

  agronomy-12-00103




agronomy-12-00103







Agronomy 2022, 12(1), 103; doi:10.3390/agronomy12010103




Article



Interruption of Seed Dormancy and In Vitro Germination of the Halophile Emerging Crop Suaeda edulis (Chenopodiaceae)



Francyelli Regina Costa-Becheleni 1[image: Orcid], Enrique Troyo-Diéguez 2,3,*[image: Orcid], Alejandra Nieto-Garibay 2[image: Orcid], Luis Alejandro Bustamante-Salazar 4[image: Orcid], Hugo Sergio García-Galindo 5[image: Orcid] and Bernardo Murillo-Amador 2,*[image: Orcid]





1



Center for Biological Research of Northwest México S.C. (CIBNOR), Graduate Studies and Human Resources Program, Av. Instituto Politécnico Nacional No. 195, Colonia Playa Palo de Santa Rita Sur, La Paz 23096, Baja California Sur, Mexico






2



Center for Biological Research of Northwest México S.C. (CIBNOR), Arid Zone Agriculture Program, Av. Instituto Politécnico Nacional No. 195, Colonia Playa Palo de Santa Rita Sur, La Paz 23096, Baja California Sur, Mexico






3



Mexican Society of Soil Science A.C. (SMCS), Chapingo Autonomous University, Carretera México-Texcoco, No. 56230, Chapingo 56227, Mexico






4



Department of Instrumental Analysis, Faculty of Pharmacy, University of Concepción, Av. Víctor Lamas No. 1290, Concepcion 4070386, Chile






5



National Technological Institute of México (TecNM-Campus Veracruz), Av. Miguel A. de Quevedo No. 2779, Colonia Formando Hogar, Veracruz 91897, Mexico









*



Correspondence: etroyo04@cibnor.mx (E.T.-D.); bmurillo04@cibnor.mx (B.M.-A.); Tel.: +52-612-1238484 (ext. 3442) (E.T.-D.)







Academic Editor: Jirui Wang



Received: 27 November 2021 / Accepted: 29 December 2021 / Published: 31 December 2021



Abstract

:

Suaeda edulis (Flores Olvera & Noguez) is a halophile species that grows in saline environments, with concomitant difficulties to germinate and reproduce. Once a null germination under a salinity gradient or fresh water was observed, a plant-growth bioregulator (BioR) was applied to interrupt dormancy and improve germination in vitro. This BioR is composed of gibberellins and adjuvant regulators; and 12.5, 25.0, and 37.5 mg L−1 of gibberellins with immersion at 24, 48, and 72 h were assayed. Most of the normality and homoscedasticity tests were favorable, except in three of 24 cases. On the germination percentage (transformed values), the dose 25.0 mg L−1 reflected the highest values of 5.5 and 6.0 units at 48 and 72 h. For the mean germination time, the highest level of 37.5 mg L−1 at 24 h reflected the best response. For the germination rate, the best one was 25 mg L−1 at 48 h, reaching 12% per day, but for the germination speed coefficient, the best value was observed with 25.0 mg L−1 at 24 h. It was concluded that to improve germination of S. edulis seeds, it is necessary to assess a dose-gradient of gibberellins, starting at 25.0 mg L−1, with higher values to break dormancy.
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1. Introduction


In México, the shrub-species Suaeda edulis (Flores Olvera & Noguez) of the family Amaranthaceae and subfamily Chenopodiaceae has a history and cuisine-culture, as part of the natural and cultural heritage of humanity [1,2]. It is an edible herb or vegetable appreciated as ‘Quelite’ from the ancient Nahuatl term ‘Quilitl’ since pre-Hispanic times for its beneficial health properties [3,4]. It is known as ‘Romerito’, popular in Mexican cuisine for preparing a wide variety of dishes consumed by local inhabitants at Christmas and Easter [5]. It also provides nutritional properties, such as proteins (amino acids), dietary fiber to improve digestion, vitamins A and C (antioxidants), mineral salts (calcium, iron, and potassium), bioactive substances (phytochemicals: chlorophyll), and others [6]. In the rural sector, Romerito plants provide an income to rural producers, including the central regions of México, a production equivalent to an average yield of 8.0 Mg ha−1 of biomass for human consumption with commercial value, harvested at specific times of the year. The species are spread in western Mexico, the Valley of Mexico, and central-eastern Mexico. It is found as a traditional crop in western México in the states of Jalisco, Michoacán, and Guanajuato, as well as in the Valley of México and central-eastern México in the states of Hidalgo, México City, State of México, Puebla, and Tlaxcala [7,8]. It grows up to 2350 m in halophilic grasslands of Distichlis spicata, and under optimal growing conditions, it reaches a height up to 1.15 m [8]. Currently, according to Mexican Official Standard (NOM-059-SEMANART-2010), S. edulis is listed in the category of endangered species at risk [9], due to a decrease in populations in their regions of distribution, mainly because of anthropogenic activities or surrounding vegetation competing for space and are considered weeds for cultivation such as ‘Quelite Cenizo’ (Chenopodium album), ‘Quintonil’ (Amaranthus hybridus), ‘Malva’ (Malva spp.), ‘Lengua de Vaca’ (Rumex spp.), ‘Verdolaga’ (Portulaca oleraceae), among others [10]. Therefore, it is relevant to investigate methods for promoting a successful propagation of the species [11], as seeds are crucial for reproduction, dispersal, expansion, and survival [12].



