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RESUME

Qualités d’une essence a bois précieux,
Dalbergia palo-escrito Rzed. & Guridi-
Gomez, plantée dans une zone caféiére
de 'Hidalgo au Mexique

Afin de contribuer a la conservation ex
situ et a la reprise de la production de
bois de Dalbergia palo-escrito Rzed. &
Guridi-Gémez, une essence commerciale
précieuse, celle-ciafait’objetd’une plan-
tation d’enrichissement dans une zone
caféiére située a 830 m d’altitude dans
est de I'Etat de Hidalgo au Mexique.
Cette étude avait pour objectif d’évaluer
la croissance et I'état de santé de cette
essence afin de proposer des recom-
mandations pour la gestion forestiére
dans ce cadre. La croissance moyenne
des arbres a 11 ans d’age (n = 56) pré-
sente les valeurs suivantes : diamétre
normal, 13,2 £ 2,9 c¢cm ; hauteur totale,
10,9 + 1,9 m. Ces valeurs correspondent
a une croissance moyenne de 1,2 cm
par an en diamétre et de 1,0 m par an
en hauteur. Des différences statistique-
ment significatives sont observées pour
la croissance en diamétre (P = 0,0001) et
en hauteur (P = 0,003) en fonction de la
position des houppiers, la croissance en
diamétre et en hauteur étant plus forte
pour les arbres aux houppiers exposés
au soleil que pour les arbres peu éclairés.
Une autre association est observée en ce
qui concerne l'infestation par le vrai gui
Struthanthus sp., a savoir des écarts de
croissance en diamétre (P = 0,002) entre
les arbres peu et moyennement infestés
et les arbres sains, lesquels présentent
une croissance plus faible. En revanche,
aucun écart de croissance en hauteur n’a
été détecté (P =0,102). La croissance en
diamétre et en hauteur est comparable
a celle d’autres essences précieuses de
Dalbergia commercialisées sur le marché
mondial, telles que Dalbergia sissoo en
Inde et Dalbergia retusa dans des plan-
tations mixtes au Costa Rica. L’étude
suggére que |’élagage du gui comme
stratégie de contrdle est une pratique de
gestion forestiére recommandée, ainsi
que la libération des arbres mal éclairés
de la compétition et la préservation de
la canopée d’ombre des autres espéces
indigénes précieuse.

Mots-clés : Dalbergia palo-escrito,
palissandre mexicaine, plantation
d’enrichissement, agroforesterie multi-
étages, café cultivé sous couvert,
Struthanthus sp., Mexique.
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ABSTRACT

Performance of Dalbergia palo-escrito
Rzed. & Guridi-Gomez, a valuable timber
tree, in a coffee plantation in Hidalgo,
Mexico

As a contribution to ex-situ conservation
and production recovery of the valuable
timber tree species Dalbergia palo-es-
crito Rzed. & Guridi-Gomez, enrichment
planting was undertaken in a coffee plan-
tation at 830 m above sea level in the
east of the State of Hidalgo, Mexico. The
purpose of this study was to assess the
growth and health status of this species
in order to put forward forest manage-
ment recommendations. Average growth
at 11 years of age (n = 56) was as fol-
lows: normal diameter, 13.2 + 2.9 cm;
total height, 10.9 £ 1.9 m. These values
represent a mean annual increase of
1.2 cm/year in diameter and 1.0 m/year
in height. Significant statistical differ-
ences in diameter growth (P = 0.0001)
and height growth (P = 0.003) were
observed as a function of crown position;
growth, both in diameter and height, was
highest in trees with emergent crowns in
comparison with poorly lit trees. An asso-
ciation was also found concerning infes-
tation by Struthanthus sp. true mistletoe:
differencesin diametergrowth (P=0.002)
were found between trees with mild and
medium infestation in comparison with
healthy trees, which showed less growth.
On the other hand, no height growth
differences were detected (P = 0.102).
Diameter and height growth were com-
parable to other commercially valuable
species of fine Dalbergia timber on the
international market, such as Dalbergia
sissoo in India and Dalbergia retusa in
mixed plantations in Costa Rica. The study
suggests pruning out the mistletoe as a
control strategy is a recommended forest
management practice, as well as releas-
ing poorly illuminated trees from compe-
tition and preserving the shade canopy of
othervaluable native species.

