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ABSTRACT

Objective: To establish the variables of the resin extraction method that have the greatest influence on the
leaf moisture and chlorophyll content in Bursera bipinnata, through correlation analysis and multiple linear
regression, to determine the physiological impact.

Design/methodology/approach: The experimental site was developed in the Los Sauces micro watershed,
in Morelos, Mexico, with a random sample of n=70 trees. The explicative variables corresponded to the
extraction method. The response variables were the Normalized Difference Moisture Index (NDMI) and the
Green Chlorophyll Index (GCI).

Results: The resin production is correlated with the NDMI in October (r=-0.287; p=0.016). The incision
depth was correlated with the GCI in August (r=—0.438; p=0.001) and October (r=-—0.300; p=0.012).
The resin production and the incision depth were factors associated with the NDMI in October (R*=0.09;
p=0.041). Meanwhile, the incision depth and the total number of resin tapping faces were factors associated
with the CGI in August (R*=0.204; p=0.05) and October (R*=0.106; p=0.023).

Limitations on study/implications: The results are limited to the period and sampling site; it is recommended
to replicate the study in other ecological conditions.

Findings/conclusions: Finally, it is necessary to limit the incision depth, as well as the number of resin tapping
faces, especially under drought conditions, since this would favor their sustainable exploitation.

Keywords: Copal, non-timber forest products, physiological impact, NDMI, GCI.

INTRODUCTION

The collection of non-timber forest products (NTFP) is an activity of economic, social
and ecological importance in Mexico, especially in dry tropical forests. Among N'TTP,
resins obtained from the genus Bursera, such as copal, represent a strategic resource for
rural communities. Bursera bipinnata (DC.) Engl. stands out from this group because of the

volume and quality of the resin it produces (Medina-Lemos, 2008).
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The species of Bursera present the capacity to exude resin immediately after tissue
damage, phenomenon that constitutes a compositional defense mechanism against
herbivores and pathogens (Becerra et al., 2001). This resin contains bioactive compounds
such as terpenoids and lignans, whose biosynthesis implies a high energetic cost for the
plant (Marcotullio et al., 2018; Pallardy, 2008). On the other hand, resin production as
a defense mechanism is activated by stress signals in face of tissue damage, induced by
reactive oxygen species (ROS), electrical signals, calcium (Ca2+), and jasmonic acid (Chot
etal.,2017).

The traditional extraction of resin from B. bipinnata is conducted during the rainy season,
through repeated incisions in trunks or branches, with metallic tools, and collected through
in maguey leaves or plastic bottles (Montifar-Lépez, 2016). Although this practice has
cultural and economic importance, its intensive execution can compromise key processes
such as growth, reproduction and regeneration of the tree, in addition to exposing the
plant to exogenous stress factors (Huot et al., 2014).

Various studies have documented negative physiological effects in resin-producing
species subjected to frequent extraction, including reductions in nutrient content,
carbohydrate reserves, and leaf area, as well as in the reproductive capacity (Abad-Fitz et
al., 2022; Khan et al., 2018; Mengistu et al., 2012; Montufar-Lépez, 2016).

In B. bipinnata, the frequency and depth of the damage during extraction could affect
vascular tissues, altering water and nutrient transport, which could generate physiological
stress that limits photosynthesis, post-stress recovery, as well as growth. In face of this
scenario, the objective was to determine how the variables of the resin extraction method
impact the leaf moisture and chlorophyll content in Bursera bipinnata using multiple linear
regression models. The results will allow optimizing the collection practices, reducing the
physiological impact on the trees, and fostering a sustainable management of this resource
in dry tropical ecosystems.

