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Evaluation of N-P-K-Ca-Mg dynamics in plum
(Prunus salicina Lindl.) var. Horvin under nursery
conditions
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Grafted plum nursery seedlings.
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ABSTRACT

Temperate fruit trees are a vital part of the economy of the Cundiboyacense highlands in Colombia. The
nursery stage is important because it guarantees development at the final grow site. Little is known about
the fertilization processes and nutritional dynamics of deciduous fruit trees in the early stages. This research
aimed to evaluate the dynamics of N-P-K-Ca and Mg, along with SPAD units, in grafted plum (Prunus salici-
na) var. Horvin plants under the conditions of tropical highlands, which were evaluated at different growth
points (cm), from grafting to transplant. The foliar N concentrations were the highest, followed by the K,
P and Mg concentrations. Macronutrient concentrations in the first-stage of grafted nursery plants require
nutritional balance for vegetative development and successful establishment at the definitive grow site.
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RESUMEN

Los frutales de clima frfo, corresponden a uno de los principales renglones econémicos del altiplano cundiboyacen-
se Colombiano. La etapa de vivero es la més importante para garantizar su desarrollo en sitio definitivo. Poco se
sabe sobre los procesos de fertilizacién y dindmica nutricional de frutales caducifolios en etapas tempranas. Esta
investigacién tuvo como objetivo la evaluacién de la dindmica del N-P-K-Ca y Mg, junto con las unidades SPAD en
plantas injertadas de ciruelo (Prunus domestica) var. Horvin en condiciones del trépico alto evaluadas en diferentes
puntos de crecimiento (cm) desde la injertacién, hasta las condiciones para el trasplante. Las concentraciones de N
foliar se presentaron en mayor proporcién, seguidos de K, las concentraciones de P y Mg se registraron en menor
proporcién. Las concentraciones de macronutrientes en plantas injertadas de vivero en su primera etapa, requiere de
un balance nutricional adecuado que permita el desarrollo vegetativo adecuado para su éxito en el establecimiento

en sitio definitivo.

Palabras clave adicionales: frutales caducifolios; nutricién vegetal; analisis foliar; produccion de plantulas.
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In Colombia, Japanese plum fruit crops, classified
botanically as Prunus salicina (Lindl.) (Cérdenas and
Fischer, 2013), are mainly established in agro-ecologi-
cal areas of the Cundiboyacense highlands (Campos,
2013; Puentes et al., 2019). The trend for the con-
sumption of healthy food increased plum production
by 55% between 2012 and 2017. Boyaca contributes
74% of Colombian production (Agronegocios, 2018).
This crop develops easily in altitudinal zones be-
tween 1,800 and 2,450 m a.s.l. and has broad plastic-
ity for adaptation to higher altitudes (Orjuela, 2017).
Campos (2013) reported that ‘Horvin’ can withstand
elevations up to 3,000 m a.s.l. Global warming means
low winter chilling plum varieties will be especially
important in the tropics (Saini et al., 2020), and the
Andean highland areas will be more affected by cli-
mate change than lower valley zones (Fischer and
Melgarejo, 2020).

Castro and Puentes (2012) confirmed that the suc-
cessful cultivation of fruit trees requires healthy ma-
terial and homogeneous variety characteristics, which
are provided by specialized nurseries that are man-
aged according to professional criteria of the high-
est level. Determining factors for plant production
in this crop and others include an effective nutrient
supply process in nursery stages although, currently,
there is little knowledge on nutrition in this stage
(Marschner, 2012). The production of plant propa-
gation material involves nutritional studies on more
important varieties (Lizarazo et al., 2016). One of the

INTRODUCTION

more important factors for fruit quality in plants un-
der nursery conditions is nutrition; existing informa-
tion does not sufficiently consider nutrient balance
under the studied, local conditions, which could be
applied as fertilization recommendations for the rest
of Colombia (Ferndndez et al., 2016).

In some crops, fertilization plan recommendations
include 15-d intervals with balanced formulas of N, P,
K and Mg, without any technical criteria. However,
fertilization studies for production stages are widely
consolidated (Meses, 2010; Novoa et al., 2018).

Information on the nutritional dynamics of crops in
early stages facilitates synchronization of the physi-
ological age with the amount of nutrients that a crop
requires. Accumulation curves provide transcenden-
tal information for the establishment of nutrition
programs that are focused on the correct use of ferti-
lizers and cultivar quality (Ulloa et al., 2015). The ob-
jective of this research was to determine the behavior
of the macronutrients N, P, K, Ca and Mg in plum
(Prunus salicina) var. Horvin plants under the agro-
ecological conditions of tropical highlands.

