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Abstract

Pruning urban trees is a key practice for maintaining their structural stability, functionality and longevity; however,
improper cut location can generate extensive wounds that compromise the tree's structural integrity and increase
its vulnerability to pathogenic fungi and other microorganisms. The Hamburg method stipulates that cuts should
be made after the branch collar and the bark wrinkle, preserving the tissues responsible for compartmentalization,
a physiological mechanism that limits the spread of internal decay. However, in the management of urban trees
in various cities, cutting trees flush with the steem is still a common practice. This study evaluated the effect of
pruning cut location (correct and flush pruning) on wound size in ten tree species used in Northeastern Mexico.
To this end, two diameters per wound were measured to calculate its area, and statistical tests were applied to
determine differences between species and cut type. Results indicated that flush pruning produces significantly
larger wounds, with an average increase of 73 % compared to pruning done after the branch collar and bark
wrinkling, with values ranging from 54 to 99 % depending on the species. These differences confirm that the
location of the pruning cut directly influences the size of the wound and the tree's ability to compartmentalize.
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Resumen

La poda de arboles urbanos es una practica clave para mantener su estabilidad estructural, funcionalidad y
longevidad; sin embargo, la localizacién inadecuada del corte puede generar heridas extensas que afectan la
integridad estructural del arbol y favorece su vulnerabilidad a la entrada de hongos patdgenos y otros
microorganismos. El método Hamburgo establece que los cortes deben realizarse después del collar de la rama y
la arruga de la corteza, para preservar los tejidos responsables de la compartimentacion, mecanismo fisiolégico
gue limita la propagacion del deterioro interno. No obstante, en el manejo del arbolado urbano de diversas
ciudades aun son frecuentes los cortes al ras del fuste. En este estudio se evalud el efecto de la localizacion del
corte de poda (poda correcta y al ras) en la magnitud de la herida en 10 especies arbdreas utilizadas en el noreste
de México. Para ello, se midieron dos diametros por herida para calcular su area y se aplicaron pruebas estadisticas
para determinar diferencias entre especies y tipo de corte. Los resultados indicaron que las podas al ras producen
heridas significativamente mayores, con un incremento promedio de 73 %, respecto a las podas realizadas
después del collar de la rama y arruga de la corteza, con valores que oscilaron entre 54 y 99 % segun la especie.
Estas diferencias confirman que la localizacién del corte de poda influye directamente en la magnitud de la herida
y en la capacidad de compartimentacion de los arboles.

Palabras clave: Arbolado urbano, bosque urbano, compartimentacién, heridas de poda, método Hamburgo, poda
urbana.

Subject development

Location of pruning cuts in urban trees

The branches of urban trees are pruned for various reasons: cultural, historical,
aesthetic, functional, and technical (Drénou, 2000). These prunings create wounds that
cause discoloration and, if poorly executed, decay of the exposed wood, as well as loss
of structural integrity (Purcell, 2015). When the wounds are large or located in
structurally vulnerable areas, they facilitate the entry of wood-decaying fungi and other
pathogens, accelerating tissue degradation and the overall deterioration of the tree
(Morris et al., 2020). These processes are closely linked to the tree's ability to

compartmentalize the damage caused by pruning (Shigo & Marx, 1977; Shigo, 1984).
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Wound healing among species can vary depending on their ability to compartmentalize
damage: a mechanism that isolates affected tissues and limits the spread of pathogens
within the woody tissue (Purcell, 2015; Morris et al., 2020).

In this context, it is necessary to strengthen our understanding of the effects of pruning
practices on trees in urban areas of Mexico; this information is fundamental for inferring
and promoting best practices in tree management. Understanding the differences
between correct and incorrect pruning is essential for developing technical protocols

that guarantee the health, longevity, and structural stability of urban trees.

The publication of research on pruning in urban trees began in the late 1970’s and
1980’s (Shigo et al., 1979; Neely, 1988). Although the importance of avoiding flush
cuts to the stem had been scientifically documented since the late 20t century (Shigo,
1984), this practice persisted in urban arboriculture and in various technical manuals
for years afterward (Dujesiefken & Stobbe, 2002; Van der Zanden et al., 2008). While
the compartmentalization of damage and rot processes had already been described
by Shigo (1984), the study by Dujesiefken and Stobbe (2002) in Hamburg provided
empirical evidence that allowed for the formalization and dissemination of pruning
recommendations based on respecting the branch collar. This method, known as the
Hamburg method, became an international standard and has been adopted in modern

arboriculture manuals in Europe and North America (Dujesiefken & Stobbe, 2002).

