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Abstract

:

Juniperus sabina is an interesting species for forest restoration and ornamental purposes. The seeds of this plant have several types of dormancies; therefore, seed propagation is difficult and time consuming. The production of cuttings can be an alternative way to produce plants more quickly. The main objective of this experiment was to determine the best propagation conditions (indole butyric acid dose, substrate, and season) for this species using stem cuttings. Rooting performance of the cuttings was evaluated based on the rooting percentage (%), root biomass, and specific root length (SRL). In addition, we examined the internal composition (auxin and peroxidase content) in treated stem cuttings. Cuttings were pretreated with five doses of indole butyric acid (IBA; 0 (control), 1000, 2000, 4000, and 8000 ppm) and were rooted in four substrates (perlite, perlite-cocopeat, pumice, and mixed substrate) during the four seasons (winter, spring, summer, and autumn). The best treatments, with more than 60% rooting, were applied in spring, and IBA at 1000 ppm in perlite–cocopeat substrate obtained 62% rooting. The highest rooting percentage correlated with the highest root biomass production and the lowest SRL. IBA pretreatment decreased the concentration of peroxidase in spring (coinciding with maximum rooting), representing an indicator of rooting performance. Based on these results, we recommend a new protocol for Juniperus sabina production: (i) prepare cuttings in spring, (ii) treat cutting bases with 1000 ppm IBA, and (iii) plant cuttings in a substrate of perlite–cocopeat (1:1).
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1. Introduction


The genus Juniperus comprises about 50 species of coniferous trees and shrubs widely distributed throughout the temperate and subtropical regions of the Northern Hemisphere. Savin juniper, or Savin (Juniperus sabina L.; Cupressaceae), is native to the mountains of Central and Southern Europe and Western and Central Asia, from Spain to Eastern Siberia, typically growing at altitudes of 700–3300 m [1,2]. The species has its origin in the remote times of the Tertiary, when it grew in colder climates. It is well adapted to continental climates with very cold winters and hot, dry summers, which are typical of semi-arid climates [3].



This species can be utilized for forest restoration on poor sites with low potential productivity, such as arid and semi-arid areas. This plant is native to mainly steep slopes, and its increased strength in these conditions is due to its deep roots) which can penetrate up to one meter), making the plant last on slopes over 30° [4]. In addition, Savin is one of the most beautiful juniper species and is suitable for ornamental use [5]. Thus, information about Juniperus sabina plant production could be useful for forest managers and plant producers in some areas of Europe and Asia.



Seed propagation of Juniperus is difficult and time consuming [2]. The sexual regeneration of Juniperus sabina is low due to poor seed quality [6], and reproductive propagation is difficult due to the prolonged period between pollen production and fertility (fertilization), seed loss, and the long duration of seed dormancy [7]. The success of asexual propagation using rooting cuttings of juniper branches is often reported as less than 30% [8]. To enhance vegetative propagation in juniper, using a tissue culture system based on micropropagation and in vitro culture can be an option to produce plants [8]. However, in conifers, the rapid loss of the callus multiplication capacity under in vitro culture is a serious problem [9]. In this sense, the production of cuttings can be an alternative way to produce plants of this conifer more quickly in a greenhouse. However, problems with the asexual propagation of Juniperus species by rooting vegetative cuttings has not been well studied, and the rooting efficiency of juniper branch cuttings is often less than 30% [9]. For this reason, we think that it is necessary to investigate new techniques or protocols for the vegetative reproduction of this species.



To propagate plants via cuttings, the growth regulator indole butyric acid (IBA) has been widely used as pretreatment [10]. In general, treated cuttings have shown higher rooting percentage and number of roots and longer root length than untreated cuttings, which indicates a strong influence of IBA on rooting capacity [11]. Thus, to produce junipers by stem cuttings, IBA was used in previous studies on Juniperus genus [12,13]. A certain amount of indole acetic acid (IAA) may also be necessary for root formation [11]. IAA is the most important auxin, and seems to be an important internal factor for the regulation of adventitious root formation, and it is a stimulant hormone [14]. During the propagation of plants, the amount of IAA (as an internal hormone) can vary based on the time the cuttings are prepared for rooting [15,16]. Measuring the amount of internal IAA in treated cuttings can show the effect of the treatment. The peroxidase enzyme level is another indicator because a high level of peroxidase decreases rooting percentage [17]. In fact, peroxidases are often introduced as biochemical markers [18]. Moreover, in plants with hydric stress, increasing the peroxidase, will decrease the percentage of rooting [17].



