
UNDERPEERREVIEW 
 

EffectsofdifferentPlantGrowthRegulatorsonseed 

germination,seedlinggrowthandestablishmentof 

papaya (Carica papaya) Cv. Pusa Nanha 
 
 
 
 
 
 
 
 

 

Abstract 

 
Papaya (Carica papaya L.) is an economically significant tropical fruit, but its cultivation is often 

hinderedbylowseed germinationratesand poor seedling vigor.The present study aimsto investigate the 

effects of different Plant Growth Regulator on seed germination, seedling growth and establishment of 

papaya (Carica papaya) Cv. Pusa Nanha.at The Department of Horticulture, Sam Higginbottom 

UniversityofAgriculture,TechnologyandSciences,Allahabad,duringtheperiod2023-24.Theexperiment 

waslaidincompletelyrandomizedblockdesignwiththreereplicationsandtentreatmentcombinations.viz, 

T0(Control),T1(NAA100ppm),T2(NAA150ppm),T3(NAA200ppm),T4(GA3100ppm),T5(GA3 150ppm), 
T6(GA3200ppm),T7(IAA100ppm),T8(NAA150ppm),T9(NAA200ppm).Seedsweresoakedinrespective PGR 

solutions for 12 hours before sowing and various parameters related to Germination Parameters, Growth 

Parameters, Survival and Establishment were evaluated. On the basis of present 

experimentalfindings,itisconcludedthattreatmentT6(GA3200ppm)performedbestintermofGerminationperce

ntage(100%), Seedling vigour index (823.33), Number of leaves (10.00), Plant height (16.83 cm), 

Chlorophyllcontent (41.30 SPAD value) and stem girth (0.56 cm) Whereas T2 (NAA150ppm) performed 

best in termof Leaf length (8.83 cm), Leaf width (8.50 cm), Leaf area (59.53 cm2) and Establishment 

Percentage(82.20%). The lowest observation was recorded in T0(Control). These findings suggest that 

specific PGRtreatments can substantially enhance the germination and growth parameters of papaya 

seedlings,potentially leading to improved crop yields. 

 
Keywords:GA3,NAA,IAA,PGRs,seedgermination,seedlinggrowthandestablishment,Papayavar. Pusa 

Nanha. 

 

 

1. INTRODUCTION 

 
“Thepapaya,alsoknownasCaricapapayaL.inbotanicalterms,isamemberoftheCaricaceaefamilyand is both a 

genus and a species of Carica. Chromosome no. (2n=18). One of the world's top crops is grown in 

tropical and subtropical areas”(Singh and Sexena, 2008). 

 
“Papaya (Carica papaya) is a tropical fruit having commercial importance because of its high nutritive and 

medicinal value. Papaya cultivation had its origin in South Mexico and Costa Rica. Total annual world 

production is estimated at 6 million tonnes of fruits. India leads the world in papaya production with an 

annual output of about 3 million tonnes. Other leading producers are Brazil, Mexico, Nigeria, Indonesia, 

China, Peru, Thailand and Philippines.The papaya is believed to be native to southern Mexico and 

neighboringCentralAmerica.ItiscurrentlycultivatedinFlorida,Hawaii,EasternBritishAfrica,SouthAfrica, 
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The present studywas carried out during 2023-2024 at the experimental orchard of Department of 
Horticulture, Naini Agricultural Institute, Sam Higginbottom University of Agriculture, Technology and 
Sciences, Prayagraj. which is located in the south-east part of Uttar Pradesh India. Prayagraj falls under 
agroclimatic zone IV which is named as “trans Jamuna plains” the site of experiment is located at 25.57º N 
latitude 81.51º E longitude and 98 meter above the sea level thetemperaturefallsdownaslowas4-
5ºcduringwinter,theaveragerainfallinthisareaisaround798.900 
mmannuallywithmaximumconcentrationduringJulytoSeptemberwithfewshowersanddrizzlesinwinter 
also.The experiment was arranged in a randomized block design (RBD) with three replications and ten 
treatments.Eachtreatmentconsistedofdifferentconcentrationsofthreegrowthregulators(GA3,NAA,IAA) 
andacontrol(zerodose).Thetreatmentswere:T0(Control),T1(NAA100ppm),T2(NAA150ppm),T3(NAA 
200ppm),T4(GA3100ppm),T5(GA3 150ppm), T6(GA3200 ppm), T7(IAA100ppm),T8(NAA150ppm), T9 

Sri-Lanka,India,CanaryIslands,MalaysiaandAustralia.Itisnowpresentineverytropicalandsubtropical country” 

(Singh and Sexena, 2008). 

