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INTRODUCTION

Banana (Musa spp.) is considered to be one of
ths most important fruits of the world. Imnspite of
the fact that Indie ranks second with respect to area
(236200 hectare) under this orop, her contribution to
world market is rather negligible.

Kerala grows multitudes of varietiesz auitable
for dessert and culinary purposes and the area under
banana in Kerala is estimated to bs 50100 hectares with
an annual production of 615227 tonnes of fruits (Anon.
1980). Regional preference for a particular variety
also exists, dut the only cultivar of popular widespread
use in the state is the 'Nendran'.

Although there is a lot of export potential for
banana, we are not in a position to exploit the pame
for want of sufficient knowledge of the post-harvest
technology with regaxrd to the optimum time of harvest,
long storage and proper packing which can withstand long
distance transport. Therefore, the standardisation of
post-harvest technology to solve the prodlems of export
ies of immediate necessity. Under the above circumstances,
it is also absolutely necessary to study the effect of
pre and post harvest treatments on storage and quality of



banana with a view to increase the shelf life and
also to increase the transport life., Ome of the
most important commercial cultivars of the locality
viz. Hendran was chosen for the study,

The biochemical changes dwring the pre and
post harvest period of ripening and storage were found
to vary considerably, depending upon the variety,
specific situation, time of harvest, and method of
ripening and storage. Therefore, the standardisation
of the above factors are gquite fmportant for the regular
supply of fruits for the internal market and also for
the export. With the above objectives, a study was
undertaken at the College of Horticulture during the
period from 1978«-1980 on the “effeot of pre and post-
harvest treatments on tho'etorngn and quality of banana
ov. Nendran®, The objectives of the study were the
following.

1. To fix up the optimum wmaturity for harvest
(cv. Nendran) based on physical and bio-
chemical parameters.

2. 7To study the effect ofi-

i) pre~harvest application of growth
regulators on post harvest quality
of banana

ii) different storage methods on the shelf
life and the quality of banana.

111) aifferent fungicidal treatmsnts for
contreolling anthracnose disease of banam,
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REVIEW OF LITSRATURE

The palatability and taste of any fruit solely
depend on its chemical constituents. Baged on the
chemical analysis of fruits partioularly total soluble
solides (7.8.3.), acidity, T.S.3./acid ratio, maturity
standards for different fruits have been fixed
(Randhawa et a}., 1964). Studies conducted on the
biochemical and physical changes associated with growth
and development of banana fruits and possible correlation
between chemiocal constituents and quality of the fruit
and to deterzine the most appropriate time for their
harvest both for local as well as for export market

are reviewed as detailed delow:
1« BIOCHEBMICAL CHAKGES DURING MATURATION
1.1 Carbohydrates

Leonard and Barnell (1939) reported that,
during the development of the bamana bunch, sugars
rexain at a very low conocentration, while stareh rapidly
acoumulated. The rate of acoumulation of both starch
and dry matter in the pulp was greater during the two to
three weeks following the age level at whioch the fruit
would normally be harvested for export than during tine
weeks preceeding this age level,



Belevel (1932) reported that there were two
distinot periods in the growth of the fruit. The
first period was that of gtarch reserve in the course
of which the fruit, always low in soluble sugar, fixed
its starchy reserve at the expense of the reducing
sugars. 3ince sucrose was utilised less rapidly than
reducing sugars, the former becomes predominant., The
next period was one of maturation, and here soluble
sugars were fomed from part of starch, the former
being transformed into suorose while latter was
hydrolysed to invert sugars. Simmonds (1966) reported
that sugars were present in the green fruit only in
very small amounts averaging about 1 - 2% of the fresh
pulp, they increased to 15 = 204 at ripening, the
beginning of the increase ceinociding with the respirat-
ion climacteric. Starch disappeared oconcurrently,
dropping from about 20% in the greem fruit to about
1 - 2% in the ripe fruit.

The fortnightly analysis of developing 'Hindi'
bananas done by wally et al. (1969) revealed that the
starch content of the pulp reached a maximum level of
16.15%; eighty three days after flowering and that this
stage did not coincide with any particular stage of
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maturation., The level declined thereafter to 14.31%
at maturity. Ledh g% al. (1971) reported that the
total sugars were low until 100 days and inoreased
markedly after piocking in Dwarf Cavendish banana,
Pulp starch conoentration reached a waximum after 70
days and declined thereafter.

An investigation carried out to study the growth
behaviour and maturity index of 'Sasgrai' banama by
Singh gt al. (1976) revealed that starch and dry matter
contents nearly stabilised as the fruit approached
maturity. They aleso reported that results of chemical
analysis of artifiofally ripened fruitas pluoked from
same bunches at different intervals revealed that T.5.3.
(16,0 = 17.0¥) and total sugars (9 = 14) were somewhat
less in the initial samples at early stages of maturity,
On the other hand, both T.3.5. (18.5 = 19.5%) and total
sugars (15.9 to 16.2<) showed an appreciable increase
in the later stages of maturity.

Singh et al. (1980), based on their bio-
chemiocal studies on the developing and ripening bananas,
reported thit there occurs & linear increase in starch

content from immature to mature stage. It was reduced



to 40% on ripening whioch indicate a rapid change in
carbohydrate metabolism during ripeming.

1.2 Acidity

Barnell (1940) reported that there was
not much inorease in acidity of fruits during early
atages of development., His studies revealed that
simultaneous with the synthesis, of starch, continuous
fall in acidity oocnj@& throughout the development
until sterch hydrolysis bdegan when rising values for

acid content were observed.

Walf (1958) reported that fruit of bananas
cv. Colombia contained malic acid and citric acids.
In large fruits malic acid predominated while in gmaller
fruits oitric acid was pregent in greater juantity than
nalic acid. He further npecified that the acid content
reached maximum levels when the frits bezan to turn
yellow. Simmonds (1966) reported that the acidity of
the pulp of bananas, whether measured as pH or as
titrable acidity, rised to a maximum at or soon after
the climateric and showed a slight fall as ripening
progressed.



lakshuinarayans et al. (1970) found that in
Alphonso mangoes agidity reached a peak aryound the
Tth week dut had deocreased at ripening. Llobi and
Khan (1974) also reportsd similar ohanges in ripening

mango fruits,

But Singh ¢t al. (1976) reported that in
banana acidity did not indicate any relationship with
maturity or quality of ripe fruits.

1.3 Maturity indices

The study of the maturation of the banana
with a view to improving transport conditions (Anon
1952) revealed that maturation after cutting consists
of a preclimacteric phase of low respiration aotivity
during whioch ocompesition remains prectically unchanged
followed by a olimacteric phase of higher respiratory
activity and rapid physiological change which begins
when the fruit is dark green and ends before it is
completely yellow., Hence it is suggested to cut the
fruit at highest weight permitting a preclimaoteric
phase equal to transport period.

As the length of preclimeacteric phase depends
prinoipally on the stage of maturation of fruit when



out, various wvorkers have suggested different criteria
to assess the maturity index at harvest of ths fruite
to suit different purposes.

Decillin and Monnet (1960) reported that the
fullness in bananas can de determined based on the
surface median trangsverse seoction of the fruit.

Becoari and Ascani (1963) developed a colour
socale to judge the maturity of bdanana fruits which
makes use of the indirect determination of the approxi-
mate sugar content from the results of pulp tests with
iodine solution. They suggested to make use of a
blotting paper impregnated with 0.1 N ifodine to distin-
guish fruits ready to harvest for artificial ripening
or export.

Wally et al. (1969) suggested to make use of
the number of days from flowering to maturity as an
index for harvesting. He reported that the fruits
of 'Hindi' bananas takes 128 days after flowering to
reach full maturity and the climasteric ocouzed at
145 days when fruit was over ripe. The starch levsl
reached a maximum (16.15%) by 83 days after shooting.

Lodh ¢t a). (1971), reported that in banana the



fruit sise, weight{ pulp/peel ratio inoreassd
steadily for 130 days when fruit began to tum
yellow. Pulp 4dry matter content increased for the
first 85 days of growth except at 40 to 55 days but
fell after picking at 130 days. Total sugars were
low until 100 days and inoreased markedly after
picking. Pulp starch concentration reached a maximum
after 70 days and declined thereafter.

Singh et al. (1976) on the basis of bdiochemical
studies reported that good quality Basral dwarf bananas
ocan be obtained if the harveeting of the bunohes was

done 80 days after spike emergence.

Madamba et al. (1977) studied the effeot of
maturity on bio-chemical changes during ripening of
banana ov, Lasatan, Pruits picked at maturity stage
A (bdetween full and full three quarters) showed
parallel trends in biochemical ohanges with those
pioked at maturity stage B (between full three guarters
and 1ight full three quarters).

Desai and Deghpande (1978) reported that on the
basis of their studies on ovs. Pachabale, Rasabale
and Rajabole that bananas picked at 90 and 105 days,
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gtored better and showed better gquality tham bananas
picked at 120 days. They further pointed out that

the firmness, total chlorophyll and the ratio of total
sugars to acidity were the most promising maturity

indioes.

Teaotia and Bhan (1966) reported that to obdtain
high quality Indian pineapples, it should bes harvested
when the specific gravity lies in the range of 0.98
to 1,02, 7.5.3. content 14,8 to 17%, the 733/acid
ratio 20.8% « 27,24 and fruit has a developed a yellow~
ish to brownish yellow colour. ZEarlier harvesting is
possible when T.5.8. 18 10 = 12,5% and skin greenish
yellow,

Lakshminarayana ¢t al. (1970) observed that
the Alphonso mangoes reach the harvest maturity in
16 weeks after fruit set. The weight continued to
increase until harvest. The growth of the fruit in
teru of length, diameter and weight lhovfafﬁziutcn
9 and 14 weeks at the time of the development of the

stone.

Studies on indices of maturity of 'chittidar'
guava by Tripathi & Gangwar (1971) revealed that
specific gravity was a good index for fixing maturity.



Chandha o} al. (1972) reported that the pine-
apple fruit variety 'Kew' takes 165 days to attain
ripening. For canning purpose it can be harvested
within 150 - 160 days of maturity.

2., HKPPECT OF GRO+TH RBOULATORS ON MATURITY AND
RIPENING

2.1 Maturity

Incresse in gise and weight of fruits,
delayed maturity, earlier ripening as a result of
pre-harvest applications of growth regulators were
reported by many workers on different crops.

Clark and Kerns (1942) reportad that NiA
sprays at conc. 0.05% produced increase in sige and
weight of pineapple fruits. The maturity was delayed
by one week at high concentration of N.-».A. The
numbeyr of fruitiets was not influenced by the spray.
3rossmann (1950) also reported that application of
RAA geveral weeks before normal fruit maturity delayed
maturity and increased fruit sise.

Reduction in fruit weight and earlier maturity
followed by 2, 4-D application on mature fruits iscr

11



reported by Evan (1959). Das (1964) recoumended
NAA application at concentration of 20 and 50 ppm
for increased fruit weight and delayed maturity in
pineapples. Ali & Talukdar (1965) also got eimilar
effects with Planofix, They reported that Planofix
appliocation delayed maturity and significantly
increased fruit weight and size in pineapples.

Agig and Wahadb (1370) compared acetylens,
coalgas and 2, 4-D for the artifiocial ripening of
bananas and found that bananas treated with 2, 4~D
at 100 ppm for 30 records wers marketable for longer
than those from other treatments., The 2, 4-D treat-
ment was the cheapest.

Tomi 9t al., 1970 reported that dwarf cavendigh
bananas were sprayed with 2, 4<D (10 « 40 ppm) and GA
(10 = 20 ppm) either seperately or together, at various
times bdetween flowering and about a month before hare
vesting to assess the effeets on fruit ripening and
storage. Sprayed fruits stored at room temperature
attained maximum finger weight after 6 - 9 days, compared
with 14 days when cold stored at 55°F, with unsprayed
fruits the corresponding time wePp 12 and 21 days
respectively. The pulp percentage and soluble solids



contents at both temperatures increased with storage
duration and were highest with fruit sprayed with 2,
4=D at 10 ppa during flowering. Soluble solids con-
tents were enhanced by moat treatments, difference
between sprayed and uneprayed fruit deinz most marked
during the first few weeks storage.

dee (1971) reported that spraying the develop-
ing fruit of pineapple cv. Singapore Spanish with a
aolution of Planofix ({noreased fruit weight, diameter
and acidity. The best time for treatment was 6 weeks
after the appearance of the inflorescence. The treat-
ment also delayed maturity.

Huang (1973) studfied the effects of plant
growth hormones on the development of pineapple fruit
and reported that NAA or sodium salt of NAA gprays
one month after flowering inoreaged yield by 11 - 32%
and the higher the concentration, the greater the
inocrease., Also, Na NAA O 100 pvam delayed ripening by
12 = 16 days.

2.2 Growth Regulators on Ripering

Freiberg (1955) reported that the immersion
of banana stem in golutions containing sodfium 2, 4-D

13



24, 5«7 or CPA accelerated ripening. The effeot
of ripening was more marked on the pulp than on
the skin,

Dedolph and Goto (1960) reported that when
the hands of 'Dwarf Cavendish' were cut and dipped
in water solutions of 2, 4~-D at 100 ppm, ripened
more quickly and uniformly than those from other
treatments (GA at 20 ppw; 2, 3, S-trichlobenzoioc
acid at 25 ppm and IAA 250) Tamigella (1962) found
that 2, 4, 5-7 wag moxe effective than 2, 4-D in
promoting early ripening in maniring., !urata
et a). (1965, studied the effects of growth regula-
tors on the ripening of 'Shinsun' bananas and found
that the climacteric ascent was hastened by 100 to
1000 ppm 2, 4-D.

Lakehminarayana et al. (1Y€7) reported that
in sapota fruit ripening was hastened by 2, 4~D
(100 ppm), 2, 4, 5=7 (100 ppam) and 2, 4, 5~T°(25 ppm)
when sprayed on the trees 10 days befare harvest.