MATERIALS AND METHODS
Study area

The study was carried out in the Los Sauces micro watershed, located in the
Cuautla River sub watershed, in the southeast of the state of Morelos, Mexico. This
micro watershed covers a surface of 384 ha, with an altitudinal range of 1230 to 1580
meters, subhumid semi-warm climate [(A)C(wl)], mean annual temperature of 22.8
°C, and average precipitation of 819.2 mm (Servicio Meteorolégico Nacional, 2024).
The predominant soils are haplic Phaeozem, with a dark superficial horizon rich in
organic matter, clayey subsoil, shallow depth, and high stoniness. The relief corresponds
to volcanic mountain with steep slopes, where vegetation is dominated by secondary,
shrubby and arboreal tropical dry forest, with dispersed agricultural areas (INEGI,
2015).

Experimental site. The study was conducted in the Los Sauces ¢jido, in Tepalcingo,
Morelos, at an altitudinal range of 1368 to 1476 meters, covering 29.21 ha. The dominating

vegetation corresponds to secondary shrubby tropical dry forest.
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Figure 1. Location of the experimental site and the 70 sampling units (Bursera bipinnata trees) inside the Los
Sauces micro watershed, Cuautla River sub watershed, state of Morelos.

Response variables

Two spectral indices were selected as indirect indicators of the physiological stress in
Bursera bipinnata associated to resin extraction: the Normalized Difference Moisture Index
(NDMI) and the Green Chlorophyll Index (GCI).

The NDMI, measured for August (NDMIA) and October (NDMIO), was calculated
from near-infrared (band 8) and shortwave infrared (band 11) reflectance. This index is
sensitive to changes in the hydration of foliage and cell structure of the mesophyll (Gao,
1996), allowing the detection of variations related to water stress induced by tissue damage.
In B. bipinnata, resin extraction can compromise the functioning of vascular tissues,
affecting the transport of water and nutrients to the canopy, as well as the photosynthetic
capacity (Bhattacharya, 2021).

The GCI, recorded in the same months (GCIA and GCIO), was used as a proxy of the
chlorophyll content and, therefore, of the photosynthetic capacity of the leaves (Gitelson
et al., 2005). Reduced levels of chlorophyll reflect a reallotment of resources towards
the production of defense compounds after tissue damage, which can jeopardize light
harvesting and carbon fixation (Guo et al., 2012; Huot et al., 2014; Khan et al., 2018).
Therefore, a decrease in GCI values can be interpreted as a physiological response to stress

induced from resin extraction.

Explicative variables
The explicative variables considered in the model are directly related to the resin
extraction technique in B. bipinnata:
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* Resin tapping faces: The number of resin tapping faces on the stem (NFS),
the branches (NFB), and the total from both (NIT). Each face represents a set
of incisions carried out alternately throughout the period of exploitation. These
incisions immediately release resin, at the same time triggering a stress response
involving calcium, reactive oxygen species, and electrical signals (Choi et al., 2017).
These signals induce the biosynthesis of more resin.

* Resin tapping face height (RFH): It is the height at which each resin tapping face
is made on the tree. Previous studies have shown that the location of the incisions
can influence the amount and quality of resin produced (Cherenet et al., 2020), as
well as the physiological response to tissue damage.

* Incision length and depth: They were recorded as mean length (MIL) and mean
depth (MID). These dimensions define the degree of impact on the tissues, from
the peridermis, the phloem and the xylem, responsible for the transport of water,
nutrients and photo assimilates (Garcia-Pineda, 1988). Deeper and more extensive
incisions can induce more intense defensive responses but also jeopardize the vitality
of the tree.

* Mean face area (MFA): Calculated as indicator of the average size of the resin
tapping zones. A higher MFA is associated with an increase in the flow and quality
of resin, but also with greater damage of the vascular tissues and reallotment of
resources for recovery (Sabo et al., 2022).

* Total resin tapping area (RTA): It represents the sum of the areas of all the faces
made on the tree during the extraction cycle. This variable quantifies the intensity
of use and accumulated damage, which can affect processes such as growth, tissue
regeneration, adaptation and survival (Huot et al., 2014).

* Total resin production (PROD): Resins are complex mixtures; in the case
of B. bipinnata they contain mainly terpenoid and lignan compounds, of high
metabolic cost (Pallardy, 2008). This variable reflects the defense ability of trees in
the presence of tissue damage. Its intensive extraction is related to the reduction
in population observed in the region of the High Balsas (Abad-Fitz et al., 2022;
Montuifar-Lépez, 2016).