 
“Papaya is a rich source of vitaminAand C. It has a high nutritive and medicinal value. Papaya trees can 

growupto30feettall,andthefruittypicallyweighsbetween1and10pounds.Thefruithasagreenishyellowskinwhenu

nripe,andturns yellowor orangeasitripens.Thefleshofthepapayaisorangeor pink,andis 

softandjuicywithsmallblackseedsinthecenter.Papainpreparedfromdriedlatexofitsimmaturefruitsis 

usedinmeattenderizing, manufacture ofchewing gum,cosmetics,fordegummingnaturalsilkandtogive shrink 

resistance to wool.Papaya fruits can be eaten ripe or unripe and prepared as vegetables. The ripe fresh 

fruits are used to make jam, syrup, crystallized fruits, ice cream flavoring, and soft beverages. Papain, an 

enzyme used in 

meattenderizingpreparations,ismadefromthedriedlatexofunripefruits.Itworksinasimilarmanneras 

pepsin”(Meena and jain, 2012) 

Papayaisprimarilypropagatedbyseed,yetlowgerminationandweakseedlingvigoroccurfromearly seed 

degeneration afterharvest. In the pursuit of improving these essential attributes, the application of growth 

regulators and the selection of appropriate propagation media havegathered significant attention among 

researchersand horticulturists. 

Therefore, the present study was designed to investigate the impact of growth regulatorson the 

germination,growth,andoverallvigourofpapayaseedling.Understandinghowthesevariablesinfluence the 

early stages of papaya growth is pivotal for enhancing the quality and yield of papaya crops, and 

ultimatelycontribute to the advancement of sustainableagriculture and the production of nutritiousfruits. 

Ithasbeenreportedthatthegerminationofseedsofpapayaisslow,erraticandincomplete(Chakoand Singh 

1966)which is mainly due to the accumulation of inhibitors in the sarcotesta, resulting in 

subsequentdecreaseinseedgerminationduringstorage(Reyesetat.,1980).Sarcotesta,agelatinous 

substance around the seeds that contains germination inhibitors was found to not onlyimpede 

germination but also thesubsequent emergence of seedlings (Malo and Campbell, 2001) . It has been 

found to stop oxygen from reaching the seedandimpedingthegerminationprocess 

the application of growth regulators and othercompoundsto seeds,improves their germinationand 

vigourthrough modifications to the respiratory metabolismandpromoter-inhibitor balance.Pre-

soakingofpapayaseedsinGA3andNAA(1-Naphthaleneaceticacid)presentsapromisingapproachfornursery 

andagriculturalpractices aimedatachievinghighergerminationratesandhealthier seedlings, 

ultimatelycontributing toimprovedpapaya crop yields (Mishra et al., 2017) . 

Overall,PGRsservesasavaluabletoolforpapayagrowersaimingtocultivatehealthierandmore productive 

papaya seedlings (Rana et al., 2020). 

 

2. MATERIALREQUIRED 
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 GA3:Concentrationsof100ppm,150ppm,and200ppmwerepreparedbyweighing100mg,150mg, and 
200 mg of GA3, respectively. 

 NAA:Concentrationsof100ppm,200ppm,and300ppmwerepreparedbyweighing100mg,200mg, and 
300 mg of NAA, respectively. 

 IAA: Concentrationsof 100 ppm,150 ppm, and 200 ppmwere prepared byweighing100 mg, 
150mg, and 200 mg of IAA, respectively. 

solutionsfor12hourstofacilitatetheabsorptionofthegrowthregulators. 

Eachweighedamountwas dissolvedin10mlofethylalcoholtoensurecompletedissolution.Thesolution 
wasthendilutedtoafinalvolumeofoneliterwithdistilledwater.TheseedsweresoakedinthesePGR 

 

 
 

 

 
All the treated seeds were sown in the poly bag (1 kg capacity) in the evening. The seeds are sown 

ineachtreatment(18seeds)andirrigatedimmediately.Optimummoisture ofmediawasmaintainedduringthe 

period of seed germination. Each treatment was clearly labeled with tags for easy identification. 

Inordertoevaluatetheeffectofplantgrowthregulatorsongrowthparametersofpapaya(CaricapapayaL.)cv. 

“Pusa Nanha”, a method and algorithms were used to compute different statistical parameters. 

TheAnalysisofVariance(ANNOVA)methodwasusedtocomparethemeansoftheattributesandnecessaryperio

dicalobservationswerealsorecorded.Amethodologyofindividualaspectisbrieflydescribed inthefollowing 

parameters and have been presented below under the following headings. 

