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1. INTRODUCTION

Curcuma aromatica Salisb. (Kasthuri turmeric) belonging to the family

Zingiberaceae, is a medicinal cum aromatic plant, cultivated for its characteristic

aromatic rhizome. It is the second most important species of the genus Curcuma

cultivated for its rhizomes, next to Curcuma longa (Sikha et al, 2015). In

comparison with C. longa, the rhizomes are less pigmented with characteristic

camphoraceous odour. The aromatic rhizomes are exploited for its medicinal

properties in India, China and other South East Asian countries. Its medicinal

properties are being utilized in the traditional systems of medicine like Ayurveda,

Siddha and Unani. It is known as " Vanaharidra " in Ayurveda and is used in the

treatments of skin problems, cardiovascular and respiratory systems. It is widely

distributed in South Asian regions, from China southwards to Srilanka. In India, it

is found distributed in Himalayan region and Western Ghats and in southern parts

of India and West Bengal (Shamim et al, 2011; Anoop, 2015).

A wide range of biological activities have been reported in this species

which enables it to be utilized for the preparation of various formulations in the

treatment of inflammation, wound and microbial infections or infection associated

with conditions like diabetes and cancer (Li et al., 2009). The pharmacological

value of the rhizome is due to the presence of secondary metabolites like alkaloids,

curcuminoids, flavonoids, terpenoids £Lnd tannins (Anoop, 2015). The essential oil

of C. aromatica has high demand in ayurvedic pharmaceutical and cosmetic

industries. The rhizomes contains 4-8 per cent oil (Pant et al, 2013). The antiseptic,

antimicrobial and anti-inflammatory properties of the oil enables its use in

embalmment and food preservation. The essential oil also has anti-tumour and anti

bacterial properties (Revathy and Malathy, 2013). The oil and extract of C.

aromatica also serve as an important source of antioxidants being used in the food

industries (AI-Reza et al, 2010). Curciunin is a potential antioxidant extracted from

C. aromatica, that helps in scavenging free radicals to give brighter skin

complexion and to cure skin disorders and hence, is as a key ingredient in
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Ayurvedic skin care formulations (Sikha et al, 2015). The anti-carcinogenic

activity of curcumin has been established in a variety of cell lines (Yu et al, 2011).

The enhanced production strategies in terms of yield and secondary

metabolites is inevitable to meet the high demand of pharmaceutical industries.

Chitosan is confirmed as an effective biotic elicitor with non-toxic, biocompatibile

and biodegradable properties to improve the production and biosynthesis of

secondary metabolites in medicinal plants (Park and Kim, 2010; Mehregan et al.,

2017; Pliankong et ah, 2018). Chitosan is known to stimulate plant development

processes associated with its metabolite profile and to elicit defense responses in

plants. It is a natural, safe and cost effective biopolymer obtained from the

deacetylation of chitin, a long-chain polymer of N-acetyl-glucosamine and easily

extracted from fungal cell wall and crustacean shells (Malerba and Cerana, 2017;

Yadav et al., 2019).

In this context, the study entitled "Chitosan mediated metabolite elicitation

and growth responses in kasthuri turmeric {Curcuma aromatica Salisb.)" has been

proposed with the objective to study the effect of different concentrations of

chitosan on plant growth, yield and metabolite production in Curcuma aromatica.

■I W 11



^^view of Literature

>9-



2. REVIEW OF LITERATURE

The present study entitled "Chitosan mediated metabolite elicitation and

growth responses in kasthuri turmeric {Curcuma aromatica Salisb.)" has been taken

up with the objective to study the effect of different concentrations of chitosan on

plant growth, yield and metabolite production in Curcuma aromatica. The relevant

literature on the effect of chitosan on various crops are reviewed in this chapter.

2.1 Curcuma aromatica

Curcuma aromatica Salisb. is a medicinally important herb that belongs to the

family Zingiberaceae. A wide range of biological activities have been reported in

this species which enables it to be utilized for the preparation of various

formulations for the treatment of inflammation, wound and microbial infections or

infection associated with conditions like diabetes, and cancer (Li et al, 2009). The

oil and extract of C. aromatica also serve as an important source of antioxidants

being used in the food industries (Al-Reza et al, 2010).

Curcuma aromatica is used as a substitute for Curcuma longa (Gopichand et

al., 2006). The rhizomes contains 4-8 per cent oil (Pant et al, 2013). The oil has

high demand in ayurvedic pharmaceutical and cosmetic industries. The essential oil

of C. aromatica has anti-tumour and anti-bacterial properties (Revathy and

Malathy, 2013). Curcumin content in kasthuri turmeric rhizomes is low and ranges

from 0.05 to 0.10 per cent. Ampasavate et al (2009) reported 15.3 per cent of

curcuminoids in ethanolic extract of C. aromatica rhizome powder and on HPLC

analysis percentage of curcumin was foimd to be 28.5 per cent of curcuminoids. A

curcumin content of about 3 per cent has been recorded in C. aromatica by

Jalgaonkar (2016).

2.2 Chitosan

Chitosan is a natural, safe and cost effective biopolymer obtained from the

deacetylation of chitin, a long-chain polymer of N-acetyl-glucosamine and easily
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extracted from fimgal cell wall and crustacean shells (Domard and Domard, 2002).

Its production cost is low. It is non-toxic, biocompatible and biodegradable (Park

and Kim, 2010). These properties enables its utilization in various fields viz.,

cosmetology, food, biotechnology, pharmacology and medicine (Choi et al, 2016).

Chitosan acts as an elicitor of plant systemic immunity by the accumulation of

defence related antimicrobial compounds and it plays an important role in the

activation of induced resistance (Katiyar et al., 2014). Chitosan is also considered

as biostimulant as it stimulates various plant responses, including induction of

disease and abiotic stress resistance, enhancement of plant growth and yield, shelf

life of flowers and fruits, and activation of secondary metabolite production

(Pichyangkuraa and Chadchawanb, 2015).

2.2.1 EFFECT OF CHITOSAN ON PLANT GROWTH PARAMETERS

The enhancement in plant growth characters viz., plant height, number of

leaves, leaf area, shoot and root biomass, root length on application of chitosan has

been reported in various horticultural crops. The improvement in plant growth

characters could be attributed to increased enzyme activities of nitrogen metabolism

by the application of chitosan (Ke et al., 2001).

Chitosan is a high potential biomolecule that increases plant growth and

development (Chibu and Shibayama, 2001; Gomik et al., 2008). Hadwiger et al.

(2002) reported that chitosan had molecular signals that served as plant growth

promoters.

Tsugita et al. (1993) reported that when chitosan was applied to daikon radish,

it enhanced shoot and root growth of the crop. Wanichpongpan et al. (2001)

observed that chitosan had positive effect on the growth of gerbera plants. Chitosan

treatment resulted in increase in number of leaves, leaf width and length of gerbera.

Barka et al. (2004) conducted a study to assess the effect of chitosan on

grapevine and it was found that chitosan treatment significantly increased root and

shoot biomass and also enhanced photosynthesis.



Ohta et al. (2004) observed that 1.0 per cent chitosan soil mixture enhanced

growth of several ornamental plants compared to inorganic water soluble fertilizers

and control. In an experiment conducted by Kim et al. (2005), there was significant

increase in weight and height of sweet basil by the application of chitosan.

The different concentrations of soluble chitosan were tried on in vitro

plantlets of potato to study the effect on growth and yield of potato tubers. The

application of chitosan at 500 mg 1"^ enhanced the shoot weight while root weight

was significantly enhanced by 5 and 15 mg 1"' of soluble chitosan. The higher

concentrations of chitosan found to decrease the root weight significantly (Asghari-

Zakaria et al., 2009).

The growth enhancement with chitosan was observed in in vitro cultures of

Dendrobium (Kananont et al, 2010; Nge et ai/.,2006; Pompienpakdee et al, 2010).

Application of chitosan (2 cm^ 1"') to strawberry plants resulted in growth

enhancement in terms of plant height, number of leaves, fresh and dry weights of

leaves. (Abdel-Mawgoud etal, 2010).

Mondal et al. (2011) observed that foliar applications of chitosan at the

optimal concentration of 75 mg T' on Indian spinach (Basella alba L.) resulted in

an increase in plant height, leaf number, branch number, leaf area, and fresh and

dry weight.

Chookhongkha et al. (2012) reported that the addition of 1.0 per cent

chitosan to the soil enhanced plant height, canopy diameter and leaf area of chili

pepper (Capsicum annuum L.).

Foliar application of 100-125 mg T' chitosan every 15 days increased fruit

production, as well as plant height, leaf number, relative growth rate,

photosynthesis rate and nitrate reductase activity in okra (Mondal et al., 2012).

Ahmed (2015) conducted a study on response of garlic plants to foliar

application of chitosan. Chitosan extract were sprayed at three different



concentrations (2, 4 and 6 ml 1"') at 30, 45, 60 and 75 days from sowing. He

observed that foliar application of chitosan extract at 4 and 6 ml 1"^ on "clone sids-

40" garlic plants significantly increased leaf fresh weight, plant height, and the

number of leaves per plant.

Malekpoor et al. (2016) observed considerable increase in the plant growth

characters of basil {Ocimum basilicum) when it was sprayed with chitosan at

varying concentration. However foliar application of chitosan at 0.4 g 1'^ gave

significant increase in plant growth characters both under stressed and non stressed

conditions.

A study conducted by Rahman et al. (2018) observed that application of

chitosan on the canopy of field grown strawberry plants significantly influenced

leaf width, leaf length, leaf number per plant and canopy diameter compared to

untreated control.

Kra et al. (2019) carried out an experiment in cassava (Manihot esculenta),

to study the effect of chitosan on growth of vegetative parts and they observed that

chitosan at 100 mg 1"' gave maximum vegetative growth. According to them, the

increment in growth would result from increased cell division or their extension.

2.2.2 EFFECT OF CHITOSAN ON METABOLITE PRODUCTION

Chitosan is known to be a natural polymer which has the ability to induce

the biosynthesis of secondary metabolites. The effect of chitosan on the activity of

defense enzymes especially catalase, peroxidase and superoxide dismutase and on

the production other metabolites have been reported in various crop species

(Agrawal et al., 2002; Ma et al., 2014).

Chang et al. (1998) carried out an experiment in suspension cultures of

Mentha piperita by adding chitosan at 200 mg 1"' in the culture media. The menthol

content of M. piperita increased drastically due to the elicitation by chitosan.
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Ben-Shalom et al. (2003) demonstrated that chitosan foliar spray at 0.1 per

cent (w/v) could increase the peroxidase activity in cucumber plants and thereby

controlling the grey mold disease.

Orlita et al. (2008) studied the effect of elicitors like chitin and chitosan on

production of secondary metabolites in Ruta graveolens (Common rue).

Application of chitin and chitosan at 0.01 per cent and 0.10 per cent showed a

substantial increase in the production of secondary metabolites such as coumarins,

furanocoumarins, acridone and quinolone alkaloids and flavonoids.

Stem cuttings of grapevine dipped in chitosan solution (2 per cent) resulted

in increase in chlorophyll content and also induced stress tolerance to salt, drought

and temperature stress (Gomik et al., 2008).

In a study by Meng et al. (2008) investigated that application of chitosan as

preharvest spray and postharvest coating on table grapes resulted in inhibition of

SOD activity and increase in the accumulation of peroxidase enzyme.

Mandal (2010) conducted an experiment to study the effect of different

elicitors such as chitosan, salicylic acid, methyl salicylate and methyl jasmonate in

eggplant {Solanum melongena L.). The results explained that chitosan increased the

activity of defense enzymes like peroxidase, catalase and also improved total

phenolic content of the plant.

Beans plants were treated with different concentrations of chitosan solution

in order to study its effect on chlorophyll content of the plant. It was found that the

content of chlorophyll a, b and total chlorophyll is maximum when it is treated with

chitosan solution at 2.5 per cent (Sheikha and Al-Malki, 2011).

In Artemisia annua, the foliar application of chitosan at 100 mg 1"' could

increase the production of artemisinin by activating the genes responsible for the

biosynthesis of artemisinin (Lei et al., 2011).



Farouk and Amany (2012) opined that total content of chlorophyll and

carbohydrate increased significantly as a result of foliar application of chitosan at

250 mg 1"^ But at higher concentrations of chitosan, these parameters were found

to decline.

A study conducted by Baque et al. (2012) revealed that chitosan is a

potential elicitor, as it improved the production of anthraquinones, phenolics and

flavonoids, when adventitious root cultures of Morinda citrifolia were exposed to

0.2 mg ml'' chitosan.

Srisomkompon et al. (2014) observed that in tea leaves {Camellia sinensis)

the total phenolic content increased significantly by the application of chitosan.

Both pre and post harvest treatment of chitosan had positive effect on the phenolic

content of tea leaves compared to control treatment.

Chitosan applied as foliar spray at 0.1 per cent (w/v) to 30 days old tomato

plants grown under glass house condition resulted in increase in protein content (up

to two fold) of the crop (Sathiyabama et al., 2014).

Anjusha and Gangaprasad (2014) reported that the content of curcumin is

very low in Curcuma aromatica compared to other Curcuma sp. The content of

curcumin in C. aromatica was found to be 0.0175 g per 100 g.

Gorelick et al. (2015) reported that aswagandha (Withania somnifera) plants

cultivated for its roots and leaves, when treated with chitosan at 100 mg ml"'

showed higher percentage, about 69 per cent of withaferin A.

In turmeric Anusuya and Sathiyabama (2016) observed that foliar spray of

chitosan at 0.1 per cent w/v resulted in induction of defense related enzymes like

peroxidase, polyphenol oxidase etc. in leaves and rhizomes. Curcumin content of

turmeric rhizomes also increased by chitosan spray.

The summer tomato (Solarium lycopersicum) was sprayed with different

concentrations of chitosan viz., 0 (control), 25, 50, 75 and 100 mg 1"'. It was found

\0



that the morphological characters such as plant height, number of leaves and leaf

area of the plant significantly enhanced up to 75 mg 1"' of chitosan compared to

control treatment (Mondal et al, 2016).

According to Sathiyabama et al. (2016), chitosan application at 0.1 per cent

stimulated curcumin accumulation and plant growth in Curcuma longa thereby

doubling curcumin production in the plant. It also increased the activity of

peroxidase in both leaves and rhizomes.

Malayamana et al. (2017) conducted an experiment in Phyllanthus debilis

grown in in vitro condition. Chitosan at 1.5 g 1"' of growth medium provided

maximum hydrolysable tannins which is the main active constituent of this crop.

Zong et al. (2017) observed that application of chitosan to edible rape

{Brassica rapa L.) under cadmium stress resulted in increase in plant growth

characters such as root length, root weight and shoot weight, total chlorophyll

content, photosynthetic activity etc. It also improved the activities of antioxidant

enzymes such as SOD, catalase, peroxidase.

The oligo chitosan at 100 ppm when applied as foliar spray in tomato and

egg plant 5 times up to harvest, resulted in considerable increase in the protein

content of plants (Sultana et al., 2017). Stevia plants when sprayed with chitosan at

0.1 per cent gave significant increase in the production of secondary metabolite

rebaudiosides A (Mehregan et al., 2017).

Rahman et al. (2018) conducted an experiment in strawberry and reported

that the plants sprayed with chitosan at 1000 ppm showed maximum content of

carotenoids, anthocyanins, flavonoids and phenolics compared to control.