MATERIALS AND METHODS

This research was conducted on plum var. Hor-
vin in Paipa, Boyaca, Colombia (5°44'46.66” N,
73°7°00.68” W), with an average temperature of
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14°C, precipitation of 815 mm year?, 79.9% relative
humidity and 4.44 h d*! of sunlight (sunlight data ob-
tained from the weather station located on the farm).
This experiment was conducted from June 2017 to
May 2018 with 45 plum plants (Prunus salicina Lindl.)
grafted onto Gran Jarillo rootstock, which underwent
cold hour accumulation (CH) in a cold warehouse at
4°C for 8 d. The expected accumulation was between
500 and 700 CH. Campos (2013) reported that ‘Hor-
vin’ requires 300-400 CH.

Once established in the nursery area, the plants
were sown in substrate (4 kg bags) with a mixture
of soil and calcined rice husks, at a ratio of 3:1. The
soil mixture had a sand-free texture, with the follow-
ing chemical composition: 5.75 pH, 7.44% OM, N at
46.26 mg kg'; P at 62.58 mg kg?; Ca at 3.40 cmol
dm?; Mg at 1.05 cmol dm?; K at 0.92 cmol dm?®; and
5.42 cmol dm™® CEC. Plant maintenance applications
were carried out with the nutritional formula (g L*):
nitric nitrogen (N-NO;y) at 40.3, ammonia nitrogen
(N-NH,*) at 4.0, phosphorus (P,Os) at 20.4, potas-
sium (K,0) at 50.6, calcium (CaO) at 40, magnesium
(MgO) at 18, sulfur at 1, iron at 1.12, manganese at
0.12, copper at 0.012, zinc at 0.0254, boron at 0.106,
molybdenum at 0.0012, and cobalt at 0.001 (Nutri-
ponics®, Walco, Colombia), with a dose of 30 mL/
plant per week at a concentration of 1%. A substrate
with a sand-free texture allows sufficient mineraliza-
tion of nitrogen (Monsalve et al., 2017).

A total of 45 plants were established, which were
grafted on the same day and at the same height, tak-
ing into account the height of the variety growth (2,
5, 8,12, 14, 16, 18 and 20 cm in height); the heights
were selected based on the morphological processes
of formation of foliar structures in this variety, along
with the fertilizer application timing, which was
orientated and determined by the operator. Three
similar individuals were selected; the plants were
removed from the study area, washed with distilled
water and packed in paper bags for transfer to the
laboratory. For determination of the variables, it was
necessary to use the entire plant. In the laboratory,
the samples were processed and analyzed using the
following methods: nitrogen: kjeldahl-colorimetry;
phosphorus: wet digestion- colorimetry; and calci-
um, magnesium and potassium: wet digestion with
atomic absorption. At the same time, the SPAD val-
ues were recorded with SPAD 502 plus chlorophyll
after calibration (Konica Minolta).

Once the lab data were obtained, Microsoft Office
Excel was used.
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RESULTS AND DISCUSSION

The nitrogen concentrations (Fig. 1) decreased after
the first weeks of graft growth (7.7%), reaching a val-
ue of 2.5% at the end of the analysis. This may have
been due to the fact that, as foliar growth begins, the
N concentration in the total dry matter decreases
over time because of a rapid increase in the amount
of accumulated dry matter, presenting a dilution ef-
fect (Bugarin-Montoyaer al., 2011). At the beginning,
the accumulation of N in the vegetative organs was
higher because of the development and formation of
new tissue (cell division) (Bueno and Camargo, 2012;
Lépez and Garcia, 2015).
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Figure 1. Behavior of nitrogen as a percentage during the
growth stage after grafting plum plants. Error bars
indicate standard error.

The lowest N concentration occurred after the flow-
ering process with grafted buds, where the plant
made use of N derived from re-mobilization from
reserve organs (Gonzélez and Del Pardo, 2011). The
maximum decrease resulted from the growth of leaves
and formation of branches, where high amounts
of foliar N are needed, which are transported from
the roots, leaving an insufficient amount for general
plant requirements (Aburto-Gonzélez et al., 2017;
Gonzélez-Pérez et al., 2018). Therefore, N fertilizer
concentrations in these early stages must be applied
with greater precision to meet plant requirements.