2.1 ObservationsRecorded 

 
Thefollowingobservationswererecordedandaveragewascomputedatgrowingsuccessivestages. 

 
2.1.1Germination(%) 

The germination percentage refers to the proportion of seeds that successfully sprout and begin to 

growunder specific conditions. It is commonly expressed as a percentage and is calculated by dividing 

thenumber of germinated seeds by the total number of seeds tested, then multiplying by 100. Here's 

theformula: Germination percentage = Number of germinated seeds Total number of seeds 𝑋100 

 
2.1.2 PlantHeight(cm) 

Ameasuringscalewasusedtomeasuretheheightoftheplantfromgroundleveltothetipoftheseedlingat different 

intervals i.e. 15, 30, 45 Days after germination and 30 days after transplanting. 

 
2.1.3 Numbersofleavesperseedling 

Total number of leaves was counted from tagged plants in each replication at 15, 30, 45 DAS and at 

30DAT expressed as average number of leaves per plant. 

 
2.1.4 Leaflength(cm) 

Leaf length was measured using a measuring scale. For that, the scale was aligned along the midrib 

ofthe leaf, starting from the base to the tip, and the measurement was recorded in centimeters (cm) 

atdifferent intervals i.e. 15, 30, 45 Days after germination and 30 days after transplanting. 18 

 
2.1.5Leafwidth(cm) 

For leaf width, the scale was placed perpendicular to the midrib, at the widest point of the leaf, and 

themeasurement was taken in cm at different intervals i.e. 15, 30, 45 Days after germination and 30 

daysafter transplanting. 

(NAA 200ppm). The papaya seed of the variety Pusa Nanha was procured from Head, Division of 
Fruitsand Post Harvest Technology, IARI New Delhi, ensuring its seed quality and varietal purity. The 
PGRsolutions were prepared as follows: 
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2.1.6Seedlingvigourindex 

Seedvigourindexwascalculatedbymultiplyinggermination(%)andseedlinglength(cm)at45daysaftergermina

tion. The treatment showing the higher seed vigour index is considered to be more vigorous . Itprovides 

an indication of the overall vigor and health of the seedlings. 

 
2.1.7StemGirth(cm) 

Girth of the stem was measured with the help of digital vernier calliper at 45 Days after germination 

and30 days after transplanting. 

 
2.1.8ChlorophyllContent(SPADValue) 

Thechlorophyllcontentofaplantisanimportantindicatorofitsphotosyntheticcapacityandoverallhealth.Chlorophyll 

content was measured after 45 days after germination with the help of SPAD meter. 

 
2.1.9LeafArea(sq. cm) 

Leaf area refers to the total surface area of all the leaves on a plant. It is an important parameter in 

plantphysiologyandagronomy,asitdirectlyinfluencestheplant'sabilitytophotosynthesizeandproduceenergy.P

laced the leaf flat on a pieceof graph paper (which provides a grid ofknown dimensions) andtraced 

theoutlineoftheleafontothegraphpaperusingapenorpencilthencountedthenumberoffullsquares(bothcomplet

eandpartial)enclosedbytheleafoutlineandeachsquarerepresentsaknownarea(e.g.,1squarecentimeter).Final

ly,Multipliedthetotalnumberofsquaresbytheknownarearepresentedby eachsquareto obtain the total leaf 

area. 

 
2.1.10Establishment(%) 

The establishment percentage is calculated by dividing the number of plants that have 

successfullyestablishedthemselvesbythetotalnumberofseedsorseedlingsplanted,thenmultiplyingby100toe

xpress the result as a percentage. Here's the formula: 

Establishmentpercentage=Numberofestablishedplants 𝑋100 

Totalnumberofseedsorseedlingsplanted 
 

 

3. ResultandDiscussion 

 
Themeandataongerminationandseedlinggrowthparameters,asinfluencedbydifferentplant growth 

regulators, were recorded during the experimentation and are presented below. 

 
AmongdifferentPGRs,T6{GA3200ppm}recordedmaximumgermination(%)of100%whereas 

minimumgermination(%)of55.53%wasrecordedinT0(Control).Seedsofpapayawhentreated 

withGA3@200ppmfor12hrsresultedinhigh%ofgerminationandvigourindexasGA3activated 

cytological enzymes by increasing cell wall plasticity and provided better water absorption, 

promoted seed germination by producing α-amylase enzyme which converted insoluble starch 

intosolublesugarsandinitiatedtheradicalgrowthbyremovingsomemetabolicblocks(Anburani et al., 

2008). 

