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Abstract

Water scarcity in Iran has always been a limiting factor for crop and horticultural production. Under these
conditions, the nutrient uptake and metabolism processes of plants are different and can reduce growth. To
study water stress (at three levels) and six fertilizer regimes (Nitrogen fertilizer requirement by a combination
of vermicompost and urea fertilizer) on the quantitative yield of experimental basil (Ocimum basilicum L.).
Results showed that water deficit treatment reduced leaf chlorophyll content, leaf soluble proteins, shoot dry
weight and essential oil yield. The highest concentration of total chlorophyll and leaf soluble protein was
obtained in normal irrigation and fertilizer regime of 1 ton vermicompost. And water deficit stress reduced
these two traits. The lowest activity of antioxidant enzymes was obtained under non-stress conditions.
Increasing of water deficit stress increased the activity of these antioxidants among fertilizer treatments. The
highest activity of this antioxidant was obtained in non-fertilizer treatment and by adding vermicompost
fertilizer to fertilizer treatment of this antioxidant. Forks also declined. The shoot dry weight and essential
oil yield decreased under water deficit stress. Increasing vermicompost share in fertilizer treatments led to
increased yield. The percentage of essential oil increased with moderate irrigation and decreased again with
severe irrigation. In general, the results showed that vermicompost had a positive effect on both vegetative
and physiological traits of the plant.
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1. Introduction

Iran with an average rainfall of 250 mm per year is classified as arid and semi-arid regions of the world.
Insufficient rainfall and uneven distribution during the growing season in areas such as Iran has caused the
water requirement of crops and orchards to be insufficiently provided (Amiri et al., 2018). Therefore,
exposure of plants to water deficit stress is inevitable, especially at some times of the year (Moghavi et al.,
2019). The impact of water deficit stress on crops in Iran has been studied in detail, but unfortunately, less
detailed and comprehensive research has been done on medicinal plants that may even have a positive effect
on their medicinal properties (Pandey et al., 2005).

Drought stress occurs in plants when the amount of water received is less than the loss, which may be due to
excessive water loss or reduced absorption or both (Zehtabe-Salmasi et al., 2008). Drought stress affects
photosynthetic pigments in plants. Low concentrations of photosynthetic pigments can directly decrease
photosynthesis ability and reduce the initial production of the product (Prasad et al., 2004; Zand et al., 2017).
During drought stress, plants try to relieve stress by storing osmotic regulators such as amino acids, sugars,
hormones and some minerals (Mohammadkhani et al., 2007). Moisture stresses are highly correlated with
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plant nutrition. One of the major negative effects of drought stress is the reduction of nutrient availability and
uptake for plants. The effect of drought stress on essential oil of basil was found to be significantly increased
under drought conditions (Nasiri et al., 2010). Nitrogen fertilizers increase the yield of basil (Ocimum
basilicum L.) foliage (Masood et al., 2006). It was found that instead of continuous use of chemical fertilizers,
optimum use of organic fertilizers for sustainable agriculture and reduction of pollution caused by the use of
chemical fertilizers can be stepped in the production of medicinal plants (Venkateswaran et al., 2007).
Nitrogen is involved in the formation of many plant organic compounds and has positive effects on plant
growth due to its positive effects on photosynthetic activity and metabolic processes of organic compounds
in the plant and enhance vegetative growth (Singh et al., 2004). So, good nutrition of plants plays an important
role in their resistance to various types of living and non-living stresses (Marrelli et al., 2018). A plant that is
well-nourished and has sufficient nutrients will have better resistance to dehydration and will be affected by
the quantity and quality of the product. On the other hand, increased plant growth through the application of
nutrients under drought conditions can facilitate the extraction of water and nutrients from deeper layers of
soil (Moreno et al., 2018). Basil (Ocimum basilicum L.) is an annual, or sometimes perennial, herb used for
its leaves. Depending on the variety, plants can reach between 30 cm (0.98 ft) and 150 cm (4.9 ft) (Singh et
al., 2004). Its leaves are richly green and ovate, but otherwise come in a wide variety of sizes and shapes
depending on cultivar. Leaf sizes range from 3 cm (1.2 in) to 11 cm (4.3 in) long, and between 1 cm (0.39 in)
and 6 cm (2.4 in) wide (Moreno et al., 2018). The plant grows a thick, central taproot. Its flowers are small
and white, and grow from a central inflorescence that emerges from the central stem atop the plant Most of
the damage in plants, which is caused by different stresses, is related to oxidative damage at different cellular
levels (Raymond et al., 1993). Effect of water deficit stress on growth by reducing turgidity and cell growth,
reducing light absorption and total photosynthetic capacity of plant, especially in shoots and leaves, decreases
plant growth as well as delaying germination (Hosni et al., 2002; Bhardwaj and Dubey, 2019).