For a new crop, to reach an adequate standard of productivity, it is essential to examine the quality of the seed, as well as environmental factors such as water, temperature, light, and gases (O2 and CO2), since they are key factors in the percentage and speed of germination [13]. A viable seed is defined by the genetic characteristics of the mother plant, by the climatic conditions related to adaptation to abiotic factors in its different stages of growth such as flowering, development, maturation, and harvest management, as well as biotic factors such as insect or animal attack [14]. It is well-known that some species of plants native to cold or warm environments are more prone to display some type of dormancy than those found in temperate-type environments [15].



The quality and quantity of chemicals present in the embryo also contribute significantly to preserve viable seeds [16]. Gibberellic acid (GA3) is the phytohormone responsible for the interruption of seed dormancy by exerting a control of seed development. GA3’s role is relevant for the process of germination through the activation of the vegetative growth of the embryo, and the production of hydrolytic enzymes is highly relevant [17]. Several enzymes break down starch and proteins necessary for embryo growth when sugars, amino acids, and other products are transported to the growing buds (apical meristems) [18].



A variety of studies have documented the induction of germination within the Amaranthaceae family by applying GA3 [19,20]. Since the halophyte ‘Romerito’ (Suaeda edulis) produces numerous seeds with delayed or interrupted germination, the purpose of this study was to evaluate a plant growth bioregulator composed of gibberellins (GA) to improve germination by interrupting seed dormancy. The response variables were germination percentage (GP), mean germination time (MGT), germination rate (GR) and germination velocity coefficient (GVC).




2. Materials and Methods


2.1. Study Area and Experimental Setup


We conducted the present study as part of a series of experimental activities within a Ph.D. program at the Center for Biological Research of Northwest México S.C. (CIBNOR) located north of the city of La Paz, Baja California Sur, Mexico, at coordinates 24°08′10.03″ N and 110°25′35.31″ W (Figure 1).



A Super SprouterTM germination chamber, model HGC726402 (Premium heated propagation kit for germination and propagation cuttings), consisting of a 7″ ultra-transparent ‘Light track’-humidity dome, a 10″ × 20″ heavy-duty culture tray, and a Super SprouterTM plant heat mat, was used for this purpose. A digital-thermometer (Steren® model TER-150) with humidity sensor and a digital-greenhouse heat-mat thermostat controller (BN-LINK® model 1000 W ETL) maintained controlled conditions with a precise temperature of 25 ± 1 °C, relative humidity of 80% and 12 h light-photoperiod, avoiding drastic changes inside the chamber. This setup allowed to record the temperature and humidity inside the chamber, it was verified throughout the experiment, confirming that the variables remained constant.




2.2. Origin of Suaeda edulis Seeds


Dr. Roberto Noguez-Hernández of the Chapingo Autonomous University (UACh) provided the seeds of S. edulis that were collected from the Santiago Tulyehualco township in Xochimilco, located east of Mexico City. The period of seed collection was from October to November 2020, when the seeds of this species were mature and ready. Subsequently, the seeds from other surface residues such as shells and plant fibers from the field were manually separated (Figure 2).




2.3. Preliminary Experiment to Determine the Germination Potential of S. edulis


To determine the germination potential of S. edulis, in a previous experiment, sodium chloride (NaCl) Fermont® A.C.S. was applied at different concentrations (200, 400, 600, 800, and 1000 mM), also a control with distilled water (0 mM) was included to verify the viability of the seeds and their tolerance to salinity. Seeds were disinfected and sown in sterile acrylic Crmglobre® Petri dishes (90 × 15 mm), covering the dish bottom with absorbent cotton pads in circles (7.0 cm) and Shec® medium pore filter paper circles, disinfected and used as substrate. The Petri-dishes were soaked with the NaCl-solutions, and the control with distilled water, adding 5 mL per day of each one with a graduated syringe, according to the method published by Sánchez-Tizapantzi and Ruiz-Font [21]. Thirty seeds were placed in each Petri dish, with four repetitions per treatment (five doses and distilled water), for a total of 720-seeds.



