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Removal of macronutrients in the avocado
fruit cv. Hass in Antioquia and Caldas, Colombia

Remocion de macronutrientes de la fruta de aguacate
cv. Hass en Antioquia y Caldas, Colombia
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Hass avocados for harvest.
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ABSTRACT

In recent years, Colombia have become globally as one the major producer of Hass avocado. Contributions of
all nutrients are made in the fertilization plans, but it is not known if the additions made have been adequate
and opportune. Thus, the objective of this study was to determine the effects of site and year of productions
on the removal of nutrients during the harvest stage of different tissues of the Avocado fruit cv. Hass in two
farms (El-Sinaf and La-Escondida) located in the high-Andean tropical zone of Colombia in three years of
production (2018-2020). For this purpose, fruit samples were taken at the harvest stage of highly productive
trees from two sites in Colombia (i) El-Sinaf (Anserma, Caldas; altitude 2,000 m, average annual temperature
and precipitation 18.65°C and 1,837 mm) and (ii) La-Escondida (Rionegro, Antioquia; altitude 2,200 m, avera-
ge annual temperature and precipitation 16.84°C and 2,091 mm). The fruit tissues (peel, pulp, seed-coat and
seed) were subjected to elemental composition analysis. Significant (P<0.05) differences were detected for
each element between tissues, years, sites and their interactions. The total removal range for macronutrients
was: N 1.53-2.57, P 0.21-0.38, K 2.53-3.51, Ca 0.20-0.56, Mg 0.15-0.24 and S 0.13-0.18 (kg t*). These results
indicate that the order of nutrient accumulation in the fruit was K > N > Ca > P >Mg > S and they may
be used as a reference for elaboration of fertilization programs in the regions studied, particularly in terms of
the doses and ratios of nutrients. Also, the nutrient concentration in the different fruit tissues may be used as
a reference of fruit nutritional status of productive trees for farmers interested in monitoring and improving
nutritional of low-yield trees.
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RESUMEN

En afios recientes, Colombia estd posicionado como uno de los principales productores de aguacate cv. Hass. Sin
embargo, persiste el problema de baja productividad y bajo calibre de la fruta. En el plan de fertilizacién se realizan
aportes de todos los nutrientes, pero no se sabe si las adiciones realizadas han sido adecuadas. Asi, el objetivo de
este estudio fue determinar los efectos del sitio y afio de produccién en la remocién de nutrientes durante la etapa
de cosecha de diferentes tejidos del fruto de Aguacate cv. Hass en dos fincas (El-Sinaf y La-Escondida) ubicadas en la
zona tropical altoandina de Colombia en tres afios de produccién (2018-2020). Para este fin, se tomaron muestras de
frutos en etapa de cosecha de 4rboles altamente productivos de dos sitios de Colombia (i) El-Sinaf (Anserma, Caldas;
altitud 2,000 m, temperatura y precipitacién media anual 18.65°C y 1,837 mm) y (ii) La-Escondida (Rionegro, Antio-
quia; altitud 2,200 m, temperatura y precipitacién media anual 16.84°C y 2,091 mm). Los tejidos del fruto (cascara,
pulpa, testa y semilla) se sometieron a andlisis de composicién elemental. Se detectaron diferencias significativas
para cada elemento entre tejidos, afios, sitios y sus interacciones. El rango de remocién total para elementos mayores
fue: N 1.53-2.57, P 0.21-0.38, K 2.53-3.51, Ca 0.20-0.56, Mg 0.15-0.24 y S 0.13-0.18 (kg t!). Estos resultados indican
que el orden de acumulacién de nutrientes en el fruto fue K > N > Ca > P > Mg > Sy pueden ser utilizados como
referencia para la elaboracién de programas de fertilizacién en las regiones estudiadas, particularmente en términos
de dosis y proporciones de nutrientes. Ademds, la concentracién de nutrientes en los diferentes tejidos del fruto
puede ser utilizada como referencia del estado nutricional del fruto de arboles productivos para los agricultores

interesados en monitorear y mejorar la nutricién de &rboles de bajo rendimiento.

