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Physiological and Oxidative Responses of Japanese Mint Grown Under Limited Water and Nitrogen Supplies in an Evaporated Greenhouse System
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Within this study, influences of abiotic factors inducing biomass and synthesis of secondary metabolites in Japanese mint (Mentha arvensis) were studied. Plants were cultivated in the evaporate greenhouse system under 50% shading, at temperatures of 25–28°C and with relative humidity of 60–65%. After 12 weeks of planting, the results showed that water management at 75% and 100% evaporate transpiration crops (ETc) gave the highest growth measures for plant height (22.96 cm), number of stems (7.75), stem thickness (3.69 mm), diameter of canopy (28.03 cm), number of leaves per plant (151.28), fresh weight (108.07 g), and dry weight (22.29 g), while leaf area value (1,104.10 cm2) was the highest at 75% water and the highest SPAD value was at 25% (41.13 SPAD unit). Levels of secondary metabolite as described by DPPH and ABTS antioxidant potential remained stable; however, total flavonoid was higher in ETc 25% and 50% as compared to other treatments (0.41 mg GAE/g DW). The content of menthol corresponded well with biomass yield. In the second experiment, nitrogen levels at 210 and 310 mg/l gave the highest in growth measures for plant height (21.41 cm) and SPAD unit (25.54 SPAD unit). In addition, the nitrogen level at 310 mg/l gave the highest growth measures, viz., number of stem (9.00 stems), stem thickness (3.28 mm), diameter of canopy (27.55 cm), number of leaves per plant (162.57), leaf area (568.38 cm2), fresh weight (80.79 g), and dry weight (17.09 g). At 12 weeks of cultivation, the highest levels of total phenolic and flavonoid and menthol were achieved when a higher rate of nitrogen was applied. The results advised that Japanese mints adjusted well to the stresses in the controlled atmospheric humidity of the greenhouse, and nitrogen was a key element for increasing the productivity.
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GRAPHICAL ABSTRACT. Schematic diagram of physiological and biochemical responses of Japanese mint grown under the limit supplies of water and nitrogen fertilizer.


INTRODUCTION

Menthol mint (Mentha arvensis), a perennial herb of the Lamiaceae family, is a well-known essential oil crop of economic value in food, perfumery, and pharmaceutical industries (Pandey et al., 2003). Mint oil comprises L-menthol, L-menthone, and carvone as major volatile constituents (Taneja and Chandra, 2012) and is the most important intermediate raw material for menthol crystallization (Berger, 2007; Kamatou et al., 2013; Skalicka-Wozniak and Walasek, 2014). This has led to an annual demand of the herbage volume of ~32,000 metric tons (Lawrence, 2006). The advantage of growing plants in a greenhouse is the agronomic protection from environmental threats including temperature, light intensity, humidity, and pests (Mekonnen et al., 2015; Treadwell et al., 2020). There is also an increasing demand of subtropical cultivation of herbs like mint in the greenhouse due to low operating cost and simple management. The evaporative cooling relies on the conversion of sensible into latent heat through the evaporation of circling water, along with the ventilation system. This technique decreases the cultivating temperature to about 3–6°C, lower than that of the atmospheric temperature depending on the dryness of the external air and humidity. To this end, agronomical management to simulate the optimal growth of subclimate species can be achieved by greenhouse evapotranspiration (Albaho et al., 2008; Villarreal-Guerrero et al., 2012; Zhang et al., 2017).