A second experiment was carried out to explore an option to induce germination of S. edulis; in this case, thirty seeds per experimental unit received the treatments (six doses) for a total of 180-seeds. For this purpose, in addition to using a similar methodology and the treatments mentioned above, the immersion technique was employed, which consisted of submerging the seeds in distilled water for 24 h.




2.4. Preparation of Treatments with the Regulator Biozyme® TS


Since we did not observe any favorable result from the previous germination experiments, a series of trials aimed to interrupt the dormancy of S. edulis were assayed. These experiments included treatments with a bioregulator composed of gibberellins and other adjuvant regulators. The non-synthetic plant growth bioregulator Biozyme® TS liquid (Arysta LifeScience) was chosen to stimulate the germination and development of S. edulis seeds. This bioregulator is composed by gibberellins (GA-77.0 mg L−1), indoleacetic acid (IAA-33.0 mg L−1), and zeatin (ZEA-128.7 mg L−1).



The treatments applied were: T1 (soaking in distilled water); T2 (soaking in 12.5 mg L−1 gibberellin; 5.37 mg L−1 IAA and 20.9 mg L−1 zeatin); T3 (soaking in 25. 0 mg L−1 gibberellin; 10.73 mg L−1 IAA and 41.83 mg L−1 zeatin), and T4 (soaking in 37.5 mg L−1 gibberellin; 16.1 mg L−1 IAA and 62.75 mg L−1 zeatin) at 24, 48 and 72 h.




2.5. Description of the Experiment


We selected healthy seeds of similar size without visible damage, subsequently cleaned them through a rinse with distilled water, then in a solution of 0.1% commercial sodium hypochlorite in a 1:3 (w/v) ratio for ten min to avoid contamination by fungi or other microorganisms. Posterior, the sodium hypochlorite was removed by rinsing the seeds three times with distilled water. After disinfection, the seeds with the different treatments and exposure times were soaked; and once these times elapsed, the seeds were rinsed three times with distilled water to remove the excess Biozyme® TS. Then, seeds were placed in sterile-acrylic Crmglobre® Petri dishes (90 × 15 mm), lined with Shec® medium pore filter paper circles (7.0 cm) at their base, disinfected, and used as substrate. The Petri dishes were moistened with distilled water, adding 5 mL per day with a graduated syringe, according to the method proposed by Sánchez-Tizapantzi and Ruiz-Font [21], with some modifications. Twenty-five seeds were used with four replicates per treatment at three exposure times, totaling 1200 seeds.




2.6. Germination Response Variables


The seeds treated for 24, 48, and 72 h were assessed every 24 h during seven days, establishing as criterion the observation of a germinated seed with the appearance of the radicle (Figure 3). We considered a finished or inhibited germination process when no new germinated seeds were visible. After recording the data, the response variables: germination percentage (GP) [22], mean germination time (MGT) [23], germination rate (GR), and germination velocity coefficient (GVC) [22], were recorded for statistical analysis.



The expressions used for the estimation of germination variables are listed below.



Germination percentage (GP):


   GP =     n °   of   germinated   seeds     n °   of   seeds       ×   100   



(1)







Mean germination time (MGT):


   MGT =    ∑    ( N   ×   D )    ∑    N       



(2)




where: N indicates the number of seeds germinated on day “D”



Germination rate (GR):


   GR =     G 1     D 1      +    G 2     D 2       + … +    Gn    Dn       



(3)




where: “G” represents the number of germinated seeds in relation to “D”, which indicates the number of days



Germination velocity coefficient (GVC):


   GVC =     N 1 + N 2 + … + Ni     100   ×   N 1 T 1 + … + NiTi       



(4)




where: N is the number of seeds germinated each day and T is the number of days since sowing corresponding to N.




2.7. Experimental Design and Statistical Analysis


The experimental design was completely randomized, where a Petri dish with 25 seeds of S. edulis was the experimental unit (EU). The applied treatments were three doses of Biozyme® TS (12.5, 25.0, and 37.5 mg L−1 of gibberellins) and the control “distilled water” (0 mg L−1 of gibberellins). The experiment was carried out with four replicates per treatment and three exposure times (24, 48, and 72 h) for 48 experimental units (EU).



Results of the germination variables were analyzed with a parametric statistical method, using the Kolmogorov Smirnov normality test [24] and Levene’s similarity of variances test [25] to verify the normal distribution of the data. For this purpose, we transformed the GP data to fit them to the normal distribution by conversion to the square root of (% + 1) and compared differences between treatments with analysis of variance (ANOVA) and Tukey’s test of mean comparisons at a 95% significance level (p < 0.05).



