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INTRODUCTION

Regulation of fru it size end maturity has been 

of great concern to the fru it grower, ever since fruit 

culture became established on scientific lines. Although 

these aspects are primarily controlled by genetic factors, 

environment and management practices pley en Important 

role on them (Gardner •t «1 . ,1952). Pineapple which 1s 

one of the most Important fru its  of Kerala Is commercially 

utilized to a major extent for canning purposes and 

therefore uniformity In fru it size Is of paramount 

Importance. For canning purposes tha fruit should ba 

of medium size with a fruit weight of 1*5 kg.(Das et a l. .1965)

In spite of spectacular achievement obtained 

1n controlling flowering In pineapple by the application 

of ethre! In recent times (Das a U ,1*75 I Balakrtshnan 

j t  a l . .  1578 and santha,1978), complete uniformity in fruit 

size In large plantings even under uniform cultural and 

tnanurlal schedules 1s seldom achieved in Kerele. Both 

In the plant crop and especially In ratoons considerable 

percentage of fruits fa ll below standard size with tha 

result that their utilization for canning purposes are 

made d iffic u lt. If  the smeller fruits could be improved 

by the application of growth regulators it  w ill have 

much practical value. Regulation of fruit maturity Is



also • deslrabla practice to that harvesting period 

could be extended, preventing a possible glut 1n the 

market*

A physiological approach v is .,  through the 

application of growth regulators has yielded successful 

results 1n regulating fruit size and maturity In 

several fru it crops and also 1n ptoeapple* In pineapple 

Among the growth regulators tried NAA has been found 

to be most effective* Observational tria l conducted 

in the Kerala Agricultural University had also 

Indicated that NAA was effective 1n Increasing the 

fru it size*

However a proper reconrendatlon of naa 

under Kerala conditions based on systematic studies 1s 

not available* The present study was Initiated with the 

following objectives*

1 * fixing the optimum time of harvest of fruits*

11* Studying the effect of a1phe-nepbthalene acetic 
acid on fruit size* maturity and quality of 
fruits*

1 1 1 * studying the effect of alpha-naphtbalane 
acetic add on size maturity and quality of 
fruits from plants having different leaf 
number*



REVIEW OF LITERATURE
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REVIEW Of LITERATURE

A brief review of various aspects of regulation 

of fru it sise* maturity and quality of fruits* In pineapple 

1 s presented Here under*

I .  FRUIT MATURITY

Biochemical changes during growth and developmsnt 

of fru its  are important factors 1n fixing the maturity 

standards of fruits*

Hitler and H ill (1953) observed that In mature 

pineapple* the basal segsent was more mature than the 

middle portion* and this In turn was more mature than the 

top segment* The result was also confirmed by the 

progressive decrease 1n bromelln activity from top to bottom

and he observed that the activity of this entyme decreased
/

with maturity of pineapple* Py (1955) observed that 

larger the fruit* the shorter was the maturation period*

He also found that high ll application without X resulted 

In longer saturation period of fruits*

Tow (1959) reported that close planting or 

addition of H end K fe rtilis e r delayed maturity* while high 

leaf P and straw mulching hastened ripening* There was 

also a negative correlation between the number of days 

from flower emergence to maturity end the square root of



Che mean Camperatura for 30 days after emergence*

Huang (1950) made studies on the picking maturity of the 

pineapple end found that for use as fresh fru it and for 

canning* pineapples were to he picked when the flesh 

turned light yellow colour and flavour not too acid.

Hop# (1963) found that tha sugar content of 

the fru its  Increased continuously throughout tha U fa  

until 1t was ever ripe, tha rata of production was much 

higher In summer then In the winter fruit* In both 

simmer and winter pineapples,fruit quality as judged 

by paleteblHty was best when acidity reached Its peak* 

There was also variation In acidity depending upon the 

climatic conditions and the amount and type of fe rtilize r 

used 1n both summer and winter pineapples* He also 

found that winter fru its  took 185 days to reach the peak 

of acidity mid sum ar fru its  155 days*

Montenegro (196k) studied ripening of pineapple 

fruit* Pineapple fruits  of the variety *Parole* were 

harvested et five stages of ripeness (determined by colour) 

end analysed for Juice per cent* brlx end acidity* It 

was found that by the time the upper part of the fruit 

had developed yellow centres to Its  segments* a sharp 

rise 1n brlx and juice content and a sharp fa ll In acidity 

had occurad* The juice content remained constant until



the onset of senescence when ft Increased rapidly*

Orix value* rote fa irly  stead!y end acidity fe ll very 

slightly throughout ripening end senescence* According 

to him fruits should be harvested et green stage for 

canning and for Immediate marketing the fru its  should 

have an orange tin t tn the centre end e slight a ra a . 

Anon 11965) reported that the stage of maturity et 

which pineapple was harvested depended upon Its  use* 

Fruits for home use should be picked when 25 per csnt 

yellowing of the fru it atta in ed  a t which stage the 

fruits had higher T*s*s. end low acidity*

Singleton and Gortner (1965) showed that 

variation In aacorbic acid content during development 

of pineapple fruit was more related to short term 

weather conditions* end not with tha Stage of fruit 

development* It was also found that acidity rose 

significantly as the fru i t  matured and 10 days after 

e peek remched9 the fruit  was et optimum maturity* 

Teotla and ihan (1966) made studies on physical and 

chemical changes In the variety • Giant Kew' pinmppia 

during ripening* On the basis of results* ha 

recommended that to obtain high quality* tha pineapples 

should be harvested when the specific g r a v i t y  fs In 

range of 0*98 to !«02* the T*s«$* content 1k*i to
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the onset of teimmune* when It  Increased rapidly*

Orix values rose fa irly  stead!y and acidity fe ll very 

slightly throughout ripening and senescence* According 

to h1»  fruits should ha harvested at green stage for 

canning and for Immediate aiarketlng the fru its  should 

have an orange tin t tn the centra and a slight mram9 

Anon 05*65) reported that tha staga of maturity at 

which plnaappla was harvasted depanded upon Its  usa* 

fru its  for hone usa should ha picked when 25 per cent 

yellowing of the fru it attained at which staga tha 

fru its  had higher T*s#s. and low acidity*

Singleton and Gortner 11965) showed that 

variation In ascorbic acid content during development 

of pineapple fruit was mors related to short term 

weather conditions* and not with tha staga of fruit 

development* It was also found that acidity rosa 

significantly as the fru it  Matured and 10 days after 

e peek reached* the f r u it  was at optimum maturity*
m

Teotla and ihan (1966) made studies on physical and 

chemical changes 1n the variety •Giant Kew* pineapple 

during ripening* On the basis of results* he 

recommended that to obtain high quality* the pineapples 

should be harvested when the specific gravity 1 s 1n 

range of 0*9$ to 1*02* the T • s* :»• content 1k*8 to
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17 per cent, T*S*5/ac1d ratio 20.*13 to 27*2k and whan 

tha fru it developed a yellow to brownfah colour*

Gortner aM* (1367) enumerated thraa distinct 

stages of fruit development basad on biochemical changes 

as praneturatlon, maturation and sanseanca* Host of tha 

chemical constituents like starch, total sugars and 

non~reduc1ng sugar showed a decreasing trend In tha 

prematuration stage* When the fru it reached early 

maturation, total sugars Increased, non»r educing sugar 

decreased, whlla starch contant remained constant* In tha 

lata maturation stage, sucrose and total sugars wara more 

or less constant*

Bowden (1369 a) studied on tha ripening of 

pineapple and he found that thera was a relationship 

between fru it translueency and processing quality of 

pfneappla* with Increasing translueency, the pH,total 

soluabla aoHds/add ratio, fru it weight and total attar 

concentration Increased and acidity decreased* T*S*S., 

fresh pigments end palatablHty Increased to a maximise 

In tha medium range of translueency and than decreased 

with further Increase In translueency* So he considered 

sam1 translucent fruits as most suitable for canning*
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Mookerj! J&fil* (1559) studied the chemical 

end physical changes occurIng during pineapple fru it 

development* It  was found that there sat abrupt changes 

1n the total soluable sol Ids and acidity 1n tha fru it 

after 110 days of fru it set* The acidity reached a 

peak on 115th day and thereafter there was a decline*

The ascorbic acid content rasialned constant during earlier 

stages of saturation* but decreased 1n later stages*

Chedhe a£*(1972) studied the biochemical changes 

associated with growth and dewelepeient of pineapple 

variety #Kew»* The weight of the f r u i t  Increased 

gradually upto 75 days after flowering# Thereafter there 

was a sharp Increase 1n weight until 150th day after 

which the weight stabilised* Total soluable solids and 

acidity Increased with maturity* but T#s*s#/ac1d1ty ratio 

decreased In the mature stage* The ascorbic acid content 

decreased 1n early stages* but did not shew any 

appreciable change In later stages*

Lodh et al,* (1571) observed that 1n •Raw* 

pineapple* the prematuration stage was at 0 to 120 days 

after flowering* early maturation 120 to 150 days and

the late maturation 150 to 155 days* After 155 days*
ripening and senescence started* They also reported that 

tha concantratlon of chlorophyll dacreasad slightly upto 

115 days from flowering* thereefter the chlorophyll loss



8

from the pee! became more rapid*

pantastlco (1975) reported the following seven 

that! colours to determine the various stages of maturity*

Ho*0. a ll 'eyes' are green with no trace of 
yellow*

ho*!* hot more than 20 per cent of the 'eyes' 
are predominantly yellow*

No*2* Not less then 20 percent but not more than 
^0 per cent of the 'eyes' are predominantly 
yellow*

No*3* Not less than 65 per cent but more than
55 per cent of the 'eyes' are predominantly 
yellow*

No*b* Not less than 65 per cent but not more then
90 per cent of the 'eyes* are fully yellow*

No*5* Not less than 90 per cent fu ll yellow but
not more than 20 per cent of the 'eyes*
reddlsh-orange*

tio*6* 20 per cent to 100 per cent of the 'eyes' 
predominantly reddlsh-brown*

n o *7. The shell 1s predominantly redd!sh*brown
and showed signs of daterloration* According 
to Mm pineapple with shell colour nos*2 to 
k should be harvested when used for local 
con sumption*



2* CfFCCT Of OlffCRENT CHEMICALS ON ff?UIT DEVELOPMENT,
MATURITY AMD RIPENING.

..t e f.Lassgg&

Clark and Kerns (1S^2) stud ted tha effect of 

atphs-naphthelene acetic ac(d ( naa) sprays on the fruit 

development of pineapple plants* spraying was done 

after the completion of the norma! floral differentiation* 

hut prior to actual blossoming* It  was found that 

application of relatively high concentrations as 

0*05 per cent produced a marked Increase In size and 

weight of the fruit* while the lower concentrations 

had no significant effect In comparison with the controls* 

Application of naa also resulted In an Increase In 

peduncle length*

Van overbeek (19k6) reported that naa application 

resulted In Increased fru it weight* while application 

of 2*k-d!ch1orophenoKy acetic acid ( 2,A-D) resulted In 

a lower average fruit weight as compared to NAA* The 

low fruit weight was attributed to the adverse effect 

of 2*k-D on developing young leaves* Miller end 

Mersteller ( 1953) reported that application of 

perachlorophenoKy acetic ac! d (PCPA) when applied on 

pineapple fru it 10 days before harvest did not alter 

fru it size or length*
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Hayes (1957) reported that concentrated cpray 

of n a a  on frufts several weeks bafora tha normal time of 

harvestIng Increased fru it size. Evans (195&) observed 

that growth promoting substances like NAA, bet e - 

Indole butyric acid (IS A ),hortomone A, plenoflx and 

seradlx a ll exerted a tremendous Influence on fruiting 

of pineapple* By application of these chemicals the 

fru it weight was Increased, but when 1immature plants 

were treated fru it weight was reduced* Collins (1960) 

found that when NAA was applied after fru it formation, 

the fru its  grew larger and the peduncle Increased 1n 

length and diameter*

Anon (196%) reported Increased fru it size by 

application of NAA* The fru it  weight Increased 

progressively as the concentration of NAA Increased, 

reaching the maximum et 200 ppm* There was Increase 

both 1n length and diameter of fruits* Oas (196%) 

reported that when pineapple plants were treated with 

NAA alone end 1n combination with met 1c hydrazlde (HH), 

the fruits produced were heavier* Fruit volume el so 

Increased, but dimensions or fru ltle t numbers did not 

vary marfcadly* Tha affact of HH alone was found to be 

deleterious In that the fru its  were undersized*



Sarbler (196%) found that tha application of 

•odium bete-naphtboxy acatata (NahOA) had no effect on 

fru it characters of pineapple* oes §&• (1965) reported 

that acetylene end calcium carblda treatment for floral 

Induction In plnaappla plants produced undersized fruits 

with ralatlvaly large crowns and long slander peduncles* 

Outte (1966) obtained similar undersized fru its  with 

long paduncla by application of alpha-naphthaiane scat ami ds 

and acatylana*

All and Talidcdar (1965) reported that NAA 

application resulted in Increased fru it weight*

Oes and Baruah (1967) noticed that whan naa and IAA ware 

mppiiod singly and in combination, there was significant 

Increase In fru it weight, the combined effect being 

equivalent to that of NAA* The NAA treatment also 

Increased plant height* Kwong and Chiu (1969) observed 

that whan pineapple fruits were sprayed with 100, 200,300 

and %00 ppm of sodium salt of NAA about two months before 

fru it ripening, there was significant Increase In fruit 

weight by 10 to %5 par cant and in fru it diameter by about 

5 par cent* According to them 300 ppm was tha optimum 

level* Tha affect of NAA was found to be more on naturally 

larger fruits* Huang (1969) found that NAA at 10ppm, 

calcium carbide at 1 par cent end beta«hydroxy ethyl hydrazln 

(SON) et 0*25 per cent induced flowering end Increased 

fru it weight*



Bowden (1969 b) reported that when NAA was 

sprayed on pineapple fru its  et 10 weeks, eight weeks 

and six weeks before the estimated mean harvest date of 

the unsprayed controls, there was Increase 1n fru it sise 

and weight, fruit length and diameter without altering 

fru it shape* No significant differences ware found in 

tha taper ratio (0*96 to 1 *00) or tha length ratio 

( 1*36 to !•%%) of tha fru its  examined* Poignant (1969) 

again found that application of sodium salt of NAA made 

12 to 16 weeks after floral Induction treatment with 

acetylene resulted in increased fru it weight by 

15 to 23 per cent, tended to Increase fru it length end 

significantly increased fru it diameter 3 to 9 per cent*

The treatment also reduced crown weight end had adverse 

effect on the production of sucker* According to him 

the use of these compounds was not advised except under 

carefully controlled conditions*

salszer end Rios (1971) reported that applications 

of ethrel end calcium carbide on pineapple plant resulted 

In reduced plant height* Calcium carbide treatment also 

resulted 1n the production of largest number of abnormal 

crowns and tended to cause the fru it to topple* Ethrel 

increased apical fru it diameter and pulp content*

Robertson fit el*(1971) reported that application of at hr e I 

three weeks before harvesting decreased the yield as



compared to untreated control• The reduction 1n yield 

was attributed to shortening of fru it growth period 

resulting 1n sms Her fruits* Wee end Ng (1971) 

also reported that when ethrel was applied as a flower 

Inducing chemical, there was slight decrease 1n fru it 

length* However, other fru it characters were not 

altered*

Wee (1971) observed that spraying the 

developing fruit of the cv*•Singapore Spanish* with a 

solution of plamoflx was found to Increase fru it weight 

and diameter* The best time for treatment according 

to him was six weeks after the appearance of the 

Inflorescence* Huang (1973) conducted studies on the 

effect of NAA, sodium salt of NAA and I Am at 50,100,200 

and 500 ppm on pineapple fruit* He found that when 

NAA and sodium salt of NAA sprayed one month after 

flowering Increased yield by 11 to 32 per cant* Tha 

higher tha concentration, tha greater was the increase 

in fru it size* According to him 100 ppm was the optimum 

rate of sodium salt of NAA*

Gonzales end Fontlcle!la (1975) made studies 

to find out the effect of ethrel on two pineapple 

varieties, * smooth Cayenne* and ‘ Red Spanish*. Application 

of ethrel at 20mg/plant even though Induced flowering, 

significantly reduced fru it weight* Gonzalez fii eK (1975)
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reported the effect of various chemicals such es calcium 

carbide, various ethaphon formulations on pineapple plant. 

They found that the treatments had l it t le  effect on fruit 

and crown weight, although ethaphon tended to produce 

small fru it with bigger crown and to reduce fruit height*

Norman 0977) observed that application of 

BOH, calcium carbide and ethaphon resulted In the production 

of cylindrical fruits  rather than conical frulte*

Chiu and Malek 0978) studied tha effect of BOH on plant 

crop and ratoon crop* With both crops the chonlcal 1n 

all concentrations greatly Increased fru it set and yields, 

but fru it size was reduced* Norman (1978) conducted 

studies to find out the effect of gibber 11c ecld (GA^) 

at 500 and 1000 mg/! It  re and NAA at 200 and 300 mg/1 It  re 

and GAj ami NAA In combination at 250 ♦ 100 mg/11tre 

and 500 ♦ 150 mg/1 It  re applied to developing ethaphon 

Induced cv. »Sugar 1 oaf• pineapple* All tha treatments 

Increased fruit weight and length without altering the 

fru it shape* NAA alone and 1n combination with GÂ  

reduced crown size* The concentrations of growth 

regulators had no effect on fru it weight, length, chape 

and crown size* fruits sprayed six weeks after emergence 

produced larger fru its  than those treated after 10 weeks* 

Time of application did not affect the fruit shape and 

crown size*



15

studies conducted by Kerala Agricultural 

University on the p la t  crop of pineapple on the effect of 

ptanoflx on fru it sise and maturity showed that planoftx 

at 200 ppm sprayed on fru its , two months after the visible 

sign of Inflorescence, Increased fruit weight as compared 

to control (Anon,1979}• santha (1979) studying on tha 

effect of different growth regulators on flowering and 

fru it development In pineapple found that, maximum fruit 

sise was obtained by ptanoflx 20 ppm, when used as flower 

Inducing chemical*

2. 2.  m tu rttr »nd flawing

Clark and Kerns (19k2) reported that relatively 

high concentrations of NAA as 0,0$ par cant on pineapple 

fru it resulted In retardation of ripening by about a 

weak* Grosmann (1950) again found that application of 

NAA several weeks before fru it maturity delayed nwturtty*

Miller and Merste)ter (1953) reported that 

application o f  p c p a  to days before harvest, decreased tha 

amount of physiological break down during ripening*

Py (1955) reported that tha period between treatment and 

fru it maturation was on an average 190 days with 

acetylene, while it  was 197 days with NAA* Ha also 

observed that the higher tha concentration of naa used, 

tha longer was tha maturation period* Shlng (1956) found 

that whan naa was used as a flower Inducing agent on



I S

pineapple* ft advanced the harvesting season* It was 

also found that fru its  of treated plants ripened more 

uniformly and fewer pickings were needed* Evans (1959) 

observed that growth prompting substances such as naa*

ISA* hortomone A* seradlx A* planoffx* anepal* 2,4-0, 

dicotax and acetylene «certed a marked Influence on 

ripening of pineapples* particularly at lower concentrations*

Sarbler (1964) observed that fruit treatment 

with sodium salt of MQA had no effect on maturation.

