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ABSTRACT
Objective: To quantify the one-year total soluble protein (TSP) concentration in the trunk of two pine species.
Design/Methodology/Approach: The Bradford method (1976) was used to determine the TSP concentration 
in the two pine species. Statistical tests were subsequently performed with the IBM SPSS 18 Software, using a 
general linear model (GLM) univariate analysis.
Results: The TSP concentration was different for each month. The highest concentration was recorded in 
August (6.84 mg gMS1 for Pinus pinceana Gordon and 6.82 mg gMS1 for Pinus cembroides Zucc), and the 
lowest was registered in April (5.53 mg gMS1 for Pinus cembroides Zucc) and February (6.64 mg gMS1 for 
Pinus pincenana Gordon).
Study Limitations/implications: There is a lack of information regarding these two pine species and scarce 
studies explain the behavior of the TSP.
Conclusions: The concentration of total soluble proteins varies in each month of the year. Further studies that 
include more plant organs are required to obtain a broader protein profile for both species.

Keywords: vegetative storage, nutrients, ecophysiology, proteins.

INTRODUCTION
	 Pinus pinceana Gordon and Pinus cembroides Zucc are two species endemics to Mexico; 
they are distributed across the states of Coahuila, Nuevo León, Zacatecas, San Luis Potosí, 
and Querétaro (Villareal et al., 2009). Both species have great economic importance, 
give the use of their timber as firewood and fuel and of their seeds as food (CONABIO, 
2019). The stands of Pinus pinceana Gordon are small and its populations are restricted, 
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additionally, grazing goats and the collection of firewood and seeds have brought this 
species to the brink of extinction,  consequently, it is subject to special protection according 
to NOM-059-ECOL-2001 and NOM-059-SEMARNAT-2010 (Quiroz et al., 2017).
	 Nitrogen is abundant in plants and may be present as soluble proteins and vegetative 
storage proteins (El Zein et al., 2011), which are crucial to the development of cellular, 
metabolic, and genetic coding structures. The lack of this element can lead to poor 
development or growth (Espino et al., 2018). The increasing temperatures and droughts 
caused by climate change and human activities currently threaten the populations of the 
observed pines in more arid areas (Martiñón et al., 2010). Studies about both woody species 
and the behavior of total soluble proteins are scarce, there are only reports for a few species: 
Caladium bicolor (Ortiz et al., 2015), Quercus petraea and Fagus sylvatica L. (Valenzuela et al., 
2010), and Carya illinoinensis Koch (Núñez et al., 2019, 2021). Furthermore, studies about 
the nitrogenous compound storage in the trunk and roots (El Zein et al., 2011) and the 
mobilization of the said compounds into new growth tissues are very limited and scarce 
(Villar et al., 2015). Despite the economic importance of their seeds, there is no management 
and conservation program for both pine species (Fuentes et al., 2019). Our objective was 
to evaluate total soluble protein (TSP) concentration in Pinus pinceana Gordon and Pinus 
cembroides Zucc, specifically on the trunk, at a 1.3-m height, during an annual cycle.

MATERIALS AND METHODS
	 This study lasted one year ( January-December 2022). It was conducted in the Jagüey 
de Ferniza ejido, in the south area of the municipality of Saltillo, Coahuila, Mexico (101° 
02’ 17” N, 25° 14’ 47” W). Five individuals of each species were systematically selected 
according to the diameter of their trunks (60 cm). Monthly samples were taken from 
the trunk cores, 1.3 m above ground level using a Pressler drill (Haglof®, 15mm/0.200” 
diameter, 3 edges). The methodology reported by Núñez et al. (2021) was used for sampling 
and part of the sample processing. The samples were transported to the Departamento de 
Recursos Naturales Renovables of the Universidad Autónoma Agraria Antonio Narro, in 
Saltillo, Coahuila, where they were dehydrated at 50 °C for one week, using a HS45-AIA 
drying oven (Novatech). The samples where then analyzed using the Bradford method 
(1976). An analytical balance (Adventurer™ Pro) was used to weigh 10 mg of dry matter, 
which were placed in 2-mL microtubes. Subsequently, 2 mL of the extraction solution 
(KH2PO4, Na2HPO4, and polyvinylpyrrolidone) were added to each of the microtubes. 
The samples were stirred in a vortex mixer for 10 min and centrifuged for 15 min at 
10,000 rpm. Afterwards, 500 L of the resulting solution were poured into plastic cuvettes, 
to which 500 L of the reagent were added (Quick Start™ Bradford Protein Assay). The 
cuvettes with the solution were stirred and left to settle for five minutes, before a sensitive 
UV spectrophotometer ( JENWAY 6320D) was used to analyze the solution at a 595-nm 
absorbance.