Palabras clave adicionales: Persea americana L.; fertilizacion; estado nutricion, necesidades de la planta.
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Colombia is one of the major producers of avo-
cado cv. Hass in the world (Juya and Rivillas, 2019;
Minagricultura, 2021). However, this crop has been
established in very rainy areas of the high-Andean
region where predominate strongly acidic soils, rich
in exchangeable aluminum and with low availabil-
ity of several nutrients (Osorio, 2014). Plant nutri-
tion, through fertilization, is a critical factor for the
productivity and quality of the fruit (Hofman ez a/.,
2015). Avocado cultivation in these areas is recent
and little is known about the removal of nutrients
carried out by the fruit. Recent studies (Tamayo ez
al., 2018; Tamayo-Vélez et al., 2022; Rebolledo-Roa
and Burbano-Diaz, 2023) on nutrient removal of avo-
cado cv. Hass in Colombia suggested similarities with
those reported in other countries where avocado has
been widely cultivated (e.g., in Mexico). Rebolledo-
Roa and Burbano-Diaz (2023) recommended the use
of this information to elaborate fertilization pro-
grams. However, it is unclear if there are differences
among localities and years. This has caused many
producers to not achieve adequate yields and to pres-
ent quality problems associated with nutritional and
phytopathological disorders (Ramirez-Gil et al., 2020;
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Snijder et al., 2002). For this reason, it is necessary to
know their nutritional needs and thus avoid under/
overdose, which in turn can compromise the crop
nutritional balance and yield or increase the risks of
water contamination and production costs.

By knowing the removal of nutrients in the fruit, a
fertilization program can be established that replaces
what was extracted in the harvest in adequate propor-
tions and quantities (Salazar, 2002; Mellado-Vézquez
et al., 2015) that guarantee desired yields (>20 t ha™)
and post-harvest quality. However, the hypothesis of
this study is that the amount of nutrient removed
in the fruit of avocado Hass is affected by the site
and the year of production that in turn affects con-
ditions of the orchard (e.g., soil, weather, and man-
agement). Thus, the objective of this study was to
determine the effects of site and year of productions
on the removal of nutrients during the harvest stage
of different tissues of the avocado fruit cv. Hass in
two farms (EI-Sinaf and La-Escondida) located in the
high-Andean tropical zone of Colombia in three years
of production (2018-2020).
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MATERIALS AND METHODS

Locations. Two farms were selected: (i) La-Escon-
dida farm (Cabeceras village, Rionegro, Antioquia):
6°5'58.3" N; 75°26'30.5” W, 14 years-old, altitude 2,200
m, minimum temperatures and maximum annual av-
erage of 12.6°C (January-February being the months
with minimal temperatures) and 21.1°C (August be-
ing the month with maximal temperatures), average
relative humidity of 85%, annual rainfall 1,837 mm;
May and September-November being the rainiest
months with precipitations of 348-390 and 202-343
mm/month, respectively; February and July-August
were the driest months with precipitations of 54-98
and 30-172 mm/month, respectively (Fig. 1 and 2);

this farm is placed in a moist-forest lower montane
(Holdridge, 1967); (ii) El-Sinai farm (Bellavista vil-
lage, Anserma, Caldas): 5°16’57.12” N; 75°47°59.23”
W, 7 years-old, altitude 2,000 m, annual average mini-
mum and maximum temperature of 14.4°C (Decem-
ber being the month with minimal temperatures)
and 22.9°C (August being the month with maximal
temperatures), average relative humidity 87%, annu-
al rainfall 2,091 mm; Abril and November being the
rainiest months with precipitations of 148-290 and
109-346 mm/month, respectively; February-January
and June are the driest months with precipitations of
34-86 and 94-101 mm/month, respectively (Fig. 1 and
2). This farms is located in a lower-montane moist-
forest ecological life zone (Holdridge, 1967).
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Figure 2. Nean, maximum and minimum monthly temperature El-Sinai and La-Escondida farms in the three evaluation years
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Soils. For La-Escondida farm the soil testing results
were: texture silty loam (Bouyoucos), pH 5.41 (sat-
uration extract), bulk density 0.71 Mg m?, organic
matter content 170.8 g kg (Walkley-Black); Ca, Mg
and K 3.90, 1.20 and 0.95 cmol, kg! (IM-NH,CH-
3CO,), respectively; P 8.0 mg kg' (Bray-II), S 48.6
mg kg(0.08-M Ca(H,PO,) ,). This soil is located in
a relief that varies from flat to slightly undulating,
with slopes ranging between 3-12%, and belongs to
the Rionegro lithological association, which is ori-
ented to intensive commercial agriculture and classi-
fied as Typic Melanudand (IGAC, 2007). For El-Sinai
farm (same methods): silty loam texture, pH 5.82,
bulk density 0.79 Mg m?, soil organic matter 126.2
g kg'; Ca, Mg, and K 5.65, 1.29 and 0.42 cmol. kg,

respectively, P 20.1 mg kg, S 20.0 mg kg™. This soil
is derived from volcanic-ash, which indicates that
it is generally light soils, with mountainous topog-
raphies, with undulating relief with slopes less than
20% (Corpocaldas, 2020). Nutrient supply plans (kg
ha') were made in the two orchards, the quantities
were determined based on soil analysis by Dr. Samuel
Salazar (Tab. 1).