Keywords: Dalbergia palo-escrito,
Mexican Rosewood, enrichment
planting, multi-strata agroforestry
system, shade-grown coffee,
Struthanthus sp., Mexico.

RESUMEN

Rendimiento del Dalbergia palo-escrito
Rzed. & Guridi-Goémez, un valioso arbol
maderable, en una plantacion de café en
Hidalgo, México

Como contribucién a la conservacién ex
situ y la recuperacién de la produccion
de la valiosa especie maderable Dalber-
gia palo-escrito Rzed. & Guridi-Gémez,
se realizdé una plantacién de enriqueci-
miento en un cafetal a 830 m por encima
del nivel del mar en el este del estado de
Hidalgo, México. El objetivo de este estu-
dio fue evaluar el crecimiento y el estado
de salud de esta especie para formular
recomendaciones de gestion forestal. El
crecimiento medio de los arboles (n =56)
a los 11 anos de edad fue el siguiente:
diametro normal, 13,2 + 2,9 cm; altura
total, 10,9 + 1,9 m. Estos valores repre-
sentan un incremento medio anual de
1,2 cm/afio en el didmetro y 1,0 m/afio
en la altura. Se observaron diferencias
estadisticas significativas en el creci-
miento diametral (P = 0,0001) y el creci-
miento en altura (P = 0,003) en funcidn
de la posicion de la copa. El crecimiento,
tanto diametral como en altura, era mas
elevado en arboles con copas emergen-
tes comparados con los arboles poco
iluminados. También se evidencié una
relacion con la infestacion de muérdago
verdadero Struthanthus sp.: se encon-
traron diferencias en el crecimiento
diametral (P = 0,002) de arboles con
infestacion leve y media comparados
con arboles sanos, que mostraron un
crecimiento menor. Por otro lado, no se
detectaron diferencias en el crecimiento
en altura (P = 0,102). El crecimiento dia-
metral y en la altura resultaron compara-
bles con los de otras especies comercial-
mente valiosas de madera fina Dalbergia
en el mercado internacional, como Dal-
bergia sissoo en la India y Dalbergia
retusa en plantaciones mixtas de Costa
Rica. El estudio sugiere que la poda del
muérdago como estrategia de control es
una practica silvicultural recomendada,
asi como la liberacién de los arboles mal
iluminados de la competencia y la pre-
servacion del dosel de sombra de otras
especies nativas valiosas.

Palabras clave: Dalbergia palo-escrito,
palisandro mexicano, plantacion de
enriquecimiento, sistema agroforestal
estratificado, café cultivado bajo
sombra, Struthanthus sp., México.



Introduction

Cloud forests account for 1% of the national territory
in humid mountain ranges; however, these ecosystems are
under increasing pressure by migratory agriculture, fruit tree
cultivation, extensive stockbreeding, illegal logging, and
urban expansion (Rzedowski, 2006; CONABIO, 2010). In the
state of Hidalgo, the transformation of cloud forest areas
into agricultural and stockbreeding resources threatens the
existence of the habitat; cloud forests in the region were
traditionally thinned to establish coffee (Coffea arabica L.)
plantations, and native trees were kept as shade canopy, but
coffee plantations have been increasingly transformed into
permanent pasture and agricultural lands (Cartujano et al.,
2002); low profitability and diseases associated with coffee
plantations have dwindled this activity (Lopez-Pérez, 2002).

Sustainable strategies are needed to reconcile produc-
tion and development interests with ecosystem services for
the conservation and recovery of the cloud forest, including
its arboreal component. The traditional shade coffee agrofo-
restry system allows the preservation of native tree species
and associated fauna, such as migratory birds (Gonzélez-Es-
pinoza et al., 2012). Some shade coffee plantations pre-
sent a multi-strata structure similar to that of cloud forests;
consequently, they can, under management, contribute to
the conservation of the landscape matrix as a complemen-
tary use of the land (Jardel-Peldez et al., 2014); therefore,
this agroforestry system should be promoted especially in
buffer zones (CONABIO, 2010). Timber tree enrichment plan-
tings are particularly suitable to improve the economic and
social sustainability of coffee plantations (Salgado, 2012).
Research and experimentation focused on cloud forest spe-
cies with forestry potential are necessary to develop produc-
tion alternatives that counter the transformation of forests
into pasturelands and low-productivity crops (Jardel-Pelaez
etal., 2014).