In wangoes wherein anthracmose is a problenm,
ethephon treatment shortened the ripening period,
giving no time for the development of anthracnose and
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thus producing flavours and appearance (Campbell and
ma' ‘969) L)

Krishnamoorthy and Subremanyam (1970) reported
that a 100 ppm concentration of 2, 4, 5-TP delayed
ripening of ‘pairi' mangoes and had no effect on the

skin colour,

Audinay (1970) reported that in pineapple pre-
harvest sprays of ethrel 1-8 kg/ha with a plant populae
tion 50000/ha 4 weeks before the theoregtical picking
resulted in earlier and more homogenous ripening and
& briefer harvest period proportional to the doses of
ethrel applied.

Bondad (1971) dipped ‘Lakatan' bananas for 5
minutes in 2500 ppw Ethephon solution and observed
that climacteric peak was attained 5 days earlier in

treated fruits than in untreated ones.

Saha (1971) reported that ripening of guava
could be hastened by 2, 4~D and 2, 4, 5-«T. The rate
of ripening was doubled in guavas treated with 200 ppm
of 2, 4, S-T,

Deol and Bhullar (1972) reported when mango fruits
stored in polythene, were treated with 2,4-D and 2, 4, 5-7,
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ripening was normal after 12 days of storage, and
wagtages due to diseases and physiological disorders

were reduced.

Sadasivam and Muthuswamy (1972) studied the
effects of 2, 4~D and 2, 4, 5-T on ripening of bananas.
Three gquarters full hands of Dwarf Cavendish bananas
were dipped in solution of 2, 4=D or 2, 4, 5-7 at
concentrations in the range 25-3000 ppm and held at
room temperature (28 - 33°C), At 250 ppa and above
both compounds ripened the fruits after 6 days compared
with 76% of untreated fruits. Ripening vas retarded
by some of lower concentrations. Peacook (1972)
recoumended exposure to ethylene for uniforam early
ripening of green bananas at short periods. Terai st al.
(1973) reported that when the central region of mature
green bananas was treated with ethylene at 80 - 100 ppm
ripening 1e., degreening of the skin and gugar accumula~
tion in the pulp, started in the Iireated part and
gradually progressed to the untreated parts. FParmar
(1974) recommended immersion of the bunchesin ethrel
(ethephon) 50% at 2 ml per litre of water to replace
conventional and sealed room method of ripening bananas.



In a trial with ethylene and 2, 4-D the best
results by way of accelerated, uniform ripening were
obtained with ethylene at 5000 ppm applied for 10
seconds tc fruite at 20°C and at high KH for 16 hours
(Anon 1976).

Banna (1976) reported that ethephan treatment
shortened the time required for the artificial ripen=
ing of bananas (Gros i“ichel) tharouga ite effects on
colour development, peeling quality, pulp/peel ratio
and 2.5.3. content. Jhus ifruif reacued waximum ripen=
ing in 4, 6 and 14 days respectively, for high (1500 =
1000 ppm), low (100 & 250 ppm) and the control treat-

nents,

Liw (1976 worked out the correlation between
banana gtorage life and mfnimum treatment time required
for ataylene regponse. Accordingly; a linear regres-
sion equation as Y = 4,59 + 1,25 X was fitted where
¥ = is the storage life in days in air at 21°C, X » in
the minimwur time in hours required for ripening in
10 ppm ethylene, The coefficient of correlation between
the variadblee was §;92.
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Uneven ripening of 75" mature Dwarf cavendish
bananas was reported by Rizk et al. (1976), when the
harvested bunches after holding for 5 days were
sprayed with 2, 4-2 or 2, 4, 5=T each at 500 or 1000 ppm
and covered with polythene for 2 days followed by
partial covering for 3 days.

Terai and Ogata (1977) studied the role of glyco-
lyeis in the respiration of banana fruite etimulated
by ethylene. They found that during ripening the
content of reducing sugars increased in banana pulp
and pesl, and the levels of glycolytic intermediates,
corresponded t> the re-piratory changes in the pulp
tissue. The respiration of peel gections decreased -
the oontent of soze glycolytic intermediaries increased
when ethylene was removed., Singh @t al. (1477, also
reported accelerated rate of ripening in bananas as @
result of ethrel application. sosral iLwarf bananas
were treated with sthrel (ekhephon;, calciux carbide
or 2, 4= or were covered with ary banana leaves luring
September and October at ambient temperature and
humidity. Zthrel at 5000 ppm induced ripening in 2
and 2.5 days and at 3000 powm in 3 and %.,5 days, in
September and October respectively. The contrals took
about 6 and 10 days to ripen respectively. TIhe otner



treatments caused slower ripening than ethrel and
produced inferior fruits,

Awad et al. (1977) also reported that green
fruits immersed for 2 minutes in ethephon at 500 ppm
had their climacteric advanced by 5 days whereas
fruits treated with GA at 100 ppm had their climacterio
delayed by 2 days, compared with the control. Liu
(1978) reported that bananas ripened with ethephon in
suitable film packages had good eating quality and a
longer ehelf life than bananas ripened in air.

Morrislieberman (1979) reported that the ripen-
ing is decided by the integrated role of hormones oOther
than ethylene. Auxins accelerate ripening in green
bananas as a result of increasing ethylens production.
Degreening, pulp softening, respiration and ethylene
production are influenced by auxins, zidberellins and
cytokinins,

3. CHAROSS DURING RIP:ERING
3.1 Peel/Pulp ratio

Gore (1914), Smith (1932) as quoted by
Leosecke (1950) reported that during ripening of the

19



fruit, the pulp increases in weight due to an
fncrease in water content., Thie water is obtained
from the peel and probadly also from the stalk.
Because of this, the peel loses weight, and this will
cause a change in the pulp to peel ratio as the fruit
ripens.

Barnell (1941) Wardlaw, Leornard and Barnell
(1939 a, b) also supported the earlier work as they
found that there was an increase of pulp/peel ratio
from 1.2 - 1,6 in green fruit depending on maturity,
to 2.2 = 2.4 at advanoed ripening reaching 3 or more
in rotting fruits after prolonged storage. Barnell
(1943) and Simmonds (1Y66) reported that the rise in
pulp/peel ratio was closely related to change in sugar

conoentrations in two tissues,

Venkantarayappa et al. (1975) reported marked
increase in pulp/skin weight ratio was an indication
of eating ripe stage in banana. 3uch a change ocoured
in Giant Cavendish from 3.16 to 4.25 and in DC from
2.03 to 4.15 on the 11th day. The actual attainment

20

of eating ripe stage was very closely in agreement with

pulp/ekin weight ratio and it was almost simul taneoua
in both the varieties.
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3.2 Carbohydrates

The most conspiocuous change in the matura-
tion of the banana is the conversion of staxch to
sugars (Loesecke, 1950). wardlaw and Leonard (1940)
have studied the carbohydrate changes taking place
during ripening., The predominent carbohydrate of green
banana is starch which {s very largely replaced by
suorose, glucose and fuctose during ripening, Poland
et al. (1975) reports that maltose in traces along with
four othar.nuga:- of which one is reported to be
rhamnose (Lulla & Johar, 1955).

Yang and Ho (1958) reported that the changes in
carbohydrate metabolisz and respiratory mechanisa
during the courase of ripening indicated the existance
of a transition stage between maturation and senescence
in which there is a marked and sudden rise of respira-
tion accompanied by physiologiocal and chemical changes.
Starch is convertesd to sucrose and in the post climacte-
ric stage, into glucose and fuctose.

Simmonds (1966) summarised the earlier works by
reporting that sugars are present in green fruits only
in very small amounts, averaging about 1 - 2 per cent



of fresh pulp, they increased to 15 - 20 per cent at
ripeness, the beginning of the increase coinciding
with the respiration climacteric. Starch disappears
concurrently, dropping from about 20 per cent in the
green fruit to about 1 - 2 per cent in the ripe fruit,
it being higher in the ripe plantain (about 6%) than
in dessert bananas.

Venkatarayappa et al. (1975) found that during
ripening of Gros Michel and Dwarf Cavendish bananas,
the acidity tended to inorease gradually in both the
clones with the advancement of ripenming. No signi-
ficant changes in fat content during ripening have been
detected (Loesecke, 1950).

3.3 Acldity

Acidity of the pulp roses to a maximum
at or soon after the climacteric and then usually
shows a slight fall as ripening progresses. The skin
of the fruit shows a similar trend but is slightly
delayed with respect to the pulp (Gane, 1936, Barnel,
1941a, b 1943).

Loesecke (1950) reportelthat there is no



significant change in the nitrogen content of the
ripening fruit. Protein in the ripe fruit lies
between 0.5 and 1.5 per cent.Hulme (1955) found
that 17 amino acids, together with abnormally large
amount of L., histidine of the free acid.

3.4 Tannins

Barnell and Barnell (1945), using the
diastase inactivation method, estimated a tannin
fraction that they presumed to be responsible for the
astringency of the unripe fruit. They found that this
fragtion fell in the ripe fruit to about one-fifth of
its value in green, preclimacteric fruit. T[he tannin
content WiS three to five times more abundant in the
peel than in the pulp and also fell sharply at ripen-
ing. 7The moisture content of the pulp was found to be
increased when the fruit ripens (Stratton & Loesecke,
1930, Gore, 1914).

4. STORAGE

Jax coating mature green bananas was suggested
by Blake (1966) as a method for prolonging storage
life of fruits. Green bdananas ov., Monas Mari dipped
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in waterbased emulsions containing 2 -« 10% paraffin wax



delayed the development of full colour, increased
shelf 1ife, reduced weight loss and reduced respira-
tion. The magnitude of each effect was generally
related to the ooncentration of wax in the dipping
treatment.

Mahmoudi and Eisawi (1968) stored the Iwarf
Cavendishi banana at temperature #f 52°, 55° or 60°F
and 80 - 85% RH, unwrapped and wrapped in tissue kraft
paper or perferated polythene. They reportdthat no
decay occured to hands of two-third full bananas stored
for 3 weeks in polythene at 52°F, it all astorage
temperetures, the peel/pulp ratio, the pulp moisture
percentage and weight loss percentage increased and
peel thickness and pulp firmness decreasec. The rates
of these changes increased with temperature and storege
time. Total carbohydrates and staroh decreased and
total and reducing sugars increased during storage.

The changes were least rapid in polythene.

Scott et al. (1968) repurted that the storage
1ife of bananas packed in polythene bags can be
increased ut least by 2 weeks by inclusion of KMnO4
as ethylene absorbent.
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Navin (1969) recommended that centralised
packing and use of polythene bags containing a
desicant are effeotive and economic method of mini-
mising losses through bananas aiming at the market
in a stats of mixed ripensss which is caused by a

combination of high temperature and high Ri,

Scott st al. (1970) further reported that
potassium permanganate reduced the concentration
of ethylene and caloium hydroxide reduced concentra-
tion of coz in sealed polythens bags containing bananas,
When fruits that were not packed in sealed bags were
ripe (16 days after the beginning of storage) all the
fruits in sealed polythene bags were in firm green
condition and there was little difference between
treatments in sealed polythene bags. After 29 days
some of the fruits in sealed bags had goftened, but
fruits in bags containing K!BO‘ wers firmer than
fruits receiving other treatments and this effect was
more marked after 38 days. About 2 weeks additional
storage 1ife wae obtained by packing KMNG4 with the
fruit, Liu (1970) also reports that f{rnclusion of a
ethylene absorbent within sealed polythene¢ bags con-
taining bananas prolong the storage life as the endo-
genous ethylene produced by the bananag is absorbed dy
the ethylene absorbant instantaneously.



A comparaiive study of skin coating and smok-
ing treatment on the ripening and storage behaviour
0’ banans ov. Basral was onducted by .\gnihotri amd
Ram (1971). Ths results indicated that skin coated
bananas smoked and unsmoked groups could be maintained
in good condition respectively for 6 days and 8 days
and those recelving smoke treatment alone for 4 days,
whereas check samples falled to ripen properly, and
mostely turned black after 4 days.

Fuch and Gorodeiski (1971) studied the course
of ripening of bananas stored in sealed polytheme
bage and reported that bananms not sealed in polythense
bags (control) became ripe (yellow, soft and dwarth
good flavour) after 7 days of storage, while all fruits
sealed in bags with or without xmlo4 was still green
after 14 days. The amount of ethylens in the atmosphere
in bags containing KHNO; was lowey than in those . ithout.
Tongue (1972) also reported siwmilar results by storing
green dbananas in pelythene covers conteining ENKC,,

*uthuswany ¢t al. (1972) recomaended cold storage
as a method for prolonged shelf life for bananas., Whole
bunches of dwarf cavendish were successfully stored at
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14.4°C and 80 « 90X R for 25 days as compared with

7 days at room temperature 29°C - 32°C, Detached
hands ripened after 18 days in refrigerated storage
and within 7 cays at room temperature. Two goatings
of wuax ewulsion containing 6 or 12 wax greatly
ratarded ripeaning in cold storage and reduced weight-

losg.

Kao (1971) reported that ramma-irradiation of
green bananas at 20 - 30 Krad delayed soluble solids
formation, starch disappearance, and respiratory acti-
vity. GStoring irradiated bananas at 12 - 20°*C or
25 = 30°C delayed ripeninz by about 7 and 5 days res-

pectively.

Sadasivam et al. (1971) reaported that a double
coating of 12 wax emulsion (as waxol w=-12) prolonged
storage 1ife and reduced the weight loss of whole
bunches held at 56°F; only 507 of the fruits was ripe
after 30 days, compared with 100% of the unwaxed bunchas,
The wax coating also inocreased the storase life ¢
detached hands by 5 days at room temperatura ané bdy
10 = 12 days at 58°F,

Zica and Brune (1575) reported that banana
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ov. Prata ripening was most markedly delayed by
unperforated polythene bags with absorbent, bdut

this treatment made the fruit commercially un-
acoeptable. The most suitable commercial treatment
was with perforated polythene bags without absorbdent,
which delayed ripening by about 5 days.

Seott and Gandsnegara (1974) studied the effscts
of temperature on storage life of bananas in sealed
polythene bags and found tit sealed polythene bags
containing KHRO4 kept at 30°C have gimilar life to
that stored conventiomally in air at 12,8°C, Patil
and Magar (1975) studied the effect of purafil, c:(ou)z
and a 1 1 1 mixture of purafil and Ca (OH), on storage
life of bananas stored in sealed polythene bags at 13,
24 or 31°C. They results indicated that purafil reduced
sthylene oconcentration, Ca (03)2 reduced CO, concentra=-
tion and the mixture reduced concentration of both
ethylene and 302. Parafil extended the storage life of
preclimacteric bananas by 16, 8 and 4 days at 13°C, 24°C
and 31°C respeotively. Hdubisu (1976) also reported
that fruits held in polythene bags with purafil alone
remained green and hard for 3 - 4 weeks before ripening
started and they were fully ripe after 5 weeks.



