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INTRODUCTION

Apple (Malus domestica Borkh.) the most ubiquitous of
all the fruits of the world is the most important
temperate fruit crop of India with regards to acreage,
production, economic value and above all popularity.
Apples are mainly grown in India in the three north
western Himalayan States viz., Himachal Pradesh , Jammu
and Kashmir and hill districts of Uttar Pradesh. The
region provides for almost the entire requirement of
temperate fruits in thé country and horticulture is the
mainstay of the people of these states. Of the total
apple production of 13.3 lakh tonnes in the country, the
contribution of the three states viz., Jammu  and
Kashmir, Himachsl Pradesh and Uttar Pradesh is 7.8, 3.80
and 1.8 1lakh tonnes respecrively (Azad, 1887). The
growth of apple industry in Himachal Pradesh, in
particular has indeed been phenemenal, during the past
three decades. Today, applé is the major temperate fruit
crop of the State accounting for an area of G.55 lakh
hectares (38 per cent of the total area under fruits)
and over 90 per cent of the total fruit production.
Apple industry, has thus emerged as the major bulwork of

rural economy in this land-locked hill state of Indisa.

Higher yields, are worth little, however, if the
harvested crops are not made available to thé consunmper
in good gquality. Flishy fruits and vegetsbles are
perishable commodities, and apple is no exception. Left
to the vagaries of nature the fruit loses its consumer

acceptability in a very short time. Approximately 30% of
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the harvested crops per year are lost annually as they
move from the farmer to the consumer (Dekazos, 1883).
Such losses, for obvious reasons, are much greater in
developing countries like India where storage of food is
a perennial problem. A sizable reduction also occurs .
in the nutritive value and general gquality of the fruit
that reaches the consumer. Such wastage, in addition is
reflected in higher consumer prices. Preservation of
what has already been produced, therefore, is of prime
importance, and assumes considerable economic and socisl
improtance for a country like ours. Millions more can be
fed by preventing qr,minimizing crop losses.

Harvested apples 1like other fruits and
vegetables, are living things and continue to respire
and c¢arry on most of the 1life processes that were
predominate just before harvest. It is highly desirable
to inhibit their ripening and senescence until they are
to be consumed. Ideally, one would like to be able to
inhibit the ripening process at will to insure maximum
quality at a predetermined time. In practice however,
the storage 1ife of fruits and vegetables can be
prolonged to a great extent by inhibiting the ripening
process either with chemical tresatments and/or with
precise/judicious management of temperature and storage
atomosphere. The span of market availability of apples
has in recent yesrs, be@n considerably extended through
scientific techniques of handling and storage.
Notwithstanding this development, fruit longevity is

determined by its quality at harvest.
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Apple fruit is metabolically very active and
need to have proper biochemical built up at harvest to
withstand long storage to reach the consumer in
acceptable condition. Consumers see quality fruits as
those that look good, are firm and offer good flavour
and nutritive value; they buy on the basis of appearance
and feel, and their satisfaction depends upon good
quality (Kader, 1883).

Chemical modification of metabolism or
ripening brought about by preharvest spray treatments
with growth regulators, and the detailed knowledge of
the biochemical changes occurring in the early stages of
ripening, sccumulated over the years, have perhaps been
the two most impo;tant advances 1in the field of
horticulture since 1871 (Hulme and Rhodes; 1371y, In
addition to growth reguiating substances, effects of
many more chemicals and bioregulators have since been
investigated a&and, at 1east, a few find an established
place in the orchard spray schedules. Inorganic
nutrients'~such as calcium have been shown to inhibit
specific aspects of abnormal senescence in numerous
fruits and vegetables including apples (Shear and Faust,
1875). It has been demonsirated that reduced respiration
rate was associated with an increased calcium level in
the tissue (Wills and Tirmazi, 1982).

Fungicides improve the storage 1ife of fruits
by preventing many pre and postharvest pathological
disorders. Many of th; infections of sooty blotch, fly
specks, fungal rots and other storage diseases . take

place while the fruit is still attached to the mother



tree. These can be effectively controlled by pre and/or

postharvest applications of fungicides (Tepper and

Yodder, 1982).

The present investigations were undertaken to
study the effect of preharvest sprays of some newl&
developed growth bioregulators and fungicides on the
accumulation of calcium, ripening, ethylene evolution
and storage quality attributes of Red Delicious apple

grown in the high region of Himachal Pradesh.
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FEVIEY OF LITERATURE

A review of the current status of knowledge on

the effect of some plant growth regulators,
bioregulators and fungicides on  the ripening and

storability of apple is presented under the follawing

sub-heads:

2.1 Growth bioregulators:
2.11 'Agrostemin
2.12 Biozyme and Frotozyme
2.13 Triacontanonl and related

proprietary products

2.14 Fuphorbia rovleans, Bolss latex
2.2 Fungicides

2.21 Carbendazim (Bavistin)

2.22 Thiophenate methyl (Topsin~M)

2.23 IDEDdiQnE (Fovral)

2.1 Growth bioregulators

2.11 Agrostemins

Agrostemin is an allelopathic bioregulators that
iz reported to have beneficial effect on plant speRcies,
especially agricultural crops. Tt is claimed to be an
extract of corn cockle (Agrostemms githagol, & common

field weed that grows under natuwral conditions  in

symbriosis with wheat and obther grains (Anonymous, 1987).

Aigroetemin i marmafacturad bto «@ uray-white powder

in two formalaticns b, COFUET UANNDELSCFRCEEACHART MO T,
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Stresemannstrasse 17 D—-&2410, Vonigstein/Taunus,
Yugoslavia. Agrostemin Type 1 is  for application  to
seeds & Agrostemin Type 2 exclusively for treating
leaves and plant surfaces. Agrostemin is a blend of 39
different plant extractse in & scientifically balanced
ratio & its madin ingredients are o
Fhytahormonal comples:
A. Cyrokinin comples
BE. Gibberellin complex
C. Auxin (in smxll partes)
Free amino acids, organic acids and derivatives
of organic acids :
Tryptaphan (Cf4H{aMN20~1
Glutamic acid (C5H9N04)
Orcialanine (CinHi=NOg)
and other amino acids, as well as organic
acids and derivatives of organic acids:
Alantoinic acid (CqtaNgOq)
Alantoin (CqHgNg O )

Adenine (CBHSNS )

Inhibitors:
Devivatives of ARG (abscisic acid).saturated

aliphatic bydreocarbons and cyclic inhibitor(CgHoehNsOr)

Agrostemin 1is claimed by the manufactuwrer to -
be & new concept in the area of ﬁlaﬁt“?“pﬁ]EMEﬁtﬂ food--
bioregulators from the phytrtoahormone family which can  be
u&%d it conjunctice witd  herhicides, pesticides  and

fertilizers (Stantaovic and Gajic, 1784). fccording  to



the product information based o scientific
investigation made available ty the marufacturers

application(s) of Agrostemin iz sald o tresult ir

various beneficial physiclogical responses such as
increased mineral uptake, improved lex system  wilth

increased chlorophyll production, and reduced rinerning
period by as much as two weeks. In fruits and vegetables
it is said to increasse the Yitemin © contenlt, weight
(upto 20%), Ffirmness, sugar éomtent (upte 2%W), and
essential amino acids. It is also reported to enhance
the fruit colour and incre&se the fruit sirze.

It is reported that apple fruits when
treated with agrostemin Type—2, increased the colour
intensity of the fruit,’reduced the maturity period,
increased the dry matter cortent (8-15%), irncreased the
vield (5- tuM) and improved the ctovage longevity of the
fruit and thus reducing the loss by 20-30%,

. Miele and Tonietto (1984) reported that
agrostemin applied to grape vine had no effect on vield
or guality of grapﬁ," Howewver, in another exgeriment,
Stankovic and Rajbkovic (1994) obhserved increased
photosynthesis, yields and fruit gquality in  pear  when
agrostemin was sprayed at .the Tmouse  ear’ stage.
Grindberg and Azimas (19826) applied agrostemin as &
foliar spray to tobkacco at the 4-5% leaf stage and
Cheerved increased plant height, leaf area  and  leaf
vield.

<
Agrostemin is reported to incresse the N, FLE

A Ca uptake when applicd as o faliar spray to lucern
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(Blazheva and @Angelov, 1787). Feliar application Qf
agrostemin to lentile has heen reported  to wert
pronounced effect on seed yield and also increase
gpecific weight (Iliev and Christov, 1?@7). Im another
experiment, Hradecka and Fecbtar (1702) observed increased
number of grains per ear and higher grain weight' in
winter rye with application of agrostemin at flowering
stage.

2.12 Bioczyme and Frotozyme

Riozyme and proteozyme are the bioregulators
whiich .are claimed by the manufacturers to  enhance  the
growth, vield and gquality of crops. BHiozyme Crop+ is A
biotechrnology research product from Wockhardt Limited,
Eombay, while Protozyme’Cer+ is manufactured by &..0.
Chemicals, Ahmedabad aﬁd marteted by Kisan Brothers Pvi.
Ltd., Ahmedabad. Gccovrding ﬁo thes manufacturmfﬁp these
bioregulators are biclogically derived nutritional
supports intended for application to crope at  the
vegetative o beginning of the reproductive stages of
the plant grmw?h. Their main active ingredients are:

A. Cytokinin and auxin precursors

E. Enzymes and
C. Hydrolysed protein complex

Ae cytokining  and auwtins  are  brought into
close ascociation with plant tissue, several enzvmatic
processes are affected. The crzyme ribulose diphosphate
carbaonylase, which ihi&iatms the ceynthesis atf

carbohydrates from COo ard  photosynthetically deriver



o .
NADFH», increases the activity and the mags. of the
-photosynthetic product. With increased amounts of
biéchemical energy 1ow available, more corvrect
structural synthesis of chlorophyll procesd:s (Stetler and
Laetsch, 198%).

The storage of plant tissues is  immediately
responsible for several metabolic activities. | The
degradation of such storage polymers and process of
resulting products through glycolysie and the pentose
phosphate shunt oCccurs. This stimulation of
tricarboxylic acid cycle which allows metabolites to
enter the fatty acid~ph05ph6“1ipidnsteroid hiosynthetic
pathways to fimally pass through the respiratary
cytochrome system, is partially responsible fTor the
ageing procegs in plant-tissuﬁs. This entiré process Can
be slowed down in most cases by the applicaticon of
cytokinin enzyme complexes. Invertase, the emzyme which
is responsible for the breakdown of disaccharides into
monosaccharides sugars can be halted by the application
af  plant regulating ccmpoundﬁ (Thimann and Wickson,
1958).

Bmock et &al.(1962) observed that treatment
with N6* benzyladenine of several varieties of apple
either befeore harvest or after harvest at 1030 ppm
accelerated the respiration rate in the pre-climacteric
phase but the treatments had no consistent effect on the
development of physiclogical or fungai diseases in
storage. BA has alsao been found to preserve  the green

<
calowr of the pedicel and flesh appearance of the sweet
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cherry fruit and reduced the weight Iozé during stmragé
(Tuli et al., 1962).

Foliar application haz been shown to be an
effective method of applying bioregulators ol
nutritional support to plants, particularly when
responses within short growing seasons are demanded
(Alexrander, 19846). Biozyme Crop+ is reported to be the
most balanced and specific nutriticonal support for crop
vield and to increase the shelf life a5 a result of the
uniqgue understandiﬁg of the plént Bicchemical demands.

It iz claimed by the manufacturers that
biozyme offers differenthadvantagesg 1t gives bigger
fruit, reduces flower and frult drop, increases keeping
quality of fruiﬁs, gives fruits of desired surface
colour. When it is aéplied at pre~harvéﬁt stage to
apple, peach, plum, cherry and  apricet, it offors
advantage of uniform méturityy desired suwfact colour,
and better keeping guality of fruits. Frotozyvme on  the
other hand, when applied to the fruit bearing tree like
manqgo, lemon, orange, sweet ]."irm':':_q apple, chikoo, guava,

plum  and pomegranate etc. al the time of flowering and

at  fruit set stage is reported to offer Various
advantages like increased abscrptions of nubrieits,

increased photosynthesis amd nutrient wtilization,

increased crop guality and size with higher pprotein,

hetter retention of blooms ete.

Foliar spray of biczyine aor probtozyvme (19,20 or

30 ml/10 0 litre) to Santa Reosa  plum  tree  has  been

$ .
reported to significantly ircrease the leaf area, fruit
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weight and  voaolume (Anonymous, 1L990) I arnother
experiment, Sharma (1990) reported that protozyme (1
mi/t, 2 wml/1, ® ml/1l), biozyme (1 w1/}, 2 ml/1 and 3
ml/1) increased the fruit weight, 795 and firmness of

Red Delicious apples.

Paras, a product of Hindustan l.ever Limited
is a mixture of aliphatic alocohols, including
triacontanol and is also known as Mixtalol. It contains
0.9% triacontanol. Faras is reported to increase the
rate of photosynthesis arnd inhibit photorespiration  in
tomato, barley and rice leaves resulting in higher dry
matter production. The increased rate of photosyrthesis
was attributed to the enhanced carboﬁylation andl
phosphorylation activities besides increased chlorophyll
content due to Mirtalol anplication (Menon and
Srivastava, 1984). Higher amcunt of chlorophyll and
ccarotenoids  in paddy, maize and tomato with 2 ppm of
Mivtalal was reported by Venhétaramani gt al.(1987).

Triacontanal is a long chain 30 carbon primary
alcohaol (CH=(CH2) 28CH~0H)  and is derived from alfalfa
(Medicage sstival. The growth regulatory effects of
triacontanol were first reported by Ries et al. (1977)
when they observed increase in dry weight and water
uptake of rice seedlings treated with crystalline
substance isclated froum the active fraétimn of  alfalfa

meal.

Mamat et al (1mam), ohmorved that
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triacontanol applied (1.2% mg/l) as & so0il drench 20

ml/plant at transplanting stage, cigrificantly increased

garly rvipening inm ‘tobasco peEpper. Increased fruit

weight, volume and total sugare and reduced total phenacl
content and acidity was observed when fruitse of Santa
Rosa plum were treated with 25 ppm trizcontarol
(Chandel, 198%). Hashim and Lundergan (1923%5), obsevved
an increase in the fresh weight of strawberries with the

application of triacontarncol at 2.0 mg/l.

Jindal and Dwiwvedi (1288) veported &
sigrnificant increase in .weight, valume, sugar, T885
content in fruits of Santa Rosa plum with an application
of triacontancl. An increased level of total sugars in *
plum was observed with the increasing concertrations of
TRIA upto 7.5 ppm and Mirvecualan upbto 10 ppm (Baraa,
1920) .  In another experiment conducted by Sharma (1990)
increased fruit weight, T88 and firmness  of Red
Delicious apple was observed wilh Faras (0,20 ml/1, 0.490
ml/1 and O.50 ml/1). An incréaéad weight and volume of
Santa Rosa pium have also been reported by Parmar et
&l. (19846)  with Mixtalol. However, no effect o fruit
weight and soluble solids was ohserved when triacontanaol
was  applied to 'PMR-4%° muskmelons (Rosland et al.,

1979) .

J

Erhanced nutrient abhsorption in terms of NP

and I due to triacontanel has been reported in chi]liiz////’

by Minirai and Shanmunoave it 1907, v
] ¢ )
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In tomato, a significant improvement inm  fruit
quality was observed with the application of 1 ppm

triacontanol (Gunasekaran and Shanmagaveluw, 1983Y).

Chander (1987) aleo reported increased fruit size and

improved quality of New Castle apricot  with t e
application of & ppm triacontanol .
2.14 Euphorbia roylesns Boiss later

Defining the latex, commonly called milky

il

juice, Metcal f (1967) reparted that the term i used
loosely by plant anatomiste for fluids with a milky
appearance due to the suspension of many emall particles
in a liquid dispersion medium with a very different
refractive index.

The latex of Eupheorbie rovieans Roilss s
reported to have strong insecticidal  and mulluscidal
properties (Sharma, 1982). Uemura arnd HMirta (1973) and
Evans (1973 reported that the active pPrincipal
Feaponsible for these properties was  dngenol, & new

class of polyhedric diterpens esters.

The latey is also suspected of having very
strong growth regulatory and antitranspirant properties
and is thought to ke particularly rich in  endogenous

gibberellins and cytokinins. I'm what appears +to be

perhaps the firset attempt to ascertain the
antisenescence propertips aft  the Ilatey and i1ts
potentials in  extending the storage 11F of fruits.

Chopra and Khokhar {1ean) dipped freshly harvested
(
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Minnmnow mandarin fruite in agneouvs colution offfaphorbia
royleans BHoiss latex at cuncentrations ranging hetween:
0.01 to 0.1 per cent in step-ups of 0.02% for 2 minutes,
ancd observed significant increasse in ambient storaqe
life with 9.02% and ©.05 per cent applications. However,
in another study Chopra et &l.,(198%) did rnot find  the
latey effective in extending the storage life of lfresh
button mushiocoms (Agaricus bisporus) stored at EO to 5GC
in 100 guage polythene bags with 0.% per cent venting
area. Nayital et al. (1990) gave postharvest dip to FRed
Delicious apple fruits in 0.01% Euphorbia rovieanz latex
for 1 minute and observed significant reduacticorn in
weight and volume losse and increase in TS and as  well
as titratable acidity of fruite during thé couré@ of 210

-

day storage at Ofle.

