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Resumen

En México, el estrés hidrico y la mala calidad de planta son algunas de las principales causas de mortalidad en
plantaciones. El uso de productos antitranspirantes en especies vegetales ha sido una alternativa para reducir la
pérdida de agua ante condiciones de disponibilidad limitada de este recurso. El objetivo del presente estudio
consistio en evaluar el efecto de tres productos antitranspirantes (Vapor Gard®, Fitoglass® y Ecofilm®) y dos
métodos de aplicacidon (aspersion e inmersion) en la supervivencia de plantas de Pinus cooperi, P. durangensis y
P. engelmannii, a partir de indicadores morfoldgicos de calidad inicial conocidos. Previo al establecimiento del
ensayo, en cada individuo se evaluaron cuatro indicadores morfoldgicos de calidad, posteriormente se aplicaron
los antitranspirantes y se evalud la supervivencia en campo un mes después. Los resultados indicaron que la
calidad de planta fue alta, y que la aplicacion de antitranspirantes tuvo efectos significativos en el porcentaje de
supervvivencia: P. engelmanni presenté 94 % con Fitoglass® por inmersion, P. cooperi 61 % con Ecofilm® por
inmersion, y P. durangensis 58 % con Ecofilm® por aspersion. Se concluye que la aplicacidon de los antitranspirantes y
el método de aplicacién aumentan de forma diferenciada la supervivencia inicial en las especies estudiadas.
Palabras clave: Conservacion forestal, Pinus cooperi C.E.Blanco, Pinus durangensis Martinez, Pinus engelmannii
Carriére, restauracion forestal, sequia.

Abstract

In Mexico, water stress and poor plant quality are some of the main mortality factors in plantations. The use of
antitranspirant products in plant species has been an alternative to reduce water loss under conditions of limiting
water availability. The aim of this work was to evaluate the effect of three antitranspirant products (Vapor Gard®,
Fitoglass® and Ecofilm®) and two application methods (spraying and immersion) on survival of Pinus cooperi, P.
durangensis and P. engelmannii seedlings, based on known morphological indicators of initial seedling quality.
Four morphological indicators of seedling quality were assessed for each tree before establishing the test; then,
antitranspirants were applied to seedlings and field survival was evaluated after one month. Results showed that
initial seedling quality was high, and application of antitranspirants had significant effects on the survival
percentage: P. engelmannii recorded 94 % with Fitoglass® by immersion, P. cooperi 61 % with Ecofilm® by
immersion, and P. durangensis 58 % with Ecofilm® by aspersion. We concluded that antitranspirant application
and application method increase initial survival in these species.

Key words: Forest conservation, Pinus cooperi C.E.Blanco, Pinus durangensis Martinez, Pinus engelmannii
Carriére, forest restoration, drought.
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Introduction

Plants of the Pinus genus are the most used in reforestation programs in Mexico
(Flores et al., 2021). However, the impact they have on the recovery and restoration
of temperate-cold climate forests is moderate, basically due to the low percentage of
survival achieved in the field after the first year of planting (43.50 to 67.8% from
2013 to 2017) (Conafor, 2019) Sometimes they are established in marginal sites
where environmental conditions are adverse (water shortage, low fertility, no organic

and mineral soil) and they are not able to survive due to the stress they produce.

Water is a crucial factor for the survival of plants, as it directly influences their growth.
Water stress is one of the main causes of their death, which occurs when transpiration
(water loss) exceeds the water absorbed by the roots of plants (Luna-Flores et al.,
2012). Prieto et al. (2016) pointed out that trees established in the field during the
period from 2006 to 2014 recorded: 42.4 % average mortality from drought in
reforestations of different species. Due to the importance of the lack of humidity in
planted trees and the effect of drought, several researchers have evaluated it in
different pine species, such as: Pinus ayacahuite Ehrenb. ex Schitdl., P. devoniana
Lindl., P. hartwegii Lindl., P. leiophylla Schiede ex Schltdl. et Cham., P. oocarpa
Schiede ex Schltdl., P. patula Schiede ex Schltdl. et Cham., P. pseudostrobus Lindl
(Saenz-Romero et al., 2013; Esperén-Rodriguez and Barradas, 2015; Saenz-Romero
et al., 2017; Flores et al., 2018).