Das (1964) found that NAA application prolonged the time 

fraii flower differentiation to ripening by about 15 days*

Ha also raported delaying of maturity by a week by 

application of NAA Mid MH 1n combination, naa was found 

to be superior than MH* Das a£* (1965) after working 

on acetylene found that acetylene treatment resulted 1n 

accelerated ripening of fruits* Das and Saruah (1967) 

found that application of NAA and 1AA resulted In delayed 

ripening by about II days* but In the case of NAA treatment* 

ripening of majority of the fruits was completed within 

a relatively short four weeks period* thus facilitating 

harvest mechanisation* Kwong Mid Chiu (1968) observed 

that fru it spraying of NAA about two months before fruit 

ripening* resulted 1n delayed fru it maturity upto two 

weeks In the largest fruit*
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Oortner (1969) demonstrated tha effectiveness 

of NAA and 1n markedly reducing tha ripening of

ptnaappta fru it and thus extending its  marketable life  

as a fresh fru it• As l i t t le  as 1 ppm of 2*k*5*T had a 

noticeable affect and 100 ppm was tha optimise for retarding 

senescence* For NAA $00 ppm was tha bast level according 

to him* Bowden (1969 b) reported that NAA treated fruits 

had to be picked at a greener skin colour than untreated 

control fruits In order to obtain optimum ripeness*

Poignant (1970) found that NAA treatment at 100 ppm 

Immediately after picking tha fruits* resulted 1n prolonged 

storage U fa  of tha fruits even at unfavourable 

temperatures*

Audinay (1970) found that ethrel treatment of 

pineapple at various times within four weeks before 

theoretical picking data resulted In earlier and more 

homogeneous ripening and a briefer harvest period 

proportional to tha doses of ethrel applied* which ranged 

from 1 to 8 kg/ha* salexer and Rios (1971) reported that 

treatment with calcium carbide at 8 kg/ha and ethrel at 

k end 6 kg/ha resulted In accelerated harvesting* Treated 

plants could be harvested 1n 21 days where as the harvest 

of the control plants succeeded 1*1 days* Poignant ( 19 71) 

found that ethrel treatment et 2*1 *0*$ end 0*1 kg a*1 */ha 

applied 8 to 1 $ days before the theoretical picking date
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resulted in rapid and homogeneous Internal and external 

fru it colouring, thereby greatly reducing the harvest 

period* Robertson et a l* (1971) found that application 

of ethrel at 2 and k kg a*l/ha to * Smooth Cayenne1 

pineapples three weeks before harvesting caused all 

fruits to ripen 15  and 10 days after application 

respectively. The untreated control plants were harvested 

over a 60 days period* According to him, the optimum 

rate of ethrel was 2 kg a.1./he. Wee end Mg (1971) 

reported that when the developing fruits were sprayed 

with ethrel, 99 weeks after flower Induction, the crop 

required only one major harvest es compared to three 

with the unsprayed control• The fruits el so ripened 

four weeks earlier* Ethrel el so Induced uniform 

ripening within e fru it , thus Increasing the number of 

golden fleshed fruits*

Huang (1973) found that when sodium salt of 

NAA et 50, 100, 200 end 500 ppm was applied one month 

after flowering resulted 1n delayed ripening by 12*16 

days* Mermen (1977) studied the effect of three 

concentrations of each of 8oh, calcium carbide and 

ethaphon on * Sugar loaf* pineapple. Alt the chemicals 

accelerated fruit maturity, caused uniform fruit 

ripening regardless of concentretIon* Morraen (1578)
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•gain reported that application of W j and «aa singly 

and in combination applied to developing fruits of 

variety, ‘ Sugarloaf* pineapple significantly delayed 

fru it maturity, regardless of the concentration applied. 

Sant ha (1979) also reported delayed maturity by SO 

and 100 ppm planofix when used as a flower Inducing 

chemical,

3 ,  EFFECT Of DIFFERENT CHEMICALS ON QUALITY

Of FRUITS

Decrease In total soluable solids due to 

the application of NAA on pineapple fruits  was raportad 

by Clark and Kerns (I9k2), However, NAA had no offset 

on translueency and porosity of fru its , Millar and 

Marstaller (15*53) raportad that application of Pcpa 

resulted In an increase in ascorbic ecfd content of 

the fruits, while T,s«$,, acidity end flavour of tha 

julca wars not affected, shing C1>56) found that 

fru its  producad as a result of NAA treatment had a 

high acid content than fruits from untreated control. 

Border (196k) raportad that application of soditsn salt 

NCA resulted 1n an Increase in flesh firmness, A 

general decrease in porosity was also observed by him 

In treated fru its , Kwong and Chiu (1963) reported 

that acidity and total sugars were lass in n a a  treated 

fru its .
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Dutta ( 1966) studied tha affect of growth 

regulators on quality of pineapple fruits* Ha reported 

that fruits from naa treated plants had a better 

sugar/acid ratio* Poignant (1969) reported that 

application of sodium salt of NAA on pineapple fruits 

caused a large number of surface cracks* Tha treatment 

also accelerated Internal fru it colour development* 

Increased fru it translucency* reduced fru it sugar by 

15 par cent* resulted 1n less porous fruit* Bowden (1969b) 

again reported that naa adversely effected the processing 

quality of pineapple* There was e marked decrease 1n 

T*S* S. end felsh colour* which rendered the fruit less 

palatable end effected the relationship between akin 

colour end Internal ripeness* Increased break strength 

and reduced porosity. Thetreatment significantly 

Increased acidity especially when the fru its  were treated 

10 weeks before harvesting* There was no difference 1n 

pH between treated fruits end untreated controls.

Poignant (1970) obtained poor quality fru its  by the 

application of too ppn NAA on pineapple fru its  one month 

before the theoretical harvest date*

Audinay (1970) reported that ethrel treatment 

on pineapple fru its  resulted 1n Improvement of external
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and Internal colouration of fru its , while other 

characteristics of flash and julca Including sugar and 

acid contents ware not affected* Effect of ethrel 

treatment on quality of fruits was also reported by 

Poignant (1971)* According to him ethrel treatment 

resulted 1n rapid and homogeneous Internal and external 

fru it colouration. However, treated fru its  were slightly 

hollow and significantly more acidic* Robertson aj_* (1971) 

again reported that ethrel application lowered tha 

sugar/acid ratio* The reduction In the ratio was due 

to the reduction In the percentage of sugar content* 

wee (1971> noticed that ptanoflx treatment Increased 

acidity, while Huang (1973) reported that sodium salt of 

MM lowered tha aigar and ad1d contents of the fruits 

especially at high dosages* Norman (1977) found that 

application of growth regulators such as 8OH, calcium 

carbide and ethaphon on pineapples planted from crowns 

Increased T*S*S*content, raised titrable  acidity and 

raduced T ,s , s/acld ratio* However, 1n the plants raised 

from suckers, the chemicals had no effect.

Das j t  aj,* (1977) found that ethaphon treatment 

has no affect on T*S*S* and acidity of fruits  when applied 

on plants having different leef number* Norman (1978) 

found that Ga,j and naa singly and 1n combination whan 

applied on developing pineapple fru its  had no effect
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on acidity or T*s*S*/ac1dlty ratio* Tha traatad fruits 

produced • diaper yellow juice* GAj Increased T.S .S., 

will to NAA alone end In combination with QAj reduced 

T*$*$* The different concentrations tried end time of 

Ntplleatlon Had no Influence on fru it quality*

km EFFECT OF LEAVES ON FRUIT SIZE AND QUALITY

Van Overbeak (19*6) observed close correlation 

between fru it site end fru it development In pineapple 

with the number of leaves per plant* He also found that 

an Increase of 11*5 leaves was accompanied by an Increase 

of 1 kg 1n fru it weight* Py (1953) found that approKlmetely 

31 functional leaves were needed to produce a fru it of 

1*5 kg and a variation of 10 leaves resulted In a 

difference of 0*5 kg 1n fru it weight* Shing (1956) 

reported that when naa was applied as a fIcwer Inducing 

agent, the weight of the fru it produced wee dependent 

with the size of the treated plant* Su (1956) reported 

that fru it yields were correlated with length and width 

of leaves 1n the season of rapid growth* He also pointed 

out that available soil K and leaf K were closely 

correlated with fru it compactness and yield In pineapple*

According to Kawapathy (195S) the yield of 

good quality fru its  was associated with N 1*2 ♦ 0*1 per cent, 

p 2*2 ♦ 0*3 per cent and K 3*2 ♦ 6*0 per cent with p/p
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Py and Pelegrln (1958) established a close relation 

between weight of *0* leaf at the time of growth 

regulator application and fruit weight harvested*

Py and Lossols (1962) working on pineapple confirmed 

the above theory*

senewlratne (196k) reported that the In itia l 

sucker size had a marked effect on growth and flowering 

and tha largest suckers (31 -  35 leaves) produced 

harvestable fru its  1n shortest time* Oas j£* (1965) 

Indieatad that the leaf number had a close relationship 

with size and weight of fru its  produced* He also 

found that tha response of acetylene and calcium carbide 

was more on mature plants having large number of leaves 

es compared to Iraeture plants having low leaf number* 

Tay a£* (1969) made studies on leef analysis in 

relation to yield, sugar and acid contents of the fruits* 

He observed that there was no correlation between leef 

N end yield or the sugar and add contents of the fruits 

and 1n case of leaf P also no consistent correlation was 

observed in these characters, while the degree of 

correlation between leef K end yield, auger and add 

contents of fru its  was high*
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Godfrey (1970) conducted tria ls  on pineapple 

and found that n a d a a  fru it ylald was assoclatad with

0.35 to 0.40 par cant nitrogen, 0*04 par cant phosphorus 

and 0.44 par cant potassium 1n leaves* For maximum 

fru it length, tha %/f ratio should ha 10*4 to 11*5*

Tha basal non chlorophyllus section of »D* laavas was 

used for analysis* Marchs! (1970) found that I f  nitrogen 

content In tha leaf was abcwa I par cant, there was an 

Increase In foliar growth* Foliar growth response was 

not evident In dry season* Tha amount of K was shown 

to hava a direct positive effectiveness on fru it acidity, 

but again this was modified by climate*

Tan and Wee U973) studied the growth characters 

and quality of fruits In pineapple and reported that 

the more vigorous tha plant, tha higher was the fruit 

weight with less acidity* Singh and Ramashwar (197*0 

revealed that plants with low leaf number (76 -  30 ) 

produced long stalked snail fruit*, while those with 

large leaf number (46-50) produced large fruits with 

small stalks* Gangadhara Reo j |  aj,* (1974) studied 

the leaf characters of pineapple and observed that leaf 

numbar per plant, leaf area Indatt, tha fresh weight of 

•0* leaf and the crown weight were closely related to 

yield* According to Subremanlan et aj,* (1974) tha 

application of nitrogen, phosphorus and potassium was
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not clearly refIacted In tha leaf nutrient contents* 

However, In tha 11th month sampling there was significant 

Increase 1n leaf N,f» and K corresponding to N,P and K 

application* Subramenlan a i.0 9 7 7 ) again reported 

that there was significant relation between leaf H and 

K 1n tha 5th month after planting with high yield of 

pineapple*

Chadha j t  al.* (1977) stated that fruit weight 

was positively correlated with tha number of suckers 

per plant and leaf number one year after planting* Ha 

also observed that Juice T*S*S* content was Increased 

by an Increase 1n leaf number both one year after 

planting and at flowering* Oas £i* (1977) found 

that when flowering and fruiting was a rtif ic ia lly  Induced 

by ethaphon treatment before the plants reached proper 

stage* tha average fruit site mid sucker production were 

adversely affected* They also reported that optimal 

staga of plant growth for flowering and fruiting was 

reached whan they attained etleast 35 to 39 leaves per 

plant and by further Increase in leaf number there was 

no beneficial effect* santha (1979) observed significant 

correlation between leaf characters and yield and 

quality of pineapple* Fruit sise and quality were found 

to be positively correlated with the number of leaves 

possessed by the plants* The fru its  produced by higher



26

leaf group possess** maximum of !•$«£• end sugars*

Site also found that leaf nutrients Influenced on 

fru it sise* the largest fru its  ware produced by plants 

having the leaf nutrient status of t«b par cent N#

0*08 per cent P and 3*^3 par cent ft*



MATERIALS AND METHODS
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MfcTlftSAU AMO METHODS

Thu present Investigation* on the various 

aspects of regulation of fru it site and maturity In 

pineapple were undertaken 1n tha Oepertment of Pomology 

end Floriculture* College of Horticulture* Vellanfkkere 

during the years 1979 to 1990*

The firs t retoon crop of variety ‘Raw* maintained 

et pineapple Research Centre* Vetlenikkere was utilised 

for the study* The crop was planted In May, 1976 end It  

was grown In two rows In trenches with e spacing of 

60 cm between rows* 30 cm between plants and 90 m  

between trenches* with a planting density of 63090 plants 

per hectare* The firs t crop was harvested during March* 

1979. After the harvest of plant crop thinning of 

suckers were done so as to get one sucker per plant for 

the f irs t  ratoon crop* Uniform cultural and manorial 

practices as per the recommendations of Kerala Agricultural 

University, were given to the crop*

The Invest I get tone consisted of the following 

aspects*

1* Fixing the optimum time for harvest of fru its.

2* studying the effect of elphe-nephthelene acetic 

acid (naa) on fru it slse*metur1ty and quality*



28

3. Studying the affect of NAA on stse,maturity 

and t M l l ly  of fru its  from plants having 

dlfferant laaf nunbtr*

Tha datalted procedures adopted for tha dfffarant 

aspacts of study ara given below*

|# flXING TH£ optimum time for harvest

It  was nacassary to standardise tha optimum
to

time of harvest of fru it sen sure uniform maturity* In order 

to arrive at a proper harvesting Index, studies were 

undertaken during November,ly/B.

A total of koo uniform plants possessing 36 to 

60 leaves ware marked out* Uni form flowering In these 

plants was Induced by the application of 25ppm ethrel ♦

2 per cent urea ♦ 0*06 per cant caC0| (Anon, 1979)* a 

total of 250 Inflorescences which emerged on the same day 

were finally tagged for detailed observations* firs t samples 

of fru its  were taken 70 days after Inflorescence emergence* 

Subsequent samples were taken at 10 days Interval t i l l  

100 days after emergence, thereafter at seven days Interval 

t i l l  12S days after Inflorescence emergence end then et 

two days Interval t i l l  the fru its  turned fu lly  yellow on 

the plants* At each time of sampling, 10 fruits were 

harvested from the tagged plants end they were analysed 

for total solu ble solids, acidity, reducing sugars, total 

sugars, norweducing sugar and ascorbic acid contant*
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The sugar/acid ratio and brlx/acld ratio wore al so worked 

out. Tha methods of analysis followed are detailed under 

section k.

In order to find out the changes In the 

external colour of the fru its  during the course o f fruit 

maturity and to relate the colour development with 

Internal qua! Ity , external shell colour of fru its  was 

visually observed at each sampling date. The total number 

of 'ayes' which were green and also 'eyes' that turned 

yellow were counted and the percentage of colour development 

was assessed. Tha colour development was then expressed 

es percentage of area coloured or that remained green as 

adopted by PantestIco (1975)*

2 .  EFFECT OF < NAPHTHALENE A C E T I C  ACXQ ( N A A )  ON

FRUI T S U E ,  MATURITY M iO  QUALITY

To study the effect of different concentrations 

of naa on %\m9 maturity and qua! 1 ty of fruits and to 

determine tha bast stage of Its  application, detailed 

Investigations ware Initiated In November W<1. Uniform 

flowering was Induced by giving a combinat1on treatment 

of 25ppm ethrel ♦ 2 par cent urea ♦ 0. 0A per cent CaCÔ  

(Anon,1^7$)« The experiment was superimposed in split 

plot design with four replications.
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The malnplot consisted of ISO plants end 

subplots conststed of 30 plants per plot* The treatments 

consisted of four concentrations of NAA and control* The 

spraying was done at different stages of fruit development* 

the details of which are given below*

Treatments -  25 icombination of (A) and (B>)

A. Main plot treatments (stages of application of
NAA)

I* At Inflorescence emergence 

II* One month after Inflorescence emergence 

III*  Two months after Inflorescence emergence 

Iv . Three months after Inflorescence emergence 

v* Four months after Inflorescence emergence

B* sub plot treatments (concentrations of naa and 
control)

I* 0 ppm (control}

II* SO ppm naa

III*  100 ppm NAA

Iv* 200 ppm NAA

v* 300 ppm NAA

The different concentrations of NAA In solutions 

(10  • 30 ml) as mentioned above were thoroughly sprayed 

with e hand atomiser on the Inflorescence end fru its  as tha 

casa may ba dapandlng upon tha staga of application* Tha 

control traatmant consisted of water spray.
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OSSCmfATXGNS

The following observations were recorded*

Fruit characters

2.1*1* Fruit weight

The fruits  were harvested et optimum maturity 

end fru it weight with and without crown was recorded*

2 .U 2 .  Fruit length*girth and breadth

Fruit length end girth 1n the middle were recorded 

for each treatment et harvest* The breadth was recorded 

et three portions namely bottom » middle and top after 

cutting the fru it Into two longitudinal halves*

Crcwn weight

The weight of the crown was recorded for each

treatment*

2.1*k. Canning ratio

Canning ratio was worked out by dividing the 

length of fruit by breadth in the middle (Pantast1co9!£75)*

2*1*S« L/8  ratio

The L/B ratio was worked out by dividing the 

length of fru it by mean breadth (pantest I ce» 1975)*
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2. 1.6  T«o«r r .t lo

Taper ratio was computed by dividing tha 

breadth of fruit (at top 3 A )  by tha breodtb of tha fru it 

(at bottom l A )  at adopted by f»antast1co (15*75)•

2.1.7. Time taken from Inftprascence emergence to

fru it — tw rU »

Oays takan from Inflorescence emergence to 

harvesting maturity of fru its  wore recorded for each 

treatment.

