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Abstract

:

The Mongolian pine (Pinus sylvestris var. mongolica) is one of the most common tree species in semiarid and arid areas of China, especially in the sand dunes of the Hulunbeier steppe. This study addresses the morphological and physiological characteristics of the Mongolian pine according to sand dune height. Five sites were chosen with various sand dune heights (P1–P5). Nine years after planting, tree growth, leaf area, leaf mass per leaf unit area (LMA), diameter at breast height (DBH), tree height, diameter at root collar (DRC), longest shoot length, carbon isotope composition, and intrinsic water use efficiency (iWUE) were measured to explore the responses of Mongolian pine trees to drought. DBH, tree height, DRC, leaf area, leaf length, and longest shoot length significantly decreased with greater sand dune height (p < 0.05). However, the carbon isotope actually increased with dune height (p < 0.05). Conversely, the iWUE of current-year pine needles was significantly higher at measurement points P3 (132.29 μmol CO2 mol −1 H2O), P4 (132.96 μmol CO2 mol −1 H2O), and P5 (125.34 μmol CO2 mol −1 H2O) than at the lower points P1 (95.18 ± 9.87 μmol CO2 mol −1 H2O) and P2 (103.10 ± 11.12 μmol CO2 mol −1 H2O). Greater sand dune height increases the distance to groundwater, which in this study led to an increase in iWUE in the Mongolian pines, thus these trees appear to adapt to increased sand dune height by increasing their iWUE and decreasing their leaf area. However, prolonged periods characterized by such adaptations can lead to tree death. We expect these findings to be useful when selecting plantation sites for Mongolian pines in semiarid and arid climates.
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1. Introduction


Desertification is a growing environmental problem that currently affects at least one-third of the world’s landmass [1]. Desertification exacerbates socioeconomic and environmental issues, such as lack of food security, poverty, and the reduction or loss of biodiversity [1]. Currently, the arid zone created by desertification contains more than 1 billion people who are living in poor conditions [2]. Over 2.622 million km2 of land in China, accounting for 27.3% of the total area of the country, has been affected by desertification [3]. From 1981 to 2010, desertification in North China significantly increased, driven by both climate change and human activities [4].



The Hulunbeier steppe’s coverage once amounted to 70% in the early 1960s, but decreased to 35% in the 2000s [5]. As large areas of the steppe were transformed into cultivated land, the surface layer of the steppe deteriorated, resulting in a substantial loss of top soil, in turn leading to desertification [5]. The most fundamental causes of this desertification were dry weather, high temperatures resulting from global warming, and the relentless exploitation of water resources. For example, the mean air temperature increased by 1.1 °C, with a corresponding 54 mm reduction in annual rainfall, from 1950 to 1980, leading to a decrease in precipitation and an increase in evaporation [6]. This rendered the dry, exposed soil more susceptible to wind erosion. The grasslands have also been ruthlessly exploited, with overcultivation and overgrazing both occurring [7].



A project to combat and prevent desertification in the Hulunbeier steppe began in 2005 with sand dune fixation, and continued with tree plantation in 2009. The main species of tree that was planted was the Mongolian pine (Pinus sylvestris var. mongolica). Numerous studies were carried out to evaluate the effects of the project on the Hulunbeier area. A study using remote sensing images showed that the sand dune area decreased and vegetation increased after the project began [4]. In 2018, [8] reported that governmental policies and programs for steppe protection were having a positive effect. However, since 2016, the number of dead trees in Mongolian pine plantations has sharply increased.



The Mongolian pine is native to the Daxinganling Mountains and Hulunbeier sandy plain of China, as well as to areas of Russia and Mongolia (N 46°30′–N 53°59′, E 118°00′–E 130°08′). It is a geographical variety of Scots pine (Pinus sylvestris L.), which is known to be one of the most drought-resistant tree species in central Europe [9]. The Mongolian pine features a straight trunk, is tolerant against infertile soil and sandy land, and can reduce wind damage and soil erosion. Accordingly, China has made efforts to restore forests using the Mongolian pine, which is the most suitable coniferous tree species for constructing protective plantations on sandy land [10]. The increase in the number of tree deaths on Mongolian pine plantations may be attributed to a lack of water on the sandy land in this arid climate [11]. Water is one of the most important limiting factors in the survival and growth of trees on sandy land [10], where its two main sources are precipitation and underground reservoirs [10,12].