Drought describes a meteorological condition of lack of rain, and the water deficit
refers to the fact that the water content of a tissue or cell is below the water content
that that tissue exhibits in its maximum state of hydration (Taiz and Zeiger, 2010).
Thus, in a period of drought, the aerial part of a plant will continue to develop until
the absorption of water by the root becomes limiting. The decrease in cell volume due
to lack of water reduces turgor pressure, cell walls loosen and leaf expansion weakens
(Yepes and Silveira-—Buckeridge, 2011).
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Frequently, plantations are made in places with restricted moisture availability that
lead to water loss in the plants (Simpson, 1984). When they receive little water during
the initial phase of development, their growth potential is reduced, due to the loss of
turgor pressure at the cellular level, which inhibits apical growth. In newly established
plants in the field, water uptake may be restricted due to roots developing, root
systems are damaged or there is poor water availability in the soil, which will cause
sudden and severe water deficit, known as transplant shock (Nitzsche et al., 1991);

if this lack of water condition spreads, the plant inevitably dies (Lisar et al., 2012).

There are products in the market called antitranspirants, which are chemical
compounds that are applied to plants, mainly agricultural, to lower perspiration and
maintain a high water level. They are classified into three groups, based on their form
of action: protective, reflective and physiological films (Mikiciuk et al., 2015). The film
formers provide a coating on the surface of the leaves with wax, gel or plastic, which
prevents excessive loss of water from the leaves, improves the moisture status of the
plant and increases growth under conditions of water stress (Moftah and Al-Humaid,
2005). Those of the reflective type (e. g. kaolin clay or chitosan which is a natural
polymer), when applied, reduce the temperature of the leaves by increasing their
reflectance, which causes less perspiration and greater efficiency in the use of water
(Moftah and Al-Humaid, 2005). The third type of antitranspirants are those with
physiological action (e.g. abscisic acid), which prevent the stomata from opening
completely through metabolic processes in the leaves (AbdAllah, 2019), which

reduces the loss of water from the leaves (Shinohara and Leskovar, 2014).

The study of moisture loss reduction in forest species plants through the application
of antitranspirants has been undertaken (Odlum and Colombo, 1987; Vera-Castillo,
1995). However, research work is scarce and results are not provided for species
native to Mexico. The aim of this research study was to determine the effect of three
film-forming antitranspirants on the survival of P. cooperi C.E. Blanco, P. durangensis
Martinez and P. engelmannii Carriére plants, from known initial quality morphological

indicators. The following questions were posed: 1) What morphological quality do the
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plants produced in forest nurseries have? 2) Is there a variation in the survival of the

species due to the application of antitranspirants (products and methods)?

Materials and Methods

Selected species

The experiments were made with 11-month-old Pinus cooperi, P. durangensis and P.
engelmannii seedlings (recommended age to leave the nursery towards the planting
site in accordance with NMX-AA-170-SCFI-2016) (Secretaria de Economia, 2016)
from the General Francisco Villa del Ejido 15 de Septiembre forest nursery; it is
located at one side of the Durango-El Mezquital highway (23°58°20.38” N and
104°35'55.83” W, 1 875 masl).

The plant of the three species was produced in the container system in expanded
polystyrene containers of 70 cavities, with a 170 cm?3 volume (4.3 cm in diameter of
the upper opening, 15 cm in height and 2.2 cm in diameter of the opening lower).
The substrate used was a mixture of 60 % composted pine bark, 30 % peat moss
and 10 % raw pine sawdust, by volume. These species were selected for their
potential and use in reforestation programs (Flores et al., 2021), for commercial
plantations (Prieto et al., 2018) and forest use (Moctezuma and Flores, 2020) in the
state of Durango. For its study, all the plant material used was taken from the nursery
to the Valle de Guadiana Experimental Field (CEVAG) of the Instituto Nacional de
Investigaciones Forestales, Agricolas y Pecuarias (INIFAP) (National Institute of

Forest, Agricultural and Livestock Research (INIFAP)) in Durango, Mexico.
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Evaluation of morphological indicators

The diameter of the root neck (DC, mm) was measured for each plant, with the
Truper® Hh 28.776 digital vernier; the height from the root neck to the apical bud
(Alt, cm), with a 50 cm graduated rule, and with these data the Slenderness Index
(IE = Alt / DC) was estimated. The evaluation data (prior to planting, i. e. day 1)
were used to calculate the plant quality of each species, since it is a predictor of

survival in the field (Escobar-Alonso and Rodriguez, 2019).

