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Abstract

The international growing demand of the avocado (Persea americana Mill.) market, together with the
expansion of its agricultural area, requires the increasing of its technification, which makes necessary to have
information aboutnutrient absorption in relation to its phenology. Therefore, an experiment was conducted
in a commercial avocado production field of the farm “Don Ricardo” located on the central coast of Peru, in
order to characterize the dynamics of macronutrients (N, P, K, Ca and Mg). The methodology followed and
the results obtained will be the main guide to improve and implement more efficient fertilization strategies
that will lead to higher yields and lower production costs in this crop. The experiment included 5 production
cycles, from 2014-15 to 2018-19, in 7 phenological stages, collecting according to the crop development,
leaves, panicles and fruits. 40 randomized plants were selected from a total of 50 plants marked as sampling
area. The results were analyzed using a descriptive statistic, with box diagrams of the concentration of each
nutrient by phenological stage. Two graphs per element were generated to represent the leaf dynamic and
the fruit dynamic, respectively, including the data taken from the flower. It was concluded that the highest
nutrient requirements of avocado were during the flowering, the fruit set and in fruits from 10 mm to 30 mm
in diameter. The most abundant form of nitrogen was nitric, and it was accumulated mainly in the productive
organs. The phosphorus, potassium, calcium and magnesium concentrations decreased as the fruit grew, and
calcium and magnesium concentrations in leaves were higher than in fruits.
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Resumen

La creciente demanda internacional del mercado del palto (Persea americana Mill.) unido a la expansion
de su area agricola, requiere incrementar su tecnificacion, lo que hace necesario tener informacion acerca de
la absorcion de nutrientes en relacidon con su fenologia. Por ello, se realizé un experimento en un campo de
produccion comercial de palto del fundo “Don Ricardo” ubicado en la costa peruana, para caracterizar las
dinamicas de los macronutrientes (N, P, K, Ca y Mg). La metodologia seguida y los resultados obtenidos
seran la guia principal para mejorar e implementar estrategias de fertilizacion eficientes que conduzcan
al incremento de rendimientos y menores costos de produccionen este cultivo.El experimento abarcod 5

How to cite this article:

Tomassini-Vidal, L., & Pino-Huasacca, N. (2022). Macronutrient dynamics in avocado (Persea americana Mill.)
‘Hass’ under the central peruvian coast conditions. Peruvian Journal of Agronomy, 6(1), 53—77. https://doi.org/10.21704
ja.v6il.1758

"Universidad Nacional Agraria La Molina, Departamento de Suelos, Facultad de Agronomia, Av. La Molina s/n, Lima, Peru.
2 Universidad Nacional Agraria La Molina, Facultad de Agronomia, Av. La Molina s/n, Lima, Peru.



Macronutrient dynamics in avocado (Persea americana Mill.) ‘Hass’ under the central peruvian coast conditions

January - April 2022

ciclos de produccion, del 2014-15 al 2018-19, en
7 etapas fenoldgicas, colectando segin desarrollo
del cultivo, hojas, paniculas y frutos. 40 plantas
fueron tomadas al azar, de un total de 50 plantas
marcadas como zona de muestreo. Los resultados
se analizaron usando estadistica descriptiva con
diagramas de cajas de la concentracion de cada
nutriente por etapa fenologica. Se elaboraron dos
gréficos por elemento, para representar la dindmica
en hoja y la dinamica en fruto, respectivamente,
incluyendo datos tomados en la flor. Se concluyo
que los mayores requerimientos nutricionales del
palto se dieron durante la floracion, cuaja y en
frutos de 10 mm a 30 mm de didmetro, y que la
forma de nitrogeno mas abundante fue el nitrico,
el cual se acumuld principalmente en los 6rganos
productivos. Las concentraciones de fosforo,
potasio, calcio y magnesio disminuyeron al crecer
el fruto y las concentraciones de calcio y magnesio
en hojas fueron mayores que en frutos.

Key words: dinamica de macronutrientes, palto,
fertilizacion, nutricion mineral, concentracion de
nutrientes.

Introduction

Avocado is an important crop in Peru, which
exceeds 42 thousand hectares in the country
and generates the second export product among
fruits and vegetables. Its fruit positioned to
Peru in 2017 in second place worldwide with
247.000 tons. In 2018 the avocado export
increased to 397.248 tons (+60.8 %) but
dropped significantly to 290.000 tons in 2019,
although the total national production reached
to 469.949 tons (Ministerio de Agricultura -
Sistema Integrado de Estadisticas Agrarias
[MIDAGRI-SIEA], 2022). Huett and Dirou
(2000) found that the macronutrient removal by
a 10 t/ha avocado crop was (kg/ha) 41 nitrogen
(N), 61 potassium (K), 8 phosphorus (P), 4
sulfur (S), 7 calcium (Ca) and 8 magnesium
(Mg). Knight (2007) argues that the increase in
exports and cultivated area may be due to its
culinary and medicinal qualities, as well as its
fruit interests, for its stored oils, being the most
abundants the oleic, palmitic and linoleic acids,
and for its carbohydrate and protein contents
(Joubert, 2016).
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Nutritional imbalances in an avocado plant
cause physiological disorders that affect the
fruit, producing a serie of postharvest problems
and therefore lower fruit quality. Valuable tools
such as chemical analysis of leaves and fruits
make possible to determine the behavior of
nutrients, ensuring good yield and fruit quality
(Guerrero etal., 2018; Joyceetal, 2022; Razzeto
& Salgado, 2004). However, the information
on those matters in Peru is limited. Therefore,
the aim of this research was to evaluate the
nutritional dynamics of macronutrients through
chemical analysis of avocado leaves and
fruits under the agroclimatic conditions of the
village Santa Rosa in order to characterize the
nutritional status of the avocado crop, as a base
for proposing appropriate fertilization practices.

Methodology
Experimental area

The research was carried out in a six hectares
field from the farm ‘Don Ricardo’ lot R2,
located at 14° 00’ 527 S, 75° 41° 37 W in the
village Santa Rosa from Los Molinos district,
province of Ica, department of Ica (central coast
of Peru).

Plant material

The plant material under study consisted of
avocado trees of the ‘Hass’ cultivar grafted on
‘Zriffin’ West Indian rootstock, 17 years old,
planted at a density of 278 plants/ha, 5 % of
which were pollinizers in a ridge (Abraham et
al., 2018; Aleman et al., 2005).

Observational study

The observational study considered seven
phenological stages from flowering to harvest,
which are listed in Table 1. (Alcaraz, 2013).

