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1. INTRODUCTION 

Medicinal plants are rich sources of bioactive substances that can be 

used directly or indirectly to treat a variety of human illnesses. Human 

civilizations have been studying and exploiting numerous plants and plant 

products to cure many ailments since time immemorial. They have been used 

as ethno medicine for the treatment of various diseases by indigenous cultures 

all over the world (Dogra, 2015). 

Stevia (Stevia rebaudiana Bertoni) is a perennial herb belonging to the 

family Asteraceae. It is a natural sweetener commonly known as candy leaf, 

honey leaf, sweet leaf, sweet herb or sweet herb of Paraguay. The plant 

generates steviol glycosides (SVglys), which are gaining appeal in the human 

diet as a low-calorie, high-potency sweetener in light of the rising prevalence 

of diabetes and obesity The plant is native to the valley of the Rio Monday in 

highlands of north eastern Paraguay in South America. Paraguayans have used 

the leaves to sweeten bitter beverages for centuries. Stevia was earlier known 

as Eupatorium rebaudianum, however, in 1905, Dr. M. S Bertoni officially 

discovered stevia and renamed as Stevia rebaudiana (Lemus-Mondaca et al., 

2012). 

The plant was first brought to India in the late 1990s at the University 

of Agricultural Sciences in Bangalore, where studies on its adaptation began. 

High demand for natural sweeteners has pushed Indian farmers to grow stevia 

on a huge scale (Goyal et al., 2010). It has been successfully grown in many 

Indian states, including Rajasthan, Maharashtra, Punjab, and Orissa (Singh et 

al., 2014). 

Steviol glycosides are mostly found in the leaves of the stevia plant. 

Stevia has a high concentration of phenols and flavonoids, as well as 

antioxidant properties.  
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The two main glycosides - Stevioside (5-10 per cent of the dry weight 

of the leaves) and Rebaudioside-A (2-4 per cent of the dry weight of the 

leaves) are the sweetest compounds which give sweetness to the plant. There 

are also other related compounds including Rebaudioside-C and Dulcoside-A 

and C, as well as minor glycosides, including flavonoid glycosides, coumarins, 

cinnamic acids, phenylpropanoids and some essential oils (Khiraoui et al., 

2017). 

As the leaf is the most valuable component of the stevia plant, 

production of increased leaf biomass with higher steviol glycosides is the 

major criterion for evaluating crop performance. Secondary metabolism is 

influenced by a variety of environmental conditions that affect development, 

photosynthesis, and other aspects of primary metabolism (Pant et al., 2015). 

Environmental factors such as temperature, light and atmospheric CO2 

concentrations can influence the levels of secondary metabolites in plants (Fini 

et al., 2017). 

Light is a physical component that can enhance plant growth and 

development. Both insufficient and excessive light intensities can harm plants, 

affecting their growth, development, and yield. Studies on crop growth 

responses to various light intensities are helpful in determining the best 

conditions for crop cultivation.  

In any crop, the time of sowing is critical for better vegetative growth 

and eventual yield outputs. Sowing too early or too late might affect the crop's 

growth, yield, and quality. The planting timing has an impact on phenological 

development and the efficient conversion of biomass into economic produce.  

Stage of harvesting is as important as time of planting in determining 

yield and quality of a crop. In stevia, changes in the contents of secondary 

metabolites were reported due to variations in growing conditions, 

management and also stage of harvesting. 
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Taking into account, the foregoing experiment “Environmental 

influence on yield and quality of stevia” (Stevia rebaudiana Bertoni) was 

undertaken with the following specific objectives: 

1. To assess the effect of shade and time of planting on yield and 

quality of stevia (Stevia rebaudiana Bertoni).  

2. Phytochemical evaluation of stevia leaves at different growth 

stages 
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2. REVIEW OF LITERATURE 

Stevia, often known as "paraguay's sweet plant," is a perennial herb 

native to Paraguay and Brazil that is now widely utilised in Asia and South 

America. Stevioside, the major sweet component in this plant's leaves, has a 

300-fold sweeter taste than sucrose (Geuns, 2003). Extracts of the stevia leaf 

have advantageous anti-hypertensive, anti-hyperglycemic, anti-oxidant, non-

carcinogenic, chemoprotective, anti-inflammatory, immune modulatory and 

anti-viral effects on human health, in addition to its natural, non-caloric 

sweetening characteristics (Chatsudthipong and Muanprasat, 2009). 

In the 1970s, when chemical sweeteners were prohibited and 

substituted with stevia, Japan began marketing stevioside as a sweetene 

r(Midmore and Rank, 2002). Stevia has recently piqued the interest of a 

number of multinational food and beverage corporations as it is a low-calorie 

sweetener (Panpatil and Polasa, 2008). It is being successfully cultivated in 

many Indian states like Rajasthan, Maharashtra, Punjab and Orissa (Singh et 

al., 2014). 

A brief review on the crop stevia, its origin, distribution, morphology, 

phytochemical constituents, economic importance and influence of growing 

conditions and agro techniques on growth and yield are presented in this 

chapter. 

2.1 Origin and distribution  

Stevia belongs to the Asteraceae family, which has 950 genera. A 

systematic review of the species of North and Central America was done by 

Grashoff (1972). Although there are over 200 species, Soejarto et al. (1983) 

has reported Stevia rebaudiana to be the sweetest species.  

 

 



5  

Scientific classification of stevia is as follows 

        Kingdom       :  Plantae 

        Clade : Tracheophytes 

        Clade : Angiosperms 

        Clade : Eudicots 

        Clade : Asterids 

Order     : Asterales 

        Family : Asteraceae 

        Genus : Stevia 

        Species          : rebaudiana 

The natural habitat of the genus Stevia extends from the South Western 

United States to the Brazilian highlands (Soejarto et al., 1983). Stevia 

rebaudiana originated in the highland regions of North Eastern Paraguay on 

the Brazilian border, between 23° and 24° S latitudes (King and Robinson, 

1987).  

According to Schmeling (1967), stevia was primarily found in 

Amambay, especially in the San Pedro, Yhu, and Jejui Guazu zones. It had 

been used as a sweetener for decades. Europeans first noticed stevia in the 

1800s, but it remained largely unknown until it was cultivated and used in 

England during World War II sugar rationing. Despite of its broad geographic 

distribution, this genus was only found in the tropical and subtropical areas of 

the United States, as well as Central and South America. Paraguayans have 

used this as a sweetener and herbal remedy for generations.  

Early sources suggested that the Spanish knew stevia in the 16th 

century, but it remained unknown to Europeans until M. S. Bertoni brought it 

back to their notice in 1888.  

https://en.wikipedia.org/wiki/Plant
https://en.wikipedia.org/wiki/Vascular_plant
https://en.wikipedia.org/wiki/Flowering_plant
https://en.wikipedia.org/wiki/Eudicots
https://en.wikipedia.org/wiki/Asterids
https://en.wikipedia.org/wiki/Asterales
https://en.wikipedia.org/wiki/Asteraceae
https://en.wikipedia.org/wiki/Stevia_(genus)
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Stevia was known to the Gurani Indians as Ka-a-He-e, and had been 

used for centuries as a sweetener for bitter drinks such as mate tea. At present 

the crop is grown in many countries, including Brazil, Korea, Mexico, the 

United States of America, Indonesia, Tanzania, Canada and India (Brandle and 

Rosa, 1992).  

In 1971, the Japanese imported stevia from Brazil and performed 

research to assess its ability. Japan is a major producer and marketer of the 

sweetener, which has been licensed for use in a variety of foods such as 

cereals, teas, and soft drinks (Ramesh et al., 2006).  

The plant was originally introduced to India in the late 1990s, and 

studies on its adaptation began at the University of Agricultural Sciences in 

Bangalore. High demand for natural sweeteners, as opposed to artificial 

sweeteners, has pushed Indian farmers to grow stevia on a huge scale (Goyal et 

al., 2010).  

2.2 Morphology 

Around 150 species were reported within the genus Stevia. Stevia 

dianthoidea, S. phlebophylla, S. anisostemma, S. bertholdii, S. crenata, S. 

enigmatica, S. eupatoria, S. lemmonii, S. micrantha, S. ovata, S. plummerae, S. 

rebaudiana, S. salicifolia, S. serrate andS. viscidaare were some of the 

economically important species. Among them, S. rebaudiana was the major 

economic species with the highest sweetness levels (Carakostas et al., 2008).  

According to Zaidan et al. (1980), stevia has sweet tasting leaves. They 

observed that stevia has an alternate leaf arrangement and herbaceous growth 

habit.  

Madan et al. (2010) observed that stevia was a small perennial shrub 

with height up to 65 cm and leaves which were sessile, lanceolate, opposite 

and serrated above the middle. 
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As per Shaffert and Chetobar (1994), stevia was a small shrubby 

perennial plant, which grows up to 65 cm tall. Leaves were sessile, oppositely 

arranged, lanceolate to oblanceolate and serrated above the middle. Frederico 

et al. (1996) reported stevia as a diploid with eleven chromosome pairs, which 

was characteristic for most of the South American members of the genus. 

Seeds were contained in slender achenes, about 3 mm in length and each 

achene had persistent pappus bristles (Oddone, 1999).  

Stevia plants were bushy shrubs that grew up to a height of 120 cm. 

The leaves were the major sweet bearing parts of the plant. Leaves were small, 

oblong, lanceolate and serrated. Seeds had poor viability (Carneiro et al,. 

1997). 

Goettemoeller and Ching (1999) observed that the flowers of stevia had 

two to six tiny white florets in small corymbs which were arranged in loose 

panicles. Pollination was by insects. According to them artificial pollination 

would increase seed setting and the germination. 

Dwivedi (1999) reported stevia as a perennial herb, but under some 

environmental conditions and management circumstances, it acted as an 

annual or a combination of both types.  

Stevia was annual with more or less pubescent stems with extensive, 

fibrous and filiform root system. The cultivated stevia plant grew vigorously, 

giving branched bushy shrub like appearance. Dwivedi (1999) reported four 

distinct developmental stages for stevia: germination, grand growth cycle, 

flowering, and seed maturity. Flowers were pentamerous, hermaphrodite, and 

set in corymbs with capitulum. The corolla was white with glandular external 

hairs.  

Leaves were small, sessile, lanceolate to oblanceolate, oblong, serrate 

above the middle and somewhat folded upwards (Singh and Rao, 2005). 

Even though stevia could grow up to 120 cm of height, after four 

months of growth, the average of stevia height was 34 cm and the lowest was 
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21 cm (Satpathy and Das, 2010). Stevia rebaudiana (Bertoni) was a 

herbaceous perennial plant having herbaceous, shrub, or sub-shrub nature 

(Yadav et al., 2011). Stevia has the typical reproductive anatomy of male and 

female gametophytes and was a self- incompatible plant (Angelini et al., 

2016). 

Stevia rebaudiana was a small perennial shrub attaining a height of 80 

cm at maturity. Stems were upright and woody with sessile leaves. Leaves 

were opposite lanceolate to oblanceolate. Leaf surfaces were slightly glandular 

and had two distinct sizes of the trichome. The inflorescence was a chyme of 

corymbs with five small white tubular flowers. The fruit was an achene 

carrying a single seed with a feathery pappus (Pande, 2018). 

2.3 Phytochemical constituents 

The leaves of stevia plant contain stevioside, rebaudioside-A, 

polyphenols, flavonoids, vitamins, phytosterols and triterpenes. Compared to 

young leaves, the old leaves contain more tannic acid, giving bitter taste. 

Stevia has a bitter smell, attributed to the presence of certain oils and 

flavonoids along with other constituents (Kinghorn and Douglas, 1987).  

The best known compounds present in the leaves of steviawere 

glycosides, stevioside, several types of rebaudiosides (from A to F), 

steviolmonoside, rubusoside, dulcoside-A, and steviolbioside, and less 

common penta-glucosiderebaudioside D and hexa-glucosiderebaudioside M 

(Starratt et al., 2002; Savita et al., 2004).  

Bondarev et al. (2003) observed that plant organs contained different 

amounts of the steviol glycosides, which was in the order of leaves> flowers> 

stems> seeds> roots. The highest content of the steviol glycosides was found 

in upper young actively growing shoot sections, whereas, mature shoot 

sections exhibited the lowest amount of such compounds. Savita et al. (2004) 

analysed the leaves of stevia on dry weight basis and calculated the energy 

value as 2.7 kcal/g. 
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Stevia is a nutrient rich herb that contained significant amounts of 

other nutrients, like protein, fiber, aminoacids, free sugars, lipids, essential 

oils, ascorbic acid, beta carotene, riboflavin, thiamine, austroinulin, sterebins 

A-H, nilacin, rebaudi oxides, gibberellic acid, indole-3-acetonitrile, apigenin, 

quercetin, isoquercitin, magnesium, iron, phosphorus and trace elements (Hu 

et al., 2010). 

Presence of proteins, carbohydrates, lipids, dietary fibers, oils, 

vitamins, and phenolic compounds in stevia leaves was reported by Goyal et 

al. (2010) and Atteh et al. (2011). The dried stevialeaves contained 11.2-16.0 g 

proteins, 61.9 g carbohydrates, 1.9-3.73 g lipids and 6.8-15.2 g dietary fiber 

(Abou-Arabet al., 2010). As per Kim et al. (2011), stevia leaves were an 

important source of water-soluble vitamins including vitamin C (14.98 mg/100 

g), vitamin B2 (0.43 mg/100 g) and folic acid (52.18 mg/100 g). Furthermore, 

the plant was rich in macro and microelements such as Zn, Fe, Ca, K, Na, Mg 

and other minerals that were essential for human health. Rebaudioside-A is a 

steviol diterpene glycoside and is 180 to 400 times sweeter than cane sugar 

(Atteh et al., 2011; Kaplan and Turgut, 2019). 

Taleie et al. (2012) reported leaves of stevia as the source of glycosides 

and a high percentage of phenols, flavonoids and antioxidants.Abdalbasit et al. 

(2014) analyzed stevia leaves for their physiochemical properties, chemical 

composition and microbiological contamination in addition to rebauidioside-A 

content. According to them the carbohydrates content was 63.10 per cent, 

while the moisture, fiber, protein, ash, fat and reducing sugar contents were 

10.73, 5.03, 13.68, 12.06, 6.13 and 4.50 per cent respectively. The total soluble 

sugars were 17.03 per cent and stevia leaves showed good antimicrobial 

activity. 

Leaves of stevia contained around 10 sweetening glycosides of which 

stevioside (3-10 per cent), rebaudioside-A (13 per cent), and rebaudioside-B, 

C, D were important (Singh and Verma, 2015).  
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More than 30 different steviol glycosides in the leaves of S. 

rebaudianawere reported. Among them, stevioside and rebaudioside-A were 

estimated in the highest levels. Stevioside was first isolated from steviain 1931 

and its chemical structure was established in 1952 (Marcinek and Krejpcio, 

2015) (Fig.1 and 2). 

 

 

 

 

 

Fig.1. Molecular structure of  

stevioside 

Fig.2. Molecular structure of 

rebaudioside-A 

As per Olsson et al. (2016), rebaudioside-D and rebaudioside-M were 

present in dried S. rebaudianaleaves in very low quantities of 0.2 per cent and 

0.1 per cent, respectively. Khiraoui et al. (2017) reported stevia plants as a 

good source of carbohydrates (51.50-56.72 per cent), protein (11.75-16.23 per 

cent) and crude fiber (17.43-19.13 per cent).  

Stevia leaves contained a number of phenolic compounds that 

exhibited strong antioxidant properties, and also oils, which were rich in 

palmitic, palmitoleic, stearic, oleic, linoleic and linolenic fatty acids (Khiraoui 

et al., 2017).  

Recently, several phenylethanoid glycosides, such as 

steviophethanoside, salidroside, cuchiloside, tyrosol, and icariside-D have 

been isolated from the leaves of stevia (He et al., 2019). 
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2.4 Medicinal uses and economic importance 

Stevia is a natural sweetener commonly known as sweet leaf, sweet-

herb, honey leaf or candy leaf. The leaves of stevia contain specific sweet 

tasting chemicals known as steviol glycosides, which are of high interest in 

human diet as a low calorie best alternative for cane sugar. Brazilian and 

Paraguayan natives used stevia leaves as a sweetener and as food additives 

(Mizutani et al., 2002). 

A reduction in both the systolic and diastolic blood pressures by 14 

mm Hg and 14.3 mm Hg, respectively, after just seven days due to 

administration of 0.25 g stevioside three-times daily was reported by Chan et 

al. (2000).  

Stevia can be used as a substitute for commonly used sucrose, so that  

the consumption of simple sugars can be reduced, which is advisable for the 

prevention of obesity, type 2 diabetes and other life style related diseases 

(Savita et al.,2004). Protective effects of stevia on the digestive system and 

skin disorders as well as on common complications associated with metabolic 

syndrome was reported by Singh and Rao (2005).  

The World Health Organization (WHO) had declared stevioside as 

non genotoxic and had set a temporary daily intake limit of 0-2 mg/kg body 

weight for steviol glycosides (Beneford et al., 2006). Anti-diabetic properties 

of crystals derived from stevia leaves was also reported by Das et al. (2009). 