Salunkhe and Wu (1975) recommended sub-
atmospheric storage of bananas for prolonging shelf
life of mature green bananas.

5., EFPECT OF FUNGICIDAL TREATMENIS ON CONTROL OF
POST HARVEST DISEASES OF BANANA

Damodaran and Ramakrishnan (1963) during their
studies on anthracnose disease of banana gome 26
iasolates of Gleogporium mugarum were tested on 31
banana cultivars. They found that all the varisties
were susceptible, the susceptibility varied with the
age of fruit, cultivars and the inoubation period.

The fungi associated with the orown rot of
boxed banana were isolated and identified by Geena
& Goos (1963). The inoculation of banana crown with

pure cultures of Thielaviopsis paradoxa, Botryodiploidia
theobromae Pat. Gleogporium mugarum ocooke and Massee
caused severe rotting, Dejghtonielle torulosum Syd.

M.B. Ellis produced a moderate rot, while Fusarium
rogeum (Link) Snyd & Hans Gobbosum, Yertioillium
theobromae (Turc) Mason & Hughes and Fuparium
moniliformae sheldom were only weakly active in indi-
vidual trials, but were found to be more severe in
combination., Roth and Loeat (1966) reported that fungi
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such as Gleogporium musarum, Thejlaviopsis papedoxs,
Geotrichum Candidus Figrospors sphaerioa, Fusarius
gemitectus, Fusarium monjliformas, rusarium oxysporws
(Var. F.Sp) gubens Botryo diplodia theobromae

Yerticdllium gandelobrum, Vertioil}iws theobromas and
several actinomycetes bacteria and yeast were associated

with the collar rot of banana fruits. Ramakamanantose
(1966) reported that Isoamyl butyrate ani isoamyl
ipovalerianate could completely inhibit the growth of
Zleosporium mugarum during a 5 day teat, the former
resulted delayed colour change, while the iater hastened
the changee in skin colour without affecting degree of
ripeness of the pulp.

Greene and Morales (1967) reported that tannins
from green banana fruit latex inhibited the activity

of Beamylase produced by Gleogporxrjum musarum resul ting
no spread of the fungus.

Out of the 5 chemicals tested for the control
of black end and anthracnose of bananas both caused by
dleogporium mugarum, Burden (1969) reported that best
control was achieved by benlate followed dy thiabendasole
and 2 aminobutane. he prophylactic measures suggested
include good cultural and sanitation practises, careful
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handling of fruit after harvest, clean packing
gheds, washing and dipping in thiabendagole or
Benlate.

chillingford (1970) reported that fungal rots
were induced prineipally by Gleosporium mugerum and
‘ugarium rogeum which were responsible for much
deteriorotion in the quality of jamaican banana, He
had reported that thiabendazole and benomyl at 200
and 300 ppm respectively zuave good contro’ when used
for post harvest dips. Noderate control was obtained
with Dithane M=45 (Maneb) at 200 ppm.

*rogsard (1971) reported that banana rots
induced by artificial inoculation of the stem end and
skin with gollectotrichun musae were effectively con-
trolled by one minute d4ip in 400 ppr thiabendasole or
100 ppm benomyl, 5 hours after inoculation, Meredith
(1971) reported that benomyl and to a les-er sextent
thiabendazole were effective against established latent
infegtion in banana. Hippon (1972) claimed that the
best control of Gleogporium mugarum on inoculated banana
hands was rendered by post harvest application of

benomyl (100 Ppm).

‘rogsard and lLaville (1973) reported that



carbendazin (as Bavistine) at 200 - 300 ppm (accord-
ing to season) is effective as post harvest dips for
one minute for controlling anthracnose disease of
banana., 7Griffee and pipegar (1975) used benomyl and
thiabendazole as standards against banana crown rot.

In in yivo studies thiophenate methyl and benzimidasole
derrivatives (Bavistin and DAM 18654) at 250/ug/ml a.d
gave similar degree of control as benomyl at the same
dosage as BZ at 400 mg/ml.
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MATSRIALS AND MuTHODS

The investigations were oarried out at the
College of Horticulture, Vellanikkara during the
period 1978«1980 to study the effeot of various pre
and post-harvest treatments on storage and gjuality
of banana cv. Nendran,

'Nendran' grown from uniform suckers under
uniform agro~climatic conditions and management
practices under rainfed conditions wede utilised for
the studies. The experiment was conducted at the
Instructional Farm of College of Horticulture,

Jampling and Layout

Bunches with sams date of shooting were marked
for the purpose of atudy. Uniform fingers collected
from the second hand of different bunches were sampled
seperately at 10 days interval, starting from shooting
and were utilised for maturation studies. The physical
and chemical characters of the fruits were studied as
detailed below,

1. PHYSICAL CHARACTERS

1.1 length



1.2
1.3
1.4
1.5

Girth

Yolume

Weight of whole fruit
Pulp/Peel ratio

2, CHEMIOAL CHARACTERS

2.1
2,2
2.3
2.4
2.5
2,6
2.7

Stareh

Sugars (reducing and non-reducing)
Titrable acidity

Ascorbic acid content

Tannin

Dry matter content

Moisture content

1. PHYSICAL CHARACTERS

Sampling was done from 10 bunches taking 5 fin-
gers each from the inner row of the seocond hand and

average worked out.

1.1 Length of fingers
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Length was taken from the base of the finger



along the outsr curvature upto and including apex
using a non-elastic twine and measuring with a centi-

metre scale,

1.2 Girth of fingers

The girth was measured at the point of
maximun thickness adopting the same method as that

of the length meagurement,

1.3 Volume of fingers

The volume was measured by water displace-

ment wethod,

1.4 Weight of whole fruit

Weight of fingers was measured using a top
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loading automatioc eleatric balance and expressed in gme.

1.5 Pulp/Peel ratio (by weight)

Peel wag sepsrated with a sharp stainless

steel knife and weight of the peel and pulp were recor-

ded seperately, The ratio was calounlated by dividing

the pulp weight of a finger with the weight of the peel.



36

2. CHEMICAL CHARACTERS
2.1 Stareh

Starch wag estimated by the standard
procedure as stated in A,0,A,.C.(1960).

2,2 Sugars
2.2.1 Reducing sugars

The reducing sugars of the sample were
determined as per the method desoribed in A.0.A.C.(1960).

To a known quantity of macerated pulp, distilled
water was added. After thorough mixing the solution
was clarified with neutral lead acetate and deleaded
with sodium oxalate and made up to known volume. The
solution was then filtered and am aliquot of this solut-
ion was titrated against a mixture of Pehling's A and B
solutions, using methylens blue as indicator. ihe

reducing sugar was expressed as percentage.
2.2.,2 Total sugars

The total sugars were estimated as per
the method descrided by A.0.A.C., (1960). Five ml of

concentrated hydrochloric acid was added to a knowm



volume of clarified solution prepared as stated earlier
and the same was kept overnight. The solution was then
neutralised by adding sodium hydroxide and titrated
against a mixture of Fehling's A and B golutions. The
total sugar was expressed as percentage.

2.2.5 VNon-reducing sugars

The difference between total sugars anmd
reducing sugars was worked out and expressed as non-

reducing sugars.
2,2.4 Te3e80

Total soluble solids were found out by a
pocket refractometer.

2.5 Titrable acidity

The wetkod desoribed by A.0,A.C. (1960)

was adopted. Ten gram of the macerated sample was

digested with bdoiling water and made upto a known volume,

An aliquot of the filtered solution was titrated against
0.1 N HaOH using phenolphthalein as indicator. The
acidity was expressed as percentage of ocitric aocid.
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2.4 Ascorbdle acid

The method described dy A.0.4.7. (1960)
wag used. A known gquantity of the pooled sample of
the fruit was macerated in a mortar by adding small
quantities of two per cent metaphorphoric acid and
then filtered and made upto a known volume, An
aliquot of the extract was taken to which an equal
volume of two per cent mataphorphoric acid was added.
The content was titrated against a standardised gsolu-
tion of 2, 6, dichlorophenol indophemol dye. The
ascordiec acid content of the juice was then caloulated
and expressed as mg/100 g of pulp.

2.5 Tannin

Calorimetric method of tannin estimation
as descrided by Renganna (1977) was made use of and
the value was expressed ag percentage.

2,6 Dry matter content

A weighed quantity of the pulp was chopped
into small pieces and were dried in hot air oven at
70°C for about 72 hours till two consecutive weights
agreed, Dry matter content was then worked out by
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dividing the weight of oven dried sample with fresh
weight of the sample and expressed as percentage,

2.7 Molsture ocontent

A welghed quantity of the pulp was chopped
into small pieces and dried in a hot air oven at 70°C
till there is no further reduction in weight. The
moisture content was then worked out from the weight
lost during drying and expressed as peroentage of
fresh pulp weight,

EFPFECT OP PRE-HARVEST SPRAYS OP PLANT GROWTH REGULATORS
IN QUALITY OF THE FRUI?

In order to study the effect of growth regulators
on quality, bunches of almoet the same chronological
age ( + 2 days on either side) wers spreyed with
different levels of growth regulators on 60th day
after shooting., The growth regulators and the

different levels tried were as given delow:

Srowth regulators Qoncentretions txied
1. Bthrel 10C ppm 200 ppm 400 ppm
2s 2, 4D 2 ppu 4 ppm 10 ppm

3. BRaAA 25 ppm 50 ppm 100 ppm
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The treated dunches were harvested on 70th
day, 30th day and 90th day after shooting. Physical
charagters such as length, girth, weight of fingers,
peel weight, pulp weight, pulp/peel ratio and chemical
charaocters such as 7.3.5., sugurs (reducing and non-
reduoing), titradle aoidity and drix/acid ratio were
studied.

PRAEPARATION AND APPLICATION OF GROWTH REGULATORS

Meagured quantities of growth regulators were
taken and dissvlved 4in 5 ml of abeclute aloohol. The
stock solutions were diluted with distilled water so
as to give the mquired convceatrations. In the case
of Ethrel, the preprietery product was pipetted out
and dissolved in water direetly to give the required
conosniration,

™he solutions were applied on seleeted buncies
of uniform age oovering the antire duneh using an

atonizer,
STORAGE CUM PUNGICIDAL STUDIES

Storage cum fungicidal studiss wore conducted
on uniformly mature banana bunches. The following

Al
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treatments were employed in the fungioidal studies.

1. Contrl (no spray, mo dip)
2, Spray alone (on 60th day after shooting)
3. Dip alone (soon after harvest)
4. 8 and 4ip (sprey on 60th day +
Py P dip at harvest)
FPor the epray and 4ip 5 fungicides each at
2 levels were Uused as mentioned delow.

Jungieideg Congentrations

1. Anthyeeol 0.05%, 0.01%

2. Bavistin 500 ppm, 1000 ppm
3. Thiride 0.1%, 0,2%

All the adove treatments were subjected to
the fellewing methods of storage.

1. Pelythens bag (200 guage of sise 45 om x 30 cm)
2. Polythens beg ¢+ DNNO,

3. Open storeage

4. Sumoke house ripening amd storing in open

The intensity of anthrecnose disease caused by
Gleogperium susarux on the fruites were scored on
alternate days upto complete rotting stage. 2 score
card with pointe from O - Y was used for ascoring the



intengity of infeotation on different treatments.

The desoription of the scores used ls givem bdelow,

¢

O ® -3 &0 v & U N = 0O

Degeription
Black spots Nil to 104 of the area of the fruit

Black spots 10% to 20% of area of the fruit
Black spots 20% to 30% of sxea of the fruis
Black spots 30% to 40% of area of the fruit
Black spots 40% to 50% of area of tle fruit

Blagk spots S0 to 60% of area of the fruit
Black spots 60% to 70% of area of the fruit
Rlack spots 70% to 80% of area of the fruit
Black gposs 80% to 90% of area of the fruit
Alaock spots 90% to 100% of area of the fruit

To judge the ripening rates under different storage condi-
tions, another method of seoring on alternate days was
adopted as detailed delow:

Sooxe
0

AU TR RV I B

Degeription

Gresn

Green to greenish ysllow

Greenish yellow to yellowish green
Yellow

Yellow with black gpote

Over ripe stage with rotting/dlackening






Five fingers each were sampled out at 2 days interval
from all the 4 storege treatments for conducting
quality analysis and the following charecters such

as 7.5.8., sugars (both reducing and non-redueing),
titrable acidity and ascorbic acid content were studied.

8ix fingers seleocted at random from each bunch
congtituted one treatment of a replication. In order
to prepare the required concentrations of fungicidal
solutions, measured quantities of fungicides were
dissolved in water. Pre-harvest sprays were oonduocted

using an atomiaser.

1. Polythene bag (200 guage)

The fingers soon after separation from
bunches were kept in polythene dags and sealed.

2. Polytheme gover « nm‘

About 125 ga of well drisd sawdust taken
in cloth bdags were soaked in saturated potasgsium
permanganate solution for half an hour and the excess
solution was drained off before keeping in the polythene
dags, containing green fingers and the bags were then
sealed,



3., Open storege

The harvested bunches were kspt under
open conditions at room temperature for ripeming.

4. Smoks houpe ripening amd storing in open

The bunches kept in smoke houses for 24
hours were taken out, fingers seperated and kept
under open conditions for further ripening.

STATISTICAL ANALYSIS

The data on different aspeots stuwiied were
subjected to statistical amalysis, following the
methods of Smedacor and Cechran (1967). T mean
values were worked out for different parumeters.
All the characters of different treatments were
analysed by the analysis of variance technigue.
Critioal differenses were ealeulased for the compa-
rison of tyeatmsnts.
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RESULTS

The results of the different studies conducted
are presented in the following sections.
1. Growth and development studies with a view
to fix up optimum maturity.