Procedure

The characterization of the experimental soil
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Table 1. Phenological stages of the avocado crop
considered in the study

Phenology Treatment
Flowering 1
Fruit setting 2
Fruit 1 (10 — 30 mm) 3
Fruit 2 (31 — 50 mm) 4
Fruit 3 (65 — 70 mm) 5
Fruit > 70 mm 6
Harvest 7

included the collection of two soil samples,
the first from 0 cm to 30 cm and the second
from 30 cm to 60 cm deep, following concepts
of proisotropic pedoturbation proposed by
Johnson et al. (1987) and Holle (1961). Samples
were sent to the laboratory for analysis.

For leaf sampling, the area of the middle third
of the tree was divided into four quadrants
according to the cardinal axes and one leaf was
extracted from each quadrant (four leaves per
tree). Leaves were from 3- to 6-months-old,
dark green, physiologically healthy, expanded
spring shoots, packed in paper bags and sent to
the laboratory for analysis, after being collected
from 40 randomized plants, from a total of 50
plants marked as sampling area (AGQ Lab,
2018). For the phenological stage of flowering,
samples were collected from the exposed panicle
with up to 10 % of flowers open. Flowering
peduncles were selected, four per randomly
marked tree, until 400 g to 600 g were collected
from the entire field. Finally, for the collection
of fruit samples, fruits were selected from the
same trees of leaf sampling. Fruit setting were
chosen, while in development, fruits of various
sizes were chosen and assigned a number: fruit
1 (10 mm to 30 mm), fruit 2 (31 mm to 50 mm),
fruit 3 (65 mm to 70 mm), fruit 4 mm > 70 mm.
A sample was taken at the beginning of harvest.

The dry mass concentrations of nitrogen (N),
phosphorus (P), potassium (K), calcium (Ca) and
magnesium (Mg) in the sampled organs were
measured by leaf and flower/fruit analysis (AGQ
Lab., 2018). Five periods of production were
considered to the analysis, ranging from 2014-
2015 to 2018-2019. The changes of the elements
through the time of the five campaigns, according

to the phenological stages were statistical
analyzed using descriptive box diagrams.

Results and Discussion

Results of soil analysis, (sampled in 2016) are
shown in Table 2. The results show a moderately
coarse soil, with low organic matter, total N,
and available K for plants, low carbonates and
electrical conductivity, medium available P for
plants, alkaline reaction, and cation exchange
capacity (CEC), and high exchangeable
magnesium and sodium.

Fertilizer applications from 2014-15 through
2018-19 production periods are presented in
Table 3 to Table 7. In addition, Table 8 shows
foliar fertilizers applications and Table 9 shows
the doses of fertilizers applied per ha and period.

Nutritional dynamics of total nitrogen

Fig. 1 and Fig. 2 show the nutritional dynamics
of total N in fruits and leaves, respectively. In
stage 1 results showed a slight dispersion (Fig. 1)
and 25 % of the results were lower than 2.17 %.
Despite the dispersion, the mean concentration
of total N reached higher values in stages 1, 2,
3, and then gradually decreased until harvest. On
the other hand, a higher dispersion of results was
observed in stage 3, where 50 % of the results
were higher than 2.45 %. This is probably due to
the fact that the sample was taken from mature
leaves. The variation of total N remained stable
throughout the phenology, like values reported
by Figueroa et al. (2001).

Campisi et al. (2017) mentioned that optimal
ranges of N in cauliflower inflorescences of
‘Hass’ vary from 2.7 % to 3 %. In our case,
the concentration of 2.7 % was obtained.
Silber et al. (2018) mentioned thattotal N in
‘Hass’ fruits increase from the beginning of
inflorescence until fruit set, and then decrease
during fruit development (Salazar-Garcia
et al., 2015). After fruit set, in new fruit
development, Lovatt (1995) and Salvo (2017)
declared that the highest N demands occur
due to the competition between fruit and new
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Table 2. 2016-soil analysis, between 0 to 30 cm and 30 to 60cm

Characteristics 2016
0-30cm 30-60cm Units Method

Clay 15 10 % Boyoucos hydrometer
Limo 20 20 % Boyoucos hydrometer
Sand 65 70 % Boyoucos hydrometer
Texture classification Sandy Loam Sandy Loam
Available phosphorus 11.8 7.4 mg/kg Olsen
Organic material 1.02 0.57 %
Active Limestone 0.7 0.5 %CaCO, Ammonium Oxalate
Nitrogen 969 534 mg/kg
Available calcium 13.5 9.3 cM(+)/kg NH, acetate
Available magnesium 2.27 1.41 cM(+)/kg NH, acetate
Available potasium 0.5 0.27 cM(+)/kg NH, acetate
Available sodium 0.7 0.43 cM(+)/kg NH, acetate
pH (Extract 1/1) 7.91 7.82 Aqueous extract
Sum of available bases 17 11.4 cM(+)/kg
Iron 5 6.91 mg/kg DTPA
Manganese 3.38 2.98 mg/kg DTPA
Copper 2.77 1.89 mg/kg DTPA
Zinc 3.15 1.3 mg/kg DTPA
Effective CEC 13.7 8.4 cM(+)/kg
Ca changeable 11.4 7.17 cM(+)/kg NH, acetate
Magnesium exchangeable 1.82 1.05 cM(+)/kg NH, acetate
Sodium exchangeable 0.09 0.05 cM(+)/kg NH, acetate
Potasium exchangeable 0.37 0.18 cM(+)/kg NH, acetate
Bases of exchange 13.7 8.4 cM(+)/kg NH, acetate
C/N relation 6.09 6.22
Available Ca/Mg 5.97 6.6
Available Mg/K 4.5 5.28
Boron 1.33 0.74 mg/L Aqueous extract
E.C. 0.7 0.76 dS/m

Source: AQP Labs: Agroalimentaria y Medio ambiente

Table 3. Doses of nutrient applied per phenological phase (kg/ha, period 2014—2015)

Phenology N P K Ca Mg Zn B Fe
Pre-flowering -- -- -- -- -- -- -- --
Flowering 4.5 -- -- -- -- -- -- --
Flower setting 10.9 1.0 10.1 -- -- -- -- --
Fruit 1 (10-30 mm) 58.5 4.1 40.5 22.4 2.7 23 - -
Fruit 2 (31-50 mm) 73.4 3.1 66.5 59 -- -- -- --
Fruit 3 (65-70 mm) 68.0 -- 125.2 -- -- -- -- --
Fruit > 70 mm 524 -- 110.0 -- -- -- -- --
Harvest -- -- -- -- -- -- -- --
TOTAL 267.7 8.3 352.3 28.2 2.7 2.3 0.0 0.0

