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Abstract

[Objective] The propagation method of plum trees is crucial for production success, as it likely
influences plant compatibility and performance. The objective of this research was to evaluate two
propagation systems of the ‘Reina Claudia’ plum tree variety, comparing bud grafting and cuttings,
to identify the method most compatible with the variety. [Methodology] Since 2018, an experiment
has been conducted in Sesquilé, Cundinamarca, to compare the two propagation methods of ‘Reina
Claudia’ plum trees (Prunus domestica L.). The experiment followed a completely randomized design.
One method involved bud grafting onto a ‘common white' peach rootstock (Prunus persica L.), while the
other used cuttings from the same plum variety. [Results] Significant differences were observed in the
main branch diameter, with trees propagated by cuttings (TPC) reaching 31.62 mm, compared to 17.74
mm in those propagated by grafting (TPG). Water potential in TPC trees ranged from 0 to -107.25 kPa,
while in TPG trees, it ranged from 0 to -58.25 kPa. Stomatal conductance values were higher in TPG (0
to 879 mmol m? s7) than in TPC (149.0 to 761.31 mmol m? s7). The propagation method influenced
both water potential and chlorophyll content in the plum trees. [Conclusions] The TPC trees exhibited
greater vegetative growth, including increased height, leaf area, crown diameter, and crown volume.
However, TPG trees demonstrated greater precocity.

Keywords: chlorophyll; soil water potential; stem diameter; stem water potential; stomatal conductance.

*  Corresponding author

Javier E. Vélez-Sanchez, [< jevelezs@unal.edu.co, @ https://orcid.org/0000-0002-1361-8374

Javier G. Alvarez-Herrera, P< javier.alvarez@uptc.edu.co, @ https:/orcid.org/0000-0002-1737-6325

Lady V. Bayona-Penagos, P< Ibayona@ucundinamarca.edu.co, & https:/orcid.org/0000-0001-8880-3286

1 Department of Civil and Agricultural Engineering, Universidad Nacional de Colombia. Bogota, Colombia.

2 Grupo de Investigaciones Agricolas (GIA), Facultad de Ciencias Agropecuarias, Universidad Pedagogica y Tecnologica de Colombia,
Tunja, Colombia

3 Facultad de Ciencias Agropecuarias, Universidad de Cundinamarca, Fusagasuga, Colombia

210


mailto:https://www.revistas.una.ac.cr/index.php/uniciencia?subject=
mailto:revistauniciencia%40una.cr?subject=Uniciencia
https://dx.doi.org/10.15359/ru.39-1.12
https://creativecommons.org/licenses/by-nc-nd/3.0/deed.en
mailto:jevelezs@unal.edu.co
https://orcid.org/0000-0002-1361-8374
mailto:javier.alvarez@uptc.edu.co
https://orcid.org/0000-0002-1737-6325
mailto:lbayona@ucundinamarca.edu.co
https://orcid.org/0000-0001-8880-3286
https://www.euna.una.ac.cr/index.php/EUNA
https://www.una.ac.cr/

DOIL: https://dx.doi.org/10.15359/ru.39-1.12
E-ISSN: 2215-3470
CC: BY-NC-ND

Resumen

[Objetivo] El método de propagacidn del cultivo de ciruelo es importante, pues de este probablemente
dependerd el éxito de la produccion. Debido a esto, el objetivo de esta investigacién fue evaluar dos sistemas
de propagacion de ciruelo, variedad ‘Reina Claudia’, mediante injerto de yema y a través de estacas, con
el fin de obtener plantas compatibles con la variedad. [Metodeloegia] Por lo anterior, desde el afio 2018
se lleva a cabo un experimento en el municipio de Sesquilé, Cundinamarca, con el propésito de comparar,
mediante un disefio completamente aleatorizado, dos métodos de propagacion del ciruelo ‘Reina Claudia’
(Prunus domestica L). Uno, con injerto de yema, en un patrén de durazno blanco comdn (Prunus persica L.),
y otro, por medio de estacas de la misma variedad del ciruelo. [Resultadoes] Hubo diferencias significativas
entre el didmetro de la rama principal de los arboles propagados por estaca (APE) (31.62 mm), y los drboles
propagados por injerto (API)(17.74 mm). Los APE tuvieron un potencial hidrico que oscilé entre 0y -107.25
kPa, mientras que en los APl varié entre 0y -58.25 kPa. La conductancia estomética alcanzé mayores valores
en los API(0a 879 mmol m2s™), que en los APE (149.0y 761.31 mmol m?s™). El método de propagacién
afecta el potencial hidrico y el contenido de clorofila de los arboles de ciruelo. [Conclusiones] Los APE
mostraron un mayor crecimiento vegetativo, altura del arbol, drea foliar, didmetro y volumen de la copa, no
obstante, los API mostraron una mayor precocidad.

Palabras clave: clorofila; conductancia estomatica; didmetro de tallo; potencial hidrico del tallo; potencial
hidrico del suelo.