2. 1 . 8.  Qu»1 1 t . t 1» .  n . l r « 1 »  of fruit*

Tha fru its  were harvaatad at optlmo® maturity 
and wara analysed for total solo bla solids, acidity, 

reducing sugars, total sugars, non-reducing sugar, 

ascorbic acid content. sugar/act** ratio and brlx/acld ratio. 

Tha methods 1n detail are given under action k*

2.1.9. fru it d w lw w n t

To study tha fru it development, five Inflorescences 

which emerged on tha same day wara separately tagged from 

each treatment* Tha growth measurements of tha fruits 

at monthly Intervals ware carried out one month after 

Inflorescence emergence to fru it maturity* Tha measurements
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eonitttcd of length and girth of tha fruits*

2.2. l — f  cn .r»ct«r»

2. 2. 1 .  U » f  « r —

To study tha affact of different concentrations 

and stages of application of naa on laaf ar«ja§ measurements 

of *o* leaf wara racordod at tha tlsu of harvast of fruits* 

Tha laaf araa was worked out by using tha foratlae* 

length x breadth x 0*725 (Belakrlshnen aj[*#1y75).

2*2*2* farcantaga dry ualaht of *P* laaf

Tha *0* loaves wara pul lad out at tha tlraa of

harvast of fruits In tha d!ffarant treatments and thalr 

frash weights were recorded. Tha dry weight was 

obtained by drying tha samples In an oven at 70*C t i l l  

constant weights wara obtained* frost tha frash weight 

and dry weight* percentage dry weight of *0* leaf was 

worked out*

2'2>3> U . f  «n » )y »U

The nutrient status of leaves (M»P and K) 

wara analysed at tha tlsia of harvest of fruits  for each 

treat mart. Methods of analysis are given In section A*

3* eff&SC OF NAA ON FRUITS PRG3UCL0 9Y PLANTS

WITH 0IFF£R£NT L£AF M I R  

In order to find out whether aaallar fruits 

produced from plants possessing lower laaf number could



34

bt Inproved by application of NAa, and also to atudy Its 

offset on plants with higher loaf number* studios wore 

Initiated In November, IS 75 as dotal lad boro under.

Tha plants wara classified Into six groups 

as given below.

Group I 26 -  30 leaves

Group II 31 • 35 leaves

Group I I I 36 • ko leaves

Group IV <♦! -  k5 leaves

Group V *6 • $0 leaves

Group VI 51 -  55 leaves

In a ll tha groups# uniform flowering was 

Induced by tha application of combination treatment as 

mentioned earlier.

A total of $0 fru its In each group wara sprayed 

thoroughly with 300 ppm naa, one month after Inflorescence 

emergence. Fifty plants were kept as control.

The *D* leef characters v li.,le n g th  and breadth, 

laaf area and tha fresh weight and dry weight were 

estimated under each group et the time of NAA application 

and also at harvast. Tha *0* faavas wera analysed for 

N,F and K and carbon content at the time of NAA application 

end at harvest end C/N ratio was worked out.
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fru it characters such as fru it weight,fruit 

length, breadth , girth end crown weight were recorded et 

the time of harvest 1n e ll the treatments* Qualitative 

analysis of fruits was done as per the methods given belowi

4. METHODS OF AMAUSIS

4.1. fruits

fruits were harvested at optlrmn maturity for 

qualitative analysts* samples were taken from each fruit 

from three portions namely top, middle end bottom and 

these were then pooled and macerated In a warring blander* 

Triplicate samples were used for analysis of different 

constituents, as detailed below*

4.1*1* Total solu bte solids

Total soluable solids were found out by pocket 

refractometer end were expressed as percentage*

M i i M

Ten g of the macerated sample were mixed with 

d istilled water end made upto e known volume. An aliquot 

of the filtered solution was titrated against O.IN 

sodium hydroxide using phenol pht he lain as Indicator* The 

acidity was expressed as percentage of c itr ic  acid 

( A.O*A.C* ,1960 }*

4*1*3* Reducing sugars

The reducing sugars of the samples were determined 

as per the method described by A«0*A*C*(1960)« To e known
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quantity of meereted pulp, d is til led Meter te i aoded*

The solution was clarified with neutral lead acetate 

end deleaded with sodium owslate end made upto a known 

volume* The solution was then filtered and an aliquot 

of this solution was titrated against a mixture of 

Fehl1ng*s solution A and 8 using methylene blue as 

Indicator* The content of reducing sugars was expressed 

as percentage*

Total sugars

Total sugars were determined as per the method 

described by a*o*a*c . ( 1$60)« five ml of concentrated 

hydrochloric acid mss added to a known volume of clarified 

solution and the same was kept overnight* The solution 

was then neutralised by adding sodium hydroxide end 

titrated against Tabling*s solution A end 9*

b.f.5* Non-r educing sugar

Mon-reducing sugar was obtained by substrectlng

the amount of reducing sugars from the total sugars*

k*1*6* Ascorbic acid

Ten g of the pooled sample of the fru it was 

macerated in e mortar by adding snail quantity of two 

per cent oneHe acid* The solution was made upto a
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volume of 100 ml end then filtered* An aliquot of the 

extract was taken to which an equal volume of two per cent 

oxalic acid was added* The content was titrated against 

a standard solution of 2*6-d 1chlorophanol Indophenol dye* 

The ascorbic add content of the juice wes then calculated 

and expressed as mg/100 g of the pulp (A*o*A*C*ff1960)*

b*t*7* Sugar/add ratio

This was obtained by dividing the total sugars 

with titrable  acidity and this mis reckoned as a measure 

of f r u it  quality*

4.1.8. 3rlx/»c1d ratio

This wes arrived at by dividing the brlx with 

titrable addlty*

k*2. leaf analysis

The nutrient status of the leaves lh*f and K) 

were analysed at stages mentioned earlier* for analysis* 

the basal non chlorophyllus section of the *0* leaf wes 

taken (Godfrey*1970)*

4.2.1. H1tro3«n

A sample of 0*1g of the powdered material was 

d1 gested 1n concentrated sulphuric add and nitrogen content 

wes estimated by micro-KJeldahl digestion • distillation
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method* (A*Q*A*C*,t$60)* 

k .2. 2* yhMphorm

One 9 of the ground sample was digested In 15ml 

Mixture of concentrated perchloric add* sulphuric odd 

and n itric  acid In the redo of l i 2#S> and made upto 100ml 

with d istilled water* Phosphorus In 10ml aliquot of this 

extract was determined using vanedoraolybdophosphorle 

yellow colour method ( Jackson,!$53)*

k.2.3* Potassium

Potassium In an aliquot of the trip le  acid 

extract of the sample was determined using flame photometer 

t Jack son»f 959 )•

kmimkm Organic carbon

Organic carbon content of the leaves was 

estimated as per the method suggested by !*S«U (( Anon, 196B) 

A sample of 0*1 g of tha finely powdered material was 

transfer rad to a 250ml reflexlng flask* 25ml of IN potassium 

dlchromete and 25ml of concentrated sulphuric acid were 

added and tha contents ware reflexed for six hours* by 

which time the whole organic carbon wes oxidised by tha 

bichromate* Tha amass bichromate was back titrated with 

standard ferrous sulphate solution using diphenyl amine as
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the radon Indicator, fit the preseenee of orthophosphorle 

acid. The C/N ratio wee worked out from the percentages 

of the carbon and nitrogen obtained*

5* STATISTICAL ANALYSIS

The data collected on different characters 

were subjected to statistical analysis, following tha 

oathods of Snadecor and Cochran (1*67)* Effact of NAA 

on various laaf and fru it characters tear# studied by 

employing the enalysls of variance technique* Critical 

differences were calculated for cosiparlson of treatments* 

student's »t» test was employed to cospara treatad and 

untreated plants In different leaf groups*
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RESULTS

1. FIXING OPTIMUM TIME FOR HARVEST OF PINEAPPLE
FRUITS

The d tti relating to various qualitative changes 

occur I ng In pineapple fruit* commencing from 70 days after 

Inflorescence emergence to the time when the fruits turned 

completely yellow on the plants* are presented In 

Table 1*

It  w ill be seen from the Table that the T.S«S. 

and total sugars reached their maximum on ! 3*tth day 

(lb* 5 and 13*92 per cent respectively)* thereafter showing 

a decreasing trend t i l l  the fru its  turned completely 

yellow* In the ease of acidity* It  Increased upto 132nd 

day and remained constant for two more days* There was 

a rapid fa ll In acidity on the 136th day* which continued 

t i l l  1b2nd day* The reducing sugar content of fruits 

Increased until 139 days (5*16 per cent) which remained 

steady thereafter* Non-reducing sugar also showed an 

Increasing trend upto 132 days which again decreased 

during the later stages* On tha other hand, tha ascorbic 

acid content was high whan tha fruits were Immature* 

which progressively declined upto 139th day* after which 

period 1t remained steady* Sugar/add ratio was maximum 

on 1b2nd day* Br1x/ac1d ratio was high In early stagas*



Table  1 . Q u a lita tiv e  change* during m aturation of f r u i t s

Days after 
Inflorescence T • S. 3* Acidity

Reducing
sugars

Total
sugars

Non-reducing
sugars

Ascorbic
acid

Suoar/
acid

s r f * /
acid

emergence {%) i ) I ) i ) ( i ) (mg/100  ) ratio ratio

70 6.0 0.21 2.10 3.55 1.45 16.85 16.90 28.57
80 7.0 0.31 2.60 4.56 1.96 15.95 14.71 22.58

90 7.5 0.41 3.13 6.30 3.17 12.15 15.37 18.29

to o 8.0 0.4S 3.33 7.86 4.53 10.88 17.47 17.78

107 9 .0 0 .5 0 3.95 9.87 5.92 9.22 19.74 13.00

114 10.5 0.52 4.12 10.81 6 .6 9 8.5# 20.79 2 0 .1 9

121 1 1 . 0 0.56 4.26 11.61 7.35 7 .5 8 20.73 19.64

12*1 13.0 0.61 4 .4 5 12.45 7.96 7 .0 0 20.41 21.31

130 14.0 0.63 4.78 12.98 8.20 6.95 20.60 22.22

132 14.0 0.64 5.05 13.75 8.70 6.95 21.43 21.33

134 14.5 0.64 5.13 13.82 8.69 6.95 21.59 22.66

136 14.5 0.56 5.13 13*80 8.67 6.55 24.64 25.89

138 14.0 0.53 5.16 13.33 8.17 6.75 25.15 26.42

140 13.5 o .s o 5.16 13 .10 7.94 6.75 26.20 27.00

142 13.5 0.41 5.16 13.00 7.84 6.75 31.71 32.93
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but decreased as tha fru it matured upto 100th day, 

thereafter showing on Increasing trend* Considering 

the qualitative parameters like T*S*$*, acidity and 

total sugars* the period between 132 to  135 days 

after Inflorescence emergence appeared to be the best 

time for harvest of fruits (f Ig s .l end 2}*

The data on the external colour of th§ 

fruits (Table 2) showed that fru its  remained green 

upto 128 days* At this time the Interspaces of eyes 

showed traces of yellow at tha basal portion of the 

fruits* further turning to yellow was rapid which 

was perceptible from 130th day* It was found that 

%9*k per cent of the eyes became yellow on Ijkth day* 

at which time the fruits  recorded maximum quality 

tn terms of T*S*S«* acidity end sugars* On 138th day, 

71*6 per cent of the eyes turned yellow, while yellow 

colouration of fruits reached 89*25 per cent on 138th 

day* 95*4*3 per cent on tboth day end 98*8k par cent 

on !k2nd day* The fru its  exhibited signs of softening 

or slight rotting from IhOth day et their basal 

portions which gradually Increased thereafter*



T a b le  2m Changes i n  s h e !1 c o lo u r  o f  f r u i t s  d u r in g  m a tu ra t io n

Days after
inflorescence
areergence

Shell colour 
of the fru its

Remerfes

70 Green • •
80 Green • •
90 Green • •
to o Green • •
107 Green • •
11% Green • •
121 Green • •
128 Green Traces of yellow et the interspaces of 

the 'eyes' at the basal portion

130 %*60% of the 'eyes' ye!Ion • •
132 19*80% of the 'eyes* yellow • •
13% %$*%0% of the 'eyes' yellow *•
136 71*60% of the 'eyes' yellow #•
138 89*2££ of the 'eyes' yellow • •
1%0 95*%3% of the 'eyes' yellow Traces of softening at the basal portion

1%2 98*8%% of the 'eyes' yellow Further softening and slight rotting 
at the basal portion*

CO
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2. EFFECT OFCNftPHTHALENE ACETIC ACID (NAA) ON
FRUIT 5IZ£,BATU*ITY AMO QUALITY

2«1* Effect of NAA on Fruit Character«

The date r t l id o g  to tha various fruit 
characters as Influenced by different treatments are

given In Tables 3 to 12*

fru itm ln h t

with respect to fru it weight with crown as 

well as without crown, the effect due to different 

concentrations of naa and also due to Interaction ware 

significant, while the effect due to various stages of 

application wes non significant (Table 3, F1g*3)* 

Maximum fru it weight was obtained by 300 ppm NAA 

(1 .% kg) followed by 2O0ppm (1,77kg)* The lowest fruit 

weight was recorded by 50 ppm naa and control* with 

respect to combination#,maximum fruit weight ties 

recorded when naa at 300 ppm was applied one sionth 

after Inflorescence emergence (2*16 kg) followed by 

200 ppm naa applied et the same stage end 300 ppai NAA 

et inflorescence emergence* Between these three 

treatments the difference wes not significant* The 

treatments, 300 ppm naa applied two months after 

emergence, 200 ppm naa at Inflorescence emergence end 

two months after emergence were found to be on per 

and were the newt best treatments* The treatments



T a b le  3* E f fe c t  o f  NAA on f r u i t  w e ig h t

w it h  crow n (k g )

Stages of application 
Concantrat- ___________________________________________  naan
Ions of
NAA (ppm) At In flo r- 

esconce 
artiergence

1 month
after

2raonths Smooths kmonth* 
after after after

0 y ,6 j 1.68 1.57 1.62 1.60 1.63

50 1.66 1.70 1.58 1.66 1.62 1.6k

100 1.72 1.73 1.65 1.65 1.57 1.67

200 1.85 2.03 1.92 1.5$ 1.59 1.77

300 2.00 2.16 1.87 1.67 1*59 1.86

Mean 1.78 1*86 1.71 1.6k 1*59

C.O (5%) SEto «

Stages of application ns 0.08
Concentrations of NAA 0.13 0.0k
Combinations 0.28 0.10



T a b le  k .  E f fe c t  o f  NAA on f r u i t  w e ig h t w ith o u t
crow n (k g )

Coneantrat­
Stages of application

Mean
ions of
NAA (ppm) At Inflor­

escence 
emergence

Imonth
after

2months
after

3months kmonths 
after after

0 1.51 1.51 l.k l l.kk 1.k2 1.k6

50 1.k8 1.5k l.k l 1.k9 1.k5 1.k7

100 1.51 1.55 1.53 1.k9 1.39 1.k9

200 1.63 1.95 1.65 1.k2 l.k l 1.59

300 1.76 1.97 1.69 1.51 1.k2 1.67

Mean 1.59 1.68 1.5k l.k7 1.k2

C.O (5%) SEm ♦

stages of application Us 0,09

Concentrations of NAA 0.1k 0.05

Combinations 0.30 0.11



F iG -3 -  E F F E C T  OF N A A  ON FR U IT  WEIGHT A T  HARVEST.

S T A G E S  OF A P P L IC A T IO N  OF N A A
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50 ppm NAA and control applied at a ll stages recorded 

significantly lower fru it weights*

Tha affect of NAA on fru it weight without 

crown also followed a similar trend as 1n the case of 

fru it weight with crown (Table k ) .  Maximum fruit 

weight wes recorded by 300 ppm NAA (1*67 kg) followed 

by 200 ppm naa (1 • 59 kg) which were however found to 

be on par* The treatments 100 ppm NAAf $0 ppm NAA 

and control which wera on par recorded significantly 

lower fru it weights, with respect to combinations, 

maximum fruit weight without crown wes recorded when 

300 ppm naa wes spoiled one month after emergence 

(1.97 kg) followed by 200 ppm NAA applied et the same 

stage (1.85 kg) and 300 ppm NAA applied et Inflorescence 

emergence stage (1.76 kg) end two months after emergence 

(1.69 kg). However, these four treatments wera found 

to be on par. The treatments 200 ppm NAA applied at 

two months after emergence and at Inflorescence 

emergence were superior to control and wara tha next 

bast treatments. The other treatments did not show 

significant difference among themselves.

2.1.2. Fruit length

The effect due to different concentrations 

of NAA end also due to 1nterection was significant 

(F1g.A). With respect to concentrations of NAA,



T a b le  5 . e f fe c t  o f  NAA on le n g th  o f  f r u i t  (cm )

Stages of application 
Concent ra t- ________   men
Ions of
NAA (ppm) At inflor 

asconce 
emergence

1 month 
after

2months 3months 6months 
after after after

0 15.53 16.50 16.28 16.90 16.38 16.32

50 16.68 16.20 16.60 16.% 16.28 16.51

100 17.63 16.80 17.13 17.16 16.85 17.07

200 18.17 18.10 17.85 16.60 17.15 17.57

100 19.20 20.68 18.63 16.68 16.85 18.53

naan 17.60 17.81 17.26 16.82 16.70

C.Q (5%) S£m ♦ 

Stages of application Ns 0*32

Concentrations of NAA 0*87 0*31

Combinations 1.96 0.69



Fia.4-- EFFECT OF NAA ON FRUIT LENGTH AND GIRTH AT HARVEST

S T A G E S  OF APPLICATIO N . O F N A A ------------
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300 ppm NAA treatment recorded the maximum value 

(19*53 cm) and was found to ha superior to a ll other 

concent rations and control* This was followed by 200 

and 100 ppm NAA* Lowest value was recorded by control 

(16*32 cm)* with respect to combi net 1 on s9 300 ppm 

naa sprayed one month after Inflorescence emergence was 

found to give the highest fru it length* and tt was 

found to be on par with 300 ppm NAA applied at 

Inflorescence emergence* The treatments 300 ppm NAA 

applied et two months after Inflorescence emergence*

200 ppm NAA at Inflorescence emergence* one month after 

emergence end two months efter emergence had the m m  

effect end were the second best category of treatments*

The other treatments Including control recorded lower 

values for fru it length*

2*1*3* fru it girth

The effect due to various stages of application* 

concentrations of NAA and Interaction were found to be 

significant (Table 6)* Maximum girth was obtained 

when naa wes applied one month efter Inflorescence 

emergence end this stage wes found to be on par with 

NAA applied at Inflorescence emergence* This was 

followed by application of NAA at two months* thret 

months and four months after Inflorescence emergence*
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Concent rat­
ion* of
NAA tppRt)

Table 6. Effect of naa on g irth  of fru it im )

Stages of application
naan

At Inf1o r-
•sconce
emergence

1 month 2months 3months kmanths 
after aftar after after

0 37.55 38.89 38.63 38.68 38.08 38.37

50 35.58 3 8 .8 0 37.78 38.33 37.50 38**0

too *0.76 *0 .5 3 38.33 38.31 38.00 35*09

200 * 3. 29 **.00 *0.53 37.58 37.58 *0.50

300 *3.65 *%.50 *1.33 38.98 38.65 *1.*2

Naan *0.96 *1.2* 39.32 38.38 37.96
c .D  i m ) S£» ♦

stages of application 1.85 0 .6 0

C oncentrationa o f  NAA 1.55 0.56

Combinations 3.55 1.25



Between these treatments there was no significant 

difference, with respect to concent rat Iona of NAA, 

though maximum girth was obtained by 300 ppm NAA, it  

was found to be on par with 200 ppm NAA. The treatments 

50 and too ppm naa wara found to be on par with control 

and produced tower fru it girth. With respect to 

combination treatments, there was no significant 

difference In fru it girth between 300 ppm end 200 ppm NAA 

applied one month after Inflorescence emergence, 300 ppm 

and 200 ppm NAA applied at Inflorescence emergence, and 

300 ppm naa applied two months after emergence. However 

300 ppm NAA epptted one month after inflorescence emergence 

tended to record tha highest fru it girth . The other 

treatments were found to be Inferior and were on par 

with control (F ig .* ).