Kra et al. (2019) reported that in Manihot esculenta, the peroxidase activity

in leaves was found to be significantly increased with increase in chitosan

concentration and maximum activity was recorded in plants treated with chitosan

at 75 and 100 mg 1'^
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2.2.3 EFFECT OF CHITOSAN ON PHYSIOLOGICAL PARAMETERS

Chitosan has been considered as a natural polymer which has the ability to

induce various biological responses in plants. The positive effect of chitosan

application on different physiological characters has been reported in several plant

species (Mahdavi, 2013; Ray etal, 2016; Yahyaabadi etal, 2016). It has the ability

to remove the reactive oxygen species and thereby protecting the functions of bio-

membrane and improving the physiological activities of the crop (Song et al,

2006). The chitosan also plays an important role in the alleviation of biotic and

abiotic stress conditions in plants (Guo et al, 2003; Yin et al, 2008; Katiyar et al.,

2014; Sharif eta/., 2018).

Lee et al. (1999) demonstrated that application of chitosan 100 or 200 pg

ml'^ reduced the stomatal aperture of tomato and Commelina communis and resulted

in enhanced resistance to pathogen attack.

Bittelli et al. (2001) reported that pepper plants grown in pots in growth

chambers when sprayed with chitosan shown reduced stomatal conductance which

resulted in decrease in transpiration rates. Thus this study revealed that chitosan can

be used as an effective anti-transpirant.

Khan et al. (2002) conducted an experiment in maize and soybean to find

out the effect of chitosan oligosaccharides on the rate of photosynthesis. They

observed a decrease in photosynthetic rate on the first day of foliar application of

chitosan. But on the third day of application, about 10-18 per cent increase of net

photosynthetic rate is noticed compared to control. This is due to the increase in

stomatal conductance and transpiration rate.

Cucumber seedlings imder salt stress were treated with chitosan at 150 mg

1"', reduced the salt stress damage by increasing the proline content and decreasing

the electrolyte permeability of the leaf cells (Song et al., 2006).

Yang et al. (2009) reported that apple seedlings grown under drought stress

when sprayed with chitosan at 100 mg 1"' enhanced cell membrane stability.

AS
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Guan et al. (2009) observed that chitosan treatment at 0.50 per cent showed

significant increase in the proline content in two inbred lines of maize.

In rice, Phothi and Theerakanmwong (2017) studied the effect of chitosan

on physiology and photosynthetic rate under elevated ozone. They reported that

under elevated ozone the photosynthetic rate of rice decreased considerably. But

when the plants were treated with chitosan, rate of photosynthesis and stomatal

conductance increased.

Zong et al. (2017) evaluated the effect of chitosan in edible rape (Brassica

rapa) grown under cadmium stress. They reported that foliar spray with chitosan

50 mg r' resulted in considerable increase in photosynthetic rate and stomatal

conductance. The proline content of the plant was also brought to the normal level

by the foliar application.

In Thymus daenensis, foliar application of chitosan at 400 pi P' resulted in

significant increase in dry matter production and proline content. It also improved

the cell membrane integrity and thus reduced the membrane leakage (Bistgani et

al., 2017a).

2.2.4 EFFECT OF CHITOSAN ON YIELD AND YIELD COMPONENTS

The exogenous application of chitosan improved the yield of many crops

(El-sawy et al., 2010; Boonlertnirun et al., 2011; Sheheta et al., 2012). According

to Abdel-Mawgoud et al. (2010) the increased crop yield might be resulted from

higher dry matter production. The increased leaf area and number of leaves also

contribute to increment in yield and yield attributes.

Chandrkrachang et al. (2005) conducted an experiment to study the effect

of chitosan spray on orchid plants and it was observed that chitosan at 10 mg L'

showed a noticeable increase in yield compared to control.

Foliar spray with chitosan at 0.1 g L' resulted in increased tuber yield and

quality of micro propagated greenhouse-grown potatoes (Kowalski et al., 2006).

13



According to Asghari-zakaria et al. (2009), application of chitosan at 500

mg resulted in an increase in growth characters and yield of potato {Solarium

tuberosum L.) plants grown in vitro. The chitosan application gave maximum yield

in terms of number and weight of mini tuber compared to control.

An experiment conducted by Zeng and Luo (2012) demonstrated that the

yield of wheat plants can be increased by 13.6 per cent with the application of

chitosan.

Salachna and Zawadzinska (2014) conducted an experiment in fressia

plant to study the effect of chitosan on yield and the highest yield was

recorded in plants which were treated with 0.50 per cent chitosan.

Janmohammadi et al. (2014) conducted investigations on effect of

chitosan on the performance of lentil genotypes. Chitosan treatments were

seed soaking with chitosan, foliar spraying with chitosan solution at 30 days

after sowing and foliar spraying with chitosan solution at 50 per cent

flowering stage. When the plants were treated with chitosan at the

reproductive stage significant increase was observed in the yield and yield

components viz., number of pods per plant, number of grains per pod and 100-

seed weight. The economic yield and harvest index were also enhanced by

chitosan application.

Yield of turmeric significantly increased by the application of chitosan as

foliar spray. About 60% increase in yield was obtained in chitosan treated plants

over the water sprayed control plants (Anusuya and Sathiyabama, 2016).

Mondal et al (2016) opined that foliar spray with chitosan increased the

fruit yield ofSolanum lycopersicum. Among the various concentrations (0, 25, 50,

75 and 100 mg 1"') of chitosan it was reported that maximum fhiit yield obtained in

treatment 75 mg 1'^ compared to control.
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Falcon-Rodriguez et al. (2017) found that foliar application of chitosan at

200 mg ha"' enhanced tuber yield of potato {Solarium tuberosum) by increasing

tuber size.

Bistgani et al. (2017b) opined that in Thymus daenensis, the essential oil

content of the crop increased considerably with a chitosan spray of 400 pi 1"'.

In bell pepper, Mahmood et al. (2017) conducted a study using different

biostimulants like chitosan, salicylic acid and putrescine and reported that foliar

spray of chitosan had positive effect on yield and yield components of bell pepper.

Mutka et al (2017) observed that two applications of chitosan at 250 ppm

at pre-flowering and post-flowering stage on strawberry plants developed through

tissue culture enhanced fhiit production compared to non-treated control plants.

Salehi et al. (2017) reported that the foliar application of chitosan at 0.2 g

r' on Satureja isophylla had a significant effect on yield and quality of essential oil.

Application of nano-chitosan through foliar spraying at 5ml 1"' on

mango trees significantly increased yield in terms of number of fruits per tree

and weight of fruit (Zagzog et al., 2017).

2.2.5 EFFECT OF CHITOSAN ON UPTAKE OF PLANT NUTRIENTS (N, P,

K)

Chitosan is considered as a biofertilizer which gets degraded enzymatically

without affecting the soil borne beneficial microbes (Escudero et al., 2017). The

application of chitosan was foimd to improve nutrient uptake in plants. The

enhanced nutrient uptake is favoured by the increased chlorophyll content and net

photosynthetic rate due to chitosan application (Van et al., 2013). According to

O'Herlihy et al. (2003), the nutrient uptake was found to improve considerably with

chitosan spray in potato {Solarium tuberosum) plants.

Dzung et al. (2011) conducted a study to evaluate the effect of chitosan on

coffee plants and it was found that spraying with chitosan at 60 ppm resulted in



maximum nutrient uptake. The increase in nutrient uptake was about 9.49 per cent

N, 11.76 per cent P and 0.98 per cent K.

Farouk et al. (2011) reported that when chitosan and humic acid applied to

radish (Raphanus sativus, L. var. sativus) imder cadmium stress, application of

Chitosan at 200 mg/ kg increased the efficiency of nutrient uptake than humic acid.

In common beans (Phaseolus vulgaris L.) Abu-Muriefah (2013) carried out

an experiment using chitosan. Common beans plants subjected to water stress were

sprayed with chitosan at different concentrations (100, 200 or 400 mg 1"') at 40, 50

and 60 days from sowing. Water stressed plants showed low uptake of essential

nutrients especially N, P and K. Foliar application of chitosan at 200 mg 1"^

enhanced nutrient uptake of water stressed plants.

Van et al. (2013) studied the role of chitosan nanoparticles on Robusta

coffee grown imder greenhouse conditions. They reported that application of

chitosan at 10-20 ppm enhanced nutrient uptake from 9.8 to 27.4 per cent N, 17.3

to 30.4 per cent P, 30 to 45 per cent K than untreated control.



Materials andMetfiods



3. MATERIALS AND METHODS

Studies on "Chitosan mediated metabolite elicitation and growth responses

in kasthuri turmeric {Curcuma aromatica Salisb.)" were carried out at the

Department of Plantation Crops and Spices, College of Agriculture, Vellayani,

Thiruvananthapuram during 2017-2019. The objective of this experiment was to

study the effect of different concentrations of chitosan on plant growth, yield and

metabolite production in Curcuma aromatica.

The details of the materials used and methods adopted for the study are

presented in this chapter.

3.1 EXPERIMENT DETAILS

3.1.1 Planting material

The planting material (Plate 1) for the experiment were procured from the

Instructional Farm, College of Agriculture, Vellayani. Healthy, disease and pest

free rhizome bits having 2-3 buds weighing 10-12 g were planted in growbags. The

growbags were filled with potting mixture (sand: soil: compost-l:l:l). The crop

was raised organically as per adhoc organic POP (KAU, 2013). The general view

of the experimental area is presented in Plate 2.

3.1.2 Season

The experiment was carried out during June 2018 to January 2019.

3.1.3 Design of the experiment

The experiment was laid out in completely randomized block design (CRD)

with nine treatments and three replications. Twenty one plants were maintained in

each treatment.
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Plate 1. Planting material of C aromatica A) Rhizome B) 2-3 budded rhizome bits
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Plate 2. General view of experimental area



3.1.4 Treatment details

The foliar spray of chitosan at different levels were given to the plants at 3

and 5 months after planting (MAP). The chitosan solution was prepared by

dissolving the chitosan in 0.25 per cent glacial acetic acid. The spray volumes

applied per plant at 3 MAP and at 5 MAP were 60 ml and 100 ml, respectively. The

details of the treatments are depicted in Table 1.

Table 1. Details of the treatments

Treatments Name of the treatment

Ti Chitosan 0.5 g 1"'

T2 Chitosan 1.0 g 1"'

T3 Chitosan 1.5 g 1"'

T4 Chitosan 2.0 g 1"*

Ts Chitosan 2.5 g 1"'

Te Chitosan 3.0 g 1"^

Tt Acetic acid (0.25 %) spray

Ts Water spray

T9 Control

3.2 OBSERVATIONS

3.2.1 Plant growth parameters

The observations on plant height, number of tillers, number of leaves, leaf

area and shoot weight were taken one month after each foliar application i.e. 4 and

6 MAP. The observations on rhizome spread, rhizome thickness, number of fingers,

root length, root spread and root weight were recorded at 4 MAP, 6 MAP and at

harvest.



3.2.1.1 Plant height

The height of the longest tiller was measured from the base of the plant to

the top of the young fully opened leaf. The mean value was recorded and expressed
in centimeter (cm).

3.2.1.2 Number of tillers

The number of aerial shoots per plant was counted. The mean number was

recorded.

3.2.1.3 Number of leaves

The number of fully opened leaves of each tiller from sample plants was

counted and the total number of leaves per plant was recorded, mean value

estimated.

3.2.1.4 Leaf area

Leaf area was calculated based on length and breadth method and expressed

in cm^.

The following relationship was used for computing leaf area (Randhawa et al,

1985).

Y = 4.09 + 0.564 (Length x Breadth),

Where, Y = Leaf area

Length = Length of the leaf in cm

Breadth = Breadth of the leaf in cm

3.2.1.5 Rhizome spread

The horizontal spread of rhizome was measured using a meter scale. The

mean value estimated and expressed in centimeter (cm).
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3.2.1.6 Rhizome thickness

Rhizome thickness was measured using micrometer screw gauge. The mean

value was recorded and expressed in cm.

3.2.1.7 Number of fingers

The total number of fingers including primary, secondary and tertiary from

the mother rhizome were counted and mean value recorded.

3.2.1.8 Root length

The plants were uprooted with whole rhizome and maximum length of roots

were measured and the mean length expressed in centimeter (cm).

3.2.1.9 Root spread

Root spread was measured by spreading the root system on a marked paper

and measuring the spread of the root system at its broadest part. The mean value

was calculated and expressed in cm.

3.2.1.10 Root weight

Roots were separated from individual plants and weighed to record the fresh

weight. It was then dried in hot air oven at 70°C till constant weight was obtained

and weighed again to record dry weight and expressed in g plant'^

3.2.1.11 Shoot weight

The above ground part of the plant was separated and weighed to record the

fresh weight. It was then dried in hot air oven at 70°C till constant weight was

obtained, weighed again to record the dry weight. The shoot weight was expressed

in g plant" ̂

3.2.2 Metabolite production

The observations on chlorophyll content, total proteins and defense

enzymes were recorded at 4 and 6 months after planting. The observations on
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curcumin content, volatile oil, oleoresin and carbohydrate (starch, reducing sugar)

were recorded at harvest.

3.2.2.1 Chlorophyll content

Leaf bits (O.lg) collected from both control and treatment plants were

washed in distilled water and used for the estimation of chlorophyll. Pigments were

extracted from leaf bits by using acetone: DMSO (1:1) mixture. The leaf sample

were incubated in acetone: DMSO solution in the dark for overnight. The coloured

solution was decanted into measuring cylinder and made up to 10 ml. The

absorbance was recorded at 663 and 645 nm using UV- visible spectrophotometer.

Chlorophyll 'a'. Chlorophyll 'b' and Total chlorophyll was estimated as described

by Amon (1949) and expressed in mg g"' of fresh weight. The formula for

calculating Chlorophyll 'a'. Chlorophyll 'b' and total chlorophyll is as given below.

Chlorophyll a = [{12.7 (A663) - 2.69 (A645)} x volume/ (weight x 1000)]

Chlorophyll b = [{22.9 (A645) - 4.68 (A663)} x volume/ (weight xlOOO)]

Total chlorophyll = [{20.2 (A645) + 8.01 (A663)} x volume/weight] x 1000

3.2.2.2 Total proteins

Total protein content was estimated as per procedure described by Bradford

(1976) using bovine serum albumin as the standard. 0.5 g of sample was taken and

grinded in 10 micro liter of PBS solution. After centrifuging, supernatant was

collected. Four milliliter of Coomassie brilliant blue dye was added to the solution.

Blank solution was also prepared and absorbance was measured at 595 nm using

spectrophotometer. Values were calculated using standard graph and expressed in

mg g"'.



3.2.2.3 Defense enzymes

3.2.2.3.1 Catalase

Catalase activity was measured as per procedure described by Luck (1974).

200 mg of leaf sample was prepared in phosphate buffer. The homogenate was

centrifuged at 5000 rpm for 15 min at 4°C and the supernatant was used for the

enzyme assay. The H202-phosphate buffer (3 ml) was taken in an experimental

cuvette. This was followed by the rapid addition of 40 pi of enzyme extract and was

mixed thoroughly. The time required for a decrease in absorbance by 0.05 units was

recorded at 240 nm. The enzyme solution containing H2O2- free phosphate buffer

served as control. One enzyme unit was calculated as the amount of enzyme

required to decrease the absorbance at 240 nm by 0.05 units and it is expressed as

units ml'^

3.2.2.3.2 Peroxidase

Peroxidase activity was measured according to the procedure described by

Peru (1962). Leaf sample (200 mg) was homogenized in 1 ml of 0.1 M sodium

phosphate buffer (pH 6.5) to which a pinch of polyvinyl pyrrolidone (PVP) was

added. The supernatant was filtered through a muslin cloth and centrifuged at 5000

rpm for 15 min at 4°C. The supematant was used as the enzyme extract for the

assay.