For the numerical analysis, data were first tabulated and sorted in spreadsheets using Excel 365 version 2021 for Mac, and the freeware statistical software PAST version 4.04 for Mac was used [26].





3. Results


3.1. Germination Potential of S. edulis under Saline Conditions


The results obtained in the preliminary experiment to evaluate the germination response of S. edulis to salt (NaCl) concentrations were unsuccessful, none of the treatments promoted germination out of a total of 720 seeds. In the second experiment, modified by the immersion technique, only one germination of 180-seeds was recorded (Figure 4).




3.2. Kolmogorov Smirnov Normality and Levene’s Homoscedasticity Tests


We performed the normality and homoscedasticity tests before the ANOVA and comparison of means, the results of which are displayed below (Table 1 and Table 2).



The estimated statistics for normality and homoscedasticity tests were favorable to apply parametric statistical analyses, except for three of 24 cases when the test for equality of variances did not detect similarity. Despite these anomalous cases, and because most matched the assumptions of normality and homoscedasticity, it was possible to continue with the analysis of variance and comparison of means.




3.3. Effects of Treatments with the Regulator Biozyme® TS


3.3.1. Germination Percentage (GP) (Transformed Values)


For the 24 h of immersion, the dose of gibberellin of 37.5 mg L−1 produced the best response with 4.5 units of transformed germination percentage, which contrasts significantly with the treatments without the regulator and with the low dose of 12.5 mg L−1 of giberellins; 12.5, 25.0 and 37.5 mg L−1 were statistically similar, and superior to the control (p < 0.05 for 0 vs. 12.5; p < 0.01 for 0 vs. 25.0; p < 0.001 for 0 vs. 37.5). At 48 h, the highest value was reached with 25.0 mg L−1, reaching 5.5 units, which was higher than the doses 12.5 and 37.5 mg L−1, which were statistically similar; the differences with the control were highly significant (p < 0.05 for 0 vs. 12.5; p < 0.01 for 0 vs. 25.0; p < 0.05 for 0 vs. 37.5). At 72 h, the highest value was 6.0 units with 25.0 mg L−1, a similar response as the observed at 48 h. The comparisons 12.5 vs. the control, 12.5 vs. 37.5 mg L−1, and 25.0 vs. 37.5 mg L−1 were statistically similar; significant differences were observed for three comparisons (p < 0.001 for 0 vs. 25.0; p < 0.05 for 12.5 vs. 25.0; p < 0.001 for 0 vs. 37.5) (Figure 5, Table 3).




3.3.2. Mean Germination Time (MGT)


At 24 h of immersion, the dose of 12.5 mg L−1 of gibberellin evidenced an adequate response, 2 days, being statistically similar to 25 (p > 0.05), also to the treatments without the regulator (no responses) and 37.5 mg L−1 (p > 0.05), which reflected after 4 days. At 48 h, 37.5 mg L−1 was the best dose with 1.5 days, but statistically different to 25 mg L−1 (p < 0.05), while 12.5 and 25.0 mg L−1 were statistically similar, reflecting 2.5 and 3 days; the treatment without the regulator did not evidence any response. At 72 h, the dose of 12.5 mg L−1 reached one day, but it was statistically similar to 25.0 and 37.5 mg L−1, both responding in 1.5 days.



Therefore, 12.5 was the best dose since it implied a lower economic cost (Figure 6, Table 4).




3.3.3. Germination Rate (GR)


At 24 h of immersion, all treatments were similar due to the wide variation detected for the group 37.5 mg L−1. In this sense, we could only suggest a non-statistical superiority of this dose when compared with the others; however, no differences were detected; the only noticeable comparison was 0 vs. 37.5, but it was not significant (p = 0.06). For the 48 h, the best treatment was 25.0 mg L−1 being statistically superior to the control (p < 0.05), reaching 12% per day. The doses 0, 12.5, and 37.5 mg L−1 reflected low values, being similar but statistically different to 25 mg L−1. For 72 h, the control treatment and 12.5 were statistically similar, also 12.5, 25.0 and 37.5 mg L−1, but the best treatments were 25.0 and 37.5 mg L−1 with no statistical differences between them; the significant differences were 0 vs. 25.0 (p < 0.01), 12.5 vs. 25.0 (p < 0.05), and 0 vs. 37.5 (p < 0.05); the best treatment was 25.0 mg L−1 since it would imply a lower economic cost (Figure 7, Table 5).