Database and variable measurement

In the experimental site, B. bipinnata trees were georeferenced, selected for their
use by copal extractors during the period of August to October 2023. Each tree was
considered as a sampling unit. Initially, 111 trees were recorded, from which a simple
random sample of 70 units was selected, using the sample function of the R software (R
Core Team, 2024).

The geographical coordinates of each tree were obtained through a global positioning
system (GPS) device. The resin tapping face height was measured from the ground level with
a measuring tape, averaging the height of each face in the tree. The incision length was
determined with the same measuring tape, taking the average of the incisions located in
the center of each face. The incision depth was measured with calipers, considering the

average of the incisions also located in the middle of each face.
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The area of each resin tapping face was calculated through the trapezoid formula, using
the measurements of the bases and the height of the faces, obtained with measuring tape.
The mean value of these areas was used to calculate the total resin tapping area per tree, by
multiplying the average by the total number of faces found. The total production of resin was
weighed at the end of the exploitation cycle with a triple beam balance, recording the total
weight of resin collected per tree.

The physiological variables, corresponding to the NDMI and the GCI, were estimated
from Sentinel-2 L2A satellite images. Calculation of the indices was carried out in the
QGIS 3.10 software with a raster calculator. The NDMI was calculated with the formula:

NDMI = NIR — SWIR1 | NIR + SWIR]

where: NIR corresponds to the near-infrared reflectance band (band 8) and SWIRI to the
shortwave infrared band (band 11). The index results in values between —1 and 1: values
close to —1 indicate bare soils or without plant cover; values close to 0 (—0.2 to 0.4) reflect

possible water stress; while values higher than 0.4 indicate a dense and healthy canopy

(EOS Data Analytics, 2024; Sentinelhub, 2024).
The GCI was calculated through the formula:
GCI = NIR | Green —1

where: NIR represents the near-infrared band (band 8) and Green the reflectance of the
green band (band 3). This index presents values between 0 and 10; high values indicate
higher content of chlorophyll and greater photosynthetic capacity, while low values can be

indication of physiological stress and low photosynthetic activity.

Data analysis

To identify the best explicative model of physiological stress in B. bipinnata, a two-stage
statistical analysis was conducted: linear correlation and multiple linear regression, using
the R software (R Core Team, 2024). The variables related to the extraction methods were
treated as explicative, while the NDMI and GCI indices evaluated in August and October
were used as response variables.

In the first stage, the Pearson correlation coefficient (rxy) was applied to determine
the linear relationship between pairs of variables. The magnitude of the correlation was
classified in function of its absolute value, from very weak (<0.25) to very strong (=0.75),
evaluating the significance with a confidence level of 95% and contrasting the hypothesis of
independence through the ¢-Student distribution with n—2 degrees of freedom (McGibney,
2023).

Then, multiple linear regression (MLR) models were adjusted to evaluate the joint
effect of the explicative variables on the physiological indices. The model was structured

according to:
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Y, =B+ B X, + By Xy; +...+ﬁpol. +e¢;

where: Y, is the response variable, ﬂp the model’s coefficients, Xpi the explicative
variables, and ¢; the random error (Cohen et al., 2003). Standardized coefficients (5)
were calculated to estimate the relative importance of each predictor and the adjusted
determination coefficient (Rfﬁuste
the assumptions of the model were verified through graphic analysis and statistical tests:

d) was used as a measure of goodness of fit. In addition,

linearity, independence, normality (Shapiro-Wilk and Q-Q) graphs), and homoscedasticity
(Breusch-Pagan test and residue graphs) (Cohen ez al., 2003).

To avoid problems of multicollinearity, correlations between the explicative variables
(|r|>0.70) and the variance inflation factor (VIF >4) (Schober et al., 2018) were
analyzed. The redundant variables were rejected to improve the accuracy of the model
(Akinwande et al., 2015). These measurements were evaluated through corrplot (Wei and
Simko, 2021) and usdm (Naimi ez al., 2014) packages in R.