Source: ADR, 2019

shoot formation; however, if there are reserves
in the soil and small branches, fertilization is
not required (Lahav et al, 1990; Rosecrance et
al, 2003). Undoubtedly the mineralization of
organic nitrogen, requires favorable conditions
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such as adequate moisture and soil temperature
(Cassity et al., 2020; Cassity et al., 2018),
neutral or alkaline pH and additions of dairy
digestato (Wagoner et al., 2021), and amount of
ammonium, season and management (Giguere



Tomassini-Vidal, L., & Pino-Huasacca, N.
Peruvian Journal of Agronomy 6(1): 53-77 (2022)
https://doi.org/10.21704/pja.v6il.1758

Table 4. Doses of nutrient applied per phenological phase (kg/ha, period 2015— 2016)

Phenology N P K Ca Mg Zn B Fe
Pre-flowering -- -- -- -- -- -- -- --
Flowering 33.7 4.9 -- 17.8 7.0 23 -- --
Flower setting 18.2 4.0 8.0 1.1 -- 23 -- --
Fruit 1 (10-30 mm) 453 9.4 25.1 16.7 18.0 -- 1.80 --
Fruit 2 (31-50 mm) 32.1 10.9 18.0 16.7 7.0 -- -- --
Fruit 3 (65-70 mm) 102.4 -- 112.4 -- -- -- -- --
Fruit > 70 mm 57.4 -- 72.2 -- -- -- -- --
Harvest -- -- -- -- -- -- -- --
TOTAL 289.2 29.2 235.7 62.3 32.0 4.5 1.8 0.0
Source: ADR, 2019
Table 5. Doses of nutrient applied per phenological phase (kg/ha, period 2016—2017)
Phenology N P K Ca Mg Zn B Fe
Pre-flowering 14.5 -- 15.1 -- -- -- -- --
Flowering 58.7 -- 42.1 -- 18.0 -- -- 0.1
Flower setting 10.3 -- 7.6 -- 7.0 2.0 -- --
Fruit 1 (10-30 mm) 25.0 4.0 8.0 8.9 -- 3.0 -- --
Fruit 2 (31-50 mm) 76.4 8.0 61.1 8.9 12.0 4.0 -- 0.1
Fruit 3 (65-70 mm) 68.1 19.7 48.8 26.7 30.9 -- -- 0.1
Fruit > 70 mm 109.9 -- 179.1 17.8 10.0 -- -- --
Harvest -- -- -- -- -- -- -- --
TOTAL 362.8 31.6 361.7 62.2 77.9 9.0 0.0 0.4
Source: ADR, 2019
Table 6. Doses of nutrient applied per phenological phase (kg/ha, period 2017—2018)
Phenology N P K Ca Mg Zn B Fe
Pre-flowering 6.0 -- 20.0 -- -- -- -- --
Flowering 53.5 4.9 20.0 133 20.3 8.0 -- --
Flower setting 359 4.9 20.0 6.7 6.0 8.0 -- 0.1
Fruit 1 (10-30 mm) 48.8 9.9 29.0 12.2 9.0 4.0 -- --
Fruit 2 (31-50 mm) 65.2 2.9 77.9 5.5 6.0 -- -- --
Fruit 3 (65-70 mm) 98.2 -- 109.1 -- 12.0 -- -- --
Fruit > 70 mm 89.6 -- 264.8 -- -- -- -- --
Harvest -- -- -- -- -- -- -- --
TOTAL 397.2 22.6 540.7 37.8 53.3 20.1 0.0 0.1

Source: ADR, 2019

et al. 2015). All these factors explain why N
doses varied in the different campaigns for the
early phenological stages. When N applications
started late (stage 4) results were lower, as
shown in Table 6 and reported by Atta et al.
(2021).

N is related to vegetative processes and
contributes to delaying fruit ripeninReducing N
application would favor the contribution of K

(Mengel & Kirkby, 2000). N doses decreased
from stage 6 until they were no longer applied
at harvest, which would explain why the lowest
concentration occurred at the beginning of
harvest. During fruit development, N levels
varied from 2.3 % at fruit set to 0.74 % at
harvest. Granados (2013), found similar levels
in ‘Lorena’ avocado fruit pulp, ranging from
3.1 % to 1.1 % from the beginning of slow
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Table 7. Doses of nutriente applied per phenological phase (kg/ha, period 2018—2019)

Phenology N P K Ca Mg Zn B Fe
Pre-flowering -- -- -- -- -- -- -- --
Flowering 39.8 21.9 18.0 35.5 6.0 8.0 - --
Flower setting 39.1 13.8 10.0 533 10.0 4.0 -- --
Fruit 1 (10-30 mm) 52.8 13.8 29.9 48.8 18.0 4.0 - --
Fruit 2 (31-50 mm) 83.2 24.8 92.0 6.7 16.0 4.0 - 0.1
Fruit 3 (65-70 mm) 110.9 -- 168.1 -- - - - --
Fruit > 70 mm 60.2 -- 178.1 -- - - - --
Harvest -- -- -- -- -- -- -- --
TOTAL 386.1 74.3 496.0 144.3 50.0 20.1 0.0 0.1

Source: ADR, 2019

Table 8. Foliar applications per productive season

Commercial

product Composition

2014-2015 2015-2016 2016-2017 2017-2018 2018-2019

Phosphorus (P,0,)/(P): 6 % w/v

Aminofer® K Potassium (K,0)/(K):44 % w/v

Total aminoacids: 10 % w/v

Phosphorus:40 % (P,O,) w/w

Potassium: 15 % (K,0) w/w

Magnesium 5 % (MgO) w/w
Basfoliar® AKTIV Boron:0,01 % (B) w/w

Iron * 0,05 % (Fe) w/w *Fe

completely chelated with EDDHA and

EDTA
Carboxy® Zn Zinc

Carbohidrates: 55-65 %

Proteins: 8-12 %

: .190
Fertimar® (kg) Total nitrogen: 1-2 %
Soluble potassium (K,0): 4-6 %

Extract of seaweed: 100 %

AR
Fx Zinc®Flo-(Alt. Zine (Zn): 750 g/l

Basfoliar Zn Flo)
Greenfol® Zinc 7n
Packhard® Orgamc. carbon oxidable 63 g/l
(Carboxy) Calcium (CaO) 141.1 g/l
Y Boron (B,0,) 9.5 g/l
l 273
i Calcium: 8 %
_ ®
Sett-Fix e

Available prosphorus (P,0,): 0.5-1.5 %

561 -- 361 721 3051

421 5251 181 -- --

- - - 61.11 ~

9kg  345kg  18kg  28.37kg  30.66 kg

50.44 1 421 121 -- --
- - -- 331 118.721

- -- 38.251 69.81 106.521

771 991 271 -- --

Source: ADR, 2019

growth to the end of fruit ripening. Martinez
et al. (2014) pointed out that the adequate N
concentration varies according to the sampling
season, indicating that in January (beginning
of fruit growth in Chile) it should be less than
2.2 %, and then decrease up 0.8 % at harvest
(Lovatt, 1995). Foliar N ranged between 1.93
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% and 2.35 %, with a lower level at flowering and
two peaks in stages 4 and 5, this range corresponds
to optimum values obtained by Maldonado-Torres
et al. (2007) for Hass crops (1.94 % to 2.32 %)
with yields greater than 20 t/ha (Lovatt, 1995).