Flush cuts to the trunk have two disadvantages: they leave a larger wound and
eliminate the tissues responsible for compartmentalization and natural chemical
protection (Shigo, 1984; Dujesiefken & Stobbe, 2002). In contrast, pruning after the
branch collar and bark wrinkle leaves a smaller wound, preserves the tissues
responsible for compartmentalization and natural chemical protection, and protects
the wound against fungi and other pathogens (Shigo, 1984; Dujesiefken & Stobbe,
2002; Van der Zanden et al., 2008; Morris et al., 2020).

Although the Hamburg method was published more than two decades ago, incorrect
pruning practices continue in numerous cities. This occurs even in contexts where

technical standards regulate urban tree pruning, suggesting that the problem lies less
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in the absence of guidelines and more in their application, supervision and the training

of operational personnel.

The objective of this research was to quantify the magnitude of the pruning wound
based on the location of the cut in branches of ten tree species used in urban
environments in Northeastern Mexico. The research question is posed in quantitative
terms: What is the magnitude of the increase in wound area associated with the
location of the pruning cut (beyond the branch collar vs. flush with the stem) and how

does it vary among urban tree species?

Answering this question allows us to support technical recommendations for urban tree

management with quantitative evidence, going beyond visual or descriptive observations.

Field information

In the winter of 2024, 10 tree species were selected: three introduced and seven
native to Northeastern Mexico, located in the green areas of the Graduate School of
Forest Sciences at the Universidad Auténoma de Nuevo Ledn (Autonomous University
of Nuevo Ledn) (Table 1). The tree species were selected because they are abundant
in urban areas of the region (Alanis et al., 2014; Leal-Elizondo et al., 2018; Canizales-
Veldzquez et al., 2020).
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Table 1. Species used in the research.

Scientific name Common name Origen

Caesalpinia mexicana A. Gray (Synonym of Erythrostemon Arbol del potro Native
mexicanus (Rose) Gagnon & G. P. Lewis)

Diospyros texana Scheele Chapote manzano Native
Ebenopsis ebano (Berland.) Barneby & J. W. Grimes Ebano Native
Fraxinus americana L. Fresno Exotic
Havardia pallens (Benth.) Britton & Rose Tenaza Native
Helietta parvifolia Benth. Barreta Native
Ligustrum japonicum Thunb. Trueno Exotic
Neltuma laevigata (Humb. & Bonpl. ex Willd.) Britton & Rose Mezquite Native
Quercus rubra L. Encino rojo Exotic
Quercus virginiana Mill. Encino siempre verde Native

Twenty branches of each species were measured, with diameters ranging from 3 to
10 cm at the crown, using a model 283D Forestry Suppliers® diameter tape measure.
The selected branches corresponded to functional, well-developed crowns without
visible damage, representative of formative and maintenance pruning in urban trees.
On each branch, two sections were chosen for pruning: one correct according to the
Hamburg method (Figure 1B), and one incorrect, flush with the main trunk (Figure
1C). Using a model K519 Koiss® digital flexometer, two diameters were measured for
each pruning section (Figure 1A and 1B): the longest diameter of the wound (dmajor)
and the diameter perpendicular to the longest diameter, which is usually the smallest

diameter (dminor) .
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Correct

" Incorrect

A = Diagram showing the branch collar and the pattern of a correct pruning using
the Hamburg method, as well as an incorrect pruning flush with the main stem
(Image taken from Van der Zanden et al. [2008]). B = Photograph of the wound
resulting from pruning performed using the Hamburg method. C = Photograph of

the wound caused by pruning flush with the main trunk.

Figure 1. Wounds caused by different pruning methods in urban trees

Data analysis

To estimate the correct pruning diameter, the average diameter of the two

measurements was calculated using the following formula (Branthomme, 2004):

& — (dmajor;dminor) (1)
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Where:
d = Average diameter of the wound

dmajor = LONgest diameter of the wound

dminor = Perpendicular diameter to the major diameter which usually is the minor diameter

The wound area was calculated by the following formula (Alanis-Rodriguez et al., 2020):
A=) (2)

Where:
A = Area of the wound
m = 3.14 constant value

d = Average diameter of the wound

Since the incorrect wound at the base of the main stem is elliptical in shape, the

following formula was used (Branthomme, 2004):
A=axbxm (3)

Where:

A = Area of the wound
a = Minor radius

b = Major radius

m = 3.14 constant value
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To compare the magnitude of the cut wound, parametric statistical tests were
performed. First, to test the hypothesis of equal means, the average cut area for each
species was compared using Student's t-test with Welch's adaptation for unequal
variances (Welch, 1947). Subsequently, an analysis of variance (ANOVA) was
performed to compare the size of the exposed area, but only for the flush pruning
treatment. The assumption of normality was verified, and an asymmetric distribution
of the data was observed. Since the wound area is a continuous and positive variable,
a natural logarithmic transformation was applied to approximate normality and
stabilize variances, allowing for an ANOVA and multiple comparisons using Tukey's
post-hoc test. Statistical analyses were performed using the free license software R
(R Core Team, 2021) in its version 4.1 with support from the ggplot2 library
(Wickham, 2010) to create the graphs.