RESULTS AND DISCUSSION
Database and variable selection

The database was established by 70 Bursera bipinnata trees, whose geographic location
was georeferenced. As predicting variables, the following were considered: resin tapping
faces on the stem, resin tapping faces on the branches, total resin tapping faces, face height,
incision length, incision depth, mean area of the face, total resin tapping area, and resin
yield. The response variables were: NDMI qust> NDMI ,, 0s GCL August and GCl ;1.

Table 1 shows that the median number of resin tapping faces on the stem was 0, and
the number of resin tapping faces on the branches and number of total resin tapping faces
was 1. On average, the face height was 1.56£0.66 m, the incision length was 15.64*+3.57
cm, and the depth 5.97+2.40 mm. The mean face area was 56.77%=20.15 ch, while total
resin taping area reached 90.72%52.69 cm”. The mean resin production per tree was
38.56%+50.44 g.

Table 1. Descriptive statistics of the resin tapping method.

Variable Units Median Minimum | Maximum Range
Resin tapping faces on the stem Amount 0.00 0.00 2.00 2.00
Resin tapping faces on branches | Amount 1.00 0.00 4.00 4.00
Total resin tapping faces Amount 1.00 1.00 4.00 3.00

Variable Units Mean Minimum | Maximum ds‘::il:;i:
Resin tapping face height m 1.56 0.40 3.72 0.66
Incision length cm 15.64 5.00 25.00 3.57
Incision depth mm 5.97 3.00 19.00 2.40
Mean resin tapping face area em? 56.77 18.00 109.25 20.15
Total resin tapping area cm? 90.72 18.00 285.00 52.69
Resin yield g 38.56 0 190 50.44
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Table 2 shows that the NDMI decreased from 0.30%0.02 in August to 0.11+0.05 in
October, and the GCI went from 4.76+0.46 to 3.79%0.47, which suggests a progressive
reduction in the moisture content and the photosynthetic capacity of the foliage.

Correlation coefficient

The Pearson correlation coefficient analysis indicated that no productive variable
presented a significant association with the NDMI in August (Table 3). However, in
October, resin production showed a weak negative correlation, although significant, with
this index (r=—0.287; p=0.016), suggesting that a higher extraction could be related to a
lower availability of water in the canopy (Table 4).

Regarding the GCI, incision depth was the only variable that presented a significant
negative correlation in August (r=-—0.438; p=0.001) and October (r=-0.300;
$=0.012). This finding shows that deeper incisions can be associated with a reduction

in the photosynthetic capacity, possibly due to a greater allotment of resources to defense
mechanisms (Table 5 and Table 6).

Multiple linear regression model

Two multiple linear regression (MLR) models were constructed to analyze the effect of
the productive variables on the physiological indices NDMI and GCI in Bursera bipinnata.
Both models were defined from the results of the correlation analysis and fulfilled the

Table 2. Descriptive statistics of physiological variables.

Variable Units Mean Minimum | Maximum dS::il:tii"::r‘x
NDMI Dimensionless 0.30 0.25 0.35 0.02
NDMI 10 10r Dimensionless 0.11 —0.004 0.24 0.05
GCl s Dimensionless 4.76 3.71 5.86 0.46
GClL oper Dimensionless 3.79 2.39 4.80 0.47

Table 3. Correlation between productive parameters and NDMI in August.

Variable Pearson Correlation Sig.

Resin tapping faces on the stem —0.055 0.652

Resin tapping faces on branches —0.057 0.639

Total resin tapping faces —0.113 0.353

Resin tapping face height 0.014 0.906

Incision length 0.006 0.964

Incision depth —0.085 0.485

Mean resin tapping face area —0.006 0.963

Total resin tapping area —-0.013 0.915

Resin yield —0.179 0.139

** Correlation is significant at the 0.01 level (two-tailed).
* Correlation is significant at the 0.05 level (two-tailed).
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Table 4. Correlation between productive parameters and NDMI in October.

