 2011) and 
30 cm deep, since most of the roots of the cacao 
tree that absorb nutrients are found at this depth 
(Aikpokpodion, 2010). The samples were analyzed 
in the laboratory of Instituto Geográfico Agustín 
Codazzi (igac) to measure pH in water (1: 2) 
(potentiometer), N (Kjeldahl), P (colorimetry) 
and K (atomic absorption). From the availability 
of N-P-K in the soil with and without liming, four 
fertility levels were established as follows: b1: soil 
with natural fertility without liming; b2: b1 limed 
with nutrient availability 90 dae; b3: b1 fertilized 
with application of N-P-K until reaching the 
requirements of the crop proposed by Puentes et 
al. (2014a); and b4: b2 fertilized with application of 
N-P-K until reaching the requirements of the crop 
(table 1). The incorporation of N-P-K was divided 
into two applications per year. The first in March-
April, and the second in August, where the 
trees were in full bloom, using urea CO(NH2)2 
(46-00-00), monopotassium phosphate KH2PO4 
(00-52-34) and potassium chloride KCl (00-00-60) 
as fertilization sources.

A completely randomized block design in a factorial 
arrangement with four repetitions was used. Factor 
A corresponded to four clones and factor B to 
fertility levels for a total of 16 experimental units; 
each experimental unit was comprised of four 
cacao trees per clone (TSH-565, ICS-39, ICS-1, 
and CCN-51). To guarantee the response of the 
clones, fertilization was suppressed one year before 
the experiment was established, and pruning and 
manual control of pests and diseases were carried 
out. Likewise, the existing fruits were eliminated 
in order to standardize production as suggested by 
Puentes et al. (2014a).

To establish the content of N-P-K in cacao beans, 
five mature and healthy pods were collected in 
each tree per clone. The cacao beans were manually 
extracted, dried in an oven at 103 °C for 24 
hours, milled and subsequently analyzed for N 
(Kjeldahl method), P (colorimetry) and K (atomic 
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absorption) contents. Yield (kg/ha) during 2016 
and 2017 was estimated from the ratio between 
the average number of pods per tree and pod index 
(PI), i.e. the number of pods to obtain one kilogram 
of dry cacao beans, multiplied by planting density 
(1,111 plants/ha).

Table 1. Description of fertility levels 

dal: days after liming; N: nitrogen; P2O5: phosphorus pentoxide; K20: potassium oxide.
Source: Elaborated by the authors

Fertility levels B
Lime N P2O5 K2O

kg/ha

b1: Absolute control 0.0 11.2 10.0 60.0

b2: b1 + Cal (90 dal) 7,000.0 15.6 22.6 43.8

b3: b1 + Fertilizer 0.0 73.0 35.2 219.7

b4: b2 + Fertilizer 7,000.0 73.0 35.2 219.7

With yield and N-P-K content data on dry cacao 
beans, ae and fre were established for each nutrient 
by fertility level and by type of clone, following 
the equations 1 and 2 according to Puentes et al. 
(2014a):

ae (kg/kg) =

fre (%) =

(1)

(2)

Yield F - Yield C

Nutrient in grain F - Nutrient in grain C x 100

Amount of nutrients applied to the soil

Amount of nutrients applied to the soil

Where F is the variable in a fertility level different from b1, and C is the variable in the control or b1.

The statistical analysis comprised an analysis of 
variance as a result of the type of clone, fertility level, 
and interaction, and when there were significant 
differences, averages were compared using the Tukey 
test (p ≤ 0.05), in addition to regressions using the SAS 
software 9.4 (SAS, 2014).

Results and discussion

Experimental soil analysis

The chemical analysis of the experimental soil (Rosas 
et al., 2017) at 90 DAL showed a moderately acid 
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pH (5.91), N (0.08 %), P (9.53 mg/kg) and K (0.08 
Cmol/kg), corresponding to N, P2O5 and K2O, with 
15.6, 22.6 and 43.8 kg/ha, respectively, considered 
values consistent with the increase in pH, as suggested 
by Kass (1998).