3.3.4. Germination Velocity Coefficient (GVC)


For 24 h of immersion, the control, 12.5, and 37.5 mg L−1 were statistically similar; the only significant difference was for 0 vs. 25.0 (p < 0.05). The 25 mg L−1 group evidenced high variability; the best response was observed with 25.0, compared to the control (p < 0.05). At 48 h, the control, 12.5 and 25.0 mg L−1 were statistically similar each other. The only significant difference was 0 vs. 37.5 mg L−1 (p < 0.01), accordingly, the best dose was 37.5 mg L−1. The doses 0 and 12.5 mg L−1 reflected the lowest values. At 72 h, the control compared with 12.5 and 37.5, as well as 25.0 and 37.5 mg L−1 were statistically similar. The significant differences were detected for 0 vs. 25.0 (p < 0.01) and 12.5 vs. 25.0 (p < 0.05); the dose 25.0 mg L−1 was superior to the others, but it was similar to 37.5 mg L−1 (Figure 8, Table 6).



Remarks. The differences observed for the MGT variable show that significance was observed only for the treatments 12.5 (p < 0.01 **) and 25.0 (p < 0.001 ***) vs. 0 for the 48 h of immersion, calculating an average of 6.6 and 7.8 days reflected for the MGT variable. A significant difference was also observed when comparing the dose of 25.0 (*) with 0 at 72 h of immersion. In this case 4.4 days were required (Table 5). A summary of responses of the germination percentage to gibberellins is shown in Figure 9, where it is noticed that the best dose in general was 25.0 mg L−1, although the 50% of germination was not reached. In consequence, this is the suggested dose for germinating at T50; Figure 10 displays the observed and expected tendencies.






4. Discussion


According to the results of our preliminary experiment on the response of S. edulis to salt concentrations, a notorious seed dormancy was evident. We infer that the primary mechanism observed in S. edulis is attributed to the prevailing physiological condition. In previous studies on the dormancy of the genus, Binet and Boucaud [27] and Capilupo and Ungar [28] found that the species S. maritima and S. depressa have seeds with inherent dormancy. This effect obeys the integument’s physical resistance, associated with low gibberellin levels (Boucaud and Ungar [29]). Other authors mention that mechanically induced dormancy may be associated with reduced hormonal control [30] and that gibberellin is the principal hormone responsible for initiating germination [31].



For Salsola affinis, another halophyte of the subfamily Chenopodiaceae, the germination rate (TG50) at 0–0.6 mol/L NaCl decreased with increasing salinity. In their habitat, seeds do not germinate when salinity is high in the dry season; the seed’s ability to remain dormant at high salinity but germinate at low salinity after the soil solution dilutes by rain is an adaptation to desert-saline conditions [32]. In our study, a possible explanation why the seeds showed a notoriously low germination percentage (0 and 0.56%, respectively) is that some of the seed’s properties prevent a correct absorption, reflecting a selective or incipient permeability. Pujol et al. [33] observed a significant reduction in time compared to the germination rate in distilled water, where the halophytes studied needed 6 d after transfer to recover 50% of germination.



According to the classification of Nikolaeva [34,35] about the seeds with “endogenous or exogenous” dormancy (EnD, ExD), the embryo has some characteristic that prevents germination in a kind of endogenous dormancy. In this type of dormancy, the attributes of the structures surrounding the seed-embryo, including the endosperm, perisperm, seed coat, or fruit walls, prevent or delay the germination process. In some cases, seeds fail to germinate because their structures are impermeable to water. Accordingly, in seeds possessing EnD or ExD, changes occur if they can mitigate or eliminate the hurdles that prevent germination. This classification [35], including the type of EnD, points out that the seeds with physiological dormancy (PD), morphological dormancy (MD), or morphological-physiological dormancy (MPD) are affected by factors related to the physiological inhibition mechanism (PIM). About the ExD, this author pointed out that seeds with physical, chemical, and mechanical dormancy (PD, CD, MD) are affected by the seed coatings, fruit impermeable to water, germination inhibitors, and woody structures that restrict growth respectively. According to Baskin and Baskin [36,37], and Rosbakh et al. [38], the endogenous physiological dormancy (EPD) can be classified into three categories: Non-deep, Intermediate, and Deep, which are the most common types of seed dormancy.



We found that the immersion technique in distilled water was not favorable to break the dormancy of S. edulis seeds, so we infer that these seeds possess intermediate or deep physiological dormancy. According to Kosma et al. [39], the above emerges of macrosclerotic cells of the outer integument, incorporating suberin deposits and developing external coatings. Physical dormancy is caused by one or more water-impermeable layers composed of cells arranged or grouped so that the surface of the seed or fruit forms a palisade. On the other hand, abscisic acid levels can counteract growth-promoting enzymes or substances responsible for growth, such as gibberellic acid [40]. To achieve germination, several of these substances solubilize in water and are leached into seeds and embryos, changing the balance of chemicals responsible for germination [41]. In some cases, other compounds would need to be alleviated and mitigated with some chemicals to reduce their concentration [42]. Temperature also favors the production of hormones and enzymes that promote growth in the embryonic axis. Cool temperatures play an important role, as they modify the balance of promoters and inhibitors [43].



