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Chapter-1

INTRODUCTION

Strawberry Fragaria x ananasspais one of the world's most popular soft fruits. |

belongs to the Rosaceae family and the majoritguitivated forms are octaploid (2n=56).
The fruit is an achene and attached to juicy eeldmgceptacles. The cultivated strawberry is
a man-made hybrid that evolved from a cross between American specied;ragaria
chiloensisandFragaria virginiana(Duchesne, 1766).

Strawberry is native to North America and comméirgcigrown in Europe and North
American countries. Major strawberry growing coiggrare China, USA, Mexico, Turkey,
Egypt, Spain, Russia, South Korea, Poland and Maoro€hina is leading strawberry
producer in the world. In India it was introducedearly sixties by National Bureau of Plant
Genetic Resources Regional Station, Shimla (HimaBhlmadesh). Area under strawberry
cultivation in India is 3000 ha with production &0,000 MT (Anonymous, 2021).
Strawberry is cultivated commercially in MaharaahtPunjab, Haryana, hills of Himachal
Pradesh, Jammu & Kashmir, Uttarakhand, Rajasthdi\&est Bengal. In Himachal Pradesh,
area under strawberry cultivation is 40 ha with annual production of 210 MT
(Anonymous, 2021) and commercially grown in digtriullu, Sirmour, Solan, Kangra,
Shimla and Una. In the lower hills, it is cultivdtenainly for marketable fruits, while in

higher hills it is commonly grown for runner prodioo.

Strawberry is a shallow-rooted, short day and thmgbas plant that grows as a
perennial in temperate climates and as an annwlbtropical climates. Plants take nutrients
from the top soil surface due to their shallow regstems. Thus, soil's fertility, moisture,
drainage, and microbiological properties in its eppurface upto 15 cm has a significant
impact on growth, development, fruit output, qualiand runner production of strawberry.
Plants thrive best at temperature range of 22-36tGst as well as winter injury reduces
yield of berries. Plant performs well in sandy loaail with a pH range of 5.5 to 6.5. It can
be successfully cultivated in plains and hills opat elevation of 3000 meters above mean
sea level in dry or humid climates. It is one o€ tfew crops that provide quick and
substantial returns per unit area on investmenteRéy, farmers are getting attracted
towards the commercial cultivation of strawberrgdgse the crop is ready for harvest within

Six months.



The fresh strawberry fruits are rich in vitaminsparals and antioxidants. The berries
are non-fat and low in calories, rich in vitaminf&8 mg/100g), potassium (153 mg/100g),
folate (24 ng), dietary fibre (2 %) and vitamig-B.047 mg/100g). It also contains water
(90.95 %), energy (32 kcal), carbohydrates (7.68 $4yars (4.89 %) and protein (0.67 %)
(Giampieriet al, 2012). The typical aroma of ripe strawberry tfiigi contributed by seven
volatile esters and the red colour of the fruitdse to anthocyanin pelargonidin 3-
monoglucoside and traces of cyanidin. The preserviceellagic acid, which helps in
prevention of cancer and heart diseases as walb@sdance of anthocyanins have elevated
its fruit value. It is consumed fresh and processdde-added products are also available like
jam, jellies, squash and syrup etc. Fruits areidensd good for kidney stones, stomach ache

and diarrhea.

Plant growth regulators (PGRs) are an effectivargpie of increasing growth, yield
and quality of fruits. It can be synthesized witpilants or derived from nature. They help to
improve the plant growth and quality of fruits thgh various physiological and metabolic

processes.

Gibberellic acid helps in growth and elongationcefls. It was first discovered in
Japan in 1926. It increases petiole length, plamght, plant spread and also increases
number of leaves per plant in strawberry (Kureial, 2011). It also helps in early initiation
of flowering, increases flower number and fruit @tadiet al, 2013).

NAA is a synthetic auxin which controls various mglanetabolic processes and foliar
application of NAA have been reported to preverd-ature fruit drop and increase fruit
size. NAA helps in improving quality, increasingifrsize and accumulation of anthocyanin

content and delays ripening in strawberry (ktial, 2004).

BA is a cytokinin also utilised in fruit productidior a variety of reasons as a plant
growth regulator. It improves fruit size, lateraldbbreak and shoot growth in fruit trees,
resulting in increased branching. It affects faite and weight by stimulating cell division
(Shouminget al, 2007). BA improves the growth of the fruit arldvés the degradation of
chlorophyll and the ageing of the fruit. BA alsowb respiration, delays ethylene synthesis
and increases mechanical resistance all of whislsta® limit the rate of senescence after
harvest (Kumaet al, 2018).



Arbuscular mycorrhiza fungi (AMF) are soil microargsms that can create a
mutualistic symbiosis with a wide range of terrastplants. AMF helps to improve plant
growth, nutrient uptake and resistance to biotid abiotic stress. Physico-chemical
properties of fruit like soluble solids, solublelids/titratable acidity, fruit firmness and
phenolic compounds also improved (Cordata., 2019). Thus, the plant growth regulators
and AMF are widely used for improving plant gromthinner production, fruit set and yield

in strawberry.

Keeping in view the importance of plant growth regors and AMF, the present
study therefore on “Influence of plant growth reggats on growth, yield and fruit quality of

strawberry Fragaria x ananassacv. Camarosa” was carried out with following atijees:

1) To study the effect of plant growth regulatons growth yield and fruit quality of

strawberry

2) To study the effect of plant growth regulatas physiological and bio-chemical

parameters of strawberry



Chapter-2

REVIEW OF LITERATURE

Strawberry is a popular commercial fruit crop gromntemperate regions of the

world. It is highly preferred fruit in the diet ahillions of people across the world for its
delicate flavour and high vitamin, mineral and axiilant content (Bhaet al., 2005).
Application of growth regulators were rare undeditional system of farming and use of
fertilizers were very common but nowadays farmees shifting towards the use of growth
regulators because of their direct influence orhlibe quantitative and qualitative elements
of fruit growth.

Plant growth regulators are either natural or sgtithcompounds that are directly
administered to a target plant to change its bioldunctions. They include both naturally
occurring hormones as well as synthetic substarRlegohormones are organic substances
produced spontaneously in higher plants that gowgnowth and other physiological
functions at a distance from their source and ahg active in trace amount. Thimann coined
the term "phytohormone”. Auxins were among the fi@mones found in plants followed by
gibberellins and cytokinins. Plant growth regulatar minute amounts promote, hinder or
change any physiological function in plants anggdb improve the quality and production
of fruit crops and also improves the yield and ¢fiere beneficial to farmers when used in
small concentration (Sumaat al, 2017). Symbiotic association of arbuscular myaal
fungi (AMF) and plant roots helps in improvementpdant growth by nutrient uptake and
resistance to biotic and abiotic stress (8tial.,2018). Various workers reported that A
NAA, BA and AMF were effective in terms of improgrplant growth and physico-chemical
properties of fruits (Sharma and Singh, 2009 andi€ioet al, 2019).

The effects of GA NAA, BA and AMF on vegetative, floral, fruit amgghysico-chemical and
bio-chemical parameters are reviewed in this cliapte

2.1 Effect of plant growth regulators (GAs, NAA, BA) and AMF on vegetative
growth of strawberry cv. Camarosa

Thakuret al (1991) recorded significant increase in vegegagjxowth as compared to
control in strawberry cultivar Tioga with the amaltion of NAA (5, 10 and 20 ppm) during

first week of April.



Kahangiet al. (1992) registered maximum runner production iawltrerry cultivars
Nyoho, Morioka-16 and Hokowase with the applicatwrBA at 50 ppm. Dalet al. (1996)
reported that combination of benzyladenine at 12@@L and gibberellic acid at 300 mg/L
produced maximum runners in day neutral strawberrirkana (2001) carried out an
experiment to study the influence of nitrogen fsxand plant bio-regulators on growth, yield
and fruit quality of strawberry cv. Chandler. Hpoeed that foliar application of BA at 25,
50 and 100 ppm significantly increased plant heagitt leaf area.

Parousset al. (2002) observed increased petiole length anddesd by application of
GA3 at 50 and 200 ppm under short and long photopericahditions in three strawberry

cultivars Camarosa, Laguna and Seascape in diffgreenhouse conditions.

Mir et al (2004) found that by increasing NAA concentrasida 10, 15, 20, 25, 30
and 35 ppm resulted in substantial increases mt pleight, spread, leaf area, and number of

leaves per plant in strawberry cv. Sweet Charlie.

Mostafa and Saleh (2006) in their experiment sgta3®0 ppm GA on seven year
old apple tree variety Anna budded on MM. 106 rtmats and observed improved vegetative
characters like increase in number of shoot, stiamheter, leaf area and number of leaves on

current shoot.

Tripathi and Shukla (2006) observed significantréase in plant height and number
of leaves with the application of 100 ppm &A&imilarly, in an experiment conducted by
Kumar and Tripathi (2009) studied the influenceN&A, GA3; and boric acid on strawberry
cultivar Chandler and recorded highest numberafds (18.75), plant height (20.50 cm) and

maximum number of crowns (3.50) and runners (3W86) application of GA at 100 ppm.

Patelet al. (2009) found improvement in plant height, trunlardeter and canopy
spread in Sweet Orange cv. Mosambi by treatmeptaoits with N (300 g) + P (250 g) + K
(300 g) + AMF (5 g) +tAzospirillium (5 g) along with spray of 0.4 per cent micronuttse
(CutFe+B+Zn).

Perezet al (2009) studied the effect of growth regulatorsstrawberry plants and
they recorded increase in number of leaves pert glad crown with foliar application of
GA3 20 ppm in strawberry. Sharma and Singh (2009 dahat application of GA75 ppm

twice during mid-November and mid-February resultethaximum leaf number, leaf area,



petiole length, crown height and crown spread aspawed to control in strawberry cultivar
Chandler. Similar findings with foliar applicatiai 75 ppm GA were reported by Kumaat

al. (2011) in strawberry cv. Sweet Charlie.

Ali et al (2011) tested the effects of benzyladenine arabagellin on runner
production and several vegetative features in thevberry cultivars Pajaro, Queen Eliza,
Parso and discovered that &200 ppm and BA 1200 ppm applied in May producedniost

plantlets and leaf area.

Abou et al.(2011) sprayed different concentrations of BA (20, 30 and 40 ppm) on

manzanillo Olive trees and reported increasedahdeea through 40 ppm BA application.

Eshghiet al (2012) observed increase in runner productioh &@ and 100 ppm GA

in strawberry cv. Merak.

Uddinet al (2012) evaluated the effect of different concatimins of gibberellic acid
(50, 75 and 100 ppm) on growth and vyield of stramband found that GAat 75 ppm
produced the tallest plant (31.4 cm), maximum nunabéeaves, flowers and leaf area (64.5
cn?). However, increase in runner production was medrwith 50 mg/L of GA in

strawberry cultivar Gaviota (Asadt al, 2013).

Sehkar (2013) reported that 75 ppm Gpplication increased plant height, leaf area

and number of runners in strawberry cv. Chandler.

Khunte et al. (2014) observed an increase in plant height, lgetength and plant
spread with combined applications of poultry mar@if&0 tones and 200 ppm G#vhereas,

maximum number of leaves per plant were recordéd b0 tones poultry manure and 150
ppm Ghs.

Saimaet al (2014) observed that application of 75 ppm ;G#ter 75 days of
transplanting resulted in maximum plant height $20cm), plant spread (25.53 cm), leaf area

(136.30 cm), number of leaves per plant (23.00) in strawbewyChandler.

Hazarikaet al (2015) studied the effect of bio-fertilizers goldnt bio-regulators on
growth, yield and quality of strawberry cv. FestivBhey recorded significant increase in
plant height, plant spread and number of crownspfsatt with the application of 75 per cent
RDF + Vermicompost Azospirillum+ PSB + 50 ppm GA+ 50 ppm BA. Similarly, Thakur



et al. (2015) reported increased plant height with pgnoiwth promoting rhizobacteria and
75 ppm GA application in strawberry cv. Chandler.

Paleiet al. (2016) studied the influence of plant growth regoits GA (25, 50 and
100 ppm), NAA (25, 50 and 100 ppm) and IAA (25,&@ 100 ppm) on strawberry cultivar
Chandler under Odisha condition and noticed sigaifi increase in plant height (25.3 cm),
petiole length (13.2 cm), number of leaves (20@ant spread (35.7 cm) and runner
production (3.2) with application of GAat 100 ppm. lkram and Qureshi (2016) found a
significant increase in plant height and leaf aaftar spraying GAat 400 ppm on strawberry

plants.

An experiment carried out by Mastuaetal (2016) to study the impact of different
gibberellic acid concentrations (0, 25, 50 and pfpon growth of strawberry, the results
revealed that GAat 75 ppm impacted an increase in the numberavelg leaf area, petiole
length and plant spread. Similarly, Vistelal (2016) investigated the effect of NAA (15, 20
ppm), GA (100, 125 ppm), CCC (1000, 1250 ppm) and BA (1§ ppm) on strawberry
cultivar Sujatha and observed considerable incré@agg#ant height, number of leaves per
plant, length and breadth of trifoliate leaf, plapread (29.70 cm east- west and 24.63 cm
north- south direction) and number of runners gdantp(5.87) by foliar application of 125
ppm GhAs.

Ahire et al (2017) studied the effect of plant growth regaaton growth, yield and
fruit quality of strawberry cultivar Sweet Charbed registered significant increase in plant
height (18.19 cm) with the application of NAA at®ppm while plant spread (26.72 cm) in

NS direction was maximum in plants treated withpph GAs.