Triggers, either biotic or abiotic, along with genetics are drivers affecting the biosynthesis of plant secondary metabolites (Verma and Shukla, 2015). Plants respond to environmental stresses differently as the influences of their diverse phenological and physiological processes, the climate conditions, and agronomic practices (Alinejad et al., 2020). Plant secondary metabolites are generally thought to be a result of plant interactions with the environment, although they are not essential during growth and development (Chen et al., 2009). The volatile metabolite in particular possesses a number of functions including indirect defense and direct defense against herbivores, resistance to abiotic stress, and wound-activated signaling (Pichersky et al., 2006). Like other plants, Mentha spices produce volatile metabolites that may render unique fitness benefits to the host plants grown in a specific stress environment, although detailed study is still needed. Among the environmental traits, water is the most important agronomic factor and the deficit could adversely affect the productivity of the produce. Drought stress induces closure of stomata that leads to decreased rates of photosynthesis and consequently exhibits a C/N ratio which alternates biosynthesis of the metabolites (Alinejad et al., 2020). In herbaceous plants such as sweet basil and American basil, water stress increases essential oil yield and proline, and total carbohydrate content only at the irrigation of 75% field capacity was sufficient to maximize crop production and the oil yield (Khalid, 2006). In Mentha spices, however, full irrigation and fertilization were necessary to achieve maximum yield and high quantity of secondary metabolites (Lawrence, 2006). Plants require a different fertigation with adequate nutrients for their growth and development as well as during the secondary mechanism (Marschner, 2012). Mints (spearmint and peppermint) require ~280 kg/ha of nitrogen to reach their optimum plant biomass and oil yields (Brown et al., 2003). Shormin et al. (2009) reported that supplying Japanese mints with 240 kg N/ha, the maximum fresh weight yield can be obtained Alsafar and Al-Hassan (2009), however, reported that 70 kg N/ha supply could increase the highest total dry matter and essential oil yield of wild mint (M. longifolia L.). Although Japanese mint is not native to Thailand, the plant has been cultivated and adapted well mostly in the highland area (rainfall in the range of 95–105 cm, altitude of 250–400 m) (Bhattacharya, 2016). Mint has wide adaptability to different environments and high resistance to stresses. Mekonnen et al. (2015) and Lawrence (2006) suggested that the optimum temperature to grow Japanese mint is 15–30°C with high light intensity, although it also succeeds in partial shade.

At one end, information on water and plant nutrient management of Japanese mint in the evaporated greenhouse system is lacking. Additionally, contrasting effects of drought and nitrogen supplies on the alteration of the secondary metabolites of Japanese mint have not yet been reported. This research therefore aims to evaluate the effect of nitrogen and water supplies on growth, essential oil, and secondary metabolite quantity in Japanese mint grown in the imitative sub-temperature condition. The contribution of this research is toward a deep understanding of the mechanism of plant stress response and also to encourage a sustainably alternative production of this subtropical herb in the changing climate.



MATERIALS AND METHODS


Plant Material and Experimental Design

Four-week-old cuttings of M. arvensis grown in peat moss and coconut dust were obtained from Khun Pae Royal Project, Chom Thong, Chiang Mai, Thailand. They were transferred to a 2-l pot, containing a perlite and vermiculite ratio of 1:1. The experiments were conducted in an evaporative cooling greenhouse system with a temperature controlled between 25 and 30°C and relative humidity ranging 60–70% at Mae-Hia Agricultural Research, Demonstrative and Training Centre, Faculty of Agriculture, Chiang Mai University. Nitrogen treatments (4 levels) including nitrogen 0, 105, 210, and 315 ppm were incorporated in the Hoagland and Arnon solution at pH 6.5–7.0 with electrical conductivity (EC) at 1,900–2,000 μS/cm (Bhattacharya, 2016). Plants were fertilized twice a day and watered every day. In a water deficiency experiment, 4 treatments were considered including water regimes of control (100) and 75, 50, and 25% evaporate transpiration crops (ETc). The treatments were arranged in a randomized complete block design (RCBD) in three replicates.



Growth Parameters

Plants were sampled for growth determination including plant height, leaf area, number of leaves, number of branches, SPAD value, diameter of canopy, and fresh and dry weights of aerial part and root part at week 4 representing a mature stage and week 12 representing the commercial harvesting stage (Garcia-Mata, 2001; Doymaz, 2006; Lawrence, 2006). The vegetative part was cut and dried at 55°C in a hot air oven, until the constant weight was reached (Doymaz, 2006). Dried leaves were ground to powder using a handheld grinder (Philips, Amsterdam, the Netherlands) at low speed, for substantial phytochemical extractions.



Plant Stress Response
 
Determination of Membrane Permeability

From each treatment, clean leaf discs (1.0 cm2) were obtained from the young fully expanded leaves (3rd−4th pairs form the shoot). These were submerged into 10 ml of deionised water in a test tube and maintained at room temperature for 2 h. Thereafter, the initial conductivity (EC1) in the solution was measured using a Eutech CON 700 conductivity meter (Eutech Instruments Pte Ltd., Singapur, Singapore). The same test tube was then incubated in a temperature-controlled water bath at 80°C for 2 h, and the total ions present in leaf discs (EC2) at room temperature. The electrolyte leakage is presented as percentage of total ions released which can be calculated as the following (Garcia-Mata, 2001):
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Antioxidative Response

The dried leaf powder (0.05 g) was extracted with 500 μl of 95% (v/v) methanol twice, and the supernatants were combined after centrifugation at 6,000 × g. The extractions were of three separate lots of samples. The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity was measured using the method of Sommano (Sommano, 2015). The methanol extract (25 μl) was mixed with 0.2 mM DPPH–methanol solution (250 μl), then the reaction was allowed to react in the darkness at room temperature for 30 min. The absorbance was measured at 517 nm. The percentage of the DPPH radical scavenging activity was calculated using the following equation:
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where Acontrol is the absorbance of control [using 95% (v/v) methanol instead of the sample], Asample is the absorbance of the mixture of the sample extract and 0.2 mM DPPH–methanol solution.

