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Abstract

:

Increasing the germination percentages from chemical and/or mechanical processes in native species is vital for the conservation of the species. The objective was to evaluate the effect of different treatments on the germination process of species belonging to the tropical deciduous forest (TDF) in a forest nursery. Eight species of trees and shrubs reported to be native to the TDF were selected; the seeds were collected from various sites of the state of Queretaro, Mexico. A randomized design of four replicates with 25 seeds was used, for which three pre-germinative scarification treatments were evaluated for each species: (1) thermal scarification (TS), (2) mechanical scarification (MS), and (3) chemical scarification (CS). Germination was considered as the protrusion of cotyledons onto the substrate and was recorded every 48 h for 60 days. A significant difference was observed between treatments (p ≤ 0.05). The mechanical treatment (MS) obtained the highest germination percentage and the least variation, in contrast to the thermal, chemical, and control treatments, which presented the lowest amount of germinated seeds. The MS treatment was the most effective for all the species studied because it allowed for 100% of the germination to be achieved.
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1. Introduction


Species inhabiting tropical forests are subject to disturbances that are mainly anthropic in origin. This type of vegetation hosts more than 75% of the biodiversity and occupies about 7% of the Earth’s surface. It hosts two-thirds of the world’s floral diversity and has a global distribution ranging from 0.5 to 1100 million hectares [1,2].



In Mexico, the tropical deciduous forest (TDF) is defined as a group of forests that occur mainly in warm climates and are dominated by trees that lose their leaves during the dry season (this season is different in each region of the Mexican territory). This type of ecosystem hosts a great diversity of plants, vertebrates, and insects [3]. The plant families that best represent the TDF in some regions of Mexico and Central America are the Fabaceae and Euphorbiaceae [4,5].



It is estimated that before human intervention, the TDF covered up to 30% of the national territory [6], but today, it occupies an area of 226,898 km2, which is equivalent to 11.7% of the territory [7]. Consequently, it is one of the ecosystems that most of the human population inhabits. Furthermore, about 25% of the world’s population depends on the ecosystem services that the TDF provides, such as carbon storage, soil conservation, high biodiversity, and extraction of fuelwood and non-timber products, in addition to the intensive use caused by extensive livestock production systems and overgrazing. Due to the aforementioned and given that the greatest threat to this ecosystem is land use change, several studies have suggested that conservation of the TDF should be a priority [1,6,8,9].



There are concerns about the small number of studies conducted in comparison to other wet temperate ecosystems [8,10,11]. In addition to anthropogenic pressures, the disruption of hydrological cycles caused by climate change has led to prolonged droughts and desertification, which has contributed to the degradation of this ecosystem type, as the high tree density, enormous diversity, and high endemism of these forests are due to its topography and marked seasonality [10,11]. Additionally, the TDF is greatly undervalued due to its low visual appeal during the dry season, which consequently, negatively impacts the interest in its conservation, as well asnd its ecological value not being recognized by society [6].



Substantial efforts have been made to restore tropical forests [12]; however, to date, public TDF conservation strategies have been insufficient relative to deforestation rates and compared to other vegetation types. Natural regeneration is undoubtedly the most effective alternative, but it has been shown to be limited by recruitment of individual seeds in the soil due to herbivory, dormancy, and disturbance [13]. Restoration efforts must be well planned to make the best decision regarding which species to use and the type of plant structure to work with. Additionally, there are insufficient studies regarding the phenology and adaptive characteristics of individual species in the TDF, making it difficult to develop appropriate conservation strategies [14,15,16].



In order to achieve successful conservation and restoration programs, it is important to understand the ecology of succession of these forests, specifically secondary succession processes [17]. The process of succession in the TDF is poorly understood, and further investigation of its regeneration pathways is required [9]. Nevertheless, the introduction of native trees that make up the canopy of the TDF can contribute to the regeneration of secondary forests by facilitating the regeneration of local species of woody plants [18].



An important characteristic of the species that contribute to the regeneration of the disturbed TDF is their high capacity for colonizing sites that are in very poor condition, which makes them inherently resilient. Moreover, even though the rapid recovery of the tree population has occasionally been noted after a disturbance, the recovery of floristic structure and composition is slow [19].