Studies showed that stevia was 300 times sweeter than table sugar and 

also had added health benefits like regulation of blood sugar level and 

reduction in hypertension (Lemus-Mondaca et al., 2012). In view of the rising 

number of diabetics and obese people in India, this natural sweetener has a 

significant market potential (Singh et al., 2014).  

According to Hossain et al. (2017), the economic part is leaves. The 

remaining parts of the plant, including stems, seeds and flowers that were not 

https://link.springer.com/article/10.1007/s00003-015-0968-2#ref-CR31
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selected for industrialization, were collected and processed into animal feed or 

fertilizers. 

Stevia contains a range of natural sweeteners which possess 

therapeutic potential against several diseases such as Diabetes mellitus, 

candidiasis, hypertension, inflammation, obesity and cancer (Lemus-Mondaca 

et al., 2018). Stevia has various applications including its use as an alternative 

sugar for food items, as an ingredient for pharmaceuticals, and as 

asolubilizing agent (Nguyen et al., 2015). Cookies containing stevia leaf 

powder were found to reduce hunger when compared to the control cookies 

made from 100 per cent wheat flour (Ahmad et al., 2018). 

Stevia leaves contain many biologically active substances, which have 

beneficial effects for human health. The anti-diabetic, anti-hypertensive, anti-

tumor, anti-carcinogenic, anti-inflammatory and bactericidal effects of the 

herb have been studied extensively by many workers (Lopezet al., 2016; 

Ranjbar et al., 2020). 

The di-terpenoids stevioside and rebaudioside-A proved as great 

potential sources of cardiovascular therapeutic agent. Regular intake of these 

compounds reduced the blood cholesterol content by affecting levels of lipid 

profiles (Atteh et al., 2008). 

European Commission Scientific Committee on Foods (SCF) 

evaluated safety related issues of this natural sweetener in 1985 and 1999. In 

2004, Joint FAO/WHO Expert Committee on Food Additives (JECFA) 

established tentative purity specifications which were later made permanent. 

JECFA had established Acceptable Daily Intake (ADI) of 4 mg/Kg body 

weight/day for purified steviol glycosides in 2008 and validated its uses as 

sweetener in food and beverages (JECFA, 2008). 
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2.5 Effect of planting time and harvesting time on yield and quality of 

stevia 

Sowing/planting time is an important non-monetary agronomic input, 

which plays amajor role in improving the yield and quality of plants by 

influencing the phenological development, biomass production and 

conversion of biomass into economic yield. Slight change in planting time 

leads to significant changes in associated weather parameters and 

consequently the yield and quality of the crop.  

Brandle et al. (1998) recommended mid-May planting of stevia in the 

Northern hemisphere in order to get higher biomass. Ramesh et al. (2006) 

reported March-April as the ideal time of planting of stevia in the agro-

climatic conditions of Palampur, in North India. They further revealed that 

delayed planting during June-July resulted in poor leaf harvest because it 

entered into flowering during the month of September. Stevia planted on 15th 

April recorded the highest leaf yield and biomass yield. Delay in planting 

reduced the yield parameters (Mohammad et al., 2007).  

Taleie et al. (2012) conducted an experiment to assess the effect of 

planting days on yield and quality of stevia. In the experiment, tissue culture 

stevia plantlets were transplanted on 15th March, 30th March and 15th April. 

Maximum plant height, total fresh and dry herbage biomass, highest phenol 

and flavonoid contents were obtained when plants were transplanted on 15th 

March. Delay in transplanting decreased the product quantity, because the 

time between transplanting and harvesting was less. 

Khan et al. (2012) conducted field study to assess the optimum date of 

planting for stevia. Planting was done at 15 days interval staring from 1st 

January to 15thDecember. The highest yield and yield parameters were 

obtained when stevia was planted on 1st April. According to them, stevia 

seedlings can be planted from 15th February to 30th April for better yield. 
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According to Mordechai et al. (2013) the optimal time for planting 

stevia in an open field was in the spring (April and May). Planting in 

January-March decreased crop biomass. 

Sumida (1980) observed that the harvesting of stevia had to be done 

before flowering took place, and at this time steviol glycoside content of 

leaves would be maximum. The optimum time for harvest mostly depended 

on the growing season of stevia along with the weather conditions. Stevia 

leaves were to be harvested at its peak vegetative growth phase before the 

onset of flowering to get higher leaf biomass yield. 

Bian (1981) reported that the stevioside content of stevia leaves would 

be reduced due to flowering and hence harvesting of stevia leaves had to be 

done before flowering took place or at the time of emergence of flower. 

Mastana (2012) conducted experiments on propagation and harvesting 

of Stevia rebaudiana and concluded that the harvesting of the plant should be 

done at a height of 30 cm from the base to get higher biomass yield. 

Stevia is best harvested just before flowering, when the amount of 

steviol glycoside in the leaves is at its highest (Sumida, 1980).  

Stevia could be grown either as an annual crop in sub temperate to 

temperate regions or as a perennial crop in tropical climates. Usually 

harvesting time varied depending upon the type of climate. Best time of 

harvest depended on the cultivar and growing season (Donalisio et al., 1982). 

According to Shuping and Shizhen (1995), leaves harvested four 

months after transplanting had maximum crop biomass yield. Li et al. (2013) 

studied the effect of different harvesting dates on the quality and yield of 

stevia. According to them, the maximum quality and quantity in stevia were 

obtained when harvested at 95 DAT. 

As per reports of Farooqi and Sreeramu (2004), stevia would reach 

the stage of first harvest at three months of planting. Crop should be 
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harvested 5-8 cm above level to facilitate the regeneration of the plant. The 

subsequent harvest could be done at 90 days intervals. A minimum of four 

harvests could be obtained in a year. 

Rebaudioside-A content was higher when leaves were harvested at 

50 per cent flower bud stage (Kumar et al., 2012). According to Kumar et al. 

(2012), the best harvesting time for stevia was 60 DAT and at 50 per cent 

flower bud stage. Rakesh et al. (2012) also noted higher leaf biomass from 

stevia plants when harvested once at 50 per cent flower bud stage compared 

with those harvested once at60 and 90 days after transplanting (DAT).  

Moraes et al. (2013) observed leaf biomass production and yield of 

diterpene glycosides under three different harvest timings. According to 

them, the leaf production and glycoside production were higher when plants 

were harvested once a year, than the yield of multiple harvests. 

Higher dry leaf yield and better quality of stevia were recorded when 

the plants were harvested during summer season (Mohammed et al., 2019). 

As per Benhmimou et al. (2017), the dry leaf yield and steviol glycoside 

yield were significantly higher when harvesting was done during August, 

than that of October harvesting.  

Studies conducted by Guerrero et al. (2018) proved the optimum 

harvest time for stevia as around 96 days after planting when the plants were 

initiating their flowering stage. Samadpourrigani et al. (2019) also reported 

the optimal cutting time for high stevioside content as the pre-flowering 

stage. 

2.6 Effect of growing conditions on yield and quality of stevia  

Weather is one of the most important factors that affect the growth, 

distribution, survival and quality of medicinal plants. Hang et al. (2005) 

reported that better meteorological conditions, such as sufficient sunshine, 

stable and suitable temperature, moderate rainfall and rational distribution 
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were essential for the growth of medicinal plants in terms of dry matter 

production and accumulation of active constituents. 

 In plants, shading facilitated the production of leaves and slowed 

flowering. Additionally, shading reduced the thickness of the leaf by adding a 

thinner layer of palisade (Nygren and Killomaki, 1993). According to Rao 

and Mitra (1988), shading decreased photosynthetically active radiation 

(PAR) and improved spectral quality, affect plant photosynthesis, dry matter 

production and crop yield.  

The crop yield depends mainly on the genetic characters, however, the 

phenotypic expression is greatly influenced by climatic and environmental 

factors (Metivier and Viana, 1979; Ermakov and Kotechetov, 1996). Valio 

and Rocha (1977) reported stevia as a short day plant. Even though it was a 

short day plant, initiation of the flowering could happen after the emergence 

of a minimum of four leaves. 

Metiver and Viana (1979) reported stevia as a semi- humid 

subtropical plant. According to them, long days increased leaf area and leaf 

dry weight compared to short days. In addition to effect on leaf production, 

long days resulted in 51 per cent increase in stevioside concentration.  

Concentration of stevioside was high in tropical and subtropical 

regions compared to temperate and sub temperate regions of the world, may 

be due to cultivation under long days (Kinghorn and Soejarto, 1985). 

According to Brandle and Rosa (1992), stevia grew in a temperature 

range of 6°C to 43°C, with an average of 23°C and required partial shade on 

long and very hot summer days. According to Chalapathi et al. (1997), lower 

temperature and shorter day length affected the growth of stevia and it 

recorded lower number of leaves plant. Sensitivity of stevia to low 

temperature was reported by Columbus (1997). 
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Allam et al. (2001) reported that stevia grown in summer months had 

produced a good yield as compared to that of stevia grown in the winter 

months. Many workers reported stevia as a short day plant which responded 

to light (Valio and Rocha, 1977; Zaidan et al., 1980; Kochetov, 2004). 

Monteiro et al. (2001) reported that stevia plant remained in 

vegetative stage if it was subjected to continuous long day conditions, i.e., 16 

hours photoperiod along with an average temperature of about 25°C.  

Barathi (2003) reported that under agro-climatic conditions at 

Palampur, India, stevia could tolerate up to maximum temperature of 40°C 

during the day time and minimum temperature of 10°C during the night time.  

Singh and Rao (2005) observed increase in the concentration of 

glycoside in the leaves of stevia when the plants were grown under long days. 

Long-day conditions increased the internodal length, leaf area, and dry 

weight and reduced the interval between the appearances of successive leaf 

pairs. Stevia responded to the length of day and night. Singh and Kaul (2005) 

reported lower content of steviol glycosides in the leaves grown under winter 

conditions than during summer conditions under agro-climatic conditions of 

Palampur in India. 

The growth and flowering of stevia were affected by radiation, day 

length, temperature, soil moisture, and wind (Ramesh et al., 2006). They also 

suggested growing of stevia under long day conditions for enhancing leaf 

biomass. 

Aladakatti et al. (2012) indicated that the climatic factors like 

minimum temperature and photoperiod had greater impact on the glycoside 

content in the leaves.Ceunen et al. (2012) and Tavarini and Angelini (2013) 

also reported significant influence of weather parameters like radiation, day 

length, temperature, soil moisture and wind on the growth and flowering of 

stevia. 
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Balwinder et al. (2014) reported partial shade requirement for stevia 

during very hot and long summer days. According to them, long spring and 

summer days favored leaf growth whereas short days triggered flowering. 

Temperature in the range of 24 to 35°C with appropriate soil moisture was 

required during first two weeks to obtain plantlets from stem cuttings. 

Vegetative growth was reduced when temperature was below 20°C 

and when day length was less than 12 hours. Increasing day length to 16 

hours and increasing light intensity enhanced the vegetative growth and 

stevioside levels (Pal et al., 2015). 

Highest levels of stevioside and rabaudioside-A were observed at 

initiation of flowering, due to the greater expression of genes involved in the 

steviol glycosides biosynthetic pathway (Yang et al., 2015). 

Abdulameer et al. (2018) documented the agronomic performance of 

Stevia rebaudiana under long day length (>14 hours) with that of short day 

length (<14 hours) and also under open and shaded conditions. Stevia plants 

grown under open sun light started flowering after seven weeks whereas, 

stevia plants under shade did not flower. Also, stevia genotypes showed a 

higher performance under long day length condition.  
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3. MATERIALS AND METHODS 

 

A field experiment entitled “Environmental influence on yield and 

quality of stevia (Stevia rebaudiana Bertoni)” was conducted during May-

November 2020 at the Agronomy Farm, Department of Agronomy, College 

of Agriculture, Vellanikkara. The details of the materials used and methods 

adopted for the experiment are presented in this chapter. 

3.1 Geographical specification of the experimental site 

Location 

The experiment was conducted at the Agronomy Farm, Department 

of Agronomy, College of Agriculture, Vellanikarra, Thrissur, Kerala. The 

field is situated at13
o
32'N latitude and 76

o
26'E longitude, at an altitude of 40 

m above mean sea level. 

Soil 

The texture of the experimental site is sandy clay loam and is strongly 

acidic in reaction with a pH of 4.76. The chemical properties of the soil are 

given Table 1.  

Season 

The experiment was conducted during the period May-November 

2020. 

Crop 

A local cultivar of stevia (Stevia rebaudiana Bertoni) was used for 

the experiment. Stevia is a genus belonging to the Asteraceae family. It can 

grow to a height of one meter. The herb is a perennial with a large root 

system and brittle stems that produce small, elliptic leaves. Sessile leaves are 

3-4 cm long, elongate-lanceolate or spatulate in shape. The stem is woody at 

the bottom and weakly pubescent. The pentamerous flowers are tiny, white, 

and have a pale purple throat. They are composite and enclosed by an 

epicalyx involucre. 



20  

Table 1. Chemical properties of soil  

Particulars 

Value 

Method used 
Before 

planting 
After 

harvest 

pH  4.76 7.66 
1: 2.5 soil water suspension 

(Jackson, 1958)  

Organic carbon 

(%)  
1.98 2.29 

Walkley and Black method 

(Jackson, 1958)  

Available N  

(kg/ha) 
193.41 227.84 

Alkaline permanganate method 

(Subbiah and Asija, 1956)  

Available P  

(kg/ha) 
27.64 34.28 

Ascorbic acid reduced molybdo 

phosphoric blue colour method 

(Bray and Kurtz, 1945; Watanabe 

and Olsen, 1965)  

Available K  

(kg/ha) 
169.76 195.05 

Neutral normal ammonium 

acetate extraction and estimation 

using flame photometry (Jackson, 

1958)  

 

Cropping history of the experimental site   

The experimental area had been under cultivation with iruveli during 

the previous year.  

Experimental details  

Experiment No. 1. Effect of growing condition and planting dates on yield 

and quality of stevia (Stevia rebaudiana Bertoni) 

The experiment was laid out in split plot design, with eight treatment 

combinations and three replications. The plot size was 3 m x 3 m, with plant 
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spacing of 30 cm x 30 cm. The treatment details are given below  

Treatments 

Main plot: Growing condition 

1. Open 

2. 50 per cent shade 

Sub plot: Planting dates 

1. May 15th 

2. June 15th 

3. July 15th 

4. August 15th 

Experiment No. 2: Phytochemical evaluation of stevia leaves at different 

growth stages 

The experiment was laid out in Completely Randomized Block 

Design (CRD), with four treatments and five replications. The treatment 

details are given below 

1. Harvesting leaves at 45 DAP 

2. Harvesting leaves at flower bud initiation  

3. Harvesting leaves at 50 per cent flowering 

4. Harvesting leaves at full bloom stage 

The experiment was conducted both under open and shaded conditions. 

Layout 

The layout of the experiment “Effect of growing condition and 

planting dates on yield and quality of stevia (Stevia rebaudiana Bertoni)” is 

presented in Fig.3. 

Land preparation 

The experimental field was initially ploughed with disc plough and 



22  

then brought to a fine tilth by a cultivator. Weeds and stubbles of the 

previous crop were removed and plots were laid out as per the layout plan. 

Beds were prepared as per the treatments. Green coloured shade nets were 

erected to regulate light intensity to 50 per cent in part of the experimental 

area. 

                                                                                                                                         N  

50 % SHADE 

 

OPEN 

R1 R2 R3 R1 R2 R3 

A2B1 A2B3 A2B2 A1B1 A1B2 A1B3 

A2B3 A2B2 A2B4 A1B3 A1B1 A1B2 

A2B4 A2B1 A2B3 A1B2 A1B4 A1B1 

A2B2 A2B4 A2B1 A1B4 A1B3 A1B4 

 

 

Fig. 3. Layout of the field experiment 
 

A1- Open                                B1 - May15th 

A2-50 per cent flowering           B2- June15th 

          B3 - July15th  

               B 4  -  August 15th  

Planting 

Planting materials were procured from AICRP on Medicinal and 

Aromatic Plants, COA, Vellanikkara. One month old rooted two noded stem 

cuttings were planted at a spacing of 30 cm x 30 cm. Light irrigation was 

given immediately after planting. 

 

 3 m  

3 m  
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Irrigation 

The beds were irrigated twice a day, in the morning and in the 

evening with a rose can during crop establishment period and later 3 mm 

hose irrigation was given once in a day.  

Weed management 

Hand weeding was done in the plots at 30 and 45 days after planting 

(DAP). 

Plant protection 

During the cropping period, no major disease or insect damage was 

observed in the experimental area. 

Harvesting 

After three months of planting, on the initiation of flower buds the 

crop was harvested by cutting at the base of the stem. 

Observations recorded 

3.3.1 Soil analysis 

pH, organic carbon, and important micronutrients were assessed 

before the experiment as per standard protocols outlined in Table 1. Soil 

samples were collected, dried, powdered, and passed through a 0.5 mm sieve 

to evaluate organic carbon content, while samples passed through a 2 mm 

sieve were used to assess major nutrients such as available N, available P, 

and available K. The pH of the soil in a 1: 2.5 soil: water suspension was 

measured with a pH meter. 