Yield 

In the analysis of variance, highly significant differences 
were found (p ≤ 0.01) due to the effect of the clone x 
fertility level interaction, as well as to the clone, and to 
the novel fertility level (table 2).

Table 2. Analysis of variance for cacao yield variable in a Typic Udorthents soil of Caquetá

Source of variation Yield

Clone 0.000**
Fertility level 0.000**

Clone x Fertility level 0.000**

** Highly significant differences (p ≤ 0.01)
Source: Elaborated by the authors

The lowest yield was found in b1 for all clones 
in the following order, from the highest to the 
lowest: CCN-51 (3,535 kg/ha), ICS-1 (1,667 
kg/ha), ICS-39 (1,222 kg/ha) and TSH-565 
(1,178 kg/ha). Similar results were obtained 
by Puentes et al. (2014a), suggesting that the 
fertility of natural soil is not sufficient for the 
development of cacao trees; besides, soil acidity 
is limiting, as argued by López et al. (2018). The 
highest yield was obtained in CCN-51 with b2 
(4,100 kg/ha), showing superiority compared to 
the other clones, and evidencing the influence 
of liming, as suggested by Baligar and Fageria 
(2005); this clone was followed by clones ICS-1 
(3,855 kg/ha) and TSH-565 (2,944 kg/ha) in 
b3, indicating the importance of fertilization in 
acid soils (Koko, 2014); and finally, by ICS-39 
in b4 (2,033 kg/ha), which expresses its greatest 
potential when the soil was limed and fertilized 
(figure 1); however, its low yield is associated with 
the self-incompatible condition according to Mora, 
Burbano, and Ballesteros (2011), who state that 
this condition affects pollination and, therefore, 
fruit set.

In general terms, the clones showed different 
behaviors due to the effect of various fertility 
levels; likewise, yields were higher when compared 

with those reported by Puentes et al. (2014a) and 
Fedecacao (2013); this is partly due to the higher 
sowing density used compared to the references 
mentioned above, as well as to the interaction of 
the clone type with the contrasting soil and climate 
conditions of the Amazon region; moreover, also 
to the fertilization, being evident the influence of 
the genotype, as suggested by Romero, Puentes and 
Menjivar (2016).

Agronomic efficiency

The agronomic efficiency for nitrogen (aen), 
phosphorus (aep) and for potassium (aek) 
due to the effect of the clone, the fertility level, 
and their interaction, showed highly significant 
differences (p ≤ 0.01). The highest AEN was found 
in the combination of CCN-51 and b2 (36.33 kg/
kg), that is, its yield increased 36.33 kg for each 
kilogram of nitrogen applied; followed by clones 
ICS-1 (29.83 kg/kg) and TSH-565 (24.10 kg/kg) 
in b3, and ICS-39 (11.27 kg/kg) in b4, exceeding 
the values obtained by Bridges et al. (2014a) in 
123 %, 368 % and 103 % for CCN-51, TSH-565 
and ICS-39, respectively; this suggests a higher 
efficiency with lower nitrogen doses for CCN-51 
and the influence of soil and climatic conditions 
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as well as of the genotype, such as Romero et al. 
(2016) found. The lowest aen, in order from the 
highest to the lowest, was found in clone TSH-565 

(16.87 kg/kg) in b2, followed by CCN-51 (6.87 
kg/kg) in b4, and clones ICS-39 (2.93 kg/kg) and 
ICS-1 (2.80 kg/kg) in b2 (figure 2).
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Figure 1. Dry cacao bean yield (kg/ha) for the cacao production during years 2016-2017. Mean values with the same letter 
per clone do not differ statistically according to the Tukey test (p ≤ 0.05).
Source: Elaborated by the authors

Figure 2. Agronomic efficiency of nitrogen in four cacao clones
Source: Elaborated by the authors
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Clone CCN-51 showed both the highest aen 
and yield in b2 and the lowest values in b4, being 
consistent with harvest yields. The efficient 
genotypes in the use of N are more productive 
(Ribeiro et al., 2008), as well as higher nutrient 
doses decrease the efficient nutrient use (Puentes, 
Menjivar, & Ortiz, 2016).