Tree selection. In each farm, the 15 most produc-
tive avocado trees, which at the time of selection had
more than 200 fruits/tree in the olive stage (E-A: di-
ameter 20-34 mm) (Fig. 3) and with similar height,
phenological stage, health and agronomic manage-
ment. Fruit sampling was conducted from these trees

Table 1.

Detail of the nutrient supply (kg ha') during the 3 years of evaluation.

Nutrient

El-Sinai La-Escondida El-Sinai La-Escondida El-Sinai La-Escondida
N 56.6 81.4 42.7 69.4 270.2 270.5
P,0; 166.5 364.9 160.6 238.7 225.3 221.5
K,0 540.5 370.0 515.7 504.9 552.7 358.7
Ca0 84.8 147.0 103.8 724 130.8 141.7
MgO 35.7 444 45.0 40.1 185.8 101.1
S 156.9 127.0 167.9 119.8 398.8 220.1
Fe 5.8 8.7 5.7 10.3 23.6 11.0
Mn 4.6 6.8 6.0 2.7 0.2 1.0
Zn 33.7 28.9 30.5 26.2 40.6 224
B 16.7 9.5 18.2 22.0 21.1 217

Olive (E-A)
20.0 - 34.0 mm

Stage 1 (E-1)
34.1-450

Stage 2 (E-2)
45.1-60.0

Stage 3 (E-3)
60.1-70.0

Harvest (E-C)

>70.1 mm (24% dry matter)

Figure 3. Development stages of the fruit, own elaboration. Adapted from Alvarez-Bravo and Salazar-Garcia (2017).

Rev. Colomb. Cienc. Hortic.
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(10 fruits/tree) at the harvest stage (24% dry matter
in the pulp) in the main harvest, using the method-
ology adapted from Mellado-Vazquez et al. (2015).
Briefly, in each of these trees, 10 fruits were collected
with a dry matter content in the pulp =24%, after
obtaining their fresh weight, the fruits were washed
with distilled water; then they were separated into
peel, pulp, seed-coat, and seed and their fresh weight
was obtained and their nutrient content measured as
explained below Mellado-Vazquez et al. (2015).

Variables. After obtaining their fresh weight, the
fruits were washed with distilled water; then they
were separated into peel, pulp, seed-coat, and seed
and their fresh weight was obtained. The tissues
were cut into thin slices and dehydrated in a forced
air digital oven at 60°C until constant weight. The
dried samples were pulverized in a stainless steel
micromill and passed through a 40 sieve (mesh size
1 mm). Subsequently, the concentration of N, P, K|
Ca, Mg, and S, was determined in the laboratory
(Mellado-Vazquez et al., 2015). For this purpose, the
samples underwent wet digestion with HNO; and
HCIO, and then the concentration was determined
as follows: N by the Kjeldahl method; K, Ca and
Mg by atomic absorption; P and S by colorimetry
(Bhandari, 2018). This was repeated in the 3 years
(2018, 2019, 2020).

For each farm and in each year, the concentration
of macronutrients was expressed in percentage. By
multiplying their concentration by the dry weight of
each tissue was obtained the nutrient content (mg/
tissue). Then, by adding the contents of the same ele-
ment, the accumulated value in each fruit was ob-
tained (mg/fruit).

Statistical analysis. The experimental design was
completely randomized, the factors evaluated were
year, site, tissue, and their interactions (yearXsite,
yearXtissue, siteXtissue, yearXsiteXtissue). Each
combination had 15 replicates. For each element, a
multifactorial Anova were conducted to determine
significant differences between nutrient content by
the factors considered. The least significant differ-
ence (LSD) was used for mean separation. In all cases
a significance level P<0.05 was used. The statistical
analysis were performed with the software R-Studio.

RESULTS AND DISCUSSION

The content and concentration of macronutrients in
the tissues and whole fruit of avocado cv. Hass var-
ied significantly (P<0.05) depending on the year, site,
and tissue (pulp, seed, peel and seed-coat) and their
interactions. The Anova’s performed indicated that
there were significant (P <0.05) simple or interac-
tive (dual and triple) effects of the factors considered.
This suppports the hypothesis that the nutrient re-
moval of avocado fruit cv. Hass changes depending
on the site and year, and it is different depending on
the fruit plant tissue considered. Likewise, these fac-
tors affected the amount of nutrient removed in the
fruit.