Dubeyet al. (2017) while studying effect of foliar sprays oRN, GA3z and boric acid
on vegetative growth of strawberry cv. Chandler audiced significant increased plant
height, number of leaves, number of crown and rtsper plant with the application of 100
ppm Ghs.

Kour et al (2017) investigated the impact of benzyladenind gibberellic acid on
guality and economics of runner production in straxwy under subtropical condition and
reported that GAat 100 ppm improved plant height (10.88 cm) antiofeelength (10.70
cm). While combination of 300 ppm GAand 150 ppm BA resulted in maximum number of

leaves and runners/mother plant (13.53).



Singh et al. (2017 a) conducted an experiment to study thecefié plant growth
regulators on growth and fruiting behaviour of RBhalThey applied NAA at 100, 150 and
200 ppm and GAat 50, 100 and 150 ppm and recorded that apmicati 150 ppm of GA
increased shoot length, number of leaves per sitetnodal length and number of shoots

per plant.

Hamdy (2017) investigated the effect of GAnd NAA on fruit yield and quality of
Washington Navel orange and results revealed thiair fapplication of 20 ppm GAand 25
ppm NAA improved the shoot length and number ofvésaper shoot and leaf area as

compared to control and other treatments.

Singhet al. (2018) reported improved vegetative characterspilat height, canopy

volume and leaf area through foliar applicatiori@® ppm GA in Kinnow.

Todeschiniet al. (2018) also studied the effect of three differahF (Funneliformis
mosseae, Septoglomus viscosamg Rhizophagus irregular)sin combination with three

different Pseudomonaspecies (19Fvlt, 5Vm1K and Pf4) é¢iragaria x ananassavar.

Eliana k plantlets. The factors linked with the vegetatyrewth parameters of the plant

were predominantly influenced by AMF.

Bhopleet al. (2019) investigated the impact of growth regulaton strawberry cv.
Chandler and reported that application of G&& 75 ppm increased number of leaves per
plant (40.50) while NAA at 100 ppm gives maximuraflarea (124.37 cfh

According to Liet al. (2020) long day condition influenced runner grow#md
treatment with 6-BA at 50 mg/L considerably incehshe number of runners production in

strawberry.

Pandeyet al. (2020) studied the influence of nutrients and powth regulators on
strawberry cultivar Chandler and noticed that aygtion of 100 kg nitrogen ,40 kg potassium
and 50 ppm of GAresulted in increased plant height (25.62 and72618), leaf area (142.29
and 143.68 cfl), number of leaves (23.69 and 24.39), number wfiews (16.77 and 16.97).

Rathodet al. (2021) investigated the impact of NAA (50, 75, 18@ 125 ppm) and
GA3 (50, 75, 100 and 125 ppm) on growth, yield andityueaf strawberry cv. Winter Dawn



and noted significant increased in plant heightiopeslength, plant spread, number of leaves

and runners per plant with foliar application oDJtpm GA.

Hussein and Doori (2021) conducted an experimestudy the effect of 6-BA (0, 30
and 60 mg/L) and licorice root extract on vegewmtgrowth of strawberry cv. Rubygem.
They discovered that foliar application of BA at 6@/L resulted in maximum leaf area

(95.81 cm) and number of leaves per plant (15.78).

Xing et al. (2022) reported significant increase in plant heignd stem diameter
through inoculation of plants with AMF in snapdrago

2.2 Effect of plant growth regulators (GA, NAA, BA) and AMF on flowering and

fruiting of strawberry cv. Camarosa

Maibangra and Ahmed (2000) recorded increase il wath foliar application of
100 ppm NAA in pineapple. Rana (2001) reported mmaxn number of berries per plant and
berry yield with the foliar application of GAat 100 ppm in strawberry cultivar Chandler.

Mir et al (2004) noticed significant increase in numberfiofits and yield by
application of NAA (10, 15, 20, 25, 30 and 35 ppah)2-3 leaf stage in strawberry cultivar
Sweet Charlie. Khokhaet al (2004) found that application of GAat 75 ppm resulted in
highest fruit yield in strawberry cultivar Chandler

Bonaet al. (2015) found that inoculation of AMF along withapk growth promoting

bacteria helps in increasing flower and fruit prctien in strawberry.

Singh and Singh (2005) studied the effect of plainotregulators on flowering and
fruiting of strawberry cv. Sweet Charlie and observhat using BA at 100 ppm gave

maximum number of flower trusses per plant and taienber of flowers per plant.

Hamanoet al. (2006) noted delayed flowering with foliar apptica of 50 ppm BA
in strawberry cultivars Nyoho, Tochiotome and Toyka Shanet al (2007) studied the
effect of plant growth regulators (IAA, GAand 6-BA) on strawberry cultivar French and
reported that application of 6-BA and IAA at 50 mgh late autumn significantly improved

the flower number and plant quality.



Nagargojeet al. (2007) carried out an experiment to study the ef¢dNAA (50 and
100 ppm) on fruit set, drop and retention of sapmtaKalipatti and results revealed that
foliar application of 100 ppm NAA increased frugtsretention and also reduces the fruit
drop.

Fanet al. (2008) observed shortening of blossom date byy3 @ad shortening of

fruit ripening by 4 days with inoculation of AMF strawberry cv. Zozi.

Tripathi and Shukla (2008) reported that the platisated with GA at a
concentration of 100 ppm produced their first bloamthe shortest time (89.00 days),
flowering for a longer duration (72.66 days) andduced the maximum fruits (14.25) per

plant in strawberry cultivar Chandler.

Chavanet al. (2009) investigated the influence of plant growdgulators on
flowering in sapota cv. Kalipatti and found tha¢ thuantity of flowers and fruit set in sapota

is improved by foliar application of NAA 150 ppm.

El-Shabasiet al. (2009) recorded maximum number of flowers, frigt and yield
with foliar application of 10 ppm GAIn strawberry cv. Sweet Charlie. Similarly, Pee¢al.
(2009) observed increase in number of flowers @@lppm GA in strawberry.

Ghoshet al. (2009) studied the effect of plant growth regulaton yield and fruit
quality of Pomegranate cv. Ruby. They sprayed N2& &nd 50 ppm), GA(10 and 20 ppm)
and 2,4-D (5 and 10 ppm) three times at intervétlays and found that NAA at 25 ppm
resulted in considerably higher fruit set (44.3&aY fruit retention (44.1 %), resulting in the
greatest fruit yield of 7.8 kg/plant.

Roussoset al. (2009) reported a positive response toz@@plication in boosting
strawberry cv. Camarosa fruit yield in a glass leoasndition. Similarly, Singh and Singh
(2009) in their experiment conducted to study tiffece of biofertilizers and plant bio-
regulators on growth, yield and nutrient statustcdwberry cultivar Sweet Charlie found that
application ofAzotobacterand Azospirillumalong with 60 Kg N/ha and GAat 100 ppm
significantly increased fruit set and yield.

According to Sharma and Singh (2009) applyings@& 75 ppm in mid-November,

mid-February or both times resulted in improvedsbtiom quantity and fruit set in strawberry.
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Cekic and Yilmaz (2011) conducted an experimentstiedy the effect of AMF
(Glomus clarumandGlomus caledoniuinand different doses of phosphorus (10, 30 and 60
ppm) in soilless culture of Camarosa and Maraltnandberry cultivars and results revealed
that mycorrhizal inoculation significantly increashe yield in Maraline.

Bhamre (2012) investigated the impact of plant ghowegulators on mango cv.
Mallika yield, quality and fruit drop reduction. Wh compared to other treatments, the

results showed that foliar application of NAA 20nppesulted in significantly more fruit set.

Isamet al.(2012) evaluated the effect of foliar applicatidd®A, GA3z and 6-BA at 0
and 50 ppm either separately or in combination wawberry cultivars Camarosa and
Camaroga under greenhouse condition. They founrdfisignt increase in number of flowers
per plant (138 %) with 50 ppm GAreated plants as compare to control. Fruit setlss
increased by 97.24 per cent and 81.5 per cent Bi#thand GAg application. Uddiret al
(2012) studied the effect of different concentnasi@f gibberellic acid (50, 75 and 100 ppm)
on growth and vyield of strawberry and reported tBAg at 75 ppm gave maximum number

of flowers and yield per plant.

Agnihotri et al. (2013) investigated the impact of growth regulston fruit set of
guava cv. Chittider. They found that foliar applioa of 200 ppm NAA considerably

increased guava fruit set.

Asadi et al. (2013) observed that foliar application of &at 50 ppm increased the
number of flowers and yield in strawberry cv. GaaioSimilar results were obtained by
Sehkar (2013) when he applied 75 ppms@Astrawberry plants.

Jasrotiaet al. (2014) sprayed three doses of £A0, 100 and 150 ppm) to test the
effect of GA on flowering and yield characteristics of strawleav. Belrubi. Plants treated
with GAz at 50 ppm, 100 ppm and 150 ppm took the least atmmfutime to start flowering
(53.55) and bud formation (60.08) while 50 ppm odhszGroduced maximum number of
flowers per plant (22.56), fruit yield per plant6@89 g), and fruit yield per hectare (16.50
g/ha).

Saimaet al (2014) investigated the effect of plant bio-regafs on vegetative
growth, yield and quality of strawberry cv. Chandl&hey applied GA (50, 75 and 100
ppm), NAA (25, 50 and 75 ppm) and Cycocel (500, @d 1000 ppm) at 75 days after
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transplanting and recorded maximum number of flew80.22) and berries per plant (24.80)
by treatment of 75 ppm GAwhereas early initiation of flowering (61.66 DA&nd fruit
formation (66.66 DAT) was recorded with 750 ppmane application.

Rajbharet al (2014) reported that foliar spray of @& 100 ppm and the application
of vermicompost 100 g/ha resulted highest fruitdjienaximum fruit number, and maximum
fruit production per hectare in Strawberry cv. Giianwhereas the Douglas cultivar produce
minimum number of fruits by foliar application 0% ppm gibberellic acid and vermicompost
25 g/ha.

Thanaaet al. (2015) investigated the effect of foliar applicatiof dry yeast extract
and benzyladenine on growth and yield of Manzarnillge trees and they observed increase

in yield of olive by combined application of 40 gykast extract and 60 ppm benzyladenine.

Paleiet al. (2016) conducted an experiment to study the initeeof plant growth
regulators on strawberry cultivar Chandler andaireced that NAA at 100 ppm significantly
increased the number of flowers (24.1) and frugs glant (22.5) and took minimum days to

initiate flowering (50.1).

Robinsonet al (2016) studied the effect of strawberry inocuatgth liquid spore
suspension and granular commercial inoculumRofirregularis They found that AMF-
treated strawberries especially granular AMF predumore fruit from mid-to-late harvest
and granular AMF and liquid AMF treatments producgghificantly more fruit than the

control.

Ahire et al. (2017) studied the effect of plant growth regulaton strawberry cv.
Sweet Charlie and observed that application of g &As resulted in increased number of

fruits per plant and yield.

Ennab (2017) noted significantly increased in feet and yield while reduction of
pre-harvest fruit drop through application of 1@PB + 20 ppm of GAin Chinese mandarin

trees.

Barwaryet al. (2018) investigated the effects of &, 100, 200 and 300 mg/L) and
Zinc (0, 2, and 4 g/L) on strawberry plant growield, and quality. Results showed that
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combination of GA (300 mg/L) and zinc (4 g/L) at higher concentratisignificantly

increased number of fruits per plant (21.07).

Ghorchianiet al (2018) observed increase in yield by inoculatadnmaize with
combination ofFunneliformis mosseandPseudomonas fluorescens under water stress

condition.

Singh et al. (2018) investigated the impact of plant growth ulagprs and
micronutrients on yield and quality of Kinnow ankey found significantly increase in
number of fruits per plant (458) and yield (114ditiee) with foliar application of 100 ppm
GAs.

Soodet al. (2018) found that the use of a combination of fieiddizers and growth
regulators PSB (6 kg/ha) + GALOO0 ppm) improved plant growth while reducing timee it
took to produce the first flower (57 days) compa@dontrol.

Bhopleet al. (2019) recorded maximum number of flower (46.38)it (39.42) and
yield per plant (618.50 g) treated with 50 ppm&Ad combination of 50 ppm GAnd 75
ppm NAA results maximum fruit set (85.50 %) in stleerry cv. Chandler. Similarly,
Ruchithaet al. (2020) also reported highest number of flowerstdrand yield per plant with
the application of GAat 150 ppm.

Rathodet al. (2021) investigated the effect of plant growth dagars on strawberry
cv. Winter dawn under open field condition. Theultsrevealed that foliar application of
100 ppm GAtook minimum days to flowering and increased nundiélowers per plant.

Bhooriyaet al. (2021) noted minimum days to first flower initiai and maximum
number of flowers per shoot by treatment of plamth 100 per cent recommended dose of

fertilizers and 20 ppm of NAA with 15 days intengdlfertigation in pomegranate.

2.3 Effect of plant growth regulators (GAs, NAA, BA) and AMF on fruit quality of

strawberry cv. Camarosa

Bhautkar (1994) found that applying NAA at 35 ant days after planting had a
substantial impact on fruit TSS in strawberry cwskalia. Haidryet al. (1997) reported
increase in total soluble solids, total sugarslamer acidity in plants treated with 20-40 ppm

NAA while 20 ppm NAA gave maximum yield and minireithe fruit drop in mango.
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Ingle et al. (2001) observed that three foliar sprays of NAB@ ppm administered in
February, August and September resulted in sigmficmprovement in fruit qualities
including fruit weight in Nagpur mandarin. Simibarlfruit weight, TSS, ascorbic acid, and
total sugars content of guava fruits rose conshldgraver control when NAA @ 20 to 60

ppm was applied, according to (Yadeatval.,2001).