Resumo

[Objetivo] O método de propagacdo da ameixeira é importante, pois dele provavelmente dependerd o
sucessodaproducdo, portanto o objetivo desta pesquisafoiavaliardois sistemas de propagacdo daameixeira,
variedade 'Reina Claudia’, por enxertia de gema e através de estacas, a fim de obter plantas compativeis
com a variedade. [Metodologia] Portanto, desde 2018, é realizado um experimento no municipio de
Sesquilé, Cundinamarca, com o objetivo de comparar dois métodos de propagacao da ameixeira ‘Rainha
Claudia’ (Prunus domestica L) através de um delineamento inteiramente casualizado. Uma por enxertia de
gemas, sobre porta-enxerto de péssego branco comum (Prunus persica L.), e outra por estaquia da mesma
variedade de ameixa. [Resultados] Houve diferencas significativas entre o diametro do galho principal
das drvores propagadas por estaquia (TPC) (31.62 mm) e das arvores propagadas por enxertia (TPG) (17.74
mm). O TPC apresentou potencial hidrico que variou entre 0 e -107.25 kPa, enquanto, no TPG, variou entre
0 e -58.25 kPa. A condutancia estomatica atingiu valores maiores no TPG (0 a 879 mmol m2s') do que no
PSA(149.0 e 761.31 mmol m?s"). 0 método de propagacao afeta o potencial hidrico e o teor de clorofila
das ameixeiras. [Conclusdes] O TPC apresentou maior crescimento vegetativo, altura das arvores, drea
foliar, diametro da copa, volume da copa, porém o TPG apresentou maior precocidade.

Palavras-chave: clorofila; condutancia estomética; didmetro do caule; potencial hidrico do caule;
potencial hidrico do solo.
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Introduction

Globally, China leads plum production
with over 6 million tons, followed by coun-
tries such as Romania, Serbia, the United
States, Iran, Turkey, India, Chile, Morocco,
and Ukraine (Afanador-Barajas ef al., 2022).
Similarly, the European plum is widely culti-
vated in Colombia, where annual production
reaches 18,733 tons across approximately
1,402 hectares. The department of Boyaca
stands out as the main producer, contributing
70% of the national output, with a yield of
13.3 tha'in 2022 (Agronet, 2024). However,
despite being a producing country, Colombia
ranks 44th in global production and has seen
arise in plum imports during 2019 and 2020,
which poses a threat to local production and
indicates that the domestic market does not
meet the growing demand for consumption
(Serrano et al., 2021).

Plum trees can be divided into two
main groups of varieties: European (Prunus
domestica) and Asian (Prunus salicina).
However, there is another species of plum,
Prunus americana, which belongs to the
North American genetic pool, as suggested
by Topp et al. (2012). Asian varieties are
more popular due to their lower chilling
requirements and earlier maturity (Guti-
érrez-Villamil er al., 2024; Bauchrowitz
et al., 2022). The ‘Reina Claudia’ variety
(Prunus domestica L.) produces yellow
fruits with fine, juicy pulp and requires
deep, loamy soils with good organic mat-
ter content and a low water table due to its
high sensitivity to root hypoxia (Guerra &
Casquero, 2008).

Success in orchard production and
fruit quality largely depends on selecting
suitable plant material and implementing
effective agronomic management, which
ensures good soil anchorage, optimal root
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development, efficient water and nutrient
absorption, hormone synthesis, and ade-
quate carbohydrate reserve accumulation,
resulting in vigorous trees and high-quality
production (Devin ef al., 2023). In this con-
text, the choice of propagation method is
crucial for achieving successful fruit crops
(Javid et al., 2022).

Propagation by grafting involves com-
bining different genotypes by joining plant
material from two different plants (Feng
et al., 2024). The basal part, the rootstock,
supports and develops the root system. It
is the more resilient section, serving as nu-
tritional and growth support for the graft
(Loupit et al., 2023). The upper part, known
as the scion, forms the crown, comprising
stems, branches, leaves, flowers, and fruits
(Mudge et al., 2009). The tissues that fuse
in grafting are the vascular cambium and
callus, which differentiate into new tissues
and organs. Compatibility is essential for
successful fusion, ensuring the plant does
not experience morphological or physiolog-
ical changes (Javid et al., 2022).

In Colombia, the most commonly used
rootstock for grafting peach and plum vari-
eties is the ‘common white’ peach (Prunus
persica L.), which is resistant to nematodes
and adapts well to altitudes between 1,800
and 3,000 m. It also has low chilling re-
quirements (200 to 400 hours) (Coronado
et al., 2015). Rootstocks are selected based
on traits absent in the scion variety, such as
drought tolerance, disease resistance, and
the ability to develop a healthy root system
(Chen et al., 2024).

Asexual propagation involves taking
a stem, root, or leaf segment from the parent
plant and placing it in favorable conditions
to promote the development of adventitious
roots and the growth of the aerial part, ul-
timately forming a new plant (Javid et al.,
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2022). The descendant plant may differ in
morphology and production from the parent
due to phenotypic variations induced by en-
vironmental factors (Jin et al., 2022). This
propagation method offers advantages, in-
cluding the preservation of genotypes with-
out genetic variability and ease of propaga-
tion, compared to grafting. However, it has
drawbacks, including a low root production
rate, which results in a fragile root system
and the potential for disease transmission
from the donor plant to the new plant (Javid
etal., 2022).

Despite the widespread use of these
methods, limited knowledge exists regard-
ing the effects of the interaction between
grafting and cutting propagation on the de-
velopment of plum trees. Therefore, two
propagation systems for the ‘Reina Claudia’
plum variety were evaluated.