2.2 Fungicides
2.21 Carbendazim (Bavietin):

Mature fruits and vegetables are Righly
susceptible to invasion by specific pathogenic

microorganisms because they are high in moisture and
nutrients and are no longer protected by the intrinsic
factors. Pathological diseases of fruits and vegetgables
can be reduced to a certain extent by maintaining the
natural resistance of the host, 1aw storage
témperaturesﬂ low  oxygen atmospheres, and treatments
with growth regulators that delay smmegéence. However,
these beneficial practices may neot aderquately protect

. con s
the: crop  from microbial attoct, especially during
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storage or movement of the crop through axpmrﬁ marbet
channels. The maximum cstorage life of many fresh fruits:
ana vegetables can be realized only by ftreating the

product with an antifungal agent before storage in  an

optimal environment (Echkert, 1983).

The postharvest diseases are due either to
contamination and incipient infection that occcure auring
the growing season or to infections through injuries
attributable to  harvesting, processing, packing and
transporting of the produce (Faul armd Mumnjal, 1282). The
losses df fruits and wvegetables which may be attributed
to postharvest dicseases are rarely appreciated by eitdher
the bruducer o the consumer. Meassures for controlling
postharvest diseases are based upon:(a) prevention of
infection, (b) eradication of incipient infection, and
() retarding the prmgreag.of pathmgen. in L the host

(Eckert,1979) .

Fungicides developed since 196% have shown  a

high degree of efficiency against latent infectiorns ac

well RS protective and antisporulant action in
controlling certain postharvest diseases

(Eckert,1977).To achieve these ohjectives pre and/or
rostharvest application of various systemic fungicides
and nen-systemic fungicides to  fruits have bheen

advocated.

Ravietin (methyl-2-benzimidarole carbamate) is
a ‘systemic fungicide wiQh praoplywlactic and curative
;

action and, has been reported to offror excel lent promice
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for reducing losses  from blue meould (Fenicillium
expansum Lk, ex. Thom.) and gray meuld (Dotrytis cinereas
Pers ex.Fr.), major causes of spoilage during storage
and marketing of apple (Hardenburg and Spalding, 1972).

Elue mould is reported to be the m¢ost prevalent
postharvest pathogen m apple (FKaffmarmm et al., 1978 .
In Himachal Fradesh, this fungus alone was responsible
for 5% per cent of the total postharvest losses
(Agrawala and Sharma, 19268). kKaul and Manjal (1982)
found the blue mould rot (FPeniciliium expanswum) Lo  be
the mosﬁ destructive out of 21 postharvest rots reported

by them.

Dar and Mubkhopadhyay (1976), observed that in
fruit dip tests with Carﬁendazimy diclorar and captafol
increased the storage life of Red Deliciouws apples by at
least 3% days. Blue mould rot has been reported to  be
effectively controlled by dipping fruits of  apple  in
bavistin (Dar and Mukhopadhyay, 19773 VYyas and .Siﬁgh
19773  Kaul, 1282). Ten days iﬁcreasa in shelf-life of
inoculated appies waé observed by giving a postharvest
dip in 2000 ppm bavistin (Vir, 1972). Verma et al.,
(198%) observed that apple fruits treated with bavistin
at 0.2 per cent + 46 per cant wax emulsion, could be
stored successfully upteo &0 davs in  the hills of

Meghalaya.

Dar and  Mubkhopadhbyay (19780 reported &
sigrnificant increase in gsugar content and in  storage

life of Red Deliciocus appleos upte 7% daye treated  with
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bavietin 0.1-0.3% per cent. Gupta and  Sharma (1981)
stated that two fortnightly sprays with bavistin before
harvest enrnhbanced the keeping gquality of Golden Delicious
apples by protecting them against storage rots. Similar
effecte in controlling storage rote was recorded by
Hansen and Schadegg (1974). Bavistin effoctively
protected the fruits from blue mould rob and bittgf rot
of apple (Ahmed, 198%; kKaith,1987). Use aof bavistin ag
postharvest dips has been reported to completely check
the Blue mould rot, vhizopus rof and black rot of apple

fruit (Chib et al., 1983).

Verma et al. (1984), observed that the field
sbray.of bavistin suppressed the fruit rot upte 80 days,
and  the fruits of Ruyal Deliciuug apple  dipped in
bavistin resulted in good keeping quality upto 120 days
of storage. Two sprays of bavistin, 20 and 15 days
before picking have bheen reported to ca@plﬁtely prevernt
the fruit rot of apple for one month of storage (Zaheer
et a&l., 19846). Cano et al. (1987) reported t%at
postharvest ‘treatment with bavistin increased the
carbohydrate content of fruit of Starking and Golden
Deliciocus &pple. Nayital et &l.(1990) observed that
postharvest dip of 300 ppm kavistin given to Red
Delicious apple completely checked the fruit rotting

upto 210 days of storage at OleC“ In another study

preharvest spray of bavistin 1000 ppm checked the fruit
rotting upto 150 days besides increasing the fruit
firmness, per cent juice aontent, T8S, total titratable

acidity and froit calcium contoent fPDhar, 1°287).
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2.22 Thiophenate methyl (Tapsinzi)
Thiophenate seems to  cococupy an important

position among fungicides since it is not a heterocyclic
compound , but instead 1s  Q distributed benzene
derivative. Both methyl and ethyl thiophenate are brpad
spectra fungicides having the same antifungal spectrum
as benomyl, though on a somewhat lower level of
activity. The fungitoxicity as well as systemic action
of methyl and ethyl thiophenates may at least in part be
attributed to their easy transformation into carbendazim

and ite ethyl analogue, respectively.

Thiophenate—-methyl (1,2-bis (Z—methony -
carbomyl-—-2-thioureido)-2-aminobentcenea) urnder the trade
mames  Fungo, Tmpsinmﬁg Cercobdn M, Zyban,Chipco  Spot
Klear, etc. ie a broad spectrum preventivé and  curative
fungicide fTor use on btuwef and as & foliar spray to

control  powdery and downey mildews, Rotrylis diceases,

- numerous leaf and fruit spote, scahbe and rots. eto.

Scheer (1?274) in & field trial observed that
benlate 0.058 per cent and Topsin-M at 0.1 per cent
sprayed at 20 days interval gave good control of storage
rots  of Golden DRelicicus apple. Yerma ot  al. (1988},
repaorrted that the field spray of thiophenate methyl 0.1
per cent increased the T8S and acidity and gave
effective contrel against the fruit rots in apple upto
120 days. Canc et al. (1987) chserved that apple  fruits
treated with benamyl, bavistin, thiophonate—-methyl and

thinkerdarcle maintained acunl hoeping guality in
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cstorage, though ripening was advanced owing probably  to

the postharvest treatments.

2.23 lprodione (Rovral)

Iprodione (F—(3,%-dichloraophenyl)-N-isopropyl-

2,4 dioxoimidazolidine-l-carbozamide), marketed under
» ] -

the trade name ‘Roviral’ is a contact fungicide uwsed for

fruit diseases caused by fungi.

Coating of citrus fruits with Waxocl a&and oil
emulsions along with rovral hbase been reported to
decrease the decay and thereby, incresse the storage
life of fruits (Singh and OGupts, 19793 OLGupta =t
al.,i?BO). Little et «1. (1980) stated that the best
protection from storage rots was obtained with rovral
and imazxlil on Granny Smith apples, benlate, fmvral and
limzalil an Jonathan appla and rovral plus beniatﬁ misx on
Feckham pesar. Laville and Souty (1982) studied the plant
pathoiugical aspects of peach and found that roviral was
the most effective fungicide againﬁt Rhiropus, Monilinia
and Botrytis species. Chib et al. (1987) observed that
rovral and bavistin were effective against blue mould
rat of apple, while rovral was egually effective against

Rhizepus sp.

» Bood control of blue mould rot and a&lternaria
rot  in apple was observed by the applicticon of roviral
(Romarno et al., 1983; Tak et al.,l?SS); Raju et al.
(1984) obtained good contrel of fruit infection of

. . . LI
chillies (capsicum) caused by COellelctrichem capsics
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withe Topsin-M  and  rovral. Gharoni end  Barkai  Galon
"1987) nbserved that iprodiore (rovial) applied during
flowering and fruit development caused a significant
reduction in the incidence of fruit decay of
strawbervies during cald storage and subseguent two days

of shelf life. Application of roveral gave qgood conterol

-

. L}
of Botrytis cineres of pome Truits (Morgat, 12897),
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MATERIALS AND METHODS

The present investigations on the effect of
plant growth bioregulators  and  fungicides  on the
ripening and storability of apple (Malus domesﬁica
Rorkh.) cv. FRed Deliciocus were conducted in T e
Department of Fostharvest Technology, Dr Y 5  Parmay
University of Horticulture and Forestry, Maumi, Solan
during 1989-720. FPlant material in & private orchard
owned by Shri Anant Ram MNegi at Halaila (2200 m a.s.1.)
near kotkhai, District .Shimla was used for these
investigations, and the bicchemical analyses were done
in' the Postharvest Fhysiology Laboratory and the
laboratories of the Depﬁrtmenf of Soil Science and Water

Management and Hasic Sciences (Microbiology).

The investigations were carvied out in two

experiments, each assigned to a block of sixty four and
J

forty trees respectively. Fourteen year old wuniform

trees of Red Delicious apple on crab apple rootestock

were selected for these studies. The trees WEE

maintained wder & stricltly uniform schedule of cul tural

operations. The two experiments comprise of sixteen and

ten treatments respectively as per details given below:

. - . - ' h
S Experiment I:Effect of prewrvest sprays of growth

bioregulators on ripening and =steorabilily of apple.



The following treatments were gilven oo ther

fruits under study:

Treatment. Biorcaulators Comcenlration
Mumizer ( PRin)

T4 Agrostemin 0o
To _ Ayrostemin 250
T Agrostemin Q00
Tag Biczyme SO0
Te, ' Biozyme 750
Tg Biozyme 1000
Ty Frotozyme SO0
Tg Frotozyme . _ 750
Te Prdtuzyme 1000
T 10 Faras 1000
T3y Paras 2000
My= Faras EOO00
Tz Evphorbia royleans latex 100
Tig Evphocrbie movleans lates DT
Tis | Euphortbia rovieana lates =00

{
Tyg Corrtral Water spray

Two  sprays were given six  and  three weeks
before harvest (14 & 17 WAFRY, the firvst on  S0Oth  July
and the second on 20th Auguet, 1999,
™

R Exvperiment-IT: Effect of preharvest sprays of

fungicides o ripening and storability of apple.
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The following treatmenls were given to the

fruits under study:

Treatment Fungicides Concerntration

Number { prpm)

F1 Ravistin SO0 .
() Bawvistin 1000

F= - Bawvistin 1LEOO0

20

Fa Topsin—M ' 25
Pg Topsin-M 200

P, | Topsin-M | 750

P Roovrral 250
Fg ' Fovial B0

Fo Roviral 750

P10 Control Water spray
The spray  was  given three weeks hefore

harvest (17 WAFER) ,on 20th Auguet 1797,

L3 Freparation of  spray. . oatecial __and  its

spplication

For making solutions aof growth bioregulators
arnd  fungicides & weighed amount of the material to be
sprayed was dissalved with constarnt strivering in a esmall

(et 55°0) _

quantity of wateﬂ. When fully dissolved, the volume was
made to one litre with water to serve as stock
salution. Further dilution of the desired concentration
were made  fraom the stock solutions prior to use. For
Faras, Bivzyme ,Protozyme and F.roviesns latex the
reqgquired dilutions were made i water iamediately before
use, The solulions were sprayed with the help of foot

SPRIHYET .



24
Spraying was done on oa cleasr  and  calm  day
during the morning hours. The spraying was done till the
fruits were wet and droplets of solutionse started
trickling down.

x.4 Storage of fruite

Treated fTruits  as per layout  plan Qf the
experiment were harvested on 12th September 1289  and
pre—cooled .in the field over night.  The frodts were
packed in polythene bags with 0.5 per cent venting ares
and these bags were further packed in standard size
Corrugated Fiber Roard (CFE) cartons and traﬁaported to
the main campues of the University within 24 houwrs  of
harvéstin95 where the fruits were stored in the walk-~in
refrigerated stores B®f the Department of Fost-harvest

FO-9% per cent relative humidity.

i
a

Physico-chemical analyees

The physio-tchemical analyses of the fruits
were carried aut at 2, 130, 180 and 210 davs of storage

P ] .
at 0+1°C as per following proceduresz.
/
N

% "
€

it
I~

Fruit_size and physiological losses in. weight
angd_volume

Fruit size in terms of length and diameter,
was  recorded with the help of VYernier Callipers  and
expressed in cm/fruit. The loss of weight and volume was

expressed as per cent.
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Specific gravily
The specific gravity of the fruit WS
determined onrn the basic of weight and volume by dividhg

the weight of fruit by ite volume.

i

i
i
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Firmness was neasred with arm,  Effegl
Fenetrometer—-FT 327, which recorded the e ssure
required  to force a plunger of 11 mm in diameter into
pared apple flesh. Dhservations were taken on opposlte

sides of sach fruit and results expressed  in Mewtons

(M) .

Newton(MN)= Force in Kg X 2,807,

A

. a4 FPer cent juice content

& krnown guantity of peeled fruit  for  each
tfeatment was  cut into amall rieces and the.juice WEE
extracted in Usha Shrirvam Juic&r Mixer Grinder. At ey
evtraction, the juice was strained through a piece of
muslin claoth. The amount of jmica chtained was neasured

in measwring cylinder and the results were expressed as

per cent juice content.

3. A% Tetal scoluble solids (T85)

The total soluble solids were! determined with
an  Erma hand refractometer (0-Z2¥% range) by putting a
drop of juice on the prism and tabing the readings. The

results were expressed as per cent splubkle solids.



3.%6 Titratable acidity

FPer cent titratable acidity as malic acid was

determined by standard A.0.4.C. method (Horwitz, 1930).

.87 Fruit calcium content

Thin slices of fruit samples were aoven IQFied
to constant weighte and ground to & fine powder. Wetl
digestion, using diacid (nitric acid, 4 parts +
perchloric acid, 1 part) was performed (FPiper, 1264) and
calcium estimatior was done on an EEL Flame photome er
(Evans Electroselenium Litd., Halizstead, Eesex, England).
Calcium  content was expfesged as mg/lo0 gm froit, on  a

dry weight hasis.

3.88 Bicelectrical caonductance(EC) and pH

A known amount of homogenized fruit extract
was taken i a 100 ml beaker and EC was recorded in m
mhos/cm on a Elico Model CM-180, Digital conductivity
meter (Elico FPvt. Ltd., Hyderabad). The pH of the same
ertract was recordecd with tHE help of Eltop Digital  pH

meter Model 3030,

3. 59 Total sugars. reducing sugars and nenoreducing
s\galrs
Twenty five grams of fruit tissue Was

macerated and homogenized with dietilled water. The
volume of homogenate was increased to 253 ml  with
distilled water. Out of this voalume 50 ml was taken Ffor
the determination of titgatable acidity. The remaining

200 gl extract was neutiralized with 1 N NaOMd. Ten ml of



=  per cent lead acetate was added to this extract and
allowed to stand for 30 minutes followed by fillration
and addition of 2 ml of 22 per cent potassium  oxalate.

“wtract  was  again fillered through  Whatmear-1 filter

paper. From this filtrate %0 ml was drawn and hydrolyeed

with corncentrated HCI arved lefl  overnight  for T her
analysis of total sugar-. The left ever exbtract was uwsed

far the analyesis of reducing sugars.

. !
Reducing SUGalrs ard  total SLMIAITS We e
cetermined by 6.0.A.C. methoed (MHorwitz, 1280) arc

results expressed as per cent suwgarse. The amount of non-
reducing sugars was calcwlated by substracting reducing
sugarre from total sugar and Multiplying The difference
with 0.9% and the results expressed as per  cent none
réducing sSUQalrs. |

3.591 Total phenols

Total phencls were determined by the method of
Bray and Thorpe (193%) as deséribmd_belaw:

One  gram of fresh fruit pulp was mascerated
with 10 ml of 80 per cent ethanal and filtered through
cheeze cloth, The residue was washed with 1 to 5 ml  of
80 per cent ethanol. 0.2 mlluf filterate was takern in
graduated 2% ml test tuwbe and to it L wl of Folin phenol
reagant (L N) was added fallowed by 2 ml of 20 per cent
sodium  carbomate. The conter st were  Lhoroughly shaken
armd heated on boiling wabter betl for one minute and then
cooled in  rurmming Lap watber. The:  Blue solution so

obtained was diluted *a 29 6] vkt Adtatri 1o ater.
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After 30 minutes, the optical density af  the solution
was recoirded in spectronic-20 colorimeter at 650 na.
Rlank was run simultaneocusly to adjusht zero  absorbance.
Total phenols were calcouvlated against o standeard  curve

of tamnic acid. The results were expresged as  wg | of

total phenol per gm fresh weight.