2.1.A. Fruit breadth

The fruit breadth was significantly influenced 

by the different stages of application, concentrations 

of naa and also due to Interaction. Between tha stages 

of application, NAA applied one month after emergence 

was found to be superior and on par with naa applied 

at Inflorescence emergence stage. The other three stages 

were found to be on per end were inferior.
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T i b l t  7 .  f f f e c t  o f  NAA o n  b r e a d t h  o f  f r u i t  ( o n )

Stages of application 
concentr*____________________________   Mean
atlorts of
NAA (ppm) At Inflor

ascanca
emergence

1month 
after

2raonths
after

3month*
after

kmonth*
after

0 12.75 13.25 12.90 13.26 11.89 12.81

50 13.19 13.05 11.13 12.68 13.25 12.62

100 13.38 12.75 12.80 12.85 13.13 12.98

200 13.63 16.65 16.08 12.06 13.65 13.61

300 16.50 16.60 16.00 12.76 13.08 13.78

Main 13.69 13.66 12.98 12.67 13.00

C.O <£ ) Sfito ♦ 

stag** of application 0.5** 0*17

Caneantratlons of NAA 0,46 0*16

Combination* 1*03 0.36



Regarding the effect of different concentrations 

of n a a ,  it  was found that fru it breadth obtained by 300ppm 

n a a  and 200 ppm NAA were on par. The treatments 100 ppm, 

control and 50 ppm NAA recorded lower fru it breadth 1n 

the order dted  9 end they were on par. In raspect of 

combinations, maximum fru it braadth was associated with 

treatments 200 ppm and 300 ppm naa qppHed at ona month 

after Inflorescence emergence, end these treatments were 

on per followed by 300 ppm end 200 ppm n a a  applied et 

Inflorescence emergence as well as two months efter 

emergence. The other treatments Including control recorded 

significantly lower values.

2 .I.5 . Crown weight

The stages of application, the concentrations 

of n a a  and also the Interaction effects were significant 

with respect to crown weight (Table 8 ). The crown 

weight wes maximum when NAA wes applied et Inflorescence 

mergence (205.79 g) w h ic h  was significantly superior to 

other stages of application. Later applications of NAA 

did not significantly Influence the crown weight. Set wean 

the concentrat1ons,300 ppm NAA produced a significant 

Increase In crown weight (187.16 g) and this wes found to 

be on per with 200 ppm NAA. The lower concentrations of 

naa v i z . .100 ppm and 50 PP® were on par with control
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Table §• effect of NAA on crown weight ig )

Concentr-
stages of application

atfons of
NAA (ppm) At Inf lor 

ascanca
amarganca

* 1month 
after

2months
after

Jssonths 6months 
after after

0 177*87 169.89 163.66 176.78 175.88 172.16

50 178.78 160.66 168.98 170.82 167.95 169.39

100 206.98 181.32 161.78 173.76 175.80 179.92

200 226.21 179.56 170.72 169.68 171.85 183.20

300 261.11 187.66 175*96 161.15 170.12 187.16

Haan 205.79 175.73 168.78 171.63 176.72

C.D (5%) sen ♦

Stages of application 

Concent tat Ions of NAA 

Combinations

9.90 3*21

11*60 A# 10

25*96 9*17



treatment, fn terms of canblnatIons, 30Gppa NAA applied 

at Inflorescence emergence was found to produce maximum 

crown weight (261.11 g) and this was found to ha on 

par with 200 ppm NAA applied at tha same staga which 

was followed by 100 ppm NAA (206.99 g) applied at tha 

same stage* Tha other treatments did not show any 

Influence on crown weight when compared to control.

2.1.6. Canning M tlo

There was no significant effect due to 

various stages of application or due to different 

concentrations of NAA on tha canning ratio of tha fruits.

2.1.7. IJ *  ratio

In respect of 1/8 ratio of fru its  also there 

was no significant affect due to various stages of 

application, due to different concentrations of NAA or 

due to Interaction*

2 .I.S . T«p«r ratio

The taper ratio of fru its  also was not 

significantly Influenced by tha various treatments triad*

2.1.9. Tlrag t»fc«n for — tu rlty  of fru lt»

The data pertaining to tha time taken from the 

emergence of Inflorescence to maturity of fruits In tha 

different treatments are furnished 1n Table 12 and



T a b le  9 . E f fe c t  o f  NAA on  c o n n in g  r a t i o  o f  f r u i t s

Concentr­
ations of
NAA (ppm)

Stages of application y a i an w i
A t Inflor­
escence 
emergence

1 month 
after

2months
after

Smooths
after

Amonths
after

0 1.22 1*35 1.27 1,20 1.23 1.27

50 1.31 1,25 1,25 1.36 1,2% 1,28

100 1.31 1.32 1.3% 1.32 1.29 1.32

200 1.36 1,2b 1.27 1.30 1.31 1.30

300 1,26 1.35 1,32 1.31 1.29 1.31

Mean 1,29 1,30 1.29 1.31 1,27

C.O (5%) SUB ♦ 

Stages of application m  0.03

Concentrations of naa n s  0*02

Combinations NS 0.06



T a b le  10, e f fe c t  o f  n a a  on 1/8 r a t i o  o f  f r u i t s

Concentr­
ations of
NAA (p p m )

Stages of application Keen
At Inflor­
escence 
emergence

1 month 2months 3months taonths 
efter efter efter efter

0 1.29 1.37 1*38 1.33 1.29 1.33

50 1.35 1.36 1.36 1*%5 1.31 1.37

100 1.39 1.60 1.%1 1.39 1.37 1.39

200 l.%3 1*31 1*%8 l.%0 1.2% 1.39

300 1.33 1*%1 1*%6 1*%0 1.%9 1.%2

Hsan 1*36 1*37 1*%2 1.39 1.3%

C.O (5X) SEm ♦ 

Stages of application NS 0,62

Concentrations of naa ns 0,02

Combinations NS 0*0$



T a b le  11* E f fe c t  o f  NAA o n  ta p e r  r a t i o  o f  f r u i t s

Concentr­
ations of
NAA {p p m )

Stages of application

At Inflor­
escence 
emergence

1 month Smooths Smooths ‘months 
after after efter efter

0 0*93 0*95 0.9% 0 9% 0.95 0.9%

50 0.93 0*96 0.91 0 9% 0.96 0.9%

100 0.95 0*9% 0.96 0 98 0.96 0.96

200 0*9% 0.93 0.96 0 93 0.93 0.9%

300 0*95 0*96 0.91 0 99 0.96 0.95

Mean 0.9% 0.95 0.9% 0 96 0.95

Stsgts of application 

Concentrations of NAA 

Combinations

C*D C5%)

NS

N$

NS

SEm <

0* 0!

0*01

0*02



Table 12* effect of NAA on the time taken 
for fruit maturity

Concentr- Stages of application
&£l o f t s  o f
NAA (ppm) ?l_l2?loir* 1 month Jmantht Jraonth* Amontht

S 5 £ £ ! c e  • f t a r  • * < *

M ain

0 133.6 132.9 133.% !3%*0 133.8 133.5

50 133.9 13%.9 133.6 133.5 13%.7 13%.1

100 136.3 137.1 136.9 136.7 138.1 137-1

200 136.6 137.2 137.0 140.9 141.8 138.7

300 141.5 140.5 140.0 144.1 140.9

Mean 135.9 136.7 136.3 137.0 133.5

C.D (5%) SEm +

Stages of application NS 1.05
Concentrations of NAA 2.04 0.72
Combinations NS 1.61
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Illustrated in Ffg.5* It was found that tha affeet duo 

to different concentrations of NAA aIone was significant* 

Maximum delay In fruit maturity was affected by tho 

application of 30C ppm NAA days) and by 200 ppm

(139*1 days)* Between these two treatments there wes 

no significant difference* Tho control was found to bo 

on par with $0 ppm NAA which took tho least time for 

fru it maturity (133*5 days)*

2.2. o m n w ly *  « n*»v»U of fru ftt

The data on various qualitative characters of 

fru its  in different treatments are presented in Table

13 to 20.

2.2.1. Toe«l »olu i»)« »oHd«

The data showed that tho effect due to different 

concentrations of naa was significant (Table 13), while 

tha staga of application or the interaction did not 

affect T• $• &• content of fruits* The untreated fruits 

had maximum T*s*S. content 05*51 per cent) which was on 

par with 50 ppm NAA* There wes no statistical diffarenca 

between the different concentrations of naa applied within 

the range of 100 to 300 ppm*

2*2*2. Acidity

The acidity of fru its  wes not significantly 

influenced by different concentretIons of NAA or by th$



T a b le  13* E f fe c t  o f  NAA on  t o t a l  s o lv a b le  s o l id s
o f  f r u i t s  (IS )

Concent r -  
etions of A#
* « (pp«)

emergence

Stages of application

1 month tmonths 3months 9months 
efter efter after efter

0 15*95 15*33 15*82 19*85 16*10 15*51

50 15.10 15*15 19*95 19.15 15*55 19*98

100 13*90 15*15 19*90 19*65 15*00 19.70

200 1*».95 15*00 19* ?0 13*90 19.90 19.57

300 19.75 19.35 19*10 13.80 19*90 19*38

Mean 19.81 15.00 19.87 19.17 15.29

Stages of application 

Concentrations of naa 

Combinations

C.O (5%) 

NS 

0*59 

NS

S£m ♦ 

0.1? 

0*21 

0.96



T a b le  19* e f fe c t  o f  naa on a c i d i t y  o f  f r u i t s  { % )

stages of application 
Concentr* Hsan
a t i o n s  O f  A t I n f I n r w
NAA (ppm) ** " t r l  2months Imonths 9months

jngrjmnco after after after efter

0 0*61 0*69 0.69 0*69 0.63 0.65
50 0*69 0*63 0.59 0*61 0*62 0*62

100 0*67 0*69 0.58 0*68 0.59 0*63

200 0*62 0*61 0*61 0*65 0*60 0*62

300 0.57 0*56 0*58 0*60 0*62 0*59

Mean 0*62 0.63 0*60 0.69 0*62

C.D (5%) Sfia ♦ 

stages of application NS 0*01

Concantrat ions of naa ns 0*01

Combinations NS 0*02



stages of application. However, higher value of 

acidity was recorded by control*

2*2*3* Reducing sugars

The reducing sugar conent of fruits  wes 

significantly influenced only by the concentrations of 

NAA applied. Maximum reducing sugar was recorded by 

control fruits (5*32 per cent} which was on par with 

50 ppm and 100 ppm NAA treatments* The lowest reducing 

sugar content was recorded by 300 ppm NAA treatment*

2.2.9. Total sugars

As In the case of reducing sugars# the total

sugars were also Influenced by concentrations of naa

(Table 16). The untreated fruits  recorded the maximum 

total sugars (13*99 per cent) which wes on per with 

the lowest concentration of NAA tried* The total 

sugars decreased with the Increase In concentrations of 

NAA, 300 ppm recording the lowest value* The treatments 

200 «id  300 ppm NAA were on per* The effect due to 

various stages of application end interaction were 

not significant.

2.2.5* Non-reducing sugar

The non-reduci ng mi gar content was influenced

by different concentrations of NAA, while the stages of



T a b le  IS* e f fe c t  o f  n a a  on re d u c in g  s u g a rs
o f  f r u i t s  (• )

Stages of explication 
Conosntr- ______________     Mean
atIons of 
NAA (ppR)} At In flo r- 

escence
emergence

1 month 
efter

2&onths 3months Amonths 
efter efter efter

0 5.0A 8.99 5*09 5.67 5.92 5*32

50 8.56 5*89 5.86 5.16 8*90 5.11

too 5*18 5*17 5.31 5.17 8*59 5.09

200 8.82 5.31 8*98 5.00 8.30 8*90

300 8*60 5.08 5.30 8.91 8*16 8*79

8.76 5*21 5*22 5*16 8.75

C.0 (5%) sen *

Stages of application NS 0.11

Concentrations of NAA 0*29 0*10

Combinations NS 0*23



T a b le  16. e f fe c t  o f  NAA on t o t a l  s u g a rs  o f

f r u i t s  i t )

stages of application 
Concent r -  Maan
atlons of ...
NAA (ppm) * I!!!: "  1 month 2/nonth* 3months Amonths

after after after efteremergence

0 13.99 13.93 18.05 13.75 13.99 13.98

50 13.09 13.90 13.80 18.12 13.88 13.66

100 12.90 13.30 18.12 13.12 13.35 13.38

200 12.79 13.27 13*23 12.99 13.12 13.09

300 12.51 12.96 13.0$ 12.93 11.98 12.66

Mean 13.0A 13.85 13.57 13.36 13.25

C.D (5%) S £ » ♦

Stages of application NS 0*16

Concentrations of NAA 0.88 0*17

Combinations NS 0*39



Table  17* effect o f KAA on non-reducing sugar
content o f f r u i t s  {%)

stagu of application 
Concentr- Maan

maaJpJ b) i ^ or* 1 month feaonths 3months Amonths
after after after after•mergence

0 8.95 8*95 8.97 8.08 8.16 8.62

50 8*53 8.31 7.96 8.96 8.98 8.56

100 7*42 8.13 8.81 7.95 8.76 8.25

200 8.37 7.96 8.27 7.99 8.82 8.28

300 7.91 7.65 7.75 8.02 7.78 7.82

Mean 8.28 8*20 8.35 8.20 8.50

C .0  ( 5 % )  SQa ♦ 

stages of appl 1eat1on MS 0.18

Concentrations of MAA 0*51 0*18

Combined ons MS 0*60



application or interaction had no effect. Tha non- 

reducing sugar was maximum In tha control9 which was 

found to ha on par with 50t 100 and 200 ppm naa treatment. 

Lowest value for non-reducing sugar m i  obtained at 

300 ppm NAA treatment (7*92 per cant).

2.2.6. Ascorbic acid

Tha ascorbic acfd content of fru its  was not 

affected by various treatments*

2.2.7. suo«r/«c<d r .t lo

The data Indicated that there was no 

significant difference due to various treatments on 

sugar/add ratio of fruits*

2 .2 .». 8MX/»cld f t  to

The br1x/ac1d ratio of fru its  did not attar 

due to various naa treatments*

2.3. Effect of NAA on fru it development

The date on fru it development In terms of 

Increase 1n length and girth of fruits are furnished 1n 

Table 21.