The 2,2′-azino-bis-(3-ethylbenzothiazoline-6-sulfonate) (ABTS) radical cation scavenging activity was measured by incubating 200 μl ABTS working solution with 10 μl of the methanol extract (Goudarzian et al., 2020). The mixed solution was incubated at room temperature in the darkness for 30 min. The absorbance readings were recorded at 734 nm. The percentage of the ABTS radical scavenging activity was calculated using the following equation:
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where Acontrol is the absorbance of the ABTS working standard, Asample is the absorbance of the mixture of the sample extract and ABTS working solution.




Determination of Bioactive Compounds
 
Total Phenolic and Flavonoid Content

The supernatant was then used for the analyses of total phenolic and total flavonoid contents and radical scavenging activities. The total phenolic content was determined spectrophotometrically according to the Folin-Ciocalteu colorimetric method against the gallic acid standard, and the total flavonoid content was the aluminum chloride colorimetric method with standard catechin (CE) after the methods of Sommano et al. (2017) and Janpen et al. (2019b). The results were expressed as mg of standard equivalent per g DW of sample.



Menthol Content

Monoterpene recovery was from the extraction of sample powder (0.4 g) with 2 ml dichloromethane consisting of 215 mg menthol standard (CAS 2216-51-5, Merck, Singapore, Singapore). The sample was then ultrasonicated for 5 min prior to shaking on an automatic shaker for 55 min at 150 rpm and 22°C (Janpen et al., 2019a). After centrifugation, the supernatant was filtered using a 0.45-μm nylon filter and then injected into a gas chromatography system equipped with mass spectrophotometry. The monoterpene fraction was determined by GC equipped with a flame ionization detector (Ciriminna et al., 2017) using an Rxi®-5Sil MS (Restek, Centre County, PA, USA) capillary column (30 m × 0.25 mm i.d., film thickness 0.25 m). Helium gas was used as a carrier gas in a constant linear velocity mode at a flow rate of 1 ml/min. The split ratio was 1:100 (v/v). The injector temperature was 250°C. The column temperature programming was 35–180°C at 4°C/min then 180–280°C at 17°C/min, and at 280°C for 10 min. An extracted sample (1 μl) solution was injected into the GC system. The concentration of menthol was determined based on automatically integrated peak areas of the GC-FID signal (Goudarzian et al., 2020).




Statistical Analysis

The data were subjected to analysis of variance (ANOVA), and the comparison between the mean values of treatment was confirmed by Tukey's honest significant difference (HSD) test at the 5% level of significance. All statistical analyses were performed using the IBM SPSS program v. 23.0 (Armonk, New York, NY, USA). The correlation between physical properties and biochemical data and the treatments were analyzed using principal component analysis (PCA) by XLSTAT v. 2020 (Addinsoft, New York, NY, USA).




