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INTRODUCTION 

Apple (/'talus dome.stic.a Borkh.) the u-.ost 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 p~pularity. 

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 the 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 V1Z., Jammu and 

Kashmir, Himachal Pradesh and Uttar Pradesh is 7.8, 3.60 

and 1.6 lakh tonnes respecrively (Azad, 1987) . The 

growth of apple industry in Himachal Pradesh, in 

particular has indeed been phenemenal, during the past 

three decades. Today, apple is the major temperate fruit 

crop of the State accounting for an area of 0.55 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 India. 

Higher yields, are worth little, however, if the 

harvested crops are not made available to the consumer 

1n good quality. Fleshy fruits and vegetables 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, 1983). 

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 quality 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 social 

improtance for a country like ours. Millions more can be 

fed by preventing or,minimizing crop losses. 

Harvested apples like other fruits and 

vegetables, are living things and continue to respire 

and carryon most of the life 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 lnsure maximum 

quality at a predetermined time. In practice however, 

the storage life of fruits and vegetable~ can be 

prolonged to a great extent by inhibiting the ripening 

process either with chemical treatments and/or with 

precise/judicious management of temperature and storage 

atomosphere. The span of market availability of apples 

has in recent years, 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 metabolic~lly 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, 1983). 

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, accumulated over the years, have perhaps been 

the two most important advances 1n the field of 

horticulture Slnce 1971 (Hulme and Rhodes~ 1971). In 

addition to growth regulating substances, effects of 

many more chemicals and bioregulators have since been 

investigated and, at least, a few find an established 

place 1n 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, 

1975). It has been demonstrated that reduced respiration 

rate was associated with an increased calcium level in 

the tissue (Wills and Tirmazi, 1982). 

Fungicides improve the storage life of fruits 

by preventing many pre and postharvest pathological 

disorders. " Many of the infections of sooty blotch, fly 

specks, fungal rots and other storage diseases take 

place while the fruit is still attached to the mother 
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tree. These can be effectively controlled by pre and/or 

postharvest applications of fungicides (Tepper and 

Yodder, 1982). 

study the 

developed 

The present investigations were undertaken to 

effect of preharvest sprays of some newly 

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. 





REVIEW OF LITE~ATURE 

the effect of somE' plant 

bioregu 1 atQI~5 and 'fungicicif?!';; on the 1~:i.JlE'ning c~nd 

starability of apple is presented under the following 

sub-heads: 

2.1 Growth bioregulators: 

2.11. Ag,"'ostemin 

2.12 B ' anc:} F'I~o, t_'c,)z'yme ~ozylTff.'! I I, 

Tr iacontanol and 

proprietary products 

2.14 Eupho rbi.:l r<J}' 1 ~,;'C:I /"}C,':( ,f ' .Bo.1. SS 1 c.'i tF:>: 

2.2 Fungicides 

2.21 Carbendazim (Bavistin) 

Thiophenate methyl (Tapsin - M) 

2,.23 Iprodione (Ravral) 

2.1 Growth bioregulators 

Agrostemin is an allelopathic bioregulators that 

extract of corn cockle (~grDst~mma githago), a common 

conditions in 

sYlTlb.i.o~).is with Whf?at. .::"tnd at,her- gr~~ins «(~nonyrnous, :1.987). 
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stresemannstrasse 17 D-·62.ll·0, Konig5tein/Taunus~ 

Yugoslavia. Agrostemin Type 1 is for applj.cation to 

seeds & Agrostemin Type 2 exclusively for treating 

leaves and plant surfaces. Agrostemin is a blend of 39 

different plant extracts in a scientifically balanced 

ratio & its main ingredients are : 

Phytohormonal complex: 

A. Cytokinin cOl1lplr:?}: 

B. Gibberellin complex 

c. Auxin (in small parts) 

Free amino acids; organic acids and derivatives 

of organic acids : 

Orci.::danine (Cl0HJ3N04) 
and other amino acids~ ~s well ,::\ S C) ''""q an i c.: 
acids and derivatives of organic acid5~ 

Inhibi "to''""s: 

Derivatives of ABA (abscisic acid),ssturated 

ali pha tic hyd roc':\I'-bon sand c:yc I ic in h:i_ bi tor- (C[:J H:~9 "~5 D7 ) 

Agrostemin is claimed by the manufacturer to 

fDOd--

pesticides and 

(Stan~ovic dnd G~jic~ 1984). According to 



t.he product information based on Sf.: .i.en ti'f ic 

investigation 1fI,::lnu f e:\C t. ur·E·I'-~':. 

application(s) of P,gros b-?tnin to r-C';?5U 1 t in 

various beneficial physiD 1 og ie Ell re~,pDnS~:'·5 such '::\5 

increased mineral uptake~ improved 

inc reclsed chI or-ophy 1 1 pr 'ocJ\.lc t:. i nn!, r3ncl 1'''E!cJUC pc:l 

period by as much as two \l'Jeeks., Tn ·fI'-Lt.i.ts and vl'?Qc.;?tabJ.c:?s 

ItJC' it;} ht 

firmness, sug':'ir con terd:. (upt.o 2~<,), ,3nd 

essen t i':l 1. amino acids. It is also reported to en hii\ncf::." 

the fruit colour and increase the fruit size. 

It is reported that apple fruits 

treated with agrostemin Type~2, increased t h t7'! c: C) J. ou I'" 

intensity of the fruit, reduced the maturity period, 

yield (5-15%) and improved thp storage longevity of the 

fruit and thus reducing the 1055 by 20-30%. 

Miele and Toniettp thc.:lt 

agl'''ostemin ,:1pplif.::od to gl'-':;Ipe v.inf? hi~d no e 'f 'ff?ct Dn ',/if21d 

. 
or quality of grapes. However, in another experiment, 

and r:::aj kov ic. (1.9D4) obsel"'\"f.~d 

photo!syn ther:;.is!1 yields and fruit quality in 

agrostemin was spr~yed at the (1l0U5E".:' (;'?r3I'-' 

Grindberg and Azima 

foliar spray to tobacco at the 4-5 

r.::-/-·-,.,e .~) .-I~I '::J' • 

observed increased plant height, loaf area and leaf 

yield. , 
r~)gros:,tE·rnin i !:; r ' c' r) 0 ,'- ,t.', f·. ·· c." '1- ("', 'j r" (- r" (:.> .:: c:: eo ·t t ... ..,.. t I r:. r,·.· t - -" . , I _, •.• I _. <0:: .,' "': " :' r ~ . 

lucelr:n 



(Blazheva and Angelov, 1787). Foliar application of 

agr-ostemin to 1. erl til S h'?'I!:"> bc~ c'n e>:ert 

pronounced effect on s(:?~d yield and also inc,roet:\se 

specific weight. (11 iev and Chr·.i. ,=,to\" ~ 1.987). In anot.her 

experiment, Hradecka and PQtor- (j788) observed increased 

number of grains per ear and higher grain wej.ght in 

winter rye with application of agrostemin at 

stage. 

2.12 

Biozyme and protozyme are the bioregulators 

which ar·e claimed by ttH? manuf.:lctun?r-s tee enhance the 

-\-
yield and quality of crops. 8iozyme Crop is a 

biot~chnology research product from Wockhardt Limited~ 

Bombay, 
.of-

while Protozyme Crop is manufactured 

Chemicals, Ahmedabad and marketed by Kisan Brothers Pvt. 

L tel. , Ahmedabad. According to the manufacturers, 

b:i.oregu 1 a to,"'s are biologically derived nut ,,.. :i. t . :i. 0 r""l a 1. 

supports intended to crops at the 

vegetative or beginning of the reproductive stages of 

the plant growth. Their main active ingredients are: 

A. Cytokinin and auxin precursors 

B. Enzymes and 

c. Hydrolysed protein complex 

As cytokinins and .-:tu:::i.ns- ",in? br-·Dught into 

close association with plant tissue, several en:i~ymatic 

r:)I'-\:;)CE'sses I:.~("·'~' i:~ ·f"fE.,r-. tE·d. Tt-,- '·-r · · ·~ ' II· - -1· b 10""-'" t "to::\ \.. I .:' . .: I ,,-.'1 (f:.:: " .' . t.\ . . .c; c:~ diphDsphate 

It'lhic h 1· r- i~' i .... ·tr- ~ I .... ,,' _ __ Co' _ :.~ __ £.ynthesis 

pl""lutD~:ynthC't.i.call y der-i ... -'ed 



NADPH2, increases the activity and the mass of the 

photosynthetic pr-f.Jduc t . With increased amounts of 

biochemical energy nO .... l availablE!. mOI'"e 

structural synthesis of c::hlor 'ophyll procef:'!cL (StE,tlel'"' i:\nd 

Laetsch, 1985). 

The stor"cIge of plant Li.sstlE's;. i'.> immecl iatG~ 1 y 

responsible for several metabolic activities. The 

degradation of such storage polymers and process of 

resulting products through glycolysis and thG~ pen tDse 

phosphate ShLlnt cJccurs. This st.imulation of 

tricarboxylic acid cycle which allows metabolites to 

enter the fatty acid-phospho-lipid-steroid biosynthetic 

pathways to finally pass through the 1'-l~S p.i 1'- c\ tD I"'y 

cytochrome . system, is partially responsible for the 

ageing process in plant ·tissues. This entire process can 

be slowed down in most cases by the applic~tion of 

cytokinin enzyme complex~s" I~vertase~ the enzyme which 

is responsible for the breakdown of disaccharides into 

monosacchal'-ides sugars can bl-'? hi:\l b?d by the appJ. ication 

of plant regulating compounds (Thimann and Wickson, 

1958) • 

Smock et al.(1962) observed that treatment 

with N6_ benzyladenine of several varieties of apple 

either before harvest or after harvest at 10-30 ppm 

phase but the treatments had no consistent effect on the 

development of physiological Dr" 'f un <.;.I cl 1. di~,e.::tses in 

" colour Dr thE- pE:c1icel ':Ind '1' 1 Cosh appr'?i"H ',:'InCE' of thE' st.-'-Ieet 



cherry fruit and redLlced thp weight lo!:, ~, dur"l.ng stOI"'c:\gE-

(Tuli et al., 1962). 

Foliar application has bE-en shown to be an 

effective method of applying bioregulators or 

nutritional support to plants~ Pi:H··ticuliu-ly whpn 

responses wi thin short gl'· ov. .. ing seasons are demanded 

(A I e>:ander, 
'·1" 

1986). Biozyme Crop is reported to be the 

most balanced and specific nutritional support for crop 

y ie ld and to inc lI"'ease thr: shed f 1 i 'fe as a n?~3U 1 t o'f t .he 

un ique under-stand ing of the pI c;ln -I.: biDe hemic: a 1 demcilnds" 

It is claimed by the manufacturers that 

biozyme offer-s different advantages~ it gives bigger 

fruit, reduces flower and fruit drop, increases kf2eping 

quality of fr-uits, gives fruits of desired sLII'-f,.::"\ce , 

coloul'· • IrJhen it is ~pplied at pre-harvest stage to 

apple, peach, ';:1ncl 

advantage of uniform maturity, desired surfact colour, 

and better keeping quality of fr-uits. Protozyme on the 

other hand, when applied to the fruit bear-ing tree 1 ik.e 

mango, lemon~ orange, sweet lime, apple, chikoo, guaVi::t , 

plum and PQ~egranate etc. at the time of flowering and 

at fruit set stage is reported to of ff2r \/.::tl'· i nus 

advantages like absorptions of nutrieits, 

inc I~E'ased photosynthesis and nutrient uti 1 i~~C\ticH1 ~ 

increased crop quality and si z e with higher protein, 

better retpntj,on of hlooms etc. 

Foliar spray of biozyme or protozyme (10,20 or 

30 mI/10 lit r£: ) tn':?E? h,,:\5 bee::-n 
< - -

rE?ported to s.ignificantly·i, pcn::?~\~~E? the lpi3.f ':\I'·ed~ 'f n .!.i t. 
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weight and volume (AnDnimolls~ .1990) » In anc1t.he,~ 

experiment, Sharma (1990) repo~ted that protozyme (1 

mIll, 2 mill, 3 mIll), biozyme (1 mIll, 2 ml/l and 

mIll) increased the fruit weight, TSS and firmness of 

Red Delicious apples. 

2.13. 

Paras~ a product of Hindustan Lever Limited 

is a lTti >: tL\re of aliphatic alcohols!. including 

triacontanol and is also known 'as Mixtalol. It contains 

0.5% triacontanol. PaJ~as is I'-eported to incn?ase the 

,"'ate of phot.osynthe:,i s ancl in hi. bi t pho t.ol'-espi ""c'lt: ic!n in 

tomato, barley and rice leaves resulting in higher dry 

matter production. The incn':?ased r-i..:d:e of pl"HTl:C!=..'}"nthesit;:j 

was at tJ ... .i b\.\ ted to tt'le (:?nh;':I\')ced C,.3.I~IJD:.:ylc:\ti()n c:lncl 

phosphory 1 i:\ t ion ac t.i. v 1. t i f"~S bc:s.i.de!:.') i ,nc n=:'';:lsecl c h 1 on:Jphy 11 

content d UE-? to Mixtalol application and 

8, ... i vastava ~ 1.984) • Higher amount of chlorophyll and 

carotenoids in paddy, mai7e and tomato with 2 ppm of 

Triacontanol is a long chain 30 carbon primary 

alcDhol (CH::~(CH2)28CH201"'I) cIne! is dE.~:I'-iv(: rI 'f"""Dm alfa1.fc:\ 

(Ned i.ct3Cj·o SC( t iva) .. The growth regulatory effects of 

(:1.977) 

when they obs~ryee! increase in dry weight and water 

uptake of rice seedlj,ngs treated with cl'-yst;'111 ine 

Sllbst.r.lnc£-? i~,()li:lted 'fr "[:om th{~ activE: ft'''.::\ction of , .. 31 fal fa 

meal. 

ct 



triac:ontanol appl :i.ed (1.25 mg/l) asa soil 

ml/pli:Hit at tl-ansplan"ting slage " signi·ficant.ly .incl~eased 

early ripening in tobasco pepper. Inc reEc.sed 

weight, volume and total 5ug~rs and reduced total phenol 

content and acidity was observed when fruits of Santa 

Rosa plum were treated with 25 ppm tiro i.;..con ti?n () 1 

(Chandel, .1. 98 7:.). H cl =, t I :i. '" .:1 n d L l \ n d E: I" <J c~:\ n (1. ('] a ~5) !' 

an increase in the fresh weight of strawberries with the 

clpplicc\"t.ion of triacontanol at 2.0 mg/l. 

Jindal and DlI~ivedi 

significant increase in weight, vo 1 umE', sugcO;tr, TSB 

content in fruits of Santa Rosa plum with an application 

of triacontanol. An increased level of total sugars in 

plum was observed with ·the incr~asing concentrations of 

~TRJA upt.n 7.5 ppm .::'Inc! l'1il",::lcul'::ln urd:.c< 10 ppm ( BEl r 'Ut:\ , 

.t 990) u In another expe~iment conducted by Sharma (1990) 

inc n:~c:\sed TBS and firmness of F(ed 

Delicious apple was observed with Paras (0.20 mIll, 0.40 

mIll and O.~cO mIll). Pin incn,:;~a~:;C':d wE'ight "'"""tel Vc:'ilUIllE' of 

. 
Santa Rosa plum have also been reported by Parmar et 

i:\ I . ( 1986 ) 

weight and soluble solids was observed when triacontanol 

was applied to 'PMR-4S' muskmelons (Bosland et al., 

J / 
Enhi:lnCl?d nutr-·:i.ent ,::,b!:>Drption in tE'rms of N,P 

and K due to triacontanol h~5 been reported in Chilli~ 
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In tomato, a signifi.cant improvement in fruit 

qual i ty It~as obsel~ved \I'd .. ttl thf2 .:o.pplicat . .ion o·f .1 ppm 

triacontanol (Gunasekaran and Shanmugavelu, 1.983) " 

Chander (1987) also reported increased fruit size and 

improved quality of New Castle apricot with 

appl ication of 5 ppm triaconta.'noL 

2.1.4 

Defining the latex~ commonly called milky 

(1967) reported that the term is used 

loosely by plant anatomists for fluids with a milky 

in a liquid dispersion medium with a very different 

refractive index. 

reported to have strong insecticidal and mulluscidal 

properties (Sharma~ 1982). Uemura and Hirta (1973) 

Evans (1973) reported that the ac t.i \lE? pl'-inc.i.paJ. 

responsible for these properties was ingenol, 

class of polyhedric diterpene esters. 

The latex is also suspected of having very 

strong growth regulatory and antitranspirant properties 

and is thought to be particularly rich in endogenous 

gibberellins and cytokinins. In what appears to be 

pe,'"haps the f i r~. t ctttempt to clscer-tain th~? 

antisenesc:ence Clf ,,:\nd .1. t ~'5 

pot E~n ti e:i 1 s in (2): tt?nd .1.119 t he- ~:; t (Jlr i;:I (J c, li·fn of fruits. 

( 19D~)) 
-<; 

freshly harvested 



I 'I 

Kinr-,ow manti dr- inf I~Ul. ts in ':'~(~I .\t?OU~~ r::: (J t t...i tion ( j· f EtJ,Dho I~b _i. r.~ 

'~O}11F.:an.:c Bol.sS late.,: C:1 ·t concen t y·ations ranging 

0.01 to 0.1 per cent in step-ups of 0 . 025 for 2 minutes, 

and observed significant increase in ~'\rn b:i. E'n t :. s to r ' '::\~l C' 

life with 0.025 and 0.05 per cent applications. However~ 

in another study Chopra at al.~(1985) did not f i nd the 

'f I'·(~sh 

button mushrooms (Agaricus bisporus) stored at 3° 

in 100 guage polythene bags with 0.5 per cent v e nting 

area. Nayitel et al. (1990) gave postharvest dip to Red 

Delicious apple fruits in 0.01% Euphorbia royleana latex 

for 1 minute and observed significant reduction in 

weight and volume 1055 and increasB in TSS and as well 

as titratable acidity o ·f fruits during the course of 210 

D day storage at O!l C. 

2.2 Fungicides 

2 .. 2.1 Carbendazim (Bavistinl= .•.... . _ . ... . ..... _._. _ _ . _ . .. ___ ._. ___ •• _ . ... . ~ .• • _ . _ ... . ........ _ .• _ _ ... .. _.L._ .. 

fruits and vegetables are highly 

susceptible to invasion by spec i ·f.i.c pa t .hclgen.i.e 

microorga~isms because they are high in moisture and 

nutrients and are no longer protected by the in tl~ ins.i.c 

factors. Pathological diseases of fruits and vegetgables 

be reduced to a certain extent by maintaining t_he 

natLlI'-al of thE:' host, 

tempC:'?I"'atul'-f?S !' i:3.nc1 tr' C'i.":l. trnen ts 

with growth regulators that delay senescence. HO\.'Jcvcr, 

fl'- om . ." 1l1.1c r Clh -, i':IJ cttti.. ~ ck. ~ C::SPE' CjC1J ly dtlri.ng 
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channels. The ma~:imum stol"'2Ige li 'fe of many 'fl'-esh 'fr-uits 

and vegetables can be realized only by treating the 

product with an antifungal agent before storage in an 

optimc~l environment (Ecker-t, 1.983). 

contClminat.ion and incipient. inff:!ct .. ion thElt occur' ciu,"",ing 

the growing season or to infections through injuries 

attributable ~o harvesting, i="JI'"ocessing :' pElcking and 

transporting of the produce (Kaul and Munjal, 1982). The 

losses of fruits and vegetaples which may be attribut.ed 

to postharvEst diseases are rarely appreciated by ei~er 

the producer or the consumer. Measures for controlling 

postharvest diseases are based upon:(a) pl'-c:~\/en t . i(Jn o'f 

in fee t.ion ~ (b) eradicat.ion of incipient infection~ clnd 

( <:: ) the progress of pathogen .in , the host 

(Eckert, 197~,). 

Fungicides developed since 1965 have shown a 

high degree of efficiency against latent infections as 
. 

well protective and antisporulant c:.-\c t.i on in 

enn tro 11 irHJ C81r'tain po~-::, t , h.?<, r've~.:; t 

(Eckert,1977).To achieve these objectives pre and/or 

postharvest application of various systemic fun(,;] ,i,e: ides 

i::'lnc:1 n (::In -<:;"1 s t£?m i c fungicides to fruits bE':en 

ac.i\/DCa 't,f:?d • 

B ,:£\ \/ i s tin ( rn E'J thy 1 -.. 2 --b c' ''', 'Z. j m :i. d ~I 'Z ole c:: a r- b r.:" rn E\ t E') i s 

.7\ ' systemic 'f \..\ n i;) .i c: .i. d f::) ' .. 'J.i'~ h P 1'- 0 P ""/ 1 a c1: i c i::lnd cUI'-c3tive 



·t6 
I .. 

fol'" I'"educing losses ·fl'"Offl bluE' mould ( Pe n.i. c i. 1 1 .i um 

e>:pansum Lk .• e>:. Thorn.) and <;:.I"-ay rnould (Dc.dl'-ytis c .i.nen:?a. 

Pel'"s ex.Fr.), major causes of spoilage during storage 

and marketing of apple (Hardenburg and Spalding, 1972). 

Blue mould is I'"eported to be the most pl~evCi\ 1 E?n t 

postharvest pathogen ~ apple (Koffmann et al., .1.978) .. 

In Himachal Pradesh, this fungus alone was responsible 

for 55 per cent of the total po s t h a 1'- v E? S t 

(Agrawala and 8harma~ 1968). Kaul eln c\ Mun j e\ 1 (1982) 

found the blue mould rot (Pe·nic::i. .Z .l.i.um E?>~pansum) to bE-? 

the most destructive out of. 21 postharvest rots reported 

by them. 

Dar and Mukhopadhyay (1976), observed that in 

fruit dip tests with carbendazim, dicloran and captaiol 

in~reased the storage li.fe of Red Deli.cious apples by at 

least 35 days. Blue mould rot has bDen reported to be 

effectively controlled by dipping fruits of apple in 

bavistin (Dar and Mukhopadhyay, 1977; VYdS and Singh 

.1.977; Kaul, 1982). Ten days increase in shelf-li.fe of 
. 

inoculated apples was observed by giving a postharvEst 

dip in 2000 ppm bavistin (Vir, 1973). 