JT.b Fhysiclogical characteristics
3.61 Ethylene gvolution rate
Ethylerne evolution rates (f froits wWe 1"

measuwred in  Bas Chromatograph Shimadzu  GC-?26 by the
methbd suggested by Wills and Yuln (198%). Weighsd
guantity of fruits from different treatments were bkept
in jare for one hour. The ethylene concentration in
samples of each of the jar effluents was measured wsing
a gas chromatogram with a Forapabk column  connected to
flame ionization detector. The temeratures standardized
with reference to standard gas mixture for column  and
injectiaon wWes e s0°C  and @DUC, respectively. The
retention  time and sensitivity of the instrument was
caliberated &t every stage of monitoring ethylene

evoluticn with reference to starndard gas amixtures. The

- -1
resul ts were expressed as kg Pe {ppmn) .
S bR Fruit respiration rate

The gas flow melthod as descrihed by Mever et
<

al., (1966) was enployed witl alight  acdifications for

the qguantitatlive measoroment o reepieation {carbon



Fig.1.
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TO YAGCUUM PUNP

APPARATUS TRAIN FOR THE MEASUREMENT OF RESPIRATION

A. air flow requlater. B. a large capacity soda-lime \tower.
C. check bottle. D. respiration chamber.
E. absorption flask & tower. F. spray trap.

G. suction flask.
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dioxide evolved) by Lhe frait Eamplds. The apparatas
considered of & train ésgembly {(Fig.1) in which a&ir &t
requlated speed passed through a large capacity soda
lime bottle into & check botlle containing 20 per  cent
barium hydroxide. The carbon dioxide free air pagsed
into the respiraticn chambeor iv which  the respiving
fruit samples were held., Therefrom, the aiv enhanced
with carbon dioxide resulting from respiration, passed
to  the absorption flask and tower, and thern into spray
trap and finally to the sucticen flask connected to a

VEACUWAm  puamp .y

/
Fift ml of O.1 M scogiuwn hydroride were ks
Y

inte the absorption flask. A weighed quantity of whole
fruit was placed in  the respiration hamber and
immediately the entire assembly was made air tight and
vacuuwm  pump put on. Alr flow was  regulated at  &0O-70
bubbles per minuwte. The apparatus was allowed to operate
for one houwr after which the ahsorphtion flask was
disconnected.  -The glass beads and glass tube were rinsed
into the absorption flask with four successive 50 ml
portions of distilled water. To this Eélution 2 ml of
saturated bearium chloride was added and  the contents
shaken genrntly. This resulted in the formation of a white
precipitates of barium chloride. The precipitates were
allowed to stand for 5 minutes and then 25 ml of Q3 per
cent ethancl and 4-% drops of phenelphthalein were added
to dit. The excess of sddium  hydrosdide left in  the

solution was titrated against D1 M lydrochloric acid. A



blarnk wae also run involving all the steps and reagents

except the fruit in the resplratiocn chiamber .

COp in milligrams = VaMNa22.0
where,

')

) = difference between plant and experimental
titratione in millilitres; and .
'

=z
i

rnormality of HC1 used for titration

3.7 Sensocry evaluation
Ta ABGEESS t e COmELMmE s preference,
organcleptic evaluation’ ocf fruit frcm different

treatments was conducted by panel of 10 judges, and
4their scores were averaged. Scoring was  dome out  of
total score 100 on the hasis of different parasters like
appegarance (30), Flavour i1.e., Taste (20) + mrmma (20,

and texture (30) (Ranganna, 198&6).

3.8 Fer cent fruit yot

The extent of rotting was recorded at  each
sampling date under each treatment during storage. The
fruits wunder each treatment were takern out  from  the
boxes and number of rotten fruitsz were counted. The

resultes were espresceed in per centages. The sound fruits

were stored in Lthe boxes.

3.9 Blatistical analyesiy .

The effects mf VA lows treoatmeonts on mach

variable was assessod by the Rarmndomized Rlock Ureign and
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EXPERIMENTAL RESULTS

The present study on the "Effect of pre-
harvest sprayse of some plant growth bicregulators and
fungicides on the physical characteristics, biochemical
constituents, and incidence of storage rots i Red
Delicious apple (Maxlus domestice Borkh.)"” held at 0+1°C
wae conducted during 19289-90. The slhudy was conducted in
two experiments of which euperiment T relates to  the
effect o f preharvest S ay s o f plant gt b
bicregulators, and experiment TT to that of fungicides.
The pérameterﬁ of study for the two experiments  being
identical have been grouped for the cake of brevity and

~

continuity. The resultse are presented here under:

4.1 Effect on Fhysitcal characterizstice of fruit
4.11% Fruit sire

The data pertaining to the effect of growth
bioregulators and fungicides on fruit seize are presented
in Table 1 (a and k). A perusél of the date reveals that
in experiment I all the treatments increased the fruit
Bizallin terms  of length and diameter compared to
control. The largest fruits at harvest were obtained
from tree receiving Paras 2000 PEm (T qq) closely

/
followed by those from Ty, To and Tin. En experiment 11,
although no treatment could exert any sigrnificant
influerce on fruit size the largeset fruits in terms of
length and diameter were obtaimed froam Fo and the

smallest from control (P1Q3-



TRBLE . 1({a)
Expt. 1. Effect of preharvest sprays of growth bicregulators on fruit
size of Red Deliticus appie.

Treatsents Length {ca) Dizaeter {ca)
Ty (Rgrostesin 100 ppa) 6,14 5.89
T (Agrostesin 230 ppa) .06 5.83
T; (hgrostemin 300 ppa) 9.2 .43
T4 {Biozyme 300 ppa ) b.01 4,73
Ts (Biozyse 750 ppa) 3.79 .49
Ty {Blozyae 1000 ppa) 599 5.47
T7 {(Protozyme 500 ppa) 2.81 6,50
Tg {Protozyae 730 ppa) 3.82 6.3
Tg (Protozyme 1000 ppa) 4. 86 b.33
Tyg (Paras 1000 ppa ) 5.8% 6.4
Tyy (Paras 2000 ppa ) b.24 6,93
Typ (Paras 3000 ppa) .02 5,78
Ty7 {Euphorbis royleans Wik 5,30
latex 100 ppa )
Ty4 (Euphorbia royleans 217 6,3k
Tatex 250 pps ) '
Tis (Euphorbia roylieena .78 8,34
latex 300 ppe )
Ty (Control Water spary) @13 a.44
¢.D. at % a.15 (.47

Eapt, 11, Effect of prebarvest sprays of fongicides on fruii size of
Red Delicious apple. '

Treataenis Length {ta) Dlameter {cg)
Py (Bavistin 300 ppal &.76 6.50
Pz (Bavistin 1000 ppa) _ S 77 8.4b
Pz (Bavistin 1500 ppa) 579 6,52
Py (Topsin-t 230 ppm) FIEE 6.31
Fs {Topain-¥ 500 ppa) 3.78 6,34
Py (Topsin-f 7% ppal 3.81 5,34
o {Rovral 230 ppa) 77 6.49
Fg {Rovral 300 ppa) x. 78 6.30
Pq (Rovral 730 ppa) 3.83 b.38
Fio (Control Water spary) 3.7 6.47

L.D. at &% N.S. N.S.,



q.12 FPhysiolegical loss in fruit weight (FLW)

The data orn the physiclogical loss in fruit
weight (PLW)  are presented in Table 2 (a8 and b)), Ir
experiment T the PV was recorded to be the Jlowest in
fruits that had received the preharvest application  of

Fig. 2(e» .

Fuphorbia rovleans latex 500 ppm (Tys Y. The trgatmmnt
though being on & par with Ty, Tyg and Tg  was
significantiy superior to rest of the treatments in this
respect. Control fruits orn the obther hand, recorded the
highest phyeioclogical weight leoss. Interactions bhetween
treatments and storage intervale were found to  be
sign;ficant.

In esperiment 11, in which the effect of pre-—

harvest sprays of megicides or the physiclogical weight
légs was  appraised, all the tr&atments resul ted  in
significant reduction in weight loss compared to control
except Py and Pg indicating that lower concentraticns of
Rovral (220 and 300 ppm) were'inﬁff@ct?ve it reducing
the PLW. Bavistin at 1500 ppm (Fx) proved to be the most
effective treétment being significantly superior to &ll
Frg. 2tb)
other treatments in this respectd The highest FLW, on
the other hand, was recorded in control (Fya) froits.

Interactions between treatments and storage intervals

were observed to be non-significant.

4,13 Loss in _fruit wvoluwme

The data on the 3055 i fruit volume presented

in Tahle 2 (a & b)), revoal that in experiment I the



Expt. 1

Physiological weight loss (%)
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Days in stm*age at 0+1 C
Fig. 2(a} Effect of preharvest gprayz of

Parasz & E royleans latex on (PLW) of
Red Daliciouz appla fruits.
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Expt. 11

Physiological welght loss (%)
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Days in storage at 0+1 C

Fig. 2(b) Effect of preharvest gpray of
Bavistin & Topsin—M on (PLW) of Red
Delicions apple fraits.



TABLE .2(a) Ce
gxpt.1 Effect of preharvest sprays of growth bxoregu;dtars on the per
cent physiclogical las: in weight of Red Delicious appie
fruits stored at 0 ¢ § %

@ e i o = - o o e A o = o S e P AP Y P O A oy e = e o B Ay Y Y T =

Treataents Days in Storage Kean
150 180 210

Ty 4.78 b.16 9.33 6.76
Ty 5.3 5.73 g.71 .33
Tz 4.08 5,26 8.1 83
T4 5.02 7.8 9.45 6.88
Tg 4,13 3.90 7.16 5.73 -
Ty 3.90. 3.48 6.95 45
T7 .15 6.92 §.29 8.7%
Tg §.26 3.72 7.41 3.7
Tq 4.11 3.15 6.82 3.3k
Tig 3.2% .49 6.9 3,42
T 4,17 6.12 8.05 5,10
Tio 3.60 3,56 7,31 K
113 3,20 5,25 7.1% 3,58
T4 3.65 5.40 6.9 3.24
Tis 3.10 3,30 5.6 4,87
T B8.37 16,986 12.46 136,460
Hean §.39 6,04 7,71 6,11

Treatments(T) g.52
Interval {1} 4,23
Tl 0,92

Expt, 11, Effect of preharvest 59 ays of fungicides on the per cent
in W

phiycsiological 1%52 eight of Red Delicious apple fruits

stored at 0 + 1 €
Treatgen Days ik Storage fean

150 180 280
Py 8.10 | 7.66 12,36 10.14
7 7.90 §.50 12,12 7,84

F3 Gab0 8.44 10,66 8.23
Pyg .42 11,63 14,13 L
Pg 8.33 5.89 2,86 .36
Py 7.20 8.8L 11,55 9.19
Py 10,33 i2.12 13,463 {2.70
Pg 9.16 11,83 Sedb 12,12
Fo 798 .73 13.18 19,30
Pio 8.3 13.2% {6.66 - i2.74
Nean 8,23 10,43 13,47 10,71

‘IIE LEEBtS(P) 0.72 <
Interval {1} 0.43
Pl N3,



e
fruits  btreated wibthh £ roviesns latesr 500 ppm (Tlﬁ)
recorded the lowest per cenlt loss  in wolume,  the
treatment however beinyg on o par with Tya, Tin, T1g  and
Tig but significantly superiaor to the remaining

treatments  in this regerd. In control froite (Tyg), on

the other hand, the lose in fruit volume was rrecarded to

HE Lhe highest during =nd at  the end et 1 Fver
stipulated 210 dayes storege. Interactions botween 1Lhe

treatmente and the storage intervals were recorded to be
=)

significant.

Im experiment Il the lowest fruit volume was
recorded in fruits treated with Ravisetin 1500 ppm (Fx)
the ﬂreatment however, being on a par with Fp and FPg but
significantly superior- to rest of the traaments.
Gampared to controel, however, all the trzatments were
significantly effective in reducing the loss in wolume
and as vipected the highest loss in fruit volume was
recorded in control fruits (s, The dinteractions
.between treatments and storage intervals were found to
Frez norn-significant.

4,14 bpecific gravity

The date on specific gravity of the fruits as
affected by various treatments are presented in Table 4
(a and b). It is seern that with the advance in  storage
period specific gravity recorded a gradual decliné, the
decrease however, being comparatively abrupt and  rather

{
stiarp in control fruits.



Expt.1, Effect of preharvest sprays of growth bioregulators on the ger
cent physiologi%ﬁl loss in Voiuvee of Red Delicicus apple fruits
stored at 0 £+ 1 T

e o = 0 i e e ot 2 . T = o 8 e P = o Ak e e e e e e —

Treatpents Days in Storage fiean
150 180 210
Ty 3.9% §.19 a.7% 3.24
Tr 3.89 4.58 6.75 3,18
T3 3.82 4.85 5.62 5,09
Ty 4.23 5.39 7.16 3.3
Ts §.16 5,35 7.08 LA s
T4 4,08 5.27 7.00 .43
17 4,15 3,38 7.2% 3.58
Tg §.07 5.52 7.40 L0
Te 4,02 5.41 7,03 3.43
Tig 2.01 3.1 Y 4,01
T 2.11 4,27 6.1l 1t
Tyz 2.08 4.18 8,03 4,10
Ti3 2.49 4,73 5.45 5.5
Tig Z.10 4.335 5.10 4,18
Tig i.98 3.90 3.70 3.3
Tig 3243 7.b7 10,35 7.82
Nean 3.41 4.92 5.94 RO
C.D.at o
H .68
I .48
Tsl 1,20
TAELE .3{k}

Expt.Il. Effect of preharvest sprays of fungicides on the per fent

physiclogical %css in Volume of Red Pelicious appie fruits

stored et 0 £ 1 C
Treataenis Days in Storage Nean

HRH 189 210

Py - 5.28 7.2% 9.48 7.63
fa 5.18 7.02 ?.32 7,31
Ps 3.3 &.13 3.2 5.43
Py 7.52 3,68 10,50 .91
Pe 6.45 7,38 7.52 7,44
Yo @39 .39 3.3% 8.71
Py 8.37 9.4 1.3 §.77
Fg .22 9.30 1146 7.85
Pg 8.1 7.2 3.20 7.54
Fig d.38 10.96 13,40 .88
Bean 5.79 1.98 9.88 8.2



I experiment 1 fruwite vit th  the highest
specific graQéty at the harvest and during storage were
recorded from preharvest trestment with Faras 2000 ppom
(T11)s the treatment, hawever,heing on a par with Tys

and Ti» but significantly superior to rest of the

treatments. Control fruits (Tq1g) on the other "hand

. fs L .
recorded the lowest Avelrage speclfic gravity.
Interactions between the treatments arnd storage

intervals were found to be significant.

In experiment T1 fruit receiving preharvest
gpray of Bavistin 1300 ppm (Pz) recorded the highest
specific gravity at harvest and during subsequent
storage closely followed by Fo,F 1, Fg and Pg but  being
significantly =superior " to the remaining treatments.
Control fruits (Fig) on the ather hand registered e
lowest average values for specific gravity. Interactions
between treatments and storage intervals were found to

ke significant.

4,15 Flesh firmness

The data on flesh fironess evpressed: =

1

punctuwre force in Newton (N) are presented inTakle 5 (a
and b)), The data reveal a gradual decrease in flesh

firmness commensurate with the advance in storage.

It is seen from the Tahle S (a) that fruits
with the highest flesh fironess at harvest were obtained
T oun tress receiving pée harveast lreatment of E.

ravieana latex SO0 ppm (Tye ). Hownver  the highest



TABLE .4{4)

txpt. I. Effect of preharvest sprays of growih bicreguistors on  the
cpecific gravity of Red Delicious apple fruits stored at

¢0+1¢€
Treatsents Days in Storage Hear
0 130 80 210

Ty 0,999 ¢,963 0.940 G.725 0,957
Tn 0.919 ¢.97¢ 0.744 0.932 0,761
I3 1,061 0.979 0.763 0.950 §.973
Ty 1,001 0.960 6,952 0.93% G564
Ts 1,061 0.961 0.947 0,744 ¢.963
Ty 1,000 0.962 4,950 0.94% 0.953
1y 1,001 4,967 4,756 0.746 0.367
Tg 1,000 0,961 0,746 0,957 3,951
Tg 0.979 0.5 0,942 0.532 ¢.758
T10 1,064 0.979 - 0.756 ¢.948 0,973
Ty 1,002 0.789 0.979 0.942 G.978
T2 1,901 0.989 §.973 ¢, 950 0.578
Ty3 0.599 0.972 .958 0,744 0,965
114 1,000 0.776 §.965 0,958 6,573
Tis 1,600 0.987 G.96% 0.962 0.977
Ty .79 0.947 (RY ¢.928 . 5750
Hean 1,000 0.970 0,953 0.%43 Q.57
C.D.st %%

T (.00 -

1 ¢, 003

Tx1 0,02

TARLE .4{&)
Expt. I3, Effect of prebarvest sprays of fungicides on the %pecifxc
gravity of Res Deliciouz apple fruits stored st 0 £ i€
Treatments Days in storage Hean
0 1 igd 210

Py 1,000 0.951 ¢.943 0.937 0.558
Pa 1,008 ¢.9% 0,947 0,941 0. %52
P3 1,003 0.963 0,952 0.944 0.365
Py _ 1,000 053 0,538 0.332 0.9%3
Fe 0.979 0,745 0.938 0.993 0.9%2
Py 1,080 0.952 0743 0.735 0,95
Py ¢.799 0.94¢ 0.939 0.928 2.853
Pg - 1,000 0.947 0.939 0.928 0953
Pg 1,001 0.958 0.740 0. 934 Q0,957
Pio 0.939 ¢.542 0,929 0.928 0.749
Nean 1.0002 0.7% 0.940 0.934 .90
C.D.at 3%

P (. 009 4

i



Zé&

average fironess calues  dartng ad &t the end of
stipulated 2212 daye clorage were recorded  from  fruite
Frg3)

receiving Protozyme 500 ppm (ToW " The treatment however,

was on a par with Tg, Ti, Ty, T10.7g.Te and Ty1gq but

statistically supericr to the remaining  treastments.