Rana (2001) reported maximum TSS and total sugartent in strawberry cultivar
Chandler with the application of 100 ppm &Aimilar results were reported by Ozguven
and Yilmaz (2002) that application of GAat 200 ppm before flowering in strawberry cv.

Camarosa resulted in greater TSS and acidity.

Kher et al. (2003) found that TSS, total sugars, non-redusingars, and TSS: acid
ratio were all highest in guava cv. Sardar when N@Appm is applied, whereas reducing
sugars were high in plants treated with NAA at §np Stern and Flaishman (2003) found
that application of BA at 100 mg/L two weeks afidt bloom when the fruitlet diameter was

10 mm, increased the fruit size of both SpadonaGostia pear varieties.

According to Asreyet al. (2004) pre harvest treatment with NAA 25 ppm faeal
the greater vitamin C content (49.30 mg/100 g puwp)strawberry cultivar Chandler in
storage. Khokhaet al. (2004) investigated the effect of NAA (30 and o) and GA (50
and 75 ppm) on the yield and fruit quality of stbenry cv. Chandler and recorded highest
anthocyanin content with the application of £ 50 ppm. Schwab and Raab (2004) found
that gibberellic acid treatments significantly ieased anthocyanin content in strawberry.

Sharma and Ananda (2004) registered increase Id gfeapple by pre-bloom foliar
spray of NAA at a concentration of 5 ppm. SimilaBhatet al. (2006) recorded maximum

yield in Lemon var. Eureka with 40 and 20 ppm fospray of NAA.

Lenahanet al (2006) discovered that applying @At 50 and 100 ppm increased
TSS, firmness, and weigh in sweet cherry. Simila®mngh and Singh (2006) noted
maximum total soluble solids (8.90 °Brix), totalgsws (8.50 %) and ascorbic acid (59.22
mg/100g) in strawberry cultivar Sweet Charlie tlglbwdual inoculation oAzotobacterand

Azospirillumalong with 100 ppm of GAand 50 per cent standard dose of nitrogen.
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Nawazet al. (2008) sprayed different concentrations of NAA (18,and 20 ppm) on
Kinnow mandrin and observed maximum vitamin C cohi@5.30 mg/100g) through 15

ppm NAA application.

Saleemet al. (2008) studied the effect of spring applicatidngmwth regulators on
fruit quality of Blood Red Sweet Orange. They relsml increased juice content, pulp,

reducing sugars, non-reducing sugars and totakswgth foliar application of 20 ppm GA

Igbal et al. (2009) sprayed various concentrations of NAA ®, 30, 45, 60, 75, and
90 ppm) at the marble and walnut stages of RethFkegva and found that foliar application
of 45 ppm NAA reduced fruit drop (8.83 %) and irased total soluble solids (11 %) and

total sugars (7.45 %) while lowering acidity.

Kumar and Tripathi (2009) investigated the effemftdNAA, GA3, and boric acid on
strawberry cultivar Chandler growth, yield, and lgyaPlants treated with NAA at 20 ppm
produced berries with the highest TSS (7.68 °Brigjal sugars (5.97 %), and titratable
acidity (0.92 %), whereas GA100 ppm) produced berries with better length 43cin),
width (1.95 cm), and ascorbic acid content (56.63100Q).

Villarreal et al. (2009) recorded that the application of naphthakeetic acid (NAA)
to strawberry fruits delayed ripening and anthoayatcumulation. According to Agrawal
and Dikshit (2010) TSS, reducing sugars, non-reduaugars, and total sugars were all

significantly increased in sapota fruit after folapplication of NAA 100 ppm.

Tripathi and Shukla (2010) investigated the infleeerof plant bio-regulators, boric
acid and zinc sulphate on yield and fruit charadtiestrawberry cultivar Chandler. Plants
were sprayed with NAA (5, 10 and 15 ppm), 325, 50 and 100 ppm), CCC (500, 1000 and
1500 ppm), BA (25, 50 and 100 ppm), boric acid @l 0.2 %) and zinc sulphate (0.2 and
0.4 %) before flower bud initiation and found th@a#; at 100 ppm generated the largest
berries in terms of length, volume, and weight, kehs CCC at 1000 ppm produced the

largest berries in terms of breadth.

Yadavet al. (2010) investigated the effect of NAA, GAboric acid and Ca(N£) on
fruit retention, growth, yield and quality of aorlBmblica officinalig cv. Banarasi. Results
showed that 30 ppm NAA helps in improvement oftfisize, weight, yield, total soluble

solids, total sugars, ascorbic acid and decreasésyacontent.
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Garasiyaet al (2013) investigated the impact of different cancations of GA (50
and 100 ppm), NAA (20 and 40 ppm), 2, 4-D (5 andopfn), and CCC (250 and 500 ppm)
on the yield of the winter season guava cv. L-48eyl found that fruit diameter was
dramatically increased and improvement in fruit girtj volume, quantity and yield were
recorded by application of 20 ppm NAA.

Kumar et al. (2013) studied the effect of gibberellic acid asidssom removal on
fruit quality of strawberry cv. Belrubi reportedathapplication of 50 ppm GAwith partial de
blossoming significantly increased fruit TSS, sggand juice content.

Narayanet al. (2013) investigated the impact of growth regulators guava cv.
Allahabad Safeda and found that foliar applicattdr60 ppm GA improved fruit length,

girth, weight and also reduce fruit drop.

Khunte et al. (2014) conducted a study to see how plant groetiulators such as
NAA, GA3, Tricontanol, and CCC as well as organic manufectdd the physico-chemical
parameters of strawberry cv. Chandler and fountidsgacidity of fruit juice was achieved
by applying 5.50 tonnes ha-poultry manure + 150 gpAy and maximum TSS with 100
ppm GAs and maximum juice content with 200 ppm £A

Hemalatheet al (2015) found that fruits treated with 50 ppm BAde6 per cent wax
had the maximum juice content, ascorbic acid, angdnkess in Sweet Orange cultivar
Sathgudi.

Thakur et al. (2015) discovered that application of plant growphomoting
rhizobacteria (PGPR) + GA@ 75 ppm to strawberry cv. Chandler improved fguglity
considerably. According to Tomat al. (2016) combining GA30 ppm+ NAA 30 ppm and

2,4-D 5 ppm in tomato resulted in a considerabtegase in fruit weight and yield.

Cecattoet al. (2016) reported increase in anthocyanin contenstrawberry cv.

Splendor, Sabrina and Fortuna by inoculation offglavith AMF during transplanting.

Singh et al (2017b) conducted an experiment to study thecef# plant growth
regulators on yield and fruit quality of guava @llahabad Safeda. They observed that
application of 200 ppm NAA helps in improvement fafit size, weight, TSS, reducing
sugars, total sugars and ascorbic acid of fruits.

16



Tiwari et al. (2017) recorded maximum total soluble solids con{®.6 °Brix), total
acidity (0.65 %), ascorbic acid (53.43 mg/100 gtfpulp) in strawberry cultivar Chandler
through application of 150 ppm GASimilarly, Gaikwad and Ahir¢2017) reported that
foliar treatment with 75 ppm GAgave best results by increasing total solubledsoin

strawberry cultivar Sweet Charlie.

Khandakeret al. (2017) investigated the effect of localised 458, 20, 50 and 100
mg/L) treatment on wax apple and discovered thabing fruits with 50 mg/L GA
improved fruit length, diameter, weight and antha@p content while lowering chlorophyll

level as compared to control.

Kumar and Sharma (2017) investigated the effedBAg in combination with urea
phosphate and BA on yield and physical quality dfompson seedless grape. Results
revealed significant increase in length, width avelght of berry with combination of GA

30, 40 ppm and BA 10 ppm when sprayed at pre blaondberry set stage.

Nazir et al. (2017) sprayed GA(25 and 50 mg/L), BA (10 and 20 mg/L), 2,4-D (10
and 25 mg/L), TRIA (10 and 20 mg/L) and a naturdlact (4 gm/L) four weeks after full
bloom in kiwifruit and found that TSS/ acidity rafivitamin C, total phenols, and total
carotenoids were also at their greatest with 25 @#mfollowed by 50 ppm GA

Paikraet al. (2018) evaluated the effect of different conceardres of GA; (25, 50, 75,
100 and 125 ppm) and NAA (10, 20, 30, 40 and 50)ppmquality of strawberry cultivar
Sabrina and reported increased TSS (9.91 °Brix}y:Té8id ratio (18.02), total sugars (8.92
%), reducing sugars (5.71 %), non-reducing sugar21(%) and ascorbic acid (65.05
mg/100g) while decrease in acidity of fruit (0.595 %y foliar application of 75 ppm of

gibberellic acid.

Yadav et al. (2018) studied the effect of micronutrients (Bor@anSQ) and plant
growth regulators on strawberry cultivar Chandled abserved that foliar spray of Zn$O
(0.4 %) + NAA (15 ppm) resulted in maximum fruit $$8.06 °Brix), reducing sugars (5.45
%), non-reducing sugars (2.58 %) and total sugags(%).

Chiomentoet al. (2019) reported increased anthocyanin content %g5of fruits
obtained from plants inoculated with AMF. Cordegbal (2019) observed that inoculation

with AMF in strawberry increased soluble solids teon, soluble solids/titratable acidity
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ratio. According to Kongt al. (2019) increase in soluble solids, soluble sugatsvitamin C

content of tomato fruits were recorded by soil aggion of AMF in saline alkaline soil.

El- Gould and Amal (2020) found that when plantsmatermelon were treated with
the mixture of 25 per cent compost + 25 per centniempost + 25 per cent chicken + 25
per cent cow manures (8 T/fed.) + Vermitea 4 + AMiey observed maximum total soluble

solids, total sugars, reducing sugars and non-ciegsugars.

Sharifi and Sarikhani (2020) carried out an expenimto study the effect of light
intensity and foliar application of calcium chlogidind NAA on growth, yield of strawberry
cv. Paros. They observed maximum anthocyanin conteplants treated with NAA and

shade condition.

Rathodet al. (2021) sprayed NAA and G#at 50, 75, 100 and 125 ppm at 30 and 60
days after transplanting. They found increasedun TSS (8.98 °Brix), ascorbic acid (97.18
mg/100g), acidity (0.74 %), total sugars (9.72 #gucing sugars (5.14 %), non-reducing
sugars (4.57 %) and fruit firmness (0.97 kdfcimy application of 125 ppm NAA whereas
improvement in fruit weight (15.37 g), length (3.68) and maximum numbers of fruits per
plant (18.67) were observed by application of 1@npGAs in strawberry cultivar Winter

Dawn.

Senjam and Singh (2021) studied the effect oafapplication of NAA, 2,4-D and
urea on fruit yield and quality dEitrus limoncv. Assam lemon. They reported increase Iin
juice content (40.47 ml/fruit), reducing sugars5@0%) and ascorbic acid (48.56 mg/100
g) by application of NAA @ 20 ppm + 2,4-D @ 20 ppmi per cent urea whereas increase in
TSS (9.88 °B), total sugars (1.66 %) and minimutnatible acidity (3.10 %) with
application of NAA @ 10 ppm + 2,4-D @ 10 ppm + X pent urea.

2.4  Effect of plant growth regulators (GAs, NAA, BA) and AMF on bio-chemical and

physiological parameters of strawberry cv. Camarosa

Yuan and Xw2001) observed increased in net photosynthestshyatapplication of
90 ppm GA in broad bean. Similar results were obtained blraket al. (2002) that GA

application helps to improve photosynthesis rateheat grown under different medium.

18



Stylianidiset al. (2004) conducted an experiment on effect of ptmotvth regulators
on fruit shape and inorganic nutrient concentraiioleaves and fruits of red delicious apple
and results showed that GAat 100 ppm significantly increase the photosymthedte,

transpiration rate and stomatal conductance.

Guoet al (2006) recorded increased net photosyntheticinakeaves by application
of sodium bisulfite and benzyladenine while storha&@nductance and transpiration rate

increased only by the application of benzyladenine.

Wu and Xia (2006) studied the influence of AMF ofanp growth, osmotic
adjustment and photosynthesis @itrus tangerinegrown in pots under well-watered and
water stress condition. Results revealed that sggdinoculated with AMF had higher leaf
water potential, transpiration rates, photosynthgdtes, stomatal conductance than non-AM
seedlings.

Shanet al. (2007) reported that application of plant growglgulators (IAA, GA and
6-BA) during autumn increased Chlorophyll a, b emtand net photosynthetic rate of
strawberry cv. French. Singh and Singh (2009) stilithe effect of biofertilizers and growth
regulators on growth, yield and quality of strawlesv. Sweet Charlie and noticed highest
chlorophyll content in plants treated wiftzotobacter+ Azospirillum+ 60 kg N /ha + 100
ppm Ghs.

Abou et al (2011) studied the effect of Benzyladenine onwgho flowering and
fruiting of Manzanillo Olive trees and they recodd@creased chlorophyll content through

foliar application of 40 ppm BA.

Bagheriet al. (2013) sprayed different concentrations of NAAXO,and 20 mg/L) on
Alstroemeria hybridaand revealed that application of 20 mg/L NAA helpsincreasing
chlorophyll b content.

Sehkar (2013) observed highest chlorophyll contard photosynthesis with foliar
application of CPPU 6 ppm + GAO ppm in strawberry cultivar Chandler. SimilarBang
et al. (2016) conducted an experiment to investigateetfect of gibberellic acid application
on growth attribute, return bloom and fruit qualy rabbit eye blueberry and observed
significantly increase in chlorophyll content, adphyll a and b by foliar application of 500
mg/L GAs.
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Al-Rawi et al. (2016) conducted an experiment to study the e&fetoliar application
of Gibberellic acid and Sea weed extract on groavttl leaf mineral content of Peach trees
and they found that foliar application of 100 ppmA{and 4ml/L seaweed extract increased
chlorophyll content of leaves (37.18 mg/g).