 
Among different PGRs, T6 {GA3 200ppm} recorded maximum plant height (cm) of 3.47cm 

(15DAS), 6.53cm (30 DAS), 8.23cm (45 DAS) and 16.83cm(30DAT) whereas minimum plant 

height(cm)of2.63cm(15DAS),4.77cm(30DAS),6.83cm(45DAS)and13.37cm(30DAT)was 

recorded in T0 (Control). Maximum plant height in GA might have occurred due to cell division 

and cell elongation, which in turn would have increased the internodal length. The observations 

are in agreement with the findings of Deb et al. (2010) in papaya seeds. 
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AmongdifferentPGRs,T6{GA3200ppm}recordedmaximumnumberofleavesperplantof2.53 

(15DAS), 4.40(30DAS),6.60(45DAS)and10.00(30DAT)whereas minimumnumber ofleaves 

of2.00(15DAS), 3.33(30 DAS), 5.43(45DAS) and8.50(30DAT) was recordedinT0(Control). A 

plant with more leaves per plant may have more vigorous physiological processes and be 

stimulated by GA3 to produce new leaves more quickly. This increased vegetative growth may 

have resulted in increased growth, higher metabolic activities, and increased production of 

carbohydrates. The results are in conformity of Sen et al. (1990) in papaya seeds and 

Kalalbandi et al. (2003) in kagzi lime. 

 
 
 

 
AmongdifferentPGRs,T2{GA3150ppm}recordedmaximumleaflength(cm)of1.90cm(15DAS), 

3.30cm (30 DAS), 4.57cm (45 DAS) and 8.83cm (30DAT) whereas minimum leaf length (cm) of 

1.50cm (15DAS), 2.63cm (30 DAS), 4.03cm (45 DAS) and 8.07cm (30DAT) was recorded inT0 

(Control). 

 

 
AmongdifferentPGRs,T2{GA3150ppm}recordedmaximumleafwidth(cm)of0.87cm(15DAS), 

2.57cm (30 DAS), 3.77cm (45 DAS) and 8.50cm (30DAT) whereas minimum leaf width (cm) of 

0.57cm(15DAS),1.80cm(30DAS),2.73cm(45DAS)and7.37cm(30DAT)wasrecordedinT0 (Control). 

53 

 

 
Among different PGRs, T6 {GA3 200ppm} recorded maximum seedling vigour index of 823.33 

whereas minimum seedling vigour index of 382.07 was recorded in T0 (Control). “The highest 

seedling vigour in GA3 was attributed to enlarged embryos, higher rate of metabolic activity and 

respiration, better utilization and mobilization of metabolites to growth points and higher activity 

of enzymes. Enzymatic and hormonal mechanism stimulate metabolic process such as sugar 

mobilization, protein hydrolysis, oxidation” (Earlplus and Lambeth, 1974), which leads to 

increase in root length, shoot length and seedling dry weight, in turn increase in seedling vigour. 

The present results are in conformity with the results of Gurung et al., (2014) 

 

 
Amongdifferent PGRs,T6 {GA3200ppm}recorded maximumchloropyllcontent (SPADvalue)of 

41.30whereasminimumchlorophyllcontent(SPADvalue)of33.63wasrecordedinT0(Control). 

Thismay havebeen dueto growthregulators and agrochemicalscausingdecreasedchlorophyll 

degradation, and increased chlorophyll synthesis. Growth regulator application delayed leaf 

senescence which could also be attributed to higher chlorophyll content. Similar results were 

reported by Shinde and Jadhav (1995) in cowpea and Sai Sankar (2001) in mung bean and the 

application of gibberellins increased the chlorophyll and protein content in the wax apple fruits 

(Moneruzzaman et al. 2012) 

 

 
AmongdifferentPGRs,T6{GA3200ppm}recordedmaximumstemgirth(cm)of0.38cm(45DAS) 

and0.56cm(30DAT)whereasminimumstemgirth(cm)of0.21cm(45DAS)and0.35cm(30DAT) was 

recorded inT0 (Control). It is revealed that stem diameter of papaya significantly increased 

underT6(200ppmGA3).Increaseingirthofstemmaybepossibleduetostimulationofcambium 

anditsimmediatecellprogeny,asobserved.DhankharandSingh(1996)andGholapetal.(2000) 

inAnola (Phyllantusemblica L.) and Deb et al. (2010) in papaya. 
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Among different PGRs, T6 {GA3 200ppm} recorded maximum leaf area (cm) of 43.83cm (45 

DAS)and59.53cm(30DAT)whereasminimumleafarea(cm)of19.90cm(45DAS)and35.10cm 

(30DAT) was recorded in T0 (Control). Increased amylase in the seed's aleurone tissue may 

have resulted from increased NAA availability. This would have improved the seed's ability to 

convert complex starches into simple sugars, which would have provided growth energy. Leaf 

area increased over time to a maximum that corresponded with peak growth and then steadily 

declined at later stages. Similar results were also reported by RamAsrey et al, 2001 in musk 

melon. 