The earliest effects of water deficit stress can be related to the closure of the photosynthetic system, the
breakdown of the electron transport chain and the production of free or reactive oxygen, Oz, H,O2 and OH
(Bonea and Urechean, 2018). Because of their high affinity for oxygen radicals, they degrade cell membranes,
enzymes, nucleic acids and cellular proteins. Plants use chlorophyllase to counteract and damage free radicals
to reduce the activity of chlorophyll and many antioxidants such as superoxide dismutase (SOD), catalase
(CAT) and peroxidase (POX). The balance in the activity of these enzymes in the cell determines the amount
of free radicals and hydrogen peroxide (H20-) (Masood et al., 2006).

Although there are a lot of studies on antioxidant enzymes activities in all over the world, there is little
information on the enzymes activity under stress conditions. So, the aim of this study were investigate the
effect of water stress conditions and various fertilizer loading on catalase and peroxidase antioxidant enzymes
activity in root and shoot tissues.

2. Material and Methods

In this regard, to study water stress (at three levels) and six levels of fertilizer (providing nitrogen fertilizer
required by a combination of vermicompost and urea fertilizer) on the qualitative and quantitative yield of
peppermint medicinal plant in 1396. A split plot design was conducted in a randomized complete block
design with three replications. Irrigation regimes including irrigation after 25% moisture content at root
development depth (non-stress), irrigation after 40% moisture content at root development depth (medium
stress) and irrigation after 55% moisture content at depth. Root development (severe stress) and six fertilizer
treatments including without fertilizer (Fy), 90 kg urea fertilizer (F;), 70 kg urea + 1 ton ha™* vermicompost
(F3), 60 kg urea + 1 ton ha* vermicompost ( F4), 30 kg urea + 1 ton ha™ vermicompost (Fs) and 1 ton ha*
vermicompost (Fs) were considered. The amount of nitrogen and vermicompost fertilizer consumed was
calculated according to the amount of nitrogen available in the soil and the need for the plant to achieve
optimum vyield. In this way, the urea fertilizer was fully applied immediately after cultivation in a water-
soluble manner (Figure 1).
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Figure 1. The Ocimum basilicum L. grown in open field condition

Vermicompost was also added to the soil before cultivation. Drip irrigation was done using irrigation tapes.
Each experimental unit consisted of six rows of planting 35 cm (210 cm wide) with a length of four meters
and a distance of about 25 cm between plants. After 30 days of cultivation, irrigation treatments were applied.
Before that, all plants were irrigated equally and when soil moisture was at 75% of field capacity. Soil water
content was determined using TDR at the specified depth. Also, the pipes equipped with meters were used to
determine and control the amount of irrigation water. Finally, for sampling (shoot and root) at 10% flowering,
the plants were cut from a distance of 5 cm from the soil surface and the percentage of essential oil, dry
matter yield and essential oil were measured. Pre-harvest levels of chlorophyll (Arnon, 1949; Bradford,
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1976), leaf soluble proteins (Bradford, 1976) and catalase antioxidants (Cakmak et al., 1991), peroxidase
(Ghanati et al., 2002) and superoxide dismutase (Giannopolitis and Ries et al., 1977) were measured.

3. Results and Discussion

Results of analysis of variance indicated that all studied traits were affected by water deficit, fertilizer or their
interactions. The highest concentration of total chlorophyll was obtained in normal irrigation and fertilizer
regime of 1 ton vermicompost (Table 1). In this trait, dehydration stress decreased total chlorophyll
concentration as well as severe dehydration and non-fertilizer treatment had the lowest total chlorophyll
concentration. The highest concentrations of leaf soluble proteins were obtained under non-stress conditions.
Protein content decreased with increasing water deficit stress. Increasing the amount of vermicompost
fertilizer in the fertilizer treatment increased the concentration of leaf soluble proteins. The lowest activity of
superoxide dismutase was obtained under non-stress conditions.

Table 1. Variance analysis and average values of studied properties under water stress condition and
fertilizers

Treatments chlorophyll Soluble protein Essential oil Essential oil yield
(mg/g FW) (mmol/g FW) (%) (kg/ha)
Water stress condition
Without stress 3.7 56.8¢ 0.9 39.52
Medium stress 3.0° 90.0? 1.0 32.5°
High stress 2.5° 72.5° 0.6° 16.2°
Fertilizer treatments
F1 2.4° 62.8¢ 0.7¢ 18.44
F2 2.4° 68.0° 0.8° 26.5°
Fs 3.1° 69.9° 0.8% 27.9°
F4 3.1° 74.1° 0.92 32.7°
Fs 3.5° 81.18 0.92 35.23
Fe 3.6° 82.6 0.92 37.6
Water stress ** ** ** *x
Fertilizer treatment *x *x *x xx
Interactions ns ns * fal
CV (%) 10.9 8.6 11.6 13.6