Restoration activities with native species are not limited to wild areas; the restoration of urban areas is also important because 56% of the world’s population lives in cities [20]. The increase in restored urban areas has many important benefits from a social perspective. It has been proven that the interaction between people and nature helps to reduce stress and promotes positive mood and good cognitive functioning [21,22,23,24]. These positive effects are referred to as “restorers,” and people tend to attribute them to natural areas rather than urban areas without nature [25]. In terms of ecological benefits, the use of native species in restored areas has been shown to be beneficial compared to introduced species, because soil conditions favor the establishment of native species [26].



Consequently, conservation strategies using native species help us to combat the accelerated conversion of wild areas to urban areas, thus promoting the protection of wild vegetation patches.



There is evidence to support that in order to achieve a good outcome in reforestation, it is very important to select plant structures that favor rapid adaptability [27]. Additionally, the ecological contribution of seeds is well supported, but there is a lack of emphasis on the importance of their functional role in the ecosystem, which at present, is considered to be minor [28,29]. The physicochemical properties of seeds, which provide unique characteristics to the seeds and the plants, are determined by the environmental conditions surrounding their progenitor [29]. It is important to keep these properties in mind while developing restoration strategies in order to make it possible for productive forests to continually adapt to site conditions [30]. Therefore, several studies have proposed the evaluation of seed characteristics and their behavior under laboratory and field conditions [16,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47].



Additionally, successful reforestation depends greatly on the nursery phase, which must produce plants with high adaptability and survival. In turn, this depends largely on the characteristics of the germplasm and the procedures used for reproduction [48]. Nonetheless, the seeds of some species become dormant during their maturation, where physical dormancy is one of the most common [49]; however, this kind of dormancy prevents water uptake and thus germination [50]. As a result, this makes the propagation of some TDF species difficult, requiring the use of pregerminative treatments during the nursery phase.



Applied to the seed before germination, these pregerminative treatments contribute to the success of plant production as they lead to embryonic development, promoting germination. These treatments vary depending on the type of dormancy of the seed, and several authors have reported their effectiveness in TDF species [32,33,51,52].



Seed scarification is a pregerminative treatment that consists of physical damage to the seed coat in order to allow imbibition [53]. Among the most commonly used are heat or thermal scarification (TS), chemical scarification (CS), and mechanical scarification (MS). For TS, the seeds are exposed to high temperatures by dipping them in boiling water. On the other hand, CS consists of the use of acids to corrode the seed coat. However, the most direct method is MS, which consists of the removal of a portion of the seed coat or simply the creation of small scars on the surface of the seed [53]. Pregermination treatments are among the most important activities in a forest nursery, and the use of the most adequate treatment for each species ensures the success of plant production [32,48,54]. Although propagation protocols have been published for TDF species of trees and shrubs, most of them were conducted in vitro under controlled conditions and the species included were not representative of the great diversity found in the TDF [32,33,36,38,39,40,42,43,44,45,47,51,52].



Forest nurseries that are dedicated to mass propagation are crucial for the success of afforestation and reforestation programs in the country. They are also considered to be the starting point for the reversal of the degradation of natural resources, which can be a low-cost method for improving the quality of life of the human population [55]. In their endeavor of producing healthy and vigorous plants, forest nurseries search for management strategies that fit each species and create the ideal conditions for their proper development [56]. Due to the aforementioned, the present study analyzed the effect of three pregerminative treatments on the seeds of eight native TDF plant species with the aim of evaluating their effectiveness for breaking seed dormancy.



Selected Species


Eight species of trees and shrubs reported to be native to the TDF [57] were selected, all of which belong to the Fabaceae family, except for Dodonaea viscosa, which belongs to the Sapindaceae family (Figure 1).



Albizia occidentalis Brandegee (Fabaceae), also known as “parotilla”, is an endemic tree species of the TDF [34] that occurs at altitudes from sea level to 2400 masl [58]. It is well adapted to lateritic alluvial soils and sandy areas [59]. Its seeds are brown, ovoid to elliptical, with a hard seed coat, and they have a pleurogram and an areola. They have an orthodox behavior and remain viable several years after their collection. They are widely distributed in Mexico, from Baja California, through the Pacific slope, to Central America.



Dodonaea viscosa (L.) Jacq (Sapindaceae) is an evergreen woody shrub that adapts to impacted soils, survives with very little water, and is found in temperate, arid, tropical, and subtropical environments, as well as in ecological transition areas [60]. It can be found from sea level to 2600 masl. Its seeds are small, black, and lenticular [61], with an orthodox behavior and physical dormancy. Seeds of this species exhibit physical dormancy when collected in Hawaii and New Zealand [51], but no dormancy in seeds collected in Mexico City [35]. It is commonly used as an ornament in gardens [60].



