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ABSTRACT

Introduction

Today, limited water resources are one of the most problems of agriculture in Iran country. On the other hand, the growing population necessitates the
production of more food. Therefore, finding solutions to overcome water shortages in different regions has always been one of the studies and research
priorities (Khairabi et al., 2017). On the other hand, sweeteners among the important foods are used as a flavoring and sweetener in a wide range of food
products. The most common sweetener that is widely used by humans to create the desired taste in a variety of foods is sugar. Sugar is, one of the most
important sources of energy in the human diet. It has a daily consumption and is relatively cheap compared to the amount of calories produced. Sugar has
always been considered and supported by governments as a strategic commodity (Azarpour et al., 2017). According to different researches, there are many
natural sweeteners to replace sucrose in food, and the side effects of artificial sweeteners, especially on the characteristics of the final product, have been
significant. Therefore, the use of natural sweeteners instead of sucrose has received special attention (Alizadeh et al., 2014). Stevia, as a plant with
medicinal and anti-diabetic effects, is native to the mountainous region of Amoeba, located on the border of Brazil and Paraguay, which is widely cultivated
in Shiraz and Isfahan in Iran. This plant has medicinal and nutritional properties that contain sweet compounds and it contains (steviosides and ribadiosides)
which are approximately 200 to 300 times sweeter than sucrose (Hanson et al., 1993). Stevia is used as a sweetener in the production of jams, drinks,
juices, soft drinks and ice cream suitable for diabetics (Raisi et al., 2014).

Because of water resources of suitable quality for irrigation of crops in our country are limited, the use of auxiliary methods, such as supplementary
irrigation (to meet the water needs of the plant during the growing season and increase yield) is essential. In this study, research on stevia plant under
different treatments such as: (without supplementary irrigation, single irrigation at flowering and two irrigations at flowering and seedling) and study of
different treatments on stevia yield in both greenhouse and farm environment have been carried out.

Material and methods

This research was carried out in the greenhouse and research farm of the Department of Water Engineering, Faculty of Agriculture, Razi University
(located at 47 degrees and 9 minutes east longitude and 34 degrees and 21 minutes north latitude with 1319.8 meters above sea level) during 2016 and
2017. In this study, three treatments of supplementary irrigation were considered to investigate the effect of supplementary irrigation on stevia crop yield.
The considered levels were included as no supplementary irrigation, single irrigation at flowering time and two irrigations at seedling and flowering times
respectively. During the research, water requirement using daily data extracted from lysimetric data of grass cultivation and considering plant coefficients
equal to 0.76, 1.15, 1.49 and 1.17 for four stages of stevia plant growth in both the study area (greenhouse and research farm) was calculated and provided
to the plant using surface irrigation (Jalili et al. 2019).The experiment was performed in three replications and a total of 18 pots in each places (greenhouse
and research farm) with an outer diameter of 40 cm and 4 plants were planted in each pot. The pots were prepared for stevia cultivation on May 1st. On
May 25, fertilizing the soil inside the pots was carried out based on the fertilizer recommendation. The amount of 120 kg/ha of triple superphosphate, 120
kg/ha of urea fertilizer, 120 kg/ha of potassium sulfate and 5 tons/ha of rotted manure were considered for plant growth period. The fertilizers were mixed
with soil before planting. After the initial fertilization, the surface soil of the pot was shaken to mix the fertilizer with the soil.

Measured indicators

Plant indices measured in this study were included root length, leaf weight (total amount of leaves harvested for each treatment), plant height (length of
aerial part of the plant from soil surface to the end of the tallest leaf), weight of 100 leaves, number of branches, the number of leaves per plant and the
sugar content of the stevia plant. The phenol-sulfuric acid method was used to measure the sugar content of stevia, which is a soluble sugar (Nielsen,
2017). Leaf samples powdered with liquid nitrogen were used to determine soluble sugars. Required solutions were included 80% ethanol, 0.5% phenol
solution (0.5 g of phenol dissolved in 100 ml of distilled water) and 98% sulfuric acid. In this study, water use efficiency was determined based on leaf
yield and sugar production in each treatment by dividing each of the mentioned functions by the amount of water consumption per hectare, respectively.

Results and discussion

The total water requirement during the growth period of stevia for all treatments in the first and second year of cultivation in the greenhouse environment
were zero mm of rainfall and 2023.7 and 1747.5 mm of water requirement, respectively. In the research farm, were 267.4 and 155.4 mm of rainfall and
1824.4 and 1685.5 mm.