2. Effect of pre-harvest sprays of growth
regulators on the quality of fruits.

3. Comparative study of different storage
methods.

4, Effect of different fungiocidal treatments on
controlling anthraonose disease of banana,

¥ GROYTH AN. DEVELOPMSRT OF THK PRUIT

The growth and developuent of the fruits, as
represented by length, girth, weight, volume and
spsoific gravity of the fingers from shooting to 30th
day were collected at an interval of 10 days and these
are presented in tables {1 & 2 and figures 1, 2, 3 3 4.

1. PHYSICAL OHARACTERS

1.1 Length of fingers

The data showed that at the time of shooting,
the mean length of fingers was 17.52 om and at full
maturity (90 days after shooting) it was 24.32 om showing



an inorease of 6.8 cm in length during & period of

90 days. The increase in length was 61.91 per cent
during the first 30 days and 31.18 per cent during
next 30 days. The last 30 days (from 60 to 90 days)
accounted for only 6,91 per cent of the total increase
(Table 1).

1.2 Girth of fingers

The nean maximum girth of the fruits at
shooting was 8.79 om and at full maturity 13.31 om.
Out of this increase of 4.52 om fn girth, 67.70 per cent
had taken place within 30 days of shooting, 24.34
per oent during next 30 days and only 7.96% during
lagt 30 days(Tabdle 1).

1.3 Yolume

The data shewed that the increase in volume
wag rapid during the first two months of growth period
resulting an inerease from 68 oe at shooting to, 164.4 oo
on 60th day. Thereafter the inorease continued and at
fall maturity the fruites had a volume of 172,00 ce. The
speoific gravity of the fruits aleo increased from 0,76
at shooting %o 1.00 on 60th day. The speocific gravity
wag 1,02 at 80th day, thereafter showing a reduction to
1.01 at full maturity.
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1.4 deight of fingers

The fingers weighed 51.82 g¢ on an
average at ghooting, whioh increased to 173.2% g
at harvesting maturity, thus showing an increase
of 121.41 g during 90 days' growth, The inorease
in weight of fruits were at a rapid rate during
first 30 days, accounting for 65.32 per cent of
total inorease in weight. The inorease was 27.05
per cent during next 30 days and 7.63 per cent during
last 30 days.

The above results clearly fndicated that about
2/3 of the total growth took place during the fimst
30 days after shooting and it was less than 10 per
oent aftor‘ 60 days (Teable 1 and *ig.1).

1.5 Pulp/pesl ratio

Pulp to peel ratio was more or less oon-
stant (0.32 = 0.33) upto 30 days after shooting and
it inoreased thereafter to 1.24 by 60 days. The
increasing trend continued and the ratio was 1,84 at
full maturity (Table 1).

2., OHEMICAL CHARACTERS
2.1 S8tarch
Accumulation of starch in the pulp of fruits



PERCENTAGE INCREASE

Fia. 1 - PERCENTAGE INCREASE IN LENGTH, GIRTH AND WEIGHT OF BANANA
FINGERS [ CV NENDRAN] AT DIFFERENT STAGES OF GROWTH.
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Fig. 2. PERCENTAGE OF DRYMATTER AND STARCH CONTENT OF
BANANA FINGBRS [CV NENDRAN] AT DIFFERENT STAGES

-

OF DEVELOPMENT.
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Table 2.

Variation in dry matter, starch, sugars, ascorbic acid, acidity and tannin
content of banana fingers (ev. %endran} during development

Stareh Conten Total Aserodbic Agidity 7Tannin Dry matter Hoisture
myn atver  Lincmese gumm sl (or” (T T T conimnis
shooting % total fresh pulp) peel) Pulp Peel <ulp Peel

pulp  (mg/100g)
10th cay 1.395 - 0.50 1.18 0.04 40.48 8.24 7.92 91.%6 32.55
20th cay 3.012 5.28 0.51 3.68 0,048 32.65 11,05 7.65 88,10 392.42
30ta day 6.86 12.57 0.625 8.48 0,056 20.22 14.76 14.45 85.24 88,55
40th day 14.64 25.41 0.56 10.64 0,064 12,07 29.58 13.57 7T0.42 86.43
50th day 20.41 18,85 De85 12.50 0.068 10.38 37.66 14.60 62.34 85.40
60th day 22.23 5.94 0.93 11.11 04088 16.25 42.82 13.63 57.18 86.37
70th day 27.40 15.71 1.00 14.62 J.08 15.17 45.90 14.40 54.10 85.60
80th day 30.05 9.83 1.20 16.24 0.08 6.T7 42.75 14.83 57.25 85.17
90th day 32,01 6.40 1.29 18.00 0.896 7.72 42.05 13.60 57.95 B6.40
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continued until full maturity. The increase in
starch accumulation was only 17.85 per cent dwring
the first 30 days, while it was 50,20 per cent during
next 30 days. The psrcentage increase was reduced to
31.95 thereafter (Table 2),

2.2 Sugars

The data on the total sugar content of
developing fingers showed that the total sugar content
of the pulp increased from 0.5% at 10 days after shoot-
ing to 1.29 per cent at full maturity. The total sugar
was less than one per cent during the first 70 days of
its growth and increased thereafter to 1.29%at 90th day
after shooting (Table 2).

2.3 Titrable acidity

The data showed that the titrable acidity
of the pulp continued to increase till full maturity.
The acidity rose from 0,04 per cent of fresh pulp at
10 days after shooting to 0,096 per cent at full
maturity (Table 2).

2.4 Ascorbic acid

The vitamin C content of the fruits increased
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as the fruit attained maturity., The data showed that
the ascorbic acid content rose from 1,18 mg/100 g of
pulp ten days after shooting to 18 mg/100 g at harvest
maturity. The increase was not continueoug as the
fruit at 60th day showed a reduction from 12.5 mg on
50th day to 11,11 mg, the further increase being in
a regular pattern (Table 2),

2.5 Tannin

I'he tannin content in the peel decrezsed
@@ the fruit watured, tae content being 40.48 per cent
at 10 days and 7.72% at full maturity. On 60th day,
it was 16,25 per cent and thereafter it reduced to 7.72
per cent at full maturity. However an inorease in the
percentage of tannin content was noticed between 50th
and 60th day (Table 2).

2.6 Dry matter content

Aocumulation of dry matter in the pulp and
the peel continued till full maturity. The iry matter
content rose from 8,24 per cent at 10 days after shooting
to 42,05 per cent at full maturity in case of pulp while
it was 7.92 and 13.6 per cent respectively in case of
peel (Table 2, Fig. 2).



2.7 Moisture content

Moisture content in the pulp and the
peel reduced gradually as the fruit matured, the
reduction being at a rapid rate in the case of pulp
(91.69% to 57.95%), In the case of peel, the reduc-
tion was from 92.55 to 86.4 per cent.

2 BFPLCT OP PRE-HARVEST SPRAYS OF GRO.TH RAGULATORS
ON THa UALITY OF PRUITS

The effect of pre-harvest application (60th day
of shooting) of growth regulators on the post harvest
qualities of the fruits were studied., The dats are

presented in Tables 3 to 12,
2.1 PHYSICAL CHARACTLHS
2.1.,1 length of fruits

All the growth regulators tried contri-
buted significantly towards growth of the fruit irres-
pective of astage of harvest or concentration of chemical
tried. The fruits harvested 10 days after growth
regulator application showed that all the treatments
resulted in a significant (at 0.,05% level) increase in
the length of the fruits as compared to the control. <Ihe
treatment T, (Zthrel 400 ppm) resulted in maximum



Table 3. Bffeot of growth regulators on the length of

fruits
Stage ogohziveit (days
after shooting Overail
Treatments 70th  80th  90th mean
day day day
(om) (em) (cm)
r, Ethrel 100 ppm 22,9  23.46 24,33 23456
T, sthrel 200 ppm 23.84 25.43 26,89 25.39
T4 2, 4D 2 ppm 23,21 24.81 25.40 24 .47
I3 2, 4=D 4 ppm 24.01 26.07 27.27 25,78
TG 2, 4=D 10 ppm 23.23 24.80 24.68 24.23
Tg NAA 100 ppm 23.03 24.59 26.19 24.60
19 BaA 200 ppa 21030 24 .00 24075 23035
rw Control 20.13 224,59 22499 21.90
Meoan 22.9‘ 24047 25,2
Eyvalue Critical difference
Treatment 8,784 1.02
Stages of
harvest 32,40 2w 0e55
Treatment x
stages Tel4nn 1.78

*% Significant at 1 per cent level



increase with 24.53 om as against the control I,
(20.13 om). The treatments Tg (24.01 cem), T,

(23.84 cm), Tg (23.23 om), 1, (23.25 em), 7, (23.21 om)
and ra (23.03) were on par with the TB .

Ihe fruits harvested after 80th day of shooting
(20 days after appliocation of growth regulators) also
showed that there was significant increase in length
of fruits by the treatments., The treatment 2, 4«0
4 ppm resulted the naximum increage in length of fruits
(26,07 om) as ocompared to the control (22.59 em). The
harvest at full maturity also showed that 25 (27.27 o)
is superior to all other treatments, whore the treate-
ments T, (26.89 om) and g (26,19 om) were on par with
Tg ag compared to the centrol T,, (22.39 am).

The overall effect of the treatments showed
that the increase in length of fruits was significant
at 5% level due to all treatments. The maximum average
length of 25.78 cm was noticed in case of 2, 4-D at
4 ppm (25). The effeot of T, (25.39 em) was on par
with Tg. fhe average length of fruits in the case of

control was only 21.9 om.
2.1.2 0Girth of fruits

w“ith regard to the girth of fruits, the



Table 4. Lffeot of growth regulators on the girth of

the fruits
Stages of harvest (days
Treatments affer shooting - 2:::‘11
7uth 80th 90th
days days days
(om) (om) (om)
T, &threl 100 ppm 12,69 13.21 12.82 12,91
T3 £threl 400 ppa 12.46 12,97 12,61 12,68
T‘ 2y 4=D 2 ppa 12.74 13.40 13.45 13.20
Ts 2, 4-D 4 ppw 13.75 1313  13.37 13.41
T¢ 2, 4=D 10 ppm 12,93  13.63 13.68 13.41
T7 NAA 50 ppm 12,37 12.88 13,13 12.73
T, KAL 100 ppm 13.26  12.13  13.67 12.85
Iy NAiA 200 ppm 12,23  12.41 13.03 12.56
T1° Control 12.51 12.01 12,50 12.34
Fean 1534 12.85 135,11
£ value
Treatment 0.47 N3
Stages 0.342“8
I'reatment x Stages 0.89 NS

N3 = Hon Significant



effects of treatments were not pignificantly different

f~orr that of control.
2¢1.3 w.‘sht of fruite

The effeot of treatments on the weight
of fruits waus asignificant. veight of fruits showed
significant difference between different stages of
harvest also (Table 5). The fruits harvested at full
maturity (90 days) had significantly higher mean weizht
(175,69 g) as compared to tant of 80th day harvest
(167.67 g) and 70th day harvests (154.69 3). The elfect
of treatmente were gimiluar under all stages of lLarvest.
The maximum mean weizht of the fruits 191.8 g/fruit was
odbtained in the treatment T, (2, 4-D 10 ppm) followed
by rs ‘2, 4=D 4 ppm) with 191.19 g as against the
control (132.75 g). The effecte of T, (177.22 g), and
24 (176.219 K) were on par with Tge All other treatment
effeots were also significantly superior to the control.

2.1.4 Pulp/pesl ratio

The various treatments have got signi-
ficant influence on the pulp/peel ratio of the fruits
(Table 6). The pulp to peel ratio varied significantly
between ntages of harvest also. The mean pulp to peel
ratio of ripened fruits was highest (3.42) at full

5 ;
»
1 z



Table 5. £ffect of growth regulators on weight of fruits
Stages of harvest (days
éﬁ!s.!h“tml Overall

Treatments T0th gOth gOth mean
&g & &

?1 Ethrel 100 ppm 143,77 159.60 169.37 157.58

?2 Bthrel 200 ppm 161.39 182,35 187.94 177.22

8, 2, 4-D 2 ppm 163.35 181.99 183.29  176.21

25 2, 4=D 4 ppm 181.33 181.00 209,23 191.19

Tg 2, 4=D 10 ppm 166.89 205,28 203.28  191.80

?8 RAA 100 ppm 162.55 147.99 167.91 159.48

?9 KAA 200 ppm 130.23 139.73 148,57 139,51

T10 Control 117.79 135,85 144063 132.75
E_value el

Treatments 11.03%» 16.15
Stages of harvest 12,01 8% 8.84
Treatments x Stages 0.6‘)‘7“s 27.97

** = 3ignificant at 1 per cent
NS = Noan Significant

level

57



Table 6.

g |
Cac;

Effect of growth regulators on pulp/peel ratio

of fruits at different stages of harvest

Stages of harvest (days

Treatments afier_ghooting) Overall
70th 80th 90th mean
day day day

Ty  Sthrel 100 ppm 3.02 2460 3.31 2.98
T, Zthrel 200 ppm 2.84 2,80 .11 2.92
Ty  Ethrel 400 ppm 2.94 2,95 343 3.11
Te¢ 2» 4=D 2 ppm 3.17 3.04 3427 5416
Tg 2, 4D 4 ppm 5.00 3.7 3e21 3.13
Tg 2» 4=D 10 ppm 3.19 3.31 3.50 333
2, NAA 50 ppm 3.01 3.57 3.44 3.34
Ta WAA 100 ppa 3434 4.00 3.99 3.78*
g HAA 200 ppm 3.24 349 3468 3.47
149 Control 3.19 3.60 3.29 3436
Mean 3.09 3.25 3.42
I yalug £
Treatment 11.33 0.20
Stages of harvest 15.88#*» 0.13
Treatment x stages 2.21 0.37

“* =« Significant at 1 per cent level

* =« 3igniticant at 5 per cent level
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mnturity as against 3,25 on 80th day harvest and 3.09 g
70th day harvest. The overall effect of treatments
sunmed over the stages of harvest ghow that the pulp

to peel ratio was significantly higher for the treate
ment Tg (¥AA 100 ppm) which wag 5,78 as against 3.36

in the case of control. The effects of Ty (3.47), Ty
(3.34) and Ts (3.33) were on par with the control. 4ll
other treatmente resulted in a reduction of pulp/peel
ratio than the control.