In the family Amaranthaceae, the genera with this type of dormancy are Amaranthus, Portulaca, and Suaeda [44,45]. In this sense, Hameed et al. [46] observed the maximum (~50, 30 and 20%) seed germination under complete darkness (GD) in distilled water (0 MPa) at 25/35, 20/30 and 15/25 °C, respectively. Tiwari et al. [47] suggested that the melting and freezing of the soil can break the seed’s coat of some cultivars. The above explains the field conditions in central Mexico, such as Texcoco and Mexico City, where the species S. edulis reproduces naturally, characterized by a temperate climate during most of the year, which is appropriate for crop development. Another condition associated with the dormancy interruption of S. edulis in these localities obeys to a low night temperature, which appears to facilitate germination.




5. Conclusions


According to our research, we propose that the genus Suaeda and the species S. edulis are described as a group of wild plants with endogenous physiological dormancy (EPD) that have fully developed embryos. Accordingly, the main cause of physiological dormancy is attributed to a physiological inhibition mechanism (PIM) that is not of the morphological or morphological-physiological type with underdeveloped embryos; however, it can also occur in combination with exogenous physical dormancy (EPD) as the seed coatings are hard, suberized, and impermeable to water [35].



In the initial experiment, the different salinity concentrations with the control (distilled water) did not interrupt dormancy in S. edulis according to the data obtained. From the null germination results, the application of different immersion times combined with levels gradient of gibberellins evidenced a favorable trend for dormancy interruption, but germination rate and percentage were low. Experimental evidence suggests that the convenient combinations for germination percentage, as one of the most relevant indicators, involved doses 25.0 and 37.5 mgL−1 of gibberellins compared to the control (0) for all soaking times. However, the highest values of this variable were observed for the 24 h immersion time.



To solve dormancy, at least partially, gibberellins and other adjuvant regulators promoted a very low germination percentage of S. edulis. Physiological changes were observed in the seed embryo resulting in an adjustment in the growth potential, since only a small emergence of the radicle through the protective seed coat was observed.



We conclude that for improving germination of S. edulis seeds, it is necessary to assess a dose-gradient of gibberellins, starting at 25.0–37.5 mg L−1 with intermediate and higher values, in order to break dormancy. It is important to note that the germination rate in emerging crops, which still have a wide range of wild attributes, is of utmost importance for their adoption since it implies high investment costs for their successful establishment.
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Figure 1. Geographical location of the Center for Biological Research of Northwest México S.C. (CIBNOR), west La Paz City, México. (Google Earth). 
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Figure 2. Procedure for cleaning S. edulis seeds from the harvested biomass and field residues. 
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Figure 3. Appearance of the radicle of S. edulis (Flores Olvera & Noguez) germinated with 25 mg L−1 of gibberellins at 48 h. 
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Figure 4. Photographs of preliminary germination (salinity) experiments with S. edulis. (a,b) seeds without immersion treatment (c) seeds with previous immersion for 24 h in distilled water. 






Figure 4. Photographs of preliminary germination (salinity) experiments with S. edulis. (a,b) seeds without immersion treatment (c) seeds with previous immersion for 24 h in distilled water.



[image: Agronomy 12 00103 g004]







[image: Agronomy 12 00103 g005 550] 





Figure 5. Response of germination percentage (GP) (transformed values) to Biozyme® TS (gibberellins), with: (a) 24 h, (b) 48 h, and (c) 72 h of immersion. 






Figure 5. Response of germination percentage (GP) (transformed values) to Biozyme® TS (gibberellins), with: (a) 24 h, (b) 48 h, and (c) 72 h of immersion.



[image: Agronomy 12 00103 g005]







[image: Agronomy 12 00103 g006 550] 





Figure 6. Response of mean germination time (MGT) to Biozyme® TS (gibberellins), with: (a) 24 h, (b) 48 h, and (c) 72 h of immersion. 
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Figure 7. Response of germination rate (GR) to Biozyme® TS (gibberellins), with: (a) 24 h, (b) 48 h, and (c) 72 h of immersion. 
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Figure 8. Response of germination velocity coefficient (GVC) to Biozyme® TS (gibberellins), with: (a) 24 h, (b) 48 h, and (c) 72 h of immersion. 
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Figure 9. Summary of responses of the germination percentage to Biozyme® TS (gibberellins) for 24, 48, and 72 h of immersion displaying the best dose for each time. 
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Figure 10. Responses tendency of the germination percentage to Biozyme® TS (gibberellins) through time, displaying the best dose to reach T50. A: Observed tendency; B: Expected tendency. 
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Table 1. Normality test for the variables germination percentage (GP) (transformed values), mean germination time (MGT), germination rate (GR) and germination velocity coefficient (GVC).
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I. T., h.