RESULTS AND DISCUSSION


Growth Parameters

Table 1 illustrates the growth parameters of Japanese mints grown in the evaporative cooling greenhouse system with different water regimes. In the first 4 weeks of the water treatments at 25, 50, 75, and 100% ETc, results showed that there was no significant difference in plant height (14.57–17.88 cm), number of stem (1.11–1.33 stem/pot), stem thickness (2.21–2.37 mm), SPAD value (25.61–28.11 unit), and fresh (6.84–10.15 g) and dried weight (1.19–1.94 g). At this same period, the high level of water treatments (ETc ≥ 75%) gave a higher number of leaves and leaf area (58.60–61.60 leaves/pot and 70.08–76.11 cm2), while limited water treatment showed lower values of these parameters (35.40 leaves/pot and 43.55 cm2, respectively). At 12 weeks of the growing period, the higher levels of water treatments gave the highest plant height range (22.14–23.77 cm), number of stem (7.50–8.00 stems/pot), stem thickness (3.67–3.71 mm), canopy diameter (27.04–29.01 cm), leaf number (143.78–153.78 leaves/pot), and fresh (106.23–109.91 g) and dry weight (21.75–22.81 g). Plants gave the highest leaf area when they were given 75% ETc water treatment, while SPAD was the highest with 25% ETc treatment (41.13 units). The overall growth and development at 12 weeks of cultivation are shown in Figure 1A. It is well perceived that water potential has a strong relation to plant water uptake and carbon fixation which influence the growth and development of plants (Cowan, 1982; Sarker and Oba, 2019). Abiotic stresses like drought or salinity create osmotic stress (Sarker and Oba, 2020a) that lead to several physiological changes, including a decrease in photosynthetic activities (Sarker and Oba, 2018), DNA, protein and membrane damages, and nutritional imbalance in plants (Sarker and Oba, 2020b). Additionally, when the water uptake decreases, the transpiration rate also decreases after the initial increase which inhibits nutrient assimilation (Erlandsson, 1975). In menthol mint, water scarcity resulted in the significant losses in CO2 exchange rate, total assimilatory area, plant nutrient level, and the total biomass which was empirical for essential oil production (Misra and Srivastava, 2000; Brar et al., 2021). It is estimated that this plant required more water (>100% ETc) in the arid environment to achieve maximum productivity (Behera et al., 2014). The benefit of the evaporative cooling greenhouse system is the adjustable growing environment in which, in this case, the internal condition was maintained at the optimum growing condition at 20°C and 70% relative humidity (Fahmy et al., 2012). The results supported that the water regimes between 75% and 100% ETc were adequate in the greenhouse system. However, the chlorophyll content was higher in the limit water regime (25% ETc) which was contradictory to the report of Brar et al. (2021). The decrease in the chlorophyll content under drought stress is known as a non-stomatal limit factor. The increase, nonetheless, indicates the resistance of the plant to drought stress (Rahimi et al., 2010). It seems that by maintaining the environmental humidity under the evaporative system, the stomatal conductance and bulk leaf water potential balance is retained which consequently influences the transpiration and rate of CO2 and H2O exchange (Erlandsson, 1975; El-Sharkaway and Cock, 1984). In addition, when the water potential is relatively low, i.e., from drought stress, plants require a higher water uptake and thereby increase the rate of photosynthesis, resulting in a higher SPAD value.


Table 1. Physiological changes of potted Mentha arvensis grown in greenhouse with different water regimes.
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FIGURE 1. The morphology of potted Mentha arvensis grown in the evaporative greenhouse system with different water regimes (A) and different levels of nitrogen fertigation (B).


The growth parameters of Japanese mints grown in the evaporative cooling greenhouse system with different nitrogen supplies are shown in Table 2. After 4 weeks of cultivation, plant height (14.64–17.48 cm), number of plants/pot (1.00–1.12), and stem thickness (1.77–1.97 mm) were not different among the treatments. The N315 treatment gave plants with the highest canopy diameter (7.71 cm), number of leaf (111.67), leaf area (99.62 cm2), total fresh and dry weight (13.63 and 1.77 g, respectively), and SPAD value (28.49 SPAD unit). At 12 weeks of cultivation, plants were 21.18–21.64 cm in N210 and N315 treatments and the highest nitrogen supply gave the highest number of plants/pot (9), stem thickness (3.28 mm), canopy size (27.55 cm), leaf number (162.57), leaf area (568.38 cm2), SPAD value (27.35 SPAD unit), and fresh and dry weight at 80.79 and 17.09 g, respectively. The overall growth and development at 12 weeks of cultivation in different nitrogen supplies are shown in Figure 1B. Nitrogen is the key nutrient element affecting the quantity and quality of essential oil crops (Azizi et al., 2009; Król et al., 2020). In Japanese mint, nitrogen enhances herbage yield (through cell enlargement, multiplication) and increases the rate of photosynthesis and oil yield (Behera et al., 2014, 2015). Its shallow root and high water demanding nature make it respond well with nitrogen (180 kg N/ha) and show good irrigation in the field production (Lakra and Verma, 2021). Methods of fertigation also influences the rate of nitrogen uptake, and the drip system is found to be more effective than surface application (Behera et al., 2015). The study on nutrient requirement of the menthol mint on the evaporative greenhouse system is limited. However, it has been also evident that high air humidity stimulates leaf morphology and leaf epidermal cells and lower stomatal frequency via nutrient uptake as an influence of a small vapor pressure deficit due to transpiration and the deficit on photosynthetic apparatus (Leuschner, 2002).