Regarding aep (figure 3), clones ICS-1 (61.73 kg/kg) 
and TSH-565 (49.53 kg/kg) showed the highest 
value in b3, indicating the effect of fertilization on 

the AEP as stated by Díaz et al. (2014); these clones 
were followed by CCN-51 (25.17 kg/kg) in b2 and 
ICS-39 (22.80 kg/kg) in b4. The lowest aep were 
obtained in clones ICS-1 (2.00 kg/kg) and ICS-39 
(2.03 kg/kg) in b2, CCN-51 (13.53 kg/kg) in b4, 
and TSH-565 (12.03 kg/kg) in b2, values that were 
superior to those reported by Puentes et al. (2014a). 
This evidences among other things, the adaptation 
of the crop to the cultivation area, as it is originally 
from the Amazon (Shamshuddin et al., 2004).

Figure 3. Agronomic efficiency of phosphorus in four cacao clones
Source: Elaborated by the authors

The clones showed a similar response compared to 
aen; however, it is important to note that, despite 
the fact that phosphorus is liberated by liming (Zhu 
& Whelan, 2018), the dose was not enough to obtain 
a greater efficiency in most of the clones except for 
CCN-51; nonetheless, this evidences the effect of the 
genotype according to Romero et al. (2016).

For the agronomic efficiency of potassium (figure 
4), as in the previous AE values, CCN-51 shows the 
highest value in b2, increasing the yield in 12.57 kg 

for each kg of applied fertilizer (K); this clone was 
followed by clones ICS-1 (9.70 kg/kg) and TSH-565 
(8.27 kg/kg) in b3, and ICS-39 (3.77 kg/kg) in b4. 
The lowest AEK value was found in ICS-39 (1.70 kg/
kg) and ICS-1 (2.20 kg/kg) in b2, followed by CCN-51 
(2.53 kg/kg) and TSH-565 (5.53 kg/kg) in b4.

These values exceeded those reported by Puentes et al. 
(2014a) due to the absence of illites (these trap K) in 
the clays of this soil, as well as the age of the crop, as 
suggested by Cabala, Miranda, and Prado (1969).
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Figure 4. Agronomic efficiency of potassium in four cacao clones.
Source: Elaborated by the authors

The agronomic efficiencies for N-P-K were 
different, showing clone variability in response 
to fertility levels as corroborated by Puentes et al. 
(2014a). In this sense, clone CCN-51 showed a 
higher ability in the absorption of nutrients than 
the other clones, with preference for a higher soil 
pH (moderately acidic), meanwhile ICS-1 and 
TSH-565 required more nutrients to express 
their potential without considering the pH 
(extremely acidic); in turn, clone ICS-39, with the 
same amount of nutrients as the previous clones, 
preferred a lower acidity.

On the other hand, the AE, in order of the highest 
to the lowest contribution to yield per kg of fertilizer 
in each clone, were the following: P > N > K for 
clones ICS-1, ICS-39 and TSH-565, and N > P > K 
for clone CCN-51, coinciding in K as the nutrient 
that contributed less to yield increase.

Fertilizer recovery efficiency

In the analysis of variance, the efficiency for 
nitrogen fertilizer recovery (fren), for phosphorus 
(frep) and for potassium (frek) showed highly 
significant differences (p ≤ 0.01), by clone effect, 
fertility levels, and their interaction.