The quality of DC and Alt was defined based on the Mexican Standard NMX-AA-170-
SCFI-2016 (Secretaria de Economia, 2016), while IE with the intervals cited by
Rodriguez-Ortiz et al. (2020) (Table 1) .

Table 1. Values and ranges of morphological indicators of plant quality.

Variable/Species Plant quality

B M A
DC' (mm)
Pinus cooperi C.E.Blanco - - >4
Pinus durangensis Martinez - - >4
Pinus engelmannii Carriere >
Alt™ (cm)
Pinus cooperi C.E.Blanco 15 - 20
Pinus durangensis Martinez 15 - 20
Pinus engelmannii Carriére N/A - N/A
IE* > 8.0 8.0a6.0 < 6.0

B= Low; M= Medium; A = High.

"Norma Mexicana NMX-AA-170-SCFI-2016 (Secretaria de Economia, 2016); *Quality
intervals (Rodriguez-Ortiz et al., 2020).
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Establishment of the essay and experimental design

252 plants free of pests and diseases of each species were selected, 216 of which
were treated with three antitranspirant products (Vapor Gard™, Fitoglass® and
Ecofilm™) and two application methods (spraying and immersion), i.e. 36 plants per
product in each application method, and the remaining 36 did not receive any

treatment (control).

The spray application of each product was made directly to the foliage with a Truper™
backpack sprayer (Professional Fumigator) of 5 liters (L) capacity with a solution of Vapor
Gard™ 10 mL L of water, Fitoglass® 15 mL L of water and Ecofilm™ 10 mL L of
water. In the immersion form, the aerial part of the plants was immersed for 30
seconds in 20 L containers, which contained the solutions of the antitranspirant

products corresponding to each of the treatments.

The recommendations for use of the products indicate applying it and waiting, at least
one hour, for it to dry and form the protective layer or film on the surface of the
leaves. In this essay, all antitranspirant products were supplied 24 hours before

planting in the field.

The experiment lasted for 30 days, starting on October 1st, 2019; it was established
in an agricultural plot without use in the last five years, located on the lands of the
CEVAG of INIFAP (Figure 1), at km 4.5 of the Durango-EIl Mezquital highway, Durango,
Dgo. (24°01° N and 104°37" W), at 1 860 m asl, with zenith exposure. The climate
of the area, according to the Képpen climatic classification modified by Garcia (2004),
corresponds to a semi-dry subtype semi-dry temperate, with a total annual
precipitation of 400 to 600 mm and average annual temperature of 12 to 18 °C
(Gonzalez et al., 2006).
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Figure 1. Location of the experiment establishment site in the Valle de Guadiana
Experimental Field (CEVAG)/INIFAP.

The experiment was established with an experimental design in an increased factorial
arrangement: 3 species, 3 antitranspirants and 2 application methods, plus the
control (control). The control and each antitranspirant with different application form
had four replications, and experimental units of 9 plants per species. The survival of
each plant (alive or dead) was assessed 30 days after being established in the field;
it was considered as a living plant when it was observed in a turgid condition with

green or yellow needles, and as dead when it completely changed into brown.
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Statistical analysis

The survival of the pine plants was analyzed by means of logistic regression models
in two stages: first, the effect of the use of antitranspirants was evaluated
(comparison of antitranspirant factors vs control, equation 1); second, the individual
effect of the three factors (species, antitranspirant and application method) and their
interaction (equation 2) were evaluated. In the latter, control was no longer included,

while in both models the effect of the root neck diameter covariate was considered:

pi = 1/[1 + exp(~2zy)]

zi =loglp;/(1—p)]l =u+T;+D;+¢e;i=1,...7 (1)

Where:

pi = Survival probability of the j-th treatment

z; = Logistic estimation of the i-t" treatment

U = General mean

Ti = Effect of the j-th treatment (1 to 7)