Variable Pearson Correlation Sig.
Resin tapping faces on the stem 0.030 0.788
Resin tapping faces on branches —0.169 0.163
Total resin tapping faces —0.211 0.080
Resin tapping face height —0.051 0.674
Incision length 0.047 0.698
Incision depth —0.90 0.457
Mean resin tapping face area —0.010 0.937
Total resin tapping area —0.103 0.398
Resin yield —0.987% 0.016
** Correlation is significant at the 0.01 level (two-tailed).
* Correlation is significant at the 0.05 level (two-tailed).
Table 5. Correlation between productive parameters and GCI in August.
Resin tapping faces on the stem —0.094 0.438
Resin tapping faces on branches 0.150 0.214
Total resin tapping faces 0.147 0.225
Resin tapping face height 0.057 0.641
Incision length —0.192 0.112
Incision depth —0.438%* <0.001
Mean resin tapping face area —0.226 0.060
Total resin tapping area —0.021 0.861
Resin yield 0.079 0.513
** Correlation is significant at the 0.01 level (two-tailed).
* Correlation is significant at the 0.05 level (two-tailed).
Table 6. Correlation between productive parameters and GCI in October.

Variable Peari;):e(;m(:;:ll:tion Sig.
Resin tapping faces on the stem —0.111 0.365
Resin tapping faces on branches 0.161 0.184
Total resin tapping faces 0.151 0.213
Resin tapping face height 0.023 0.850
Incision length —0.065 0.594
Incision depth —0.300% 0.012
Mean resin tapping face area —0.173 0.152
Total resin tapping area 0.018 0.881
Resin yield 0.153 0.207

** Correlation is significant at the 0.01 level (two-tailed).
* Correlation is significant at the 0.05 level (two-tailed).
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statistical assumptions of normality, homoscedasticity and independence of the residues,
guaranteeing the validity of the inferences.

Normalized Difference Moisture Index (NDMI). In the month of October, the
model included the following predictors: resin production (PROD) and incision depth
(MID). Only the resin production showed a significant effect (p=0.016), which explains
9% of the variability in the canopy moisture (adjusted R2=O.O63). The negative coefficient
indicates that a greater extraction of resin is associated with a decrease in the leaf moisture
content (Bl =—0.287), suggesting a relationship between intensive exploitation and water
stress in the canopy (Table 7).

Green Chlorophyll Index (GCI). For the month of August, the model incorporated
the incision depth (MID) and the total number of resin tapping faces (NIF'T). The incision
depth was the only significant predictor (p<0.03), explaining 20.4% of the variation
observed (adjusted R2=O.18O). A negative effect was identified ([Afl =—0.420), which
means that deeper incisions negatively affect the chlorophyll content, probably due to
a higher allotment of resources to defense mechanisms, as well as from the damage to
vascular tissues (Table 8).

For the month of October, only the incision depth showed a statistically significant
effect (p=0.014), with negative coefficient (ﬁl = —0.289). The model explained 10.6% of
the index variability (adjusted R2=O.079), which suggests that deep incisions carried out at

the end of the season also compromise the photosynthetic activity (Table 9).

Table 7. Model on the effects of the productive parameters on NDMI in October.

Estimate Standard Error T-Value Pr>|t|
INTERCEPT 0.000 0.115 0.000 1.000
PROD —0.287 0.116 —2.463* 0.016
MID —0.089 0.116 —0.772 0.443
Residual standard error: 0.967 on 67 degrees of freedom.
Multiple R-squared: 0.090 and adjusted R-squared: 0.063.
F-statistic: 3.334 on 2 and 67 degrees of freedom, p-value: 0.041.
Variance Inflation Factor (VIF): PROD: 1.000; MID: 1.000.
*#% Correlation is significant at the 0.001 level (two-tailed).
** Correlation is significant at the 0.01 level (two-tailed).
* Correlation is significant at the 0.05 level (two-tailed).
Table 8. Model on the effects of productive parameters on GCI in August.
Estimate Standard Error T-Value Pr> |t|
INTERCEPT 0.000 0.108 0.000 1.000
MID —0.428 0.109 —3.925%** <0.05
NFT 0.114 0.109 1.051 0.297

Residual standard error: 0.905 on 67 degrees of freedom.
Multiple R-squared: 0.204, and adjusted R-squared: 0.180.
F-statistic: 8.614 on 2 and 67 degrees of freedom, p-value: 0.05.
Variance Inflation Factor (VIF): MID: 1.005; NFT: 1.005.