An interesting tree species for coffee plantation
economic and biological enrichment purposes is Dalber-
gia palo-escrito Rzed. & Guridi-Gémez. This tree grows in
the Sierra Madre Oriental, where small
groups are distributed among the states of
Hidalgo, Querétaro, and San Luis Potosi,
mainly in secondary forests, as living
fences, and in family orchards, although
the species also grows in primary cloud
forests where it reaches up to 35 m high,
but it is scarce (Rzedowski and Guridi-G6-
mez, 1988). More recently Cervantes et al.
(2019) detected some disjunct populations
from the states of Morelos, Guerrero and
Oaxaca. Dalbergia is mainly appreciated
for its easy-to-work precious wood, charac-
terized by its resonance properties, vivid
color, and contrasting grain pattern; it is
often used for making violins and guitars,
especially in Paracho, Michoacan, a town
known worldwide in the luthiery industry
(Pérez-Olvera et al., 2002; Carmona-Valdo-
vinos, 2003).
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The species is currently included under threatened
risk category by the Mexican Official Norm NOM-059-SE-
MARNAT-2010 (DOF, 2019). Previously during the 17th
Conference of the Parties of Convention on National Trade in
Endangered Species of Wild Fauna and Flora (CITES, 2016),
D. palo-escritowas included in the Appendix Il along with 12
other Mexican timber species from Dalbergia. Gonzalez-Es-
pinozaetal., (2011) it can be tagged as a critically endange-
red species based on International Union for Conservation
of Nature (IUCN) criteria.

Tree and forest measurement data are necessary for
the efficient management of these plantations and to sup-
port decisions associated with the use of forestry treat-
ments and techniques conducive to the growth of trees and
associated crops, for ultimately decreasing costs and envi-
ronmental impact (Detlefsen et al., 2012). Nevertheless,
D. palo-escrito tree growth variables reports are practically
inexistent (Rzedowski and Guridi-Gémez, 1988; Winfield et
al., 2016), and as Millet et al. (2013) have reported, this
gap has been identified as an important limitation in using
native species for biodiversity preservation purposes, espe-
cially among small farmers (Schneider et al., 2014).

In this context, the present study describes the enrich-
ment of coffee plantations using D. palo-escrito in the state
of Hidalgo as an agroforestry strategy that seeks to serve
two different purposes: maintenance of tree cover (source
of germplasm) and wood production for the manufacture of
string musical instruments, used for the interpretation of
traditional musical style “son huasteco”. The present study
sought to characterize a D. palo-escrito and coffee agro-
forestry system and assess its tree growth variables and
phytosanitary status of infestation by true mistletoe. The
obtained results allow for forest management recommenda-
tions focused on the growth of this species as shade canopy
as part of an integral agroforestry management strategy to
promote plantings of Dalbergia in coffee plantations in the
state of Hidalgo, Mexico.

View of the permanent measuring plot. There are two strata,
Dalbergia palo-escrito trees in the upper shade canopy

and a perennial crop layer of Musa acuminata and Coffea arabica.
Photo A. Suérez-Islas.
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Methods

Plantation site

Dalbergia palo-escrito trees were planted in October
2004 as enrichment planting in a coffee agroforestry sys-
tem located in a ranch named El Petatillo (20°20°08” N,
98°13736” W; 830 m.a.s.l.), in the municipality of Tenango
de Doria, Hidalgo, Mexico (figure 1). Mean annual tempe-
rature in the area is 22 °C, and mean annual precipitation
is 2,050 mm (UNAM, 2013). Coffee plantation size was
0.79 ha. Coffee plants of the Caturra variety (Coffea ara-
bica L.) were spaced 1.5 x 2.5 m apart. Shade trees such as
jonote colorado (Trema micrantha (L.) Blume), chaca (Bur-
sera simaruba (L.) Sarg.), dlamo (Platanus mexicana Moric.),
and cedro rojo (Cedrela odorata L.) were also present.