Reaction mixture containing 1 ml of 0.05 M pyrogallol and 50 pi of enzyme

extract was taken in both reference and sample cuvettes, mixed and kept in

spectrophotometer (ELICO-SL 218 Double Beam), reading was adjusted to zero at

420 nm. The enzyme reaction was started by adding 1 ml of 1 per cent hydrogen

peroxide (H2O2) in to sample cuvettes and change in absorbance was measured

every 30 sec up to 3 min. One unit of peroxidase is defined as the change in

absorbance/min at 420 nm and it is expressed as activity g"' min'^
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3.2.2.3.3 Superoxide Dismutase (SOD)

Superoxide dismutase activity was measured by the method described by

Beauchamp and Fridovich (1971). Grind 1 g of clean tissue in 10 ml ice cold 50

mM potassium phosphate buffer, pH 7.8 in a pre-chilled pestle and mortar. The

homogenate was centrifuged at 10,000 rpm for 10 min at 4''C and the supernatant

was used for assay. Mix a 3 ml reaction mixture containing 50 mM potassium

phosphate buffer, 13 mM methionine, 2 pM riboflavin, 0.1 mM EDTA, 75 pM

NET (Nitroblue tetrazolium) and pi of crude enzyme extract, in duplicate. Make up

the volume equal by adding double distilled water. Set a blank without enzyme and

NET to calibrate the spectrophotometer (ELICO-SL 218 Double Beam). Set

another control having NET but no enzymes as reference control. Expose all the

tubes to 400 W bulb for 15 min. Read the absorbance immediately at 560 nm.

Calculate the percentage inhibition. The 50 per cent inhibition of the reaction

between riboflavin and NET in the presence of methionine was taken as 1 unit of

SOD activity and it is expressed as activity g"' min"'.

3.2.2.4 Curcumin content

Dissolve 0.2 g of powdered dry rhizome of C. aromatica in 250 ml of

absolute ethanol. Reflux the contents in the flask fitted with an air-condenser over

a heating mantle for 3-5 h, compensate alcohol loss if any due to evaporation by

adding alcohol freshly in to the flask. Cool and decant the extract into a volumetric

flask and make up the volume. Dilute a suitable aliquot (1 ml) to 10 ml with absolute

alcohol. Measure the intensity of yellow colour at 425 nm in a spectrophotometer

(Sadasivam and Manickam, 2008).

Percentage of curcumin = 0.0025 x A425 x volume made up x dilution factor xlOO

0.42 X weight of sample (g) x 1000

Since 0.42 absorbance at 425 nm = 0.0025g curcumin
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3.2.2.5 Volatile oU

Coarsely ground powder of dried rhizome was used for estimating volatile

oil. The method adopted was hydro distillation using Clevenger distillation

apparatus for 3-4 h. The oil content was expressed in percentage (v/w) on dry

weight basis.

Percentage of volatile oil (v/w) = (Volume of oil (ml)/ Weight of sample (g))*100

3.2.2.6 Oleoresin

Finely ground powder of dried rhizome was used for estimating oleoresin.

The method adopted was solvent extraction using Soxhlet apparatus for 1 h. The

content was expressed in percentage (v/w) on dry weight basis.

Percentage of oleoresin (v/w) = (Volume of extract (ml)/Weight of sample (g))* 100

3.2.2.7 Carbohydrate

The carbohydrate content present in the rhizome of C. aromatica was

estimated by using the procedure given by Hedge and Hofreiter (1962). 100 mg of

fresh rhizome were weighed and hydrolysed with 5 ml of 2.5 N HCl in a boiling

water bath. The hydrolysate was then neutralized with Na2C03 until the

effervescence ceased. The volume was made upto 100 ml and centrifuge the

contents at 5000 rpm for 15 min. From the supernatant, 0.5 ml aliquot was taken

and made up the volume to 1 ml using distilled water. Anthrone reagent (4 ml) was

added to this and boiled in a water bath for 8 min. After cooling, the absorbance

was measured using a spectrophotometer at 630 nm. From the standard graph

amount of carbohydrate was estimated. It was expressed in mg g"' on fresh weight

basis.

3.2.2.7.1 Starch

Starch content in rhizome was estimated using Anthrone method (Mc

Cready et al, 1950). Plant sample of 0.1 g was taken and homogenized in hot 80
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per cent ethanol. Centrifuged the homogenate and the residue was retained. Then it

was washed repeatedly with hot 80 per cent ethanol till the washing does not give

any colour with anthrone reagent. The residue was then dried well over a water

bath. Added 5 ml water and 6.5 ml, 52 per cent perchloric acid to the dried residue

and mixed well and it was extracted at 0°C for 20 min. The solution was centrifuged

and saved the supematant. The extraction was repeated using fresh perchloric acid.

The supematant was pooled after centriftigation and made up to 100 ml.

An aliquot of 0.1 ml of the supematant was taken and made up to 1 ml using

distilled water. The standard was prepared by taking 0.2, 0.4, 0.6, 0.8 and 1 ml of

the working standard solution and made up the volume to 1 ml in each test tube

using distilled water. Added 4 ml of anthrone reagent to each test tubes. These were

heated in a water bath for 8 min and cooled rapidly. The intensity of colour change

from green to dark green was measured at 630 nm. The glucose content was

calculated using the standard curve. Starch content of the sample was obtained by

multiplying the value by a factor of 0.9 and it was expressed in mg g'^

3.2.2.7.2 Reducing sugar

Reducing sugar content in plant sample was determined by using Dinitro

Salicylic acid (DNS) method (Somogyi, 1952). Rhizome weighing 0.1 g was taken

and the sugars were extracted with hot 80 per cent ethanol, twice. The supematant

was collected after centriftigation and boiled it on water bath at 80°C till whole

alcohol was evaporated. 10 ml of water was added to it for dissolving the sugar.

One ml of the sample was pipetted out in to test tubes and made up the volume to

3 ml using distilled water. 3 ml of DNS reagent was added and it was then heated

in a boiling water bath for 5 min. Rochelle salt solution (40 per cent, w/v) 1 ml was

added to the test tubes when the contents were hot. After cooling the intensity of

dark red colour was measured using UV spectrophotometer at 510 nm. The amoimt

of reducing sugar in the sample was calculated using a standard graph prepared

from working standard glucose solution and it was expressed in mg g"^



3.2.3 Physiological parameters

The observation on dry matter production was recorded at 4 MAP, 6 MAP

and at harvest. The observation on leaf area index, net assimilation rate, stomatal

conductance, photosynthetic rate, proline content and cell membrane integrity were

recorded at 4 and 6 MAP.

3.2.3.1 Dry matter production

The shoot, rhizomes and roots of the uprooted plants were separated and

dried to a constant weight at 70°C in a hot air oven. The sum of dry weights of

component parts gave the total dry matter production of the plant and expressed in

g planf^

3.2.3.2 Leaf area index

Maximum length and width of leaves from all the sample plants were

recorded separately and leaf area was calculated based on length and breadth

method.

LAI = Sum of leaf area of N samples (cm^)

Area of land covered by N plants (cm^)

3.2.3.3 Net assimilation rate (NAR)

Net assimilation rate was calculated as per the procedure described by

Williams (1946) on plant dry weight basis. NAR was calculated using the formula

given below and expressed in g m^ day"'.

NAR = (W2-W1) X (loge A2- loge Ai)

(t2 - ti) X (A2 - Ai)

Where,

W2- total dry weight of the plant in g at time t2

Wi - total dry weight of the plant in g at time ti



(t2- ti) - time interval in days

A2 - leaf area (m^) at time t2

Ai - leaf area (m^) at time ti

3.2.3.4 Stomatal conductance

Stomatal conductance was measured at morning time between 8.30 am and

11 am using a portable photosynthetic system (Model: CIRAS-3 Ver. 1.06,

Amesbury, U.S.A) and was expressed in mmoles m'^ s'^

3.2.3.5 Photosynthetic rate

Photosynthetic rate was measured at morning time between 8.30 am and 11

am using a portable photosynthetic system (Model: CIRAS-3 Ver. 1.06, Amesbury,

U.S.A) and was expressed in pmoles C02m"^ s"^

3.2.3.6 Proline content

Proline content was estimated as per the procedure described by Bates et al.

(1973). A known amoimt (0.5g) of mid-leaf portion was homogenized with 10ml

of 3 per cent aqueous sulphosalicylic acid and centrifiiged at 3000 rpm for 15 min.

2ml of the supernatant was taken and mixed with an equal amount of glacial acetic

acid and acid ninhydrin. The contents were allowed to react at 1000°C for one hour

in water bath. The reaction was terminated by keeping it in ice bath for 10 min. The

reaction mixture was mixed with 4ml toluene using vortex mixture for 15 - 20 sec.

The chromophore containing toluene was aspirated from aqueous phase, warmed

to room temperature and the optical density was read at 520nm with toluene as

blank. A standard curve was dravra using concentration verses absorbance.

The concentration of proline was determined from graph and expressed as follows

p moles g"' tissue = {[(pg proline / ml) x ml toluene] / 115.5} x (5 / g sample),

where 115.5 is the molecular weight of proline.
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3.2.3.7 Ceil membrane integrity

Cell membrane integrity was estimated as per the procedure described by

Blum and Ebercon (1981). Leaf samples collected from both control and different

treatments were washed three times in deionized water to remove electrolytes

adhered on the surface. Samples were kept in a capped vial (20 ml) containing 10

ml of deionized water and incubated in the dark for 24 h at room temperature. The

conductance was measured with a conductivity meter. After the fnst measurement,

the vials were autoclaved for 15 min to kill the leaf tissue and release the

electrolytes. After cooling, the second conductivity reading was taken. These two

measurements were carried out individually for both control and treated plants. Cell

membrane stability index was calculated by using following formula and expressed

as per cent.

CMS (per cent) = [ 1- (Ti/ T2) /1- (Ci/ C2)] x 100

Where, T and C refer to the treatment and control samples respectively. The

subscripts 1 and 2 refer to the initial and final conductance readings, respectively.

3.2.4 Yield and yield components

3.2.4.1 Fresh rhizome yield

The fresh rhizome yield of observational plants from each treatment was

recorded at the time of harvest and the mean was expressed in g planf^

3.2.4.2 Dry rhizome yield

The fresh rhizomes were dried at 70°C in hot air oven till constant weight

was obtained and the mean was expressed in g plant'^

3.2.4.3 Crop duration

The number of days taken from planting to harvest was recorded for each

treatment.
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3.2.4.4 Harvest Index

Harvest Index was calculated during harvest as the ratio of economic yield

to the biological yield.

HI = Economic yield

Biological yield

Where,

Economic yield - total dry weight of rhizome

Biological yield - total dry weight of whole plant

3.2.5 Uptake of major nutrients (N, P and K)

The estimation of major plant nutrients such as N, P and K was done as per

the procedure given by Jackson (1973). Nitrogen was estimated by Microkjeldahl

method. For the analysis of? and K, diacid extracts were prepared by digesting 1 g

of the sample in 15 ml of 2:1 concentrated nitric perchloric acid mixture. Aliquots

of digests were taken for the analysis of total P and K. P was determined

calorimetrically by Vanadomolybdo phosphoric yellow colour method. The yellow

colour was read in a spectro photometer at a wavelength of470 nm. K was estimated

using flame photometer. The contents were calculated and expressed in percentage.

The uptake of N, P and K contents by the plant was calculated by the nutrient

contents of the plant with respective dry weight of the plant parts and expressed as

g plant"'.

3.3 Statistical analysis

Statistical analysis was done using OPSTAT developed by Haryana

Agriculture University, a web based agriculture statistical package available at

www.hau.ac.in
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4. RESULTS

The study entitled "Chitosan mediated metabolite elicitation and growth

responses in kasthuri turmeric {Curcuma aromatica Salisb.)" was carried out at

the Department of Plantation Crops and Spices, College of Agriculture, Vellayani,

Thiruvananthapuram during 2017-2019. The data collected from the experiment

were statistically analysed and the results are presented in this chapter.

4.1 PLANT GROWTH PARAMETERS

The different concentrations of chitosan (0.5, 1, 1.5, 2, 2.5 and 3 g 1"')

were sprayed on kasturi turmeric plants at two different periods of crop growth

viz., 3 and 5 months after planting (MAP). The observations on plant growth

parameters viz., plant height, number of tillers, number of leaves, leaf area,

rhizome spread, rhizome thickness, number of fingers, root length, root spread,

root weight and shoot weight were recorded at one month after each spraying i.e.

4 and 6 MAP. The plants at different stages of growth are presented in Plate 3.

4.1.1 Plant height (cm)

The effect of different concentrations of chitosan on plant height, recorded

at 4 and 6 MAP are presented in Table 2. At 4 MAP, no significant variation was

observed among the various chitosan treatments. However, Chitosan @ 2.5 g 1"^

(Ts) recorded the highest plant height (101.37 cm) and the control (T9) recorded

the lowest height (87.17cm).

At 6 MAP, the plant height showed significant variation among the

treatments. Chitosan @ 3 g 1"^ (Te) recorded a plant height of 109.91 cm, which

was on par with all other treatments with chitosan (Ti, T2, T3, T4 and T5). The

acetic acid spray (T?) recorded the lowest plant height of 90.56 cm which was on

par with water spray (Tg) and control (T9). Chitosan treatments had significant

influence on plant height at 6 MAP compared to those treatments devoid of it.
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Plate 3. C. aromatica plants at different stages of growth A) 1 MAP B) 3 MAP C) 5 MAP
D) at harvest
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4.1.2 Number of tillers

The effect of foliar spray of chitosan on number of tillers at 4 and 6 MAP

are presented in Table 2. Number of tillers did not show any significant variation

at 4 and 6 MAP, among the various treatments tried. This indicated that the

chitosan treatments did not have any influence on the tiller production in kasthuri

turmeric

4.1.3 Number of leaves

Table 3 represents the data on the effect of chitosan spray at different

concentrations on number of leaves in kasturi turmeric. The number of leaves in

plant differed significantly due to chitosan treatments at plant growth stages, 4

and 6 MAP. At 4 MAP, the highest number of leaves (12.53) was recorded in the

treatment with chitosan 3 g 1"' (Te) which was on par with chitosan 1.5 g 1"^ (Ts)

and chitosan 2.5 g 1'^ (Ts). The lowest number of leaves (8.63) was observed in

the control treatment (Tg).

At 6 MAP, Ts recorded highest value in number of leaves (30.89) which

was on par with Ts, T4 and Te. T? recorded least value (22.78) which was found to

be on par with Ti, Tg and T9.

4.1.4 Leaf area

The leaf area of Kasturi turmeric at 4 and 6 MAP as influenced by foliar

spray of chitosan is presented in Table 4. At 4 MAP, there was significant

increase in the leaf area (8593.78 cm^, 7894.82 cm^) in treatments chitosan @ 2.5

g 1"' (T5), chitosan @ 3 g 1'* (Te) respectively compared to other treatments. The

lowest value was recorded in control plants T9 (4653.30 cm^).