Previous studies also reported differences in rooting of cuttings affected by substrate [19]. Analyzing the rooting of Juniperus horizontalis, Hong-wei et al. [20] found that the best substrate was 1:3 (v/v) vermicelli and 2:3 (v/v) perlite, with 36% rooting. In the study of Sabina et al. [21] on Juniperus sabina, the results showed that a substrate containing 60% foliar soil (fragmented leaves of the trees) and 40% fragmented oats provided a suitable growth rate. The size and age of cuttings can also be important factors to maximize rooting and cutting growth. Maintaining stock plants at 15 cm height sometimes reduced the production of stem cuttings, but often increased the percentage of cuttings that formed roots by 30–53% [22]. Choosing the right time to achieve the best rooting is also important. For example, the best rooting of Juniperus virginiana was from cuttings collected in winter [13].



Finally, to evaluate the level of rooting of cuttings, it is necessary to measure root morphology and development. Roots take up minerals and water from the soil, and larger amounts of adventitious roots could improve the root system symmetry, stability, survival, and growth rate [23]. Thus, root biomass should be a good indicator of the growth strategy of root development and the capacity to endure water stress in juniper trees [24]. Another indicator is the specific root length (SRL; calculated as root length per unit of root biomass), which depends on root diameter and tissue density [25]. Roots with high SRL have a high surface-to-volume ratio for the same C investment. This maximizes the root–soil interface, and a high SRL can be achieved by having roots with a small diameter to maximize water uptake [26]. For this, both root production and structure can be considered fundamental parameters to assess the level of rooting in plant material.



Therefore, the present study was intended to investigate an efficient method (dose of IBA and type of substrate) for vegetative propagation of Savin juniper using stem cuttings, and the effects on morphological (root development) and phytochemical (auxin and peroxidase) characteristics. We also hypothesized that several parameters of roots (root biomass and specific root length) and the levels of auxins and peroxidase could be indicators of rooting performance in cuttings of Juniperus sabina. Thus, the main objective of this research was to analyze the effects of five concentrations of IBA as pretreatment and four substrate types (perlite, perlite–cocopeat, pumice, and mixed substrate) on the rooting performance and levels of auxin and peroxidase in cuttings. The experiment was conducted in the four seasons of the year to determine the effects of harvesting time on the rooting capacity of cuttings.




2. Materials and Methods


2.1. Cutting Preparation, Pretreatment with Indole Butyric Acid (IBA), and Substrate Composition


Cuttings of Juniperus sabina were sampled from its natural habitat in the Chaharbagh mountains of Gorgan (northern Iran; Figure 1 and Figure 2), one of the main Mediterranean populations at higher altitude (2700 m.a.s.l.).



The climate in the study area is cold and semi-arid, type BSk [28]. Based on 30-year averages, the mean annual temperature at the site is 9.2 °C and the mean annual precipitation is 429 mm. Temperature extremes (in summer and winter) range from 23 °C to −5 °C (data from Gorgan climatic station, 46°06′ N, 28°00′ W, 2600 m.a.s.l.). Soils are sandy loam. In this area, the mean age of Savin juniper plants is 50 years. The size of crowns is approximately 2 × 2 m (length × width; Figure 2). The ring diameter of shrubs is on average 20.0 cm, and the height is 1.5 m (these are a type of old and horizontal shrub; Figure 2). Generally, 20 male shrubs were used for this experiment, growing in the same area with a similar environment (climate and soil). The experiment was conducted at Gorgan University of Agricultural Sciences and Natural Resources in winter 2016 and spring, summer, and autumn 2017. Stem cuttings were only collected from the upper crown in male trees.



The harvesting of cuttings took place in the morning. After harvesting, stem cuttings 15 cm in length and 0.5–0.7 cm in diameter [29] were prepared for treatment and cultivation in a greenhouse (Figure 2). Substrates were prepared, and cuttings were placed in the greenhouse equipped with an automatic system to control humidity (micro-irrigation) and temperature at the root level. The average daily temperature during the experiment was 22 °C, and average relative humidity was 77%. The photoperiod was based on nature in each season.



For the pretreatment of stem cuttings, 5 IBA concentrations (Merk, Darmstadt, Germany) were used: 0 (control), 1000, 2000, 4000, and 8000 parts per million (ppm). The base of each cutting was placed in IBA for 5 s and then inserted into the substrate. The 4 substrates were (i) perlite; (ii) mixed rooting substrate, a combination of sand (20%), perlite (20%), cocopeat (20%), vermicompost (20%), and potash (20%); (iii) perlite–cocopeat (1:1); and (iv) mineral pumice (all substrates were developed at the University of Gorgan, Golestan, Iran). For each treatment (combination of pretreatment and substrate), 3 replicates were prepared, with 9 cuttings per replicate. Thus, a total of 540 cuttings were planted in the greenhouse each season (Figure 2).