Methodology

. Location

The experiment was conducted since
2018 in Sesquilé, Cundinamarca, Colom-
bia, on an area of 0.132 ha, located at co-
ordinates 5.04518° N and 73.79120° W.
The climate is cold and dry, with an aver-
age temperature of 12.7 °C, as recorded by
a portable meteorological station, WS-GP1
(AT delta-T Devices, USA), located on the
farm. The average potential evapotranspi-
ration (ETo) was calculated using the Pen-
man-Monteith equation (Wang et al., 2021),
and was 2.63 mm day' for 2023.

. Materials Used

The zone contained twelve rows of
eight Reina Claudia plum trees (Prunus do-
mestica L.), planted in clay-loam soil. Be-
fore planting on August 16, 2017, branch-
es were selected from 70-year-old ‘Reina
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Claudia’ plum trees before bud sprouting to
distinguish between vegetative and flower-
ing branches. The latter were identified by
the brown edges of their scales. Buds were
collected, hydrated, wrapped in damp news-
paper and black plastic bags, and stored at
4°C for three months. On December 20,
2017, they were grafted using the budding
method onto one-year-old ‘common white’
peach rootstocks. Simultaneously, 100 cut-
tings from the same refrigerated branches
were planted in plastic bags containing a
substrate of sand, rice husks, and humus.
After the cuttings sprouted, developed true
leaves, and established sufficient roots, they
were transplanted to the field (cutting-prop-
agated trees), alongside the grafted trees, in
a three-row planting arrangement with a 4 x
4 m spacing (722 trees ha).

. Experimental Design

The experimental design was a ran-
domized complete block design, structured
according to the slope of the terrain and the
distribution of trees on the plot. Two treat-
ments were evaluated, each with four rep-
lications, forming eight experimental units
(EUs), each containing 11 to 13 trees. The
first treatment involved trees propagated by
grafting (TPG), and the second involved
trees propagated by cuttings (TPC). A drip
irrigation system was used, with two 8 L h*!
emitters per tree. All EUs were irrigated at
100% of the ETc throughout the crop cycle.
The volume of water applied was controlled
by adjusting the irrigation time, with a fre-
quency of every two days.

. Response Variables

The trunk and main branch diameters
of the cuttings and grafts were measured
every 30 days from the time of planting
in 2018 to the present. Eleven and thirteen
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trees were selected and marked per replicate
(44 and 52, respectively, per treatment).
Measurements were taken using a precision
caliper with a 0.01 mm resolution (Mitu-
toyo Corporation, Japan). The shaded area
under the trees at solar noon on clear days
was measured using the dot grid method
(Wiinsche et al., 1995), which accounts for
varying shade percentages. Two trees per
replicate (eight per treatment, 16 in total)
were assessed. Additionally, tree height and
crown diameter were measured annually.

Chlorophyll content (CC) was de-
termined in four leaves per replicate (16
per treatment) using a SPAD-502 PLUS
chlorophyll meter (Konica Minolta Inc.,
Japan) at solar noon, simultaneously with
the measurement of stomatal conductance
(g, and stem water potential (‘Wstem) in
mature leaves. Stomatal conductance (g
was assessed in four leaves per replicate
(16 per treatment) using an SC-1 poro-
meter (Decagon Devices Inc., Pullman,
WA, USA). Wstem was determined using
the Scholander Model 600 pressure cham-
ber (PMS Instrument Company, Albany,
OR, USA), following the methodology of
Scholander et al. (1965), on two leaves per
replicate located in the lower third, on the
north side of eight trees per treatment, ev-
ery 8 days. Saturated leaf osmotic poten-
tial (o) was measured as the leaf solute
concentration in 10 leaves per replicate us-
ing a Wescor Vapro 560 vapor pressure 0s-
mometer (Wescor Inc., Logan, UT, USA).
Leaf dry mass content and hydration status
were assessed following the methodology
of Rodriguez et al. (2012).

Soil water potential (Ws) was mea-
sured every three days using eight Water-
mark 200SS granular matrix sensors (Ir-
rometer Company Inc., CA, USA), with
two sensors per replicate installed at depths
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of 20 cm and 40 cm, positioned 25 cm from
the emitter and the drip line. Sensor data
was collected with a Watermark handheld
reader (Irrometer Company Inc., CA, USA).
Volumetric soil moisture content (6v) was
determined three times in 2023, using eight
disturbed soil samples, one per experimen-
tal plot, taken from the vicinity of the irri-
gation bulb at a depth of 0-25 cm around a
representative tree per treatment.

. Data Analysis

Statistical analysis was conducted us-
ing SAS OnDemand for Academics (SAS
Institute Inc., Cary, NC). The Student’s
t-test for independent samples (a0 = 0.05)
was used to compare means.

Analysis and Results

The 2023 study focused on analyz-
ing the water status and vigor of plants in
two plum propagation systems. Irrigation
doses were applied according to crop re-
quirements, and due to high rainfall, no
water deficit occurred throughout the year
(Figure 1A). In 2023, the volumetric soil
moisture content (0v) in the grafted trees
(TPG) ranged from 32.5% to 45.7%, sig-
nificantly exceeding the field capacity
(26.9%). In contrast, the moisture levels
in the cuttings (TPC) ranged between
30.5% and 47.7%. However, these val-
ues are approximate due to the coefficient
of variation (CV) of the averages, which
ranged between 5.8% and 9.2% for the
TPG and 4.5% to 15.5% for the TPC, in-
dicating relatively low precision.