In arid regions, soil moisture is affected primarily by groundwater, because of low precipitation and high evaporation [13,14,15]. Studies show that soil moisture decreases significantly with increased groundwater depth [12,16,17]. An increasingly dry climate leads to significantly reduced groundwater levels, and Populus euphratica and Tamarix spp. exposed to drought stress have been severely affected, or even killed in recent years [18,19]. As sand dunes increase in height, it becomes harder for trees to reach groundwater, which reduces their survival rate and growth [12]. This phenomenon was observed in the Taklamakan desert dunes, where the growth of trees has decreased as the dunes have become taller [20]. Plants are known to show improved water use efficiency under drought conditions [21,22,23]. One major change seen during drought stress is a reduction in plant height, which decreases the water transport distance from root to leaf [24,25,26]. In 2010, [27] suggested that the intrinsic water use efficiency (iWUE) and leaf mass per leaf unit area (LMA) of leaves differs among tree species, possibly according to growth patterns and susceptibility to drought stress in semiarid conditions. However, although physiological analysis of iWUE has recently been performed using tree rings and leaves [22,23], no studies have analyzed the effects of sand dune height on tree growth in arid and semiarid areas. In addition, species are being selected for transplantation in areas such as grasslands and sand dunes without full regard for the natural environment.



The objective of this study is to analyze and compare markers of tree growth, iWUE, and the survival rate of the Mongolian pine according to changes in sand dune height. We hypothesized that an increase in sand dune height, with a concomitant increase in the distance to groundwater, may lead to a decrease in survival rate. These findings could inform the selection of appropriate species for plantation in semiarid and arid environments. To test our hypothesis, we measured the growth and survival rates, leaf area, leaf length, LMA, and iWUE of Mongolian pine trees at different sand dune heights.




2. Materials and Methods


2.1. Study Site and Experimental Design


The study area is located in the sand dunes of the Hulunbeier steppe. Two-year old Mongolian pine seedlings were used in this study. The area was protected from livestock and wild animals by a barbed wire fence. The altitude of the surrounding lakes was 576 m and the maximum height of the sand dunes was 593 m. The elevation of the lake within 500 m of the survey site was 576.6 m. The geographic coordinates and elevation of each measurement point were recorded using a global positioning system (GPS). The distance between tree specimens and the lake, as well as the height of the sand dunes, was analyzed using the GPS coordinates (ArcGIS 10.6, ESRI, Redlands, USA).



The annual rainfall in Hulunbeier is 288 mm, 92.0% of which falls between April and October. This region has a semidry climate, with a monthly mean temperature ranging from −23.2 °C in January to 21.7 °C in July. The monthly mean relative humidity ranges from 76.8% in December to 41.7% in May, and the mean wind speed ranges from 12.8 m s −1 in April to 7.9 m s −1 in January. These values were extrapolated from meteorological data recorded between 1987 and 2016 at the Amgalang County Meteorological Station (N 48°12′, E 118°15′; elevation: 641 m) and the nearest experimental sites, maintained by the China Meteorological Administration. The annual evaporative water loss is 1400–1900 mm. The soil area in the Hulunbeier steppe is located between N 47°20′ and N 49°59′ and E 117°10′ and E 121°12′. It covers an area of 43,000 km2 and is 270 km in length from east to west and 170 km from north to south. The eastern zone is mostly comprised of chernozem soil, the middle zone has dark chernozem soil, the western zone has chestnut and light chestnut soils, and the gouge zone has Aeolian sandy soil. The region has a high sand content, especially of fine sand. Aeolian sandy soil is distributed throughout the sandy land and sandy plains in the outer regions of the steppe [5].



We selected a 2 ha area within the study area in 2013, wherein there were 5 measurement points corresponding to different sand dune heights. Each point consisted of three 40.0 × 4.0 m2 areas, spaced 20 m apart along the sand dune. The sand dune height increased by a total of 6.2 m between points P1 and P5. The spacing between the Mongolian pine seedlings was 3.0–4.0 m, and the density of the trees was 833 trees/ha −1. Each point contained 30 trees (Figure 1).




2.2. Soil Moisture


To measure soil moisture, a moisture sensor (Waterscout SM100, Spectrum Technologies, Aurora, USA) was installed at each point, with moisture recorded at soil depths of 10, 30, 50, and 80 cm. The sensor at P1 was installed in August 2016, while the sensors at P2–P5 were installed in July 2018.