The results confirm the hypothesis that pruning flush with the main trunk produces
larger cuts than correct pruning. On average, based on the 10 species, the increase
in the exposed cut area was 73£15 %. At the species level, Diospyros texana Scheele
showed the highest increase (99 %), while Quercus virginiana Mill. showed the lowest
(54 %). This variation is mainly associated with the angle of branch insertion relative
to the trunk; however, crown architecture is also influenced by environmental,

management, and tree location factors.

Stepping to the stem creates ellipsoidal cuts that expose a larger surface area of
vascular tissue, while pruning past the crown collar produces smaller, more circular
wounds that facilitate the formation of protective barriers and compartmentalization.
Differences between species were statistically significant (p<0.001) according to
Tukey's HSD test following ANOVA in all cases (Table 2), which validated the

consistent effect of cut type on wound size.
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Table 2. Comparison of average wound area by species and pruning type.

L Exposed area (SD) Difference t- p-
Scientific name F
FC CP (%) value Value

Caesalpinia mexicana A. Gray 18.10 9.82 84 33.73 6.50 <0.001

(Synonym of Erythrostemon (4.68) (3.23)

mexicanus (Rose) Gagnon & G. P.

Lewis)

Diospyros texana Scheele 32.41 16.25 99 30.50 3.95 <0.001
(15.81) (9.18)

Ebenopsis ebano (Berland.) Barneby 14.86 8.69 71 24.84 5.81 <0.001

& J. W. Grimes (4.42) (1.75)

Fraxinus americana L. 14.66 9.09 61 27.25 4.80 <0.001
(4.69) (2.24)

Havardia pallens (Benth.) Britton & 16.14 10.18 59 32.59 5,97 <0.001

Rose (3.75) (2.43)

Helietta parvifolia Benth. 17.25 10.53 64 38.00 7.52 <0.001
(2.83) (2.81)

Ligustrum japonicum Thunb. 25.32 13.25 91 3242 5.62 <0.001
(8.08) (5.20)

Neltuma laevigata (Humb. & Bonpl. 21.77 12.60 73 34.44 4.38 <0.001

ex Willd.) Britton & Rose (7.60) (5.45)

Quercus rubra L. 16.48 9.34 76 25.89 6.38 <0.001
(4.60) (1.99)

Quercus virginiana Mill. 30.39 19.76 54 39.39 3.80 <0.001

(10.41) (8.00)

SD = Standard deviation; FC = Flush cuts; CP = Correct pruning; DF = Degrees

of freedom.

The results confirm the fundamentals of the Hamburg method, demonstrating that
the location of the pruning cut directly influences the size of the wound and, therefore,
the tree's ability to compartmentalize and close the exposed tissue. In all the species
analyzed, pruning flush with the main trunk generated significantly larger wounds
than those made after the branch collar and the bark wrinkle, consistent with the
findings of Dujesiefken and Stobbe (2002), Van der Zanden et al. (2008) and
Martinez-Trinidad and Islas-Rodriguez (2010).
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The average 73 % increase in exposed area observed in this study has significant
physiological implications, as larger wounds prolong tissue closure time and increase
the tree's vulnerability to wood-decay pathogens and internal rot processes
(Martinez-Trinidad & Islas-Rodriguez, 2010; Smiley et al., 2017; Morris et al., 2020).
These results highlight the importance of respecting the branch collar and bark
wrinkle to promote natural tissue compartmentalization, mechanisms that reduce
internal deterioration and facilitate wound closure (Martinez-Trinidad & Islas-
Rodriguez, 2010; Purcell, 2015; Pietzarka, 2016).

The study confirms that the location of the pruning cut significantly influences wound
size, validating the effectiveness of the Hamburg method of making cuts beyond the
branch collar and bark wrinkle to minimize structural damage. In this regard, it is
recommended to strengthen the application and updating of municipal urban tree
management manuals, many of which already incorporate guidelines based on
internationally recognized arboricultural standards, such as those promoted by
arborists certified by the International Society of Arboriculture (ISA). Likewise, it is
essential to strengthen ongoing training programs for technicians and operational staff
to ensure the correct implementation of these standards and reduce the structural and
health deterioration of urban trees resulting from inadequate pruning practices, both

in Northeastern Mexico and in regions with similar conditions.
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