3.3.2Weather observations (on weekly basis) 

1. Maximum and minimum temperatures (ºC) 

2. Rainfall (mm)  
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3. Relative humidity (%) 

4. Bright sunshine hours 

3.3.3Biometric observations 

Five plants per treatment per replication were randomly selected and 

tagged and the following observations were recorded: 

Plant height 

Plant height was measured from the ground level to the growing tip of 

plants at 30 DAP, 60 DAP and at harvest and average was expressed in cm. 

Number of branches per plant 

Branches arising from main stem of the tagged plants were counted at 

30 DAP, 60 DAP and at harvest and the average number of branches per 

plant was worked out. 

Number of leaves per plant 

Total leaves of the tagged plants were counted at 30 DAP, 60 DAP 

and at harvest and the average number of leaves per plant was worked out. 

Fresh leaf weight 

Randomly selected plants in each treatment and replication were 

uprooted at 30 DAP, 60 DAP and at harvest and their leaf weight was 

recorded and average fresh leaf weight per plant was calculated and 

expressed in grams. 

Dry leaf weight 

Plants used for fresh leaf weight determination at30 DAP, 60 DAP 

and at harvest were first shade dried and then dried in hot air oven till they 

attained constant weight. Sample dry weights were recorded and expressed in 

grams. 
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Herbage yield  

Randomly selected plants in each treatment and replication were 

uprooted at 30 DAP, 60 DAP and at harvest and weight of above ground 

portion (stems with leaves) were recorded and average herbage yield per 

plant was calculated and expressed in grams. 

Total biomass yield at harvest 

At three months after planting, the whole plants were uprooted, 

cleaned and total weights (including stems, leaves and roots) were recorded 

and expressed in kg/ha.  

Incidence of pests and diseases 

The crop was regularly monitored for recording occurrence of pests 

and diseases. 

 

3.3.4 Physiological and biochemical observations 

Crop growth rate (CGR) 

Crop growth rate indicates at what rate the crop is growing i.e., 

whether the crop was growing at a faster rate or slower rate than normal. It is 

expressed as gram of dry matter produced per day. Crop growth rate was 

calculated using the following formula and expressed as g/day/m2 (Watson, 

1952). 

CGR (g/day/m2)   = W1–W2 

       T2–T1 

Where W1and W2are dry weights of plants at time T1and T2, respectively. 
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Relative growth rate (RGR) 

This parameter indicates rate of growth per unit dry matter. It is 

expressed as gram of dry matter produced by a gram of existing dry matter in 

a day. Relative growth rate was calculated by the following formula 

(Blackman, 1919) and expressed as g/g/day. 

 

RGR (g/g/day)   = W2 – W1 

 

                                             T2–T1 

Where W1and W2are dry weights of plants at time T1and T2, respectively. 

Total steviol glycoside content of leaves at harvest 

Total steviol glycoside content in the leaves was estimated at harvest 

using the method given by Parhi and Mohapatra. (2013). Ten grams of dried 

leaf powderwas extracted with 250 ml of methyl alcohol. Another wash was 

carried out with same solvent, filtered and this extract was treated with the 

aqueous saturated lead acetate solution to precipitate tannins, proteins, 

coloring matter and other non-glycosidal parts. The precipitate formed was 

filtered and to the filtrate H2S gas (HCl + ferrous sulphide) was passed to 

precipitate excess lead as lead sulphide and removed by filtration. Filtrate 

was evaporated to dryness on water bath. The residue was dried, collected 

and weighed to get total glycoside content. 

Biochemical analysis of stevia leaves at different growth stages 

Nutrient contents of the leaves were estimated by collecting leaves 

from each replication of each treatment. Leaves were cleaned and dried in an 

oven till constant weight. Then the samples were powdered and used for 

analysis. The parameters such as total carbohydrate, total fat, total protein, 

crude fiber, moisture content, total mineral content, calorific value, total 

soluble sugars, reducing sugars, non reducing sugars, nitrogen, phosphorus, 
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potassium, calcium, magnesium, sulphur and total steviol glycoside content 

were analyzed at 45 DAP, flower bud initiation stage, 50 per cent flowering 

stage and at full bloom stage. The methods for estimation of biochemical 

parameters are given in Table 2. 

Statistical analysis 

The data collected were subjected to analysis of variance using the 

statistical package “GRAPES” (Gopinath et al., 2020).
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Table 2. Methods adopted for biochemical analysis of stevia leaves 

Sl.No. Parameters Method 

1. Nitrogen H2SO4 digestion, distillation and titration (Jackson, 1958) 

2. Phosphorus 

9:4 HNO3– HClO4 diacid digestion and Vanado  Molybdate 

yellow colour method using spectrophotometer 

(Jackson,1958) 

3. Potassium 
9:4 HNO3 – HClO4 diacid digestion and direct reading using 

flame photometer (Jackson,1958) 

4. Calcium 
 

Atomic Absorption Spectrophotometry  (Piper, 1942) 

5. Magnesium 

6. Sulphur Turbidimetric method (Chesnin and Yien, 1951) 

7. Crude fibre   Acid-alkaline digestion method (Asp et al., 1983) 

8. Total protein   Folin Lowry’s method (Lowry et al., 1951) 

9. Total fat   Soxhlet extraction method (Kirk and Sawyer,1991) 

10. Total soluble sugars 

Fehling’s test (Thomas and Dutcher, 1924) 11. Reducing sugars 

12. Non reducing sugars 

13. Total carbohydrate   Anthrone method (Loewus, 1952) 

14. Moisture content   Gravimetric method (AOAC, 1975) 

15 
Total energy  

(calorific value) 

  (Total Carbohydrate × 4) + (Total protein × 4) +           

(Total fat × 9) 

16 
Total steviol glycoside 

content 
Parhi and Mohapatra (2013) 

 

 



  

 

 

 

 

 

 

 

 

 

 

Plate1. General field view of experiment 1 

 

Seedling stage 45 DAP 

Flower bud intiation 

 

50 percent flowering 

 

              Full bloom stage 

 

Plate2. Stevia at different growth stages 
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4. RESULTS 

4.1 Direct effect of treatments 

4.1.1 Biometric observations 

Plant height at 30 DAP, 60 DAP and at harvest 

Growing condition and planting dates significantly influenced plant 

height of stevia at different growth stages (Table 3). Throughout the study 

period, taller plants were observed under shaded condition. Among different 

dates of planting, plant height followed the trend May>August>June>July. 

At 30 DAP, plant height under 50per cent shade was 20.08 cm, as 

compared to 15.24 cm under open growing condition. Among different dates 

of planting, May planted crop recorded taller plants (19.81cm) and was on 

par with planting in August (18.69 cm). Shorter plants were observed when 

planted in June (15.56 cm) and were on par with the July planting (16.59 

cm). 

At 60 DAP also, the taller plants were recorded under 50per cent 

shade (28.20 cm) while plant height under open condition was 20.85 cm. 

Among different dates of planting, May planting resulted in taller plants 

(31.23 cm) and was on par with the August planting (27.34 cm). Shorter 

plants were observed in the July planting (19.72 cm) and were on par with 

the June planting (19.80 cm). 

At the time of harvest, plant height under shaded condition was 32.22 

cm. Under open condition the plant height was 25.38 cm. Among different 

dates of planting, May planting continued its superiority with respect to plant 

height (36.27 cm) and was on par with the August planting (31.15 cm). The 

shorter plants were observed in the July planting (23.56 cm) which were on 

par with the June planting (24.22 cm). 
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Number of branches per plant at 30 DAP, 60 DAP and at harvest 

Comparing different growing conditions, the open grown plants 

produced the highest number of branches (2.06) followed by shade (1.58) at 

30 DAP (Table 4). Among different dates of planting, May (2.36) planted 

crop had significantly higher number of branches which was on par with 

August planting (1.76).  

At 60 DAP, the open condition followed the similar trend of higher 

number of branches (7.45) than shaded condition (5.53). Also, May (8.60) 

planted crop had the higher number of branches and was on par with August 

planting (7.08). Lower number of branches was observed in the July planting 

(4.93) which was on par with the June planting (5.35). 

At the time of harvest, the open (8.25) planted crop recorded higher 

number of branches than shaded condition (6.47). Regarding the date of 

planting, May planted crop recorded higher number of branches (9.43) and 

was on par with August planting (7.96). Lower number of branches was 

observed in the July planted crop (5.51) which was on par with the June 

planted crop (6.53). 

Number of leaves per plant at 30 DAP, 60 DAP and at harvest 

During the first month of growth (at 30 DAP), plants grown in open 

condition showed significantly higher number of leaves per plant (43.08) as 

compared to plants grown under shaded condition (29.58) (Table 5). Among 

different dates of planting, May planted crop showed the higher number 

leaves per plant (50.84) and was on par with the August planting (39.16). The 

lower number of leaves was observed in the July planting (26.67) which was 

on par with the June planting (28.66). 

At 60 DAP, the open condition followed the similar trend of higher 

number of leaves plant (164.83) as compared to plants grown under shaded 

condition (140.91). Among different dates of planting, May planted crop 
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recorded higher number leaves per plant (210) and was on par with August 

planting (184.5). The lesser number of leaves were observed in the June 

planting (107.5) and it was on par with the July planting (109.5). 

At the time of harvest, the open planted crop recorded the higher 

number of leaves per plant (245.67) as compared to plants grown under shaded 

condition (200.00). Among different dates of planting, May planted crop 

recorded the highest number of leaves per plant (315.32). The lower number of 

leaves was observed in the July planting (166) and was on par with the June 

planting (174.33). 

Fresh weight of leaves at 30 DAP, 60 DAP and at harvest 

During the first month of growth, plants grown in open condition 

showed significantly higher fresh weight of leaves per plant (10.62 g) as 

compared to plants grown under shaded condition (7.56 g) (Table 6). Among 

different dates of planting, May planted crop recorded the higher fresh weight 

of leaves per plant (12.54 g) and was on par with the August planting (9.50 g). 

The lower fresh weight of leaves was observed in the July planting (7.08 g) 

and was on par with the June planting (7.25 g). 

At 60 DAP also, higher fresh weight of leaves per plant was observed 

under open condition (41.4 g) as compared to plants grown under shaded 

condition (32.93 g). Among different dates of planting, May planted crop 

recorded the higher fresh weight of leaves per plant (52 g) and was on par with 

August planting (44.35 g). The lower fresh weight of leaves was observed in 

June planting (26.04 g) and was on par with the July planting (26.29 g). 

At the time of harvest, the open planted crop recorded a leaf fresh 

weight of 61.58 g/plant as compared to shaded condition (50.08 g/plant). 

Among different dates of planting, May planted crop recorded the highest fresh 

weight of leaves per plant (79.12 g). The lower fresh weight of leaves was 

observed in the July planting (41.58 g) and was on par with the June planting 

(43.66 g). 
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Table 3. Effect of growing condition and planting dates on plant height of 

stevia at 30 DAP, 60 DAP and at harvest 

Treatments 
Plant height (cm) 

30 DAP 60 DAP Harvest 

Growing condition (Main plot) 

Open 15.24 20.85 25.38 

50 % shade 20.08 28.20 32.22 

CD (0.05) 1.39 2.10 4.27 

Planting dates (Subplot) 

May15 19.81 31.23 36.27 

June15 15.56 19.80 24.22 

July15 16.59 19.72 23.56 

August15 18.69 27.34 31.15 

CD (0.05) 1.90 3.58 3.02 

 

 

 

Table 4. Effect of growing condition and planting dates on number of 

branches of stevia at 30 DAP, 60 DAP and at harvest 

Treatments 
No. of branches 

30 DAP 60 DAP Harvest 

Growing condition (Main plot) 

Open 2.06 7.45 8.25 

50 % shade 1.58 5.53 6.47 

CD (0.05) 0.28 0.87 1.38 

Planting dates (Sub plot) 

May15 2.36 8.60 9.43 

June15 1.67 5.35 6.53 

July15 1.50 4.93 5.51 

August15 1.76 7.08 7.96 

CD (0.05) 0.31 0.83 1.33 
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Table 5. Effect of growing condition and planting dates on number of 

leaves/plant of stevia at 30 DAP, 60 DAP and at harvest 

Treatments 
No. of leaves/plant 

30 DAP 60 DAP Harvest 

Growing condition (Main plot) 

Open 43.08 164.83 245.67 

50 % shade 29.58 140.91 200.00 

CD (0.05) 4.92 15.72 15.07 

Planting dates (Sub plot) 

May15 50.84 210.0 315.32 

June15 28.66 107.5 174.33 

July15 26.67 109.5 166.00 

August15 39.16 184.5 235.67 

CD (0.05)  6.39 19.49 21.32 

 

 

 

Table 6. Effect of growing condition and planting dates on fresh weight 

of leaves (g/plant) of stevia at 30 DAP, 60 DAP and at harvest 

Treatments 
Fresh weight of leaves (g/plant) 

30 DAP 60 DAP Harvest  

Growing condition (Main plot) 

Open 10.62 41.41 61.58 

50 % shade 7.56 32.93 50.08 

CD (0.05) 1.82 5.17 8.54 

Planting dates (Subplot) 

May15 12.54 52.00 79.12 

June15 7.25 26.04 43.66 

July15 7.08 26.29 41.58 

August15 9.50 44.35 58.95 

CD (0.05) 1.79 6.04 12.00 
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Dry weight of leaves at 30 DAP, 60 DAP and at harvest 

Significantly higher dry weight of leaves per plant at 30 DAP was 

under open condition (5.95 g) as compared to shaded condition (4.20 g) 

(Table 7). Among different dates of planting, May planted crop recorded the 

higher dry weight of leaves per plant (7.02 g) and was on par with the August 

planting (5.50 g). The lower dry weight of leaves was observed in the July 

planting (3.72 g) and was on par with the June planting (4.06 g). 

At 60 DAP, the open condition followed the similar trend of higher dry 

weight of leaves per plant (25.07 g). At this stage the dry weight of leaves 

under shaded condition was 17.72 g/plant. Among different dates of planting, 

planting in May resulted in higher dry weight of leaves per plant (30.04 g) 

and was on par with the August planting (24.52 g). The lower dry weight of 

leaves was observed in the July planting (15.17 g) and was on par with the 

June planting (15.85 g). 

Dry weight of leaves at the time of harvest were 34.84 g/per plant and 

28.04 g/plant, respectively under open and shaded conditions. Leaf dry 

weight in May planted crop was 44.21 g/plant. The lower dry weight of 

leaves was observed in the July planting (23.30g) which was on par with the 

June planting (25.25g) 

Total herbage yield at 30 DAP, 60 DAP and at harvest 

Data on the influence of growing conditions and dates of planting on 

herbage yield of stevia at harvest are given in Table 8. Among the two 

growing conditions, open condition recorded significantly higher herbage 

yield per plant (29.35 g) as compared to plants grown under shaded condition 

(23.91 g). Among different dates of planting, May planted crop showed the 

highest herbage yield (32.71 g). The lower herbage yield was observed in the 

July planting (23.45 g) and was on par with the June planting (23.48 g). 
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At 60 DAP, the open condition had significantly higher herbage yield 

per plant (103.66 g) as compared to plants grown under shaded condition 

(88.63 g). Among different dates of planting, May planted crop recorded the 

higher herbage yield per plant (115.08 g) and it is on par with the August 

planting (101.06 g). Lower herbage yield was observed in the June planting 

(84.09 g) followed by July planting (84.36 g) which were on par. 

At the time of harvest, the herbage yield under open condition was 

155.54 g/plant. Under shaded condition it was 131.41 g/plant only. May 

planted crop recorded higher herbage yield of 188.14 g/plant followed by 

planting in August (176.13 g). Planting in June or July significantly lowered 

the fresh biomass yield of stevia (103 g/plant and 106.42 g/plant, 

respectively). 

Fresh biomass yield at 30 DAP, 60 DAP and at harvest 

The direct effect of treatments on total fresh biomass production of 

stevia at 30 DAP is given in Table 9. The open condition resulted in the 

highest biomass yield (31.86 g) compared to shaded condition (26.11 g). 

Among different dates of planting, the May planted crop recorded the higher 

fresh biomass yield of 36.77 g and was on par with planting in August (29.13 

g). The lower fresh biomass yield was observed in the June planting (25.02 

g) and was on par with the July planting (25.03 g). 