Leucaena esculenta (Moc. Et Sessé ex Dc.) Benth. (Fabaceae) is a tree species of 3 to 20 m tall that grows in poor soils (regosol, calcareous), and it has been found from 1250 to 1880 masl [36]. It is distributed in the highlands and the Pacific Slope of Mexico. It has ovoid seeds with a dormant embryo; it presents orthodox behavior and significantly loses viability after a year [36]. The wood from this tree is used to build rural buildings, and as firewood and charcoal, with an excellent calorific value of 18,600 kJ/kg [62,63].



Lysiloma divaricatum (Jacq.) J.F. Macbr (Fabaceae) is a tree of up to 18 m tall that occurs naturally from the south of the United States to Central America, at altitudes between 600 and 2300 masl [64]. The seeds are compressed, elliptical to ovoid in shape, and dark brown to black in color [65]; it presents orthodox behavior without dormancy and with high viability (>50%) after two years of dry storage [36]. It is used as a noble wood for construction, flooring, furniture, firewood, and charcoal, and in some places, it is planted in combination with coffee plantations [64].



Prosopis laevigata (Humb. & Bonpl. ex Willd.) M.C. Johnst. (Fabaceae) is a tree species that grows up to 12 m tall and is widespread from Texas in the United States to Chiapas in Mexico, from a sea level up to 2050 masl [64]. It is common in plains and lowlands with deep soils [66]. The seeds show orthodox behavior with a seed coat-imposed dormancy and high viability (>60%) even after 50 years of dry storage [38]. It is used to obtain various goods and services, such as firewood, rubber, and construction materials [67]. The seeds can also have a rhomboid shape, a rough coat, and be light brown in color [37,68].



Senna septemtrionalis (Viv.) H.S. Irwin & Barneby (Fabaceae) is an herb or shrub, and rarely grows to be a tree of up to 4 m high. It is native to Mexico and Central America, and can be found distributed along the Sierra Madre Oriental (in Mexico) and through the mountains of Guatemala, Honduras, Costa Rica, and Nicaragua (in Central America), from 1000 to 1950 masl [69]. It has been reported to grow in very poor leptosol soil [39,70] and it has flattened, olive-colored, and glossy seeds of about 3.6–4.9 mm in length; it is of orthodox behavior with a physical dormancy and high viability (>50%) after two years of storage at room temperature [39]. It is commonly used as a remedy for pain and inflammation [71,72]



Vachellia farnesiana (L.) Wight & Arn. (Fabaceae) is a shrub or tree of 2 to 5 m tall, with a characteristic smell of honey when it flowers. It is native to Mexico and has been reported in 29 states. It is usually found along low slopes covered with scrub, at altitudes that range from sea level to 2400 masl. It is used as fodder, as well as an ornamental plant [73]. It grows in different types of soils but grows better in calcareous clay soils. Its obovoid seeds are rounded at the base and apex, and have a hard seed coat with a smooth, dark brown-colored cover [40]; it is of orthodox behavior with physical dormancy [41]. These seeds can be stored for a long time and are able to stay viable for up to 151 years at room temperature [74].



Vachellia pennatula (Schltdl. & Cham.) Seigler & Ebinger (Fabaceae) is a shrub or tree that reaches a height of up to 12 m and a diameter of up to 30 cm. It is reported to grow on andosols, acrosols, and regosols at mid-elevation sites (below 1500 masl). They are distributed throughout 26 states in Mexico and play an important role as timber for rural buildings [75]. It has oblong seeds that are laterally compressed, of about 8–9 mm in length and 5–6 mm wide, and slightly shiny and red colored, with a smooth and woody consistency. Their orthodox behavior allows them to stay viable when stored at room temperature [76].





2. Materials and Methods


The seeds were collected from different sites within fragments of a TDF, located in the state of Queretaro: (1) La Barreta (20°48′59.90″ N 100°31′13.10″ W) (D. viscosa and S. septemtrionalis), (2) Mompaní (20°41′50.62″ N 100°30′35.69″ W) (P. lavigata), and (3) Juriquilla (20°42′0.61″ N 100°26′26.51″ W) (A. occidentalis, L. divaricatum, L. esculenta, V. farnesiana, and V. pennatula) (Figure 2).