2.2 CHEMICAL CHARACTERS
2.2.1 Total Soluble =0lidme

There wag significant difference anmong
the treatments .in the I.5.5. content of the fruits.
The ripened fruits of 70th day harvest (10 days after
growth regulator application) showsd that all the treate
ments significantly increaged the I35 content of fruits.
The maximum T55 content of 33%.27 per cent was recorded
by Ty (Bthrel 400 ppm) followed by Ty (33.2 per cent),
Ty (32.75%), T, (31.47%), T (31.07%) and Tg (30.87%)
as compared to the control of 25.6 per ocent (lable 7).
The ripened fruits of 80th day and 90th day harvests
also showed that the effeots of treatments 13, Tz and rg
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were significantly superior than all other treatuments
in respect of SS content (Table 7). The effect due

to different stages of harvest on I55 content was not
significant thereby showing an fmprovement in quality
of earlier harvests. The overall effect of treatnents
showed that T, had significantly superior mean 38
content of 33,8 per cent as against 29,31 per cent

of the control., The effects of NAA 200 ppm (rg~32.71%)
and Zthrel 200 ppm (30.62%) were on par with the treat=-
ment Ty, The treatments T (30.62%), I, (29,875, o4
(29.8%), P, (29.56%) T, (29.36%) recorded higher 155
than the control (Table 7).

2.2.,2 35uzgars
2:2.2.1 Total sugar

The total swgar content of the fruits
increased significantly due to the treatmente {Table 3).
The ripened fruits of TO0th day harvest showzd higher
total sugar content on an average of 19,03 per cent as
coumpared to 80th day (15.96/) and 20th day (15,03%;
harveste., /11 the treatunents significantly increased
the total sugsay content of fruits cf 70th day harvest.
The NAA at 100 ppm (Tg) had maximum total sugar content
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Table 7. Effect of growth regulators on the 0 .3.5. content

of fruits
S:agoa :: 2vagat (days
after shooting
Treatnents Overall
T0th gOth ggth nean
S S
T1 Ethrel 100 ppm 22.93 28.27 30.47 29.56
Tz Ethrel 200 ppm 31.47 33.67 29,73 31.62
23 Ethrel 400 ppm 3527 33.87 34.27 35.80
Ts 2, 4«0 10 ppn 31.17 30.53 3‘0027 3\).62
I, NaA 100 ppm 33.20 28,33 27.87 29.80
Tg KAA 200 pp2 32073 51053 33087 32071
I"o Control 25060 30067 31.67 29,31
Mean 30087 30.28 30058
E yalus £
Treatment 9,450 1.45
Stages of harvest 1.04”3 0.80
Treatment x Stage 5¢94% 2.51

*% » Significant at 1 per oent level
* = 3ignificant at 5 per cent level
KS = Ron Significant



Table 8, Effect of growth regulators on total sugar

content of banana fruits

Stages of harvest (days

after shooting) _____.__  (yerall
Treatnents 70th 80th 30th mean
olRCI:
T, Ethrel 100 ppm 20,96 17.55 15.40 1797
T, Ethrel 200 ppm 19.28 15.99 15.42 16.89
T, ithrel 400 ppm 17.88 15.863 15.2¢ 16.23
T, 2, 4=D 2 ppm 18.45 16,81 14.49 16.58
Ig 2, 4~ 4 ppm 20,11 18,14 15.25 17.83
Tg 2, 4=D 10 ppm 18.35 16,37 15.10 16.78
Iy NAA 50 ppa 17.96 18,50 15.08 17.18
g NAA 100 ppm 21.81 17.398 15,63 18.47
Ig KAA 200 ppm 13.52 16.49 14.68 16.89
Tq9 Control 15.97 15.94 13.36 15.29
Mean 19.08 15,96 15.03
Zvaiue )
Treatments 12.86%+ 0.71
Stages of harvest 212, T3%» 0.39
Ireatment x stages of
harvest 4.,06%* 1.22

#* w» Significant at 1 per cent level
* = Significant at 5 per cent level
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of 21.81% followed by T, (20.96%), T5 (20.11%), T
(19.52%), T, (19.28%) as against the control (15.91%).

A subsequent reduction in the total sugar content as
days pass by was noticed for fruits of 80th day and
90th day harvests as oompared to 70th day harvested
fruits, The fruits harvested 20 daye after growth
regulator application showed that treatments T, (18.5%),
T (18.14%), Tg (18.98%) and T4 (17.55%) had significantly
superior total sugar content than T,, (15.94%), the
effeots being on par with each other., In the case of
90th day harvest, all treatments showed significantly
higher total sugar content than control, the maximum
being for Ig (15.63%) followed by 7, {15.42%) as against
the control (13,96%),

2.2.2.2 Reduoing sugar

All the treutments tried had significant
effecte on the reducing sugar content of fruits. The
significantly higher reducing sugar content were recordad
by the fruits of 70th day harvest (mean 17.94%) as com-
pared to 80th day (16.24%) and 90th day (13.85%) harveated
fruits as shown in the Table 9 .,

among the fruits narvested 10 days after 4rowth



Table 9, Effect of growth regulator treatments on the
redueing sugar content of fruits

Stages of harvest (dayo’
after ghooting) _______

2 Overall
Treatments T0th 80th 90th nean
d & &
Ty Bthrel 100 ppm 20.52 15,03 13.78 16.44
T, Ethrel 200 ppm 18.85 15,63 14,70 16.39
Iy Bthrel 400 ppm 16,58 15,17 14,56 15.44
r‘ 2y 4= 2 ppm 16.89 16,26 13.16 15.44
Ts 2, 4=D 4 ppm 19.76 17.80 13.42 16.99
Tg 24 4=D 10 ppm 17.78 15.62 14,29 15.90
T,  MAa 50 ppa 15.83 18,27 13.83 15.98
g  RAA 100 ppa 21,86 17.79 14.31 17.88
Iy NAA 200 ppm 17.49 16,16 13,26 15.64
Tyo Control 14.17 14.67 13.22 14.02
Mean 17.94 16.24 13,85
2 value £D
Treataent 11,24 %> 0.86
Stages of harvest 148,62+ 0.47
Treatnent x stages of
harvest 6.,814» 1.47

*» = 3ignificant at 1 per cent level



regulator application the highest reducing sugar
content was recorded by Ty (21.56%) followed by I,
(20.52%) as compared to the control (14.17%). 4all

the other treatments except T7 were significantly
higher in reducing sugar content, In the casge of
80th day harvest T7 had maximuz reducing sugar cone
tent of 18.27 per cent which was on par with ?5(17.8%)
and r8(17.79%) as compared to control with 14.67 per
cent, The 90th day harveet also showed that all the
treatments except ?‘ had signiticantly higher reducing
sugar content, the nighest being 14.7% recorded by 1o
The effects of T, (14.56%), Iy (14.31%), T, (14.29%)
T, (13.83%), Ty (13.78%), Tg (13.42%) and T, (13.26%)
were on par with Tz.

2¢2.2,3 Honereducing suzar

The none-reducing sugar content of
treated fruite at varying stages of harvest showed
signiticant difference (Tasle 10). Among the 70th

63

day harvested treated fruits, the T7 had maxioum (2.13%)

non reducing sugar as compared to the lowest 0.33%
recorded by TS' The fruits of 80th day harvest showed
that the treatment T, regqulted in high non-reducing



Table 10, BRBffect of growth regulators on non-reducing

sugar content of ripe fruits

tages of harvest (days
af}g__ghoot§g¢l

Treatmente 70th  80th  90th  mean
R
74  Bthrel 100 ppm 0.302 2.55 1.66 1.50
Ty Bthxel 200 ppm 0.39 0.47 1.59 0.82
Ty  Ethrel 400 ppm 1.24 0.644 0.74 0.88
T, 2, 4D 2 ppm 1.58 0,538 1.29 1.14
Tg 2, 4=D 4 ppa 0.33 0.360 1.83 0.84
Tg 2, 4=D 10 ppm 1.07 0.739 0.80 0.87
T7 RAA 50 ppm 2.13 0.23 1.25 1.20
Tg NAA 100 ppm 0.306 0.19 1.38 0.63
T, NAL 200 ppm 2,06 0.3 1,42 1.27
T4 Control 1.79 1.24 0.74 1.26
Mean 1.12 1.29 1.27
ELIEEQI LD
Treatment 1.68 NS
Stages of harvest eI 0s Q¢33
Treataent x stages of o T if A 1.02
harvest

** = Significant at 1 per cent level
NS = Non Significant
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sugar of 2.55 per cent as against 0.19 per cent
recorded by rs. being the lowest. The 30th day
harvest showed that T, contained more non reducing
sugar of 1.66% as compared to 0.74 per cent of

control.

2.2,3 acldity

the acldity of the treated fruits
were highest for those fruits harvestaed at full matu-
rity with mean acidity 0.,313% followed by 80th day
(0.296%) and 70th day harvested fruits (0.242%)
(Table 11).

The overall effect of treatments showed that
Ty (KAA 200 ppm) increased acidity of fruits to U.315
per cent as compared to 0,287% in the case of control,
The treatment Tz, TS' 16, T1, T4, TB and T7 were on
par in their effects with T10’ the acid content being
0.289%, 0.285%, 0.282%, 0.280%, 0.280%, 0,276%, 0.274
and 0,287 respectively.

2.2.4 Brix/acid ratio

The brix/acid ratio of the treated fruits
harvested at various stages of maturity varied signi-
ficantly., The fruits harvested 10 daye after zrowth
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#% = 3ignificant at 1 per cent level

Table 11. ?:ﬁ:g: of growth regulators on acidity of the
Stages of harvest (days
after_shooting) Uverall

Treatments T0th 80th 90th mean
g & @

T1 Bthrel 100 ppm 0.267 0,263 0.310 0.280

I, &threl 200 ppm 04256 0.262 0.352 04289

Iy gthrel 400 ppm 0.238 04246 0,319 0.267

T, 2, 4=D 2 ppa 0.256 0,287 0,298 0.280

Tg 2, 4=D 4 ppm 0.239 0.309 0.308 0.285

Tg 2, 4=D 10 ppm 0.245 0.301 0,299 0.282

Ty HAA 50 ppm 0.227 0.288 0,305 0.274

Tg NAA 100 ppm 0,221 0.328 0,280 00276

Iqg RAA 200 ppm 0s216 0,355 0,375 0.315

T4q Control 0.254 0.324 0.282 0.287

Mean 04242 04296 0,313
E value cp

'reatment 13,609 0.00876 0.01151

Stages of harvest 573.9 %% 0.00619 0.00814

Treatuent x atages of

harvest 24 ,88%* 0,01641 0.02156



Table 12,
of fruits

E2fect of growth rezulators on brix/acid ratio

Stages of harvest (days
after_shooting

freatnente Toth  sota  soth . meen
day day day
T, Ethrel 100 ppm 113.289 115,313 102,852 110.485
T, Sthrel 200 ppm 123,470 128.699 84,524 112,230
Iy £threl 400 ppm 139.621 137.286 107.318 128,075
T, 2, 4D 2 ppm 119.152 99.426 98,178 105,585
5 2, 4~ 4 ppm 129,373 92.638 91,092  104.368
2 2o 4=D 10 ppm 127.590 101,747 101.100 110,146
T7 NAA 50 ppm 132.759 100,574 99.908 111,013
Tg MAA 100 ppm 151.323 86,873 99.722 112,639
I, NAA 200 ppm 151.082 8Y.052 390,70 110.278
249 Control 99,923 94.218 112,524 102.155
Mean 128,758 104.56  98.77
2 valus (312}
Treatwent 10, 30%% 6.09
Stages 174.60%% 3.34
Treatment within ateges 16,19%% 10,55

*® & Significant at 1 per cent laevel

b 4



regulator application had on an average highegt Brix/
acid ratio (128.76) while it deoreased to 104.56 at
80th day harvest and 958,77 for 90th day harvested
fruits. The stages of maturity versus treatment
interaction were also significant. Among the fruits
harvested on 70th day Tg (151,08) and TB (151.32) had
significantly superior Brix/acid ratio than all other
treatments. The treatments Ty (139.76), TB (132.62),
25 (129.32), T (127.59), T, (123.47), T, (119.15) and
T, (113.29) were also superior than the contrel 99.22,
The fruits harvested 20 days after growth regulator
application showed that Ty had 137.29 Brix/acid ratio,
and 22 128.7, both being significantly higher than T1
(94.22). Awong the fruite harvested at 30th day, all

0

the fruits receiving growth regulator treatment showed
a gignificant reduction in Brix/acid ratio as compared
to the control (112.33).

The overall effect of treatments showed that the
highest brix/acid ratio was produced by the treatment
Ty (sthrel 400 ppm) with the ratio 128,075 as aguinst
102.16 of the control.

3 COMPARATIVE STUDY OF DIFPFSARsNT 3IPORAG:S MSTHODS

The fruits remain hard green for long under
Ty (Polythene cover ¢ xnno‘) and §{t took 17 days to
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attain the yellow ripe stage with desirable eating
qualities, 2s compared to 9 - 11 days under I, (sealed
polythene cover), 5 = 7 days under Iy (open storagze)
and 3 days under T‘ (smoke house ripening)(Table 13,
18e5)

The ripened fruits maintained the eatable jua-
lities for 5 days under treatment ?3 and P4 while it
wag only 3 days and 2 days under T1 and Tz respectively
(Tatle 13).

‘he pogst climacteric degradation of the fruits
was quick under treatment ?‘ and T2 where it took only
2 days from previous stage for complete rotting of the
fruits. Bluckening of the skin without any rotting was
noticed for fruits under TS and T4 within 2 days after
ripening. The total number of days taken from harvest
to rotting was 21 days under T1,15 days under Tz, 13
days and 9 days under TB and T4 respectively.