2.2. Rooting Performance: Rooting (%), Root Biomass, and Specific Root Length (SRL)


To determine the rooting percentage, roots were counted in all rooted cuttings in each treatment (Figure 2). The root length (in mm) was obtained by separating the roots from the stem cuttings and then measuring them with a digital caliper (Mitutoyo, Kanagawa, Japan). To measure the root biomass (dry weight in grams), the roots of each cutting after separation were placed in an oven (Unico, E. Dayton, NJ, USA) at 70 °C, and after 24 h, they were weighed separately. To measure average root biomass, the dry weights of all roots of cuttings in each treatment were combined, and the total was divided by the number of cuttings. To calculate the specific root length (SRL; cm g−1), the length of roots (cm) was divided by the root biomass (g) [30].




2.3. Internal Chemical Compounds of Stem Cuttings: Auxin and Peroxidase Enzyme Concentration


Internal auxin (μg g−1) was measured following the methodology of Sridhar et al. [31], with slight modification. First, 5 g of plant sample (bark or periderm of the end part of stem cuttings for each treatment) was ground into powder and filtered with 10 mL methanol (Merk, Darmstadt, Germany). After adding methanol several times, it was evaporated in a rotary evaporator (Unico, E. Dayton, NJ, USA) at 30 °C.



In the next step, the followed materials were added (all made by Tetrachem Company, Cardiff, UK): 10 mL of potassium phosphate, 10 mL of petroleum spirit (3 times), 10 mL of petroleum spirit, and 3 mL of phosphoric acid. Then 10 mL of this solution was extracted, and these materials were added: 10 mL of potassium phosphate solution, phosphoric acid (0.28 M), and 10 mL of ethyl ether. The ether was evaporated in the rotary evaporator. The residue was dissolved in 5 mL of methanol at low temperature, and 0.2 mL of tri-fluoro acetic acid and 3 mL water were added to each sample.



The amount of internal auxin was measured with a spectrophotometer (Unico, E. Dayton, NJ, USA) at 440 and 490 nm wavelengths. Samples of unrooted and rooted cuttings totaled 152 and 88, respectively.



To measure the level of peroxidase enzyme in stem cuttings (mg g−1), 1 g of leaves from cuttings of each treatment was weighted. The following combination was prepared (all chemical materials made by Tetrachem Company, Cardiff, UK) [31]: 1.2 g of Tris, 2 g of ascorbic acid, 3.8 g of sodium borate, 2 g of ethylene diamine tetra acetate (EDTANa), and 50 g of polyethylene glycol 2000, mixed with distilled water to achieve a volume of 100 mg L−1.



Each plant sample was mixed with 4 mL of the above solution and placed on a shaker, then kept in a refrigerator (LG, Seoul, South Korea) at 4 °C. In the next step, the samples were centrifuged (Unico, E. Dayton, NJ, USA), then filtered. In the final step, 0.1 mg g−1 of each plant sample was combined with 2 mg of buffer acetate 0.3 M (pH = 5.0), 0.4 mL of 3% hydrogen peroxide, and 0.2 mL of benzidine dissolved in alcohol at 50 °C (0.01 M). Using the spectrophotometer at a wavelength of 530 nm, they were measured against the control. The total numbers of samples for unrooted and rooted cuttings were 122 and 67, respectively.



Auxin and peroxidase were measured in rooted and unrooted stem cuttings to detect differences in the internal compounds between cuttings that have the capacity for rooting and those that do not. To evaluate the treatments and compare the chemical compounds in cuttings at the beginning of sampling and the amount of increase or decrease between the time of planting and rooting (between the beginning and end of each season), samples were taken from freshly harvested cuttings in each season (the first of each season) and compared with the results at the end of the season.




2.4. Statistical Analysis


A factorial arrangement of treatments [32] was applied to analyze the effects of the 3 main factors on the 5 dependent variables. The first factor was pretreatment or a concentration of IBA (5 levels: 0, 1000, 2000, 4000, and 8000 ppm), the second was substrate (4 types: perlite, perlite–cocopeat, pumice, and mixed substrate), and the third was season (winter, spring, summer, and autumn). This represents a 5 × 4 × 4 factorial design. The dependent variables were the indicators of rooting performance (% of rooting, root biomass, and SRL) and internal compounds of unrooted and rooted cuttings (auxin and peroxidase enzyme).



In addition, for the dependent variables concerning internal chemical compounds, another level was added as pretreatment, fresh samples (stem cuttings not planted and prepared at the beginning of each season), in order to compare the effects of treatments between untreated and treated cuttings at the end of each season.