A total of 99 young D. palo-escrito trees were planted
in a low-shade area and gaps of the coffee plantation,

spaced 4.5 x 5 m apart, among some native trees of natu-
ral regeneration and crops introduced by the farmer, such
as Musa acuminata Colla, a banana species, which were
distributed in a random pattern (table I). The provenance of
the D. palo-escrito seeds was the village of Chachala, in the
municipality of Tlanchinol, Hidalgo (20° 58’ 11.3” N, 98° 41’
59.6” W; 1,392 m.a.s.l). At the moment of planting, trees
averaged 32 cm in height and 3 mm in diameter at the root
collar. The area where D. palo-escrito trees were planted in
2004 was outlined as a Permanent Measurement Plot (PMP),
which size was 0.22 ha, faced north, and had an average
slope of 17%. During the first five years of planting, the
farmer gradually cut down the naturally regenerating trees
(especially Trema micrantha) that competed for light with
the D. palo-escrito trees, until they were completely exposed
to light. The farmer only allowed the regeneration of timber
trees (Juglans pyriformis Liebm., Diphysa sennoides Benth.
and Leucaena sp.) and some fruit (Persea schediana Nees)
trees near the places where D. palo-escrito trees died.
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Vegetation was described by classifying
it into two strata: perennial crops and shade
canopy. Total height (h) of each individual plant
was measured using a Vertex lll (© Haglof Swe-
den AB) hypsometer and its auxiliary tool (trans-
ponder) with an accuracy of +/- 10 cm. Normal
diameter (d) of each tree and shrub (including
Musa acuminata pseudostalks), was measured
using a steel diameter tape measure at an
accuracy of +/- 1mm. Soil was sampled at two
different microsites inside the PMP, one of them
with a slope of 17%, whereas the other was
almost flat (2% slope). Three subsamples were
collected at each site and mixed as composite
samples of soil from depths between 0-30 cm.
These samples were subjected to chemical and

F0°19°48"N
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physical analyses as described in the Mexican
Official Norm (NOM-021-SEMARNAT, 2002).

Tree measurement and phytosanitary
assessment

Each D. palo-escrito tree was assigned a
control number, which was painted on the tree
trunk using acrylic paint. Measurements of h
and d were taken for D. palo-escrito (and for the
rest of shade canopy trees) during October and
November, 2015, i.e., when the trees were 11
years old; mean annual increase (mai) was deter-
mined based on these data using the equation
mai = X/t, where X represents the tree variable
measure until the moment represented by t,
which corresponds to age in years.

Additionally, we assessed the sociological
position of tree crowns as a measure to determine
the amount of light that the trees received in com-

Figure 1.

Location of the ranch “El petatillo” (arrow) 1.5 km south of the village
of San Bartolo Tutotepec, Hidalgo, Mexico. Bounded lines represent
contours in meters above sea level, thick line represents paved road.

parison with the rest of the trees in the stratum



using the Dawkins index (Alder and
Synnott, 1992): 5 - emergent crown; 4
- crown completely exposed to vertical
light; 3 - crown partially lit vertically; 2
- crown lit laterally only; 1 - no signifi-
cant direct light on crown. Crown posi-
tion following Dawkins index provides
a good estimation of crown illumina-
tion (Keeling and Phillips, 2007).
Infestation by true mistletoe
Struthanthus sp. was the main phy-
tosanitary problem in the plantation.
This plant is hemiparasitic, it presents
epicortical roots that run through the
surface of the host tissue and form an
intermittent haustorial connection,
where substances are released that
degrade the cell wall of the host’s
vessels; as a consequence, there is
chlorosis in leaves, low retention and
after a while, the death of branches
and tips of the host (Cibrian and Alva-
rado, 2007). Infestation by true mist-
letoe was assessed using the four-
class system proposed by Vazquez
(1993), which consists in establishing
the volume of the crown as 100%,
and then the degree of infestation is

Bois et Foréts des Tropiques — ISSN : L-0006-579X
Volume 344 - 2¢ trimestre — juillet 2020 - p. 47-57
QUALITES DE DALBERGIA PALO-ESCRITO / LE POINT SUR...

Table I.

Agroforestry measurement parameters in a Dalbergia palo-escrito
enrichment planting in a coffee plantation. Permanent Measurement Plot
(PMP) surface =0.22 ha.

visually assessed and given values from 0 to 3 according to
class intervals: (0) healthy, no apparent infestation; (1) mild,
1 to 30% infestation; (2) medium, 31 to 60% infestation; (3)
severe, 61 to 90% infestation.

Analysis of tree measurement
and phytosanitary variables

Tree measurement data were grouped based on the
sociological position of the crown and the degree of infesta-
tion by mistletoe. A contingency table was built considering
these two variables as inputs, and the x? test was employed
to assess independence between variables. Each variable
was subjected to a separate, univariate variance analysis
considering only the data that met normality and variance
homogeneity assumptions. Variable means were compared
by Tukey’s test (P < 0.01) using IBM’s SPSS Statistics 19.