Soil water potential (W¥s) in the
TPG remained between 0 and -58.25 kPa
throughout the year, while in the TPC, it
ranged between 0 and -107.25 kPa, with re-
covery during rainfall events (Figure 1A).
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This variation in water potential was at-
tributed to fluctuations in soil moisture. In
the TPG, higher moisture content was ob-
served, likely due to runoff, as the trees in
this treatment were located in a lower part of
the plot. Additionally, the moisture sensors
did not detect variations in soil moisture
content during drying and wetting cycles,
likely because the clay-loam soil has a high
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moisture retention capacity. This resulted
in a minimal reduction in moisture content
during dry periods, which escaped detection
by the installed Watermark sensors due to
their slow response times and low sensitivi-
ty in the wet range (Ws > -10 kPa) (Thomp-
son et al., 20006).

Regarding plant water status, no sig-
nificant differences were observed between

the two propagation systems
40
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in most measurements over
time, including midday stem
water potential (Wstem),
saturated osmotic potential
(Wo), and chlorophyll content
(CC). Osmotic potential val-
ues for TPC were 194.2+66.3
mmol kg', while for TPG
10 they were 209.1+47.9 mmol
kg!. However, differences in
Wstem and CC were noted
at specific times, attributed
to variations in soil moisture
and the earlier development
of TPG trees. The dry mass
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0.37 and 0.31 g for TPG and
TPC, respectively, while the
leaf moisture averaged 65.4
and 71.1% for TPG and TPC,
respectively. These findings
suggest that the two propa-
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Figure 1. A) Soil water potential (Ys) and B) stem water
potential (Ystem) in a crop plum tree propagated by graft
(TPG) and tree propagated by cutting (TPC). Values
correspond to the averages of two watermark sensors
per replicate, eight per treatment, and to the averages of
two leaves in each replicate, eight per treatment, from
February 27 (day 58) to December 22, 2023 (day 356),

respectively, for each of the potentials.
Note: derived from research.

gation methods generally re-
spond similarly, with some
exceptions during the tree
growth cycle. Notably, sig-
nificant differences were ob-
served in Wstem on days 58,
74, 130, 173, and 236 after
planting (Figure 1B), and in
CC on days 58, 74, 81, 172,
177, 236, 242, 244, 247, 251,
261, 292, and 356 (Figure 2).
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These differences were mainly attributed
to two factors. First, Wstem differences re-
sulted from soil moisture variations, which
may have been lower in TPC trees, as they
were located in the upper part of the land,
and potentially received less runoff com-
pared to the lower-lying TPG trees. Second,
throughout the experiment, a consistent
trend of greater precocity was observed in
TPG trees, evidenced by earlier natural leaf
wilting as they entered dormancy. This phe-
nomenon was first observed in TPG trees,
resulting in a chlorotic appearance and a
decrease in chlorophyll content. However,
when flower buds sprouted in TPG, new
vegetative shoots appeared, reversing the
situation.

It is likely that in TPG trees, hormone
production and distribution, such as cytoki-
nins and auxins, are affected by the union
of different tissues (rootstock and scion).
Cytokinins, produced in the roots, pro-
mote cell growth and division, especially
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in buds. If grafting promotes higher cyto-
kinin production or transport to the aerial
parts of the tree, it may induce earlier bud
sprouting (Monden et al., 2022). Addi-
tionally, the greater precocity observed in
TPG may be related to increased ethylene
sensitivity or production, which acceler-
ates leaf abscission and dormancy onset,
potentially due to the graft’s influence on
the tree’s hormonal balance (Khan et al.,
2024). Abscisic acid (ABA) is a hormone
closely linked to bud dormancy and stress
adaptation. In TPG trees, increased levels
of ABA may lead to an earlier onset of
dormancy, characterized by chlorosis and
leaf abscission. However, once dormancy
is achieved, the subsequent decline in ABA
levels, along with the activation of cytoki-
nins, could promote the early sprouting of
both floral and vegetative buds (Yamane et
al., 2023).

Stomatal conductance (g) and
leaf moisture percentage, based on fresh
weight, were higher in TPC, with signifi-

cant differences between

55

S0 +

45

40 A

35 A

30 A

25 1

Chlorophyll content (SPAD)

treatments. g was nota-
bly higher in TPC at 208,
222, 229, 236, 242, 250,
256, and 264 days after
planting, attributed to the
larger leaf area, which fa-
cilitated greater stomatal
opening, transpiration,
and moisture retention
(Pathare et al., 2020).

15 T T T T v
1] S0 100 150 200 250
Time (days)

Figure 2. Chlorophyll content of plum trees propagated by
grafting (TPG) and cuttings (TPC) in 2023, since February
27. The values correspond to the averages of two leaves in

each repetition, eight per treatment.
Note: derived from research.

Midday g_values ranged

3tlm 31‘;0 400 between 149.0 and

761.31 mmol m? s! in
TPC and 149.0 and 879.7
mmol m? s in TPG, re-
spectively.  Throughout
the measurement period,
TPG generally showed
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lower g_values than TPC, with differences
increasing over time as plants responded
to water retention. The larger shaded area
in TPC (0.5740.25 m?) resulted in higher
g, and transpiration, whereas TPG, with a
considerably smaller leaf area (0.12+0.04
m?), exhibited stomatal regulation, lead-
ing to reduced photosynthesis. In this case,
photoassimilates were preferentially allo-
cated to primary metabolite synthesis at
the expense of secondary metabolites and
transpiration, preventing turgor loss (Nad-
al-Sala et al., 2021; Mellisho et al., 2012).