At 60 DAP, total fresh biomass yields under open and shaded 

conditions were 110.67 g/plant and 102.02 g/plant, respectively. Total 

biomass yield in May planted crop was 129.99 g/plant and was on par with 

planting in August (113.36 g/plant). The lower total fresh biomass yield was 

observed in the June planting (90.02 g/plant) followed by planting in July (92 

g/plant). 
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Table 7. Effect of growing condition and planting dates on dry weight of 

leaves (g/plant) of stevia at 30 DAP, 60 DAP and at harvest 

Treatments 
Dry weight of leaves (g/plant) 

30 DAP 60 DAP Harvest 

Growing condition (Main plot) 

Open 5.95 25.07 34.84 

50 % shade 4.20 17.72 28.04 

CD (0.05) 0.92 5.72 4.12 

Planting dates (Sub plot) 

May15 7.02 30.04 44.21 

June15 4.06 15.85 25.25 

July15 3.72 15.17 23.30 

August15 5.50 24.52 33.01 

CD (0.05) 1.08 3.48 6.31 

 

 

 

Table 8. Effect of growing condition and planting dates on total herbage 

yield (g/plant) of stevia at 30 DAP, 60 DAP and at harvest 

Treatments 
Herbage yield (g/plant) 

30 DAP 60 DAP Harvest  

Growing condition (Main plot) 

Open 29.35 103.66 155.44 

50 % shade 23.91 88.63 131.41 

CD (0.05) 3.58 8.97 23.77 

Planting dates (Sub plot) 

May15 32.71 115.08 188.14 

June15 23.48 84.09 103.00 

July15 23.45 84.36 106.42 

August15 26.89 101.06 176.13 

CD (0.05) 2.36 11.27 15.52 
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At the time of harvest, the open planted crop recorded the higher total 

fresh biomass yield per plant (172.23 g) as compared to plants grown under 

shaded condition (145.85 g). Among different dates of planting, May planted 

crop recorded the higher fresh biomass yield per plant (231.32 g) and was on 

par with the August planting (200.96 g). The lower total fresh biomass yield 

was observed in the June planting (126.29 g) and was on par with the July 

planting (130.35 g). 

Dry biomass yield at 30 DAP, 60 DAP and at harvest 

Total dry biomass yield also followed same trend of total fresh biomass 

yield with higher yields under open growing condition and in May planting 

(17.37 g/plant and 19.82 g/plant, respectively at 30 DAP) (Table 10). The 

total dry biomass yield under shaded condition was 15.10 g/ plant. Lower dry 

biomass yield was observed in the July planting (14.11 g/plant) and was on 

par with the June planting (14.96 g/plant). 

At 60 DAP, total dry biomass yield per plant under open and shaded 

conditions were 63.47 g/plant and 53.68 g/plant, respectively. May planted 

crop recorded the higher total fresh biomass yield per plant (72.50 g/plant) 

followed by planting in August (63.97 g/plant). The lower total dry biomass 

yield was in June planting (48.16 g/plant) and was on par with the July 

planting (49.68 g/plant). 

At the time of harvest, the open planted crop recorded the higher total 

dry biomass yield per plant (99.15 g) as compared to plants grown under 

shaded condition (81.21 g). Among different dates of planting, May planted 

crop recorded the higher dry biomass yield per plant (113.98 g) which was on 

par with the August planting (105.20 g). The lower total fresh biomass yield 

was observed in the June planting (69.17 g) and was on par with the July 

planting (72.37 g). 
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Table 9. Effect of growing condition and planting dates on fresh biomass 

yield of stevia at 30 DAP, 60 DAP and at harvest 

Treatments 
Fresh biomass yield (g/plant) 

30 DAP 60 DAP Harvest 

Growing condition (Main plot) 

Open 31.86 110.67 172.23 

50 % shade 26.11 102.02 145.85 

CD (0.05) 3.69 7.46 17.81 

Planting dates (Subplot) 

May15 36.77 129.99 231.32 

June15 25.02 90.02 130.35 

July15 25.03 92.00 126.29 

August15 29.13 113.36 200.96 

CD (0.05) 4.56 5.44 19.79 

 

 

 

Table 10. Effect of growing condition and planting dates on dry biomass 

yield/plant of stevia at 30 DAP, 60 DAP and at harvest 

Treatments 
Dry biomass yield (g/plant) 

30 DAP 60 DAP Harvest 

Growing condition (Main plot) 

Open 17.37 63.45 99.15 

50 % shade 15.10 53.68 81.21 

CD (0.05) 2.19 8.56 11.73 

Planting dates (Sub plot) 

May15 19.82 72.50 113.98 

June15 14.96 48.16 69.17 

July15 14.11 49.68 72.37 

August15 16.04 63.97 105.20 

CD (0.05) 3.09 3.97 10.61 
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Total Biomass yield (kg/ha) 

Table 11 depicts effect of growing condition and planting dates on total 

biomass yield of stevia (kg/ha). At the time of harvest, the open planted crop 

recorded the higher total fresh biomass yield (8406 kg/ha) as compared to 

plants grown under shaded condition (7328 kg/ha). Among different dates of 

planting, May planted crop recorded the higher biomass yield of 10162 

kg/ha) and was on par with the August planting (9540 kg/ha). The lower total 

fresh biomass yield was observed in the June planting (5779 kg/ha) and it 

was on par with the July planting (5989 kg/ha). 

Table 11. Effect of growing condition and planting dates on biomass 

yield of stevia (kg/ha) 

Treatments Biomass yield (kg/ha) 

Growing condition (Main plot) 

Open 8406 

50 % shade 7328 

CD (0.05) 1302 

Planting dates (Sub plot) 

May15 10162 

June15 5779 

July15 5989 

August15 9540 

CD (0.05) 1042 

 

 

 

 



40  

4.1.2 Physiological and biochemical observations  

Crop growth rate 

Table 12 shows data on crop growth rate (CGR) under various growing 

conditions during 0-30 DAP, 30-60 DAP and at 60 DAP-harvest stages. 

Plants grown in the open condition exhibited higher CGR (0.571 g/m2/day) 

than those planted in the shaded condition (0.415 g/m2/day) at 30 DAP. 

However, at 30-60 DAP, the data was non-significant. At 60 DAP-harvest, 

crop growth rate of plants cultivated in open condition (1.095g/m2/day) was 

higher than that of plants grown in shade (0.784g/m2/day). 

Planting dates exhibited significant influence on CGR at 0-30 DAP, 30-

60 DAP, and 60 DAP-harvest, with higher growth rates in May planted crop 

(0.653g/m2/day) at 0-30 DAP, and at 30-60 DAP (1.772g/m2/day). At 60 

DAP-harvest, August planted crop recorded the highest growth rate 

(1.458g/m2/day), followed by May planted crop (1.377g/m2/day). 

Relative growth rate 

Data on relative growth rate (RGR) of stevia under different growing 

conditions during 0-30 DAP, 30-60 DAP and at 60 DAP-harvest are depicted 

in Table 12. The effect of growing conditions and planting dates on RGR at 

different growth stages was non significant.  

Steviol glycoside content 

Growing conditions and planting dates exhibited significant effect on 

total steviol glycoside content in stevia (Table 13). Under open conditions, 

the steviol glycoside content was 7.57 per cent as compared to shaded 

condition (5.09 per cent). Among different planting dates, steviol glycoside 

content was the highest in May planting (9.32 per cent). Lower contents 

(4.42 and 4.89 per cent) of steviol glycosides were observed in July and June 

planting. Planting in August had a steviol glycoside content of 6.69 per cent 
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Table 12. Effect of growing condition and planting dates on crop growth rate (CGR) (g/m2/day) and relative growth (RGR) 

(g/g/day) of stevia at different growth stages 

Treatments 
0-30 DAP 30-60 DAP 60 DAP-Harvest 

CGR RGR CGR RGR CGR RGR 

Growing condition 

Open 0.571 0.105 1.478 0.045 1.095 0.014 

50 % shade 0.415 0.094 1.461 0.051 0.784 0.013 

CD (0.05) 0.0737 NS NS NS 0.158 NS 

Planting dates (Sub plot) 

May15 0.653 0.111 1.772 0.050 1.377 0.007 

June15 0.491 0.093 1.228 0.044 0.440 0.016 

July15 0.462 0.091 1.294 0.046 0.482 0.018 

August15 0.527 0.104 1.584 0.052 1.458 0.013 

CD (0.05) 0.103 NS 0.226 NS 0.435 NS 
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Table 13. Effect of growing conditions and planting dates on total steviol 

glycosides at harvest 

Treatments Total steviol glycoside content 

(%) 

Growing condition (Main plot) 

Open 7.57 

50 % shade 5.09 

CD (0.05) 0.46 

Planting dates (Sub plot) 

May15 9.32 

June15 4.89 

July15 4.42 

August15 6.69 

CD (0.05) 1.16 
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4.1.3 Interaction effect of growing condition and planting dates  

4.1.3a Biometric observations 

Plant height at 30, 60 DAP and at harvest 

Data on interaction effect of growing condition and planting dates on 

plant height of stevia at 30 DAP, 60 DAP and at harvest are presented in 

Table 14. At all the growth stages the interaction was significant and at all 

stages of observation taller plants were observed in treatment combination 

May planting under shaded growing condition (22.79 cm, 35.54 cm and 

40.30 cm, respectively at 30 DAP, 60 DAP and at harvest). It was followed 

by May planting in open growing condition (16.84 cm, 26.93 cm and 32.25 

cm, respectively at 30 DAP, 60 DAP and at harvest). All the combinations in 

shade produces greater height than in the open. The shorter plants were 

noticed when planting was done either in June or July under open condition. 

The plant heights in treatment combination June planting under open were 

13.57 cm, 17.34 cm and 22.38 cm, respectively at 30 DAP, 60 DAP and at 

harvest. Plant heights of 14.07 cm, 16.08 cm and 18.76 cm were observed 

when planting was done in July under open condition. All the combination in 

shade produced greater height than in the open condition. 

Number of branches per plant at 30, 60 DAP and at harvest 

Data on interaction effect of growing condition and planting dates on 

number of branches of stevia at 30 DAP, 60 DAP and at harvest are 

presented in the Table 15. There was no significant interaction between two 

factors studied with respect to number of branches per plant at 30 DAP. 

However, interaction was significant at 60 DAP and at harvest. At 60 DAP 

the highest number of branches were observed when planting was done in 

May under open growing condition (10.06 nos.). It was followed by August 

planting under open (7.80 nos.), May planting under open (7.13 nos.), August 

planting under shade (6.36 nos.) and June planting in open (6.30 nos.). At 
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harvest stage higher number of branches were noticed in May planted crop 

under open (11.0 nos.), which was on par with August planting under open 

(8.2 nos.). The lower number of branches at 60 DAP and at harvest were 

noticed when planting was under done shaded condition both in June or July.  

Number of leaves at 30 DAP, 60 DAP and at harvest 

Data on interaction effect of shade and planting dates on number of 

leaves per plant of stevia at 30 DAP, 60 DAP and at harvest are presented in 

the Table 16. There was significant interaction between main plot and sub-

plot. At all stages of observation higher number of leaves per plant was 

noticed in stevia planted in May under open growing condition (64.00, 232 

and 357.66 nos., respectively at 30 DAP, 60 DAP and at harvest). It was on 

par with the crop planted in August under open condition (45.66, 195.66 and 

256 nos., respectively at 30 DAP, 60 DAP and at harvest). But at the time of 

harvest the may planted plant at shade condition has 273 nos. Lower number 

of leaves at 30 DAP was recorded in June planting (23.33, 95.33 and 155.66 

nos., respectively at 30 DAP, 60 DAP and at harvest) under shade and was 

on par with the July planting (24.66, 107 and 156 nos., respectively at 30 

DAP, 60 DAP and at harvest) under shade. 

Fresh weight of leaves at 30 DAP, 60 DAP and at harvest 

The interaction was significant for fresh weight of leaves at 30 DAP, 

60 DAP and at harvest (Table 17). At 30 DAP, 60 DAP and at harvest higher 

fresh weight of leaves per plant was noticed in the treatment combination of 

planting in May under open condition (15.58, 56.42 and 89.91 g/plant, 

respectively). Lower fresh weight of leaves was recorded in June planting 

(5.58, 21.83 and 39.08 g/plant, respectively at 30 DAP, 60 DAP and at 

harvest) under 50 per cent shade and was on par with the July planting (6.99, 

23.16 and 39.16 g/plant, respectively) under 50 per cent shade. 
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Table 14. Interaction effect of growing condition and planting dates on 

plant height of stevia at 30 DAP, 60 DAP and at harvest 

Growing condition × 

planting dates 

Plant height (cm) 

30 DAP 60 DAP Harvest 

Open × May 16.84 26.93 32.25 

Open × June 13.57 17.34 22.38 

Open × July 14.07 16.08 18.76 

Open × August 16.49 23.06 28.14 

Shade × May 22.79 35.54 40.30 

Shade × June 17.55 22.26 26.06 

Shade × July 19.11 23.36 28.36 

Shade × August 20.89 31.63 34.17 

CD (0.05) 2.12 4.08 6.36 

 

 

Table 15. Interaction effect of growing condition and planting dates on 

number of branches of stevia at 30 DAP, 60 DAP and at 

harvest 

Growing condition × 

planting dates 

No. of branches 

30 DAP 60 DAP Harvest 

Open × May 2.86 10.06 11.00 

Open × June 1.86 6.30 7.76 

Open × July 1.53 5.63 6.03 

Open × August 2.00 7.80 8.20 

Shade × May 1.86 7.13 7.86 

Shade × June 1.46 4.40 5.30 

Shade × July 1.46 4.23 5.00 

Shade × August 1.53 6.36 7.73 

CD (0.05) NS 2.13 2.94 
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Table 16. Interaction effect of growing condition and planting dates on 

number of leaves of stevia at 30 DAP, 60 DAP and at harvest 

Growing condition × 

planting dates 

No. of leaves/plant 

30 DAP 60 DAP Harvest 

Open × May 64.00 232.00 357.66 

Open × June 34.00 119.66 193.00 

Open × July 28.66 112.00 176.00 

Open × August 45.66 195.66 256.00 

Shade × May 37.66 188.00 273.00 

Shade × June 23.33 95.33 155.66 

Shade × July 24.66 107.00 156.00 

Shade × August 32.67 173.33 215.33 

CD (0.05) 18.68 38.36 86.44 

 

 

Table 17. Interaction effect of growing condition and planting dates on 

fresh weight of leaves of stevia at 30 DAP, 60 DAP and at 

harvest 

Growing condition × 

planting dates 

Fresh weight of leaves (g/plant) 

30 DAP 60 DAP Harvest 

Open × May 15.58 56.42 89.91 

Open × June 8.92 30.25 48.25 

Open × July 7.17 29.42 44.00 

Open × August 10.83 49.54 64.16 

Shade × May 9.50 47.58 68.33 

Shade × June 5.58 21.83 39.08 

Shade × July 6.99 23.16 39.16 

Shade × August 8.16 39.17 53.75 

CD (0.05) 4.92 8.05 22.43 
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Dry weight of leaves at 30 DAP, 60 DAP and at harvest 

The interaction was significant for dry weight of leaves at 30 DAP, 60 

DAP and at harvest (Table 18). At 30 DAP, 60 DAP and at harvest higher 

fresh weight of leaves per plant was noticed in the treatment combination of 

planting in May under open condition (8.73, 31.59 and 50.16 g/plant, 

respectively) Lower fresh weight of leaves was recorded in June planting 

(3.12 ,12.88 and 21.88 g/plant, respectively at 30 DAP, 60 DAP and at 

harvest) under 50 per cent shade and was on par with the July planting (3.44, 

12.97 and 21.93 g/plant, respectively) under 50 per cent shade 

Total herbage yield of stevia at 30 DAP, 60 DAP and at harvest 

Table 19 depicts data on interaction effect of growing condition and 

planting dates on fresh herbage yield per plant of stevia at 30 DAP, 60 DAP 

and at harvest. Higher herbage yields of 36.68, 127.35 and 202.68 g/plant, 

respectively at 30 DAP, 60 DAP and at harvest was observed when stevia 

was planted under open condition in the month of May. It was on par with 

planting in August under open growing condition (29.60, 109.35 and 189.10 

g/plant, respectively). Lower fresh herbage yields were reordered when 

planting was done either in June or July under shaded condition (20.91, 78.37 

and 91.40 g/plant, respectively at 30 DAP, 60 DAP and at harvest in June 

planting under shade, and 21.83, 80.58 and 97.48 g/plant, respectively at 30 

DAP, 60 DAP and at harvest in July planting under shade. 
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Table 18. Interaction effect of growing condition and planting dates on dry 

weight of leaves /plant of stevia at 30 DAP, 60 DAP and at harvest 

Growing condition × 

planting dates 

Dry weight of leaves (g/plant) 

30 DAP 60 DAP Harvest 

Open × May 8.73 31.59 50.16 

Open × June 4.99 16.75 28.62 

Open × July 4.00 15.72 24.67 

Open × August 6.07 27.44 35.93 

Shade × May 5.31 28.03 38.26 

Shade × June 3.12 12.88 21.88 

Shade × July 3.44 12.97 21.93 

Shade × August 4.92 24.96 30.10 

CD (0.05) 1.53 5.85 8.92 

 

 

 

Table 19. Interaction effect of growing condition and planting dates on 

total herbage yield of stevia at 30 DAP, 60 DAP and at harvest 

Growing condition × 

planting dates 

Total herbage yield (g/plant) 

30 DAP 60 DAP Harvest 

Open × May 36.68 127.35 202.68 

Open × June 26.06 89.82 114.60 

Open × July 25.07 88.13 115.37 

Open × August 29.60 109.35 189.10 

Shade × May 28.73 102.80 173.59 

Shade × June 20.91 78.37 91.40 

Shade × July 21.83 80.58 97.48 

Shade × August 24.18 92.78 163.17 

CD (0.05) 7.25 18.10 13.68 
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Fresh biomass yield at 30 DAP, 60 DAP and at harvest 

Data on interaction effect of growing condition and planting dates on 

total fresh biomass yield per plant of stevia at 30 DAP, 60 DAP and at 

harvest are presented in Table 20. As with other biometric observations, 

higher fresh biomass yield per plant was also higher in the treatment 

combination May planting under open condition (40.41, 138.87 and 231.32 

g/plant, respectively). At 30 DAP and 60 DAP, it was on par with the May 

planting under shade condition (33.13 and 121.12 g/plant, respectively) and 

at harvest it was on par with the August planting under open condition 

(200.96 g/plant).  At all stages of observation lower fresh biomass yield per 

plant was recorded in June planting (21.25, 85.83 and 112.53 g/plant, 

respectively at 30 DAP, 60 DAP and at harvest) under 50 per cent shade and 

was on par with the July planting (23.20, 90.40 and 119.01 g/plant, 

respectively at 30 DAP, 60 DAP and at harvest) under 50 per cent shade. 