2.3. Survival Rate, Tree Growth, Pine Needle Features, and LMA


We assessed 30 trees at each measurement point. The tree height (m), diameter at root collar (DRC) (cm), diameter at breast height (DBH) (cm), longest shoot length (cm), and survival rate (%) were measured in July 2018 after 9 growing seasons.



At each survey site in July 2017, 30 pine needles were acquired for measurement of pine needle length, area, and width. The needles were collected at a height of 2 m, from a southerly location in which they were fully exposed to sunlight. The area (cm2), length (cm), and width (cm) of the pine needles were measured using a V700 Photo Scanner (EPSON, Japan) and the WinSeedle software program (Regent Instruments, Québec, Canada). The LMA was calculated by dividing the dry leaf mass by the leaf area [28]. The leaves were then dried in an oven (72 °C, 48 h) and weighed to 0.0001 g using an electronic microscale (Balance XS204, Mettler Toledo, Columbus, USA) to obtain the dry leaf mass.




2.4. Carbon Isotope Analysis and iWUE


To estimate the water use efficiency of the trees at each measurement point, 2 needles were collected from each of 3 trees. After drying for 72 hours at 65 °C, the foliar carbon isotope composition (13C) of the needles was analyzed using Equation (1). Measurements were taken using a stable isotope ratio mass spectrometer system with an elemental analyzer (Vision-EA, Isoprime, Cheadle, Hulme, UK). Global daily atmospheric CO2 data were obtained from the Earth System Research Laboratory (ESRL; National Oceanic & Atmospheric Administration; http://www.esrl.noaa.gov/gmd/ccgg/trends/gl_data.html).


δ13C (‰)={[(δ13Cδ12C)sample−(δ13Cδ12C)standard](δ13Cδ12C)standard}×1000 ‰



(1)







The Ci Ca −1 ratio was calculated using Equation (2), from [29] with some modifications [30].


CiCa=δatm−δ13C−ab−a



(2)







In Equation (2), δatm indicates the 13CO2 distribution in the atmosphere (–7.8‰), a represents the diffusivity of 13CO2 in atmosphere (mol) (a = 4.4‰), and b represents discrimination by Rubisco against 13CO2 (b = 27‰).



The iWUE was determined using Equation (3) [31,32].


iWUE (μmol mol−1)=Ca−Ci1.6=Ca(b−δ13C)1.6(b−a)



(3)







Here, Ca indicates the ambient CO2 concentration (Ca = 405.39 ppm) and Ci indicates the intercellular CO2 concentration (ppm). The ratio of diffusivities between water vapor and CO2 in the atmosphere is represented by 1.6.




2.5. Statistical Analyses


SPSS software (version 22.0; IBM Corp, New York, USA) was used for all data analyses. The significance level was set at p ≤ 0.05. One-way ANOVA was performed to compare the physiological variables of the trees among the sand dune height measurement points, and the Shapiro–Wilk normality test was used to determine the normality of the distribution of the data. In cases with a normal distribution, a post hoc test was performed (equal variance, Duncan’s multiple range test; unequal variance, Dunnett’s T3 test). In all other cases, nonparametric tests (Jonckheere–Terpstra test and Mann–Whitney test) were used, with α = 0.05. Since soil moisture is in large part supplied through underground water in arid areas, we also measured the correlation between soil moisture and iWUE at each soil depth.





3. Results


3.1. Soil Moisture


The soil moisture was measured at depths of 10 cm (5.96% ± 2.78%), 30 cm (5.04% ± 4.30%), 50 cm (14.21% ± 10.19%), and 80 cm (21.99% ± 12.94%) from August 2016 to September 2018. The soil moisture increased with an increase in soil depth at P1 and P2, whereas the opposite was true at P3–P5. The largest difference in soil moisture among measurement points was observed at a depth of 80 cm (Figure 2).




3.2. Survival Rate


The survival rate was highest (100%) at P2 and lowest (40%) at P4 and P5; a significant difference in survival rate was observed among the measurement points (p < 0.01) (Figure 3). Trees planted at a sand dune height of 5.04 m or more were the most severely damaged by a 2016 drought, while trees at a sand dune height of 2.43 m or less were the least affected. The survival rate at measurement points P3–P5 decreased by an average of 26.7% from 2016 to 2018.