With respect to the fren (table 3), most of the 
clones showed a similar response to fertility levels 

as well as for aen, except for clone TSH-565, that 
achieved the highest fren value in b2, and the lowest 
in b4. This indicates that, despite having obtained 
the highest fren in b2, this was not reflected in 
higher yields; however, this was contrary to what 
occurred with b4. Similar results were found by 
Puentes et al. (2014a), although these fren values 
were above those reported. The highest fren was 
obtained by ICS-1 in b3 meanwhile the lowest value 
was obtained by CCN-51 in b4. The efficiencies 
with high values for ICS-1 and TSH-565, in 
contrast to the low ones for CCN-51 and ICS-39 
when fertilized (b3 and b4), agree with the reports 
published by Baligar et al. (2001), demonstrating 
the highest ability in the use of nitrogen by clone 
CCN-51.

The frep (table 3) recorded the highest values 
in clone ICS-1, showing that 100 % of the 
phosphorus application recovered 30 % and 33 % 
(for b4 and b3, respectively), surpassing the results 
reported by Baligar et al. (2001). Although TSH-
565 and ICS-39 presented their best frep when 
the nutrient was incorporated, these were below 
the ones achieved by ICS-1 and by Puentes et al. 
(2014a). Clone CCN-51 recorded its largest frep 
with the amount of phosphorus released to the 
solution due to liming. Meanwhile, having higher 
phosphorus use efficiency is not easy, as it depends 
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Clone
fren (%) frep (%) frek (%)

b2 b3 b4 b2 b3 b4 b2 b3 b4

ICS-1 12.67c 65.60a 61.97b 4.27c 33.37a 30.20b 1.30c 16.63a 10.53b

CCN-51 23.33a 7.97b 5.83c 15.43a 8.87c 9.87b 2.93b 4.53a 1.87c

ICS-39 9.53c 13.87b 26.13a 1.87b 1.60c 12.13a 14.20a 3.97c 5.47b

TSH-565 56.40a 54.90b 45.43c 6.80c 14.03a 12.53b 4.87b 8.10a 2.30c

Note: Mean values with the same letter per clone and fre do not differ statistically according to the Tukey test (p ≤ 0.05).
Source: Elaborated by the authors

Table 3. Fertilizer recovery efficiency for nitrogen, phosphorus, and potassium in four cacao clones

on soil moisture, since it is a nutrient that moves by 
pH (> 5.5) diffusion (Malavolta, Vitty, & Oliveira, 
1997) as well as the morphology of the root system 
of the plant (Anghinoni, Volkart, Fattore, & 
Ernani, 1989).

Clone ICS-1 showed the highest frek value 
(table 3) in b4 and b3, respectively, as well as in 
fren and frep, which shows that this clone 
responds positively to fertilization with potassium. 
This clone was followed by ICS-39 that reached 
the highest levels of recovery in b2. On the other 
hand, TSH-565 and CCN-51 showed the lowest 
potassium recovery levels. These values are 
considered low compared to the results reported 
by Baligar et al. (2001), and high compared with 
Puentes et al. (2014a) that argued the absence of 
illites in clays of the experimental soil.

In general, the fre, in order of the highest to the 
lowest fertilizer  (N-P-K) recovery value for each of 
the clones, were the following: N > P > K for ICS-1, 
CCN-51, and TSH-565, coinciding with the results 
obtained by Bridges, Menjivar, Gómez and Aranzazu 
(2014b), and N > K > P for ICS-39, being consistent 
with the low yields showed by this clone, given that 
phosphorus is a nutrient that accumulates especially 
in the seed (Marshner, 1995).

Conclusions

Soil acidity in the Colombian Amazon is an 
unfavorable condition for the yield of the cacao 
clones ICS-1, CCN-51, ICS-39 and TSH-565, 
so it is necessary to carry out liming or fertilize 
considering the edaphic preferences for each clone, 
whether of pH or nutrients. Of these genotypes, 
clone CCN-51 shows a higher skill in the use of 
nutrients compared to the other clones, reflected 
also in obtaining high yield with fewer nutrients. 
In this sense, the four clones assessed respond 
differentially according to the agronomic efficiency 
and fertilizer recovery efficiency, evidencing the 
influence of the genotype and the edaphoclimatic 
conditions of the area.
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