The average two-year results of the study showed that the highest and lowest leaf yields, in the greenhouse and research farm environment were (367.80
and 260.80) and sugar yield in the greenhouse were (337.2 and 235.4) kg/ha, respectively. The average yield of sugar in greenhouse and research farm
were (81.3 and 41.9), (70.2 and 30.8) kg/ha for dual irrigation treatments at the time of flowering and seedling and without supplementary irrigation
respectively. The highest and lowest water use efficiencies in the greenhouse and research farm environment for dual irrigation treatments at the time of
flowering and seeding and without supplementary irrigation based on leaf yield were (0.98 and 0.69), (0.96) and 0.67) and sugar yield (0.65, 0.33), (0.60
and 0.26) kg/ha/mm, respectively.
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In this study, the application of different treatments on water use efficiency at the probability level (P <0.01) was investigated. The results indicated a
significant difference between the applied treatments. According to the obtained results, the lowest water use efficiency based on leaf and sugar yield was
related to the treatment without supplementary irrigation. This has led to a reduction in surface water consumption by the plant without the effect of
increasing leaf and sugar yield. Therefore, water use efficiency based on leaf and sugar yield were decreased. The results showed that the treatment with
two supplementary irrigations at the time of flowering and seeding had the highest water use efficiency in terms of leaf and sugar yield compared to the
other treatments. The results obtained in the greenhouse showed that single irrigation treatment at flowering time and treatment without supplementary
irrigation compared to double irrigation treatment at flowering and seedling (control treatment) caused a decrease of (20.9% and 33.6%) and (29.3% and
48.5%) in leaf and sugar yield respectively. In the research farm environment, the results showed that single irrigation treatment at flowering time and
treatment without supplementary irrigation compared to double irrigation treatment at flowering and seedling (control treatment) caused a decrease of
(22.9% and 36.8%) and (30.2% and 56.2%) in leaf and sugar yield respectively.

Based on the Benhmimou et al. (2017) study, the dry stevia leaf yield was 24.79, 20.36, and 11.44 gram per plant at irrigation levels of 100%, 80% and
50%. This indicated that dry leaf yield decreased by irrigation reduction. In addition, leaf stevia yield was investigated by Parris et al. (2016) for different
irrigation treatments, which confirmed the results of the current study. In that study, dry leaf yield was measured at irrigation levels of 10, 20, 40, 60, 80
kPa of stevia, which were reported to be 5.68, 5.25, 4.63, 4.76 and 4.25 t/ha, respectively. In this study, except of 60 kPa irrigation suction treatment,
which showed a small increase in dry leaf yield, the rest of the results showed a direct relationship between irrigation rate and dry leaf yield, which
confirms the results of this study. Also, based on the results presented by Parris et al. (2017), the relationship between the total amount of steviol glycoside
and different levels of irrigation was direct. Based on different irrigation treatments of 10, 20, 40, 60, 80 kPa, its amount was reported to be 898, 855, 700,
634 and 579 kg/ha, respectively, which is consistent and confirms the research results obtained in this study. Meanwhile, the results of Ghamarnia et al.
(2016) were showed that different levels of irrigation under 40, 60, 80 and 100 percent on water use efficiency of stevia had a significant difference at the
level of one percent. Irrigation levels of 40 and 100 percent had the lowest and highest water use efficiency in terms of leaf and sugar yield compared to
other treatments, respectively. Also, their published results showed that all the various parameters of the stevia plant were significantly decreased with
increasing the percentage of low irrigation.

Conclusions

The present study was conducted to investigate the effect of supplementary irrigation on stevia yield in research farm and greenhouse environment. The
experiment was carried out in different treatments such as: without supplementary irrigation, single irrigation at flowering time and two irrigations at
flowering and seedling time. The results of this study indicated that supplementary irrigation has an effective role in increasing leaf and sugar yield of
stevia. Among the different treatments that were considered for supplementary irrigation, two supplementary irrigations at the time of flowering and
seedling of the plant had the best yield results, which indicates the need for more water for the plant due to its physiological characteristics at the time of
flowering and seedling. This amount had around 53.6% increase in leaf and sugar yield in the field and 54.4% increase in yield in the greenhouse compared
to the control treatment respectively.

In this study, the effect of different irrigation treatments on the morphological characteristics of stevia was evaluated and it was found that different levels
of irrigation had a significant effect on those characteristics. The results showed that dual irrigation treatment at the time of flowering and seedling had
the most effective results in increasing root length, plant height, leaf weight, number of branches and number of leaves. For example, the root length in
the two supplementary irrigation treatments in the field environment was 132 c¢cm, while without supplementary irrigation was only 94.5 cm. Also, the
number of leaves per stevia plant in the treatment of two supplementary irrigations was 47 versus 32.5 in the treatment without supplementary irrigation.
This means that supplementary irrigation was played an important role in the development and completion of growth of various parts of the stevia plant.
According to the results obtained in this study for stevia, two supplementary irrigations at the time of flowering and seeding were recommended to increase
all yields.
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