When analyzing the correlation be-
tween temperature and stomatal conduc-
tance, the relationship was significant at a
99% confidence level for 126 degrees of
freedom, with a critical r-value at 1% of
0.22824. For TPG, r=0.7192, and TPC, r =
0.8012 (Figure 3).

DOIL: https://dx.doi.org/10.15359/ru.39-1.12
E-ISSN: 2215-3470
CC: BY-NC-ND

Over five years, the vegetative devel-
opment and vigor of the plants showed that
the trunk diameter of TPC was 2.55 times
greater (45.45 mm) than that of the ‘com-
mon white’ peach rootstock (Prunus persi-
ca), which measured 17.8 mm. Significant
differences have been observed since plant-
ing on October 1, 2018 (day zero), with the
disparity progressively increasing over time
as the trees matured, reaching its peak on
December 9, 2023, at day 1,896 (Figure
4A). The height and crown diameter of TPG
were 0.77+£0.04 and 0.42+0.02 m, respec-
tively, while those of TPC were 1.72+0.12
and 1.05+0.08 m, respectively. These differ-
ences may be due to the fact that cuttings,
taken directly from the mother plant, retain
genetic traits that promote more vigorous
growth. In contrast, rootstocks are often
selected for their ability to withstand spe-
cific environmental conditions or regulate
plant size, which can
limit their growth. This
discrepancy in diameter
n o growth is also attribut-
ed to differences in the
structure of vascular tis-
sues and hormone sig-
naling between the graft
and rootstock (Rasool et

al., 2020).
Similarly, the

diameter of the main

y=2. 1346x - 58.833x + 624.76  branch in TPC was 1.78

times larger (31.62 mm)

1000

,;” y=-73765¢"+ 400.22x - 47774 © e
_E 800 R” = 0.6504

£

E

8 600 -

=

-

2

< 400
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Temperature (°C)

Figure 3. Correlation between stomatal conductance and

than that of the TPG
26 28 (17.74 mm), with sig-
nificant differences (P
< 0.05) evident from
the first year of plant-

temperature of plum trees propagated by grafting and cutting ing, which progres-

in 2023. Values correspond to the means of 4 leaves in each

replicate, 16 per treatment.
Note: derived from research.

sively increased over
time (Figure 4B). This
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restricted nutrient flow
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-
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and reduced growth rates
(Lietal., 2022).

{ The study also ex-

E{ amined flowering and

fruit set, finding that the

TPG began flowering ear-

lier than the TPC. How-

ever, despite the TPC

_ T having a higher flowering

rate, its fruit set percent-

age was lower, potentially
due to the self-sterility of

g the ‘Reina Claudia’ plum

€30 HHH d

= ﬁ (data not shown).

£ B

2 251 i gl Conclusions

=

E > T Trees propagated

£ 15 I T Iﬂﬂ by cuttings exhibited larg-

é II T I er trunk diameters, while

=1w0f [l & trees propagated by graft-

= g ing demonstrated earlier

-E 51 ﬂowering. Water poten-

‘3 tial, chlorophyll content,

= 0 - - - and stomatal conductance
0 500 1000 1500 2000 in plum trees were influ-

Time (days) enced by the propagation

Figure 4. Evolution of A) graft diameter and B) diameter of method.

the main branch of the cutting in trees propagated by grafting At present, there is

(TPG) and trees propagated by cutting (TPC). Day zero no definitive preference

corresponds to October 1, 2018, the date of planting of the trees ~ between the two propaga-

in the field, and day 1896 corresponds to December 9, 2023. tion systems in terms of

Note: derived from research.

difference may result from variations in the
growth vigor between the two propagation
methods. TPC is known to develop more
extensive root systems, facilitating greater
water uptake and promoting increased trunk
and branch diameter. In contrast, TPG may
experience physiological incompatibilities
between the rootstock and graft, leading to

productivity. Further trials
are recommended to as-
sess long-term productivity and fruit quality.

Conflict of Interest

-The authors declare no competing
interests.

Javier E. Vélez-Sanchez « Javier G. Alvarez-Herrera « Lady V. Bayona-Penagos 218

ID"BUN@ERIOUIDIUNEISIAI [ « BIOUIIUN/ID DR BUN'SBISTAIIMMM ) « 5707 Toquuasa(q-Arenue( “z1-1 *dd ‘T N ‘6€ '[OA VIDNAIDINN


https://dx.doi.org/10.15359/ru.39-1.12
https://creativecommons.org/licenses/by-nc-nd/3.0/deed.en
mailto:https://www.revistas.una.ac.cr/index.php/uniciencia?subject=
mailto:revistauniciencia%40una.cr?subject=

Author contribution statement

All the authors declare that the final
version of this paper was read and approved.

Authors and CRediT Roles: J.V.S.:
Conceptualization, Methodology, Writing
- Original Draft, Supervision. J.A.H.: Data
Curation, Formal Analysis, Writing - Re-
view & Editing, Visualization. L.B.P.: Val-
idation, Investigation, Software, Resources,
Writing - Original Draft.