Collection of seeds was performed once every 15 days, from January to December of 2020, at the three aforementioned sites. In order to characterize the donor trees, four phenotypic criteria were considered: apparent good phytosanitary status, minimum distance of 100 m between donor trees (of the same species), and presence of abundant and ripe fruits.



After harvesting, the fruits were cleaned with water and stored in airtight and sterile glass containers at 5 °C in a refrigerator (Torrey©, model R14L, Mexico City, Mexico). The experiments were carried out between April and June of 2021 at the forest nursery of the Natural Sciences Faculty of the Autonomous University of Queretaro (20°42′1.7″ N and 100°26′36.7” W). During the study, the nursery registered a mean temperature of 22.49 °C and a relative humidity of 53.76%. These were measured and registered using a USB data logger (LASCAR, model EL-USB-1-LCD, Salisbury, UK).



The study consisted of a randomized design of four replicates with 25 seeds each, per species. We consider the sample size used in this study to be appropriate, as it has been shown that for species with low seed production, a small sample size is sufficiently robust to draw statistical inferences [77,78]. Germination was considered as the protrusion of cotyledons onto the substrate (emergence) [79] and was recorded every 48 h for 60 days.



2.1. Pre-Germinative Treatments


Seeds were carefully selected based on criteria such as: (a) no perforations of any kind, (b) no color change, which might indicate fungal or insect invasion, and (c) maximum size according to the species.



Three treatments of pre-germination scarification were evaluated (Table 1): (1) thermal scarification (TS), (2) mechanical scarification (MS), and (3) chemical scarification (CS). After the treatments, the seeds were soaked in running water for 24 h. The temperatures (TS) and times of immersion (CS and TS) were based on specific literature for the selected species that report the use of temperatures between 65 °C and 100 °C [32,36,39,42,45,51,80]. For CS, sulfuric acid was used at different concentrations and immersion times for the same species [42,44,47,81].



	(1)

	
For thermal scarification (TS), the seeds were immersed in water at a temperature between 70 °C and 94 °C.




	(2)

	
The mechanical scarification (MS) consisted of the removal of a portion of 1 mm (or 0.5 mm in the case of D. viscosa) of the seed using diagonal cut pliers (Truper, model PM-CD4, Mexico City, Mexico). The size of the removed portion was dependent upon the total size of the seed and thickness of the seed coat.




	(3)

	
For chemical scarification (CS), the seeds were immersed in 98% sulfuric acid for 20 to 45 min with constant manual agitation.







Planting was carried out manually in Styrofoam seedbeds with alveoli of 5 cm in diameter and 20 cm deep, which were previously sterilized with a 2% solution of commercial sodium hypochlorite. The seedbeds were then placed in plastic tents (Figure 3). The substrate used consisted of a 3:1:1 mixture of peatmoss, vermiculite, and perlite. Irrigation was carried out at least every 48 h (field capacity), except for when the substrate had an excessive loss of water.




2.2. Statistical Analysis


The germination percentages were subjected to an arcsine angular transformation in order to normalize the data and stabilize the variances.



Once normalized, multiple media analyses were run with a 95% confidence level. Subsequently, the comparison between treatments was performed using an HSD Tukey test. SPSS v.25 software by IBM was used for all statistical analyses.





3. Results


3.1. Treatments


A significant difference was observed between treatments (p ≤ 0.05). The MS obtained the highest germination percentage and the least variation, elevating the absolute germination (Figure 4), in contrast to the Control and TS which presented the lowest number of germinated seeds. The CS treatment was intermediate.




3.2. Species


In the control group, L. divaricatum and A. occidentalis obtained the highest germination percentages with 98% and 88%, respectively (Figure 2 and Figure 5), while the species with the lowest germination were V. farnesiana, V. pennatula, and S. septemtrionalis, which obtained 5%, 2%, and 3%, respectively, during the entire study (Table 2).



In thermal scarification, the best responding species were V. pennatula (82%) and S. septentrionalis (76%). On the contrary, P. laevigata obtained only 3% and A. occidentalis obtained 0% germination. Overall, chemical scarification gave the best results, where P. laevigata and V. pennatula obtained 96% germination, while L. divaricatum obtained 94%, and the lowest percentage was for V. farnesiana with 26%. This treatment had the highest germination for D. viscosa, L. esculenta, and S. septemtrionalis.