At 6 MAP, maximum leaf area was recorded in Ts (21735.79 cm^), which

was on par with all chitosan treatments except Ti. The control plants recorded the

lowest leaf area (13441.22 cm^), which was on par with Ti, T7 and Tg. The data

indicates that chitosan foliar spray, irrespective of concentration could

significantly increase the leaf area in C. aromatica.
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Table 3. Effect of foliar spray treatments on number of leaves in C. aromatica

Treatments

Number of leaves

4 MAP 6 MAP

Ti (Chitosan 0.5 g 1"^) 8.8±0.36 24.22±1.49

T2 (Chitosan 1.0 g 1"') 8.73±0.94 26.67±2.84

T3 (Chitosan 1.5 g 1"*) 10.30±0.51 30.33±2.22

T4 (Chitosan 2.0 g T^) 10.20±1.40 29.00±3.21

Ts (Chitosan 2.5 g 1"^) 12.40±0.20 30.89±0.11

Te (Chitosan 3.0 g 1"') 12.53±0.62 30.11±2.00

T? (Acetic acid spray) 9.23±0.31 22.78±1.42

Tg (Water spray) 8.67±1.20 23.11±0.29

T9 (Control) 8.63±0.20 23.11±0.59

SEm(±) 0.76 1.89

CD (0.05) 2.290 5.602

SI



Table 4. Effect of foliar spray treatments on leaf area (cm^) in C. aromatica

Treatments

Leaf area (cm^)

4 MAP 6 MAP

Ti (Chitosan 0.5 g 1'^) 5085.31±143.60 16008.45±699.39

T2 (Chitosan 1.0 g 1'^) 5194.35±659.75 18059.41±1832.17

T3 (Chitosan 1.5 g 1"') 5559.74±392.95 20148.60±1453.94

T4 (Chitosan 2.0 g 1"') 5682.54±1038.90 18811.16±1648.61

Ts (Chitosan 2.5 g 1"') 8593.78±542.77 21735.79±226.01

Te (Chitosan 3.0 g 1"^) 7894.82±304.67 20886.06±1683.53

T? (Acetic acid spray) 5379.86±47.13 14270.72±1457.38

Tg (Water spray) 4961.70±657.30 14103.90±296.23

T9 (Control) 4653.30±281.04 13441.22±739.27

SEm(±) 536.48 1261.84

CD (0.05) 1606.318 3778.166

3>C



4.1.5 Rhizome spread (cm)

There was no significant difference found in the rhizome spread of C

aromatic in response to various foliar spray treatments at 4 and 6 MAP. However,

significant variation was observed at harvest among the treatments. The data is

illustrated in Table 5. At harvest, the plants sprayed with chitosan 3 g 1'' (Te)

recorded significantly higher value (29.50 cm) among the treatments. This was on

par with chitosan 2.5 g 1"' (Ts) and the value recorded was 29 cm. The lowest

rhizome spread (23.83 cm) was noticed in acetic acid spray (T?) and this was

found on par with all other treatments except Ts and Te.

4.1.6 Rhizome thickness (cm)

The influence of various foliar spray treatments on rhizome thickness is

illustrated in Table 5. At 4 MAP, no significant difference in rhizome thickness

was observed among the treatments. However, significant variation was observed

at 6 MAP and at harvest. At 6 MAP, chitosan 2.5 g 1"' (Ts) showed maximum

rhizome thickness (2.46 cm) which was on par with T2, T3, T4 and Te. The least

rhizome thickness (1.73 cm) was recorded in T?, which was on par with Ti, Tg and

T9. The same trend followed at harvest stage also. The highest value (3.17 cm)

was recorded in Ts. This was observed to be on par vvdth Te (3.09 cm). T?

registered minimum value (1.99 cm) for rhizome thickness and was on par with

Ti, T2, Tg and T9.

4.1.7 Number of fingers

The result on the effect of various foliar spray treatments on number of

fingers of C. aromatica is shown in Table 6. From the table it is clear that chitosan

foliar spray at higher concentration had significant effect on number of fingers. At

all stages of observation (4 MAP, 6 MAP and at harvest), Te showed maximum

number of fingers (14.39, 22.05 and 22.46 respectively), which was on par with

Ts (12.81, 20.93, 21.56 respectively). The lowest values (7.62 and 13.81) was

recorded in Tg at 4 MAP and at harvest, respectively. This was on par with Ti, T2,

3T
5:3
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Table 6. Effect of foliar spray treatments on number of fingers in C. aromatica

Treatments

Number of fingers

4 MAP 6 MAP At harvest

Ti (Chitosan 0.5 g 1"') 7.90±0.88 13.78±0.98 15.19±0.47

T2 (Chitosan 1.0 g 1"') 8.89±0.87 14.69±1.10 15.64±0.89

T3 (Chitosan 1.5 g 1'^) 10.79±0.97 15.92±0.44 17.03±0.18

T4 (Chitosan 2.0 g 1"^) 10.38±1.25 19.51±1.12 19.74±0.61

Ts (Chitosan 2.5 g 1'^) 12.81±1.37 20.93±0.6 21.56±0.63

Te (Chitosan 3.0 g 1'^) 14.39±0.43 22.05±1.17 22.46±1.18

T? (Acetic acid spray) 8.22±1.02 14.34±0.53 15.30±0.53

Tg (Water spray) 7.62±0.47 13.05±1.25 13.81±0.74

T9 (Control) 8.57±0.59 12.77±0.81 14.40±0.75

SEm(±) 0.93 0.96 0.72

CD (0.05) 2.758 2.848 2.145

3S



Ty and T9. At 6 MAP, T9 recorded the lowest value (12.77) which was on par with

Ti, T2, T? and Tg.

4.1.8 Root length (cm)

Table 7 illustrates the values of root length of C. aromatica with response

to various foliar spray treatments. At 4 MAP, there was no significant difference

in root length among the treatments. Plants which were sprayed with chitosan at

2.5 g 1"' (Ts) recorded maximum root length (52 cm) followed by those sprayed

with chitosan at 3 g 1"^ (Te) which gave a root length of 44 cm.

At 6 MAP and at harvest, significant variation was observed in root length

among the various foliar spray treatments. At both stages, the treatments Is and

Te produced significantly higher root length. At 6 MAP, the highest value (56.67

cm) was recorded in chitosan 2.5 g 1"' (Ts) which was on par with Te which

recorded a root length of 55.67cm. Water sprayed treatment (Tg) recorded the

lowest value (33 cm) which was on par with T? and T9 with values 34.33 cm and

35.67 cm. At harvest, the highest root length (56.76 cm) recorded in Te which was

significantly superior and found to be on par with T5. This was followed by T4 and

T3 with values 49.17 cm and 46.43 cm. The control plants (T9) recorded the least

value for root length (38.63 cm) and was on par with T? (40.55 cm) and Tg (38.80

cm).

4.1.9 Root spread

Table 7 represents the effect of different foliar spray treatments on root

spread of the C. aromatica plants at different periods of observation. No

significant variation in root spread was observed at 4 MAP. At 6 MAP, chitosan 3

g r' (Te) showed maximum root spread (48.33 cm) which was on par with Ts (47

cm). T4 recorded the lowest value (32.67 cm) which was on par with all other

foliar spray treatments except Ts and Te.

At the time of harvest, Ts was foimd to give maximum root spread (49.10

cm) among the various foliar spray treatments and was on par with Te (48.53 cm).

The lowest value (33.72 cm) found in Tg, which was on par with Ti, T2, T? and T9.

-5^
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4.1.10 Root weight

The data on the influence of different foliar spray treatments on root (fresh

and dry) weight at 3 different periods (4 MAP, 6 MAP and at harvest) of

observation is presented in Table 8. There was no significant difference in both

fresh and dry weight of root at 4 MAP.

At 6 MAP there was a significant difference in root weight (fresh and dry)

observed among the treatments. Te recorded the highest root weight (31.29 g

plant"* and 15 g plant"*) which was statistically on par with Ta, Ta, T4 and T5. The

control plants recorded the lowest root weight with a fresh weight of 14.99 g

plant"* and dry weight of 7.18 g plant"*.

At harvest, no significant difference was found among the treatments for

both fresh and dry weight of root.

4.1.11 Shoot weight

The results of shoot weight of the plants at 2 different growth periods, 4

and 6 MAP are presented in Table 9. Among the various foliar spray treatments,

significant variation was observed in shoot weight at both the periods. At 4 MAP,

chitosan 2.5 g 1"* (T5) produced maximum shoot weight in both fresh (75.33 g

plant"*) and dry (42.69 g plant"*) stages. This was found on par with chitosan 2 g

1"* (T4) and 3 g 1"* (T6). The fresh (65.98 g plant"* and 72.94 g plant"*) and dry

(36.03 g plant"* and 40.53 g plant"*) weights were recorded in T4 and T6,

respectively. The lowest values of fresh (54.55 g plant"*) and dry (26.33 g plant"*)

weights were obtained with acetic acid spray (T?). This was found to be on par

with all the treatments except T4, T5 and Te.

At six month after planting, plants treated with chitosan at 3 g 1"* (Te)

recorded significantly superior fresh shoot weight (126.33 g plant"*) which was

observed to be on par with Ts (113.92 g plant"*) and T5 (125.56 g plant"*). The dry

weight of shoots was also the highest in Te (63 g plant"*) which was found on par

with Ts (61g plant"*). The shoot weight, both fresh (89.82 g plant"*) and dry (39.17

g plant"*) weight was found to be the lowest in T7.

SB-
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4.2 METABOLITE PRODUCTION

4.2.1 Chlorophyll content

The data presented in the Table 10 showed the results of chlorophyll a, b

and total chlorophyll content of the plants at 4 and 6 MAP. The foliar spray

treatments did not show any significant variation in chlorophyll content

(chlorophyll a, b and total chlorophyll) at 4 MAP.

However, at 6 MAP, the treatments varied significantly v^th respect to

chlorophyll content. Chitosan 2.5 g 1"^ (Ts) recorded significantly higher

chlorophyll a content (1.397 mg g"') compared to all other treatments while acetic

acid spray treatment recorded 0.809 mg g-' which was the lowest. For chlorophyll

b, chitosan 3 g 1'^ (Te) registered significantly higher value (0.615 mg g"') which

was on par with Ts and T4. However treatment T? recorded the lowest value

(0.313 mg g"'). Treatment Ts gave significantly higher value of total chlorophyll

content (1.959 mg g"^) and was on par with T4 and Te. The least value (1.123 mg
g"') of total chlorophyll content was observed in the T?.

4.2.2 Total Proteins

The effect of different foliar spray treatments on Curcuma aromatica

plants at 4 and 6 MAP is shown in Table 11. Significant difference existed in the

total protein content, among the treatments at both the periods of observation. The

highest content of total protein exhibited by chitosan 2.5 g 1"' (Ts) at 4 MAP with

a mean value of 6.89 mg g"' and was significantly superior compared to all other

treatments. Treatment chitosan 3 g 1"' (Te) held the next highest value (5.97 mgg"')

and found to be on par with chitosan 2 g 1"' (T4) which is having a mean value of

total protein content 5.35 mg g''.The foliar spray with acetic acid (T?) recorded

the lowest value (2.93 mg g'^) among the treatments which was found to be on par

with Tg (3.14 mg g"') and T9 (3.75 mg g"')

During 6 MAP, treatment Te recorded maximum mean value for total

protein content (8.46 mg g"') and was found to be on par with Ts (8.35 mg g"^) and

h5
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T4 (8.24 mg g'^). Control treatment (T9) recorded the least value (5.72 mg g"')

which was on par with Tg (6.14 mg g"') and T? (6.16 mg g"').

4.2.3 Defense enzj mes

The results indicated that the application of chitosan had significantly influenced

the enzyme activity in the crop.

4.2.3.1 Catalase

The data on the influence of different foliar spray treatments on enzyme

activity in C. aromatica, at 4 and 6 MAP is depicted in Table 12. Catalase enzyme

activity showed significant variation among the treatments tried. At 4 MAP,

chitosan 3 g 1'^ (Te) gives highest value (685.580 U ml"') of catalase enzyme

activity. This was found to be on par with Ts (675.367 U ml"'). But least enzyme

activity was noticed in T? (451.830 U ml"'), which was on par with control

(458.867 U ml"'). At 6 MAP also, Ts recorded significantly superior value

(883.360). This was on par with Ts (838.690 U ml"') and T4 (811.127 U ml"') The

lowest catalase enzyme activity (669.320 U ml"') was observed in T9, which was

on par with all other treatments except T4, Ts and Te. This indicated that foliar

spray of chitosan at lower concentrations (0.5, 1 and 1.5 g 1"') did not improve the

catalase activity.

4.2.3.2 Peroxidase

The results obtained for the peroxidase enzyme activity in C. aromatica at

four and six month after planting on different foliar spray treatments are

illustrated in Table 12. The data described significant enhancement in peroxidase

activity at both periods of observation. Chitosan 2.5 g 1"' (Ts) recorded maximum

peroxidase activity (4.308 activity g"' min"') at 4 MAP. This was observed to be

on par with Te (4.300 activity g"' min"'). This was followed by treatment chitosan

2 g r' (T4) and chitosan 2.5 g 1"' (T3) which were recorded 3.054 activity g"' min"'

and 2.474 activity g"' min"' respectively. The least peroxidase activity (0.791

43



Table 11. Effect of foliar spray treatments on total protein content (mg g'^) in C. aromatica

Treatments

Total protein content (mg g"^)

4 MAP 6 MAP

Ti (Chitosan 0.5 g 1"') 4.76±0.27 6.21 ±0.18

T2 (Chitosan 1.0 g 1"') 4.74±0.23 6.15±0.16

T3 (Chitosan 1.5 g 1"') 4.65±0.38 7.12±0.18

T4 (Chitosan 2.0 g 1"') 5.35±0.40 8.24±0.11

Ts (Chitosan 2.5 g 1'^) 6.89±0.22 8.35±0.35

Te (Chitosan 3.0 g 1'^) 5.97±0.11 8.46±0.26

T? (Acetic acid spray) 2.93±0.15 6.16±0.30

Tg (Water spray) 3.14±0.23 6.14±0.39

T9 (Control) 3.75±0.33 5.72±0.35

SEm(±) 0.27 0.27

CD (0.05) 0.822 0.813



activity g'* min"') was recorded in control treatment (Tg), which was on par with

Ti, T2, T7 and Tg.

At 6 MAP, maximum peroxidase activity (5.344 activity g"' min"') was

recorded in the treatment Te, which was on par with T5 (5.063 activity g"' min'').

The lowest peroxidase activity (1.503 activity g"' min"') was recorded in Tg, which

was on par with all other treatments except Ts and Te. This indicated that foliar

spray of chitosan at lower concentrations (0.5, 1, 1.5 and 2.0 g T') did not

influence the peroxidase activity.

4.2.3.3 Superoxide dismutase (SOD)

The response of superoxide dismutase activity to different foliar spray

treatments in C. aromatica were analaysed at 4 and 6 MAP and the results are

presented in Table 12. At 4 MAP, Chitosan 3 g 1"' (Te) was found to be

significantly superior in superoxide dismutase activity, among the treatments. The

activity recorded was 0.140 activity g"' min"' in Te. This was followed by Ts

(0.099 activity g"' min"'). The lowest value was registered in Tg (0.026 activity g"'

min"').

T6 recorded maximum value (0.290 activity g"' min'') of superoxide

dismutase activity at 6 MAP. This was found to be on par with Ts (0.271 activity

g"' min"') and T4 (0.234 activity g"' min"'). All other treatments were on par with

control plants which was recorded the lowest enzyme activity (0.123 activity g"'

min"'). Here also, results indicated that foliar spray of chitosan at lower

concentrations (0.5 to 1.5 g 1"') did not influence the SOD activity.