SAS® statistical software (SAS Institute Inc., Cary, NC, USA) was used to detect significant factors and to compare mean values between factors and treatments. Means were compared using the PROC GLM procedure. We utilized multifactor analysis of variance (3-way ANOVA) at a probability level of 5% (p < 0.05). The analysis within seasons was performed by 2-way ANOVA (excluding season as a main factor in the complete model). We performed independent ANOVAs (not mixed-design or repeated-measures) because the measurements were independent (different stem cuttings were used for each treatment and season). Three-level interactions were not performed because the degrees of freedom were cero in all cases.



Fisher’s least significant difference (LSD) test (p < 0.05) was used to determine significant differences between treatments [33]. To apply this statistical method, it is desirable for the data to be normally distributed. This is not the case for proportions, which have values that range between 0 and 1. In addition, errors must be independent and normally distributed with constant variance. To ensure that these assumptions were met, logarithmic transformation was used [21]: for % of rooting, the analyzed variable was [ln(r + 0.5)], where r is the percentage of rooting (divided by 100). As this transformation requires numerical data above zero, a small number (0.5) was added to this variable before transformation. The other dependent variables were normally distributed.





3. Results


3.1. Rooting Performance


Table 1 shows that IBA pretreatment and substrate composition significantly affected rooting percentage and SRL, whereas season of collection significantly affected all the dependent variables (p < 0.0001 in all cases). There were also several significant interactions, but only the pretreatment × season interaction significantly affected the three dependent variables (Table 1). These results confirmed a strong seasonality (harvesting time) of the rooting capacity of stem cuttings.



In this sense, the best root-growing season for cuttings of Juniperus sabina was spring (Figure 3). In spring, 502 cuttings rooted, and 38 cuttings did not root. In this season, the rooting of cuttings was 51.6 ± 9.3% (mean ± LSD interval; Figure 3a) with 4000 ppm IBA, but no significant difference was seen at 1000 and 2000 ppm (p < 0.05). Therefore, the best IBA level was 1000 to 4000 ppm. In the other seasons, rooting was very weak. In winter, cuttings in four treatments rooted (99 cuttings), and 441 cuttings did not root; in summer, cuttings in three treatments rooted (89 cuttings), and 451 cuttings did not root; and in autumn, cuttings in three treatments rooted (102 cuttings), and 438 did not root.



The highest biomass of roots also occurred in spring (0.088 ± 0.08 g at 4000 ppm IBA; mean ± LSD interval; Figure 3b), and there were no significant differences between treatment levels in this season. The lowest root biomass occurred with the control treatment in summer, and with 8000 ppm IBA in winter (Figure 3b). In addition, the highest SRL occurred with the control treatment in summer (3300 ± 314 cm g−1), whereas the lowest occurred with the treatments in spring (67.1 ± 20.3 cm g−1 at 2000 ppm IBA (mean ± LSD interval); Figure 3c). Thus, the combination of no pretreatment of cuttings in the drier season increased SRL as an adaptation to capture water and nutrients under stress.



In several replicates, all of the cuttings dried, thus there were not sufficient cuttings to analyze chemical compounds. In our study, after harvesting the cuttings, a rooting percentage of zero was obtained with pretreatments of control in winter, and 2000 and 8000 ppm in summer and autumn, respectively (Figure 3a). This was due to the cuttings drying during maintenance in the substrates during those seasons.



The best substrate for % of rooting as a function of IBA level was perlite–cocopeat, with a maximum of 62.0 ± 15.6 % (mean ± LSD interval) at 1000 ppm IBA (Figure 4a). In the pumice substrate, the root biomass was significant with 2000 and 8000 ppm IBA (Figure 4b).



There were no significant differences between the levels of root biomass in perlite and perlite–cocopeat substrates. In the mixed substrate, root biomass was significantly higher with 2000 to 8000 ppm IBA than control (Figure 4b). On the contrary, the highest SRL occurred with the control treatment in pumice and with 8000 ppm IBA in perlite–cocopeat (Figure 4c). Thus, it is notable that when rooting reached low levels, these values correlated with high SRL values.



Finally, the best rooting percentage also occurred in spring and in the perlite–cocopeat substrate (65.9 ± 9.3% (mean ± LSD interval); Figure 5a). This result was similar to that obtained in the previous analysis, and the combination of 1000 ppm, perlite–cocopeat, and spring resulted in a higher rooting value (62.3 ± 1.2% (mean ± standard error; third-order interaction value)). With this combination of factors, a rooting percentage of zero was obtained with mixed substrate in winter, perlite and mixed substrate in summer, and mixed substrate and perlite–cocopeat in autumn (Figure 5a).