Total dry biomass yield at 30 DAP, 60 DAP and at harvest 

Data on interaction effect of growing condition and planting dates on 

total dry biomass yield per plant of stevia at 30 DAP, 60 DAP and at harvest 

are presented in Table 21. As like other biometric observations, higher dry 

biomass yield per plant was observed in the treatment combination of May 

planting under open condition (21.09, 77.21 and 125.36 g/plant, 

respectively). At 30 DAP and 60 DAP, it was on par with the May planting 

under shaded condition (18.55 and 68.77 g/plant, respectively) and at harvest 

it was on par with the August planting under open condition (115.91 g/plant). 

At all stages of observation lower fresh biomass yield per plant was recorded 

in June planting (13.80, 50.97 and 62.22 g/plant, respectively at 30 DAP, 60 

DAP and at harvest) under 50 per cent shade and was on par with the July 

planting (13.17, 53.07 and 65.52 g/plant, respectively at 30 DAP, 60 DAP 

and at harvest) under 50 per cent shade. 
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Table 20. Interaction effect of growing condition and planting dates on fresh 

biomass yield/plant of stevia at 30 DAP, 60 DAP and at harvest 

Growing condition × 

planting dates 

Fresh biomass yield (g/plant) 

30 DAP 60 DAP Harvest 

Open × May 40.41 138.87 231.32 

Open × June 28.79 94.21 130.35 

Open × July 26.87 93.60 126.29 

Open × August 31.38 116.00 200.96 

Shade × May 33.13 121.12 183.92 

Shade × June 21.25 85.83 112.53 

Shade × July 23.20 90.40 119.01 

Shade × August 26.87 110.72 167.92 

CD (0.05) 9.83 18.20 30.98 

 
 

Table 21. Interaction effect of growing condition and planting dates on total 

dry biomass yield/plant of stevia at 30 DAP, 60 DAP and at harvest 

Growing condition × 

planting dates 

Total dry biomass yield (g/plant) 

30 DAP 60 DAP Harvest 

Open × May 21.09 77.21 125.36 

Open × June 16.11 52.62 67.79 

Open × July 15.03 52.77 69.22 

Open × August 17.23 64.29 115.91 

Shade × May 18.55 68.77 103.27 

Shade × June 13.80 50.97 62.22 

Shade × July 13.17 53.07 65.52 

Shade × August 14.86 62.86 98.73 

CD (0.05) 4.38 8.69 16.58 
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Biomass yield (kg/ha) 

Data on interaction effect of shade and planting dates on total fresh 

biomass yield (kg/ha) of stevia at harvest are presented in Table 22. The 

interaction was significant and there was interaction between main plot and 

sub-plot. At harvest, higher fresh biomass yield per plant was noticed in the 

treatment combination of May planting under open condition (11143kg/ha) 

and it is on par with the August planting under open condition (10303kg/ha). 

Lower fresh biomass yield per plant was recorded in June planting 

(5531kg/ha) grown under 50 per cent shade and it was on par with the July 

planting (5824kg/ha) grown under 50 per cent shade. 

 

 

Table 22. Interaction effect of growing condition and planting dates on 

biomass yield (kg/ha) of stevia at 30 DAP, 60 DAP and at 

harvest 

Growing condition × 

planting dates 

Biomass yield (Fresh) 

(kg/ha) 

Open × May 11143 

Open × June 6026 

Open × July 6153 

Open × August 10303 

Shade × May 9180 

Shade × June 5531 

Shade × July 5824 

Shade × August 8777 

CD (0.05) 1473.97 
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4.1.3bPhysiological and biochemical observations 

Crop growth rate 

Data on the interaction effect of growing condition and planting dates 

on crop growth rate are presented in Table 23. At 0-30 DAP, 30-60 DAP and 

at 60-harvest, the interaction effect on crop growth rate was non-significant. 

Relative growth rate 

Table 24 shows data on the interaction effect of growing condition and 

planting date on and relative growth rate of stevia at different growth stages. 

The interaction was non significant at all growth stages were observed. 

Total steviol glycoside content  

Table 25 depicts data on the interaction effect of growing condition and 

planting dates on total steviol glycoside content of stevia at harvest stage. 

Planting in May under open condition resulted in the highest steviol 

glycoside content of 9.05 per cent. It was followed by August planting in 

open condition (8.19 per cent) and May planting in shaded condition (7.60 

per cent) which was on par. July planting in shaded conditions had lower 

steviol glycoside content (3.64 per cent) and was on par to June planting in 

shaded condition (3.93 per cent). 
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Table 23. Interaction effect of growing condition and planting dates on crop growth 

rate of stevia at different growth stages 

 

 

 

 

Table 24. Interaction effect of growing condition and planting dates on relative 

growth rate of stevia at different growth stages 

Treatments 

CGR (g/m2/day) 

0-30 DAP 30-60 DAP 60 DAP-Harvest 

Open 
50 % 

shade Open 
50 % 

shade Open 
50 % 

shade 

May 0.69 0.61 1.87 1.67 1.60 1.15 

June 0.52 0.45 1.21 1.23 0.50 0.37 

July 0.49 0.43 1.25 1.33 0.54 0.41 

August 0.56 0.48 1.56 1.60 1.72 1.19 

CD(0.05) NS NS NS 

Treatments 

RGR(g/g/day) 

0-30DAP 30-60DAP 60 DAP -Harvest 

Open 
50% 

shade Open 
50% 

shade Open 
50% 

shade 

May 0.108 0.103 0.043 0.056 0.015 0.011 

June 0.103 0.085 0.041 0.048 0.018 0.018 

July 0.090 0.088 0.047 0.045 0.015 0.018 

August 0.100 0.101 0.050 0.055 0.009 0.006 

CD(0.05) NS NS NS 
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Table 25. Interaction effect of growing condition and planting dates on 

total steviol glycoside content at harvest 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Treatment combination Total steviol glycoside content 

at harvest (%) 

Open × May 9.05 

Open × June 5.86 

Open × July 5.20 

Open × August 8.19 

Shade × May 7.60 

Shade × June 3.93 

Shade × July 3.64 

Shade × August 5.20 

CD (0.05) 1.64 
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4.1.4 Weather observations 

Tables 26 and 27 shows the various weather parameters experienced in 

the field from planting to harvest of stevia. Weather characteristics such as 

maximum and minimum temperature, relative humidity, rainfall, and bright 

sunshine hours were recorded and presented both as weekly (Table 26) and 

monthly weather data (Table 27). 

Maximum and minimum temperature 

The average maximum temperature ranged from 28oC to 34.4oC in 

open growing condition, and 26.8oC to 33.2oC in shaded conditions. In the 

open condition, the highest maximum temperature was recorded on the 

second week of May, which was 34.4oC and the lowest maximum 

temperature was recorded during 13th week (August) which was 28.0oC. 

Under shaded condition it followed the similar pattern as open condition. The 

highest maximum temperature was recorded on the second week of May, 

which was 33.2oC and the lowest maximum temperature was recorded on 

13th week (August) which was 26.8oC. 

The average minimum temperature ranged from 21.1oC to 26.2oC in 

open situation, and 20.9oC to 26.0oC in shaded condition. In the open 

condition the highest minimum temperature was recorded on the second 

week of May, which was 26.2oC and the lowest minimum temperature in 24th 

week (October) which was 21.1oC. Under shaded condition it followed the 

similar pattern as open condition. The highest minimum temperature was in 

the 2nd week of May (26oC) and the lowest minimum temperature in 24th 

week (October) which is 20.9oC. 

Relative Humidity 

In the morning, the relative humidity (RH) ranged from 74 per cent to 

98 per cent in open condition, and 76 per cent to 99 per cent under the shade. 

The maximum morning relative humidity of 99 percent occurred in the 
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12thweek in the shaded condition, while the lowest occurred in the 20th week 

in the open condition. 

In both open and shaded conditions, the 26th week had the lowest 

afternoon relative humidity (53 percent and 55 percent, respectively under 

open and shade). The afternoon RH ranged from 53 per cent to 95 per cent.  

Rainfall 

The year 2020 was characterized by heavy showers. In the 13th week, 

the highest rainfall of 378.9 mm was received. There was no rain during 25th 

week. The total amount of rain that fell during the cropping season was 

2676.7 mm.  

Bright sunshine hours 

The 16th week had the highest sunlight hours (55), while the 13th week 

had the least (0.1). 
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Weeks 

Maximum 

temperature (oC) 

Minimum 

temperature (oC) 

Forenoon 

Relative 

humidity (%) 

Afternoon 

Relative 

humidity (%) 
Rainfall 

(mm) 

Bright 

sunshine 

hours Open Shade Open Shade Open Shade Open Shade 

May 2020 

1  33.9 32.7 24.2 24.0 94 96 70 73 49.2 32.4 

2 34.4 33.2 26.2 26.0 91 93 65 68 7.5 45.0 

3  33.0 31.8 24.9 24.7 90 92 70 73 23.6 30.9 

June 

4  31.2 30.0 24.3 24.1 94 96 79 82 74.7 14.6 

5 31.4 30.2 23.2 23.0 96 98 76 79 125.9 14.3 

6 30.7 29.5 23.5 23.3 96 98 75 78 92.1 12.1 

7  31.1 29.9 23.4 23.2 92 94 71 74 119.9 25.4 

July 

8  29.9 28.7 23.3 23.1 97 98 87 90 163.5 3.8 

9 31.0 29.8 23.2 23.0 95 97 71 74 76.0 23.0 

10 30.2 29 23.2 23.0 95 97 81 84 84.9 17.1 

11 31.5 30.3 23.3 23.1 95 97 73 76 72.3 35.9 

12  28.7 27.5 23.5 23.3 98 99 83 86 332.0 5.6 

August 

13  28.0 26.8 22.7 22.5 96 98 92 95 378.9 0.1 

14 30.5 29.3 23.3 23.1 96 98 75 78 48.1 12.6 

15 31.4 30.2 23.5 23.3 96 98 71 74 73.0 38.2 

16  32.3 31.1 23.2 23.0 94 96 63 66 12.8 55.0 

Table 26. Weekly weather data during the cropping period 
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September 

17  31.3 30.1 22.7 22.5 83 85 88 91 138.1 22.4 

18 28.1 26.9 22.2 22.0 86 88 92 95 210.2 3.6 

19 29.1 27.9 21.9 21.7 80 82 89 92 206.1 8.1 

20  30.7 29.5 22.7 22.5 74 76 85 88 22.0 23.8 

October 

21  31.2 30.0 21.7 21.5 94 96 65 68 17.8 53.3 

22 30.3 29.1 21.6 21.4 97 99 78 81 187.0 20.0 

23 30.1 28.9 21.5 21.3 96 98 74 77 96.3 33.8 

24 31.4 30.2 21.1 20.9 94 96 64 67 9.2 40.4 

25  33.0 31.8 22.5 22.3 94 96 62 65 0.0 38.0 

November 

26  33.7 32.5 22.0 21.8 86 88 53 55 46.8 54.2 

27 32.9 31.7 22.6 22.4 79 81 62 65 8.8 37.5 
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Table 27. Monthly weather data during the cropping period 

 

 

 

 

 

 

 

 

 

 

 

 

Months 

Maximum 

Temperature 

(oC) 

Minimum 

Temperature 

(oC) 

Forenoon 

relative 

humidity 

(%) 

Afternoon 

relative 

humidity 

(%) 

Rainfall 

(mm) 

Bright 

Sunshine 

hours Open Shade Open Shade Open Shade Open Shade 

May 33.76 32.56 25.10 24.90 91.66 93.66 68.33 71.33 80.3 108.3 

June 31.10 29.90 23.60 23.40 94.50 96.50 75.25 78.25 412.6 66.4 

July 30.26 29.06 23.30 23.10 96.00 98.00 79.00 82.00 728.7 85.4 

August 30.55 29.35 23.17 22.97 95.50 97.50 75.25 78.25 512.8 105.9 

September 29.80 28.60 22.37 22.17 80.75 82.75 88.50 91.50 576.4 57.9 

October 31.20 30.00 21.68 21.48 95.00 97.00 68.60 71.60 310.3 185.5 

November 33.30 32.10 22.30 22.10 82.50 84.50 57.50 60.00 55.6 91.7 
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Crop weather correlations  

A simple linear correlation between major morphological, yield, and 

quality parameters and mean monthly meteorological weather parameters such 

surface air temperature, relative humidity (forenoon and afternoon), rainfall, and 

bright sunshine hours was done and the coefficients are presented in Table 28. 

    Plant height 

A strong positive correlation was observed between plant height and 

maximum and minimum temperatures (0.897 and 0.522). Forenoon relative 

humidity exhibited no effect on the plant height whereas; afternoon relative 

humidity had negative correlation with the plant height. Rainfall exhibited 

negative correlation with the plant height (-0.792). No significant correlation 

was observed between bright sunshine and plant height. 

Number of leaves per plant 

Positive correlation was observed between number of leaves per plant 

and maximum temperature (0.843). Minimum temperature also positively 

correlated with the number of leaves (0.629). Forenoon relative humidity had no 

effect on number of leaves per plant.  However, afternoon relative humidity 

exhibited negative correlation with the number of leaves (-0.70). Rainfall also 

exhibited negative correlation with the number of leaves (-0.708).  

Fresh leaf weight  

There was a positive correlation between fresh leaf weight and maximum 

temperature (0.842). Minimum temperature also positively influenced the fresh 

leaf weight (0.631). While forenoon relative humidity had no effect on the fresh 

leaf weight, the afternoon relative humidity exhibited significant negative 

influence on the fresh leaf weight (-0.698).  

Rainfall also exhibited negative correlation with the fresh leaf weight 

(-0.705). Bright sunshine hours had no effect on fresh leaf weight.  
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Biomass yield 

The correlation between maximum temperature and biomass yield was 

significant with a correlation coefficient of 0.895. Minimum temperature and 

forenoon relative humidity showed no correlation with biomass yield. 

Afternoon relative humidity had negative correlation with the biomass yield (-

0.848). Correlation between rain fall and biomass yield was strongly negative 

(-0.852). 

Steviol glycoside content 

A positive correlation was observed between total steviol glycoside 

content and maximum temperature (0.874). Minimum temperature and 

forenoon relative humidity showed no correlation with the total steviol 

glycosides. Afternoon relative humidity had negative correlation with the 

steviol glycoside content (-0.789). Rainfall also exhibited negative correlation 

with the steviol glycoside content (-0.790). 

4.1.5 Incidence of pests and diseases 

During the cropping period, no major disease or insect damage was 

observed in the experimental area. 
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Table 28. Crop weather correlations  

 

 
Maximum 

temperature 

Minimum 

temperature 

Forenoon 

relative 

humidity 

Afternoon 

relative 

humidity 

Rainfall 

Bright 

sunshine 

hours 

Plant height 0.879** 0.522* 0.272 -0.786** -0.792** 0.463 

No. of leaves 0.843** 0.629** 0.401 -0.700** -0.708** 0.350 

Fresh leaf weight 0.842** 0.631** 0.405 -0.698** -0.705** 0.347 

Total fresh biomass yield 0.895** 0.424 0.162 -0.848** -0.852** 0.553 

Total steviol glycoside 

content  

0.874** 0.492 0.190 -0.789** -0.790** 0.461 

 

** Significant at 5% level 
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4.2 Phytochemical evaluation of stevia leaves at different growth stages  

4.2.1Phytochemical parameters of stevia leaves at different growth stages  

Phytochemical parameters such as total carbohydrates, total fat, crude 

fibre, total protein, total soluble sugars, reducing sugars, non reducing sugars, 

total mineral content, content of N, P, K, Ca, Mg, S, total steviol glycoside 

content, moisture content and total energy of stevia leaves at different growth 

stages are presented in Table 29.  