(1982) observed that apple fruits treated with bavistin 

~.)t (."'.?_ p=- c=nt L 6 t ,., " <:::. c!. -r per CE~n· ~ I.'JC:i}: emulsion, could be 

stored successfully upto 60 days in the hills of 

and Mukhopadhyay (1976) reported 

s.ign 1. f .i.can t inc: (''"ease in C.L I n · 71 r- (.- (-'1·" ·t '">1·- t .- f"' . ../ .,- . ;;) r_, _ _ • _ '-' I _ d, U in 
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bavistin 0.j-0.3 per- cent. Gur,ta and Shar-rna (.1.981) 

stated that two · fortnightly spr-ays with bavistin befor~ 

har-vest enht::~nced the keeping quality o'f GoJ.dE·n Df.-?licious 

apples by protecting thQm against storago rots. Simi 1. ':::\1'" 

effects in contr-olling storagp rots was recorded by 

Hansen and Be hadeg<,;) (1976) .. Bav.l'st.i..n 

protected the fruits from blue mould r· D tan d b 1. t t c r' 
• 

r-ot 

of apph? (Ahmed~ 1983; l<aitl-I!, 1987) .. U!!:;.e of bEo.vistin as 

postharvest dips has been reported to completely check 

the blue mould rQt~ rhizopus rot and black rot of apple 

fruit (Chib et al., 1983). 

Verma et ale (1986), observed that the field 

spray of bavistin suppressed the fruit rot upto 80 days, 

and the fruits of Royal Delicious apple dipped in 

bavistin resulted in good keeping quality upto 120 days 

of storC.1ge. T ... ,o sprays ofbavistin, 30 ",Inc! 1 0::: 
. ~t 

before picking have been reported to comp18tely prevent 
c 

the fruit rot of apple for one month of storage (7aheer 

et: al., .1986) • Cano f?t a 1 . (1987) I"'l? PC) r- t.~?d that. 

treatment with bavistin increased the 

carbohydrate content of fruit of Starking and Golden 

Delicious apple. Nayital et al.(1990) 

Postharvest c~_~p o'f ~no r n I, . "tl'f1 • .I_\. ,-._ ptJr _aV.1S". <;].1.\,..211 to ned 

Delicious apple completely checked the fruit rotting 

upto 210 o days of storage at O±l ~. In another study 

preharvBst spray of bavistin 1000 ppm checked the fruit 

rotting upto 150 days besides increasing the fruit 

firmness~ per cent juj~e ~ont~nt, TSS~ totRl 



. ( 

In 

T.hi oP.Den a tE_mej:hyJ_ . (Ings.tn::t1J 

Thiophenate seems to occupy an 

. t . f' . d . -.-, 1· ·f- .; C:::.", ,-',ot_· ':'1 hC:2te,"'oc-yc lie pos~ ~on amon(] ·ung .u: t £?S SJ.nc...:: _. J... 

compound, but instf-"ad is .:\ cI i 5 t r' i. bu ted ben zen(·? 

derivative. Both methyl and ethyl thiophenate ~re broad 

spectra fungicides having the same antifungal 

as benomyl, though on a somewhat 1 CJ\.'JE?'~ level fJ ·f 

F.lctivity. TI '~e fungito;.:icity as wE·II .;:\s S" ·'1·s:.t.crnic action 

of methyl and ethyl thiophenates may at least in part be 

attributed to their easy transformation into earbendazim 

and its ethyl analogue~ rrispectively. 

Thiophenate-methyl (1,2-'bis ( 3-rnethc:n:y-

carbomyl-2-thioureido)-2-aminobenzene) undf.?'''" the t''''""de 

names Fungo~ Topsin-M, Cercobin M, Zyban,Chipco spot 

Klean, etc. is a broad spectrum preventive and curative 

fungicide for use on turf and as a foliar spray to 

control powdery and downey mildews, Bot ..... ytis . - ~- - - . ~ . . . d .1. !5 e d S E~ S , 

numerous leaf and fruit spots, scabs and rots. etc. 
I 
~ 

(1974) in a field trial observed thC.1 t 

benlate 0.05 per cent and Topsin-M at 0.1 per cent 

sprayed at 20 days interval gave good control of storage 

rots of Golden Delicious apple. Verma ct al. ( .1986) , 

repol'-ted t.hat the 'field sp.'-ay o 'f th.i.oph(?n,,:~ 'I:e methyl 0.1 

per cent increased the TSS and acidity and gave 

e 'f'fectiv£~ <::ont.l"'ol against t.hefn.lit roi:f:; .in apple uptC) 

120 dC':\ys. Ci,,'lnO et. al. (1987) obsel'-vf;:·d that ,:Ipple fr-ui.ts 

thi IJbHnd,~:,Co J. Eo mai I, t LI j nc c.! ,~c.' (.1::1 quality in 



t t L-. L • • 9 W;:::\C', C:iO ··/C:lnt.::ed s or-age, ' "Dug,", l'"l,).Jenl.n -- Dwing F,rc,bi'':lbly to 

the postharvest treatments. 

Iprodione (3-(3~5-dichlorophenyl)-N-i5Dpr-opyl-

2~4 dioxoimidazolidine-l-c2rboxamide)~ 

I 

the trade name 'Rovral' is a contact fungicide us~d for 

fruit diseases caused by fungi. 

Coating of citrus f~uit5 with Waxol and oil 

emulsions along with rovral has been I'"r=por" ted to 

decrease the decay and thereby, increase the storage 

life of fr'ui t5 (Singh and Gupta, 1979; et 

cd • ,1980) . Little et ale (1980) stated that the best 

pl'"otec:tion 'fl'-Dfl) stol~i-:lg(~ roots vi.?'!:', obtC:l:i.ned I-'J:i..th n:Jvl" 'al 

and imazalil on Granny Smith apples~ ben late, rovral and 

imzalil on ,,'Jonathan apple .~nd ,~c,\n~al plus benli;?\t£'.:' m.b: on 

Peckham pear. Laville and 90uty (1982) studjed the plant 

pathological aspects of peach and found that rovral was 

the most effective fungicide ~gain5t Rhizopus, ~0nilinia 

and 8otr,~·t ,is .species. Chib ~?-t. 211" {1983) obSel~Vf?cI -I.:hat 

and bavistin were effective against blue mould 

rot of apple~ while rovral was equally 8ffective against 

Rhizopus sp. 

\ Good control of blue mould rot and alternaria 

rot in apple was observed by the appliction of 

(RemanD et al., 1983; Tak et al.~1985). F~aju et al. 

(1984) obtained good control of fruit infection of 

chi 11 it?5. (c:apsjcLlm) 
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(1987) ~bserved that iprodione (rovral) applied during 

flowering and fruit d~velopment caused a significant 

reduction in the incidence of f rL\i t decay 

strawberries during cold storage and subsequent two days 

of sh~lf life. Application of rovr~l gave good con~rol . ' .. 
of Botry·tis cinen-?c\ o'f pomc 'fn.tit£-:. (Mc:,,~gfd·.~ .1.9D7). 

,I .. 
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MATERIALS AND METHODS 

The present investigations on the effect of 

growth bioregulator~ and fl.lngicidr.s:. on 

ripening and storability of apple ( Na .1 IJS dcunes '(: .i Cd 

[Cork h. ) C'l. in 

Department of Postharvest Technology, Dr Y S Parmar 

University of Horticulture and Forestry~ Nauni, Solan 

during 1989-'90. Plant mat~rial in a private orchard 

owned by Shri Anant Ram Negj, at Halaila (2200 m a.s.l.) 

near" Kotkhai ~ District , Shimla was used for t.hese 

investigations~ and the biochemical analyse s were done 

in the Postharvest Physiology La~oratory and 

laboratories of the Dep~rtment o·r Soil Science and Water 

Management and Basic Sciences (Microbiology). 

The investigatioris were c~rried out in two 

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

forty trees respectively. Fourteen Jear old uniform 

trees of Red Delicious apple on crab apple rootstock 

selecfed for these studies. 

maintained under a strictly uniform schedule of cultural 

operations. The two experiments comprisE of sixteen and 

ten treat~ents respectively as per details given below: 

E>: pE-!I'" ilnen t I: Ef 'fr::c t (j'f " py·C<t:II· .. · ... est Spl· .. "ilys of 91'-O\.o'J t h 

biol'"egulcd:<Jl'"S or. l~ipE?ning and stoi'-ability D'f i"'PJ::)}e. 



' fruits LInder- study: 

Tr-eCltment 
Num':)(~t-

T':!' 
'-' 

T 10 

T .1-1 

T·t..,.. .. '-' 

T 'L""; . .-
T 'I L .1.0 

,-------_._-

--------_ .. _----

P,yr-'OS 1 .. F..fm in 

Biozyme 

Biozyme 

Biozyme 

PI~oto:::yme 

Pl"'otCo~ymr:::' 

Pr-C)tD~:yme 

Par-':1S 

-----_. __ ._ .. __ .--

Con c c-?::n t. 1'- 0:\ t i Dn 

( PF/m) 

xoo 

7~:K) 

1.000 

500 

7~jO 

1000 

1000 

2000 

3000 

.1.00 

500 

Two spr-ays were given six and three weeks 

and the second on 20th August, 1989. 

,,",:r t-l 
' .. ~ If •• ::. E>:pl:,;·r- ].ment--·I I: Effect of preharvest sprays of 

fungi.ciclE?S on f'· i.pr::~ n . i . n<J i)nd ~:;·I-Ol·" i·:d::d.].i.-I::.y Df i=.lppJe. 
~ 



fruits under study: 

Treatment 
Number 

Fung it: idE?s 

· ( 

ro .... c ""r- ~f- l~ .... t- l' 0 r­""" • I _ ... ~ .... '"' _ . J I 

(ppm) 

to thi:: 

-----------_._--_._-
Bavistin 

D.:;,vistin .1 .000 

p..,. 
'-' 

Bavistin .1.~500 

Topsin·-·~1 

To psi n ···11 500 

Topsin--M 

2~50 

RDvrr~ 1 

Pl0 CCHl tr'D 1 

•... _-------
The spray 0as given 

!: I::J?R.@.r.5> .. tJ.Qn .. __ ..... <:>.f. ...... .... ?pl~· ~~:y __ .. _. _ m..~:t..§.c. .1-3~ .. L . __ . __ ~r·I .. ct .. _ ..... _JJ;.? 
EI.pp..l :~.~.~j:j·.qn 

For making solutions of growth bioregulators 

and fun~icides a weighed amount of the material to be 

sprayed was dissolved with constant strirring in a small 
(lLlC;S"L.) . 

quantity of "'Jc::.,tE~d. ("H1f:?n 'full '/" dic.::. sol\"l:~d, the volumE? v'Ji:IS 

made to one stock 

SClluticm. FUIr-ther- dilution o'f the ch?sin:·~d concentxi",.t.i.on 

thE' 

use. Thf:? solutions; WL~ n,:.> SfH'n'l,=d "'1 .itl1 the- help o'f 'foot 

SPI~ aye:'r • 
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during the morn ing hOl.lr-s. The spl'-ay ing VJ.:1S done ti 11 1: hf.~ 

fruits were wet and droplets of so 1 tl t ion '0; !:"; tiol ri:ed 

trickling down. 

3.4 

T r" £~c:1 t pd j.:',c:r·· l':IYuu t thF: 

e>:pel'"irnen t were harvested on 12th September .1.9(:19 ,-;nd 

prE?-C DO 1 pd i.n t h f2f i e 1 d CJ V C " n i <:;) h t . TIle' f ,r' I. 1 i t . S 'llC' Ire' 

packed in polythene bags with 0.5 per cent venting 

and these bags were further packed in ' standard size 

the main campus of the University within 24 hour'!;'; of 

harvesting, where the fruits were stored in the walk-in 

stores Df the Department of Pos. t -- hC:1 r-vps t. 

Technology. The cold stores were maintained at O±loC and 

90-9=, per c:€:mt I''' E'} cltive . hLilTiidi t':l" 

3,,5 

The physio-chemical 

s t.o I~ e::1(J€'''' 

at O+l
o

C as per following procedures. 
J 
'" 

Er.:J.':.l!. .. 1:. __ §i.z._~ __ .. ~IIJJ;t ... RI]',lf~.·t (.:) Ipgj,!:: .. a.. 1 _l .. Q ?C;:'_f.? .. ?... i nw qiglJJ 
~J)J;.L .. Y.9J.qn)§. 

d:i.8meter~ 

was recorded with the hQlp 01 Ve~nicr Callipers and 

expressed in cm/fruit. The luss of weight 8nd voJ0me was 

f?>:pressed ciS pf:'?r CE?nt. 



3.52 Spe~ific .gravity 

The specific gravity of f rr·l.d. t 

dete .... mined on the basis o 'f "J£?ight and vol\..\lnr~ by dividr1'-tg 

the weight of fruit by its volume. 

3.53 

Firmnf.?ss It-Ias fflE:oiil St.\ "- eel It-I :i. th c,In r Ei"ff)gi 

F'enetrometer--FT 327, wh i c: h l"" f2C ord E?d the pn,?ssun:=, 

t .O 'f ore F: a p 11,.\F'tfJE·r- of J 1 rnm in cI i amc' "tf£- Ir • into 

pa .... ed apple flesh. Observations were taken on opposite 

sides of each fruit and r05ults expressed 

(N) • 

Newton(N)= Force in Kg X 9.807. 

3 .. 54 Pel'- c:~?n-t iuice c::c<ntE~r·lt. ..... __ .......... ... ___ ._._.---1 . • _. _._ . . _ ... _",_",_,, __ ••.. ---:-_ .. ,' •.... 

A known quantity of peeled fruit for each 

treatment was cut into small pieces and the juice was 

in Usha Shriram Juicer Mixer Grinder. 

e>: trac tion, 

muslin cloth. The amount of juice obtained was measured 

in measuring cylinder and the results were expressed as 

per cent juice content. 

3,,55 Total soluble solids (T88) ._. __ .. _ ...... _---_._. - " - -"' - .. _ .. -. - -... . -.... -... . . - .-.... _. -.-" .. " .-... . ...... _ . ... . -._- ' . 

The total soluble solids wer~ determined with 

an Erma hand refractometer (0 - 32% range) by putting a 

dn:',)p of _'J'L\iCE~ on the .":or·· ism ""rid tC:lI:.J·.r"tC-·1 ·t·. I··I(_ ... · ~<:"" - ('I';r- -,.. ::I I ,;;.: cl .. . ' . 'g ~'" • The 

results were expressed as per cent soluble solids. 



I < 
· ~l. 

3 .. 56 Tit ,~ a tab L e . a r..: i .d :i~: 'i 

Per cent titratable acidity as malic acid was 

determined by standard A.D.A.C. method (Horwitz, 1980). 

Thin 

to constant weights and ground to a fine powdnr. Wet 

digestion, using diac:id (n.i ti'· ic acid, 4 pal~i.:s + 

perchloric acid~ 1 part) was performed (Piper, 1966) and 

calcium estimation was done on an EEL Flame photometer 

Calcium content was expressed as mg/l00 gm fruit, on a 

dry weight basis. 

A known amount of homogenized 

in a 100 ml bea~er and EC was recorded in m 

mhos/em on a Elieo Model eM-lBO, Digital conductivity 

meter CElieo Pvt. Ltd., Hyderabad). The pH of the same 

extract was recorded with the help of Eltop Digital pH 

~Eter Model 3630. 

3.59 IpJ~.';:L~ ... _ .!?'J:J.9§\.r:.~.!I _ .. r.~? r.h.\~; .J..n.~1 . ~~t-.~g.f.\. r: ~ . §IIJ.r.L q.qIJ.:::::.r::~"?c.lL\.ei n 9 
§.\"\9.~_L?_ 

fnJit t.iSSU8 

I 

hO/TIogt:m:L;:E=d t-'Jith dist.tll~2d .... ~atelr. The 

homogenate was increased to 2~,i) m 1 

distillE?cj I-lJatet-" (kIt. Cof this volume ~,O tn! ~'Ja5 taken ·fL11~ 

200 m1 e>:tract w.;.~s neul:i~.:.dL~l?cJ ~.J.i tlr 1. N NaOH. Ten ml of 
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allowed to stand for 30 minutes followed by 

and addition of 2 ml of 22 per cent potassium oxalate. 

Extract was again filtered through Whatman-l 

paper. From this filtrate 50 ml was drawn and hydrolysed 

with concentrated He] 

analysis of total sugar. The le'ft ever extract was used 

fer the analysis of reducing sugars. 

I~educ: inq sugal~s: 2,nci 
I 

to -/.:.:\\ 1. 

deter'mined by A • 0 n P, n C • 1900) and 

results expressed as per cent sugars. The amount of non-

reduting sugars was calculated by substracting n::;~d u c :.i. I"H;j 

suga I"S f rom to ta 1 suga ':. .:.?\nd rnu 1 t.i ply ing -l.:he d i'f 'fel'"ence 

with 0.95 and the results expressed as per cent non-

Bray and Thorpe (1955) as desc:rib~d below: 

On~ gram of fresh fruit pulp was mascerated 

with 10 ml of 80 per cent ethanol and filtered th,"'ough 

cheese cloth. The residue was washed with 1 to 5 ml of 

tr.!lk.en in 

<;J t· C!\ d l\ .:':1 t .2 d ~2~c rIll te'st tube:· dfld tC) j .1 .. 1 In 1 of Fe! "( in phenol \.. 

n:?ag(~nt ( .1. 1\1 ) was adclt:?d 'fu 1 lO\,'H:':':'cj b'/ 
.., 

m1 iTf 20 pc:,!'" cent. _c. 

~ 
CDC) 1 e:-.:d ·i. r. I'unl" :l ng t <:q :. vI i.:\ t l.:: ;"" • TIle b 1. PC srJ 1 t \ t :i.on so 
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After ~.O lTIin\Jb"?s~ the opt.:i..ci::\l tJensi_t'/ ,Jf the S<:J 1. Lt t i on 

in spectronic - 20 colorimeter at 650 nm. 

Blank was run simultaneously to adjust zgro absorbance. 

Total phenols v)er"€;, calculcltc·(j ':I~J':::lirlst ':,'\ st"ilndc:II"' c! cur·vf.':' 

tannic acid . The results were expressed 

3.6 

3.61 

Ethy 1 ent-:? l'?VO 1 1.:.\ tion 1'- c.~ t e 5 <:j 'f f ,'-ui t s w £~ I'-e 

measLII'-ed in Gas Chromatograph Shimadzu GC-9A by the 

method suggested by Wills and Yuln ( .1.989) .. 

quantity of fruits from differen t treatments were kept 

in jars for one hour. The ethylene concentration in 

samples of each of the jar effluents was measured using 

a gas chromatogram with a Porapak column connected to 

flame ionization detector. The temer a tures stAndard1zed 

with reference to standard g~s mi xture for column and 

injection and 

,'-f? t en t i on 

r" qn'-J c ;., -:t n?s pee t i Vf:? 1 Y • The' 

caliberated at every stage of monitoring ethy J E?ne 

"-1 ._- 1-
r~?sLll t5 I.'~F.?I"'(~ e}: pl'-essl'?d as )-\ 1. kg hr' ( PPlfI) • 

3.62 

Thp gar:: 'fl, CiW IfIpl~ .lnd c::'l != dp!:.=,l. "· .ihc:-d by r1t.~'t'CI'" l? t 
./, 

"" I . 
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A 

B c o E G . 

Fig.1. APPARATUS TRAIN FOR THE MEASUREMENT OF RESPIRATION 

A. air flow regulator. 

C. check bottle. 

E. absorption flask & tower. 

G. suction flask. 

B. a large capacity soda -lime ~ower. 

D. respiration chamber. '" - . 

F. spray trap . 
\ 



dioxide evolved) try' the 'fn"lit. =.:~mplGs. The app'::\I'''F.,\ 1::,' .. ,t5 

considered of c\ train assE-!mbly (Fig .. .l) in Hhich air' at 

regul a t£?d spet?d 

lime bottle into a check bottle containing 20 per cent 

barium hydroxide. The , carbon dioxide free air pa~5ed 

in to the r-esp i 1'''iOi,tion _(: hC',mbor- :1.,,,\ ltlh i.e h thf2 Irf;.:(c.:;-,pi " .. i nq 

f!""llit samples to'Jer-E? held .. Th::?I""C:"fl''' OIn!1 the '::<'J_ '''" enhi::lncpc:! 

IIJi th carbon d i.O}: ide resulting -f I'-om Ir'~:?!:'r'::li Ir,::i tiC:O!"'1 ~ 

to the absorption flask and tower~ and then into spray 

trap and finally to the suction flask connected 

vacuum pump~' 

Fifty ml of 0.1 N sodium hydroxide were put 

into the absorption flask. A weighed quantity of whole 

fruit IIJas plac:~.:-d in .::\nd 

immediately the entire assembly was made air tight and 

vacuum pump put on. Air flow was regulated at 60-70 

disconnected.-The glass beads and glass tube were rinsed 

portions of distilled water. To this solution 5 ml of 

satur"ated bclriulTI chlori.de ~'J.::I~-; adeled C\nd the contents 

shaken gently. This resulted in the formation of a white 

precipitates of barium chloride. 'rhe preci.pitates were 

~l]ow"::Id ,to r_-:.t;::O, I'''d 'f/,') 1'- r.:':,~l ml'''l'' J th "1:': 1 f 01: C,', -, <:~ _ _ .;:\' __ 1_ , •• \' ,-,t'?S '::11"'1(.1 ' " en ,,::~l m" o . ] ,,) PSt-

cent f~thi':\nol c31",d ll-- ~, dr'ups D'r pho::'nolr_')h-Lhalc-:·:i.n ~'lel'-r 21dded 

tC.1 it. The excess of s6dium hydroxide le -ft in the 



blRnk was BlsC"l run :i,nvolving all the !:,;tE'PS cIne! 

e>:cept the 'fruit in the I'"espil'-,-;tion c:hambel'" .. 