On the 30th day the fru it length wes maximum 

In the treatment of 300 ppm naa applied et Inflorescence 

emergence. However on 60th#90th end 120th days the
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Teble 18. Effect of maa on aieorbie ecf<* content 
of fruits  (mg/IOOg)

Concentr­
ations of
MAA (p p m )

Stages of application
Mean

At Inflor­
escence 
emergence

1 month Smooths Jmonths toaonths 
after after after after

0 7.06 7.11 7.23 7.00 6*62 7.00

50 6.86 7.10 7.12 7.56 7.87 7.30

100 6.82 7.55 6.95 7.15 7.68 7.23

200 6.73 6.52 7.*8 6.59 6»95 6.93

300 6.72 7.26 6.92 7.17 7.56 7.13

Mean 6.9% 7.19 7.1* 7.09 7.1*

c . o  i s )  sas ♦ 

Stages of application MS 0.17

Concentrations of m aa  ms 0*15

Combines Ions MS 0*33



T a b le  19 . e f fe c t  o f  n aa  on  s u g a r/ a c id  r a t i o  o f  f r u i t s

Concentr­
ations of
NAA (ppm)

stages of application
Mean

At 1 nf 1 or-
escence
emergence

1month 2months 3months ktaonth* 
efter efter after after

0 22.93 20.89 21.65 20.33 21.10 21.38

50 20.65 22.11 23*12 26.13 23*15 22.59

100 18.96 21.68 25*12 19.89 23*13 21.72

200 20.63 22.65 22.69 20.18 19*58 21.11

300 21.95 23.56 23*10 21.88 19.92 22.08

Mean 20.98 22.09 23.1t 21.28 21.38

stages of application 

Concentrations of naa 

Combinations

C.O (530

NS

NS

NS

S©a ♦ 

0.67 

0.66 

1.03



Table 20* Effect of MAA on brlx/acld ratio of
fruit*

Concent r -
atlons of A„ #„#«-*
MAA (ppm) At ,nflor

stage* of application

I month 2month* 3mortths *months 
after after efter afteremergence

0 25.83 22*82 25.31 22*11 26*23 2*.*6

50 23.89 2*. 55 25.7* 23.83 25.58 2** 72

100 21*12 23.87 25.92 21.9* 25.92 23.75

200 2*.*5 2**9* 2*. 59 20*81 21.97 23.35
300 26*27 26*12 2*. 71 23.*1 2**73 25.05

2**31 2***6 25.25 22**2 2** 89

C.0 (5%) SOM ♦

Stages of application MS 0.73

Concentrations of maa MS 0.*3

Combinations MS 0.97



T a b le  21* E f fe c t  o f  n a a  on f r u i t  d e v tto p n w K

Stages of
anpIlcet-
fon

Concentr­
Days after Inflorescence •mergence

ations o f
HAA (p p m ) 20 . 60 __ 90 _ _ 120 Harveat

length
(cm)

girth
Ccm)

1«ngth
(cm)

girth
(cm)

length
(cm)

girth
(cm)

length
(cm)

girth length girth 
(cm) (cm) (cm)

0 10. 65 25.75 13.90 35.15 15.25 37.05 15.65 37.65 15.65 37.65
(33.01) (36.50) (9.71) (5.61) (1.31) (1.08) (0 ) (0 )

At In flo r- 
•scene*

50 10.53 26.63 16.35
(36.28)

36.55
(38.25)

16.20
(11*50)

39.20
(7.25)

16.60
( 2. 50)

39.50 16.60 
(0.77) (0 )

39*50
(0 )

•mergence 100 10.65 26.33 16.75
(38.5©)

37.65
(62.99)

16.55
(12.20)

39.75
(5.59)

17.00
(2.72)

60.18 17.00 
(1.08) ( 0 )

60.18
(0 )

200 11.35 27.05 15.12
(33.22)

35.66
(65.89)

17.35
(16.75)

62.60
(7.96)

17.73
(2.19)

63.15 17.73 
(1.29) (0 )

63.15
(0 )

200 11 .7 5 27.35 16.25 35.75 18.70 62*75 19.15 63.50 13.15 63.50
(38.30) (65.36) (15.08) (7.55) (2.61) (1.75) (0 ) (© )

0 10.73 25.35 16.09 35.25 15.80 38.15 !6.k> i c t t w m I f . T r ­
(31.31) (39.05) (12.16) (8.23) (3.80) (1.57) (0 ) io )

uppi vpim  
•ft or so 10.25 25*35 13.95 35*05 15.55 38.05 15.85 38.55 15.95 38.55

(36.10) (38.26) (11.67) (9.56) (1.93) (1.31) (0 ) (0 )

100 10.66 25.05 16.85 36.26 16.20
(39.31) (66.75) (9.09)

38.65 16.60 
(6*59) (2.67)

39.23 16.60
(1.50) (0 )

39.23
(0 )

i  C o n t d . )



T a b le  21* E f fe c t  o f  HAA on  f r u i t  developm ent

Stages of 
•optfcat- 
ton

Concentr­
Days after Inflorescence emergence

ations o f
MM (ppm) 30 60 . __...90 ...... 120 Harvest

length
(cm)

girth
Cm)

length
(m )

girth
(m )

length
(cm)

girth
(cm)

length
(err.)

girth length girth 
(cm) (cm) (cm)

0 10. 65 25.75 13.90 35.15 15.25 37.05 15.65 37.65 15.65 37.65
(33*01) (36.50) (9.71) (5.61) (1.31) (1.08) (0 ) (0 )

At Inflor­
escence

50 10.53 26.63 16.35
(36.28)

36.55
(35.25)

16.20
(11.50)

35.20
(7.25)

16.60
( 2. 50)

39.50 16.60 
(8.77) (0 )

39.50
(0)

emergence 100 I0.6S 26.33 16*75
(38.50)

37.65
(62. 59)

16.55
(12.20)

39.75
(5.59)

17.00
(2.72)

60.19 17.00 
(1.08) (0 )

60.18
(0 )

200 11.35 27.05 15.12
(33.22)

35.66
(65.98)

17.35
(16.75)

62.60
(7.96)

17.73
(2.19)

63.15 17.73
(1.29) (0 )

63.15
(0 )

300 11*75 27.35 16.25 35.75 18.70 62*75 19.15 63*50 19.15 63.50
(38*30) (65.36) (15.08) (7.55) (2.61) (1.75) (0 ) (0 )

0 10.73 25*35 16.09 35.25 15.90 38.15 la s s r T & m x x r i ¥ ; 7r ~

(31.31) (39.05) (12.16) (8.23) (3.80) (1.57) (0 ) (0 )
Ona Month 
after 50 10.25 25*35 13.95 35.05 15*55 39.05 15.85 38.55 15.85 38.55

(36.10) (38.26) (11.67) (9.56) (1.93) (1.31) (0 ) (0 )

too 10.66 25*05 16.95 36.26 16.20 
(39.3D (66.75) (9.09)

38.65 16.60 
(6.59) (2.67)

39.23 16.60 
(1.50) (0 )

39.23
(0 )

v C o n t d * )



Table  21* ( c o n t d . )

Stages of 
•ppfleat* 
Io n '

Concentr­
ations of
NAA(ppm )

Day* aftar Inflorescence emergence

JO 60

0

50

Three Months 100 
•ftar

200

300

0

50
four Months 
•fter

200

length alrth length
(oa) (cm) Con)

JO 120
girth length girth length

(an) (era) (o n )  (era)

Harvest
j l r t h
m )

length
(era)

10.65 25.62
(3 6 ll i)

10.88 26.12
■SfcS.

10.65 26.15 16.15
(36.15)

11.05 25.68
(35.29)

10.80 25.66 16.85
(37*50)

33*56, 16.15 37*65 16.68
(33.60) (11.00) (10.06) (2.06)

33.55 16.70 
(6.52) (2*65)

,36.25 16.30
131.13) (11.26)

16.25
3 2 l§ i

(9

37*35 17.05 
(7.75) (3.02)

6.75 16.60 
9.07) (1.53)

?S.16 16.50 
7.66) (3.79)

10.75

%0»*-

IO.5 5

10.70

10.95

**•**  tb * n .  ,?*•?* 16.05 37.25 16.25
«s>11 <M-69) 17.63) (6.55) (1.25)

1 : 8 )

,16.65
(38.86) (5 f

**•*5 15.10 j k . 26
(37.90) (31.01)

® >5.45 34.55
j r  (37*SS) (30.70)
*5.85 15.05 11, .  q5

(37.64) ( 35. 20)

f6.00
(9 .2 2 )

16.35
(8 .2 $)

36.60, 16.35 
(7 .85) (2.19)

?6.95 16.65 
7.8S) (1.83)

I f  **5  17.05 (8*#1 ) (6 . 6 6 ) ( 1. 79 )
37.66 16.75 

(*»80> (7 .1 2 ) (1 .27) (2.03)

girth
(era)

16.68
(0)

38.25
(0)

8 3 i 16.70
(0)

38.05
CO)

39.80 17.05 37.80
(1.21) (0) (0 )

37.50
(2.06)

16.60
(0)

38.65
(1.28)

16.98
(0 )

38.65
(0)

37*80 16.25 37.80
(1.68) (0 ) (0)
37.10 16.35 37.10
(1.92) (0) (0)

37.85 16.65 37.85
(1.28) (0) (0)

37.60 17.05 37.60
(1.69) (0) (0)
39.20 16.75 38.20
(2.03) (0 ) (0)Th.  ̂ ^ .^ 0 7  t j a t )  (t .2 7 ) (2.03) (0 ) (i

** eech t f m«  f « * k « te  thra Inereraraitel percentage Increese



Table  21* (C o n td .}

Stages of Ccmcentr* Days after Inflorescence w ttrflw ct__________________
• p p T T e a t -  “ < « « *  30______________62__________________ 29_______________ u s ______________ f f i m S ------------

length girth length gtrth length girth length girth length girth
(cm) ion) (as) ten) (cm) (cm) (cm) (cm) (cm) (cm)

200 10*75 25*98 15*25 38*05 17*55 *>3*00 18*05 83*75 18*05 83*75
(81 *86)(86*86)(15*08} (13*01) (2*85) (1*78) (0 ) (0 )

300 10*85 25*60 17*15 39*10 20*15 83*16 20*98 88*1$ 20*98 88*15
(58.07)(52.73K 17.89) (10*38) (8*12) (2*29) (0 ) (0 )

0 10.65 25*5818*35 38*36 15*90
(38*78) (38*32X18* 72 j

50 11*05 25*12 18*85 33*36 16*0$
(38*39X32*80) (8.08J

Tmo Months
after 100 ,0#96 26*65 18*85 33*65 16*85
^  (36*78 )(31.19)(10*77 ]

200 10*80 26*05 18*95 38*85 17*00
(38*83 )(33*78)(13*71]

300 10*95 25*38 18*75 38.75 17.98

37.65 16*15 38.35 16*15 38.35
(9.58) (1*57) (1.86) (0) (0 )

«ffcn>
16*52
(2*93)

37*58
(1*60)

16*52
(0)

37*58
(0)

8 : B i
16*95
(3*08)

38*28
(1.30)

16*95
(0)

38*28
(0)

39*35 17*88 80*25 17*88 80*25
12 *91) (2*82) (2*29) (0) (0)

80*85 18*80 81*15 18*80 81*15
(16*80) (2*56) (1.73) (0) (0)

(Contd.)



T a b le  21* ( c o n t d . )

Stages of 
•ppilest* 
Ion

Concentr- 
melons of
N A A (p p n )

Days after Inf lorescence mergence

M . 60 m . 120 aa.jll:
length girth length girth length girth length
(can) (on) ton) (€ » ) (cm) (an) (as) i

trth
)

length girth 
Con) ian)

0 10,65 25*62
< & S >

33*96t 16.15 
(33*60) (1 1 ,0 0 ) ( ? 2 : S )

16.68
(2*06)

16,68
( 0 )

38*25
( 0 )

50 10,08 26,12 16,65
(3 6 ,6 5 )

36*25
(31*13)

16,30
(1 1 ,2 6 ) ? l l | i )

16.70
(2 .6 5 ) S : S )

16,70
( 0 )

38*05
(0 )

Three Months 
a fte r

100 I0 .6 S 26,15 16,15
(3 6 .1 5 )

36,65 16,25 
(32*50) (1 2 ,9 7 ) I t i h

17*05
(3*02)

39*80
(1 .2 1 )

17*05
( 0 )

37*80
( 0 )

200 11,05 25*68 16.95
(35*29)

33*65
(3 0 .2 5 )

16,35
(9 .3 ? ) m h

16*60
(1*53)

37*50
(2 .0 6 )

16*60
( 0 )

300 10,80 25*66 16,85
(37*50) (39*35)

16*36
(1 0 ,1 7 )

38.16
(7*66)

16*98
(3*79)

38,65
(1 .2 8 )

16*98
( 0 )

0 10.75 26,15 16.96
(3 8 .9 7 ) ( 3 3 ^ 8 )

16,05
(7*63)

37*25
(6 .5 5 )

16*25
(1*25) ! ( : 8 ,

16*25
( 0 ) ' u r

Four Months
50 10.55 25*21 16,65

(3 8 ,8 6 ) ( i l : i )
16,00
(9 ,2 2 )

36.60
(7*85)

16*35
(2*19)

16*35
(© )

37.10
( 0 )

a fte r 100 10,95 26.15 15*10
(3 7 .9 0 )

36,26
(31*01)

16,35
(8*28)

36.95
(7*85)

16*65
(1*83) i ! : S ,

16*65
( 0 )

37*85
(0 )

200 10,70 25*65 15*65
(3 7 .9 5 )

36.55
(39*70)

16,75 
(8 ,6 1 )

36*85
(6*66)

17.05
(1 .7 9 )

37.60
(1 .6 9 )

17.05
(0 )

37.60
( 0 )

300 10,95 25*85 15.05
(3 7 .6 6 )

36.95
(35*20)

16,56
(9 .9 0 )

37.66
(7*12)

16.75
(1 .2 7 )

38,20
(2 ,0 3 )

16*75
( 0 )

38*20
( 0 )

Note i* The figures In the parenthesis Indicate the Incremental percentage Increase 
•t each time Interval,
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treatment of 500 ppm NAA applied ono Month after 

Inflorescence emergence recorded the maximum fruit 

length, the percentage Increase being 58.07, 17*69 and 

6*12 per cent respectively* The next best treatment 

In terms of Increase In length In the above periods 

was 500 ppm naa applied at Inflorescence emergence 

stage which was followed by 200 ppm NAA application 

one month after Inflorescence emergence* In terms of 

girth fru its , application of naa 500 ppm at Infloraseanca 

emergence recorded the highest values on 50th and 60th 

days* However on *0th and 120th day, the maximum 

girth was recorded by 300 ppm naa treatment one month 

after Inflorescence emergence, the percentage Increase 

being 10*38 end 2*29 respectively* After 120 days 

there was no development In terms of length and girth 

of fru its  1n all traatments* Actlva phase of fru it 

development was thus found to be between 50 and 60 days 

after Inflorescence emergence and these were the periods 

where naa had significant effects (Figs* 6a and 6b>*

2.*. Eff«ct of W»A an I— f e t w e t w

The Tables 22 to 27 represent the data on 

various leaf characters of plants at the time of 

harvest of fruits* It  w ill be seen that while the 

treatments did not significantly Influence the length, 

breadth and leaf area of *0* leaf, there was significant



T a b le  22* E f fe c t  o f  naa on *0 * le a f  le n g th  e t  h a rv e s t  (ca>)

Stages of application 
Concentr- Mean
atIons of ** «»#*«*_
NAA (ppm) I"**0* 1 month 2nonths 3months 6montbs

emergence oftar after after after

0 86*10 95*00 96.05 85*90 92.98 89.17

50 81.90 81*08 93.23 80*60 93*93 86.15
too 82.08 88*38 89*13 86.35 80.38 86.86

200 87*63 80.75 89*65 86.00 90.69 86.82

300 89.30 90.33 81*10 92.60 80.35 86.70

85*36 97*11 87*79 85*93 85*61

C.D (5%) SEra ♦ 

Stages of application ns 2*78

woncentrattons of NAA ns 1,88

Combinations NS A.21

Mean



T a b le  23* E f fe c t  o f  NAA on *0* l e a f  b re a d th

a t  h a rv e s t  (cm )

Concentr- 
attons of
NAA (ppm)

Stages of application
naan

At Inflor­
escence 
emergence

1 month 2months Smonths 6months 
after after after after

0 5.10 A. 95 6*89 5*18 5*10 5*06

50 5*18 5.70 5*23 6*12 5.33 5*51

100 5*65 5.15 5.88 5*08 5*38 5*39

200 5*28 5*68 5*60 5*63 6*95 5*35

300 5.35 5*20 5*90 5.83 5*88 5*63

Mean 5.27 5*36 5*66 5.53 5*33

C.0 (5%) Site ♦

Stages of application NS 0*60
Concantrat Ions of NAA NS 0*50
Combinations NS 1*11



T a b le  2 6 . e f fe c t  o f  NAA on »D* le a f  a ra a  a t
h a rv e s t  (s q .c m )

Concentr-
Stages of application

Mean
atlons of
NAA (ppm)

■> aeeaep—>«■ — mmmrnrn

At in flo r- 
a sconce 
emergence

1month
after

2months )months 6months 
efter after after

0 319.11 361.95 339.83 322*96 307.21 326.21

50 307.51 335.87 316*92 357*98 363.57 356.29

too 326.82 330.63 380.26 310*91 313*96 332.11

200 336.92 332.76 350.59 339.12 325.21 336.52

300 366.78 361.76 367*65 351.26 363.12 353*99

Mean 326.71 336*51 366.85 366.66 330.61

C .O  (5%,) SGm <►p
Stages of application NS 7.55

Concantrations of NAA NS 5*66

Combinations NS 12*65



T a b I*  2 5 . E f fe c t  o f  NAA on f r e s h  w e ig h t o f  *0* le a f

a t  h a rv e s t  ( g )

Stages of application 
Concantr- ______________________________________________ mom
atlons of
NAA (ppm) At Inflor­

escence 
eraerpence

1 month 
after

iieaaaw  m m

Aomns
after

3months Amonths 
after after

0 53.75 53.07 52.17 69.52 53.67 52.69

50 50.93 69.63 51.92 51.52 52.61 51.22

100 69.66 50.66 69.69 69.51 67.69 69.36

200 69.60 *17.15 50.96 66.16 69.01 69.56

300 67.61 69.72 67.69 66.01 69.69 67.30

Naan SO. 22 *9.77 50.67 69.22 50.21

c.0  ( 5%) %m ♦

stages of application NS 0*9%

Concentrations of NAA 2.66 0.86

Combinations NS 1*93



T a b le  26* E f fe c t  o f  NAA on d r y  w e ig h t o f  *0*
l e a f  a t  h a rv e s t  ( g )

Concent r -  
atIons of
NAA ( d m )  f  fir lOIT" *rP"/ tictnct

emergence

Stages of application

1 month 2months 3months Mmonths 
after after after after

0 8.37 7.5? 7.60 7.65 8.07 7.78

50 7.61 7.7b 7.68 8.26 7.06 7.58

100 7.13 7.75 6.65 7.66 7.26 7.2?

200 7.36 6.72 6.58 6.13 7.37 6.83

300 6*03 6.51 6.75 6.00 7.20 6.52

naan 7.26 7.26 6.57 7.10 7.60

C.0 (5%) SEfll ♦

Stages of application NS 0.23
Concentrations of NAA 0.70 0.25

Combinations NS 0.55



stages of application 
Concentr- ______________________________ ________________ Mean

T a b le  27* e f fe c t  o f  n a a  on p e rc e n ta g e  d r y  w e ight
o f  *0* le a f  a t  h a rv e s t

at Ions of
naa (ppm) At Inflor­

escence
emergence

1month 
after

2tnonths
after

Imonths
after

4months
after

0 15.49 14.69 14.15 14.99 15.09 14.96

so 14.56 15*40 14.37 16.04 13.49 14.77

too 14.44 16.47 13*39 15.43 14.57 14.86

200 14.74 14.22 12.90 13.23 14.91 14.00

300 12.65 13*01 14.23 15.45 15.03 14.07

Mean 14.39 14.76 13.91 15.01 14.62

C.O ($%) Sim ♦ 

stages of application NS 0.40

Concentrations of NAA NS 0*39

Combinations NS 0.85



reduction 1n fresh end dry weight of #0f leaves with 

the Increese 1n concentrations of NAA. The control 

plants possessed *0* leaves with maxlmtsa fresh weight 

followed by 50 ppm NAA and these two wera found to be 

on par. At 100,200 and 300 ppm NAA v tha fresh weight 

of *0* leaves reduced significantly and they wara on 

par. with respect to dry weight, maximum value was 

recorded by control followed by 50 and 100 ppm naa 

and these three wara on par. Tha treatments 200 and 

300 ppm naa wera found to be on par and recorded 

significantly lower values 1n comparison to other 

treatments*

with respect tin the stages of application 

the affect of treatments on frash weight and dry weight 

of *0* leaves was not significant. Thera was also no 

affect due to combination. Similarly the percentage 

dry weight of * 0 * leaves was also not significantly 

altered by tha treatments.