4.2.4 Curcumin content

The curcumin content of C. aromatica in response to various foliar spray

treatments are presented in Table 13. Significant variation was observed in

curcumin content among the various treatments. Chitosan 3 g 1"' (Te) holds the

highest curcumin content of 2.18 per cent, which was found to be on par with

treatments Ts (2.03 per cent) and T4 (1.95 per cent). The lowest curcumin content

(1.14 per cent) observed in water spray (Tg) which was on par with T? and Tg.



Ta
bl

e 
12
. 
Ef

fe
ct

 o
f 
fo
li
ar
 s
pr

ay
 t
re

at
me

nt
s 
on

 d
ef

en
se

 e
nz

ym
es

 i
n 
C
 a
ro
ma
ti
ca

L
n

O

T
r
e
a
t
m
e
n
t
s

C
a
t
a
l
a
s
e

(
U
 m
l-

»)

P
e
r
o
x
i
d
a
s
e

(a
ct

iv
it

y 
g"
' m

in
"'
)

S
O
D

(a
ct

iv
it

y 
g"

' m
in

"'
)

4
 M
A
P

6
 M
A
P

4
 M
A
P

6
 M
A
P

4
 M
A
P

6
 M
A
P

Ti
 (C

hi
to

sa
n 
0.

5 
g 

1"
')

4
9
3
.
0
5
7
±
1
2
.
6
1
0

7
2
4
.
1
4
3
±
2
2
.
9
2
1

1
.
0
2
6
±
0
.
1
0
3

1
.
5
7
0
±
0
.
1
3
5

0
.
0
4
1
 ±
0
.
0
0
2

0
.
1
5
1
±
0
.
0
1
7

T2
 (C
hi

to
sa

n 
1.
0 
g 
T'
)

5
5
7
.
8
3
3
±
2
1
.
6
3
0

7
3
3
.
2
9
7
±
2
6
.
4
9
3

1
.
2
2
3
±
0
.
0
9
0

1
.
8
3
8
±
0
.
0
4
1

0
.
0
4
4
±
0
.
0
0
2

0
.
1
9
5
±
0
.
0
2
1

T3
 (C

hi
to
sa
n 
1.

5 
g 
T'
)

5
9
5
.
6
0
0
±
1
6
.
8
9
7

7
4
1
.
9
4
0
±
2
8
.
8
4
5

2
.
4
7
4
±
0
.
3
2
6

2
.
0
1
2
±
0
.
0
8
4

0
.
0
5
2
±
0
.
0
0
2

0
.
1
6
4
±
0
.
0
3
8

T4
 (C
hi
to
sa
n 
2.

0 
g 
T'
)

6
1
9
.
3
1
3
±
1
3
.
4
3
0

8
1
1
.
1
2
7
±
1
3
.
3
4
7

3
.
0
5
4
±
0
.
3
0
0

2
.
1
1
2
±
0
.
0
9
4

0
.
0
6
4
±
0
.
0
0
6

0
.
2
3
4
±
0
.
0
0
4

Ts
 (C

hi
to

sa
n 
2.

5 
g 
T'
)

6
7
5
.
3
6
7
±
1
0
.
5
9
3

8
3
8
.
6
9
0
±
2
4
.
3
1
7

4
.
3
0
8
±
0
.
1
6
1

5
.
0
6
3
±
0
.
4
2
1

0
.
0
9
9
±
0
.
0
1
0

0
.
2
7
1
±
0
.
0
5
1

Te
 (C

hi
to

sa
n 
3.

0 
g 
T'

)
6
8
5
.
5
8
0
±
1
4
.
2
9
5

8
8
3
.
3
6
0
±
2
7
.
4
8
9

4
.
3
0
0
±
0
.
2
7
8

5
.
3
4
4
±
0
.
0
6
6

0
.
1
4
0
±
0
.
0
1
9

0
.
2
9
0
±
0
.
0
7
5

T
?
 (A

ce
ti

c 
ac
id
 s
pr
ay
)

4
5
1
.
8
3
0
±
2
0
.
1
7
7

7
0
1
.
4
4
3
±
3
6
.
6
1
9

1
.
0
4
4
±
0
.
1
3
2

1
.
5
2
5
±
0
.
2
8
3

0
.
0
2
9
±
0
.
0
0
3

0
.
1
2
6
±
0
.
0
0
4

Tg
 (
Wa

te
r 
sp
ra
y)

4
6
8
.
4
3
7
±
2
3
.
4
5
4

6
8
6
.
8
5
3
±
1
3
.
1
0
5

1
.
1
4
1
±
0
.
1
0
2

1
.
5
0
3
±
0
.
2
5
4

0
.
0
2
8
±
0
.
0
0
4

0
.
1
3
9
±
0
.
0
1
2

T
9
 (C
on
tr
ol
)

4
5
8
.
8
6
7
±
2
4
.
3
6
7

6
6
9
.
3
2
0
±
2
8
.
6
1
4

0
.
7
9
1
±
0
.
1
7
3

1
.
5
2
2
±
0
.
1
6
4

0
.
0
2
6
±
0
.
0
0
4

0
.
1
2
3
±
0
.
0
1
0

S
E
m
(
±
)

1
8
.
1
3
6

2
5
.
6
3
8

0
.
2
0
5

0
.
2
0
8

0
.
0
0
8

0
.
0
3
4

C
D
 (
0.
05
)

5
4
.
3
0
3

7
6
.
7
6
4

0
.
6
1
3

0
.
6
2
4

0
.
0
2
3

0
.
1
0
3



1

From the data it is evident that chitosan had influenced the curcumin production

in the rhizomes. The foliar spray with chitosan enhanced curcumin content by

approximately 70 to 80 per cent over the control.

4.2.5 Volatile oil content

The influence of different foliar spray treatments on volatile oil content of

C. aromatica at harvest is illustrated in Table 13. The maximum volatile oil

content (4.50 per cent) was obtained in the treatment chitosan 2.5 g 1"' (Ts), which

was on par with chitosan 2 g 1"' (T4) and chitosan 3 g 1'^ (Te) with 4.08 and 4.25

per cent oil, respectively. Treatment 8 recorded the lowest oil content with 2.25

per cent followed by T9 (2.43 per cent) and T? (2.83 per cent). The higher

concentration of chitosan (2 to 3 g L"') gave 68 to 85 per cent increase in the

volatile oil over the control.

4.2.6 Oleoresin content

The oleoresin content varied significantly in C. aromatica among the

different foliar spray treatments. The data on oleoresin content is presented in

Table 13. C. aromatica plants subjected to foliar spray with Chitosan 3 g 1"' (Te)

produced higher quantity of oleoresin (8.83 per cent) which was observed to be on

par with T4 (7.92 per cent) and Ts (7.83 per cent). Treatment acetic acid spray

(T?) recorded the lowest mean value content of 5.25 per cent which was found to

be on par with T9 (5.58 per cent). The foliar spray at higher concentration of

chitosan (2 to 3 g L'^) was found to enhance the oleoresin content by 42 to 58 per

cent.

4.2.7 Carbohydrate

The data pertaining to the effect of foliar spray treatments on carbohydrate

content of C. aromatica rhizome is presented in Table 14. The carbohydrate

content (18.39 mg g"^) was significantly higher in chitosan Ts. This was observed

to be on par with Ts with a carbohydrate content of 17.76 mg g"'. The lowest

carbohydrate content recorded in T7 (10.90 mg g"') however it was on par with

control plants (11.69 mg g"').
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Table 13. Effect of foliar spray treatments on curcumin, volatile oil and oleoresin (per cent) in C.

aromatica

Treatments Curcumin (%) Volatile oil (%) Oleoresin (%)

Ti (Chitosan 0.5 g 1'^) 1.65±0.09 3.67±0.17 6.50±0.25

Ti (Chitosan 1.0 g 1"') 1.50±0.14 3.58±0.36 6.67±0.22

Ts (Chitosan 1.5 g 1"') 1.71±0.18 3.17±0.30 7.17±0.60

T4 (Chitosan 2.0 g 1'^) 1.95±0.12 4.08±0.36 7.92±0.36

Ts (Chitosan 2.5 g 1'*) 2.03±0.10 4.50±0.29 7.83±0.44

16 (Chitosan 3.0 g 1"^) 2.18±0.13 4.25±0.25 8.83±0.60

T? (Acetic acid spray) 1.26±0.27 2.83±0.17 5.25±0.38

Tg (Water spray) 1.14±0.06 2.25±0.14 6.00±0.76

T9 (Control) 1.17±0.04 2.43±0.16 5.58±0.46

SEm(±) 0.14 0.26 0.48

CD (0.05) 0.428 0.774 1.448



4.2.7.1 Starch content

Table 14 represents the data on starch content of C. aromatica recorded at

harvest, in response to different treatments. The highest starch content is observed

in treatment Te (199.33 mg g"^) which was significantly superior and was on par

with treatment Ts (193.67 mg g'^) and T4 (190.67 mg g"'). Treatment T? recorded

the lowest starch content (92.67 mg g"^), which was found to be on par with T9

(98.33 mg g"') and Tg (102.67 mg g"^).

4.2.7.2 Reducing sugar content

The results of reducing sugar content of C. aromatica at harvest, due to

different treatments, are depicted in table 14. There was significant difference in

reducing sugar content, among the treatments. Out of all the treatments Ts

recorded the highest sugar content of 28.67 mg g"^ which was found on par with

T6 (28 mg g"'). The least sugar content was noticed in T9 (17.73 mg g"') and on

par with T? (17.80 mg g"') and Tg (18.43 mg g"^).

4.3 PHYSIOLOGICAL PARAMETERS

4.3.1 Dry matter production

The data pertaining to dry matter production of C. aromatica plants on

different foliar spray treatments is depicted in Table 15. Significant difference was

observed in dry matter production among the various treatments tried. Maximum

dry matter production was observed in Te (129.67 g planf^) followed by Ts

(116.44 g plant"') which was on par. The least value was noticed in Tg (69.57 g

plant"') which was on par with T9 (70.74 g plant"') and T? (72.28 g plant"').

At 6 MAP, also treatment Te scored a dry matter production of 201 g

plant"', which was significantly higher, among the various treatments. Ts was

foimd to be on par with Te with a mean value of 194.83 g plant"'. This was

followed by T4 and T3 with a mean value of 157.67 g plant"' and 147.64 g plant"',

respectively. The treatment T? recorded the lowest dry matter production of

123.89 g plant"'.
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Table 14. Effect of foliar spray treatments on carbohydrate, starch and reducing sugar content in

C aromatica

Treatments
Carbohydrate Starch Reducing Sugar

(mg g-^) (mg g-') (mg g"')

Ti (Chitosan 0.5 g 1"*) 12.85±0.40 158.67±10.48 22.47±0.55

li (Chitosan 1.0 g 1"') 14.02±0.30 162.33±6.94 23.10±0.17

T3 (Chitosan 1.5 g 1"^) 14.11±0.33 177.00± 11.50 23.90±0.61

T4 (Chitosan 2.0 g 1"') 15.87±0.69 190.67±10.17 25.40±0.60

Ts (Chitosan 2.5 g 1"') 17.76±0.15 193.67±10.40 28.67±0.47

Te (Chitosan 3.0 g 1"') 18.39±0.32 199.33±7.69 28.00±0.26

T7 (Acetic acid spray) 10.90±0.19 92.67±8.45 17.80±0.40

Tg (Water spray) 12.08±0.15 102.67±5.17 18.43±0.61

T9 (Control) 11.69±0.39 98.33±7.75 17.73±0.33

SEm(±) 0.36 8.94 0.47

CD (0.05) 1.080 26.766 1.415
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At harvest, Te was found significantly higher in dry matter production

(239.02 g plant"^) and was on par with T5. The lowest dry matter production

(154.97 g plant"') observed in T? and was found to be on par with Ti, Tg and T9.

4.3.2 Leaf Area Index

Table 16 gives the leaf area index of the crop at four and six month after

planting in response to various foliar spray treatments. T5 was found significantly

superior at four MAP with a mean value of 6.51 which was on par with Te with a

mean value of 5.98. The control plants recorded the least value (3.53) and found

on par with all other treatments, except Ts and Te.

At 6 MAP also T5 showed maximum leaf area index (16.47) and this was

found on par with T2 (13.84), T3 (14.64), T4 (14.26) and Te (15.84). Treatment Ti

(12.13) was found on par with the control which recorded the lowest value in leaf

area index (10.19).

4.3.3 Net assimilation rate (NAR)

The influence of various foliar spray treatments on NAR in C. aromatica

is depicted in Table 17. There was no significant variation observed among the

treatments.

4.3.4 Stomatal conductance

The data on stomatal conductance of C. aromatica in response to various

treatments is depicted in Table 18.

The data indicates that chitosan treatments had profound influence on

stomatal conductance. At both growth periods (4 and 6 MAP) of observation, Te

showed maximum stomatal conductance (162.67 and 164.33 mmol m"^ s"',

respectively) among the treatments and it was found to be on par with T5 with

values of 154.33 and 155 mmol m"^ s"', respectively. The lowest values, 94 and

96.67 mmol m"^ s"' were observed in the control treatment, at 4 and 6 MAP.

9-/
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Table 15. Effect of foliar spray treatments on dry matter production (g plant ) in C. aromatica

Treatments

Dry matter production (g plant"^)

4MAP 6 MAP At harvest

Ti (Chitosan 0.5 g 1"') 77.96±4.35 135.47±2.98 177.92±8.04

T2 (Chitosan 1.0 g 1"^) 74.68±2.86 136.53±2.13 200.01±9.17

T3 (Chitosan 1.5 g 1"') 93.53±5.08 147.64±3.70 198.28±4.27

T4 (Chitosan 2.0 g 1"^) 89.97±2.69 157.67±2.77 208.86±7.71

Ts (Chitosan 2.5 g 1'^) 116.44±12.18 194.83±4.38 237.65±8.51

Te (Chitosan 3.0 g 1"^) 129.67±7.19 201.00±8.45 239.02±12.06

T? (Acetic acid spray) 72.28±7.01 123.89±3.92 154.97±8.16

Tg (Water spray) 69.57±2.69 138.10±5.86 171.92±11.50

T9 (Control) 70.74±4.26 127.50±5.01 175.15±5.93

SEm(±) 6.10 4.72 8.68

CD (0.05) 18.258 14.121 25.99
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Table 16. Effect of foliar spray treatments on leaf area index in C. aromatica

Treatments

Leaf Area Imdex

4 MAP 6 MAP

Ti (Chitosan 0.5 g 1'^) 2.12±0.06 6.67±0.29

T2 (Chitosan 1.0 g 1'^) 2.16±0.27 7.52±0.76

T3 (Chitosan 1.5 g 1"^) 2.32±0.16 8.40±0.61

T4 (Chitosan 2.0 g 1"') 2.37±0.43 7.84±0.69

Ts (Chitosan 2.5 g H) 3.58±0.23 9.06±0.09

Te (Chitosan 3.0 g 1"^) 3.29±0.13 8.70±0.70

T? (Acetic acid spray) 2.24±0.02 5.95±0.61

Tg (Water spray) 2.07±0.27 5.88±0.12

T9 (Control) 1.94±0.12 5.60±0.31

SEm(±) 0.22 0.53

CD (0.05) 0.672 1.574
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4.3.5 Photosynthetic rate

Table 19 shows the result of photosynthetic rate of C aromatica at 2

different growth periods (4 and 6 MAP). The highest value was obtained in Te at

both stages, which was significantly higher than all other treatments. At 4 MAP,

chitosan 3 g 1'^ recorded significantly higher photosynthetic rate (10.53 p mol

C02 m'^ s'*). This was followed by T4 and T5 (9.63 and 9.60 p mol C02 m"^ s*^

respectively) which were found to be on par. The minimum photosynthetic rate

(6.47 p mol C02 m'^ s'^) observed in T? which was on par with Tg and Tg and the

values were 6.80 and 6.93 p mol C02 m'^ s"', respectively.