Stratum Number of Height (m) Diameter (cm)  Basalarea
Species individuals mean and mean and (m?)
or bushes range [-] range [-]
Shade trees 70 13.04 26.19 2.1051
Dalbergia palo-escrito 56 10.9 [6.5-15] 13.2[7.6-18.1] 0.8209
Juglans pyriformis 5 10.9[9.6-13.4] 15.7[10.2-23.9] 0.1059
Diphysa sennoides 2 8.8[7.1-10.5] 11.05 [8.1-14] 0.0205
Ficus sp. 2 8 [6-10] 36.6 [23-76.5] 0.6990
Persea schiedeana 2 15.4[14.5-16.2] 29.1[19.2-39] 0.1195
Dendropanax arboreus 1 19 56 0.2463
Leucaena sp. 1 20 19.7 0.0305
Unknown 1 11.3 28.2 0.0625
Perennial crops 297 3.5 7.45 2.4691
Coffea arabica 240 3.4 [2.8-3.9] 2.3 [1.6-4.5] 0.4786
Musa acuminata 57 3.6 [2-9.5] 12.6 [6-30] 1.9905
Results

Agroforestry characterization

Site occupation, measured as total basal area (G), was
9.45 m?/ha, 39% of which corresponded to D. palo-escrito
and the rest to seven other species of trees of natural rege-
neration (table I). Survival of D. palo-escrito at 11 years of
age was 57%; average growth was 13.2 + 2.9 ¢cm in d and
10.9 £ 1.9 min h, which represented a mean annual increase
(mai) of 1.2 cm/yearin d and of 1.0 m/yearin h. The perennial
crop stratum occupied a total G of 11.09 m?/ha, 81% of the
site was occupied by Musa sp.

Concerning soil properties, differences in particle
content were observed between the two microsites, although
both belonged to the same texture class (table Il). Apparent
density (Ade) was lower in the almost flat microsite due to

Table II.

Soil physical and chemical properties in a Dalbergia palo-escrito enrichment planting in a coffee plantation.

Microsite Ade Proportion of particles (%) Texture Color description
g/cm’ Sand Slit Clay class Key Color

Flat terrain 1.04 27 35 38 Clay-rich loam 10YR2/2 Very dark brown
Sloped terrain 1.10 31 34 35 Clay-rich loam 10YR3/2 Dark brown-gray

pH MO C Nt cic

% (Cmols/kg)

Flat terrain 5.52 7.85 4.55 0.39 8.9
Sloped terrain 5.85 5.50 3.12 0.27 5.4
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the accumulation of organic matter (OM), which resulted in
increased soil volume and microporosity. Due to the presence
of OM, soil color was dark brown in the sloped microsite and
very dark brown in the almost flat microsite. According to
NOM-021-SEMARNAT (2002), which prescribes classification
criteria for soil parameters, soil pH was classified as modera-
tely acid; the flat site presented higher acidity.

Relationship between crown position
and mistletoe infestation

Pearson’s x? test determined that no relationship
between crown position and mistletoe infestation existed
at the time of assessment (x?,, .= 12.596 P = 0.399)

Table lll.

Contingency table: infection by true mistletoe X crown position.

%2 Pearson =12.596, P=0.399.

12, 0.05

Crown position (Dawkins index)

Infestation by true Emerging Full Partial  Oblique No Total
mistletoe (Vazquez, 1993)  vertical  vertical light significant
light light light

Healthy 1 7 3 5 5 21
Mild 7 11 3 5 1 27
Medium 2 3 1 0 0 6
Severe 1 1 0 0 0 2
Total 11 22 7 10 6 56

Table IV.

Dalbergia palo-escrito growth (mean + standard deviation) as a function
of crown position at 11 years of age. The crown position is related to light.
Means with different letters in a column indicate highly significant statistical

differences according to Tukey’s test (P < 0.01). Diameter: F=10.271,

P =0.0001; Height: F=4.708, P = 0.003.
Crown position Number  Proportion  Normal diameter Total height
(Dawkins index) of trees (%) (cm) (m)
Emerging (5) 11 20 16 +1.67 a 12.43+1.59a
Full vertical light (4) 22 39 13.99£2.11 ab 11.18 +1.8 ab
Partial vertical light (3) 7 13 12.37 £ 2.8 bc 10.56 £ 1.49 ab
Oblique light (2) 10 18 10.82+2.41¢ 9.81+1.8b
No significant light (1) 6 11 10.52+2.51 ¢ 9.83+1.38b

Table V.