Fruites that had received prebarvest  spray  of  Paras
: '

ZOO0  ppm (Tyo) e the other hand recorded  the  lowest

flesh fTirmness. Interactions between treatments  and

storage intervals were found bo be rnorn-significant.

The euperiment II (Table & b)) the highest
flesh firmness at harvest wasg recorded in fruits from Pg
(Roviral 500 ppm). However, the highest average firmmess
was recorded from fruite treated with Bavistin S00  ppm

Fras 3(»
(F’l)A the treatment however being on a par with the g,
Fo. Fgs Po oand Pg but significantly superior to rest of
the treastments. Interactions between trestments  and

storage intervals were non-significant.

4.2 Effect on Fhvziclocgical chazracteriztics
4.21 Fespiration rate

The data on respiration rates of fruits as
affected by various preharvest treatments with growth
bioregulators and fungicides during storage are given in

Table & (a and b).

A perusal of the data in Table & (a) revecls

that in experiment 1T fruits treated with Agrostemin  S00
FIB- 4(a)

ppm (T3 " exhibited a gradual arnd steady increase and

< !

decrease in the respiration rate dnring the stipulated

storage period nf 210 daye celmineting 1o oa respiratory
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Fig. 3(b) Effest of preharvest spray of
Bavistin firmness of Red Delicious
appie fruits.
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Expt.]. Effect of preharvest cprays of growth bioregulators on  the
fireness(N} of Red Delicious apple fruits stored at O + 1 T

Treatsents Days in Storage Mean
9 130 180 210
Ty B3.36 57,57 50,24 45,60 5%.14
Tg 82,57 96. 2% 7.76 41,19 35.73
T3 81.79 54,92 5.09 37,38 35,02
Ty 83.355 97.08 5. 31 41,68 53,06
Ts 82.87 al.08 30,51 61,48 58,06
T 82.29 - 9k 60 48,13 39.71 35,39
17 83.36 60.64 33.33 42,66 60,402
Tg 83,36 38.45 20,01 30,79 38,13
Tq 2,38 36.39 49,03 40,24 36.93
T10 83,06 59.82 31,39 43,13 39,33
Tyg 81.40 au. il 47,07 30,28 33,90
{7 80.42 33.94 63,68 37,83 53,74

Tz 82.87 54.92 45,358 39,72 a6, 00
T14 83.36 57.37 48,03 41,87 37,66
Tysg 84.2 50,31 50,11 32,75 5.3
Tig 81,59 .33 43.79 3.3 Gu.al
Mean 2,65 56,78 48.72 41,907 3.0
C.D.at &

i L1 7

I 1,57

Tl N.5.

Expt. 1. Effect of preharvest sprays of fungicides on the firgness{N)

-l

of Red Delicious apple fruits stored at 0 ¢+ 1T

Treatments Days in Storage figan
¢ i¥ 139 210
Py 83,06 51,49 44,68 43,13 a0, 10
Fn 81.10 50,01 43,11 41,68 33.43
Py 80,51 49.03 T4 41,15 33,85
Fg S B3.2b 50,61 45,70 40,99 95,02
Pg 81.99 49,08 48,82 50,80 34,04
Py 21,42 458,07 45,13 3,28 33,88
Pq 79,93 20,31 46.78 41,68 3%.72
g 33.5 48,905 .60 41,1 w4.82
Pg 81.89 47.56 Al 8.7 53,34
Pig gz.28 47.47 3.04 40,21 33,25
Kean 91.84 49.04 45,24 41,29 4,35



peak towarde the end of storage. Treatments Tgq, Tis  and
Tg also demonstrated an almost similar tremnd. Faras 2000
ppm  (T412) treated fruits crn the other hand  exhibited
rather rapid increases and decreases in respiration rate
during storage followed ornly by control  fruits  (Tyg).

The interactions hetween tirecatments &t storage

intervals were found to be significant.

In experiment TI, fruils receiving the pre-

harvest treatment of Havistin ai 1000 and 1300 ppm (Fo
tige AW

and Pg)ﬂ recorded the lowest respiration rates at the
commencement of storage, thé values gradually increasino
as the storage period advanced, registering a decline
towagrde the end of storage period. Almost similar trend
in respiration was DbserJed ir fvuifg receiving  Topsin
7530 ppm (Fg). Contrel fruits (Fqin). on the other hand
recorded  the lowest r@épiraﬁiuﬁ rate at  the end of
storage. Interactions between treatments  and storage

Antervals were found to be significant.

4,22 Ethylene evolution rate

The data on ethylene evoelutiarn (ul g “hr 7))
by fruite as affected by varicus preharvest treatments
af growth bioregulators and fungicides duwring storage

are presented in Table 7 (a and b).

- - The data reveal (Experiment 1)  that fruits
that had received preharvest applicaticon of Agrostemin
Fiﬁ- S{a)

300 ppm (T )'f exhibited a ralbher stecady increase followed

by & gradual declive in ethylene evolution rate cduring



Expt. I

Rate of respiration (mg COq/kg/hr)
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Fig. 4(a) Effect of preharvest sprays of
Agrostemin, Paras & E. royleana Jatex on
Respiration rate of Red Delicious apples.
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Expt. T
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Fig. 1-(b) Effect of preharvest. spray of
Bavistin on Respiration rate of Red
Delicious apples.
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Expt.!
recpiration rate{ng CO- kg “hr
fruits stored at 0+ 1 C
Treatsents Days
0 150
T 7.84 18.99
T2 8.70 16,44
Tz 7.33 13,63
T4 g.50 ., i2.34
Tsg. 8.25 18.54
Ts 7.85 7.25
Ty 7.43 16.97
Tg 7.54 13.33
Tg .03 17.8%
Ty 10,46 14,50
i1 3,16 17,46
Ti2 10,34 20,47
Ti3 3.08 18,437
Tis B.96 16,97
Ti5 7.47 i3.23
Tig 16,2 19,43
Hean .90 16,61
[.D.at &
T U841 -
I (.24
Tal ¢.82
TRBLE

Effect of preharves{ sprays of fungicides on the

rate{ag %02 Kg "hr °) of Red Delicicus spple fruits
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Expt.1]

at 0 +1°C
Treatments Days

0

Py 10,274
Pn 9.1¢0
Pz g.69
Pg 7.8
Fe 9.40
Pg 2.3
Pq 10,55
3 §.54
Pg 10,41
P10 9,30
Hean .62
L.D.at 3%

P 0.36

1 0.18

Pxl 0.72



2a

storage at 0+19C. The fruits from treatments Ty, Tqs,
Tq  and Ty also demonstrated an almost similar  trend.
Faras 3000 ppm treated fruite (Ty2), on the cther hand,
recorded the most rvapid and  abrupt  increases andcl
decreases in the ethylene evoluticn rates  followed in
this regard only by control fruits (Tig). Interactions
between trearments and storage intervals were fmuéd to
be significant.

In experiment 11 ithe ethylene production rate

"6y

was the lowest i 1500 ppm (Pgr‘at the commencehent of

0

stotrage, the value gradually increasing as the storage
period adveanced, registering & decline towards the end
of 210 days stipulated storage pericd. Fruits from the
treatment Fo behaved in Tan almost  similar Marirer .
Control fTruits (Fy0), on the other hand, recorded  the
lowest ethylene production at the end of storage period.

Interactions hetween treatments and storage intervals

were abserved to be significant.

4.3 Effect'én Lio-chemical charact=srizstics
4 X1, Total Soluble Solids(T55)

The data in Table 8 (a and b) presents  the
total soluble solids (T8%) content of the fruits at

harvest and during storage as influenced by preharvest

treatments of growth bicregulators (Expériment 1) and

’

fungicides (Experiment TIT1T). The TS5 contents, in

4 :
general, increased as the storage period advanced,

tending to decline towards tle ornd of storaae, *hough rno



Expt. 1

Ethylene evolution rate (u/kg/hr)
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Fig. 5(a) Effectl of preharvest sprays of
Agrostemnin, Paras & E. royleana latex on
Ethylene rate of Red Delicious apples.
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Fig. 5(b) Effect of preharvest. gpray of
Havistin ofn Ethyleme rate of Red
Delicions apples.



TRBLE LT71{a)
Expt.]. Effect of preharvest Sprays gi grosth bicrequlators on ethylens
evolution rate { p! Kg nr ) of Red Delicious apple fruils

stored st 0 £ 1 C

Treacments Days in torage fean
0 150 180 210
Ty §.4% i6.45 9.2 5.53 .47
To 3,45 16.80 11.16 7.44 7.71
13 .77 £3.90 13.48 11,41 6,20
Ty 1,55 2.23 16,30 8.75 8.25
Tg 3.89 21,14 8.%¢ G0l 7,80
Ty .32 7.3 7.6b 6,30 B.5%
Ty 2.47 13.04 §1.31 8,38 g.74
Tg 3.08 i9.2 10.82 7.47 13,07
Tg 3.69 4.5 7,00 5.1 10,55
Tig 4.47 22,18 10.23 5.09 10,74
Tii 2.063 16,5 18,75 11,23 113
T2 4,90 28.18 8.10 4,43 11,33
T3 5,14 22,87 7,72 3,02 16,43

Tia J.4% 20,30 1,30 5.50 10,54
Tis 2.33 12,76 2,01 2.13 2.8t
Tig 4,567 23,584 £.98 3,87 3.71
Hean 3,31 18,57 10,30 7.01 7.9¢
£.D.at B

H t.48 -

I ¢.24

Txl (.96

Expt.Il. Effect of preharvest sprgys of fungicides on

etiylene

evolution rate (dul kg “hr ) of Red Delicious aspple fruiis

stored at 0+ (T :
Trestpents Bays iR atorage flean

& 1% 130 280
Fi 2,33 13,45 7.5 6.8  8.18
Pa 2,02 {6.12 RURH 7,30 8.87
Pz 1,70 17,34 10,32 7.80 .33
Py 2,40 16,51 10,50 T.45 .48
Pz 2.00 16.18 0.0 b 8.75
Py .88 14.08 3.79 5.30 .08
Py 3.10 16,42 9.67 6,08 .93
Fg 2.4 i7.28 10,15 6.90 9.2¢
Fa 3.0% §6.77 9.30 6,82 %13
Fig 2.40 16.77 9.82 3.96 g.486
Hean 2.2% 16.46 10.00 5.87 3.85
C.D. at 5
0.39 <
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defirite treatment effect oorld bhe discerned.

I experiment T froaite from Tqg(0, row bersns
latey 2950 ppm) were found to exhibit more steady changes
in T8 cantent durirng storage compared to cther
treatments, and accounted for the highest value at the

FM-5{@ .
end of 210 days storagef Flowever, at  hervest frudts
treated with Rioczyme 730 ppm (Th) recorded the highest
TSS content. Control fruite (Ti,), o the other hand,
recorded rather rapid increasé arnd dzareases in TEE
contents during storage exhibiting the lowest values at
the end of storage. Frulits %rom Ty recorded the highest
mean  per cent total soluble solids the values however,
being on a par with T2.Tg, To and Tyq, but significantly
superior to rest of the‘t;matmentﬂ. Inémractimnﬁ e tween
treatments and cstorage intervals were found to  be

significant.

In experiment 11 fruits from Fy  (Rovral 250
ptam) recorded the highest TSS content at harvest.
However, fruits receiving preharvest application of

' Fig. 6{b)
Bavistin 300 ppm (P M recorded more steady changes
{increases and decreases) in T8S content compared to
other treatments, and accounted for the highest value at
the end of 2210 days stipulated starage period.
Treatments Po and Py behaved in a manner almost similar
-to that of P, Interactionse between treatments  and

storage intervale were found to be sigrificant.



Expt. 1

Total scluble solids (%)
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Fig. 68(a) Effect of preborvest speays of
protozyme & E. royvleana latex on TSS
contents of Red Delicious apple fruits.
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TABLE .Gi&)
Expt. 1. Effect of preharvest sprayc of growth bioregulators on  per
tent total coluble solics of Red Delicious apple fruits.
stored &t O ¢ 1%

- o = 8 " o o o = e P e o e T O R o e e n A e i A e o P b S i o A e o o o o e o o = 2 =
- 2 4 . 3 7 = o e P e e = A M - o= i g e o = - hn e

Ty 13.90 6.3 13,46 1439 i3.97

Ta 13,60 13,75 13,25 11.7% 13,99

T3 (3.25% 1%.4b {5.15 1,70 Y

Ty 13,65 155 13.10 11,86 13,58

Tg 13.92 £5.35 12,75 11,35 13,35

iﬁ 13,49 15,66 i3.20 1.6 13,86

{ (3,55 375 13,50 18.9% 13.89

Tg 376 15,60 13.25. 11,80 13,860

Tg 13.80 15.4% 13,10 115 15,37

Tip 13.70 15.47 12,70 10,95 13,22

1511 (3,58 15.83 13.2% ISy 13.58

T4 {3.68 i5.40 13,00 1.5 3.3

T3 13,35 13,79 13,10 11,45 13,40

Ti3 13,10 13,70 14,510 12,75 13,54

T 13.12 15.4%2 13.23 17 15,57

Tig 13,76 16,75 12.65 10,30 5.8

Hean (3.5 13,63 13.47 143 13.49

€.0. at B

l 0,307
i S
Tal 4,60
TABLE .8{b)

Expt.il, Effect of preharvest sprayes of fung;LxdEs o per tent  tolal
soluble  solids of Red Deliciows apple fruits siored at
9¢1C '

Treataents Days in Sturage Hear

{ 139 igé 15Q

Py 5,45 $5.47 3,59 ih.08 13,30

a 13,29 13,50 13,05 10,86 i3.:7

Pz 13,47 15,78 12,9 10.28 13,18

Py 13,36 16.2¢ 12T i6.1b 13,4

Pe {3.18 $5.97 12.86 10,35 13,09

T 12.9¢ 15,86 13,15 10,45 13.09
Py 14,15 L5258 1Z.9¢ 10.70 (3.25
3 13,78 (53,44 12,68 £0.50 §3.09

5 13,60 £6.10 $2.3% .06 i3.98
Pio 13.7¢ 16,46 2.7 $0.28 13,35
Mean 13.44 45,83 $2.94 10.47 .16

e A e e v A A e e o e e = = Y o o e 4 o 8 n O % o - = T = e .

- e e s AT h e A e e ., — - ———————— -



4,12 Total sugard

The totel sugares content (Table 92 & and B)
increased and decreased more rapidly during storage in
control fruite (T1g? @ Compared to ot brer
treatments. These fruits though vecording the highest
values for total sugavs at harvest, however, regiétewed
the lowest content at the end of 210 d%y% storage.
Fruits receiving the preharvest treatment of Paras 2000
ppm (T141)y on the other bhand, registered & gradual

—
increase and decrease in total sugars  throughout  the
storage period and recorded the highest contents at  the
end of the storage pericd. Treatments Tiyo, Tz and Ty
followed an  almost similar trend. The highest mean
sugars  content was  recorded in fruits  from Tz, the
value, however, being o & par with Tyq, Tyo2 and To, but
significantly =superior to rest of the treatments.
Control fruits (T14) on the other hand, recorded the
lowest mean total swgars content. Interactions botween

treatments and storage interval were found to be

significant.