The total contribution percentage for
this paper was as follows: J.V.S. 40 %.,
J.A'H. 30 % and L.B.P. 30 %.

Data availability statement

The data supporting the results of this
study will be made available by the corre-
sponding author, [J.A.H.], upon reasonable
request.

Preprint

A preprint version of this article
was deposited at: https://doi.org/10.5281/
zenodo.13765884

References

Afanador-Barajas, L. N., Wilches, A. V., Macana,
Y. A., & Medina-Pérez, G. (2022). History,
distribution, production and taxonomic clas-
sification of plum. In A. Gull, G. A. Nayik,
S. M. Wani, & V. Nanda (Eds.), Handbook of
plum fruit (pp. 1-20). CRC Press. https://doi.
org/10.1201/9781003205449-1

Agronet. (2024). Estadisticas agropecuarias. Min-
isterio de Agricultura. https://www.agronet.
gov.co/estadistica/Paginas/home.aspx

Bauchrowitz, I. M., Silva, C. M. D., Gabardo, G., Kitz-
berger, C. S. G., Carvalho, F. C. D., & Francis-
co, A. L. D. O. D. (2022). Characterization of
a Florida plum introduction (USA) in Southern
Brazil. Ciéncia Rural, 52, €20210271.

DOIL: https://dx.doi.org/10.15359/ru.39-1.12
E-ISSN: 2215-3470
CC: BY-NC-ND

Coronado, A. C. M., Coronado, Y. M., Mendoza,
L. A. G., & Morales, I. A. A. (2015). Vari-
abilidad interspecifica de duraznos (Prunus
peérsica L. Batsch.) y ciruelos (Prunus do-
mestica) usando RAMs. Revista Colombiana
de Biotecnologia, 17(1), 61-69. https://doi.
org/10.15446/rev.colomb.biote.v1 7n1.44644

Chen, Y., Fei, Y., Howell, K., Chen, D., Clinge-
leffer, P., & Zhang, P. (2024). Rootstocks
for grapevines now and into the future: se-
lection of rootstocks based on drought tol-
erance, soil nutrient availability, and soil
pH. Australian Journal of Grape and Wine
Research, 2024(1), 6704238. https://doi.
org/10.1155/2024/6704238

Devin, S. R., Prudencio, A. S., Mahdavi, S. M.
E., Rubio, M., Martinez-Garcia, P. J., &
Martinez-Goémez, P. (2023). Orchard manage-
ment and incorporation of biochemical and
molecular strategies for improving drought
tolerance in fruit tree crops. Plants, 12(4),
773. https://doi.org/10.3390plants 12040773

Feng, M., Augstein, F., Kareem, A., & Melnyk, C. W.
(2024). Plant grafting: Molecular mechanisms
and applications. Molecular Plant, 17(1), 75-
91. https://doi.org/10.1016/j.molp.2023.12.006

Guerra, M., & Casquero, P. A. (2008). Effect of har-
vest date on cold storage and postharvest qual-
ity of plum cv. Green Gage. Postharvest Biol-
ogy and Technology, 47(3), 325-332. https://
doi.org/10.1016/j.postharvbio.2007.07.009

Gutiérrez-Villamil, D. A., Alvarez-Herrera, J.
G., Fischer, G., & Balaguera-Lopez, H. E.
(2024). Physiological adaptations of the
Japanese plum tree for agricultural produc-
tivity: A promising crop for high altitude
tropics. Agronomia Colombiana, 42(1),
el11402-e111402. https://doi.org/10.15446/
agron.colomb.v42n1.111402

Javid, R., Malik, A. R., Kuchay, M. A., Hassan, S., &
Mushtag, R. (2022). Advances in plum prop-
agation and nursery management: Methods
and techniques. In A. Gull, G. A. Nayik, S.
M. Wani, & V. Nanda (Eds.), Handbook of
plum fruit (pp. 59-81). CRC Press. https://doi.
org/10.1201/9781003205449-4

Jin, Y., Chen, J. S., Luo, F. L., Huang, L., Lei, N.
F., & Yu, F. H. (2022). Effects of descendent
phenotypic diversity mediated by ancestor
environmental variation on population pro-
ductivity of a clonal plant. Diversity, 14(8),
616. https://doi.org/10.3390/d14080616

Javier E. Vélez-Sanchez « Javier G. Alvarez-Herrera « Lady V. Bayona-Penagos 219

ID"BUN@ERIOUIDIUNEISIAI [ « BIOUIIUN/ID DR BUN'SBISTAIIMMM ) « 5707 Toquuasa(q-Arenue( “z1-1 *dd ‘T N ‘6€ '[OA VIDNAIDINN


https://dx.doi.org/10.15359/ru.39-1.12
https://creativecommons.org/licenses/by-nc-nd/3.0/deed.en
mailto:https://www.revistas.una.ac.cr/index.php/uniciencia?subject=
mailto:revistauniciencia%40una.cr?subject=
https://doi.org/10.5281/zenodo.13765884
https://doi.org/10.5281/zenodo.13765884
https://doi.org/10.1201/9781003205449-1
https://doi.org/10.1201/9781003205449-1
https://www.agronet.gov.co/estadistica/Paginas/home.aspx
https://www.agronet.gov.co/estadistica/Paginas/home.aspx
https://doi.org/10.15446/rev.colomb.biote.v17n1.44644
https://doi.org/10.15446/rev.colomb.biote.v17n1.44644
https://doi.org/10.3390%2Fplants12040773
https://doi.org/10.1016/j.molp.2023.12.006
https://doi.org/10.1016/j.postharvbio.2007.07.009
https://doi.org/10.1016/j.postharvbio.2007.07.009
https://doi.org/10.15446/agron.colomb.v42n1.111402
https://doi.org/10.15446/agron.colomb.v42n1.111402
https://doi.org/10.1201/9781003205449-4
https://doi.org/10.1201/9781003205449-4
https://doi.org/10.3390/d14080616