Chenet al. (2017) found root activity, chlorophyll contentetnphotosynthetic rate,
and light saturated rate of G@bsorption all increased significantly after AM&lanization

in cucumber.

Ayad et al. (2018) studied the effect of foliar application GfAz on strawberry
cultivars BG4.370 and Splendor. They observed higitetosynthesis rate in both the
cultivars sprayed with 200 mg/L GAhan control and highest stomatal conductance,
transpiration rate were observed by the applicatib80 mg /L GA in BG4.370 and 100
ppm GAgs in Splendor.

Barwaryet al. (2018) recorded increase in leaf chlorophyll cahtey combination of
GA3 (30 mg/L) and Zinc (4 g/L) in strawberry cultivBioga. Highest chlorophyll content by
application of 70 ppm NAA at 50 days after emergemcmustard was recorded by (Begum
et al.,2018).

Kumariet al. (2018) studied the impact of PGPR andi®A strawberry cv. Chandler
and they reported increased chlorophyll contengtqgagynthesis, stomatal conductance and

transpiration with PGPR and 75 ppm &featment as compared to control.

Mikiciuk et al. (2019) conducted an experiment to study the imp&dcAMF and
rhizosphere bacteria on fruit quality, selectedgpblpgical parameter and yield of strawberry
cv. Rumba and reported increased rate of trangpirathlorophyll a and total chlorophyll

content.

Huanget al. (2020) revealed that mycorrhizal colonization io@d apple drought
tolerance by enhancing gas exchange capacity asthgachlorophyll levels. Similarly,
increase in chlorophyll content is observed in twmay inoculation of AMF by (Turhan,
2021). Daset al.(2021) studied effect of NAA (20, 30, 40 and 50 p@and GA (10, 15, 20
and 25 ppm) orCitrus lemoncv. Eureka and found that plants treated with @b [GAg

resulted in increased chlorophyll content.
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Chapter-3

MATERIALS AND METHODS

The present study entitlednfluence of plant growth regulators on growth, yidd

and fruit quality of strawberry ( Fragaria x ananassa)cv. Camarosa” was carried out
during 2021-2022 at Horticulture Research & Tragnitation and Krishi Vigyan Kendra,
Solan at Kandaghat. The detail of the material methodologies used during the course of
study has been described into the following heads:

3.1 GEOGRAPHICAL CONDITIONS

The experiment was carried out at Horticulture Rede & Training Station and
Krishi Vigyan Kendra, Solan at Kandaghat. The eikpental farm is situated at the elevation
of 1425 m above mean sea level with latitude 093WN and longitude of 77.15°E and area
falls under the sub-temperate, sub-humid and niliddgro-climatic zone of Himachal
Pradesh. The average summer temperature is ab@3iC2&nd minimum temperature during
winter is about 9°C. The average annual temperaifitee experimental area is 18°C and

annual rainfall is about 375mm.
3.2 EXPERIMENTAL METHODOLOGY
3.2.1 Preparation of beds

Prior to preparation of beds, the land was thorbugrepared by repeated ploughing
with the help of power tiller and well rotten FYM also incorporated in the soil. The raised
beds 1m x 1m size were prepared and six healthyersnof strawberry cultivar Camarosa
were planted in these beds at a spacing of 30 &@ em during first week of October. The
uniform cultural practices like weeding, hoeingigation and mulching were done at regular

intervals in each bed.
3.2.2 Preparation of spray material and method ofgay

The required amount of GAand NAA was first dissolved in 50 ml ethanol sabuti
and then desired volume was made with water. Tlgeined amount of BA was first
dissolved in 1 per cent NaOH and then desired veluwras made with distilled water. Plants

were inoculated with 10 g arbuscular mycorrhizalgiuper plant for 30 minutes.



Plant growth regulators were sprayed uniformly wtike help of pneumatic volume

sprayer till the leaves were wet and droplets dditgmn started trickling down. One liter of

solution was required for each treatment. Spray @@ twice during morning hours in

month of November and December.
3.2.3 Details of Experiment
The experimental plants were subjected to diffetezdtments of G4 NAA and BA

as per details given below:

Total number of treatments : 10 viz

T 5 ppm NAA

T2 10 ppm NAA

T3 15 ppm NAA

Ty 25 ppm GA

Ts 50 ppm GA

Te 75 ppm GA

T7 5 ppm BA

Ts 10 ppm BA

To 15 ppm BA

T1o Control

No. of replications : 3

Time of application : a) 30 and 60 days after tpdansting

b) Root inoculation of all the plants wAMF
10g/plant

Fruit species : Strawberry

Cultivar : Camarosa

Design of experiment : Randomized Block Design (RBD
3.3 OBSERVATIONS RECORDED:

Data on following parameters were recorded in ¥peement:

A. Vegetative Parameters

1. Plant Height (cm)

2. Petiole Length (cm)
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Number of Leaves per plant
Leaf Area (cm)

Number of crowns

oW

Number of runners

. Flowering and Fruiting Parameters

P o O

Time of initiation of flowering
Duration of flowering
Number of flowers per plant
Fruit set (%)
Cumulative fruit number
Cumulative fruit yield

. Fruit Quality Parameters
Fruit Size
Fruit Weight (g)
Fruit Firmness (kg/cf)
Total Soluble Solids (°B)
Titratable Acidity (%)
TSS: acid ratio
Sugars (%)
Ascorbic acid content (mg/100g)

PO @ g9 & w Db

N

o o &~ Ww

Anthocyanin content

O © © =N

. Bio-Chemical Parameter

=

Chlorophyll Content (mg/g fresh weight)

m

Physiological Parameters
1. Photosynthesis (Lmol G@n*/sec)
2. Stomatal Conductance (mob®/n/sec)
3. Transpiration(mmol HO/n¥/sec)
Below are the specifics of the methodology usedibimument various observations:

3.3.1 VEGETATIVE PARAMETERS
3.3.1.1 Plant Height:

Plant height was measured using a measuring saate the crown to the apex of

primary leaves and the results were expressed agegage height in centimeters (cm).
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3.3.1.2 Petiole Length:

The petiole length of plants was measured on & doain the base of the petiole to
the base of the leaf blade and the results wereesepted as average petiole length in

centimeters (cm).
3.3.1.3 Leaf Area:

Ten fully expanded leaves were taken from the plamthe month of May and leaf
area were measured with the help of LI-COR 300Ddeza meter and average was expressed

in square centimeter (én
3.3.1.4 Number of Leaves per plant

Fully expanded leaves were counted from randomigcsesd plants and the results

were expressed as average number of leaves pér plan
3.3.1.5 Number of Crowns

Number of crowns were counted at the end of frgiseason from randomly selected

plants. The average values were expressed asitotdler of crowns per plant.
3.3.1.6 Number of Runners

At the end of the growing season the total numbeurmners per plot was counted and
the average number of runners per plant was cabolila

3.3.2 FLOWERING AND FRUITING PARAMETERS
3.3.2.1 Time of initiation of flowering

The number of days between the date of plantingthadirst flower opening was

recorded as time of initiation of flowering.
3.3.2.2 Duration of flowering

The date of opening of first flower and opening dftlflower during the cropping

season was recorded to calculate the duratiorowkfling.
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3.3.2.3 Number of flowers per plant

Total numbers of flowers were counted from randorsglected plants and the

average was expressed as number of flowers petr plan
3.3.2.4 Fruit Set

To observation on fruit set, counting the numbefloivers at twenty days interval
was done according to Westwood (1978) using thauita:

Total number of fruits set
Fruit set (%) = x 100
Total number of flowers

3.3.2.5 Cumulative fruit number

The primary, secondary and tertiary fruits werented throughout the season and the

total number of fruits were expressed as cumuldtivie number.
3.3.2.6 Cumulative fruit yield

The fruit were handpicked twice a week with alteight to ten times of harvesting
throughout the cropping period. The observationeewecorded on total marketable yield of

berries, and expressed in grams per plant (g/plant)
3.3.3 FRUIT QUALITY PARAMETERS
3.3.3.1 Fruit Size

Fruit dimension (length and breadth) of five randipiselected fruits (berries) was
measured with the help of digital vernier scal®@5 mm accuracy). Average of fruit length

and breadth was calculated and the values weressgul in millimetres (mm).

3.3.3.2 Fruit Weight

Fruit weight of randomly selected five fruits wareeasured on a top pan electronic

balance. The average was taken and the valuesewpressed in grams (Q).
3.3.3.3 Fruit Firmness

Fruit firmness was determined using digital fruregsure tester (ACSY4) and the

values were expressed in Kgfcm
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3.3.3.4 Total Soluble Solids

The total soluble solids of the fruit juice wasetatined with the help of Erma-Hand
Refractometer (0 to 32 °B). The refractometer wal#rated with distilled water before use.
The readings were recorded for each sample bynguti drop of juice on the prism
(A.O.A.C, 1980). A temperature correction was aggpliwhen it was above or below 20°C
and the readings were expressed in degree Brix (°B)

3.3.3.5 Titratable Acidity

Twenty five gram of pulp of fruit samples was horanged with distilled water in an
electric blender and volume was made to 250 ml. Tbetents were filtered through
Whatman No. 1 filter paper. 10 ml of the extractswaken and then titrated against 0.1 N
NaOH solution using phenolphthalein (indicator).eThppearance of light pink colour
indicated the end point. The results were expreaseper cent of fresh weight of the fruit
pulp. The remaining extract was kept for estimatainsugars. Excess lead acetate and
contents were again filtered. The volume was mad50 ml with distilled water. Out of this
solution, 50 ml was kept for determining total sisgd he titratable acidity was calculated by

using the following formula:

Titre value x Normality of Alkali x Volume made upEquivalent weight of acid x 100

Titratable acidity = _ :
Volume of sample taken for estimation xVolume adjabt taken x 1000

3.3.3.6 TSS: acid ratio

TSS: acid ratio is worked out by dividing the tosdluble solids (TSS) to the
titratable acidity (TA) of the fruit samples.

3.3.3.7 Total sugars

Total sugars content of the fruits was determingd_&ne and Eynon’s volumetric
method (A.O.A.C., 1980). The remnant 200 ml of éxéract left from titratable acidity was
taken and subsequently, 10 ml of 45 per cent stdridad acetate was added to it. After 10
minutes, 10 ml of potassium oxalate (22 %) was ddaeprecipitate the excess of lead
acetate. The volume was then made to 250 ml watilldd water proceeded by the filtration
of solution. Afterwards, 50 ml of the filtrate wéasken and 5 ml of concentrated HCI was

added to it. The solution was kept overnight fodimjyysis at room temperature. On the next
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day, excess of HCI was neutralized with saturatddNAROH solution and final volume was
made to 250 ml with distilled water. The total sisgavere estimated by titrating boiling
mixture of 5 ml of both Fehling A and Fehling B ihydrolyzed solution using methylene
blue as an indicator. The appearance of brick odaluc after titration indicated the end point.

The total sugars content in fruit samples was esga@ as percentage of fresh weight of fruit

pulp.

*Factor x Dilution % 100
Titre value x Weight or Volume of sample taken

Total sugar (%) =

*Factor = 0.05

3.3.3.8 Reducing sugars

The remaining unhydrolyzed solution obtained atterestimation of total sugars was
titrated against boiling solution of 5 ml each adhking A and Fehling B using methylene
blue as an indicator (A.O.A.C., 1980). The end pwaias marked by the appearance of brick
red colour. The reducing sugars content was expdess the per cent of fresh weight of fruit

pulp.