Table 2. Physiological changes of potted Mentha arvensis grown in the evaporative greenhouse system with different nitrogen fertigation.
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Plant Stress Response

The stress responses of the potted Japanese mints to the treatments are illustrated in Figure 2. The electrolyte leakage of the plant treated with different water regimes increased with time and was highest at 12 weeks (10.36–11.06%) in all treatments except for that of the ETc 50% which was 8.55%. The DPPH activity was overall maintained throughout until 12 weeks that the increase was noticed to 90% at higher rates of the water regimes. The ABTS potentials however declined to ~60% in all treatments in weeks 4 and 12 of planting. Similar with the nitrogen treatments, the electrolyte leakage values of all treatments increased with times from 6.00 to 12.00% and were not significantly different among the treatments. The antioxidant potential either by DPPH or ABTS, however, dropped significantly from week 4 to week 12. These values were significantly higher in the N0 treatment at week 12.


[image: Figure 2]
FIGURE 2. Plant stress response as determined by electrolyte leakage (A,D), DPPH antioxidant potential (B,E), and ABTS antioxidant potential (C,F) of Japanese mints grown in the evaporative greenhouse system. The figures on the left are for Mentha arvensis grown in the evaporative greenhouse with different water regimes, and figures on the right are for Mentha arvensis grown in the evaporative greenhouse different level of nitrogen fertigation. *Represents significant difference at a 95 percent confidence.


Oxidative damage induced during stress can cause the inhibition of overall growth in plants (Halliwell, 2006). Reactive oxygen species (ROS) accumulation triggers lipid peroxidation, protein degradation, cell membrane decompartmentation, and genetic damage (Men et al., 2018). To downregulate the ROS response, plants switch on the antioxidative mechanism, thereby maintaining cell homeostasis (Sommano, 2015). Electrolyte leakage has been used as the index measure of plant stress (Sommano, 2015; Janpen et al., 2019b). It is the response of K+ efflux from plant cells, which is mediated by plasma membrane cation conductance and ROS generation. The efflux of positive charge ions is basically as to balance out the counterions (Cl−, [image: image], NO3−, citrate3−, malate2−) (Demidchik et al., 2014). It was therefore possible that the increase in electrolyte leakage in our experiment was possibly due to the increase in macronutrient uptake that was regulated especially in the high-humidity condition. This assumption, however, has nothing to do with the stress mechanism. Plant stress can be determined by the status of antioxidative potentials. It was apparent that the Japanese mints maintained their antioxidant status at least until 4 weeks of cultivation in the greenhouse system then dropped significantly, which indicated that the status was rather static than induced (Hasanuzzaman et al., 2012). Consequently, the overall finding can be suggested that under these growing conditions, plants may not experience stress.



Bioactive Compound Status

At 4 weeks of cultivation, the phenolic content of plants grown with ETc = 25, 50, 75, and 100% treatments had 0.05 mg GAE/g DW. It seems also that the level of phenolic content increased with times and at the 12 weeks of cultivation; plants gave the maximum overall phenolic content with the 75 and 100% ETc treatments at 0.15 mg GAE/g DW. The total flavonoid content remained subtle until 4 weeks of the cultivation and increased when reaching 12 weeks. In contradictory to the phenolics, the flavonoids of the lower percentage of water regimes were higher at 0.40 mg CAE/g DW at the final harvest. The menthol content increased toward the end of the cultivation period, and the level was the highest (20.00 mg/g sample) in the 75% ETc treatment. Similar patterns were also found in the nitrogen fertigation experiment. The total phenolic and flavonoid contents increased with the increasing N supplies, and the level was the highest at 12 weeks of cultivation in the N315 treatment (0.12 mg GAE/g DW and 0.20 CAE/g DW, respectively). The menthol content also reached its maximum high at 18.00 mg/g sample at this level of nitrogen. The bioactive compound status of Japanese mints grown in the evaporative greenhouse system with different stress treatments is illustrated in Figure 3.


[image: Figure 3]
FIGURE 3. Bioactive compound status as determined by total phenolic content (A,D), total flavonoid content (B,E), and menthol (C,F) of Japanese mints grown in the evaporative greenhouse system. The figures on the left are for Mentha arvensis grown in the evaporative greenhouse with different water regimes, and figures on the right are for Mentha arvensis grown in the evaporative greenhouse different level of nitrogen fertigation.