Dalbergia palo-escrito growth (average + standard deviation) based on degree

of infestation by true mistletoe at 11 years of age. Means with different letters in

a column indicate highly significant statistical differences according to Tukey’s
test (P<0.01). Diameter: F=7.264, P = 0.002; Height: F=2.388, P=10.102.

Infestation by true Number  Proportion  Normal diameter
mistletoe (Vazquez, 1993)  of trees (%) (cm)
Healthy (0) 21 38 11.51+2.83b
Mild (1) 27 48 14.22+2.53a
Medium (2) 6 11 14.72+2.43 a
Severe (3) 2 4 13.85+0.78

Total height
(m)

10.22+1.39a

11.38+2.12a

11.35+2.25a
10.5+1.27

(table IIl). Thus, increases in diame-
ter and height were analyzed inde-
pendently of crown position and mist-
letoe infestation.

Growth analysis based on amount
of light on crowns

Dalbergia palo-escrito trees with
emergent crowns and complete expo-
sure to vertical light accounted for
the highest proportion (59%) of the
shade canopy occupied by this spe-
cies. Highly statistically significant
growth differences were observed in
d (P=0.0001) and h (P= 0.003) as
a function of the sociological position
occupied by the crown in the canopy:
growth increased as the light received
by the tree’s crown increased (table
IV). Trees in the category of emer-
gent crown (5) averaged 5.84 cm
more in diameter than trees whose
crowns received no significant direct
light (category 1); concerning height,
plants in the emergent crown cate-
gory (5) averaged 2.6 m more than
plants in the categories that received
light laterally only (2) or lesser.

Analysis based on degree
of infestation by mistletoe
(Struthanthus sp.)

Almost half (48%) of D. palo-
escrito trees presented a mild degree
of infestation by mistletoe Struthan-
thus sp., whereas 38% presented no
infestation. Highly significant sta-
tistical differences were observed
when associating tree diameter with
degree of infestation by mistletoe
(P= 0.002); diameters of trees pre-
senting mild and medium degrees
of infestation were larger (2.71 and
3.21 cm in average, respectively)
than diameters of healthy trees. No
significant  statistical differences
were observed concerning tree height
(table V).
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Discussion
Agroforestry characterization

The recommended density of timber trees in a coffee
plantation at the end of the turn is between 70 and 156
trees/ha, depending on species and site quality (Salgado,
2012). In the present study, 11-year-old D. palo-escrito trees
presented a density of 251 trees/ha, which represents a
margin of 38 to 72% of trees due to thinning or mortality
until the end of the turn (still unknown). It should also be
borne in mind that a density of 63 trees/ha of trees of other
species was determined, among which the G of large indi-
viduals such as Ficus sp. was outstanding, which increases
the need to thinning of this natural regeneration trees as the
D. palo-escrito harvest turn approaches to adjust tree
density to the growth space required by agricultural and
timber trees.

There is no harvest turn information for D. palo-es-
crito. With the mean annual increase (mai) in diameter
obtained in this study (1.2 cm/year), a harvest turn of
37.5 years could be preliminarily estimated to obtain a
minimum cutting diameter (MCD) of 45 cm. However, this
diameter must be determined based on the existence of
useful heartwood to obtain pieces for the manufacture
of string musical instruments and furniture. Furthermore,
the mai in d will most likely decrease as the biological
turn is reached (L6pez and Villalba, 2015); therefore
the estimated turn of 37.5 years will increase as data on
trees with a d close to the MCD become available.

Although the growth data obtained is from a single
experimental plantation, some preliminary comparisons
can be made with other Dalbergia species of precious
wood of interest to international trade. The increases in
D. palo-escrito in d and h were similar to the increases
in other Dalbergia plantations in different countries of
the tropics. In Guatemala, Méndez-Paiz and Serech-
Van Haute (2018) report a mai of 1 cm/year for d and
1 m/year in h for D. stevensonii Standl. in plantations
of 17 years of age. A similar observation was made in
single-species and mixed-species 68 months of age
plantations of D. retusa Hemsl. in the dry tropical region
of Costa Rica, where mai was found to be 1.3 cm/year for
d and 1 m/year for h (Piotto et al., 2004), so the species
was classified as low-growth for such conditions.
In India, Parrotta (2000) reported increases of
1to 2 cm/year in d for D. sisso Roxb. ex DC plantations
between 5 and 30 years old. Similarly, Costa etal. (2015),
in Brazil, reported an mai of 0.81 cm/year for the first 22
years of a D. nigra (Vell.) Allemao ex Benth plantation.