D; = Linear effect of the neck diameter covariate of the it treatment

€ = Experimental error

piji = 1/[1 + exp(—=ziji )]

Dij
Zijk = lOg [m} =u + Si + T] + Vk + STU + SVik + TV]k + STVl]k + Dl] + ‘Sij (2)

i=123j=123k=12

Where:
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piik = Survival probability of the it species of the j% antitranspirant of the kth

application method

Zjk = Logistic estimation of the jt species of the jt antitranspirant of the kt

application method
M = General mean

S; = Effect of the ith species (1 to 3)

T; = Effect of the jt antitranspirant (1 to 3)

Vi = Effect of the kth application me (1 to 2)

STj; = Effect of the ith species interaction wth the jt antitranspirant

SVik = Effect of the it species interaction wth the k't application method
TVjx = Effect of the jt antitranspirant with the con k" application method

STVjik = Effect of the i'th species interaction wth the jth antitranspirant of the kth

application method

Dijx = Linear effect of the root neck diameter covariate recorded in the it species with

the jth treatment of the kt" application method

gijk = Experimental error

With the estimated parameters of the model, the survival probabilities of the species
were calculated. Statistical analysis was performed with the LOGISTIC procedure of
the SAS® version 9.3 program (SAS, 2010).

Access to data

Survival data and root neck diameter by species will be available for consultation at
https://zenodo.org/. Zenodo is an online open access European repository or storage

center for querying research results data.
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Results

Plant quality

The average DC reached the high quality category in the three species (Table 2)
because its values were higher than those stipulated in the Mexican Standard NMX-
AA-170-SCFI-2016 (Secretaria de Economia, 2016) (= 4 for P. cooperi and P.
durangensis, and = 5 for P. engelmannii) while the average Alt was in the low quality
category for P. cooperi and P. durangensis because they had values lower than those
required by the Standard (20 cm); in P. engelmannii there is no reference value, since
the species has a cespitose state in its initial growth stage. For IE, the quality was of
a high category in the three species since they had values lower than those referred
(<6.0) by Rodriguez-Ortiz et al. (2020).

Table 2. Morphological indicators of plants of three pine species. The data

correspond to average values * standard deviation

Species Necl((rc:'i::'l)*leter H((::I)‘t Slenderness index'
Pinus cooperi C.E.Blanco 6.03 £ 1.02 15.72 £ 3.07 2.66 = 0.58
Pinus durangensis Martinez 4.52 £ 0.56 18.53 £ 2.92 4.16 = 0.82
Pinus engelmannii Carriere 5.96 + 1.04 NA 1.29 = 0.68

'Slenderness index = Height/neck diameter.

Species survival

For the first analysis, the differences in survival between the plants that received the
application of antitranspirants and the control plants were not significant (p =
0.5172), which showed that there was no effect on this variable from the use of
antitranspirants. In the second analysis, significant differences were observed in the
species factor, and in its interactions (Table 3), which means that there was an effect

on survival due to the antitranspirant and its application method in the species.
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Table 3. Significance of the factors evaluated in the survival of pine plants.

Degrees

et ot Waldschiproc
Esp 2 55.9772 <0.0001
Ant 2 0.5869 0.7457
Met 1 0.1567 0.6922
Esp*Ant 4 12.5058 0.0140
Esp*Met 2 9.8569 0.0072
Ant*Met 2 0.2405 0.8867
Esp*Ant*Met 4 15.9119 0.0031
D 1 1.9919 0.1581

TEsp = Species; Ant =Antitranspirant; Met = Application method; D = Covariable

(diameter of the root neck).

In general, it was observed that the survival probability increased with the increase
in the diameter of the root neck: P. engelmannii stands out because it showed the
highest probability (0.53 to 0.97) with the applied treatments, while P. cooperi and
P. durangensis showed lower probabilities, with values from 0.24 to 0.70 and 0.19 to

0.62, respectively (Figure 2).
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Probabilidad de sobrevivencia = Survival probality; Diametro = Diameter.