At 6 MAP also, Te recorded significantly higher photosynthetic rate with

value of 10.50 p mol C02 m'^ s"^ The lowest value (6.73 p mol C02 m"^ s"')

recorded in T? which was found to be on par with Tg and Tg (6.87 and 6.77 p mol

C02 m"^ s'^ respectively).

4.3.6 Proline Content

The result of proline content of the crop at 4 and 6 MAP in response to

various foliar spray treatments are presented in Table 20. The data confirmed that

treatment with chitosan significantly influenced proline content. T6 showed

significantly superior value in proline content (0.259 pmoles g"') which was on

par with all other treatments except T7, T8 and T9. The minimum value was

recorded in T8 (0.103 pmoles g'^), which was on par with T9 (0.124 pmoles g"^).

Similarly, at 6 MAP, maximum value of proline content was obtained in

treatment Te (1.188 pmoles g'^) which was significantly higher and was on par

with T4 and Ts (1.140 and 1.166 pmoles g"^). The lowest proline content (0.325

pmoles g"') recorded in treatment Tg.

4.3.7 Ceil membrane integrity

The result of cell membrane integrity is illustrated in Table 20. CMI

recorded the highest value in treatments T5 (100.72 per cent) at 4 MAP and was

comparable with the T3, T4 and Te. While at 6 MAP, there was no significant

variation in cell membrane integrity among the treatments.
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Table 17. Effect of foliar spray treatments on net assimilation rate (g m'^ day"') in C.

aromatica

Treatments

NAR (g m"^ day"')

120 -180 DAP

T1 (Chitosan 0.5 g 1"') 0.0044±0.001

T2 (Chitosan 1.0 g 1"') 0.0044±0.000

T3 (Chitosan 1.5 g 1"') 0.0035±0.000

T4 (Chitosan 2.0 g 1"') 0.0046±0.001

Ts (Chitosan 2.5 g 1"') 0.0040±0.001

Te (Chitosan 3.0 g 1"') 0.0038±0.001

T? (Acetic acid spray) 0.0042±0.001

Tg (Water spray) 0.0057±0.000

T9 (Control) 0.0050±0.001

SEm(±) 0.001

CD (0.05) NS



Table 18. Effect of foliar spray treatments on stomatal conductance (mmol m"^ s'^) in C.

aromatica

Treatments

Stomatal conductance (mmol m'^ s'')

4 MAP 6MAP

Ti (Chitosan 0.5 g 1"^) 120.00±6.66 124.00±4.51

T2 (Chitosan 1.0 g 1"') 111.33±8.11 114.00±4.73

T3 (Chitosan 1.5 g 1"^) 123.00±4.58 125.67±7.05

T4 (Chitosan 2.0 g 1'^) 149.33±11.05 150.00±9.24

Ts (Chitosan 2.5 g 1"') 154.33±13.17 155.00±11.59

Te (Chitosan 3.0 g 1"') 162.67±13.30 164.33±9.02

T? (Acetic acid spray) 102.33±5.81 105.33±3.48

Ts (Water spray) 100.33±8.11 104.00±8.14

T9 (Control) 94.00±9.61 96.67±5.61

SEm(±) 9.40 7.48

CD (0.05) 28.147 22.394
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Table 19. Effect of foliar spray treatments on photosynthetic rate (|imol C02 m"^ s"') in C.

aromatica

Treatments

Photosynthetic rate (^i mol C02 s"')

4 MAP 6MAP

Ti (Chitosan 0.5 g 1"') 7.47±0.19 7.53±0.20

T2 (Chitosan 1.0 g 1*^) 8.03±0.19 8.13±0.20

T3 (Chitosan 1.5 g 1"') 8.07±0.20 8.03±0.32

T4 (Chitosan 2.0 g 1'^) 9.63±0.26 9.73±0.14

Ts (Chitosan 2.5 g 1"^) 9.60±0.21 9.77±0.09

Te (Chitosan 3.0 g 1"') 10.53±0.52 10.50±0.35

T7 (Acetic acid spray) 6.47±0.27 6.73±0.12

Tg (Water spray) 6.80±0.10 6.87±0.12

T9 (Control) 6.93±0.14 6.77±0.18

SEm(±) 0.26 0.21

CD (0.05) 0.774 0.628

Gl
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Table 20. Effect of foliar spray treatments on proline content (pmoles g'^) in C. aromatica

Treatments

Proline content (pmoles g"^)

4MAP 6 MAP

Ti (Chitosan 0.5 g 1"') 0.228±0.006 0.784±0.062

12 (Chitosan 1.0 g 1"^) 0.238±0.007 1.034±0.026

Ta (Chitosan 1.5 g 1"') 0.232±0.007 1.028±0.016

14 (Chitosan 2.0 g l'^) 0.243±0.003 1.140±0.008

Ts (Chitosan 2.5 g 1'^) 0.251±0.005 1.166±0.008

Te (Chitosan 3.0 g 1"') 0.259±0.003 1.188±0.010

T? (Acetic acid spray) 0.196±0.014 0.718±0.067

Tg (Water spray) 0.103±0.021 0.325±0.090

T9 (Control) 0.124±0.013 0.744±0.051

SEm(±) 0.010 0.047

CD (0.05) 0.031 0.142
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Table 21. Effect of foliar spray treatments on cell membrane integrity (per cent) in C.

aromatica

Treatments

CMI (%)

4MAP 6MAP

Ti (Chitosan 0.5 g 1"') 64.34±3.03 84.54±10.75

Ta (Chitosan 1.0 g 1"') 76.26±4.06 87.43±2.51

T3 (Chitosan 1.5 g 1"') 89.14±10.01 95.72±4.37

T4 (Chitosan 2.0 g 1"') 96.13±5.46 96.37±6.19

T5 (Chitosan 2.5 g 1"') 100.72± 10.60 107.20±10.60

Te (Chitosan 3.0 g 1"') 97.12±2.93 102.18±6.61

T? (Acetic acid spray) 69.70±1.30 83.39±4.49

Ts (Water spray) 63.26±9.28 85.18±3.28

SEm(±) 6.75 6.77

CD (0.05) 20.413 NS



4.4 YIELD AND YIELD COMPONENTS

4.4.1 Rhizome yield - Fresh and Dry

The data on rhizome fresh and dry weight of rhizome at harvest of C.

aromatica is presented in Table 22. The rhizome yield varied significantly among

the treatments vsdth respect to both fresh and dry weight.

Maximum fresh weight was obtained from the plants treated with chitosan

at 3.0 g 1"' (Plate 4A) and the mean value recorded were 696.67 g plant"^ Te was

found to be on par with Ts which was recorded a value of 692.33 g planf^ for

fresh rhizome (Plate 4B). The least rhizome yield was observed in treatment T?

(acetic acid spray) and the value recorded was 395.33 g plant"'. Control treatment

(Plate 4C) recorded 491.67 g plant"'. This was on par with treatment Tg (water

spray) and mean value recorded was 478.33 g plant"'.

The dry yield of C. aromatica found to be higher in Te with a value of

173.27 g plant"' and this was comparable with Ts (170.95 g plant"'). The lowest

value for dry yield observed in T? and the value recorded was 101.55 g plant"'.

However Tg recorded a yield of 118.08 g plant"' and was comparable with Tg

(115.55 g plant"').

The chitosan at higher concentration enhanced rhizome yield by

approximately 45 per cent over the control.

4.4.2 Crop Duration

The effect of various foliar spray treatments on crop duration of Kasturi

turmeric plants is presented in the table 23. The minimum duration for crop upto

harvest recorded in both Ts and Te (224 days). This was found to be on par with

all other chitosan treatments viz., Ti (225), T2 (225.33) and T3 (226) and T4

(224.67). The highest crop duration was recorded in Tg (230.33) followed by Tg

(229.33) and T? (227.33) which were found to be on par with Tg.



Table 22. Effect of foliar spray treatments on fresh and dry rhizome yield (g plant"') in C

aromatica

Treatments
Fresh rhizome yield

(g plant"')

Dry rhizome yield

(g plant"')

Ti (Chitosan 0.5 g 1"') 524.00±38.43 125.48±6.58

T2 (Chitosan 1.0 g 1"') 578.33±20.99 139.97±3.46

T3 (Chitosan 1.5 g 1"') 575.33±13.37 138.80±6.20

T4 (Chitosan 2.0 g 1"') 612.33±23.14 147.67±3.25

Ts (Chitosan 2.5 g 1"') 692.33±17.25 170.95±2.6

Te (Chitosan 3.0 g 1"') 696.67±35.51 173.27±9.20

T7 (Acetic acid spray) 395.33±39.94 101.97±5.84

Tg (Water spray) 478.33±29.45 115.55±7.48

T9 (Control) 491.67±7.17 118.08±1.47

SEm(±) 27.29 5.66

CD (0.05) 81.718 16.947
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Plate 4. Harvested rhizome from C. aromatica plants exposed to foliar spray with

A) Chitosan 3 g l"' B) Chitosan 2.5 g 1"' C) Control



Table 23. Effect of foliar spray treatments on crop duration (days) and harvest index in C.

aromatica

Treatments Crop duration Harvest Index

Ti (Chitosan 0.5 g 1"') 225.00± 1.00 0.705±0.013

T2 (Chitosan 1.0 g 1'^) 225.33±0.88 0.702±0.020

T3 (Chitosan 1.5 g 1"') 226.00±1.15 0.699±0.017

T4 (Chitosan 2.0 g 1"') 224.67±1.45 0.708±0.010

Ts (Chitosan 2.5 g 1"') 224.00±1.53 0.720±0.015

T6 (Chitosan 3.0 g 1"') 224.00±0.58 0.725±0.017

T? (Acetic acid spray) 227.33±0.88 0.658±0.006

Tg (Water spray) 230.33±0.67 0.672±0.009

T9 (Control) 229.33±0.67 0.675±0.014

SEm(±) 1.03 0.014

CD (0.05) 3.085 0.042

G6
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4.4.3 Harvest Index

Table 23 represents the data on harvest index of the crop. There was

significant variation in harvest index among the treatments. The highest value for

harvest index noticed in treatment Te (0.725) and foimd on par with Ti (0.705), T2

(0.702), T3 (0.699), T4 (0.708) and Ts (0.720). Treatment T? recorded the least

value (0.658) and it was on par with Tg (0.672) and T9 (0.675).

4.5 UPTAKE OF PLANT NUTRIENTS (N, P AND K)

The plant analysis for the uptake of major plant nutrients (N, P and K) by

C. aromatica in response to various foliar spray treatments is illustrated in Table

24. The various treatments showed a significant difference in the uptake of

nutrients. For N uptake, treatment Ts recorded maximum uptake (3.29 g plant"^)

and found to be on par with treatments Te (3.22 g planf^), T3 (2.84 g plant"') and

T4 (2.82 g plant"'). Minimum value for N uptake was recorded in treatment T?

(1.79 g plant"') which was on par with Tg (1.82 g plant"') and T9 (2.00 g plant"').

The uptake of P was found to be higher in Te (0.76 g plant"'), which was

on par with Ts (0.75 g plant"'), T4 (0.72 g plant"'), T3 (0.66 g plant"') and T2 (0.64

g plant"'). Treatment T7 was recorded the lowest of all treatments with a P uptake

of 0.42 g plant"'. This was on par with Ti (0.44 g plant"'), T9 (0.46 g plant"') and

Tg (0.47 g plant"').

The data confirmed the profound influence of chitosan foliar spray on K

uptake in C. aromatica. T6 recorded the highest value (4.27 g plant"') and was on

par with Ts which recorded an uptake of 4.03 g plant"'. T? recorded the lowest

uptake of K with a value of 2.38 g plant"'. This was followed by Tg (2.56 gplant"'),

which was on par with the control T9 (2.95 g plant"').



Table 24. Effect of foliar spray treatments on nutrient uptake (N, P and K) in C. aromatica

Treatments

Uptake of plant nutrients (g plant ')

N P K

Ti(Chitosan0.5 gl'^) 2.08±0.17 0.44±0.05 3.44±0.09

T2 (Chitosan 1.0 g 1'^) 2.54±0.27 0.64±0.05 3.54±0.02

T3 (Chitosan 1.5 g 1'^) 2.84±0.21 0.66±0.05 3.37±0.16

T4 (Chitosan 2.0 g 1"') 2.82±0.08 0.72±0.02 3.67±0.26

Ts (Chitosan 2.5 g 1"^) 3.29±0.22 0.75±0.02 4.03±0.08

Te (Chitosan 3.0 g 1"') 3.22±0.13 0.76±0.03 4.27±0.10

T? (Acetic acid spray) 1.79±0.16 0.42±0.04 2.38±0.30

Tg (Water spray) 1.82±0.15 0.47±0.05 2.56±0.14

T9 (Control) 2.00±0.07 0.46±0.03 2.95±0.07

SEm(±) 0.17 0.04 0.16

CD (0.05) 0.522 0.126 0.482
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5. DISCUSSION

The present study entitled "Chitosan mediated metabolite elicitation and

growth responses in kasthuri turmeric {Curcuma aromatica Salisb.)" was carried

out in Department of Plantation Crops and Spices, College of Agriculture,

Vellayani, Thiruvanathapuram during 2017-2019 to study the effect of different

concentrations of chitosan on plant growth, yield and metabolite production in

Curcuma aromatica. The results obtained in the study are discussed in this chapter.

5.1 EFFECT OF CHITOSAN ON PLANT GROWTH PARAMETERS

The chitosan foliar spray has significantly influenced various plant growth

parameters viz., plant height, number of leaves, leaf area, rhizome thickness,

number of fingers, root length, root spread, root weight and shoot weight. These

parameters showed an increasing trend with increasing concentration of chitosan.

The higher values with respect to these plant growth parameters were recorded in

plants subjected to foliar spray treatments with chitosan 2.5 and 3 g 1"'. Sheikha and

Al-Malki (2011) observed improvement in shoot and root length, fresh and dry

weight of shoot and root as well as leaf area by the application of chitosan in bean

plants. According to Mondal et al. (2012) plant height and leaf number per plant

increased with the increasing concentration of chitosan from 50 ppm to 125 ppm in

okra. The report of Abu-Muriefah (2013) in common bean (Phaseolus vulgaris L.)

also corroborates with the results of our study in kasturi turmeric. He observed that

plant growth parameters viz., plant height, number of leaves, leaf area, shoot fresh

and dry weights were enhanced significantly compared to the control plants, with

the foliar spray of chitosan. Ibraheim and Mohsen (2015) reported an increase in

number of leaves in summer squash by the application of chitosan. Malekpoor et

al. (2016) also observed significant enhancement of plant growth characters in

Ocimum basilicum, when chitosan was applied as foliar spray. The study conducted

by Mondal et al. (2016) in summer tomato {Solarium lycopersicum) also reported

similar results. The morphological parameters viz., plant height, number of fingers
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and leaf area enhanced significantly with the chitosan application compared to

control treatment. The improvement in plant growth characters could be attributed

to increased enzyme activities of the nitrogen metabolism by the application of

chitosan (Ke et al., 2001).