In general, the tissue with the highest content (mg/
tissue) for all nutrients was the pulp. It is relevant to
highlight that the proportion with which each tissue
contributes to the total weight of the fruit must be
considered, thus, pulp and seed are those that more
contributed with the total fruit dry weight (Tab. 2)
(Salazar, 2002).

Table 2. Relative distribution (%) of dry weight in the differ-
ent tissues of avocado cv. Hass fruit.

Pulp 60.5 62.0

Seed 23.4 235

Skin 14.8 13.7

Seed coat 1.2 0.8

On the other hand, in the concentration of nutrients
per tissue there was an opposite behavior, the seed-
coat, which is the tissue in the smallest proportion
in the fruit, was the one with the highest concentra-
tion of most nutrients. This tissue plays a key role in
seed viability, Salazar (2002) reported that premature
fruit drop has been associated with degeneration and
death of the seed-coat and seed in initial or interme-
diate stages of fruit development.

Likewise, nutrient content in the fruit presented
some differences between the sites depending on
the element or the year. The differences may be
due to some soil, climate, phenological stages and
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flower-to-harvest cycle variations in each farm, for
instance the values of organic matter, available P and
K were different between sites. As mentioned by
Salazar-Garcia et al. (2011) in avocado in Michoacin
there were changes in the nutritional composition of
the fruit due to different types of climate, irrigation,
flowering season and soil and orchard management.

Nutrient content and concentration per tissue

The N content was significantly (P<0.05) affected by
the triple interaction (yearXsite X tissue). During the
three years, the pulp was the tissue that accumulated
more N in both sites (Fig. 4A). In 2018, the N content
for both sites was highest for the pulp with values
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of 338 and 286 mg/tissue, respectively, followed by
the seed, shell and seed-coat. For 2019, the N content
in pulp continued to be the highest with respect to
the rest of the tissues for the two sites, but it was
below to previous year with values of 195 and 179
mg/tissue, respectively. In that same year, the N con-
tent for La-Escondida in the shell (76 mg/tissue) was
above that of the seed (63 mg/tissue), contrary to the
trend that had been occurring, higher content in seed
vs. the shell. In 2020, the same situation occurred,
but for the site El-Sinafl where the peel presented a
value of 90 mg/tissue and the seed 65 mg/fruit. In
that same year, it was also the pulp that presented
the highest content of N 177 and 215 mg/tissue for
El-Sinaf and La-Escondida, respectively.
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least significant difference with a P<0.05.

Figure 4. Content and concentration of N in the tissues of the avocado fruit cv. Hass (pulp, seed, peel and seed-coat) for three
years (2018-2020) in the two farms (El-Sinai and La-Escondida). Each column is the average of 15 repetitions. LSD=
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The N concentration in the different tissues was sig-
nificantly affected by the triple interaction. For this
case, during the three years, the seed-coat was the tis-
sue that presented the highest N concentration with
values of 1.41, 1.68 and 1.24% for El-Sinaf and 1.23,
0.81 and 0.94% for La-Escondida (Fig. 4B).

The P content was also significantly (P<0.05) af-
fected by the triple interaction. As in N, for all years,
the pulp was the tissue that presented the highest
P content. Likewise, during the three years, El-Sinaf
had higher contents for this tissue compared to La-
Escondida (ES: 48, 41, 39 mg/tissue; LE: 35, 24, 29
mg/tissue). In general, in the years 2018 and 2019,
between the two sites the trend was the same, higher
P content in the pulp followed by the seed (ES:16, 13

mg/tissue; LE: 10 mg/tissue), the shell (ES: 8.5 mg/
tissue; LE: 4.8 mg/tissue) and the seed-coat (ES: 0.7,
0.9 mg/tissue; LE: 0.4, 0.3 mg/tissue) (Fig. 5A). In
2020, the P content in the case of El-Sinaf in both
seed and shell was very similar, 18 mg/tissue, La-Es-
condida maintained the trend, seed 8 mg/tissue and
shell 5 mg/tissue.