Statistical analysis
	 The Kolmogorov-Smirnov test was performed to verify that the data met the normality 
and homoscedasticity assumptions. Once the assumptions were confirmed, the TSP 
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concentration of each species was compared using a GLM univariate analysis, considering 
month and height as the main factors in the model. The statistical analyses were performed 
with the help of the IBM SPSS 18 software (significance level: 0.05).

RESULTS AND DISCUSSION
	 The TSP concentration was statistically different for each month evaluated 
(F13.335, g.l.11,365, P0.000). Figure 1 shows that August recorded the highest 
TSP concentration for both species (6.84 mg gMS1 in Pinus pinceana Gordon and 6.82 
mg gMS1 in Pinus cembroides Zucc), while the lowest TSP concentrations occurred in 
April for Pinus cembroides Zucc (5.53 mg gMS1) and February for Pinus pinceana Gordon 
(6.64 mg gMS1).
	 Plants can mobilize nutrients that will subsequently contribute to their optimal 
development in each season of the year (Perdomo et al., 2010). Therefore, Pinus pinceana 
Gordon and Pinus cembroides Zucc showed variations in TSP concentration.
	 TSP concentrations recorded the highest results for both species in August (6.84 mg 
gMS1 in Pinus pinceana and 6.82 mg gMS1 and Pinus cembroides). These results differ 
from the Quercus robur study conducted by Valenzuela et al. (2011), who reported the highest 
concentration in October (0.150.03 g·100g1) and a significant decrease of TSP in June. 
In this study, a decreasing TSP concentration could only be observed in Pinus cembroides 
in June (6.23 Mg gMS1), while the lowest record of these compounds in Pinus pinceana 
occurred in February (6.64 Mg gMS1).
	 The results also differ from the observations made by Muñoz et al. (1993), who reported 
an increase in N in the tissues of Prunus persica during autumn (August to November). 
However, this study failed to detect a fixed pattern in TSP concentrations. Núñez et al. (2021) 

Figure 1. Monthly variation in TSP concentration in the trunk of two Pinus species over the course of one year.
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Table 1. Average TSP concentration (mg protein/g DM) in two Pinus 
species.

Month protein Mg /g DM
Cembroides

Protein mg /g DM
Pinceana

August 6.82 a 6.84 a

July 6.89 a 6.83 a

January 5.58 ab 6.64 bc

March 6.77 ab 6.79 a

May 6.77 ab 6.76 abc

December 6.69 abc 6.83 a

February 6.74 abc 6.64 b

June 6.23 abc 6.90 a

November 6.68 abc 6.89 a

October 6.74 abc 6.86 a

September 6.57 abc 6.85 a

April 5.53 c 6.77 abc

Milligrams of protein over grams of dry matter (protein mg /g DM).
zDifferent lines between columns indicate significant differences (Tukey, 
p0.05).

found a proportional relation between protein nitrogen concentration and temperature 
increase in Carya illinoinensis —i.e., the percentage of protein nitrogen increases along with 
temperature. For their part, Taulavuori et al. (2014) reported that protein nitrogen content 
increased with high temperatures.
	 The variation in TSP concentration could be the result of differences between species 
and their development stages; one species could be more sensitive to biotic or abiotic 
variables (Tromp and Ovaa, 1973). It is worth highlighting that the concentration of 
protein compounds tends to increase or decrease in a matter of hours or days, due to 
the plasticity of plants, various species modify their behavior to survive in heterogeneous 
environmental conditions (Villar et al., 2013). The plasticity of plants is defined as the 
ability of a particular genotype or population to express distinct phenotypes in the face 
of any biotic or abiotic variation, through changes in their morphology and physiology 
(Hernández et al., 2015; Villamizar et al., 2012). 
	 The results of the present study show that TSP concentration in plants can fluctuate 
and that plants can retranslocate these compounds to meet their needs (Aerts and Chapin, 
1999). The fluctuation of TSP may be impacted by different causes, such as environmental 
variables or the abiotic stress that the plant suffers (Upendra and Dagla, 2016). Tuberosa 
(2012) and Brunner et al. (2015) reported that, when plants experience high levels of 
drought stress, they activate protein-based mechanisms to protect themselves from cellular 
damage.

CONCLUSIONS
	 The concentration of total soluble proteins in the two observed species varies in each 
month of the year. An analysis of the complete proteic profile of both species is still required 
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to characterize the mobilization dynamics of nitrogenous compounds, taking the effect of 
environmental variables into consideration.
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