Total carbohydrates (%) 

The total carbohydrates content in stevia leaves ranged from 0.62 per 

cent to 0.73 per cent with maximum at flower bud initiation stage. The lower 

content of 0.62 per cent was noticed at 45 DAP and the higher content was at 

flower bud initiation stage (0.73 per cent). After flower bud initiation stage 

slight reduction in carbohydrate content was observed in stevia leaves (0.69 

per cent at 50 per cent flowering stage and 0.70 per cent at full bloom stage).   

Total fat (%) 

Total fat content ranged from 0.44 per cent to 0.56 per cent with 

maximum content at flower bud initiation stage (0.56 per cent). After flower 

bud initiation stage a gradual reduction in fat content was observed.  

Crude fibre (%) 

The highest content of crude fibre was observed at full bloom stage 

(7.79 per cent) followed by 50 per cent flowering stage (7.26 per cent). The 

lower fibre content was at 45 DAP (5.56 per cent).  

Moisture content (%) 

The moisture content ranged from 11.30 per cent to 15.64 per cent 

with maximum content at 45 DAP. Moisture content reduced with increase in 

crop maturity.  
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Total protein (%) 

Total protein content in leaves increased from 45 DAP to flower bud 

initiation stage and there after it decreased. The lowest content of 5.24 per 

cent protein was observed at 45 Dap and the highest content of 6.04 per cent 

at flower bud initiation stage.  

Mineral content (%) 

The total mineral content increased from 13.29 per cent at 45 DAP to 

16.82 per cent at full bloom stage. The content of nitrogen was higher at 

flower initiation stage (2.55 per cent). There was no statistical difference 

with respect to contents of P, K, Ca, Mg and S at various stages of 

observation.  

Total soluble sugars (%) 

Total soluble sugar content ranged from 11.62 per cent to 21.05 per 

cent. The total soluble sugar content increased from 45 DAP (16.31 per cent) 

to flower bud initiation stage (21.05 per cent) and thereafter decreased with 

maturity. At 50 per cent flowering stage the total soluble sugar content was 

12.80 per cent and at full bloom stage it was 11.62 per cent. 

Reducing sugars (%) 

Reducing sugar content ranged between 7.52 per cent and 12.16 per 

cent. The lowest content was at full bloom stage. Similar to total soluble 

sugar reducing sugar content also increased from 45 DAP, reached peak at 

flower bud initiation stage and thereafter decreased (10.03, 12.06, 8.03 and 

7.52 per cent, respectively at 45 DAP, flower bud initiation stage, 50 per cent 

flowering and at full bloom stage).  
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Non reducing sugars (%) 

Non reducing sugars also followed same trend of total soluble sugars 

and reducing sugars with maximum content at flower bud initiation stage. 

The range of non reducing sugars was 4.08 per cent to 8.93 per cent (6.15, 

8.93, 4.76 and 4.08, respectively at 45 DAP, flower bud initiation stage, 50 

per cent flowering and at full bloom stage).  

Total energy (Kcal) 

Significant variation was observed total energy content of stevia leaves 

based on their stage of harvesting. The total energy ranged from 27.37 Kcal 

to 32.12 Kcal. The lowest energy was at 45 DAP (27.37 Kcal), reached peak 

at flower bud initiation (32.12 Kcal) and decreased thereafter (29.86 Kcal at 

50 per cent flowering and 29.10 Kcal at full bloom stage).  

Total steviol glycoside content (%) 

The highest steviol glycoside content of 7.36 per cent was observed at 

flower bud initiation stage. The glycoside content decreased with increase in 

maturity. At 45 DAP the content was 6.82 per cent. At 50 per cent flowering 

stage and at full bloom stage the content of steviol glycosides were 5.20 and 

4.71 per cent, respectively.   
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Table 29. Effect of stages of harvest on phytochemical parameters of stevia leaves 

 

Treatments Total 

carbohydrates 

(%) 

Total fat 

(%) 

Crude 

fibre  

(%) 

Moisture 

content 

(%) 

Total 

protein 

(%) 

Total 

energy 

(Kcal) 

Total 

mineral 

content (%) 

Total 

soluble 

sugars (%) 

Reducing 

Sugars 

(%) 

Non- reducing 

sugars 

(%) 

45 DAP 0.62 0.44 5.56 15.64 5.24 27.37 13.29 16.31 10.03 6.15 

Flower bud 

initiation 
0.73 0.56 6.17 15.58 6.04 32.12 15.08 21.05 12.16 8.93 

50 % 

flowering 
0.69 0.47 7.26 11.45 5.73 29.86 16.17 12.80 8.03 4.76 

Full bloom 

stage 
0.70 0.42 7.79 11.30 5.63 29.10 16.82 11.62 7.52 4.08 

CD(0.05) 0.027 0.032 0.084 0.383 0.075 0.092 0.069 0.074 0.095 0.284 

 

Treatments Nitrogen 

(%) 

Phosphorus 

(%) 

Potassium 

(%) 

Calcium 

(%) 

Magnesium 

(%) 

Sulphur 

(%) 

Steviol glycosides 

(%) 

45 DAP 2.10 0.17 0.40 0.35 0.25 0.13 6.82 

Flower initiation 2.55 0.18 0.45 0.38 0.26 0.15 7.36 

50% flowering 2.35 0.22 0.43 0.40 0.46 0.17 5.20 

Full bloom stage 2.28 0.23 0.42 0.41 0.42 0.18 4.71 

CD(0.05) 0.147 NS NS NS NS NS 0.12 
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4.2.2 Phytochemical parameters of stevia leaves under different growing 

conditions  

Phytochemical parameters such as total carbohydrates, total fat, crude 

fibre, total protein, total soluble sugars, reducing sugars, non reducing sugars, 

total mineral content, content of N, P, K, Ca, Mg, S, total steviol glycoside 

content, moisture content and total energy of stevia leaves in open and 

shaded growing conditions at 45 DAP, flower bud initiation, 50 per cent 

flowering and at full bloom stage are presented in tables 30, 31, 32 and 33, 

respectively.  

Total carbohydrates (%) 

At all stages of observation higher content of total carbohydrates was 

observed under shaded growing condition. However, significant difference 

was observed only at 45 DAP. At this stage total carbohydrate content under 

open condition was 0.64 per cent as compared to 0.73 per cent under shade 

(Table 30). At flower bud initiation stage carbohydrate content under open 

condition and shade were 0.70 and 0.80 per cent, respectively (Table 31). At 

50 per cent flowering stage the content decreased to 0.65 per cent and 0.72 

per cent, respectively under open and shade (Table 32). At full bloom stage 

the contents were 0.65 per cent and 0.75 per cent, respectively under open 

and shaded growing conditions (Table 33). 

Total fat (%) 

Total fat content of stevia leaves did not show any significant 

difference under open and shaded condition. However, at all stages of 

observation higher values were observed under open condition 0.48, 0.60, 

0.52 and 0.46 per cent, respectively at 45 DAP, flower bud initiation, 50 per 

cent flowering and at full bloom stage under open conditions, and 0.40. 0.48, 

0.43 and 0.40 per cent, respectively at 45 DAP, flower bud initiation, 50 per 

cent flowering and at full bloom stage under shade conditions. 
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Crude fibre (%) 

Significant variation was observed in crude fibre content of leaves 

under open and shade. At all stages of observation, higher crude fibre content 

was observed under open condition (5.12, 6.05, 7.12 and 7.86 per cent, 

respectively at 45 DAP, flower bud initiation, 50 per cent flowering and at 

full bloom stage and 4.95, 5.20, 6.45 and 6.79 per cent, respectively at 45 

DAP, flower bud initiation, 50 per cent flowering and at full bloom stage 

under shaded conditions. 

Moisture content (%) 

Higher moisture content was observed under shade. At 45 DAP the 

moisture content under open condition was 14.37 per cent and under shade it 

was 16.85 per cent. At flower bud initiation stage, the moisture content 

decreased to 12.92 per cent and 15.30 per cent, respectively under open and 

shade. Moisture content at 50 per cent flowering stage was 10.56 per cent 

under open and 12.33 per cent under shade. During full bloom stage moisture 

content under open condition was 10.21 per cent and under shade was 11.89 

per cent. 

Total protein (%) 

At all stages of observation higher protein content was observed under 

open condition. The protein content was 6.11, 7.15, 6.42 and 6.37 per cent, 

respectively at 45 DAP, flower bud initiation, 50 per cent flowering and at 

full bloom stage under open condition. Under shade corresponding values 

were 4.37, 4.94, 5.02 and 4.88 per cent.  

Mineral content (%) 

In general, growing stevia under open condition resulted in higher total 

mineral content. Total mineral content at 45 DAP was 14.22 and 12.37 per 

cent, respectively at open and shade. The total mineral content at flower bud 

initiation was 16.60 per cent under open and 13.56 per cent under shade.  
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At 50 per cent flowering stage, it was 17.08 per cent and 15.24 per cent 

and at full bloom stage total mineral content was 17.86 under open and 15.72 

per cent under shade. Regarding contents of individual elements, effect of 

growing conditions on N, P, K, Ca, Mg and S contents was non significant at 

all stages of observation.  

Total soluble sugars (%) 

Total soluble sugar content was higher under open condition at all 

stages of observation. Under open condition the contents of total soluble 

sugars were 17.08, 22.76, 13.39 and 7.98 per cent, respectively at 45 DAP, 

flower bud initiation, 50 per cent flowering and at full bloom stages. Under 

shaded condition the values were 15.53, 19.31, 12.28 and 11.11, respectively 

at different stages of observation.  

Reducing sugars (%) 

As in the case of total soluble sugars, content of reducing sugar was 

also found higher under open condition. The reducing sugar content at 45 

DAP was 10.41 and 9.58 per cent under open and shaded growing condition. 

At flower bud initiation stage the content increased to 13.06 and 11.20 per 

cent,respectively under open and shade. At 50 per cent flowering and at full 

bloom stage the contents were 8.43 and 7.72 per cent under open and 7.98 

and 7.13 per cent under shade.  

Non reducing sugars (%) 

Data on non reducing sugars were significant at 45 DAP and at flower 

bud initiation stages with higher values under open growing condition. At 45 

DAP and at flower bud initiation stages the non reducing sugar content under 

open condition was 6.67 per cent and 9.70 per cent, respectively. While 

under shaded condition the values were 5.95 per cent and 8.11 per cent, 

respectively. 
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Total energy (Kcal) 

Significant variation was observed in total energy content of stevia 

leaves based on their growing condition. At all stages of observation higher 

total energy was computed for open condition. At 45 DAP the total energy 

under open condition was 32.64 Kcal as compared to 24.0 under shade. At 

flower bud initiation stage the total energy under open condition was 36.80 

kcal and under shade it was 27.28 Kcal. At 50 per cent flowering and at full 

bloom stage the total energy under open condition was 32.96 Kcal and 32.22 

Kcal, respectively. Under shaded condition it was 26.83 Kcal and 25.92Kcal, 

respectively at 50 per cent flowering and at full bloom stage. 

Total steviol glycoside content (%) 

Open growing condition resulted in higher concentration of total 

steviol glycosides. At all stages of observation, the data was significant. The 

steviol glycoside content under open growing condition at 45 DAP, flower 

bud initiation stage, 50 per cent flowering stage and full bloom stages were 

7.72, 8.55, 5.73 and 5.02 per cent, respectively. Glycoside contents of 5.91, 

6.16, 4.68 and 4.42 per cent, respectively were recorded at 45 DAP, flower 

bud initiation stage, 50 per cent flowering stage and full bloom stages under 

shaded condition.  
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Table 30. Effect of growing condition on phytochemical parameters of stevia leaves at 45 DAP 

 

Treatments Total 

carbohydrates 

(%) 

Total 

fat  

(%) 

Crude 

fibre  

(%) 

Moisture 

content 

(%) 

Total 

protein 

(%) 

Total 

energy 

(Kcal) 

Total 

mineral 

content 

(%) 

Total 

soluble 

sugars  

(%) 

Reducing 

Sugars 

(%) 

Non- 

reducing 

sugars 

 (%) 

Open 
0.64 0.48 5.12 14.37 6.11  32.64 14.22  17.08 10.41 6.67 

Shade 
0.73 0.40 4.95 16.85 4.37 24.0 12.37 15.53 9.58 5.95 

CD (0.05) 0.05 NS 0.14 0.31 0.25 0.27 0.48 0.29 0.06 0.13 

 

Treatments Nitrogen 

(%) 

Phosphorus 

(%) 

Potassium 

(%) 

Calcium 

(%) 

Magnesium 

(%) 

Sulphur 

(%) 

Steviol glycosides 

(%) 

Open 
2.2 0.18 0.41 0.37 0.24 0.14 7.72 

Shade 
2.1 0.17 0.39 0.32 0.23 0.11 5.91 

CD (0.05) NS NS NS NS NS NS 0.048 
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Table 31. Effect of growing condition on phytochemical parameters of stevia leaves at flower bud initiation stage 

 

 

Treatments Total 

carbohydrates 

(%) 

Total 

fat 

(%) 

Crude 

fibre  

(%) 

Moisture 

content 

(%) 

Total 

protein 

(%) 

Total 

energy 

(Kcal) 

Total 

mineral 

content 

(%) 

Total 

soluble 

sugars 

(%) 

Reducing 

Sugars 

(%) 

Non- 

reducing 

sugars  

(%) 

Open 
0.70 0.60 6.05 12.92 7.15 36.8 16.60 22.76 13.06 9.70 

Shade 
0.80 0.48 5.20 15.30 4.94  27.28 13.56 19.31 11.20 8.11 

CD (0.05) NS NS 0.88 1.30 0.867 2.56 1.85 2.08 2.47 0.89 

 

 

Treatments Nitrogen 

(%) 

Phosphorus 

(%) 

Potassium 

(%) 

Calcium 

(%) 

Magnesium 

(%) 

Sulphur 

(%) 

Steviol glycosides 

(%) 

Open 
2.6 0.20 0.46 0.40 0.26 0.18 8.55 

Shade 
2.4 0.17 0.44 0.35 0.25 0.14 6.16 

CD (0.05) NS NS NS NS NS NS 1.19 
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Table 32. Effect of growing condition on phytochemical parameters of stevia leaves at 50 per cent flowering stage 

 

 

Treatments Total 

carbohydrates 

(%) 

Total fat 

(%) 

Crude 

fibre 

 (%) 

Moisture 

content 

(%) 

Total 

protein 

(%) 

Total 

energy 

(Kcal) 

Total 

mineral 

content 

(%) 

Total 

soluble 

sugars  

(%) 

Reducing 

Sugars 

(%) 

Non- 

reducing 

sugars  

(%) 

Open 
0.65 0.52 7.12 10.56 6.42  32.96 17.08  13.39 8.43 4.96 

Shade 
0.72 0.43 6.45 12.33 5.02 26.83 15.24 12.28 7.72 4.56 

CD (0.05) NS NS 0.89 1.02 0.97 2.48 1.07 0.99 0.51 NS 

 

 

Treatments Nitrogen 

(%) 

Phosphorus 

(%) 

Potassium 

(%) 

Calcium 

(%) 

Magnesium 

(%) 

Sulphur 

(%) 

Steviol glycosides 

(%) 

Open 
2.5 0.23 0.44 0.42 0.45 0.20 5.73 

Shade 
2.2 0.21 0.41 0.38 0.46 0.18 4.68 

CD (0.05) NS NS NS NS NS NS 0.82 
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Table 33. Effect of growing condition on phytochemical parameters of stevia leaves at full bloom stage 

 

 

Treatments Total 

carbohydrates 

(%) 

Total 

fat 

(%) 

Crude 

fibre 

(%) 

Moisture 

content 

(%) 

Total 

protein 

(%) 

Total 

energy 

(Kcal) 

Total 

mineral 

content 

(%) 

Total 

soluble 

sugars 

(%) 

Reducing 

Sugars 

(%) 

Non- 

reducing 

sugars 

(%) 

Open 
0.65 0.46 7.86 10.21 6.37 32.22 17.86 12.19 7.98 4.21 

Shade 
0.70 0.40 6.79 11.89 4.88 25.92 15.72 11.11 7.13 3.98 

CD (0.05) NS NS 1.00 0.98 1.24 3.25 1.09 0.78 0.64 NS 

 

 

Treatments Nitrogen 

(%) 

Phosphorus 

(%) 

Potassium 

(%) 

Calcium 

(%) 

Magnesium 

(%) 

Sulphur 

(%) 

Steviol glycosides 

(%) 

Open 
2.5 0.21 0.41 0.44 0.41 0.18 5.02 

Shade 
2.2 0.23 0.44 0.40 0.43 0.22 4.42 

CD (0.05) NS NS NS NS NS NS 0.42 
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5. DISCUSSION 
A field experiment entitled “Environmental influences on yield and 

quality of stevia (Stevia rebaudiana Bertoni)” was conducted in the 

Department of Agronomy, College of Agriculture, Vellanikkara during the 

year 2020. The key findings of the experiment presented in the previous 

chapter are discussed in this chapter based on available literature. 