 

 
Among different PGRs, T6 {NAA 150ppm} recorded maximum Establishment (%) of 82.20 % 

whereas minimum Establishment (%) of 61.07 % was recorded in T0 (Control) In the present 

studyitisnotedthatthetreatmentwithNAAat150ppmconcentrationgavethemaximumsurvival 

percentage (82.20%) among all other treatments. This could be the result of longer roots, the 

maximum number of primary roots, early sprouting, and thicker roots. It could also be the result 

of the ability to regenerate more fibrous roots from the main roots, which likely absorb more 

water and nutrients from the soil with minimal transpirational losses. Similar results were also 

reported by Singh and Bahadur (2015) and Singh et al. (2015) in phalsa. 

 
 
 
 
 

 
Table1.EffectsofdifferentPlantgrowthregulatorsonPlantheight,numberofleaves,leaflength, leaf 

breadth. 

 

 
Treatme

nt 
Notion 

 

 
Treatmentdetails 

 

 
Germin 

ation %. 

PlantHeight 

(cm) 

 
Numberof 

leaves 

Leaf 

Length 

(cm) 

Leaf 

Width 

(cm) 

30DAT 30DAT 30DAT 30DAT 

T0 Control 55.53 13.37 8.50 8.07 7.37 

T1 NAA@100ppm 77.73 15.03 8.57 8.70 8.27 

T2 NAA@150ppm 94.43 16.03 9.00 8.83 8.50 

T3 NAA@200ppm 88.87 16.17 9.07 8.67 8.23 

T4 GA3@100ppm 88.87 13.40 9.33 7.23 5.93 

T5 GA3@150ppm 100.00 15.47 9.60 8.40 7.93 

T6 GA3@200ppm 100.00 16.83 10.00 8.37 7.83 

T7 IAA@100ppm 83.30 15.03 9.07 7.77 7.73 

T8 IAA@150ppm 72.17 14.67 9.30 8.07 7.40 

T9 
IAA@200ppm 

94.43 14.73 9.40 8.30 7.47 

F-Test  S NS NS NS S 

S.Ed(+)  10.56 1.29 0.41 0.70 0.58 

C.D. at 

5% 

 
22.19 2.71 0.86 1.47 1.22 

C.V  15.12 10.49 5.47 10.41 9.28 
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Table2.EffectsofdifferentPlantgrowthregulatorsonSeedVigourIndex,LeafArea(cm
2
), Chlorophyll 

Content (SPAD Value), Stem Girth (cm), Establishment %. 

 

Notio

n 

 
Treatments 

SPAD 

value. 

Seedling 

vigourindex 

Leaf 

Area 

(cm2). 

Stem 

Girth 

(cm). 

Establishment 

%. 

T0 Control 33.63 382.07 35.10 0.35 61.07 

T1 NAA@100ppm 38.63 601.87 56.97 0.46 80.53 

T2 NAA@150ppm 35.87 673.17 59.53 0.45 82.20 

T3 NAA@200ppm 39.87 683.17 54.47 0.50 80.53 

T4 GA3@100ppm 39.90 680.93 44.17 0.48 80.53 

T5 GA3@150ppm 34.13 760.00 47.50 0.51 72.17 

T6 GA3@200ppm 41.30 823.33 55.00 0.56 77.73 

T7 IAA@100ppm 38.87 603.00 46.47 0.47 67.20 

T8 IAA@150ppm 35.67 665.37 45.97 0.41 76.67 

T9 IAA@200ppm 36.50 703.23 52.73 0.43 76.63 

F- 

Test 

 NS S S S NS 

S.Ed 

(+) 

 2.66 90.30 4.39 0.03 7.84 

C.D. 

at5% 

 5.59 189.71 9.23 0.06 16.47 

C.V  8.71 16.82 10.81 7.92 12.71 

 

 
4 CONCLUSION 

 
Onthebasisofpresent experimentalfindings,itisconcludedthattreatment T6(GA3200ppm) performed 

bestintermofGerminationpercentage,Seedlingvigourindex,Numberofleaves,Plantheight,Chlorophyll 

contentandstemgirthWhereasT2(NAA150ppm)performedbestintermofLeaflength,Leafwidth,Leaf area and 

Establishment Percentage. 
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