In summer, rooting only occurred in pumice and perlite–cocopeat, with an average of <5%. In autumn, cuttings rooted only in pumice and perlite (<3%), whereas in winter, rooting occurred with substrates of perlite, pumice, and perlite–cocopeat, with an average of <2% (Figure 5a). The greatest root biomass occurred in the spring, and the lowest in summer and winter (Figure 5b). The highest SRL occurred in pumice in summer (again in the warmer season) and perlite–cocopeat and pumice in winter (Figure 5c). On the contrary, in spring, SRL was low in all substrates (Figure 5c). So, in spring, when rooting percentage was the highest, SRL was lowest in all substrates. Additionally, the highest SRL calculated in winter and summer also correlated with a low rooting percentage.




3.2. Auxin and Peroxidase Concentration in Cuttings


Pretreatment with IBA significantly affected the levels of peroxidase enzyme in both rooted (p < 0.00) and unrooted (p = 0.009) stem cuttings (Table 2).



It can be seen in Table 2 that season significantly affected the auxin level in unrooted stem cuttings (p < 0.000) and peroxidase enzyme in both rooted and unrooted stem cuttings (p < 0.00), whereas substrate was not significant (p > 0.05). Regarding interactions, only IBA pretreatment × season was significant for the variables auxin (in unrooted cuttings) and peroxidase (rooted and unrooted cuttings) (p < 0.05; Table 2). The results within seasons (two-way ANOVA model) also showed several significant effects (Table 2). IBA pretreatment was significant in winter for all dependent variables (p < 0.05), and in spring and autumn for peroxidase enzyme in both rooted and unrooted cuttings (p < 0.05). For rooted cuttings, there was no significant difference in auxin with IBA pretreatment in spring, summer, and autumn.



Figure 6 shows that the highest amount of auxin (1067 ± 337 μg g−1 (mean ± LSD interval) occurred in unrooted cuttings at 8000 ppm in winter. The amount of internal auxin in this pretreatment was slightly increased compared with fresh samples in unrooted cuttings. However, the amount of internal auxin in the unrooted cuttings did not change significantly during the rest of the seasons (spring, summer and autumn).



Due to the cuttings drying during maintenance in the substrates (mainly in winter and summer), there were not enough samples to measure chemical components in several treatments. Therefore, in those treatments, the response variables were not measured and there were no numerical values (Figure 6).



The highest concentration of peroxidase enzyme occurred in winter for both rooted and unrooted stem cuttings (Figure 7), with a maximum value of 0.108 ± 0.03 mg g−1 (mean ± LSD interval) for 8000 ppm concentration in unrooted cuttings (Figure 7b). In winter, the lowest peroxidase enzyme level occurred in fresh samples (0.04 mg g−1) for both rooted and unrooted cuttings (Figure 7a,b). In spring, the maximum peroxidase enzyme level also occurred in the fresh samples (Figure 7a,b), at the beginning of this season.



In conclusion, we observed interesting relationships between rooting performance, IBA pretreatment, and peroxidase content throughout the seasons. For example, in winter, when rooting % was lower (see Section 3.1), the amount of peroxidase enzyme in rooted cuttings was higher, and in the following season (spring), when rooting was higher, the amount of peroxidase enzyme significantly decreased. In spring, the highest peroxidase enzyme level occurred in fresh cuttings in the early season. On the contrary, in autumn, the lowest concentration occurred in fresh cuttings (early autumn). Therefore, IBA pretreatment seemed to decrease the concentration of peroxidase in spring (coinciding with maximum rooting) and increase the concentration in winter and autumn.





4. Discussion


Our results show, as a novelty, an elevated rooting percentage, greater than 60%, in the best protocol (1000 ppm IBA concentration, perlite–cocopeat substrate, and spring as the harvesting time). In previous studies, the success of rooting cuttings of juniper branches was often reported as less than 30% [8]. For example, only 24% of branch cuttings of Juniperus procera obtained from 1.5-to-2-year-old stock plants rooted 32 weeks after treatment, and such low rooting success makes the large-scale propagation of this tree impossible [9].



In our research, pretreatment with IBA increased rooting in stem cuttings, in agreement with previous studies [11,34,35,36]. This is because the compound induces adventitious roots [23,37] and shortens rooting time [38]. Another function of IBA comes from the direct effect of auxin, because it slowly releases a source of IAA [15,39,40]. Thus, IBA has been used for rooting of Juniperus species with different types of treatment, but showing diverse results. For example, the results were best with 8000 ppm of IBA in Juniperus osteosperma [41], 5000 ppm IBA for Juniperus virginiana [13], 1000 to 9000 ppm in Juniperus scopulorum [42], and 6000 ppm in Juniperus excelsa [43]. In their research on Juniperus virginiana, Henry et al. [13] noted that in preliminary studies, IBA concentrations up to 2000 ppm did not stimulate rooting beyond that obtained with 5000 ppm. The capacity of cuttings can vary among species [44], as shown by our results. In our study, the best result was obtained from intermediate levels of IBA (1000–4000 ppm), and we suggest that IBA at 8000 ppm can damage the cuttings and reduce rooting. Therefore, we do not recommend applying this dose as a pretreatment for cuttings of Juniperus sabina.