In our study, very high contents of organic matter
(OM) and carbon (C) were found in the nearly flat micro-
site and high contents were found in the sloped micro-
site; both sites were found to be rich in total nitrogen
(Nt). Slope has been observed to play an important role
in nutrient accumulation (Ramos etal., 2015); flat terrain
often presents the best conditions, mainly due to less
water drainage carrying away nutrient-rich soil particles.

Growth analysis based on amount of light on crowns

A positive association between growth in d and the
sociological position of the crown (as a function of the
amount of light received by the crown) has been reported in
studies on different tropical species (Finegan et al., 1999;
Manzano-Méndez et al., 2010). However, there are other
variables that affect the association between illumina-
tion and diameter, such as crown shape, crown diameter,
topography, vine infestation, and forest density (Galvan et
al., 2005). For example, in a study on Caesalpinia gaumeri
Greenm. the highest values of growth increases in d in trees
of the largest diameter categories, with better crown quality,
and receiving sunlight completely (Interian-Ku et al., 2014).

Photo 3.

Dalbergia palo-escrito in the emerging crown category without true
mistletoe infestation. These types of trees have the greatest growth
potential and represent the forestry target trees.

Photo A. Suarez-Islas.




Volume 344 — 2" quarter - July 2020 - p. 47-57

Bois et Foréts des Tropiques — ISSN: L-0006-579X
54 FOCUS ON... /| PERFORMANCE OF DALBERGIA PALO-ESCRITO

100%
90% . . | mSevere(3)
80% — Implications for management
70% —] — . and conservation
mMedium
60% +—| — )
50% || | Results of the present study allowed for
40% 1| — L amid@) the assessment of D. palo-escr/t.o as a precious
300 wood species for coffee plantation enrichment
T I in the region and to preserve this endangered
20% +— T @Healthy (0) native tree species. Measured diameter and
10% +— — height growth rates were found to be similar
0% . . — = . . ) to those of other Dalbergia species of interest
Emerging (5) Full vertical  Partial ~ Oblique ~ ~ No for the international trade of precious woods,
light (4) Vert"é‘;l)“ght light (2) S'lgi"}:ft'if)"t which represents an opportunity to promote
& this tree and contribute to diversifying the cof-
Figure 2 fee agroecosystem in the region. Moreover, as
Percentage distribution of infestation by true mistletoe (Struthanthus sp.) and crown in the case of other Dalbergia species, which
position (X axis) of Dalbergia palo-escrito. Crown position was assessed using Dawkins form symbiotic associations with nitrogen-
index (Alder and Synnott, 1992) and infestation by true mistletoe by the four-class fixing bacteria (Sprent and Parsons, 2000),
system proposed by Vazquez (1993). D. palo-escrito may also form this symbiosis
Analysis based on degree of infestation " “TRE Wi 5

by true mistletoe (Struthanthus sp.)

oy

In the present study, we observed an association
between true mistletoe infestation and growth diame-
ter: trees with the highest diameter growth, whose
crowns were located in positions where they received
the most light, also presented the highest degrees of
infestation (figure 2). Additionally, a direct linear cor-
relation (r = 0.852, p = 0.001) was detected between
trunk diameter and crown diameter, which means that
trees whose crowns had larger diameters were also
more intensely infested. The same result has been
observed in Brazil in the leguminous shrub Mimosa
calodendron Mart. ex Benth.; individuals presenting
larger crown diameters were also the most affected
by the hemiparasite Struthanthus flexicaulis (Mart. ex
Schult. f.) Mart. (Mourdo et al., 2009). True mistletoe
is a heliophyte organism, and it develops best at high
temperatures; birds that spread its seeds prefer high
spots on the tallest trees, so the infestation process
takes place from the top to the bottom of the crown
(Acosta and Chazaro, 1992; Olsen, 2003). This could
be the reason why the trees with the widest canopies
and the largest diameters are the trees with the highest
infestation of this hemiparasite plant.