*#* Correlation is significant at the 0.001 level (two-tailed).

** Correlation is significant at the 0.01 level (two-tailed).

* Correlation is significant at the 0.05 level (two-tailed).
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Table 9. Model on the effects of productive parameters on GCI in October.

Estimate Standard Error T-Value Pr> [t|
INTERCEPT —0.000 0.114 0.000 1.000
MID —0.289 0.115 —2.502% 0.014
NFT 0.129 0.115 1.114 0.269

Residual standard error: 0.959 on 67 degrees of freedom.
Multiple R-squared: 0.106, and adjusted R-squared: 0.079.
F-statistic: 3.98 on 2 and 67 degrees of freedom, p-value: 0.023.
Variance Inflation Factor (VIF): MID: 1.005; NFT: 1.005.

*#* Correlation is significant at the 0.001 level (two-tailed).

** Correlation is significant at the 0.01 level (two-tailed).

* Correlation is significant at the 0.05 level (two-tailed).

The results indicate that resin tapping in B. bipinnata has important physiological effects
on moisture and chlorophyll content in the canopy, estimated from the NDMI and GCI

indices.

Relationship between NDMI and resin yield

The correlation analysis and the multiple linear regression model evidenced a negative
relationship between the NDMI and resin production during the month of October. As
resin production increases, the moisture content in the canopy decreases, which suggests
that the intensity of tissue damage from extraction affects the water supply, from the
root system to the leaves. In previous studies in Boswellia and Acacia have proven that the
increase in intensity of tissue damage generates an increase in the yield of resin or gum
(Negussie et al., 2021; Sabo et al., 2022), but the physiological effect from the damage is not
established. In this study, the average incision depth, which was 5.97+2.40 mm, showed
impacts on peridermis, conducting and non-conducting phloem, which is where the resin
producing channels are located (Garcia-Pineda, 1988). Likewise, the damage from incision
depth reached the xylem, tissue responsible for the ascending transport of water to satisty
the demand for transpiration and cell expansion (Couvreur et al., 2018).

In addition to this, the tissue damage generated by resin extraction could contribute to
the loss of water in the main stem and the branches. As exposed by Oliva-Carrasco ¢t al.
(2015), since the water stored in the trunks can contribute between 6% and 28% to the daily
water budget of large trees. In extreme cases, the water stored in the main stems can supply
up to 50% of the total daily transpiration (Scholz et al., 2008). Therefore, the reduction in
the supply from loss can contribute to the water deficit of the canopy leaves.

This water stress was worsened under conditions of low water availability in the soil,
as happened in the sampling period, characterized by a deficit in precipitation. The
mean value recorded of NDMI (0.110.05) indicated severe stress as consequence of
the low volume of accumulated rainfall, which was 26.6 mm between July and October
of 2023, in contrast with the 417.48 mm expected for the same period (Servicio
Meteorolégico Nacional, 2024). This water deficit, combined with the damage in
vascular tissues and the loss of water from tissue damage, reduces both the content

and the water potential in the plant, which makes the adequate distribution of water
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in the tissues difficult (Zhao et al., 2021). In addition this compromises fundamental
processes such as cell growth, photosynthesis, respiration rate and other key enzyme
processes (Bhattacharya, 2021).