In general, our results are more in agreement with those of Chowdhuri et al. [45], who proposed an IBA concentration of 1000 to 3000 ppm for cuttings of Juniperus chinensis, Rifaki et al. [12], who proposed an IBA concentration of 4000 ppm for cuttings of Juniperus excelsa, and Esmaeil et al. [7], who proposed 3000 to 6000 ppm for the same. On the contrary, our result was not in agreement with Stuepp et al. [46] and Fragoso et al. [47], because the application of IBA was not efficient at propagating cuttings of Juniperus chinensis. Nevertheless, the novelty of our results is that the selected concentration of IBA (1000 ppm) was lower.



The substrate is another relevant factor in the production of seedlings from cuttings in a greenhouse [20]. The bottom heat and mist system used in our experiment was also necessary to favor rooting, in agreement with previous research [21,41,48]. In our study, rooting was more than 60% in the substrate of perlite–cocopeat. In the study by Hong-wei et al. [20] on Juniperus procumbens, the best substrate was 1.3 (v/v) vermiculite and 2.3 (v/v) perlite, with only 36% rooting. The results of our study are also better than those obtained by Cuevas-Cruz et al. [49] in Pinus, with 43.5% rooting (in a mixture of peat–perlite–vermiculite substrate); Khoushnevis et al. [35], with 28% rooting in Juniperus oblonga (fine and harsh bed); Stuepp et al. [46], with 16% rooting in Juniperus chinensis (fine-grained vermiculite and carbonized rice hull, 1:1); and Ayan et al. [50], with 24% rooting in Juniperus foetidissima, 31.5% rooting in Juniperus excelsa, 38.42% rooting in Juniperus sabina, and 31.83% rooting in Juniperus oxycedrus (perlite).



In addition to IBA pretreatment, by creating favorable conditions for growth (porosity, cation exchange capacity, salinity, and proper pH), the perlite–cocopeat substrate provides better absorption of water and nutrients for cuttings, resulting in increased maintenance and rooting in comparison with other substrates [51]. This could be due to the differences in substrates in terms of creating suitable conditions for plants, including moisture, soil aeration, and other physical and chemical properties. Due to the high CEC, cocopeat facilitates the storage and distribution of nutrients and improves water management. Perlite also improves aeration in the substrate. In this study, perlite–cocopeat in a 50/50 ratio had moderate water reserve, adequate substrate aeration, and low salinity, and thus could increase the maintenance and rooting of cuttings [52].



Our results reveal that root variables can explain the differences in rooting performance between treatments (and throughout the seasons) because root structure is an adequate indicator of the hydraulic architecture in seedlings [53]. In our research, the worst treatments for rooting percent had the highest values of specific root length (SRL), which occurred in the control treatment in summer, and the lowest occurred in spring. In winter, SLR, especially with 8000 ppm IBA, was high. So, in Juniperus sabina, the best time to prepare and plant cuttings for rooting performance is spring. This harvesting time differs from the studies of Guerrero-Campo et al. [54], who found the best rooting of several species of cuttings in different seasons, and Chowdhuri [45], who showed that the best time for rooting Juniperus chinensis was summer. On the contrary, our result is in agreement with Fragoso et al. [47] and Tektas et al. [43], who both suggested that the best season for rooting of Juniperus is spring.



Roots with a high SRL have a high surface-to-volume ratio for the same C investment, and this can be a strategy to maximize the root–substrate interface, and hence root absorption under water stress, due to the small amount of root biomass available. The persistence and growth of cuttings in seasons with high SRL are compromised, because survival strongly depends on the capacity to take up soil water and nutrients. To counteract their lower root production and maximize seedling survival, cuttings with higher SRL have root traits that confer higher efficiency for the acquisition of soil resources, in agreement with [25]. Thus, the lower SRL values obtained in spring confirm the higher potential of cuttings to take up water and nutrients in this season, and thus the rooting % is higher in spring.



Regarding internal chemical compounds of stem cuttings, Aux/IAA plays various roles in plant growth, such as root development [16,55]. Although Blakesley et al. [56] indicated that auxin content varies by season, in our study, the auxin in rooted stem cuttings was not different between seasons, in agreement with Aliahmad Koruri et al. [18]. Moreover, the results of our study are not opposed to those of Wendling et al. and Blakesley et al. [22,56] linking rooting to IAA concentration. Those studies reported that a decrease in internal auxin in cuttings was accompanied by a decline in the power of rooting.