Granados (2013) measured foliar N in vegetative
and reproductive shoots during two avocado
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Tabla 9. Doses of fertilizers applied per period (kg/ha).

Fertilizer 2014-2015 2015-2016  2016-2017 2017-2018 2018-2019
Ammonium nitrate 2604 kg 1585 kg 3128 kg 3153 kg 2192 kg
Potassium nitrate 4697 kg 3142 kg 4649 kg 7076 kg 6348 kg
Calcium nitrate 651 kg 1437 kg 1435 kg 872 kg 3331 kg
Magnesium nitrate 108 kg 1644 kg 2680 kg 2132 kg 2000 kg
Phosphoric acid 96 kg 338 kg 366 kg 262 kg 860 kg
Potassium sulphate -- -- 150 kg -- 230 kg
Magnesium sulphate -- -- 410 kg -- --
Zinc sulphate 60 kg 120 kg 240 kg 535kg 535 kg
Ultraferro® (Iron chelated) 24 kg 12 kg 24 kg 12 kg --
Rexolin® (Iron chelated) -- -- -- -- 12 kg
*Sulfuric acid - 98% 1453.28 2165.26 907.97 1741.47 -
Boric acid -- 66 kg -- -- --
Source: ADR, 2019
Table 10. Details of figures
DETAILS
The horizontal line inside the box is the median of the nutrients
The bars indicate the 25% and 75%.
Dashes indicate the most extreme data points that are not considered outliers
Outliers represented individually with circle signs
PHENOLOGICAL PHASE SYMBOL PHENOLOGICAL PHASE SYMBOL
Fruit2 (31 - 50 mm) 4
Flowering 1 Fruit 3 (65 - 70 mm) 5
Flower setting 2 Fruit 4 (>70 mm) 6
Fruit 1 (10 - 30 mm) 3 Start of harvest 7

campaigns. In the former, three peaks were
found; in the latter, the nutrient decreased
during slow fruit growth;andin the linear
growth and ripening, it increased until reaching
2.1 %, and later decreased at harvest. This
report coincides with the obtained results, since
after harvest the flowering of the following
campaign continues with the lowest N values.
Rosecrance et al. (2003) found that N, P and
K concentrations are highest in young leaves
and decrease with time, this decrease rate
accelerated at flowering, when the leaves were
ten months old. Castillo et al. (2000), found no
great changes in concentrations of N, P, K, Ca,
Mg, in leaves and inflorescences, but it changed
with the leaf age.

The principal sources of N in the “RP2” plot
were ammonium nitrate, potassium, calcium
and magnesium, being ammonium magnesium
the most used. This nutrient was applied
throughout the phenology (from pre-flowering
to pre-harvest), being more concentrated in
flowering until stage 6.

Nitrate nitrogen:

Fig. 3 and Fig. 4 show the dynamics of nitrate N
in fruits and leaves, respectively. Fig. 3 shows
high dispersion of results in stage 2, 25 % of
them were higher than Q3 (654 mg/kg), while
75 % were lower. Likewise, there was high
dispersion in stage 6, only 25 % were lower
than Q1 (252 mg/kg). Meanwhile, Fig. 4 shows
a very high dispersion of results in stages 1, 2,
3, 6 and 7. Stage 3 stands out because 50 % of
the results were higher than 359.3 mg/kg.

Nitrate fertilizers produce rapid plant response
(Mengel & Kirkby, 2000). Spann (2019)
explained that nitrification is due to temperature
and it can happen between 1 to 2 weeks in warm
soils of 75 °F (23.89 °C), this explains that
nitrate formation in the soil has been favored
by high summer temperatures (23 °C to 33 °C)
which coincides with stage 4. Furthermore,
Mengel and Kirkby (2000), and Giguere et
al. (2015), mentioned that pH between 7 and
8 favors bacterial conversion of ammonium to
nitrate, in the soil conditions. 59
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Figure 1. Nutritional dynamics of total N in fruits
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2.2722.3222.352 1.588 1.192 1.236 0.742

stats

L1 [2] [3] [4] [3] [6] [7]
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It was observed that N was more concentrated
as nitrate than as ammonium, both in fruits
and leaves. Lovatt (1995) reported the same
behavior, mentioning that plants can accumulate
nitrate without reduction in high quantities,
which would explain the average concentration
of 315 mg/kg at the beginning of harvest. This
author also mentioned that from the beginning
of summer until leaf fall, the activity of the
nitrate reductase enzymes tends to be reduced,
as well as that of glutamine synthetase tends to
increase.

Nitrate N in leaves during flowering and
fruit set are low although in fruit the total
and ammoniacal N are high. Likewise, in the
phenological stages 5, 6 and 7 that include
fruit growth, the amounts of nitric nitrogen

60

show low levels.According to Salvo (2017),
this is beneficial for the fruit since an excessive
N level in the pulp can generate deterioration
and a reduction of Ca level, as well as it would
cause a greater sensitivity to diseases due to a
weakness in the cell walls.

Ammoniacal nitrogen

Fig. 5 and Fig. 6 show the dynamics of ammonia
N in fruits and leaves, respectively. Fig. 5
shows highly dispersed results in stage 2, most
of them (75 %), were higher than 208 mg/kg.
However, a peak corresponding to the highest
total N demand of the avocado at this stage,
was observed. Fig. 6 shows a high dispersion
of results in stage 6, since 25 % of the results
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Figure 2. Nutritional dynamics of total N in leaves

CV(x=N, na.rm=T)
[1710.15048

Mean
1 2 3 4 5 6 7
1.926 2.072 2.292 2.350 2.352 2.315 2.310

stats

L1 [2] [3]1 [4] 5] Lol 7]
[1,] 1.68 2.03 1.852.042.43 2.260 2.19
[2,] 1.812.032.072.222.43 2.260 2.19
[3,] 1.852.132.332.302.46 2.3152.29
[4,] 1.91 2.152.472.452.47 2.450 2.48
[5,] 1.91 2.152.74 2.74 2.51 2.590 2.90

$out
[1]12.382.61 1.441.89 1.96 1.69

$group
11122567

were higher than 238.3 mg/kg, which could
be explained mainly by nitrogen fertilization
and leaf litter decomposition. The highest and
lowest peaks occurred in stage 3, with 238 mg/
kg and 150 mg/kg, respectively. In the results
of the leaf analysis, the values obtained for
ammoniacal N (186 mg/kg to 359 mg/kg) were
lower than those for nitric-N.