The nitrogen needs of plum fruit trees are lower
than that of other species such as grapes but exceed
those of orange and banana plants (Ciampitti and
Garcia, 2008). The concentrations of nitrogen and
phosphorus obtained in this analysis were consistent
with that found by Ferndndez et al. (2014), who re-
ported that respective concentrations decline during
the early growth stages of plum plants, until stable
concentrations above 3.0% are reached; below-limit
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values are directly associated with plant water stress
processes, as well as the occurrence of phenomena
such as frost.

Asencio (2019) reported that, in plum plants, nitro-
gen concentrations in the first growth stage decline,
as noted in this study. This author reported nitrogen
concentrations between 4 and 2% during the first 30
days of graft growth and proposed that N concentra-
tions and SPAD units in the early stage of growth do
not have a close relationship because of plant tissue
formation processes, especially in leaves during pho-
tosynthetic activation.

Phosphorus (Fig. 2) had values of 0.5%, decreasing
precipitously up to the heights of 12 and 16 cm, with
a concentration of 0.3%, then increasing to 0.4% at
the end of the evaluation. The lowest P concentra-
tion was in the vegetative growth stages, generally
concentrated in the stems, with a lower amount in
the roots. Phosphorus is very mobile in plants and
can be translocated both upwards and downwards
in metabolic processes. Therefore, it is absorbed to a

greater extent by young leaves (Balta-Crisélogo et al.,
2015).

Phosphorus is an important part of numerous fun-
damental compounds in plant metabolism, such as
glut acid biosynthesis, lipid biosynthesis, chlorophyll
and carotenoid synthesis, glycolysis and metabolism
of organic acids, especially in leaves during photo-
synthetic activation (Marschner, 2012). Therefore,
the activity of phosphorus within the plant is criti-
cal because it participates in virtually all metabolic
processes, including photosynthesis and respiration
(Mixquititla and Villegas, 2016).

P is involved in the metabolism of sugars and in the
storage and transfer of genetic information; it also
promotes the initial formation and development of
roots, the formation of the first stem, and the pri-
mary root, until the new plant begins to perform as-
similation functions, increasing the plant’s resistance
to diseases. P is involved in the formation of nucleus
proteins, nucleic acids and phospholipids and is vital
to cell division, accumulation of energy in ATP and
NADP compounds and phosphorylation phenomena
(Cardona, 2017).

The foliar phosphorus concentrations exceeded the
values reported by Gonzalez et al. (2020), who re-
ported phosphorus concentrations in the first stages
of vegetative growth between 0.16 and 1.26%. In
general, P is found in root growth processes, so ap-
plications with fertilizers at this stage allow better
expression for transplant process. An optimal N, P
and K balance favors chlorophyll synthesis processes
in true leaves (Latsague et al., 2014).

Potassium (Fig. 3) increased up to 12 cm (highest
point 6.1%), with a drastic decrease when the graft
was 14 cm (2.7%), stabilizing at 18 cm and reaching a
maximum point of 5.4% at 20 cm. The K concentra-
tion was higher than the P concentration and lower
than the N concentration over time, especially with
irrigation, where the concentrations of both elements
(K:N ratio) decreased, favoring the flowering process-
es, as reported by (Villanueva-Couoh ez a/., 2010).

Potassium tended to increase in the early stages as
the vegetative organs grew, with a higher initial con-
centration in the roots that satisfied the growth and
development needs of new roots. It reached higher
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Figure 2. Behavior of phosphorus as a percentage during the
growth stage after grafting plum plants. Error bars
indicate standard error.
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Figure 3. Behavior of potassium as a percentage during the
growth stage after grafting plum plants. Error bars
indicate standard error.
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concentrations in the first stages of growth, mostly
moving towards the stems and leaves and later to the
fruits and reproductive parts (Salas et al., 2014).

K is important plant growth because of its involve-
ment in the interception of light and the production
of dry matter and because it expresses the environ-
mental effects of water intake and nutrients (Bar-
ragan, 2010). Potassium improves the quality and
duration of crops and relieves stress conditions. In
addition, it activates many enzymes that are essen-
tial in photosynthesis, respiration, starch synthesis,
and proteins and is involved in the transport of pho-
toassimilates. In addition, Kis an ion that plays a key

role in cellular osmoregulation (Martinez and Garcés,
2010).

Calcium (Fig. 4) had an almost constant behavior,
increasing significantly as growth increased, varying
between 0.7 and 1.1%. Initial calcium concentrations
in plants may be specific because plants mainly de-
plete calcium from the soil and cannot mobilize it
from old tissue towards new shoots. Therefore, con-
centrations are not sufficient since calcium cannot be
mobilized to new growth organs (Marschner, 2012).
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Figure 4. Behavior of calcium as a percentage during the
growth stage after grafting plum plants. Error bars
indicate standard error.

