Screening for drought tolerance in Salvia spp. and Helichrysum petiolare: a way to select low maintenance ornamental plants
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Abstract

Recent urban green design strategies rely on the use of plants with low maintenance costs. Thus, the study of drought tolerance in ornamental species is of considerable interest. In this work rooted cuttings of Salvia dolomitica Codd., Salvia sinaloensis Fern., and Helichrysum petiolare (Hiliard & B.L. Burtt) were subjected to five irrigation treatments (T1=20%, T2=40%, T3=60%, T4=80%, and T5=100% of container water capacity - CC) for a total of two months. During this period, to evaluate their recovery responses, all plants were taken back two times for 14 days to the optimal regime of irrigation. Visual plant damages, chlorophyll concentration (SPAD values), leaf area, and growth index were evaluated twice a week. In general, these traits decreased as water stress was intensified. The highest visual damage values and the lowest growth variation were observed in plants subjected at T1. In this stress condition, S. dolomitica and in S. sinaloensis reached a damage value superior to 75% after 16 and 46 days, respectively. In H. petiolare plants, leaf area was significantly reduced already by T2. Slight differences on visual damages among plants at T3, T4, and T5 were showed. Rewatering was effective for all three species only in plants stressed at T3 and T4. Overall, the tested species showed a general tolerance at moderate drought stress and their use in urban horticulture for low maintenance green areas appears feasible.
INTRODUCTION
Water is the most abundant molecule on earth but its availability is often a limiting factor. Water deficit and salt stresses are global issues to ensure survival of agricultural crops and sustainable food production (Jaleel et al., 2007a). Tolerance to abiotic stresses is very complex, due to intricate interactions between stress factors and various molecular, biochemical, and physiological phenomena affecting plant growth and development (Razmjoo et al., 2008). Drought stress reduces plant growth by affecting various physiological and biochemical processes, such as photosynthesis, respiration, translocation, ion uptake, carbohydrates, nutrient metabolism, and growth promoters (Jaleel et al., 2008b; Farooq et al., 2008). It is characterized by reduction of water content, diminished leaf water potential and turgor loss, closure of stomata and decrease in cell enlargement and growth (Smirnoff, 1993; Jaleel et al., 2007b; Jaleel et al., 2008).
Drought stress tolerance is seen in almost all plants but its extent varies from species to species or even within. A better understanding of the morpho-anatomical and physiological basis of changes in water stress resistance could be used to select or create new varieties with a better productivity under water stress conditions (Nam et al., 2001; Martinez et al., 2007). 
Recent urban green design strategies rely on the use of plants with low maintenance costs. Especially medicinal and aromatic plants are frequently used in urban layout, for their specific adaptability, ground cover characteristics, and decorative leaf, flowers, and fruits. Thus, the study of drought tolerance in aromatic species is of considerable interest. 
Studies on Salvia splendens and S. officinalis were presented by Burnett et al. (2005) and Abreu and Munné-Bosch (2008). Few species of the genus Helichrysum are known for their use in urban design (Arslan and Yanmaz, 2010) and for their drought tolerance (Soad et al., 2010).

In this work, the responses of S. dolomitica Codd., S. sinaloensis Fern., and Helichrysum petiolare (Hiliard & B.L. Burtt) to different water regimes were investigated.
Materials and methods

Plant materials and experimental design
Plants of S. dolomitica, S. sinaloensis, and H. petiolare were grown in the glasshouse of the University of Turin (Italy), clonally multiplied by cuttings, and placed in 9 cm containers filled with peat and perlite (70:30). Substrate moisture was maintained at specific levels of container capacity (CC). When plants reached at least 20 cm in height were transferred to a controlled room (25°C, 60% U.R., 300 PAR and 16h photoperiod).
Plants were subjected to five irrigation regimes: T1=20%, T2=40%, T3=60%, T4=80%, and T5=100% of container capacity (CC). The experiment lasted for a total of 60 days: from day 1 to day 16 to the first stress trial, from day 17 to day 30 to the first recovery phase with optimal regime of irrigation (T5), from day 31 to day 46 to the second stress trial, and from day 47 to day 60 to the second recovery phase under optimal regime of irrigation (T5).
Observation and statistics
For each species, six plants per irrigation treatment was analysed. To assess plant quality, leaf damage was visually evaluated using five classes (visual damage class: 0 = 0%; 1 = 1-25%; 2 = 26-50%; 3 = 51-75%; 4 = 76-100% leaf area). The Chlorophyll Meter SPAD-502 Konica Minolta (Nieuwegein, The Netherland) was used to indirectly measures of leaf chlorophyll content and plant quality (Smith et al., 2004). To assess growth variation leaf area (k*length*width; k=0.75; Ruget et al., 1996), and growth index (GI; Π*{[(D'+D'')/2]/2}2*H; Hidalgo and Harkess, 2002) were calculated. All parameters were recorded twice a week.
Data were subjected to the analysis of variance (ANOVA) by using Ryan–Einot–Gabriel–Welsch’s multiple step-down F (REGW-F) test, (P≤0.05). The Kruskal-Wallis test was used to investigate differences in visual leaf damages. All statistical analyses were performed using SPSS statistical package (version 17.0; SPSS Inc., Chicago).
Results and discussion