C02 irl milligre:\fTl!:" - \J;-:N :::22.0 

I,~here , 

v = difference bet~een plant and experimental 
titrations in millilitres; and 

3 .. 7 

, 
N - normality of Hel used for titration 

To assess tl'IP 

ol'"gano 1 E'P tic E\/aluation' of 'f I"om 

treatments was conducted by panel of 

their scores were averaged. Scoring was done out of 

total score 100 on th~ basis of different paraeters like 

appearance (30), Flavour i.e., Tast~ (20) + Aroma (20) ~ 

and texture (30) (Ranganna,1986). 

3 .. 8 

The extent of rotting was recorded at each 

sampling date under each treatment during storage. The 

fruits under each treatment were taken out fr'om the 

results were expressed in per centages. The sound fruits 

were stored in the boxes. 

3. <;) 

Th~ effects of v~rlous t~pntm~nts on 2ach , 



" 
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EXPERIMENTAL RESULTS 

The present. stuciy on thE? 

harvest sprays of some plant growth bioregulators and 

fungicides on the physical characteristics, biochemici",l 

consti tt.\ents, clnd incidence of storage rots in Red 

Delicious apple (Nalus dorn .... ?s ·t.icb: Etor·kh .. )" 1'1eld .::\t 
o 

0101 C 

was conducted during 
t • 

1989-90. The study was conducted 1n 

two experiments of which exper~ment I relates 

pffp.ct of sprays of pJ.c:lnt 9 1''' DItJth 

bioregulators~ and experiment IT to that of ·f 1 . ..1 ""r <;J i. c: .i. d [?~;:) .. 

The parameters of study for the two experiments being 

continuity. The results are presented here under: 

iL 1 Effect on Physi~al characteristics of fruit 

4.1.1. 

Tt~ data pertaining to the effect of growth 

in Table 1 (a and b). A perusal of the date reveals that 

in experiment"r all the treatments increased the fruit 

SiZE- in length and diameter compared te' 

control. The 

from tree receiving Paras 2000 ppm (TIl) 
I 
~ 

closely 

followed by those from Tl~ T2 and T12" In experiment II, 

although no treatment could exert any signi'ficant 

influence on fruit si~e the largest fruits in terms of 

and t.he 

sm~llest from control (Pln~. 



TABLE ,l{al 
-----------------------------------------------------------------------
E~pt, 1. Effect of preharvest sprays of growth biofegulators ·on fruit 

size of Red Delicious apple. 
------------------------------------------------------------------------
Treatlents Length (CII;) Diaileter (eml 
-----------------------------------------------------------------------
11 (Agro~teiin 100 PPI) 6.14 6.89 
12 (Agroste~in 250 pp~) 6.06 6.83 
IJ (Agroste~in 500 PPi) 5.12 6.63 
14 IBiozyae 500 pp~ ) 6.01 6.75 
T 5 IBiozYlLf 75(1 ppm) S.79 6.49 
16 (Biozyme 1000 ppm) ~" 99 6.47 
T7 (Protozy~e 500 pp~) 5.Bl 6.50 
T9 (Protozyme 750 ppm) 5.82 6.56 
T9 (Protozyme 1QOO p~m) :',86 6~ ~(3 

110 (Paras 100() PPUI ) S.BS 6. :,4 
Tl1 (Paras 2000 pp~ ) 6.24 6.93 
T I~ (Paras 3000 pp~) 

_L 
6.02 6.7B 

113 (Eu~horbia foylEana :c a 7:, 6. :,0 
1 a tex Hi(l ppm ) 

T 14 (Eu~hDrbia royleana ~" 77 : r: ~ 

O • • ''1 

1 dtex 2~,(i pplll j 
i · (E n-p~'- .-., ' -.-15 u~ IU, lila • ul H:c ,ic 5,78 z. ~~ 

\J J ;.'J. 

latex ~,OO pPIii ) 

i16 ' (ContrDl WatEr spary) ~(. 73 6. 44 

C.D. at ~,t (l.14 (l.17 
_____________________________________ J _____________________________ _ 

TABLE .1{!)). 

Et:\1L lL EHeet. 01 pfEbarvesl S?ft!ys oi iungicidEs on iruit siz!: of 
Red Delicious apple. . 

Treatments Length (cill Diaiiieter (cm) 

P1 (Ba:~istin 500 flpm) ~i. 76 6,5(1 
h 

L 
(Bavistin 10ClO PP<!i) t' (~ 

",lel ,.,t 6.46 
p? (Bavistin 1500 ppmj r: 'n 6.52 ,) 

,i .11 

?4 n opsin-11 250 PPilI) 5.n • i:. t c • .;.1. 

pc (Topsin-M 500 ppm) t: ,~ 6. :,1 
oJ J. i~ 

p, 
c (Topsin-M 750 ~pIDI 5.31 6.54 

P7 {Rovral 250 PPOiI 5.F 6.49 
Fa {Rovral 500 ppIDI 5.78 6.50 
p 
19 (Ro'iral 75(1 ppm) 5 .. 83 6.56 
? 10 (Control Water sparyj 5.74 6.47 

N.S. N.S. 

• 



4.12 

7"":P' .. :'.'-\ 

The data on the physiological 10s5 in °fl'"ui t 

weight ( Pl.\>J) are presented in Table 2 (a and b) • In 

E?>:per imen ro ] Ci "'-H? 5 to in 

fruits that had received the pr~harvest appljocation of 
rl o~. )..(t:\~ 

Euphorbia ro;' oler:~na late;.: ~IOO ppm (Tl:'.).{" TloolE: to n:~i::\tment. 

though being on a par with T10, Tl4 "'olas 

significantly superior to rest of the treatments in this 

respect. Control fruits on the °other hand, recorded the 

highest physiological weight loss" Interactions 

treatments and storage intervals were found t.o be 

significant. 

In experiment II, in which the ~ffect of pl~o E"_oo 

hcu'vest sproays Dof °fungic: ides on t.hE: physiD I tJ<.;j iea 1. IfJf2ig ht 

loss was appraised, all the treatments re~ulted in 

significant reduction in weight loss compared to control 

except P7 and Pa indicating that lower concentrations of 

Rovral (250 and 500 ppm) WE.'n? irlE?ffectlovE' in n:-ducinq 

the PLW. Bavistin at .1500 ppm (F':::;:) PI··o\/ed to be t.he most 

effective treatment being 

other treatments in this 

significantly superior to 
r-"ij' ,cj" 

n,?s pE'C t1. ThE' hi 9 hes t F'L.W, 

(":':\ 11 

on 

the other hand, was recorded in control (PlO) fl'°oui °l:s u 

Interactions between treatments and storage intel'·vi:tls 

were observed to be non-significant. 

4.13 

in Table 3 (r:~ 8.; b), I'-(~'/:::~dl th.:.'\t oi.fl r2}:periment I the 



Ixpt. I 

PhysioJogicaJ weight J088 (%) 
14 

12 

to 

6 

6 

2 

o 
150 180 210 

Days in st.ora~e at 0+1 C 

Fig. 2(a) Effect of prebarvegi; gprayg of 
P1J.ra.~ lJI: E.. royle.ana. latex on (PLJr) of 

Red Delicious app]e f.rujt~. 

Ixpt. n 

Phy,sJoJoglcaJ weight Joss (%) 
20 

15 

10 

o 
150 180 210 

Days in stor-age at 0+ 1 C 

Fig. 2(b) meet. of pretw.rv~1, b."pray of 
Bavitdin A: Topmn-II on (PLW) of Red 

OfeliciollB apple fruits. 

" 

'1-71rI T16 

CJ 1'15 

lR i iO 

t*~i Pl0 

CJ P6 

~ P3 



TABLe .2(ai 
. ( 

-----, ---- - -_ .. -- -- ------- - - - - - -- ------ - - ---------,- - - - - - --- - --- ----- ----
t)\pLl EHed uf ?reharvl?st spays of gfu';tth biorl:gulatufs Ofl the per 

tent phy:.iologic~l loss in weight of Red Delicious apple c . 
fruits stored at 0 ! 1 C 

------------------------------------------------------------------------
Treostflents Days lB Storage 

150 180 210 
-----------------------------------------------------------------------

11 
T2 
b J 

T4 
TS 
T6 
T7 
Ta 
T9 
T 10 
Tll 
T 1 '1 

.1.L 

T 13 
T14 
T ·c LJ 

116 
Mean 

T reatirients (T l 
Interval (I) 

T h I 

4.78 
4.~6 

4.08 

I.Oil 
~.1~ 
J.90 
r f r 
J.J.J 

4.26 
4.11 
" '1C J.LJ 

4.12 
~.60 

4.20 
3.65 
3.10 
8.::>7 
4.3', 

Q.52 
(1.23 
0.92 

6.16 9#~3 6.7b 

5.73 8.71 6.33 
5.26 n 4;: 

UaJ. .. ' 5.33 
7.18 8.45 6.aS 
5.90 '7 •• 

1.10 
!: j'" ,)., J 

5.48 6.96 5,45 
6.92 8.29 Q.79 
5.72 7.11 = ~fl 

,). IV 

5.15 6.82 ~(.3b 

~.lq 6 0'1 .IL 
!:' f:-I 
.. { , i.!. 

6.12 3.06 6.10 
~,.66 7.51 5.59 
5.2~' 7.iS ~ C"'7 

..},t,}oj 

5.10 6.96 5.24 
4.90 6.00 4,37 
10.96 12.46 10.bO 
6.04 7.91 6.11 

TABLE .2{bi 

E~pt. 11. Ef fect af preharvest sprays Df fungic ides Dn the per cent 
physiological l~ss in weight of Red Delicious apple fruits 
, , . " 1 u,. storeo at ~ t ~ . 

Treatllents Days in Storage Mean 

150 180 210 

P1 8.19 '1.66 It"') c ' 
.I...: •• '0 10.11 

r'i 
L 7.90 9.50 12.12 9.34 

h 
.l 

~,.bO 8.44 10.66 8.23 
P4 9.42 ~1 , O3 14.15 l { C":" .1 ....... i .. \ 

Ps 8.33 1.89 12.56 10.36 
P6 7.20 S.81 11. 55 9.19 
P7 10.33 .. , ") 

.I. .... 1L 15.65 12.7(1 
Pa 9.16 11.33 15.36 1" l'i .I. .... 

P9 
., .98 9.75 13.18 10.30. 

P 1u 8.3(1 13.25 iil.b6 12.74 
Mean 6.23 10.43 13.47 10.71 
---------------------------------------------------------------------
C.D.at ~7. 

:reatients(P) O.7~.(, 
interval (II O.4j 
P ~ ! N.S. 

---------------------------------------------------------------------
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f r 'Lli ts 500 ppm 

recorded the IIJSS in vl.::'llume!, 

but S .i <J n i f .i can t 1 Y s 1.\ P (? ,~ :i .. a," t Ci rE'main .1.n(':J 

t.hf~ other" hand, thE? loss in 'fr'I.Jit. \/oJume I"JeIS Ir'E~cClrr'c:lp.d tel 

bE.' thE:- \-'11. 9 hE'.'s t ell.! rOo 1.119 l .he ene! 

stipulated 210 days stol"'0ge. Interactions butween the 

sign i f iean t. 

In experiment II ' the lowest fruit vo10me was 

in fruits treated with Bavistin 1500 ppm ( F'''!! ) 
. >-' 

the treatment however, being on a par with P6 but 

significantly superiqr' to rest of t.t'''(,:~'arnen ts .. 

Compared to control, however, all the treatments were 

signi 'ficc\ntly e'ffecti.'lE? in I"educing I.:, ' ''I(:? lo!::;s .tn vc:olUlnf:,' 

and as expected the highest 10s5 in fruit volume was 

1"~?cC)rded in contl"oI (F'.lO)" The interactions 

between treatments and storag~ intervats were found to 

be nan-signific:-ant. 

a 'f'fected by Vc\!'''iC'JUS trc?,~tITiE?nts at"'E' pn::!:;en'b:c?d .in Table ... 1 

(a and b). It is seen that with the ~dy~nce j,n storage 

Pel" iod slJec: i 'f ic 9 r~av i t\,' I"C'7~CD1"dc'd .;) 9 1'- '>dl\-,l ,-t e - 1 ; , .... "" ; . c , 0:;, ,, " .. : . . i..I L •. _ ,,= ~ the 

decrease however~ being comparAtively abrupt ~nd 

" shal'-p in cont n~ 1 'f ru i l:s. 

rC:lther 



TABLE .3(a i 
-------------------------------------------------~---------------------

Expt.I. Effe~t of pre harvest sprays of gro~th bioregulators on the per 
~ent physiological loss in VOIURE of Red Delicious apple fruits o . 
stored at 0 ~ 1 C 

------------------------------------------------------------------------
TreatAlents Days in Storage 

18(1 2iO 
-----------------------------------------------------------------------
Tl 3.95 4.'19 o.n 5.24 
12 3.89 4.98 6.75 5.18 

T3 3.a2 4.B4 6.62 5.09 

T4 4.23 5.39 7.16 5. ;:/1 

T5 4.16 C 7<: 
.J • .JJ 7.08 5. ~,3 • 

16 4.08 5.27 7.00 5,4:i 

17 4.15 c "'0 ~ 'ji - r- .... 
':,.Ju I • .L.J. ~Jjd 

Te 4.(\7 5.32 7.10 r ,.t': ,-t ,l; .. l 

19 4.02 5.21 7.05 5.43 

T 10 2.01 4.11 · 5,92 4.0i 
Tll 2.11 4.27 6.11 4.16 
T 12 2.06 4.1& Q,Ci3 4.10 
T13 2.49 .i ~c 

'j. loJ 6.4~i !II r! 
Lt. \010 

T14 2.10 4.35 6.10 4.i8 
1 is 1.95 ;).90 5.70 -r ~ I 

~i.ub 

T 16 5.43 7.b7 10.35 ,,32 
Mean .... ft or; 6.84 :, .Q~ ~.~l ,.,L. 

T (I.6S 
(j.41 . 

1 x I L2{1 

TABLE .3{h} 

Expt.II. Effect Df preharvest sprays Df fungicides DR the per ~ent 

physiological loss in Volu;e Df Red Delicious app:e T:uits 
.1. d til' °c SLDre au! 1 . 

C.D.at 5% 

6.28 
6.18 
5.05 

6.44 

8.22 
, l' 0 ... 1 

a.38 
. 10 0.1 } 

P 0.34 
I 0.42 
P x I N.S. 

in 

lao 

7.29 

a~60 
7.46 

9.40 
9.30 
7.21 
10.96 
7.98 

Storage 

210 

9.48 
9.32 
3.26 
10.60 
.... C:~ 

1 • ~i':' 

11.54 
11.46 
9.20 
13.10 
9.88 

7,bS 
7.51 
6.48 
d.91 
7 f.' , ,.1, 

6.71 
9~77 

9.66 

10.81 
8 " .j 

• .1.. 

--------------------------------------------------------------------



I f I' U it'=:. t-li. t h the 

specific gravety at the harvDst and during storage were 

recorded from preharvest treatment with Paras 2000 ppm 

the treatment, howev~r,heing on a par with TiS 

and T12 but significantly superior to rest of the . 

treatments. Control fruits thf? ott",el~ "hand 

the lowest avel'"age spec: i'f ic: 

Interac.tions between thE' tr-eatments 

intervals were found to be significant. 

Tn exper-iment II fruit receiving 

spray of Bavistin 1500 ppm (P3) recor-ded 

specific gravity at harvest and during 

significantly superior.·' to tl''',E' n o" mc::d.n:.i.ng 

• • gl~av.ity .. 

Sl..I bSE·quE·n t . 

Contl"'ol fruits (Pia) on the other handregis~ered 

lowest average valUES for sp~cific gravity. Interactions 

between treatments and storage intervals were found tD 

. be signi·f .i.cc·lnt. 

4 .. 15 

punctur~ force in Newton (N)are presented inTable 5 fa 

c:'lnd b);. The data reveal a gradual 

firmness commensurate with the advance in storage. 

It is seen from the Table 5 Ca) fr-td. ts 

E. 

( T 1 ~f ' . I.:. he li'\9hest. 
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T~BLE .4{a) 

E~pt. I. Effect of preharvest sprats of growth Diofcgulators on the 
specific gravity of Red Delicious apple fruits stored at 
o !. 10

C 
------------------------------------------------------------------------
ireatraents DaiS in Storage: 

o 150 lao 210 
----~------------------------------------------------- -----------------

Tl 0.999 0.963 0.940 0.926 0.957 

T2 0.999 0.970 0.944 0.932 0.961 

T3 1.001 0.979 0.963 0.9:,0 0.973 
T 1.001 O.9bb O.9~2 0.939 0.964 14 
TS 1.001 0.961 0.947 0.944 0.963 
T6 1.000 0.962 0.950 0.941 0.963 
T7 1.001 0.967 0.956 O.14~ 0.967 
Ta 1.000 0.961 0.946 0.937 0.%1 

T9 0.999 0.960 0.942 0 .. 932 o iJr:o 
• J , • .'1.J 

TI0 1.001 0.'179 0.906 0.948 A o~~ 

lJ. li':'\ 

T, . 
1.1 1.002 0.989 0.979 0.962 0.978 

T 12 1.001 0.989 ij.973 O. 9~,O 
,., .... ·1,., 
V. 'l' d l 

T 13 0.999 o Qf'l 
.111. 0.956 0.946 0.969 

T i4 i. (100 0.97& (}.966 Or 9~{1 0.97 7:-

T 15 1.000 0.957 0.969 (l . 962 0.97'1 
T1b 0.999 0.947 0.934 0.921 0.950 
Mean 1.000 0.970 0.955 0.943 0.967 

C.D.at 5% 

0.003 
T )! I 0.012 

TABLE .4(bi 

E.pt .II. Effect of prfharvEst sprays of fungicides on the specific 
gr ""':' t " ~~ Rr...l Del: ~ :' r'll" -' -' ~l' <> fruit- storo...! -. ~ n t' j °L'" QlJ, -1 \,11 -.;:U J.i...l.", =- D)JtJ 1:" I ... =- _ ,.-\: C\.. \. _ ... . 

Treabents 

o 180 210 
-----------------------------~----------------------------------------

P1 1.000 0.9~:.1 0.943 0.937 0.958 
P'l 

J. 
1.001 0.959 0.947 0.941 0.962 

p.,. 
,) 1.003 0.963 0.9:,2 0.944 0.965 

0 
'4 i.COO 0.945 0.936 0.932 0.9:·3 
P" .' 0.999 0.945 0.938 0.993 0,9:,2 
P6 1.000 0.952 0.943 0.935 0.957 
P7 0.999 0.940 0.939 O.92S 0.953 
Pa 1.000 0.947 0.939 0.928 0.953 
P9 1.001 0.95B 0.940 0.931 0.957 
P 10 0.9'19 0.942 0.929 0.925 0.949 
Mean 1.0002 0.950 0.940 0.934 O.95b 

C.D.at 54 
P (1.009 

0.004 
r ;.: 1 0.016 

------------------------------------------------------------------------
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stipulatl::~d 210 d,~'J's ~~(:. (Jl~a(JP \,·H.::n:2 l'"f.?cordf.':d 'fl'-Dm ·fn_d"t.~, 

~I~~"') 
receiving Protozyme 500 rpm (T7)t The treatment howpver, 

was on a p.=,r- t-Jith T4, T1, Tl~I' T.1.(I,T8,T~1 .:~,nd T.1.4 but. 

"tr·p.c:,t.mr::.-nt's. 

F II" U its t. hi:? t . h ':-=ld 1'- t:"~c r-:::' :i. \/f;?d p \'- F.~ t· .• :1 r- v p ~:> t. !.::" r /'-;;:.,'j-' (J'f r··,,:\ I" i::, f.; , 
3000 ppm (T 1"') DII the est h(? I"· hi~~nd \,"t=!ccn-decl _ L-

fles.h firmness. Interactions between tl, .. ~?(;\t('n~! nts and 

s tori:\gf? in "tel"''''/ a 1 S \.o'Je I'"P 'f lJund 1:0 . b€·:~ non '-si (In:i. ·f i can t . 

The e>:pe·rime,n"t I I (Table ~I b) thE? highe:'st. 

~ecDrded from fruits treated 
~"~. ~lb) 

(Pi) A the treatment howev~r being 

with Bavistin 500 

on a par with the 

ppm 

F' 4 ~ 

P7, F'e, P2 and P~f but significant.ly E:.upE?r-ior- to n:-?st. of 

tl'-E'1atmE'nts and 

storage intervals were non~significant. 

4.2 Effect on Physiological cha r act2risti=s 

4.21 

The data on respiration rates of fruits as 

a·f ·f ec i:ed by various preharvest treatments with growth 

bioregulators and fungicides durj.ng storage are given in 

-
Table 6 (a and b). 

A pe'rus,,:t1 o 'f the data in T':::lblE' /::. (a) 

that in e>:per-i.ment. I 'fr-uits treated with Agrostemin 500 
f'~-4(Q~ 

ppm (T3)4 exhibited a gradual and steady increase and 

~ L 
decn:'ase in the rF.<;pircd: inn r ',' itp d'.trint) t~,~ stipulaterl 



Ixpt. 1 

Ji'irmness eN) 
JOO 

80 

20 

OLI ____ ~ __________ ~ __________ ~b __________ ~ __ ___ 

o 150 1m) 210 

Days in. stc)fGl.ge at O± t c 
Fig. 3(a) Effect ot preharve.<;.1.. sprays of 

PTot.o.zJDle on finnnes:s of Red Ik>:Jicious; 
aPt'le. fruits . 

. ItlCpt. n 

Fjrmness (N) 
100 

80 

60 

20 

OL---~L---------~--________ ~ __________ ~ __ __ 
o 150 180 210 

Days in stol"age a.t O± 1 C 

Fig. 3(b} meet. of preharvest. 8pl'1.ly of 
Bavislin oJ firmness of Red Delicious 

apple fruits. 

-+- T16 

T7 

-t- PIO 

P 1 
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TABLE .:'(a/ 
-----------------------------------------------------------------------
Expt. 1. Eff~d of pr~harv~st sprays of growth biore~ulators on . th~ 

. 1irmn~sstN) of Red Delicious apple 1ruits storod at C ! 1°C 
------------------------------------------------------------------------
Treahents Days in 3torag~ Mean 

150 180 210 
-----------------------------------------------------------------------
T1 
T2 
h 

J 

T4 
T ~, 
T, 
~ 

T7 
la 
19 
110 
Tll 

. T 12 
113 
T 

114 
111:, .. '" 
T 16 
Mean 

C.D.at ~,1. 