The dynamics of ammoniacal N is similar to that
of total N, since it tends to decrease during fruit
growth, even to levels less than those of nitric N.
This may be due to the fact that the ammonium
ion is rapidly assimilated and combined with
sugars to form aminoacids, which encourages
vegetative development, undesirable during

fruit development (Montgomery, 2019). The
plant can absorb N in the form of nitrate or
ammonium, and in order to be assimilated,
nitrate must be transformed into ammonia so
that it combines with carbohydrates to form
aminoacids, making this form more rapidly
assimilated (Mengel & Kirkby, 2000).

Nutritional dynamics of phosphorus

Fig. 7 and Fig. 8 show the P dynamics in fruit
and leaves, respectively. Fig. 7 shows that in the
first three stages, the concentrations are high,
butdecrease as the fruit grows. Fig. 8 shows a
high dispersion between P results at flowering
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Figure 3. Nutritional dynamics of nitrates in fruits

CV(x=Nn, na.rm=T)
[110.4612243

Mean

1 2 3 4 5 6 7

699.78 509.74 1016.00 1035.30 851.32 488.26 7 325.80

stats

LT [2] 031 [4] [5) L6l 7]

[1,] 686.8 283.0 815 1035.3 677.0220.3 100
[2,] 686.8 316.0 870 1035.3 744.0 252.0 244
[3,]699.8 316.7 980 1035.3 851.3 528.0 383
[4,] 785.0 654.0 1117 1086.9 851.3 688.0 422
[5,] 884.0 979.0 1298 1086.9 851.3 753.0 480

Sout
[1] 443.3 681.0 1338.0 1133.0

$group
[1]1445

(50 % of them less than 0.12 %) and fruit set
(50 % of them less than 0.15 %), it may be due
to the use of mature leaves for foliar analysis.

In this experience, the most used P source
was phosphoric acid (384.4 kg on average per
season). Pis an element that is easily mineralized
and persists in the soil (Crowley, 2007). As it is
not very mobile and does not leach easily, so it
is not applied constantly. Ibacache and Sierra
(1998) detected no differences between the
absence and presence of P fertilization in ‘Hass’
orchards for 18 years in Spain. Recent study,
reveled that urea applications stimulated P
release and P mineralization after 5 days, and P
bioavailability up to 40 days (Ning et al., 2021)
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Phosphorus influences the development of
flowers and fruit set, the plant formation stage
and root growth. Therefore, the application of
P in this experience was carried out mainly in
the first three phenological stages, occasionally
extending to stages 4 and 5, depending on
whether there were active roots. It is associated
with the transport of chemical energy during
photosynthesis (Salvo, 2017) and its scarcity
generates little vegetative growth, inhibiting
the growth of shoots and buds (Ataucusi, 2015).

Salvo  (2017)  recommends  applying
phosphorus after fruit set in the spring and in
proportion to the expected crop year. Silber et
al. (2018), demonstrated with their P dynamics
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Figure 4. Nutritional dynamics of nitrates in leaves

CV(x=Nn, na.rm=T)
[1] 0.3564186

Mean
1 2 3 4 5 6 7
185.78 305.36 359.30 240.20 244.00 303.10 314.54

stats

[.1]
[1,] 114.0 160.0 221.0 187.0 234 204.0 222.0
[2,] 146.0 231.0 275.2 212.0 234 279.0 268.7
[3,] 185.8 304.6 359.3 240.2 244 279.0 301.0
[4.]
[5.]

(2] [3] [4] 5] L6l [7]

s

,] 227.3 305.4 386.0 240.2 244 352.0 369.0
,] 255.8 305.4 386.0 240.2 244 401.5412.0

$out
[1]525.8 555.0321.6 357.0 141.0

$group
[1123455

in fruits that the concentration of the nutrient
increases from flowering to early fruit set, and
then decreases in fruit growth. Campisi et al.
(2017), found that P increased as inflorescence
development progressed.Additionally, they
mention that during the caulifiower phase
were found valueshigher than those for full
flowering, and the latter even exceeded those
found in developing fruits (Campisi et al, 2017).
Studies in cowpea obtained similar results
regards to the P increase at flowering stage and
at the beginning of pod formation (Suzuki et
al.,2021).

The fertilization plan used in the orchard did not
contemplate P during flowering in the 2014-15

and 2016-17 seasons. However, at this stage the
P concentration was high probably due to the
phosphorus reserves in the soil from the previous
season because of the use of ammonium nitrate
in early stages.Mengel and Kirby (2000) reported
the same experience. Those authors expressed
that plants fertilized with ammonium, absorb
more anions than cations, in addition release H*
ions to the soil, acidifying the rhizosphere. Bar
et al. (1997), found that high nitrate reduced
phoshorus levels in plants of avocado. It is
possible that the relatively neutral soil pH (7 to
8) has improved P absorption, since this mineral
is usually available in greater quantities at pH 6
to 7, but insoluble at very high pH (Mengel and
Kirkby, 2000).
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Figure 5. Nutritional dynamics of ammoniacal N in fruits

> CV(x=Na, na.rm=T)
[1] 0.3706084

Mean
1 2 3 4 5 6 7
188.56 301.82 192.30 153.60 150.00 150.00 150.00

stats

LI L2 [31 [A4] [STL6l 7]
150.0 208.0 150.0 150 150 150 150
151.0 223.4 150.0 150 150 150 150
165.2301.8 188.5 150 150 150 150
188.6 301.8 228.0 150 150 150 150
188.6 301.8 245.0 150 150 150 150

[1.]
(2.]
[3.]
[4.]
(5.]

[l

$out
[1]288.0 474.1 168.0

$group
[1]124

P levels in young leaves are very high and
decrease rapidly as they age. According to
Lahav et al. (1990), P is translocated from old
to young leaves. Therefore, it could explain the
peak in its concentration during stage 3, which
coincides with the time of application.

P concentrations in leaves ranged from 0.12
% to 0.19 %, being lower than those found in
fruits (0.12 % to 0.36 %). Maldonado-Torres
et al. (2007) consideredoptimal P values for
‘Hass’ between 0.15 % to 0.18 %. . The higher
P concentration in fruits may be due to the fact
that they are the main drains of avocado trees,
so nutritional analysis is a key tool for knowing
when to add nutrients (Silber et al, 2018). It
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is worth mention that values exceeding 0.3 %
were obtained during flowering (0.33 %), fruit
set (0.36 %) and fruit 1 (0.34 %). Novela et al.
(2018), found that phosphorus content in fruit
decreases almost half, from early to late harvest.