Salvia spp.

In Figure 1 and 2 the responses of S. dolomitica and S. sinaloensis to the five irrigation regimes are reported. Concerning visual leaf damages (Fig. 1a), S. dolomitica showed after the first stress trial the highest damages (= 4.00) under severe stress (20% CC), reaching the complete death of plants. Irrigation with 40% CC induced intermediate damages, ranging from 2.00 to 2.50. Effects of moderate drought stresses (T3 and T4) did not differ statistically from the control during the first stress trial and subsequent recovery phase. Starting from the second stress trial, plants irrigated with 60% and 80% CC showed an increase of leaf damages (1.00 and 1.33 values, respectively). At the end of the experiment, effects of the latter were similar to T2, highlighting intermediate damages between control and 20% CC water regime. In S. sinaloensis the highest damages (=4.00) were reached after the second stress trial in plants subjected to T1. After the first stress trial, plants irrigated with 40% and 20% CC showed leaf damages higher than value 2.00. On the other hand, T4 and T5 water regimes allowed to maintain value 0.00. Differences were highlighted only after the second stress trial. In particular, at the end of the experiment, leaf damages not exceed 1.50 for T3 and T4, showing that irrigation with at least 60% CC not compromises the aesthetic values of this species. 
Irrigation regime effects on chlorophyll content were observed in both species only in plants subjected to T1 at the same time point in which leaf damages are equal to 4.00 (Fig. 1b and 2b). No differences were detected for the other treatments. This result suggests that in Salvia, SPAD readings could be useful for the selection of the health status under drought conditions.
Leaf area was significantly influenced by drought stress (Fig. 1c). In S. dolomitica plants, irrigation with 20% CC reduced significantly leaf area  in comparison with 100% CC after the first stress trial. After the second stress trial, T2 and T4 water regimes induced the lowest leaf area (6.53 and 7.04 cm2, respectively) in comparison with T5 and T3 (10.14 and 9.41 cm2, respectively). After the second recovery phase, irrigation with 40 % CC induced the lowest leaf area reduction. Similar results were reported by Bettaieb et al. (2009) in S. officinalis. In S. sinaloensis after the first stress trial were observed significant differences among treatments (Fig. 2c). Plants at 100% and 80% CC reached leaf areas superior than others and this trend was maintained for all the experiment. After the second stress trial, plants in T1 and T2 showed the lowest leaf areas (1.85 cm2 and 1.88 cm2, respectively) and no effect of the followed recovery phase was observed. Plants in T3 showed intermediate values and not statistically differ from T4 and T5.
With the aim to better describe how severe drought stress can influence the vegetative phase of the studied species the Growth Index was calculated (GI; Fig. 1d and 2d). For both species irrigation with 20% and 40% CC induced the lowest GI during all the experiment. In S. dolomitica after the first stress trial T5 and T4 reached the highest values with 13013 GI and 12518 GI, and T3 an intermediate value of 8611. After the second stress trial, plants subjected to T3 and T4 do not differ statistically, showing intermediate GI values between T5 and T2. Similarly, S. sinaloensis plants irrigated with 100% and 80% CC showed the highest GI during all the experiment, in particular at the days 16, 46, and 60. Instead, for all the experiment, plants at T3 presented intermediate GI values while, at T1 and T2 the lowest. 
By the comparison of all the presented results, it is possible to highlight the tolerance to moderate drought stress of these species. Previous research (Eakes et al., 1991; Burnett et al., 2005) found that imposing a mild drought stress to induce osmotic adjustment improved the drought tolerance of S. splendens during postproduction. But, this condition resulted in reductions of plant size and not prolonged the shelf life during the recovery phase. Similarly, Abreu and Munné-Bosch (2008) demonstrated that induced drought was involved in decreasing leaves aesthetic quality of S. officinalis. For this reason, as described by Cervelli (2011), the studied species represent new sources for urban horticulture. Moreover, in a way to select for drought tolerance, their use for low maintenance green areas appears feasible.
Helichrysum petiolare
H. petiolare showed statistical differences in visual leaf damages after the first stress trial (Fig. 3a). Plants subjected to T1, T2, and T3 presented values superior than 2.00, showing a range of damages between 25 % and 75 % of total plants. An increase of damage values was then detected in T1 and T2 after the second stress trial, reaching value 4.00 (complete death of plants) at day 60. Moderate drought stress (T3 and T4) did not compromise aesthetic values of the plants. In fact, after the second recovery phase, visual damages were similar to the control.
As well as for S. dolomitica and S. sinaloensis, H. petiolare plants subjected to severe drought stress (20% CC) showed a statistical increase of SPAD values at the same time point in which was reached value 4.00 of leaf damages (Fig. 3b). During all the experiment no differences were individuated for the other treatments.
Drought stress was effective in the  reduction of leaf area only after the second stress trial (Fig. 3c). A general decrease of leaf area was observed. At the day 46 at T1 and T2 the lowest leaf area of 0.87 cm2 and 2.12 cm2 was recorded while leaf areas at T3 and T4 were intermediate (2.77 cm2 and 3.33 cm2, respectively). After the second recovery phase plants at T3, T4, and T5 watering regimes looked similar, highlighting the ability of this species to survive till 60 % CC. The growth index was generally not affected by different drought conditions (Fig. 3d). By miming different possible water conditions is evident the aptitude of this species to survive in semi drought conditions. The results allowed to indicate the minimum irrigation regime for the cultivation of H. petiolare in urban areas. 
CONCLUSIONS