83.36 57.57 
Bl.57 56.29 
81.79 54.91 
83.55 57.0B 
a2.87 :,7.0B 
82.28 · 55.60 
83.36 bO.61 
83.3b 58.45 
82.3B · £:, ""'''' 

,J1:i.~'1 

83.06 59.B2 
81.40 r I: ~, 

,) .• .t. 11 

80.42 53.94 
82.87 54.92 
83.36 57.37 
84.24 60.31 
81.59 cc ..,. .... 

~l.q, ~\~, 

82~b5 56.96 

1 2.74 . ~ 

1. :,7 
T ~ I N.S. 

TABLE .~,(bl 

50.21 4~i .bO 59.14 
47.76 41.19 56.98 
46.09 37.36 55,02 
50.51 41.68 53.06 
50.51 41.68 53.06 
,,.., t r '1" . .I.,J 

"'0 ~"'j 
J/. t ... :i6.39 

~7 7t: 
,JJ • .J,J 42.66 60.02 
50.01 40.70 58.15 
49.03 40.21 56.98 
~,1.49 --.. ~ ~ 

"i~\ . !j 
r.~. '-:-"7 
tJ'1 .... i .. ' 

47.07 40.21 5~,. 90 
43.64 '7'1 at: 

~\ i .u..,. :i3.94 
46.58 39.72 %.00 
46.05 41.87 57.66 
50.11 a'j ~ , 

'! .... /o eo ~~ 
,-' I • '_~''') 

45.9'1 1Q 'j7 
.. '}.l. ... ' 55.3i 

48.72 41~O9 ~7 ~I 
~, , ... \0 

ExpLII. Effect Cif prehar-vest sprays of fungicides Off the fifffiness(Nl 
of Red Delicious apple fruits stored at 0 t I

v
C 

Treatments Days in Storage 

o .150 130 210 

PI 83.06 51.49 46.68 43~15 ~i6, 10 
0 , " .. 81.10 50.01 45.11 41.68 54.43 
h 
~ 

80.51 49.03 43.64 41.19 ~i3. 55 
P4 83.2b 50.(11 45.70 40,99 55.02 
Pc: 3i.99 49.03 44.62 40.40 54.04 
" P6 31.02 4iL07 45.13 41.21 5:;.36 

p, 79,13 50.51 46.78 41.68 54.72 , 
Pa 83. :\5 48.05 45.60 41.19 :,4.62 
P9 81.89 47.56 45.11 40.70 53.94 
P 10 8'i 'l~ ....... tj 47.07 43.04 40.21 53.25 
Mean 81.86 49.04 45.21 41.29 54.~:, 

----------------------------------------------------------------------
e.D.at ~{;: 

P 2.16 
I 1.08 ' , 
P x I N.S. 

-----------------------------------------------------------------------



( 

peak towards the end of storage. Tj 0::: • .... e 
'::1 n c:L 

ppm 

rather rapj,d increases and decreases in respiration rate 

dur i ng s tOI·-':;I9f2 'fo 11 owed on 1. i b'il con t r 'C) 1. 'f nJi ts ( "r , '1 t,) .. .. 
, , '-

The in "tel'"ac tions t.t-Gi?tments i::<.nd ~; tDr i::\gf.'~ 

intervals were found to be significant. 

In experiment II, fruits receiving 

commencement of storag~, the values gradually increasing 

as the storage period advanced, registering a decline 

towaqrds the end of storage period. Almost simj,Icir trend 

in respi~ation was obse~ved in fruits receiving Topsin 

750 ppm (P6). Control fruits (Pi0), on the other hand 

Interactions betwe~n treatments and storage 

intervals were found to be significant. 

4 .. 22 

The data on ethylene evolution (~l 
'-j -j 

V(] . hr ') 

by fruits as affected by various preharvest treatments 

of growth bioregulators and fungicides during storage 

are presented in Table 7 (a and b). 

that had receivpd preharvest applicatj,on of Agrostemin 
Pi~' S(il] 

500 ppm (T:::)1 E·:,:hibited ,:"I 1'-.lr,~IC?r· ':=lCi,,,dy inc,'c:aC'::,e 'folloLIf'd 



Expt. I 

Rate of respiration (mg C~kg/hr) 
25 

20 

15 

JO 

5 

OL---~~--------~----------~----------~----
o 150 180 210 

Da.ys in sto(Oage at 0+ t c 
Fig. 4(a) Effe<..4, 01 prehaTVe6.1. &."(jTt""it.:YS of 

Agrost.e.min. Paras &. E. royleana lat.ex on 
RP...spirfJ.tion rate tlf Red Deliciolls fJ.pples. 

. . 

Kxpt. II 

Rate of respiration (mg CO,/kg/hr) 
20 ... 

15 
~ . . 

10 , 
'("--~-----.------.. 

. ---- ... _-----.... 
- .. _--+ 

O~--~--------~~--------L-________ ~ __ __ 
o 150 180 .!10 

Da.ys in stor-~e at O± I C 

n,g. 4{b) Eftecl. of preharvest tqlra.y of 
Ba,nBt.in ~ Regpiration rat.e of Red 

DeliciouB applf'..8. 

1'16 

--..- 1'15 

-+- T12 

-+- P10 

P3 



. it ", 

< 

TABLE .6(01) 
-----------------------------------------------------------------------
E~pt.!. Eff~tt 01 prE'hdrv~st spr~i~lo1 _~rowtt~ b~Dreg~l~~G~s on the 

respiration ratel~g CO~ 19 hr ) 01 Ked " ~~lltlOUS apple e 
fruits stored at 0 ! 1 C 

____________________________________________________ .4 _________________ _ 

Treatients Days in storage Meaii 

o 150 180 210 
-----------------------------------------------------------------------
T· .I. 9.84 1B.90 o.7b ~ ""'j 

J •. )4.- 10.20 
i2 B.90 16.44 9.92. b.68 10.4B 
T.,. 

J 
7.33 13.65 12.59 9. ~il 10.77 

T4 6.50 {' 
12.34 10.09 B.b7 9.40 

T5 8.25 18.54" 9.13 6.7S 10 .42 

T6 9.83 17.25 7.30 5.57 9.99 
T7 9.43 16.97 6.37 4.70 9,37 
T8 7.54 13.33 10.47 7.60 a i~ 

1.1 .. \ 

T9 9.03 17,89 6.71 6.79 10.05 
T 10 10.40 14.60 5.10 3.85 8.49 
Tll 9. i6 17.46 b.9:< 'i: ~t: 9.83 ~(. I ,J 

_T 12 10.31 20.47 6.02 -, 'l-
J.O\,/ 10.11 

T 13 9.(18 18,43 7.20 : L-' ulu j 
~/'. ~ 111 

J.V. -Y-I 

T 14 6.96 16.91 9.27 7.46 10.65 

T 15 7.67 i3.23 10.23 a.Hi 9.84 

T 16 10.26 1Q.43 ~ I:Q 
... ',.J ) 4.(1~, C Q.j 

1,1.11. 

Mean 8.90 l6.hi fl.04 6.30 9.97 

T 0.41 
(1.20 

T ); I 0.82 

TABLE .6(h) 

El:pt. 11. Effect of pre-h~;ve~~ sprays of fungicides on the- respiration 
t ( 1'0 I' l-" l-, • R d D 1- - l' - L 1. ,.I ra e- mg ... 2 "9 .Ir I OT ,e- e lC10US app.e TrUl~S su)re.; 

_+r, " lOr " 
D\' \I! " 

Treatments Days in Storage- Mean 

o 15(> 180 210 
----------------------------------------------------------------------
Pi 
P2 
P3 
P4 
Pt: .' 
P6 
P7 
Pa 
P9 
P 10 
MEan 

C,D.at 51. 
p 

1 

"7 J.~I ... I . 

9.1l,) 
a.6~ , _ 
!J ::.~ 
I , ~,.) 

9.40 
9.33 
10.65 
9.54 
10.41 
9.30 
9.62 

C.3b 
0.18 

PxI C.72 

16.30' 
17.25 
18,16\ • 
17,23 
17.46 
16.36 -
• ~ r I 

.L ~~ • .. iO 

17.40 
16.35 
17.33 
16.94 

'"! :'\'1 
i .VL :.,9:, 9.88 
7 ~ i:, b~li 1(l.(l~, 

6.40 6.60 10.45 
b.bb 4.67 9.57 
~.as ~ "-7 

. ~.; J 9.a6 
7.95 5,Qb 9.90 
6.6S' 4.70 - 9.44 
7.20 5.40 9.88 
' "'7 o. 'I 4.9B 9.63 
0.31 4.46 9.35 
7.1i 5.48 9.BO 

-----------------------------------------------------------------------

.. 
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Paras 3000 ppm treated fruits (T12), on the other hand, 

recard~:?d abrupt increases 

this regard only by control fru i ts (T16). I n tel~c3C t iC:1ns 

bet .... 'eerl trearments and storage intervals were found tD 

be sigrd. f icr.:mt ~ 

In e>:pe·ri,.nE·nt II the ethylene production rate 
~";'9' 5\~j 

ppm (P3 )., i::\t thF! c:ommenc(:?(nent of Wc3:· the lowest in 1500 

storage, the value gradually increasing as the storage 

period advanced, registpring a decline towards the end 

of 210 days stipulated storage period. Fruits from the 

t.rf2i:ltment in ,::1 ImD~.=. t similar 

Control fruits (Pi0), on the other hand, the 

Interactions between treatments ~nrl storage intervals 

were observed to be significant. 

4 .. 3 Effect · on bia-chemical cha~acteristiC5 

The data in Table 8 (a and b) 

total soluble solids (TSS) content of the fr"ui ts at 

harvest and during stor8ge as influenced by preharvest 

'fungic ides 

genera 1. ~ 

I I ) . 

~ 

I ) and 

The: TSS contents, in 



Itxpt. 1 

Ethylene evoJution rate (JJ1/kg/hr) 
35 

30 

25 

20 

10 r-
.,:.' . 

o~----~----------~----------~----------~----
o 150 180 210 

Da.ys: in. ston;\ge at O± 1 C 

Fig_ 5(a) Effef.rt.. of pretw."e.~1.. ~-pl"8.ys of 
Agrost.ernin. Paras & E. J"oyleana lat.ex on 

EUlyle.uf1':. rate. of Red OeliciolL"i' apples . 

. Expt. H 

Ethylene evoJution rate (pj/kg/hr) 
20 

15 

10 

OL---~~---------L----______ J-________ ~i-__ __ 

o 150 160 210 

Days in. stol-age at. O± t c 
Ftg_ 5(b} Effect. of preharvest. spray ot 

Bavildin aD Elbylene rale of Red 
Ot!.licif)llB app(t»...8. 

-B- T16 

~ 1'15 

--+- T12 

13 

-t- PlO 

P3 



1ABlE .Hal 

Ei:pLl. Eifect Clf ~reharve;t ;pr~~e ~1 growth 3ior:g ~ latDrs on et~yl:ne 
evolution rate (pi Kg nr I of Red Dellc1DuS apple 1rul ts 

o 
stored at 0 ! 1 C 

---------------------------------------------~-------------------------

Trea~llents Days in StoragE Meaii 
----------------------~-----------------

0 150 laO 210 
----------------------------------------------------------------------
T· 4.45 18.45 9.27 r t"7 Q,42 

L 
.J .. ,N 

T'l 3.45 l,s.BO 11.16 7.44 o '"1 ; 
I. i it. .. 

T3 2.27 13.90 13.43 11.41 10 .20 
T4 f r.c 

.L t 1I .. ~ 
{ 'j ')7 
J. .... J. 10.30 8.94 8,25 

Tl 3.89 21.11 8.90 ~ 7f 9.80 J, ":~ J. 

T6 
.-} c") 
..... ;.)J.. 

-4~ ~~ 
>.1. ,,),,1 9.66 6,30 8.95 

17 'i f'j 
L.iL 13.04 11.31 5.38 8.71 

Ta 3.08 19.28 10.82 7. 17 10.09 
T9 3.69 24.54 7.06 6.91 1{},55 

T 10 4.47 '1 "') 1O 
L,J. .. .L,.U '10.23 6.09 10, 74 

T .. 2.03 16 .51 14.7~, 
i ~ ,..,.,. 11.13 J.J. .J.! • .:.,.\ 

T 12 4.90 28.18 8.10 4. 15 11.33 
T13 4.14 22.87 IJ 0'1 

1 114- 5. 02 10.49 

T 14 3.45 21.3(r 10.90 6.50 . 10. ~!4 

T 15 2.33 i'} 1 ( 
lL.J" 12. 01 8.13 8.31 

T 16 4.67 23,:{4 6.98 ":" I ~ 

":'.0 1 9.71' 
M~an 3,31 18.99 10&30 7. 01 9a 90 

C.D.at 51. 
T v.48' 

0.24 
Ixl 0.% 

TABLE .7{D} 
--------------------~----------------~---------------------------------

E):pt. II. Effect . of preharve~t _lsP~FsDi i ung i ~ i ~e5 on et hi lE'; E 
evoluhon rate (£1 Kg hr l of Red DeL,Clulls a~pl e f rUi tS 

stored at 0 ! ie ' 

Treatments Bays in Storage 

lao 210 

r· l 2.35 14.45 9.50 6.84 3.2a 
P'l .. 2.02 16.12 10.(l6 7.3(> S.3.7 
p,. t r!\ 17.30 10.52 71tSO 9,33 ,J 

.l. 1 \1 

D. 
I 't 

.j ; r 
i...l .. ' 1&.~1 10.50 7.15 9.(18 

?<' oJ 2.00 16.18 10.10 6.70 a. i~, 
Pb L8S 14.08 9.79 6.50 8.06 
P7 3.10 16.12 9.62 6.6B 8.3a 
Fa Ij r~ i7 .2B 10.1:, 6.90 9.21 4. ... '.1. 

P9 3.05 It..77 9.90 &.62 9.13 
P 10 2.10 1&.77 9.32 5.96 3.66 
Mean 2.29 16.16 10.00 b.B7 B.83 
---------------------------------------------------------------------
C.D. at 5Z 

P 0.31 
0.19 

P x I 0.79 
-----------------------------------------------------------------------
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- :!" ':"':' 
" .. ' , 

l ""te" '"''')n PI-,n' "'81"'- 'fCJttr-,c:\ to E' >:hibit mOI'-!::? !:;;.tc:,;:<.d',,/ chi.::\n(,:I~~S r.:\ /, ,<. ,_ _ ..J, v'. _, ,;:! , :J 

in 

end of 2.10 

to 

and accounted 'fol'- thr=' Id,l:Jhf.,?!:::,t vi::due 
~"9' 6 ('aj 

ddyS ~:, tor"';"'ge1. 1·· !UI,,'JC'vf;.:.r· , dt hc:II''' V(,::,~::-> t 

rapid increase and decreases 

ot.hey" 

f."t t .he 

1'1''' uit~-; 

in TSf.i 

contents during storage exhibiting the lowest values at 

mean per cent total soluble solids the values however, 

being on a par with T7,T8~ T2 and Til, but significantly 
.I 

to rest of I ,- ,L f':·> " " -: (" 't·, J.' C'" "'1 c::-, l.. .. , c,1 _, .. " > bfE: tItJeE~n 

treatments and storage intervals were found 

signi f iCiU", t. 

In experiment II fruits from P7 ( F:ov,'" Col 1 250 

ppm) 

However~ fruit~ receiving preharvest application of 
F~9' 6(b) 

Bavistin 500 ppm (Pl)~recorded more steady changes 

(increases and decreases) in TSS content compared to 

other treatments, and accounted for the highest value at 

t.he end of 210 days stipulated 

Treatmer'lts P2 and F'7 IJehaVE?d in a manne,'" almo!::;t simi lar 

-to that of P 1.- Intt::t",:lction\:s bet"'JE'c.1'1 tl·'~?at.ments .. Coincl 
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JO 

Ex.pl. I 

TotaJ solubJe soHds (%) 

I 

".*-.. 
.. <:;-;~ :.:::.::-:~;: ='~" '~'.::.:~ . ., 

..... -.- ~~ 
~.- ----- ...... ' ",. -----+-- ...... ~ ------ ---'- --4-

""-... ----- .... ~--- -- ... ------­
---------:..* 

.-*- Tltr 

-+- T14 

OlL----~---------~- _ _ ________ ._ -1_____ T7 
() 150 1BO 210 

Days in. st.oraage at Cl± 1 C 

Fig. O(a) Erred. of preitarYest. ~"In'uyii: of 
prot..o:r.yrntit te. E. royllBana lat.ex on TSS 
,":ontR..nf.s of R.P..d Oe.ltciollB applp. fruit-c;'. 

Expt. U 

Total soluble soUds (%) 
20 

15 

10 

o L..l ____ -L. ______ -L _____ --'-_____ ~ _ __ _ 

150 1110 210 

Da.ys tll st.oraa.ge at 0+ 1 C 

Fig. 6{b) EfI~f.1t (,r (.\rf.'tUlne.fd 1q.\ruy of 
Baviidin on tss (:on(<e"III$' 01 .f\.<e"d 

DP.lir.iOtIR applp. fruits. 

-J:- PJO 

P2 

Pl 
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TABLE .aia} 

E~pt. I. Effect of preharvest sprays of gro~th bioregulators on per 
c~nt total soluble solios of Red Delicious apple fruits · 
stored at 0 !. 1 't 

----~------------------------------------------------------------------

Treahents Days Hi Kean 

lac 210 
----------------------------------------------------------------------
11 13.90 16.30 13.40 11.90 13,87 

T" 13.60 15.75 13 ,2~i ~ ~ "7C .1l., J '-. ~o J.). ,;, 
i-

T 
'3 13. 2~t 1:t,4b ~.,. , r 

.&. .. \ , .1. "'~ q i~ 
J. •• I .,.{ 

~":'! ~a 
,L. .,' l '.1 J 

T4 13,b5 1~,. :,C 13.10 lLSfj i"!" r ( 
J. .. \, • ..'.!. 

T~ 13,92 15,3b . ''1 ..,r: f i ~r I~ ~. 

J.L & I J . J..l • . J ... ' 1 ·) , ~lJ.f 

16 13.40 15.66 13.20 11.60 , ~ • L 
1).'1" 

Tj 13.55 Ie' "L 
J. "J, lu' 13, ~i0 11.95· 13.69 

Ta 13 .76 . 1~,.60 · f.,. 'iC 
J. •• \, 4,) ' 11. at) p: . ( 

.;. .... -.th) 

T9 13.80 I r: • C 13.10 ' , ,!: 13.37 1J .... ' .1..L. J. ~i. 

T 1\) 13.70 1:,.47 12.70 1(1.95 13,22 

Til 13. ~iB 15.B5 13. 2~j i1.7(; 13.58 

. T 12 13,68 15.40 13.00 ' " C ' .H .... ~ 13.39 
T 13 ~~ -:rt' 

~",\ • ..:.\ .. t 15.70 13 . 10 11.45 13,40 

l14 13,10 14.70 14~10 12,2~, 
""T ,.. .~ 

1,). ~;'t 

T 15 13.12 "J: 1 r . 13.25 11 .70 ".,. -:o-r 
l.J.";.l j,':'i. ~l 

T 16 13.70 16.75 12.65 10.30 ; 7' :2 -r 
,i"';'. Jf J 

Mean 1:).57 1 :t~ 63 13.17 il. ~,a 13.49 

T 

T ~ I 

TABLE .3(b) 

Expt.II. Effect Df preharvest sprays Df fungicides Dn per tent tDtal 
sclutle sDlids of Red Delicious apple fruits stored at 
Q !. 1°C 

Treatwents St~Tag~ Mean 
, 

o 130 lao 210 
----------------------------------------------------------------------

( 
:'1 
~"l .. 
P'T 
~ 

13,2(1 13.05 
13.47 12.90 

1i.03 
10.36 
10.2S 

~ ~ ~ .-. 

1":'\, ~,i 
-1 ":" : f 
J..J,.a.1 

P4 
p :' 
T6 
P7 
Pa 
Pg 
p 10 
Mean 

C.D. est 5i: 
p 

12.90 
14.15 
13176 
13.60 
13.70 
13.4~ 

0.29 
0,14 

P x I 0,57 

16.20 
~~f97 

15.a~ 

1~.44 

16.10 
16.66 
15.83 

<. 

. 12.70 
12.ab 
i3.15 
12.90 
12.65 

12.76 
12.91 

10.70 
10.50 
10.0& 
10.2B 
10.47 

13.10 
13.09 
13.09 

13.09 
13.08 

13.1& 

-----------------------------------------------------------------------
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4 ~ t2 

Thp tOl.:'I1. 

t: on t Y' () 1 'f "-\..I it. f::; ('1' 16) t;1 ';;; c: DIn p i:~1 Y" Co' cI to otl"',f::I'" 

The:::se 'fruit~::; t 1",ol .. \<;1 h \'''ecc)r'' d in!:;) the' hi f;) hE'!::, t 

val u e s of (J r t () tal s u 9 a I" S i::' t h;oJ'. I'" V Co: !:;" t.~. 1"', CJ I-'le v f~ ,- , 

the lowest content at the end of 210 days storage. 

Fruits receiving the preharvest treatment of Paras 2000 

increase and decrease in total sugars throughout the 

storage period and recorde~ the highest contents at the 

of the storage period. Treatment s Ti? T~ .1. • • 1.... . ... T.15 

The highest mean 

significantly 5uperia- to rest of the t,,'-,':'i:;1 tmf.'?n t s • 

Ccwltrol 'f rl.l its (Tib' on the other hand, 

lowest mean total sugars c ontent. Interactions between 

treatments and storage 1nterval were found to be 

signi f ic.:ml. 