The P concentration in the different tissues was also
significantly (P<0.05) affected by the interaction
triple. In 2018, the seed-coat was the tissue that pre-
sented the highest concentration of P with values of
0.17% (El-Sinaf) and 0.13% (La-Escondida), after the
seed-coat, both sites presented variations, the second
tissue with the highest concentration of P in El-Sinaf
was the seed (0.14%), while in La-Escondida it was
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Figure 5. Content and concentration of P in the tissues of the avocado fruit cv. Hass (pulp, seed, peel and seed-coat) for three
years (2018-2020) in two production units (El-Sinai and La-Escondida). Each column is the average of 15 repetitions.

LSD = least significant difference with a P<0.05.
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the pulp (0.10%). For 2019, in El-Sinaf the highest
P concentration was also in the seed-coat (0.20%),
followed by the pulp, seed and peel, while in La-
Escondida it was the peel that presented the high-
est concentration (0.08%) and the seed-coat was the
lowest (0.05%) (Fig. 5B). Likewise, in 2020 in El-Sinaf
the peel presented the highest concentration (0.22%)
compared to La-Escondida, which for that same year
the lowest concentration was in that same tissue
(0.07%).

The K content was significantly (P<0.05) affected
by the interaction of the three factors under study
year X site X tissue. In the three years, the content of
this nutrient in the pulp is very marked, which is quite
high compared to the other tissues (ES: 437, 322, 280
mg/tissue; LE: 518, 393, 418 mg/tissue); Likewise,
higher contents are observed in La-Escondida vs. Sinai
(Fig. 6A). In general, over the years the trend was the
same, the second tissue with the highest K content
was the seed, except for La-Escondida in 2019 where
the behavior was different and the second tissue with
the highest K content was the shell. with a value of
133 mg/tissue. In 2020, the same situation occurred
in El-Sinai, the shell was the second tissue with the
highest K content (139 mg/tissue). Finally, for the
three years and the two sites, the seed-coat was the
tissue with the lowest K content with values of 6.2,
9.5 and 15.5 mg/tissue for El-Sinaf and 5.1, 10.7, and
2.1 mg/tissue for La-Escondida, respectively.

The K concentration in the different tissues was sig-
nificantly (P<0.05) affected by the triple interaction.
During the three years the seed-coat was the tissue
with the highest concentration of K (El-Sinaf: 1.53,
2.06, 1.95%; La-Escondida: 1.52% (2018-2019), ex-
cept in 2020 in La-Escondida, where the tissue with
the highest concentration of K was the pulp (1.37%).
Likewise, for all years and the two sites, the seed was
the tissue with the lowest concentration of K with
values of 0.93, 1.07 and 1.10% for El-Sinaf and 0.83,
0.87 and 0.83% for La-Escondida (Fig. 6B). On the
other hand, the pulp was the second tissue with the
highest concentration in most cases, only variation
occurred in 2019 for La-Escondida where the peel was
above the pulp (1.40, 1.31%, respectively) and in 2020
the same situation occurred for El-Sinai where the K
concentration values in the peel were higher than the
pulp (1.65, 1.30%, respectively).

The Ca content in the fruit of avocado cv. Hass was

significantly (P<0.05) affected by the interaction of
the three factors under study yearXsiteXtissue. It is

Rev. Colomb. Cienc. Hortic.

striking that in 2018 for both sites the Ca content
was higher in most tissues compared to subsequent
years (Fig. 7A). Again, the pulp was the tissue with
the highest Ca content in general, but for this particu-
lar year the values were 55 and 72 mg/tissue followed
by the seed with values of 17 and 26 mg/tissue, the
peel with 12 and 13 mg/tissue and the seed-coat with
1.3 and 1.2 mg/tissue for El-Sinaf and La-Escondida,
respectively. In 2019, as already mentioned, the pulp
had the highest content, but it is worth noting that
this year both seed and shell were very similar with
values of 6 mg/tissue for both tissues in El-Sinaf and
19 mg/tissue for the seed and 20 mg/tissue for the
shell in La-Escondida, respectively. Likewise, 2020
had a behavior where the pulp had values of 26 (EI-
Sinaf) and 38 (La-Escondida) mg/tissue, the seed 10
(El-Sinaf) and 13 (La-Escondida) mg/tissue, the shell
of 13 mg/tissue in both sites and the seed-coat of 3
(El-Sinaf) and 0.5 (La-Escondida) mg/tissue.