_ *Factor x Dilution
Reducing sugars (%) = : x 100
Titre value x Weight or Volume of sample

*Factor = 0.05

3.3.3.9 Non-reducing sugars

The amount of non-reducing sugars was worked ousultracting the reducing
sugars from total sugars and multiplying the ddfere with a standard factor i.e., 0.95. The

results were expressed as per cent of non-redsaigars using formula as:

Non-reducing sugars (%) = (Total sugars - Redusuggrs)x 0.95

3.3.3.10 Ascorbic acid content
Extraction solution

Fifteen grams of metaphosphoric acid pellets weéssotived in 40 ml glacial acetic
acid and 200 ml of distilled water. The volume wiseade to 500 ml by using distilled water.
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The solution was filtered rapidly through Whatmao. M filter paper and stored in coloured

bottle in refrigerator.
Preparation of solution

100 g of analytical grade ascorbic acid (referestemdard) was weighed accurately
on electronic balance and dissolved in 10 ml ofaplebsphoric acid extraction solution. The
content was then transferred to a 100 ml voluméiagk and the final volume was made to
100 ml with metaphosphoric acid solution. The dolutvas then diluted to 1 litre before use

with metaphosphoric acid solution, so that it cones less dye.
Indophenol Standard Solution

50 mg of 2, 6-dichlorophenol indophenol sodiumt s@hs dissolved in 150 mi
distilled water in a beaker. 42 mg of sodium bicewdte was added to it. The contents were
shaken vigorously and when 2, 6-dichlorophenol ptamol was dissolved, it was diluted
with distilled water to 200 ml. It was then filtekeand stored in dark coloured bottle in

refrigerator.
Estimation

25 g of fruit pulp was homogenized in metaphosghagid (extraction solution) and
the volume was made to 100 ml in a volumetric flaBke 10 ml of this solution was then
titrated against 2, 6-dichlorophenol indophenol dgeindicated by appearance of light pink
colour (the end point). The amount of ascorbic giEsent in the fruit juice was calculated
by using formula:

Titre valuex Volume made
Ascorbic acid = Dye factorx x 100
Wit. of fruit takernx Volume taken for estimation

3.3.3.11 Anthocyanin content

One gram of berry pulp was macerated in a knowmiifyeof methanol containing 1
per cent hydrochloric acid. The content was kepdvernight at 0°C temperature in a deep
freezer. The absorbance of red colored solution weasorded at 530 nm on
Spectrophotometer (NUKES). Anthocyanin content emgsressed as absorption units at 530
nm per gram fresh berry (Harborne, 1973)
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3.3.4 BIOCHEMICAL PARAMETER
3.3.4.1 Chlorophyll content

Five fully expanded and mature leaves from eachtritent were collected in the
month of May during morning hours (Halfacee al., 1968) and immediately placed in ice
box and brought to the laboratory. The samples wleea kept in refrigerator at sub-zero
degree temperature to avoid degradation of chlgdbgiigment. The leaves under each
sample were then chopped into fine pieces undetumdlight and 100 mg of chopped leaf
samples were placed in vials containing 7 ml of &imyle sulphoxide. The contents of the
vials were incubated at 65°C for half an hour ahdnf the extract was transferred to
graduated test tube and the final volume was mad&0t ml with Dimethyl sulphoxide

(Hiscox and Israelstam, 1979).
Estimation

The optical density (O.D.) values of the extracesewrecorded in spectrophotometer
(NUKES) at 645 and 663 nm wavelengths against aefhigh sulphoxide blank. The total
chlorophyll content was calculated by using théofeing formula:

_ 20.2 Agss + 8.02 Ase:

Total chlorophyll = A x 1000 X W x V
Where,
V = Volume of the extract made
A = Length of the light path in cell (uslyal cm)
W = Weight of the sample (g)
Agas = Absorbance at 645 nm
Agez = Absorbance at 663 nm

The results thus obtained were expressed as nogabichlorophyll per gram of fresh weight.
3.3.5 PHYSIOLOGICAL PARAMETERS
3.3.5.1 Photosynthesis

Ten mature leaves from each plot were selectedomalyd The observations were
recorded between 9:00 to 11:00 AM with the held.EOR6200 Portable Photosynthesis

Meter. The result was expressed in pmob@@'sec.
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3.3.5.2 Stomatal Conductance

Ten mature leaves from each plot were selectedoralyd The observations were
recorded between 9:00 to 11:.00 AM with the held.EOR6200 Portable Photosynthesis

Meter. The result was expressed in mgDHn?/sec.
3.3.5.3 Transpiration

Ten mature leaves from each plot were selectedoralyd The observations were
recorded between 9:00 to 11:00 AM with the heldBOR6200 Portable Photosynthesis

Meter. The result was expressed in mmgDHn?/sec.
3.3.6  Statistical Analysis

Statistical analysis of the data was carried oumgugeneral linear model of the
standard errors of the mean. The data obtainecdimd&nized Block Design (RBD) for each
parameter were tested by ANOVA using MS-Excel aRISDAT. The difference between
the treatments was compared by critical differe(€B) at 5 per cent level of probability
(confidence), wherever the results were significé®omez and Gomez, 1984). The
calculated F-values were compared with tabulatedl&te. When F-test was significant, CD
was then calculated to find out the comparativeaifeness among different treatments. The

standard error and CD at 5 per cent level of siggiice was calculated as follows:

Se(mg = [Me/r

SE (d}¥ = J2Mefr

CDo.os = SE (d) Xd.0s(r-1) (t-1) df

Where,

SE(m) + = Standard error of mean

SE (d) £ = Standard error of differences

CDo.0s = Critical difference at 5% level of significance
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Chapter-4

RESULTS AND DISCUSSION

The present investigation on “Influence of plant growth regulators on growth,
yield and fruit quality of strawberry ( Fragaria x ananassa) cv. Camarosa” was carried
out at Horticulture Research & Training Station and Krishi Vigyan Kendra, Solan at
Kandaghat during year 2021-2022.

The findings of the present study have been discussed and presented under the
following headings:

41  Vegetative Parameters

4.2  Howering and Fruiting Parameters
4.3  Fruit Quality Parameters

44  Bio-chemica Parameter

45  Physiologica Parameters

4.1 Vegetative Parameters

4.1.1 Plant Height

The data pertaining to influence of different plant growth regulators on plant height of
strawberry cv. Camarosa is demonstrated in Table 4.1 and Figure 4.1. Plants treated with 75
ppm GA3 (Tg) reported highest plant height (23.17 cm) which was statistically at par with
plants treated with 50 ppm GAj; i.e, Ts (22.57 cm). However lowest plant height was
observed in treatment Tip (9.83 cm) i.e., control. Plant height increased due to rapid cell
division and cell elongation by GA3 in strawberry plants and it also increased the endogenous
level of auxin production in plants. Similarly, increase in plant height with foliar application
of 75 ppm GA3 was observed by Sharma and Singh (2009) in strawberry when applied twice
during mid-November and mid-February. Uddin et al. (2012) aso reported increase in plant
height by foliar application of 75 ppm GA3 in strawberry. The current study was similar with
the results of Saima et al. (2014), Visha et al. (2016), Mastuane et al. (2016), Kour et al.



(2017) and Khunte et al. (2020). Xing et al. (2022) recorded maximum plant height with
inoculation of plants with AMF.

Table 4.1 Effect of plant growth regulators on plam height and petiole lengthof
strawberry cv. Camarosa

Treatments Plant Height (cm) Petiole Length (cm)
T1NAA 5ppm 12.77 9.80
T, NAA 10ppm 15.33 10.23
T3 NAA 15ppm 17.20 11.57
T4 GA3 25ppm 21.33 14.23
Ts GA3 50ppm 22.57 15.60
Te GA3 75ppm 23.17 16.93
T7 BA 5ppm 12.50 9.73
Tg BA 10ppm 13.43 10.10
T9 BA 15ppm 15.90 10.77
T10 Control 9.83 8.87
CD (.05 1.16 1.23

4.1.2 Petiole length

Plant growth regulators had significant effect on petiole length which was showed in
Table 4.1 and Figure 4.1. Petiole length ranges between 8.87 cm to 16.93 cm. Highest petiole
length was recorded in treatment Tg (75 ppm GA3) i.e., 16.93 cm which was statistically at
par with its lower concentration of 50 ppm GAj3 in treatment Ts (15.60 cm). While, lowest
petiole length was reported in control (8.87 cm).

The application of GA3 led to increase in plant height and petiole length by cell
division and cell elongation in strawberry plant Uddin et al. (2012). Similar results were
reported by Sharma and Singh (2009), Kumar and Tripathi (2009), Sehkar (2013), Saima et
al. (2014), Vishal et al. (2016), Dubey et al. (2017), Khunte et al. (2020) and Pandey et al.
(2020) that plant height and petiole length was increased with foliar application of GA3,

4.1.3 Number of Leaves

Plant growth regulators had significant effect on number of leaves per plant. In Table
4.2, maximum number of leaves per plants was recorded under treatment Tg (75 ppm GA3)
i.e, 23.33 which was superior among al other growth regulators. This treatment was
followed by Ts (50 ppm GA3) i.e, 21.33 and T4 (25 ppm GAj3) i.e, 20.67. However,
minimum number of leaves were observed under treatment Ty (control) i.e., 17.00.

32




25

20

E 15
S
D
T

10

| I
0
Tl T2 T3 T4 T5 T6 T7 T8 T9 T10
Treatments
B Plant Height (cm) = Petiole Length (cm)
Figure4.1 Effect of plant growth regulators on plant height and petiole length of strawberry cv.

Camarosa




Table4.2 Effect of plant growth regulators on number of leaves and leaf area of
strawberry cv. Camarosa

Treatments Number of L eaves L eaf Area (cm?)
T1 NAA 5ppm 17.67 87.48
T, NAA 10ppm 19.00 89.00
T3 NAA 15ppm 20.00 92.66
T4 GA3 25ppm 20.67 94.39
Ts GA3 50ppm 21.33 98.17
Te GA3 75ppm 23.33 102.29
T, BA 5ppm 17.67 87.26
Tg BA 10ppm 18.67 88.33
T9 BA 15ppm 20.00 90.13
T10 Control 17.00 85.16
CD (0,05 1.27 1.98
4.1.4 Leaf Area

In Table 4.2, data on how different plant growth regulators affected average leaf area
is shown. The average leaf area varied from 85.16 to 102.29 cm?® Treatment Te (75 ppm
GA3) recorded highest leaf area (102.29 cm?) which was followed by treatment Ts, 50 ppm
GA3 (98.17 cm?). Whereas, lowest |eaf area was recorded under treatment Ty (control) i.e.,
85.16 cm”.

The current study shows that the application of various growth regulators had a
significant effect on the number of leaves and leaf area. This may be due to gibberellin
stimulated cell division and cell expansion which is responsible for the increase in leaf area.
Rapid division of cells in sub-epical meristem of shoots and expansion of parenchymatous
and epidermal cells increases number of leaves per plant with GA3 treatment (Singh et al.,
2017b). Kumar and Tripathi (2009) found that application of gibberellic acid helps in
increased number of leaves and leaf area in strawberry. Saima et al. (2014) also reported
increase in number of leaves and leaf area with application of 75 ppm GAg3 application in
strawberry. The results from the current study, which show increased leaf area and number of
leaves per plant with GA3 treatment closely match with the findings of Kumar et al. (2011),
Uddin et al. (2012), Ikram and Qureshi (2016) and Mastuane et al. (2016).

415 Number of Crowns

Table 4.3, displays the observations relating to number of crowns as impacted by

various concentrations of plant growth regulators. In this Table the number of crowns with
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foliar application of GA3 at 75 ppm (4.87) in treatment T¢ was observed higher which was
statistically at par with 50 ppm GA3 (4.73) and 25 ppm GA3 (4.62) in treatment Ts and Ty,
respectively. While under control (T1) the number of crowns were recorded lower i.e., 3.11.
Kumar and Tripathi (2009) recorded maximum number of crowns with foliar application of
gibberellic acid on strawberry plants. Similar results were aso reported by Dubey et al.
(2017), Rathod et al. (2021) and Kumari et al. (2018) in strawberry.

41.6 Number of Runners

In Table 4.3, the data regarding effect of various plant growth regulators doses on
runner production is depicted. Runner production through application of different growth
regulators varied from 3.97 to 5.53. Runner production was recorded maximum through
foliar application of 75 ppm GA3 (5.53) which was statistically at par with 50 ppm GA3
(5.37). Whereas, minimum number of runners were observed in control (3.97). This may be
due to increase in number of leaves per plant helps in synthesis of more photosynthates,
which leads to formation of maximum number of crowns and runners per plant. Asadi et al.
(2013) also found that GA3 treatment helps to increase the runner production in strawberry.
The present findings are similar with the results of Kumar and Tripathi (2009), Kumar et al.
(2012), Eshghi et al. (2012), Palei et al. (2016) and Kumari et al. (2018).

Table4.3 Effect of plant growth regulators on number of crowns and runners of
strawberry cv. Camarosa

Treatments Number of Crowns Number of Runners
T1 NAA 5ppm 3.69 4,53
T2 NAA 10ppm 3.85 4.70
T3 NAA 15ppm 4.28 5.10
T4 GA3 25ppm 4.62 5.23
Ts5 GA3 50ppm 4.73 5.37
Te GA3 75ppm 4.87 5.53
T7 BA 5ppm 3.64 4.43
Tg BA 10ppm 3.79 4.67
Tg BA 15ppm 413 5.00
T10 Control 3.11 3.97
CD (0.0 0.28 0.26

4.2  Flowering and Fruiting Parameters
4.2.1 Initiation of flowering

Data regarding initiation of flowering is depicted in Table 4.4. Plant growth regulators

had significant effect on initiation of flowering on strawberry cv. Camarosa and it was
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concluded from the Table 4.4 i.e., minimum days to initiate flowering was observed in Tg i.€.,
GA3 75 ppm (96.67 days) which was superior among all the growth regulators application.
This treatment was followed by Ts i.e., 50 ppm GA3 (99.00 days). However, in control (T1g)
plants took maximum days to initiate flowering (113.33 days). GAj3 is also known to
overcome endogenous dormancy factors and accelerate flowering by forcing the flora
primordia to grow quickly. Sood et al. (2018) stated that application of GAj3 initiated early
flowering in strawberry plants. Fan et al. (2008) reported that plants which were inocul ated
with AMF took minimum days to initiated flowering. The current study was in agreement
with work of Tripathi and Shukla (2008), Sharma and Singh (2009), Jasrotia et al. (2014) and
Ruchitha et al. (2020).

4.2.2 Duration of flowering

The following observations regarding effect on duration of flowering through foliar
application of plant growth regulators in strawberry is shown in Table 4.4. Maximum
duration of flowering was observed in treatment Tg i.e., 75 ppm GA3 (117.75 days) which
was superior to al other treatments. This was followed by treatment Ts (50 ppm GA3) i.e,
112.67 days. However, minimum duration of flowering was reported in control (95.33 days).
GA; application helps to increase the duration of flowering because gibberellin helps to
improve the vegetative growth of plant so the accumulation of photosynthates were more
which helps in increasing flower number and the duration of flowering. The results were
similar with the findings of Tripathi and Shukla (2008), Sharma and Singh (2009) that with

the application of gibberellic acid duration of flowering can be improved in strawberry.