In experiment II Bavistin 1500 ppm (P-:r) 
'-' 

treated fruits were found to have more steady changes in 

total sugars cont~nt compared to other treatments and 

accounted for the highest value at th~ end of the 

- stipulated storage period. Control fruits (Pl0),on the 

other- hand, registered rather sharp incrGases and 

decreases in tot~l sug~r5 fontent re~ording the lowest 

sLlgars content at the end nf st.ot-age. The highest mean 



( 

Expt.l. Effect of preharvest sprays of grDijth bioregulators DR per cent 
t,tal sugars of Red Delicious apple fruits stored at 
o !:. lDC ' 

Treataents Days in Storage · Mean 
-~-----------------~---~------------ - ---

,0 150 180 210 

11 9.26 13.61 10.60 9,45 HUB 
T') 9.39 13.73 10.88 9.89 10.97 .. 
T., 

,) 9.46 13,91 11.02 10,41 11,20 
., 

8.91 13.71 10.90 9.36 10.84 '4 
Te 9.23 13.68 10.63 9.69 10.82 

" T6 9.45 13,32 10.26 9.10 f .~, t~ 

J. lj • .;,) 

T 9.08 
,., ..,., 10.92 9.78 1(1.87 i 7 .1 ... \.1 L 

Te 9.13 n.65 10.76 9.26 10.70 
T9 8.46 13,27 10,45 B.n 10.36 
T 10 9.44 1 3.2~~ 10.94 9 or· 

J I ... ' 10.83 
Tll 9.1() 13.56 11.38 10.48 11. 18 

Ii" J. .. 
q .40 13.48 11.2i 10.23 11.09 

'T 13 q ,O:i 12.B~i 10.35 ,-;. -I: 
1. ! oJ 10.12 

114 9.15 12.80 10.92 9.88 10.69 
T15 9.18 12.76 10.98 9.9B 10 .72 
116 9. 5~~ 13.52 9.66 8.17 1(l,22 
Mean 9.24 13.44 10.79 o ,., 

I,OJ 10178 

C.D.at 5;~ 

T 0.23 
0.11 

T x I 0.46 

TABLE • Iii bJ 

Expt.II. Effect Df preharvest sprays of fungicides on per cent tDtal 
sugars Cif ReG Delicious apple fruits stored at 0 : 1 DC 

Treatiients Days in StoragE: Mean 

150 180 210 

Pi 9.15 13.21 10.58 9.70 10.66 
p" .. 9 ')'j 

.4 .. 13.25 ; t\ ~~ 
J.\I ... ' .J 9.90 10.73 

P3 9,32 1i.91 iO.62 10.04 10.72 
P4 9.69 12.51 9.70 8.41 10.08 
p~ 

J 9.55 12.34 9.95 2.49 10t 08 
p; 9.4:, ~ 'i "':"t\ 10.2:, 8.74 10.1B \) .L4 • ..,)V 

P? 1.17 f ~ ~!: 10. 4~, 9.13 10.52 I 
i~',).l.t 

Pa 9.10 i2.91 10.52 9.60 10.~3 

P9 9.02 12.91 10.61 1.75 .. 0.57 
p 10 9.10 12~B7 9 'i~ ...... ,""'I ~c. 

~ ...... I 9.32 
Mean 9.28 ." o· 1.:.",,'1 10.2:, 9,23 10.40 
-----------------------~-- ---------------------------- ---------------

C.D. at 5;~ 

P 0.40 
0.20 , 

P x I 0.80 
---------------------------------------------------------------------

'. " 



4.1. 

per cent total sugars content were recorded in f I"'ui te -

recorded the lowest mean value -for- tota 1 sugctrs . 
. 

Interactions between treatments and storage intervals 

were found to b~ significant. 

4.33 

The data on reducing sugars content of -fl'·ui t!:~ 

given in Table 10(a and b) reveal that the 1"'::3!duc i.n9 

sugars content increased as the storage period advanced, 

tending to decline towards end of storage. F,'-ui ts 

treated with E.royleana latex 500 ppm (Ti5) recorded the 

highest mean reducing sugar~ the value, however, bc-?:i.ng 

on a par with T3, TI4 and TIl but significantly superior 

to rest of the treatments; Control fruits (T16), on the 

other hand, recorded the lowest reducing sugars content 

and were on a par with T9 and . T4 in this n2spect .. 

Interactions between treatments and storage intervals 

were found to be non-significant. 

J 
~ 

II~ fruits that had 

preharvest application of Bavistin .1500 ppm 

n:::'ceivec! 

(F''':!" ) 
. . .. 1 

recorded the highest average reducing sugars~ the value 

however, being on a par with P2 and P6 but significantly 

Euperior to the remaining treatments. Unt~eated fruits 

on lowt~st average 

reducing sugars content. Int~ractions between treatment~ 

and storage intnr-vals IfJel'-efound to bp non-Significant. 
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TABLE .10{a) 

Expt.I. Effect of preharvest sprays of growth bioregulators on the per 
cent reducing sugars of Red Delicious apple fruits stored 
at 0 !. 1 CiC 

Treatments in Storage Mean 

o 150 180 210 
-----------------------------------------------------------------------
T. 

~ 

T2 
TJ 
T4 
TS 
T6 
T7 
Ta 
T 

'9 
TIO 
Tll 
T 12 
T 13 
T , 14 
Tir 

.l.J 

T 16 
Mean 

C.D.at 5f. 

b.75 
6.88 
7.08 
6.37 
b.9b 
7.1.2--
7.0:. 
7.16 
6.aS 
7.40 
7.02 
7.13 
6.88 
7 11~! 
i "l'i 
J .~J. 

7.33 
7.02 

T (i .12 
0.06 

i x I N.S. 

B.67 
B.88 
s.n 
8.77 
B.aO 
B.70 
3.75 
8.70 
a.59 
8.62 
8.72 
8.66 
a.~6 

8&61 
8.64 
8.:,9 
8.69 

TABLE .10(~) . 

7.45 7.02 7.48 
7.5b 6.82 7 ~"'r 

I , .J-j 

7.5Q 7.02 7 , ~ 
rt>"J 

7.06 7.70 7.23 
6.% 6.59 ~ ~~ 

J • .),j 

0.90 6.49 7.30 
7.2B 0.68 7.44 
7.16 6.53 ~ "'0 

I .... " 

6.9B 6.48 7 =-j ~ I.L..,' 

7.18 6.33 7 ~ ..., 
• Ji.. 

7.60 7.01 7.59 
i " 1.00 6,78 7 ~ ~ib 

7.32 7 ~ r 
J ,i ~ 7.43 

7.42 7.25 7.61 
7. :,b 7.33 ~ L" l ,u1 

6.60 6~37 7 :;~ 
1 IL~ 

7 ~,,,, 
ILl 6.82 ., 4~ l, ~ 

------------------------------------------~------------------------~---

Expt.II. Effect of preharvest sprays of fungicides on the per cent 
reduc~ng sugars of Red Delicious apple fruits storEd at 
o :. liJe 

Treatf.ent:. Days in Storage Mean 

(\ 150 lao 210 

P1 7.0() 8.50 7.17 6.80 7.37 
P . ., .. 7.02 8A7 

~ .,. 
1 • ...:,1 6.90 7.40 

ti" 
'.) 7.06 8.55 -7.36 7.02 7.50 
P4 7.4(1 S.70 b,SO 6.47 7.34 
Ps 7.44 8.62 6.88 b.50 -. "':F~ 

J • .J4 

p , 
\} 7.46 8,~3 7.01 6.62 7.40 

P7 7.11 5.46 7.15 6.39 7.28 
Pa 6.94 8.64 7.19 6.45 7.30 
P9 6.a8 8.42 7.26 6.50 7.26 
P 10 7.10 a.65 6.81 b.28 7.21 
Hean 7.14 8.55 7.09 6.59 7.34 
--------------------------------~-----------------------------------

C.D, at 5i. .; 
P 0.11 

0.05 
P x I ItS. 

-------------------- ----------.. _-------------------------------------



4.34 

fruits as affected by various preharvest treatments are 

presnted in Table 11 (a and b). It 15 seen in 

~>: per imp-n t I t~E?Cc?:i.\ .. . ing 

average non-reducing sugars content. The treatment was, 

superior to the rest of the trea~ments. Fruits from P16 

(control) on the other hand recorded the lowest average 

value for non-reducing sugars. In t£?r"c:\c tion bet~'-Jeen 

tl'"e .. :\'tments and storage intervals were found to be 

significant.. 

In experiment II fruits treated with Bavistin 

sugars content. The treatment, however, bej.ng on a par 

. roast of the treatments. Control fruits on 

other hand~ recorded the lowest ayorag~ non-reducing 

SLigar's content. In tE!r~:\c t ion 

storage intervals were found to be significant. 

4.35 

The data on titratable acidity of the fruits 

as af'fected by vF.ur-.i.nus rn:?ha"-Vf~'3t tr-e.:"tments (Tf plant 

growth biuregulator~ and 'fun<;J 1 c .idE'S at'-e 

in Table--.12 (a and b). It is seen from the data that 

1 1 · ." C pc . 1. n J. rIg trend in titratabJe acj cl 

conten ts with t.he c~c1\iaI)Ct" .i n sf P·',c".CJ':' PPIr-.i.od. 



< 

TABLE .11 ( a ) 
-----------------------------------------------------------------------
E.pt.I. Effett of preharvest sprays of growth bioregulators on the per 

cent non-reducing sugars of Red Delicious appl~ fruits 
o 

stored at 0 ~ 1 C 
-----------------------------------------------------------------------
Treatlienh Days in Storage Mean 

o 150 180 210 
-----------------------------------------------------------------------
11 2.40 4.~9 3.18 2.78 3.26 

T" ~ "'0 4.61 7 .!: 2.92 ., 'i' 
•• tJu .. \,,," .. 1 .. \,,,,,0 .. 

T7 
J 

2,26 4.74 3,26 3.22 .,. "'!i 
.j, ".;, 

T4 2.41 4.69 3.65 3.09 3.46 

T5 2.20 4.64 3,49 2.94 7 71"", 
.,j. ... \i. 

T '1 '11 4.39 3.19 2.48 3.07 I b •• L .. 

T7 
• (J7 
.1.1,) 4,72 3.46 2.94 ~ :o;~ .',Lw 

Te LB7 4.70 3.42 2.59 .,. tli 
.. l, J.' 

T9 1. 79 4.4:< 3.30 2.47 3.00 

T 10 1.94 4.40 3.29 2.87 3.12 

Tll 2.17 4.~O 3.59 .,. ~ .•. 
;..\ •• .J~t 3.41 

T i2 2.16 4.~S 3.43 7 '10 7 ~I 

~r."\J J.":IC 

T 13 2,(16 .., 13'1 -:r ..,r 1'"\ " ... 'j o~, 
,J.IL __ \ .... \,J 1..'1/ L_ , __ , 

T 14 i. 90 3.93 
., .,.,., 
~ • .J.£. 2.~{O 'i O'i 

J... ; ~ 

T 15 1.Bb 3.91 ~ Ijr, 'j C,', 'I .~q 
... ',.1.1.;' L .. ,,'L 6.., \.H.I-

T 16 2.11 4.~S 2.90 1. 71 "2.85 
Mean 2.10 4.48 ~ """:'.,. 

;"\, ~\;..\ 2. 7~( 3.16 
-------------------------------------------------------------------------. -

C.D. at 5% 

T 0.11 
I 0.05 
Txl 0,23 

TABLE .11{h} 

Expt.II. Effect of preharvest sprays of fungicides on the per cent non­
reduc~ng sugars of Red Deliciou:. apple fruits stored at 
o t 1u C 

Treahents Days in Storage . 

180 210 

P1 2.04 4.47 ~ "" " ~!: :-:; ~ " 
.... 'a..:.Ji L"I .. t L.~", 

P -j 2.09 4.54 3.1=i 'i oe, 3.16 .. J..u .. \ 

p, '1 ' I! 4.14 3.10 '1 qi 3.0b 
oJ 

L.! .. ' .... wl 

?4 2.17 3.b2 2.75 1.a4 2. ~(9 
PI! 2.00 ., .::,,,, 2.92 1.89 If ~o 

" 
Jo. aJ~\ L .... U 

P6 1.89 3.58 3.08 2.01 2.64 
P7 1.96 4.45 3.27 '1 ... ., 

.... J ; 3.11 
Ps 2.G6 4.14 3.16 2.99 3.09 
PC] 2.03 4.2~ 3,11 3.09 3.;'4 

P 10 1.90 4.01 "I ""I L ... \ .. 1.99 2.55 
Me-an 2.0~ 4.07 3,02 2.50 2.90 

C.D. at :.i: 
" ? 0.12 

I 0.06 
PxI 0.24 

-------------'-------------------------------------------------------------



il3 

In experiment I fruits that had rece1ved the 

pr-:ehar-\,'es't. application of C. rG!_'leand ~)oo ppm 

(T1S' r-:egistered the highest titratable acid cont~nt at 

har ve~, t. cIS WE-I J. i"'!"'. clu roO :i.r I(] c;~ tDr-a'Jf:::O:. '~E-co!"'c1 i ng t he hi (] hp5 t 

value for tttratable acidtty at the end of storage. The 

tr-:E!atrnent, was statistically on a par-: .with 

but -:;oi.Y"I .i.·f .ic.;'\ntly ~":'.Jpe,'·iQ'" -I" . C'! thE? 

remaining tr-:eatffients. Control fruits ' (T16) on the other 

hand~ 

the value being on a par with T3 and T1l and T '"'>. .t- • 

Interactions between treatments and storage interval 

were found to be significant. In e::·: per- imE!n t I I 

the highest titratable acids content in fruits at harvest 

and during storage were recoed~d with Bavistin 500 ppm 

(Pi) 'fo 11 ot.-~ed by P4 and p~~ the treatments however beincJ. 
4· / 

on a par with each other but significantly superior to 

the remaining treatments in this r-:espect. Control fruits 

on the other- hand, the 

titratable acids. Interaction~ between trr:'Eltmen ts ","lnd 

storage intervals were found to be significant. 

pli, 

the fruit juice, d . 
The- pH in genera I, 

increased with the advance in storage period. The pH 

valuE'S as influenced ' by preharve5t application of 

varioLls bioregulators and fungicides are· 

prE·sent.E-d in thE- TablE:' 1.3 (C'I '::lfld b). 

In e>:p""?I~irnent I, ;h-uits vlhich had recei ',,-ed the 
" 

preharVE·C;. t ':::1ppJ ~iccltoi.Ccr: rtf F 1 ate}: 500 



TABLE .12td) 
-------------------------------------------------_ ... -------------------
Elpt.l. Effect of preharvest sprajs of grD~th bioregulators DR the per 

cent ti tratahle acidity Cif Red Delicious apple fruits stored 
~t 0 ~ 1 DC 

Days in storage 

o 150 180 210 

T 

'1 0.248 0.138 O.1~\2 0.08(l 
1'1 ... 0.237 OJ 127 0.119 0.066 
T,. 

'" 
0.227 0.120 0.110 ().O58 

T4 0.259 ( (1.ISo 0.149 0.099 
T" 0.252 0.147 0,139 (i.OBb 

oJ 

T6 0.240 - 0.139 0.130 C.079 
T7 0.216 0.159 0.149 0.102 
T3 o -j!:,'1 

.L"L 0.148 0.142 0.090 
T9 0,237 0.139 0.133 O.OSO 
T 10 (1.264 0.138 0.-128 0.039 
Tll 0.240 0.120 0.112 O. (l7{1 

T 12 II 'i'jlj 
V,LLJ 0.117 (U(l~, O.06~1 

f 13 0.276 0.153 0.141 0.092 
T14 O,24~( 0.142- r, f ~:; 

V • .1..,)4 0.(;79 

T 15 0.2B8 O.lt,2 0.150 (f .112 
T 16 0.239 0.119 0.092 0.059 
Mean 0.251 0.139 (1.129 O.OBl 

C.D. at 5;~ 

T 0.012 
0.006 

TABLE ,12(0) 

Expt.II. Eff~ct of preharvest sprays Cif fungicides on 
titratable acidity of Red DeliciDus apple 

G it 0 ~ 1 C -

Treatilents Days Storage 

o 150 180 210 

Pi 0.246 0.132 0.109 0.073 
p., ... 0.234 ~ f'i~ V •• LoJ 0.104 O.Oba 
p~ 

-' 0.227 0.125 0.102 0.060 
?4 0.240 !\ '"7., v .",~\", 0.106 0.065 
Ps o "l 'i'i IL"-. 0.130 0.101 0.060 
p ; 

0 O.22S 0.125 0.100 0.OS3 
p., 

I 0.245 0.120 0.090 O.OM) 
Ps 0.236 0.110 0.;)85 1).051 
Po 0.226 0.115 0.088 0.050 I 

P 10 0.226 0.113 0.063 0.045 
Mean 0.233 0.122 0.C99 0.059 

0.14'1 
O~137 

0.129 
0.166 
0.1:,6 
0.147 
0.171 
O.i58 
0.147 
0.156 
0.135 
0.129 
0.166 
0.149 
v.i7L 
0.127 
0.150 

the per cent 
fruits stured 

0.140 
0.132 
0.123 
0.136 
0.129 
O.l23 
O. ~21 
0.120 
0.120 
0.117 
0.123 

£ 

--------------------------------------------------------------------------

P 0.008 
I 0.004 
Pxl 0.016 

--------------------- ---------------------------------- . ------ ,-------- -



ppm (T 1 ~5) , 

superior to the remaining treatments.Fruits from control 

pH. In ter-':lc t inr. !::~. "tr··Ci:.\ tlfl~: n ts '::Incl 

intervals were found to be non - significant. 
' .. 

In experiment II~ fruits tre~ted with Topsin-M 

250 ppm 1'-econJed 1. OW ""? S t. pH ,::1 t 

althDl.\gh~ Bi:IV:i. 12;' t :i. n ~500 ppm ' (Pi) tl'·eated fn.d . ts; 

registel'""ed the lowest mean value. This trec~ t.men t , 

however, being on a par with P2 and P4 but significantly 

superior to the rest of the treatments. Control ·fl'··ui ts 

(F'lO) , on the other hand recorded the highest mean pH . 

The interact.ions bet"'Jf:1en t r- E?C\ tmen ts ,::Ind 

intervals were recorded to be non-significant. 

4.37 

ThE:? datc:"\ pn?sented .in T.:~ble .1.4 (a .:\nd b) shm·J 

that bioelectrical conductance in general was low in the 

beginning~ incr~ased during the early period of storAge, 

(~:Ind -t. h£~ '·-f.~r.:\ft.er· clE'!c 1 :lnE~r:I tuwal'··dr::::. t~.e r.:: lOSE rJf st.or·C\gp. 

In e>:pel~:i.ment the highest \,'alue ·fol~ 

e 1 ec t.\'" i c i:ll conductance was recorded in 

with p" · ()l:D~-:ymE 1000 ppm (Tcr).Thp tn:·i.itment thnll<Jh b£>.ing 
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TABLE .13{a) 

E);pt. 1. EHect of preharvfst sprays of fjrowth bioregulaturs on the pH 
of Red Delicious apple fruits stored ' at 0 ! iQC 

Treatilents Days in Sturage 

Q . lac} 210 

Tl 3.70 4.28 4.3~, 4,59 4 ,.~ 
,'/".) 

T2 3.77 4,38 4.5& 4 71 " ~ 4.3J 
T., 

,) 3.a2 4.4:, 4.bb 4.87 4,4~i 

T4 3.70 I 4,13 I 4.23 4.49 4.14 

15 3.&7 4.25 4.36 4,56 4 ~Ii 
,,/...1. 

T . 3.78 4.30 4. ~,O 4.65 4.31 
• b 
17 3.62 4.16 4.30 4.56 4.16 
IS 3.68 4.25 4.37 .. .., 4 ')0 '1,lu .J-' 
T9 3. 9~\ 4.32 4.46 4.66 4.30 
T 10 3.bO 4.26 4.38 4.52 4.11 

Tll 3. 7~i 4.38 4 .. 50 4.72 4.34 

T 12 3,81 4.46 4.68 4.82 4.44 
T '7 lJ 3,75 4.28 4.48 4.52 4 'lL .J-V 

3.72 • 7J! 4.55 4.61 . ..~ ,1 .. ~.,jJ ~, j~\ H 
T P' J.J 3.67 4.10 . 4.19 4.38 4.0B 
T 16 3.87 4.47 4.64 4.97 4.49 
Mean 3.73 4.30 4.45 4.6:i 4.28 

C.D. at 5% 

T 0.09 
I (1.40 
T>:1 N.S. 

TABLE .13{b) 

Expt.I. Effect of preharvest sprays of fungicides DR the pH of Red 
Oelicious apple fruits stored at a ! 19c 

---------------~-------- -----------------~-----------------------------

Treabents Days in SturagE 
------------------------------------~---

o 210 
------------._---------------------------------------------------------
Ii 3.82 4.09 4.1& I ~.19 4.05 . 1 
P'i 3.Sb 4.ib 4.2(\ 4.29 4.12 ... 
P~ 3.99 I 4.12 4.2& 4.36 4.1:1 ~ 

P4 3.80 4.10 4.22 4.3B 4.12 
P5 ~,S8 4.20 4.29 4.43 4.19 
Pb 3,93 4 .2~( 4.34 4.45 4.24 
P7 3.9b 4 'i'l .LL 4.41 4.50 4.~4 

Pa 3.83 4.35 4.45 4.58 4.30 
P9 3.64 4.46 4.50 .1.,,2 4.35 
P 10 4.07 4.3b 4.50 4.b2 4.38 
"earl 3.86 4.23 4.34 4.44 4.24 

-------------------------------------------------------------------------
C.d. at S1 

p 

I 
hI 

0.06 
0.04 
M.S. 

------------------------------- ~~ ---------.----------- ----------------

: .' 



.t500 ppm (P"'! ) , 
0 .. - ' " 

I'-l~cor-df·:od the highest lo(·::'!an v.":1lue -fOlr' 

L:. i c)e 1. ec t 1'- i c: .;~ 1 cDnduc t'::lnce. bE'ing 

significantly super-lor- to r-est of the treatments in this 

CDntrTil 'f' y-u it <.:;, on the other hand, 

valuf2. The interaction 

betl-'Jf?p.n treatments and storage intervals were f6und to 

be non-signifi.cant. 

4 .. 38 T 9 t 9.! ..... ntmn gJ.§. 

A perusal of data given in Table 15 (a and b) 

reveals a general dec 1 ining tl~end in phenc)l s 

commensurate with the advance in storage period. In 

f:?>: Pf? I~ i Inl?n t I fruits 'that had received 

tl',f? highi!?~;t total phenol content on all the sampling 

dates and accounted for the highest mean value for total 

phenols the treatment being significantly superior to 

.::\11 the ~emaining treatments.Control fruits on 

the other hartd recorded the lowest mean total phenols. 