Relationship between GCI and incision depth

The chlorophyll content (GCI) showed a significant negative correlation with the
incision depth in both periods evaluated. This evidence shows that an increase in incision
depth causes a decrease in canopy chlorophyll content. On the other hand, ifit is considered
that GCI is a reliable estimator of the green leaf area index (LAI), which is related to the
proportion of photosynthetically active leaf area by surface unit of the soil (Nguy-Robertson
et al., 2014), it 1s deduced that the GCI also reflects a leaf area reduction as the incision
depth increases. Therefore, if an incision affects the vascular tissues and the transport of
water and mineral nutrients through the xylem is altered, as in the case of nitrogen, the
composition and function of chloroplasts is collaterally disturbed, specifically the primary
reactions of photosynthesis and carbon fixation reactions (Evans and Clarke, 2019).

In addition to this, the tissue damage generated from resin extraction is marked by
reactive oxygen species (ROS), calcium (Ca2+), and electrical signals, known as trio signaling
(Chot et al., 2017). These signals activate chemical messengers such as jasmonic acid (JA,
Koo, 2018), which performs a crucial role in the reallotment of resources, including carbon,
hydrogen and nitrogen, towards defense, which contributes to the reduction of essential
components for photosynthesis, such as the light harvesting and carbon fixation complexes
(Guo et al., 2012; Huot et al., 2014). This contributes to senescence and reduction of the
leaf area, as indicated by the GCI values of this study in both periods. This has been proven
in Boswellia papyrifera, where the continuous and intensive extraction of resin caused a
significant decrease in the levels of essential nutrients like nitrogen, carbon and nitrogen,
as well as a reduction in the leaf area of the crown, favoring the defensive capacity in
detriment of growth and development (Khan et al., 2018; Mengistu et al., 2012).

Physiological effects of the accumulated damage

The multiple linear regression showed that resin production explained 9% of the variation
in NDMI, while the incision depth explained 20% and 10.6% of the variability in GCI in
August and October, respectively. These results evidenced that intensive exploitation has
cumulative physiological impacts in B. bipinnata, by jeopardizing water availability and
photosynthetic activity in the canopy.

Thus, the reduction in leaf area, consequence of the decrease in water supply and
reallotment of resources towards defense, negatively affects the productivity of B. bipinnata,
since the leaves carry out a crucial role in carbon fixation through photosynthesis
and respiration (Binkley et al., 2013). Similarly, the senescence of leaves leads to lower
production and storage of non-structural carbohydrates (NSC), which are fundamental
for transport of resources, energetic metabolism, cellular osmoregulation, and synthesis of
defense compounds, as well as post-stress recovery (Piper and Paula, 2020). In the study
by Mengistu et al. (2013) for species of the genus Boswellia, it has been proven that the

continuous and intensive extraction of resin decreases the concentration of non-structural
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carbohydrates, leading them to possible exhaustion. In addition to this, the recovery of
NSC can take several years due to the continuous extraction of resin, since it compromises
the defensive capacity of trees in the presence of conditions of biotic or abiotic stress (Wang
et al., 2021). This could contribute directly to the mortality of the B. bipinnata trees used if

resin tapping is not conducted in a sustainable manner.

CONCLUSIONS

The intensity of resin extraction from Bursera bipinnata directly impacts the physiological
stress of the trees. The incision depths affect the conducting tissues (xylem and phloem) that
reduce the moisture content in the canopy, situation that can be aggravated in contexts of
environmental water deficit. The decrease in chlorophyll content, associated with the loss
of leaf area and the reallotment of resources towards defense mechanisms, compromises
the photosynthetic capacity of the trees. Both effects alter the reserves of non-structural
carbohydrates (NSC), fundamental for post-stress recovery, thus increasing the vulnerability
of individuals in the presence of adverse biotic and abiotic factors. To promote sustainable
management of B. bipinnata, the recommendation is to limit the depth of incisions to less
than 6 mm, decrease the frequency of extraction, establish rest periods between seasons
of exploitation, and reduce or avoid extraction under restrictive environmental conditions
(drought). The implementation of these practices will favor the physiological health of the
trees, allow keeping their productivity in the long term, strengthen the resilience of dry
tropical ecosystems facing the effects of climate change, and contribute to the design of

sustainable forest management strategies in local communities.
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