The changes in chemical constituents during
ripening of the fruits kept in various storage condle
tions were studied and the results are presented in

table 14 to 18,
“e«1 Total Soluble Solids

‘he effects of treatments on T3S content



Table 15. Effect of storage treatments on ripening of mature fruits in banana

¢v. Nendran

Number of days taken to reach following stages of ripening

) Gresenish
Storage Ireataents Green to yellow to Yellow Yellow
greenish yellowiah with black Rotting/
yellow green spots Sarkening
Polythena cover + mo‘ 11 13 17 19 21
Polythene cover 5 T=9 9 - 11 13 15
Upen storage 3 4 «5 5« 7 7 - 11 13
Smoke houge ripening &
open storage 1 - 1.5 2 3 7 9




73

£

of the fruits were significant, At the catable ripe
stage, indicated by the yellow colour of fruits, the
fruits stored in open (Treatment 3) contained highest
amount of brix (31.6%) followed by Ireatment 2 (31.,2%),
and Treatment 1 (29.60%). The lowest value for i3
was shown by Treatment 4 (smoke house ripening and
storing in open) with 29,00%,

The post climacteric deterioration of fruits,
ag evidenced by the reduction in 755 content at yellow
spot stage was significant at 0,57 level undexr treatuents
P, and T,, 7SS oontent being 21 and 24.8% respect ively.
The fruits under (ceatment T4 showed a slight reduction
in 7SS content at this astage (30.4%) while the fruits
under T, sctually showda meagre inorease in T3S content
to 31.2%. Thereafter at rotting stage, both T3 and T

4
fruits also showed the rapid reduction in i35 content,

3.2 Carbohydrate

Differential changes in carbohydrate content
of fruits were noticed during ripening of fruits under
different methods of storage (Tables 15 & 16),

3.2.1 Starch

The effect of treatments on starch hydrolysis



fable 14. T.5.3. 0f banana fruits (cv. Nendran) at varying stages of ripening under
different storage treatments

Stages of ripening

Green to Greenish yel- Yellow Over ripe
Storage Ireatments greenish low to yellow- Yellow with black with rott-
yellow ish green spots ing/blacke~
aing
T; Polythense cover + KMnO, 24.20 27.60 29.60 21.0 24.20
T, ©Polythenms cover 23,80 26.20 31.20 24.80 17.60
T3 Opea stoxrage 22.80 28.40 31.60 30.40 28.80
b o Sacke house ripening
* & open storage 24.80  27.40 29.00  31.20  21.00
P value 0.924% 2,04 T.24%  12.71%% 16,120+
cD RS KRS 1.39% 4.06 3.56

* = Significant at 5 per cent level
*% = Significant at 1 per cent level
NS = HNon Significant

7L



PERCENTAGE OF BRIX

FI6.5_.T.5.5 CONTENT OF RIPENING BANANAS [CV NENDRAN] UNDER DIFFERENT STORAGE
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fable 15. Starch content of fruits at varying stages aof ripening under different

storage treatment

Stages of ripening

Storage Ireatments

Green to Greenish yel-
greenish low to yellow- Yellow

Yellow

Over ripe

with bla-with rott-

yellow ish green ¢k spots ing/dlace-

Ty Polythene cover + KMnO, 22.49 20.73 16.89 10.05 4.36
Tz Polythens cover 25.95 20.53 16.12 12.00 4.10
T3 Open storage 29,15 20.51 11.02 10.22 7.23
2‘ Smoke house ripening

& open storage 28.16 20.57 14.76 11.90 2.38

F value 28.,23%% 0.07 26 .66+ 0.61 57.94*

ch NS

*= Significant at 5 per cent level
*%a Significant at 1 per cent level

KS= Hon Significant

-1



PERCENTAGF OF STARCH

Fig. 6. STARCH CONTENT OF FRUITS AT VARYING STAGES OF RIPENING UNDER DIFFERENT
STORAGE TREATMENTS.
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was significant (Table 15). Hydrolysis of starch
into simpler sugars was rapid on ripening of fruits
under the treatments T3 and T4. ?he hydrolysis was
delayed under T, and Tz conditions, resulting in slow
rate of ripening of the fruits,

3.2.2 Total suzars

The total sugar oontent of ripe fruits
under different storage tresatments differed significantly.
A rapid increase in total sugar content was noticed in
rS and T,, but the increase wag at a slow rate only under
?1 and T,. At yellow ripe to yellow with biack spot
stage, when the fruits were having optimum edtable
qualities, the total sugar content ranged from 18.44
to 18.34 per cent under T,. The change was from 14,73
to 18.49 per cent in T,, but under r, and re & reduction
from 11.45 to 9,95 &nd 13.26 to 12,02 was noticed. Ihe
total sugar content further increased to 13.17 under T,
when the fruits had lost thelr appearance due to shrink-
ing and blackening of skin, while ?1 showad a reduction
to 7.77*5?2 to 12,22% and TS to 15.53 per cent reapecti-
vely.

3243 Reducing sugars

The effeot of treatments on the reducin:



sugar content was significant. The reducing sugar
content was maximum for fruits at yellow with black
gpot stage for all treatments except for '1‘1. The
reducing sugar content was maximum for T, 68.76)
followed by T, (15.774)anl, (11.195%) at this stage,
while it was only 9.73% for Py at this stage as
compared to 11.327 at yellow ripe stage. Un advance-
ment of ripening beyond yellow with black spot stage
the fruits under all treatments except T4 showed a re-
duction in reduoing sugar content whereas T4 fruits

showed an inoreage from 15.77%# to 18,75,
3.2.4 Non=reducing sugars

At eatable ripe stage the non-reducing
sugar content of fruits under different storage condi~-
tions varied significantly. The non-reducing sugar
content was highest for I, (3.53%), followed by ?3
(1.87%), 7, (0.54%) and I, (0.37% respectively.

33 Ao‘dity

Changes in acid content of the fruits
followed a similar trend under di fferent storuge condi-
tions. Acidity increased (Table 17) as the ripening
progressed and reached a peak at the eatable ripe stage.



PERCENTAGE OF TOTAL SUGAR
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PERCENTAGE OF REDUCING SUGAR
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PERCENTAGE OF NON REDUCING SUGARS

FiG. 9 NON REDUCING SUGAR CONTENT OF RIPENING FRUITS OF BANANA [CV NENDRAN]
UNDER DIFFERENT STORAGE TREATMENTS.

/
\ ————T1 Polythene. bag + Kmnoy.
————— Tz Polythene bag .

TL jT —_——Ts Open steorage
— e T4 Smoke house riFening.

\j A T Al Y v T

e 7 8 S 10 1 12 1% 14 15 16 1T 18 19 20 21 =22

-
]
i A
BN
[\

DAYS FOR RIPENING [ HARVEST TO ROTTING]



Table 17.
different storage treatuents

Acid content in percentage of fruits at varying stages of ripening under

Stages of ripening

; n Greenish Yellow Over ri
Storage Treataents e e yollow to yo1no.  with bla- with rotting
e low yellowish ck spots blackening
ye green
T, Polythene cover «+ xnno‘ 0.078 0.316 0.542 0.315 0
T, Polythene cover 0.094 0.309 0.538 0.366 0.310
T, Open storage 0.080 Oe 305 0.489 0.30 0.216
@‘ Smoke house ripening &
open atorage 0.086 0.327 0.424 0.361 0.268
F value 2.7T% 12.7* 23.18%+ 1.42 41.54*
Ch 0.0124 0.0317 0.0318 0.832 0.0064
* = Significant at 5 per cent level

s

Significant at 1 per cent level

HL
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At the eatable ripe stage the acidity was maximum

of 0.542% under T, followed by 0.538, 0.489 and D424
under 92, ’f, and r‘ respectively. On further ripening
the acidity deoreased and at rotting stage acidity was
zero under treatment I, as ocompared to 0¢31#%, 0.216%

and 0.268% for ’3?2,13 and "1’4 respectively.
3.4 Vitamin C content

Vitamin C content of the fruits showed a
slight increase during sarly stages of ripening and
deoreased thereafter as ripening prosressed., At eatable
ripe stage ascorbic acid content was maximum of 15.5 mg/
100 g under Ty followed by 14.04 mg under I, 13,09 ug/
100 g under 7y and 7.74 mg under 14. The oxidation of
agoorbic acid was slow undier polythene cover (22} and
smoke house ripening (T4} treatments, and was stable

under over ripe stages (Table 13).

4., ZPPBECT OF FUNGICIDAL TRBATMERTS OH CCHIMULLING
ARTHRACKG3:S DISZA3E OF BANANAS

The results of the fungicidal studies for control-
ling anthracnose disease o banana showed that all the
treatments resulted in significant reduction in the disease
incidence as compared to the control. ihe disease intensity

as evidenced by the spread of black spots on the skin of



Tfable 18.

Agcorbic acid content (mg/10u g) of fruits at different stages of ripening

under different storage conditions

Stages of ripening

-

Green to Greenish yel- Yellow Over ripe
Storage Treatments greenish low to yellow- Yellow with bla~with rott-
{lllaw ~ ish green ¢k spots blackening
ng/100g) (mg/100g)  (ma/100g) (mg/100g) (mg/100 &)
T Polythene cover anQ‘ 19.78 20,07 13.09 5.01 0.75
I, Polythene cover 18.67 20.7T1 14.04 T.25 8.13
TB Upen storage 19.56 20.11 15.59 11.01 00
24 Smoke houge ripening
& open storage 15,67 13.69 7.74 7.25 8.87
P value 1.24 24,277 21.55%#% 13,82% 58,554«
D NS 2,018 2420 1. 797 1.846

* =« Significant at 5 per ceant level
** = 3ignificant at 1 per cent level

NS = Hon Significant

I8
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Fia. 10 ACID CONTENT OF RIPENING FRUITS OF BANANA [CV NENDRAN] UNDER _
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Fie. 11— ASCORBIC ACID CONTENT OF RIPENING FRUITS OF BANANA [CV NENDRAN]
UNDER DIFFERENT STORAGE TREATMENTS
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fruits was significantly influenced by the atorage
treatments. The anthracnose disease was least in the
polythene bag + xnno4 storage method followed by
polythene bag alone, The fruits receiving smoke treat-
ment had the maximum infection while the incidence was
more than the former and lesser than the latter in case
of open storage (Table 19). On 8th day after sSorage,
the fruits under amoke treatment developed 50 - 60%
area of the fruit with black spots while fruits under
polythene bag ¢ xnno‘ showed only 10 - 20%, At eatable
ripe stage the fruits under polythene cover ¢ Mn(,,
infection extended upto 50 = 40% of the area as compared
to 50 « 60% {n the smoke treatment; 40 - 50% in open
storage and 30 -« 40% in polythene bags. But on advance-
ment of ripening, the fruits receiving smoke treatment
and open stored one showed rapid developuent of the
spots and within another 3 to 4 days more than 90% of
the area was infected, The results also showed that
there is no significant difference in the disease
infection due to various methods of fungicidal treatment
theredy showing equal effectiveness with all ths cheaioals
tried and different methods of application., This indi-
cateas that uny one of the chemicals (anthracol at 0.05%
or 0,1%; Bavistin 500 ppm or 1000 ppm; Thiride 0.1% or



0.2% in the only ons method of application (spraying

or dipping) can be effectively used to reduce the
incidence of the infection without impairing the
quality and appearance. Among the fungicides itself,
Bavistin at 1000 ppm given as pre~harvest spray and

post harvest dip together 3350 maximum control, followed
by Thiride at 0.1 per cent.
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DISCUSSION

The rxesults of the study on the growth and
development of the fingers, the effeot of growth
regulators on the quality of fruits, comparative
study of different storage treatments .nd the study
of different fungicidal treatments for controlling
anthracnose disease of banana c¢v. Nendran grown under

rainfed conditione are discussed below,
1. STUDIES O GROWEIH AHD DEVELOPMENT OF ®RUIT

The studies on the development of banana
fingers cv. Nendiran from shooting to maturity have
shown that the growth of fruits by way of increased
length, girth, weight and volume of fruits continued
till the fruit attained full msaturity on the YOth day
(vide Fig. 1 & Pig. 2)s The maxivum increase in these
parameters was during the first ;0 days which accounted
for about 31.9 per cent increase in the case of length,
67.7 per cent increase in the case of girth, 65.32
per cent in the case of weight and 69,23 per cent in
the case of volume. The second month (from 30 - 60 days)
accounted for an inorease of 31.18 per cent in the case
of length, 24.34 per cent in the case of girth, 27.05



ond
per cent in the case of woigh§A23.46 per cent in

the cage of voluwme, The increase in growth was
leas than 10 per cent in the case of last one month,

The specific gravity of the fruit was 0.76
at shooting which gradually inoreased as the fruit
matured and reached a value of one at 60th day or
after 60 days, then remained more or less constant
thereafter showing a aimilar rate of increase in weight
and volume of the fingere., At full maturity the speci-
fic gravity reduced to 1,01.

Similar studies have bdbeen conduoted by several
workers (Baily 1912; Barnell and Barnell 1945; Gore
19143 Loesecke 1950; Lulla and Johar 13955; Leodh
et al., 1971) and the results of the present study is
also in confiruity with earlier works, that the growth
of banana fingers continues from shooting to full
maturity, The results of the present atudy revealed
that in the came of rainfed "Nendran” planted during
April last week, the bunch emergence took place in late
November during which period there was no rain in this
part of Kerala, The normal fruit growth takes place
during early days making use of the available moisture

in the s0il. The low rate of increase in growth after

87



60 days wmay be due to the low moisture status in tie
204l or due to the natural growth phenomena. Ihe
higher growth rate during the first 60 days indlcate
that the water and nutrient supply should be optimum
during this period failing which the growth of the
fruit is likely to be affected.

Pulp to peel ratio was more or less constant
(0432 = 0.33) upto 30 days after shooting and increased
thereafter to 1.24 by 60 days and 1,84 at full maturity.
The present study was in agreement with that of loesecke
(1950); Barnell (1941 a); Barnell (1943). This is
natural because of the fact that during the firet monta
after shooting the growth of peel and pulp was more or
less uniform, but thereafter, the oarbonyérate accumula-
tion of the pulp continued at a rapid rate resulting
in a change in ﬁulp to peel ratio from 0,32 to 1.84 at
full maturity. The change in specific gravity of the
fruit from 0,76 at shooting to 1.02 at eighty days also
confirms the deposition of dry matter within fruit with-
out affecting the volume much, The change in pulp to
peel ratio can be attributed to differential rates of
dry matter accumulation in the pulp and the peel. ’he
dry matter content of the pulp rose from 8,24 per cent
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10 days after shooting to 42.05 per cent at full
maturity as compared to the change from 7.92 to 13.6
per cent only in the case of peel.