Nutritional dynamics of potassium

Fig. 9 and Fig. 10 show the K dynamics in fruits
and leaves, respectively. Fig. 9 shows dispersed
results during fruit set (25 % of values higher
than Q3 (2.99 %)). It could be affirmed that this
dispersion was affected by the fruit load of the
trees or by foliar applications. Fig. 10 shows
more dispersed results at flowering (50 % was
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Figure 6. Nutritional dynamics of ammoniacal N in leaves

CV(x=Na, na.rm=T)
[170.2956461

> Mean
1 2 3 4 5 6 7
160.40 168.96 237.68 183.28 172.52 211.46 154.20

stats

L1121 [31 L4 5] L6l 7]
[1,] 150 150.0 237.7 150.0 150.0 150.0 150
[2,] 150 150.0237.7 150.0 150.0 150.0 150
[3,] 150 154.0237.7 150.0 170.6 150.0 150
[4,] 150 159.8 257.0 178.4 190.0 238.3 150
[5,] 150 159.8 257.0 178.4 202.0 369.0 150

$out
[1]202 231 306 150 288 171

$group
[11123347

less than 1.12 %), which could be due to the
sampling of old leaves. In stage 2 there was a
high dispersion of results (25 % of these were
lower than the media,1.36 %), probably due
to the high demand for K by the fruits. At this
stage, the concentration of K in fruits was 2.82
%, while in stage 3, its high concentration (1.73
%)could be explained by foliar applications.

The potassium sources used sometimes were
sulfate and nitrate, both contribute to fruit
size increase, but not to yield (Lao, 2013). K
in fruits was higher at flowering and fruit set,
but an opposite behavior occurred at stages 4, 5
and 7. The concentration of K in the cauliflower
stage ranged from 1.4 % to 1.7 % (Campisi et

al., 2017). However, samples for fruit analysis
were taken from peduncles of completely
differentiated, unopened flowers, in which a
concentration of 2.22 % was found. It could
have been favored by K fertilization via the
irrigation system.

In the soil analysis, exchangeable K had a
value of 3.2 meg/L to 5.1 meq/L. Montgomery
(2019) mentioned that nitrate and sulfate
K fertilization should be applied from
the beginning of flowering until harvest,
increasing the concentration of the mineral in
the solution from 1.25 meq/L to 2.2 meq/L.
Fortunately, the amounts obtained exceeded
those mentioned, so a high application was not
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Figure 7. Nutritional dynamics of phosphorus in fruits

> CV(x=P, na.rm=T)
[1]70.3884438

Mean Income
1 2 3 4 5 6 7
0.318 0.356 0.344 0.212 0.180 0.164 0.116

stats

L1] (2] [3] [4] [L5] 6] [.7]
[1,]0.27 0.31 0.32 0.20 0.18 0.14 0.09
[2,]0.300.330.320.21 0.18 0.15 0.10
[3,]0.330.36 0.340.21 0.19 0.16 0.11
[4,]0.34 0.390.350.22 0.19 0.17 0.13
[5,]0.350.390.39 0.22 0.20 0.20 0.15

$out
[1]0.14

$group
(115

necessary. Despite a good nutritional reserve,
the fertilization program required a constant
supply of K, but the amounts varied according
to the phenological stage. During flowering and
fruit set, the units contributed were low since
soil reserves were sufficient. However, during
fruit growth, especially in stages 4, 5 and 6, the
doses were higher.

The fertilization generated a similar curve to
that found by Campisi et al. (2017), where K in
flowering stage was higher than that measured
in pedicels during their growth. Potassium is
essential for an adequate accumulation of dry
matter, facilitating the transport of carbohydrates
to the fruits (Salvo, 2017), as well as favoring
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sap circulation.Moreover, owing to its high
mobility, this nutrient maintain the pH of the
cells by neutralizing organic acids, favoring
photosynthesis (Mengel and Kirkby, 2000).

K levels decreased during fruit growth
maintaining a range of 1.64 % to 2.82 %. Joubert
(2016) pointed out that potassium amounts
should not be less than 1.5 %, however, excess
of this mineral is leached or can be consumed
by the plant without being really useful for
it (Mengel and Kirkby, 2000). Montgomery
(2019), mentioned that as long as the curve does
not descend to a deficiency level, this decrease
can be favorable.Fernandez et al. (2017) found
that leaf K increased from fruit set having its
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Figure 8. Nutritional dynamics of phosphorus in leaves

CV(x=P, na.rm=T)
[1] 0.1996397

Mean
1 2 3 4 5 6 7
0.124 0.146 0.192 0.172 0.166 0.148 0.142

stats

L1121 3] [A4] LS1Le6]l [L7]
[1,]0.10 0.10 0.190.17 0.16 0.13 0.13
[2,]0.110.11 0.190.170.16 0.14 0.14
[3,]0.120.150.190.17 0.16 0.15 0.14
[4,]0.14 0.16 0.21 0.19 0.16 0.16 0.15
[5,]0.150.21 0.22 0.20 0.16 0.16 0.15

$out
[1]10.150.13 0.20 0.15

$group
(113455

maximum peak in the olive fruit dropping to
the minimum value at mid-harvest. The optimal
range of K in the leaf proposed by Maldonado-
Torres et al. (2007) was 0.8 % to 1.1 %. Similar
values were obtained from the five campaigns
in this work.

Potassium influences the concentration increase
of solutes in shoots and leaves (Salvo, 2017),
contributing to the water balance by promoting
the opening and closing of stomata (Knight,
2007). In addition, it ensures a good generative
ratio. Montgomery (2019), reported that in
the rapid fruit growth phase a N/K ratio lower
than 1.8 favors fruit development, while once
get over 2.4, favors vegetative growth. In this

Phenclogy

experience, the ratio in leaf was lower than 1.8
in the fruit set (0.95) and fruit 1 (1.47) phases.