Several studies on different species have also shown the important role of peroxidase in controlling growth and rooting [57,58]. In our study, the amount of this enzyme varied in different seasons, and when the peroxidase levels were higher (in winter), rooting % was lower. Increasing this enzyme could reduce the rooting of cuttings, which agrees with studies on other forest species, such as Phoenix dactylifera and Populus tremuloides [58,59]. In fact, major isoperoxidases are considered to be IAA oxidase; therefore, they are able to change the amount of internal auxin. The root appearance phase (the first visible signs of rooting) is accompanied by a gradual decline in peroxidase activity [58].



Increased rooting after the use of hormonal treatments is related to peroxidase activity inhibitors such as polyphenols [58]. In this regard, peroxidase is the most sensitive plant enzyme to environmental stress [60]. On the other hand, many reports have suggested that increasing IAA accumulation by reducing the amount of IAA oxidase/peroxidase can lead to increased rooting [36,61]. Cuttings can show a decrease in the amount of peroxidase after collection, which is associated with an increase in the concentration of IAA. However, the level of IAA can be reduced by increasing peroxidase activity [56], as shown in our results.




5. Conclusions


Based on the results of this experiment, the following protocol is recommended for the vegetative propagation of Juniperus sabina: (1) prepare cuttings in spring, (2) treat cutting bases with 1000 ppm IBA, and (3) planting them in a substrate of perlite–cocopeat (1:1). This should yield more than 60% rooting in a few months (approximately 3 months; more efficient than traditional seed production methods). Thus, it is an easy and rapid method for nurseries to propagate Juniperus sabina, which is a very interesting shrub for forest restoration and ornamental purposes, worldwide. In the future, our results will be confirmed with new experiments to determine whether spring is the best season to obtain stem cuttings in other juniper species (trees and shrubs).
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Figure 1. Worldwide distribution of different populations of Juniperus sabina, in gray [27]; sampling area of collected stem cuttings is in red circle (Northern Iran). 
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Figure 2. (a) Example of Savin juniper plants for collection of stem cuttings in study area; (b) greenhouse used to culture stem cuttings under different treatments; (c) cuttings growing on substrate; (d) example of rooted and unrooted stem cuttings of Savin juniper. 
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Figure 3. Mean values of rooting performance in rooted cuttings within seasons and with five indole butyric acid (IBA) pretreatments: (a) % of rooting, (b) root biomass, and (c) SRL. Mean values with the same letter do not differ at 0.05 level according to LSD test. Sample data = 540 cuttings in each season. Treatments in which all cuttings dried are not represented in the figure. Error bars: LSD intervals. * Rooting percentage was zero. 
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Figure 4. Mean values of rooting performance in rooted cuttings within substrates and with five IBA pretreatments: (a) % of rooting, (b) root biomass, and (c) SRL. Mean values with the same letter do not differ at 0.05 level according to LSD test. Sample data = 540 stem cuttings in each substrate. Error bars: LSD intervals. 
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Figure 5. Mean values of rooting performance of rooted cuttings within seasons and with four substrates analyzed: (a) % of rooting, (b) root biomass, and (c) SRL. Mean values with the same letter do not differ at 0.05 level according to LSD test. Sample data = 540 cuttings in each season. Error bars: LSD intervals. *Rooting percentage was zero. 
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Figure 6. Mean auxin levels within seasons with different IBA treatments for (a) rooted and (b) unrooted cuttings. Mean values with the same letter were not significantly different at the 0.05 level (LSD test). Error bars: LSD intervals. 
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Figure 7. Mean peroxidase within seasons with different IBA treatments for (a) rooted and (b) unrooted cuttings. Mean values with the same letter were not significantly different at the 0.05 level (LSD test). Error bars: LSD intervals. 
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Table 1. Results of multifactor ANOVA of effect of main factors on rooting performance of cuttings across four seasons. Shown are p-values for three principal effects (pretreatment with IBA, substrate, and season, and their two-way interactions) and effects within each season (pretreatment, substrate, and their interaction). Effects were considered significant when p < 0.05. A total of 540 stem cuttings were planted each season.
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Growing Season

	
Annual Values




	
Variables

	
Effects

	
Winter

	
Spring

	
Summer

	
Autumn

	






	
Rooting

	
Pretreatment

	
0.10

	
<0.001

	
0.0005

	
0.11

	
<0.0001




	
(log-transformed units)

	
Substrate

	
0.91

	
0.03

	
0.22

	
0.08

	
<0.0001




	

	
Season

	
-

	
-

	
-

	
-

	
<0.0001




	