The starch agcumulation in the pulp of the
fruits continued until full maturity as it changed
from 1.39 per cent at shooting to 32.01 per cent at
full maturity. The total sugar content was 0.5 per
cent 10th day after shooting and it increased to 1.29
per cent at full maturity. The results of the present
work is in conformity with that of several others
(Leonard and 3arnell 1939; Belevel 1932; Barnell 1340;
Barnell 1941; 1943; wally et al., 1969; lodh et al.,
19713 Singh et al., 1976; ond Singh et al., 1980,

"he ascorbic acid content of developing fruits
increaged from 1.18 mg/100 g of fresh pulp at shooting
to 18 mg/100 g at full maturity. The recults of the
present work is in agreement with the irregular pattern
of agocorbic acid increase in the developing banana
fruits reported by Lodh et al. (1971). The acidity
of the fruits continued to increase as it rose from
0.04 per cent ten days after shooting to 0.096 per cent
at full maturity. The similar result was earlicr reportcd
by Lodh et al. (1971).
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The tannin content in the peel reduced from
40,48 per cent to 7.72 per cent at maturity. This
is in agreement with the work:fBarncll and Barnell
(1945) and Chakravarthy (1957).

The results on growth and development studies
also indicate that Nendran can be harvested 70 days
after shooting and can be ripened without loses in
quality; but, there is a reduction in weight at the
rate of 5 g per fruit if harveasted on 70th day and
2 g if harvested on 80th day. The stage of harvest
at full maturity is 30 days. Early harvest is helpful
for staggering the harvest in case of glut in the
market so that the cultivators will have a better
bargajining power.

2, EFFECT OF GRO~TH RSGULATORS ON JUALITY OF PRUIIS

All the growth regulators tried contributed
significantly towarda growth of the fruits irrespective
of stage of harvest or concentration of chemiocal tried.
The increase in length of fruits was significant at 5
per cent level in all the treatments. The maximum
average length of 25.78 cm was recorded in the caee of
2, 4=D at 4 ppm; the effect of Ethrel at 200 ppm
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(25.39 cm) was on par with 2, 4=D at 4 ppm., The
average length of fruits in the case of control was
only 21,9 om, The effects of treatments were not
elgnificantly different in case of girth. All the
treatments also resulted in an increased weignt of
fruits. The fruits harvested at full maturity had
siynificantly higher mean weight (176.69 g) as come=
pared to that of 80th day (167.67 g) and 70th day
harveats (154.69 g). The effect of treatments was
similar under different stages of harvest, the maximum
mean weight of fruits of 1Y1.8 g waeg brought about by
the treatment of 2, 4=D at 10 ppm followed by 2, 4-D
at 4 ppm with 191.19 g as againat the control with
132.75 ge¢ Similar resulte of increased fruit size

and weight as a result of growth regulator application
have been reported by several workers (Clark and Kerns,
1942; Gvans, 1959; Das 1964; Tomi et al., 1970:
Wee, 1971 and Huang, 1973).

The increase in length of fruits due to growth
regulator application may be attributed to the effect
of auxins in cell elongation (Sirear, 1977 :. The in=
crease in weight is due to more accumulation of dry
matter in the fruits as it serves as a sink with more

auxin level. Being a vegetative parthonocarpic fruit,
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the external application of auxins will help to
increase the auxin level of the fruits, ultimately
resulting in more flow of water and accumulation of
dry matter. The result showed that the net yleld can
be increased at full maturity stage on an average by
44 .48 per cent by the application of 2, 4= at 10 ppm
one month in advance of maturity. In effect the appli-
cation has resulted in an increased weight of 1.77 kg
per bunch of 35 fingers. The increased yield per
heotare having a plant population of 2250 by the
application of 2, 4-D will be 3.98 tonnes wiich accounts
an increased income of around %.5,800/- at the addi-
tional expenditure of only %.400/= per nhectare.

The various growth regulators tried have got
significant influence on the pulp/peel ratio of the
fruits. The pulp to peel ratio varied significantly
between stages of harvest also, The wmean pulp to peel
ratio of ripened fruite was highest (3.42) at full
maturity as againet 5.25 and 3.09 in the case of
haryoata at ten and twenty days for full maturity.
Thus, the increase in pulp to peel ratio as the fruit
advances in maturity may be due to more accumulation of

dry matter in the pulp than in the peel resulting in



more weight of pulp as compared to the peel. The
effect of treatments was significantly higher in
pulp/peel ratio in case of NAA application at 100 ppm
(3.78); while control fruits had only 3.36 pulp/peel
ratio. isxcept for different levels of NAA, all the
other treatments resulted in a reduction of pulp to
peel ratio as compared to the control. The changes

in pulp/peel ratio was subjected to detailed studies
by Barnell (1943), Simmonds (1966), Loesecke (1950)
and Stratton & Leesecke (13931), Simmonde (1966)
reported that the rise in pulp/peel ratio was closely
related to change in sugar concentration in the tissues.
He observed that the osmotic pressure of all parts of
the unripe banana bunch was sensibly constant and that
ripening was accompanied by the estadlishment of an
osmotic gradient tending to cause the wmoveument of
water from skin to pulp. The reduction in the skin
welght in the present study and congeyuent changes in
the pulp/peel ratio may be due to the above reasons.

The growth regulator treatment could significantly
influence the total soluble solids of the fruits., The
ripened fruits of 70th day harvest (10 days after
growth regulator application) showed that all the
treatments significantly increased the T7.5.5. content
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of the fruits., The maximum 7.3.5, content of

33,27 per cent was recorded by sthrel 400 ppm

followed by NAA 50 ppm (33.2%); NAA 100 ppm

(32.75%); &threl 200 ppm (31.47%); 2, 4-D 10 ppm
(31.07%) and 2, 4=D 4 ppm (30.8%) as compared to the
control of 25,6 per cent. The T.3.S. content of
treated fruits at different stages of harvest dié not
show any significant variation; but the control

showed an increase from 25,6% at T0th day harvest to
29.31 per cent at 90th day harvest. Thus the cuality
of the fruits harvested on 70th day can be improved

by pre-harvest application of growth regulators.
Similar results have also been reported by iziz i fenuky
(1975)3 Sadasivam and Huthuswamy (1972; 1973)cnd
Freiberg (1955). The total and reducing sugar content
of the fruits increased significantly due to growth
regulator application. The effect was more marked

in fruits of 70th day harvest which showed an average .
of 19,08 per cent total sugars and 17.94 per cent
reducing sugars as compared to 15,96 per cent and 16,24
per cent for 80th day harvest and 15,03 per cent and
13.85 per cent for 90th day harvests reapectively. The
inorease in total and reducing sugar contents during
70th day harvest (10 days after growth regulator applica-
tion) as compared to 80th day harvest (20 days after



growth regulator application) and at full maturity
(30 days after growth regulator application) may be
due to the biochemical changes that were brought
about by the plant growth regulators. The conversion
of starch to sugars was rapid during the initial days
of application and the same was reduced gradually
(Vide Table 8 & 9).

The acidity of the fruits wag less for 70th
day harvest (0.242%) as compared to 80th day (0.29%)
and 90th day (0.313%) harvested fruits. aimong the
treatments NHAA at 200 ppm increased the acidity of
fruits to 0,315 per cent as compared to 0,287% of the
control. In other cases except for Ethrel 200 ppm,
the acidity was lower than the control., But it was
not statistically signifiocant, Such reduction in
acidity due to growth regulator treatments wag also
noticed by Veera and Das (1971) and Shant (1975).

The brix/acid ratio of the treated fruits
harvested at various gtages of maturity varied eigni-
ficantly. The fruits harvested 10 days after growth
regulator application had on an average highest brix/
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acid ratio (128,.,76) while it reduced to 104,76 for 80th
day and 98,77 for 90th day harvests. This reduction was



not due to inoreased brix content of 70th day har-
vested fruits, but it was due to high acid content
shown by the 90th day harvested fruits. All the
fruits harvested at full maturity showed a reduction
in brix/acid ratio as compared to the control. This
can be due to an inoreased acid content of fruite
resulted by growth regulator treatment in fruits of
full maturity as oonpfxrod to the control fruits. The
overall effect of treatments showed that the highest
brix/acid ratio was resulted by fruits receiving
Sthrel 400 ppm (128,07) as against 102,16 in control.
The result is in agreement with the works of Freiberg
(1955); Blake and Stevenson (1956); Dedolph and Goto
(1960); sudasivam and Muthuswamy (1972) andi Asis and
Tanaky (1975).

3¢ COMPARATIVE STUDY OF DIPFBRENT STORAGE ITRaATKHENTS

In the study oonducted to compare different
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storage methods of banana, it was found that the fruits

stored in polythens bag with potassium permanganate
took 17 days to reach full ripening stage while only
9 - 11 and 5 = 7 days were required in the case of
polythene bags and open storage respectively. The
period for ripening after harvest was only 3 days in

the case of the common smoke house method.



The use of sealed polythens covers for extend-
ing storage 1life of bananas was recoumended by Mahmoudi
and Eisawi (1968); Scott et al. (1971), Thompson g% al.
(1972), Scott (1975) and Nakamura and Ito (1979).
Agnihotri and Ram (1971) compared the skin coating
with wax and smoking treatment for the shelf life of
banana cultivars and found that the smoking was leons
efficient., Scott et al. (1968); Scott (1375) recommen-
ded transport of banana in ambient temporatures using
polythene bags. He reported that after a period of
8 « 18 days the fruits remained in a hard green stage
whereas the non packed fruits had ripened whioch was in
agreement with the results of present astudy. I[o obtain
a further delay in ripening of banana fruits Chiang
(1970), Seott et al. (1970), Patil and Hagar (1975)
recomuended inclusion of ethylene absorbent in the
polythens bags to delay ripening of bananas during
storage. OChiang (1970) reported that brominated
aotivated carbon and xnno‘ on & cerriar of either
verniculite or aotivated alumina doubled the storage
life of bananas in sealed polythene bags. The long
ehelf 1ife in case of polythene bag containing an04
was due to the reduction in ethylene concentration as
suggested by Scott et al. (1971),

The ripened fruits waintained eatable gualities
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for 5 days under smoke house treatment and open
starage while it wag only 3 - 5 days in case of
polythene bags with or without KMnO,. However,

when once the fruits were ripened fully, rotting

takes place rmapidly in 2 days in case of fruite

stored in polythene bags with or without KMnO,,

The ripening was not uniform in the open storage

and the fruits blackened in 4 days reducing the

good appearance. The smoked fruits also developed
blackening of the skin in 3 days. The quick rotting
in polythene bags uay be due to high CO, ooncentrat-
ion as suggested by Patel & Magar (1975). The smoke
house ripening and storing in open can be adopted for
obtaining edibdle fruitz for imsediate use within 3
days of harvest. ’he ungaturated hydrocarbons present
in the smoke induce the fruit to ripen quiockly by
accelerating bio~chemical changes resulting in ripening.

There was significant difference in quality
between treatments. The brix content was highest
under open storage (31.6%) followed by polythene bag
storage (31.2%), polythene dag + KMnO, (29.6%) and
snoking (23 per cent). The 7.5.S. content reduced
rapidly in case of polythene bag with or wi thout ano‘
and sudden rotting started, while in the case of open



storage and smoking the TSS showed a narrow increase
and the fruits blackened and shrinkled. I his increase
in 7,S5.5. content of post-climacteric fruits can be
attridbuted to the loss of water from the fruite result-
ing change in the concentration of T.5.5. content,
Agnihotri and Ram (1971) also found that after 8 days
of storage period the loss in weight was muximum
(31.25%) in samples receiving smoke treatwent followed
by open storage (23.9%) and that this lose in weight
was due to loss of mojsture through transpirution.

The high relative humidity maintained within polythene
bags, along with high concentration of 002 resulted in
rapid deterioration of the fruits by way of softening
of tissues, and hydrolysis of cellular materials result-
ing {n wmore production of water which may be the reason
for rapid reduction in 7.3.3. content of post climacteric
fruits in case of polythens bag storage treatments.

Differential ochanges in carbohydrate content
of fruits were noticed during ripening of fruits under
different methods of storage. The starch hyirolysis
into sugars was much rapid on ripening of fruits under
open and smoking treatments resulting in a sudden increase

in the total and reducing sugar content of fruits. [he
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delayed pre climacteric phage of bananas stored

under polythene bags may be due to the slow hydra~
lysis of starch., The accelerated rate of ripening
induced by unsaturated hydrocarbdbons in the smoke
resulting in increased activity of ensywmes such as
carboxylase and aldalase may be the reason for rapid
hydralysis of starch into simple sugars. In the case
of open storage the change was comparable :o that of

a normal fruit undergoing ripening process. 7Tager

and Biale (1957) have reported the appearance of ensyme
carboxylase and aldolase in the pulp of climacteric
banana fruit; both the ensymes being very active for
several days after the climacteric peak has been reached.

At optimum ripe stage the non-reducing sugar
content of fruits under different storage coniitions
varied significantly, the non-reducing eugar being
highest for fruits in polythene covers (3.53%) followed
by open (1,87%), smoking (0.54%) and polythens bag +
KMnO, (0.37%) respectively. At yellowish green stage
the fruits under polythene cover were showing high non-
reduoing sugur content of 3,81 per cent as compared to
2.25% of reducing sugar. But at yellow ripe stage,
the reducing sugar content rose to 9.75 per cent and
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the non-redusing sugar reduced to 3.53 per c;nt ind i-
cating rapid change of non-reducing sugar into reduocing
sugars. This may be due to the fact that during the
hydrolysis of stareh, non-reducing sugars formed are
not converted into reducing sugars due to lack of
enzyme activity as the fruits arxre exposed to higher
concentrations of ethylene and carbondioxide under
polythene begs. Barker and salomonas (162) found an
increase of four to five fold in 002 and twenty times
in the fructose diphosphate content during ripening.