5.1 Effect of growing condition and planting dates on growth and yield 

of Stevia rebaudiana 

5.1.1 Plant height 

In general, crop planted under 50 per cent shaded condition recorded 

the tallest plants when compared to open condition, and the plant heights 

observed were 20.08 cm, 28.20 cm and 32.22 cm at 30 DAP, 60 DAP and at 

harvest, respectively (Table 3, Fig. 4). Many scientists reported increase in 

plant height under shaded condition (Moniruzzaman et al, 2014; Rakesh et 

al., 2012). As per Boardman (1977), when plants were grown under shaded 

condition, they developed elongated stems with large intercellular spaces due 

to the enhanced activity of auxins. 

Sowing or planting time is an important non-monetary agronomic input 

that plays an important role in enhancing crop yield and quality by 

influencing morphological development, biomass production and 

metabolism. A slight change in the sowing/planting period leads to 

significant changes in the associated meteorological parameters and, 

consequently, the yield and quality of the crop. In this experiment also, 

significant variation in plant heights was observed at different stages of 

observation due to changes in dates of planting (Table3 and Fig. 4). May 

planted crop resulted in taller plants at 30 DAP, 60 DAP and at harvest. 

Mordechai et al. (2013) also reported April and May as the optimal time for 

planting stevia in an open field.  
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5.1.2 Number of branches per plant 

The results clearly indicate influence of open growing as condition on 

increasing number of branches as compared to shaded conditions at 30 DAP, 

60 DAP, and at harvest. The high temperature under open condition might 

have favored the formation of more lateral buds, resulting in a greater 

number of branches, whereas the shaded environment favored apical 

dominance and increased plant height. In addition, the maximum and 

minimum temperatures were higher in the open condition than in the shade 

condition. A positive association with the number of branches and the 

maximum temperature was noticed in this study (Table 4 and Fig. 5). 

Crop planted in May recorded higher number of branches at 30 DAP 

(2.36). At 60 DAP also, higher number of branches was observed in May 

planting (8.60) and was on par with August planting (7.08). At harvest, May 

planting recorded higher number of branches (9.43) and was on par with 

August planting (7.96). Variations in number of both primary and secondary 

branches in stevia due to difference in planting dates were reported by Khan 

et al. (2012). According to them, maximum number of branches were 

observed when planting was done in April and they attributed it to warm 

environmental conditions like clear sunshine and high temperature during the 

month of April. 
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Fig .4. Effect of growing condition and date of planting on plant height at 

different growth stages of stevia (Stevia rebaudiana) 
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 Fig. 5. Effect of growing condition and date of planting on number of branches 

at different growth stages of stevia (Stevia rebaudiana) 
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5.1.3 Number of leaves per plant at 30 DAP, 60 DAP and at harvest 

Higher number of leaves was noticed under open condition as 

compared to the shaded condition during entire crop period (Table 5 and Fig. 

6). It was observed in all planting dates that open conditions favored stevia 

leaf production over shaded conditions. As in other biometric parameters, for 

number of leaves also there was a positive association with the maximum 

temperature. 

Significant variation was observed for number of leaves with different 

dates of planting. The higher number of leaves was obtained in May planting 

(50.84, 164.83 and 315.32, respectively at 30 DAP, 60 DAP and at harvest). 

Ramesh et al. (2006) reported that growing stevia under long day conditions 

provided better opportunity to enhance the leaf mass. According to them, the 

optimal time for planting stevia in an open field was in months of April and 

May. According to Mordechai et al. (2013), stevia planting in January-March 

and in October decreased crop biomass whereas planting in April and May 

resulted in higher yield and higher number of leaves.  

5.1.4 Leaf weight at 30 DAP, 60 DAP and at harvest 

Higher fresh (Table 6 and Fig. 7) and dry weights (Table 7) of leaves 

were noticed under open condition compared to the shaded condition during 

the entire crop period and for all dates of planting. A difference of 11.5 

g/plant in fresh weight was observed by changing only the growing 

condition.  

Among dates of planting, May planting resulted in higher fresh and dry 

weights. It was followed by planting in August. June and July planting 

resulted in lower weights. The difference in fresh weights among crops 

planted in May and July at harvest stage was 37.54 g/plant. Khan et al. 

(2012) reported higher fresh weight of leaves in stevia crop planted during 

April and May.  
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Variation in fresh and dry weight of leaves due to changes in planting 

dates could be attributed to variations in weather parameters experienced by 

the crop during their various life stages.  

5.1.5 Herbage yield at 30 DAP, 60 DAP and at harvest 

At all growth stages of stevia and also under all planting dates of 

planting higher herbage yield was noticed under open condition compared to 

the shaded condition (Table 8 and Fig. 8). Open condition resulted in fresh 

herbage yield of 155.44 g/plant as compared to 131.41 g/plant under shade at 

final harvest stage. The yield improvement under open growing condition 

was 18.29 per cent.  

Significant variation was observed for fresh herbage yield with 

different dates of planting. The herbage yield followed the order 

May>August>July>June. The better herbage yield in May planted crop could 

be attributed with favorable weather parameters experienced by the crop, and 

the greater height, number of branches, leaves and leaf weight of the may 

planted crop. Strong positive correlation was observed with fresh biomass 

yield and maximum temperature, whereas the correlation between rain fall 

and after noon relative humidity was negative (Table 28). The month of June 

and July received rain fall of 103.15 mm and 145.74 mm, respectively as 

compared to 26.76 mm in May and 128.20 mm in August. Heavy rain 

coupled with cloudy weather during planting and initial establishment stage 

might have adversely affected the growth and development of the crop. As 

per Ramesh et al. (2006) stevia is highly sensitive to the day length and it 

requires 12-16 h of sunlight.  
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Fig. 6. Effect of growing condition and date of planting on number of leaves at 

different growth stages of stevia (Stevia rebaudiana) 
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Fig. 7. Effect of growing condition and date of planting on fresh weight 

of leaves at different growth stages of stevia (Stevia rebaudiana) 
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Fig. 8. Effect of growing condition and date of planting on herbage 

yield at different growth stages of stevia (Stevia rebaudiana) 
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5.1.6 Total biomass yield 

As like all other parameters assessed total biomass yield was also 

found highest under open growing condition and in May planting (Table 11 

and Fig. 9). Just by altering shade level, a biomass improvement of 1078 kg 

on a hectare basis was observed. Date of planting also significantly 

influenced the total biomass yield of stevia and followed the trend of herbage 

yield. May planting recorded the highest yield of 10161 kg/ha and was on par 

with August planting (9540 kg/ha). A yield reduction of 75.84 per cent as 

compared to May planting was noticed in June planted crop. June planted 

crop received 103.15 mm rain fall during its seedling stage and a negative 

correlation between total biomass and rain fall was observed. Better 

production of biomass in May planted crop under open growing condition 

could be correlated with availability of ample sunlight, favourable 

temperature and low relative humidity experienced by the crop in the early 

establishment stage. Allam et al. (2001) observed remarkable increase in 

stevia yield during the summer (May- August) due to favourable climatic 

conditions, such as temperature and length and intensity of photoperiod, as 

compared to winter. 

5.1.7 Steviol glycoside content 

Data on the steviol glycoside content clearly revealed the significant 

influence of environmental conditions on enhancing quality of a crop (Fig. 

10). The highest steviol glycoside content was obtained under open growing 

condition (7.57 per cent) compared to shade (5.09 per cent). According to 

Tateo et al. (1998), environmental and agronomic factors had significant 

influence on stevioside production in stevia. Kumari et al. (2016) studied the 

effect of growing conditions (open field and shade) on quality of stevia and 

reported higher rebaudioside-A content (7.00 per cent) in open field grown 

plants compared to plants grown in shaded condition.  

Planting dates also showed significant influence on steviol glycoside 
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content. Crop planted in May showed the highest steviol glycoside content. 

When planting was delayed by one month significant reduction in stevioside 

content was observed (9.32 per cent in May as compared to 4.89 per cent in 

June). As per Madan et al. (2010), the stevia plant is highly sensitive to day 

length. Stevia requires12-16 hours of sunlight per day to maximize stevioside 

accumulation in the leaves. Megeji et al. (2005) and Tavarini and Angelini 

(2013) also reported variations in stevioside production based on time of 

planting and harvest. 

 

 Fig. 9.Effect of growing condition and date of planting on total biomass 

at different growth stages of stevia (Stevia rebaudiana) 

 

 

 

 

 

 

 

 

 

 

Fig. 10.Effect of growing condition and date of planting on steviol glycoside 

content of stevia (Stevia rebaudiana) 
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5.2 Crop weather correlation observed during the experiment  

The correlation between important morphological, yield and quality 

characters and mean monthly weather and microclimatic parameters like 

temperature (maximum and minimum) relative humidity (forenoon and 

afternoon), rainfall and bright sunshine hour were worked out and are 

presented in Table 28. 

The results indicated positive correlation of maximum and minimum 

temperatures with plant height, number of leaves, leaf weight, biomass yield 

and steviol glycoside content. According to Kumar et al. (2012), temperature 

plays a vital role in almost all biological processes of crop plants and it is one 

of the most important climatic factors affecting the growth, development and 

yield of the crops. Positive correlation between growth, yield and quality of 

stevia was reported by many scientists (Singh et al, 2014; Clemente et al., 

2021). 

The correlation of afternoon relative humidity and rainfall with plant 

height, number of leaves, leaf weight, biomass yield and steviol glycoside 

contents were negative. Tavarini and Angelini (2013) reported negative 

relation between rain fall and quality of stevia. Orozco (2020) also suggested 

heavy rainfall as the main reason for low relative growth rate in stevia.  

5.3 Phytochemical evaluation of stevia leaves at different growth stages  

       5.3.1 Effect of stage of harvesting on phytochemical constituents 

Phytochemical constituents present in medicinal plants are the material 

basis of their therapeutic effects. They are also important indicators for 

assessing the quality of medicinal materials. However, the synthesis and 

accumulation of these phytochemicals are very complex and are influenced 

by many internal and external factors. Weather parameters, geographical 

location, season, growth stage, harvesting time and method, post harvest 

handling and processing are some of the factors which decide quality of 
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medicinal plant materials. Among them growing condition is the one which 

greatly controls plant growth and development, both in terms of and quality 

and quantity (Shahaket al., 2004). Plant ontogeny or growth stage had close 

relation with accumulation of phytochemicals (Dharet al., 2006; Vermaet al., 

2013) and hence harvesting at correct stage is very important for harnessing 

maximum therapeutic property. 

Phytochemical parameters such as total carbohydrates and total fat 

(Fig. 11), crude fibre and total protein (Fig. 12), total energy of stevia leaves 

(Fig. 13) and total energy of stevia leaves (Fig. 13), total mineral content, 

total soluble sugars and total steviol glycoside content (Fig. 14) and reducing 

sugars, non reducing sugars, content of N, P, K, Ca, Mg, S, moisture content 

at 45 DAP, flower bud initiation stage (65 DAP), 50 per cent flowering stage 

(80 DAP) and full bloom stage (95 DAP)] were analyzed and the data was 

presented in Table 30, 31, 32 and 33, respectively. Proximate and nutritional 

analysis revealed stevia as a sweet herb rich in nutritional compounds like 

protein, fiber, sugars, primary and secondary elements. Several workers 

reported stevia as a low calorie sugar crop (Choudhary, 1999; Abou-Arab, 

2010). In the present study the calorific value computed for the fresh stevia 

leaves ranged from 27.37 Kcal to 31.12 Kcal with maximum value at flower 

bud initiation stage. 

All the parameters studied except crude fiber and total mineral contents 

showed higher values at flower bud initiation stage. The total carbohydrates, 

fat, protein, soluble sugars, reducing sugars, non reducing sugars, steviol 

glycoside content, moisture content and total energy of fresh stevia leaves 

increased from 45 DAP to flower bud initiation stage and decreased 

thereafter. However, crude fiber and total mineral contents showed an 

increasing trend from 45 DAP to full bloom stage. Variations in phyto 

chemical constituents according to crop stage of stevia were also reported by 

Ibrahim et al. (2015) and Esraet al. (2018). 
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Being a sugar yielding crop, most important parameter deciding quality 

of stevia is its sugar content. In the present study the content of total soluble 

sugars ranged from 11.62 to 21.05 per cent. The sugar content in leaves 

showed increasing trend from seedling stage to flower bud initiation stage. 

After flowering the sugar content decreased. Same trend was observed for 

both reducing and non reducing sugars and also for steviol glycosides.   

Steviol glycosides (SGs) are secondary metabolites particularly tetracyclic 

diterpenoids. They are present mainly in the leaves, small quantities in the 

stem, and very less in the roots (Brandle and Rosa, 1992). Biosynthesis of 

SGs takes place in the leaves, from where it is translocated to various plant 

parts. Maximum concentration of glycosides occurs in leaves before they get 

translocated into other plant parts. Sumida (1980) reported maximum content 

of steviol glycosides in the leaves of stevia just before flowering.  

Based on preliminary phyto chemical examination the optimum stage 

of harvesting of stevia can be recommended as at the time of flower bud 

initiation. Further delay in harvesting led to reduction in sugar content and 

increase in fiber content. Guerrero et al. (2018) and Samadpourrigani et al. 

(2019) also reported the optimal cutting time for better quality in stevia as at 

the pre-flowering stage. 
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Fig. 11. Effect of stage of harvesting on total carbohydrate and total fat 

 

 

Fig. 12. Effect of stage of harvesting on crude fibre and total protein 

 

0.62

0.73
0.69 0.7

0.44

0.56

0.47
0.42

45 DAP Flower bud initiation 50 % flowering Full bloom stage

P
er

ce
n

ta
g

e 
(%

) 

Treatments

Effect of stage of harvesting total 

carbohydrate and total fat

Total carbohydrates (%) Total fat (%)

5.56
6.17

7.26
7.79

5.24
6.04 5.73 5.63

45 DAP Flower bud initiation 50 % flowering Full bloom stage

P
er

ce
n

ta
g

e 
(%

) 

Treatments

Effect of stage of harvesting  crude fibre 

and total  protein

Crude fibre (%) Total protein (%)



90  

 

Fig. 13. Effect of stage of harvesting on total energy  

 

 

 

 

Fig. 14. Effect of stage of harvesting on total mineral content, total soluble sugars and 

steviol glycoside content 
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5.3.2 Effect of growing condition on phytochemical constituents 

Stevia plants grown under open and 50 per cent shade were analyzed 

for their phytochemical constituents at 45 DAP, flower bud initiation stage, 

50 per cent flowering stage and at harvest. At all stages of observation 

variations in phytochemical constituents were observed in stevia leaves 

grown under open and shaded condition (Tables 29, 30, 31, 32, 33 and 

Fig.15, 16, 17, 18). Meteorological conditions, such as sunshine, 

temperature, rainfall etc. significantly influenced the growth of medicinal 

plants in terms of dry matter production and accumulation of active 

constituents (Hang et al., 2005). 

Parameters like total fat, crude fiber, total protein, total mineral 

content, total soluble sugars, reducing, non reducing sugars and total steviol 

glycosides were observed as higher under open growing condition. Kumar et 

al. (2012) also reported positive influence of open growing condition on 

increasing total steviol glycosides content in stevia. Significant variation was 

not observed for total carbohydrates and fat contents. 

In the field experiment significant interaction between growing condition 

and planting dates were observed on plant height, number of branches, number 

of leaves, fresh leaf weight, dry leaf weight and total biomass yield at different 

growth stages of stevia. The crop planted in the month of May under open 

condition recorded better yield and yield parameters, followed by planting in 

August under open condition. The highest glycoside content was observed in a 

May planted crop grown under open condition.  

Higher quantities of total soluble sugars and steviol glycosides were 

observed when the crop was harvested at flower bud initiation stage. So 

harvesting stevia at flower bud initiation can be suggested for obtaining higher 

quality parameters.  
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Fig. 15. Effect of growing conditions on phytochemical constituents at 45 DAP 

 

 

 

Fig. 16. Effect of growing conditions on phytochemical 

constituents at flower bud initiation stage 
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Fig. 17. Effect of growing conditions on phytochemical constituents at 50 per 

cent flowering 

 

 

 

 

Fig.18. Effect of growing conditions on phytochemical constituents at full bloom 

stage 

 

0
2
4
6
8

10
12
14
16
18

P
er

ce
n

ta
g

e
 (

%
)

50 per cent flowering stage

Open

Shade

0
2
4
6
8

10
12
14
16
18
20

P
er

ce
n

ta
g
e
 (

%
)

Full bloom stage

Open

Shade



  

 

 

 

 

 

 

 

 

 

 

 

 

6. Summary 



94  

6. SUMMARY 

A study entitled “Environmental influence on yield and quality of 

stevia (Stevia rebaudiana Bertoni)” was conducted in the Department of 

Agronomy, College of Agriculture, Vellanikkara during the year 2020. The 

study was conducted as two sets of experiments, one for assessing effect of 

growing condition and planting dates on yield and quality of stevia and other 

for assessing the effect of stage of harvesting on phytochemical parameters 

of stevia. The first experiment was conducted as a field study laid out in split 

plot design with three replications. The main plot treatments consisted of two 

growing conditions viz., open and 50 per cent shade and the sub plot 

treatment consisted of four dates of planting viz., May15th, June 15th, July 

15th, and August15th. Biometric characteristics, weather parameters, 

physiological and biochemical characters of plants were recorded. 