The root and shoot biomass were also enhanced significantly by the

application of chitosan in the study. But root weight did not show any significant

variation at harvest, this could be due to the degeneration of the roots at harvest.

According to Khan et al (2002), the improvement in plant biomass might be due

to the increased photosynthetic activity. Asghari-Zakaria et al. (2009) observed that

chitosan 500 mg 1"' significantly enhanced the shoot biomass while root biomass

was significantly increased at lower concentrations of chitosan (5 and 15 mg 1"^) in

Solarium tuberosum. Kra et al (2019) reported that the growth enhancement of the

plants could be the result of cell division and/or their extension.

5.2 EFFECT OF CHITOSAN ON METABOLITE PRODUCTION

5.2.1 Chlorophyll content

The content of chlorophyll a, b and total chlorophyll at 6 MAP were found

to be significantly influenced by the foliar spray with chitosan. The foliar spray

treatments with chitosan 2, 2.5 and 3 g 1"' showed higher chlorophyll content.

Application of chitosan increased chlorophyll content in robusta coffee due to the

increase in leaf magnesium and nitrogen, the key elements in the chemical structure

of chlorophyll (Van et al., 2013). The amino compounds present in the chitosan

also contributes to enhanced synthesis of chlorophyll (Chibu and Shibayama,

2001). Naderi et al (2015) explained that increase in chlorophyll content on

chitosan application might be due to the activation of genes in the biosynthesis of

photosynthetic pigments.

5.2.2 Total proteins

The protein content of C. aromatica is significantly influenced by foliar

spray with higher concentrations of chitosan, 2,2.5 and 3 g 1'^ Sultana et al. (2017)



found that the protein content was significantly enhanced by the application of

chitosan in egg plant. The increase in plant nitrogen might be a reason for enhanced

protein content in the plant.

5.2.3 Defense enzymes

The application of higher concentrations of chitosan had significantly

influenced the activity of defense enzymes in C. aromatica. The higher activity of

catalase and superoxide dismutase was observed in plants exposed to foliar spray

with chitosan 2, 2.5 and 3 g 1'^ The enzyme activity of peroxidase was observed to

be higher in 2.5 and 3 g 1"'. The results from the study conducted by Song et al.

(2006) revealed that the application of chitosan in cucumber seedlings which were

grown under salt stress could significantly increase the activities of enzymes viz.,

catalase, peroxidase and SOD in the leaves. This indicated that chitosan has the

ability to remove the reactive oxygen species and thereby protecting the functions

of bio-membrane and also raising the physiological activities. According to Zong

et al. (2017), the activities of defense enzymes such as catalase, peroxidase and

SOD were enhanced with the chitosan foliar spray in edible rape (Brassica rapa).

Similar results were also reported in Hordeum vulgare by Behboudi et al. (2018)

wherein chitosan treatments showed maximum activity of enzymes such as catalase

and superoxide dismutase.

Kra et al. (2019) observed that, in Manihot esculenta the peroxidase activity

increased with increase in chitosan concentration and maximum peroxidase activity

was recorded in plants treated with chitosan at 75 and 100 mg 1"'. Chitosan

application activates photosynthesis and as a result hydrogen peroxide produced

(Mondal et al., 2012). Hydrogen peroxide is the key substrate for the peroxidases,

hence its activity is increased.

5.2.4 Curcumin content

The curcumin content of C. aromatica increased significantly by the foliar

application of Chitosan (Fig. 1). About 70-80 per cent increase in curcumin content



was observed in plants treated with higher concentrations of chitosan (2.5 and 3 g

1"') compared to control. In confirmation with our results, the ability of chitosan to

elicit the production of secondary metabolites has been reported in several plant

species (Zhao et al, 2005). According to Namdeo (2007) and lonkova (2007),

chitosan enhances the production of secondary metabolites in plants. The chitosan

activates the genes which are responsible for plant defense responses that in turn

result in enhanced production of secondary metabolites (Loschke et al, 1983;

Gorelick and Bernstein, 2014). The major secondary metabolites of Atropa

belladonna i.e. scopolamine and hyoscyamine enhanced considerably with the

chitosan application (Hashimoto et al, 1993). Gorelick et al. (2015) reported that

the biosynthesis of secondary metabolite, withaferin A was improved significantly

in Ashwagandha, by the biotic stimuli chitosan. The study conducted by

Sathiyabama et al. (2016) revealed that foliar spray with chitosan resulted in four

fold increase in the curcumin production in Curcuma longa plants and established

chitosan elicited curcumin production in the plant. In contrast to our study. Lei et

al, (2011) reported that foliar application of chitosan did not have any effect on

plant growth in Artemisia annua. However, they observed substantial increase in

artemisinin content of the plant. Chitosan at 100 mg 1"' enhanced the biosynthesis

of artemisinin by 53 per cent over the control plants.

5.2.5 Volatile oil

In the study, the volatile oil present in the rhizomes of C. aromatica was

significantly influenced by the foliar spray treatment of chitosan (Fig. 1). Chitosan

at higher concentrations (2, 2.5 and 3 g 1"') gave 68 to 85 per cent increase in the

volatile oil over the control. This result was in conformity with the findings of

Salehi et al. (2017) in savory and Bistgani et al. (2017a) in Thymus daenensis. They

observed that the essential oil content and oil yield of the crop increased

considerably by the application of chitosan. In sweet basil, Kim et al. (2005) also

reported the positive effect of chitosan at 0.4 per cent on essential oil content. Zhang

et al. (2006) reported that chitosan has the ability to enhance the activity of enzymes

by changing the function of genes thereby activating certain biosynthetic pathways
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in plants. Malekpoor et al. (2016) also observed enhancement in the oil content by

the chitosan foliar spray in basil plants.

5.2.6 Oleoresin content

The foliar application of chitosan influenced the oleoresin content of C.

aromatic in the study (Fig.l). It was observed that at higher concentrations of

chitosan (2.5 and 3 g 1"^) oleoresin content was improved by 42 to 58 percent over

the control.

5.2.7 Carbohydrate (Starch, Sugar)

The biochemical parameters viz., carbohydrate, starch and reducing sugar

content of C. aromatica were found to be significantly higher in treatments sprayed

with chitosan 2.5 g 1"' and 3 g l'\ Chitosan 3 g 1"' found to be higher in carbohydrate

and starch content while chitosan 2.5 g 1"' recorded higher value for reducing sugar

content. Abdel-Mawgoud et al. (2010) observed that total carbohydrate and sugar

content in strawberry improved significantly with the application of chitosan

solution. The results of a study in common bean by Abu-Muriefah (2013) is also in

agreement with the findings of present investigation. It was found that carbohydrate

concentrations improved significantly as a result of chitosan 200 mg 1"' foliar spray.

Farouk et al. (2008, 2011, 2012) also reported the positive influence of chitosan

200 mg 1"^ on carbohydrate production in cucumber, radish and cowpea.

5.3 EFFECT OF CHITOSAN ON PHYSIOLOGICAL PARAMETERS

5.3.1 Dry matter production

The results indicated that the dry mater production of C. aromatica was

significantly influenced by the foliar application of chitosan. The highest dry matter

production was recorded in plants subjected to chitosan spray at 3 g 1"' which was

found to be on par with the treatment, chitosan at 2.5 g 1"L In the study, chitosan

application significantly enhanced the plant growth parameters viz., plant height,

number of leaves, leaf area and shoot weight. The increased vegetative growth
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Fig 1: Effect of foliar spray treatments on curcumin content, volatile oil and
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might have contributed to the increased dry matter production. In consensus with

our findings, El-Tantawy (2009) reported the positive effect of chitosan application
on dry matter production in tomato. He observed that plant growth and development

increased significantly with the application of chitosan. Mondal et al. (2016)
reported increased dry matter production in summer tomato, when exposed to foliar

spray application of chitosan 75 mg 1"'. According to Abdel-Mawgoud et al. (2010)

higher number of leaves and chlorophyll content contributed to higher dry matter

production.

5.3.2 Leaf area index

The leaf area index of C. aromatica was found to be significantly influenced

by the chitosan application at all stages of observation (4 and 6 MAP). Higher LAI

might have resulted in capturing more sunlight which leads to the production of

more photosynthates and their translocation to rhizomes. This might have resulted

in increased rhizome yield. The higher leaf area index due to chitosan application

has been reported in plants like strawberry (Abdel-Mawgoud et al., 2010) and

highbush blueberry, Vaccinium corymbosum (Cabrera e/a/., 2010).

5.3.3 Stomatal conductance and Photosynthetic rate

The stomatal conductance and photosynthetic rate were foimd to be

significantly increased with higher concentrations of chitosan foliar spray.

Maximum stomatal conductance and photosynthetic rate were recorded in plants

exposed to foliar spray of chitosan 3g 1"^ The positive influence of chitosan foliar

spray on stomatal conductance and photosynthetic rate were reported by Khan et

al. (2002). They explained that increase in photosynthetic rate and stomatal

conductance might be due to the increased uptake of CO2. Similar effect of chitosan

application on photosynthetic rate and stomatal conductance was reported by Phothi

and Theerakarunwong (2017) in rice. In opposition to our finding, Iriti et al. (2009)

observed a significant decrease in stomatal conductance with foliar spray treatment

of chitosan in bean plants. However, the photosynthetic activity was found to

enhance due to chitosan foliar spray.



5.3.4 Proline content

The results of the present study indicated that chitosan had significantly

influenced the proline content of C. aromatica. The highest proline content was

recorded in treatment with chitosan 3 g T'. These results are in accordance with the

findings of Song et al. (2006) in cucumber. They found that application with

chitosan resulted in enhanced proline content. Proline is described as an

osmoprotectant and it is usually accumulated under different stress conditions

especially drought (Moradshahi et al, 2004). The study conducted by Bistgani et

al (2017b) in Thymus daenensis also showed the positive effect of exogenous

application of chitosan on proline content. In contrast with the result of our study,

Behboudi et al. (2018), significant variation was not observed in proline content on

chitosan treatment in barley plants. Similarly, Mahdavi et al. (2011) noticed a

decrease in proline content of saflflower, at lower concentrations of chitosan

decreased. However, at higher concentrations, the proline level was found to be

enhanced. According to Karimi et al. (2012), the chitosan treatment did not

influence the proline content in Ricinus communis. These reports explain that the

effect of chitosan on proline production may follow different mechanism in

different plant species.

5.3.5 Cell membrane integrity

As per the data obtained in the study, cell membrane integrity of the crop

varied significantly at four months afier planting, but no variation was observed at

six months after planting, though the values of cell membrane integrity was found

to be enhanced. At four months after planting, the cell membrane stability index

was recorded maximum in plants exposed to chitosan 2.5 g 1"'. Song et al. (2006)

reported that the application of chitosan reduced electrolyte permeability thereby

increasing the cell membrane stability of the cucumber seedlings. The cell

membrane stability was found to increase in apple seedlings which were sprayed

with chitosan (Yang et al., 2009). According to them, the chitosan might have

lessened the adverse reactions of reactive oxygen species (ROS) towards the
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membrane and reduced the amount of superoxide anion radicals, hydroxyl radicals

and hydrogen peroxide by the activation of ROS scavenging enzymes.

5.4 EFFECT OF CHITOSAN ON YIELD AND YIELD COMPONENTS

5.4.1 Rhizome yield (Fresh and Dry)

The rhizome yield (fresh and dry) obtained in the study revealed that

application of different concentrations of chitosan had influenced the yield

significantly (Fig.2 and 3). Significantly higher fresh and dry rhizome yield was

registered in treatment chitosan 3 g 1"'. The chitosan at 3g 1"' enhanced the rhizome

yield by 41 per cent (fresh weight) and 46 per cent (dry weight) over the control.

Similar increase in yield was reported in Curcuma longa by (Anusuya and

Sathiyabama, 2016. According to them, the rhizome yield of C. longa increased by

60 percent (fresh weight) and 50 per cent (dry weight) with the foliar spray of

chitosan 0.1 per cent (w/v) at 30 days intervals upto seven months. Mondal et at.

(2012) observed 28 per cent yield increase in okra over the control, on the foliar

application of chitosan 75 ppm. Salachna and Zawadzinska (2014) reported the

positive influence of chitosan on yield in fressia plant. Dzung et al. (2017) in also

observed yield increment in chilli with the application of chitosan. Rahman et al.

(2018) found that foliar spray with chitosan 1000 ppm gave a 42 per cent hike in

yield over the control in strawberry plants.

The increase in rhizome yield might be due to the increase in the uptake of

major plant nutrients (N, P and K) and also due to the increase in chlorophyll

content, that in turn increase the photosynthetic activity of the plant (Farouk and

Amany, 2012). The increase in rhizome yield may also be due to the effect of

chitosan on physiological processes that improve vegetative growth with resultant

active translocation of photoassimilates from source to sink tissues i.e. translocation

of assimilates towards the economic part (Kumar et al, 1994). Abdel-Mawgoud et
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al. (2010) opined that the increased crop yield reflected by the higher dry matter

production.

5.4.2 Crop duration

The various concentrations of chitosan spray significantly influenced the

crop duration of C aromatica. The number of days varied from 224 to 230 days.

The minimum days of crop duration was observed in plants subjected to foliar spray

of chitosan 2.5 and 3 g 1'^ The foliar spray with chitosan might have enabled the

rapid mobilization of assimilates from source to sink so that the crop attained

maturity at an early date.

5.4.3 Harvest index

The chitosan treatments significantly enhanced the harvest index of C.

aromatica over the control. The plants treated with chitosan 3 g 1"' recorded the

highest harvest index. This recorded the highest rhizome yield among the

treatments. Hence, a higher harvest index is an indicator of higher rhizome yield in

C. aromatica. According to Behboudi et al. (2018), the yield and yield components

of barley plants increased considerably with the application of chitosan. The harvest

index of the crop was also enhanced, accordingly.

5.5 EFFECT OF CHITOSAN ON UPTAKE OF MAJOR PLANT NUTRIENTS

The foliar application of chitosan enhanced the uptake of plant nutrients viz.,

N, P and K (Fig.4). The uptake of N was found significantly higher in treatments

with foliar spray of chitosan 2.5 g 1"' and 3 g 1"^ This may be attributed to higher

root length and root spread of the plants subjected to these treatments.

Van et al. (2013) reported that there was significant increase in the uptake

of plant nutrients (N, P and K) with the application of chitosan in robusta coffee.

According to them increase in nutrient uptake might have due to the increase in

chlorophyll content and net photosynthetic rate. The positive effect of exogenous



application of chitosan on uptake of major plant nutrients such as nitrogen,

phosphorus and potassium has also been reported in common bean (Abu-Muriefah,

2013) and in black gram (Bakiyalakshmi et al, 2016).

According to Guan et al. (2009), the application of chitosan improves the

availability and uptake of water and plant nutrients, by adjusting the cell osmotic

pressure. As observed in our study, the positive effect of chitosan on plant growth

and development could be due to the increased uptake of plant nutrients such as N,

P and K. According to Possingham (1980), increase in N and K uptake enables the

production of more chloroplast per cell and increase in the production of

chlorophyll. P and K plays an important role in stimulating cell division and in the

biosynthesis and translocation of carbohydrates and thereby increasing the

vegetative growth and yield (Farotxk and Amany, 2012).