F1: without fertilizer, F»: 90 kg Urea, Fs: 70 kg Urea+ vermicompost, F4: 60 kg urea+ vermicompost, Fs: 30
kg Urea+ vermicompost, Fs: vermicompost

*: Significance at 5% level; **: Significance at 1% level; ns: No Significance
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With increasing water stress intensity, antioxidant activity was increased so that the highest activity was
observed under severe stress conditions. The highest antioxidant activity was observed among the non-
fertilizer treatments. Catalase antioxidant activity was also affected by fertilizer treatment and irrigation
regimes, which increased with increasing water deficit stress. Also, non-fertilizer treatment had the highest
amount of catalase antioxidant activity in the plant. The antioxidant peroxidase was also affected by the two
treatments as the previous two antioxidants. The antioxidant activity increased with increasing water deficit
stress. Antioxidant activity was also decreased by adding vermicompost fertilizer to fertilizer treatment. The
shoot dry weight and essential oil yield were both decreased under water deficit stress. Also, increasing the
vermicompost share in fertilizer treatments led to an increase in yield, so that 1 ton vermicompost treatment
showed the highest yield compared to pure urea fertilizer treatment. Essential oil percentage was also affected
by significant gradient water deficit treatment and increasing the water deficit intensity decreased the
essential oil percentage. Increased level of vermicompost in fertilizer treatments reduced the severity of stress
damage (Chen et al., 2008; Amini et al., 2018). Vermicompost appears to have a positive effect on antioxidant
activity and peppermint biomass production through its high water uptake and nutrient intake. Organic
fertilizer also increased the microbial population by improving physical conditions and soil vital processes,
stability and buffering in the medium. Increasing enzymatic activity and the presence of beneficial
microorganisms and hormones while creating a suitable environment for root growth, increase shoot growth
and produce more dry matter (Ram et al., 2006; Jun et al., 2009).

Figures 2 and 3 show the effect of various drought and fertilizer levels on antioxidant enzyme (catalase and
peroxidase) activity in root and shoot parts of basil (Ocimum basilicum L.) respectively. As shown in Figure
2, the antioxidant activity of catalase and peroxidase enzymes were decrease by increasing of water stress
level. The highest antioxidant activity of catalase and peroxidase enzymes were observed in without water
stress conditions (3.5 and 2.9 pmol/min/g FW respectively). Similar results were found by Yardanova et al
(2004). Two times increase in antioxidant activity of catalase and peroxidase enzymes in without water stress
conditions were reported by Foyer and Nocter (2003). The antioxidant activity of catalase enzyme was higher
in root tissue than shoot. Same results were obtained for peroxidase enzyme. Same results were found by
Venkateswaran et al (2007). According to Figure3, the antioxidant activity of catalase enzyme was higher in
F1, F2, and F4 treatments in different fertilizer levels and root tissues. The fluctuated trend was obtained for
the antioxidant activity of peroxidase enzyme with different fertilizer levels in shoot tissue. In order to
counteract the oxidative stress created in plants, the high performance antioxidant defense system in plants
can neutralize free radicals in plants (Nautiyal et al., 2002). It contains antioxidant enzymes such as catalase,
superoxide dismutase, ascorbate peroxidase, phenol peroxidase, and a non-enzymatic antioxidant system
including ascorbate, carotenoids, phenolic compounds and proline (Dat et al., 2000). Plants with higher
carotenoid content are more successful in protecting against reactive oxygen species and are better tolerated
under water scarcity (Baysal and Tipirdamaz, 2010).
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Figure 2. The effect of different drought levels on antioxidant enzymes activity in basil
(Ocimum basilicum L.)
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Figure 3. The effect of different fertilizer levels on antioxidant enzymes activity in basil
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4, Conclusion

To study water stress (at three levels) and six fertilizer regimes (Nitrogen fertilizer requirement by a
combination of vermicompost and urea fertilizer) on the quantitative yield of experimental basil (Ocimum
basilicum L.). Results showed that water deficit treatment reduced leaf chlorophyll content, leaf soluble
proteins, shoot dry weight and essential oil yield. The highest concentration of total chlorophyll and leaf
soluble protein was obtained in normal irrigation and fertilizer regime of 1 ton vermicompost. And water
deficit stress reduced these two traits. The lowest activity of antioxidant enzymes was obtained under non-
stress conditions. Increasing of water deficit stress increased the activity of these antioxidants among fertilizer
treatments. The highest activity of this antioxidant was obtained in non-fertilizer treatment and by adding
vermicompost fertilizer to fertilizer treatment of this antioxidant. Forks also declined. The shoot dry weight
and essential oil yield decreased under water deficit stress. Increasing vermicompost share in fertilizer
treatments led to increased yield. The percentage of essential oil increased with moderate irrigation and
decreased again with severe irrigation. In general, the results showed that vermicompost had a positive effect
on both vegetative and physiological traits of the plant.
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