The concentration of Ca in the different tissues was
significantly (P<0.05) affected by the triple interac-
tion of the three factors under study. In all years the
seed-coat was the tissue with the highest concentra-
tion of Ca, in the case of El-Sinaf the values fluctu-
ated between 0.32 and 0.38% and in La-Escondida
between 0.37 and 0.32% (Fig. 7B). Then, the shell
presented values of 0.16, 0.14 and 0.16% for El-Sinaf
and 0.23, 0.22 and 0.20% for La-Escondida, this be-
ing the second tissue with the highest concentration.
On the other hand, the seed and pulp had irregular
behavior between years and between sites, the values
in the pulp fluctuated between 0.15 and 0.12% and
0.19 and 0.13%, while for the seed the values fluctu-
ated between 0.14 and 0.11% and 0.19 and 0.12% for
El-Sinaf and La-Escondida, respectively, in some cases
having similar values.

The Mg content in the fruit of avocado cv. Hass was
also significantly (P<0.05) affected by the interaction
of the three factors under study yearXsiteXtissue.
During the three years of evaluation, the pulp in the
two sites presented the highest content (EI-Sinai: 30,
22 and 14 mg/tissue; La-Escondida: 35, 23 and 33 mg/
tissue). In 2018, the trend was the same for both El-
Sinai and La-Escondida, the second tissue with the
highest Mg content was the seed (8 and 7 mg/tissue)
followed by the shell (7 and 5 mg/tissue) and finally
the seed-coat (0.8 and 0.7 mg/tissue, respectively).
For the year 2019, while in El-Sinaf the same trend
as the previous year occurred, La-Escondida had a
variation, the seed presented a value of 7 mg/tissue
while the shell presented a Mg content of 11 mg/
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tissue. In 2020, the same behavior occurred, but in
El-Sinai, where the seed had a value of 5 mg/tissue
and was below the shell, which had a Mg content of
9 mg/tissue. In the case of La-Escondida, the seed and
the shell presented the same Mg content 6 mg/tissue
(Fig. 8A).

The concentration of Mg in the different tissues was
significantly (P<0.05) affected by the interaction of
the three factors under study yearxsitex tissue. In all
years and as in the nutrients already mentioned, the
seed-coat was the tissue with the highest concentra-
tion of Mg in the two sites, with values of 0.21, 0.34
and 0.18% for El-Sinaf and 0.21, 0.18 and 0.21% for
La-Escondida (Fig. 8B). Likewise, for the three years,

the tissue with the lowest Mg concentration in the
two sites was the seed with values between 0.07 and
0.06% for El-Sinaf and values between 0.05 and 0.06%
for La-Escondida. In the case of the pulp and the peel,
the values were very similar, these fluctuated be-
tween 0.08 and 0.07% and between 0.10 and 0.11%
for El-Sinaf and between 0.10 and 0.11% and between
0.09 and 0.11% for La-Escondida, respectively.

The B content in the fruit of avocado cv. Hass was
also significantly (P<0.05) affected by the interaction
of the three factors under study yearXxsite X tissue. It
is worth highlighting that, during the three years of
evaluation, the pulp in the two sites presented the
highest S content (El-Sinaf: 20, 28 and 18 mg/tissue;
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Figure 6. Content and concentration of K in the tissues of the avocado fruit cv. Hass (pulp, seed, peel and seed-coat) for three
years (2018-2020) in two production units (El-Sinai and La-Escondida). Each column is the average of 15 repetitions.

LSD= least significant difference with a P<0.05.
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La-Escondida: 24, 17 and 18 mg/tissue) and this is
quite notable with respect to the rest of the tissues
(Fig. 9A). On the other hand, for the three years a
similar trend is evident between the two sites, where
the second tissue with the highest B content is the
seed (El-Sinaf: 7, 5 and 6 mg/tissue; La-Escondida: 6, 9
and 4 mg /tissue), followed by the shell (El-Sinai: 4, 3
and 6 mg/tissue; La-Escondida: 3, 6 and 3 mg/tissue)
and finally the seed-coat (El-Sinaf: 0.4, 0.7 and 0.8
mg/tissue; La-Escondida: 0.4, 0.6 and 0.2 mg/tissue).

The concentration of B in the different tissues was
significantly (P<0.05) affected by the interaction of
the three factors under study yearxsitex tissue. In all

MEJIA-JARAMILLO / MONTOYA-AREIZA / SAAVEDRA-PORRAS / SALAZAR-GARCIA / 0SORIO-VEGA

years the seed-coat was the tissue with the highest
concentration of S, in the case of El-Sinaf the values
fluctuated between 0.10 and 0.16% and in La-Escon-
dida between 0.11 and 0.09%. In 2019, in El-Sinaf, it
is highlighted that the second tissue with the highest
concentration of B was the pulp with a high value of
0.12%, compared to the other years in the same site
and with La-Escondida. Likewise, the seed and shell
concentrations for this same case were similar with
values of 0.05% (Fig. 9B). In general, in 2020, in El-
Sinaf the behavior of the seed and the shell was very
similar, the values were 0.07% for both tissues, while
La-Escondida presented values for the seed of 0.04%
and for the shell of 0.05%.
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Figure 7. Content (A) and concentration (B) of Ca in tissues of avocado fruit cv. Hass (pulp, seed, peel and seed-coat) for three
years (2018-2020) in two production units (El-Sinai and La-Escondida). Each column is the average of 15 repetitions.
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Nutrient content in the fruit