In the present study, graphic analysis of true mist-
letoe infestation intensity and sociological position of
the crown suggested that the infestation was sprea-
ding to the trees whose crowns were less lit (figure
2), which could further affect decreased diameter and
height growth in the future. Howell and Mathiasen
(2004) point out that time since infection is a crucial
factor because the parasite absorbs more water and
minerals from its hosts as it grows, which often leads to
decreased host growth. Moreover, mistletoe affects the
host’s plant architecture, sometimes reducing its pho-
tosynthetic capacity and respiration rate (Ehleringer et

Photo 4.

al., 1985). Tree with a canopy completely exposed to vertical light, but
with lateral competition (category 4 of the Dawkins index).
These conditions seem to promote the development of straight
stems and narrow crowns with thin lateral branches.

Photo A. Suarez-Islas.
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Photo 5.

Tree infested by true mistletoe in approximately the lower half of
the crown, which corresponds to category 2 of Vazquez (1993). The
photo corresponds to the cold and dry season (February) when the
trees almost completely lose their foliage.

Photo A. Suarez-Islas.

and bring benefits to the nutrition of associated crops, such
as coffee and banana.

Forest management recommendations include, as a
priority, conducting true mistletoe control practices such as
pruning out the parasite, focusing on the most affected trees
(medium and severe degrees of infestation) and pruning thin
branches to keep at least one-third of the crown free of mist-
letoe; thinning should be used as a complement to pruning
(Cibrian and Alvarado, 2007; Diaz-Limén et al., 2016). Seve-
rely infested trees competing with healthy or mildly infested
trees should be removed, and it is also recommendable to
reduce competition in high-density zones to provide more
space for the crowns of trees nearing harvest and where there
is a risk of affecting the yield of associated crops due to exces-
sive shade. Another possible option is chemical control with
herbicides (ethephon) injected into the host’s trunk (Contre-
ras-Ruiz et al., 2018); but it is necessary to carry out tests with
different doses and times of application.

Preserving other native fruit and timber trees in the Per-
manent Measurement Plot (PMP) is also important. juglans

pyriformis Liebm. seems to be unaffected by true mist-
letoe and is also a precious wood species; Diphysa
sennoides Benth. and Leucaena sp. produce hardwood
that can be used as posts or as firewood; Dendropanax
arboreus (L.) Decne. & Planch. provides soft wood, use-
ful for construction; Persea schediana Nees produces
edible fruits, highly appreciated by the local popula-
tion; while Ficus sp. fruits serve for wild animals (Mon-
tagnini et al., 2008). Therefore, these species could be
considered in a model of D. palo-escrito agroforestry
plantation as part of the shade canopy. Their role would
be to prevent true mistletoe from spreading and to
diversify the products and services provided by coffee
plantations. Multi-strata agroforestry systems can acce-
lerate forest succession and regeneration, reducing
restoration costs through the production of associated
crops to provide food and income to the farmer over
time (Oliveira and Carvalhaes, 2016).

A coffee production reactivation strategy in the
state of Hidalgo should include D. palo-escrito mana-
gement, sustainable development, and conservation
by promoting enrichment plantings of this species in
coffee plantations. Coffee-producing areas in the state
of Hidalgo are predominantly inhabited by highly margi-
nalized indigenous populations who require to improve
their economic income (L6pez-Pérez, 2002). In a coffee
plantation enriched with precious wood trees, the high
prices of fine timbers in the international market could
compensate for the long wait to harvest the trees, while
associated crops can provide food and income to far-
mers throughout the turn; thus, wood would represent
natural capital and a green heritage for future genera-
tions (Cervantes-Maldonado, 2016).

Conclusion

The present study confirmed that growth in
diameter and height of Dalbergia palo-escrito trees in
an enrichment planting were positively associated with
illumination received by tree crowns. Infestation by true

mistletoe was more intense in trees receiving higher amounts
of light on the crown and presenting more significant diame-
ter growth; infestation showed a trend to spread to crowns
receiving less light. Pruning out the true mistletoe as a control
strategy is a recommended forest management practice, as
well as releasing poorly illuminated trees from competition
and preserving the shade canopy of other native species. As
for the economic and biological enrichment of coffee planta-
tions in the Sierra Madre Oriental in the state of Hidalgo, pro-
moting D. palo-escrito trees as a source of precious wood in
a combined strategy including sustainable exploitation and
conservation should be promoted.
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