Khan, S., Alvi, A. F., & Khan, N. A. (2024). Role
of Ethylene in the Regulation of Plant De-
velopmental Processes. Stresses, 4(1), 28-53.
https://doi.org/10.3390/stresses4010003

Li, L., Deng, X., Zhang, T., Tian, Y., Ma, X., & Wu,
P. (2022). Propagation methods decide root
architecture of Chinese fir: Evidence from
tissue culturing, rooted cutting and seed ger-
mination. Plants, 11(19), 2472. https://doi.
org/10.3390/plants 11192472

Loupit, G., Brocard, L., Ollat, N., & Cookson, S. J.
(2023). Grafting in plants: recent discover-
ies and new applications. Journal of Experi-
mental Botany, 74(8), 2433-2447. https://doi.
org/10.1093/jxb/erad061

Mellisho, C. D., Egea, 1., Galindo, A., Rodriguez,
P., Rodriguez, J. B., Congejero, W., Romoja-
ro, F., & Torrecillas, A. (2012). Pomegranate
(Punica granatum L.) fruit response to differ-
ent deficit irrigation conditions. Agricultural
Water Management, 114, 30-36. https://doi.
org/10.1016/j.agwat.2012.06.010

Monden, K., Kojima, M., Takebayashi, Y., Suzuki,
T., Nakagawa, T., Sakakibara, H., & Hachiya,
T. (2022). Root-specific reduction of cytoki-
nin perception enhances shoot growth in Ara-
bidopsis thaliana. Plant and Cell Physiology,
63(4), 484-493. https://doi.org/10.1093/pcp/
pcac013

Mudge, K., Janick, J., Scofield, S., & Goldschmidt,
E. E. (2009). A history of grafting. Horti-
cultural reviews, 35, 437-493. https://doi.
org/10.1002/9780470593776.ch9

Nadal-Sala, D., Medlyn, B. E., Ruehr, N. K., Bar-
ton, C. V., Ellsworth, D. S., Gracia, C., Tis-
sue, D., Tjoelker, M. G., & Sabaté, S. (2021).
Increasing aridity will not offset CO, fertil-
ization in fast-growing eucalypts with access
to deep soil water. Global Change Biology,
27(12), 2970-2990. https://doi.org/10.1111/
gcb.15590

Pathare, V. S., Koteyeva, N., & Cousins, A. B.
(2020). Increased adaxial stomatal density
is associated with greater mesophyll surface
area exposed to intercellular air spaces and
mesophyll conductance in diverse C4 grass-
es. New Phytologist, 225(1), 169-182. https://
doi.org/10.1111/nph.16106

Rasool, A., Mansoor, S., Bhat, K. M., Hassan, G. I,
Baba, T. R., Alyemeni, M. N., ... & Ahmad, P.
(2020). Mechanisms underlying graft union
formation and rootstock scion interaction in

DOIL: https://dx.doi.org/10.15359/ru.39-1.12
E-ISSN: 2215-3470
CC: BY-NC-ND

horticultural plants. Frontiers in plant sci-
ence, 11, 590847. https://doi.org/10.3389/
1pls.2020.590847

Rodriguez, P., Mellisho, C. D., Conejero, W., Cruz,
Z. N., Ortufio, M. F., Galindo, A., & Torre-
cillas, A. (2012). Plant water relations of
leaves of pomegranate trees under different
irrigation conditions. Environmental and
Experimental Botany, 77, 19-24. https://doi.
org/10.1016/j.envexpbot.2011.08.018

Scholander, P.F., Hammel, H.T., Bradstreet, E.D. &
Hemmingsen, E.A. (1965). Sap presure in
vascular plants. Science, 184, 339-346. http://
dx.doi.org/10.1126/science.148.3668.339

Serrano,A. M., Puentes, G.A., & Coronado,A. (2021).
La planificacion de cosecha en ciruela varie-
dad Horvin, estudio de caso. Tuta, Boyaca,
Colombia. Criterio Libre, 19(34), 126-
145. https://doi.org/10.18041/1900-0642/
criteriolibre.2021v19n34.7929

Thompson, R. B., Gallardo, M., Agiiera, T., Valdez,
L. C., & Fernandez, M. D. (2006). Evalua-
tion of the Watermark sensor for use with
drip irrigated vegetable crops. Irrigation Sci-
ence, 24, 185-202. https://doi.org/10.1007/
$00271-005-0009-5

Topp, B. L., Russell, D. M., Neumiiller, M.,
Dalbd, M. A., & Liu, W. (2012). Plum.
Fruit  breeding, 571-621.  https://doi.
org/10.1007/978-1-4419-0763-9 15