	
Statistic D

	
p-Value

	
Significance






	
Germination Percentage (GP) (transformed values)




	
24

	
0.22857

	
0.32239 ns

	
Does not differ from the normal distribution




	
48

	
0.1677

	
0.69854 ns

	
“




	
72

	
0.20154

	
0.47375 ns

	
“




	
Mean Germination Time (MGT)




	
24

	
0.20237

	
0.46857 ns

	
Does not differ from the normal distribution




	
48

	
0.21015

	
0.42179 ns

	
“




	
72

	
0.22082

	
0.36213 ns

	
“




	
Germination Rate (GR)




	
24

	
0.29324

	
0.10301 ns

	
Does not differ from the normal distribution




	
48

	
0.20585

	
0.44733 ns

	
“




	
72

	
0.23889

	
0.27428 ns

	
“




	
Germination Velocity Coefficient (GVC)




	
24

	
0.2446

	
0.24996 ns

	
Does not differ from the normal distribution




	
48

	
0.1574

	
0.76720 ns

	
“




	
72

	
0.31936

	
0.05965 ns

	
“








Notes. I. T., h.: immersion time in hours. Non-significant p’s (>0.05) are indicated with (ns). “ Content is same as above.
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Table 2. Homoscedasticity test for the variables germination percentage (GP) (transformed values), mean germination time (MGT), germination rate (GR) and germination velocity coefficient (GVC).
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I. T., h.

	
p-Value

	
F

	
Significance






	
Germination Percentage (GP) (transformed values)




	
24

	
0.13524

	
2.2473 ns

	
Similarity of variances is accepted




	
48

	
0.13077

	
2.2864 ns

	
“




	
72

	
0.0880

	
2.7612 ns

	
“




	
Mean Germination Time (MGT)




	
24

	
0.14799

	
2.1433 ns

	
Similarity of variances is accepted




	
48

	
0.2475

	
1.5718 ns

	
“




	
72

	
0.2542

	
1.5430 ns

	
“




	
Germination Rate (GR)




	
24

	
0.1009

	
2.5943 ns

	
Similarity of variances is accepted




	
48

	
0.0313

	
4.1436 ns

	
Similarity of variances is accepted




	
72

	
0.0214

	
4.7075 *

	
Similarity of variance is not accepted




	
Germination Velocity Coefficient (GVC)




	
24

	
0.0515

	
3.4506 ns

	
Similarity of variances is accepted




	
48

	
0.0010

	
10.8974 **

	
Similarity of variances is not accepted




	
72

	
0.2685

	
1.4843 ns

	
Similarity of variances is accepted








Notes. I. T., h.: immersion time in hours. Non-significant p’s (>0.05) are indicated with (ns); significant p’s (<0.05) are indicated with (* or **). “ Content is same as above.
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Table 3. Comparison of means of germination percentage (GP) (transformed values) with 24, 48, and 72 h of immersion in Biozyme® TS (gibberellins), according to Tukey HSD.
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I. T., h.

	
Treatm.

	
0

	
12.5

	
25.0

	
37.5






	
24

	
0

	
---

	
0.02226 *

	
0.002878 **

	
0.0002785 ***




	
12.5

	
4.855

	
---

	
0.6484 ns

	
0.08674 ns




	
25.0

	
6.528

	
1.673

	
---

	
0.4876 ns




	
37.5

	
8.597

	
3.741

	
2.069

	
---




	
48

	
0

	
---

	
0.02955 *

	
0.00287 **

	
0.01978 *




	
12.5

	
4.626

	
---

	
0.5534 ns

	
0.9955 ns




	
25.0

	
6.53

	
1.904

	
---

	
0.6865 ns




	
37.5

	
4.95

	
0.324

	
1.58

	
---




	
72

	
0

	
---

	
0.2357 ns

	
0.0005322 ***

	
0.004179 ***




	
12.5

	
2.85

	
---

	
0.01548 *

	
0.1342 ns




	
25.0

	
7.998

	
5.148

	
---

	
0.6034 ns




	
37.5

	
6.217

	
3.366

	
1.782

	
---








Notes. I. T., h.: immersion time in h; Treatm.: ‘treatments’. To the right of the diagonals delimited with (---) p-values are indicated and to the left the calculated differences. Non-significant p’s (>0.05) are indicated with (ns); significant p’s (<0.05) with (*), and highly significant p’s (<0.01) are marked with (** or ***).
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Table 4. Comparison of means of mean germination time (MGT) with 24, 48, and 72 h of immersion in Biozyme® TS (gibberellins), according to Tukey HSD.
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I. T., h.