Theyalso reported that the increase in the respiration
rate during the climacteric was due to an increase in
the concentration of fructose diphosphate and that
ethylene could induce similar changes. Carthy and
ralmer (1962) have reported that approximately 20
volatile compounds in addition to 002 and ethylene were
produced by ripening banana fruits. Scott (1975) ree
ported that the ethylene and other volatile compounds
produced by ripening bananas will get accumul ated in
polythene bags resulting ‘green' ripening of bananas.
The higher concentration of edhylene due to accumulation
within polythene bags induces fructose diphosphate
accumulation resulting high non=reducing sugars during
pre-~climacteric, which would get changed to reducing
sugars due to specific ensyme action.
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The acidity of fruits increased at ripening
and it was at the peak during eatable ripe stage,
thereafter showing a reduction in acid content, Jane
(1936); Barnell (1941)jWyman and Palmer (1963);
Shimokawa et a). (1972)§ Srivastava ¢t al. (1972) also
have reported similar changes in acid content of ripen-
ing bananasa,

An increase in Vitamin °'C' content during early
stages of ripening and a decrease thereafter was
reported by Harris and Poland (1939) as quoted by Von
Loesecke (1350), The results of the present study also
showed that there was a slight increase in ascorbic
acid content of fruits during early stages of ripening
under all stages of trecatments and reduced thereafter,
The retention in ascorbic acid wasg mere in smoke treat-
ment as compared to other treatments. This is in agree-
ment with the findings of Agnihotri and Ram (1971,,

4. EPPECT OPF DIFPBREN? PUNGICIDES ON CONIROLLING
ANTHRACNOSE DISEASE OF BANANA

The fungicidal studies showed that all the
fungicides viz. anthracol at 0.05% and 0.1%, Bavistin
at 500 ppm and 1000 ppm, Thiride at 0.1% and 0.2%

reduced incidence of anthracnose on the ripened fruits.



103

There was no significant difference with respect to

the effectiveness of these fungicides at the levels
tried and by different methods of application vis.
pre-harvest spray, post harvest dip and pre-harvest
spray & post harvest dip together. However, Bavistin
at 1000 ppm applied as pre-harvest spray & poet harvest
dip together resulted maximum reduction in anthrecnose
disease, followed by Thiride at 0.1 per cent applied
in the same way., The results of the present study is
an agreement with the works of Frossard and Lavillee
(1973) and Griffee and Pinegar (1975), who reported
that Bavistin at 200 - 300 ppn is effective as post
harvest dips of one minute for controlling anthracnose
diseage of banana. As there was no significant
difference with respect to effectiveness of fungicides
by different method of application, it can be suggcstcd
that any one of the chemicals in only one method of
application (apraying or dipping) ocan be effectively

used for reducing the anthracnose disease of banana,



S/l mm ary




SUMMARY

The present investigations were oarried out
in the Department of Pomology, College of Horticulture
during the period 1979 April to 1980 April with the
following objectives.

To study (1) the growth and development pattern
of banana fruits cv. Nendran and thereby to fix up
optimum maturity indices for harvest, (2) the effect
of pre-harvest application growth regulators on the
post harvest quality of fruits, (3) to ocompare the
efficiency of different methods of storage, and (4) teo
study the effect of different fungicidal treatments on
controlling anthracnose diasease of banana,

The following conclusions were made based on the

present investigations.

1. The growth of banana fingers by way of
inorease in size, length, girth, weight and volumze {i»
a continuous process frok shooting to full maturity and
that in rainfed Nendran banana more than 30 per cent
increase of these parameters takes place within 60 days
of shooting.
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2. The dry matter and starch accumulation
in the pulp and pesl takes place at a rapid rate
during the first two monthas after shooting,

3., The specific gravity which was less than
one during the firamt 2 months of fruit growth assumes
value greater than one after 60 days of shooting, indi-
cating differential rates of dry matter accumulation
in the pulp and peel.

4, The tannin content of the peel reduces as
the fruit attains maturity.

5 The rainfed Nendran banana oan be harvested
any day after 70 days of its growth without much loss
in quality depending upon requirements. Tue specific
Jravity more than one, pulp to pesl ratio of more than
1.50 along with number of days from shooting can be
used for assessing the stage of harvest, ™Mill maturity
will be attained by 90 days when the specific gruvity
will be more than one and pulp/peel ratio 1.84.

6. The pre~harvest growth regulator application
on the 60th day after shooting on bunches increases
the length and weight of the feéngers. 2, 4-D at 10 ppm
can increase the yield upto 44.48 per cent.

r~



7. The quality (738, total and reducing
sugars, brix - acid ratio) of all the fruits receiv-
ing growth regulator treatment were improved. Ethrel
at 400 ppm resulted maximum TSS content of the fruits
followed by NAA at 50 ppm, 100 ppm and 2, 4-D at 10 ppm.

8. Harvest of banana (cv. Nendran) can be pre-
poned by 20 days with better quality if plant growth
regulators are sprayed,

9, The storage studies revealed that the storage
life of fruites can be nrolonged by 10 days astaring under
polythene + Kﬁno4 at ordinary room temperature and in
polythene begs 6 days longer shelf life can be attained.

10. The ripe fruits for immediate use can be
obtained within 3 days of harvest by smoke treatment
for 24 hours and then storing in open.

11. The quality of the fruits were better under
smoke treatment and open stored fruits as compured to
fruits in polythene bdags with or without xnno‘. but the
appearance of the ripened fruits was best under polythene
bag treatwents.

12. The fungicidal studies reveal that the

b
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anthracol, at 0.05% and 0,1%, Bavistin 500 ppm and
1000 ppm, Thiride at 0.1% and 0.2% are equally effect-
ive in reducing anthracnose incidence of banana fruits
stored in polythens bags, and in open, the maximum
reduction being resulted by Bavistin at 1000 ppm.

13. Pre-harvest spray and post-harvest dipping
were equally effective to control the black spot

(Anthracnose) dissase caused by Gleosporium musayum.

14, Among the storage treatments, polythene
bag + KHnQ4 reduced the incidence of anthracnose and

the infection was maximum in case of smoke treatment,
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APPENDIX -~ 1
Weather data for the period from May 1979 to April 1980

Tt mLgy o e
Month Maxi- Ming- (Per cent) fall rainy
e e
May 1979 35.7 21.8 97 52 155.1 10
June 35.1 22,0 97 53 722,7 22
July 31.1 21.0 98 68 729.8 28
August 31.4 21.6 97 65 462.6 19
September 32,8 22,6 98 67 208.7 18
October 354 22.0 95 45 127.3 16
November 52.9 22,2 96 61 317.4 18
Deasmber 32.2 19.4 95 45 RN N1l
January 1980 33.5 2045 80 42 M) N1l
Pebruary 36,0 22,0 90 30 0.5
March 35.0 24.0 95 45 0.1 1
April 35.0 a5.0 %0 53 18.0 6




APPSNDIX - II

analysis of variance for the effect of pre-harvest sprays of growth regulators on
uality of tue fruits

liean sum of squares

source ar Length Girth #eight Pulp/Peel ratio Te$5.3
Total 4495
Stages of .
harvest 2 198.87%* 8.97% 18347.53%# 4.06% 12,914
Treatments 9 53,86%% 12,3258 17759.88%* 2.90%* 116.69%*
Stagea X nrce

Treatuents 18 5.193% 23,3309 927.8875 0.57* 48.77*
Between Bunches 60 6.14% 26.18% 1527.87 0.26™ 12.38%
Betwaen fingers

*¢ = Significant at { per cent level
* » Significant at 5 per cent level
N5 = Non Significant



APPZNDIX - II1I1

Analysis of variance for the effect of pre-harvest sprays of growth regulators on juality
of the fruits

FKean sum of sjuares

D W S T A O . T Y S G AR So v Gy e S

Source at 2:;;; szggging igggieducing seidity  3rix/acid
Total 149
Jtagee of harvest 2 615.,46%%  6£22.,20%= 11.73** 0.206* 37953.65%«
Treatuent 9 37.20%* 47,90+ 3.33”3 0.008*# 2239,50 %%
Stages x Treatment 18 11.74%* 29,02%« T+48* 0.014%¢ 3518, 714
Betwesen Bumch 60 2.89 4.26*% 1,95 n* 0.0006* 217.37*+
Between fingers
within bunch 360 0.56 0.72 0.832 0.00009 28.96

* = 3ignificant at 5 per cent level
*# = Significant at 1 per cent level
32 = Hon significant



APPENDIX - IV

Anmlysis of variance for comparative study of different storage treatments {(Green to
greenish yellow stage)

Mean sun of squares

Source ar 758 Starch Total Heducing Non=redu- Acity Vitamin
sugars sugars cing sugars c

fotal 19

Treataent 3 3,530 22,27¢  3.08% 4.6*  0.217  0,00023%  1.15%

EXTOoY 16 3,83 0.79 0.0325 0. 107 D.1125 0.,000086 0.92

* = Sfignificant at 5 per cent level
HS = Xom 3ignificant



APPANDIX - V

analysis of variance for comparative study of different storage methods (Greenish
yellow to yellowigh green stage)

- Mean sum of squares

Source 4f 355 Starch Total  Reducing Non-redu~ Vit. C
sugars sugars cing Acidity
sugars
{fotal 19
Treatment S 4.1375 90,0519  21.77%  41.21%  86.36** 0.007* 55.02*

* a Significant at » per cent level
*% « Significant at 1 per cent level
N3 = Non Significant



APPENDIX - VI

Amlyz;ia of variance for comparative stuldy of different storage methods (yellow ripe
stage

Mean gum of squares

Source at 83 Starch Total Redueing Hon-preducing Aefdity VvVit.C
Jotal 19

Treatnent 3 TT78%  33.93% 43.94* 45.85* 10.73% 0.015% 53,16%
arror 16 1.08 1.27 10‘6 1.23 1.63 0.,0006 2e64

* = 3ignificant at 5 per cent level



APPENDIX - VII

~nalysis of variance for comparative study of different storage methods (Yellow with
black spot stage)

Mean sum of squares
Source at - -

Total Reducing lion=-reducing
ie3e5 Starch sugar sugars sugars ieldity Vit.C
Total 19
Treatment 3 116.58* 5,52  102.82* g6.32* 8.43* 0.0054" 35,61
&rToY ’6 9.‘75 8.99 4.68 5-57 ’0’3 0.004 1.8

® = Significant at o per cent level

NS = lHon 3ignificant



APPENDIX - VIII

Analysis of variance for comparative study of different storags methods (over ripe
with rotting/blackening staze)

Mean sum of squares

Sources dr )
38 Starch Total Reducing Nonereducing
sugars sugars suzars Apidity Vit.C.
Total 19
ireatment 3 113.67* 20.18* 116.51% 122,49+ 0.733% 0.951* 111.04»

* = Gignificant at - per cent level



APPENDIX - IX

Analysis of variance of comparative study of different fungicidal treatments in the

controlling of anthracnose disease of banana

5th day S8th day 10th day  12th day 14th day 16th day
Source (-3 4 in the in the in the in the in the in the

storage storage storage storage storage storage
Total 379
Treatments -] 0.24 4. T8 6.52% 10.13% 13.02¢ 13,30
Storage 1.61 39.81* 40,65+ T9.13% 91.26% 104.37*
Fungicides 5 0.08 0.94 3.07 5.34 11,63 10.58
Storage x Ireatment 15 0.03 1.74 2.19 3.90 D337 1.9
Kethod of ipplicatiomn 2 0.03 1.56 1.02 1.85 4.84 550
Method x Storage 6 0.04 0.79 0.95 1.68 2.13 2.80
Pungioide x Method 10 0.02% 1.15 1.09 1.04 3.56 4.44
Fungicide x Storage x ’
Method 0.022 0.67 0.58 4.07 1.7 2.57
Control ve treatsments 1 10.54* 121.73* 218.357+ 540.67* 455.44" 424.76*
Among control 3 O.42 14.84 21.29 13.43 Se44 9.67
Errox 304 0.368 4.00 5.46 9.16 12.93 15.00

* = 3ignificant at 5 per cent level
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ABSTRACT

The present investizations were carried out in
the College of Horticulture, during the year 1978-1980.
The objectives were to study (1) the growth and deve-
lopment of dbanana fingers ov. Nendran and to fix
optizum time for harvest (1i) the effect of pre~harvest
sprays of growth regulators on post harvest jumlity of
the fruits (ii1) the effect of Aaifferent storage methods
on prolonging the shelf life and (iv) to sssess the
efficacy of different fungicidal treatments on control=
ling anthracnose disease of ripened fruits.

fruit growth in rainfed 'Nendran' was found to
be a continueous prooess till it reachee maximum maturity
at 90 days after shooting. The length, girth, volume
and weight of fingers continued to inorease rapidly
during early stages of growth, accounting for 90 per
cent of growth by 60 days after shooting.

The accumulation of dry watter and the astarch
took place at increasing rates during the first two
month of fruit growth resulting an inorease in specific
gravity from 0,36 at shooting to more than one after 70
days of shooting and pulp to pesel ratio from 0,32 to



1.50 on 70th day. The study showsd that rainfed
'Nendran' can be harvested from 70 daye after shoot-
ing without impairing the quality but with light
reduction in quantity.

The growth regulators if applied as pre-harvest
sprays on 60th day afser shooting inoreages size, weight
and quality of the fruits; the maximum inorease in sise
and weight was resulted by the application of 2, 4-D at
10 ppm. The quality was improved by way of inoreased
788, total and reducing sugars by treatments of Ethrel
400 ppm, NAA 50 ppm, 100 ppm and 2, 4=D at 4 ppm and
10 ppm,

Improvenent in quality followed by growth regula-
tor application wag more evident in case of 70th day
harvest than the harvest at full maturity.

The comparative study of different storage methods
have revealed that, the polythene bag with potasaium
pernanganate increages the storage life by 10 days,
polythense bag alone by 6 days as compared to smoke
treatment and open storage. Eventhough the fruite in
polythens bag with and without mso‘ showed a reduction
on 78S, total and reducing sugar content, the appearance
of the fruits were much detter than that of emoked fruits



and open stored fruits and the eating quality wvere
also good.

The study on the incidence of anthracnose
digease in the storage showed that all the fungiocides
used at doth concentration vig, anthrecol at 0.05%

& 0,1%; DBavistin 500 ppm and 1000 ppm; Thiride 0,1%
and 0.2%; were equally effective in reducing the

black spot development on ripened fruits. Though few
spots were present in spite of the treatments, the
quality and colour were not affeeted. Among the storage
conditions, Polythene bag + nmo‘ showed least incidenoe
of the spots while it was maximum in case of smoke

treatment,
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