Table4.4 Effect of plant growth regulators on initiation and duration of flowering
in strawberry cv. Camarosa

Treatments I nitiation of flowering Duration of flowering
T1 NAA 5ppm 112.96 97.00
T, NAA 10ppm 109.37 99.67
T3 NAA 15ppm 106.00 106.33
T4 GA3 25ppm 102.33 110.00
Ts GA3 50ppm 99.00 112.67
Te GA3 75ppm 96.67 117.75
T7 BA 5ppm 113.00 98.00
Tg BA 10ppm 111.40 101.66
Tg9 BA 15ppm 108.00 104.38
T10 Control 113.33 95.33
CD (0.05) 1.86 1.72
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4.2.3 Number of Flowers

The observations collected on number of flowers were represented in Table 4.5.
Application of different concentrations of plant growth regulators had significantly increased
the number of flowers per plant and it varied from 21.47 to 29.33 and highest number of
flowers per plant was recorded in 75 ppm GA3 (29.33) which was statistically at par with 50
ppm GA; (28.30). Lowest number of flowers per plant was recorded in control (21.47). The
higher number of flowers obtained with the spray of gibberellic acid in the current study
might be attributed to enhanced inflorescence development, which could have led in
increased flower production. Sharma and Singh (2009) recorded increased number of flowers
with 75 ppm of GAj in strawberry. The results are in line with the findings of Uddin et al.
(2012), Isam et al. (2012), Khalid et al. (2013), Asadi et al. (2013), Jasrotia et al. (2014) and
Rathod et al. (2021) they found that application of gibberellic acid increase of number of
flowersin strawberry plants.

4.2.4 Fruit Set

The results showing influence of plant growth regulators on strawberry cv. Camarosa
is represented in Table 4.5. The given observations in Table shows the per cent fruit set from
73.41 to 89.44 %. Highest fruit set was reported from treatment T, 75 ppm GA3 (89.44 %)
and it was statistically at par with treatment Ts, 50 ppm GA3 (86.27 %). However, lowest
fruit set was reported in control i.e., treatment Ty (73.41 %). Gibberellic acid helps in
increasing pollen germination which helps in improved fruit set (Parouss et al., 2009).
Gibberdllic acid aids in the formation of numerous flowers and the quick elongation of the
peduncle, which results in the full development of flower buds with al reproductive organs
functioning thus increasing fruit set and berry yield per plant. Saima et al. (2014) reported
increased fruit set in strawberry with foliar application of 75 ppm GAs. The results were
similar with the findings of Sharma and Singh (2009), Singh and Singh (2009), Al-madhagi
et al. (2012) and Bhople et al. (2019).
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Table4.5 Effect of plant growth regulators on number of flowers and fruit set of
strawberry cv. Camarosa

Treatments Number of Flowers Fruit Set (%)
T1 NAA 5ppm 24.00 76.67
T, NAA 10ppm 24.37 77.03
T3 NAA 15ppm 25.90 78.15
T4 GA3 25ppm 27.43 84.48
Ts GA3 50ppm 28.30 86.27
Te GA3 75ppm 29.33 89.44
T, BA 5ppm 22.53 75.63
Tg BA 10ppm 24.13 76.93
Tg BA 15ppm 25.20 77.37
T1o Control 21.47 73.41
CD (0.5 0.83 4.72

425 Number of fruits

Data pertaining to number of fruits per plant is depicted in Table 4.6. Number of fruits
per plant was increased with application of different growth regulators and maximum number
of fruits per plant was reported in plants treated with 75 ppm GA3 (26.23) and it was superior
to al other treatments. This treatment was followed by 50 ppm GA; (24.40). In case of
control where growth regulators were not sprayed minimum number of fruits per plant was
recorded (15.77). Fruit set in plants is heavily influenced by the endogenous amount of
promoters and inhibitors. By activating enzymes needed during the post-fertilization stage,
the exogenous injection of GAz may control this balance in favour of fruit-forming metabolic
processes, improving the fruit setting and ultimately leading to the maximum number of fruits
per plant (Rathod et al., 2021). Increase in number of fruits per plant was recorded by
treatment of plants with 75 ppm GAj; in strawberry (Saima et al., 2014). Increase in number
of fruits with inoculation of AMF was recorded by Bona et al. (2015) and Robinson et al.
2016. Results were matched with the findings of Rana (2001), Rajbhar et al. (2014), Barwary
et al. (2018) and Bhople et al. (2019).

426 Fruityied

Plant growth regulators had significant effect on increasing fruit yield per plant which
was shown in Table 4.6. Results from Table revealed that increase in yield range from 171.48
o/plant to 388.03 g/plant. Highest yield was recorded in treatment Tg 75 ppm GA3 (388.03
g/plant). This treatment was followed by Ts, 50 ppm GA3 (340.46 g/plant) and T4, 25 ppm
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GA3 (319.49 g/plant). Lowest yield was observed from control 171.48 g/plant. Fruit yield
(t/ha) givenin Figure 4.2.

Gibberdllin treated plants might have a higher fruit yield per plant due to increased
vegetative development. The vegetative growth of plants throughout their life cycles
determines the yield depending on the sink capacity of the crop and increased sink capacity is
correlated with vigorous growth of plant. Larger leaves and a high rate of photosynthesis may
have contributed to the higher yield by producing more metabolite (Ruchitha et al. 2020).
The reason behind increased fruit yield may be increase in cell division and cell elongation
by gibberellic acid and it increased the fruit weight and hence fruit yield also increased. AMF
helps in solubilization of minerals and uptake of nutrients from the soil which results in good
vegetative growth of plants and help in increased yield (Cekic and Yilmaz, 2011). The results
are in agreement with findings of Rana (2001), Khokhar et al. (2004), Canli and Orhan
(2009), Uddin et al. (2012), Kumar et al. (2012) and Thakur et al. (2015).

Table4.6 Effect of plant growth regulators on number of fruits per plant and yield
of strawberry cv. Camarosa

Treatments Number of fruitsper | Fruit yield (g/plant) | Fruit yield (t/ha)
plant
T1 NAA 5ppm 18.40 212.94 10.65
T2 NAA 10ppm 18.77 232.01 11.60
T3 NAA 15ppm 20.23 250.86 12.54
T4 GA3 25ppm 23.17 319.49 15.97
Ts GA3 50ppm 24.40 340.46 17.02
Te GA3 75ppm 26.23 388.03 19.40
T+ BA 5ppm 17.03 194.77 9.74
Tg BA 10ppm 18.57 227.67 11.39
Ty BA 15ppm 19.50 242.31 12.12
T10 Control 15.77 171.48 8.58
CD (0,05 112 18.33 0.92

4.3 Fruit Quality Parameters
4.3.1 Fruit Length

Table 4.7, demonstrates that foliar application of plant growth regulators significantly
increased fruit length in comparison to control. Increasein fruit length was ranged from 30.25
mm to 42.44 mm. Fruit length was recorded maximum in plants treated with 75 ppm GA3
(42.44 mm) and it was superior to al other treatments. This was closely followed by
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treatment GA3 50 ppm (40.02 mm). However, minimum fruit length was reported in control
(30.25 mm).

4.3.2 Fruit Breadth

In Table 4.7, the information relating to fruit breadth and how plant growth regulators
affect it by foliar spraying is shown. The data show that different growth regulator treatments
considerably enhanced the fruit breadth in comparison to control. Fruit breadth range from
27.84 to 30.99 mm. Maximum fruit breadth was reported from treatment To, 15 ppm BA
(30.99 mm) which was statistically at par with 75 ppm GA3 (30.51 mm) and 50 ppm GA;
(30.23 mm) i.e., Tg and Ts, respectively. However, minimum fruit breadth was reported in
treatment T, control (27.84 mm).

Table4.7 Effect of plant growth regulators on fruit length and breadth of
strawberry cv. Camarosa

Treatments Length (mm) Breadth (mm)
T1 NAA 5ppm 33.26 28.42
T, NAA 10ppm 33.60 28.50
T3 NAA 15ppm 34.58 28.63
T, GA3 25ppm 37.67 29.92
Ts GA3 50ppm 40.02 30.23
Te GA3 75ppm 42.44 30.51
T, BA 5ppm 33.00 28.38
Tg BA 10ppm 34.19 29.66
Tg BA 15ppm 35.26 30.99
T10 Control 30.25 27.84
CD (0.05) 0.97 0.78

4.3.3 Fruit Weight

Table 4.8, presents the information regarding the impact of various growth regulator
doses on fruit weight. Plant growth regulators significantly increased the weight of fruit as
compared to control. Increase in fruit weight ranged from 10.87 g to 14.80 g by growth
regulator treatments. The data presented in Table 4.8, depicted maximum fruit weight in
treatment Tg, 75 ppm GA3 (14.80 g) which was superior to all other growth regulators. This
treatment was followed by Ts, 50 ppm GA;3 (13.95 g) and T4, 25 ppm GA3 (13.79 Q).
However, the minimum fruit weight was observed in Ty, control (10.87 g) where growth
regulators were not applied.
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Plant growth regulators increase the fruit size and weight of fruit by active cell
division and cell elongation by GA3z and accumulation of carbohydrate content by increased
photosynthetic rate. Gibberellic acid aso regulates the movement of metabolites from source
(foliage) to sink (developing fruits) (Igbal et al., 2011). Thakur et al. (2015) reported increase
in fruit size (length and breadth) and weight by foliar application of 75 ppm GA3. These
results were similar with the work of Tripathi and Shukla (2008), Kumar and Tripathi (2009),
Uddin et al. (2012), Saima et al. (2014) and Ruchitha et al. (2020) that GA3 treated plants
improved the size (length, breadth) and weight of strawberry fruit. Stern and Flaishman
(2003) reported increased in fruit size with application of BA which is due to increased cell
division by cytokinin in fruit cortex. Similar results were also reported by (Dussi and Sugar,
2010).

Table4.8 Effect of plant growth regulators on fruit weight and firmness of
strawberry cv. Camarosa

Treatments Weight (g) Firmness (K g/cm?)
T1 NAA 5ppm 11.57 0.67
T2 NAA 10ppm 12.37 0.73
T3 NAA 15ppm 12.40 0.77
T4 GA3 25ppm 13.79 0.79
Ts GA3 50ppm 13.95 0.81
Te GA3 75ppm 14.80 0.82
T7 BA 5ppm 11.43 0.69
Tg BA 10ppm 12.27 0.77
Tg BA 15ppm 12.43 0.83
T1o Control 10.87 0.65
CD (o.05 0.75 0.05

4.3.4 Fruit Firmness

Plant growth regulators had significantly affected the fruit firmness which is shown in
Table 4.8. Fruit firmness ranged from 0.65 to 0.83 Kg/cm?®. Maximum fruit firmness was
recorded in treatment Ty, 15 ppm BA (0.83 Kg/cm?) which was statistically at par with Tg, 75
ppm GA; (0.82 Kg/cm?), Ts, 50 ppm GA3 (0.81 Kg/cm?) and Ta, 25 ppm GA3 (0.79 Kg/cm?).
However, minimum fruit firmness was noted in T1o, control (0.65 Kg/cm?). The present study
isin line with work of Choi et al. (2002), Jayachandran et al. (2005) and Abdel and Kamel
(2015).
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4.3.5 Total Soluble Solids (TSS)

Table 4.9, demonstrates that each treatment lhsiderable impact on fruit TSS.
Plant growth regulators had positive impact ontffii8S and it ranged from 6.07 to 10.03 °B.
Maximum fruit TSS was recorded in 75 ppm £A0.03 °B) which was statistically at par
with 50 ppm GA(9.83 °B). However, in control minimum fruit TSS svabserved (6.07 °B).
TSS may have increased as a result of the useaat growth regulators, which affected
physiological processes that hydrolyzed starch aswisted in metabolic activity during the
conversion of available starch to sugar. The mséotal soluble solids can be explained by
the hydrolysis of polysaccharides, the transforamatif organic acids into soluble sugars, and
the improved solubilization of insoluble starch gmekctin found in cell walls and middle
lamella (Paikraet al., 2018). Similarly, Rana (2001) and Ozguven and#z (2002) sprayed
GA; on strawberry plants and observed increased T&&. The current study is similar with
results of Uddinet al. (2012), Khunteet al. (2014), Thakuet al. (2015) and Gaikwad and
Ahire (2017) also stated that application of Z3Asulted in increased fruit TSS. Kunehial.
(2013) reported increased fruit TSS with partidbldesoming and 50 ppm GAapplication.
Cordeiroet al. (2019) and El-Gould and Amal (2020) recorded maxmsoluble solids with
inoculation of strawberry with AMF.