ThE~ in ter'ac: tions between treatments and stor-age 

intervals were observed to be non-significant. 

I I Flavistin 1. ~.OO ppm 

fruits recor-ded the highest total phenolics 

content t.it h<:'1rve:.t i::lrHi during sLlbsequent stor-age. The 

treatment was statistically sLlperior to the r-est of thQ 

other hand I~ecorded the lowest average total phanc.l 



TABLE .14(a) 
-- ------- --------------- ----- -- ---- --- ---- -- ---------.-_ .... --------- -- - ---
Expt.I. Effect of prehane:.t si!ra'J:' of growth bioregulatc.rs en the 

fruit conriuctance (m ~hOS/CIDl of Red Deli[ious · apple fruits 
stored at 0 !.1~ . 

-------------------------------------------------------- ---------------

T1 
1-1 

L 

T3 
T4 
T5 
16 
T7 
IS 
T'1 
T 1Q 
T11 
T 12 

T14 
T 15 
T 16 
Mean 

Days 

o 

4.74 
4.56 
4.49 

4.28 
4,3:. 
4.48 
4.73 
4.53 
4.75 
4,32 
4.41 
4.37 
4.47 
4.2& 
4.46 

T 0.07 
. I 0,30 
T~I N.S. 

15(l 

~.80 

6.65 
6.70 
6,59 
6.~,O 

6.42 
6.40 
6.47 
6.69 
6.30 
6.47 
b.24 
~.30 

6.41 
6.61 
I "t~. 0.,),,) 

6.:.0 

HI 

TABLE .14ih} 

lao 

5.54 
5.41 
5.37 

5.b2 
5.&9 
5.46 
5.52 
!: 'f'i. 
~i, 0.\.1 

5.4.1 
c: ' 0 
';.01 

5.28 
c r~ 
'-':';"\ 

S,b! 
5.80 

Storage 

210 . 

4 0'1 
.IL 

4.a~ 

5.08 

" ,.., 
... '.Li 

4.90 
4.96 
:1.20 
5.15 
5.25 

t: "c 
J.i.",' 

. ~, 
'I. i I 

S.10 

eel 
.. i, JO 

~{.3e 

5.34 
e A~ 
J."1tJ 

5.26 
- -, 
~I, ~\O 

:,~ 60 
5.35 

5.41 

5.17 
5.40 

Expt.II. Eff![t of preharvest sprays of fungicides on the fruit 
cDodu[tance (m mhos/tID) of Red Delicious ipple fruits stored 
at 0 !.1 't . 

Treabents Days in Storage 

o 150 180 210 

Pi 
- 3.95 5.93 4.55 4.26 4.67 

P"i 4.00 6.02 4.65 4.30 4.74 
L 

p., 4.12 6.16 4.QO 4.~4 4.88 
,) 

P4 3.82 5.67 4.55 4.66 4.67 
Pc: .' 3.a8 5.78 4.75 4.19 4.~5 

P6 4.01. 5.90 4.aO 4.15 4.71 
P7 3.82 5.67 4.34 4.20 4.51 
Pa 3.95 5.74 4.45 4, 1(1 4.56 
P9 4.Q& 5.82 4.bO 4.24 4.~8 

P 10 3.70 5.60 4.70 :i.80 4.4:, 
!1ear: 3.93 " " .. .;.o~\ 4.63 4.22 4.55 
-------------------------------------------------------------------
C.D. at 5% 

p 0.09 .. 
0.40 \ 

PxI H.;. 
-------------------------------~----------------------------------.----



CCln ten t. 

4.39 

affected by various preharvest treatments of grQwth 

bioregulators and fungicides are presented in Table 1,6 

(a and b). 

Fruit calcium levels in general, decreased in 

all 

Fruits treated with E. royJeana latex 500 ppm 

recorded the highest calcium content at harvest and 

during subsequent storage a~d accounted for the highest 
, , F; I). 0; (:a) 

aVP-'''c:\ge fruit calcium content~~ thE? t.rec~t,ment pt"ovinIJ to 

be significantly superior to all other treatments in 

this respect. The lowest average calcium content on the 

other hand was recorded in ceont,r-ol 

Interactions between treatments ' and storage in te,"vi:\ 1 s 

were found to be ~ignificant. 

preharvest spray of Bavistin 500 ppm (Pi' ,recorded the 

highest calcium content at harvest and throughout. the 
Fi'1.1.1( r,,~ 

stor-age~"'thp -tr'eatmpnt (Pi) pr-c.ving to bf':? statistically 

superior to the rest of thp tre~ tments. On the other 

hand, 

calcium contpnt. trea t.nen ts .-=\nd 



cun tl?n t . . 

4 · ... 9 . " .,) .. 

The d':"ltcl em thE': c c:llciurIl cDnI:E,r".tr,:; Df fl'- uit.~; ar,; 

by ... ,'a \'" i.()Uf::; P,,- ~?I"·.al''' Vf?S t t I'-cz'a trnen ts-, Ci ·f 9 \'-(IVJ t h 

bioregulators and fungicides are presented In Table 16 

(C':\ ian db) • 

all the treatments with the ~dvance intstorage period. 

r·ec(.'),'"d~?d th€·? highest calcium content: i~t:. hi;;.,r- Vf·?!:St d.ne! 

during subsequent storage a~d accounted for the hj.ghest 
. F\~"; \.~) 

f . t l' ( .. 0 I'· I- <:) ' '') .1-1.':. 'I- ''') "'~ t I 1 \ . a v era (J e ,1"'1.\ .1 .. _ r.: a . C:l L.\ In _ . I I .. <_ I " I' ._ <;.. " . ,," e i~ . :. men .:. PI'" 0 I 1 n 9 to 

be significantly superior to all other treatments in 

this respect. The lowest average calci.um content on the 

other hand was recorded in control 

Interactions between treatments ' and storage intervals 

were found to be ~ignjficant. 

preharvest spray of Bavistin 500 ppm (Pi' .recorded the 

highest calcium content at harvest and throughout the 
F i·\.) -1 (t;,? 

storaget"'the"tr'eatm{;?nt (Pi) pr·c.ving to be statistically 

superior to the rest of the tre~tments. On the other 

hand, 

calcium cor.t.f..?lit... treatments .;\nd 



< 
Table l~(a} 

Expt. I. Effect of preharvest sprays Df grD~th bioregulators on 
the level. of total phenols ~g/g F .W.} if"! Red DeliciO!.is 

----------~~~:=-~~~~~-~~~~=~-~~-~-~-:-~--~---------~-------------
Treahents nays in Storage 

o 150 180 Mean 

Tl 52.bE:, 51.74 50.72 48.29 co ~c 
,-'u • ..)..) 

T'1 79.60 49.35 .. 48.58 46.24 55.94 
T3 76.26 48.51 46.71 44.94 ~,4 .10 
T4 78.60 C'~ ~"i 

.',). I J. 52.11 50.57 58,75 
15 76.20 50.44 48.22 46.28 5~,,2a 

T[, 73.61 48.31 46.43 .43,36 er; 0":" 
.. (L.I J 

T7 B(1.94 :.4.33 ~;3,b3 52.1B 60,2/ 
To 76.32 1:" • f 

\J 
.<1.10 49.33 47.91 56.18 

T9 74.15 49.66 49.93 45.97 54,93 

T 10 73.57 46.31 44,05 . 41.32 51.30 
Til 

.l..l. 
831~t3 c''i '7c, 

~' .... ,,.\ 101 52Jb5 48.23 ~9.20 

T12 7"S. :,b 47.33 45.1~( 42.76 52.20 
Tl .... 74.3:i 49 ,2~< ~c: "74 43.21 e-r ~~ 
I ... j .if ",i , I ~ J",\ • .1",\ 

T 14 B~, .39 c.c, ';0 . :.0,37 4b,32 ~i.S.09 t.11o,.'.L! 

T15 86 .• 79 61.80 56.80 53.66 64.7b 
1, . 

.i6 73.06 46..07 43.64 ,4(1.50 50,82 
Mean 77.73 50,98 49.00 !-J .." 

'Hl • .)O 56,02 

C.D. at 5Z 
T L02 

(1, ~,1 

T>:1 N.S, 

Table 15{bl. 
Expt.!I. Effect of preharvest sprays of fungicides on the lEVE l of 

thE total phEnols (J.l~lg/F.W.) in REd Delicious a~(plE 
fruits stored at Q ~ 1 C . 

Treati!ients Days in Storage Mean 

() 150 180 210 

P; 
1 

93.74 53.16 46.34 31.24 :,~, 12 
P'i .. 96.41 54.45 48.27 32.81 57.98 
p 100.25 ~,6.2b :\1 .89 36.24 61.16 

3 
P4 91.63 50.37 45.36 31.27 54.66 
p~ 93,12 52.08 46.53 31.77 ~e .... .., 

J~I, ~I -p, 
b 93.74 52,40 48.14 3~.97 56.81 

P'7 
J 

9ry .:.", "'.u"'" 50.25 44. :,1 30.50 54.97 
Fa 93.BO 51.59 44.99 30.94 c;" .,.,. 

vlrl, , .. hJ. 

Pq 94.95 52.67 46.53 31.80 ~,6.49 

P 10 91.1j 50.67 45.50 30.22 54.38 
Meil" 114.14 ~'2.3q 46.61 31.98 c: ' .... 

JO.,J';" 

---------------_ .. ------------------------------------------
C.D. at Sl .. 

P 1.13 
I 0.56 
PhI ., 'lC "'.4. ... ' 

-------------~---------------------------------____ _ T _ _____ ~. __________ _ 

" 



Expt.. J 

Ca content (mg/tOO g dry weight) 
80 

60 

40 

20 

... 

OL-----L-----------~--~-------J-----------~-----
o 150 210 

Days in storage at O± 1 C 

Fig. 7(a) Effe(,t. of p-renurve.<,.1.. S"{",,"a.ys of 
prot.ozyme &. E. r<lyleana lat.p.-x an Calchlm 

~)ntent 4)( llP..d Oelif!.i01J8 a.pp(t? ftll.it~~. 

Kxpt. n 

(".aJdum conte.Jlt (mg/JOO g dry wejgJlt) 
70 

60 

50 

40~ 
30 

JO 

o _I -----'----
L-__________ ~ __________ ~ ____ _ 

o 150 tHO ~lO 

Da., .'" in storage at 0+ I C 

Fig. 7(t. ) Erred of prehW"Yecrt ~'Iray or 
JtaYisdin &> Tapl'in - " an Caldum (-()n'~nt 

4)( RP.d (k(idoIlB Bpplp. (nuts. 

-Ii:- Ttn 

-+- Tlf~ 

PJO 

--\- P4 

Pl 



Table 16(i1, 
Expt. I. Effect of preharvest sprays of growth ' bioregulatDrs on 

the talcium cDnteht (mg/l00g dry weight) of Red 
'Delicious applE fruits stored at 0 ~ 1°: . 

Days in Storage 

(I , 150 180 210 
-------------------------------------------------------------
Tl ~.8.66 41.00 33,44 31.40 41.13 
T"l 

;. 
57.51 38.(17 30.50 28.13 33.55 

T3 53.86 3b.2b 28,25 26.50 36.22 
T4 62.45 41.66 35.00 32.16 42.82 
T5 61.09 39.50 31, (~8 30.96 40.66 
T6 :.6. \)3 36.69 30,56 28,5(1 7""1 J"'I C oJ,.. '1.; 

T7 63.74 4'1 ' Q .L. iu 36.11 34.66 44.17 
To v M.19 40.64 32.73 ~(i.oa 4(}.91 

T9 57.16 38.26 30,40 28,55 38,59 
T t;'1 ~~ 7":' ..,e 28.90 27.25 3:,,51 110 10' •• J.\J ".',.l, I ,; 

T. ; u 58.76 40.40 33.46 32.37 41.2:i 
T I 'j u. 53.S0 ~~ c~, 

,-\J .1o,U 22,75 "", .. i,) .'10 37.1zi 
T 13 59.26 39.35 30.54 29.30 39.39 
Tq ''1 .,..,. 40.66 34.80 ..,." "r 42.49 J.., CoL ,~\J. ~\'Lll~( 

i 15 bS.SO 44.7:, . 37 .~4 34.76 46.4i 
T 16 

~'i ; f 
V,L.1J. 3:,.35 27.10 25.67 35.06 

~lean 56.62 39.03 71 Oi 
,)J..UI 29.99 39.89 

C,D. Cit 5k 
T 1;36 

0.b8 ' 

Table 16(b} 
Expt.ll. EffEct Df preharvest sprais of fungicides DR the calcium 

content (mg/l00 9 dry weight) of Red Delicious app;~ 

fruit storEd at (} ~ 1°C 

Treatments Days in Storag~ Mean 
----------------------------------
/\ 150 180 210 " -------------------------------------------------------------

Pi cC' ."7 .,...,. 7~ 23.98 21.95 ..,..,. 1"1~ 

~'J'UJ .. ' ... \. a ~. ~-J.rl-:', 

Pz ~4.33 32.30 2'2.79 20.46 32.59 
P3 53.75 32.5b Ij"l r')' 

.4A. •• ~ 20.20 32.19 
P4 54.42 33.24 22.78 21.80 33.0& 
pc 

J 
~,3, 50 31.70 22.96 21.20 3:.35 

Pb 51.06 31.44 2:.36 21.15 ~1,63 

Pi 53.61 31.80 21.80 20.7B 32.05 I 

Pa :,2.41 31.76 21.46 20.23 31.46 
P9 :.4.34 7" • r 20.84 19.76 ":9" .. ~ oj£'. 4 ,,' ,)",., , 

P 10 52.00 30.70 21.30 20.00 30.0Q 
~ean 53.54 32.19 22.30 20.7~ ~~ , . 

-J4..~v 

C.D. tot 5;; 
P ~.o5 

0.:: 
l.~O 

------------------------------------------------- --- -. --------- ------- -

t .' 



lp 

4.39.1 

The data on the per Lent juice cDntent 

fruit as affected by vari.ous preharvest 

17 (a and b). A perusal of the data reveals that there 

was a gradual declining trend in the juice content wjth 

the advance in storage. 

In I I,'Ji 1:.h 

highest juice cont~nt on all the sampling t.he 

treatment being sj.gnificantly superior to the rest in 

Control fruits (T16), on the other h;.:\nd 

' recorded the lowest juice content at harvest as well as 

dLlr·ing and at the end of storage. Interaetj.ons be t vJE?pn 

tr-eatments and 'found to be 

sign i f:i.e cH'l t " 

preharv8st treatments of Bavistin 1500 ppm (P3) recorded 

proving to be significantly superior to thE· rc?maining 

• t!··c-:?a tmen ts. 
• 

Thl-? lowest aver· aye juice content 

recorded 

• 
in 

in tel'-ac tions 

t.hE? cunLr 01 (PiO)' 

be t.ween t I~ea bnen ts i. .. nd stcwage 

4.4. ~.f.f~ct on Spnsory Q'IaJlt.::\tion 

fruits quality ~s ~ffELtpd by .... ,_tr i OLtS 

tr-eatmenls of YI('~'Jth hj(JrcU'tl ,~,,·,tc " . f 

S i g n i 'f .i. c ;':\ n t 

pr-ehar-vE!st: 

. '~ r-r 



Table 17(iI/ 
Expt. I. Effect of preharvest sprays of growth biar~gulators an · 

114 
T15 
T 16 
Mean 

the percent juice cDntent in Red DelciDu5 apple fruits 
stored at 0 ! 1 GC . 

Days in StoragC' 

64.00 
64.95 
0:/.90 
b4 .42 
63.40 
b2.05 
64.24 
62.50 
bl.23 
61.10 
65.63 

63,15 
67.33 
69.29 

56.07 
!)Ei.b2 
59.60 

57.08 
58.47 
56.02 
:(0.18 

58.75 
52.80 
54.80 
56.1:/ 
61.60 
:(2.90 
I:. ~ 1-' 
~\lJ. I } 

T 1.30 
0.65' 

Txl 2.60 

180 

47.33 
48.69 
51.88 
53.08 
49.73 
47.57 

Iv ~,2. 66 
51.04 
50.46 

~,1. 50 

47.46 
.55.91 

45.55 

Table 17{b} 

zio 

44.25 
46.40 
4B.50 
4b.~(7 

45.45 

45.75 
42.03 
41. 74 
.38,75 
43.&6 
40.80 
44.39 
44. 7~, 
49.26 
3B.67 
44.04 

Mean 

52.67 
:,4,03 
5b,2~ 

54.28 

52.90 

49,77 
54.94 

58.34 
49,59 

Expt. II. Effect of preharvest sprays of fungicides DR the per 
cent juice content in ~ed DeliciDus ap~le fruits stored 
• ~ r, ' 1 o\~ 
d:\. ~l t .£. ~. 

Treatilents 

o 150 lao 210 
-------------------------~---------------------------- -------

p. 
.I. 

P -; 
L 

P3 
P4 
Ps 
Pi; 
P7 
Ps 
Pq 
P 10 
l1ean 

62,13 56.71 
18 i' 
O'i.,l 60.53 
b6.01 61.75 
65.17 57.45 
63.13 57.27 
63.b2 57.03 
64.65 54.98 
'", c.c eJ. ,"' ... ' 59.66 
63.53 57.61 
62.02 54.06 
63.85 57.71 

l.~O 

0.70 
~.ao 

43.96 42.50 51.33 
4i.26 46.50 54.75 
49.82 47.26 56.21 
44.68 42.24 52.38 
45.55 42.50 52.:1 
45.11 43.22 Ci .,C 

tii.. •• J 

42.27 41. i:, 50.91 
46.72 44.90 53.71 
45.55 43. 5~) 52.53 
42.67 ~5.02 45.44 
45.36 42.94 :1:.4t, 

------------------------------------------------------ ---------- ~ -- .. ---



Table lE{a} 
Expt. I. Effect Df preharvest sprays of growth bioregulatDrs on 

sensory evaluation scere of Red Del:ious apple fruits 
G ' 

stored at 0 : 1 C 
-------------------------------------------------------------
Treatments Days in Storage Mean 

(I 1,~IO 180 210 
-------------------------------------------------------------
T1 77.00 7: •• 50 62. 7~( 59.25 68.63 
T'l 

'-
77.50 7:{,75 63.40 bO.7:< b9.35 

T .. 
'j 79.00 76.50 64.00 61.00 69.38 
T4 77,7:, 74.00 63.00 60.50 68.81 
Tr:: 75.7'5 73.50 61.20 :(9. 7~i 67. :.5 

" 
T6 74.NI 72.75 bO.75 :tB.50 60150 
T"7 , 77.50 73.25 62.00 60.75 In :ro ou. ·.hJ . 7B. ~.O 74.1:{ 62.25 bO.25 68.79 is 
T9 n.50 72.00 61.1:. 59. ~.(l b7,(l4 

T 10 74.75 73 .00 bO.75 :<8.00 66.63 
Tll 76.00 74.1:, 64.30 LI • r:: 

'toJ.l, i ... { 63.90 
T i2 7~i.VO 73.00 61.25 59 .50 67.19 
T i3 76, :,0 71.25 6.0. 2~, 58.GO 66.50 
Tp 

... -r 78,75 7'1 '-It: 
I.. L .J 62.2:, 60.50 68.44 

TIC 76.50 73.75 b3.5G : i ..,.~ b8..88 J. ~, 
vi. I ~~ 

T ,., rr, 71. 00 60.50 :,8. :iG 6:,.88 i 16 J ~,~,\I 

Mean 7b.41 73;49 62.08 69.85 67.96 

C,D. at 5, 
T 1.20 

0.60 
T>:I 2.40 

Table 18(b} , 
Expt. II. Effect of preharvest sprays of fungicides In ~ensory 

Evaluation 5:or~ of Red Delciou5 apple fruits stored at 
o o : 1 C 

Treatments Days in StGrage Mean 

l Oil 
'''' 210 

---------~-------------------------------------------- -------

P1 
P'l 

'-

Ps 
P4 
Ps 
P6 
P7 
fa 
Pq 
P 10 
Mean 

C.D. at 5% 

7S.75 74.50 
76.25 75.50 
78.00 77.50 
77 .10 74.75 
16.05 74.00 
76.00 7b.75 
74.80 74.50 
77.50 74.25 
77.00 74.00 
77 .00 72.50 
76.59 74.83 

P 1.10 

hI 
0.55 
:.20 

65.50 61.75 b9.73 
63.75 ~,9. 75 63.Bl 
63.75 62.0:. 70.44 
65.05 ·-60.75 69.52 
04.25 60.75 68.87 
62.25 ,~ '7c 0,,1., .i 68.94 
59.50 :18,25 66.76 
59. 2~, 58.00 '\ 67,25 
59.80 59.00 67.45 
58.7:, 57.50 66.44 
b2.n S9.90 60.39 

-----------------.--------------------------------- ~ ~- --------- ----- ---

, 



TablE lata) 
Expt. 1. Effect of preharvest sprays of gro~th biofegulators on 

sensory evaluation score of Red Delcious apple fruits 
G . 

stored at 0 ! 1 C . 
-------------------------------------------------------------
Treabents Days in Storage :1ean 

o 150 IBO 210 
-------------------------------------------------------------
T 77.00 75.50 62.7':, 59.25 66,63 11 
T 77. ~,O 7:,.75 63.40 60. 7~i 69.35 I') ... 
T3 73.00 76.50 64.00 b1.00 ':;9.88 

T4 ~7 ,(; 
I J ,) ~( 74.00 63.00 60,50 b8.81 

T5 7~(, 75 73150 61.20 ~19, 7:i 67.55 

Tb 74.00 72.75 60.75 :,3.50 66.50 
T"7 77,50 73,25 62.0(1 60.75 68,38 , 
Ta 73. ~,O 74.15 62,2:i 60,25 60 "70 

\,.II I I 

T9 7~,. 50 72.0(; 61.15 59 ,~,O 67.04 

T 10 74. 7~c 73,(10 bO.75 :,8.00 66.&3 
T 76.00 74.15 64130 01.15 68.9C '11 
T 12 7~i.OO 73.00 bl,2~i :<9. ~tO 67.19 
T13 76. ~(() 71.i~( bOI2:! 58'.00 66. ~,O 

T14 78.75 72,25 62.25 bel.50 68.44 

T 15 76. e,o 73, 7~\ t\3.5G 61.75 68.88 

T 16 73. ~\O 71.CI(l 60.~,O ~,B. 50 6~, .B8 

Hean 7b.4i ,7 _ -10 1,,).'1, 62.08 69.8:, L"1 I"'I.j 
U! t'1o 

C.D. at 5~~ 

T L20 

TablE 13(b) . 
Expt. II. Effect Df preharvest sprays Df fungicides an seOSJry 

evaluation StDre of Red Delcious apple fruits stored at 
o ! l

c
C 

Pi 
P2 
P3 
P4 
p~ .' 
Pb 
P7 
Pa 
P9 
P 10 
Hean 

C.D. at 5~ 
p 
1 
P:d 

Days in StDrage 

150 130 210 

75.75 74.50 65,50 61.75 
76.25 75.50 63.75 59.75 
78.00 77.S0 63.75 62.0:< 
77 .10 
76.05 
76.00 
74.80 
77,50 
77.00 
77.00 

74.75 
74.00 
76.75 
74.50 
74.25 
74.00 
72.50 
74.83 

1.10 
0.55 
2,20 

65.05 
b4.25 
62.25 
59.50 
59.25 
59.80 
55. J:. 
b2.2~ 

.-tJV.7:, 
60.75 
60.75 

58.00 
59.00 
57.50 
59.90 

Mear; 

63.81 
70 . 44 
69.52 
68.87 
63.94 
66.76 
67.25 
67.45 
66.44 
68.39 

------------------------------_._--------------------------------------



< TablE 18(a} 
I. Eff~ct Df preharv~st sprays of groNth biDregulatcrs on 

sensory evaluatiDn score of Red Delcious apple fruits 
o . 

stored at 0 ! 1 C 
-------------------------------------------------------------
Treatments Days in Stofagf 

o 180 210 
---------------------------------------------------~---------

Ti 
T 
j'l .. 
T3 
T4 
T." ,.. 
T6 
T, 

I 

Ta 
T9 
T 10 
Tll 
T 12 
Tn 
T 14 
T 15 
T" 10 
He-an 

c.n, at 5/. 
T 
I 
hI 

77 .00 
77. :.0 
78.00 
... ., '7 c J } , J ~( 

7~" 75 
74.00 
77.50 
78.50 
n.5Q 
74. 7~. 
76.00 
75.QO 
7b. ~I(l 
78.75 
76, :i(~ 
73. ~~O 
76.41 

7'5.50 
7~..75 

76.50 
74.00 
73. :.(l 
72.75 
73.25 
74,1 :{ 
72 .00 
73.00 
74.1:, 
73.00 
71.2~{ 

72.25 
73, 7~, 
71,0(1 
73;49 

i.20' 
0.60 

62 r 7~, 

63.40 
64.00 
63.00 
61. 20 
60.75 
62.00 
L,} ~c. 
\.'~.L.S) 

61.1 :' 
bi).7'5 
64.30 
61.25 
00.2:. 
62.2:1 
,..,. c'·\ 
t'~\a ~l !..1 

bOt ~,O 
62.03 

Ta!ile 18(0) . 