	
Treatm.

	
0

	
12.5

	
25.0

	
37.5






	
24

	
0

	
---

	
0.07434 ns

	
0.04124 *

	
0.0007001 ***




	
12.5

	
3.871

	
---

	
0.9854 ns

	
0.07349 ns




	
25.0

	
4.356

	
0.4851

	
---

	
0.1298 ns




	
37.5

	
7.751

	
3.881

	
3.395

	
---




	
48

	
0

	
---

	
0.002576 **

	
0.0006433 ***

	
0.2006 ns




	
12.5

	
6.621

	
---

	
0.8284 ns

	
0.1003 ns




	
25.0

	
7.827

	
1.206

	
---

	
0.02313 *




	
37.5

	
3.003

	
3.618

	
4.824

	
---




	
72

	
0

	
---

	
0.1074 ns

	
0.03655 *

	
0.01208 *




	
12.5

	
3.56

	
---

	
0.9196 ns

	
0.6005 ns




	
25.0

	
4.454

	
0.8944

	
---

	
0.9196 ns




	
37.5

	
5.349

	
1.789

	
0.8944

	
---








Notes. I. T., h.: immersion time in hours; Treatm.: ’treatments’. To the right of the diagonals p-values are shown, and to the left the means. Non-significant p’s (>0.05) are indicated with (ns); significant p’s (<0.05) are indicated with (*) and highly significant p’s (<0.01) are indicated with (** or ***).
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Table 5. Comparison of means of germination rate (GR) with 24, 48, and 72 h of immersion in Biozyme® TS (gibberellins), according to Tukey HSD.
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I. T., h.

	
Treat.

	
0

	
12.5

	
25.0

	
37.5






	
24

	
0

	
---

	
0.8973 ns

	
0.5842 ns

	
0.06628 ns




	
12.5

	
0.9819

	
---

	
0.9306 ns

	
0.2046 ns




	
25.0

	
1.828

	
0.8465

	
---

	
0.4608 ns




	
37.5

	
3.966

	
2.985

	
2.138

	
---




	
48

	
0

	
---

	
0.3662 ns

	
0.04498 *

	
0.5347 ns




	
12.5

	
2.401

	
---

	
0.5615 ns

	
0.9882 ns




	
25.0

	
4.285

	
1.884

	
---

	
0.3888 ns




	
37.5

	
1.95

	
0.4514

	
2.335

	
---




	
72

	
0

	
---

	
0.7354 ns

	
0.007195 **

	
0.02845 *




	
12.5

	
1.458

	
---

	
0.04353 *

	
0.1619 ns




	
25.0

	
5.77

	
4.312

	
---

	
0.859 ns




	
37.5

	
4.657

	
3.199

	
1.113

	
---








Notes. I. T., h.: immersion time in hours; Treat.: ’treatments’. To the right of the diagonals with (---) p-values are indicated and to the left the means are shown. Non-significant p’s (>0.05) are indicated with (ns); significant p’s (<0.05) are indicated with (*) and highly significant p’s (<0.01) are indicated with (**).
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Table 6. Comparison of means of germination velocity coefficient (GVC) with 24, 48, and 72 h of immersion in Biozyme® TS (gibberellins), according to Tukey HSD.
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I. T., h.

	
Treatm.

	
0

	
12.5

	
25.0

	
37.5






	
24

	
0

	
---

	
0.5142 ns

	
0.04111 *

	
0.2805 ns




	
12.5

	
2.001

	
---

	
0.3811 ns

	
0.9621 ns




	
25.0

	
4.359

	
2.358

	
---

	
0.6458 ns




	
37.5

	
2.68

	
0.6785

	
1.679

	
---




	
48

	
0

	
---

	
0.4839 ns

	
0.2085 ns

	
0.009695 **




	
12.5

	
2.078

	
---

	
0.9209 ns

	
0.1221 ns




	
25.0

	
2.967

	
0.889

	
---

	
0.3155 ns




	
37.5

	
5.527

	
3.449

	
2.56

	
---




	
72

	
0

	
---

	
0.8897 ns

	
0.006601 **

	
0.1634 ns




	
12.5

	
1.01

	
---

	
0.02295 *

	
0.4444 ns




	
25.0

	
5.84

	
4.83

	
---

	
0.2892 ns




	
37.5

	
3.191

	
2.181

	
2.649

	
---








Notes. I. T., h.: immersion time in hours; Treatm.: ’treatments’. To the right of the diagonals with (---) p-values are indicated and to the left the means are shown. Non-significant p’s (>0.05) are indicated with (ns); significant p’s (<0.05) with (*) and highly significant p’s (<0.01) with (**).
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