The present study demonstrated the adaptability of S. dolomitica, S. sinaloensis, and H. petiolare to moderate drought stress, showing positive tolerance with at least 60 % CC, while, sub-irrigation (20 % and 40 % CC) inhibited the growth of studied species and induced severe leaf damages, compromising their ornamental values and health status. 
Morphological studies can provide objective information to be used as a tool to improve the vegetation management in urban areas and consequently avoiding the potential vulnerabilities associated with global climate change. Therefore, the possibility to maximize water saving need to be considered. The knowledge of specific water requirement of the presented species represents a way for scheduling irrigation programs.
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Figure 1. S. dolomitica responses to five irrigation regime (T1 = 20 %, T2 = 40 %, T3 = 60 %, T4 = 80 % and T5 = 100 % of container capacity). a) Observed average values, fitted with Kruskal Wallis test (NS = non significant; * P<0.05; ** P<0.001), of visual leaf damages. The effect of the five irrigation regimes on SPAD values (b), leaf area (c), and growth index (d) over the experiment. The solid line indicates the period of water stress while, the dashed line the recovery. Means followed by the same letter do not differ significantly, according to REGW-F test (NS = non significant; * P<0.05; ** P<0.001).
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Figure 2. S. sinaloensis responses to five irrigation regime (T1 = 20 %, T2 = 40 %, T3 = 60 %, T4 = 80 % and T5 = 100 % of container capacity). a) Observed average values, fitted with Kruskal Wallis test (NS = non significant; * P<0.05; ** P<0.001), of visual leaf damages. The effect of the five irrigation regimes on SPAD values (b), leaf area (c), and growth index (d) over the experiment. The solid line indicates the period of water stress while, the dashed line the recovery. Means followed by the same letter do not differ significantly, according to REGW-F test (NS = non significant; * P<0.05; ** P<0.001).
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Figure 3. H. petiolare plants responses to five irrigation regime (T1 = 20 %, T2 = 40 %, T3 = 60 %, T4 = 80 % and T5 = 100 % of container capacity). a) Observed average values, fitted with Kruskal Wallis test (NS = non significant; * P<0.05; ** P<0.001), of visual leaf damages. The effect of the five irrigation regimes on SPAD values (b), leaf area (c), and growth index (d) over the experiment. The solid line indicates the period of water stress while, the dashed line the recovery. Means followed by the same letter do not differ significantly, according to REGW-F test (NS = non significant; * P<0.05; ** P<0.001).
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