2.5 Laaf analysis

The N,P and K content of tha *0* leaves 

at the time of harvest of fru its  1n the different 

treatments are furnished In Tables 28 to 30

2.5.1. Nitrogen

There wes no significant difference In



T a b le  2 8 . E ffa c e  o f  NAA on n it ro g e n  c o n te n t  o f
•o« le a f  a t  h a rv e s t  ( )

stages of application 
Concent r - _____________________________________________ Mean
atIons of
NAA {ppm) At Inflor­

escence 
emergence

ftnontb
after

2months 3month* Amonths 
after after after

0 1.39 1.37 1.33 1.35 1.*1 1.37

50 1.33 1.37 1.30 1.38 1.43 1.36

IOC 1.3* 1.33 1.37 1.32 1.35 1.3*
200 1.30 1.3* 1.32 1.3* 1.38 1.3*

300 1.27 1.23 1.28 1.33 1.35 1.30

naan 1.33 1.33 1.32 1.3* 1.35

c.o (5%) Sim ♦

Stages of

1|1

NS 0.0*

Concentrations of NAA NS 0.0*

Combinations NS 0.09



nitrogen content of *0* leaves In tha plants due to 

different treatments. However, from tha data ft is 

evident that there was an apparent reduction In leaf 

nitrogen content when 300 ppm NAA was applied, especially 

one month after the emergence of tha Inflorescence.

2.5.2. Phosphorus

Nona of tha treatments significantly 

Influenced the Phosphorus content of leaves et harvest.

2.5.3. Pot* »i1m

The treatment did not show any significant 

Influence on tha potassfias content of leaves at tha time 

of harvest. However, e progressive reduction In 

potassium content was observed with higher concentrations

Of NAA*

* • C/M r a t i o

Tha various treatments did not show any 

significant Influence on C/N ratio of *D* leaves at 

harvast (Table 31).



T a b le  29* E f fe c t  o f  NAA on  P hosphorus c o n te n t o f

•o* le a f  a t  h a rv e s t  1%)

Stages of application 
Ccneentr- Mean
atIons of
NAA (ppm) 2L.12I1 1 month 2months ^months Amonths

aacanca after after after efter
emergence

0 0.10 0.09 0.10 0.11 0.09 0.10

50 0.09 0.11 0.11 0.1! 0.10 0.10

100 0.12 0.11 0.11 0.09 0.09 0.10

200 0.09 0.09 0.09 0.10 0.11 0.09

300 0.10 0.09 0.08 0.11 0.12 0.10

Mean 0.10 0.10 0.10 0.10 0.10

C.D (5%) sea ♦ 

stages of eppHcation m  0.007

Concentrations of NAA NS 0.005

Combinations NS 0.011



Table 30. Effect of NAA on Potassium content 
of *o« leaf at harvast ( ')

Stages of application
Concentr-  wean
at lens of a*. «n# w _
NAA (ppm) l le i lc l  Imonth 2raonths Months 4months

” r *r” r , after after after after“genes

0 2*56 2.39 2.49 2*6 3 2.40 2.49

50 2.42 2.44 2*62 2*60 2.41 2.44

100 2*$0 2.37 2*55 2.37 2.41 2.45

200 2.48 2.29 2.37 2.33 2.55 2.41

300 2*39 2.26 2.29 2.41 2*65 2.34

Hein 2.47 2.35 2*67 2.39 2.49

C.Q {$¥) SB® ♦

Stages of application MS 0.04

Concentrations of NAA NS 0.04

Conbinations NS 0.14
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Tabic 31. Effect of NAA on C/N ratio of *0*
loaf at harvest

Concente~
Stages of application

ons of 
> (ppsi) At Inftor- 

asconce
emergence

1month 
after

2months
after

3months
after

Amonths
after

0 25*03 29*09 32.63 28.86 32.85 30.38

50 30*11 31*18 32*01 30*67 27.32 30*26

100 28.33 27.30 29*69 29*02 29*06 23*63

200 28.78 30*35 28*26 30*60 30*95 29.79

300 31*38 32.63 30*22 33*85 30.97 31*73

Mean 29*53 30*11 30.56 30.6A 30*16

Stages of application 

Concentrations of NAA 

Combinations

C.O (54) 

NS 

NS 

NS

SEm ♦m
0*99

0*89

2*00
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3* EFFECT OF°CMAPMTHALENE ACETIC AC 10 M ^I2E#mTURlTT 
AND QUALITY OF FRUITS FROM PUNTS HAVING DIFFERENT 
LEAF NUMBER

3.1. k m f , .In d J jX f f y l..jroupj

***** n u t r ie n t  s t a t u s

The pretreatment data relating to dlfferent 

leaf characters of different groins of plants ere 

presented In Table 32* It  w ill be seen that the length 

of fD» leef wes higher In plants possessing higher 

leaf number upto 61-45 leaves thereafter showing e 

decreasing trend* with respect to *D« leaf breadth,

I t  Increased progressively as the leaf number Increased* 

The *0* leaf area followed the same trend as that of 

leaf length* The fresh 'weight end dry weight of '0* 

leaf Increased progressively with Increase In the leaf 

number* The percentage dry weight of *0* leaf did not 

show any definite trend* However, plants possessing 

51-55 leaves showed a higher percentage dry weight* The 

pretreatment data on the nitrogen, phosphorus, and 

potassium content of leaves showed that (n the case of 

nitrogen and potassium the leaf number had a direct 

relationship and the highest nitrogen and potassium 

were recorded by 51-55 leaf group and the lowest by 

26-30 leaf group* The leaf number did not exert any



T a b le  32, *0* le a f  c h a ra c te rs  and t h e i r  n u t r ie n t

s t a t u s  I n  d i f f e r e n t  le a f  g ro u p s

Leaf
Groups

Length
(CM)

Breadth
(on)

Area
(sq .m )

Fresh
weight

<«>

Dry
weight

(9 )

Percen­
tage
dry
weight

Nitro­
gen
(%)

Phos­
phor­
ous
{%)

Pota- C/n 
sslurr. ratio
(%)

26 -  30 (G|) 55.62 6.16 166.88 33.66 3.63 10.21 1.56 0.16 2.63 23.69

3t -  35 (G j) 57.36 6.32 175.90 36 .59 3*66 10.56 1.68 0.18 2.70 23.38

3 6 -6 0  IGj ) 61.36 6.36 196.37 61.61 3.72 8.99 1.77 0.17 3.65 22.17

61 -  65 61.78 6.32 193.77 61.76 3.92 9.39 1.79 0.17 3.66 22.75

66 -  50 (Gs ) 52.60 6.78 181.59 62.86 6.30 10.01 1.98 0.15 3.50 20.25

51 -  55 <G*) 51.28 6.88 181.62 66.80 5.36 11.91 2.06 0.16 3.78 20.53

oo
oo
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significant Influence on laaf phosphorus content* The 

C/N ratio of leaves also wes not Influenced by leaf 

number*

J.2 . Iffact of WAA an «D« MW

th rir nutrUnt confnt

Data relating to the leaf characters at 

harvest 1n relation to the application of 300 ppm NAA 

are furnished 1n Tables 33 and yk* The treatment 

effect wet not significant 1n any of tha leaf characters 

studied* However* th re was a reduction In fresh weight 

and dry weight of *0* leaves at harvest when fruits 

were treated with naa9 one month after Inflorescence 

aattrgence*

The data relating to the nutrient content of 

1eeves(h»P and K) at the time of harvest of fruits* after 

the application of 300 ppm naa showed that* there was no 

significant Influence due to the treatment of NAA* Tha 

Influence of leaf number on N*P and K content of leaves 

which was evident from the pretreatment data was also 

perceptible at harvest* However* the nitrogen and 

potassium percentage of leaves tended to decrease when 

NAA wes applied In almost a ll groups* Treatment of 

NAA did not show any significant Influence on C/N ratio 

of leaves*



T a b le  33* E f fe c t  o f  maa on *0 * le a f  c h a ra c t e rs  I n  d i f f e r e n t
l e a f  g ro u ps

Leaf groups
*0* leaf length (cm) •O' leaf breadth (cm) ' 0' leaf area (sq.aa)

Treated
(T )

Control
(C )

•t'value Treated
(T )

Control
(C )

•t 'value Treated
(T )

Control
<C)

't'valiM

26 -  30 (Gj ) 66*50 67*16 0.09WS 6*68 6*60 0. 538s 217.09 226.80 0. 668*

31 • 35 tG*) 72.58 72.36 0.08*S 6*82 6*92 0. 358s 253*72 259.22 0.268*

36 * 60 tGj) 80.26 75*16 0*38®is 5*18 5.08 0. 328s 295.39 291.73 0. 698*

M • 65 CG^) 83*68 80*00 n n * s 5*30 5.10 0.568s 322*61 301.89 0.728s

6 6 - 5 0  (G5) 73*76 73*50 0. 058s 5*02 5.20 1 . 868s 268*51 278.61 0.928*

51 -  55 ( % ) 70*80 68*06 1.2Qm 5.30 5.68 1 . 608s 271.86 269*79 0. 258s

NS Not s ig n i f ic a n t



T a b le  3 6 . E f fe c t  o f  NAA on f r e s h  w e ig h t and d r y  w e ig h t o f  «D*
le a f  In  d i f f e r e n t  l e a f  g ro u ps

Leaf groups
fresh wei ght of »D» leaf

- ............ - ....... -in i ............. - ............... -
Dry weight of

.................  ifll
•□•leaf Percentage dry 

•0» leaf
weight of

Treated
CT)

Control
CC>

•t * value Treated
CT)

Con trot
CO

•t*value Treated
CT)

Control
CO

•t* value

26 -  30 (0 ,) 31*60 31.60
NS

0*03 3.67 3.62
m

0.63 11.56 11.07
NS

1.21

31 -  35 (G j) 36.63 35.35
NS

0*15 6*08 6*20
NS

0.55 11.55 12.05
NS

0.67

36 -  <10 C6,) 60*31 61*65 10*13*S 6.36 6.66 0.2tIIS 11.00 10.65 0.67*$

61 • 65 ( V 61.53 61.03
NS

0*26 6.27 6.56 1.8?$ 10.28 11.75
NS

1.66

6 6 -5 0  ( % ) 62.31 62*58 0.12*S 3.55 6.13 0.68«s 5.37 5.76 0.51

51 -  55 ( % ) 66.38 65*08 0.75WS 6.36 6.58 0.67*S 10.33 10.66 0.85*S

NS Not stgnlfleant



T a b le  35* E f fe c t  o f  maa on n u t r ie n t  c o n te n t o f  *0* l e a f  In
d i f f e r e n t  le a f  groups*

Nitrogen {'■',) Phosphorus {%} Potassium {%)
Leaf groups  11................... ,"'1..." T_" 11r ‘.............*,"1''.......‘......~'r "'ir'-T'“.... ‘.....1...1....

Treated Control *t'value Treated Control *t'value Treated Control *t'value
(T )  (C)

2 6 - 3 0  ($j) 1.16 1.19 * « *s 0.23

31 -  35 (Qj) 1*3% 1.37 0.27*S

36 -  %0 (Gj) 1.35 1.39 0.39*5

%1 — %5 1.35 1 mkO 0.33*S

%6 • 5® (S |) 1.%8 1.51 0.11*S

51 -  55 it%) 1*50 1.53 1.23*S

(T )  (C ) (T )  (C)

0.11 0.10
NS

0.32 1.75 1.83
NS0.06

0.11 0.10 0.26** 1.80 1.85 i.W s

0.11 0.12 0.1%** 2.16 2.32

0.13 0.12 0.15** 2.1% 2.32 1.79MS

0.11 0.12 0.07*S 2.20 2.3% «.Mns

0*13 0.12 0.05** 2*%0 2.51 KM*5

MS Not s ig n i f ic a n t



T a b le  3 6 . e f fe c t  o f  n a a  on  C/n  r a t i o  o f  *0* le a f
In  d l f f a r a n t  le a f  g roups

leaf groups
C/N ratio

Treated
CT)

Control
(C)

*t* value

26 • 30 (G, ) 33*77 33.63
NS

0.01

31 -  35 (S j) 31*55 31.82 0.03*s

36 • kC (G j) 31*85 30.55 0.13HS

M -  %5 (<%) 31*52 30.33 0.N5NS

%6 • 5® lC»j) 31*75 30.25 0.37*S

51 * 55 30.75 30.25 0.25MS

NS Not significant



3 . 3 * g ffa it of m k . M  f ru it  cH jjrtsta ti

The dete on various fru it character* consequent 

on the application of Maa 300 ppm one month after 

inflorescence emergence are presented In Table 37 to M*.

3 0 . t .  fru it wlaht

NAA was found to exert definite Influence 

on fru it weight In a ll groups of plant* (Fig#7 ).

However the 26*30 leaf group even though there was an 

increase 1n fru it site compared to untreated fruits* 

the fruit sise never attained abcwe 1 . 0* kg. fruits 

from 31*35 lesf group when treated with NAA attained 

the sise as that of untreated fru its  of 36*bO and 

M***5 laaf groups. Tha waight of tha fru its  subsstMsnt 

to naa treatment in 36*kO laaf group was bfghar than 

thoaa produced by M-%5 leaf group and compered welt 

with fruits produced by *6-50 leaf group, similar 

effect of naa wes also found In the **6-50 leef group 

also.

The fru it weight without crown followed 

e similar trend as that of fru it weight with crown by 

the NAA treatment.

3.3.2. fru it Inath

The treatment of naa significantly increased 

fru it length in e ll groups of plants except in the lest



T a b le  3 7 . E f fe c t  o f  n a a  on  f r u i t  w i g h t  w it h  crow n

I n  d i f f e r e n t  I o o f  g ro u p s  (k g )

Loaf groups Treated
(T )

Control
(C)

26 -  30 (G ,) 1*08 0.98

31 -  35 (6|) 1.55 1.32

36 -  60 (©3) 1.89 1.57

61 -  65 ( % ) 1*88 1.59

66 -  50 ( % ) 2.1! 1487

51 -  55 2.17 1.98

Comparison of data
•t* value *t•value

S,T Vs v 2.36* V Vs <^C 1.60*S

v Vs GjC 4.31** V VsGjC 2.77**

V vs GjC 4.72** V Vs Ŝ C 6.77**

V VS V 4.44** Q,T Vs©5C 0.33MS

V Vs «jC 4.70** ¥ Vs G*C 2.35*

% T VS GgC 3.44** V Vs GgC 0.23MS

sfr VS v 2.29* V Vs QqC 2.00*

V Vs s c
0.4*"* V VS Ĝ C i . w " s

* s ig n i f ic a n t  a t  5% la vs?

** S ig n if ic a n t  a t  \%  lo ve ?
NS Not s ig n i f ic a n t



T a b le  39. e f fe c t  o f  n aa  o n  f m f t  w elg ltt w ith o u t
crow n I n  d i f f e r e n t  l e a f  g ro u p s  (k g )

Leaf groups Treated
(T )

Control
(C )

26 • 30 CG,) 0.96 0.95

31 -  35 (G j) 1.39 1.17

36 -  60 (G j) 1.63 1.61

61 -  65 i% > U7I 1.62

66 • 50 (G5) 1.93 1.70

51 -  55 ( % ) 1.98 1.90

Comparison of data
•t‘ value *t' value

G|T Vs GjC 2.13* GjT Vs Ŝ C 1.I6ns

V v#G,C 3.50** V v* S5C 2.99**

Vs V 5.62** SjT Vs (^C 6.68**

V  Vs V 6.58** GjT Vs G$C 2.00*

GjT VS GjC 3.68** GjT Vs Q̂ C 2.00*

V  Vs % c 3.61** G^T VS GjC 0.311,5

C^T Vs v 2.30* G^T Vs Ĝ C 2.13*

GjT Vs V 0.65HS GjT Vs GfcC 2.15*

* S ig n if ic a n t  a t  \%  la v a !
** s ig n i f ic a n t  a t  5% I a v a l
NS Noe s ig n i f ic a n t
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T e b la  39* E f fa c t  o f  naa on f r u i t  le n g th  fn  d f f f a r a n t

lo a f  g ro u p s  (am )

Leaf groups Treated(T) Control(C)
26 - 30 (G| ) 14.03 12*28
31 - 35 CO,) 17.00 16.03
36-60 (Gj) 18.58 16.98
61 - 1*5 18.56 17.28
1*6-50 IGj) 19.53 17.88
51 - 55 (%) 19.95 19.05

Comparison of data
*t'value •t'valu

«,TVs Ĉ 2.91 GgT Vs ĈC 0.88*s
V Vs Qj|C 2.65** Gj? Vs GjC 2.96**
V

A*Vs GjC 6.25 GjT Vs ĜC 2.81**
V *» \C 3.61** V v* V 1.92NS
srVs y  3.93** OjT VS GgC 2.11*
V Vs %C 1.68MS %T Vs GjC 1.89HS
v Vs 3.98** vs G*c 2.00*
V Vs SjC 0.06**s %T V, V 1.79*s

* Significant at 1% lavel

* *  significant at 5% I aval 
NS Mot significant
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group 151-55 loaf group) (F ig .8 ). The fru it length 

had a direct relationship with the leaf number possessed 

by plants. Maximum fruit length was recorded by plants 

with 51-55 leaves and the least by 26*30 leaf group.

The treatment of NAA did not Increase fru it length In 

the 26*30 leaf group upto the twrel of fru it length 

obtained 1n 31-35 leaf group. 9ut fruits  belonging to 

31*35 leaf group when treated with haa could produce 

fruits of similar length as that of 61*65 leaf group.

The fru it length recorded by treated plants of 36*60 

leaf group also compared well with the fru it length 

obtained In the next two higher leaf groups, similar 

effect was noticed 1n the 61*65 and 66*50 leaf groups 

also.