Im experiment Il Ravistirn 1500 ppm (F=)
treated fruite were found to have more steady changes in
total sugars content compared to other treatments and
accounted for the highest value at the end of the
stipulated storage period. Control fruits (Pyg),on the'
other hand, registered rather sharp increases and
decreases in tolal suwgares gnntent regording the lowest

sugars content at the end of storage. The highest mean



tipt.l. Effect of preharvest sprays of growth bioregulators on per cent
tctal sugars of Red Delicicus apple fruits stored at

0+ 1%
Treatsents Days in Storage itean
0 130 180 249
Ty 5,28 i3.64 10.80 7.45% 10.78
T 7.39 373 10.88 %.8% 16,97
T3 9.4% 1391 11,02 i9.4% 1120
T4 8,91 13.78 10,90 7.84 19.24
Te 7.2 3.58 10,63 7.69 10,82
T 7.45% .32 10.26 7.10 16.53
T7 9.08 &7 16,92 5.7 18,87
Tg 9.13 13,65 10,75 7.26 12.79
Tg 8.45 .27 10,45 .78 10,25
Tio 9.44 $3.1% 15.94 9.94 10,63
T .30 3.5 11,733 10.48 it.ig
T2 9,40 £5.43 13,27 10,23 11.49
T3 9,05 12.8% 16,85 5,75 10,12
Ty 9.1% 2.30 i0.92 .83 2,69
Tis 7.18 2,76 10.98 ?.98 10,77
Tis 9.5% 13.52 .56 8.17 10,22
Hean 9,24 13.44 19.7 3.6 12,78
L.D.at 5l
T 9.2 -
I 0.1t
Txl 0.45
TABLE .9(B)
Expt.tl. Effect of preharvest sprays of fungicides onm per cent total
cugars of Red Deliciows apple fruits ctored at @+ 1%
Treataents Days iR aiorage fean
& R i8¢ 210
Py 7.1% 13,28 10,38 7,70 10,66
Fa 7.2 13,25 0.5 7.9¢ 10,73
3 7,32 .91 1082 30,04 10.72
Pg 9.489 1.5 7.70 8.4l 10.08
5 9,38 234 9.9% 3.4% $0.08
Pg 7.4% 2.8 1,25 8.74 30,18
Ps 7.47 13,45 10,45 .13 10,52
Pg .10 12,91 30,72 .50 1.5
Pg 3.02 12,91 10,54 7.7% 10,57
Pig .10 12,87 9,25 8.33% 9.82
Wean 9.2 12,83 10,25 9.23 10,40
C.B. st 5
P 0.40
I .2 &
P &
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per cent total sugars content were recorded in  fruits.
from Fp, the value however, beirng on a par with Pz, Py,
Prn, Pgs and F7. In centrast, control fruitse (Fy1o)
recorded the lowest mean value for total sugars.
Interactions between treatments and ﬁthage intervals

were Tound to be significant.

4,33 Reducing sugars

The data on reducing Eanrs content of fruits
given in Table 10(a and b) reveal that the reducing
sugars content increased az the storage period advanced,
tending to decline towards . end of storage. Fruits
treated with E.rovieana latex 200 ppm (T4g) recorded the
highest mean reducing Euggmg the value, however, heing
on & par with Tz, Tig and T but significantly superiaor
to rest of the trestments. Control fruits (Tig)s on  the
éther hand, recorded the lowest reducing sugars  content
and  were on & par with Te and. Tg in  this respect.
Interactions between treatments and storage intervals
were found to be.nonﬂsignificantu

/
&
In euperiment II, fruite that had received

preharvest application of RBavistin 1500 ppm (F=)

recorded the highest average reducing sugars, the value
however, being on & par with Fo and Fs but significantly
superior to the remaining treatments. Untreated fruits
(Fin) on the other hand, recorded the lowest average
reducing sugars content. Intgractions between treatmentes

and storage intervals were found te be non-significant.



Expt.1. Effect of preharvest sprays of growth bioregulators on the per
cent reducing sugars of Red Delicious apple fruits stored

at 0 ¢!
Treateents Days in storage Mean
0 130 180 218

Ty 6,75 8.67 7.45 7.42 7.48
Ts 5.88 8.88 7.56 6.82 7,53
T3 7.08 8.%2 7.59 7.07 7.65
Ty 5,37 8.77 1,06 7.70 7,25
Tsg 6.96 g8.9¢ 5.6 6.59 7.33
Tg 7.12- 8.70 6,90 6.49 7.30
17 7.0% 8.73 7.2 6.63 7.4%
Tg 7.16 8.70 7.16 6.53 7.39
Tg 5,88 8,37 6.98 .48 7,23
T1o 7.40 8,62 7.18 6.33 7.51
Ti( 7.02 8.72 7.60 7,00 7.5%
T2 7.13 8.66 7.06 5,78 7,56
T3 4,88 8.36 - 7.32 7.1% 7.43
Ti4 7.4 B.64 7.42 7.25 7.64
Ty 7.2% .64 7.5b 7.33 -t
Ty 7.3 8.5 8,50 637 1.12
Kean 7,02 .89 7.27 6,87 7.43
C.h.at & -

T 0,12

I &.06

Txl NS

Expt.II, Effect of preharvest sprays of fungicides on  the per cent
reducing sugars of Red Delicieus apple

6+ 1¢
Treataents IEYES in Storage Hean
& $50 180 210

Py 7.00 8.50 7.47 .80 7.37
Fa 7,07 8.47 7.2i 6.90 7.40
Pz 7.06 8.5% 7,38 7.02 7.50
P 7.40 §.70 8,80 5. 47 7.34
Pg 7.45 .42 5,88 .30 7.32
Py 7.4 §.53 7.04 5.62 .40
Ps 7.41 §.468 7.i8 5,39 7,28
Pg 6.94 g.54 7.19 6.4% 7.3
Pg 6.808 §.42 7,25 .50 7.26
P 7.10 g8.63 6.8 6.28 7.2%
Mean 7.14 8,33 7.09 5.37 7.34
€.D. at 5% {

P 0.4

! .05

Pxl N.S
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4.734 Non-reducing sugars

The data on non-reducing sugars  content  of
fruits as affected by various preharvest treatments are
presnted  irn  Table 11 (a and b). Tt is seen that in
experiment I fruits receiving the preharvest
application of Biozyme 500 ppm (Tg) r&gwrdmd the highest
average non—reducing sugars content. The tresatment  was,
howewver on & ﬁar with Tqqe Tz and Tyo but significantly
superior to the rest of the treatments. Fruits from Fi4
(control) on the other hand recorded the lowest average
value for non-reducing sugars. Interaction between

treatments and storage intervals were found to be

significant.

In experiment iI fruits treated with Reavistin
1000 ppm (Fo) recorded the highezt average non¥reducing
sugars content. The 1;rt»:~r=\’(;nu-:errtl,l fowever, being on &  par
with Fg, Py .,FPy,Pg and Fx but sigrnificantly superior to
rest of the treatments. Control fruits  (Fyg) on the
other hand, reForded the lowest  average noh~reducing
AR = o Content; Interaction beltween  treatments  and

storage intervals were found to be significant.

- e

. 5 Titratable acidity

The data on titratable acidity of the fruits
as  affected by various preharvest treatments of plant
—grmwth bioregulators  and  funglcides are presented
in  Table-12 (& and b). It is seen from the data that
Lthere was a gradual dﬁcliniﬁg trend in titratable acid

contents with the advance in glecage period.
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I ewperiment T fruite that had received the

preharvest application of £, rovlesna latex 900 ppm

o

(T1=) registered lhe highest titratable acid content at
harvest as well as during storage, recording the highest

value for titratable acidity at the end of storage. The

treatment, however, was statistically on & par (with
T2 ,Tq and Tz but asignificantly supericr  to the
remaining treatments. Control fruits. (Tie) on the other
hand, recorded the lowest @ evage titratable acidity,
the wvalue being on & par with T= and Tiyp and To,
Interactions bhetween treaﬁmants and storage interval
were Tound to be eigrnificant. Im experiment 11
the highest titratable acidscantent it fruits at harvest
and during storage were recoedéd with Bavistin 500 ppm
(Pl)lfollowed by Fg and‘Pz, the treatments however being
on  a par with each other but sigrificantly superior to
the remaining treatments in this respect. Corntrol fruits
(F1n) on  the other hand, recorded the lowest mean
titratable acids. Interacticns between treatments and

storage intervals were found to be sigrificant.

pH

The pH of the fruit juise, in general,
[4
increased with the advance in storage pericd. The pH

values as influenced: by preharvest application of
various growth hioregulators and fungicides are.

presented in the Table 12 (a and b).

In experiment T, fruits which had received the
<

preharvest applicatice:  of reosleans latex S00



TRBLE .i2{g}

Expt.1, Effect of preharvest sprays of groath binregulators on the pér
cent titratable acicity of Red Delicious appie ffuiis stored
081

Treatsen Days in Storage Hean

¢ 150 i80 10

Ty §.248 4,138 4,132 {.084 G,149

T2 4.237 127 0.119 0,065 §.137

Tz 9.227 0.12 0,110 0.03 ¢, 129

T3 0,259 (. 136 G,148 0.05% 0.156

g 0,252 0.147 0.139 (.084 0,156

Tg 0.2607 - 6,133 430 G.07 3,147

77 G.276 Q.15 0,149 4,102 3,471

Tg 4,252 0.148 0.142 0.490 0.158

Ts 0,237 0,159 0133 0,080 0. 147

Tig 0,254 4,138 0,128 0,039 0,156

Ty 0.240 0.120 0,14z ¢.070 0. 135

Tis G.229 0.117 4,103 0,085 0.12%

Tz 0.275 ¢.153 0.141 0.097 q,166

Ti4 0.24% 0,142 ¢.132 0.078 g,14%

Tisg {.263 {162 .150 0.112 4,174

Tis 0,239 0.11% 0.092 0,059 0,127

Mean 0.251 0,139 0.12% 0.08L 0,150

CIDI E&t :‘}l-

T 0,012 -
i 0.066
Tal 0.074
TABLE ,12(b}

Expt.II. Effect of preharvest sprays of fungicides on the per cent
tltrahable acidity of Red Delicicus spple fruils stored
at 0 £ % :

Treatments Days it Storage Hean

¢ 156 i80 246

Py {.246 0.132 0.109 v.073 0.149

Fa 0.234 0.123 0.{04 0.063 g.432

Pq 0.227 0,123 Q.102 0,040 0,122

Py 0,240 0.132 0.108 0,003 2.138

Fs 0,222 ¢.130 0.101 0.060 0.:29

Pg 0.428 0.125 0.100 0.053 0.i28

Py 0. 2435 0.:20 §.090 0,040 0..43

3 0.3 0.110 0.983 2081 0.120

Po ¢.228 0.113 0.088 0.030 0.120

Py 0.226 0.113 0.082 9.045 0.1:7

Kean 0.233 0.i22 0.099 3.05% 0..23

Chats T
P 0.008 <
I 0,004



i
ppm(T1e)., recorded the lowest average pHl,  the values
however, being on a par with Tgq and Ty bt eignificantly

superior to the remaining treatments.Fruits from control

(T14)y on the ather hand, recorded the highest  average
pH . Tnteractions bhetween btrootments arl storage

intervals were found Lo be norn-significant,
e

Im experiment IT, fruils treated with Topsin-M

250 ppm  (Fg) recorded the lowest pH o at hervest,
although, Ravistin SO0 ppm 0 (F ) treatec fruits
registered the lowest mearn wvalue. This treatment,

however . being on & par with Po and Fg but significantly
superior to the rest of the treatments. Control  fruites
(Flo)n. o the other hand recorded the higbhest mean  pH,
The interactions betweern treatments and storage

intervals were recorded to be non-significant.

4,357 Ricelectrical conductance(EC)

The data presented in.Table 14 (& and k)Y show
that bicelectrical conductance irn general was low in the
beginning, increéased during the early period of storage,
and thereafter declined tuwards the close of storage.

In experiment T, the highest wvalue for
electrical conductance was recorded in fruits treated
with Frotozyme 1000 ppm (To) . The treatment thoughh  being
on a par with Tig, Ty and T35 was significantly superior
to the rest of them. Control fTruits (T1a) on the other
harnd recorded the lTowest avereave value for electrical
conduclance., Interaclion: L-ucen Lroea'ments and storage

intervals were found bo he orn sica ficant.,



TRBLE L (5(&)
Erpt 1. Effect of preharvest spraye of growth bioregulators on the M

1

of Red Delivious apple fruits stered &t § ¢ i

Treatuents Days in Siorage Hean
i 150 180 10

T 3.7¢ 4,28 3% §.59 5,73
Ts 3.7 4,38 4.36 4,71 4,33
T3 3.82 .45 §.66 .37 4.4%
T4 3.7 §.13 3,23 5,52 4,14
g 3.67! 4,25 S 4.38 4,36 4,21
Ty 3.78 3.30 4,50 .83 3,31
17 KK 4.1 4.30 4.36 §.16
g 3.68 4.25 4.3 4,62 §.29
Tg 3.9% 4.32 4.4 4,66 4,30
Ty 3.60 3.26 4.38 4,32 §.1%
Tyt 3.7% .38 4,50 4,72 §.34
117 3.81 5,46 4.68 3.62 4,44
143 515 4,18 5,48 4,32 §.25
T4 3,72 4,35 5.5 §.81 §.33
Tig 3.67 §.19 §.19 4,38 4,08
114 3.87 §.47 4.6% 4,97 4.4%
Hean 3.73 4,30 5,43 4,45 4.28
£.D. at 3

i ¢.09 -

] .40

Tul k.S

Expt.l. Effect of preharvest sprayslnf fungicides on the pi of Red
Oelicious apple fruits stared at § ¢ !

Treatments Jays i Storage Mean
¢ 150 iy 210
Fy 3.42 4,09 4,16 5,19 4,03
Fa 3.86 4,16 4,20 4.9 §.12
Py 3.89 ¢ 4,12 4.2 4.36 4,15
Py 3.8¢ 4.0 8,22 3.38 4,12
fg 3,88 §.20 4.29 5,43 §.19
Pe 3.9 4,25 §.34 4,48 4,24
: Py .86 4,22 5.4 4,50 4.25
Pg 3.83 4,35 4,48 4,58 4,30
Fq 3.84 4.4p 4,50 1,52 4,35
Pig 4,07 4.36 3,50 4,62 3.3
- Hean 3.88 5.3 4.34 4.44 4,24
C.d. at 3L
4 0.08
I 0.04 ¢ <

e e e e e AR E R, e mmm e m e, m - . ————
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T enporiment 1T fruits treated with Bavi%fiﬂ
1300 pﬁm (Pﬁ)y recorded the highest e an vélue for
bicelectrical conductance. Thie treatment being
significantly suparior to rest of the treatmernts in this
.WE5p@ct, Corvtrd truits (F1o) . on the other hand,
racmrdwd7.thﬁ lowest mean EC  value. The interaction

betweern treatments and storage intervalse were found to

be non-significant.

4.738 Total phencls

A perusal of data givern in Table 15 (& and b))
reveals & general declining trend in total phenols
cmmméngurata with the advance in storage pericd. In
experimaent I fruits ~that had received preharvest
application of E. royviesna latex 300 ppm (Tes), recorded
the highest total phenol content on all  the sampling
dates énd accounted for the highest mean value for total
phenols  the treatment being significantly superior to
all  the remaining treatments.Control fruits (Tis)s oON
the other barid recorded the lowest mean total phencls.
Ther interacticns between treatments and storaqe

irntervales were abserved to be non—-sigmificant.

In experiment 11 Ravietio 1500 ppm (P =)
treated fruils recorded the highest total phenolics
content at harvest and during =ubsequent storage. The
treatment was statistically superior to the rest of the
Lreatments in this re%peu&. Control fruits (Pyn), on the

other hand recorded the lowest average total phenol



TRELE .14{&)

8 e e R b St P o e At A e A e o B g e 0 o

fruit conductance {m shos/ca) of Red Delicious'.apple fruits
stored at 0 + 1

Treatrents Days in Storage Hean
0 130 180 210

Ty 4.74 0,80 59 .16 3,56
Ta 4.56 5.63 5,48 92 3,38
T3 8,4% §.7¢ Y §.3% FPRE
Ty 4,15 5.% G332 3.0 I
ie 3,50 6.5 ER.Y Y S 45 :
Ty §.728 6.42 3.69 W27 Tl
T7 4,35 6.40 5046 §.90 5,28
Tg 4,48 5.47 i 4.9 3,36
Tp 8.73 5.89 .60 W20 3.60
T10 §.53 5.30 5.4 &ia 3.33
Ty 5,75 .47 5,69 W25 &34
Tiz 4,32 .28 5.28 KRR &27
T3 4,41 5.30 3.9 15 3,33
Tig 3.3 5.41 5,64 S.2% G481
Tis 4.47 5.61 3.80 5,49 257
Tig 4,25 5.3 RPRS 4,77 3,17
Hean 4,45 .50 3.8 L1 340
L.D, at &

T 0.07 .

I 0,30

Tl R.5

Expt. 11, Effect of preharvest sprayé gf fungicides on the fruil
tonductance (@ ahos/ca) of Red Delicious apple fruits stored
st 0+17

Treataents Days in Storage Hean

0 15 180 250

Py -39 592 4,35 5,26 1.67

Pa 4,00 6.02 §.63 4.3 4,74

93 §.42 8.4 §.99 4.34 4,38

Fg 3.8z 3.07 4,33 4,65 4,67

Pe 3.68 3.78 4,75 4,19 4,83

Py 4.01 5.9¢ 4,80 4,15 4.74

7y 3.82 3.67 4,34 4,20 1,51

Pg 3.53 .74 4,45 §.lu 4,34

P9 4.0 5.82 4,60 4.2 4,98

F1o 3.7 3.60 4.70 1.80 4,435

Mean 3.92 5.82 L ,22 4,355

C.D. at 3
P 0.09
I 0.4 vos
Pxl N.3.