Calcium nutritional dynamics

Fig. 11 and Fig. 12 show the nutritional
dynamicsofCain fruitsand leaves, respectively.
Fig. 11 shows that the Ca peak occurred at fruit
set (0.54 %), being higher than the subsequent
phenological stages (3 to 7). Moreover, the
lowest amounts were obtained in the last three
phenological stages. Fig. 12 shows that the two
stages with the highest Ca concentrations were
flowering (2.65 %) and fruit set (2.2 %).
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Figure 9. Nutritional dynamics of potassium in fruits

CV(x=K, na.rm=T)
[170.2060815

Mean Income
1 2 3 4 5 6 7
2.2202.8241.990 1.770 1.800 1.968 1.642

stats

L1] 2] [3] [4] [5] el 7]
[1,]2.06 2.551.94 1.56 1.52 1.60 1.34
[2,]2.092.56 1.951.69 1.64 1.89 1.53
[3,]2.112.981.98 1.77 1.752.02 1.73
[4,]2.222.992.031.841.902.141.73
[5,]2.223.042.051.992.192.19 1.88

$out
[1]2.62

$group
[1]1

Ca tends to decrease after fruit set, this may be
due to the fact that applications are concentrated
on flowering, fruit set and fruit (Ataucusi,
2015), since at these times the fruit has a greater
absorption capacity (Penter & Stessen, 2000),
and therefore applying it in the early stages
of fruit development results more effective
(Rosecrance et al., 2003). The Ca contained
in the fruit is accumulated during the first five
months of development, because it moves
towards the actively growing cells (Salvo,
2017), it may explain why Ca concentrations
were lower from fruit measuring 65 to 70 mm
until the beginning of harvest. Escobar et al.
(2021) found high content of calcium in fruits
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associated to reduced avocado flesh disorders
and improved the internal fruit quality.

Both foliar and irrigation applications of Ca are
included in the first three phenological stages.
The amount of available Ca (12.2 meq to 13.5
meq per 100 g), water content and the basic pH
of soil favored the calcium absorption. Hofman
et al. (2002) explained that low CEC results in
rapid leaching. It makes difficult to increase
Ca concentration in fruit, considering that soil
CEC was relatively low (12.6 meq and 13.7
meq per 100 g). This fact could be influenced
by soil texture and soil moisture, according to
concepts of Bonomelli et al. (2019).
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Figure 10. Nutritional dynamics of potassium in leavess

> CV(x=K, na.rm=T)
[1] 0.2202058

Mean
1 2 3 4 5 6 7
1.172 1.374 1.730 1.592 1.370 1.112 1.220

stats

L1 [2] [3] [4] 5] 6] [L7]
[1,]0.82 1.00 1.57 1.59 1.08 1.00 1.01
[2,]0.93 1.321.691.59 1.24 1.02 1.05
[3,]1.121.36 1.76 1.59 1.25 1.02 1.09
[4,1.371.571.811.591.431.14 1.31
[5,]1.621.621.821.591.431.141.64

$out
[1]1.831.36 1.851.38

$group
[114456

Once Ca is absorbed and integrated into the
plant, it can become immobile, therefore, a
direct foliar application is made to fruits and
foliage (Spann, 2019). One of the main functions
of Ca is to form part of the middle lamella and
cell wall, which helps organic compounds and
mineral salts to be conveniently retained, and
to favor the fruit firmness (Mengel & Kirkby,
2000;Barrientos, 2016).

The N/Ca ratio at flowering was 5.27 and 14.8
at harvest. High N and low Ca levels in the
exocarp of avocado could be associated with
anthracnose and lower postharvest quality.
Salazar-Garcia et al. (2015) mentioned that

variations in Ca concentrations in leaves of
vegetative shoots are very similar, and these
also increase with age. Lahav et al. (1990)
found that Ca in leaves of the previous years
was higher than those of summer leaves.
Nevertheless, the Ca levels in the latter did not
exceed 1.6 %, while in spring it was higher than
1.8 %, therefore, it is possible to distinguish
between spring and summer leaves, because
of the leaves Ca oncentration. Regards to Ca
content at flowering (~2.7 %), it is possible
to think that mature leaves were taken. In the
2014-15 season, edaphic Ca fertilization started
at fruit 1, while foliar ones started from 10 %
of flowering. The increase in Ca content after
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Figure 11. Nutritional dynamics of calcium in fruits

CV(x=Ca, na.rm=T)
[1710.8016814

Media
1 2 3 4 5 6 7
0.432 0.538 0.308 0.170 0.096 0.076 0.046

stats

LT 02] [3] [4] 5] el [L7]
[1,]0.390.42 0.30 0.14 0.09 0.04 0.03
[2,]0.390.48 0.30 0.15 0.09 0.05 0.04
[3,]0.43 0.57 0.31 0.15 0.09 0.08 0.04
[4,]0.49 0.57 0.33 0.16 0.09 0.10 0.05
[5,]0.61 0.65 0.350.16 0.09 0.11 0.05

$out
[1]10.24 0.25 0.25 0.03 0.18 0.07

$group
(11134557

stage 3 was probably favored by temperatures
and evapotranspiration rise in the summer
months.

The shape of the dynamic curve in leaves differs
greatly from that observed in fruit. The first peak
is attributed to applications at flowering, the
subsequent decrease may be due to the greater
demand for fruit during these stages. Witney
et al. (1990), found that Ca concentration in
avocados was high in leaves, bark and small
branches, but low in immature reproductive
organs and very low in the fruit and wood.

The Ca in fruit (0.05 % to 0.54 %) was lower
than that observed in leaves (1.5 % to 2.65 %),
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due to the fact that transpiration is an important
factor in the absorption and movement of this
mineral, which is transferred to areas with a
high transpiration rate, such as leaves (Mengel
& Kirkby, 2000; Montgomery, 2019). Similar
values of Ca in leaves to those mentioned
by Martinez et al. (2014) as optimal (1 % - 3
%),were found in this research.

Nutritional dynamics of magnesium

Fig. 13 and Fig. 14 show the nutritional dynamics
of Mg in fruits and leaves, respectively. Fig. 13
shows that Mg had its maximum value at fruit



Tomassini-Vidal, L., & Pino-Huasacca, N.
Peruvian Journal of Agronomy 6(1): 53-77 (2022)
https://doi.org/10.21704/pja.v6il.1758

Calcium
]
—— | “ —_
< - ==
] T
5 — : T
o Q : 1
5 o ' °
3 * i
Se = = =
— i
—_ —_d
° o
E - flovrering  fmit sething finitl foitd frait? faait-"nen harvest
I I I I | | I
1 2 3 4 S 6 7
Phenology

Figure 12. Nutritional dynamics of calcium in leaves

CV(x=Ca, na.rm=T)
[1]0.240754

Mean
1 2 3 4 5 6 7
2.648 2.158 1.552 1.824 1.696 2.020 2.376

stats

L1 021 [3] [4] [5] 6] [7]
[1,]2.652.16 1.26 1.66 1.31 1.64 2.30
[2,]2.652.16 1.40 1.66 1.56 1.89 2.30
[3,]2.652.35 1.45 1.81 1.66 1.98 2.44
[4,]2.70 2.36 1.63 2.00 1.83 2.20 2.51
[5,]2.70 2.36 1.63 2.51 2.12 2.39 2.65