Finally, mechanical scarification was the only treatment that achieved 100% germination in three species (L. divaricatum, V. farnesiana, and V. pennatula); however, D. viscosa obtained the lowest value at 67%. In addition, it can be observed that in MS, all species reached their highest germination level 10 days after the start of the treatment. Furthermore, a large number of seeds germinated within the same period for CS, except for D. viscosa and V. farnesiana. For TS, lower germination rates were observed on average compared to the other treatments, as well as different behaviors for each species.





4. Discussion


Firstly, it is important to highlight that the seeds used in this study were those of larger sizes. This practice is common in forest nurseries because it helps to maintain uniformity in seedling size [82]. Nevertheless, this practice affects the genetic diversity of the seed lot, which should be taken into account in future studies with native species of the TDF.



In the present study, and according to the overall results, P. laevigata with CS achieved 96% of germinated seeds, which is different from the results reported by Sobrevilla-Solis [42], where they estimated 2.5% germination. These differences may be caused by modification of the pre-germination process, where they immersed the seeds in H2SO4 for 5 min, in contrast to the 20 to 45 min of this study. Sobrevilla-Solis [42] also believe that mechanical treatments such as seed abrasion and liquefaction over different time periods provide better results than thermal and/or chemical treatments. For their part, Rivas-Medina [37] agrees that mechanical treatments (mixing the seed at different periods) achieve the best germination rates, with an average of 53%. The 24-h soaking period previous to the treatment could explain the differences in the estimated germination percentages among the different studies.



In the case of L. divaricatum and A. occidentalis, there was little literature prescribing treatment of these species before germination; however, in the present study, high germination rates were estimated (88% and 98%, respectively), so we assume a lower degree of physical dormancy compared to other Fabaceae, as described in previous studies [43,83].



The control group of L. esculenta also obtained a significantly lower germination percentage than both the chemical and mechanical scarification treatments. The same was observed in the TS treatment, so we conclude that there is a negative effect of the thermal scarification treatment, as discussed by Cervantes-Gutierrez [36], where a reduction of viability was reported for the same treatment.



Lysiloma divaricatum and A. occidentalis responded negatively to the TS treatment and had the lowest percentages within each species. V. farnesiana, A. occidentalis, L. esculenta, and P. laevigata had low germination rates (less than 50%). This behavior is consistent with the data of Tadros et al. [32], whose tests showed a negative interaction between immersion in hot water and subsequent immersion in water at room temperature for 24 or more hours. Therefore, the authors of the present work do not recommend this treatment to break dormancy in the species mentioned above.



Prosopis laevigata did not respond positively to the TS treatment, obtaining only 3% germination. We assume that the high water temperature (94 °C) was responsible for this result. Cervantes et al. [43] indicate that immersion in water at 65 °C for 4 min allows for 20% to 25% germination after 25 days, so we consider that using high temperatures when treating these species is not appropriate; it is better to use temperatures below the boiling point and longer periods of time.



This was not the case for V. pennatula, as it obtained 82% germination, which was significantly lower than the other two treatments (CS and MS). Cervantes-Gutierrez [36] achieved a germination of 33% with boiling water for 10 min, so we assume a possible negative effect due to the high water temperature.



In the case of A. occidentalis, no studies on germination by hot water treatments have been reported so far, but our results indicate that it is susceptible to high temperatures. S. septemtrionalis responded positively to thermal scarification and was significantly superior to the control. Seeds that were subjected to TS reacted differently in all species, possibly due to the great variability in efficacy depending on the device used (oven or hot water), temperature, and duration of treatment [33].



The percentages obtained by Teketay [52] were close to 100%; however, his experiments were conducted in Petri dishes and the seeds were dipped in coffee filter paper, so these conditions could be the cause of this difference. D. viscosa also responded positively to this treatment, although it did not reach the high percentages reported by Baskin et al. [51], which were close to 100%. In this study, high temperatures (100 °C) and short durations (3 to 60 s) were used, so we assume that this species responds positively to high temperatures and short durations, although lower temperatures (80 °C) may increase the germination percentage.



As mentioned in the results, chemical scarification was the most effective treatment for D. viscosa (69%), L. esculenta (89%), and S. septemtrionalis (88%), as it significantly increased germination rates compared to the other two treatments and the control group. Overall, this treatment raised the absolute germination rate.