_______________________________________________________________________
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corntent., Irteracticne beloeon Dreataents  and storage

intervals were found to be significant.

The data on the calcium contents of fruite as
affected by various preharvest treatments  of  grawth

bioregulators and fungicides are presented in Table 16

(a and b).

Fruit calcium levels in general , decreased in

all the treatments with the advance in/gtorage period.
Y
Fruits treated wilth E. rovieana  latex D00 ppm (T 4s)
recorded the highest calciwe content at  hervest  and
during subsequent storage and accounted for the highest
: . e e
Q. 7{Q)

average fruit calcium content/N the treatment proving to
be significantly superior to all other treatments in

this respect. The lowest average calcium content on  the

other hand wa=s  recorded i cantral fruits (Ty4)

v

£

inferactionﬁ between treatments-énd cstorage intervals
were found to be cignificant.

In evperiment 1T fruite that had received the
preharvest spray of Bavisfin 200 ppm (Fy) recaorded the
highest calcium content at harvest and throughout the

ERIICE
Etorageﬁfthe-treatmeﬁt (F1) proving to be statistically
superior ta  the rest of the trestments. On the other
Fand, control fruits (Fyn) recorded the lowest averaqge

calcium  content. Intoractione betweon treatments  and

storane intervale were rocerded Yoo bas o gnificart,
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cortent. Trteractions  beluecn Preatmoents  and storage

intervals were founed too be significant.

4.7359 Galcium

The data om Lthe calcium conternts of fruits as

affected by various preharvest treatments of  growth

bioregulators and funglicides are presented in Table 16

(a and h).

Fruit calcium levels in genersl, decreasecd in

all  the treatments with the advance in, storage period.
&

Fruadts trested with £, royviesna  latex D00 ppm (Tgg5)

recorded the highest calciur content &t harvest and

during subsequent sltorage and accounted for the highest
re, L
SRACY

average fruit calciuwm contenth the treatmernt proving to

be significantly superior to all other treatments in
this respect. The lowest average calcium content on the
other hand was recorded in control  fruits (Ti1g)
inferactiong hetween treatmenta-énd storage intervals
were found to be significant.

Im experiment Y1 fruite that had received the
preharvest spray of Bavisfin 200 ppm (Fy) recorded  the
highest calcium content &t harvest and throughout the

P93 0
storageﬁjthe.treatment {(Fq1) proving to be statistically
superior to the rest of the treatmente. On  the other
Fand, control fruits (Fyn) recorded the loweset average
calcium  convtent. Interactions between  treatments and

storage intervale were rocorded teo Lo Signi ficant,



Table 13(a}

Expt. 1. Effect of preharvest sprays of growth bioreguiastors oo
the level of total phenals Qig/g F.M.) in Red Delicious
apple fruit stored at 6 £ 1 C n
Treateents Days in Siorage
g 430 180 250 Hean

Ty §z.66 3,74 .72 43.7% %8.335
Ts 79,60 49,33 48.38 482 55,94
Ty 76,25 48,51 46,71 44.94 .10
Ty 78.60 53,72 SRlL 0 R0.TT 38,75
Ts 76,20 30.64 48,21  4b.Z 30,78
Ty 73.64 48,31 46,43 43.36 2.9
17 B0.74 54,33 §3.63  GZ.1B 60,27
Tg 76,37 316 47,33 47,91 3.18
Tg 74,15 49,66  49.93 4397 34,93
T 73,57 46,31 44.9% 41,32 31,30
Tt g1.58  SE,35 BEL6D 48,23 29,26
Ty2 7L.% 47,3 58515 8176 320
113 74,35 49,75 4571 435I 33,43
Ty 88,3 SRET O-WVIT O 46.37 38.09
Tis 36.79 61.80 .30 53,66 54,76
Tis 73.06 86,07 43.64  40.50 30.82
Hean O M98 39,00 Ab.36 36,02

H L.G? -
I 0.5
Tl H.5

Table 15{b)
Expt. I, Effect of prehervest sprays of fungicides on the level of
the totsl phenols {pgig/?.ﬂ.) in Red Delicious apple
fruits stored at 0 ¢ 1 ¢

Treatsents Bays in Storage Nean
9 150 180 210
Py 93.74  53.16 4833 LM 54,17
g §6,41 54,45 48,7 32.81 57.98
B 100,25 56,26 51,89 38.E8 81,16
Pl 9163 50,37 4536 3027 54,66
Pg 93.12 .08 45.33 317 58,87
Pg 93.74 52,40 48.18 3:.97 55.81
Py 72.62  80.25 44,51 30,50 54,97
Pq .80 51,39 44,99 30.94 $5.33
Pq 74.95 52.67 46,53 31.80 £5.49
Py 9{.15 50.67 45,50 30,22 54,38
¥ean 94,14 52.39  46.81  3i.98 56.33
C Y Et.s.’. <
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Expt. |

Ca content (mg/100 g dry weight)
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i) LH1) 1330} 210

Days in storage al 0+1 C
Fig. 7(a) Effect of preharvest sprays of

pratozyme & E. ravleana latex on Calcium
content. of Red Delicious apple fraits.

Expt. 11

Calcium content (mg/100 g dry weight)
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0 150 180 210
Days in storage at 041 C

Fig. 7(b) Effectiof preharvest spray of
Ravistin & Topsin -M an Caleium cantent
of Red Delicious apple fraits.
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' Table 15{a} :
Expt. 1. Effect of preharvest sprays of growth - bioreguiators on
the  ralcium content (mg/i00g dry Ow;ight) of Red
Delicious apple fruits stored at 0+ 1T

o e o e e e e e e o = e - e A i o > o e o

Treatnents Days in Storage Hean
0 130 180 210
Ty .66 41,00 33.38 3180 §1.13
Ta - 57.% 38,07 30.W0 28,13 38,33
T3 %3.86 36,26 28,25 I6.30 36,22
Ty 62,45  4L.66 35,00 Gd.ib 52.82
Tg .07 39,30 3108 30.96 40,66
Ty b, 03 36,87 3036 Z8.50 37.9%
Ts §3.74 42,18 38640 3.eb §4.17
Tg 60,19 40.64 32,73 30.08 44.94
Tg ¥7.16 38,25 30,40 28.35 33,59
Tig 52,15 3375 28,50 27.25 3851
i 38,76 40,80 33,48 - 313 81,23
T2 33,80 3.8 273 7.4 37,143
Ti3 39,25 38,35 0.8 I9.30 3939
T3 52,33 40,66 34,80 32,15 §2.49
Ty 53,80 44.7% (37,34 3476 45.41
Tya 52,30 3535 7.0 ERET 33,05
Hean .62 9.8 3.8 9.9 REE

H 1.36
I ¢.68 -
Tai - .72

Table 1&(b)
Expl.il. Effect of preharvest sprays of funpicides on ithe calcius
content {mg/l00 g dry weight) of Red Delicious appic
fruit stored at 0 + 1 °C

Treataents Days in Storage flean
& 150 i8¢0 240

Py S5.67 3375 23,99 2098 33.83
Fa 4.3 JELR 2,77 4 32,59
P 2,75 3. 212,25 20.20 32.19
Py 4,42 3526 22,78 UM 33.06
Fe S350 36700 22,98 20,20 RS
Py 90,06 3L44 2286 ZL.43 3L 67
Pq 33,80 31.80 2{.80 20.78 32,03
Pg WAL 3LTe 20486 20,23 31,48
Pg 4,34 3T 20,84 19.78 307
Fig 2,00 30,70 24,30 20,90 30.00
Nean 3.0 3209 22,30 20,78 2.3
C.0. st S

P U.03

i 0.2
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4.391 Frait juice content

The data on the per cent juic@ content  of
fruit as affected by variocus preharvest treatmerts of
growth  bioregulators and fungicidéﬁ are given in Tabhle
17 (a and b). A perusal of the data reveals that there
was & gradual declining trend i the juice'cmﬁtent wi th
the advance in storage.

In experimernt T fruits treated with .
rayleana latex G000 ppm (Tys), on an average recorvded the
highest juice content on all the sampling dates, the
treatment  being significantly superior to the rest  in

this respect. Control fruits (Tig), on the other hand

recorded the lowest julce content at harvest as well A%

-

during and at the end of storage. Interactions between
treatments and storage' intervale were found to be
significant.

In experiment IT1 fruits that had received the
pr@harvest treatments of Bavisfin LS00 ppm (Px) recorded

‘the highest average fruit Julce content, the treatment

proving to be significantly superior to  the romaining

) :

treatments. The lowest average juice content wac
»

recorded  in the conlrol  fruits  (Fqg). Significant

"
interactions between treatments and ctorage intervals

were abhserved.,

4.4, Effect on Sen=sory evaluation

The data in respect of sensgry evaluation of
fruits quality as affecleed by various preharvest
treatmenlts of gr<wdf1t1ﬂuwgﬁlhﬂ%.rq ot fangicides o are

presentod e Talde 18 (o0 @it )Y



Table i7{g} -
Expt. I. Effect of preharvest sprays of growth bioregulaters on
the percent juice content in Red Delcious appie fruits
g :
stored at 0 £ 1°C

Treatuents Days in Storage Hean
& i%0 g0 210

Ty 64,00 55,11 47,37 44.2% 52,47
Ta 54,95 Gb.O7 48,67  4&.ED 34,03
1z 5,9¢  §8.62 51.8B 46,30 56,23
Ts 64,42 59,60 53.08 4L 3592
s 62.40 58,5k 49,73 45,43 94,73
Ty §2,9% 97,08 47.%7 43,50 G203
T 64,24 52.47 V52,56 457G 55.78
Tg §2.50 56,02 51,04 42,02 52,90
g 81,23 W61 S0.86 0 4L74 22,40
Ty L6 53,75 45.47 3875 19,77
Tii 60,63 5B.73 R3O0 43.8b 54.94
T2 52,20 52,30 49,32 40.80 51,33
Ti3 63,15 58,80 47.45 48,39 32,45
Tig 67.83 5B.i% 5591 44.7% Sb.af
Tis §9.29 8160 53.I3 49,2 58,35
Tig 61,30 5L.B0 45,58 38,47 43,59
Hean 53.3% 5577 50.07 44,04 L7
C.0, at 5%

1 L3

I 0.6%

Txl .60

Expt. Il. Effect of preharvest sprays of fungledEc op it
cent ,u;%e tontent in Red Delicious apple fruits ziored
gt ¢t 1T

Treataents Days in Storage Mean

. ¢ 150 180 240
Py 62,13 §6.71 43,96 42.50 31,33
) 54,71 60,33 47.26 46.%0 .75
£q 66.00 61,75 489,82 47.%% 38,21
Pg 07 57,40 44,68 4.2 32,38
P 63,13 5.2 s 4G 32,11
Ps 63,62 703 4501 43.22 52,25
¥y 84,60 HA.99 42,27 AL5% 30,91
Pg E3.5%  59.66 45,71 44,90 3.7
Pg 63,33 7.61 43,5 §3.%Q 3.8
Pio 82.02  34.06 42,47 35.02 18.44
Mean §3.8% 37,71 5,36 42,94 K N
.0, at &

P 1.40

0.70



Table B{a)

tupt. 1. Effect of preharvest sprays of growth bioregulaiors on

SENEOTY evalua%}nn score of Red Delcious apple fruits

stored at 0 £ 1°C
Treatzente Days in Storage fean

¢ 150 130 280

Ty 77.00 75,50 482.7%  59.7% 63,63
Ta 77,50 75,7% 63,40 6075 £9.33
Ts 73.00 75,50 55,00 61,00 69,38
Ty 77,75 7409 3,00 60.3D 63,21
Te 75.7% 73,30 8L.20 39.75 57,53
Ty . 74,00 72,73 60,75 LW b6, 50
T7 7.5 73,250 &2.00 B0.TR 53,38
T3 : 78,50 74,15 62,25 60.75 62.7%
19 7550 7200 6LL1% 0 539.%0 57,04
T1g 74.7% 73,00 80.7: 5B.0D 56,63
T 76,00  74.1%  54.30  6l.1G 58,790
Tip 75,08 73,00 61.2%  59.%0 87.19
Tiz 7e.50 T7L2F 89.2% 2,00 85,59
Tis 78.7%  72.2%  2.%% 0,30 62,44
Tis 7h.EC 73,78 KM 817G 63,53
T4 7RR 71,00 60,50 8.3 55,83
Hean 75,81 73,49 62,08 69.8% 87,76
¢.D. &t 8

T 1.7§

I G50 -

Tul 7,50

gxpt. 11, Effect of preharvest sprays
evaluation score of Red Delcious apple fruits

Table 18(h) -

of fungiciges

an 3ERSGTY
stored at

72.%0

¢+ 1%
Tresisents
a
Py 5.75
Po 76.23
Ps3 78. %0
Py 77.10
Pe 76,05
Pg 75.00
Py 74.80
Pg 77.50
Pgq 77.90
Pio 77.00
Nean 76,499
C.D. at §%
F



Table 18{a;}

txpt. 1, Effect of preharvest sprays of grosth bioregulators on
sencory evaluation score of Red Delcious apple friits
stored at 0 1
Treatments Days in Storage dzan
0 150 180 210
T 77.60 7550 62.7%  59.1% 68.53
) 77.%0 75,75 65,40 60.7% §9.35%
T3 73.00 75,50 64,00 61,00 §9.83
Ty 77,75 74.00  £3.00 60,30 68.81
Tg 75,75 73,% 0 61,20 375 67,53
Ty 74,00 72,73 60.7%F  S3.u 86,50
Te 77 50 73.2F 0 42,00 £0.7% 68.38
Tg 78,50 7445 62,2 60LIS 63.77
Tg 7.8 72,00 AL.15 0 39,3 67.04
Tig 74.7% 0 75000 60073 S8.G0 55,63
Tu 76,00 74.1%  84.30 BLLIG 68,90
Tio 75,00 73,00 61,25 31.W 67.19
Tiz 7.0 TL2E A02F SR a6, W@
Tis 78,75 72.3%  b2.2%  A0LE0 62,44
Tis 7o 50 7376 BB GLTS 43.84
Tia TR 700 60.5 8.0 65.882
Hean 7k.81 0 73,49 62,08 69.8% 57,5
C.D. at 5%
T 1,78
{ 0,86 -
Tul .50
Tabie 18{%) -
Expt. II.  Effect of preharvest sprays of fungicides on  sepsary
evaluation score of Red Delcious apgle fruite stored at
¢+ 1%
Treatazents Days in Storage Kean
¢ £30 180 210
Pt 75.7% 74,50 LB 8175 63,73
) 76,25 7R 63,7% W% §3.81
Py 78,00 77.3%  63.7%  HZ.0% 70,43
Pa 77,40 74,75 55.0% 6073 89,352
Pg 76,05 7400 54,25 8075 68.87
Py _ T6.00 75,73 52,28 H0.7E 68.94
Py 74,80 74,50 I9.50 8.25 86.76
Pg 7750 A3 59.25 5600 87.2%
Pg 77.00  74.00 59.80 59.00 67.43
Pio 77,00 72,50 8B.7% §7.50 64.44
Mexn 76,59 74.83 62,23 .90 68.39
C.D. at %%
P 1.10
i 0.35
Pxl 3,20 <



Table 1B{a}
Eapt. 1. Effect of preharvest sprays of growth bioregul
SBNSOTY EVd.uatzcn score of Red Delcious nppl
stored at 0 + 1 i

ireatments Days in Sto Hean
0 150 180 210

Ty 77.00 7550 82,7%  59.73% 63,53
) 77,50 7575 43.40 60,75 §9,35
13 78.00  7E.G0 68,00 61,00 9.5
Ty 77,75 74,00 63,00 50,50 b3.81
Te 75,75 73500 8L20 897G 87,53
Ty 74,00 72,73 60,75 HB.N0 66,30
T7 77,50 73.2% 0 62,00 60,7 68,38
Tg . 78,5 74,18 62,25 60.25 63.79
Tg 75,80 72,00 AL13 0 59.E0 &7.04
Tto 74.7% 73,00 &0.7% WB.G0 6b.53
Tit 76,00 74.1% 88,30 S5LLiG 68.90
T w000 73,00 61.2F 0 7.EG §7.1
Tiz 75,50 TLAX 60.2% 5.6 56,50
T1a 78,75 72.2% 62,25 A0LS0 62,54
Tig JeOEL O T3IG 0 EREY BLUTS 43.33
T 7R 71000 60,30 58.50 55,83
Hean ThoAL 7349 62,08 67.83 57,55
C.D, at 5

T 1.2

{ 0.60 -

il 2.5¢

Table 18(5)
Expt. 11, Effect of preharvest sprays of fungicides an sencary
evaluation ccore of Red Delcious apple fruits stered &t
0+ 1
Treatments Daye in Sicrage tiean
¢ {50 {8e 210

Py 75.7% 74,50 A5.RD 6LLTS 83,73
Pa 76.7%  75.W B37% 59.7% 3.8
Pa 78,00 77,80 B3.7%  bZ.6% 70.44
Pq 77,40 74,75 85.0F 50,75 49,52
Pe 75,05 74,00 83,25 B0.7% 58.87
Py 76,00 78,73 82.2%  80.7% 58,94
Py 74,8¢ 74,50 E9.30 8.2 86,76
Pq 7750 7425 59,25 5600 TN 67,25
Pg 77.00 74,00 59.80 53.00 67.43
Pio 77,00 72,30 §8.7% §1.50 86,44
Nean 70,59 74.83 62,23 59.90 68,3
£.D. at &%

F £.10

i 0,55

Pzl 2.20 <
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In experiment 1 fruite which had received the
preharvest applicaticon of Agrostemin SO0 ppm (T=)
recorded the highest average score for fruit guality.
The trestment through being on & par  with  To,  Tqq.
Tiss Tg4 and Tg was csignificantly superior to the
remaining treatments. Fruits from Ty, (control) on  the
other hand recorded the loweslt average score for
quality. Interactions between treatments and storage
intervales were found to be sigrnificant.,

In experiment IT frults receiving  preharvest
application of Ravistin 1500 ppm (Fg)  were found to
record 'the highest average score faor gquality. The
treatmeﬁt tﬁough being statistically on a par with g
and Fy; was significantly superior to the remalning
treatments. Control  fruits (Fyg), on the other hand,
recorded the lowest average score for quality.
Interactionse between treatments and storage intervals

were found to be sigrificant.