Wang, L., Iddio, E., & Ewers, B. (2021). Intro-
ductory overview: Evapotranspiration (ET)
models for controlled environment agri-
culture (CEA). Computers and Electron-
ics in Agriculture, 190, 106447, https://doi.
org/10.1016/j.compag.2021.106447

Wiinsche, J. N., Lakso, A. N., & Robinson, T. L.
(1995). Comparison of four methods for esti-
mating total light interception by apple trees of
varying forms. HortScience, 30(2), 272-276.
https://doi.org/10.21273/HORTSCI.30.2.272

Yamane, H., Andrés, F., Bai, S., Luedeling, E., & Or,
E. (2023). Environmental and molecular con-
trol of bud dormancy and bud break in woody
perennials: An integrative approach. Fron-
tiers in Plant Science, 14, 1104108. https://
doi.org/10.3389/pls.2023.1104108

Javier E. Vélez-Sanchez « Javier G. Alvarez-Herrera « Lady V. Bayona-Penagos 220

ID"BUN@ERIOUIDIUNEISIAI [ « BIOUIIUN/ID DR BUN'SBISTAIIMMM ) « 5707 Toquuasa(q-Arenue( “z1-1 *dd ‘T N ‘6€ '[OA VIDNAIDINN


https://dx.doi.org/10.15359/ru.39-1.12
https://creativecommons.org/licenses/by-nc-nd/3.0/deed.en
mailto:https://www.revistas.una.ac.cr/index.php/uniciencia?subject=
mailto:revistauniciencia%40una.cr?subject=
https://doi.org/10.3390/stresses4010003
https://doi.org/10.3390/plants11192472
https://doi.org/10.3390/plants11192472
https://doi.org/10.1093/jxb/erad061
https://doi.org/10.1093/jxb/erad061
https://doi.org/10.1016/j.agwat.2012.06.010
https://doi.org/10.1016/j.agwat.2012.06.010
https://doi.org/10.1093/pcp/pcac013
https://doi.org/10.1093/pcp/pcac013
https://doi.org/10.1002/9780470593776.ch9
https://doi.org/10.1002/9780470593776.ch9
https://doi.org/10.1111/gcb.15590
https://doi.org/10.1111/gcb.15590
https://doi.org/10.1111/nph.16106
https://doi.org/10.1111/nph.16106
https://doi.org/10.3389/fpls.2020.590847
https://doi.org/10.3389/fpls.2020.590847
https://doi.org/10.1016/j.envexpbot.2011.08.018
https://doi.org/10.1016/j.envexpbot.2011.08.018
http://dx.doi.org/10.1126/science.148.3668.339
http://dx.doi.org/10.1126/science.148.3668.339
https://doi.org/10.18041/1900-0642/criteriolibre.2021v19n34.7929
https://doi.org/10.18041/1900-0642/criteriolibre.2021v19n34.7929
https://doi.org/10.1007/s00271-005-0009-5
https://doi.org/10.1007/s00271-005-0009-5
https://doi.org/10.1007/978-1-4419-0763-9_15 
https://doi.org/10.1007/978-1-4419-0763-9_15 
https://doi.org/10.1016/j.compag.2021.106447
https://doi.org/10.1016/j.compag.2021.106447
https://doi.org/10.21273/HORTSCI.30.2.272
https://doi.org/10.3389/fpls.2023.1104108
https://doi.org/10.3389/fpls.2023.1104108

DOIL: https://dx.doi.org/10.15359/ru.39-1.12
E-ISSN: 2215-3470
CC: BY-NC-ND

Comparacion entre dos métodos de propagacion en el ciruelo ‘Reina Claudia’ (Prunus do-
mestica L.) (Javier E. Vélez-Sanchez, Javier G. Alvarez-Herrera, Lady V. Bayona-Penagos)
Uniciencia is protected by Attribution-NonCommercial-NoDerivs 3.0
Unported (CC BY-NC-ND 3.0)

Javier E. Vélez-Sanchez « Javier G. Alvarez-Herrera « Lady V. Bayona-Penagos 221

ID"BUN@ERIOUIDIUNEISIAI [ « BIOUIIUN/ID DR BUN'SBISTAIIMMM ) « 5707 Toquuasa(q-Arenue( “z1-1 *dd ‘T N ‘6€ '[OA VIDNAIDINN


https://dx.doi.org/10.15359/ru.39-1.12
https://creativecommons.org/licenses/by-nc-nd/3.0/deed.en
mailto:https://www.revistas.una.ac.cr/index.php/uniciencia?subject=
mailto:revistauniciencia%40una.cr?subject=
https://www.revistas.una.ac.cr/index.php/uniciencia
https://creativecommons.org/licenses/by-nc-nd/3.0/deed.en
https://creativecommons.org/licenses/by-nc-nd/3.0/deed.en

	Comparison between two propagation methods in ‘Reina Claudia’ plum (Prunus domestica L.)
	Introduction
	Methodology
	Analysis and Results
	Figure 1. A) Soil water potential (Ys) and B) stem water potential (Ystem) in a crop plum tree propa
	Figure 2. Chlorophyll content of plum trees propagated by grafting (TPG) and cuttings (TPC) in 2023,
	Figure 3. Correlation between stomatal conductance and temperature of plum trees propagated by graft
	Figure 4. Evolution of A) graft diameter and B) diameter of the main branch of the cutting in trees 



	Button 3: 
	Página 1: 

	Button 4: 
	Página 1: 