59.25 63.t.3 
60.7'5 69,35 
61.00 69.BB 
bO.:{O t,... !j ~ 

OU. :j! 

~(9. 7~\ 67,55 
:t8,50 66.50 
60.75 68,38 
bO.25 6B.79 
59.50 67,04 
:.8.00 66.63 
61,15 68.90 
:,9.50 67.19 
58;00 ,' ,: ;: l\ 

OO ... iV 

60,50 68.44 
Lj ,~ 
U.a I .. ' ba,8a 
~Ie, 50 6:,.88 
69.85 67.96 

Expt. II. Effect of preharvest ;prays of fungicides JO senSJry 
evaluation score of Red DelciDu5 apple fruits stored at 
o 1:. iDe 

Treatilients Oats in StGrag€ Me'an 
. . --------------------------------

15(l 180 210 
---------,---------------------------------------------------
Pi 
p" L 

p,. 
.J 

P4 
Ps 
P6 
P7 
Ps 
P9 
p 10 
Mean 

C.D. at 5t 

7C 'c : .. (.t .. ' 74.5(1 
7b.25 75.50 
78.00 77.50 
77 .10 74.75 
76.0:, 74.0(1 
16.00 76.75 
74.80 74.50 
77.50 74.25 
77 .00 74 .(1(1 
77.00 72.50 
76.59 74.83 

PLiO 
j 

PxI 
0.55 
2.20 

65.50 61.75 6'1.73 
L, 'c. 
U ... ', I "'~ 

c9 ~~ 
.. t • l :' 63.81 

63 .75 62.05 70.44 
tz: t\t: 
t'J ... (.V~( 

,~\ "'1: 
.".1i\i. i .. i 69.52 

.~ '1~ 0..,,, ... , 60.7:, b8.87 
62.25 60.n 68.94 
59.50 :,B.25 66.76 
:,9.25 58.00 "'\ ... 'Ie:. 

01 ...... 

59.80 59.00 67.45 
56.75 57.50 66.44 
62.23 59.90 68.39 

------------------------------------------------------ ------------- ~- --

,. 
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In experiment I fruits which had rece ived t he 

prehar-ves"t application of Agrostemin ~500 ppm (T":!,) 
'-' 

recor-ded the highest average score for fruit quality. 

The trE'eltment througl-, with T,., '0 
.<.. ' T 11.:1 

and T8 was sign i 'f iean t 1. Y sl.lpe,'" .lor to the 

remaining treatments. Fruits from T16 (control) on the 

other hand recorded the lowest average score 

qLlality~ Inte~actions between treatments and storage 

intervals were found to be significant . 

application of Bavistin 1500 ppm (P":!" ) 
'._' 'fCiund 

record the highest average score for quality . The 

treatment though being statistically on a par with P4 

was significantl~ superior to the rema ining 

treatrhents. Control 

r'ec:orded the lowest average score quality. 

Interactions between treatmer)ts ar"ld stcn'-c'ge inte l'-vals 

were found to be significant. 

4.5 

The data on fruit rotting percentage recorded 

on di ffel'"en "1: samp 1 ing de'1 tes undel'" val'" iCJus trea tmen t.s al'"e 

presented in Table 19 (a and b). 

In experiment I the per cent rot was recorded 

to be the lowest in fruits that had I'"eceived the 

pre harvest application (l 'f E.I'-Gy.leana late}: 500 ppm (T15) 

dL\ring and at the end of sto,"'c;\ge. The tr(~atment was, 

however" ~ on cl pclr with T7, T 11, T 1'" r.\nd T.t3 but superior 
<. 

to other treat.mentE . Thr·' t.ilJhe~t per cent -frLll t rot was 

recordpd in ~hp conti-nl r. 1\ i I ~ In terac ti on 



TaUe 19(a) 

Expt. I. Eff~tt of pr~harve5t sprays of grDwth bioregulato~s on per cent 
rot of Red Delicio\ls app12 fruits stored at O:t. l't; . 

-----------------------~------------------------------------~-----------------
Treatments Days in Storage Mean 

150 180 210 

T1 o • 0(\ ( 0 • 71 ) B.07(2.92) 9.31{3.12) 1:" 92{4,O4) 8.32{2.70) 
T'1 0.00(0.71) 9.19(3..11i i2.94(3.66) 19 . (lb{ 4 .41} lv.22{2,97} 

L 

T .. 0.00(0.71) 9.51{3.161 ' 12.26(3.57) 14.77(3.90) " l~J" I"'l.,., 
J 1. i ... '\L,u·:"i 

T4 0.00(0.71) 7.75(2.7e)~ 8.62(3.01) 12.69(3.62) 7 ,"2b{2. 53} 
T5 O.OO{O.71) 9.0b(3.Ob)i 12.12{3.5:iJ 13.65{3.76) 8 . .46{2, 77} ~ 

Tb O.OO(Cl.71i e.73{3.c!4) 10.37(3.29) 12.12{3. :(4) 7 OC{ I'"} LO\ 
I ,,-~ , \ "" • '-f J I 

T7 O. 0(1 ( (I. 71) 5.74[2.50) 6.74(2.69) a,11(2.93} :,~1:;(2,20) 

Tg 0.(10((1.71) 1 O. =,6 (3.32) 12.g7(3.6~, ) 16.50(4.10) 9.98(2.94) 
T9 0.00 { (I • 71J 9.44(3.1:.j 1~,. 31 {3 . 96) 18.50(4.20j 10,81{3,OO} 
T 10 (1.00{0.71} B.50t3.00} 10.31(3.29) 16.12{4.07} a, 7~~(2, 77) ' 

Tll (I.OC{O.7l) o.25{2,58) 8.35{2.97) 10,~3(3.32) 6,27(2.39} 
T12 0.00(0.71) 7. :.0 (2.32) 10.2~!{3227j 19.51(4.50} 9.39(2.B3} 
T 1':: 

~. 

0.0(1(0.71 ) 5,50(2.44} 8.29(2.96) 13.B7{3,79; 6.91(2.4jJ 

T 14 O.OO{O.71) b. \10 ( 2.55) 7.81(2.88) 12.25{3. :(7) 6. :,1{2;43) 
T \i: 

... J 
(1.00 ( (1.71 ) 4 .QO{2.11) 4.74(2.29) 7.50{2.3Z} 4 ; ~)b ( i. 9 B.} 

T 16 o . (10 ( 0 .71) 12.75{3.63} 23.a5{4.9~i 2Bc32{5.,;6) .I!J .-,""F ' ''' , I \ 
lif.i,) \~\ .CC'J 

Mean 0.00(0.71) 7,97{2.3S} 10.a8(3.32) 14.93(3.87j B.46(2.69} 
-----------~-----------------' ------------------------ ---------------------

T 0.14 
0.07 

Txl (1.27 

TathE" 19(0) 
Expt. II. EffEct of preharvE"st sprats of fungicides on the pEr L;.E!".t rCtt 

of Red Delirious iipple iruits stored at 0 ±. 1 Uc 

TreatiJlents Days in Storage 

(l 150 

P1 (I • 00 ( (i • 71l 0.ClO(0.71) 2. OB( 1.61} 3.12{1.90) 1.30{1.23J 
P2 (I. (It) ( 0. 71 ) 0.00(0.71) 0.00(0.71) 2.66\1.78) 0.66(0.98) 
p., 
" 

O.ClO{O.71} 0.0(1(0.71) 0.00(0.71) (I. 50 ( 1. (l(i ) (1.12(0.76) 
P4 (I.OO{O.71 ) 0.00(0.71) 0.00(0.71) 5.71(2.49) 1.43(1.10) 
Ps (; • (10 ( (I • 71) 0.00(0.71) 1. ~<O (1. Ul 3.27(1.94) 1.19i~.~9) 

P6 O.OO(O.71} 0.00(0.71) O. (lO( (I.71l 1.62(1.~b) 0.40;0.90) 
P7 o ,(lot o. 7l} 2.54(1.74) b.75t2.b9) 11.60(3.48) :1,2: l2 115) 
Pa 0.00(0.71) 1.94(1.56) 6.55{2.65) ?06{3.09j 4.39:2.00; 
P9 0.00(0.71) 3.e7(2.09} 5.56(2.46) 7.19~2.77} 4.1~(2.vl) 

P 10 0.OO(0.7l} 8.00(2.911 21.3~t{4.b7} 28.39{5,~7) 14.43(~.~1} 
Mfi1n 0.00(0.71) Lb3iL2b) 4.33(1.83} 7.31 (2. :.3j 3.:'3'1.:'8) 

------------------------------------------------------------------------------
C.D. at 5;; 

p 0.58 
0.:9 , 

Pxl 1.17 

-------------------------------------------~--------------~-----------~-------
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be .signi ·ficallt. 

applicatiol'''l of Davistin J. ,:~,OO ppm (P-e ) 
'_.' 

I'-\:,? C DI'''c:I ed t.hc~ 

lowes t. f F'ui trot du ,'" i n<.J r...; t.OI'" 2.gf.~ and i::I t 

S t· 0 r ' .. (-, {'" T ' ''I~. ·t .... ~ .. ' "" t 11'1 ""_' r", t .L_. 1'''1 (-. ! ' ,, \ ( ..... ' t .. , (,,-.. 1 r", ,".' r" - r" • oJ'; ·t ... · F' l P ~ pOll P r •.. c:\ '::J ". • "" I "" "" "- \. • '::J J <::I ..- .... .. I 1 .. , : ):' .(.:. , . "1' :' . .5 

and Pl, was however significantly superior to t.he 

remaining treatments. Control fruit (P10) on the other 

hand recorded the highe st fruit rot during and i::'\ t. the 

end of stipulated storage period of 210 

Interactions between treatments and storage 

were found to be signif i cant. 

4.6 

coefficient of correlation method are presented in Table 

20 (a and b). 

Table 20 (a). Correlation studies of effect of growth 
biol'''egu 1 aiol'''s. 

'"Iariable '·.)al~ iab 1 e 
-... - --- - -- -- - _ .. _. - - --_ .... -_ ... ":" .. -- --..... ... -..... ' - -." ..... -. --:. -............. .......... .... _ ... .... ..... -...... .. _. _ ... -- .. ... _ ... _. _. -.. --- -.. - - - - -. - -. 

Respil~ation 

Ethylene 
ENc)lution 

Flesh firmness 

i) EthylE?ne 
ii) Flesh firmness 

iii) f'kic.lity 

i) Flesh firmness 
i1) TSS 

iii) Call:.:ium 

i) TSS 
ii) }~c:JdiLy 

iii) Calc i.um .. 

+() 1"" 
.. . ... I * 

-0. 50'\ 
-.. ().37 

-0.32 
-,-0 ~ 49 



It 

n?spiration had 11 eg ;:1 t i " /E~ ce'l'- I"e 1 d -I: ion -f 1 f:?e-h 

clc:idity cIne! TSS., In C.::ISE' u -f e>:pr,::I'-·imE·,..-,t I the 

correlation between flesh firmness and respiration was 

found n2gative and it was significant at 5% I ~!:ve 1 of 

sign i -f icanct:? jon experiment II, it was non-

l.;)igni f ice:lnt. There was a weak pO!'.:;i tiVt? but. n<::on--

significant correlation of respiration with ethylene. 

Table 20 

Variable 

Respil'""atian 

Ethylene 
evolution 

( b) .. C c:c I'" r fi: 1 a t icon ~, t u d :i. C:- S Co -f 
-f un(] i d.i C (:?F:, • 

i) Ethylene 
ii) Flesh firmness 

iii) TSS 

i) Calciufll 
i1) TSS 

) 
j,; 

Flesh firmness i) Acidity 
ii) Calcium 

iii) TSS 

c--f -fE:c t 

+-0. :l.!.:. 
---0.05 
---0 .. 43 

-'--0.08 
-0.37 

- -"76* --H) ,-:.. -* * -H).8u 
+0.20 

** Significant at 1 per cent level of significance. 

* Significant ai 5 per cent level of significance. 

Ethylene evolution was negatively correlated 

with flesh firmness,TSS and calcium. Then? \.1# a 5 a 

significant negative corrQlation of flesh fjrmness with 

ethylene evolution at 1 per cent level of significance 

Fruit -f lesh had positive 

COI"-r<''? 1 at iun with calcium. The 

correlrd.ion ufflE'sh fjrlr,r,cs:' ~. ~lith crilcium "'las found to 

b~~ s i (Jr -, i fie an t_ c(~n t 



If?VE\l tC) bp 

positively correlated with acidity and was significant 

at .1 pel'· Cf?nt. lev!:?1 o 'f E",igni·ficr.;\nce in .1. , 

while in sxperiment II it was significant only at 5 per 

cent level of significance. Correlation be tt.'Jf.?en f I (·?sh 

firmness and TSS was found to be non-significant in both 

t.he e>:periments. 





DISCIJSSION 

The p~esent invQstigations were undertaken, to 

c.1nd on Y-·:i.pF;'lting i:::nd ,:;,te.r-·;::-tbil:i.t,/ C)'f Ped Dpl:ic :i.n\..l~; apple:· 

frt.lit.s f::.:.tr)r-r.:-~ d Ell O+.lCir . Thf? 1'-F: f:::.\.lltF.:=, obt.i:'l:i.nE·cI dU.I"':i.nSl tl·,r·:· 

course of study are discussed hereunder in the light of 

available literature. 

5.1 Effect on physical characteristics of the 
fruit: 

in comparison to the control and the largest fruits were 

obtained with Paras 2000 ' ppm (Til)' The control 'f n .li. t!::. 

on the other hand we~of the smallest size. These 

results are ' in conformity with those of Hashim & 

Lundergan (1985) and Chandel (1985) who also observed 

significant increase in fruit size in strawberries ~nd 

plums respectively with triacontanol This 

increaSE in fruit size might be attributed t.o the 

ph<Jtosynthe!::,is 2.,-,d I'-[;:cl LtC ed photol'-espi I~at ion 

due to the application of (Menon c:md 

Srivastava~ 1984). 

A s i (I n if ·i. C an t. d pC". I'-C.'. c·.7.IS_ E·.' J.. r't •. = 1· C1 h t ~.. ~'. v'.= '::J .- , volume:· and 



speci 'fic gri.;tvit·y Wc~s '''c..,"!r:ol'-d€?d in ·fr"uit.s t.h.::\1: 1"'1 ad 

received the,· prr,:.harvest i:lpplici.:d:ion Df E. Y"<.:"ty'Jee:ina l~"I ·h~).: 

500 ppm (T15) or Paras 1000 ppm (Tl0), it was the 

highest in control fruits(T16)' The specific gravity was 

recorded to be the highest in fruits treated with Paras 

The mechanism of water loss from fruits which 

primarily accounts for the loss in waight and ~olume is 

essentially the same as the evaporation of wat8r. The 

driving force is the v~pour pressure of the moisture in 

't.:ht:-:- fruit: (ASHRAE, 1972) . When it is higher than the 

vapour pressure in the surrounding air, moisture willbe 

lost 'from 'the frLlit tCJ the atmosphere. Fr-uits in gC?neral 

possess , considerable resistance to moisture loss, as 

water at the same temperature because of dissolvEd 

substances, mostly sugars. Wilkinson (196~:') reported 

that some of the water accounting for fruit weight, may 

be lost by evaporation and respiration (O.05Z per week 

~t ';'.8' DC f 1) b t· t -C\ ~ or app eS!I Ll rna] or por ~Dn is lost by 

transpiration (O .. ·5/. per ~"eek). A 11 the ",~eig ht loss in 

fruits is not due to water 1055, for re5piration per se 

and heat of respiration may al.so accol\nt fa .... part of it 

(Ryall & Pentzer, 1982). 



is thought to be particularly rich in 

gibberellins and cyt.(Jkin .inc~. In what appears tq be 

senescence properties of the latex and its potential in 

Khokhar (1985) dipped freshly harvested kinnow mandarin 

fruits in aqueous sDlution of E. 

concentrations ranging between 0.01 to 0.1 per cent in 

step-ups of 0.025 for 2 miQutes and observed sj.gnificant 

reduction in PLW and increaSE in ambient storage life 
, 

with 0.025 and 0.05 per cent applications. Si(.;)nificr:\nt. 

redGction in volume and weight loss were reported in Red 

Delicious 

reduction in physiological 10s5 in weight in 

treated with Paras 1000 ppm (TIO) may attributed to be 

an increased TSS content of treated fruits. Ch':-:lndel 

(198.5) and ,Jindal r..~nd Dil"lEV(:-?d i I'-epori:f?d 

significi",:urt. incr-easE.· in \I-Jeight in Sant'::l Rosa plum fr"uits 

given preharvest spray of Triacontanol 25 ppm and 4 ppm 

I'-espec ti ve 1 y. 

The 1 D5S in f r-ui t 'f i r-Illf"leSS \~JC\S observed to be 

trhe 10l"'f:~st infr-u.its I'-pceiv.ir)/] pn;:"?har-··"'-'~. t. appl.i..<:r.d:ion~ 

of Protozyme or Bio~yme 500 ppm each (T7 and 4) and E. 

royleana lal:£-?:.: ~500 ppm (Tl~.)' .. and the htghc·st in contr-'ol 



·fn.d. t.= (P1t) 

,"'.i. Pf:? '-'.i. ,"'9 in app:tc':~ i~S i;:..l~.;Cl i f'" mi~lny other 

fruits is c~userl elgher "by 

bl'"eakdot,'JII o'f .i' ·lsDlublE~ pl"·ul.:e'pt:?ct. jn il",t.CJ !::;o luI:::. I!::! 1- ' ,.,... (- .( l' 1'-t·" \.:;: .- .... , 

cellular- disintel.Jr<'~tion lE":i~ding tel incn.? ::t sc::d 

The loss of pectic substances in the 

middle lamella of the cell wallis perhaps the key step 

in t hf£' I'- i pen in<] prnc E·~':'!:?o t 1",.;:\ t 1 c:'c:tcl ~::; tC) t ",0: 1 Df:::. !:. o'f c:: p J 1 

ir-.tf?gl",ity 01'- of il"'mness ( Sell O('(f[)S an d L.::d: .l e~:; , 1973) • 

Firmness had been correlated with soluble polyuronide 

(probably ariSing from the middle lamellae and the cell 

wall) content in apple~ and some changes in structure of 

the glycoprotein 01'- the po 1 YU!'""<.)n idE' in thE' rnicfd Ie 

lamellae may lead to the breakdown of 

b~tween them (Knee, 1974) . Fruit firmness is one of 

factors in determining the postharvest 

quality and physiology of apples and pears 

1975) • With a decrease in fruit firmness the tissue 

rigidity decreases, firstly as a result of hydrolysis of 

intercellular pectins, C'UHJ secund 1 y, CC? 1 ] turl:Jor 

pressure decreases due to an j.ncrease in pemeability of 

cull intc::rnc:.\ 1 

fn.\it 



'f i Y"fTlness ~ - n ") "" - 1'- 't· (I r'" (- r' t "o, ; ,"'\ \ \ "" .., -r-,', ,,:. t" ,1 s so:, U c: ~; C) 'f L f:'> n .i. n <,:1 <:\ ".I , ~= c:\ • .. . ,. ,.I f _ ,\, l ,' " I. ,C , I.! :s 

might be due to the cummula{ive 

growth regulators are present ~ , n Biozyme and Protozyme. 