3.3. Tree Growth Characteristics


The most striking result was the significant difference in tree growth among measurement points (p < 0.05). Tree height was highest at P2 (3.77 m ± 0.12 m) and lowest at P4 (1.73 m ± 0.77 m). The average DRC was largest at P2 (9.48 cm ± 0.18 cm) and smallest at P4 (4.75 cm ± 0.93 cm). P2 had the largest DBH (6.79 cm ± 0.41 cm), while that of P5 was the smallest (1.98 cm ± 0.94 cm). The longest average shoot length was seen at P2 (19.63 cm ± 3.69 cm), while the shortest was seen at P5 (6.21 cm ± 2.32 cm). Growth characteristics showed an inverse relationship with sand dune height (Table 1).




3.4. Pine Needle Characteristics, Carbon Isotope Composition, and iWUE


The average pine needle area and length decreased with increasing sand dune height. Leaf area, length, and width were significantly different (p < 0.001) between current- (2017) and one-year-old (2016) pine needles. The leaf area, length, and width of leaves were different from current- and one-year-old pine needles with each point except p1 point leaf length (p < 0.05). The largest leaf area of current-year pine needles was seen at P1 (1.09 cm2 ± 0.20 cm2) and the smallest at P5 (0.53 cm2 ± 0.10 cm2), while for one-year-old pine needles, the largest leaf area was at P2 (1.34 cm2 ± 0.19 cm2) and the smallest was at P4 (0.77 cm2 ± 0.11 cm2). The leaf length of current-year pine needles was longest at P2 (6.03 cm ± 0.74 cm) and shortest at P3 (3.84 cm ± 0.40 cm). For one-year-old pine needles, the longest leaf length was seen at P2 (6.70 cm ± 0.80 cm) and the shortest at P4 (4.53 cm ± 0.64 cm). The leaf width of current-year pine needles was largest at P1 (0.23 cm ± 0.02 cm) and smallest at P5 (0.17 cm ± 0.02 cm), while in one-year-old pine needles it was largest at P2 (0.28 cm ± 0.05 cm) and smallest at P5 (0.23 cm ± 0.03 cm) (Figure 4). The LMA of the current- and one-year-old pine needles showed no significant difference according to sand dune height (p > 0.05).



The δ13C analysis of current-year pine needle samples showed a significant difference at P3. The current-year pine needles at P1 (−26.31‰ ± 0.88‰) and P2 (−25.60‰ ± 0.99‰) showed similar δ13C values to each other, while those at P3 (−23.00‰ ± 0.46‰), P4 (−22.94‰ ± 0.85‰), and P5 (−24.25‰ ± 0.66‰) were higher. One-year-old pine needles showed a significant difference among measurement points: P1 (−27.05‰ ± 0.69‰), P2 (−26.44‰ ± 0.64‰), P3 (−24.32‰ ± 0.64‰), P4 (−25.48‰ ± 0.57‰), and P5 (−25.41‰ ± 0.16‰) (p < 0.05) (Figure 4). One-year-old pine needles showed similar δ13C values between P1 and P2, as did P3–P5, and the values were significantly different between P1 and P2 versus P3–P5 (p < 0.05). The δ13C values were also significantly different between the current- and one-year-old pine needles at P3 to P5 (p < 0.05).



The iWUE was significantly different among the measurement points and increased as sand dune height increased (p < 0.05) (Figure 5). The iWUE for current-year pine needles at P1 (95.18 ± 9.87 μmol CO2 mol −1 H2O) and P2 (103.10 ± 11.12 μmol CO2 mol −1 H2O) was lower than at P3 (132.29 ± 5.12 μmol CO2 mol −1 H2O), P4 (132.96 ± 9.54 μmol CO2 mol −1 H2O), and P5 (125.34 ± 7.45 μmol CO2 mol −1 H2O). The iWUE of one-year-old pine needles showed a similar trend, i.e., the values for P1 (86.89 ± 7.78 μmol CO2 mol −1 H2O) and P2 (93.76 ± 7.16 μmol CO2 mol −1 H2O) were lower than those for P3 (117.53 ± 7.18 μmol CO2 mol −1 H2O), P4 (104.49 ± 6.43 μmol CO2 mol −1 H2O), and P5 (105.33 ± 1.82 μmol CO2 mol −1 H2O). The iWUE was also significantly different between the current- and one-year-old pine needles at P3 to P5 (p < 0.05).