3.3*3. fru it g irth

The treatment of MAA significantly Influenced 

fru it girth 1n almost e ll groups except In the firs t and 

last leaf groups (f ig .8 ). Maximum girth was recorded by 

51*55 leaf group (66.50cm) end minimum by 26*30 leaf 

group (36.55 cm). The effect of NAA on 31*35 leaf group 

was not so significant enough to achieve the fru it girth  

produced by untreated plants with 36*60 leaves* However, 

In 36*60 leaf group, MAA treatment produced fruits of 

better girth then that produced by 61*65 leaf group, 

but the girth of fru its  did not reach the level as In 

66*50 leaf group • In 61*65 leaf group although the



T a b !*  6 0 . E f fe c t  o f  n a a  on f r u i t  g i r t h  In  d i f f e r e n t

lo a f  g ro u p s  (cm )

Laaf groups Treated
IT )

Control
(C )

26 -  30 (Of) 36*55 33.79

31 -  35 (G j) 39.37 36.00

3 6 -6 0 «S j) 66.35 61.57

61 -  65 (6^) 66.79 61.96

6 6 -5 0 (Q ,) 66.63 65.25

51 -  55 <G*) 66.50 66.15

Comparison of data

•t‘value •t‘value

G|T Vs ^ C 1.*SNS GjT Vs C^C 1.92NS
Gj T vs GjC 3.90 GtT Vs G|C 5.67**

G T 
3

Vs GjC 6.08** GjT Vs GjC 2.18*

%T vs Ĝ C 6.77** GjT Vs Ĝ C 2.75

GjT Vs GjC 2.76** GjT Vs Ĝ C 2.12*

% T Vs 0*C 1.35*S <%T Vs GjC 2.00*

V  v# G6C !.66MS

* S ig n if ic a n t  a t  1% I a v a l
** s ig n i f ic a n t  a t  5X I a va l
NS Not s ig n i f ic a n t



effect of n a a  was significant, 1t was not able to bring 

the fru it girth produced by 66*50 leaf group* The fruit 

girth produced by 66*50 leaf number group compared well 

with that of produced by subsequent higher group.

3.3*6* fru it breadth

The fru it breadth was significantly Increased 

by NAA treatment 1n e ll the groups (Table 61)* The 

effect of leaf number on the breadth of fru its  was also 

evident, the maximum being recorded by 51-55 leaf number 

group end the minimum by 26 * 30 leaf group. The effect 

of NAA on fruit breadth In 26 -  30 mid 31 -  35 leaf 

groups were not significant so as to bring the fru it 

breadth upto the level of the next higher groups. However, 

the fru it breadth recorded by treated plants of 36*60 

leaf number group compered well with the fru it breadth 

recorded by fruits 1n 66*50 leaf group. In the other 

groups also, the treated fruits  compered well with those 

produced by the next higher leaf group.

3«3*5» Crown weight

The date on crown weight 1n different groups 

of plants of both control end treated plants (Table 62) 

showed that there wet no significant difference on crown 

weight In different groups of plants, due to NAA treatment*



T t b U  M <  E f fe c t  o f  NAA on f r u i t  b re a d th  In
d i f f e r e n t  le a f  g ro u p s  (o*»)

Leaf groups Treated Control
 ____________ SIJ........... .— 1S 1~

26 • 30 (8,) 11.78 10.33

31 - 35 < v 13»t8 12.71

36 • 60 (S > 16*62 13.33

61 - 65 16*56 13*73

*6 - 50 (Oj) 16*63 13*33

St - 55 15*26 16*66

Comparison of data

a,T VS G|C

•t'value 

2.55* GjT VS ¥

*t'value

0*8S*S

V Vs GjC 2.62* GjT Vs Ĝ C 3.35**

V Vs V 5.67** SjT VS Ĝ C 5.36**

v vs Ĝ C 6*57** V Vs g5c 6.23**

v Vs G5c 6.52** V VS v 2.00*

V VS V 2.57* % T vsGjC 3.81**
GjT Vs G*C 3.26** v Vs SgC 2.01*

V vs V 2.00*

* S ig n i f ic a n t  a t  1% le v e l

** S ig n i f ic a n t  a t  5% le v e l
NS Not s ig n i f ic a n t



T«b1« 62* effect of NAA on crown weight In different
leef groups

Leef groups
weight of crown tg)

t r ^ e d C e ^ o l •t• value

26 -  jo cs ,) 136.75 126.88 1.32MS

31 -  35 CS2) 155.5® 156.13 0.75ns

3 6 -6 0  (G j) 160.50 157.25 0.*8ns

6! -  65 ( % ) 170.50 166.88 o . * MS

66 -  50 (G j) 176.38 170.00 O.WNS

51 -  55 (<%> 188.25 182.75 O.WMS

MS Mot significant



3.3.6 C*nn1no f t l o

The date on canning ratio of fruits  presented 

In Table 63 showed that 1n e1! the groups treated 

fru its  recorded higher canning ret to then untreated 

fruits* significant difference was however seen only 

In fru its  belonging to 51-55 leaf group*

3.3.7. L/» f t l o

The date relating to l/B  ratio of fruits 

obtained frow different groups of plants ara gfvan 1n 

Table 63.  The date revealed that only in the last 

group ( 51-55  leaves), the treatment had significant 

affect* In this group there was significant Increase 

In l/0  ratio of the fru its  by the treatment applied*

3*3.8. pays tekectfor fruit maturity

The fru it maturity was significantly delayad 

by MAA traatment, In all tha groups* The treated fruits 

from 26-30 leaf group took 165*6 days for fru it maturity, 

while the corresponding untreated fruits  took only 

138*2 days* Plants with higher leaf number took lesser 

time for fru it maturity* Irrespective of the treatment 

applied* In the lest group (51-55 leaf group) the 

fruits  took 131*2 days for maturity* while the 

corresponding treated fru its  took 135*2 days (F ig .2 ).



T a b le  6 3 . E f fe c t  o f  NAA on c a n n in g  r a t i o  and 1/8 r a t i o
o f  f r u i t s  I n  d i f f e r e n t  le a f  g ro u p s

Leaf groups
Conning ratio L/s ratio

Treated
(T )

Control
(C )

•t’value Tre a ts
(T )

Control
U )

•t’value

26 -  3C U , ) 1.19 1*15 i.sS* 1.27 1.2 3 I . W «

31 -  35 (S j) 1.29 1.27 o.*»lls 1.38 1.33 1.90"*

36 • 60 (G j) 1.36 •1.29 l.7»"s 1.60 1*35 l.SS"*

6 1 -6 5 1.28 1.25 u n * s 1.25 1.33 O .W "s

66 * (G j) 1.36 1.29 l.*8« 1.60 1*36 1 .V * S

51 * 55 ( % ) 1.36 1.28 J.J0* 1.62 1.36 2.B**

* Significant at 57> level
*• Significant at t% level 
NS Not significant



Table 66. Effect of MAA on the time taken for
fru it maturity

Leaf groups
days for fru it maturity

Treated ( t ) Control (C) •t1 value

26 -  30 (6|) 165.6 139.2 11.71**

31 -  35 (S j ) 163.2 136.6 9.27

36 «* 60 (Gj) 160.9 132.6 11.50

61 -  65 (G^) 139.9 132.2
_ ## 
5.67

66 -  50 (G5) 135.6 131.8 3.96**

51 -  55 C5*) 135.2 131.2 6.33**

** Significant at %% Iw el



Fie. 9 -  E FFEC T OF N A A  300 ppm ON F R U IT  M A T U R IT Y  IKI D IFFER EN T LEAF GROUPS

□C O N T R O L

T R E A T E D

i(0
a3
20I

1. 2 6 -  3 0 LEAVES

2. 31 -  3 5 u

3 . 36 -  4 0 n

4. 41 - 4 5 *

5. 46 -  5 0 «

6 . 51 -  5 5 n



3-*- iff* c t of WA on f p r i m n l l t y

Data on the various qualitative characters 

of the fruits  as Influenced by NAA treatment In different 

leaf groups of plants are furnished In Tables 65 to *7*

The results are sucrerlsed below*

3*6.1* Total solu ble sol Ids

NAA treatment resulted In lover T.s.s.contant 

of fruits* However, the effect was significant In the 

last four leaf groups vis* ,36*40, 61-45, 66*50 and 

51*55 compared to control* In general I t  was found that 

the higher the leaf number the higher was the T*$*S. 

content of fruits*

3.A.2. Acidity

The acidity of the fru its  decreased as the 

leaf number Increased and the minimum acidity was recorded 

by fruits obtained from 51*55 leaf number group. In the 

firs t group (26*30) NAA treatment resulted In significant 

reduction In acidity of fru its , while In other groups, 

the effect wes not significant*

3*6*3* Ascorbic acid

Tha ascorbic acid contant of fruits did not 

show any definite trend of variation due to NAA treatment*
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T a b l*  65* E f fe c t  o f  NAA on T .S .S * ,  a c i d i t y  end a s c o rb ic
a c fd  c o n te n t o f  f r u i t s  I n  d i f f e r e n t  le a f

groups

Leaf groups
T .S .S .U ) Acidity (*> Ascorbic acid 

Csw/IOOfl)______

Treated
(T>

Control
(C )

*t ’value Treated Control 
(T )  (C )

•t’value Treated
IT )

Control
U )

*t’value

26 -  30 (Gj ) 11*20 12*00 i.ss"* 0*66 0.75 3.73** 7.52 7*62 0.12"*

31 -  35 CGj) 12*25 12*65 O.So"* 0*62 0.66 1.2$"s 6.98 6.81 0.17"*

3 6 -6 0  (G j) 13*86 16*82 2.92* 0*55 0.62 0.9fc"s 6.85 7.15 0.89MS

6 1 -6 5  < % ) 13*36 16.56 2.9** 0.58 0.61 o. m hs 6.35 6*65 0.07"*

6 6 -5 0  (G j) 13*83 15.77 3.03* 0*58 0.59 0. 01"* 6*58 6*50 0.05"*

51 -  55 ( % ) 16*68 16.66 %.*7*‘ 0*56 0*58 0.25MS 6*56 6*85 0.*7*S

* Significant at 5% level
** Significant at 1% level 
MS Not significant
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3»4*4. Reducing sugars

Eventhough there mss • reduction In reducing 

eager content of fru its  by NAA treatment, the effect wee 

significant only In the highest leaf group*

3.<*.S. Total «Ma»r»

The date furnished 1n Table 46 revealed that 

there was a general reduction 1n total sugar content 

of fru its  due to NAA treatment In a ll the groups* 

Significant effect of NAA was noticed only 1n 51-55 leaf 

group* The data also showed that there existed a direct 

relationship between leaf nunber and total sugar content 

of fruits*

3 . t . 6 .  H o r w d u c l n o  « io » f

Tie effect of NAA on non-reducing sugar content 

of fruits was not significant except fn 46-50 leaf group* 

where the treatment resulted 1n the reduction of 

non-reducing sugar*

3 .W .  suar/«cld f«tlo

The sugar/add ratio showed a significant 

Increase with the application of NAA 1n the firs t two 

groups* a  general Increase 1n sugar/add ratio was 

el to noticed with the Increase 1n leaf number*



T a b le  66* E f fe c t  o f  H U  on m g m r  c o n te n t o f  f r u i t s  In
d i f f e r e n t  le a f  g ro u p s

Reducing Sugars (% ) Total sugars 4%) Non-reducing sugar (%)
Leaf groups Treated

(T )
Control

(C)
•t‘value Treated Control

(T )  (C)
*t‘value Treated

(T )
Control

(C)
♦t‘value

26 -  30 ) 3.57 3.69 G.61MS 11.2 2 12.26 1.71**5* 9.35 S.56 0.80"S

31 -  35 (&|) 6.03 6.16 0.97NS 12*21 12*61 o . « " s 8.19 9.25 O.O0HS

36 -  bO (Gj> 5.68 5.70 1 . 02*s 12.75 13.11 0.89*S 7.27 7.61 0.25*S

61 -  65 (% ) 5.65 5.57 0. 66ws 12.22 13*17 1 . 08s 7.56 7.60 0.16*s

66 • 50 ‘ V 5.51 5.72 1 . 1*MS 12.90 13*37 i .7 ;ms 7.22 8*05 2 .W

51 -  55 ( % ) 5.77 6*56 2.27* 13.00 16.92 2.W* 7.23 7*25

♦ Significant at £' level 
ns Hot significant



Table  6 /. Effe ct o f NAA on sugar/acid r a t io  and brlx\acfd
r a t io  o f f r u i t s  In  d iffe re n t le a f groups

Suaar/ac1d ratio Br1x/ac1d ratio
loaf groups

Treated ( T ) Control (C) •t'value Treatod (T ) Control(C) •t *va lue

2 6 -3 0  (G|) 17.91 15.83 3.68** 17.58 16.06 I .S l" 5

31 -  35 (S2) 13.53 18.66 3.37** 19.89 19.06 * .n * %

36 -  *10 (G j) 21.69 21.11 0 .5 0 ^ 21.73 22.18 0.35**

61 «• 65 (6^) 21.88 21.72 0.10*s 21.16 22.09

66 -  50 (Sg) 26.15 25.71 0.97#l$ 22.73 26.09 1.65*S

51 * 55 ( % ) 23.97 26.17 1.87*S 26.06 27.53 1.96*$

** Significant at IX level 
MS Not significant
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3.9.9. 8Hx/«c<d r » t lc

T N  brlx/acld ratio MS not Influenced by 

NAA application. In general brlx/actd ratio of fruits 

Increased with leaf number*



DISCUSSION



DISCUSSION

The present Inwest I get Ions on the various 

aspects of regulation of fru it site end maturity on 

pineapple were mainly aimed at arriving suitable 

recommendations on the application of naa for Increasing 

fruit site and altering fru it snturlty under conditions 

prevailing 1n Kerala*

Absence of a dependable maturity Index for 

harvesting pineapple fru its  whan they attain asutlmum 

quality was greatly fe lt when the present Investigations 

were Initiated* Whether the maturity Indices described 

by Pantsst 1 co <1975) based on external colour development 

held good for pineapple grown 1n Kerala had to be 

confirmed by detailed observations* Maturity has been 

defined as '*the stage of fruit development which w ill 

ensure the attainment of maximum eating quality and 

rtpanlng as the post harvest physiological changes by 

which the fru it attains ripeness" (Lott, 1*^5). Such a 

distinction between maturity and ripening nay not be 

possible In pineapple where the qualitative maximum of 

fru its  Is attained on the plant Itself* Harvesting of 

fru its  at a stag# whan tha quality of fru its  was 

maximum, was t her ©for a nacassary*



The changes in qualitative parameters like T*s*s«, 

acidity, sugars and ascorbic add content studied during the 

course of fru it development shoved that the period between 

132 and 135 days after Inflorescence emergence was the time 

when fruits attained maximum quality* It  was seen that the 

acidity Increased upto 132 days after Inflorescence emergence 

end remained constant for two days after which there was e 

rapid fall* A fa ll In acidity aftar reaching Its  peek was 

observed by Hope (1963), Mookerjl £t a].. (1966) and 

Montonegro (1966)* Tha total sugars and r .s .s  also 

Increased and raachad thalr paak on 136th day* MookarJI 

et a !* (1966) found that under Trfchur condition tha fruits 

took 115 *130 days for reaching canning maturity*

Chad ha j t  aK  (1972) observed that under Bangalore 

conditions *K«w* variety of pineapple took 165 days for 

maturity and that the acidity and T*S*S* Increased t i l l  

tha fruits attained full maturity on tha plants* Tha 

difference 1n time taken for fru it maturity under 

Bangalore and Kerala conditions could be attributed to 

climatic differences* Evidently In Kerala tha fruits 

taka lesser time for maturity, possibly due to higher 

temperature prevailing during the period of fru it development. 

Early fruit maturity under high temperature has also 

bean reported 1n pineapple (Tow,1959) and 1n several 

other fruits (v*1nk1er,19$2 and Gardner £t 2 l»t  1952)* Tha



ascorbic acid content was High during the in itia l stages 

of fru it development, which showed reduction as the 

fru it matured. Similar results have bean observed 

In plneapote (Hooker j !  j£  £i«»196b and Chedha a]j.,1972) 

and In other fru its  (Hul«e,l971 I Matxnar,1976 and 

sharrae,1980). The brix/ecid ratio was also high 1n 

early stages, which decreased upto 100 days, thereafter 

again showed an Increasing trend. High brlx/acld ratio 

In early stages of frutt development has bean observed 

by Singleton end Gortner (1965), Kelley (1971) and 

Chedha &  a£. (1 972).

The external shall colour of the fru its  has 

bean considered as a dependable maturity Index In 

pineapple (Pantast1co,f975). In the present study,

It  was found that the shall colour of fru its  remained 

green upto 128 days. After th is , the fru its  gradually 

turned yellow from the basal portion which was observable 

from 130th day onwards. On 13bth day, 69.6 per cent 

of the eyas became yellow at which time the fruits  

recorded maximum quality In terms of T . s. s.,acidity and 

sugars (Tables 1 and 2 ). Further Increase 1n yellow 

colour of the ehell was no Indication of the quality 

tinea there was actually deterioration In quality from 

136th day, Based on the external colour of the fruits  

and number of days from Inflorescence emergence a 

dependable maturity Index could be arrived at In pineapple.



whan the shell colour of the fruits  hove attained a ye!low 

colouration of about SO par cant they could bo considered 

mature under Karel a conditions* Tha fluctuations In tha 

number of days In maturity that may occur due to seasonal 

differences 1s a matter of further Investigation*

The effect of NAA on fru it development and 

ultimata fruit size at harvest was conspicuous* Maximum 

fru it size was recorded by 300 ppm NAA applied one month 

after Inflorescence emergence (vide Table 3)* A 

concentration of 200 ppm applied at the same stage also 

has a similar affect* Tha Influence of 300 ppm NAA 

applied at Inflorescence emergence and two months after 

Inflorescence emergence was on par and similar to that of 

300 ppm applied one month after Inflorescence emergence*

The Increase In fru it size was found to be the net result 

of Increase In weight, length, g irth  and breadth of fruits 

by tha application of NAA* several experiments conducted 1n 

pineapple by Clerk and Kerns (1962), Anon (1966),Kwong and 

Chiu (1968), Bowden 1969 b ). Poignant (1969), Huang (1973) 

and Norman (1978) have clearly shown tha afflcacy of NAA 

application In Increasing tha fru it size at concentrations 

ranging 100 ppm to 500 ppm during tha early stages of 

fru it development* Even when NAA was applied for flower 

Induction 1n pineapple. Increased fruit size was observed 

by several Investigators (Van (*rerbeek,!966| Py,19551 

Shing,!556t 0es,1966« AH and Talukdar, 1965 f



Das and 8aruah,1967 and Sant ha,1979).

The present study also clearly shewed that the 

more critica l period for the application of NAA was 

between the time of Inflorescence emergence and two 

months after emergence* It  would however appear that 

application of 300 ppm NAA one month after Inflorescence 

emergence was more affective. The studies on fruit 

development consequent on the application of NAA showed 

that Increased fru it growth noticed after the application 

of naa persisted t i l l  fru it maturity. However, the 

Increase 1n fru it growth due to application of Naa was 

more pronounced during the early stages. The relationship 

between fru it growth and andoganaous auxin level 1s 

wall established (Nltsch, 1950). The auxin requirement 

for developing fruit 1s more during the early stages.