4.3.6 Titratable Acidity

Influence of different plant growth regulators oitratable acidity of fruit was
depicted in Table 4.9. It is clear from the Talblattdata varied from to 0.56 to 0.76 per cent.
Highest titratable acidity was recorded under trestt T i.e., control (0.76 %). Whereas,
lowest titratable acidity was reported in treatmégt 75 ppm GA (0.56 %) which was
statistically at par with treatment, 150 ppm GA (0.59 %) and 7, 25 ppm GA (0.61 %).
The use of GAconsiderably lowered the acidity of the frdihe decrease in acidity could be
attributed to metabolic alterations that resultthie rapid conversion of organic acids into
sugars and their derivatives. Application of 75 pf@A; lowers the titratable acidity of
strawberry fruit reported by Paikehal. (2018). Similar results were observed by Thadtur
al. (2015) when plants were treated with 75 ppnms GA
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Table 4.9 Effect of plant growth regulators on totd soluble acid (TSS) and
titratable acidity of strawberry cv. Camarosa

Treatments TSS (°B) Titratable Acidity (%)
T1 NAA 5ppm 7.67 0.73
T, NAA 10ppm 8.10 0.69
T3 NAA 15ppm 8.30 0.66
T4 GA3 25ppm 8.90 0.61
Ts GA3 50ppm 9.83 0.59
Te GA3 75ppm 10.03 0.56
T7 BA 5ppm 7.50 0.74
Tg BA 10ppm 7.83 0.72
Tg BA 15ppm 8.17 0.68
T10 Control 6.07 0.76
CD (.05 1.03 0.05

4.3.7 TSS: acid ratio

In Table 4.10, data presented on positive impaadtlifierent growth regulators on
TSS: acid ratio was depicted. The observationsrdecbwere ranged from 8.01 to 17.85. It is
clear from the observations that maximum TSS: aaitb was observed in 75 ppm @A
(17.85) which was statistically at par with 50 p@#; (16.78). Whereas, minimum TSS:
acid ratio was reported in control (8.01). Pai&ral. (2018) reported that foliar application
of 75 ppm GA helps to increase the TSS: acid ratio of strawbdine present results are in
agreement with work of Thakuwet al. (2015) in strawberry. Sing& al. (2018) recorded
maximum TSS: acid ratio in kinnow with gibberellapplication. Cordeircet al. (2019)

found maximum TSS: acid ratio with AMF inoculatiomstrawberry.
4.3.8 Total Sugars

The information recorded on the impact of plantwgtoregulators on strawberry cv.
Camarosa is shown in Table 4.10 and Figure 4.3.vBhees of total sugar varied from 5.11
to 8.43 per cent. Plants treated with 75 ppms GR43 %) recorded maximum total sugars
and it was superior to all other treatments. Whias followed by 50 ppm GA(8.22 %)
application. While minimum total sugar was reporiedcontrol (5.11 %). Gibberellins
promote the synthesis ef-amylase, which convert starch into sugars in drwithich is
responsible in increasing total sugars. Singh andhS(2009) recorded highest total sugars

with application of GA in strawberry plants. Kong al. (2019) recorded increased sugar
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Figure 4.3 Effect of plant growth regulators on total sugars, reducing sugars and non-reducing sugars of
strawberry cv. Camarosa




content of tomato by inoculation of AMF. The resudtre in line with work of Singh and
Tripathi (2010), Thakuet al. (2015) and Paikret al. (2018).

Table 4.10  Effect of plant growth regulators on TSSacid ratio and total sugars of
strawberry cv. Camarosa

Treatments TSS: acid ratio Total Sugars (%)
T1 NAA 5ppm 10.45 6.12
T, NAA 10ppm 11.73 6.67
T3 NAA 15ppm 12.64 7.22
T4 GA3 25ppm 14.50 7.32
Ts GAz; 50ppm 16.78 8.22
Te GA3z 75ppm 17.85 8.43
T, BA 5ppm 10.11 5.73
Tg BA 10ppm 10.94 6.24
Tg BA 15ppm 11.99 7.18
T10 Control 8.01 5.11
CD (0,05 1.89 0.09

4.3.9 Reducing Sugars

Influence of plant growth regulators on reducingauwas demonstrated in Table
4.11 and Figure 4.3. The reducing sugars valuegerhrfirom 4.20 to 6.03 per cent. The
maximum value of reducing sugars was recorded agihlication of 75 ppm GA(6.03 %)
and it was statistically at par with 50 ppm £(8.84 %). The minimum reducing sugars was
observed in control (4.20 %). Increase in fruit T8%#l lower acidity might be attributed to
the fast conversion of starch into sugars (reduaimd) non-reducing sugars) during the quick
ripening process. Paikrg al. (2018) applied 75 ppm GAon strawberry cv. Sabrina and
observed increased reducing sugars content in ls¢ray fruits. Similarly, Sehkar (2013)
reported increase in reducing sugars with 75 ppm &plication in strawberry. El-Gould
and Amal (2020) reported increased reducing sugeth inoculation of arbuscular

mycorrhizal fungi in strawberry.
4.3.10 Non-reducing Sugars

It is evident from observations recorded in Tabléld4and Figure 4.3 that growth
regulators had significant impact on non-reducinges. It ranged from 0.87 to 2.28 per cent.
The highest value was recorded in 75 ppms GA28 %) treatment which was statistically at
par with 50 ppm GA(2.26 %). Lowest values were observed in con@7q %). The rise in

non-reducing sugar content in @&eated plants may be attributed to quick fryteriing
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caused by hydrolytic enzyme, which is coupled vgignificant metabolic changes in fruit,
leading to the conversion of complex polysacchariaed organic acid into simple sugars via
high respiration. The present results are similén work of Thakuret al. (2015) and Paikra
et al. (2018) in strawberry and Saleestnal. (2008) and Hazariket al. (2015), EI-Gould and
Amal (2020) in other fruit crops.

Table 4.11  Effect of plant growth regulators on redcing and non-reducing sugars of
strawberry cv. Camarosa

Treatments Reducing Sugars (%) Non-Reducing Sugai$o)
T1 NAA 5ppm 4.39 1.64
T, NAA 10ppm 4.65 1.93
T3 NAA 15ppm 5.66 1.48
T4 GA3 25ppm 5.73 1.52
Ts GA; 50ppm 5.84 2.26
Te GA3 75ppm 6.03 2.28
T, BA 5ppm 4.33 1.33
Tg BA 10ppm 4.40 1.75
To BA 15ppm 5.56 1.55
T1¢ Control 4.20 0.87
CD (0.05 0.23 0.25

4.3.11 Ascorbic acid content

Table 4.12, provides information on impact of growegulators on ascorbic acid.
The values of ascorbic acid varied from 47.00 to685mg/100g. Higher ascorbic acid
content was reported in treatment T5 ppm GA (65.67 mg/100g) treated plants and it was
statistically at par with g/ 50 ppm GA (63.33 mg/100g). The lower values of ascorbic acid
content was recorded imgl control (47.00 mg/100g). Gibberellic acid may &av catalytic
effect on the biosynthesis of ascorbic acid frasmpitecursor glucose-6-phosphate or ascorbic
acid may have an inhibitory effect on its convemdio dehydro-ascorbic acid or both causing
the perceptible rise in ascorbic acid with gibberelcid. Kumar and Tripathi (2009) reported
increase in ascorbic acid of strawberry cv. Chandlgh foliar application of 75 ppm
GA3.The present results were similar with findingslrogle et al. (2001), Singh and Singh
(2009), Kumaret al. (2012), Tiwariet al. (2017), Paikrat al. (2018), Kongget al. (2019) and
Bairwaet al. (2020).
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4.3.12 Anthocyanin

The information on the impact of growth regulai@atments on anthocyanin content
of strawberry fruit is shown in Table 4.12. It igigent from Table that highest value of
anthocyanin content was recorded in treatmegt.g., 75 ppm GA (0.23) and it was
statistically at par with 50 ppm GAO0.22) and 15 ppm BA (0.21) in treatmentsand T,
respectively. The lowest values were recorded,ini.€., control (0.11). Schwab and Raab
(2004) reported significantly increase in anthodyacontent by GA application in
strawberry. Gibberellic acid may be involved in gr@duction of anthocyanin pigments or
their precursors as well as the movement of thedcyrsors. The increase in  anthocyanin
content of fruits observed in the current study raksp be related to a higher accumulation of
carbohydrates by increase in photosynthetic raté ¥aliar application of plant growth
regulators. The higher anthocyanin levels represetite current study may also be related to
a higher buildup of carbohydrates brought on bydased photosynthesis under the control
of plant growth regulators. Similar results werdaited from the work of Monteret al.
(1998), Khokharet al. (2004) and Khandakest al. (2017) and Emamét al. (2011). This
increased anthocyanin content in fruits can als® tdumycorrhizal colonisation activating a
host defence response (Rouphaidl., 2015). Chiomentat al. (2019) inoculate plants with

AMF and recorded maximum anthocyanin content.

Table 4.12  Effect of plant growth regulators on aswrbic acid and anthocyanin

content of strawberry cv. Camarosa

Treatments Ascorbic acid content Anthocyanin content (Aes30)
(mg/100gq)
T1 NAA 5ppm 50.67 0.12
T2 NAA 10ppm 54.67 0.13
T3 NAA 15ppm 58.67 0.15
T4 GA3 25ppm 60.00 0.20
Ts GA3z 50ppm 63.33 0.22
Te GA3 75ppm 65.67 0.23
T, BA 5ppm 51.33 0.15
Tg BA 10ppm 54.33 0.17
To BA 15ppm 54.67 0.21
T10 Control 47.00 0.11
CD (0.05) 4.20 0.02
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4.4 Bio-Chemical Parameter
4.4.1 Chlorophyll Content

The data pertaining influence of growth regulators chlorophyll content was
presented in Table 4.13. The value of chlorophgtitent ranged from 1.97 to 3.31 mg/q. It is
clear from the Table that maximum value of chlonplwvas noted in 75 ppm GA(3.31
mg/g) application which was statistically at pathws0 ppm GA (3.04 mg/g). The minimum
value of chlorophyll content was recorded in conif©97 mg/g). Similar results were
obtained by application of 75 ppm GA strawberry by Kumargt al. (2008), Sehkar (2013)
and Zanget al. (2016). Mikiciuk et al. (2019) and Turhan (2021) also observed increased
chlorophyll content with inoculation of plants wigMF.

Table 4.13  Effect of plant growth regulators on chdrophyll content of strawberry cv.

Camarosa
Treatments Chlorophyll content (mg/g fresh weight)
T1 NAA 5ppm 2.13
T2 NAA 10ppm 2.25
T3 NAA 15ppm 2.44
T4 GA3 25ppm 2.78
Ts GA3z 50ppm 3.04
Te GAs 75ppm 3.31
Tz BA 5ppm 2.08
Tg BA 10ppm 2.20
Tg9 BA 15ppm 2.37
T10 Control 1.97
CD (.05 0.44

4.5 Physiological Parameters
4.5.1 Photosynthesis

Data related to photosynthesis was presented ife #ab4. It is evident from the data
recorded in table that growth regulators had pasitnpact on photosynthesis in strawberry
plants as compare to control. Photosynthesis waried from 7.01 to 8.30 pmol Gn?s.
The maximum value of photosynthesis was recordetieatment §, 75 ppm GA (8.30
pumol CQ/m?s) and it was statistically at par with, 50 ppm GA (8.24 pmol C@m?/s).
However, the minimum value of photosynthesis waseoled in treatment,§, control (7.01
pumol CQ/m%s).
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4 5.2 Stomatal Conductance

Plant growth regulators had significantly increagbd stomatal conductance of
strawberry cv. Camarosa and the data is demorstmat€able 4.14. It varied from 0.32 to
0.54 mol HO/n¥/s. Higher stomatal conductance was recorded arrent &, 75 ppm GA
(0.54 mol HO/n¥/s) which was statistically at par with treatmegt 30 ppm GA (0.51 mol
H,O/m?/s). While, lower stomatal conductance was recoidemeatment To, control (0.32
mol H,O/n?/s).

Table 4.14  Effect of plant growth regulators on phtosynthesis, stomatal
conductance and transpiration of strawberry cv. Canarosa

Treatments Photosynthesis Stomatal conductance| Transpiration
(umol CO,/m?/s) (mol H,O/m?/s) (mmol H,0/m?/s)
T1 NAA 5ppm 7.19 0.35 16.71
T, NAA 10ppm 7.23 0.40 18.14
T3 NAA 15ppm 7.54 0.43 18.36
T, GA; 25ppm 8.21 0.48 18.77
Ts GA; 50ppm 8.24 0.51 19.11
Te GA3z 75ppm 8.30 0.54 19.42
T, BA 5ppm 7.10 0.33 16.64
Tg BA 10ppm 7.52 0.36 17.48
Tg BA 15ppm 7.74 0.41 18.31
T10 Control 7.01 0.32 16.32
CD (0,05 0.06 0.05 1.21

4.5.3 Transpiration

Data pertaining to influence of growth regulator toenspiration is shown in Table
4.14. The values of transpiration varied from 16t8219.42 mmol KHO/m’/s. Maximum
transpiration value was recorded in 75 ppm sGA9.42 mmol HO/mP/s) which was
statistically at par with 50 ppm GA19.11 mmol HO/n?/s), 25 ppm GA (18.77 mmol
H,O/m?/s), 15 ppm NAA (18.36 mmol 40/m?/s) and 15 ppm BA (18.31 mmobL&/nm’/s).

However minimum value of transpiration was repoitedontrol (16.32 mmol bO/nt/s).

Increased leaf area, higher chlorophyll contertt arstrong source-sink connection
are all responsible for the rise in photosynthestmnatal conductance, and transpiration rate.
Styliandis et al. (2004) reported increased photosynthetic ra@natal conductance and
transpiration with 75 ppm GAapplication in apple. Guat al. (2006) reported that

transpiration rate increased with application ofizygadenine in strawberry plants. Wu and
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Xia (2006) reported that inoculation of plants warbuscular mycorrhizal fungi helps in
improved photosynthetic rate, stomatal conductamzk transpiration. Kumast al. (2018)
reported maximum photosynthetic rate, stomatal gotathce and transpiration with
application of gibberellic acid in strawberry.
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Chapter-5

SUMMARY AND CONCLUSION

The present studies entitl&afluence of plant growth regulators on growth, yield

and fruit quality of strawberry ( Fragaria x ananassa) cv. Camarosa”was carried out at

Horticultural Research & Training Station and Krishgyan Kendra, Solan at Kandaghat
during the year 2021-202ZThe results obtained and conclusion drawn from gures

investigation are summarized as under:
5.1 VEGETATIVE PARAMETERS

5.1.1 The application of different growth regulators skowsignificant increase in plant
height and petiole length. Maximum plant height.{Z3cm) and petiole length (16.93
cm) was recorded with foliar application of 75 p@As which was closely followed
by the application of 50 ppm GAWhile minimum plant height (9.83 cm) and petiole
length (8.87 cm) was recorded in control.