Among diverse varieties, plants of the Mentha species are usually the phenolic and flavonoid's richest sources within the Lamiaceae family (Tepe, 2008; Turkoglu, 2015). Rosmarinic acid and sinapic acid, hesperidin, and o-coumaric acid are the most abundant phenolic components, and epicatechin, rutin, naringenin, and catechin are among the most common flavonoids found in Japanese mint and related species (Dhifi et al., 2013; Bahadori et al., 2018). The essential oil consists of primarily menthol which takes up >50% of the total composition followed by limonene and trans-dihydrocarvone and caryophyllene (Arjun et al., 2017). This being said, the increased level of the antioxidant may contribute to the accumulation of bioactive ingredients during the cellular defense system against ROS.

Sarker et al. (2018) also added that for stress homeostasis, stress-induced plants have evolved mechanisms to enhance the concentration of these metabolites and detoxify the ROS. It is also suggested that during stress, plants accumulate phytochemicals such as sugars, polyols, and amino acids to lower the osmotic potential in the cells to facilitate water potential to be able to survive (Arve et al., 2011). The total phenolic and flavonoid contents of M. piperita L. increased with the increasing stress levels and in harsh stress conditions such as drought; it may experience a significant drop in total oil percentage closely related to the reduction of herbage yield and damage to the chlorophyll apparatus (Jahani et al., 2021). Misra and Srivastava (2000) also confirmed that in M. arvensis water stress restricted the CO2 exchange rate and total assimilatory area, thereby inhibiting the overall plant growth and development and essential oil yield and shifted the volatile profile compositions. The previous work highlights the importance of nutrients during the biosynthesis of natural products especially the antioxidants (Janpen et al., 2019b). Apart from biomass escalation, nitrogen increases the level of essential oil and oil components (Singh et al., 1989; Shormin et al., 2009; Hamed and Seyed Ali Mohammad, 2018).



Overall Response Perspective

To see the overall landscape of plant response in these growing conditions, we used the multivariate PCA for biomass and biochemical data. Figures 4A,C illustrate the responses of plants with water regimes in the evaporated greenhouse system. Both plots were accounted for >80% of the variables across PC1 and 2 (F1 and 2). It has been depicted from the plots that the biomass and the bioactive compounds as determined by phenolic, menthol, and antioxidant potentials are highly correlated with high irrigation regimes (ETc 75 and 100%). However, the SPAD value and flavonoid content were highly associated with low levels of irrigation. A variable response of chlorophyll content to a biotic stress has been reported previously (Shah et al., 2017; Mbarki et al., 2018; Afsar et al., 2020). However, these reports confirmed the reduction of the total biomass as corresponding to the stress condition. To this incident, Shah et al. (2017) explained that biomass reduction was due to the lower surface area per leaf mass which contributed to less transpiration and conservation of water. As said, plants produced secondary metabolites as to prevent itself from oxidative damage and flavonoids are among the metabolites produced via this event (Gao et al., 2011; Ebrahimian and Bybordi, 2012; Liu et al., 2012). The accumulation of defensive compounds such as flavonoids increased osmotic pressure, which helps plant to withstand unfavorable conditions (Gao et al., 2011). The physiological responses with nitrogen fertigation are shown in Figures 4B,D. The score plots accounted for >90% of all variables in PC1 and PC2. The higher nitrogen supply level correlated with all biomass data as well as the contents of phenolic acid, flavonoid, and menthol. The antioxidants as determined by DPPH and ABTS assays were influenced by the nitrogen deficits (N105 and N0). This is in line with previous report which advised that the increase in antioxidant potential could be as a response to the build-up of water-soluble antioxidants such as vitamin C and minerals after the stress (Ibrahim et al., 2012). In contradiction, nitrogen is able to mitigate the stress by promoting osmoregulation, alleviating lipid peroxidation and thereby improving plant physiology and level of active ingredients (Nematpour et al., 2019).


[image: Figure 4]
FIGURE 4. Principal component analysis biplots of physical (A) and biochemical (C) responses of Mentha arvensis grown in the evaporative greenhouse with different water regimes and of physical (B) and biochemical (D) responses of Mentha arvensis grown in the evaporative greenhouse with different levels of nitrogen fertigation.





CONCLUSION

In the evaporative greenhouse system of Japanese mint, temperature and humidity were maintained. Drought condition induces leaf stomatal conductance, which enhances the rate of photosynthesis through carbon assimilation and transpiration. Loss of H2O from the leaf surface increases water uptake, where limited water supply stimulates the biosynthesis of water-soluble metabolites that alter water potential. Nitrogen was used in the plant to subtle stress including the increase in osmotic regulation, reducing reactive oxygen species, and consequently the total biomass of plants can be improved.
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