$out
[1]2.422.821.202.722.02 1.14 1.98

$group
111122347

set (0.2 %) and the minimum at the beginning
of harvest (0.07 %). In the stages 1, 2 and 3 Mg
levels were relatively high. In Fig. 14, stages 5
and 6, the results were very scattered, in the first
one 25 % of results were lower than Q1 (0.4 %),
while for the second one 50 % were higher than
0.49 %. The peak is probably due to the fact that
fertilization was concentrated in the first three
stages, since 50 % of the total requirements
of the developing fruit are accumulated in
these stages (Salvo, 2017). Mg decreased the
number of natural abortions, improved fruit
size, provided a greater number of new shoots
and allowed early flowering (Ataucusi, 2015).
Joubert (2016) recommended apply Mg during

early spring bud break, flowering and fruit
growth. However, Rosecrance et al. (2003),
recommended that Mg should be supplied
annually after flowering.

The highest concentration of Mg and also Ca,
occurs during fruit set. Martinez et al. (2014),
mentioned in a study accomplished in Chile
that Mg and Ca have a directly proportional
relationship in fruit.. Furthermore, increasing
both nutrients improve the fruit quality. Witney
et al. (1990), found that Mg concentration
tends to decrease with the fruit ripening, as also
does Ca. It could be seen in the dynamics of
this experiment, where the lowest values were
found close to harvest.
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Figure 13. Nutritional dynamics of magnesium in fruits

> CV(x=Mg, na.rm=T)
[170.1395861

Mean
1 2 3 4 5 6 7
0.524 0.460 0.410 0.472 0.448 0.522 0.482

stats

L11 [2] [.3] [4] [.5] L6l [7]
[1,]0.51 0.450.36 0.47 0.350.48 0.43
[2,]0.51 0.450.38 0.47 0.40 0.48 0.45
[3,]0.54 0.46 0.40 0.48 0.47 0.49 0.49
[4,10.54 0.47 0.42 0.49 0.48 0.58 0.50
[5,]0.540.47 0.42 0.52 0.54 0.58 0.54

$out
[110.590.44 0.34 0.58 0.49 0.40

$group
[1]112234

The concentration of Mg in leaves was higher
than in fruits. Campisi et al. (2017), reported
the same relationship when comparing the
concentrations in leaves and peduncle tissues,
becoming three times higher in the former stage
in respect to the latter. Rosecrance et al. (2003),
mentioned that the first magnesium reserves
are the branches and leaves, recalling that this
mineral plays a vital role in photosynthesis as it
is the structural component in chlorophyll.

The Mg sources used were mainly in the form
of magnesium nitrate and in a less extent
magnesium  sulfate. Montgomery (2019)
recommended applying sulfate in alkaline and
deficient soils. On the other hand, Martinez et
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Phenology

al. (2014), indicated that Mg nitrate is the ideal
source since Mg has a better uptake with nitrate
ion.

Mg concentration at flowering was 0.52 %,
which drops during fruit set, then rises again.

The dynamic of Mg in leaves was similar to
that found in Ca. However, at the early harvest
stage the trends of both elements become
opposite, possibly as a result of antagonism.
Montgomery (2019), showed that Mg and Ca
concentrations had an increasing dynamic in
relation to the advancing of the aging of the leaf,
so it could be concluded that the sample taken
could have been from mature leaves. Navarro
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Figure 14. Nutritional dynamics of magnesium in leaves
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(2003) explains that when the Ca/Mg ratio is
higher than 10, Mg deficiency may already be
visible. A high ratio is due to Ca displacing the
Mg adsorbed in the colloidal complex, in this
case the Ca/Mg ratio varied from 5.91 to 6.34,
making a deficiency caused by soil imbalance
unlikely.

Mg values varied between 0.4 % and 0.52 %,
some authors pointed out that problems can
be found with these concentrations. Bingham
(1960), found that in deficient trees Mg could
drop rapidly from a concentration of 0.3 % or
0.4 % to 0.1 % in the leaf, but other authors
reported optimum Mg margin between 0.25 %
to 0.8 %. For Maldonado-Torres et al. (2007),

the optimum Mg concentration for yields above
20 t/ha ranges from 0.62 % to 0.77 %, while
Gardiazabal (2004) mentioned that the normal
Mg level is in the range of 0.4 to 0.8 %. Those
authors pointed out that trees grafted on West
Indian rootstocks have high foliar levels of
Mg and K.. Finally, in all the cases the ranges
obtained in this experiment would be within the
acceptable range.

Thelevels of Mgis also influenced by potassium,
comparing the curves of Mg and K in leaves,
the minimum level of Mg was found in stage
3, in which K had its highest uptake (1.73 %).
Mengel and Kirkby (2000), indicated that the
possibility of antagonism between K and Mg
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is high, a K/Mg ratio should not exceed unity,
since plants growing in these soils will prefer to
take up K over Mg, leading to deficiencies. In
this experiment, the obtained ratio was between
0.2 and 0.3, indicating an adequate balance in
the soil.

Inside the plant, magnesium levels were much
lower than those of potassium (1.11 % to 1.73
%), this is due to high potassium fertilization.
Mengel and Kirkby (2000), reported that the
amounts of Mg and Ca decrease with increasing
K concentration in the medium, it is possible
that K increases yield by generating a greater
need for Mg. Hofman et al. (2002), found that
Mg and Ca had a positive relationship with
yield and number of fruits, in addition, the
ratio (Ca"Mg)/K correlates positively with Mg
and Ca in fruit pulp, and these three, correlate
negatively with anthracnose.

Conclusions

e The nutritional concentrations of the
studied elements are highest during the
flowering, fruit set and fruit 1 (10 mm to
30 mm in diameter) stages.

e  Nitrogen, phosphorus, potassium, calcium
and magnesium, varied over phenological
stages from higher to lower concentrations.

e Total N in fruit reaches its maximum
absorption at fruit set in the form of nitrate,
which tends to accumulate in flowers and
growing fruit, while in leaves it is found in
smaller proportions.

e  The absorption of P, Ca and Mg destined
to fruits is higher in the flowering and fruit
setting stages.

e  The concentration of Ca is higher than
Mg in leaves, and during flowering and
fruit set, the results of both elements
show high dispersion. Nevertheless, the
mean concentrations remained optimal
according to some ranges cited in previous
researches.

e P and K nutritional dynamics follow
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decreasing patterns as leaves age.
Contrary, Ca and Mg follow opposite
dynamics.
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