4. Discussion


4.1. Increased iWUE and Reduced Leaf Area Correlates with Sand Dune Height


Plants are generally known to increase their iWUE to adapt to dry conditions [33,34,35]. It has been reported previously that Scots pine needle’s stomatal density and iWUE are correlated with changes in temperature and CO2 levels in arid climates [36]. A correlation between a dry climate and higher iWUE has also been reported in Ulmus pumila [22]. In our study, iWUE tended to increase as sand dune height increased, especially at P3 and above. P3 is where the groundwater level drops more than 1 m below the average Mongolian pine root depth. We determined that P3 corresponded to the dune height at which the groundwater supply became difficult or impossible to reach such that, in response, the trees increased their iWUE as a survival mechanism. In dry areas, trees depend on groundwater more so than on rainfall, such that subsoil moisture is of critical importance [37]. At a soil depth of 80 cm, there was a significant increase in iWUE relative to the other depths (p < 0.05) (Figure 6). Therefore, when selecting a location in which to plant trees in arid areas, the distance between the tree and the point at which it can access subsoil moisture needs to be considered more so than topsoil moisture.



In this study, the area occupied by current- and one-year-old pine needles decreased from P1 and P2 to P3–P5 (p < 0.05). In addition, both the current- and one-year-old pine needle areas tended to decrease as sand dune height increased. Furthermore, the difference between current- and one-year-old pine needles was observed (p < 0.05), but both pine needles were affected by the height difference of the sand dune. In a similar study, the leaf area of Populus euphratica significantly decreased as sand dune height increased [20]. Dry-tolerant species also exhibit a lower Ci Ca −1 value than mesic species, due to lower discrimination against 13C [38]. Under drought stress, a plant can reduce its rate of transpiration by decreasing the leaf area [39]. Together, these strategies help the tree to reduce stomatal density and increase iWUE, improving the likelihood of survival in environments where the water supply is insufficient.




4.2. Reduced Survival and Growth of Mongolian Pine Correlates with Sand Dune Height


Temporary increases in iWUE help protect trees from drought, but prolonged increases inhibit growth, eventually leading to death [23]. Previous studies have found that intense drought stress significantly increases the risk of death among drought-stressed plants [40,41]. Soil dryness reduced leaf size in the Scots pine [42], which in turn not only reduced water loss but also the amount of photosynthate that was available for growth [43]. The Scots pine, Populus simonii, and other genera have been shown to grow significantly better and have a higher iWUE, in the early stages of drought, before dying a few years later [44,45,46]. In this study, we thought the Mongolian pine’s death was not related to the dramatic increase of water use efficiency. According to our observation, the Mongolian pine in our research site has already exceeded the extreme drought, considered a more critical factor of the death than the sudden increase of its water use efficiency in response to drought, like in previous studies [23,44,45,46].



Red leaves and dead trees were not seen during the 2016 survey, however, the following year there was an increase in tree mortality. A severe drought in August 2016 seems to have triggered these effects. Trees at measurement points P3–P5 were mainly affected, while those at P1 and P2 were not damaged. In this study, survival and growth decreased rapidly at P3 and above, where the soil water content was less than 5%. In sandy land, Mongolian pine roots reached an average vertical depth of 1.56 m, with 0.90 m of horizontal growth reported to occur after 13 years [10]. Based on three months of soil data, soil moisture was highest at P1, followed by P2, P3, P4, and P5, because as the height of the sand dunes increased from P1–P5, the distance from the trees to groundwater also increased. Thus, trees planted at P1 and P2 had a sufficient water supply even during extreme drought, whereas trees at P3–P5 showed decreased survival and growth because of insufficient water. Our results are consistent with a similar study that showed a strong relationship between monthly water level and biomass in Pinus radiate seedlings [47].



Studies on conifer restoration have shown that competition for water plays a crucial role in seedling survival and growth [48,49,50,51,52,53,54]. Preservation of soil moisture until early August is especially critical for seedling growth [55]. In our study, increased sand dune height led to an insufficient water supply at P3–P5, where the groundwater was more than 80 cm below the seedlings, resulting in a reduction in tree survival and growth rates.