5.1.2 The highest number of leaves (23.33) and leaf £62.29 cm) was recorded in
plants treated with 75 ppm GAvhile lowest number of leaves (17.00) and leahare
(85.16 cnm) was recorded under control.

5.1.3 The foliar application of 75 ppm GAesulted in increased runner production per
plant (5.53) and it was closely followed by 50 p@Asz. The maximum number of
crowns per plant (4.87) was observed in 75 ppm @fated plants and it was closely
followed by 50 ppm and 25 ppm GAThe minimum number of runners (3.97) and
crowns (3.11) per plant was observed in control.

5.2 FLOWERING AND FRUITING PARAMETERS

5.2.1 Application of plant growth regulators had sigrdint effect on flowering. Plants
treated with 75 ppm GAtook minimum days to initiate flowering (96.67 dayand in
control plants took maximum days to initiate floweri.e., 113.33 days. The duration
of flowering (117.75 days) was also recorded maxma 75 ppm GAtreated plants
and minimum duration of flowering was noted undamteol (95.33 days).

5.2.2 Application of 75 ppm GAincreased number dlowers per plant (29.33) and also
fruit set (89.44 %) and followed by 50 ppm &Ae., treatment § However,



5.2.3

5.3

5.3.1

5.3.2

5.3.3

5.3.4

5.3.5

5.3.6

minimum number of flowers per plant (21.47) andtfeet (73.41 %) was recorded
under control.

Foliar application of 75 ppm GAresulted in highest number of fruits (26.23) and
yield per plant (388.03 g) while, lowest numberfroit (15.77) and yield (171.48 g)

was recorded in control.
FRUIT QUALITY PARAMETERS

Plant growth regulators had significant effect anitfsize and weight. Application of
75 ppm GA registered maximum fruit length (42.44 mm) and ghei(14.80 g).
However, maximum fruit breadth (30.99 mm) was rdedrin 15 ppm BA and it was
closely followed by 75 ppm and 50 ppm &Ahe minimum fruit length (30.25 mm),
breadth (27.84 mm) and weight (10.87 g) were resgbrchder control.

The maximum fruit firmness (0.83 Kg/&mwas reported in plants treated with 15
ppm BA and it was closely followed by 75 ppm, 50np@mnd 25 ppm GA
respectivelyWhile, minimum fruit firmness was recorded in cam{0.65 Kg/cr).

The maximum total soluble solids (10.03 °B) wereorded in 75 ppm GAtreatment
and it was closely followed by 50 ppm @A'he minimum total soluble solids (6.07
°B) were recorded in control.

Application of 75 ppm GArecorded minimum titratable acidity (0.56 %) ahavas
followed by 50 ppm and 25 ppm GAespectively. The maximum titratable acidity
(0.76 %) was noted under control.

TSS: acid ratio was found maximum (17.85) in 75 pp#y treatment and it was
closely followed by 50 ppm GA The minimum TSS: acid ratio (8.01) was recorded
in control.

Plant growth regulators had significant impact otalt sugars, reducing sugars, non-
reducing sugars and ascorbic acid content. Appdicadf 75 ppm GA registered
maximum total sugars (8.43 %), reducing sugars3(8o), non- reducing sugars (2.28
%) and ascorbic acid contents (65.67 mg/100g).asecof reducing sugars, non-
reducing sugars and ascorbic acid it was closdlpvied by 50 ppm GA While
minimum total sugars (5.11 %), reducing sugarsQ(44), non-reducing sugars (0.87
%) and ascorbic acid (47.00 mg/100g) were recothelr control.
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5.3.7 Treatment T6,GA; 73 ppm resulted maximum anthocyanin content (023
followed by 50 ppm GAand 15 ppm BA, respectively. The minimum anthoayan
content (0.11) was observed in control.

5.4  BIO-CHEMICAL PARAMETER

5.4.1 The maximum chlorophyll content (3.31 mg/g freshigh® was reported in plants
treated with 75 ppm GAand it was followed by 50 ppm GAand minimum
chlorophyll content (1.97 mg/g fresh weight) wasoreled in control.

5.5 PHYSIOLOGICAL PARAMETERS

5.5.1 Application of 75 ppm GAresulted in increased photosynthesis (8.30 pma/r60
/s), stomatal conductance (0.54 mobQGH?/s) and transpiration (19.42 mmol
H,O/n/s). In case of photosynthesis and stomatal coaduetit was followed by 50
ppm GAs while, transpiration was followed by 50 ppm, 251p5As, 15 ppm NAA
and 15 ppm BA. The minimum photosynthesis (7.01 pm@&./m?s), stomatal
conductance (0.32 mol ;B/m’/s) and transpiration (16.32 mmol,®In¥/s) was

recorded under control.
CONCLUSION

On the basis of study, it may be concluded thatioua plant growth regulators
resulted significant increase in vegetative grovitiit set, fruit yield and quality along with
physiological and bio-chemical parameters. Theeeftyreatment di.e., application of GAat
75 ppm was found best for improving growth, yietdldruit quality of strawberry which was
statistically at par with 50 ppm GAi.e., treatment 4 Thus, it can be concluded that
application of GA 75 ppm (&) is recommended for better growth, yield and foutlity of
strawberry followed by treatment, 150 ppm GA.

Hence, the treatment with 50 ppm ¢8uggested as a cost effective module for
getting higher yield and quality with 25 per cergt rsavings of growth regulators in

strawberry on sustainable basis.
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APPENDIX- |

Mean monthly meteorological data of Horticulture Research & Training Station and
Krishi Vigyan Kendra Kandaghat, Solan (HP) with effect from October’ 2021 to June’
2022

Temperature (°C) Relative Rainfall

Months Maximum | Minimum | Mean | Humidity (%) (mm)

(Mean)

October, 2021 25 11 18 9.5 59
November, 2021 21 6 13.5 0 42
December, 2022 17 2 9.5 3.4 39
January, 2022 13 2 7.5 51.2 62
February, 2022 16 2 9 18.7 58
March, 2022 28 11 19.5 0.3 32
April, 2022 34 14 24 1.2 21
May, 2022 35 16 25.5 11 30
June, 2022 33 18 25.5 15 35




1. Analysis of variance for plant height (cm)

APPENDIX-II

ANALYSIS OF VARIANCE FOR DIFFERENT PARAMETERS

Source of F-
Variation DF SS MSS Calculated Significance
Replication 2 0.194
Treatment 9 571.543 63.505 141.599 0
Error 18 8.073 0.448
Total 29 579.809
2. Analysis of variance for petiole length (cm)
Source of F-
Variation DF SS MSS Calculated | Significance
Replication 2 0.132
Treatment 9 210.121 23.347 46.311 0
Error 18 9.074 0.504
Total 29 219.327
3. Analysis of variance for number of leaves
Source of F-
Variation DF SS MSS Calculated | Significance
Replication 2 0.267
Treatment 9 101.467 11.274 20.849 0
Error 18 9.733 0.541
Total 29 111.467
4. Analysis of variance for leaf area (crf)
Source of F-
Variation DF SS MSS Calculated | Significance
Replication 2 1.43
Treatment 9 789.755 87.751 66.716 0
Error 18 23.675 1.315
Total 29 814.86
5. Analysis of variance for number of crowns
Source of F-
Variation DF SS MSS Calculated Significance
Replication 2 0.114
Treatment 9 8.359 0.929 34.73 0
Error 18 0.481 0.027
Total 29 8.954




6. Analysis of variance for number of runners

Source of F-
Variation DF SS MSS Calculated Significance
Replication 2 0.009
Treatment 9 6.228 0.692 29.805 0
Error 18 0.418 0.023
Total 29 6.655
7. Analysis of variance for initiation of flowering
Source of F-
Variation DF SS MSS Calculated | Significance
Replication 2 0.73
Treatment 9 992.306 110.256 95.038 0
Error 18 20.882 1.16
Total 29 1,013.92
8. Analysis of variance for duration of flowering
Source of F-
Variation DF SS MSS Calculated Significance
Replication 2 2.905
Treatment 9 1,468.29 163.144 165.305 0
Error 18 17.765 0.987
Total 29 1,488.96
9. Analysis of variance for number of flowers
Source of F-
Variation DF SS MSS Calculated | Significance
Replication 2 2.945
Treatment 9 169.347 18.816 81.516 0
Error 18 4.155 0.231
Total 29 176.447
10. Analysis of variance for fruit set (%)
Source of F-
Variation DF SS MSS Calculated Significance
Replication 2 0.263
Treatment 9 745.717 82.857 11.115 0.00001
Error 18 134.179 7.454
Total 29 880.159




11. Analysis of variance for number of fruits

Source of F-
Variation DF SS MSS Calculated Significance
Replication 2 1.604
Treatment 9 302.934 33.659 80.538 0
Error 18 7.523 0.418
Total 29 312.061
12. Analysis of variance for fruit yield (g/plant)
Source of F-
Variation DF SS MSS Calculated | Significance
Replication 2 86.874
Treatment 9 128682.751 14,298.08 127.216 0
Error 18 2,023.06 112.392
Total 29 130792.682
13. Analysis of variance for fruit yield (t/ha)
Source of F-
Variation DF SS MSS Calculated Significance
Replication 2 0.219
Treatment 9 321.583 35.731 127.191 0
Error 18 5.057 0.281
Total 29 326.859
14. Analysis of variance for fruit length (mm)
Source of F-
Variation DF SS MSS Calculated | Significance
Replication 2 0.25
Treatment 9 354.65 39.406 124.737 0
Error 18 5.686 0.316
Total 29 360.587
15. Analysis of variance for fruit breadth (mm)
Source of F-
Variation DF SS MSS Calculated Significance
Replication 2 1.244
Treatment 9 31.626 3.514 17.092 0
Error 18 3.701 0.206
Total 29 36.571




16. Analysis of variance for fruit weight (g)

Source of F-
Variation DF SS MSS Calculated Significance
Replication 2 0.125
Treatment 9 41.24 4.582 24.641 0
Error 18 3.347 0.186
Total 29 44,713
17.Analysis of variance for fruit firmness (Kg/cnt)
Source of F-
Variation DF SS MSS Calculated | Significance
Replication 2 0.001
Treatment 9.00 0.11 0.01 12.70 0.00
Error 18 0.017 0.001
Total 29 0.128
18. Analysis of variance for total soluble solids (°B)
Source of F-
Variation DF SS MSS Calculated Significance
Replication 2 0.542
Treatment 9 35.952 3.995 11.239 0.00001
Error 18 6.398 0.355
Total 29 42.892
19. Analysis of variance for titratable acidity (%)
Source of F-
Variation DF SS MSS Calculated | Significance
Replication 2 0.00
Treatment 9 0.12 0.014 14.291 0
Error 18 0.02 0.001
Total 29 0.14
20. Analysis of variance for TSS: acid ratio
Source of F-
Variation DF SS MSS Calculated Significance
Replication 2 0.85
Treatment 9 252.668 28.074 23.393 0
Error 18 21.602 1.2
Total 29 275.12




21. Analysis of variance for total sugars (%)

Source  of F-
Variation DF SS MSS Calculated Significance
Replication | 2 0.007
Treatment 9 30.136 3.348 1,352.36 0
Error 18 0.045 0.002
Total 29 30.187
22. Analysis of variance for reducing sugars (%)
Source of F-
Variation DF SS MSS Calculated | Significance
Replication 2 0.016
Treatment 9 14.769 1.641 94.708 0
Error 18 0.312 0.017
Total 29 15.097
23. Analysis of variance for non-reducing sugars (%)
Source of F-
Variation DF SS MSS Calculated | Significance
Replication 2 0.018
Treatment 9 4.864 0.54 26.498 0
Error 18 0.367 0.02
Total 29 5.25
24. Analysis of variance for ascorbic acid content (md@/00g)
Source of F-
Variation DF SS MSS Calculated | Significance
Replication 2 8.867
Treatment 9 923.633 102.626 17.351 0
Error 18 106.467 5.915
Total 29 1,038.97
25. Analysis of variance for anthocyanin content
Source of F-
Variation DF SS MSS Calculated Significance
Replication 2 0
Treatment 9 0.051 0.006 40.25 0.00
Error 18 0.003 0
Total 29 0.054




26. Analysis of variance for chlorophyll content (mg/gfresh weight)

Source of F-
Variation DF SS MSS Calculated Significance
Replication 2 0.025
Treatment 9 5.314 0.59 9.322 0.00004
Error 18 1.14 0.063
Total 29 6.479
27.Analysis of variance for photosynthesis (Lmol C&m?s)
Source of F-
Variation DF SS MSS Calculated | Significance
Replication 2 0.002
Treatment 9 6.631 0.737 650.861 0
Error 18 0.02 0.001
Total 29 6.653
28. Analysis of variance for stomatal conductance (mdH.O/m?/s)
Source of F-
Variation DF SS MSS Calculated Significance
Replication 2 0.002
Treatment 9 0.161 0.018 19.716 0
Error 18 0.016 0.001
Total 29 0.18
29. Analysis of variance for transpiration (mmol H,O/m?/s)
Source of F-
Variation DF SS MSS Calculated | Significance
Replication 2 0.509
Treatment 9 31.917 3.546 7.193 0.00021]
Error 18 8.875 0.493
Total 29 41.3
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