Calcium concentrations in young fruit trees are al-
ways lower than in adult fruit trees, possibly because
of poor foliar development that limits absorption
(Garcia, 2011). The calcium concentrations in this
study were similar to those reported by Lema et al.
(2010), who stated that calcium accumulates more
in organs such as stems and roots, with an average
amount in mature leaves.

Calcium has a very important role in stabilizing the
cell membrane, while maintaining selective permea-
bility and integrity. Calcium ions act on pectin chains
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to form bridges, increasing the strength of the cell
wall, and also positively influence membrane phos-
pholipids and monogalactosyldiacylglycerol concen-
trations, preserving membrane integrity not only by
postponing changes in senescence-related membrane
lipids but also by increasing membrane restructuring
processes (Rincén and Martinez, 2015).

Calcium is used in cell wall synthesis, a structural
component of the middle layer, which separates new-
ly formed cells. The average plant content is highly
variable (0.5-2%), and transport is highly mobile in
the xylem but motionless in the phloem. It partici-
pates in the formation of mitotic spindle during cell
division and is necessary for normal cell membrane
functions. It acts as a cofactor of numerous enzymes
that play a primary role in the elasticity and elonga-
tion of young plant cells (Jiménez, 2017).

Magnesium (Fig. 5) was mostly stable during the
entire evaluation (0.2 - 0.4%), with the highest peak
when the graft was 8 cm high, with a percentage of
0.7%. The calcium was similar to P but lower than
the concentrations of N, K and Ca, possibly because
of the remobilization of magnesium to reserve or-
gans, which, unlike calcium, has greater mobility in
the phloem (Garcia, 2011).
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Figure 5. Magnesium behavior as a percentage during the
first stages of growth after grafting plum plants.
Error bars indicate standard error.

Magnesium accumulated in the aerial graft can be
translocated from old leaves on the rootstock to
young leaves on the graft (Jiménez, 2017). Magne-
sium is an essential macroelement for the growth
and development of plants, so an adequate supply
should be provided, preferably in the early stages of
growth to ensure tissue quality (Garcia-Avila er al.,
2015; Ube, 2019).
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Magnesium is a constituent of ribosomes and is the
main atom of chlorophyll, helping protein synthesis
and forming part of energy transfer reactions (ATP
and enzymes). This element is specifically required
by a large number of enzymes involved in the trans-
fer of phosphates, is involved in photosynthesis, car-
bohydrate metabolism and nucleic acid synthesis,
and is related to the movement of carbohydrates
from leaves to the top (Marschner, 2012).

In other plants, such as tomatoes, Parra et al. (2010)
reported concentrations of 0.5% magnesium in
young plants and a 70/30 ratio to foliar nitrogen
concentrations, consistent with this study, which
can be explained by the form and level of nitrogen
nutrition that influenced the balance of anions and
cations in the plants. That is, increasing ammonium
levels stimulates its absorption and that of anions
that compensate for the load. In contrast, plants sup-
plied with ammonium have lower concentrations of
inorganic cations, such as calcium, magnesium and
potassium.

Evaluation of SPAD units

The SPAD units (Fig. 6) increased from 23.3 to 47.7,
which agreed with the findings of Asencio (2019),
who reported a range of 20.3 to 51. This species has
a range of SPAD units, with varying results for the
agroecological environment in which it develops,
the state of growth and the availability of water and
mineral (Melo et al., 2016). In addition, SPAD units
increase in the growth of aerial graft parts through
growth processes of the leaf blade and transformation
of plastids to chloroplasts, a process called photomor-
phogenesis, especially with light stimuli, because the
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Figure 6. Behavior of SPAD units during the growth stage
after grafting plum plants. Error bars indicate stan-
dard error.

chlorophyll maturation process facilitates the cor-
rect identification of the photosynthetic behavior of
plants when leaves are true and photosynthetically
active (Le6n and Guevara-Garcia, 2008).

The chlorophyll content, leaf area and absorption of
incident radiation increase with leaf age (Callejas et
al., 2013). The behavior of the chlorophyll content
was similar to that found by Asencio (2019).

CONCLUSIONS

The highest macroelement concentrations with the
highest accumulation by the plum plants in nursery
stages were found for nitrogen, potassium, magne-
sium and phosphorus.

Calcium and magnesium concentrations are not an
indicator of SPAD units during the early growth stag-
es of plum grafts.

More research on early production stages in individ-
ual deciduous fruit trees is recommended for a better
conceptualization of nutritional dynamics and to de-
termine nutritional dynamics focused on productive
management.
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