5. Conclusions


Nine years after planting Mongolian pines at various sand dune heights, we saw significant variation in growth characteristics, such as tree height, DRC, DBH, leaf area, leaf length, and iWUE. As sand dune height increased, Mongolian pine trees increased their iWUE by decreasing their leaf area. However, there was no significant difference in LMA according to sand dune height. The Mongolian pine was able to adapt to survive at dryer sites, but prolonged exposure to inadequate moisture decreased the growth and survival rates of the trees. When planning an afforestation project in dry, sandy environments like the Hulunbeier steppe, herbaceous and shrubby plants that have a lower water requirement than trees should be considered. In the case of the Mongolian pine, care should be taken to avoid plantation in areas where soil moisture is less than 5% in subsoil.
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Figure 1. Study area and sampling sites in Hulunbeier, China. (A) Red circle: Location of the 2005 desertification combating project; black square: sampling sites for carbon isotope and intrinsic water use efficiency (iWUE) analysis. (B) Location of the tree growth belt and 15 plots. (C) Vertical distance to the groundwater level. Sand dune height was measured above the level of the surrounding lake. 
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Figure 2. Moisture contents at different soil depths according to changes in sand dune height, from July to September 2018. Values with different capital letters indicate significant differences among four soil depths in each measurement point (Dunnett’s T3 test, p ≤ 0.05). Values with different small letters denote significant differences among five measurement points in each soil depth (Dunnett’s T3 test, p ≤ 0.05). Soil moisture data at 50 cm in P1 was not available from July to September 2018, so data from 2017 was used for the same period. 
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Figure 3. Survival rate of Mongolian pines planted for nine growing seasons according to changes in sand dune height. Values with different small letters denote significant differences among five measurement points (Jonckheere–Terpstra test, p ≤ 0.05). 






Figure 3. Survival rate of Mongolian pines planted for nine growing seasons according to changes in sand dune height. Values with different small letters denote significant differences among five measurement points (Jonckheere–Terpstra test, p ≤ 0.05).



[image: Forests 10 00558 g003]







[image: Forests 10 00558 g004 550]





Figure 4. Comparison of Mongolian pine needle characteristics, i.e., leaf area (A), length (B), width (C), and carbon isotope ratios (D), according to changes in sand dune height. Values with different capital letters indicate significant differences between two needles age classes in each measurement point (Mann–Whitney test, p ≤ 0.05). Values with different small letters denote significant differences among five measurement points in each needle age class (Jonckheere–Terpstra test, p ≤ 0.05). 
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Figure 5. Comparison of iWUE values in Mongolian pine needles according to changes in sand dune height. Values with different capital letters indicate significant differences between two needle age classes in each measurement point according (Mann-Whitney test, p ≤ 0.05). Values with different small letters denote significant differences among five measurement points in each needle age class (Jonckheere–Terpstra test, p ≤ 0.05). 
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Figure 6. Relationship between iWUE values in Mongolian pine needles and moisture contents at different soil depths, i.e., 10 (A), 30 (B), 50 (C), and 80 cm (D), according to changes in sand dune height. 
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Table 1. Growth responses of Mongolian pines planted for nine growing seasons according to changes in sand dune height. Tree height: Values with different small letters indicate significant differences (Jonckheere–Terpstra test, p ≤ 0.05). Diameter at root collar (DRC), diameter at breast height (DBH): Values with different small letters denote significant differences (Dunnett’s T3 test, p ≤ 0.05). Shoot length: Values with different small letters represent significant differences (Duncan’s multiple range test, p ≤ 0.05).
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	Point
	1
	2
	3
	4
	5





	Tree height (m)
	3.45 ± 0.27 a
	3.77 ± 0.12 a
	2.17 ± 1.26 b
	1.73 ± 0.38 b
	1.82 ± 0.47 b



	DRC (cm)
	8.81 ± 0.66 a
	9.48 ± 0.18 a
	6.52 ± 2.78 b
	4.75 ± 0.93 c
	5.24 ± 1.54 bc



	DBH (cm)
	6.14 ± 0.35 ab
	6.79 ± 0.41 a
	3.64 ± 2.72 b
	2.09 ± 0.75 c
	1.98 ± 0.94 c



	Shoot length (cm)
	18.91 ± 3.48 a
	19.63 ± 3.69 a
	14.12 ± 2.93 a
	7.87 ± 4.13 b
	6.21 ± 2.32 b











© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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