The N content in the fruit was significantly (P<0.05)
affected by the interaction of the two factors under
the yearXsite study. In 2018, El-Sinaf had a higher
N content (515 mg/fruit) compared to La-Escondida
(406 mg/fruit), for this year the contents were higher
compared to subsequent years (Tab. 3). In that sense,
for 2019 the N content in fruit was not significantly
different between La-Escondida (324 mg/fruit) and
El-Sinaf (807 mg/fruit). Then, in 2020, a situation
was finalized, with no significant differences be-
tween El-Sinaf and La-Escondida with values of 341
and 318 mg/fruit, respectively.

11

The content of P and Mg in the fruit were significant-
ly (P<0.05) affected by the interaction of the two
factors under the yearXsite study. It is worth high-
lighting that, during the three years of evaluation,
the P content in the fruit was significantly (P<0.05)
higher in the site El-Sinaf compared to La-Escondida,
in addition to this, the Escondida had higher values
in Mg concentration in the fruit. It is worth to men-
tion that more P,0O; was added in La-Escondida than
El-Sinai, but more soil-available P was detected in the
soil of El-Sinaf (20.8 mg kg') than in La-Escondida
(8.0 mg kg'). This suggested than soil conditions
may have more control on the P accumulated in the
fruit than the P-fertilization management.
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Figure 8. Content (A) and concentration (B) of Mg in the tissues of the avocado fruit cv. Hass (pulp, seed, peel and seed-coat)
for three years (2018-2020) in two production units (El-Sinai and La-Escondida). Each column is the average of 15
repetitions. LSD = least significant difference with a P<0.05.
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Table 3. Average content of nutritional elements (mg/fruit) in the fruit of avocado cv. Hass in two productive units (El-Sinai and
La-Escondida) for three years (2018-2020).

Nutrient - - - - - - LSD (P<0.05)
El-Sinai La-Escondida El-Sinai La-Escondida El-Sinai La-Escondida

N 514.7 a 4055b 306.9¢ 3236¢ 3415¢ 3178¢ 59.3
73.2a 49.8 be 59.4 b 42.3¢ 77.1a 419¢ 11.0

K 635.3 ab 7016a 505.8 b 649.7 ab 538.9b 575.4b 103.9

Ca 85.1b 111.8a 40.2d 705¢ 51.6 cd 64.3¢ 13.8

Mg 456a 48.0a 339b 423a 30.2b 453 a 6.5

S 31.3a 33.0a 37.2a 318a 31.4a 255a NS

LSD= indicates the minimum significant difference (P<0.05). Horizontal comparisons. Means followed by different lowercase letters are significantly different to
each other (P<0.05).

Rev. Colomb. Cienc. Hortic.



REMOVAL OF MACRONUTRIENTS IN THE AVOCADO FRUIT CV. HASS 13

The content of K and Ca in the fruit was signifi-
cantly (P<0.05) affected by each factor separately,
but not by the interaction of the two factors under
study yearXsite, in general, La-Escondida presented
a significantly (P<0.05) higher value than El-Sinaf
(642.23 vs. 560.01 mg /fruit, respectively) for potas-
sium; On the other hand, a significantly (P<0.05)
higher Ca content in fruit was present in La-Escon-
dida (82.2 mg/fruit) than in El-Sinaf (58.9 mg/fruit)
(Tab. 1), in this case this coincided with higher Ca-
supply in the fertilization program (Tab. 1), but the
value of soil-available Ca was higher in El-Sinai. The
differences observed in K content in the fruits may
be associated to the fact that soil-available K was
higher in La-Escondida (0.95 cmol, kg') than in El-
Sinai (0.42 cmol, kg!) in despite that in general more
K,O was added into El-Sinai’s soil (Tab. 1). Again,
soil K condition may have more differences among
years (2018 > 2019, 2020) in K and Ca in the fruits
may also be associated with lesser precipitation in
the last two years that might reduce K mobility in
the soil (EI-Sinaf: 2018: 2 304 mm year'; 2019: 1 704
mm year'; 2020: 1 584 mm year!; La-Escondida:
2018: 2 232 mm year?; 2019: 1 980 mm year?; 2020:
2 052 mm year?).