The effectiveness of axoganaous application of naa 

1n the early stages noticed In the present study and 

reported by earlier workers could thus be attributed to a 

supplementary affect of euxlns. (Clark and Kerns, 1 >42 i 

Anon,1964i Kwong and Chiu 1968 and Norman, 1979).

Although application of NAA Increased fruit length and 

breadth, ft did not altar fru it shape. This Is In agreement 

with the findings of Clark and Kama (1942), A ll and 

Talukdar (1965) and Bowden (1969 b ). The development of



crown was conspicuously affactad by NAA application 

especially whan It  was made at Inflorescence emergence 

1n concentrations ranging from 100 to 300 ppm* Tha crown 

size Increased due to naa application* Tha treatment of 

NAA might have Increased the raertstemetic activity which 

resulted In Increased crown size*

fruit maturity was delayed by NAA treatments 

In the present study* A maximum delay of 10 days was 

obtained by 300 ppm naa whan applied four months after 

Inflorescence emergence* Tha present study has also 

revealed tha possible use of NAA for delaying fru it 

maturity at earlier stages of application* The grower 

could thus extend the period of harvest profitably by 

the application of NAA 1n periods of market glut*

Delayed maturity by NAA application has bean reported 

by Clark and Kerns (1962), Py (1959) ,Sh1ng (1956),

Das (1966), Kwong and Chiu (1968), Poignant (1970),

Huang (1973) end Norman (1978)* Tha delayed fruit maturity 

could be attributed to the prolongation of the sigmoid 

growth of fruits as noticed 1n tha present study*

Tha leaf number and their nutrient status have 

been found to Influence the fru it size in pineapple 

(Van 0verbeek,!966 i Py 1353 I Su,1956 « Kanapathy,1958i 

Das «i**1965 l Chedha ajU,1977 and santha,1979)» 

whether the application of naa on fru its  could altar the 

leaf characters was therefore studied* It was found



that the fresh weight and dry weight of »D» leaves at 

harvest ware reduced by NAA treatment of fru its  especially 

at the highest concentration, Indicating a possible 

mobilization of metabolites from the leaves to the 

developing fruits* The reduction In leaf N and K noticed 

In the present study due to NAA treatments also indicated 

such a possibility* aarthwicfc e£*(t937) and Stuart (1938) 

observed Increased mobilisation of both soluable and 

1n sol liable nitrogen from the leaves to the stem of bean 

plants, whan the stems were treated with IAA*

a general reduction 1n fru it quality due to 

NAA application was observed in the present study* while 

there was a reduction In T*s*s« and sugars especially 

whan naa was applied at higher concentrations, the 

acidity and ascorbic acid content ware not affected*

Decrease In T*s*$* and sugar content of fruits due to 

NAA application was reported by Kwong and Chiu (1968),

Bowden (1969 b ) and Huang (1973)* In the case of acidity 

contradictory reports have bean obtained by different 

workers* According to Kwong and Chiu (1968) and Huang,

(1973) acidity was reduced by naa application, while 

Bowden (1969 b) and Wee (1971) reported increased acidity 

by naa treatment* On the other hand Norman (1978) reported 

that naa application on developing pineapple fru it had 

no effect on acidity or brtx/aeid ratio*



Tha foregoing discussion thus clearly show 

the effectiveness of naa at 300 ppm In Increasing tha 

fru it size, and delaying tha fru it maturity whan applied 

during tha early stages of fru it  development*

Earlier studies conducted 1n the Oepartmsnt 

of Pomology by santhe (1979) had shown that cultural, 

menurial and other practices remaining uniform, fruit 

size In pineapple was governed by the number of leaves 

and their nutrient status* A leaf number of above 35 

was found to be optimum for inducing flowering and normal 

fru it size (oas e& a]*, 1965 and Santha,!979)* Whether 

smaller fruits produced on plants with lower leaf 

number could be Improved by the application of n a a  

tharefora formed another aspect of study In tha present 

Investigations*

Interestingly the results of NAA treatment 

of fruits from different leef group obtained in the 

present study were highly significant* In a ll tha groups 

(Table 37) NAA at 300 ppm applied one month after 

Inflorescence emergence effectively increased fru it size. 

The smaller fru it size associated with the reduction 1n 

leaf number could thus be affectively Improved by NAA. 

However, there appeared to be a critica l level of leaves 

below which n a a  could not function properly so as to
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bring about a normal fruit size* for Instance, In the 

26*|C leaf group NAA although Increased fru it else did 

not shoe a similar effect as 1n other higher leaf groups* 

On the other hand In the 31-35 leaf group application 

of NAA resulted In the production of fruits  of normal 

slse of about 1.5Ny. The more responsive leaf group 

to NAA was 36-60* In the case of Induction of flowering 

by the application of etherl also this leaf group was 

found to  be more responsive (Oas §£*, 1*77 and 

santhe, 1979)*

The trend of Increasing fru it duality with 

Increase 1n the number of leaves was observed 1n the 

present study also and this Is  In general agreement 

with the results reported by sent ha (1979)* effect of 

naa on fru it duality In relation to leaf nuaber shewed 

that there was an apparant reduction 1n fru it duality 

In e ll the groups* In tho lower leaf group (26*30 leaves) 

while the T*s*s* end sugars were net effected, dpplfeetfon 

of NAA significantly reduced acidity* A general 

reduction In fru it duality due te NAA eppllcetfen was 

observed In the earlier part of tha study else* The 

delayed fruit maturity noticed In fewer groups wee 

further extended by naa application* Tha irwblnad effect 

of NAA end leaves on fru it site, maturity end quality 

is  thus noteworthy*
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The results of tha present Investigations 

have amply Indicated tha usefulnass of naa application 

In Increasing fru it sire In pineapple* Induction of 

flowering by ethrel coupled with tha application of naa 

during tha early stages of fru it  development could bring 

about substantial Increase In pineapple production*



SUMMARY



1 2 2

SUMMARY

The prem at investigations war* car r lad out in tha 

Department of Pomology and floriculture* Collaga of 

Horticulture* Vellanlkkare from 1978 to 1980, Tha 

conclusions drawn from tha study can bs summarised as 

follows*

1t Tha optimum tins of harvest of fru its  was found

to between 132 and 13$ days after inflorescence emergence*

At this stage* about %9*% per cent of the •eyes1 of the 

fru its  turned yellow* The fru its  also possessed maximum 

quality In terms of sugar* T*S*S* and acidity at this time*

2* Application of naa was found to increase the fruit

sise* the maximum being effected by 300 ppm naa applied one 

month after inflorescence emergence* 200 ppm NAA applied 

at the same stage end 300 ppm applied at inflorescence 

emergence and two months after inflorescence emergence had 

a similar effect

3,  Increased crown weight was obtained when naa at

higher concentrations were applied at the time of 

inflorescence emergence*

b* The time taken for fruit maturity was significantly

delayed by NAA application* especially at higher concentrations 

ranging from 100 to 300 ppm*
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5. The fru it  quality was noticeably reduced by NAA

application* There was reduction 1n sugars and T*s*i>* 

content of fru its  by 100*200 and £00 ppm of n a a . Acidity 

and ascorbic acid contents were net affected by NAA 

application*

6* Tha leaf characters at harvest were not Influenced

by various treatments# except the fresh weight and dry 

weight of *0* leaves# where significant reduction was 

noticed by n a a  treatments*

7* The leaf nutrient content at harvest was not

Influenced b y  various n a a  treatments* However there was

an apparent reduction In leaf M and K with the application 

of NAA at higher concentrations. The possibility of 

mobilisation of nutrients due to the application of naa  

has been discussed*

8* The preswtt studies also confirmed the influence

of leaves on fruit size* NAA 300 ppm applied one month 

efter Inflorescence emergence significantly influenced 

fru it size In a ll leaf groups* the effect was mots pronounced 

1n 36-40 leaf group*

$>• fru it maturity was delayed by 300 ppm naa treatment

In all the leaf groups* However the effect was more in 

lower leaf groups* fruits from lower leaf groups toofc 

more time for maturity* compared to fruits from higher leaf 

groups*
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10. In a ll laaf groups tha fru it quality was

reduced by 300 ppm NAA application* significant 

reduction In T*$*s* and sugars ware noticed especially 

In higher leaf groupst while 1n the case of acidity 

significant reduction was noticed only In the lowest 

group (26 -30 leaves)* The fruits  produced from 

highest leaf group possessed maximum T*s*s* and sugars 

with low acidity, while the lowest leaf group 

(26 -30 leaves) produced fruits with low sugar and 

T.S .S. with higher acidity*

11* The treatment of NAA did not effect s1 jnfficantly

the leaf characters or leaf nutrient contents in different 

leaf groups at the time of harvest*
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APPENDIX I

Weather data for the period from November 197* to
May 19*0

Month

1973
MOrWivf
Oavmaber
s m
January
February
March
April
May
June
July
August
September
October
November
December

19*0

January
February
March
April
May

Temperature
(oc )

Relative
humidity

<30

Maxi­
mum

Mini- Maxi- Mini­
mum mum mum

Total
re1n~
fell
(mm)

32.5
32.3

36.1
36.8
36.7 
60.1
35.7
35.1
31.1
31.6 
32.3
33.6
32.9
32.2

33.5
37.5
39.6 
39.1
35.6

17.7
21.6

19.6
21.6 
22.3 
21.3 
21.1 
22.0 
21.0 
21.6 
22.6  
22.0 
22 .2 
19.6

19.3
18.3 
21.1 
21.6 
22 .7

97
89

96
96
96 
95
97
97
98 
91

If96
95

93

H
B

62
69

£
28
36
50

286.2
63.9

Nil
22.0

U:I
S B :!
729.8
662.6
208.7
127.3
317.6

Nil

Nil
0.6
1.8

Number of 
rainy da
per mont

9
3

Nit
6
1
6
10
22
29
19
18
16
18
Nil

Nil
1
1
7
11



APPENDIX X

west her data for the period from November 1979 to
May 1990

Temperature
Coc )

Relative
humidity

(X)

Total
rain­
fall

Nirbar of 
rainy da
par mont

Maxi­
mum

Mini­
mum

Maxi­
mum

Mini
mum

-

1979
November 32.5 17.7 97 *2 29*.2 9
Devember 32.3 21.6 89 *9 *3.9 3
1979
January 36.1 18.6 96 38 N11 Nil
February 3(1.8 21.6 96 37 22.0 *
March 36.7 22.3 96 38 3.2 1
April 60.1 21.3 95 33 *6.5 *
May 35.7 21.8 97 52 155.1 10
June 35.1 22.0 97 53 722.7 22
Ally 31.1 21.0 98 68 729.8 29
August 31.6 21.6 97 65 *62.6 19
September 32.8 22.6 98 67 208.7 18
October 33.* 22.0 95 *5 127.3 16
November 32.9 22.2 96 61 317.* 18
December 32.2 19.* 95 *5 Nil N11

1990

January
February
March
April
May

33.5
37.5 
39.* 
38.1
35.6

19.3
19.3 
21.1 
21.6 
22.7

93 30 Hi 9 N11
26 0.* 1
28 1.8 1
36
50 l i t :?

7
11

ar
*



APPENDIX XI

A ntlyns of vtrlaoet for effect of naa on fru it char«ct«rt

Mean squares

Source
Degrees
frSedoco

Weight 
of fru it 
with 
crown

Me!ght
of fru it
without
crown

Crown
weig­
ht

Length
fWi1t

Girth
fruft

Breadth
fruit

Cann-
raffo

1/8
ratio

Taper
ratio

Total

Block

Stages of appli­
cation of NAA

99

3

%

0*06

0.33

0*13

0*30

017.32

5110*07

2*68

8*22

11*28

35*59*

0*19

8.85**

0*012

0*008

0*081

0*009

0*0053

0*0008

error ( l ) 12 0*12 0*13 200*50 2*09 7*20 0*81 0*018 0*012 0*0028

Concentrations 
of NBA % 0*53** 0*85 1238*12** 15*27** 39.11**' 8.73** 0*007 0*015 0.0006

Interact!on 18 0*2©** 0*15 1*31*83** 5.88** 13.82* 1.97** 0*008 0.005 0*0012

Error (2 ) <0 0*0% o*os 338*53 1*88 8*30 0.53 0.013 0*011 0*0021

* S ig n i f ic a n t  a t  5* i w t l

** s l g n i f l c M t  ok 1% l e r e l



a p m w x x  xx

Analysts of vsrfanes for offset of NAA on fru it characters

Mean squares

Source
Degrees
frSedccn

weight 
of fru it 
with 
crown

weight 
of fru it 
without 
crown

Crown
weig­
ht

Length
fP ilt

Girth
fruft

Breadth
offruit

Cann-
'r ih o

l/B
ratio

Taper
ratio

Total 99

Block 3 0*06 0.13 617.32 2.66 11.28 0.19 0.012 0.061 0.0053

Stages of sppf l ­
eet ion of NAA k 0.33 0.30 9H6.07** 6.22 35*59* 6.65 0.006 0.009 0*0006

error ( ! ) 12 0.12 0.13 206.56 2.09 7*20 0.61 0.016 0.012 O.OQ29

Concentrations 
of NAA 6 0.59 0.65** 1236.12** 15*27** 39.11** 6.73** 0.007 0.015 0.0006

Interaction 16 _0.20 0.15** 1631.63 5.66** 13.82* 1.97** 0.008 0.005 0.0012

Error (2 ) 60 0.0k 0.05 336.53 1.86 6.30 0.53 0.013 0.011 0.0021

* S ig n i f ic a n t  a t  51 law al

** s ig n i f ic a n t  a t  1% l a r a l



APPENDIX I I I

A n a l y s i s  o f  varlanca for affect of n a a  on 
fru it Maturity

* * * •  *qu‘ r«
Source fritdoM days from Inflorescence

Total 99

Block 3 6,52

Stages of appli­
cation of NAA 6 65.71

Error ( I ) 12 21.91

Concentrations 
Of NAA 6 126*82

Intweet Ion 16 8.96

Error (2 ) 60 10.63

** Significant at 1% lave).



APPENDIX XV

Analyses o f varia n ce  fo r  e ffe c t o f naa on f r u i t  q u a lity

Degree*
freedom

Mean squares

Source T .S . S. Acidity Reducing
sugars

Total
sugars

non"" 
reduc­
ing 
sugar

Ascorbic
acid

Sugar/ 8r1a/ 
acid acid 
ratio ratio

Total 99

Block 3 0.25 0*001% 0*60 2.21 2.93 2.10 15*32 21.72

Stages of appll* 
cation of NAA % 1*2$ 0.0021 0*81 0.89 1.%9 U33 11.99 1%*%7

Error (1 ) 12 0*60 0*0032 0*2% 0*53 0*65 0.61 8.97 10.59

Concert rat Ions 
O f NAA * 2*8$ 0.00%2 1*53** 3.%9** 1.67* 0.95 5*%9 8*16

Interaction 16 0.51 0*0098 0*39 0*21 0.%6 0.38 0.86 1.06

Error (2 ) 60 0*86 0*0020 0*21 0*56 0.65 0*%% %«2% 3*77

* S ig n i f ic a n t  a t  ^  le v e l

** S ig n i f ic a n t  a t  1% le v e l



APPENDIX V
Analyses of variance for effect of naa on »D» leaf 

characters at harvest

Mean squares

Unsth *r- dth ^ iT ' Kfjfc -efrA 5P?c5SfS«f

Total 99

Block 3 208*11 5.65 3197.96 18.50 1.36 2.62

Stages of applicat­
ion of NAA 6 207.30 3.31 1625.57 19.17 0*50 6.17

Error (1 ) 12 196.02 3.18 1139.51 17.53 1.10 3.16

Concentrations of 
NAA 6 76.66 12.21 1577*38 85.05** 6.66** 3*82

Interaction 16 63.90 3.82 728.66 6.16 0.96 3.81

Error (2 ) 60 70.76 6.92 660.23 16.87 1.21 2.90

** significant at 1% level



APPENDIX VI

Analyses of variance for effect of naa on nutrient status of
•0* le a f  a t  h a rv e s t

Degrees of Mean squares
jQ u rci freedom Nitrogen Phosphorus Potassium C/N ratio

Total

Block

Stages of application
of naa

99

3

6

0*018

0*010

0*00260

0*00360

0*023

0*152

20*16

6*00

Error (1 )

Concentrations of naa

12

6

0*060

0*015

0.00095

0*00026

0*083

0*011

19*68

10.75

Interaction 

Error (2 )

16

60

0*017

0*030

0*00068

0*00065

0*076

0*076

12*26

16*00
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ABSTRACT

In spit# of spectacular achievement obtained 

In controlling flowering In pineapple by the application 

of ethrel In recent times, uniformity In fru it site 

in large pineapple plantings, oven under uniform 

cultural and monurfo! schedules, f*  seldom achieved 

in  Kerala* Both In plant crop and especially in rotoons9 

a considarable percantaga of fru its  fa ll below standard* 

Regulation of fru it site and maturity w ill help to 

Increase the fruit site os well es to extend the period 

of harvest*

The present Investigations were carried out 

in tha Department of Pomology* College of Hort1eu1ture9 

Vellanlkkara from 197$ to 1980 to study the effect of 

different concentrations of NAA (09 50, 100, 200 and 

300 ppm) at different stages of application (at 

Inflorescence emergence, one month after Infloreseenee 

emergence, two months after Inflorescence emergence, 

three months after Inflorescence emergence and four  months 

after Inflorescence emergence) on the site, maturity 

end quality of fru its  end also to assess the beet time 

of application of NAA, on pineapple variety, *Kaw( *

Uniform flowering was induced by giving e combination 

treatment of 25 ppm ethrel, 2 per cent urea end



0,06 per cent CmCOy

Considering the quality parameters like ?•$*$*, 

acidity and total sugars, the period between 132 and 

135 days after Inflorescence emergence appeared to he 

the best time of harvest of pineapple fruits*

Application of naa was found to Increase tha 

fru it s1xe tha maximum being affected by 300 ppm naa 

applied one month after Inflorescence emergence*

200 ppm naa applied at the tame stage and 300 ppm 

applied at Inflorescence emergence and two months after 

Inflorescence emergence had a similar effect* m x Iu s  

delay In fruit maturity was observed by the application 

of 300 ppix NAA followed bf 200 ppm NAA*

There was significant Increase 1n fru it t1se 

In different leaf groups whan 300 ppm NAA was appllad 

one month after Inflorescence emergence* The reduction 

In fru it s1se associated with lower leaf number could 

thus be Improved by the application of naa*