4.9 Effect on per cent rat

The datg on fruit rotting percentage recorded
on different sampling dates under various treatmentg are
presented in Table 19 (a and b).

In experiment I the per cent Fot was recorded
to be the lowest in fruits that had received the
preharvest application of F.rovleanas latex S00 ppm (Ty15)
during and at the end of storage. The treatment was,
however, on a par with Ty, T34, Tyq and Ty=z but superior
to other treatmente. The highégt per cent fruit rot was

recorded in  the conti-ol fravite (Tyg). Interaction



Table 15{s)

o i e e e e vy o = o A A A= e e = R = v e o e

Trestsents Days in Storage Mean

¢ i% 180 FAYY
T 0.0000.71) 8.07{2.92)  9.34{3.17)  15,92{4.08) 8.32{Z.70)
in 0.00(6.70)  7.09{3.11)  1Z.94(3.66)  19.06{4.41) 10.22(2.97)
T3 0.00(6,71)  9.51{3.46) 12.26(3.57)  14.77{3.90) 7.43{2.83)
Ty 0.00(0.71)  7.75(2.78}a  B.EZ{3.0f)  1Z.69{3.52) 725258
Tsg 0,00{0.71)  9.05{%,08) 12.10{3.5%  13,60{3.76) 8.4812.77}
Ty 0,00(C.78)  B.73I.04)  10,37(3.29)  1Z.12(Z.5%4) 7.9941.69)
Ty 0.00{0.71)  ET4{Z2.30)  6.74(2.59) 8, 11{2.93) 3152, 20)
Tg 0.00(0.71) 10.36{3.32) 12.87(3.65)  16.30(4.10) 9.98(2.74}
Tg 0000078 9.34(3.15)  1E3L{3.96)  18,50(4.20] 16.81{3.00)
T1p ¢.00(0.71)  2.00{3.00)  10,31(3.29) - L6.1Z{4.07} 8. 74T
T 0.00(0.78)  6.25{2.58)  B8.35(2.97)  10,%3(3.3% 5.27{2.37)
Tio ¢.e0{0.71)  T7.50(2.82) 10.28{%.27}  19.81{4.50) 7.39{1.83)
Tyz - 00000078} G.50{2.44)  8,79{2.96)  15.87{3.79) §.91{Z.47)
T1g 0.0040.71)  6.00{Z,55)  7.Bi{Z.88)  12.2%{3.%7) §.5H{ZAT)
Tis 0.0000.7L) 4.00{2.11)  4.74(Z2.29)  T7.50(%.82) 4.06(1.98)
Tig 0.0000,71) 12,75{3.83) 25.8%(4.9%) ZB.3I{%.38) 15.73{3, 68}
Mean  0.00(0.71}  7.97{Z.83) 10.88{3.32) 14.93(3.87) 8.45{2.589)
.0, at W

i 0.14 .

I .87

Txl 0.27

Tabhe 19{b)
Ezpt, 1i, Effect of preharvest sprays of fungicidez on the per ceat rot
of Red Delicioes zppie fruits cstored at & &£ LT

o)

Trealments Days in Giorage Hean

¢ £3¢ 18 10
Fiy G00{0.71)  G,00(0.71)  Z.08{1.51) 3.12{1.90) §,30¢1.23)
Py e 00{0.70)  0.00(0.7Y)  0.00{0.71)  Z.65{1.78) 0.55{0.73;
F GO000. 7L G.0040.78Y  0.00{0.74)  0.50{1.09) 0 12(0.75)
Py Q.00{C.7L)  0,00(0.71) Q.05 71) 5.71{2.49) LAT{L.10)
Pg ¢G.00(0.78)  0.00(0.71)  LUSD{L.40)  3.27(1.94) 1i%1.19)
Py 0.00{¢,71}  0.00{0.7L)  0.00(0.71) 1.62{1.44; 0497290,
Py 4.0000.78)  2.54(L.74) 6.7502.69)  11.60(3.48) 3, 22,2.45)
Py 0.00(0.78)  1,94(1.%6)  £,55{2.85) 7.06(3.09) §,3942.00;
Pg 0.00{0.71}  3.87{2.09) 5.56(2.46)  7.1942.77) §,182.08)
Py 0.00(0,71)  8.00{2.91Y  Z21,35{4.57) 28.39(5.37; L MR
Nean  0.0050.71)  1.63{1.26)  4.38{{.B3}  7.31(2.5%; RPRRIS TN N

£.0. at 5%
P 0.58
i 0.2
<
Pxl 1.17

Values in parantheses are square root transformed values. ,IX*O.S
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tieztween treatmente ol sbiorage interval e we r"r fenardd to
be significant.

I experiment 17 fruites receiving preharvest
application of Ravistin 1500 ppm (=) recorded  the
lowest fruit rot during storage and at  the end of
storage. The treatment though on & par with FeaFm, Fag,Fe
and Py, was however significantly superior Lo Jtha
remaining treatments. Control fruit (Fyn) on the other
Band recorded the highest fruit rot duaring and  at the
e of stipulated storage periocd of 210 days .
Interactions between treatments and storage intervaels

vere found to be significant.

4.6 Correlation _studies A /

Correlations worked out by Karl Pearson’s
coefficient of correlation methaod are presented in Table

20 (& and b).

Table 20 (&). Correlation studies of effect of growth
bioregulators.

T et e $ar e BRes Bres tn e 18410 et St Bt Mt Mk Bt MR Bl =gt M e 80 mas it b v FeS Fafh R M e PSS eies FSS% bmas Bt s AL Ses S ot et e mrae saer et fnes et Bre St At bt et e e e

Variable Variahle s

Respiration i) Ethylene +0 L, L7
ii1) Flesh firmness —0 ., S0°
11i) Acidity , -0 3T

Ethylene 1) Flesh Tirmness =0, &HO
evolution ii) 788 -0, =7

Flesh firmess i) TER +0. 322
i1) scidily 0, T
ti1i) Calaiwm 40,89
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T ds cown from Phe tabile 20 (a oand b)Y bhat
respiration bad negative correlation A fleseh
firaness, acidity and T8S. In case of experiment 1T Lhe

correlation between flesh firmness and vespiration was
found negative and it was significant at 9% level of

significance. Howerer, iy experiment 11, 1t was non-
significant. There was & weak positive buat reCir -

significant correlation of respiration with ethylene.

Tab:le 20 (tx) . Correlatioan studies of effect Wil
fungidices.

MAth et Gmet b Fmre oS e e M s hte ek GrLm ers i s e b Bty Smas femm B Eaes et e ees mEe S meras rih maa seras APmE Sk NALS B 8% Mach mive memd erbs e varh Bier i mrt SVet Lo Sees Bl mont ren et seer HOeR bembr AR biats mear

Variable Variable ' -
Respiration i) Ethylene 0. LS
' ii) Flesh firmness ~ 0, O
iii) TSS . 0, AT

Ethylene i) Calecium -0, OR
evolution ii) T88 -0 .37

L N

»

. o : - o X
Flesh firmness i) Acidity +0 7 .
ii) Calcium +0 .80

iii) TSS +0OL20
¥¥ Significant at 1 per cent level of significance.

¥ Significant at & per cent level of significance.

Ethylerne evolution was negatively correlated
with flesh firmness,TSS and calcium. There was a
significant negative correlation of flesh firmness with
ethylene evolution at 1 per cent level of significance
{Experiment I).

Frait flesh Tirmness hadd & pasitive
correlation with TS5, aqldtty and calcium. The
correlation of flesh firmiwecze with calcium was found to

be significant 1o hobh Uhe coper dmente 3t 1 per  cont



et
level of significance. Fleah f temness was found to be
positively correlated with acidity and was significant
at 1 per cent level of significance in experiment 1,
while in gxiperiment II it was significant only at 5 per
cent level of significance. Correlation bhetween flesh
firmness and T8S was found to be non-eigrnificant in both

the experiments.
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DISCIISSION

The presemt investigaticns were undertabern, to
study the effect of cone newly evolved/developed growth
bioregulators and fungicides on accumulation of  calcium
and  on ripening and storability of Red Delicious mbpl@
fruits stored at Dfick, The results chtained during .th@
course af study are discussed heveunder irn the light  of

availahle literature.

5.1 Effect on physical characteristics of the
frruit:

Most of the trestments improved the fruit size
in comparison to the conmtral and the largest fruits were
Gbtaired with Faras ZOOO'ﬁpm (T11). The contral  fruits
on  the other hand were of the smallest size. These
results  are’ in conformity with those of Hashim &
lLundergan (19a%) and Chandel (19@5, wha alsa obhserved
significant dncrease in fruit size in strawberries and
plums respectively with triscontancl ‘trestments. This
increase A frukt size might be alttributed to  the
increased photosynthesis and  reduced photorespiration
dae  to  the application of triscorntanel (Menorn  and

Srivastava, 1984).

A significant decrease in weight, volume and

specific gravity of fruits with the advance iv  storage
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period was observed in the present study. While lowest
per  cent loss in fruit weight, volume and  decrease  in
specific gravity was recorded in  fruits that ad
received the preharvest application of E. rovieana lates
00 ppm (Tyg) or Paras 1000 ppm  (Tyn), it was  the

highest in control fruits(Tig). The specific gravity was
recorded to be the highest in fruits treated with Paras

2

QOC ppm (Ty11) and E.rovieana latex SO0 ppm (T1s5).

The mechanism of water leoss from fruite whichk
primarily accounts for the loss in weight and Yalume is

essentially the same as the evaporation of water. The
driving force ie the vapour pressure of the moisture in
the fruit (ASHRAE, 1972).When it is higher than  Lhe
vapour pregsure in the suwrrounding air, moisture willbe
lost from the fruit to the atmosphere. Fruite in general
possess, considerable resistance to moisture loss, as
their water vapour preésure is lower than that of the
the same temperature because of dissolved

mmstly sugaere. Wilkinson (1765%) reported

water at

substances,
mnay

that some of the water accounting for fruit weight,
be lost by evaporation and respiration (0,057 per week
is lost by

at 2.8 % for apples), but major portion

tirangpiration (0. .3% per week). All the weight loss in
fruits ics not due to water loss, for recpiration per se
it

and heat of recspiration may alsoc accourmnt for part of

(Ryall & Fentzer, 1782).
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The E. rovieana latex is suspected of having
very Eﬁrmng growth and antitrarspiant properlties and it
is thought +to be particularly rich in erndogenous
gibberellinse and cytoﬁininﬁu T whalt appears Ltag  be
pertieaps the fTiret attempt to ascertain  the amti -
senescence properties of the latex and its potential in
ertending the storage life of freskh frudts. Chopra  and
Khokhar (1935) dipped freshly har&ested Einmow  mandarin
fruite in  agquecus scolution of E. rovieasna latex at
concentrations ranging betwéen 0,01 toe 0.1 per cent  in
step-ups of 0.023 for 2 mipnutes and chserved significant
reduction in FLW and increase in ambient storage 1life
with 0.02% and 0.0% per cent applications.  Significant
reduction in volume and weight losse were reported in Red
Delicious apple treated with E.rovieasna  lates, (%

reduction  in  physiological less in weight in fruits

treated with Paras 1000 ppm (T o) may attributed to be

an  increased T8% content of tfeated fruits., Chandel

(1933) and Jindal 'and Diwevedi (1284) reparted

significant increase in weight in Santa Resa plum fruits
~

given preharvest spray of Triacontanel 25 ppm and 4 ppm

respectively.

The loss inm fruit firaness was obeserved to be
the lowest in fruiltse receiving preharvest  applications
of Frotozyme or Rioczyme 500 ppm each (T and 4) and  E.

royleana latex 500 ppm (Tig),and the highecst in contral
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frutte  (Fqn)  The degres of flezh fironess P baoer
reported  to be & fairly good index of  storability and
stage of  ripening  in apples & aleo  in maryy  other
fruits. [Qoftering of fruaite ie  ceuvsed eigher “ by

breakdown  of insoluble probopectin into soluble pectin

or by hydrolyeis of stearch (M%ﬁtmm et al., 1975 or by
cellular disintegration leading to increased membrance
permeability. The losgs of pectic substances in the
middle lamella of the cell wa}lis perhaps the key step
in  the ripening procese that leads to the loss of  cell
integrity or firmness (Sclomes and laties, 197E).
Firmmess had been correlated with sclubkle  polyuwronide
(probably arising fraom tha'middlﬁ lamellae and the celld
wall).cmntant in apple, and some changes in structure of
the glycoprotein o+ the pGltuDHidE. in  the middle
lamellar may lead to the breakdown of  the aggregeatian
hetweer them (Knee, 1974). Fruit firmness is one af the

most  crucial factores in determining the  postharvest

quality and  phyesiology of apples and pears  (Shear,
1973). With a decrease in fruit firmness the tissue
rigidity decreases, firstly as a result of hydrolysis of
intercellular pectins, and secondly, cell turgar

pressure decreases due to an increase in pemeability of
cell membrane to water in the labter sltages of  internal

breakdown. The decrease in buth the components of  frait
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firmess, appear .tm cmn&ribute o tissuwe soflbening
(Fallard, 1275).

The reduced loss in firmness in fruits treated
with Tg, and T wmight be due to the cummalative
effects of aweiim and cytokinin as the precureors of thése
growth regulators are present in Blozyme and  FProtozyme.
Higher firmness during the storage has been reported in

the aurin  treated Red Delicicus apple fruits in
-
comparison  to control fruits (Garg et &1.,1979). Singh
(1L98&) also reported reduced loss of fivaness in auwsin
and kinetin trested Bar tlett pears., The reduced loss on
firmneses in fruit tresated wiﬁh E;'rﬁyiﬁana latex 500 ppm
(T1s) is in conformity witﬂ the resulte of Singh  (1986)
are 'Nayital (1987) who  alse  observed %ignificant

reduction in 1o

Hi
n

in firmnegs in  E.rovieans latex

treated Rartlett pear and Red D@licimu% apple  fruits

during low temperatuwre storage.

G.20 Effect on phy€iological characteristics of the
firruit:

Ethylene evolution rate and reespiration rate
af fruits in general increased with the advance in
storage periocd tending to level off and declined towards
the end of sampling. A similar trend in respiration  and
etﬂylanﬁ evaolution hae been  reported  for different
apple cultivars (Fallami et al..1?98%; Liu, 1986, and

<
Warg and Steffens, 1987) and av/ocado (Calo, 1985).
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Fruitse treated wilh Agrostemive 300 ppm (T=)
exhibited rather steadigr increases and decreasss  1in
ethylene evoluticn and respivaticon rates compared to
faster increases and decreases in fruite  treated with
Faras 2000  ppm (T i2) and in montfols. Aovanced warly
ripening has also been reported in triacontanocl treasted
tobasco pepper fruits {Mamat et al., 1297). Slowirng down
of respiration and ethylene evolution rates by
Agrastemin 500 ppm (Tx) maf be attributed mainly to the
actions of gibberellin and Linetin which this
bioregulator is claimed to contain in adéquat@ amounts.
Delayed ripening in different fruits treated with
gibherellin and kinetin has aleox been report@d 3y many
cther  w0rker5 ( Vendrell, 1970; Gilfillan et &l., 1977;:
Menselise, 1277; Ali-Dinar and Mrezdo-n, 19763 Abkdel
Gawsd and Rmani, 1974; Gueltat-Reich and Safran, 1973
Madhava “ao  and  FRama  Rao, 1?79; Raghava Rao ard

Chundawat, 19843 Hermnandez and Grajada, 19846) .