The S content in the fruit was not significantly af-
fected by each individual factor, nor by the yearxsite
interaction. In general, the average value was 31.7
mg/fruit. In the three years and in the two sites, the
values obtained for El-Sinaf were 31.3, 37.2 and 31.4
mg/fruit and for La-Escondida 33.0, 31.8 and 25.5
mg/fruit (Tab. 1).

The nutrient content in the different tissues of the
avocado fruit cv. Hass for all macronutrients had the
same trend, the pulp was the tissue that presented
the highest content in all cases because it is the tis-
sue with the highest proportion in the weight of
the fruit, as previously mentioned. Likewise, in the
case of nutrient concentration, the seed-coat was
the tissue that concentrated the most nutrients in
most cases. This agrees with Mellado-Vazquez et al.
(2015), who report that the seed-coat was the tissue
that presented the highest concentration values of
all nutrients in avocado cv. Mendez. Data similar to
those presented here were reported by Tamayo et al.
(2018) and Salazar (2002).

Taking as reference the production values of the trees
selected during the evaluation years, in this work it
was possible to quantify the amounts of nutrients
removed by each of the fruit tissues of avocado cv.

Hass, making it clear that these may vary between
years and sites. Below are the concentration ranges in
the different tissues per tissue and per fruit and the
ranges of quantities removed in the fruit, expressed
in terms of kg t! for the macronutrients. The order of
macronutrient removal in the fruit (mg/fruit) was:
K (606-702) > N (307- 515) > Ca (40-112), P (42-77)
> Mg (30-48) > S (26-37) when considering that the
fresh fruit can have an average value close to 200 g,
the amount removed by one fresh ton of cv. Hass
avocado can be calculated. When considering the
extraction of macronutrients in terms of kg t*, for
which an average fruit weight of 200 g and an average
moisture content of 24% was considered, the values
in descending order are: K (2.53-3.51) > N (1.53-2.57)
> Ca (0.20-0.56), P (0.21-0.38) > Mg (0.15-0.24) > S
(0.13-0.18).

The above data coincides with the results obtained
by Maldonado-Torres et al. (2007), Tamayo et al.
(2018) who indicated a differential accumulation of
nutrients in the fruit, with K being the most concen-
trated. However, the position of S generates discrep-
ancy with values reported by other authors (Tamayo
etal., 2018).

The practical implications of these results can lead to
defining, at least in part, the crop fertilization plan
in relation to the removal of nutrients in the fruit
as reported by Rebolledo-Roa and Burbano-Diaz
(2023). These authors demonstrated that a fertiliza-
tion program based on nutrient removal increased
the tree productivity in 20 kg/tree in the second year
of application compared with traditional fertilization
program. It is necessary to work on issues of fertiliza-
tion efficiency, a topic for future research. Likewise,
it is necessary to consider the demand for nutrients
by other tissues (flowers, leaves, branches, stems and
roots), their recycling and translocation in rainy trop-
ical environments for avocado and compare them
with published data available for drier subtropical en-
vironments where avocado is commonly cultivated.

The soil and climate conditions of each of the farms
in which the trial was carried out influenced the
numerical trends of some variables such as the con-
centration of nutrients, which in the fruit tissues of
the cv. Hass behaved in general in similar ways. It
is also worthy to evaluate the impact of fertilization
programs with different soil and climate conditions
because the data suggested different degree of control
of these factors on fruit nutrient accumulation.
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CONCLUSION

The nutrient content in tissues presented the follow-
ing trend: pulp > seed, peel > seed-coat. This was af-
fected by interactions with Years and sites, while the
concentration of nutrients in the tissues presented
an inverse behavior. This indicates the importance
for developing local/regional approaches associated
to particular conditions of soils and weather varia-
tions. The removal of nutrients in the fruit expressed
in kg t"! (macronutrients) had the following order: K
2.53-3.51, N 1.53-2.57, Ca 0.20-0.56, P 0.21-0.38, Mg
0.15-0.24 and S 0.13-0.18, which are comparable with
those reported locally in Colombia and other coun-
tries such as Mexico and Peru. Since the data of nutri-
ent removal and nutrient concentration in the fruit
tissues were obtained from high-productive trees,
they may be used as a reference of fruit nutritional
status for farmers interested in monitoring and im-
proving plant nutrition of low-yield trees.
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