Experiment was a pot culture designed in completely randomized design 

(CRD). The significant findings of the research are summarized and 

presented below. 

Effect of growing condition 

• Growing condition significantly influenced plant height of stevia at 

different growth stages. Throughout the study period, taller plants 

were observed under shaded condition. 

• Open condition resulted in higher number of leaves, fresh leaf weight 

and dry leaf weight. 

• Under open condition, fresh biomass yield and herbage yield were 

higher. 

• Plants grown in the open condition exhibited higher CGR at initial 

stages and at harvest.  

• Weather observations like maximum and minimum temperatures, 

relative humidity, rainfall, and bright sunshine hours varied 
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considerably under open and shaded growing conditions. 

• In open condition, maximum and minimum temperatures were higher, 

whereas relative humidity was higher in shaded condition. 

• The total glycoside content of the crop was higher in the open planted 

condition. 

Effect of date of planting 

• Plant height followed the trend May>August>June>July at different 

growth stages. 

• During crop growth the number of branches was found to be higher in 

May planted crop and was comparable with the August planted crop.  

• Number of leaves was found to be higher in May planted crop at 30 

DAP and 60 DAP and it was on par with the August planting, while at 

harvest stage, May planted crop recorded more number of leaves. 

• At 30 DAP and 60 DAP, the fresh leaf weight in the May planted crop 

was higher and was on par with the August planted crop. At harvest 

stage, the May planted crop had the highest fresh weight of leaves. 

• At 30 DAP and 60 DAP, the dry weight of leaves in the May planted 

crop was on par with the August planted crop, while at harvest stage, 

the May planted crop had the highest dry weight. 

• During initial stages May planted crop recorded the highest herbage 

yield. At 60 DAP and at harvest stage the herbage yield of May planted 

crop was on par with the August planted crop. 

• May planted crop have the higher total biomass yield and it was 

comparable to the August planted crop. 
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• Weather parameters experienced by the crop altered significantly due 

to changes in dates of planting.  Higher temperature was experienced 

by the May and August planted crops. June and July planted crop faced 

heavy showers during their planting and early establishment phase. 

Afternoon R.H was higher in June. May and August planted crops 

received more bright sunshine hours. 

• From planting to 30 DAP and 30 to 60 DAP, crop planted in May had 

considerably greater CGR. CGR was found to be highest in May 

planted crops at harvest. RGR was found to higher in May planted crop 

at initial stages. At 30-60 DAP it was almost equal in August and May 

planted crops. During harvesting stage there was no significant effect 

of planting dates on growth indices. 

• The total glycoside content of the crop was highest in the May planted 

crop followed by August planting. 

Effect of interaction between growing condition and date of planting 

• Significant interaction between growing condition and planting dates 

was observed on plant height, number of branches, number of leaves, 

fresh leaf weight, dry leaf weight and total biomass yield at different 

growth stages of stevia. 

• The crop planted in the month of May under open condition recorded 

better yield and yield parameters, followed by planting in August under 

open condition.  

• The plant height was higher in the May planted crop under shaded 

condition.  

• The highest glycoside content was observed in May planted crop 

grown under open conditions. 
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Crop-weather relations 

• Maximum temperature had positive correlation with the plant height, 

number of leaves, fresh leaf weight, total biomass yield and total 

glycoside content.  

• The minimum temperature recorded positive correlation with number 

of leaves and fresh leaf weight. 

• Afternoon relative humidity and rainfall had negative correlation with 

the plant height, number of leaves, fresh leaf weight, total biomass 

yield and total glycoside content. 

Effect of growing conditions on phytochemical constituents 

• Significant variations were observed for phytochemical constituents of 

stevia due to changes in growing condition.  

• At all stages of observation higher content of total carbohydrates was 

observed under shaded condition. 

• Total fat content of stevia leaves did not show any significant 

difference under open and shaded condition. However, at all stages of 

observation higher values were observed under open condition. 

• At all stages of observation, higher crude fibre content was observed 

under open condition. 

• Higher moisture content was observed under shaded condition.  

• At all stages of observation higher protein content was observed 

under open condition. 

• Crop growing under open condition resulted in higher total mineral 

content. 
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• Total soluble sugar, reducing and non reducing sugars were higher 

under open condition.   

• At all stages of observation higher total energy was computed for 

open condition. 

• Open growing condition resulted in higher concentration of total 

steviol glycosides.  

• Nitrogen content in open conditions was slightly higher when 

compared to the shaded conditions. 

• Significant variations were not observed for contents of P, K, Ca, Mg 

and S.  

Effect of stage of harvesting on phytochemical constituents 

• Total carbohydrate content was higher when harvested at flower bud 

initiation stage. After that a slight reduction in carbohydrate content 

was observed in stevia leaves. 

• Total fat content was higher when harvest was done at flower bud 

initiation stage. After flower bud initiation stage a gradual reduction 

in fat content was observed.  

• The highest content of crude fibre was observed in the crop harvested 

at full bloom stage followed by 50 per cent flowering stage 

• The moisture content was maximum when harvested at 45 DAP. 

Moisture content reduced with increase in crop maturity.  

• The highest content of total protein was observed in the crop 

harvested at full bloom stage. Total protein content in leaves 

increased on harvested from 45 DAP to flower bud initiation stage 

and thereafter it decreased. 
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• Total soluble sugar content was higher on harvesting at flower bud 

initiation stage. The total soluble sugar content increased when 

harvest was done from 45 DAP to flower bud initiation stage and 

thereafter decreased with maturity. 

• Like total soluble sugar, reducing sugar and nonreducing sugar 

contents also increased on harvesting from 45 DAP, reached peak on 

harvesting at flower bud initiation stage and thereafter decreased. 

• Total energy of crop increased on harvesting from 45 DAP, reached a 

peak at flower bud initiation stage and decreased thereafter.  

• The highest steviol glycoside content was observed in the crop 

harvested at flower bud initiation stage. The glycoside content 

decreased with increase in maturity. 
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ABSTRACT 

Stevia (Stevia rebaudiana Bertoni) is natural sweetener of the 

Asteraceae family, commonly known as candy leaf, honey leaf, sweet leaf, 

or sugar leaf. The plant contains steviol glycosides (SVglys), which are of 

high interest in the human diet as a low calorie and high potency sweetener. 

As the leaf is the main economic part of stevia, production of more leaf 

biomass with higher steviol glycosides is the main criteria for crop 

performance. Since both biomass production and quality are equally 

important in medicinal plant cultivation, it is necessary to determine optimal 

growth factors that can ensure high yield and quality. 

The present study entitled “Environmental influence on yield and 

quality of stevia (Stevia rebaudiana Bertoni)” was conducted at the 

Department of Agronomy, College of Agriculture, Vellanikkara during the 

year 2020. The objective of the study was to determine the influence of 

growing conditions and planting dates on the biomass production and quality 

of stevia. The study consisted of a field experiment designed in split plot 

design with three replications and a pot culture. The aim of field experiment 

was to find out the effect of growing condition and planting dates on yield 

and quality of stevia. The main plot treatments consisted of two growing 

conditions viz., open and 50 per cent shade and the sub plot treatments 

consisted of four dates of planting viz., May 15th, June 15th, July 15th and 

August 15th. The pot culture study was designed in completely randomized 

design (CRD) to evaluate the phytochemical constituents of stevia leaves at 

different growth stages. 

Growth parameters such as plant height, number of branches, fresh 

leaf weight, dry leaf weight, herbage yield, and total biomass yield were 

significantly influenced by growing conditions and planting dates. Open 

condition (8406 kg/ha) and May planting (10162 kg/ha) resulted in the 

highest leaf yields of stevia. The interaction between growing condition and 



  

planting dates was also significant. May planting under open condition 

proved to be the best treatment with respect to leaf yield.  

Growing conditions and planting dates had a profound influence on 

physiological and biochemical parameters. May planting under open 

conditions resulted in higher CGR and RGR values. Planting in May under 

open condition resulted in the highest steviol glycoside content of 9.05 per 

cent. 

A positive correlation was observed between maximum temperature 

and plant height, number of leaves, fresh leaf weight, total biomass yield and 

total glycoside content. Whereas, negative correlation was found with respect 

to afternoon R.H and rainfall 

Pot culture study conducted to assess the variations in phytochemical 

constituents of stevia leaves at different growth stages and growing 

conditions revealed variations in parameters such as total carbohydrates, fat, 

protein, soluble sugars, reducing sugars, non reducing sugars and steviol 

glycoside contents. Total carbohydrates and moisture content was observed 

to be higher under shaded growing condition, whereas open condition 

resulted in higher contents of total fat, crude fibre, protein, total minerals, 

total soluble sugars, reducing and non reducing sugars, total energy and total 

steviol glycosides.  

Total carbohydrates, total fat, moisture, total soluble sugars, reducing 

and non reducing sugars and total steviol glycoside contents were higher at 

flower bud initiation stage. A slight reduction in carbohydrate content was 

observed towards maturity. The highest content of total protein was observed 

at full bloom stage. Total energy value increased from 45 DAP, reached a 

peak at flower bud initiation stage and decreased thereafter.  

It can be concluded that open growing condition, planting in the 

month of May and harvesting at flower bud initiation stage can be suggested 

for better leaf yield and quality of stevia under Kerala conditions. 



  

സംഗ്രഹം 
മലയാളത്തിൽ മധുര തുളസി എന്നറിയപ്പെടുന്ന 

സ്റ്റീവിയയുപ്പട വളർച്ചയിലുും ഗുണ മമന്മയിലുും കാലാവസ്ഥ 
ഘടകങ്ങളുപ്പട പങ്ക് എന്ന വിഷയത്തിൽ കാർഷിക 
സർവകലാശാലയുപ്പട മകാമളജ് ഓഫ് അഗ്ഗിക്കൾച്ചർ 
പ്പവള്ളാനിക്കരയിപ്പല അമഗ്ഗാമണാമി വിഭാഗത്തിൽ പ്പമയ് 
2020 മുതൽ നവുംബർ 2020 വപ്പര ഒരു പഠനും 
നടത്തുകയുണ്ടായി. 

രണ്ട് വയതയസ്ത തണലുകളിലായി (തുറസ്സായ സ്ഥലും, 
അമ്പതു ശതമാനും തണലുള്ള സ്ഥലും) പ്പമയ് 15,  ജൂൺ 15,  
ജൂലല 15,  ഓഗസ്റ്റ് 15 എന്നീ  തീയതികളിൽ സ്റ്റീവിയ 
ലതകൾ നട്ടാണ് കാലാവസ്ഥയുപ്പട സവാധീനും  പഠിച്ചത്. 
സ്ലിറ്റ് മലാട്ട് എന്ന ഡിലസനിൽ മൂന്ന് പ്പറലിമക്കഷൻ 
ഉള്ള പഠനമാണ് നടത്തിയത്. ഒെും സ്റ്റീവിയയുപ്പട 
കൃതയമായ വിളപ്പവടുെ് സമയും മനസ്സിലാക്കുന്നതിനുള്ള 
പഠനവുും നടത്തി. സി ആർ ഡി ഡിലസനിൽ 
ചട്ടികളിലായാണ് ഈ പഠനും നടത്തിയത്. സ്റ്റീവിയയുപ്പട 
ഇലകൾ നട്ട് 45 ദിവസത്തിന് മശഷവുും, പൂപ്പമാട്ടുകൾ 
ഗ്പതയക്ഷപ്പെടാൻ തുടങ്ങുമമ്പാഴുും, 50 ശതമാനും പ്പമാട്ടുകൾ 
വിടർന്നതിനു മശഷവുും, എലലാ പൂക്കളുും 
വിടർന്നതിനുമശഷവുും വിളപ്പവടുെ് നടത്തി ഇലകളുപ്പട 
രാസ ഘടന താരതമയ പഠനും നടത്തുകയാണ് പ്പചയ്തത്. 

പ്പചടികളുപ്പട ഉയരും, ശാഖകളുപ്പട എണ്ണും, ഇലകളുപ്പട 
ഭാരും, ഉണങ്ങിയ ഇലകളുപ്പട ഭാരും, പ്പമാത്തും വിളവ് 
തുടങ്ങിയ പ്പചടികളുപ്പട സവഭാവസവിമശഷതകൾ വളരുന്ന 
സാഹചരയങ്ങളുും നടീൽ തീയതികളുും ഗണയമായി 
സവാധീനിച്ചു. തുറന്ന അവസ്ഥയുും (8406 
കിമലാഗ്ഗാും/പ്പഹക്ടർ), പ്പമയ് നടീലുും (10162 
കിമലാഗ്ഗാും/പ്പഹക്ടർ) സ്റ്റീവിയയുപ്പട ഏറ്റവുും ഉയർന്ന ഇല 
വിളവ് ലഭിക്കുന്നതിന് കാരണമായി. വളരുന്ന അവസ്ഥയുും 
നടീൽ തീയതികളുും തമ്മിലുള്ള പരസ്പരബന്ധവുും 
ഗ്പാധാനയമർഹിക്കുന്നു. ഏറ്റവുും നലല വിളവ് ലഭിക്കാൻ 
സ്റ്റീവിയ പ്പമയ് മാസത്തിൽ തുറസായ സ്ഥലങ്ങളിൽ 
നടുന്നതാണ് നലലത് എന്ന് പഠനത്തിൽ നിന്നുും വയക്തമായി.  

സ്റ്റീവിയയുപ്പട ഗുണ മമന്മ ഘടകമായ 
സ്റ്റീവിമയാലസഡ് എന്ന രാസ ഘടകും ഏറ്റവുും 
കൂടുതലായി കണ്ടതുും പ്പമയ് മാസത്തിൽ തുറസായ 



  

സ്ഥലത്തു നട്ടമൊഴാണ്. 
അന്തരീക്ഷ താപനിലയുമായി പ്പചടികളുപ്പട ഉയരും, 

ഇലകളുപ്പട എണ്ണും, ഇലകളുപ്പട ഭാരും, പ്പമാത്തും വിളവ്, 
എന്നിവയുപ്പട പരസ്പരബന്ധും മപാസിറ്റീവ് ആപ്പണന്നുും 
അന്തരീക്ഷ ആർഗ്ദത, മഴ എന്നിവയുമായി ഇവയുപ്പട ബന്ധും 
പ്പനഗറ്റീവ് ആപ്പണന്നുും പഠനും വയക്തമാക്കുന്നു. 

തണലിൽ വളർത്തുന്ന പ്പചടികളിൽ 
കാർമബാലഹമഗ്ഡറ്റുും ഈർെവുും കൂടുതലായി കാണപ്പെട്ടു. 
തുറന്ന അവസ്ഥയിൽ പ്പകാഴുെ്, നാരുകൾ, മഗ്പാട്ടീൻ, 
ധാതുക്കൾ, പഞ്ചസാര, ഊർജ്ജും, സ്റ്റീവിമയാൾ 
ലൈമക്കാലസഡുകൾ എന്നിവയുപ്പട ഉയർന്ന ഉള്ളടക്കും 
ഉണ്ടായി. 

 
കാർമബാലഹമഗ്ഡറ്റുകൾ, പ്പകാഴുെ്, ഈർെും, 

പഞ്ചസാര, സ്റ്റീവിമയാൾ ലൈമക്കാലസഡ് എന്നിവ 
പൂപ്പമാട്ടിന്പ്പറ ആരുംഭ ഘട്ടത്തിൽ കൂടുതലായിരുന്നു. 
അതിനുമശഷും കാർമബാലഹമഗ്ഡറ്റ് ഉള്ളടക്കത്തിൽ മനരിയ 
കുറവ് നിരീക്ഷിക്കപ്പെട്ടു. മഗ്പാട്ടീന്പ്പറ ഏറ്റവുും ഉയർന്ന 
മതാത് പൂവിടൽ മുഴുവനാകുമമ്പാൾ നിരീക്ഷിക്കപ്പെട്ടു. 
സ്റ്റീവിയയിപ്പല ഊർജ മതാത്  പൂപ്പമാട്ട് ആരുംഭിക്കുന്ന 
ഘട്ടത്തിൽ അതയുന്നതത്തിപ്പലത്തുകയുും പിന്നീട് കുറയുകയുും 
പ്പചയ്തു. 

പരീക്ഷണത്തിൽ നിന്ന്, തുറസ്സായ സാഹചരയും, പ്പമയ് 
മാസത്തിൽ നടീൽ, പൂപ്പമാട്ടിന്പ്പറ ആരുംഭ ഘട്ടത്തിൽ 
വിളപ്പവടുെ് എന്നിവ ഇലകളുപ്പട മികച്ച വിളവിനുും 
സ്റ്റീവിയയുപ്പട ഗുണനിലവാരത്തിനുും 
നിർമേശിക്കാവുന്നതാണ്. 
 
 
 
 
  

 

 