However, in the case of V. farnesiana, we obtained a relatively low percentage (26%); similarly, Rivas-Medina [37] reported low percentages (less than 50%) using the same method. Two factors may have caused this difference, their experiments were conducted at a constant temperature and they did not soak the seeds for 24 h as in the present study.



In general, mechanical scarification was the treatment that achieved the highest germination rates and also significantly increased the germination rate, except for S. septemtrionalis. We are of the opinion that this treatment can be harmful to the seeds but requires a considerable amount of time compared to the other methods used.



The germination percentages of the species studied show that their germination ability is not affected even in a suburban environment. These species can adapt to stress and must be considered as a source of genetic and biological diversity in reforestation projects.




5. Conclusions


The TS treatment is suitable for D. viscosa, S. septemtrionalis, and V. pennatula because of the large number of seeds that can be treated at the same time; additionally, the use of sulfuric acid does not require long periods of time for MS treatment. For the species that responded negatively to this treatment (A. occidentalis, V. farnesiana, and L. esculenta), further tests are needed to determine the optimal temperatures and times.



The MS treatment is the most effective for all the species studied, as it allows 100% of germination to be achieved and significantly increases the germination rate. However, it is the most time consuming when applied on a large scale and small seeds can be damaged.



Lysiloma divaricatum and A. occidentalis do not require pre-germinative treatment. We consider adequately soaking the seeds in water at room temperature for 24 h before sowing.
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Figure 1. Seeds of the selected species: (A) Albizia occidentalis, (B) Dodonaea viscosa, (C) Leucaena esculenta, (D) Lysiloma divaricatum, (E) Prosopis laevigata, (F) Senna septemtrionalis, (G) Vachellia farnesiana, and (H) Vachellia pennatula. 
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Figure 2. Seed collection sites based on location of the donor trees within remnant areas of a TDF in Queretaro, Mexico. 
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Figure 3. (Left) Seedbeds with emerging seedlings of V. farnesiana. (Right) Plastic tents. 
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Figure 4. Germination percentages by treatment. Diferrent letters express significant differences between treatments (p ≤ 0.05). (TS) thermal scarification, (CS) chemical scarification, (MS) mechanical scarification. Error bars represent standard error. 
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Figure 5. Cumulative seed germination (germination percentage vs. days). (A) Control; (B) Thermal Scarification; (C) Chemical Scarification; and (D) Mechanical Scarification. 
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Table 1. Pre-germinative treatment conditions for chemical and thermal scarification by species.
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Species

	
Chemical Scarification

	
Thermal Scarification




	
Temperature °C

	
Time






	
Albizia occidentalis

	
20 min

	
80

	
4 min




	
Dodonaea viscosa

	
5 min

	
80

	
20 min




	
Lysiloma divaricatum

	
10 min

	
80

	
3 min




	
Leucaena esculenta

	
3 min

	
80

	
3 min




	
Prosopis laevigata

	
5 min

	
94

	
45 s




	
Senna septemtrionalis

	
45 min

	
94

	
15 s




	
Vachellia farnesiana

	
20 min

	
70

	
20 min




	
Vachellia pennatula

	
20 min

	
70

	
20 min
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Table 2. Germination percentage and standard deviation of the eight species with respect to each pre-germinative treatment. (TS) thermal scarification, (CS) chemical scarification, (MS) mechanical scarification.
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	Species
	Control (%)
	TS (%)
	CS (%)
	MS (%)





	Albizia occidentalis
	88 ± 3.2
	0 ± 0
	91 ± 6.8
	98 ± 2.3



	Dodonaea viscosa
	7 ± 5
	61 ± 6
	69 ± 10.5
	67 ± 10.5



	Leucaena esculenta
	34 ± 5.1
	23 ± 15.0
	89 ± 8.2
	72 ± 11.7



	Lysiloma divaricatum
	98 ± 2.3
	40 ± 35.6
	94 ± 6.9
	100 ± 0



	Prosopis laevigata
	50 ± 14.7
	3 ± 2
	96 ± 4.6
	96 ± 5.6



	Senna septemtrionalis
	3 ± 3.8
	76 ± 10.3
	88 ± 8.6
	78 ± 9.5



	Vachellia farnesiana
	5 ± 6
	21 ± 13.2
	26 ± 2.3
	100 ± 0



	Vachellia pennatula
	2 ± 4
	82 ± 9.5
	96 ± 3.2
	100 ± 0
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