In the present study, chitosan application as foliar spray at 3 and 5 MAP

elicited plant growth, production of curcumin, volatile oil, oleoresin and yield. The

chitosan concentration of 2.5 and 3 g 1"' gave maximum enhancement in the yield

and metabolite production.
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6. SUMMARY

The present study entitled, "Chitosan mediated metabolite elicitation and

growth responses in kasthuri turmeric {Curcuma aromatica Salisb.)" was

conducted at the Department of Plantation Crops and Spices, College of

Agriculture, Vellayani, Thiruvananthapuram. The experiment was carried out

during the period, 2017- 2019. The main objective was to study the effect of

different concentrations of chitosan on plant growth, yield and metabolite

production in Curcuma aromatica.

The planting material for the study was obtained from Instructional Farm,

College of Agriculture, Vellayani. The experiment was laid out in completely

randomized block design (CRD) with nine treatments and three replications. The

treatments consisted of foliar spray of chitosan at different concentrations and

control treatments viz., chitosan 0.5 g F' (Ti), chitosan 1 g F' (T2), chitosan 1.5 g

F' (T3), chitosan 2 g F* (T4), chitosan 2.5 g F' (T5), chitosan 3 g F' (Te), acetic acid

(0.25 per cent) spray (T?), water spray (Tg) and control (T9). The treatments were

given at 3 and 5 months after planting (MAP). The study was designed to evaluate

the effect of foliar spray of chitosan at different concentrations on plant growth

parameters, metabolite production, physiological parameters, yield parameters and

nutrient uptake.

The salient findings of the study are summerized in this chapter.

The plant growth parameters viz., plant height, number of tillers, number of

leaves, leaf area and shoot weight were recorded at 4 and 6 MAP. All chitosan foliar

spray treatments resulted in significantly taller plants compared to treatments

devoid of chitosan at 6 MAP, with the highest value (109.91 cm) recorded in

treatment chitosan 3 g F' (Te). The plant height at 4 MAP did not show any

variation among the treatments. The plants subjected to foliar spray treatments with

chitosan 2.5 and 3 g 1"^ (Ts and Te) recorded significantly higher number of leaves

at 4 MAP while at 6 MAP, it was recorded in treatments, T2 to Te, with the highest

)0(
2>)



number of leaves (30.11) in Te. Similar trend was observed with leaf area also, with

the highest leaf area (8593.78 cm^, 21735.79 cm^, respectively) being recorded in

chitosan 2.5 g 1"' at 4 MAP and 6 MAP. The treatments T4, Is and Te recorded

significantly higher shoot weight (fresh) at 4 MAP, and maximum fresh weight was

registered in the treatment with chitosan 2.5 g 1"' with a value of 75.33 g plant"^

while at 6 MAP, chitosan 3 g 1'^ recorded higher shoot (fresh) weight (126.33 g

plant"') and was comparable with the treatments T3 and T5. The highest dry weight,

42.69 g plant"' was recorded in T5 and 63.0 g plant"' in Te at 4 MAP and 6 MAP,

respectively. The number of tillers did not show any variation among treatments at

both stages of observation.

The plant growth parameters viz., rhizome spread, rhizome thickness,

number of fingers, root length, root spread and root weight were recorded at 4 MAP,

6 MAP and at harvest. Significant enhancement in rhizome spread (29.50 cm) was

observed only at harvest, in chitosan 3 g 1"' (Te), which was on par with that in

chitosan 2.5 g 1"' (T5). The higher concentrations of chitosan foliar spray

significantly influenced rhizome thickness at 6 MAP and at harvest; significantly

higher values were observed in treatments, T2 to Te at 6 MAP and T3 to Te at

harvest. Among these, T5 recorded maximum values (2.46 cm and 3.17 cm,

respectively) at 6 MAP and at harvest. At all stages of observation, number of

fingers was found to be significantly higher in Ts and Te. The maximum numbers

of fingers (22.46) was recorded in the plants exposed to chitosan 3 g 1"' (Te) at

harvest. Root length and root spread were significantly higher with the treatments

Ts and Te at 6 MAP and at harvest. The highest root length (56.76 cm) and root

spread (49.10 cm) was recorded in Te and Ts respectively at harvest. Significant

variation in root weight was observed in C. aromatica only at 6 MAP, with the

highest values (fresh-31.29 g plant"', dry-15 g plant"') was recorded in the treatment

with chitosan 3 g 1"' (Te).

The observations on plant metabolites viz., chlorophyll content, total

proteins and defence enzymes were recorded at 4 and 6 MAP. T4, Ts and Te were

observed to have significantly higher chlorophyll content among the treatments, at

/'05
Si



6 MAP. The higher chlorophyll a (1.397 mg g'^) and total chlorophyll (1.959 mg

g"^) was observed in the treatment with chitosan 2.5 g 1"' and chlorophyll b (0.615

mg g"') in that vsith chitosan 3 g 1"' at 6 MAP. The foliar spray treatments did not

show any significant variation in chlorophyll content at 4 MAP. Total proteins and

defense enzymes were observed to give significant variation at both stages of

observation. Protein content was found to be significantly higher (6.89 mg g"') in

the plants subjected to foliar spray with chitosan 2.5 g 1"' at 4 MAP and in treatments

T4 to Te at 6 MAP, the highest value (8.46 mg g"^) being recorded in the treatment

with chitosan 3 g 1"^ Catalase and peroxidase activity were found significantly

higher in T5 and Te at both stages of observation. The higher catalase activity of

685.580 U ml'^ and 883.360 U ml'^ was recorded in Te at 4 MAP and 6 MAP,

respectively. The higher peroxidase activity of4.308 activity g"' min"' was recorded

in Ts at 4 MAP and 5.344 activity g"' min"' in Te at 6 MAP. SOD activity was found

to be significantly higher (0.140 activity g"' min"') in Te at 4 MAP and T4 to Te at 6

MAP, with highest value (0.290 activity g"' min"') being recorded in Te.

The observations on curcumin content, volatile oil and oleoresin were

recorded at harvest. Curcumin, volatile oil and oleoresin was observed to be

significantly higher in treatments T4, T5 and Te. The higher curcumin (2.18 per cent)

and oleoresin (8.83 per cent) content were recorded in the treatment with chitosan

3 g 1"' and volatile oil (4.50 per cent) in that with chitosan 2.5 g 1"'. The foliar spray

with higher concentrations of chitosan (2, 2.5 and 3 g 1"') at 3 and 5 MAP enhanced

curcumin content by 70 to 80 per cent, volatile oil 68 to 85 per cent and oleoresin

by 42 to 58 per cent over the control.

The observations on carbohydrate, starch and reducing sugar were recorded

at harvest. The treatments with chitosan 2.5 g 1"' and 3 g 1"' recorded significantly

higher carbohydrate content of 17.76 mg g"' and 18.39 mg g"', respectively. The

significantly higher values for starch content were recorded in treatments, T3 to Te.

The maximum value of 199.33 mg g"' was observed in the treatment with chitosan

3 g 1"'. The plants exposed to chitosan foliar spray with 2.5 g 1"' and 3 g 1"' registered

higher values of 28.67 mg g"' and 28 mg g"', respectively.
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The physiological parameters viz., leaf area index (LAI), stomatal

conductance, photosynthetic rate, proline content and cell membrane integrity

(CMI) were recorded at 4 and 6 MAP. LAI was foimd to be significantly higher,

3.58 and 3.29, respectively in treatments Ts and Te at 4 MAP and T2, T3, T4, Ts and

Te at 6 MAP, with maximum value (9.06) being recorded in Ts. With respect to

stomatal conductance, T4, Ts and Te gave significantly higher values at both, 4 and

6 MAP. The maximum value of 162.67 and 164.33 mmol m'^ s'^ being registered in

T6 at 4 and 6 MAP, respectively. Te recorded significantly higher photosynthetic

rate among the treatments tried at both stages of observation and the values were

10.53 and 10.50 p mol CO2 m'^ s"^ All foliar spray treatments with chitosan

recorded significantly higher proline content at 4 MAP and higher value was

observed in Te (0.259 pmoles g'^). At 6 MAP, maximum proline content recorded

in Te (1.188 pmoles g"') and was found to be on par with T4 and Ts. CMI was found

to be significantly superior in T3, T4, Ts and Te at 4 MAP, but did not show any

variation at 6 MAP. The dry matter production was recorded at 4 MAP, 6 MAP and

at harvest. The highest dry matter production was obtained in Te at all stages of

observation and the values being recorded were 129.67, 201.00 and 239.02 g

plant"^ respectively and was comparable with Ts. The foliar spray treatments did

not show any significant variation with respect to net assimilation rate during the

period between 4 and 6 MAP.

The chitosan foliar spray significantly influenced the rhizome yield, crop

duration and harvest index of C. aromatica. The treatments with chitosan 2.5 g 1"^

and 3 g 1"' recorded significantly higher rhizome yield for both fresh and dry yield.

The values recorded were 692.33 and 696.67 g plant'^ for fi-esh yield and 170.95

and 173.27 g plant"' for dry yield. Crop duration and harvest index of plants exposed

to chitosan foliar spray were found to be significantly superior to those devoid of

chitosan. The minimum duration for crop upto harvest was observed in treatments

Ts and Te with 224 days and maximum duration of 229.33 days was observed in

the control treatment. The highest value (0.725) for harvest index registered in the

treatment with chitosan 3 g 1"'.
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The uptake of major plant nutrients (N, P and K) were found to be

influenced by the chitosan application. The maximum N uptake was recorded in

treatment Ts (3.29 g plant"') and was comparable with T3, T4 and Te. The higher

value for P uptake was noticed in Te (0.76 g plant"') and found to be on par with T2,

T3, T4 and Ts. Significantly higher P uptake was observed in treatments Ts and Te

and the maximum value was recorded in Te (4.27 g plant"').

In the present study, chitosan application at different concentrations as foliar

spray at 3 and 5 MAP elicited plant growth, production of curcumin, volatile oil,

oleoresin and yield. The chitosan concentration of 2.5 and 3 g 1"' gave maximum

enhancement in the yield and metabolite production.

Future line of work

• The alternate methods of chitosan application viz., soil application, seed

priming need to be investigated in different spice, medicinal and aromatic

crops.

•  Effect of chitosan derivatives on growth, physiological attributes,

metabolite production and yield of crops need to be investigated.

•  Preparation of chitosan nanoparticles and its effect on yield and secondary

metabolite production in economically important spice, medicinal and

aromatic plants need to investigated.

•  Further investigations need to be taken up to study the effect of chitosan on

tissue culture of medicinal plants.
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ABSTRACT

The present investigation entitled "Chitosan mediated metabolite

elicitation and grovvth responses in kasthuri turmeric {Curcuma aromatica

Salisb.)" was conducted at the Department of Plantation Crops and Spices,

College of Agriculture, Vellayani during 2017-2019 with the objective to study

the effect of different concentrations of chitosan on plant growth, yield and

metabolite production in Curcuma aromatica.

The planting material for the study was obtained from Instructional Farm,

College of Agriculture, Vellayani. The experiment was laid out in completely

randomized block design (CRD) with nine treatments and three replications. The

treatments consisted of foliar spray with different concentrations of chitosan and

control treatments viz., chitosan 0.5 g 1"^ (Ti), chitosan 1 g 1"' (T2), chitosan 1.5 g

1"' (T3), chitosan 2 g 1"' (T4), chitosan 2.5 g 1"^ (Ts), chitosan 3 g 1"' (Te), acetic

acid (0.25 per cent) spray (T?), water spray (Tg) and control (T9). The treatments

were given at 3 and 5 months after planting (MAP).

The plant growth parameters viz., plant height, number of tillers, number

of leaves, leaf area and shoot weight were recorded at 4 and 6 MAP. A1 chitosan

foliar spray treatments resulted in significantly taller plants compared to

treatments devoid of chitosan at 6 MAP, with the highest value (109.91 cm) in Te.

Ts and Te recorded significantly higher number of leaves at 4 MAP while at 6

MAP, it was recorded in treatments, T2 to Te. Similar trend was observed with

leaf area also. T4 to Te recorded significantly higher shoot weight at 4 MAP and

Ts to Te at 6 MAP. The highest dry weight (42.69 g) was recorded in Ts and 63.0

g in Te at 4 MAP and 6 MAP, respectively. Number of tillers did not show any

variation among treatments at both stages of observation. The plant growth

parameters viz., rhizome spread, rhizome thickness, number of fingers, root



length, root spread and root weight were recorded at 4 MAP, 6 MAP and at

harvest. Significant enhancement in rhizome spread was observed only at harvest,

in Te, which was on par with Ts. The higher concentrations of chitosan foliar

spray significantly influenced rhizome thickness at 6 MAP and at harvest;

significantly higher values were observed in treatments, T2 to Te at 6 MAP and T3

to Te at harvest. At all stages of observation, number of fingers was found to be

significantly higher in T5 and Te. Root length and root spread were significantly

higher with the treatments Ts and Te at 6 MAP and at harvest. Significant

variation in root weight was observed in C. aromatica only at 6 MAP.

The observations on plant metabolites viz., chlorophyll content, total

proteins and defence enzymes were recorded at 4 and 6 MAP. T4, Ts and Te were

observed to have significantly higher chlorophyll content among the treatments, at

6 MAP. Total proteins and defense enzymes were observed to give significant

variation at both stages of observation. Protein content was found to be

significantly higher (6.89 mg g"') in Ts at 4 MAP and in treatments T4 to Te at 6

MAP, the highest value being recorded in Te (8.46 mg g"'). Catalase and

peroxidase activity were found significantly higher in Ts and Te at both stages of

observation. SOD activity was found to be significantly higher in Te at 4 MAP

and T4 to Te at 6 MAP. The observations on curcumin content, volatile oil,

oleoresin and carbohydrate content were recorded at harvest. Curcumin, volatile

oil and oleoresin was observed to be significantly higher in treatments T4, Ts and

Te. Ts and Te recorded significantly higher carbohydrate content among the

various treatments tried.

The physiological parameters viz., leaf area index (LAI), stomatal

conductance, photosynthetic rate, proline content and cell membrane integrity

(CMI) were recorded at 4 and 6 MAP. LAI was found to be significantly higher in

treatments Ts and Te at 4 MAP and T2 to T6 at 6 MAP. With respect to stomatal

conductance, T4, Ts and Te gave significantly higher values at both, 4 and 6 MAP.

Te recorded significantly higher photosynthetic rate among the treatments tried at



both stages of observation. All foliar spray treatments with chitosan recorded

significantly higher proline content at 4 MAP and T4 to Te at 6 MAP. CMI was

fotmd to be significantly superior in T3 to Te at 4 MAP, but did not show any

variation at 6 MAP. The dry matter production was recorded at 4 MAP, 6 MAP

and at harvest. The highest dry matter production was obtained in Te at all stages

of observation and was comparable with Tj. The foliar spray treatments did not

show any significant variation with respect to net assimilation rate during the

period between 4 and 6 MAP.

The chitosan foliar spray significantly influenced the rhizome yield, crop

duration and harvest index of C. aromatica. Ts (170.95 g plant"') and Te (173.27 g

plant"') were found significantly superior to all other treatments \vith regard to

rhizome yield. Crop duration and harvest index of plants exposed to chitosan

foliar spray were foimd to be significantly superior to those devoid of chitosan.

Uptake of major plant nutrients (N, P and K) were found to be maximum in T5 and

T6.

In the present study, chitosan application at different concentrations as

foliar spray at 3 and 5 MAP elicited plant growth, production of curcumin,

volatile oil, oleoresin and yield. The chitosan concentration of 2.5 and 3 g 1"' gave

maximum enhancement in the yield and metabolite production.
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