Minetiné are  known to help in maintaining
protein synthesis in senescing plant tissues (Solunkhe
et al., 1952) and this carn be expected to hélp 1
retarding the ripening process. Further, endogernous
Qibberellin, and cytokinins resist the fruit =senescence
(Sgcher, 1973) by opposing the action of ethylene and

therefore, exogencus applications of gibberellin  and

Kinetin would seem to offor pﬁgmising opportunities in
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the regulation of fruit ripening in & number of fruits,
climacteric as well as non-climacteric.
R Effect on bio-chemical characteristics of the
frruits
Total soluble solids (T98), total ﬁugérgﬁ
reducing sugars as well as non-reducing suwgars contents
in gerneral incressed with the advernce in storage periocd,
tending to level off and.ragistﬁring a declining towards
. i
the olose of samplinghall the lreatments uﬁdar study .
These Dbservaﬁiung are in accordance with the fimdings
of marny other workers who alsc found an initial increase
in these biocchemical cmnstituents followed by a decrease
in  the later stages mi—ﬁfmrmgw {Free, 197%: FRosmer,
1982;' Fecasens et al., 1983; ﬁeppli, 194y Saéhdevaﬂ
198%:  MNMaguash, 198646, and Nayitg] 17289, Nayitsl et al,

1990) .

el
3

The T8HS conternts  were yvecorded 3y be  the

highest at the end of 210 days storage period in fruits
treated with £. rhyleana latexn 260 ppm (T14) - As regards
sugars , the highest per cent total sugars and non
reducing sugsrs were recorded in fruits treated with
Faras ROQD ppm (Ty1). Control fruits (Fi5) on the othor
hand recorded the lowest sugarr contents. E.ravieana
lgtex SO0 ppm (T45) treated fruils recorded the highest
reducing sugar contents gt  the end of 2210 days

stipulated staorage period.
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The increact in Lobtal soluble solids and/or

i

sugars i apple during storage may possilily baez
attributed to the rnumercus cataholic processes taking
place irm the fruit preparing it for senescence. Hulaoe
(1958) reported that the percentage of starch in apple
increased to a maximum during development onm the tree
and then decraaséd, urntil at harvest very little starch
was present. Afler remaval from tree the climatlEyi! rise
i respivation ccouwred  and  the reEmaining starch
disappeared relatively rapidly, while sugars remained at
a high level and even registered a&an increasse. He

suggested that in addition to starch other sowrces of

sugars in apple were hermicelluloses. With the ripening

and advance in storage period of this fruitt starch  gets
hydrolyesed  into monc-and di-saccharides whdob i tarn

may lead to an  increase in TES and sugars, as  on
cumpleta hydrolysis of  starch no  further increase
cccures and subseqguently a dec]ine.in these constituents
is predictable a=" they alongwith malic a&cid are  the
primary suhstrates for respiration (Fanova, 1273; Hribar

et al.,y 1977 and Wills et al: 1980),

Significant increase in TES contents over
control  at the end of storage khaec been reported in E.

raoxleana latex treated Red Deliciouws apple fruite by

v
Mayiteal (1987). Alec  increased total sSUgARrS in
triacontanod treated plam 1o " o hiae boeen repe-ted by

T, ot ——— et

UH.&F,I. . YOLAN

e 40762

—
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Chandel (1?28%); Jindal and Dwivdeid (1786), and BRarua
(1990). That triacontancl application  dimproves  fradt
quality hass een recor ted [y Gunasekaran and
Shanmugaveluw (1983), and Chander (1987). A significgnt

. . SR
increase in TS8S content at the ond of storage at  O0+170,

with E. roylisna latex applicaticn has been reported in
Fed Delicious apple fruait by Mayital (19497). L ow
temperature  has  been found to fa?mur the conversion
of starch to sugar in apple and reverse is the result
with high temperature (Smith aﬁ al., 1972)y. Tsiprush and

Kazak (1982), however, observed higher respiration rate

and greater loss of =sugars in apple after storage.

A general declining trend, rather sharp in the
beginﬁing and gradusl th@reafterﬁ‘in the titratable acid
contents was cbserved with the increase 1in  storage
period. The pH of the juice showed an increasing  trend
as the storage period progressed and the increases were
rather abrupt in the baginning and  steady thereafter.
The acid loss,however, was recorded to be the lowest in
fruits which had received E. royleana latex  [00  ppm
-(Tlg) and Frotozyme 200 ppm (T2} treatments while it was
the highest in control fruits. A decrease in titratable
acid contents of apple fruit during ripening and storage
has- also been reported by many other workers (Smock and
Neubert, 17503 Istatkov and Stambolic,, 17?73; Fato et

al., 19783 Wills et al., 173803 Necasens ot al.,1983;



Aeppli, 19894; Sachdeva, 178%; Magash, 1784).

The decrease in «acidily during ripening o A
storage in apples may be atbtriboted to an increase 1o
malate decarloylating systen (Halme et alt., 19267 which
in tuwrn requires the symbhesiz of new REA and proteins
(Rhodes et al., 1268). It has been brnows for & long time
that fruit cells wuse crganic acidg such as  malic and
citric &= & respiratory substrate and hence, the
decline in theiryr levels during ripening  and  storage
(Ulrich, 1974). A significant reduction in acid leoss was
reported by Nayital (1990) in £. rovieana latex treated
Fed Delicicus apple fruits. Reduction in acid loss  in
_fﬁuits treated with Protozy@a SO0 ppm (Tw) might be due
to  the effect of auxinlﬁynthesized from its precﬂrsor
present in Protozyvme. Reduction in titratable acid loss
has alsao been reported by FKabu (1287) in auxin  treated
Starking Delicious apple fruits.

Fat bicelectrical cnnductan&e (EC) which
reflecte the potenﬁialit? of electrons in a soclution  to
carry electrical change, a definite trend was noticed
duwring storage. The EC which was  quite low in  the
beginning increased during the early period of storage
and then declined towards the close of sampling. The
highest mean value of EC was recorded in  fruits  from

Protozyme 1000 ppm (Tg). This treatment was, however, on

a par with E. roviesns lates ﬂ%ﬁ pem {(Tys). According



&2
to Ogbadu and Enlevrmann (19837) the  ochange  from  an
increase to a decrease of electrical resishtance of apple
tissue might act as an indicabtor of interrnal hicwriirng .
Significant increase in value of EC was observed in
auxin and E. rovieans latex treated apple fruits in
comparison to control fruits (Nayital, 1987).

I thé present investigations, total phenols
were found to decline coincident with the advance in
storage periocd. This observation if viewed with another
related observation that,fruits loze their resistance to
various storage disorderse and becone increasingly
susceptible to storage rote with advancing maturity and
ripening, suggests @ distihct role of phenolic  in
disease resistance (Ndubizn, 192746). From biliochemical
stand point, phencls  are particularly prominent in
firuitse where they are impqrtaﬁt i determining colour
ancl “flavour (Van  Burer, 1970)Y.  The degradation of
phenclic was however, observed to fake rlace at a slower
pace in the fruits treated with E. rovieans latex  S00
ppm (Tys)  and Havistin 1800 ppm (Px), resulting in  a
Nlower per cent rot incidence. Nayital (1987) recorded

increased totsl phenclic ceontent in fruite of FRed

Delicious apple treated with Af.rovieara latex and
Ravistin, A significant increaze in total prhenol

contents has also been reported in Bartlelt pear fruits

dipped in 1000 ppm Ravietin (Singh, 1798646).
4



That the plant plenclics do have & role  to
play in disease resisbtance has  been shows by many
worrkers (Farakas  eand Miraly, 1962; Mahadeovarn, 19H6).
Hulme and Edrey (1260) suepsocted that the suscephibility
of  fruits to fungal attack could ke doe to fall in tﬁ@

concentiration of chlorogenic acid.

The physiology of plants ie it luernced
profoundly by the level of Ca dwrirg growbh &ricl
development (Jones and Lunt, 1970iFcavadat, 1979 .
Increasing the Ca content of appleé has been reported to
retard tﬁe sgnescence and  to redoce physiaglogical

’ L
disorrders during storage (Bangeyrth et al;qu72; Law ot
al., 1983 Poovaiah and Shebkhear, 127838cobtt and Willsgy
1279)  and to reduce the respilratory rate  and  ethylene

producticn (Rangerth et al. 1972

1

aust and Shear, 1972;

Liebermann and Wamng., 1792 Sams and Cowney, 1984).
9. ! ¥

In the present study, Calcium content was
found to decrease coincident with the advancement in
storage pericd. Calcium content was however, recorded to
be highest in firuits treated with E. rovieana latenx SO0

ppm (T15) and protogyme SO0 ppm (T)  respectively.

Increaze of calcium content has Lbeen reported in the

1l

leave af FRed Delicious apple treated with  Biczyme
(Sharme. 1990) . Tncrocase  in the calcium content at

Marvest  has  aleo been r«q)uc’(gd< ity Gta i Dolicicoue
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apple.fruitﬁ treated with binetin (Fabw, 1927).

The gradusl decresse in danice conbtent with the
advance in storage pericd observed i Lhe present stuady
he attribuwled to an increase i the rate of  respdeation
as  oheerved by Fayneke and Pearee (19493, In the
present investigations, highest Jjuwice content WES
obeserved in fruits treated with £, raylesns latex 300
ppm (Tys), where as  the lowest  Juice  content was
recorded i control froaits (Fqin). The highest juice
cormntent i fruite treated with.Tlg might e due to  the

decreasetrate of respiration.

D.4 Effect aon sensory evaluqt&um
Sensory  evaluation score was found to hﬂA the
highéat i the fruits treated with Bavistin 1500 ppm
(F=) and Agrastemin SO0 ppm (Tx). Control fruite on the
ather hand recorded the lowest score. HMighest score  for
’quaiity i fruits  treated with ij might  be due to
reduced rates of respiration and ethylene production. In
Truite treated with Ravietin 1500 ppm (Fx),  the  high
score for sensory evaluation might he due to its
ﬁreservative action on the guality of the fruits.

» 2.5 Effect on per cenlt rot

The lowest per cenl fruits rot was recorded in

fruits treated with Bavistin 1890 ppm and 1000 ppm (P

and Fn) respectively, whrre az the higheset per cent  rot
<
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wag observed in cortrol fruites. Increased storage life
of  fruits lreated with Bawvialtin has also beon repoeted
by many other workers (Dayr and Mobhopadhyay, 1974 and
18977 3Vyas and Singh, 12773 Cupla and Sharmea, 19815 Kaul,

i

1282 Verma el al., 178&4; Mayital et al., 1990).
.6 Correlation studies

Firmmess was  found  to have & positive
correlation with titratable acidity, T85 and Calcium.

Sams  and Conway (1984) and Thakur (1729), reported a

positive corvrelation between flesh fironess  and fraill

ot =

cealocium levels. Magash (1784) also reported

correlation hetweear fleah firmmnese armd

a positive
titratable

acidity and calcium.

Respiration showed & positive correlation

between ethylene and negative correlation with  flesh
. i N

~

firmness and titratable wcidity. Ethylene evolution rate

recorded a nagative correlation with flesh

firmness, T59

and calciuwm content.
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SUMMARY AND CONCLUSIONS

The present investigations entitled "Effect of
some plant growth bioregulators  and  fungicides r
ripening  and  storability  of  apple (Malus  Someslics
Borkh.a). O Fed Delicious"” were conducted duaring 1989-
P00 cropping  season, and the results are summar i sed
hereundeir:
1. The fruit size in terms of length oand diameter  was
recorded  to be the highest with preharvest application
of Paras 2000 ppm (Tqyy).
2 The physiclogical loss in wedght (FLW) arnd  volume
during storage was the lowest i fruits receiving
preharvest epraye of Euphorbia roviesnsa latex, 500 pom

. - /

(Tys) or Faras 1000 ppm (Tin), and "the highest  in
control fruits, at the end of 210 day storage.
g Fruite treated with Faras 2000 ppm (T1y)  or  E.
raviesna  latex G000 ppm (Tig), recaorded the highest
specific gravity while those in control (Tyg)s, the
lowest.
4. The flesh fifmnEEE of fraits was recorded  to  he
the maximum with Protozyme S00 ppm (T7) or Ravistin 800
ppm  (Fq) treatments. Contral fruits orn the other hand,
recorded  the lowest fruit firpgnese. Riozyme S00  ppm
(Tgrand Paras 1000 ppm (Ty1n), were also fairly effective
in reducing the losse of firmnese in storage.
ot Agrostemin 500 ppm (T=), Bicryme 00 ppm (T,) and

E. roylesna latexn SN0 ppm (Tlgu treatments  tended  to

steady the metabolic rales of the (rurt as appraised by
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resplration are ety Tone e i e poactere Aurin

pralonged storage. Comtrol fruite and those receiving
the preharvest applicatiorn of Faras T000 ppm (Tap)  on
the otherhand, exhibited a highly fluctuating trend  in

respiration  and ethylene evolution rates vregistering

rather sharp increasece and decregases. :
& The total saluble solides (TSR), total sugars, ard

reducing  as  well as non reduwcing sugars,  in general,
increased with the advance in 5tcrage period registering
a decline towards the close of sampling. Among growth
bioregulators, the higheest TSG'contentE at the end of
210 day storage were recorded  in fruits treated with £,
ravieans latex 200 ppp (Ty4), Frotozyms 500 ppm (T) and
Agrostemin 100 opm (T1). Ih‘@xp@riment 1T where the
effects of fungitidea wae appraised  the highest  TE8S
contents were rocarded in fruits fr@ated with Ravistin

200 ppm (Fq1) and the lowest in control.

7. The titratable acidity in geheral declined with
the advance in storage period. D.rovieana lates 500 ppm
(Tys) and Protozyme 200 ppm (Tw) treatments, however,
tended to steady the decrease. Of the fungicides
ﬁavistin Q00 ppm (Py) was @he most effective treatment
in this respect. Control fruits (Fy5) on the other hand,
recorded a sharp decline in the titratakle acids, thereby
indicating & higher metabolic rate  tharn all  other
treatments.

{
. Similarly the pH of e froil juice, in  general

g

increased as the storage periord  advancerd,” rovlea’na



it

lates W00 ppm (T1g) treatment, loweeer t&nd@d.tm e leady
this Idncrease. AQgain, of the fungicides, Bavietin O
ppm (F1) proved to be the most effective treatment in
this réﬁpect. Cormtral fruite, i the other bramed

recorded rather sharp increase in the pH o with  the

advance in storage pericd.

7. The'electricél conductivity (EC) of the fruit, in
general, was low in the beginning, increased during  the
early periudlof storage, peaked at 1599 dayes of  storage
and declined theresfter. Fruits from £. rovieans latex
SO0 ppm (Tys) and Protozyme 1000 ppm (To) recorded the
highest EC .ammng growth biregulators. However, amnong
furngicides, fruits receiving preharvest applicatimn of

[ =1

Bavistin 1300 ppm (P=x) recorded the highest mean value

/
[
for the same.

10. The total phernols and calcium content showed a

declining trend commensurate with the advance in

-

storage. & fay]eana latex GO0 ppm (Tig)y however,
tended to steady the decline in ohenolice and calciom
corntent, and recorded the highest values duaring and  at
the end of ﬁferagm“ Among fungliclides Bavistin 1500 ppm
(F=) recorded the highest values for the both., Control
fruite on the other hand, rocorded the lowest values.

11. Fruit juice content also showed a declining trend

commensurate with the advance it storage. £.

rayleana latex SO0 ppm (Tin ), among growth  biregulators
recorded the higheet values for juﬁce content throughout
Lher slorage. T oo dment 770 in which effects of

fungicides yas appraicse 'y Qe ciot ip 2T i (P Y frnated



fruite, recorded  the higheset juice  corntents, Coritral

fruits on the other hand recorded bhe lowest value.
12, Fruits treated with Agrostemin 2590 ppm and 300 prpm

(T and T=) and £. rovieana latex SO0 ppm(Tys) recorded
the highest on sensory evaluation. In experiment 11,
fruits treated with Bavistin 1500 ppm and 200 ppm -(Pg_
and Fq) were of best gquality among &ll  the treatments
ageinst the frmitﬁ of poorest  guality frowm  contbrol
(Fio) -

13, The rot percentage during storage was vecorded to
be the lowest in Bavistin 1500 ppm (Fz) treated fruits.
Treating the fruits with Topsin-M 7SQ ppm  (Fg )  and
Bavistin 1000 ppm (Pn) proved to be equélly effective in
this regard. The highest per cert rot cn the other hand,
was recorded in control fruilts.

14. Freharvest applications of E. royleana latex GO0

ppm (Ti5) . Agrostemin 300 ppm (Tx), and BRavistin 13500

ppm and 300 ppm  (FPz  and Fy) proved to  be most
efficacious in increasing  the storability of Red
Delicious apples. Other treatments, that were also

fairrly effective in increasing the storability of fruits
were Paras 1000 ppm and 2000 (Tig and T11)s Frotozyme

and Biozyme al J300 ppm (T4 and Ty ) and Bavistin 1000 ppm

(Fm).
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