	
Pretreatment × Substrate

	
0.40

	
0.24

	
*

	
*

	
<0.0001




	

	
Pretreatment × Season

	
-

	
-

	
-

	
-

	
<0.0001




	

	
Substrate × Season

	
-

	
-

	
-

	
-

	
<0.0001




	
Root biomass (g)

	
Pretreatment

	
<0.0001

	
0.63

	
<0.0001

	
0.04

	
0.39




	

	
Substrate

	
0.30

	
0.01

	
0.11

	
0.29

	
0.08




	

	
Season

	
-

	
-

	
-

	
-

	
<0.0001




	

	
Pretreatment × Substrate

	
0.64

	
0.04

	
*

	
*

	
0.76




	

	
Pretreatment × Season

	
-

	
-

	
-

	
-

	
0.01




	

	
Substrate × Season

	
-

	
-

	
-

	
-

	
0.87




	
SRL (cm g−1)

	
Pretreatment

	
<0.0001

	
0.04

	
<0.0001

	
0.01

	
<0.0001




	

	
Substrate

	
0.08

	
0.29

	
0.02

	
0.95

	
<0.0001




	

	
Season

	
-

	
-

	
-

	
-

	
<0.0001




	

	
Pretreatment × Substrate

	
0.32

	
0.86

	
*

	
*

	
0.93




	

	
Pretreatment × Season

	
-

	
-

	
-

	
-

	
<0.0001




	

	
Substrate × Season

	
-

	
-

	
-

	
-

	
<0.0001








* Summer and autumn: there were not enough living cuttings for analysis because many cuttings dried.
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Table 2. Results of multifactor ANOVA of effects of main factors on auxin and peroxidase composition of stem cuttings across seasons. p-values for principal effects (IBA pretreatment, substrate, and season, and their two-way interactions) and for effects within each season (pretreatment, substrate, and their interaction) are given. Effects were significant at p < 0.05.
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Growing Season

	
Annual Values




	
Chemical Compound

	
Effects

	
Winter

	
Spring

	
Summer

	
Autumn

	






	
Auxin (μg g−1)  

(Rooted cuttings)

	
Pretreatment

	
0.02

	
0.33

	
1.00

	
0.22

	
0.95




	
Substrate

	
0.69

	
0.05

	
0.99

	
0.94

	
0.97




	

	
Season

	
-

	
-

	
-

	
-

	
0.39




	

	
Pretreatment × Substrate

	
0.37

	
0.53

	
*

	
0.98

	
0.99




	

	
Pretreatment × Season

	
-

	
-

	
-

	
-

	
0.69




	

	
Substrate × Season

	
-

	
-

	
-

	
-

	
0.99




	
Auxin (μg g−1)  

(Unrooted cuttings)

	
Pretreatment

	
0.01

	
0.57

	
0.94

	
0.11

	
0.70




	
Substrate

	
0.83

	
0.07

	
0.99

	
0.36

	
0.66




	

	
Season

	
-

	
-

	
-

	
-

	
<0.0001




	

	
Pretreatment × Substrate

	
<0.0001

	
0.38

	
*

	
0.89

	
0.92




	

	
Pretreatment × Season

	
-

	
-

	
-

	
-

	
0.01




	

	
Substrate × Season

	
-

	
-

	
-

	
-

	
0.99




	
Peroxidase (mg g−1)  

(Rooted cuttings)

	
Pretreatment

	
<0.0001

	
<0.0001

	
0.73

	
<0.0001

	
<0.0001




	
Substrate

	
0.67

	
0.43

	
0.71

	
0.99

	
0.91




	

	
Season

	
-

	
-

	
-

	
-

	
<0.0001




	

	
Pretreatment × Substrate

	
0.62

	
0.86

	
*

	
0.80

	
0.81




	

	
Pretreatment × Season

	
-

	
-

	
-

	
-

	
<0.0001




	

	
Substrate × Season

	
-

	
-

	
-

	
-

	
0.99




	
Peroxidase (mg g−1)  

(Unrooted cuttings)

	
Pretreatment

	
0.0001

	
<0.0001

	
0.13

	
0.0003

	
0.009




	
Substrate

	
0.47

	
0.14

	
0.99

	
0.77

	
0.86




	

	
Season

	
-

	
-

	
-

	
-

	
<0.0001




	

	
Pretreatment × Substrate

	
0.96

	
0.0005

	
*

	
0.43

	
0.68




	

	
Pretreatment × Season

	
-

	
-

	
-

	
-

	
<0.0001




	

	
Substrate × Season

	
-

	
-

	
-

	
-

	
0.77








* There were not enough living cuttings for analysis because many cuttings dried.
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