The treatments are represented by lines of different colors: black (Vapor
Gard™/aspersion), blue (Vapor Gard™/ immersion), green (Fitoglass™/aspersion),
red (Fitoglass™/immersion), orange (Ecofilm™/aspersion) and purple
(Ecofilm™/immersion). The dotted line corresponds to the lower 95 % confidence
interval (ICI) of the best treatment, while the lines in graph d) show the best
treatment of P. cooperi (purple), P. durangensis (orange) and P. engelmannii with
its ICI (black).

Figure 2. Survival curves of (a) Pinus cooperi C.E.Blanco, (b) Pinus durangensis
Martinez, (c) Pinus engelmannii Carriere before the effect of three antitranspirant

products and two application methods.
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In regard to the higher survival percentage, 61 % was recorded in P. cooperi when
applying Eco-Inm, 58 % was obtained with Eco-Asp in P. durangensis, and 94 % when
supplying VG-Asp to P. engelmannii (Figure 2a, b, c and Table 4). These treatments
were superior to the rest that were below their lower confidence interval of 95 % (ICI)
(Figure 2a, b, c). When comparing the best treatments between species, P.
engelmannii with VG-Asp showed a significant difference compared to the rest (Figure
2d) (Candia and Caiozzi, 2005). The mortality recorded in the plants at the end of the
experiment ranged from 15 to 33 % in P. engelmannii, 49 to 64% in P. durangensis
and 50 to 64 % in P. cooperi. P. engelmannii, in particular, had the lowest percentage
of dead individuals with VG-Asp (6 %) while P. cooperi with Eco-Inm had 49 % and
P. durangensis with Eco-Asp, 42 % (Table 4).
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Table 4. Average survival values of three pine species, three antitranspirants and

two application methods.

. Antitranspirant and Final survival
Species

application method (%)
Vapor Gard™/aspersion 33
Vapor Gard™/immersion 56
Fitoglass™/aspersion 33
Fitoglass™/immersion 39
Pinus cooperi C.E.Blanco Ecofilm®/aspersion 39
Ecofilm™/immersion 61
Media Vapor Gard™ 44
Media Fitoglass™ 36
Media Ecofilm™ 50
Vapor Gard™/aspersion 28
Vapor Gard™/immersion 53
Fitoglass™/aspersion 56
Fitoglass™/ immersion 22
Pinus durangensis Martinez Ecofilm®/aspersion 58
Ecofilm™/immersion 44
Media Vapor Gard™ 40
Media Fitoglass™ 39
Media Ecofilm™ 51
Vapor Gard™/aspersion 94
Vapor Gard™/immersion 72
Fitoglass™ / aspersion 81
Fitoglass™/immersion 89
Pinus engelmannii Carriere Ecofilm™/aspersion 75
Ecofilm™/immersion 61
Media Vapor Gard™ 83
Media Fitoglass™ 85
Media Ecofilm™ 68
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Discussion

Compared to the control, the results of this research showed that the application of
antitranspirant products did not significantly increase the survival percentage of high
quality category plants with respect to DC and IE of Pinus cooperi (56 %), P.
durangensis (64 %) and P. engelmannii (33 %), established in the field; however, a
significant difference in survival was observed between the products and the
application method. Regarding the effect of antitranspirants, it is assumed that plant
perspiration is reduced because water loss decreases under conditions of limiting

water availability at the plantation site (Davies and Kozlowski, 1975).

The diameter of the root neck and the slenderness index are directly related to the
carbohydrate reserve and the development of different parts of the plant. For this
reason, both parameters have been used as predictors of survival (Escobar-Alonso
and Rodriguez, 2019). For example, P. engelmannii had an initial DC higher than what
is considered a threshold value to withstand bending and present tolerance to damage
caused by pests > 5 mm (Prieto et al., 2018); this may be the cause of the lowest

mortality in the species.

According to Mexal and Landis (1990), the diameter at the root neck is one of the
most relevant variables because it defines the robustness of the stem, which is
associated with strength and survival. In general, the larger the diameter, the greater
the lignification and the greater the amount of carbohydrates; therefore, a greater

number of buds to re-sprout and a better developed root system (Rodriguez, 2008).