Higher firmness during the storage,has been reported in 

t.he au;.: in treated Red Delicious apple fruits in 

comparison to control fr 'uits (Garg et al.,1979). Singh 

(:1.986) also reported reduced loss of firmness in aUMin 

(T15) is in conformity with the r e sults of Singh (:1.986) 

c:"md (1987) who also observed ~:; ilJn:i. f iCc:lnt 

n,,?rJuc tio\") in lDSS iI'') firmness in E.ruyleana 1 ate>: 

treated Bartlett pear and Red Delic i ous appl e fruits 

d0ring low temperature storage. 

5.2. Eff~ct on phy~iological characteristics of the 
f 1'"I .. \.i t : 

Ethylene evolution rate and respiration rate 

of fruits in general increased with the advance in 

storage period tending to l~vel off and d~clined towards 

the end of sampling. A similar trend in rospiration and 

-
ethylene Evolution r'eportcd for djfferent 

app ll:~ eu I ti val"s 

Wang ~nd Steffens, 

(Fal1ani et al.~j985; Liu~ 

" .1987) alfd i.~ ' :CoC"'HJCI ([:.:\1<::,. 

1986. c~nd 



Fruits treated with Agrustemin 500 ppm 

exhibited rather steadier increases and decreases in 

faste!" increases and decreases in fruits treated with 

F'Elrii:\S 3000 ppm (T 12) and in contl'·· ol!;: .• r,d v an c eel f::!';;\ 1"'1 ''1' 

ripening has also been reported in triacontanol 

tobasco pepper fruits (Mamat et ~l., 1983). Slowing down 

of and ethylene e00lutian by 

Agrostemin 500 ppm may be attributed mainly to 

actions of gibberellin and k.inetin ItJ h i c:: h 

bioregulator is claimed to contain in adequate amounts. 

Delayed ripening in different fruits tr~ated ""lith 

gibberellin and kinetin has'also been reported by many 

other workers ( Vendrall, 1970; Gilfillan at aln, 1977; 

Menselise, :1.977; Ali-Dinar and Krezdorn, .1.971::1; AIJC:I!.? 1 

Gawad and Rmani~ 1974; Gueltat-Reich and Safran, .1.973; 

Madhava Rao and Raffia Rao, Raghav~:c. Ri:.IO and 

Chundawat, 1984; Hernandez and Grajeda, 1986). 

Kinf~t.ins a,r-e knol,.-Jn to h(?lp in maintaining 

protein synthesis in senescing plant tissues (Solunkhe 

et al.~ 1962) and this can be (?>:pectc·?d to help 

retarding the ripening process. E·nc:logenolls 

gibberellin~ and cytokinins resist the fruit senescence 

(ScJilcher, 1.973) by f.lppo!:-..i.ng thc? '::H : tior. of ethylene and 

f?>:Clgenous apr.:.1jc:ations of (,Jibbp.rellin and 

kinetin would seem to off~r promising opportunities in 

" 
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the regulation Qf fruit ripening in a number of fruits, 

climacteric as well as non-climacteric. 

5.3 Effect on bia-chemical characteristics of the 
f 1'"L1 it: 

Total soluble solids (TSS) , 

reducing sugar-so I?~' ~Jel1 as non--I'-f?ducing Sl..\g<~I'-!::' cont:ent!:: 

in general increased with the advance in storage period, 

tending to level off and registering a declining towards 
iY) 

thE! clC)!::,f.~ o'f si::lmplingl)C::lll thE' tl''' E'i:ltlTif;::r''lt£~ un cI E: I'" ~:>tudy .. 

These observations are in accordance with the 'findings 

of many other workers who also found an initial lncrease 

in these biochemical constituents followed bya decrease 

in the later stages of storage .1.975; 

1982; Recasens et al.~ 1983; Aeppli, .t9f:J4; 

1985; Naquash, 1986, and Nayjtal 1989, Nayj,tal et ai, 

1. <:y']O) " 

The TSS contents wer~ r~corded to be the 

highest at the end of 210 days storage period in fruits 

sugars, the highest per cent t:ot,"IJ sugars and non 

reducing sugars were recorded in 'fruits treated with 

Paras 2000 ppm (T1l). Control fruits (PI0) on the other 

E. r(]:~'.1. eana 

redLlcing sugar contents at th~ end of 2j,O days 

stipulated storage period. 



r'"'' .' -' 

sLIgal"'S in apple during storage may t="JOS~:;.i b 1 Y 

attributed to the numerous cataboli.c processes taking 

placE'! in the fruit preparing it for ~':;Enescence • Hulme 

reported that the percentage of starch in apple 

increased to a maximum during development on the tl'''ee 

in \'''espi''' '::ltinn Dr.:C~ Ul''' E!d :::\nc! Lhc stE:I~C ,"', 

disappeared relatively rapidly; while sugars remained at 

a high level and f.?VE:n J. n c: rE!;:\ Sf." .. HC-2 

that in addition to starch other sources of 

sugars in apple were hemic~l~uloses. With the ripening 

and advance in storage period of this fruit starch gets 

tu\~n 

may lead to an increase in TSS and sugars, as on 

- complete hydrolysis of starch no furth8r incl~eC:'!se 

occures and subsequently a decline in thos~ constituents 

is predictable as" they alongwith malic etC id al .... e thE' 

primary substrates for respiration (Panova, 1975; Hribar 

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

Significant increase in TSS contents over 

contr"ol in E, 

1 i:\ tf:: >: treated I\(:.>d Dl~licious apple fn.lits 

Nayit.al ( 1. 987) . A 1 so i nc rE'a~E'd tot.al slIgMrs in 

t r" Lacon t.c'1no 1 n '" ~. I 



Chand!:"? 1 (.198:::1 ); ,Jind'::ll i?nd Dt·,Ii.vdE?l. (.1986) ~ 

( 1990) • That triacontanol application improves fruj.t 

quality has I·',·, ' , )' Gun ";!S(7.'kal"an i;3.nd 

(1983)~ and ChandDr (1.987). A signific0nt 

Red Delicious apple fruit by Nayital ( 1987) . 

temperature has been found to favour the conversion 

with high temperature (Smith et al.,1979). Tsiprush and 

Kaza~ (1982), however, observGd higher respiration rate 

A general declining trend, rather sharp in the 

beginning and gradual thereafter~ in the titratable acid 

contents was observed with th~ increase in storage 

/ as the storage period progressed and the increases were 

rather abrupt in the beginning and steady thereafter. 

The acid loss,hewever, was r8corded to be the lowest in 

fruits ~·Jh.i.ch hCild ,'-eceived E, ro}/leana. late>: 500 ppm 

(rl~\) and PI'·otozyme 500 ppm (T7) txeatmen·ts while it was 

the highest in control fruits. A d~crea5e in titratable 

acid contents of apple fruit during ripening and storage 

ha~ also been reported by many other workers (Smock and 

Istatkov and Stambo]ic~1 1973; Kate et 

a 1 • ~ 



,1.:. • .1 

Aeppli, 1984; Sachdeva, 1985; Naqash, 1986). 

s tOI""age in.:'1 PP 1. ps ,-nay he ,cll', I' r- i hI,'. tt:'· d t ,e! i;:~n :i.n 

.1'n tl_II'-rl 'r'C",("IL"l',,·-<::.t::· '1-~l('" C:: '·/I", ,· I._(·:,t::,'i,:: ,.','f' I" /.""·· j r.:;'I" ,IPI ':::Inc:l r.:. '1 \ .. ... ... _ . .., I .. . ..,J I I ... I I ~._ .... .... .... • I ._ Y .. ,-', p ,'-0 tt.?:i. n~· 

(Rhodes et al., 1968). It has bee n known for a long time 

that fruit cells use organIc acids such as malic and 

citric as a respiratory substrate and the 

decline in their levels during ripening and storage 

(Ulrich, 1974). A significant reduction in acid loss was 

Red Delicious apple fruits. Reduction in acid loss in 

fruits treated with Pratozyme 500 ppm (T7) might be due 

to the effect of auxin synthesized from its precursor 

pn:?sent in F'r'otozyme. ReductiDn in t :.i.tl'-.::d:able "Kid loss 

has also been reported by Kabu (1987) in auxin treated 

/ 8ta~king Delicious apple fruits. 

For- biof.-? 1 E~C: tl'" iea 1. 
I 

condl,lC tc.~rfCI? (EC) 

reflects the potentiality of electrons in a solution to 

carry electrical change, a definite trend was noticed 

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 

hig~est mean value of EC was rocorded in 'fl'":uits fl'-om 

Proto~yme 1000 ppm (T9). This treatment was~ however~ on 

a (kcordj ng 
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It""IE' c \"".'::In IJ E! "f "'" Clift i:""". 

increase to a decrease of electrical resistance of apple 

tissue migh 't act ":15 ."In irlcli"c.":ltOI'"" O"r ir".tc:'I" "n.::\l 

au): in and E .. 

comparison to control fruits (Nayital, 1987). 

In the present invest i gations, total pht.:::!nn I !:" 

wer-e found to decline coincident ~ith the advance in 

storage period. This observation if viewed with another 

related observation that,fruit~ lose their resistance to 

VC'lriOLlS storage disorders and .i n c rE"~c:\ !;d. n 9 1 ''I' 

susceptible to storage rots with advancing maturity and 

ripening, suggests a distihct role of pl',)E~nDlic in 

disease resistance (Ndubi~n:1 1976)" From biochemical 

st~lnci point, phenols are particularly prominent in 

fruits where they are important in determining colour 

(Van [lu I~E'n , 1970) " TI",f.?: clegr'i::id c:\tiDn (l 'f 

phenoliC was however~ observed to ta~e rl~ce at a slower 

ppm and Bavistin 1500 ppm (P~ ) • .... , . 

lower per cent rot incidence. Nayital (.1.987) 

increased total phenolic content in fr-uit!::, of F:ed 

Delicious apple treated with E.royleana 1 ate:-: and 

Bavistin. PI significcmt incr-c'2I!::;e in tDtal phenol 

contf::m 'ts has also bt"?en reported in Bart.lett pf?ar fl~uits 

dipped in 1000 ppm Bavistln (Singh, 1986) . 

.(, 



That 

Hulme and Edney (1960) suspected th0t the su~c2ptibility 

of f Ir" U i t.!::; to fun 9 '::1 J. ,:::1 t t c:i C k. c c' u 1 d bE cI I I c ' t. Ci 'f ~l 1. 1. i n t .hf:? 

The physiulD9Y Df i f::. j. n 'f 1 u c' n c: Q c::I 

pl'"(J ·found 1. 'I' by the l(~vr=l of Ca during growth 

development :.1.979) .. 

Increasing the Ca content of apples has b~en reported to 

retard the senescence and lr e rI LI (- E':, .. " -:1 .. 
disorders during storage (8an~erth et al.,1972; Lau et 

c:~ 1. ,1 !' 1983; Poovaiah and Shekhar, 1978;Scott and Wills; 

1979) 

production (Bangerth at aI. 1972; Faust and Shear~ 1972; 

Liebermann and Wang~ 1982; Sams and Cowney, 1984). 

In the present study, Calcium content was 

'found to decrease coincident with the advancement ir) 

s tOY· iHH;:' p' E:? r' i od. C c::I- 1 Co. 3.' LI l1"' Co. C.·'I-, ·t.· c:-.·'r-I t w,··.·.·1 r.::."" t-.c· w .- , 'E' r- Ir 1:':. c- - cl"'" c:l ::s ';0 _, I 1'_4, .: :, ..::: _. U r- " ,;..' to 

be highest in fl'"uits tn?atr:cj with E" rO}'.Zf?dna late~: 500 

ppm and protogyme 500 ppm respec t i \lE,l '1' • 

·the 

1 ?9(l) • Jnc.rcc:tse if I the c.::lcium cc'n~ ' cn+ a ·l : 

hr.:1 r" 'I f.? S l ! •. ·,.1 i 1'\ -4 . Sf ,:'t' li.!liJ Dc 1 i r' i n'le-: 



applE? f,~uits t.r-t;·?F.lt.f]d ~'Ji.I-. h ~ . j . nE~t.:Ln (V,::lbu!1 :1.'787) .. 

advanf:.e .i.n stor.:71fJP pE" '- iod ob!::;(~I' · vE?d if', th<:? p,"'e:::·!::; c:/"·,t:. !::; tl...\d·';l 

c.iS obs(·? '~v (!?d In the 

inve~, lj 9'::ltions·:1 

<JbSP.''" Vf? d ~5 00 

ppm (T1S), t!·~her" e ':;\!::i. the lowest juice c~nt~nt 

recorded in control fruits (Pi0). 

th~:: 

decrea5e~rate of respiration. 

highest in the fruits treated with Bavistin 1 ~,nn ppm 

(P~::;) and Ag''-()!:5temin ::.00 r,pm (T3)" .Cont"-(J1. fl'-uit s on the 

in 'f\'''ui"ts tr·eatE.'d ~'J:i. t h T3 might be due to 

fr"Llits with Bavisti.n 1500 ppm ( F' -::) • 
~ .. '·,iIJh 

score for sensory evaluation might be due to its 

preservative action on the quality of the fruits . 

. 5.5 Effect on per cent rot 

The lowest pE'r c r :'rll: fnl j. ts r 'ot I-'ldS rC?cDr-drcl in 

fruits treated with Bavistin 1500 ppm dnd 1000 ppm (P3 

and F'2) 1~(?spectivE'!ly, whr~,'· ("! a~Che hiiJhpc.:.t j:)f-?r cf.?nt I~ ot 
..; 



was 0 b 5 (~r V~? din c: (J n t "" D If I'" u.i. t . S .. I 1'1 r.:: I'"~? .::1 ~":i c: d ~::'; to I'" i::i (J ~2 1 :i. 'f E? 

Df I" c: p C) 1'" '1". Fo, d 

by many other worker 's (Dar and Mu~hDp2dhyay, 

1977 ; Vy ~I~; ,:.~ n d S:i. n 9 h :, 1'777:; ell pt. i ' l d ,,', d S h a r rn';:I ), .1. 901; 1< i::1 l;l 1 )' 

1982; Verma at al., 1986; Nayitcll ct al., 1990). 

5.6 CDrrel~tion studies 

pDsit.ive 

correlation with titratable aci~ity, TSS and Calcium. 

Barns and Conway (1984) and Thakur (1989), 

calcium levels. Naqash (1986) plso reported a positjve 

cor roe 1 at ion between flesh firmne s s and ti tl" ':'it. ablr.~ 

acidity and calcium. 

Respiration showed a positive CDr- '~f:.' l at.ion 

l-::.·thylene f le·sl ··1 

firmness and titratable acidity . Ethylene evolution rate 

recorded a nagative cbrrelation with flesh firmnes s , TSS 

and calcium content. 



.,S7dmmtJ.'l1j 

t:i.lfd 

(!&Jf.cluJioIl.J . 



SUMMARY AND CONCLUSIONS 

ripening ~nd star-ability of apple 

:1. (:~ f:J 9 _0-

90 cropping 5ea50n~ i::lrl d t I--·It?, 1'''f:? ~::I.ll t!S co'l I'" F! !3Umr'f'l<:ilI'- .i ~~-E?d 

1. • The: 'f r ' u :i. t <.;;, :_1. ;:! 1:.:' in t E'I'- III f:,; D -f :I. c:: "-1 9 t. h ,"I n cl d .1_ j::1 rn Eo t F'I'" (.\1",-, r::;. 

l"'l?cordE,d to b(-? the highl?st wit!"'1 PI'-E?hal'''vf?!:'}t i:lpplici::I"t..i.c:on 

of Paras 2000 ppm (TIl). 

.., ....... The physiological 10s5 in weight (PLW) and volump 

dLlI'"i.ng f:.t()I~i:,(]e Io'Jas the lO"~E.~!:-;t in fr"uit';", I'-E~c~::!ivir,g 

/ 
(T1S) or Paras 1000 ppm (T10), and Wthe highest in 

control fruits, at the end of 210 day storage. 

.,. 
'-' . Fruits treated with Paras 2000 ppm (Til) 

recorded the highest 

~pecific gravity while those in .cc:ontrol (T.t6) , the 

lo"vest. 

4. The flesh firmness of fruits was recorded to b~ 

the ma>:.irnum with Pr-otcnyme 500 ppm (T7) 01'- Ba\./,istin 500 

.. 
ppm (Pi) treatments. Control fruits on the other hand, 

recorded the lowest fruit firmness. Diozyme 500 ppm 

in ,'"§'duc ing the loss (J 'f -f .i.1~II)f"fr"SE .in 5 tOI'-i.'Ige. 

r:: ... ' . and 

£. tc:.>ndrrt to 



prolonged storage. Control fruits and those receiving 

the preharvest applicatj.on of Paras 3000 ppm 

the other-hand!. e>:h.i.bitf?cI 2, hil]I ·,l·,. fluc::tu,::tting t .I'··(·2nd in 

respir.::d:icm and et.hylc:!n~· p..,!nJ.utinn rates rDgistering 

rather sharp increases and decreases. 

6. The total saluble solids (TSS), total sugars, c:;nc! 

1~~?duc:i.n(J as ~/~f.:?ll r.~s nCrn l'-E'duc :i.ng !5U<,J.31'-S:. .in gC'nel'-i:11!, 

increased with the advance in storage period registering 

a decline towards the close of sampling. 

biesregu 1 i.:l tor-s ~ the highest TSS contents at the end of 

210 day storage were recorded in fruits treated with E. 

Agrestemin 100 ppm (Tl). 1M experiment I I 

.effects· C)'f the highest TSS 

contents were recorded in fruits treated with Bavistin 

/..., 
I • The titratable acidity in geheral dec 1 ined !~Ji th 

and Protozyme 500 ppm (T7) treatments, however- , 

tended to steady the decrease. Of the fungicidE'S 

Bavistin 500 ppm (Pl) was ~he most effective tr-eatment 

in this respect. Conty-·ol ·fr-uits (F'.tO) on the Dther hand, 

recorded a sharp decline ir1 the titratable acids,thereby 

incli-cating a I,ighel'· tnc>tabol ie: ot.her 

treatments. 

~ 

8. Similarly the pH of U.E· fn t.i t: jllice, in IJ':-,ncr .•. J 
. 

increased as the s tor':\I]F PI?" i or: adv;;ncr~d, r roy lean~ 



t I ,. /\' f t t f' ., I E·.', c'c~,' ',./ .',i. I.~_:. J_,. ,~,. r", .::, .... , ( .. ) '-,.1 ' :. 'J J, S J. n C 1'- F!'::, S f2 • t '1 £J c?'1 J n ~ 0 '. ", f? . U. 1"', (d ,1 c:: J. r: E'~::'; ~, -, \ 

ppm (P1) P"-O\/E?d '1:0 bE' t!-,E? mD~St. t?f 'fE?Cti'lE: tl'-f::~':ltment .1.1"'1 

this r'l?!::',pect. CcmtnJl fr-uils, 

recorded rather sharp increase in the pH with the 

advance in stor~ge period. 

9. The.f:.~lE'!ct.r-.ical conductivil::y (EC) f.J'f th~? 'fruit:, in 

ger' -r-l w~s low l'~ l~lr ~r("linl- .1'r"g l'r-,c_·, ·r· ~.=lt_~r.=."cl dl!l~l·. rlc .. '. Ie""" !I c:" ,.1 ", <:.'! I_h:!:. ... 1 I. I ~, "_,, \ _ the 

early period of storage, p~aked at 15Q days o'f storage 

highest Fe among growth biregulators. c:\mnng 

fLlngic ides!I fruits receiving preharvest application of 

Bavis"tin 1500 ppm (P":!' ) 
'-' 

recorded the highest mean value 

L 
for the same. 

10. The total phenols and calcium content showed a 

.dec lining trend commensurate with the advance in 

E. (T·Ie.). 
. .!.. --' • 

tend(.;:.d t.o s tead ''/ t:. he. "dec I il 'lt:' .in phE':'nn 1 :i. C <: c:c.nd c ,:0\ 1. c ium 

content, '::Inc! "'ec:: or'c!E'cI t IIE'! hi 9 hE's t V'::.\ J.lie~:; du I~ i. n9 ell! d - ,~ c..;\ L 

the end of storage. Among fungicidas Bavistin 1500 ppm 

n:?cor-ded the highest V':IIUES 'fol'- the bot.h" Control 

.11 • Fruit juice content also showed a declining t.rend 

C o nHTrPrl SLI rat e IrJ.i t h the ,=Idvanc:e star-age. E. 

rO ,\".1 E'a fla 1';1 t£?:: ::,0(1 po, f-'H) " T ,",. r_,', ',". amon\' ('1-o .... '1-.h b l' ~=n 1 ~ tore:: r- ~ , ~ ~ -' . '<:0'..;11 . .1 , <""\_ ~ 

"-f2co,'-ded thl'~ hi.CJh!-:~r,:, t v~ ,\lt.ll?;:C fu!" jl,.\\ce f:::ontcnt 1-.I-,rcH.,,]hout 



fr\Ji.t.s~ recorded the highest juice contents. CDntl"'ol 

I'"ec DI'"d E!rI 

the highest on sensory evaluatiorl. In experiment II, 

fruits treated with Bavistin 1500 ppm and 500 ppm (F'-:r .... , 

and Pl) were of best quality among all the tl'"E::'atmen ts 

ag8inst the fruits of poorest quality from control 

13. The rot percentage during storage was recorded to 

Treating the fruits with Tcpsin-M 750 ppm (PI" ) ,," cine! 

Bavistin 1000 ppm (P,.,) pr-oved to be f.?qually e'f 'fecti'y'e in 
,'-

this regard. The highest per ce~t rot on the other hand, 

was recorded in control fruits. 

ppm (T15), Agrostemin 500 ppm (T3), and Bavistin 1500 

ppm and 500 ppm pnJvE!d to bE~ most 

e'f'ficacious in increasing the starability of F<ed 

Delicious apples. other treatments, that were also 

fairly effective in increasing the starability of fruits 

were Paras 1000 ppm and 2000 (Tl0 and T1l), Proto:zyme 

and Biozyme at 500 ppm (T4 and T7) and Bavistin 1000 ppm 

(p,., ) • 
""-
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