P. cooperi and P. durangensis did not meet the minimum height required by the
Standard; however, if the plant is destined to places with low water availability —due
to lack of rain or low ground moisture— this can be beneficial for its survival because

it may experience less stress, greater photosynthesis and growth (Grossnickle, 2012).
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The response obtained in survival in this work is consistent with that reported by
Simpson (1984), who managed to reduce water stress with the application of
antitranspirants in plants of four species of conifers produced in containers, which
were sprayed before cold storage (2 °C), and after a storage period of 12 weeks.
Chaves et al. (1985) showed the effectiveness of antitranspirants (Folcote™,
Mobileaf™ and Vapor Gard™) in coffee plants (Coffea arabica L. cv., Yellow Catuai),
applied by spraying in different doses (0, 2, 4 and 6 %) and table sugar (concentration

10 %) for periods of 72, 48 and 24 hours before transplantation.

Some times, although antitranspirants reduce water loss, no effect on survival or
initial growth of the plant is recognized. Two concentrations (1:3 and 1:7) of
Moisturin™ antitranspirant and two application methods were tested on Douglas fir
or spruce (Pseudotsuga menziesii (Mirb.) Franco) and Ponderosa pine (Pinus
ponderosa Douglas ex C. Lawson) seedlings. (immersed or sprinkled plants). The
result of the treatments was assessed at the end of the first growing season. Despite
the fact that a trend was observed in the reduction of water loss due to the application
of the products, there were no significant effects of the treatments on survival and

growth in height and diameter of the neck of the plants (Rose and Haase, 1995).

Magnussen (1986) and Alm and Stanton (1990) pointed out that when there are no
water availability problems at the plantation site (drought), there is no response to
antitranspirants; for example, in P. ponderosa no significant variation in survival was
recorded between plants treated with antitranspirants and plants not treated (without
application), probably due to the fact that the plants were not subjected to water
stress (Vera-Castillo, 1995). In addition, according to Salisbury and Ross (2000) pine
plants can be considered mesophytes, as they develop in areas where there is
medium availability of water, and have strategies to avoid the effects that lead to
water loss (Levitt, 1980).

In the studied species, no adverse repercussions were observed due to the application

of antitranspirants, possibly due to the short period that the trial lasted (30 days).
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This can avoid a severe effect of reducing the diffusion of CO3 in the plants, since the
antitranspirant products were only applied on the dorsal side (upper surface) of the
leaves. In Picea mariana (Mill.) Britton, Sterns & Poggenb. the effectiveness of three
antitranspirant products was tested and it was possible to reduce the water stress of
the plants; however, it was inversely related to the survival of the plants in the
plantation site, for which its use was not recommended in this species (Odlum and
Colombo, 1987). This is attributed to the fact that the antitranspirant film is able to
inhibit the diffusion of CO> more than H.O and, consequently, decrease growth and

carbohydrate availability (Brown and Rosenberg, 1973).

In this work it was not possible to continue the essay for more than 30 days due to
the presence of gophers in the ground, which could limit root development and
promote plant mortality. However, the time of permanence of the work, the
experimental design used and the statistical analysis showed that it is possible to
reduce the initial mortality of plantations of different types (commercial or
restoration) through the application of antitranspirant products. However, the effect
of the antitranspirant product depends, at first on the species (it is different in the
three species of pine), and secondly, on the application method —other factors not
proven in this work and that possibly also play ab important role, are the time of
application of the antitranspirant and the initial conditions of the planting site. Based
on all of the above, it is recommended that the method and products used be tested

on other species for a period greater than 30 days.
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Conclusions

In general, the greater the diameter of the root neck, it was recognized that the survival
of the pine species tested increases. In P. durangensis and P. engelmannii, with 22 and
27 % more survival than the control, the application of antitranspirants can positively

impact the planting of the species in restoration work in degraded areas.

Although the results were not conclusive or did not confirm a clear trend, it is possible
to use antitranspirant products in sites with low water availability problems because
they seem to increase survival and establishment, depending on the species and the

way of application.

The effectiveness of the antitranspirant product application method varies with the
species. For P. engelmannii the best method was by spraying while for P. cooperi it

was by immersion.

Under the conditions in which the present study was carried out, the spray application
method was more viable and offered greater operational advantage for its

implementation as a nursery practice.
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